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                                ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ              

(ʧʦʚʥʝ ʥʘʡʤʝʥʫʚʘʥʥʷ ʽʥʩʪʠʪʫʪʫ, ʥʘʟʚʘ ʬʘʢʫʣʴʪʝʪʫ (ʚʽʜʜʽʣʝʥʥʷ)) 

                                               ʢʘʬʝʜʨʘ ʬʟ̔ʠʢʠ                                   

 (ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ (ʧʨʝʜʤʝʪʥʦʾ,  ʮʠʢʣʦʚʦʾ ʢʦʤʽʩʽʾ)) 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʫ ʩʫʯʘʩʥʽʡ ʬʽʟʠʮʽ ʚʠʩʪʫʧʘʻ ʚʠʚʯʝʥʥʷ ʩʧʝʢʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ. ʌʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʩʥʫʶʯʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, 

ʚʠʨʦʙʣʝʥʠʭ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ ʥʘʟʘʜ, ʘʙʦ ʱʝ ʨʘʥʽʰʝ, ʜʦʟʚʦʣʷʶʪʴ ʟ ʫʩʧʽʭʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ.  ʆʜʥʘʢ ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ, ʥʘ ʷʢʫ ʙʫʣʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʪʘʢʽ ʧʨʠʣʘʜʠ, ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʩʪʘʨʽʣʦʶ. ʅʘ ʤʦʤʝʥʪ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ ʧʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʩʧʝʢʪʨʠ ʙʫʜʫʪʴ ʨʝʻʩʪʨʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʧʣʽʚʢʠ ʘʙʦ ʤʝʭʘʥʽʯʥʠʭ ʩʘʤʦʧʠʩʮʽʚ. ʉʫʯʘʩʥʘ ʝʣʝʢʪʨʦʥʥʘ ʙʘʟʘ ʧʝʨʝʜʙʘʯʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʽʡ ʟʤʽʛ ʙʠ ʢʝʨʫʚʘʪʠ 

ʤʝʭʘʥʽʯʥʦʶ ʯʘʩʪʠʥʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʨʝʻʩʪʨʫʚʘʚ ʙʠ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʪʘ ʧʝʨʝʜʘʚʘʚ ʙʠ ʦʮʠʬʨʦʚʘʥʠʡ ʩʠʛʥʘʣ ʥʘ ʢʦʤʧôʶʪʝʨ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ 

ʦʜʝʨʞʘʥʦʛʦ ʩʧʝʢʪʨʘ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ.  ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

ʩʧʝʢʪʨʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʦʛʨʘʬʫ ɼʌʉ-8.  

ɿʘʚʜʘʥʥʷ: 

- ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʙʫʜʦʚʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ; 

- ʚʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʦʛʨʘʬʘ ɼʌʉ-8 ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ Arduino Nano; 

- ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʩʧʝʢʪʨʦʛʨʘʬʘ ɼʌʉ-8; 

- ʨʝʻʩʪʨʘʮʽʷ ʩʧʝʢʪʨʫ ʧʨʦʧʫʩʢʘʥʥʷ ʪʝʢʩʪʦʚʦʛʦ ʦʙôʻʢʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʾʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʙʦʪʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʩʧʝʢʪʨʦʛʨʘʬʘ ɼʌʉ-8. 



 

 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ. ʈʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʣʝʢʩ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʩʧʝʢʪʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ 

ʨʝʞʠʤʽ ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʩʪʫʧʫ, ʪʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ 

ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 51 

ʩʪʦʨʽʥʢʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ 30 ʨʠʩʫʥʢʽʚ. 



 

 

ʈʆɿɼɯʃ 1 

ɿɸɻɸʃʔʅɯ ʇʈʀʅʎʀʇʀ ɹʋɼʆɺʀ ʉʇɽʂʊʈɸʃʔʅʀʍ ʇʈʀʃɸɼɯɺ 

1.1. ʆʩʥʦʚʠ ʨʦʙʦʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ 

ʆʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʻ ʨʦʟʢʣʘʜʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ (ʦʜʥʦʯʘʩʪʦʪʥʽ, 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʽ) ʩʢʣʘʜʦʚʽ ʡ ʚʠʤʽʨʶʚʘʥʥʷ ʾʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʧʨʠʣʘʜ ʧʨʦʚʦʜʠʪʴ ʛʘʨʤʦʥʽʯʥʠʡ ʘʥʘʣʽʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʩʽ 

ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʩʢʣʘʜʦʚʽ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ.  

ʇʝʨʰʘ ʛʨʫʧʘ ʤʝʪʦʜʽʚ ï ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  ʚ 

ʩʧʝʢʪʨ ʘʙʦ ʩʝʣʝʢʪʠʚʥʘ ʬʽʣʴʪʨʘʮʽʷ. 

ɼʨʫʛʘ ʛʨʫʧʘ ʤʝʪʦʜʽʚ ï ʚʠʜʽʣʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʪʠʯʥʦʾ ʤʦʜʫʣʷʮʽʾ ʘʙʦ ʩʝʣʝʢʪʠʚʥʘ ʤʦʜʫʣʷʮʽʷ.  

ɺʢʘʟʘʥʽ 2 ʤʝʪʦʜʠ ʤʘʶʪʴ ʧʨʠʥʮʠʧʦʚʫ ʚʽʜʤʽʥʥʽʩʪʴ. ʆʜʥʘʢ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʦʡ ʯʠ ʽʥʰʠʡ ʤʝʪʦʜ, ʨʦʙʦʪʫ ʙʫʜʴï̫ ʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʨʠʣʘʜʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢ.  

ʅʝʭʘʡ ʥʘ ʚʭʽʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʧʦʜʘʻʪʴʩʷ ʩʢʣʘʜʥʠʡ ʩʠʛʥʘʣ, 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʷʢʦʛʦ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ )(lf . ʉʧʝʢʪʨʘʣʴʥʠʡ ʧʨʠʣʘʜ 

ʨʦʟʢʣʘʜʘʻ ʪʘ ʨʝʻʩʪʨʫʻ ʮʝʡ ʨʦʟʧʦʜʽʣ. ʇʨʠʣʘʜ ʚ ʮʽʣʦʤʫ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʜʝʷʢʦʶ ʬʫʥʢʮʽʻʶ ),(~ ll ¡a  ʷʢʘ ʦʧʠʩʫʻ ʡʦʛʦ ʩʧʨʦʤʦʞʥʽʩʪʴ ʚʠʜʽʣʷʪʠ ʚʫʟʴʢʽ 

ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʫ ʰʠʨʠʥʦʶ ʜʣ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʘʧʘʨʘʪʥʦʶ ʬʫʥʢʮʽʻʶ ʧʨʠʣʘʜʫ. 

ʗʩʥʦ, ʱʦ ʯʠʤ ʤʝʥʰʘ ʰʠʨʠʥʘ ʬʫʥʢʮʽʾ ),(~ ll ¡a  ʪʠʤ ʪʦʯʥʽʰʝ, ʜʝʪʘʣʴʥʽʰʝ ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʦ ʨʦʟʧʦʜʽʣ )(lf . 

 

ʈʠʩ.1.1.ɺʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ: ʘ ï 

ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ; ʙ ï ʘʧʘʨʘʪʥʘ ʬʫʥʢʮʽʷ; ʚ ï ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 



 

 

ɿʘʨʝʻʩʪʨʦʚʘʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ  F(ʣ) ʙʫʜʝ 

ʦʧʠʩʫʚʘʪʠʩʴ ʬʫʥʢʮʽʻʶ  

                  ()
0

)(~)( lllll dafF ¡Ö= .                     (1.1)  

ɯʥʪʝʛʨʘʣ (1.1) ʥʦʩʠʪʴ ʥʘʟʚʫ ʟʛʦʨʪʢʠ ʬʫʥʢʮʽʡ )(~ ll ¡a  ʪʘ )(lf . 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʪʦʪʦʞʥʽʩʪʴ ʬʫʥʢʮʽʡ  F(l)¹ )(lf   ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ )(~ ll ¡a  ʻ ʜ- ʬʫʥʢʮʽʻʶ. 

ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ: ʜʦʩʣʽʜʞʫʚʘʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʦʟʧʦʜʽʣʦʤ )(lf  ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʩʝʣʝʢʪʠʚʥʠʡ ʬʽʣʴʪʨ ʘʙʦ 

ʩʝʣʝʢʪʠʚʥʠʡ ʤʦʜʫʣʷʪʦʨ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʚʠʙʽʨʢʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʬʫʥʢʮʽʻʶ  )(~ ll ¡a . 

ɺʽʟʫʘʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʤʦʞʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʠʩʫʥʢʫ 1.1. 

ʘ) ʩʝʣʝʢʪʠʚʥʘ ʬʽʣʴʪʨʘʮʽʷ 

ʄʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʻ ʽʩʪʦʨʠʯʥʦ ʧʝʨʰʠʤ ʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʤʝʪʨʽʾ.  

ʇʨʠʣʘʜʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʩʝʣʝʢʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʜʥʦï ʪʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤʠ.   

ɺ ʦʜʥʦʢʘʥʘʣʴʥʠʭ ʧʨʠʣʘʜʘʭ ʜʦʩʣʽʜʞʫʚʘʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʦʟʧʦʜʽʣʦʤ 

)(lf  ʧʦʩʠʣʘʻʪʴʩʷ ʥʘ ʩʝʣʝʢʪʠʚʥʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʚʠʜʽʣʷʻ ʟ ʧʦʪʦʢʫ ʩʧʝʢʪʨʘʣʴʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʰʠʨʠʥʦʶ ʜʣ ʚ ʦʢʦʣʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʣĩ ʡ ʤʦʞʝ ʧʝʨʝʥʘʩʪʨʦʶʚʘʪʠʩʷ 

(ʜʠʩʢʨʝʪʥʦ ʘʙʦ ʥʝʧʝʨʝʨʚʥʦ), ʚʠʢʦʥʫʶʯʠ ʩʢʘʥʫʚʘʥʥʷ ʧʦ ʩʧʝʢʪʨʫ ʚ ʯʘʩʽ ʟʘ ʜʝʷʢʠʤ 

ʟʘʢʦʥʦʤ )(tl¡ . ɺʠʜʽʣʝʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʝʻʩʪʨʫʶʪʴʩʷ ʧʨʠʡʤʘʯʝʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʟʘʧʠʩ ʩʠʛʥʘʣʽʚ ʟ ʷʢʦʛʦ ʜʘʻ ʬʫʥʢʮʽʶ ʯʘʩʫ F(t). ʇʝʨʝʭʽʜ ʚʽʜ ʘʨʛʫʤʝʥʪʫ t ʜʦ  

ʘʨʛʫʤʝʥʪʫ ʣ (ʟʘ ʟʘʢʦʥʦʤ )(tl¡ ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʬʫʥʢʮʽʶ F(ʣ) ï ʧʨʦʩʪʦʨʦʚʦ 

ʨʦʟʢʣʘʜʝʥʠʡ ʩʧʝʢʪʨ.  

ʋ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʧʨʠʣʘʜʘʭ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʧʝʢʪʨ, ʷʢʠʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ï F(ʣ), ʦʪʨʠʤʫʻʪʴʩʷ ʥʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʢʘʥʫʚʘʥʥʷ ʧʦ l, ʘ 

ʰʣʷʭʦʤ ʦʜʥʦʯʘʩʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʧʦʪʦʢʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ 



 

 

lll ¡¡¡¡¡¡ ,, , ... ʜʝʢʽʣʴʢʦʤʘ ʧʨʠʡʤʘʯʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʦ ʬʦʪʦʛʨʘʬʽʯʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ.  

ʆʜʥʦʢʘʥʘʣʴʥʽ ʧʨʠʣʘʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦï ʪʘ ʜʚʦʧʨʦʤʝʥʝʚʠʤʠ.  

ʇʨʠʢʣʘʜ ʦʜʥʦʢʘʥʘʣʴʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʟ ʩʝʣʝʢʪʠʚʥʦʶ 

ʬʽʣʴʪʨʘʮʽʻʶ : 

- ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʇʫʣʴʬʨʠʭʘ (ʜʚʦʧʨʦʤʝʥʝʚʠʡ ʧʨʠʣʘʜ); 

- ʤʦʥʦʭʨʦʤʘʪʦʨ ʋʄ-2 (ʦʜʥʦʧʨʦʤʝʥʝʚʠʡ ʧʨʠʣʘʜ). 

ʇʨʠʢʣʘʜ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʟ ʩʝʣʝʢʪʠʚʥʦʶ 

ʬʽʣʴʪʨʘʮʽʻʶ: 

- ʩʧʝʢʪʨʦʛʨʘʬʠ ʀʉʇ-30, ʀʉʇ-51; 

- ʢʚʘʥʪʦʤʝʪʨʠ.   

ʙ) ʩʝʣʝʢʪʠʚʥʘ ʤʦʜʫʣʷʮʽʷ 

ʄʝʪʦʜʠ ʩʝʣʝʢʪʠʚʥʦʾ ʤʦʜʫʣʷʮʽʾ ʦʪʨʠʤʘʣʠ ʨʦʟʚʠʪʦʢ ʚ ʩʝʨʝʜʠʥʽ 60-ʭ ʨʦʢʽʚ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʪʦʤʫ ʾʭ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʥʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʤʝʪʨʽʾ. 

ɺʦʥʠ ʦʩʥʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʽ ʦʧʪʠʯʥʦʾ ʤʦʜʫʣʷʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʢʦʣʠ ʨʦʟʜʽʣʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʟ ʦʧʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ ʚ ʝʣʝʢʪʨʠʯʥʫ.  

ʉʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʦ ʧʨʠʥʮʠʧʫ ʩʝʣʝʢʪʠʚʥʦʾ ʤʦʜʫʣʷʮʽʾ, 

ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦʢʘʥʘʣʴʥʠʤʠ ʪʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤʠ.  

ɺ ʦʜʥʦʢʘʥʘʣʴʥʦʤʫ ʧʨʠʣʘʜʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ 

ʨʦʟʧʦʜʽʣʦʤ )(lf  ʧʦʩʠʣʘʻʪʴʩʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʠʡ ʤʦʜʫʣʷʪʦʨ, ʷʢʠʡ 

ʤʦʜʫʣʶʻ ʟ ʜʝʷʢʦʶ ʯʘʩʪʦʪʦʶ const=0w  ʣʠʰʝ ʧʦʪʽʢ ʽʟ ʩʧʝʢʪʨʘʣʴʥʠʤ ʽʥʪʝʨʚʘʣʦʤ 

ʜʣ ʚ ʦʢʦʣʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʣĩ, ʘ ʨʝʰʪʘ ʧʦʪʦʢʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʤʦʜʫʣʴʦʚʘʥʦʶ. 

ʄʦʜʫʣʷʪʦʨ ʰʣʷʭʦʤ ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦ ʤʦʜʫʣʶʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʣĩ ʟ 

ʪʽʻʶ ʞ ʯʘʩʪʦʪʦʶ 0ɦ  ʡ ʥʘ ʚʠʭʦʜʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʪʴʩʷ ʬʫʥʢʮʽʷ F(t), ʟʥʘʯʝʥʥʷ 

ʷʢʦʾ ʧʨʦʧʦʨʮʽʡʥʽ ʚʽʜʧʦʚʽʜʥʠʤ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤ ʫ ʨʦʟʧʦʜʽʣʽ )(lf . ʊʦʙʪʦ ʬʫʥʢʮʽʷ 

ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʧʝʨʝʥʦʩʠʪʴʩʷ ʟ ʦʧʪʠʯʥʦʾ  ʚ 

ʝʣʝʢʪʨʠʯʥʫ ʯʘʩʪʠʥʫ ʧʨʠʣʘʜʫ.  

ɺ ʦʩʥʦʚʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʽʟ ʩʝʣʝʢʪʠʚʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʣʝʞʠʪʴ 

ʧʨʠʥʮʠʧ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ. ʁʦʛʦ ʩʫʪʴ ʧʦʣʷʛʘʻ  ʚ ʦʜʥʦʯʘʩʥʦʤʫ ʧʨʠʡʤʘʥʥʽ ʚ 



 

 

ʟʘʢʦʜʦʚʘʥʽʡ ʬʦʨʤʽ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʙʘʛʘʪʴʦʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʦʜʥʠʤ ʧʨʠʡʤʘʯʝʤ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʚʞʠʥ ʭʚʠʣʴ 

lll ¡¡¡¡¡¡ ,, ,... ʦʜʥʦʯʘʩʥʦ ʤʦʜʫʣʶʻʪʴʩʷ ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ www ¡¡¡¡¡¡ ,, ... 

ʅʘʢʣʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʛʥʘʣʽʚ AAA ¡¡¡¡¡¡ ,,  ʫʪʚʦʨʶʻ ʚ ʧʨʠʡʤʘʯʽ ʩʢʣʘʜʥʠʡ 

ʩʠʛʥʘʣ, ʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʷʢʦʛʦ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʧʝʢʪʨ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʇʨʠ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʢʦʤʧʦʥʝʥʪʠ ʟ ʯʘʩʪʦʪʘʤʠ www ¡¡¡¡¡¡ ,, ... 

ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʩʫʤʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʠʭ ʬʽʣʴʪʨʽʚ, 

ʚʽʜʥʦʚʣʶʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʰʫʢʘʥʠʡ ʨʦʟʧʦʜʽʣ F(ʣ) ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʦʟʧʦʜʽʣʫ 

)(lf . 

1.2. ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ 

ʇʽʜ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ ʣʶʙʦʛʦ ʧʨʠʣʘʜʫ ʨʦʟʫʤʽʶʪʴ ʣʘʥʮʶʛ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʚʪʦʥʦʤʥʠʭ ʣʘʥʦʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʚʠʟʥʘʯʝʥʫ ʬʫʥʢʮʽʶ. ʋʩʽ 

ʣʘʥʢʠ ʚ ʩʫʢʫʧʥʦʩʪʽ ʚʠʢʦʥʫʶʪʴ ʥʦʚʫ, ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʫ ʬʫʥʢʮʽʶ.  

ɼʦ ʩʢʣʘʜʫ ʩʧʝʢʪʨʘʣɹʥʦʛʦ ʧʨʠʣʘʜʫ ʚʭʦʜʷʪʴ (ʨʠʩ.1.2): 

- ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (1); 

- ʧʝʨʝʜʘʶʯʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ (2); 

- ʜʠʩʧʝʨʛʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʧʨʠʩʪʨʽʡ ʜʣʷ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʩʧʝʢʪʨ) (3); 

- ʧʨʠʡʤʘʶʯʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ (4); 

- ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (5); 

- ʨʝʻʩʪʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (6). 

 

 

 

ʈʠʩ.1.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ 

 

ʈʦʟʛʣʷʥʝʤʦ ʷʢʽ ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʻ ʢʦʞʥʘ ʟ ʣʘʥʦʢ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ. 

ɼʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʚʦʨʶʻ ʤʘʪʝʨʽʘʣʴʥʠʡ ʥʦʩʽʡ ʽʥʬʦʨʤʘʮʽʾ ï 

ʧʦʪʽʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; ʚʦʥʦ ʤʦʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʭʦʜʠʪʠ ʜʦ ʩʢʣʘʜʫ ʧʨʠʣʘʜʫ 



 

 

(ʥʘʧʨʠʢʣʘʜ, ʨʪʫʪʥʘ ʣʘʤʧʘ), ʘʙʦ ʤʦʞʝ ʙʫʪʠ ʚʽʜʜʘʣʝʥʝ ʚʽʜ ʥʴʦʛʦ ʥʘ ʟʥʘʯʥʫ 

ʚʽʜʩʪʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʉʦʥʮʝ). ɼʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ 

ʬʫʥʢʮʽʶ ʚʠʧʨʦʤʽʥʶʚʘʯʘ, ʱʦ ʟʙʫʜʞʫʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʧʝʢʪʨ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʧʨʦʙʠ (ʦʙóʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ). ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ 

ʜʞʝʨʝʣʦ ʷʚʣʷʻʪʴʩʷ ʟʘʩʦʙʦʤ ʫʪʚʦʨʝʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʩʧʝʢʪʨʫ, ʥʘ ʬʦʥʽ ʷʢʦʛʦ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʣʽʥʽʾ ʪʘ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ. ɼʦʩʠʪʴ ʰʠʨʦʢʠʡ ʢʣʘʩ 

ʜʞʝʨʝʣ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ (ʉʦʥʮʝ, ʟʽʨʢʠ, ʜʫʛʠ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣʘ ï ʧʨʷʤʦ ʯʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʥʝʩʪʠ ʢʦʨʠʩʥʫ 

ʽʥʬʦʨʤʘʮʽʶ.  

ɻʦʣʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʧʝʨʝʜʘʶʯʦʾ ʩʠʩʪʝʤʠ ʷʚʣʷʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʦʢʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ ʡ ʥʘʧʨʘʚʣʝʥʥʷ ʡʦʛʦ ʥʘ ʜʠʩʧʝʨʛʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʟ 

ʷʢʥʘʡʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ.  

ɻʦʣʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʜʠʩʧʝʨʛʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʨʦʟʢʣʘʜʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʤʦʥʦʭʨʦʤʘʪʠʯʥʽ ʩʢʣʘʜʦʚʽ. ʎʝ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʡ, 

ʛʦʣʦʚʥʠʡ ʧʨʠʩʪʨʽʡ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ.  

ʇʨʠʡʤʘʣʴʥʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘ 

ʧʨʠʡʤʘʯʽ ʧʦʪʦʢʫ, ʨʦʟʢʣʘʜʝʥʦʛʦ ʚ ʩʧʝʢʪʨ.  

ʇʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻ ʩʠʛʥʘʣ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ 

ʧʦʪʦʢʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʽʥʰʠʡ ʩʠʛʥʘʣ: ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, 

ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʧʦʯʦʨʥʽʥʥʷ, ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʟʦʨʦʚʦʛʦ ʩʧʨʠʡʥʷʪʪʷ.  

ʈʝʻʩʪʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ ʚ ʟʨʫʯʥʫ ʬʦʨʤʫ ʜʣʷ ʟʘʧʠʩʫ ʩʧʝʢʪʨʫ.  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʝʷʢʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤʠ ʘʙʦ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʫʤʽʱʝʥʽ ʚ ʦʜʥʦʤʫ ʧʨʠʩʪʨʦʾ. ɼʫʞʝ ʛʘʨʥʠʡ ʽ ʥʘʛʣʷʜʥʠʡ ʧʨʠʢʣʘʜ ï 

ʬʦʪʦʛʨʘʬʽʯʥʘ ʧʣʘʩʪʠʥʢʘ: ʚʦʥʘ ʻ ʦʜʥʦʯʘʩʥʦ ʧʨʠʡʤʘʯʝʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʨʝʩ̒ʪʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʽ ʧʽʜʩʠʣʶʚʘʯʝʤ.  

1.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

ɯʩʥʫʻ ʨʷʜ ʦʟʥʘʢ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʩʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ. ɼʦ 

ʯʠʩʣʘ ʦʩʥʦʚʥʠʭ ʦʟʥʘʢ ʚʽʜʥʦʩʷʪʴ: 

- ʧʨʠʥʮʠʧ ʜʽʾ ʜʠʩʧʝʨʛʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ; 



 

 

- ʪʠʧ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʣʘʜʫ; 

- ʨʦʙʦʯʘ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ; 

- ʬʽʟʠʯʥʝ ʷʚʠʱʝ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʜʽʾ ʧʨʠʣʘʜʫ; 

- ʩʧʦʩʦʙ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ ʩʧʝʢʪʨʫ; 

- ʧʨʠʟʥʘʯʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʷʢ ʧʦʜʽʣʷʶʪʴ ʩʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʦʟʥʘʢʘʤʠ. 

ɿʘ ʧʨʠʥʮʠʧʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʩʧʝʢʪʨ (ʧʨʠʥʮʠʧʦʤ ʜʽʾ 

ʜʠʩʧʝʨʛʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ) ʨʦʟʨʽʟʥʷʶʪʴ: ʧʨʠʣʘʜʠ ï ʩʝʣʝʢʪʠʚʥʽ ʬʽʣʴʪʨʠ ʪʘ 

ʧʨʠʣʘʜʠ ï ʩʝʣʝʢʪʠʚʥʽ ʤʦʜʫʣʷʪʦʨʠ. 

ɿʘ ʪʠʧʦʤ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʣʘʜʽʚ ʨʦʟʨʽʟʥʷʶʪʴ: ʟʚʠʯʘʡʥʽ, ʟ ʦʢʨʝʤʦ 

ʦʬʦʨʤʣʝʥʠʤʠ ʢʦʣʽʤʘʪʦʨʥʦʶ ʪʘ ʢʘʤʝʨʥʦʶ ʯʘʩʪʠʥʘʤʠ ʪʘ ʘʚʪʦʢʦʣʽʤʘʮʽʡʥʽ, ʚ ʷʢʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʫʤʽʱʝʥʽ ʢʦʣʽʤʘʪʦʨ ʪʘ ʢʘʤʝʨʘ. 

ɿʘ ʨʦʙʦʯʦʶ ʦʙʣʘʩʪʶ ʩʧʝʢʪʨʫ ʨʦʟʨʽʟʥʷʶʪʴ ʩʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ: 

- ʜʣʷ ʜʘʣʴʥʴʦʾ (ʚʘʢʫʫʤʥʦʾ) ʋʌ ʦʙʣʘʩʪʽ (ɚ=1õ185 ʥʤ); 

- ʜʣʷ ʋʌ ʦʙʣʘʩʪʽ (185·380 ʥʤ); 

- ʜʣʷ ʚʠʜʠʤʦʾ ʦʙʣʘʩʪʽ (380õ760 ʥʤ); 

- ʜʣʷ ʙʣʠʞʥʴʦʾ, ʩʝʨʝʜʥʴʦʾ, ʜʘʣʴʥʴʦʾ ɯʏ ʦʙʣʘʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ (760õ2500 ʥʤ), 

(2,5õ50)10
3 
ʥʤ, (5õ100)10

4
 ʥʤ. 

ɿʘ ʬʽʟʠʯʥʠʤ ʷʚʠʱʝʤ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʜʽʾ ʧʨʠʣʘʜʫ ʨʦʟʨʽʟʥʷʶʪʴ: 

- ʜʠʩʧʝʨʩʽʡʥʽ (ʧʨʠʟʤʦʚʽ) ʩʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ; 

- ʜʠʬʨʘʢʮʽʡʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ; 

- ̔ ʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ; 

- ʤʦʜʫʣʷʮʽʡʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ. 

ʄʦʜʫʣʷʮʽʡʥʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘ ʪʠʧʦʤ ʤʦʜʫʣʷʪʦʨʘ ʧʦʜʽʣʷʶʪʴ ʥʘ: 

- ̔ ʥʪʝʨʬʝʨʝʥʮʽʡʥʽ; 

- ̔ ʥʪʝʨʬʝʨʝʥʮʽʡʥʦ-ʧʦʣʷʨʠʟʘʮʽʡʥʽ; 

- ʨʘʩʪʨʦʚʽ, 

ʘ  ʟʘ ʚʠʜʦʤ ʤʦʜʫʣʷʮʽʾ ʥʘ: 

- ʘʤʧʣʽʪʫʜʥʽ; 

- ʯʘʩʪʦʪʥʽ. 



 

 

ɿʘ ʩʧʦʩʦʙʦʤ ʨʝʻʩʪʨʘʮʽʾ ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʪʠʧʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ: 

- ʚʽʟʫʘʣʴʥʽ; 

- ʟ ʬʦʪʦʛʨʘʬʽʯʥʦʶ ʨʝʻʩʪʨʘʮʽʻʶ; 

- ʟ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʶ ʨʝʻʩʪʨʘʮʽʻʶ. 

ɿʘ ʤʝʪʦʜʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ: 

- ʤʦʥʦʭʨʦʤʘʪʦʨʠ (ʧʨʠʣʘʜʠ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʫʟʴʢʠʭ ʜʽʣʷʥʦʢ ʩʧʝʢʪʨʫ); 

- ʧʦʣʽʭʨʦʤʘʪʦʨʠ (ʧʨʠʣʘʜʠ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʩʠʪʴ ʰʠʨʦʢʦʾ 

ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʘ); 

ɺʩʽ ʤʦʥʦʭʨʦʤʘʪʦʨʠ ï ʦʜʥʦʢʘʥʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʚʩʽ ʧʦʣʽʭʨʦʤʘʪʦʨʠ ï 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ ʧʨʠʣʘʜʠ. 

ʊʫʪ ʜʦʮʽʣʴʥʦ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʜʝʷʢʠʭ ʚʘʞʣʠʚʠʭ ʧʦʜʨʦʙʠʮʷʭ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ: 

- ʧʨʠ ʟʘʜʘʥʦʤʫ ʯʘʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ t ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʷʪʠ ʩʧʝʢʪʨ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʞʝʨʝʣʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʩʠʛʥʘʣ/ʰʫʤ; 

- ʧʨʠ ʟʘʜʘʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʪʨʘʪʠʪʠ 

ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʫ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʩʢʘʟʘʥʦʛʦ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʠʯʠʥʦʶ 

ʧʦʭʠʙʦʢ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʰʫʤ ʧʨʠʡʤʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʠʯʦʤʫ ʡʦʛʦ ʨʽʚʝʥʴ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ n-

ʢʨʘʪʥʦʤʫ ʚʠʤʽʨʶʚʘʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʪʦʯʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʡʦʛʦ 

ʚʝʣʠʯʠʥʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ n   ʨʘʟʽʚ.  

ʅʝʭʘʡ ʦʜʥʦʢʘʥʘʣʴʥʠʤ ʧʨʠʣʘʜʦʤ ʥʝʦʙʭʽʜʥʦ ʚʠʤʽʨʷʪʠ N ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʣʽʥʽʡ. ʅʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʞʥʦʾ ʣʽʥʽʾ ʙʫʜʝ ʟʘʪʨʘʯʝʥʦ ʯʘʩ Ntt /=D . ʆʯʝʚʠʜʥʦ, ʱʦ 

ʟʘ ʯʘʩ t ʥʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʤʫ ʧʨʠʣʘʜʽ ʟ N ʢʘʥʘʣʘʤʠ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ N ʨʘʟ, ʱʦ ʨʽʚʥʦʟʥʘʯʥʦ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ ʚ N  ʨʘʟʽʚ.  

ʅʘʚʝʜʝʥʠʡ ʧʝʨʝʣʽʢ ʦʟʥʘʢ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝ ʷʚʣʷʻʪʴʩʷ ʚʠʯʝʨʧʥʠʤ. 

ʉʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʜʠʩʧʝʨʩʽʾ, ʟʘ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʟʘ ʩʚʽʪʣʦʩʠʣʦʶ, ʟʘ ʰʚʠʜʢʦʜʽʻʶ ʪʦʱʦ. 

1.4.ʇʦʜʽʣ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ 



 

 

ʈʦʟʛʣʷʥʝʤʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ.  

1) ʉʧʝʢʪʨʦʩʢʦʧ 

ʉʧʝʢʪʨʦʩʢʦʧ ï ʮʝ ʧʨʠʣʘʜ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʩʧʝʢʪʨʽʚ.  ʁʦʛʦ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1.3. 

 

ʈʠʩ.1.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʩʢʦʧʘ: 1 ï ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʷ; 2 ï 

ʚʭʽʜʥʘ ʱʽʣʠʥʘ; 3 ï ʦʙôʻʢʪʠʚ ʚʭʽʜʥʦʛʦ ʢʦʣʽʤʘʪʦʨʘ; 4 ï ʜʠʩʧʝʨʛʫʶʯʠʡ ʝʣʝʤʝʥʪ 

(ʧʨʠʟʤʘ, ʜʠʬʨʘʢʮʽʡʥʘ ʛʨʘʪʢʘ); 5 ï ʦʙóʻʢʪʠʚ ʚʠʭʽʜʥʦʛʦ ʢʦʣʽʤʘʪʦʨʘ (ʢʘʤʝʨʠ); 6 ï 

ʦʢʫʣʷʨ. 

 

ʉʧʝʢʪʨ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʯʝʨʝʟ ʦʢʫʣʷʨ ʦʢʦʤ. ʏʝʨʝʟ ʚʽʜʥʦʩʥʦ ʤʘʣʽ 

ʤʦʞʣʠʚʦʩʪʽ ʦʢʘ, ʷʢ ʧʨʠʡʤʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʦʙʤʝʞʝʥʽʩʪʴ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, 

ʟʘʣʝʞʥʽʩʪʴ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ ʷʩʢʨʘʚʦʩʪʽ ʩʧʝʢʪʨʘ, ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʩʧʦʩʪʝʨʽʛʘʯʘ), ʩʧʝʢʪʨʦʩʢʦʧʠ ʤʘʶʪʴ ʚ ʥʘʰ ʯʘʩ ʦʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

2) ʉʧʝʢʪʨʦʛʨʘʬ 

ʉʧʝʢʪʨʦʛʨʘʬ ï ʧʨʠʣʘʜ, ʚ ʷʢʦʤʫ ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʬʦʪʦʛʨʘʬʽʯʥʠʡ ʤʘʪʝʨʽʘʣ) ʦʜʥʦʯʘʩʥʦ ʨʝʻʩʪʨʫʻ ʚʝʩʴ ʩʧʝʢʪʨ, ʨʦʟʛʦʨʥʫʪʠʡ ʫ 

ʬʦʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʦʙôʻʢʪʠʚʘ ʚʠʭʽʜʥʦʛʦ ʢʦʣʽʤʘʪʦʨʘ (ʨʠʩ.4.).    

 

ʈʠʩ.1.4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʛʨʘʬʘ: 1 ï ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 2 ï 

ʚʭʽʜʥʘ ʱʽʣʠʥʘ; 3 ï ʦʙôʻʢʪʠʚ ʚʭʽʜʥʦʛʦ ʢʦʣʽʤʘʪʦʨʘ; 4 ï ʜʠʩʧʝʨʛʫʶʯʠʡ ʝʣʝʤʝʥʪ; 5 ï 

ʦʙôʻʢʪʠʚ ʚʠʭʽʜʥʦʛʦ ʢʦʣʽʤʘʪʦʨʘ; 6 ï ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʬʦʪʦʤʘʪʝʨʽʘʣ) 

 

 

ɺʩʽ ʩʧʝʢʪʨʦʛʨʘʬʠ ï ʧʦʣʽʭʨʦʤʘʪʦʨʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʫʢʦʤʧʣʝʢʪʦʚʘʥʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʧʨʠʩʪʘʚʢʘʤʠ.  

3) ʉʧʝʢʪʨʦʤʝʪʨ 

ɺ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʩʣʦʚʘ ʩʧʝʢʪʨʦʤʝʪʨ ï ʮʝ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʝʷʢʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ f ʟʘ ʧʘʨʘʤʝʪʨʦʤ x. ʅʘʧʨʠʢʣʘʜ: ʙʝʪʘ ï ʩʧʝʢʪʨʦʤʝʪʨ ï 

ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʰʚʠʜʢʦʩʪʷʤʠ; ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨ ï ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ ʟʘ ʤʘʩʘʤʠ.  



 

 

ʋ ʚʫʟʴʢʦʤʫ (ʦʧʪʠʯʥʦʤʫ) ʨʦʟʫʤʽʥʥʽ ʩʣʦʚʘ ï ʮʝ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ (ʘʙʦ ʪʝʧʣʦʚʠʭ) ʧʨʠʡʤʘʯʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.5. 

 

 

ʈʠʩ.1.5. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ: 1 - ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 2 - 

ʤʦʜʫʣʷʪʦʨ; 3 - ʚʭʽʜʥʘ ʱʽʣʠʥʘ; 4 - ʦʙôʻʢʪʠʚ ʚʭʽʜʥʦʛʦ ʢʦʣʽʤʘʪʦʨʘ; 5 - 

ʜʠʩʧʝʨʛʫʶʯʠʡ ʧʨʠʩʪʨʽʡ; 6 - ʦʙôʻʢʪʠʚ ʚʠʭʽʜʥʦʛʦ ʢʦʣʽʤʘʪʦʨʘ; 7 - ʚʠʭʽʜʥʘ ʱʽʣʠʥʘ; 

8 - ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 9 - ʝʣʝʢʪʨʠʯʥʠʡ ʧʽʜʩʠʣʶʚʘʯ; 10 - ʽʥʜʠʢʘʪʦʨʥʠʡ 

ʧʨʠʩʪʨʽʡ (ʦʩʮʠʣʦʛʨʘʬ, ʮʠʬʨʦ-ʜʨʫʢʫʶʯʠʡ ʧʨʠʩʪʨʽʡ, ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, 

ɽʆʄ); 11 - ʩʢʘʥʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

 

ʗʢ ʧʨʘʚʠʣʦ ʦʧʪʠʯʥʘ ʯʘʩʪʠʥʘ ʧʨʠʣʘʜʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʦʥʦʭʨʦʤʘʪʦʨ. 

ɺʠʜʽʣʝʥʥʷ ʪʦʾ ʯʠ ʽʥʰʦʾ ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʢʘʥʫʚʘʥʥʷʤ. 

ʉʢʘʥʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʟʤʽʥʶʻ ʧʦʣʦʞʝʥʥʷ ʜʠʩʧʝʨʛʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʚʽʜʥʦʩʥʦ 

ʥʝʨʫʭʦʤʦʾ ʚʭʽʜʥʦʾ ʪʘ ʚʠʭʽʜʥʦʾ ʱʽʣʠʥ.  

ʄʦʜʫʣʷʪʦʨ ʩʣʫʛʫʻ ʜʣʷ ʧʝʨʝʨʠʚʘʥʥʷ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʝʚʥʦʶ 

ʯʘʩʪʦʪʦʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʽ ʚʠʢʦʨʠʩʪʘʪʠ ʙʽʣʴʰ 

ʩʫʯʘʩʥʫ ʝʣʝʢʪʨʦʥʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʘʧʘʨʘʪʫʨʫ.  

ʉʧʝʢʪʨʦʤʝʪʨ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʽ ʫ ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʤʫ 

(ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʤʫ) ʚʘʨʽʘʥʪʽ. ʇʨʠ ʮʴʦʤʫ ʚʟʜʦʚʞ ʬʦʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʚʠʭʽʜʥʦʛʦ 

ʦʙôʻʢʪʠʚʘ ʨʦʟʪʘʰʦʚʫʶʪʴ ʜʝʢʽʣʴʢʘ ʱʽʣʠʥ ʽʟ ʧʨʠʡʤʘʯʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɹʘʛʘʪʦʢʘʥʘʣʴʥʽ ʩʧʝʢʪʨʦʤʝʪʨʠ ʥʘʟʠʚʘʶʪʴ ʢʚʘʥʪʦʤʝʪʨʘʤʠ.  

4) ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ ʥʘʟʠʚʘʶʪʴ ʧʨʠʣʘʜ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʽʟʥʠʮʽ ʘʙʦ ʚʽʜʥʦʰʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʦʡʰʣʠ 

ʯʝʨʝʟ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ ʪʘ ʢʘʥʘʣ ʧʦʨʽʚʥʷʥʥʷ.  



 

 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʽʚ 

ʧʦʛʣʠʥʘʥʥʷ. ʏʘʩʪʽʰʝ ʚʩʴʦʛʦ ʚʦʥʠ ʻ ʜʚʦʧʨʦʤʝʥʝʚʠʤʠ ʧʨʠʣʘʜʘʤʠ: ʚ ʦʜʥʦʤʫ 

ʢʘʥʘʣʽ ʩʚʽʪʣʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʦʩʣʽʜʞʫʚʘʥʫ ʨʝʯʦʚʠʥʫ, ʚ ʽʥʰʦʤʫ ï ʯʝʨʝʟ ʝʪʘʣʦʥ.  

ʋʩʽ ʩʧʝʢʪʨʦʤʝʪʨʠ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʴʩʷ ʤʦʥʦʭʨʦʤʘʪʦʨʘʤʠ. 

ʈʦʟʨʽʟʥʷʶʪʴ 3 ʪʠʧʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʚ: 

- ʟ ʥʫʣʴʦʚʠʤ; 

- ʟ ʚʽʜʣʽʢʦʚʠʤ; 

- ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʤʝʪʦʜʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʧʨʠʣʘʜʠ ʟ ʥʫʣʴʦʚʠʤ ʪʘ ʚʽʜʣʽʢʦʚʠʤ ʤʝʪʦʜʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ.  

ʋ ʧʨʠʣʘʜʘʭ ʟ ʥʫʣʴʦʚʠʤ ʤʝʪʦʜʦʤ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʦʢʽʚ ʚʠʟʥʘʯʘʶʪʴ 

ʤʝʪʦʜʦʤ ʦʧʪʠʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ, ʪʦʙʪʦ ʫʩʪʘʥʦʚʢʦʶ ʚ ʝʪʘʣʦʥʥʠʡ ʢʘʥʘʣ 

ʧʨʦʛʨʘʜʫʡʦʚʘʥʦʛʦ ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʦʧʪʠʯʥʦʛʦ ʢʣʠʥʘ.  

 

 

 

ʈʠʩ.1.6. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʟ ʥʫʣʴʦʚʠʤ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

 

ʇʨʠʥʮʠʧ ʜʽʾ ʪʘʢʦʛʦ ʧʨʠʣʘʜʫ ʥʘʩʪʫʧʥʠʡ: ʚʽʜ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 1 ʟ 

ʜʦʧʦʤʦʛʦʶ ʢʦʥʜʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ 2, 12 ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʧʘʜʘʻ ʥʘ ʢʶʚʝʪʠ ʟ  

ʝʪʘʣʦʥʥʠʤ 3 ʪʘ ʜʦʩʣʽʜʞʫʚʘʥʠʤ 11 ʟʨʘʟʢʘʤʠ, ʧʽʩʣʷ ʯʦʛʦ ʧʫʯʢʠ ʟʚʦʜʷʪʴʩʷ ʥʘ 

ʜʟʝʨʢʘʣʴʥʦʤʫ ʜʠʩʢʫ (ʦʙʪʶʨʘʪʦʨʽ) ʤʦʜʫʣʷʪʦʨʘ 5. ʎʝʡ ʜʠʩʢ ʤʘʻ ʧʨʦʨʽʟʠ, ʯʝʨʝʟ ʷʢʽ 

ʥʘ ʤʦʥʦʭʨʦʤʘʪʦʨ ʧʦʯʝʨʛʦʚʦ ʧʦʪʨʘʧʣʷʶʪʴ ʧʫʯʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʝʪʘʣʦʥʥʦʛʦ 

ʪʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʘʥʘʣʽʚ. ʗʢʱʦ ʚ ʟʨʘʟʢʫ ʻ ʧʦʛʣʠʥʘʥʥʷ, ʪʦ ʧʦʪʦʢʠ 



 

 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʘʜʘʶʪʴ ʥʘ ʧʨʠʡʤʘʯ 8 ʧʦʯʝʨʛʦʚʦ ʥʝ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʠʤʠ. ɺ 

ʣʘʥʮʶʛʫ ʧʨʠʡʤʘʯʘ ʧʨʦʪʽʢʘʻ ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʥʠʡ ʩʪʨʫʤ (ʩʠʛʥʘʣ), ʷʢʠʡ 

ʧʽʜʩʠʣʶʻʪʴʩʷ ʧʽʜʩʠʣʶʚʘʯʝʤ 9 ʪʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʚʠʛʫʥ 10. ɼʚʠʛʫʥ ʧʨʠʚʦʜʠʪʴ ʫ 

ʨʫʭ ʬʦʪʦʤʝʪʨʠʯʥʠʡ ʢʣʠʥ 4, ʱʦ ʧʝʨʝʩʫʚʘʻʪʴʩʷ ʜʦ ʤʦʤʝʥʪʫ ʟʨʽʚʥʷʥʥʷ ʧʦʪʦʢʽʚ ʫ 

ʦʙʦʭ ʢʘʥʘʣʘʭ. ʈʫʭ ʢʣʠʥʘ ʧʦʚóʷʟʘʥʠʡ ʟ ʧʝʨʦʤ ʩʘʤʦʧʠʩʮʷ 7, ʷʢʠʡ ʚʠʤʘʣʴʦʚʫʻ ʥʘ 

ʧʘʧʝʨʽ ʩʧʝʢʪʨʦʛʨʘʤʫ. ʇʝʨʝʤʽʱʝʥʥʷ ʢʣʠʥʘ ʧʨʦʧʦʨʮʽʡʥʝ ʚʽʜʥʦʰʝʥʥʶ ʧʦʪʦʢʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ ʢʘʥʘʣʽʚ. 

ʋ ʧʨʠʣʘʜʘʭ ʟ ʚʽʜʣʽʢʦʚʠʤ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʦʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʱʦ ʧʨʦʡʰʣʠ ʦʙʠʜʚʘ ʢʘʥʘʣʠ, ʧʦʨʽʚʥʶʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʧʨʠ ʮʴʦʤʫ 

ʚʠʤʽʨʶʻʪʴʩʷ ʢʦʞʝʥ ʩʠʛʥʘʣ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʚʽʜʥʦʰʝʥʥʷ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 

ʜʞʝʨʝʣʘ 1 ʯʝʨʝʟ ʢʦʥʜʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ 2, 13, ʧʦʧʘʜʘʶʪʴ ʫ ʚʠʤʽʨʶʚʘʣʴʥʠʡ 3 ʪʘ 

ʝʪʘʣʦʥʥʠʡ ʢʘʥʘʣʠ 12. ʄʦʜʫʣʷʪʦʨ 4 ʧʦʯʝʨʛʦʚʦ ʥʘʧʨʘʚʣʷʻ ʥʘ ʤʦʥʦʭʨʦʤʘʪʦʨ 5 

ʧʦʪʦʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʦʙʦʭ ʢʘʥʘʣʽʚ. ʉʠʛʥʘʣ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟ ʧʨʠʡʤʘʯʘ 6, 

ʧʽʜʩʠʣʶʻʪʴʩʷ ʧʽʜʩʠʣʶʚʘʯʝʤ 7. ɼʘʣʽ ʩʠʛʥʘʣ ʨʦʟʜʽʣʷʻʪʴʩʷ ʧʝʨʝʤʠʢʘʯʝʤ 8 ʪʘ 

ʧʦʧʘʜʘʻ ʚ ʧʨʠʣʘʜ 9 ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʟʚʽʜʢʠ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʪʘ ʧʽʜʩʠʣʝʥʥʷ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʚʠʛʫʥ 10, ʱʦ ʧʨʠʚʦʜʠʪʴ ʚ ʜʽʶ ʧʝʨʦ ʩʘʤʦʧʠʩʮʷ 11. ʇʝʨʦ 

ʚʠʤʘʣʴʦʚʫʻ ʢʨʠʚʫ ʧʨʦʧʫʩʢʘʥʥʷ ʟʨʘʟʢʘ. 

 

 

ʈʠʩ.1.7. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʟ ʚʽʜʣʽʢʦʚʠʤ ʤʝʪʦʜʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʽʩʥʫʻ ʚʩʴʦʛʦ 4 ʪʠʧʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. ʊʠʤ ʥʝ ʤʝʥʰʝ 

ʫ ʣʽʪʝʨʘʪʫʨʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ  ʽʥʰʽ ʥʘʡʤʝʥʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʦʜʥʘʢ 

ʫʩʽ ʮʽ ʧʨʠʣʘʜʠ ʧʨʠ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ 

ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ ʪʠʧʽʚ.  



 

 

1. ʄʦʥʦʭʨʦʤʘʪʦʨ ï ʧʨʠʣʘʜ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʚʫʟʴʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʘ. ɿʘ 

ʧʦʙʫʜʦʚʦʶ ʮʝ ʩʧʝʢʪʨʦʤʝʪʨ ʙʝʟ ʧʨʠʡʤʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

2. ʉʪʽʣʦʩʢʦʧ ï ʧʨʠʣʘʜ, ʷʢʠʡ ʷʚʣʷʻʪʴʩʷ ʨʽʟʥʦʚʠʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʘ ʽ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʥʘʧʽʚʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʘʣʽʚ. ʋ ʥʴʦʛʦ ʻ ʰʢʘʣʘ ʜʦʚʞʠʥ ʭʚʠʣʴ ʟ ʚʢʘʟʘʥʠʤ 

ʧʦʣʦʞʝʥʥʷʤ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ.  

3. ʉʪʽʣʦʤʝʪʨ ï ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʽʣʦʩʢʦʧʘ ʪʠʤ, ʱʦ ʤʘʻ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʣʽʥʽʡ.  

ʋʩʽ ʤʦʜʫʣʷʮʽʡʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʧʨʠʣʘʜʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʦʙʫʜʦʚʠ ʷʚʣʷʶʪʴʩʷ 

ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ. ʉʝʨʝʜ ʥʠʭ ʨʦʟʨʽʟʥʷʶʪʴ: 

- ʉɯʉɸʄ ï ʉʧʝʢʪʨʦʤʝʪʨ ʟ ɯʥʪʝʨʬʝʨʝʥʮʽʡʥʦʶ ʉʝʣʝʢʪʠʚʥʦʶ    ɸʤʧʣʽʪʫʜʥʦʶ 

ʄʦʜʫʣʷʮʽʻʶ; 

- ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʉɯʉɸʄ ï ʪʘʢʦʞ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ ʘʤʧʣʽʪʫʜʥʦʾ 

ʤʦʜʫʣʷʮʽʾ; 

- ʌʫʨôʻ-ʩʧʝʢʪʨʦʤʝʪʨ ï ʧʨʠʣʘʜ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʧʝʢʪʨʦʤʝʪʨ ʧʦʙʫʜʦʚʘʥʠʡ 

ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʡʢʝʣʴʩʦʥʘ, ʟ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʯʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

- ʤʘʪʨʠʯʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ (ʩʧʝʢʪʨʦʤʝʪʨ ɸʜʘʤʘʨʘ); 

- ʉɯʉ ï ʉʝʣʝʢʪʠʚʥʦ-ɯʥʪʝʨʬʝʨʝʥʮʽʡʥʠʡ ʉʧʝʢʪʨʦʤʝʪʨ.   

ʈʆɿɼɯʃ 2 

ʌɯɿʀʏʅɯ ʄɽʍɸʅɯɿʄʀ ʈʆɹʆʊʀ ʉʇɽʂʊʈɸʃʔʅʀʍ ʇʈʀʃɸɼɯɺ 

2.1. ɼʠʬʨʘʢʮʽʡʥʘ ʨʝʰʽʪʢʘ ʷʢ ʜʠʩʧʝʨʛʫʶʯʠʡ ʧʨʠʩʪʨʽʡ, ʾʾ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʠʬʨʘʢʮʽʡʥʘ ʨʝʰʽʪʢʘ - ʮʝ ʦʧʪʠʯʥʠʡ ʧʨʠʣʘʜ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʧʝ-

ʨʽʦʜʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʝʛʫʣʷʨʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘ 

ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʬʨʘʢʮʽʷ ʩʚʽʪʣʘ. ʊʘʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʰʪʨʠʭʠ, 

ʱʦ ʥʘʥʝʩʝʥʽ ʤʝʭʘʥʽʯʥʠʤ, ʬʦʪʦʛʨʘʬʽʯʥʠʤ ʘʙʦ ʛʦʣʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʘʤʠ ʥʘ 

ʧʣʦʩʢʫ ʘʙʦ ʚʚʽʛʥʫʪʫ ʧʣʘʩʪʠʥʫ. ʂʽʣʴʢʽʩʪʴ ʰʪʨʠʭʽʚ ʥʘ ʤʽʣʽʤʝʪʨ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 

300 ʜʦ 6000 ʜʣʷ ʚʠʜʠʤʦʾ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʾ ʦʙʣʘʩʪʝʡ ʩʧʝʢʪʨʘ.  

ʅʘʡʧʨʦʩʪʽʰʘ ʜʠʬʨʘʢʮʽʡʥʘ ʨʝʰʽʪʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʟ N ʦʜʥʘʢʦʚʠʭ 

ʧʦ ʰʠʨʠʥʽ ʽ ʧʘʨʘʣʝʣʴʥʠʭ ʦʜʥʘ ʦʜʥʽʡ ʱʽʣʠʥ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʽ 



 

 

ʨʦʟʜʽʣʝʥʽ ʥʝʧʨʦʟʦʨʠʤʠ ʧʨʦʤʽʞʢʘʤʠ, ʦʜʥʘʢʦʚʠʤʠ ʟʘ ʨʦʟʤʽʨʘʤʠ (ʨʠʩ.2.1). ʗʢʱʦ 

ʰʠʨʠʥʘ ʱʽʣʠʥʠ b, ʘ ʨʦʟʤʽʨ ʧʨʦʤʽʞʢʫ a, ʪʦ ʚʝʣʠʯʠʥʘ d = a + b ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʝʨʽʦʜʦʤ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ. ʇʝʨʽʦʜ d ʧʦʚôʷʟʘʥʠʡ ʟ ʢʽʣʴʢʽʩʪʶ N ʰʪʨʠʭʽʚ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

 d = 1/N.             (2.1) 

 

 

 

ʈʠʩ. 2.1. ɼʠʬʨʘʢʮʽʡʥʘ ʨʝʰʽʪʢʘ 

 

ʇʨʠʥʮʠʧ ʜʽʾ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʠʬʨʘʢʮʽʾ ʩʚʽʪʣʦʚʠʭ 

ʭʚʠʣʴ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʥʝʶ, ʪʘ ʧʦʜʘʣʴʰʽʡ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʮʠʭ ʜʠʬʨʘʛʦʚʘʥʠʭ 

ʭʚʠʣʴ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʠʬʨʘʢʮʽʡʥʫ ʨʝʰʽʪʢʫ ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ 

ʙʘʛʘʪʴʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʪʘ ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʧʨʦʟʦʨʠʭ ʱʽʣʠʥ, ʨʦʟʜʽʣʝʥʠʭ 

ʦʜʥʘʢʦʚʠʤʠ ʥʝʧʨʦʟʦʨʠʤʠ ʧʨʦʤʽʞʢʘʤʠ. ʗʢʱʦ ʥʘ ʪʘʢʫ ʨʝʰʽʪʢʫ ʧʘʜʘʪʠʤʝ 

ʩʚʽʪʣʦʚʠʡ ʧʫʯʦʢ, ʪʦ ʩʚʽʪʣʦʚʽ ʭʚʠʣʽ, ʧʨʦʭʦʜʷʯʠ ʢʨʽʟʴ ʱʽʣʠʥʠ ʨʝʰʽʪʢʠ, ʙʫʜʫʪʴ 

ʜʠʬʨʘʛʫʚʘʪʠ. ʂʦʞʥʘ ʪʦʯʢʘ ʙʫʜʴ-ʷʢʦʾ ʱʽʣʠʥʠ ʨʝʰʽʪʢʠ ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʚʠʩʪʫʧʘʪʠʤʝ 

ʷʢ ʚʪʦʨʠʥʥʝ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʨʝʰʽʪʢʦʶ ʩʚʽʪʣʦʚʽ 

ʭʚʠʣʽ ʙʫʜʫʪʴ ʧʦʰʠʨʶʚʘʪʠʩʴ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʆʜʥʘʢ ʩʚʽʪʣʦʚʽ ʭʚʠʣʽ ʚʽʜ 

ʨʽʟʥʠʭ ʱʽʣʠʥ ˇʨʘʪʢʠ, ʽʥʪʝʨʬʝʨʫʶʪʴ ʤʽʞ ʩʦʙʦʶ. ʗʢʱʦ ʮʽ ʭʚʠʣʽ ʧʝʨʝʙʫʚʘʶʪʴ ʚ 

ʦʜʥʘʢʦʚʽʡ ʬʘʟʽ, ʪʦ ʚʦʥʠ ʧʽʜʩʠʣʶʶʪʴ ʦʜʥʘ ʦʜʥʫ, ʷʢʱʦ ʞ ʫ ʧʨʦʪʠʬʘʟʽ, ʪʦ ʛʘʩʷʪʴ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʽʥʪʝʨʬʝʨʝʥʮʽʷ, ʫ ʜʨʫʛʦʤʫ ð 

ʜʝʩʪʨʫʢʪʠʚʥʘ. 

http://uk.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D1%80%D0%B0%D0%BA%D1%86%D1%96%D1%8F
http://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D1%8F_%D1%81%D0%B2%D1%96%D1%82%D0%BB%D0%B0
http://uk.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B7%D0%B0_%28%D0%BA%D0%BE%D0%BB%D0%B8%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F%29


 

 

 ʅʘʧʨʷʤʢʠ ʧʦʰʠʨʝʥʥʷ ʜʠʬʨʘʛʦʚʘʥʠʭ ʭʚʠʣʴ, ʥʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʽʥʪʝʨʬʝʨʝʥʮʽʷ, ʥʘʟʠʚʘʶʪʴ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ. 

ʊʘʢʠʭ ʤʘʢʩʠʤʫʤʽʚ ʟʘʟʚʠʯʘʡ ʢʽʣʴʢʘ, ʾʭ ʧʦʟʥʘʯʘʶʪʴ ʮʽʣʠʤʠ ʯʠʩʣʘʤʠ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʧʦʨʷʜʢʦʤ ʜʠʬʨʘʢʮʽʾ (m). ʂʽʣʴʢʽʩʪʴ ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʽ 

ʥʘʧʨʷʤʢʠ ʾʭ ʧʦʰʠʨʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʝʨʽʦʜʫ ʛʨʘʪʢʠ ʪʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʩʚʽʪʣʘ ʡ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ: 

                                                                          (2.2) 

 

¶  ð ʢʫʪ ʧʘʜʽʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʧʫʯʢʘ ʥʘ ˇʨʘʪʢʫ, 

¶  ð ʢʫʪ ʜʠʬʨʘʢʮʽʾ ʜʣʷ ʧʫʯʢʘ m-ʛʦ ʧʦʨʷʜʢʫ, 

¶  ð ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʩʚʽʪʣʘ, 

¶ d ð ʧʝʨʽʦʜ ʛʨʘʪʢʠ, 

¶ m ð ʧʦʨʷʜʦʢ ʜʠʬʨʘʢʮʽʾ. 

ɯʟ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʢʫʪ ʜʠʬʨʘʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʩʚʽʪʣʘ. ʆʪʞʝ, ʷʢʱʦ ʥʘ ʨʝʰʽʪʢʫ ʧʘʜʘʪʠʤʝ ʙʽʣʝ ʩʚʽʪʣʦ, ʪʦ ʚʦʥʦ 

ʨʦʟʢʣʘʜʘʪʠʤʝʪʴʩʷ ʨʝʰʽʪʢʦʶ ʫ ʩʧʝʢʪʨ. 

 

ʈʠʩ.2.2. ɼʠʬʨʘʢʮʽʡʥʽ ʤʘʢʩʠʤʫʤʠ ʪʨʴʦʭ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʾ 

ʣʘʤʧʦʯʢʠ 

 

ɼʠʬʨʘʢʮʽʡʥʽ ʤʘʢʩʠʤʫʤʠ ʪʨʴʦʭ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʾ 

ʣʘʤʧʦʯʢʠ, ʷʢʫ ʨʦʟʛʣʷʜʘʶʪʴ ʯʝʨʝʟ ʜʠʬʨʘʢʮʽʡʥʫ ʨʝʰʽʪʢʫ. 

ʍʘʨʘʢʪʝʨ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ, ʦʜʝʨʞʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʮʽʡʥʦʾ 

ʨʝʰʽʪʢʠ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.2.3.  

http://uk.wikipedia.org/wiki/%D0%94%D0%BE%D0%B2%D0%B6%D0%B8%D0%BD%D0%B0_%D1%85%D0%B2%D0%B8%D0%BB%D1%96
http://uk.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B5%D0%BA%D1%82%D1%80


 

 

 

ʈʠʩ. 2.3. ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʫ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʰʪʨʠʭʽʚ N 

 

ʆʩʥʦʚʥʽ ʪʠʧʠ ʜʠʬʨʘʢʮʽʡʥʠʭ ʨʝʰʽʪʦʢ 

ʅʘʨʘʟʽ ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʠʬʨʘʢʮʽʡʥʠʭ ʨʝʰʽʪʦʢ ʜʣʷ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʂʣʘʩʠʬʽʢʫʶʪʴ ʜʠʬʨʘʢʮʽʡʥʽ ʨʝʰʽʪʢʠ ʟʘ 

ʨʟ̔ʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʧʘʨʘʤʝʪʨ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ ʤʦʜʫʣʶʻʪʴʩʷ ʨʝʰʽʪʢʦʶ, 

ʨʦʟʨʽʟʥʷʶʪʴ ʘʤʧʣʽʪʫʜʥʽ, ʬʘʟʦʚʽ ʪʘ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʽ ʨʝʰʽʪʢʠ. ɸʤʧʣʽʪʫʜʥʽ 

ʛʨʘʪʢʠ ʟʜʝʙʽʣʴʰʦʛʦ ʻ ʪʦʥʢʠʤʠ. ʌʘʟʦʚʽ ʪʘ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʽ ʨʝʰʽʪʢʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʙ'ʻʤʥʠʤʠ ʘʙʦ ʨʝʣʴʻʬʥʠʤʠ. ɺ ʦʙ'ʻʤʥʠʭ ʨʝʰʽʪʢʘʭ ʟʜʝʙʽʣʴʰʦʛʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʘ ʤʦʜʫʣʷʮʽʷ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʘʙʦ ʧʦʛʣʠʥʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʦʙ'ʻʤʥʽ ʨʝʰʽʪʢʠ ʤʦʞʫʪʴ 

ʥʘʟʠʚʘʪʠʩʴ ʪʦʥʢʠʤʠ ʘʙʦ ʪʦʚʩʪʠʤʠ, ʧʨʠʯʦʤʫ ʪʦʥʢʽ ʨʝʰʽʪʢʠ ʟʜʝʙʽʣʴʰʦʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʽʣʴʢʦʤʘ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʧʦʨʷʜʢʘʤʠ ʽ ʯʘʩʪʦ ʾʭ ʥʘʟʠʚʘʶʪʴ 

ʨʝʰʽʪʢʘʤʠ ʪʠʧʫ ʈʘʤʘʥʘ-ʅʘʪʘ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʪʦʚʩʪʽ ʨʝʰʽʪʢʠ ʧʨʘʮʶʶʪʴ ʫ 

ʨʝʞʠʤʽ, ʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʽʣʴʢʠ ʜʚʘ ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʠ: 0-ʛʦ ʡ 1-ʛʦ 

ʧʦʨʷʜʢʽʚ. ʊʦʚʩʪʽ ʨʝʰʽʪʢʠ ʥʘʟʠʚʘʶʪʴʩʷ ʱʝ ʨʝʰʽʪʢʘʤʠ ɹʨʝʛʛʘ. ʈʝʣʴʻʬʥʽ ʨʝʰʽʪʢʠ 



 

 

ʟ ʧʝʨʽʦʜʠʯʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʜʚʦʭ ʩʝʨʝʜʦʚʠʱ 

ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʧʨʦʬʽʣʝʤ ʰʪʨʠʭʽʚ ʥʘ ʩʠʥʫʩʦʾʜʘʣʴʥʽ, ʧʨʷʤʦʢʫʪʥʽ, 

ʪʨʘʧʝʮʝʾʜʘʣʴʥʽ, ʪʨʠʢʫʪʥʽ ʪʘ ʟ ʥʝʚʠʟʥʘʯʝʥʠʤ ʧʨʦʬʽʣʝʤ. ʗʢʱʦ ʧʨʦʬʽʣʴ ʰʪʨʠʭʽʚ ʻ 

ʩʠʤʝʪʨʠʯʥʠʤ, ʪʦ ʪʘʢʘ ʨʝʰʽʪʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʰʽʪʢʘ ʽʟ ʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ 

ʰʪʨʠʭʽʚ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʜʠʬʨʘʢʮʽʡʥʘ ʨʝʰʽʪʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʫʶʯʦʶ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʨʦʟʨʽʟʥʷʶʪʴ ʧʨʦʧʫʩʢʘʶʯʽ ʪʘ ʚʽʜʙʠʚʘʶʯʽ 

ʜʠʬʨʘʢʮʽʡʥʽ ʨʝʰʽʪʢʠ. 

ɿʘ ʤʝʪʦʜʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʰʽʪʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʝʭʘʥʽʯʥʦ ʥʘʨʽʟʥʽ, 

ʛʦʣʦʛʨʘʬʽʯʥʽ ʪʘ ʣʽʪʦʛʨʘʬʽʯʥʽ. 

ɿʘ ʬʦʨʤʦʶ ʧʦʚʝʨʭʥʽ ʜʠʬʨʘʢʮʽʡʥʽ ʨʝʰʽʪʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʣʦʩʢʽ ʪʘ 

ʚʽʛʥʫʪʽ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʨʘʢʮʽʡʥʽ ʨʝʰʽʪʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙ'ʻʤʥʦʛʦ 

ʪʠʧʫ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʜʟʝʨʢʘʣʴʥʦ-ʣʽʥʟʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʪʘ ʭʚʠʣʝʚʽʜʥʦʛʦ ʪʠʧʫ, 

ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʘʙʦ ʚ ʦʙ'ʻʤʽ ʦʧʪʠʯʥʦʛʦ ʭʚʠʣʝʚʦʜʫ. ʆʩʦʙʣʠʚʠʤ 

ʚʠʧʘʜʢʦʤ ʭʚʠʣʝʚʽʜʥʠʭ ʨʝʰʽʪʦʢ ʻ ʚʦʣʦʢʦʥʥʽ ʨʝʰʽʪʢʠ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʬʘʟʦʚʽ 

ʨʝʰʽʪʢʠ ʫ ʩʝʨʮʝʚʠʥʽ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ ʻ ʢʫʪʦʚʘ ʜʠʩʧʝʨʩʽʷ 

D ʡ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ R. ʂʫʪʦʚʘ ʜʠʩʧʝʨʩʽʷ D ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʚʞʠʥʫ ʩʧʝʢʪʨʘ 

ʘʙʦ ʟʜʘʪʥʽʩʪʴ ʨʝʰʽʪʢʠ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʷʪʠ ʩʚʽʪʣʦʚʽ ʧʫʯʢʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥ 

ʭʚʠʣʴ. ʗʢʱʦ ʜʚʦʤ ʣʽʥʽʷʤ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʥʘ dl, ʚʽʜʧʦʚʽʜʘʻ 

ʨʽʟʥʠʮʷ ʚ ʢʫʪʘʭ dj, ʪʦ ʤʽʨʦʶ ʢʫʪʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʩʣʫʛʫʻ ʚʝʣʠʯʠʥʘ: 

                                                   ljµµ= /D                                               (2.3) 

ʗʢʱʦ ʧʨʦʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ (1), ʪʦ ʦʜʝʨʞʠʤʦ: 

                                              dldjj kd k =Öcos                                      (2.4)  

ʊʦʜʽ 

                                          )cos/(/ kdkD jdldj ==                                  (2.5) 

ʜʝ - kjʚʽʜʧʦʚʽʜʥʠʡ ʢʫʪ ʜʠʬʨʘʢʮʽʾ. ɼʠʩʧʝʨʩʽʷ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʨʷʜʢʫ ʩʧʝʢʪʨʘ k ʽ ʟʤʝʥʰʝʥʥʷʤ ʧʝʨʽʦʜʫ ʨʝʰʽʪʢʠ d. 

http://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D1%87%D0%BD%D0%B5_%D0%B2%D0%BE%D0%BB%D0%BE%D0%BA%D0%BD%D0%BE


 

 

ʅʘ ʜʦʩʣʽʜʽ ʜʠʩʧʝʨʩʽʶ ʨʝʰʽʪʢʠ ʦʙʯʠʩʣʶʶʪʴ ʰʣʷʭʦʤ ʚʠʤʽʨʫ ʢʫʪʦʚʦʾ 

ʚʽʜʩʪʘʥʽ d j ʤʽʞ ʜʚʦʤʘ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʟ 

ʚʽʜʦʤʦʶ ʨʽʟʥʠʮʝʶ ʜʦʚʞʠʥ ʭʚʠʣʴ dl (ʥʘʧʨʠʢʣʘʜ, ʤʽʞ ʞʦʚʪʠʤʠ ʣʽʥʽʷʤʠ 

ʨʪʫʪʽ).ʂʦʞʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʣʽʥʽʷ ʟʦʙʨʘʞʫʻʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʧʘʨʘʪʦʤ ʥʝ ʫ 

ʚʠʛʣʷʜʽ ʣʽʥʽʾ, ʘ ʫ ʚʠʛʣʷʜʽ ʙʽʣʴʰ-ʤʝʥʰ ʨʦʟʤʠʪʦʾ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʟ 

ʤʘʢʩʠʤʫʤʘʤʠ ʽ ʤʽʥʽʤʫʤʘʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʄʽʨʦʶ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ l, ʙʽʣʷ 

ʷʢʦʾ ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʤʽʨ, ʜʦ -dl ʥʘʡʤʝʥʰʦʾ ʨʽʟʥʠʮʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʜʚʦʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ, ʷʢʽ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʧʘʨʘʪ ʟʦʙʨʘʞʫʻ ʨʦʟʜʽʣʴʥʦ.  

ɺʚʝʜʝʤʦ ʥʦʚʝ ʧʦʥʷʪʪʷ ï ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʠʣʘʜʫ ʜʘʚʘʪʠ ʨʦʟʜʽʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʜʚʦʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ. ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʚʠʨʘʞʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  

                                             
dl

l
=R   ,                                                  (2.6) 

ʜʝ ʜʣ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʣʽʥʽʷʤʠ, ʷʢʽ ʱʝ ʨʦʟʜʽʣʷʶʪʴʩʷ, 

ʪʦʙʪʦ ʷʩʥʦ ʚʠʜʥʦ, ʱʦ ʮʠʭ ʣʽʥʽʡ ʜʚʽ. ɯʥʦʜʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʥʷʪʪʷʤ ʣʽʥʽʡʥʘ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʨʦʟʫʤʽʶʯʠ ʧʽʜ ʮʠʤ ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʣʽʥʽʡ, ʷʢʝ ʨʦʟʜʽʣʷʻ ʧʨʠʣʘʜ ʥʘ ʣʽʥʽʡʥʦʤʫ ʚʽʜʨʽʟʢʫ 1 ʤʤ ʫ ʬʦʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʧʨʠʣʘʜʫ 

                                            
?D

=D
1

R  .                                                   (2.7) 

 

ʜʝ ?D  ï ʣʽʥʽʡʥʘ ʤʝʞʘ ʨʦʟʜʽʣʝʥʥʷ. 

ʗʢʽ ʧʨʠʯʠʥʠ ʟʥʠʞʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠʣʘʜʫ? ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʪʘʢʠʤʠ: 

Å ʜʠʬʨʘʢʮʽʡʥʽ ʷʚʠʱʘ ʥʘ ʦʧʨʘʚʘʭ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

Å ʢʽʥʮʝʚʽ ʨʦʟʤʽʨʠ ʚʭʽʜʥʦʾ ʪʘ ʚʠʭʽʜʥʦʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʱʽʣʠʥ ʧʨʠʣʘʜʫ; 

Å ʘʙʝʨʘʮʽʾ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ; 

Å ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

Å ʧʦʭʠʙʢʠ ʶʩʪʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʪʘ ʦʢʨʝʤʠʭ ʡʦʛʦ ʯʘʩʪʠʥ; 



 

 

Å ʥʝʚʝʣʠʢʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʚʫʟʣʽʚ 

ʧʨʠʣʘʜʫ. 

ʅʘʟʚʝʤʦ ʪʝʦʨʝʪʠʯʥʦʶ ʤʝʞʝʶ ʨʦʟʜʽʣʝʥʥʷ 
ʊʜʣʚʝʣʠʯʠʥʫ, ʦʙʫʤʦʚʣʝʥʫ 

ʚʠʢʣʶʯʥʦ ʭʚʠʣʴʦʚʦʶ ʧʨʠʨʦʜʦʶ ʩʚʽʪʣʘ (ʜʠʬʨʘʢʮʽʡʥʽ ʷʚʠʱʘ ʥʘ ʦʧʨʘʚʘʭ 

ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠʣʘʜʫ).  

ʅʘʟʚʝʤʦ ʨʝʘʣʴʥʦʶ ʤʝʞʝʶ ʨʦʟʜʽʣʝʥʥʷ ʜɚʨ ʚʝʣʠʯʠʥʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ 

ʣʠʰʝ 
ʊʜʣ, ʘʣʝ ʡ  

Å æɚʘʙ ï  ʥʘʧʽʚʰʠʨʠʥʦʶ ʘʙʝʨʘʮʽʡʥʦʾ ʧʣʷʤʠ ʨʦʟʩʽʶʚʘʥʥʷ; 

Å æɚʜʝʬ ï ʥʘʧʽʚʰʠʨʠʥʦʶ ʧʣʷʤʠ ʨʦʟʩʽʷʥʥʷ, ʚʠʢʣʠʢʘʥʦʾ ʜʝʬʝʢʪʘʤʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʘ ʶʩʪʫʚʘʥʥʷʤ ʧʨʠʣʘʜʫ; 

Å æɚʛʝʦʤ ï ʫʰʠʨʝʥʥʷʤ, ʚʠʢʣʠʢʘʥʠʤ ʛʝʦʤʝʪʨʠʯʥʦʶ ʰʠʨʠʥʦʶ ʚʭʽʜʥʦʾ ʪʘ 

ʚʠʭʽʜʥʦʾ ʱʽʣʠʥ; 

Å æɚʝʤ ï ʥʘʧʽʚʰʠʨʠʥʦʶ ʧʣʷʤʠ ʨʦʟʩʽʷʥʥʷ ʩʚʽʪʣʘ ʫ ʬʦʪʦʛʨʘʬʽʯʥʽʡ ʝʤʫʣʴʩʽʾ; 

Å æɚ̔ʥ ï ʫʰʠʨʝʥʥʷʤ, ʚʠʢʣʠʢʘʥʠʤ ʧʨʠʡʤʘʣʴʥʦ ï ʨʝʻʩʪʨʫʶʯʦʶ ʩʠʩʪʝʤʦʶ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʩʝ ʮʝ, ʨʝʘʣʴʥʫ ʤʝʞʫ ʨʦʟʜʽʣʝʥʥʷ æɚʨ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʜʣʷ ʩʧʝʢʪʨʦʛʨʘʬʘ: 

 

                
2222 )()()()( ɽʄɼɽʌɸɹʊɻɽʆʄʈ llllldl +D+D+D+D=   ,              (2.8) 

 

ʜʣʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ: 

 

               
22222 )()()()()( ɯʅɼɽʌɸɹʊɻɽʆʄʈ llllldl +D+D+D+D=  .         (2.9) 

 

ʈʽʟʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜɚʨ ʚʽʜ ʜɚʛʝʦʤ ʧʦʷʩʥʶʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʚ ʩʧʦʩʦʙʽ ʨʝʻʩʪʨʘʮʽʾ 

ʩʧʝʢʪʨʘ. 

ʇʦ ʘʥʘʣʦʛʽʾ ʥʘʟʚʝʤʦ ʪʝʦʨʝʪʠʯʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʝʣʠʯʠʥʫ  

                                                
ʊ

ʊR
dl

l
= ,                                                       (2.10) 



 

 

ʘ ʨʝʘʣʴʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʝʣʠʯʠʥʫ 

                                                
ʈ

PR
dl

l
= .                                                      (2.11) 

ɺʨʘʭʦʚʫʶʯʠ (2.10) ʪʘ (2.11), ʦʯʝʚʠʜʥʦ, ʱʦ Rʈ<Rʊ 

ʊʝʧʝʨ ʟʫʧʠʥʠʤʦʩʴ ʥʘ ʽʥʰʦʤʫ ʚʘʞʣʠʚʦʤʫ ʧʠʪʘʥʥʽ. ʑʦ ʧʨʠʡʤʘʪʠ ʟʘ 

ʢʨʠʪʝʨʽʡ ʨʦʟʜʽʣʝʥʥʷ ʜʚʦʭ ʣʽʥʽʡ? 

ɼʣʷ ʽʜʝʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ (ʜʣʷ ʧʨʠʣʘʜʫ ʚ ʷʢʦʤʫ 

ʩʧʦʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʣʠʰʝ ʭʚʠʣʴʦʚʦʶ ʧʨʠʨʦʜʦʶ ʩʚʽʪʣʘ) ʧʨʠʡʥʷʪʦ ʚ 

ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʠʪʝʨʽʡ ʈʝʣʝʷ: ʜʚʽ ʩʧʝʢʪʨʘʣʴʥʽ ʣʽʥʽʾ 

ʦʜʥʘʢʦʚʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʝʥʥʷ, ʷʢʱʦ ʛʦʣʦʚʥʠʡ 

ʜʠʬʨʘʢʮʽʡʥʠʡ ʤʘʢʩʠʤʫʤ ʟʦʙʨʘʞʝʥʥʷ ʦʜʥʽʻʾ ʟ ʥʠʭ ʩʧʽʚʧʘʜʘʻ ʟ ʧʝʨʰʠʤ 

ʜʠʬʨʘʢʮʽʡʥʠʤ ʤʽʥʽʤʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ ʽʥʰʦʾ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʚʘʣ ʤʽʞ ʣʽʥʽʷʤʠ 

ʩʢʣʘʜʘʻ ʥʘʙʣʠʞʝʥʦ 20% ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ  ʛʦʣʦʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ (ʨʠʩ.2.4).  

 

 

ʈʠʩ.2.4 

ʂʨʠʪʝʨʽʡ ʈʝʣʝʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʘʧʘʨʘʪʥʘ 

ʬʫʥʢʮʽʷ ʧʨʠʣʘʜʫ ʻ ʜʠʬʨʘʢʮʽʡʥʦʶ, ʘʙʦ ʙʣʠʟʴʢʦʶ ʜʦ ʜʠʬʨʘʢʮʽʡʥʦʾ. ʗʢʱʦ ʮʝ ʥʝ 

ʪʘʢ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʠʪʝʨʽʶ ʈʝʣʝʷ ʚʪʨʘʯʘʻ ʟʤʽʩʪ. ʂʨʠʪʝʨʽʡ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʟ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʤʽʨʢʫʚʘʥʴ.  

ɺʽʟʴʤʝʤʦ ʜʚʽ ʣʽʥʽʾ, ʢʦʥʪʫʨ ʷʢʠʭ ʤʘʻ ʩʢʣʘʜʥʫ ʬʦʨʤʫ, ʪʦʙʪʦ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʢʦʥʪʫʨ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʜʠʬʨʘʢʮʽʡʥʦʛʦ (ʨʠʩ.2.5).  

 



 

 

 

ʈʠʩ.2.5  

ɺ ʮʝʥʪʨʽ ʤʽʞ ʣʽʥʽʷʤʠ ʦʪʨʠʤʘʻʤʦ ʧʨʦʚʘʣ Imin ʤʽʞ ʜʚʦʤʘ ʤʘʢʩʠʤʫʤʘʤʠ ɯmax. 

ɼ. ʉ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʠʤ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʤʦʞʝ 

ʩʣʫʛʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

                                        
)(5.0 minmax

minmax
0

+

-
=

I

II
V  .                                    (2.12) 

ɿʥʘʯʝʥʥʷ V0 ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʦʢʦ ʤʦʞʝ  

ʧʦʤʽʪʠʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ 2%, ʬʦʪʦʤʘʪʝʨʽʘʣ ï 2%, 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʡʤʘʯ ï ʱʝ ʤʝʥʰʝ. 

ʇʣʦʩʢʘ ʧʨʦʟʦʨʘ ʜʠʬʨʘʢʮʽʡʥʘ ʨʝʰʽʪʢʘ 

ʇʣʦʩʢʘ ʧʨʦʟʦʨʘ ʜʠʬʨʘʢʮʽʡʥʘ ʨʝʰʽʪʢʘ ʮʝ - ʧʨʦʟʦʨʘ ʧʣʘʩʪʠʥʢʘ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ N (ʜʦ 2400 ʥʘ ʜʦʚʞʠʥʽ 1ʤʤ) ʪʦʥʢʠʭ ʧʘʨʘʣʝʣʴʥʠʭ ʱʽʣʠʥ ʦʜʥʘʢʦʚʦʾ 

ʰʠʨʠʥʠ b ʪʘ ʦʜʥʘʢʦʚʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʾʭ ʩʝʨʝʜʠʥʘʤʠ (ʘʙʦ ʽʥʰʠʤʠ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʪʦʯʢʘʤʠ). ʑʽʣʠʥʠ ʨʝʰʽʪʢʠ ʫʪʚʦʨʶʶʪʴ ʫʧʦʨʷʜʢʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ. ʎʷ ʩʪʨʫʢʪʫʨʘ 

ʤʘʻ ʨʽʟʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʩʚʽʪʣʘ ʯʝʨʝʟ ʱʽʣʠʥʠ ʪʘ ʧʨʦʤʽʞʢʠ ʤʽʞ ʥʠʤʠ, 

ʪʦʤʫ ʨʝʰʽʪʢʫ ʪʘʢʦʛʦ ʪʠʧʫ ʥʘʟʠʚʘʶʪʴ ʘʤʧʣʽʪʫʜʥʦʶ. ɺʽʜʩʪʘʥʴ d ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʝʨʽʦʜʦʤ (ʘʙʦ ʩʪʘʣʦʶ) ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ. ʅʘ ʨʠʩ. 2.6 ʟʦʙʨʘʞʝʥʦ ʭʽʜ 

ʧʨʦʤʝʥʽʚ ʯʝʨʝʟ ʜʠʬʨʘʢʮʽʡʥʫ ʨʝʰʽʪʢʫ ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ ʜʠʬʨʘʢʮʽʾ ʌʨʘʫʥʛʦʬʝʨʘ. 

ʄʦʥʦʭʨʦʤʘʪʠʯʥʝ ʩʚʽʪʣʦ ʚʽʜ ʣʘʟʝʨʘ 1 ʧʦʧʘʜʘʻ ʥʘ ʜʠʬʨʘʢʮʽʡʥʫ ʨʝʰʽʪʢʫ 2 ʚʫʟʴʢʠʤ 

ʧʘʨʘʣʝʣʴʥʠʤ ʧʫʯʢʦʤ. 

ʈʝʟʫʣʴʪʫʶʯʠʡ ʧʫʯʦʢ ʜʽʡʜʝ ʜʦ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ 4 ʧʨʘʢʪʠʯʥʦ 

ʧʘʨʘʣʝʣʴʥʠʤ, ʪʦʙʪʦ ʧʣʦʩʢʠʤ ʧʫʯʢʦʤ ʧʨʦʤʝʥʽʚ. ʎʽ ʧʨʦʤʝʥʽ ʜʠʬʨʘʛʫʶʪʴ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʨʝʰʽʪʢʫ ʽ ʩʪʚʦʨʶʶʪʴ ʚʪʦʨʠʥʥʽ ʢʦʥʢʨʝʪʥʽ ʨʦʟʙʽʞʥʽ ʧʫʯʢʠ ʧʽʜ 



 

 

ʢʫʪʘʤʠ ʜʠʬʨʘʢʮʽʾ kjjj ....2,1 . ʅʘ ʝʢʨʘʥʽ 3 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʽʪʢʘ ʢʘʨʪʠʥʘ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ. 

 

ʈʠʩ. 2.6.ʍʽʜ ʧʨʦʤʝʥʽʚ ʯʝʨʝʟ ʜʠʬʨʘʢʮʽʡʥʫ ʨʝʰʽʪʢʫ ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ 

ʜʠʬʨʘʢʮʽʾ ʌʨʘʫʥʛʦʬʝʨʘ. 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʠʥʮʠʧʦʤ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚ ʜʠʬʨʘʢʮʽʡʥʽʡ ʢʘʨʪʠʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʭʚʠʣʴ, ʱʦ ʧʨʠʡʰʣʠ ʚ 

ʪʦʯʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜ ʨʽʟʥʠʭ ʱʽʣʠʥ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ. ʇʨʠ ʮʴʦʤʫ 

ʘʤʧʣʽʪʫʜʠ ʚʩʽʭ ʽʥʪʝʨʬʝʨʫʶʯʠʭ ʭʚʠʣʴ ʜʣʷ ʧʝʚʥʦʛʦ ʢʫʪʘ ű ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ, ʘ 

ʬʘʟʠ ʩʢʣʘʜʘʶʪʴ ʘʨʠʬʤʝʪʠʯʥʫ ʧʨʦʛʨʝʩʽʶ. ʅʝʭʘʡ ʧʘʜʘʶʯʘ ʥʘ ʨʝʰʽʪʢʫ ʩʚʽʪʣʦʚʘ 

ʭʚʠʣʷ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʾʾ ʧʦʚʝʨʭʥʽ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʜʠʬʨʘʛʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʪʠʭ ʢʫʪʽʚ űk, ʜʣʷ ʷʢʠʭ ʭʚʠʣʽ, ʱʦ 

ʧʨʠʭʦʜʷʪʴ ʚ ʪʦʯʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜ ʚʩʽʭ ʱʽʣʠʥ ʨʝʰʽʪʢʠ, ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʬʘʟʠ. 

ɼʣʷ ʪʘʢʠʭ ʥʘʧʨʷʤʢʽʚ ʩʧʨʘʚʝʜʣʠʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

                                             lj md m =sin                                               (2.13) 

(m-ʮʽʣʝ ʯʠʩʣʦ) 

ʊʦʯʥʘ ʪʝʦʨʽʷ ʨʝʰʽʪʢʠ ʚʨʘʭʦʚʫʻ ʷʢ ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʭʚʠʣʴ, ʱʦ ʧʨʠʭʦʜʷʪʴ 

ʚʽʜ ʨʽʟʥʠʭ ʱʽʣʠʥ, ʪʘʢ ʽ ʜʠʬʨʘʢʮʽʶ ʥʘ ʢʦʞʥʽʡ ʱʽʣʠʥʽ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ J ʩʚʽʪʣʘ, ʷʢʝ ʧʦʰʠʨʶʻʪʴʩʷ ʧʽʜ ʢʫʪʦʤ ű ʜʦ ʥʦʨʤʘʣʽ, ʜʦʨʽʚʥʶʻ 
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ʜʝ k=2ˊ/ɚ ï ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ, 

J0(ű) ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʩʪʚʦʨʶʚʘʥʘ ʦʜʥʽʻʶ ʱʽʣʠʥʦʶ ʚ ʥʘʧʨʷʤʢʫ ű. 

2.2. ʆʧʪʠʯʥʘ ʧʨʠʟʤʘ ʷʢ ʜʠʩʧʝʨʛʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

2.2.1. ʂʫʪʦʚʘ ʜʠʩʧʝʨʩʽʷ ʧʨʠʟʤʠ 

ʂʫʪʦʚʦʶ ʜʠʩʧʝʨʩʽʻʶ ʥʘʟʠʚʘʶʪʴ ʚʝʣʠʯʠʥʫ, ʱʦ ʚʢʘʟʫʻ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʢʫʪ 

ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʤʝʥʽʚ ű ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ 
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ʜʝ ʩʧʽʚʤʥʦʞʥʠʢ 
dn

dʮ  - ʙʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʻ ʬʫʥʢʮʽʻʶ ʧʘʨʘʤʝʪʨʽʚ Ū, n, ʽ 

Ů1: 
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ɺʝʣʠʯʠʥʫ Ε
D ʥʘʟʠʚʘʶʪʴ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʤ ʤʥʦʞʥʠʢʦʤ.  

ɺʩʪʘʥʦʚʠʤʦ ʚʟʘʻʤʥʠʡ ʟʚóʷʟʦʢ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ 
dn

dʮ , n, Q, ʢʦʨʠʩʪʫʶʯʠʩʴ 

ʧʦʣʦʞʝʥʥʷʤ ʧʨʠʟʤʠ ʚ ʤʽʥʽʤʫʤʽ ʚʽʜʭʠʣʝʥʥʷ. ɺ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʽ 0
/
21 ʝʝʝ == .  
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 ʟʥʘʭʦʜʠʤʦ, ʱʦ 
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ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ 1cossin 22 =+ aa , ʽ ʧʨʦʜʠʬʝʨʝʥʮʽʶʚʘʪʠ (2.18) ʧʦ ű, 

ʦʪʨʠʤʘʻʤʦ  
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ʽ ʚʨʘʭʦʚʫʶʯʠ  (3.14) ʦʩʪʘʪʦʯʥʦ ʦʪʨʠʤʘʻʤʦ  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʤʽʥʽʤʫʤʽ ʚʽʜʭʠʣʝʥʥʷ ʜʠʩʧʝʨʩʽʷ ʧʨʠʟʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (2.21) 
2

sinsin 0
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=ne   ʤʘʻʤʦ: 
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ʅʝʚʘʞʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʫ ʤʽʥʽʤʫʤʽ ʚʽʜʭʠʣʝʥʥʷ, ʢʦʣʠ ɺ1=ɺ2=ɺ, ʤʘʶʪʴ 

ʤʽʩʮʝ ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

                                     t
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/

1 coscos ee ,                    (2.23) 

                                              l
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sin 0 =e  .         (2.24) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.22) ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 
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ɿ (2.25) ʚʠʜʥʦ, ʱʦ ʮD  ʟʘʣʝʞʠʪʴ ʚʽʜ: 

- ʰʠʨʠʥʠ ʙʘʟʠ ʧʨʠʟʤʠ, 

- ʜʠʩʧʝʨʩʽʾ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʘ ʧʨʠʟʤʘ. 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʰʠʨʠʥʠ ʧʫʯʢʘ ɺ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʘ 

ʬʘʢʪʠʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʙʘʟʠ t. 

ʆʯʝʚʠʜʥʦ, ʱʦ  ʜʠʩʧʝʨʩʽʶ fD  ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ (ʧʨʠ t=const ) 

ʟʙʽʣʴʰʫʶʯʠ ʢʫʪ Ū, ʪʘʢ ʷʢ ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ɺ. ʗʢʱʦ Ū=const, ʪʦ 

ʟʙʽʣʴʰʝʥʥʷ t ʥʝ ʧʨʠʥʦʩʠʪʴ ʟʙʽʣʴʰʝʥʥʷ fD , ʦʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ ʚ ʩʪʽʣʴʢʠ ʞ 

ʨʘʟʽʚ ʟʙʽʣʴʰʠʪʴʩʷ ɺ. 



 

 

ɺ ʧʝʚʥʠʭ ʤʝʞʘʭ ʟʥʘʯʝʥʥʷʤ ʜʠʩʧʝʨʩʽʾ fD  ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟʤʽʥʶʶʯʠ 

ʚʝʣʠʯʠʥʫ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʛʦ ʤʥʦʞʥʠʢʘ aD , ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ 

ʧʨʦʤʝʥʽʚ ʥʘ ʧʨʠʟʤʫ.  

2.2.2. ʃʽʥʽʡʥʘ  ʽʥʪʝʨʧʦʣʷʮʽʷ 

ʎʝʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚ ʦʢʦʣʽ ʥʝʚʽʜʦʤʦʾ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʣʭ  ʣʽʥʽʡʥʘ ʜʠʩʧʝʨʩʽʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ, ʥʘ ʷʢʦʤʫ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

ʩʧʝʢʪʨ, ʻ ʧʦʩʪʽʡʥʦʶ. ʗʢʱʦ ʩʧʝʢʪʨʘʣʴʥʽ ʣʽʥʽʾ ʩʧʝʢʪʨʘ ʧʦʨʽʚʥʷʥʥʷ ʤʘʶʪʴ 

ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʣ1 ʪʘ ʣ2, ʪʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʫ ʪʦʪʦʞʥʽʩʪʴ (ʨʠʩ.2.7) 

 

ʈʠʩ.2.7 
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ʟʚʽʜʢʠ 

                           ( ) ( )x
x

x nnD
nn

nn
--=-

-

-
-= 1121

21

1
1 ?lllll  ,            (2.27) 

ʜʝ ?D - ʣʽʥʽʡʥʘ ʜʠʩʧʝʨʩʽʷ ʧʨʠʣʘʜʫ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ʽʥʪʝʨʚʘʣ 

21 ʣʣ-  ʧʦʪʨʽʙʥʦ ʚʠʙʠʨʘʪʠ ʷʢ ʤʦʞʥʘ ʤʝʥʰʠʤ. 

ɼʣʷ ʦʮʽʥʢʠ ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ ʽʥʪʝʨʚʘʣʫ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ 

ʥʘʩʪʫʧʥʠʤ ʧʨʘʚʠʣʦʤ: ʷʢʱʦ ʚ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʜʠʩʧʝʨʩʽʷ ʟʤʽʥʶʻʪʴʩʷ ʥʘ n%, ʪʦ 

ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʭʠʙʢʠ ʜʣʷ ʣx, ʱʦ ʣʝʞʠʪʴ ʚʩʝʨʝʜʠʥʽ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʥʝ ʧʝʨʝʚʠʱʫʻ  n% ʚʽʜ ʚʝʣʠʯʠʥʠ ʽʥʪʝʨʚʘʣʫ 21 ʣʣ- . 



 

 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʣ1-ʣ2=100 ¡ ʽ ȹlD =1%, ʪʦ ʧʦʭʠʙʢʘ ʧʨʠ ʦʮʽʥʮʽ ʣx ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʧʨʠʙʣʠʟʥʦ 1¡. 

ʎʝʡ ʤʝʪʦʜ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘʡʢʨʘʱʝ ʧʨʘʮʶʻ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʨʤʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʨʠʣʘʜʘʭ. 

2.3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  

ʅʝʭʘʡ ɯʌʇ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʜʟʝʨʢʘʣ ʨʦʟʜʽʣʝʥʠʭ ʧʦʚʽʪʨʷʥʠʤ 

ʧʨʦʤʽʞʢʦʤ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʜʟʝʨʢʘʣʘ ʤʘʶʪʴ ʜʦʩʠʪʴ 

ʚʝʣʠʢʠʡ ʜʽʘʤʝʪʨ, ʱʦʙ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʜʠʬʨʘʢʮʽʶ ʥʘ ʦʧʨʘʚʽ. ʅʝʭʘʡ ʪʘʢʦʞ 

ʜʟʝʨʢʘʣʘ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʢʦʻʬʽʮʽʻʥʪʠ ʧʨʦʧʫʩʢʘʥʥʷ ʬ ʪʘ ʚʽʜʙʠʚʘʥʥʷ r (ʜʣʷ 

ʘʤʧʣʽʪʫʜʠ - ʬ ʪʘ r ).  

ʈʽʚʥʷʥʥʷ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ, ʱʦ ʧʘʜʘʻ ʥʘ ʽʥʪʝʨʬʝʨʦʤʝʪʨ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʝ ʫ ʚʠʛʣʷʜʽ 

                              ( )[ ]00 exp fw+= tʽAA .           (2.28) 

ɸʤʧʣʽʪʫʜʘ ʧʝʨʰʦʛʦ ʧʫʯʢʘ, ʱʦ ʧʨʦʡʰʦʚ ʢʨʽʟʴ ʝʪʘʣʦʥ ʙʝʟ ʚʽʜʙʠʚʘʥʥʷ 

ʩʪʘʥʦʚʠʪʴ 

                    )](exp[ʬ 101 fw+= tiAA ,                                  (2.29) 

(t - ʦʩʢʽʣʴʢʠ ʥʘ ʢʦʞʥʽʡ ʛʨʘʥʠʮʽ ʘʤʧʣʽʪʫʜʘ ɸ ʟʤʽʥʶʻʪʴʩʷ ʚ ʬ ʨʘʟʽʚ). 

ɸʤʧʣʽʪʫʜʘ ʜʨʫʛʦʛʦ ʧʫʯʢʘ, ʱʦ ʜʚʽʯʽ ʚʽʜʙʠʚʩʷ ʽ ʧʨʦʡʰʦʚ ʢʨʽʟʴ ʝʪʘʣʦʥ  

                             )](exp[ʬ 102 dfw ++= tiArA ,                    (2.30) 

ʜʝ 
l

p
d 02 D
=  - ʟʤʽʥʘ ʬʘʟʠ ʢʦʣʠʚʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʙʫʪʪʷ ʨʽʟʥʠʮʽ ʭʦʜʫ 0D . 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʢ-ʛʦ ʧʫʯʢʘ  

                                       )])1((exp[ʬ 10

1 dfw -++= - ktiArA k

k .              (2.31) 

 

ʊʝʧʝʨ ʧʨʦʩʫʤʫʻʤʦ ʫʩʽ ʢʦʣʠʚʘʥʥʷ, ʪʦʙʪʦ ʟʥʘʡʜʝʤʦ ʩʫʤʘʨʥʫ ʘʤʧʣʽʪʫʜʫ 

ʧʦʣʷ ʚʽʜ ʥʘʢʣʘʜʘʥʥʷ ʫʩʽʭ ʧʫʯʢʽʚ 

                     ää
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10 ])1(exp[)](exp[ʬ
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k kirtiAAA dfw .         (2.32) 

 



 

 

ɼʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʛʝʦʤʝʪʨʠʯʥʫ ʧʨʦʛʨʝʩʽʶ, ʩʫʤʘ ʯʣʝʥʽʚ 

ʷʢʦʾ ʜʦʨʽʚʥʶʻ  

                                  d

fw
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tiA
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+
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)](exp[ʬ 10
 .                                (2.33) 

ʇʝʨʝʭʦʜʷʯʠ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʙʫʜʝʤʦ ʤʘʪʠ 

                               
)2/(sin4)1(

ʬ
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== .                    (2.34) 

ʋ ʚʠʧʘʜʢʫ ʝʪʘʣʦʥʘ ʌʘʙʨʽ-ʇʝʨʦ 

                                           
)2/(sin4)1(
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ʜʝ  ʚ- ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʩʢʣʷʥʦʾ ʧʣʘʩʪʠʥʠ. 

ʌʫʥʢʮʽʷ  (2.34) ʧʨʠʡʤʘʻ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠ pd m=2/ (sinʜ/2)=0) 

               2
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0max
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=  ,                                          (2.36) 

ʚʽʜʧʦʚʽʜʥʦ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠ sin(d/2)=1 

                                  2
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0min
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= .                                         (2.37) 

ɺʝʣʠʯʠʥʘ  
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==g                                    (2.38) 

 

ʥʦʩʠʪʴ ʥʘʟʚʫ ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʝʪʘʣʦʥʘ. 

ɿʘʧʠʰʝʤʦ (2.35) ʚ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ. ɼʣʷ ʮʴʦʛʦ ʟʨʦʙʠʤʦ ʥʘʩʪʫʧʥʽ ʜʽʾ 
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ʚʝʣʠʯʠʥʫ F = 
( )21

4

r

r

-
  ʥʘʟʠʚʘʶʪʴ ʬʘʢʪʦʨʦʤ ʨʽʟʢʦʩʪʽ.  

ʈʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦ ʢʦʥʪʫʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

                                        
2/sin1

1
2

max dFI

I

+
=  .                                         (2.40) 



 

 

ʌʫʥʢʮʽʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (2.40), ʥʦʩʠʪʴ ʥʘʟʚʫ ʬʫʥʢʮʽʾ ɽʨʽ ʽ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.2.8. 

 

ʈʠʩ.2.8. ɸʧʘʨʘʪʥʘ ʬʫʥʢʮʽʷ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʘʙʨʽ-ʇʝʨʦ. ʏʠʩʣʘ ʙʽʣʷ ʢʨʠʚʠʭ ï 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʜʟʝʨʢʘʣ 

 

ɯʟ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ (2.40) ʽ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʘʧʘʨʘʪʥʘ ʬʫʥʢʮʽʷ ɯʌʇ ʥʝ 

ʤʘʻ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ. ʎʝ ʷʚʣʷʻʪʴʩʷ ʾʾ ʩʫʪʪʻʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʘʧʘʨʘʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʧʨʠʟʤʠ. ʌʽʟʠʯʥʦ ʮʝ ʷʚʣʷʻʪʴʩʷ 

ʥʘʩʣʽʜʢʦʤ ʥʝʨʽʚʥʦʩʪʽ ʘʤʧʣʽʪʫʜ ʽʥʪʝʨʬʝʨʫʶʯʠʭ ʧʫʯʢʽʚ.  

ʗʢ ̔ ʫ ʚʠʧʘʜʢʫ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ ʘʧʘʨʘʪʥʫ ʬʫʥʢʮʽʶ ɯʌʇ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ   

                                 ɯ=ɯ0 Öɯ1 Öɯ2,                                                                      (2.41) 

ʜʝ: ɯ1 ï ʬʫʥʢʮʽʷ, ʦʙʫʤʦʚʣʝʥʘ ʜʠʬʨʘʢʮʽʻʶ ʥʘ ʦʧʨʘʚʽ ʜʟʝʨʢʘʣʘ; ɯ2 ï ʬʫʥʢʮʽʷ, 

ʦʙʫʤʦʚʣʝʥʘ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʶ ʽʥʪʝʨʬʝʨʝʥʮʽʻʶ. 

ʆʜʥʘʢ ʯʝʨʝʟ ʪʝ, ʱʦ ʜʟʝʨʢʘʣʘ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ, ʢʫʪʦʚʠʡ ʨʦʟʤʽʨ 

ʛʦʣʦʚʥʦʛʦ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʤʘʣʠʡ, ʽ ʡʦʛʦ ʚʢʣʘʜ ʫ ʨʝʟʫʣʴʪʫʶʯʫ 

ʬʫʥʢʮʽʶ ʥʝʟʥʘʯʥʠʡ. ʊʦʤʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʧʘʨʘʪʥʦʾ ʬʫʥʢʮʽʾ ʧʨʠʟʤʠ ʪʘ 

ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ, ʘʧʘʨʘʪʥʘ ʬʫʥʢʮʽʷ ɯʌʇ ʥʝ ʤʘʻ ʚʠʨʘʞʝʥʦʛʦ 

ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʠ ʧʦ ʬʦʨʤʽ ʷʚʣʷʻ ʩʦʙʦʶ ʜʠʩʧʝʨʩʽʡʥʫ ʢʨʠʚʫ.  

ɺʝʣʠʯʠʥʘ 
( )r

r
F

-
=

1

2
 ʥʘʟʠʚʘʻʪʴʩʷ ʛʦʩʪʨʦʪʦʶ ʧʦʣʦʩ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ ʜʟʝʨʢʘʣ ʧʦʥʘʜ 0,9 ʛʦʩʪʨʦʪʘ ʧʦʣʦʩ ʨʽʟʢʦ ʟʨʦʩʪʘʻ (ʨʠʩ.2.9). 



 

 

 

ʈʠʩ.2.9. ɿʘʣʝʞʥʽʩʪʴ ʛʦʩʪʨʦʪʠ ʧʦʣʦʩ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ  

ʚʽʜʙʠʚʘʥʥʷ ʜʟʝʨʢʘʣ 

 

ʐʠʨʠʥʘ ʘʧʘʨʘʪʥʦʾ ʬʫʥʢʮʽʾ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ  
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= .                                (2.42) 

ʐʠʨʠʥʘ ʘʧʘʨʘʪʥʦʾ ʬʫʥʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ: 

- ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʟʝʨʢʘʣʘʤʠ; 

- ʟʙʽʣʴʰʝʥʥʽ ʛʦʩʪʨʦʪʠ ʧʦʣʦʩ (ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ 

ʜʟʝʨʢʘʣ). 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ɯʌʇ ʥʝʤʦʞʣʠʚʦ  ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʢʨʠʪʝʨʽʻʤ ʈʝʣʝʷ, ʪʦʤʫ ʱʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʢʦʥʪʫʨ ʥʝ ʷʚʣʷʻʪʴʩʷ ʜʠʬʨʘʢʮʽʡʥʠʤ 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝ ʤʘʻ ʧʦʙʽʯʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʪʘ ʤʽʥʽʤʫʤʽʚ. 

ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ  ʽ ʚʚʘʞʘʶʪʴ, ʱʦ ɯʌʇ 

ʨʦʟʜʽʣʷʻ ʜʚʽ ʣʽʥʽʾ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ʜʣ, ʷʢʱʦ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 

ʰʠʨʠʥʠ ʽʥʩʪʨʫʤʝʥʪʘʣʥɹʦʛʦ ʢʦʥʪʫʨʘ (ʨʠʩ.2.10).  

 

ʈʠʩ.2.10 



 

 

ʄʘʻʤʦ:  
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ʄʘʢʩʠʤʫʤ ʘʧʘʨʘʪʥʦʾ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ pd m=
2 , ʘ ʪʦʯʮʽ 

ʢʦʥʪʫʨʫ ʟ ʦʨʜʠʥʘʪʦʶ   ɯ=0.5ɯʤʘʭ - pd )(
2

mm D+=  , ʜʝ mD - ʜʝʷʢʘ ʜʨʦʙʦʚʘ 

ʯʘʩʪʠʥʘ ʧʦʨʷʜʢʫ. ɼʣʷ ʤʘʣʠʭ mɼ  ʤʦʞʥʘ ʚʚʘʞʘʪʠ  

                               mmmm DºDºD+ ppp sin)sin(  .   (2.44) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʫ (2.44) ʟʥʘʯʝʥʥʷ 
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ɺʝʣʠʯʠʥʘ mɼ  ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ 
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ɿʛʽʜʥʦ (2.46) ʜʣʷ ʤʘʣʠʭ ʢʫʪʽʚ ʧʘʜʽʥʥʷ ʩʚʽʪʣʘ  

 

                                  hm 2=l .                 (2.47) 

ʇʨʦʜʠʬʝʨʝʥʮʽʶʚʘʚʰʠ (2.47) ʧʦ m i ʣʦʪʨʠʤʘʻʤʦ 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʟʥʘʯʝʥʥʷ m ʟ (2.49) ʪʘ mʜ  ʟ (2.48) ʦʪʨʠʤʘʻʤʦ  
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ʌʦʨʤʫʣʫ (2.50) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ  
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ʪʦʜʽ ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʜʠʬʨʘʢʮʽʡʥʦʶ ʛʨʘʪʢʦʶ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ  

 

                    ɽʌT mNR = ,                                                     (2.52) 

ʜʝ 
21

F

r

r
Nɽʌ

pp
=

-
=  - ʝʬʝʢʪʠʚʥʝ ʯʠʩʣʦ ʧʫʯʢʽʚ ʨʽʚʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢʫ ʞ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʱʦ ʽ ʥʝʩʢʽʥʯʝʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʧʫʯʢʽʚ ʽʟ ʩʧʘʜʘʶʯʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ: 

R 0,80 0,90 0,94 0,98 

Nɽʌ 14 30 51 156 

 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʨʘʭʦʚʫʶʯʠ (2.52), m
Nɽʌ d

1= . ʊʦʙʪʦ ʝʬʝʢʪʠʚʥʝ ʯʠʩʣʦ 

ʧʫʯʢʽʚ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʢʽʣʝʮʴ, ʷʢʝ ʚʠʜʥʦ ʨʦʟʜʽʣʴʥʦ ʚ 

ʽʥʪʝʨʚʘʣʽ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʧʦʨʷʜʢʘʤʠ.  

ʈʝʘʣʴʥʘ ʨʘʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ɯʌʇ ʟʥʘʯʥʦ ʥʠʞʯʘ, ʥʽʞ ʪʝʦʨʝʪʠʯʥʘ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ: 

- ʜʠʬʨʘʢʮʽʻʶ ʩʚʽʪʣʘ ʥʘ ʜʟʝʨʢʘʣʘʭ ʽʥʪʨʬʝʨʦʤʝʪʨʘ, ʱʦ ʤʘʶʪʴ ʢʽʥʮʝʚʠʡ 

ʨʦʟʤʽʨ; 

- ʚʽʥôʻʪʫʚʘʥʥʷʤ ʽʥʪʝʨʬʝʨʫʶʯʠʭ ʧʫʯʢʽʚ ʧʽʩʣʷ ʚʽʜʙʠʚʘʥʥʷ; ʚʦʥʦ ʪʠʤ 

ʙʽʣʴʰʝ, ʯʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷ r ʜʟʝʨʢʘʣ; 

- ʥʝʧʣʦʩʢʽʩʪʶ ʪʘ ʥʝʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʽʩʪʶ ʧʣʘʩʪʠʥ ʽʥʪʨʝʬʝʨʦʤʝʪʨʘ. 

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ 
h

h
Rʈ

D
=  , ʪʦʙʪʦ Rʈ ʪʠʤ ʚʠʱʝ, ʯʠʤ ʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʜʟʝʨʢʘʣʘʤʠ ʪʘ ʯʠʤ ʪʦʯʥʽʰʝ ʚʦʥʠ ʚʠʛʦʪʦʚʣʝʥʽ.   

ʄʫʣʪɹʠʧʣʝʢʩ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʠ (ʨʠʩ.2.11) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʢʦʣʠ 

ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʦʙʣʘʩʪʽ ʚʽʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ. 



 

 

 

ʈʠʩ.2.11 . ʄʫʣʴʪʠʧʣʝʢʩ-ʽʥʪʝʨʬʝʨʦʤʝʪʨ 

 

ɸʧʘʨʘʪʥʘ ʬʫʥʢʮʽʷ ʤʫʣʴʪʠʧʣʝʢʩ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ 

ʘʧʘʨʘʪʥʠʭ ʬʫʥʢʮʽʡ ʦʙʦʭ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʚ, ʦʙʣʘʩʪʴ ʚʽʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʣʘʩʪʶ ʚʽʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʪʦʥʢʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʪʨʦʭʠ ʚʠʱʘ, ʥʽʞ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʪʦʚʩʪʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ.   

ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʂʆʄʇʃɽʂʉʋ ʈɽɭʉʊʈɸʎɯɰ 

ʉʇɽʂʊʈɯɺ ʇʆɻʃʀʅɸʅʅʗ ʅɸ ʆʉʅʆɺɯ ʉʇɽʂʊʈʆɻʈɸʌɸ ɼʌʉ-8 

3.1.ʇʨʠʥʮʠʧʦʚʘ ʙʫʜʦʚʘ ʩʧʝʢʪʨʦʛʨʘʬʘ ɼʌʉ-8 

ʉʧʝʢʪʨʦʛʨʘʬ ɼʌʉ-8 ʽʟ ʧʣʦʩʢʦʶ ʜʠʬʨʘʢʮʽʡʥʦʶ ʨʝʰʽʪʢʦʶ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʧʝʢʪʨʘ ʜʽʣʷʥʢʘʤʠ ʧʦ 1000 ¡ ʥʘ ʧʣʘʩʪʠʥʮʽ 13Ĭ18 ʩʤ ʫ ʜʽʘʧʘʟʦʥʽ 

ʜʦʚʞʠʥ ʭʚʠʣʴ  2000-10500 ¡. ʇʨʠʣʘʜ ʚʠʧʫʩʢʘʻʪʴʩʷ ʫ ʚʘʨʽʘʥʪʘʭ: ʟ ʨʝʰʽʪʢʦʶ 600 

ʽ 1200 ʰʪ/ʤʤ. ʇʨʠʣʘʜ ʧʦʙʫʜʦʚʘʥʠʡ ʧʦ ʘʚʪʦʢʦʣʽʤʘʮʽʡʥʦʤʫ ʧʨʠʥʮʠʧʫ. ʆʧʪʠʯʥʘ 

ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.3.1. 
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ʈʠʩ.3.1. ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʛʨʘʬʘ ɼʌʉ-8: 

1 ï ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ; 2 ï ʚʭʽʜʥʘ ʱʽʣʠʥʘ; 3 ï ʧʦʚʦʨʦʪʥʝ ʜʟʝʨʢʘʣʦ; 4 ï ʜʟʝʨʢʘʣʴʥʠʡ 

ʦʙôʻʢʪʠʚ; 5 ï ʨʝʰʽʪʢʘ; 6 ï ʦʙôʻʢʪʠʚ, ʱʦ ʧʨʦʝʢʪʫʻ ʰʢʘʣʫ ʥʘ ʧʣʦʱʠʥʫ ʧʣʘʩʪʠʥʢʠ 

11; 7 ï ʣʘʤʧʦʯʢʘ ʜʣʷ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʰʢʘʣʠ; 8 ï ʦʩʚʽʪʣʶʚʘʣʴʥʘ ʣʽʥʟʘ; 9 ï ʰʢʘʣʘ 

ʜʦʚʞʠʥ ʭʚʠʣʴ; 10 ï ʧʦʚʦʨʦʪʥʝ ʜʟʝʨʢʘʣʦ; 11 ï ʬʦʢʘʣʴʥʘ ʧʦʚʝʨʭʥʷ. 

ʆʩʥʦʚʥʽ ʜʘʥʽ ʧʨʠʣʘʜʫ: 

ʌʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ ʜʟʝʨʢʘʣʴʥʦʛʦ ʦʙôʻʢʪʠʚʘ 2650 ʤʤ 

ʉʚʽʪʣʦʚʠʡ ʜʽʘʤʝʪʨ 264 ʤʤ 

ɺʽʜʥʦʩʥʠʡ ʦʪʚʽʨ 1:35 

 

ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʩʧʝʢʪʨʘ ʚ ʮʝʥʪʨ ʧʣʘʩʪʠʥʢʠ ʨʝʰʽʪʢʘ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ. ʆʩʚʽʪʣʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ï ʪʨʴʦʭʣʽʥʟʦʚʘ. 

 ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʣʘʜʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ 

ʨʠʩ. 3.2. 

 

 

 

ʈʠʩ.3.2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʩʧʝʢʪʨʦʛʨʘʬʘ ɼʌʉ-8 

 

ʅʘ ʤʘʩʠʚʥʽʡ ʣʠʪʽʡ ʩʪʘʪʠʥʽ  ʫʢʨʽʧʣʝʥʽ ʥʘ ʦʜʥʦʤʫ ʢʽʥʮʽ ʩʬʝʨʠʯʥʝ ʜʟʝʨʢʘʣʦ 

ʰʢʘʣʠ ʜʦʚʞʠʥʠ ʭʚʠʣʴ, ʥʘ ʽʥʰʦʤʫ ï ʢʘʩʝʪʥʘ ʯʘʩʪʠʥʘ ʽ ʤʝʭʘʥʽʟʤ ʚʭʽʜʥʠʭ ʱʽʣʠʥʠ. 



 

 

ʑʽʣʠʥʥʠʡ ʤʝʭʘʥʽʟʤ  ʧʨʠʣʘʜʫ ʤʦʞʝ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʚʟʜʦʚʞ ʦʧʪʠʯʥʦʾ ʦʩʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʘʨʘʙʘʥʯʠʢʘ  ʽ ʧʦʚʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ ʦʧʪʠʯʥʦʾ ʦʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʨʘʙʘʥʯʠʢʘ. ʅʘ ʨʘʤʮʽ ʢʘʩʝʪʥʦʾ ʯʘʩʪʠʥʠ  ʢʨʽʧʠʪʴʩʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ 

ʧʦʤʥʦʞʫʚʘʯ . ʇʝʨʝʤʽʱʝʥʥʷ ʨʘʤʢʠ ʨʘʟʦʤ ʟ ʢʘʩʝʪʦʶ ʧʦ ʚʝʨʪʠʢʘʣʴʥʠʡ ʥʘʧʨʷʤʥʠʭ 

ʩʪʦʚʧʯʠʢʘʭ 6 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʭʦʚʠʯʢʘ. ʇʝʨʝʤʽʱʝʥʥʷ ʨʘʭʫʻʪʴʩʷ ʧʦ 

ʰʢʘʣʽ. ʈʫʭ ʰʢʘʣʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ (ʨʠʩ.3.3), ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʫʟʦʣ  ʨʝʰʽʪʢʠ, ʱʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ.  

 

 

ʈʠʩ.3.3.ʄʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ ʧʦʚʦʨʦʪʫ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ 

ʂʫʪʠ ʧʦʚʦʨʦʪʫ ʨʝʰʽʪʢʠ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 6ę ʜʦ 37ę. ʋ ʚʽʢʥʦ ʚʠʚʝʜʝʥʘ 

ʰʢʘʣʘ, ʱʦ ʚʢʘʟʫʻ, ʷʢʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʧʝʨʝʙʫʚʘʻ ʫ ʮʝʥʪʨʽ; ʰʢʘʣʘ ʟʚôʷʟʘʥʘ ʟ 

ʤʝʭʘʥʽʟʤʦʤ ʧʦʚʦʨʦʪʫ ʨʝʰʽʪʢʠ.  

ʈʫʢʦʷʪʢʘ ʩʣʫʞʠʪʴ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʣʘʤʧʦʯʢʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚʩʝʨʝʜʠʥʽ 

ʧʨʠʣʘʜʫ ʽ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʰʢʘʣʠ ʜʦʚʞʠʥ ʭʚʠʣʴ. ɾʠʚʣʝʥʥʷ 

ʣʘʤʧʦʯʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫʩʝʨʝʜʠʥʽ 

ʧʨʠʣʘʜʫ ʡ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʯʝʨʝʟ ʰʪʝʧʩʝʣʴʥʫ ʚʠʣʢʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʢʦʨʧʫʩʽ ʧʨʠʣʘʜʫ. ʇʨʠʣʘʜ ʟʘʢʨʠʪʠʡ ʟʤʽʥʥʠʤ ʢʦʞʫʭʦʤ. 



 

 

3.2.ʋʩʪʘʥʦʚʢʘ ʽ ʶʩʪʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ ʽ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʩʧʝʢʪʨʦʛʨʘʬʘ ɼʌʉ-8 

ʇʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʷʚʣʷʻʪʴʩʷ ʚʽʩʴ, ʟʘʜʘʥʘ 

ʨʦʟʤʽʱʝʥʥʷʤ ʨʝʡʢʠ, ʧʨʦʜʦʚʞʝʥʥʷʤ ʦʩʽ ʩʧʝʢʪʨʦʛʨʘʬʘ. ɼʣʷ ʮʴʦʛʦ ʰʪʘʪʠʚ ʟ 

ʝʣʝʢʪʨʦʜʘʤʠ ʽ ʧʦʢʘʞʯʠʢ ʚʠʩʦʪʠ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ ʨʦʟʤʽʱʫʶʪʴ ʧʦ ʤʦʞʣʠʚʦʩʪʽ 

ʙʣʠʞʯʝ ʜʦ ʱʽʣʠʥʠ ʩʧʝʢʪʨʦʛʨʘʬʘ. ɺʩʪʘʥʦʚʣʶʶʪʴ ʩʧʽʨʘʣʴ ʣʘʤʧʠ ʪʦʯʥʦ ʥʘʚʧʨʦʪʠ 

ʮʝʥʪʨʘ ʧʝʨʝʭʨʝʩʪʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʢʨʠʰʮʽ ʚʭʽʜʥʦʾ ʱʽʣʠʥʠ. ʇʦʪʽʤ 

ʚʽʜʩʦʚʫʶʪʴ ʰʪʘʪʠʚ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ ʢʽʥʝʮʴ ʨʝʡʢʠ ʽ ʚʢʣʶʯʘʶʪʴ ʣʘʤʧʫ. ɼʘʣʽ 

ʧʦʪʨʽʙʥʦ ʰʠʨʦʢʦ ʚʽʜʢʨʠʪʠ ʱʽʣʠʥʫ ʩʧʝʢʪʨʦʛʨʘʬʘ ʽ ʨʦʟʛʣʷʥʫʪʠ ʟʦʙʨʘʞʝʥʥʷ 

ʩʚʽʪʥʦʾ ʦʙʣʘʩʪʽ ʥʘ ʜʽʶʯʦʤʫ ʦʪʚʦʨʽ ʧʨʠʣʘʜʫ ʯʝʨʝʟ ʚʽʢʥʦ ʢʘʩʝʪʥʦʾ ʯʘʩʪʠʥʠ. 

ʗʢʱʦ ʩʚʽʪʥʘ ʦʙʣʘʩʪʴ ʥʘ ʦʙôʻʢʪʠʚʽ ʢʘʤʝʨʠ ʨʦʟʤʽʱʝʥʘ ʚʽʨʥʦ ʽ ʥʝ 

ʟʤʽʱʫʻʪʴʩʷ ʚ ʩʪʦʨʦʥʠ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʜʞʝʨʝʣʘ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʱʽʣʠʥʠ, ʪʦ 

ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʩʴ ʨʝʡʢʠ ʩʢʣʘʜʘʻ ʧʨʦʜʦʚʞʝʥʥʷ ʦʩʽ ʢʦʣʽʤʘʪʦʨʘ ʩʧʝʢʪʨʦʛʨʘʬʘ, ʽ 

ʰʪʘʪʠʚ ʟ ʣʘʤʧʦʯʢʦʶ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʱʽʣʠʥʠ. 

ʗʢʱʦ ʩʚʽʪʥʘ ʦʙʣʘʩʪʴ ʥʘ ʦʙôʻʢʪʠʚʽ ʢʘʤʝʨʠ ʟʤʽʱʫʻʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʧʨʠ ʫʩʪʘʥʦʚʮʽ 

ʰʪʘʪʠʚʫ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʨʝʡʢʠ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʩʴ ʨʝʡʢʠ ʨʦʟʤʽʱʝʥʘ ʧʽʜ 

ʢʫʪʦʤ ʜʦ ʦʩʽ ʢʦʣʽʤʘʪʦʨʘ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ ʰʪʘʪʠʚ ʟ 

ʝʣʝʢʪʨʦʜʘʤʠ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʱʽʣʠʥʠ ʽ, ʤʘʥʽʧʫʣʶʶʯʠ ʛʚʠʥʪʘʤʠ 

ʣʘʤʧʦʪʨʠʤʘʯʘ, ʧʨʠʚʝʩʪʠ ʟʦʙʨʘʞʝʥʥʷ ʜʞʝʨʝʣʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʦʙôʻʢʪʠʚʽ 

ʢʘʤʝʨʠ ʫ ʚʽʨʥʝ ʧʦʣʦʞʝʥʥʷ. ʊʘʢʘ ʫʩʪʘʥʦʚʢʘ ʙʫʜʝ ʚʽʨʥʦʶ ʣʠʰʝ ʜʣʷ ʜʘʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʰʪʘʪʠʚʘ ʟ ʣʘʤʧʦʯʢʦʶ. 

ʋʩʪʘʥʦʚʢʘ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʣʽʥʟ 

1) ʆʜʥʦʣʽʥʟʦʚʝ ʦʩʚʽʪʣʝʥʥʷ 

ʇʨʠ ʦʜʥʦ ʣʽʥʟʦʚʦʤʫ ʦʩʚʽʪʣʝʥʥʽ ʱʽʣʠʥʠ ʩʧʝʢʪʨʦʛʨʘʬʘ ʣʽʥʟʘ ʩʪʘʚʠʪʴʩʷ ʥʘ 

ʨʝʡʢʫ ʥʘ ʪʘʢʽʡ ʚʽʜʩʪʘʥʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʯʽʪʢʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʜʞʝʨʝʣʘ ʚ ʧʣʦʱʽ 

ʱʽʣʠʥʠ ʘʙʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʤʠʪʦʤʫ ʢʨʫʞʢʫ ʚ ʧʣʦʱʽ ʱʽʣʠʥʠ. ɼʞʝʨʝʣʦ ʩʚʽʪʣʘ ʚ 

ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʤʽʱʫʶʪʴ ʥʘ ʪʘʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʣʽʥʟʠ, ʱʦʙ ʥʘ ʦʙôʻʢʪʠʚʽ 

ʢʦʣʽʪʘʤʦʨʘ ʙʫʣʦ ʚʠʜʥʦ ʯʽʪʢʝ ʟʦʙʨʘʞʝʥʥʷ ʜʞʝʨʝʣʘ. ʉʧʦʩʪʝʨʽʛʘʶʯʠ ʟ ʙʦʢʫ 

ʢʘʩʝʪʥʦʾ ʯʘʩʪʠʥʠ, ʢʦʥʪʨʦʣʶʶʪʴ ʚʽʨʥʝ ʟʘʧʦʚʥʝʥʥʷ ʜʽʶʯʦʛʦ ʦʪʚʦʨʫ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ. ʆʙôʻʢʪʠʚ ʢʦʣʽʤʘʪʦʨʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʽʚʥʦʤʽʨʥʦ 



 

 

ʟʘʧʦʚʥʝʥʠʡ ʩʚʽʪʣʦʤ, ʘʙʦ ʟʦʙʨʘʞʝʥʥʷ ʜʞʝʨʝʣʘ ʧʦʚʠʥʥʦ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʮʝʥʪʨʽ 

ʦʙôʻʢʪʠʚʫ ʢʦʣʽʤʘʪʦʨʘ ʧʨʠ ʨʦʟʤʠʪʽʡ ʩʚʽʪʥʽʡ ʦʙʣʘʩʪʽ ʚ ʧʣʦʱʽ ʱʽʣʠʥʠ. 

2) ʊʨʴʦʭʣʽʥʟʦʚʝ ʦʩʚʽʪʣʝʥʥʷ 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʚʠʧʘʜʢʠ ʫʩʪʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ: 

1) ʦʧʪʠʯʥʘ ʚʽʩʴ, ʟʘʜʘʥʘ ʨʝʡʢʦʶ, ʷʚʣʷʻʪʴʩʷ ʧʨʦʜʦʚʞʝʥʥʷʤ ʦʧʪʠʯʥʦʾ ʦʩʽ 

ʢʦʣʽʤʘʪʦʨʘ; 

2) ʦʧʪʠʯʥʘ ʚʽʩʴ, ʟʘʜʘʥʘ ʨʝʡʢʦʶ, ʥʝ ʷʚʣʷʻʪʴʩʷ ʧʨʦʜʦʚʞʝʥʥʷʤ ʦʧʪʠʯʥʦʾ ʦʩʽ 

ʢʦʣʽʤʘʪʦʨʘ. 

ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʫʩʪʘʥʦʚʢʘ ʣʽʥʟ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʟʤʝʥʰʝʥʦʛʦ ʽ ʟʙʽʣʴʰʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʚʽʪʥʦʾ ʧʣʷʤʠ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ. 

ʐʪʘʪʠʚ ʟ ʣʘʤʧʦʯʢʦʶ, ʚʠʩʪʘʚʣʝʥʠʡ ʧʦ ʧʝʨʝʭʨʝʩʪʶ ʢʨʠʰʢʠ ʱʽʣʥʠ, 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʱʽʣʠʥʠ ʽ ʟʘʢʨʽʧʣʶʶʪʴ ʥʘ ʨʝʡʮʽ. 

ʇʝʨʰʫ ʣʽʥʟʫ L1, ʷʢʘ ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʴ ʥʘʡʙʣʠʞʯʝ ʜʦ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ, 

ʧʝʨʝʤʽʱʫʶʪʴ ʧʦ ʥʘʧʨʷʤʢʫ ʜʦ ʱʽʣʠʥʠ ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʟʤʝʥʰʝʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ ʥʘ ʢʨʠʰʮʽ ʱʽʣʠʥʠ. ʎʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʮʝʥʪʨʫ ʧʝʨʝʭʨʝʩʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʽʚ, ʱʦ ʻ ʚ ʦʧʨʘʚʽ. ʃʽʥʟʫ ʧʝʨʝʤʽʱʫʶʪʴ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʨʝʡʢʠ ʽ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʰʪʠʨʷ ʟ ʣʽʥʟʦʶ ʚ ʨʝʡʪʝʨʽ. 

ʇʦʪʽʤ ʣʽʥʟʫ ʚʽʜʜʘʣʷʶʪʴ ʚʽʜ ʱʽʣʠʥʠ ʜʦ ʦʜʝʨʞʘʥʥʷ ʟʙʽʣʴʰʝʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. ɿʦʙʨʘʞʝʥʥʷ ʜʞʝʨʝʣʘ ʟʥʦʚʫ ʧʨʠʚʦʜʷʪʴ ʚ ʮʝʥʪʨ ʧʝʨʝʭʨʝʩʪʷ, ʘʣʝ 

ʪʝʧʝʨ ʫʞʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʽʚ ʰʪʘʪʠʚʫ ʜʣʷ ʣʘʤʧʦʯʢʠ. ʃʽʥʟʫ L1 ʟʥʦʚʫ 

ʧʝʨʝʤʽʱʫʶʪʴ ʚ ʧʦʣʦʞʝʥʥʷ ʟʤʝʥʰʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʽ ʟʤʽʱʝʥʥʷʤ ʣʽʥʟʠ ʚ ʨʝʡʪʝʨʽ 

ʪʘ ʦʧʨʘʚʽ ʟʥʦʚʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʧʦ ʮʝʥʪʨʫ ʧʝʨʝʭʨʝʩʪʷ. ʅʘʨʝʰʪʽ, 

ʣʽʥʟʫ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʨʦʟʨʘʭʦʚʘʥʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʱʽʣʠʥʠ. 

ɼʨʫʛʫ ʣʽʥʟʫ L2 ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʦʧʪʠʯʥʫ 

ʚʽʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʽ ʧʝʨʰʫ. ɺʩʽ ʦʧʝʨʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʣʽʥʟʠ ʚ ʨʝʡʪʝʨʽ ʪʘ ʦʧʨʘʚʽ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʤʧʦʯʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʜʫʞʝ ʥʝʟʥʘʯʥʠʤʠ. ʇʦʪʽʤ ʣʽʥʟʘ L2 ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʦʚʘʥʫ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʱʽʣʠʥʠ. 



 

 

ɺ ʜʽʶʯʦʤʫ ʦʪʚʦʨʽ ʧʨʠʣʘʜʫ ʟ ʙʦʢʫ ʬʦʪʦ ʧʦʤʥʦʞʫʚʘʯʘ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʚʠʜʥʦ ʩʧʽʨʘʣʴ ʣʘʤʧʦʯʢʠ ʨʦʟʞʘʨʝʥʥʷ. 

ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʦʧʪʠʯʥʘ ʚʽʩʴ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʨʝʡʢʦʶ, ʥʝ ʷʚʣʷʻʪʴʩʷ 

ʧʦʜʦʚʞʝʥʥʷʤ ʦʧʪʠʯʥʦʾ ʦʩʽ ʢʦʣʽʤʘʪʦʨʘ ʩʧʝʢʪʨʦʛʨʘʬʘ. ʇʨʠ ʮʽʡ ʫʤʦʚʽ 

ʦʩʚʽʪʣʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʪʽʡ ʞʝ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʡ ʫ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ, ʘʣʝ ʚʽʨʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʩʠʩʪʝʤʠ ʧʝʨʝʚʽʨʷʶʪʴ 

ʚʽʟʫʘʣʴʥʦ, ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʟ ʙʦʢʫ ʬʦʦʧʦʤʥʦʞʫʚʘʯʘ ʟʦʙʨʘʞʝʥʥʷ ʜʞʝʨʝʣʘ ʚ 

ʜʽʶʯʦʤʫ ʦʪʚʦʨʽ. 

ʋʩʪʘʥʦʚʢʘ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʘʚʪʦʢʦʣʽʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʇʨʠ ʨʦʙʦʪʽ ʟ ʘʚʪʦʢʦʣʽʤʘʮʽʡʥʦʶ ʩʭʝʤʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ɼʌʉ-8 

ʢʦʥʪʨʦʣʴ ʧʦʣʦʞʝʥʥʷ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʣʽʥʟ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʦʣʦʞʝʥʥʷʤ 

ʩʚʽʪʣʦʚʦʛʦ ʟʘʡʯʠʢʘ ʚʽʜʥʦʩʥʦ ʧʝʨʝʭʨʝʩʪʷ, ʥʘʥʝʩʝʥʦʛʦ ʽʟ ʟʚʦʨʦʪʥʦʛʦ ʙʦʢʫ 

ʧʦʚʦʨʦʪʥʦʛʦ ʜʟʝʨʢʘʣʘ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʇʝʨʰ ʟʘ ʚʩʝ, ʮʝʥʪʨ ʧʝʨʝʭʨʝʩʪʷ 

ʧʦʚʦʨʦʪʥʦʛʦ ʜʟʝʨʢʘʣʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʦʜʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʨʷʤʽʡ ʟ 

ʮʝʥʪʨʦʤ ʧʝʨʝʭʨʝʩʪʷ ʢʨʠʰʢʠ ʱʽʣʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʽʩʪʨʷ, 

ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʨʝʡʪʝʨʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʟʝʨʢʘʣʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʩʪʦʨʦʥʦʶ ʟ 

ʧʝʨʝʭʨʝʩʪʷʤ ʜʦ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʋʩʪʘʥʦʚʢʫ ʣʘʤʧʦʯʢʠ ʽ ʜʚʦʭ ʣʽʥʟ L1ʪʘL2 ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʟʤʝʥʰʝʥʦʛʦ ʽ ʟʙʽʣʴʰʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʟʦʙʨʘʞʝʥʥʷ 

ʜʞʝʨʝʣʘ ʚʽʜʥʦʩʥʦ ʧʝʨʝʭʨʝʩʪʷ ʧʦʚʦʨʦʪʥʦʛʦ ʜʟʝʨʢʘʣʘ. 

ʇʽʩʣʷ ʚʽʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʣʽʥʟ L1 ʪʘ L2 ʚʽʜʥʦʩʥʦ ʧʝʨʝʭʨʝʩʪʷ ʜʟʝʨʢʘʣʘ, 

ʦʩʪʘʥʥʻ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʚʧʨʦʪʠ ʱʽʣʠʥʠ ʧʽʜ ʢʫʪʦʤ 45ę ʜʦ ʧʘʜʘʶʯʦʛʦ ʥʘ ʥʴʦʛʦ 

ʧʨʦʤʝʥʷ ʩʚʽʪʣʘ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʦʩʚʽʪʣʶʻʪʴʩʷ ʱʽʣʠʥʘ ʧʨʠʣʘʜʫ. ɼʘʣʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʧʦʚʥʝʥʥʷ ʦʙôʻʢʪʠʚʘ ʢʘʤʝʨʠ ʟ ʙʦʢʫ ʬʦʪʦ ʧʦʤʥʦʞʫʚʘʯʘ: ʩʚʽʪʥʘ 

ʦʙʣʘʩʪʴ ʥʘ ʦʙôʻʢʪʠʚʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʽʚʥʦʤʽʨʥʦʶ ʽ ʨʦʟʤʽʱʝʥʦʶ ʩʠʤʝʪʨʠʯʥʦ 

ʚʽʜʥʦʩʥʦ ʜʽʶʯʦʛʦ ʦʪʚʦʨʫ ʧʨʠʣʘʜʫ. ʗʢʱʦ ʚʦʥʘ ʟʩʫʥʫʪʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʽ, ʪʦ ʮʝ ʧʦʣʦʞʝʥʥʷ ʟʤʽʥʠʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤ ʨʝʡʪʝʨʘ ʽʟ ʜʟʝʨʢʘʣʦʤ ʽ 

ʨʦʟʚʦʨʦʪʦʤ ʜʟʝʨʢʘʣʘ ʚ ʨʝʡʪʝʨʽ. 

ʗʢʱʦ ʩʚʽʪʥʘ ʦʙʣʘʩʪʴ ʟʩʫʥʫʪʘ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ, ʪʦ ʮʝ ʧʦʣʦʞʝʥʥʷ 

ʚʠʧʨʘʚʣʷʻʪʴʩʷ ʥʘʭʠʣʦʤ ʦʧʨʘʚʠ ʜʟʝʨʢʘʣʘ ʚʽʜʥʦʩʥʦ ʪʨʠʤʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ 



 

 

ʰʪʠʬʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʚʽʪʥʘ ʦʙʣʘʩʪʴ ʥʘ ʚʭʽʜʥʽʡ ʱʽʣʠʥʽ ʧʨʠʣʘʜʫ ʧʦʚʠʥʥʘ 

ʨʦʟʤʽʱʫʚʘʪʠʩʴ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʥʦʞʽʚ ʱʽʣʠʥʠ. 

ʗʢʱʦ ʧʨʠ ʶʩʪʫʚʘʥʥʽ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʧʽʩʣʷ 

ʜʝʢʽʣʴʢʦʭ ʦʧʝʨʘʮʽʡ ʽʟ ʜʟʝʨʢʘʣʦʤ ʥʝ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʩʠʤʝʪʨʠʯʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ 

ʜʽʶʯʦʛʦ ʦʪʚʦʨʫ ʧʨʠʣʘʜʫ ʩʚʽʪʣʦʤ, ʪʦ ʥʝʦʙʭ̔ ʜʥʦ ʱʝ ʨʘʟ ʙʽʣʴʰ ʨʝʪʝʣʴʥʦ 

ʧʨʦʨʦʙʠʪʠ ʚʩʽ ʦʧʝʨʘʮʽʾ ʫʩʪʘʥʦʚʢʠ ʣʘʤʧʦʯʢʠ ʽ ʣʽʥʟ. 

ʗʢʱʦ ʧʽʩʣʷ ʚʩʽʭ ʧʨʦʚʝʜʝʥʠʭ ʦʧʝʨʘʮʽʡ ʶʩʪʫʚʘʥʥʷ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʨʥʝ, ʪʦ ʥʘ ʜʨʫʛʽʡ ʣʽʥʟʽ ʙʫʜʝʤʦ ʤʘʪʠ ʯʽʪʢʝ ʽ ʩʠʤʝʪʨʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ, ʘ ʥʘ ʜʟʝʨʢʘʣʽ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ ʩʠʤʝʪʨʠʯʥʘ ʦʚʘʣʴʥʘ ʩʚʽʪʥʘ 

ʦʙʣʘʩʪʴ, ʘ ʱʽʣʠʥʘ ʧʨʠ ʮʴʦʤʫ ʚʠʷʚʠʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʦʩʚʽʪʣʝʥʦʶ. 

3.3.ɽʣʝʢʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʧʝʢʪʨʦʛʨʘʬʘ 

ɼʌʉ-8 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʧʝʢʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.3.4. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.5. ʪʘ 

ʨʠʩ.3.6.  ɺ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʚʘʨʮʦʚʘ ʣʘʤʧʘ ʧʨʠʻʜʥʘʥʘ 

ʜʦ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ɺ5-46. ɼʞʝʨʝʣʦ ʧʨʘʮʶʚʘʣʦ ʚ ʨʝʞʠʤʽ ʩʪʘʙʽʣ̔ʟʘʮʽʾ 

ʧʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʤʦʞʥʘ ʙʫʣʦ ʟʤʽʥʶʚʘʪʠ.  

ʇʨʠ ʟʤʽʥʽ ʩʠʣʠ ʩʪʨʫʤʫ ʟʤʽʥʶʚʘʚʩʷ ʟʘʛʘʣʴʥʠʡ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʽ ʩʧʝʢʪʨ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʉʚʽʪʣʦ ʚʽʜ ʢʚʘʨʮʦʚʦʾ ʣʘʤʧʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʣʽʥʟ ʧʦʧʘʜʘʣʦ ʥʘ 

ʚʭʽʜʥʫ ʱʽʣʠʥʫ ʩʧʝʢʪʨʦʛʨʘʬʘ ɼʌʉ-8. ʅʘ ʚʠʭʽʜʥʽʡ ʱʽʣʠʥʽ ʙʫʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʡ ʧʦʤʥʦʞʫʚʘʯ ʌɽʇ-79, ʷʢʠʡ ʞʠʚʠʚʩʷ ʚʽʜ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʜʞʝʨʝʣʘ ɺʉ-22.  

ʉʠʛʥʘʣ ʟ ʧʦʤʥʦʞʫʚʘʯʘ ʧʝʨʝʜʘʚʘʚʩʷ ʥʘ ʢʦʤʧʘʨʘʪʦʨ ʥʘʧʨʫʛ ʈ 3003, ʷʢʠʡ 

ʚʠʩʪʫʧʘʚ ʚ ʨʦʣʽ ʧʨʦʤʽʞʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. ʉʠʛʥʘʣ ʟ ʘʥʘʣʦʛʦʚʦʛʦ ʚʠʭʦʜʫ 

ʢʦʤʧʘʨʘʪʦʨʘ ʧʦʜʘʚʘʚʩʷ ʥʘ ʨʦʟʨʦʙʣʝʥʫ ʥʘʤʠ ʩʠʩʪʝʤʫ ʨʝʻʩʪʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Arduino Nano. 

ʅʘ ʨʠʩ. 3.8 ʧʦʢʘʟʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʤʦʜʫʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʫ ʥʘ 

ʦʩʥʦʚʽ Arduino Nano. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ 3.4. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʧʝʢʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ 

ɼʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ 

ɺʉ-22 

ʇʦʜʽʣʴʥʠʢ 

ʦʧʦʨʫ 

ʂʦʤʧʘʨʘʪʦʨ 

ʥʘʧʨʫʛ ʈ 3003 

ʂʨʦʢʦʚʠʡ 

ʜʚʠʛʫʥ 

ʄʦʜʫʣʴ 

ʨʝʻʩʪʨʘʮʽʾ 

ʩʠʛʥʘʣʫ ʥʘ ʦʩʥʦʚʽ 

Arduino  

ʇʂ 

ʌɽʇ-79 

ʉʧʝʢʪʨʦʛʨʘʬ 

ɼʌʉ-8 

ɼʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɺ5-46 

ʂʚʘʨʮʦʚʘ 

ʣʘʤʧʘ 



 

 

 

ʈʠʩ.3.5.ɿʘʛʘʣʴʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʦʜʫʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʫ 

ʥʘ ʦʩʥʦʚʽ Arduino 

 

 

ʈʠʩ.3.6. ɿʘʛʘʣʴʥʠʡ ʚʥʫʪʨʽʰʥʽʡ ʚʠʛʣʷʜ ʤʦʜʫʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʫ 

ʥʘ ʦʩʥʦʚʽ Arduino 


















