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ɸʅʆʊɸʎɯʗ 

ʇʝʨʝʜʝʨʢʦ ɸ.ʃ. ʈʦʟʚʠʪʦʢ ʤʝʪʦʜʦʣʦʛʽʾ ʚʽʙʨʦʚʠʧʨʦʙʫʚʘʥʴ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʽʙʨʘʮʽʾ ʦʙ ʻʢʪʽʚ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʢʠ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.11.01 ï çʇʨʠʣʘʜʠ ʪʘ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʝʣʠʯʠʥè. ï ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʟʚôʷʟʢʫ, 

ʆʜʝʩʘ, 2021. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʚʽʙʨʘʮʽʾ, ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʪʘ 

ʚʽʙʨʦʚʠʧʨʦʙʫʚʘʥʴ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʤʘʰʠʥ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʝʨʚʠʥʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʪʘ 

ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

 ʇʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʦʟʨʦʙʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʘʟʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʜʘʪʯʠʢʘʤʠ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ. ʈʦʟʨʦʙʣʝʥʘ 

ʤʦʜʝʣʴ ʧʦʭʠʙʦʢ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʧʨʦʚʝʜʝʥʦ ʾʭ ʘʥʘʣʽʟ. 

ɺʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʛʝʥʝʨʦʚʘʥʦʛʦ ʧ'ʻʟʦʝʣʝʤʝʥʪʦʤ ʟʘʨʷʜʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ 

ʚʽʜ ʧʣʠʚʫ ʫʜʘʨʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʆʙʛʨʫʥʪʫʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʜʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʟʦʥʘʥʩʫ ʟ ʦʙʣʘʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ. ʆʪʨʠʤʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʣʠʚʘʥʴ ʽ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʽʜ 

ʜʽʻʶ ʫʜʘʨʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʡʦʛʦ ʫʩʪʘʥʦʚʮʽ ʥʘ ʚ'ʷʟʢʦʧʨʫʞʥʫ ʧʨʦʢʣʘʜʢʫ 

ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʦʟʰʠʨʝʥʦ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʚʽʜʪʚʦʨʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʫ, ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʽʤʧʫʣʴʩʥʠʤ 

ʚʽʙʨʘʮʽʡʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʘʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʦʩʮʠʣʷʪʦʨʘ.  

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʰʫʤʦʚʠʭ ʟʘʚʘʜ. ʇʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʷʢ ʢʨʠʪʝʨʽʶ ʘʥʘʣʽʟʫ 

ʚʠʧʘʜʢʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ 

ʛʣʠʙʠʥʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʾ 

ʨʦʙʦʪʠ ʣʘʥʦʢ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ ʚʽʙʨʘʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ (ʜʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ) ʚ ʩʝʨʝʜʦʚʠʱʽ Multisim. 

ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʨʦʟʨʦʙʣʝʥʦ 

ʩʭʝʤʫ ʧʦʙʫʜʦʚʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʝʥʜʫ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

-  ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʘ, ʷʢʠʡ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʚʦʣʦʜʽʻ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʦʟʰʠʨʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ, ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ 

ʚʧʣʠʚʫ ʥʘ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʽʙʨʘʮʽʡ, ʪʘ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʨʫʡʥʫʚʘʥʥʷ ʡʦʛʦ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ ʧʨʠ ʫʜʘʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ; 

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʨʦʟʰʠʨʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʥʽʰʝ ʚʽʜʦʤʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʙʝʟ ʢʦʤʫʪʘʮʽʾ ʩʠʛʥʘʣʫ ʚ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʘʥʘʣʽ;  

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ  ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟ ʧʨʠʩʪʨʦʻʤ ʢʦʤʧʝʥʩʘʮʽʾ ʽ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 
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ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʥʝʩʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʚʧʣʠʚʦʤ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʘʥʽʰʝ ʚʽʜʦʤʠʭ ʧʨʠʩʪʨʦʻʤ ʘʚʪʦʢʦʤʧʝʥʩʘʮʽʾ; 

- ʨʦʟʚʠʥʫʪʦ ʪʝʦʨʽʶ ʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʘʣʛʦʨʠʪʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʪʘ ʫʜʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʝʭʥʽʯʥʠʭ 

ʦʙ'ʻʢʪʘʭ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʧʝʨʚʠʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʰʚʠʜʢʦʜʽʶʯʠʭ çʩʠʛʤʘ-ʜʝʣʴʪʘè ɸʎʇ, ʘʣʛʦʨʠʪʤʽʚ 

ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

- ʫʜʦʩʢʦʥʘʣʝʥʦ ʛʽʜʨʘʚʣʽʯʥʠʡ ʚʽʙʨʦʩʪʝʥʜ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʣʘʧʘʥʽʚ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʽ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʪʠ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʢʦʣʠʚʘʥʴ; 

- ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʘ ʪʝʦʨʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʢʪʫʘʪʦʨʽʚ 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʤʫ ʝʬʝʢʪʽ ʜʣʷ ʰʚʠʜʢʦʜʽʶʯʠʭ ʧʨʠʚʦʜʽʚ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ  ʚʽʙʨʘʮʽʡʥʠʭ ʩʪʝʥʜʽʚ, ʱʦ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ, 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʆʪʨʠʤʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʦʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ 

ʩʠʩʪʝʤ ʚʽʙʨʘʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ  ʟʘʭʠʱʝʥʦʩʪʽ ʚʽʜ ʟʘʚʘʜ ʽ 

ʫʤʦʚʠ ʢʦʨʝʢʪʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ. 

- ʆʪʨʠʤʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽ ʨʦʟʨʷʜʥʦʩʪʽ ɸʎʇ, ʪʘ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ɸʎʇ ʟ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʻʶ. 

- ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ 

ʜʠʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʨʦʟʨʦʙʮʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 
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- ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ ʫʜʘʨʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʥʘʜʽʡʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʞʦʨʩʪʢʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

- ɿʘʧʨʦʧʦʥʦʚʘʥʦ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʝʻʩʪʨʘʪʦʨʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ɸʎʇ ʩʠʛʤʘ-ʜʝʣʴʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʨʦʟʰʠʨʠʪʠ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʰʫʤʫ 

ʢʚʘʥʪʫʚʘʥʥʷ.  

- ʈʦʟʨʦʙʣʝʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʝʪʦʜʠʢʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʽʚ) 

ʩʪʦʩʦʚʥʦ ʜʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʜʘʥʠʭ ʧʨʠ ʦʙʨʦʙʮʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

- ʈʦʟʨʦʙʣʝʥʽ ʩʭʝʤʘ ʪʘ ʤʘʢʝʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ ʟ ʩʠʩʪʝʤʦʶ 

ʢʝʨʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʢʣʘʧʘʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʣʷʪʠ ʧʨʠʚʦʜʠ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʧʨʝʮʠʟʽʡʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʚʽʙʨʦʟʘʭʠʩʪʫ, ʘ ʪʘʢʦʞ ʚ ʽʥʰʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʋ ʚʩʪʫʧʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʙʦʪʠ, ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʢʘʟʘʥʦ ʟʚôʷʟʦʢ ʦʙʨʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʟ 

ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʢʣʘʜʝʥʦ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʟʥʘʯʝʥʦ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʘʧʨʦʙʘʮʽʶ, 

ʧʫʙʣʽʢʘʮʽʾ ʟʘ ʪʝʤʦʶ ʨʦʙʦʪʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ  

ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʤʘʰʠʥ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ.   ʈʦʟʛʣʷʥʫʪʽ ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ 

ʘʥʘʣʽʟʫ (ʩʠʛʥʘʪʫʨʥʠʡ, ʢʝʧʩʪʨʘʣʴʥʠʡ, ʚʝʡʚʣʝʪ) ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʘʧʘʨʘʪʥʽ 

ʟʘʩʦʙʠ  ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʮʽ ʤʘʰʠʥ ʽ 

ʫʩʪʘʪʢʫʚʘʥʥʷ. ɺʠʢʦʥʘʥʦ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʟʘ ʬʽʟʠʯʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ 

ʨʦʙʦʪʠ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʙʨʘʮʽʾ ʽ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. ʈʦʟʛʣʷʥʫʪʽ ʪʘ 
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ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʨʽʟʥʽ ʪʠʧʠ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʤʘʰʠʥ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʟʜʽʡʩʥʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʟ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʧʘʢʝʪʽ MathCad. ʆʪʨʠʤʘʥʽ ʾʭ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʬʘʟʦ-

ʯʘʩʪʦʪʥʽ ʪʘ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʆʪʨʠʤʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʘʟʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʜʘʪʯʠʢʘʤʠ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ. 

ʈʦʟʛʣʷʥʫʪʘ ʤʦʜʝʣʴ ʧʦʭʠʙʦʢ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, 

ʧʨʦʚʝʜʝʥʦ ʾʭ ʘʥʘʣʽʟ, ʚʠʟʥʘʯʝʥʽ ʾʭ ʩʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʘ, ʟʚʝʨʥʝʥʘ ʫʚʘʛʘ ʥʘ ʧʦʭʠʙʢʠ  

ʚʠʢʣʠʢʘʥʽ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʩʪʶ ʦʩʝʡ ʯʫʪʣʠʚʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ. ɼʦʚʝʜʝʥʦ, ʱʦ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʫ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʥʘ 

ʝʣʝʢʪʨʦʜʘʭ ʧ'ʻʟʦʝʣʝʤʝʥʪʘ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʽʥʝʨʮʽʾ ʩʝʡʩʤʽʯʥʦʾ ʤʘʩʠ, ʤʦʞʝ 

ʚʧʣʠʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʘ ʜʝʚʽʘʮʽʷ ʧ'ʻʟʦʤʦʜʫʣʷ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʝʘʢʮʽʶ 

ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧ'ʻʟʦʝʣʝʤʝʥʪʘ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ 

ʚʠʥʠʢʘʻ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʣʠʚ ʫʜʘʨʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʥʘ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʷʢ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʫ ʣʘʥʢʫ ʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʘʥʘʣʽ, ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʆʙʛʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʜʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʟʦʥʘʥʩʫ ʟ ʦʙʣʘʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʭʘʥʽʯʥʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʬʽʣʴʪʨʠ (ʚ ʷʟʢʦʧʨʫʞʥʽ 

ʝʣʝʤʝʥʪʠ), ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ ʦʙ'ʻʢʪʦʤ ʢʦʥʪʨʦʣʶ ʽ ʜʘʪʯʠʢʦʤ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʠʪʘʥʥʷ ʟʙʝʨʝʞʝʥʥʷ  ʮʽʣʦʩʥʦʩʪʽ ʦʩʪʘʥʥʴʦʛʦ. ʆʪʨʠʤʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʢʦʣʠʚʘʥʴ ʽ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʽʜ ʜʽʻʶ ʫʜʘʨʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʡʦʛʦ ʫʩʪʘʥʦʚʮʽ ʥʘ ʚ'ʷʟʢʦʧʨʫʞʥʫ ʧʨʦʢʣʘʜʢʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ. ɼʦʚʝʜʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʠʩʢʦʢʦʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 
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ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʜʠʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʽ 

ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ 

ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʫ, ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʽʤʧʫʣʴʩʥʠʤ ʚʽʙʨʘʮʽʡʥʠʤ 

ʧʨʠʩʢʦʨʝʥʥʷʤ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʘʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʫʜʘʨʥʦʛʦ 

ʩʧʝʢʪʨʘ ʦʩʮʠʣʷʪʦʨʘ. ʇʨʦʮʝʜʫʨʘ ʨʦʟʨʘʭʫʥʢʫ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʫ ʦʩʮʠʣʣʷʪʦʨʘ ʧʨʠ 

ʚʠʟʥʘʯʝʥʠʭ ʜʦʙʨʦʪʥʦʩʪʽ ʽ ʚʽʙʨʘʮʽʡʥʦʤʫ ʧʨʠʩʢʦʨʝʥʥʶ ʥʘʚʝʜʝʥʘ ʘʣʛʦʨʠʪʤʦʤ. 

ɺʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʩʠʩʪʝʤʠ ʥʘ ʫʜʘʨʥʠʡ ʽʤʧʫʣʴʩʠ ʚ ʧʘʢʝʪʘʭ 

MathCad ʪʘ MatLab.  

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʰʫʤʦʚʠʭ ʟʘʚʘʜ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʰʫʤʫ ʟ 

ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ.  

ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʦʙʢʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʶ ʨʦʙʦʪʠ ʣʘʥʦʢ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ.  

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʽ ʤʘʢʝʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ, ʟ ʩʠʩʪʝʤʦʶ 

ʢʝʨʫʚʘʥʥʷ ʚ ʷʢʽʡ ʟʘʩʪʦʩʦʚʘʥʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʚʦʜʠ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʽʜʥʷʪʠ 

ʚʝʨʭʥʶ ʤʝʞʫ ʚʽʜʪʚʦʨʶʚʘʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ. 

ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʣʝʥʦ 

ʩʭʝʤʫ ʧʦʙʫʜʦʚʠ ʪʘ ʤʘʢʝʪ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʝʥʜʫ, ʦʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʘʭ ʧʽʜʩʫʤʦʚʘʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʨʦʚʝʜʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʷʢ ʪʝʦʨʝʪʠʯʥʠʭ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ, 

ʦʪʨʠʤʘʥʠʭ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ, ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ, 

ʚʽʙʨʘʮʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ, ʚʽʙʨʘʮʽʡʥʘ ʜʽʘʛʥʦʩʪʠʢʘ, ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨ, 

ʧʽʜʩʠʣʶʚʘʯ ʟʘʨʷʜʫ, ʚʽʙʨʘʮʽʡʥʠʡ ʩʪʝʥʜ. 

 

ABSTRACT  

A.L. Perederko "Development of vibration test methodology and 

improvement of vibration measurement tools for complex equipment ". - Qualifying 

scientific work on the rights of the manuscript. 

Dissertation for acquisition of the scientific degree Doctor of Technical 

Sciences by specialty 05.11.01 - Devices and methods for measurement of 

mechanical quantities. State University of Intelligent Technologies and 

Communications, Odessa -2021. 

The dissertation is devoted to the improvement of methods and means of 

measurement and registration of parameters of mechanical vibration, vibration 

diagnostics and vibration tests in technical systems. 

The analysis of modern methods and means for providing dynamic testing and 

vibration diagnostics of machines and equipment, primary transducers to ensure 

measurement of vibration parameters is carried out and an analysis of the prospects 

for their further development is carried out. 

Mathematical modeling of sensors with piezoelectric transducers for 

measuring vibration parameters is carried out. A mathematical model of phase 

distortions in the measurement of vibration acceleration by sensors with 

piezoelectric transducers has been developed. A model of piezoelectric 

accelerometer errors was developed, their analysis was performed. The dependence 

of the charge generated by the piezoelectric element on the external temperature 

influence is determined. 

Mathematical dependences of piezoelectric accelerometers on the flow of 

shock pulses during dynamic tests have been established. The necessity of using 

low-pass filters to exclude the frequency range of resonance from the measurement 

area is substantiated. Mathematical dependences of oscillations and output signals 
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of the piezoaccelerometer under the action of shock acceleration during its 

installation on a viscoelastic gasket by simulation are obtained. 

The dynamic range of stand-alone recorders for measuring shock signals has 

been expanded. A method for calculating and reproducing the shock spectrum under 

the influence of pulsed vibration acceleration on the equipment has been developed, 

which is based on the relations for calculating the shock spectrum of the oscillator. 

The modeling of filtration, by means of wavelet transform, of vibration signal 

from noise interference is carried out. The study of distribution of peaks of vibration 

signal as a criterion of analysis of random vibration signal is carried out, in order to 

increase reliability and depth of diagnosis. 

The structural scheme is developed, modeling and simulations of work of 

links of the measuring channel of the independent recorder of vibration signals 

(delta-sigma ADC) in the Multisim environment are carried out. 

Theoretical calculations of the hydraulic system are carried out and the 

scheme of construction of the hydraulic vibrating stand with the improved 

metrological characteristics is developed. 

The following new scientific results are obtained in the dissertation: 

- for the first time the mathematical model of the adaptive mechanical filter as 

a part of the measuring channel which unlike known possesses a possibility of 

readjustment providing expansion of a frequency range is developed; 

 - for the first time a method was developed to expand the frequency and 

dynamic ranges and increase the accuracy of dynamic measurements of shock 

signals, which in contrast to the previously known differs in that it allows to measure 

signal switching in the measuring channel; that prevents the impact on the 

piezoelectric accelerometer of high-frequency vibrations, and prevents the 

destruction of its sensitive element during shock tests; 

- for the first time developed a measuring system of a piezoelectric 

accelerometer with a compensation device and a control system to reduce the 

measurement error 5 introduced by the temperature influence of the environment, 

which differs from the previously known self-compensation device; 
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 - developed the theory of structural methods to ensure a dynamic 

measurement process and algorithms in the development of measuring instruments 

for the study of vibration and shock processes in technical facilities in a wide range 

of temperature and mechanical effects on primary transducers and research object 

based on high-speed applications " sigma-delta "ADC, algorithms for filtering and 

recovering signals using methods using wavelet transform; 

- the hydraulic vibrating stand is improved by application of piezoelectric 

drives in the control system of hydraulic flows that gives the chance to expand a 

frequency range of reproduction of mechanical fluctuations; 

- the theory of designing actuators based on piezoelectric effect for high-speed 

drives of control systems of hydraulic vibrating stands was further developed, which, 

in comparison with the existing ones, provides a significant increase in speed. 

Practical significance of the obtained results: 

- Recommendations for the construction of the structure of the measuring path 

of vibration diagnostic systems and ensuring its protection from interference and the 

conditions of correct measurement of spectra during vibration diagnostics; 

- Recommendations for determining the parameters of the implementation of 

the vibration acceleration signal, the sampling frequency and bit rate of the ADC, 

and practical implementation. - Developed new methods to ensure the reliability and 

accuracy of dynamic measurements, which is used to develop measuring systems to 

provide impact tests; 

- Developed an autonomous recorder of shock signals, which provides 

increased reliability of registration in a wide range of temperatures and harsh 

mechanical effects during testing; 

 - It is proposed to use the capabilities of the sigma-delta ADC ADC when 

creating vibration signal recorders, which allows to expand the dynamic range by 

reducing noise; 

 - Developed a computational technique that allows you to solve the problem 

of filtering using wavelet transform (noise reduction) in relation to spatio-temporal 

data when processing the vibration signal; 
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 - The scheme of the hydraulic vibrating stand with the control system in 

which piezoelectric actuators are used is developed that allows to develop drives for 

adaptive optical systems, precision control systems and vibration protection, and 

also other drives. 

The introduction presents the general characteristics of the work, substantiates 

the relevance of the research problem, shows the relationship of the chosen direction 

with scientific programs, plans, topics, formulates the purpose and objectives of the 

study. The main provisions for the defense are stated, the scientific novelty and 

practical significance of the obtained results are determined, the personal 

contribution of the applicant is determined, the data on approbation, publications on 

the topic of work and implementation of research results are given. 

In the first section of the dissertation the analysis of modern methods and 

means for providing dynamic tests and vibration diagnostics of machines and 

equipment is carried out. Spectral methods of analysis (signature, keptral, wavelet) 

of vibration oscillations and hardware for measurements at vibrodiagnostics of 

machines and equipment are considered. A review and analysis of the primary 

physical transducers of different physical principles to ensure the measurement of 

vibration parameters and an analysis of the prospects for their further development. 

Different types of modern systems for measuring vibration parameters and 

monitoring the condition of machines are considered and analyzed. 

In the second section, mathematical modeling of sensors with piezoelectric 

transducers for measuring vibration parameters in the MathCad package is 

performed. Their amplitude-frequency and phase-frequency and transient 

characteristics are obtained. 

A mathematical model of phase distortions in the measurement of vibrational 

acceleration by sensors with piezoelectric transducers is obtained. 

The model of piezoelectric accelerometer errors is considered, their analysis 

is carried out, their composition and structure are determined, attention is paid to 

errors caused by non-orthogonality of axes of sensitivity and temperature influence 

on a sensitive element. It is proved that the generated charge, which arises on the 
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electrodes of the piezoelectric element under the action of the force of inertia of the 

seismic mass, can be affected by the temperature deviation of the piezomodule, 

which is a reaction of the domain structure of the piezoelectric element. . 

In the third section, the flow of shock pulses on piezoelectric accelerometers, 

as the most vulnerable link in the measuring channel, during dynamic tests, is 

considered and analyzed. The need to use low-pass filters to exclude the frequency 

range of resonance from the measurement area, as well as the need to use mechanical 

low-pass filters (viscoelastic elements) located between the object of control and the 

sensor in solving the problem of maintaining the integrity of the latter. Mathematical 

dependences of oscillations and output signals of the piezoaccelerometer under the 

action of shock acceleration at its installation on a viscoelastic lining are received. 

Algorithms for providing a dynamic range of stand-alone recorders when 

measuring shock signals are proposed. It is proved that the application of algorithms 

of high-frequency filtering and subsequent signal recovery reduces the probability 

of overloading the measuring channel of the stand-alone recorder, which leads to an 

increase in its practical smoke range. 

It is shown that the application of algorithms of high-frequency filtering and 

subsequent signal recovery allows to reduce the probability of overloading the 

measuring channel of the autonomous recorder, which leads to an increase in its 

practical dynamic range. 

In the fourth  section the technique of calculation and reproduction of a shock 

spectrum at influence on the equipment by pulse vibration acceleration which basis 

is based on relations for calculation of a shock spectrum of the oscillator is 

developed. The procedure for calculating the shock spectrum of the oscillator at a 

certain quality factor and vibration acceleration is given by the algorithm. The 

system response to shock pulses was simulated in the MathCad and MatLab 

packages. 

The simulation of vibration signal filtering from noise with the normal 

distribution law in the MathCad package is performed. 
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The development, modeling and simulation of the units of the measuring 

channel of the autonomous recorder of vibration signals are carried out. 

Theoretical calculations, development of the scheme of construction and 

modeling of work of the stand for carrying out vibration tests are carried out. 

In the fifth section of the dissertation, a model of a hydraulic vibrating stand 

was calculated and developed, with a control system in which piezoelectric actuators 

were used, which made it possible to raise the upper limit of the reproducible 

frequency range of vibrational oscillations. 

A stand for metrological certification of a hydraulic vibrating stand has been 

developed. The obtained experimental data confirmed the reliability of the 

developed theory and principles of construction of devices. The developed models 

and current samples of the vibrating installation meet the requirements for vibration 

measuring and reproducing devices in terms of accuracy and speed. 

The general conclusions summarize the main results of research conducted 

in the dissertation, both theoretical and experimental, obtained in the laboratory. 

Key words: measuring channel, piezoelectric accelerometer, vibration 

acceleration, vibration diagnostics, mechanical filter, charge amplifier, vibrating 

stand. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ:  

ɯ. ɺ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 

1. ʇʝʨʝʜʝʨʢʦ ɸ.ʃ. ʅʘʫʢʦʚʽ ʦʩʥʦʚʠ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʙʨʘʮʽʾ ʽ ʚʽʙʨʦʚʠʧʨʦʙʫʚʘʥʴ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ/ɸ.ʃ.ʇʝʨʝʜʝʨʢʦ, ɺ.ʇ. 

ʂʚʘʩʥʽʢʦʚ// ʄʦʥʦʛʨʘʬʽʷ. ʊʆɺ çʅɺʇ ɯʥʪʝʨʩʝʨʚʽʩè, ʂʠʾʚ-2019. 

2. ɺʠʰʥʝʚʩʴʢʘ ʅ.ʉ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʘʪʝʩʪʘʮʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʩʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʢʠ ʚʠʤʘʛʘʻ 

ʥʘ̫ʚʥʦʩʪʽ ʚʠʩʦʢʦʪʦʯʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʤʽʨʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʟʨʘʟʢʽʚ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦ-

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʢʦʥʪʨʦʣʶ, ʤʦʥʽʪʦʨʠʥʛʫ, 

ʜʽʘʛʥʦʩʪʠʢʠ, ʘʢʪʠʚʥʦʛʦ ʚʽʙʨʦʟʘʭʠʩʪʫ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ 

ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʜʘʶʪʴ ʥʝ ʪʽʣʴʢʠ 

ʚʝʣʠʢʠʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, ʘʣʝ ʽ ʩʧʨʠʷʶʪʴ ʟʘʧʦʙʽʛʘʥʥʶ ʘʚʘʨʽʡ ʽ 

ʤʦʞʣʠʚʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʾʭ 

ʨʦʟʚʠʪʢʫ. 

ɺ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʚʠʤʽʨʶʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ 

ʟʘʡʤʘʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʎʝ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ ʷʢ ʧʨʠʩʢʦʨʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ.   

ɺʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʪʘ ʘʥʘʣʽʟ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

(ʝʥʝʨʛʝʪʠʮʽ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʘʚʽʘʮʽʡʥʽʡ ʽ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ, 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ, ʥʘʬʪʦ-ʛʘʟʦʚʠʜʦʙʫʚʥʽʡ ʪʘ ʧʝʨʝʨʦʙʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʤʝʜʠʮʠʥʽ), ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʥʪʨʦʣʶ ʧʨʘʚʠʣʴʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ. ɺ ʩʫʯʘʩʥʦʤʫ 

ʦʙʽʛʫ ʽʩʥʫʻ ʪʘʢʠʡ ʪʝʨʤʽʥ ʷʢ ʚʽʙʨʦʤʝʪʨʽʷ, ʷʢʠʡ ʻ ʩʫʢʫʧʥʽʩʪʶ ʟʘʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʾʭ ʦʙʨʦʙʮʽ ʪʘ ʘʥʘʣʽʟʫ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʦʤʝʪʨʽʾ ʫʩʧʽʰʥʦ ʚʠʨʽʰʫʶʪʴʩʷ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʷʢ ʽʟ 

ʟʘʛʘʣʴʥʠʤ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʽʢʠ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʾʾ 

ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʇʝʨʝʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʦʙʣʠʚʦ ʜʦʩʷʛʥʝʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʣʠ ʩʧʦʩʦʙʠ ʟʙʠʨʘʥʥʷ, ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ 
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ʘʥʘʣʽʟʘʪʦʨʘʤʠ ʚʽʙʨʘʮʽʡ. ʆʩʦʙʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʥʘʰ ʯʘʩ ʥʘʙʫʚʘʶʪʴ ʧʦʨʪʘʪʠʚʥʽ 

ʘʥʘʣʽʟʘʪʦʨʠ ʚʽʙʨʘʮʽʾ, ʚʦʥʠ ʩʧʽʣʢʫʶʪʴʩʷ ʟʽ ʩʤʘʨʪʬʦʥʘʤʠ ʪʘ ʧʣʘʥʰʝʪʘʤʠ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠ ʐʇʌ ʪʘ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʽʡ ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ. ʂʦʤʧʘʥʽʾ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ 

ʧʨʠʣʘʜʘʤʠ ʜʣʷ ʚʽʙʨʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʨʦʟʨʦʙʣʷʶʪʴ ʚʣʘʩʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʾʭ 

ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʩʦʙʦʶ. 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʝʜʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʙʽʣʴʰʽʩʪʴ ʜʘʥʠʭ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʚ ʭʤʘʨʫ ʽ ʜʦʩʪʫʧʥʽ ʥʘ 

ʤʦʙʽʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʢʦʤʧôʶʪʝʨʽ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʙʨʘʫʟʝʨʘ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʠʪʘʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʙʨʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʜʠʥʘʤʽʯʥʠʭ ʜʽʡ ʥʘ ʝʣʝʤʝʥʪʠ ʤʘʰʠʥ ʧʨʠ ʫʜʘʨʘʭ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠ ʢʦʤʧʣʝʢʩʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ 

ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ - ʮʝ ʜʘʣʝʢʦ ʥʝ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʩʫʯʘʩʥʠʭ 

ʥʘʧʨʷʤʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʝʦʨʽʾ ʪʘ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʟʘʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʘʥʘʣʽʟʫ ʧʨʠ ʚʽʙʨʘʮʽʡʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ ʧʨʠ ʚʽʙʨʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʦʩʥʦʚʽ ʜʦʩʷʛʥʝʥʴ ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.   

ɺʝʣʠʢʠʡ ʚʥʝʩʦʢ ʚ ʨʦʟʚʠʪʦʢ ʮʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘʜʘʣʠ ʧʨʘʮʽ ʙʘʛʘʪʴʦʭ 

ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ: ɸ.ɭ.ɹʦʞʢʦ, ʉ.ʇ.ʊʠʤʦʰʝʥʢʘ, ɺ.ɺ.ɹʦʣʦʪʽʥʘ, 

ɼʞ. ɼʝʥ ɻʘʨʪʦʛʘ, ʉ.ɺ.ɽʣʽʩʻʻʚʘ, ɺ.ʉ.ɯʣʴʾʥʩʴʢʦʛʦ, ɺ.ʆ.ʂʦʥʦʥʝʥʢʘ, ʗ.ɻ.ʇʘʥʦʚʢʦ, 

ɸ.ʈʫʞʝʯʢʠ, ɺ.ɺ.ʂʘʨʘʤʠʰʢʽʥʘ, ʌ.ɸ.ʏʦʨʥʦʫʩʴʢʦ, Ch.Crede, C.Roland, 

J.C.Snowdon ʪʘ ʽʥ.  

ʊʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʮʽ ʚʽʙʨʘʮʽʡʥʦʾ ʜʠʥʘʤʽʢʠ, ʟʘʭʠʩʪʫ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʠʣʘʜʽʚ 

ʽ ʤʘʰʠʥ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ  ɭ. ʇ. ɹʣʦʭʽʥʘ, ɯ.ɯ.ɻʘʣʽʻʚʘ, ʃ.ʆ. ɻʨʘʯʦʚʦʾ, ɺ. ɸ. 

ʂʘʤʘʻʚʘ, ɺ. ɸ. ʃʘʟʘʨʷʥʘ, ɺ. ɹ. ʄʝʜʝʣʷ, ʄ. ʇ. ʇʘʭʦʤʦʚʘ, ɯ. ɯ. ʉʽʣʘʻʚʘ,    

ʊ.ɸ.ʊʽʙʽʣʦʚʘ, ɺ. ʌ. ʋʰʢʘʣʦʚʘ, ɸ. ʇ. ʍʦʤʝʥʢʦ, S.Graham Kelly ʪʘ ʽʥ. 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʨʘʟʢʽʚ ʥʦʚʦʾ 

ʪʝʭʥʽʢʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʩʦʢʦʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʨʦʮʝʜʫʨ ʢʦʥʪʨʦʣʶ ʽ 

ʜʽʘʛʥʦʩʪʠʢʠ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʪʦʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʽʙʨʘʮʽʡʥʠʭ 

ʽ ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ, ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʘ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɸ ʪʘʢʦʞ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʽ ʧʦʙʫʜʦʚʫ 

ʥʦʚʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʽ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʰʣʷʭʦʤ ʾʭ ʦʩʥʘʱʝʥʥʷ 

ʩʫʯʘʩʥʠʤʠ ʢʝʨʫʶʯʠʤʠ ʽ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɺʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ 

ʥʘʙʫʚʘʻ ʤʝʪʦʜʠʯʥʝ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ, 

ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʪʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʉʪʚʦʨʝʥʥʷ ʚʠʢʦʥʘʚʯʠʭ 

ʧʨʠʚʦʜʽʚ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʾ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʘ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ 

ʚʽʙʨʦʟʘʭʠʩʪʫ ʧʨʝʮʠʟʽʡʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʅʘʚʝʜʝʥʽ ʟʘʭʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʩʥʫʶʯʫ ʪʝʭʥʽʯʥʫ ʙʘʟʫ ʽ ʩʪʚʦʨʶʚʘʪʠ 

ʥʦʚʽ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʝʦʨʽʾ ʪʘ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʟʘʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʘʥʘʣʽʟʫ ʧʨʠ ʚʽʙʨʘʮʽʡʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ ʧʨʠ ʚʽʙʨʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʦʩʥʦʚʽ ʜʦʩʷʛʥʝʥʴ ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.   

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʪʘ ʦʩʚʽʪʥʽʭ ʚʠʤʽʨʶʚʘʥʴ ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʽ ʟʚôʷʟʢʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ˉ 3715-Vɯ "ʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ 

ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ", ʟʦʢʨʝʤʘ, "ʆʩʚʦʻʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ 

ʛʘʣʫʟʽ, ʘʚʽʘ- ʽ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ, ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ", ʘ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʘʪʠʢʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʚ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ ʨʦʙʦʪʽ ʆʜʝʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʢʘʜʝʤʽʾ ʪʝʭʥʽʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ ʟʘ ʪʝʤʦʶ: çɹʽʦʤʝʭʘʥʽʢʘ ʟʫʙʦʱʝʣʝʧʥʦʾ ʩʠʩʪʝʤʠ, ʚʝʨʭʥʽʭ 
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ʪʘ ʥʠʞʥʽʭ ʢʽʥʮʽʚʦʢ: ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾè (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ: 0119U002007), ʜʝ ʘʚʪʦʨ ʙʫʚ ʚʠʢʦʥʘʚʮʝʤ. 

ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʨʽʰʝʥʥʷ 

ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ,  ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʽʙʨʘʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʚʽʙʨʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ  ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ  

ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʤʘʰʠʥ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʝʨʚʠʥʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʪʘ 

ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

2. ɿʜʽʡʩʥʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʆʪʨʠʤʘʪʠ ʾʭ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʬʘʟʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʪʨʠʤʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʘʟʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʜʘʪʯʠʢʘʤʠ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ. ʈʦʟʨʦʙʠʪʠ 

ʤʦʜʝʣʴ ʧʦʭʠʙʦʢ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʧʨʦʚʝʩʪʠ ʾʭ ʘʥʘʣʽʟ. 

ɺʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʛʝʥʝʨʫʻʤʦʛʦ ʧ'ʻʟʦʝʣʝʤʝʥʪʦʤ ʟʘʨʷʜʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ 

ʚʽʜ ʧʣʠʚʫ ʫʜʘʨʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʆʙˇʨʫʥʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʜʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʣʘʩʪʽ ʚ ʧʦʣʦʩʽ ʯʘʩʪʦʪ ʚʠʤʽʨʶʚʘʥʴ. ʆʪʨʠʤʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʙʨʦʢʦʣʠʚʘʥʴ ʽ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ 

ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʽʜ ʜʽʻʶ ʫʜʘʨʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʡʦʛʦ ʫʩʪʘʥʦʚʮʽ ʥʘ 

ʚ'ʷʟʢʦʧʨʫʞʥʫ ʧʨʦʢʣʘʜʢʫ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ. 

4. ʈʦʟʨʦʙʠʪʠ ʟʘʭʦʜʠ ʧʦ ʨʦʟʰʠʨʝʥʥʶ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʘʚʪʦʥʦʤʥʠʭ 

ʨʝʻʩʪʨʘʪʦʨʽʚ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ 
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ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʫ, ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʦʙʣʘʜʥʘʥʥʷ 

ʽʤʧʫʣʴʩʥʠʤ ʚʽʙʨʘʮʽʡʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʘʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʦʩʮʠʣʷʪʦʨʘ. ʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʢʮʽʾ 

ʩʠʩʪʝʤʠ ʥʘ ʫʜʘʨʥʽ ʽʤʧʫʣʴʩʠ. 

5. ʇʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʰʫʤʦʚʠʭ ʟʘʚʘʜ. ʈʦʟʛʣʷʥʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʛʘʫʩʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʚ ʨʦʟʨʽʟʽ 

ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ ʚ ʯʘʩʪʠʥʽ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʦʾ  

ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʮʽ. ʇʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʷʢ ʢʨʠʪʝʨʽʶ ʘʥʘʣʽʟʫ ʚʠʧʘʜʢʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʛʣʠʙʠʥʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ.  

6. ʈʦʟʨʦʙʠʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʣʘʥʦʢ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

(ʜʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ). 

7. ʈʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟ ʧʨʠʩʪʨʦʻʤ 

ʢʦʤʧʝʥʩʘʮʽʾ ʽ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʥʝʩʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʚʧʣʠʚʦʤ ʩʝʨʝʜʦʚʠʱʘ. 

8. ʇʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʠʪʠ 

ʩʭʝʤʫ ʧʦʙʫʜʦʚʠ ʪʘ ʤʘʢʝʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʝʥʜʫ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʨʝʻʩʪʨʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡ, ʚʽʙʨʘʮʽʡʥʽ ʩʠʛʥʘʣʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ: ʪʝʦʨʽʷ ʚʠʤʽʨʶʚʘʥʴ  ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʦʢ, ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʡʦʛʦ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ); ʪʝʦʨʽʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ; ʪʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ; ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ 
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ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʢʦʤʧ'ʶʪʝʨʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ  

ʜʘʥʠʭ); ʪʝʦʨʽʾ ʧʦʭʠʙʦʢ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʝʣʠʯʠʥ, ʯʘʩʪʦʪʠ ʪʘ ʬʘʟʠ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫ ʾʭ ʧʦʭʠʙʦʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ; ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ, 

ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ, ʤʝʪʦʜʠ ʬʽʟʠʯʥʦʛʦ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʽʚ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ 

Matlab, MathCad ʪʘ Multisim. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ: 

-  ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʘ, ʷʢʠʡ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʚʦʣʦʜʽʻ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʦʟʰʠʨʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ, ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ 

ʚʧʣʠʚʫ ʥʘ ʧʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʽʙʨʘʮʽʡ, ʪʘ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʨʫʡʥʫʚʘʥʥʷ ʡʦʛʦ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ ʧʨʠ ʫʜʘʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ; 

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʨʦʟʰʠʨʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʥʽʰʝ ʚʽʜʦʤʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʙʝʟ ʢʦʤʫʪʘʮʽʾ ʩʠʛʥʘʣʫ ʚ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʘʥʘʣʽ;  

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ  ʧʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟ ʧʨʠʩʪʨʦʻʤ ʢʦʤʧʝʥʩʘʮʽʾ  ̔ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʥʝʩʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʚʧʣʠʚʦʤ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʘʥʽʰʝ ʚʽʜʦʤʠʭ ʧʨʠʩʪʨʦʻʤ ʘʚʪʦʢʦʤʧʝʥʩʘʮʽʾ; 

- ʨʦʟʚʠʥʫʪʦ ʪʝʦʨʽʶ ʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʘʣʛʦʨʠʪʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʪʘ ʫʜʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʝʭʥʽʯʥʠʭ 

ʦʙ'ʻʢʪʘʭ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʧʝʨʚʠʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʰʚʠʜʢʦʜʽʶʯʠʭ çʩʠʛʤʘ-ʜʝʣʴʪʘè ɸʎʇ, ʘʣʛʦʨʠʪʤʽʚ 
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ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

- ʫʜʦʩʢʦʥʘʣʝʥʦ ʛʽʜʨʘʚʣʽʯʥʠʡ ʚʽʙʨʦʩʪʝʥʜ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧ̒ ʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʣʘʧʘʥʽʚ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʽ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʪʠ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʢʦʣʠʚʘʥʴ; 

- ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʘ ʪʝʦʨʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʢʪʫʘʪʦʨʽʚ 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʻʟʦʝʣʝʢʪʨʠʯʥʦʤʫ ʝʬʝʢʪʽ ʜʣʷ ʰʚʠʜʢʦʜʽʶʯʠʭ ʧʨʠʚʦʜʽʚ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ  ʚʽʙʨʘʮʽʡʥʠʭ ʩʪʝʥʜʽʚ, ʱʦ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ, 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ ʱʦ:  

- ʆʪʨʠʤʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʦʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ 

ʩʠʩʪʝʤ ʚʽʙʨʘʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ  ʟʘʭʠʱʝʥʦʩʪʽ ʚʽʜ ʟʘʚʘʜ ʽ 

ʫʤʦʚʠ ʢʦʨʝʢʪʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ. 

- ʆʪʨʠʤʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽ ʨʦʟʨʷʜʥʦʩʪʽ ɸʎʇ, ʪʘ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ɸʎʇ ʟ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʻʶ. 

- ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ 

ʜʠʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʨʦʟʨʦʙʮʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

- ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ ʫʜʘʨʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʥʘʜʽʡʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʞʦʨʩʪʢʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

- ɿʘʧʨʦʧʦʥʦʚʘʥʦ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʝʻʩʪʨʘʪʦʨʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ɸʎʇ ʩʠʛʤʘ-ʜʝʣʴʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʨʦʟʰʠʨʠʪʠ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʰʫʤʫ 

ʢʚʘʥʪʫʚʘʥʥʷ.  

- ʈʦʟʨʦʙʣʝʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʝʪʦʜʠʢʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʽʚ) 

ʩʪʦʩʦʚʥʦ ʜʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʜʘʥʠʭ ʧʨʠ ʦʙʨʦʙʮʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 
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- ʈʦʟʨʦʙʣʝʥʽ ʩʭʝʤʘ ʪʘ ʤʘʢʝʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ ʟ ʩʠʩʪʝʤʦʶ 

ʢʝʨʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʢʣʘʧʘʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʣʷʪʠ ʧʨʠʚʦʜʠ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʧʨʝʮʠʟʽʡʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʚʽʙʨʦʟʘʭʠʩʪʫ, ʘ ʪʘʢʦʞ ʚ ʽʥʰʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʊʝʦʨʝʪʠʯʥʽ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʇɸʊ 

çʅɺʆ çʂʠʾʚʩʴʢʠʡ ʟʘʚʦʜ ʘʚʪʦʤʘʪʠʢʠè (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 07.04.2021ʨ.), ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʊʆɺ çɸʈɸʄɯʉè (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.12.2020 ʨ.) ʪʘ ʫ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʚ ʆʜʝʩʴʢʽʡ ʜʝʨʞʘʚʥʽʡ ʘʢʘʜʝʤʽʾ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ 

ʷʢʦʩʪʽ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 06.10.2020ʨ.). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. ɯʟ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʪʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʦʩʦʙʠʩʪʦʾ ʧʨʘʮʽ ʟʜʦʙʫʚʘʯʘ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ɺʠʢʣʘʜʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʧʦʚʽʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʪʘ ʦʜʝʨʞʘʣʠ ʩʭʚʘʣʝʥʥʷ 

ʥʘ ʪʘʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʩʝʤʽʥʘʨʘʭ: ʜʝʩʷʪʘ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʨʦʙʦʪʦʪʝʭʥʽʯʥʽ 

ʢʦʤʧʣʝʢʩʠè (ɯɯʈʊʂ-2018, ʤ. ʂʠʾʚ, 2018 ʨ.); ɺʩʝʩʚʽʪʥʽʡ ʢʦʥʛʨʝʩ  AVIATION IN 

THE XXI-st  CENTURY (ʤ. ʂʠʾʚ, 2018 ʨ.); XIV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çɸɺɯɸ-2019è (ʤ. ʂʠʾʚ, 2019 ʨ.); IX ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤè (ʤ.ʏʝʨʥʽʛʽʚ, 2019 ʨ.); ʍɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çɻʽʨʦʪʝʭʥʦʣʦʛʽʾ, ʥʘʚʽʛʘʮʽʷ, ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠè (ʤ.ʂʠʾʚ, 2019 ʨ.); XI ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤè (ʤ.ʏʝʨʥʽʛʽʚ, 2021 ʨ.); ʯʦʪʠʨʥʘʜʮʷʪʘ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʨʦʙʦʪʦʪʝʭʥʽʯʥʽ 

ʢʦʤʧʣʝʢʩʠè (ɯɯʈʊʂ-2021, ʤ.ʂʠʾʚ, 2021 ʨ.). 
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ʈʆɿɼɯʃ 1. ʆɻʃʗɼ  ʄɽʊʆɼɯɺ  ɯ  ɿɸʉʆɹɯɺ  ɼʃʗ  ɿɸɹɽɿʇɽʏɽʅʅʗ   

                  ɼʀʅɸʄɯʏʅʀʍ ɺʀʇʈʆɹʋɺɸʅʔ ɯ ɺɯɹʈʆɼɯɸɻʅʆʉʊʀʂʀ  

                  ʄɸʐʀʅ ɯ ʋʉʊɸʊʂʋɺɸʅʅʗ 

 

ɺ  ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʤʘʰʠʥ. 

ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʜʘʪʯʠʢʽʚ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ, ʚʠʢʣʘʜʝʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ       

ʧʦʨʪʘʪʠʚʥʠʭ  ʨʝʻʩʪʨʘʪʦʨʽʚ  ʚʽʙʨʘʮʽʡʥʠʭ ʪʘ  ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ. 

 

1.1. ʆʛʣʷʜ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʚʽʙʨʘʮʽʾ  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʢʦʣʠʚʘʥʴ 

ʜʦʩʣʽʜʞʫʻʤʦʛʦ ʦʙ ʻʢʪʫ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʨʽʚʥʦʚʘʛʠ. 

ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘ ʪʘʢʽ 

ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ: 

- ʘʥʘʣʽʟ ʚʝʣʠʯʠʥʠ ʩʠʛʥʘʣʫ;  

- ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʦʙʣʘʩʪʝʡ ʦʢʨʝʤʠʭ ʩʠʛʥʘʣʽʚ; 

- ʘʥʘʣʽʟ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʦʢʨʝʤʠʭ ʩʠʛʥʘʣʽʚ;  

- ʧʦʜʚʽʡʥʠʡ ʘʥʘʣʽʟ ʩʠʛʥʘʣʫ ʘʙʦ ʚ ʯʘʩʦʚʽʡ, ʘʙʦ ʚ   ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ.  

ʂʦʞʝʥ ʟ  ʥʘʚʝʜʝʥʠʭ ʥʘʧʨʷʤʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʗʢ ʧʨʘʚʠʣʦ, 

ʘʥʘʣʽʟ ʚʝʣʠʯʠʥʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʘʥʘʣʽʟ ʡʦʛʦ ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ ʥʘʜʘʶʪʴ 

ʦʩʥʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʛʥʘʣ ʽ ʪʦʤʫ ʚʠʤʘʛʘʶʪʴ ʣʠʰʝ ʥʝʜʦʨʦʛʠʭ ʪʘ 

ʥʝʧʨʦʬʽʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʘʥʘʣʽʟʫ, ʪʦʜʽ ʷʢ ʘʥʘʣʽʟ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʪʘ ʧʦʜʚʽʡʥʠʡ 

ʘʥʘʣʽʟ ʜʘʶʪʴ ʜʫʞʝ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʽʙʨʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʽ ʪʦʤʫ 

ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʢʣʘʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʜʣʷ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʫʞʝ ʚʘʞʣʠʚʦ, ʱʦʙ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʙʫʣʦ ʯʽʪʢʘ ʚʠʟʥʘʯʝʥʽʩʪʴ ʱʦʜʦ ʪʦʛʦ, ʷʢʠʡ ʤʝʪʦʜ ʥʘʡʢʨʘʱʝ 

ʚʽʜʧʦʚʽʜʘʻ ʥʝʦʙʭʽʜʥʠʤ ʚʠʤʦʛʘʤ. ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ ʥʘʙʫʣʘ ʧʦʰʠʨʝʥʥʷ ʪʝʥʜʝʥʮʽʷ 
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ʱʦʜʦ ʧʦʰʠʨʝʥʥʷ ʧʨʠʥʮʠʧʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʤʝʪʦʜʠ ʧʦʜʚʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʩʠʛʥʘʣʽʚ, ʜʦ ʩʠʪʫʘʮʽʡ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʦʜʥʦʯʘʩʥʠʡ ʘʥʘʣʽʟ ʜʝʢʽʣʴʢʦʭ ʩʠʛʥʘʣʽʚ. ʎʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʞʝʨʝʣ ʰʫʤʫ ʚ 

ʚʠʤʽʨʶʚʘʥʦʤʫ ʩʠʛʥʘʣʽ. ɺʦʥʠ ʥʘʜʘʶʪʴ ʚʩʝʙʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʴ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʢʽʣʴʢʦʭ ʩʠʛʥʘʣʽʚ. 

ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʶʚʘʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1.1. 

ɸʥʘʣʽʟ ʚʝʣʠʯʠʥʠ ʩʠʛʥʘʣʫ. ɯʥʦʜʽ, ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʷʢʠʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ,  

ʜʦʩʪʘʪʥʴʦ ʣʠʰʝ ʟʘʛʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʟʥʘʯʝʥʥʷ (ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʘʙʦ 

ʧʽʢʦʚʝ) ʩʠʛʥʘʣʫ. ʇʦʧʝʨʝʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʜʦʩʚʽʜ ʩʪʦʩʦʚʥʦ ʨʦʙʦʪʠ ʧʝʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʯʘʩʪʦ ʜʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʜʦʚʽʨʠ 

ʜʦ ʪʘʢʠʭ ʧʨʦʩʪʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʎʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʜʦʧʫʩʪʠʤʠʡ 

ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʧʦʚôʷʟʘʥʫ ʟ ʮʠʤ ʚʽʙʨʘʮʽʡʥʫ 

ʰʚʠʜʢʽʩʪʴ ʫ ʧʝʚʥʽʡ ʢʨʠʪʠʯʥʽʡ ʪʦʯʮʽ ʥʘ ʤʘʰʠʥʽ, ʜʦʧʫʩʪʠʤʠʡ ʧʽʢʦʚʠʡ ʨʽʚʝʥʴ 

ʚʥʘʩʣʽʜʦʢ ʧʝʚʥʦʛʦ ʫʜʘʨʫ ʘʙʦ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʟʘʚʘʜ ʟʘ ʨʘʭʫʥʦʢ ʜʝʷʢʦʛʦ 

ʧʦʩʪʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʰʫʤʫ. ʅʘʧʨʠʢʣʘʜ ʚʦʥʠ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʪʘ ʧʽʢʦʚʠʭ ʨʽʚʥʽʚ ʚʽʙʨʘʮʽʾ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʫʜʥʘ, ʷʢʽ ʩʣʽʜ ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ, ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ, 

ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʪʘ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʽ ʪ.ʧ. ɿʘ ʮʠʭ ʦʙʩʪʘʚʠʥ 

ʚʩʝ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʟʘʛʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʩʠʛʥʘʣʽʚ ʻ 

ʜʦʩʪʘʪʥʽʤ, ʘ ʟʘʛʘʣʴʥʘ ʧʨʘʢʪʠʢʘ ʜʦʧʫʩʢʘʻ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʟʘʛʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʰʫʤʦʚʦʛʦ ʘʙʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʧʨʦʚʦʜʠʪʠ ʣʠʰʝ ʧʝʨʽʦʜʠʯʥʦ. 

ɸʥʘʣʽʟ ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ. ʆʢʨʝʤʽ ʩʠʛʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʫ 

ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʘʙʦ ʰʣʷʭʦʤ ʚʠʚʯʝʥʥʷ ʟʘʧʠʩʽʚ ʚ ʯʘʩʽ ʩʘʤʦʩʪʽʡʥʦ, ʘʙʦ ʰʣʷʭʦʤ 

ʛʝʥʝʨʘʮʽʾ ʾʭ ʬʫʥʢʮʽʡ ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʦʨʝʣʷʮʽʾ. ʌʫʥʢʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʦʨʝʣʷʮʽʾ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʨʫ ʩʪʫʧʝʥʷ ʢʦʨʝʣʷʮʽʾ ʩʠʛʥʘʣʽʚ ʽʟ ʩʦʙʦʶ ʷʢ ʬʫʥʢʮʽʶ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʯʘʩʽ. ʉʠʛʥʘʣʠ ʤʦʞʥʘ ʣʝʛʢʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʥʘ 
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ʦʩʮʠʣʦʛʨʘʬʽ, ʽ ʮʝ ʻ ʦʜʠʥ ʟʽ ʩʧʦʩʦʙʽʚ ʘʥʘʣʽʟʫ ʬʦʨʤʠ ʭʨʦʥʦʣʦʛʽʾ ʯʘʩʫ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʧʽʢʽʚ ʩʠʛʥʘʣʫ. ʊʘʢʦʞ ʜʦʙʨʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʻ ʧʨʘʢʪʠʢʘ ʤʦʥʽʪʦʨʠʥʛʫ 

ʽʩʪʦʨʽʾ ʟʘʧʠʩʘʥʠʭ ʚ ʯʘʩʽ ʩʠʛʥʘʣʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʯʘʩʪʦʪʠ, ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʢʣʘʜ ʩʠʛʥʘʣʽʚ (ʪʦʙʪʦ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʥʝ ʚʽʜʙʫʣʦʩʷ ʚʽʜʩʽʢʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ), ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʨʽʚʥʝʤ ʩʠʛʥʘʣʫ 

ʪʘ ʚʠʷʚʣʷʪʠ ʙʫʜʴ-ʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʱʦ ʚʦʥʠ ʤʘʶʪʴ ʤʽʩʮʝ. ʗʢʱʦ ʚʽʙʨʘʮʽʡʥʠʡ 

ʩʠʛʥʘʣ ʦʙʨʦʙʣʷʻʪʴʩʷ ʮʠʬʨʦʚʠʤ ʰʣʷʭʦʤ, ʪʦ ʫʩʝʨʝʜʥʝʥʥʷ ʯʘʩʫ ʟʘʧʠʩʫ ʻ 

ʢʦʨʠʩʥʠʤ ʟʘʩʦʙʦʤ ʚʠʣʫʯʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʚʠʧʘʜʢʦʚʦʛʦ ʰʫʤʫ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʚʤʽʩʪʫ, ʪʦʙʪʦ ʫʩʝʨʝʜʥʝʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʝʢʽʣʴʢʘ 

ʦʪʨʠʤʘʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʟʘʧʠʩʽʚ ʯʘʩʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʇʨʦʪʷʛʦʤ ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʚʠʧʘʜʢʦʚʠʡ ʰʫʤ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ɻʘʫʩʦʚʩʴʢʠʡ ʰʫʤ), ʽ ʷʢʱʦ ʚ ʩʠʛʥʘʣʽ ʧʨʠʩʫʪʥʽʡ ʽʥʬʦʨʤʘʪʠʚʥʠʡ 

ʽʤʧʫʣʴʩ, ʪʦ ʚʽʥ ʙʫʜʝ ʚʠʷʚʣʝʥʠʡ. 

 

ʈʠʩ. 1.1. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

 

ɸʥʘʣʽʟ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ. ɺ ʧʨʠʥʮʠʧʽ, ʘʥʘʣʽʟ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʚʠʤʘʛʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʩʪʦʨʽʾ ʯʘʩʫ ʩʠʛʥʘʣʫ 

ʫ ʬʫʥʢʮʽʶ ʘʚʪʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʘʚʪʦ 
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ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʛʦ 

ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʐʇʌ). ɼʦ ʧʦʷʚʠ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʬʫʥʢʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʦʪʨʠʤʫʚʘʣʠʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʜʫʨ ʘʥʘʣʦʛʦʚʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʬʽʣʴʪʨʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʟʛʦʨʪʘʥʥʷ.  

ʇʦʜʚʽʡʥʠʡ ʘʥʘʣʽʟ ʩʠʛʥʘʣʫ. ʇʦʜʚʽʡʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

ʜʦʩʪʫʧʥʽ ʷʢ ʫ ʯʘʩʦʚʽʡ, ʪʘʢ ʽ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʜʚʦʤʘ ʚʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʜʦ ʩʠʩʪʝʤʠ, ʘʙʦ ʜʚʦʤʘ ʚʠʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʧʽʩʣʷ 

ʩʠʩʪʝʤʠ, ʘʙʦ ʚʭʦʜʦʤ ʽ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʚʽʜʧʦʚʽʜʥʦ. ɼʚʽ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ - ʮʝ ʬʫʥʢʮʽʷ ʧʝʨʝʭʨʝʩʥʦʾ 

ʢʦʨʝʣʷʮʽʾ ʪʘ ʬʫʥʢʮʽʷ ʽʤʧʫʣʴʩʥʦʛʦ ʚʽʜʛʫʢʫ. ʇʝʨʝʭʨʝʩʥʘ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ 

ʤʦʞʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʟʥʠʭ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ 

ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ɺ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ 

ʯʘʩʪʦʪʥʽ ʚʽʜʥʦʰʝʥʥʷ. ʎʝ ʬʫʥʢʮʽʷ ʧʝʨʝʭʨʝʩʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ, ʬʫʥʢʮʽʷ 

ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ) ʪʘ ʬʫʥʢʮʽʷ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ. 

 

1.2. ʉʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʽ 

ʚʠʤʽʨʶʚʘʣʴʥʘ     ʘʧʘʨʘʪʫʨʘ    ʜʣʷ     ʧʨʦʚʝʜʝʥʥʷ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ   ʤʘʰʠʥ  ʽ  ʫʩʪʘʪʢʫʚʘʥʥʷ 

ɺʩʽ ʤʘʰʠʥʠ ʽ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʨʫʭʦʤʽ ʯʘʩʪʠʥʠ, ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʧʦʨʦʜʞʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ, ʘʥʘʣʽʟ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʘʞʣʠʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʰʚʠʜʢʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʌʫʨ'ʻ (ʐʇʌ) [11,14,28], ʷʢʠʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʱʦ ʟʘʨʦʜʞʫʶʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ ʤʘʰʠʥ 

ʟʘʜʦʚʛʦ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʚʦʥʠ ʧʝʨʝʩʪʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʜʘʯʽ ʯʝʨʝʟ ʨʫʡʥʘʮʽʶ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [34] ʥʘʚʝʜʝʥʦ ʦʛʣʷʜ 

ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʽ ʧʨʠʣʘʜʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 
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ʘʢʫʩʪʠʯʥʠʭ ʽ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠ ʜʽʘʛʥʦʩʪʠʮʽ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ 

ʣʦʢʦʤʦʪʠʚʽʚ ʚ ʫʤʦʚʘʭ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʜʝʧʦ. ʇʦʚʥʠʡ ʧʝʨʝʣʽʢ ʤʝʪʦʜʽʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ (ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ) ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [33]. 

ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʠ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʽ 

ʚʽʜʧʦʚʽʜʥʽ ʜʝʬʝʢʪʠ ʧʨʠ ʨʦʙʦʪʽ ʤʝʭʘʥʽʟʤʽʚ, ʽ ʤʝʪʦʜʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ ʥʝʩʧʨʘʚʥʦʩʪʽ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ [4, 5, 9]. 

ʅʠʟʴʢʦʯʘʩʪʦʪʥʽ ʩʠʛʥʘʣʠ. ʎʽ ʩʠʛʥʘʣʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʚʘʣʽʚ ʽ ʾʭ 

ʯʘʩʪʦʪʠ ʢʨʘʪʥʽ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ. ɺʦʥʠ ʚʠʢʣʠʢʘʥʽ ʚʠʛʠʥʦʤ, 

ʨʦʟʙʘʣʘʥʩʫʚʘʥʥʷʤ, ʥʝʟʥʦʩʥʽʩʪʶ ʦʙʝʨʪʦʚʠʭ ʚʘʣʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʩʣʘʙʣʝʥʽʩʪʶ 

ʤʝʭʘʥʽʯʥʠʭ ʢʨʽʧʣʝʥʴ. 

ʉʝʨʝʜʥʴʦʯʘʩʪʦʪʥʽ ʩʠʛʥʘʣʠ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʢʣʘʜʦʚʠʤʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʫʙʦʟʘʮʝʧʣʝʥʥʷ ʰʝʩʪʝʨʝʥʴ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ 

ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ. ɺʢʘʟʘʥʽ ʩʢʣʘʜʦʚʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ ʯʘʩʪʦʪʘʭ, ʚʽʜʧʦʚʽʜʥʠʭ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ, ʧʦʤʥʦʞʝʥʠʭ ʥʘ ʯʠʩʣʦ ʟʫʙʽʚ ʰʝʩʪʝʨʝʥʴ. ʎʽ ʯʘʩʪʦʪʠ 

ʥʘʟʠʚʘʶʪʴ ʯʘʩʪʦʪʘʤʠ ʟʫʙʦʟʘʮʝʧʣʝʥʥʷ. ɿʥʦʩ ʟʫʙʽʚ ʰʝʩʪʝʨʝʥʴ ʚʠʢʣʠʢʘʻ 

ʟʨʦʩʪʘʥʥʷ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʯʘʩʪʦʪʠ ʟʫʙʦʟʘʮʝʧʣʝʥʥʷ, ʘ ʜʝʬʝʢʪʠ ʟʫʙʽʚ - ʧʦʷʚʫ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʤʽʞ ʛʘʨʤʦʥʽʢʘʤʠ ʯʘʩʪʦʪʠ ʟʫʙʦʟʘʮʝʧʣʝʥʥʷ. 

ɼʣʷ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʦʩʥʦʚʥʠʤʠ ʷʚʣʷʶʪʴʩʷ ʯʘʩʪʦʪʠ 

ʟʙʫʜʞʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʜʝʬʝʢʪʽʚ. ʎʝ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʩʝʧʘʨʘʪʦʨʘ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʪʽʣ ʢʦʯʝʥʥʷ (ʢʫʣʴʦʢ), ʯʘʩʪʦʪʘ 

ʤʠʛʪʽʥʥʷ ʅf  ʪʽʣ ʢʦʯʝʥʥʷ ʧʦ ʟʦʚʥʽʰʥʴʦʤʫ ʢʽʣʴʮʶ, ʯʘʩʪʦʪʘ ʤʠʛʪʽʥʥʷ ɺf  ʪʽʣ 

ʦʙʝʨʪʘʥʥʷ ʧʦ ʚʥʫʪʨʽʰʥʴʦʤʫ ʢʽʣʴʮʶ ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʽ [1,5,9,17] 
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ʜʝ  ʩʝʧf  ïʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʩʝʧʘʨʘʪʦʨʘ, ʪ.ʢ.f - ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʪʽʣ 

ʢʦʯʝʥʥʷ (ʢʫʣʴʦʢ), ɟf - ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, d - ʜʽʘʤʝʪʨ ʪʽʣ ʢʦʯʝʥʥʷ,  D-

ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʢʦʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨʠ ʪʽʣ ʢʦʯʝʥʥʷ, ‍ - ʢʫʪ 

ʢʦʥʪʘʢʪʫ,  Z- ʯʠʩʣʦ ʪʽʣ ʢʦʯʝʥʥʷ,  k- ʥʦʤʝʨ ʛʘʨʤʦʥʽʢʠ . 

ɼʝʬʝʢʪ, ʱʦ ʟʘʨʦʜʞʫʻʪʴʩʷ ʚ ʧʽʜʰʠʧʥʠʢʫ ʟ ʨʦʣʠʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʟʘʟʚʠʯʘʡ ʚʠʥʠʢʘʻ ʫ ʚʠʛʣʷʜʽ ʪʨʽʱʠʥʠ ʯʠ ʚʠʙʦʾʥʠ ʥʘ ʦʙʦʡʤʽ ʘʙʦ ʨʦʣʠʢʫ. ʎʝʡ 

ʜʝʬʝʢʪ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʫʜʘʨʥʠʭ ʚʧʣʠʚʽʚ ʧʨʠ ʧʨʦʢʦʯʫʚʘʥʥʽ ʧʦ ʥʴʦʤʫ 

ʨʦʣʠʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ. ɽʥʝʨʛʽʷ ʮʠʭ ʫʜʘʨʽʚ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ  ʢʦʨʧʫʩ ʧʽʜʰʠʧʥʠʢʘ, 

ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʙʨʫʻ ʥʘ ʩʚʦʾʡ ʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ 

ʨʝʟʦʥʘʥʩʽʚ ʤʦʞʝ ʙʫʪʠ ʨʝʟʦʥʘʥʩ ʢʫʣʴʦʢ ʧʽʜʰʠʧʥʠʢʘ, ʯʘʩʪʦʪʘ, ʷʢʠʭ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [17]:  

0,424
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ʜʝ  E - ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ,  r- ʧʠʪʦʤʘ ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʢʫʣʴʦʢ.  

ʗʢʱʦ ʜʝʬʝʢʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʥʝʨʫʭʦʤʽʡ ʦʙʦʡʤʽ, ʪʦ ʢʦʞʝʥ ʽʤʧʫʣʴʩ ʙʫʜʝ 

ʤʘʪʠ ʦʜʥʘʢʦʚʫ ʘʤʧʣʽʪʫʜʫ. ʇʨʦʪʝ, ʷʢʱʦ ʜʝʬʝʢʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʦʚʦʨʦʪʥʽʡ 

ʦʙʦʡʤʽ, ʪʦ ʘʤʧʣʽʪʫʜʘ ʽʤʧʫʣʴʩʽʚ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʣʠʢʦʚʠʡ ʝʣʝʤʝʥʪ, ʪʦʙʪʦ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʘʤʧʣʽʪʫʜʥʘ 

ʤʦʜʫʣʷʮʽʷ. ʊʘʢʽ ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʜʽʣʷʶʪʴʩʷ ʚ 

ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ. 

ʂʨʽʤ ʦʩʥʦʚʥʠʭ ʯʘʩʪʦʪ ʟʙʫʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʚ ʧʽʜʰʠʧʥʠʢʘʭ 

ʢʦʯʝʥʥʷ, ʧʦʨʫʰʫʻʪʴʩʷ ʙʝʟʣʽʯ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʯʘʩʪʦʪ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʟʘʻʤʦʜʽʾ ʦʙʝʨʪʦʚʠʭ ʽ ʥʝʨʫʭʦʤʠʭ ʜʞʝʨʝʣ ʢʦʣʠʚʘʥʴ, ʟʫʤʦʚʣʝʥʠʤʠ ʜʝʬʝʢʪʘʤʠ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ [2]. 

ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʧʨʠ ʘʥʘʣʽʟʽ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ 

ʟʥʘʯʝʥʴ (ʉʂɿ) ʰʚʠʜʢʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʦʯʘʪʢʦʚʠʤʠ ʜʘʥʠʤʠ ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ [26,34]. 

ʇʨʦʙʣʝʤʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʞʦʨʩʪʢʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʝʞʽ 

ʨʽʚʥʽʚ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʻ ʰʣʷʭ ʧʦʰʠʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜ ʪʦʯʢʠ 
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ʟʙʫʜʞʝʥʥʷ ʜʦ ʪʦʯʢʠ ʢʦʥʪʨʦʣʶ. ʗʢʱʦ ʰʣʷʭ ʧʦʰʠʨʝʥʥʷ ʤʘʻ ʥʝ ʦʜʥʘʢʦʚʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ʚʽʜ ʦʜʥʦʛʦ ʚʫʟʣʘ ʜʦ ʽʥʰʦʛʦ, ʪʦ ʜʝʬʝʢʪʠ ʦʜʥʘʢʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʩʠʛʥʘʣʠ, ʦʜʝʨʞʫʚʘʥʽ ʚʽʜ ʜʘʪʯʠʢʽʚ, ʘ, ʦʪʞʝ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʨʽʟʥʠʭ (ʥʝʦʜʥʦʟʥʘʯʥʠʭ) ʚʠʩʥʦʚʢʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʘʥʘʣʽʟʫ. 

 

1.2.1. ʉʠʛʥʘʪʫʨʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ (ʩʠʛʥʘʪʫʨʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ). 

ʉʫʪʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʛʥʘʪʫʨʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʦʣʷʛʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʧʽʢʽʚ ʧʦʪʦʯʥʦʛʦ ʩʧʝʢʪʨʘ ʟ 

ʧʦʯʘʪʢʦʚʠʤ ʦʧʦʨʥʠʤ, ʘʧʨʽʦʨʽ ʚʽʜʦʤʠʤ (ʧʘʩʧʦʨʪʠʟʦʚʘʥʠʤ) ʩʧʝʢʪʨʦʤ ( )G iS w  ʽ 

ʦʮʽʥʮʽ ʾʭ ʨʦʟʙʽʞʥʦʩʪʽ ʧʦ ʦʙʨʘʥʽʡ ʥʦʨʤʽ (ʘʤʧʣʽʪʫʜʽ) ʚ ʦʙʨʘʥʽʡ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. 

ʄʝʪʦʜ ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ 

ʟʤʽʥʫ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʧʽʩʣʷ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʫ ʘʙʦ ʩʤʫʛʠ 

ʩʧʝʢʪʨʘ ʙʽʣʴʰ ʥʽʞ ʥʘ (3é6) ʜɹ. ʆʪʞʝ, ʤʝʪʦʜ ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʘʥʥʻ ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʦʟʚʠʪʢʫ ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɯʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʨʦʮʝʜʫʨʽ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ: 

- ʥʝʦʙʭʽʜʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʧʦʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʽʦʜʫ (ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʦʧʝʨʘʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʽ ʥʝʦʙʭʽʜʥʘ ʙʘʟʘ ʜʘʥʠʭ); 

- ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚʽʜ ʽʥʰʠʭ ʦʜʥʦʪʠʧʥʠʭ ʤʘʰʠʥ ʘʙʦ ʽʥʰʠʭ ʪʦʯʦʢ 

ʚʠʤʽʨʫ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʤʽʥʠ ʩʪʘʥʫ ʜʘʥʦʾ ʤʘʰʠʥʠ; 

- ʥʝʦʙʭʽʜʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʩʧʝʢʪʨʠ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʧʦʢʨʠʚʘʶʪʴ 

ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʫ ʩʤʫʛʫ ʯʘʩʪʦʪ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʘʣʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʰʚʠʜʢʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʌʫʨ'ʻ ʤʝʪʦʜʽʚ ʩʠʛʥʘʪʫʨʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [4, 

5,35,36,39]. 

ʆʩʢʽʣʴʢʠ ʩʠʛʥʘʪʫʨʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʨʽʚʥʷʥʥʷ 

ʩʧʝʢʪʨʽʚ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʧʠʪʘʥʥʷ ʪʦʯʥʦʩʪʽ ʦʮʽʥʢʠ ʧʦʪʦʯʥʠʭ ʩʧʝʢʪʨʽʚ 
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ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʠʢʠ, ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʦʧʦʨʥʠʭ 

ʩʧʝʢʪʨʽʚ ʥʘ ʙʘʟʽ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʥʥʷ ʧʦʪʦʯʥʠʭ ʽ ʦʧʦʨʥʠʭ 

ʩʧʝʢʪʨʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʦʧʦʨʥʠʭ ʩʧʝʢʪʨʽʚ ʽ ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʥʥʷ 

ʧʦʪʦʯʥʠʭ ʽ ʦʧʦʨʥʠʭ ʩʧʝʢʪʨʽʚ.  

ʆʧʦʨʥʠʡ ʩʧʝʢʪʨ ʽ ʩʪʚʦʨʝʥʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʦʧʦʨʥʘ ʤʘʩʢʘ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ.1.2. 

ʆʧʦʨʥʠʡ ʩʧʝʢʪʨ (ʨʠʩ.1.2) ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʛʨʫʧʫʚʘʥʥʷʤ ʦʢʨʝʤʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚʫʟʴʢʦ ʩʤʫʛʦʚʠʭ ʩʧʝʢʪʨʽʚ ʚ ʚʝʣʠʢʽ ʛʨʫʧʠ, ʧʨʠʯʦʤʫ ʚ 

ʤʝʞʘʭ ʢʦʞʥʦʾ ʛʨʫʧʠ ʜʦʧʫʩʢʘʶʪʴʩʷ ʧʝʚʥʽ ʚʘʨʽʘʮʽʾ ʙʝʟ ʚʚʝʜʝʥʥʷ ʟʘʚʘʜ ʚ 

ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʪʘʢʠʭ ʛʨʫʧ. ʉʪʚʦʨʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʩʠʥʪʝʟʦʚʘʥʠʡ ʩʧʝʢʪʨ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʥʪʝʟʦʚʘʥʠʤ ʦʧʦʨʥʠʤ ʩʧʝʢʪʨʦʤ. 

 

ʈʠʩ. 1.2. ʆʧʦʨʥʠʡ ʩʧʝʢʪʨ ʘ) ʽ ʩʪʚʦʨʝʥʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʦʧʦʨʥʘ ʤʘʩʢʘ ʙ) 

 

ʆʧʦʨʥʘ ʤʘʩʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʩʤʫʛ ʦʧʦʨʥʦʛʦ ʩʧʝʢʪʨʘ 

ʽ ʦʙʤʝʞʝʥʥʷ ʟʥʠʟʫ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ɺ ʦʧʦʨʥʽʡ ʤʘʩʮʽ ʦʢʨʝʤʠʤ ʚʫʟʴʢʠʤ ʩʤʫʛʘʤ ʦʧʦʨʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʜʘʶʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ, ʚʣʘʩʪʠʚʽ ʘʙʦ ʾʤ ʩʘʤʠʤ, ʘʙʦ ʜʚʦʤ ʩʫʤʽʞʥʠʭ ʩʤʫʛʘʤ. ʂʨʽʤ 

ʪʦʛʦ, ʚʚʦʜʠʪʴʩʷ ʥʠʞʥʷ ʤʝʞʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʦʨʜʦʥ ʚʠʟʥʘʯʝʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ. ʎʝ ʟʥʘʯʠʪʴ, ʱʦ ʟʤʽʥʠ ʨʽʚʥʷ ʘʤʧʣʽʪʫʜ ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʘ ʥʠʞʯʝ 

ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʝ ʚʠʢʣʠʯʫʪʴ ʧʦʤʠʣʢʦʚʠʭ ʧʦʧʝʨʝʜʞʝʥʴ. ʅʦʚʽ ʩʧʝʢʪʨʠ 

ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʪʽʤ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʦʧʠʩʘʥʦʶ ʚʠʱʝ ʦʧʦʨʥʦʶ ʤʘʩʢʦʶ. 

ʇʨʦʙʣʝʤʦʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʦʨʥʠʭ ʩʧʝʢʪʨʽʚ ʻ ʟʤʽʥʘ ʨʦʙʦʯʦʾ 

ʰʚʠʜʢʦʩʪʽ ʤʘʰʠʥ. ʗʢʱʦ ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ʘʙʦ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ ʘʙʦ ʽʥʰʠʭ 

ʚʫʟʣʽʚ ʦʙʝʨʪʘʥʥʷ ʧʨʠ ʜʽʘʛʥʦʩʪʠʮʽ ʟʤʽʥʶʻʪʴʩʷ ʙʽʣʴʰʝ, ʥʽʞ ʜʦʧʫʩʪʠʤʦ ʟ ʪʦʯʢʠ 
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ʟʦʨʫ ʫʪʨʠʤʘʥʥʷ ʧʝʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʤʝʞʘʭ ʰʠʨʠʥʠ ʦʜʥʽʻʾ 

ʩʤʫʛʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʧʝʢʪʨʫ, ʪʦ ʚʠʢʣʘʜʝʥʽ ʚʠʱʝ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʜʘʚʘʪʠʤʫʪʴ 

ʥʝʧʨʘʚʜʠʚʫ ʽʥʬʦʨʤʘʮʽʶ. ɿ  ʨʠʩ.1.1 ʚʠʜʥʦ, ʱʦ ʤʘʩʢʘ ʤʽʩʪʠʪʴ ʟʦʥʠ ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʚʘʨʽʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ ʥʘ ʩʧʝʢʪʨ ʪʘʢ ʷʢ ʦʜʥʘ ʟ 

ʾʾ ʢʦʦʨʜʠʥʘʪ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ. 

ʇʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʦʧʦʨʥʦʛʦ (ʝʪʘʣʦʥʥʦʛʦ) ʘʤʧʣʽʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ 

ʮʽʣʝʡ ʜʽʘʛʥʦʩʪʠʢʠ ʚʫʟʣʽʚ ʪʘ ʘʛʨʝʛʘʪʽʚ ʤʝʪʦʜʦʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʦʟʛʣʷʥʫʪʽ ʚ 

ʨʦʙʦʪʘʭ [30,33]. ʋ ʜʘʥʠʭ ʨʦʙʦʪʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ 

ʝʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʤʝʪʦʜʦʤ ʨʦʙʘʩʪʥʦʛʦ ʟʚʘʞʫʚʘʥʥʷ ʙʝʟʣʽʯʽ ʚʠʭʽʜʥʠʭ ʩʧʝʢʪʨʽʚ 

ʧʨʠʜʘʪʥʠʭ ʚʠʨʦʙʽʚ. 

ʋ ʨʦʙʦʪʽ [8] ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʧʦʨʽʚʥʷʥʥʷ ʘʤʧʣʽʪʫʜʥʠʭ ʩʧʝʢʪʨʽʚ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʽ 

ʥʝʧʘʨʘʤʝʪʨʠʯʥʽ ʢʨʠʪʝʨʽʾ ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ: ʩʪʘʪʠʩʪʠʢʘ ʘʤʧʣʽʪʫʜ, ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ, ʢʦʨʝʣʷʮʽʷ ʉʧʽʨʤʝʥʘ, ʩʪʘʪʠʩʪʠʢʘ ʟʥʘʢʽʚ ʌʽʰʝʨʘ, ʩʪʘʪʠʩʪʠʢʘ ʟʥʘʢʦʚʠʭ 

ʨʘʥʛʽʚ ɺʽʣʢʦʢʩʦʥʘ ʽ ʨʘʥʛʦʚʘ ʩʫʤʘ ɺʽʣʢʦʢʩʦʥʘ. 

 

1.2.2. ʂʝʧʩʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ  

ʈʦʟʛʣʷʥʝʤʦ ʱʝ ʦʜʠʥ ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ - ʢʝʧʩʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 

[9, 21, 23, 29].  

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʘʥʘʣʽʟʽ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʢʣʘʩʠʯʥʠʡ ʩʧʝʢʪʨ ʟʘ ʩʚʦʻʶ 

ʩʫʪʪʶ ʻ ʥʘʦʯʥʠʤ ʽ ʢʦʤʧʘʢʪʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʧʝʨʽʦʜʠʯʥʦʩʪʝʡ ʚ ʯʘʩʦʚʦʤʫ 

ʩʠʛʥʘʣʽ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ʊʘ ʧʨʠ ʜʝʷʢʠʭ ʜʝʬʝʢʪʘʭ ʦʙʝʨʪʘʣʴʥʠʭ ʯʘʩʪʠʥ 

ʤʘhʠʥ, ʟʦʢʨʝʤʘ ʟ ʟʫʙʯʘʩʪʠʤ ʟʘʯʝʧʣʝʥʥʷʤ ʘʙʦ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʯʝʥʥʷ ʚ ʩʧʝʢʪʨʽ 

ʧʨʠʩʫʪʥʽ ʜʝʩʷʪʢʠ ʛʘʨʤʦʥʽʢ ʦʩʥʦʚʥʠʭ ʯʘʩʪʦʪ ʟʙʫʜʞʝʥʥʷ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʦʰʫʢ 

ʽʥʬʦʨʤʘʪʠʚʥʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʦʟʥʘʢʠ. ɼʣʷ ʩʪʠʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ 

ʚ ʩʧʝʢʪʨʽ, ʚʜʘʶʪʴʩʷ ʜʦ ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʥʘʧʨʠʢʣʘʜ ʣʦʛʘʨʠʬʤʫʚʘʥʥʶ 

ʩʧʝʢʪʨʘ ʟ ʧʦʜʘʣʴʰʠʤ ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ . 

ʆʜʝʨʞʫʚʘʥʠʡ ʩʧʝʢʪʨ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʩʧʝʢʪʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʷʢ 

ʣʦʛʘʨʠʬʤ ʚʽʜ ʩʧʝʢʪʨʘʣʴʥʦʾ ʘʤʧʣʽʪʫʜʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʝʧʩʪʨʦʤ (ʚʽʜ 

ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʩʣʦʚʘ çʩʧʝʢʪʨè). ʂʦʨʠʩʥʽʩʪʴ ʢʝʧʩʪʨʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ 
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ʚʠʜʽʣʷʻ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʘʙʦ ʧʦʚʪʦʨʶʚʘʥʽ ʩʪʨʫʢʪʫʨʠ ʚ ʩʧʝʢʪʨʽ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʷʢ 

ʩʧʝʢʪʨ ʚʠʜʽʣʷʻ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚ ʯʘʩʦʚʽʡ ʨʝʘʣʽʟʘʮʽʾ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʩʧʝʢʪʨ ʨʦʪʦʨʥʠʭ ʤʘʰʠʥ, ʪʦ ʚʽʥ ʻ ʩʢʣʘʜʥʠʤ 

ʽ ʤʽʩʪʠʪʴ ʜʝʢʽʣʴʢʘ ʥʘʙʦʨʽʚ ʛʘʨʤʦʥʽʢ ʚʽʜ ʨʽʟʥʠʭ ʚʫʟʣʽʚ ʽ ʢʽʣʴʢʘ ʥʘʙʦʨʽʚ ʙʽʯʥʠʭ 

ʩʤʫʛ, ʚʠʢʣʠʢʘʥʠʭ ʨʽʟʥʠʤʠ ʤʦʜʫʣʷʮʽʷʤʠ. ʂʝʧʩʪʨ ʪʘʢʦʛʦ ʩʧʝʢʪʨʫ ʤʘʪʠʤʝ ʧʽʢʠ, 

ʚʽʜʧʦʚʽʜʥʽ ʚʽʜʩʪʘʥʷʤ ʤʽʞ ʛʘʨʤʦʥʽʢʘʤʠ ʽ ʙʽʯʥʠʤ ʩʤʫʛʘʤʠ, ʱʦ ʻ ʭʦʨʦʰʦʶ 

ʜʽʘʛʥʦʩʪʠʯʥʦʶ ʦʟʥʘʢʦʶ. ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʧʝʢʪʨʫ ʢʝʧʩʪʨ ʻ ʪʘʢʠʤ ʞʝ 

ʩʪʠʩʥʝʥʥʷʤ ʜʘʥʠʭ, ʷʢ ʩʘʤ ʩʧʝʢʪʨ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʠʤʯʘʩʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ. ɺʩʽ 

ʷʚʥʦ ʥʝʨʦʟʨʽʟʥʶʚʘʥʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚ ʩʧʝʢʪʨʽ, ʚʠʜʽʣʝʥʽ ʘʥʘʣʽʟʦʤ ʰʚʠʜʢʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨʻ (ʐʇʌ), ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʐʇʌ-ʘʥʘʣʽʟʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʛʘʨʤʦʥʽʡʥʽ ʨʷʜʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʜʥʽʻʶ ʩʢʣʘʜʦʚʦʶ ʚ ʢʝʧʩʪʨʽ.  

ʂʝʧʩʪʨ ʻ ʥʝʣʽʥʽʡʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟʚʠʯʘʡʥʦʛʦ ʩʧʝʢʪʨʘ. ʂʦʤʧʣʝʢʩʥʠʡ 

ʢʝʧʩʪʨ Wʉ (Ű) ʽ ʢʝʧʩʪʨ ʧʦʪʫʞʥʦʩʪʽ Aʉ (Ű) ʧʨʠʡʥʷʪʦ ʚʠʟʥʘʯʘʪʠ ʥʘʩʪʫʧʥʠʤʠ 

ʚʠʨʘʟʘʤʠ [1]: 

2 21 1( ) log ( ) , ( ) log ( )A A W Aʉ F S ʉ F St w t w- -è ø è ø= =
ê ú ê ú

, (1.5) 

ʜʝ  ʘʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

[ ]( ) ( ) ( )exp( )AS F A t A t j t dtw w
¤

-¤

= = -ñ , 
 

(1.6) 

ʜʝ: 
1[], []F F- - ʧʨʷʤʝ ʽ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʚʽʜʧʦʚʽʜʥʦ. 

ɹʫʜʫʯʠ ʥʝʣʽʥʽʡʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ, ʢʝʧʩʪʨ ʤʘʻ ʮʽʣʫ ʥʠʟʢʫ ʚʽʜʤʽʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘʡʚʘʞʣʠʚʽʰʘ ʦʩʦʙʣʠʚʽʩʪʴ ʢʝʧʩʪʨʘ ʧʦʣʷʛʘʻ ʥʝ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʻ 

ʩʧʝʢʪʨʦʤ ʩʧʝʢʪʨʘ, ʘ ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʠʭʽʜʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ 

ʩʧʝʢʪʨʘ ʘʙʦ ʩʧʝʢʪʨʘ ʧʦʪʫʞʥʦʩʪʽ. 

ʇʨʠʧʫʩʪʠʤʦ, ʥʘʧʨʠʢʣʘʜ, ʱʦ ʩʧʝʢʪʨ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʻ ʜʦʙʫʪʢʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʞʝʨʝʣʘ ʟʘʨʦʜʞʝʥʥʷ ʚʽʙʨʘʮʽʾ S(ɤ)   ʽ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧH (ɤ): 

( ) ( ) ( ).A p ɼS H Sw w w=  (1.7) 
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( ) log ( ) log ( ) .A ɼ pʉ F S F Ht w wè øè ø= +
é ù é ùê ú ê ú

 
(1.8) 

 

ɺʠʜʥʦ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʜʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʜʞʝʨʝʣʘ ʟʙʫʜʞʝʥʥʷ ʽ 

ʰʣʷʭʫ ʧʦʰʠʨʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ 

ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ, ʱʦ ʽ ʜʘʻ ʨʦʟʨʽʟʥʠʪʠ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʧʩʪʨʘ ʘʙʦ 

ʘʤʧʣʽʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʚʟʷʪʦʛʦ ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʢʝʧʩʪʨʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.1.3. 

ʄʝʪʦʜʠ ʩʠʛʥʘʪʫʨʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʜʘʪʥʽ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʪʦʛʦ ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ 

ʚʽʙʨʘʮʽʡʥʦʤʫ ʩʪʝʥʜʽ ʪʘ ʬʫʥʢʮʽʦʥʫʶʯʦʛʦ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʟ ʧʦʩʪʽʡʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ, ʟʤʽʥʶʚʘʪʠʩʷ ʜʫʞʝ ʰʚʠʜʢʦ ʚ 

ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʮʽ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ 

ʨʦʟʤʠʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʚʽʙʨʘʮʽʾ. 

 

ʈʠʩ. 1.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʢʝʧʩʪʨʫ ʩʠʛʥʘʣʫ 

 

ɼʣʷ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʱʦ ʧʨʘʮʶʻ ʚ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ 

ʘʙʦ ʟʽ ʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʤʝʪʦʜʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʙʫʜʦʚʽ ʨʦʟʧʦʜʽʣʫ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʯʘʩ - ʯʘʩʪʦʪʘ ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ. ʇʨʠʢʣʘʜ ʩʧʝʢʪʨʘʣʴʥʦʾ ʽ 

ʢʝʧʩʪʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʩʪʚʦʨʶʚʘʥʦʛʦ ʧʨʠ ʨʦʙʦʪʽ 

ʨʝʜʫʢʪʦʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2 [3]. 

ʂʝʧʩʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʝʨʽʾ ʛʘʨʤʦʥʽʢ, 

ʙʽʯʥʠʭ ʩʤʫʛ ʩʧʝʢʪʨʽʚ ʽ ʜʣʷ ʦʮʽʥʢʠ ʾʭ ʚʽʜʥʦʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ.1.4). ʊʦʤʫ 
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ʢʝʧʩʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʚʠʩʦʢʦʦʙʦʨʦʪʥʠʭ ʩʢʣʘʜʥʠʭ ʤʘʰʠʥ ʟ 

ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ 

ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ, ʪʘʢ ʷʢ ʣʦʛʘʨʠʬʤʽʯʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʧʩʝʚʜʦʢʦʨʨʝʣʷʮʽʷ) 

ʨʦʙʠʪʴ ʨʝʟʫʣʴʪʘʪ ʤʝʥʰ ʯʫʪʣʠʚʠʤ ʜʦ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʩʧʝʢʪʨʘ. ɻʨʘʬʽʢ ʢʝʧʩʪʨʘ 

(ʜʠʚ. ʨʠʩ.2) ʤʽʩʪʠʪʴ ʧʽʢʠ, ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ ʥʘ ʦʩʽ ʯʘʩʫ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʽʦʜʘʤ 

ʛʘʨʤʦʥʽʡʥʠʭ ʨʷʜʽʚ ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʘ ʚʽʙʨʘʮʽʾ. ɺʠʩʦʪʘ ʧʽʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʘʤʧʣʽʪʫʜʘʤʠ ʚʩʽʭ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʨʷʜʫ. ʂʝʧʩʪʨ ʻ ʽʥʚʘʨʽʘʥʪʥʦʾ 

ʬʫʥʢʮʽʻʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʽʩʮʷ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʘ ʥʘ ʤʝʭʘʥʽʟʤʽ, ʦʩʢʽʣʴʢʠ 

ʚʽʥ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʫ ʚʩʽʭ ʤʦʜʫʣʷʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʩʫʢʫʧʥʦʩʪʽ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʘʤʧʣʽʪʫʜʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʫʞʝ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ 

ʜʘʪʯʠʢʘ. 

 

ʈʠʩ. 1.4. ʉʧʝʢʪʨʘʣʴʥʘ ʘ) ʽ ʢʝʧʩʪʨʘʣʴʥʘ ʙ) ʬʫʥʢʮʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʩʪʚʦʨʶʚʘʥʦʛʦ ʧʨʠ ʨʦʙʦʪʽ ʨʝʜʫʢʪʦʨʘ 

 

ɺʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʪʽ ʧʨʠʥʮʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʷʢʽ ʻ ʤʽʞ ʯʘʩʪʦʪʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʚ ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʧʝʢʪʨʽ ʽ ʯʘʩʪʦʪʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʚ ʩʧʝʢʪʨʽ, 

ʟʚʘʥʦʤʫ ʢʝʧʩʪʨʘ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʴ-ʷʢʘ ʯʘʩʪʦʪʥʘ ʩʢʣʘʜʦʚʘ ʤʘʻ 

ʬʽʟʠʯʥʠʡ ʩʝʥʩ, ʩʠʛʥʘʣ ʟ ʪʘʢʦʶ ʯʘʩʪʦʪʦʶ ʽ ʘʤʧʣʽʪʫʜʦʶ ʜʽʡʩʥʦ ʧʨʠʩʫʪʥʽʡ ʫ 

ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʚ ʪʠʤʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. 

ʋ ʜʨʫʛʦʤʫ ʞ ʚʠʧʘʜʢʫ ʧʨʠʩʫʪʥʽʩʪʴ ʛʘʨʤʦʥʽʢ  ʚ ʢʝʧʩʪʨʽ ʤʦʞʝ ʟʦʚʩʽʤ ʥʝ 

ʦʟʥʘʯʘʪʠ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʧʝʢʪʨʽ ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ, ʘ ʪʽʣʴʢʠ 

ʪʝ, ʚ ʷʢʽʡ ʤʽʨʽ ʚʠʜ ʜʠʩʢʨʝʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʚʠʭʽʜʥʦʤʫ ʩʧʝʢʪʨʽ ʙʽʣʴʰ-ʤʝʥʰ ʤʘʻ 

ʛʦʩʪʨʽ ʚʝʨʰʠʥʠ. 
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ʇʝʨʝʚʘʛʦʶ ʢʝʧʩʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʥʝʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥ ʬʘʟʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʰʣʷʭʽʚ ʧʦʰʠʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʢʦʣʠʚʘʥʴ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʝʷʢʽ ʧʝʨʝʚʘʛʠ ʤʝʪʦʜʽʚ ʢʝʧʩʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʮʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʻ ʦʯʝʚʠʜʥʦʶ. 

ɿʦʢʨʝʤʘ, ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʧʨʠ ʜʽʘʛʥʦʩʪʠʮʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ 

ʨʘʟ̔ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʰʣʷʭʽʚ ʧʨʦʭʦʜʞʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜ ʤʽʩʮʷ 

ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʫ ʜʦ ʧʨʠʡʤʘʯʘ ʚʽʙʨʦʽʥʬʦʨʤʘʮʽʽ (ʜʘʪʯʠʢʘ ʚʽʙʨʘʮʽʾ). 

ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʢʝʧʩʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʝ 

ʚʠʷʚʠʪʠʩʷ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʥʘ ʢʽʣʴʢʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʜʘʪʯʠʢʽʚ 

ʧʨʠ ʜʽʘʛʥʦʩʪʠʮʽ ʨʫʭʦʤʠʭ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʤʝʪʦʜʠ ʩʠʛʥʘʪʫʨʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʜʘʪʥʽ 

ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʪʦʛʦ ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ ʪʘ ʬʫʥʢʮʽʦʥʫʶʯʦʛʦ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʟ 

ʧʦʩʪʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ. ʏʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʟʤʽʥʶʚʘʪʠʩʷ ʜʫʞʝ 

ʰʚʠʜʢʦ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʮʽ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ 

ʨʦʟʤʠʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʚʽʙʨʘʮʽʾ. 

 

1.2.3. ɺʝʡʚʣʝʪ ʘʥʘʣʽʟ 

ɼʣʷ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʱʦ ʧʨʘʮʶʻ ʚ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ 

ʘʙʦ ʟʽ ʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʤʝʪʦʜʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʙʫʜʦʚʽ ʨʦʟʧʦʜʽʣʫ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʯʘʩ - ʯʘʩʪʦʪʘ [21, 

22], ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ ʰʫʤʫ ʜʣʷ ʘʢʫʩʪʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʛʣʷʥʫʪʦ ʚ [40]. ɺ ʥʽʡ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʽ 

ʤʝʪʦʜʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʥʠʟʴʢʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʩʠʛʥʘʣ/ʰʫʤ. ɺ ʨʦʙʦʪʽ  [42] 

ʨʦʟʛʣʷʥʫʪʦ ʚʠʜʽʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʽʙʨʘʮʽʾ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʩʠʣʴʥʠʭ ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʜʠʩʙʘʣʘʥʩʫ, ʨʦʟʮʝʥʪʨʦʚʢʠ ʽ ʽʥ. ɺ ʨʦʙʦʪʘʭ [42,43] 

ʨʦʟʛʣʷʥʫʪʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ ʚ ʩʪʘʮʽʦʥʘʨʥʽʡ 
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ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʮʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʤʧʫʣʴʩʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʚʽʙʨʘʮʽʾ. 

ɸʚʪʦʨʩʪʚʦ ʪʝʨʤʽʥʘ ñʚʝʡʚʣʝʪò (wavelet) ʥʘʣʝʞʠʪʴ ɾʘʥʫ ʄʦʨʣʝ. ʋ 1982 ʨ. 

ʚʽʥ ʧʨʝʜʩʪʘʚʠʚ ʽʜʝʶ ʜʝʪʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦ- ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʯʘʩʪʦʪʥʠʤ ʜʦʟʚʦʣʦʤ ʪʘ ʯʘʩʦʚʠʤ ʜʦʟʚʦʣʦʤ ʜʣʷ 

ʘʥʘʣʽʟʫ ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ. ʋ ʐʇʌ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʯʘʩʪʦʪʥʫ 

ʦʙʣʘʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʽ ʬʫʥʢʮʽʾ ʢʦʩʠʥʫʩʘ ʽ ʩʠʥʫʩʘ, ʪʦʜʽ ʷʢ ɺʇ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʽʤʝʡʩʪʚʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʫʥʢʮʽʡ (ʬʫʥʢʮʽʾ ʯʘʩʫ), ʚʽʜʦʤʽ ʷʢ 

ʚʝʡʚʣʝʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʥʝʟʘʣʝʞʥʦ ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʽ ʟʤʽʱʫʚʘʪʠʩʷ. 

ɼʠʩʢʨʝʪʥʝ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ (ɼɺʇ) ʽ ʙʝʟʧʝʨʝʨʚʥʝ ʚʝʡʚʣʝʪ-

ʧʝʨʝʪʚʦʨʝʥʥʷ (ɹɺʇ) - ʜʚʘ ʤʝʪʦʜʠ ʦʙʯʠʩʣʝʥʥʷ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ. 

ʋ ɼɺʇ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ ʷʢ ʩʪʫʧʽʥʴ ʜʚʽʡʢʠ, ʽ ʚʽʥ, ʷʢ 

ʧʨʘʚʠʣʦ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʠ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʽʚ ʥʠʟʴʢʠʭ ʪʘ ʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪ. ʋ ɹɺʇ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ ʜʦʚʽʣʴʥʦ ʘʙʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʢʠ. 

ɺʇ ʜʘʻ ʢʨʘʱʫ ʯʘʩʦʚʫ ʣʦʢʘʣʽʟʘʮʽʶ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʘʥʘʣʽʟʫ ʟ ʧʦʩʪʽʡʥʠʤ ʚʽʜʩʦʪʢʦʤ (ʘʙʦ ʚʽʜʥʦʩʥʦʶ) ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʱʦ 

ʨʦʙʠʪʴ ʡʦʛʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʥʽʞ ʐʇʌ. ɺʇ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʨʽʟʢʠʭ ʟʤʽʥ ʫ ʩʠʛʥʘʣʽ ʘʙʦ ʚʠʷʚʣʝʥʥʷ ʨʘʧʪʦʚʦʾ ʟʤʽʥʠ ʨʝʘʢʮʽʾ ʚ ʯʘʩʽ ʫ 

ʚʽʜʧʦʚʽʜʴ ʧʨʠʩʢʦʨʝʥʥʷ. ɺʽʥ ʥʘʜʽʡʥʠʡ ʽ ʥʝʯʫʪʣʠʚʠʡ ʜʦ ʟʤʽʥ ʨʦʙʦʯʠʭ ʫʤʦʚ. ɺʇ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, 

ʪʨʘʥʩʧʦʨʪʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʤʝʜʠʯʥʘ ʽʥʞʝʥʝʨʽʷ, ʝʥʝʨʛʝʪʠʢʘ, 

ʨʦʙʦʪʦʪʝʭʥʽʢʘ, ʟʝʤʣʝʪʨʫʩʠ, ʩʪʨʫʢʪʫʨʥʘ ʚʽʙʨʘʮʽʷ, ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʟʘʚʜʷʢʠ ʧʝʨʝʚʘʟʽ ʫʩʫʥʝʥʥʷ ʰʫʤʫ, ʩʪʠʩʥʝʥʥʽ ʜʘʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ 

[12] . 

ʆʧʠʩʘʥʽ ʩʢʣʘʜʥʽ ʛʘʨʤʦʥʽʡʥʽ ʚʝʡʚʣʝʪʠ (ʷʢ ʧʨʘʚʠʣʦ, ʟ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʚ ʦʜʥʫ ʦʢʪʘʚʫ), ʷʢʽ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʽ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʽʚ ʟ 

ʢʦʤʧʘʢʪʥʦʶ ʯʘʩʪʦʪʥʦʶ ʦʙʣʘʩʪʶ, ʘʣʝ ʥʝʩʢʽʥʯʝʥʥʦʶ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ [20]. 

ɺʦʥʠ ʚʫʞʯʽ ʽ ʤʘʶʪʴ ʚʠʛʣʷʜ ʚʽʢʦʥʥʠʭ ʩʠʥʫʩʦʾʜ (ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ). ɼʣʷ 
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ʤʝʪʦʜʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʙʨʦʙʢʘ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʝʡʚʣʝʪʠ [12]. 

ʉʢʣʘʜʥʽ ʚʝʡʚʣʝʪʠ ʪʘʢʦʞ ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʥʝʯʫʪʣʠʚʦʩʪʽ ʜʦ ʬʘʟʠ ʧʦʜʽʾ, ʱʦ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʫʷʚʥʘ ʯʘʩʪʠʥʘ ʚʝʡʚʣʝʪʫ ʦʨʪʦʛʦʥʘʣʴʥʘ ʨʝʘʣʴʥʽʡ 

ʯʘʩʪʠʥʽ (ʩʠʥʫʩ, ʘ ʥʝ ʢʦʩʠʥʫʩ). 

 

1.3. ɸʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʮʽ 

ʈʦʟʛʣʷʥʝʤʦ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ 

ʜʽʘʛʥʦʩʪʠʮʽ. ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʧʨʠ ʘʥʘʣʽʟʽ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ 

ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʠ. ʐʠʨʦʢʠʡ ʯʘʩʪʦʪʥʠʡ ʽ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥʠ, ʚʠʩʦʢʘ 

ʣʽʥʽʡʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʠʡ ʚʠʙʽʨ ʩʝʨʽʡʥʦ ʚʠʛʦʪʦʚʣʷʻʤʠʭ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽ ʟʘʚʜʘʥʥʷ 

ʚʽʙʨʦʚʠʤʽʨʶʚʘʥʴ ʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ [15, 23,28,29, 33]. 

ʆʜʥʘʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʛʦ ʽ ʜʦʩʪʦʚʽʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʜʽʘʛʥʦʩʪʠʢʠ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʘʪʯʠʢʽʚ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʩʧʽʣʴʥʦ ʟ ʥʠʤʠ ʘʧʘʨʘʪʫʨʠ ʜʣʷ ʦʙʨʦʙʢʠ ʚʠʤʽʨʷʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʜʘʪʯʠʢʠ ʢʨʽʧʣʷʪʴ ʚ ʪʦʯʮʽ ʢʦʥʪʨʦʣʶ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ ʢʨʽʧʣʝʥʥʷ. ʅʝʧʨʘʚʠʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʤʘʛʥʽʪʫ ʘʙʦ ʟʘʟʦʨ 

ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʩʣʘʙʢʦʛʦ ʢʨʽʧʣʝʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ ʫʩʪʘʥʦʚʦʯʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʧʝʢʪʨʫ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʝʣʝʢʪʨʠʯʥʦ ʽʟʦʣʶʚʘʪʠ ʢʦʨʧʫʩ 

ʜʘʪʯʠʢʘ ʚʽʜ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ [18,38] ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʧʦʷʚʠ 

ʧʘʨʘʟʠʪʥʠʭ ʢʦʥʪʫʨʽʚ ʟʘʟʝʤʣʝʥʥʷ. 

ɽʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʦʜʝʨʞʫʚʘʥʽ ʚʽʜ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ, ʤʦʞʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʬʽʟʠʯʥʦʶ ʧʨʠʨʦʜʦʶ 

(ʥʘʧʨʫʛʘ, ʩʪʨʫʤ, ʟʘʨʷʜ), ʨʽʚʥʝʤ, ʯʘʩʪʦʪʦʶ ʘʙʦ ʩʧʝʢʪʨʦʤ ʯʘʩʪʦʪ, ʪʨʠʚʘʣʽʩʪʶ ʽ 

ʬʘʟʦʚʠʤ ʩʪʘʥʦʤ ʱʦʜʦ ʜʝʷʢʦʛʦ ʤʦʤʝʥʪʫ, ʧʨʠʡʥʷʪʦʛʦ ʟʘ ʧʦʯʘʪʦʢ ʚʽʜʣʽʢʫ. 

ʇʝʨʝʨʘʭʦʚʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜ ʧʨʠʩʪʨʦʾʚ, ʥʝʦʙʭʽʜʥʠʭ ʚ 
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ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʧʦʜʘʣʴʰʦʛʦ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ. 

ʂʦʥʜʠʮʽʦʥʫʶʯʠʤʠ ʧʽʜʩʠʣʶʚʘʯʘʤʠ ʥʘʟʠʚʘʶʪʴ ʧʽʜʩʠʣʶʚʘʯʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ (ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ) 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. ɻʦʣʦʚʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʢʦʥʜʠʮʽʦʥʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʻ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʩʠʣʶʚʘʯ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʻ ʦʩʦʙʣʠʚʽʩʪʶ 

ʢʦʥʜʠʮʽʦʥʫʶʯʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʜʣʷ ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡ, ʫʜʘʨʫ ʽ 

ʰʫʤʫ. ʎʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʫʤʦʚʣʝʥʘ: 

1) ʅʠʟʴʢʠʤ ʨʽʚʥʝʤ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ; 

2)    ɺʝʣʠʢʠʤ ʚʠʭʽʜʥʠʤ ʦʧʦʨʦʤ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ; 

3) ʇʦʨʽʚʥʷʥʦ ʚʝʣʠʢʦʶ ʚʭʽʜʥʦʶ ʻʤʥʽʩʪʶ ʢʘʙʝʣʽʚ, ʷʢʽ ʟ'ʻʜʥʫʶʪʴ 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʟ ʧʨʠʩʪʨʦʷʤʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. 

ʇʦʚʥʠʡ ʽʤʧʝʜʘʥʩ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʤʘʻ ʻʤʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʦʤʫ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʜʘʥʦʛʦ ʚʠʜʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʽ ʷʢ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ, ʽ ʷʢ 

ʜʞʝʨʝʣʦ ʟʘʨʷʜʫ. ɺʽʜʧʦʚʽʜʥʦ ʨʦʟʨʽʟʥʷʶʪʴ: 

1) ʇʝʨʝʜʧʽʜʩʠʣʶʚʘʯʽ ʥʘʧʨʫʛʠ, ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʷʢʠʭ ʧʨʦʧʦʨʮʽʡʥʽ 

ʚʭʽʜʥʠʤ ʥʘʧʨʫʛʘʤ; 

2) ʇʝʨʝʜʧʽʜʩʠʣʶʚʘʯʽ ʟʘʨʷʜʫ, ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ, ʷʢʠʭ ʧʨʦʧʦʨʮʽʡʥʽ ʚʭʽʜʥʠʤ 

ʟʘʨʷʜʘʤ. 

ɺʭʽʜʥʠʡ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘʧʨʫʛʠ (ʇʅ) ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʡ, ʘ ʚʭʽʜʥʘ 

ʻʤʥʽʩʪʴ ʤʘʣʘ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʟʥʠʞʫʻ ʯʫʪʣʠʚʽʩʪʴ ʪʨʘʢʪʫ ʪʽʣʴʢʠ ʥʘ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪʘʭ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʻʤʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʫ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʇʅ ʻʤʥʽʩʪʴ ʢʘʙʝʣʶ, ʚʢʣʶʯʝʥʦʛʦ ʤʽʞ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ 

ʽ ʧʽʜʩʠʣʶʚʘʯʝʤ, ʩʪʚʦʨʶʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʢʩʝʣʝʨʦʤʝʪʨ ʽ ʟʥʠʞʫʻ ʯʫʪʣʠʚʽʩʪʴ 

ʩʠʩʪʝʤʠ, ʷʢʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʽ ʻʤʥʦʩʪʽ ʢʘʙʝʣʶ. ʊʦʤʫ 
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ʇʅ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʤʦʥʪʫʚʘʪʠ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ 

ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʽʚ. 

ʇʽʜʩʠʣʶʚʘʯ ʟʘʨʷʜʫ (ʇɿ) ʤʘʻ ʚʝʣʠʢʫ ʚʭʽʜʥʫ ʻʤʥʽʩʪʴ ʽ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʡ 

ʚʭʽʜʥʠʡ ʦʧʽʨ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʇɿ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʘ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʻʤʥʦʩʪʽ ʜʘʪʯʠʢʘ ʽ ʻʤʥʦʩʪʽ ʢʘʙʝʣʶ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʘ ʩʘʤʽ ʻʤʥʦʩʪʽ 

ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʧʦ ʟʘʨʷʜʫ. ʇɿ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʧʨʦʪʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, 

ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʟ'ʻʜʥʫʚʘʣʴʥʦʛʦ ʢʘʙʝʣʶ ʟʨʦʩʪʘʻ ʨʽʚʝʥʴ ʥʘʚʝʜʝʥʝʛʦ 

ʰʫʤʫ ʚ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʪʨʘʢʪʽ ʚʽʜ ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʦʥʜʠʮʽʦʥʫʶʯʠʡ ʧʽʜʩʠʣʶʚʘʯ ʚ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʥʫʻ ʜʝʢʽʣʴʢʘ 

ʬʫʥʢʮʽʡ. ɺʽʥ ʧʝʨʝʪʚʦʨʶʻ ʽʤʧʝʜʘʥʩ, ʨʝʛʫʣʶʻ ʧʦʩʠʣʝʥʥʷ (ʯʫʪʣʠʚʽʩʪʴ) ʪʨʘʢʪʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʥʦʨʤʘʣʽʟʫʻ ʚʠʭʽʜʥʠʡ ʨʽʚʝʥʴ; ʚʠʟʥʘʯʘʻ ʧʦʩʪʽʡʥʫ ʯʘʩʫ ʚʭʽʜʥʦʛʦ 

ʣʘʥʮʶʛʘ (ʜʣʷ ʧʽʜʩʠʣʶʚʘʯʽʚ ʟʘʨʷʜʫ) ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʥʠʞʥʴʦʾ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ 

ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ; ʨʝʛʫʣʶʻ ʯʫʪʣʠʚʽʩʪʴ, ʥʠʞʥʶ ʽ ʚʝʨʭʥʶ ʤʝʞʽ 

ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʚʥʫʪʨʽʰʥʽʤʠ ʘʙʦ ʟʦʚʥʽʰʥʽʤʠ ʬʽʣʴʪʨʘʤʠ ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʟʘʚʘʞʘʶʯʠʭ ʰʫʤʽʚ ʽ ʧʦʤʠʣʢʦʚʠʭ ʩʠʛʥʘʣʽʚ [18,29,30]. ɺʽʥ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ 

ʟʜʽʡʩʥʶʚʘʪʠ ʦʜʥʦ- ʽ ʜʚʦʨʘʟʦʚʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʘ. 

ʋ ʢʦʥʜʠʮʽʦʥʫʶʯʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʤʠʢʘʥʥʷ ʣʘʥʮʶʛʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʫ ʚʭʽʜʥʦʤʫ ʢʘʩʢʘʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ 

ʜʣʷ ʨʦʟʨʷʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʧʽʜʩʠʣʶʚʘʯʘ, 

ʧʦʜʘʯʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʬʽʢʩʦʚʘʥʦʾ ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʘʙʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʩʠʛʥʘʣʽʟʘʮʽʶ ʧʨʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ 

ʽ ʧʨʦ ʜʦʩʷʛʥʝʥʥʷ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʨʽʚʥʷ, ʷʢʠʡ ʥʘ ʟʘʜʘʥʝ ʯʠʩʣʦ ʜʝʮʠʙʝʣ 

ʥʠʞʯʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ [18,29,30]. 

ʂʦʥʜʠʮʽʦʥʫʶʯʽ ʧʽʜʩʠʣʶʚʘʯʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʧʝʨʝʜʘʯʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʨʦʙʦʪʫ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʟʘʟʝʤʣʝʥʠʤʠ ʽ 

ʽʟʦʣʴʦʚʘʥʠʤʠ ʚʽʜ ʟʝʤʣʽ ʧʦʣʶʩʘʤʠ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʣʘʥʮʶʛʽʚ, ʘ ʪʘʢʦʞ 

ʛʘʣʴʚʘʥʽʯʥʫ ʨʦʟʚ'ʷʟʢʫ ʚʠʭʦʜʫ ʽ ʚʭʦʜʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʫʪʚʦʨʝʥʥʷ ʧʦʤʠʣʢʦʚʠʭ 

ʢʦʥʪʫʨʽʚ ʽ ʩʫʧʫʪʥʽʭ ʮʴʦʤʫ ʥʘʚʝʜʝʥʴ. ʊʘʢʦʞ ʮʽ ʧʽʜʩʠʣʶʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 
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ʧʦʩʠʣʝʥʥʷ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʨʝʻʩʪʨʫʶʯʠʭ 

ʧʨʠʣʘʜʽʚ. 

ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʚ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʰʣʝʡʬʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ, ʥʘʚʝʜʝʥʴ ʽ ʧʘʨʘʟʠʪʥʠʭ 

ʚʽʙʨʘʮʽʡ (ʩʝʡʩʤʽʯʥʦʛʦ ʬʦʥʫ), ʦʙʫʤʦʚʣʝʥʠʭ ʥʘʷʚʥʽʩʪʶ ʤʦʞʣʠʚʠʭ ʢʦʥʪʫʨʽʚ 

ʟʘʟʝʤʣʝʥʥʷ ʪʘ ʧʨʘʮʶʶʯʦʛʦ ʚʘʞʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʫʟʣʠ ʷʢʦʛʦ ʚʠʢʦʥʫʶʪʴ 

ʟʥʘʢʦʟʤʽʥʥʽ ʨʫʭʠ. ʊʦʙʪʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʩʧʝʢʪʨʽʚ ʮʝ ʩʫʤʘ ʩʠʛʥʘʣʫ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʶ ʚ ʪʦʯʮʽ 

ʢʦʥʪʨʦʣʶ ʽ ʰʫʤʫ. 

ʊʦʤʫ ʧʦʜʘʣʴʰʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʟ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʙʘʞʘʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʽʜʩʠʣʶʚʘʯʘʤʠ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ "ʟʘʨʷʜ-

ʥʘʧʨʫʛʘ" ʟ ʘʢʪʠʚʥʠʤ ʧʨʠʜʫʰʝʥʥʷʤ ʩʠʥʬʘʟʥʠʭ ʧʝʨʝʰʢʦʜ ʥʘ ʚʭʦʜʽ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʢʦʥʜʠʮʽʦʥʫʶʯʠʭ ʟʘʨʷʜʦʚʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʻ 

ʦʩʦʙʣʠʚʽʩʪʶ ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʽ 

ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ [18]. ʅʘ ʨʠʩ.1.3 ʧʨʠʚʝʜʝʥʘ 

ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʚʦʩʴʤʠʢʘʥʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ, 

ʦʧʠʩʘʥʦʛʦ ʚ [18], ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʨʦʚʝʜʝʥʥʷ ʩʪʝʥʜʦʚʠʭ ʚʽʙʨʦʚʠʧʨʦʙʫʚʘʥʴ.  

ʅʘ ʨʠʩ.1.5 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʜʥʦʢʘʥʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ʟʘʨʷʜʫ, ʦʧʠʩʘʥʦʛʦ ʚ [30], ʨʦʟʨʦʙʣʝʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʚ 

ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʉʠʛʥʘʣ ʟ ʚʠʭʦʜʫ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʨʠʩʢʦʨʝʥʥʶ, 

ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʶ ʧʽʜʜʘʻʪʴʩʷ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ, ʘ 

ʧʦʪʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ ʨʝʻʩʪʨʘʮʽʷ, ʦʮʽʥʢʘ ʩʧʝʢʪʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐʇʌ ʽ 

ʧʨʦʮʝʜʫʨʘ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʛʥʘʪʫʨʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ. 

 

ʈʠʩ. 1.5. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ  ʢʘʥʘʣʫ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ 
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ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ ʩʠʩʪʝʤʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʘʥʮʶʛʘ 

ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʭ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ, ʧʣʘʪʠ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ɸʎʇ), ʱʦ ʚʙʫʜʦʚʫʻʪʴʩʷ ʚ ʧʝʨʩʦʥʘʣʴʥʠʡ ʇʂ [30]. 

ʇʂ ʬʫʥʢʮʽʦʥʫʻ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʟʜʽʡʩʥʶʻ 

ʨʝʻʩʪʨʘʮʽʶ, ʟʙʝʨʽʛʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚʽʙʨʘʮʽʾ, ʦʙʯʠʩʣʝʥʥʷ 

ʩʧʝʢʪʨʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐʇʌ, ʦʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʽʚ 

ʦʛʠʥʘʶʯʠʭ ʚʽʙʨʘʩʠʛʥʘʣʫ ʽ ʧʨʦʮʝʜʫʨʫ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʦʩʠʛʥʘʣʫ ʽ ʧʦʪʦʯʥʠʭ ʩʧʝʢʪʨʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʨʽʚʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʙʨʦʩʠʛʥʘʣʫ ʪʘ ʝʪʘʣʦʥʥʠʤʠ ʩʧʝʢʪʨʘʤʠ. 

ɿʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʠʭ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʜʫʞʝ ʚʘʞʢʦ ʽ ʦʩʢʽʣʴʢʠ ʥʝʤʘʻ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ ʟ 

ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ, ʪʦ ʤʝʪʨʦʣʦʛʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʾ ʤʝʪʦʜʠʢʠ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ 

ʜʣʷ ʘʪʝʩʪʘʮʽʾ ʟʘʨʷʜʦʚʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ [38]. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʠʩʪʝʤʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1.6. 

 

ʈʠʩ.1.6. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʠʩʪʝʤʠ 

ɺʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ 

 

ʄʝʪʨʦʣʦʛʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʶʪʴ 

ʚ ʧʦʜʘʯʽ ʥʘ ʾʾ ʚʭʽʜ ʯʝʨʝʟ ʻʤʥʽʩʪʴ ʉ* (ʝʢʚʽʚʘʣʝʥʪ ʻʤʥʦʩʪʽ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ) 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʠ ʟ ʚʽʜʦʤʦʶ ʯʘʩʪʦʪʦʶ ʽ ʘʤʧʣʽʪʫʜʦʶ ʽ 

ʧʦʜʘʣʴʰʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ ʘʤʧʣʽʪʫʜʠ ʟʤʽʥʥʦʛʦ ʟʘʨʷʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʘʣʛʦʨʠʪʤʫ ʐʇʌ. ʉʂɿ ʟʤʽʥʥʦʛʦ ʟʘʨʷʜʫ ʚ ʧʂʣ ʥʘ ʚʭʦʜʽ ʇɿ ʧʨʠ ʮʴʦʤʫ 

ʚʠʟʥʘʯʠʪʴʩʷ ʪʘʢ:  

( ) ( ) ()ʧʂʣ ʧʌ Bq C U= ³ , (1.9) 

ʜʝ q - ʟʘʨʷʜ ʥʘ ʚʭʦʜʽ ʇɿ, ʽ  U  - ʉʂɿ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ, ʉ-

ʝʢʚʽʚʘʣʝʥʪʥʘ ʻʤʥʽʩʪʴ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʽʚ (ʝʪʘʣʦʥʥʘ ʻʤʥʽʩʪʴ). 

ʊʦʤʫ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʷʢ ʟʘʩʦʙʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʜʦʧʦʤʦʛʦʶ ʐʇʌ, ʘ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʤʝʪʦʜʠ ʫʩʫʥʝʥʥʷ ʧʦʭʠʙʢʠ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʘʤʧʣʽʪʫʜʠ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ (ʟʘʨʷʜʫ) ʚ ʩʠʩʪʝʤʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʐʇʌ.ʜʽʘʧʘʟʦʥʫ ʦʧʦʨʥʦʛʦ ʩʧʝʢʪʨʘ, ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʭʦʨʦʰʝ ʩʪʘʚʣʝʥʥʷ ʩʠʛʥʘʣ / ʰʫʤ [4,5,33]. 

ʆʪʞʝ, ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʮʽʥʢʠ ʩʧʝʢʪʨʽʚ ʚ ʧʨʦʮʝʩʽ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʦʙʨʦʙʢʠ ʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʊʦʯʥʽʩʪʴ ʧʝʨʚʠʥʥʦʾ ʦʮʽʥʢʠ ʩʧʝʢʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʥʽʩʪʶ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʥʘʧʨʫʛʫ, ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʪʠʧʦʤ ɸʎʇ (ʽʥʪʝʛʨʘʣʴʥʦʶ ʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʥʝʣʽʥʽʡʥʽʩʪʶ, ʨʦʟʨʷʜʥʽʩʪʶ ʽ ʚʝʣʠʯʠʥʦʶ ʰʫʤʦʚʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʩʠʛʥʘʣʫ), ʢʦʨʝʢʪʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ, 

ʦʧʪʠʤʘʣʴʥʦʾ ʬʽʣʴʪʨʘʮʽʻʶ, ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽ ʪʨʠʚʘʣʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ. ɺʩʽ 

ʮʽ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʫ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʘ, ʦʪʞʝ, ʜʽʘʛʥʦʩʪʠʢʠ ʜʝʬʝʢʪʽʚ ʟ ʙʽʣʴʰʦʶ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʮʽʣʝʡ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʚʫʟʣʽʚ ʦʙʝʨʪʘʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʢʪʨʠ ʘʙʦ 

ʧʨʠʩʢʦʨʝʥʴ, ʘʙʦ ʰʚʠʜʢʦʩʪʝʡ, ʘʙʦ ʧʝʨʝʤʽʱʝʥʴ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʧʽʜʡʦʤʫ ʘʙʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʩʧʝʢʪʨʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ. ʊʦʤʫ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʩʧʝʢʪʨʽʚ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʟ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʴ ʚʧʣʠʚʫ ʧʨʦʮʝʜʫʨʠ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʽʚ. ɺʩʝ ʮʝ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ 

ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʘʥʘʣʽʟʫ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʐʇʌ. 
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ʇʨʠ ʦʮʠʬʨʫʚʘʥʥʽ ʩʠʛʥʘʣʽʚ ʚʩʪʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʨʠ ʚʽʜʦʤʽʡ ʤʘʢʩʠʤʘʣʴʥʽʡ ʯʘʩʪʦʪʽ 

ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ ʅʘʡʢʚʠʩʪʘ - ʂʦʪʝʣʴʥʽʢʦʚʘ [6, 7, 11, 33]. ʆʪʞʝ, 

ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ, ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽ 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʠʙʦʨʫ ʽ ʪʨʠʚʘʣʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʥʽʩʪʴ 

ʧʝʨʚʠʥʥʦʾ ʦʮʽʥʢʠ ʩʧʝʢʪʨʽʚ ʧʨʠ ʦʙʨʘʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ ʟʘʨʷʜʫ (ʩʤʫʟʽ 

ʧʨʦʧʫʩʢʘʥʥʷ, ʚʭʽʜʥʠʭ ʰʫʤʘʭ ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʧʦʨʷʜʢʫ ʬʽʣʴʪʨʽʚ), ʟʘʜʘʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʦʮʠʬʨʦʚʢʠ (ʨʦʟʨʷʜʥʦʩʪʽ ʽ ʪʠʧʽ ɸʎʇ, ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ) ʽ 

ʪʨʠʚʘʣʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ ʻ ʘʢʪʫʘʣʴʥʠʤʠ.  

ʇʨʠ ʘʥʘʣʽʟʽ ʧʦʭʠʙʦʢ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʚʠʙʽʨ ʥʦʨʤʠ. ʈʦʟʛʣʷʥʝʤʦ 

ʧʠʪʘʥʥʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʥʦʨʤʠ ʧʨʠ ʦʮʽʥʮʽ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʩʧʝʢʪʨʽʚ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʦʭʠʙʦʢ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʽ ʧʝʨʝʤʽʱʝʥʴ ʤʦʞʥʘ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʙʫʜʴ-ʷʢʠʤʠ ʥʦʨʤʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʥʦʨʤʘʤʠ [33, 

34]. ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʦʭʠʙʦʢ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʽʚ ʰʚʠʜʢʦʩʪʝʡ ʽ ʧʝʨʝʤʽʱʝʥʴ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʽ ʥʦʨʤʠ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʷʢ ʙʫʣʦ ʩʢʘʟʘʥʦ 

ʚʠʱʝ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʛʥʘʪʫʨʥʠʡ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ [9, 22, 26, 40]. 

 

1.4. ʆʛʣʷʜ ʜʘʪʯʠʢʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʪʠʧʠ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʜʘʪʯʠʢʽʚ) ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʩʦʙʘʭ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʙʨʘʮʽʡ ʽ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʽʟʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʜʽʾ. 

ɺ ʪʝʭʥʽʯʥʠʭ ʛʘʣʫʟʷʭ ʜʘʪʯʠʢʠ ʚʽʙʨʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʘʛʘʪʴʤʘ ʪʠʧʘʤʠ, 

ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʠʭ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʘʭ. ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʾʭ 

ʧʨʠʥʮʠʧ ʜʽʾ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʙʨʘʮʽʾ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.1.7. ɼʘʪʯʠʢ ʚʽʙʨʘʮʽʾ 

ʚʠ̫ʚʣʷʻ ʧʘʨʘʤʝʪʨ ʚʽʙʨʘʮʽʾ ʦʙ'ʻʢʪʫ ʯʝʨʝʟ ʩʚʦʶ ʤʝʭʘʥʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽ 

ʧʝʨʝʪʚʦʨʶʻ ʮʝʡ ʧʘʨʘʤʝʪʨ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʬʽʟʠʯʥʦʛʦ ʚʧʣʠʚʫ, ʥʘ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ (ʧʝʨʝʪʚʦʨʶʚʘʯ) ʜʘʪʯʠʢʘ. ʊʦʙʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, 

ʧʨʦʧʦʮʽʡʥʠʡ ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʣʝʞʥʠʡ ʟ ʧʘʨʘʤʝʪʨʦʤ ʚʽʙʨʘʮʽʾ. 
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ɼʘʪʯʠʢʠ ʚʽʙʨʘʮʽʾ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʜʘʪʯʠʢʠ ʟʤʽʱʝʥʥʷ (ʘʤʧʣʽʪʫʜʠ), 

ʜʘʪʯʠʢʠ ʰʚʠʜʢʦʩʪʽ ʽ ʜʘʪʯʠʢʠ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʽʨʶʚʘʥʠʭ ʥʠʤʠ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ. ɺʽʙʨʘʮʽʡʥʽ ʟʤʽʱʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʝʨʝʚʝʜʝʥʽ ʦʜʠʥ ʚ ʦʜʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʛʦ ʦʙʯʠʩʣʝʥʥʷ. ɺ ʜʘʥʠʡ 

ʯʘʩ, ʟʛʽʜʥʦ ʟ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʷʚʣʝʥʥʷ ʚʽʙʨʘʮʽʾ, ʚʠʥʘʡʜʝʥʽ ʜʘʪʯʠʢʠ ʚʽʙʨʘʮʽʾ 

ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʬʽʟʠʯʥʠʭ ʚʧʣʠʚʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʥʘʩʪʫʧʥʠʭ ʢʘʪʝʛʦʨʽʷʭ. 

 

ʈʠʩ.1.7. ɹʘʟʦʚʠʡ ʧʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʜʘʪʯʠʢʘ 

 

ɯʥʜʫʢʪʠʚʥʽ ʜʘʪʯʠʢʠ. ɯʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ ʮʝ ʝʣʝʢʪʨʦʥʥʠʡ ʜʘʪʯʠʢ, ʷʢʠʡ 

ʨʝʘʛʫʻ ʥʘ ʤʝʪʘʣʝʚʽ ʧʨʝʜʤʝʪʠ, ʙʝʟ ʢʦʥʪʘʢʪʫ ʟ ʥʠʤʠ. ɯʥʜʫʢʪʠʚʥʽ ʜʘʪʯʠʢʠ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽʡ ʽʥʜʫʢʮʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʪʫʰʢʠ ʩʘʤʦ 

ʽʥʜʫʢʮʽʾ ʘʙʦ ʢʦʪʫʰʢʠ ʚʟʘʻʤʥʦʾ ʽʥʜʫʢʮʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʷʚʣʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟ ʚʽʙʨʘʮʽʾ [2]. ʉʪʨʫʢʪʫʨʘ 

ʧʨʠʥʮʠʧʫ ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. 

 

ʈʠʩ. 1.8.  ʉʪʨʫʢʪʫʨʘ ʩʭʝʤʘ ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ 

 

ʅʘ ʨʠʩ. 1.8 ʚʚʝʜʝʥʽ ʧʦʟʥʘʯʝʥʥʷ:  1 ï ʨʫʭʦʤʘ ʬʝʨʦʤʘʛʥʽʪʥʘ ʯʘʩʪʠʥʘ, 2 ï 

ʥʝʨʫʭʦʤʠʡ ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʩʝʨʜʝʯʥʠʢ. ʅʘ ʥʝʨʫʭʦʤʦʤʫ ʟʘʣʽʟʽ ʦʙʤʦʪʢʘ ʟ 
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ʢʦʪʫʰʢʦʶ w ʚ N ʚʠʪʢʽʚ ʜʨʦʪʫ. ʂʦʣʠ ʟʘʣʽʟʦ ʩʝʨʜʝʯʥʠʢʘ ʧʨʘʮʶʻ ʚ ʥʝʥʘʩʠʯʝʥʦʤʫ 

ʩʪʘʥʽ, ʪʦ ʡʦʛʦ ʽʥʜʫʢʪʠʚʥʽʩʪʴ 
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ʜʝ: 0m, 0S , 0l - ʚʽʜʧʦʚʽʜʥʦ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʣʦʱʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʫ.  

ʆʩʦʙʣʠʚʦʩʪʽ ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ: ʚʽʥ ʤʘʻ ʧʨʦʩʪʫ, ʥʘʜʽʡʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ ʤʘʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʚʝʣʠʢʫ ʚʠʭʽʜʥʫ 

ʧʦʪʫʞʥʽʩʪʴ. ɯʥʜʫʢʪʠʚʥʽ ʜʘʪʯʠʢʠ ʟʜʘʪʥʽ ʨʝʘʛʫʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʤʝʪʘʣ 

ʬʝʨʦʤʘʛʥʝʪʠʢ. ʅʝʜʦʣʽʢʠ ʱʦ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ, ʯʫʪʣʠʚʽʩʪʴ, ʣʽʥʽʡʥʽʩʪʴ ʪʘ 

ʜʘʣɹʥʽʩʪʴ ʻ ʦʙʤʝʞʝʥʠʤʠ ʦʜʠʥ ʦʜʥʠʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʩʠʛʥʘʣʫ [2]. 

ʇ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʜʘʪʯʠʢʠ. ʇ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʜʘʪʯʠʢ ʮʝ ʪʠʧʦʚʠʡ ʜʘʪʯʠʢ, 

ʷʢʠʡ ʤʦʞʝ ʩʘʤ ʛʝʥʝʨʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʤʫ ʝʬʝʢʪʽ ʜʝʷʢʠʭ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʦʣʠ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ʟʘʟʥʘʻ ʜʽʾ ʩʠʣʠ ʚʽʙʨʘʮʽʾ, ʪʦ ʚʽʥ ʚʠʨʦʙʣʷʪʠʤʝ ʥʘ ʩʚʦʾʭ 

ʧʦʚʝʨʭʥʷʭ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ q . ʇʽʩʣʷ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʝʤ ʥʘʧʨʫʛʠ ʘʙʦ 

ʧʽʜʩʠʣʶʚʘʯʝʤ ʟʘʨʷʜʫ ʮʝʡ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ ʩʪʘʻ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʦʶ ʟʦʚʥʽʰʥʽʡ ʩʠʣʽ, ʷʢʘ ʜʽʻ ʥʘ ʜʘʪʯʠʢ. ʊʦʤʫ ʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ, ʷʢʽ ʻ ʥʝʝʣʝʢʪʨʠʯʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʨʝʘʣʽʟʦʚʘʥʽ. ʇ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʜʘʪʯʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ. ʇʨʠʥʮʠʧ 

ʩʪʨʫʢʪʫʨʠ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.1.9. 

 

ʈʠʩ.1.9. ʇ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʜʘʪʯʠʢ (1-ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ,   

              2-ʝʣʝʢʪʨʦʜʠ ʥʘʧʠʣʝʥʽ ʥʘ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ)  
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33q d F= Ö. (1.12) 

ʍʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʮʝ ʚʽʜʩʫʪʥʽʪʴ ʜʝʪʘʣʝʡ 

ʱʦ ʨʫʭʘʶʪʴʩʷ, ʚʝʣʠʢʫ ʰʠʨʠʥʫ ʩʤʫʛʠ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʯʘʩʪʦʪ, ʚʠʩʦʢʫ 

ʯʫʪʣʠʚʽʩʪʴ, ʚʠʩʦʢʝ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ,  ʧʨʦʩʪʦʪʫ ʪʘ ʥʘʜʽʡʥʽʩʪʴ, ʥʝʚʝʣʠʢʫ 

ʚʘʛʫ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʥʘʣʝʞʠʪʴ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ, ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʧʣʠʚʽʚ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʩʦʢʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, 

ʩʣʘʙʢʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʚʠʤʘʛʘʻ ʧʦʩʠʣʝʥʥʷ ʯʝʨʝʟ ʣʘʥʮʶʛ ʧʽʜʩʠʣʶʚʘʯʘ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ [10, 34]. 

ʄʘʛʥʽʪʥʽ ʜʘʪʯʠʢʠ. ʄʘʛʥʽʪʥʠʡ ʜʘʪʯʠʢ ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʝʣʝʢʪʨʠʯʥʠʡ 

ʜʘʪʯʠʢ, ʚʽʥ ʧʝʨʝʪʚʦʨʶʻ ʧʘʨʘʤʝʪʨʠ ʚʽʙʨʘʮʽʾ ʚ ʽʥʜʫʢʦʚʘʥʫ ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ. 

ʎʝ ʪʨʘʥʩʬʦʨʤʫʶʯʠʡ ʜʘʪʯʠʢ, ʷʢʠʡ ʟʤʽʥʶʻ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ ʥʘ ʝʣʝʢʪʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ. ʄʘʛʥʽʪʥʠʡ ʜʘʪʯʠʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ, 

ʷʢʠʡ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.1.10. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ, 

ʽʥʜʫʢʦʚʘʥʘ ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʚ ʢʦʪʫʰʮʽ ʧʨʦʧʦʨʮʽʡʥʘ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʪʦʙʪʦ 

dʌ
e N

dt
=- , 

  

(1.13) 

ʜʝ N - ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʢʦʪʫʰʢʠ, ʌ ï ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʦʪʦʯʝʥʠʡ ʢʦʪʫʰʢʦʶ. 

 

ʈʠʩ. 1.10. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʘʛʥʽʪʥʦʛʦ ʜʘʪʯʠʢʘ 

 

ɺʠʭʽʜʥʦʶ ʚʝʣʠʯʠʥʦʶ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ ʻ ʄʈʉ ʽʥʜʫʢʮʽʾ, ʘ ʚʭʽʜʥʦʶ -

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʟʯʝʧʣʝʥʦʛʦ ʟ ʚʠʪʢʘʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʢʦʪʫʰʢʠ. ɿʤʽʥʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʪʫʰʢʠ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʘʙʦ ʥʘʚʧʘʢʠ-ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ 
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ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʾ ʢʦʪʫʰʢʠ, ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʦʧʦʨʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʪʫʰʢʠ. ʂʦʣʠ ʚʽʙʨʘʮʽʷ 

ʩʧʨʠʯʠʥʠʪʴ ʟʤʽʥʫ ʦʜʥʦʛʦ ʟ ʮʠʭ ʬʘʢʪʦʨʽʚ, ʚʦʥʘ ʟʤʽʥʠʪʴ ʽʥʜʫʢʦʚʘʥʫ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ ʚ ʢʦʪʫʰʮʽ. ʐʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟʤʽʥʠ ʽʥʜʫʢʦʚʘʥʦʾ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ.  

ʆʩʦʙʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ ʤʘʛʥʽʪʥʦʾ ʚʽʙʨʘʮʽʾ ʮʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʧʨʦʩʪʘ ʩʭʝʤʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʧʽʩʣʷ ʜʘʪʯʠʢʘ ʽ ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʟʘʚʘʜ. ɿ ʥʝʜʦʣʽʢʽʚ- ʮʝ ʚʽʜʥʦʩʥʦ ʩʢʣʘʜʥʘ ʽ ʚʝʣʠʢʘ ʩʪʨʫʢʪʫʨʘ. ɺ ʜʘʥʠʡ ʯʘʩ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʦʙ ʻʢʪʽʚ ʥʘ ʥʠʟʴʢʽʡ ʯʘʩʪʦʪʽ ʚʽʙʨʘʮʽʾ ʪʘ 

ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚ ʥʠʞʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪʠ ʧʨʠ ʰʠʨʦʢʦʩʤʫʛʦʚʽʡ ʚʽʙʨʘʮʽʾ [27]. 

ɭʤʥʽʩʥʽ ʜʘʪʯʠʢʠ. ɭʤʥʽʩʥʽ ʜʘʪʯʠʢʠ ʚʠʷʚʣʷʶʪʴ ʚʩʝ, ʱʦ ʻ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤ ʘʙʦ ʻ ʜʠʝʣʝʢʪʨʠʯʥʦ ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʧʦʚʽʪʨʷ. ɭʤʥʽʩʥʠʡ ʜʘʪʯʠʢ 

- ʮʝ ʧʨʠʣʘʜ, ʷʢʠʡ ʟʤʽʥʶʻ ʧʘʨʘʤʝʪʨʠ ʥʝʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ 

ʻʤʥʽʩʪʴ, ʘ ʧʦʪʽʤ ʟʤʽʥʶʻ ʝʣʝʢʪʨʠʯʥʫ ʻʤʥʽʩʪʴ ʥʘ ʥʘʧʨʫʛʫ ʯʠ ʩʪʨʫʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʋ ʚʽʙʨʘʮʽʡʥʦʤʫ ʧʦʣʽ ʻʤʥʽʩʥʽ 

ʜʘʪʯʠʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʪʠʧʠ: ʟ ʟʤʽʥʥʠʤ ʟʘʟʦʨʦʤ ʪʘ ʟ ʟʤʽʥʥʦʶ 

ʧʣʦʱʝʶ ʧʝʨʝʢʨʠʪʪʷ. 

 

 

ʈʠʩ.1.11. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʘʪʯʠʢʘ ʟʤʽʥʥʦʛʦ ʟʘʟʦʨʫ 

 

ʅʘ ʈʠʩ.1.11 ʧʦʟʥʘʯʝʥʦ:  1 - ʥʝʨʫʭʦʤʘ ʧʣʘʩʪʠʥʘ, 2 - ʨʫʭʦʤʘ ʧʣʘʩʪʠʥʘ. ʂʦʣʠ 

ʚʽʙʨʘʮʽʷ ʧʨʝʜʤʝʪʘ ʚʠʢʣʠʢʘʻ ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʘʩʪʠʥʠ ʚʛʦʨʫ ʜʣʷ ȹd ʧʨʠʨʽʩʪ 

ʻʤʥʦʩʪʽ ʜʦʨʽʚʥʶʻ 
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(1.14) 

ʜʝ 0C  - ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ. 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʟʤʽʥʘ ʻʤʥʦʩʪʽ ʩʪʦʩʫʻʪʴʩʷ ʟʤʽʱʝʥʥʷ 

ʨʫʭʦʤʦʾ ʧʣʘʩʪʠʥʠ, ʽ ʧʨʠ ȹd << d ʟʤʽʥʘ ȹC ̒  ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ȹd. ʆʪʞʝ, 

ʚʠʤʽʨʶʶʯʠ ʟʤʽʥʠ ʻʤʥʦʩʪʽ ʪʘʢʠʤ ʯʠʥʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʚʽʙʨʘʮʽʾ.  

 

ʈʠʩ.1.12. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʘʪʯʠʢʘ ʟʤʽʥʥʦʾ ʧʣʦʱʽ 

 

ʅʘ ʨʠʩ.1.12 ʧʦʟʥʘʯʝʥʦ: 1 - ʥʝʨʫʭʦʤʘ ʧʣʘʩʪʠʥʘ, 2 - ʨʫʭʦʤʘ ʧʣʘʩʪʠʥʘ. ʂʦʣʠ 

ʚʽʙʨʘʮʽʷ ʩʧʨʠʯʠʥʷʻ ʟʤʽʥʫ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʤʽʞ ʧʣʘʩʪʠʥʦʶ 1 ʪʘ ʧʣʘʩʪʠʥʦʶ 2 ʪʘʢ, 

ʱʦ ʚʠʢʣʠʢʘʻ ʟʤʽʥʠ ʻʤʥʦʩʪʽ. ʂʦʣʠ ʻʤʥʽʩʪʴ ʤʽʞ ʦʭʦʧʣʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ A ʩʪʘʻ A 

', ʽ ʪʦʜʽ ʟʤʽʥʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ 

( )A A A A A
C

d d d d

e e e
e

¡ ¡- D
D = - = = Ö, 

 

(1.15) 

ɿ ʚʠʱʝ ʥʘʚʝʜʝʥʦʛʦ ʨʽʚʥʷʥʥʷ ȹC ʻ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ȹA, ʪʦʤʫ 

ʚʠʤʽʨʶʶʯʠ ʟʤʽʥʫ ʻʤʥʦʩʪʽ ʪʘʢʦʞ  ʚʠʤʽʨʶʻʤʦ ʧʘʨʘʤʝʪʨʠ ʚʽʙʨʘʮʽʾ. ʃʽʥʽʡʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʙʨʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʤʥʽʩʥʦʛʦ ʜʘʪʯʠʢʘ 

ʪʠʧʫ ʧʝʨʝʤʽʥʥʦ-ʟʘʟʦʨʥʦʛʦ ʪʠʧʫ; ʂʫʪʦʚʝ ʟʤʽʱʝʥʥʷ ʪʦʨʩʽʦʥʥʠʭ ʚʽʙʨʘʮʽʡ ʤʦʞʥʘ 

ʚʠʤʽʨʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʤʥʽʩʥʦʛʦ ʜʘʪʯʠʢʘ ʪʠʧʫ ʟʤʽʥʥʦʾ ʧʣʦʱʽ. 

ʆʩʥʦʚʥʽ ʨʠʩʠ ʧʨʠʪʘʤʘʥʥʽ ʻʤʥʽʩʥʠʤ ʜʘʪʯʠʢʘʤ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʚʠʩʦʢʫ 

ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ, ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʢʦʨʦʪʢʠʡ 

ʜʠʥʘʤʽʯʥʠʡ ʯʘʩ ʚʽʜʛʫʢʫ, ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʥʣʘʡʥʦʚʠʭ, ʜʠʥʘʤʽʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ [27]. ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʥʝʚʝʣʠʢʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ, ʚʠʩʦʢʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʱʦ ʤʘʻ 

ʧʘʨʘʟʠʪʘʨʥʫ ʻʤʥʽʩʪʴ, ʥʠʟʴʢʫ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʫ ʧʨʦʪʠ ʟʘʢʣʠʥʶʚʘʥʥʷ, ʘ 
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ʡʦʛʦ ʩʠʛʥʘʣ ʚʠʤʽʨʶʚʘʥʥʷ ʚʨʘʟʣʠʚʠʡ ʜʦ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ [27]. ɺ ʥʘh  ʯʘʩ ʽʟ ʧʦʛʣʠʙʣʝʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʧʨʠʥʮʠʧʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʽʩʥʦʛʦ ʜʘʪʯʠʢʘ, ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ 

ʩʭʝʤ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ ʧʦʩʪʫʧʦʚʦ 

ʜʦʣʘʶʪʴʩʷ. ʊʦʯʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʻʤʥʽʩʥʠʭ ʜʘʪʯʠʢʽʚ ʟʨʦʩʪʘʻ ʪʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʽʣʴʰʝ ʧʨʠ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ. 

ʆʧʪʠʯʥʦ ʚʦʣʦʢʦʥʥʠʡ ʜʘʪʯʠʢ. ɿʘʛʘʣʦʤ ʧʽʜ ʦʧʪʠʯʥʦ ʚʦʣʦʢʦʥʥʠʤ 

ʜʘʪʯʠʢʦʤ ʨʦʟʫʤʽʻʪʴʩʷ ʣʘʟʝʨʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʽ ʜʝʪʝʢʪʦʨ ʩʚʽʪʣʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥʥʠʭ ʜʘʪʯʠʢʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʽʟʥʠʭ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʜʘʪʯʠʢʘ ʾʭ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ 

ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʪʘ ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʠʡ. ʇʝʨʰʠʡ - ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʛʦ ʚʦʣʦʢʥʘ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʷʢ 

ʯʫʪʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʆʩʪʘʥʥʻ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʯʫʪʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʚʠʤʽʨʶʚʘʥʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ; ʧʨʦʩʪʦ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʚʽʜʜʘʣʝʥʦʛʦ ʘʙʦ ʥʝʜʦʩʪʫʧʥʦʛʦ ʤʽʩʮʷ. ʅʘ ʧʨʘʢʪʠʮʽ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ 

ʷʢ ʯʫʪʣʠʚʠʡ ʢʦʤʧʦʥʝʥʪ ʚʽʙʨʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʘʞʢʦ 

ʚʽʜʦʢʨʝʤʠʪʠ ʚʽʜ ʚʧʣʠʚʽʚ ʟʤʽʥ ʚʽʜ ʽʥʰʠʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʪʦʤʫ 

ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʽ ʜʘʪʯʠʢʠ ʚʽʙʨʘʮʽʾ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʽʙʨʘʮʽʾ, ʜʝ ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʯʫʪʣʠʚʠʭ ʟʤʽʥ ʚʠʷʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʬʽʟʠʯʥʦʾ 

ʚʝʣʠʯʠʥʠ, ʽ ʩʚʽʪʣʦʚʠʡ ʧʘʨʘʤʝʪʨ ʤʦʜʫʣʶʻʪʴʩʷ ʯʫʪʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ [2].  

ɺʽʙʨʫʶʯʠʡ ʦʙ'ʻʢʪ ʟʤʽʥʶʻ ʚʽʜʥʦʩʥʫ ʬʘʟʫ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʤʝʥʷ ʽ ʦʧʦʨʥʦʛʦ 

ʧʨʦʤʝʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʘʟʦʚʘ ʤʦʜʫʣʷʮʽʷ, ʽ ʰʣʷʭʦʤ 

ʜʝʤʦʜʫʣʷʮʽʾ ʪʘ ʚʠʷʚʣʝʥʥʷ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʥʫ 

ʘʤʧʣʽʪʫʜʫ ʚʽʙʨʘʮʽʾ. ʆʧʪʠʯʥʦ ʚʦʣʦʢʦʥʥʽ ʜʘʪʯʠʢʠ ʤʘʶʪʴ ʤʘʣʫ ʚʘʛʫ, ʚʦʣʦʜʽʶʪʴ 

ʜʫʞʝ ʤʘʣʠʤ ʨʦʟʤʽʨʦʤ, ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ, ʚʠʩʦʢʦʶ ʰʚʠʜʢʦʜʽʻʶ, ʩʪʽʡʢʽʩʪʶ 

ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ, ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʻʶ. 

ʄʝʭʘʥʽʯʥʦ ʩʪʽʡʢʽ ʥʘ ʟʛʠʥʘʥʥʷ, ʧʨʠʜʘʪʥʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ 

ʪʘ ʣʝʛʢʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʘ ʟ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʤ 
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ʽʥʪʝʨʬʝʡʩʦʤ. ʇʨʠʜʘʪʥʽ ʜʦ ʪʨʠʚʘʣʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʚ ʩʫʚʦʨʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ. ɺʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʚ ʨʦʙʦʪʽ. 

ʄʦʞʫʪʴ ʚʠʤʽʨʶʚʘʪʠ ʘʤʧʣʽʪʫʜʫ ʚʽʙʨʘʮʽʾ ʚʽʜ 10-12 ʤʝʪʨʽʚ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʽʙʨʘʮʽʾ. ɿ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʥʘʚʝʩʪʠ 

ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʪʘ ʤʘʣʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ.  

ʆʧʪʠʯʥʦ ʚʦʣʦʢʦʥʥʽ ʜʘʪʯʠʢʠ ʚʽʙʨʘʮʽʾ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ. 

ʌʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʜʘʪʯʠʢ. ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʜʘʪʯʠʢʠ ʩʧʦʯʘʪʢʫ 

ʥʝʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʙʨʘʮʽʾ ʟʤʽʥʶʶʪʴʩʷ ʥʘ ʟʤʽʥʠ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

ʇʦʪʽʤ, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ ʦʧʪʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʩʚʽʪʣʦʚʽ ʩʠʛʥʘʣʠ ʟʤʽʥʶʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʷʢʽ 

ʧʨʦʧʦʨʮʽʡʥʽ ʟʤʽʥʘʤ ʧʘʨʘʤʝʪʨʽʚ  ʚʽʙʨʘʮʽʾ  [2].  

ʇʨʦʤʽʥʴ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʣʘʟʝʨʦʤ, ʜʽʣʠʪʴʩʷ ʥʘ ʦʧʦʨʥʠʡ 

(ʨʝʬʝʨʝʥʪʥʠʡ) ʧʨʦʤʽʥʴ ʽ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʦʤʽʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʜʽʣʶʚʘʯʘ 

ʧʨʦʤʝʥʽʚ. ʆʧʦʨʥʠʡ ʧʨʦʤʽʥʴ, ʚʽʜʙʠʪʠʡ ʧʣʦʩʢʠʤ ʜʟʝʨʢʘʣʦʤ,  ʧʦʪʽʤ ʯʝʨʝʟ 

ʨʦʟʜʽʣʶʚʘʯ ʧʨʦʤʝʥʷ ʟʥʦʚʫ ʥʘʧʨʘʚʣʷʶʪʴ ʥʘ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ. 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʦʤʽʥʴ ʬʦʢʫʩʫʻʪʴʩʷ ʣʽʥʟʦʶ ʧʽʩʣʷ ʟʡʦʤʢʠ ʚʠʤʽʨʶʚʘʥʦʾ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʚʽʙʨʘʮʽʾ ʧʦʚʝʨʭʥʽ, ʢʦʣʠ ʚʽʙʨʫʶʯʠʡ ʦʙ'ʻʢʪ ʚʽʙʨʫʻ ʫ ʥʘʧʨʷʤʢʫ 

ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ, ʟʘʚʜʷʢʠ ʝʬʝʢʪʫ ɼʦʧʣʝʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʦʪʥʠʡ ʟʩʫʚ 

ʦʧʦʨʥʦʾ ʯʘʩʪʦʪʠ ʚʽʜʥʦʩʥʦ ʚʽʜʙʠʪʦʛʦ ʩʚʽʪʣʘ. 

 

ʈʠʩ.1.13. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦ 

ʚʦʣʦʢʦʥʥʦʛʦ ʜʘʪʯʠʢʘ ʚʽʙʨʘʮʽʾ 
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ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʜʘʪʯʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʣʘʟʝʨ 

ʚʠʨʽʟʥʷʶʪʴʩʷ ʦʩʦʙʣʠʚʦʶ ʧʨʝʮʠʟʽʡʥʽʩʪʶ. ɿ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʻ (ʨʦʟʤʘʭ ʘʤʧʣʽʪʫʜʠ) ʦʙʤʝʞʝʥʠʤ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʤʘʶʪɹ ʩʢʣʘʜʥʽ ʩʭʝʤʠ ʦʙʨʦʙʢʠ ʪʘ ʩʢʣʘʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ, ʦʩʢʽʣʴʢʠ 

ʪʦʯʥʽʩʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʜʦʩʷʛʘʻ ʥʘʥʦʤʝʪʨʽʚ, ʡʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚ ʷʢʦʩʪʽ ʟʨʘʟʢʦʚʦʛʦ ʧʨʠʣʘʜʫ ʚʠʤʽʨʶʚʘʥʴ, ʘʣʝ ʡʦʛʦ 

ʟʘʥʘʜʪʦ ʚʘʞʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʪʝʭʥʽʮʽ. 

 

ʈʠʩ.1.14. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʥʮʠʧʫ ʣʘʟʝʨʥʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ 

ɿ ʨʦʟʛʣʷʥʫʪʠʭ ʜʘʪʯʠʢʽʚ ʢʨʘʱʠʡ ʚʠʙʽʨ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʽ ʫʜʘʨʽʚ 

- ʮʝ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʟʘʚʜʷʢʠ ʾʭ ʰʠʨʦʢʽʡ ʯʘʩʪʦʪʥʽʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ, ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʽ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʪʠʧʫ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟ ʟʘʨʷʜʦʚʠʤ ʚʠʭʦʜʦʤ ʽ ʟ ʚʠʭʦʜʦʤ ʧʦ 

ʥʘʧʨʫʟʽ. 

ʇʝʨʝʚʘʛʠ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʟ ʟʘʨʷʜʦʚʠʤ ʚʠʭʦʜʦʤ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ 

ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʘʤʧʣʽʪʫʜʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʨʦʡʢʘʤʠ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ. ʊʠʧʦʚʠʡ 

ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʥʦʚʠʪʴ (-55...288)ÁC, ʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ (-269 ... 760)ÁC [2, 34]. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡ ʫ ʚʽʜʦʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʚ ʤʝʞʘʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʥʦʨʤʠ ï(55 ... 125)ÁC  (ʜʦ 175ÁC ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʤʦʜʝʣʝʡ) ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʘʢʩʝʣʝʨʦʤʝʪʨʠ ʟ 

ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʧʦ ʥʘʧʨʫʟʽ. 

 

        1.5. ʉʠʩʪʝʤʠ  ʟʘʙʝʟʧʝʯʝʥʥʷ  ʚʽʙʨʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ  

ʉʠʩʪʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʚʽʙʨʘʮʽʶ ʽ ʫʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʽ ʚ ʟʚ'ʷʟʢʫ ʟ ʯʠʩʣʝʥʥʠʤʠ ʨʦʙʦʪʘʤʠ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ ʥʦʚʠʭ ʟʨʘʟʢʽʚ 

ʪʝʭʥʽʢʠ ʪʘ ʥʘʫʢʦʚʦ ʜʦʩʣʽʜʥʠʭ ʽ ʜʦʩʣʽʜʥʦ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ. ʊʝʩʪʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʙʣʘʜʥʘʥʥʷ ʟʘʜʦʚʽʣʴʥʦ ʧʨʘʮʶʚʘʣʦ ʥʘ 

ʧʝʚʥʠʭ ʨʽʚʥʷʭ ʩʪʘʣʠʭ ʘʙʦ ʧʝʨʝʭʽʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ. ʊʘʢʝ ʪʝʩʪʫʚʘʥʥʷ 

ʚʠʤʘʛʘʻ, ʽʥʦʜʽ,  ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʯʘʩʪʦ ʫʥʽʢʘʣʴʥʠʭ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʩʪʫ, ʘʣʝ ʚʩʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ. 

ʅʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʯʠʩʣʝʥʥʽ ʚʠʨʦʙʠ ʟʘʛʘʣʴʥʦʛʦ, ʘ ʦʩʦʙʣʠʚʦ ʚʽʡʩʴʢʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʜʠʥʘʤʽʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʠʤʘʛʘʶʪʴ ʪʝʩʪʫʚʘʥʥʷ 

ʚʩʽ ʩʠʩʪʝʤʠ ʚʽʙʨʦʽʟʦʣʷʮʽʾ ʽ ʚʽʙʨʦʟʘʭʠʩʪʫ. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʚʪʦʤʫ ʜʝʷʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʚʽʙʨʘʮʽʶ. 

ɺ ʽʜʝʘʣʽ ʜʠʥʘʤʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʨʝʘʣʴʥʽ 

ʫʤʦʚʠ. ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʮʝ ʥʝ ʟʘʚʞʜʠ ʥʝʦʙʭʽʜʥʦ ʘʙʦ ʙʘʞʘʥʦ. ʇʦ-ʧʝʨʰʝ, ʩʘʤʽ 

ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʯʘʩʪʦ ʥʝ ʧʦʚʪʦʨʶʶʪʴʩʷ, ʘ, ʧʦ-ʜʨʫʛʝ, ʩʠʪʫʘʮʽʾ ʥʝ ʜʫʙʣʶʶʪʴʩʷ  

ʜʚʽʯʽ: ʩʴʦʛʦʜʥʽʰʥʽ ʫʤʦʚʠ ʽ ʚʠʤʦʛʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʯʦʨʘʰʥʽʭ. ʆʪʞʝ, 

ʚʠʟʥʘʯʠʪʠ ʥʘʙʽʨ ʥʦʨʤʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʫʤʦʚ ʯʘʩʪʦ ʙʫʚʘʻ ʩʢʣʘʜʥʦ, ʷʢʱʦ ʚʟʘʛʘʣʽ 

ʤʦʞʣʠʚʦ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʠʥʘʤʽʯʥʝ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʩʣʘʙʢʠʭ ʤʽʩʮʴ ʚ ʪʦʯʥʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʽ ʚʠʤʽʨʥʠʭ 

ʫʤʦʚʘʭ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʽ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ, 

ʜʝʩʪʨʫʢʪʠʚʥʽ ʢʦʤʙʽʥʘʮʽʾ ʪʘ ʚʘʨʽʘʮʽʾ ʘʤʧʣʽʪʫʜʠ ʽ ʯʘʩʪʦʪʠ ʽ ʪ. ʧ., ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʷʚʣʝʥʽ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ. ɺʦʣʦʜʽʶʯʠ ʪʘʢʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, 

ʨʦʟʨʦʙʥʠʢ ʤʦʞʝ ʚʠʨʽʰʠʪʠ, ʯʠ ʧʦʪʨʽʙʥʽ ʢʦʨʠʛʫʚʘʣʴʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʪʝʩʪʦʚʦʛʦ 

ʟʨʘʟʢʘ, ʘʙʦ, ʤʦʞʣʠʚʦ, ʚʠʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʽ ʫʤʦʚʠ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʨʦʙʦʯʠʭ 

ʜʽʘʧʘʟʦʥʽʚ ʤʘʡʙʫʪʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ, ʦʪʞʝ, ʥʝ ʚʘʞʣʠʚʽ. ʑʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ ʥʘ 
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ʢʦʨʠʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʩʢʦʨʝʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʪʦʤʫ 

ʱʦ ʧʦʣʴʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚʠʤʘʛʘʶʪʴ ʥʘʜʤʽʨʥʦ ʪʨʠʚʘʣʦʛʦ 

ʯʘʩʫ ʽ ʧʽʜʛʦʪʦʚʢʠ. 

ʉʘʤ ʧʨʦʮʝʩ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ: 

ʚʽʙʨʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʫʜʘʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

 

1.5.1. ɿʘʩʦʙʠ ʟʙʫʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʧʨʦʙʫʚʘʪʠ ʦʙ'ʻʢʪ ʥʘ ʚʧʣʠʚ ʧʝʚʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʚʽʙʨʘʮʽʾ, 

ʧʦʪʨʽʙʥʦ ʜʞʝʨʝʣʦ ʨʫʭʫ. ɼʣʷ ʟʙʫʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ, ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʟʙʫʜʥʠʢʠ ʚʽʙʨʘʮʽʾ ï ʚʽʙʨʦʩʪʝʥʜʠ. ɺʦʥʠ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʦʩʪʠʡ ʛʘʨʤʦʥʽʡʥʠʡ ʨʫʭ, ʘʣʝ ʪʘʢʦʞ ʻ ʩʠʩʪʝʤʠ, ʱʦ ʛʝʥʝʨʫʶʪʴ ʩʠʛʥʘʣʠ ʪʘ ʨʫʭ 

ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʞʝʨʝʣʘ ʨʫʰʽʡʥʦʾ ʩʠʣʠ (ʩʧʦʩʦʙʫ ʟʙʫʜʞʝʥʥʷ ʚʽʙʨʘʮʽʾ), 

ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʚʽʙʨʦʩʪʝʥʜʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʧʝʨʚʠʥʥʝ ʜʞʝʨʝʣʦ ʟʙʫʜʞʝʥʥʷ 

ʨʫʭʫ ʤʦʞʝ ʙʫʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ, ʤʝʭʘʥʽʯʥʠʤ, ʛʽʜʨʘʚʣʽʯʥʠʤ, ʧʥʝʚʤʘʪʠʯʥʠʤ 

ʘʙʦ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʘʢʫʩʪʠʯʥʠʤ.  

ʂʦʞʥʦʤʫ ʟ ʥʠʭ ʧʨʠʪʘʤʘʥʥʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʜʠʢʪʫʶʪʴ ʚʠʙʽʨ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʪʝʩʪʽʚ.  

ʊʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʙʨʦʩʪʝʥʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʽʙ ʟʙʫʜʞʝʥʥʷ 

ʚʽʙʨʘʮʽʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙ.1.1. 

ʂʦʥʩʪʨʫʢʪʠʚʠ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʚʽʙʨʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʟʙʫʜʞʝʥʥʷ ʚʽʙʨʘʮʽʡ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.15. 

ʇʨʠ ʚʠʙʦʨʽ ʚʽʙʨʦʩʪʝʥʜʫ, ʜʦ ʫʚʘʛʠ ʙʝʨʫʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ. 

ɼʽʘʧʘʟʦʥ ʯʘʩʪʦʪ. ɺʝʨʭʥʽ ʜʽʘʧʘʟʦʥʠ ʯʘʩʪʦʪ ʜʦʩʪʫʧʥʽ ʪʽʣʴʢʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʙʨʦʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɿʘʛʘʣʦʤ, ʯʠʤ ʙʽʣʴʰʝ 

ʩʠʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʙʫʜʥʠʢʘ, ʪʠʤ ʥʠʞʯʝ ʙʫʜʝ ʡʦʛʦ 

ʚʝʨʭʥʷ ʯʘʩʪʦʪʘ. ʆʜʥʘʢ ʥʘʚʽʪʴ ʝʣʝʢʪʨʦʤʘʛʥ̔ ʪʥʠʡ ʚʽʙʨʘʪʦʨ ʥʘ ʟʫʩʠʣʣʷ ʚ 180 ʢʅ, 

ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʚʝʨʭʥʶ ʢʦʨʠʩʥʫ ʯʘʩʪʦʪʫ ʚ 2000 ɻʮ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟ ʤʝʭʘʥʽʯʥʠʤ ʟʙʫʜʥʠʢʦʤ ʧʦʪʨʽʙʥʦ ʰʚʠʜʢʽʩʪʴ 120 000 ʦʙ/ʭʚ. 
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ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ, ʷʢʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʤʝʥʰʠʭ (ʤʘʩʦ-ʛʘʙʘʨʠʪʥʠʭ) 

ʤʝʭʘʥʽʯʥʠʭ ʚʫʟʣʽʚ, ʦʙʤʝʞʝʥʘ ʧʨʠʙʣʠʟʥʦ 120 ɻʮ (7200 ʦʙ / ʭʚ), ʘ ʜʣʷ ʙʽʣʴʰʠʭ 

ʤʘʰʠʥ - 60 ɻʮ (3600 ʦʙ / ʭʚ). ɻʽʜʨʘʚʣʽʯʥʽ ʩʝʨʽʡʥʽ  ʘʛʨʝʛʘʪʠ ʚ ʜʘʥʠʡ ʯʘʩ ʦʙʤʝʞʝʥʽ 

ʯʘʩʪʦʪʦʶ ʙʣʠʟʴʢʦ 200 ɻʮ.  

ʊʘʙʣʠʮʷ 1.1  

ʉʧʦʩʦʙʠ ʟʙʫʜʞʝʥʥʷ ʚʽʙʨʘʮʽʡ 

 

 

ʉʧʦʩʽʙ 

ʟʙʫʜʞʝʥʥʷ 

ʚʽʙʨʘʮʽʾ 

ʄʦʞʣʠʚʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʚʽʙʨʘʮʽʾ 
 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ, ɻʮ 

ʘʤʧʣʽʪʫʜʠ ʛʘʨʤʦʥʽʯʥʦʾ ʟʙʫʜʞʫʶʯʦʾ 

ʩʠʣʠ, ʢʅ 

ʜʦ 10 ʚʽʜ10 

ʜʦ100 

ʚʽʜ 100 

ʜʦ1000 

ʙʽʣʴʰʝ 

1000 

ʜʦ 0,1 ʚʽʜ0,1 

ʜʦ1,0 

ʚʽʜ1,0 

ʜʦ10 

ɹʽʣʴʰʝ 

10 

ɻʘʨʤʦ-

ʥʽʯʥʘ 

ɺʠʧʘʜ-

ʢʦʚʘ 

ɽʣʝʢʪʨʦʜʠ

-ʥʘʤʽʯʥʠʡ 
+ ++ ++ ++ ++ ++ ++ + ++ ++ 

ɽʣʝʢʪʨʦ- 

ʤʘʛʥʽʪʥʠʡ + ++ *  *  ++ ++ + *  + *  

ʄʝʭʘʥʽʯ-

ʥʠʡ ++ ++ *  *  ++ ++ + *  + *  

ɻʽʜʨʦʝʣʝʢ-

ʪʨʠʯʥʠʡ + ++ *  *  ++ ++ ++ + + *  

ɻʽʜʨʦʤʝʭʘ

-ʥʽʯʥʠʡ ++ + *  *  ++ ++ ++ + + *  

ʇ ʻʟʦʝʣʝʢʪ

-ʨʠʯʥʠʡ *  *  *  ++ ++ *  *  *  ++ + 

++ ʜʦʩʷʛʥʫʪʦ  ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʦʩʪʝʥʜʽʚ ʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ; 

+   ʜʦʩʷʛʥʫʪʦ ʦʢʨʝʤʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ; 

*__ʥʝ ʜʦʩʷʛʥʫʪʦ. 

 

ʆʙʤʝʞʝʥʥʷ ʧʦ ʛʝʥʝʨʫʶʯʦʤʫ ʟʫʩʠʣʣʶ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

(ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ) ʚʽʙʨʦʩʪʝʥʜʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʚʝʢʪʦʨʥʫ ʩʠʣʫ 

180 ʢʅ. ɼʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʯʘʩʪʦʪʦʶ ʜʣʷ ʚʽʙʨʦʩʪʝʥʜʽʚ ʚʠʩʦʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʮʴʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʚʝʣʠʢʫ ʚʘʨʪʽʩʪʴ. ɺ ʤʝʞʘʭ ʯʘʩʪʦʪʥʠʭ ʦʙʤʝʞʝʥʴ ʚ 

ʤʝʭʘʥʽʯʥʠʭ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʚʽʜʧʦʚʽʜʥʽ ʘʙʦ ʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʩʠʣʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʤʝʥʰʠʭ ʚʠʪʨʘʪʘʭ [43]. 

ʆʜʥʘʢ ʟʙʫʜʥʠʢʠ ʤʝʭʘʥʽʯʥʠʭ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʠʧʽʚ ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʦʾ 

ʨʝʪʝʣʴʥʦʩʪʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʽʥʘʢʰʝ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʪʘʶʪʴ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ. ʊʘʢ ʤʝʭʘʥʽʯʥʽ ʚʽʙʨʘʪʦʨʠ ʩʭʠʣʴʥʽ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 

ʧʽʜʰʠʧʥʠʢʽʚ ʽ ʰʝʩʪʝʨʝʥʴ, ʪʦʜʽ ʷʢ ʧʨʦʙʣʝʤʠ ʟ ʢʣʘʧʘʥʘʤʠ ʽ ʫʱʽʣʴʥʶʚʘʯʘʤʠ ʻ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʛʽʜʨʘʚʣʽʯʥʠʭ; 
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          ʘ) ʙ) ʚ) 

 

ʈʠʩ.1.15. ʂʦʥʩʪʨʫʢʪʠʚʠ ʚʽʙʨʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʟʙʫʜʞʝʥʥʷ ʚʽʙʨʘʮʽʡ 

ʅʘ ʨʠʩ.1.15. ʟʦʙʨʘʞʝʥʦ: ʘ)  ʤʝʭʘʥʽʯʥʠʡ, ʙ) ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʡ, ʚ) 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʩʧʦʩʽʙ ʟʙʫʜʞʝʥʥʷ ʚʽʙʨʘʮʽʾ.  

ʄʘʢʩʠʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ. ʊʨʦʭʠ ʙʽʣʴʰʝ 2,5ʩʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʚʝʨʭʥʴʦʶ ʤʝʞʝʶ ʟʤʽʱʝʥʥʷ ʚʽʜ ʧʽʢʫ ʜʦ ʧʽʢʫ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʙʫʜʥʠʢʘ. 

ʄʝʭʘʥʽʯʥʽ ʪʠʧʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʤʽʱʝʥʥʷ ʜʦ 15ʩʤ, ʦʜʥʘʢ ʥʘʡʙʽʣʴʰʠʡ 

ʭʽʜ  ʚ 45 ʩʤ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʤ ʟʙʫʜʥʠʢʦʤ; 

ʄʘʛʥʽʪʥʽ ʧʦʣʷ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʙʫʜʥʠʢʘ ʧʦʪʨʽʙʥʦ 

ʚʽʜʥʦʩʥʦ ʩʠʣʴʥʝ ʬʽʢʩʦʚʘʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʽʥʦʜʽ ʧʦʪʨʽʙʥʽ ʦʩʦʙʣʠʚʽ ʟʘʧʦʙʽʞʥʽ 

ʟʘʭʦʜʠ ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʧʝʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʩʦʣʝʥʦʾʜʠ ʘʙʦ ʨʝʣʝ, ʘʙʦ ʙʫʜʴ-

ʷʢʽ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ  ʽʥʜʫʢʦʚʘʥʘ ʥʘʧʨʫʛʘ ʤʦʞʝ ʙʫʪʠ ʧʨʦʙʣʝʤʦʶ. ʍʦʯʘ ʧʦʪʽʢ 

ʤʘʛʥʽʪʥʠʭ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙʤʝʞʝʥʠʡ ʩʪʨʫʢʪʫʨʦʶ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ, ʧʨʦʪʝ, ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʚʽʙʨʦʩʪʝʥʜʘ ʧʨʠʩʫʪʥʽʡ ʚʽʜʥʦʩʥʦ 

ʚʠʩʦʢʠʡ ʧʦʪʽʢ ʨʦʟʩʽʶʚʘʥʥʷ. ʎʝ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʧʨʝʜʤʝʪʽʚ, ʯʫʪʣʠʚʠʭ 

ʜʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ [44]. ʊʦʤʫ, ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʽʥʦʜʽ 

ʥʘʚʢʦʣʦ ʩʪʦʣʫ ʚʽʙʨʦʩʪʝʥʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʪʫʰʢʠ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ; 

ʅʝʩʠʥʫʩʦʾʜʘʣʴʥʽ ʟʙʫʜʞʝʥʥʷ. ʈʫʭʠ ʩʪʦʣʘ ʚʽʙʨʦʩʪʝʥʜʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ ʘʙʦ ʩʢʣʘʜʥʠʤʠ, ʧʝʨʽʦʜʠʯʥʠʤʠ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʠʧʘʜʢʦʚʠʤʠ. 

ʍʦʯʘ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʨʫʭ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʧʨʠ ʚʽʙʨʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʽʥʦʜʽ ʚʢʘʟʫʶʪʴʩʷ ʽʥʰʽ ʬʦʨʤʠ ʽ ʟʘʢʦʥʠ ʨʫʭʫ, ʘ ʪʘʢʦʞ 

ʚʠʧʘʜʢʦʚʠʡ ʨʫʭ [45]. ʋ ʮʽʡ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʟʙʫʜʥʠʢ ʢʦʨʠʩʪʫʻʪʴʩʷ 

ʤʘʡʞʝ ʚʠʥʷʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ. ʍʦʯʘ ʛʽʜʨʘʚʣʽʯʥʠʡ ʪʠʧ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠ 
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ʥʝʛʘʨʤʦʥʽʯʥʽ ʨʫʭʠ, ʧʨʦʪʝ ʪʦʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʦʶ ʬʦʨʤʦʶ ʭʚʠʣʽ ʫ ʥʴʦʛʦ 

ʜʫʞʝ ʩʢʣʘʜʥʝ. ɯ ʪʫʪ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʢʣʘʧʘʥʽʚ, ʷʢʽ ʢʝʨʫʶʪʴ ʧʦʪʦʢʘʤʠ 

ʨʽʜʠʥʠ, ʤʦʞʝ ʟʤʽʥʠʪʠ ʩʠʪʫʘʮʽʶ. 

 

1.6. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʪʘ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʜʘʪʯʠʢʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʪʘ ʩʠʩʪʝʤ  ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ɺ ʪʝʭʥʽʯʥʠʭ ʛʘʣʫʟʷʭ ʜʘʪʯʠʢʠ ʚʽʙʨʘʮʽʾ ʤʘʶʪʴ ʜʫʞʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʪʦʤʫ ʮʝ ʩʧʨʠʯʠʥʶʻ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʚʘʞʣʠʚʦʩʪʽ ʱʦʜʦ ʾʭ ʨʦʟʨʦʙʦʢ ʪʘ 

ʜʦʩʣʽʜʞʝʥʴ. ɺ ʜʘʥʠʡ ʯʘʩ, ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʷʛʥʝʥʴ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʩʪʽʡʥʦ 

ʧʦʣʽʧʰʫʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʫʩʫʚʘʶʪʴʩʷ ʥʝʜʦʣʽʢʠ ʧʨʠʪʘʤʘʥʥʽ 

ʜʘʪʯʠʢʘʤ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʽʜʚʠʱʫʻʪʴʩʷ ʾʭ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʪʘ ʯʫʪʣʠʚʽʩʪʴ. ɺ ʧʝʨʩʧʝʢʪʠʚʽ ʨʦʟʚʠʪʦʢ 

ʚʽʙʨʦʜʘʪʯʠʢʽʚ ʧʦʣʷʛʘʻ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʘʭ: 

- ɺʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɺ ʥʘʰ ʯʘʩ  ʧʨʦʤʠʩʣʦʚʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ 

ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ, ʧʨʠʜʽʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʫʚʘʛʠ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʘʤ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʪʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʤʽʢʨʦ ʚʽʙʨʘʮʽʾ, ʜʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʽ ʜʘʪʯʠʢʠ  

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡ ʚ ʰʠʨʦʢʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ 

ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʰʚʠʜʢʠʡ ʯʘʩ ʨʝʘʛʫʚʘʥʥʷ, ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʟʘʧʠʪ ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

- ɯʥʪʝʛʨʦʚʘʥʽ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʘ ʤʦʜʫʣʴʥʽ ʨʽʰʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʜʦʩʚʽʜ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤ, ʟʤʝʥʰʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʜʘʪʯʠʢʘ ʫ ʚʘʟʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʘʧʘʨʘʪʥʦʾ ʩʠʩʪʝʤʠ ʩʝʥʩʦʨʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʾʭ ʦʙʨʦʙʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʫ ʜʦ 

ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʦʙôʻʢʪʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʫʣʴʪʠʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʩʠʥʪʝʟʫ, ʧʦʻʜʥʫʚʘʣʠ ʪʝʭʥʦʣʦʛʽʶ ʜʘʪʯʠʢʽʚ 

ʚʽʙʨʘʮʽʾ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ, ʷʢ ʨʝʛʽʩʪʨʘʮʽʾ, ʪʘʢ ʽ ʘʥʘʣʽʟʫ, ʤʘʣʠ 

ʙʝʟʜʨʦʪʦʚʝ ʜʠʩʪʘʥʮʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʨʦʙʣʷʯʠ ʟʘʩʦʙʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʣʝʛʢʦ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʜʣʷ ʚʩʽʭ ʮʠʬʨʦʚʠʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ, ʤʦʜʫʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 
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- ɺʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʘʚʘʜ ʪʘ ʚʠʭʽʜ ʟ ʥʠʟʴʢʠʤ ʽʤʧʝʜʘʥʩʦʤ. ʈʽʟʥʦʤʘʥʽʪʥʽ 

ʟʦʚʥʽʰʥʽ ʟʘʚʘʜʠ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʜʘʪʯʠʢʽʚ. ʊʦʤʫ ʜʘʪʯʠʢʠ ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʧʨʦʪʠ ʟʘʚʘʜ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʣʘʟʝʨʥʠʭ 

ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʜʘʪʯʠʢʽʚ ʚʽʙʨʘʮʽʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʰʣʷʭʫ. ɺ ʪʦʡ ʞʝ 

ʯʘʩ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ ʥʠʟʴʢʦʛʦ ʽʤʧʝʜʘʥʩʫ ʚʠʭʦʜʫ, ʱʦ ʟʤʝʥʰʫʻ ʚʠʤʦʛʠ ʜʦ 

ʩʭʝʤʠ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ. 

- ɺʠʩʦʢʘ ʘʜʘʧʪʦʚʘʥʽʩʪʴ ʜʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʠʩʪʘʥʮʽʡʥʝ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʜʘʪʯʠʢʘ ʚʽʙʨʘʮʽʾ, ʱʦʙ ʚʽʥ ʤʽʛ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʫ 

ʩʫʚʦʨʠʭ ʫʤʦʚʘʭ, ʧʨʠ ʚʽʙʨʘʮʽʷʭ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʜʘʥʫ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ. ɿʘʙʝʟʧʝʯʠʪʠ ʜʠʩʪʘʥʮʽʡʥʝ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ 

ʧʦʜʦʣʘʪʠ ʙʘʨ'ʻʨʠ ʜʣʷ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʴ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ 

ʦʙ ʻʢʪʘʭ.  

ɺʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʙʨʘʮʽʡʥʠʭ ʩʪʝʥʜʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʪʠʣʝʞʥʽʩʪʴ ʦʢʨʝʤʠʭ ʚʠʤʦʛ ʥʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʦʢʨʝʤʠʭ 

ʫʥʽʢʘʣʴʥʠʭ ʪʘ ʜʦʨʦʛʠʭ ʩʪʝʥʜʽʚ. ʆʜʥʘʢ ʜʣʷ ʤʘʩʦʚʠʭ ʚʠʨʦʙʽʚ ʜʦʩʪʘʪʥʴʦ 

ʚʽʙʨʦʽʩʧʠʪʽʚ ʩʝʨʝʜʥʴʦʛʦ ʩʪʫʧʝʥʶ ʩʢʣʘʜʥʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘ 

ʤʝʭʘʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʩʪʝʥʜʘʭ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʟʘ ʥʘʷʚʥʽʩʪʴ ʣʽʥʽʡʥʦʛʦ 

ʧʨʠʚʦʜʫ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʘʤʧʣʽʪʫʜ ʩʠʣʦʚʠʭ 

ʢʦʣʠʚʘʥʴ, ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʚʽʙʨʘʮʽʡ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʥʘ 

ʤʝʭʘʥʽʯʥʠʭ ʩʪʝʥʜʘʭ. ɺ ʜʘʥʠʡ ʯʘʩ, ʷʢ ʚʽʜʟʥʘʯʘʣʦʩʷ, ʚʽʙʨʦʩʪʝʥʜʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʪʠʧʫ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʥʝʛʘʨʤʦʥʽʯʥʠʡ ʨʫʭ, ʘʣʝ ʻ ʩʢʣʘʜʥʦʱʽ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʪʦʯʥʦʛʦʛ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʦʶ ʬʦʨʤʦʶ ʚʽʙʨʘʮʽʾ. ɯ ʪʫʪ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ 

ʢʣʘʧʘʥʽʚ ʛʽʜʨʦʩʠʩʪʝʤ ʚ ʩʪʦʨʦʥʫ ʾʭ ʰʚʠʜʢʦʜʽʾ ʤʦʞʝ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʠʪʠ 

ʩʠʪʫʘʮʽʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʥʘʡʚʘʞʣʠʚʽʰʽ ʧʨʠʦʨʽʪʝʪʠ 

ʨʦʟʚʠʪʢʫ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʦʩʪʝʥʜʽʚ ʥʘ ʙʘʟʽ ʣʽʥʽʡʥʠʭ ʧʨʠʚʦʜʽʚ ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʜʽʾ: 

- ʚʝʣʠʢʽ ʘʤʧʣʽʪʫʜʠ ʩʠʣʠ; 

- ʰʠʨʦʢʠʡ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʧʨʦʙʫʚʘʥʴ; 

- ʤʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ; 
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- ʯʽʪʢʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʩʪʚʦʨʶʚʘʥʦʾ ʚʽʙʨʘʮʽʾ; 

- ʚʽʜʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʾ ʨʽʟʥʦʛʦ ʪʠʧʫ (ʛʘʨʤʦʥʽʡʥʦʾ, ʚʠʧʘʜʢʦʚʦʾ, ʟʘ ʟʘʜʘʥʦʶ 

ʧʨʦʛʨʘʤʦʶ) ; 

- ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ ʢʦʥʢʫʨʝʥʪʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ. 

ʎʽ ʷʢʦʩʪʽ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʽ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʩʪʨʽʤʥʦ ʨʦʩʪʫʯʠʭ ʛʘʣʫʟʷʭ, 

ʦʩʦʙʣʠʚʦ ʤʦʙʽʣʴʥʠʭ ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʚ ʛʘʣʫʟʷʭ ʘʚʽʘʮʽʡʥʦʾ ʪʘ 

ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. 

 

1.7. ʊʠʧʠ ʩʠʩʪʝʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭʧʘʨʘʤʝʪʨʽʚ ʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʤʘʰʠʥ 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʩʢʣʘʜʥʦʩʪʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʤʘʰʠʥ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʨʠ ʪʠʧʠ 

ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ: ʙʘʟʦʚʘ ʩʠʩʪʝʤʘ, ʧʦʨʪʘʪʠʚʥʘ 

ʩʠʩʪʝʤʘ ʽ ʢʦʤʧ'ʶʪʝʨʥʘ ʩʠʩʪʝʤʘ.  

ʇʝʨʰʠʡ ʪʠʧ, ʷʢʠʡ ʤʦʞʥʘ ʧʦʟʥʘʯʠʪʠ ʷʢ ʙʘʟʦʚʫ ʩʠʩʪʝʤʫ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʨʦʩʪʦʛʦ ʚʽʙʨʦʤʝʪʨʘ, ʩʪʨʦʙʦʩʢʦʧʘ ʽ ʛʘʨʥʽʪʫʨʠ. ɺʽʙʨʦʤʝʪʨ ʚʠʤʽʨʶʻ ʟʘʛʘʣʴʥʽ 

ʨʽʚʥʽ ʚʽʙʨʘʮʽʾ (ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʘʙʦ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʘʙʦ 

ʰʚʠʜʢʦʩʪʽ) ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ, ʩʪʨʦʙʦʩʢʦʧ ʧʦʢʘʟʫʻ ʰʚʠʜʢʽʩʪʴ 

ʤʘʰʠʥʠ, ʘ ʛʘʨʥʽʪʫʨʘ ʜʦʧʦʤʘʛʘʻ ʯʫʪʠ ʚʽʙʨʘʮʽʶ ʤʘʰʠʥʠ. ʇʦʢʘʟʘʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʟʙʝʨʝʞʝʥʠʤʠ ʨʘʥʽʰʝ 

ʜʽʘʛʨʘʤʘʤʠ, ʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʟʘʜʘʥʠʭ ʫʤʦʚ. ɿʘʛʘʣʴʥʽ ʨʽʚʥʽ ʚʽʙʨʘʮʽʾ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʢʦ ʟʤʽʥʶʻʪʴʩʷ ʩʪʘʥ 

ʤʘʰʠʥʠ. ɺʽʙʨʦʤʝʪʨ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʧʦʨʪʘʪʠʚʥʠʤ 

ʢʦʤʧ'ʶʪʝʨʦʤ ʜʣʷ ʟʙʦʨʫ ʽ ʟʙʝʨʽʛʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. ɯʥʦʜʽ ʜʦʩʚʽʜʯʝʥʠʡ 

ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʚʽʙʨʘʮʽʶ (ʟʚʫʢ) ʤʘʰʠʥʠ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ 

ʯʘʩʫ ʽ ʚʟʥʘʯʘʪʠ ʾʾ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʪʘʢʽ ʷʢ 

ʥʝʩʧʽʚʚʽʩʥʽʩʪʴ, ʜʠʩʙʘʣʘʥʩ ʘʙʦ ʦʩʣʘʙʣʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʜʝʪʘʣʝʡ, 

ʤʦʞʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʚʽʟʫʘʣʴʥʦ. 
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ʇʦʨʪʘʪʠʚʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʨʪʘʪʠʚʥʦʛʦ 

ʚʽʙʨʦʘʥʘʣʽʟʘʪʦʨʘ ʟ ʰʚʠʜʢʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ (ʐʇʌ), ʪʘ ʞʠʚʠʪʴʩʷ ʚʽʜ 

ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ. ʎʽ ʚʽʙʨʦʘʥʘʣʽʟʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʰʣʷʭʦʤ ʟʘʧʠʩʫ ʽ ʟʙʝʨʝʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʙʨʘʮʽʾ ʚʽʜ ʢʦʞʥʦʾ ʟ 

ʪʦʯʦʢ ʚʠʤʽʨʫ. ʂʦʞʝʥ ʟʥʦʚʫ ʟʘʧʠʩʘʥʠʡ ʩʧʝʢʪʨ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʝʪʘʣʦʥʥʠʤ 

ʩʧʝʢʪʨʦʤ, ʷʢʠʡ ʙʫʚ ʟʘʧʠʩʘʥʠʡ ʚ ʪʽʡ ʢʦʥʢʨʝʪʥʽʡ ʪʦʯʮʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʢʦʣʠ ʙʫʣʦ 

ʚʽʜʦʤʦ, ʱʦ ʤʘʰʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʭʦʨʦʰʦʤʫ ʩʪʘʥʽ. ɹʫʜʴ-ʷʢʝ ʟʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜ ʚ ʥʦʚʦʤʫ ʩʧʝʢʪʨʽ ʚʢʘʟʫʻ ʜʝʬʝʢʪ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʩʣʽʜʫʚʘʥʥʷ. ɺʽʙʨʦʘʥʘʣʽʟʘʪʦʨ ʪʘʢʦʞ ʤʘʻ ʧʝʚʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ. ɿ ʨʦʟʚʠʪʢʦʤ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʨʪʘʪʠʚʥʽ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ 

ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰʝ ʘʚʪʦʥʦʤʥʠʤʠ ʪʘ ʩʘʤʦʜʦʩʪʘʪʥʽʤʠ. 

ʂʦʤʧ'ʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʢʦʨʠʩʥʘ ʽ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʘ, 

ʢʦʣʠ ʯʠʩʣʦ ʤʘʰʠʥ, ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʢʦʥʪʨʦʣʶ ʽ ʩʢʣʘʜʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʟʨʦʩʪʘʶʪʴ.  

ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʘʣʽʟʘʪʦʨʘ ʚʽʙʨʘʮʽʾ FFT ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ 

ʜʣʷ ʚʝʜʝʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ, ʷʢʘ ʪʘʢʦʞ ʤʦʞʝ ʥʘʜʘʚʘʪʠ 

ʜʽʘʛʥʦʩʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ. ɼʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʜʠʩʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʘ ʘʙʦ ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ (ʜʠʚ. 

ʈʠʩ.1.16). 

 

ʈʠʩ.1.16. ʊʨʠʚʠʤʽʨʥʠʡ ʛʨʘʬʽʢ ʜʘʥʠʭ 
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ɼʝʷʢʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʢʦʧʠʯʫʚʘʯʽ ʜʣʷ ʟʘʧʠʩʫ 

ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜ ʢʦʞʥʦʾ ʤʘʰʠʥʠ ʚ ʫʩʽʭ ʪʦʯʢʘʭ ʚʠʤʽʨʶʚʘʥʥʷ. ʎʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʪʚʦʨʝʥʽ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽ ʧʦʜʘʣʴʰʦʾ 

ʦʙʨʦʙʢʠ. 

 

1.8. ʇʨʠʥʮʠʧʠ    ʧʦʙʫʜʦʚʠ  ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ 

ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʇʨʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʥʽ ʟʨʘʟʢʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ʩʝʨʽʷ 

ʜʠʥʘʤʽʯʥʠʭ (ʫʜʘʨʥʠʭ) ʪʘ ʚʽʙʨʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ, ʪʘʢ ʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʽʚ ʧʨʠ ʫʜʘʨʥʠʭ ʽ 

ʚʽʙʨʘʮʽʡʥʠʭ ʚʧʣʠʚʘʭ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʷʢ 

ʤʝʭʘʥʽʯʥʽ ʜʽʾ ʚʠʢʣʠʢʘʶʪʴ ʦʩʣʘʙʣʝʥʥʷ ʟ'ʻʜʥʘʥʴ (ʨʽʟʴʙʦʚʠʭ, ʟʚʘʨʥʠʭ, ʢʣʝʧʘʥʠʭ, 

ʢʣʝʡʦʚʠʭ ʽ ʪ.ʜ.), ʜʝʬʦʨʤʘʮʽʶ ʽ ʧʦʣʦʤʢʫ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥ ʢʦʥʩʪʨʫʢʮʽʾ ʦʜʠʥ ʱʦʜʦ ʦʜʥʦʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʧʦʨʫʰʫʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʜʘʪʥʦʩʪʽ ʚʫʟʣʘ ʘʙʦ ʚʠʨʦʙʫ. 

ʋʜʘʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʢʣʘʩʠ:  

1) ʚʧʣʠʚ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

2) ʫʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʝ ʜʠʥʘʤʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʠʭ ʜʚʦʭ ʪʠʧʽʚ ʚʠʧʨʦʙʫʚʘʥʴ - ʚʠʥʠʢʥʝʥʥʷ 

ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʦʯʽʢʫʚʘʥʥʷ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ, ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʝʭʥʽʢʠ ʥʘ 

ʫʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ: 

- ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʦʙ'ʻʢʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦ ʜʽʾ ʫʜʘʨʫ; 

- ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʦʙ'ʻʢʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʜ ʯʘʩ ʫʜʘʨʫ; 

- ʧʨʦ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʩʣʷ ʫʜʘʨʫ; 

- ʧʨʦ ʭʘʨʘʢʪʝʨ ʫʜʘʨʫ. 



 
 

 
69 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʦʙ'ʻʢʪʽʚ ʪʝʭʥʽʢʠ ʽʩʥʫʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʦʟʨʦʙʮʽ ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ, ʧʦʨʪʘʪʠʚʥʠʭ, 

ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʫʶʯʠʭ ʟʘʩʦʙʽʚ ʱʦ ʧʨʘʮʶʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʚʠʧʨʦʙʫʚʘʥʦʤʫ ʦʙ'ʻʢʪʽ ʚ ʫʤʦʚʘʭ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [3, 19]. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʻʩʪʨʘʪʦʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʠʧʨʦʙʫʚʘʥʦʤʫ ʦʙ'ʻʢʪʽ ʚ 

ʫʤʦʚʘʭ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʝʜ'ʷʚʣʷʻ ʜʦ ʨʝʻʩʪʨʘʪʦʨʘ ʥʘʩʪʫʧʥʽ ʩʧʝʮʽʘʣʴʥʽ 

ʚʠʤʦʛʠ: ʤʘʣʽ ʛʘʙʘʨʠʪʠ ʽ ʤʘʩʘ; ʘʚʪʦʥʦʤʥʽʩʪʴ; ʚʽʙʨʦ-ʽ ʫʜʘʨʦʩʪʽʡʢʽʩʪʴ; 

ʥʝʯʫʪʣʠʚʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ; ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʙʘʛʘʪʦ ʨʘʟʽʚ ʟʨʦʩʪʘʻ ʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʘʧʘʨʘʪʫʨʥʦʛʦ ʽ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ: 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ ʨʦʙʦʪʠ ʨʝʻʩʪʨʫʶʯʠʭ ʟʘʩʦʙʽʚ ʥʘ ʙʦʨʪʫ 

ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʪʝʭʥʽʢʠ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʭʦʜʫ ʨʝʻʩʪʨʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʇʂ ʟ ʧʦʜʘʣʴʰʠʤ ʝʢʩʧʨʝʩ - ʘʥʘʣʽʟʦʤ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʢʘʟʘʥʠʤ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ 

ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʙʦʪʠ ʚ ʘʚʪʦʥʦʤʥʦʤʫ 

ʨʝʞʠʤʽ ʚ ʥʝʦʙʩʣʫʛʦʚʫʚʘʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ 

ʛʨʫʧʠ: 

- ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ; 

- ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʠʤʦʛʠ; 

- ʚʠʤʦʛʠ ʜʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʚʠʧʣʠʚʘʶʪʴ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʧʨʦʙʫʚʘʥʴ. ʊʘʢ ʷʢ 

ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʯʘʪʢʫ ʨʝʻʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʥʝʚʽʜʦʤʠʡ, ʨʝʻʩʪʨʘʪʦʨ ʧʦʚʠʥʝʥ 

ʧʝʨʝʭʦʜʠʪʠ ʟ ʨʝʞʠʤʫ ʦʯʽʢʫʚʘʥʥʷ ʚ ʨʝʞʠʤ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦ ʩʠʥʭʨʦʩʠʛʥʘʣʫ ʘʙʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʋ ʤʦʤʝʥʪ ʧʦʷʚʠ ʩʠʛʥʘʣʫ 

ʥʘ ʽʥʪʝʨʚʘʣʽ ʦʯʽʢʫʚʘʥʥʷ ʘʙʦ ʧʽʩʣʷ ʧʨʠʭʦʜʫ ʽʤʧʫʣʴʩʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʝʻʩʪʨʘʪʦʨ 

ʧʦʚʠʥʝʥ ʧʨʦʚʝʩʪʠ ʟʘʧʫʩʢ ʽ ʨʝʻʩʪʨʘʮʽʶ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ, ʧʦʪʽʤ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʞʠʤ ʟʙʝʨʽʛʘʥʥʷ ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʽʥʽʤʘʣʴʥʠʤ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʽ ʟʯʠʪʫʚʘʥʥʷ ʾʾ ʚ ʙʘʟʦʚʠʡ ʇʂ ʜʣʷ ʦʙʨʦʙʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ ʥʘʣʝʞʘʪʴ [3, 13]: 

- ʪʨʠʚʘʣʝ ʦʯʽʢʫʚʘʥʥʷ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ; 

- ʘʚʪʦʤʘʪʠʯʥʘ ʨʝʻʩʪʨʘʮʽʷ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʜʦ ʫʜʘʨʫ, ʧʽʜ ʯʘʩ ʫʜʘʨʫ ʽ ʧʽʩʣʷ 

ʫʜʘʨʫ (ʧʽʜʚʠʱʝʥʠʡ ʯʘʩ ʨʝʻʩʪʨʘʮʽʾ) ʧʦ ʢʦʤʘʥʜʽ çʇʫʩʢè; 

- ʘʚʪʦʤʘʪʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦʯʘʪʢʫ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʨʝʻʩʪʨʘʮʽʷ 

ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ; 

-ʧʨʠʚô̫ ʟʢʘ ʜʦ ʻʜʠʥʦʛʦ ʯʘʩʫ ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ 

(ʩʠʥʭʨʦʥʽʟʘʮʽʷ); 

-ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʝʻʩʪʨʘʪʦʨʘ ʙʝʟ ʾʾ 

ʨʫʡʥʫʚʘʥʥʷ (ʢʦʥʪʨʦʣʴ ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ); 

-ʪʨʠʚʘʣʝ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. 

ɿʙʝʨʽʛʘʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʬʫʥʢʮʽʾ ʨʝʻʩʪʨʘʪʦʨ ʤʦʞʝ 

ʣʠʰʝ ʧʨʠ ʜʦʩʪʘʪʥʴʦʤʫ ʟʘʭʠʩʪʽ ʚʽʜ ʚʧʣʠʚʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ: 

- ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʨʦʙʦʪʠ ʚ ʩʢʣʘʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ 

(ʟʘʧʠʣʝʥʽʩʪʴ, ʚʦʣʦʛʽʩʪʴ); 

- ʨʦʙʦʪʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ; 

- ʫʜʘʨʦ - ʽ ʚʽʙʨʦʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ; 

- ʘʚʪʦʥʦʤʥʽʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʨʝʻʩʪʨʘʪʦʨʽʚ. 

ɸʚʪʦʥʦʤʥʽʩʪʴ ʨʝʻʩʪʨʘʪʦʨʽʚ - ʦʩʥʦʚʥʘ ʚʣʘʩʪʠʚʽʩʪʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʨʦʙʦʪʫ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʘʭ ʪʝʭʥʽʢʠ. ʇʽʜ ʥʝʶ ʨʦʟʫʤʽʻʪʴʩʷ 

ʝʥʝʨʛʝʪʠʯʥʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʘʚʪʦʥʦʤʥʽʩʪʴ (ʥʝʟʘʣʝʞʥʽʩʪʴ) 

ʨʝʻʩʪʨʘʪʦʨʽʚ ʧʨʠ ʚʠʤʽʨʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [8, 57]. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʻʩʪʨʘʪʦʨʘ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʚʠʧʨʦʙʫʚʘʥʦʤʫ ʦʙ'ʻʢʪʽ ʚ ʫʤʦʚʘʭ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʝʜ'ʷʚʣʷʻ ʜʦ 

ʨʝʻʩʪʨʘʪʦʨʘ ʩʧʝʮʽʘʣʴʥʽ ʚʠʤʦʛʠ. ɺʦʥʠ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ ʨʝʻʩʪʨʘʪʦʨ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝʦʙʩʣʫʛʦʚʫʚʘʥʠʤ, ʘʚʪʦʥʦʤʥʠʤ, ʤʘʣʦʛʘʙʘʨʠʪʥʠʤ ʽ 

ʚʠʩʦʢʦʥʘʜʽʡʥʠʤ ʚ ʫʤʦʚʘʭ ʚʽʙʨʘʮʽʡ ʽ ʫʜʘʨʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʚ ʢʘʥʘʣʽ - ʮʝ ʧʽʜʩʠʣʶʚʘʯ, ɸʎʇ, 
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ʤʽʢʨʦʧʨʦʮʝʩʦʨ (ʮʠʬʨʦʚʠʡ ʘʚʪʦʤʘʪ) ʽ ʧʨʠʩʪʨʽʡ. ɺʩʽ ʽʥʰʽ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ 

ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʣʴʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʥʝ ʧʽʜʜʘʻʪʴʩʷ 

ʫʜʘʨʥʠʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʽ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʨʝʻʩʪʨʘʪʦʨʘ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ.ʌʫʥʢʮʽʦʥʘʣʴʥʘ 

ʘʚʪʦʥʦʤʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ ʨʝʻʩʪʨʘʪʦʨʘ ʚʠʢʦʥʫʚʘʪʠ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ 

ʙʝʟ ʢʝʨʫʶʯʦʾ ʢʦʤʘʥʜʠ çʟʟʦʚʥʽè. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʨʦʙʦʪʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʘʧʨʽʦʨʥʦ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʚʪʦʥʦʤʥʦʩʪʽ 

ʨʝʻʩʪʨʘʪʦʨ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ ʨʷʜʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ [3, 13]: 

- ʚʥʫʪʨʽʰʥʽʤ ʫʧʨʘʚʣʽʥʥʷʤ ʨʦʙʦʪʦʶ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ; 

- ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʝʨʝʭʦʜʦʤ ʟ ʨʝʞʠʤʫ ʨʝʻʩʪʨʘʮʽʾ ʚ çʩʧʣʷʯʠʡè ʨʝʞʠʤ ʘʙʦ 

ʨʝʞʠʤ ʚʠʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ; 

- ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʦʶ ʚʥʫʪʨʽʰʥʴʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ; 

- ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʘʧʨʽʦʨʥʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʻʩʪʨʘʪʦʨʘ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ, ʚʠʩʫʥʫʪʠʭ ʜʦ ʨʝʻʩʪʨʘʪʦʨʘ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʧʨʠʥʮʠʧʠ ʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʨʝʻʩʪʨʘʪʦʨʽʚ: 

- ʩʪʨʫʢʪʫʨʥʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʦ ʪʘ ʫʜʘʨʦʤʽʮʥʠʭ ʽ ʪʝʨʤʦʩʪʘʙʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʜʝʤʧʬʫʚʘʥʥʷ ʧʣʘʪ ʽ ʦʢʨʝʤʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʘʤʦʨʪʠʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʙʣʦʢʽʚ ʽ ʦʩʦʙʣʠʚʦ ʙʣʦʢʫ 

ʞʠʚʣʝʥʥʷ ʨʝʻʩʪʨʘʪʦʨʘ.  

ʇʠʪʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ ʧʨʠ ʚʠʙʦʨʽ ʩʪʨʫʢʪʫʨʠ ʨʝʻʩʪʨʘʪʦʨʘ ʚʽʜʥʦʩʷʪʴʩʷ [3, 

13]. 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʙʝʟ 

ʢʦʤʫʪʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʽ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ; 
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- ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʜʽʾ (ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ) ɸʎʇ, 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʦʟʨʷʜʥʦʩʪʽ ɸʎʇ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʦʙʩʷʛʫ ʧʘʤ'ʷʪʽ; 

- ʤʽʥʽʤʽʟʘʮʽʷ ʯʠʩʣʘ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʻʩʪʨʘʪʦʨʘ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʘʚʪʦʥʦʤʥʦʩʪʽ ʢʘʥʘʣʽʚ ʨʝʻʩʪʨʘʪʦʨʘ; 

- ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʛʥʫʯʢʽʩʪʴ ʨʦʟʚʠʪʢʫ ʩʪʨʫʢʪʫʨʠ ʨʝʻʩʪʨʘʪʦʨʘ; 

- ʤʽʥʽʤʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʽ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ 

ʽʥʬʦʨʤʘʮʽʾ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʨʝʻʩʪʨʘʪʦʨʘ. 

ʉʣʽʜ ʦʩʦʙʣʠʚʦ ʥʘʛʦʣʦʩʠʪʠ ʥʘ ʧʨʦʙʣʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʙʝʟ ʢʦʤʫʪʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʫʩʫʚʘʻ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ (ʥʝʜʽʡʩʥʽ ʚʠʤʽʨʶʚʘʥʥʷ) ʽ ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʠʪʠ 

ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʜʘʪʯʠʢʽʚ ʽ ʟʘʧʠʩʫʶʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʊʦʯʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʚʠʭʦʜʠʪʴ ʟ ʧʝʨʰʦʛʦ ʨʘʟʫ ʥʘʚʽʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʤʽʰʘʥʠʭ ʜʘʪʯʠʢʽʚ. 

ʆʪʞʝ, ʩʪʨʫʢʪʫʨʥʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʥʘʜʽʡʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ ʧʦʣʷʛʘʶʪʴ ʚ 

ʨʦʟʨʦʙʮʽ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʯʠʩʣʦ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʨʝʻʩʪʨʘʪʦʨʽ ʽ ʧʘʨʠʨʫʚʘʪʠ ʘʙʦ 

ʚʠʢʣʶʯʘʪʠ ʚʧʣʠʚ ʾʭ ʚʽʜʤʦʚʠ ʥʘ ʨʦʙʦʪʫ ʨʝʻʩʪʨʘʪʦʨʘ ʚ ʮʽʣʦʤʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʡ ʨʝʻʩʪʨʘʪʦʨ ʤʘʻ ʪʽʣʴʢʠ ʦʜʠʥ ʚʠʭʽʜ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʦʜʠʥ ʟʘʛʘʣʴʥʠʡ ʙʣʦʢ ʧʘʤ'ʷʪʽ, ʪʦ ʚʽʜʤʦʚʘ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʧʨʠʩʪʨʦʾ 

ʚʠʚʝʜʝʥʥʷ ʽ ʙʣʦʢʫ ʧʘʤ'ʷʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʦʚʠ ʚʩʴʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ. ɼʣʷ 

ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʘʚʪʦʥʦʤʥʽʩʪʴ ʨʦʙʦʪʠ 

ʢʘʥʘʣʽʚ ʨʝʻʩʪʨʘʪʦʨʘ. 

ʉʪʨʫʢʪʫʨʥʽ ʤʝʪʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʪʘʢʦʞ ʜʫʙʣʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʩʠʛʥʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ ʽ ʰʠʥ ʞʠʚʣʝʥʥʷ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʭʠʱʝʥʦʩʪʽ ʚʽʜ ʟʘʚʘʜ ʚʭʽʜʥʠʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʣʘʥʮʶʛʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, 

ʦʩʢʽʣʴʢʠ ʦʙʤʝʞʝʥʥʷ ʚ ʦʙʻʤʽ ʽ ʚʘʛʘ ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ  ʜʦʩʠʪʴ ʞʦʨʩʪʢʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʨʝʻʩʪʨʘʪʦʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʘʣʛʦʨʠʪʤʠ. 

ɸʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʘʥʘʣʦʛʦʚʦʾ ʯʘʩʪʠʥʠ ʨʝʻʩʪʨʘʪʦʨʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ:  
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-ʤʽʥʽʤʽʟʘʮʽʶ ʚʧʣʠʚʫ ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʧʨʦʮʝʩ ʘʙʦ ʦʙ'ʻʢʪ;  

-ʟʘʭʠʩʪ ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʽʜ ʧʘʨʘʟʠʪʥʠʭ ʷʚʠʱ ʚ ʦʙ'ʻʢʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ; ʟʘʭʠʩʪ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚʽʜ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʰʢʦʜ; 

- ʧʦʧʝʨʝʜʥʻ ʩʧʦʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʢʘʥʘʣʫ ʚʠʤʽʨʶʚʘʥʥʷ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ;  

-ʟʘʭʠʩʪ ʚʭʽʜʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʣʘʥʮʶʛʽʚ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʝʨʝʰʢʦʜ; ʟʘʭʠʩʪ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʰʢʦʜ ʽ 

ʧʽʜʤʽʥʠ ʩʠʛʥʘʣʫ ʧʨʠ ʧʝʨʝʚʝʜʝʥʥʽ ʚ ʮʠʬʨʦʚʫ ʬʦʨʤʫ. 

ɸʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʾ ʯʘʩʪʠʥʠ ʨʝʻʩʪʨʘʪʦʨʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: 

ʦʙʣʽʢ ʚʧʣʠʚʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ; ʦʙʣʽʢ 

ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ɸʎʇ ʽ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʧʦʭʠʙʢʠ ʦʮʠʬʨʦʚʢʠ; ʦʙʣʽʢ 

ʚʧʣʠʚʫ ʨʦʟʤʽʨʥʦʩʪʽ ʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʙʫʬʝʨʘ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʦʚʽʨʥʦʾ ʦʙʨʦʙʢʠ 

ʽ ʜʦʙʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʘʩʠʚʫ ʜʘʥʠʭ; ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ 

ʘʤʧʣʽʪʫʜʽ ʽ ʧʦ ʯʘʩʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ; ʦʙʣʽʢ 

ʤʦʞʣʠʚʦʩʪʝʡ ʽʥʪʝʨʬʝʡʩʫ. 

ɸʣʛʦʨʠʪʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ: ʚʠʙʽʨ ʘʣʛʦʨʠʪʤʫ ʽʥʪʝʨʧʦʣʷʮʽʾ ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʤʘʩʠʚʫ ʜʘʥʠʭ ʥʘ ʝʢʨʘʥ; 

ʚʽʜʥʦʚʣʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ; ʚʠʙʽʨ ʧʨʦʮʝʜʫʨʠ ʘʨʭʽʚʫʚʘʥʥʷ ʪʘ 

ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ; ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ 

ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʥʠʢʘ; ʥʦʤʝʥʢʣʘʪʫʨʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ; 

ʧʝʨʝʚʽʨʢʫ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʨʦʮʝʩʽʚ; ʧʝʨʝʚʽʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʚʽʜʥʦʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʡʦʛʦ 

ʽʥʪʝʛʨʘʣʠ (ʰʚʠʜʢʦʩʪʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ) ʬʽʟʠʯʥʦʾ ʩʫʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽ ʦʧʝʨʘʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ ʚʠʥʠʢʘʻ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʘ ʩʠʩʪʝʤʘ ʟ ʦʙʤʝʞʝʥʠʤ ʪʠʤʯʘʩʦʚʠʤ 

ʨʝʩʫʨʩʦʤ, ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤ ʜʣʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʦʧʠʩ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʥʘʚʝʜʝʥʦ ʚ [68]. 
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ʋʜʘʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʯʘʩʪʦ ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʽ ʥʝ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ (ʩʣʘʙʦ 

ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ) ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʚʠʨʦʙʽʚ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʚʠʤʦʛʠ ʜʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʢʘʥʘʣʽʚ ʧʨʠʣʘʜʽʚ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ ʚʠʨʦʙʫ ʚ 

ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʇʦʥʷʪʪʷ ʩʣʘʙʢʦʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʦʙʣʘʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʷʢʽʡ ʜʦʩʣʽʜʥʠʢ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ (ʟ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʨʠʯʠʥ) ʧʦʚʪʦʨʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʚ ʪʦʤʫ ʞ ʚʠʛʣʷʜʽ, ʚ ʷʢʦʤʫ ʚʽʥ ʮʝ 

ʟʨʦʙʠʚ ʚʧʝʨʰʝ. ʎʝ, ʥʘʧʨʠʢʣʘʜ, ʤʘʩʰʪʘʙʥʽ ʜʦʨʦʛʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʫʥʽʢʘʣʴʥʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ, ʘʙʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʷʢʠʤ ʥʝʤʦʞʣʠʚʦ ʟʘʧʦʙʽʛʪʠ ʽ ʪ.ʜ. 

ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʘʚʞʜʠ ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʚʧʣʠʚʫ ʽ ʧʦʚʝʜʽʥʮʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ 

ʟʥʘʯʥʠʡ ʨʦʟʢʠʜ, ʪʘʢ ʷʢ ʚʠʭʦʜʠʪʴ ʥʘ ʦʩʥʦʚʽ ʜʦʩʠʪʴ ʛʨʫʙʠʭ ʦʮʽʥʦʢ. ʂʨʽʤ ʪʦʛʦ, 

ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ ʻ ʜʠʥʘʤʽʯʥʠʤ, ʪʘʢ ʷʢ ʨʝʞʠʤ ʩʢʣʘʜʥʦʛʦ 

ʟʘʩʦʙʫ ʚʠʤʽʨʽʚ (ʨʝʻʩʪʨʘʪʦʨʘ) ʚʚʘʞʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤ, ʷʢʱʦ ʚʭʽʜʥʠʡ ʘʙʦ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʭʦʯʘ ʙ ʜʣʷ ʦʜʥʦʛʦ ʟ ʚʭʽʜʥʠʭ ʚ ʥʴʦʛʦ ʧʨʠʩʪʨʦʾʚ ʻ ʟʤʽʥʥʠʤ. 

ʋ ʤʝʪʦʜʦʣʦʛʽʯʥʦʤʫ ʘʩʧʝʢʪʽ ʜʠʥʘʤʽʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʧʝʨʝʭʽʜ ʚʽʜ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʘʣʷʨʥʠʭ ʚʝʣʠʯʠʥ ʜʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʢʪʦʨʥʠʭ ʚʝʣʠʯʠʥ, ʚʽʜ 

ʚʠʤʽʨʽʚ ʟ ʯʠʩʣʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦ ʚʠʤʽʨʶʚʘʥʴ ʟ ʨʝʟʫʣʴʪʘʪʦʤ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʡ, ʪʦʙʪʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʧʽʣʴʥʠʭ ʚʠʤʽʨʽʚ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʽ ʯʘʩʫ ʱʦ 

ʥʘʩ ʮʽʢʘʚʣʷʪʴ.ʇʝʨʝʭʽʜ ʚʽʜ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʦʮʝʩʫ ʜʦ ʡʦʛʦ 

ʨʝʻʩʪʨʘʮʽʾ ʟ ʧʦʭʠʙʢʦʶ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʘʜʘʥʫ ʚʠʤʘʛʘʻ ʜʝʪʘʣʽʟʘʮʽʾ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʟʘʚʜʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ) ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʟʘʩʦʙʫ (ʥʘʧʨʠʢʣʘʜ, 

ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʰʢʦʜ ʽ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʥʘ ʜʘʪʯʠʢʠ ʽ ʨʝʻʩʪʨʘʪʦʨ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʽ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʻʩʪʨʘʪʦʨʘ). 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʫʜʘʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢ ʧʨʘʚʠʣʦ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ 
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ʧʨʠʩʢʦʨʝʥʥʷ ʨʽʟʥʦʾ ʯʫʪʣʠʚʦʩʪʽ. ɼʘʥʽ ʜʘʪʯʠʢʠ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʤʠ 

ʨʝʟʦʥʘʥʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʠʙʽʨ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, 

ʱʦʙ ʯʘʩʪʦʪʘ ʫʩʪʘʥʦʚʦʯʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʧʝʨʝʚʠʱʫʚʘʣʘ ʚʝʨʭʥʶ ʯʘʩʪʦʪʫ ʩʧʝʢʪʨʘ 

ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʪʨʠ ʨʘʟʠ, ʘ ʦʯʽʢʫʚʘʥʝ ʩʫʤʘʨʥʝ ʟʥʘʯʝʥʥʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʙʫʣʦ ʤʝʥʰʝ ʤʝʞʽ ʜʽʘʧʘʟʦʥʫ ʣʽʥʽʡʥʦʩʪʽ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟ ʟʘʧʘʩʦʤ 

ʧʨʠʙʣʠʟʥʦ 30%. ʊʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʩʧʝʢʪʨ ʚʧʣʠʚʫ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʜʘʪʯʠʢʘ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʘʪʯʠʢʘ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʪʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʫ, ʱʦ ʥʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʜʠʥʘʤʽʢʦʶ ʨʫʭʫ ʦʙ'ʻʢʪʘ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

ɼʣʷ ʟʘʭʠʩʪʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʚʽʜ ʥʘʚʝʜʝʥʴ, ʜʘʪʯʠʢʘ ʚʽʜ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʽ ʯʘʩʪʢʦʚʦʾ ʤʝʭʘʥʽʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʫʜʘʨʥʦʛʦ ʚʧʣʠʚʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʩʪʘʥʦʚʢʫ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʥʘ ʽʟʦʣʶʶʯʫ ʚ'ʷʟʢʦ-ʧʨʫʞʥʫ 

ʧʨʦʢʣʘʜʢʫ, ʚʠʢʦʥʘʥʫ ʟ ʝʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʈʦʟʨʘʭʫʥʦʢ ʩʪʫʧʝʥʷ ʦʩʣʘʙʣʝʥʥʷ 

ʽ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠʩʢʦʨʝʥʥʷ ʚʢʘʟʘʥʦʶ ʧʨʦʢʣʘʜʢʦʶ ʫʜʘʨʥʦʾ ʜʽʾ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʚʧʣʠʚʫ ʥʘ ʜʘʪʯʠʢ ʽ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ 

ʜʦ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽ ʬʘʢʪʠʯʥʦʛʦ 

ʟʨʠʚʫ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʩʠʪʴ ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʫʜʘʨʥʘ ʜʽʷ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʟʙʫʨʝʥʥʷʤʠ, ʱʦ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ. ʈʝʛʫʣʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ 

ʽ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʻʩʪʨʘʪʦʨʽ ʟʜʽʡʩʥʶʚʘʪʠ 

ʜʫʞʝ ʚʘʞʢʦ (ʘ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʦ), ʦʩʢʽʣʴʢʠ ʮʝ 

ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʥʠʞʝʥʥʷʤ ʥʘʜʽʡʥʦʩʪʽ ʨʝʻʩʪʨʘʪʦʨʘ, ʘʧʘʨʘʪʥʠʤʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ ʛʦʩʪʨʦ ʧʦʩʪʘʻ 

ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ 

ʨʝʻʩʪʨʘʪʦʨʘ ʧʨʠ ʟʘʜʘʥʽʡ ʪʦʯʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ ʫʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ 

ʙʝʟʢʦʤʫʪʘʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ, ʪʦʙʪʦ ʙʝʟ ʧʝʨʝʤʠʢʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʽ 

ʟʤʽʥʠ  ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʙʣʝʤʘ 

ʙʝʟʢʦʤʫʪʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 
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ʢʘʥʘʣʫ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʘ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʫʜʘʨʥʠʭ 

ʧʨʦʮʝʩʽʚ ʜʝ ʤʦʞʣʠʚʽ ʥʝʢʦʨʝʢʪʥʽ ʧʦʯʘʪʢʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʻʩʪʨʘʪʦʨʘ ʪʘʢʦʞ ʤʦʞʣʠʚʘ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʩʠʛʥʘʣʫ (ʦʙʤʝʞʝʥʥʷ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 

ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ) ʟ ʥʘʩʪʫʧʥʠʤ ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷʤ ʚ ʇʂ ʧʦ ʚʽʜʦʤʽʡ 

ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʬʫʥʢʮʽʾ ʢʘʥʘʣʫ, ʘʙʦ ʯʘʩʪʦʪʥʝ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʬʽʣʴʪʨʦʤ ʚ 

ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʪʘʢ ʩʘʤʦ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʩʠʛʥʘʣʫ ʚ ʇʂ ʧʦ 

ʚʽʜʦʤʽʡ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʬʫʥʢʮʽʾ ʬʽʣʴʪʨʘ. 

ʉʪʨʫʢʪʫʨʥʽ ʤʝʪʦʜʠ ʧʦʚʠʥʥʽ, ʪʘʢʦʞ, ʧʝʨʝʜʙʘʯʘʪʠ ʨʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʽʚ ʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʽʩʣʷ 

ʚʽʜʦʤʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʢʘʥʘʣʽ ʨʝʻʩʪʨʘʪʦʨʘ. ʂʨʽʤ ʪʦʛʦ, 

ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʝʨʚʠʥʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʦʚʠʭ ʚʧʣʠʚʽʚ ʥʘ ʥʠʭ ʽ 

ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʘʤ ʨʝʻʩʪʨʘʪʦʨʘ. ʊʝʦʨʽʷ ʤʝʪʦʜʽʚ ʪʘʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʚʠʢʣʘʜʝʥʘ ʚ [31]. 

 

ɺʠʩʥʦʚʢʠ  ʜʦ  ʨʦʟʜʽʣʫ  1 

ʇʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʤʝʭʘʥʽʯʥʦʾ ʚʽʙʨʘʮʽʾ ʧʦ ʚʝʣʠʯʠʥʠ ʩʠʛʥʘʣʫ, ʚ ʯʘʩʪʦʪʥʽʡ ʪʘ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʷʭ. 

ʈʦʟʛʣʷʥʫʪʽ ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ, ʘ ʩʘʤʝ: 

ʩʠʛʥʘʪʫʨʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʢʝʧʩʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʚʝʡʚʣʝʪ ʘʥʘʣʽʟ, ʘ 

ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʣʴʥʘ     ʘʧʘʨʘʪʫʨʘ    ʜʣʷ     ʧʨʦʚʝʜʝʥʥʷ  ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ   ʤʘʰʠʥ  

ʽ  ʫʩʪʘʪʢʫʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʠʩʪʝʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʤʘʰʠʥ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʩʪʫʧʝʥʷ ʩʢʣʘʜʥʦʩʪʽ ʪʘ 

ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʜʘʯ. 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʪʠʧʠ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʜʘʪʯʠʢʽʚ) ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʩʦʙʘʭ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʙʨʘʮʽʡ ʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʜʽʾ. ʅʘʚʝʜʝʥʽ ʾʭ ʦʩʥʦʚʥʽ 
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ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʇʨʦʚʝʜʝʥʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʪʘ 

ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʜʘʪʯʠʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ. 

ʅʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚ ʘʚʪʦʥʦʤʥʠʭ  ʨʝʻʩʪʨʘʪʦʨʽʚ  

ʚʽʙʨʘʮʽʡʥʠʭ ʪʘ  ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ  ʜʘʪʯʠʢʘʤʠ  

ʧʨʠʩʢʦʨʝʥʥʷ ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʨʽʚʥʷ ʪʝʭʥʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʟʘʧʠʪʽʚ ʩʴʦʛʦʜʝʥʥʷ. 
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ʈʆɿɼɯʃ  2.  ʄɸʊɽʄɸʊʀʏʅɯ  ʄʆɼɽʃɯ  ʊɸ  ɸʅɸʃɯɿ  ʇʆʍʀɹʆʂ     

                      ʇ ɭɿʆɽʃɽʂʊʈʀʏʅʀʍ ɸʂʉɽʃɽʈʆʄɽʊʈɯɺ 

 

ɺ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʘʪʯʠʢʽʚ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʤʦʜʝʣʽ ʬʘʟʦʚʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʧʦʭʠʙʢʠ ʧʨʠʪʘʤʘʥʥʽ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤ.  

 

2.1. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʘʪʯʠʢʽʚ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ɺ ʩʠʩʪʝʤʘʭ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʚʽʙʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʪʯʠʢʠ 

ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʥʷ, ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ʽ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʨʴʦʭ 

ʪʠʧʽʚ ʜʘʪʯʠʢʽʚ ʦʙʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʢʦʥʪʨʦʣʶ ʚʽʙʨʘʮʽʾ ʥʘ ʦʙ'ʻʢʪʘʭ ʟ 

ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ɿ ʫʩʴʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʽʩʥʫʶʯʠʭ ʜʘʪʯʠʢʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʙʨʘʮʽʡ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʜʘʪʯʠʢʠ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ. ɼʘʪʯʠʢʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ (ʟʩʫʚʫ), ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʧʨʦʢʩʠʤʝʪʨʽʚ. ɼʘʪʯʠʢʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʤʽʨ ʚʽʙʨʘʮʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʥʘʟʠʚʘʶʪʴʩʷ ʚʝʣʦʩʽʤʝʪʨʘʤʠ, ʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ï ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ [14,17]. 

ɺʽʙʨʘʮʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ 

ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʚ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʠʛʥʘʣ, ʪʦʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʨʦʤʽʞʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʥʫʻ ʯʫʪʣʠʚʠʡ 

ʝʣʝʤʝʥʪ ʜʘʪʯʠʢʘ. ʅʘ ʨʠʩ.2.1 ʧʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʽʙʨʦʜʘʪʯʠʢʘ.  

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʽʥʝʨʮʽʡʥʘ (ʩʝʡʩʤʽʯʥʘ) ʤʘʩʘ 3 ʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʝʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ (ʟʫʩʠʣʣʷ yF ) ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ 2. 

ʏʫʪʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʽʥʝʨʮʽʡʥʘ ʤʘʩʘ m, ʞʦʨʩʪʢʦ ʩʢʨʽʧʣʝʥʘ 

ʟ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ  2, ʢʦʪʨʠʡ  ʟʘʢʨʽʧʣʝʥʠʡ  ʥʘ  ʦʩʥʦʚʽ  
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ʢʦʨʧʫʩʫ  ʚʽʙʨʘʮʽʡʥʦʛʦ  ʜʘʪʯʠʢʘ 1.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ, 

ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʚʝʣʠʯʠʥʠ m, ʘ ʡ ʚʽʜ ʤʝʭʘʥʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʜʝʤʧʬʽʨʫʚʘʥʥʷ (ʦʧʦʨʫ ʨʫʭʫ ʧʦ 

ʰʚʠʜʢʦʩʪʽ). 

 

ʈʠʩ.2.1. ʂʦʥʩʪʨʫʢʮʽʷ ʚʽʙʨʦʘʢʩʝʣʝʨʦʤʝʪʨʘ 

 

ʉʠʣʘ ʧʨʫʞʥʦʩʪʽ yF , ʜʽʶʯʘ ʥʘ ʽʥʝʨʮʽʡʥʫ ʤʘʩʫ, ʷʢ ʚʽʜʦʤʦ ʜʦʨʽʚʥʶʻ 

,yF kx=-
 

(2.1) 

ʜʝ k - ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ, x - ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ. 

ʇʝʨʝʪʚʦʨʶʚʘʯ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʝʘʢʮʽʾ ʥʘ ʩʪʠʩʢʘʶʯʝ ʯʠ ʨʦʟʪʷʞʥʝ ʟʫʩʠʣʣʷ 

yF , ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʤʝʭʘʥʽʯʥʠʤ ʘʥʘʣʦʛʦʤ - ʧʨʫʞʠʥʦʶ, ʷʢʘ ʤʘʻ ʪʘʢʝ ʞ ʟʥʘʯʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ. ʊʦʜʽ ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʚʽʙʨʦʜʘʪʯʠʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʩʫ ʥʘ 

ʧʨʫʞʠʥʽ, ʧʨʠʯʦʤʫ ʦʩʪʘʥʥʷ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʦʩʥʦʚʽ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʚʽʙʨʦʜʘʪʯʠʢʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʠʩʪʝʤʠ ʟ 

ʢʽʥʝʤʘʪʠʯʥʠʤ ʟʙʫʜʞʝʥʥʷʤ [17]. ʋ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʠʤʽʨʶʚʘʥʘ ʚʝʣʠʯʠʥʘ ʜʽʻ ʥʝ 

ʥʘ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ, ʘ ʥʘ ʦʩʥʦʚʫ ʜʘʪʯʠʢʘ [2]. ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʤʝʭʘʥʽʯʥʫ 

ʤʦʜʝʣʴ ʚʽʙʨʦʜʘʪʯʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ.2.2. 

 

ʈʠʩ.2.2.  ʄʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʚʽʙʨʦʜʘʪʯʠʢʘ  
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ɺʚʝʜʝʤʦ ʜʚʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ: ʘʙʩʦʣʶʪʥʫ X, ʨʦʟʪʘʰʦʚʘʥʫ ʜʦʚʽʣʴʥʦ, ʽ 

ʩʠʩʪʝʤʫ Z, ʞʦʨʩʪʢʦ ʧʦʚ'ʷʟʘʥʫ ʟ ʦʩʥʦʚʦʶ ʚʽʙʨʦʜʘʪʯʠʢʘ [22]. 

ʊʦʜʽ: 

[ ]
2 2

( ), ( ) / ,

/ ,

y

ʽʥ

F k y k F ʩ d y x dt

F m d y dt

µ=- - =- -

è ø= ê ú

 

 

(2.2) 

 

ʜʝ: yF - ʩʠʣʘ ʧʨʫʞʥʦʩʪʽ; Fµ - ʜʝʤʧʬʫʶʯʘ ʩʠʣʘ;  ʽʥF - ʽʥʝʨʮʽʡʥʘ ʩʠʣʘ;  ʩ- 

ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ ɼʘʣʘʤʙʝʨʘ:  

ʽʥ yF F Fµ= +  ,                                              (2.3) 

ʘʙʦ: 

( ) ( )2 2/ /m d y dt k y x ʩ d y x dtè ø=- - - -è øê úê ú
. (2.4) 

ʇʝʨʝʪʚʦʨʠʤʦ ʨʽʚʥʷʥʥʷ (2.4) ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: 

2
2

2 2
,

.

d z dz x
kz md

dt dt dt

z y x

+ + =-

= -

 

 

(2.5) 

ɺʝʣʠʯʠʥʘ z ʷʚʣʷʻ ʩʦʙʦʶ ʟʩʫʚ ʩʝʡʩʤʽʯʥʦʾ ʤʘʩʠ m ʱʦʜʦ ʦʩʥʦʚʠ ʜʘʪʯʠʢʘ, ʘ 

x - ʟʤʽʱʝʥʥʷ ʦʩʥʦʚʠ ʜʘʪʯʠʢʘ ʱʦʜʦ ʘʙʩʦʣʶʪʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ. ʇʨʠʧʫʩʢʘʻʤʦ, 

ʱʦ ʚʽʙʨʦʟʤʽʱʝʥʥʷ ʭ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʛʘʨʤʦʥʽʡʥʠʤ ʟʘʢʦʥʦʤ, ʪʦʜʽ 

2 2 2 2/ , / .d dt d dt jw wÝ- Ý   

ɿʚʽʜʢʠ: 

() () ()2 2(c/ )z t m j z t x tw w w- + = , (2.6) 

ʜʝ: z(t) ʽ x(t) - ʛʘʨʤʦʥʽʡʥʽ ʬʫʥʢʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʦʚʽ ʯʘʩʪʦʪʥʽ ʽ ʬʘʟʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʚʠʱʝʦʧʠʩʘʥʠʭ ʪʨʴʦʭ ʪʠʧʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʚʽʙʨʦʤʝʪʨʽʾ ʜʘʪʯʠʢʽʚ. 

ɿʘʚʜʘʥʥʷʤ ʜʘʪʯʠʢʽʚ, ʱʦ ʚʠʤʽʨʶʶʪʴ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʥʷ, ʻ ʚʠʤʽʨ ʢʦʣʠʚʘʥʴ 

ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ (ʩʪʦʩʦʚʥʦ ʚʽʙʨʦʤʝʪʨʽʾ) ʯʘʩʪʦʪ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘʢʠʭ 

ʜʘʪʯʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ ʚʽʜʜʘʯʝʶ, ʪʦʙʪʦ 
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ʯʫʪʣʠʚʽʩʪʴ ʪʘʢʠʭ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ (ʅʏ) ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʧʦʨʷʜʦʢ, ʘ ʪʦ ʽ ʜʚʘ 

ʧʦʨʷʜʢʠ ʚʠʱʝ, ʥʽʞ ʫ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ. ɿʘʟʚʠʯʘʡ, ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʫʢʨʫʧʥʝʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ ʜʘʪʯʠʢʘ. ʇʨʠʨʦʜʥʦ, 

ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʧʦʙʫʜʦʚʠ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʘʪʯʠʢʘ ʡʦʛʦ ʨʝʟʦʥʘʥʩʥʘ 

ʯʘʩʪʦʪʘ ʟʩʫʚʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʅʏ, ʱʦ ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʻ ʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʜʘʪʯʠʢʽʚ.  

 

ʈʠʩ.2.3. ɸʏʍ ()A w  ʽ ʌʏʍ ()j w ʧʨʦʢʩʠʤʝʪʨʘ 

 

ʊʦʙʪʦ, ʷʢʱʦ ʚ  ʨʽʚʥʷʥʥʽ (2.6)  ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ k/m << 
2w  ʽ ʩ/m <<w, 

ʪʦ z(t) =x(t). ʆʩʪʘʥʥʻ ʦʟʥʘʯʘʻ, ʱʦ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ 

ʧʨʦʢʩʠʤʝʪʨʘ, ʽ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʚʽʜʩʪʝʞʫʻ ʚʝʣʠʯʠʥʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʟʩʫʚʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɸʏʍ) ()A w  ʽ ʬʘʟʦ-

ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʌʏʍ) ()j w ʧʨʦʢʩʠʤʝʪʨʘ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ 

ʧʨʦʚʝʜʝʥʦ ʚ ʩʝʨʝʜʦʚʠʱʽ Mathcad [3,5,6,7,8,] ʪʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.2.3. 

ɼʣʷ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʚʠʤʽʨʶʶʪʴ ʚʽʙʨʘʮʽʡʥʫ ʰʚʠʜʢʽʩʪʴ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʶʪʴ ʚʞʝ ʙʽʣʴʰ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ ʣʽʥʽʡʥʽʩʪʴ ʚ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ. ɯʥʝʨʮʽʡʥʘ ʤʘʩʘ ʜʘʪʯʠʢʘ ʣʝʛʰʘ, ʥʽʞ ʫ ʧʦʧʝʨʝʜʥʴʦʛʦ, ʽ ʚʽʥ ʤʝʥʰ 

ʯʫʪʣʠʚʠʡ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ. 

ʅʘ ɸʏʍ ʟ'ʷʚʣʷʻʪʴʩʷ ʟʘʚʘʣ ʚ ʦʙʣʘʩʪʽ ʅʏ, ʜʝ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʜʘʪʯʠʢʘ 

çʚʽʜʩʪʘʻè ʚʽʜ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʩʣʘʙʦ ʨʝʘʛʫʶʯʠ ʥʘ ʷʢʝ ʧʨʠʢʣʘʜʘʶʪʴ ʜʦ ʥʴʦʛʦ 

ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ. ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʚ ʨʽʚʥʷʥʥʽ (2.6): ʩ/m >> Ҿ ʽ ʩ/m >> k/m,ʘ 
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(ʩ/m)z(t)= -j Ҿ x(t), ʪʦʜʽ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʚʝʣʦʩʠʤʝʪʨʘ, ʪʦʙʪʦ 

ʚʝʣʠʯʠʥʘ z(t) ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ʜʽʶʯʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. 

ɸʏʍ ()A w  ʽ ʌʏʍ ()j w ʚʝʣʦʩʠʤʝʪʨʘ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.2.4 

[3,5,6,7,8]. 

ʈʠʩ.2.4. ɸʏʍ  ()A w   ʽ ʌʏʍ ()j w ʚʝʣʦʩʠʤʝʪʨʘ 

 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʘʢʩʝʣʝʨʦʤʝʪʨʠ. ʈʦʟʤʽʨʠ ʮʠʭ ʜʘʪʯʠʢʽʚ ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʜʦ 

ʥʘʜʤʽʥʽʘʪʶʨʥʠʭ. ʆʙʣʘʩʪʴ ʣʽʥʽʡʥʦʩʪʽ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʙʽʣʴʰ ʧʣʦʩʢʘ ʽ ʪʨʠʚʘʣʘ ʚ 

ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʇʨʠʩʫʪʥʽ ʩʧʘʜ ʚ ʦʙʣʘʩʪʽ ʅʏ ʽ ʧʽʜʡʦʤ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪ (ɺʏ). 

ʗʢʱʦ ʨʽʚʥʷʥʥʽ (2.6)   k/m >>wʩ/m ʽ  k/m >>
2w, ʪʦ ʮʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʪʦʙʪʦ ʨʦʙʦʪʘ ʚ ʨʝʞʠʤʽ ʚʽʙʨʦʘʢʩʝʣʝʨʦʤʝʪʨʘ. ɸʏʍ ()A w  ʽ ʌʏʍ 

()j w ʚʽʙʨʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.2.5. 

ʈʦʟʛʣʷʥʫʚʰʠ ʚʢʘʟʘʥʽ ʨʝʞʠʤʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʦʞʝʥ ʟ ʥʠʭ 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚʠʙʦʨʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʩʦʚʥʦ 

ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ: m, k, ʩ ʽ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ. ʊʘʢ ʜʣʷ ʧʨʦʢʩʠʤʝʪʨʘ 

ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢ ʤʦʞʥʘ ʤʝʥʰʠʤʠ ʚʽʜʥʦʩʠʥʠ k/m ʪʘ c/m, ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʧʨʘʮʶʻ ʚ ʟʘ ʨʝʟʦʥʘʥʩʥʽʡ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ. ɼʣʷ ʚʝʣʦʩʽʤʝʪʨʘ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʣʠʙʦʢʝ ʜʝʤʧʬʽʨʫʚʘʥʥʷ, ʘ ʜʣʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʝʦʙʭʽʜʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʟ ʚʝʣʠʢʦʶ ʞʦʨʩʪʢʽʩʪʶ. ʋ ʨʝʞʠʤʽ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ 
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ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, /ʩ kwʜʣʷ 0w w 0w w, ʜʝ 0 /k mw=  - ʯʘʩʪʦʪʘ 

ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʜʘʪʯʠʢʘ. 

 

ʈʠʩ.2.5. ɸʏʍ ()A w  ʽ ʌʏʍ ()j w ʚʽʙʨʦʘʢʩʝʣʝʨʦʤʝʪʨʘ 

 

ʊʘʢ ʷʢ ʫʞʝ ʚʽʜʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʚ ʚʽʙʨʦʤʝʪʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʘʢʩʝʣʝʨʦʤʝʪʨʠ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ  ʨʦʙʦʪʫ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦ. ɼʣʷ ʮʴʦʛʦ ʟʘʤʽʥʠʤʦ ʦʨʠʛʽʥʘʣʠ ʚ ʨʽʚʥʷʥʥʽ (2.5) ʾʭ ʟʦʙʨʘʞʝʥʥʷʤʠ: 

() () () () 2 2 2; ; / ; / ,z t Z s x t X s d dt s d dt s= = = =  

ʜʝ    s - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, ʽ ʚʚʝʜʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 

01/T w= - ʧʝʨʽʦʜ ʚʣʘʩʥʦʾ ʢʨʫʛʦʚʦʾ ʯʘʩʪʦʪʠ ʜʘʪʯʠʢʘ; 

2ʩ Tx= - ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ; 

x- ʩʪʫʧʽʥʴ ʜʝʤʧʬʽʨʫʚʘʥʥʷ  (ʙʝʟʨʦʟʤʽʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʜʝʤʧʬʽʨʫʚʘʥʥʷ). 

 ʊʦʜʽ ʨʽʚʥʷʥʥʷ (2.5) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

( )() ()2 2 2 22 1T p Tp Z p p X p Tx+ + =- , (2.7) 

ʘʙʦ: 

() () () ( )2 2 2 2

1 / / 2 1W p Z p p X p T T p Tpx= = + +. (2.8) 

ʎʝʡ ʚʠʨʘʟ ʻ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʧʦ 

ʧʨʠʩʢʦʨʝʥʥʶ, ʪʘʢ ʷʢ 

() () ()2 2 2/a p p X P d x t dt= = . (2.9) 
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ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ - A(w) ʽ ʬʘʟʦ-ʯʘʩʪʦʪʥʘ- ɣ(w) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟʘʤʽʥʦʶ p ʥʘ  jw ʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʯʫʪʣʠʚʦʛʦ 

ʝʣʝʤʝʥʪʫ ʽ ʚʠʟʥʘʯʝʥʥʷʤ ʤʦʜʫʣʷ ʽ ʘʨʛʫʤʝʥʪʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ 

W(jw) ʚʽʜʧʦʚʽʜʥʦ: 

() ( )A W jw w= , (2.10) 

ʪʘ 

() ( )arctg W jj w w= è øê ú. 
(2.11) 

 

ɻʨʘʬʽʢ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʙʨʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ.2.6. 

 

ʈʠʩ.2.6. ʏʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ ʚʽʙʨʦʘʢʩʝʣʝʨʦʤʝʪʨʘ 

 

ɸʥʘʣʽʟʫʶʯʠ  ʛʨʘʬʽʢ  ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʾ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʠʩ.2.6,  

ʤʦʞʥʘ  ʚʽʜʤʽʪʠʪʠ, ʱʦ ʪʽʣʴʢʠ ʚ ʜʽʘʧʘʟʦʥʽ [0, ʚw] ʛʘʨʤʦʥʽʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ 
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ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʯʫʪʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʙʝʟ ʜʠʥʘʤʽʯʥʦʾ (ʯʘʩʪʦʪʥʦʾ) ʧʦʭʠʙʢʠ. 

ʗʢʱʦ ʟʘʜʘʥʘ ʜʦʧʫʩʪʠʤʘ ʚʝʣʠʯʠʥʘ ʜʠʥʘʤʽʯʥʦʾ ʧʦʭʠʙʢʠ ʚd, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

( ) (){ } ()1 1 10 / 0ʚ ʚA A Ad w= - , (2.12) 

ʪʦʜ̔  ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ   ʚ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʫʤʦʚʠ: 

( )
2

2 2 2 2 2

1
1

1 4
ʚ

ʚ ʚT T

d

w x w

= -
è ø- +
é ùê ú

. 
 

(2.13) 

 

ʏʘʩʪʦʪʘ 0w, ʥʘ ʷʢʽʡ ʤʘʻ ʤʽʩʮʝ ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʠ "ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ-

ʧʝʨʝʪʚʦʨʶʚʘʯ " ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

0

1 k

T m
w= = . 

(2.14) 

 

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ (14),  

ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʩʝʡʩʤʽʯʥʫ ʤʘʩʫ m ʘʙʦ ʟʙʽʣʴʰʠʪʠ ʞʦʨʩʪʢʽʩʪʴ ʾʾ ʢʨʽʧʣʝʥʥʷ 

k. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʯʫʪʣʠʚʽʩʪʴ ʜʘʪʯʠʢʘ ʚ ʮʽʣʦʤʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ 
2T (8). ʊʦʤʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʜʘʪʯʠʢʠ ʚʦʣʦʜʽʶʪʴ 

ʤʝʥʰʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʚʽʙʨʘʮʽʡ  ()A w  ʥʘ ʛʨʘʬʽʢʫ ʨʠʩ.2.6. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʯʫʪʣʠʚʦʛʦ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ  ʝʣʝʤʝʥʪʫ ʻ 

ʪʘʢʦʞ ʡʦʛʦ ʽʤʧʫʣʴʩʥʘ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʚʦʨʦʪʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʚʽʜ ʬʫʥʢʮʽʾ W(p): 

()( ) ()1/ 2

x j

pt

x j

K t j W p e dp

w

w

p

¡+

¡-

= ñ , (2.15) 

ʜʝ  K(t) - ʽʤʧʫʣʴʩʥʘ ʬʫʥʢʮʽʷ,   x¡ - ʘʙʩʮʠʩʘ ʘʙʩʦʣʶʪʥʦʾ ʟʙʽʞʥʦʩʪʽ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ W(p) ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʽʤʧʫʣʴʩʥʫ ʧʝʨʝʭʽʜʥʫ 

ʬʫʥʢʮʽʶ K(t) ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʦʩʪʘʥʥʴʦʾ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʃʘʧʣʘʩʘ: 

() ()
0

n

ptW p K t e dt

=¤

-=ñ . 
(2.16) 
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ʇʽʜʩʪʘʚʠʚʰʠ ʬʫʥʢʮʽʶ W(p), ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (8), ʚ ʬʦʨʤʫʣʫ (15) ʦʪʨʠʤʫʻʤʦ 

  () ( ) ( )2 / 2/ 1 sin 1 /t TK t T e T txx x-è ø è øè ø è ø=- - - Ö
é ù é ùé ù é ùê ú ê úê ú ê ú

. 
(2.17) 

ɻʨʘʬʽʢ ʽʤʧʫʣʴʩʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʧʘʜʢʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2.7. 

ɺʽʜʦʤʦ, ʱʦ ʽʤʧʫʣʴʩʥʘ ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʨʝʘʢʮʽʶ ʩʠʩʪʝʤʠ 

ʥʘ ʜʝʣʴʪʘ ʚʧʣʠʚ ɼʽʨʘʢʘ, ʪʦʙʪʦ ʽʤʧʫʣʴʩ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽ 

ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʦʾ ʘʤʧʣʽʪʫʜʠ, ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ [5,17,20]. ʗʢʱʦ ʥʘ ʚʭʽʜ ʩʠʩʪʝʤʠ ʜʽʻ ʥʝʧʝʨʽʦʜʠʯʥʘ ʩʠʛʥʘʣ, ʪʦ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ ʚʽʜʛʫʢʫ y(t) ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʦʤ ɼʶʘʤʝʣʷ: 

() ()( ) ,

t

n

y t x K t dt t t
­¤

= -ñ  
 

(2.18) 

ʜʝ x(t) - ʬʫʥʢʮʽʷ ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ. 

 

ʈʠʩ.2.7. ɯʤʧʫʣʴʩʥʘ ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ ʚʽʙʨʦʘʢʩʝʣʝʨʦʤʝʪʨʘ 

 

ʗʢʱʦ ʞ x(t) ʷʚʣʷʻ ʩʦʙʦʶ ʽʤʧʫʣʴʩʥʠʡ ʩʠʛʥʘʣ ʢʽʥʮʝʚʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽ 

ʘʤʧʣʽʪʫʜʠ, ʪʦ ʧʨʠ ʤʘʣʽʡ ʪʨʠʚʘʣʦʩʪʽ ʮʴʦʛʦ ʽʤʧʫʣʴʩʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʽʦʜʦʤ 

ʮʠʢʣʽʯʥʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 

() ()0y t S K t= . (2.19) 
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ʽ ʽS x dt t=ñ , 
(2.20) 

ʜʝ ̔t - ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ. 

ʅʘ ʨʠʩ.2.3, 2.4, 2.5 ʥʘʚʝʜʝʥʽ ʚʽʜʥʦʩʥʦ ʽʜʝʘʣʽʟʦʚʘʥʽ ʢʨʠʚʽ ɸʏʍ ʽ ʌʏʍ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʢʩʠʤʝʪʨʘ (ʚʽʙʨʦʤʝʪʨʘ), ʚʝʣʦʩʠʤʝʪʨʘ ʽ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʪʘ 

ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʘʢʩʝʣʝʨʦʤʝʪʨʘ (ʨʠʩ.2.7)  ʷʢʽ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚ ʩʠʩʪʝʤʽ Mathcad [3,5,6,7,8,9].  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʛʨʘʬʽʢʦʤ ʟʩʫʚʫ 

(ʧʝʨʝʤʽʱʝʥʥʷ) ʪʽʣʘ, ʱʦ ʟʘʟʥʘʻ ʛʘʨʤʦʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ, ʻ ʩʠʥʫʩʦʾʜʘ. ʂʦʣʠ 

ʟʤʽʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ, ʰʚʠʜʢʽʩʪʴ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʘʢ ʷʢ ʚ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʪʽʣʘ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʠʤʯʘʩʦʚʘ 

ʨʝʘʣʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʙʫʜʝ ʟʨʫʰʝʥʘ ʧʦ ʬʘʟʽ ʥʘ 90Á ʚʣʽʚʦ ʱʦʜʦ ʪʠʤʯʘʩʦʚʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʟʩʫʚʫ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʰʚʠʜʢʽʩʪʴ ʚʠʧʝʨʝʜʞʘʻ ʧʦ ʬʘʟʽ ʟʩʫʚ ʥʘ 90Á. 

ʇʨʠʩʢʦʨʝʥʥʷ - ʮʝ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ, ʦʪʞʝ, ʧʨʠʩʢʦʨʝʥʥʷ ʦʙ'ʻʢʪʘ, ʱʦ 

ʟʘʟʥʘʻ ʛʘʨʤʦʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ. ɯ 

ʥʘʚʧʘʢʠ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ 

(ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʥʘʡʰʚʠʜʰʝ ʚ ʮʝʡ ʤʦʤʝʥʪ). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʠʧʝʨʝʜʞʘʻ ʧʦ ʬʘʟʽ ʰʚʠʜʢʽʩʪʴ ʥʘ 90Á.  

ɺ ʜʦ ʨʝʟʦʥʘʥʩʥʽʡ ʟʦʥʽ ɸʏʍ (ʯʘʩʪʦʪʘ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ ʤʝʥʰʝ ʚʣʘʩʥʦʾ 

ʯʘʩʪʦʪʠ) ʟʩʫʚʫ ʬʘʟ ʤʽʞ ʢʦʣʠʚʘʥʥʷʤʠ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʽ 

ʩʠʣʦʶ ʟʙʫʜʞʝʥʥʷ ʥʝʤʘʻ. ɸʢʩʝʣʝʨʦʤʝʪʨ ʨʫʭʘʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ ʟʙʫʜʞʫʶʯʦʾ 

ʩʠʣʠ. ʅʘ ʯʘʩʪʦʪʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ ʟʘʢʨʽʧʣʝʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, 

ʨʫʭ ʩʝʡʩʤʽʯʥʦʾ ʤʘʩʠ ʟʘʧʽʟʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʨʫʭʫ ʧʽʜʩʪʘʚʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʽ, 

ʦʪʞʝ, ʬʘʟʦʚʝ ʩʧʦʪʚʦʨʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʨʝʟʦʥʘʥʩʽ ʢʦʣʠʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʟʨʫʰʝʥʽ ʧʦ ʬʘʟʽ ʥʘ 90Á ʱʦʜʦ ʢʦʣʠʚʘʥʴ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ. 

ʋ ʟʦʥʽ ʧʽʩʣʷ ʨʝʟʦʥʘʥʩʫ ʢʦʣʠʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʦʪʠʬʘʟʽ (ʟʨʫʰʝʥʽ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ ʥʘ 180Á). ʈʝʟʦʥʘʥʩʥʽ 

ʧʦʩʠʣʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚʽʜʩʫʪʥʽ. 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʟʙʫʜʞʝʥʥʷ ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʘʮʽʾ 

ʟʥʠʞʫʻʪʴʩʷ, ʦʜʥʘʢ ʨʽʟʥʠʮʷ ʬʘʟ ʚ 180Á ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʯʘʩʪʦʪ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʠʱʝ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ. 
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ʊʦʤʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʧʘʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡ ʥʝʦʙʭʽʜʥʦ 

ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʬʘʟʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʨʘʟʦʤ ʟ 

ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ ʧʽʜʩʠʣʶʚʘʯʽʚ ʟʘʨʷʜʫ ʘʙʦ ʥʘʧʨʫʛʠ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʦʪʨʽʙʥʦ 

ʧʨʠʜʽʣʷʪʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʘʧʘʨʘʪʫʨʠ, ʦʙʣʘʜʥʘʥʦʾ ʝʣʝʢʪʨʦʥʥʠʤʠ ʽʥʪʝʛʨʘʪʦʨʘʤʠ ʽ 

ʬʽʣʴʪʨʘʤʠ. ʇʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʬʘʟʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʽ ʬʘʟʦʚʠʤ 

ʩʧʦʪʚʦʨʝʥʥʷʤ, ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʦʨʦʪʢʦ ʪʠʤʯʘʩʦʚʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʤʝʭʘʥʽʯʥʠʭ ʫʜʘʨʽʚ. 

 

2.2. ʄʘʪʝʤʘʪʠʯʥʘ  ʤʦʜʝʣʴ  ʬʘʟʦʚʠʭ  ʩʧʦʪʚʦʨʝʥʴ  ʧʨʠ  ʚʠʤʽʨʶʚʘʥʥʽ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧ'̒ʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ 

ɺʩʽ ʚʽʜʦʤʽ ʧʝʨʚʠʥʥʽ ʧʨʠʣʘʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʽʜʩʪʘʚʘʥʥʷ ʫ ʬʘʟʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʢʮʽʷ ʘʙʦ ʚʠʭʽʜ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʚʽʜʩʪʘʻ ʚʽʜ ʨʫʭʫ ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ 

ʚʽʥ ʚʠʤʽʨʶʻ. ʏʘʩ ʟʘʪʨʠʤʢʠ ʟʘʜʘʻʪʴʩʷ ʢʫʪʦʤ ʬʘʟʠ, ʨʦʟʜʽʣʝʥʠʤ ʥʘ ʯʘʩʪʦʪʫ Ҿ. 

ɿʘʪʨʠʤʢʘ ʯʘʩʫ ʥʝ ʚʘʞʣʠʚʘ, ʷʢʱʦ ʤʠ ʚʠʤʽʨʶʻʤʦ ʦʜʥʫ ʛʘʨʤʦʥʽʯʥʫ ʩʢʣʘʜʦʚʫ. 

ɸʣʝ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʚʽʙʨʘʮʽʷ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ, ʥʝ ʻ ʛʘʨʤʦʥʽʯʥʦʶ, ʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʤʠ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʟʙʝʨʝʞʝʥʽ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʤʦʞʫʪʴ ʜʘʪʠ ʥʝʪʦʯʥʫ ʢʘʨʪʠʥʫ ʚʽʙʨʘʮʽʾ 

ʥʘ ʛʨʘʬʽʢʫ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʛʘʨʤʦʥʽʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʩʠʣʝʥʽ ʧʦ ʨʽʟʥʦʤʫ, ʘ ʾʭ 

ʬʘʟʦʚʽ ʟʨʫʰʝʥʥʷ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ [19,21,24]. ɺʠʢʨʠʚʣʝʥʥʷ ʫ ʬʦʨʤʽ 

ʭʚʠʣʽ ʟʘʧʠʩʘʥʦʛʦ ʩʠʛʥʘʣʫ ʻ ʬʘʟʦʚʠʤ ʩʧʦʪʚʦʨʝʥʥʷʤ ʘʙʦ ʧʦʭʠʙʢʦʶ ʚʠʢʣʠʢʘʥʫ 

ʬʘʟʦʚʠʤ ʟʩʫʚʦʤ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʧʦʭʠʙʢʠ ʟʩʫʚʫ ʬʘʟʠ ʨʦʟʛʣʷʥʝʤʦ 

ʩʠʛʥʘʣ ʚʽʙʨʘʮʽʾ (2.21), ʬʦʨʤʘ ʷʢʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.2.8. 

                 () 1 3sin sin3y t a t a tw w= + + .                                    (2.21) 

ʈʠʩ. 

2.8. ʌʦʨʤʘ ʩʠʛʥʘʣʫ ʚʽʙʨʘʮʽʾ  
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ʅʝʭʘʡ ʟʩʫʚ ʬʘʟʠ ʙʫʜʝ 90¯ ʜʣʷ ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʢʠ ʽ 180¯ ʜʣʷ ʪʨʝʪʴʦʾ 

ʛʘʨʤʦʥʽʢʠ ʨʽʚʥʷʥʥʷ. (10.32). ɺʽʜʧʦʚʽʜʥʽ ʯʘʩʦʚʽ ʣʘʛʠ ʟʘʜʘʶʪʴʩʷ ʯʝʨʝʟ 

1 1 / 90 /t q w w¯= =   ̔ 2 2 / 3 180 / 3t q w w¯= = . 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.2.9. ɺʠʜʥʦ, ʱʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʯʝʨʝʟ ʬʘʟʦʚʝ ʩʧʦʪʚʦʨʝʥʥʷ. ʗʢ 

ʟʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ, ʥʝʭʘʡ ʟʘʜʘʥʘ ʩʢʣʘʜʥʘ ʭʚʠʣʷ ʟʘʜʘʻʪʴʩʷ ʩʫʤʦʶ ʢʽʣʴʢʦʭ 

ʛʘʨʤʦʥʽʢ ʷʢ 

() 1 2sin sin2 ...y t a t a tw w= + + +  .                  (2.22) 

 

 

ʈʠʩ. 2.9. ʇʦʭʠʙʢʘ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ 

 

ʗʢʱʦ ʚʽʙʨʘʮʽʡʥʝ ʟʤʽʱʝʥʥʷ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ, ʥʘʧʨʠʢʣʘʜ, 

ʧʨʦʢʩʠʤʝʪʨʘ, ʡʦʛʦ ʚʽʜʧʦʚʽʜʴ ʥʘ ʢʦʞʥʫ ʩʢʣʘʜʦʚʫ ʨʷʜʫ ʩʪʘʻ: 

() ( ) ( )1 1 2 2sin sin 2 ...z t a t a tw j w j= - + - +,              (2.23) 

ʜʝ:                                         
2

2

tan , 1,2,...

1

n

j

n

j

j
w

j

w
z
w

j

w

å õ
æ ö
ç ÷= =
å õ
-æ ö
ç ÷

  .               (2.24) 

ʆʩʢʽʣʴʢʠ / nw w ʻ ʚʝʣʠʢʠʤ, ʤʠ ʤʦʞʝʤʦ ʟʥʘʡʪʠ, ʱʦ   jf p, 1,2...,j=  ʪʦʜʽ 

ʨʽʚʥʷʥʥʷ (2.23) ʩʪʘʻ  

() [ ] ()1 2sin sin2 ...z t a t a t y tw w- + + -               (2.25) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʽʜʥʠʡ ʟʘʧʠʩ ʙʫʜʝ ʚ ʧʨʦʪʠ ʬʘʟʽ ʚʠʤʽʨʶʚʘʥʦʤʫ ʨʫʭʫ. 
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ʄʦʜʝʣʶʚʘʥʥʷ ʛʘʨʤʦʥʽʢ ʪʘ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʛʽʜʥʦ ʾʭ 

ʨʽʚʥʷʥʴ ʧʨʦʚʝʜʝʥʦ ʚ ʩʝʨʝʜʦʚʠʱʽ Mathcad [3,5,6,7,8,9,12]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʜʽʙʥʫ ʚʠʢʣʘʜʢʫ, ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʥʘ ʧʨʠʢʣʘʜʽ 

ʚʝʣʦʩʠʤʝʪʨʘ, ʱʦ ʜʣʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʛʘʨʤʦʥʽʢ: 

() ()z t y t- .                                              (2.26) 

ʈʦʟʛʣʷʥʝʤʦ ʬʘʟʦʚʝ ʩʧʦʪʚʦʨʝʥʥʷ ʜʣʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ʅʝʭʘʡ ʢʨʠʚʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʨʘʟʠʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ. (2.22), 

ʷʢ 

() ( )
22

1 2sin 2 sin2 ...y t a t a tw w w w=- - -.                (2.27) 

ɺʽʜʧʦʚʽʜʴ ʘʙʦ ʚʠʭʽʜ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʘ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ 

ʨʽʚʥʷʥʥʷ (2.23) ʪʦʙʪʦ: 

() ( )
22

1 1 2 2sin( ) 2 sin(2 ) ...z t a t a tw w j w w j=- - - - -,    (2.28) 

ʜʝ ʬʘʟʦʚʽ ʚʽʜʩʪʘʚʘʥʥʷ jf ʨʽʟʥʽ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʷʜʫ ʫ ʨʽʚʥʷʥʥʽ (2.28). 

ʆʩʢʽʣʴʢʠ ʚʽʜʩʪʘʚʘʥʥʷ ʬʘʟʠ f ʟʤʽʥʶʻʪʴʩʷ ʤʘʡʞʝ ʣʽʥʽʡʥʦ ʚʽʜ 0¯ ʧʨʠ 0r =  ʜʦ 

90¯ ʧʨʠ 1r=  ʜʣʷ 0.7z= , ʤʦʞʝʤʦ ʚʠʨʘʟʠʪʠ f ʷʢ 

n

ar a
w

f bw
w

= = ,                                   (2.29) 

ʜʝ  aʽ / nb a w=  - ʢʦʥʩʪʘʥʪʠ.  

ʏʘʩ ʟʘʪʨʠʤʢʠ ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ:  

t
f bw

b
w w

¡= = =                                  (2.30) 

ʎʝ ʧʦʢʘʟʫʻ, ʱʦ ʯʘʩʦʚʠʡ ʣʘʛ  t¡ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʟʘ ʫʤʦʚʠ, ʱʦ ʯʘʩʪʦʪʘ ʣʝʞʠʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 0 1r¢ ¢. 

ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʫ ʤʘʻ ʦʜʥʘʢʦʚʫ ʟʘʪʨʠʤʢʫ ʯʘʩʫ ʘʙʦ ʬʘʟʦʚʠʡ 

ʣʘʛ, ʤʠ ʤʘʻʤʦ, ʟ ʨʽʚʥʷʥʥʷ (2.28), 

() ( ) ( ) ( )

( )

22 2

1 2

22

1 2

sin 2 sin 2 2 ...

sin 2 sin2 ,

z t a t a t

a a

w w w wb w w wb

w wt w wt

- =- - - - -

=- - -
               (2.31) 

ʜʝ:     tt b= -. 
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ʅʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʨʽʚʥʷʥʥʷ (2.31) ʧʝʨʝʜʙʘʯʘʻ, ʱʦ 0 1r¢ ¢ - 

ʪʦʙʪʦ ʥʘʚʽʪʴ ʥʘʡʚʠʱʘ ʯʘʩʪʦʪʘ, nҾ, ʤʝʥʰʝ, ʥʽʞ nw . ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʤʦʞʝ ʥʝ 

ʜʦʩʷʛʘʪʠʩʷ, ʪʘʢ ʷʢ ʫ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʥʝ ʚʠʥʠʢʘʻ ʟʥʘʯʥʠʭ ʬʘʟʦʚʠʭ 

ʩʧʦʪʚʦʨʝʥʴ, ʥʘʚʽʪʴ ʢʦʣʠ ʜʝʷʢʽ ʯʘʩʪʦʪʠ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʧʝʨʝʚʠʱʫʶʪʴ 

nw . ʇʨʠʯʠʥʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʣʠʰʝ ʧʝʨʰʽ ʢʽʣʴʢʘ ʛʘʨʤʦʥʽʢ 

ʚʘʞʣʠʚʽ ʽ ʚʠʟʥʘʯʘʶʪʴ ʥʘʚʽʪʴ ʩʘʤʽ ʩʢʣʘʜʥʽ ʬʦʨʤʠ ʘʤʧʣʽʪʫʜʠ, ʘ ʚʠʱʽ ʛʘʨʤʦʥʽʢʠ 

ʥʝʚʝʣʠʢʽ ʽ ʜʫʞʝ ʤʘʣʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʫ ʬʦʨʤʽ ʭʚʠʣʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʘʚʝʜʝʥʘ 

ʚʠʨʘʟʦʤ (2.31)  ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʩʠʪʴ ʙʣʠʟʴʢʦʛʦ ʜʦ 

ʨʝʘʣʴʥʦʛʦ. 

 

2.3. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʭʠʙʦʢ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʪʠʧʫ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ (ʚʽʙʨʘʮʽʾ), ʷʢʽ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ 

ʧʨʘʢʪʠʮʽ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.2.10. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ, ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʚʢʣʶʯʘʻ ʧʝʨʝʪʚʦʨʶʚʘʯ ʚʠʤʽʨʶʚʘʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ- ʧʨʠʩʢʦʨʝʥʥʷ ʘ ʚ ʟʫʩʠʣʣʷ F, ʜʘʣʽ ʧ'ʻʟʦʝʣʝʤʝʥʪ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ 

ʟʫʩʠʣʣʷ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ q ʽ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ, ʱʦ ʟʚ'ʷʟʫʻ ʧ'ʻʟʦʝʣʝʤʝʥʪ 

ʟ ʧʽʜʩʠʣʶʚʘʯʝʤ ʽ ʧʝʨʝʪʚʦʨʶʻ ʟʘʨʷʜ ʚ ʥʘʧʨʫʛʫ U ʥʘ ʚʭʦʜʽ ʝʣʝʢʪʨʦʥʥʦʾ 

ʘʧʘʨʘʪʫʨʠ. 

 

 

 

 

ʈʠʩ. 2.10. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ 
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ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʽ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʾʭ ʪʝʨʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ: 

- ʚʠʩʦʢʠʡ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ; 

-ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʥʠ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ; 

-ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʽʩʪʝʨʝʟʠʩ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʚʧʣʠʚ ʧʦʧʝʨʝʜʥʽʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʪʘʥʽʚ ʥʘ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʊʘʢʦʞ ʜʣʷ ʧ'ʻʟʦʢʝʨʘʤʽʢʠ ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦ 

ʪʝʧʣʦʚʦʤʫ ʜʽʘʧʘʟʦʥʫ [11,17]. ʗʢʱʦ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʢʝʨʘʤʽʯʥʠʡ ʤʘʪʝʨʽʘʣ 

ʥʘʛʨʽʪʠ ʜʦ ʪʦʯʢʠ ʂʶʨʽ, ʪʦ ʜʦʤʝʥʠ ʩʪʘʥʫʪʴ ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʤʠ, ʛʫʙʣʷʪʴ 

ʦʨʽʻʥʪʘʮʽʶ ʦʪʨʠʤʘʥʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʚʠʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʽ ʤʘʪʝʨʽʘʣ ʩʪʘʻ 

ʜʝʧʦʣʷʨʽʟʦʚʘʥʥʠʤ. ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʚʝʨʭʥʷ ʤʝʞʘ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʢʝʨʘʤʽʢʠ ʟʘʟʚʠʯʘʡ ʨʦʟʪʘʰʦʚʘʥʘ ʧʦ ʩʝʨʝʜʠʥʽ ʜʽʘʧʘʟʦʥʫ ʤʽʞ 0ÁC ʽ ʪʦʯʢʦʶ ʂʶʨʽ. 

ɺ ʨʘʤʢʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʽʜʧʦʚʽʜʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʥʠ ʚ ʦʨʽʻʥʪʘʮʽʾ ʜʦʤʝʥʽʚ ʻ ʦʙʦʨʦʪʥʠʤʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʽ ʟʤʽʥʠ 

ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʟʘʨʷʜ ʟʤʽʱʝʥʥʷ ʽ ʚʠʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ.  

ʊʦʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʝʚʥʦʶ 

ʧʦʭʠʙʢʦʶ. ʈʦʟʛʣʷʥʝʤʦ ʧʦʭʠʙʢʠ, ʧʨʠʯʠʥʦʶ ʷʢʠʭ ʻ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ 

ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ʇʦʭʠʙʢʠ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ 

ʥʘ: 

- ʧʦʭʠʙʢʘ ʟʤʽʱʝʥʥʷ ʥʫʣʷ  ʭad - ʚʝʣʠʯʠʥʘ ʫʷʚʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʜʽʻ ʥʘ 

ʘʢʩʝʣʝʨʦʤʝʪʨ, ʢʦʣʠ ʧʦ ʦʩʽ ʯʫʪʣʠʚʽʩʪʴ ʫʜʘʚʘʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʎʷ 

ʧʦʭʠʙʢʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʧʦʭʠʙʢʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʪʨʫʢʪʫʨʽ ʇɽ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ʆʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ ʮʽʻʾ ʧʦʭʠʙʢʠ ʻ ʨʽʟʢʘ ʟʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ. 

- ʧʦʭʠʙʢʘ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʭʭm  - ʧʦʭʠʙʢʘ ʚ ʧʦʢʘʟʘʭ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʜʘʚʘʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦ ʦʩʽ ʯʫʪʣʠʚʦʩʪʽ. 

ʎʷ ʧʦʭʠʙʢʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʧʦʭʠʙʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟ 
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ʜʘʪʯʠʢʘ ʤʦʤʝʥʪʫ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʽ ʯʝʨʝʟ ʧʦʤʠʣʢʠ ʩʘʤʦʛʦ ʮʴʦʛʦ ʜʘʪʯʠʢʘ 

ʤʦʤʝʥʪʫ. 

- ʧʦʭʠʙʢʘ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʦʩʝʡ ʯʫʪʣʠʚʦʩʪʽ ,ʭz xym m- ʧʦʭʠʙʢʠ ʚ ʧʦʢʘʟʘʭ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʧʨʦʧʦʨʮʽʡʥʽ ʫʜʘʚʘʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʱʦ ʜʽʶʪʴ ʧʦ ʽʥʰʠʤ ʜʚʦʤ 

ʦʩ̫ʤ. ʎʷ ʧʦʭʠʙʢʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʧʦʤʠʣʢʠ ʧʨʠ ʦʨʽʻʥʪʘʮʽʾ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʟʘʭʠʱʝʥʘ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʽʥʰʠʭ 

ʥʝʚʨʘʭʦʚʘʥʠʭ ʯʠʥʥʠʢʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʮʽ ʜʽʾ ʥʘ ʩʠʩʪʝʤʫ ʩʢʣʘʜʥʦ ʦʧʠʩʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʦ ʚʚʝʜʝʤʦ ʪʘʢʝ ʧʦʥʷʪʪʷ ʷʢ ʚʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ. ɺʦʥʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʪʘʢʽ ʯʠʥʥʠʢʠ ʷʢ ʟʤʽʥʘ ʛʨʘʜʽʻʥʪʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʽ ʪ.ʜ. 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʭʠʙʢʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʧʠʩʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

ʭ ʭ xx x xy y xz z ʭa a a a a ad d m m m d= + + + +,                           (2.32) 

ʜʝ ʭad  - ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ. ʎʷ ʩʢʣʘʜʦʚʘ  ʚʠʢʣʠʢʘʥʘ ʨʽʟʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʰʫʤʫ. 

 

2.3.1. ʇʦʭʠʙʢʘ ʟʤʽʱʝʥʥʷ ʥʫʣʷ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʽʜ ʚʧʣʠʚʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ 

ʈ̔ ʟʢʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʽ 

ʥʘʧʨʫʛʠ, ʷʢʽ ʪʝʞ ʟʜʘʪʥʽ ʜʝʧʦʣʷʨʽʟʫʚʘʪʠ ʢʝʨʘʤʽʯʥʠʡ ʝʣʝʤʝʥʪ. 

ʊʦʤʫ, ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʧʣʠʚʽ ʥʘ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ 

ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʷʢ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʢ ʽ ʰʚʠʜʢʽʩʪʴ ʾʾ ʟʤʽʥʠ ʱʦʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɺʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʠ - ʚʘʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʢʪʨʠʯʥʫ 

ʯʫʪʣʠʚʽʩʪʴ ʜʘʪʯʠʢʘ ʪʘʢ ʷʢ ʚʽʜ ʥʝʾ ʟʘʣʝʞʠʪʴ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽ, 

ʤʦʞʣʠʚʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʦʞ ʟʤʽʥʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʚ ʝʣʝʢʪʨʠʯʥʽ (ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʘ 

ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ). ʇʨʠ ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʮʝʡ ʚʧʣʠʚ ʥʘ ʯʫʪʣʠʚʽʩʪʴ, 

ʪʝʦʨʝʪʠʯʥʦ, ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ [11,23]. 
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ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ 

ʚʠʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʠʣ 

ʚʠʢʣʠʢʘʥʠʭ ʚʽʙʨʘʮʽʡʥʠʤʠ ʘʙʦ ʽʥʰʠʤʠ ʟʙʫʨʝʥʥʷʤʠ. ɿʘʨʷʜʠ ʥʘ ʝʣʝʢʪʨʦʜʘʭ 

ʧ'ʻʟʦʝʣʝʤʝʥʪʘ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ, ʷʢʽʡ ʧʽʜʜʘʻʪʴʩʷ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʨʽʟʥʝ ʨʦʟʰʠʨʝʥʥʷ ʜʝʪʘʣʝʡ ʽ 

ʚʥʘʩʣʽʜʦʢ ʧʽʨʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ. 

ʇ ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʤʝʥʰʝ ʩʭʠʣʴʥʽ ʜʦ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʽ ʤʝʥʰʫ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʷʤʦʛʦ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ. 

ʉʠʛʥʘʣʠ ʜʫʞʝ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ (ʜʨʝʡʬ), ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʧ'ʻʟʦʝʣʝʤʝʥʪʦʤ 

ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʧʽʨʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ, 

ʧʦʩʣʘʙʣʶʶʪʴʩʷ ʬʽʣʴʪʨʦʤ ʩʭʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʨʦʧʫʩʢʘʻ ʪʽʣʴʢʠ 

ʧʽʜʚʠʱʝʥʽ ʯʘʩʪʦʪʠ. ɸʣʝ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʰʠʨʝʥʥʷ 

ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʚ ʩʪʦʨʦʥʫ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ. 

ʊʦʤʫ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠʣʘʜʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧ'ʻʟʦʝʣʝʤʝʥʪ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʘʥʽʟʦʪʨʦʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʪʘʥʥʽʭ. ʊʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʧʨʫʞʥʽʩʪʴ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ 

ʚʧʣʠʚʫ ʽ ʩʪʨʫʢʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʷʤʠʡ ʧ'ʻʟʦʝʬʝʢʪ: ʧ'ʻʟʦʝʣʝʤʝʥʪ ʛʝʥʝʨʫʻ ʥʘ ʩʚʦʾʭ 

ʝʣʝʢʪʨʦʜʘʭ ʟʘʨʷʜ ʧʽʜ ʜʽʻʶ ʥʘ ʥʴʦʛʦ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ. 

 

ʈʠʩ.2.11. ʇ'ʻʟʦʝʣʝʤʝʥʪ ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʧʦʟʜʦʚʞʥʴʦʤʫ ʧ'ʻʟʦʝʬʝʢʪʽ 
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ʈʽʚʥʷʥʥʷ ʧʨʷʤʦʛʦ ʧ'ʻʟʦʝʬʝʢʪʫ, ʜʣʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʽʥʜʫʢʮʽʾ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ ʟʘʣʠʰʢʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ zD , ʢʦʣʠ ʧ'ʻʟʦʝʣʝʤʝʥʪ ʧʨʘʮʶʻ 

ʥʘ ʧʦʟʜʦʚʞʥʴʦʤʫ ʧ'ʻʟʦʝʬʝʢʪʽ ʽ ʨʦʙʦʯʠʤ ʻ ʧ'ʻʟʦʤʦʜʫʣʴ d33 (ʨʠʩ.2.11), ʙʫʜʝ ʤʘʪʠ 

ʚʠʛʣʷʜ: 

               ( )33 31 33z zz rr zD d d qqs s s e e= + + + , (2.33) 

ʜʝ: 33d   ̔ 31d  -ʧ'ʻʟʦʤʦʜʫʣʴ (ʧʦʟʜʦʚʞʥʽʡ ʽ ʧʦʧʝʨʝʯʥʠʡ ʱʦʜʦ ʦʩʽ ʟʘʣʠʰʢʦʚʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ); 33e  - ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ; , ,zz rr qqs s s ï 

ʢʦʤʧʦʥʝʥʪʠ  ʤʝʭʘʥʽʯʥʠʭ  ʥʘʧʨʫʞʝʥʴ  ʧʦ ʦʩʷʭ Z, r,q; ze - ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ɿ ʬʦʨʤʫʣʠ (2.33) ʚʠʜʥʦ, ʱʦ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧ'ʻʟʦʤʦʜʫʣʷ 

33d  ʥʝʦʙʭʽʜʥʠʤ ʻ ʜʦʪʨʠʤʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: 

0ze= ; 

0rr qqs s= =; 

constzzs = . 

ʊʦʜʽ ʧ'ʻʟʦʤʦʜʫʣʴ 33d  ʧʦ ʦʩʽ Z (ʨʠʩ.2.12): 

33 /z zzd D s=  (2.34) 

ʜʝ: /z eD q S=  /z eD q S= , 0/zz F Ss = , q - ʟʘʨʷʜ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʧ'ʻʟʦʝʣʝʤʝʥʪʘ,eS

- ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʧ'ʻʟʦʝʣʝʤʝʥʪʘ,0S - ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʧ'ʻʟʦʝʣʝʤʝʥʪ ʥʘ 

ʷʢʫ ʜʽʻ ʟʦʚʥʽʰʥʷ ʩʠʣʘ F. 

 ɣ̑ ̠̏̈̄̌̎̔̓̏̍̔ ̎́̍ ̉̃̉̐́̅̋̔ eS 0S . 

ʊʦʜ̔, ʧʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ ʜʣʷ zD ʪʘ zzs  ʚ (2.34) ʦʪʨʠʤʘʻʤʦ: 

33 /d q F= , ʘʙʦ: 

33q d F=  (2.35) 

 

ɿ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ (2.35) ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘ ʛʝʥʝʨʫʻʤʠʡ ʟʘʨʷʜ q, ʷʢʠʡ 

ʚʠʥʠʢʘʻ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʧ'ʻʟʦʝʣʝʤʝʥʪ ʧʽʜ ʜʽʻʶ ʩʠʣʠ F, ʤʦʞʝ ʚʧʣʠʚʘʪʠ 
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ʪʝʤʧʝʨʘʪʫʨʥʘ ʜʝʚʽʘʮʽʷ ʧ'ʻʟʦʤʦʜʫʣʷ 33d , ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʝʘʢʮʽʶ 

ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧ'ʻʟʦʝʣʝʤʝʥʪʘ ʽ ʚʠʥʠʢʘʻ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʅʘ ʨʠʩ.2.12. ʧʨʠʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧ'ʻʟʦʤʦʜʫʣʷ 33d  ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ [1] ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 20Áʉ ʜʦ 250Áʉ (ʚʝʨʭʥʽʡ ʜʽʘʧʘʟʦʥ-

ʮʝ ʧʦʣʦʚʠʥʘ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʂʶʨʽ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʻʟʦʢʝʨʘʤʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ). ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʧ'ʻʟʦʢʝʨʘʤʽʢʘ ʤʘʨʢʠ ʎʊʉ-19ʙ (ʧ'ʻʟʦʢʝʨʘʤʽʢʘ 

PZT ʚ ʟʘʢʦʨʜʦʥʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ) [17]. 

ɿ ʛʨʘʬʽʢʘ ʥʘ ʨʠʩ.2.12 ʚʠʜʥʦ, ʱʦ ʧʦʟʜʦʚʞʥʽʡ ʱʦʜʦ ʦʩʽ ʟʘʣʠʰʢʦʚʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ ʧ'ʻʟʦʤʦʜʫʣʴ 33d  ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ 

ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ.  

ʇʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ: 

33 33 td d taD = ÖD, (2.36) 

 

ʜʝ ta- ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʢʚʘʨʮʫ, tD - ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ Áʉ . 

 

 

ʈʠʩ.2.12. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧ'ʻʟʦʤʦʜʫʣʷ  33d  ʧ'ʻʟʦʢʝʨʘʤʽʢʠ ʎʊʉ-19ʙ 
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ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ 33d (ʦʜʥʦʚʽʩʥʠʡ 

ʘʢʩʝʣʝʨʦʤʝʪʨ, ʧʨʠʩʢʦʨʝʥʥʷ ʜʽʻ ʧʦ ʦʩʽ Z), ʷʢʘ ʚʠʢʣʠʢʘʥʘ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʝʨʝʜʦʚʠʱʘ ʙʫʜʝ: 

33
33

33

t

d
d t

d
d a

å õD
= = Dæ ö
ç ÷

.                                     (2.37) 

 

ʊʦʙʪʦ, ʷʢ ʚʠʜʥʦ ʟ ʚʠʨʘʟʫ (2.37) ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʣʠʢʘʥʘ 

ʟʘʣʝʞʥʽʩʪʶ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ, ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʟ ʷʢʦʛʦ ʚʽʥ ʚʠʛʦʪʦʚʣʝʥʠʡ. 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ ʜʽʻ ʱʝ ʥʘ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ ʇɽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ï ʡʦʛʦ ʻʤʥʽʩʪʴ. 

 ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʠʙʢʠ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʾ ʻʤʥʦʩʪʽ ʇɽ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ: 

ʧ

S
C

h

eÖ
= , 

(2.38) 

 

ʜʝ: e - ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʧ'ʻʟʦʢʝʨʘʤʽʢʠ; S - ʧʣʦʱʘ ʇɽ; h - ʚʠʩʦʪʘ ʇɽ. 

ʗʢ ʚʠʜʥʦ ʟ (2.38), ʧʦʭʠʙʢʘ ʝʣʝʢʪʨʠʯʥʦʾ ʻʤʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʟʤʽʥʠ ʧʣʦʱʽ ʇɽ. 

S d

S d
p

D D
= Ö. 

(2.39) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʭʠʙʢʘ  

ʧ
ʧ

ʧ

C S h
ʉ

C S h

e
d

e

D D D D
= = + - .                               (2.40) 

ʇʦʭʠʙʢʠ ʚʠʢʣʠʢʘʥʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʫʩʫʥʝʥʽ  ʦʩʦʙʣʠʚʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʇɽ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ. 
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2.3.2. ʇʦʭʠʙʢʘ ʟʤʽʱʝʥʥʷʤ ʥʫʣʷ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʽʜ ʜʽʻʶ ʫʜʘʨʥʠʭ  ʥʘʚʘʥʪʘʞʝʥʴ 

ʆʜʥʠʤ ʟ ʥʝʜʦʣʽʢʽʚ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ  ʫʩʫʥʫʪʠ, ʻ 

ʟʨʫʰʝʥʥʷ ʘʙʦ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ. ɿʨʫʰʝʥʥʷ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ 

ʚʽʜʙʠʚʘʻʪʴʩʷ ʚ ʪʦʤʫ ʬʘʢʪʽ, ʱʦ ʧʦʪʝʥʮʽʘʣ ʥʘ ʦʙʢʣʘʜʢʘʭ ʇɽ ʟʘʚʞʜʠ ʧʦʚʽʣʴʥʦ 

ʟʤʽʱʫʻʪʴʩʷ ʚ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʤʽʩʮʽ ʽ ʚ ʧʦʩʪʽʡʥʠʭ ʫʤʦʚʘʭ (ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʪʠʩʢ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʧʝʨʽʰʥʽ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʧʦʧʝʨʝʜʥʽʭ. ɿʨʫʰʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ: ʧʨʠ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʝʞʠʤʫ ʩʠʛʥʘʣʫ ʪʘ 

ʽʥʰʠʭ. ʇʨʠʨʦʜʘ ʮʴʦʛʦ ʟʩʫʚʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘʧʨʫʞʝʥʠʡ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ- ʧ ʻʟʦʝʣʝʤʝʥʪ ʥʝʪʦʯʥʦ ʩʣʽʜʫʻ ʟʘʢʦʥʫ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʝʬʦʨʤʘʮʽʾ. 

ʏʝʨʝʟ ʨʦʟʪʷʛʥʝʥʥʷ ʪʘ ʩʪʠʩʥʝʥʥʷ ʚʠʥʠʢʘʻ çʚʪʦʤʘè ʚ ʩʪʨʫʢʪʫʨʽ ʧôʻʟʦʝʣʝʤʝʥʪʘ ʷʢ 

ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʪʦʤʫ ʚʽʥ ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʶʻ ʨʽʚʝʥʴ ʩʚʦʻʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ [13,15,18,19,20]. ʅʘ ʨʠʩ. 2.13 ʥʘʚʝʜʝʥʦ ʟʨʫʰʝʥʥʷ 

ʨʽʚʥʷ ʥʫʣʷ ʇɽ ʧʨʠ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

  

ʈʠʩ.2.13. ɿʨʫʰʝʥʥʷ ʨʽʚʥʷ ʥʫʣʷ ʇɽ ʧʨʠ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʧʝʨʽʰʥʽ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʧʦʧʝʨʝʜʥʽʭ. ɿʨʫʰʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ: ʧʨʠ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʝʞʠʤʫ ʩʠʛʥʘʣʫ ʪʘ 

ʽʥʰʠʭ. ʇʨʠʨʦʜʘ ʮʴʦʛʦ ʟʩʫʚʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘʧʨʫʞʝʥʠʡ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ- ʧ ʻʟʦʝʣʝʤʝʥʪ ʥʝʪʦʯʥʦ ʩʣʽʜʫʻ ʟʘʢʦʥʫ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʝʬʦʨʤʘʮʽʾ. 

ʏʝʨʝʟ ʨʦʟʪʷʛʥʝʥʥʷ ʪʘ ʩʪʠʩʥʝʥʥʷ ʚʠʥʠʢʘʻ çʚʪʦʤʘè ʚ ʩʪʨʫʢʪʫʨʽ ʧôʻʟʦʝʣʝʤʝʥʪʘ ʷʢ 
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ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʪʦʤʫ ʚʽʥ ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʶʻ ʨʽʚʝʥʴ ʩʚʦʻʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ [13,15,18,19,20].  

ɿʨʫʰʝʥʥʷ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʚʘʨʽʶʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʜʣʷ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʇɽ ʧʦ ʨʽʟʥʦʤʫ [17].   

ʇʦʭʠʙʢʘ ʚ ʥʦʚʦʤʫ ʇɽ, ʚʠʢʣʠʢʘʥʘ ʟʤʽʱʝʥʥʷʤ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ, ʤʦʞʝ ʙʫʪʠ 

ʨʽʚʥʦʶ ʥʫʣʶ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ ʽ 

ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʥ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ, ʘ ʢʦʥʪʫʨ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ, ʚʢʣʶʯʝʥʠʡ ʚ ʩʠʩʪʝʤʫ, ʧʦʩʪʽʡʥʦ ʧʦʚʝʨʪʘʻ ʇɽ ʚ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ, 

ʢʦʤʧʝʥʩʫʶʯʠ ʚʭʽʜʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʨʠ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ ʝʬʝʢʪ, ʷʢʠʡ ʤʦʞʝ 

ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʢʦʧʠʯʝʥʥʷʤ ʟʘʨʷʜʫ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʽ ʡʦʛʦ 

ʧʦʚʽʣʴʥʦʾ ʨʦʟʨʷʜʢʦʶ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ ʣʘʥʢʠ ʘʢʩʝʣʝʨʦʤʝʪʨ- ʧʝʨʝʜʧʽʜʩʠʣʶʚʘʯ, ʢʘʥʘʣʫ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʜʘʥʠʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʚʧʣʠʚʽ ʥʘ ʘʢʩʝʣʝʨʦʤʝʪʨ ʤʝʭʘʥʽʯʥʠʭ ʫʜʘʨʽʚ ʟ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ 

ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʱʦ ʥʝ ʤʦʞʥʘ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥ ʘʤʧʣʽʪʫʜ, ʚ ʷʢʦʤʫ 

ʮʝʡ ʝʬʝʢʪ ʩʪʘʻ ʧʦʤʽʪʥʠʤ. ʆʪʞʝ, ʟʨʫʰʝʥʥʷʤ ʥʫʣʷ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʘʢʩʝʣʝʨʦʤʝʪʨ ʧʝʨʰʦʛʦ ʽ ʥʘʩʪʫʧʥʠʭ ʟʘ ʥʠʤ ʜʝʢʽʣʴʢʦʭ 

ʤʝʭʘʥʽʯʥʠʭ ʫʜʘʨʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʬʽʨʤʠ 

ɹʨʶʣʴ ʽ ʂ'ʻʨ [1]  ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ ʟʘʟʥʘʚʰʠʭ ʢʽʣʴʢʘ ʤʝʭʘʥʽʯʥʠʭ ʫʜʘʨʽʚ 

ʚʽʙʨʦʜʘʪʯʠʢʽʚ ʦʙʫʤʦʚʣʝʥʘ ʟʩʫʚʦʤ ʥʫʣʷ ʧʦʭʠʙʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1é 3% 

ʧʨʠ ʾʭʥʽʡ ʥʦʨʤʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʙʪʦ ʧʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʜʠʥʘʤʽʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʱʦ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʜʘʥʦʛʦ ʪʠʧʫ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. 

 

2.3.3. ʇʦʭʠʙʢʘ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʚʠʢʣʠʢʘʥʘ 

ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʩʪʶ ʦʩʝʡ ʯʫʪʣʠʚʦʩʪʽ 

ɼʘʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʧʦʧʝʨʝʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʫʭʫ. ɺʝʢʪʦʨ ʯʫʪʣʠʚʦʩʪʽ s ʜʘʪʯʠʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʥʘʧʨʷʤʢʦʤ ʡʦʛʦ ʧʘʩʧʦʨʪʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʦʩʽ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʫʩʪʘʥʦʚʮʽ 
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ʜʘʪʯʠʢʘ ʥʘ ʦʙ'ʻʢʪ ʤʦʞʣʠʚʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʦʩʽ Oz ʜʘʪʯʠʢʘ ʚʽʜ 

ʟʘʜʘʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʠ ʆ'z, (ʨʠʩ. 2.14) [1,4,8,14]. 

 

ʈʠʩ.2.14. ʉʭʝʤʘ ʚʽʜʭʠʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʦʩʽ ʆz ʜʘʪʯʠʢʘ   ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ ʆ'Z 

 

ʅʘ ʨʠʩ.2.14 ʧʦʟʥʘʯʝʥʦ: ʘ- ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ; 0s - ʚʝʢʪʦʨ ʦʩʥʦʚʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ; ʆ - ʪʦʯʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʪʯʠʢʘ, ʧʦʻʜʥʘʥʘ ʟ ʪʦʯʢʦʶ 

ʚʠʤʽʨʶʚʘʥʥʷ; ʆ' ʍYZ -ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʜʘʥʠʤʠ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʢʪʦʨ ʯʫʪʣʠʚʦʩʪʽ s ʤʘʻ ʨʝʟʫʣʴʪʫʶʯʽ ʩʢʣʘʜʦʚʽ ʽ ʫʟʜʦʚʞ 

ʦʩʝʡ ʆ'X ʽ ʆ'Y: 

  o o o

X Y Zs s S s Y s Z= + + . (2.41) 

ʗʢʱʦ ʚʠʤʽʨʶʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʧʦʩʪʫʧʘʣʴʥʝ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʘ ʚ ʪʦʯʮʽ 

ʆ, ʪʦ: 

o o o

X Y Za a X a Y a Z= + +                                            (2.42)  

'

0

1
( )Z X X Y Y Z Za a s a s a s

s
= + + ,             (2.43) 

ʜʝ 0s  - ʯʫʪʣʠʚʽʩʪʴ ʜʘʪʯʠʢʘ ʫʟʜʦʚʞ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʦʩʽ ʆz. ʇʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 0Zs sº   ʪʘʢ ʱʦ: 

'

0 0

,
yX

z z x y z x x y y

ss
a a a a a k a k a

s s
º + + = + +                                 (2.44) 
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ʜʝ ,x yk k - ʨʝʟʫʣʴʪʫʶʯʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʥʦʩʥʦʾ ʧʦʧʝʨʝʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʟʜʦʚʞ ʦʩʝʡ ʆʍ ʽ ʆY (ʨʝʟʫʣʴʪʫʶʯʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ). ʆʩʪʘʥʥʽ 

ʜʚʘ ʯʣʝʥʘ ʚʠʟʥʘʯʘʶʪʴ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ zaD  ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ 

ʚʧʣʠʚʦʤ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʟʘʜʘʥʦʤʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ: 

'

z Z Z X X Y Ya a a k a k aD = - = +. (2.42) 

ɺʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʦʜʥʽʻʶ ʟ ʚʝʣʠʯʠʥ: 

* *

* *
max( , );X Y

Z X Y

Z Z

a a
a k k

a a
=  

 

(2.43) 

1/2
* *

2 2

* *
( ) ( )X Y

Z X Y

Z Z

a a
a k k

a a

è ø
= +é ù
ê ú

, 
 

(2.44) 

ʜʝ 
* * *, ,X Y Za a a  - ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ, ʩʝʨʝʜʥʽ ʧʦ ʤʦʜʫʣʶ ʘʙʦ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʠʭ ʚʝʣʠʯʠʥ (ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʘʨʘʤʝʪʨʠ). ʊʫʪ ʽ ʜʘʣʽ ʧʨʠ 

ʟʥʘʭʦʜʞʝʥʥʽ ʚʽʜʥʦʩʥʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʬʫʥʢʮʽʡ 

ʯʘʩʫ ʫʢʣʘʜʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʷʢʽ ʦʮʽʥʦʯʥʽ ʟʥʘʯʝʥʥʷ 

(ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʘʨʘʤʝʪʨʠ) ʮʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʥʝ ʨʽʚʥʽ ʥʫʣʶ, ʷʢʱʦ ʬʫʥʢʮʽʾ 

ʪʦʪʦʞʥʦ ʥʝ ʨʽʚʥʽ ʥʫʣʶ [2]. 

ʆʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʧʦʧʝʨʝʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʫʭʫ ʧʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ (ʜʘʪʯʠʢʘ) ʽ ʫʩʪʘʥʦʚʦʯʥʦʾ 

ʧʦʭʠʙʦʢ. ʗʢʱʦ Xk  ̔  Yk  - ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʥʦʩʥʦʾ ʧʦʧʝʨʝʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ 

ʚʟʜʦʚʞ ʚʣʘʩʥʠʭ ʦʩʝʡ ʆʭ ʽ ʆʇ ʽ ʚʽʜʦʤʠʡ ʥʘʭʠʣ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʦʩʽ ʆz ʜʘʪʯʠʢʘ 

ʱʦʜʦ ʟʘʜʘʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ (Xj , Yj), ʪʦ ʨʝʟʫʣʴʪʫʶʯʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ Xk  ʽ Yk  ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

;

,

X X Y

Y y X

k k

k k

j

j

º +

º -
 

ʜʝ Xj , Yj - ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʦʩʽ ʆz ʜʘʪʯʠʢʘ ʱʦʜʦ ʦʩʝʡ ʆ'ʍ ʥ ʆ'ʋ 

(ʚ ʨʘʜʽʘʥʘʭ), ʽ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʟʥʘʢ  ʧʨʠ ʧʦʚʦʨʦʪʽ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ 

ʩʪʨʽʣʢʠ. ʅʘʭʠʣ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʦʩʽ ʥʘ 1Á ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʥʦʩʥʦʾ 
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ʧʦʧʝʨʝʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʚ 2% [2]. ʗʢʱʦ ʚʽʜʦʤʽ ʪʽʣʴʢʠ ʧʘʩʧʦʨʪʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʥʦʩʥʦʾ ʧʦʧʝʨʝʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ ʧk  ʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʥʦʩʥʦʾ ʧʦʧʝʨʝʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʫʩʪʘʥʦʚʢʠ (ʢʦʝʬʽʮʽʻʥʪ - ʫʩʪk ), 

ʪʦ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʦʜʥʽʻʶ ʟ ʚʝʣʠʯʠʥ: 

* *

* *
0,7 max( , );X Y

Z XY

Z Z

a a
a k

a a
=  

 

(2.45) 

 

1/2
*2 *2

*
0,7 X Y

Z XY

Z

a a
a k

a

å õ+
= æ ö

ç ÷
, 

      

(2.46) 

( )
1/2

XY ʜ ʫʩʪk k k= + . (2.47) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʩʢʦʨʝʥʥʷ 

ʪʦʯʢʠ ʆ ʥʝʦʙʭʽʜʥʦ ʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʠ ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʤ ʜʘʪʯʠʢʦʤ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

'

1 1

'

2 2

'

3 3

;

;

.

X X Y Y Z Z

Y X X Y Z Z

Z X X Y Y Z

a a k a k a

a k a a k a

a k a k a a

º + +

º + +

º + +

 

 

(2.48) 

ɼʝ ʽʥʜʝʢʩʠ 1, 2 , 3 ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʚʧʣʠʚʫ ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʜʘʪʯʠʢʽʚ, ʱʦ ʚʠʤʽʨʶʶʪʴ ʧʨʠʩʢʦʨʝʥʥʷ ʚʟʜʦʚʞ ʦʩʝʡ ʆʍ, ʆY ʽ OZ. ɿʥʘʡʜʝʥʽ 

ʚʽʜʥʦʩʥʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʠʨʘʟʘʤʠ: 

* *

* *

* *

* *

* *

* *

' '

2 2 1/2

1 1' '

' '

2 2 1/2

2 2' '

' '

ʦʧ 2 2 1/2

3 3' '

[( ) ( ) ] ;

[( ) ( ) ] ;

[( ) ( ) ] .

ʦʧ Y Z
X Y Z

X X

ʦʧ X Z
Y X Z

Y Y

X Y
Z X Y

Z Z

a a
a k k

a a

a a
a k k

a a

a a
a k k

a a

= +

= +

= +

 

 

 

(2.49) 

 

ɼʣʷ ʜʘʪʯʠʢʽʚ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ  ʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ  ʧʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟʘ ʪʠʤʠ ʞ ʧʽʜʭʦʜʘʤʠ. 
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2.3.4. ʇʦʭʠʙʢʘ, ʚʠʢʣʠʢʘʥʘ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʰʫʤʫ 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʰʫʤʫ ʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ. ɺʦʥʠ ʚʠʢʣʠʢʘʥʽ 

ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʊʦʤʫ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʩʠʛʥʘʣʫ ʟ ʇɽ, ʢʦʞʝʥ 

ʤʦʞʣʠʚʠʡ ʰʫʤ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʠʡʥʷʪʠʡ ʜʦ ʫʚʘʛʠ, ʽ ʇɽ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʪʘʢ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʰʫʤ ʜʦ ʨʽʚʥʷ, ʧʨʠ ʷʢʦʤʫ ʘʙʦ ʾʤ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʘʙʦ ʫʩʫʥʫʪʠ ʡʦʛʦ ʚʧʣʠʚ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʰʫʤʫ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʟʤʝʥʰʝʥʠʡ, ʻ ʰʫʤ, ʚʠʢʣʠʢʘʥʠʡ ʻʤʥʽʩʥʠʡ ʟʚ'ʷʟʢʦʤ ʚ ʩʪʨʫʢʪʫʨʽ ʇɽ [17].   

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ ʟʤʝʥʰʠʪʠ ʘʙʦ ʫʩʫʥʫʪʠ ʚʧʣʠʚ ʪʘʢʦʛʦ ʰʫʤʫ 

- ʮʝ ʧʽʜʢʣʶʯʠʪʠ ʜʘʪʯʠʢ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʣʘʥʮʶʛʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʨʘʥʦʚʘʥʦʛʦ 

ʘʙʦ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʢʘʙʝʣʶ. ʆʜʥʘʢ ʮʝʡ ʤʝʪʦʜ ʟʘʧʦʙʽʛʘʥʥʷ ʰʫʤʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʫ ʜʦʚʞʠʥʫ ʝʢʨʘʥʦʚʘʥʠʭ ʢʘʙʝʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʢʦʘʢʩʽʘʣʴʥʠʡ 

ʢʘʙʝʣʴ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʚʦʣʦʛʠ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʙʦʨʦʪʴʙʠ ʟ ʻʤʥʽʩʥʠʤ ʰʫʤʦʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʫʯʝʥʦʾ ʧʘʨʠ, ʚʽʜʦʤʦʾ ʷʢ ʨʽʚʥʦʚʘʞʥʘ (ʢʨʫʯʝʥʘ) ʧʘʨʘ [14,16].  

ʇʽʩʣʷ ʚʠʙʦʨʫ ʪʠʧʫ ʢʘʙʝʣʶ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʰʫʤʫ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʇɽ, ʚʠʢʣʠʢʘʥʝ ʧʽʜʢʣʶʯʝʥʥʷʤ ʮʴʦʛʦ ʢʘʙʝʣʶ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʇɽ. 

ɼʽʡʩʥʦ, ʩʧʦʪʚʦʨʝʥʥʷ ʘʙʦ ʫʩʫʥʝʥʥʷ ʽʟʦʣʷʮʽʾ ʱʦʜʦ ʧʨʦʚʽʜʥʠʢʽʚ ʩʪʚʦʨʶʻ ʨʫʭ 

ʟʘʨʷʜʫ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʽʜ ʚʧʣʠʚʦʤ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʝʬʝʢʪʽʚ ʽ ʯʝʨʝʟ ʟʤʽʥʠ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʻʤʥʦʩʪʽ. ʊʘʢʠʡ ʰʫʤ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʷʢʱʦ ʢʘʙʝʣʴ 

ʱʽʣʴʥʦ ʧʨʠʢʨʽʧʣʝʥʠʡ ʜʦ ʚʽʙʨʫʶʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʦʙʫʨʝʥʦʛʦ ʜʽʣʷʥʢʠ. 

ʆʜʥʠʤ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʟʘʚʘʜ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴʩʷ ʰʫʤʦʤ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʢʽʣʴʮʷ. ɺʭʽʜ ʧʽʜʩʠʣʶʚʘʯʘ ʟ 

ʚʠʩʦʢʠʤ ʦʧʦʨʦʤ ʟ'ʻʜʥʘʥʠʡ ʽʟ ʢʦʥʪʫʨʦʤ ʟ ʥʠʟʴʢʠʤ ʦʧʦʨʦʤ, ʷʢʠʡ ʻ 

ʝʢʚʽʧʦʪʝʥʮʽʡʥʠʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʭʦʜʫ. ʊʘʢʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʝʽʥʚʝʨʪʫʶʯʠʡ 

(ʩʣʫʞʠʪʴ ʙʫʬʝʨʦʤ). ʆʪʞʝ, ʡʦʛʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʜʦʨʽʚʥʶʻ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʫ, 

ʘ ʡʦʛʦ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʚʭʽʜʥʦʛʦ. ɿʘʭʠʩʥʝ ʢʽʣʴʮʝ ʧʨʷʤʦ ʧʦʚ'ʷʟʘʥʝ 

ʟ ʚʠʭʦʜʦʤ ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʫʪʚʦʨʶʻ ʚʭʽʜ ʟ ʥʠʟʴʢʠʤ ʦʧʦʨʦʤ ʜʣʷ ʩʠʛʥʘʣʽʚ ʚʽʜ ʙʫʜʴ-

ʧʘʨʘʟʠʪʥʦʛʦ ʟʚ'ʷʟʢʫ. 
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ɸʢʫʩʪʠʯʥʠʡ ʰʫʤ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢʠ ʇɽ. ɿʦʢʨʝʤʘ, ʮʝʡ ʚʧʣʠʚ ʻ 

ʟʥʘʯʥʠʤ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʧʨʠʣʘʜʘʤʠ ʟ ʟʘʨʷʜʦʚʠʤ ʚʠʭʦʜʦʤ. ʊʘʢʠʡ ʰʫʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʇɽ ʽ ʤʽʩʮʝ ʡʦʛʦ ʢʨʽʧʣʝʥʥʷ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʽʚʝʥʴ 

ʧʦʭʠʙʦʢ ʤʦʞʝ ʙʫʪʠ ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʡ ʪʠʤ, ʱʦ ʧʘʨʘʟʠʪʥʠʡ ʩʠʛʥʘʣ ʇɽ ʤʦʞʝ 

ʙʫʪʠ ʙʣʠʟʴʢʦ 0,001g ʧʨʠ ʨʽʚʥʽ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ 100 ʜɹ. 

ʇʨʦʪʝ, ʥʦʚʠʡ ʇɽ ʽ ʩʠʩʪʝʤʘ ʢʫʟʦʚʘ ʜʦʙʨʝ ʽʟʦʣʴʦʚʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʽ ʮʝ 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʠʡ ʦʧʽʨ ʘʢʫʩʪʠʯʥʦʤʫ ʰʫʤʫ. 

 

ɺʠʩʥʦʚʢʠ  ʜʦ  ʨʦʟʜʽʣʫ  2 

ʇʨʦʚʝʜʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʽʥʝʨʮʽʡʥʠʭ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʜʦʩʣʽʜʞʝʥʽ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʜʘʪʯʠʢʘ ʟ ʡʦʛʦ ʨʝʟʦʥʘʥʩʥʠʤʠ ʯʘʩʪʦʪʥʠʤʠ ʪʘ ʬʘʟʦʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʧʝʨʝʤʽʱʝʥʥʷ, 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʟʨʫʰʝʥʴ ʇɽ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʙʽʣʴʰ ʚʠʩʦʢʽ ʛʘʨʤʦʥʽʯʥʽ ʩʢʣʘʜʦʚʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝ 

ʚʥʦʩʷʪʴ ʩʫʪʪʻʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʬʦʨʤʠ ʘʤʧʣʽʪʫʜʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɸ ʪʘʢʦʞ, 

ʱʦ ʧʦʪʨʽʙʥʦ ʧʨʠʜʽʣʷʪʠ ʫʚʘʛʫ ʥʘ ʥʘʷʚʥʽ ʬʘʟʦʚʽ ʟʨʫʰʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʽʥʪʝʛʨʘʪʦʨʽʚ ʽ ʬʽʣʴʪʨʽʚ ʚ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʘʥʘʣʽ. ʇʠʪʘʥʥʷ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʬʘʟʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʽ ʬʘʟʦʚʠʤ ʩʧʦʪʚʦʨʝʥʥʷʤ, ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʦʨʦʪʢʦ ʪʠʤʯʘʩʦʚʠʭ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʫʜʘʨʽʚ. 

ɺʠʷʚʣʝʥʥʽ ʽ ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʥʦʚʥʽ  ʧʦʭʠʙʢʠ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ. ɺʠʟʥʘʯʝʥʽ ʾʭ ʩʢʣʘʜ ʽ ʧʨʠʯʠʥʠ ʧʦʭʦʜʞʝʥʥʷ. ʇʦʭʠʙʢʠ, 

ʚʠʢʣʠʢʘʥʽ ʩʧʦʩʦʙʦʤ ʢʨʽʧʣʝʥʥʷ ʜʦ ʦʩʥʦʚʠ, ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʰʫʤʫ ʽ 

ʟʤʽʱʝʥʥʷʤ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʯʘʩʪʢʦʚʦ ʫʩʫʥʝʥʽ ʟʘʭʦʜʘʤʠ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʇɽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 
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ʈʆɿɼɯʃ 3. ɸʇɸʈɸʊʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʈɽɭʉʊʈɸʎɯɰ ɯ        

                    ɼʀʅɸʄɯʏʅʆɻʆ    ɼɯɸʇɸɿʆʅʋ     ɸɺʊʆʅʆʄʅʀʍ  

                    ʈɽɭʉʊʈɸʊʆʈɯɺ    ɺɯɹʈɸʎɯʁʅʀʍ     ʉʀɻʅɸʃɯɺ 

 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ 

ʜʠʥʘʤʽʯʥʠʭ ʫʜʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʘʚʪʦʥʦʤʥʠʤʠ ʨʝʻʩʪʨʘʪʦʨʘʤʠ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʘʥʘʣʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʘ, Ɇæ ɸʎʇ ʟ 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʻʶ ʧʨʠ ʢʦʥʚʝʨʪʘʮʽʾ ʩʠʛʥʘʣʫ ʪʘ ʩʧʦʩʽʙ ʢʦʤʧʝʥʩʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ  ʘʢʩʝʣʝʨʦʤʝʪʨʠ ʘʧʘʨʘʪʥʠʤʠ 

ʟʘʩʦʙʘʤʠ. 

 

3.1. ɺʧʣʠʚ   ʫʜʘʨʥʠʭ   ʽʤʧʫʣʴʩʽʚ   ʥʘ   ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʘʢʩʝʣʝʨʦʤʝʪʨʠ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʬʽʣʴʪʨʽʚ 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʽʙʨʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, 

ʚʧʣʠʚ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʤʦʞʝ ʧʨʠʚʝʩʪʠ 

ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʚʠʤʽʨʽʚ - ʧʦʷʚʠ ʪʘʢ ʟʚʘʥʦʛʦ çʜʟʚʦʥʫè, ʘ ʧʨʠ ʚʝʣʠʢʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʧʦ ʧʨʠʩʢʦʨʝʥʥʶ ʽ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʡʦʛʦ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ. 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʮʴʦʛʦ ʨʝʟʦʥʘʥʩʫ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ 

ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʟʦʥʘʥʩʫ ʟ ʦʙʣʘʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʉʫʯʘʩʥʽ ʚʽʙʨʦʤʝʪʨʠ ʽ ʘʥʘʣʽʟʘʪʦʨʠ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʥʘʙʽʨ 

ʚʙʫʜʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʅʏ. ʆʜʥʘʢ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʙʝʟʧʝʯʥʠʭ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʣʝ ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʨʝʟʦʥʘʥʩ 

ʜʘʪʯʠʢʘ, ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʷʚʠʱʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ. 

ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ  ʤʝʭʘʥʽʯʥʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʬʽʣʴʪʨʠ. 

ʄʝʭʘʥʽʯʥʽ ʬʽʣʴʪʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʦʢʣʘʜʢʠ ʟ ʚ ʷʟʢʦʧʨʫʞʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ ʜʘʪʯʠʢʦʤ ʽ ʦʙ'ʻʢʪʦʤ ʢʦʥʪʨʦʣʶ.  ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʽʚ ʟ ʚ ʷʟʢʦʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʨʽʚʝʥʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʚʽʙʨʘʮʽʾ, ʧʦʣʽʧʰʫʻ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʟʙʝʨʽʛʘʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʪʘ ʟʘʭʠʱʘʻ ʚʽʜ ʨʫʡʥʫʚʘʥʴ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʘʢʩʝʣʝʨʦʤʝʪʨʠ. 
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ɺ'ʷʟʢʦʧʨʫʞʥʽ ʬʽʣʴʪʨʠ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʝʧʦʢʩʠʜʥʽ ʩʤʦʣʠ, ʛʫʤʠ, ʢʣʝʾ ʽ ʢʘʫʯʫʢʠ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʧʦʣʽʤʝʨʥʽ 

ʤʘʪʝʨʽʘʣʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɰʭ ʟʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʾʭ ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʢʣʘʜʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʤʘʻ ʷʢ ʥʘʢʦʧʠʯʝʥʫ, ʪʘʢ ʽ 

ʜʠʩʠʧʘʪʠʚʥʫ ʩʢʣʘʜʦʚʽ ʝʥʝʨʛʽʾ. ʂʦʤʧʣʝʢʩʥʠʡ ʤʦʜʫʣʴ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʞʦʨʩʪʢʽʩʪʶ 

ʽ ʜʝʤʧʬʫʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʫ, ʻ ʬʫʥʢʮʽʻʶ ʯʘʩʪʦʪʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ'ʷʟʢʦʧʨʫʞʥʽ 

ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʢ ʚ'ʷʟʢʽʩʪʶ, ʪʘʢ ʽ ʧʨʫʞʥʽʩʪʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʚ'ʷʟʢʦʧʨʫʞʥʠʡ ʤʘʪʝʨʽʘʣ ʥʝ ʻ ʥʽ ʚ'ʷʟʢʠʤ, ʥʽ ʝʣʘʩʪʠʯʥʠʤ. ʏʠʩʪʦ ʝʣʘʩʪʠʯʥʠʡ 

ʤʘʪʝʨʽʘʣ ʥʘʢʦʧʠʯʫʻ ʚʩʶ ʝʥʝʨʛʽʶ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʽ ʧʦʚʝʨʪʘʻ ʨʽʚʥʫ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʽʾ ʧʨʠ ʟʥʷʪʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʧʨʫʛʘ ʽ ʜʝʬʦʨʤʘʮʽʷ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʬʘʟʽ ʧʽʜ ʯʘʩ ʮʠʢʣʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. 

ɼʦ ʝʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘʢʦʥ ɻʫʢʘ, ʜʝ ʥʘʧʨʫʛʘ ʧʨʦʧʦʨʮʽʡʥʘ 

ʜʝʬʦʨʤʘʮʽʾ, ʘ ʤʦʜʫʣʴ - ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʥʘʧʨʫʛʠ ʜʦ ʜʝʬʦʨʤʘʮʽʾ. ɸʣʝ ʜʣʷ ʯʠʩʪʦ 

ʚ'ʷʟʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʩʝ ʥʘʚʧʘʢʠ. ɰʭ ʬʘʟʠ ʩʪʘʥʫ ʘʙʦ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ  

ʩʢʣʦʚʘʥʥʷ, ʧʝʨʝʭʽʜʥʘ ʪʘ ʧʨʫʞʥʘ.  

ʆʙʣʘʩʪʴ ʩʢʣʦʚʘʥʥʷ - ʮʝ ʤʽʩʮʝ, ʜʝ ʞʦʨʩʪʢʽʩʪʴ ʥʘʡʚʠʱʘ, ʘ ʨʽʚʥʽ 

ʜʝʤʧʬʫʚʘʥʥʷ ʥʘʡʥʠʞʯʽ. ʋ ʮʽʡ ʦʙʣʘʩʪʽ ʜʠʥʘʤʽʯʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ ʟʥʘʯʝʥʴ ʜʦ 104  ʄʇʘ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʩʴʦʛʦ 10-2. 

ʇʝʨʝʭʽʜʥʘ ʦʙʣʘʩʪʴ - ʮʝ ʤʽʩʮʝ, ʜʝ ʤʘʪʝʨʽʘʣ ʧʝʨʝʭʦʜʠʪʴ ʤʽʞ ʞʦʨʩʪʢʦʶ ʽ 

ʧʨʫʞʥʦʶ ʦʙʣʘʩʪʶ. ʉʘʤʝ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʠʡ,  

ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ 2, ʘʣʝ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ 

ʪʘʢʦʞ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ, ʪʦʤʫ ʟʘʧʠʪ ʥʘ ʥʝʾ ʥʝʚʝʣʠʢʠʡ.  

ʆʙʣʘʩʪʴ ʧʨʫʞʥʦʩʪʽ- ʮʝ ʤʽʩʮʝ, ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ ʞʦʨʩʪʢʦʩʪʽ ʽ ʚʪʨʘʪ 

ʥʘʡʙʽʣʴʰ ʧʦʩʪʽʡʥʽ ʘʙʦ ʣʠʰʝ ʥʝʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʯʘʩʪʦʪʠ. ʐʠʨʠʥʘ ʝʣʘʩʪʠʯʥʦʾ ʦʙʣʘʩʪʽ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 4,44ÁC ʜʦ 315ÁC (ʫ ʙʘʛʘʪʴʦʭ ʩʠʣʽʢʦʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ). 

ʄʦʜʫʣʴ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʘʩʪʠʯʥʦʾ ʦʙʣʘʩʪʽ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʩʴʦʛʦ 6,9ʭ10 ╖Į ʄʇʘ, 

ʘʣʝ ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 3,5 ʜʦ 34,5 ʄʇʘ. ʊʠʧʦʚʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʪʨʘʪ ʚ ʝʣʘʩʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,1 

ʜʦ 0,3 ʜʣʷ ʙʘʛʘʪʴʦʭ ʚ ʷʟʢʦʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [8]. ʎʝ ʦʙʣʘʩʪʴ, ʚ ʷʢʽʡ 
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ʚ'ʷʟʢʦʧʨʫʞʥʠʡ ʤʘʪʝʨʽʘʣ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʪʘʢʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢ 

ʜʝʤʧʬʝʨʠ ʧʨʠ ʚʽʙʨʘʮʽʡʥʠʭ ʚʧʣʠʚʘʭ. 

   

3.2. ɺʧʣʠʚ ʚ ʷʟʢʦ-ʧʨʫʞʥʦʛʦ ʜʝʤʧʬʫʚʘʥʥʷ ʥʘ ʚʽʜʛʫʢ 

ʩʠʩʪʝʤʠ ʧʨʠ ʫʜʘʨʥʦʤʫ ʟʙʫʜʞʝʥʥʽ 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦʚʽʩʥʠʡ (ʨʝʘʛʫʻ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʪʽʣʴʢʠ ʧʦ ʦʩʽ Z)  

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ  ʘʢʩʝʣʝʨʦʤʝʪʨ, ʧʨʠʢʨʽʧʣʝʥʠʡ ʯʝʨʝʟ ʚ ʷʟʢʦʧʨʫʞʥʫ ʧʨʦʢʣʘʜʢʫ 

(ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨ) ʜʦ ʦʙ ʻʢʪʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢ ʩʠʩʪʝʤʫ ʟ ʦʜʥʠʤ ʩʪʫʧʝʥʝʤ 

ʩʚʦʙʦʜʠ ʟ ʜʝʤʧʬʫʚʘʥʥʷʤ. 

ʗʢʱʦ ʟʙʫʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʠʥʠʯʥʠʤ ʽʤʧʫʣʴʩʦʤ (ʫʜʘʨʦʤ), 

ʪʦ ʚʧʣʠʚ ʜʝʤʧʬʫʚʘʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʽʜʛʫʢ ʟʘʟʚʠʯʘʡ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ, ʷʢʱʦ 

ʪʽʣʴʢʠ ʩʠʩʪʝʤʘ ʥʝ ʩʠʣʴʥʦ ʜʝʤʧʬʦʚʘʥʘ [3,4,5]. 

ʇʨʠ ʛʘʨʤʦʥʽʡʥʦʤʫ ʟʙʫʜʞʝʥʽ, ʷʢʱʦ ʯʘʩʪʦʪʘ ʟʙʫʜʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʚʣʘʩʥʽʡ 

ʯʘʩʪʦʪʽ ʩʠʩʪʝʤʠ, ʪʦ ʜʝʩʷʪʠʨʘʟʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʤʧʬʫʚʘʥʥʷ ɕ, ʟ 1% 

ʜʦ 10% ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʚʽʜʛʫʢʫ dR  ʚ 

ʜʝʩʷʪʴ ʨʘʟʽʚ. ɼʝʤʧʬʫʚʘʥʥʷ ʯʠʥʠʪʴ ʪʘʢʠʡ ʚʧʣʠʚ  ʟʘ  ʜʦʧʦʤʦʛʦʶ  ʥʘʢʦʧʠʯʝʥʦʾ  

ʝʥʝʨʛʽʾ  (ʢʽʣʴʢʽʩʪʴ  ʾʾ  ʟʘʣʝʞʠʪʴ  ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʤʧʬʫʚʘʥʥʷ ɕ), ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ 

ʫ ʙʘʛʘʪʴʦʭ ʮʠʢʣʘʭ ʢʦʣʠʚʘʥʴ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʩʠʩʪʝʤʦʶ ʩʪʘʣʦʛʦ ʩʪʘʥʫ. ɯ, ʥʘʚʧʘʢʠ, 

ʝʥʝʨʛʽʷ, ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʝʤʧʬʫʚʘʥʥʷ, ʤʘʣʘ ʚ ʩʠʩʪʝʤʘʭ ʷʢʽ 

ʟʙʫʜʞʫʶʪʴʩʷ ʩʠʣʘʤʠ, ʱʦ ʤʘʶʪʴ ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ [5,6].  

 

ʈʠʩ. 3.1.  ɿʙʫʜʞʫʶʯʘ ʩʠʣʘ ʘʤʧʣʽʪʫʜʦʶ 0p  ʽʤʧʫʣʴʩʦʤ  

ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʬʦʨʤʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ ʟ ʚ'ʷʟʢʠʤ ʜʝʤʧʬʫʚʘʥʥʷʤ, ʥʘ ʷʢʫ ʜʽʻ ʟʙʫʜʞʫʶʯʘ ʩʠʣʘ 

0p  ʽʤʧʫʣʴʩʦʤ  ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʚʠʜʫ (ʨʠʩ.3.1) ʟ d nt T =1/2,  ʜʝ  dt -
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ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ, nT - ʧʝʨʽʦʜ ʽʤʧʫʣʴʩʫ  ( ,nw w=  ʜʝ / tdw p=  ʪʘ 2 / Tn nw p=  )  ʽ  

ɕ=0,1 

ɿʤʽʥʘ ʜʝʬʦʨʤʘʮʽʾ ʚ ʯʘʩʽ (ʨʠʩ.3.2) ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ 

ʜʝʬʦʨʤʘʮʽʷ (ʪʦʯʢʘ b) ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʢʽʥʮʽ ʜʽʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦ ʟʘʚʝʨʰʝʥʥʷ 

ʦʜʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʮʠʢʣʫ. 

 

 
 

ʈʠʩ.3.2.  ɺʽʜʛʫʢ ʜʝʤʧʬʦʚʘʥʦʾ ʩʠʩʪʝʤʠ (ʧʨʠ ɕ = 0,1) ʥʘ ʜʽʶ ʩʠʣʠ ʚ ʚʠʜʽ 

ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ 

 

ʅʘ ʨʠʩ.2 ʧʦʟʥʘʯʝʥʦ: u(t)- ʩʪʘʮʽʦʥʘʨʥʠʡ ʚʽʜʛʫʢ ʩʠʩʪʝʤʠ 0( )stu  - ʤʘʢʩʠʤʘʣʴʥʘ 

ʩʪʘʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʟʫʤʦʚʣʝʥʘ ʩʠʣʦʶ 0p   ( 0
0( )st

p
u

k
= ), ʜʝ: k- ʢʦʝʬʽʮʽʻʥʪ 

ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ),  ( )stu t   - ʩʪʘʪʠʯʥʘ   ʜʝʬʦʨʤʘʮʽʷ   ʚ ʢʦʞʝʥ  ʤʦʤʝʥʪ ʯʘʩʫ  t, 

( 0( ) sinst

p
u t t

k
w= Ö, ʜʝ: Ҿ - ʯʘʩʪʦʪʘ ʟ ʷʢʦʶ ʜʽʻ ʩʠʣʘ 0p ).  

 

 
 

ʈʠʩ. 3.3.  ɼʽʘʛʨʘʤʘ ʩʠʣʘ-ʜʝʬʦʨʤʘʮʽʷ, ʱʦ ʧʦʢʘʟʫʻ ʝʥʝʨʛʽʶ, ʷʢʘ 

ʨʦʟʩʽʶʻʪʴʩʷ ʧʨʠ ʚ'ʷʟʢʦʤʫ ʜʝʤʧʬʫʚʘʥʥʽ 
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ʅʘ ʨʠʩ.3.3 ʧʦʟʥʘʯʝʥʦ: Df  - ʩʠʣʘ ʜʝʤʧʬʫʚʘʥʥʷ, Sf - ʩʠʣʘ ʧʨʫʞʥʦʩʪʽ. 

ɼʽʘʛʨʘʤʘ ʟʘʛʘʣʴʥʦʾ ʩʠʣʠ (ʧʨʫʞʥʘ ʧʣʶʩ ʜʝʤʧʬʫʶʯʘ ʩʢʣʘʜʦʚʘ) ʜʝʬʦʨʤʘʮʽʾ 

ʥʘ ʨʠʩ.3.3 ʚʢʘʟʫʻ, ʱʦ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʝʥʝʨʛʽʷ, ʱʦ 

ʨʦʟʩʽʶʻʪʴʩʷ ʫ ʚôʷʟʢʦʤʫ ʜʝʤʧʬʫʚʘʥʥʽ, ʻ ʣʠʰʝ ʥʝʚʝʣʠʢʦʶ  ʧʣʦʱʝʶ S (ʨʠʩ.3.3) 

ʧʦʤʥʦʞʝʥʦʶ ʥʘ 
2

0 /p k. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʣʠʚ ʜʝʤʧʬʫʚʘʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ 

ʨʝʘʢʮʽʶ ʦʯʽʢʫʻʪʴʩʷ ʥʝʚʝʣʠʢʠʤ. 

 

 
 

ʈʠʩ. 3.4.   ʋʜʘʨʥʽ ʩʧʝʢʪʨʠ ʜʣʷ ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ ʜʣʷ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʤʧʬʫʚʘʥʥʷ 

 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʱʝ ʥʘʚʝʜʝʥʝ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚʧʣʠʚ ʜʝʤʧʬʫʚʘʥʥʷ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʽʜʛʫʢ ʙʫʜʝ ʥʝʚʝʣʠʢʠʤ. ʎʝ ʧʨʠʧʫʱʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʩʧʝʢʪʨʦʤ ʫʜʘʨʥʠʭ ʚʧʣʠʚʽʚ ʧʨʠ ʜʽʾ ʥʘʧʽʚ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ ʽʤʧʫʣʴʩʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʥʘ ʨʠʩ.3.4. ʇʨʠ ɕ = 0, ʮʝʡ ʩʧʝʢʪʨ ʪʘʢʠʡ ʞʝ, ʷʢ ʩʧʝʢʪʨ ʜʣʷ 

ʥʝʟʛʘʩʘʶʯʠʭ ʩʠʩʪʝʤ [6].  

ʉʧʝʢʪʨ  ʨʝʘʢʮʽʾ  ʜʣʷ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ (t)p   ʷʚʣʷʻ ʩʦʙʦʶ ʛʨʘʬʽʢ 

ʟʘʣʝʞʥʦʩʪʽ 0 0/ ( )d stR u u= , ʜʝ 0u - ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ ʫ ʬʘʟʽ ʚʽʣʴʥʠʭ 

ʚʽʙʨʘʮʽʡ. 

ɺ ʨʘʟʽ ʜʽʾ ʥʘ ʩʠʩʪʝʤʫ ʥʘʧʽʚʧʝʨʽʦʜʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʪʨʠʚʘʣʽʩʪʶ 
2

n
d

T
t = , ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʤʧʬʫʚʘʥʥʷ ʟ 1% ʜʦ 10% ʟʥʠʞʫʻ 
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ʤʘʢʩʠʤʘʣʴʥʫ ʜʝʬʦʨʤʘʮʽʶ ʚʩʴʦʛʦ ʥʘ 12% [2]. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʨʦʱʝʥʘ ʦʮʽʥʢʘ 

ʚʽʜʛʫʢʫ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʜʝʤʧʬʫʚʘʥʥʷʤ ʧʨʠ ʟʙʫʜʞʝʥʥʷʭ 

ʽʤʧʫʣʴʩʥʦʛʦ ʪʠʧʫ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʟʥʝʚʘʞʝʥʥʷ ʟʛʘʩʘʥʥʷ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢ ʜʣʷ ʥʝʟʘʛʘʩʘʶʯʠʭ ʩʠʩʪʝʤ. 

 

ɿ.3. ɺʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʘ ʚ'ʷʟʢʦʧʨʫʞʥʽʡ  ʦʩʥʦʚʽ 

ʧʽʜ  ʜʽʻʶ  ʫʜʘʨʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ  

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʟʨʘʟʢʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʫʜʘʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, 

ʷʢ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ, ʪʘʢ ʽ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʋʜʘʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʯʘʩʪʦ ʻ 

ʫʥʽʢʘʣʴʥʠʤʠ ʽ ʥʝ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʚʠʨʦʙʫ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʚʠʤʦʛʠ ʜʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ 

ʨʝʻʩʪʨʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ ʚʠʨʦʙʫ ʚ ʧʨʦʮʝʩʽ 

ʚʠʧʨʦʙʫʚʘʥʴ [11,12,13]. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʫʜʘʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢ ʧʨʘʚʠʣʦ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ 

ʧʨʠʩʢʦʨʝʥʥʷ. ɼʘʥʽ ʜʘʪʯʠʢʠ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ ʨʝʟʦʥʘʥʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɺʠʙʽʨ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦʙ ʯʘʩʪʦʪʘ ʫʩʪʘʥʦʚʦʯʥʦʛʦ 

ʨʝʟʦʥʘʥʩʫ ʧʝʨʝʚʠʱʫʚʘʣʘ ʚʝʨʭʥʶ ʯʘʩʪʦʪʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ (ʥʘ 

ʧʨʘʢʪʠʮʽ ʮʝ ʧʝʨʝʚʠʱʝʥʥʷ ʩʢʣʘʜʘʻ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʪʨʠ ʨʘʟʠ), ʘ ʦʯʽʢʫʚʘʥʝ ʩʫʤʘʨʥʝ 

ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʙʫʣʦ ʤʝʥʰʝ ʤʝʞʽ ʜʽʘʧʘʟʦʥʫ ʣʽʥʽʡʥʦʩʪʽ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟ 

ʟʘʧʘʩʦʤ ʧʨʠʙʣʠʟʥʦ 30%. [11,22]. ɸʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʫʜʘʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʚʧʣʠʚʫ ʽ ʧʦʚʝʜʽʥʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ ʟʥʘʯʥʠʡ  

ʨʦʟʢʠʜ, ʪʘʢ ʷʢ ʚʠʭʦʜʠʪʴ ʥʘ ʦʩʥʦʚʽ ʜʦʩʠʪʴ ʛʨʫʙʠʭ ʦʮʽʥʦʢ. ʊʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʩʧʝʢʪʨ ʚʧʣʠʚʫ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʜʘʪʯʠʢʘ, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʘʪʯʠʢʘ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʽʨʶʚʘʥʴ ʥʝʦʙʭʽʜʥʦ ʽʟʦʣʶʚʘʪʠ ʢʦʨʧʫʩ ʜʘʪʯʠʢʘ ʚʽʜ ʢʦʨʧʫʩʫ 

ʚʠʨʦʙʫ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʥʘʚʦʜʦʢ, ʘ ʧʨʠ ʜʝʩʢʨʝʪʠʟʘʮʽʾ ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ 

ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʪʠʧʽʜʤʽʥʥʫ ʬʽʣʴʪʨʘʮʽʶ ʩʠʛʥʘʣʽʚ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ 

ʯʘʩʪʦʪ ʷʢʽ ʣʝʞʘʪʴ ʚʠʱʝ ʯʘʩʪʦʪʠ ʅʘʡʢʚʽʩʪʘ. ɼʣʷ ʟʘʭʠʩʪʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʢʘʥʘʣʫ ʚʽʜ ʥʘʚʝʜʝʥʴ, ʜʘʪʯʠʢʘ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʽ ʯʘʩʪʢʦʚʦʾ ʤʝʭʘʥʽʯʥʦʾ 
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ʬʽʣʴʪʨʘʮʽʾ ʫʜʘʨʥʦʛʦ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʩʪʘʥʦʚʢʫ ʜʘʪʯʠʢʽʚ ʥʘ ʽʟʦʣʶʶʯʫ 

ʧʨʦʢʣʘʜʢʫ, ʚʠʢʦʥʘʥʫ ʟ ʛʫʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʋʜʘʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʯʘʩʪʦ ʻ ʦʜʥʦʢʨʘʪʥʠʤʠ, ʚʦʥʠ ʨʫʡʥʫʶʪʴ 

ʚʠʧʨʦʙʫʚʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʚʠʨʽʙ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʚʠʤʦʛʠ ʜʦ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ. ʆʪʞʝ, ʨʦʟʨʘʭʫʥʦʢ 

ʩʪʫʧʝʥʷ ʦʩʣʘʙʣʝʥʥʷ ʽ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʫʜʘʨʥʦʾ ʜʽʾ ʧʨʦʢʣʘʜʢʦʶ 

(ʤʝʭʘʥʽʯʥʠʤ ʬʽʣʴʪʨʦʤ) ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ 

ʨʽʚʝʥʴ ʚʧʣʠʚʫ ʥʘ ʜʘʪʯʠʢ ʽ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʜʦ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʟʤʝʥʰʠʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽ ʬʘʢʪʠʯʥʦʛʦ ʟʨʠʚʫ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʈʦʟʛʣʷʜ ʧʨʫʞʥʠʭ ʧʨʦʢʣʘʜʦʢ ʷʢ ʤʝʭʘʥʽʯʥʠʭ ʬʽʣʴʪʨʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʚʧʣʠʚʽʚ 

ʧʨʦʚʝʜʝʥʦ ʚ [7,11,22]. ɺ ʜʞʝʨʝʣʽ [7] ʧʨʦʢʣʘʜʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘʣʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦʟʜʦʚʞʥʽ ʢʦʣʠʚʘʥʥʷ 

ʧʨʦʢʣʘʜʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʚʠʱʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʚʽʙʨʘʮʽʾ, ʷʢʫ 

ʤʦʞʥʘ ʧʦʛʘʩʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ  / 4f c L² , ʜʝ c - h ʚʠʜʢʽʩʪʴ 

ʟʚʫʢʫ ʚ ʤʘʪʝʨʽʘʣʽ ʧʨʦʢʣʘʜʢʠ, L - ʪʦʚʱʠʥʘ ʧʨʦʢʣʘʜʢʠ. ʈʦʟʨʘʭʫʥʦʢ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʚ ʧʨʦʢʣʘʜʮʽ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ 

ʦʮʽʥʠʪʠ ʯʘʩʪʦʪʫ ʧʝʨʰʦʛʦ ʨʝʟʦʥʘʥʩʫ, ʷʢʠʡ ʻ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ, ʪʘʢ ʷʢ ʥʘ 

ʥʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʠʣʝʥʥʷ ʧʝʨʝʜʘʯʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʘʪʯʠʢʘ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘ ʚ'ʷʟʢʦ-ʧʨʫʞʥʽʡ 

ʧʨʦʢʣʘʜʮʽ, ʷʢ ʩʠʩʪʝʤʠ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʦʟʜʦʚʞʥʽ ʽ 

ʧʦʧʝʨʝʯʥʽ ʨʝʟʦʥʘʥʩʠ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʜʘʪʯʠʢʘ ʥʘ ʚ'ʷʟʢʦ-

ʧʨʫʞʥʽʡ ʧʨʦʢʣʘʜʮʽ ʧʦ ʧʨʠʩʢʦʨʝʥʥʶ ʚ ʦʙʣʘʩʪʽ ʟʚʫʢʦʚʠʭ ʽ ʥʠʞʥʴʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʯʘʩʪʦʪ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʘʢʩʝʣʝʨʦʤʝʪʨ (ʜʘʪʯʠʢ) ʽ ʧʨʦʢʣʘʜʢʘ ʤʘʶʪʴ 

ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ, ʜʣʷ ʦʧʠʩʫ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʮʠʣʽʥʜʨʠʯʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʜʘʪʯʠʢʘ ʧʨʠʩʢʦʨʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʯʝʨʝʟ ʚ'ʷʟʢʦ-ʧʨʫʞʥʫ ʧʨʦʢʣʘʜʢʫ, ʥʘ ʚʠʨʦʙʽ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.5. 

ʇʣʦʱʠʥʘ r , j  ʮʠʣʽʥʜʨʠʯʥʦʾ  ʩʠʩʪʝʤʠ  ʢʦʦʨʜʠʥʘʪ  (r  -ʨʘʜʽʘʣʴʥʘ  ʚʽʜʩʪʘʥʴ, j-

ʘʟʠʤʫʪ) ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʣʦʱʠʥʦʶ ʧʨʦʢʣʘʜʢʠ ʱʦ ʣʝʞʠʪʴ ʥʘ ʚʠʨʦʙʽ. 
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ʈʠʩ.3.5. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʘ ʚ'ʷʟʢʦ-

ʧʨʫʞʥʽʡ ʧʨʦʢʣʘʜʮʽ 

 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʜʘʪʯʠʢʘ ʧʨʠʩʢʦʨʝʥʥʷ (ʩʝʡʩʤʦʤʘʩʩʠ) 

ʚ ʥʝʽʥʝʨʮʽʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʤʘʻ ʚʠʛʣʷʜ: 

()
()

()
( )

() ( )( )

2

2
, ,

, , 0,

z

z

d Z t dZ t
m a t c V r L t

dt dt

k Z t V r L t dt

å õå õ
+ + - +æ öæ ö

ç ÷ç ÷

+ - =ñ

             (3.1) 

ʜʝ: ( )Z t  - ʧʝʨʝʤʽʱʝʥʥʷ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʜʘʪʯʠʢʘ (ʩʝʡʩʤʽʯʥʦʾ ʤʘʩʠ m) ʱʦʜʦ 

ʚʠʨʦʙʫ; ( , , )ZV r L t  - ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʦʢʣʘʜʢʠ ʚ ʤʽʩʮʽ ʢʦʥʪʘʢʪʫ ʟ 

ʢʦʨʧʫʩʦʤ ʜʘʪʯʠʢʘ; (t)a  - ʧʝʨʝʥʦʩʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʨʦʙʫ ʚ ʤʽʩʮʽ ʢʨʽʧʣʝʥʥʷ 

ʜʘʪʯʠʢʘ; m - ʩʝʡʩʤʽʯʥʘ ʤʘʩʩʘ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʜʘʪʯʠʢʘ ʧʨʠʩʢʦʨʝʥʥʷ; c - 

ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʚ'ʷʟʢʦʛʦ ʜʝʤʧʬʫʚʘʥʥʷ ʩʝʡʩʤʦʤʘʩʩʠ ʜʘʪʯʠʢʘ; k - 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʞʦʨʩʪʢʽʩʪʴ ʧʴʝʟʦʝʣʝʤʝʥʪʘ. 

ʂʦʣʠʚʘʥʥʷ ʦʩʥʦʚʠ ʽ ʢʦʨʧʫʩʫ ʜʘʪʯʠʢʘ ʥʘ ʧʨʦʢʣʘʜʮʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

( )
( )

()

() ( )( ) ( )

0

, ,
, ,

, , , , .

Z

S

Z Z

V r L t
p r L t ds m a t

t

dZ
k Z t V r L t dt c V r L t

dt

µå õ
=- + +æ ö

µç ÷

å õ
+ - + -æ ö

ç ÷

ñ

ñ

                   (3.2) 

ʂʦʣʠʚʘʥʥʷ ʧʨʦʢʣʘʜʢʠ ʚ ʨʘʟʽ ʤʘʣʠʭ ʘʤʣʽʪʫʜ ʦʧʠʩʫʶʪʴʩʷ ʣʽʥʝʘʨʠʟʦʚʘʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʽ ʨʽʚʥʷʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ [10, 3], ʟʘʧʠʩʘʥʠʤ ʚ 

ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʚʠʧʘʜʢʫ ʦʩʴʦʚʦʾ ʩʠʤʝʪʨʽʾ. 
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( )
2

2 '

2

0 0

2

0

1
;

3

;

,

m

m

r z

V V V
c V

t t t

p
c V

t

e e
r z

h h
h

r r

r

å õµ µ µå õ
= Ð Ð + D + + Ð Ðæ öæ ö

µ µ µç ÷ç ÷

µ
= Ð

µ

µ µ
Ð= +

µ µ

          (3.3) 

ʜʝ ( , , ) ( ,0, )r ZV r z t V V= - ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ 

ʧʨʦʢʣʘʜʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ r   ̔ z,  ( , , )p r z t  - ʟʤʽʥʥʠʡ ʪʠʩʢ ʚ ʧʨʦʢʣʘʜʮʽ, S- 

ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʤʘʪʝʨʽʘʣʫ ʧʨʦʢʣʘʜʢʠ, mc  - ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ ʚ 

ʤʘʪʝʨʽʘʣʽ ʧʨʦʢʣʘʜʢʠ, 0r- ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʨʦʢʣʘʜʢʠ, 2R- ʜʽʘʤʝʪʨ 

ʧʦʧʝʨʝʯʥʦʛʦ  ʧʝʨʝʨʽʟʫ ʧʨʦʢʣʘʜʢʠ (ʜʽʘʤʝʪʨ ʦʩʥʦʚʠ ʜʘʪʯʠʢʘ), h ʽ h¡- 

ʢʦʝʬʽʮʽʻʥʪʠ,  ɦ ʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ  ʚʥʫʪʨʽʰʥʻ  ʟʘʪʫʭʘʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʧʨʦʢʣʘʜʢʠ 

(h¡- ʦʙ'ʻʤʥʘ ʚ'ʷʟʢʽʩʪʴ), M  - ʩʫʤʘʨʥʘ ʤʘʩʘ ʦʩʥʦʚʠ ʽ ʢʦʨʧʫʩʫ ʜʘʪʯʠʢʘ 

ʧʨʠʩʢʦʨʝʥʥʷ. 

ʂʨʘʡʦʚʽ ʫʤʦʚʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʰʚʠʜʢʦʩʪʽ ʥʘ ʥʠʞʥʴʦʤʫ ʧʨʠ 0z=  ʽ 

ʚʝʨʭʥʴʦʤʫ ʧʨʠ z L=   ʪʦʨʮʷʭ ʧʨʦʢʣʘʜʢʠ ʽ ʜʣʷ ʪʠʩʢʫ ʥʘ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ 

ʧʨʦʢʣʘʜʢʠ ʧʨʠ r R=  ʤʘʶʪʴ ʚʠʛʣʷʜ 

 

( ) ( )

( ) ( ) ()

( )

,0, 0; ,0, 0;

, , 0; , , ;

, , 0,

r z

r z

V r t V r t

V r L t V r L t Q t

p R z t

= =

= =

=

                      (3.4) 

 

ʜʝ  ( )Q t  - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʢʦʨʧʫʩʘ ʜʘʪʯʠʢʘ. 

ɺ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʩʠʩʪʝʤʘ 

ʨʽʚʥʷʥʴ (3.3) ʨʦʟʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʜʣʷ ʢʦʤʧʦʥʝʥʪ RV  ʽ ZV  

ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ V  ʽ ʪʠʩʢʫ p  ʤʘʻ ʚʠʛʣʷʜ: 
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m
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h

r r
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r r

r

µ µ µ µ µ µ µ µ µå õ å õ å õ
= + + + D + + + +æ ö æ ö æ ö

µ µ µ µ µ µ µ µ µç ÷ ç ÷ ç ÷

µ µ µ µ µ µ µ µ µå õ å õ å õ
= + + + D + + + +æ ö æ ö æ ö

µ µ µ µ µ µ µ µ µç ÷ ç ÷ ç ÷

µ µ µ
= + +

µ µ
.

z

å õ
æ ö

µç ÷

      (3.5) 

ʇʝʨʝʪʽʢ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ ʥʝ ʻ ʧʦʪʝʥʮʽʡʥʠʤ, ʪʦʙʪʦ ʰʚʠʜʢʽʩʪʴ ʝʣʝʤʝʥʪʘ 

ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ ʥʝ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʛʨʘʜʽʻʥʪʘ ʩʢʘʣʷʨʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ [9]. ʊʦʤʫ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (3.4) ʪʘ (3.5), ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʢʪʦʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʤʘʻ ʧʦʜʦʚʞʥʶ rj ʽ ʧʦʧʝʨʝʯʥʫ zj  

ʢʦʤʧʦʥʝʥʪʠ, ʘ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʚʠʟʥʘʯʘʪʠ ʷʢ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ. 

ʅʝʭʘʡ ʚʠʨʽʙ ʚ ʤʽʩʮʽ ʢʨʽʧʣʝʥʥʷ ʜʘʪʯʠʢʘ ʟʜʽʡʩʥʶʻ ʛʘʨʤʦʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ, 

ʪʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʘʟʘʥʦʛʦ ʚʠʱʝ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, 

ʚʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʽ V   ̔  ʪʠʩʢ ʨʽʚʥʽ:  

( ) ( )

( )

* *exp ; exp ;

; ;

*exp ,

r r z z

r z
r z

j t j t

V V
r z

p p j t

j j w j j w

j j

w

= =

µ µ
= =
µ µ

=

                 (3.6) 

ʜʝ rj, zj  - ʧʦʟʜʦʚʞʥʽʡ ʽ ʧʦʧʝʨʝʯʥʠʡ ʧʦʪʝʥʮʽʘʣʠ ʚʽʜʧʦʚʽʜʥʦ, Zj
*

, rj
*
 - 

ʢʦʤʧʣʝʢʩʥʽ ʘʤʧʣʽʪʫʜʠ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ, w - ʢʨʫʛʦʚʘ 

ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ. ʊʦʜʽ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (3.5) ʜʣʷ ʰʚʠʜʢʦʩʪʝʡ  ʤʦʞʥʘ  

ʧʝʨʝʪʚʦʨʠʪʠ ʚ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʘʤʧʣʽʪʫʜ Zj
*

, rj
*
 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ 
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( )7. 3.ö

 

ʈʽʰʝʥʥʷ ʩʠʩʪʝʤʠ (3.7) ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʘʤʧʣʽʪʫʜ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ ʰʫʢʘʻʤʦ ʫ ʚʠʛʣʷʜʽ 
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( ) ( ) ( ) ( )* *

0 0exp , exp ,r zAJ r j z BJ r j zj a g j a g= =                     (3.8) 

ʜʝ 0( )J ra  - ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ ʧʝʨʰʦʛʦ ʨʦʜʫ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ (3.8) ʚ (3.7), ʢʦʨʠʩʪʫʶʯʠʩʴ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʬʫʥʢʮʽʡ 

ɹʝʩʩʝʣʷ [15], ʩʢʦʨʦʯʫʶʯʠ ʤʥʦʞʥʠʢ 0( )J ra  ʽ ʝʢʩʧʦʥʝʥʪʫ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʦʩʪʽʡʥʠʭ ʽʥʪʝʛʨʫʚʘʥʥʷ A , B  ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ. 

( )( )

( )( )

2 2 2 2

1 2 2 1

2 2 2 2

1 2 1 2

0 ;

0 ,

A B

A B

w b b a b g bg

a b w ba b b g

= + - -

=- + - - +
                     (3.9) 

ʘ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʘ g ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ (3.10): 

( )( )

( )( )

2 2 2

1 2 2

2 2 2 2 2 2

2 1 2 1 0,

w b b a b g

w ba b b g b g a

- + - ³

³ - - + - =
                (3.10) 

ʜʝ:     2

1

0

( ( ))
3

j
c

w h
b h

r
¡= + +   , ʘ  

2

0

jwh
b

r
= . 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʙʽʢʚʘʜʨʘʪʥʝ ʨʽʚʥʷʥʥʷ (10) ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʤʘʻ ʯʦʪʠʨʠ ʢʦʤʧʣʝʢʩʥʠʭ ʢʦʨʝʥʷ 1 2 3 4, , ,g g g g. 

ʊʘʢ ʷʢ ʥʘ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʧʨʦʢʣʘʜʢʠ ʪʠʩʢ ʧʦʚʠʥʝʥ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʪʠʩʢʫ ʚ (3.7) ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ (3.8) ʤʘʻ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʨʽʚʥʽʩʪʴ 0( )J ra . ʆʩʢʽʣʴʢʠ ʢʦʨʝʥʽʚ ʨʽʚʥʷʥʥʷ 0( ) 0jJ Ra =  

ʥʝʩʢʽʥʯʝʥʥʦ ʙʘʛʘʪʦ [15], ʪʦ ʟʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.7) ʤʘʻ ʚʠʛʣʷʜ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʩʫʤʠ 

 

( ) ( ) ( )(

( ) ( ))

( ) ( ) ( )(

( ) ( ))
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*
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3 3 4 4

exp exp
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exp exp .
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J r A j z A j z
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B j z B j z

j a g g

g g

j a g g

g g
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ø+ +
ú
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ø+ +
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ɿ ʢʨʘʡʦʚʠʭ ʫʤʦʚ (3.4) ʜʣʷ ʰʚʠʜʢʦʩʪʝʡ ʽ ʚʠʨʘʟʽʚ (3.6) ʱʦ ʧʦʚ'ʷʟʫʶʪʴ 

ʧʦʪʝʥʮʽʘʣʠ ʽ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʝʡ ʽ ʚʠʨʘʟʫ ʜʣʷ ʧʦʪʝʥʮʽʘʣʽʚ (3.11) 

ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʊʘʢ ʢʨʘʡʦʚʘ ʫʤʦʚʘ ( ,0) ( ,0) / 0Z ZV r r zj* *=µ µ = ʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

1 1 2 2 3 3 4 4 0j j j j j j j jB B B Bg g g g+ + + = , ʢʨʘʡʦʚʘ ʫʤʦʚʘ ( ,0) ( ,0) / 0r rV r r rj* *=µ µ = ʜʘʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:   

                                      1 2 3 4 0j j j jA A A A+ + + =.  

ɸ ʢʨʘʡʦʚʘ ʫʤʦʚʘ:  

( , ) ( , ) /Z ZV r L r L z Qj* * *=µ µ =,  

ʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

( ) ( )

( ) ( )
1 1 1 2 2 2

*

3 3 3 4 4 4

exp exp

exp exp ,

j j j j j j

j j j j j j j

B j L B j L

B j L B j L jQ

g g g g

g g g g y

+ +

+ + =-
                          (3.12) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ jY  ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 0( ) 1j j

j

J ra y=ä ,  ʘ  Q
*
- 

ʢʦʤʧʣʝʢʩʥʘ ʘʤʧʣʽʪʫʜʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʢʦʨʧʫʩʘ ʜʘʪʯʠʢʘ. 

ʋʤʦʚʘ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ jY  ʮʝ ʫʤʦʚʘ ʨʦʟʢʣʘʜʘʥʥʷ ʦʜʠʥʠʮʽ ʥʘ ʚʽʜʨʽʟʢʫ 

0 r R¢ ¢ ʚ ʨʷʜ ʧʦ ʩʠʩʪʝʤʽ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 0( )jJ ra  [15]: 

 

( )
( )

( )
( )

( )

1

0

0

1

0

0 1

; ;

2
; ,

R
jj

j j j

j j

R
j

j j j

j j j

RJ RD
D rJ r dr

G

RJ R
G rJ r dr

a RJ R

a
y a

a

a
a y

a a

= = =

= = =

ñ

ñ

              (3.13) 

 

ʜʝ 1( ) 0jJ ra =  - ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ ʧʝʨʰʦʛʦ ʨʦʜʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

ʇʦʚʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ ʽ ɺ ʤʘʻ ʚʠʛʣʷʜ: 

1 2 3 4

1 1 2 2 3 3 4 4

0;

0.

j j j j

j j j j j j j j

A A A A

B B B Bg g g g

+ + + =

+ + + =
                                        (3.14) 

ɸʙʦ: 



 
 

 
122 

( ) ( ) ( ) ( )

( ) ( ) ( )

( )

1 1 2 2 3 3 4 4

1 1 1 2 2 2 3 3 3

4 4 4

exp exp exp exp 0;

exp exp exp

exp *.

j j j j j j j j

j j j j j j j j j

j j j j

A j L A j L A j L A j L

B j L B j L B j L

B j L jQ

g g g g

g g g g g g

g g y

+ + + =

+ + +

+ =-

          (3.15) 

ʆʩʢʽʣʴʢʠ ʚ ʩʠʣʫ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3.9) ʧʦʩʪʽʡʥʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ɸ ʽ ɺ ʣʽʥʽʡʥʦ 

ʧʦʚ'ʷʟʘʥʽ, ʪʦ 

( )( )
1 1 1 2 2 2 3 3 3 4 4 4

2 2 2

1 2 2

2

1

, , , ;

; 1,2,3,4...,

j j j j j j j j j j j j

j nj

nj

nj

B A B A B A B A

a
n

l l l l

w b b b g
l

bg

= = = =

+ + -
= =

        (3.16) 

 

ʪʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʽʥʪʝʛʨʫʚʘʥʥʷ njA   ʟʛʽʜʥʦ (3.14), (3.15) ʽ (3.16) 

ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ: 

   

( ) ( ) ( ) ( )

( ) ( )

( ) ( )

1 2 3 4

1 1 2 2 3 3 4 4

1 1 1 2 2 2 3 3 3 4 4 4

1 1 1 1 2 2 2 2

3 3 3 3 4 4 4 4

0;

exp exp exp exp 0;

0;

exp exp

exp exp * ,

j j j j

j j j j j j j j

j j j j j j j j j j j j

j j j j j j j j

j j j j j j j j j

A A A A

A j L A j L A j L A j L

A A A A

A j L A j L

A j L A j L jQ

g g g g

l g l g l g l g

l g g l g g

l g g l g g j

+ + + =

+ + + =

+ + + =

+ +

+ + =-

       (3.17) 

ʊʠʩʢ ʚ ʧʨʦʢʣʘʜʮʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ: 

( ) ( )

( )

( ) ( )

2
20

0 1 1 1 1

2

2 2 2 2

2 2

3 3 3 3 4 4 4 4

* ( exp

exp

exp exp ).

j j j j

j j j

j j j j j j

c
p J r A j z

j

A j z

A j z A j z

r
a l g g

w

l g g

l g g l g g

=- +

+ +

+ +

ä

                 (3.18) 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʩʝʡʩʤʦʤʘʩʩʠ (3.1) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ ʘʤʧʣʽʪʫʜʠ 

ʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʘ ʱʦʜʦ, ʦʙʻʢʪʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʪʦʯʮʽ ʢʨʽʧʣʝʥʥʷ: 

()
() ()

( )

*

*

2 2
.

A A

P Q A
Z

j j

w w
w

w w d w
= -

- + +W
                       (3.19) 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʦʩʥʦʚʠ ʜʘʪʯʠʢʘ (3.2) ʽ ʚʠʨʘʟ ʜʣʷ ʪʠʩʢʫ (3.18) ʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.19) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʘʤʧʣʽʪʫʜʠ ʰʚʠʜʢʦʩʪʽ ʢʦʨʧʫʩʫ ʜʘʪʯʠʢʘ Q
*
: 
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()
()( )( )

()

*

2
2

2 2

* * ;

; ; .

A

A A A
A

A A A

Q H
M M P A j Q

j

j C
P

j M M

w
w w

w

wd b
w d

w wd

= + +

+W
= = W =
- + +W

               (3.20) 

()
( ) ( )

( ) ( )

2 2

1 1 1 1 2 2 2 22 2

0 2 2

3 3 3 3 4 4 4 4

exp exp
4 / ,

exp exp

j j j j j j j j

j

j
j j j j j j j j

S j L S j L
H c

S j L S j L

l g g l g g
w p r a

l g g l g g

è øå õ+ +
é ùæ ö=
é ùæ ö+ +
ç ÷ê ú

ä  

ʜʝ njS  - ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (3.17) ʟʘ ʫʤʦʚʠ  

1, ( )jQ Pw*Y = -ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʧʴʝʟʦʧʝʨʝʪʚʦʨʶʚʘʯʘ ʱʦʜʦ ʧʨʠʩʢʦʨʝʥʥʷ, 

AW - ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʧʴʝʟʦʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʣʷ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ 

ʤʘʩʠʚʥʽʡ ʦʩʥʦʚ ̔ʜʘʪʯʠʢʘ ʧʨʠʩʢʦʨʝʥʥʷ (ʥʘʚʦʜʠʪʴʩʷ ʚ ʧʘʩʧʦʨʪʽ ʥʘ ʜʘʪʯʠʢ ), Ad  - 

ʟʘʪʫʭʘʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʜʦʙʨʦʪʥʦʩʪʽ ʨʝʟʦʥʘʥʩʫ. 

ɺʠʟʥʘʯʠʤʦ ʙʝʟʨʦʟʤʽʨʥʫ ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʜʘʪʯʠʢʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ʥʘ ʧʨʦʢʣʘʜʮʽ - ʇʅ  ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʆʩʢʽʣʴʢʠ ʟʘʨʷʜ ʥʘ 

ʦʙʢʣʘʜʠʥʢʘʭ ʧʴʝʟʦʝʣʝʤʝʥʪʘ ʧʨʦʧʦʨʮʽʡʥʠʡ ʟʫʩʠʣʣʶ, ʧʨʠʢʣʘʜʝʥʦʤʫ ʜʦ ʥʴʦʛʦ, 

ʪʦ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʚʠʟʥʘʯʠʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʟʫʩʠʣʣʷ ʜʝʬʦʨʤʫʶʯʦʛʦ 

ʧ'ʻʟʦʝʣʝʤʝʥʪ ʜʦ ʩʠʣʠ ʽʥʝʨʮʽʾ ʩʝʡʩʤʦʤʘʩʩʠ ʚʽʜ ʚʧʣʠʚʫ ʧʝʨʝʥʦʩʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ: 

( ) ( )
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() ()( )

2

2

2 2 2

0

* * / * * /

* *
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A

A

C Z Q j Z Q j
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H

j H M M P

w w

w

w wd w w w

- W -
= = =

W
=
- + +W + +

                     (3.21) 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʦʚʝʜʽʥʢʠ ʜʘʪʯʠʢʘ ʚ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ 

ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʜʘʪʯʠʢʘ AW  ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʟʦʥʘʥʩʠ ʝʣʝʤʝʥʪʽʚ 

ʢʦʨʧʫʩʫ ʜʘʪʯʠʢʘ, ʥʘʧʨʠʢʣʘʜ, ʨʝʟʦʥʘʥʩ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ. 

ʇʨʠ ʚʨʘʭʫʚʘʥʥʽ ʨʝʟʦʥʘʥʩʫ ʚʝʨʭʥʴʦʡ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʜʘʪʯʠʢʘ 

ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ:  
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      (3.22)  

ʜʝ: KM - ʤʘʩʘ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ; KK  - ʞʦʨʩʪʢʽʩʪʴ  ʢʦʨʧʫʩʫ 

ʜʘʪʯʠʢʘ; KW  - ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʢʨʠʰʢʠ ʢʦʨʧʫʩʫ ʜʘʪʯʠʢʘ ( )A KW <W ;  FM  - 

ʤʘʩʘ ʧʽʜʢʣʘʜʢʠ ʢʦʨʧʫʩʫ ʜʘʪʯʠʢʘ; 1( )P w - ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʢʨʠʰʢʠ 

ʢʦʨʧʫʩʫ ʜʘʪʯʠʢʘ ʱʦʜʦ ʧʨʠʩʢʦʨʝʥʥʷ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʜʘʪʯʠʢʘ ʚ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʠʢʣʘʜʝʥʝ ʟʫʩʠʣʣʷ- ʟʘʨʷʜ,  ʥʝʦʙʭʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪ D ʧʦʤʥʦʞʠʪʠ ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

ʯʫʪʣʠʚʦʩʪʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

3.3.1.   ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ 

ʬʽʣʴʪʨʘ ʜʣʷ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʫ ʜʣʷ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. 

ʅʘ ʨʠʩ.3.6   ʥʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟ  ʤʝʭʘʥʽʯʥʠʤ ʬʽʣʴʪʨʦʤ. 

 

         ʈʠʩ.3.6.  ʄʦʜʝʣʴ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟ ʤʝʭʘʥʽʯʥʠʤ ʬʽʣʴʪʨʦʤ 

 

ʂʦʥʩʪʨʫʢʪʠʚ ʪʘ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.3.6 ʪʘ ʨʠʩ. 3.7  ʚʽʜʧʦʚʽʜʥʦ [6]. 
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ʈʠʩ.3.7.  ʂʦʥʩʪʨʫʢʮʽʷ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʫ 

 

ʅʘ ʨʠʩ.3.7 ʧʦʟʥʘʯʝʥʦ: 1- ʢʦʨʧʫʩ, 2- ʧʣʦʱʘʜʢʘ ʢʨʽʧʣʝʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, 

3- ʢʨʠʰʢʘ ʢʦʨʧʫʩʫ, 4- ʚ ʷʟʢʦ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ, 5-ʨʽʟʴʙʦʚʽ ʟ ʻʜʥʘʥʥʷ. 

 

 
 

ʈʠʩ.3.8. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʫ 

 

ʂʦʥʩʪʨʫʢʮʽʷ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʰʣʷʭʦʤ ʧʽʜʢʨʫʯʫʚʘʥʥʷ ʨʽʟʴʙʦʚʦʛʦ ʟ ʻʜʥʘʥʥʷ ʢʨʠʰʢʠ ʢʦʨʧʫʩʫ ʧʽʜʜʘʶʪʴʩʷ 

ʩʪʠʩʢʘʥʥʶ ʢʽʣʴʮʝʚʽ ʚ ʷʟʢʦ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ ʯʝʨʝʟ ʷʢʽ ʧʝʨʝʜʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʘ 

ʚʽʙʨʘʮʽʷ ʚʽʜ ʢʦʨʧʫʩʫ ʜʦ ʧʣʦʱʘʜʢʠ ʢʨʽʧʣʝʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʟʤʽʥʶʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʞʦʨʩʪʢʦʩʪʽ ʚ ʷʟʢʦ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘ ʢʨʠʰʮʽ 

ʥʘʥʝʩʝʥʽ  ʧʦʜʽʣʢʠ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʶʚʘʪʠ ʾʾ ʧʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʢʦʨʧʫʩʫ. 

ʎʽʥʘ ʧʦʚʦʨʦʪʫ ʦʜʥʽʻʾ ʧʦʟʥʘʯʢʠ ʜʦʨʽʚʥʶʻ 0,1 ʤʤ ʣʽʥʽʡʥʦʛʦ ʨʦʟʤʽʨʫ ʧʦ ʚʠʩʦʪʽ 

ʚ ʷʟʢʦ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʙʫʣʘ ʧʨʦʪʝʩʪʦʚʘʥʘ ʟ ʤʝʪʦʶ 

ʧʝʨʝʚʽʨʢʠ ʡʦʛʦ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ B&K 4371 
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(ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʚʜ̔ 0,1 ʜʦ 12600 ɻʮ, ɼʦʜʘʪʦʢ  ɹ ). ʆʪʨʠʤʘʥʘ ɸʏʍ ʥʘʚʝʜʝʥʘ 

ʥʠʞʯʝ ʥʘ ʨʠʩ.3.9. 

ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʻ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ [7]. 

ɺʠʟʥʘʯʠʤʦ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʪʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʦʡ ʩʘʤʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ  ʯʦʪʠʨʠ 

ʨʘʟʠ ʤʦʥʪʫʚʘʚʩʷ ʥʘ ʘʜʘʧʪʠʚʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨ ʟ ʦʜʥʘʢʦʚʦʶ ʥʦʤʽʥʘʣʴʥʦʶ 

ʞʦʨʩʪʢʽʩʪʶ (ʪʦʚʱʠʥʘ 0,4 ʤʤ). 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʢʩʝʣʝʨʦʤʝʪʨʽ B&K 4370 ʥʘ ʯʘʩʪʦʪʘʭ 

0,5;1,0;1,5;2,0;2,5;3,0 ʪʘ 5,0 ʢɻʮ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧôʷʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ 

ʧʨʠʩʢʦʨʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʪʝʩʪʫ [8]. ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʬʽʣʴʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.3.9. 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʦʡ ʩʘʤʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ  ʯʦʪʠʨʠ 

ʨʘʟʠ ʤʦʥʪʫʚʘʚʩʷ ʥʘ ʘʜʘʧʪʠʚʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨ ʟ ʦʜʥʘʢʦʚʦʶ ʥʦʤʽʥʘʣʴʥʦʶ 

ʞʦʨʩʪʢʽʩʪʶ (ʪʦʚʱʠʥʘ 0,4 ʤʤ). 

 

ʈʠʩ.3.9. ɸʏʍ ʘʢʩʝʣʝʨʦʤʝʪʨʘ B&K 4370 ʟ ʪʘ ʙʝʟ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʫ 

 

ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʻ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ [7]. 
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ɺʠʟʥʘʯʠʤʦ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʪʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʦʡ ʩʘʤʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ  ʯʦʪʠʨʠ 

ʨʘʟʠ ʤʦʥʪʫʚʘʚʩʷ ʥʘ ʘʜʘʧʪʠʚʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨ ʟ ʦʜʥʘʢʦʚʦʶ ʥʦʤʽʥʘʣʴʥʦʶ 

ʞʦʨʩʪʢʽʩʪʶ (ʪʦʚʱʠʥʘ 0,4 ʤʤ). 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩ ɹʥʘ ʘʢʩʝʣʝʨʦʤʝʪʨʽ B&K 4370 (ɼʦʜʘʪʦʢ ɹ) ʥʘ 

ʯʘʩʪʦʪʘʭ 0,5;1,0;1,5;2,0;2,5;3,0 ʪʘ 5,0 ʢɻʮ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧôʷʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ 

ʧʨʠʩʢʦʨʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʪʝʩʪʫ [8]. ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʬʽʣʴʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.3.7. 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʦʡ ʩʘʤʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ  ʯʦʪʠʨʠ 

ʨʘʟʠ ʤʦʥʪʫʚʘʚʩʷ ʥʘ ʘʜʘʧʪʠʚʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨ ʟ ʦʜʥʘʢʦʚʦʶ ʥʦʤʽʥʘʣʴʥʦʶ 

ʞʦʨʩʪʢʽʩʪʶ (ʪʦʚʱʠʥʘ 0,4 ʤʤ). 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚʽʙʨʦʤʝʪʨʦʤ VM-83. VM-83 - 

ʚʽʙʨʦʤʝʪʨ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʚʽʙʨʘʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ, 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʩʝʨʚʦʤʝʭʘʥʽʯʥʦʛʦ 

ʮʝʣʝʨʦʤʝʪʨʘ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʥʘʚʽʪʴ ʚʽʙʨʘʮʽʾ ʜʫʞʝ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ ʚ ʜʽʘʧʘʟʦʥʽ 

0,1-1 ɻʮ, ʯʦʛʦ ʜʫʞʝ ʚʘʞʢʦ ʜʦʩʷʛʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʠʭ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʩʢʦʨʝʥʥʷ ʘʤʧʣʽʪʫʜʦʶ ʜʦ 1000 ʤ/ʩ2 ʚ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 1 ɻʮ-20 ʢɻʮ ʩʢʣʘʜʘʻ 5%. 

ɿʛʽʜʥʦ ʟ ,,ɼʉʊʋ ISO/IEC Guide 98-3:2018 ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

ʏʘʩʪʠʥʘ 3. ʅʘʩʪʘʥʦʚʘ ʱʦʜʦ ʧʦʜʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʫ ʚʠʤʽʨʶʚʘʥʥʽ 

(GUM:1995)ò, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʙʘʛʘʪʦʨʘʟʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ. 

ʆʙʯʠʩʣʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʚʝʜʝʤʦ ʧʦ 

ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʚʠʢʣʘʜʝʥʠʭ ʚ [17] ʪʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ [9]: 

1. ʆʙʯʠʩʣʶʻʤʦ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟ ʫʩʽʭ 

ʚʠʤʽʨʽʚ ʚ ʜʘʥʽ ʪʦʯʮʽ: 

1

1 n

i

i

E E
n =

= ä  
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2. ɼʣʷ ʜʞʝʨʝʣ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʧʘʜʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʦʙʯʠʩʣʶʻʤʦ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʘ ʪʠʧʦʤ ɸ: 

()

2

1

( )

( 1)

n

i

i
A

E E

u E
n n

=

-

=
-

ä
 

 3. ɼʣʷ ʜʞʝʨʝʣ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ (ʧʨʠʣʘʜʦʚʘ 

ʧʦʭʠʙʢʘ) ʦʙʯʠʩʣʶʻʤʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʘ ʪʠʧʦʤ ɹ: 

()
3

ɹ

E
u E

D
=  , 

ʜʝ Ñ æɽ - ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʧʨʠʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ, ʘ ʟʘ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ 

ʙʝʨʝʤʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ  ʧʨʠʩʢʦʨʝʥʥʷ  74,91ʤ/ʩ2,  ʦʙʯʠʩʣʝʥʝ ʚ ʧ.1, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʭʠʙʢʠ 5% ʚʽʙʨʦʤʝʪʨʘ VM-83. 

4. ʆʙʯʠʩʣʠʤʦ ʩʫʤʘʨʥʫ ʩʪʘʥʜʘʨʪʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ: 

() () ()2 2

ʉ A ɹu E u E u E= + . 

5. ɼʣʷ ʜʦʚʽʨʯʦʾ ʡʤʦʚʽʨʥʦʩʪʽ (ʡʤʦʚʽʨʥʦʩʪʽ ʦʭʦʧʣʝʥʥʷ) P = 0.95 

(ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʂʝʨʽʚʥʠʮʪʚʽ ʟ ʨʦʟʨʘʭʫʥʢʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ) ʟʘʜʘʻʤʦ 

ʢʦʝʬʽʮʽʻʥʪ ʦʭʦʧʣʝʥʥʷ k = 2 ʽ ʦʙʯʠʩʣʶʻʤʦ ʨʦʟʰʠʨʝʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ:  

ʉu ku= . 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.1.  

        ʊʘʙʣʠʮʷ 3.1 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ 

ʏʘʩʪʦʪʘ,  (ʢɻʮ) 0,5 1,0 1,5 2,0 2,5 5,0 

ɽ, ʧʨʠ 4xn   (n=5)  

ʇʨʠʩʢʦʨʝʥʥʷ, 

(ʤ/c2) 

 

74,90 

 

89,04 

 

98,53 

 

112,24 

 

117,66 

 

74,61 

()Au E ,% 
1,13 1,36 1,03 1,21 1,29 1,43 

()ɹu E ,% 
0,65 0,79 0,59 0,70 0,74 0,82 

()ʉu E ,% 
1,31 1,58 1,19 1,39 1,49 1,65 

u,% 2,62 3,15 2,38 2,79 2,97 3,29 
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ʇʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʽʣʴʪʨʘ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 0-2,5 ʢɻʮ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.10. 

ʈʦʟʰʠʨʝʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʽʙʨʦʤʝʪʨʦʤ u(E) ʩʢʣʘʜʘʻ ʚʽʜ 2,38 ʜʦ 3,29 % ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ. 

ʅʘ ʯʘʩʪʦʪʽ 2,5 ʢɻʮ ʨʽʚʝʥʴ ʧʽʜʩʠʣʶʻʪʴʩʷ, ʟʘʚʜʷʢʠ ʧʝʨʰʦʤʫ ʤʝʭʘʥʽʯʥʦʤʫ 

ʨʝʟʦʥʘʥʩʫ, ʽ ʩʪʘʥʦʚʠʪʴ 4 ʜɹ. ʈʝʟʦʥʘʥʩ ʬʽʣʴʪʨʘ ʥʝʤʘʻ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʽʟʢʦʛʦ 

ʧʽʜʥʷʪʪʷ ʨʽʚʥʷ, ʪʦʤʫ ʱʦ ʬʽʣʴʪʨ ʚʦʣʦʜʽʻ ʤʘʣʦʶ ʜʦʙʨʦʪʥʽʩʪʶ. ʇʨʠ ʪʽʡ ʞʝ ʯʘʩʪʦʪʽ 

ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʥʦʚʠʪʴ 2,97%, ʱʦ ʢʦʨʝʣʶʻ ʟ ʚʥʝʩʢʦʤ ʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʽʥʰʠʭ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ(ʚʽʙʨʦʤʝʪʨ -5%, ʘʢʩʝʣʝʨʦʤʝʪʨ, ʚ 

ʮʴʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ-5% ). ʆʪʞʝ ʜʘʥʠʡ ʬʽʣʴʪʨ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ 

ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʪʠʧʫ 4370 (ɼʦʜʘʪʦʢ ɹ.2), ʙʝʟ ʢʦʥʢʨʝʪʥʦʾ ʛʨʘʜʫʚʘʣʴʥʦʾ ʪʘʙʣʠʮʽ 

(ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʛʫʢʫ), ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʟʙʽʣʴʰʝʥʥʷ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 

 

ʈʠʩ. 3.10.  ʇʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʽʣʴʪʨʘ ʚ ʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 0-2,5 ʢɻʮ 

 

ɺʽʜʧʦʚʽʜʴ ʢʦʨʧʫʩʫ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʘ ʫʜʘʨʥʠʡ ʚʧʣʠʚ (ʨʠʩ.3.11) 

ʧʨʦʤʦʜʝʣʴʦʚʘʥʦ ʚ ʩʝʨʝʜʦʚʠʱʽ MathCad [10]. ʅʘ ʩʠʩʪʝʤʫ ʬʽʣʴʪʨ-ʘʢʩʝʣʝʨʦʤʝʪʨ 

ʜʽʷʚ ʦʜʠʥʦʢʠʡ ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʽʤʧʫʣʴʩ ʪʨʠʚʘʣʽʩʪʶ 11ʤʩ (ʩʪʘʥʜʘʨʪ MIL-

STD 810) ʟ ʧʨʠʩʢʦʨʝʥʥʷʤ 7,5g [11,12]. ʇʝʨʝʭʜ̔ʥʽ ʧʨʦʮʝʩʠ ʩʠʩʪʝʤʠ  ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʽ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʝʤʧʬʫʚʘʥʥʽ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ.3.12, 3.13 ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 3.11. ʆʜʠʥʦʢʠʡ ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʽʤʧʫʣʴʩ ʪʨʠʚʘʣʽʩʪʶ 11ʤʩ  

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʽʚ ʙʫʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʝʥʘ, ʘ ʨʝʟʫʣʴʪʘʪʠ 

ʪʝʩʪʽʚ ʧʦʢʘʟʘʣʠ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʦʚʪʦʨʶʚʘʥʽʩʪʴ ʧʨʦʮʝʜʫʨʠ 

ʩʢʣʝʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʽʣʴʪʨ ʙʝʟ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ 

ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

 
ʈʠʩ. 3.12.  ʇʝʨʝʭʜ̔ʥʠʡ ʧʨʦʮʝʩ ʩʠʩʪʝʤʠ  ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʜʝʤʧʬʫʚʘʥʥʽ 

ʬʽʣʴʪʨʘ 
 

 
ʈʠʩ. 3.13. ʇʝʨʝʭʜ̔ʥʠʡ ʧʨʦʮʝʩ ʩʠʩʪʝʤʠ  ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʝʤʧʬʫʚʘʥʥʽ 

ʬʽʣʴʪʨʘ 
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3.3.2. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʘ ʚ ʷʢʦʩʪʽ ʌʅʏ 

ʗʢ ʚʽʜʟʥʘʯʝʥʦ ʚʠʱʝ, ʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʨʝʟʦʥʘʥʩʫ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʻ 

ʟʘʭʦʜʠ ʧʦ ʽʟʦʣʷʮʽʾ ʜʘʪʯʠʢʘ ʚʽʜ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʚʭʦʜʫ. ʊʦʙʪʦ, ʢʦʣʠ 

ʚʽʜʧʦʚʽʜʥʠʡ ʚ ʷʟʢʦ ʧʨʫʞʥʠʡ ʤʘʪʝʨʽʘʣ ʤʽʩʪʠʪʴʩʷ ʤʽʞ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ ʽ ʪʦʯʢʦʶ 

ʢʨʽʧʣʝʥʥʷ ʥʘ ʪʝʩʪʦʚʘʥʦʤʫ ʦʙ'ʻʢʪʽ, ʪʦ ʫʪʚʦʨʶʻʪʴʩʷ ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨ ʥʠʞʥʽʭ 

ʯʘʩʪʦʪ. ʅʘʭʠʣ ʩʧʘʜʫ ɸʏʍ ʬʽʣʴʪʨʘ ʪʘʢʦʾ ʩʭʝʤʠ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 12 ʜɹ ʥʘ 

ʦʢʪʘʚʫ. 

ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʮʽʣʴʥʦ ʚ ʜʝʢʽʣʴʢʦʭ ʚʠʧʘʜʢʘʭ: 

- ʊʘʤ, ʜʝ ʚʠʤʽʨʶʚʘʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʚʽʙʨʘʮʽʾ, ʤʦʞʣʠʚʦ, ʥʘ ʥʠʟʴʢʠʭ 

ʨʽʚʥʷʭ, ʽ ʥʘ ʚʠʩʦʢʠʭ ʨʽʚʥʷʭ, ʚʠʩʦʢʦʯʘʩʪʦʪʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʩʢʫʻ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ, ʩʧʦʪʚʦʨʝʥʴ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʠʭ ʬʽʣʴʪʨʽʚ ʽ ʪ. ʜ. 

- ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʢʦʣʠ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟʙʫʜʞʫʻʪʴʩʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʶ ʚʽʙʨʘʮʽʻʶ, ʤʦʞʣʠʚʦ, ʥʝʟʥʘʯʥʦʛʦ 

ʨʽʚʥʷ, ʚʠʢʣʠʢʘʶʯʠ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʘ ʟʙʽʣʴʰʠʪʴ ʢʦʨʠʩʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʙʽʣʴʰ ʥʽʞ ʥʘ 20 ʜɹ. 

- ʗʢʱʦ ʘʢʩʝʣʝʨʦʤʝʪʨ ʤʦʞʝ ʧʽʜʜʘʪʠʩʷ ʢʦʨʦʪʢʦʯʘʩʥʠʤ ʫʜʘʨʘʤ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨ ʤʦʞʝ ʟʘʧʦʙʽʛʪʠ 

ʤʦʞʣʠʚʦʤʫ ʧʦʰʢʦʜʞʝʥʥʷ. 

- ʂʦʣʠ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʤʘʻ ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʥʝʦʙʭʽʜʥʫ, ʽ ʥʝ ʦʩʥʘʱʝʥʠʡ ʚʽʜʧʦʚʽʜʥʠʤʠ ʬʽʣʴʪʨʘʤʠ ʥʠʞʥʽʭ ʯʘʩʪʦʪ. 

ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʻ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʚʠʤʽʨʶʚʘʯʘ ʰʫʤʽʚ. 

- ʊʘʤ, ʜʝ ʧʦʪʨʽʙʥʘ ʧʝʚʥʘ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʬʽʣʴʪʨʽʚ.  

 

3.4. ɿʘʙʝʟʧʝʯʝʥʥʷ   ʜʠʥʘʤʽʯʥʦʛʦ   ʜʽʘʧʘʟʦʥʫ, ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ  ʫʜʘʨʥʠʭ   ʩʠʛʥʘʣʽʚ 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʟʨʘʟʢʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʜʦʩʠʪʴ ʯʘʩʪʦ ʧʨʦʚʦʜʷʪʴ ʥʘʪʫʨʥʽ 

ʫʜʘʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʷʢ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ, ʪʘʢ ʽ ʚʩʴʦʛʦ ʚʠʨʦʙʫ. ʇʝʨʝʪʚʦʨʝʥʥʷ 
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ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʪʫʞʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧ'ʻʟʦʵʣʝʢʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʧʨʠʩʢʦʨʝʥʥʷ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ (ʘʚʽʘʮʽʷ, ʢʦʩʤʽʯʥʘ ʛʘʣʫʟʴ, ʩʫʜʦʙʫʜʫʚʘʥʥʷ ʪʘ ʽʥ.). ʆʩʥʦʚʥʽ 

ʚʠʤʦʛʠ ʜʦ ʜʘʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ ʮʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ 

ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʨʝʻʩʪʨʘʪʦʨʘ ʥʘ ʙʦʨʪʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʨʦʙʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʭʦʜʫ ʨʝʻʩʪʨʘʮʽʾ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʘʣʛʦʨʠʪʤʦʤ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

ɸʚʪʦʥʦʤʥʽʩʪʴ ï ʦʩʥʦʚʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʨʝʻʩʪʨʘʪʦʨʘ, ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʚʽʡ ʬʫʥʢʮʽʦʥʘʣ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʧʽʜʪʨʠʤʢʠ. 

ʇʽʜ ʥʝʶ ʨʦʟʫʤʽʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʨʝʻʩʪʨʘʪʦʨʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʽʨʶʚʘʥʴ ʧʽʜ ʯʘʩ ʜʽʾ ʩʠʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʋʜʘʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʯʘʩʪʦ ʷʚʣʷʶʪʴʩʷ ʦʜʥʦʢʨʘʪʥʠʤʠ, ʢʦʣʠ ʧʨʦʭʦʜʠʪʴ 

ʨʫʡʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʻʤʠʭ ʟʨʘʟʢʽʚ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʚʠʤʦʛʠ ʜʦ ʢʘʣʽʙʨʦʚʢʠ 

ʪʘ ʟʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʇ'ʻʟʦʵʣʝʢʪʨʠʯʥʽ ʘʢʩʝʣʝʨʦʤʝʪʨʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ, ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ ʨʝʟʦʥʘʥʩʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʈʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʜʘʪʯʠʢʘ ʧʦʢʨʠʚʘʻ ʥʝ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ 

ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʜʘʪʯʠʢʘ. ʇʦʯʘʪʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʽʟʥʽ ʫʜʘʨʥʽ ʚʧʣʠʚʠ 

ʤʘʻ ʟʥʘʯʥʽ ʨʦʟʙʽʞʥʦʩʪʽ, ʪʘʢ ʷʢ ʦʪʨʠʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʦʩʠʪʴ ʛʨʫʙʠʭ ʦʮʽʥʦʢ. ʋ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʩʧʝʢʪʨ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʤʦʞʝ 

ʜʦʩʷʛʪʠ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʜʘʪʯʠʢʘ, ʱʦ  ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ  

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ. ɼʦ ʪʦʛʦ ʞ, ʜʦʩʠʪʴ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʫʜʘʨʥʠʡ ʚʧʣʠʚ 

ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʟʙʫʨʝʥʥʷʤʠ, ʱʦ 

ʪʘʢʦʞ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ  ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ. ʂʦʤʫʪʘʮʽʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʻʩʪʨʘʮʽʾ ʟʜʽʡʩʥʶʚʘʪʠ ʜʫʞʝ ʚʘʞʢʦ (ʘ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʦ), ʦʩʢʽʣʴʢʠ ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʟʥʠʞʝʥʥʷʤ ʥʘʜʽʡʥʦʩʪʽ 

ʨʝʻʩʪʨʘʪʦʨʽʚ, ʘʧʘʨʘʪʥʠʤʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʊʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʤʫʪʘʮʽʡʥʠʭ ʜʽʡ ʩʪʦʩʦʚʥʦ ʩʠʛʥʘʣʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ 

ʨʝʻʩʪʨʘʪʦʨʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʘʧʘʨʘʪʥʽ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʽ 

ʟʘʩʦʙʠ: 

-ʚʠʩʦʢʦʨʦʟʨʷʜʥʠʡ ɸʎʇ ʟ ʚʝʣʠʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ;  

-ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʘ ʬʽʣʴʪʨʘʮʽʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʧʽʜʩʠʣʶʻ ʨʝʻʩʪʨʘʮʽʶ 

(ʥʘʡʯʘʩʪʽʰʝ ʰʫʢʘʻ ʩʠʛʥʘʣʫ), ʟʘʙʫʚʘʻ ʟʚʫʢʦʟʘʧʠʩʫʶʯʫ ʩʠʛʥʘʣʫ ʚ ʇʂ ʟʘ ʚʽʜʦʤʦʶ 

ʧʝʨʝʜʘʯʝʥʦʶ ʬʫʥʢʮʽʻʶ ʬʽʣʴʪʨʘ ʚ ʫʩʠʣʶʶʯʽʡ ʨʝʻʩʪʨʘʪʦʨʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ɸʎʇ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ 

ʦʮʽʥʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʻʩʪʨʘʪʦʨʘ ʟʘ ʚʽʜʦʤʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ɸʎʇ (ʨʦʟʨʷʜʥʽʩʪʴ, ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ - ʰʫʤ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [20] ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ɸʎʇ (ADD ) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ ʤʽʞ ʚʝʣʠʯʠʥʦʶ ʧʝʨʝʪʚʦʨʶʚʘʥʦʾ  ʥʘʧʨʫʛʠ (ʨʦʟʤʘʭ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ) ʪʘ ʉʂɿ ʩʫʤʤʘʨʥʦʾ ʰʫʤʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ ʩʠʩʪʝʤʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʘʥʘʣʦʛ-ʮʠʬʨʘ. 

( ) 2

12 12
20log 2 1 ; ,

1

N

ɸDD b
b

sSè ø
= - =é ù

+ Dê ú
                   (3.23) 

ʜʝ sS - ʉʂɿ ʩʫʤʠ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʰʫʤʽʚ ʚ ʩʠʩʪʝʤʽ ʦʮʠʬʨʦʚʢʠ,  N ï 

ʨʦʟʨʷʜʥʽʩʪʴ (ʯʠʩʣʦ ʨʽʚʥʽʚ ʢʚʘʥʪʫʚʘʥʥʷ) ɸʎʇ. 

ɿ (3.23) ʚʠʜʥʦ, ʱʦ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ɸʎʇ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ [12] 

ʚʠʨʘʟʦʤ, ʚ ʷʢʠʡ ʥʝ ʚʭʦʜʠʪʴ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʛʥʘʣʫ, ʘ ʜʣʷ ʫʜʘʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʘʜʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʻʩʪʨʘʪʦʨʘ ʥʝʢʦʨʝʢʪʥʦ, ʦʩʢʽʣʴʢʠ ʥʘʤ 

ʪʨʝʙʘ ʦʮʠʬʨʫʚʘʪʠ ʽ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʩʠʛʥʘʣ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʦʮʠʬʨʦʚʢʠ ʘʤʧʣʽʪʫʜʠ ʫʜʘʨʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʨʽʚʥʷ ʰʫʤʫ ɸʎʇ ʜʦ ʘʤʧʣʽʪʫʜʠ 

ʽʤʧʫʣʴʩʫ (ʜʣʷ ʽʜʝʘʣʴʥʦʛʦ ɸʎʇ ʚʝʣʠʯʠʥʘ ʰʫʤʫ ʜʦʨʽʚʥʶʻ ʢʨʦʢʫ ʢʚʘʥʪʫʚʘʥʥʷ) 

1/ 2 / ,N

mA u Ad g g- += D =                                      (3.24) 



 
 

 
134 

ʜʝ D - ʢʨʦʢ ʢʚʘʥʪʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʥʘʧʨʫʟʽ, mu - ʤʘʢʩʠʤʘʣʴʥʘ ʚʭʽʜʥʘ 

ʥʘʧʨʫʛʘ ɸʎʇ, ɸ-ʘʤʧʣʽʪʫʜʘ ʫʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ (ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ɸʎʇ), g- 

ʯʠʩʣʦ ʧʦʟʠʪʠʚʥʠʭ (ʥʝʛʘʪʠʚʥʠʭ) ʰʫʤʣʷʯʠʭ ʤʦʣʦʜʰʠʭ ʨʦʟʨʷʜʽʚ (ʨʽʚʥʽʚ 

ʢʚʘʥʪʫʚʘʥʥʷ) ɸʎʇ ʨʝʻʩʪʨʘʪʦʨʘ. 

ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ (RD ) ʧʨʠ ʮʴʦʤʫ 

ʚʠʟʥʘʯʠʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦ ʾʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ɸʎʇ ʜʦ ʘʤʧʣʽʪʫʜʠ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ (3.24), ʧʨʠ ʟʘʜʘʥʽʡ ʪʦʯʥʦʩʪʽ 

ʦʮʠʬʨʦʚʢʠ. 

( ) ( ) ( )120log / 20log / 20log 2 / , .N

R m mD u A u ʜɹd g d g-= = D =         (3.25) 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʠʩʢʦʢʦʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʜʠʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʧʨʦʮʝʜʫʨʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʇʂ ʟʘ ʚʽʜʦʤʦʶ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʬʽʣʴʪʨʘ ʚ 

ʢʘʥʘʣʽ ʧʽʜʩʠʣʶʚʘʯʘ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ. 

ʆʩʢʽʣʴʢʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʝʘʣʴʥʽ ʩʠʛʥʘʣʠ, ʪʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʚʠʤʦʛʫ ʧʨʠʯʠʥʥʦʾ ʦʙʫʤʦʚʣʝʥʦʩʪʽ (ʬʽʟʠʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʤʠ) 

( ) 0A t =  ʧʨʠ 0t<  [5, 2] . 

ʇʨʠ ʮʴʦʤʫ ʙʫʜʝʤʦ ʧʨʠʧʫʩʢʘʪʠ, ʱʦ ʩʠʛʥʘʣ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ 

ʜʦʧʫʩʢʘʻ ʧʦʜʘʥʥʷ ʚ ʚʠʛʣʷʜʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ɸʎʇ ʧʨʠ 

ʧʦʩʠʣʝʥʥʽ ʩʠʛʥʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʬʽʣʴʪʨʘʮʽʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ. ʉʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʨʝʻʩʪʨʘʪʦʨʘ 

ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʚʠʛʣʷʜ 

() () () ( )
1

exp ,
2

m

m

F ʀA t S F j t d

w

w

w w w w
p
-

= ñ                     (3.26) 

ʜʝ ( )ʀF w  - ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʬʽʣʴʪʨʘ. 
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ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʘ ʧʨʠ ʘʧʘʨʘʪʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʩʠʣʶʚʘʯʘ ʚ 

ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʻʩʪʨʘʪʦʨʽ ʤʘʻ ʚʠʛʣʷʜ: 

()( )( )2 1 2 1 1 21 / 1 ; / / 1,ʀF j j xw wt wt t t w w= + + = = <            (3.27) 

ʜʝ 0 1c< < ʨʽʚʝʥʴ ʧʨʠʜʫʰʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ, 

1 2,t t- ʧʦʩʪʽʡʥʽ ʬʽʣʴʪʨʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʪʦʪʠ 2 21w t=   ̔ 1 11w t=    

ʥʘ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʬʽʣʴʪʨʘ. 

ɼʘʣʽ ʧʦʚʠʥʥʘ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʦʮʝʜʫʨʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʧʦ ʩʧʝʢʪʨʫ 

( )FS w, ʦʪʨʠʤʘʥʦʛʦ ʟʚʦʨʦʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ ʚʽʜ ʚʠʤʽʨʷʥʦʛʦ ʩʠʛʥʘʣʫ 

ʧʨʠʩʢʦʨʝʥʥʷ 

()
()
()

( ) ()

() ( )
0

1
exp ;

2

exp .

m

m

F

F

ʀ
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F

S
A t j t d S

F

A t j t dt

w

w

w
w w w

p w

w

-

= =

= -

ñ

ñ

               (3.28) 

ʈʦʟʛʣʷʥʝʤʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʷʢ ʟʚʦʨʦʪʥʫ ʟʘʜʘʯʫ [15,16]. 

ʇʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʩʠʛʥʘʣʫ (ʚʠʨʽʰʝʥʥʷ ʟʚʦʨʦʪʥʴʦʾ ʟʘʜʘʯʽ) ʚʠʥʠʢʘʶʪʴ ʪʘʢʽ 

ʧʨʦʙʣʝʤʠ ʷʢ: 

- ʏʠ ʽʩʥʫʻ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. 

-  ʗʢʱʦ ʨʽʰʝʥʥʷ ʽʩʥʫʻ, ʪʦ, ʯʠ ʻ ʚʦʥʦ ʻʜʠʥʠʤ. 

-  ʏʠ ʩʪʽʡʢʝ ʨʽʰʝʥʥʷ, ʪʦʙʪʦ, ʯʠ ʧʨʠʚʦʜʷʪʴ ʤʘʣʽ ʧʝʨʝʰʢʦʜʠ ʜʦ ʤʘʣʠʭ ʟʤʽʥ 

ʨʽʰʝʥʥʷ. 

ɯʩʥʫʚʘʥʥʷ ʨʽʰʝʥʥʷ. ʈʽʰʝʥʥʷ ʽʩʥʫʻ ʽ ʥʘʣʝʞʠʪʴ ʢʣʘʩʫ 2( , )L -¤ ¤, ʷʢʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ [15]: 

2( ) ( ) ( ) ( , )FS F S Lw w w= Í -¤ ¤.  

ɭʜʠʥʽʩʪʴ ʨʽʰʝʥʥʷ.  ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘ ʜʝʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ DW , 

ʦʙʤʝʞʝʥʦʤʫ ʪʦʯʢʘʤʠ w
*
  ʽ  w

**
ʥʘ ʦʩʽ ʯʘʩʪʦʪ, ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʘ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ ( ) 0F w¹  ʧʨʠ w w w* **< <  ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʘ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ 

( ) 0Sw¸ . ʊʦʜʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʦʩʪʽ ( ) ( ) ( )FS F Sw w w=  ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ( )Sw  

ʜʦʚʽʣʴʥʦʾ ʬʫʥʢʮʽʾ ʚ ( )Gw, ʱʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʧʦʟʘ ʽʥʪʝʨʚʘʣʦʤ DW , ʚʠʜ 
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ʚʠʤʽʨʷʥʦʛʦ ʩʧʝʢʪʨʘ ( )AFS w  ʥʝ ʟʤʽʥʠʪʴʩʷ, ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ 

ʟʘʜʦʚʽʣʴʥʠʪʴʩʷ ʙʫʜʴ-ʷʢʦʶ ʬʫʥʢʮʽʻʶ ʚʠʜʫ ( ) ( ) ( )S S Gw w w= + . ʆʪʞʝ, 

ʚʽʜʥʦʚʣʝʥʠʡ ʩʠʛʥʘʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʬʫʥʢʮʽʾ, ʌʫʨ'ʻ-ʦʙʨʘʟ 

ʷʢʦʾ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʧʦʟʘ ʽʥʪʝʨʚʘʣʫ ʯʘʩʪʦʪ DW . 

ʉʪʽʡʢʽʩʪʴ ʨʽʰʝʥʥʷ. ʈʽʰʝʥʥʷ ʤʘʻ ʩʪʽʡʢʽʩʪʴ, ʷʢʱʦ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ  

( ) 0F w­  ʧʨʠ w­¤  [15]. 

ʈʦʟʛʣʷʥʝʤʦ ʪʦʯʥʽʩʪʴ ʧʝʨʚʠʥʥʦʾ ʦʮʽʥʢʠ ʩʧʝʢʪʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐʇʌ ʽ 

ʟʙʽʞʥʽʩʪʽ ʩʧʝʢʪʨʘ ʧʨʠ 0tD ­ . 

ɼʠʩʢʨʝʪʥʽ ʚʽʜʣʽʢʠ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʜʝʘʣʴʥʦʛʦ ɸʎʇ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʟʷʪʠʡ ʚ ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ 

() () ( )
1

exp , ,
2

m

m

k k kA t S j t d t k t

w

w

w w w
p
-

= = Dñ                (3.29) 

ʜʝ tD - ʢʨʦʢ ʟʘ ʚʽʜʣʽʢʦʤ ʯʘʩʫ. 

ʂʽʥʮʝʚʘ ʜʠʩʢʨʝʪʥʘ ʚʠʙʽʨʢʘ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʧʘʤ'ʷʪʦʚʫʻʪʴʩʷ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʽ ʾʭ ʩʧʝʢʪʨʽʚ. ʆʮʽʥʢʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ 

ʧʨʠʩʢʦʨʝʥʥʷ ʦʪʨʠʤʘʥʘ ʐʇʌ ʢʽʥʮʝʚʦʾ ʜʠʩʢʨʝʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ 

ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ 

( ) () ( )

() ( )
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m
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S A t t j t
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S K d
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w w

w w w w
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ñ

                       (3.30) 

ʜʝ NK - ʬʫʥʢʮʽʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʢʥʘ ʧʨʠ ʐʇʌ. 

( )
( )( )
( )( )

( )( )sin / 2
exp

2sin / 2

i

N i

i

T T t
K j

t

w w w w
w w

w w

- å õ- -Då õ
- = æ öæ ö

- D ç ÷ç ÷
                (3.31) 

ʇʦʭʠʙʢʘ ʦʮʽʥʢʠ ʩʧʝʢʪʨʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦ ʢʽʥʮʝʚʽʡ 

ʜʠʩʢʨʝʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʟʥʘʯʠʤʦ ʷʢ ʥʦʨʤʫ ʨʽʟʥʠʮʽ [7]: 
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( ) ( ) ( ) ( )

() ( ) ( ) [ ]

max

max , 0;
2

m

m

S i i i T i
i

N i T i i m
i

ʇ S S S S

t
S K d S

w

w

w w w w

w w w w w w w
p
-

= - = - =

D
= - - " Íñ

   ,           (3.32) 

ʜʝ ( )T iS w  - ʩʧʝʢʪʨ ʢʽʥʮʝʚʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ. 

ɺʠʨʘʟ ʜʣʷ ʧʦʭʠʙʢʠ (3.32) ʧʝʨʝʪʚʦʨʠʤʦ, ʪʘʢ ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ 
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2 exp 1

exp 1 exp 1
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      (3.33) 

 

 ʜʝ: n nw w= D, /mM w w= D- ʯʠʩʣʦ ʚʽʜʣʽʢʽʚ ʧʦ ʯʘʩʪʦʪʽ ʚ ʽʥʬʦʨʤʘʪʠʚʥʽʡ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ. 

ʇʨʠ 1twD D << ʘʙʦ  2N p>> , 0m twD ­  ʽ N t TD = <¤ ʚʠʨʘʟ ʜʣʷ ʧʦʭʠʙʢʠ 

(3.33) ʚ ʩʠʣʫ ʛʨʘʥʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 1/ (exp( ) 1) 1/ 0,5j t j tm mD - - D =- ʧʨʠ 

0tmD ­ ", 0 i mw w¢ ¢   ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 0,5 ( ) (0)S t A T AP ¢ D - . ɿ ʮʴʦʛʦ ʚʠʨʘʟʫ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ ( 0)tD ­   ʧʦʭʠʙʢʘ (3.32) ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ, ʘ 

ʮʝ ʟʥʘʯʠʪʴ, ʱʦ ʩʧʝʢʪʨ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʮʠʬʨʦʚʢʠ ʽ ʐʇʌ, ʩʭʦʜʠʪʴʩʷ 

ʜʦ ʩʧʝʢʪʨʫ ʢʽʥʮʝʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʘʣʽ ʘʣʛʦʨʠʪʤ ʽ ʪʦʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʦʪʚʦʨʝʥʦʛʦ ʚ 

ʨʝʻʩʪʨʘʪʦʨʽ ʩʠʛʥʘʣʫ. 

ɺʽʜʬʽʣʴʪʨʦʚʘʥʠʡ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʥʘ ɸʎʇ. ɺʽʜʣʽʢʠ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʛʦ ʽ 

ʦʮʠʬʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʽʚ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ kt  ʤʘʶʪʴ 

ʚʠʛʣʷʜ : 

() () () ( )
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exp , .
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F k ʀ k kA t S F j t d t k t
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w w w w
p
-

= = Dñ                (3.34) 
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ʉʧʝʢʪʨ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʛʦ (ʩʧʦʪʚʦʨʝʥʦʛʦ) ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷʝʥʥʷ, 

ʦʪʨʠʤʘʥʠʡ ʦʮʠʬʨʫʚʘʥʥʷʤ ʽ ʐʇʌ: 

( ) () ( ) () () ( )
1

0

exp .
2
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m
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F i F k k ʀ N i

k

t
S A t t j t S F K d

w

w

w w w w w w w
p

-

= -

D
= D = -ä ñ        (3.35) 

ɼʠʩʢʨʝʪʥʠʡ ʩʧʝʢʪʨ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʩʧʝʢʪʨʘ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ 

( ) ( ) ( )/ ,F i F i D iS S Fw w w=                             (3.36) 

ʜʝ:                                                 ( )
( )

( )

, / 2;

, / 2 .

ʀ i i D

D i

ʀ D i D i D

F
F

F

w w w
w

w w w w w

ë ¢î
=ì

- ¢ ¢îí
 

ʊʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ 

ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʘ ʥʝ ʟʚʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʪʦʪ ʚʽʜ 0 

ʜʦ Dw . 

ʇʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʨʦʮʝʜʫʨʠ ʬʽʣʴʪʨʘʮʽʾ ʽ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ[ ]0,i Dw w" Í . 
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       (3.37) 

ʈʦʟʢʣʘʜʘʶʯʠ ʬʫʥʢʮʽʶ ( )ʀ i n iF w w w e+ - + ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʟʘ ʩʪʫʧʝʥʷʤʠ  

n iw w e- + ʽ ʦʙʤʝʞʫʶʯʠʩʴ ʧʝʨʰʠʤʠ ʪʨʴʦʤʘ ʩʢʣʘʜʦʚʠʤʠ ʽ ʢʦʨʠʩʪʫʶʯʠʩʴ 

ʫʤʦʚʦʶ ( ) 0,1n i tw w e- + D <, ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʝʢʪʨʘ ʜʣʷ ʚʩʽʭ [ ]0,0,5i Dw wÍ : 
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ʜʝ ʤʝʞʘ ʩʫʤʫʚʘʥʥʷ 1,2,3P=  ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʧʫʩʪʠʤʦʶ ʚʪʨʘʪʦʶ ʝʥʝʨʛʽʾ ʚ 

ʩʧʝʢʪʨʽ ʚʠʤʽʨʷʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʫʤʦʚʦʶ 2 / 0,1P Np < . 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ (3.36) ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʥʝʨʽʚʥʽʩʪʴ ʂʦʰʽ - 

ɹʫʥʷʢʦʚʩʢʦʛʦ [3,11]: 
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   (3.39) 

ʗʢʱʦ ʚʠʟʥʘʯʠʪʠ ʥʦʨʤʫ ʩʧʝʢʪʨʘ ʦʪʨʠʤʘʥʦʛʦ ʐʇʌ ʧʦʯʘʪʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʧʨʠʩʢʦʨʝʥʥʷ ʷʢ 
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H S K
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w

w

e
e w e

w

D

- D

= +
Dñ                (3.40) 

ʪʦ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʝʢʪʨʘ [ ]0;0,5i Dw w" Í  

 

( )
( )

2

2
max 1 .
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ʀ iSF

i
S D iP

Fʇ P d

H N F P

w

w

w e e
g

w w

D

- D

+
¢ = -

Dñ         (3.41) 

ʈʦʟʢʣʘʜʘʶʯʠ ʚʠʨʘʟ ʧʽʜ ʽʥʪʝʛʨʘʣʦʤ ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʟʘ ʩʪʫʧʝʥʷʤʠ e ʽ 

ʦʙʤʝʞʫʶʯʠʩʴ ʜʚʦʤʘ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ, ʘ ʧʦʪʽʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʮʽʥʢʠ 

 

( )
( )

2 1

1
min ; max ,ʀ i

ʀ i
ii

dF
F

d

w a
w a

w w w

-
= ¢

-
                 (3.42) 

ʦʪʨʠʤʫʻʤʦ ʦʮʽʥʢʫ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ: 

( )

( )2 2

1

1 2 1 2
max .

3 3

ʀ iSF

i
S ʀ i

dFʇ P P

H d NN F

ww w
g

w ww

D D
¢ = ¢            (3.43) 

ɿ ʘʥʘʣʽʟʫ ʚʠʨʘʟʽʚ ʜʣʷ ʧʦʭʠʙʢʠ ʦʮʽʥʢʠ ʩʧʝʢʪʨʘ ʧʦʯʘʪʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʚʠʜʥʦ, ʱʦ ʩʫʤʘʨʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʝʢʪʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʭʠʙʢʠ 

ʚʠʢʣʠʢʘʥʦʾ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐʇʌ ʽ ʧʦʭʠʙʢʠ ʚʠʢʣʠʢʘʥʦʾ ʩʧʦʪʚʦʨʝʥʥʷʤ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 
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ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ʚʠʢʣʠʢʘʥʦʾ ʩʧʦʪʚʦʨʝʥʥʷʤ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ 

ʟʤʝʥʰʠʪʠ ʢʨʦʢ ʧʦ ʯʘʩʪʦʪʽ wD , ʪʦʙʪʦ ʟʙʽʣʴʰʠʪʠ ʜʦʚʞʠʥʫ ʨʝʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ ʊ 

ʽ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʟʨʫʰʠʪʠ ʯʘʩʪʦʪʫ ʟʨʽʟʫ ʬʽʣʴʪʨʘ 1w ʚ ʩʪʦʨʦʥʫ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, 

ʱʦ ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʬʽʣʴʪʨʘ. ɿʙʽʣʴʰʝʥʥʷ 

ʜʦʚʞʠʥʠ ʨʝʘʣʽʟʘʮʽʾ ʊ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʜʦʧʦʚʥʝʥʥʷʤ ʥʫʣʷʤʠ ʧʦʯʘʪʢʦʚʦʛʦ 

ʨʝʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ɿʐʇʌ ʚʽʜ ʚʽʜʥʦʚʣʝʥʦʛʦ ʩʧʝʢʪʨʘ 

(3.35). ɺʽʜʥʦʚʣʝʥʠʡ ʩʠʛʥʘʣ ʤʘʻ ʚʠʛʣʷʜ 
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                 (3.44) 

ʇʦʭʠʙʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʟʥʘʯʠʤʦ ʷʢ ʥʦʨʤʫ ʨʽʟʥʠʮʽ 

 

() () () () [ ]max 0; ,AF F k k F k k k
k

ʇ A t A t A t A t t T= - = - " Í         (3.45) 

ʜʝ ( )kA t  - ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (3.29), ( )F kA t - ʚʽʜʥʦʚʣʝʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (3.42). 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ (3.43) ʚʠʨʘʟʠ (3.27) ʽ (3.42), ʘ ʧʦʪʽʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 2 /t Nw pDD = , ʦʪʨʠʤʫʻʤʦ: 
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     (3.46) 

 

ʆʮʽʥʢʘ ʧʦʭʠʙʢʠ (3.46) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʨʽʚʥʦʩʪʽ ʂʦʰʽ-ɹʫʥʷʢʦʚʩʴʢʦʛʦ 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 
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      (3.47) 

ʆʮʽʥʠʤʦ ʚʝʣʠʯʠʥʫ ʥʦʨʤʠ ʧʦʯʘʪʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ. ɺʠʟʥʘʯʠʤʦ 

ʥʦʨʤʫ ʪʘʢʠʤ ʯʠʥʦʤ 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝʨʽʚʥʽʩʪʴ ʂʦʰʽ - ɹʫʥʷʢʦʚʩʴʢʦʛʦ [14,18,21] ʦʪʨʠʤʘʻʤʦ: 
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ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ: 
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AF D iP
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w e e w
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Dñ  

ɸʥʘʣʽʟ ʚʠʨʘʟʽʚ (3.44) ʽ (3.45) ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʚʠʤʦʛʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʝʢʪʨʘ. 

ɺʨʘʭʫʻʤʦ ʜʘʣʽ ʚʧʣʠʚ ʰʫʤʫ ʢʚʘʥʪʫʚʘʥʥʷ ɸʎʇ ʥʘ ʪʦʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ. ʆʙʣʽʢ ʚʧʣʠʚʫ ʰʫʤʫ ʢʚʘʥʪʫʚʘʥʥʷ ɸʎʇ ʚ ʣʽʥʝʘʨʠʟʦʚʘʥʽʡ 

ʩʭʝʤʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʜʦʜʘʚʘʥʥʷ ʩʧʝʢʪʨʘ ʰʫʤʽʚ ʢʚʘʥʪʫʚʘʥʥʷ ( )qS w  ʜʦ ʩʧʝʢʪʨʫ 

ʩʠʛʥʘʣʫ ʧʽʩʣʷ ʬʽʣʴʪʨʘ. ɺʽʜʬʽʣʴʪʨʦʚʘʥʠʡ ʩʠʛʥʘʣ ʧʽʩʣʷ ɸʎʇ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 

 

() () () () ( )
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exp , ,
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q k ʀ q k kA t S F S j t d t k tw w w w w
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è ø= + = Dê úñ  

ʘ ʩʧʝʢʪʨ ʮʴʦʛʦ ʩʠʛʥʘʣʫ, ʦʪʨʠʤʘʥʠʡ ʐʇʌ ʤʘʻ ʚʠʛʣʷʜ: 

( ) () () () ( ) .
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S S F S K dw w w w w w w
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D
è ø= + -ê úñ           (3.50) 

ɺʽʜʥʦʚʣʝʥʠʡ ʩʠʛʥʘʣ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʦʛʽʯʥʦ (3.42) ʤʘʻ ʚʠʛʣʷʜ 
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ʇʦʭʠʙʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʠʤʦ ʘʥʘʣʦʛʽʯʥʦ (23): 

() () [ ], 0;Q

A q k k kʇ A t A t t T= - " Í  ,                             (3.52) 

ʘʙʦ ʧʽʜʩʪʘʚʣʷʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʚʠʨʘʟʠ ʽ ʧʨʦʚʽʚʰʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʘʥʘʣʦʛʽʯʥʽ ʪʠʤ, 

ʱʦ ʧʨʦʚʦʜʠʣʠʩʷ ʚʠʱʝ, ʦʪʨʠʤʫʻʤʦ: 
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ɸʥʘʣʽʟ ʚʠʨʘʟʫ (3.53) ʧʦʢʘʟʫʻ, ʱʦ ʦʩʢʽʣʴʢʠ 1 ( )iF w a² ², ʜʝ 0a> , ʪʦ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʦʙʤʝʞʝʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʦʭʠʙʢʠ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʩʠʛʥʘʣʫ 

ʚʠʢʣʠʢʘʥʝ ʰʫʤʘʤʠ ʢʚʘʥʪʫʚʘʥʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ 

ʩʧʝʢʪʨʘ ʫʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʦʤʫ ʜʣʷ ʦʮʠʬʨʦʚʢʠ ʩʠʛʥʘʣʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Ɇæ ɸʎʇ. ɺ ʜʘʥʠʭ ɸʎʇ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʰʫʤʫ ʢʚʘʥʪʫʚʘʥʥʷ ʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ 

ʦʙʣʘʩʪʴ ʟʘ ʤʝʞʽ ʽʥʬʦʨʤʘʪʠʚʥʦʾ ʩʤʫʛʠ ʩʠʛʥʘʣʫ, ʘ ʧʦʪʽʤ ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʫ ʧʦʟʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʶ ʩʤʫʛʦʶ ʮʠʬʨʦʚʠʤ ʬʽʣʴʪʨʦʤ [19,20]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʦʛʦ ʤʦʞʥʘ ʚ (3.53) ʟʤʝʥʰʠʪʠ ʦʙʣʘʩʪʴ 

ʽʥʪʝʛʨʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 

ʯʘʩʪʦʪ mw w² . ʊʦʜʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʫ ʦʮʽʥʢʫ ʚʥʝʩʢʫ ʚ ʧʦʭʠʙʢʫ ʰʫʤʽʚ 

ʢʚʘʥʪʫʚʘʥʥʷ 

() ( )
( )

1

0

exp
2

2
,

3 12

m

m

N
qQ N i

A AF k

i

m
AF

S K d
ʇ ʇ ji t

N

ʇ

w

w

w w w w
w

a p

w

pac

-

=-

-
¢ + D ¢

D
¢ +

äñ
é          (3.54) 

ʜʝ c - ʚʝʣʠʯʠʥʘ ʟʤʝʥʰʝʥʥʷ ʩʧʝʢʪʨʘ ʰʫʤʽʚ ʢʚʘʥʪʫʚʘʥʥʷ Ɇæ ɸʎʇ ʚ ʨʦʙʦʯʽʡ 

ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤ ɸʎʇ. 
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ɯʥʦʜʽ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʘ ʚʠʧʨʦʙʫʚʘʥʴ. ʐʚʠʜʢʽʩʪʴ ʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴ ʮʠʬʨʦʚʠʤ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ. 

ɺʠʨʘʟʠ ʜʣʷ ʩʠʛʥʘʣʽʚ ʰʚʠʜʢʦʩʪʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʮʠʬʨʦʚʠʤ 

ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ, ʤʘʶʪʴ ʚʠʛʣʷʜ: 

0

0 0 0

;

,

n

n k k

k

n n k

n k k k p p

k k p

V g A t

X g V t g g A t

=

= = =

= D

= D = D

ä

ä ä ä
                    (3.55) 

ʜʝ 0 ( 1),n N¢ ¢ - ͊ kg  - ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ 

ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʇʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʤʝʪʦʜʦʤ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ  

1 (0, 1)kg k n= " Í -, ʘ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʽʡ  

0 1/ 2, 1/ 2, 1 (1, 1)n kg g g k n= = = " Í -. 

ʇʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʤʝʪʦʜʦʤ 

ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʚʠʨʘʟ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʟʛʽʜʥʦ (24), (28) ʤʘʻ ʚʠʛʣʷʜ 
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                     (3.56) 

ʘ ʚʠʨʘʟ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠʡʤʝ ʚʠʜ: 
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ʜʝ: 
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ʇʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʮʠʬʨʦʚʠʤ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʚʽʜʥʦʚʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ:   
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  (3,59) 

ʇʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʮʠʬʨʦʚʦʤʫ ʽʥʪʝʛʨʫʚʘʥʥʽ 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ (3.60): 
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ɸʥʘʣʽʟ ʚʠʨʘʟʽʚ (3.59) ʽ (3.60) ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ 

ʚʠʤʦʛʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʝʢʪʨʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʘʣʽ ʱʝ ʦʜʠʥ ʘʣʛʦʨʠʪʤ ʟʙʽʣʴʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʨʝʻʩʪʨʘʪʦʨʘ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʘʥʘʣʦʛʦʚʦʤʫ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʽ 

ʩʠʛʥʘʣʫ, ʦʮʠʬʨʫʚʘʥʥʽ ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʽ ʩʠʛʥʘʣʫ ʚ ʇʂ. ʇʝʨʝʚʘʛʘ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʐʇʌ. 

ɺʠʨʘʟ ʜʣʷ ʚʽʜʥʦʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʤʝʪʦʜʦʤ 

ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʟʛʽʜʥʦ (3.7), (3.60) 
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ʇʦʭʠʙʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʟʥʘʯʠʤʦ ʷʢ ʥʦʨʤʫ ʨʽʟʥʠʮʽ  

() () () ()

()
( )( )

( )( )
( )

max

exp 11
max exp ,

2 exp 1

m

m

AD D k k D k k
k

k

k
k

ʇ A t A t A t A t

j t j t
S j t d

j t

w

w

w w
w w w

p w
-

= - = - =

è øD -
= -é ù

D -é ùê ú
ñ

            (3.62) 

ʜʝ  ( )kA t  - ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (3.29). 
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ɿ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ (3.62) ʚʠʜʥʦ, ʱʦ ʥʝ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0t= , ʱʦ ʧʨʠʨʦʜʥʴʦ, ʪʘʢ ʷʢ ʜʠʬʝʨʝʥʮʽʶʶʯʘ ʣʘʥʢʘ 

ʥʝ ʧʨʦʧʫʩʢʘʻ ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʩʠʛʥʘʣʫ. ʇʨʠ 0tD ­  ʧʦʭʠʙʢʘ (0)AD AP ­ , ʘ 

ʦʪʞʝ ʚʽʜʥʦʚʣʝʥʠʡ ʩʠʛʥʘʣ ( )D kA t  ʩʭʦʜʠʪʴʩʷ ʜʦ ʨʽʟʥʠʮʽ ( ) (0)kA t A- . ʆʮʽʥʢʘ 

ʧʦʭʠʙʢʠ ʧʨʠ 0tD ­  ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʨʽʚʥʦʩʪʽ ʂʦʰʽ-ɹʫʥʷʢʦʚʩʴʢʦʛʦ [14, 21,] 

ʤʘʻ ʚʠʛʣʷʜ ʥʘʚʝʜʝʥʠʡ ʚʠʨʘʟʦʤ: 
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    (3.63) 

 

ʇʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʽʡ ʤʠ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʧʦʭʠʙʢʠ : 
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ʇʨʦʚʽʚʰʠ ʦʮʽʥʢʫ ʧʦʭʠʙʢʠ (3.61) ʜʣʷ ʚʠʧʘʜʢʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʤʝʪʦʜʦʤ 

ʪʨʘʧʝʮʽʡ ʧʨʠ 0tD ­ , ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ (3.65): 
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ɸʥʘʣʽʟ ʚʠʨʘʟʫ (3.63) ʜʣʷ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ 

ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʤʝʪʦʜʦʤ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ 

ʥʝʦʙʭʽʜʥʘ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʷ ʧʨʠ ʦʮʠʬʨʫʚʘʥʥʽ ʥʝ ʤʝʥʰʝ ʥʽʞ ʚ ʜʝʩʷʪʴ ʨʘʟʽʚ, ʘ 

ʘʥʘʣʽʟ ʚʠʨʘʟʫ (3.65) ʜʣʷ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʽʥʪʝʛʨʫʚʘʥʥʷʤ 

ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʷ ʥʝ ʤʝʥʰ ʥʽʞ 4 

ʨʘʟʠ. 

ʊʦʙʪʦ, ʷʢʱʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʜʚʽʡʢʦʚʠʡ ʢʦʜ ʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ Ɇæ ɸʎʇ, ʷʢʠʡ 

ʟʜʽʡʩʥʶʻ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʶ ʚ 64 ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ, ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʪʦʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʜʦʩʪʘʪʥʴʦʤʫ ʨʽʚʥʽ. 

ʐʫʤʠ ʢʚʘʥʪʫʚʘʥʥʷ ʚʨʘʭʦʚʫʻʤʦ ʧʨʠ ʦʮʽʥʮʽ ʧʦʭʠʙʢʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʠʛʥʘʣʫ: 
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              (3.66) 

ʈʷʜʦʢ ʫ ʚʠʨʘʟʽ (3.66) ʦʪʨʠʤʘʥʠʡ ʧʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʯʥʦʛʦ ʽʥʪʝʛʨʘʣʫ  [6] ʟʘ ʫʤʦʚʠ, ʱʦ / 2m tw pD =  ʘʙʦ 4 m Dw w= . 

ɿ ʚʠʨʘʟʫ (3.66) ʚʠʜʥʦ, ʱʦ ʚʥʝʩʦʢ ʰʫʤʽʚ ʢʚʘʥʪʫʚʘʥʥʷ ʚ ʟʙʽʣʴʰʝʥʥʷ ʧʦʭʠʙʢʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ Ɇæ ɸʎʇ ʜʦʩʠʪʴ ʤʘʣʠʡ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʢʽʣʴʢʠ ʤʦʞʣʠʚʦ ʟʙʽʣʴʰʠʪʠ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ɸʎʇ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʜʫʨʠ ɺʏ ʬʽʣʴʪʨʘʮʽʾ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʨʠʩʢʦʨʝʥʥʷ ( )A t  ʷʚʣʷʻ ʩʦʙʦʶ 

ʥʦʨʤʘʣʴʥʠʡ, ʚʠʧʘʜʢʦʚʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʨʦʮʝʩ ʟ ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 

M  ʽ ʜʠʩʧʝʨʩʽʻʶ ʩʠʛʥʘʣʫ 
2

0s  ʪʘ ʜʠʩʧʝʨʩʽʻʶ ʧʦʭʽʜʥʦʶ ʚʽʜ ʩʠʛʥʘʣʫ 
2

1s  ʪʦʜʽ 

[21]: 
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ʜʝ  ( )Gw  - ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʧʨʦʮʝʩʫ. 

ʉʝʨʝʜʥʻ ʯʠʩʣʦ ʧʦʟʠʪʠʚʥʠʭ (ʚʽʜ ʥʠʟʫ ʜʦ ʚʝʨʭʫ) ʚʠʢʠʜʽʚ ʩʠʛʥʘʣʫ ( )A t  ʥʘ 

ʯʘʩʦʚʽʡ ʨʝʘʣʽʟʘʮʽʾ ʪʨʠʚʘʣʽʩʪʶ T  ʟʘ ʨʽʚʝʥʴ ʨʽʚʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʭʽʜʥʦʤʫ 

ʩʠʛʥʘʣʫ ɸʎʇ  mu   ʟʛʽʜʥʦ [14] ʨʽʚʥʝ 
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   (3.68) 

ʜʝ (0, )N T+
 - ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʧʝʨʝʪʠʥʽʚ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ 

ʚʽʜ ʥʠʟʫ ʜʦ ʚʝʨʭʫ. 

ɯʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʯʠʩʣʘ ʧʝʨʝʪʠʥʽʚ ʨʽʚʥʷ mu  ʥʘ ʽʥʪʝʨʚʘʣʽ T  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʇʫʘʩʩʦʥʘ [22]. ʊʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʥʝ ʙʫʜʝ 

ʞʦʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʩʠʛʥʘʣʦʤ ʨʽʚʥʷ mu  (ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʫ) ʥʘ 

ʽʥʪʝʨʚʘʣʽ T  ʜʦʨʽʚʥʶʻ 

( ) ( )( )0 exp , .mP k N u T+= = -                    (3.69) 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʠʛʥʘʣʫ ʱʦ ʤʘʻ ʧʦʩʪʽʡʥʫ ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ 

2

0( )G Gw=  ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ ʚʽʜ 0 ʜʦ mw  ʚʠʨʘʟ ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʩʠʛʥʘʣʫ, ʧʦʭʽʜʥʦʶ 

ʚʽʜ ʩʠʛʥʘʣʫ ʽ ʯʠʩʣʘ ʧʝʨʝʪʠʥʽʚ ʩʠʛʥʘʣʦʤ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʚʽʟʴʤʫʪʴ ʚʠʜ 
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+= = =                           (3.70) 

ʌʽʣʴʪʨʘʮʽʷ ʩʠʛʥʘʣʫ ʽʜʝʘʣʴʥʠʤ ʌʅʏ, ʱʦ ʘʧʨʦʢʩʠʤʫʻ ʯʘʩʪʦʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (3.27) ʩʧʦʪʚʦʨʶʯʦʛʦ ʬʽʣʴʪʨʘ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ ʚʽʜ 0 ʜʦ mw , ʟ 

ʧʨʠʜʫʰʝʥʥʷʤ ʩʠʛʥʘʣʫ ʚ ʩʤʫʟʽ ʚʽʜ  / 4mw  ʜʦ mw  ʚ 5 ʨʘʟʽʚ, ʟʤʝʥʰʫʻ ʜʠʩʧʝʨʩʽʶ 

ʬʽʣʴʪʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʙʣʠʟʥʦ ʚ 2,5 ʨʘʟʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʯʠʩʣʘ ʧʦʟʠʪʠʚʥʠʭ ʧʝʨʝʪʠʥʽʚ ʨʽʚʥʷ ʽ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʫ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 
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ʚʽʜʥʦʰʝʥʥʷʤ ʨʽʚʥʷ mu  ʜʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 0s  ʧʦʯʘʪʢʦʚʦʛʦ 

ʩʠʛʥʘʣʫ. 

 

3.4.1. ɺʧʣʠʚ ʪʠʧʫ  ɸʎʇ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ     

ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʠʙʦʨʫ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

(ɸʎʇ) ̒  ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʚʠʙʽʨʢʠ 

ʅʘʡʢʚʽʩʪʘ, ʜʦʩʪʘʪʥʴʦ ʚʠʙʨʘʪʠ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʷʢʘ ʚ ʜʚʘ ʨʘʟʠ ʚʠʱʝ, ʥʽʞ 

ʥʘʡʚʠʱʘ ʯʘʩʪʦʪʥʘ ʩʢʣʘʜʦʚʘ, ʷʢʘ ʧʨʠʩʫʪʥʷ ʚ ʩʧʝʢʪʨʽ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʨʘʚʠʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʮʝʡ ʩʠʛʥʘʣ [6,14]. ʆʜʥʘʢ ʯʝʨʝʟ 

ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʬʽʣʴʪʨʫ ʟʛʣʘʜʞʫʚʘʥʥʷ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʙʠʨʘʪʠ ʯʘʩʪʦʪʫ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘʥʘʜʪʦ ʙʣʠʟʴʢʦʶ ʜʦ ʯʘʩʪʦʪʠ ʅʘʡʢʚʽʩʪʘ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʚ  ʟʚʠʯʘʡʥʠʭ ɸʎʇ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʦʮʠʬʨʦʚʫʻʪʴʩʷ ʥʘ 

ʯʘʩʪʦʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʽ ʜʘʣʽ ʢʚʘʥʪʫʻʪʩʷ ʧʦ ʜʝʢʽʣʴʢʦʤ ʨʽʚʥʷʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʦʪʨʠʤʫʶʪʴ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ ʚ ʧʘʨʘʣʝʣʴʥʦʤʫ, ʘʙʦ ʧʦʩʣʽʜʦʚʥʦʤʫ ʢʦʜʽ[5,8]. ʎʝʡ 

ʧʨʦʮʝʩ ʚʚʦʜʠʪʴ ʪʘʢ ʟʚʘʥʠʡ ʰʫʤ ʧʦʭʠʙʢʠ ʢʚʘʥʪʫʚʘʥʥʷ. 

ɿʘʧʦʙʽʛʪʠ ʮʴʦʤʫ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʝʪʦʜ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʇʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʷ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʝ ʤʝʥʰʝ 100 ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʴ ʚʠʤʦʛʠ 

ʜʦ ʬʽʣʴʪʨʫ ʟʛʣʘʜʞʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰ ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʧʦʢʨʘʱʫʻ ʯʘʩʪʦʪʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʫ, 

ʥʘʧʨʠʢʣʘʜ ʰʚʠʜʢʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ ʌʫʨ ʻ (ʷʢʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʦ ʟʘʧʠʩʘʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ) ʽ ʜʦʟʚʦʣʷʻ ʫʩʝʨʝʜʥʶʚʘʪʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʢʨʘʱʦʛʦ ʚʽʜʥʦʰʝʥʥʶ ʩʠʛʥʘʣ/ʰʫʤ [4,10,15]. ʊʦʙʪʦ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠʧʫʩʢʘʶʯʠ, 

ʱʦ ʚ ʚʽʙʨʘʮʽʡʥʦʤʫ ʩʠʛʥʘʣʽ ʤʠ ʦʯʽʢʫʻʤʦ ʢʦʤʧʦʥʝʥʪʠ ʩʠʛʥʘʣʫ ʥʝ ʚʠʱʝ 10 ʢɻʮ, 

ʙʫʜʝ ʜʦʩʠʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʥʘ ʨʽʚʥʽ 1 Mbps (ʤʝʛʘʙʽʪ 

ʚ ʩʝʢʫʥʜʫ). 

ɿʘ ʟʚʠʯʘʡ, ʚʠʤʦʛʠ ʜʦ ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʛʥʘʣʫ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ, ʟʦʢʨʝʤʘ, ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʨʦʝʢʪʦʚʘʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ. ʗʢʱʦ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʧʨʘʮʶʚʘʪʠ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ, ʪʦʙʪʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʫʜʘʨʫ, ʚʽʙʨʘʮʽʡʥʠʡ ʚʽʜʛʫʢ ʥʘ ʪʘʢʽ ʽʤʧʫʣʴʩʠ ʧʦʚʠʥʝʥ 
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ʨʝʻʩʪʨʫʚʘʪʠʩʷ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦ ʯʘʩʫ, ʪʦ, ʟʚʠʯʘʡʥʦ, ʤʦʞʫʪʴ 

ʟʥʘʜʦʙʠʪʠʩʷ ʙʽʣʴʰ ʚʠʩʦʢʽ ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʮʝʧʮʽʶ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ [6] ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʮʠʬʨʦʚʠʡ ʢʦʜ, ʜʣʷ ʯʦʛʦ ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʚ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ.  

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ, ʷʢ ʧʨʠʢʣʘʜ, ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ɸʎʇ (ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʙʦ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ)  ʪʦ, ʟʛʽʜʥʦ ʟ ʢʨʠʪʝʨʽʻʤ ʅʘʡʢʚʽʩʪʘ,  ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʜʚʽʯʽ ʙʽʣʴʰʦʶ ʟʘ ʚʝʨʭʥʶ ʛʨʘʥʠʮʶ ʧʦʣʦʩʠ 

ʚʢʘʟʘʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʥʘʰʦʛʦ ʧʨʠʢʣʘʜʫ ʩʠʥʫʩʦʾʜʠ ʤʠ ʙʘʯʠʤʦ ʥʘ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ (ɸʏʍ) ʩʠʛʥʘʣʫ, ʱʦ ʥʘʩ ʮʽʢʘʚʠʪʴ, ʪʘʢʦʞ ʻ ʧʨʠʩʫʪʥʽʩʪʴ ʰʫʤʫ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ ʥʘ ʨʠʩ.3.14. 

 

ʈʠʩ.3.14.  ɸʏʍ ɸʎʇ ʙʝʟ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ 

 

ʅʘ ʨʠʩ.3.14 ʧʦʟʥʘʯʝʥʦ: 
Sf - ʯʘʩʪʦʪʘ ʅʘʡʢʚʽʩʪʘ. 

ʊʦʙʪʦ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʮʠʬʨʦʚʠʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʚ̫ʠ ʰʫʤʫ ʚ ʩʠʛʥʘʣʽ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʰʫʤʦʤ ʢʚʘʥʪʫʚʘʥʥʷ. ɼʣʷ ʦʜʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʚʽʜʣʽʢʫ ʰʫʤ ʧʨʦʩʪʦ ʩʢʣʘʜʘʻ Ñ 1/2 ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ (LSB). ʏʠʤ 

ʤʝʥʰʝ LSB, ʪʠʤ ʚʠʱʝ ʙʫʜʝ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ɸʎʇ. ɹʽʣʴʰ ʚʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʤʘʻ ʥʘ ʫʚʘʟʽ ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ʘʙʦ ʙʽʣʴʰ ʚʠʩʦʢʝ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (SNR). ʂʣʘʩʠʯʥʝ ʨʽʚʥʷʥʥʷ, ̫ ʢʝ ʚʽʜʦʙʨʘʞʘʻ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʜʦʟʚʦʣʦʤ ɸʎʇ  ̔SNR, ʧʦʢʘʟʘʥʦ ʚ ʨʽʚʥʷʥʥʽ 2, ʜʝ N - ʝʬʝʢʪʠʚʥʘ ʢʽʣʴʢʽʩʪʴ ʙʽʪ 

ʜʦʟʚʦʣʫ ɸʎʇ [13].  

ʇʨʠʨʦʜʘ ʰʫʤʫ  ʢʚʘʥʪʫʚʘʥʥʷ  ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʚʠʙʽʨʢʠ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʚʭʽʜʥʦʾ ʩʠʥʫʩʦʾʜʠ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʣʠʰʝ ʢʽʥʮʝʚʫ ʢʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ 

http://classes.engineering.wustl.edu/ese488/Lectures/Lecture5a_QNoise.pdf
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ʚʽʜʣʽʢʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ɸʎʇ.  ʎ  ̫ ʚʠʧʘʜʢʦʚʘ ʧʦʭʠʙʢʘ 

ʢʚʘʥʪʫʚʘʥʥʷ ʝ ʽʩʥʫʻ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪʠ ʅʘʡʢʚʽʩʪʘ ʪʘ ʧʦʰʠʨʶʻʪʴʩʷ ʜʦ / 2Sf ,  ̔

ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʷʢ:  

2
2

Nq
ʝ A-°
= =° Ö,                                            (3.71) 

 ʜʝ ɸ ï ʘʤʧʣʽʪʫʜʘ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʘ ʦʭʦʧʣʶʻ ʜʽʘʧʘʟʦʥ ʚʽʜ ɸ ʜʦ ïɸ , q- ʮʝ 

ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʦ ɸʎʇ ʚʝʣʠʯʠʥʘ,                     

(
2

2N

A
q= ) ,  N -ʷʚʣʷʻ ʩʦʙʦʶ ʢʽʣʴʢʽʩʪʴ ʙʽʪʽʚ ʢʚʘʥʪʫʚʘʥʥʷ ʩʠʛʥʘʣʫ). 

ɿ (3.71) ʤʠ ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ, ʷʢ : 

1010log 1.76 6.02S

e

P
N

P
= + ,   ʜɹ                            (3.72) 

ɺ   ʬʦʨʤʫʣʽ  (3.72)  
SP  - ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ,  

eP - ʧʦʪʫʞʥʽʩʪʴ ʰʫʤʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ɸʎʇ ʽʟ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʅʘʡʢʚʽʩʪʘ ʤʠ 

ʧʦʢʨʘʱʫʻʤʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ, ʟʙʽʣʴʰʫʶʯʠ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ (N) ɸʎʇ.  

ʗʢʱʦ  ʟʘʤʽʩʪʴ  ʮʴʦʛʦ ʤʠ ʟʙʽʣʴʰʠʤʦ  ʯʘʩʪʦʪʫ  ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ  ʟ  
Sf  ʥʘ 

Sʂf (ʜʝ ʂ- ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ), ʪʦ ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ / 2Sf , 

ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.15, ʟʤʝʥʰʫʻʪʴʩʷ.  ɺʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ 

ʥʘʩʧʨʘʚʜʽ ʦʜʥʘʢʦʚʝ, ʦʜʥʘʢ ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʙʽʣʴʰʠʡ 

ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ. ɿʘʚʜʷʢʠ ʚʢʣʶʯʝʥʥʶ ʬʽʣʴʪʨʘ ʚ ɸʎʇ ʜʝʣʴʪʘ-ʩʠʛʤʘ ʤʦʞʥʘ 

ʟʤʝʥʰʠʪʠ ʯʘʩʪʠʥʫ ʮʴʦʛʦ ʰʫʤʫ ʢʚʘʥʪʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝ ʟʤʝʥʰʝʥʥʷ 

ʰʫʤʫ ʢʚʘʥʪʫʚʘʥʥʷ ʚ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʜʦʟʚʦʣʷʻ ʩʭʝʤʽ ʜʝʣʴʪʘ-ʩʠʛʤʘ 

ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. 

 

ʈʠʩ 3.15.  ɸʏʍ ɸʎʇ ʟ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʻʶ 
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ʅʘ ʨʠʩ.3.13 ʧʦʟʥʘʯʝʥʦ: DEC- ʜʝʮʠʤʘʪʦʨ. 

ɼʝʮʠʤʘʪʦʨ [2,6] ʟʜʽʡʩʥʶʻ ʧʨʦʨʽʜʞʫʚʘʥʥʷ - ʮʝ ʧʨʦʮʝʩ ʚʽʜʢʠʜʘʥʥʷ ʟʘʡʚʠʭ 

ʚʠʙʽʨʦʢ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʤʝʭʘʥʽʟʤʫ ʜʣʷ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ 

ʜʘʥʠʭ ʜʦ ʢʦʨʠʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʨʠʪʝʨʽʶ ʅʘʡʢʚʽʩʪʘ.  

ɺʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ʧʦʢʨʘʱʫʻʪʴʩʷ ʥʘ 6 ʜɹ, ʷʢʱʦ ʤʠ 

ʟʙʽʣʴʰʠʤʦ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚ 4 ʨʘʟʠ [9,11]. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʞʝʥ ʨʘʟ, 

ʢʦʣʠ ʤʠ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʟʙʽʣʴʰʫʻʤʦ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʤʠ ʦʪʨʠʤʫʻʤʦ 

ʝʢʚʽʚʘʣʝʥʪ ʜʦʜʘʚʘʥʥʷ 1 ʙʽʪʘ ʜʦ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ɸʎʇ.  ʊʽʣʴʢʠ ʟʘ ʫʤʦʚʠ 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʱʦʙ ʜʦʩʷʛʪʠ 12-ʙʽʪʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʝʨʝʜʠʩʢʨʝʪʠʟʦʚʘʥʠʡ ʫ 411 ʨʘʟʽʚ.  ɸʙʦ, ʟʘʛʘʣʴʥʽʰʝ, ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ N-ʙʽʪ ʤʠ ʧʦʚʠʥʥʽ ʧʝʨʝʜʠʩʢʨʝʪʠʟʫʚʘʪʠ 

ʩʠʛʥʘʣ ʚ 22N ʨʘʟʠ. 

ʊʦʤʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʠʣʝʥʥʷ ʙʽʣʴʰʝ 6 ʜɹ, ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʽʥʰʠʡ 

ʤʝʪʦʜ, ʚʽʜʦʤʠʡ ʷʢ ʬʦʨʤʫʚʘʥʥʷ ʰʫʤʫ, ʷʢʠʡ ʪʘʢʦʞ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʜʝʣʴʪʘ-ʩʠʛʤʘ 

(Ɇæ) ɸʎʇ. 

ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʫʣʷʪʦʨʘ ʜʝʣʴʪʘ-ʩʠʛʤʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.3.16.  

ɸʧʘʨʘʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʥʪʝʛʨʘʪʦʨʘ, 

ʢʦʤʧʘʨʘʪʦʨʘ ̔  ʦʜʥʦ  ʨʦʟʨʷʜʥʦʛʦ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʎɸʇ), ̫ ʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʢʦʥʪʫʨʽ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ̫ ʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.16. 

ʅʘ ʩʭʝʤʫ ʽʥʪʝʛʨʘʪʦʨʘ ʧʦʜʘʻʪʴʩʷ ʩʫʤʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ  ̔ ʽʥʚʝʨʪʦʚʘʥʦʛʦ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʎɸʇ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʽʥʪʝʛʨʘʪʦʨʘ - ʮʝ ʣʽʥʽʡʥʠʡ ʩʠʛʥʘʣ, 

ʢʨʫʪʠʟʥʘ ʷʢʦʛʦ ʧʨʦʧʦʨʮʽʡʥʘ ʡʦʛʦ ʚʭʦʜʫ. ɺʠʭʽʜ ʽʥʪʝʛʨʘʪʦʨʘ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ 

ʦʧʦʨʥʠʤ ʩʠʛʥʘʣʦʤ ʢʦʤʧʘʨʘʪʦʨʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 0 ʘʙʦ 1. ɼʚʽʡʢʦʚʠʡ ʚʠʭʽʜ 

ʢʦʤʧʘʨʘʪʦʨʘ ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ ʟ ʮʠʬʨʦʚʠʤ ʜʝʮʠʤʘʮʽʡʥʠʤ ʬ̔ ʣʴʪʨʦʤ ʥʘ ʢʦʞʥʦʤʫ 

ʬʨʦʥʪʽ ʧʝʨʝʚʠʱʝʥʥʷ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ f  ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ ɸʎʇ . ʂʦʞʝʥ ʙʽʪ 

ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʧʨʷʤʦʢ ʚʠʭʦʜʫ ʽʥʪʝʛʨʘʪʦʨʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʧʦʨʥʦʛʦ 

ʩʠʛʥʘʣʫ ʢʦʤʧʘʨʘʪʦʨʘ,  ̔ ʧʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʽʪʝʨʘʮʽʡ, ʙʽʪʦʚʠʡ ʧʦʪʽʢ ʥʘʛʘʜʫʻ 
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ʢʚʘʥʪʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʦ ʩʫʪʽ, ʢʦʥʪʫʨ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ 

ʧʨʘʮʶʻ ʪʘʢ, ʱʦ ʩʝʨʝʜʥʽʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʎɸʇ ʚʽʜʧʦʚʽʜʘʻ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʫ. 

ʎʠʬʨʦʚʠʡ ʜʝʮʠʤʘʮʽʡʥʠʡ ʬʽʣʴʪʨ ʫʩʝʨʝʥʶʻ ʙʽʪʦʚʠʡ ʧʦʪʽʢ ʜʣʷ ʚʠʚʝʜʝʥʥʷ n-

ʙʽʪʦʚʦʾ ʚʠʙʽʨʢʠ ʟ ʙʘʞʘʥʦʶ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 
Sf . 

 

ʈʠʩ. 3.16.  ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʫʣʷʪʦʨʘ ʜʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

 

ʅʘ ʨʠʩ.3.16 ʧʦʟʥʘʯʝʥʦ: 
iS  -ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ, 

0S  - ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ. 

ɺ ʘʨʭʽʪʝʢʪʫʨʽ ʜʝʣʴʪʘ-ʩʠʛʤʘ (ʨʠʩ.3.16): ʷʢɦʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʙʽʣʴʰʠʚʩʷ, 

ʪʦ 1-ʙʽʪʥʠʡ ɸʎʇ, ʷʢʠʡ  ̒ʧʨʦʩʪʦ ʢʦʤʧʘʨʘʪʦʨʦʤ, ʛʝʥʝʨʫʻ ʦʜʠʥʠʮʶ. ʗʢʱʦ ʚʽʥ 

ʟʤʝʥʰʠʚʩʷ, ʚʽʥ ʛʝʥʝʨʫʻ ʥʫʣʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʫʣʷʪʦʨ ʜʝʣʴʪʘ-ʩʠʛʤʘ ʧʝʨʝʜʘʻ 

ʟʤʽʥʠ ʘʙʦ ʛʨʘʜʽʻʥʪ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɼʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʷʢʽ ʚ ʢʽʣʴʢʘ 

ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʜʘʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʥʘʧʨʠʢʣʘʜ, ʚ 128 ʨʘʟʽʚ. ʊʘʢ, ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʛʥʘʣʫ 25 ʢɻʮ ʜʦʩʠʪʴ ʙʫʜʝ 

ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʯʘʩʪʦʪʫ ʅʘʡʢʚʽʩʪʘ (ʪʦʙʪʦ > 50 ʢɻʮ). 

ʆʜʥʘʢ Ɇæ ɸʎʇ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ 128, 

ʚʠʙʠʨʘʻ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʽ 6 ʄɻʮ. ʎʝʡ ʧʽʜʭʽʜ ʤʘʻ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ, ʪʘʢʠʭ ʷʢ 

ʢʨʘʱʝ ʟʛʣʘʜʞʫʚʘʥʥʷ  ̔ʙʽʣʴʰ ʚʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. 

ʋ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʩʠʛʥʘʣʫ ʝʬʝʢʪʠʚʥʦ ʤʦʜʫʣʶʻ ʩʧʝʢʪʨ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʥʝʩʫʯʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʷʢʽ ʢʨʘʪʥʽ ʯʘʩʪʦʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 
Sf  

(ʪʦʙʪʦ 0, 
Sf , 2

Sf , 3
Sf   ̔ʪʘʢ ʜʘʣʽ). ʑʦʙ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʮ ̔ʤʦʜʫʣʴʦʚʘʥʽ ʚʝʨʩʽʾ 

ʩʧʝʢʪʨʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʣʘʜʘʥʥʷ 
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ʩʧʝʢʪʨʽʚ, ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʽʣʴʰ ʥʽʞ ʚ ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʝ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʫ (ʪʦʙʪʦ 2 maxf ), ʯʘʩʪʦʪʠ ʅʘʡʢʚʽʩʪʘ. ɯ 

ʥʘʚʧʘʢʠ, ʷʢʱʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʤʘ̒ ʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʠʱʝ  / 2Sf , ʪʘʢʦʞ 

ʟʚʘʥʦʶ ʯʘʩʪʦʪʦʶ ʅʘʡʢʚʽʩʪʘ, ʮ ̔ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʥʘʢʣʘʜʘʪʠʩʷ ʥʘ ʯʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ ʩʫʙ-ʯʘʩʪʦʪ ʅʘʡʢʚʽʩʪʘ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʚʠʷʚʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʶʯʠʭ 

ʽʥʪʝʨʝʩ ʩʠʛʥʘʣʽʚ (ʽʥʬʦʨʤʘʪʠʚʥʠʭ) ʩʝʨʝʜ ʧʩʝʚʜʦʥʽʤʽʚ. ʎʝʡ ʝʬʝʢʪ ʥʘʢʣʘʜʝʥʥʷ 

ʩʧʝʢʪʨʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʰʫʤʫ  ̔ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʢʣʘʜʝʥʥʷ ʩʧʝʢʪʨʽʚ ʘʥʘʣʦʛʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʠʩʪʨʦʶ 

ʟʙʦʨʫ ʜʘʥʠʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʥʘʣʦʛʦʚʠʡ ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ, ʷʢʠʡ 

ʧʦʩʣʘʙʣʶʻ ʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʯʘʩʪʦʪʫ ʅʘʡʢʚʽʩʪʘ, ʧʝʨʝʜ 

ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ ɸʎʇ. ɼʦ ʪʘʢʠʭ ʬʽʣʴʪʨʽʚ ʩʪʘʚʣʷʪʴ ʚʠʩʦʢʽ ʚʠʤʦʛʠ, ʪʘʢ ʷʢ 

ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʚʦʥʠ ʙʫʜʫʪʴ ʤʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʥʘʛʘʜʫʶʪʴ ʧʣʦʩʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ  ̔ ʨʽʟʢʠʡ ʩʧʘʜ. ʇʨʠ ʪʘʢʠʭ ʞʦʨʩʪʢʠʭ 

ʦʙʤʝʞʝʥʥʷʭ  ̔ʪʦʤʫ ʬʘʢʪʽ, ʱʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʘʥʘʣʦʛʦʚʽ 

ʩʭʝʤʠ, ʮ ̔ʬʽʣʴʪʨʠ ʩʢʣʘʜʥʽ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦʨʦʛʽ 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ɼʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ ʥʝ ʚʠʤʦʛʣʠʚʽ ʜʦ ʘʥʘʣʦʛʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟʛʣʘʜʞʫʚʘʥʥʷ 

ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5. ɿʘʚʜʷʢʠ 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʤʦʜʫʣʴʦʚʘʥʽ ʩʢʣʘʜʦʚʽ ʩʧʝʢʪʨʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʜʘʪʢʦʚʦ 

ʧʦʜʽʣʷʶʪʴʩʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʽʣʴʪʨʘ ʟ ʧʦʩʪʫʧʦʚʠʤ ʩʧʘʜʦʤ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʢʦʥʩʪʨʫʢʮʽʶ ʘʥʘʣʦʛʦʚʦʛʦ 

ʬʽʣʴʪʨʘ ʘʥʪʠʘʣʽʘʩʠʥʛʘ (ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʽʚ ʟ 

ʤʝʪʦʶ ʟʨʦʙʠʪʠ ʤʝʞʽ ʢʨʠʚʠʭ ʣʽʥʽʡ ʙʽʣʴʰʝ ʛʣʘʜʢʠʤʠ). ɼʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ 

ʩʢʣʘʜʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʮʠʬʨʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʱʝ ʙʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʠʤʠ. ʄʘʶʯʠ ʚ ʦʩʥʦʚʥʦʤʫ ʮʠʬʨʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ ʯʽʧʘʭ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʝʨʝʚʘʛʠ ʪʝʭʥʦʣʦʛʽʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʧʦʙʫʜʦʚʠ. 

ʇʦʪʽʢ ʙʽʪʽʚ ʟ ʜʝʣʴʪʘ-ʩʠʛʤʘ-ʤʦʜʫʣʷʪʦʨʘ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʮʠʬʨʦʚʠʡ 

ʜʝʮʠʤʘʮʽʡʥʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʫʩʝʨʝʜʥʶʻ  ̔ʩʫʙʜʠʩʢʨʝʪʠʟʫʻ ʩʠʛʥʘʣ, ʩʪʚʦʨʶʶʯʠ 
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ʪʘʢʠʤ ʯʠʥʦʤ n-ʙʽʪʥʫ ʚʠʙʽʨʢʫ ʟ ʥʝʦʙʭʽʜʥʦʶ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 
Sf . ʎʝʡ 

ʧʨʦʮʝʩ ʫʩʝʨʝʜʥʝʥʥʷ ʤʘʻ ʝʬʝʢʪ ʬʽʣʴʪʨʘʮʽʾ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʩʠʛʥʘʣʫ ʚ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ, ɦ ʦ ʧʦʩʣʘʙʣʶʻ h ʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ̔  ʚʠʜʘʣʷʻ ʧʦʤʠʣʢʦʚʽ ̔ ʤʧʫʣʴʩʠ ʟ ʩʤʫʛʠ 

ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ. ʎʝʡ ʜʝʮʠʤʘʮʽʡʥʠʡ ʬʽʣʴʪʨ ʟʘʟʚʠʯʘʡ ʙʫʜʫʻʪʴʩʷ ʟ ʘʙʩʦʣʶʪʥʦ 

ʧʣʘʩʢʦʶ ʯʘʩʪʦʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ʟ ʚʽʜʩʫʪʥʦʩʪʶ 

ʬʘʟʦʚʠʭ ʟʨʫʰʝʥʴ ʪʘ ʨʽʟʢʦʛʦ ʩʧʘʜʫ ʙʣʠʟʴʢʦ ʯʘʩʪʦʪʠ ʟʨʽʟʫ (ʧʨʠʙʣʠʟʥʦ 0,49 

ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 
Sf ) ̔  ʚʦʣʦʜʽʻ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʠʜʫʰʝʥʥʷ ʚ ʩʤʫʟʽ 

ʟʘʛʦʨʦʜʞʝʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʦʧʝʨʘʮʽʾ ʟʛʣʘʜʞʫʚʘʥʥʷ. 

ʎʠʬʨʦʚʠʡ ʬʽʣʴʪʨ ʧʨʦʨʽʜʞʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʷʢ ʬʽʣʴʪʨ ʟ ʢʽʥʮʝʚʦʶ 

ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ (ʂɯʍ), ʪʘʢʠʡ ʷʢ ʛʨʝʙʽʥʯʘʩʪʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ  ̒

ʝʢʦʥʦʤʥʠʤ ʩʧʦʩʦʙʦʤ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʨʽʜʞʫʚʘʥʥʷ. 

ʊʘʢʦʞ ʜʝʣʴʪʘ-ʩʠʛʤʘ ʤʦʜʫʣʷʪʦʨ ʜʽʻ ʷʢ ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʜʣʷ ʩʠʛʥʘʣʫ 

 ̔ʬʽʣʴʪʨ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ ʜʣʷ ʰʫʤʫ ʢʚʘʥʪʫʚʘʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʧʝʨʝʤʽʱʫʶʯʠ 

ʰʫʤ ʚ ʦʙʣʘʩʪʽ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5. ʎʝ ʚ̫ʠʱʝ 

ʥʘʟʠʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʰʫʤʫ ʢʚʘʥʪʫʚʘʥʥʷ  ̔ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʨʽʜʞʫʚʘʥʥʷ, ʷʢʝ ʝʬʝʢʪʠʚʥʦ ʬʽʣʴʪʨʫʻ ʥʠʞʥʽ 

ʯʘʩʪʦʪʠ ʥʘ ʚʠʭʦʜʽ ʤʦʜʫʣʷʪʦʨʘ  ̔ ʚʠʜʘʣʷʻ ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ. ɿʥʠʞʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʯʘʩʪʦʪʠ ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʦʟʥʘʯʘʻ ʙʽʣʴʰ ʚʠʩʦʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʘʙʦ ʙʽʣʴʰʠʡ 

ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ, ʦʩʢʽʣʴʢʠ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʙʫʚ ʟʥʘʯʥʦ 

ʟʥʠʞʝʥʠʡ. 

ʎʝ ʧʦʣʽʧʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ / ʰʫʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚ ʨʽʚʥʷʥʥʽ (3.73): 
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ʜʝ 
Sf  - ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, K - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʘ HW - 

ʰʠʨʠʥʘ ʩʤʫʛʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʎʝ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʯʠʩʣʘ ʙʽʪ ʜʦʟʚʦʣʫ ɸʎʇ. 
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ʗʢ  ̔ʧʨʠ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʰʫʤʫ ʥʘʡʢʨʘʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚ 

ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ʄʦʜʝʣʴ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʤʦʜʫʣʷʪʦʨʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.17. 

 

ʈʠʩ.3.17.  ʄʦʜʝʣʴ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ Ɇæ ʤʦʜʫʣʷʪʦʨʘ  

 

ɯʥʪʝʛʨʘʪʦʨ ʥʘ ʨʠʩ.3.17 ʜʽʻ ʷʢ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʐʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ʜʦʜʘʻʪʴʩʷ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʮʴʦʛʦ 

ʬʽʣʴʪʨʘ ʯʝʨʝʟ 1-ʙʽʪʦʚʠʡ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʠʭʽʜ ʤʦʜʫʣʷʪʦʨʘ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (3.74): 
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.                                  (3.74) 

ʇʝʨʰʠʡ ʯʣʝʥ ʫ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʢʣʘʜʦʚʦʶ ʩʠʛʥʘʣʫ, ʘ 

ʜʨʫʛʠʡ ʯʣʝʥ - ʩʢʣʘʜʦʚʦʶ ʰʫʤʫ. ʆʩʢʽʣʴʢʠ ʯʘʩʪʦʪʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ, 

ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʜʦʜʘʥʦʢ ʰʫʤʫ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ, ʘ ʚʠʭʽʜ ʤʦʜʫʣʷʪʦʨʘ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 
iS . ɿ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʥʘʙʣʠʞʘʻʪʴʩʷ 

ʜʦ q, ʘ ʩʠʛʥʘʣ - ʜʦ ʥʫʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʘʪʦʨ ʜʽʻ ʷʢ ʬʽʣʴʪʨ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ 

ʜʣʷ ʰʫʤʫ ʢʚʘʥʪʫʚʘʥʥʷ. ʅʘ ʨʠʩ.3.18 ʥʘʚʝʜʝʥʘ ɸʏʍ ʜʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ.  

Ɇæ ɸʎʇ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʟ ʙʽʣʴʰ ʥʽʞ ʦʜʥʽʻʶ ʩʪʘʜʽʻʶ ʽʥʪʝʛʨʘʮʽʾ ʪʘ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚ ʤʦʜʫʣʷʪʦʨʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʜʘʣʴʰʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʰʫʤʫ ʚ ʙʽʣʴʰ ʚʠʩʦʢʽʡ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ.  

 

ʈʠʩ.3.18.  ɸʤʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ 



 
 

 
156 

 

ʇʦ ʚʠʢʣʘʜʝʥʠʭ ʧʽʜʭʦʜʘʭ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʝʣʴʪʘ-

ʩʠʛʤʘ ɸʎʇ, ʪʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʣʶʚʘʥʥʷ ʾʾ ʨʦʙʦʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ Multisim 

(ʈʠʩ.3.19). 

 

ʈʠʩ.3.19.  ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʤʦʜʫʣʷʪʦʨʘ Ɇæ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚ Multisim 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʭʝʤʠ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʨʝʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʟ ʙʽʙʣʽʦʪʝʢʠ ʚʢʘʟʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺ ʷʢʦʩʪʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʙʫʚ ʦʙʨʘʥʠʠʡ OPA192 (ʚʠʨʦʙʥʠʢ 

Texas Instruments ). ɺʢʘʟʘʥʘ ʤʽʢʨʦʩʭʝʤʘ ʥʝ ʤʘʻ ʘʥʘʣʦʛʽʚ ʚ ʛʘʣʫʟʽ ʪʘ ʩʪʚʦʨʶʻʪʴʩʷ 

ʧʦ ʟʘʧʘʪʝʥʪʦʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʛʦʥʢʠ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʩʣʷ 

ʢʦʨʧʫʩʫʚʘʥʥʷ ʤʽʢʨʦʩʭʝʤʠ. ɺʢʘʟʘʥʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʘʚʪʦʧʽʜʩʪʨʦʡʢʠ ʥʫʣʷ, ʟʘʙʝʟʧʝʯʫʻ ʥʘʧʨʫʛʫ ʟʩʫʚʫ ʚ 

5ʤʢɺ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʨʝʡʬ ʟʤʽʱʝʥʥʷ 0,2 ʤʢɺ/Áʉ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ ʩʭʝʤ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʜʘʪʯʠʢʽʚ ʪʘ 

ʧʦʣʽʧʰʠʪʠ ʾʭ ʰʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʩʮʠʣʦʛʨʘʤʠ ʨʦʙʦʪʠ ʩʭʝʤʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.3.20. 

 

https://www.rlocman.ru/cat/site.html?di=28663


 
 

 
157 

 

 

ʈʠʩ.3.20.   ʆʩʮʠʣʦʛʨʘʤʠ ʨʦʙʦʪʠ Ɇæ ɸʎʇ (ʩʭʝʤʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.14) 

 

ʅʘ ʝʣʝʤʝʥʪʘʭ  R19,C2 (ʨʠʩ.3.19 ), ʜʣʷ ʧʨʠʢʣʘʜʫ, ʟʽʙʨʘʥʠʡ ʬʽʣʴʪʨ  ʥʘ ʷʢʦʤʫ 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ  ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ (ʚʝʨʭʥʷ ʩʠʥʫʩʦʾʜʘ ʥʘ ʨʠʩ.) ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʚ 

Ɇæ ɸʎʇ (ʥʠʞʥʷ ʩʠʥʫʩʦʾʜʘ ʥʘ ʨʠʩ.3.20). ʗʢ ʚʠʜʥʦ ʟ ʦʩʮʠʣʦʛʨʘʤ, ʩʠʛʥʘʣ ʤʘʻ 

ʯʽʪʢʝ ʚʽʜʪʚʦʨʝʥʥʷ ʧʦ ʬʦʨʤʽ ʟ ʥʝʚʝʣʠʢʠʤ ʟʘʧʽʟʥʝʥʥʷʤ ʧʦ ʬʘʟʽ.  

 

3.4.2.  ɸʥʘʣʽʟ ʚʠʤʦʛ ʜʦ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʣʘʥʮʶʛʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʢʘʥʘʣʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʋʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʫʞʝ 

ʰʚʠʜʢʦʧʣʠʥʥʦʶ ʧʝʨʝʜʘʯʝʶ ʝʥʝʨʛʽʾ.  

ʄʝʭʘʥʽʯʥʠʡ ʫʜʘʨ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ: ʚ ʯʘʩʦʚʽʡ ʘʙʦ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʷʭ, ʚ ʯʘʩʦʚʽʡ ʽ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ ʘʙʦ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʩʧʝʢʪʨʦʤ ʫʜʘʨʥʦʾ 

ʨʝʘʢʮʽʾ. 

ɯʩʥʫʻ ʨʷʜ ʟʘʛʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ  ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʫʜʘʨʥʦʾ ʜʽʾ ʪʘ ʨʝʻʩʪʨʘʮʽʾ  ʫʜʘʨʥʦʛʦ 

ʧʝʨʝʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʯʘʩʽ.  
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ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʟ ʮʠʭ ʚʠʤʦʛ ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʠʞʯʝ: 

1. ʏʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ɺʦʥʘ ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʧʣʘʩʢʫ ʘʤʧʣʽʪʫʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʽ ʣʽʥʽʡʥʠʡ ʬʘʟʦʚʠʡ ʟʩʫʚ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜʛʫʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʫʜʘʨ. 

2. ʏʘʩʪʦʪʘ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʧʦʚʠʥʥʘ ʙʫʪʠ ʷʢ ʤʽʥʽʤʫʤ ʫʜʚʽʯʽ ʚʠʱʝ ʥʘʡʚʠʱʦʾ 

ʯʘʩʪʦʪʠ ʜʘʥʠʭ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ. ʇʨʠ ʮʴʦʤʫ: 

- ʇʨʘʚʠʣʴʥʦ ʦʙʨʘʥʽ ʬʽʣʴʪʨʠ ʜʘʥʠʭ ʧʦʚʠʥʥʽ ʦʙʤʝʞʫʚʘʪʠ ʟʤʽʩʪ ʩʠʛʥʘʣʫ 

ʜʘʥʠʭ, ʱʦʙ ʜʘʥʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ ʮʶ ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ; 

- ʗʢʱʦ ʚ ʩʠʛʥʘʣʽ ʧʨʠʩʫʪʥʷ ʟʥʘʯʥʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʩʢʣʘʜʦʚʘ ʽ ʥʘʩ ʮʽʢʘʚʠʪʴ 

ʾʾ ʯʘʩʦʚʘ ʨʦʟʛʦʨʪʢʘ, ʪʦ ʚʠʙʽʨʢʘ ʜʘʥʠʭ ʧʦʚʠʥʥʘ ʚʽʜʙʫʚʘʪʠʩʷ ʟ ʯʘʩʪʦʪʦʶ, ʱʦ ʚ 10 

ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʮʶ ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ. 

3.  ʑʦʙ ʙʫʪʠ ʧʨʠʡʥʷʪʥʠʤʠ, ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʠʥʥʽ ʤʘʪʠ ʘʜʝʢʚʘʪʥʝ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ / ʰʫʤ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ 

(ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ) ʮʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʥʦʩʥʠʡ ʯʘʩ ʤʽʞ ʧʦʜʽʷʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʨʝʘʢʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʘʙʦ ʪʝ ʡ ʽʥʰʝ ʨʘʟʦʤ ʫʟʷʪʝ. ʊʦʤʫ ʚʘʞʣʠʚʦ, 

ʱʦʙ ʦʪʨʠʤʘʪʠ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʟʨʦʙʠʪʠ ʚʠʙʽʨ ʧʝʨʚʠʥʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤ ʯʘʩʦʤ ʥʘʨʦʩʪʘʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʙʨʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (ʧʽʜʩʠʣʶʚʘʯʽ, ʬʽʣʴʪʨʠ ʽ ʪ. ʜ.), 

ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʂʦʤʧʦʥʝʥʪʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʚʠʙʠʨʘʶʪʴʩʷ ʚʠʭʦʜʷʯʠ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʦʪʠ, ʥʘ ʷʢʽʡ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʩʣʘʙʣʝʥʥʷ ʩʠʛʥʘʣʫ ʥʝ 

ʙʽʣʴʰʝ -3 ʜɹ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʚʩʽʻʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʦʢʨʝʤʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʣʘʙʣʝʥʥʷ ʩʠʛʥʘʣʫ ʧʦ ʚʝʨʭʥʽʡ ʯʘʩʪʦʪʽ 

-3 ʜɹ  (3ʜɹf- ).   

ʎʷ ʧʨʦʙʣʝʤʘ ʚʠʚʯʘʣʘʩʷ ʧʨʠ ʨʦʟʛʣʷʜʽ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ [28]. ɻʨʫʥʪʫʶʯʠʩʴ ʥʘ ʤʘʪʝʤʘʪʠʮʽ (ʮʝʥʪʨʘʣʴʥʘ ʛʨʘʥʠʯʥʘ 

ʪʝʦʨʝʤʘ), ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ:  ʜʣʷ ʧʽʜʩʠʣʶʚʘʯʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n 
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ʢʘʩʢʘʜʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʥʝ ʤʘʻ ʚʠʢʠʜʽʚ, ʯʘʩʠ ʥʘʨʦʩʪʘʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʷʢ ʩʫʤʘ 

ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʝʥʷ. ʊʦʙʪʦ: 

2 2 2

1 1( ... )nt t t t= + + +, 

ʜʝ Ű - ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ, ʘ ʥʠʞʥʽ ʽʥʜʝʢʩʠ 1 ... n - ʯʘʩʠ ʥʘʨʦʩʪʘʥʥʷ 

ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɼʣʷ ʥʘʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʨʝʤʽ ʝʪʘʧʠ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʽʟʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ. ʆʙ'ʻʜʥʘʚʰʠ ʯʘʩ 

ʥʘʨʦʩʪʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʪʽʤ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʟʘʛʘʣʴʥʫ ʦʮʽʥʢʫ 

ʤʦʞʣʠʚʦʩʪʽ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʜʘʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʘʢʦʞ ʚ [28] ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʱʝ ʦʜʥʝ ʧʨʘʚʠʣʦ: ʷʢʱʦ Ű - ʮʝ ʯʘʩ 

ʥʘʨʦʩʪʘʥʥʷ ʚʽʜ 10 ʜʦ 90 ʚʽʜʩʦʪʢʽʚ ʩʪʫʧʽʥʯʘʩʪʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʩʠʣʶʚʘʯʘ 

ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʙʝʟ ʥʘʜʤʽʨʥʦʛʦ ʚʠʢʠʜʫ ʽ ʤʘʻ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ -3 ʜɹ ʥʘ ʯʘʩʪʦʪʽ

3ʜɹf- , ʪʦʜʽ: 

3 0,35...0,45ʜɹft- =  

ʎʝ ʧʨʘʚʠʣʦ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʯʘʩʦʤ ʥʘʨʦʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʟʥʘʯʝʥʥʷʤ ʚʝʨʭʥʴʦʾ ʯʘʩʪʦʪʠ -3 ʜɹ. ʌʦʨʤʫʣʘ ʮʴʦʛʦ 

ʧʨʘʚʠʣʘ ʤʘʻ ʪʘʢʠʡ ʩʝʥʩ: ʥʠʞʥʶ ʤʝʞʫ 3 0,35ʜɹft- =   ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʪʦʯʥʦ ʥʘ 

ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʬʽʣʴʪʨʦʤ ʥʠʞʥʽʭ ʯʘʩʪʦʪ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ ( 31/ 2 ʜɹfp- ). ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʘʻ ʩʧʘʜ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 6 ʜɹ  ʥʘ ʦʢʪʘʚʫ, ʪʦʙʪʦ ʥʘʡʧʦʚʽʣʴʥʽʰʠʡ ʟ ʤʦʞʣʠʚʠʭ. ʆʜʥʘʢ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʢʨʫʪʠʡ ʩʧʘʜ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, 

ʥʘʡʢʦʨʦʪʰʠʡ ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ ʙʫʜʝ ʦʙʤʝʞʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

30,35 / ʜɹf-  ʜʦ 30,45 / ʜɹf- . 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʩʪʠʭ ʽʤʧʫʣʴʩʽʚ, ʨʝʘʣʴʥʽ ʫʜʘʨʥʽ ʽʤʧʫʣʴʩʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ. ʊʦʜʽ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʷʢ ʟʘʩʪʦʩʫʚʘʪʠ ʧʦʧʝʨʝʜʥʽ ʧʨʘʢʪʠʯʥʽ 

ʧʨʘʚʠʣʘ ʜʦ ʩʢʣʘʜʥʠʭ ʽʤʧʫʣʴʩʽʚ. ɺʽʜʧʦʚʽʜʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʠ ʘʥʘʣʽʟʫʻʤʦ 

ʽʤʧʫʣʴʩ ʥʘ ʧʨʝʜʤʝʪ ʡʦʛʦ ʥʘʡʢʦʨʦʪʰʦʛʦ ʽ ʥʘʡʜʦʚʰʦʛʦ, ʧʦʟʠʪʠʚʥʦʛʦ ʘʙʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʭʦʜʫ, ʘ ʪʘʢʦʞ ʩʘʤʦʛʦ ʢʦʨʦʪʢʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʘʙʦ ʥʝʛʘʪʠʚʥʦʛʦ ʯʘʩʫ 

ʥʘʨʦʩʪʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʩʴʦʛʦʜʥʽ ʚʩʽ ʜʘʥʽ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʮʠʬʨʦʚʦʤʫ ʬʦʨʤʘʪʽ, ʮʽ 

ʧʨʦʩʪʽ ʧʨʘʚʠʣʘ ʤʦʞʥʘ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 
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3.4.3. ʈʦʟʨʦʙʢʘ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ 

ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʇʽʜʩʠʣʶʚʘʯʽ ʟʘʨʷʜʫ - ʥʝ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʪʠʧ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʧʦ ʩʫʪʽ, ʮʝ 

ʽʥʪʝʛʨʘʪʦʨ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʷʢʦʛʦ ʧʨʦʧʦʨʮʽʡʥʘ ʽʥʪʝʛʨʦʚʘʥʦʤʫ 

ʟʥʘʯʝʥʥʷʤ ʚʭʽʜʥʦʛʦ ʟʘʨʷʜʫ ʽ, ʦʪʞʝ, ʧʨʦʧʦʨʮʽʡʥʘ ʤʝʭʘʥʽʯʥʠʤ ʢʦʣʠʚʘʥʥʷʤ. 

ʂʦʣʠ ʥʘ ʧʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ ʜʽʻ ʧʨʠʩʢʦʨʝʥʥʷ, ʢʽʣʴʢʽʩʪʴ 

ʟʘʨʷʜʫ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʧʦʣʷʨʠʟʘʮʽʾ, ʻ ʜʦʩʠʪʴ ʤʘʣʦʶ, ʚ ʦʩʥʦʚʥʦʤʫ 

ʮʝ ʦʜʠʥʠʮʽ, ʘʙʦ ʜʝʩʷʪʢʠ ʧʂ ʥʘ ʦʜʠʥʠʮʶ ʧʨʠʩʢʦʨʝʥʥʷ g. ʊʦʤʫ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ 

ʧʽʜʩʠʣʶʚʘʣʴʥʦʾ ʩʭʝʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ.  ɺʦʥʘ 

ʧʦʚʠʥʥʘ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʪʚʦʨʠʪʠ ʩʠʛʥʘʣ ʟʘʨʷʜʫ ʥʘ ʩʠʛʥʘʣ ʥʘʧʨʫʛʠ, ʘʣʝ ʽ 

ʧʦʩʠʣʠʪʠ ʡʦʛʦ ʜʦ ʧʝʚʥʦʛʦ ʨʽʚʥʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʽʜʩʠʣʶʚʘʯ ʟʘʨʷʜʫ, ʧʨʦʚʝʜʝʤ ʘʥʘʣʽʟ ʣʘʥʮʶʛʽʚ ʟʛʽʜʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʥʘ ʨʠʩ.3.21. 

 

ʈʠʩ.3.21. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ, ʟ ʻʜʥʘʥʦʛʦ ʢʘʙʝʣʝʤ ʟ 

ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ 

ʅʘ ʨʠʩ.3.21   ʚʚʝʜʝʥʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

aQ - ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ, ʷʢʠʡ ʛʝʥʝʨʫʻ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ;  

ʘC - ʻʤʥʽʩʪʴ ʘʢʩʝʣʝʨʦʤʝʪʨʘ; aR - ʦʧʽʨ ʘʢʩʝʣʝʨʦʤʝʪʨʘ; ʉC - ʻʤʥʽʩʪʴ ʢʘʙʝʣʶ;  

cR - ʦʧʽʨ ʢʘʙʝʣʶ; ʈC  - ʻʤʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʣʘʥʮʶʛʘ ʧʽʜʩʠʣʶʚʘʯʘ; pR - ʦʧʨ̔ 

ʚʭʽʜʥʦʛʦ ʣʘʥʮʶʛʘ ʧʽʜʩʠʣʶʚʘʯʘ; fC - ʻʤʥʽʩʪʴ ʟʚʦʨʦʪʥʦʛʦ ʟʚ ʷʟʢʫ; fR - ʦʧʽʨ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ ʷʟʢʫ; ɸ- ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ; 0V - ʚʠʭʽʜʥʘ 

ʥʘʧʨʫʛʘ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʊʨʘʥʩʬʦʨʤʫʻʤʦ  ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʭʝʤʫ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ, ʟ ʻʜʥʘʥʦʛʦ 

ʢʘʙʝʣʝʤ ʟ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ ʚ ʩʭʝʤʫ ʟʨʫʯʥʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ (ʨʠʩ.3.22).  
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ʈʠʩ.3.22. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ 

 

ʅʘʚʝʜʝʤ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʥʘ ʨʠʩ. 3.16.: 

t a C PC C C C= + +;       
1 1 1 1

t a c pR R R R
= + + ;   o iV AV=-       

1
1c oV V

A

å õ
= +æ ö
ç ÷

; 

1
1c c o o

c f f

f f

dV V dV V
I C C

dt R A dt R

è øå õ
= + = + +é ùæ ö

ç ÷é ùê ú

; 
1i i o o

i t t

t t

dV V dV V
I C C

dt R A dt R

è ø
=- - = +é ù

ê ú
; 

1 1
1a o o o o

f t

f t

dQ dV V dV V
C C

dt A dt R A dt R

è ø è øå õ
=- + + - +é ùæ ö é ù
ç ÷é ù ê úê ú

; 

1 1
1 o o

a o f o t

f t

V V
j Q j V C j V C

A R A R
w w w

è ø è øå õ
=- + + - +é ùæ ö é ù
ç ÷é ù ê úê ú

; 

ɿ ʥʘʚʝʜʝʥʠʭ ʚʠʨʘʟʽʚ ʚʠʚʝʜʝʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ oV : 

                               
1 1 1 1

1

a
o

f t

f t

Q
V

C C
A j R A j Rw w

=
å õ å õå õ

+ + + +æ ö æ öæ öæ öç ÷ ç ÷ç ÷

,                         (3.71) 

ʷʢʱʦ ʚʨʘʭʦʚʫʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʆʇ ʙʣʠʟʢʦ 106 , ʪʦ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ:        

  
a

o

f

Q
V

C
=- ,                                                             (3.72) 

ʇʨʠ ʚʨʘʭʫʚʘʥʥʽ ʯʘʩʪʦʪʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʨʘʟ (3.72) ʧʨʠʡʤʝ ʚʠʜ: 
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1

a
o

f

f f

Q
V

I
C

j R Cw

=-
å õ
+æ öæ ö

ç ÷

                                                  (3.73) 

ʇʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ ʚ ʩʝʨʝʜʦʚʠʱʽ Multisim ʧʦ 

ʩʭʝʤʽ ʥʘʚʝʜʝʥʽʡ ʥʘ ʨʠʩ.3.23. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʦʜʝʣʴ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʜʞʝʨʝʣʘ ʟʘʨʷʜʫ ʚʽʜʩʫʪʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ Multisim, ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʽʤʧʫʣʴʩʥʝ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ ʜʣʷ 

ʟʘʤʽʥʠ ʩʠʛʥʘʣʫ ʜʞʝʨʝʣʘ ʟʘʨʷʜʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ [11]. 

ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʧ ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1100pF ʽ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʦʧʽʨ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 109 ʆʤ. 

ɽʢʚʽʚʘʣʝʥʪʥʘ ʤʦʜʝʣʴ. 

 

ʈʠʩ.3.23. ʉʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ 

 

ʈʝʟʠʩʪʦʨ R3 ʚʩʪʘʥʦʚʣʶʻ ʨʝʞʠʤ ʨʦʙʦʪʠ ʆʇ ʧʦ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʫ. ɹʝʟ 

ʨʝʟʠʩʪʦʨʘ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʆʇ ʜʨʝʡʬʫʚʘʣʘ ʙ ʚʛʦʨʫ ʘʙʦ ʚʥʠʟ ʜʦ ʨʽʚʥʷ ʥʘʧʨʫʛʠ 

ʚ ʦʜʥʦʤʫ ʟ ʧʣʝʯ ʞʠʚʣʝʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ ʩʪʨʫʤʫ ʟʤʽʱʝʥʥʷ ʆʇ.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʭʝʤʠ ʥʘ ʨʠʩ.3.23 ʙʫʚ ʚʠʙʨʘʥʠʡ ʆʇ ʆPA192, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʧ.ʧ. 3.4.2. ʪʘ ʤʘʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʣʘʩʥʠʭ ʰʫʤʽʚ.   

ɼʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʦʾ ʩʭʝʤʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.19. 
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ʈʠʩ.3.19.  ɸʏʍ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʨʷʜʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ 

 

ʇʦʩʠʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 31.7 ʜɹ, ʘ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʟʘ ʨʽʚʥʝʤ 3 ʜɹ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʙʤʝʞʝʥʥʷʤʠ ʰʠʨʠʥʠ ʩʤʫʛʠ ʧʦʩʠʣʝʥʥʷ ʆʇ. 

ʆʧʽʨ ʨʝʟʠʩʪʦʨʘ ʧʦʚʠʥʥʝʥ ʙʫʪʠ ʜʦʩʠʪʴ ʪʘʢʠʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʽʜʧʦʚʽʜʥʫ ʨʦʙʦʯʫ ʪʦʯʢʫ ʆʇ ʙʝʟ ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʦʧʽʨ ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʝ, ʥʽʞ ʽʤʧʝʜʘʥʩ ʢʦʥʜʝʥʩʘʪʦʨʘ 

C1 ʥʘ ʤʽʥʽʤʘʣʴʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʤʽʡ ʯʘʩʪʦʪʽ. ɼʣʷ  ʆʇ ʟ ʤʘʣʠʤ ʩʪʨʫʤʦʤ 

ʟʤʽʱʝʥʥʷ, ʦʧʽʨ ʨʝʟʠʩʪʦʨʘ, ʷʢ ʚʠʜʥʦ ʟ ʨʠ.3.23, ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʚʝʣʠʢʠʤ. 

 

3.4.4. ʈʦʟʨʦʙʢʘ ʩʭʝʤʠ ʘʥʘʣʦʛʦʚʦʛʦ ʽʥʪʝʛʨʘʪʨʘ 

ʇʨʦʮʝʩ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʽ ʪʦʯʥʽʩʪʴ ʧʨʠ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʾ ʤʘʻ ʚʝʣʠʢʝ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʙʫʜʦʚʫ ʘʥʘʣʦʛʦʚʠʭ ʽʥʪʝʛʨʘʪʦʨʽʚ ʥʘ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʘʭ. 

ʇʨʦʚʝʜʝʤʦ, ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʜʽ, ʘʥʘʣʽʟ ʩʭʝʤʠ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ   ʥʘ ʚʭʽʜ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʠʡ ʣʘʥʮʶʛ  ʟ ʦʧʦʨʽʚ Z1 ʽ Z2 (ʨʠʩ.3.24). 

ɼʦʧʫʩʢʘʻʤʦ ʱʦ ʦʧʦʨʠ Z1, Z2, Z3 ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʤʘʪʠ ʘʢʪʠʚʥʫ 

ʪʘ ʨʝʘʢʪʠʚʥʫ ʩʢʣʘʜʦʚʽ ʽ ʧʦ ʥʠʭ ʪʝʯʫʪʴ ʩʪʨʫʤʠ Ὥȟ Ὥȟ Ὥ. ʊʦʜʽ ʜʣʷ ʩʪʨʫʤʫ ʥʘ ʚʭʦʜʽ 

ʧʽʜʩʠʣʶʚʘʯʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

1 2 3i i i= + (3.74) 
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ʈʠʩ.3.24. ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ 

 

ɺʠʟʥʘʯʠʤʦ ʚʠʨʘʟʠ ʜʣʷ ʩʪʨʫʤʽʚ Ὥȟ Ὥȟ Ὥ ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʬʦʨʤʽ, ʚʚʘʞʘʶʯʠ 

ʱʦ ʥʘʧʨʫʛʘ ʥʘ ʚʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʜʦʨʽʚʥʶʻ ό: 

() ()1

1

ʚʭu u
i

z

r r-
= , 

(3.75) 

 

()1

2

2

u
i

z

r
= , 

(3.76) 

 

() ()1

3

3

ʚʠʭu u
i

z

r r-
= . 

(3.77) 

ʇʽʜʩʪʘʚʠʤʦ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʚ ʨʽʚʥʷʥʥʷ (3.78): 

() () () () ()1 1 1

2 3

ʚʭ ʚʠʭu u u u u

z z z

r r r r r- -
= +                    (3.78) 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ό̃ ̉ ̖ʧʦʚ ʷʟʘʥʘ ʟ 

ʥʘʧʨʫʛʦʶ ό ʥʘ ʡʦʛʦ ʚʭʦʜʽ ʨʽʚʥʷʥʥʷʤ:  

() ()1ʚʠʭu Kur r= , (3.79) 

ʜʝ: ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ. 

ɺʠʟʥʘʯʠʤʦ ʟ ʚʠʨʘʟʫ (6) ʟʥʘʯʝʥʥʷ ό ὴ ʽ ʧʽʜʩʪʘʚʠʚʰʠ ʾʾ ʚ ʨʽʚʥʷʥʥʷ 

(3.78), ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ, ʟʥʘʭʦʜʠʤʦ 
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- - -æ ö
ç ÷

. 
(3.80) 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʩʭʝʤʘ (ʨʠʩ.3.20) ʟʜʽʡʩʥʶʚʘʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ό̃ ,̖ 

ʥʝʦʙʭʽʜʥʦ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʦʧʦʨʽʚ Z1, Z2, Z3 ʜʦʩʷʛʪʠ ʨʽʚʥʦʩʪʽ 
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,                             (3.80) 

ʜʝ ɸ ï ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

ʊʦʜʽ ʟ ʚʠʨʘʟʫ (7) ʟʥʘʭʦʜʠʤʦ: 

()
()1

ʚʠʭ

u
u

A

r
r

r
=- ,       ʘʙʦ: 

()
0

1
t

ʚʠʭ ʚʭu u dt
A

r=-ñ                                         (3.82) 

ʉʭʝʤʘ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ό̃  ̖ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ (ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʤʢʽʩʪʥʦ-ʨʝʟʠʩʪʠʚʥʠʭ 

ʣʘʥʮʶʛʽʚ (ʽʥʪʝʛʨʫʶʯʦʾ RC-ʣʘʥʢʠ) ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.19. ʇʦʜʽʙʥʽ ʽʥʪʝʛʨʫʶʯʽ RC 

ʣʘʥʢʠ ʚʠʢʦʥʫʶʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʣʠʰʝ ʧʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʦʤʫ ʟʥʘʯʝʥʥʽ ʧʦʩʪʽʡʥʦʾ 

ʯʘʩʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʘʩʰʪʘʙ, ʚ ʷʢʦʤʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʽʥʪʝʛʨʘʣ ʰʚʠʜʢʦʩʪʽ, ʙʫʜʝ 

ʤʘʣʠʤ, ʘ ʚʢʣʶʯʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʜʣʷ ʧʨʷʤʦʛʦ ʧʦʩʠʣʝʥʥʷ 

ʩʠʛʥʘʣʫ ʧʨʠʥʮʠʧʦʚʽ ʧʦʤʠʣʢʠ ʽʥʪʝʛʨʫʶʯʦʾ RC-ʣʘʥʢʠ ʥʝ ʟʤʝʥʰʫʶʪʴ [1]. 

ʈʚ̔ʥʷʥʥʷ ʚʠʨʘʭʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʫ (3.82) ʽʥʪʝʛʨʫʶʯʦʾ ʩʭʝʤʠ (ʨʠʩ.3.20), 

ʚʦʣʦʜʽʻ ʧʨʠʥʮʠʧʦʚʠʤʠ ʧʦʭʠʙʢʘʤʠ (ʥʝʣʽʥʽʡʥʽʩʪʶ), ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ὑ  ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ, ʪʘʢ ʽ ʚʽʜ ʯʘʩʪʦʪʠ  ʩʠʛʥʘʣʫ ό̃  ̖. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʘʤʽʩʪʴ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʩʭʝʤʘ ʽʥʪʝʛʨʫʶʯʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ (ʚʘʨʽʘʥʪ1) ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠ ʡʦʛʦ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʟ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʘʥʘʣʦʛʽʯʥʦʛʦ ʜʦ ʨʽʚʥʷʥʥʷ ʧʨʦʩʪʦʾ ʽʥʪʝʛʨʫʶʯʦʾ RC-

ʣʘʥʢʠ.  

ɹʫʜʴ-ʷʢʠʡ ʘʥʘʣʦʛʦʚʠʡ ʽʥʪʝʛʨʘʪʦʨ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʽʦʜʠʯʥʦ ʩʢʠʜʘʪʠ ʚ ʜʝʷʢʠʡ ʟʘʜʘʥʠʡ 

ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ (ʥʘʧʨʠʢʣʘʜ, ʥʫʣʴʦʚʠʡ) ʜʣʷ ʮʴʦʛʦ ʚ ʩʭʝʤʘʭ ʥʘ ʨʠʩ.3.24,  

ʨʠʩ.3.25  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʣʶʯ  S1.  

ɼʣʷ ʩʭʝʤʠ ʥʘ ʨʠʩ.3.24 ʚʠʨʘʟ (3.82) ʙʫʜʝ: 
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ʈʠʩ.3.25. ʉʭʝʤʘ ʽʥʪʝʛʨʘʪʦʨʘ (ʚʘʨʽʘʥʪ1) 

 

ʎʠʭ ʥʝʜʦʣʽʢʽʚ ʤʦʞʣʠʚʦ ʟʘʧʦʙʽʛʪʠ ʟʘʩʪʦʩʫʚʘʚʰʠ ʽʥʰʠʡ ʧʽʜʭʽʜ ʜʦ 

ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ ʽʥʪʝʛʨʘʪʦʨʘ (ʩʭʝʤʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.26). 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʨʽʚʥʷ ʥʘʧʨʫʛʠ ʥʘ ʻʤʢʦʩʪʽ ʉ1 ʚ 

ʩʭʝʤʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʚʪʦʨʶʚʘʯ ʥʘʧʨʫʛʠ ʥʘ DA2, ʷʢʠʡ ʤʘʻ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ ʜʣʷ ʨʦʟʨʷʜʫ ʻʤʢʦʩʪʽ ʉ1 ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʭʝʤʦʶ ʥʘ ʨʠʩ.3.25. 

ʅʘʧʨʫʛʘ ʥʘ ʚʭʦʜʘʭ ʧʦʚʪʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ DA2 ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʽʜʝʘʣʴʥʦ 

ʦʜʥʘʢʦʚʠʤʠ, ʯʝʨʝʟ ʥʠʭ ʧʨʦʪʽʢʘʻ ʥʝʚʝʣʠʢʠʡ ʩʪʨʫʤ, ʪʦʤʫ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ 

ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʢʽʣʴʢʘ ʤʽʣʽʚʦʣʴʪ. ʈʝʟʠʩʪʦʨ R* 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʮʠʭ ʥʝʜʦʣʽʢʽʚ. ɺʽʥ ʧʦʚʠʥʝʥ ʤʘʪʠ ʦʧʽʨ, 

ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʦʧʦʨʫ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ. 

ɸʥʘʣʦʛʦʚʠʡ ʽʥʪʝʛʨʘʪʦʨ (ʨʠʩ.3.26) ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺʭʽʜʥʘ 

ʥʘʧʨʫʛʘ ό̃  ̖ ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ ʥʘ ʨʝʟʠʩʪʦʨʘʭ R1 ʽ R2 ʟ ʥʘʧʨʫʛʦʶ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʚʠʭʦʜʫ ʤʘʩʰʪʘʙʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. ʎʷ ʥʘʧʨʫʛʘ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ʽʥʪʝʛʨʫʶʯʦʾ RC-ʣʘʥʢʠ, ʧʦ ʷʢʽʡ ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ Ὥ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

 

( )
( )

( )
2

3

1 1 22

1 2 3 2 3 1 2 3 2 3

ʚʠʭʚʭ
u R u R Ru R

i
R R R R R R R R R R

- +
= +

+ + + +
 

(3.84) 
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R C
= ñ . 
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ɼʣʷ ʪʦʛʦ ʱʦʙ ʩʪʨʫʤ Ὥ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʦ ʽʥʪʝʛʨʫʶʯʦʤʫ ʣʘʥʮʶʛʫ, ʙʫʚ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʭʽʜʥʽʡ ʥʘʧʨʫʟʽ, ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ (ʡʦʛʦ ʯʠʩʝʣʴʥʠʢ) ʫ ʚʠʨʘʟʽ (3.84) 

ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ, ʪʦʙʪʦ 

( )2 1 2 1ʚʠʭu R R u R+ = , (3.85) 

ʘʙʦ 

( )2 21 2 / 1,ʚʠʭu u R R R Ku= + = , (3.86) 

ʜʝ: ( )1 2 / 1.K R R R= +  

 

 

ʈʠʩ.3.26. ʉʭʝʤʘ ʽʥʪʝʛʨʘʪʦʨʘ (ʚʘʨʽʘʥʪ2) 

 

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ  ό̃ ̉ ̖ʪʘʢʦʞ ʧʦʚ ʷʟʘʥʘ ʟ ʥʘʧʨʫʛʦʶ ό ʟʘʣʝʞʥʩ̔ʪʶ 

2ʚʠʭ uu K u=                                               (3.87) 

ʜʝ ὑ - ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʤʘʩʰʪʘʙʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʷʢʠʡ ʨʽʚʥʠʡ 

                            ( )4 5 / 4uK R R R= + . (3.88) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ  ὑ ὑȟ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʫ ʚʠʨʘʟʽ 

(3.84) ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ ʽ ʪʦʢ Ὥ ʟʘʣʝʞʘʪʠʤʝ ʪʽʣʴʢʠ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

ό̃  ̖ʽ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʙʫʜʝ ʣʽʥʽʡʥʦʶ. 

ɿʚʽʩʥʦ, ʱʦ ὑ Ḻὑ , ʜʝ ὑ  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʙʝʟ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ ʷʟʢʫ. 
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3.5. ʂʦʤʧʝʥʩʘʮʽʷ      ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ    ʚʧʣʠʚʫ      ʥʘ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʳʡ  

ʧʝʨʝʪʚʦʨʶʚʘʯ   ʘʧʘʨʘʪʥʠʤʠ  ʟʘʩʦʙʘʤʠ 

ʇ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʘʢʩʝʣʝʨʦʤʝʪʨʠ ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʧʨʠʥʮʠʧʽ ʧʨʷʤʦʛʦ 

ʧ'ʻʟʦʝʬʝʢʪʫ: ʧʨʠ ʚʧʣʠʚʽ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ ʥʘ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ 

ʟʤʽʥʶʶʪʴʩʷ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ, ʥʘ ʡʦʛʦ ʝʣʝʢʪʨʦʜʘʭ 

ʛʝʥʝʨʫʻʪʴʩʷ ʟʘʨʷʜ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʽʶʯʽʡ ʩʠʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʘʪʯʠʢʠ ʥʘ ʙʘʟʽ 

ʧ'ʻʟʦʝʣʝʤʝʥʪʽʚ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʟʘʙʝʟʧʝʯʫʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ. 

ʆʜʥʘʢ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤ ʧʨʠʪʘʤʘʥʥʽ ʽ ʥʝʛʘʪʠʚʥʽ ʧʨʦʷʚʠ,  

ʥʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʜʽʶʯʠʤ ʥʘ ʧ'ʻʟʦʝʣʝʤʝʥʪ ʚʠʤʽʨʶʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʪʘʢʽ ʷʢ 

ʩʢʣʘʜʦʚʽ ʝʣʝʢʪʨʠʯʥʦʾ ʽʥʜʫʢʮʽʾ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʜʽʻʶ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʛʝʥʝʨʫʶʪʴ ʥʘ ʚʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʧʘʨʘʟʠʪʥʽ ʩʠʛʥʘʣʠ. ɺʦʥʠ ʩʪʚʦʨʶʶʪʴ  

ʘʜʠʪʠʚʥʫ ʧʦʭʠʙʢʫ ʘʙʦ ʧʦʭʠʙʢʫ ʥʫʣʷ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ. ʆʩʦʙʣʠʚʦ ʮʷ 

ʧʦʭʠʙʢʘ ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʦ ʟʤʽʥʶʚʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʽ ʚʽʙʨʘʮʽʡ. 

ʇ'ʻʟʦʝʣʝʤʝʥʪ ʟʤʽʥʶʶʯʠ ʩʚʦʾ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʧʽʜ ʜʽʻʶ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ, ʚ ʚʽʜʩʫʪʥʦʩʪʽ ʚʧʣʠʚʽʚ ʟʽ ʩʪʦʨʦʥʠ ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ, ʛʝʥʝʨʫʻ ʥʘ ʩʚʦʾʭ ʝʣʝʢʪʨʦʜʘʭ ʟʘʨʷʜ [4]. ʏʠʤ ʙʽʣʴʰʝ ʢʦʝʬʽʮʽʻʥʪ 

ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧ ʻʟʦʝʣʝʤʝʥʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʪʠʤ ʙʽʣʴʰʝ ʡʦʛʦ 

ʜʦʤʝʥʥʘ ʩʪʨʫʢʪʫʨʘ ʙʫʜʝ ʧʽʜʜʘʚʘʪʠʩʷ ʤʝʭʘʥʽʯʥʽʡ ʥʘʧʨʫʟʽ ʽ ʛʝʥʝʨʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʠʡ ʟʘʨʷʜ [4,10]. ʎʝʡ ʟʘʨʷʜ ʻ ʥʽ ʯʠʤ ʽʥʰʠʤ ʷʢ ʘʜʠʪʠʚʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʷʢʘ ʚʠʢʣʠʢʘʥʘ ʬʣʫʢʪʫʘʮʽʻʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ. 

ʇ'ʻʟʦʝʣʝʤʝʥʪ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ (ʨʠʩ.3.23)  

ʚʩʪʘʥʦʣʝʥʠʡ ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʧʨʫʞʝʥʥʷʤ (ʥʘʪʷʛʦʤ) ʇF , ʱʦ ʟʘʙʝʟʧʝʯʫʪ̒ʴʩʷ 

ʟʘʪʷʛʫʚʘʥʥʷʤ ʙʦʣʪʘ 5 ʚʠʟʥʘʯʝʥʠʤ ʤʦʤʝʥʪʦʤ. ʊʦʜʽ ʧʨʠ ʜʽʾ ʥʘ ʘʢʩʝʣʝʨʦʤʝʪʨ 

ʧʨʠʩʢʦʨʝʥʥʷ ʘ ʟʽ ʟʤʽʥʥʠʤ ʥʘʧʨʷʤʦʤ ʥʘ ʧ ʻʟʦʝʣʝʤʝʥʪ ʙʫʜʝ ʜʽʷʪʠ ʩʠʣʘ: 

ʇ mF F F= ° , (3.89) 
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ʜʝ: Ὂ άὥ - ʩʠʣʘ, ʟ ʷʢʦʶ ʜʽ ̒ʥʘ ʧ ʻʟʦʝʣʝʤʝʥʪ  ʽʥʝʨʮʽʡʥʘ ʤʘʩʘ m ʧʽʜ ʚʧʣʠʚʦʤ 

ʧʨʠʩʢʦʨʝʥʥʷ ʘ;  m -ʽʥʝʨʮʽʡʥʘ ʤʘʩʘ;  ʘ ï ʧʨʠʩʢʦʨʝʥʥʷ. 

 

ʈʠʩ.3.27. ʂʦʥʩʪʨʫʢʮʽʷ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ: 

 

ʅʘ ʨʠʩ.3.27 ʧʦʟʥʘʯʝʥʦ: 1-ʧʽʜʢʣʘʜʢʘ, 2- ʧ ʻʟʦʝʣʝʤʝʥʪ, 3-ʝʣʝʤʝʥʪ 

ʢʦʤʧʝʥʩʘʮʽʾ, 4-ʽʥʝʨʮʽʡʥʘ ʤʘʩʘ m,  5-ʙʦʣʪ, Ὤ-ʚʠʩʦʪʘ ʧ ʻʟʦʝʣʝʤʝʥʪʘ, Ὤ- ʚʠʩʦʪʘ 

ʝʣʝʤʝʥʪʘ ʢʦʤʧʝʥʩʘʮʽʾ. 

ɼʣʷ ʟʥʘʢʦʧʝʨʝʤʥ̔ʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ  (ʚʽʙʨʘʮʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʪ. ʧ.) 

ʚʠʨʘʟ  (3.89) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʚʠʜʽ: 

 

( )sinʇ mF F F tw j= + +, (3.90) 

ʜʝ  - ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ;  t - ʯʘʩ;  • ï ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʉʠʣʘ F ʷʢʘ ʤʽʥʷʻʪʴʩʷ ʧʦ ʦʧʠʩʘʥʦʤʫ ʟʘʢʦʥʫ (3.90) ʚʠʢʣʠʢʘʻ ʛʝʥʝʨʘʮʽʶ 

ʧ ʻʟʦʝʣʝʤʝʥʪ ʟʘʨʷʜʫ Q , ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʧʨʷʤʦʛʦ ʧ'ʻʟʦʝʬʝʢʪʘ: 

ijQ d F= , (3.91) 

ʜʝ ijd  -ʧ'ʻʟʦʤʦʜʫʣʴ ʧ'ʻʟʦʝʣʝʤʝʥʪʘ. 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʢʩʝʣʝʨʦʤʝʪʨ, ʷʢʠʡ ʜʽʻ ʧʦ ʦʜʥʽʡ ʦʩʽ - Z, 

ʘ ʧ'ʻʟʦʝʣʝʤʝʥʪ ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʚ ʥʘʧʨʷʤʫ ʜʽʾ ʩʠʣʠ Ὂ, ʪʦʤʫ ʨʦʙʦʯʠʤ ʻ 

ʧ'ʻʟʦʤʦʜʫʣʴ 33d . 

ʊʦʜʽ, ʧʽʜʩʪʘʚʠʚʰʠ (3.90) ʚ (3.91), ʦʪʨʠʤʘʻʤʦ: 

( )( )33 sinʇ mQ d F F tw j= + +                                     (3.92) 
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ʇʨʠ ʮʴʦʤʫ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʣʘʥʮʶʛʫ ʧ ʻʟʦʝʣʝʤʝʥʪʘ ï ʚʭ̔ʜʥʠʡ ʢʘʩʢʘʜ 

ʧʽʜʩʠʣʶʚʘʯʘ ʟʷʚʠʪʴʩʷ ʩʪʨʫʤ I, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ:  

( )( )33 sinmd d F tdQ
I

dt dt

w j+
= =  

(3.93) 

ʇʨʠʚʝʜʝʤʦ ʨʽʚʥʷʥʥʷ (3.92) ʜʦ ʚʠʛʣʷʜʫ: 

( )33 33 sinʇ mQ d F d F tw j= + +. (3.94) 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʤʝʥʥʫ ʩʪʨʫʢʪʫʨʫ ʧ ʻʟʦʝʣʝʤʝʥʪʘ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ 

ʟʤʽʥʠ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ʊʦʙʪʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ,  ʩʠʣʘ 

ʧʦʧʝʨʝʜʥʴʦʛʦ  ʥʘʧʨʫʞʝʥʥʷ ʟʙʽʣʴʰʠʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʝʥʥʶ ʣʽʥʽʡʥʠʭ 

ʨʦʟʤʽʨʽʚ, ʘ ʩʘʤʝ ʚʠʩʦʪʠ ʧ ʻʟʦʝʣʝʤʝʥʪʘ 0h , ʥʘ ʚʝʣʠʯʠʥʫ 0( )ʇF hD : 

()( )0ʇ ʇ ʇF F F h= +D  (3.95) 

ɺʨʘʭʦʚʫʶʯʠ (3.95) ʟʘʧʠʰʝʤʦ (3.94) ʚ ʩʣʽʜʫʶʯʦʤʫ ʚʠʜʽ: 

33 33 0 33( ) sin( )ʇ ʇ mQ d F d F h d F tw j= + D + +.                   (3.96) 

ɺʚʝʜʝʤʦ ʩʣʽʜʫʶʯʽ ʧʦʟʥʘʯʝʥʥʷ: 

0 33 ;ʇQ d F= ()33 0 ;t ʇQ d F h= D  ( )33 sin .ʘ mQ d F tw j= D +        

ʊʦʜ̔ (3.96) ʙʫʜʝ ʤʘʪʠ ʚʠʜ: 

0 t ʘQ Q Q Q= + +, 

ʜʝ:   0Q   - ʟʘʨʷʜ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʧʘʢʝʪʫ; 

(3.97) 

tQ -ʟʘʨʷʜ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ; 

aQ -ʟʘʨʷʜ ʚʽʜ ʜʽʡ ʩʠʣ ʚʠʢʣʠʢʘʥʠʭ ʜʽʻʶ ʧʨʠʩʢʦʨʝʥʥʷ. 

ɺ ʜʝʷʢʽʡ ʤʽʨʽ ʥʽʚʝʣʶʚʘʪʠ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʥʘʧʨʫʛʠ ʚ ʧ ʻʟʦʝʣʝʤʝʥʪʽ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʝʣʝʤʝʥʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ.3.27ʘ. ɽʣʝʤʝʥʪ 

ʢʦʤʧʝʥʩʘʮʽʾ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʫ ʚʠʛʣʷʜʽ ʰʘʡʙʠ, ʨʦʟʪʘʰʦʚʘʥʠʡ  ʤʽʞ 

ʧ ʻʟʦʝʣʝʤʝʥʪʦʤ ʪʘ ʽʥʝʨʮʽʡʥʦʶ ʤʘʩʦʶ ʷʢʽ ʩʪʷʛʥʫʪʽ ʚ ʟʘʛʘʣʴʥʠʡ ʧʘʢʝʪ ʙʦʣʪʦʤ 5. 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʧʘʢʝʪʫ ʚʽʜ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʮʝʡ ʝʣʝʤʝʥʪ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʫ, ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʷʢʦʛʦ ʤʘʻ ʧʨʦʪʠʣʝʞʥʠʡ ʟʥʘʢ ʥʽʞ ʫ ʤʘʪʝʨʽʘʣʫ 
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ʧ'ʻʟʦʝʣʝʤʝʥʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥʘʭ ʤʝʭʘʥʽʯʥʝ ʥʘʧʨʫʞʝʥʥʷ 

ʚ ʧʘʢʝʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʠʤ. ʎʝ ʨʽʰʝʥʥʷ ʤʘʻ ʫʷʚʥʫ ʧʨʦʩʪʦʪʫ ʚ ʨʝʘʣʽʟʘʮʽʾ, ʘʣʝ 

ʥʘ ʧʨʘʢʪʠʮʽ  ʜʫʞʝ  ʚʘʞʢʦ ʧʽʜʽʙʨʘʪʠ ʘʙʦ ʩʪʚʦʨʠʪʠ ʢʦʤʧʦʟʠʪʥʠʡ ʤʘʪʝʨʽʘʣ ʟ 

ʥʝʦʙʭʽʜʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʧʽʜ ʥʝʦʙʭʽʜʥʫ ʤʘʨʢʫ ʧ ʻʟʦʢʝʨʘʤʽʢʠ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʢʣʘʜʝʥʝ ʚʠʱʝ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʝʥʥʷ ʧʦ ʢʦʤʧʝʥʩʘʮʽʾ 

ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧôʻʟʦʝʣʝʤʝʥʪ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʝʣʝʤʝʥʪʘ ʢʦʤʧʝʥʩʘʮʽʾ 3 (ʨʠʩ.3.27ʙ). ɽʣʝʤʝʥʪ ʢʦʤʧʝʥʩʘʮʽʾ ʮʝ 

ʧôʻʟʦʝʣʝʤʝʥʪ ʧʨʘʮʶʶʯʠʡ ʥʘ ʧʨʠʥʮʠʧʽ ʟʚʦʨʦʪʥʦʛʦ ʧ'ʻʟʦʝʬʝʢʪʫ ʫʟʜʦʚʞ ʦʩʽ 

ʧʦʣʷʨʠʟʘʮʽʾ (ʤʦʜʘ 33d ). ɽʣʝʤʝʥʪʦʤ ʢʦʤʧʝʥʩʘʮʽʾ ʢʝʨʫʻ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.3.28 ʷʢʘ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ ʫʧʨʘʚʣʽʥʥʷ ʟʘ 

ʚʽʜʭʠʣʝʥʥʷʤ. ɺ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ, ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ 

(ʊ=18 ... 22 ᴈ) ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʘ ʩʘʤʝ ʚʠʩʦʪʘ ʧôʻʟʦʝʣʝʤʝʥʪʘ ʽ ʚʠʩʦʪʘ 

ʝʣʝʤʝʥʪʫ ʢʦʤʧʝʥʩʘʮʽʾ ʩʫʤʘʨʥʦ ʜʦʨʽʚʥʶʶʪʴ h: 

0 1h h h= +                                                                (3.98) 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʜʽʻ ʥʘ ʧ'ʻʟʦʝʣʝʤʝʥʪ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, 

ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʥʘ ʚʝʣʠʯʠʥʫ 0( )h TD  ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʥʠʢʥʝʥʥʷ ʩʠʣʠ F(T) ʷʢ ʨʝʘʢʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʱʦ ʚʝʜʝ ʜʦ ʧʦʷʚʠ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʨʷʜʫ ʪʘ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʪʨʘʢʪʫ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʫʣʷ ʜʘʪʯʠʢʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʚʧʣʠʚʫ ʟ ʙʦʢʫ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ [8,22]. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, 

ʘʥʘʣʽʟʫʶʯʠ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʥʽʤʘʻ ʾʾ ʚʽʜ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʩʠʛʥʘʣʽ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʟ ʧôʻʟʦʝʣʝʤʝʪʘ ʽ ʜʽʻ ʥʘ ʝʣʝʤʝʥʪ 

ʢʦʤʧʝʥʩʘʮʽʾ ʫʧʨʘʚʣʷʶʯʦʶ ʥʘʧʨʫʛʦʶ U (ʜʠʚʠʩʴ ʨʠʩ.3.28), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʝʣʝʤʝʥʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘ ʚʝʣʠʯʠʥʫ 1( )h TD . 

ʊʘʢʠʤ ʯʠʥʦʤ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʥʫʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʚʠʢʦʥʘʥʥʷʤ 

ʫʤʦʚʠ: 

() ()0 1 0h T h UD -D =, (3.99) 

ʪʦʜʽ: 
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()( ) ()( )0 0 1 1h h h T h h U= +D + -D  (3.100) 

ʽ  ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ: h = const. 

 

ʈʠʩ.3.28. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

 

ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.3.28 ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 1. ʌʘʟʦʚʠʡ ʬʽʣʴʪʨ; 2. ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ; 

3. ɯʥʪʝʛʨʘʪʦʨ; 4. ʇʽʜʩʠʣʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ.; 5. ʇ'ʻʟʦʝʣʝʤʝʥʪ-ʧʨʠʚʽʜ; 6. ɼʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʠ; 7. ʇ'ʻʟʦʝʣʝʤʝʥʪ-ʜʘʪʯʠʢ. 

ʈʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ʟʜʽʡʩʥʶʻ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦ ʚʽʜʭʠʣʝʥʥʶ, ʧʨʠʥʮʠʧ ʷʢʦʛʦ 

ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

- ʥʘ ʨʝʛʫʣʷʪʦʨ ʧʦʜʘʻʪʴʩʷ ʩʠʛʥʘʣ ʚʽʜʭʠʣʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ U(T) 

(ʥʘʧʨʫʛʘ ʧʨʦʧʦʨʮʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʽ ʜʘʪʯʠʢʘ). 

- ʨʝʛʫʣʷʪʦʨ ʧʦ ʩʠʛʥʘʣʫ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʶʻ ʨʝʛʫʣʶʶʯʫ ʥʘʧʨʫʛʘ U ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʚʽʜʭʠʣʝʥʥʷ 0( )h TD . 

ʇʦʭʠʙʢʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠʥʮʠʧʦʚʦ ʥʝ ʫʩʫʚʘʻʪʴʩʷ 

ʧʦʚʥʽʩʪʶ, ʪʘʢ ʷʢ ʨʝʛʫʣʶʶʯʠʡ ʚʧʣʠʚ ʬʦʨʤʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʦʤʠʣʢʦʶ. ʇʦʤʠʣʢʘ 

ʙʫʜʝ ʪʠʤ ʙʣʠʞʯʝ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʯʠʤ ʪʦʯʥʽʰʝ ʙʫʜʝ 

ʨʝʘʣʽʟʦʚʘʥʘ ʩʭʝʤʘ ʧʦʨʽʚʥʷʥʥʷ. 

ʉʭʝʤʘ ʧʨʘʮʶʻ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ 

ʟʤʽʥʶʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ  ʧ̒ ʟʦʝʣʝʤʝʥʪʘ-ʜʘʪʯʠʢʘ 7 (ʨʠʩ.3.28). ʑʦ ʚʝʜʝ 

ʜʦ ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ. ɺʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʜʠʥ ʚʭʽʜ ʩʫʤʘʪʦʨʘ ʥʘ ʧʨʷʤʫ, ʘ ʥʘ ʽʥʰʠʡ ʚʭʽʜ ʩʫʤʘʪʦʨʘ 

ʯʝʨʝʟ ʬʘʟʦʚʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʟʘʪʨʠʤʫʻ ʡʦʛʦ ʥʘ 180Á. ʇʽʩʣʷ ʩʫʤʘʪʦʨʘ ʧʦʩʪʽʡʥʘ 

ʩʢʣʘʜʦʚʘ ʧʦʪʨʘʧʣʷʻ ʥʘ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʜʝ ʟ ʥʝʾ ʚʠʣʫʯʘʻʪʴʩʷ 
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ʥʝʽʥʬʦʨʤʘʪʠʚʥʘ ʩʢʣʘʜʦʚʘ (ʧʘʨʘʟʠʪʥʘ ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʧʨʠʪʘʤʘʥʥʘ ʜʘʥʦʤʫ 

ʜʘʪʯʠʢʫ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ). ʇʦʪʽʤ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʪʦʨ ʟ ʯʘʩʦʤ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʥʠʤ ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʽʜʩʠʣʶʚʘʯ 

ʧʦʪʫʞʥʦʩʪʽ 4 ʢʝʨʫʻ ʧ'ʝʟʦʝʣʝʤʝʥʪʦʤ-ʧʨʠʚʦʜʦʤ 5  ʧʨʠʢʣʘʜʘʶʯʠ ʜʦ ʡʦʛʦ 

ʝʣʝʢʪʨʦʜʽʚ ʥʘʧʨʫʛʫ U, ʧʦʣʷʨʥʽʩʪʴ ʷʢʦʾ ʩʧʨʷʤʦʚʘʥʘ ʧʨʦʪʠʣʝʞʥʦ ʧʦʣʷʨʥʦʩʪʽ 

ʧʦʣʷʨʠʟʘʮʽʾ. ʇ'ʝʟʦʝʣʝʤʝʥʪ-ʧʨʠʚʽʜ ʚʽʜʧʨʘʮʴʦʚʫʶʯʠ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ, ʟʤʝʥʰʫʻ 

ʩʚʽʡ ʨʦʟʤʽʨ ʧʦ ʚʠʩʦʪʽ ʽ ʧʨʘʛʥʝ ʚʠʢʦʥʘʪʠ ʚʠʤʦʛʠ ʨʽʚʥʷʥʥʷ (3.99). 

ɺ ʩʭʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʤʝʪʦʜ ʟʜʽʡʩʥʝʥʥʷ ʚʠʜʽʣʝʥʥʷ 

ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʛʥʘʣ ʟʘʪʨʠʤʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʠʤ ʢʘʥʘʣʦʤ ʧʦ ʬʘʟʽ ʥʘ ʧʦʣʦʚʠʥʫ 

ʧʝʨʽʦʜʫ, ʘ ʧʦʪʽʤ ʥʘ ʩʫʤʘʪʦʨʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʛʥʘʣʦʤ ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʟʤʽʥʥʽ ʩʢʣʘʜʦʚʽ, ʱʦ ʧʨʠʭʦʜʷʪʴ ʥʘ ʩʫʤʘʪʦʨ ʚ ʧʨʦʪʠʬʘʟʽ, ʚʟʘʻʤʥʦ 

ʚʽʜʥʽʤʘʶʪʴʩʷ. ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʚʢʘʟʘʥʠʡ ʤʝʪʦʜ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.3.29 ʘ). 

 

ʈʠʩ.3.29. ʉʭʝʤʘ (ʘ) ʽ ʦʩʮʠʣʦʛʨʘʤʠ (ʙ) ʧʨʠʩʪʨʦʶ ʚʠʜʽʣʝʥʥʷ ʧʦʩʪʽʡʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʟ ʢʦʤʧʣʝʢʥʦʛʦ ʩʠʛʥʘʣʫ ʘʢʩʝʣʝʨʤʝʪʨʘ  
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ɼʣʷ ʟʘʪʨʠʤʢʠ ʩʠʛʥʘʣʫ ʧʦ ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʥʘʣʫ ʚʠʢʦʨʠʩʪʘʥʽ ʬʘʟʦʚʽ 

ʬʽʣʴʪʨʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʌʘʟʦʚʠʡ ʬʽʣʴʪʨ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ [3], 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.3.25, ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ 

ʬʘʟʦʦʙʝʨʪʘʯʘ. 

ɿʤʽʥʦʶ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʘ R ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʬʘʟʦʚʠʡ ʟʩʫʚ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ -180 Á, ʥʝ ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʘʤʧʣʽʪʫʜʫ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɺʝʣʠʯʠʥʘ ʢʫʪʘ ʬʘʟʦʚʦʛʦ Ŭ ʟʩʫʚʫ ʚ ʛʨʘʜʫʩʘʭ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

‌ ςὥὶὧὸÇ ὙὅρψπȾ“,                                   (3.101) 

ʜʝ  ς“Ὢ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʘʥʽ ʜʚʘ ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʭ ʬʘʟʦʚʠʭ ʜʝʪʝʢʪʦʨʘ ʥʦʤʽʥʘʣʠ ʷʢʠʭ 

ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʟʘʪʨʠʤʢʫ ʬʘʟʠ ʩʠʛʥʘʣʫ - 90 Á ʢʦʞʝʥ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʚʘ ʬʘʟʦʚʠʭ ʬʽʣʴʪʨʘ, ʚ ʩʫʤʽ, ʟʨʫʰʫʶʪʴ ʩʠʛʥʘʣ ʥʘ 180 Á, ʘ ʥʘ 

ʩʫʤʘʪʦʨʽ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʝʨʝʜʘʯʽ 0,5 ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʽʚ. ʋ 

ʧʽʜʩʫʤʢʫ ʥʘ ʚʠʭʦʜʽ ʦʪʨʠʤʫʻʤʦ ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ 

ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ. 

 

 

ʈʠʩ.3.30. ʌʘʟʦʚʠʡ ʬʠʣʴʪʨ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

 

ʈʦʙʦʪʘ ʧʨʠʩʪʨʦʶ ʚʠʜʽʣʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟ ʢʦʤʧʣʝʢʥʦʡ ʩʠʛʥʘʣʫ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ  ʥʘ ʦʩʮʠʣʦʛʨʘʤʘʭ ʨʠʩ.3.29 ʙ). 

ɿ ʬʦʨʤʫʣʠ (3.101) ʚʠʜʥʦ, ʱʦ ʬʘʟʦʚʠʡ ʟʩʫʚ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ 

ʩʠʛʥʘʣʫ ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʬʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ. ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʩʪʘʙʽʣʴʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʚʩʴʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʘ ʮʝ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚʽʜ 3 ... 6 Hz 

ʜʦ 10 ... 15 kHz ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʶʚʘʪʠ ʧʦʩʪʽʡʥʫ ʯʘʩʫ ʣʘʥʮʶʛʘ ʟʘʪʨʠʤʢʠ ʬʘʟʦʚʦʛʦ 

ʬʽʣʴʪʨʘ. ʎʝʡ ʣʘʥʮʶʛ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʝʣʝʤʝʥʪʘʭ R ʽ C (ʩʭʝʤʘ ʨʠʩ.3.24). 

ɿʤʽʥʶʚʘʪʠ ʧʦʩʪʽʡʥʫ ʯʘʩʫ ʪʝʭʥʽʯʥʦ ʟʨʫʯʥʽʰʝ ʟʤʽʥʶʶʯʠ ʦʧʽʨ ʨʝʟʠʩʪʦʨʘ R ʧʨʠ 

ʉ= const. 

ɿʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ R ʚʽʜ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ f   ʚ  ʜʽʘʧʘʟʦʥʽ (10-103) ɻʮ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʪʨʠʤʢʠ ʥʘ -90 Á ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.31. 

 

 

ʈʠʩ.3.31. ɿʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʥʷ R ʚʽʜ ʯʘʩʪʦʪʠ f ʜʽʘʧʘʟʦʥʽ (10-103) Hz 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ ʨʠʩ.3.31. ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ R ʚʽʜ ʯʘʩʪʦʪʠ f ʣʽʥʽʡʥʘ ʽ 

ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ R ʚ ʤʝʞʘʭ ʟʘʟʥʘʯʝʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚ ʩʭʝʤʫ 

ʬʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ ʚʚʝʜʝʥʽ ʝʣʝʤʝʥʪʠ ʚʠʜʽʣʝʥʽ ʥʘ ʨʠʩ.3.30 ʧʫʥʢʪʠʨʥʦʶ ʦʙʣʘʩʪʶ. 

ʅʘʧʨʫʛʘ Ὗ  ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʘ-ʥʘʧʨʫʛʘ (ʜʠʚʠʩʴ ʨʠʩ.3.29 ʘ)) ʥʘʜʭʦʜʠʪʴ 

ʥʘ ʢʝʨʫʶʯʠʡ ʝʣʝʢʪʨʦʜ ʽ ʫʧʨʘʚʣʷʻ ʦʧʦʨʦʤ ʢʘʥʘʣʫ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ὠ, 

ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʠʡ ʚ ʩʭʝʤʽ ʧʘʨʘʣʝʣʴʥʦ ʨʝʟʠʩʪʦʨʫ R. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʘ Ὗ ʥʘ ʚʠʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʘ- 

ʯʘʩʪʦʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʮʝ ʚʠʢʣʠʢʘʻ ʧʨʦʧʦʨʮʽʡʥʝ ʟʤʝʥʰʝʥʥʷ ʦʧʦʨʫ ʢʘʥʘʣʫ 

ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʟʤʝʥʰʫʻ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ ʚʨʝʤʷʟʘʜʘʶʱʝʡ 

ʣʘʥʮʶʛʘ ʬʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ. 
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ɺ ʩʠʩʪʝʤʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʬʦʨʩʫʶʯʽ 

ʣʘʥʢʠ, ʪʘʢ ʷʢ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʩʝʣʝʨʦʤʝʪʨʘ 

ʧʨʦʮʝʩ ʜʦʩʠʪʴ ʽʥʝʨʮʽʡʥʠʡ. 

ʊʘʢ ʷʢ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤ ʽ ʯʘʩʪʦʪʥʠʤ ʜʽʘʧʘʟʦʥʘʤʠ, ʦʩʥʦʚʥʦʶ ʽ 

ʜʦʜʘʪʢʦʚʠʤʠ ʧʦʭʠʙʢʘʤʠ, ʟʫʤʦʚʣʝʥʠʤʠ ʜʽʻʶ ʚʧʣʠʚʘʶʯʠʭ ʬʘʢʪʦʨʽʚ ʽ ʙʝʨʫʯʠ ʜʦ 

ʫʚʘʛʠ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʤʠ ʽ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʚʩʽʭ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʜʘʪʯʠʢʽʚ ʻ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʭʠʙʢʠ, ʷʢʽ ʫ ʙʽʣʴʰʦʩʪʽ ʜʘʪʯʠʢʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʚʩʽ 

ʽʥʰʽ ʧʦʭʠʙʢʠ, ʨʘʟʦʤ ʚʟʷʪʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ  ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʘʜʠʪʠʚʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʚʠʢʣʠʢʘʥʦʾ ʟʤʽʥʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʥʫʚʘʥʠʭ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʽ ʨʦʟʰʠʨʠʪʠ ʾʭ 

ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʱʦʜʦ ʚʠʤʦʛ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʚʠʤʽʨʶʚʘʥʴ. 

 

3.6. ʈʦʟʨʦʙʢʘ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʝʮʠʟʽʡʥʦʛʦ ʽʥʜʫʢʮʽʡʥʦʛʦ  

ʜʘʪʯʠʢʘ ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʻʩʪʨʘʪʦʨʘ 

ʚʽʙʨʘʮʽʡ, ʘ ʩʘʤʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡ ʥʘ ʽʥʬʨʘʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ, 

ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʥʪʘʢʪʥʠʡ ʽʥʜʫʢʮʽʡʥʠʡ ʜʘʪʯʠʢ ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʪʯʠʢʘ  ʣʽʥʽʡʥʠʭ  ʧʝʨʝʤʽʱʝʥʴ ʟ 

ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʯʫʪʣʠʚʦʩʪʽ, ʣʽʥʽʡʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʚ 

ʜʽʘʧʘʟʦʥʽ ʣʽʥʽʡʥʠʭ  ʧʝʨʝʤʽʱʝʥʴ 0Ñ0,5 ʤʤ [21]. ɼʣʷ ʯʦʛʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ  ʽʥʜʫʢʪʠʚʥʦʛʦ  ʜʘʪʯʠʢʘ  ʣʽʥʽʡʥʠʭ  

ʧʝʨʝʤʽʱʝʥ ɹ ʥʘ  ʬʝʨʠʪʦʚʠʭ ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʭ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʧʦ ʤʦʩʪʦʚʽʡ ʩʭʝʤʽ, 

ʷʢʘ ʧʨʘʮʶʻ ʚ ʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, 

ʪʦʯʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʣʘʥʮʶʛʫ ʞʠʚʣʝʥʥʷ ʜʘʪʯʠʢʘ ʬʘʟʦʚʦʛʦ ʘʚʪʦʧʽʜʩʪʨʦʶʚʘʥʥʷ 

ʯʘʩʪʦʪʠ (ʌɸʇʏ). ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʣʘʥʮʶʛʘ ʜʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʪʯʠʢ ʧʦʙʫʜʦʚʘʥʦ ʧʦ ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʩʭʝʤʽ. 

ʄʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʘ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʜʘʪʯʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.3.32.  

ʂʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ L1 ʪʘ L2 ʨʦʟʤʽʱʝʥʽ ʥʘ ʜʚʦʭ ʐ-ʦʙʨʘʟʥʠʭ ʬʝʨʠʪʦʚʠʭ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʭ 2, ʚʩʪʘʥʦʚʣʝʥʠʭ ʟ ʟʘʟʦʨʦʤ. ɺ ʟʘʟʦʨʽ ʤʽʞ ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʤʠ 
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ʨʦʟʤʽʱʝʥʠʡ ʷʢʽʨ 1, ʚʠʛʦʪʦʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥʠ ʟ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʽʨ 1 ʤʝʭʘʥʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʦʨʦʤʠʩʣʦʤ 3, ʷʢʝ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʩʠʣ ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʪʦʯʢʠ ʆ ʟ ʙʦʢʫ ʦʙ ʻʢʪʫ ʚʠʤʽʨʶʚʘʥʥʷ. ʂʫʣʽʩʥʠʡ 

ʤʝʭʘʥʽʟʤ ʧʝʨʝʜʘʯʽ ʨʫʭʫ ʚʽʜ ʪʦʯʢʠ ʆ ʜʦ ʢʦʨʦʤʠʩʣʘ 3, ʧʦʙʫʜʦʚʘʥʠʡ ʪʘʢ, ʱʦ ʷʢʽʨ 

1 ʨʫʭʘʻʪʴʩʷ ʩʪʨʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʐ ʧʦʜʽʙʥʠʤ ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʤ 1,2.  ɺʘʞʽʣʽ 

ʢʫʣʽʩʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʣʘʩʥʫ ʞʦʨʩʪʢʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ 

ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ ʧʝʨʝʜʘʯʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ ʦʙ ʻʢʪʫ ʚʠʤʽʨʶʚʘʥʥʷ (ʪʦʯʢʘ ʆ) ʜʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʨʷ 1 ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʣʝʯ 2l  ʪʘ 1l . 

 

 

ʈʠʩ.3.32. ʄʝʭʘʥʯ̔ʥʘ ʯʘʩʪʠʥʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ 

 

ʂʦʪʫʰʢʠ  L1 ʪʘ L2 ʜʘʪʯʠʢʘ ʚʢʣʶʯʝʥʽ ʚ ʧʣʝʯʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ɺ ʧʨʦʪʠʣʝʞʥʽ ʧʣʝʯʽ ʤʦʩʪʘ ʚʢʣʶʯʝʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.33. 

ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʋ ʨʽʚʥʦʚʘʞʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʷʢʦʨʷ 

ʜʘʪʯʠʢʘ, ʢʦʣʠ ʦʧʦʨʠ ʦʙʤʦʪʦʢ ʨʽʚʥʽ, ʤʦʩʪʦʚʘ ʩʭʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʙʘʣʘʥʩʫ 

ʽ ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ 0I  ʚ ʾʾ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʜʽʘʛʦʥʘʣʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ.  

ʇʨʠ ʤʝʭʘʥʽʯʥʽʡ ʜʽʾ ʟʽ ʩʪʦʨʦʥʠ ʦʙ ʻʢʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʢʣʘʜʝʥʦʤʫ ʜʦ 

ʪʦʯʢʠ ʆ, ʯʝʨʝʟ ʚʘʞʽʣʽ ʽ  ʢʦʨʦʤʠʩʣʦ 3 ʜʘʪʯʠʢʘ (ʨʠʩ.3.32) ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʨʷ 1, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ  ʟʤʽʥʠ ʥʝʤʘʛʥʽʪʥʠʭ ʟʘʟʦʨʽʚ ʽ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʦʙʤʦʪʦʢ, ʧʨʠʯʦʤʫ ʮʽ ʟʤʽʥʠ ʙʫʜʫʪʴ ʘʩʠʤʝʪʨʠʯʥʽ: 

 

1 2

2 1

( ),

( ).

d d d

d d d

= °Dë
ì
= Dí
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ʂʦʣʠ ʟʤʽʥʶʶʪʴʩʷ ʥʝʤʘʛʥʽʪʥʽ ʟʘʟʦʨʠ ʤʽʞ ʢʦʪʫʰʢʘʤʠ ʽ ʷʢʦʨʝʤ, ʪʦ 

ʟʤ̔ʥʶʶʪʴʩʷ ʚʠʭʨʦʚʽ ʤʘʛʥʽʪʥʽ ʩʪʨʫʤʠ ʩʝʨʜʝʯʥʠʢʽʚ 1,2. ʎʝ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ 

ʽʤʧʝʜʘʥʩʫ ʢʦʪʫʰʦʢ 1 2,Z Z  : 

1 1 1 1 1

2 2 2

( ) j ( ),

( ) j ( ),

Z R L

Z R L

d

d

d d w d d

d d w d d

= °D + °Dë
ì
= °D + °Dí

 

ʜʝ 2 fw p=  ( f -ʯʘʩʪʦʪʘ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʤʦʩʪʘ), R- ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʢʦʪʫʰʢʠ. 

ʇʨʠ ʯʦʤʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʤʧʝʜʘʥʩʫ 1Z  ʽʤʧʝʜʘʥʩ 2Z  ʟʤʝʥʰʫʻʪʴʩʷ ʽ 

ʥʘʚʧʘʢʠ. ʎʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʜʘʻ ʟʤʦʛʫ ʧʦʚʠʩʠʪʠ ʯʫʪʣʠʚʽʩʪʴ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʭʝʤʠ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʜʚʘ ʨʘʟʠ. 

 

ʈʠʩ.3.33. ʈʦʟʨʘʭʫʢʦʚʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ. 

 

ɺʝʣʠʯʠʥʘ ʩʪʨʫʤʫ Ὅ ʚ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʜʽʘʛʦʥʘʣʽ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

2 3 1 4
0 1

1 2 3 2 3 4 3 4 1 4 1 2

Z Z Z Z
I u

Z Z Z Z Z Z Z Z Z Z Z Z

-
=

+ + +
, (3.102) 

ʜʝ:       ό - ʥʘʧʨʫʛʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ; 1Z , 2Z -ʽʤʧʝʜʘʥʩʠ ʦʙʤʦʪʦʢ ʜʘʪʯʠʢʽʚ; 

3 4,Z Z - ʽʤʧʝʜʘʥʩʠ ʚʨʽʚʥʦʚʘʞʫʶʯʠʭ ʧʣʝʯʝʡ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ (ʨʠʩ.3.29). 

ʇʨʠ ʯʦʤʫ: 1 1 1L LZ R jX= + , 2 2 2L LZ R jX= + , 3 4 ʉ ʉZ Z R jX= = + . 

ɺʠʨʘʟ (3.102) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

1 2 1 2 1
0

( ) ( )u r r j x x
I

A jB

- + -
=

+
, 

(3.103) 

ʜʝ ɸ ʽ ɺ ʢʦʝʬʽʮʽʝʥʪʠ: 
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[ ]{ }1 2 1 2 1 2 1 2Re ( ) ( ) 2( )A Z r r j x x rr x x= + + + + -, (3.104) 

[ ]{ }1 2 1 2 1 2 2 1Im ( ) ( ) 2( )B Z r r j x x r x r x= + + + + -,  (3.105) 

ʜʝ: 1x , 2x  - ʨʝʘʢʪʠʚʥʽ ʦʧʦʨʠ ʦʙʤʦʪʦʢ ʜʘʪʯʠʢʘ; 1r , 2r   - ʘʢʪʠʚʥʽ ʦʧʦʨʠ ʦʙʤʦʪʦʢ 

ʜʘʪʯʠʢʘ. 

ʇʦʤʥʦʞʠʚʰʠ ʯʠʩʝʣʴʥʠʢ ʽ ʟʥʘʤʝʥʥʠʢ ʬʦʨʤʫʣʠ (3.103) ʥʘ ʢʦʤʧʣʝʢʩʥʫ 

ʚʝʣʠʯʠʥʫ( )A jB- , ʤʘʻʤʦ: 

2 1 2 1 2 1 2 1
0 1 2 2 2 2

( ) ( ) ( ) ( )
.

A r r B x x A x x B r r
I u j

A B A B

- + - - - -è ø
= +é ù+ +ê ú

 
(3.106) 

ɼʘʣʽ, ʤʥʦʞʘʯʠ ʯʠʩʝʣʴʥʠʢ ʽ ʟʥʘʤʝʥʥʠʢ ʜʽʡʩʥʦʾ ʯʘʩʪʠʥʠ ʥʘ 1 B, ʘ ʫʷʚʥʦʾ 

ʯʘʩʪʠʥʠ ʥʘ 1 A, ʤʘʻʤʦ: 

2 1 2 1 2 1 2 1

0 1 2 2

( ) ( ) ( ) ( )
A B

r r x x x x r r
B AI u j

A B A B A

è ø
- + - - - -é ù

= +é ù
+ +

é ù
ê ú

. 

(3.107) 

ʇʝʨʝʤʽʱʝʥʥʷ ʷʢʦʨʷ ʜʘʪʯʠʢʘ ʚʠʢʣʠʢʘʻ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟʤʽʥʫ ʨʝʘʢʪʠʚʥʠʭ 

ʦʧʦʨʽʚ ʦʙʤʦʪʦʢ 1x  ʽ 2x , ʘʣʝ ʤʘʻ ʤʽʩʮʝ ʪʘʢʦʞ ʟʤʽʥʘ ʘʢʪʠʚʥʠʭ ʚʪʨʘʪ ʚ ʦʙʤʦʪʢʘʭ 

ʜʘʪʯʠʢʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʨʽʟʥʠʮʽ 2 1( )r r-  ʚ ʬʦʨʤʫʣʘʭ (3.103), 

(3.106) ʽ (3.107) ʽ ʚʝʜʝ ʜʦ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ. 

ʇʦʭʠʙʢʘ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʘ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʟʥʘʯʝʥʴ ʦʧʦʨʽʚ 

ʚʨʽʚʥʦʚʘʞʫʶʪʴ ʧʣʝʯʝʡ Z. ʇʨʠ ʚʠʙʦʨʽ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ Z, ʱʦ ɺ>>ɸ ʥʘ ʧʦʨʷʜʦʢ 

ʙʽʣʴʰʝ, ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ ʚ ʬʦʨʤʫʣʽ  (3.107) ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ 

2 1( )x x- , ʪʘʢ ʷʢ ʯʣʝʥʦʤ ʨʽʚʥʷʥʥʷ  2 1( )
A

r r
B
-   ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʟʚʘʞʘʶʯʠ ʥʘ 

ʡʦʛʦ ʤʘʣʽʩʪʴ. 

ʇʨʠ ʟʥʘʯʝʥʥʷʭ ʜʦʙʨʦʪʥʦʩʪʽ ʦʙʤʦʪʦʢ ʜʘʪʯʠʢʘ, ʙʽʣʴʰʠʭ ʦʜʠʥʠʮʽ, ʪʦʙʪʦ  

ʧʨʠ 2 1 2 1( ) ( )x x r r , ʢʦʣʠ ʨʽʟʥʠʮʷ 2 1 2 1( )r r x x- , ʫ ʬʦʨʤʫʣʽ (3.104) ʚʽʜ ʻʤʥʘ, ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ɸ ʥʝʦʙʭʽʜʥʦ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʫ ʬʦʨʤʫʣʽ 

(3.104) ʤʘʪʠ ʧʦʟʠʪʠʚʥʠʤ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚ ʷʢʦʩʪʽ 
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ʚʨʽʚʥʦʚʘʞʫʶʪʴ ʦʧʦʨʽʚ Z ʘʢʪʠʚʥʠʭ ʦʧʦʨʽʚ R. ʌʦʨʤʫʣʠ (3.104) ʽ (3.105) ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʠʡʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

1 2 1 2 1 2( ) 2( )A R r r r r x x= + + - , (3.108) 

 

1 2 1 2 2 1( ) 2( )B R x x r x r x= + + - . (3.109) 

 

ʏʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ R ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʩʪʘʪʥʴʦ ʚʠʟʥʘʯʘʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ (3.108), ʤʽʥʽʤʽʟʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ɸ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʦʧʦʨʽʚ 

ʦʙʤʦʪʦʢ ʜʘʪʯʠʢʘ 1r , 1x , 2r  ʪʘ 2x  ʚ ʨʽʚʥʦʚʘʞʥʦʤʫ ʨʝʞʠʤʽ ʤʦʩʪʘ ʧʨʠ 

ʥʝʚʽʜʭʠʣʝʥʦʤʫ ʷʢʦʨʽ ʜʘʪʯʠʢʘ. ʇʨʠʨʽʚʥʶʶʯʠ ʫ ʬʦʨʤʫʣʽ (3.108) ɸ = 0, 

ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ ʜʣʷ Ὑ: 

1 2 1 2

1 2

2( )x x r r
R

r r

-
=

+
. (3.110) 

 ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ, ʚʠʢʣʠʢʘʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʟʥʘʯʝʥʴ 

1r  ʪʘ 2r , ʟʤʝʥʰʫʻʪʴʩʷ ʪʠʤ ʩʠʣʴʥʽʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ɺ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ɸ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʧʣʠʚʘʻ ʟ ʬʦʨʤʫʣʠ (3.107). 

 

ʈʠʩ.3.34. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʯʘ ʧʝʨʝʤʽʱʝʥʥ ̫

 

ʉʪʨʫʢʪʫʨʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ  ʧʨʠʩʪʨʦʶ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.3.34 ʤʽʩʪʠʪʴ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ, ʦʙʤʦʪʢʠ ʷʢʦʛʦ L1, L2, ʘ ʪʘʢʦʞ 

ʚʨʽʚʥʦʚʘʞʫʶʯʽ  ʽʤʧʝʜʘʥʩʠ  Z1 ʽ Z2 (ʻʤʢʦʩʪʽ ʉ1 ʪʘ ʉ2 ʚʽʜʧʦʚʽʜʥʦ), ʜʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ ï ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʫ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ G, ʚʢʣʶʯʝʥʠʡ ʚ 
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ʜʽʘʛʦʥʘʣʴ ʞʠʚʣʝʥʥʷ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʘʥʦ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘ ʜʽʦʜʘʭ D1éD4 (ʢʽʣʴʮʝʚʠʡ ʜʝʪʝʢʪʦʨ) [13,14]. 

ʇʽʜʙʽʨ ʚʝʣʠʯʠʥ ʟʥʘʯʝʥʴ ʦʧʦʨʽʚ ʤʽʥʽʤʽʟʫʻ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʘʢʪʠʚʥʠʭ ʦʧʦʨʽʚ ʦʙʤʦʪʦʢ ʜʘʪʯʠʢʘ 

ʪʘ ʚʨʽʚʥʦʚʘʞʫʻ ʤʦʩʪʦʚʫ ʩʭʝʤʫ ʥʘ ʥʫʣʴʦʚʽʡ ʚʽʜʤʽʪʮʽ.  

ɺʠʤʽʨʶʚʘʣʴʥʘ ʯʘʩʪʠʥʘ ʧʨʠʩʪʨʦʶ, ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ ʧʝʨʝʤʽʱʝʥʥʷ ʚ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʤʽʩʪʠʪʴ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ, ʦʙʤʦʪʢʠ L1 

ʽ L2 ʷʢʦʛʦ ʚʢʣʶʯʝʥʽ ʚ ʜʚʘ ʧʣʝʯʘ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ, ʚ ʜʚʘ ʽʥʰʠʭ ʧʣʝʯʘ ʚʢʣʶʯʝʥʽ 

ʻʤʢʦʩʪʽ ʉ1, ʉ2 (ʽʤʧʝʜʘʥʩʠ Z3 ʽ Z4). ɼʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ G - ʛʝʥʝʨʘʪʦʨ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ, ʚʢʣʶʯʝʥʠʡ ʚ ʜʽʘʛʦʥʘʣʴ ʞʠʚʣʝʥʥʷ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ 

[11,12].  

ʇʨʠ ʨʦʟʙʘʣʘʥʩʫʚʘʥʥʽ ʤʦʩʪʦʚʦ ʾʩʭʝʤʠ ʚ ʜʽʘʛʦʥʘʣʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʯʠʥʘʻ 

ʧʨʦʪʽʢʘʪʠ ʪʦʢ 0I  , ʷʢʠʡ  ʧʨʦʧʦʮʽʡʥʠʡ ʟʤʽʥʽ ʥʝʤʘʛʥʽʪʥʠʭ ʟʘʟʦʨʽʚ ʥʘ ʩʝʨʜʝʯʥʠʢʘʭ 

L1 ʽ L2.  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʨʠ ʟʤʽʥʽ  ʯʘʩʪʦʪʠ  ʦʧʦʨʥʦʾ  ʥʘʧʨʫʛʠ  ʞʠʚʣʝʥʥʷ  ʤʦʩʪʘ  ʧʨʠ ʩʪʘʣʽʡ ʘʤʧʣʽʪʫʜʽ 

ʢʦʣʠʚʘʥʴ 1u  =5ɺ,  ʷʢʘ ʟʘʜʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ G. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʦʤ ʥʘ ʨʠʩ.3.35.  

 

ʈʠʩ.3.35. ɿʘʣʝʞʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʯʘ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ 

 ʥʘʧʨʫʛʠ   ʞʠʚʣʝʥʥʷ 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ ʟʘʣʝʞʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ ʚʽʜ ʯʘʩʪʦʪʠ ʦʧʦʨʥʦʾ 

ʥʘʧʨʫʛʠ ʤʘʻ ʤʘʡʞʝ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʟ ʜʝʷʢʠʤ ʧʽʜ ʻʤʦʤ  ʧʦʯʠʥʘʶʯʠ ʟ 4,5 ʢɻʮ, 
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ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʨʠʩʫʪʥʽʩʪʶ ʻʤʥʦʩʪʽ ʦʙ ʻʤʥʦʛʦ ʤʦʥʪʘʞʫ ʩʭʝʤʠ, ʪʘ ʤʘʻ 

ʩʧʘʜ ʥʘ ʯʘʩʪʦʪʘʭ ʙʽʣʴʰʠʭ 6,5 ʢɻʮ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʨʦʩʪʦʤ ʨʝʘʢʪʠʚʥʦʛʦ 

ʦʧʦʨʫ ʽʥʜʫʢʪʠʚʥʠʭ ʦʙʤʦʪʦʢ L1 ʽ L2 ʜʘʪʯʠʢʘ. ʆʧʪʠʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʦʧʦʨʥʦʾ 

ʥʘʧʨʫʛʠ ʚ ʜʘʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʻ ʯʘʩʪʦʪʘ ʚ 6.5 ʢɻʮ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʦʙʦʪʫ ʜʘʥʦʾ ʩʭʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʧʨʝʜʤʝʪ ʩʪʘʣʦʾ ʨʦʙʦʪʠ 

ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʾʾ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʤʽʩʪ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ LC ʝʣʝʤʝʥʪʘʤʠ ʤʘʻ ʥʘʡʙʽʣʴʰʫ 

ʯʫʪʣʠʚʽʩʪʴ, ʚ ʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ʊʦʙʪʦ ʢʦʣʠ ʯʘʩʪʦʪʘ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ʩʧʽʚʧʘʜʘʻ ʟ ʚʣʘʩʥʦʶ ʨʝʟʦʥʘʥʩʥʦʶ ʯʘʩʪʦʪʦʶ ʢʦʥʪʫʨʽʚ ʤʦʩʪʘ. ʊʘʢ ʷʢ 

ʛʝʥʝʨʘʪʦʨ ʞʠʚʣʝʥʥʷ ʩʭʝʤʠ ʤʦʩʪʘ ʧʨʘʮʶʻ ʥʘ LC ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ ʤʘʻ ʤʽʩʮʝ 

ʟʨʫʝhʥʥʷ ʬʘʟ ʤʽʞ ʥʘʧʨʫʛʦʶ ʪʘ ʪʦʢʦʤ. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʶ ʮʴʦʤʫ ʚ ʩʭʝʤʽ ʞʠʚʣʝʥʥʷ ʤʦʩʪʘ ʟʘʩʪʦʩʦʚʘʥʘ ʌɸʇʏ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʌɸʇʏ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.36. 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʌɸʇʏ ʻ ʬʘʟʦʚʠʡ ʜʝʪʝʢʪʦʨ (ʌɼ), ʥʘ 

ʚʭʦʜʠ ʷʢʦʛʦ ʯʝʨʝʟ ʢʦʤʧʘʨʘʪʦʨʠ (ʩʧʨʘʮʴʦʚʫʶʪʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʩʠʛʥʘʣʫ ʯʝʨʝʟ 

ʥʫʣʴ) ʧʦʜʘʶʩʷ ʢʝʨʫʶʯʠ ʩʠʛʥʘʣʠ. ʈʽʟʥʠʮʷ ʬʘʟ ʮʠʭ ʩʠʛʥʘʣʽʚ ʻ ʟʨʫʰʝʥʥʷʤ ʬʘʟ 

ʤʽʞ ʥʘʧʨʫʛʦʶ ʪʘ ʪʦʢʦʤ ʞʠʚʣʝʥʥʷ. ʌɼ ʬʦʨʤʫʻ ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ, ʽ ʯʝʨʝʟ ʬʽʣʴʪʨ 

ʥʠʞʥʽʭ ʯʘʩʪʦʪ (ʌʅʏ)  ʧʦʜʘʻ ʡʦʛʦ ʥʘ ʛʝʥʝʨʘʪʦʨ ʢʝʨʫʻʤʠʡ ʥʘʧʨʫʛʦʶ (ɻʂʅ).  

ɻʂʅ ʧʽʜ ʜʽʻʶ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʧʽʜʣʘʰʪʦʚʫʻ ʯʘʩʪʦʪʫ ʞʠʚʣʝʥʥʷ. ɺʽʜʙʫʚʘʻʪʴʩʷ 

ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʬʘʟ ʥʘʧʨʫʛʠ ʪʘ ʪʦʢʫ. 

 

ʈʠʩ.3.36. ʉʪʨʫʢʪʫʨʥʘ  ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʯʘ ʧʝʨʝʤʽʱʝʥʥʷ ʟ ʌɸʇʏ 
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ɿʘʣʝʞʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʯʘ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

ʟ ʌɸʇʏ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.37. 

 

ʈʠʩ.3.37. ɿʘʣʝʞʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʯʘ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ʟ ʌɸʇʏ 

 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʌʅʏ, ʷʢʠʡ ʚʢʣʶʯʘʻʪʴʩʷ ʤʽʞ ʚʠʭʦʜʦʤ ʌɼ ʽ 

ʚʭʦʜʦʤ ɻʂʅ  ʚʠʟʥʘʯʘʻ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʯʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʌɸʇʏ [15]. 

ʆʩʮʠʣʦʛʨʘʤʠ ʥʘʧʨʫʛ ʚ ʣʘʥʮʶʛʫ ʚʠʤʽʨʶʚʘʥʥʷ 1 ʪʘ ʚ ʣʘʥʮʶʛʫ ʞʠʚʣʝʥʥʷ 2 

ʙʝʟ ʌɸʇʏ ʪʘ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʌɸʇʏ ʥʘʚʝʜʝʥʽ ʚ ɼʦʜʘʪʢʫ ɹ.1. 

ʆʩʢ̔ʣʢɹʠ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʨʷ 1 (ʨʠʩ.3.32) ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʦʜʥʽʻʾ ʟ ʦʙʤʦʪʦʢ ʽ ʟʤʝʥʰʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚ ʽʥʰʽʡ ʥʘ ʦʜʥʝ ʽ ʪʝ ʞ ʟʥʘʯʝʥʥʷ, ʪʦ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʊʦʙʪʦ ʩʠʩʪʝʤʘ ʌɸʇʏ ʧʨʘʮʶʻ ʚ ʚʫʟʴʢʦʤʫ ʢʨʠʜʦʨʽ ʬʘʟʦʚʠʭ 

ʟʨʫʰʝʥʴ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʽ ʌɸʇʏ ʜʦʩʷʛʥʫʪʦ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʣʽʥʽʡʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ Ñ0,1 ʤʤ.  

ʆʢʨʝʤʦ ʧʦʪʨʽʙʥʦ ʚʽʜʤʽʪʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʘʞʝʣʽʚ 

ʧʨʠ ʧʝʨʝʜʘʯʽ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ ʦʙ ʻʢʪʫ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦ ʜʘʪʯʠʢʘ 

(ʨʠʩ.3.26). ɺʘʞʽʣʴʥʽ ʩʭʝʤʠ ʜʘʪʯʠʢʽʚ ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʥʩʪʨʫʶʚʘʪʠ ʩʠʩʪʝʤʠ ʜʣʷ 

ʙʘʛʘʪʦʜʽʘʧʘʟʦʥʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʷʭ ʤʽʢʨʦʥʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʘʞʽʣʴʥʽ ʩʭʝʤʠ ʜʘʪʯʠʢʽʚ ʚʥʦʩʷʪʴ ʚʝʣʠʢʫ 
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ʧʦʭʠʙʢʫ ʚ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʦʤʫ ʙʽʣʴʰʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʝʮʠʟʽʡʥʠʭ 

ʚʘʞʽʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʤʘʻ ʦʜʠʥ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʚʘʞʽʣʴ.  

ʇʦʭʠʙʢʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʦʜʥʦʛʦ ʚʘʞʝʣʷʭ ʩʢʣʘʜʘʻ:  

y

n

s+
D= , 

ʜʝ  2

1

l
n

l
=  - ʧʝʨʝʜʘʚʘʣʴʥʽ  ʚʽʜʥʦʩʠʥʠ  ʧʝʨʰʦʛʦ  ʽ ʜʨʫʛʦʛʦ  ʧʣʝʯʘ  ʚʘʞʝʣʷ;  

s - ʧʦʭʠʙʢʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʣʝʯʘ;  

ʫ -ʧʦʭʠʙʢʘ ʢʦʥʪʘʢʪʥʦʾ ʧʘʨʠ (ʧʦʭʠʙʢʘ ʥʘʩʪʨʦʡʢʠ). ʎʷ ʧʦʭʠʙʢʘ  ̒ʘʜʠʪʠʚʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʚ ʟʘʛʘʣʴʥʽʡ ʧʦʭʠʙʮʽ ʚʠʤʽʨʶʚʘʥʥʷ.   

 ʇʨʦʚʝʜʝʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʪʨʦʶ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʜʠʬʝʨʝʥʮʽʡʥʘ  ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʜʘʪʯʠʢʘ ʧʽʜʚʠʱʠʣʘ ʡʦʛʦ ʯʫʪʣʠʚʽʩʪʴ ʚ ʜʚʘ ʨʘʟʠ. 

ʏʫʪʣʠʚʽʩʪʴ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ ʛʝʥʝʨʘʪʦʨʘ G 

(ʨʠʩ.3.28). ʄʘʢʩʠʤʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʘ ʧʨʠ ʯʘʩʪʦʪʽ ʛʝʥʝʨʘʪʦʨʘ 6,5 ʢɻʮ ʽ 

ʩʪʘʥʦʚʠʪʴ 1,87 ʤʢɸ/ʤʢʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʌɸʇʏ ʚ ʣʘʥʮʶʛʫ ʞʠʚʣʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ ʜʘʣʦ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʣʽʥʽʡʥʦʩʪʽ ʜʦ Ñ6 ʤʤ ʪʘ 

ʧʽʜʚʠʱʠʣʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʨʦʙʦʪʽ ʩʭʝʤʠ. ʊʘʢʦʞ ʧʦʢʨʘʱʠʚʩʷ ʧʦʢʘʟʥʠʢ 

ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʘ 

ʧʨʠ ʯʘʩʪʦʪʽ ʛʝʥʝʨʘʪʦʨʘ 5,3 ʢɻʮ ʽ ʩʪʘʥʦʚʠʪʴ 3,48 ʤʢɸ/ʤʢʤ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʠʤʽʨʶʚʘʯʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʘ ʧʦʭʠʙʢʘ 

ʩʢʣʘʜʘʻ ʥʝ ʙʽʣʴʰʝ 3ɽ10-3ʤʤ/Áʉ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ (5é40)Áʉ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʧʦʰʫʢʠ ʰʣʷʭʽʚ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʜʘʪʯʠʢʘ.  ʊʘʢʦʞ ʧʨʠ ʚʠʙʦʨʽ ʚʨʽʚʥʦʚʘʞʫʶʯʠʭ 

ʦʧʦʨʽʚ ʧʣʝʯʝʡ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ ʟ ʤʝʪʦʶ ʦʧʪʠʤʘʣʴʥʦʾ ʤʽʥʽʤʽʟʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ɸ, 

ʥʝʦʙʭʽʜʥʦ ʫ ʬʦʨʤʫʣʽ (3.110) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʦʧʦʨʽʚ ʦʙʤʦʪʦʢ 

ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ ʥʝ ʚ ʨʽʚʥʦʚʘʞʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʤʦʞʣʠʚʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ. ʇʨʠ ʮʴʦʤʫ ʟʤʽʥʘ ʧʦʢʘʟʘʥʴ ʩʠʛʥʘʣʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʪʽʣʴʢʠ ʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʚ 

ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʜʽʘʛʦʥʘʣʽ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ.  
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ɺʢʘʟʘʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʘʪʯʠʢʘ ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʦʪʨʠʤʘʥʽ 

ʚ ʜʽʘʧʘʟʦʥʽ  ʧʝʨʝʤʽʱʝʥʴ 0...Ñ0,6 ʤʤ. ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʚʢʘʟʘʥʦʛʦ ʟ ʷʚʣʷʻʪʴʩʷ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʫ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʩʽʶʚʘʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʚ ʟʦʥʽ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ. 

 

3.7. ʉʠʥʪʝʟ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ 

ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʧʨʦʚʝʜʝʥʽ ʚʠʱʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʥʪʝʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ  ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ (ʫʜʘʨʥʠʭ) 

ʩʠʛʥʘʣʽʚ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.38. 

 

 

ʈʠʩ.3.38.  ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ ʚʽʙʨʘʮʽʡʥʠʭ  ʩʠʛʥʘʣʽʚ 
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ʉʭʝʤʘ ʧʦ ʩʚʦʾʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʚ ʧʦʚʥʽ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘʧʠʪʘʤ ʜʦ ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ, ʚʠʢʣʘʜʝʥʠʭ ʚ ʧ.ʧ.1.8 ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʚʪʦʥʦʤʥʦʛʦ 

ʨʝʻʩʪʨʘʪʦʨʘ  ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, ʚʽʥ ʜʦʜʘʪʢʦʚʦ ʦʙʣʘʜʥʘʥʠʡ 

ʪʦʢʦʚʠʤ ʚʭʦʜʦʤ (0-20ʤɸ), ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʜʘʪʯʠʢ ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ 

ʽʥʬʨʘʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ (0-5) ɻʮ. 

ʂʝʨʫʚʘʥʥʷ, ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʧʣʘʪʥʠʤ 

ʢʦʥʪʨʦʣʝʨʦʤ. 

ʇʦʩʪʽʡʥʠʡ ʟʘʧʦʤʠʥʘʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʇɿʇ) ʨʝʻʩʪʨʘʪʦʨʘ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ 

ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʽʡ ʧʘʤ ʷʪʽ ʝʤʥʽʩʪʶ 32 ɻʙʘʡʪ. 

 ʈʝʻʩʪʨʘʪʦʨ ʥʝ ʚʦʣʦʜʽʻ ʜʦʜʘʪʢʦʚʠʤʠ  ʚʭʦʜʘʤʠ ʢʝʨʫʚʘʥʥʷ, ʩʠʥʭʨʦʥʽʟʘʮʽʾ, 

ʪʘ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʦʯʽʢʫʚʥʥʷʤ ʽ ʪ.ʽ.  

ʆʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʤʝʨʝʞʝʶ ʘʙʦ ʦʢʨʝʤʠʤ ʇʂ ʨʝʻʩʪʨʘʪʦʨ ʟʜʽʡʩʥʶʻ 

ʯʝʨʝʟ ʦʧʪʠʯʥʠʡ ʢʘʙʝʣʴ. ʆʧʪʠʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʟʘʭʠʱʝʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʥʫ ʚʽʜʩʪʘʥʴ ʧʝʨʝʜʘʯʽ. 

 

ɺʠʩʥʦʚʢʠ  ʜʦ  ʨʦʟʜʽʣʫ  3 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʘ   ʷʢ ʜʝʤʧʬʝʨʘ, ʥʘ ʚʽʜʛʫʢ ʩʠʩʪʝʤʠ 

ʥʘ ʫʜʘʨʥʫ ʜʽʶ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʝʡʩʤʦʤʘʩʩʠ 

ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʧʽʜʩʪʘʚʢʘ ʢʦʨʧʫʩʫ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʚ'ʷʟʢʦʧʨʫʞʥʽʡ 

ʧʨʦʢʣʘʜʮʽ (ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨʘ) ʧʽʜ ʜʽʻʶ ʧʨʠʩʢʦʨʝʥʥʷ. ʂʦʣʠʚʘʥʥʷ 

ʚ'ʷʟʢʦʧʨʫʞʥʦʾ ʧʨʦʢʣʘʜʢʠ ʦʧʠʩʘʥʽ ʨʽʚʥʷʥʥʷʤʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʦʣʠʚʘʥʥʷ 

ʢʦʨʧʫʩʫ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʷʢ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘ ʙʫʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʝʥʘ, ʘ ʨʝʟʫʣʴʪʘʪʠ 

ʪʝʩʪʽʚ ʧʦʢʘʟʘʣʠ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ. ʇʦʚʪʦʨʶʚʘʥʽʩʪʴ 

ʧʨʦʮʝʜʫʨʠ ʤʦʥʪʘʞʫ ʬʽʣʴʪʨʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʙʝʟ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ 

ʤʝʭʘʥʽʯʥʠʡ ʬʽʣʴʪʨ ʤʘʻ ʪʘʢʽ ʢʨʠʪʠʯʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ: 
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- ʄʝʭʘʥʽʯʥʝ ʧʦʻʜʥʘʥʥʷ ʬʽʣʴʪʨʘ ʽ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʦʚʠʥʥʦ ʙʫʪʠ ʜʦʩʠʪʴ 

ʤʽʮʥʠʤ, ʱʦʙ ʚʠʪʨʠʤʫʚʘʪʠ ʩʠʣʴʥʽ ʫʜʘʨʠ (ʙʘʛʘʪʦ çʽʟʦʣʷʪʦʨʽʚè, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʚʽʙʨʦʽʟʦʣʷʮʽʾ, ʧʨʦʩʪʦ ʨʫʡʥʫʶʪʴʩʷ ʧʨʠ ʫʜʘʨʽ). 

- ɼʦʙʨʦʪʥʽʩʪʴ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʘ ʤʘʻ ʙʫʪʠ ʜʫʞʝ ʥʠʟʴʢʦʶ, ʱʦʙ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʽ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʣʽʥʽʡʥʽʩʪʴ ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʝʤʧʬʫʶʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʫʟʛʦʜʞʝʥʥʽ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟ ʤʝʭʘʥʽʯʥʠʤ ʬʽʣʴʪʨʦʤ. 

- ɺʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ ʤʽʞ ʜʘʪʯʠʢʦʤ ʽ ʤʦʥʪʘʞʥʦʶ ʧʦʚʝʨʭʥʝʶ ʥʝ ʧʦʚʠʥʥʦ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʣʽʥʽʡʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʨʫʞʠʥʦ-ʜʝʤʧʬʦʚʘʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. 

ʊʦʤʫ ʱʦ, ʢʦʣʠ ʘʢʩʝʣʝʨʦʤʝʪʨ çʜʦʩʷʛʘʻ ʥʠʞʥʴʦʾ ʤʝʞʽè ʬʽʣʴʪʨʘ, ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ 

ʽʟʦʣʷʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʽʣʴʪʨʘ ʟʥʠʢʘʻ ʽ ʜʘʪʯʠʢ ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ ʟʘʭʠʩʪʫ. 

- ʇʝʨʝʜʘʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʽʯʥʦʛʦ ʬʽʣʴʪʨʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʽ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ  

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʚʪʦʨʶʚʘʥʠʤʠ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ. 

ʇʨʠ ʢʦʥʚʝʨʪʘʮʽʾ ʩʠʛʥʘʣʫ ʘʥʘʣʦʛʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʚ 

ʜʠʩʢʨʝʪʥʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  Ɇæ ɸʎʇ ʟ 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʻʶ, ʷʢʠʡ ʧʨʘʮʶʻ ʪʘʢʦʞ ʷʢ ʩʧʦʪʚʦʶʯʠʡ ʌʅʏ, ʱʦ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʽʚ (ʟʙʽʣʴʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ). 

 ɼʣʷ ʫʩʫʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʧʨʠʩʪʨʦʻʤ ʢʦʤʧʝʥʩʘʮʽʾ, 

ʷʢʠʡ ʻ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ɸʥʘʣʽʟʫʶʯʠ ʚʝʣʠʯʠʥʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʪʯʠʢʘ, ʩʭʝʤʘ ʟʜʽʡʩʥʶʻ ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʥʴʦʛʦ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʤʧʝʥʩʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ. 
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ɺ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʪʘ ʘʣʛʦʨʠʪʤ  

ʨʦʟʨʘʭʫʥʢʫ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʫ ʚʽʜʧʦʚʽʜʽ  ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʽʤʧʫʣʴʩʥʠʤ 

ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷʤ, ʟʘʜʘʯʘ ʚʠʜʘʣʝʥʥʷ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʟ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ  ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʧʽʢʽʚ ʷʢ ʢʨʠʪʝʨʽʶ  ʘʥʘʣʽʟʫ ʚʠʧʘʜʢʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ. 

 

4.1. ʄʝʪʦʜʠʢʘ ʪʘ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʫ ʧʨʠ 

ʚʧʣʠʚʽ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʽʤʧʫʣʴʩʥʠʤ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷʤ 

ɺ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙʣʘʩʪʷʭ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʽʙʨʘʮʽʾ ʽ ʫʜʘʨʽʚ. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ 

ʙʫʜʴ-ʷʢʠʭ ʚʠʨʦʙʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʘʙʦ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʽʙʨʘʮʽʾ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʨʤʦʥʽʡʥʠʡ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʩʠʛʥʘʣ ʟ ʭʠʪʘʥʥʷʤ ʯʘʩʪʦʪʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʽ ʥʝʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʘʭ 

ʟ'ʷʩʫʚʘʪʠ ʧʝʨʝʜʘʚʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʚʠʨʦʙʫ, ʯʘʩʪʦʪʠ 

ʨʝʟʦʥʘʥʩʽʚ ʽ ʾʭ ʜʦʙʨʦʪʥʽʩʪʴ. ʅʘʩʪʫʧʥʠʤ ʟʘ ʯʘʩʪʦʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʦʜʠʥʦʯʥʽ ʽ ʙʘʛʘʪʦʨʘʟʦʚʽ ʫʜʘʨʥʽ ʚʧʣʠʚʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʜʘʨʥʽ ʚʧʣʠʚʠ ʢʨʽʤ ʦʮʽʥʢʠ ʧʦʰʢʦʜʞʝʥʴ ʽ ʨʫʡʥʫʚʘʥʴ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʽʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʚʠʨʦʙʫ. ʆʩʥʦʚʥʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʛʘʨʤʦʥʽʡʥʠʤ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʽ 

ʫʜʘʨʥʠʤ ʚʧʣʠʚʦʤ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʧʨʦʪʷʟʽ ʚʩʽʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʜʽʻ ʟʦʚʥʽʰʥʷ ʟʙʫʜʞʫʶʯʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʟʽ ʩʚʦʻʶ ʯʘʩʪʦʪʦʶ, ʘ ʚ 

ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʧʽʩʣʷ ʢʦʨʦʪʢʦʛʦ ʚ ʯʘʩʽ ʚʧʣʠʚʫ ʧʦʨʫʰʫʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽ 

ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʦʙ ʻʢʪʫ ʟ ʚʣʘʩʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʽʜʛʫʢ 

ʩʠʩʪʝʤʠ ʥʘ ʚʧʣʠʚ.  
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ʗʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʤʯʘʩʦʚʽ ʟʘʪʨʠʤʢʠ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʤʝʭʘʥʽʯʥʠʭ 

ʭʚʠʣʴ ʫ ʚʠʨʦʙʽ, ʪʦ ʧʝʨʝʜʘʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʽʤʧʫʣʴʩʥʽʡ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʚ ʨʝʘʣʴʥʠʭ ʚʠʨʦʙʘʭ ʽʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ [13]. ʊʦʤʫ ʧʨʠ ʘʥʘʣʽʟʽ ʫʜʘʨʥʠʭ ʚʧʣʠʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʪʨʠʤʢʫ ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ.  

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʧʦʪʫʞʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʚʽʙʨʦʩʪʝʥʜʽ ʥʘʡʟʨʫʯʥʽʰʝ ʟʘʜʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʩʠʣʦʶ ʽʤʧʫʣʴʩʥʦʾ ʜʽʾ - ʢʣʘʩʠʯʥʠʤ ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʠʤ ʪʠʤʯʘʩʦʚʠʤ ʩʠʛʥʘʣʦʤ 

ʟ ʚʽʜʦʤʠʤʠ ʘʤʧʣʽʪʫʜʦʶ ʽ ʪʨʠʚʘʣʽʩʪʶ [27]. 

ʅʘ ʨʠʩ.4.1. ʟʦʙʨʘʞʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʯʠʩʣʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ. ʉʭʝʤʘʪʠʯʥʦ ʮʝ ʧʣʘʪʬʦʨʤʘ, ʥʘ 

ʷʢʽʡ ʟʘʢʨʽʧʣʝʥʦ ʙʝʟʣʽʯ ʨʽʟʥʠʭ ʦʩʮʠʣʷʪʦʨʽʚ ʟ ʦʜʠʥʠʯʥʠʤ ʩʪʫʧʝʥʝʤ ʩʚʦʙʦʜʠ ʪʘ ʟ 

ʨʽʟʥʦʶ ʨʝʟʦʥʘʥʩʥʦʶ ʯʘʩʪʦʪʦʶ.  

 

 

ʈʠʩ.4.1. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʧʝʢʪʨʫ ʨʝʘʛʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʫʜʘʨʥʠʡ ʚʧʣʠʚ 
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ʋ ʢʦʞʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ ʩʚʦʷ ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʮʽ ʯʘʩʪʦʪʠ 

ʧʦʢʨʠʚʘʶʪʴ  ʮʽʢʘʚʠʡ ʜʣʷ ʥʘʩ ʜʽʘʧʘʟʦʥ ʟ ʜʦʧʫʩʪʠʤʦʶ ʪʦʯʥʽʩʪʶ. ʇʣʘʪʬʦʨʤʘ 

ʧʽʜʜʘʻʪʴʩʷ ʢʦʨʦʪʢʦʯʘʩʥʽʡ ʫʜʘʨʥʽʡ ʜʽʾ ʩʠʛʥʘʣʦʤ ʟʘʜʘʥʦʾ ʬʦʨʤʠ, ʘʤʧʣʽʪʫʜʠ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ.  

ʂʦʞʝʥ ʦʩʮʠʣʷʪʦʨ ʚʽʜʨʝʘʛʫʻ ʥʘ ʮʝʡ ʚʧʣʠʚ ʧʦ-ʩʚʦʻʤʫ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʦʩʮʠʣʷʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʥʘ ʚʭʽʜʥʠʡ 

ʚʧʣʠʚ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ. ʗʢʱʦ ʚʧʦʨʷʜʢʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʚ ʯʘʩʽ ʟʥʘʯʝʥʥʷ 

ʚʽʜʛʫʢʽʚ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʦʩʮʠʣʷʪʦʨʽʚ, ʪʦ ʚʠʡʜʝ ʫʜʘʨʥʠʡ ʩʧʝʢʪʨ. 

ʉʧʝʢʪʨ ʚʽʜʛʫʢʫ ʥʘ ʫʜʘʨ ( shock response spectrum -SRS) - ʮʝ ʯʘʩʪʦʪʥʘ 

ʬʫʥʢʮʽʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʥʜʠʢʘʮʽʾ ʚʝʣʠʯʠʥʠ ʚʽʙʨʘʮʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʫʜʘʨʫ ʘʙʦ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ.  

ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʧʨʦ ʨʦʟʚʠʪʦʢ ʽ ʘʜʘʧʪʘʮʽʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦ ʚʽʜʦʤʦʤʫ ʪʠʤʯʘʩʦʚʦʤʫ ʩʠʛʥʘʣʫ, ʱʦ ʜʽʻ ʥʘ 

ʜʦʩʣʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʜʝʨʞʫʚʘʥʠʭ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʪʨʘʜʠʮʽʡʥʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʝʪʦʜʘʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʩʠʪʴ ʛʨʦʤʽʟʜʢʽ ʩʧʝʢʪʨʠ ʌʫʨ'ʻ [28,29] ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʫʜʘʨʥʦʛʦ ʚʽʜʛʫʢʫ ʦʙʣʘʜʥʘʥʥʷ, ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʯʠ ʫʜʘʨʥʫ ʜʽʶ ŭ-ʬʫʥʢʮʽʻʶ 

ɼʽʨʘʢʘ [20,22]. 

ʅʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ 

ʚʽʜʛʫʢʫ ʦʙʣʘʜʥʘʥʥʷ, ʩʭʠʣʴʥʦʛʦ ʜʦ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ.  

ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʟʘʜʘʥʦʛʦ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʪʠʤʯʘʩʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʟʦʢʨʝʤʘ ʚ ʢʣʘʩʠʯʥʦʤʫ 

ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʚʠʛʣʷʜʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ. ʇʨʠʯʦʤʫ, 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʦʩʥʦʚʠ ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʽ ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ [11], 

ʜʦʩʣʽʜʞʫʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʤʦʜʝʣʶʻʪʴʩʷ ʧʨʦʩʪʦʶ ʦʜʥʦʤʘʩʦʚʦʶ ʩʠʩʪʝʤʦʶ 

ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 4.2. 

ɺ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʣʝʞʘʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʫʜʘʨʥʦʛʦ 

ʩʧʝʢʪʨʘ ʦʩʮʠʣʷʪʦʨʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʙʨʦʪʥʽʩʪʶ Q, ʧʨʠ ʟʘʜʘʥʽʡ 

ʙʝʟʧʝʨʝʨʚʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ a(t) ʥʘ ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ t  ɴ[0; 
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T], ʜʝ T - ʪʨʠʚʘʣʽʩʪʴ ʚʧʣʠʚʫ. ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʦʩʮʠʣʷʪʦʨʘ, ʧʦʨʫʰʝʥʦʾ ʪʠʤʯʘʩʦʚʠʤ 

ʩʠʛʥʘʣʦʤ a(t), ʤʘʻ ʚʠʛʣʷʜ: 

22 ( ),x x x a txw w+ + =-                               (4.1) 

ʜʝ: , ,x x x- ʚʽʜʥʦʩʥʽ ʧʨʠʩʢʦʨʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ  ʤʘʩʠ m, 

ʚʽʜʧʦʚʽʜʥʦ;   Ҿ - ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʝʤʧʬʽʨʫʚʘʥʥʷ;   ( )a t   - 

ʚʽʙʨʘʮʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ,  ʷʢʝ ʜʽʻ ʥʘ ʩʠʩʪʝʤʫ;  x - ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ. 

 

 

ʈʠʩ.4.2. ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʟ ʦʜʥʠʤ ʩʪʫʧʝʥʝʤ ʩʚʦʙʦʜʠ (single degree-of-

freedom ï SDOF) 

 

ʉʧʝʢʪʨ ʚʽʜʛʫʢʫ ʥʘ ʫʜʘʨ ʤʦʞʝ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʭʽʜʥʫ ʚʽʙʨʘʮʽʶ ʚʽʜ 

ʙʝʟʣʽʯʽ ʨʽʟʥʠʭ ʧʦʜʽʡ: ʚʽʜ ʟʝʤʣʝʪʨʫʩʽʚ ʜʦ ʧʽʨʦʪʝʭʥʽʯʥʠʭ ʚʠʙʫʭʽʚ ʪʘ ʙʘʣʽʩʪʠʯʥʠʭ 

ʫʜʘʨʽʚ. 

ʅʘ ʨʠʩ.4.2  ʚʚʝʜʝʥʽ ʩʣʽʜʫʶʯʽ ʧʦʟʥʘʯʝʥʥʷ: ( )a t - ʚʽʙʨʘʮʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ; 

( )ax t - ʘʙʩʦʣʶʪʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠ; 0x  - ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʤʘʩʠ; c - 

ʢʦʝʬʽʮʽʻʥʪ ʩʠʣʠ ʦʧʦʨʫ ʨʫʭʫ; k ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ; m ï ʤʘʩʘ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ (ʨʠʩ.2) ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ 

,
2

c

k m
x=

Ö
                                              (4.2) 

ʪʘ ʜʦʙʨʦʪʥʽʩʪʴ 

1
.

2
Q

x
=                                               (4.3) 

ʈʽʚʥʷʥʥʷ (4.1) ʜʦʧʦʚʥʶʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʷʤʠ 

ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ: 0 (0)x x=  ʽ
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0 (0)x x= . ʈʽʰʝʥʥʷ (4.1) ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ [8], ʷʢʠʡ ʚ 

ʨʘʟʽ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʜʣʷ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʥʘʙʠʨʘʻ ʚʠʛʣʷʜ 

( )

0

1
( ) sin( ( )) ( ) ,

t

ʩ t

d

d

x t e t a dw t w t t t
w

- -=- -ñ                (4.4) 

ʜʝ  21dw w x= - ï ʩʢʦʨʠʛʦʚʘʥʘ ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʤʧʬʽʨʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ. 

ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʦʩʮʠʣʷʪʦʨʘ ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʬʦʨʤʫʣʠ (4.4): 

[
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x t e t a d
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xw t
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w t t t
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å õ
= =- - =æ ö

ç ÷
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ø
- - ù
- ùú
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ñ          (4.5) 

ɿʥʘʶʯʠ x ʪʘ x, ʟ (4.1) ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʽʜʥʦʩʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʩʪʝʤʠ: 

2( ) 2x a t x xxw w=- - -.                    (4.6) 

ʊʦʜʽ ʘʙʩʦʣʶʪʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʩʫʤʘ ʚʽʜʥʦʩʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʦʩʥʦʚʠ a(t): 

ax x a= +.                                             (4.7) 

ʇʨʦʮʝʜʫʨʘ ʨʦʟʨʘʭʫʥʢʫ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʦʩʮʠʣʷʪʦʨʘ ʧʨʠ ʜʘʥʠʭ Q ʽ a(t) 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ ʽ ʥʘʚʝʜʝʥʘ ʘʣʛʦʨʠʪʤʦʤ ʥʘ ʨʠʩ.4.3. 

ʄʘʢʩʠʤʘʣʴʥʝ ʘʙʩʦʣʶʪʥʝ ʧʨʠʩʢʦʨʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ (4.6) ʽ (4.7), 

ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 

 

2

max max max

1
2x x x

g
xw w= - - ,                             (4.8) 

ʜʝ g=9,8ʤ/ʩ2 - ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʽ ʥʘ ʛʨʘʬʽʢʫ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ 

ʚʽʜʟʥʘʯʘʻʤʦ ʪʦʯʢʫ  (f, maxx ); 
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ʗʢʱʦ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʟʘʜʘʯʽ ʥʝ ʥʫʣʴʦʚʽ, ʪʦ ʚʽʜʥʦʩʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʩʮʠʣʷʪʦʨʘ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʦʤ ɼʶʘʤʝʣʷ, ʥʘʙʠʨʘʻ ʚʠʛʣʷʜʫ: 
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ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 

[

0 02 2

( )

2
0

( ) sin cos sin
1 1

cos( ( )) sin( ( )) ( ) .
1

t

d d d

t

t

d d

x t e x t x t t

e t t a d

xw

xw t

w x
w w w

x x

x
w t w t t t

x

-

- -

øè å õ
ù= - + + -æ öé

æ öù- -éê ç ÷ú

ø
- - - -ù

- ùú
ñ

            (4.9) 

ʈʽʚʝʥʴ ʤʽʮʥʦʩʪʽ ʚʠʨʦʙʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʽʡʢʽʩʪʶ ʜʦ ʚʽʙʨʘʮʽʾ, 

ʷʢʘ ʚʠʟʥʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʧʨʠʩʪʨʦʶ ʧʨʦʪʠʩʪʦʷʪʠ ʧʦʩʪʽʡʥʠʤ ʚʽʙʨʘʮʽʡʥʠʤ ʚʧʣʠʚʘʤ 

(ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʠʨʽʙ ʚʩʪʘʥʦʚʣʝʥʦ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʟʝʤʥʦʤʫ, 

ʧʦʚʽʪʨʷʥʦʤʫ ʯʠ ʚʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ) [14,30]. ʇʦʩʪʽʡʥʘ ʚʽʙʨʘʮʽʷ 

ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʚʫʟʣʽʚ, ʽ ʟʜʘʪʥʘ ʧʨʠʚʝʩʪʠ ʜʦ 

ʚʽʜʤʦʚʠ ʩʠʩʪʝʤʠ. ʇʨʠ ʪʝʩʪʫʚʘʥʥʽ ʚʠʨʦʙʽʚ ʥʘ ʧʦʩʪʽʡʥʫ ʚʽʙʨʘʮʽʶ ʥʝʦʙʭʽʜʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʟʠʪʠ ʜʦ ʨʝʘʣʴʥʦʩʪʽ ʨʽʚʝʥʴ ʪʝʩʪʫʚʘʥʥʷ ʽ ʧʽʜʜʘʪʠ ʚʽʙʨʘʮʽʾ 

ʚʠʨʽʙ ʚ ʫʤʦʚʘʭ, ʷʢ ʙʠ ʚʽʥ ʟʥʘʭʦʜʠʚʚʩʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʫʜʘʨ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʙʘʛʘʪʴʤʘ ʤʝʪʦʜʠʯʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ ʪʘ ʩʪʘʥʜʘʨʪʘʤʠ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʫʜʘʨʥʠʡ ʩʧʝʢʪʨ ʤʦʞʝ 

ʧʦʨʦʜʞʫʚʘʪʠʩʷ ʙʝʟʣʽʯʯʶ ʨʽʟʥʠʭ ʫʜʘʨʥʠʭ ʽʤʧʫʣʴʩʽʚ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ 

ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʫʜʘʨʥʠʡ ʩʧʝʢʪʨ ʧʦʢʘʟʫʻ ʤʘʢʩʠʤʘʣʴʥʽ ʧʝʨʝʥʘʧʨʫʛʠ ʚ 

ʚʠʧʨʦʙʫʚʘʥʦʤʫ ʚʠʨʦʙʽ, ʘʣʝ ʭʘʨʘʢʪʝʨ ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʤʦʞʝ ʽʩʪʦʪʥʦ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʨʽʟʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. ɯʟ ʩʫʢʫʧʥʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʜʘʨ, 

ʦʧʠʩʘʥʠʭ ʚ ʩʪʘʥʜʘʨʪʘʭ ɻʆʉʊ, ʄɽʂ ʪʘ ISO ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ, 

ʪʘʢ ʟʚʘʥʠʡ, çʢʣʘʩʠʯʥʠʡ ʫʜʘʨè, ʚ ʷʢʦʤʫ ʜʦʩʠʪʴ ʞʦʨʩʪʢʦ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʘ 
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ʫʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ [27,28]. ʆʪʞʝ ʫʜʘʨʥʽ ʩʧʝʢʪʨʠ ʙʫʜʫʪʴ ʪʘʢʦʞ ʞʦʨʩʪʢʦ 

ʚʠʟʥʘʯʝʥʽ (ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɹ.2). 

ʆʜʠʥ ʟ ʮʠʭ ʩʪʘʥʜʘʨʪʽʚ. ʎʝ MIL  - STD 810 (Military  Standard)- 

ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʚʽʡʩʴʢʦʚʠʡ ʩʪʘʥʜʘʨʪ, ʷʢʠʡ ʨʝʛʣʘʤʝʥʪʫʻ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ 

ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʽʙʨʘʮʽʡ ʪʘ ʫʜʘʨʽʚ [30]. 

ɿʘʟʚʠʯʘʡ ʚʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʦʨʪʦʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ɺʠʜʘʥʠʡ ʘʤʝʨʠʢʘʥʩʴʢʠʤ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʙʦʨʦʥʠ ʚ 60-ʭ ʨʦʢʘʭ 20 

ʩʪʦʣʽʪʪʷ ʩʪʘʥʜʘʨʪ MIL-STD 810 ʟʘʟʥʘʚ ʨʷʜ ʟʤʽʥ [30]. ʁʦʛʦ ʦʩʪʘʥʥʷ ʚʝʨʩʽʷ MIL-

STD 810H ʙʫʣʘ ʚʠʧʫʱʝʥʘ ʚ 2019ʨ. ʉʪʘʥʜʘʨʪ ʚʢʣʶʯʘʻ ʨʷʜ ʧʫʥʢʪʽʚ, ʷʢʽ ʷʢ 

ʧʨʘʚʠʣʦ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʩʠʣʘʥʥʽ ʥʘ ʩʪʘʥʜʘʨʪ (ʥʘʧʨʠʢʣʘʜ, 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʫ MIL-STD C/D/E/). 

MIL -STD810F ʤʘʻ ʨʷʜ ʢʝʨʽʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʽ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʜʽʾ ʧʨʠʨʦʜʥʠʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʥʘʚʢʦʣʠʰʥʽʭ ʷʚʠʱ ʥʘ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʽʡʩʴʢʦʚʠʭ ʘʙʦ ʢʦʤʝʨʮʽʡʥʠʭ ʮʽʣʷʭ. 

ʅʠʞʯʝ ʚ ʪʘʙʣ.4.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩ ʩʪʘʥʜʘʨʪʫ ʽ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʚʠʨʦʙʫ ʽ ʟʜʘʪʥʽʩʪʴ ʨʦʙʦʪʠ ʡʦʛʦ ʚ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʥʘʚʢʦʣʠʰʥʽʭ ʩʝʨʝʜʦʚʠʱʘʭ: 

ʊʘʙʣʠʮʷ 4.1  

ɺʠʤʦʛʠ MIL -STD810F (ʄʝʭʘʥʽʯʥʠʡ ʫʜʘʨ) 

ʆʩʦʙʣʠʚʦʩʪʽ ɺʠʤʦʛʘ ɿʚʽʪ 

ʄʝʭʘʥʽʯʥʠʡ 

ʫʜʘʨ 

ɺʢʣʶʯʝʥʠʡ ʩʪʘʥ: 

20 g, 11 ʤʩ, ʥʘʧʽʚʩʠʥʫʩʦʾʜʘ 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ, 

ʢʦʣʠ ʚʠʨʽʙ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ. ɺʪʨʘʪʘ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʠʨʦʙʫ ʥʝ 

ʚʠʷʚʣʝʥʘ. 

ɺʠʤʢʥʝʥʠʡ ʩʪʘʥ: 40 g, 11 ʤʩ, 

ʥʘʧʽʚʩʠʥʫʩʦʾʜʘ  

 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ ʟ ʦʜʥʠʤ ʩʪʫʧʝʥʝʤ ʩʚʦʙʦʜʠ ʷʢ ʦʜʠʥ ʟ  ʝʣʝʤʝʥʪʘʨʥʠʡ 

ʦʩʮʠʣʷʪʦʨ, ʽʟ ʥʘʙʦʨʫ ʦʩʮʠʣʷʪʦʨʽʚ ʩʠʩʪʝʤʠ (ʨʠʩ.4.1) ʽ ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚ ʩʝʨʝʜʦʚʠʱʽ Mathcad [6,15]. ʆʩʮʠʣʷʪʦʨ ʤʘʻ ʚʣʘʩʥʫ ʯʘʩʪʦʪʦʪʫ dw  ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ.  
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ʅʘ ʥʴʦʛʦ ʜʽʻ ʥʘʧʽʚʩʠʥʫʩʦʚʠʡ ʽʤʧʫʣʴʩ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʨʠʩ.4.4,4.5,4.6.  ɸʤʧʣʽʪʫʜʘ ʽʤʧʫʣʴʩʫ ʜʦʨʽʚʥʶʻ 20g. ʊʨʠʚʘʣʽʩʪʴ 11 ʤʽʣʽʩʝʢʫʥʜ.  

 ʇʨʠʩʢʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʽ ʩʠʩʪʝʤʠ ʜʣʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘʧʽʚʩʠʥʫʩʘ ʥʘ 

ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ 150 ɻʮ, 100ɻʮ ʪʘ 50 ɻʮ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.4.3,4.4,4.5 ʚʽʜʧʦʚʽʜʥʦ. 

 

ʈʠʩ.4.3. ɺʽʜʧʦʚʽʜʴ ʩʠʩʪʝʤʠ ʧʨʠ 150 ɻʮdw =  

 

 

ʈʠʩ.4.4. ɺʽʜʧʦʚʽʜʴ ʩʠʩʪʝʤʠ ʧʨʠ 100 ɻʮdw =  

 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʦʙʣʘʜʥʘʥʥʷ ʧʘʨʘʤʝʪʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʧʽʜʙʠʨʘʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʦʪʨʠʤʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʩʧʝʢʪʨ [20,21]. 
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ʗʢʱʦ ʩʧʝʢʪʨ ʚʽʜ ʦʜʠʥʦʯʥʦʛʦ ʚʧʣʠʚʫ ʥʝ ʧʦʢʨʠʚʘʻ ʟʘʜʘʥʠʡ, ʪʦ ʥʝʦʙʭʽʜʥʦ 

ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʽʤʧʫʣʴʩʠ ʟ ʨʽʟʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʽ ʪʨʠʚʘʣʽʩʪʶ, ʷʢ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʧʨʠʢʣʘʜʽ, ʨʦʟʨʘʭʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʠʛʥʘʣʫ ʫʜʘʨʥʽ ʩʧʝʢʪʨʠ ʽ ʧʦʙʫʜʫʚʘʪʠ ʾʭ ʦʛʠʥʘʶʯʫ. 

 

ʈʠʩ.4.5. ɺʽʜʧʦʚʽʜʴ ʩʠʩʪʝʤʠ ʧʨʠ 50 ɻʮdw =  

 

ɿʘʜʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʩʧʝʢʪʨ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʫʯʥʦ ʪʦʯʢʦʚʦ, ʫ 

ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦʾ ʤʝʪʦʜʠʢʦʶ. ʗʢʱʦ ʢʨʦʢ ʧʦ 

ʯʘʩʪʦʪʽ ʥʝ ʤʘʻ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ 

ʧʝʨʝʪʠʥʫ ʥʘʡʙʣʠʞʯʠʭ ʩʧʝʢʪʨʽʚ (ʜʠʚ. ʨʠʩ. 4.7). ʊʦʜʽ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʫʜʘʨʥʠʡ ʩʧʝʢʪʨ ʩʪʘʻ ʛʨʘʬʽʢʦʤ A(f) ʢʫʩʦʯʥʦ-ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ (ʨʠʩ.4.7) ʽ 

ʟʘʜʘʻʪʴʩʷ ʚʠʧʨʦʙʦʚʫʚʘʣʴʥʦʤʫ ʫʩʪʘʪʢʦʚʘʥʥʶ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʪʦʯʦʢ. 

ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʚʽʜʛʫʢʫ 

ʩʠʩʪʝʤʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʙʝʟʧʝʨʝʨʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʟʘʣʝʞʥʠʤ ʚʽʜ 

ʯʘʩʫ. ʄʝʪʦʜʠʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʽʰʝʥʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ [11,14], ʷʢʠʡ ʚ ʨʘʟʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʧʣʠʚʫ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʜʦʩʠʪʴ ʪʦʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʢʣʘʜʥʠʭ ʧʘʢʝʪʽʚ 

(ʥʘʧʨʠʢʣʘʜ Mathcad). ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʟʘʜʘʥʦʶ ʜʦʙʨʦʪʥʽʩʪʶ, ʩʭʠʣʴʥʦʛʦ 

ʜʦ ʚʧʣʠʚʫ ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʫʜʘʨʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ʅʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ 

ʨʠʩ. 4.6. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʛʫʢʫ ʧʨʠʣʘʜʽʚ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʙʝʟʧʝʨʝʨʚʥʠʭ ʪʠʤʯʘʩʦʚʠʭ ʩʠʛʥʘʣʘʭ.  

 

       ʈʠʩ.4.6. ʅʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʫʜʘʨʥʠʡ ʩʧʝʢʪʨ 

 

ʇʨʦʪʝ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ̔ʥ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʤ ʜʦ 

ʽʩʪʦʪʥʦ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ. 

 ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʚʽʜ 

ʽʤʧʫʣʴʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʥʘʜʽʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ 

ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʧʨʠʣʘʜʽʚ ʜʦ ʫʜʘʨʥʠʭ ʚʧʣʠʚʽʚ. 

 

4.2. ʄʝʪʦʜ ʚʠʜʘʣʝʥʥʷ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʟ ʚʽʙʨʘʮʽʡʥʦʛʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʦʢʨʽʤ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨô̒ , ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ ʜʦ ʽʥʰʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʟʦʢʨʝʤʘ, ʜʦ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ (ʘʙʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʭʚʠʣʴʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ). ɺʦʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʜʣʷ ʘʥʘʣʽʟʫ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟʘʚʜʘʥʴ ʧʦʜʽʙʥʦʛʦ ʨʦʜʫ ʚʠʷʚʣʷʻʪʴʩʷ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʥʽʞ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚʝʡʚʣʝʪ-

ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʨʦʟʢʣʘʜʘʥʥʷ ʜʘʥʠʭ ʥʝ ʧʦ ʩʠʥʫʩʦʾʜʽ (ʷʢ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ), ʘ ʧʦ ʽʥʰʠʭ ʬʫʥʢʮʽʷʭ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʚʝʡʚʣʝʪ ʫʪʚʦʨʶʶʯʠʤʠ (ʘʣʛʦʨʠʪʤ 

ɼɺʇ ʥʘʚʝʜʝʥʠʡ ʚ ɼʦʜʘʪʢʫ ɽ). ɺʝʡʚʣʝʪ ʫʪʚʦʨʶʶʯʽ ʬʫʥʢʮʽʾ, ʥʘ ʧʨʦʪʠʚʘʛʫ 
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ʥʝʩʢʽʥʯʝʥʥʦ ʦʩʮʠʣʶʶʯʽʡ ʩʠʥʫʩʦʾʜʽ, ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʜʝʷʢʽʡ ʦʙʤʝʞʝʥʽʡ ʦʙʣʘʩʪʽ 

ʩʚʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʘ ʜʘʣʝʢʦ ʚʽʜ ʥʝʾ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ ʘʙʦ ʤʽʟʝʨʥʦ ʤʘʣʽ.  

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ 

ʟʘʚʜʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ (ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʽʚ) ʩʪʦʩʦʚʥʦ ʜʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ 

ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʽʙʨʘʮʽʡʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ (ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʨʦʛʦʚʠʭ 

ʬʫʥʢʮʽʡ ʨʽʟʥʦʾ ʬʦʨʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʨʽʚʥʷ ʜʝʪʘʣʽʟʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ) 

[5]. ɿʘʜʘʚʰʠ ʧʝʚʥʠʡ ʧʦʨʽʛ ʜʣʷ ʾʭ ʨʽʚʥʷ ʽ çʚʽʜʩʽʢʘʶʯʠè ʢʦʝʬʽʮʽʻʥʪʠ ʥʠʞʯʝ ʮʴʦʛʦ 

ʧʦʨʦʛʘ, ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ. ɼʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʨʠʥʩʴʢʽ ʚʝʡʚʣʝʪʠ 

ɼʦʙʝʰʽ. 

ʆʩʢʽʣʴʢʠ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʩʢʘʣʷʨʥʠʤ ʧʝʨʝʤʥʦʞʝʥʥʷʤ 

ʘʥʘʣʽʟʫʶʯʦʛʦ ʚʝʡʚʣʝʪʘ ʥʘ ʟʘʜʘʥʦʤʫ ʤʘʩʰʪʘʙʽ ʽ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʩʰʪʘʙʥʦ-ʯʘʩʦʚʦʛʦ ʩʧʝʢʪʨʫ W(ʘ,b) ʤʽʩʪʷʪʴ ʢʦʤʙʽʥʦʚʘʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʥʘʣʽʟʫʶʯʠʡ ʚʝʡʚʣʝʪ ʽ ʘʥʘʣʽʟʫʻʤʠʡ ʩʠʛʥʘʣ (ʷʢ ʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʷʢʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʛʥʘʣ ʽ ʧʨʦ ʩʠʥʫʩʦʾʜʘʣʴʥʫ 

ʭʚʠʣʶ). ɺʠʙʽʨ ʘʥʘʣʽʟʫʶʯʦʛʦ ʚʝʡʚʣʝʪʘ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ  ʷʢʫ 

ʽʥʬʦʨʤʘʮʽʶ ʥʝʦʙʭʽʜʥʦ ʚʠʪʷʛʪʠ ʟ ʩʠʛʥʘʣʫ. ʂʦʞʝʥ ʚʝʡʚʣʝʪ ʤʘʻ ʭʘʨʘʢʪʝʨʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʯʘʩʦʚʦʤʫ ʽ ʚ ʯʘʩʪʦʪʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʦʤʫ ʽʥʦʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʭ ʚʝʡʚʣʝʪʽʚ ʤʦʞʥʘ ʧʦʚʥʽʰʝ ʚʠʷʚʠʪʠ ʽ ʧʽʜʢʨʝʩʣʠʪʠ ʪʽ ʯʠ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɺʝʡʚʣʝʪʠ ʜʦʙʨʝ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ, ʜʣʷ ʷʢʠʭ ʚʘʞʣʠʚʠʡ 

ʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʽ: ʚʝʡʚʣʝʪʠ ʟʙʝʨʽʛʘʶʪʴ ʥʘʧʨʷʤʦʢ ʯʘʩʫ ʽ ʥʝ ʩʪʚʦʨʶʶʪʴ 

ʧʘʨʘʟʠʪʥʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʽʞ ʤʠʥʫʣʠʤ ʽ ʤʘʡʙʫʪʥʽʤ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʘʥʘʣʽʟʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʩʠʛʥʘʣʫ ʘʙʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫʶʯʦʛʦ ʚʝʡʚʣʝʪʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʦʜʷʪʴ ʜʚʦʚʠʤʽʨʥʽ ʤʘʩʠʚʠ ʟʥʘʯʝʥʴ ʤʦʜʫʣʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʬʘʟʠ. 

ʊʦʙʪʦ ʚʝʡʚʣʝʪʥʠʡ ʤʘʩʰʪʘʙʥʦ-ʯʘʩʦʚʠʡ ʩʧʝʢʪʨ W(a,b) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʌʫʨ'ʻ-ʩʧʝʢʪʨʘ ʻ ʬʫʥʢʮʽʻʶ ʜʚʦʭ ʘʨʛʫʤʝʥʪʽʚ: ʯʘʩʦʚʦʛʦ ʤʘʩʰʪʘʙʫ ʚʝʡʚʣʝʪʘ - a (ʚ 

ʦʜʠʥʠʮʷʭ, ʟʚʦʨʦʪʥʠʭ ʯʘʩʪʦʪʽ), ʽ ʯʘʩʦʚʦʤʫ ʟʤʽʱʝʥʥʶ ʚʝʡʚʣʝʪʘ ʧʦ ʩʠʛʥʘʣʫ-b (ʚ 
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ʦʜʠʥʠʮʷʭ ʯʘʩʫ), ʧʨʠ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨʠ a ̔  b ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʙʫʜʴ-ʷʢʽ ʟʥʘʯʝʥʥʷ 

ʚ ʤʝʞʘʭ ʦʙʣʘʩʪʝʡ ʾʭ ʚʠʟʥʘʯʝʥʥʷ. ʇʦʷʚʘ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʽʚ 

ɼʦʙʝʰʽ ʘʙʦ ʪʘʢ ʟʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʟ ʢʦʤʧʘʢʪʥʠʤ ʥʦʩʽʻʤ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʩʠʣʠʣʦ 

ʽʥʪʝʨʝʩ ʜʦ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ, ʪʦʤʫ ʱʦ ʚʽʜʢʨʠʣʠʩʷ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʪʝʦʨʝʪʠʯʥʦʛʦ, ʘ ʡ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ ʪʝ, ʱʦ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʠ ɼʦʙʝʰʽ ʙʫʜʫʶʪʴʩʷ, 

ʚʠʭʦʜʷʯʠ ʟ ʢʨʠʪʝʨʽʶ ʜʦʚʞʠʥʠ ʬʽʣʴʪʨʽʚ ʽ, ʦʪʞʝ, ̒  ʬʽʣʴʪʨʘʤʠ ʟ ʢʽʥʮʝʚʠʤ ʯʠʩʣʦʤ 

ʢʦʝʬʽʮʽʻʥʪʽʚ [1,8]. ɺʝʡʚʣʝʪ-ʬʫʥʢʮʽʾ ɣ(x) ʬʽʣʴʪʨʽʚ ɼʦʙʝʰʽ ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʘʪʠ 

ʣʽʪʝʨʦʶ D ʟ ʜʦʜʘʚʘʥʥʷʤ ʮʠʬʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʚʞʠʥʽ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘ 

ɼʦʙʝʰʽ, ʪʦʙʪʦ D2, D4, D6 ʽ ʪ.ʜ. 

 

ʈʠʩ.4.7. ʄʘʪʝʨʠʥʩʴʢʠʡ ʚʝʡʚʣʝʪ ɼʦʙʝʰʽ D4 

 

ʊʝʦʨʝʪʠʯʥʫ ʦʩʥʦʚʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʰʫʤʫ ʩʪʘʥʦʚʣʷʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʛʦʚʠʭ ʬʫʥʢʮʽʡ 

ʨʽʟʥʦʾ ʬʦʨʤʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʨʽʚʥʷ ʜʝʪʘʣʽʟʫʶʯʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ [1,9]. 

ɺʟʘʛʘʣʽ ʽʜʝʷ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʰʫʤʽʚ ʟ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʨʝ ʩʚʽʡ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ ʥʘ ʧʦʯʘʪʢʫ 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʩʪʦʣʽʪʪʷ, ʚ ʷʢʠʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʦʛʦ ʧʦʨʦʛʫ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʛʘʫʩʦʚʩʢʦʛʦ ʙʽʣʦʛʦ ʰʫʤʫ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʘʭ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʚʰʠ ʧʦʨʽʛ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʽ çʚʽʜʩʽʢʘʶʯʠè ʢʦʝʬʽʮʽʻʥʪʠ 

ʥʠʞʯʝ ʮʴʦʛʦ ʧʦʨʦʛʘ, ʤʦʞʥʘ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʰʫʤʫ ʽ ʩʪʠʩʥʫʪʠ ʩʠʛʥʘʣ. 
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ɺʽʜʦʤʠʡ ʧʨʠʢʣʘʜ ʧʦʨʦʛʦʚʠʭ ʬʫʥʢʮʽʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.4.8. ʅʘ ʨʠʩ.4.8 (ʘ) 

ʧʨʠʚʝʜʝʥʘ ʞʦʨʩʪʢʘ ʧʦʨʦʛʦʚʘ ʬʫʥʢʮʽʷ - hard (ʞʦʨʩʪʢʘ ʧʦʨʦʛʦʚʘ ʦʮʽʥʢʘ), ʱʦ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

,   ̫ ʢʱʦ   
( )

0,   ̫ ʢʱʦ 

x x T
y x

x T

ë ²î
=ì

<îí
 (4.10) 

 

ʊʫʪ ʚ ʷʢʦʩʪʽ ʚʝʣʠʯʠʥʠ T ʚʠʩʪʫʧʘʻ ʜʝʷʢʝ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ, ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʙʫʜʝ ʩʢʘʟʘʥʦ ʥʠʞʯʝ, ʚ ʷʢʦʩʪʽ x ʽ y ʚʠʩʪʫʧʘʶʪʴ 

ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʅʘ ʨʠʩ.4.9(ʙ) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤ'ʷʢʘ ʧʦʨʦʛʦʚʘ ʬʫʥʢʮʽʷ (ʤ'ʷʢʘ ʧʦʨʦʛʦʚʘ ʦʮʽʥʢʘ), ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

 

sign( ) ( )       ̫ ʢʱʦ   
( )

0,                               ̫ʢʱʦ 

x x T x T
y x

x T

ë Ö - ²î
=ì

<îí
                          (4.11) 

 ʅʘʚʝʜʝʥʽ ʚ ʚʠʨʘʟʽ (2) ʧʦʟʥʘʯʝʥʥʷ ʪʽ ʞ, ʱʦ ʽ ʦʧʠʩʘʥʽ ʚʠʱʝ ʚ (1). ɺ ʷʢʦʩʪʽ 

ʦʧʮʽʾ sign(x), ʷʢʘ ʚʠʟʥʘʯʘʻ ʟʥʘʢ ʢʦʝʬʽʮʽʻʥʪʘ x, ʚʠʩʪʫʧʘʻ ʬʫʥʢʮʽʷ ʚʠʜʫ: 

1,         ̫ ʢʱʦ 0,

sign( )  0,         ̫ ʢʱʦ 0,            

1,      ̫ ʢʱʦ 0.  

x

x x

x

>ë
î

= =ì
î- <í

                              (4.12) 

ɺʽʜʦʤʦ, ʱʦ ʦʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤ'ʷʢʦʶ ʧʦʨʦʛʦʚʦʾ ʬʫʥʢʮʽʾ ʚʽʜ hard 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʝʨʰʘ ʟ ʥʠʭ ʥʝ ʤʽʩʪʠʪʴ ʨʦʟʨʠʚʫ ʚ ʪʦʯʮʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʨʘʥʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ T  [16]. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤ'ʷʢʘ ʧʦʨʦʛʦʚʘ ʬʫʥʢʮʽʷ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ hard, ʻ ʙʝʟʧʝʨʝʨʚʥʦʶ. ʆʩʪʘʥʥʷ ʦʙʩʪʘʚʠʥʘ, ʚ ʨʘʟʽ ʤ'ʷʢʦʾ ʧʦʨʦʛʦʚʦʾ 

ʦʙʨʦʙʢʠ, ʜʦʟʚʦʣʷʻ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʦʙʨʦʙʣʷʪʠ ʟʘʰʫʤʣʝʥʥʠʡ ʚʽʙʨʘʮʽʡʥʠʡ 

ʩʠʛʥʘʣ ʚ ʦʢʦʣʠʮʽ ʪʦʯʢʠ ʡʦʛʦ ʨʦʟʨʠʚʫ. 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ: ʷʢʘ ʧʦʨʦʛʦʚʘ ʬʫʥʢʮʽʷ ʢʨʘʱʝ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʬʽʣʴʪʨʘʮʽʾ 

ʰʫʤʽʚ. ɼʦʜʘʪʢʦʚʦ ʧʨʦʚʝʜʝʥʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʦʟʚʦʣʷʻ 

ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʨʦʛʦʚʠʭ ʬʫʥʢʮʽʡ hard ʽ soft: 
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- ʬʫʥʢʮʽʷ hard ʧʨʠʡʥʷʪʥʦ ʧʨʘʮʶʻ ʧʨʠ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʰʫʤʫ, ʢʦʣʠ 

ʚʩʽ ʰʫʤʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦ ʤʦʜʫʣʶ ʤʝʥʰʝ ʧʦʨʦʛʘ ʊ ʽ ʚʦʥʠ 

ʚʽʜʧʦʚʽʜʥʦ ʟʘʥʫʣʷʶʪʩʷ, ʘ ʚʩʽ ʽʥʬʦʨʤʘʪʠʚʥʽ ʧʝʨʝʚʝʨʰʫʶʪʴ ʧʦ ʤʦʜʫʣʶ ʧʦʨʽʛ ʊ ʽ 

ʪʦʤʫ ʚʦʥʠ ʟʙʝʨʽʛʘʶʪʴʩʷ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʬʫʥʢʮʽʾ soft ʨʦʟʨʠʚʫ ʚ ʦʢʦʣʠʮʽ ʪʦʯʢʠ ʘ (ʜʠʚ. ʨʠʩ.4.8) 

ʧʝʚʥʦʶ ʤʽʨʦʶ ʟʘʧʦʙʽʛʘʻ ʧʦʷʚʽ ʦʩʮʠʣʷʮʽʡ (ʝʬʝʢʪʫ ɻʽʙʙʩʘ) ʚ ʦʩʦʙʣʠʚʠʭ ʪʦʯʢʘʭ 

ʩʠʛʥʘʣʫ. ʎʝʡ ʝʬʝʢʪ ʤʦʞʝ ʧʨʦʷʚʠʪʠʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʨʦʛʦʚʦʾ ʬʫʥʢʮʽʾ 

hard. 

ɿʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʘʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʚ ʨʘʟʽ ʤ'ʷʢʦʾ ʧʦʨʦʛʦʚʦʾ ʦʙʨʦʙʢʠ, ʚ ʮʽʣʦʤʫ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʠʛʥʘʣʽʚ ʩʧʨʘʚʣʷʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʽʜʩʫʤʢʦʚʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ. 

 

ʈʠʩ.4.8.  ɻʨʘʥʠʯʥʽ ʬʫʥʢʮʽʾ ʦʙʨʦʙʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

ʘ) hard - ʞʦʨʩʪʢʘ ʧʦʨʦʛʦʚʘ ʬʫʥʢʮʽʷ ; ʙ) soft - ʤ'ʷʢʘ ʧʦʨʦʛʦʚʘ ʬʫʥʢʮʽʷ. 

ɿʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʘʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʚ ʨʘʟʽ ʤ'ʷʢʦʾ ʧʦʨʦʛʦʚʦʾ ʦʙʨʦʙʢʠ, ʚ ʮʽʣʦʤʫ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʠʛʥʘʣʽʚ ʩʧʨʘʚʣʷʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʽʜʩʫʤʢʦʚʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʗʢ ʧʦʢʘʟʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʙʽʣʴʰ ʢʨʘʱʦʶ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʯʠʩʝʣʴʥʦʾ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ, ʻ ʞʦʨʩʪʢʘ ʧʦʨʦʛʦʚʘ ʦʮʽʥʢʘ. ɿʛʽʜʥʦ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚ ʨʦʙʦʪʽ [17], ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚ ʨʘʟʽ ʤ'ʷʢʦʾ ʧʦʨʦʛʦʚʦʾ ʦʙʨʦʙʢʠ 

ʯʠʩʝʣʴʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘʙʣʠʞʘʣʘʩʷ ʜʦ ʦʩʪʘʥʥʴʦʾ ʚ ʨʘʟʽ 
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ʞʦʨʩʪʢʦʾ ʧʦʨʦʛʦʚʦʾ ʦʙʨʦʙʢʠ, ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʘ T ʪʘʢʠʤ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʘ ʞʦʨʩʪʢʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ. ɺʽʜʦʤʦ, ʱʦ 

ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʘʪʠʢʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʛʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʻ ʚʠʙʽʨ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʚʠʙʽʨ ʧʦʨʦʛʘ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʨʘʟʫ: 

2ln( ).T N=s                                            (4.14) 

ʌʦʨʤʫʣʘ (4.13) ʟʘʧʠʩʘʥʘ ʜʣʷ ʚʠʧʘʜʢʫ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʩʠʛʥʘʣʫ (ʚ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʚʽʙʨʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʟ ʦʜʥʦʦʩʴʦʚʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ). ɺ ʬʦʨʤʫʣʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: N - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ, ů - ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʰʫʤʫ: 

 ,
0,6745

xM
s=  (4.14) 

ʜʝ xM - ʤʝʜʽʘʥʘ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʙʝʟʣʽʯʽ ʢʦʝʬʽʮʽʻʥʪʽʚ {X}. ʆʩʢʽʣʴʢʠ 

ʚʝʡʚʣʝʪʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʽʚ, 

ʪʦ ʾʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʦʙʨʦʙʢʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʨʠʩ.4.9 ʥʘʚʝʜʝʥʠʡ ʚʽʙʨʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʟ ʰʫʤʦʚʦʶ ʩʣʘʜʦʚʦʶ. 

 

ʈʠʩ.4.9.ɿʦʙʨʘʞʝʥʥʷ ʤʦʜʝʣʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʰʫʤʦʤ 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʫ ʩʠʛʥʘʣʫ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʚʽʙʨʘʮʽʾ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.4.10 (ʥʘ ʦʩʥʦʚʽ ʚʝʡʚʣʝʪʽʚ ɼʦʙʝʰʽ). ʈʝʟʫʣʴʪʘʪʠ 
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ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʚ ʧʘʢʝʪʽ ʄathcad ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʰʫʤʦʚʦʶ ʩʢʣʘʜʦʚʦʶ (ɻʘʫʩʦʚʩʴʢʠʡ ʰʫʤ). 

 

        ʈʠʩ.4.10. ɺʝʡʚʣʝʪ-ʩʧʝʢʪʨ ɼʦʙʝʰʽ ʤʦʜʝʣʴʥʦʛʦ ʩʠʛʥʘʣʫ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʷ, 

ʜʣʷ ʽʤʽʪʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʩʠʛʥʘʣ ʩʢʣʘʜʥʦʾ ʯʘʩʪʦʪʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ [10,16,19]. ɼʣʷ ʽʤʽʪʘʮʽʾ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʚʢʘʟʘʥʠʡ ʩʠʛʥʘʣ  

ʥʘʢʣʘʜʝʥʦ ʧʩʝʚʜʦ ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ ʟ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ.  

 

 

ʈʠʩ.4.11. ɿʦʙʨʘʞʝʥʥʷ ʦʧʨʘʮʴʦʚʘʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʙʝʟ ʰʫʤʫ, 

ʫʩʫʥʫʪʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʚʦʨʦʪʥʦʛʦ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʘ ɼʦʙʝʰʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʧ ʷʪʠ ʩʽʤʝʡʩʪʚ ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪʽʚ. 
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ʅʘ ʨʠʩ.4.13 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʚʽʜʥʦʩʥʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽʤʽʪʘʮʽʾ  ʚʽʙʨʘʮʽʡʥʦʛʦ  ʩʠʛʥʘʣʫ Ci (ʩʠʛʥʘʣ Si ʙʝʟ ʰʫʤʦʚʦʾ 

ʩʢʣʘʜʦʚʦʾ)  ʪʘ ʚʽʜʥʦʚʣʝʥʦʛʦ ʧʽʩʣʷ  ʬʽʣʴʪʨʘʮʽʾ ʚʽʜ ʰʫʤʫ ʩʠʛʥʘʣʫ. 

ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦʛʦ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ ʬʽʣʴʪʨʘʮʽʾ ʚʽʜʥʦʚʣʝʥʥʦʛʦ 

ʩʠʛʥʘʣʫ (ʨʠʩ.4.14) ʰʣʷʭʦʤ ʡʦʛʦ ʩʧʽʚʩʪʘʚʣʝʥʷ ʟ ʤʦʜʝʣʴʥʠʤ ʥʝʟʘʰʫʤʝʥʠʤ 

ʩʠʛʥʘʣʦʤ Ni ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʽʜʥʦʚʣʝʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʪʠʤ ʙʣʠʞʯʝ ʜʦ 

ʤʦʜʝʣʴʥʦʛ, ʯʠʤ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʘ ʫʩʝʨʝʜʥʝʥʥʷ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ. 

 

ʈʠʩ.4.13. ɿʦʙʨʘʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʰʫʤʦʤ (Si) ʽ ʦʯʠʱʝʥʦʛʦ 

ʉʠʛʥʘʣʫ (Ci), ʙʝʟ ʰʫʤʫ, ʫʩʫʥʫʪʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʚʦʨʦʪʥʦʛʦ 

ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ 

 

 

ʈʠʩ.4.14. ɿʦʙʨʘʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʙʝʟ ʰʫʤʫ (Ni) ʽ  

                          ʦʯʠʱʝʥʦʛʦ ʩʠʛʥʘʣʫ (Ci) 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʟʘʛʘʣʽ, ʚʽʜʥʦʚʣʝʥʠʡ ʩʠʛʥʘʣ, ʟ 

ʥʝʚʝʣʠʢʠʤʠ ʨʦʟʙʽʞʥʦʩʪʷʤʠ, ʧʦʚʥʽʩʪʶ ʚʽʜʪʚʦʨʶʻ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ ʷʢ ʧʦ 

ʘʤʧʣʽʪʫʜʥʠʭ ʪʘ ʽ ʧʦ ʯʘʩʪʦʪʥʠʭ ʨʝʘʣʽʟʘʮʽʷʭ. 
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4.3. ʄʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ ʷʢ ʢʨʠʪʝʨʽʡ 

ʘʥʘʣʽʟʫ ʚʠʧʘʜʢʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

ʇʨʠ ʚʽʙʨʘʮʽʡʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʨʫʡʥʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʰʠʨʦʢʽ ʢʘʪʝʛʦʨʽʾ. ʇʝʨʰʫ ʢʘʪʝʛʦʨʽʶ ʤʦʞʥʘ 

ʥʘʟʚʘʪʠ ʚʽʜʤʦʚʦʶ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ, ʦʩʢʽʣʴʢʠ ʚʽʜʤʦʚʘ ʦʯʽʢʫʻʪʴʩʷ ʚ ʧʝʨʰʠʡ ʨʘʟ, 

ʢʦʣʠ ʥʘʧʨʫʞʝʥʥʷ ʘʙʦ ʟʩʫʚ ʧʝʨʝʚʠʱʫʻ ʜʝʷʢʠʡ ʢʨʠʪʠʯʥʠʡ ʨʽʚʝʥʴ [5]. 

ɺʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ ʟʘʟʚʠʯʘʡ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʚʝʣʠʢʠʭ ʥʘʧʨʫʛ ʘʙʦ 

ʟʩʫʚʽʚ ʚ ʜʝʪʘʣʷʭ ʪʘ ʝʣʝʤʝʥʪʘʭ ʤʝʭʘʥʽʟʤʽʚ, ʪʦʤʫ ʩʪʦʭʘʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʽʜʤʦʚʠ 

ʚʠʤʘʛʘʻ ʚʠʚʯʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʦʮʝʩʫ. ɸʢʪʫʘʣʴʥʽ ʜʚʘ ʨʽʟʥʽ ʪʠʧʠ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʨʦʷʚʽʚ. ʂʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ (ʨʦʟʣʦʤ) ʽ ʜʝʬʦʨʤʘʮʽʷ (ʚʠʛʠʥ) - 

ʜʚʘ ʚʠʜʠ ʨʫʡʥʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ. ɯʥʰʦʶ ʰʠʨʦʢʦʶ 

ʢʘʪʝʛʦʨʽʻʶ ʚʽʜʤʦʚ ʻ ʚʪʦʤʘ, ʧʨʠ ʷʢʽʡ ʚʽʜʤʦʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ. ɸʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʽʢʽʚ ʚʠʧʘʜʢʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ ʷʢ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ, ʢʦʣʠ 

ʜʠʥʘʤʽʯʥʠʡ ʚʽʜʛʫʢ ʩʠʩʪʝʤʠ ʻ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ. 

ʊʝʨʤʽʥ çʧʽʢè (peak) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʩʫʪʦ ʣʦʢʘʣʴʥʠʭ 

ʝʢʩʪʨʝʤʫʤʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʯʘʩʽ. ʎʝ ʪʦʯʢʠ ʥʘ ʛʨʘʬʽʢʫ ʩʠʛʥʘʣʫ ʜʝ 

ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʟʘ ʯʘʩʦʤ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʘ ʜʨʫʛʘ ʧʦʭʽʜʥʘ ʥʝʛʘʪʠʚʥʘ. ɹʽʣʴʰ 

ʛʣʦʙʘʣʴʥʠʡ ʚʠʜ ʧʨʦʙʣʝʤʠ, ʷʢʫ ʤʠ ʨʦʟʛʣʷʥʝʤʦ, ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʢʩʪʨʝʤʘʣʴʥʝ  

ʟʥʘʯʝʥʥʷ  ʜʝʷʢʦʛʦ  ʚʠʧʘʜʢʦʚʦʛʦ  ʧʨʦʮʝʩʫ  {X(t)} ʧʨʦʪʷʛʦʤ ʬʽʢʩʦʚʘʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ  0Ò t Ò T. 

ʇʝʨʝʜʙʘʯʝʥʥʷ ʤʦʞʣʠʚʦʾ ʘʚʘʨʽʾ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʚʠʥʠʢʥʝʥʥʷʤ ʚʝʣʠʢʠʭ ʛʣʦʙʘʣʴʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ, ʪʦʜʽ ʷʢ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʟʘʟʚʠʯʘʡ ʧʨʠʙʣʠʟʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʣʦʢʘʣʴʥʠʭ 

ʝʢʩʪʨʝʤʫʤʽʚ ʧʨʦʮʝʩʫ ʥʘʧʨʫʛʠ ʘʙʦ ʜʝʬʦʨʤʘʮʽʾ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʯʘʩʽ ʧʨʠʨʦʜʥʦ ʟʚʘʞʘʪʠ 

ʥʘ ʭʘʨʘʢʪʝʨʥʫ ʯʘʩʪʦʪʫ  ʚʠʥʠʢʥʝʥʥʷ ʧʝʚʥʠʭ ʧʦʜʽʡ [23,27]. ʄʘʙʫʪʴ, ʥʘʡʙʽʣʴʰ 

ʦʯʝʚʠʜʥʠʤ ʙʫʣʦ ʙ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʤʽʩʮʝʚʽ ʤʘʢʩʠʤʫʤʠ, ʷʢʽ  ʥʘʟʠʚʘʶʪʴ ʧʽʢʘʤʠ, 

ʘʙʦ ʤʽʩʮʝʚʽ ʤʽʥʽʤʫʤʠ, ʷʢʽ ʤʠ ʥʘʟʠʚʘʻʤʦ ʚʧʘʜʠʥʘʤʠ. ʅʝ ʥʘʩʪʽʣʴʢʠ ʦʯʝʚʠʜʥʠʤ, 
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ʘʣʝ ʯʘʩʪʦ ʢʦʨʠʩʥʽʰʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʪʠʥʫ ʨʽʚʥʷ ɛX(t) ʟʘ X(t) 

ʚ ʯʘʩʽ. 

ʅʝʭʘʡ ɜX(u, t) ʧʦʟʥʘʯʘʻ ʦʯʽʢʫʚʘʥʫ ʰʚʠʜʢʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʾ X(t) = u,  

ʜʝ  X(t)> 0,  ʘ  ɜīX (u, t) ʧʦʟʥʘʯʘʻ ʦʯʽʢʫʚʘʥʫ ʰʚʠʜʢʽʩʪʴ ʧʦʜʽʾ X(t) =u  ʧʨʠ X(t) 

<0. ɿʘʟʚʠʯʘʡ ʾʭ ʥʘʟʠʚʘʶʪʴ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʪʠʥʫ ʚʛʦʨʫ ʽ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʪʠʥʫ 

ʚʥʠʟ ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʷ X=u, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4.15. 

 

ʈʠʩ.4.15. ʇʝʨʝʪʠʥ ʨʚ̔ʥʷ  u  ʚʠʧʘʜʢʦʚʠʤ ʩʠʛʥʘʣʦʤ X(t). 

 

ʆʯʽʢʫʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʪʠʥʽʚ ʧʨʦʪʷʛʦʤ ʙʫʜʴ-ʷʢʦʛʦ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʢʽʥʮʝʚʦʾ ʜʦʚʞʠʥʠ ʻ ʽʥʪʝʛʨʘʣʦʤ ɜX + (u, t) ʟʘ ʽʥʪʝʨʚʘʣ. ɿʦʢʨʝʤʘ, ʜʣʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʪʠʥʽʚ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʯʽʪʢʦ 

ʟʨʦʟʫʤʽʣʘ, ʧʦʚ'ʷʟʫʶʯʠ ʾʾ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʩʽʯʝʥʥʷ ʧʨʦʪʷʛʦʤ 

ʥʝʚʝʣʠʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ [7,18].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʦʪʨʠʤʘʻʤʦ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʟ ʨʦʟʛʣʷʜʫ ʯʘʩʪʦʪʠ 

ʚʠʥʠʢʥʝʥʥʷ. ʉʧʦʯʘʪʢʫ ʤʠ ʚʠʟʥʘʯʘʻʤʦ ɜp [t; X (t) Ò u] ʷʢ ʦʯʽʢʫʚʘʥʫ ʰʚʠʜʢʽʩʪʴ 

ʧʦʷʚʠ ʧʽʢʽʚ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʨʽʚʝʥʴ u. ɼʘʣʽ ʜʣʷ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʛʦ 

ʪʠʤʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ t ʤʠ ʤʦʞʝʤʦ ʩʢʘʟʘʪʠ, ʱʦ ʦʯʽʢʫʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʚʭʦʜʞʝʥʴ 

ʚ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʙʽʛʘʻʪʴʩʷ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʦʜʥʦʛʦ ʚʭʦʜʞʝʥʥʷ ʚ ʮʴʦʤʫ 

ʽʥʪʝʨʚʘʣʽ, ʦʩʢʽʣʴʢʠ ʤʠ ʤʦʞʝʤʦ ʟʥʝʭʪʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʶ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ 

ʚʭʦʜʞʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʫʻʤʦ: 

[ ] [ ]; ( ) ( , , ),p t X t u t P peak u ʧʨʠ t t tn ¢ D = ¢ +D      (1.15)                     

ʪʘʢ ʷʢ 
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[ ]( ) ( , , ),p t t P peak ʧʨʠ t t tn D = +D                              (4.16) 

ʚ (4.16)  ɜp(t) - ʟʘʛʘʣʴʥʘ ʦʯʽʢʫʚʘʥʘ ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʧʽʢʽʚ, ʷʢʘ ʻ ʤʝʞʝʶ ʧʨʠ 

ʧʝʨʝʭʦʜʽ u ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ɜp[t; X (t) Ò u]. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʱʦ 

[ ]

[ ] [ ]

( , , )

( , , ) ( , , ).

P peak u ʧʨʠ t t t

P peak ʧʨʠ t t t P peak u peak ʧʨʠ t t t

¢ +D =

= +D ¢ +D
 

ʆʩʪʘʪʦʯʥʠʡ ʪʝʨʤʽʥ ʫʤʦʚʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʚ ʮʴʦʤʫ ʚʠʨʘʟʽ ʻ ʩʘʤʝ ʪʠʤ, ʱʦ 

ʤʠ ʚʚʘʞʘʻʤʦ ʢʫʤʫʣʷʪʠʚʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʧʽʢʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t: 

[ ]( ) ( ) ( , , )P tF u P peak u peak ʧʨʠ t t t¹ ¢ +D. 

ɿ ʨʽʚʥʷʥʴ (4.45) ʽ (4.16) ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʜʘʥʫ ʢʫʤʫʣʷʪʠʚʥʫ ʬʫʥʢʮʽʶ 

ʨʦʟʧʦʜʽʣʫ ʷʢ: 

[ ]
( )

; ( )
( )

( )
P t

p t X t u
F u

p t

n

n

¢
= .                               (4.17) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʙʘʯʠʤʦ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʽʢʽʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʭʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʷʚʠ ʧʽʢʽʚ ʥʠʞʯʝ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʷ u. 

ʇʦ-ʧʝʨʰʝ, ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʽʩʥʫʻ ( )U X tè ø-ê ú
-  ʧʨʦʮʝʩ, ʷʢʠʡ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ 

ʦʜʠʥʠʯʥʠʡ ʢʨʦʢ ʥʘ ʢʦʞʥʦʤʫ ʧʽʢʫ X(t) ʽ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʦʜʠʥʠʯʥʠʡ ʢʨʦʢ ʚ 

ʢʦʞʥʽʡ ʚʧʘʜʠʥʽ X(t). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʭʽʜʥʘ ( ) ( )X t X tdè ø- -ê ú
 ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʘʻ 

ʧʦʟʠʪʠʚʥʽ ʽ ʥʝʛʘʪʠʚʥʽ ʧʦʦʜʠʥʦʢʽ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ ʥʘ ʧʽʢʘʭ ʽ ʚʧʘʜʠʥʘʭ 

ʚʽʜʧʦʚʽʜʥʦ. ʇʦʤʥʦʞʠʚʰʠ ʥʘ ( )U X tè ø-ê ú
, ʤʠ ʤʦʞʝʤʦ ʚʠʢʣʶʯʠʪʠ ʥʝʛʘʪʠʚʥʽ 

ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ, ʱʦʙ ʚʚʘʞʘʪʠ ʪʽʣʴʢʠ ʧʽʢʠ. ʊʦʯʥʦ ʪʘʢ ʩʘʤʦ ʤʠ ʤʦʞʝʤʦ 

ʧʦʤʥʦʞʠʪʠ ʥʘ[ ]( )U u X t- , ʱʦʙ ʫʩʫʥʫʪʠ ʚʩʽ ʧʽʢʠ ʚʠʱʝ ʨʽʚʥʷ u. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʤʠ ʦʪʨʠʤʫʻʤʦ ʰʚʠʜʢʽʩʪʴ ʧʦʷʚʠ ʧʽʢʽʚ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʨʽʚʝʥʴ u, ʪʘʢ ʷʢ 

 

[ ] [ ]; ( ) ( ( ) ( ) ( ) ( ) )p t X t u E X t X t U X t U u X tn dè ø è ø¢ = - - - -ê ú ê ú
.  (4.18) 

ʇʽʜʩʪʘʚʠʤʦ (4.18) ʚ ʨʽʚʥʷʥʥʷ (4.17) ʽ ʦʪʨʠʤʘʻʤʦ: 

[ ]
( )

( ( ) ( ) ( ) ( ) )
( )

( ( ) ( ) ( ) )
P t

E X t X t U X t U u X t
F u

E X t X t U X t

d

d

è ø è ø- - - -ê ú ê ú=
è ø è ø- - -ê ú ê ú

, 
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ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʧʠʩʘʥʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʧʽʣʴʥʠʭ ʬʫʥʢʮʽʡ ʱʽʣʴʥʦʩʪʽ 

ʡʤʦʚʽʨʥʦʩʪʽ ʷʢ: 

( ) ( ) ( )

( )

( ) ( )

( ) ( ) ( ) ( ) ( , , )
( ) ,

( ) ( ) ( ) ( , )

X t X t X t

P t

X t X t

z U z U u w p w v z dwdvdz
F u

z U z p v z dvdz

d n

d n

¤ ¤ ¤

-¤ -¤ -¤
¤ ¤

-¤ -¤

- - - -
=

- - -

ñ ñ ñ

ñ ñ
 

ʘʙʦ 

0

( ) ( ) ( )

( ) 0

( ) ( )

( ,0, )
( )

(0, )

u

X t X t X t

P t

X t X t

z p w z dwdz
F u

z p z dz

-¤ -¤

-¤

=
ñ ñ

ñ
  .                     (4.19) 

ɺʠʙʽʨ ʧʦʭʽʜʥʦʾ ʧʦ u ʪʝʧʝʨ ʜʘʻ ʬʫʥʢʮʽʶ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ 

ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ ʫ ʚʠʛʣʷʜʽ  

                 

0

( ) ( ) ( )

( ) 0

( ) ( )

( ,0, )
( )

(0, )

X t X t X t

P t

X t X t

z p u z dz
p u

z p z dz

-¤

-¤

=
ñ

ñ
  .                (4.20) 

ʈʽʚʥʷʥʥʷ (4.19) ʪʘ (4.20) ʦʧʠʩʫʶʪʴ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʽʢʘ, ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʢʦʣʠʮʽ ʯʘʩʫ t. ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʧʽʢ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʙʫʜʴ-ʷʢʦʤʫ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʽʚʥʷʥʥʷ. 

(4.19) ʘʙʦ ʚʽʜ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (4.20). ʈʽʚʥʷʥʥʷ (4.20) ʪʘʢʦʞ ʟʨʫʯʥʝ ʜʣʷ 

ʦʮʽʥʢʠ ʽʥʰʠʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ: 

[ ] ( )( ) ( ) ( )P tp t E P t up u dum
¤

-¤
¹ =ñ ,             (4.21) 

ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ:  

2 2

( )( ) ( )P tE P t u p u du
¤

-¤
è ø=ê úñ ,                            (4.22) 

ʽ ʜʠʩʧʝʨʩʽʷ: 

[ ] [ ]
22( ) ( ) ( )P t E P t P ts mè ø= -ê ú .                         (4.23) 

ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʧʽʢ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ t, ʘʣʝ ʚ 

ʜʽʡʩʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʯʠ ʥʝ ʙʫʪʠ ʧʽʢ ʚ ʦʢʦʣʠʮʽ ʧʝʚʥʦʛʦ t. ʆʪʨʠʤʫʻʤʦ ʫʤʦʚʥʠʡ 

ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʫʤʦʚʥʽ ʤʦʤʝʥʪʠ ʧʽʢʫ P(t) ʚ ʦʢʦʣʠʮʽ t, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʪʘʢʠʡ ʧʽʢ ʽʩʥʫʻ. 
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ɺʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ (4.19) ʽ (4.20) ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʽʢʫ P(t) ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʩʧʽʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ( )X t , ()X t ʽ()X t . ʎʝ ʽ ʦʯʽʢʫʚʘʣʦʩʷ, ʪʘʢ ʷʢ ʚʠʥʠʢʥʝʥʥʷ ʧʽʢʫ P(t) ʥʘ 

ʨʽʚʥʽ u ʚʠʤʘʛʘʻ ʧʝʨʝʪʠʥʫ ʧʦʜʽʡ  X(t)= u, ()  0X t =   ̔ () 0X t < . ʆʜʥʘʢ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʩʧʽʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʨʴʦʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ 

ʤʦʞʝ ʟʨʦʙʠʪʠ ʮʽ ʚʠʨʘʟʠ ʪʨʦʭʠ ʩʢʣʘʜʥʽʰʠʤʠ, ʥʽʞ ʙʽʣʴʰʽʩʪʴ ʟ ʨʦʟʛʣʷʥʫʪʠʭ 

ʨʘʥʽʰʝ. ʆʜʠʥ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʚʠʨʘʟʠ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʽ - ʮʝ ʧʨʦʮʝʩ, ʚ 

ʷʢʦʤʫ {X(t)} ʻ ʛʘʫʩʦʚʩʴʢʠʤ ʽ ʩʪʘʮʽʦʥʘʨʥʠʤ. ɿʦʢʨʝʤʘ, ʪʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ , ʱʦ 

()X t  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʠ [X(t), ()X t ]. ʊʘʢʠʤ ʯʠʥʦʤ, ʻʜʠʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ 

ʩʧʽʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʪʨʴʦʭ ʛʘʫʩʩʦʚʩʢʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʻ ʪʨʠ ʩʪʘʥʜʘʨʪʥʠʭ 

ʚʽʜʭʠʣʝʥʥʷ ʽ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʤʽʞ X(t) ʽ()X t . ʆʜʥʘʢ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ ʻ ʚ ʪʦʯʥʦʩʪʽ ʥʝʛʘʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ Ŭ2. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʠ ʙʘʯʠʤʦ, ʱʦ Ŭ2, ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʽʥʰʠʭ ʡʦʛʦ ʽʥʪʝʨʧʨʝʪʘʮʽʡ, ʻ 

ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʢʝʨʫʻ ʨʦʟʧʦʜʽʣʦʤ ʧʽʢʽʚ {X(t)}.  

ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʧʦʜʽʣ ʧʽʢʽʚ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʧʨʦʮʝʩʫ. 

ɿʥʘʡʜʝʤʦ ʢʫʤʫʣʷʪʠʚʥʫ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʽ ʡʤʦʚʽʨʥʽʩʪʴ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ ʜʣʷ 

ʧʽʢʽʚ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʧʨʦʮʝʩʫ {X(t)} ʚ ʚʠʧʘʜʢʦʚʦʤʫ ʚʽʙʨʘʮʽʡʥʦʤʫ 

ʩʠʛʥʘʣʽ (ʨʠʩ.4.16.). 

 

ʈʠʩ.4.16. ɺʠʧʘʜʢʦʚʠʡ ʚʽʙʨʘʮʽʡʥʠʡ ʩʠʛʥʘʣ X(t) ʟ ʧʽʢʘʤʠ Max ʽ Min. 

 

ʊʘʢ ʷʢ ()X t  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ [X(t), ()X t ], ʪʦ ʤʠ ʤʦʞʝʤʦ ʚʠʦʢʨʝʤʠʪʠ 

( )
(0)

X t
p  ʷʢ ʟ ʯʠʩʝʣʴʥʠʢʘ, ʪʘʢ ʽ ʟ ʟʥʘʤʝʥʥʠʢʘ ʨʽʚʥʷʥʥʷ (4.20) ʽ ʦʪʨʠʤʘʻʤʦ: 
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0
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( ) ( , )

( )
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X
X
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p

s
-¤

-¤

-¤

= =
ñ

ñ
ñ

.     (4.24) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ ʫʤʦʚʥʦʾ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ, ʮʝ ʤʦʞʥʘ 

ʧʝʨʝʧʠʩʘʪʠ ʷʢ: 

1 2
0(2 )

( ) ( ) ( )P X X

X

p u p u z p z X u dz
p

s -¤
= =ñ .             (4.25) 

ʋʤʦʚʥʠʡ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘʢʦʞ ʥʦʨʤʘʣʴʥʠʡ (ʛʘʫʩʦʚʩʴʢʠʡ), ʪʦʤʫ 

ʤʠ ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ ʡʦʛʦ ʷʢ: 

2

1 2

1 1
exp

(2 ) 2X

z
p z Xu

m

p s s

å õ¡-è ø
è ø= -æ öê ú é ùæ ö¡ ¡ê úç ÷

,                  (4.26) 

ʚ ʷʢʦʤʫ ʫʤʦʚʥʝ ʩʝʨʝʜʥʻ ʽ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ()X t  

2( ) ( )
( ) ( ) ( ) ( ),X X

X XX t X t

X X

E X t X t u u u
s s

m r m a m
s s

å õ
¡ è ø¹ = = - =- -æ öê ú

ç ÷
 (4.27) 

ʘ ʪʘʢʦʞ 

( )
1 2

2 2 1 2

2( ) ( )
1 (1 ) .

X X t X t X
s s r s a¡= - = -               (4.28) 

ʇʽʜʩʪʘʥʦʚʢʘ ʮʽʻʾ ʛʘʫʩʦʚʦʾ ʬʦʨʤʠ ʜʘʻ ʚʠʨʘʟ: 

2
01 1
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2
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m

s s s-¤
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ñ ,      (4.29) 

ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʥʘʧʠʩʘʥʠʡ ʷʢ: 

2
1 2

2
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X X

p u p u
s m m m

p
s s s s

å õ¡ ¡ ¡ ¡è ø è ø
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,      (4.30) 
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          (4.31) 
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ɸ ʟʘʤʽʥʘ ʛʘʫʩʦʚʩʴʢʦʾ ʬʦʨʤʠ ʥʘ pX(u) ʜʘʻ ʬʫʥʢʮʽʶ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʫ 

ʚʠʛʣʷʜʽ: 
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           (4.32) 

ɺʽʜʧʦʚʽʜʥʘ ʢʫʤʫʣʷʪʠʚʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ( )PF u  ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ 

ʚ ʙʽʣʴʰ ʧʨʦʩʪʽʡ ʬʦʨʤʽ: 

2

2
22 1 2 2 2 1 2

2 2

( ) ( )
( ) exp

(1 ) 2 (1 )

X X X
P
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u u u
F u

m m a m
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. (4.33) 

ɻʨʘʥʠʯʥʽ ʬʦʨʤʠ ʮʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʣʷ Ŭ2 = 1 ʽ Ŭ2 = 0 ʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ. ɼʣʷ ʚʫʟʴʢʦʩʤʫʛʦʚʦʾ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ Ŭ2 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ, ʤʠ ʙʘʯʠʤʦ, ʱʦ ʜʝʷʢʽ ʘʨʛʫʤʝʥʪʠ ʚ ( )Pp u  ʽ ( )PF u  

ʧʨʘʛʥʫʪʴ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ɼʣʷ ʬʫʥʢʮʽʾ ū()̷ ʤʠ ʧʦʚʠʥʥʽ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ 

ʚʨʘʭʦʚʫʚʘʪʠ ʟʥʘʢ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʦʩʢʽʣʴʢʠ ū(Ð) = 1 ʽ ū(-Ð) = 0. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʘʙʩʦʣʶʪʥʦ ʽʥʰʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ u> ɛX, ʥʽʞ ʤʠ 

ʟʨʦʙʠʪʠ ʜʣʷ u <ɛX .  ɼʣʷ Ŭ2 = 1 ʦʪʨʠʤʫʻʤʦ 

2
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,                 (4.34) 

ʘ ʪʘʢʦʞ 
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.                       (4.35) 

ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ɛX = 0, ʮʝ ʷʢ ʨʘʟ ʨʦʟʧʦʜʽʣ ʈʝʣʝʷ, ʷʢʠʤ 

ʦʧʠʩʫʻʪʴʩʷ ʛʘʫʩʦʚʩʢʠʡ ʧʨʦʮʝʩ. ʂʦʣʠ ɛXÍ 0, ʤʠ ʙʘʯʠʤʦ, ʱʦ ʨʦʟʧʦʜʽʣ ʧʽʢʽʚ ʤʘʻ 

ʪʫ ʞ ʬʦʨʤʫ, ʱʦ ʽ ʨʦʟʧʦʜʽʣ ʘʤʧʣʽʪʫʜʠ ʈʝʣʝʷ, ʘʣʝ ʚʦʥʦ ʟʩʫʚʘʻʪʴʩʷ, ʱʦʙ ʟʨʦʙʠʪʠ 

ɛX ʥʘʡʤʝʥʰʠʤ ʤʦʞʣʠʚʠʤ ʟʥʘʯʝʥʥʷʤ ʧʽʢʫ. ʋʟʛʦʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ ʽ 

ʨʦʟʧʦʜʽʣʫ ʘʤʧʣʽʪʫʜ ʦʙʤʝʞʫʻ ʚʫʟʴʢʦʩʤʫʛʦʚʠʡ ʧʨʦʮʝʩ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʥʘʰʠʤʠ 

ʧʦʧʝʨʝʜʥʽʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʧʨʦ ʪʝ, ʱʦ ʚʫʟʴʢʦʩʤʫʛʦʚʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ 



 
 

 
214 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʛʘʨʤʦʥʽʡʥʫ ʬʫʥʢʮʽʶ ʟ ʧʦʚʽʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ ʘʤʧʣʽʪʫʜʦʶ ʽ ʬʘʟʦʶ. 

ʆʩʢʽʣʴʢʠ ʚʫʟʴʢʦʩʤʫʛʦʚʘ ʘʤʧʣʽʪʫʜʘ ʟʤʽʥʶʻʪʴʩʷ ʧʦʚʽʣʴʥʦ, ʤʠ ʤʦʞʝʤʦ ʩʢʘʟʘʪʠ, 

ʦɦ ʢʦʞʝʥ ʧʽʢ ʚʫʟʴʢʦʩʤʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ ʜʦʨʽʚʥʶʻ ʘʤʧʣʽʪʫʜʽ ʧʨʦʮʝʩʫ ʚ ʮʝʡ 

ʤʦʤʝʥʪ ʯʘʩʫ, ʪʦʤʫ ʜʚʽ ʚʝʣʠʯʠʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ɼʣʷ ʧʨʦʪʠʣʝʞʥʦʾ ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ ʟ Ŭ2 = 0 ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʧʽʢʽʚ ʩʪʘʻ ʧʨʦʩʪʦ ʛʘʫʩʩʦʚʩʴʢʠʤ ʨʦʟʧʦʜʽʣʦʤ X(t). 
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ɿʦʢʨʝʤʘ, ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʬʘʢʪʫ, ʱʦ Ŭ2 ʻ ʪʘʢʠʤ ʩʘʤʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢ 

ʢʦʝʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʣʷ ɻʘʫʩʦʚʦʛʦ ʧʨʦʮʝʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ Ŭ2 = 0 ʽ ʧʨʦʮʝʩ ʤʘʻ ʢʽʥʮʝʚʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʪʠʥʫ, ʪʦ 

ʰʚʠʜʢʽʩʪʴ ʧʦʷʚʠ ʧʽʢʽʚ ʻ ʥʝʩʢʽʥʯʝʥʥʦʶ.  

ʆʜʥʘʢ ʷʢʱʦ ʰʚʠʜʢʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʽʢʽʚ ʥʝʩʢʽʥʯʝʥʥʘ, ʪʦʜʽ ʨʦʟʫʤʥʦ 

ʜʫʤʘʪʠ, ʱʦ ʚʩʶʜʠ ʧʦ ʭʦʜʫ ʧʨʦʮʝʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʢʠ, ʚʽʜ ʷʢʠʭ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ, 

ʱʦ ʨʦʟʧʦʜʽʣ ʧʽʢʽʚ ʤʘʻ ʙʫʪʠ ʪʘʢʠʤ ʞʝ, ʷʢ ʨʦʟʧʦʜʽʣ X (t). ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ. 4.17 

ʧʦʢʘʟʫʶʪʴ ʬʫʥʢʮʽʶ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ( )Pp u  ʜʣʷ ʧʽʢʽʚ ʧʨʠ  ʢʽʣʴʢʦʭ 

ʟʥʘʯʝʥʥʷʭ Ŭ2 ʚ ʜʽʘʧʘʟʦʥʽ 0é1. 

ɺ ʥʘʰ ʯʘʩ ʡʜʝ ʘʢʪʠʚʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ 

ʚ ʯʘʩʪʠʥʽ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʦʾ  ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʮʽ. 

ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʻ: ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʽʥʘ - ʷʢʽʩʪʴ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ 

ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ɺ ʮʴʦʤʫ ʨʫʩʣʽ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʪʘ ʛʣʠʙʠʥʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʘʤʽʪʠʣʘʩʷ ʪʝʥʜʝʥʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʯʘʩʥʦ 

ʜʝʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ ʧʨʠ ʦʙʨʦʙʮʽ ʪʘ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ. 
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ʈʠʩ.4.17. ʈʦʟʧʦʜʽʣ ʧʽʢʽʚ ʩʠʛʥʘʣʫ X(t) ʚ ʟʘʣʝʞʥʦʩʪ ̔ʚʽʜ ʟʥʘʯʝʥʴ Ŭ2 

 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ çʢʣʘʩʠʯʥʠʭè ʜʝʬʝʢʪʽʚ, ʩʠʛʥʘʣ ʷʢʠʭ 

ʦʧʠʩʫʻʪʴʩʷ ʦʜʥʽʻʶ-ʪʨʴʦʤʘ ʛʘʨʤʦʥʽʢʘʤʠ, ʚʩʝ ʞ ʢʨʘʱʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʫʷʚʣʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ʆʜʥʘʢ ʷʢʱʦ ʚ ʦʪʨʠʤʘʥʦʤʫ 

ʩʧʝʢʪʨʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʩʫʪʥʽ ʙʣʠʟʴʢʦ ʜʝʩʷʪʢʘ ʛʘʨʤʦʥʽʢ, ʽ ʥʘʚʽʪʴ 
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ʙʽʣʴʰʝ, ʪʦ ʪʘʢʠʡ ʩʠʛʥʘʣ ʤʘʻ ʩʝʥʩ ʘʥʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ-

ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ  ʜʦ  ʨʦʟʜʽʣʫ 4 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʟʘʜʘʥʦʛʦ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʪʠʤʯʘʩʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʟʦʢʨʝʤʘ ʚ ʢʣʘʩʠʯʥʦʤʫ 

ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʚʠʛʣʷʜʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ. ʇʨʠʯʦʤʫ, 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʦʩʥʦʚʠ ʤʝʭʘʥʽʢʠ ʽ ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ, ʜʦʩʣʽʜʞʫʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ 

ʤʦʜʝʣʶʻʪʴʩʷ ʦʜʥʦʤʘʩʦʚʦʶ ʩʠʩʪʝʤʦʶ ʟ ʦʜʥʠʤ ʩʪʫʧʝʥʝʤ ʩʚʦʙʦʜʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʚ ʧʘʢʝʪʽ Mathcad. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʜʘʣʝʥʥʷ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʟ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʛʦʚʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ 

(ʚʝʡʚʣʝʪ ɼʦʙʝʰʽ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʯʠʱʝʥʥʷ ʤʦʜʝʣʴʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʰʫʤʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘʮʽʾ ʚ 

ʧʘʢʝʪʽ ʄathcad.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ ʷʢ ʢʨʠʪʝʨʽʡ  ʘʥʘʣʽʟʫ 

ʚʠʧʘʜʢʦʚʦʛʦ ʛʘʫʩʦʚʩʴʢʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ, ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʚʽʙʨʘʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʘʥʘʣʽʟʫʶʯʠ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʷʢ ʢʨʠʪʝʨʽʡ ʟʤʽʥ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙ ʻʢʪʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʚ ʧʘʢʝʪʽ Mathcad.   
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ʈʆɿɼɯʃ 5. ɿɸʉʆɹʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ɺɯɹʈɸʎɯʁʅʀʍ 

ɺʀʇʈʆɹʋɺɸʅʔ 

 

ɿ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʚʽʜʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢ ʙʫʣʦ ʨʘʥʽʰʝ 

ʚʽʜʟʥʘʯʝʥʦ (ʧ.1.5, ʧ.1.6) ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʛʽʜʨʘʚʣʽʯʥʽ ʚʽʙʨʦʩʪʝʥʜʠ ʧʨʠ ʫʤʦʚʽ ʧʦʣʽʧʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʭʘʥʽʟʤʫ  ʢʝʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥʦʶ ʧʦʪʦʢʫ (ʪʠʩʢʫ) ʨʽʜʠʥʠ ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʧʨʠʩʪʨʽʡ ʩʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʭʫ- ʛʽʜʨʘʚʣʽʯʥʠʡ ʮʠʣʽʥʜʨ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʝʥʜʫ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘ ʨʘʭʫʥʦʢ  

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʧʦʪʦʢʘʤʠ ʢʣʘʧʘʥʽʚ ʟ 

ʧ ʻʟʦʧʨʠʚʦʜʦʤ. 

ʇʦʙʫʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘ ʤʘʢʝʪ, ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ.  

 

5.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʛʽʜʨʘʚʣʽʯʥʥʦʛʦ ʩʪʝʥʜʫ 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʝʣʝʢʪʨʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ ʙʫʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʤʝʪʘ: ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʢʦʣʠʚʘʥʴ ʽ 

ʟʘʢʣʘʩʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʜʝʥʠʭ ʨʽʰʝʥʴ ʚ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʚʽʙʨʦʩʪʝʥʜʘʭ ʧʽʜʚʠʱʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ.  

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʝʣʝʢʪʨʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.5.1. 

ɺʽʙʨʦʩʪʝʥʜ ʧʨʘʮʶʻ ʩʣʽʜʫʶʯʠʤ ʯʠʥʦʤ. ɻʝʥʝʨʘʪʦʨ G  ʬʦʨʤʫʻ ʟʘʜʘʶʯʠʡ 

ʚʽʙʨʦʩʠʛʥʘʣ, ʷʢʠʡ ʯʝʨʝʟ ʩʫʤʘʪʦʨ ʉ, ʜʝ ʚʽʥ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʩʠʛʥʘʣʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚʷʟʢʫ  Uʟʟ ʟ ʜʘʪʯʠʢʘ ɼ, ʧʦʜʘʻʪʴʩʷ ʥʘ ʙʣʦʢ ɸʎʇ [11] ʜʝ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʪʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʘʥʘʣʦʛʦʚʽ ʢʣʶʯʽ S1 ʽ S2. ʇʘʨʘʣʝʣʴʥʦ 

ʮʝʡ ʩʠʛʥʘʣ ʽʥʪʝʛʨʫʻʪʴʩʷ ʽʥʪʝʛʨʘʪʦʨʦʤ, ʘ ʧʦʪʽʤ  ʚ ʙʣʦʮʽ ɼ ʢʦʤʧʘʨʘʪʦʨʠ, 

ʨʝʘʛʫʶʯʠ ʥʘ ʧʦʟʠʚʥʫ ʽ ʥʝʛʘʪʠʚʥʫ ʥʘʧʽʚʧʝʨʽʜʥʫ ʭʚʠʣʶ ʚʽʜʥʦʩʥʦ ʥʫʣʴʦʚʦʛʦ 

ʨʽʚʥʷ ʚʠʨʦʙʣʷʶʪʴ ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʘʥʘʣʦʛʦʚʠʤʠ ʢʣʶʯʘʤʠ (ʦʩʮʠʣʦʛʨʘʤʠ 

ʨʦʙʦʪʠ ʜʠʚʠʩʴ ɼʦʜʘʪʦʢ ɹ.3). 
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ʈʠʩ.5.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʝʣʝʢʪʨʦ ʛʽʜʨʘʚʣʽʯʥʦʛ ʚʽʙʨʦʩʪʝʥʜʫ 

 

ʉʠʛʥʘʣʠ ʟ ʘʥʘʣʦʛʦʚʠʭ ʢʣʶʯʽʚ, ʯʝʨʝʟ ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

ʧʦʪʫʞʥʦʩʪʽ ʇʧ1 ʪʘ ʇʧ2, ʷʢʽ ʞʠʚʣʷʪʴʩʷ ʟ ʙʣʦʢʫ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʞʠʚʣʝʥʥʷ 

ɹɺɾ, ʧʦʧʘʜʘʶʪʴ ʥʘ ʧʻʟʦʝʣʝʢʪʨʠʯʥʽ ʢʣʘʧʘʥʠ ʇʢ1-ʇʢ4. ʅʘ ʧʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʢʣʘʧʘʥʘʭ ʇʢ1-ʇʢ4 ʨʝʘʣʽʟʦʚʘʥʘ ʤʦʩʪʦʚʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʤʠ 

ʧʦʪʦʢʘʤʠ. ʎʷ ʩʭʝʤʘ ʞʠʚʠʪʴʩʷ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ, ʷʢʠʡ ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ 

ʜʨʦʩʝʣʶʚʘʥʥʷ, ʜʣʷ ʧʦʥʠʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ, ʟ ʦʩʥʦʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʧʦʪʦʢʫ ʟ 

ʪʠʩʢʦʤ ʚ 21 ʄʧʘ . ʄʦʩʪʦʚʘ ʛʽʜʨʘʚʣʽʯʥʘ ʩʭʝʤʘ ʬʦʨʤʫʻ ʟʥʘʢʦʟʤʽʥʥʽ ʛʽʜʨʘʚʣʽʯʥʽ 

ʧʦʪʦʢʠ   ʷʢʽ ʚʟʘʻʤʥʦ ʧʨʦʪʠʣʝʞʥʽ. ʎʽ ʧʦʪʦʢʠ ʨʫʭʘʶʪʴ ʟʦʣʦʪʥʠʢ ʩʝʨʚʦʢʣʘʧʘʥʘ 

ʉʢ (ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ ʪʠʩʢʫ), ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʘʥʘʣʦʛʽʯʥʦ ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʤʫ, 

ʬʦʨʤʫʻ ʟʥʘʢʦʟʤʽʥʥʽ ʧʦʪʦʢʠ ʪʘ ʢʝʨʫʻ ʨʦʙʦʪʦʶ ʩʠʣʦʚʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʮʠʣʽʥʨʘ  

ɻʮ. ɾʠʚʣʝʥʥʷ ʩʝʨʚʦʢʣʘʧʘʥʘ  ʉʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʧʦʪʦʢʫ, 

ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʧʦʪʫʞʥʠʤ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤ ʨʽʜʠʥʥʠʤ ʥʘʩʦʩʦʤ. ʈʦʙʯʘ 

ʨʽʜʠʥʘ ʟ ʤʘʛʽʩʪʨʘʣʝʡ ʪʘ   ʧʽʩʣʷ ʬʽʣʴʨʘʮʽʾ ʚ ʦʣʠʚʥʽʡ ʩʪʘʥʮʽʾ ʧʦʧʘʜʘʻ ʟʥʦʚʫ ʥʘ 

ʨʽʜʠʥʥʠʡ ʥʘʩʦʩ. 

 

5.1. ʈʽʜʠʥʘ ʧʽʜ ʪʠʩʢʦʤ ʚ ʛʽʜʨʘʚʣʽʯʥʽʡ ʩʠʩʪʝʤʽ ʚʽʙʨʦʩʪʝʥʜʫ 

ɺ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʭ ʩʪʝʥʜʘʭ ʢʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘ ʧʦʪʫʞʥʦʩʪʽ ï ʩʝʨʚʦʢʣʘʧʘʥʘ, ʷʢʠʤ, ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʢʝʨʫʻ ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʠʚʦʜʦʤ.   
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ʌʫʥʜʘʤʝʥʪʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʢʦʥʫ ʪʝʯʽʾ ʨʽʜʠʥʠ ʟʘʜʘʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ɹʝʨʥʫʣʣʽ, ʷʢʝ ʦʧʠʩʫʻ ʟʘʢʦʥ ʪʝʯʽʾ ʚ ʪʨʫʙʮʽ ʟ ʨʽʜʠʥʦʶ,  

2

2
S

v
gh P const

r
r+ + =                                            (5.1) 

ɺ ʬʦʨʤʫʣʽ (5.1) ʚʚʝʜʝʥʦ ʪʘʢʽ ʧʨʦʟʥʘʯʝʥʥʷ: 

SP   -ʩʪʘʪʠʯʥʠʡ ( ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ) ʪʠʩʢ ʝʣʝʤʝʥʪʘ ʦʙʫʤʦʚʣʝʥʠʡ ʚʘʛʦʶ 

ʨʽʜʠʥʠ ʥʘ ʚʠʩʦʪʽ (ʩʪʦʚʧ ʨʽʜʠʥʠ); 

ɟ - ʱʽʣʴʥʽʩʪʴ ʨʽʜʠʥʠ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʮʝ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʤʘʣʦ ʩʪʠʩʢʘʻʤʠʭ ʨʽʜʠʥ; 

g - ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; 

h - ʚʽʜʩʪʘʥʴ ʚʽʜ ʝʣʝʤʝʥʪʘ ʜʦ ʙʘʟʦʚʦʾ ʧʣʦʱʠʥʠ H, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ 

ʥʘʧʨʷʤʢʫ ʧʨʠʩʢʦʨʝʥʥʷ g. ʎʝ ʤʦʞʝ ʙʫʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʣʦʱʠʥʘ, ʷʢʱʦ ʚʦʥʘ 

ʚʢʣʶʯʘʻ ʪʽʣʴʢʠ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; 

v - ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ. 

ɺʽʥ ʧʦʚ'ʷʟʫʻ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʪʠʩʢʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ 

ʜʽʶ ʚʥʫʪʨʽʰʥʽʭ (ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ) ʽ ʟʦʚʥʽʰʥʽʭ (ʟʘʟʚʠʯʘʡ ʜʠʥʘʤʽʯʥʠʭ) ʩʠʣ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʽʩʥʫʚʘʥʥʷ ʧʦʥʷʪʪʷ ʪʠʩʢʫ ʧʦʚ'ʷʟʘʥʝ ʟ ʪʠʤ 

ʬʘʢʪʦʤ, ʱʦ ʚʩʽ ʨʽʜʠʥʠ ʩʪʠʩʢʫʚʘʥʽ (ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʽʜʠʥʠ)[1,2]. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ 

ʪʠʩʢ ʜʽʻ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ, ʘʣʝ ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʷʚʠʱʝ ʧʦʰʠʨʝʥʥʷ ʯʝʨʝʟ 

ʢʦʥʮʝʧʮʽʶ çʟʚʫʢʦʚʦʾ ʭʚʠʣʽè. 
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ʆʪʞʝ, ʜʣʷ ʪʨʫʙʯʘʩʪʦʛʦ ʝʣʝʤʝʥʪʘ ds (ʨʠʩ.5.1) ʤʠ ʦʪʨʠʤʫʻʤʦ dx, ʷʢʠʡ 

ʩʪʘʥʦʚʠʪʴ ʢʫʪ Ŭ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʽʩʩʶ ʽ ʽʜʝʘʣʴʥʫ ʨʽʜʠʥʫ (ʙʝʟ ʚ'ʷʟʢʦʩʪʽ) 

ɿʤʽʥʘ ʪʠʩʢʫ ʚ ʝʣʝʤʝʥʪʽ dx ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʟʤʽʥʠ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ,  

ʷʢʦʤʫ ʧʽʜʜʘʻʪʴʩʷ ʢʦʥʪʫʨ ʯʝʨʝʟ ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʚʘʛʠ ʨʽʜʠʥʠ ʚ ʝʣʝʤʝʥʪʽ: 

 cosSdP dP g ds dxr a= + Ö Ö Ö  ,                           (5.2) 

ʜʝ Ŭ -  ʢʫʪ ʰʚʠʜʢʦʩʪʽ v  ʟ ʧʣʦʱʠʥʦʶ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʧʣʦʱʠʥʽ H. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʘʥʪʘʛʦʥʽʩʪʠʯʥʠʭ ʩʠʣ: 

cos cosS
S

dP
dP gdsdx dxds gdsdx

dx
r a r a- =- -                  (5.3) 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʣʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʨʫʭʫ ʨʽʜʠʥʠ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʟʘʢʦʥ 

ʜʠʥʘʤʽʢʠ, ʦʪʨʠʤʫʻʤʦ v - ʰʚʠʜʢʽʩʪʴ ʚ ʥʘʧʨʷʤʢʫ ʨʫʭʫ: 

2

2
cosSdP d x dv

dxds gdsdx dm dsdx
dx dt dt

r a r- - = = ,                         (5.4) 

ʜʝ:     cosdx dha= ,       ʘ      
v vd d dx d

dt dx dt dx

n
n= = Ö. 

ʆʪʨʠʤʫʻʤʦ:

2

2
cos 0S

S

dP d x dv
dxds gdsdx dm dsdx dP gdh vdv

dx dt dt
r a r r r- - = = ­ + + =        (5.5) 

ʇʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ r ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʚ ʝʣʝʤʝʥʪʽ 

ʦʙʯʠʩʣʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʫʶʯʠ ʨʽʚʥʷʥʥʷ, ʤʠ ʦʪʨʠʤʫʻʤʦ: 

2

2
S tP gh v P

r
r+ + =.                                               (5.6)              

ɼʝ tP - ʚʪʨʘʪʠ ʪʠʩʫ ʥʘ ʪʝʨʪʷ. 

ʆʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ, ʚʠʢʣʠʢʘʥʘ ʪʝʨʪʷʤ, ʟʘʚʞʜʠ ʙʫʜʝ ʨʦʟʩʽʶʚʘʪʠʩʷ 

(ʢʦʥʮʝʧʮʽʷ ʚʪʨʘʪʠ ʪʠʩʢʫ), ʟʘʛʘʣʴʥʠʡ ʪʠʩʢ ʟʤʝʥʰʫʻʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʩʝʢʮʽʷʤʠ, 

ʦʪʨʠʤʫʻʤʦ ʫʟʘʛʘʣʴʥʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɹʝʨʥʫʣʣʽ: 

( )2 2

1 2 1 2
2

t t t sP P P P g h v v
r

r- =D =D + D + -.                  (5.7) 

ɺʠʨʘʟ ʜʣʷ ʢʚʘʜʨʘʪʘ ʰʚʠʜʢʦʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʩʪʠʩʣʠʚʽʩʪʶ 

ʨʽʜʠʥʠ  ʽ ʻ ʜʠʥʘʤʽʯʥʠʤ ʪʠʩʢʦʤ. ɺʽʥ  ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʨʫʭʦʤʦʾ ʨʽʜʠʥʠ 

[14,16]. 
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ɿʘʛʘʣʦʤ g hrD   ʻ ʥʝʟʥʘʯʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʫʤʦʚʘʤʠ, ʪʦʜʽ, 

ʥʝʭʪʫʶʯʠ ʥʠʤʠ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʜʫ: 

2 2

1 2( )
2

SP P v v
r

D =D -                                            (5.8) 

ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʨʘʞʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʘʛʘʣʴʥʘ ʚʪʨʘʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʠʩʢʫ ʤʽʞ ʜʚʦʤʘ ʪʦʯʢʘʤʠ ʚ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʜʦʨʽʚʥʶʻ ʘʣʛʝʙʨʘʾʯʥʽʡ ʩʫʤʽ ʚʪʨʘʪʠ 

ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʽ ʜʠʥʘʤʽʯʥʫ ʚʪʨʘʪʫ ʪʠʩʢʫ. 

ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ ʚʝʣʠʢʘ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ, ʤʠ ʙʫʜʝʤʦ ʽʛʥʦʨʫʚʘʪʠ SPD   ̔  ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ (ʽ ʪʘʢʦʞ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʠʧʫʱʝʥʴ), ʷʢʱʦ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʜʦʨʽʚʥʶʻ ʥʫʣʶ: 

2

2
P v
r

D =                                                                        (5.9) 

ʆʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʚʘʞʢʦ ʚʠʤʽʨʷʪʠ,  ʚʠʨʘʟʠʤʦ ʮʶ ʟʘʣʝʞʥʽʩʪʴ ʫ ʙʽʣʴʰ 

ʟʨʫʯʥʽʡ ʬʦʨʤʽ, ʯʝʨʝʟ ʚʠʪʨʘʪʫ ʨʽʜʠʥʠ ʪʘ ʧʣʦʱʫ:  

 

2

22

Q
P

S

r
D = Ö,                                              (5.10) 

ʜʝ: Q v S= Ö. 

ɺʟʘʻʤʦʟʚ'ʷʟʦʢ ʚʝʣʠʯʠʥ ʚ (5.10) ʤʘʻ ʩʝʥʩ ʣʠʰʝ ʜʣʷ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ 

(ʨʽʜʠʥʠ ʙʝʟ ʚ'ʷʟʢʦʩʪʽ), ʜʣʷ ʩʧʨʘʚʞʥʴʦʾ ʨʽʜʠʥʠ ʩʠʪʫʘʮʽʷ ʟʦʚʩʽʤ ʽʥʰʘ [15,17]. ʊʠʤ 

ʥʝ ʤʝʥʰʝ, ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʪʨʘʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʝʣʝʤʝʥʪʘʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʫ ʨʽʜʠʥʥʽʡ ʩʽʪʮʽ, ʽʩʥʫʻ ʜʚʘ ʪʠʧʠ 

ʪʨʘʻʢʪʦʨʽʾ. ʆʜʠʥ ʪʠʧ ʧʦʪʦʢʫ ʨʝʛʫʣʷʨʥʠʡ ʽ ʧʘʨʘʣʝʣʴʥʠʡ ʦʩʽ ʩʽʪʢʠ - ʣʘʤʽʥʘʨʥʠʡ, 

ʽʥʰʠʡ ʪʠʧ - ʪʫʨʙʫʣʝʥʪʥʠʡ. ʈʦʟʨʽʟʥʝʥʥʷ ʮʠʭ ʜʚʦʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘ ʙʝʟʨʦʟʤʽʨʥʠʤ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ: 

D
R

m

n
= ,                                                                 (5.11) 

ʜʝ:     v - ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ; 
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D - ʥʦʤʽʥʘʣʴʥʠʡ ʜʽʘʤʝʪʨ; 

ɛ - ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʨʽʜʠʥʠ. 

ɿʛʽʜʥʦ ʜʞʝʨʝʣ [13 ] ʧʨʠʡʤʘʻʤʦ, ʱʦ: ʧʨʠ R <1000, ʧʦʪʽʢ ʣʘʤʽʥʘʨʥʠʡ; ɸ 

ʧʨʠ R>2300 - ʧʦʪʽʢ ʪʫʨʙʫʣʝʥʪʥʠʡ (ʥʘʯʝʥʥʷ  CR  = 2300 ʻ ʢʨʠʪʠʯʥʠʤ ʯʠʩʣʦʤ 

ʈʝʡʥʦʣʴʜʩʘ).  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʪʨʘʪ ʪʠʩʢʫ, ʪʦ ʽʩʥʫʶʪʴ ʨʦʟʧʦʜʽʣʝʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ (ʚ 

ʪʨʫʙʘʭ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʢʘʥʘʣʘʭ) ʪʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ (ʚ 

ʦʙʤʝʞʫʚʘʣʴʥʦʤʫ ʪʘ ʩʧʦʣʫʯʥʦʤʫ ʢʦʨʧʫʩʘʭ). 

ʆʩʢʽʣʴʢʠ, ʯʝʨʝʟ ʜʽʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʥʘʩʦʩʘ ʽ ʩʝʨʚʦʢʣʘʧʘʥʽʚ ʪʫʨʙʫʣʝʥʪʥʽ 

ʧʦʪʦʢʠ ʧʨʠʩʫʪʥʽ ʚ ʛʽʜʨʦʤʘʛʽʩʪʘʣʽ, ʤʠ ʧʦʚ'ʷʟʫʻʤʦ ʚʪʨʘʪʠ ʟ ʜʠʥʘʤʽʯʥʠʤ ʪʠʩʢʦʤ 

ʯʝʨʝʟ ʚʠʨʘʟ:   

2 2

22 2

Q
P

S

n r
xr xD = Ö = Ö,                                               (5.11)  

ʜʝ:     v =  Q / S  ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʚ ʝʪʘʣʦʥʥʦʤʫ ʨʦʟʜʽʣʽ; 

Q - ʦʙ'ʻʤʥʘ ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ; 

S ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʨʽʟʫ ʤʘʛʽʩʪʨʘʣʽ; 

x- ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʪʠʩʢʫ ʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʝʣʝʤʝʥʪʽ ʦʙ ʻʤʫ. 

ɺʽʜʥʦʰʝʥʥʷ (5.11) ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʛʦʚʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ: gg r= . 

ɿʥʘʯʝʥʥʷ x ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ ʪʘʙʣʠʮʷʤ [2,5]. 

ɼʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʪʨʘʪ ʪʠʩʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʪʘʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

L

D
x l= ,                                                                (5.12) 

ʜʝ:  l- ʨʦʟʧʦʜʽʣʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʪʠʩʢʫ; L - ʜʦʚʞʠʥʘ ʪʨʫʙʢʠ;  D - ʜʽʘʤʝʪʨ 

ʪʨʫʙʢʠ. 

ʆʪʞʝ:                                             
2

22

L Q
P

D S

r
lD = Ö Ö Ö                                                       (5.13) 

5.2. ʈʦʟʨʘʭʫʥʦʢ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʽʙʨʦʩʪʝʥʜʫ 

ʈʦʟʨʘʭʫʥʢʠ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʽʙʨʦʩʪʝʥʜʫ ʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʧʨʦʚʝʜʝʤʦ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʠʧʦʚʠʭ ʨʽʚʥʷʥʴ ʩʠʣʠ (ʟ 
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ʫʨʘʭʫʚʘʥʥʷʤ ʪʠʩʢʫ P) ʪʘ ʪʠʧʦʚʠʭ ʨʽʚʥʷʥʴ ʧʦʪʦʢʫ (ʷʢʽ ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴ P), 

ʚʠʜʘʣʷʶʯʠ P ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ. 

ʈʽʚʥʷʥʥʷ ʩʠʣʠ ʚʠʨʘʞʘʶʪʴ ʨʽʚʥʦʚʘʛʫ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʧʽʜ ʜʽʻʶ ʩʠʣ, ʷʢʠʤ 

ʚʦʥʠ ʧʽʜʜʘʶʪʴʩʷ. ʆʪʨʠʤʫʻʤʦ: 

- ʩʠʣʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʦʛʦ ʝʣʝʤʝʥʪʘ (ʮʠʣʽʥʜʨʘ), ʷʢʽ ʚ 

ʦʩʥʦʚʥʦʤʫ ʦʙʫʤʦʚʣʝʥʽ ʞʦʨʩʪʢʽʩʪʶ k ʪʠʧʫ -kx (ʧʨʦʧʦʨʮʽʡʥʦʶ ʧʝʨʝʤʽʱʝʥʥʶ x), 

ʪʘ ʚ'ʷʟʢʦʛʦ ʪʝʨʪʷ c ʪʠʧʫ - 
dx

c
dt

; 

- ʩʠʣʠ eF, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ (ʝʬʝʢʪʠʚʥʠʡ 

ʪʠʩʢ ʨʽʜʠʥʠ - eP, ʾʾ ʚʠʪʨʘʪʘ, ʧʨʠʩʢʦʨʝʥʥʷ, ʪʦʱʦ).  

ʊʦʜʽ, ʷʢʱʦ ʧʨʠʡʥʷʪʠ M ʟʘ ʤʘʩʫ ʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ, ʟʘʛʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʙʫʚʘʻ ʢʣʘʩʠʯʥʦʛʦ ʚʠʛʣʷʜʫ: 

2

2e

dx d x
F kx c M

dt dt
= + +                                                           (5.14) 

ʈʽʚʥʷʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʚʠʨʘʞʘʶʪʴ ʟʙʝʨʝʞʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʦʢʫ ʜʦ 

ʤʘʩʠ I ID Qr=  [18]. ʗʢʱʦ ʚ ʨʝʩʠʚʝʨ ʥʘʜʭʦʜʠʪʴ ʤʘʩʦʚʠʡ ʧʦʪʽʢ ID   ʽ ʤʘʩʦʚʠʡ 

ʧʦʪʽʢ JD   ʡʦʛʦ ʟʘʣʠʰʘʻ, ʪʦ ʚʽʜʥʦʰʝʥʥʷ ʙʘʣʘʥʩʫ ʤʘʻ ʚʠʜ: 

I J

I J

dM dV d
D D V

dt dt dt

r
r- = = +ä ä                                        (5.15) 

ɼʣʷ ʜʘʥʦʾ ʤʘʩʠ M ʪʘ ʦʙ'ʻʤʫ V:               
( / )

d dV dP
B

V d

r

r r r
=- ­ = ,  

ʜʝ B - ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʣʠʚʦʩʪʽ, ʘ ʦʪʞʝ: 
dP

d
B

r r= ,  ʥʘ ʧʨʘʢʪʠʮʽ 0r r¸   

(ʟʥʘʯʝʥʥʷ ʜʣʷ P= 0). 

ʆʪʨʠʤʫʻʤʦ:    
I J

I J

dV V dP
Q Q

dt B dt
- = + Öä ä  .                                   (5.16)    

ʈʽʚʥʷʥʥʷ (5.16) ʚʢʣʶʯʘʻ ʫʤʦʚʫ ʜʣʷ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ 
I J

I J

Q Q-ä ä ,   

ʫʤʦʚʫ ʜʣʷ ʟʤʽʥʠ ʦʙ ʻʤʫ: 
dV

dt
  ̔   ʫʤʦʚʫ ʜʣʷ ʩʪʠʩʣʠʚʦʩʪʽ ʨʽʜʠʥʠ : 

V dP

B dt
Ö . 
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5.2.1. ʈʦʟʨʘʭʫʥʦʢ ʢʽʥʝʤʘʪʠʢʠ ʛʽʜʨʦʮʠʣʽʥʜʨʫ ʟ ʩʝʨʚʦʢʣʘʧʘʥʦʤ 

ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʠʤʦ ʨʦʙʦʪʫ ʩʠʤʝʪʨʠʯʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʮʠʣʽʥʜʨʫ 

ʟʙʫʜʥʠʢʘ ʢʦʣʠʚʘʥʴ ʚʽʙʦʩʪʝʥʜʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5.2. 

 

 

ʈʠʩ.5.3. ʉʭʝʤʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʮʠʣʽʥʜʨʘ ʟ ʩʝʨʚʦʢʣʘʧʘʥʦʤ. 

 

ʅʘ ʨʠʩ.5.3. ʟʦʙʨʘʞʝʥʦ: 1- ʧʦʨʰʝʥʴ ʩʠʤʝʪʨʠʯʥʦʛʦ  ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʟʽ 

ʰʪʦʢʦʤ, 2 - ʩʝʨʚʦʢʣʘʧʘʥ, 3- ʜʘʪʯʠʢ ʟʚʦʨʦʪʥʦʛʦ ʟʚ ʷʟʢʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʂ1 

- ʢʘʤʝʨʘ 1 ʽ ʂ2- ʢʘʤʝʨʘ 2 ʩʠʤʝʪʨʠʯʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ. 

ɿʘ ʧʨʠʧʫʱʝʥʥʷʤ, ʩʝʨʚʦʢʣʘʧʘʥ ʩʠʤʝʪʨʠʯʥʠʡ, ʙʝʟ ʧʦʨʦʛʫ ʩʧʨʘʮʶʚʘʥʥʷ 

ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʽʢ ʚ ʢʦʞʥʽʡ ʢʘʤʝʨʽ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʮʠʣʽʥʜʨʘ ʧʦʜʚʽʡʥʦʾ ʜʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʨʽʜʠʥʠ, 

ʱʦ ʧʦʜʘʻʪʴʩʷ ʟ ʩʝʨʚʦʢʣʘʧʘʥʫ, ʽ ʚʠʪʨʘʪʘʤʠ ʨʽʜʠʥʠ ʚʠʪʦʢʫ ʟ ʮʠʣʽʥʜʨʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʠʪʴ: 

1
1

dx V dP
Q S

dt B dt
= + ;             2

2

dx V dP
Q S

dt B dt
= - ,                    (5.17) 

 

ʜʝ 1P, ʽ 2P  - ʪʠʩʢ ʫ ʢʘʤʝʨʘʭ 1 ʽ 2 ʮʠʣʽʥʜʨʘ ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʩʪʘʥʽ ʩʧʦʢʦʶ: 1 2
2

eP
P P= =  (ʦʜʥʘʢʦʚʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʢʦʞʥʦʤʫ ʦʪʚʦʨʽ 

ʩʠʤʝʪʨʽʻʶ), ʜʝ: eP - ʝʬʝʢʪʠʚʥʠʡ ʪʠʩʢ ʘʙʦ ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʩʝʨʚʦʢʣʘʧʘʥʘ. 
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ɸʥʘʣʦʛʽʯʥʦ: 1 2Q Q=-  ̔  ʷʢʱʦ ʧʽʜʩʫʤʫʚʘʪʠ 1 2Q Q+    ʪʘ ʽʥʪʝʛʨʫʚʘʪʠ ʡʦʛʦ, 

ʦʪʨʠʤʘʻʤʦ: 

1 2 eP P P+ =                                                               (5.18) 

ɺʽʜʥʦʰʝʥʥʷ (5.18) ʚʠʨʘʞʘʻ, ʱʦ ʯʝʨʝʟ ʩʠʤʝʪʨʽʶ ʮʠʣʽʥʜʨʘ ʪʠʩʢʠ  1P, ʽ 2P  

ʪʘʢʦʞ ʩʠʤʝʪʨʠʯʥʽ ʽ ʟʘʚʞʜʠ ʤʝʥʰʽ ʘʙʦ ʜʦʨʽʚʥʶʶʪʴ ʚʽʜʥʦʰʝʥʥʶ: / 2eP . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʧʫʩʢʘʶʯʠ ʩʠʤʝʪʨʽʶ ʮʠʣʽʥʜʨʘ, ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 

1 2
1

2 2

eP P P
P

-
= + ,  ʪʘ 1 2

2
2 2

eP P P
P

-
= - .                                 (5.19)    

ɺʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʨʽʚʥʽ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʩʝʨʚʦʢʣʘʧʘʥʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ: 

1 2 1 2
1 2

2 2 2 2

e e
e e

P P P P P P
P P P P P

- -
D = - = - = - = +.                         (5.20) 

ʊʘʢ, ʱʦ: 1 2sgn( )
2 2

eP P P
P x

-
D = - , 

ʜʝ: sgn( )x   -çʩʽʛʥʫʤè ʬʫʥʢʮʽʷ ʧʦ  ʭ (x - ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʰʥʷ). 

ʗʢʱʦ 1 2P P̧  (ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ ʻ ʥʝʚʝʣʠʢʽ, ʙʣʠʟʴʢʽ ʜʦ 0), ʚʪʨʘʪʠ ʪʠʩʢʫ 

ʥʘ ʦʪʚʦʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ: 
2

eP
PD = .  

ʗʢʱʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʟʤʽʥʠ ʪʠʩʢʽʚ 1P, ʽ 2P   ʚ ʜʚʦʭ ʢʘʤʝʨʘʭ ʮʠʣʽʥʜʨʘ, ʤʠ 

ʧʦʚʠʥʥʽ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚʠʪʨʘʪʠ ʻ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʝʥʶ 

ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʷʢʠʡ ʬʘʢʪʠʯʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʢʘʤʝʨʘʭ, ʘ ʥʝ 
2

eP
 ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʠʧʘʜʢʫ: 

1eP P-  ʚ ʢʘʤʝʨʽ ʂ1 ʽ 2P  ʚ ʢʘʤʝʨʽ; 

1P  ʚ ʢʘʤʝʨʽ ʂ1 ʽ 1eP P-  ʚ ʢʘʤʝʨʽ ʂ2 . 

ʇʦʪʽʢ ʨʽʜʠʥʠ ʯʝʨʝʟ ʨʦʟʧʦʜʽʣʴʥʠʢ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʨʽʚʥʷʥʥʷʤ: 

2v

2
P rD =                                             (5.21) 

ʆʩʢʽʣʴʢʠ ʦʪʚʽʨ ʥʘ ʨʽʚʥʽ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʤʘʻ ʜʽʘʤʝʪʨ aD , ʤʠ ʦʪʨʠʤʫʻʤʦ: 

2 2 22 2
v v v ( ) .a a

a

Q P
Q S D Q D P

D
p p

p r r

D
= = ­ = = ­ = D               (5.22) 
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ɺʚʝʜʝʤʦ ʢʨʘʡʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ x ʪʘ ʚʩʪʘʥʦʚʠʤʦ: 

2
K Dxp

r
= ,                                                 (5.23) 

ʪʘ ʦʪʨʠʤʘʻʤʦ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʮʽʣʦʤʫ ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ  ʧʨʦʧʦʨʮʽʡʥʘ 

ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʝʥʶ ʚʪʨʘʪʠ ʪʠʩʢʫ ʽ ʚʽʜʢʨʠʪʪʷ ʦʪʚʦʨʫ ʥʘ ʨʦʟʧʦʜʽʣʴʥʠʢʫ: 

1 2
1 sgn( )

2 2

e
a a

P P P
Q K P K x

-
= D = - .                                               (5.24) 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʙʫʜʝ ʧʽʜʢʣʶʯʠʪʠ ʮʶ ʰʚʠʜʢʽʩʪʴ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʨʫʭʫ ʧʦʨʰʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʠʧʦʚʽ ʨʽʚʥʷʥʥʷ ʩʠʣʠ (5.14) (ʪʫʪ, ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ ʉ ʽ ʂ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʨʽʚʥʷʥʥʽ ʩʠʣ). 

ɿʘ ʧʨʠʧʫʱʝʥʥʷʤ (ʣʽʥʽʡʥʽʩʪʴ ʪʘ ʩʠʤʝʪʨʽʷ), ʤʠ ʚʠʟʥʘʯʘʻʤʦ "ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʩʠʣʝʥʥʷ K ʜʣʷ ʢʦʞʥʦʾ ʢʘʤʝʨʠ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʩʝʨʚʦʢʣʘʧʘʥʘ ʷʢ: 

1 1 /K Q a= , 2 2 /K Q a=  (ʜʝ 1 2K K K= =, ʷʢʽ ʧʨʦʪʠʣʝʞʥʽ ʪʘ ʧʦʩʪʽʡʥʽ). ʎʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʚʪʨʘʪʠ ʪʠʩʢʫ ʯʝʨʝʟ ʦʪʚʽʨ ʘ, ʨʽʚʥʠʡ / 2eP . 

2 2

0 1 2 1 2 2
( )

d x M d x
S F M M S P P P P

dt S dt
g= = = - ­ - = . 

ʊʘʢʠʤ ʯʠʥʦʤ: 

 

()
()2 2

1 12 2

sgn
1 sgn 1

2

e
a

e e

x MP M d x d x
Q K x K

PS dt PS dt
= - Ö = - Ö,         (5.25) 

 

ɼʝ:    1
2

e e
a

P P
K K D axp

r
= = . 

 

ɺ ʨʦʙʦʪʫ ʮʠʣʽʥʜʨʘ ʚʚʦʜʠʪʴʩʷ ʝʣʝʤʝʥʪ ʩʧʦʪʚʦʨʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ 

ʧʦʪʦʢʫ ʥʝ ʻ ʩʪʨʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʚʽʜʢʨʠʪʪʶ ʨʦʟʧʦʜʽʣʴʥʠʢʘ. ʎʝ ʩʧʦʪʚʦʨʝʥʥʷ 

ʧʨʦʧʦʨʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʶ ʄ ʽ ʧʨʠʩʢʦʨʝʥʥʶ ɔ. 

ʇʦʪʫʞʥʽʩʪʴ W ʥʘ ʧʦʨʰʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʧʦʪʦʢʫ ʽ ʪʠʩʢʫ. ʊʦʤʫ 

ʤʠ ʦʪʨʠʤʫʻʤʦ ʜʣʷ ʯʝʨʛʫʚʘʥʥʷ ʧʦʨʰʥʷ ʚ ʢʘʤʝʨʽ: 
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1 2
1 2 1 2 1 1 2

( )
( ) ( ) ( ) sgn( )

2 2

e
a

P P P
W P P P P Q P P K x

-
- = - = - - , 

ʜʝ  W ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ, ʷʢʱʦ  
1 2

0
( )

dW

d P P
=

-
.  

ʊʘʢʠʤ ʯʠʥʦʤ: 

1 2

3 3
( )

2 2
e

F
P P P

S
= - = .                                         (5.26) 

ʆʪʞʝ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʜʠʥʘʤʽʯʥʫ ʩʠʣʫ F, ʜʦʩʪʫʧʥʫ ʜʣʷ 

ʜʘʥʦʛʦ ʪʠʩʢʫ eP : 

2

3

eSP
F=  .                                                           (5.27) 

ʈʦʟʨʘʭʫʥʦʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʚʽʙʨʦʩʪʝʥʜʘ ʥʘʚʝʜʝʥʽ ʚ ɼʦʜʘʪʢʫ ɹ.6. 

 

5.2.2. ʌʫʥʢʮʽʷ ʛʽʜʨʘʚʣʽʯʥʦʾ ʧʝʨʝʜʘʯʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 

ʇʦʪʽʢ ʫ ʢʘʤʝʨʽ  ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʮʠʣʽʥʜʨʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ  ʩʫʤʫ 

ʥʘʩʪʫʧʥʠʭ ʰʚʠʜʢʦʩʪʝʡ: 

- ʯʝʨʝʟ ʟʤʽʱʝʥʥʷ ʧʦʨʰʥʷ: 
dx

S
dt

; 

-ʯʝʨʝʟ ʧʝʨʝʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʧʦ ʥʝʱʽʣʴʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ ʧʦʨʰʥʷ ʪʘ 

ʮʠʣʽʥʜʨʘ: kfP  ʚ ʢʘʤʝʨʽ k; 

- ʟʘʚʜʷʢʠ ʩʪʠʩʣʠʚʦʩʪʽ ʨʽʜʠʥʠ: kV dP

B dt
Ö ʚ ʢʘʤʝʨʽ k; 

- ʯʝʨʝʟ ʚʠʪʽʢ ʨʦʟʧʦʜʽʣʴʥʠʢʘ: 02k k

q
f P

Pq
= D  ʚ ʢʘʤʝʨʽ k. 

 0q  - ʰʚʠʜʢʽʩʪʴ ʚʠʪʦʢʫ ʚ ʪʦʯʮʽ ʚʠʪʦʢʫ 0s  ʧʨʠ / 2eP PD = .  

ʋ ʥʝʡʪʨʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ (a = 0), ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʦʟʧʦʜʽʣʴʥʠʢ 

ʜʦʩʢʦʥʘʣʦ ʩʠʤʝʪʨʠʯʥʠʡ ʥʘ ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʧʨʦʭʽʜʥʠʭ ʜʽʣʷʥʢʘʭ (ʷʢʽ ʛʽʧʦʪʝʪʠʯʥʦ 

ʟʤʽʥʶʶʪʴʩʷ ʣʽʥʽʡʥʦ ʽʟ ʚʽʜʥʦʩʥʠʤ ʣʽʥʽʡʥʠʤ ʨʦʟʧʦʜʽʣʴʥʠʢʦʤ, ʱʦ ʚʽʜʢʨʠʚʘʻʪʴʩʷ 

"a"), ʰʚʠʜʢʽʩʪʴ ʚʠʪʦʢʫ ʧʨʦʧʦʨʮʽʡʥʘ 0q  ʯʝʨʝʟ ʚʽʜʥʦʩʥʫ ʯʘʩʪʢʘ ʪʠʩʢʫ, ʷʢʘ ʽʩʥʫʻ 

ʚ ʢʦʞʥʽʡ ʢʘʤʝʨʽ, ʚʢʣʶʯʘʶʯʠ: 
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(ʢʘʤʝʨʘ 1)    1 2 0
0 12

P P P q
q P

P P

q

q q

+ -
Ö = D;                                      (5.29) 

(ʢʘʤʝʨʘ 2)      2 1 0
0 22

P P P q
q P

P P

q

q q

+ -
Ö = D                                     (5.30) 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʫʻʤʦ: 

 

() 2

1 2 1 2

sgn
1

x M d x
Q Q K

SP dtq

=- = Ö - Ö.                                       (5.31) 

ɼʝ:     
2

K Dxp
r

= ,    ʘ    1 2
2

P P
K Ka K a D aq qxp

r
= = = . 

 

ʇʘʨʘʤʝʪʨ ʧʦʪʦʢʫ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʪʽʣʴʢʠ ʚʠʪʦʢʠ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, 

ʥʘʩʪʫʧʥʠʡ: 

 

() 2

1 0
1 1 1 12

sgn
1 2

x Md x dx V dP q
Q K S fP P

SP dt dt B dt Pq q

= - = + + Ö + D                          (5.32) 

() 2

2 0
2 1 2 22

sgn
1 2

x Md x dx V dP q
Q K S fP P

SP dt dt B dt Pq q

=- - =- + + Ö + D                     (5.33) 

 

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ, ʤʠ ʦʪʨʠʤʫʻʤʦ: 

 

()
( )

( )
( )

2

1 1 22

1 20
1 2

sgn
2 1 2

2 .

x Md x dx
K S f P P

SP dt dt

d P Pq V
P P

P B dt

q

q

- = + - +

-
+ D -D +

                           (5.34) 

ɸʥʘʣʦʛʽʯʥʦ:                  
2

1 2 1 2 2

F M d x
P P P P

S S dt
D -D = - = = .                                                 (5.35) 

ʆʪʨʠʤʫʻʤʦ: 

 

() 2 2 2 3

0
1 2 2 2 3

sgn
2 1 2 2

x Md x dx M d x q M d x V M d x
K S f

SP dt dt S dt P S dt B S dtq q

- = + + +  .                  (5.36) 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ()1 2K K A r= ,  ʦʪʨʠʤʫʻʤʦ: 

 

 

() () ()

() ()

2

2

2 30

1

.
2 2

M
K A X S X

SP

f q M V M
X X

P S B S

q

q

r r r r r

r r r r

Ö - = +

å õ
+ + Ö +æ ö
ç ÷

                                     (5.37) 

ʊʦʜʽ:  ()

2

2

20

2 2

1
( )

( )
1

2 2

e

H

e

M
K p Xp

SPX p
H p

A p f q M V M
Sp p p

P S B S

-

= =
è øõå
+ + +é ùöæ
ç ÷ê ú

                  (5.38) 

ʌʫʥʢʮʽʷ sgn(x) ʪʫʪ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʜʘʻʪʴʩʷ ()X p  ʽ, ʦʪʞʝ, x(t) ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ. 

ʎʷ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʥʝ ʻ ʣʽʥʽʡʥʦʶ, ʷʢ ʤʠ ʧʝʨʝʜʙʘʯʘʣʠ ʯʝʨʝʟ 

ʨʘʜʠʢʘʣ (5.25). ʋ ʛʽʜʨʘʚʣʽʯʥʽʡ ʩʠʩʪʝʤʽ ʚʚʝʜʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 

2 ʝ
f

K D P

S S

xp
w

r
= =  - ʧʨʠʨʽʩʪ ʰʚʠʜʢʦʩʪʽ ʚ ʩʠʩʪʝʤʽ ʙʝʟ ʟʚʦʨʦʪʥʴʦʛʦ 

ʟʚʷʟʢʫ; 

22
c

BS

VM
w= - ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʧʦʨʰʥʷ; 

1
1 22 2

c f M

S

w
x= Ö  - ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ ʯʝʨʝʟ ʚʠʪʽʢ ʚ ʟʘʟʦʨʽ ʧʦʨʰʥʷ ʽ 

ʮʠʣʽʥʜʨʘ; 

2 22

c Q M

P S

q

q

w
x= Ö Ö- ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ ʯʝʨʝʟ ʥʝʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʢʣʘʧʘʥʽʚ. 

ʊʦʜʽ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʩʪʘʻ: 

 

()
( )

2

2

1 2 2

1

2 1
1

f

e

H

c c

M
p Xp

SP
H p

p p p

w

x x
w w

Ö -

=
è ø
+ + +é ù
ê ú

                  (5.39)  
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ʎʽ ʚʽʜʥʦʰʝʥʥʷ ʤʦʞʥʘ ʣʽʥʝʘʨʠʟʫʚʘʪʠ ʱʦʜʦ ʨʦʙʦʯʦʾ ʪʦʯʢʠ. 

ʃʽʥʝʘʨʠʟʘʮʽʷ ʪʠʧʦʚʦʛʦ ʨʽʚʥʷʥʥʷ ʧʦʪʦʢʫ ʯʝʨʝʟ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʢʣʘʧʘʥ. 

ʄʠ ʙʘʯʠʣʠ, ʱʦ ʡʦʛʦ ʚʠʨʘʟ ʻ ʬʫʥʢʮʽʻʶ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʝʥʷ ʚʪʨʘʪʠ 

ʪʠʩʢʫ, ʪʘʢʦʶ, ʱʦ: 

eQ K P K P P= D = -. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʚʽʜʥʦʰʝʥʥʷ ʣʽʥʝʘʨʠʟʘʮʽʾ ʜʦ ʧʦʪʫʞʥʦʩʪʽ, ʜʦʙʫʪʢʫ ʪʘ ʩʫʤʠ, 

ʦʪʨʠʤʫʻʤʦ K, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʤʽʥʥʘ, ʽ  Ko .. K (ʢʦʝʬʽʮʽʻʥʪ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ): 

 

( )
( ) ( ) ( )0 0 0 0 00

1 1 1
1 1

2 2 2

e e

e e e

d P PQ K P P

Q K P P P P P P

è ø- D D
= Ö + = + -é ù

- - -é ùê ú

. 

 

ʊʘʢ, ʱʦ:                
( ) ( )0

0 0 0 0

1 1
1

2 2

P P
Q Q

P P P P

q

q q

è øD D
= Ö + -é ù

- -ê ú

                            (5.40) 

 

ʉʘʤʝ ʮʷ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (5.14) ʪʘ 

(5.15), ʜʦʟʚʦʣʷʻ ʥʘʤ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʙʽʣʴʰʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ [ 4]. 

ɺʠʨʘʟ (5.39) ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʣʽʥʝʘʨʠʟʫʚʘʪʠ, ʟʙʝʨʽʛʘʶʯʠ ʣʠʰʝ 

ʣʽʥʽʡʥʫ ʯʘʩʪʠʥʫ ʚʠʨʘʟʫ ʯʠʩʝʣʴʥʠʢʘ. ʎʝ ʦʟʥʘʯʘʻ ʣʽʥʝʘʨʠʟʘʮʽʶ ʨʦʙʦʪʠ 

ʩʝʨʚʦʢʣʘʧʘʥʘ ʥʘ ʦʩʥʦʚʽ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ Q ʧʨʦʧʦʨʮʽʡʥʘ 

ʦʪʚʦʨʫ ʨʦʟʧʦʜʽʣʴʥʠʢʘ.  ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʮʝ ʩʧʨʦʱʝʥʥʷ ʥʝ ʟʤʝʥʰʫʻ 

ʪʦʯʥʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʊʦʜʽ ʨʦʟʨʘʭʫʥʦʢ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʟ ʜʦʩʪʘʪʥʴʦʶ 

ʪʦʯʥʽʩʪʶ, ʟʘʧʠʩʘʚʰʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʫ ʚʠʛʣʷʜʽ Q = Ka. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʘʤʢʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʨʚʦʫʧʨʘʚʣʽʥʥʷ 

(ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ, ʧʦʰʫʢ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʽʟ 

ʟʘʤʢʥʫʪʦʶ ʧʝʪʣʝʶ, ʚʨʘʭʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʦʱʦ) ʟʘʩʪʦʩʫʻʤʦ ʩʧʨʦʱʝʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

()
( )

1

2

1 2 2

2 1
1

H

c c

H
w

r

r x x r r
w w

=
è ø
+ + +é ù
ê ú

.                                    (5.41) 
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ʆʪʞʝ: 

( )

1

2

1 2 2
1 2

c
H

c

c c c

H j

j j

w

w w

w w w w
x x

w w w

å õ
=æ ö

è øç ÷ + + -é ù
ê ú

.                                     (5.42) 

ʌʦʨʤʘ ʟʤʽʥʥʦʛʦ ʩʠʛʥʘʣʫ, ʡʦʛʦ ʯʘʩʪʦʪʘ ʪʘ ʟʥʘʢʦʟʤʽʥʥʠʡ ʨʫʭ ʧʦʨʰʥʷ 

ʚʽʜʥʦʩʥʦ ʧʝʨʝʪʠʥʫ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ, ʘ ʪʘʢʦʞ ʘʤʧʣʽʪʫʜʘ ʮʴʦʛʦ ʨʫʭʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ.  

 

5.3. ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʣʘʧʘʥʘ  

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʠʚʦʜʘ 

ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʚ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʩʪʝʥʜʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ 

ʢʣʘʧʘʥ ʟ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ ʫʥʽʤʦʨʬʥʠʤ ʧʨʠʚʦʜʦʤ. ɿʛʽʜʥʦ [16] ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʨʠʚʦʜʦʤ ʧ'ʻʟʦʝʣʝʤʝʥʪ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʰʚʠʜʢʝ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, ʯʘʩ ʷʢʦʛʦ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 0,125 ʤʩ (ʧʨʦʪʠ 0,5 ʤʩ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʨʠʚʦʜʫ). 

ɺ ʽʜʝʘʣʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʫʥʽʤʦʨʬʥʠʡ ʧʨʠʚʽʜ - ʮʝ ʣʽʥʽʡʥʠʡ, 

ʢʦʥʩʝʨʚʘʪʠʚʥʠʡ,  ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʨʘʮʶʶʯʠʡ ʥʘ ʟʚʦʨʦʪʥʦʤʫ ʧ ʻʟʦ ʝʬʝʢʪʽ [6,7,8]. 

ʗʢ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ, ʧôʻʟʦʝʣʝʢʪʨʠʯʥʘ ʢʦʤʧʦʟʠʪʥʘ ʜʽʘʬʨʘʛʤʘ ʟʜʽʡʩʥʶʻ 

ʧʨʦʛʠʥʘʥʥʷ ʜʠʩʢʦʚʦʾ ʧʦʚʝʨʭʥʽ  ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʨʠʢʣʘʜʝʥʫ ʟʤʽʥʥʫ ʥʘʧʨʫʛʫ 

(ʈʠʩ.5.3). 

 

 

ʈʠʩ.5.3. ɼʠʩʢʦʚʠʡ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʚʽʜ ʚ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ - ʘ)  

ʪʘ ʚ ʚʽʜʢʨʠʪʦʤʫ ʩʪʘʥʽ- ʙ) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5.3 ʘ) ʢʘʥʘʣ  ʟ ʜʽʘʤʝʪʨʦʤ d ʚ ʟʘʢʨʠʪʦʤʫ 

ʩʪʘʥʽ, ʘ  ʨʠʩ.5.3 ʙ) ï ʚ ʟʘʢʨʠʪʦʤʫ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʚ 

ʛʽʜʨʘʚʣʽʯʥʽʡ ʤʘʛʽʩʪʨʘʣʽ. 

ʆʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʘʢʪʶʘʪʦʨʽʚ [9,10,11]: ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ, 

ʩʪʘʪʠʯʥʘ ʻʤʢʽʩʪʴ, ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʙʣʦʢʫʶʯʝ ʟʫʩʠʣʣʷ, ʨʝʟʦʥʘʥʩʥʘ 

ʯʘʩʪʦʪʘ . 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʣʘʧʘʥʘ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʫʥʤ̔ʦʨʬʥʠʡ 

ʜʠʩʢ ʟ ʧʘʨʘʤʝʪʨʘʤʠ (ʜʠʚʠʩʴ ɼʦʜʘʪʦʢ ɹ.4). 

ɺʠʟʥʘʯʝʥʘ ʡʦʛʦ ɸʏʍ ʪʘ ʌʏʍ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.5.4. 

 

 

ʈʠʩ.5.4.  ɸʏʍ ʪʘ ʌʏʍ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʫʥʽʤʦʨʬʥʦʛʦ ʜʠʩʢʫ 

        ʄʘʢʩʠʤʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʝ ʚʽʜʪʚʦʨʶʻ ʜʘʥʠʡ ʜʠʩʢʦʚʠʡ ʫʥʽʤʦʨʬ ʙʫʣʦ 

ʧʝʨʝʚʽʨʝʥʦ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʭʘʥʽʯʥʦʛʦ 

ʤʽʢʨʦʤʝʪʨʦʤ ( ʨʠʩ.5.5), ʪʘ ʩʢʣʘʣʦ 109ɛʤ.  
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ʈʠʩ.5.5. ɺʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʫʥʽʤʦʨʬʫ 

ʂʦʥʩʪʫʢʪʠʚʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʧô̒ ʟʦʻʣʝʢʪʨʠʯʥʠʡ ʢʣʘʧʘʥ (ʇʢ) 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.5.6) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʨʦʭʽʜʥʠʡ ʦʙ ʻʤ ʟ ʚʭʽʜʥʠʤ ʪʘ 

ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʘʤʠ ʜʽʘʤʝʪʨʦʤ 10 ʤʤ ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʠʡ ʜʠʩʢʦʚʠʡ 

ʧô̒ ʟʦʧʨʠʚʽʜ ʢʨʘʾ ʷʢʦʛʦ, ʙʝʟ ʟʘʱʝʤʣʝʥʥʷ, ʧʨʠʞʘʪʽ ʢʨʠʰʢʦʶ ʚ ʢʦʨʧʫʩʽ. 

 

ʈʠʩ.5.6. ʂʦʥʩʪʨʫʢʮʽʷ ʧô̒ ʟʦʻʣʝʢʪʨʠʯʥʦʛʦ ʢʣʘʧʘʥʫ 

 

ʂʦʥʩʪʨʫʢʮʽʷ ʢʦʨʧʫʩʫ ʧô̒ ʟʦʻʣʝʢʪʨʠʯʥʦʛʦ ʢʣʘʧʘʥʫ ʚʠʢʦʥʘʥʘ ʪʘʢ, ʱʦ ʚ 

ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʨʽʜʠʥʘ ʧʽʜ ʪʠʩʢʦʤ ʈ ʜʽʻ ʥʘ ʚʝʨʭʥʶ ʧʦʚʝʨʭʥʶ ʟ ʩʠʣʦʶ  

ʚ ʚF PS= , 

ʘ ʥʘ ʥʠʞʥʶ ʧʦʚʝʨʭʥʶ:  

ʥ ʥF PS= . 

ʇʨʠ ʯʦʤʫ ʥ ʚ ʦʪʚS S S= - ,  ʜʝ , ,ʚ ʥ ʦʪʚS S S  - ʧʣʦʱʽ ʚʝʨʭʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʥʠʞʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜʧʦʚʽʜʥʦ. 
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ʊʦʙʪʦ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʧʝʨʝʡʪʠ ʚ ʚʽʜʢʨʠʪʠʡ ʩʪʘʥ ʧô̒ ʟʦʻʣʝʢʪʨʠʯʥʦʤʫ 

ʢʣʘʧʘʥʫ ʥʝʦʙʭʽʜʥʘ ʩʠʣʘ F F>D, ʜʝ ʚ ʥF F FD = -. 

 

ʈʠʩ.5.7. ɿô̒ ʜʥʘʥʥʷ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʣʘʧʘʥʽʚ ʇʢ ʧʦ ʩʭʝʤʽ ʤʦʩʪʫ 

 

ɼʣʷ ʟʘʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʚ ʤʦʩʪʦʚʽʡ ʩʭʝʤʽ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʢʣʘʧʘʥʠ -ʇʢ 

ʧʦʧʘʨʥʦ ʨʦʟʤʽʱʝʥʽ ʚ ʢʦʨʧʫʩʽ ʟ ʢʘʤʝʨʘʤʠ ʚʭʽʜʥʦʾ ʤʘʛʽʩʪʨʘʣʽ ʽ ʚʠʪʦʢʫ (ʨʠʩ.5.7). 

ɺʦʥʠ ʧʨʘʮʶʪʴ ʧʦʧʘʨʥʦ ï̔ ʥʚʝʨʩʥʦ.  

 

5.4. ʉʠʥʪʝʟ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʽʙʨʦʩʪʝʥʜʫ 

ʉʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʧʦʙʫʜʫʻʤʦ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʤʝʭʘʥʽʟʤ ʚʙ̔ʨʦʩʪʝʥʜʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʩʝʨʚʦʢʣʘʧʘʥʘ ʽ 

ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʻ ʪʠʧʦʚʦʶ ʽʥʪʝʛʨʫʶʯʦʶ ʣʘʥʢʦʶ.  

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʪʚʦʨʝʥʥʷ ʛʽʜʨʦʮʠʣʽʥʜʨʦʤ, 

ʥʘʚʘʥʪʘʞʝʥʠʤ ʩʪʘʣʦʶ ʤʘʩʦʶ, ʨʫʭʫ, ʟʛʽʜʥʦ ʟʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ, ʧʦ ʬʦʨʤʽ, 

ʘʧʣʽʪʫʜʽ ʪʘ ʯʘʩʪʦʪʽ. ɺʠʢʦʥʘʚʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʢʝʨʫʶʪʴ 

ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʧʦʪʦʢʘʤʠ ʚʽʙʨʦʩʪʝʥʜʫ ʻ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʢʣʘʧʘʥʠ ʪʘ 

ʩʝʨʚʦʢʣʘʧʘʥ. 

ʗʢ ʚʽʜʦʤʦ, ʫʩʽ ʨʝʘʣʴʥʽ ʛʽʜʨʘʚʣʽʯʥʽ ʩʠʩʪʝʤʠ ʧʝʚʥʦʶ ʤʽʨʦʶ ʤʽʩʪʷʪʴ 

ʥʝʣ̔ʥʽʡʥʽ ʝʣʝʤʝʥʪʠ: ʚʦʥʠ ʤʘʶʪʴ ʥʘʩʠʯʝʥʽʩʪʴ ʫ ʧʦʪʦʮʽ ʪʘ ʪʠʩʢʫ [9,10]. 

ʅʝʣʽʥʽʡʥʽ ʩʠʩʪʝʤʠ ʜʫʞʝ ʚʘʞʢʦ ʘʥʘʣʽʟʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʤʘʶʪʴ 

ʻʜʠʥʦʾ ʪʦʯʢʠ ʨʽʚʥʦʚʘʛʠ, ʽ ʩʢʣʘʜʥʦ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʜʣʷ ʮʠʭ ʩʠʩʪʝʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ, ʣʽʥʽʡʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʣʠʰʝ 
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ʦʜʥʫ ʫʥʽʢʘʣʴʥʫ ʪʦʯʢʫ ʨʽʚʥʦʚʘʛʠ, ʽ ʢʨʠʪʝʨʽʾ ʾʾ ʩʪʽʡʢʦʩʪʽ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ 

[20,21,24]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʻ ʚʝʣʠʢʘ ʧʝʨʝʚʘʛʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ. ʃʽʥʽʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʨʽʰʝʥʥʷ, ʽ 

ʚʩʽ ʘʩʧʝʢʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ʨʝʘʢʮʽʷ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, 

ʧʝʨʝʜʙʘʯʫʚʘʥʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʣʽʥʝʘʨʠʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʥʝʣʽʥʽʡʥʦʩʪʝʡ, 

ʧʦʚʥʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʣʽʥʽʡʥʫ. ʎʝ ʨʦʙʠʪʴ ʢʦʥʩʪʨʫʢʮʽʶ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʙʘʛʘʪʦ ʟʨʦʟʫʤʽʣʽʰʦʶ ʪʘ ʣʝʛʰʦʶ ʫ ʚʠʢʦʥʘʥʥʽ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʢʦʥʪʨʦʣʝʨʦʤ ʟʚʠʯʘʡʥʦʛʦ ʪʠʧʫ ʻ ʇɯɼ-ʢʦʥʪʨʦʣʝʨ. 

ʆʜʥʘʢ ʥʘʚʽʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʚʩʝ ʱʝ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʦʪʨʝʙʘ 

ʫ ʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʭ ʢʦʤʧʝʥʩʘʮʽʷʭ ʫ ʢʦʥʪʫʨʽ ʫʧʨʘʚʣʽʥʥʷ. ʋ ʛʽʜʨʘʚʣʽʯʥʽʡ ʩʠʩʪʝʤʽ 

ʚʽʜʥʦʩʥʝ ʜʝʤʧʬʫʚʘʥʥʷ ʯʘʩʪʦ ʜʦʩʠʪʴ ʥʠʟʴʢʝ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʠʩʢʫ ʘʙʦ ʧʨʠʩʢʦʨʝʥʥʶ. ɿʘʣʝʞʥʦ ʚʽʜ ʚʘʨʽʘʮʽʾ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʙʫʜʝ ʚʠʥʠʢʘʪʠ ʟʘʪʨʠʤʢʘ ʤʽʞ ʧʦʭʽʜʥʦʶ ʢʦʤʘʥʜʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʚʠʭʽʜʥʠʤ 

ʩʠʛʥʘʣʦʤ. ʎʷ ʟʘʪʨʠʤʢʘ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʘ ʜʦ ʤʽʥʽʤʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʩʠʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. 

ɼʽʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʪʦʤʫ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʧʦʭʽʜʥʦʾ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʯʘʩʪʦʪʽ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʧʦʨʫʰʝʥʥʷ ʩʠʛʥʘʣʽʚ ʙʫʜʫʪʴ ʧʦʩʠʣʝʥʽ ʜʦ ʨʽʚʥʷ, ʷʢʠʡ ʤʦʞʝ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʧʣʠʚʘʪʠ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʊʦʤʫ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʩʠʣʝʥʥʷ ʧʦʭʽʜʥʦʾ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʤʠ ʟʘʩʪʦʩʫʚʘʣʠ ʧʨʷʤʠʡ ʢʦʥʪʫʨʥʠʡ 

ʬ̔ ʣʴʪʨ. 

ʊʘʢʦʞ, ʷʢʱʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʠʪʴʩʷ, ʫ ʩʝʨʚʦʧʨʠʚʦʜʽ ʙʫʜʝ 

ʟʘʪʨʠʤʢʘ ʬʘʟʠ ʚʽʜ ʚʭʽʜʥʦʛʦ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ . ʋ ʩʝʨʚʦʧʨʠʚʦʜʽ ʧʦʣʦʞʝʥʥʷ 

ʟʘʪʨʠʤʢʘ ʬʘʟʠ ʚʠʢʣʠʢʘʻ ʧʦʤʠʣʢʫ ʧʦʣʦʞʝʥʥʷ, ʧʨʦʧʦʨʮʽʡʥʫ ʧʦʭʽʜʥʽʡ ʯʘʩʫ ʚʽʜ 

ʢʦʤʘʥʜʥʦʛʦ ʩʠʛʥʘʣʫ (ʰʚʠʜʢʽʩʪʴ). ɯ, ʷʢʱʦ ʟʘʩʪʦʩʫʚʘʪʠ ʫʧʝʨʝʜʞʫʚʘʣʴʥʝ 

ʧʦʩʠʣʝʥʥʷ (ʣʘʥʢʘ ʫʧʝʨʝʜʞʝʥʥʷ), ʷʢʝ ʜʘʩʪʴ ʧʦʭʽʜʥʫ ʚʽʜ ʢʦʤʘʥʜʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʤʦʞʥʘ ʙʫʜʝ ʫʩʫʥʫʪʠ ʟʘʪʨʠʤʢʫ ʬʘʟʠ. ʎʝ ʫʧʝʨʝʜʞʝʥʥʷ ʜʦʧʦʤʘʛʘʻ ʢʦʥʪʫʨʫ 
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ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʚʦʧʨʠʚʦʜʦʤ (ʩʝʨʚʦʢʣʘʧʘʥ) ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ 

ʢʦʤʘʥʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʊʦʙʪʦ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ  ʧʨʘʮʶʻ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʚʽʜ ʙʘʞʘʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʚ ʤʠʥʫʣʦʤʫ, ʩʭʝʤʘ ʫʧʝʨʝʜʞʝʥʥʷ ʻ ʧʨʦʛʥʦʩʪʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʷʢʠʡ 

ʟʤʫʰʫʻ ʩʠʩʪʝʤʫ ʧʨʦʷʚʣʷʪʠ ʙʘʞʘʥʫ ʧʦʚʝʜʽʥʢʫ ʚʽʜʥʦʩʥʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ [25]. 

ʋʧʝʨʝʜʞʫʚʘʣʴʥʝ ʧʦʩʠʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ: 

tY

v

s
G

K
=                                                   (5.43) 

ʜʝ vK  - ʩʪʘʮʽʦʥʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʚ ʢʦʥʪʫʨʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʧʦʜʘʯʽ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ. 

ʋ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʣʘʥʢʘ ʫʧʝʨʝʜʞʝʥʥʷ ʪʘʢʦʞ ʤʘʻ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ. 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʥʪʨʦʣʝʨʘ ʙʫʜʝ ʪʘʢʦʶ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5.8. 

 

 

ʈʠʩ.5.8. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʤ 

ʚʽʙʨʦʩʪʝʥʜʦʤ 

ʇʝʨʝʜ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʇɯɼ-ʢʦʥʪʨʦʣʝʨʘ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʶ. ʆʜʥʽʻʶ ʽʟ ʟʘʛʘʣʴʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʢʦʥʪʨʦʣʝʨʘ, ʦʧʠʩʘʥʦʶ ʚ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ, ʻ: 
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      (5.44) 

ʅʘʚʝʜʝʥʝ ʚʠʱʝ ʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʽʥʪʝʛʨʘʪʦʨʘ 

ʤʥʦʞʠʪʴʩʷ ʥʘ ʧʦʤʠʣʢʫ ʢʝʨʫʚʘʥʥʷ ( )e s  ʪʘ ʬʫʥʢʮʽʶ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʢʠ ( )f aw . 

ʇʦʭʽʜʥʘ ʜʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʜʦ ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ( )fbu s , ʘ ʧʦʪʽʤ 

ʜʦʜʘʻʪʴʩʷ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʜʝ ʧʦʩʪʽʡʥʫ ʯʘʩʫ /DT N  ʧʦʪʨʽʙʥʦ 

ʥʘʣʘʰʪʫʚʘʪʠ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʤʝʞʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʧʦʭʽʜʥʦʾ ʥʘ ʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ. 

ʇʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ, ʚʠʢʣʘʜʝʥʠʭ ʚ [19]. ʊʦʙʪʦ ʩʠʩʪʝʤʘ ʟʘʧʫʩʢʘʻʪʴʩʷ  ʪʽʣʴʢʠ 

ʟ ʈ-ʨʝʛʫʣʷʪʦʨʦʤ, ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ, ʧʦʢʠ ʥʝ 

ʧʦʯʥʝʪʴʩʷ  ʧʨʦʮʝʩ ʘʚʪʦʢʦʣʠʚʘʥʥʷ. ɺ ʮʝʡ ʯʘʩ ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʜʦʨʽʚʥʶʻ ʉʂ, ʘ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʜʦʨʽʚʥʶʻ ʉʊ. ʊʝʧʝʨ ʧʘʨʘʤʝʪʨʠ ʚ ʇɯɼ-

ʢʦʥʪʨʦʣʝʨʽ ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1
0,075 ; 1,2 ; 0,6 0,5 ,
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ɼʝ ST -ʯʘʩ ʚʠʙʽʨʢʠ.  

ɸʣʛʦʨʠʪʤ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘʚʝʜʝʥʠʡ ʚ ɼʦʜʘʪʢʫ ɹ.5. 

ʉʬʦʨʤʦʚʘʥʠʡ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʚ ʰʠʨʦʪʥʦ ʤʦʜʫʣʴʦʚʘʥʦʤʫ ʚʠʜʽ,  

ʧʦʜʘʻʪʴʩʷ  ʥʘ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʢʣʘʧʘʥʠ (ʇʢ ʥʘ ʨʠʩ.5.1). ʊʘʢʠʤ ʯʠʥʦʤ ʇʢ 

ʢʝʨʫʶʪʴ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʦʪʦʢʦʤ ʜʚʦʤʘ ʩʪʘʥʘʤʠ: ʧʦʚʥʽʩʪʶ ʚʽʜʢʨʠʪʠʡ ʽ ʧʦʚʥʽʩʪʶ 

ʟʘʢʨʠʪʠʡ. ʊʘʢʝ ʢʝʨʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʥʝʣʽʥʽʡʥʦʩʪʽ (ʛʽʩʪʝʨʝʟʽʩʫ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽ ʧʦʙʫʜʦʚʠ ʜʦʜʘʪʢʦʚʠʭ 

ʩʭʝʤ ʢʦʤʧʝʥʩʘʮʽʾ. 

 

5.5. ʈʦʟʨʦʙʢʘ ʤʘʢʝʪʫ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ 

ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʧʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʦʧʨʘʮʶʚʘʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

[5,14], ʪʘ ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʭ 

ʚʽʙʨʦʩʪʝʥʜʽʚ  ʢʦʤʧʘʥʽʾ  Dongling Technologies Co.,Ltd. (DONGLING), ʩʝʨʽʷ 
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ʚ̔ ʙʨʦʩʪʝʥʜʽʚ SY-70,  ʢʦʤʧʘʥʽʾ ASLi (China) Test Equipment Co., Ltd, ʩʝʨʽʷ 

ʚ̔ ʙʨʦʩʪʝʥʜʽʚ ES,  ʢʦʤʧʘʥʽʾ ECON ʩʝʨʽʷ ʚʽʙʨʦʩʪʝʥʜʽʚ HVS, ʷʢʽ ʩʴʦʛʦʜʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʥʢʫ, ʪʘ ʥʘ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ (ʨʠʩ.5.1 ) ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ 

ʤʘʢʝʪ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ. ɺ ʦʩʥʦʚʫ ʧʦʙʫʜʦʚʠ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʦʢʣʘʜʝʥʘ ʛʽʜʨʦʩʪʘʥʮʽʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ  20 ʣ/ʭʚ (ʨʦʙʦʯʘ ʨʽʜʠʥʘ-ʤ̔ ʥʝʘʣʴʥʘ 

ʦʣʠʚʘ ɸʄɻ-10 ʚô̫ ʟʢʽʩʪʶ 10 ʩʉʪ ʧʨʠ 50 ↔ʉ) ʪʘ ʧʦʪʫʞʥʽʩʪʶ 7,5 ʢɺʪ/ʛʦʜ. 

ɼʦ ʩʢʣʘʜʫ ʷʢʦʛʦ, ʦʢʨʽʤ  ʛʽʜʨʦʩʪʘʥʮʽʾ ʚʭʦʜʷʪʴ: 

- ʈʝʩʠʚʝʨ; 

- ʄʘʥʦʤʝʪʨʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʠʩʢʫ; 

- ʉʝʨʚʦʢʣʘʧʘʥ; 

- ʈʦʙʦʯʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʮʠʣʽʥʜʨ; 

- ɹʣʦʢ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʣʘʧʘʥʽʚ ʪʘ ʙʣʦʢ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

ɿʦʚʥʽʰʥʠʡ ʚʠʜ ʤʘʢʝʪʫ ʚʽʙʨʦʩʪʝʥʜʫ ʥʘʚʝʜʝʥʦ ʨʠʩ.5.9. 

 

 

ʈʠʩ.5.9. ɿʦʚʥʽʰʥʠʡ ʚʠʜ ʤʘʢʝʪʫ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ 

ɿʘ ʚʽʜʧʨʘʚʥʫ ʪʦʯʢʫ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ ʚʟʷʪʦ ʚʽʜʥʦʰʝʥʥʷ ʟʫʩʠʣʣʷ 

ʚʠʰʪʦʚʭʫʚʘʥʥʷ (ʤʘʢʩʠʤʘʣʴʥʝ ʟʫʩʠʣʣʷ), ʷʢʝ ʨʦʟʚʠʚʘʻ ʥʘ ʰʪʦʢʦʚʽ ʚʝʨʪʠʢʘʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʛʽʜʨʦʮʠʣʽʥʜʨ, ʜʦ ʤʘʩʠ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝ ʟʥʘʯʝʥʥʷ 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. ʐʣʷʭʦʤ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʭ ʚʽʙʨʦʩʪʝʥʜʽʚ ʨʽʟʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʚʠʨʦʙʥʠʢʽʚ ʙʫʚ 

ʚʠʟʥʘʯʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʰʝʥʥʷ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ  5. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʽʚʰʠ 

ʧʦʧʝʨʝʜʥʽ ʧʽʜʨʘʭʫʥʢʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ. 
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ʆʪʨʠʤʘʥʽ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʢʝʪʫ ʩʪʝʥʜʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.5.1. 

 ʊʘʙʣʠʮʷ 5.1  

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʢʝʪʫ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʯ̔ʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ 

ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʫ ɺʝʣʠʯʠʥʘ 
ʄʘʢʩʠʤʘʣʴʥʝ ʟʫʩʠʣʣʷ (ʢʅ) 1,2 

ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʢʛ) 20,0 

ɼʘ̔ʧʘʟʦʥ ʯʘʩʪʦʪ (ɻʮ) 0,5é500 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʤʽʱʝʥʥʷ (ʤʤ) 10 

ʄʘʢʩʠʤʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ (ʤ/ʩ2) 1850* 

ʈʦʟʤʽʨ ʩʪʦʣʘ (ʤʤ) 200ʭ200 

ɺʠʪʨʘʪʘ ʛʽʜʨʦ ʥʘʩʦʩʘ, Q   (ʣ/ʭʚ) 20 

Cʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ (ʢɺʪ) 7,5 

ʈʦʟʤʨ̔ ɼĬʐĬɺ ( ʤ ) 1,0ʭ0,85ʭ0,7 

ʤʘʩʘ (ʢʛ) 180 

*ʆʪʨʠʤʘʥʦ ʥʘ ʯʘʩʪʦʪʽ 500 ɻʮ ʧʨʠ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 1,25 ʤʤ 

 

         ʈʦʟʨʘʭʫʥʢʦʚʘ ʪʘ ʦʪʨʠʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʤʘʢʝʪʽ ɸʏʍ  ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 5.10. 

 

ʈʠʩ.5.10. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ (1) ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʘ (2) ɸʏʍ ʚʽʙʨʦʩʪʝʥʜʫ  

 

ɽʢʩʧʝʨʝʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ 

ʤʦʜʝʣʷʤʠ ʚʠʱʝ ʥʘʟʚʘʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʚʠʤʦʛʘʤʠ ʩʪʘʥʜʘʨʪʫ ʜʦ ʮʴʦʛʦ ʚʠʜʫ 

ʚʽʙʨʦʩʪʝʥʜʽʚ, ʨʦʟʨʦʙʥʠʡ ʤʘʢʝʪ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʦʩʪʝʥʜʫ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʦʢʨʘʱʠʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ 

ʨʦʟʰʠʨʝʥʦ ʚ 2,3 ʨʘʟʠ, ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʚ 1,85 ʨʘʟʘ ( ʜʠʚʠʩʴ 

ɼʦʜʘʪʢʠ ɹ.7).   
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ʈʽʟʥʠʮʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʽ ʨʝʘʣʴʥʦʾ ʧʨʦʣʦʩʠ ʯʘʩʪʦʪ ʧʦ ʨʽʚʥʶ -3 ʜɹ ʩʢʣʘʜʘʻ 

90 ɻʮ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʢʽʥʮʝʚʦʶ ʧʦʪʫʞʥʽʩʪʶ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʪʘʥʮʽʾ 

(ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʛʨʘʬʽʢ 2) ʪʘ ʜʦʜʘʪʢʦʚʦ ʚʪʨʘʪʘʤʠ ʪʠʩʢʫ ʥʘ ʪʝʨʪʷ ʨʽʜʠʥʠ ʚ 

ʛʽʜʨʘʚʣʽʯʥʽʡ ʩʠʩʪʝʤʽ ʥʘ ʯʘʩʪʦʪʘʭ ʙʽʣʴʰʝ 200 ɻʮ ʥʘ ʝʢʧʝʨʝʤʝʥʪʘʣʴʥʦʤʫ ʛʨʘʬʽʢʫ 

1 (ʨʠʩ.5.10).  

 

ɺʠʩʥʦʚʢʠ  ʜʦ  ʨʦʟʜʽʣʫ 5 

ʇʝʨʝʚʘʛʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʟʙʫʜʥʠʢʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʤʠ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʠʣʠ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, 

ʤʘʢʩʠʤʘʣʴʥʦ  ʤʦʞʣʠʚʦʛʦ ʭʦʜʫ, ʤʽʮʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ, ʘ ʪʘʢʦʞ ʤʦʙʽʣʴʥʦʩʪʽ ʻ ʦʯʝʚʠʜʥʠʤʠ. ʊʘʢʦʞ ʚʠʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʢʦʣʠʚʘʥʴ ʚʝʣʠʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʛʽʜʨʘʚʣʽʯʥʽ ʟʙʫʜʥʠʢʠ ʚʽʙʨʘʮʽʡʥʠʭ 

ʢʦʣʠʚʘʥʴ ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʝʩʪʘʭ ʥʘ ʫʜʘʨ, ʜʦʪʨʠʤʫʶʯʠʩʴ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʧʦʙʽʞʥʠʭ ʟʘʭʦʜʽʚ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʢʫʤʫʣʷʪʦʨʠ ʩʪʠʩʥʝʥʦʾ 

ʨʽʜʠʥʠ ʥʘʣʝʞʥʦʛʦ ʨʦʟʤʽʨʫ ʽ ʤʘʪʠ ʩʧʦʣʫʯʝʥʥʷ ʢʦʨʦʪʢʠʤʠ ʤʘʛʽʩʪʨʘʣʷʤʠ ʟ 

ʩʠʣʦʚʠʤ ʮʠʣʽʥʜʨʦʤ. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘ ʩʦɹʛʦʜʥʽ ʻ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʙʫʜʫʚʘʪʠ ʚʽʙʨʦʩʪʝʥʜʠ ʟ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʤʠ ʧʨʠʚʦʜʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ 

ʛʝʥʝʨʫʚʘʪʠ ʚʽʙʨʘʮʽʾ ʧʦʣʦʩʦʶ ʜʦ 1000 ɻʮ ʟʘʚʜʷʢʠ ʧʨʦʛʨʝʩʫ ʚ ʨʦʟʨʦʙʮʽ ʰʚʠʜʢʠʭ 

ʩʝʨʚʦʢʣʘʧʘʥʽʚ. ʊʘʢ, ʟ ʥʘʰʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʚ ʚʫʟʣʘʭ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʨʽʜʠʥʠ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʙʘʛʘʪʦʰʘʨʦʚʽ ʧʻʟʦʘʢʪʫʘʪʦʨʠ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽ 

ʨʦʟʚʠʚʘʶʪʴ ʙʣʦʢʫʶʯʽ ʟʫʩʠʣʣʷ ʚ 10 ʢʅ ʽ ʙʽʣʴʰʝ. ʄʘʣʠʡ ʭʽʜ ʘʢʪʫʘʪʦʨʽʚ ʤʦʞʣʠʚʦ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘʤʠ ʨʫʭʫ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʜʦʣʘʪʠ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʧʨʠʪʘʤʘʥʥʠʡ ʩʫʯʘʩʥʠʤ ʤʦʜʝʣʷʤ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʠʭ ʚʽʙʨʘʮʽʡʥʦʠʭ ʩʪʝʥʜʽʚ: ʥʘʷʚʥʽʩʪʴ ʧʦʚʽʣʴʥʦʛʦ 

ʩʝʨʚʦʢʣʘʧʘʥʘ ʟ ʨʫʭʦʤʠ ʽʥʝʨʮʽʡʥʠʤʠ ʤʘʩʘʤʠ ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥ. 
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ɺʀʉʅʆɺʂʀ 

 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʨʽʰʝʥʥʷʤ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ  ʧʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʣʦʛʽʾ ʚʽʙʨʦʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʽʙʨʘʮʽʾ ʦʙ ʻʢʪʽʚ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʢʠ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʦ 

ʪʘʢʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ:  

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ  

ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʤʘʰʠʥ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʝʨʚʠʥʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ʪʘ 

ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

2. ɿʜʽʡʩʥʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʆʪʨʠʤʘʪʠ ʾʭ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʬʘʟʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʪʨʠʤʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʘʟʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʜʘʪʯʠʢʘʤʠ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ. ʈʦʟʨʦʙʠʪʠ 

ʤʦʜʝʣʴ ʧʦʭʠʙʦʢ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʧʨʦʚʝʩʪʠ ʾʭ ʘʥʘʣʽʟ. 

ɺʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʛʝʥʝʨʫʻʤʦʛʦ ʧ'ʻʟʦʝʣʝʤʝʥʪʦʤ ʟʘʨʷʜʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ. 

3. ʆʪʨʠʤʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧ'ʻʟʦʤʦʜʫʣʷ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʚʽʜ 

ʚʧʣʠʚʫ ʫʜʘʨʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʆʙˇʨʫʥʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʜʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʣʘʩʪʽ ʚ ʧʦʣʦʩʽ ʯʘʩʪʦʪ ʚʠʤʽʨʶʚʘʥʴ. ʆʪʨʠʤʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʙʨʦʢʦʣʠʚʘʥʴ ʽ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ 

ʧ'ʻʟʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʽʜ ʜʽʻʶ ʫʜʘʨʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʡʦʛʦ ʫʩʪʘʥʦʚʮʽ ʥʘ 

ʚ'ʷʟʢʦʧʨʫʞʥʫ ʧʨʦʢʣʘʜʢʫ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʟʘʭʦʜʠ ʧʦ ʨʦʟʰʠʨʝʥʥʶ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʘʚʪʦʥʦʤʥʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʫʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ. ʈʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʫ, ʧʨʠ ʚʧʣʠʚʽ ʥʘ 

ʦʙʣʘʜʥʘʥʥʷ ʽʤʧʫʣʴʩʥʠʤ ʚʽʙʨʘʮʽʡʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʘʪʴ 
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ʩʧʚ̔ʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʫʜʘʨʥʦʛʦ ʩʧʝʢʪʨʘ ʦʩʮʠʣʷʪʦʨʘ. ʇʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʫʜʘʨʥʽ ʽʤʧʫʣʴʩʠ. 

5. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʰʫʤʦʚʠʭ ʟʘʚʘʜ. ʈʦʟʛʣʷʥʫʪʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʛʘʫʩʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʚ ʨʦʟʨʽʟʽ 

ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ ʚ ʯʘʩʪʠʥʽ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʦʾ  

ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʮʽ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʽʢʽʚ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʷʢ ʢʨʠʪʝʨʽʶ ʘʥʘʣʽʟʫ ʚʠʧʘʜʢʦʚʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʛʣʠʙʠʥʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ.  

6. ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʣʘʥʦʢ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

7. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʧ ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʟ 

ʧʨʠʩʪʨʦʻʤ ʢʦʤʧʝʥʩʘʮʽʾ ʽ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʥʝʩʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʚʧʣʠʚʦʤ ʩʝʨʝʜʦʚʠʱʘ. 

8. ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ, 

ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʧʦʙʫʜʦʚʠ ʪʘ ʤʘʢʝʪ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʩʪʝʥʜʫ, ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʧʨʠʥʷʪʦʾ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ 

ʥʘʧʨʷʤʢʫ. 
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