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ɺʉʊʋʇ 

 

ɽʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ, ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʝʣʝʢʪʨʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʽ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʥʘ ʚʩʽʭ ʚʠʜʘʭ 

ʪʨʘʥʩʧʦʨʪʫ, ʫ ʧʦʙʫʪʦʚʽʡ ʪʘ ʤʝʜʠʯʥʽʡ ʪʝʭʥʽʮʽ. 

ɽʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ (ɽɸ) ï ʮʝ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʦʯʠʥʘʶʯʠ 

ʚʽʜ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʝʨʝʜʘʯʽ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʟʘʢʽʥʯʫʶʯʠ 

ʩʧʦʞʠʚʘʥʥʷʤ.  

ʇʽʜ ʝʣʝʢʪʨʠʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʨʦʟʫʤʽʶʪʴ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽ 

ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʬʫʥʢʮʽʾ:  

- ʫʚʽʤʢʥʝʥʥʷ ʪʘ ʚʠʤʢʥʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʚ 

ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʧʝʨʝʜʘʯʽ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ;  

- ʢʦʥʪʨʦʣʴ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ;  

- ʟʘʭʠʩʪ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʚ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ, ʟʘʭʠʩʪ 
ʣʶʜʠʥʠ ʪʘ ʤʘʡʥʘ ʧʨʠ ʧʦʰʢʦʜʞʝʥʥʽ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ;  

- ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ;  

- ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ;  

- ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʥʘ ʝʣʝʢʪʨʠʯʥʽ;  

- ʩʪʚʦʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ 
ʢʦʥʬʽʛʫʨʘʮʽʻʶ [2, 5, 18, 28, 45]. 

ʊʘʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʫʥʢʮʽʡ ʧʨʠʟʚʝʣʘ ʜʦ ʧʦʷʚʠ ʙʘʛʘʪʴʦʭ 

ʚʠʜʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ ʽʩʪʦʪʥʦ ʨʽʟʥʷʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ 

ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʣʝ ʤʘʶʪʴ ʦʜʥʝ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʩʫʯʘʩʥʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʝʣʝʢʪʨʠʯʥʠʡ ʘʧʘʨʘʪ ï ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʝʥʝʨʛʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʾ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʪʘ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʪʨʘʜʠʮʽʷʭ 

ʩʚʽʪʦʚʠʭ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʰʢʽʣ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʧʘʨʘʪʽʚ ʜʦʩʠʪʴ 

ʫʤʦʚʥʘ. ɰʭ ʧʦʜʽʣʷʶʪʴ, ʧʝʨʝʜʫʩʽʤ, ʥʘ ʚʝʣʠʢʽ ʛʨʫʧʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ.  

- ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ, ʱʦ ʤʽʩʪʷʪʴ ʨʫʭʦʤʽ ʝʣʝʤʝʥʪʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʘʧʘʨʘʪʫ;  

- ʩʪʘʪʠʯʥʽ (ʪʘʢ ʟʚʘʥʽ ʙʝʟʢʦʥʪʘʢʪʥʽ) ʘʙʦ ʩʠʣʦʚʽ ʝʣʝʢʪʨʦʥʥʽ, ʱʦ 
ʥʝ ʤʘʶʪʴ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ 
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ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ ʽ ʙʣʦʢʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʭ 

ʩʢʣʘʜʫ.  

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʘʧʘʨʘʪʠ ʟ'ʷʚʠʣʠʩʷ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʧʨʦʡʰʣʠ ʜʦʚʛʠʡ 

ʰʣʷʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʽ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ ʜʦʩʽ ʜʦʤʽʥʫʶʪʴ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʫ 

ʩʝʛʤʝʥʪʽ ʢʦʤʫʪʘʮʽʡʥʦʾ ʘʧʘʨʘʪʫʨʠ.  

ʉʪʘʪʠʯʥʽ ʘʧʘʨʘʪʠ ʻ ʚʽʜʥʦʩʥʦ ʥʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʩʠʣʦʚʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ ʟ'ʷʚʠʣʠʩʷ ʚ ʩʝʨʝʜʠʥʽ XX ʩʪ.) ʽ ʤʘʶʪʴ 

ʨʦʟʰʠʨʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚ ʦʜʥʦʤʫ 

ʧʨʠʩʪʨʦʾ ʦʙ'ʻʜʥʘʪʠ ʘʧʘʨʘʪ ʢʝʨʫʚʘʥʥʷ (ʟ ʥʝʦʙʤʝʞʝʥʠʤ ʨʝʩʫʨʩʦʤ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ çʚʚʽʤʢʥʝʥʝ-ʚʠʤʢʥʝʥʦè), ʥʘʜʰʚʠʜʢʦʜʽʶʯʠʡ 

ʘʧʘʨʘʪ ʟʘʭʠʩʪʫ ʪʘ ʨʝʛʫʣʷʪʦʨ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ ʥʘʨʘʟʽ ʨʽʟʥʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʨʝʛʫʣʷʪʦʨʠ 

(ʥʘʧʨʠʢʣʘʜ, ʚʫʛʽʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ) ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʪʽʩʥʷʶʪʴʩʷ ʩʪʘʪʠʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ. ʆʙʣʘʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʪʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ. ʆʜʥʘʢ ʜʣʷ 

ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʨʦʟ'ʻʜʥʘʥʥʷ ʯʘʩʪʠʥ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʟʘ 

ʧʨʘʚʠʣʘʤʠ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʟʘʚʞʜʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʫʪʴʩʷ ʘʧʘʨʘʪʠ ʟ 

ʤʝʭʘʥʽʯʥʠʤ ʨʦʟʨʠʚʦʤ ʢʦʣʘ.  

ʂʝʨʫʚʘʪʠ ʧʦʪʦʢʘʤʠ ʝʥʝʨʛʽʾ ʥʝʦʙʭʽʜʥʦ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ (ʚʠʨʦʙʥʠʮʪʚʦ, ʧʝʨʝʜʘʯʘ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ.) ʆʜʥʘʢ ʢʦʤʫʪʘʮʽʡʥʽ, ʦʙʤʝʞʫʚʘʣʴʥʽ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʘʧʘʨʘʪʠ ʚʠʩʦʢʦʾ ʪʘ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʽʜʝʥʪʠʯʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʽʟʢʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʷʢ ʽʩʪʦʪʥʦ ʨʽʟʥʠʤʠ ʚʠʤʦʛʘʤʠ ʟ 

ʝʣʝʢʪʨʠʯʥʦʾ ʽʟʦʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟ ʜʦʧʦʤʦʛʦʶ 

ʘʧʘʨʘʪʽʚ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʢʝʨʫʚʘʪʠ ʧʦʪʦʢʘʤʠ ʝʥʝʨʛʽʾ ʜʫʞʝ ʚʝʣʠʢʠʡ 

ʧʦʪʫʞʥʦʩʪʽ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʽ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʧʘʨʘʪʽʚ ʟʘ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʛʘʩʽʥʥʷ ʜʫʛʠ, ʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʥʘʪʦʤʽʩʪʴ ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʘʧʘʨʘʪʠ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ ʚʠʢʦʥʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚʽʪʨʷʥʠʤʠ.  

ʆʪʞʝ ʟʛʽʜʥʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʽ 

ʘʧʘʨʘʪʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ:  

-  ʢʦʤʫʪʘʮʽʡʥʽ ʘʧʘʨʘʪʠ;  

-  ʦʙʤʝʞʫʚʘʣʴʥʽ ʘʧʘʨʘʪʠ;  
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- ʘʧʘʨʘʪʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ;  

- ʘʧʘʨʘʪʠ ʘʚʪʦʤʘʪʠʢʠ;   

- ʚʠʤʽʨʶʚʘʣʴʥʽ ʘʧʘʨʘʪʠ.  

ʋ ʩʚʦʶ ʯʝʨʛʫ ʢʦʤʫʪʘʮʽʡʥʽ ʘʧʘʨʘʪʠ ʧʦʜʽʣʷʶʪʴ ʥʘ:  

- ʘʧʘʨʘʪʠ ʨʦʟʧʦʜʽʣʫ (ʚʠʤʠʢʘʯʽ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʧʝʨʝʤʠʢʘʯʽ, 
ʨʦʟ'ʻʜʥʫʚʘʯʽ, ʢʦʨʦʪʢʦʟʘʤʠʢʘʯʽ, ʚʽʜʦʢʨʝʤʣʶʚʘʯʽ ʪʦʱʦ); 

- ʘʧʘʨʘʪʠ ʢʝʨʫʚʘʥʥʷ (ʢʦʥʪʘʢʪʦʨʠ, ʧʫʩʢʘʯʽ, ʩʠʣʴʥʦʪʦʯʥʽ 

ʨʝʣʝ).  

ɸʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ, ʟʘʧʦʙʽʞʥʠʢʠ, ʪʝʧʣʦʚʽ ʨʝʣʝ, ʘʧʘʨʘʪʠ, 

ʢʝʨʦʚʘʥʽ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʩʪʨʫʤʦʤ, ʯʘʩʪʦ ʚʠʜʽʣʷʶʪʴ ʚ ʦʢʨʝʤʫ 

ʛʨʫʧʫ ï ʘʧʘʨʘʪʠ ʟʘʭʠʩʪʫ.  

ʈʦʟʧʦʜʽʣ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ ʥʘ ʘʧʘʨʘʪʠ 

ʨʦʟʧʦʜʽʣʫ ʪʘ ʘʧʘʨʘʪʠ ʢʝʨʫʚʘʥʥʷ ʚʠʥʠʢ ʽʩʪʦʨʠʯʥʦ ʚ ʩʠʣʫ ʨʽʟʥʠʭ 

ʚʠʤʦʛ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʮʠʭ ʛʨʫʧ ʘʧʘʨʘʪʽʚ (ʟʘ ʢʦʤʫʪʘʮʽʡʥʠʤ 

ʨʝʩʫʨʩʦʤ, ʢʦʤʫʪʦʚʘʥʠʤ ʪʘ ʥʘʩʢʨʽʟʥʠʤ ʩʪʨʫʤʘʤʠ ʪʦʱʦ) ʥʘ ʩʪʘʜʽʷʭ 

ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ. ɺʽʜʤʽʥʥʽʩʪʴ ʫ ʚʠʤʦʛʘʭ ʧʨʠʟʚʝʣʘ 

ʜʦ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʘʛʘʣʴʥʦʶ ʦʟʥʘʢʦʶ ʜʣʷ ʷʢʠʭ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʘʢʪʥʦ-ʜʫʛʦʛʘʩʥʦʾ ʩʠʩʪʝʤʠ.  

ɸʧʘʨʘʪʠ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʥʦʩʥʦ ʨʽʜʢʠʭ 

ʦʧʝʨʘʪʠʚʥʠʭ ʢʦʤʫʪʘʮʽʡ, ʧʝʨʝʚʘʞʥʦ ʫ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞʘʭ, ʪʘ 

ʟʜʽʡʩʥʶʶʪʴ ʟʘʭʠʩʪ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʨʝʞ ʚ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ (ʩʪʨʫʤʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, 

ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ), ʘ ʪʘʢʦʞ ʟʘʭʠʩʪ ʣʶʜʝʡ ʚʽʜ ʫʨʘʞʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ.  

ɸʧʘʨʘʪʠ ʢʝʨʫʚʘʥʥʷ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʯʘʩʪʠʭ ʦʧʝʨʘʪʠʚʥʠʭ 

ʚʽʜʢʣʶʯʝʥʴ ʪʘ ʚʢʣʶʯʝʥʴ ʥʦʨʤʘʣʴʥʠʭ ʩʪʨʫʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʥʝʯʘʩʪʠʭ ʚʽʜʢʣʶʯʝʥʴ ʩʪʨʫʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʤʽʥʘʣʴʥʽ ʚ 5é20 ʨʘʟʽʚ. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ 

ʢʦʤʫʪʘʮʽʾ ʩʪʨʫʤʫ ʚ ʘʧʘʨʘʪʘʭ ʢʝʨʫʚʘʥʥʷ ʽʥʦʜʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ, ʷʢʽ ʰʫʥʪʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʢʦʥʪʘʢʪʠ. ʋ 

ʪʘʢʠʭ ʛʽʙʨʠʜʥʠʭ ʘʧʘʨʘʪʘʭ ʪʨʠʚʘʣʝ ʧʨʦʚʝʜʝʥʥʷ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʶʪʴ 

ʢʦʥʪʘʢʪʠ, ʪʦʜʽ ʷʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ ʬʘʢʪʠʯʥʦ 

ʟʥʝʩʪʨʫʤʣʝʥʽ.  

ʋ ʤʦʤʝʥʪ ʢʦʤʫʪʘʮʽʾ ʧʨʠ ʨʦʟʤʠʢʘʥʥʽ ʢʦʥʪʘʢʪʽʚ ʩʪʨʫʤ 

ʢʦʨʦʪʢʦʯʘʩʥʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʧʨʠʣʘʜ, ʷʢʠʡ 

ʧʦʪʽʤ ʚʠʤʠʢʘʻʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʨʘʢʪʠʯʥʦ ʫʩʫʚʘʻʪʴʩʷ 

ʜʫʛʦʫʪʚʦʨʝʥʥʷ ʚ ʘʧʘʨʘʪʽ ʪʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʨʤʽʥ ʡʦʛʦ 
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ʩʣʫʞʙʠ. ʊʘʢʽ ʘʧʘʨʘʪʠ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʘʧʘʨʘʪʘʤʠ ʟ ʦʙʤʝʞʝʥʠʤ 

ʜʫʛʦʫʪʚʦʨʝʥʥʷʤ.  

ʆʙʤʝʞʫʚʘʣʴʥʽ ʘʧʘʨʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʤʝʞʝʥʥʷ 

ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ (ʨʝʘʢʪʦʨʠ ʪʘ ʜʫʛʦʚʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ 

ʩʪʨʫʤʦʦʙʤʝʞʫʚʘʯʽ) ʘʙʦ ʷʢ ʟʘʩʽʙ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛʠ 

(ʰʫʥʪʫʶʯʽ ʨʝʘʢʪʦʨʠ, ʜʫʛʦʚʽ ʨʦʟʨʷʜʥʠʢʠ ʪʘ ʩʪʘʪʠʯʥʽ ʦʙʤʝʞʫʚʘʯʽ 

ʧʝʨʝʥʘʧʨʫʛʠ ʥʘ ʦʩʥʦʚʽ ʝʣʝʤʝʥʪʽʚ ʟ ʥʝʣʽʥʽʡʥʦʶ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ).  

ɸʧʘʨʘʪʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ (ʨʝʛʫʣʷʪʦʨʠ) ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʻ ʩʪʘʪʠʯʥʠʤʠ ʪʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʧʝʨʝʪʚʦʨʝʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 

ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʩʪʘʙʽʣʽʟʘʮʽʷ 

ʥʘʧʨʫʛʠ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʦʱʦ) ʚ ʫʤʦʚʘʭ 

ʧʝʨʝʚʘʞʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɺʦʥʠ ʧʝʨʝʞʠʚʘʶʪʴ 

ʙʫʨʭʣʠʚʠʡ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ, ʦʩʦʙʣʠʚʦ ʟ ʧʦʷʚʦʶ ʩʠʣʦʚʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʱʦ ʧʦʚʥʽʩʪʶ ʢʝʨʫʶʪʴʩʷ. ʂʨʽʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʘ ʤʽʩʴʢʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʦʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʢʦʨʝʢʪʦʨʠ ʪʘ ʨʝʛʫʣʷʪʦʨʠ ʧʦʪʫʞʥʦʩʪʽ, ʫ 

ʚʪʦʨʠʥʥʠʭ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ ʪʘ ʚ ʘʚʪʦʥʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ. 

ʉʧʽʣʴʥʦ ʟ ʦʙ'ʻʢʪʦʤ ʨʝʛʫʣʶʚʘʥʥʷ, ʪʘʢʽ ʘʧʘʨʘʪʠ ʫʪʚʦʨʶʶʪʴ 

ʟʘʤʢʥʝʥʫ ʩʠʩʪʝʤʫ ʨʝʛʫʣʶʚʘʥʥʷ [51].  

ɸʧʘʨʘʪʠ ʘʚʪʦʤʘʪʠʢʠ ï ʩʣʘʙʦʪʦʯʥʽ ʨʝʣʝ, ʜʘʪʯʠʢʠ, ʧʽʜʩʠʣʶʚʘʯʽ, 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʢʦʥʪʨʦʣʝʨʠ ʪʦʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ. ɺʦʥʠ ʧʨʘʮʶʶʪʴ ʟʘ 

ʫʤʦʚʠ ʥʝʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ (ʜʦ ʩʦʪʝʥʴ ʚʦʣʴʪ) ʽ ʩʪʨʫʤʘʭ (ʜʦ 5 ɸ) ʽ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʢʦʥʪʨʦʣʶ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ (ʥʘʧʨʠʢʣʘʜ, ʨʝʣʝ) ʪʘ ʥʝʝʣʝʢʪʨʠʯʥʦʛʦ ʚʭʽʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ (ʥʘʧʨʠʢʣʘʜ, ʜʘʪʯʠʢʠ). ʂʦʣʠ ʚʭʽʜʥʠʡ (ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ) 

ʧʘʨʘʤʝʪʨ ʨʝʣʝ ʜʦʩʷʛʘʻ ʟʘʜʘʥʦʾ ʟʥʘʯʝʥʥʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʣʝ ʽ çʚʠʜʘʯʘ ʩʠʛʥʘʣʫè ʥʘ ʚʠʭʦʜʽ.  

ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʨʦʟʤʠʢʘʥʥʷ ʯʠ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ 

(ʢʦʥʪʘʢʪʥʽ ʯʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʨʝʣʝ) ʘʙʦ ʯʝʨʝʟ ʨʽʟʢʫ ʟʤʽʥʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʥʘ ʚʠʭʦʜʽ (ʙʝʟʢʦʥʪʘʢʪʥʽ ʯʠ ʩʪʘʪʠʯʥʽ ʨʝʣʝ). ʋ 

ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʩʪʨʫʤʫ ʚ 

ʦʧʝʨʘʪʠʚʥʦʤʫ ʢʦʣʽ, ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʠʡ ʚʠʭʽʜʥʠʡ ʝʣʝʤʝʥʪ. ʊʦʤʫ 

ʢʨʠʚʘ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʚʭʽʜʥʦʛʦ ʟʘʟʚʠʯʘʡ ʤʘʻ 

ʨʝʣʝʡʥʠʡ ʭʘʨʘʢʪʝʨ. ʋ ʜʘʪʯʠʢʘʭ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ 
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ʚʭʽʜʥʦʛʦ ʤʘʻ ʧʣʘʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ ʤʘʣʘ ʟʤʽʥʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʚʠʢʣʠʢʘʻ ʥʝʚʝʣʠʢʫ ʧʨʦʧʦʨʮʽʡʥʫ ʟʤʽʥʫ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ.  

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʨʝʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚ 

ʤʝʨʝʞʘʭ ʧʨʦʩʪʦʾ ʝʣʝʢʪʨʦʘʚʪʦʤʘʪʠʢʠ. ʋ ʧʨʠʩʪʨʦʷʭ ʩʝʨʝʜʥʴʦʾ 

ʩʢʣʘʜʥʦʩʪʽ, ʷʢ ʥʘʜʽʡʥʽʰʽ ʪʘ ʛʥʫʯʢʽʰʽ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʪʘʪʠʯʥʽ ʨʝʣʝ 

ʥʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽʡ ʙʘʟʽ. ʋ ʧʨʠʩʪʨʦʷʭ ʟʽ ʩʢʣʘʜʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ʨʦʙʦʪʠ, ʟ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ ʥʠʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʧʨʦʛʨʘʤʦʚʘʥʽ ʢʦʥʪʨʦʣʝʨʠ. 

ʉʫʯʘʩʥʠʡ ʨʝʣʝʡʥʠʡ ʟʘʭʠʩʪ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ɿʘʛʘʣʦʤ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʘʧʘʨʘʪʠ 

ʘʚʪʦʤʘʪʠʢʠ ʽʥʪʝʥʩʠʚʥʦ ʚʠʪʽʩʥʷʶʪʴʩʷ ʩʪʘʪʠʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʥʘ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽʡ ʦʩʥʦʚʽ, ʦʜʥʘʢ ʚʦʥʠ ʧʨʦʜʦʚʞʫʶʪʴ ʫʩʧʽʰʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ, 

ʥʘʧʨʠʢʣʘʜ, ʘʧʘʨʘʪʠ ʟ ʛʝʨʤʝʪʠʟʦʚʘʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ð ʛʝʨʢʦʥʘʤʠ. 

ɺʽʜʦʤʦ, ʱʦ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʦʾ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

ʮʠʬʨʦʚʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʩʪʨʫʢʪʫʨʠ 

ʚʠʧʫʩʢʫ (ʟʘʩʪʦʩʫʚʘʥʥʷ) ʥʠʟʴʢʦʚʦʣʴʪʥʠʭ ʘʧʘʨʘʪʽʚ. ʏʝʨʝʟ ʪʝʥʜʝʥʮʽʶ 

ʟʙʣʠʞʝʥʥʷ ʢʫʣʴʪʫʨʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ 

ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʩʽ ʣʦʛʽʯʥʽ ʪʘ 

ʨʦʟʧʦʜʽʣʴʯʽ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ ʙʝʨʝ ʥʘ ʩʝʙʝ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ 

ʪʝʭʥʽʢʘ, ʱʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʣʝ ʢʝʨʫʚʘʥʥʷ. ʎʽ 

ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʘʢʪʦʨʽʚ ʥʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʘʭ, ʦʩʢʽʣʴʢʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʦ 

ʽʥʰʠʭ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʙʣʦʢʽʚ ʢʝʨʫʚʘʥʥʷ ʚʠʧʨʘʚʜʦʚʫʻ 

ʩʝʙʝ ʚ ʦʙ'ʻʢʪʘʭ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰʦʾ ʰʚʠʜʢʦʜʽʾ ʽ ʯʘʩʪʦʪʠ ʨʦʙʦʪʠ. 

ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʝ ʩʫʪʪʻʚʝ ʧʦʣʽʧʰʝʥʥʷ ʧʝʨʝʰʢʦʜʦ ʙʝʟʧʝʢʠ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʽ 

ʩʭʝʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʚʠʨʽʰʘʣʴʥʠʭ ʪʘ ʣʦʛʽʯʥʠʭ ʯʘʩʪʠʥ 

ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʠ ʧʨʠʩʪʨʦʾʚ 

ʢʝʨʫʚʘʥʥʷ, ʪʘ ʚʜʘʣʦ ʧʦʻʜʥʫʻ ʾʭ ʟ ʢʦʤʧôʶʪʝʨʥʦʶ ʪʝʭʥʽʢʦʶ. ɸʣʝ ʞ 

ʤʽʢʨʦʤʽʥʽʘʪʶʨʠʟʘʮʽʷ ʩʭʝʤ ʢʝʨʫʚʘʥʥʷ ʟ ʥʝʤʠʥʫʯʠʤ ʟʥʠʞʝʥʥʷʤ 

ʨʽʚʥʽʚ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʟʘʭʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʝʨʝʰʢʦʜʦʟʘʭʠʱʝʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʤʫ ʧʝʨʝʚʘʞʥʝ ʧʦʰʠʨʝʥʥʷ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʪʨʠʤʫʶʪʴ ʜʠʩʢʨʝʪʥʽ ʝʣʝʤʝʥʪʠ ʟ ʚʝʣʠʢʠʤʠ ʨʽʚʥʷʤʠ 

ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʧʝʨʠʬʝʨʽʡʥʠʭ ʯʘʩʪʠʥʘʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ [4, 5, 17, 24, 30, 31, 33, 45].  
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ʋ ʩʫʯʘʩʥʠʭ ʘʥʛʣʦʤʦʚʥʠʭ ʜʞʝʨʝʣʘʭ ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʚʠʤʠʢʘʯʽ 

ʜʣʷ ʩʠʣʦʚʠʭ ʢʽʣ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʘʭ ʟʘ ʚʘʨʪʽʩʪʶ 

ʩʢʣʘʜʘʶʪʴ ʥʝ ʙʽʣʴʰʝ 5 % ʚʽʜ ʚʘʨʪʦʩʪʽ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʫʩʢʫ 

ʚʠʤʠʢʘʯʽʚ, ʽ ʟʘʨʘʟ ʧʦʢʠ ʱʦ ʥʝʤʘʻ ʧʝʨʩʧʝʢʪʠʚ ʽʩʪʦʪʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ [5, 20, 28, 43, 45, 49, 64]. ʈʘʟʦʤ ʟ 

ʚʝʣʠʢʠʤʠ ʯʠʩʪʦ ʪʝʭʥʽʯʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʘʭ, ʚʦʥʠ ʱʝ ʡ ʥʘʙʘʛʘʪʦ ʜʦʨʦʞʯʝ 

ʢʦʥʪʘʢʪʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʽ ʚ ʦʙ'ʻʢʪʘʭ ʽʟ ʩʝʨʝʜʥʽʤ ʪʘ ʥʠʟʴʢʠʤ 

ʨʽʚʥʷʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʟ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ 

ʱʦʜʦ ʰʚʠʜʢʦʜʽʾ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʥʦʤʽʯʥʦ ʥʝ ʟʘʚʞʜʠ ʩʝʙʝ 

ʚʠʧʨʘʚʜʦʚʫʶʪʴ.  

ʉʫʯʘʩʥʽ ʘʧʘʨʘʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʚʽʣʴʥʠʤ ʟʥʠʢʘʥʥʷʤ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʪʘ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʻ ʪʨʘʜʠʮʽʡʥʠʤʠ ʜʣʷ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ ʥʘʨʘʟʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʾ ʚʘʛʠ ʚʠʧʫʩʢʫ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʧʨʠʣʘʜʘʤʠ ʪʘ 

ʘʧʘʨʘʪʘʤʠ: ʢʦʤʘʥʜʦʘʧʘʨʘʪʽʚ ʙʝʟʧʝʨʝʨʚʥʦʾ ʪʘ ʜʠʩʢʨʝʪʥʦʾ ʜʽʾ, 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʨʝʣʝ ʨʘʭʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ, ʜʘʪʯʠʢʽʚ 

ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʪʦʱʦ.  

ɿʘʢʦʨʜʦʥʥʽ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʬʽʨʤʠ, ʱʦ ʚʠʧʫʩʢʘʶʪʴ 

ʥʠʟʴʢʦʚʦʣʴʪʥʽ ʘʧʘʨʘʪʠ, ʜʝʜʘʣʽ ʰʠʨʰʝ ʦʩʚʦʶʶʪʴ ʧʝʨʝʨʘʭʦʚʘʥʽ 

ʘʧʘʨʘʪʠ, ʘ ʬʽʨʤʠ General Electric, Tesch, Baumgartner, Schleichern 

ʪʘ ʽʥʰʽ (ʅʽʤʝʯʯʠʥʘ) ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʾʭ ʚʠʧʫʩʢʫ [43, 76, 93, 95].  

ʗʢ ʫ ʩʢʣʘʜʥʠʭ, ʪʘʢ ʽ ʚ ʥʘʡʧʨʦʩʪʽʰʠʭ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʯʽʪʢʦ 

ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʪʝʥʜʝʥʮʽʾ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʘʧʘʨʘʪʫʨʠ ʪʘ ʾʾ 

ʫʥʽʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʱʦ ʧʦʻʜʥʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ, 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʪʦʱʦ. ɺʽʜʥʦʩʥʦ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʦʥʪʘʢʪʥʠʭ ʘʧʘʨʘʪʽʚ ʫ ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʘʭ ʢʝʨʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ 

ʟʤʝʥʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʠʭ ʩʪʘʥʮʽʡ ʢʝʨʫʚʘʥʥʷ, ʘ 

ʮʝ, ʷʢ ʚʽʜʦʤʦ, ʚ ʟʘʛʘʣʴʥʦʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʩʪʨʦʷʭ ʜʦʩʷʛʘʻʪʴʩʷ 

ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʱʽʣʴʥʦʛʦ ʤʦʥʪʘʞʫ 

ʝʣʝʢʪʨʦʘʧʘʨʘʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ ʥʦʨʤʘʣʽʟʘʮʽʾ ʾʾ ʨʦʟʤʽʨʽʚ, ʘ ʪʘʢʦʞ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʨʝʣʝ ʘʚʪʦʤʘʪʠʢʠ, ʱʦ ʧʨʘʮʶʶʪʴ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʨʠ ʥʠʟʴʢʠʭ ʨʽʚʥʷʭ ʥʘʧʨʫʛʠ ̔  ʩʪʨʫʤʽʚ (ʚʽʜ 24 ɺ ʜʦ 48 ɺ ʪʘ 

0,5 ɸ), ʽ ʮʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʾʭ ʨʦʟʤʽʨʠ. ɿʘ ʮʠʭ ʫʤʦʚ ʢʦʤʫʪʘʮʽʷ 

ʩʪʨʫʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʜʫʛʠ, ʧʨʦʪʝ ʜʣʷ ʥʘʜʽʡʥʦʛʦ 
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ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʧʦʪʨʽʙʥʽ ʩʧʝʮʽʘʣʴʥʽ ʢʦʥʪʘʢʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʶ 

ʚʠʤʦʛʫ ʽ ʚʦʜʥʦʯʘʩ ʤʦʞʫʪʴ ʥʘʜʽʡʥʦ ʚʢʣʶʯʘʪʠ ʧʫʩʢʘʯʽ, ʢʦʥʪʘʢʪʦʨʠ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʤʫʬʪʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʨʠ 

ʥʘʧʨʫʟʽ 24 ɺ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʚʝʣʠʯʠʥʽ ʩʪʨʫʤʫ ʜʦ 2 ɸ. 

ʈʦʟʰʠʨʶʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ, ʥʽʞ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʊʘʢʦʞ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠʩʪʨʦʾ 

ʢʝʨʫʚʘʥʥʷ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʘʭ ʪʘ ʛʝʨʢʦʥʘʭ 

ʥʘʧʨʫʛʦʶ 24 ɺ ʪʘ 48 ɺ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʽ ʪʦʤʫ ʧʠʪʦʤʘ ʚʘʛʘ 

ʘʧʘʨʘʪʫʨʠ ʢʝʨʫʚʘʥʥʷ ʟ ʪʘʢʠʤʠ ʥʘʧʨʫʛʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʻ.  
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1 ʇʈʀɿʅɸʏɽʅʅʗ, ɻʆʃʆɺʅɯ ʊɽʈʄɯʅʀ ʊɸ ɺʀʄʆɻʀ 

ɼʆ ɽʃɽʂʊʈʀʏʅʀʍ ɸʇɸʈɸʊɯɺ ɸɺʊʆʄɸʊʀʂʀ ʊɸ 

ʂɽʈʋɺɸʅʅʗ 

 

1.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ 

 

ɺʽʜʦʤʦ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʨʠʥʮʠʧʫ ʜʽʾ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʝʰʪʠ ʦʟʥʘʢ, ʚʩʽ 

ʝʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ ʤʦʞʥʘ ʨʦʟʨʽʟʥʷʪʠ ʜʚʦʤʘ ʦʢʨʝʤʠʤʠ ʛʨʫʧʘʤʠ, ʘ 

ʩʘʤʝ: 

- ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ, ʷʢʽ ʦʙʦʚôʷʟʢʦʚʦ ʤʘʶʪʴ ʨʫʭʣʠʚ̔ 

ʝʣʝʤʝʥʪʠ, ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʘʤʦʛʦ ʘʧʘʨʘʪʫ; 

- ʩʪʘʪʠʯʥʠʤʠ (ʱʦ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴʩʷ ʙʝʟʢʦʥʪʘʢʪʥʠʤʠ) 

ʘʙʦ ʩʠʣʦʚʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ, ʱʦ ʥʝ ʤʘʶʪʴ ʨʫʭʣʠʚʽ ʝʣʝʤʝʥʪʠ, ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʚʠʢʦʥʫʶʯʠʤʠ ʬʫʥʢʮʽʶ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ 

ʟʘʚʜʷʢʠ ʟʤʽʥ ̔ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ 

ʫ ʩʢʣʘʜ ʾʭ ʝʣʝʤʝʥʪʽʚ, ʘʙʦ ʙʣʦʢʽʚ. 

ɽʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ ʟʘʛʘʣʴʥʦʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʝʣʝʢʪʨʦʧʦʙʫʪʦʚʽ ʘʧʘʨʘʪʠ ʪʘ ʧʨʠʩʪʨʦʾ ʚʠʧʫʩʢʘʶʪʴʩʷ ʥʘʧʨʫʛʦʶ ʜʦ 1 

ʢɺ ʪʘ ʚʠʩʦʢʦʚʦʣʴʪʥʽ ï ʧʦʥʘʜ 1 ʢɺ. ʊʦʤʫ ʟʘ ʮʽʻʶ ʦʟʥʘʢʦʶ 

ʨʦʟʨʽʟʥʷʶʪʴ ʘʧʘʨʘʪʠ ʥʠʟʴʢʦʾ (ʜʦ 1000 ɺ) ʥʘʧʨʫʛʠ (ɽɸʅʅ) ʽ ʘʧʘʨʘʪʠ 

ʚʠʩʦʢʦʾ (ʧʦʥʘʜ 1000 ɺ) ʥʘʧʨʫʛʠ (ɽɸɺʅ). ɼʦ ʘʧʘʨʘʪʽʚ ʜʦ 1 ʢɺ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʘʧʘʨʘʪʠ ʨʫʯʥʦʛʦ, ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, 

ʘʧʘʨʘʪʠ ʟʘʭʠʩʪʫ ʪʘ ʜʘʪʯʠʢʠ.  

ɺʩʽ ʝʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ ʚ ʫʩʽʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ [2, 3, 5, 

18, 22, 28, 37, 45, 47, 53] ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ:  

- ʧʨʠʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ ʦʩʥʦʚʥʘ ʬʫʥʢʮʽ,̫ ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʘʧʘʨʘʪʦʤ;  

- ʧʨʠʥʮʠʧ ʜʽʾ;  

- ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ;  

- ʨʜ̔ ʩʪʨʫʤʫ; 

- ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ;  

- ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ (ʜʦ 1 ʢɺ ʽ ʙʽʣʴʰʝ);  

- ʚʠʢʦʥʘʥʥʷ;  

- ʩʪʫʧʝʥʷ ʟʘʭʠʩʪʫ (ɯʈ);  

- ʢʦʥʩʪʨʫʢʮʽ ̫ʘʧʘʨʘʪʫ.  
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ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʥʘʩʪʫʧʥʦʶ: 

- ʘʧʘʨʘʪʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʫʩʢʫ, 

ʨʝʚʝʨʩʫʚʘʥʥʷ, ʛʘʣʴʤʫʚʘʥʥʷ, ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, 

ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʚʝʨʩʪʘʪʽʚ, ʤʝʭʘʥʽʟʤʽʚ, ʘʙʦ 

ʜʣʷ ʧʫʩʢʫ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʥʰʠʭ ʩʧʦʞʠʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ 

ʮʠʭ ʘʧʘʨʘʪʽʚ ï ʮʝ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʪʘ ʽʥʰʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ 

 ̒ʯʘʩʪʝ ʚʢʣʶʯʝʥʥʷ, ʚʽʜʢʣʶʯʝʥʥʷ ʜʦ 3600 ʥʘ ʛʦʜʠʥʫ, ʪʦʙʪʦ ʜʦ 

ʦʜʥʦʛʦ ʨʘʟʫ ʥʘ ʩʝʢʫʥʜʫ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ 

ʨʫʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ï ʧʘʢʝʪʥʽ ʚʠʤʠʢʘʯʽ ʪʘ ʧʝʨʝʤʠʢʘʯʽ, ʨʫʙʠʣʴʥʠʢʠ, 

ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʝʨʝʤʠʢʘʯʽ, ʢʦʥʪʨʦʣʝʨʠ ʪʘ ʢʦʤʘʥʜʦʢʦʪʨʦʣʝʨʠ, 

ʨʝʦʩʪʘʪʠ ʪʘ ʽʥʰ,̔ ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʨʝʣʝ, ʧʫʩʢʘʯʽ, ʢʦʥʪʘʢʪʦʨʠ ʪʦʱʦ;  

- ʘʧʘʨʘʪʠ ʟʘʭʠʩʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʤʫʪʘʮʽʾ 
ʝʣʝʢʪʨʠʯʥʠʭ ʢʣ̔, ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞ ʚʽʜ ʥʘʜʩʪʨʫʤʽʚ, ʪʦʙʪʦ ʩʪʨʫʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʢʦʚʠʭ 

ʩʪʨʫʤʽʚ, ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʣʘʚʢʽ 

ʟʘʧʦʙʽʞʥʠʢʠ, ʪʝʧʣʦʚʽ ʨʝʣʝ, ʩʪʨʫʤʦʚʽ ʨʝʣʝ, ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ 

ʪʦʱʦ;  

- ʢʦʥʪʨʦʣʶʶʯʽ ʘʧʘʨʘʪʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ 

ʟʘʜʘʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʘʙʦ ʥʝʝʣʝʢʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʦ ʮʽʻʾ 

ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʜʘʪʯʠʢʠ. ʎʽ ʘʧʘʨʘʪʠ ʧʝʨʝʪʚʦʨʶʶʪʴ ʝʣʝʢʪʨʠʯʥʽ ʘʙʦ 

ʥʝʝʣʝʢʪʨʠʯʥʽ ʚʝʣʠʯʠʥʠ ʚ ʝʣʝʢʪʨʠʯʥʽ ʽ ʚʠʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʷʢ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʮʠʭ ʘʧʘʨʘʪʽʚ ʧʦʣʷʛʘʻ ʫ 

ʢʦʥʪʨʦʣʽ ʟʘ ʟʘʜʘʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʪʘ ʥʝʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʜʘʪʯʠʢʠ ʩʪʨʫʤʫ, ʪʠʩʢʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ, ʧʦʣʦʞʝʥʥʷ, ʨʽʚʥʷ, ʬʦʪʦʜʘʪʯʠʢʠ, ʘ ʪʘʢʦʞ ʨʝʣʝ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴ ʬʫʥʢʮʽʾ ʜʘʪʯʠʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʨʝʣʝ ʢʦʥʪʨʦʣʶ ʰʚʠʜʢʦʩʪʽ 

(ʈʂʐ), ʨʝʣʝ ʯʘʩʫ, ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ.  

ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʝʣʝʢʪʨʦʘʧʘʨʘʪʠ ʧʦʜʽʣʷʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʭʘʨʘʢʪʝʨʫ ʽʤʧʫʣʴʩʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʥʠʭ. ɺʠʭʦʜʷʯʠ ʟ ʪʠʭ ʬʽʟʠʯʥʠʭ 

ʷʚʠʱ, ʥʘ ʷʢʠʭ ˇʨʫʥʪʫʻʪʴʩʷ ʜʽʷ ʘʧʘʨʘʪʽʚ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ 

ʪʘʢʽ ʢʘʪʝʛʦʨʽʾ:  

- ʢʦʤʫʪʘʮʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ ʜʣʷ ʟʘʤʠʢʘʥʥʷ ʪʘ 

ʨʦʟʤʠʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʘʢʪʽʚ, ʟ'ʻʜʥʘʥʠʭ 
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ʤʽʞ ʩʦʙʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʭʦʜʫ ʩʪʨʫʤʫ ʟ ʦʜʥʦʛʦ ʢʦʥʪʘʢʪʫ ʚ 

ʽʥʰʠʡ ʘʙʦ ʚʽʜʜʘʣʝʥʠʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʜʣʷ ʨʦʟʨʠʚʫ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʦʣʘ (ʨʫʙʠʣʴʥʠʢʠ, ʧʝʨʝʤʠʢʘʯʽ, ʪʦʱʦ);  

- ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʝʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ, ʜʽʷ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 
ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʫʩʠʣʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ 

(ʢʦʥʪʘʢʪʦʨʠ, ʨʝʣʝ, ʪʦʱʦ);  

- ʽʥʜʫʢʮʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ, ʜʽʷ ʷʢʠʭ ʟʘʩʥʦʚʘʥʘ ʥʘ 
ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʤʫ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʽʥʜʫʢʮʽʡʥʽ ʨʝʣʝ);  

- ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ (ʨʝʘʢʪʦʨʠ, ʜʨʦʩʝʣʽ ʥʘʩʠʯʝʥʥʷ). 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʨʦʙʦʪʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʪʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ, ʚ ʷʢʦʤʫ 

ʚʦʥʠ ʚʩʪʘʥʦʚʣʝʥʽ:  

- ʘʧʘʨʘʪʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʜʦʚʛʦ;  

- ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ;  

- ʧʨʘʮʶʶʯʽ ʚ ʫʤʦʚʘʭ ʧʦʚʪʦʨʥʦ-ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟʘ ʨʦʜʦʤ ʩʪʨʫʤʫ: 

ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ.  

ɺʠʤʦʛʠ ʜʦ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʨʽʟʥʦʚʠʜʘʤʠ ʩʫʯʘʩʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ. ɸʣʝ ʚʩʝ ʞ ʪʘʢʠ ʽʩʥʫʶʪʴ ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ 

ʚʠʤʦʛʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʾ 

ʘʧʘʨʘʪʽʚ. ɺʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ, ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʥʝʦʙʭʽʜʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʘʧʘʨʘʪʽʚ.  

ɯʟʦʣʷʮʽʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʤʘʻ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘʣʝʞʥʦ 

ʚʽʜ ʫʤʦʚ ʤʦʞʣʠʚʦ ʾʧʝʨʝʥʘʧʨʫʛʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʫ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ɸʧʘʨʘʪʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʯʘʩʪʦʛʦ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ 

ʤʝʭʘʥʽʯʥʫ ʪʘ ʝʣʝʢʪʨʠʯʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ.  

ʇʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʥʷʭ ʩʪʨʫʤʦʧʨʦʚʽʜʥʘ ʯʘʩʪʠʥʘ ʘʧʘʨʘʪʫ 

ʧʽʜʜʘʻʪʴʩʷ ʟʥʘʯʥʠʤ ʪʝʨʤʽʯʥʠʤ ʪʘ ʜʠʥʘʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʷʢʽ 

ʚʠʢʣʠʢʘʥʽ ʚʝʣʠʢʠʤ ʩʪʨʫʤʦʤ. ʎʽ ʝʢʩʪʨʝʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ 

ʧʦʚʠʥʥʽ ʧʝʨʝʰʢʦʜʞʘʪʠ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʘʧʘʨʘʪʘ.  
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ɽʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ ʚ ʩʭʝʤʘʭ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, ʰʚʠʜʢʦʜʽʶ, 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ.  

ɿʘʛʘʣʴʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʚʩʽʭ ʚʠʜʽʚ ʘʧʘʨʘʪʽʚ ʻ ʧʨʦʩʪʦʪʘ ʾʭ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʾʭʥʷ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

(ʤʘʣʦʛʘʙʘʨʠʪʥʽʩʪʴ, ʥʘʡʤʝʥʰʘ ʚʘʛʘ ʘʧʘʨʘʪʫ, ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʚʠʩʦʢʦʚʘʨʪʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ). 

ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

- ʥʦʤʽʥʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ï ʮʝ ʪʘʢʠʡ ʨʝʞʠʤ, ʢʦʣʠ 

ʝʣʝʤʝʥʪ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʩʪʨʫʤʫ, 

ʥʘʧʨʫʛʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʟʘʟʥʘʯʝʥ ̔ʫ ʪʝʭʥʽʯʥʦʤʫ ʧʘʩʧʦʨʪʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʚʠʛʽʜʥʽʰʠʤ ʫʤʦʚʘʤ ʨʦʙʦʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ (ʜʦʚʛʦʚʽʯʥʦʩʪʽ); 

- ʥʦʨʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ï ʮʝ ʨʝʞʠʤ, ʢʦʣʠ ʘʧʘʨʘʪ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʨʝʞʠʤʫ, ʱʦ ʥʝʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ; 

- ʘʚʘʨʽʡʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ï ʮʝ ʪʘʢʠʡ ʨʝʞʠʤ, ʢʦʣʠ ʧʘʨʘʤʝʪʨʠ 

ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʤʽʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʫ ʜʚʘ ʪʘ ʙʽʣʴʰʝ ʨʘʟʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʙ'ʻʢʪ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʚʽʜʽʤʢʥʝʥʠʡ. ɼʦ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʚʽʜʥʦʩʷʪʴ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʩʪʨʫʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʟʥʠʞʝʥʥʷ 

ʥʘʧʨʫʛʠ ʫ ʤʝʨʝʞʽ; 

- ʥʘʜʽʡʥʽʩʪʴ ï ʮʝ ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ ʘʧʘʨʘʪʫ ʧʨʦʪʷʛʦʤ 

ʫʩʦɹʛʦ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʙʪʦ ʚʣʘʩʪʠʚʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʦʪʷʛʦʤ ʚʢʘʟʘʥʦʛʦ ʯʘʩʫ 

ʟʥʘʯʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʟʘʜʘʥʠʭ 

ʤʝʞʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʨʝʞʠʤʘʤ ʪʘ ʫʤʦʚʘʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʽʚ, ʟʙʝʨʽʛʘʥʥʷ 

ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ɺʠʢʦʥʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʫʧʝʥ ʁ

ʟʘʭʠʩʪʫ. ʉʪʫʧʽʥʴ ʟʘʭʠʩʪʫ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ ʪʘ ʨʽʜʠʥʠ 

ʨʝʛʫʣʶʻʪʴʩʷ ʩʪʘʥʜʘʨʪʘʤʠ IEC 60529 (DIN 40050, ɻʆʉʊ 14254) [30, 

42, 45, 55]. ɯngress Protection Code (ʫ ʧʝʨʝʢʣʘʜʽ ʟ ʘʥʛʣ.  ï  ʮʝ çʢʦʜʠ 

ʟʘʭʠʩʪʫ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷè) ï ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʧʦʩʦʙʫ ʟʘʭʠʩʪʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʙʦʣʦʥʢʦʶ ʪʝʭʥʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʽʜ ʜʦʩʪʫʧʫ ʜʦ 

ʥʝʙʝʟʧʝʯʥʠʭ ʯʘʩʪʠʥ, ʧʦʧʘʜʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʪʚʝʨʜʠʭ ʧʨʝʜʤʝʪʽʚ ʪʘ 
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(ʘʙʦ) ʚʦʜʠ ʪʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ 

[22, 42]. ʄʘʨʢʫʚʘʥʥʷ ʩʪʫʧʝʥʷ ʟʘʭʠʩʪʫ ʦʙʦʣʦʥʢʠ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʟʥʘʢʫ ʟʘʭʠʩʪʫ (IP) ʪʘ ʜʚʦʭ ʮʠʬʨ, ʟ ʥʝʦʙʦʚ'ʷʟʢʦʚʠʤ ʜʦʜʘʚʘʥʥʷʤ 

ʣʽʪʝʨʠ, ʱʦ ʢʦʥʢʨʝʪʠʟʫʻ, ʧʝʨʰʘ ʟ ʷʢʠʭ ʦʟʥʘʯʘʻ ʟʘʭʠʩʪ ʚʽʜ ʧʦʧʘʜʘʥʥʷ 

ʪʚʝʨʜʠʭ ʧʨʝʜʤʝʪʽʚ, ʜʨʫʛʘ ï  ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ [12]. ʂʦʜ ʤʘʻ 

ʚʠʛʣʷʜ IPXX, ʜʝ ʥʘ ʧʦʟʠʮʽʷʭ X ʟʥʘʭʦʜʷʪʴʩʷ ʮʠʬʨʠ ʘʙʦ ʩʠʤʚʦʣ X, 

ʷʢʱʦ ʩʪʫʧʽʥʴ ʥʝ ʚʠʟʥʘʯʝʥʦ. ɿʘ ʮʠʬʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʘ ʘʙʦ ʜʚʽ 

ʣʽʪʝʨʠ, ʱʦ ʜʘʶʪʴ ʜʦʧʦʤʽʞʥʫ ʽʥʬʦʨʤʘʮʽʶ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʫʧʝʥʶ ʟʘʭʠʩʪʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 7 ʩʪʫʧʝʥʽʚ ʚʽʜ 

0 ʜʦ 6 ʚʽʜ ʧʦʧʘʜʘʥʥʷ ʚʩʝʨʝʜʠʥʫ ʪʚʝʨʜʠʭ ʪʽʣ (ʧʝʨʰʘ ʮʠʬʨʘ 

ʧʦʟʥʘʯʝʥʥʷ) ʪʘ ʚʽʜ 0 ʜʦ 8 ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʜʠʥʠ (ʜʨʫʛʘ ʮʠʬʨʘ 

ʧʦʟʥʘʯʝʥʥʷ). ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʟʘʭʠʩʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʙʨʝʚʽʘʪʫʨʘ IP (ʜʠʚ. ʪʘʙʣʠʮ ʁ 1.2). ʅʘʧʨʠʢʣʘʜ, ʧʦʙʫʪʦʚʘ 

ʝʣʝʢʪʨʠʯʥʘ ʨʦʟʝʪʢʘ ʤʦʞʝ ʤʘʪʠ ʩʪʫʧʽʥʴ ʟʘʭʠʩʪʫ IP22 ï ʚʦʥʘ 

ʟʘʭʠʱʝʥʘ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʧʘʣʴʮʽʚ ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʰʢʦʜʞʝʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦ ʘʙʦ ʤʘʡʞʝ ʚʝʨʪʠʢʘʣʴʥʦ ʚʦʜʦʶ, ʱʦ ʢʘʧʘʻ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʟʘʭʠʩʪʫ ʟʘ ʮʽʻʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ð IP68: 

ʪʦʙʪʦ ʧʠʣʦʥʝʧʨʦʥʠʢʥʠʡ ʧʨʠʣʘʜ, ʱʦ ʚʠʪʨʠʤʫʻ ʪʨʠʚʘʣʝ ʟʘʥʫʨʝʥʥʷ 

ʫ ʚʦʜʫ ʧʽʜ ʪʠʩʢʦʤ. ɺ ʜʘʥʠʡ ʯʘʩ ʤʘʢʩʠʤʘʣʴʥʘ ʤʽʨʘ ʟʘʭʠʩʪʫ ï  IP69-

K ï ʮʝ ʤʘʨʢʫʚʘʥʥʷ ʢʦʨʧʫʩʽʚ ʚʠʨʦʙʽʚ, ʱʦ ʚʠʪʨʠʤʫʶʪʴ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ ʤʠʪʪʷ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ [45].  

ʑʦʜʦ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʽʩʥʫʶʪʴ ʪʘʢʽ ʚʠʜʠ ʚʠʢʦʥʘʥʥʷ: 

- ʟʘʭʠʱʝʥʽ IP21, IP22 (ʥʝ ʥʠʞʯʝ); 

- ʙʨʠʟʢʦʟʘʭʠʱʝʥʽ, ʢʨʘʧʣʝʟʘʭʠʱʝʥʽ IP23, IP24; 

- ʚʦʜʦʟʘʭʠʱʝʥʽ IP55, IP56; 

- ʧʠʣʦʟʘʭʠʱʝʥʽ IP65, IP66; 

- ʟʘʢʨʠʪʝ IP44 ï IP54, ʫ ʮʠʭ ʘʧʘʨʘʪʽʚ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʩʪʽʨ 

ʽʟʦʣʴʦʚʘʥʦ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

- ʛʝʨʤʝʪʠʯʥʝ IP67, IP68, ʪʘʢʽ ʘʧʘʨʘʪʠ ʚʠʢʦʥʘʥʽ ʟ ʦʩʦʙʣʠʚʦ 

ʱʽʣʴʥʦʶ ʽʟʦʣʷʮʽʻʶ ʚʽʜ ʜʦʚʢʽʣʣʷ.  

ʂʣʽʤʘʪʠʯʥʝ ʚʠʢʦʥʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʛʽʜʥʦ ʟ ɻʆʉʊ 15150-69 [14]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ ʣʽʪʝʨʘʤʠ: ʋ (N) ï ʧʦʤʽʨʥʠʡ ʢʣʽʤʘʪ, ʍʃ (NF) ï 

ʭʦʣʦʜʥʠʡ ʢʣʽʤʘʪ, ʊɹ (TH) ï ʪʨʦʧʽʯʥʠʡ ʚʦʣʦʛʠʡ ʢʣʽʤʘʪ, ʊʉ (ʊɸ) ï 

ʪʨʦʧʽʯʥʠʡ ʩʫʭʠʡ ʢʣʽʤʘʪ, ʆ (U) ï ʚʩʽ ʢʣʽʤʘʪʠʯʥʽ ʨʘʡʦʥʠ, ʥʘ ʩʫʰʽ, 
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ʨʽʯʢʘʭ ʽ ʦʟʝʨʘʭ, ʄ ï ʧʦʤʽʨʥʠʡ ʤʦʨʩʴʢʠʡ ʢʣʽʤʘʪ, ʆʄ ï ʚʩʽ ʨʘʡʦʥʠ 

ʤʦʨʷ, ɺ ï ʚʩʽ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʽ ʨʘʡʦʥʠ ʥʘ ʩʫʰʽ ʪʘ ʥʘ ʤʦʨʽ. 

ʂʘʪʝʛʦʨʽʾ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ:  

- ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ,  

- ʧʨʠʤʽʱʝʥʥʷ, ʜʝ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʥʝ 
ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʢʦʣʠʚʘʥʴ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ,  

- ʟʘʢʨʠʪʽ ʧʨʠʤʽʱʝʥʥʷ ʽʟ ʧʨʠʨʦʜʥʦʶ ʚʝʥʪʠʣʷʮʽʻʶ ʙʝʟ 

ʰʪʫʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ɺʽʜʩʫʪʥʽ ʜʽʾ ʧʽʩʢʫ ʪʘ 

ʧʠʣʫ, ʩʦʥʮʷ ʪʘ ʚʦʜʠ (ʜʦʱ),  

- ʧʨʠʤʽʱʝʥʥʷ ʽʟ ʰʪʫʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, 
ʪʦʙʪʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ ʧʽʩʢʫ ʪʘ ʧʠʣʫ, ʩʦʥʮʷ ʪʘ ʚʦʜʠ (ʜʦʱʫ), 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ,  

- ʧʨʠʤʽʱʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ (ʪʨʠʚʘʣʘ ʥʘʷʚʥʽʩʪʴ 
ʚʦʜʠ ʘʙʦ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʚʦʣʦʛʠ)  

ʂʣʽʤʘʪʠʯʥʝ ʚʠʢʦʥʘʥʥʷ ʪʘ ʢʘʪʝʛʦʨʽʷ ʨʦʟʤʽʱʝʥʥʷ ʚʚʦʜʠʪʴʩʷ ʚ 

ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʪʠʧʫ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʚʠʨʦʙʫ. 

ɺʠʙʽʨ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ̒  ʟʘʚʜʘʥʥʷʤ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʷʢʦʛʦ 

ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ:  

- ʢʦʤʫʪʦʚʘʥʽ ʝʣʝʢʪʨʠʯʥʠʤ ʘʧʘʨʘʪʦʤ ʩʪʨʫʤʠ, ʥʘʧʨʫʛʠ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ;  

- ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʘʢʪʠʚʥʝ, ʽʥʜʫʢʪʠʚʥʝ, 

ʻʤʥʽʩʥʝ, ʥʠʟʴʢʦʛʦ ʘʙʦ ʚʠʩʦʢʦʛʦ ʦʧʦʨʫ ʪʘ ʽʥ.;  

- ʯʠʩʣʦ ʢʽʣ, ʱʦ ʢʦʤʫʪʫʶʪʴʩʷ;  

- ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʠ ʢʽʣ ʢʝʨʫʚʘʥʥʷ;  

- ʥʘʧʨʫʛʘ ʢʦʪʫʰʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʫ;  

- ʨʝʞʠʤ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ - ʢʦʨʦʪʢʦʯʘʩʥʠʡ, ʪʨʠʚʘʣʠʡ, 

ʧʦʚʪʦʨʥʦ-ʢʦʨʦʪʢʦʯʘʩʥʠʡ;  

- ʫʤʦʚʠ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ - ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʪʠʩʢ, 

ʥʘʷʚʥʽʩʪʴ ʚʽʙʨʘʮʽʾ ʪʘ ʽʥʰʽ;  

- ʩʧʦʩʦʙʠ ʢʨʽʧʣʝʥʥʷ ʘʧʘʨʘʪʫ;  

- ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ;  

- ʟʨʫʯʥʽʩʪʴ ʩʧʦʣʫʯʝʥʥʷ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʫʤʽʩʥʽʩʪʴ ʟ 

ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʘʧʘʨʘʪʘʤʠ;  

- ʩʪʽʡʢʽʩʪʴ ʜʦ ʝʣʝʢʪʨʠʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʪʝʨʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ;  

- ʢʣʽʤʘʪʠʯʥʝ ʚʠʢʦʥʘʥʥʷ ʪʘ ʢʘʪʝʛʦʨʽʷ ʨʦʟʤʽʱʝʥʥʷ;  



20 

 

- ʩʪʫʧʝʥʶ ʟʘʭʠʩʪʫ IP,  

- ʚʠʤʦʛʠ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ;  

- ʚʠʩʦʪʘ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ;  

- ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

1.2 ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ 

 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʽʣʴʰʦʩʪʽ ʘʧʘʨʘʪʽʚ ʻ 

ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ (Uʥʦʤ) ï ʮʝ ʥʘʧʨʫʛʘ, ʥʘ ʷʢʫ ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʘʧʘʨʘʪ, ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʤʫʪʘʮʽʾ, ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʽʟʦʣʷʮʽʾ ʡʦʛʦ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʯʘʩʪʠʥ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɽN 50160-2014 [23] ʰʢʘʣʘ ʥʘʧʨʫʛʠ ʜʣʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʩʪʘʥʦʚʠʪʴ: 36; 127; 220; 

380; 660; 1140 ɺ; ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ: 6; 

12; 24; 27; 48; 110; 220; 440; 600; 750 ɺ. ʇʨʠ ʮʴʦʤʫ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʽʣ ʢʝʨʫʚʘʥʥʷ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘʜʽʡʥʘ 

ʨʦʙʦʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʥʘʧʨʫʛʠ ʜʦ 1,1Uʥʦʤ, 

ʘ ʚ ʢʦʣʽ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʡʦʛʦ ʟʤʽʥʽ ʚʽʜ 0,85Uʥʦʤ ʜʦ 1,1Uʥʦʤ. ʋ ʢʦʣʘʭ 

ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʰʢʘʣʘ ʥʦʤʽʥʘʣʴʥʦ ʾ ʥʘʧʨʫʛʠ ʤʘʻ ʥʘʩʪʫʧʥʽ 

ʟʥʘʯʝʥʥʷ: 3; 6; 10; 15; 20; 24; 27; 35; 110; 150; 220; 330; 500; 750 ʢɺ 

[23].  

ɯʥʰʠʤ ʦʩʥʦʚʥʠʤ ʪʝʭʥʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ, 

ʪʨʠʚʘʣʝ ʧʨʦʪʽʢʘʥʥʷ ʷʢʦʛʦ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʪʷʛʦʤ 8 ʛʦʜ) ʥʝ ʚʠʢʣʠʢʘʻ 

ʥʘʛʨʽʚʘʥʥʷ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʯʘʩʪʠʥ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚʠʱʝ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʣʘʩʦʤ ʽʟʦʣʷʮʽʾ, ʟ ʷʢʦʶ ʮʽ 

ʯʘʩʪʠʥʠ ʤʘʶʪʴ ʪʦʯʢʠ ʜʦʪʠʢʫ. ʅʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʚʠʟʥʘʯʘʶʪʴ 

ʥʘʩʪʫʧʥʫ ʰʢʘʣʫ ʥʦʤʽʥʘʣʴʥʠʭ ʩʪʨʫʤʽʚ: 1; 3; 6; 10; 25; 40; 63; 100; 

160; 250; 400; 630; 1000; 1600; 2500; 4000 ʪʘ 6300 ɸ.  

ʋ ʢʦʣʘʭ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ: 200; 400; 630; 800; 1000; 1250; 1600; 

2000; 2500; 3150; 4000; 5000; 6300; 8000; 10000; 12500; 16000; 

20000; 25000; 31500 ɸ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʚʪʦʨʥʦ-ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʘʧʘʨʘʪʫ ʯʘʩʪʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʥʷʪʪʷʤ çʜʦʧʫʩʪʠʤʠʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ 

ʩʪʨʫʤ ʪʨʠʚʘʣʦʛʦ ʨʝʞʠʤʫè [19].  

ʅʦʤʽʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ ï ʮʝ ʩʪʨʫʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʫ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴʩʷ 
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ʧʽʜʧʨʠʻʤʩʪʚʦʤ-ʚʠʨʦʙʥʠʢʦʤ ʟʘʣʝʞʥʦ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʨʦʙʦʯʦʾ 

ʥʘʧʨʫʛʠ, ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʪʠʧʦʚʠʢʦʥʘʥʥʷ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʙʪʦ, ʮʝ ʩʪʨʫʤ ʨʝʘʣʴʥʦ 

ʽʩʥʫʶʯʠʡ ʫ ʢʦʣʽ, ʜʝ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʘʧʘʨʘʪ. 

ʅʦʤʽʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ 

ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ʘʧʘʨʘʪʫ. ɸ ʥʦʤʽʥʘʣʴʥʘ ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ 

ʜʦʨʽʚʥʶʻ ʥʘʧʨʫʟʽ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ ʝʣʝʢʪʨʠʯʥʠʡ 

ʘʧʘʨʘʪ ʤʦʞʝ ʨʦʙʠʪʠ.  

ɼʣʷ ʘʧʘʨʘʪʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ, ʟʦʢʨʝʤʘ, ʜʣʷ ʢʦʥʪʘʢʪʦʨʽʚ ʪʘ 

ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʢʘʪʝʛʦʨʽʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʫ. ɺʠʟʥʘʯʝʥʠʤʠ ʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʘʢʪʦʨʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʽ ʧ'ʷʪʴ ʢʘʪʝʛʦʨʽʡ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʘʢʪʦʨʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʂʘʪʝʛʦʨʽʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ 

ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʢʘʟʫʶʪʴʩʷ ʨʝʞʠʤʠ ʥʦʨʤʘʣʴʥʠʭ (ʯʘʩʪʠʭ) ʪʘ 

ʨʽʜʢʽʩʥʠʭ ʢʦʤʫʪʘʮʽʡ (ʜʠʚ. ʪʘʙʣʠʮʶ 1.1). ʇʨʠʯʦʤʫ ʚ ʢʦʞʥʦʤʫ 

ʨʝʞʠʤʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ ʪʘ 

ʚʠʨ̔ʟʥ̫ʶʪʴʩʷ ʯʦʪʠʨʠ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʞʥʫ 

ʢʘʪʝʛʦʨʽʶ ʟʘʩʪʦʩʫʚʘʥʥʷ [5, 28, 44, 45, 51].  

1) ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʫ (ʪʠʧ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʢʦʤʫʪʫʻʪʴʩʷ). ɸʧʘʨʘʪ ʫ ʢʦʞʥʽʡ ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʝ 

ʨʦʙʠʪʠ ʟ ʧʝʚʥʠʤ ʪʠʧʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʘʧʘʨʘʪ, ʷʢʠʡ 

ʧʨʘʮʶ ̒ʚ ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-3, ʧʦʚʠʥʝʥ ʚʢʣʶʯʘʪʠ ʧʫʩʢʦʚʽ 

ʩʪʨʫʤʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ, ʘ 

ʚʽʜʢʣʶʯʘʪʠ ʪʦʡ ʞʝ ʜʚʠʛʫʥ, ʱʦ ʧʨʘʮʶʻ ʚ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ. 

ɸʧʘʨʘʪ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-4, ʧʦʚʠʥʝʥ 

ʚʢʣʶʯʘʪʠ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʽ ʚʽʜʢʣʶʯʘʪʠ 

ʩʪʘʪʦʨʥʫ ʦʙʤʦʪʢʫ ʜʚʠʛʫʥʘ, ʱʦ ʧʦʚʽʣʴʥʦ ʦʙʝʨʪʘʻʪʴʩʷ ʘʙʦ 

ʥʝʨʫʭʦʤʦʛʦ ʜʚʠʛʫʥʘ (ʟʘʛʘʣʴʤʦʚʘʥʠʡ ʜʚʠʛʫʥ). ɿʥʘʯʥʦ ʣʝʛʰʠʤʠ ʻ 

ʬʫʥʢʮʽʾ ʘʧʘʨʘʪʫ ʚ ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-1, ʢʦʣʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʻ ʘʢʪʠʚʥʝ, ʘʙʦ ʩʣʘʙʦʽʥʜʫʢʪʠʚʥʝ ʢʦʣʦ.  

ɸʥʘʣʦʛʽʯʥʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʦʣʘʭ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʢʦʣʠ ʚ ʥʘʡʙʽʣʴʰ ʚʘʞʢʦʤʫ ʨʝʞʠʤʽ ʘʧʘʨʘʪ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺʉ-5 (ʚʢʣʶʯʝʥʥʷ ʧʫʩʢʦʚʠʭ 

ʩʪʨʫʤʽʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʽ ʚʽʜʢʣʶʯʝʥʥʷ 

ʥʝʨʫʭʦʤʠʭ ʘʙʦ ʧʦʚʽʣʴʥʦ ʦʙʝʨʪʦʚʠʭ ʜʚʠʛʫʥʽʚ).  
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ʊʘʙʣʠʮʷ 1.1 ï  ʂʘʪʝʛʦʨʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʽʚ 
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ʈʝʞʠʤ ʥʦʨʤʘʣʴʥʠʭ ʢʦʤʫʪʘʮʽʡ 

ɿʤʽʥʥʠʡ 

AC-1 

AC-21 
ɺʩʽ  

ʟʥʘʯʝʥ- 

ʥ ̫

1 

1 

0,95 

ï 

1 
1 

0,95 

ï 

AC-2 2,5 
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AC-3 

ʜʦ 17 

6 

1 0,17 
ʙʽʣʴʰʝ 

17 
0, 35 0, 35 

AC-4 

ʜʦ 17 0,65 

6 1 
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ʙʽʣʴʰʝ 

17 
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2
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.1 

1 2 3 4 5 6 7 8 9 10 11 

ɿʤʽʥʥʠʡ 

AC-11 ɺʩʽ 

ʟʥʘʯʝʥ-

ʥ ̫

10 

 

0,7 

 1  

0,4 

 

AC-22 

1 

0,65 0,65 

AC-23 

ʜʦ 17 

ʙʽʣɹh ʝ 

17 
0,35 0,35 

ʇʦʩʪʽʡʥʠʡ 

DC-1 

DC-21 

ɺʩʽ 

ʟʥʘʯʝʥ-

ʥ ̫

1 

1 ï 

1 
1 

1 

ï 

1 

DC-2 

2,5 

2 
0,1 7,5 

DC-3 2,5 1 2 

DC-4 
7,5 

1 0,3 10 

DC-5 2,5 

1 

7,5 

DC-11 

1 

ʜʦ 300 

1 

ʜʦ 300 

DC-22 2 2 

DC-23 7,5 7,5 

  

2
3

2
3 

2
3 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.1 

1 2 3 4 5 6 7 8 9 10 11 

ʈʝʞʠʤ ʨʽʜʢʠʭ ʢʦʤʫʪʘʮʽʡ 

ɿʤʽʥʥʠʡ 

 

AC-1 

AC-21 
ɺʩʽ  

ʟʥʘʯʝʥ-

ʥ ̫

1,5 

1,1 

0,95 

ï 

1 ,5 

1,1 

0,95 

ï 

AC-2 4 
0,65 

4 
0,65 

AC-3 

ʜʦ 17 
10 8 

17ï100 

0, 35 0, 35 ʙʽʣʴʰʝ  

100 
8 6 

AC-4 

ʜʦ 1 7 
 

0, 65 
 

0, 65 

17ï100 

0, 35 0, 35 ʙʽʣʴʰʝ  

100 
10 8 

AC-11 ɺʩʽ  

ʟʥʘʯʝʥ-

ʥ ̫

11 0,7 11 0,7 

AC-20 ****  ***  ****  ****  

AC-22 ʜʦ 17 3 0,65 3 0,65 

AC-23 

17ï100 10 

0, 35 

8 

0, 35 ʙʽʣʴʰʝ  

100 
8 6 

  

 
 

2
4 
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ʂʽʥʝʮʴ ʪʘʙʣʠʮʽ 1.1 

1 2 3 4 5 6 7 8 9 10 11 

ʇʦʩʪʽʡʥʠʡ 

DC-1  

DC-21 

ɺʩʽ  

ʟʥʘʯʝʥ-

ʥ ̫

ï ï 

ï 

ï ï ï 

ï 

ï 

       

DC-2 

4 

1,1 
2,5 

4 
1,1 

2,5 
DC-3 

DC-4 
15 15 

DC-5 

DC-11 1,1 **  1,1 **  

ʇʦʩʪʽʡʥʠʡ 

Dʉ-20 
ɺʩʽ  

ʟʥʘʯʝʥ-

ʥ ̫

****  

1,1 ï 

****  ****  

1,1 ï 

****  

Dʉ-22 
4 

2,5 
4 

2,5 

Dʉ-23 15 15 

 
ʇʦʟʥʘʯʢʠ:  *  ɿʤʽʥʥʠʡ ʩʪʨʫʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʶʯʠʤ ʟʥʘʯʝʥʥʷʤ ʩʠʤʝʪʨʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ.  

**  ɼʣʷ ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ DC-11 ʩʪʘʣʘ ʯʘʩʫ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʟʘʟʥʘʯʝʥʘ ʷʢ Ű 0,95 (ʯʘʩ, ʤʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 0,95 ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʩʪʨʫʤʫ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ, ʷʢʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ Ű0,95 = 6ʈ, ʜʝ ʈ ï ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʥʝ ʙʽʣʴʰʝ 50 ɺʪ. ʗʢʱʦ 
ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʚʠʱʫʻ 50 ɺ, Ű ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦ  ʁ300 ʤʩ).  

  ***  ɼʣʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʩʪʨʫʤʫ ʧʦʥʘʜ 100 ɸ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʤʫʪʦʚʘʥʦʛʦ ʩʪʨʫʤʫ: 1000 ɸ ï ʜʣʷ ʢʘʪʝʛʦʨʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɸʉ-3 ʪʘ ɸʉ-23 ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʪʘ ɸʉ-4 ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ; 800 ɸ ï ʜʣʷ ʢʘʪʝʛʦʨʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-3 ʪʘ ɸʉ-23 ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ; 1200 ɸ ï ʜʣʷ 
ʢʘʪʝʛʦʨʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-4 ʧʽʜ ʯʘʩ ʫʚʽʤʢʥʝʥʥʷ.  

****  ʗʢʱʦ ʜʣʷ ʢʘʪʝʛʦʨʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-20 ʪʘ Dʉ-20 ʢʦʤʫʪʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ 
ʧʦʪʫʞʥʦʩʪʽ (ʘʙʦ ʩʪʘʣʦʾ ʯʘʩʫ) ʢʦʣʘ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʪʘʥʦʚʣʝʥʠʤ ʫ ʩʪʘʥʜʘʨʪʘʭ ʘʙʦ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ ʥʘ ʢʦʥʢʨʝʪʥʽ ʚʠʜʠ ʘʙʦ ʩʝʨʽʾ ʪʘ ʪʠʧʠ 

ʘʧʘʨʘʪʽʚ. 
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2) ʉʪʨʫʤ ʢʦʤʫʪʘʮʽʾ I0, ʪʦʙʪʦ ʟʘʟʚʠʯʘʡ ʥʘʜʘʶʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʫʪʦʚʘʥʦʛʦ ʩʪʨʫʤʫ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ 

ʩʪʨʫʤʫ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʤʫʪʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʘʧʘʨʘʪʫ, ʡʦʛʦ ʢʦʥʪʘʢʪʥʦ-ʜʫʛʦʛʘʩʥʦʾ ʩʠʩʪʝʤʠ.  

3) ʅʘʧʨʫʛʘ U, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʟ 

ʥʦʤʽʥʘʣʴʥʦʶ ʨʦʙʦʯʦʶ ʥʘʧʨʫʛʦʶ. ʋ ʨʝʞʠʤʽ ʨʽʜʢʠʭ ʢʦʤʫʪʘʮʽʡ 

ʘʧʘʨʘʪ ʧʦʚʠʥʝʥ ʚʠʪʨʠʤʫʚʘʪʠ 10% ʧʝʨʝʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘʜ 

ʥʦʤʽʥʘʣʴʥʠʤ.  

4) ʍʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʫʪʘʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʪʫʞʥʦʩʪʽ ÃÏÓʒ ʢʦʣʘ, ʱʦ ʢʦʤʫʪʫʻʪʴʩʷ (ʜʣʷ ʢʽʣ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ), ʘʙʦ ʩʪʘʣʦʾ ʯʘʩʫ ʢʦʣʘ Ű, ʤʩ (ʜʣʷ ʢʽʣ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ).  

ɺʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʘʧʘʨʘʪʫ, ʱʦ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʚʠʙʦʨʽ ʢʦʥʪʘʢʪʦʨʽʚ ʜʣʷ ʢʝʨʫʚʘʥʥʷ  ʧʨʷʤʠʤ ʧʫʩʢʦʤ ɸʊ ʟ 

ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ ʚʽʥ ʧʦʚʠʥʝʥ ʚ ʨʝʞʠʤʽ ʥʦʨʤʘʣʴʥʠʭ 

ʢʦʤʫʪʘʮʽʡ ʚʢʣʶʯʘʪʠ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ (ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-3 

ʽ ɸʉ-4), ʘ ʚ ʨʝʞʠʤʽ ʨʽʜʢʠʭ ʢʦʤʫʪʘʮʽʡ ʚʽʜʢʣʶʯʘʪʠ ʥʦʤʽʥʘʣʴʥʽ 

ʩʪʨʫʤʠ ( ʢʘʪʝʛʦʨʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-3) ʘʙʦ ʫʜʘʨʥʽ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ 

(ʢʘʪʝʛʦʨʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-4).  

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʘʧʘʨʘʪʽʚ 

ʢʝʨʫʚʘʥʥʷ ʻ ʨʝʞʠʤ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ. ʂʦʥʪʘʢʪʦʨʠ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʚ ʦʜʥʦʤʫ, ʜʝʢʽʣʴʢʦʭ ʘʙʦ ʫ ʚʩʽʭ ʥʘʩʪʫʧʥʠʭ ʨʝʞʠʤʘʭ: ʫ 

ʪʨʠʚʘʣʦʤʫ, ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ, ʧʦʚʪʦʨʥʦ-ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʪʘ 

ʧʝʨʝʨʠʚʯʘʩʪʦ-ʪʨʠʚʘʣʦʤʫ [14, 19, 45, 47, 53]. ʍʘʨʘʢʪʝʨ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʘʥʥʷ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʯʘʩʪʠʥ ʘʧʘʨʘʪʫ ʫ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʆʢʨʝʤʦ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ ʧʦʚʪʦʨʥʦ-ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ, ʷʢʠʡ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦʶ 

ʪʨʠʚʘʣʽʩʪʶ ʚʢʣʶʯʝʥʥʷ [51]: 
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ʅʘʩʧʨʘʚʜʽ ʧʨʠʡʥʷʪʽ ʥʦʨʤʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʚʢʣʶʯʝʥʥʷ ʇɺ%: 15, 25, 40, 60%.  

ʏʘʩʪʦʪʘ ʚʢʣʶʯʝʥʴ ʘʧʘʨʘʪʫ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ 

ʘʧʘʨʘʪʫ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʢʦʤʫʪʘʮʽʡ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʟʘ ʛʦʜʠʥʫ. ʅʦʨʤʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʚʢʣʶʯʝʥʴ 

ʢʦʥʪʘʢʪʦʨʽʚ ʟʘ ʛʦʜʠʥʫ ʩʪʘʥʦʚʣʷʪʴ: 6; 30; 150; 600; 1200; 2400; 3600; 

7200.  

ʇʨʠ ʚʠʙʦʨʽ ʢʦʥʪʘʢʪʦʨʘ ʯʠ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʫʤʦʚʠ, ʫ ʷʢʠʭ ʚʦʥʠ ʧʨʘʮʶʚʘʪʠʤʫʪʴ. ɺʠʟʥʘʯʝʥʦ 10 ʪʠʧʽʚ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʫ, ʷʢʽ ʨʦʟʨ̔ʟʥ̫ʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ: 

ʚʠʨʦʙʠ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʩʫʰʽ, ʨʽʯʢʘʭ, ʪʘ ʚʠʨʦʙʠ, 

ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʨʘʡʦʥʘʭ ʟ ʤʦʨʩʴʢʠʤ ʢʣʽʤʘʪʦʤ 

[39]. ʗʢ ʚʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ ʩʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ 

 ̒ʪʘʢʽ ʢʣʽʤʘʪʠʯʥʽ ʚʠʢʦʥʘʥʥʷ ʘʧʘʨʘʪʽʚ:  

- ʋ ï ʟ ʧʦʤʽʨʥʠʤ ʢʣʽʤʘʪʦʤ;  

- ʋʍʃ ï ʟ ʧʦʤʽʨʥʠʤ ʪʘ ʭʦʣʦʜʥʠʤ ʢʣʽʤʘʪʦʤ;  

- ʊ ï ʽʟ ʩʫʭʠʤ ʪʘ ʚʦʣʦʛʠʤ ʪʨʦʧʽʯʥʠʤ ʢʣʽʤʘʪʦʤ;  

- ʆ ï ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʨʘʡʦʥʽʚ, ʢʨʽʤ ʨʘʡʦʥʽʚ ʽʟ ʜʫʞʝ ʭʦʣʦʜʥʠʤ 

ʢʣʽʤʘʪʦʤ.  

ʂʨʽʤ ʪʦʛʦ, ʚʠʜʽʣʝʥʦ ʧ'ʷʪʴ ʢʘʪʝʛʦʨʽʡ ʨʦʟʤʽʱʝʥʥʷ ʘʧʘʨʘʪʽʚ ʪʘ 

ʧʨʠʩʪʨʦʾʚ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ, ʚ ʷʢʠʭ ʚʦʥʠ ʧʦʚʠʥʥʽ ʨʦʙʠʪʠ: ʨʦʙʦʯʝ 

ʪʘ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 

ʧʦʚʽʪʨʷ, ʥʦʨʤʠ ʥʘʷʚʥʦʩʪʽ ʧʠʣʫ, ʭʘʨʘʢʪʝʨ ʘʪʤʦʩʬʝʨʠ ʪʦʱʦ. 

ɿʘʟʥʘʯʘʶʪʴ ʪʘʢʽ ʢʘʪʝʛʦʨʽʾ ʨʦʟʤʽʱʝʥʥʷ ʘʧʘʨʘʪʽʚ:  

- 1 ï ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ;  

- 2 ï ʧʽʜ ʥʘʚʽʩʦʤ, ʘʣʝ ʟ ʪʽʻʶ ʞ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʡ ʥʘ ʧʦʚʽʪʨʽ;  

- 3 ï ʫ ʟʘʢʨʠʪʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʧʨʠʨʦʜʥʦʶ ʚʝʥʪʠʣʷʮʽʻʶ;  

- 4 ï ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʟʽ ʰʪʫʯʥʦ ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʣʽʤʘʪʦʤ;  

- 5 ï ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ (ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʰʘʭʪʘʭ, ʧʽʜʚʘʣʘʭ ʪʘ ʽʥ.).  

ʂʣʽʤʘʪʠʯʥʝ ʚʠʢʦʥʘʥʥʷ ʪʘ ʢʘʪʝʛʦʨʽʷ ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʪʘʢʪʦʨʽʚ, 

ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ, ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʪʘ ʽʥʰʠʭ ʘʧʘʨʘʪʽʚ 

ʚʢʘʟʫʶʪʴʩʷ ʚ ʾʭ ʧʦʟʥʘʯʝʥʥʷʭ. ʅʘʧʨʠʢʣʘʜ, ʢʦʥʪʘʢʪʦʨ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʂʇ-207-ʋ3 ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʩʝʨʝʜʦʚʠʱʘʭ ʟ 

ʧʦʤʽʨʥʠʤ ʢʣʽʤʘʪʦʤ (ʋ), ʫ ʟʘʢʨʠʪʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʧʨʠʨʦʜʥʦʶ 

ʚʝʥʪʠʣʷʮʽʻʶ (3) ʪʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʱʦ ʜʦʨʽʚʥʶʻ 40 Áʉ. 



 

28 

 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʧʘʜʘʥʥʷ ʚʩʝʨʝʜʠʥʫ ʘʧʘʨʘʪʫ ʩʪʦʨʦʥʥʽʭ ʪʽʣ ʽ 

ʚʦʜʠ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʜʦʪʠʢʫ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʟʽ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤʠ ʪʘ ʨʫʭʦʤʠʤʠ ʯʘʩʪʠʥʘʤʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʟʘʭʠʩʥʘ ʦʙʦʣʦʥʢʘ. ʉʪʫʧʽʥʴ ʟʘʭʠʩʪʫ ʧʦʟʥʘʯʘʻʪʴʩʷ ʣʽʪʝʨʘʤʠ IP ʪʘ 

ʜʚʦʤʘ ʮʠʬʨʘʤʠ. ʇʝʨʰʘ ʮʠʬʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʟʘʭʠʩʪʫ 

ʘʧʘʨʘʪʫ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʚʩʝʨʝʜʠʥʫ ʩʪʦʨʦʥʥʽʭ ʪʽʣ ʽ ʚʽʜ ʜʦʪʠʢʫ 

ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʟ ʜʝʪʘʣʷʤʠ ʘʧʘʨʘʪʫ, ʘ ʜʨʫʛʘ ʮʠʬʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʭʠʩʪ ʘʧʘʨʘʪʫ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ (ʜʠʚ. ʪʘʙʣʠʮʶ 

1.2). ʅʘʧʨʠʢʣʘʜ, ʤʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ, ʱʦ ʤʘʻ ʩʪʫʧʽʥʴ ʟʘʭʠʩʪʫ IP54, 

ʥʝ ʟʘʭʠʱʝʥʠʡ ʧʦʚʥʽʩʪʶ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʚʩʝʨʝʜʠʥʫ ʦʙʦʣʦʥʢʠ 

ʧʠʣʫ, ʧʨʦʪʝ ʧʠʣ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ ʩʘʤʦʛʦ ʘʧʘʨʘʪʫ. 

ʂʨʽʤ ʪʦʛʦ, ʚʦʜʘ, ʱʦ ʨʦʟʙʨʠʟʢʫʻʪʴʩʷ ʥʘ ʦʙʦʣʦʥʢʫ ʚ ʙʫʜʴ-ʷʢʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʥʝ ʧʦʚʠʥʥʘ ʰʢʽʜʣʠʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʘʧʘʨʘʪ. 

ɽʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʜʝ ʧʨʘʮʶʶʪʴ ʨʽʟʥʽ ʤʘʰʠʥʠ ʪʘ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʚʽʙʨʘʮʽʶ ʪʘ ʫʜʘʨʠ. ʎʽ ʚʧʣʠʚʠ ʩʧʨʠʡʤʘʶʪʴʩʷ ʘʧʘʨʘʪʘʤʠ, 

ʽ ʤʦʞʝ ʩʪʘʪʠʩʷ ʧʦʨʫʰʝʥʥʷ ʾʭ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ. ɺʠʤʦʛʠ ʱʦʜʦ 

ʚʽʙʨʦ- ʪʘ ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ ʘʧʘʨʘʪʽʚ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʥʦʨʤʘʪʠʚʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ. 

ʋʩʴʦʛʦ ʻ 29 ʛʨʫʧ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ. ʅʘʧʨʠʢʣʘʜ, ʫ ʛʨʫʧʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʄ1 (ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʪʽʥʘʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʬʫʥʜʘʤʝʥʪʫ ʪʦʱʦ) ʘʧʘʨʘʪ ʧʦʚʠʥʝʥ ʚʠʪʨʠʤʫʚʘʪʠ ʚʽʙʨʘʮʽʡʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʘʩʪʦʪʦʶ ʜʦ 35 ɻʮ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷʤ 0,5 ʤ/ʩ2. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʨʽʚʝʥʴ ʘʧʘʨʘʪʽʚ. ʉʝʨʝʜ ʥʠʭ 

ʤʝʭʘʥʽʯʥʘ ʪʘ ʢʦʤʫʪʘʮʽʡʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʽʣʴʢʽʩʪʶ ʢʦʤʫʪʘʮʽʡ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʽʥ 

ʩʪʘʥʝ ʥʝʧʨʠʜʘʪʥʠʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʡʦʛʦ ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥ ʽ ʢʦʤʫʪʫʶʪʴ ʢʦʥʪʘʢʪʽʚ, ʷʢʽ 

ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ. 

ɺʽʜʦʢʨʝʤʣʶʻʪʴʩʷ ʪʨʠ ʢʘʪʝʛʦʨʽʾ ʢʦʤʫʪʘʮʽʡʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ (ɸ, ɹ ʽ 

ɺ) ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʥʠʭ ʥʘʢʣʘʜʦʢ ʘʧʘʨʘʪʫ.  

ʂʦʥʪʘʢʪʠ, ʚʠʢʦʥʘʥʽ ʟ ʢʦʥʪʘʢʪʥʠʤʠ ʥʘʢʣʘʜʢʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʩʨʽʙʣʘ (ʥʘʧʨʠʢʣʘʜ, ʉʆʂ-15) ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ɸ ʽ ʤʘʶʪʴ 

ʧʽʜʚʠʱʝʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʄʝʭʘʥʽʯʥʘ ʪʘ ʢʦʤʫʪʘʮʽʡʥʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʘʧʘʨʘʪʽʚ ʢʝʨʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ ʥʦʨʤʘʣʴʥʠʭ ʢʦʤʫʪʘʮʽʡ.   
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ɼʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʨʦʟʧʦʜʽʣʴʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʥʘʧʨʠʢʣʘʜ, 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʪʘ ʟʘʧʦʙʽʞʥʠʢʽʚ, ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ 

ʛʨʘʥʠʯʥʘ ʢʦʤʫʪʘʮʽʡʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ (ʟʜʘʪʥʽʩʪʴ) (ɻʂɿ). 

ɻʨʘʥʠʯʥʘ ʢʦʤʫʪʘʮʽʡʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʘʧʘʨʘʪʫ 
ʚʽʜʢʣʶʯʘʪʠ (ʚʢʣʶʯʘʪʠ) ʚʝʣʠʢʽ ʩʪʨʫʤʠ, ʟʘʣʠʰʘʶʯʠʩʴ ʧʨʠ ʮʴʦʤʫ 

ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ, ʪʦʙʪʦ ʮʝ ʥʘʡʙʽʣʴʰʘ ʟʜʘʪʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚʽʜʢʣʶʯʘʪʠ ʽ ʚʢʣʶʯʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʘʡʙʽʣʴʰʘ ʟʜʘʪʥʽʩʪʴ ʘʧʘʨʘʪʫ ʚʽʜʢʣʶʯʘʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʶʯʠʤ 

ʟʥʘʯʝʥʥʷʤ ʩʪʨʫʤʫ ʂɿ ʚ ʢʦʣʽ, ʷʢʠʡ ʘʧʘʨʘʪ ʟʜʘʪʥʠʡ ʨʦʟʽʤʢʥʫʪʠ ʽ 

ʫʩʧʽʰʥʦ ʧʦʛʘʩʠʪʠ ʧʨʠ ʮʴʦʤʫ ʝʣʝʢʪʨʠʯʥʫ ʜʫʛʫ, ʷʢʘ ʚʠʥʠʢʘʻ. 

 
ʊʘʙʣʠʮʷ 1.2 ï ʉʪʫʧʝʥʴ ʟʘʭʠʩʪʫ ʘʧʘʨʘʪʽʚ (ɯʈ) 

ʇʦʟʥʘ-

ʯʝʥʥʷ 

ʩʪʫʧʝʥʽʚ 

ʟʘʭʠʩʪʫ 

ɿʘʭʠʩʪ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ 

ʪʚʝʨʜʠʭ ʪʽʣ ʪʘ ʜʦʪʠʢʫ 

ʧʝʨʩʦʥʘʣʫ ʟʽ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤʠ 

ʯʘʩʪʠʥʘʤʠ, ʱʦ 

ʦʙʝʨʪʘʶʪʴʩʷ. 

ɿʘʭʠʩʪ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ 

ʚʦʜʠ 

1 2 3 

0 ʉʧʝʮʽʘʣʴʥʠʡ ʟʘʭʠʩʪ ʚʽʜʩʫʪʥʽʡ. 

1 

ɿʘʭʠʩʪ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ 

ʚʩʝʨʝʜʠʥʫ ʦʙʦʣʦʥʢʠ 

ʚʝʣʠʢʦʾ ʜʽʣʷʥʢʠ ʣʶʜʩʴʢʦʛʦ 

ʪʽʣʘ, ʥʘʧʨʠʢʣʘʜ, ʨʫʢʠ ʪʘ 

ʪʚʝʨʜʠʭ ʪʽʣ ʨʦʟʤʽʨʦʤ ʧʦʥʘʜ 

50 ʤʤ 

ʂʨʘʧʣʽ ʚʦʜʠ, ʱʦ ʧʘʜʘʶʪʴ 

ʚʝʨʪʠʢʘʣʴʥʦ ʥʘ ʦʙʦʣʦʥʢʫ, 

ʥʝ ʤʘʶʪʴ ʰʢʽʜʣʠʚʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʘʧʘʨʘʪ 

2 

ɿʘʭʠʩʪ ʧʘʣʴʮʽʚ ʘʙʦ 

ʧʨʝʜʤʝʪʽʚ ʜʦʚʞʠʥʦʶ ʥʝ 

ʙʽʣʴʰʝ 80 ʤʤ ʪʘ ʪʚʝʨʜʠʭ ʪʽʣ 

ʨʦʟʤʽʨʦʤ ʧʦʥʘʜ 12 ʤʤ. 

ʂʨʘʧʣʽ ʚʦʜʠ, ʱʦ ʧʘʜʘʶʪʴ 

ʥʘ ʦʙʦʣʦʥʢʫ ʚʝʨʪʠʢʘʣʴʥʦ, 

ʥʝ ʤʘʶʪʴ ʰʢʽʜʣʠʚʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʘʧʘʨʘʪ ʧʨʠ 

ʥʘʭʠʣʽ ʦʙʦʣʦʥʢʠ ʜʦ 150 

ʚʽʜʥʦʩʥʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ 

3 

ɿʘʭʠʩʪ ʚʽʜ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʜʨʦʪʽʚ ʪʘ ʪʚʝʨʜʠʭ ʪʽʣ 

ʜʽʘʤʝʪʨʦʤ ʤʝʥʰʠʭ ʟʘ 

2,5 ʤʤ 

ɼʦʱ, ʷʢʠʡ ʧʘʜʘʻ ʥʘ 

ʦʙʦʣʦʥʢʫ ʧʽʜ ʢʫʪʦʤ 600 ʚʽʜ 

ʚʝʨʪʠʢʘʣʽ, ʥʝ ʤʘʻ ʰʢʽʜʣʠʚʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʘʧʘʨʘʪ 

  



 

30 

 

ʂʽʥʝʮʴ ʪʘʙʣʠʮʽ 1.2 
1 2 3 

4 
ɿʘʭʠʩʪ ʚʽʜ ʪʚʝʨʜʠʭ ʪʽʣ 

ʨʦʟʤʽʨʦʤ ʙʽʣʴʰʠʭ ʟʘ 1 ʤʤ 

ɹʨʠʟʢʠ, ʱʦ ʧʘʜʘʶʪʴ ʥʘ 

ʦʙʦʣʦʥʢʫ ʚ ʙʫʜʴ-ʷʢʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʥʝ ʤʘʶʪʴ 

ʰʢʽʜʣʠʚʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʘʧʘʨʘʪ 

5 

ɿʘʭʠʩʪ ʚʽʜ ʧʠʣʫ ʚ ʢʽʣʴʢʦʩʪʽ, 

ʱʦ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ 

ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʚʠʨʦʙʫ 

ʉʪʨʫʤʝʥʽ, ʱʦ ʚʠʢʠʜʘʶʪʴʩʷ 

ʚ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ, ʥʝ 

ʤʘʶʪʴ ʰʢʽʜʣʠʚʦ ʚʧʣʠʚʘʪʠ 

ʥʘ ʘʧʘʨʘʪ 

6 
ɿʘʭʠʩʪ ʚʽʜ ʧʠʣʫ ʧʦʚʥʠʡ 

(ʧʠʣʦʥʝʧʨʦʥʠʢʥʠʡ) 

ɿʘʭʠʩʪ ʚʽʜ ʭʚʠʣʴ (ʚʦʜʘ ʧʨʠ 

ʭʚʠʣʶʚʘʥʥʽ ʥʝ ʤʘʻ 

ʧʦʪʨʘʧʠʪʠ ʚʩʝʨʝʜʠʥʫ ʚ 

ʢʽʣʴʢʦʩʪʽ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʧʦʰʢʦʜʞʝʥʥʷ ʘʧʘʨʘʪʫ) 

7 ɿʘʭʠʩʪ ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʫ ʚʦʜʫ 

ɺʦʜʘ ʥʝ ʧʦʚʠʥʥʘ 

ʧʦʪʨʘʧʠʪʠ ʚʩʝʨʝʜʠʥʫ 

ʦʙʦʣʦʥʢʠ ʚ ʢʽʣʴʢʦʩʪʽ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʧʦʰʢʦʜʞʝʥʥʷ 

ʘʧʘʨʘʪʫ, ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʫ 

ʚʦʜʫ ʥʘ ʢʦʨʦʪʢʠʡ ʯʘʩ 

8 
ɿʘʭʠʩʪ ʧʨʠ ʪʨʠʚʘʣʦʤʫ 

ʟʘʥʫʨʝʥʥʽ ʫ ʚʦʜʫ 

ɺʦʜʘ ʥʝ ʧʦʚʠʥʥʘ 

ʧʦʪʨʘʧʠʪʠ ʚʩʝʨʝʜʠʥʫ 

ʦʙʦʣʦʥʢʠ ʚ ʢʽʣʴʢʦʩʪʽ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʧʦʰʢʦʜʞʝʥʥʷ 

ʘʧʘʨʘʪʫ, ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʫ 

ʚʦʜʫ ʥʘ ʧʨʠ ʪʨʠʚʘʣʦʤʫ 

ʟʘʥʫʨʝʥʥʽ ʫ ʚʦʜʫ 

 

 

ʅʘʡʙʽʣʴʰʘ ʟʜʘʪʥʽʩʪʴ ʘʧʘʨʘʪʫ ʚʢʣʶʯʘʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰʠʤ ʘʤʧʣʽʪʫʜʥʠʤ ʟʥʘʯʝʥʥʷʤ ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ 

ʚ ʢʦʣʽ, ʷʢʠʡ ʘʧʘʨʘʪ ʟʜʘʪʥʠʡ ʚʢʣʶʯʠʪʠ ʙʝʟ ʫʰʢʦʜʞʝʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʙʝʟ ʧʨʠʚʘʨʶʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ. ʅʘʡʯʘʩʪ̔h ʝ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʥʷʪʪʷʤ 

ʦʜʥʦʨʘʟʦʚʦʾ ʛʨʘʥʠʯʥʦʾ ʢʦʤʫʪʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪ̔, ʧʽʜ ʷʢʦʶ 

ʨʦʟʫʤʽʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʘʧʘʨʘʪʫ ʦʜʠʥ ʨʘʟ ʚʽʜʢʣʶʯʠʪʠ ʫʜʘʨʥʠʡ ʩʪʨʫʤ 

ʂɿ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʥ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʧʨʠʜʘʪʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʨʦʙʦʪʠ ʘʙʦ ʧʦʪʨʝʙʫʻ ʨʝʤʦʥʪʫ.  
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1.3 ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ  

 

1.3.1 ʗʢʽ ʘʚʘʨʽʡʥʽ ʨʝʞʠʤʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʣʘʭ? ɰʭʥʽ ʦʩʦʙʣʠʚʦʩʪʽ.  

1.3.2 ʗʢʽ ʩʧʦʞʠʚʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ? ʋ 

ʯʦʤʫ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ?  

1.3.3 ʑʦ ʪʘʢʝ ʟʘʭʠʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʧʘʨʘʪʫ? ʗʢ ʚʦʥʘ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʙ'ʻʢʪʘ, ʱʦ 

ʟʘʭʠʱʘʻʪʴʩʷ?  

1.3.4 ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 0,4 ʢɺ? ɺʽʜ ʯʦʛʦ 

ʟʘʣʝʞʠʪʴ ʩʪʨʫʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʫ ʪʘʢʠʭ ʤʝʨʝʞʘʭ?  

1.3.5 ʗʢʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘʟʠʚʘʶʪʴ 

ʦʩʥʦʚʥʠʤʠ? ʏʦʤʫ?  

1.3.6 ʑʦ ʪʘʢʝ ʢʘʪʝʛʦʨʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ 

ʢʝʨʫʚʘʥʥʷ? ʑʦ ʚʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻ?  

1.3.7 ʑʦ ʪʘʢʝ ʛʨʘʥʠʯʥʘ ʢʦʤʫʪʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘ ʢʦʤʫʪʘʮʽʡʥʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʘʧʘʨʘʪʫ? 
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2 ʂʆʅʊɸʂʊʀ ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅʀʍ ɸʇɸʈɸʊɯɺ 

 

ʂʦʥʪʘʢʪʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʩʮʝ ʤʝʭʘʥʽʯʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʡʦʛʦ ʟʘʤʠʢʘʥʥʷ ʘʙʦ ʨʦʟʤʠʢʘʥʥʷ.  

ʆʩʥʦʚʥʽ ʪʝʨʤʽʥʠ ʪʘ ʧʦʥʷʪʪʷ, ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʦʤ 

(ɻʆʉʊ14312-79) [13] ʥʘʩʪʫʧʥʽ: 

- ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ (ʢ.-ʜ.) ï ʮʝ ʯʘʩʪʠʥʘ 

ʧʦʚʝʨʭʥʽ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʦʥʪʘʢʪʫ; 

- ʫʤʦʚʥʘ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ï ʮʝ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢ.-

ʜ., ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽʪʢʥʝʥʥʷ ʟ ʽʥʰʦʶ ʢ.-ʜ.; 

- ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ï ʮʝ ʯʘʩʪʠʥʘ ʫʤʦʚʥʦʾ ʧʣʦʱʽ 

ʢʦʥʪʘʢʪʫ, ʯʝʨʝʟ ʷʢʫ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʧʝʨʝʭʦʜʠʪʴ ʟ ʦʜʥʽʻʾ ʢ.-ʜ. ʜʦ 

ʽʥʰʦʾ; 

- ʟʘʟʦʨ ʢʦʥʪʘʢʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ï ʮʝ ʥʘʡʢʦʨʦʪʰʘ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʫʭʦʤʦʶ ʪʘ ʥʝʨʫʭʦʤʦʶ ʢ.-ʜ. ʧʨʠ ʾʭ ʨʦʟʽʤʢʥʝʥʦʤʫ 

ʩʪʘʥʽ; 

- ʧʨʦʚʘʣ ʢʦʥʪʘʢʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ï ʮʝ ʚʽʜʩʪʘʥʴ ʘʙʦ 

ʥʘʜʣʠʰʢʦʚʠʡ ʭʽʜ ʢʦʥʪʘʢʪʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʚʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʫ ʢʦʥʪʘʢʪʥʦʤʫ ʝʣʝʤʝʥʪʽ ʧʽʩʣʷ 

ʪʦʛʦ, ʷʢ ʢʦʥʪʘʢʪ ʟʘʡʤʝ ʩʚʦʻ ʟʘʤʢʥʝʥʝ (ʨʦʟʽʤʢʥʝʥʝ) ʧʦʣʦʞʝʥʥʷ ʜʣʷ 

ʟʘʤʠʢʘʣʴʥʦʛʦ (ʨʦʟʤʠʢʘʣʴʥʦʛʦ) ʚʘʨʽʘʥʪʫ ʢʦʥʪʘʢʪ - ʜʝʪʘʣʽ.  

- ʥʘʪʠʩʢʘʥʥʷ ï ʮʝ ʩʠʣʘ, ʱʦ ʜʽʻ ʤʽʞ ʜʚʦʤʘ ʟʘʤʠʢʘʣʴʥʠʤʠ 

ʢʦʥʪʘʢʪ-ʜʝʪʘʣʷʤʠ, ʥʦʨʤʘʣʴʥʘ ʜʦ ʧʦʚʝʨʭʥʽ ʾʭ ʟʽʪʢʥʝʥʥʷ Fʢ; 

- ʦʧʽʨ ʢʦʥʪʘʢʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʦʨʫ ʢ.-ʜ. 

Rʢ.- ʜ ʪʘ ʧʝʨʝʭʽʜʥʦʛʦ ʦʧʦʨʫ ʢʦʥʪʘʢʪʘ R ʧʝʨ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ, ʪʦʙʪʦ 

Rʢ = Rʢ.- ʜ. + R ʧʝʨ; 

- ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ R ʧʝʨ ʢʦʥʪʘʢʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ï  ʮʝ ʻ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʦʥʠ ʢʦʥʪʘʢʪʫʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʦʶ ʧʣʦʱʝʶ ʢʦʥʪʘʢʪʘ, ʽ ʜʦʨʽʚʥʶʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 

ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʪʘʢʪʥʦʤʫ ʧʝʨʝʭʦʜʽ ʜʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʮʝʡ 

ʧʝʨʝʭʽʜ. 

ʅʘ ʨʠʩ. 2.1 ʥʘʚʝʜʝʥʘ ʩʪʠʩʣʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʪʽʚ.  
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ʈʠʩʫʥʦʢ 2.1 ï ʉʪʠʩʣʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ [51] 

 

ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʨʦʙʦʪʽ ʢʦʥʪʘʢʪʽʚ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ, ʫʤʦʚʘʤʠ 

ʜʦʚʢʽʣʣʷ, ʧʨʦʮʝʩʘʤʠ ʚ ʟʘʤʢʥʝʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ, ʧʨʠ 

ʚʤʠʢʘʥʥʽ ʪʘ ʚʠʤʠʢʘʥʥʽ [2, 6, 8, 34, 40].  

ɺʽʜʦʤʦ, ʱʦ ʫʤʦʚʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʫ 

ʟʘʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʷʜʦʤ ʪʝʧʣʦʬʽʟʠʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ 

ʽ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʢʦʥʪʘʢʪʫ. 

ʄʽʢʨʦʪʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʨʦʚʽʜʭʠʣʝʥʥʷʤʠ ʬʦʨʤʠ, ʭʚʠʣʷʩʪʽʩʪʶ ʽ 

ʰʦʨʩʪʢʽʩʪʶ.  

ʅʘʩʧʨʘʚʜʽ, ʥʘʚʽʪʴ ʽʜʝʘʣʴʥʦ ʛʣʘʜʢʽ ʧʦʚʝʨʭʥʽ ʩʪʠʩʢʘʶʪʴʩʷ ʥʝ 

ʙʽʣʴʰʝ ʥʽʞ ʚ ʪʨʴʦʭ ʪʦʯʢʘʭ (ʤʽʩʮʷʭ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ 

ʧʝʨʝʨʽʟʫ (ʨʠʩ. 2.2, ʘ). 

ʇʨʠ ʮʴʦʤʫ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʧʨʦʭʦʜʠʪʴ ʣʠʰʝ ʚ ʤʽʩʮʷʭ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ, ʘ ʦʪʞʝ ʟʤʝʥʰʫʻʪʴʩʷ ʧʣʦʱʘ Sʢ, ʯʝʨʝʟ ʷʢʫ 

ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ. ɼʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʣʽʥʽʾ ʩʪʨʫʤʫ ʥʽʙʠ ʩʪʷʛʫʶʪʴʩʷ ʜʦ 
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ʨʝʘʣʴʥʦʾ ʧʣʦʱʽ ʥʘʪʠʩʢʘʥʥʷ (ʨʠʩ. 2.2, ʙ, ʛ), ʘ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʦʧʦʨʫ ʩʪʷʛʥʝʥʥʷ Rʩ. ʅʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʽʚ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʣʽʚʢʠ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʤʘʪʝʨʽʘʣʫ ʟ 

ʜʦʚʢʽʣʣʷʤ. ʆʩʦʙʣʠʚʦ ʮʝ ʤʘʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʘʣʦʧʦʪʫʞʥʠʭ 

ʢʦʥʪʘʢʪʽʚ. 

 

 
 

ʈʠʩʫʥʦʢ 2.2 ï ʂʘʨʪʠʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʝ ʟôʻʜʥʘʥʥʷ: 
 

ʘ ï ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ; ʙ ï ʤʽʩʮʷ ʩʪʷʛʫʚʘʥʥʷ ʩʪʨʫʤʫ;  

ʚ ï  ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ ʥʘʪʠʩʢʘʥʥʷ; 

ʛ ï ʤʽʩʮʷ ʨʝʘʣʴʥʠʭ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫʚʘʥʥʷ 

 

ɼʦ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʧʣʽʚʦʢ ʚʽʜʥʦʩʷʪʴʩʷ: ʘʜʩʦʨʙʦʚʘʥʽ ʢʠʩʥʝʚʽ 

(ʘʜʛʝʟʽʡʥʽ) ʧʣʽʚʢʠ ʪʘ ʧʣʽʚʢʠ ʧʦʪʴʤʘʨʝʥʥʷ (ʦʢʠʩʥʽ ʘʙʦ ʩʫʣʴʬʽʜʥʽ). 

ʇʣʽʚʢʠ ʩʧʨʠʷʶʪʴ ʧʦʷʚʽ ʦʧʦʨʫ ʧʣʽʚʦʢ  Rʧʣ. ʆʢʨʽʤ ʪʠʭ ʧʣʽʚʦʢ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʟ ʩʝʨʝʜʦʚʠʱʝʤ, ʢʦʥʪʘʢʪʠ ʤʦʞʫʪʴ 

ʟʘʙʨʫʜʥʶʚʘʪʠʩʷ ʧʨʠ ʚʠʨʦʙʣʝʥʥʽ ʨʝʣʝ ʦʨʛʘʥʽʯʥʠʤʠ 

(ʚʫʛʣʝʚʦʜʥʝʚʠʤʠ) ʨʝʯʦʚʠʥʘʤʠ ʧʣʘʩʪʤʘʩʦʚʦʛʦ ʢʘʨʢʘʩʘ ʢʦʪʫʰʢʠ ʪʘ 

ʽʟʦʣʷʮʽʾ ʧʨʦʚʽʜʥʠʢʽʚ ʢʦʪʫʰʢʠ, ʘ ʷʢʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʧʘʷʥʥʷ, ʪʦ ʽ 
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ʯʘʩʪʢʘʤʠ ʧʨʠʧʦʶ ʪʘ ʬʣʶʩʫ. ɸʣʝ ʮʽ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʨʝʪʝʣʴʥʦ ʚʠʜʘʣʷʪʠ ʧʝʨʝʜ ʛʝʨʤʝʪʠʟʘʮʽʻʶ ʨʝʣʝ.  

ʂʦʞʥʘ ʦʜʠʥʠʯʥʘ ʧʣʷʤʘ ʢʦʥʪʘʢʪʫ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʨʽʟʥʠʭ 

ʜʽʣʷʥʦʢ: 

- ʟ ʯʠʩʪʦ ʤʝʪʘʣʝʚʠʤ ʢʦʥʪʘʢʪʦʤ; 

- ʟ ʢʚʘʟʽʤʝʪʘʣʝʚʠʤ ʢʦʥʪʘʢʪʦʤ (ʢʦʣʠ ʢʦʥʪʘʢʪʥʽ ʝʣʝʤʝʥʪʠ 
ʨʦʟʜʽʣʝʥʽ ʪʦʥʢʦʶ ʘʜʛʝʟʽʡʥʦʶ ʧʣʽʚʢʦʶ ʘʙʦ ʪʦʥʢʦʶ ʜʦ 20 ɸ0 

ʧʣʽʚʢʦʶ ʧʦʪʴʤʘʨʝʥʥʷ); 

- ʟ ʥʝʤʝʪʘʣʽʯʥʠʤ ʢʦʥʪʘʢʪʦʤ, ʚʢʨʠʪʠʤ ʪʦʚʩʪʠʤʠ ʧʣʽʚʢʘʤʠ 

ʧʦʪʴʤʘʨʝʥʥʷ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦ ʜʚʦʭ ʦʧʦʨʽʚ Rʩ ʪʘ Rʧʣ ʜʦʜʘʻʪʴʩʷ ʦʧʽʨ, 

ʫʪʚʦʨʝʥʠʡ ʚʠʢʨʠʚʣʝʥʥʷʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ 

Rʢʨ .ʊʦʜʽ ʩʫʤʘʨʥʠʡ ʦʧʽʨ ʙʫʜʝ ʨʽʚʥʠʡ 

 

.ʢʨʧʣʩʧʝʨ RRRR ++=  (2.1) 

 

ɿʘʟʚʠʯʘʡ Rʢʨ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʢʽʣʴʢʦʭ ʩʦʪʠʭ ʦʜ ʚʽʜʩʦʪʢʽʚ ʚʽʜ Rʩ  
ʽ Rʢʨ , ʪʦʤʫ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʡʦʛʦ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ. ʏʠʩʪʽ 

ʢʦʥʪʘʢʪʠ ʤʘʶʪʴ ʦʧʽʨ .0ºʧʝʨR  ɸʜʛʝʟʽʡʥʽ ʧʣʽʚʢʠ ʟʘʟʚʠʯʘʡ ʜʫʞʝ 

ʪʦʥʢʽ, ʤʘʶʪʴ ʪʫʥʝʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʟʜʘʪʥʽ ʧʨʦʧʫʩʢʘʪʠ 

ʝʣʝʢʪʨʦʥʠ. ʊʘʢʘ ʢʦʥʪʘʢʪʥʘ ʧʣʷʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʚʘʟʽʤʝʪʘʣʝʚʦʶ. 

ʆʢʠʩʥʽ ʽ ʩʫʣʴʬʽʜʥʽ ʧʣʽʚʢʠ ʧʨʦʙʠʚʘʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʦ, ʪʦʙʪʦ 

ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʦʙʦʻʤ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʧʝʚʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʚʩʝʨʝʜʠʥʽ ʧʣʽʚʢʠ. ʊʘʢʠʡ ʧʨʦʙʽʡ ʥʦʩʠʪʴ 

ʥʘʟʚʫ ʬʨʽʪʽʥʛ. ʌʨʽʪʽʥʛ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʯʠʩʪʠʤʠ ʤʝʪʘʣʘʤʠ ʽ ʧʦʜʘʣʴʰʦʤʫ 

ʤʽʢʨʦʟʘʭʦʧʣʝʥʥʶ ʟ ʛʣʠʙʠʥʥʠʤ ʚʠʨʠʚʘʥʥʷʤ ʧʨʠ ʚʠʤʠʢʘʥʥʽ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʚʽʜ ʧʣʽʚʦʢ ʧʦʟʙʘʚʣʷʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʧʨʦʬʽʣʘʢʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʨʝʞʠʤʽ ʯʘʩ ʨʦʙʦʪʠ ʦʙʤʝʞʫʻʪʴʩʷ 8 ʛʦʜʠʥʘʤʠ, ʧʨʠ ʮʴʦʤʫ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʧʣʽʚʦʢ ʧʨʠ ʧʝʨʽʦʜʠʯʥʠʭ ʚʤʠʢʘʥʥʷʭ ʽ 

ʚʠʤʠʢʘʥʥʷʭ, ʚʠʧʘʣʶʚʘʥʥʽ ʜʫʛʦʶ, ʧʝʨʝʢʦʯʫʚʘʥʥʷʤ ʽ ʪʘʢʝ ʽʥʰʝ. 

ʗʢʱʦ ʞ ʟʘ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ ʥʝ ʤʦʞʥʘ ʚʽʜʢʣʶʯʘʪʠ ʝʣʝʢʪʨʠʯʥʠʡ 

ʘʧʘʨʘʪ, ʪʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʦʤʽʥʘʣʴʥʽ ʩʪʨʫʤʠ Iʥ ʥʝʦʙʭʽʜʥʦ 

ʟʤʝʥʰʠʪʠ ʧʨʠʙʣʠʟʥʦ ʥʘ 20% ʟʘʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʘʛʨʽʚʘʥʥʷ, ʪʦʱʦ. 

ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʦʧʽʨ ʢʦʥʪʘʢʪʫ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 
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ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʫ, ʯʠʩʣʘ ʧʣʦʱʘʜʦʢ ʪʦʨʢʘʥʥʷ ʽ ʩʠʣʠ ʥʘʪʠʩʢʘʥʥʷ, 

ʪʦʤʫ ʤʽʜʥʽ ʢʦʥʪʘʢʪʠ ʧʦʢʨʠʚʘʶʪʴʩʷ ʩʨʽʙʣʦʤ, ʘʙʦ ʨʦʙʦʯʽ ʜʽʣʷʥʢʠ 

ʢʦʥʪʘʢʪʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʨʽʙʥʠʤʠ ʥʘʢʣʘʜʢʘʤʠ. ʇʨʠ ʨʝʤʦʥʪʥʠʭ 

ʨʦʙʦʪʘʭ ʥʘ ʥʝʨʫʭʦʤʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟôʻʜʥʘʥʥʷʭ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʤʽʢʨʦʟʩʫʚʠ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʧʣʽʚʦʢ. ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʧʣʽʚʦʢ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʟʘʧʦʙʽʛʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚʠʥʝʥʥʷ 

ʥʘʜʤʽʨʥʦ ʚʝʣʠʢʠʭ ʩʠʣ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʦʨʢʘʥʥʷ ʢʦʪʘʢʪʽʚ. 

ɼʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʝʭʽʜʥʦʛʦ ʦʧʦʨʫ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʥʘʩʪʫʧʥʫ ʝʤʧʽʨʠʯʥʫ ʬʦʨʤʫʣʫ [2, 3, 29, 47, 53, 55]: 
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ʜʝ  K1 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʘʪʝʨʽʘʣ ʽ ʩʪʘʥ ʢʦʥʪʘʢʪʥʠʭ 

ʧʦʚʝʨʭʦʥʴ; 

Ŭ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʫ; 

ȹɗ = ɗʨ - ɗ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʛʨʽʚʫ ʢʦʥʪʘʢʪʫ, ʧʨʠ ʨʦʙʦʯʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ɗʨ ʫ ʟʨʽʚʥʷʥʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦʚʢʽʣʣʷ ɗ0; 

Fʢ ï ʩʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʪʠʩʢʘʥʥʷ; 

m ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʢʦʥʪʘʢʪʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ 

0,5 ʜʣʷ ʪʦʯʢʦʚʦʛʦ ʢʦʥʪʘʢʪʫ; 0,5...0,8 ï  ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʪʘ 1,0 ï  ʜʣʷ 

ʧʣʦʱʠʥʥʦʛʦ. 

ʂʨʽʤ ʪʦʛʦ ʦʧʽʨ Rʧʝʨ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʽʚ. ʇʨʠ ʰʣʽʬʫʚʘʥʥʽ ʧʦʚʝʨʭʥʷ ʚʠʩʪʫʧʽʚ ʻ ʙʽʣʴʰ ʧʦʣʦʛʦʶ ʟ 

ʙʽʣʴʰʦʶ ʧʣʦʱʝʶ. ɿʤʠʥʘʥʥʷ ʪʘʢʠʭ ʚʠʩʪʫʧʽʚ ʤʦʞʣʠʚʝ ʣʠʰʝ ʧʨʠ 

ʚʝʣʠʢʠʭ ʩʠʣʘʭ ʥʘʪʠʩʢʘʥʥʷ. ʊʦʤʫ ʦʧʽʨ ʰʣʽʬʦʚʘʥʠʭ ʢʦʥʪʘʢʪʽʚ 

(ʢʨʠʚʘ 2) ʚʠʱʠʡ, ʥʽʞ ʢʦʥʪʘʢʪʽʚ ʽʟ ʛʨʫʙʽʰʦʶ ʦʙʨʦʙʢʦʶ (ʢʨʠʚʘ 1) 

(ʜʠʚ. ʨʠʩ. 2.2, ʚ).  

ʈʦʟʨʽʟʥʷʶʪʴ ʢʦʥʪʘʢʪʠ ʥʝʨʫʭʦʤʽ (ʨʠʩ. 2.3 ʘ) ʪʘ ʨʫʭʦʤʽ. ʆʩʪʘʥʥʽ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʦʚʟʥʽ ʪʘ ʩʪʠʢʦʚʽ. ʊʠʧʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʚʟʥʦʛʦ 

ʢʦʥʪʘʢʪʫ (ʨʠʩ. 2.3 ʙ) ʤʽʩʪʠʪʴ ʨʫʭʦʤʠʡ ʢʦʥʪʘʢʪ (1) ʽ ʚʠʣʢʫ (2). 

ʅʘʪʠʩʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʫʞʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ ʚʠʣʢʠ 

ʪʘ ʧʣʦʩʢʠʭ ʧʨʫʞʠʥ (3). ʗʢ ʩʪʠʢʦʚʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʩʪʢʦʚʽ 

ʢʦʥʪʘʢʪʠ (ʨʠʩ. 2.3, ʛ) ʪʘ ʽʥ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 
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ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʘʞʽʣʴʥʽ ʢʦʥʪʘʢʪʠ ʟ ʧʝʨʝʢʦʯʫʚʘʥʥʷʤ ʦʜʥʦʛʦ 

ʢʦʥʪʘʢʪʫ ʱʦʜʦ ʽʥʰʦʛʦ (ʨʠʩ. 2,3, ʚ). ʋ ʨʦʟʽʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʨʫʭʦʤʠʡ 

ʢʦʥʪʘʢʪ (1) ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʛʦ (2) ʫ ʚʢʘʟʘʥʦʤʫ ʥʘ 

ʨʠʩ. (2.3, ʚ) ʧʦʣʦʞʝʥʥʽ. ʇʦʯʘʪʦʢ ʟʽʪʢʥʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʧʨʠ ʾʭ 

ʟʘʤʠʢʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦʯʮʽ ɸ, ʘ ʧʨʠ ʜʦʪʠʩʢʘʥʥʽ ʪʦʯʢʘ ʢʦʥʪʘʢʪʫ 

ʢʦʥʪʘʢʪʽʚ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚ ʪʦʯʢʫ ɹ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʪʘʢʪʠ ʤʝʥʰʝ 

ʧʽʜʜʘʶʪʴʩʷ ʝʨʦʟʽʾ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ. ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʾʾ ʛʘʩʽʥʥʷ 

ʧʨʠ ʨʦʟʤʠʢʘʥʥʽ ʢʦʥʪʘʢʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ çʨʦʛʠè (3), ʚʟʜʦʚʞ ʷʢʠʭ 

ʜʫʛʘ ʧʝʨʝʤʽʱʘʻʪʴʩʷ, ʨʦʟʪʷʛʫʻʪʴʩʷ ʪʘ ʛʘʩʥʝ.  

 
ʈʠʩʫʥʦʢ 2.3 ï ʂʦʥʩʪʨʫʢʮʽʾ ʨʫʭʦʤʠʭ ʪʘ ʥʝʨʫʭʦʤʠʭ ʢʦʥʪʘʢʪʽʚ [83] 

 

ɺʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʤʠʪʪʻʚʠʤ. ʇʨʠ 

ʨʦʟʨʠʚʽ ʢʦʣʘ ʩʪʨʫʤʫ ʚʠʥʠʢʥʝʥʥʷ ʙʽʣʴʰʦʾ ʯʠ ʤʝʥʰʦʾ ɽʈʉ 

ʩʘʤʦʽʥʜʫʢʮʽʾ ʻ ʥʝʤʠʥʫʯʠʤ. ʇʽʜ ʜʽʻʶ ʮʽʻʾ ɽʈʉ ʽ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ 

ʧʨʦʤʽʞʦʢ ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ, ʱʦ ʨʦʟʭʦʜʷʪʴʩʷ, ʧʨʦʙʠʚʘʻʪʴʩʷ ʽ ʚʠʥʠʢʘʻ 

ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ. ɿʥʘʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʫʛʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ ʯʠ ʟʚʘʨʶʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ. ʆʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʘ ʜʽʷ 

ʜʫʛʠ ʚ ʘʧʘʨʘʪʘʭ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʷʭ ʩʪʨʫʤʽʚ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ.  ɺʽʜʢʣʶʯʝʥʥʷ ʢʽʣ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʪʨʫʤʫ 



 

38 

 

ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʩʪʨʫʤ ʧʝʨʽʦʜʠʯʥʦ 

ʥʘʙʫʚʘʻ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘʩʽʥʥʷ ʜʫʛʠ. 

ɿʥʘʯʥʦ ʚʘʞʯʝ ʚʽʜʢʣʶʯʝʥʥʷ ʢʽʣ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ. 

ɺʠʤʠʢʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ 

ʧʦʛʣʠʥʘʥʥʷ ʟʥʘʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʛʦ 

ʛʦʨʽʥʥʷ ʜʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ʄʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, 

ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʘʜʞʝ ʚʽʜ ʥʠʭ ʟʘʣʝʞʠʪʴ ʫʩʧʽʰʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʩʭʝʤʠ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʽʛʨʘʶʪʴ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʪʘʢʠʭ ʚʝʣʠʢʠʭ ʩʬʝʨʘʭ, ʷʢ ʝʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ ʪʘ 

ʝʣʝʢʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʆʪʞʝ, ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʩʧʨʘʚʜʽ ʜʫʞʝ ʚʘʞʣʠʚʠʡ. ʋʩʧʽʰʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʜʣʷ ʩʧʝʮʠʬʽʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʥʘʩʣʽʜʢʦʤ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ. ʇʨʠ ʚʠʙʦʨʽ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʫʚʘʪʠ ʙʝʟʣʽʯ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦʙ ʧʽʜʽʙʨʘʪʠ ʩʘʤʝ ʪʦʡ 

ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʦʧʪʠʤʘʣʴʥʦ ʧʽʜʽʡʜʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ. ɼʝʷʢʽ 

ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʥʠʞʯʝ. 

 

 
 

ʈʠʩʫʥʦʢ 2.4 ï ʌʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ  
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ʉʠʣʘ ʥʘʪʠʩʢʘʥʥʷ ʢʦʥʪʘʢʪʫ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʧʘʨʠ 

ʢʦʥʪʘʢʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʣʠ ʧʨʠ ʟʘʤʢʥʝʥʽʡ ʧʦʟʠʮʽʾ ʢʦʥʪʘʢʪʽʚ. 

ʂʦʥʪʘʢʪʠ ʤʘʶʪʴ ʚʠʷʚʣʷʪʠ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʷʛʦʤ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʠ 

ʷʢʽʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʧʣʦʱʘ ʢʦʥʪʘʢʪʽʚ. ʎʷ 

ʢʦʥʪʘʢʪʥʘ ʩʠʣʘ ʜʫʞʝ ʝʬʝʢʪʠʚʥʘ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʦʥʪʘʢʪʠ 

ʤʘʶʪʴ ʚʠʢʨʠʚʣʝʥʫ ʧʦʚʝʨʭʥʶ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʘʢʪʘʤʠ, ʷʢʽ ʤʘʶʪʴ 

ʨʽʚʥʫ ʧʦʚʝʨʭʥʶ. ʊʘʢʦʞ ʢʦʥʪʘʢʪʥʘ ʩʠʣʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜ 1 ʛʨʘʤʘ ʜʦ 1 

ʢʽʣʦʛʨʘʤʘ. ʄʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʦʥʪʘʢʪʫ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʪʨʠʤʘʪʠ ʮʶ ʢʦʥʪʘʢʪʥʫ ʩʠʣʫ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʥʪʘʢʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʛʠ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʢʦʥʪʘʢʪʠ ʧʦʚʠʥʥʽ ʷʢ ʧʨʦʧʫʩʢʘʪʠ, ʪʘʢ ʽ 

ʥʝ ʧʨʦʧʫʩʢʘʪʠ ʧʽʜ ʯʘʩ ʩʚʦʻʾ ʨʦʙʦʪʠ. ʊʦʤʫ ʟʚʽʩʥʦ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠʜʽʣʠʪʠ ʯʠʤʘʣʦ ʫʚʘʛʠ ʮʴʦʤʫ ʬʘʢʪʦʨʫ ʧʨʠ ʧʽʜʙʦʨʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʢʦʥʪʘʢʪʫ. ʊʽ ʢʦʥʪʘʢʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʟ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʟʤʦʞʝ 

ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʜʘʯʫ ʟ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ, ʟ ʷʢʦʛʦ ʡʜʝ ʧʦʩʪʽʡʥʠʡ 

ʩʪʨʫʤ, ʥʘ ʽʥʰʠʡ ʢʦʥʪʘʢʪ. ɺʽʜʧʦʚʽʜʥʦ, ʥʘ ʦʜʥʦʤʫ ʟ ʮʠʭ ʢʦʥʪʘʢʪʽʚ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʫʛʦʨ, ʘ ʥʘ ʧʦʚʝʨʭʥʽ ʽʥʰʦʛʦ ʢʦʥʪʘʢʪʫ ʤʘʻ ʙʫʪʠ ʦʪʚʽʨ 

(ʥʘ ʪʦʤʫ ʢʦʥʪʘʢʪʽ, ʟ ʷʢʦʛʦ ʡʜʝ ʧʦʩʪʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ). 

ʅʘʧʨʷʤʦʢ ʧʝʨʝʜʘʯʽ ʤʦʞʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʷʢ ʧʦʟʠʪʠʚʥʠʡ ʚ 

ʥʝʛʘʪʠʚʥʠʡ, ʪʘʢ ʽ ʥʘʚʧʘʢʠ. ʎʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ ʽʦʥʽʚ, ʱʦ 

ʩʪʚʦʨʶʶʪʴʩʷ ʤʘʪʝʨʽʘʣʦʤ.  

ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʙʘʛʘʪʴʦʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦʙ ʧʨʦʚʦʜʠʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʫʞʝ ʤʘʣʝʥʴʢʠʡ ʢʦʥʪʘʢʪʥʠʡ 

ʦʧʽʨ, ʱʦʙ ʥʝ ʤʘʪʠ ʥʝʙʘʞʘʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʢʦʥʪʘʢʪ, ʦʩʦʙʣʠʚʦ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʦʤʽʥʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʝʚʝʣʠʢʝ. ʆʧʽʨ ʢʦʥʪʘʢʪʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ 

ʩʢʣʘʜʦʚʽ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ ʪʘ ʤʘʶʪʴ ʨʽʟʥʫ 

ʚʝʣʠʯʠʥʫ. ʂʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʦʨʫ ʥʘ ʤʘʪʝʨʽʘʣʽ ʪʘ 

ʦʧʦʨʫ ʧʦʚʝʨʭʥʽ ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ. ʆʧʽʨ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʫ ʜʫʞʝ 

ʥʠʟʴʢʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʦʧʦʨʦʤ ʚʟʘʻʤʥʦʾ ʜʽʾ. ʇʦʚʝʨʭʥʽ ʚʟʘʻʤʥʦʛʦ 

ʚʧʣʠʚʫ ʢʦʥʪʘʢʪʫ ʻ ʨʽʚʥʠʤʠ. ʂʦʞʥʘ ʨʽʚʥʘ ʧʦʚʝʨʭʥʷ ʤʘʻ ʢʽʣʴʢʘ 

ʤʘʣʝʥʴʢʠʭ ʪʦʯʦʢ ʧʨʦʝʢʮʽʾ. ʎʽ ʥʝʚʝʣʠʢʽ ʪʦʯʢʠ ʧʨʦʝʢʮʽʾ ʦʙʤʝʞʫʶʪʴ 

ʦʙʣʘʩʪʴ ʪʦʨʢʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʚʟʘʻʤʥʦ ʚʧʣʠʚʘʶʪʴ ʦʜʥʘ ʥʘ ʦʜʥʫ 

(ʜʠʚ. ʨʠʩ. 2.2). ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʝʬʝʢʪʠʚʥʘ ʦʙʣʘʩʪʴ ʚʟʘʻʤʥʦʛʦ 

ʚʧʣʠʚʫ, ʯʝʨʝʟ ʷʢʫ ʧʨʦʭʦʜʠʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʜʫʞʝ ʤʘʣʘ 
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ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʛʘʣʴʥʦʶ ʦʙʣʘʩʪʶ ʧʦʚʝʨʭʦʥʴ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ. 

ʊʦʤʫ ʦʧʽʨ ʥʘ ʢʦʥʪʘʢʪʽ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʜʫʞʝ ʚʝʣʠʢʠʡ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʮʴʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ, ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʧʦʚʝʨʭʥʽ 

ʚʟʘʻʤʥʦʾ ʜʽʾ ʥʘʩʪʽʣʴʢʠ ʛʣʘʜʢʠʤʠ, ʥʘʩʢʽʣʴʢʠ ʮʝ ʤʦʞʣʠʚʦ, ʱʦʙ 

ʟʙʽʣʴʰʠʪʠ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʦʥʴ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ, ʷʢʽ ʪʦʨʢʘʶʪʴʩʷ 

ʦʜʥʝ ʦʜʥʦʛʦ. ʂʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʨʘʟʦʤ ʽʟ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʤʘʻ ʭʽʤʽʯʥʫ 

ʧʨʠʨʦʜʫ, ʘ ʩʘʤʝ ʚʦʥʦ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʦʢʠʩʥʝʥʥʽ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʫ. 

ʊʘʢʝ ʦʢʠʩʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʟʨʦʙʣʝʥʠʡ ʢʦʥʪʘʢʪ, ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʦʙʣʝʤʦʶ, ʧʦʚ'ʷʟʘʥʦʶ ʟ ʝʣʝʢʪʨʠʯʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ. ʎʽ ʩʧʦʣʫʢʠ 

ʬʦʨʤʫʶʪʴ ʪʦʥʢʠʡ ʰʘʨ ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʢʦʥʪʘʢʪʽʚ. ɼʘʥʽ 

ʟ'ʻʜʥʘʥʥʷ ʥʝ ʧʨʦʚʦʜʷʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʧʝʨʝʙʫʚʘʶʯʠ ʫ 

ʧʨʠʨʦʜʽ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ 

ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ.  

 

2.1 ʄʘʪʝʨʽʘʣʠ ʢʦʥʪʘʢʪʽʚ 

 

ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʙʠ ʧʽʜʭʦʜʠʚ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʪʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʮʝʡ ʤʘʪʝʨʽʘʣ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʙʽʣʴʰʠʡ ʦʧʽʨ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʨʦʟʽʾ ʧʨʠ ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʊʘʢʦʞ ʤʘʪʝʨʽʘʣ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʤʘʻ ʙʫʪʠ ʚʽʣʴʥʠʤ ʚʽʜ 

ʦʢʠʩʣʝʥʥʷ ʧʽʜ ʯʘʩ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʭʽʤʽʯʥʽ 

ʩʧʦʣʫʢʠ, ʷʢʽ ʙʫʣʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʽ ʷʢʽ ʙʫʜʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʚ 

ʧʨʦʮʝʩʽ ʦʢʠʩʣʝʥʥʷ, ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʰʘʨ ʪʦʥʢʦʾ ʧʣʽʚʢʠ, ʱʦ ʥʝ 

ʧʨʦʚʦʜʠʪʴ, ʥʘ ʧʦʚʝʨʭʥʷʭ ʢʦʥʪʘʢʪʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʙʫʜʠʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ [83, 84, 92]. 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʩʭʝʤʘʭ ʟʽ ʟʥʘʯʥʠʤ ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, 

ʜʫʛʦʚʠʡ ʨʦʟʨʷʜ ʩʪʚʦʨʶʻ ʜʫʞʝ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ. ʏʝʨʝʟ ʪʝ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʩʦʢʘ, ʻ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʢʦʥʪʘʢʪʠ ʤʦʞʫʪʴ 

ʩʢʣʝʾʪʠʩʷ ʘʙʦ ʧʨʠʚʘʨʠʪʠʩʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ (ʢʣʝʡʢʽʩʪʴ ʘʙʦ 

ʟʚʘʨʶʚʘʥʽʩʪʴ). ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʚʠʙʦʨʽ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʤʘʪʝʨʽʘʣ ʜʣʷ ʜʘʥʦʾ ʬʫʥʢʮʽʾ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ 

ʪʘʢʫ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ. ʄʘʪʝʨʽʘʣ ʥʝ ʧʦʚʠʥʝʥ ʟʚʘʨʶʚʘʪʠʩʷ ʧʨʠ 

ʪʘʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʥʴʦʛʦ.  
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ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʚʠʥʠʢʘʻ ʝʣʝʢʪʨʠʯʥʘ 

ʜʫʛʘ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʝʢʩʧʣʫʘʪʘʮʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʨʘʢʪʽʚ ʙʫʣʘ 

ʝʬʝʢʪʠʚʥʦʶ, ʮʷ ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ ʤʘʻ ʙʫʪʠ ʧʦʛʘʰʝʥʘ, ʷʢʦʤʦʛʘ 

ʨʘʥʽʰʝ. ɺʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʚʠʙʦʨʽ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʽʚ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʽʥ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʜʘʪʥʽʩʪʴ, ʷʢʘ ʜʦʧʦʤʘʛʘʪʠʤʝ 

ʛʘʩʠʪʠ ʝʣʝʢʪʨʠʯʥʫ ʜʫʛʫ.  

ɿʘʛʘʣʴʥʠʡ ʦʧʽʨ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʧʦʚʠʥʝʥ ʙʫʪʠ ʷʢ 

ʥʘʡʤʝʥʰʠʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ. ʊʦʤʫ ʤʘʪʝʨʽʘʣ, 

ʷʢʠʡ ʧʦʟʠʮʽʦʥʫʻʪʴʩʷ ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʥʘʯʥʫ ʝʣʝʢʪʨʠʯʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʚʠʤʦʛʘʤ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ ʚ ʩʭʝʤʽ.  

ʋ ʭʦʜʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʫ ʩʭʝʤʘʭ ʟʽ ʟʥʘʯʥʠʤ ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, 

ʜʫʛʦʚʠʡ ʨʦʟʨʷʜ ʩʪʚʦʨʶʻ ʪʝʧʣʦ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʫʞʝ ʚʠʩʦʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʴʦʛʦ ʪʝʧʣʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʽʚ, ʮʝ ʪʝʧʣʦ ʤʘʻ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʝ ʧʦ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʽ 

ʚʽʜʜʘʚʠʪʠʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʊʦʤʫ ʧʨʠ ʧʦʰʫʢʫ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ 

ʧʽʜʭʦʜʠʚ ʙʠ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʚʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʪʝ, ʱʦʙ ʜʘʥʠʡ ʤʘʪʝʨʽʘʣ ʤʘʚ ʟʥʘʯʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʪʝʧʣʘ. 

ʈʫʭʦʤʽ ʪʘ ʥʝʨʫʭʦʤʽ ʢʦʥʪʘʢʪʠ ʜʣʷ ʧʫʩʢʘʯʽʚ ʪʠʧʫ ʇʄ12, ʇʄɸ, 

ʇʄʃ, ʇʄɽ, ʢʦʥʪʘʢʪʦʨʽʚ ʩʝʨʽʡ ʂʊ, ʂʂɼ, ʂʊʇ, ʂʇɺ, ʂʊʇɺ, ʄʂ 

ʘʙʦ ʢʦʥʪʨʦʣʝʨʽʚ ʂʂʊ, ʂʂʇ, ʂɸ, ʜʣʷ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʽʤʧʦʨʪʥʠʭ 

ʝʣʝʢʪʨʦʥʘʚʘʥʪʘʞʫʚʘʯʽʚ, ʝʣʝʢʪʨʦʚʽʟʢʽʚ, ʝʣʝʢʪʨʦʚʦʟʽʚ, 

ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ , ʘ ʪʘʢʦʞ ʢʦʥʪʘʢʪʥʽ ʚʫʟʣʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʣʽʬʪʦʚʦʾ 

ʢʦʤʫʪʘʮʽʡʥʦʾ ʘʧʘʨʘʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʽʜʥʠʤʠ, ʤʽʜʥʠʤʠ ʟ 

ʣʫʜʽʥʥʷʤ, ʣʘʪʫʥʥʠʤʠ, ʟʽ ʩʨʽʙʥʦʶ ʥʘʧʘʡʢʦʶ (ʟ ʪʝʭʥʽʯʥʦʛʦ ʩʨʽʙʣʘ) 

ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ. 

ʅʝʨʫʭʦʤʽ ʪʘ ʨʫʭʦʤʽ ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ 

ʥʠʞʯʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʽʜʥʽ ʢʦʥʪʘʢʪʠ ï ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʚʩʽʤ ʧʝʨʝʨʘʭʦʚʘʥʠʤ 

ʚʠʤʦʛʘʤ, ʢʨʽʤ ʚʠʤʦʛʠ ʜʦ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʢʩʠʜʠ ʤʽʜʽ 

ʤʘʶʪʴ ʜʫʞʝ ʥʠʟʴʢʫ ʧʨʦʚʽʜʥʽʩʪʴ. ʄʽʜʴ ï ʮʝ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ 

ʤʘʪʝʨʽʘʣ ʢʦʥʪʘʢʪʥʠʭ ʟ'ʻʜʥʘʥʴ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʣʷ 

ʢʦʤʫʪʫʶʯʠʭ, ʪʘʢ ʽ ʨʦʟʙʽʨʥʠʭ ʢʦʥʪʘʢʪʽʚ. ʋ ʩʢʣʘʜʽ ʨʦʟʙʽʨʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟ'ʻʜʥʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʧʦʢʨʠʪʪʷ 

ʾʭʥʴʦʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ. ʋ ʩʢʣʘʜʽ ʢʦʤʫʪʫʶʯʠʭ ʢʦʥʪʘʢʪʽʚ ʤʽʜʴ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʠ ʩʠʣʘʭ ʥʘʪʠʩʢʘʥʥʷ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 3 ʅ ʜʣʷ 
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ʙʫʜʴ-ʷʢʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʨʠʚʘʣʦʛʦ. ʄʽʜʴ ʥʝ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʨʝʞʠʤʽ, ʘʣʝ 

ʷʢʱʦ ʚʦʥʘ ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʘ, ʪʦ ʦʙʦʚ'ʷʟʢʦʚʦ ʥʝʦʙʭʽʜʥʦ ʚʞʠʪʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʷʢʽʩʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʦʢʠʩʣʝʥʥʷʤ ʚʩʽʭ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ. ʄʘʪʝʨʽʘʣʠ ʟ ʤʽʜʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ 

ʩʢʣʘʜʽ ʜʫʛʦʛʘʩʥʠʭ ʢʦʥʪʘʢʪʽʚ. ʅʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʤʽʜʥʽ ʢʦʥʪʘʢʪʠ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʪʠʩʢʘʥʥʷʭ (F<3 ʅ) 

(ʨʠʩ. 2.5).  

 
ʈʠʩʫʥʦʢ 2.5 ï ɽʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ ʢʦʤʫʪʘʮʽʾ ʨʫʭʦʤʽ ʪʘ ʥʝʨʫʭʦʤʽ ʜʣʷ 

ʨʝʣʝ, ʢʦʥʪʘʢʪʦʨʽʚ, ʧʫʩʢʘʯʽʚ, ʢʦʥʪʨʦʣʝʨʽʚ [8, 18, 84] 

 

ʅʽʢʝʣʴʦʚʘʥʽ (ʣʫʜʞʝʥʽ) ʘʙʦ ʧʦʢʨʠʪʽ ʦʣʦʚʦʤ ʢʦʥʪʘʢʪʠ ʤʘʶʪʴ 

ʜʫʞʝ ʭʦʨʦʰʽ ʧʦʢʘʟʥʠʢʠ ʤʝʭʘʥʽʯʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. ʅʽʢʝʣʶʚʘʥʥʷ 

(ʣʫʜʽʥʥʷ) ï ʮʝ ʥʘʡʚʽʜʦʤʽʰʠʡ ʛʘʣʴʚʘʥʦʪʝʭʥʽʯʥʠʡ ʧʨʦʮʝʩ. ɺʠʩʦʢʘ 

ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ, ʧʨʠʚʘʙʣʠʚʠʡ ʚʠʛʣʷʜ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʧʨʠʷʶʪʴ ʰʠʨʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʥʽʢʝʣʶ, ʘ 

ʪʘʢʦʞ ʦʣʦʚʘ ʫ ʩʢʣʘʜʽ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʢʦʨʦʟʽʾ ʣʘʪʫʥʴ ʘʙʦ ʤʽʜʴ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʢʨʠʚʘʶʪʴ ʜʫʞʝ ʱʽʣʴʥʠʤ ʙʝʟ 

ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʪʦʚʩʪʠʤ ʰʘʨʦʤ ʥʽʢʝʣʶ ʘʙʦ ʦʣʦʚʘ. ʅʘʧʨʠʢʣʘʜ, ʚ 

ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʢʨʠʚʘʶʪʴ ʪʦʚʩʪʠʤ ʰʘʨʦʤ 

ʦʣʦʚʘ ʽ ʥʽʢʝʣʶ ʜʝʪʘʣʽ, ʥʘ ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʤʽʮʥʽ ʣʫʛʠ.  
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ʉʨʽʙʥʽ ʢʦʥʪʘʢʪʠ (ʪʘʢʽ, ʱʦ ʤʽʩʪʷʪʴ ʩʨʽʙʣʦ) ï ʚʽʜʤʽʥʥʠʡ 

ʢʦʥʪʘʢʪʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʚʩʽʤ ʚʠʤʦʛʘʤ, ʢʨʽʤ 

ʜʫʛʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʜʫʞʝ ʟʥʘʯʥʠʭ ʩʪʨʫʤʘʭ. ʇʨʠ ʤʘʣʠʭ ʩʪʨʫʤʘʭ 

ʧʦʩʨʽʙʣʝʥʽ ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ ʤʘʶʪʴ ʜʦʩʠʪʴ ʭʦʨʦʰʫ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʋ ʦʢʩʠʜʽʚ ʩʨʽʙʣʘ ʻ ʘʥʘʣʦʛʽʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʷʢ ʽ 

ʯʠʩʪʦʤʫ ʩʨʽʙʣʽ. ʄʘʪʝʨʽʘʣʠ ʟʽ ʩʨʽʙʣʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʛʦʣʦʚʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʘʭ, ʧʨʠʣʘʜʘʭ ʥʘ ʜʫʞʝ ʚʝʣʠʢʽ ʩʪʨʫʤʠ, 

ʜʣʷ ʚʩʽʭ ʥʝʨʫʭʦʤʠʭ, ʘ ʪʘʢʦʞ ʨʫʭʦʤʠʭ ʢʦʥʪʘʢʪʽʚ ʧʨʠ ʪʨʠʚʘʣʦʤʫ 

ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʥʪʘʢʪʘʭ ʥʘ ʥʝʚʝʣʠʢʽ 

ʩʪʨʫʤʠ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʥʘʪʠʩʢʘʥʥʷʭ (ʢʦʥʪʘʢʪʠ ʜʦʧʦʤʽʞʥʠʭ ʢʽʣ, 

ʢʦʥʪʘʢʪʠ ʨʝʣʝ). ʉʘʤʝ ʩʨʽʙʣʦ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʨʘʟʽ ʷʢ 

ʥʘʢʣʘʜʦʢ (ʥʘʧʘʡʦʢ) ï ʚʩʷ ʜʝʪʘʣʴ ʧʦʚʥʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʤʽʜʽ ʯʠ 

ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘ ʷʢʠʡ ʧʨʠʧʘʶʪ̒ɹʩʷ (ʧʨʠʚʘʨʶʪ̒ɹʩʷ) ʩʨʽʙʥʘ 

ʥʘʧʘʡʢʘ (ʥʘʢʣʘʜʢʘ), ʱʦ ʫʪʚʦʨʶʻ ʩʚʦʻʶ ʯʝʨʛʦʶ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ 

(ʜʠʚ. ʨʠʩ. 2.5).  

ɸʣʶʤʽʥʽʻʚʽ ʢʦʥʪʘʢʪʠ ï ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʽʜʥʠʤʠ ʤʘʶʪʴ ʟʥʘʯʥʦ 

ʤʝʥʰʫ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʽ ʧʨʦʚʽʜʥʽʩʪʴ. ɺʦʥʠ ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜʫ 

ʦʢʩʠʜʥʫ ʧʣʽʚʢʫ, ʱʦ ʧʦʛʘʥʦ ʧʨʦʚʦʜʠʪʴ, ʽ ʮʝ ʜʫʞʝ ʩʠʣʴʥʦ ʦʙʤʝʞʫʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɸʣʶʤʽʥʽʡ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʨʦʟʙʽʨʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟ'ʻʜʥʘʥʥʷʭ (ʥʘʧʨʠʢʣʘʜ, 

ʰʠʥʦʧʨʦʚʦʜʠ ʘʙʦ ʤʦʥʪʘʞʥʽ ʜʨʦʪʠ), ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʚʩʽ ʢʦʥʪʘʢʪʥʽ 

ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʦ ʧʦʩʨʽʙʣʠʪʠ, ʟʤʝʥʰʠʪʠ ʘʙʦ ʘʨʤʫʚʘʪʠ 

ʤʽʜʜʶ. ʆʙʦʚ'ʷʟʢʦʚʦ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ 

ʤʽʮʥʽʩʪʴ ʘʣʶʤʽʥʽʻʚʠʭ ʟ'ʻʜʥʘʥʴ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʮʽ ʟ'ʻʜʥʘʥʥʷ 

ʧʦʩʪʫʧʦʚʦ ʤʦʞʫʪʴ ʦʩʣʘʙʥʫʪʠ ʽ ʢʦʥʪʘʢʪ ʟʥʠʢʥʝ (ʧʦʪʨʽʙʥʦ ʫʥʠʢʘʪʠ 

ʟʘʚʠʱʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʪʠʩʢʘʥʥʷ). ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʢʦʤʫʪʫʶʯʠʭ ʢʦʥʪʘʢʪʘʭ ʘʣʶʤʽʥʽʡ ʻ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʠʜʘʪʥʠʤ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʪʘʢ ʟʚʘʥʽ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʢʦʥʪʘʢʪʠ, ʪʦʙʪʦ ʢʦʥʪʘʢʪʠ, 

ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʧʽʢʘʥʥʷ ʩʫʤʽʰʽ ʧʦʨʦʰʢʽʚ 

ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʦʢʠʩʽʚ, ʧʽʜʽʙʨʘʥʠʭ ʫ ʧʝʚʥʠʭ ʧʨʦʧʦʨʮʽʷʭ. 

ɺʽʜʧʦʚʽʜʥʠʡ ʧʽʜʙʽʨ ʽʥʛʨʝʜʽʻʥʪʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʢʦʥʪʘʢʪʠ, ʷʢʽ ʫ ʧʝʚʥʽʡ ʤʽʨʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʙʽʣʴʰʦʩʪʽ ʩʫʧʝʨʝʯʣʠʚʠʭ ʚʠʤʦʛ ʜʦ ʩʪʠʢʦʚʠʭ ʢʦʥʪʘʢʪʽʚ 

ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʘʧʘʨʘʪʽʚ ʢʝʨʫʚʘʥʥʷ ʽ ʜʦʣʘʶʪʴ ʥʝʜʦʣʽʢʠ: 

ʥʝʚʝʣʠʢʫ ʤʽʮʥʽʩʪʴ, ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʟʚʘʨʶʚʘʥʥʷ, ʩʫʣʴʬʽʜʥʫ ʢʦʨʦʟʽʶ.  
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ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ ʢʦʥʪʘʢʪʽʚ 

ʧʝʨʝʜʙʘʯʘʻ ʪʘʢʽ ʝʪʘʧʠ:  

1) ʟʤʽʰʫʚʘʥʥʷ (ʚʽʙʨʦʟʤʽʰʫʚʘʥʥʷ) ʧʦʨʦʰʢʽʚ ʫ ʟʘʜʘʥʠʭ 

ʧʨʦʧʦʨʮʽʷʭ;  

2) ʧʨʝʩʫʚʘʥʥʷ;  

3) ʩʧʽʢʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʘ ʻ ʤʝʥʰʦʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʦʧʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ;  

4) ʦʧʨʝʩʦʚʫʚʘʥʥʷ ʪʘ ʧʦʚʪʦʨʥʝ ʩʧʽʢʘʥʥʷ ʟ ʤʝʪʦʶ ʫʱʽʣʴʥʝʥʥʷ ʡ 

ʥʘʜʘʥʥʷ ʢʦʥʪʘʢʪʘʤ ʦʩʪʘʪʦʯʥʦʾ ʬʦʨʤʠ.  

ɻʝʪʝʨʦʛʝʥʥʽ ʯʠ ʥʝʦʜʥʦʬʘʟʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʽ 

ʢʦʤʧʦʟʠʪʠ (ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ), ʧʦʰʠʨʝʥʽ ʫ ʧʨʠʨʦʜʽ ʪʘ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʪʝʭʥʽʮʽ. ʇʦʨʽʚʥʷʥʦ ʧʨʦʩʪʠʡ ʩʧʦʩʽʙ 

ʦʪʨʠʤʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʤʝʭʘʥʽʯʥʦʤʫ ʦʙ'ʻʜʥʘʥʥʽ ʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʱʦ ʨʽʟʥʷʪʴʩʷ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʐʣʷʭʦʤ ʫʩʽʣʷʢʠʭ ʧʦʻʜʥʘʥʴ 

ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʠʜʦʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʥʦʾ ʧʦʙʫʜʦʚʠ ʤʦʞʥʘ 

ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʧʦʟʠʪʠ ʟ ʚʝʣʠʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʡʯʘʩʪʽʰʝ ʥʝʚʣʘʩʪʠʚʠʭ ʢʦʞʥʦʤʫ 

ʦʢʨʝʤʦ ʚʟʷʪʦʤʫ ʢʦʤʧʦʥʝʥʪʫ. ʅʘʧʦʚʥʶʚʘʯ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ 

ʤʘʪʨʠʮʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 2.6): ʤʘʪʨʠʯʥʦʾ 

(ʦʩʪʨʽʚʢʦʚʦʾ), ʩʪʘʪʠʩʪʠʯʥʦʾ, ʦʨʽʻʥʪʦʚʘʥʦʾ ʘʙʦ ʰʘʨʫʚʘʪʦʾ. ʂʨʽʤ ʪʦʛʦ, 

ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʤʦʞʫʪʴ ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʫ ʧʨʦʩʪʦʨʽ ʤʽʞ 

ʛʨʘʥʫʣʘʤʠ ʘʙʦ ʛʣʦʙʫʣʘʤʠ ʧʦʣʽʤʝʨʫ [83].  

 

 
 

ʈʠʩʫʥʦʢ 2.6 ï ʈʽʟʥʽ ʪʠʧʠ ʩʪʨʫʢʪʫʨ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʯʘʩʪʠʥʢʘʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʧʦʣʽʤʝʨʽ: 

 
ɸ ï ʤʘʪʨʠʯʥʽ (ʧʨʦʩʪʘ ʢʫʙʽʯʥʘ ʨʝʰʽʪʢʘ); ɹ ï ʩʪʘʪʠʩʪʠʯʥʘ; ɺ ï ʦʨʽʻʥʪʦʚʘʥʘ;  

ɻ ï ʰʘʨʫʚʘʪʘ; ɼ ï ʯʘʩʪʠʥʢʠ ʧʝʨʝʙʫʚʘʶʪʴ ʤʽʞ ʛʨʘʥʫʣʘʤʠ (ʛʣʦʙʫʣʘʤʠ) ʧʦʣʽʤʝʨʫ. 

 

ʋʩʽ ʧʝʨʝʣʽʯʝʥʽ ʩʪʨʫʢʪʫʨʠ, ʢʨʽʤ, ʤʘʙʫʪʴ, ʤʘʪʨʠʯʥʦʾ, 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʨʝʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʘʭ. ʄʘʪʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʻ 

ʤʦʜʝʣʷʤʠ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  
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ʅʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ 

ʬʘʢʪʦʨʽʚ. ɿʦʢʨʝʤʘ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ 

ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʚʽʜ 

ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʾʭ ʟʜʘʪʥʦʩʪʽ ʜʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ, ʚʽʜ ʪʠʧʫ ʧʦʣʽʤʝʨʫ ʪʘ ʡʦʛʦ 

ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ, ʚʽʜ ʩʧʦʩʦʙʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʤʘʪʝʨʽʘʣʫ, ʽ ʥʘʚʽʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 

ʯʠʥʥʠʢʽʚ ï ʯʘʩʪʦʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, 

ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʤʧʦʟʠʪʘ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʧʝʨʝʜ 

ʢʦʥʪʘʢʪʘʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʟ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʻ ʤʘʡʞʝ ʧʦʚʥʘ 

ʙʝʟʚʽʜʭʦʜʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʪʘʢʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʻ ʥʝʧʨʠʪʘʤʘʥʥʠʤʠ ʯʠʩʪʠʤ ʤʝʪʘʣʘʤ ʪʘ ʩʪʦʧʘʤ.  

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʪʘʢʽ:  

- ɸ10 ï 85,0Ñ0,5% ʩʨʽʙʣʘ, ʨʝʰʪʘ ï ʦʢʠʩ ʢʘʜʤʽʶ (ʫ ɻʆʉʊ 

19725 ʥʘʚʦʜʠʪʴʩʷ ʣʠʰʝ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ï ɸ10ʤ);  

- ɸ30 ï 70,0Ñ0,5% ʩʨʽʙʣʘ, ʨʝʰʪʘ ï ʥʽʢʝʣʴ, ʘ ʪʘʢʦʞ 

ʤʦʜʠʬʽʢʘʮʽʾ: ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʘ ʢʦʤʧʦʟʠʮʽʷ ɸ30ʤ ʪʘ ʢʦʤʧʦʟʠʮʽʷ 

ɸ30ʤʜ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʜʚʽʡʥʝ ʩʧʽʢʘʥʥʷ.  

ʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʽʟ ʨʽʜʢʠʤʠ ʤʝʪʘʣʘʤʠ ʫʪʚʦʨʶʶʪʴ 

ʩʧʝʮʠʬʽʯʥʫ ʛʨʫʧʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʠʨʦʙʣʷʶʪʴʩʷ ʤʝʪʦʜʦʤ ʧʨʦʩʦʯʝʥʥʷ. ʊʘʢʽ ʤʘʪʝʨʽʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʧʦʨʠʩʪʠʡ ʢʘʨʢʘʩ ʚʦʣʴʬʨʘʤʦʚʠʡ (ʧʦʨʦʰʢʦʚʠʡ ï ʞʦʨʩʪʢʠʡ ʘʙʦ 

ʜʨʦʪʷʥʠʡ ï ʧʨʫʞʥʠʡ), ʧʨʦʩʦʯʝʥʠʡ ʣʝʛʢʦʧʣʘʚʢʠʤ ʤʝʪʘʣʦʤ ʘʙʦ 
ʩʧʣʘʚʦʤ.  

ʂʦʤʧʦʟʠʪʠ ʟ ʨʽʜʢʠʤʠ ʤʝʪʘʣʘʤʠ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʧʝʨʝʚʘʛʠ ʷʢ 

ʪʚʝʨʜʠʭ, ʪʘʢ ʽ ʨʽʜʢʠʭ ʢʦʥʪʘʢʪʽʚ: ʪʚʝʨʜʠʡ ʢʘʨʢʘʩ ʥʘʜʘʻ ʢʦʥʪʘʢʪʫ 

ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʥʝʟʘʣʝʞʥʽʩʪʴ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ, ʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʟʘʙʝʟʧʝʯʫʻ ʤʘʣʠʡ 

ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʪʠʩʢʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʠʢʣʶʯʘʻ ʟʚʘʨʶʚʘʥʽʩʪʴ. ʊʘʢʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʦʰʢʦʚʦʛʦ 

ʢʘʨʢʘʩʫ ʦʜʝʨʞʫʶʪʴ ʟ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʧʦʨʦʰʢʫ, ʘ ʥʘ ʦʩʥʦʚʽ 

ʧʨʫʞʥʦʛʦ ʢʘʨʢʘʩʫ ï ʟ ʚʦʣʴʬʨʘʤʦʚʦʾ ʩʽʪʢʠ. ɺ ʢ̫ʦʩʪʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʛʘʣʽʡ ʘʙʦ ʡʦʛʦ ʝʚʪʝʢʪʠʯʥʽ 
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ʩʧʣʘʚʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ ʟʘ 

30ʉ. ʎʝʡ ʪʠʧ ʢʦʥʪʘʢʪʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ 

ʩʠʣʴʥʦʪʦʯʥʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ.  

ʋ ʩʠʣʴʥʦʪʦʯʥʠʭ ʚʫʟʣʘʭ ʩʪʨʫʤʦʟʥʽʤʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, 

ʪʨʘʥʩʧʦʨʪʫ ʪʦʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʘʣʠ ʘʙʦ ʩʧʣʘʚʠ ʪʽʣʴʢʠ ʜʣʷ 

ʥʘʡʜʝʬʽʮʠʪʥʽʰʠʭ ʢʦʥʪʘʢʪʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʢʦʣʝʢʪʦʨ, ʢʦʥʪʘʢʪʥʽ 

ʢʽʣʴʮʷ, ʢʦʥʪʘʢʪʥʠʡ ʧʨʦʚʽʜ ʪʦʱʦ) . ʅʘʪʦʤʽʩʪʴ ʜʣʷ ʟʤʽʥʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʱʽʪʢʠ, ʢʦʥʪʘʢʪʥʽ ʚʩʪʘʚʢʠ ʪʦʱʦ) ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʢʦʤʧʦʟʠʮʽʾ, ʱʦ 

ʩʘʤʦʟʤʘʫɦʶʪʴʩʷ. 

ʄʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ ʚʽʜʽʛʨʘʶʪʴ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ ʷʢ 

ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʩʘʤʦʟʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʚʢʣʶʯʘʶʯʠ 

ʧʽʜʰʠʧʥʠʢʠ, ʫʱʽʣʴʥʝʥʥʷ, ʢʦʥʪʘʢʪʥʽ ʱʽʪʢʠ, ʢʦʥʪʘʢʪʥʽ ʚʩʪʘʚʢʠ. 

ɹʽʣʴʰʽʩʪʴ ʢʦʥʪʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ ʦʜʝʨʞʫʶʪʴ 

ʤʝʪʦʜʘʤʠ ʚʫʛʽʣʴʥʦʾ ʢʝʨʘʤʽʢʠ ʘʙʦ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ ʟ 

ʧʦʨʦʰʢʽʚ ʛʨʘʬʽʪʫ, ʚʫʛʽʣʣʷ, ʩʘʞʽ ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ. ʋ ʚʫʛʣʝʮʝʚʠʭ 

ʢʦʤʧʦʟʠʮʽʷʭ ʽ ʤʝʪʘʣʦʛʨʘʬʽʪʥʠʭ ʩʫʤʽʰʘʭ ʟ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ 

ʛʨʘʬʽʪʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʩʧʦʣʫʯʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʥʘʜʘʶʪʴ 

ʤʘʩʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʾʜʣʷ ʬʦʨʤʫʚʘʥʥʷ.  

ɻʨʘʬʽʪ ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʥʝ ʬʦʨʤʫʻ ʧʣʽʚʦʢ 

ʧʦʪʝʤʥʽʥʥʷ, ʜʫʛʦʩʪʽʡʢʠʡ ʪʘ ʥʝ ʟʚʘʨʶʻʪʴʩʷ, ʟʙʝʨʽʛʘʻ ʩʚʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ ʛʨʘʬʽʪʦʚʽ ʘʙʦ ʚʫʛʽʣʴʥʽ 

ʢʦʥʪʘʢʪʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʽʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʚʠʤʦʛ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʠʥʪʝʪʠʯʥʠʡ 

ʛʨʘʬʽʪ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʧʽʨʦʣʽʟ ʢʦʢʩʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 

2200 0ʉ. ʊʘʢʦʞ ʧʽʨʦʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʜʘʥʽ ʙʘʛʘʪʦ ʪʠʧʽʚ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʩʤʦʣ, ʥʘʩʘʤʧʝʨʝʜ, ʬʝʥʦʣʴʥʠʭ.  

ʅʘʡʙʽʣʴʰʘ ʩʬʝʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʮʝ 

ʱʽʪʢʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. ɻʨʘʬʽʪ, ʚʫʛʽʣʣʷ, ʩʘʞʘ ʪʦʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʙʽʣʴʰʦʩʪʽ ʪʠʧʽʚ ʱʽʪʦʢ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʝ 

ʪʝʨʪʷ, ʭʦʨʦʰʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʢʦʤʫʪʫʶʪʴ. ɰʤ ʚʣʘʩʪʠʚʽ ʭʘʨʘʢʪʝʨʥʽ 

ʚʠʩʦʢʘ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ, ʟʘʜʦʚʽʣʴʥ ̔ ʪʝʧʣʦ- ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʎʝ ʟʫʤʦʚʠʣʦ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʷʢʦʩʪʽ ʢʦʥʪʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʝʚʠʭ ʨʝʯʦʚʠʥ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɿʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʝʮʝʧʪʫʨʽ ʪʘ ʟʘʛʘʣʴʥʽʡ ʩʭʝʤʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 
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ʧʨʦʮʝʩʫ ʧʝʨʝʨʦʙʢʠ ʧʦʨʦʰʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʦʪʨʠʤʘʥʘ ʰʠʨʦʢʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʚʫʛʣʝʮʝʚʠʭ ʱʽʪʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɯʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ ʢʦʥʪʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʫʛʣʝʮʝʤ ï ʚʠʩʦʢʘ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ.  

ʂʦʥʪʘʢʪʠ ʤʘʨʢʠ ʂʄʂ-ɸ30 ʤʘʶʪʴ ʚʠʩʦʢʫ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʫ 

ʩʪʽʡʢʽʩʪʴ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʨʽʙʣʦʤ) ʽ ʥʠʟʴʢʠʡ ʩʪʘʙʽʣʴʥʠʡ ʧʝʨʝʭʽʜʥʠʡ 

ʦʧʽʨ. ɼʨʽʙʥʦʜʠʩʧʝʨʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 

1 ʤʢʤ (ʂʄʂ-ɸ30ʤ) ʤʘʻ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʚ 1,5é2 ʨʘʟʠ 

ʚʠʱʫ ʥʽʞ ʤʘʪʝʨʽʘʣ ʟ ʯʘʩʪʠʥʢʘʤʠ 10é100 ʤʢʤ (ʂʄʂ-ɸ30). 

ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʢʦʥʪʘʢʪʽʚ ʤʘʨʢʠ ʂʄʂ-ɸ30 ï ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʟʚʘʨʶʚʘʥʥʷ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʪʘ ʩʪʨʫʤʘʭ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʠ ʤʘʨʦʢ 

ʂʄʂ-ɸ30ʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʘʭ ʫ ʧʘʨʽ ʟ 

ʢʦʥʪʘʢʪʘʤʠ ʂʄʂ-ɸ41 (97Ñ0,5% ʩʨʽʙʣʘ, ʨʝʰʪʘ ï ʛʨʘʬʽʪ).  

ɺ ʢʦʥʪʘʢʪʦʨʘʭ ʷʢ ʥʘ ʨʫʭʦʤʠʭ, ʪʘʢ ʽ ʥʘ ʥʝʨʫʭʦʤʠʭ ʢʦʥʪʘʢʪʘʭ 

ʜʦʥʝʜʘʚʥʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʘ ʢʦʤʧʦʟʠʮʽʷ 

ʤʘʨʢʠ ʂʄʂ-ɸ10 (85% ʩʨʽʙʣʘ ʪʘ 15% ʦʢʩʠʜʫ ʢʘʜʤʽʶ), ʷʢʘ ʤʘʻ 

ʫʥʽʢʘʣʴʥʫ ʜʫʛʦʛʘʩʥʫ ʟʜʘʪʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ, ʘ 

ʪʘʢʦʞ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʝʨʦʟʽʾ ʪʘ ʟʚʘʨʶʚʘʥʥʷ [28, 83]. 

ɼʣʷ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʘ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʤʝʪʘʣʝʚʦʶ ʤʘʪʨʠʮʝʶ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ. ʄʝʪʘʣʝʚʘ ʤʘʪʨʠʮʷ ʩʣʫʞʠʪʴ 

ʢʘʨʢʘʩʦʤ, ʱʦ ʩʧʨʠʡʤʘʻ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʥʘʧʦʚʥʶʚʘʯ 

ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʪʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʜʘʥʠʡ 

ʯʘʩ ʜʣʷ ʢʦʚʟʢʠʭ ʢʦʥʪʘʢʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ 

ʦʪʨʠʤʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʩʘʤʦʟʤʘʫɦʶʪʴʩʷ, ʚ ʷʢʠʭ ʚ 

ʤʝʪʘʣʝʚʽʡ ʤʘʪʨʠʮʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʡ ʛʨʘʬʽʪ ʪʘ ʽʥʰʽ ʪʚʝʨʜʽ 

ʤʘʩʪʠʣʘ.  

ʋ ʩʫʯʘʩʥʦʤʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʽ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʥʪʘʢʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʤʝʪʦʜʦʤ ʛʘʨʷʯʦʛʦ 

ʧʨʝʩʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʩʤʦʣ. ʉʠʥʪʝʪʠʯʥʽ 

ʩʤʦʣʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚ'ʷʟʥʽʩʪʴ ʽ ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʘʩʠ, ʱʦ 

ʬʦʨʤʫʻʪʴʩʷ, ʥʘʜʘʶʪʴ ʩʬʦʨʤʦʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʫ ʤʦʥʦʣʽʪʥʽʩʪʴ, 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ. ʇʨʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʽʜʧʘʣʽ ʫ ʮʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʨʫʤʦʧʨʦʚʽʜʥʘ ʢʦʢʩʦʚʘ ʨʝʰʽʪʢʘ, ʱʦ 

ʟʙʽʣʴʰʫʻ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʦʙʤʝʞʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʤʽʩʪ 
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ʩʧʦʣʫʯʝʥʥʷ ʢʽʣʴʢʦʤʘ ʚʽʜʩʦʪʢʘʤʠ. ʎʝ ʚʘʞʣʠʚʦ ʥʘʩʘʤʧʝʨʝʜ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʟʠʩʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʍʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ ʻ ʾʭʥʷ ʚʠʩʦʢʘ 

ʤʽʮʥʽʩʪʴ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ. ʊʘʢʽ ʚʦʣʦʢʥʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʚʝʜʝʥʽ ʚ 

ʤʘʪʨʠʮʶ ʛʨʘʬʽʪʫ ʘʙʦ ʤʝʪʘʣʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ 

ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ [92].   

ʄʘʣʦʧʦʪʫʞʥʽ ʨʦʟʨʠʚʥʽ ʢʦʥʪʘʢʪʠ ʨʝʣʝ ʚʠʨʦʙʣʷʶʪʴʩʷ ʟ 

ʙʣʘʛʦʨʦʜʥʠʭ ʽ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ Au, Ag, W, ʄʦ, Pt, Pd, Rh, Ir, 

Ru ʾʭ ʩʧʣʘʚʽʚ [4, 17, 51]. ʎʝ ʥʘʡʢʨʘʱʽ ʤʘʪʝʨʽʘʣʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʘʙʦ 

ʥʝ ʦʢʠʩʣʶʶʪʴʩʷ, ʘʙʦ ʥʝ ʫʪʚʦʨʶʶʪʴ ʩʽʨʯʠʩʪʠʡ ʥʝʧʨʦʚʽʜʥʠʡ ʰʘʨ 

(ʧʣʽʚʢʫ), ʯʠʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʠʡ R ʧʝʨ. ʅʘʡʙʽʣʴʰʠʡ ʩʪʨʫʤ 

ʜʫʛʦʫʪʚʦʨʝʥʥʷ ʚ ʥʠʭ (0,35...0,45) A, ʘ ʚ Pt ï ʥʘʚʽʪʴ 0,9 ɸ.  

ʇʣʘʪʠʥʘ Pt ʚ ʯʠʩʪʦʤʫ ʚʠʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʪʘʢʪʽʚ 

ʜʫʞʝ ʨʽʜʢʦ ʯʝʨʝʟ ʤʘʣʫ ʪʚʝʨʜʽʩʪʴ, ʘʣʝ ʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʩʧʣʘʚʠ: 

- Pt + Ir ï ʩʪʽʡʢʠʡ ʧʨʦʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʨʦʟʽʾ; 

- Pt + Ru ï ʤʘʣʦ ʩʭʠʣʴʥʠʡ ʜʦ ʟʚʘʨʶʚʘʥʥʷ ʽ ʤʽʮʥʽʰʠʡ ʟʘ 

Pt + Ir; 

- Pt + Ni ï ʩʪʽʡʢʠʡ ʜʦ ʽʛʣʦʫʪʚʦʨʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ; 

- ʈt + Rh ï ʤʘʻ ʤʘʣʫ ʣʝʪʶʯʽʩʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʘʣʘʜʽʡ Pd ï ʷʢ ʢʦʥʪʘʢʪʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʩʪʫʧʘʻʪʴʩʷ Pt, ʪʘ ʡʦʛʦ 

ʚʘʨʪʽʩʪʴ ʧʨʠʙʣʠʟʥʦ ʚ 4 ʨʘʟʠ ʤʝʥʰʝ. ʁʦʛʦ ʩʧʣʘʚʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʪʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

- Pd + Ag ï ʤʘʻ ʩʪʘʙʽʣʴʥʝ R nʝʨ; 

- Pd + Cu ʽ Pd + Ir ï ʤʘʻ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ, ʘʣʝ ʧʦʪʨʝʙʫʻ 

ʩʧʝʮʽʘʣʴʥʫ ʪʝʨʤʦʦʙʨʦʙʢʫ. 

ɿʦʣʦʪʦ ɸu ʪʘ ʡʦʛʦ ʩʧʣʘʚʠ ʙʽʣʴʰ ʩʭʠʣʴʥʽ ʜʦ ʜʫʛʦʫʪʚʦʨʝʥʥʷ, ʥʽʞ 

Pt ʽ Pd , ʪʘ ʚ ʯʠʩʪʦʤʫ ʚʠʜʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʧʨʝʮʠʟʽʡʥʠʭ 

(ʚʠʩʦʢʦʪʦʯʥʠʭ) ʢʦʥʪʘʢʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʤʘʣʦʤʫ ʥʘʪʠʩʢʘʥʥʽ ʽ 

ʤʘʣʽʡ ʥʘʧʨʫʟʽ. ʉʧʣʘʚʠ ʧʽʜʜʘʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽʡ ʝʨʦʟʽʾ ʪʘ ʤʘʶʪʴ ʪʘʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ: 

- ɸu + Ag ï ʥʝ ʫʪʚʦʨʶʻ ʩʽʨʯʠʩʪʠʭ ʧʣʽʚʦʢ; 

- Au + Pt  ʪʘ Au + Ag + ʉu ï ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʪʚʝʨʜʽʩʪʴ; 

- Au + Ni ʪʘ ɸu + ɸg + Ni ï ʦʢʨʽʤ ʪʚʝʨʜʦʩʪʽ ʥʘʙʫʚʘʻ ʩʪʽʡʢʦʩʪʽ 

ʧʨʦʪʠ ʛʦʣʢʦʫʪʚʦʨʝʥʥʷ; 

- ɸu + Pd + Ni ï ʥʘʡʪʚʝʨʜʽʰʠʡ ʪʫʛʦʧʣʘʚʢʠʡ ʩʧʣʘʚ. 
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ʉʨʽʙʣʦ Ag ï ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦ- ʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʨʽʚʥʷʥʦ ʤʝʥʰʠʡ ʥʘʛʨʽʚ 

ʢʦʥʪʘʢʪʽʚ, ʘʣʝ ʞ ʚʽʥ ʜʫʞʝ ʜʝʬʽʮʠʪʥʠʡ ʤʘʪʝʨʽʘʣ, ʪʦʤʫ ʛʦʩʪʨʦ ʩʪʦʾʪʴ 

ʧʠʪʘʥʥʷ ʝʢʦʥʦʤʽʾ ʽ ʟʘʤʽʥʠ ʡʦʛʦ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ ʪʘ ʝʣʝʢʪʨʦʥʽʮʽ. 

ʁʦʛʦ ʦʢʠʩʣʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʨʫʡʥʫʶʪʴʩʷ. ʁʦʛʦ 

ʩʧʣʘʚʠ ʤʘʶʪʴ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

- Ag + Cu ï ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʪʚʝʨʜʽʩʪʴ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ 

ʚʝʣʠʢʠʭ ʥʘʪʠʩʢʘʥʥʷʭ, ʘʣʝ ʧʨʠ ʤʘʣʠʭ ï ʚʽʥ ʥʝʧʨʠʜʘʪʥʠʡ ʯʝʨʝʟ 

ʥʝʩʪʽʡʢʽʩʪʴ Rʧʝʨ; 

- Ag + Cd ï ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʤʝʪʘʣʦʢʝʨʘʤʽʢʘ. 

ɺʦʣʴʬʨʘʤ W ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʫʛʦʫʪʚʦʨʝʥʥʷ, 

ʝʣʝʢʪʨʠʯʥʽʡ ʝʨʦʟʽʾ ʪʘ ʟʚʘʨʶʚʘʥʥʶ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʚʝʣʠʢʠʭ 

ʥʘʪʠʩʢʘʥʥʷʭ. ʆʩʦʙʣʠʚʦ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʣʘʚ ʽʟ ʤʦʣʽʙʜʝʥʦʤ 

W +  ʄʦ. ʗʢ ʧʨʠʧʦʾ ʧʨʠ ʧʘʷʥʥʽ ʢʦʥʪʘʢʪʽʚ ʜʦ ʢʦʥʪʘʢʪʥʠʭ ʧʨʫʞʠʥ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʣʘʚʠ Ag + Cu, ʘʙʦ Ag + Cu + Zn. 

ɿ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ ʜʝʬʽʮʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦʛʦ 

ʧʦhʠʨʝʥʥʷ ʥʘʙʫʣʘ ʟʘʤʽʥʘ ʩʫʮʽʣʴʥʦʤʝʪʘʣʝʚʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʰʘʨʫʚʘʪʠʤʠ. ɰʭ ʚʠʨʦʙʣʷʶʪʴ ʧʣʘʢʫʚʘʥʥʷʤ ʧʽʜʢʣʘʜʢʠ 

(ʧʦʜʣʦʞʢʠ) ʟ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʫ, ʙʣʘʛʦʨʦʜʥʠʤ ʤʝʪʘʣʦʤ ʘʙʦ 

ʤʘʪʝʨʽʘʣʦʤ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ. ʊʦʚʱʠʥʘ ʨʦʙʦʯʦʛʦ ʰʘʨʫ ʟʘʟʚʠʯʘʡ 

ʩʪʘʥʦʚʠʪʴ 2é50% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʢʦʥʪʘʢʪʫ. ɼʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʨʫʚʘʪʠʭ ʢʦʥʪʘʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʨʽʘʣʠ 

ʩʠʩʪʝʤ Ag-Ni,  Ag-C,  Ag-CdO,  Ag-CuO,  Ag-Ni-C,  Ag-W (Mo), 

Cu-Ag-W ʪʦʱʦ. ʆʩʥʦʚʦʶ ʤʦʞʝ ʩʣʫʞʠʪʠ ʤʽʜʴ, ʩʧʣʘʚʠ ʥʘ ʾʾ ʦʩʥʦʚʽ, 

ʥʽʢʝʣʴ, ʩʪʘʣʴ. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʜʝʪʘʣʴ ʟ 

ʥʝʜʝʬʽʮʠʪʥʦʛʦ ʤʝʪʘʣʫ: ʧʨʦʢʘʪʢʘ, ʚʦʣʦʯʽʥʥʷ, ʟʚʘʨʶʚʘʥʥʷ, 

ʥʘʧʠʣʝʥʥʷ, ʥʘʧʣʘʚʣʝʥʥʷ, ʛʘʣʴʚʘʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʠʡ ʤʝʪʦʜ.  

 

2.2 ɺʠʜʠ ʢʦʥʪʘʢʪʥʠʭ ʛʨʫʧ 

 

ɿʘ ʩʧʦʩʦʙʦʤ ʨʦʙʦʪʠ ʢʦʥʪʘʢʪʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʨʝʣʝ ʚʦʥʠ 

ʙʫʚʘʶʪʴ:  

ï ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʠʤʠ (ʟʘʢʨʠʪʠʤʠ, ʨʦʟʤʠʢʘʶʯʠʤʠ), ʷʢʽ 
ʩʢʦʨʦʯʝʥʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʅɿ, ʘʙʦ NC;  

ï ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʤʠ (ʚʽʜʢʨʠʪʠʤʠ, ʟʘʤʠʢʘʶʯʠʤʠ), ʷʢʽ 
ʧʦʟʥʘʯʘʶʪʴʩʷ ʅɿ, ʘʙʦ  NO ;  
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ï ʧʝʨʝʢʠʜʥʠʤʠ (ʧʝʨʝʤʠʢʘʶʯʠʤʠ), ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʦʚʥʽ, 

ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʪʨʠ ʧʣʘʩʪʠʥʠ ʟ ʢʦʥʪʘʢʪʘʤʠ, ʜʦ ʪʦʛʦ ʞ ʫ ʥʠʭ 

ʟʘʟʚʠʯʘʡ ʧʽʟʥʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘʛʘʣʴʥʠʡ ʢʦʥʪʘʢʪ ï ʧʠʰʫʪʴ 

çʟʘʛʘʣʴʥʠʡè ʘʙʦ çcomonè.  

ɿʘʛʘʣʦʤ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʥʘʟʚʘʤʠ ʢʦʥʪʘʢʪʽʚ ʟʨʦʟʫʤʽʣʦ, ʷʢ ʚʦʥʠ 

ʧʨʘʮʶʶʪʴ (ʨʠʩ. 2.7).  

ʅʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʽ ʢʦʥʪʘʢʪʠ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʟʘʤʢʥʝʥʽ, ʽ 

ʢʨʽʟʴ ʥʠʭ ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ (ʨʠʩ. 2.7, ʙ). ʇʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʨʝʣʝ 

ʢʦʥʪʘʢʪʠ ʨʦʟʤʠʢʘʶʪʴʩʷ, ʢʦʣʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʨʠʚʘʻʪʴʩʷ. 

ʅʦʨʤʘʣʴʥʦ ʚʽʜʢʨʠʪʽ (ʟʨʦʟʫʤʽʣʽʰʝ ï ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʽ) 

ʢʦʥʪʘʢʪʠ, ʥʘʚʧʘʢʠ, ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʨʦʟʽʤʢʥʝʥʽ (ʨʠʩ. 2.7, ʘ). 

ʂʦʣʠ ʨʝʣʝ ʩʧʨʘʮʴʦʚʫʻ, ʢʦʥʪʘʢʪ ʟʘʤʠʢʘʻʪʴʩʷ, ʽ ʚ ʢʦʣʽ ʚʠʥʠʢʘʻ ʩʪʨʫʤ. 

 

 
ʘ 

 

 
ʙ ʚ 

 

ʈʠʩʫʥʦʢ 2.7 ï ɺʠʜʠ ʢʦʥʪʘʢʪʥʠʭ ʛʨʫʧ [80, 81]: 

 
ʘ  ï ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʽ ʢʦʥʪʘʢʪʠ (NO); ʙ ï ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʽ 

ʢʦʥʪʘʢʪʠ (NC); ʚ ï ʧʝʨʝʢʠʜʥʽ (ʧʝʨʝʤʠʢʘʶʯʽ) ʢʦʥʪʘʢʪʠ. 



 

51 

 

ʅʘʧʝʚʥʦ, ʚʞʝ ʟʨʦʟʫʤʽʣʦ ʷʢ ʧʨʘʮʶʶʪʴ ʧʝʨʝʤʠʢʘʯʽ ʢʦʥʪʘʢʪʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʰʠʭ ʜʚʦʭ, ʧʝʨʝʤʠʢʘʶʯʠʡ ʢʦʥʪʘʢʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʨʴʦʭ ʧʣʘʩʪʠʥ. ʇʦ ʢʨʘʷʭ ï ʜʚʽ ʥʝʨʫʭʦʤʽ ʪʘ ʦʜʥʘ ʨʫʭʦʤʘ ï ʚ ʮʝʥʪʨʽ. 

ʈʫʭʦʤʠʡ ʢʦʥʪʘʢʪ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʟʘʛʘʣʴʥʠʤ. ʋ ʥʦʨʤʘʣʴʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʘ ʧʣʘʩʪʠʥʘ ʪʦʨʢʘʻʪʴʩʷ ʦʜʥʦʛʦ ʟ ʢʦʥʪʘʢʪʽʚ, ʩʪʨʫʤ 

ʧʨʦʪʽʢʘʻ ʮʠʤ ʰʣʷʭʦʤ (ʥʘ ʨʠʩʫʥʢʫ ʨʠʩ. 2.7, ʚ ï ʧʨʘʚʦʨʫʯ). ʇʨʠʥʮʠʧ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʝʣʝ ʟ ʧʝʨʝʤʠʢʘʶʯʠʤʠ ʢʦʥʪʘʢʪʘʤʠ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʨʝʣʝ, ʨʫʭʦʤʠʡ ʢʦʥʪʘʢʪ 

ʟʤʽʥʶʻ ʧʦʣʦʞʝʥʥʷ ʟʘʚʜʷʢʠ ʫʧʦʨʥʽʡ ʨʘʤʮʽ (ʥʘ ʨʠʩʫʥʢʫ ï ʮʝ ʧʨʦʩʪʦ 

ʰʪʠʨ, ʧʨʠʧʘʷʥʠʡ ʜʦ ʨʫʭʦʤʦʾ ʧʣʘʩʪʠʥʠ). ɸ ʨʘʤʢʘ ʧʨʠʢʨʽʧʣʝʥʘ ʜʦ 

ʷʢʦʨʷ. ʇʽʩʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ, ʫ ʧʝʨʰʦʤʫ ʢʦʣʽ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʨʦʟʨʠʚ, ʫ ʜʨʫʛʦʤʫ ï  ʧʦʯʠʥʘʻ ʧʨʦʪʽʢʘʪʠ ʩʪʨʫʤ.  

ʎʝ ʚʩʽ ʪʠʧʠ ʢʦʥʪʘʢʪʽʚ, ʱʦ ʟʜʘʻʪʴʩʷ ʥʽʙʠʪʦ ʥʝ ʪʘʢ ʙʘʛʘʪʦ. ɸʣʝ 

ʞ ʚ ʦʜʥʦʤʫ ʨʝʣʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʽʙʨʘʥʽ ʚʩʽ ʪʨʠ ʚʠʜʠ, ʽ ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ 

ʢʦʞʥʦʛʦ ʚʠʜʫ ʙʫʚʘʻ ʨʽʟʥʦʶ. ɰʭ ʦʙʠʨʘʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʨʝʙʠ ʨʝʣʝ. 

 

2.3 ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ  

 

2.3.1. ʑʦ ʪʘʢʝ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʪʘ ʯʠʤ ʚʦʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʚʜʘʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʽʚ? 

2.3.2. ʑʦ ʪʘʢʝ ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ ʢʦʥʪʘʢʪʽʚ? 

2.3.3. ʗʢʽ ʽʩʥʫʶʪʴ ʢʦʥʪʘʢʪʥʽ ʩʠʩʪʝʤʠ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ?  

2.3.4. ʇʝʨʝʣʽʯʠʪʴ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʤʘʣʦʧʦʪʫʞʥʠʭ ʨʦʟʨʠʚʥʠʭ 

ʢʦʥʪʘʢʪʽʚ ʟ ʙʣʘʛʦʨʦʜʥʠʭ ʪʘ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ï ʧʣʘʪʠʥʦʾʜʽʚ. 

2.3.5. ʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʽʟ ʨʽʜʢʠʤʠ ʤʝʪʘʣʘʤʠ. 
2.3.6. ʄʘʪʝʨʽʘʣʠ ʥʘ ʤʝʪʘʣʝʚʽʡ ʤʘʪʨʠʮʽ. 

2.3.7. ɺʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ.  
2.3.8. ʄʘʪʝʨʽʘʣʠ ʥʘ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ.  

2.3.9. ʄʘʪʝʨʽʘʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ. 

2.3.10. ʗʢ ʚʠʨʘʭʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʨʫʤ ʧʣʘʚʣʝʥʥʷ ʪʘ ʩʪʨʫʤ 

ʟʚʘʨʶʚʘʥʥʷ? 

2.3.11. ʗʢʽ ʩʠʣʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ 

ʢʦʥʪʘʢʪʽʚ? 

2.3.12. ɺ ʯʦʤʫ ʛʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʨʽʜʢʦʤʝʪʘʣʝʚʠʭ ʢʦʥʪʘʢʪʽʚ? 
2.3.13. ʗʢ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʥʪʘʢʪʥʦʾ ʧʣʦʩʢʦʩʪʽ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʨʘʥʠʮʽ ʟʦʥʠ ʩʪʷʛʫʚʘʥʥʷ 

ʪʘ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʪʘʢʪʽ? 
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3 ʆʉʅʆɺʅɯ ʇʆʃʆɾɽʅʅʗ ʊɽʆʈɯɰ ʄɸɻʅɯʊʅʀʍ ʂɯʃ 

 

ɺʽʜʦʤʦ, ʱʦ ʤʘʛʥʽʪʥʝ ʢʦʣʦ (ʄʂ) ï ʮʝ ʜʝʷʢʝ ʩʧʨʦʱʝʥʝ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʤʘʛʥʽʪʥʫ ʩʠʩʪʝʤʫ ʪʘ ʾʾ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʚ ʷʢʦʤʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʧʨʦʮʝʩʠ ʤʦʞʥʘ ʦʧʠʩʫʚʘʪʠ ʨʽʚʥʷʥʥʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʪʘʢʽ ʜʝʬʽʥʽʮʽʾ, ʷʢ 

ʤʘʛʥʽʪʦʨʫʰʽʡʥʘ ʩʠʣʘ (ʄʈʉ), ʨʽʟʥʠʮʷ ʩʢʘʣʷʨʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ (ʤʘʛʥʽʪʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ), ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʤʘʛʥʽʪʥʠʡ 

ʦʧʽʨ, ʤʘʛʥʽʪʥʘ ʧʨʦʚʽʜʥʽʩʪʴ. ʎʽ ʧʦʥʷʪʪʷ ʬʦʨʤʘʣʴʥʦ ʘʥʘʣʦʛʽʯʥʽ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʽʡ ʩʠʣʽ, ʝʣʝʢʪʨʠʯʥʽʡ ʥʘʧʨʫʟʽ, ʩʪʨʫʤʫ, ʦʧʦʨʫ, 

ʧʨʦʚʽʜʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʚʽʜʧʦʚʽʜʥʦ. ʊʦʤʫ ʧʦʥʷʪʪʷ 

çʤʘʛʥʽʪʥʝ ʢʦʣʦè ʙʫʣʦ ʟʘʧʨʦʚʘʜʞʝʥʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʛʥʽʪʥʠʭ 

ʩʠʩʪʝʤ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʧʦʣʽʚ, ʱʦ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ. ɽʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʧʨʦʪʽʢʘʻ ʚ ʩʝʨʝʜʦʚʠʱʽ, 

ʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʛʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʧʨʦʚʽʜʥʽʩʪʴ ʽʟʦʣʷʮʽʾ, ʱʦ 

ʦʪʦʯʫʻ ʧʨʦʚʽʜʥʠʢ. ʇʦʜʽʙʥʦ ʜʦ ʮʴʦʛʦ, ʧʨʦʚʽʜʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʧʦ 

ʷʢʦʤʫ ʧʨʦʭʦʜʠʪʴ ʛʦʣʦʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ (ʤʘʛʥʽʪʦʧʨʦʚʽʜ), 

ʧʝʨʝʚʠʱʫʻ ʧʨʦʚʽʜʥʽʩʪʴ ʥʝʤʘʛʥʽʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʦʪʦʯʫʻ 

ʤʘʛʥʽʪʦʧʨʦʚʽʜ. ʎʷ ʘʥʘʣʦʛʽʷ ʬʦʨʤʘʣʴʥʘ ʪʦʤʫ, ʱʦ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʪʘ 

ʧʦʣʝ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ï ʮʝ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʚʠʜʠ ʤʘʪʝʨʽʾ.  

ʄʘʛʥʽʪʥʽ ʢʦʣʘ ʙʽʣʴʰʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʻ 

ʨʦʟʽʤʢʥʝʥʠʤʠ ʥʝʤʘʛʥʽʪʥʠʤʠ ʟʘʟʦʨʘʤʠ, ʱʦ ʥʝ ʧʝʨʝʨʠʚʘʶʪʴ 

ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʘ ʣʠʰʝ ʟʙʽʣʴʰʫʶʪʴ ʤʘʛʥʽʪʥʠʡ ʦʧʽʨ ʥʘ ʡʦʛʦ ʰʣʷʭʫ. 

ʋ ʪʘʙʣʠʮʽ 3.1 ʥʘʚʝʜʝʥʘ ʘʥʘʣʦʛʽʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʽ 

ʤʘʛʥʽʪʥʠʭ ʢʽʣ, ʚ ʷʢʽʡ ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʦʙʤʦʪʢʠ ʧʦʟʥʘʯʝʥʘ ʣʽʪʝʨʦʶ 

W [2, 40, 47, 51, 55, 56].  ɺʽʜʦʤʦ, ʱʦ ʤʽʞ ʤʘʛʥʽʪʥʠʤʠ ʧʦʣʶʩʘʤʠ 

ʚʠʥʠʢʘʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʩʠʣʦʚʫ ʜʽʶ ʷʢʦʛʦ ʤʦʞʥʘ ʛʨʘʬʽʯʥʦ ʧʦʷʩʥʠʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʠʩ. 3.1. ʊʫʪ ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: Fʇ.ʊ. ï ʩʠʣʦʚʽ 

ʣʽʥʽʾ ʫ ʧʦʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʽ, ʘʙʦ ʩʠʣʠ çʧʦʜʦʚʞʥʴʦʛʦ ʪʷʞʽʥʥʷè, ʪʘ 

Fɹ.ʈ. ï ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʽ, ʘʙʦ ʩʠʣʠ çʙʽʯʥʦʛʦ ʨʦʟʧʦʨʫè. 

ʂʨʽʤ ʪʦʛʦ, ʤʘʛʥʽʪʥʽ ʩʠʣʦʚʽ ʣʽʥʽʾ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʟʘʤʠʢʘʪʠʩʷ 

ʧʦ ʥʘʡʢʦʨʦʪʰʦʤʫ ʰʣʷʭʫ. ʉʠʣʠ çʙʽʯʥʦʛʦ ʨʦʟʧʦʨʫè ʫʪʚʦʨʶʶʪʴ ʪʘʢ 

ʟʚʘʥʝ çʚʠʧʠʥʘʥʥʷè ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʚ ʙʽʯʥʦʤʫ ʥʘʧʨʷʤʽ. 

ʅʘ ʨʠʩ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ (ʷʨʤʦ ï 1, ʷʢʽʨ ï 2, ʦʩʝʨʜʷ ï 3), ʚʠʨʦʙʣʝʥʦʛʦ ʟ 

ʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʩʪʘʣʽ), ʷʢʠʡ ʤʘʻ ʥʝʚʝʣʠʢʠʡ ʤʘʛʥʽʪʥʠʡ ʦʧʽʨ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʨʦʙʦʯʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʌŭ ʚ ʧʦʚʽʪʨʷʥʠʭ 

ʟʘʟʦʨʘʭ 4 ʽ 5, ʜʝ ʤʘʛʥʽʪʥʠʡ ʦʧʽʨ ʻ ʚʠʩʦʢʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʣʣʶ.  
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ʊʘʙʣʠʮʷ 3.1 ï ɸʥʘʣʦʛʽʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ 

ʚʝʣʠʯʠʥ [51] 

ɽʣʝʢʪʨʠʯʥʽ ʚʝʣʠʯʠʥʠ ʄʘʛʥʽʪʥʽ ʚʝʣʠʯʠʥʠ 

ɺʝʣʠʯʠʥʘ ʈʽʚʥʷʥʥʷ ʆʜʠʥʠʮʽ ɺʝʣʠʯʠʥʘ ʈʽʚʥʷʥʥʷ ʆʜʠʥʠʮʽ 

ʉʠʣʘ ʩʪʨʫʤʫ 
t

Q
I
µ

µ
=  

ɸ 
ʅʘʧʨʫʛʘ 

ʽʥʜʫʢʮʽʾ t
WU
µ

µ
-=

ʌ  ɺ 

ʅʘʧʨʫʛʘ dEU Ö=  ɺ 
ʄʘʛʥʽʪʦʨʫ-

ʰʽʡʥʘ ʩʠʣʘ 
lHE Ö=  ɸ 

ɿʘʨʷʜ tIQ Ö=  ʂʣ = 

ɸĿʉ 

ʄʘʛʥʽʪʥʠʡ 

ʧʦʪʽʢ 
SɺÖ=ʌ  ʉɺɺʙ Ö=  

ʄʽʩʪʢʽʩʪʴ 
U

Q
C=  ʌ = 

ʂʣ/ɺ 

ɯʥʜʫʢʪʠʚʥʽʩʪʴ 

ʧʦʣʷ I

Wɺ
L

Ö
=  

ɸ

ʉ
ɺɻʥ Ö=  

ʅʘʧʨʫʞʝʥʽʩ

ʪʴ ʧʦʣʷ d

U
E=  ɺ/ʤ 

ʅʘʧʨʫʞʝʥʽʩʪʴ 

ʧʦʣʷ l

WI
H

Ö
=  

ʤ

A
 

ɽʣʝʢʪʨʠʯʥʝ 

ʟʤʽʱʝʥʥʷ S

Q
D=  

2ʤ

ʂʣ ʄʘʛʥʽʪʥʘ 

ʽʥʜʫʢʮʽʷ S
B
ʌ
=  

2ʤ

ʉ
ɺʊʣ Ö=  

ɽʥʝʨʛʽʷ ʧʦʣʷ 
2

2Uʉ
ɽʝ

Ö
=  ɼʞ = 

ɺʪĿʉ 
ɽʥʝʨʛʽʷ ʧʦʣʷ 

2

2IL
ɽʝ

Ö
=  ɼʞ=ɺʪĿ

ʉ 

ɽʣʝʢʪʨʠʯʥʘ 

ʧʦʩʪʽʡʥʘ 
2

0

1

CÖm
=e

 

ʤ

ʌ
 ʄʘʛʥʽʪʥʘ 

ʧʦʩʪʽʡʥʘ 
2

0

0
1

CÖe
=m

 

ʤ

ɻʥ
 

ɺʽʜʥʦʩʥʘ 

ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʪʴ 

ʩʝʨʝʜʦʚʠʱʘ, 

ʱʦ ʧʦʢʘʟʫʻ ʚ 

ʩʢʽʣʴʢʠ ʨʘʟ ʚ 

ʜʘʥʽʡ 

ʩʝʨʝʜʦʚʠʱʽ 

ʩʠʣʘ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʟʘʨʷʜʘʤʠ 

ʟʤʝʥʰʫʻʪʴʩʷ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʘʢʫʫʤʦʤ 

Ů ï 

ɺʽʜʥʦʩʥʘ 

ʤʘʛʥʽʪʥʘ 

ʧʨʦʥʠʢʣʠʚʽʩʪʴ 

ʩʝʨʝʜʦʚʠʱʘ ï 

ʧʦʢʘʟʫʻ ʚ 

ʩʢʽʣʴʢʠ ʨʘʟʽʚ 

ʤʘʛʥʽʪʥʘ 

ʽʥʜʫʢʮʽʷ ʧʦʣʷ, 

ʩʪʚʦʨʝʥʦʛʦ 

ʩʪʨʫʤʦʤ ʚ 

ʩʝʨʝʜʦʚʠʱʽ 

ʙʽʣʴʰʝ ʥʽʞ ʫ 

ʚʘʢʫʫʤʽ 

ɛ
 

 

ɸʙʩʦʣʶʪʥʘ 

ʜʽʝʣʝʢʪʨʠʯ-

ʥʘ ʧʨʦʥʠʢ-

ʥʽʩʪʴ 

eÖe=e 0a  
ʤ

ʌ
 

ɸʙʩʦʣʶʪʥʘ 

ʤʘʛʥʽʪʥʘ 

ʧʨʦʥʠʢʣʠʚʽʩʪ

 ɹ

0mÖm=mʘ   

  



 

54 

 

 
 

ʈʠʩʫʥʦʢ 3.1 ï ʈʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʠʭ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʤʽʞ ʧʦʣʶʩʘʤʠ [51] 

 

ʄʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʌʙ, ʱʦ ʥʝ ʟʘʤʠʢʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʽʪʨʷʥʽ ʟʘʟʦʨʠ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʪʦʢʦʤ ʨʦʟʩʽʷʥʥʷ. ʅʘ ʦʩʝʨʜʽ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʦʙʤʦʪʢʘ 

ʢʝʨʫʚʘʥʥʷ ï 6. 

 
 

ʈʠʩʫʥʦʢ 3.2 ï ʄʘʛʥʽʪʥʝ ʢʦʣʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʢʣʘʧʘʥʥʦʛʦ ʪʠʧʫ ʟ 

ʜʚʦʤʘ ʨʦʙʦʯʠʤʠ ʟʘʟʦʨʘʤʠ [51] 

 

3.1 ɿʘʢʦʥʠ ʤʘʛʥʽʪʥʠʭ ʢʽʣ 

 

ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʧʨʦʩʪʦʛʦ ʥʝʨʦʟʛʘʣʫʞʝʥʦʛʦ ʢʦʣʘ [51]: 

 

,ʌ
MR

WIÖ
=  (3.1) 

ʜʝ   Rʄ ï ʤʘʛʥʽʪʥʠʡ ʦʧʽʨ; 

I ï ʩʪʨʫʤ ʚ ʦʙʤʦʪʮʽ ʢʝʨʫʚʘʥʥʷ; 
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W ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʦʙʤʦʪʢʠ. 

ʇʝʨʰʠʡ ʟʘʢʦʥ ʂʽʨʭʛʦʬʘ. ɸʣʛʝʙʨʘʾʯʥʘ ʩʫʤʘ ʤʘʛʥʽʪʥʠʭ ʧʦʪʦʢʽʚ 

ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʝʨʝʪʠʥʽ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ: 

 

.0ʌʭ=ä  (3.2) 

 

ɼʨʫʛʠʡ ʟʘʢʦʥ ʂʽʨʭʛʦʬʘ. ʇʘʜʽʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦ 

ʟʘʤʢʥʝʥʦʤʫ ʢʦʥʪʫʨʫ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʤ.ʨ.ʩ., ʱʦ ʜʽʶʪʴ ʚ ʮʴʦʤʫ 

ʢʦʥʪʫʨʽ: 

,ʌ äñ Ö=Ö WIdRM  (3.3) 

 

ɿʘʢʦʥ ʧʦʚʥʦʛʦ ʩʪʨʫʤʫ. ʎʠʨʢʫʣʷʮʽʷ ʚʝʢʪʦʨʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ 

ʅ ʧʦ ʟʘʤʢʥʝʥʦʤʫ ʢʦʥʪʫʨʫ ʜʦʨʽʚʥʶʻ ʨʝʟʫʣʴʪʫʶʯʽʡ ʩʠʣʽ, ʱʦ 

ʥʘʤʘʛʥʽʯʫʻ, ʮʴʦʛʦ ʢʦʥʪʫʨʫ 

ñ Ö=Ö WldlH , (3.4) 

ʜʝ    l ï ʜʦʚʞʠʥʘ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ; 

ʅ ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ʚ ʤʘʛʥʽʪʥʽʡ ʩʠʩʪʝʤʽ. 

ʊʦʜʽ, ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʦʣʝ ʦʜʥʦʨʽʜʥʝ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

WIlH Ö=Ö . (3.5) 

ʄʘʛʥʽʪʥʠʡ ʦʧʽʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʣʦʤ, 

ʘ ʩʘʤʝ ʜʣʷ ʜʽʣʷʥʢʠ ʟ ʢʽʥʮʝʚʦʶ ʜʦʚʞʠʥʦʶ l ʙʫʜʝ 
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ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʛʥʽʪʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 
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ʜʝ   ɛ ï ʚʽʜʥʦʩʥʘ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; 
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S ʪʘ l  - ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʝʪʠʥ ʪʘ ʜʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʤʘʛʥʽʪʥʦʛʦ 

ʢʦʣʘ ʩʠʩʪʝʤʠ. 

ɿʘʢʦʥ ɹʽʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ (ʟʘʢʦʥ ɹʽʦ)  ʚʩʪʘʥʦʚʣʶʻ ʟʥʘʯʝʥʥʷ ʪʘ 

ʥʘʧʨʷʤʦʢ ʚʝʢʪʦʨʘ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ dB ʚ ʙʫʜʴ ʷʢʽʡ ʪʦʯʮʽ ʉ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʫʪʚʦʨʶʻʪʴʩʷ ʝʣʝʤʝʥʪʦʤ dl ʧʨʦʚʽʜʥʠʢʘ ʟʽ 

ʩʪʨʫʤʦʤ I ʨʠʩ. 3.3. 

ʊʦʜʽ ʟʘʢʦʥ ʫ ʩʢʘʣʷʨʥʽʡ ʬʦʨʤʽ ʟʘʧʠʰʝʤʦ: 

20
),(sin

4 r

rdldlI
dB

ÖÖ
Ö
p

m
m= , (3.6) 

 

ʜʝ   r ï ʨʘʜʽʫʩ-ʚʝʢʪʦʨ, ʧʨʦʚʝʜʝʥʠʡ ʚʽʜ ʝʣʝʤʝʥʪʘ ʧʨʦʚʽʜʥʠʢʘ ʚ ʪʫ 

ʪʦʯʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʚ ʷʢʽʡ ʽʥʜʫʢʮʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ; 

0m  ï  ʘʙʩʦʣʶʪʥʘ  ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʨʽʚʥʶʻ 

4ĿˊĿ10 -7 ɻ/ʤ; 

0m  ï ʚʽʜʥʦʩʥʘ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ. 

 
 

ʈʠʩʫʥʦʢ 3.3 ï ɽʣʝʤʝʥʪ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɺʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʫ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ [51] 

 

ʅʘʧʨʷʤ dB ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ ʄʘʢʩʚʝʣʣʘ (ʧʨʘʚʠʣʦ 

ʙʫʨʘʚʯʠʢʘ ï ʷʢʱʦ ʚʢʨʫʯʫʚʘʪʠ ʙʫʨʘʚʯʠʢ ʟʘ ʥʘʧʨʷʤʦʤ ʩʪʨʫʤʫ ʚ 

ʧʨʦʚʽʜʥʠʢʫ, ʪʦ ʥʘʧʨʷʤ ʨʫʭʫ ʨʫʢʦʷʪʢʠ ʙʫʨʘʚʯʠʢʘ ʚʢʘʟʫʻ ʥʘʧʨʷʤ 

ʣʽʥʽʾ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ). 
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3.2 ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʟʫʩʠʣʣʷ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʫʩʠʣʴ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʬʽʟʠʯʥʠʡ, ʘʙʦ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʽʜʭʦʜʠ [2, 3, 47, 51, 55, 56]. 

ʌʽʟʠʯʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʬʽʟʠʢʠ ʚʟʘʻʤʦʜʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ. ɿʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ɹʽʦ-ʉʘʚʘʨʘ-

ʃʘʧʣʘʩʘ ʥʘ ʝʣʝʤʝʥʪ ʪʽʣʘ ʦʙôʻʤʦʤ dV ʟ ʦʙôʻʤʥʦʶ ʱʽʣʴʥʽʩʪʶ ʩʪʨʫʤʫ 
-

j  ʙʫʜʝ ʜʽʷʪʠ ʟʽ ʩʪʦʨʦʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʽʥʜʫʢʮʽʻʶ B  ʩʠʣʘ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ   

dVjBFd ù
ú

ø
é
ê

è
Ö=
--

, (3.7) 

ʦʪʞʝ ʧʦʚʥʘ ʩʠʣʘ: 

ñ ù
ú

ø
é
ê

è
Ö=
--

V
dVjBF . (3.8) 

ʄʘʢʩʚʝʣʣ ʧʝʨʝʪʚʦʨʠʚ ʮʶ ʬʦʨʤʫʣʫ ʜʦ ʚʠʛʣʷʜʫ: 

 

ñ Ö
ù
ù
ú

ø

é
é
ê

è
Ö+Ö

ö
ö
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õ

æ
æ

ç

å
ÖÖ

m
=

--

S
SdBBnB

l
F 2

2

1
, (3.9) 

 

 
ʈʠʩʫʥʦʢ 3.4 ï ʌʝʨʦʤʘʛʥʝʪʠʢ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ɺʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʟʫʩʠʣʴ 

ʜʝ   ɺ ï ʽʥʜʫʢʮʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ; 

S ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʬʝʨʦʤʘʛʥʝʪʠʢʫ; 

Venj ÖÖ=
-

0
 ï ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ, 
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ʜʝ   n0  ï ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ, 

ʝ  ï ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʥʘ, 

V  ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʫʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ. 

ʊʦʜʽ, ʷʢʱʦ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʧʦʚʝʨʭʥʽ SB^ , ʘʙʦ ʢʦʣʽʥʝʘʨʥʽ

nB || , ʪʘ ʾʭ ʧʦʭʽʜʥʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʩʠʣʘ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʷʢ 

,2

0
ñ ÖÖ

m
= SdB

l
F  (3.10) 

ʘ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʣʷ, ʢʦʣʠ ʽʥʜʫʢʮʽʷ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʦʜʥʘʢʦʚʘ: 

0

2

2m
=

SB
F ,  (3.11) 

 

ʘʙʦ, ʷʢʱʦ ʧʦʪʽʢ ,SBÖ=F  ʪʦʜʽ 

S

ʌ
F

0

2

2m
= . (3.12) 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.11) ʽ (3.12) ʥʘʟʠʚʘʶʪʴ ʬʦʨʤʫʣʘʤʠ 

ʄʘʢʩʚʝʣʣʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʨʽʻʥʪʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ, ʯʝʨʝʟ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʧʦʣʝ ʨʽʚʥʦʤʽʨʥʝ (ʧʨʠ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʧʦʚʽʪʨʷʥʠʭ ʟʘʟʦʨʘʭ), ʪʘ ʤʘʛʥʽʪʥʽ ʩʠʣʦʚʽ ʣʽʥʽʾ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʧʦʚʝʨʭʥʽ ʷʢʦʨʷ (ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʨʽʚʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʘʙʦ ʤʘʛʥʽʪʥʽ ʦʧʦʨʠ ʩʪʘʣʽ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ). 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ 

ʚ ʧʨʦʜʦʚʞ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ. 

ɼʣʷ ʢʦʣʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʩʧʨʘʚʝʜʣʠʚʦ: 

.
dt

d
RiU

y
+=  (3.13) 
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ʇʦʤʥʦʞʠʤʦ ʦʙʠʜʚʽ ʯʘʩʪʠʥ ʨʽʚʥʷʥʥʷ ʥʘ dtiÖ , ʧʨʦ ʽʥʪʝʛʨʫʻʤʦ, 
ʧʽʩʣʷ ʯʦʛʦ ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ: 

ñ ññ
y

yÖ=Ö=ÖÖ

tt

didtRtdtiU

0 0

2

0

. (3.14) 

Wʝ ï ʝʣʝʢʪʨʠʯʥʘ    Wt ï ʪʝʧʣʦʚʽ        Wɽʄ ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ 

         ʝʥʝʨʛʽʷ                   ʚʠʪʨʘʪʠ                  ʝʥʝʨʛʽʷ 

 

ʗʢʱʦ  Wɽʄ  = Wʝ ï Wt , ʪʦʙʪʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ, ʨʘʟʦʤ ʟ ʪʠʤ ʫʪʚʦʨʶʶʪʴʩʷ 

ʚʪʨʘʪʠ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʘ. ʂʨʽʤ ʪʦʛʦ, ʚʧʨʦʜʦʚʞ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʨʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ʚ ʤʝʭʘʥʽʯʥʫ.  

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʙʫʣʘ 

ʥʘʢʦʧʠʯʝʥʘ ʤʘʛʥʽʪʥʦʶ ʩʠʩʪʝʤʦʶ, ʧʨʦʜʦʚʞ ʟʤʽʥʝʥʥʷ ʟʘʟʦʨʫ ŭ, 

ʩʪʨʫʤʫ I ʪʘ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ ɣ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʧʣʦʱʝʶ ç0ï1ï2ï

3ï0è ʥʘ ʨʠʩ. 3.5. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʢʦʣʠ ʷʢʽʨ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʨʫʭʦʤʠʤ (ŭ = ŭ1), ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ ʥʘʨʦʱʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ɣ1  

ʚʜʦʚʞ ʢʨʠʚʦʾ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ŭ1. ʇʨʠʯʦʤʫ ʝʥʝʨʛʽʷ, ʧʨʦʧʦʨʮʽʡʥʘ 

ç0ï1ï4ï0è ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʤʘʛʥʽʪʥʫ.  

 

 
 

ʈʠʩʫʥʦʢ 3.5 ï ɼʦ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ DWʤʝʭ 

 

ʇʨʠ ʩʪʨʫʤʽ I1 ʷʢʽʨ ʧʦʯʠʥʘʻ ʩʚʽʡ ʨʫʭ, ʘ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ 

ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʧʝʨʝʭʽʜʥʽʡ ʢʨʠʚʽʡ 1 - 2. ʇʨʠ ʮʴʦʤʫ ʝʥʝʨʛʽʷ, ʷʢʘ 

ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ ç1ï2ï3ï4ï1è, ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʤʘʛʥʽʪʥʫ 

ʝʥʝʨʛʽʶ. ɿʘʧʘʩ ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ ʧʨʠ (ŭ = ŭ2) 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʣʦʱʝʶ ç0ï2ï 3 ï 0è, ʘ ʝʥʝʨʛʽʷ, ʱʦ ʦʢʨʝʩʣʶʻʪʴʩʷ 

ʧʣʦʱʝʶ  ç0ï1ï2ï0è  ʧʨʦʜʦʚʞ ʨʫʭʫ ʷʢʦʨʷ ʚʞʝ ʚʠʪʨʘʪʠʣʘʩʴ, ʪʦʙʪʦ 
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ʨʦʙʦʪʘ ʟʨʦʙʣʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ ʟʘʜʣʷ 

ʧʦʜʦʣʘʥʥʷ ʧʨʦʪʠʜʽʶʯʠʭ ʩʠʣ, ʩʠʣ ʪʝʨʪʷ, ʽʥʝʨʮʽʾ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ. 

ʎʝ ʻ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ DWʤʝʭ. ʊʦʜʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʠʣʘ 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

,
dD

D
-=

D

D
= ʤʝʭʤʝʭ

ɽʄ
W

ʭ

W
F  (3.15) 

ʘʙʦ ʧʨʠ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ: 

,..

d
-==

d

dW

ʭd

dW
F ʤʝʭʤʝʭ
ɽʄ  (3.16) 

ʜʝ    ȹʭ ʪʘ ȹŭ ï ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʨʷ ʪʘ ʟʘʟʦʨ, ʘ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʨʠ ʨʫʩʽ 

ʷʢʦʨʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘʟʦʨ, ʪʦ ȹʭ = ï ȹŭ. 

ʆʪʞʝ, ʷʢʱʦ ʢʨʠʚʽ ʥʘʤʘʛʥʽʯʫʚʘʥʦʩʪʽ ʟʘʜʘʥʽ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʜʽ, 

ʪʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʠʣʫ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʟʦʨʫ ʤʽʞ ŭ1 ʪʘ 

ŭ2 ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʣʦʱʝʶ 0ï1ï2ï0, ʷʢʱʦ ʨʦʟʜʽʣʠʪʠ ʾʾ ʥʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʨʷ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʣʦʱʘ ʬʽʛʫʨʠ 0ï1ï2ï0 

ʻ ʧʣʦʱʝʶ ʪʨʠʢʫʪʥʠʢʘ, ʪʦ ʤʦʞʥʘ ʚʚʝʩʪʠ ʪʝʨʤʽʥ çʣʽʥʽʡʥʦʾ ʤʘʛʥʽʪʥʦʾ 

ʩʠʩʪʝʤʠè, ʘ ʚʽʜʪʘʢ ï ʟʘʩʪʦʩʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʽʜʭʽʜ. ɼʣʷ ʣʽʥʽʡʥʦʾ 

ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ 

ʤʘʻ ʚʠʛʣʷʜ 
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, (3.17) 

 

ʘ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʟ ʷʢʦʨʝʤ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʦʪʨʠʤʘʻʤʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ: 
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d
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d
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1
. (3.18) 

ʉʪʨʫʤ ʥʝ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʜʣʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʪʝ, ʱʦ ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ 

ʆʤʘ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ ʪʘ ʦʧʦʨʦʤ 

ʦʙʤʦʪʢʠ (RUI /= ). ʇʝʨʝʪʚʦʨʠʤʦ ʬʦʨʤʫʣʫ ʩʠʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
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ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʦʙʤʦʪʢʠ, ʢʽʣʴʢʦʩʪʽ ʾʾ ʚʠʪʢʽʚ ʽ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ 

(ɣ=LĀI=WĀʌ=WĀ(IĀW)Āȿ=W2ĀȿĿI), ʦʪʨʠʤʘʻʤʦ: 

( )
d

L
ÖÖÖ-= d
d

d

d
WIFɽʄ

2

2

1
, (3.19) 

ʜʝ  W ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʦʙʤʦʪʢʠ; 

dL  ï ʧʨʦʚʽʜʥʽʩʪʴ ʨʦʙʦʯʠʭ ʧʦʚʽʪʨʷʥʠʭ ʟʘʟʦʨʽʚ; 

(IĀW)ŭ ï ʨʦʙʦʯʝ ʟʥʘʯʝʥʥʷ ʄʈʉ ʨʦʙʦʯʠʭ ʧʦʚʽʪʨʷʥʠʭ ʟʘʟʦʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ  ʷʢ (IĀW)ŭ = IĀW ï (IĀW)ʉʊ+ʇɿ (IĀW ï ʧʦʚʥʘ ʄʈC 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, (IĀW)ʉʊ+ʇɿ ï ʚʪʨʘʪʠ ʚ ʩʪʘʣʽ ʽ ʧʘʨʘʟʠʪʥʠʭ 

ʟʘʟʦʨʘʭ) [40, 50, 51]. 

ʆʪʨʠʤʘʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣʠ ʙʽʣʴʰ 

ʫʥʽʚʝʨʩʘʣʴʥʘ, ʥʽʞ ʬʦʨʤʫʣʘ ʄʘʢʩʚʝʣʣʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʩʠʣʠ ʜʣʷ ʥʘʩʠʯʝʥʠʭ ʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʨʦʙʦʯʠʭ ʟʘʟʦʨʘʭ. 

 

3.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ: ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ, 

ʧʨʦʪʠʜʽʶʯʘ ʪʘ ʪʷʛʦʚʘ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʮʝ ʟʘʣʝʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ Fɽʄ, ʘʙʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʦʙʝʨʪʘʥʥʷ ʄɽʄ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʙʤʦʪʢʫ ʧʨʠ ʧʝʚʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʷʢʦʨʷ (ʜʣʷ 

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʷʢʦʨʷ ï Fɽʄ = f (I, IW, U)  ʧʨʠ ŭ = const; ʪʘ ʜʣʷ 

ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʷʢʦʨʷ ïʄɽʄ = f (I, IW, U) ʧʨʠ ű = const). ʊʦʙʪʦ 

ʚʦʥʘ ʧʦʢʘʟʫʻ, ʷʢʦʶ ʩʠʣʦʶ ʤʦʞʥʘ ʥʘʚʘʥʪʘʞʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʧʨʠ 

ʚʠʟʥʘʯʝʥʠʭ ʧʦʣʦʞʝʥʥʽ ʷʢʦʨʷ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩ. 3.6).  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʘʛʥʽʪʥʠʡ ʦʧʽʨ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʜʽ ʟʛʽʜʥʦ ʟ 

ʬʦʨʤʫʣʦʶ ( )
d

dL
Ö-= d

d

d
IWFɽʄ

2

2

1
  ʦʪʨʠʤʘʻʤʦ ʢʚʘʜʨʘʪʠʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʙʦʣʠ (1 ï ʧʦʟʥʘʯʝʥʘ çï  ï  ï è). ɸʣʝ ʞ 

ʨʝʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (2 ï ʧʦʟʥʘʯʝʥʘ çïïïè) ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʚʽʜ ʧʘʨʘʙʦʣʠ ʪʦʤʫ, ʱʦ ʯʘʩʪʠʥʘ ʄʈʉ ʦʙʤʦʪʢʠ ʚʪʨʘʯʘʻʪʴʩʷ ʯʝʨʝʟ 

ʧʘʜʽʥʥʷ ʤʘʛʥʽʪʥʦʾ ʥʘʧʨʫʛʠ ʚ ʩʪʘʣʽ ʪʘ ʧʘʨʘʟʠʪʥʠʭ ʟʘʟʦʨʘʭ, ʱʦ 

ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʦ ʟʘ ʫʤʦʚʠ ʚʝʣʠʢʠʭ ʩʪʨʫʤʽʚ, ʢʦʣʠ ʤʘʛʥʽʪʥʘ 
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ʩʠʩʪʝʤʘ ʥʘʩʠʯʫʻʪʴʩʷ. ʅʘ ʷʢʽʨ ʨʝʣʝ ʜʽʻ ʩʠʣʘ ʨʝʘʢʮʽʾ (ʧʨʦʪʠʜʽʶʯʘ 

ʩʠʣʘ)  ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ Fɽʄ , ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʷʢʽʨ ʜʦ ʨʫʭʫ. 

 

 
 

ʈʠʩʫʥʦʢ 3.6 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ [51] 

 

ʎʷ ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʣʝʞʥʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ, ʪʦʤʫ ʾʾ ʥʘʟʠʚʘʶʪʴ ʧʨʦʪʠʜʽʶʯʦʶ ʩʠʣʦʶ Fʇʈ 

= f (ŭ), ʘʙʦ ʧʨʦʪʠʜʽʶʯʠʤ ʤʦʤʝʥʪʦʤ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʷʢʦʨʷ 

ʄ ʇʈ = f (ű). ʄʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ ʨʝʣʝ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʩʢʣʘʜʦʚʠʭ (ʚʫʟʣʽʚ) ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʚʩʪʫʧʘʶʪʴ ʚ ʜʽʶ ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʷʢʦʨʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʫ ʩʠʩʪʝʤʫ, ʢʦʥʪʘʢʪʠ ʷʢʦʾ ʨʦʟʽʤʢʥʝʥʽ ʚ 

ʥʦʨʤʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ (ʨʠʩ. 3.7 ʘ), ʷʢʘ ʚʢʣʶʯʘʻ ʧʦʚʝʨʪʘʣʴʥʫ 

ʧʨʫʞʠʥʫ (1) ʪʘ ʢʦʥʪʘʢʪʥʽ ʧʨʫʞʠʥʠ (2, 3). ʇʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ 

ʢʦʪʫʰʢʫ (4) ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʷʢʽʨ ʧʦʯʠʥʘʻ ʨʫʭʘʪʠʩʷ, ʘ ʦʪʞʝ, ʦʜʨʘʟʫ 

ʧʦʯʠʥʘʻ ʜʽʷʪʠ ʨʝʘʢʮʽʷ ʚʽʜ ʧʨʫʞʠʥʠ (1) ʥʘ ʨʠʩ. 3.7, ʙ (ʣʘʤʘʥʘ ʢʨʠʚʘ 

(1')), ʦʜʥʦʯʘʩʥʦ ʜʽʻ ʨʝʘʢʮʽʷ ʚʽʜ ʤʘʩʠ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ 2' (ʩʘʤʦʛʦ 

ʷʢʦʨʷ, ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʽ ʪ. ʥ̔.), ʧʨʠʯʦʤʫ ʮʷ ʚʘʛʘ ʤʦʞʝ 

ʚʽʜʥʽʤʘʪʠʩʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʱʦ ʤʘʻ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʨʝʣʝ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʣʽʥʽʷ 2"). ʇʦʪʽʤ ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʧʨʫʞʠʥʘ (3) 

ʧʨʠ ʧʝʚʥʦʤʫ ʟʥʘʯʝʥʥʽ ʟʘʟʦʨʫ ŭɓ (ʟʘʣʝʞʥʽʩʪʴ 3'). ɺʽʜʩʪʘʥʴ ɓ, ʷʢʫ 

ʧʨʦʭʦʜʠʪʴ ʨʫʭʦʤʠʡ ʢʦʥʪʘʢʪ ʜʦ ʟʽʪʢʥʝʥʥʷ ʟ ʥʝʨʫʭʦʤʠʤ (ʥʘ 

ʧʨʦʪʠʜʽʶʯʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʩʪʘʥʽ, ʱʦ ʜʦʨʽʚʥʶʻ 

bd-d=b ʤʘʭ ). ʊʦʜʽ ʩʫʤʘʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ɆFʇʈ ʮʝ ʻ ʧʦʚʥʦʶ 

ʧʨʦʪʠʜʽʶʯʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. 
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ʈʠʩʫʥʦʢ 3.7 ï ʉʧʨʦʱʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ  

ʨʝʣʝ ʪʘ ʡʦʛʦ ʧʨʦʪʠʜʽʶʯʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

 
ʘ ï ʩʭʝʤʘ ʢʽʥʝʤʘʪʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʙ ï ʧʨʦʪʠʜʽʶʯʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ɿʘʟʥʘʯʠʤʦ, ʱʦ: 

1) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʠ ʧʨʫʞʠʥ ʥʝ ʧʦʯʠʥʘʶʪʴʩʷ ʟ ʥʫʣʷ, 
ʦʩʢʽʣʴʢʠ ʻ ʾʭ ʧʦʧʝʨʝʜʥʻ ʩʪʠʩʢʘʥʥʷ (ʨʦʟʪʷʛʫʚʘʥʥʷ), ʪʦʤʫ 

ʨʝʘʢʮʽʻʶ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʚʝʨʪʠʢʘʣʴʥʘ ʣʽʥʽʷ;  

 

        
 

ʘ  ʙ 
ʈʠʩʫʥʦʢ 3.8 ï ʉʪʘʪʠʩʪʠʯʥʘ ʪʘ ʜʠʥʘʤʽʯʥʘ ʪʷʛʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʝ (ʘ)  

ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʝ (ʙ) [2, 7, 51] 

 

2) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʨʝʣʝ ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʧʣʦʱʠʥʠ ʨʝʘʢʮʽʷ ʚʽʜ ʤʘʩʠ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʤʦʞʝ ʙʫʪʠ ʧʦʟʠʪʠʚʥʦʶ, 



 

64 

 

ʘʙʦ ʥʝʛʘʪʠʚʥʦʶ. ʅʘ ʮʶ ʨʝʘʢʮʽʶ ʜʣʷ ʤʘʣʦʧʦʪʫʞʥʠʭ ʨʝʣʝ ʟʘʟʚʠʯʘʡ 

ʥʝ ʟʚʘʞʘʶʪʴ; 

3) ʨʝʘʢʮʽʻʶ ʚʽʜ ʪʝʨʪʷ ʪʘʢ ʩʘʤʦ ʥʝʭʪʫʶʪʴ. 

ʊʷʛʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʮʝ ʻ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʠʣʠ Fɽʄʊ = f (ŭ) ʘʙʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜ ʧʦʣʦʞʝʥʥʷ 

ʷʢʦʨʷ ʄɽʄʊ = f (ű). ʈʦʟʨʽʟʥʷʶʪʴ ʩʪʘʪʠʯʥʫ ʽ ʜʠʥʘʤʽʯʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 3.8).  

ʉʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʜʫʻʪʴʩʷ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʄʈʉ 

ʦʙʤʦʪʢʠ, ʱʦ ʤʦʞʣʠʚʦ ʧʨʠ ʥʝʩʢʽʥʯʝʥʥʦ ʧʦʚʽʣʴʥʦʤʫ ʨʫʩʽ ʷʢʦʨʷ 

(ʢʨʠʚʘ 1, ʨʠʩ. 3.8, ʘ).  

ɼʠʥʘʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʜʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʘʙʦ 

ʧʦʚʝʨʥʝʥʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʢʨʠʚʘ 2, ʨʠʩ. 3.8, ʘ). 

 

ɼʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʽ ʧʨʦʚʽʜʥʽʩʪʴ 
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Öm SS , ʪʦʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (3.19) 

ʦʪʨʠʤʘʻʤʦ ( )
2

02

2

1

d

Öm
ÖÖÖ= d

S
WIFɽʄʊ  . ɿ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʟʘʟʦʨʫ ʩʠʣʘ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʽ ʧʨʠ ŭå0 ʥʘʙʫʚʘʻ 

ʥʝʩʢʽʥʯʝʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʝ ʩʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ.  

ʅʘʩʧʨʘʚʜʽ ʞ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʟʘʟʦʨʫ ʟʨʦʩʪʘʻ ʧʘʜʽʥʥʷ ʤʘʛʥʽʪʥʦʾ 

ʥʘʧʨʫʛʠ ʚ ʩʪʘʣʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʨʦʙʦʯʝ ʟʥʘʯʝʥʥʷ 

ʄʈʉ (IĀW)ŭ, ʦʪʞʝ, ʟʘ ʬʦʨʤʫʣʦʶ (3.19) ʨʝʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʙʫʜʝ 

ʤʝʥʰʝ, ʥʽʞ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʦʧʦʨʫ ʩʪʘʣʽ, ʘ ʧʨʠ ŭå0 ʩʠʣʘ ʤʘʪʠʤʝ 

ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ.  

ʅʘ ʨʠʩ. 3.8, ʙ ʥʘʚʦʜʠʪʴʩʷ ʧʨʠʥʮʠʧ ʫʟʛʦʜʞʝʥʥʷ ʪʷʛʦʚʦʾ ʽ 

ʧʨʦʪʠʜʽʶʯʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʝ. ʋʟʛʦʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦʙ ʪʷʛʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ Fɽʄʊ ʤʘʻ ʣʝʞʘʪʠ 

ʦʙʦʚôʷʟʢʦʚʦ ʚʠʱʝ ʧʨʦʪʠʜʽʶʯʦ ʾFʇʈ, ʘ ʟʚʦʨʦʪʥʘ Fɿɺ ï  ʦʙʦʚôʷʟʢʦʚʦ 

ʥʠʞʯʝ ʧʨʦʪʠʜʽʶʯʦʾ. ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʷʢʱʦ: 

ʘ) ʟʤʝʥʰʠʪʠ ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʠʥ, ʪʦʙʪʦ çʚʽʜʧʫʩʪʠʪʠè Fʇʈ; 

ʙ) ʟʘʩʪʦʩʫʚʘʪʠ ʧʦʣʶʩʥʠʡ ʥʘʢʦʥʝʯʥʠʢ, ʪʦʙʪʦ ʟʤʽʥʠʪʠ ʭʘʨʘʢʪʝʨ 

Fɽʄʊ , 

ʚ) ʟʤʽʥʠʪʠ ʨʫʰʽʡʥʫ ʩʠʣʫ (ʪʦʙʪʦ ʟʤʽʥʠʪʠ ʌŭ) ʽ ʪʦʱʦ. 
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ʗʢʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʜʝ Fɽʄʊ1 ï ʚʚʽʤʢʥʝʥʥʷ ʥʝ ʩʪʘʥʝʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʚʽʜʧʫʱʝʥʦʤʫ ʷʢʦʨʽ ʪʦʯʢʘ ça1è ʣʝʞʠʪʴ ʥʠʞʯʝ ʟʘ ʪʦʯʢʫ 

çʘè. ʗʢʱʦ Fɽʄʊ2 , ʪʦ ʫ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʚʽʜʙʫʜʝʪʴʩʷ ʟʘʪʨʠʤʢʘ 

ʟʨʫʰʝʥʥʷ ʽ ʢʦʥʪʘʢʪʠ ʤʦʞʫʪʴ ʟʚʘʨʠʪʠʩʷ, ʘʙʦ, ʷʢʱʦ ʨʫʰʽʡʥʘ ʯʘʩʪʠʥʘ 

ʨʝʣʝ ʤʘʪʠʤʝ ʟʘʧʘʩ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʟʘʰʪʨʠʭʦʚʘʥʘ ʧʣʦʱʘ ʥʘ 

ʛʨʘʬʽʢʫ), ʪʦ ʤʦʞʫʪʴ ʚʚʽʤʢʥʫʪʠʩʷ, ʧʨʦʪʝ ʩʪʘʥʝʪʴʩʷ ʤʠʪʪʻʚʠʡ 

ʧʝʨʝʛʨʽʚ ʤʽʩʮʷ ʢʦʥʪʘʢʪʫʚʘʥʥʷ. ʋ ʪʦʯʮʽ ŭ  ʥʝ ʩʣʽʜ ʤʘʪʠ ʚʝʣʠʢʠʡ 

ʟʘʧʘʩ Fɽʄʊ , ʦʩʢʽʣʴʢʠ ʫ ʤʦʤʝʥʪ ʟʘʤʠʢʘʥʥʷ ʚʠʥʠʢʥʝ ʩʠʣʴʥʠʡ ʫʜʘʨ. 

Fɿɺ ʤʘʻ ʧʨʦʭʦʜʠʪʠ ʥʠʞʯʝ Fʇʈ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʚʦʨʦʪʥʘ ʩʠʣʘ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ Fɿɺ1, ʪʦ ʚ ʪʦʯʮʽ b1  ʯʝʨʝʟ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ 

ʥʘʪʠʩʢʘʥʥʷ (ʧʨʠ ʮʴʦʤʫ ʪʦʯʢʘ b ʨʦʟʪʘʰʦʚʘʥʘ ʥʠʞʯʝ) ʢʦʥʪʘʢʪʠ 

ʤʦʞʫʪʴ ʟʚʘʨʠʪʠʩʷ. 

 

3.4 ʂʦʥʪʨʦʣʴʥ ̔ʧʠʪʘʥʥʷ  

 

3.4.1. ʗʢʽ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ? 

3.4.2. ʗʢ ʚʠʟʥʘʯʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʠʣʫ (ʬʽʟʠʯʥʠʡ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʽʜʭʦʜʠ)? 

3.4.3. ʑʦ ʪʘʢʝ ʧʘʨʘʤʘʛʥʝʪʠʢʠ, ʜʽʘʤʘʛʥʝʪʠʢʠ, ʬʝʨʦʤʘʛʥʝʪʠʢʠ, 

ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʠ ʪʘ ʬʝʨʠʪʠ? 

3.4.4. ʑʦ ʪʘʢʝ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʪʘ ʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ? 

3.4.5. ʄʘʛʥʽʪʦʤô̫ ʢʽ ʪʘ ʤʘʛʥʽʪʦʪʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ. 

3.4.6. ʗʢʽ ʦʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʤʘʛʥʽʪʥʠʤ ʪʘ ʝʣʝʢʪʨʠʯʥʠʤ 

ʢʦʣʘʤʠ?  

3.4.7. ʑʦ ʪʘʢʝ ʥʝʤʘʛʥʽʪʥʠʡ ʟʘʟʦʨ, ʨʦʙʦʯʠʡ ʟʘʟʦʨ, ʧʦʪʽʢ 

ʨʦʟʩʽʶʚʘʥʥʷ, ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ?  

3.4.8. ʗʢ ̔ʦʩʥʦʚʥʽ ʟʘʢʦʥʠ ʤʘʛʥʽʪʥʠʭ ʢʽʣ?  

3.4.9. ʗʢ ʚʠʟʥʘʯʠʪʠ ʤʘʛʥʽʪʥʽ ʦʧʦʨʠ?  

3.4.10. ʗʢ ʟʤʽʥʶʻʪʴʩʷ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʚʟʜʦʚʞ ʦʩʝʨʜ ̫

ʤʘʛʥʽʪʥʦʛʦ ʩʠʩʪʝʤʠ ʟ ʨʦʟʧʦʜʽʣʝʥʦʶ ʄʈʉ?  

3.4.11. ʗʢ ʨʦʟʨʘʭʫʚʘʪʠ ʤʘʛʥʽʪʥʽ ʧʨʦʚʽʜʥʦʩʪʽ?  

3.4.12. ʑʦ ʨʦʟʫʤʽʶʪʴ ʧʽʜ ʥʘʚʝʜʝʥʥʷʤ ʤʘʛʥʽʪʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʨʦʟʩʽʶʚʘʥʥʷ ʧʦ ʧʦʪʦʢʫ ʪʘ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ?  

3.4.14. ʅʘʚʽʱʦ ʧʦʪʨʽʙʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʩʽʶʚʘʥʥʷ?  

3.4.15. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʘʛʥʽʪʥʽ ʩʠʩʪʝʤʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʚʽʜ ʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ?  
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4 ɽʃɽʂʊʈʆʄɽʍɸʅIʏʅI ʈɽʃɽ 

 

ɽʥʮʠʢʣʦʧʝʜʽʾ ʽ ʪʝʭʥʽʯʥʽ ʩʣʦʚʥʠʢʠ ʚʠʟʥʘʯʘʶʪʴ ʨʝʣʝ (relay - 

ʟʤʽʥʘ; ʬʨʘʥʮ. relais, ʚʽʜ relayer ð ʟʤʽʥʶʚʘʪʠ, ʟʘʤʽʥʶʚʘʪʠ) ʷʢ 

ʧʨʠʩʪʨʽʡ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʦʤʫʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʩʠʛʥʘʣʫ. ɹʫʜʴ-ʷʢʠʡ ʨʝʣʝʡʥʠʡ ʧʨʠʩʪʨʽʡ ʤʘʻ ʫ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʝʣʝʡʥʠʡ ʝʣʝʤʝʥʪ (ʟ ʜʚʦʤʘ ʩʪʘʥʘʤʠ ʩʪʽʡʢʦʾ 

ʨʽʚʥʦʚʘʛʠ) ʪʘ ʛʨʫʧʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʱʦ ʟʘʤʠʢʘʶʪʴʩʷ (ʘʙʦ 

ʨʦʟʤʠʢʘʶʪʴʩʷ) ʧʨʠ ʟʤʽʥʽ ʩʪʘʥʫ ʨʝʣʝʡʥʦʛʦ ʝʣʝʤʝʥʪʫ [4, 5, 7, 17, 19, 

24, 25, 30, 35, 46].  

ʈʝʣʝ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʨʠʩʪʨʦʷʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ, ʩʠʛʥʘʣʽʟʘʮʽʾ, ʟʘʭʠʩʪʫ ʪʘ ʢʦʤʫʪʘʮʽʾ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʩʠʛʥʘʣʫ, ʱʦ ʢʝʨʫʻ, ʨʝʣʝ 

ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʠʯʥʽ, ʪʝʧʣʦʚʽ, ʤʝʭʘʥʽʯʥʽ, ʦʧʪʠʯʥʽ ʤʘʛʥʽʪʥʽ, 

ʘʢʫʩʪʠʯʥʽ ʪʦʱʦ. ɽʣʝʢʪʨʠʯʥʽ ʨʝʣʝ ʨʝʘʛʫʶʪʴ ʥʘ ʪʘʢʽ ʝʣʝʢʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʷʢ ʩʪʨʫʤ, ʥʘʧʨʫʛʘ, ʧʦʪʫʞʥʽʩʪʴ, ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, 

ʪʦʱʦ, ʘʙʦ ʞ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ, ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʪʦʱʦ. ʈʝʣʝ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʧʣʦʚʘ ʜʽʷ ʩʪʨʫʤʫ, ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ 

ʝʣʝʢʪʨʠʯʥʠʭ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘʟʚʫ ʝʣʝʢʪʨʦʪʝʧʣʦʚʽ. ʄʝʭʘʥʽʯʥʽ ʨʝʣʝ 

ʨʝʘʛʫʶʪʴ ʥʘ ʩʠʣʫ, ʪʠʩʢ, ʰʚʠʜʢʽʩʪʴ, ʧʝʨʝʤʽʱʝʥʥʷ, ʪʦʱʦ. ʏʘʩʪʦ ʨʝʣʝ, 

ʷʢʽ ʤʘʶʪʴ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʝʝʣʝʢʪʨʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʚʠʢʦʥʫʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ, ʟ'ʻʜʥʘʥʠʭ ʟ ʨʝʣʝʡʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ [4]. 

ɿʘʚʜʷʢʠ ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʛʨʝʩʫ ʟôʷʚʠʣʠʩʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʪʘ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʢʦʤʫʪʘʪʦʨʠ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ ʨʝʣʝ: 

ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ, ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʣʝʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʤʦʨʩʴʢʠʭ ʽ ʨʽʯʢʦʚʠʭ ʩʫʜʝʥ, 

ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ ʨʫʭʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʙʝʟʧʝʢʠ ʥʘ 

ʟʘʣʽʟʥʠʯʥʠʭ ʜʦʨʦʛʘʭ, ʛʽʨʥʠʯʦ-ʨʫʜʥʦʾ ʪʘ ʥʘʬʪʦʚʠʜʦʙʫʚʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʦʱʦ [4, 5, 7, 19, 29]. ɿʘʛʘʣʦʤ ʨʝʣʝʡʥʠʡ ʝʣʝʤʝʥʪ ʻ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʩʪʨʠʙʢʦʧʦʜʽʙʥʫ 

ʟʤʽʥʫ ʚʠʭʽʜʥʦʛʦ (ʢʝʨʦʚʘʥʦʛʦ) ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ Y ʧʨʠ ʧʝʚʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʚʭʽʜʥʦʛʦ (ʱʦ ʢʝʨʫʻ) ʩʠʛʥʘʣʫ ʝʥʝʨʛʽʾ X. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, 

ʱʦ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʟʥʘʯʝʥʥʷ Y ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʝʥʝʨʛʽʾ X, ʘ ʥʝ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ. 

ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ )(XfY=  ʤʘʻ ʬʦʨʤʫ ʧʝʪʣʽ (ʢʫʩʦʯʥʦ-ʣʽʥʽʡʥʘ 
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ʬʫʥʢʮʽʷ) ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʣʝʡʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. ʊʫʪ ʤʘʻʪʴʩʷ ʥʘ 

ʫʚʘʟʽ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ Y ʚ ʯʘʩʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʍ.  

ʈʝʣʝ ï ʮʝ ʘʧʘʨʘʪʠ, ʧʨʠʟʥʘʯʝʥʽ ʟʜʽʡʩʥʶʚʘʪʠ ʩʪʨʠʙʢʦʧʦʜʽʙʥʽ 

ʟʤʽʥʠ ʩʠʛʥʘʣʽʚ ʫ ʚʠʭʽʜʥʠʭ ʢʦʣʘʭ ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʠʜʽʚ ʨʝʣʝ ʜʫʞʝ 

ʚʝʣʠʢʘ ʽ ʢʦʞʝʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʈʝʣʝ 

ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʜʽʣʷʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʛʨʫʧ.  

ɿʘ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ:  

ï ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤʠ ʪʘ ʝʣʝʢʪʨʦʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ;  

ï ʟʘʭʠʩʪ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ;  

ï ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʩʠʩʪʝʤ ʪʘ ʩʠʛʥʘʣʽʟʘʮʽʷ.  

ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ:  

ï ʪʝʧʣʦʚʽ;  

ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ (ʥʝʡʪʨʘʣʴʥ,̔ ʧʦʣʷʨʠʟʦʚʘʥʽ);  

ï ʽʥʜʫʢʮʽʡʥʽ (ʟ ʦʙʝʨʪʘʣʴʥʠʤ ʧʦʣʝʤ, ʟ ʪʘʢʠʤ, ʱʦ ʙʽʞʠʪʴ); 

ï ʤʘʛʥʽʪʦʣʝʢʪʨʠʯʥʽ;  

ï ʝʣʝʢʪʨʦʥʥʽ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʪʘ ʮʠʬʨʦʚʽ (ʪʚʝʨʜʦʪʽʣʴʥʽ).  

ɿʘ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʽ ʚʠʢʣʠʢʘʻ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʢʦʤʫʪʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʂʇ):  

ï ʚʽʜ ʩʪʨʫʤʫ;  

ï ʚʽʜ ʥʘʧʨʫʛʠ;  

ï ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ;  

ï ʚʽʜ ʯʘʩʪʦʪʠ.  

ɿʘ ʧʨʠʥʮʠʧʦʤ ʥʘ ʢʝʨʫʶʯʫ ʯʘʩʪʠʥʫ ʧʨʠʩʪʨʦʶ:  

ï ʢʦʥʪʘʢʪʥʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʣʦʚʝ ʢʦʣʦ ʛʨʫʧʦʶ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʯʝʨʝʟ ʪʝ, ʱʦ ʾʭ ʩʪʘʥ (ʟʘʤʢʥʝʥʠʡ ʘʙʦ 

ʨʦʟʽʤʢʥʝʥʠʡ) ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʫʪʘʮʽʶ (ʨʦʟʽʤʢʥʝʥʥʷ ʘʙʦ 

ʟʘʤʢʥʝʥʥʷ) ʚʠʭʽʜʥʦʛʦ ʩʠʣʦʚʦʛʦ ʢʦʣʘ;  

ï ʙʝʟʢʦʥʪʘʢʪʥʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʣʦʚʝ ʢʦʣʦ ʯʝʨʝʟ ʨʽʟʢʫ ʟʤʽʥʫ 
ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ (ʻʤʥʦʩʪʽ, ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʦʧʦʨʫ), ʘʙʦ ʩʠʣʠ ʩʪʨʫʤʫ 

ʽ ʥʘʧʨʫʛʠ. 

ɿʘ ʧʦʪʫʞʥʽʩʪʶ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ: 

ï ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ï ʙʽʣʴʰʝ 10 ɺʪ; 

ï ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ï 1é9 ɺʪ; 

ï ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ï ʤʝʥʰʝ 1 ɺʪ. 

ɺʠʨʦʙʥʠʢʠ ʥʘʣʘʰʪʦʚʫʶʪʴ ʩʫʯʘʩʥʽ ʢʦʤʫʪʘʮʽʡʥʽ ʧʨʠʩʪʨʦʾ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʣʠʰʝ ʟʘ ʧʝʚʥʠʭ 
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ʫʤʦʚ, ʥʘʧʨʠʢʣʘʜ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʠʣʠ ʩʪʨʫʤʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʚʭʽʜʥʽ ʢʣʝʤʠ ʂʇ.  

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʨʝʣʝ ï ʮʝ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʢʦʤʫʪʘʮʽʡʥʠʡ 

ʧʨʠʩʪʨʽʡ, ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʦʛʦ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʧʣʠʚʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, 

ʩʪʚʦʨʝʥʦʛʦ ʩʪʨʫʤʦʤ ʫ ʩʪʘʪʠʯʥʽʡ ʦʙʤʦʪʮʽ, ʥʘ ʷʢʽʨ. ʎʝʡ ʚʠʜ ʂʇ 

ʧʦʜʽʣʷʻʪʴʩʷ ʚʣʘʩʥʝ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ (ʥʝʡʪʨʘʣʴʥʽ) ʧʨʠʩʪʨʦʾ, ʷʢʽ 

ʨʝʘʛʫʶʪʴ ʣʠʰʝ ʥʘ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʙʤʦʪʢʫ, ʪʘ 

ʧʦʣʷʨʠʟʦʚʘʥʽ, ʨʦʙʦʪʘ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʩʪʨʫʤʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʪʘʢ 

ʽ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʨʝʣʝ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʨʦʤʽʞʥʽʡ ʧʦʟʠʮʽʾ ʤʽʞ 

ʩʠʣʴʥʦʪʦʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʤʘʛʥʽʪʥʠʤʠ ʧʫʩʢʘʯʘʤʠ, 

ʢʦʥʪʘʢʪʦʨʘʤʠ ʽ ʪ.ʽʥ.) ʽ ʩʣʘʙʦʪʦʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. ʅʘʡʯʘʩʪʽʰʝ ʮʝʡ 

ʚʠʜ ʨʝʣʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʢʦʣʘʭ ʢʝʨʫʚʘʥʥʷ. 

ʉʪʠʩʣʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʨʝʣʝ ʟʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.1.  

 

 
 

ʈʠʩʫʥʦʢ 4.1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʨʝʣʝ [51] 
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ʆʜʥʦʩʪʘʙʽʣʴʥʽ ʨʝʣʝ ð ʪʘʢʽ, ʱʦ ʟʤʽʥʶʶʪʴ ʩʚʽʡ ʩʪʘʥ ʧʽʜ 

ʚʧʣʠʚʦʤ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʘʣʝ ʧʦʚʝʨʪʘʶʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ 

(ʧʦʣʦʞʝʥʥʷ), ʢʦʣʠ ʟʥʽʤʘʻʪʴʩʷ ʮʝʡ ʩʠʛʥʘʣ. 

ɼʚʦʩʪʘʙʽʣʴʥʽ ʨʝʣʝ ð ʪʘʢʽ, ʱʦ ʟʤʽʥʶʶʪʴ ʩʚʽʡ ʩʪʘʥ ʧʽʜ ʚʧʣʠʚʦʤ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʘʣʝ ʧʦʚʝʨʪʘʶʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ 

(ʧʦʣʦʞʝʥʥʷ) ʣʠʰʝ ʧʨʠ ʧʦʷʚʽ ʽʥʰʦʛʦ ʩʠʛʥʘʣʫ. 

ʅʝʡʪʨʘʣʴʥʽ ʨʝʣʝ ð ʪʘʢʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʤʧʫʣʴʩʠ ʙʫʜʴ-

ʷʢʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʘ ʧʦʣʷʨʠʟʦʚʘʥʽ ï ʣʠʰʝ ʚʠʟʥʘʯʝʥʦʾ ʧʦʣʷʨʥʦʩʪʽ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʨʝʣʝ ʟʘ ʨʦʜʦʤ ʩʪʨʫʤʫ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʘ ʨʝʣʝ 

ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ.  

ɿʘ ʯʘʩʪʦʪʦʶ ʨʝʣʝ, ʱʦ ʢʦʤʫʪʫʶʪʴ ʩʪʨʫʤ, ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ. ʅʠʟʴʢʦʯʘʩʪʦʪʥʽ ʨʝʣʝ ð ʪʘʢʽ, ʱʦ 

ʤʘʶʪʴ ʞʠʚʣʝʥʥʷ (ʢʦʣʦ ʢʝʨʫʚʘʥʥʷ) ʧʦʩʪʽʡʥʠʤ, ʘʙʦ ʟʤʽʥʥʠʤ 

ʩʪʨʫʤʦʤ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ 50 ʘʙʦ 400 ɻʮ, ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʢʦʤʫʪʘʮʽʾ (ʟʘʤʠʢʘʥʥʷ, ʨʦʟʤʠʢʘʥʥʷ, ʧʝʨʝʤʠʢʘʥʥʷ) ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ 

ʟ ʯʘʩʪʦʪʦʶ ʜʦ 100 ʢɻʮ. ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʤʫʪʘʮʽʾ 

ʩʠʛʥʘʣʽʚ ʟ ʯʘʩʪʦʪʦʶ ʧʦʥʘʜ 1000 ʢɻʮ. 

ɿʘ ʯʫʪʣʠʚʽʩʪʶ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ 

ʢʦʤʫʪʘʮʽʾ ʨʝʣʝ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʥʘʜʯʫʪʣʠʚʽ (10 -7 é10 -10) ɸ  ʧʨʠ 

ʥʘʧʨʫʟʽ 10 -5 ɺ, ʚʠʩʦʢʦ- ʪʘ ʥʦʨʤʘʣʴʥʦʯʫʪʣʠʚʽ, ʘ ʪʘʢʦʞ 

ʩʣʘʙʦʩʪʨʫʤʦʚʽ (10-6 é10) ɸ. 

ɹʽʣʴʰ ʧʦʪʫʞʥʽ ʨʝʣʝ, ʱʦ ʢʦʤʫʪʫʶʪʴ ʩʪʨʫʤʠ ʧʦʥʘʜ 50 ɸ ʽ 

ʥʘʧʨʫʛʦʶ ʧʦʥʘʜ 1000 ɺ, ʥʘʟʠʚʘʶʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʥʪʘʢʪʦʨʘʤʠ ʽ 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʤʠ ʨʝʣʝ. ɿʘ ʯʘʩʦʤ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ (tʩʧʨ) ʨʦʟʨʽʟʥʷʶʪʴ 

ʪʘʢʽ ʨʝʣʝ: 

ï ʙʝʟʽʥʝʨʮʽʡʥʽ, ʢʦʣʠ tʩʧʨ Ò 0,001 ʩ; 

ï ʰʚʠʜʢʦʜʽʶʯʽ, ʢʦʣʠ  tʩʧʨ = 0,001é0,05 ʩ; 

ï ʫʧʦʚʽʣʴʥʝʥʦʾ ʜʽʾ, ʢʦʣʠ tʩʧʨ = 0,05é1,0 ʩ; 

ï ʨʝʣʝ ʯʘʩʫ, ʢʦʣʠ tʩʧʨ > 1,0 ʩ. 

ɿʘ ʤʘʩʦʶ (ʦʙ'ʻʤʦʤ) ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʨʝʣʝ: 

ï ʤʽʢʨʦʤʽʥʽʘʪʶʨʥʽ ï ʤʘʩʦʶ ʜʦ 6 ʛ ʪʘ ʦʙôʻʤʦʤ ʜʦ 2 ʩʤ3; 

ï ʤʽʥʽʘʪʶʨʥʽ ï ʤʘʩʦʶ ʜʦ 16 ʛ ʪʘ ʦʙôʻʤʦʤ 2 é 6 ʩʤ 3 ; 

ï ʤʘʣʦʛʘʙʘʨʠʪʥʽ ï ʤʘʩʦʶ 16...40 ʛ ʪʘ ʦʙôʻʤʦʤ ʜʦ 6-15 ʩʤ3; 

ï ʥʦʨʤʘʣʴʥʽ ï ʤʘʩʦʶ ʙʽʣʴʰ 40 ʛ ʪʘ ʦʙôʻʤʦʤ ʙʽʣʴʰʝ 15 ʩʤ3. 

ʅʘ ʨʠʩ. 4.2 ʥʘʚʝʜʝʥʦ ʥʘʡʧʨʦʩʪʽʰʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʝʣʝ ʟ ʢʦʥʪʘʢʪʦʤ, ʱʦ ʟʘʤʠʢʘʻ, ʪʘ ʢʦʥʩʦʣʴʥʦ 

ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʦʥʪʘʢʪʥʠʤʠ ʧʨʫʞʠʥʘʤʠ. ʊʫʪ ʟʘʟʦʨ ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ 
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ʧʦʟʥʘʯʝʥʠʡ ʷʢ ɓ, ʟʘʟʦʨ ʤʽʞ ʧʦʣʶʩʦʤ ʪʘ ʷʢʦʨʝʤ, ʷʢ ŭ. ʇʨʠʯʦʤʫ ŭ > ɓ 

[91, 94]. 

ʈʝʣʝ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʰʪʠʬʪ ʚʽʜʣʠʧʘʥʥʷ 

(ʘʙʦ ʥʝʤʘʛʥʽʪʥʫ ʧʨʦʢʣʘʜʢʫ), ʷʢʠʡ ʩʣʫʞʠʪʴ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

çʟʘʣʠʧʘʥʥʷè ʷʢʦʨʷ ʨʝʣʝ ʯʝʨʝʟ ʟʘʣʠʰʢʦʚʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʚʥʘʩʣʽʜʦʢ 

ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʫ ʚʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ. ɯʥʢʦʣʠ ʟʘʤʽʩʪʴ ʥʝʤʘʛʥʽʪʥʦʾ 

ʧʨʦʢʣʘʜʢʠ ʚ ʷʢʦʨʽ ʚʠʜʘʚʣʶʻʪʴʩʷ ʦʧʫʢʣʽʩʪʴ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ 

ʟʽʪʢʥʝʥʥʷ ʟ ʦʩʝʨʜʷʤ (ʮʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʨʝʣʝ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʟʦʨʫ ʤʽʞ ʷʢʦʨʝʤ ʽ ʦʩʝʨʜʷʤ) ʫ ʩʫʯʘʩʥʠʭ ʨʝʣʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʣʘʩʪʠʯʥʘ ʧʦʣʽʤʝʨʥʘ ʥʝʤʘʛʥʽʪʥʘ ʧʨʦʢʣʘʜʢʘ.  

 
ʈʠʩʫʥʦʢ 4.2 ï ʉʧʨʦʱʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʝʣʝ: 

  
1 ï ʦʙʤʦʪʢʘ ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ; 2 ï ʢʦʣʦ ʢʦʤʫʪʘʮʽʾ (ʥʘʚʘʥʪʘʞʝʥʥʷ); 

3, 4, 5 ï ʤʘʛʥʽʪʥʝ ʢʦʣʦ (3 ï ʦʩʝʨʜʷ, 4 ï ʷʢʽʨ, 5 ï ʷʨʤʦ); 6 ï ʧʦʣʶʩʥʠʡ 

ʥʘʢʦʥʝʯʥʠʢ; 7 ï ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ; 8 ï ʫʧʦʨ; 9 ï ʰʪʠʬʪ ʚʽʜʣʠʧʘʥʥʷ. 

 

ʈʝʣʝʡʥʽ ʝʣʝʤʝʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʚʧʣʠʚʽʚ: 

ï ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ï ʮʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

(ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ) ʥʘ ʚʭʦʜʽ, ʧʨʠ ʪʘʢʦʤʫ ʡʦʛʦ ʟʨʦʩʪʘʥʥʽ, ʢʦʣʠ 

ʨʝʣʝʡʥʠʡ ʝʣʝʤʝʥʪ ʟʤʽʥʶʻ ʩʚʽʡ ʩʪʘʥ ʽ ʦʜʥʦʯʘʩʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʦʜʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʣʝʡʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ;  

ï ʚʽʜʧʫʩʢʘʥʥʷ ï ʮʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

(ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ) ʥʘ ʚʭʦʜʽ, ʧʨʠ ʪʘʢʦʤʫ ʡʦʛʦ ʟʤʝʥʰʝʥʥʽ, ʢʦʣʠ 

ʨʝʣʝʡʥʠʡ ʝʣʝʤʝʥʪ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʩʚʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʥʝʽʜʝʘʣʴʥʽʩʪʶ ʨʝʣʝʡʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʽ 

ʚʝʣʠʯʠʥʠ ʟʘʟʚʠʯʘʡ ʥʝ ʟʙʽʛʘʶʪʴʩʷ ʦʜʥʘ ʟ ʦʜʥʦʶ (ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ). 
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ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʨʝʣʝʡʥʠʡ ʝʣʝʤʝʥʪ ʤʦʞʝ ʤʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʬʽʢʩʘʮʽʾ, 

ʪʦʙʪʦ ʟʘʣʠʰʘʪʠʩʷ ʚ ʟʘʡʥʷʪʦʤʫ ʾʤ ʩʪʘʥʽ ʽ ʧʽʩʣʷ ʟʥʷʪʪʷ ʚʧʣʠʚʫ ʥʘ 

ʚʭʦʜʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʣʝʡʥʠʡ ʝʣʝʤʝʥʪ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʟʘʟʚʠʯʘʡ ʧʽʩʣʷ ʧʦʜʘʯʽ ʥʘ ʽʥʰʠʡ ʡʦʛʦ ʚʭʽʜ (ʘʙʦ 

ʧʦʜʘʯʽ ʧʨʦʪʠʣʝʞʥʦʛʦ ʟʥʘʢʫ ʩʠʛʥʘʣʫ ʥʘ ʪʦʡ ʞʝ ʚʭʽʜ) (ʨʠʩ. 4.3).  

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʧʨʠ ʡʦʛʦ ʟʨʦʩʪʘʥʥʽ, ʱʦ 

ʚʠʢʣʠʢʘʻ ʧʦʚʝʨʥʝʥʥʷ ʨʝʣʝʡʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ ʧʦʚʝʨʥʝʥʥʷ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ʚʽʜʧʫʩʢʘʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʟʚʦʨʦʪʥʽʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ (ʚʽʜʧʫʩʢʘʥʥʷ):  

ὑ̈ ̃

ˢ̈ ̃

ˢ̒ ̐̑
ρȢ 

 

ʏʠʤ ʙʣʠʞʯʝ ʜʦ ʦʜʠʥʠʮʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʚʝʨʥʝʥʥʷ, ʪʠʤ 

ʫ ʙʽʣʴʰ ʚʫʟʴʢʠʭ ʤʝʞʘʭ ʨʝʣʝ ʟʜʽʡʩʥʶʚʘʪʠʤʝ ʢʦʥʪʨʦʣʴ ʚʭʽʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. 

ʈʦʙʦʯʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʧʣʠʚʫʨʍ  ï ʮʝ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ, ʧʽʜ ʚʧʣʠʚʦʤ ʷʢʦʛʦ ʩʧʨʠʡʤʘʶʯʠʡ ʝʣʝʤʝʥʪ ʤʦʞʝ 

ʧʝʨʝʙʫʚʘʪʠ ʜʦʚʛʦ, ʥʝ ʧʝʨʝʛʨʽʚʘʶʯʠʩʴ (ʥʝ ʨʫʡʥʫʶʯʠʩʴ).  

ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʟʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʂ  ï ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʦʙʦʯʦʛʦ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʘ ʚʝʣʠʯʠʥʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ: 

 

 1.
ʨ

ʟ
ʩʧʨ

ʍ
ʂ

ʍ
>=  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʝʣʝʡʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʣʫʞʠʪʴ ʪʘʢ ʩʘʤʦ 

ʰʚʠʜʢʦʜʽʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʽ ʯʘʩʦʤ 

ʚʽʜʧʫʩʢʘʥʥʷ ʘʙʦ ʧʦʚʝʨʥʝʥʥʷ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʚʘʞʣʠʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʣʝʡʥʦʛʦ ʝʣʝʤʝʥʪʘ ʻ: ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʚʘʛʘ, 

ʦʙ'ʻʤ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ ʪʦʱʦ. 

ʇʦʪʫʞʥʽʩʪʴ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʧʨʈ  ï ʮʝ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʨʝʣʝ ʧʨʠ ʡʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ.  

ʇʦʪʫʞʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʢʝʨʈ  ï ʮʝ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʚʠʭʽʜʥʦʛʦ ʢʦʣʘ, ʷʢʫ ʚʠʢʦʥʘʚʯʠʡ ʝʣʝʤʝʥʪ ʤʦʞʝ ʧʨʦʧʫʩʢʘʪʠ 

ʪʨʠʚʘʣʠʡ ʯʘʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ Ymax. ʋ ʢʦʥʪʘʢʪʥʠʭ ʨʝʣʝ ï ʮʝ 
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ʧʦʪʫʞʥʽʩʪʴ, ʷʢʫ ʢʦʥʪʘʢʪʠ ʟʤʦʞʫʪʴ ʢʦʤʫʪʫʚʘʪʠ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ 

ʥʘʧʨʫʟʽ.  

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ï ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʢʝʨʫʚʘʥʥʷ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

.
ʩʧʨ

ʢʝʨ
ʧʽʜʩ

ʈ

ʈ
ʂ =  

 

ʅʘ ʨʠʩ. 4.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʠʧʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʝʨʫʚʘʥʥʷ 

ʘʧʘʨʘʪʽʚ ʨʝʣʝʡʥʦʛʦ ʧʨʠʥʮʠʧʫ ʜʽʾ [51].  

 

 
ʈʠʩʫʥʦʢ 4.3 ï ʊʠʧʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʝʨʫʚʘʥʥʷ ʘʧʘʨʘʪʽʚ ʨʝʣʝʡʥʦʛʦ 

ʧʨʠʥʮʠʧʫ ʜʽʾ: 
 

ʘ, ʙ, ʚ, ʜ ï ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ; ʛ ï ʩʪʘʪʠʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ;  

ʘ, ʙ, ʛ, ʜ ï ʦʜʥʦʩʪʘʙʽʣʴʥʠʭ; ʚ ï ʜʚʦʩʪʘʙʽʣʴʥʠʭ; ʘ, ʙ, ʛ ï ʤʘʢʩʠʤʘʣʴʥʠʭ;  

ʜ ï ʤʽʥʽʤʘʣʴʥʠʭ; ʘ, ʛ, ʜ ï ʪʠʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʟʘʤʠʢʘʥʥʷ;  

ʙ ï ʪʠʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʨʦʟʤʠʢʘʥʥʷ. 

 



 

73 

 

ʅʘ ʮʠʭ ʨʠʩʫʥʢʘʭ ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ʍʩʧʨ ï ʧʘʨʘʤʝʪʨ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ; ʍʟʚ ï ʧʘʨʘʤʝʪʨ ʧʦʚʝʨʥʝʥʥʷ (ʟʚʦʨʦʪʥʽʡ); ʍʨ ï 

ʨʦʙʦʯʠʡ ʩʠʛʥʘʣ (ʧʘʨʘʤʝʪʨ); Ymax, Ymin ï ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (ʧʘʨʘʤʝʪʨʘ); ʍʜ ï ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ 

ʩʠʛʥʘʣʫ. ʋ ʨʝʣʝ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʰʪʠʬʪ ʚʽʜʣʠʧʘʥʥʷ ʽ ʧʦʣʶʩʥʠʡ 

ʥʘʢʦʥʝʯʥʠʢ ʚʽʜʩʫʪʥʽ, ʘ ʫ ʤʘʛʥʽʪʥʽʡ ʩʠʩʪʝʤʽ ʧʝʨʝʜʙʘʯʝʥʦ 

ʝʢʨʘʥʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʶʩʘ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. 

 

4.1 ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʨʝʣʝ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʷʢʦʨʷ ʽ ʭʘʨʘʢʪʝʨʫ ʚʧʣʠʚʫ ʥʘ ʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʤʘʛʥʽʪʥʽ ʩʠʩʪʝʤʠ 

(ʨʠʩ. 4.4). ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʭʝʤ çʙè ʪʘ çʚè ʻ ʪʝ, ʱʦ ʷʢʽʨ 

(1) ʧʨʠʪʷʛʫʻʪʴʩʷ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ ʚ ʧʦʣʽ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ, ʪʘʢ ʽ ʚ 

ʧʦʣʽ ʨʦʟʩʽʶʚʘʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʠʣʠ. ʎʝ ʧʦʣʝ ʫʪʚʦʨʶʻʪʴʩʷ ʢʦʪʫʰʢʦʶ (2), ʷʢʘ ʧʦʩʘʜʞʝʥʘ ʥʘ ʦʩʝʨʜʷ, 

ʟôʻʜʥʘʥʦʛʦ ʟ ʷʨʤʦʤ (3). ʇʨʠʯʦʤʫ ʜʦʜʘʪʢʦʚʘ ʩʠʣʘ ʧʨʠ ʚʝʣʠʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ ʧʦʨʽʚʥʷʥʥʘ ʟ ʦʩʥʦʚʥʦʶ ʩʠʣʦʶ [2, 46, 

55]. ʇʨʠ ʤʘʛʥʽʪʥʽʡ ʩʠʩʪʝʤʽ çʛè ʷʢʽʨ ʨʫʭʘʻʪʴʩʷ çʚʧʦʧʝʨʝʢè 

ʤʘʛʥʽʪʥʠʭ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʚ ʨʦʙʦʯʦʤʫ ʟʘʟʦʨʽ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ. ʅʘ ʨʠʩʫʥʢʫ ʪʘʢʦʞ 

ʧʦʢʘʟʘʥ ̔ʥʝʨʫʭʦʤʽ (5) ʪʘ ʨʫʭʦʤʽ (4) ʢʦʥʪʘʢʪʠ, ʷʢʽ ʦʙʤʝʞʫʶʪʴʩʷ 

ʩʪʦʧʦʨʘʤʠ (6).  

ɺʧʣʠʚ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʥʘ ʪʷʛʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʝʣʝ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʠʩ. 4.5.  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʢʣʘʧʘʥʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ 

ʚʽʜ ʦʜʥʦʛʦ ʣʠʰʝ ʪʠʤ, ʱʦ ʦʜʠʥ ʤʘʻ ʧʦʣʶʩʥʠʡ ʥʘʢʦʥʝʯʥʠʢ 

ʜʽʘʤʝʪʨʦʤ dʥ , ʘ ʽʥʰʠʡ ʥʝ ʤʘʻ (ʨʠʩ. 4.5) [2, 4, 46, 53, 55].  

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʦʧʽʨ ʩʪʘʣʽ Rʉʊ = 0, ʪʦʜʽ ʧʨʠ ʚʝʣʠʢʦʤʫ 

ʟʘʟʦʨʽ ʧʨʠ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʧʽʜʭʦʜʽ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʥʘ ʨʠʩ.4.5, ʘ 

ʤʘʻʤʦ 
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ʘ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʥʘ ʨʠʩ. 4.5, ʙ ʚʽʜʧʦʚʽʜʥʦ  ʻ 
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ʚ      ʛ 

 
ʈʠʩʫʥʦʢ 4.4 ï ʂʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʨʝʣʝ: 

 

ʘ ï ʽʟ ʟʦʚʥʽʰʥʽʤ ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʤ ʷʢʦʨʝʤ ʢʣʘʧʘʥʥʦʛʦ ʪʠʧʫ; ʙ ï ʟ ʷʢʦʨʝʤ 

ʩʦʣʝʥʦʾʜʥʦʛʦ ʪʠʧʫ; ʚ ï ʟ ʚʥʫʪʨʽʰʥʴʦ ʢʦʪʫʰʢʦʚʠʤ ʫʨʽʚʥʦʚʘʞʝʥʠʤ ʷʢʦʨʝʤ; 

ʛ ï ʽʟ ʟʦʚʥʽʰʥʽʤ ʫʨʽʚʥʦʚʘʞʝʥʠʤ ʷʢʦʨʝʤ ʧʦʚʦʨʦʪʥʦʛʦ ʪʠʧʫ, ʱʦ 

ʧʨʠʪʷʛʫʻʪʴʩʷ [51]. 

 

ʈʦʟʜʽʣʠʤʦ ʨʽʚʥʷʥʥʷ (4.2) ʥʘ ʨʽʚʥʷʥʥʷ (4.1), ʦʪʨʠʤʘʻʤʦ: 
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ɿ ʨʽʚʥʷʥʥʷ (4.3) ʚʠʭʦʜʠʪʴ, ʱʦ F'ɽʄ > Fɽʄ , ʘʙʦ ʥʘʷʚʥʽʩʪʴ 

ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ ʚ ʦʙʣʘʩʪʽ ʚʝʣʠʢʠʭ ʟʘʟʦʨʽʚ. ʇʨʠ 

ʥʘʙʣʠʞʝʥʥʽ ʷʢʦʨʷ ʜʦ ʦʩʝʨʜʷ ʪʘ ʧʨʠ ʧʨʠʪʷʛʥʫʪʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʷʢʦʨʷ, ʢʦʣʠ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ɺ  ̂S, nB=  ̔ ʟ ʬʦʨʤʫʣʠ (4.3) 

ʦʪʨʠʤʘʻʤʦ ʜʣʷ ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʙʝʟ 

ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ (ʘ): 
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ʘ ʜʣʷ ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʦʣʶʩʥʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ (ʙ): 
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ʈʠʩʫʥʦʢ 4.5 ï ɼʦ ʧʠʪʘʥʥʷ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ [51]: 

 

ʘ ï ʩʭʝʤʘ ʨʝʣʝ ʙʝʟ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ, ʙ ï ʟ ʧʦʣʶʩʥʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ. 

 

ʈʦʟʜʽʣʠʤʦ ʨʽʚʥʷʥʥʷ (4.2) ʥʘ (4.3) ʽ ʦʪʨʠʤʘʻʤʦ: 
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ɿʚʽʜʩʠ ʚʠʪʽʢʘʻ, ʱʦ F'ɽʄ > Fɽʄ , ʘʙʦ ʪʝ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʧʦʣʶʩʥʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ ʚ 

ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʟʘʟʦʨʽʚ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʷʛʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʟ ʧʦʣʶʩʥʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ ʣʝʞʠʪʴ 

ʚʠʱʝ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʚʠʯʘʡʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʧʨʠ ʚʝʣʠʢʠʭ 

ʟʘʟʦʨʘʭ ʽ ʥʠʞʯʝ - ʧʨʠ ʤʘʣʠʭ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.6. ʊʦʙʪʦ 

ʧʦʣʶʩʥʠʡ ʥʘʢʦʥʝʯʥʠʢ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝ, ʱʦʙ çʟʽʨʚʘʪʠè ʷʢʽʨ 

ʟ ʤʽʩʮʷ ʥʘ ʧʦʯʘʪʢʫ ʡʦʛʦ ʟʨʫʰʝʥʥʷ, ʘ ʥʘʧʨʠʢʽʥʮʽ ʨʫʭʫ, ʢʦʣʠ ʪʷʛʦʚʝ 

ʟʫʩʠʣʣʷ ʩʪʘʻ ʤʝʥʰʝ, ʚʽʜʙʫʜʝʪʴʩʷ ʤʝʥʰʠʡ ʫʜʘʨ ʥʘ ʧʦʣʶʩ. ɺ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʧʣʘʥʽ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʢʣʝʧʘʥʥʷ ʥʘ ʢʦʤʫʪʫʶʯʠʭ ʢʦʥʪʘʢʪʘʭ ʪʦʤʫ, ʱʦ ʥʝ ʚʽʜʙʫʜʝʪʴʩʷ 

ʨʦʟʙʠʚʘʥʥʷ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ. 

 
ʈʠʩʫʥʦʢ 4.6 ï ʉʪʘʪʠʯʥʽ ʪʷʛʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʧʘʥʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ: 
 

1 ï ʙʝʟ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ; 2 ï ʟ ʧʦʣʶʩʥʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ. 
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ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʧʦʣʶʩʥʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʜʦʮʽʣʴʥʦ ʣʠʰʝ ʜʦ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʫ ʟʙʽʣʴʰʫʚʘʪʠʤʫʪʴʩʷ ʚʪʨʘʪʠ 

ʚʽʜ ʧʦʪʦʢʽʚ ʚʠʧʫʯʫʚʘʥʥʷ (ʌů). 

ʇʨʠʢʣʘʜʦʤ ʨʝʣʝ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʻ ʢʦʥʩʪʨʫʢʮʽʷ 

ʦʜʥʦʢʦʪʫʰʢʦʚʦʛʦ ʥʝʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʨʝʣʝ ʟ ʜʚʦʤʘ 

ʧʝʨʝʤʠʢʘʣʴʥʠʤʠ ʢʦʥʪʘʢʪʥʠʤʠ ʛʨʫʧʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.7. ɼʚʘ 

ʧʦʣʶʩʥʽ ʥʘʢʦʥʝʯʥʠʢʠ (7) L ï ʦʙʨʘʟʥʦʾ ʬʦʨʤʠ, ʧʣʦʩʢʝ ʦʩʝʨʜʷ (5) ʽ 

ʷʢʽʨ (4) ʟ ʧʽʚʦʩʷʤʠ-ʮʘʧʬʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʫʟʜʦʚʞ ʢʦʨʦʪʢʦʾ ʦʩʽ 

ʩʠʤʝʪʨʽʾ ʷʢʦʨʷ. ɺʩʽ ʜʝʪʘʣʽ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ. ʇʨʠ ʟʙʠʨʘʥʥʽ ʷʢʽʨ ʽ ʧʦʣʶʩʥʽ ʥʘʢʦʥʝʯʥʠʢʠ 

ʱʽʣʴʥʦ ʧʨʠʪʠʩʢʘʶʪʴʩʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʧʣʦʱʠʥʘʤʠ, ʧʦʪʽʤ ʧʦʣʶʩʥʽ 

ʥʘʢʦʥʝʯʥʠʢʠ ʩʚʦʾʤʠ ʪʦʨʮʷʤʠ ʟôʻʜʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʚʘʨʶʚʘʥʥʷ ʟʽ ʩʪʽʡʢʦʶ (10) ʽ ʧʣʘʥʢʦʶ (8), ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʟ 

ʥʝʡʟʽʣʴʙʝʨʫ. ʇʨʠ ʮʴʦʤʫ ʮʘʧʬʠ ʷʢʦʨʷ ʚʭʦʜʷʪʴ ʚ ʦʪʚʦʨʠ ʩʪʦʡʢʠ ʽ 

ʧʣʘʥʢʠ, ʘ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʷʢʽʨ ʬʽʢʩʫʻʪʴʩʷ ʧʦʚʦʨʦʪʥʦʶ 

ʧʨʫʞʠʥʦʶ (9). ʅʘ ʦʩʝʨʜʷ (5) ʨʦʟʪʘʰʦʚʘʥʘ ʢʦʪʫʰʢʘ (6), ʘ 

ʚʠʩʪʫʧʘʶʯʽ ʢʽʥʮʽ ʦʩʝʨʜʷ ʧʨʠʚʘʨʶʶʪʴʩʷ ʜʦ ʚʽʣʴʥʠʭ ʢʽʥʮʽʚ 

ʧʦʣʶʩʥʠʭ ʥʘʢʦʥʝʯʥʠʢʽʚ. 

 
 

ʈʠʩʫʥʦʢ 4.7 ï  ʂʦʥʩʪʨʫʢʮʽʷ ʦʜʥʦʢʦʪʫʰʢʦʚʦʛʦ ʥʝʧʦʣʷʨʠʟʦʚʘʥʦʛʦ 

ʨʝʣʝ [51] 

 

ʂʦʥʪʘʢʪʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʥʝʨʫʭʦʤʠʡ ʨʦʟʤʠʢʘʣʴʥʠʡ ʪʘ 

ʟʘʤʠʢʘʣʴʥʠʡ ʢʦʥʪʘʢʪʠ (11), ʚʢʨʠʪʠʡ ʪʦʥʢʠʤ ʰʘʨʦʤ ʟʦʣʦʪʘ, 

ʨʫʭʣʠʚʫ ʢʦʥʪʘʢʪʥʫ ʧʨʫʞʠʥʫ (12), ʚʠʛʦʪʦʚʣʝʥʫ ʟ ʢʦʥʪʘʢʪʥʦ-
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ʧʨʫʞʠʥʥʦʛʦ ʩʧʣʘʚʫ. ɼʝʪʘʣʽ ʢʦʥʪʘʢʪʥʠʭ ʛʨʫʧ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ 

ʚʠʚʦʜʽʚ (1) ʣʘʟʝʨʥʦʶ ʟʚʘʨʢʦʶ. ʇʝʨʝʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʧʨʠ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʨʝʣʝ ʽ ʧʦʚʦʨʦʪʽ ʷʢʦʨʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ ʥʘ ʰʪʦʚʭʘʯʘʭ (3). ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʣʝ, ʟʘʢʨʠʪʪʷ ʛʝʨʤʝʪʠʯʥʠʤ ʢʦʞʫʭʦʤ, ʚʽʜʢʘʯʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʽ 

ʟʘʧʦʚʥʝʥʥʷ ʦʩʫʰʝʥʠʤ ʛʘʟʦʤ ʯʝʨʝʟ ʦʪʚʽʨ, ʷʢʠʡ ʚ ʢʦʨʧʫʩʽ 

ʟʘʧʘʶʻʪʴʩʷ. 

 

4.2 ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʨʝʣʝ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

 

ʋ ʨʝʣʝ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ 

ʍL = ɤL ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʣʝ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʜʝ ʩʪʨʫʤ 

ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʘʢʪʠʚʥʠʤ ʦʧʦʨʦʤ R. ʇʨʠʯʦʤʫ ʍL è R, ʪʦʤʫ ʧʨʠ 

ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤʘʭ ʨʝʣʝ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʥʘ ʦʧʽʨ ʦʙʤʦʪʢʠ ʤʦʞʥʘ ʥʝ ʟʚʘʞʘʪʠ. ɿʤʽʥʘ ʩʪʨʫʤʫ ʪʘ 

ʥʘʧʨʫʛʠ ʚ ʯʘʩʽ, ʥʘʚʽʪʴ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ, ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʤʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

 

4.2.1 ʇʫʣʴʩʘʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ 

 

ʗʢ ʚʽʜʦʤʦ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʢʽʣ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ, ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ ʟʘʢʦʥʦʤ: 

 

,sinʌ;sin

;sin;sin

m tctIi

tUutEe

m

mm

wÖ=fwÖ=

wÖ=wÖ=
 

 

ʜʝ   Em, Um,, Im , mʌ  ï ʚʽʜʧʦʚʽʜʥʦ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʧʦʣʷ, ʥʘʧʨʫʛʠ, ʩʠʣʠ ʩʪʨʫʤʫ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. 

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽʩʪʶ ʤʘʛʥʽʪʥʦʛʦ ʢʦʣʘ, ʪʦ ʧʨʠ 

ʩʠʥʫʩʦʾʜʘʣʴʥʽʡ ʥʘʧʨʫʟʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʚ 

ʨʦʙʦʯʦʤʫ ʟʘʟʦʨʽ ʪʘʢ ʩʘʤʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʪʠʤ ʞʝ ʟʘʢʦʥʦʤ. ɿʛʽʜʥʦ ʟ 

ʬʦʨʤʫʣʦʶ ʄʘʢʩʚʝʣʘ (3.12), ʦʪʨʠʤʘʻʤʦ: 

t
S

ʌ

S

ʌ
t

S

ʌ

S

ʌ
F mmm
ɽʄ wÖ

m
-

m
=wÖ

m
=

m
= 2cos

44
sin

22 0

2

0

2
2

0

2

0

2

.   (4.7)  



 

79 

 

ʊʦʙʪʦ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ 

ʩʢʣʘʜʦʚʠʭ: ʧʦʩʪʽʡʥʦʾ Sʌm 0
2 2/ m  ʪʘ ʟʤʽʥʥʦʾ tSʌm wÖm 2cos)2/( 0

2  

(ʨʠʩ. 4.8). ʇʨʠʯʦʤʫ ʦʩʪʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʟ ʧʦʜʚʽʡʥʦʶ ʯʘʩʪʦʪʦʶ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʯʘʩʪʦʪʠ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʷʢʘ ʟʘʚʞʜʠ ʧʦʟʠʪʠʚʥʘ 

.4/ʌ 0
2 SF

CPEM m=

 

ʇʨʠ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ ʛʦʚʦʨʷʪʴ ʧʨʦ ʩʠʣʫ, ʷʢʘ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ, ʟʚʘʞʘʶʯʠ ʥʘ ʾʾ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ: 

 

tFFF
CPCP EMEMEM w+= 2cos . (4.8) 

ɿʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʨʦʟʚʠʚʘʪʠʤʝ ʟʫʩʠʣʣʷ ʧʨʠʙʣʠʟʥʦ ʚ ʜʚʘ ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɼʽʷ ʥʘ ʷʢʽʨ ʧʫʣʴʩʫʶʯʦʾ ʩʠʣʠ ʚ 

ʧʨʦʮʝʩʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʽʱʝʥʥʷ 

ʯʝʨʝʟ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʫ ʽʥʝʨʮʽʡʥʽʩʪʴ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 4.9).  

 

 
 

ʈʠʩʫʥʦʢ 4.8 ï ʄʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʠʣʘ ʨʝʣʝ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ [51] 

 

ɺ ʧʦʣʦʞʝʥʥʽ (ʚ ʧʨʦʤʽʞʦʢ ʯʘʩʫ), ʢʦʣʠ Fɽʄ> Fʇʈ ï ʷʢʽʨ 

ʧʨʠʪʷʛʫʻʪʴʩʷ, ʘ ʧʨʠ Fɽʄ < Fʇʈ ʚʽʜʭʦʜʠʪʴ ʚʽʜ ʫʧʦʨʫ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʮʠʢʣʽʯʥʦ ʟ ʧʦʜʚʽʡʥʦʶ ʯʘʩʪʦʪʦʶ, ʽ ʷʢʽʨ ʚʽʙʨʫʻ. 
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ʈʠʩʫʥʦʢ 4.9 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʝ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ [51] 

 

4.2.2 ɺʽʙʨʘʮʽʷ ʷʢʦʨʷ 

 

ʎʝ ʷʚʠʱʝ ï ʚʢʨʘʡ ʥʝʙʘʞʘʥʝ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʙʨʘʮʽʾ ʢʦʥʪʘʢʪʽʚ, 

ʥʘʛʨʽʚʫ ʢʦʪʫʰʦʢ, ʨʦʟʭʠʪʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʽ ʥʝʧʨʠʻʤʥʦʛʦ 

ʰʫʤʫ. ʊʦʤʫ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʚʽʙʨʘʮʽʻʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʭʘʥʽʯʥʝ 

ʜʝʤʧʬʫʚʘʥʥʷ, ʚʠʧʨʷʤʣʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʘʙʦ ʤʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʜʚʦʭ ʦʢʨʝʤʠʭ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ, ʢʦʣʠ ʢʦʪʫʰʢʘ 

ʦʜʥʦʛʦ ʟ ʥʠʭ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ, ʘ ʽʥʰʦʛʦ ï ʯʝʨʝʟ 

ʻʤʥʽʩʪʴ, ʪʦʙʪʦ ʧʦʪʽʢ ʫ ʜʨʫʛʦʤʫ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽ ʙʫʜʝ ʟʤʽʱʝʥʠʤ ʧʦ 

ʬʘʟʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʝʨʰʦʛʦ, ʘʣʝ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʻ 

ʩʧʦʩʽʙ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʝʢʨʘʥʫʚʘʥʥʽ ʦʜʥʽʻʾ ʟ ʯʘʩʪʠʥ ʧʦʣʶʩʘ 

ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʚʠʪʢʦʤ (ʨʠʩ. 4.10) [35].  

 

 
 

ʈʠʩʫʥʦʢ 4.10 ï ʈʝʣʝ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʚʠʪʢʦʤ 

 

ɺ ʷʢʦʩʪʽ ʝʢʨʘʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʦʞʝ ʙʫʪʠ ʘʙʦ ʟʘʢʦʨʦʯʝʥʘ 

ʦʙʤʦʪʢʘ, ʘʙʦ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʡ ʚʠʪʦʢ, ʷʢʠʡ ʻ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ. ɺ ʤʘʛʥʽʪʥʦʤʫ ʢʦʣʽ ʚʽʥ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʨʝʘʢʪʠʚʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʦʧʦʨʫ ʍɛ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ ʌ ʨʦʟʜʽʣʷʻʪʴʩʷ 

ʥʘ ʜʚʘ ʧʦʪʦʢʠ ʌʝ ʽ ʌʥ, ʟʤʽʱʝʥʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʛʦ ʥʘ ʢʫʪ ű 
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(ʨʠʩ.4.11, ʚ). ɿʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʝʣʝʢʪʨʦʨʫʭʦʤʦʾ ʩʠʣʠ (ɽʈʉ) ʝʝ , ʙʫʜʝ 

ʪʘʢʦʞ ʟʤʽʱʝʥʠʡ ʚʠʥʠʢʘʶʯʠʡ ʩʪʨʫʤ ʝ̔ ʥʘ ʧʝʚʥʠʡ ʢʫʪ, ʘʣʝ ʦʩʢʽʣʴʢʠ 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʤʘʣʘ, ʪʦ ʢʫʪ ʙʫʜʝ ʙʣʠʟʴʢʠʡ ʜʦ ʥʫʣʷ. ɺʟʘʻʤʦʜʽʷ ʮʴʦʛʦ 

ʧʦʪʦʢʫ ʟ ʧʦʪʦʢʘʤʠ, ʷʢʽ ʙʫʣʠ ʙ ʧʨʠ ʡʦʛʦ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʝʢʨʘʥʦʚʘʥʽʡ ʽ 

ʥʝʝʢʨʘʥʦʚʘʥʽʡ ʯʘʩʪʠʥʘʭ ʧʦʣʶʩʘ, ʫʪʚʦʨʶʻ ʟʤʽʱʝʥʥʷ ʧʦʪʦʢʽʚ ʌʥ  ̔

ʌʝ, ʥʘ ʢʫʪ [79]: 

ɽ

ɽ

R

Xarctg

d

dmÖ
=j  (4.9) 

 

 
 

ʈʠʩʫʥʦʢ 4.11 ï ʏʘʩʪʠʥʘ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ 

ʚʠʪʢʦʤ [51]: 
 

ʘ ï ʩʭʝʤʘ ʧʨʠʥʮʠʧʦʚʘ ʝʢʨʘʥʫʚʘʥʥʷ ʧʦʣʶʩʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ; ʙ ï ʩʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʟʘʤʽʱʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʢʦʣʘ; ʚ ï 

ʚʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ; ʛ ï ʨʝʟʫʣʴʪʫʶʯʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʠʣʘ ï FɆ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʠʣʘ FɆ , ʱʦ ʧʝʨʝʤʽʱʫʻ ʷʢʽʨ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ: 

Fʥ (ʥʝʝʢʨʘʥʦʚʘʥʦʾ ʯʘʩʪʠʥʠ) ʽ Fʝ (ʝʢʨʘʥʦʚʘʥʦʾ ʯʘʩʪʠʥʠ), ʪʘ ʚ ʙʫʜʴ-

ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʫʣʷ (ʨʠʩ. 4.11, ʛ). ɸʤʧʣʽʪʫʜʘ 

ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ: 
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jÖÖ++=S 2cos2 ..
2

.
2

. ʥʩʨʝʩʨʥcʨʝʩʨ FFFFF . (4.10) 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝʝʢʨʘʥʦʚʘʥʦʾ 

ʯʘʩʪʠʥʠ ʧʦʣʶʩʘ Sʥ ʪʘ ʝʢʨʘʥʦʚʘʥʦʾ ï Sʝ, ʧʨʠ ʷʢʦʤʫ ʧʫʣʴʩʘʮʽʷ 

ʤʽʥʽʤʘʣʴʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ Sʝ  / Sʅ = 0,68...0,80 (ʨʠʩ. 4.11, ʙ) 

[2, 35, 40, 51]. 

 

4.3 ʇʦʣʷʨʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʨʝʣʝ 

 

ʇʦʣʷʨʠʟʦʚʘʥʽ ʨʝʣʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʝʣʝ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʟʤʽʥʘ ʩʪʘʥʫ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ ʡʦʛʦ ʚʭʽʜʥʦʾ ʜʽʶʯʦʾ 

ʚʝʣʠʯʠʥʠ [4, 9, 15, 30, 46]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʡʪʨʘʣʴʥʠʭ, ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʪʦʢʽʚ ï ʧʦʣʷʨʠʟʫʶʯʦʛʦ ï 

ʌʧ , ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ, ʽ ʨʦʙʦʯʦʛʦ ï ʌʨ. 

ɿʘʚʜʷʢʠ ʯʦʤʫ ʜʽʷ ʨʝʣʝ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʚ 

ʨʦʙʦʯʽʡ ʦʙʤʦʪʮʽ, ʘʣʝ ʽ ʚʽʜ ʡʦʛʦ ʥʘʧʨʷʤʫ. ʇʨʠ ʚʽʜʽʤʢʥʝʥʽʡ ʨʦʙʦʯʽʡ 

ʦʙʤʦʪʮʽ ʥʘ ʷʢʽʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʜʽʻ ʩʠʣʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ (ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʚʘʨʽʘʥʪ 

ʢʦʥʩʪʨʫʢʮʽʡ), ʘʙʦ ʩʧʝʮʽʘʣʴʥʦʶ ʦʙʤʦʪʢʦʶ ʚʽʜ ʘʚʪʦʥʦʤʥʦʛʦ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʇʦʣʷʨʠʟʦʚʘʥʽ ʨʝʣʝ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʚʠʩʦʢʦʯʫʪʣʠʚʽ, ʪʘʢʽ, ʱʦ 

ʤʘʶʪʴ , ʷʢ ʧʨʘʚʠʣʦ, ʦʜʠʥ ʧʝʨʝʤʠʢʘʣʴʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʚʫʟʦʣ, ʽ 

ʥʦʨʤʘʣʴʥʽ, ʪʘʢʽ, ʱʦ ʤʘʶʪʴ ʜʦ 12-ʪʠ ʧʝʨʝʤʠʢʘʣʴʥʠʭ ʚʫʟʣʽʚ. ʄʈʉ ʽ 

ʈʩʧʨ (ʈʩʧʨ = 10é150 ʤʢɺʪ) ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ ʨʝʣʝ ʤʝʥʰʝ, ʘ 

ʰʚʠʜʢʦʜʽʷ ï ʚʠʱʝ, ʥʽʞ ʫ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʭ ʥʝʡʪʨʘʣʴʥʠʭ ʨʝʣʝ 

(ʈʩʧʨ =20é100 ʤɺʪ). ɹʘʛʘʪʦʢʦʥʪʘʢʪʥʽ ʧʦʣʷʨʠʟʦʚʘʥʽ ʨʝʣʝ, ʷʢʽ 

ʯʘʩʪʽʰʝ ʥʘʟʠʚʘʶʪʴʩʷ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʧʝʨʝʤʠʢʘʯʘʤʠ, ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʥʝʡʪʨʘʣʴʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʨʝʣʝ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʽ ʄʈʉ. ɼʝʷʢʽ ʧʦʣʷʨʠʟʦʚʘʥʽ ʨʝʣʝ ʤʘʶʪʴ ʜʚʽ ʪʘ ʙʽʣʴʰʝ 

ʦʙʤʦʪʦʢ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʣʠʚʘ ʛʥʫʯʢʘ ʨʦʟʨʦʙʢʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʭʝʤ, ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʘʤʠ ʨʽʟʥʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʢʨʽʤ ʪʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʘʧʘʨʘʪʽʚ ʤʦʞʣʠʚʝ ʥʝ ʪʽʣʴʢʠ ʚ ʷʢʦʩʪʽ 

ʢʦʤʫʪʘʮʽʡʥʠʭ, ʘʣʝ ʽ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɯʩʥʫʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ʤʘʛʥʽʪʥʦʛʦ ʢʦʣʘ ʨʝʣʝ (ʨʠʩ. 4.12): 

ʧʦʩʣʽʜʦʚʥʘ, ʜʠʬʝʨʝʥʮʽʡʥʘ (ʧʘʨʘʣʝʣʴʥʘ) ʽ ʤʦʩʪʦʚʘ. ɺ ʨʝʣʝ ʟ 
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ʧʦʩʣʽʜʦʚʥʠʤ ʤʘʛʥʽʪʥʠʤ ʢʦʣʦʤ (ʨʠʩ. 4.12, ʘ) ʻ ʣʠʰʝ ʦʜʠʥ ʰʣʷʭ 

ʟʘʤʠʢʘʥʥʷ ʧʦʣʷʨʠʟʫʶʯʦʛʦ ʌʧ ʪʘ ʨʦʙʦʯʦʛʦ ʌʨ ʧʦʪʦʢʽʚ, ʦʩʢʽʣʴʢʠ 

ʜʞʝʨʝʣʘ ʄʈʉ ʚʢʣʶʯʝʥʽ ʧʦʩʣʽʜʦʚʥʦ, ʪʦʤʫ ʦʧʽʨ ʥʘ ʰʣʷʭʫ ʌʨ ʙʽʣʴʰʝ. 

ʊʘʢʽ ʩʭʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʜʢʦ. ɺ ʨʝʣʝ ʟ ʜʠʬʝʨʝʥʮʽʡʥʦʶ 

ʤʘʛʥʽʪʥʦʶ ʩʠʩʪʝʤʦʶ (ʨʠʩ. 4.12, ʙ, ʚ) ʜʞʝʨʝʣʘ ʄʈʉ ʚʢʣʶʯʝʥʽ 

ʧʘʨʘʣʝʣʴʥʦ ʦʜʠʥ ʦʜʥʦʤʫ, ʽ ʌʨ ʤʘʡʞʝ ʥʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʩʪʽʡʥʠʡ 

ʤʘʛʥʽʪ, le - ʧʣʝʯʝ ʝʣʝʢʪʨʦʤʘʛʥʪ̔ʥʦʛʦ ʤʦʤʝʥʪʘ ʄʝʤ, ʱʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ. ʋ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʩʭʝʤʘʭ ʥʘ ʚʽʩʴ ʷʢʦʨʷ ʘʙʦ ʧʣʘʩʢʫ 

ʧʨʫʞʠʥʥʫ ʧʽʜʚʽʩʢʫ ʜʽʶʪʴ ʟʥʘʯʥʽ ʟʫʩʠʣʣʷ ʯʝʨʝʟ ʜʽʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ ʥʘ ʷʢʽʨ. ʈʝʣʝ ʟ ʤʦʩʪʦʚʠʤ ʢʦʣʦʤ (ʨʠʩ. 4.12, ʛ) 

ʥʝ ʤʘʶʪʴ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ [7, 9, 65, 80, 91].  

 

 
ʘ  ʙ  

 

 
ʚ ʛ 

 

ʈʠʩʫʥʦʢ 4.12 ï ʊʠʧʠ ʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʨʝʣʝ: 
 

ʘ ï ʧʦʩʣʽʜʦʚʥʘ; ʙ, ʚ  ï ʜʠʬʝʨʝʥʮʽʡʥʘ (ʧʘʨʘʣʝʣʴʥʘ); ʛ ï ʤʦʩʪʦʚʘ. 
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ɼʞʝʨʝʣʘ ʄʈʉ ʚʢʣʶʯʝʥʽ ʚ ʜʽʘʛʦʥʘʣʽ ʤʦʩʪʘ, ʪʦʤʫ ʌʧ ʽ ʌʨ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʨʦʙʦʯʠʭ ʟʘʟʦʨʘʭ. ɺʦʥʠ ʤʘʶʪʴ 

ʧʝʨʝʚʘʛʠ ʥʘʜ ʨʝʣʝ ʥʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʩʭʝʤʘʭ ʪʘʢʽ, ʷʢ ʤʦʞʣʠʚʽʩʪʴ 

ʟʤʝʥʰʝʥʥʷ ʤʘʩʦ-ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ, ʙʽʣʴʰ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʘ ʪʘʢʦʞ ʙʽʣʴʰ ʚʠʩʦʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʇʦʣʷʨʠʟʦʚʘʥʽ ʨʝʣʝ ʙʫʚʘʶʪʴ ʦʜʥʦʩʪʘʙʽʣʴʥʠʤʠ ʪʘ 

ʜʚʦʩʪʘʙʽʣʴʥʠʤʠ, ʘ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦ ʪʠʧʫ ʨʝʛʫʣʶʚʘʥʥʷ. 

ɼʚʦʩʪʘʙʽʣʴʥʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʙʫʚʘʶʪʴ ʟ ʜʚʦʭʧʦʟʠʮʽʡʥʠʤ ʪʘ 

ʪʨʴʦʭʧʦʟʠʮʽʡʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ.  

ʇʨʠ ʨʦʙʦʪʽ ʨʝʣʝ ʷʢʽʨ ʤʦʞʝ ʟʘʡʤʘʪʠ ʜʝʢʽʣʴʢʘ ʧʦʣʦʞʝʥʴ, ʽ ʚ 

ʜʚʦʧʦʟʠʮʽʡʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʷʢʽʨ ʟʥʘʭʦʜʠʪʴʩʷ 

ʟʘʚʞʜʠ ʚ ʦʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʷʢʱʦ ʩʪʨʫʤ ʚ ʨʦʙʦʯʽʡ ʦʙʤʦʪʮʽ 

ʚʽʜʩʫʪʥʽʡ. ʇʝʨʝʚʘʞʘʥʥʷ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʘʙʦ ʥʘʣʘʛʦʜʞʝʥʥʷʤ, 

ʘʙʦ ʤʝʭʘʥʽʯʥʦ, ʥʘʧʨʠʢʣʘʜ, ʧʨʫʞʠʥʦʶ. ɺ ʜʚʦʧʦʟʠʮʽʡʥʦʤʫ ʨʝʣʝ ʙʝʟ 

ʧʝʨʝʚʘʞʘʥʥʷ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʫ ʚ ʨʦʙʦʯʽʡ ʦʙʤʦʪʮʽ, ʢʦʥʪʘʢʪʠ 

(ʷʢʽʨ) ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʢʦʥʪʘʢʪʽʚ (ʧʦʣʶʩʽʚ), ʽ ʮʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʷʤʫ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ.  

ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ ʟʤʽʥʠ ʥʘʧʨʷʤʫ ʩʪʨʫʤʫ 

ʚ̔ ʜʥʦʩʥʦ ʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ. ʗʢʽʨ ʪʨʠʧʦʟʠʮʽʡʥʦʛʦ ʨʝʣʝ (ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʫ ʚ ʨʦʙʦʯʽʡ ʦʙʤʦʪʮʽ) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. ʇʨʠ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ ʥʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʷʢʽʨ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʘʙʦ ʚʣʽʚʦ, ʘʙʦ ʚʧʨʘʚʦ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʫ ʩʪʨʫʤʫ 

[2, 35, 52]. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʢʨʽʧʣʝʥʥʷʤ ʷʢʦʨʷ ʥʘ ʜʦʩʪʘʪʥʴʦ 

ʞʦʨʩʪʢʽʡ ʧʽʜʚʽʩʥʽʡ ʟʚʦʨʦʪʥʽʡ ʧʨʫʞʠʥʽ (ʨʠʩ. 4.13, ʘ).  

ʈʝʣʝ, ʢʦʥʪʘʢʪʥʘ ʩʠʩʪʝʤʘ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.13, ʘ ʻ 

ʜʚʦʧʦʟʠʮʽʡʥʠʤ. ʗʢʱʦ ʡʦʛʦ ʥʝʨʫʭʦʤʽ ʢʦʥʪʘʢʪʠ 1 ʪʘ 2 ʩʠʤʝʪʨʠʯʥʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʱʦʜʦ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ (ʷʢʽʨ ʚʽʜʨʝʛʫʣʴʦʚʘʥʠʡ 

ʩʠʤʝʪʨʠʯʥʦ), ʪʦ ʧʨʠ ʟʥʷʪʪʽ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʷʢʽʨ ʨʝʣʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʪʦʤʫ ʞ ʧʦʣʦʞʝʥʥʽ, ʷʢʝ ʚʽʥ ʟʘʡʤʘʚ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ. ʇʦʚʪʦʨʥʘ ʧʦʜʘʯʘ ʩʠʛʥʘʣʫ ʧʦʧʝʨʝʜʥʴʦʾ 

ʧʦʣʷʨʥʦʩʪʽ ʥʝ ʚʠʢʣʠʢʘʻ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʷʢʦʨʷ. ʗʢʱʦ ʟʤʽʥʠʪʠ 

ʧʦʣʷʨʥʽʩʪʴ ʩʠʛʥʘʣʫ, ʱʦ ʢʝʨʫʻ, ʪʦ ʷʢʽʨ ʧʝʨʝʢʠʥʝʪʴʩʷ ʚ ʽʥʰʝ 

ʧʦʣʦʞʝʥʥʷ, ʽ ʟʘʣʠʰʠʪʴʩʷ ʚ ʥʴʦʤʫ ʧʽʩʣʷ ʟʥʷʪʪʷ ʩʠʛʥʘʣʫ. ʊʘʢʝ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʡʪʨʘʣʴʥʠʤ, ʘʙʦ ʜʚʦʧʦʟʠʮʽʡʥʠʤ. 
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ʈʠʩʫʥʦʢ 4.13 ï ʉʭʝʤʠ ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ 

ʨʝʣʝ: 
 

ʘ ï ʜʚʦʧʦʟʠʮʽʡʥʝ;  ʙ ï ʜʚʦʧʦʟʠʮʽʡʥʝ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʦʜʥʦʛʦ ʟ ʢʦʥʪʘʢʪʽʚ;   

ʚ ï ʪʨɹʦʭʧʦʟʠʮʽʡʥʝ.  

 

ʗʢʱʦ ʦʜʠʥ ʽʟ ʢʦʥʪʘʢʪʥʠʭ ʛʚʠʥʪʽʚ ʚʠʩʫʥʫʪʠʡ ʟʘ ʥʝʡʪʨʘʣʴʥʫ 

ʣʽʥʽʶ (ʨʠʩ. 4.13, ʙ), ʪʦ ʨʝʣʝ ʻ ʜʚʦʧʦʟʠʮʽʡʥʠʤ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʦʜʥʦʛʦ ʟ ʢʦʥʪʘʢʪʽʚ. ʋ ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩʫʥʢʫ ʚʠʧʘʜʢʫ ʧʨʠ 

ʚʠʤʢʥʝʥʦʤʫ ʨʝʣʝ ʷʢʽʨ ʟʘʚʞʜʠ ʧʨʠʪʠʩʥʫʪʠʡ ʜʦ ʣʽʚʦʛʦ ʢʦʥʪʘʢʪʫ, 

ʪʦʙʪʦ ʢʦʥʪʘʢʪʫ 1 ʽ ʧʝʨʝʢʠʜʘʻʪʴʩʷ ʚʧʨʘʚʦ ʣʠʰʝ ʥʘ ʯʘʩ ʧʨʦʪʽʢʘʥʥʷ 

ʩʪʨʫʤʫ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ʚ ʦʙʤʦʪʮʽ, ʱʦ ʢʝʨʫʻ. ʊʨʠʧʦʟʠʮʽʡʥʝ 

ʨʝʣʝ ʤʘʻ ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʥʝʨʫʭʦʤʽ 

ʢʦʥʪʘʢʪʠ (ʨʠʩ. 4.13, ʚ) 1 ̔  2 (ʚʽʜʧʦʚʽʜʥʦ ʣʽʚʠʡ ʪʘ ʧʨʘʚʠʡ). ʗʢʽʨ, ʷʢʠʡ 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʫʞʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ 

ʜʚʦʭ ʩʪʦʨʽʥ, ʘʙʦ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʧʣʦʩʢʽʡ ʧʨʫʞʠʥʽ, ʧʨʫʞʥʽʩʪʴ ʷʢʦʾ 

ʩʪʚʦʨʶʻ ʩʪʽʡʢʝ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʇʨʠ 

ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ ʚ ʦʙʤʦʪʢʫ, ʱʦ ʢʝʨʫʻ, ʢʦʥʪʘʢʪ ʥʘ ʷʢʦʨʽ ʟʘʤʠʢʘʻʪʴʩʷ 
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ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ ʩʠʛʥʘʣʫ ʟ ʣʽʚʠʤ ʘʙʦ ʧʨʘʚʠʤ ʥʝʨʫʭʦʤʠʤ 

ʢʦʥʪʘʢʪʦʤ ʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʥʝʡʪʨʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʧʽʩʣʷ ʟʥʷʪʪʷ 

ʩʠʛʥʘʣʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʨʝʣʝ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʢʦʣʦʤ (ʨʠʩ. 4.14). 

ʅʘ ʷʢʽʨ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʢʦʣʦʤ ʜʽʶʪʴ ʜʚʽ ʧʨʦʪʠʣʝʞʥʦ 

ʩʧʨʷʤʦʚʘʥʽ ʩʠʣʠ. ʆʜʥʘ ʩʠʣʘ F1 , ʥʘʧʨʠʢʣʘʜ, ʩʧʨʷʤʦʚʘʥʘ ʫ ʙʽʢ 

ʧʨʘʚʦʛʦ ʧʦʣʶʩʘ, ʘ ʩʠʣʘ F2 ï ʫ ʙʽʢ ʣʽʚʦʛʦ ʧʦʣʶʩʘ, ʪʦʜʽ ʨʝʟʫʣʴʪʫʶʯʘ 

ʩʠʣʘ Fʝʤ  ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

 

21 FFFɽʄ -= . 

 

 
 

ʈʠʩʫʥʦʢ 4.14 ï ʅʘʩʪʨʦʶʚʘʥʥʷ ʷʢʦʨʷ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʨʝʣʝ [51]: 
 

d ï ʨʦʙʦʯʠʡ ʟʘʟʦʨ; 1d ʪʘ 2d  ï ʚʽʜʧʦʚʽʜʥʦ ʧʨʘʚʠʡ ʪʘ ʣʽʚʠʡ ʟʘʟʦʨʠ  

ʧʦʣʶʩʽʚ ʨʝʣʝ. 

 

ʇʨʠʯʦʤʫ, ʚ ʣʽʚʦʤʫ ʟʘʟʦʨʽ 2d  ʨʦʙʦʯʠʡ ʨʌ  ʽ ʧʦʣʷʨʠʟʫʶʯʽ 

2ʇ1ʇ ʌ,ʌ ʧʦʪʦʢʠ ʩʢʣʘʜʘʶʪʴʩʷ, ʘ ʚ ʧʨʘʚʦʤʫ 1d ʚʽʜʥʽʤʘʶʪʴʩʷ 

 

,ʌʌʌ ʨ1ʇ1 -=  .ʌʌʌ ʨ2ʇ2 +=  

 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʧʽʨ ʩʪʘʣʽ R CT, ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʚʠʧʠʥʘʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜʩʫʪʥʽ, ʘ ʪʘʢʦʞ, ʱʦ ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ ʻ 

ʜʞʝʨʝʣʦʤ ʧʦʪʦʢʫ, ʤʘʻʤʦ, ʱʦ ʩʫʤʘʨʥʠʡ ʧʦʪʽʢ ʙʫʜʝ ʥʝʟʤʽʥʥʠʡ, 

ʪʦʙʪʦ: 

constʌʌʌ 2ʇ1ʇʇ =+= . 
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ʊʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʛʥʽʪʥʦʛʦ ʦʧʦʨʫ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ, ʷʢʠʡ 

ʜʦʨʽʚʥʶʻ 1 2

0 0
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d

d d

d d d

m m

+
= = , ʄʈʉ ʨʦʙʦʯʦʛʦ ʪʘ ʧʦʣʷʨʠʟʫʶʯʦʛʦ 

ʜʞʝʨʝʣʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʪʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

d

Ö
=

R

WI P
ʈʌ ,  

d

d
Ö= 2
ʇ1ʇ ʌʌ , 

d

d
Ö= 1
ʇ2ʇ ʌʌ  (4.11) 

ʜʝ   Wʈ ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʦʙʤʦʪʢʠ; 

I ï ʩʪʨʫʤ ʦʙʤʦʪʢʠ. 

0m  ï ʤʘʛʥʽʪʥʘ ʧʦʩʪʽʡʥʘ; 

dS  ï ʧʣʦʱʘ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ ʄʘʢʩʚʝʣʘ (3.12) ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 
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ʇʽʜʩʪʘʚʠʤʦ ʚ ʨʽʚʥʷʥʥʷ (4.12) ʩʢʣʘʜʦʚʽ ʟ ʬʦʨʤʫʣ (4.11) ʽ 

ʦʪʨʠʤʘʻʤʦ: 
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ʇʦʟʥʘʯʠʤʦ X=
d-d

2

12  ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʨʷ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ, ʦʪʨʠʤʘʻʤʦ: 

d

ÖÖ
-

Öm
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)(ʌʌ 2ʇ
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S

X
F . (4.14) 

 

ʇʦʙʫʜʫʻʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʝ ʥʘʚʘʥʪʘʞʝʥʥʷ F=f (I Wʈ) ʪʘ 

ʪʷʛʦʚʫ Fɽʄ= f(ʍ) ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʦʧʦʨʫ ʩʪʘʣʽ, ʧʦʪʦʢʫ ʨʦʟʩʽʷʥʥʷ ʽ 

ʚʠʪʨʽʱʘʥʥʷ (ʨʠʩ. 4.15).  
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ʈʠʩʫʥʦʢ 4.15 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʨʝʣʝ [51]: 

 

ʘ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ F= f (IWʈ);   

ʙ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʷʛʦʚʘ Fɽʄ =f (ʍ). 

 

ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ ʚʨʘʭʦʚʫʻʪʴʩʷ ʦʧʽʨ ʩʪʘʣʽ, ʧʦʪʦʢʠ 

ʨʦʟʩʽʷʥʥʷ ʽ ʚʠʧʠʥʘʥʥʷ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʡʤʫʪʴ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 4.16). ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ 

ʯʫʪʣʠʚʦʩʪʽ, ʤʘʣʦʤʫ ʚʞʠʚʘʥʥʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʚʠʩʦʢʽʡ ʢʨʘʪʥʦʩʪʽ 

ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʦʣʷʨʠʟʦʚʘʥʽ ʨʝʣʝ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʨʝʣʝ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ 

ʚʤʠʢʘʥʥʷʤ ʯʝʨʝʟ ʚʠʧʨʷʤʣʷʯʽ. 

 
ʈʠʩʫʥʦʢ 4.16 ï ʈʝʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʨʝʣʝ: 

 

ʘ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʙ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʷʛʦʚʘ. 
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ʈʦʟʛʣʷʥʝʤʦ ʜʣʷ ʧʨʠʢʣʘʜʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʨʝʣʝ 

ʪʠʧʽʚ ʈʇ-4, ʈʇ-4ʄ, ʈʇ-5 ʪʘ ʈʇ-7, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʦʤʫʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʚ ʘʧʘʨʘʪʫʨʽ ʘʚʪʦʤʘʪʠʢʠ, ʟʚ'ʷʟʢʫ (ʫ 

ʧʨʠʡʤʘʣʴʥʠʭ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʢʦʣʘʭ ʘʧʘʨʘʪʫʨʠ ʪʦʥʘʣʴʥʦʛʦ 

ʪʝʣʝʛʨʘʬʫ) ʪʘ ʩʠʛʥʘʣʽʟʘʮʽʾ. ʈʝʣʝ ʤʦʞʫʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʫ 

ʨʫʭʦʤʠʭ ʧʨʠʩʪʨʦʷʭ. 

 
ʈʠʩʫʥʦʢ 4.17 ï ʂʦʥʩʪʨʫʢʮʽʷ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʨʝʣʝ ʘʚʪʦʤʘʪʠʢʠ ʈʇ-4, 

ʈʇ-5 ʪʘ ʈʇ-7 [9, 19, 50] 

 

ʈʝʣʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʝʛʫʣʶʚʘʥʥʷʤ ʢʦʥʪʘʢʪʥʠʭ ʩʠʩʪʝʤ:  

ï ʈʇ-4 ʪʘ ʈʇ-4ʄ ï ʜʚʦʧʦʟʠʮʽʡʥʽ, ʥʝʡʪʨʘʣʴʥʽ, ʜʚʦʩʪʘʙʽʣʴʥʽ;  

ï ʈʇ-5ï ʪʨʠʧʦʟʠʮʽʡʥʽ, ʦʜʥʦʩʪʘʙʽʣʴʥʽ, ʷʢʽʨ ʨʝʣʝ ʪʠʧʫ ʈʇ-5 ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʨʫʰʝʥʥʷ ʧʝʨʝʙʫʚʘʻ ʫ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʱʽ ʽ 

ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʪʘʢʪʽʚ;  

ï ʈʇ-7 ï ʜʚʦʧʦʟʠʮʽʡʥʽ, ʦʜʥʦʩʪʘʙʽʣʴʥʽ, ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʜʦ 

ʧʨʘʚʦʛʦ ʢʦʥʪʘʢʪʫ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʷʢʽʨ ʨʝʣʝ ʪʠʧʫ 

ʈʇ-7 ʟʘʚʞʜʠ ʧʨʠʪʠʩʥʫʪʠʡ ʜʦ ʧʨʘʚʦʛʦ ʢʦʥʪʘʢʪʫ.  

ʈʝʣʝ ʈʇ-4ʄ ʤʘʻ ʬʪʦʨʦʧʣʘʩʪʦʚʫ ʧʨʦʢʣʘʜʢʫ ʤʽʞ ʧʨʫʞʠʥʘʤʠ 

ʷʢʦʨʷ. ʇʨʦʢʣʘʜʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʜʝʨʝʥʯʘʥʥʷ ʷʢʦʨʷ. 

ʈʝʣʝ ʪʠʧʫ ʈʇ-5 ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʝʣʝ ʪʠʧʫ ʈʇ-4 ʙʽʣʴʰʦʶ 

ʪʦʚʱʠʥʦʶ ʧʨʫʞʠʥʠ ʧʽʜʚʽʩʥʦʛʦ ʷʢʦʨʷ. ʄʘʛʥʽʪʥʝ ʢʦʣʦ ʨʝʣʝ ʪʠʧʽʚ ʈʇ 

ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʤʦʩʪʦʚʦʶ ʩʭʝʤʦʶ, ʚ ʷʢʽʡ ʰʣʷʭʠ ʧʦʩʪʽʡʥʦʛʦ ʪʘ 

ʢʝʨʫʶʯʦʛʦ (ʟʤʽʥʥʦʛʦ) ʤʘʛʥʽʪʥʠʭ ʧʦʪʦʢʽʚ ʨʦʟʜʽʣʝʥʽ. ʂʝʨʫʶʯʠʡ 

ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʩʧʨʷʤʦʚʘʥʠʡ ʫʧʦʧʝʨʝʢ ʷʢʦʨʶ. ʇʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ 

ɻ-ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʟ ʘʣʶʤʽʥʽʻʚʦ-ʥʽʢʝʣʝʚʦʾ ʩʪʘʣʽ ʨʘʟʦʤ ʟ ʧʦʣʶʩʥʠʤ 

ʥʘʢʦʥʝʯʥʠʢʦʤ (ʙʘʰʤʘʢʦʤ) ʟ ʤ'ʷʢʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 

ɽɸ ʟʘʣʠʪʠʡ ʚ ʩʠʣʫʤʽʥʦʚʫ ʦʩʥʦʚʫ ʨʝʣʝ. ɼʦ ʥʘʢʦʥʝʯʥʠʢʘ ʜʚʦʤʘ 

ʛʚʠʥʪʘʤʠ 2 ʧʨʠʢʨʫʯʝʥʠʡ ʤʘʛʥʽʪʦʧʨʦʚʽʜ ʫ ʚʠʛʣʷʜʽ ʨʦʟʽʤʢʥʝʥʦʛʦ 
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ʧʨʷʤʦʢʫʪʥʠʢʘ 5, ʟʽʙʨʘʥʠʡ ʟ ʣʠʩʪʦʚʦʛʦ ʤʦʣʽʙʜʝʥʦʚʦʛʦ ʧʝʨʤʘʣʦʶ. 

ʅʘ ʩʝʨʜʝʯʥʠʢʫ ʨʦʟʪʘʰʦʚʘʥʦ ʢʦʪʫʰʢʫ 1 ʽʟ ʯʦʨʥʦʛʦ ʤʦʥʦʣʽʪʫ, ʥʘ 

ʷʢʽʡ ʥʘʤʦʪʫʻʪʴʩʷ ʚʽʜ ʦʜʥʽʻʾ ʜʦ ʩʝʤʠ ʦʙʤʦʪʦʢ. ʗʢʽʨ ʨʝʣʝ 4 

ʩʢʣʝʧʘʥʠʡ ʽʟ ʜʚʦʭ ʧʣʘʩʪʠʥʦʢ ʤ'ʷʢʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ ʽ 

ʫʢʨʽʧʣʝʥʠʡ (ʧʽʜʚʽʰʝʥʠʡ) ʥʘ ʪʦʥʢʽʡ ʩʪʘʣʝʚʽʡ ʧʨʫʞʠʥʽ ʚ ʩʠʣʫʤʽʥʦʚʽʡ 

ʨʘʤʮʽ. ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʦʞʝʥʥʷ ʷʢʦʨʷ ʧʽʜʚʽʩʥʘ ʧʨʫʞʠʥʘ 

ʨʦʟʪʷʛʥʫʪʘ. ɼʦ ʷʢʦʨʷ ʧʨʠʢʣʝʧʘʥʽ ʜʚʽ ʢʦʥʪʘʢʪʥʽ ʧʨʫʞʠʥʠ ʟ 

ʦʣʦʚ'ʷʥʦ-ʬʦʩʬʦʨʠʩʪʦʾ ʙʨʦʥʟʠ ʟ ʢʦʥʪʘʢʪʘʤʠ. ʗʢʽʨ ʪʘ ʢʦʥʪʘʢʪʥʘ 

ʩʠʩʪʝʤʘ ʨʝʣʝ 3 ʟʽʙʨʘʥʽ ʥʘ ʦʢʨʝʤʽʡ ʢʝʨʘʤʽʯʥʽʡ ʦʩʥʦʚʽ. ʉʠʣʫʤʽʥʦʚʘ 

ʨʘʤʢʘ ʟ ʷʢʦʨʝʤ ʧʨʠʢʨʫʯʝʥʘ ʜʚʦʤʘ ʛʚʠʥʪʘʤʠ ʜʦ ʦʩʥʦʚʠ ʟ ʢʝʨʘʤʽʢʠ, 

ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ ʷʢʦʛʦ ʫʢʨʽʧʣʝʥʽ ʜʚʽ ʢʦʥʪʘʢʪʥʽ ʩʪʦʡʢʠ ʟ 

ʥʝʨʫʭʦʤʠʤʠ ʧʨʫʞʠʥʘʤʠ ʢʦʥʪʘʢʪʥʠʤʠ ʽ ʛʚʠʥʪʘʤʠ, ʱʦ ʨʝʛʫʣʶʶʪʴ. 

ʂʦʥʪʘʢʪʠ ʤʘʶʪʴ ʩʬʝʨʠʯʥʫ ʢʦʥʪʘʢʪʥʫ ʧʦʚʝʨʭʥʶ. ʄʘʪʝʨʽʘʣ 

ʢʦʥʪʘʢʪʽʚ ʨʝʣʝ ʇɼʎʈʍ-1, ɺʉ-70 (ʜʣʷ ʨʝʣʝ ʚʠʢʦʥʘʥʥʷ ʈɺ4.522.000-

01 ï ʤʘʪʝʨʽʘʣ ɿʣʅʢ95-5). ʂʽʥʮʽ ʦʙʤʦʪʦʢ ʪʘ ʣʘʥʮʶʛʠ ʢʦʥʪʘʢʪʥʦʾ 

ʩʠʩʪʝʤʠ 7 ʧʨʠʧʘʷʥʽ ʜʦ 16 ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʠʭ ʰʪʠʬʪʽʚ (ʣʘʤʝʣʽʚ) 

ʩʧʝʮʽʘʣʴʥʦʾ ʰʪʝʧʩʝʣʴʥʦʾ ʢʦʣʦʜʢʠ ʟ ʬʝʥʦʧʣʘʩʪʫ. ʎʷ ʢʦʣʦʜʢʘ 

ʧʨʠʢʨʽʧʣʝʥʘ ʜʚʦʤʘ ʛʚʠʥʪʘʤʠ ʪʘ ʜʚʦʤʘ ʰʪʠʬʪʘʤʠ ʥʘʧʨʷʤʫ ʜʦ 

ʩʠʣʫʤʽʥʦʚʦʾ ʦʩʥʦʚʠ (ʢʦʨʧʫʩʫ). ɺʢʣʶʯʝʥʥʷ ʨʝʣʝ ʚ ʢʦʣʦ ʞʠʚʣʝʥʥʷ ʽ 

ʢʦʤʫʪʦʚʘʥʽ ʢʦʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟô̒ ʜʥʫʚʘʣʴʥʦʾ 

(ʰʪʝʧʩʝʣʴʥʦʾ) ʢʦʣʦʜʢʠ 6, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ h ʚʠʜʢʫ ʟʘʤʽʥʫ ʨʝʣʝ. 

ʈʝʣʝ ʥʘʜʽʡʥʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʩʪʨʫʤʽ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʚ 2-4 ʨʘʟʠ ʾʭʥʽʡ 

ʩʪʨʫʤ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ. ʈʦʙʦʯʝ ʩʪʘʥʦʚʠʱʝ ʨʝʣʝ ʙʫʜʴ-ʷʢʝ. ɿʘ 

ʢʽʣʴʢʽʩʪʶ ʦʙʤʦʪʦʢ ʨʝʣʝ ʤʦʞʫʪʴ ʙʫʪʠ:  

ï ʈʇ-4 ʜʚʦʭʦʙʤʦʪʦʯʥʽ, ʪʨʴʦʭʦʙʤʦʪʦʯʥʽ, ʩʝʤʽʦʙʤʦʪʦʯʥʽ;  

ï ʈʇ-5 ʦʜʥʦʦʙʤʦʪʦʯʥʽ, ʜʚʦʭʦʙʤʦʪʦʯʥʽ, ʪʨʴʦʭʦʙʤʦʪʦʯʥʽ, 

ʯʦʪʠʨʠʦʙʤʦʪʦʯʥʽ, ʧ'ʷʪʠʦʙʤʦʪʦʯʥʽ, ʰʝʩʪʠʦʙʤʦʪʦʯʥʽ ʪʘ 

ʩʝʤʠʦʙʤʦʪʦʯʥʽ;  

ï ʈʇ-7 ʦʜʥʦʦʙʤʦʪʦʯʥʽ, ʜʚʦʭʦʙʤʦʪʦʯʥʽ, ʪʨʴʦʭʦʙʤʦʪʦʯʥʽ, 

ʯʦʪʠʨʴʦʭʦʙʤʦʪʦʯʥʽ, ʧ'ʷʪʠʦʙʤʦʪʦʯʥʽ ʪʘ ʩʝʤʠʦʙʤʦʪʦʯʥʽ. 

ʇʦʣʷʨʠʟʦʚʘʥʽ ʨʝʣʝ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʭʝʤʘʭ 

ʘʚʪʦʤʘʪʠʢʠ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʭʘʨʘʢʪʝʨʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ, ʘ ʩʘʤʝ 

ʥʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʦʙʤʦʪʦʢ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʷʢ 

ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʥʝʚʝʣʠʢʘ ʧʦʪʫʞʥʽʩʪʴ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ï ʷʢ 

ʝʣʝʤʝʥʪʠ ʢʦʥʪʨʦʣʶ ʥʝʚʝʣʠʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʤʘʣʠʡ ʯʘʩ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʦʣʷʨʥʦʩʪʽ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ï ʷʢ 

ʘʤʧʣʽʪʫʜʥʽ ʤʦʜʫʣʷʪʦʨʠ ʪʘ ʜʝʤʦʜʫʣʷʪʦʨʠ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ 
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ʯʫʪʣʠʚʦʩʪʽ ʧʦʣʷʨʠʟʦʚʘʥʽ ʨʝʣʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʚʤʠʢʘʶʯʠ ʾʭ ʯʝʨʝʟ 

ʚʠʧʨʷʤʣʷʯ [2, 35, 40, 51]. 

 

4.4 ɯʥʜʫʢʮʽʡʥʝ ʨʝʣʝ 

 

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ ʨʝʣʝ, ʨʦʙʦʪʘ ʷʢʦʛʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ 

ʟʤʽʥʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʝʨʫʭʦʤʠʭ ʦʙʤʦʪʦʢ ʽʟ ʩʪʨʫʤʘʤʠ, ʱʦ 

ʽʥʜʫʢʫʶʪʴʩʷ ʮʠʤʠ ʧʦʣʷʤʠ ʚ ʨʫʭʦʤʦʤʫ ʝʣʝʤʝʥʪʽ [7, 29, 34, 43, 62]. 

ʆʩʢʽʣʴʢʠ ʮʽ ʩʪʨʫʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʚʝʜʝʥʽ ʣʠʰʝ ʧʨʠ ʟʤʽʥʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʯʘʩʽ, ʽʥʜʫʢʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʨʘʮʶʶʪʴ ʣʠʰʝ ʥʘ 

ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ. ɸ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʤʝʥʪʫ ʦʙʝʨʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ, 

ʱʦʙ ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʡ ʝʣʝʤʝʥʪ ʧʨʦʭʦʜʠʣʠ ʷʢ ʤʽʥʽʤʫʤ ʜʚʘ ʤʘʛʥʽʪʥʠʭ 

ʧʦʪʦʢʠ, ʟʩʫʥʝʥʠʭ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ. ɿʩʫʚ ʧʦ ʬʘʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʦʪʦʢ, ʱʦ ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʘʙʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʭ ʚʠʪʢʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʦʣʶʩʘʭ 

ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ. ʗʢ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʨʫʭʦʤʠʡ ʝʣʝʤʝʥʪ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʩʢʠ, ʙʘʨʘʙʘʥʯʠʢʠ ʽ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʽ ʨʘʤʢʠ, ʱʦ 

ʚʠʢʦʥʘʥʽ ʟ ʘʣʶʤʽʥʽʶ, ʤʽʜʽ ʘʙʦ ʣʘʪʫʥʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʜʽʾ 

ʥʝʦʙʭʽʜʥʦ, ʘʙʠ ʧʨʦʚʽʜʥʠʡ ʝʣʝʤʝʥʪ ʤʘʚ ʥʝʚʝʣʠʢʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ. 

ɿʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʽʥʜʫʢʮʽʡʥʽ ʩʠʩʪʝʤʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ: ʟ ʂɿ ʚʠʪʢʦʤ, ʙʘʨʘʙʘʥʯʠʢʦʤ ʽ ʜʠʩʢʦʤ. 

ɯʥʜʫʢʮʽʡʥʽ ʨʝʣʝ ʨʦʟʨʽʟʥʷʶʪʴ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʤʘʛʥʽʪʥʦʾ 

ʩʠʩʪʝʤʠ ʽ ʨʫʭʦʤʦʛʦ ʝʣʝʤʝʥʪʫ (ʨʠʩ. 4.18). ʆʩʝʨʜʷ ʫ ʤʘʛʥʽʪʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʙʘʨʘʙʘʥʯʠʢʦʤ ʽ ʨʘʤʢʦʶ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʦʧʦʨʫ ʥʘ ʰʣʷʭʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟ 

ʤʘʛʥʽʪʥʦʾ ʩʪʘʣʽ. 

 

4.4.1 ʄʦʤʝʥʪ ʦʙʝʨʪʘʥʥʷ ʽʥʜʫʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ  

 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʤʝʥʪ ʦʙʝʨʪʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʽʥʜʫʢʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʜʠʩʢʦʤ (ʨʠʩ 4.19). ʇʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʦ ʦʙʤʦʪʢʘʤ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʚ ʧʦʚʽʪʨʷʥʠʭ ʟʘʟʦʨʘʭ ʫʪʚʦʨʶʻʪʴʩʷ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʟʽ ʟʤʽʥʥʠʤ 

ʟʥʘʢʦʤ. ʄʘʛʥʽʪʥʽ ʧʦʪʦʢʠ ʌ1 ̔  ʌ2 ʥʘʚʦʜʠʪʠʤʫʪʴ ʚ ʜʠʩʢʫ ɽʈʉ ɽ1 ̔  ɽ2, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʤʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ I1 ʪʘ I2.  
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ʈʠʩʫʥʦʢ 4.18 ï ʂʦʥʩʪʨʫʢʮʽʾ ʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʽʥʜʫʢʮʽʡʥʠʭ ʨʝʣʝ: 

 

ʘ ï  ʟ ʨʫʭʦʤʦʶ ʨʘʤʢʦʶ; ʙ ï  ʟ ʜʠʩʢʦʤ ʽ ʂɿ ʚʠʪʢʘʤʠ ʥʘ ʧʦʣʶʩʘʭ; ʚ ï ʟ 

ʙʘʨʘʙʘʥʯʠʢʦʤ; ʛ ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʩʪʝʤʘ ʟ ʜʠʩʢʦʤ ʪʘ ʨʦʟʜʽʣʝʥʠʤ ʽ ʥʝʨʦʟʜʽʣʝʥʠʤ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʦʤ  

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʦʪʦʢʠ ʻ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ ʽ ʟʩʫʥʝʥʠʤʠ ʦʜʠʥ 

ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʧʦ ʬʘʟʽ ʥʘ ʢʫʪ Ŭ, ʪʦʜʽ  
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tɤsinʌʌ m11= ,  .Ŭ)(ɤsinʌʌ m22 -= t  

 

ʜʝ   W1, W2 ï ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʚ ʦʙʠʜʚʦʭ ʦʙʤʦʪʢʘʭ; 

ʘ1, ʘ2 ï ʧʣʝʯʽ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣ F1, F2; 

F1, F2 ï ʩʠʣʠ; 

I1, I2 ï ʩʪʨʫʤʠ ʚ ʜʠʩʢʫ ʧʽʜ ʧʦʣʶʩʘʤʠ. 

ʆʩʢʽʣʴʢʠ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʜʠʩʢʫ ʜʫʞʝ ʤʘʣʘ, ʢʫʪ ʤʽʞ ʩʪʨʫʤʦʤ IĀʪʘ 

ɽʈʉ ɽ ʪʝʞ ʤʘʣʠʡ, ʪʦʤʫ ʥʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʂʨʽʤ ʪʦʛʦ 

ʟʥʝʭʪʫʻʤʦ ʽʥʜʫʢʪʠʚʥʠʤ ʦʧʦʨʦʤ ʜʠʩʢʘ, ʪʦʜʽ ʚʝʢʪʦʨʠ ʩʪʨʫʤʽʚ 

ʟʙʽʛʘʪʠʤʫʪʴʩʷ ʚ ʩʧʨʷʤʫʚʘʥʥʽ ʟ ʚʝʢʪʦʨʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ɽʈʉ, ʢʦʪʨʘ 

ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜʩʪʘʚʘʪʠʤʝ ʚʽʜ ʧʦʪʦʢʽʚ ʥʘ 900 (ʨʠʩ. 4.20) [7, 29, 34, 

45, 51]. 

 
 

ʈʠʩʫʥʦʢ 4.19 ï ɯʥʜʫʢʮʽʡʥʘ ʩʠʩʪʝʤʘ ʨʝʣʝ ʟ ʜʠʩʢʦʤ 

 

 
ʈʠʩʫʥʦʢ 4.20 ï ɺʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ɽʈʉ, ʩʪʨʫʤʽʚ ʽ ʤʘʛʥʽʪʥʠʭ ʧʦʪʦʢʽʚ 

ʽʥʜʫʢʮʽʡʥʦʛʦ ʨʝʣʝ ʟ ʜʠʩʢʦʤ 
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ʗʢ ʚʽʜʦʤʦ, ʥʘ ʧʨʦʚʽʜʥʠʢ ʜʦʚʞʠʥʦʶ l ʟʽ ʩʪʨʫʤʦʤ i, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʟ ʽʥʜʫʢʮʽʻʶ ɺ ʜʽʻ ʩʠʣʘ 
 

.lBiF ÖÖ=  

ʗʢʱʦ ʩʪʨʫʤʠ 1I  ʪʘ 2I  ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʪʘ ʟʩʫʥʝʥʽ ʧʦ ʬʘʟʽ ʥʘ 

ʢʫʪ ɣ, ʪʦʜʽ ʾʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

 

( ) tBtIltF mm wÖÖy-wÖÖ= sinsin)( , (4.15) 

ʜʝ   
mI  ï ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ; 

mB  ï ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ; 

y ï ʢʫʪ ʟʩʫʚʫ ʤʽʞ 
mI  ʪʘ 

mB . 

ʊʦʜʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʟʘ ʧʝʨʽʦʜ ʊ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

0

1
( )

T

ʩʨF F t dt
ʊ
= ñ . (4.16) 

ʇʽʜʩʪʘʚʠʤʦ ʫ ʨʽʚʥʷʥʥʷ (4.16) ʨʽʚʥʷʥʥʷ (4.15) ʽ ʦʪʨʠʤʘʻʤʦ: 

j
ÖÖ

= cos
2

lBI
F mm
ʩʨ . (4.17) 

ʉʫʤʘʨʥʝ ʟʫʩʠʣʣʷ, ʱʦ ʜʽʻ ʥʘ ʜʠʩʢ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

21221211 FFFFF +++=S , (4.18) 

 

ʜʝ   F11 ï ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʪʦʢʦʤ ʌ1 ʽ ʩʪʨʫʤʦʤ I1; 

F12 ï ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʪʦʢʦʤ ʌ1 ʽ ʩʪʨʫʤʦʤ I2; 

F22 ï ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʪʦʢʦʤ ʌ2 ʽ  ʩʪʨʫʤʦʤ I2; 

F21 ï ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʪʦʢʦʤ ʌ2 ʽ ʩʪʨʫʤʦʤ I1. 

 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʢʫʪ ʟʩʫʚʫ ʧʦ ʬʘʟʽ ʤʽʞ ʦʜʥʦʡʤʝʥʥʠʤʠ 

ʧʦʪʦʢʦʤ ʽ ʩʪʨʫʤʦʤ ʜʦʨʽʚʥʶʻ 900 (cos ű = cos 900=0), ʪʦ ʟ ʨʽʚʥʷʥʥʷ 

(4.18) F11=F22=0 ʦʪʨʠʤʘʻʤʦ ʩʫʤʘʨʥʝ ʟʫʩʠʣʣʷ: 

 

2112 FFF +=S . (4.19) 
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ʄʦʤʝʥʪʠ ʦʙʝʨʪʘʥʥʷ, ʩʪʚʦʨʝʥʽ ʮʠʤʠ ʩʠʣʘʤʠ ʥʘʧʨʘʚʣʝʥʽ ʚ ʨʽʟʥʽ 

ʙʦʢʠ. ʇʨʠʡʤʝʤʦ ʧʦʟʠʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʤʦʤʝʥʪʫ ʚʽʜ ʩʠʣʠ F21, ʪʦʜʽ: 

 

121212 aFaFM Ö-Ö=S , (4.20) 

ʜʝ  21, aaÖ  ï ʧʣʝʯʽ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣ. 

ɿʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʚ ʜʠʩʢʫ ʤʦʞʥʘ ʚʠʨʘʭʫʚʘʪʠ ʧʦ ʟʘʢʦʥʫ ʆʤʘ ʪʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ 

 

2

2m
2

1

1m
1

ʌ2
,

ʌ2

R

f
I

R

f
I mm

Öp
=

Öp
= ,

 

(4.21) 

ʜʝ   R1 ̔  R2 ï ʘʢʪʠʚʥʽ ʦʧʦʨʠ ʚ ʜʠʩʢʫ ʥʘ ʰʣʷʭʫ ʩʪʨʫʤʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ; 

f ï ʯʘʩʪʦʪʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ɸʢʪʠʚʥʠʡ ʦʧʽʨ ʜʠʩʢʘ ʙʽʣʴʰʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʛʝʦʤʝʪʨʽʾ ʽ 

ʧʨʠʙʣʠʟʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

RKR
D

r
º ,  

 

ʜʝ   ɟ ï ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʜʠʩʢʘ; 

ȹ ï ʪʦʚʱʠʥʘ ʜʠʩʢʘ; 

KR ï ʛʝʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ.  

ɿ ʚʝʢʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ (ʨʠʩ. 4.20) ʟʥʘʭʦʜʠʤʦ cos ɣ1 = ïsin Ŭ, 

cos ɣ2 = sin Ŭ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (4.19é4.21) ʦʪʨʠʤʘʻʤʦ ʜʣʷ 

ʨʦʙʦʯʦʛʦ ʦʙʝʨʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ: 

 

1 1 1 2 2 2
1 2

1 1 2 2

sinm m

R R

l ʘ l ʘf
M ʌ ʌ

S K S K
r

p b p b
a

r

å õÖD
= Ö + Öæ ö

ç ÷

, (4.22) 

 

ʜʝ   l1 ʪʘ l2 ï ʝʢʚʽʚʘʣʝʥʪʥʽ ʜʦʚʞʠʥʠ ʣʽʥʽʡ ʩʪʨʫʤʫ ʧʽʜ ʧʦʣʶʩʘʤʠ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ; 

S1 ʽ S2 ï ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ ʧʦʣʶʩʽʚ; 

ɓ1 ʽ ɓ2 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʯʘʩʪʠʥʫ ʩʪʨʫʤʫ, ʷʢʘ 

ʧʨʦʪʽʢʘʻ ʣʠʰʝ ʧʽʜ ʧʦʣʶʩʘʤʠ. 
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ʉʫʤʘ ʩʢʣʘʜʦʚʠʭ ʚ ʜʫʞʢʘʭ ʨʽʚʥʷʥʥʷ (4.22) ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʽʥʜʫʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽ ʥʘʟʠʚʘʻʪʴʩʷ 

ʛʝʦʤʝʪʨʠʯʥʦʶ ʧʦʩʪʽʡʥʦʶ: 

2 2 2 1 1 1

2 2 1 1P P

l ʘ lʘ
x

S K S K

p b p bå õ
+ =æ ö

ç ÷
 (4.23) 

 

ʊʦʜʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʨʦʙʦʯʦʛʦ ʤʦʤʝʥʪʫ ʦʙʝʨʪʘʥʥʷ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

 

.sin21 aÖÖÖ
r

DÖ
=r mm ʌʌx

f
M  (4.24) 

ʅʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʘ ï ʚʽʜ ʧʦʣʶʩʘ ʟ ʚʠʧʝʨʝʜʞʫʶʯʠʤ 

ʧʦʪʦʢʦʤ ʜʦ ʧʦʣʶʩʘ ʟ ʚʽʜʩʪʘʶʯʠʤ ʧʦʪʦʢʦʤ. ʆʢʨʽʤ ʩʪʨʫʤʽʚ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ ʨʫʭʦʤʦʤʫ ʝʣʝʤʝʥʪʽ ʚʠʥʠʢʘʶʪʴ ʩʪʨʫʤʠ ʨʽʟʘʥʥʷ 

ʯʝʨʝʟ ʧʝʨʝʩʽʢʘʥʥʷ ʜʠʩʢʦʤ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʤʘʛʥʽʪʥʠʭ ʩʠʣʦʚʠʭ 

ʣʽʥʽʡ (ʨʠʩ. 4.21). ʇʨʠʨʦʜʫ ʩʪʨʫʤʽʚ ʨʽʟʘʥʥʷ ʧʨʦʽʣʶʩʪʨʫʻʤʦ ʥʘ 

ʧʨʠʢʣʘʜʽ ʨʘʤʢʠ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʧʨʦʚʽʜʥʠʢʘ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ʇʨʠ 

ʨʫʩʽ ʢʦʥʪʫʨʫ ʟʤʽʥʶʻʪʴʩʷ ʧʦʪʽʢ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʠʤ: 

 

xlBSɺʌ xx ÖÖ=Ö= . (4.25) 

 

ɽʈʉ, ʱʦ ʥʘʚʝʜʝʥʘ ʚ ʢʦʥʪʫʨʽ ʧʨʠ ɺ=const, ʤʘʻʤʦ: 

 

,VlB
t

x
lɺ

t

ʌ
e ʭ ÖÖ-=

µ

µ
Ö-=

µ

µ
-=  (4.26) 

ʜʝ   V ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʢʦʥʪʫʨʫ. 

ɿ ʬʦʨʤʫʣʠ (4.26) ɽʈʉ ʨʽʟʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʢʦʥʪʫʨʫ ʽ ʩʧʨʷʤʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʡʦʛʦ ʨʫʭ ʟʘʛʘʣʴʤʦʚʫʻʪʴʩʷ. 

ɸʥʘʣʦʛʽʯʥʘ ʧʨʠʨʦʜʘ ʩʪʨʫʤʫ ʨʽʟʘʥʥʷ ʽ ʚ ʜʠʩʢʫ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʢʫʪ 

ʟʩʫʚʫ ʧʦ ʬʘʟʽ ʤʽʞ ʧʦʪʦʢʦʤ ʽ ʩʪʨʫʤʦʤ ʨʽʟʘʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ʨʠʩ. 

4.21).  

ʊʦʜʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʪʦʢʘʤʠ ʌ1 ʽ ʌ2, ʘ ʪʘʢʦʞ 

ʩʪʨʫʤʘʤʠ ʨʽʟʘʥʥʷ I  ʨ1  ʪʘ Iʨ2 ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʤʝʥʪ ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʷ: 
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( )2

2

2

12 mmT ʌʌKM += w , (4.27) 

 

ʜʝ  ʂ2 ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, 

ʚʝʣʠʯʠʥʘ ʟʘʟʚʠʯʘʡ ʚʝʣʠʢʘ; 

21 , mm ʌʌ  ï ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʽʚ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ (4.27) ʩʫʤʘʨʥʠʡ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ, 

ʱʦ ʜʽʻ ʥʘ ʜʠʩʢ ʙʫʜʝ ʚʠʟʥʘʯʝʥʠʡ ʷʢ: 

 

( )2
2

2
12211 sin mmmmʆɹ ʌʌKʌʌKM +w-aÖÖÖ= , (4.28) 

ʜʝ  x
f

K Ö
DÖ

=
r

1
; 

ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, 

 

 
 

ʈʠʩʫʥʦʢ 4.21 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʨʘʤʢʠ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʪʘ ʚʝʢʪʦʨʥʘ 

ʜʽʘʛʨʘʤʘ ʩʪʨʫʤʽʚ, ɽʈʉ ʪʘ ʧʦʪʦʢʽʚ [51] 

 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ (4.28) ʄʆɹ ʟʘʣʝʞʠʪʴ ʧʝʨʰ ʟʘ ʚʩʝ ʚʽʜ ʤʘʛʥʽʪʥʠʭ 

ʧʦʪʦʢʽʚ, ʢʫʪʘ ʟʩʫʚʫ ʤʽʞ ʥʠʤʠ, ʘ ʪʘʢʦʞ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ʅʘ 

ʙʘʟʽ ʽʥʜʫʢʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʨʘʮʶʶʪʴ ʨʝʣʝ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ, ʦʧʦʨʫ ʽ 

ʧʦʪʫʞʥʦʩʪʽ. ʈʦʟʛʣʷʥʝʤʦ ʨʝʣʝ ʥʘʧʨʷʤʫ ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 4.22). 
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4.4.2 ɯʥʜʫʢʮʽʡʥʝ ʨʝʣʝ ʥʘʧʨʷʤʫ ʧʦʪʫʞʥʦʩʪʽ  

 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ, ʚ ʤʽʩʮʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʭʠʩʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʝ ʨʝʣʝ ï ʨʝʣʝ 

ʥʘʧʨʷʤʫ ʧʦʪʫʞʥʦʩʪʽ. ʇʨʦʤʠʩʣʦʚʽʩʪʴ ʚʠʧʫʩʢʘʻ ʨʝʣʝ ʥʘʧʨʷʤʫ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʦʭ ʚʠʜʽʚ: ʽʥʜʫʢʮʽʡʥʽ (ʩʝʨʽʡ ʈɹʄ-170 ʪʘ ʈɹʄ-270) ʪʘ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽ (ʪʠʧʫ ʈʄ-11 ʪʘ ʈʄ-12) [62, 64, 67, 69]. ɯʥʜʫʢʮʽʡʥʝ 

ʨʝʣʝ ʥʘʧʨʷʤʫ ʧʦʪʫʞʥʦʩʪʽ [4, 7] ʤʘʻ ʜʚʽ ʦʙʤʦʪʢʠ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʥʘ 

ʧʦʣʶʩʘʭ ʟʘʤʢʥʝʥʦʛʦ ʩʪʘʣʝʚʦʛʦ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ 1 (ʨʠʩ. 4.22). ʆʜʥʘ 

ʟ ʥʠʭ, ʩʪʨʫʤʦʚʘ (4) ʚʢʣʶʯʘʻʪʴʩʷ ʫ ʚʪʦʨʠʥʥʽ ʣʘʥʮʶʛʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʪʨʫʤʫ (ʊɸ), ʽ ʩʪʨʫʤ ʚ ʥʽʡ (Ip) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʪʦʨʠʥʥʠʤ ʩʪʨʫʤʦʤ ʊɸ. ɼʨʫʛʘ ï ʧʦʪʝʥʮʽʡʥʘ (5) ï ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ 

ʚʪʦʨʠʥʥʦʾ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ (ʊV), ʽ ʩʪʨʫʤ ʚ ʥʽʡ (IH) 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʽʜʚʝʜʝʥʽʡ ʥʘʧʨʫʟʽ (UH). ʄʽʞ ʧʦʣʶʩʘʤʠ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʥʫʪʨʽʰʥʻ ʩʪʘʣʝʚʝ ʦʩʝʨʜʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 2 ʽ 

ʘʣʶʤʽʥʽʻʚʠʡ ʨʦʪʦʨ 3, ʱʦ ʤʘʻ ʬʦʨʤʫ ʩʪʘʢʘʥʫ. ʅʘ ʨʦʪʦʨʽ ʫʢʨʽʧʣʝʥʠʡ 

ʢʦʥʪʘʢʪʥʠʡ ʤʽʩʪʦʢ 6. ʇʨʠ ʥʘʧʨʷʤʢʫ ʧʦʪʫʞʥʦʩʪʽ ʂɿ ʚʽʜ ʰʠʥ ʚ 

ʤʝʨʝʞʫ ʮʝʡ ʤʽʩʪʦʢ ʟʘʤʠʢʘʻ ʥʝʨʫʭʦʤʽ ʚʠʭʽʜʥʽ ʢʦʥʪʘʢʪʠ 7 (ʨʝʣʝ 

ʩʧʨʘʮʴʦʚʫʻ). ʇʦʚʝʨʥʝʥʥʷ ʨʝʣʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʜʽʾ ʧʨʫʞʠʥʠ, ʱʦ 

ʧʨʦʪʠʜʽʻ 8. 

 

 
 

ʈʠʩʫʥʦʢ 4.22 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʥʜʫʢʮʽʡʥʦʛʦ ʨʝʣʝ ʥʘʧʨʷʤʫ 

ʧʦʪʫʞʥʦʩʪʽ [80, 81] 
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ʄʘʛʥʽʪʥʽ ʧʦʪʦʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʪʫʰʢʘʤʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʩʪʨʫʤʘʤʠ, ʟʩʫʥʫʪʽ ʫ ʧʨʦʩʪʦʨʽ ʥʘ ʢʫʪ 90Á. ɺʟʘʻʤʦʜʽʷ ʧʦʪʦʢʽʚ ʟʽ 

ʩʪʨʫʤʘʤʠ, ʽʥʜʫʢʦʚʘʥʠʤʠ ʥʠʤʠ ʚ ʨʦʪʦʨʽ, ʩʪʚʦʨʶʻ ʤʦʤʝʥʪ, ʱʦ 

ʦʙʝʨʪʘʻ, ʷʢʠʡ ʟʤʫʰʫʻ ʨʦʪʦʨ ʧʦʚʝʨʪʘʪʠʩʷ. ʗʢʱʦ ʤʘʛʥʽʪʥʽ ʧʦʪʦʢʠ 

ʤʘʶʪʴ ʩʠʥʫʩʦʾʜʘʣʴʥʫ ʬʦʨʤʫ, ʪʦ ʤʦʤʝʥʪ, ʱʦ ʦʙʝʨʪʘʻ, 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

ʚʨ I Uʌ ʌ sinʄ º Ö Ö y, 

 

ʜʝ  ʌɯ ʪʘ ʌU ï ʮʝ ʤʘʛʥʽʪʥʽ ʧʦʪʦʢʠ, ʫʪʚʦʨʝʥʽ ʩʪʨʫʤʦʚʦʶ ʪʘ 

ʧʦʪʝʥʮʽʡʥʦʶ ʢʦʪʫʰʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦ;  

ɣ ï ʝʣʝʢʪʨʠʯʥʠʡ ʢʫʪ ʤʽʞ ʤʘʛʥʽʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʌɯ  ʪʘ ʌU.  

ʅʘ 4.23 ʧʦʢʘʟʘʥʦ ʚʝʢʪʦʨʥʫ ʜʽʘʛʨʘʤʫ, ʱʦ ʧʦʷʩʥʶʻ ʧʨʠʥʮʠʧ ʜʽʾ 

ʨʝʣʝ. ʇʨʠʡʥʷʪʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ʨI ʪʘ ʥU  ï ʚʝʢʪʦʨʠ ʩʪʨʫʤʫ ʪʘ 

ʥʘʧʨʫʛʠ, ʧʽʜʚʝʜʝʥʠʭ ʜʦ ʨʝʣʝ; űʨ ï ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʨI ʪʘ ʥU , ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʪʘ ʩʭʝʤʦʶ 

ʚʢʣʶʯʝʥʥʷ ʨʝʣʝ; ʥI  ï ʚʝʢʪʦʨ ʩʪʨʫʤʫ ʚ ʧʦʪʝʥʮʽʡʥʽʡ ʢʦʪʫʰʮʽ ʨʝʣʝ; 

Ŭ ï ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʥI  ʪʘ ʥU  (ʢʫʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʩʫʚʫ), ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʘʢʪʠʚʥʦʛʦ ʪʘ ʨʝʘʢʪʠʚʥʦʛʦ ʦʧʦʨʽʚ 

ʣʘʥʮʶʛʘ ʧʦʪʝʥʮʽʡʥʦʾ ʢʦʪʫʰʢʠ.  

 
ʈʠʩʫʥʦʢ 4.23 ï ɺʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʽʥʜʫʢʮʽʡʥʦʛʦ ʨʝʣʝ ʥʘʧʨʷʤʢʫ 

ʧʦʪʫʞʥʦʩʪʽ  
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ I ʨ Uʌ , ʌ , ʘʥ ʥ ʨɯ ɯ U y=a-j, ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ: ɺʈ sin( )ʨ ʥ ʨ pʄ ʂ U ɯ= Ö Ö Ö a-j. 

ɺ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʨʂ  ï ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ , ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʣʝ, ʘ sin( )ʥ ʨ p pU ɯ SÖ Ö a-j =ï 

ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʟʘʪʠʩʢʘʭ ʨʝʣʝ. ɺʽʜʧʦʚʽʜʥʦ, ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ʨʝʣʝ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʦʪʫʞʥʦʩʪʽ: ɺʈ ʨ pʄ ʂ S= Ö, ʪʦʙʪʦ ʨʝʣʝ ʨʝʘʛʫʻ 

ʥʘ ʧʦʪʫʞʥʽʩʪʴ. 

ʈʝʣʝ, ʱʦ ʦʙʝʨʪʘʻ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʢʦʣʠ sin( )pa-j, ʘ ʟʚʽʜʩʠ 

ʚʠʧʣʠʚʘʻ, ʱʦ ɺʈ 0ʄ = , ʷʢʱʦ ʨj =a ʧʨʠ ʚʽʜʩʪʘʚʘʥʥʽ, ʽ ʷʢʱʦ 

( 180 )ʦʨj = a+  ʧʨʠ ʚʠʧʝʨʝʜʞʝʥʥʽ ʚʝʢʪʦʨʦʤ ʨI  ʚʝʢʪʦʨʫ ʥU . ʃʽʥʽʷ, 

ʨʦʟʪʘʰʦʚʘʥʘ ʧʽʜ ʮʠʤ ʢʫʪʦʤ ʜʦ ʚʝʢʪʦʨʫ ʥU , ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʻʶ 

ʥʫʣʴʦʚʠʭ ʤʦʤʝʥʪʽʚ ʘʙʦ ʣʽʥʽʻʶ ʟʤʽʥʠ ʟʥʘʢʫ ʤʦʤʝʥʪʫ [80]. ʂʫʪ ʨj  

ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʨI ʪʘ ʥU , ʧʨʠ ʷʢʦʤʫ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʢʫʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ ʤʯj . ʃʽʥʽʷ, ʨʦʟʪʘʰʦʚʘʥʘ ʜʦ ʚʝʢʪʦʨʫ ʥU  ʧʽʜ ʢʫʪʦʤ ʤʯj , 

ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʻʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ. ʗʢʱʦ ʚʥʫʪʨʽʰʥʽʡ ʢʫʪ 

Ŭ = 0 (ʨʠʩ. 4.24, ʘ), ʪʦ ʤʦʤʝʥʪ, ʱʦ ʧʦʚʝʨʪʘʻ 

ɺʈ sin( )ʨ ʥ ʨ pʄ ʂ U ɯ= Ö Ö Ö -j ʚ ʨʝʣʝ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʝʘʢʪʠʚʥʽʡ 

ʧʦʪʫʞʥʦʩʪʽ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʨʝʣʝ (ʩʠʥʫʩʥʝ ʨʝʣʝ ʘʙʦ ʨʝʣʝ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ). ʎʽ ʨʝʣʝ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢ, ʱʦ ɺʈʄ  ʻ ʧʦʟʠʪʠʚʥʠʤ, 

ʷʢʱʦ ʢʫʪ 0ʨj <  (ʪʦʙʪʦ ɺʈ sinʨ ʥ ʨ pʄ ʂ U ɯ= Ö Ö Ö j). ʂʫʪ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʩʠʥʫʩʥʦʛʦ ʨʝʣʝ ʦ
ʤʯ 90j = . ʗʢʱʦ 

ʚʥʫʪʨʽʰʥʽʡ ʢʫʪ ʦ= 90a  (ʨʠʩ. 4.24, ʙ), ʪʦ ʤʦʤʝʥʪ, ʱʦ ʦʙʝʨʪʘʻ 

ɺʈ sin(90 ) cosʨ ʥ ʨ p ʨ ʥ ʨ pʄ ʂ U ɯ ʂ U ɯ= Ö Ö Ö -j = Ö Ö Ö j ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʨʝʣʝ (ʢʦʩʠʥʫʩʥʝ ʨʝʣʝ ʘʙʦ ʨʝʣʝ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ). ɼʣʷ ʢʦʩʠʥʫʩʥʦʛʦ ʨʝʣʝ ʦ
ʤʯ 0j = .  
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ʈʠʩʫʥʦʢ 4.24 ï ɺʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʩʠʥʫʩʥʦʛʦ ʨʝʣʝ ʘʙʦ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ (ʘ) ʪʘ ʢʦʩʠʥʫʩʥʦʛʦ ʨʝʣʝ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʙ) [80] 

 

ʋ ʨʝʣʝ ʟʤʽʰʘʥʦʛʦ ʪʠʧʫ ʢʫʪ Ŭ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ 0Á ʜʦ 

90Á(ʜʠʚ. ʨʠʩ. 4.24). ʅʘʧʨʠʢʣʘʜ, ʨʝʣʝ ʟʤʽʰʘʥʦʛʦ ʪʠʧʫ (ʈɹʄ-171, 

ʈɹʄ-271) ʤʘʶʪʴ ʜʠʩʢʨʝʪʥʝ ʟʤʽʥʝʥʥʷ ʢʫʪʫ Ŭ: Ŭ =  45 Á ( ʦ
ʤʯ 45j = ) 

ʘʙʦ Ŭ = 60 Á ( ʦ
ʤʯ 30j = ). ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ ʥʘʧʨʷʤʫ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ: ɺʈ ʧʨʄ ʄ= , ʜʝ ʧʨʄ  ï 

ʧʨʦʪʠʜʽʶʯʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʣʦʶ ʧʨʦʪʠʜʽʾ 

ʧʦʚʝʨʪʘʣʴʥʦʾ ʧʨʫʞʠʥʠ, ʪʝʨʪʷʤ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʨʝʣʝ ʽ ʩʠʣʦʶ 

ʥʘʪʠʩʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʧʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʨʝʣʝ. ʆʩʢʽʣʴʢʠ ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʨʝʣʝ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʽʜʚʝʜʝʥʽʡ ʜʦ ʥʴʦʛʦ ʧʦʪʫʞʥʦʩʪʽ, ʨʝʣʝ 

ʩʧʨʘʮʴʦʚʫʻ ʧʨʠ ʧʝʚʥʦʤʫ ʤʥʦʞʝʥʥʽ ʥ ʨU ɯÖ . ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʨʝʣʝ, ʧʨʠ ʷʢʦʤʫ ʚʦʥʦ ʩʧʨʘʮʴʦʚʫʻ, 

ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʧʦʪʫʞʥʽʩʪʶ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ SCP. 

ɹʽʣʴʰʽʩʪʴ ʽʥʜʫʢʮʽʡʥʠʭ ʨʝʣʝ SCP = (0,2é4) B A. ʏʫʪʣʠʚʽʩʪʴ ʨʝʣʝ 

ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʷʢʘ ʻ ʟʘʣʝʞʥʽʩʪʶ 

ʥʘʧʨʫʛʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ ʚʽʜ ʩʪʨʫʤʫ (4.25, ʘ), ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ 

ʢʫʪʽ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʨI ʪʘ ʥU , ʱʦ ʜʦʨʽʚʥʶʻ ʢʫʪʫ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ. 
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ʈʠʩʫʥʦʢ 4.25 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʘ (ʘ) ʪʘ ʢʫʪʦʚʘ (ʙ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʝʣʝ ʥʘʧʨʷʤʫ ʧʦʪʫʞʥʦʩʪʽ [80, 81] 
 

ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ ʚʽʜ ʢʫʪʘ ʤʽʞ 

ʚʝʢʪʦʨʘʤʠ ʨI ʪʘ ʥU ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ 

ʢʫʪʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʝʣʝ (4.24, ʙ). ɺʦʥʘ ʚʠʟʥʘʯʘʻ ʟʦʥʠ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʘ ʥʝʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ. ʗʢ ʚʠʜʥʦ, ʧʨʠ ʢʫʪʘʭ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʽʥʽ ʥʘʧʨʷʤʫ ʤʦʤʝʥʪʫ, ʱʦ ʦʙʝʨʪʘʻ, ʧʦʪʫʞʥʽʩʪʴ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʽ ʧʨʘʛʥʝ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʇʨʠ ʨ ʤʯj =j 

ʧʦʪʫʞʥʽʩʪʴ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ ʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ.  

ʇʨʠʥʮʠʧ ʜʽʾ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʪʠʯʥʠʭ ʨʝʣʝ ʥʘʧʨʷʤʫ 

ʧʦʪʫʞʥʦʩʪʽ ʈʄ-11 ʪʘ ʈʄ-12 ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʤʽʨʽ ʪʨʠʚʘʣʦʩʪʽ 

ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʧʨʠ ʷʢʦʤʫ ʥʘʧʨʫʛʘ ʪʘ ʩʪʨʫʤ, ʧʽʜʚʝʜʝʥʽ ʜʦ ʨʝʣʝ, 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʟʥʘʢ. ʏʘʩ ʟʙʽʛʫ ʟʥʘʢʫ ʩʠʛʥʘʣʽʚ ʚʠʤʽʨʶʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʢʦʞʥʦʛʦ ʥʘʧʽʚʧʝʨʽʦʜʫ ʪʘ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʫʩʪʘʚʢʦʶ. ʇʨʠ 

ʧʝʚʥʽʡ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ ʟʙʽʛ ʩʠʤʚʦʣʽʚ ʩʠʛʥʘʣʽʚ ʨʝʣʝ ʩʧʨʘʮʴʦʚʫʻ. ʎʽ 

ʨʝʣʝ ʧʝʨʝʚʝʨʰʫʶʪʴ ʽʥʜʫʢʮʽʡʥʽ ʟʘ ʙʘʛʘʪʴʤʘ ʦʩʥʦʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ. 

ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʟʘʛʘʣʽ ʽʥʜʫʢʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟ ʜʠʩʢʦʤ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʽ ʚʝʣʠʢʠʤ ʯʘʩʦʤ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʯʝʨʝʟ ʟʥʘʯʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʫʭʦʤʦʛʦ ʝʣʝʤʝʥʪʘ 

- ʜʠʩʢʘ. ʅʘ ʧʨʘʢʪʠʮʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʨʝʣʝ ʩʪʨʫʤʫ ʈʊ 80 ʽ ʈʊ 90 ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʨʫʤʫ. ɿʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʠʣʘʜʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʜʣʷ 
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ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʣʽʥʽʡ ʞʠʚʣʝʥʥʷ ʪʘ 

ʨʦʟʧʦʜʽʣʴʯʠʭ ʧʨʠʩʪʨʦʾʚ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʘ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʯʫʪʣʠʚʠʭ ʽ ʰʚʠʜʢʦʜʽʶʯʠʭ ʽʥʜʫʢʮʽʡʥʠʭ 

ʨʝʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʠ ʟ ʨʫʭʦʤʠʤ ʘʣʶʤʽʥʽʻʚʠʤ 

ʮʠʣʽʥʜʨʦʚʠʤ ʨʦʪʦʨʦʤ ʘʙʦ ʩʝʢʪʦʨʦʤ (ʥʘʧʨʠʢʣʘʜ, ʚ ʦʜʥʦʬʘʟʥʠʭ ʨʝʣʝ 

ʥʘʧʨʷʤʫ ʧʦʪʫʞʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʈɹʄ-170 ʽ ʈɹʄ-270) ʟ ʜʚʦʤʘ 

ʦʙʤʦʪʢʘʤʠ. ʆʜʥʘ ʟ ʥʠʭ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʪʨʫʤʫ, 

ʽ ʤʘʻ ʚʪʦʨʠʥʥʠʡ ʩʪʨʫʤ, ʘ ʽʥʰʘ - ʜʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ ʽ ʤʘʻ 

ʩʪʨʫʤ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʥʘʧʨʫʟʽ ʥʘ ʟʘʪʠʩʢʘʭ ʦʙʤʦʪʢʠ. ʄʦʤʝʥʪ 

ʦʙʝʨʪʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʥʘ ʨʦʪʦʨʽ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʟʘʪʠʩʢʘʭ ʨʝʣʝ, ʽ ʡʦʛʦ ʥʘʧʨʷʤʦʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʫ ʮʽʻʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʽ ʨʝʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʭʝʤʘʭ ʨʝʣʝʡʥʦʛʦ 

ʟʘʭʠʩʪʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʽ ʚʽʜʤʠʢʘʥʥʷ ʣʽʥʽʡ, ʥʘ ʷʢʠʭ ʩʪʘʣʦʩʷ ʢʦʨʦʪʢʝ 

ʟʘʤʠʢʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟ ʨʫʭʣʠʚʠʤ ʩʝʢʪʦʨʦʤ ʩʪʚʦʨʝʥʦ 

ʨʝʣʝ ʩʝʨʽʾ ɼʉʐ, ʷʢʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʮʽ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ [7, 29, 29, 32, 80]. 

 

4.5 ʄʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʽ ʨʝʣʝ 

 

ʄʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʽ ʨʝʣʝ ï ʮʝ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʨʝʣʝ, ʨʦʙʦʪʘ 

ʷʢʠʭ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʝʨʫʭʦʤʦʛʦ 

ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ ʪʘ ʨʫʭʦʤʦʾ  ʦʙʤʦʪʢʠ, ʱʦ ʟʙʫʜʞʫʻʪʴʩʷ ʩʪʨʫʤʦʤ. 

ʈʫʭʦʤʘ ʦʙʤʦʪʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʘʤʢʠ, ʥʘ ʷʢʫ ʥʘʤʦʪʫʻʪʴʩʷ 

ʦʙʤʦʪʢʘ [7, 28, 29, 33, 43, 81]. 

ʄʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʝ ʨʝʣʝ (ʨʠʩ. 4.26) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʽʪʫ 1, ʨʫʭʦʤʦʾ ʨʘʤʢʠ 2, ʥʘ ʷʢʫ ʥʘʤʦʪʘʥʘ ʦʙʤʦʪʢʘ 3, ʱʦ 

ʞʠʚʠʪʴʩʷ ʩʪʨʫʤʦʤ, ʽ ʢʦʥʪʘʢʪʽʚ 4. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʭ ʨʝʣʝ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʤʫ IP ʚ 

ʦʙʤʦʪʮʽ ʨʘʤʢʠ ʟ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ. ʉʠʣʘ, ʱʦ 

ʜʽʻ ʥʘ ʦʙʤʦʪʢʫ ʨʘʤʢʠ:  

 

Fʝ = k Bm IP l WP,  (4.28)  

 

ʜʝ   Bm ï ʽʥʜʫʢʮʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ;  

IP ï ʩʪʨʫʤ ʚ ʦʙʤʦʪʮʽ ʨʘʤʢʠ;  

l ï ʘʢʪʠʚʥʘ ʜʦʚʞʠʥʘ ʚʠʪʢʘ ʦʙʤʦʪʢʠ;  

WP ï ʯʠʩʣʦ ʚʠʪʢʽʚ ʦʙʤʦʪʢʠ ʨʘʤʢʠ. 



 

104 

 

ʆʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ, ʫʪʚʦʨʝʥʠʡ ʩʠʣʘʤʠ Fʝ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

 

ʄʝ =Fʝd=k' Bm IP,  (4.29)  

 

ʜʝ   d - ʧʣʝʯʝ ʧʘʨʠ ʩʠʣ Fe;  

k '= k Bm IP.  

 

 
ʈʠʩʫʥʦʢ 4.26 ï ʄʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʝ ʨʝʣʝ [81, 82]: 

 
ʘ ï ʟ ʧʽʜʢʦʚʦʧʦʜʽʙʥʠʤ ʤʘʛʥʽʪʦʧʨʦʚʦʜʦʤ;  

ʙ ï ʟ ʚʥʫʪʨʽʰʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʫ. 
 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʨʘʤʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʥʝʚʝʣʠʢʠʤ (5é10ʦ), ʘ ʬʦʨʤʘ 

ʧʦʣʶʩʽʚ ʤʘʛʥʽʪʫ ʧʽʜʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʘʛʥʽʪʥʝ ʧʦʣʝ 

ʙʫʣʦ ʨʽʚʥʦʤʽʨʥʠʤ. ʇʨʠ ʮʴʦʤʫ ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ Bm ʧʦʩʪʽʡʥʘ ʽ 

ʤʦʤʝʥʪ ʄe, ʧʨʦʧʦʨʮʽʡʥʠʡ ʩʪʨʫʤʫ IP:   
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ʄʝ=k''I P. 

 

ɿʥʘʢ ʄʝ ʽ Fʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ IP ʚ ʨʫʭʦʤʽʡ ʨʘʤʮʽ ʨʝʣʝ. 

ʇʨʠ ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 4.26, ʘ ʥʘʧʨʷʤʽ IP ʥʘʧʨʷʤ Fʝ, ʚʠʟʥʘʯʝʥʦ ʟʘ 

ʧʨʘʚʠʣʦʤ çʣʽʚʦʾ ʨʫʢʠè. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʽ ʨʝʣʝ ʨʝʘʛʫʶʪʴ ʥʘ ʥʘʧʨʷʤ 

ʩʪʨʫʤʫ ʽ ʪʦʤʫ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʧʦʣʷʨʠʟʦʚʘʥʽ ʨʝʣʝ, ʥʝ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʥʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ. 

ʄʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʽ ʨʝʣʝ ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʤʘʣʝ 

ʩʧʦʞʠʚʘʥʥʷ. ʇʦʪʫʞʥʽʩʪʴ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʜʦʩʷʛʘʻ 10-8é10-10 ɺʪ ʽ 

ʧʝʨʝʚʠʱʫʻ ʯʫʪʣʠʚʽʩʪʴ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʨʝʣʝ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ 1 ʽ ʤʘʣʠʤ ʤʦʤʝʥʪʦʤ, 

ʱʦ ʧʨʦʪʠʜʽʻ ʨʫʭʦʤʠʡ ʩʠʩʪʝʤʠ.   

ʇʨʠ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ ʥʘ ʧʨʦʚʽʜʥʠʢʠ ʨʘʤʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʜʽʻ ʤʦʤʝʥʪ ʦʙʝʨʪʘʥʥʷ: 

 

,2 aWlIɺM ʈʆɹ ÖÖÖÖÖ=
 

(4.30) 

 

ʜʝ   ɺ ï ʽʥʜʫʢʮʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʽ; 

Iʨ ï ʩʪʨʫʤ ʨʘʤʢʠ; 

l ï ʰʠʨʠʥʘ ʧʦʣʶʩʽʚ; 

Wʨ ï ʯʠʩʣʦ ʚʠʪʢʽʚ ʨʘʤʢʠ; 

ʘ ï ʧʣʝʯʝ ʩʠʣʠ. 

ʇʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʨʘʤʢʠ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʥʘ ʥʝʾ ʜʽʻ 

ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʤʘʻ ʥʝʚʝʣʠʢʫ ʚʝʣʠʯʠʥʫ ʯʝʨʝʟ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʢʦʣʘ ʞʠʚʣʝʥʥʷ, ʽ ʪʦʤʫ ʡʦʛʦ ʤʦʞʥʘ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ.  
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Ö=  (4.31)

 

 

ʜʝ   rP , r -  ʦʧʦʨʠ ʚʽʜʧʦʚʽʜʥʦ ʨʘʤʢʠ ʪʘ ʢʦʣʘ ʞʠʚʣʝʥʥʷ; 

ű ï ʢʫʪ ʦʙʝʨʪʘʥʥʷ. 

ʗʢʱʦ ʞ ʨʘʤʢʘ ʚʠʢʦʥʘʥʘ ʥʘ ʤʝʪʘʣʝʚʦʤʫ ʢʘʨʢʘʩʽ (ʜʦʙʨʝ 

ʚʽʜʚʦʜʠʪʴ ʪʝʧʣʦ), ʪʦ ʧʦ ʩʫʪʽ ʚʦʥʘ ʻ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʚʠʪʢʦʤ, ʘ 

ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʤʘʪʠ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, 
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ʪʦʤʫ ʡʦʛʦ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ: .ɻʆɹ MMM +=ä  
ʅʘʧʨʷʤ ʦʙʝʨʪʘʥʥʷ 

ʨʘʤʢʠ ʜʣʷ ʩʠʩʪʝʤʠ ʟ ʧʦʩʪʫʧʘʣʴʥʠʤ ʨʫʭʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʧʨʘʚʠʣʦʤ ʣʽʚʦʾ ʨʫʢʠ [40]. ʊʘʢʽ ʨʝʣʝ ʤʘʶʪʴ ʢʦʥʪʘʢʪʥʫ ʩʠʩʪʝʤʫ ʟ 

ʤʘʣʦʶ ʟʜʘʪʥʽʩʪʶ ʚʽʜʢʣʶʯʝʥʥʷ ʪʘ ʟʘʟʦʨ ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ 

0,3é0,5 ʤʤ. ʏʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ ʤʘʻ ʜʽʘʧʘʟʦʥ ʚʽʜ 0,01 c ʜʦ 

0,2 ʩ. ɿʘʟʚʠʯʘʡ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʥʫʣʴ-ʽʥʜʠʢʘʪʦʨʠ ʚ 

ʩʭʝʤʘʭ ʥʘ ʚʠʧʨʷʤʣʝʥʦʤʫ ʩʪʨʫʤʽ, ʡ ʜʦʩʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʽ ʨʝʣʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʷʢ ʚʠʩʦʢʦʯʫʪʣʠʚʽ ʥʫʣʴ-

ʽʥʜʠʢʘʪʦʨʠ ʚ ʩʭʝʤʘʭ ʥʘ ʚʠʧʨʷʤʣʝʥʦʤʫ ʩʪʨʫʤʽ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʠʥʽ ʟʘʤʽʩʪʴ ʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʨʝʣʝ, ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʠʞʯʝ. 

 

4.6 ɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ ʨʝʣʝ 

 

ɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ ʨʝʣʝ, ʨʦʙʦʪʘ ʷʢʦʛʦ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʟʘʻʤʦʜʽʾ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʨʫʭʦʤʦʾ ʽ ʥʝʨʫʭʦʤʦʾ ʦʙʤʦʪʦʢ, ʱʦ ʟʙʫʜʞʫʶʪʴʩʷ 

ʩʪʨʫʤʘʤʠ, ʧʽʜʚʝʜʝʥʠʤʠ ʟʟʦʚʥʽ (ʨʠʩ. 4.27) ʤʘʻ ʜʚʽ ʢʦʪʫʰʢʠ [7, 29, 

30, 34, 80]. ʆʜʥʘ ʢʦʪʫʰʢʘ ʻ ʥʝʨʫʭʦʤʦʶ 1, ʘ ʚʩʝʨʝʜʠʥʽ ʥʝʾ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʨʫʭʦʤʘ 2 ʢʦʪʫʰʢʘ. ʈʫʭʦʤʘ ʢʦʪʫʰʢʘ ʧʦʯʠʥʘʻ 

ʨʫʭʘʪʠʩʷ, ʷʢʱʦ ʦʜʥʦʯʘʩʥʦ ʧʦʜʘʪʠ ʩʠʛʥʘʣ ʥʘ ʜʚʽ ʢʦʪʫʰʢʠ. ʉʠʣʘ ʽ 

ʤʦʤʝʥʪʠ ʦʙʝʨʪʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ.  

ʅʘ ʚʠʪʢʠ ʨʫʭʦʤʦʾ ʢʦʪʫʰʢʠ ʟ ʙʦʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʝʨʫʭʦʤʦʾ 

ʢʦʪʫʰʢʠ ʜʽʻ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʘ ʩʠʣʘ F , ʱʦ ʥʘʧʨʘʚʣʝʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʦʚʠʤ ʣʽʥʽʷʤ ʧʦʣʷ. ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʚʝʢʪʦʨʥʫ 

ʜʽʘʛʨʘʤʫ, ʪʦʜʽ ʩʠʣʘ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ: 

 

2221 WlIBF ÖÖÖ= , (4.32) 

 

ʜʝ   B1 ï ʽʥʜʫʢʮʽʷ ʧʦʣʷ ʚ ʟʘʟʦʨʽ, ʩʪʚʦʨʝʥʘ ʥʝʨʫʭʦʤʦʶ ʢʦʪʫʰʢʦʶ; 

I2 ï ʩʪʨʫʤ ʨʫʭʦʤʦʾ ʢʦʪʫʰʢʠ; 

l2 ï ʰʠʨʠʥʘ ʨʫʭʦʤʦʾ ʢʦʪʫʰʢʠ; 

W2 ï ʯʠʩʣʦ ʚʠʪʢʽʚ ʨʫʭʦʤʦʾ ʢʦʪʫʰʢʠ. 
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ʈʠʩʫʥʦʢ 4.27 ï ʇʨʠʥʮʠʧ ʜʽʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʣʝ ʽ ʚʠʟʥʘʯʝʥʥʷ  

ʩʠʣʠ F ʽ ʤʦʤʝʥʪʫ ʦʙʝʨʪʘʥʥʷ ʄ ʨʫʭʦʤʦʾ ʢʦʪʫʰʢʠ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ [51] 

 

ʉʠʣʘ ʧʨʠ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ: 

jÖ
ÖÖÖ

= cos
2

2221 WlIB
F mm

, (4.33) 

ʜʝ   Bm1 ï ʤʘʢʩʠʤʘʣʴʥʘ ʽʥʜʫʢʮʽʷ ʧʦʣʷ ʚ ʟʘʟʦʨʽ; 

Im2 ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʨʫʭʦʤʦʾ ʢʦʪʫʰʢʠ; 

ű ï ʢʫʪ ʟʩʫʚʫ ʧʦ ʬʘʟʽ ʤʽʞ ʢʦʤʧʣʝʢʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ IB , . 

ʅʦʨʤʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ: 

F1 = F cosɣ, 
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ʜʝ   ɣ ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʨʘʤʢʠ. 

ʊʦʜʽ ʤʦʤʝʥʪ ʦʙʝʨʪʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʙʫʜʝ ʨʽʚʥʠʡ: 

 

yÖÖÖÖÖ=yÖÖ= coscos 2221 aWlIBaFM , (4.34) 

ʜʝ   ʘ ï ʧʣʝʯʝ ʩʠʣʠ. 

ʆʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʥʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ ʨʽʚʥʠʡ: 

yÖjÖÖ
ÖÖÖ

=yÖjÖÖ= coscos
2

coscos 2221 a
WlIB

aFMʩʨ .  (4.35) 

ʆʪʞʝ, ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʨʘʤʢʠ, ʽ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʡ, ʢʦʣʠ ʨʫʭʣʠʚʘ ʨʘʤʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʚʟʜʦʚʞ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʧʦʣʷ ʥʝʨʫʭʦʤʦʾ ʢʦʪʫʰʢʠ 

)1cos,0( =y=y , ʽ ʚʧʨʦʜʦʚʞ ʾʾ ʧʦʚʝʨʪʘʥʥʷ ʤʦʤʝʥʪ 

ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʜʦ ʥʫʣʷ. ʇʨʠ ʞʠʚʣʝʥʥʽ ʦʙʤʦʪʦʢ ʟʤʽʥʥʠʤ 

ʩʪʨʫʤʦʤ ʩʠʩʪʝʤʘ ʩʪʘʻ ʯʫʪʪʻʚʦʶ ʜʦ ʟʤʽʥʠ ʬʘʟʠ. ʄʦʤʝʥʪ ʩʪʘʻ 

ʤʘʢʩʠʤʘʣʴʥʠʤ, ʢʦʣʠ ʢʦʤʧʣʝʢʩʥʽ ʚʝʢʪʦʨʠ ʽʥʜʫʢʮʽʾ B 1 ̔  ʩʪʨʫʤʫ I 2 

ʟʙʽʛʘʶʪʴʩʷ ʟʘ ʬʘʟʦʶ [7, 29, 29, 32, 46, 80]. 

 

4.7 ʊʝʧʣʦʚʽ ʨʝʣʝ (ʪʝʨʤʦʨʝʣʝ) 

 

ɼʣʷ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʚʽʜ ʪʨʠʚʘʣʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʽʚ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʤʽʥʘʣʴʥʽ ʩʪʨʫʤʠ (ʜʦ 5é7 

IHOM ), ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʧʘʨʘʪʠ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʟ 

ʪʝʨʤʦʙʽʤʝʪʘʣʝʚʠʤʠ ʚʠʢʦʥʘʚʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʤʝʭʘʥʽʟʤʘʤʠ). 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʥʘʛʨʽʚʘʻʪʴʩʷ ʩʪʨʫʤʦʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʢʨʽʟʴ 

ʮʝʡ ʝʣʝʤʝʥʪ (ʧʨʷʤʠʡ ʥʘʛʨʽʚ), ʘʙʦ ʢʨʽʟʴ ʦʢʨʝʤʠʡ ʥʘʛʨʽʚʘʯ 

(ʥʝʧʨʷʤʠʡ ʘʙʦ ʥʝʧʨʷʤʠʡ ʥʘʛʨʽʚ) (ʨʠʩ. 4.28, ʙ). ʊʘʢʦʞ ʽʩʥʫʻ 

ʢʦʤʙʽʥʦʚʘʥʠʡ ʥʘʛʨʽʚ ʪʝʨʤʦʙʽʪʘʣʝʚʦʛʦ ʝʣʝʤʝʥʪʫ. ʏʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʚʦʰʘʨʦʚʫ ʧʣʘʩʪʠʥʢʫ ʟ ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʽ ʩʧʣʘʚʽʚ ʟ ʨʽʟʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʪʽʣ ʟʽ ʟʤʽʥʥʦʶ 

ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ, ʘʙʦ ʟ ʪʘʢʠʭ, ʫ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʙʦ ʟ ʪʝʨʤʦʙʽʤʝʪʘʣʽʚ, ʷʢʽ 

ʦʪʨʠʤʘʣʠ ʥʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʰʘʨ 
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ʪʝʨʤʦʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʫ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʱʦ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ 

ʨʦʟʰʠʨʝʥʥʷ 1a  (1 ʥʘ ʨʠʩ. 4.28, ʘ), ʘ ʰʘʨ ʪʝʨʤʦʽʥʝʨʪʥʦʛʦ ʤʝʪʘʣʫ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ 2a  (2 ʥʘ ʨʠʩ. 4.28, ʘ) ʤʘʡʞʝ ʥʝ ʜʝʬʦʨʤʫʻʪʴʩʷ. 

ʇʣʘʩʪʠʥʘ ʟ ʙʽʣʴʰʠʤ aʥʘʟʠʚʘʻʪʴʩʷ ʘʢʪʠʚʥʦʶ (ʥʘʧʨʠʢʣʘʜ, ʣʘʪʫʥʴ, 

ʭʨʦʤʦʥʽʢʝʣʝʚʘ ʩʪʘʣʴ, 
610)20...15( -Ö=a  ʤ/ʛʨʘʜ), ʘ ʟ ʤʝʥʰʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ï ʽʥʝʨʪʥʦʶ (ʯʘʩʪʽʰʝ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʽʥʚʘʨʫ (Ni ï 36%, 

Fe ï 64%, 
610-=a ʤ/ʛʨʘʜ). 

 
ʈʠʩʫʥʦʢ 4.28 ï  ɹʽʤʝʪʘʣʝʚʘ ʧʣʘʩʪʠʥʘ ʟ ʥʘʛʨʽʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ (ʘ) 

ʪʘ ʩʧʦʩʦʙʠ ʾʾ ʧʽʜʽʛʨʽʚʫ (ʙ) 

 

ʗʢʱʦ ʦʜʠʥ ʢʽʥʝʮʴ ʧʣʘʩʪʠʥʠ ʟʘʢʨʽʧʣʝʥʠʡ (ʜʠʚ. ʨʠʩ. 4.28, ʘ), ʪʦ 

ʾʾ ʚʽʣʴʥʠʡ ʢʽʥʝʮʴ ʟʛʠʥʘʻʪʴʩʷ ʚ ʙʽʢ ʚʠʨʦʙʫ ʟ ʤʘʪʝʨʽʘʣʫ ʟ ʤʝʥʰʠʤ 

ʟʥʘʯʝʥʥʷʤ ʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʛʠʥ ʩʪʘʥʦʚʠʪʠʤʝ [51]: 

 

d

qÖ
a-a=

2

21max )(
4

3 l
x , (4.36)  

 

ʜʝ 1a  ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʪʝʨʤʦʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʭʨʦʤʦʥʽʢʝʣʝʚʘ ʩʪʘʣʴ), 

(ʧʦʟʥʘʯʝʥʦ 1 ʥʘ ʨʠʩ. 4.28, ʘ);  

2aï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʪʝʨʤʦʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʽʥʚʘʨ, ï ʮʝ ʧʦʟʠʮʽʷ 2 ʥʘ 

ʨʠʩ. 4.28, ʘ);  

l  ï  ʜʦʚʞʠʥʘ ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ;  
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ẽ ï ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʥʘʜ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ;  

ŭ ï ʩʫʤʘʨʥʘ ʪʦʚʱʠʥʘ ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ.  

ɺ ʜʝʷʢʠʭ ʪʝʧʣʦʚʠʭ ʨʝʣʝ (ʥʘʧʨʠʢʣʘʜ, ʚ ʨʝʣʝ ʊʈʅ-10, ʊʈʅ-25 ʪʘ 

ʽʥʰʠʭ) ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʚʠʢʦʥʫʶʪʴʩʷ ʟʤʽʥʥʠʤʠ, ʱʦ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʶʻ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʩʪʨʫʤʽʚ. ʅʘ ʨʠʩ. 4.29 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʩʧʨʦʱʝʥʽ ʩʭʝʤʠ ʙʽʤʝʪʘʣʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʝʧʣʦʚʠʭ ʨʝʣʝ [26, 27, 51].  

 

 
ʈʠʩʫʥʦʢ 4.29 ï ʉʭʝʤʠ ʙʽʤʝʪʘʣʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʝʧʣʦʚʠʭ ʨʝʣʝ [45] 

 

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʣʘʩʪʠʥʠ 1 (ʨʠʩ. 4.29, ʘ) ʚʦʥʘ ʚʠʛʠʥʘʻʪʴʩʷ ʚ 

ʥʘʧʨʷʤʢʫ ʟʫʩʠʣʣʷ ʈ1 ʽ, ʟʘʚʜʷʢʠ ʚʧʣʠʚʫ ʥʘ ʰʪʠʬʪ 3 ʧʝʨʝʤʽʱʫʻ 

ʨʫʭʦʤʠʡ ʧʨʫʞʠʥʥʠʡ ʢʦʥʪʘʢʪ 2 ʜʦ ʨʦʟʤʠʢʘʥʥʷ ʟ ʥʝʨʫʭʦʤʠʤ 

ʢʦʥʪʘʢʪʦʤ 4. ɿʤʽʥʶʶʯʠ ʧʦʣʦʞʝʥʥʷ ʢʦʥʪʘʢʪʽʚ 2 ʽ 4 ʟʤʽʥʶʻʪʴʩʷ 

ʫʩʪʘʚʢʘ ʨʝʣʝ ʧʦ ʩʪʨʫʤʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ 
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ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʨʝʣʝ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ. 

ʉʧʦʩʽʙ ʧʽʜʽʛʨʽʚʫ ʧʣʘʩʪʠʥʠ ʨʝʣʝ ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʽʤ, ʘʙʦ 

ʥʝʧʨʷʤʠʤ. ɼʘʥʠʡ ʧʨʠʩʪʨʽʡ ʤʘʻ ʤʘʣʝ ʰʚʠʜʢʦʜʽʶ, ʱʦ ʫʩʫʚʘʻʪʴʩʷ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 4.29, ʙ. ɹʽʤʝʪʘʣʝʚʘ ʧʣʘʩʪʠʥʘ 1 

ʩʣʫʞʠʪʴ ʟʘʩʫʚʢʦʶ, ʱʦ ʫʪʨʠʤʫʻ ʢʦʥʪʘʢʪʠ ʚ ʟʘʤʢʥʫʪʦʤʫ ʩʪʘʥʽ. ʇʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʪʘ ʚʠʛʠʥʘʥʥʽ ʧʣʘʩʪʠʥʠ ʚʦʥʘ ʟʚʽʣʴʥʷʻ ʢʦʥʪʘʢʪʠ, ʷʢʽ 

ʨʦʟʤʠʢʘʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʨʫʞʠʥʠ 5. ʇʦʚʝʨʥʝʥʥʷ ʧʣʘʩʪʠʥʠ ʫ 

ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʨʫʯʥʫ. ʑʝ ʙʽʣʴʰʦʾ ʰʚʠʜʢʦʜʽʾ ʤʦʞʥʘ 

ʜʦʩʷʛʥʫʪʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.29, ʚ. ʇʣʘʩʪʠʥʯʘʩʪʘ 

ʧʨʫʞʠʥʘ 6 ʫʪʨʠʤʫʻ ʢʦʥʪʘʢʪʠ ʨʝʣʝ ʚ ʟʘʤʢʥʫʪʦʤʫ ʩʪʘʥʽ ʜʦ ʪʠʭ ʧʽʨ, 

ʧʦʢʠ ʟʫʩʠʣʣʷ ʈ1, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʣʘʩʪʠʥʦʶ, ʥʝ ʩʪʘʥʝ ʙʽʣʴʰʝ 

ʟʫʩʠʣʣʷ ʈ2, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʫʞʠʥʦʶ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʣʘʩʪʠʥʠ 

ʚʦʥʘ ʩʪʨʠʙʢʦʤ ʚʠʛʥʠʪʴʩʷ ʚ ʙʽʢ ʈ1 ʽ ʨʦʟʽʤʢʥʝ ʢʦʥʪʘʢʪʠ ʨʝʣʝ. 

ʇʦʚʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʻ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʽʩʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʣʘʩʪʠʥʠ.  

ʈʽʟʥʦʚʠʜʦʤ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʧʨʠʩʪʨʽʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ 

ʨʠʩ. 4.29, ʛ. ʊʫʪ ʦʜʥʦʯʘʩʥʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʘʩʪʠʥʠ ʽ ʢʦʥʪʘʢʪʽʚ. ʉʠʩʪʝʤʘ ʤʘʻ ʩʘʤʦʧʦʚʝʨʥʝʥʥʷ. 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʠʭ ʨʝʣʝ ʚ ʥʠʭ ʧʝʨʝʜʙʘʯʝʥʘ 

ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʽʷ ʫ ʚʠʛʣʷʜʽ ʜʦʜʘʪʢʦʚʦʾ ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ. ʋ 

ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʣʝ ʨʠʩ. 4.29, ʜ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʤʧʝʥʩʘʮʽʷ ʧʨʦʛʠʥʫ 

ʧʣʘʩʪʠʥʠ, ʘ ʥʘ ʨʠʩ. 4.29, ʝ ʧʦʢʘʟʘʥʦ ʚʘʨʽʘʥʪ ʚʠʢʦʥʘʥʥʷ ʧʣʘʩʪʠʥʠ ʟ 

ʢʦʤʧʝʥʩʘʮʽʻʶ ʟʫʩʠʣʣʷ. 

ʋ ʪʝʨʤʦʨʝʣʝ ʢʦʥʪʘʢʪʠ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʥʘ ʙʽʤʝʪʘʣʝʚʽʡ ʧʣʘʩʪʠʥʽ 

ʥʝ ʤʦʞʥʘ, ʪʦʤʫ, ʱʦ ʚʦʥʘ ʨʫʭʘʻʪʴʩʷ ʧʦʚʽʣʴʥʦ, ʢʨʽʤ ʪʦʛʦ ʧʨʠ 

ʢʦʤʫʪʘʮʽʾ ʚʠʥʠʢʘʻ ʜʫʛʘ, ʽ ʢʦʥʪʘʢʪʠ ʤʦʞʫʪʴ ʧʽʜʛʦʨʘʪʠ. ʊʦʤʫ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʢʦʥʪʘʢʪʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʠ ʨʫʭʘʣʠʩʷ ʰʚʠʜʰʝ ʷʢ ʚʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.30. 

ʂʦʣʠ ʙʽʤʝʪʘʣʝʚʘ ʧʣʘʩʪʠʥʘ ʚʠʛʠʥʘʻʪʴʩʷ ʚʽʜ ʥʘʛʨʽʚʘʥʥʷ, ʚ ʜʝʷʢʠʡ 

ʤʦʤʝʥʪ ʚʦʥʘ ʟʚʽʣʴʥʷʻ ʟʘʩʫʚʢʫ ʪʘ ʧʽʜ ʜʽʻʶ ʧʨʫʞʠʥʠ ʰʚʠʜʢʦ 

ʨʦʟʨʠʚʘʻ ʢʦʥʪʘʢʪʠ. ɻʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʨʝʣʝ ʻ ʨʝʘʢʮʽʷ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʚʢʽʣʣʷ.  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʭʦʜʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ, ʷʢʽ ʟʦʙʨʘʞʝʥʽ ʥʘ 

ʨʠʩ. 4.31, ʘ, ʥʘʚʝʜʝʥʦ ʩʧʦʩʽʙ, ʢʦʣʠ ʧʣʘʩʪʠʥʠ ʙʽʤʝʪʘʣʫ ʧʨʠ ʨʽʟʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʘʭ ʨʦʟʰʠʨʝʥʥʷ Ŭ (ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʚʢʽʣʣʷ) 
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ʧʨʦʛʠʥʘʪʠʤʫʪʴʩʷ ʚ ʪʫ ʘʙʦ ʽʥʰʫ ʩʪʦʨʦʥʫ ʥʘ ʦʜʥʝ ʽ ʪʝʞ ʟʥʘʯʝʥʥʷ 

(ʟʙʝʨʽʛʘʶʯʠ ʟʥʘʯʝʥʥʷ ɓ ʧʦʩʪʽʡʥʠʤ), ʽ ʣʠʰʝ ʩʪʨʫʤ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ 

ʦʙʤʦʪʢʦʶ, ʟʤʫʩʠʪʴ ʢʦʥʪʘʢʪʠ ʟʘʤʢʥʫʪʠʩʷ, ʪʘ ʥʘ ʨʠʩ. 4.31, ʙ) ï ʮʝ, 

ʢʦʣʠ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ Ŭ ʙʽʤʝʪʘʣʝʚʽ ʧʣʘʩʪʠʥʠ 

ʚʠʛʠʥʘʪʠʤʫʪʴʩʷ ʚ ʨʽʟʥʽ ʩʪʦʨʦʥʠ, ʘ ʽʟʦʣʷʮʽʡʥʘ ʧʣʘʩʪʠʥʘ (1) ʟʙʝʨʝʞʝ 

ɓ1 ʽ ɓ2 ʥʝʟʤʽʥʥʠʤʠ. 

 

 
 

ʈʠʩʫʥʦʢ 4.30 ï ʇʨʠʥʮʠʧ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʧʣʦʚʠʭ ʨʝʣʝ [45, 53] 

 

 
ʈʠʩʫʥʦʢ 4.31 ï ʉʧʦʩʦʙʠ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʪʝʨʤʦʨʝʣʝ [51] 
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ʉʧʨʘʮʴʦʚʫʻ ʨʝʣʝ ʚʽʜ ʩʠʛʥʘʣʽʚ, ʱʦ ʧʦʩʪʫʧʘʶʪʴ ʚ ʦʙʤʦʪʢʠ W1 ʽ 

W2. ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʪʝʨʤʦʨʝʣʝ ʟ ʙʽʤʝʪʘʣʘʤʠ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʷʚʠʱʝ ʛʽʩʪʝʨʝʟʠʩʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʘʣʠʰʢʦʚʫ 

ʜʝʬʦʨʤʘʮʽʶ ʥʘʚʽʪʴ ʧʨʠ ʜʦʧʫʩʪʠʤʠʭ, ʘʣʝ ʪʨʠʚʘʣʠʭ ʟʘ ʯʘʩʦʤ, 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʧʣʠʚʽʚ. 

ʊʝʧʣʦʚʽ ʨʝʣʝ ʟ ʪʝʨʤʦʙʽʤʝʪʘʣʝʚʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʟʥʘʡʰʣʠ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʩʪʘʪʦʨʥʦʾ ʦʙʤʦʪʢʠ ʜʚʠʛʫʥʘ ʚʽʜ 

ʪʨʠʚʘʣʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʷʢ ʚ ʨʝʞʠʤʽ ʧʫʩʢʫ 

ʜʚʠʛʫʥʘ, ʪʘʢ ʽ ʚ ʨʝʞʠʤʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ɺʦʥʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʘʧʘʨʘʪʽʚ ʟʘʭʠʩʪʫ ʥʝʧʨʷʤʦʾ ʜʽʾ, ʪʦʤʫ, ʱʦ ʨʝʘʛʫʶʪʴ ʥʝ 

ʥʘ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ ʦʙ'ʻʢʪʘ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ, 

ʘ ʥʘ ʩʪʨʫʤ, ʷʢʠʡ ʚʠʢʣʠʢʘʻ ʮʝ ʧʝʨʝʚʠʱʝʥʥʷ. ɿʚʽʜʩʠ ʥʝʜʦʣʽʢʘʤʠ 

ʪʝʧʣʦʚʠʭ ʨʝʣʝ ʻ:  

ï ʤʘʣʘ ʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʨʦʪʽʢʘʶʪʴ ʧʦ ʨʝʣʝ ʥʘʜʩʪʨʫʤʽʚ;  

ï ʥʝʨʝʛʫʣʴʦʚʘʥʽʩʪʴ ʟʘʭʠʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ;  

ï ʚʝʣʠʢʠʡ ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʘ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ;  

ï ʚʝʣʠʢʠʡ ʨʦʟʢʠʜ ʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʨʝʣʝ;  

ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʦʩʪʠʛʘʥʥʽ.  

ʇʝʨʝʚʘʛʘʤʠ ʪʝʧʣʦʚʠʭ ʨʝʣʝ ʻ:  

ï ʚʽʜʥʦʩʥʦ ʤʘʣʽ ʨʦʟʤʽʨʠ, ʤʘʩʘ ʪʘ ʚʘʨʪʽʩʪʴ;  

ï ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʆʩʥʦʚʥʦʶ ʟʘʭʠʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʝʣʝ ʻ ʯʘʩʦʩʪʨʫʤʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ ʚʽʜ 

ʢʨʘʪʥʦʩʪʽ ʩʪʨʫʤʫ ʚ ʢʦʣʽ ʚʽʜʥʦʩʥʫ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ (ʥʘʧʨʠʢʣʘʜ, 

ʨʠʩ. 4.32 ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʝʣʝ ʊʈʅ-10ɸ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʚʦʜʷʪʴʩʷ ʜʣʷ ʨʝʣʝ, ʱʦ ʧʨʘʮʶʻ ʟ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ (ʦʙʣʘʩʪʴ 1), 

ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʧʫʩʢʫ ʜʚʠʛʫʥʘ, ʽ ʨʝʣʝ, ʱʦ ʧʨʘʮʶʻ ʟ ʛʘʨʷʯʦʛʦ ʩʪʘʥʫ 

(ʦʙʣʘʩʪʴ 2), ʥʘʧʨʠʢʣʘʜ, ʧʽʩʣʷ ʧʨʦʛʨʽʚʘʥʥʷ ʨʝʣʝ ʥʦʤʽʥʘʣʴʥʠʤ 

ʩʪʨʫʤʦʤ. 

ʉʫʯʘʩʥʽ ʤʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʪʝʧʣʦʚʠʤʠ ʨʝʣʝ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʈʝʣʝ ʩʝʨʽʾ ʈʊʃ ʤʘʻ ʪʨʠʧʦʣʶʩʥʝ ʚʠʢʦʥʘʥʥʷ, 

ʤʝʭʘʥʽʟʤ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʨʠ ʦʙʨʠʚʽ ʬʘʟʠ 

ʩʪʘʪʦʨʥʦʾ ʦʙʤʦʪʢʠ ʜʚʠʛʫʥʘ, ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ ʥʝʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʪʘ ʥʝʟʤʽʥʥʽ ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ. ʈʝʣʝ ʟʘʙʝʟʧʝʯʝʥʝ 

ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʽʻʶ ʽ ʤʘʻ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ, ʨʦʟʨʘʭʦʚʘʥʝ ʥʘ 

ʥʦʤʽʥʘʣʴʥʽ ʩʪʨʫʤʠ ʜʦ 200 ɸ ʽ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʢʦʤʧʣʝʢʪʘʮʽʾ 

ʧʫʩʢʘʯʽʚ ʩʝʨʽʾ ʇʄʃ. ʈʝʣʝ ʩʝʨʽʾ ʈʊʊ (ʜʣʷ ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ ʩʝʨʽʾ 
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ʇʄɸ) ʤʘʻ ʘʥʘʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʨʦʟʨʘʭʦʚʘʥʝ ʥʘ 

ʥʦʤʽʥʘʣʴʥʽ ʩʪʨʫʤʠ ʜʦ 630 ɸ. 
 

 
 

ʈʠʩʫʥʦʢ 4.32 ï ʏʘʩʦʩʪʨʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʝ ʊʈʅ-10ɸ [53]: 
 

1 ï  ʟʦʥʘ ʯʘʩʩʪʨʫʤʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʨʝʣʝ ʟ ʭʦʣʦʜʥʦʛʦ 

ʩʪʘʥʫ; 2  ï  ʟʦʥʘ ʯʘʩʩʪʨʫʤʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʨʝʣʝ ʟ 

ʛʘʨʷʯʦʛʦ ʩʪʘʥʫ (ʧʽʩʣʷ ʧʨʦʛʨʽʚʫ ʥʦʤʽʥʘʣʴʥʠʤ ʩʪʨʫʤʦʤ). 

 

4.8 ʈʝʣʝ ʩʪʨʫʤʦʚʦʛʦ ʟʘʭʠʩʪʫ  

 

ɼʦ ʘʧʘʨʘʪʽʚ ʟʘʭʠʩʪʫ ʚʽʜʥʦʩʷʪʴʩʷ ʚʩʽ ʧʨʠʩʪʨʦʾ ʟʘʭʠʩʪʫ, ʱʦ 

ʢʦʥʪʨʦʣʶʶʪʴ ʩʪʨʫʤ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ. ʎʝ ʻ ʽ ʟʘʧʦʙʽʞʥʠʢʠ, ʽ 

ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ, ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʩʪʨʫʤʦʚʽ ʨʝʣʝ. 

ɼʦ ʘʧʘʨʘʪʽʚ ʩʪʨʫʤʦʚʦʛʦ ʟʘʭʠʩʪʫ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʽ ʪʝʧʣʦʚʽ 

ʨʝʣʝ, ʷʢʽ ʯʝʨʝʟ ʩʧʝʮʠʬʽʢʫ ʾʭ ʨʦʙʦʪʠ ʪʘ ʧʦʰʠʨʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʜʽʣʝʥʽ ʚ ʦʢʨʝʤʠʡ ʢʣʘʩ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ (ʜʠʚ. ʧ.ʧ. 4.7). ɸʧʘʨʘʪʠ 

ʩʪʨʫʤʦʚʦʛʦ ʟʘʭʠʩʪʫ ʟʘʟʚʠʯʘʡ ʟʘʭʠʱʘʶʪʴ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʽʚ, ʘ ʝʣʝʢʪʨʠʯʥʽ ʢʦʣʘ ï ʚʽʜ 

ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ. ʉʝʨʝʜ ʘʧʘʨʘʪʽʚ ʩʪʨʫʤʦʚʦʛʦ ʟʘʭʠʩʪʫ ʦʩʦʙʣʠʚʝ 
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ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʨʝʣʝ ʩʪʨʫʤʫ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʨʝʣʝ 

ʩʪʨʫʤʫ.  

ʄʽʥʽʤʘʣʴʥʽ ʨʝʣʝ ʩʪʨʫʤʫ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ʜʚʠʛʫʥʽʚ ʚʽʜ 

ʥʝʧʦʚʥʦʬʘʟʥʠʭ ʨʝʞʠʤʽʚ (ʧʨʠ ʦʙʨʠʚʽ ʬʘʟʠ ʩʪʘʪʦʨʥʦʾ ʦʙʤʦʪʢʠ 

ʜʚʠʛʫʥʘ). ʋ ʥʘʡʧʨʦʩʪʽʰʽʡ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʨʝʣʝ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ, ʚʢʣʶʯʝʥʽ ʫ ʚʩʽ ʬʘʟʠ ʞʠʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʘ ʟʘʤʠʢʘʶʯʽ ʢʦʥʪʘʢʪʠ ʮʠʭ ʨʝʣʝ ʟ'ʻʜʥʘʥʽ 

ʧʦʩʣʽʜʦʚʥʦ ʟ ʢʦʣʦʤ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ. ʇʨʠ 

ʥʦʨʤʘʣʴʥʽʡ ʨʦʙʦʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚʩʽ ʪʨʠ ʨʝʣʝ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʩʪʨʫʤʫ ʚʢʣʶʯʝʥʽ. ʇʨʠ ʦʙʨʠʚʽ ʙʫʜʴ-ʷʢʦʾ ʬʘʟʠ ʾʾ ʩʪʨʫʤ ʧʨʠʧʠʥʷʻʪʴʩʷ 

ʽ ʨʝʣʝ ʚʽʜʢʣʶʯʘʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʤʠʢʘʻ ʢʦʣʦ ʢʝʨʫʚʘʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ. ʇʨʠ ʮʴʦʤʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʚʠʤʠʢʘʻʪʴʩʷ. ɼʣʷ 

ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʝʣʝ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʩʪʨʫʤʫ ɽʊ-521.  

ɺʝʣʠʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʢʣʘʜʝʥʽ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʨʝʣʝ ʩʪʨʫʤʫ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʟʘʭʠʩʪʫ ʩʧʦʞʠʚʘʯʽʚ 

ʚʽʜ ʚʝʣʠʢʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʧʦ ʩʪʨʫʤʫ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʭʠʩʪʫ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʣʝ ʈɽ - 570ʊ, ɽʊ-522 ʪʘ ʽʥʰʽ) ʪʘ 

ʟʘʭʠʩʪ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʚʽʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʘʪʠʩʢʘʯʘʭ 

ʩʧʦʞʠʚʘʯʽʚ ʽ ʚ ʩʘʤʦʤʫ ʢʦʣʽ (ʥʘʧʨʠʢʣʘʜ, ʨʝʣʝ ʈʊ-40, ʈʊ-80 ʪʦʱʦ). 

ʇʨʠ ʥʦʨʤʘʣʴʥʽʡ ʨʦʙʦʪʽ ʩʧʦʞʠʚʘʯʘ ʤʘʢʩʠʤʘʣʴʥʝ ʨʝʣʝ ʩʪʨʫʤʫ ʥʝ 

ʚʢʣʶʯʘʻʪʴʩʷ. ʇʨʠ ʚʝʣʠʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʘʙʦ ʢʦʨʦʪʢʦʤʫ 

ʟʘʤʠʢʘʥʥʽ ʦʜʥʝ ʘʙʦ ʚʩʽ ʨʝʣʝ, ʱʦ ʚʢʣʶʯʝʥʽ ʚ ʨʽʟʥʽ ʬʘʟʠ ʞʠʚʣʝʥʥʷ, 

ʩʧʨʘʮʴʦʚʫʶʪʴ ʽ, ʩʚʦʾʤʠ ʢʦʥʪʘʢʪʘʤʠ ʨʦʟʤʠʢʘʥʥʷ, ʚʽʜʢʣʶʯʘʶʪʴ ʢʦʣʦ 

ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʨʝʣʝ ʩʪʨʫʤʫ ʨʝʣʝ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʨʝʘʛʫʶʪʴ ʥʘ 

ʦʙʨʠʚʠ ʬʘʟ, ʪʘ ʪʝ, ʱʦ ʾʭ ʥʝ ʤʦʞʥʘ ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʥʘ ʥʝʚʝʣʠʢʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʨʫʤʫ ʚ ʢʦʣʽ.  

ʆʜʥʠʤ ʟ ʩʝʨʽʡ ʤʘʢʩʠʤʘʣʴʥʠʭ ʨʝʣʝ ʩʪʨʫʤʫ ʻ ʨʝʣʝ ʈʊ-40. ʋ 

ʥʴʦʤʫ ʧʝʨʝʜʙʘʯʝʥʦ ʜʚʘ ʩʧʦʩʦʙʠ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʤʫ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʧʨɯ : ʟʤʽʥʦʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʪʷʛʫ ʧʨʫʞʠʥʠ 

ʧʨʦʪʠʜʽʾ (ʚ 4 ʨʘʟʠ) ʽ ʧʝʨʝʤʠʢʘʥʥʷʤ ʦʙʤʦʪʦʢ (ʚ 2 ʨʘʟʠ). ɺʽʜʦʤʦ 

ʜʝʚ'ʷʪʴ ʪʠʧʦʚʠʢʦʥʘʥʴ ʨʝʣʝ [94], ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʥʘ ʥʦʤʽʥʘʣʴʥʽ 

ʩʪʨʫʤʠ ʚʽʜ 0,2 ɸ ʜʦ 200 ɸ. ʏʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ ʥʝ ʙʽʣʴʰʝ 0,1 ʩ 

ʧʨʠ ʩʪʨʫʤʽ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʩʧʨ2,1 IÖ , ʽ ʥʝ ʙʽʣʴʰʝ 0,03 ʩ ʧʨʠ ʩʪʨʫʤʽ 

ʩʧʨ3 IÖ . ʂʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʥʝʥʥʷ ʨʝʣʝ ʥʝ ʥʠʞʯʝ 0,85 (ʫ ʨʷʜʽ 
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ʪʠʧʦʚʠʢʦʥʘʥʴ ʥʝ ʥʠʞʯʝ 0,7). ʂʦʥʪʘʢʪʠ ʨʝʣʝ ʚʠʪʨʠʤʫʶʪʴ 

ʧʦʪʫʞʥʽʩʪʴ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʣʘʥʮʶʛʘ ʙʣʠʟʴʢʦ 60 ɺʪ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʧʨʠ ʥʘʧʨʫʟʽ 220 ɺ ʽ ʙʣʠʟʴʢʦ 300 ɺ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ 

ʥʘʧʨʫʟʽ ʜʦ 250 ɺ. ʋ ʨʝʣʝ ʩʪʨʫʤʫ ʈʊ-40, ʟ ʧʨʦʤʽʞʥʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʽ ʚʠʧʨʷʤʣʷʶʯʠʤ ʤʦʩʪʦʤ, ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʨʠʚʘʣʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʚʝʣʠʢʠʭ ʩʪʨʫʤʽʚ (ʨʝʣʝ 

ʈʊ-40/1ɼ). ʈʝʣʝ ʈʊ-40/ʌ ʨʝʘʛʫʻ ʥʘ ʚʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ ʢʨʠʚʦʾ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʚʽʜ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ. ʈʝʣʝ ʤʽʩʪʠʪʴ ʩʧʝʮʽʘʣʴʥʠʡ 

ʬʽʣʴʪʨ, ʱʦ ʥʝ ʧʨʦʧʫʩʢʘʻ ʚ ʦʙʤʦʪʢʫ ʨʝʣʝ ʩʪʨʫʤ ʪʨʝʪʴʦʾ ʪʘ ʢʨʘʪʥʠʭ 

ʾʡ ʛʘʨʤʦʥʽʢʠ. ɼʣʷ ʢʽʣ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʨʫʤʦʚʽ ʨʝʣʝ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʈɽɺ-300 ʪʘ ʨʝʣʝ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʈɽɺ, ʈɽ-571ʊ ʪʘ ʽʥ. ʄʘʢʩʠʤʘʣʴʥʽ ʨʝʣʝ ʩʪʨʫʤʫ ʚ 

ʢʦʣʽ ʢʝʨʫʚʘʥʥʷ ʘʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʚʠʙʠʨʘʶʪʴʩʷ ʟʘ 

ʥʦʤʽʥʘʣʴʥʠʤ ʩʪʨʫʤʦʤ ʢʦʪʫʰʢʠ ʨʝʣʝ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʜʚʠʛʫʥʘ, ʽ ʟʛʽʜʥʦ ʟ ʫʩʪʘʚʢʦʶ ʥʘ ʩʪʨʫʤ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʫʩʪI  ʨʝʣʝ. ɼʣʷ ʨʦʙʦʪʠ ʚ ʢʦʣʽ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʫʥʘ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ ʫʩʪʘʚʢʘ ʥʘ ʩʪʨʫʤ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ ʚʽʜʙʫʜʦʚʫʻʪʴʩʷ ʚʽʜ ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʜʚʠʛʫʥʘ 

ʷʢ: 

ʇ)5,1...3,1( IIʫʩʪ Ö² , 

 

ʘ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ ï ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʩʪʨʫʤʫ:  

ʥʦʤ.ʜʚ)5,2...25,2( IIʫʩʪ Ö² , 

 

ʜʝ  ʇʥʦʤ.ʜʚʪʘII  - ʮʝ ʚʽʜʧʦʚʽʜʥʦ ʥʦʤʽʥʘʣʴʥʠʡ ʪʘ ʧʫʩʢʦʚʠʡ ʩʪʨʫʤʠ 

ʜʚʠʛʫʥʘ.  

ʂʦʥʪʘʢʪʠ ʚʠʙʨʘʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʨʝʣʝ ʦʙʦʚôʷʟʢʦʚʦ 

ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʥʘ ʢʦʤʫʪʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. 

ʇʨʠʢʣʘʜʦʤ ʨʝʣʝ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʭʝʤʘʭ ʨʝʣʝʡʥʦʛʦ 

ʟʘʭʠʩʪʫ ʪʘ ʧʨʦʪʠʘʚʘʨʽʡʥʦʾ ʘʚʪʦʤʘʪʠʢʠ ʷʢ ʦʨʛʘʥ, ʱʦ ʨʝʘʛʫʻ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʨʫʤʫ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʢʦʣʽ, ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʨʝʣʝ 

ʈʉʊ-40ɺ (ʨʠʩ. 4.33, ʘ), ʷʢʝ ʻ ʢʦʤʙʽʥʦʚʘʥʠʤ ʨʝʣʝ, ʱʦ ʧʦʻʜʥʫʻ 

ʧʝʨʝʚʘʛʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʣʝ ʩʪʨʫʤʫ ʽ ʯʘʩʫ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʤʦʚʠʭ ʟʘʭʠʩʪʽʚ, 

ʧʽʜʚʠʱʠʚʰʠ ʪʠʤ ʩʘʤʠʤ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 
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ʩʧʦʞʠʚʘʯʽʚ, ʤʦʞʣʠʚʘ ʟʘʤʽʥʘ ʈʊ 40 ʽ ʨʝʣʝ ʯʘʩʫ ʩʝʨʽʾ ʈɺ ʘʙʦ ʈʉɺ. ʎʝ 

ʢʦʤʙʽʥʦʚʘʥʝ ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʙʝʟ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʞʠʚʣʝʥʥʷ ʟ ʚʠʪʨʠʤʢʦʶ ʯʘʩʫ ʥʘ ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʻʜʥʫʻ ʧʝʨʝʚʘʛʠ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʣʝ ʩʪʨʫʤʫ ʪʘ ʯʘʩʫ. 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʨʝʣʝ:  

- ʥʝ ʧʦʪʨʽʙʥʝ ʦʧʝʨʘʪʠʚʥʝ ʭʘʨʯʫʚʘʥʥʷ, ʙʦ ʞʠʚʠʪʴʩʷ ʚʽʜ 

ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʘʻ ʚʠʩʦʢʫ ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʽʩʪʴ, ʽ 

ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʟʘʤʽʩʪʴ ʨʝʣʝ ʈʊ-40, ʈʊ-140, ʈʉʊ 11, 12, 13, 

14, 11ʄ ʪʘ ʽʥ., ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʽʣʴʥʦ ʟ ʥʠʤʠ ʨʝʣʝ ʯʘʩʫ, 

ʧʨʠʯʦʤʫ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʥʘ ʤʽʥʽʤʘʣʴʥʽʡ ʫʩʪʘʚʮʽ 

ʜʽʘʧʘʟʦʥʫ, ʪʨʦʭʠ ʙʽʣʴʰʝ 2 ɺɸ;  

- ʚ ʦʜʥʦʤʫ ʨʝʣʝ ʜʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ï 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʦʨʛʘʥ ʩʪʨʫʤʫ ʪʘ ʦʨʛʘʥ ʚʠʪʨʠʤʢʠ ʯʘʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʘʪʠ ʥʘ ʦʩʥʦʚʽ ʨʝʣʝ ʧʦʚʥʦʮʽʥʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤʦʚʠʡ 

ʟʘʭʠʩʪ (ʄʉɿ);  

- ʈʉʊ-40ɺ ʚʠʢʦʥʘʥʦ ʥʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽʡ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ, 

ʪʦʤʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʨʝʣʝ ʤʘʻ ʚʠʩʦʢʫ 

ʚʽʙʨʦʩʪʽʡʢʽʩʪʴ ʽ ʫʜʘʨʦʩʪʽʡʢʽʩʪʴ, ʫ ʥʴʦʤʫ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʩʫʪʥʷ 

ʚʽʙʨʘʮʽʷ ʢʦʥʪʘʢʪʽʚ (ʷʢ ʫ ʨʝʣʝ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ), ʽ ʚʦʥʦ ʥʝ ʻ 

ʜʞʝʨʝʣʦʤ ʧʝʨʝʰʢʦʜ ʫ ʢʦʣʘʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʞʠʚʣʝʥʥʷ (ʷʢ ʨʝʣʝ ʯʘʩʫ 

ʟ ʛʦʜʠʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ);  

- ʢʦʤʫʪʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʢʦʥʪʘʢʪʽʚ ʨʝʣʝ ʜʦʟʚʦʣʷʻ ʜʽʷʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʢʦʪʫʰʢʫ ʚʽʜʢʣʶʯʝʥʥʷ ʚʠʤʠʢʘʯʽʚ;  

- ʨʝʣʝ ʧʦʪʨʝʙʫʻ ʣʠʰʝ ʦʜʥʽʻʾ ʦʧʝʨʘʮʽʾ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʰʢʘʣʠ ʫʩʪʘʚʦʢ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʥʝʥʥʷ ʱʦʥʘʡʤʝʥʰʝ 0,9 

ʚʠʭʦʜʠʪʴ ʘʚʪʦʤʘʪʠʯʥʦ. 

ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʨʝʣʝ ʩʪʨʫʤʫ ʉʀʕ3-ɺɹʊʀ 

(ʨʠʩ. 4.33, ʙ) (ʤʘʢʩʠʤʘʣʴʥʦʛʦ-ʤʽʥ̔ʤʘʣʴʥʦʛʦ), ʷʢʝ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʪʘʢʠʡ ʷʢ:  

- ʨʝʣʝ ʩʪʨʫʤʫ;  

- ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ;  

- ʨʝʣʝ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ;  

- ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ï ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ;  

- ʚʠʤʠʢʘʯ ʙʝʟʢʦʥʪʘʢʪʥʠʡ ʩʪʨʫʤʦʚʠʡ (ʝʬʝʢʪʠʚʥʘ ʟʘʤʽʥʘ 

ʢʽʥʮʝʚʠʭ, ʢʽʥʮʝʚʠʭ ʚʠʤʠʢʘʯʽʚ). 
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ʈʠʩʫʥʦʢ 4.33 ï ʈʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ [94] 
 

 

ʈʝʣʝ ʟʘʙʝʟʧʝʯʫʻ:  

- ʽʥʜʠʢʘʮʽʶ ʩʪʨʫʤʫ ʚ ʢʦʣʽ;  

- ʮʠʬʨʦʚʫ ʫʩʪʘʥʦʚʢʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ;  

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘ ʤʽʥʽʤʘʣʴʥʠʤ 

ʩʪʨʫʤʦʤ;  

- ʮʠʬʨʦʚʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ;  

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʩʪʨʫʤʦʤ;  

- ʽʥʜʠʢʘʮʽʶ ʚʠʜʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ;  

- ʽʥʜʠʢʘʮʽʶ ʩʪʨʫʤʫ ʧʽʜ ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ;  

- ʤʦʞʣʠʚʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ;  

- ʨʝʣʝʡʥʠʡ ʚʠʭʽʜ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʠʛʥʘʣʽʟʘʮʽʾ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʩʪʨʫʤʦʤ;  

- ʨʝʣʝʡʥʠʡ ʚʠʭʽʜ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʠʛʥʘʣʽʟʘʮʽʾ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʟʘ ʤʽʥʽʤʘʣʴʥʠʤ ʩʪʨʫʤʦʤ;  

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʪʘʥʜʘʨʪʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʩʪʨʫʤʫ. 
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4.9 ɻʝʨʢʦʥʦʚʽ ʨʝʣʝ 

 

4.9.1 ɻʝʨʤʝʪʠʟʦʚʘʥʽ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʽ ʢʦʥʪʘʢʪʠ ʪʘ 

ʛʝʨʢʦʥʦʚʽ ʨʝʣʝ 

 

ʄʘʛʥʽʪʦʢʝʨʦʚʘʥʠʤ ʢʦʥʪʘʢʪʦʤ (ʄʂ), ʘʙʦ ʛʝʨʢʦʥʦʤ ʥʘʟʠʚʘʻʪʴʩʷ 

ʝʣʝʤʝʥʪ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ, ʱʦ ʟʤʽʥʶʻ ʩʪʘʥ ʮʴʦʛʦ ʢʦʣʘ 

ʤʝʭʘʥʽʯʥʠʤ ʟʘʤʠʢʘʥʥʷʤ, ʘʙʦ ʨʦʟʤʠʢʘʥʥʷʤ ʧʽʜ ʚʧʣʠʚʦʤ ʜʽʾ 

ʢʝʨʫʶʯʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ 

ʬʫʥʢʮʽʾ ʢʦʥʪʘʢʪʽʚ ʪʘ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʢʽʣ. 

ʄʘʛʥʽʪʦʢʝʨʦʚʘʥʠʡ ʢʦʥʪʘʢʪ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʛʝʨʤʝʪʠʟʦʚʘʥʦʤʫ 

ʙʘʣʦʥʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʛʝʨʤʝʪʠʟʦʚʘʥʠʤ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʠʤ ʢʦʥʪʘʢʪʦʤ 

(ɻʄʂ), ʘʙʦ ʛʝʨʢʦʥʦʤ [4, 7, 17, 31, 33, 46 ]. ɺʧʝʨʰʝ ʄʂ ʙʫʣʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʂʦʚʘʣʝʥʢʦʚʠʤ ɺ. ɯ. (ɸ.ʉ. ʉʈʉʈ ˉ 466) ʫ 1922ʛ., ʘ 

ɺ. ɽʣʣʚʫʜ ʚ 1942 ʨʦʮʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʛʝʨʤʝʪʠʟʫʚʘʪʠ ʪʘʢʽ ʢʦʥʪʘʢʪʠ 

(ʇʘʪʝʥʪ ʉʐɸ ˉ 2289830). 

ɻʝʨʤʝʪʠʟʦʚʘʥʽ ʤʘʛʥʠʪʦʢʝʨʦʚʘʥʽ ʢʦʥʪʘʢʪʠ ʜʦʟʚʦʣʠʣʠ ʚʠʨʽʰʠʪʠ 

ʜʝʢʽʣʴʢʘ ʟʘʚʜʘʥʴ: 

- ʫʩʫʥʫʪʠ ʚʧʣʠʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ 

ʙʘʛʘʪʴʦʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʢʦʤʫʪʘʮʽʾ, ʥʘ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʫ, ʱʦ ʨʦʟʰʠʨʠʣʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠ ʢʦʤʫʪʘʮʽʷʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʣʘʥʮʶʛʽʚ ʟ ʜʫʞʝ ʤʘʣʠʤʠ ʩʪʨʫʤʘʤʠ (10-10é 10-12 ɸ) ʪʘ ʥʘʧʨʫʛʦʶ 

(10 6 ɺ); 

- ʧʽʜʚʠʱʠʪʠ ʤʝʭʘʥʽʯʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 109 ʮʠʢʣʽʚ ʽ ʥʘʚʽʪʴ 

ʙʽʣʴʰʝ; 

- ʚʠʨʽʰʠʪʠ ʙʘʛʘʪʦ ʩʢʣʘʜʥʠʭ ʩʭʝʤʥʠʭ ʟʘʜʘʯ; 

- ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʦʜʽʶ ʜʦ 0,5 ʤʩ, ʤʘʪʠ ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ Rʇ 

ʜʦ 0,05 ʆʤ, ʪʘ ʟʤʝʥʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʜʦ 50 ʤɺʪ; 

- ʚʠʢʣʶʯʠʪʠ ʤʝʭʘʥʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʚʧʣʠʚʘʶʯʠʤ ʦʨʛʘʥʦʤ, ʘ 
ʪʘʢʦʞ ʛʘʣʴʚʘʥʽʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʢʦʣʘʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʦʤʫʪʘʮʽʾ. 

ɻʝʨʢʦʥʠ ʟʘʟʚʠʯʘʡ ʨʦʟʨʽʟʥʷʶʪʴʩʷ: 

- ʟʘ ʤʘʛʥʽʪʥʦʶ ʩʠʩʪʝʤʦʶ ï ʥʘ ʥʝʡʪʨʘʣʴʥʽ ʽ ʧʦʣʷʨʠʟʦʚʘʥʽ; 

- ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʢʦʤʫʪʘʮʽʾ ï ʥʘ ʟʘʤʠʢʘʶʯʽ, ʨʦʟʤʠʢʘʶʯʽ ʽ 

ʧʝʨʝʤʠʢʘʣʴʥʽ; 

- ʟʘ ʧʦʪʫʞʥʽʩʪʶ ï ʥʘ ʤʘʣʦʧʦʪʫʞʥʽ (ʜʦ 60 ɺĿɸ), ʩʝʨʝʜʥʴʦʾ 

ʧʦʪʫʞʥʦʩʪʽ (60é1000 ɺĿɸ), ʩʠʣʦʚʽ, ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʫʤʦʚʘʤʠ 

ʪʝʧʣʦʚʽʜʜʘʯʽ (ʛʝʨʩʠʢʦʥʠ ʙʽʣʴʰʝ ʟʘ 1000 ɺĿɸ).  
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ʇʨʦʤʠʩʣʦʚʽʩʪʶ ʚʠʧʫʩʢʘʣʠʩʷ ʛʝʨʢʦʥʠ ʜʦʚʞʠʥʦʶ ʚʽʜ 9 ʜʦ 52 

ʤʤ, ʜʽʘʤʝʪʨʦʤ 2,2é5,2 ʤʤ, ʟ ʨʦʙʦʯʠʤ ʟʘʟʦʨʦʤ 0,05é0,3 ʤʤ ʽ 

ʧʝʨʝʢʨʠʪʪʷʤ ʢʽʥʮʽʚʦʢ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʝʡ ʚʽʜ 0,2 ʜʦ 2 ʤʤ. ʅʘ ʨʠʩ. 4.34 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʝʩʢʽʟ ʩʠʤʝʪʨʠʯʥʦʛʦ ʛʝʨʢʦʥʘ. 

 

  
ʈʠʩʫʥʦʢ 4.34 ï ʈʦʟʽʤʢʥʝʥʝ ʪʘ ʟʘʤʢʥʝʥʝ ʧʦʣʦʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ 

ʯʘʩʪʠʥʠ  ʟʘʤʠʢʘʣʴʥʦʛʦ ʛʝʨʢʦʥʘ: 
 

ȹʢ ï ʢʽʥʮʝʚʠʡ (ʢʦʥʪʘʢʪʥʦʛʦ ʧʦʢʨʠʪʪʷ) ʟʘʟʦʨ; ŭʈ ï ʨʦʙʦʯʠʡ ʨʦʟʭʠʣ ʢʦʥʪʘʢʪʽʚ;  

ŭmax = ŭʈ + ȹʢ ï ʥʝʤʘʛʥʽʪʥʽʡ ʨʦʙʦʯʠʡ ʟʘʟʦʨ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʶʯʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

 

ɺ ʢʣʘʩʠʯʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʛʝʨʢʦʥ ʻ ʩʢʣʷʥʠʤ ʙʘʣʦʥʦʤ 1 

(ʟʘʫʚʘʞʠʤʦ, ʱʦ ʩʢʣʦ ʛʝʨʢʦʥʽʚ ʟʘʟʚʠʯʘʡ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ ʯʝʨʝʟ 

ʧʨʠʩʫʪʥʽʩʪʴ ʽʦʥʽʚ ʟʘʣʽʟʘ, ʢʦʣʠ ʟʘʚʘʨʶʻʪʴʩʷ ʩʢʣʷʥʠʡ ʙʘʣʦʥ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʦ ʨʝʟʠʩʪʠʚʥʦʶ 

ʟʚʘʨʢʦʶ), ʚ ʷʢʠʡ ʚʧʘʷʥʽ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ 2 (ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʻʜʥʫʶʪʴ 

ʜʝʢʽʣʴʢʘ ʬʫʥʢʮʽʡ ʾʭ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʢʦʥʪʘʢʪʥʠʤʠ ʦʩʝʨʜʷʤʠ ï 

ʂʆ), ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʤʘʛʥʽʪʥʦʛʦ ʩʧʣʘʚʫ ʟ ʚʝʣʠʢʦʶ ʤʘʛʥʽʪʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ (ʥʘʡʯʘʩʪʽʰʝ ʟ ʧʝʨʤʘʣʦʾʚ) ʽ ʚʠʚʦʜʽʚ 3 (ʨʠʩ. 4.35). ʎʝʡ 

ʛʝʨʢʦʥ ʨʦʟʤʽʱʝʥʠʡ ʚ ʢʦʣʽ ʢʝʨʫʚʘʥʥʷ ï  ʢʦʪʫʰʮʽ 4. ʇʝʨʤʘʣʦʾ ï ʮʝ 

ʩʧʣʘʚʠ ʟʘʣʽʟʘ ʪʘ ʥʽʢʝʣʶ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʫ ʧʦʯʘʪʢʦʚʫ ʤʘʛʥʽʪʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ ʚ ʦʙʣʘʩʪʽ ʩʣʘʙʢʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʱʦ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʧʨʘʢʪʠʯʥʦʶ ʚʽʜʩʫʪʥʽʩʪʶ ʘʥʽʟʦʪʨʦʧʽʾ ʽ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʾ. ʂʦʤʫʪʫʶʯʽ 

ʯʘʩʪʠʥʠ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʝʡ ʧʦʢʨʠʚʘʶʪʴʩʷ ʰʘʨʦʤ ʙʣʘʛʦʨʦʜʥʠʭ 

ʤʝʪʘʣʽʚ (Rʇ = ʩʦnst), ʥʘʧʨʠʢʣʘʜ ʨʦʜʽʶ Rh, ʟʦʣʦʪʘ ɸu ʪʘ ʾʭ ʩʧʣʘʚʽʚ. 

ʋʩʝʨʝʜʠʥʽ ʩʢʣʷʥʦʛʦ ʙʘʣʦʥʘ ʫʪʚʦʨʶʻʪʴʩʷ ʘʙʦ ʚʘʢʫʫʤ, ʘʙʦ ʞ ʙʘʣʦʥ 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʩʫʭʠʤ ʛʘʟʦʤ (ʘʟʦʪʦʤ N, ʚʦʜʥʝʤ ʅ, ʘʙʦ ʾʭ ʩʫʤʽʱʫ), ʱʦ 

ʥʝ ʚʩʪʫʧʘʶʪʴ ʚ ʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʟ ʤʘʪʝʨʽʘʣʦʤ ʢʦʥʪʘʢʪʽʚ. ʗʢʱʦ 

ʛʝʨʢʦʥ ʧʦʤʽʩʪʠʪʠ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʩʪʚʦʨʶʻʪʴʩʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʢʦʪʫʰʢʦʶ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ ʘʙʦ ʧʦʩʪʽʡʥʠʤ 
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ʤʘʛʥʽʪʦʤ, ʪʦ ʯʝʨʝʟ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ ʧʨʦʭʦʜʠʪʴ ʧʝʚʥʠʡ ʤʘʛʥʽʪʥʠʡ 

ʧʦʪʽʢ [25, 26, 33, 36].  

 
ʈʠʩʫʥʦʢ 4.35 ï ʂʦʥʩʪʨʫʢʮʽʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʦʛʦ 

ʢʦʥʪʘʢʪʫ, ʱʦ ʟʘʤʠʢʘʻ (ʛʝʨʢʦʥʦʚʝ ʨʝʣʝ) [85] 

 

ʋ ʢʦʥʪʘʢʪʥʦʤʫ ʟʘʟʦʨʽ ŭmax ʚʠʥʠʢʘʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʠʣʘ Fɽʄ  

ʽ, ʢʦʣʠ ʮʷ ʩʠʣʘ ʧʝʨʝʚʠʱʫʻ ʤʝʭʘʥʽʯʥʽ ʩʠʣʠ ʧʨʫʞʥʦʩʪʽ ʢʦʥʪʘʢʪ-

ʜʝʪʘʣʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʧʦʚʝʨʭʥʽ ʘ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʘʛʥʽʪʥʘ ʧʨʦʚʽʜʥʽʩʪʴ çʢʦʥʪʘʢʪ-ʜʝʪʘʣʽè ʨʽʚʥʘ 

ʥʝʩʢʽʥʯʝʥʦʩʪʽ, ʪʦʜʽ ʦʪʨʠʤʘʻʤʦ ʢʘʨʪʠʥʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 4.36), 

ʥʘ ʷʢʽʡ ʣʽʥʽʾ, ʱʦ ʚʽʜʜʽʣʷʶʪʴ ʦʜʥʽ ʭʘʨʘʢʪʝʨʥʽ ʜʽʣʷʥʢʠ ʧʦʣʷ ʚʽʜ 

ʽʥʰʠʭ, ʥʘʟʠʚʘʶʪʴʩʷ ʩʝʧʘʨʘʪʨʠʩʘʤʠ. 

 
ʈʠʩʫʥʦʢ 4.36 ï ʈʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ ʪʘ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʨʢʦʥʦʚʦʛʦ ʨʝʣʝ [51] 

 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʦʪʽʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʧʦʪʦʢʽʚ: 
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2211
'
maxmax ʌʌʌʌ Ö+Ö+== d ʂʂʌ , (4.37) 

 

ʜʝ   ʌŭ ï ʧʦʪʽʢ ʚ ʨʦʙʦʯʦʤʫ ʟʘʟʦʨʽ; 

ʌ1 = ʌ'1 ï ʧʦʪʦʢʠ ʨʦʟʩʽʷʥʥʷ (ʟʘ ʫʤʦʚʠ ʩʠʤʝʪʨʠʯʥʦʩʪʽ) , ʱʦ 

ʟʘʤʠʢʘʶʪʴʩʷ ʥʘ ʦʜʥʽʡ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ; 

ʌ2 = ʌ'2 ï ʧʦʪʦʢʠ ʨʦʟʩʽʷʥʥʷ, ʷʢʽ ʟʘʤʠʢʘʶʪʴʩʷ ʢʨʽʟʴ ʧʦʚʽʪʨ;̫ 

ʂ1 ʽ ʂ2 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʪʨʘʪʠ ʚʚʦʜʫ ʽ ʚʠʚʦʜʫ ʥʘ 

ʜʽʣʷʥʢʘʭ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʝʡ. 

 

4.9.2 ʄʝʭʘʥʽʯʥʘ (ʧʨʦʪʠʜʽʶʯʘ) ʽ ʪʷʛʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʝʨʢʦʥʘ 

 

ʄʘʛʥʽʪʥʽ ʧʦʪʦʢʠ ʌ ʪʘ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ F ʻ ʛʦʣʦʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʪʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʢʝʨʫʚʘʥʥʷ. ʊʷʛʦʚʝ ʟʫʩʠʣʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ ʄʘʢʩʚʝʣʣʘ [2, 47]: 

d

d

m
=

S
F ʪɽʄ

0

2

..
2

ʌ
, (4.38) 

 

ʜʝ   Sŭ ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ. 

ʄʝʭʘʥʽʯʥʝ ʟʫʩʠʣʣʷ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʟʫʩʠʣʣʷ 

ʢʦʥʩʦʣʴʥʦ-ʟʘʢʨʽʧʣʝʥʦʾ ʙʘʣʢʠ: 

 

( ) ʉʄKcxcF Öd-d=Ö= 0 , (4.39) 

 

ʜʝ   ʩ ï ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ, ʅ/ʤ; 

ʭ ï ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ ʘʙʦ ʪʦʯʢʠ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣʠ, 

ʱʦ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʨʦʙʦʯʠʤ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʟʦʨʘʤʠ 

0d-d  ʤ;  

ʂʉʄ ï ʢʦʝʬʽʮʽʻʥʪ ʩʠʤʝʪʨʠʯʥʦʩʪʽ. 

ʅʘ ʨʠʩ. 4.36 ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʷʛʦʚʘ Fɽʄ = f (ŭ) ʪʘ ʤʝʭʘʥʽʯʥʘ 

Fʄ = f (ŭ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʨʢʦʥʦʛʦ ʨʝʣʝ. 

ʇʝʨʰʠʡ ʝʪʘʧ ʥʘʙʣʠʞʝʥʥʷ ʢʦʥʩʦʣʴʥʠʭ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʝʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʤʘʣʦʤʫ ʟʥʘʯʝʥʥʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʪʦʢʫ (ʥʘʧʨʠʢʣʘʜ, ʌ1) ʽ ʥʦʩʠʪʴ ʭʘʨʘʢʪʝʨ ʧʦʧʝʨʝʜʥʴʦʛʦ ʾʭ 
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ʥʘʙʣʠʞʝʥʥʷ. ʇʨʦʪʷʛʦʤ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʪʦʢʫ ʜʦ ʌʂʈ ʥʘʩʪʘʻ ʜʨʫʛʠʡ ʝʪʘʧ, ʧʨʠ ʷʢʦʤʫ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʜʦ ʾʭ ʟʘʤʠʢʘʥʥʷ, ʧʨʠʯʦʤʫ ʥʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʥʝ ʧʦʪʨʝʙʫʻʪʴʩʷ ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʪʦʢʫ ʚ ʨʦʙʦʯʦʤʫ ʟʘʟʦʨʽ (ʯʝʨʝʟ ʽʥʝʨʮʽʶ ʨʫʭʫ, ʧʦʜʘʣʴʰʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʧʦʪʦʢʫ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʟʘʟʦʨʽ, ʟʤʽʥʘ (ʚʠʢʨʠʚʣʝʥʥʷ) 

ʢʘʨʪʠʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʮʽʣʦʤʫ ʽ ʪ. ʥ̔.). ʇʦʪʽʢ ʌʂʈ ʚʽʜʧʦʚʽʜʘʻ 

ʢʨʠʪʠʯʥʽʡ ʚʝʣʠʯʠʥʽ ŭʂʈ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ ʽ ʜʣʷ ʥʘʙʣʠʞʝʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʩʠʤʝʪʨʠʯʥʠʭ ʛʝʨʢʦʥʽʚ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ 

 

ʨʂʈ
2

1
d=d , (4.40) 

ʜʝ  ʨd ï ʨʦʙʦʯʠʡ ʟʘʟʦʨ. 

 

4.9.3 ɿʘʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʨʝʣʝ ʥʘ ʛʝʢʦʥʘʭ 

 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ ʟʘʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʛʝʢʦʥʦʚʠʤʠ ʨʝʣʝ, 

ʪʘʢʠʤʠ ʷʢ: 

- ʣʽʥʽʡʥʝ ʘʙʦ ʢʫʪʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʛʝʨʢʦʥʘ ʘʙʦ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʽʪʫ (ʨʠʩ. 4.37, ʘ),  

- ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʤʘʛʥʽʪʥʦʛʦ ʢʦʣʘ ʝʢʨʘʥʘʤʠ (ʰʪʦʨʢʘʤʠ) ʽʟ 
ʧʨʦʨʽʟʘʤʠ (ʚʽʢʥʘʤʠ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʛʝʨʢʦʥʘ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʧʨʦʨʽʟʫ ʟ ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ, ʘ ʜʣʷ ʙʽʣʴʰʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʪʦʥʢʦʩʪʽʥʥʘ ʰʪʦʨʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʜʚʦʰʘʨʦʚʦʶ, 

ʧʨʠʯʦʤʫ ʜʨʫʛʠʡ ʰʘʨ ï ʟ ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 4.37, ʙ); 

- ʟʤʽʥʘ ʥʘʤʘʛʥʠʯʫʚʘʣʴʥʦʾ ʩʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʤʦʪʦʢ 

ʢʝʨʫʚʘʥʥʷ (ʨʠʩ. 4.37, ʚ, 4.38 ʽ 4.39). 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʦʜʥʽʻʾ ʦʙʤʦʪʢʠ ʚ ʢʦʣʽ ʢʝʨʫʚʘʥʥʷ (ʨʠʩ. 4.38, ʘ) 

ʚʦʥʘ ʨʦʟʚʠʚʘʻ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʫ ʩʠʣʫ Fʨʦʙ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʛʝʨʢʦʥʘ, ʽ ʫʪʨʠʤʫʻ ʡʦʛʦ ʢʦʥʪʘʢʪʠ ʚ ʟʘʤʢʥʝʥʦʤʫ 

ʩʪʘʥʽ ʟʘ ʫʤʦʚʠ ʚʩʽʭ, ʟʘʟʜʘʣʝʛʽʜʴ ʦʙʫʤʦʚʣʝʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʜʚʦʭ ʦʙʤʦʪʦʢ ʢʝʨʫʚʘʥʥʷ (ʨʠʩ.4.38, ʙ), ʷʢʽ ʤʘʶʪʴ 

ʟʩʫʚ ʚʽʜʥʦʩʥʦ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ, ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʣʦʛʽʯʥʫ 

ʬʫʥʢʮʽʶ çɸɹʆè (ʷʢʱʦ ʄʈʉ ʦʙʤʦʪʦʢ F1=F2 Ó Fʩʧʨ) , ʯʠ ʬʫʥʢʮʽʶ çɯè 

(ʷʢʱʦ F1, F2 < Fʩʧʨ) ʧʨʠ ʮʴʦʤʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʙʫʜʝ ʣʠʰʝ ʟʘ ʫʤʦʚʠ 
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F1+F2 Ó Fʩʧʨ. ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʜʘʚʘʪʠ ʟʥʘʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʧʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʶ ï  ʂʟʘʧ. 

 
ʈʠʩʫʥʦʢ 4.37 ï ɿʘʩʦʙʠ ʪʘ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʛʝʨʢʦʥʦʚʠʤʠ ʨʝʣʝ [51] 

 

ɼʽʡʩʥʦ, ʷʢʱʦ ʨʦʙʦʯʘ ʩʠʣʘ Fʨʦʙ ʻ ʄʈʉ ʜʚʦʭ ʦʙʤʦʪʦʢ, ʪʦʜʽ 

ʟʘʧʩʧʨʨʦʙ ʂFFFF Ö=-= 21 , ʘ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʧʦ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʶ ʤʘʻ ʙʫʪʠ ʂʟʘʧ <2. ʆʜʥʫ ʟ ʦʙʤʦʪʦʢ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʦʣʷʨʠʟʫʶʯʫ (ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʫ) ʜʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʛʝʨʢʦʥʘ, ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʌʧ < ʌʚʽʜʧ 

, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʚʽʜʧʫʩʢʘʥʥʷ ʛʝʨʢʦʥʘ ʟʘ ʫʤʦʚʠ ʟʥʽʤʘʥʥʷ 

ʩʠʛʥʘʣʫ ʟ ʦʩʥʦʚʥʦʾ ʢʝʨʫʶʯʦʾ ʦʙʤʦʪʢʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ çʅɯè 

ʦʙʤʦʪʢʠ ʚʢʣʶʯʘʶʪʴʩʷ ʟʫʩʪʨʽʯʥʦ. 

 

 
ʘ ʙ  

ʈʠʩʫʥʦʢ 4.38 ï ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʨʝʣʝ ʥʘ ʛʝʨʢʦʥʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙʤʦʪʢʠ [51] 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʛʝʨʢʦʥʠ ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʢʦʥʪʘʢʪ-ʜʝʪʘʣʷʤʠ ʤʘʶʪʴ ʜʝʢʽʣʴʢʘ ʦʙʤʦʪʦʢ (ʨʠʩ. 4.39). ʆʩʥʦʚʥʘ 

ʦʙʤʦʪʢʘ Wʂ1 ʫʪʨʠʤʫʻ ʛʝʨʢʦʥ ʫ ʚʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ, ʘ ʦʙʤʦʪʢʠ Wʂ2,  

W ʂ3, W ʂ4, Wʂ5 ʻ ʚʤʠʢʘʶʯʠʤʠ ʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʣʴʥʽʡ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ 

1 ʟʘʡʤʘʪʠ ʦʜʥʝ ʟ ʧʦʣʦʞʝʥʴ ʤʽʞ ʙʽʯʥʠʤʠ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʷʤʠ (2-3 ʪʘ 
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4-5). ʅʘʧʨʠʢʣʘʜ, ʘʙʠ ʟʘʙʝʟʧʝʯʠʪʠ ʣʘʥʮʶʛ ç2-1-4è, ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʽʚʧʘʜʽʥʥʷ ʟʘ ʥʘʧʨʷʤʦʤ ʤʘʛʥʽʪʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ 

ʧʨʦʪʽʢʘʶʪ ɹʢʨʽʟʴ ʥʠʭ. 

 
ʈʠʩʫʥʦʢ 4.39 ï ʉʭʝʤʘ ʧʨʠʥʮʠʧʦʚʘ ʨʝʣʝ ʥʘ ʛʝʨʢʦʥʘʭ. ʉʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ [51] 
 

4.9.4 ʌʝʨʠʜʠ 

 

ɼʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʰʚʠʜʢʦʜʽʾ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʽ 

ʢʦʥʪʘʢʪʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʟʘʧʘʤôʷʪʦʚʫʶʪʴ, ʘʙʦ ʬʝʨʠʜʠ ï ʝʣʝʢʪʨʠʯʥʽ 

ʘʧʘʨʘʪʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʝʨʢʦʥʘ ʽ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʟ ʝʣʝʤʝʥʪʦʤ 

ʤʘʛʥʽʪʥʦʾ ʧʘʤôʷʪʽ (ɽʄʇ). ɽʄʇ ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ ʩʝʨʝʜʥʴʦ 

ʢʦʝʨʮʠʪʠʚʥʠʭ (ʅʉ = 2é6 ʢɸ/ʤ) ʤʝʪʘʣʝʚʠʭ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʟ 

ʚʝʣʠʢʠʤ ʟʥʘʯʝʥʥʷʤ ʟʘʣʠʰʢʦʚʦʾ ʽʥʜʫʢʮʽʾ (=rɺ 1,6é1,8 ʊʣ) ʽ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʷʤʦʢʫʪʥʦʩʪʽ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ, ʱʦ ʜʦʨʽʚʥʶʻ 

0,85é0,9 [2, 3, 40, 45, 47]. ʌʝʨʠʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʩʢʣʘʜʥʠʭ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ ʪʘ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʩʠʛʥʘʣʫ, 

ʱʦ ʢʝʨʫʻ, ʜʦ ʤʽʢʨʦʩʝʢʫʥʜʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ -  

ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ. 

ʗʢʱʦ ʯʘʩʪʠʥʘ ʨʝʣʝ, ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ɽʄʇ ʨʦʟʪʘʰʦʚʘʥʘ 

ʧʦʟʘ ʙʘʣʦʥʦʤ ʄʂ, ʪʦ ʪʘʢʠʡ ʧʨʠʩʪʨʽʡ ʥʘʟʠʚʘʻʪʴʩʷ ʬʝʨʠʜʦʤ ʽʟ 

ʟʦʚʥʽʰʥʴʦʶ ʧʘʤôʷʪʪʶ (ʨʠʩ. 4.40, ʘ). ʗʢʱʦ ʨʦʣʴ ʤʘʛʥʽʪʥʦʾ ʧʘʤôʷʪʽ 

ʚʠʢʦʥʫʶʪʴ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ, ʘʙʦ ʾʭ ʯʘʩʪʠʥʠ, ʪʦ ʬʝʨʠʜ ʥʘʟʠʚʘʻʪʴʩʷ ʟ 

ʚʥʫʪʨʽʰʥʴʦʶ ʧʘʤ'ʷʪʪʶ (ʛʝʟʘʢʦʥ) ( ʨʠʩ. 4.40, ʙ). ʊʘʢʠʤ ʯʠʥʦʤ, ʚ 

ʛʝʟʘʢʦʥʘʭ ʧʦʻʜʥʫʻʪʴʩʷ ʚ ʦʜʥʦʤʫ ʢʦʥʪʘʢʪʥʘ ʩʠʩʪʝʤʘ, ʩʪʨʫʤʦʧʨʦʚʽʜ, 

ʤʘʛʥʽʪʦʧʨʦʚʽʜ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʧʘʤ'ʷʪʴ. 

ɺ ʦʙʦʭ ʩʭʝʤʘʭ ʤʘʛʥʽʪʥʘ ʧʘʤôʷʪʴ ʩʪʚʦʨʶʻʪʴʩʷ ʪʘ ʨʫʡʥʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ (ʨʠʩ. 4.41). 
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ɼʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʄʂ ʥʘ ʦʙʤʦʪʢʫ ʧʦʜʘʻʪʴʩʷ ʽʤʧʫʣʴʩ ʩʪʨʫʤʫ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ Iʥʘʤ, ʢʦʥʪʘʢʪʥʽ ʦʩʝʨʜʷ (ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ) 

ʟʘʤʠʢʘʶʪʴʩʷ ʽ ʜʘʣʽ, ʧʽʩʣʷ ʟʥʽʤʘʥʥʷ ʩʠʛʥʘʣʘ, ʟʘʣʠʰʘʶʪʴʩʷ ʚ 

ʟʘʤʢʥʫʪʦʤʫ ʩʪʘʥʽ ʟʘʚʜʷʢʠ ʟʘʣʠʰʢʦʚʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʪʦʢʫ ɽʄʇ. 

 

 
ʘ ʙ 

ʈʠʩʫʥʦʢ 4.40 ï ʌʝʨʠʜ ʽʟ ʟʦʚʥʽʰʥʴʦʶ ʧʘʤôʷʪʪʶ 
 

ɼʣʷ ʚʽʜʧʫʩʢʘʥʥʷ ʄʂ (ʧʝʨʝʭʽʜ ʚ ʨʦʟʽʤʢʥʝʥʠʡ ʩʪʘʥ) ʥʘ ʦʙʤʦʪʢʫ 

ʧʦʜʘʻʪʴʩʷ ʨʦʟʤʘʛʥʽʯʫʚʘʣʴʥʠʡ ʽʤʧʫʣʴʩ ʩʪʨʫʤʫ Iʨʦʟʤ ʦʙʝʨʥʝʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ. ɸʤʧʣʽʪʫʜʘ ʽ ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʤʘʛʥʽʯʫʚʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʤʘʶʪʴ ʙʫʪʠ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʠʤʠ, ʘʙʠ ʥʝ ʩʪʘʣʦʩʷ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ 

ɽʄʇ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʽ ʽ ʧʦʚʪʦʨʥʦʛʦ (ʧʦʤʠʣʢʦʚʦʛʦ) 

ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ.  

 

 
 

ʈʠʩʫʥʦʢ 4.41 ï ɯʤʧʫʣʴʩʠ ʢʝʨʫʚʘʥʥʷ ʥʘʡʧʨʦʩʪʽʰʠʤʠ ʬʝʨʠʜʘʤʠ [51] 

 

ɿʘʜʣʷ ʫʩʫʚʘʥʥʷ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ (ʥʝʜʦʣʽʢ, 

ʚʣʘʩʪʠʚʠʡ ʬʝʨʠʜʘʤ ʟ ʦʜʥʽʻʶ ʦʙʤʦʪʢʦʶ) ʽʩʥʫʶʪʴ ʪʘʢʽ ʩʧʦʩʦʙʠ: 

1) ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ɽʄʇ ʟʤʽʥʥʠʤ ʟʘʪʫʭʘʶʯʠʤ ʤʘʛʥʽʪʥʠʤ 

ʧʦʣʝʤ; 

2) ʚʟʘʻʤʥʠʤ ʰʫʥʪʫʚʘʥʥʷʤ ʯʘʩʪʠʥ ɽʄʇ; 

3) ʟʫʩʪʨʽʯʥʠʤ ʥʘʤʘʛʥʽʯʝʥʥʷʤ ʯʘʩʪʠʥ ɽʄʇ; 
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4) ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷʤ ɽʄʇ. 

ʇʝʨʰʠʡ ʩʧʦʩʽʙ ʜʦʚʦʣʽ ʚʽʜʦʤʠʡ, ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧ ʜʽʾ 

ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʫ, ʱʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʬʝʨʠʜʘʤʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ɽʄʇ (ʨʠʩ. 4.42). ʊʫʪ ɽʄʇ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʥʘʧʽʚʢʽʣʝʮʴ ʟ ʨʦʟʤʽʱʝʥʠʤʠ ʥʘ ʥʠʭ ʦʙʤʦʪʢʘʤʠ, ʚ ʷʢʽ 

ʧʦʜʘʶʪʴʩʷ ʽʤʧʫʣʴʩʠ ʩʪʨʫʤʫ. ʂʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʦʣʦʚʠʥʥʠʤʠ ʩʪʨʫʤʘʤʠ (ʘʜʠʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ), ʪʦʙʪʦ ʢʦʞʥʘ ʟ 

ʦʙʤʦʪʦʢ Wʂ1 ʽ Wʂ2 ʨʦʟʚʠʚʘʻ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 

ʧʦʣʦʚʠʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʤʠʢʘʥʥʷ 

ʢʦʥʪʘʢʪ-ʜʝʪʘʣʝʡ (ʦʩʝʨʜʷ). ʇʨʠ ʧʦʜʘʚʘʥʥʽ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ 

ʚʢʣʶʯʝʥʥʷ ʦʜʥʘʢʦʚʦʾ ʧʦʣʷʨʥʦʩʪʽ ʥʘ ʢʝʨʫʶʯʽ ʦʙʤʦʪʢʠ (ʨʠʩ. 4.42, ʙ) 

ʚ ʢʦʞʥʽʡ ʯʘʩʪʠʥʽ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʤʘʛʥʽʪʥʽ ʧʦʪʦʢʠ, 

ʱʦ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʚ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ ʪʘ ʧʨʠʚʦʜʷʪʴ ʜʦ ʾʭ ʟʘʤʠʢʘʥʥʷ. 

ʇʨʠ ʧʦʜʘʚʘʥʥʽ ʥʘ ʦʙʤʦʪʢʠ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʚʠʤʠʢʘʥʥʷ ʨʽʟʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ (ʨʠʩ. 4.42, ʘ), ʤʘʛʥʽʪʥʽ ʧʦʪʦʢʠ ʚ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ ʚʟʘʻʤʥʦ 

ʢʦʤʧʝʥʩʫʶʪʴʩʷ. ʆʩʝʨʜʷ ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ ʧʨʦʪʠʣʝʞʥʠʤʠ ʟʥʘʢʘʤʠ, ʽ 

ʢʦʥʪʘʢʪ-ʜʝʪʘʣʽ ʨʦʟʤʠʢʘʶʪʴʩʷ.  

ɺʩʽ ʧʝʨʝʣʽʯʝʥʽ ʬʝʨʠʜʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʦʩʦʙʣʠʚʽʩʪʴ ï ʧʨʠ ʾʭ 

ʢʝʨʫʚʘʥʥʽ ʥʝʦʙʭʽʜʥʝ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʘʭ 

ʧʝʨʝʚʘʞʥʦ ʧʦ ʧʦʚʥʦʤʫ ʮʠʢʣʫ ʧʝʪʣʽ ʛʝʩʪʝʨʝʟʽʩʘ ʭʦʯʘ ʙ ʦʜʥʦʾ 

ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʧʘʤôʷʪʽ. ʊʨʝʪʽʡ ʩʧʦʩʽʙ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʠʤ ʬʝʨʠʜʦʤ. ʏʝʪʚʝʨʪʠʡ ʩʧʦʩʽʙ ʥʝ ʦʪʨʠʤʘʚ ʰʠʨʦʢʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ [31, 51, 54, 85]. 

 
ʈʠʩʫʥʦʢ 4.42 ï ʇʨʠʥʮʠʧ ʜʽʾ ʧʘʨʘʣʝʣʴʥʦʛʦ ʬʝʨʠʜʘ. ʐʫʥʪʫʚʘʥʥʷ  

ʜʽʣʷʥʦʢ ɽʄʇ: 
 

ʘ ï ʚʽʜʢʣʶʯʝʥʠʡ ʩʪʘʥ; ʙ ï ʚʢʣʶʯʝʥʠʡ ʩʪʘʥ.  
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4.10 ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʨʝʣʝ 

 

ʈʽʟʥʦʤʘʥʽʪʪʷ ʪʠʧʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʨʝʣʝ ʩʪʘʚʠʪʴ ʧʠʪʘʥʥʷ ʧʨʦ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʪʠʧʫ ʨʝʣʝ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʜʘʯ ʚ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [2, 3, 5, 19, 43, 58, 80, 81]. ʅʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʝʣʝ ʘʙʦ ʘʧʘʨʘʪʫʨʠ, ʜʝ ʙʫʜʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʨʝʣʝ, 

ʬʦʨʤʫʣʶʶʪʴ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʧʦ ʯʫʪʣʠʚʦʩʪʽ, ʰʚʠʜʢʦʜʽʾ, ʯʘʩʪʦʪʽ ʪʘ 

ʜʽʘʧʘʟʦʥʫ ʢʦʤʫʪʘʮʽʾ ʽ ʪʘʢʝ ʽʥʰʝ. ɺʠʤʦʛʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʬʦʨʤʫʣʦʶ: 

,
ln

kNn

P

ÖÖ
=l  (4.41) 

ʜʝ    ʈ ï ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ; 

n ï ʥʝʦʙʭʽʜʥʝ ʯʠʩʣʦ ʨʝʣʝ; 

N ï ʥʝʦʙʭʽʜʥʝ ʯʠʩʣʦ ʩʧʨʘʮʴʦʚʫʚʘʥʴ; 

k ï ʯʠʩʣʦ ʢʦʥʪʘʢʪʥʠʭ ʧʘʨ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʝʨʝʜʙʘʯʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʟʘʧʘʩʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ kʚ , ʷʢʠʡ ʧʦ ʩʫʪʽ ʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʧʦʪʦʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʘʧʘʨʘʪʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ  ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 

(ʪʘʙʣʠʮʷ 4.1). ɿʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʧʝʨʝʚʘʛʘ ʤʘʻ ʙʫʪʠ ʟʘ 

ʛʝʨʤʝʪʠʯʥʠʤʠ ʨʝʣʝ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʫʤʦʚ ʚʦʣʦʛʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ 

ʟʥʠʞʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʷ 

ʥʝʧʨʦʚʽʜʥʠʭ ʧʣʽʚʦʢ ʥʘ ʢʦʥʪʘʢʪʘʭ, ʰʚʠʜʢʦʛʦ ʩʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʾ 

ʪʦʱʦ. ʇʨʦʪʝ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʩʝ ʞ ʪʘʢʠ ʛʝʨʤʝʪʠʯʥʽ ʨʝʣʝ ʤʘʶʪʴ 

ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ (ʚ ʫʤʦʚʘʭ ʚʘʢʫʫʤʫ ʧʦʛʽʨʰʫʻʪʴʩʷ ʪʝʧʣʦʚʽʜʜʘʯʘ ʚʽʜ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʛʦ ʢʦʥʪʫʨʫ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʟʥʠʞʫʻʪʴʩʷ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʢʦʪʫʰʢʠ, ʢʨʽʤ ʪʦʛʦ ʟ ʯʘʩʦʤ ʚ ʨʝʣʝ ʟʘʩʤʦʢʪʫʶʪʴʩʷ ʘʛʨʝʩʠʚʥʽ 

ʛʘʟʠ ʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʣʽʚʢʠ). 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʨʝʣʝ ʥʘ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʠʥʮʠʧʘʭ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘʙʣʠʟʠʚʩʷ ʜʦ ʤʝʞʽ 

ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʇʨʦʛʥʦʟʦʚʘʥʘ ʦʮʽʥʢʘ ʝʚʦʣʶʮʽʡʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʨʝʣʝ ʥʘ ʩʪʨʫʤʠ ʜʦ 10 ɸ [51] ʩʢʣʘʜʘʻ 
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maxkP N
Q

V

Ö
= , (4.42) 

 

ʜʝ   ʈk max ï ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʢʦʤʫʪʫʻʪʴʩʷ, ɺʪ; 

N ï ʯʠʩʣʦ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʢʽʣʴʢʽʩʪʴ; 

V ï ʦʙôʻʤ ʨʝʣʝ, ʩʤ3. 

 

ʊʘʙʣʠʮʷ 4.1 ï ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ku   [51] 

ʇʘʨʘʤʝʪʨ kʚ ʇʘʨʘʤʝʪʨ kʚ 

1. ʊʨʠʚʘʣʽʩʪʴ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʦʙʤʦʪʢʠ 

ʧʽʜ ʩʪʨʫʤʦʤ 

2. ʏʠʩʣʦ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ 

3. ʅʘʧʨʫʛʘ, ʱʦ 

ʢʦʤʫʪʫʻʪʴʩʷ 

4. ʇʽʜʚʠʱʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ 

ʚʦʣʦʛʽʩʪʴ 

 

 

 

0.8 

 

0.7 

 

1.0 

 

0.8 

5. ʂʦʤʫʪʘʮʽʡʥʠʡ 

ʩʪʨʫʤ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ: 

ʘʢʪʠʚʥʦʤʫ 

ʻʤʥʽʩʥʦʤʫ 

ʽʥʜʫʢʪʠʚʥʦʤʫ 

6. ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ 

 

 

0.9 

0.7 

0.5 

0.9 

 

ʎʝʡ ʧʦʢʘʟʥʠʢ ʱʝ ʥʘʧʨʠʢʽʥʮʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʰʚʠʜʢʦ 

ʟʨʦʩʪʘʚ ʟʘ ʨʘʭʫʥʦʢ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ, 

ʰʚʠʜʢʦʜʽʾ, ʷʢʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʚʫʟʣʽʚ. ɿʘʨʘʟ ʚʽʥ ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʩʧʽʣʴʥʠʭ ʘʙʦ ʛʽʙʨʠʜʥʠʭ ʩʭʝʤ ʨʝʣʝ ʟ 

ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʤʽʢʨʦʩʭʝʤʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʥʘʩʪʫʧʥʽ 

ʟʘʜʘʯʽ: 

1) ʧʝʨʝʭʽʜ ʥʘ ʦʢʨʝʤʫ ʛʝʨʤʝʪʠʟʘʮʽʶ ʢʦʥʪʘʢʪʥʠʭ ʩʠʩʪʝʤ; 

ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʮʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ 

ʢʦʤʫʪʘʮʽʾ ʧʨʠʙʣʠʟʥʦ ʚ 100 ʨʘʟʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʤʽʢʨʦʩʪʨʫʤʘʭ; 

2) ʨʝʣʝ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʥʘ ʩʪʨʫʤʠ ʙʽʣʴʰʝ ʟʘ 10 A) ʪʘʢʦʞ 

ʚʠʛʦʪʦʚʣʷʪʠ ʛʝʨʤʝʪʠʯʥʠʤʠ; 

3) ʨʦʟʨʦʙʣʷʪʠ ʨʝʣʝ ʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ, ʷʢ ʥʘ ʟʤʽʥʥʦʤʫ, ʪʘʢ 

ʽ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʘʭ, ʙʝʟ ʚʙʫʜʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʧʨʷʤʣʷʥʥʷ; 
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4) ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʨʝʣʝ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʤʝʥʰʠʪʠ  ʤʘʩʫ ʪʘ ʛʘʙʘʨʠʪʠ ʜʦ ʪʨʴʦʭ ʨʘʟʽʚ ʽ ʧʽʜʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ 

ʜʦ ʜʚʦʭ ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʡʪʨʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘʜʣʷ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʨʝʣʝ ʫʜʦʩʢʦʥʘʣʶʶʪʴ ʩʠʩʪʝʤʠ 

ʽʟ ʚʥʫʪʨʽʰʥʴʦʢʦʪʫʰʢʦʚʠʤ ʷʢʦʨʝʤ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʦʚʽʜʥʠʢʠ ʟ 

ʧʦʣʽʘʤʽʜʥʦʶ ʽʟʦʣʷʮʽʻʶ, ʘ ʪʘʢʦʞ ʩʪʨʽʯʢʦʚʽ ʪʘ ʥʘʧʠʣʝʥʽ ʢʦʪʫʰʢʠ, 

ʪʦʱʦ. ʇʨʠʢʣʘʜʦʤ ʚʜʘʣʠʭ ʨʦʟʨʦʙʦʢ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʥʘʜʤʽʥʽʘʪʶʨʥʽ 

ʨʝʣʝ ʈʇʂ 65 ʽ ʈʕʂ 65 ʚ ʛʝʨʤʝʪʠʯʥʦʤʫ ʤʝʪʘʣʦʩʢʣʷʥʦʤʫ 

ʥʠʟʴʢʦʧʨʦʬʽʣʴʥʦʤʫ ʢʦʨʧʫʩʽ ʪʠʧʫ centigrid ʽʟ ʨʦʟʤʽʨʘʤʠ 
3ʤʤ99,653,953,9 ³³  (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʦʚʞʠʥʠ ʚʠʚʦʜʽʚ). ʊʘʢʽ 

ʨʦʟʤʽʨʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚ ʥʘʙʦʨʘʭ ʜʚʦʩʪʦʨʦʥʥʽʭ 

ʜʨʫʢʘʨʩʴʢʠʭ ʧʣʘʪ. ʇʨʦʪʝ ʧʦʢʠ ʥʝʤʘʻ ʜʘʥʠʭ ʱʦʜʦ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ 

ʱʦʜʦ ʧʦʤʽʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʽ ʯʘʩʪʦʪʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʨʝʣʝ.  

 

4.11 ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ ʪʘ ʟʘʜʘʯʽ 

 

4.11.1 ʈʝʣʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ. ʇʨʠʟʥʘʯʝʥʥʷ. ʆʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ. 

4.11.2 ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ, ʣʦʛʽʯʥʽ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʽ ʨʝʣʝ. 

4.11.3 ʇʨʦʪʠʜʽʶʯʘ ʽ ʪʷʛʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʣʝ. ʋʟʛʦʜʞʝʥʽʩʪʴ 

ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʧʫʩʢʘʥʥʷ. 

4.11.4 ɺʧʣʠʚ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʥʘ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ. 

4.11.5 ɺʽʜʤʽʥʥʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʝʣʝ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʚʽʜ ʧʦʩʪʽʡʥʦʛʦ. ɺʽʙʨʘʮʽʷ ʷʢʦʨʷ. 

4.11.6 ʇʦʣʷʨʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʨʝʣʝ. ʈʦʙʦʯʠʡ ʮʠʢʣ. 

4.11.7 ɯʥʜʫʢʮʽʡʥʝ ʨʝʣʝ. ʇʨʠʟʥʘʯʝʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ 

ʦʙʝʨʪʘʥʥʷ. 

4.11.8 ʈʝʣʝ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ, ʧʦʪʫʞʥʦʩʪʽ ʽ ʦʧʦʨʫ ʽʥʜʫʢʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ. ʄʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʽ ʰʚʠʜʢʦʜʽʾ ʨʝʣʝ. 

4.11.9 ʄʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʽ ʨʝʣʝ. ʂʦʥʩʪʨʫʢʮʽʾ. ɺʠʟʥʘʯʝʥʥʷ 

ʤʦʤʝʥʪʽʚ ʦʙʝʨʪʘʥʥʷ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ. ʏʦʤʫ ʮʷ ʩʠʩʪʝʤʘ ʥʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ? 

4.11.10 ɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ ʨʝʣʝ. ʉʠʣʘ ʪʘ ʤʦʤʝʥʪ ʦʙʝʨʪʘʥʥʷ ʥʘ 

ʧʦʩʪʽʡʥʦʤʫ ʪʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ. ʌʘʟʦʯʫʪʣʠʚʽʩʪʴ. 
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ʄʘʛʥʽʪʦʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ, ʷʢ ʨʽʟʥʦʚʠʜʥʽʩʪʴ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ. 

4.11.11 ʌʝʨʦʜʠʥʘʤʽʯʥʝ ʨʝʣʝ ʟ ʦʙʝʨʪʘʣʴʥʠʤ ʪʘ ʧʦʩʪʫʧʦʚʠʤ 

ʨʫʭʘʤʠ. ɺʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʦʙʝʨʪʘʥʥʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʪʘ 

ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ. 

4.11.12 ʊʝʧʣʦʚʽ (ʪʝʨʤʦ-) ʨʝʣʝ. ʏʦʤʫ ʥʝ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ 

ʢʦʥʪʘʢʪʠ ʥʘ ʙʽʤʝʪʘʣʝʚʽʡ ʧʣʘʩʪʠʥʽ? ʂʦʤʧʝʥʩʘʮʽʷ ʨʝʘʢʮʽʾ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

4.11.13 ʗʢʽ ʦʩʥʦʚʥʽ ʚʫʟʣʠ ʪʝʧʣʦʚʠʭ ʨʝʣʝ? 

4.11.14 ʗʢ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʠʪʪʻʚʝ ʚʢʣʶʯʝʥʥʷ ʪʘ ʨʦʟʤʠʢʘʥʥʷ 

ʢʦʥʪʘʢʪʽʚ ʫ ʪʝʧʣʦʚʠʭ ʨʝʣʝ?  

4.11.15 ʇʝʨʝʣʽʯʽʪʴ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʪʝʧʣʦʚʠʭ ʨʝʣʝ.  

4.11.16 ʗʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʭʠʩʪ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʨʝʣʝ ʩʪʨʫʤʫ? 

4.11.17 ʈʝʟʦʥʘʥʩʥʝ ʨʝʣʝ. 

4.11.18 ɭʤʥʽʩʥʽ ʨʝʣʝ. ɺʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʤʦʤʝʥʪʫ. 

4.11.19 ɽʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʨʝʣʝ ʥʘ ʝʣʝʢʪʨʝʪʘʭ. 

4.11.20 ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʽ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʨʝʣʝ. ʇʨʦʛʥʦʟʦʚʘʥʘ ʦʮʽʥʢʘ ʨʦʟʚʠʪʢʫ. 

ʇʦʙʫʜʦʚʘ ʩʧʽʣʴʥʠʭ ʩʭʝʤ ʨʝʣʝ ʟ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʤʽʢʨʦʩʭʝʤʘʤʠ. 

4.11.21 ɻʝʨʤʝʪʠʟʦʚʘʥʽ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʽ ʢʦʥʪʘʢʪʠ (ʛʝʨʢʦʥʠ). 

ʇʦʙʫʜʦʚʘ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

4.11.22 ʈʝʣʝ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʛʝʨʢʦʥʘʭ. 

4.11.23 ʉʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʛʝʨʢʦʥʘʤʠ. ʈʝʘʣʽʟʘʮʽʷ ʣʦʛʽʯʥʠʭ 

ʬʫʥʢʮʽʡ. ʃʦʛʽʯʥʽ ʤʘʪʨʠʯʥʽ ʨʝʣʝ. 

4.11.24 ʌʝʨʠʜʠ ʟ ʟʦʚʥʽʰʥʴʦʶ ʪʘ ʚʥʫʪʨʽʰʥʴʦʶ ʧʘʤôʷʪʪʶ. 

ʉʧʦʩʦʙʠ, ʱʦ ʫʩʫʚʘʶʪʴ ʧʦʤʠʣʢʦʚʝ ʩʧʨʘʮʶʚʘʥʥʷ. ʇʘʨʘʣʝʣʴʥʠʡ 

ʬʝʨʠʜ ʟ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. 

4.11.25 ʆʩʦʙʣʠʚʦʩʪʽ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʜʝʢʽʣʴʢʦʭ ʛʝʨʢʦʥʽʚ ʚ 

ʦʜʥʽʡ ʦʙʤʦʪʮʽ ʢʝʨʫʚʘʥʥʷ. 

4.10.26 ɿʘʜʘʯʘ 1. ʈʦʟʨʘʭʫʚʘʪʠ ʪʷʛʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʢʣʘʧʘʥʥʦʛʦ ʪʠʧʫ ʨʝʣʝ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʬʦʨʤʫʣʠ. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ: 

ʄʈʉ ʢʦʪʫʰʢʠ Fʅʆʄ = 280 ɸ, ʢʨʠʪʠʯʥʘ ʄʈʉ  Fʂ = 0,65ĿFʅʆʄ = 182 ɸ, 

ʧʦʚʽʪʨʷʥʠʡ ʟʘʟʦʨ ŭ = 1,1Ŀ10 -3 ʤ. ʂʨʠʚʽ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʚʟʷʪʠ ʟ ʜʦʚʽʜʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ. 

4.10.27 ɿʘʜʘʯʘ 2. ɺʠʟʥʘʯʠʪʠ ʨʦʟʤʽʨʠ ʝʢʨʘʥʫʶʯʦʛʦ ʚʠʪʢʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʝʣʝ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʟʘʜʘʥʠʭ: 
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ʢʚʘʜʨʘʪʥʦʤʫ ʧʝʨʝʪʠʥʽ ʧʦʣʶʩʘ S = 1,2Ā10-4 ʤ2, ʪʝʤʧʝʨʘʪʫʨʽ 

ʥʘʛʨʽʚʘʥʥʷ ʚʠʪʢʘ 170 ʦʉ, ʰʠʨʠʥʘ ʧʘʟʘ æ=2,1Ā10-3 ʤ, ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʧʦʚʥʝʥʥʷ ʩʪʘʣʽ ʜʦʨʽʚʥʶʻ ʂɿʉ = 0,91. 

4.10.28 ɿʘʜʘʯʘ 3. ʈʦʟʨʘʭʫʚʘʪʠ ʢʦʪʫʰʢʫ ʢʝʨʫʚʘʥʥʷ 

ʛʝʨʢʦʥʦʚʦʛʦ ʨʝʣʝ (ʝʩʢʽʟ ʢʦʪʫʰʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4.43), 

ʚʠʟʥʘʯʠʪʠ ʜʽʘʤʝʪʨ ʧʨʦʚʦʜʫ, ʯʠʩʣʦ ʚʠʪʢʽʚ ʽ ʦʧʦʨʫ, ʧʝʨʝʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʥʘʡʙʽʣʴʰ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʪʘ 

ʫʪʦʯʥʠʪʠ ʾʾ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ: 

ʥʦʤʽʥʘʣʴʥʘ ʄʈʉ ʢʦʪʫʰʢʠ ʢʝʨʫʚʘʥʥʷ Fʅʆʄ ʜʦʨʽʚʥʶʻ 250ɸ, 

ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ Uʅʆʄ = 24 ɺ, ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ 

ʢʦʪʫʰʮʽ ʚʽʜ 0,85 ʜʦ 1,1 Uʅʆʄ, ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 233 
0ʂ ʜʦ 328 0ʂ, ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʨʠʚʘʣʠʡ. 

 
 

l K=48Ā10-3 ʤ; ɸǋ=34Ā10-3 ʤ; ɸ=26Ā10-3 ʤ;  ɺǋ=16Ā10-3 ʤ;  

ɺ=8Ā10-3 ʤ; ʅ=4Ā10-3 ʤ; ʈʂ=80Ā10-3ʤ. 

 
ʈʠʩʫʥʦʢ 4.43 ï ɽʩʢʽʟ ʢʦʪʫʰʢʠ ʨʝʣʝ ʥʘ ʛʝʨʢʦʥʘʭ 
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5 ʅɸʇɯɺʇʈʆɺɯɼʅʀʂʆɺɯ (ʊɺɽʈɼʆʊɯʃʔʅɯ) ʈɽʃɽ 

 

ʋ ʚʩʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘʭ ʜʦʚʦʜʠʪʴʩʷ ʚʤʠʢʘʪʠ ʪʘ ʚʠʤʠʢʘʪʠ 

ʧʨʠʣʘʜʠ ʪʘ ʧʨʠʩʪʨʦʾ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʫʪʘʮʽʡʥʽ 

ʘʧʘʨʘʪʠ, ʷʢʠʤʠ ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʨʦʩʪʠʡ ʚʠʤʠʢʘʯ ʘʙʦ ʨʫʙʠʣʴʥʠʢ, ʪʘʢ 

ʽ ʨʝʣʝ, ʢʦʥʪʘʢʪʦʨʠ ʪʦʱʦ.  

ʊʚʝʨʜʦʪʽʣʴʥʝ ʨʝʣʝ ï ʮʝ ʧʨʠʩʪʨʽʡ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʘʭ ʽ ʩʠʣʦʚʠʭ ʢʣʶʯʘʭ, ʪʘʢʠʭ ʷʢ 

ʩʠʤʽʩʪʦʨʠ, ʙʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʘʙʦ ʪʨʘʥʟʠʩʪʦʨʠ ʄʆʇ. ɺ 

ʘʥʛʣʦʤʦʚʥʠʭ ʜʞʝʨʝʣʘʭ ʪʚʝʨʜʦʪʽʣʴʥ̔ ʨʝʣʝ ʥʘʟʠʚʘʶʪʴ SSR ʚʽʜ Solid 

State Relay. ʗʢ ʽ ʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʨʝʣʝ ʪʘ ʽʥʰʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʧʨʠʣʘʜʘʭ, ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟ 

ʙʽʣʴʰʦʶ ʥʘʧʨʫʛʦʶ ʘʙʦ ʩʪʨʫʤʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʣʦʛʦ ʩʠʛʥʘʣʫ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʨʝʣʝ ʫ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʥʝʤʘʻ 

ʢʦʪʫʰʢʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʥʝʤʘʻ ʨʫʭʦʤʦʾ ʢʦʥʪʘʢʪʥʦʾ ʛʨʫʧʠ. ʑʦ 

ʚʩʝʨʝʜʠʥʽ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ ʚʠ ʤʦʞʝʪʝ ʙʘʯʠʪʠ ʥʠʞʯʝ (ʨʠʩ. 5.1). 

ʋ ʥʴʦʤʫ, ʷʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʟʘʤʽʩʪʴ ʩʠʣʦʚʠʭ ʢʦʥʪʘʢʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʢʣʶʯʽ: ʪʨʘʥʟʠʩʪʦʨʠ, 

ʩʠʤʽʩʪʦʨʠ, ʪʠʨʠʩʪʦʨʠ ʪʘ ʽʥʰʽ ʟʘʣʝʞʥʦ ʚʽʜ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

(ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʬʦʪʦʛʨʘʬʽʾ).  

 

 
 

ʈʠʩʫʥʦʢ 5.1 ï ʂʦʥʩʪʨʫʢʮʽʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ [85, 91, 94] 

 

ʎʝ ʻ ʛʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʨʝʣʝ ʚʽʜ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʫ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʟʥʘʯʥʦ 

ʙʽʣʴʰʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ, ʦʩʢʽʣʴʢʠ ʥʝʤʘʻ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʩʫ 

ʢʦʥʪʘʢʪʥʦʾ ʛʨʫʧʠ, ʪʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽ ʰʚʠʜʢʦʜʽʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʨʝʣʝ ʚʠʱʘ, ʥʽʞ ʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ. ʂʨʽʤ 

ʚʽʜʩʫʪʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʥʝʤʘʻ ʽ ʽʩʢʦʨ ʘʙʦ ʜʫʛʠ ʧʨʠ 
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ʢʦʤʫʪʘʮʽʾ, ʷʢ ʽ ʟʚʫʢʽʚ ʚʽʜ ʫʜʘʨʽʚ ʢʦʥʪʘʢʪʽʚ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ. ʏʝʨʝʟ 

ʮʝ ʪʚʝʨʜʦʪʽʣʴʥʽ ʨʝʣʝ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ. 

ʇʝʨʝʚʘʛʠ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʻ ʪʘʢʠʤʠ:  

ï ʙʝʟʰʫʤʥʽʩʪʴ;  

ï ʾʭʥʻ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ ʙʣʠʟʴʢʦ 10 ʤʽʣʴʷʨʜʽʚ 
ʧʝʨʝʤʠʢʘʥʴ, ʱʦ ʚ 1000 ʽ ʙʽʣʴʰʝ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʨʝʩʫʨʩ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʨʝʣʝ, ʘʣʝ ʷʢʱʦ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʨʝʣʝ 

ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʥʘʧʨʫʛʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʪʨʘʰʥʽ, ʪʦ ʝʣʝʢʪʨʦʥʥʘ ʩʭʝʤʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʨʝʣʝ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ 

(ʷʢʱʦ ʥʝ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʩʭʝʤʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʦʙʤʝʞʝʥʥʷ 

ʮʠʭ ʽʤʧʫʣʴʩʽʚ), ʽ ʪʦʤʫ ʧʦʨʽʚʥʶʚʘʪʠ ʮʽ ʧʨʠʩʪʨʦʾ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʧʝʨʝʤʠʢʘʥʴ ʥʝ ʟʘʚʞʜʠ ʻ ʢʦʨʝʢʪʥʠʤ; 

ï ʰʚʠʜʢʦʜʽʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʨʝʣʝ ʩʪʘʥʦʚʠʪʴ ʯʘʩʪʢʠ ʪʘ 

ʦʜʠʥʠʮʽ ʤʽʣʽʩʝʢʫʥʜ, ʪʦʜʽ ʷʢ ʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜ 50 ʤʩ ʜʦ 1 ʩ;  

ï ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 95% ʥʠʞʯʝ, ʥʽʞ ʩʧʦʞʠʚʘʥʥʷ 

ʢʦʪʫʰʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʘʥʘʣʦʛʽʚ.  

ʆʜʥʘʢ ʮʽ ʧʣʶʩʠ ʧʨʠʢʨʠʚʘʻʪʴʩʷ ʥʠʟʢʦʶ ʥʝʜʦʣʽʢʽʚ:  

ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʨʝʣʝ ʛʨʽʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. ʋ ʪʝʧʣʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʜʦʨʽʚʥʶʻ ʤʥʦʞʝʥʥʶ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ 

ʥʘ ʩʠʣʦʚʦʤʫ ʢʣʶʯʽ (ʧʦʨʷʜʢʫ 2 ɺ) ʥʘ ʩʠʣʫ ʩʪʨʫʤʫ, ʷʢʠʡ ʯʝʨʝʟ ʥʴʦʛʦ 

ʧʨʦʪʽʢʘʻ;  

ï ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʪʘ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʥʷʭ ʻ ʚʠʩʦʢʘ 
ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʩʠʣʦʚʦʛʦ ʢʣʶʯʘ, ʪʦʤʫ ʱʦ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 10In ʧʨʦʪʷʛʦʤ 10 

ʤʩ ï ʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʤʝʨʝʞʽ ʟ ʯʘʩʪʦʪʦʶ 50 ɻʮ (ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ);  

ï ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʥʝ ʚʩʪʠʛʥʝ 

ʩʧʨʘʮʶʚʘʪʠ, ʧʝʨʰ ʥʽʞ ʨʝʣʝ ʚʠʡʜʝ ʟ ʣʘʜʫ ʧʨʠ ʂɿ;  

ï ʧʨʠ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʥʘʧʨʫʛʘʭ (ʩʪʨʠʙʢʠ ʥʘʧʨʫʛʠ) ï ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ ʤʦʞʝ ʟʘʢʽʥʯʠʪʴʩʷ ʤʠʪʪʻʚʦ;  

ï ʫ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ ʻ ʩʪʨʫʤ ʚʠʪʦʢʫ (ʜʦ 7é10 ʤɸ) ʫ 
ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʷʢʱʦ ʚʦʥʠ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʢʦʣʦ ʢʝʨʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʩʚʽʪʠʣʴʥʠʢʽʚ ï ʦʩʪʘʥʥʽ ʙʣʠʤʘʶʪʴ ʘʥʘʣʦʛʽʯʥʦ 

ʩʠʪʫʘʮʽʾ ʟ ʚʠʤʠʢʘʯʝʤ ʟ ʧʽʜʩʚʽʯʫʚʘʥʥʷʤ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʬʘʟʥʦʤʫ 

ʧʨʦʚʦʜʽ ʙʫʜʝ ʥʘʧʨʫʛʘ ʥʘʚʽʪʴ ʢʦʣʠ ʨʝʣʝ ʚʽʜʢʣʶʯʝʥʦ!  
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ʋ ʥʘʩʪʫʧʥʽʡ ʪʘʙʣʠʮʽ 5.1 ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ ʩʝʨʽʡ TSR (ʪʨʴʦʭʬʘʟʥʠʭ) ʪʘ SSR (ʦʜʥʦʬʘʟʥʠʭ) 

ʚʽʜ ʚʠʨʦʙʥʠʢʘ çFOTEKè (ʜʦ ʨʝʯʽ ʦʜʥʽ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ). ɺ 

ʧʨʠʥʮʠʧʽ, ʫ ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʮʽʾ ʙʫʜʫʪʴ 

ʩʭʦʞʠʤʠ ʘʙʦ ʪʘʢʠʤʠ ʞ.  

 
ʊʘʙʣʠʮʷ 5.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ çFOTEKè [91, 94] 

ʆʧʽʨ ʽʟʦʣʷʮʽʾ >50 ʄʆʤ/500ɺ DC 
ɽʣʝʢʪʨʠʯʥʘ ʤʽʮʥʽʩʪʴ 

ʽʟʦʣʷʮʽʾ ʚʭʽʜ/ʚʠʭʽʜ 
ɺʠʪʨʠʤʫʻ 2,5 ʢɺ ɸʉ ʧʨʦʪʷʛʦʤ 1 

ʭʚʠʣʠʥʠ 
ʉʪʨʫʤ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʅʝ ʙʽʣʴʰʝ 7.5 ʤɸ 
ʇʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ 
ɼʦ 10 ʥʦʤʽʥʘʣʴʥʠʭ ʩʪʨʫʤʽʚ ʧʨʦʪʷʛʦʤ 

10 ʤʩ 

ʄʝʪʦʜ ʢʦʤʫʪʘʮʽʾ 
ʇʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʥʫʣʴ (ʫ ʤʦʜʝʣʷʭ ʜʣʷ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ) ʘʙʦ ʤʠʪʪʻʚʦ ʯʝʨʝʟ 

ʦʧʪʨʦʥ (ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ) 
ɺʙʫʜʦʚʘʥʠʡ ʟʘʭʠʩʪ ʋ ʩʝʨʽʾ SSR-F ʻ ʟʤʽʥʥʠʡ ʟʘʧʦʙʽʞʥʠʢ 

 

ɺʠʜʠ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ:  

ï ʟʘ ʨʦʜʦʤ ʩʪʨʫʤʫ (ʧʦʩʪʽʡʥʠʡ ʯʠ ʟʤʽʥʥʠʡ);  

ï ʟʘ ʩʠʣʦʶ ʩʪʨʫʤʫ (ʤʘʣʦʧʦʪʫʞʥʽ, ʩʠʣʦʚʽ);  

ï ʟʘ ʩʧʦʩʦʙʦʤ ʤʦʥʪʘʞʫ;  

ï ʟʘ ʥʘʧʨʫʛʦʶ;  

ï ʟʘ ʢʽʣʴʢʽʩʪʶ ʬʘʟ;  

ï ʟʘ ʪʠʧʦʤ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ (ʧʦʩʪʽʡʥʠʤ ʘʙʦ ʟʤʽʥʥʠʤ 
ʩʪʨʫʤʦʤ, ʘʥʘʣʦʛʦʚʠʡ ʚʭʽʜ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʟʤʽʥʥʠʤ ʨʝʟʠʩʪʦʨʦʤ, ʚ 

ʢʦʣʦ 4é20 ʤɸ ʽ ʪ.ʽʥ.);  

ï ʟʘ ʪʠʧʦʤ ʧʝʨʝʤʠʢʘʥʥʷ ï ʢʦʤʫʪʘʮʽʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘʧʨʫʛʠ 

ʯʝʨʝʟ ʥʫʣʴ (ʫ ʣʘʥʮʶʛʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ), ʘʙʦ ʢʦʤʫʪʘʮʽʷ ʟʘ 

ʩʠʛʥʘʣʦʤ ʢʝʨʫʚʘʥʥʷ (ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ).  

ʆʪʞʝ, ʟʘ ʢʽʣʴʢʽʩʪʶ ʬʘʟ ʙʫʚʘʶʪʴ ʦʜʥʦ-ʽ ʪʨʠʬʘʟʥʽ ʨʝʣʝ. ɸ ʦʩʴ 

ʪʠʧʽʚ ʩʠʛʥʘʣʽʚ, ʱʦ ʢʝʨʫʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʠʩʪʨʦʶ ʪʚʝʨʜʦʪʽʣʴʥʽ ʨʝʣʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʝʨʦʚʘʥʠʤʠ ʷʢ ʧʦʩʪʽʡʥʦʶ, ʪʘʢ ʽ ʟʤʽʥʥʦʶ ʥʘʧʨʫʛʦʶ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʪʚʝʨʜʦʪʽʣʴʥʽ ʨʝʣʝ, ʷʢʽ ʢʝʨʫʶʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʥʘʧʨʫʛʦʶ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 3 ɺ ʜʦ 32 ɺ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʢʝʨʦʚʘʥʦʾ ʥʘʧʨʫʛʠ 

ʧʦʚʠʥʥʦ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘ ʥʝ ʙʫʪʠ ʨʽʚʥʦʶ ʷʢʦʤʫʩʴ 
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ʢʦʥʢʨʝʪʥʦʤʫ ʟʥʘʯʝʥʥʶ ʜʣʷ ʥʴʦʛʦ, ʱʦ ʜʫʞʝ ʟʨʫʯʥʦ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʚ 

ʩʠʩʪʝʤʠ ʟ ʨʽʟʥʦʶ ʥʘʧʨʫʛʦʶ.  
 

 
ʘ ʙ  

 

ʈʠʩʫʥʦʢ 5.2 ï ʂʦʥʩʪʨʫʢʮʽʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ ʜʣʷ ʤʦʥʪʘʞʫ ʥʘ 

ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ (ʘ) ʪʘ ʜʣʷ ʤʦʥʪʘʞʫ ʥʘ ʨʘʜʽʘʪʦʨ (ʙ) [91, 94] 

 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʨʝʣʝ, ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʷʢʠʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ:  

ï 4é20 ʤɸ;  

ï 0é10 ɺ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ;  

ï ʟʤʽʥʥʠʤ ʨʝʟʠʩʪʦʨʦʤ 470é560 ʢʆʤ.  

ʇʨʠ ʮʴʦʤʫ ʪʘʢʠʤʠ ʨʝʣʝ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʥʘ 

ʧʽʜʢʣʶʯʝʥʦʤʫ ʧʨʠʩʪʨʦʾ ʟʘ ʧʨʠʥʮʠʧʦʤ ʬʘʟʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʊʘʢʠʡ 

ʩʘʤʠʡ ʧʨʠʥʮʠʧ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʙʫʪʦʚʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ. ʋ ʪʘʙʣʠʮʽ 5.2 ʥʠʞʯʝ ʥʘʚʝʜʝʥʦ ʚʠʜʠ 

ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ ʽʟ ʬʘʟʦʚʠʤ ʤʝʪʦʜʦʤ 

ʢʝʨʫʚʘʥʥʷ ʚʽʜ ʢʦʤʧʘʥʽʾ IMPULS. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʦʩʪʘʥʥʽ ʣʽʪʝʨʠ 

ʤʘʨʢʫʚʘʥʥʷ (LA, VD, VA), ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʨʦʙʥʠʢʽʚ ʚʦʥʠ ʦʜʥʘʢʦʚʽ, 

ʽ ʛʦʚʦʨʷʪʴ ʩʘʤʝ ʧʨʦ ʪʠʧ ʩʠʛʥʘʣʫ.  

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʫ ʨʝʣʝ ʟ ʬʘʟʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʟʤʽʥʶʻʪʴʩʷ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ, ʱʦ 

ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʛʨʘʬʽʢʘʭ ʥʠʞʯʝ (ʨʠʩ. 5.3). ʈʦʟʧʽʟʥʘʪʠ ʪʘʢʝ ʨʝʣʝ 

ʤʦʞʥʘ ʟʘ ʫʤʦʚʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʙʽʣʷ ʚʭʽʜʥʠʭ ʢʣʝʤ, ʥʘʧʨʠʢʣʘʜ, ʥʘ 

ʬʦʪʦ ʥʠʞʯʝ ʚʠʜʥʦ, ʱʦ ʜʦ ʚʭʦʜʫ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʟʤʽʥʥʠʡ ʨʝʟʠʩʪʦʨ 

470-560 ʢʆʤ (ʨʠʩ. 5.4, ʘ). ʊʘʢʦʞ ʻ ʪʚʝʨʜʦʪʽʣʴʥʽ ʨʝʣʝ ʟ ʩʠʛʥʘʣʦʤ 

ʢʝʨʫʚʘʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 220 ɺ, ʷʢ ʪʘʢʦʞ ʟʦʙʨʘʞʝʥʦ 

ʥʠʞʯʝ (ʨʠʩ. 5.4, ʙ). ɺʦʥʠ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʟʘʤʽʥʘ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʢʦʥʪʘʢʪʦʨʽʚ ʘʙʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʨʝʣʝ.  
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ʊʘʙʣʠʮʷ 5.2 ï ɺʠʜʠ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ ʟ 

ʬʘʟʦʚʠʤ ʤʝʪʦʜʦʤ ʢʝʨʫʚʘʥʥʷ ʚʽʜ ʢʦʤʧʘʥʽʾ IMPULS [58, 91, 94] 

ɺʠʭʽʜʥʘ 

ʥʘʧʨʫʛʘ 

ɸʥʘʣʦʛʦʚʠ

ʡ ʩʠʛʥʘʣ 

ʅʦʤʽʥʘʣʴʥʠʡ ʢʦʤʫʪʫʻʤʠʡ ʩʪʨʫʤ 

10 ɸ 25 ɸ 40 ɸ 

380 ɺ 

ɸʉ ʬʘʟʥʝ 
ʢʝʨʫʚʘʥʥʷ 

4é20 ʤɸ 
GDH1038 

LA 

GDH2538 

LA 

GDH4038 

LA 

0é10 ɺ 

DC 

GDH1038 

VD 

GDH2538 

VD 

GDH4038 

VD 

470é560 

ʢʆʄ 

GDH1038 

VA 

GDH2538 

VA 

GDH4038 

VA 

ɺʠʭʽʜʥʘ 

ʥʘʧʨʫʛʘ 

ɸʥʘʣʦʛʦʚʠ

ʡ ʩʠʛʥʘʣ 

ʅʦʤʽʥʘʣʴʥʠʡ ʢʦʤʫʪʫʻʤʠʡ ʩʪʨʫʤ 

60 A 80 A 100 A 120 A 

380 ɺ 
ɸʉ ʬʘʟʥʝ 

ʢʝʨʫʚʘʥʥʷ 

4é20 ʤɸ 
GDH6038 

LA 
GDH8038 

LA 
GDH10038 

LA 
GDH12038 

LA 

1é10 ɺ 

DC 

GDH6038 

VD 

GDH8038 

VD 

GDH10038 

VD 

GDH12038 

VD 

470é560 
ʢʆʄ 

GDH6038 
VA 

GDH8038 
VA 

GDH10038 
VA 

GDH12038 
VA 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ çʬʘʟʥʦʩʪʽè ʨʝʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʤʚʦʣʠ ʥʘ 

ʧʦʯʘʪʢʫ ʤʘʨʢʫʚʘʥʥʷ: SSR ï ʦʜʥʦʬʘʟʥʽ; TTR ï ʪʨʠʬʘʟʥʽ. ʑʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦ ʦʜʥʦʧʦʣʶʩʥʠʤ ʪʘ ʪʨʠʧʦʣʶʩʥʠʤ ʢʦʤʫʪʘʮʽʡʥʠʤ 

ʧʨʠʣʘʜʘʤ. ʗʢʱʦ ʚ ʤʘʨʢʫʚʘʥʥʽ ʻ ʙʫʢʚʘ H ï ʮʝ ʨʝʣʝ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ 

ʢʦʤʫʪʘʮʽʾ ʧʽʜʚʠʱʝʥʦʾ ʥʘʧʨʫʛʠ. 

ʋ ʤʘʨʢʫʚʘʥʥʽ ʜʘʥʽ ʧʨʦ ʪʠʧ ʢʝʨʫʚʘʥʥʷ ʚʢʘʟʘʥʽ ʚ ʦʩʪʘʥʥʽʭ 

ʩʠʤʚʦʣʘʭ, ʚʦʥʠ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʘʣʝ 

ʥʘʡʯʘʩʪʽʰʝ ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ ʽ ʟʥʘʯʝʥʥʷ (ʜʘʥʽ ʟʽʙʨʘʥʽ ʟʘ ʨʽʟʥʠʤʠ 

ʚʠʨʦʙʥʠʢʘʤʠ):  

ï VA ï ʟʤʽʥʥʠʡ ʨʝʟʠʩʪʦʨ 470é560 ʢʆʤ/2ɺʪ (ʬʘʟʦʚʝ 

ʢʝʨʫʚʘʥʥʷ); 

ï LA ï ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ 4é20 ʤɸ (ʬʘʟʦʚʝ ʢʝʨʫʚʘʥʥʷ);  

ï VD ï ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ 0é10 ɺ DC (ʬʘʟʦʚʝ ʢʝʨʫʚʘʥʥʷ);  

ï ZD ï ʢʝʨʫʚʘʥʥʷ 10é30 ɺ DC (ʢʦʤʫʪʘʮʽʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ 

ʥʫʣʴ);  

ï ZD3 ï ʢʝʨʫʚʘʥʥʷ 3é32 ɺ DC (ʢʦʤʫʪʘʮʽʷ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ 

ʯʝʨʝʟ ʥʫʣʴ);  

ï ZA2 ï ʢʝʨʫʚʘʥʥʷ 70é280 ɺ AC (ʢʦʤʫʪʘʮʽʷ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʯʝʨʝʟ ʥʫʣʴ);  
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ï DD3 ï ʢʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʦʤ 3é32 ɺ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʢʦʣʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʢʦʤʫʪʘʮʽʷ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ);  

ï DA ï ʢʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʢʦʤʫʪʘʮʽʷ 

ʢʦʣʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ;  

ï AA ï ʢʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʦʤ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ (220 ɺ), 

ʢʦʤʫʪʘʮʽʷ ʢʦʣʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

 

 
ʈʠʩʫʥʦʢ 5.3 ï  ɻʨʘʬʽʢʠ ʬʘʟʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʝʣʝ ʩʠʛʥʘʣʦʤ ʥʘʧʨʫʛʠ 

DC (ʘ) ʪʘ ʩʠʛʥʘʣʦʤ ʩʪʨʫʤʫ DC  (ʙ)   

 

ʇʝʨʝʚʽʨʠʤʦ ʮʝ ʥʘ ʧʨʘʢʪʠʮʽ, ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʠ ʟʽʪʢʥʫʣʠʩʷ ʟ 

ʪʘʢʠʤ ʚʠʨʦʙʦʤ ʷʢ ʥʘ ʨʠʩʫʥʢʫ ʥʠʞʯʝ, ʽ ʭʦʯʝʪʝ ʜʽʟʥʘʪʠʩʷ, ʱʦ ʚʦʥʦ 

ʪʘʢʝ ʻ. ʗʢʱʦ ʫʚʘʞʥʦ ʚʠʚʯʠʪʠ ʥʘʧʠʩʠ ʙʽʣʷ ʢʣʝʤ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʧʨʦʚʦʜʽʚ ʚʞʝ ʩʪʘʥʝ ʷʩʥʦ, ʱʦ ʮʝ ʨʝʣʝ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʢʦʣʘʤʠ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʚʽʜ 90 ɺ ʜʦ 480 ɺ, ʧʨʠ ʮʴʦʤʫ ʢʝʨʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʟ ʥʘʧʨʫʛʦʶ ʚʽʜ 80 ɺ ʜʦ 250 ɺ 

(ʨʠʩ. 5.5). 
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ʈʠʩʫʥʦʢ 5.4 ï ʊʚʝʨʜʦʪʽʣʴʥʽ ʨʝʣʝ Fotek [85, 91, 94]: 
 

ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʟʤʽʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ 470-560 ʢʆʤ (ʘ) ʪʘ ʟ ʩʠʛʥʘʣʦʤ 

ʢʝʨʫʚʘʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 220ɺ (ʙ) 

  

ʗʢʱʦ ʚʠʜʥʦ ʪʽʣʴʢʠ ʪʘʢʝ ʤʘʨʢʫʚʘʥʥʷ, ʪʦ: çSSRè ï ʦʜʥʦʬʘʟʥʝ; 

10 ï ʥʦʤʽʥʘʣʴʥʘ ʩʠʣʘ ʩʪʨʫʤʫ 10 ɸ; çɸɸè ï ʢʝʨʫʚʘʥʥʷ ʟʤʽʥʥʠʤ 

ʩʪʨʫʤʦʤ, ʢʦʤʫʪʘʮʽʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ; çHè ï ʜʣʷ ʢʦʤʫʪʘʮʽʾ 

ʧʽʜʚʠʱʝʥʦʾ ʥʘʧʨʫʛʠ ʚ ʩʠʣʦʚʦʤʫ ʢʦʣʽ ï ʜʦ 480 ɺ (ʷʢʙʠ H ʥʝ ʙʫʣʦ, 

ʪʦ ʙʫʣʦ ʙ ʜʦ 380é400 ɺ). ɺʥʫʪʨʽʰʥʷ ʩʭʝʤʘ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘ ʷʢʠʡ ʩʪʨʫʤ ʚʦʥʦ ʨʦʟʨʘʭʦʚʘʥʝ (ʧʦʩʪʽʡʥʠʡ ʘʙʦ 

ʟʤʽʥʥʠʡ) ʽ ʚʠʜʫ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʥʠʤ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʟ ʥʠʭ.  

 

 
 

ʈʠʩʫʥʦʢ 5.5 ï ʄʘʨʢʫʚʘʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ [85, 91] 
 

ʇʦʯʥʝʤʦ ʟ ʨʝʣʝ, ʷʢʝ ʢʝʨʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʪʘ 

ʢʦʤʫʪʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʥʫʣʴ. ɯʥʦʜʽ ʾʭ ʥʘʟʠʚʘʶʪʴ 

çʪʚʝʨʜʦʪʽʣʴʥʝ ʨʝʣʝ Z-ʪʠʧʫè. 
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ʈʠʩʫʥʦʢ 5.6 ï ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ Z-ʪʠʧʫ [91] 

 

ʊʫʪ ʢʦʥʪʘʢʪʥʽ ʪʦʯʢʠ 3-4 ï ʮʝ ʚʭʽʜ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ, ʚ ʷʢʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʦʧʘʨʠ, ʷʢʘ ʩʣʫʞʠʪʴ 

ʜʣʷ ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʦʟʚ'ʷʟʢʠ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʣʘʥʮʶʛʽʚ. ɹʣʦʢ 

ʢʦʥʪʨʦʣʶ ʧʝʨʝʭʦʜʫ ʯʝʨʝʟ 0, ʘʙʦ ʷʢ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ Zero Cross 

Circuit, ï ʚʽʜʩʪʝʞʫʻ ʬʘʟʫ ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʽ ʢʦʣʠ ʚʦʥʦ 

ʧʝʨʝʭʦʜʠʪʴ ʯʝʨʝʟ ʥʫʣʴ ʚʠʨʦʙʣʷʻ ʢʦʤʫʪʘʮʽʶ ʣʘʥʮʶʛʘ (ʚʢʣʶʯʝʥʥʷ 

ʘʙʦ ʚʽʜʢʣʶʯʝʥʥʷ).  

 
 

ʈʠʩʫʥʦʢ 5.7 ï ʂʝʨʫʚʘʥʥʷ Zero Voltage Switch ʨʝʟʠʩʪʠʚʥʠʤ, 

ʻʤʥʽʩʥʠʤ ʪʘ ʽʥʜʫʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ [85] 

 

ʊʘʢʠʡ ʩʧʦʩʽʙ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ Zero Voltage Switch, ʚʽʥ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʢʠʜʢʠ ʩʪʨʫʤʫ ʧʨʠ ʚʢʣʶʯʝʥʥʽ (ʦʩʢʽʣʴʢʠ ʥʘʧʨʫʛʘ 

ʚ ʮʝʡ ʤʦʤʝʥʪ ʜʦʨʽʚʥʶʻ ʥʫʣʶ) ʽ ʩʧʣʝʩʢʠ ɽʈʉ-ʩʘʤʦʽʥʜʫʢʮʽʾ ʧʨʠ 

ʚʽʜʢʣʶʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʨʝʟʠʩʪʠʚʥʠʤ, ʻʤʥʽʩʥʠʤ ʪʘ ʽʥʜʫʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʅʝ 
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ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʚʠʩʦʢʦʽʥʜʫʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ (ʧʨʠ 

cos ű < 0.5), ʪʘʢʠʡ ʷʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ. ʊʘʢʦʞ 

ʮʝʡ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʥʝ ʚʥʦʩʠʪʴ ʧʝʨʝʰʢʦʜ ʫ ʤʝʨʝʞʫ ʞʠʚʣʝʥʥʷ ʧʨʠ 

ʧʝʨʝʤʠʢʘʥʥʷʭ. ʅʠʞʯʝ ʚʠ ʙʘʯʠʪʝ ʝʧʶʨʠ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ, 

ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʪʘ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ 

ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ. 

ʉʭʝʤʘʪʠʯʥʦ ʮʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (ʨʠʩ. 5.8). 

 

 
ʈʠʩʫʥʦʢ 5.8 ï ʊʚʝʨʜʦʪʽʣʴʥʝ ʨʝʣʝ Siemens V23103-S2232-B302 [85, 91] 
 

ʊʫʪ ʥʘʧʨʫʛʘ ʚʽʜ ʤʝʨʝʞʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʙʣʦʢ ʽʟ ʩʠʤʽʩʪʦʨʦʤ ʪʘ 

ʙʣʦʢʦʤ, ʷʢʠʡ ʚʽʜʩʪʝʞʫʻ ʧʝʨʝʭʽʜ ʯʝʨʝʟ ʥʫʣʴ. ɽʣʝʤʝʥʪʠ Q1, R3, R4, 

R5, C4 ʧʨʠ ʚʠʩʦʢʽʡ ʥʘʧʨʫʟʽ ʙʣʦʢʫʶʪʴ ʚʽʜʢʨʠʪʪʷ ʪʠʨʠʩʪʦʨʘ VD3, 

ʷʢʠʡ ʢʝʨʫʻ ʩʠʣʦʚʠʤ ʩʠʤʽʩʪʦʨʦʤ VD4.  

 

 
ʈʠʩʫʥʦʢ 5.9 ï ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʨʝʣʝ ʤʠʪʪʻʚʦʛʦ ʚʢʣʶʯʝʥʥʷ ʽʟ 

ʩʠʤʽʩʪʨʦʤ [91] 

 

ʊʦʜʽ ʢʦʤʫʪʘʮʽʷ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʧʨʠ ʥʘʧʨʫʟʽ ʚ ʤʝʨʝʞʽ ʙʣʠʟʴʢʦ 

ʜʦ ʥʫʣʷ. ɺʭʽʜʥʠʡ ʣʘʥʮʶʛ ʚʠʢʦʥʘʥʠʡ ʥʘ U1 ï ʪʨʘʥʟʠʩʪʦʨʥʽʡ 
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ʦʧʪʦʧʘʨʽ, ʷʢʘ ʧʦʜʘʻ ʩʠʛʥʘʣ ʥʘ ʢʝʨʫʶʯʠʡ ʝʣʝʢʪʨʦʜ ʜʨʘʡʚʝʨʘ 

ʩʠʤʽʩʪʦʨʘ VD3, ʯʝʨʝʟ Q2. ʈʝʣʝ ʤʠʪʪʻʚʦʛʦ ʚʢʣʶʯʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʜʝʱʦ ʽʥʘʢʰʝ, ʥʽʞ ʨʝʣʝ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʥʫʣʴ. ɺ 

ʥʠʭ ʚʽʜʩʫʪʥʽʡ ʢʘʩʢʘʜ ZCC. ʇʨʠ ʢʝʨʫʚʘʥʥʽ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʩʭʝʤʘ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʣʠʰʝ ʥʘʷʚʥʽʩʪʶ ʥʘ ʚʭʦʜʽ ʚʠʧʨʷʤʣʷʯʘ (ʜʽʦʜʥʦʛʦ 

ʤʦʩʪʘ).  

ɸ ʧʨʠ ʢʦʤʫʪʘʮʽʾ ʢʽʣ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʩʠʤʽʩʪʦʨ ʟʘʤʽʥʶʶʪʴ 

ʪʨʘʥʟʠʩʪʦʨʦʤ.  

 
 

ʈʠʩʫʥʦʢ 5.10 ï ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʨʝʣʝ DC-DC ʤʠʪʪʻʚʦʛʦ ʚʢʣʶʯʝʥʥʷ 

ʽʟ ʪʨʘʥʟʠʩʪʦʨʦʤ [85] 

 

ʊʘʢʦʞ ʻ ʫʥʽʚʝʨʩʘʣʴʥʽ ʨʝʣʝ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, 

ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʙʦʨʢʠ ʟ ʪʨʘʥʟʠʩʪʦʨʽʚ. ɿʘʛʘʣʦʤ ʻ ʙʝʟʣʽʯ ʩʭʝʤ 

ʚʠʭʽʜʥʠʭ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʢʘʩʢʘʜʽʚ ʨʝʣʝ, ʥʠʞʯʝ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ 

ʩʭʝʤʦʪʝʭʥʽʢʠ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʚʽʜ ʪʘʢʦʛʦ ʚʠʨʦʙʥʠʢʘ, ʷʢ International 

Rectifier [92]. 

ʈʝʣʝ ʟ ʬʘʟʦʚʠʤ ʤʝʪʦʜʦʤ ʢʝʨʫʚʘʥʥʷ ʚʤʽʻ ʨʝʛʫʣʶʚʘʪʠ 

ʧʦʪʫʞʥʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ), ʜʣʷ ʮʴʦʛʦ ʥʘ ʚʭʽʜ 

ʧʦʜʘʶʪʴ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ï ʥʘʧʨʫʛʫ, ʩʪʨʫʤ ʘʙʦ ʧʽʜʢʣʶʯʘʶʪʴ 

ʟʤʽʥʥʠʡ ʦʧʽʨ. ʗʢ ʩʠʣʦʚʠʡ ʝʣʝʤʝʥʪ ʪʫʪ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʠʨʠʩʪʦʨ. 

ɸʣʝ ʯʝʨʝʟ ʪʘʢʠʡ ʩʧʦʩʽʙ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʝʨʝʰʢʦʜʠ ʚ 

ʤʝʨʝʞʽ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʨʝʞʝʚʽ ʬʽʣʴʪʨʠ ʟ 

ʩʠʥʬʘʟʥʠʤʠ ʜʨʦʩʝʣʷʤʠ. ʅʘʩʧʨʘʚʜʽ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ 

ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ ʤʘʡʞʝ ʥʽʯʠʤ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ.  

ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʟʘʤʽʥʠʪʠ ʟʚʠʯʘʡʥʝ ʨʝʣʝ 220 ɺ ʟ ʢʝʨʫʚʘʥʥʷʤ ʚʽʜ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 220 ɺ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʭʝʤʫ ʥʘ 

ʧʨʠʢʣʘʜʽ LDG LDSSR-10AA-H, ʪʦʙʪʦ ʧʽʜʢʣʶʯʝʥʥʷ ʯʝʨʝʟ 

ʟʚʠʯʘʡʥʠʡ ʚʠʤʠʢʘʯ ʘʙʦ ʪʫʤʙʣʝʨ (ʨʠʩ. 5.12). 
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ʈʠʩʫʥʦʢ 5.11 ï ʇʨʠʢʣʘʜʠ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ  

ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ ʚʠʨʦʙʥʠʢʘ International Rectifier [91] 

 

ʉʠʛʥʘʣ ʫʚʽʤʢʥʝʥʥʷ ʤʦʞʝ ʧʦʜʘʚʘʪʠʩʷ ʚʽʜ ʪʝʨʤʦʩʪʘʪʘ, 

ʨʝʛʫʣʷʪʦʨʘ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʢʝʨʫʚʘʪʠ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʥʠʟʴʢʦʚʦʣʴʪʥʦʛʦ ʩʠʛʥʘʣʫ ʢʦʣʦʤ 220 ɺ, ʪʦ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ FOTEK HPR-80AA. 
 

 
 

ʈʠʩʫʥʦʢ 5.12  ï  ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ ʜʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [91] 

 

ʋ ʮʽʡ ʩʭʝʤʽ ʟʘ ʜʞʝʨʝʣʦ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʦʢ ʞʠʚʣʝʥʥʷ 12 ɺ DC, ʷʢʽ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ 

ʷʢ ʙʣʦʢʠ ʞʠʚʣʝʥʥʷ ʜʣʷ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʩʪʨʽʯʦʢ.  

 

 
 

ʈʠʩʫʥʦʢ 5.13  ï ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʨʝʣʝ FOTEK HPR-80AA 

ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [91] 

 

ɸʣʝ ʥʘʚʽʪʴ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʪʘʢʠʤ ʪʚʝʨʜʦʪʽʣʴʥʠʤ ʨʝʣʝ, 

ʧʦʜʘʚʰʠ ʥʘ ʚʭʽʜ ʥʘʧʨʫʛʫ ʚʽʜ ʟʘʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʙʽʣʴʥʦʛʦ 

ʪʝʣʝʬʦʥʫ, ʘʜʞʝ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ 5 ɺ, ʱʦ ʙʽʣʴʰʝ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚ 3 ɺ. ʂʨʽʤ ʪʦʛʦ ʥʘʧʨʫʛʫ ʢʝʨʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʚʽʜʢʣʶʯʘʪʠ 

ʧʦʚʥʽʩʪʶ, ʪʦʤʫ ʱʦ ʫ ʢʦʞʥʦʛʦ ʨʝʣʝ ʻ ʧʝʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʨʠ ʷʢʠʭ 

ʚʦʥʦ ʧʨʘʮʶʻ (ʥʘʧʨʠʢʣʘʜ, ʫ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʥʘʧʨʫʛʘ ʚʽʜʢʣʶʯʝʥʥʷ 

ï ʧʦʨʷʜʢʫ 1 ɺ), ʘ ʩʧʨʘʮʶʚʘʪʠ ʚʦʥʦ ʤʦʞʝ ʥʝ ʧʨʠ 3 ɺ ʥʦʤʽʥʘʣʴʥʦʾ 
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ʥʘʧʨʫʛʠ, ʘ ʚʞʝ ʧʨʠ 2,5 ɺ (ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʫʩʝʨʝʜʥʝʥʽ, ʥʘʧʨʠʢʣʘʜ, ʽ 

ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘʣʝʞʥʦ ʷʢ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʫ, ʘʣʝ ʡ 

ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʤʦʥʪʘʞʫ). 

ʆʜʥʘʢ ʪʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ 

ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʝʤʦʞʣʠʚʝ ʙʝʟ 

ʦʭʦʣʦʜʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʩʠʚʥʝ (ʧʨʦʩʪʠʡ 

ʨʘʜʽʘʪʦʨ) ʘʙʦ ʘʢʪʠʚʥʝ ʦʭʦʣʦʜʞʝʥʥʷ (ʨʘʜʽʘʪʦʨ+ʢʫʣʝʨ). 

 

 
 
ʈʠʩʫʥʦʢ 5.14  ï  ʆʭʦʣʦʜʞʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ [85, 91] 

 

ʊʚʝʨʜʦʪʽʣʴʥʽ ʨʝʣʝ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʟʘʤʽʥʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ. ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʚ ʧʦʙʫʪʽ ʻ ʟʘʤʽʥʘ ʢʦʥʪʘʢʪʦʨʘ ʚ ʝʣʝʢʪʨʦʢʦʪʣʽ, ʯʝʨʝʟ ʡʦʛʦ 

ʛʫʯʥʠʡ ʭʣʦʧʦʢ ʧʨʠ ʚʢʣʶʯʝʥʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʽ ʚʢʣʶʯʝʥʥʷ ʊɽʅʽʚ 

ʩʪʘʥʝ ʙʝʟʰʫʤʥʠʤ.  

 
 

ʈʠʩʫʥʦʢ 5.15  ï  ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʨʝʛʫʣʷʪʦʨʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʦʜʥʦʬʘʟʥʦʛʦ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʨʝʣʝ [94] 

 

ɸ ʪʘʢʦʞ ʨʝʘʣʽʟʘʮʽʷ ʨʽʟʥʠʭ ʧʦʪʫʞʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʧʦʪʫʞʥʦʩʪʽ 

ʜʣʷ ʪʠʭ ʩʘʤʠʭ ʊɽʅʽʚ ʪʘ ʽʥʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʝʣʝ 

ʪʚʝʨʜʦʪʽʣʴʥʝ ʟ ʘʥʘʣʦʛʦʚʠʤ ʚʭʦʜʦʤ ʩʠʛʥʘʣʫ ʚʽʜ ʟʤʽʥʥʦʛʦ ʦʧʦʨʫ (ʪʠʧ 
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VA). ʎʽ ʨʝʣʝ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʨʽʟʥʠʭ ʟʘʩʦʙʘʭ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʜʦ ʪʦʛʦ ʞ ʚʦʥʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʭʽʙʘ 

ʱʦ ʯʠʱʝʥʥʷ ʨʘʜʽʘʪʦʨʽʚ ʚʽʜ ʧʠʣʫ), ʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʤʦʞʥʘ ʩʢʘʟʘʪʠ 

ʥʝʦʙʤʝʞʝʥʠʡ. ɺʦʥʠ ʧʨʦʩʣʫʞʘʪʴ ʫ ʨʘʟʠ ʜʦʚʰʝ ʢʦʥʪʘʢʪʦʨʽʚ ʟʘ 

ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʧʝʨʝʛʨʽʚʫ, ʂɿ ʪʘ ʽʤʧʫʣʴʩʥʠʭ 

ʧʝʨʝʥʘʧʨʫʛ. 

ʉʬʝʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ ʜʦʩʠʪʴ ʚʝʣʠʢʘ. ʏʝʨʝʟ 

ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʚ ʨʝʛʫʣʷʨʥʦʤʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʾʭ ʯʘʩʪʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʞ ʩʬʝʨʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊʊʈ ʻ:  

- ʩʠʩʪʝʤʘ ʪʝʨʤʦʨʝʛʫʣʷʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʊɽʅʽʚ;  

- ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ;  

- ʢʦʥʪʨʦʣʴ ʨʦʙʦʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ;  

- ʨʝʛʫʣʶʚʘʥʥʷ ʦʩʚʽʪʣʝʥʥʷ;  

- ʩʭʝʤʠ ʜʘʪʯʠʢʽʚ ʨʫʭʫ, ʦʩʚʽʪʣʝʥʥʷ, ʬʦʪʦʜʘʪʯʠʢʽʚ ʜʣʷ 

ʚʫʣʠʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʪʦʱʦ;  

- ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ; ʜʞʝʨʝʣʘ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ 

ʞʠʚʣʝʥʥʷ.  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ʪʚʝʨʜʦʪʽʣʴʥʽ 

ʨʝʣʝ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʧʦʩʪʽʡʥʦ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʩʬʝʨʠ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ https://www.youtube.com/watch?v=gvAGGug_PFM  

 

5.1 ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ 

 

5.1.1. ʋ ʯʦʤʫ ʨʽʟʥʠʮʷ ʤʽʞ ʪʚʝʨʜʦʪʽʣʴʥʠʤʠ ʨʝʣʝ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʨʝʣʝ (SSR ʪʘ EMR)? 

5.1.2. ʏʦʤʫ ʚʠʙʠʨʘʶʪʴ ʪʚʝʨʜʦʪʽʣʴʥʽ ʨʝʣʝ? 

5.1.3. ʗʢʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ? 

5.1.4. ʗʢʽ ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʊʊʈ? 

5.1.5. ʑʦ ʪʘʢʝ ʥʦʨʤʘʣʴʥʦ-ʚʽʜʢʨʠʪʘ ʩʭʝʤʘ, ʟʽ ʟʚ'ʷʟʘʥʠʤ 

ʢʦʥʪʫʨʦʤ, ʥʦʨʤʘʣʴʥʦ-ʟʘʢʨʠʪʘ, ʪʨʠʬʘʟʥʘ ʪʘ  ʨʝʚʝʨʩʠʚʥʘ ʩʭʝʤʠ? 

5.1.6 ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʣʝ. 

  

https://www.youtube.com/watch?v=gvAGGug_PFM
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6 ʂʆʅʊɸʂʊʆʈʀ ʊɸ ʄɸɻʅɯʊʅɯ ʇʋʉʂɸʏɯ 

 

6.1. ʇʨʠʩʪʨʦʾ ʢʦʥʪʘʢʪʦʨʽʚ ʪʘ ʧʫʩʢʘʯʽʚ, ʾʭ ʚʽʜʤʽʥʥʦʩʪʽ  

 

ʂʦʥʪʘʢʪʦʨʠ ʪʘ ʧʫʩʢʘʯʽ ï ʮʝ ʩʧʝʮʽʘʣʴʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʧʨʠʩʪʨʦʾ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʦʙ'ʻʢʪʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ 

ʘʧʘʨʘʪʽʚ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʜʠʩʪʘʥʮʽʡʥʝ ʧʽʜʢʣʶʯʝʥʥʷ, ʟʫʧʠʥʝʥʥʷ 

ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʚʦʜʽʚ ʨʽʟʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʷʢ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʠʧʫ, ʪʘʢ ʽ ʜʝʷʢʦʛʦ ʧʦʙʫʪʦʚʦʛʦ [74 ,76, 86-90, 92].  

ʉʧʽʣʴʥʠʤ ʤʽʞ ʢʦʥʪʘʢʪʦʨʦʤ ʽ ʧʫʩʢʘʯʝʤ ʻ ʪʝ, ʱʦ ʚʦʥʠ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʢʽʣ, ʷʢ ʧʨʘʚʠʣʦ, ʩʠʣʦʚʠʭ. ʊʦʤʫ 

ʢʦʥʪʘʢʪʦʨʠ ʪʘ ʧʫʩʢʘʯʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʽʚ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʚʦʜʫ/ʚʠʚʦʜʫ ʩʪʫʧʝʥʽʚ ʦʧʦʨʽʚ, ʷʢʱʦ 

ʮʝʡ ʧʫʩʢ ʻ ʨʝʦʩʪʘʪʥʠʤ.  

ɯ ʢʦʥʪʘʢʪʦʨʠ (ʷʢ ʧʦʩʪʽʡʥʦʛʦ, ʪʘʢ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ), ʽ ʧʫʩʢʘʯʽ 

ʢʨʽʤ ʩʠʣʦʚʠʭ ʢʦʥʪʘʢʪʽʚ ʦʙʦʚ'ʷʟʢʦʚʦ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʭʦʯʘ ʙ 

ʦʜʥʫ (ʘ ʥʘʡʯʘʩʪʽʰʝ ï ʜʘʣʝʢʦ ʥʝ ʦʜʥʫ) ʧʘʨʫ ʢʦʥʪʘʢʪʽʚ ʜʣʷ ʢʦʣʘ 

ʢʝʨʫʚʘʥʥʷ: ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʫ (NC) ʘʙʦ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʫ 

(NO). ɿʘ ʮʽʻʶ ʦʟʥʘʢʦʶ ʢʦʥʪʘʢʪʦʨʠ ʪʘ ʧʫʩʢʘʯʽ ʩʭʦʞʽ. ɸ ʯʠʤ ʚʦʥʠ 

ʚʩʝ ʞ ʪʘʢʠ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ? ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʤʝʥʢʣʘʪʫʨʠ ʙʘʛʘʪʴʤʘ 

ʪʦʨʛʦʚʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʥʘʟʠʚʘʶʪʴʩʷ 

çʤʘʣʦʛʘʙʘʨʠʪʥʠʤʠ ʢʦʥʪʘʢʪʦʨʘʤʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫè. ʊʦ, ʤʦʞʣʠʚʦ, 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ ʫ ʢʦʤʧʘʢʪʥʦʩʪʽ ʧʫʩʢʘʯʘ? ʊʨʠʧʦʣʶʩʥʠʡ 

ʢʦʥʪʘʢʪʦʨ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘ 160 ɸ ʜʦʩʠʪʴ ʚʘʞʢʠʡ, ʘ ʧʫʩʢʘʯ ï 

ʙʽʣʴʰ ʣʝʛʢʠʡ ʘʧʘʨʘʪ, ʱʝ ʡ ʙʽʣʴʰ ʢʦʤʧʘʢʪʥʠʡ. ɼʦ ʪʦʛʦ ʞ, ʪʨʝʙʘ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢ ʟʚʘʥʽ çʩʣʘʙʦʪʦʯʥʽè ʢʦʥʪʘʢʪʦʨʠ, ʥʘʧʨʠʢʣʘʜ, ʥʘ 

10 ɸ, ʧʨʦʩʪʦ ʥʝ ʚʠʧʫʩʢʘʶʪʴ. ʊʦʤʫ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʢʽʣ ʥʘ ʥʝʚʝʣʠʢʽ 

ʩʪʨʫʤʠ ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʢʣʶʯʥʦ ʧʫʩʢʘʯʽ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʦʚʩʽʤ ʥʝʚʝʣʠʢʠʤʠ ʨʦʟʤʽʨʘʤʠ. ʆʪʦʞ, ʛʘʙʘʨʠʪʠ 

ʧʨʠʩʪʨʦʾʚ ï ʮʝ ʩʧʨʘʚʜʽ ʚʘʞʣʠʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʢʦʥʪʘʢʪʦʨʘʤʠ 

ʪʘ ʧʫʩʢʘʯʘʤʠ (ʜʠʚ. ʨʠʩ. 6.1 ʪʘ 6.2).  

ɿʘʜʣʷ ʽʣʶʩʪʨʘʮʽʾ ʮʴʦʛʦ ʪʚʝʨʜʞʝʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʢʦʥʪʘʢʪʦʨ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʂʊ- 6023 160ɸ 220 ɺ 3NO+3NC ʚʠʨʦʙʥʠʮʪʚʘ 

EKF PROxima [86] (ʨʠʩ. 6.1), ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʨʦʙʦʪʠ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ, ʘ ʩʘʤʝ: 

- ʧʽʜʡʦʤʥʽ ʤʝʭʘʥʽʟʤʠ ï ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʬʘʟʦʶ;  
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- ʝʩʢʘʣʘʪʦʨʠ;  

- ʚʫʣʠʯʥʝ ʦʩʚʽʪʣʝʥʥʷ;  

- ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ. 

ʂʦʥʪʘʢʪʦʨ ʤʘʻ ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ: 

- ʥʦʤʽʥʘʣʴʥʘ ʨʦʙʦʯʘ ʧʦʪʫʞʥʽʩʪʴ ï 48 ʢɺʪ; 

- ʥʦʤʽʥʘʣʴʥʘ. ʧʦʪʫʞʥʽʩʪʴ ʢʦʤʫʪʘʮʽʾ ʧʨʠ AC-3, 400 ɺ ï 

66 ʢɺʪ; 

- ʢʽʣʴʢʽʩʪʴ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʭ (NO) ʩʠʣʦʚʠʭ 

ʢʦʥʪʘʢʪʽʚ ï 3;  

- ʢʽʣʴʢʽʩʪʴ ʜʦʧʦʤʽʞʥʠʭ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʭ (NO) 

ʢʦʥʪʘʢʪʽʚ 3; 

- ʢʽʣʴʢʽʩʪʴ ʜʦʧʦʤʽʞʥʠʭ. ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʠʭ (Nʉ) 

ʢʦʥʪʘʢʪʽʚ 3; 

- ʥʦʤʽʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ Ie ʧʨʠ AC-3, 400 ɺ ï 160 ɸ; 

- ʥʦʤʽʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ Ie ʧʨʠ AC-1, 400 ɺ ï 500 ɸ; 

- ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ Us ʧʨʠ 

AC 50 ɻʮ ï 195,5...253 ɺ; 

- ʪʠʧ ʥʘʧʨʫʛʠ ʢʝʨʫʚʘʥʥʷ ï AC (ʟʤʽʥʥʠʡ); 

- ʥʦʤʽʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ Ie ʧʨʠ AC-4, 400 ɺ ï 59 ɸ; 

- ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʢʦʤʫʪʘʮʽʾ ʧʨʠ AC-4, 400 ɺ ï 

25 ʢɺʪ; 

- ʤʘʩʘ ï  12 ʢʛ. 

 
 

ʈʠʩʫʥʦʢ 6.1 ï  ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʢʦʥʪʘʢʪʦʨ ʂʊ-6023 (ɯʈ 00) [86] 

 

ʑʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʧʫʩʢʘʯʘʤʠ ʤʦʞʝ ʙʫʪʠ 

ʢʦʥʪʘʢʪʦʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʄʂ4-10 ʋ3 (ʨʠʩ. 6.2) (ʄʂ ï ʩʝʨʽʷ 

ʢʦʥʪʘʢʪʦʨʽʚ; 4 ï ʮʝ ʧʦʢʘʟʥʠʢ ʛʘʙʘʨʠʪʫ ʪʘ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ 
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160 ɸ; 1 ï ʢʽʣʴʢʽʩʪʴ ʟʘʤʠʢʘʶʯʠʭ ʢʦʥʪʘʢʪʽʚ; 0 ï ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʘʢʪʽʚ, 

ʱʦ ʨʦʟʤʠʢʘʶʪʴ) ʤʘʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʟʥʘʯʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ 160ɸ; 

- ʥʦʤʽʥʘʣʴʥʘ ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ DC ʜʦ 1000ɺ, AC ʜʦ 380ɺ; 

- ʥʘʧʨʫʛʘ ʢʦʪʫʰʢʠ: 24, 75, 110, 220ɺ; 

- ʩʪʫʧʽʥʴ ʟʘʭʠʩʪʫ ɻʆʉʊ14255-80 IP00; 

- ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʤʤ 158ʭ197ʭ176; 

- ʧʦʪʫʞʥʽʩʪʴ ʜʦ ɺʪ 45;  

- ʤʘʩʘ 3,9 ʢʛ. 

 
ʈʠʩʫʥʦʢ 6.2 ï  ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʢʦʥʪʘʢʪʦʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ  

ʩʝʨʽʾ ʄʂ 4-10 (ɯʈ 00) [78] 

 

ʗʢ ʚʠʜʥʦ ʟ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʡ ʘʧʘʨʘʪ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ:  

- ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʽ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʛʦ ʧʠʣʫ;  

- ʥʘʷʚʥʦʩʪʽ ʫ ʩʝʨʝʜʦʚʠʱʽ ʘʛʨʝʩʠʚʥʠʭ ʛʘʟʽʚ ʽ ʧʘʨʠ ʫ ʚʠʩʦʢʠʭ 
ʢʦʥʮʝʥʪʨʘʮʽʷʭ;  

- ʨʠʟʠʢʫ ʚʣʫʯʝʥʥʷ ʙʨʠʟʦʢ ʘʙʦ ʦʣʽʾ ʥʘ ʧʨʠʩʪʨʽʡ;  

- ʚʠʩʦʢʽʡ ʥʝʙʝʟʧʝʮʽ ʚʠʙʫʭʫ ʘʙʦ ʧʦʞʝʞʽ. 

ɼʨʫʛʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʮʠʭ ʘʧʘʨʘʪʽʚ. ɹʫʜʴ-

ʷʢʠʡ ʢʦʥʪʘʢʪʦʨ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʦʪʫʞʥʽ ʧʘʨʠ ʩʠʣʦʚʠʭ 

ʢʦʥʪʘʢʪʽʚ, ʦʩʥʘʱʝʥʽ ʜʫʛʦʛʘʩʥʠʤʠ ʢʘʤʝʨʘʤʠ. ɺʣʘʩʥʦʛʦ ʢʦʨʧʫʩʫ 

ʢʦʥʪʘʢʪʦʨ ʥʝ ʤʘʻ ʽ ʤʦʥʪʫʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʱʦ 

ʟʘʢʨʠʚʘʶʪʴʩʷ ʥʘ ʢʣʶʯ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʜʦʩʪʫʧʫ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ ʪʘ 

ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ɸ ʦʩʴ ʩʠʣʦʚʽ ʢʦʥʪʘʢʪʠ ʧʫʩʢʘʯʘ ʟʘʚʞʜʠ 

ʚʢʨʠʪʽ ʧʣʘʩʪʠʢʦʚʠʤ ʢʦʨʧʫʩʦʤ, ʦʪʦʞ ʛʨʦʤʽʟʜʢʠʭ ʜʫʛʦʛʘʩʥʠʭ ʢʘʤʝʨ 

ʚʦʥʠ ʥʝ ʤʘʶʪʴ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʫ ʩʢʣʘʜʽ ʧʦʪʫʞʥʠʭ ʢʽʣ ʟ 
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ʯʘʩʪʠʤʠ ʢʦʤʫʪʘʮʽʷʤʠ ʧʫʩʢʘʯʽ ʥʝ ʤʦʥʪʫʶʪʴ ʯʝʨʝʟ ʪʝ, ʱʦ ʢʦʥʪʘʢʪʠ 

ʾʭ ʻ ʤʝʥʰ ʟʘʭʠʱʝʥʠʤʠ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ, ʷʢʘ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʨʠ 

ʢʦʤʫʪʘʮʽʾ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʪʘʢʪʦʨʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʪʘʢʪʦʨʽʚ, ʧʫʩʢʘʯ ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʟʘʭʠʩʪʫ (ɯʈ), ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʚʽʥ ʦʙʣʘʜʥʘʥʠʡ ʜʦʜʘʪʢʦʚʠʤ 

ʤʝʪʘʣʝʚʠʤ ʢʦʞʫʭʦʤ. ʊʦʜʽ ʧʫʩʢʘʯ ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘʚʽʪʴ ʥʘ 

ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʩʪʦʨʽ, ʯʦʛʦ ʥʽʢʦʣʠ ʥʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟ ʢʦʥʪʘʢʪʦʨʦʤ 

(ʨʠʩ. 6.3). 

ʊʨʝʪʷ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʢʦʥʪʘʢʪʦʨʦʤ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʽ 

ʧʫʩʢʘʯʝʤ ï ʮʝ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ (ʟʘʩʪʦʩʫʚʘʥʥʷ). ʍʦʯʘ ʧʫʩʢʘʯʽ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ ʦʙʽʛʨʽʚʘʯʽ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʦʪʫʰʢʠ, ʨʽʟʥʽ ʧʦʪʫʞʥʽ ʩʚʽʪʠʣʴʥʠʢʠ ʪʘ ʽʥʰʽ 

ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽ, ʘʣʝ ʞ ʦʩʥʦʚʥʝ ʾʭʥʻ ʧʨʠʟʥʘʯʝʥʥʷ ï ʟʘʧʫʩʢ 

ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʪʨʠʬʘʟʥʦʛʦ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʊʦʤʫ ʙʫʜʴ-

ʷʢʠʡ ʧʫʩʢʘʯ ʤʘʻ ʪʨʠ ʧʘʨʠ ʩʠʣʦʚʠʭ ʢʦʥʪʘʢʪʽʚ, ʘ ʡʦʛʦ ʢʦʥʪʘʢʪʠ 

ʢʝʨʫʚʘʥʥʷ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʧʫʩʢʘʯʘ ʫ ʚʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ 

ʪʘ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʢʽʣ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ, 

ʥʘʧʨʠʢʣʘʜ, ʨʝʚʝʨʩʠʚʥʠʡ ʧʫʩʢ. 

ʈʦʟʛʣʷʥʝʤʦ ʷʢ ʧʨʠʢʣʘʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʩʝʨʽʾ ʇʄʃ, ʱʦ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʚʠʨʦʙʽʚ ʫ 

ʩʭʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʣʷ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʧʫʩʢʫ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʤʝʨʝʞʽ, 

ʟʫʧʠʥʢʠ ʪʘ ʨʝʚʝʨʩʫʚʘʥʥʷ ʪʨʠʬʘʟʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ 

ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ ʪʘ ʽʥʰʠʭ ʩʪʨʫʤʦʧʨʠʡʤʘʯʽʚ 660 ɺ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʯʘʩʪʦʪʠ 50 ʽ 60 ɻʮ. ʇʫʩʢʘʯʽ ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ 

ʪʝʧʣʦʚʠʤʠ ʨʝʣʝ ʩʝʨʽʾ ʈʊʃ ʊʋ3425-041-05758109-2008. ʂʦʥʪʘʢʪʦʨʠ 

ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʩʧʽʣʴʥʦ ʟ ʨʝʣʝ ʩʝʨʽʾ ʈʊʃ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʘʭʠʩʪ ʢʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʚʽʜ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʥʝʧʨʠʧʫʩʪʠʤʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽ ʩʪʨʫʤʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʦʙʨʠʚʽ ʦʜʥʽʻʾ ʟ ʬʘʟ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʦʧʦʤʽʞʥʠʭ 

ʢʦʥʪʘʢʪʽʚ ʧʨʠʟʥʘʯʝʥʽ ʧʨʠʩʪʘʚʢʠ ʇʂʃ, ʇʂɹ. ʇʨʠʩʪʘʚʢʠ ʇɺʃ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʪʨʠʤʢʫ ʟʘʤʠʢʘʥʥʷ ʪʘ ʨʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ 

ʜʦʧʦʤʽʞʥʦʛʦ ʢʦʣʘ ʥʘ ʯʘʩ ʜʦ 180 ʩ. 
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ʈʠʩʫʥʦʢ 6.3 ï ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʩʝʨʽʾ  ʇʄʃ [71, 83, 86]  

 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʇʄʃ 1100, ʇʄʃ 2100, ʇʄʃ 3100, 

ʇʄʃ 4100 (ʤʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʇʄʃ, ʢʦʥʪʘʢʪʦʨʠ ʇʄʃ) ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʧʫʩʢʫ ʪʘ ʟʫʧʠʥʢʠ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ 

ʨʦʪʦʨʦʤ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʦʥʚʝʻʨʘʭ, ʚʝʨʩʪʘʪʘʭ, ʢʦʤʧʨʝʩʦʨʘʭ, 

ʥʘʩʦʩʘʭ, ʣʽʬʪʘʭ, ʝʩʢʘʣʘʪʦʨʘʭ, ʪʝʧʣʦʚʠʭ ʛʘʨʤʘʪʘʭ, ʩʠʩʪʝʤʘʭ 

ʢʝʨʫʚʘʥʥʷ ʦʧʘʣʝʥʥʷʤ, ʚʝʥʪʠʣʷʮʽʻʶ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷʤ ʪʦʱʦ, 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʚʦʜʫ ʨʝʟʝʨʚʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʢʦʤʫʪʘʮʽʾ 

ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʤʝʨʝʞ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʨʝʣʝ, ʧʫʩʢʘʯ 

ʟʜʽʡʩʥʶʻ ʟʘʭʠʩʪ ʢʝʨʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʽ 

ʩʪʨʫʤʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʙʨʠʚʽ ʦʜʥʽʻʾ ʟ ʬʘʟ. ʇʨʠʥʮʠʧ ʾʭ ʜʽʾ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʧʦʜʘʯʽ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʢʦʪʫʰʢʫ 

ʚʦʥʘ ʚʪʷʛʫʻ ʦʩʝʨʜʷ ʽ ʮʠʤ ʟʘʤʠʢʘʻ ʛʨʫʧʫ ʩʠʣʦʚʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ 

ʢʦʥʪʘʢʪʽʚ. ʇʨʠ ʩʧʘʜʘʥʥʽ ʥʘʧʨʫʛʠ ʥʠʞʯʝ ʟʘ ʧʦʨʦʛʦʚʠʡ ʨʽʚʝʥʴ ʥʘ 

ʚʽʜʧʫʩʢʘʥʥʷ, ʢʦʥʪʘʢʪʠ ʨʦʟʤʠʢʘʶʪʴʩʷ.  

ʉʪʫʧʽʥʴ ʟʘʭʠʩʪʫ ʧʫʩʢʘʯʽʚ ʤʦʞʝ ʩʷʛʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʨʧʫʩʫ, ʚ ʷʢʦʤʫ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ, IP ï 54. ʊʘʢʦʞ ʾʭ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʦʟʚʦʣʷʻ ʤʦʥʪʘʞ ʥʘ DIN-ʨʝʡʢʘʭ ʘʙʦ ʤʦʥʪʘʞʥʠʭ ʧʣʘʪʘʭ. ɻʘʙʘʨʠʪʠ 

ʻ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ, ʥʘʧʨʠʢʣʘʜ 80 Ĭ 70 Ĭ 45 ʤʤ3, ʘ ʚʘʛʘ ï ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʦʜʥʦʛʦ ʢʽʣʦʛʨʘʤʘ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ ʢʦʥʪʘʢʪʦʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʙʫʜʴ-ʷʢʦʛʦ 

ʩʠʣʦʚʦʛʦ ʢʦʣʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʊʦʤʫ ʽ ʢʽʣʴʢʽʩʪʴ ʧʦʣʶʩʽʚ, ʪʦʙʪʦ 
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ʧʘʨ ʩʠʣʦʚʠʭ ʢʦʥʪʘʢʪʽʚ, ʫ ʢʦʥʪʘʢʪʦʨʘ ʙʫʚʘʻ ʨʽʟʥʦʶ ï ʚʽʜ ʜʚʦʭ ʜʦ 

ʯʦʪʠʨʴʦʭ.  

ʆʩʴ ʟʘ ʮʠʤʠ ʪʨʴʦʤʘ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʩʠʣʦʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʢʦʤʫʪʘʮʽʡʥʽ ʧʨʠʩʪʨʦʾ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʙʫʣʠ ʧʽʜʨʦʟʜʽʣʝʥʽ ʥʘ 

ʢʦʥʪʘʢʪʦʨʠ ʽ ʧʫʩʢʘʯʽ. 

 

6.2 ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʦʥʪʘʢʪʦʨʠ 

 

ʂʦʥʪʘʢʪʦʨ ï ʮʝ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʘʧʘʨʘʪ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʢʦʤʫʪʘʮʽʾ ʩʠʣʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʷʢ ʧʨʠ ʥʦʤʽʥʘʣʴʥʠʭ ʩʪʨʫʤʘʭ, 

ʪʘʢ ʽ ʧʨʠ ʩʪʨʫʤʘʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ɺʽʥ ʤʘʻ ʜʚʘ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʧʦʣʦʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʢʣʶʯʝʥʦʤʫ ʪʘ ʚʽʜʢʣʶʯʝʥʦʤʫ ʩʪʘʥʫ. 

ʇʦʚʝʨʥʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ ʫ ʚʽʜʢʣʶʯʝʥʠʡ ʩʪʘʥ (ʩʘʤʦʧʦʚʝʨʥʝʥʥʷ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʩʪʨʫʤʫ ʯʝʨʝʟ ʢʦʪʫʰʢʫ ʚʤʠʢʘʥʥʷ ʧʽʜ 

ʜʽʻʶ ʧʦʚʝʨʪʘʣʴʥʦʾ ʧʨʫʞʠʥʠ, ʤʘʩʠ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʧʨʠ 

ʩʧʽʣʴʥʽʡ ʜʽʾ ʮʠʭ ʬʘʢʪʦʨʽʚ. ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ 

ʢʦʥʪʘʢʪʦʨʠ, ʚ ʷʢʠʭ ʟʘʤʠʢʘʥʥʷ ʽ ʨʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʨʠʚʦʜʫ (ʘʢʪʫʘʪʦʨʘ). 

ɺʦʥʠ ʤʘʶʪʴ ʛʦʣʦʚʥʽ ʢʦʥʪʘʢʪʠ, ʟʘʙʝʟʧʝʯʝʥʽ ʩʠʩʪʝʤʦʶ ʜʫʛʦʛʘʩʽʥʥʷ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʧʨʠʚʦʜ ʽ ʜʦʧʦʤʽʞʥʽ ʢʦʥʪʘʢʪʠ (ʙʣʦʢ-ʢʦʥʪʘʢʪʠ).  

ʂʦʥʪʘʢʪʦʨʠ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ, 

ʷʢʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʠʣʘ ʜʣʷ ʚʤʠʢʘʥʥʷ ʛʦʣʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ. ɺ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʥʪʘʢʪʦʨʘʭ ʩʠʣʘ ʜʣʷ ʚʤʠʢʘʥʥʷ ʛʦʣʦʚʥʠʭ 

ʢʦʥʪʘʢʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ. ɺ ʧʥʝʚʤʘʪʠʯʥʠʭ ʪʘ 

ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʠʭ ʢʦʥʪʘʢʪʦʨʘʭ ʩʠʣʘ ʜʣʷ ʚʤʠʢʘʥʥʷ ʛʦʣʦʚʥʠʭ 

ʢʦʥʪʘʢʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʨʠʚʦʜʦʤ (ʟʘʟʚʠʯʘʡ ï ʮʝ 

ʧʦʨʰʥʝʚʠʡ ʧʨʠʚʽʜ). ɿʘ ʨʦʜʦʤ ʩʪʨʫʤʫ ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ ʾʭ ʧʦʜʽʣʷʶʪʴ 

ʥʘ ʢʦʥʪʘʢʪʦʨʠ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ [47, 51, 53]. 

ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ ʟ 

ʧʨʠʻʜʥʘʥʠʤ ʜʦ ʢʦʪʫʰʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʟʦʚʥʽʰʥʽʤ ʢʦʣʦʤ 

ʢʝʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 6.4, ʘ. ʂʝʨʫʚʘʥʥʷ ʢʦʪʫʰʢʦʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ ʚʽʜôʻʜʥʘʥʥʷ 

ʚʽʜ ʥʴʦʛʦ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʠʢʘʯʘ ʢʝʨʫʚʘʥʥʷ SA.  

ʗʢʱʦ ʢʝʨʫʚʘʥʥʷ ʢʦʪʫʰʢʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʟʘʩʦʙʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʩʠʤʽʩʪʦʨʦʤ ʫ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

(ʨʠʩ. 6.4, ʙ), ʘʙʦ ʪʨʘʥʟʠʩʪʦʨʦʤ ʫ ʢʦʣʘʭ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʪʦ ʪʘʢʠʡ 

ʢʦʥʪʘʢʪʦʨ ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʥʥʦ ʢʝʨʦʚʘʥʠʤ [28]. 
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ʘ  ʙ 

ʈʠʩʫʥʦʢ 6.4 ï ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʢʦʥʪʘʢʪʦʨ [28]:  
 

ʘ ï ʩʭʝʤʘ ʟ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ;  

ʙ ï ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʽʩʪʦʨʘ. 

 

ʉʠʩʪʝʤʘ ʢʦʥʪʘʢʪʽʚ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʛʦʣʦʚʥʠʭ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʘ ʪʘʢʦʞ ʜʚʦʭ 

ʜʦʧʦʤʽʞʥʠʭ ʢʦʥʪʘʢʪʽʚ: ʦʜʥʦʛʦ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʦʛʦ ʪʘ ʦʜʥʦʛʦ 

ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʦʛʦ. ʈʽʟʥʠʮʷ ʤʽʞ ʧʥʝʚʤʘʪʠʯʥʠʤ (ʨʠʩ. 6.5, ʘ) ʪʘ 

ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʠʤ (ʨʠʩ. 6.5, ʙ) ʢʦʥʪʘʢʪʦʨʘʤʠ, ʧʦʟʥʘʯʝʥʠʤʠ ʥʘ 

ʩʭʝʤʘʭ ʣʽʪʝʨʘʤʠ ʂʈ, ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʘʢʪʦʨʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʚʝʥʪʠʣʷ, ʜʦ ʷʢʦʛʦ ʧʽʜʚʦʜʠʪʴʩʷ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʟ 

ʪʠʩʢʦʤ ʈ ʽ ʷʢʠʡ ʧʨʠʚʦʜʠʪʴʩʷ ʫ ʜʽʶ ʤôʷʟʦʚʦʶ ʝʥʝʨʛʽʻʶ ʦʧʝʨʘʪʦʨʘ, 

ʘ ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʘʢʪʦʨʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʢʣʘʧʘʥʘ YP, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʚʝʥʪʠʣʷ ʪʘ ʧʨʠʚʦʜʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʢʦʪʫʰʢʘ 

ʷʢʦʛʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʚʠʤʠʢʘʯʘ 

ʢʝʨʫʚʘʥʥʷ SA. ʂʝʨʫʚʘʥʥʷ ʢʦʪʫʰʢʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʢʣʘʧʘʥʘ 

ʤʦʞʝ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʢʣʶʯʝʤ 

(ʝʣʝʢʪʨʦʥʥʝ ʢʝʨʫʚʘʥʥʷ). 

 
ʘ  ʙ 

ʈʠʩʫʥʦʢ 6.5 ï ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʭʝʤʠ ʧʥʝʚʤʘʪʠʯʥʦʛʦ (ʘ) ʪʘ 

ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʦʛʦ (ʙ) ʢʦʥʪʘʢʪʦʨʽʚ [28] 
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ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʢʦʥʪʘʢʪʦʨʽʚ ʻ ʢʝʨʫʚʘʥʥʷ 

(ʚʤʠʢʘʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ) ʦʙʣʘʜʥʘʥʥʷʤ ï ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ, 

ʦʩʚʽʪʣʶʚʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʨʦʤʠʩʣʦʚʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʝʯʘʤʠ ʪʦʱʦ, ʪʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʤʠʢʘʯʽʚ ʢʦʥʪʘʢʪʦʨʠ ʤʘʶʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʫʪʘʮʽʾ ʟ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ ʯʘʩʪʦʪʦʶ (ʜʦ 1200 ʮʠʢʣʽʚ 

ʥʘ ʛʦʜʠʥʫ). ɺʽʜʪʘʢ ʮʽ ʘʧʘʨʘʪʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ ʪʘ 

ʝʣʝʢʪʨʠʯʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ.  

ʇʽʜ ʤʝʭʘʥʽʯʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʯʠʩʣʦ ʮʠʢʣʽʚ 

ʚʢʣʶʯʝʥʥʷ-ʚʽʜʢʣʶʯʝʥʥʷ (ʙʝʟ ʩʪʨʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʙʪʦ 

0ʢʦʣʘ ʥʦʤ.ʛʦʣ.=I ) ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʾ ʟʘʤʽʥʠ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʚʫʟʣʽʚ. ʋ ʩʫʯʘʩʥʠʭ ʢʦʥʪʘʢʪʦʨʘʭ ʤʝʭʘʥʽʯʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʦʩʷʛʘʻ 

10é20 ʤʣʥ. ʦʧʝʨʘʮʽʡ [7, 51].  

ʂʦʤʫʪʘʮʽʡʥʘ (ʝʣʝʢʪʨʠʯʥʘ) ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʥʦʰʝʥʽʩʪʶ ʢʦʥʪʘʢʪʽʚ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʧʨʠ ʢʦʤʫʪʘʮʽʾ 

ʢʦʣʘ ʟʽ ʩʪʨʫʤʦʤ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʩʣʦʤ ʦʧʝʨʘʮʽʡ 

ʚʢʣʶʯʝʥʥʷ-ʚʽʜʢʣʶʯʝʥʥʷ, ʧʽʩʣʷ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʘ ʟʘʤʽʥʘ ʢʦʥʪʘʢʪʽʚ 

(ʟʘʟʚʠʯʘʡ ʧʽʩʣʷ 3é5 ʤʣʥ. ʩʧʨʘʮʴʦʚʫʚʘʥʴ). ɸʣʝ ʚ ʢʨʘʱʠʭ 

ʢʦʥʪʘʢʪʦʨʘʭ ʢʦʤʫʪʘʮʽʡʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʣʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʤʝʭʘʥʽʯʥʦʾ. 

ɺʣʘʩʥʠʡ ʯʘʩ ʚʢʣʶʯʝʥʥʷ ï ʮʝ ʯʘʩ ʚʽʜ ʤʦʤʝʥʪʫ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʧʨʠʚʦʜ ʜʦ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʪʦʨʢʘʥʥʷ ʷʢʦʨʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ. ɺʣʘʩʥʠʡ ʯʘʩ ʚʽʜʢʣʶʯʝʥʥʷ ï ʮʝ ʯʘʩ ʚʽʜ ʤʦʤʝʥʪʫ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ.  

ʉʪʨʫʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʢʦʥʪʘʢʪʦʨʽʚ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʤʝʞʽ (8é20) - ʢʨʘʪʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ. ɼʣʷ ʨʝʞʠʤʫ ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ ʭʘʨʘʢʪʝʨʥʽ (2,5é4) - ʢʨʘʪʥʽ 

ʩʪʨʫʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ʇʫʩʢʦʚʽ ʩʪʨʫʤʠ ʘʩʠʥʭʨʦʥʥʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʽʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ ʜʦʩʷʛʘʶʪʴ ʤʝʞ 

(6é10) - ʢʨʘʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɼʚʠʛʫʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʜʦʧʫʩʢʘʶʪʴ 2,5-ʢʨʘʪʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʥʦʤʽʥʘʣʴʥʠʤ 

ʩʪʨʫʤʦʤ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʧʨʠʚʦʜ ʢʦʥʪʘʢʪʦʨʽʚ (ʘʢʪʫʘʪʦʨ) ʟʘ 

ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʬʫʥʢʮʽʾ 

ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ. ʗʢʱʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʠʣʘ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʠʚʦʜʦʤ, ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ 

ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʚʠʷʚʠʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʘʧʘʨʘʪʫ 
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ʫ ʚʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ, ʚʽʥ ʤʠʤʦʚʦʣʽ ʚʽʜʢʣʶʯʠʪʴʩʷ ʽ ʟʜʽʡʩʥʠʪʴ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʟʘʭʠʩʪ ʚʽʜ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ. 

ʅʦʤʽʥʘʣʴʥʽ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʦʤʽʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ) 

ʚʠʨʦʙʥʠʢ ʟʘʟʚʠʯʘʡ ʧʨʠʟʥʘʯʘʻ ʦʢʨʝʤʦ ʜʣʷ ʛʦʣʦʚʥʠʭ ʢʽʣ ʪʘ ʜʣʷ ʢʽʣ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʘʢʪʦʨʘ. ʆʩʥʦʚʥʠʤʠ ʢʽʣʴʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʛʦʣʦʚʥʠʭ ʢʽʣ ʻ ʥʦʤʽʥʘʣʴʥʘ ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ Ue, ʥʦʤʽʥʘʣʴʥʠʡ 

ʨʦʙʦʯʠʡ ʩʪʨʫʤ Ie ʪʘ ʥʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ 

ʧʝʚʥʦʤʫ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʘ ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʅʦʤʽʥʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʽʣ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʢʦʥʪʘʢʪʦʨʽʚ ʻ ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ Uʩ, ʪʦʙʪʦ 

ʥʘʧʨʫʛʘ, ʱʦ ʚʠʥʠʢʘʻ ʥʘ ʢʦʥʪʘʢʪʽ ʫ ʢʦʣʽ ʢʝʨʫʚʘʥʥʷ, ʪʘ ʥʦʤʽʥʘʣʴʥʘ 

ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʫ ʢʦʣʽ ʢʝʨʫʚʘʥʥʷ Us ï ʮʝ ʥʘʧʨʫʛʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ 

ʥʘ ʚʭʽʜʥʽ ʪʝʨʤʽʥʘʣʠ ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ ʘʧʘʨʘʪʘ (ʨʠʩ. 6.6). 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʦʥʪʘʢʪʦʨʠ ʤʘʶʪʴ ʟʘʜʦʚʽʣʴʥʦ ʚʤʠʢʘʪʠʩʷ ʧʨʠ 

ʥʘʧʨʫʟʽ, ʱʦ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ ʚʽʜ 85% ʜʦ 110% ʚʽʜ Us. ʇʨʠ ʮʴʦʤʫ 

ʢʦʪʫʰʢʘ ʤʘʻ ʙʫʪʠ ʥʘʛʨʽʪʦʶ ʜʦ ʫʩʪʘʣʝʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʥʘʧʨʫʟʽ 100% 

ʚʽʜ Us ʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ 

ʚʢʘʟʫʻʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ, ʘʣʝ ʥʝ ʥʠʞʯʝ +40Áʉ.  

 

 
 

ʈʠʩʫʥʦʢ 6.6 ï ʅʦʤʽʥʘʣʴʥʽ ʥʘʧʨʫʛʠ ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ Uʩ ʪʘ ʞʠʚʣʝʥʥʷ ʫ ʢʦʣʽ 

ʢʝʨʫʚʘʥʥʷ Us [28] 

 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʦʥʪʘʢʪʦʨʠ ʤʘʶʪʴ ʟʘʜʦʚʽʣʴʥʦ ʚʠʤʠʢʘʪʠʩʷ 

ʧʨʠ ʥʘʧʨʫʟʽ, ʱʦ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ ʚʽʜ 75% ʜʦ 20% (ɸʉ) ʪʘ 10% (DC) 

ʚʽʜ Us. ʇʨʠ ʮʴʦʤʫ ʢʦʪʫʰʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʝ ʩʪʘʥʦʚʠʪʴ -5Áʉ.  

ɼʣʷ ʢʨʘʱʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʘʨʘʪʽʚ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʨʦʙʦʪʠ ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ 

çʢʘʪʝʛʦʨʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷè, ʷʢʝ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ 

ʩʪʘʥʜʘʨʪʦʤ. ʂʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʢʦʥʪʘʢʪʦʨʽʚ ʤʘʶʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʢʘʪʝʛʦʨʽʾ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʫ ʩʪʘʥʜʘʨʪʽ 
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ɯɽʉ 60947-4-1 ʪʘ ɻʆʉʊ ʈ 50030.4.1-2012 (ʄɽʂ 60947-4-1-2009) 

çɸʧʧʘʨʘʪʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʠʟʢʦʚʦʣʴʪʥʘʷ. ʏʘʩʪʴ 4-

1. ʂʦʥʪʘʢʪʦʨʳ ʠ ʧʫʩʢʘʪʝʣʠè, ʷʢʠʡ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʢʦʥʪʘʢʪʦʨʠ 

ʟʤʽʥʥʦʛʦ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʧʫʩʢʘʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʛʦʣʦʚʥʽ 

ʢʦʥʪʘʢʪʠ ʷʢʠʭ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʢʽʣ ʟ ʥʦʤʽʥʘʣʴʥʦʶ 

ʥʘʧʨʫʛʦʶ ʥʝ ʙʽʣʴʰʝ 1000 ɺ ʟʤʽʥʥʦʛʦ ʘʙʦ 1500 ɺ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʢʦʥʪʘʢʪʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʥʪʘʢʪʦʨʽʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ (ʢʘʪʝʛʦʨʽʾ ɸʉ-3 ʪʘ 

ɸʉ-4) ʤʘʶʪʴ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʽ ʩʧʦʩʦʙʠ ʙʦʨʦʪʴʙʠ ʟ ʜʝʨʝʥʯʘʥʥʷʤ, 

ʘʜʞʝ ʮʝ ʷʚʠʱʝ ʧʨʠ ʚʝʣʠʢʠʭ ʧʫʩʢʦʚʠʭ ʩʪʨʫʤʘʭ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʧʨʠʚʘʨʶʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ (ʪʘʙʣʠʮʷ 6.1). 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ ʧʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʪʝʧʣʦʚʦʛʦ ʨʝʣʝ 

ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʩʪʨʫʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʱʦ ʢʦʥʪʘʢʪʦʨ ʧʦʚʠʥʝʥ ʧʨʦʚʦʜʠʪʠ ʥʦʤʽʥʘʣʴʥʠʡ 

ʩʪʨʫʤ ʜʚʠʛʫʥʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ AC-3, ʤʦʞʝ 

ʚʠʢʦʥʘʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʢʦʤʫʪʘʮʽʡʥʠʭ ʮʠʢʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʠʤʠʢʘʯʝʤ. ʗʢ ʧʨʘʚʠʣʦ, ʢʦʤʫʪʘʮʽʡʥʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʢʦʥʪʘʢʪʦʨʘ ʙʽʣʴʰʘ ʟʘ ʢʦʤʫʪʘʮʽʡʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ. ʂʦʤʫʪʘʮʽʡʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʢʦʥʪʘʢʪʦʨʘ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʢʽʚ, ʱʦ ʥʘʜʘʶʪʴʩʷ 

ʚʠʨʦʙʥʠʢʦʤ ʪʘ ʜʽʡʩʥʠʭ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʦʥʪʘʢʪʦʨʘ AF65 (ʨʠʩ. 6.7), ʷʢʠʡ ʢʦʤʫʪʫʚʘʪʠʤʝ 

ʪʨʠʬʘʟʥʠʡ ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ, ʟʽ 

ʩʪʨʫʤʦʤ, ʱʦ ʚʽʜʢʣʶʯʘʻʪʴʩʷ Ic, ʽ ʜʦʨʽʚʥʶʻ 55 ɸ ʧʨʠ ʥʘʧʨʫʟʽ 400 ɺ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʯʠʩʣʦ ʢʦʤʫʪʘʮʽʡʥʠʭ ʮʠʢʣʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 1,8 ʤʣʥ. ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʛʨʘʬʽʢʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʥʘ ʨʠʩ. 6.8. ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ 

ʢʦʤʫʪʘʮʽʾ ʪʨʠʬʘʟʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʪʨʠʧʦʣʶʩʥʽ ʢʦʥʪʘʢʪʦʨʠ ʩʝʨʽʾ çAFè ʚʠʨʦʙʥʠʮʪʚʘ ɸɺɺ ʪʠʧʦʨʦʟʤʽʨʽʚ 

ʚʽʜ AF09 ʜʦ AF1650. ɼʘʥʽ ʪʨʠʧʦʣʶʩʥʽ ʘʧʘʨʘʪʠ ʤʘʶʪʴ ʢʦʪʫʰʢʫ 

ʟʤʽʥʥʦʛʦ/ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʚʙʫʜʦʚʘʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʦʜʘʚʘʪʠ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʥʘʧʨʫʛʫ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. ʆʪʦʞ ʥʘ ʨʠʩ. 6.8 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʢʦʤʫʪʘʮʽʡʥʦʾ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʢʦʥʪʘʢʪʦʨʽʚ. 
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ʊʘʙʣʠʮʷ 6.1 ï ʂʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʘʢʪʦʨʽʚ [28, 45] 

ʈʽʜ 

ʩʪʨʫ

ʤʫ 

ʂʘʪʝʛʦʨʽʷ 

ʟʘʩʪʦʩʫʚʘ

ʥʥʷ 

ʊʠʧʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɿ 

ʄ 

ɯ 

ʅ 

ʅ 

ʀ 

ʁ 

AC-1 
ʅʝʽʥʜʫʢʪʠʚʥʽ ʘʙʦ ʤʘʣʦʽʥʜʫʢʪʠʚʥʽ ʥʘʚʘʥʪʘʛʠ, 

ʨʝʟʠʩʪʠʚʥʽ ʧʝʯʽ 

AC-2 ɼʚʠʛʫʥʠ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ: ʧʫʩʢ, ʚʠʤʠʢʘʥʥʷ 

AC-3 
ɼʚʠʛʫʥʠ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ: ʧʫʩʢ, 

ʚʠʤʠʢʘʥʥʷ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ 

AC-4 

ɼʚʠʛʫʥʠ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ: ʧʫʩʢ, 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ, ʧʦʰʪʦʚʭʦʚʠʡ 

ʨʝʞʠʤ 

AC-5a ʂʦʤʫʪʘʮʽʾ ʛʘʟʦʨʦʟʨʷʜʥʠʭ ʣʘʤʧ 

AC-5b ʂʦʤʫʪʘʮʽʾ ʣʘʤʧ ʨʦʟʞʘʨʶʚʘʥʥʷ 

AC-6a ʂʦʤʫʪʘʮʽʾ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ 

AC-6b ʂʦʤʫʪʘʮʽʾ ʢʦʥʜʝʥʩʘʪʦʨʥʠʭ ʙʘʪʘʨʝʡ 

AC-7a 
ʄʘʣʦʽʥʜʫʢʪʠʚʥʽ ʥʘʚʘʥʪʘʛʠ ʧʦʙʫʪʦʚʦʛʦ ʪʘ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

AC-7b ɼʚʠʛʫʥʦʚʽ ʥʘʚʘʥʪʘʛʠ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

AC-8a 

ʂʝʨʫʚʘʥʥʷ ʛʝʨʤʝʪʠʯʥʠʤʠ ʜʚʠʛʫʥʘʤʠ 

ʢʦʤʧʨʝʩʦʨʽʚ ʟ ʨʫʯʥʠʤ ʟʚʝʜʝʥʥʷʤ ʨʦʟʯʽʧʣʶʚʘʯʽʚ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

AC-8b 

ʂʝʨʫʚʘʥʥʷ ʛʝʨʤʝʪʠʯʥʠʤʠ ʜʚʠʛʫʥʘʤʠ 

ʢʦʤʧʨʝʩʦʨʽʚ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʟʚʝʜʝʥʥʷʤ 

ʨʦʟʯʽʧʣʶʚʘʯʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʇ 

ʆ 

ʉ 

ʊ 

ɯ 

ʁ 

ʅ 

ʀ 

ʁ 

DC-1 
ʅʝʽʥʜʫʢʪʠʚʥʽ ʘʙʦ ʤʘʣʦʽʥʜʫʢʪʠʚʥʽ ʥʘʚʘʥʪʘʛʠ, 

ʨʝʟʠʩʪʠʚʥʽ ʧʝʯʽ 

DC-3 

ɼʚʠʛʫʥʠ ʧʘʨʘʣʝʣʴʥʦʛʦ ʟʙʫʜʞʝʥʥʷ: ʧʫʩʢ, 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ, ʧʦʰʪʦʚʭʦʚʠʡ 

ʨʝʞʠʤ. ɼʠʥʘʤʽʯʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

DC-5 

ɼʚʠʛʫʥʠ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʙʫʜʞʝʥʥʷ: ʧʫʩʢ, 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ, ʧʦʰʪʦʚʭʦʚʠʡ 

ʨʝʞʠʤ. ɼʠʥʘʤʽʯʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

DC-6 ʂʦʤʫʪʘʮʽʾ ʣʘʤʧ ʨʦʟʞʘʨʶʚʘʥʥʷ 
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ʈʠʩʫʥʦʢ 6.7 ï ʂʦʥʪʘʢʪʦʨ AF65 AC3, ʢʦʪʫʰʢʘ 250-500ɺ AC/DC, ʩʪʫʧʽʥʴ 

ʟʘʭʠʩʪʫ IP10 ʚʠʨʦʙʥʠʮʪʚʘ ɸɺɺ [63] 

 

 

 
 

ʈʠʩʫʥʦʢ 6.8 ï ɻʨʘʬʽʢ ʢʦʤʫʪʘʮʽʡʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʢʦʥʪʘʢʪʦʨʽʚ ʜʣʷ 

ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ AC-3, ʥʘʧʨʫʛʠ ʤʝʥʰʝ 440 ɺ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʝʥʰʝ 55 ÁC [63] 
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6.3 ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʢʦʥʪʘʢʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʦʨʷ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʡʦʛʦ ʨʫʭʫ 

ʢʦʥʪʘʢʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʦʚʦʨʦʪʥʦʛʦ ʪʠʧʫ (ʜʠʚ. ʨʠʩ. 6.1 ʪʘ 6.2) 

ʪʘ ʧʨʷʤʦʭʦʜʦʚʽ (ʨʠʩ. 6.7). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʟʤʽʚ 

ʧʦʚʦʨʦʪʥʦʛʦ ʪʠʧʫ ʩʭʦʞʠʡ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʣʘʧʘʥʥʦʛʦ ʨʝʣʝ. 

ʇʨʠʩʪʨʦʾ ʧʨʷʤʦʭʦʜʦʚʦʛʦ ʪʠʧʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʐ-ʧʦʜʽʙʥʦʶ ʬʦʨʤʦʶ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ. ʏʝʨʝʟ ʪʝ, ʱʦ ʢʦʥʪʘʢʪʦʨʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʩʪʚʦʨʝʥʽ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʘʩʠʥʭʨʦʥʥʠʭ ʪʨʠʬʘʟʥʠʭ 

ʜʚʠʛʫʥʽʚ, ʪʦʤʫ ʥʘʡʯʘʩʪʽʰʝ ʻ ʪʨʠʧʦʣʶʩʥʠʤʠ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʦʜʥʦʧʦʣʶʩʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ ʧʨʠʥʮʠʧ ʡʦʛʦ ʨʦʙʦʪʠ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʥʘ 

ʧʨʠʢʣʘʜʽ ʢʦʥʪʘʢʪʦʨʫ ʂʇɺ-600 (ʨʠʩ. 6.8) [51, 86].  

ʅʘ ʨʠʩ. 6.8 ʟʦʙʨʘʞʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʋ ʧʦʯʘʪʢʦʚʠʡ 

ʯʘʩ ʢʦʥʪʘʢʪʠ ʢʥʦʧʢʠ SB1 çʇʫʩʢè ʻ ʨʦʟʽʤʢʥʝʥʠʤʠ, ʢʦʪʫʰʢʘ,  

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 22, ʱʦ ʚʢʣʶʯʘʻ, ʻ ʟʥʝʩʪʨʫʤʣʝʥʦʶ, ʪʦʤʫ ʱʦ ʥʘ ʾʾ 

ʚʠʚʦʜʠ 18 ʥʝ ʧʦʜʘʥʦ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ U ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ. ʗʢʽʨ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 11 ʧʽʜ ʜʽʻʶ ʧʦʚʝʨʪʘʣʴʥʦʾ ʧʨʫʞʠʥʠ 15, ʷʢʘ ʩʪʚʦʨʶʻ 

ʩʠʣʫ Fɺʇ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʠʪʠʩʥʫʪʦʤʫ ʩʪʘʥʽ ʜʦ ʫʧʦʨʫ 

(ʜʝʤʧʬʝʨʫ) 12. ʈʦʙʦʯʠʡ ʟʘʟʦʨ ŭ ʫ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʻ 

ʤʘʢʩʠʤʘʣʴʥʠʤ. ɻʦʣʦʚʥʽ ʢʦʥʪʘʢʪʠ 2 ʽ 5 ʻ ʨʦʟʽʤʢʥʝʥʠʤʠ, ʪʘʢʦʞ ʻ 

ʨʦʟʽʤʢʥʝʥʠʤʠ ʙʣʦʢ-ʢʦʥʪʘʢʪʠ 16 ʚ ʢʦʣʽ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ.  

ʇʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ SB1 çʇʫʩʢè 

ʥʘʧʨʫʛʘ U ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ (Uʂ) ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʠʚʦʜʠ 18 ʢʦʪʫʰʢʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʱʦ ʚʢʣʶʯʘʻ, ʽ ʧʦʪʦʤʫ ʧʦ ʚʠʪʢʘʭ ʢʦʪʫʰʢʠ ʧʨʦʪʽʢʘʻ 

ʩʪʨʫʤ. ʇʦʪʽʢ ʌ, ʩʪʚʦʨʝʥʠʡ ʤʘʛʥʽʪʦʨʫʭʦʤʦʶ ʩʠʣʦʶ ʢʦʪʫʰʢʠ 22, 

ʨʦʟʚʠʚʘʻ ʪʷʛʦʚʫ ʩʠʣʫ ʽ ʧʨʠʪʷʛʫʻ ʷʢʽʨ 11 ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʚʽʩʴ 

ʦʙʝʨʪʘʥʥʷ ʆ) ʜʦ ʦʩʝʨʜʷ ʟ ʧʦʣʶʩʥʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ 21 (ʨʦʙʦʯʠʡ 

ʟʘʟʦʨ ŭ ʻ ʤʽʥʽʤʘʣʴʥʠʡ). 

ʇʨʠ ʮʴʦʤʫ ʜʦʣʘʻʪʴʩʷ ʩʠʣʘ ʧʨʦʪʠʜʽʾ Fɺʇ ʧʦʚʝʨʪʘʣʴʥʦʾ ʧʨʫʞʠʥʠ 

15 ʽ ʩʠʣʘ Fʂʇ ʢʦʥʪʘʢʪʥʦʾ (ʧʨʠʪʠʨʘʶʯʦʾ) ʧʨʫʞʠʥʠ 9. ʇʦʣʶʩʥʠʡ 

ʥʘʢʦʥʝʯʥʠʢ 21, ʜʽʘʤʝʪʨ ʷʢʦʛʦ ʙʽʣʴʰʝ ʟʘ ʜʽʘʤʝʪʨ ʦʩʝʨʜʷ d ʦʩʝʨʜʷ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʨʦʙʦʯʦʛʦ 

ʟʘʟʦʨʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʘ ʪʘʢʦʞ ʚʠʜʦʟʤʽʥʠ ʪʷʛʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ). ɼʣʷ ʫʩʫʥʝʥʥʷ çʟʘʣʠʧʘʥʥʷè ʷʢʦʨʷ 11 ʫ 

ʚʽʜʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʚʠʢʣʠʢʘʥʦʛʦ ʟʘʣʠʰʢʦʚʦʶ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʶ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ 20, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʤʘʛʥʽʪʥʘ 

ʧʨʦʢʣʘʜʢʘ 23.  

 

 
 

ʈʠʩʫʥʦʢ 6.8 ï ʉʭʝʤʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ: 
 

1 ï ʦʩʝʨʜʷ ʜʫʛʦʛʘʩʥʦʾ ʢʦʪʫʰʢʠ; 2 ï ʥʝʨʫʭʦʤʠʡ ʛʦʣʦʚʥʠʡ ʢʦʥʪʘʢʪ; 

3 - ʩʪʨʫʤʦʧʨʦʚʽʜʥʘ ʰʠʥʘ; 4 ï ʜʫʛʦʛʘʩʥʘ ʢʘʤʝʨʘ; 5 ï ʨʫʭʦʤʠʡ ʛʦʣʦʚʥʠʡ ʢʦʥʪʘʢʪ; 

6 ï ʧʣʘʩʪʠʥʠ (ʥʘʢʣʘʜʢʠ); 7 ï ʢʦʥʪʘʢʪʦʫʪʨʠʤʫʚʘʯ; 8 ï ʽʟʦʣʶʶʯʘ ʧʣʘʩʪʠʥʘ; 

9 ï ʢʦʥʪʘʢʪʥʘ (ʧʨʠʪʠʨʘʶʯʘ) ʧʨʫʞʠʥʘ (Fʂʇ); 10 ï ʦʧʦʨʥʘ ʪʦʯʢʘ 

ʢʦʥʪʘʢʪʦʫʪʨʠʤʫʚʘʯʘ 7 (ʧʨʠʟʤʘ ʦʙʝʨʪʘʥʥʷ); 11 ï ʷʢʽʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ; 

12 ï  ʫʧʦʨ (ʙʫʬʝʨ); 13 ï ʛʥʫʯʢʝ ʟ'ʻʜʥʘʥʥʷ; 14 ï ʧʨʫʞʠʥʘ ʥʘʪʠʩʢʘʥʥʷ (Fʅʇ); 

15 ï ʧʦʚʝʨʪʘʣʴʥʘ ʧʨʫʞʠʥʘ (Fɺʇ); 16 ï ʙʣʦʢ-ʢʦʥʪʘʢʪʠ; 17 ï ʩʪʨʫʤʦʧʨʦʚʽʜʥʘ ʰʠʥʘ; 

18 ï ʚʠʚʦʜʠ ʢʦʪʫʰʢʠ, ʱʦ ʚʤʠʢʘʻ; 19 ï ʙʦʣʪ ʢʨʽʧʣʝʥʥʷ ʩʝʨʜʝʯʥʠʢʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ; 20 ï ʤʘʛʥʽʪʦʧʨʦʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʩʢʦʙʘ, ʷʨʤʦ); 

21 ï ʧʦʣʶʩʥʠʡ ʥʘʢʦʥʝʯʥʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ; 22 ï ʢʦʪʫʰʢʘ, ʱʦ ʚʤʠʢʘʻ; 

23 ï ʥʝʤʘʛʥʽʪʥʝ ʧʨʦʢʣʘʜʢʘ; 24 ï  ʜʫʛʦʛʘʩʥʘ ʢʦʪʫʰʢʘ (ʢʦʪʫʰʢʘ ʩʪʨʫʤʫ); 

25 ï ʧʣʘʩʪʠʥʘ-ʧʦʣʶʩ (2 ʰʪ.) ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʜʦ ʟʦʥʠ ʛʦʨʽʥʥʷ ʜʫʛʠ; 

SB1 ï ʢʥʦʧʢʘ ʫʚʽʤʢʥʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ çʇʫʩʢè (ʙʝʟ ʬʽʢʩʘʮʽʾ); 

SB2 ï ʢʥʦʧʢʘ ʚʠʤʢʥʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ çʉʪʦʧè (ʙʝʟ ʬʽʢʩʘʮʽʾ); 

ʆ ï  ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʷʢʦʨʷ; ŭ ï ʨʦʙʦʯʠʡ ʟʘʟʦʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʤʤ); 

ɼ ï ʩʪʦʚʧ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ; ɼʇʊ ï ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (Rʅ); 

ʆɿɼ ï ʦʙʤʦʪʢʘ ʟʙʫʜʞʝʥʥʷ ʜʚʠʛʫʥʘ.  
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ʇʽʩʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʢʥʦʧʢʫ SB1 çʇʫʩʢè 

ʤʦʞʥʘ ʚʽʜʧʫʩʪʠʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʠʷʚʠʪʴʩʷ ʟʘʤʢʥʝʥʦʶ ʥʘʢʦʨʦʪʢʦ 

(ʟʘʰʫʥʪʦʚʘʥʦʶ) ʙʣʦʢ-ʢʦʥʪʘʢʪʘʤʠ (ʜʦʧʦʤʽʞʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ) 16, 

ʷʢʽ ʻ ʧʨʠʪʠʩʥʫʪʠʤʠ ʩʠʣʦʶ Fʅʇ ʧʨʫʞʠʥʠ ʥʘʪʠʩʢʘʥʥʷ 14. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪ ʢʦʥʪʘʢʪʦʨʘ çʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʩʘʤʦʞʠʚʣʝʥʥʽè. 

ʊʦʨʢʘʥʥʷ ʛʦʣʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ 2 ʽ 5 ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʽ ʧʦʷʚʘ ʩʪʨʫʤʫ 

ʢʦʣʘ ʥʦʤ.ʛʦʣ.I  ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʢʦʥʪʘʢʪʦʨʘ ʚʽʜʙʫʜʝʪʴʩʷ ʨʘʥʽʰʝ, ʘʥʽʞ 

ʷʢʽʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 11 ʧʦʚʥʽʩʪʶ ʧʨʠʪʷʛʥʝʪʴʩʷ ʜʦ ʧʦʣʶʩʥʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ 21. ʇʽʜ ʯʘʩ ʧʦʜʘʣʴʰʦʛʦ ʨʫʭʫ ʷʢʦʨʷ 11 ʨʫʭʦʤʠʡ 

ʢʦʥʪʘʢʪ 5 ʙʫʜʝ ʥʽʙʠʪʦ çʧʨʦʚʘʣʶʚʘʪʠʩʷè, ʫʧʠʨʘʶʯʠʩʴ ʩʚʦʻʶ 

ʚʝʨʭʥʴʦʶ ʯʘʩʪʠʥʦʶ ʚ ʥʝʨʫʭʦʤʠʡ ʢʦʥʪʘʢʪ 2. ɺʽʥ ʧʦʚʝʨʥʝʪʴʩʷ ʥʘ 

ʜʝʷʢʠʡ ʢʫʪ ʥʘʚʢʦʣʦ ʦʧʦʨʥʦʾ ʪʦʯʢʠ (ʧʨʠʟʤʠ ʦʙʝʨʪʘʥʥʷ) 10 ʽ 

ʩʧʨʠʷʪʠʤʝ ʜʦʜʘʪʢʦʚʦʤʫ ʩʪʠʩʥʝʥʥʶ ʢʦʥʪʘʢʪʥʦʾ (ʧʨʠʪʠʨʘʣʴʥʦʾ) 

ʧʨʫʞʠʥʠ 9. ɿ'ʷʚʠʪʴʩʷ ʧʨʦʚʘʣ ʢʦʥʪʘʢʪʫ, ʧʽʜ ʷʢʠʤ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ 

ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʨʫʭʦʤʦʛʦ ʢʦʥʪʘʢʪʫ ʥʘ ʨʽʚʥʽ ʪʦʯʢʠ ʡʦʛʦ 

ʪʦʨʢʘʥʥʷ ʟ ʥʝʨʫʭʦʤʠʤ ʢʦʥʪʘʢʪʦʤ ʫ ʨʘʟʽ, ʷʢʱʦ ʥʝʨʫʭʦʤʠʡ ʢʦʥʪʘʢʪ 

ʙʫʜʝ ʚʠʜʘʣʝʥʦ. ʇʨʦʚʘʣ ʢʦʥʪʘʢʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʟʘʤʠʢʘʥʥʷ 

ʢʦʣʘ, ʢʦʣʠ ʪʦʚʱʠʥʘ ʢʦʥʪʘʢʪʽʚ ʧʦʚʦʣʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʝʨʦʟʽʾ 

(ʚʠʛʦʨʷʥʥʷ) ʾʭ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ɼ. ɿʥʘʯʝʥʥʷ 

ʧʨʦʚʘʣʫ ʚʠʟʥʘʯʘʻ ʟʘʧʘʩ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʽʚ ʚ ʨʘʟʽ ʟʥʦʰʝʥʥʷ ʫ 

ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʢʦʥʪʘʢʪʦʨʘ. ʇʽʩʣʷ ʚʟʘʻʤʥʦʛʦ ʪʦʨʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ 2 

ʽ 5 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʪʘ ʧʨʦʩʣʠʟʘʥʥʷ ʨʫʭʦʤʦʛʦ ʢʦʥʪʘʢʪʫ 

5 ʧʦ ʧʦʚʝʨʭʥʽ ʥʝʨʫʭʦʤʦʛʦ 2, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.9. 

ʂʦʥʪʘʢʪʥʘ ʧʨʫʞʠʥʘ 9 ʩʪʚʦʨʶʻ ʧʝʚʥʝ ʥʘʪʠʩʢʘʥʥʷ Fʂʇ ʫ 

ʢʦʥʪʘʢʪʘʭ, ʪʦʤʫ ʧʨʠ ʾʭ ʧʝʨʝʢʦʯʫʚʘʥʥʽ ʪʘ ʧʨʦʩʣʠʟʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʫʡʥʫʚʘʥʥʷ ʦʢʠʩʥʠʭ ʧʣʽʚʦʢ ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʤʦʞʫʪʴ 

ʟ'ʷʚʠʪʠʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʽʚ. ʊʦʯʢʠ ʪʦʨʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʧʨʠ 

ʧʝʨʝʢʦʯʫʚʘʥʥʽ ʪʘ ʧʨʦʩʣʠʟʘʥʥʽ ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʥʦʚʽ ʤʽʩʮʷ ʢʦʥʪʘʢʪʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʥʝ ʧʽʜʜʘʚʘʣʠʩʷ ʚʧʣʠʚʫ ʜʫʛʠ ɼ,  ʽ ʪʦʤʫ ʻ ʯʠʩʪʽʰʠʤʠ. 

ɺʩʝ ʮʝ ʟʤʝʥʰʫʻ ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ ʢʦʥʪʘʢʪʽʚ ʽ ʧʦʢʨʘʱʫʻ ʫʤʦʚʠ ʾʭ 

ʨʦʙʦʪʠ. ʆʜʥʘʢ, ʚʦʜʥʦʯʘʩ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʽ ʧʨʦʩʣʠʟʘʥʥʷ ʧʽʜʚʠʱʫʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʩʫ ʢʦʥʪʘʢʪʽʚ. ɻʦʣʦʚʥʽ ʢʦʥʪʘʢʪʠ 2 ʽ 5 

ʢʨ̔ʧʣʷʪʴʩʷ ʙʦʣʪʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʾʭ ʟʘʤʽʥʫ ʚ ʨʘʟʽ 

ʟʥʦʰʫʚʘʥʥʷ. ʋ ʤʦʤʝʥʪ ʟʽʪʢʥʝʥʥʷ ʨʫʭʦʤʠʡ ʛʦʣʦʚʥʠʡ ʢʦʥʪʘʢʪ 5 

ʚʽʜʨʘʟʫ ʪʠʩʥʝ ʥʘ ʥʝʨʫʭʦʤʠʡ ʢʦʥʪʘʢʪ 2. 

ʎʝʡ ʪʠʩʢ ʦʙʫʤʦʚʣʝʥʠʡ ʧʦʧʝʨʝʜʥʽʤ ʥʘʪʷʛʦʤ ʢʦʥʪʘʢʪʥʦʾ 

ʧʨʫʞʠʥʠ 9.  
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ʈʠʩʫʥʦʢ 6.9 ï ɼʠʥʘʤʽʢʘ ʧʨʦʮʝʩʫ ʟʘʤʠʢʘʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ:  
 

ʃʽʥʽʷ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʟʫʩʠʣʣʷ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʪʠʩʢʘʥʥʷ Fʂ  

(ʧʦʟʥʘʯʝʥʥʷ ʧʦʟʠʮʽʡ ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ. 6.8) 

 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ ʢʦʥʪʘʢʪʽʚ ʫ ʤʦʤʝʥʪ ʾʭ 

ʪʦʨʢʘʥʥʷ ʙʫʜʝ ʥʝʚʝʣʠʢʠʤ, ʽ ʢʦʥʪʘʢʪʥʘ ʧʣʦʱʘʜʢʘ ʥʝ ʨʦʟʽʛʨʽʻʪʴʩʷ 

ʧʽʜ ʯʘʩ ʚʢʣʶʯʝʥʥʷ ʜʦ ʟʥʘʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʨʽʤ ʪʦʛʦ, ʧʦʧʝʨʝʜʥʻ 

ʢʦʥʪʘʢʪʥʝ ʥʘʪʠʩʢʘʥʥʷ, ʩʪʚʦʨʝʥʝ ʧʨʫʞʠʥʦʶ 9, ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʚʽʙʨʘʮʽʶ (ʙʨʷʟʢʽʪ) ʨʫʭʦʤʦʛʦ ʢʦʥʪʘʢʪʫ 5 ʧʨʠ ʫʜʘʨʽ ʡʦʛʦ ʦʙ 

ʥʝʨʫʭʦʤʠʡ ʢʦʥʪʘʢʪ 2. ʊʘʢʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʟʘʭʠʱʘʻ 

ʢʦʥʪʘʢʪʠ ʚʽʜ ʧʨʠʚʘʨʶʚʘʥʥʷ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʩʪʨʫʤʫ ʥI  ʛʦʣʦʚʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ. ʅʘ ʛʦʣʦʚʥʽ ʢʦʥʪʘʢʪʠ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ 

ʤʝʪʦʜʦʤ ʧʘʡʢʠ ʢʦʥʪʘʢʪʥʽ ʥʘʢʣʘʜʢʠ 6, ʚʠʢʦʥʘʥʽ ʽʟ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʥʘʧʨʠʢʣʘʜ ʩʨʽʙʣʘ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ ʪʨʠʚʘʣʦʛʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ.  

ɼʦʩʠʪʴ ʯʘʩʪʦ ʚ ʝʣʝʢʪʨʦʘʧʘʨʘʪʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʢʣʘʜʢʠ ʟ 

ʜʫʛʦʩʪʽʡʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʤʝʪʘʣʦʢʝʨʘʤʠʢʠ (ʂʄʂ-ɸ10 ï 85% Ag + 

15% CdO, ʘʙʦ ʂʄʂ-ɸ20 ï 90% Ag + 10% CuO). 

ɻʥʫʯʢʝ ʟ'ʻʜʥʘʥʥʷ (ʟʘʧʣʝʪʝʥʘ ʚ çʢʽʩʢʫè) 13, ʥʝʦʙʭʽʜʥʝ ʜʣʷ 

ʧʽʜʚʝʜʝʥʥʷ ʩʪʨʫʤʫ ʜʦ ʢʦʥʪʘʢʪʦʫʪʨʠʤʫʚʘʯʘ 7, ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʣʠʩʪʽʚ 

ʤʽʜʥʦʾ ʬʦʣʴʛʠ (ʩʪʨʽʯʢʠ) ʘʙʦ ʟ ʪʦʥʢʦʛʦ ʧʝʨʝʧʣʝʪʝʥʦʛʦ ʤʽʜʥʦʛʦ 

ʜʨʦʪʫ. ʂʦʥʪʘʢʪʦʨ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʩʠʣʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ ʰʣʷʭʦʤ 

ʟ'ʻʜʥʘʥʥʷ ʚʠʚʦʜʫ ʢʦʪʫʰʢʠ ʩʪʨʫʤʫ 24 ʪʘ çʢʽʩʢʠè 13 ʟʽ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤʠ ʰʠʥʘʤʠ 3 ʪʘ 17 ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʣʝʚʠʭ ʘʙʦ 

ʣʘʪʫʥʥʠʭ ʙʦʣʪʽʚ.  
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ʈʦʟʭʠʣʦʤ ʢʦʥʪʘʢʪʽʚ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʫʭʦʤʠʤ ʪʘ 

ʥʝʨʫʭʦʤʠʤ ʢʦʥʪʘʢʪʘʤʠ ʫ ʚʽʜʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ ʢʦʥʪʘʢʪʦʨʘ. ʈʦʟʭʠʣ 

ʢʦʥʪʘʢʪʽʚ ʟʘʟʚʠʯʘʡ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ ʚʽʜ 1 ʤʤ ʜʦ 20 ʤʤ. ʏʠʤ ʤʝʥʰʠʡ 

ʨʦʟʭʠʣ ʢʦʥʪʘʢʪʽʚ, ʪʠʤ ʤʝʥʰʠʤ ʻ ʭʽʜ ʷʢʦʨʷ ʧʨʠʚʦʜʥʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʘʢʪʫʘʪʦʨʘ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʨʦʙʦʯʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ ŭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʤʘʛʥʽʪʥʦʛʦ ʦʧʦʨʫ, 

ʩʠʣʠ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ, ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʫʰʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʪʘ ʡʦʛʦ 

ʛʘʙʘʨʠʪʽʚ. ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʭʠʣʫ ʢʦʥʪʘʢʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʫʤʦʚʘʤʠ, ʤʦʞʣʠʚʽʩʪʶ 

ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʤʽʩʪʢʘ ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ 2 ʪʘ 5 ʧʨʠ ʨʦʟʨʠʚʽ 

ʢʦʣʘ ʩʪʨʫʤʫ, ʫʤʦʚʘʤʠ ʫʩʫʥʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ 

ʧʨʠ ʚʽʜʩʢʘʢʫʚʘʥʥʽ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʫʧʦʨʫ (ʝʣʘʩʪʠʯʥʦʛʦ 

ʙʫʬʝʨʘ) 12 ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʘʧʘʨʘʪʫ. ʈʦʟʭʠʣ ʢʦʥʪʘʢʪʽʚ ʪʘʢʦʞ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ ʥʘʜʽʡʥʦʛʦ ʛʘʩʽʥʥʷ 

ʜʫʛʠ ɼ ʧʨʠ ʤʘʣʠʭ ʩʪʨʫʤʘʭ. ɼʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ, ʪʦʙʪʦ ʜʣʷ 

ʨʦʟʨʠʚʫ ʩʪʨʫʤʫ ʥI  ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ, ʥʝʦʙʭʽʜʥʦ ʢʦʨʦʪʢʦʯʘʩʥʦ 

ʥʘʪʠʩʥʫʪʠ ʥʘ ʢʥʦʧʢʫ SB2 çʉʪʦʧè. ʂʦʪʫʰʢʘ ʚʢʣʶʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 22 ʚʪʨʘʪʠʪʴ ʞʠʚʣʝʥʥʷ, ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʌ ʟʥʠʢʥʝ, 

ʩʠʣʘ Fɺʇ ʧʦʚʦʨʦʪʥʦʾ ʧʨʫʞʠʥʠ 15 ʧʝʨʝʤʽʩʪʠʪʴ ʷʢʽʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 

11 ʫ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ (ʪʦʜʽ ʨʦʙʦʯʠʡ ʟʘʟʦʨ d ï ʤʘʢʩʠʤʘʣʴʥʠʡ), 
ʘ ʙʣʦʢ-ʢʦʥʪʘʢʪʠ 16 ʨʦʟʽʤʢʥʫʪʴʩʷ. ɺʠʥʠʢʘʶʯʘ ʧʨʠ ʨʦʟʭʦʜʞʝʥʥʽ 

ʛʦʣʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ 2 ʽ 5 ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ ɼ ʛʘʩʠʪʴʩʷ ʚ ʜʫʛʦʛʘʩʥʽʡ 

ʢʘʤʝʨʽ 4. 

ʐʚʠʜʢʝ ʧʝʨʝʤʽʱʝʥʥʷ ʜʫʛʠ ɼ ʟ ʢʦʥʪʘʢʪʽʚ 2 ʽ 5 ʚ ʜʫʛʦʛʘʩʥʫ 

ʢʘʤʝʨʫ 4 ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ. ʋ ʢʦʣʦ 

ʩʪʨʫʤʫ ʥI  ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ ʚʢʣʶʯʝʥʘ ʧʦʩʣʽʜʦʚʥʘ ʜʫʛʦʛʘʩʥʘ ʢʦʪʫʰʢʘ 

24, ʷʢʘ ʨʦʟʤʽʱʝʥʘ ʥʘ ʩʪʘʣʝʚʦʤʫ ʦʩʝʨʜʽ 1. ʌʝʨʦʤʘʛʥʽʪʥʽ ʧʣʘʩʪʠʥʠ-

ʧʦʣʶʩʠ 25, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʪʦʨʮʷʭ ʦʩʝʨʜʷ 1, ʧʽʜʚʦʜʷʪʴ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ, ʱʦ ʩʪʚʦʨʝʥʝ ʢʦʪʫʰʢʦʶ 24, ʜʦ ʟʦʥʠ ʛʦʨʽʥʥʷ ʜʫʛʠ ɼ ʚ ʢʘʤʝʨʽ 

4. ɺʟʘʻʤʦʜʽʷ ʮʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʽ ʩʪʨʫʤʦʤ ʜʫʛʠ ʥI  ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʷʚʠ ʩʠʣʠ Fɼ (ʟʘ ʧʨʘʚʠʣʦʤ ʣʽʚʦʾ ʨʫʢʠ), ʷʢʘ ʨʦʟʪʷʛʫʻ ʽ 

ʧʝʨʝʤʽʱʫʻ ʜʫʛʫ ɼ ʚ ʢʘʤʝʨʫ 4. ʑʽʣʠʥʥʘ ʜʫʛʦʛʘʩʥʘ ʢʘʤʝʨʘ ʫʪʚʦʨʝʥʘ 

ʜʚʦʤʘ ʩʪʽʥʢʘʤʠ ʟ ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʟ ʽʟʦʣʷʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʘʟʙʦʮʝʤʝʥʪ, ʘʟʙʝʩʪʦʮʝʤʝʥʪ, ʘʟʙʦʧʣʘʩʪ, ʩʠʣʽʢʘʪʥʘ 

ʢʝʨʘʤʽʢʘ), ʱʦ ʤʘʻ ʚʝʣʠʢʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ 
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ʜʫʛʠ ʥI  ʟ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʫʪʚʦʨʶʻʪʴʩʷ ʩʠʣʘ F ɼ, ʷʢʘ ʨʦʟʪʷʛʫʻ ʜʫʛʫ 

ɼ ʽ ʧʝʨʝʤʽʱʫʻ ʾʾ ʤʽʞ ʩʪʽʥʢʘʤʠ ʱʽʣʠʥʥʦʾ ʢʘʤʝʨʠ. ɻʘʩʽʥʥʷ ʜʫʛʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʽʥʪʝʥʩʠʚʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʰʚʠʜʢʝ ʟʙʽʣʴʰʝʥʥʷ 

ʦʧʦʨʫ ʩʪʦʚʧʘ ʜʫʛʠ. ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʢʣʶʯʝʥʥʽ ʛʦʣʦʚʥʠʭ 

ʢʦʥʪʘʢʪʽʚ 2 ʪʘ 5, ʘ ʪʘʢʦʞ ʢʦʪʫʰʢʠ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ 24, ʥʘʧʨʷʤʦʢ 

ʩʠʣʠ F ɼ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʧʨʷʤʫ ʩʪʨʫʤʫ ʥI  

ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ.  

ʈʦʙʦʪʫ ʢʦʥʪʘʢʪʦʨʘ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʜʚʦʤʘ ʟʘʣʝʞʥʦʩʪʷʤʠ: 

ʩʫʤʘʨʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʦʪʠʜʽʶʯʠʭ ʩʠʣ (¶
ɺʇF  ï ʚʽʜ 

ʧʦʚʝʨʪʘʣʴʥʦʾ ʧʨʫʞʠʥʠ ʪʘ ¶
ʂʇF  ï ʚʽʜ ʢʦʥʪʘʢʪʥʦʾ ʧʨʫʞʠʥʠ; ʟʥʘʯʝʥʥʷ 

ʩʠʣ ʧʨʠʚʝʜʝʥʦ ʜʦ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ d ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ) ʽ ʪʷʛʦʚʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʨʠʚʦʜʫ EMF , ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 6.10. 

 
 

ʈʠʩʫʥʦʢ 6.10 ï ʊʷʛʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ EMF  (1) ʪʘ 

ʤʝʭʘʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʪʠʜʽʶʯʠʭ ʧʨʫʞʠʥ ¶
ɺʇF  ʽ ¶ʂʇF (2) 

 

ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʦʥʪʘʢʪʦʨʘ ʪʷʛʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 1 ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʧʦʚʠʥʥʘ ʫ ʚʩʽʭ ʪʦʯʢʘʭ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʚʠʱʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 2 ʧʨʦʪʠʜʽʶʯʠʭ ʧʨʫʞʠʥ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʽʡ ʜʦʧʫʩʪʠʤʽʡ ʥʘʧʨʫʟʽ ʥʘ ʢʦʪʫʰʮʽ (ʢʝʨ
85,0

ʢʝʨ 85,0 UF Ö= ) ʪʘ 
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ʥʘʛʨʽʪʽʡ ʢʦʪʫʰʮʽ ʜʦ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ 

ʚʢʘʟʘʥʦ ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʷʢʦʨʝʤ ʽ ʥʘʢʦʥʝʯʥʠʢʦʤ 

ʩʝʨʜʝʯʥʠʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ. ʇʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ ï ʧʨʠʚʝʜʝʥʽ ʜʦ 

ʚʩʴʦʛʦ ʟʘʟʦʨʫ d ʪʷʛʦʚʽ ʪʘ ʧʨʦʪʠʜʽʶʯʽ ʟʫʩʠʣʣʷ F. ʅʘ ʛʨʘʬʽʢʫ 

ʧʦʟʥʘʯʝʥʦ: a-b ï ʧʦʯʘʪʢʦʚʝ ʩʪʠʩʢʘʥʥʷ ʧʦʚʝʨʪʘʣʴʥʦʾ ʧʨʫʞʠʥʠ ʅ
ɺʇF¶

; b-c ï ʥʘʨʦʩʪʘʥʥʷ ʩʠʣʠ ʧʦʚʝʨʪʘʣʴʥʦʾ ʧʨʫʞʠʥʠ ¶
ɺʇF  ʧʦ ʤʽʨʽ 

ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ d; c-d ï ʧʦʯʘʪʢʦʚʝ ʩʪʠʩʢʘʥʥʷ 

ʢʦʥʪʘʢʪʥʦʾ ʧʨʫʞʠʥʠ ʅ
ʂʇF¶  (ʚʦʥʦ ʩʪʘʥʦʚʠʪʴ 30é50% ʚʽʜ¶

ʂʇF ʜʦ ʪʦʛʦ 

ʞ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʽʙʨʘʮʽʾ ʢʦʥʪʘʢʪʽʚ ʧʨʠ ʚʢʣʶʯʝʥʥʽ 

ʩʪʨʫʤʫ ʥI ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ); d-e ï ʥʘʨʦʩʪʘʥʥʷ ʩʠʣʠ ʧʦʚʝʨʪʘʣʴʥʦʾ 

ʧʨʫʞʠʥʠ ¶
ɺʇF ʪʘ ʢʦʥʪʘʢʪʥʦʾ ʧʨʫʞʠʥʠ ¶

ʂʇF ʧʦ ʤʽʨʽ ʧʦ ʤʽʨʽ 

ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ 1d ʜʦ ʟʥʘʯʝʥʥʷ mind . 

 

6.3.1 ʇʨʠʩʪʨʽʡ ʢʦʥʪʘʢʪʥʦ-ʜʫʛʦʛʘʩʥʦʾ ʩʠʩʪʝʤʠ  

 

ʆʩʢʽʣʴʢʠ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʚʫʟʣʦʤ ʢʦʥʪʘʢʪʦʨʘ ʻ ʢʦʥʪʘʢʪʥʦ-

ʜʫʛʦʛʘʩʥʘ ʩʠʩʪʝʤʘ, ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʾʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʚʘʨʽʘʥʪ ʚʠʢʦʥʘʥʥʷ ʜʫʛʦʛʘʩʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʥʪʘʢʪʦʨʽʚ ʫ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ 

ʨʠʩ. 6.11.  

 
 

ʈʠʩʫʥʦʢ 6.11 ï ʑʽʣʠʥʥʘ ʜʫʛʦʛʘʩʥʘ ʢʘʤʝʨʘ ʟ ʤʘʛʥʽʪʥʠʤ ʜʫʪʪʷʤ 

(ʧʦʟʥʘʯʝʥʥʷ ʧʦʟʠʮʽʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʠʩ. 6.8)  
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ɼʣʷ ʛʘʩʽʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʧʨʠ ʨʦʟʤʠʢʘʥʥʽ ʢʦʥʪʘʢʪʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʠʩʪʝʤʠ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʱʽʣʠʥʥʽ 

ʢʘʤʝʨʠ ʟ ʤʘʛʥʽʪʥʠʤ ʜʫʪʪʷʤ.  

ʈʦʟʨʽʟʥʷʶʪʴ ʩʠʩʪʝʤʠ ʟ ʧʦʩʣʽʜʦʚʥʠʤ (ʢʦʪʫʰʢʘ ʩʪʨʫʤʫ) ʽ 

ʧʘʨʘʣʝʣʴʥʠʤ (ʢʦʪʫʰʢʘ ʥʘʧʨʫʛʠ) ʚʢʣʶʯʝʥʥʷʤ ʢʦʪʫʰʢʠ, 

ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʋ ʧʨʠʩʪʨʦʷʭ 

ʜʫʛʦʛʘʩʽʥʥʷ ʟ ʤʘʛʥʽʪʥʠʤ ʜʫʪʪʷʤ ʦʙʤʦʪʢʘ (ʢʦʪʫʰʢʘ) 24 

ʨʦʟʤʽʰʫʻʪʴʩʷ ʥʘ ʩʝʨʜʝʯʥʠʢʫ 1, ʷʢʠʡ ʨʘʟʦʤ ʟ ʜʚʦʤʘ ʧʣʘʩʪʠʥʘʤʠ 25 

ʫʪʚʦʨʶʻ ʤʘʛʥʽʪʦʧʨʦʚʽʜ, ʱʦ ʦʭʦʧʣʶʻ ʢʘʤʝʨʫ 4 ʟ ʦʙʦʭ ʩʪʦʨʽʥ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʝʜʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʌ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ ʜʫʛʠ ɼ 

ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ 2 ʽ 5. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʌ ʟʽ 

ʩʪʨʫʤʦʤ ʜʫʛʠ, ʚʦʥʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʛʦʨʫ ʧʦ ʢʦʥʪʘʢʪʘʭ, ʧʝʨʝʭʦʜʠʪʴ 

ʥʘ ʜʫʛʦʛʘʩʥʽ ʨʦʛʠ (ʥʝ ʧʦʢʘʟʘʥʽ) ʽ ʟʥʘʯʥʦ ʧʦʜʦʚʞʫʻʪʴʩʷ. ɼʘʣʽ ʜʫʛʘ ɼ 

ʧʦʪʨʘʧʣʷʻ ʜʦ ʱʽʣʠʥʥʦʾ ʯʘʩʪʠʥʠ d3 ʢʘʤʝʨʠ 4, ʽʥʪʝʥʩʠʚʥʦ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʽ ʛʘʩʥʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʫʤ ʥI ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ, 

ʪʦʙʪʦ ʩʪʨʫʤ ʜʫʛʠ ɼI  ʯʝʨʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥR  ʧʨʠʧʠʥʷʻʪʴʩʷ.  

 
ʘ  ʙ 

 

ʈʠʩʫʥʦʢ 6.12 ï ʉʠʩʪʝʤʠ ʟ ʧʦʩʣʽʜʦʚʥʠʤ (ʘ) ʽ ʧʘʨʘʣʝʣʴʥʠʤ (ʙ) 

ʚʢʣʶʯʝʥʥʷʤ ʦʙʤʦʪʢʠ [45] 

 

ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʜʫʪʪʽ (ʨʠʩ. 6.12, ʘ) ʦʙʤʦʪʢʘ 

(ʢʦʪʫʰʢʘ) 24 ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʢʦʣʦ ʢʦʤʫʪʦʚʘʥʦʛʦ ʩʪʨʫʤʫ ʥI , ʧʨʠ 

ʮʴʦʤʫ ʾʾ ʧʝʨʝʨʽʟ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʮʴʦʛʦ ʩʪʨʫʤʫ. 

ʂʦʪʫʰʢʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ 24 ʟʘʟʚʠʯʘʡ ʤʘʻ ʚʽʜ ʜʚʦʭ 

ʜʦ ʜʝʩʷʪʠ ʚʠʪʢʽʚ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʘʤʦʪʫʚʘʥʦʾ ʥʘ ʨʝʙʨʦ 

ʰʠʥʠ ʧʨʷʤʦʢʫʪʦʚʦʛʦ ʧʝʨʝʨʽʟʫ (ʙʝʟ ʽʟʦʣʷʮʽʾ) ʟ ʧʦʚʽʪʨʷʥʠʤʠ 

ʧʨʦʤʽʞʢʘʤʠ ʤʽʞ ʚʠʪʢʘʤʠ.  

ʇʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʜʫʪʪʽ (ʨʠʩ. 6.12, ʙ) ï ʦʙʤʦʪʢʘ 

(ʢʦʪʫʰʢʘ) ʚʢʣʶʯʘʻʪʴʩʷ ʥʘ ʧʦʚʥʫ ʥʘʧʨʫʛʫ ʥU  ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ. 
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ʂʦʪʫʰʢʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ ʤʘʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʚʠʪʢʽʚ ʟ ʽʟʦʣʷʮʽʻʶ, ʨʦʟʨʘʭʦʚʘʥʦʶ ʥʘ ʥʘʧʨʫʛʫ ʥU ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ.  

ɺ ʦʙʦʭ ʚʠʢʦʥʘʥʥʷʭ ʚʟʘʻʤʦʜʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʽ ʩʪʨʫʤʦʤ ʜʫʛʠ 

ʤʘʻ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʷʚʠ ʩʠʣʠ ɼF , ʷʢʘ ʧʝʨʝʤʽʱʘʻ ʜʫʛʫ ɼ ʚ ʢʘʤʝʨʫ.  

ɺʠʢʦʥʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʨʘʚʠʣʦʤ 

ʣʽʚʦʾ ʨʫʢʠ: ʷʢʱʦ ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ ʜʦʣʦʥʶ ʟ 

ʚʠʪʷʛʥʫʪʠʤʠ ʧʘʣʴʮʷʤʠ ʪʘ ʚʽʜʽʛʥʫʪʠʤ ʚʝʣʠʢʠʤ ʧʘʣʴʮʝʤ ʫ ʧʣʦʱʠʥʽ 

ʜʦʣʦʥʽ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʘʣʴʮʽ 

ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʫ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ ʚ ʜʫʟʽ, ʘ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʚʽʜ 

ʩʠʩʪʝʤʠ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ çʚʭʦʜʠʚè ʫ ʜʦʣʦʥʶ, ʪʦ ʚʝʣʠʢʠʡ ʧʘʣʝʮʴ 

ʧʦʢʘʞʝ ʥʘʧʨʷʤʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʦʚʧʘ ʜʫʛʠ. 

ʗʢʱʦ ʫʷʚʠʪʠ ʜʫʛʫ ɼ ʷʢ ʧʨʦʚʽʜʥʠʢ ʜʦʚʞʠʥʦʶ l ʟʽ ʩʪʨʫʤʦʤ I , 

ʨʦʟʤʽʱʝʥʠʡ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʟ ʽʥʜʫʢʮʽʻʶ B , ʪʦ ʩʠʣʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ɼF , ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʜʫʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ  

 

jÖÖÖ= sinɼ lIBF , 

 

ʜʝ  ʒ  ï ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ B ʪʘ ʚʝʢʪʦʨʦʤ 

ʩʪʨʫʤʫ ɯ 

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚ ʩʠʩʪʝʤʘʭ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ ʢʫʪ ʦ90=j , ʘ 

ʽʥʜʫʢʮʽʷ HB Öm= 0 , ʪʦ ʧʦʧʝʨʝʜʥʶ ʬʦʨʤʫʣʫ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ 

ʪʘʢʫ 

lIHF ÖÖÖm= 0ɼ , 

 

ʜʝ  0m  ï ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʧʦʚʽʪʨʷ;  

ʅï ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʤʘʛʥʽʪʦʧʨʦʚʽʜ 

ʩʠʩʪʝʤʠ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʝ ʥʘʩʠʯʫʻʪʴʩʷ, ʪʦ 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ ʙʫʜʝ 

 

ʧd

Ö
=

WI
H , 

ʜʝ  W  ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʢʦʪʫʰʢʠ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ;  
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ʧd  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʜʫʛʦʛʘʩʥʦʾ 

ʢʘʤʝʨʠ ʚ ʟʦʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʜʫʛʠ.  

ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʜʫʪʪʽ ʩʪʨʫʤ 

ʫ ʢʦʪʫʰʮʽ ʜʦʨʽʚʥʶʻ ʢʦʤʫʪʦʚʘʥʦʛʦ ʩʪʨʫʤʫ, ʘ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ 

ʜʫʪʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  

 

ʢR

U
I = , 

ʜʝ   U ï ʥʘʧʨʫʛʘ ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ;  

ʢR  ï ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʦʙʤʦʪʢʠ ʢʦʪʫʰʢʠ.  

 

ʊʦʜʽ ʩʠʣʘ ʥʘ ʜʫʛʫ ɼ1F  ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʜʫʪʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʷʢ 

ʧ

2
0

ɼ1
d

ÖÖÖm
=

lIW
F . 

 

ɸ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʜʫʪʪʽ ʩʠʣʘ ɼ2F ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʷʢ 

 

ʧ

0
ɼ2

dÖ

ÖÖÖÖm
=

R

lIUW
F . 

 

ʅʘ ʨʠʩ. 6.13 ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʩʠʣʠ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ɼ1F  ʪʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ɼ2F ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ, ʘ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʥʽ ʮʠʤ ʩʠʣʘʤ ʯʘʩʠ ʛʦʨʽʥʥʷ ʜʫʛʠ ɼt  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʪʨʫʤʫ I, ʱʦ ʚʽʜʢʣʶʯʘʻʪʴʩʷ.  

ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ 

ʤʘʣʠʭ ʩʪʨʫʤʽʚ ʧʘʨʘʣʝʣʴʥʝ ʜʫʪʪʷ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʪʘ ʯʘʩ ʜʫʛʠ 

ɼ2t  ʤʝʥʰʝ ʯʘʩʫ ɼ1t  ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʜʫʪʪʷʤ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʩʪʨʫʤʫ ʚʽʜʢʣʶʯʝʥʥʷ ɯ ʫ ʜʫʛʦʛʘʩʥʦʤʫ ʧʨʠʩʪʨʦʾ ʟ 

ʧʦʩʣʽʜʦʚʥʠʤ ʜʫʪʪʷʤ ʩʠʣʘ ʜʫʪʪʷ ɼ1F  ʰʚʠʜʢʦ ʥʘʨʦʩʪʘʻ 

(ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʩʪʨʫʤʫ), ʯʘʩ ʜʫʛʠ ɼ1t  ʟʤʝʥʰʫʻʪʴʩʷ, ʽ ʪʦʤʫ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʘʤʝ ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠ ʢʦʤʫʪʘʮʽʾ 

ʚʝʣʠʢʠʭ ʩʪʨʫʤʽʚ ʦʯʝʚʠʜʥʘ. ʂʨʽʤ ʦʧʠʩʘʥʠʭ ʩʠʩʪʝʤ ʤʘʛʥʽʪʥʦʛʦ 
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ʜʫʪʪʷ, ʪʘʢʦʞ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʫʛʦʛʘʩʥʽ ʧʨʠʩʪʨʦʾ ʟ 

ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʷʢʽ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʘʥʘʣʦʛʽʯʥʽ ʩʠʩʪʝʤʘʤ ʟ 

ʧʘʨʘʣʝʣʴʥʠʤ ʜʫʪʪʷʤ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʜʫʛʦʛʘʩʽʥʥʽ ʛʨʘʶʪʴ ʜʫʛʦʛʘʩʥʽ ʢʘʤʝʨʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʱʽʣʠʥʥʠʤʠ (ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ), ʟ ʜʝʽʦʥʥʠʤʠ 

ʤʝʪʘʣʝʚʠʤʠ ʧʣʘʩʪʠʥʘʤʠ (ʜʫʛʦʛʘʩʥʠʤʠ ʨʝʰʽʪʢʘʤʠ), ʘ ʪʘʢʦʞ 

ʢʦʤʙʽʥʦʚʘʥʠʤʠ. 

 
 

ʈʠʩʫʥʦʢ 6.13 ï ɿʘʣʝʞʥʽʩʪʴ ʩʠʣʠ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ ɼF  ʯʘʩʫ ʜʫʛʠ ɼt  

ʚʽʜ ʩʪʨʫʤʫ ʚʽʜʢʣʶʯʝʥʥʷ ɯ: 

ɼ1F  ʪʘ ɼ1t ï ʧʦʩʣʽʜʦʚʥʘ ʩʠʩʪʝʤʘ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ;  

ɼ2F  ʪʘ ɼ2t  ï ʧʘʨʘʣʝʣʴʥʘ ʩʠʩʪʝʤʘ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ. 

 

6.3.2 ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʢʦʥʪʘʢʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 
 

ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

(ʨʦʟʨʦʙʮʽ, ʚʠʙʦʨʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʟʨʘʭʫʥʢʫ) ʻ ʪʘʢʽ: ʧʦʰʫʢʦʚʠʡ 

ʤʝʪʦʜ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʧʦʜʽʙʥʦʩʪʽ ʪʘ 

ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ.  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʷ ̫ ʢ 

ʟʘʛʘʣʴʥʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ, 

ʚʨʘʭʦʚʫʶʯʠ ʬʽʟʠʯʥʽ ʟʘʢʦʥʠ ʪʘ ʜʦʩʚʽʜʯʝʥʽ ʜʘʥʽ. ɿʘʩʪʦʩʦʚʫʶʯʠ 
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ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ, ʥʝʦʙʭʽʜʥʦ ʯʽʪʢʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʬʽʟʠʢʫ 

ʷʚʠʱ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ.  

6.3.2.1 ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʠʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʧʦʨʷʜʢʫ. 

1) ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʥʪʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʢʦʥʪʘʢʪʦʨʽʚ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʢʦʤʧʘʥʽʡ ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ 

ʚʠʨʦʙʥʠʢʽʚ ʢʦʥʪʘʢʪʦʨʽʚ , ʘʙʦ ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ. ʈʦʟʛʣʷʥʫʪʠ 

ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʘʧʘʨʘʪʫ ʚ ʮʽʣʦʤʫ, ʘ 

ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ (ʢʦʥʪʘʢʪʥʦʾ 

ʪʘ ʜʫʛʦʛʘʩʥʦʾ ʩʠʩʪʝʤ, ʤʝʭʘʥʽʟʤʽʚ ʚʢʣʶʯʝʥʥʷ ʪʘ ʜʽʾ, ʢʦʨʧʫʩʥʠʭ ʪʘ 

ʽʟʦʣʷʮʽʡʥʠʭ ʚʫʟʣʽʚ ʪʘ ʜʝʪʘʣʝʡ).  

2) ɿ'ʷʩʫʚʘʪʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʘʧʘʨʘʪʘ.  

3) ɺʠʚʯʠʪʠ ʚʽʜʥʦʩʥʽ (ʧʠʪʦʤʽ) ʧʦʢʘʟʥʠʢʠ ʘʧʘʨʘʪʫ.  

ʇʽʩʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʧʠʪʘʥʴ, ʦʩʥʦʚʥʝ 

ʟʘʚʜʘʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʦʚʥʠʭ 

ʚʫʟʣʽʚ ʪʘ ʯʘʩʪʠʥ ʢʦʥʪʘʢʪʦʨʘ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʪʘʢʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘʟʚʠʯʘʡ 

ʟʘʜʘʶʪʴʩʷ:  

- ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ ʥI ;  

- ʛʨʘʥʠʯʥʠʡ ʩʪʨʫʤ, ʱʦ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʥII Ö= )0,4...5,2(ʚʽʜʢ  ʘʙʦ 

ʝʢʚʚʽʜʢ )0,4...5,2( II Ö= ;  

- ʢʨʘʪʥʽʩʪʴ ʩʪʨʫʤʫ ʚʽʜʢʣʶʯʝʥʥʷ 0,4;5,3;0,3;5,2
ʚʽʜʢ
=n ;  

- ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʥU ;  

- ʥʘʧʨʫʛʘ ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ ʢʝʨU  ;  

- ʚʽʜʥʦʩʥʫ ʪʨʠʚʘʣʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʇɺ%;  

- ʜʦʧʫʩʪʠʤʝ ʯʠʩʣʦ ʮʠʢʣʽʚ ʚʢʣʶʯʝʥʥʷ z ʥʘ ʛʦʜʠʥʫ;  

- ʢʽʣʴʢʽʩʪʴ ʛʦʣʦʚʥʠʭ ʧʦʣʶʩʽʚ (ʛʦʣʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ) p.  

6.3.2.2 ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʘʢʪʦʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚ 

ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  

1) ɺʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʨʽʟ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʯʘʩʪʠʥ ʘʧʘʨʘʪʫ ʚ 

ʨʝʞʠʤʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʥI  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʘʙʠ ʩʪʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ ʯʘʩʪʠʥ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ʜʦʧʫʩʪʠʤʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʽʟʦʣʷʮʽʾ, ʟ ʷʢʦʶ ʪʦʨʢʘʶʪʴʩʷ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ 



 

171 

 

ʯʘʩʪʠʥʠ. ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʩʪʨʫʤ ʝʢʚI , ʷʢʠʡ ʚʠʢʣʠʢʘʻ ʪʘʢʝ ʩʘʤʝ 

ʥʘʛʨʽʚʘʥʥʷ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʯʘʩʪʠʥ, ʱʦ ʽ ʩʪʨʫʤ, ʱʦ ʚʽʜʢʣʶʯʘʻʪʴʩʷ 

ʥI  ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʧʨʦʪʽʢʘʥʥʽ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʯʘʩʪʠʥ ʝʣʝʢʪʨʠʯʥʦʶ 

ʜʫʛʦʶ ʜʣʷ ʢʦʥʪʘʢʪʦʨʽʚ, ʷʢʽ ʢʦʤʫʪʫʶʪʴ ʢʦʣʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʽʜʦʤʦʶ ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ.  

2) ɺʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʨʽʟ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʯʘʩʪʠʥ ʫ ʨʝʞʠʤʽ 

ʩʪʨʫʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. ʎʝʡ 

ʨʝʞʠʤ ʚʚʘʞʘʻʪʴʩʷ ʘʜʽʘʙʘʪʠʯʥʠʤ (ʪʦʙʪʦ ʙʝʟ ʚʽʜʜʘʯʽ ʪʝʧʣʦʪʠ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ). ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ:  

- ʩʪʨʫʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʂɿI ;  

- ʪʨʠʚʘʣʽʩʪʴ ʡʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʂɿt  (ʯʘʩ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ);  

- ʧʝʨʝʨʽʟ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʯʘʩʪʠʥ.  

ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʪʨʴʦʭ ʚʝʣʠʯʠʥ ʤʘʻ ʙʫʪʠ ʦʙʨʘʥʘ ʪʘʢ, ʱʦʙ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ ʜʦʧʫʩʪʠʤʫ ʜʣʷ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʨʝʞʠʤʫ. 

3) ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʪʠʩʢʘʥʥʷ ʂF  ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʨʝʞʠʤʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ. ʎʷ ʩʠʣʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʪʘʢʦʶ, ʱʦʙ ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ ʢʦʥʪʘʢʪʽʚ ʂR , ʷʢʠʡ ʧʝʨʰ ʟʘ ʚʩʝ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʽʻʶ ʩʠʣʦʶ, ʥʝ ʧʨʠʟʚʦʜʠʚ ʙʠ ʜʦ ʚʝʣʠʢʠʭ ʪʝʧʣʦʚʠʭ 

ʚʪʨʘʪ ʫ ʢʦʥʪʘʢʪʥʽʡ ʪʦʯʮʽ. ʂʨʽʤ ʮʴʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ ʮʽʻʾ 

ʪʦʯʢʠ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ ɼJ . ɺ 

ʜʝʷʢʠʭ ʫʤʦʚʘʭ ʜʦʧʫʩʪʠʤʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʽʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ 

ʪʦʯʦʢ ɼJ  ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʙʽʣʴʰ ʚʠʱʦʶ, ʘʣʝ ʞ ʪʘʢʦʶ, ʱʦʙ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʨʦʟʤ'ʷʢʰʝʥʥʷ) 

ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʫ ʨʝʢJ . ʉʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʪʠʩʢʘʥʥʷ ʂF  

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʫʤʦʚʠ, ʱʦ ʫ ʨʝʞʠʤʽ ʥʘʜʩʪʨʫʤʫ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʚ ʢʦʥʪʘʢʪʘʭ ʥʝ ʚʠʢʣʠʢʘʣʠ 

ʾʭ ʨʦʟʙʽʞʥʦʩʪʽ ʪʘ ʫʪʚʦʨʝʥʥʷ ʜʫʛʠ ʚ ʤʽʞʢʦʥʪʘʢʪʥʦʤʫ ʧʨʦʤʽʞʢʫ. 

ʉʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʪʠʩʢʘʥʥʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʩʫʪʥʽʩʪʴ 

ʟʚʘʨʶʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʪʠʩʢʘʥʥʷ 

ʂF ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ ʥʘʡʙʽʣʴʰʦʤʫ ʟ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ, 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʧʦʧʝʨʝʜʥʽʤʠ ʧʫʥʢʪʘʤʠ. ɿʘ ʮʽʻʶ ʩʠʣʦʶ ʂF  
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ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʘʢʪʥʠʭ ʧʨʫʞʠʥ, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʧʦʧʝʨʝʜʥʻ ʩʪʠʩʢʘʥʥʷ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʫʞʠʥʦʶ ʚ ʧʝʨʰʠʡ 

ʤʦʤʝʥʪ ʪʦʨʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ.  

4) ɺʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʭʠʣ ʛʦʣʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚ 
ʛʘʩʽʥʥʷ ʜʫʛʠ ɼ ʧʨʠ ʤʘʣʠʭ ʩʪʨʫʤʘʭ. ʆʜʥʦʯʘʩʥʦ ʟ ʨʦʟʨʘʭʫʥʢʦʤ 

ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʜʫʛʠ ʢʨl  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʜʫʛʠ. ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ 

ʜʫʛʦʛʘʩʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʩʠʩʪʝʤʠ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ, ʧʨʠ ʷʢʠʭ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʜʽʡʥʝ ʛʘʩʽʥʥʷ ʜʫʛʠ ʟʘ ʯʘʩ ʥʝ ʙʽʣʴʰʝ 0,1 ʩ ʫ 

ʜʽʘʧʘʟʦʥʽ ʩʪʨʫʤʽʚ ʚʽʜ ʢʨʠʪʠʯʥʦʛʦ ʜʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʣʶʯʝʥʠʡ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʧʣʦʱʘ 

ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʜʫʛʦʛʘʩʥʦʾ ʢʘʤʝʨʠ ʟʘ ʫʤʦʚʠ ʾʾ ʜʦʧʫʩʪʠʤʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ.  

5) ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ, ʥʘʚʝʜʝʥʽ ʚ [53], 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʦʰʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʢʦʥʪʘʢʪʦʨʘ ʟʘ ʥʦʤʽʥʘʣʴʥʠʤ 

ʩʪʨʫʤʦʤ ʥI  ʽ ʟʘʜʘʥʦʶ ʝʣʝʢʪʨʠʯʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ N. ʎʠʤ 

ʨʦʟʨʘʭʫʥʢʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʽʚ, ʷʢʠʡ 

ʚʠʛʦʨʠʪʴ ʧʨʠ ʢʽʣʴʢʦʩʪʽ N ʢʦʤʫʪʘʮʽʷʭ ʢʦʣʘ, ʘ ʪʘʢʦʞ ʫ ʢʽʥʮʝʚʦʤʫ 

ʨʝʟʫʣʴʪʘʪʽ ï ʣʽʥʽʡʥʝ ʟʥʦʰʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ. ɿʘ ʟʥʘʡʜʝʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʙʫʜʫʻʪʴʩʷ ʦʨʽʻʥʪʦʚʥʘ (ʧʨʠʙʣʠʟʥʘ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʦʪʠʜʽʶʯʠʭ ʩʠʣ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʛʦʣʦʚʥʠʭ ʢʦʤʫʪʫʶʯʠʭ ʢʦʥʪʘʢʪʽʚ 

(ʨʠʩ. 6.14). 

 
ʈʠʩʫʥʦʢ 6.14 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʪʠʜʽʶʯʠʭ ʩʠʣ:  

 
ʅ
ɺʇF , ʅ

ʂʇF ï ʩʠʣʠ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʠʩʢʘʥʥʷ ʧʦʚʝʨʪʘʣʴʥʦʾ ʪʘ ʢʦʥʪʘʢʪʥʦʾ ʧʨʫʞʠʥ;  

ʂ
ɺʇF , ʂ

ʂʇF  ï ʩʠʣʠ ʢʽʥʮʝʚʦʛʦ ʩʪʠʩʢʘʥʥʷ ʧʦʚʝʨʪʘʣʴʥʦʾ ʪʘ ʢʦʥʪʘʢʪʥʦʾ ʧʨʫʞʠʥ.  
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ʗʢʱʦ ʪʝʧʝʨ, ʟʘ ʢʽʥʝʤʘʪʠʯʥʦʶ ʩʭʝʤʦʶ ʧʨʦʝʢʪʦʚʘʥʦʛʦ 

ʢʦʥʪʘʢʪʦʨʘ, ʧʦʙʫʜʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʨʠʩ. 6.15), ʧʨʠʚʝʜʝʥʫ ʜʦ 

ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ d ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʪʠʜʽʶʯʠʭ 

ʩʠʣ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʟʚʦʨʦʪʥʦʶ ʪʘ ʢʦʥʪʘʢʪʥʦʶ ʧʨʫʞʠʥʘʤʠ ʽ 

ʤʘʩʦʶ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʘʢʪʦʨʘ, ʪʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ 

ʜʘʥʽ ʜʣʷ ʚʠʙʦʨʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʷʛʦʚʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ. 

 
 

ʈʠʩʫʥʦʢ 6.15 ï ʊʷʛʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʝʤF  ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʪʠʜʽʶʯʠʭ ʩʠʣ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ d  

 

ʇʣʦʱʘ ¶ɺʇS  ʥʘ ʮʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʩʦʶ 

ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʪʝʨʪʷʤ ʽ ʩʠʣʦʶ ʧʦʚʝʨʪʘʣʴʥʦʾ 

ʧʨʫʞʠʥʠ, ʧʦʤʥʦʞʝʥʠʤʠ ʥʘ ʧʨʠʚʝʜʝʥʠʡ ʨʦʟʭʠʣ ʢʦʥʪʘʢʪʽʚ, ʘ ʧʣʦʱʘ 
¶
ʂʇS  ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʣʘʤʠ ʢʦʥʪʘʢʪʥʠʭ ʧʨʫʞʠʥ, ʧʦʤʥʦʞʝʥʠʤʠ ʥʘ 

ʧʨʠʚʝʜʝʥʠʡ ʧʨʦʚʘʣ ʢʦʥʪʘʢʪʽʚ. 

ɿʘ ʚʽʜʦʤʦʶ ʩʠʣʦʶ ¶
ʂʈF  ʧʨʠ ʢʨʠʪʠʯʥʦʤʫ ʟʘʟʦʨʽ ʂʈd , ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʤʦʤʝʥʪʫ ʜʦʪʠʢʫ ʢʦʥʪʘʢʪʽʚ, ʟʥʘʭʦʜʠʪʴʩʷ ʩʠʣʘ ʂʈFʝʤ, ʷʢʫ 

ʧʦʚʠʥʝʥ ʨʦʟʚʠʚʘʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʧʨʠ ʂʈd : 

 

ʂʈʟʩ
ʂʈ FkF Ö=ʝʤ , 

 

ʜʝ  7,1...3,1=ʟʩk  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʟʘ ʩʠʣʦʶ.  
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ʏʝʨʝʟ ʪʦʯʢʫ ʂʈFʝʤ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠʙʣʠʟʥʘ ʪʷʛʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ )(ʝʤ d=fF  ʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡ, ʚʠʙʠʨʘʻʪʴʩʷ ʪʠʧ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʦʟʤʽʨʠ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ. ʗʢʱʦ ʧʦʚʽʪʨʷʥʠʡ ʟʘʟʦʨ 

maxd  ʥʝʚʝʣʠʢʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʤʽʨʘʤʠ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʪʘ 

ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʪʦʜʽ ʧʦʣʝ ʚ ʧʦʚʽʪʨʷʥʦʤʫ 

ʟʘʟʦʨʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʽʚʥʦʤʽʨʥʠʤ. ʇʨʠ ʚʠʙʨʘʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʽʥʜʫʢʮʽʾ min
dB  ʚ ʨʦʙʦʯʦʤʫ ʧʦʚʽʪʨʷʥʦʤʫ ʟʘʟʦʨʽ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʣʶʩʘ ʇS  (ʪʦʨʮʷ) ʦʩʝʨʜʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ 

ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʪʷʛʦʚʦʾ ʩʠʣʠ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ, ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ  

2

2min

min
ʝʤ0 ʤ,
)(

2

d

ÖmÖ
=

B

F
Sʇ

,  

ʜʝ  2ʤ,ʇS  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʣʶʩʘ ʩʝʨʜʝʯʥʠʢʘ; 

min
ʝʤF  ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʠʣʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʦʙʦʯʦʤʫ 

ʟʘʟʦʨʽ;  

ʊʣ0,1...1,0min =dB  ï ʽʥʜʫʢʮʽʷ ʫ ʨʦʙʦʯʦʤʫ ʟʘʟʦʨʽ ʧʨʠ maxd ; 

7
0 104 -ÖpÖ=m  ɻʥ/ʤ ï ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  

 

ʌʦʨʤʫʣʘ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʤʘʻ 

ʚʠʜ 

2

2min

min
ʝʤ0 ʤ,
)(

4

d

ÖmÖ
=

B

F
Sʇ

. 

 

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʧʦʣʶʩʘ ʇS  ʦʩʝʨʜʷ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ 

ʥʘʢʦʧʠʯʠʣʠʩʷ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽʡ ʧʨʘʢʪʠʮʽ.  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʦʥʪʘʢʪʦʨʘ ʪʨʝʙʘ ʧʨʘʛʥʫʪʠ 

ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʨʦʟʭʠʣʫ ʪʘ ʧʨʦʚʘʣʫ ʡʦʛʦ ʢʦʥʪʘʢʪʽʚ ʜʦ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟʤʝʥʰʫʶʪʴʩʷ ʛʘʙʘʨʠʪʠ ʢʦʥʪʘʢʪʦʨʘ ʟʘʛʘʣʦʤ, 
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ʘ ʪʘʢʦʞ ʥʘʜʣʠʰʢʦʚʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚ ʮʽʣʦʤʫ. 

 

6.4 ʄʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ 

 

ʄʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ ï ʮʝ ʝʣʝʢʪʨʠʯʥʠʡ ʘʧʘʨʘʪ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʫʩʢʫ, ʟʫʧʠʥʢʠ, ʨʝʚʝʨʩʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. ʁʦʛʦ 

ʧʨʘʢʪʠʯʥʦ ʻʜʠʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʢʦʥʪʘʢʪʦʨʘ ï ʮʝ ʥʘʷʚʥʽʩʪʴ 

ʧʨʠʩʪʨʦʶ ʟʘʭʠʩʪʫ (ʟʘʟʚʠʯʘʡ ï ʮʝ ʪʝʧʣʦʚʝ ʨʝʣʝ) ʚʽʜ ʩʪʨʫʤʦʚʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ.  

ʄʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ ʻ ʢʦʤʫʪʘʮʽʡʥʠʤ ʘʧʘʨʘʪʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʦʤʫʪʫʚʘʪʠ ʧʦʪʫʞʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, 

ʪʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʯʘʩʪʠʭ ʚʢʣʶʯʝʥʴ ʪʘ ʚʽʜʢʣʶʯʝʥʴ ʩʠʣʦʚʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ. ʄʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ 

ʧʫʩʢʫ, ʟʫʧʠʥʢʠ ʪʘ ʨʝʚʝʨʩʫʚʘʥʥʷ ʪʨʠʬʘʟʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʦʜʥʘʢ, ʯʝʨʝʟ ʩʚʦʶ ʥʝʚʠʙʘʛʣʠʚʽʩʪʴ ʚʦʥʠ ʯʫʜʦʚʦ 

ʧʨʘʮʶʶʪʴ ʫ ʩʭʝʤʘʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʦʩʚʽʪʣʝʥʥʷʤ, ʫ 

ʩʭʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʨʝʩʦʨʘʤʠ, ʥʘʩʦʩʘʤʠ, ʢʨʘʥ-ʙʘʣʢʘʤʠ, 

ʪʝʧʣʦʚʠʤʠ ʧʝʯʘʤʠ, ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ, ʩʪʨʽʯʢʦʚʠʤʠ ʢʦʥʚʝʻʨʘʤʠ 

ʪʦʱʦ. ʊʦʙʪʦ, ʤʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʤʘʶʪʴ ʜʫʞʝ ʰʠʨʦʢʫ ʩʬʝʨʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ.   

ʆʩʥʦʚʥʽ ʪʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ ʈ 50030.4.1 (ʄɽʂ 60947-4-1), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʛʣʠʙʰʝ ʟʨʦʟʫʤʽʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʬʫʥʢʮʽʾ ʦʩʥʦʚʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ.  

ʇʫʩʢʘʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ï ʮʝ ʘʧʘʨʘʪʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʫʩʢʫ ʪʘ ʨʦʟʛʦʥʫ ʜʚʠʛʫʥʘ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ, 

ʚʽʜʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʜʚʠʛʫʥʘ ʪʘ ʧʽʜʢʣʶʯʝʥʠʭ 

ʣʘʥʮʶʛʽʚ ʚʽʜ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʈʝʣʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʣʷ 

ʧʫʩʢʘʯʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ, ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʤʦʛʘʤ ʮʴʦʛʦ ʩʪʘʥʜʘʨʪʫ.  

ʇʫʩʢʘʯʽ ʧʨʷʤʦʾ ʜʽʾ ï ʮʝ  ʧʫʩʢʘʯʽ, ʱʦ ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʦ ʧʦʜʘʶʪʴ 

ʤʝʨʝʞʝʚʫ ʥʘʧʨʫʛʫ ʥʘ ʟʘʪʠʩʢʘʯʽ ʜʚʠʛʫʥʘ, ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʡʦʛʦ 

ʧʫʩʢʫ ʪʘ ʨʦʟʛʦʥʫ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ 

ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʤʫʪʘʮʽʶ ʪʘ ʟʘʭʠʩʪ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
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ʟʘʛʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ. ɼʦʜʘʪʢʦʚʦ ʫ ʩʪʘʥʜʘʨʪʽ ʥʘʚʦʜʷʪʴʩʷ ʜʚʘ 

ʪʝʨʤʽʥʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʨʝʚʝʨʩʫʚʘʥʥʷ ʥʘʧʨʷʤʫ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ.  

ʈʝʚʝʨʩʠʚʥʽ ʧʫʩʢʘʯʽ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʤʽʥʠ ʩʧʨʷʤʫʚʘʥʥʷ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʰʣʷʭʦʤ ʧʝʨʝʤʠʢʘʥʥʷ ʡʦʛʦ ʞʠʚʠʣʴʥʠʭ ʟôʻʜʥʘʥʴ 

ʙʝʟ ʦʙʦʚ'ʷʟʢʦʚʦʛʦ ʟʫʧʠʥʝʥʥʷ ʜʚʠʛʫʥʘ.  

ʇʫʩʢʘʯʽ ʟ ʜʚʦʤʘ ʥʘʧʨʷʤʢʘʤʠ ʦʙʝʨʪʘʥʥʷ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʤʽʥʠ 

ʩʧʨʷʤʫʚʘʥʥʷ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʰʣʷʭʦʤ ʧʝʨʝʤʠʢʘʥʥʷ ʡʦʛʦ 

ʟ'ʻʜʥʘʥʴ ʞʠʚʣʝʥʥʷ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʟʫʧʠʥʢʠ ʜʚʠʛʫʥʘ.  

ʇʫʩʢʘʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʟʥʠʞʝʥʽʡ ʥʘʧʨʫʟʽ ï ʮʝ ʧʫʩʢʘʯʽ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʫʩʢʫ ʪʘ ʨʦʟʛʦʥʫ ʜʚʠʛʫʥʘ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʤʝʨʝʞʝʚʦʾ ʥʘʧʨʫʛʠ ʥʘ 

ʟʘʪʠʩʢʘʯʽ ʜʚʠʛʫʥʘ ʜʚʦʤʘ ʘʙʦ ʙʽʣʴʰʝ ʩʪʫʧʝʥʷʤʠ, ʘʙʦ ʰʣʷʭʦʤ 

ʧʦʩʪʫʧʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʠʩʢʘʯʘʭ. ɼʦ ʪʦʛʦ ʞ ʚʦʥʠ 

ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʤʫʪʘʮʽʶ ʪʘ ʟʘʭʠʩʪ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʠʤʠ ʢʦʤʫʪʘʮʽʷʤʠ 

ʩʪʫʧʝʥʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʢʦʥʪʘʢʪʦʨʥʽ ʨʝʣʝ ʟ 

ʚʠʪʨʠʤʢʦʶ ʯʘʩʫ ʘʙʦ ʘʥʘʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ 

ʪʠʧ ʧʫʩʢʘʯʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʟʥʠʞʝʥʽʡ ʥʘʧʨʫʟʽ ï ʮʝ ʧʫʩʢʘʯʽ ʟʽ 

ʩʭʝʤʦʶ ʟʽʨʢʘ-ʪʨʠʢʫʪʥʠʢ, ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʫ 

ʥʘʚʝʜʝʥʦʤʫ ʩʪʘʥʜʘʨʪʽ.  

ʇʫʩʢʘʯʽ ʟʽ ʩʭʝʤʦʶ ʟʽʨʢʘ-ʪʨʠʢʫʪʥʠʢ ï ʮʝ ʧʫʩʢʘʯʽ ʟʽ ʩʭʝʤʦʶ 

ʟʽʨʢʘ-ʪʨʠʢʫʪʥʠʢ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʧʫʩʢʫ ʪʨʠʬʘʟʥʦʛʦ ʜʚʠʛʫʥʘ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʫ ʧʫʩʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 

ʟ'ʻʜʥʫʶʪʴʩʷ ʟʽʨʢʦʶ, ʘ ʚ ʨʦʙʦʯʦʤʫ ʧʦʣʦʞʝʥʥʽ ï ʪʨʠʢʫʪʥʠʢʦʤ. ʂʨʽʤ 

ʪʦʛʦ, ʚʦʥʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʤʫʪʘʮʽʶ ʪʘ ʟʘʭʠʩʪ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ. ʇʫʩʢʘʯʽ ʟʽ ʩʭʝʤʦʶ ʟʽʨʢʘ-ʪʨʠʢʫʪʥʠʢ, ʷʢʽ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʮʴʦʤʫ ʩʪʘʥʜʘʨʪʫ, ʥʝ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʨʝʚʝʨʩʫʚʘʥʥʷ ʜʚʠʛʫʥʘ, ʽ ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʷʢ 

ʘʧʘʨʘʪʠ ʟ ʢʘʪʝʛʦʨʽʻʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-4.  

ʎʝʡ ʩʪʘʥʜʘʨʪ ʧʦʰʠʨʶʻʪʴʩʷ ʽ ʥʘ ʽʥʰʽ ʪʠʧʠ ʧʫʩʢʘʯʽʚ 

(ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʪʘ ʨʝʦʩʪʘʪʥʽ ʩʪʘʪʦʨʥʽ ʧʫʩʢʘʯʽ) ʽ ʤʽʩʪʠʪʴ 

ʚʽʜʧʦʚʽʜʥʽ ʪʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ. ʇʫʩʢʘʯʽ, ʦʧʠʩʘʥʽ ʚ ʮʴʦʤʫ 

ʩʪʘʥʜʘʨʪʽ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʩʪʨʫʤʫ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. ʊʦʤʫ ʚʽʜʧʦʚʽʜʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ ʤʘʻ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ. ʇʽʩʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʫʩʢʘʯʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʢʦʥʫʚʘʥʠʭ ʥʠʤʠ ʬʫʥʢʮʽʷʤ 

ʥʘʚʝʜʝʥʘ ʜʦʜʘʪʢʦʚʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʨʦʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ 
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ʢʘʪʝʛʦʨʽʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʫʩʢʘʯʽʚ ʩʧʽʣʴʥʦ ʟ ʧʨʠʩʪʨʦʻʤ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. 

ɺʢʘʟʫʶʪʴʩʷ ʩʧʦʩʦʙʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʝʣʝʢʪʨʦʤʦʥʪʘʞʫ.  

ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʚʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʧʨʠʩʪʨʽʡ 

ʟʘʭʠʩʪʫ, ʪʦʙʪʦ. ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ ʈ 50030.2 (ʄɽʂ 60947-2) çɸʧʧʘʨʘʪʫʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʠʟʢʦʚʦʣʴʪʥʘʷ. ʏʘʩʪʴ 2. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʚʳʢʣʶʯʘʪʝʣʠè ʻ ʢʦʥʪʘʢʪʥʠʡ ʢʦʤʫʪʘʮʽʡʥʠʡ 

ʘʧʘʨʘʪ, ʟʜʘʪʥʠʡ ʚʢʣʶʯʘʪʠ, ʧʨʦʚʦʜʠʪʠ ʪʘ ʚʽʜʢʣʶʯʘʪʠ ʩʪʨʫʤʠ ʟʘ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʢʦʣʘ, ʚʢʣʶʯʘʪʠ ʪʘ ʧʨʦʚʦʜʠʪʠ ʩʪʨʫʤʠ 

ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʽ ʚʽʜʢʣʶʯʘʪʠ ʾʭ ʟʘ ʧʝʚʥʠʭ ʘʥʦʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʢʽʣ, ʥʘʧʨʠʢʣʘʜ, ʢʦʨʦʪʢʦʤʫ ʟʘʤʠʢʘʥʥʽ. ʇʦʪʽʤ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʧʨʠʩʪʨʦʾ ʢʦʤʫʪʘʮʽʾ ʪʘ ʟʘʭʠʩʪʫ.  

ʂʦʤʙʽʥʦʚʘʥʠʡ ʧʫʩʢʘʯ ï ʮʝ ʢʦʤʙʽʥʘʮʽʷ ʧʫʩʢʘʯʘ ʪʘ ʘʧʘʨʘʪʫ 

ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʟʤʦʥʪʦʚʘʥʠʭ ʪʘ ʟ'ʻʜʥʘʥʠʭ ʫ 

ʧʝʨʝʜʙʘʯʝʥʽʡ ʧʨʠ ʮʴʦʤʫ ʦʙʦʣʦʥʮʽ. ʌʫʥʢʮʽʾ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ 

ʪʘ ʘʧʘʨʘʪʫ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʢʦʤʙʽʥʘʮʽʷ ʟ ʧʣʘʚʢʠʤʠ ʟʘʧʦʙʽʞʥʠʢʘʤʠ, ʚʠʤʠʢʘʯ ʟ ʧʣʘʚʢʠʤʠ 

ʟʘʧʦʙʽʞʥʠʢʘʤʠ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ, ʧʨʠʜʘʪʥʠʡ ʘʙʦ 

ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ ʨʦʟ'ʻʜʥʘʥʥʷ.  

ɿʘʭʠʱʝʥʠʡ ʧʫʩʢʘʯ ï ʮʝ ʢʦʤʙʽʥʘʮʽʷ ʧʫʩʢʘʯʘ ʪʘ ʘʧʘʨʘʪʫ ʟʘʭʠʩʪʫ 

ʚʽʜ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ ʚ ʦʙʦʣʦʥʮʽ ʘʙʦ ʙʝʟ ʥʝʾ, ʟʤʦʥʪʦʚʘʥʠʭ ʪʘ 

ʟ'ʻʜʥʘʥʠʭ ʟʛʽʜʥʦ ʟ ʽʥʩʪʨʫʢʮʽʻʶ ʚʠʨʦʙʥʠʢʘ ʧʫʩʢʘʯʘ. ʂʦʤʫʪʘʮʽʡʥʠʡ 

ʘʧʘʨʘʪ ʟ ʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʪʘ ʘʧʘʨʘʪ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʪʢʠʭ 

ʟʘʤʠʢʘʥʴ ʤʦʞʝ ʙʫʪʠ ʻʜʠʥʠʡ ʘʧʘʨʘʪ ʪʘ ʦʩʥʘʱʫʚʘʪʠʩʷ ʜʦʜʘʪʢʦʚʦ 

ʟʘʭʠʩʪʦʤ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ çʧʫʩʢʘʯè ʤʘʻ ʥʘ ʫʚʘʟʽ 

ʢʦʤʫʪʘʮʽʡʥʠʡ ʘʧʘʨʘʪ, ʥʘʧʨʠʢʣʘʜ, ʢʦʥʪʘʢʪʦʨ, ʧʣʶʩ ʧʨʠʩʪʨʽʡ 

ʟʘʭʠʩʪʫ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʝ ʨʝʣʝ. ʈʦʟʛʣʷʥʝʤʦ 

ʪʝʧʝʨ, ʷʢ ʫ ʩʪʘʥʜʘʨʪʽ ɻʆʉʊ ʈ 50030.4.1 (ʄɽʂ 60947-4-1) 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʮʽ ʜʚʘ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʫʩʢʘʯʘ. 

ʂʦʥʪʘʢʪʦʨ ʤʝʭʘʥʽʯʥʠʡ ʢʦʤʫʪʘʮʽʡʥʠʡ ʘʧʘʨʘʪ ʟ ʦʜʥʠʤ ʧʦʣʦʞʝʥʥʷʤ 

ʩʧʦʢʦʶ, ʱʦ ʦʧʝʨʫʻʪʴʩʷ ʥʝ ʚʨʫʯʥʫ, ʟʜʘʪʥʠʡ ʚʤʠʢʘʪʠ, ʧʨʦʚʦʜʠʪʠ ʪʽ 

ʚʽʜʤʠʢʘʪʠ ʩʪʨʫʤʠ  ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʢʽʣ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ. 

ɼʦ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʽʜʧʘʜʘʶʪʴ ʧʽʜ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʚʠʟʥʘʯʝʥʥʷ, ʪʘ 

ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʠʱʝʥʠʭ ʧʫʩʢʘʯʽʚ, 

ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ:  
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ï ʚʣʘʰʪʫʚʘʥʥʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ (ʷʢ ʧʨʘʚʠʣʦ, 

ï ʮʝ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʨʦʟʯʽʧʣʶʚʘʯʝʤ 

(ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʦʙʽʞʥʠʢʽʚ));  

ï ʢʦʤʫʪʘʮʽʡʥʠʡ ʘʧʘʨʘʪ, ʥʘʧʨʠʢʣʘʜ, ʢʦʥʪʘʢʪʦʨ;  

ï ʧʨʠʩʪʨʽʡ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʝ 

ʨʝʣʝ.  

ɼʘʥʽ ʧʨʠʩʪʨʦʾ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʪʠ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠʩʷ ʥʘʣʝʞʥʽ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪ ʜʚʠʛʫʥʘ. ʂʨʽʤ 

ʪʦʛʦ, ʚʦʥʠ ʤʘʶʪʴ ʙʫʪʠ ʩʢʦʦʨʜʠʥʦʚʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʪʘʢ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʟʘʭʠʩʪ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʫʩʢʘʯʘ, ʘ, ʦʪʞʝ, ʽ 

ʙʝʟʧʝʢʘ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʩʪʨʦʶ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʤʦʛʘʤ ʽ ʚʽʜʧʦʚʽʜʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʢʦʞʥʽʡ ʢʦʥʢʨʝʪʥʽʡ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʝʨʝʚʽʨʢʘ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʠʩʪʫ ʨʽʟʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʟʘʟʚʠʯʘʡ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

 

6.4.1 ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʘʥʘʣʦʛʽʯʥʠʡ ʢʦʥʪʘʢʪʦʨʫ, ʘ ʩʘʤʝ: ʥʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʥʘ ʢʦʪʫʰʢʫ ʧʫʩʢʘʯʘ, ʚ ʢʦʪʫʰʮʽ ʚʠʥʠʢʘʻ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʟʘ ʨʘʭʫʥʦʢ ʷʢʦʛʦ ʚʩʝʨʝʜʠʥʫ ʢʦʪʫʰʢʠ ʚʪʷʛʫʻʪʴʩʷ 

ʤʝʪʘʣʝʚʠʡ ʩʝʨʜʝʯʥʠʢ, ʜʦ ʷʢʦʛʦ ʟʘʢʨʽʧʣʝʥʦ ʛʨʫʧʫ ʩʠʣʦʚʠʭ 

(ʨʦʙʦʯʠʭ) ʢʦʥʪʘʢʪʽʚ, ʢʦʥʪʘʢʪʠ ʟʘʤʠʢʘʶʪʴʩʷ, ʽ ʯʝʨʝʟ ʥʠʭ ʧʦʯʠʥʘʻ 

ʧʨʦʪʽʢʘʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. ʂʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʧʫʩʢʘʯʝʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʥʦʧʢʘʤʠ çʇʫʩʢè, çʉʪʦʧè, çɺʧʝʨʝʜè ʪʘ çʅʘʟʘʜè. 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʤʘʻ ʜʚʽ ʯʘʩʪʠʥʠ: ʩʘʤ ʧʫʩʢʘʯ ʽ 

ʙʣʦʢ ʢʦʥʪʘʢʪʽʚ (ʨʠʩ. 6.16). ɹʣʦʢ ʢʦʥʪʘʢʪʽʚ ʥʝ ʻ ʦʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ 

ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʽ ʥʝ ʟʘʚʞʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʘʣʝ ʷʢʱʦ ʧʫʩʢʘʯ 

ʧʨʘʮʶʻ ʚ ʩʭʝʤʽ, ʜʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʜʽʷʥʽ ʜʦʜʘʪʢʦʚʽ ʢʦʥʪʘʢʪʠ ʮʴʦʛʦ 

ʧʫʩʢʘʯʘ, ʥʘʧʨʠʢʣʘʜ, ʨʝʚʝʨʩ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʩʠʛʥʘʣʽʟʘʮʽʷ ʨʦʙʦʪʠ 

ʧʫʩʢʘʯʘ ʘʙʦ ʚʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʫʩʢʘʯʝʤ, ʪʦ ʜʣʷ 

ʨʦʟʤʥʦʞʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʣʘʥʮʶʛʽʚ, ʩʘʤʝ ʽ ʩʣʫʞʠʪʴ ʙʣʦʢ ʢʦʥʪʘʢʪʽʚ 

ʘʙʦ, ʷʢ ʡʦʛʦ ʱʝ ʥʘʟʠʚʘʶʪʴ, ï ʢʦʥʪʘʢʪʥʘ ʧʨʠʩʪʘʚʢʘ (ʨʠʩ. 6.16, ʙ). 

ɺʩʝʨʝʜʠʥʽ ʙʣʦʢʫ ʢʦʥʪʘʢʪʽʚ (ʧʨʠʩʪʘʚʢʠ ʢʦʥʪʘʢʪʥʦʾ) ʚʙʫʜʦʚʘʥʘ 

ʨʫʭʦʤʘ ʢʦʥʪʘʢʪʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʞʦʨʩʪʢʦ ʟʚ'ʷʟʫʻʪʴʩʷ ʟ ʢʦʥʪʘʢʪʥʦʶ 
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ʩʠʩʪʝʤʦʶ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʽ ʩʪʘʻ ʟ ʥʠʤ ʦʜʥʠʤ ʮʽʣʠʤ. ʂʨʽʧʠʪʴʩʷ 

ʧʨʠʩʪʘʚʢʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʫʩʢʘʯʘ, ʜʝ ʜʣʷ ʮʴʦʛʦ ʧʝʨʝʜʙʘʯʝʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʧʦʣʦʟʟʷ ʽʟ ʟʘʯʝʧʘʤʠ (ʨʠʩ. 6.17). 

 

          
ʘ ʙ  

ʈʠʩʫʥʦʢ 6.16 ï ʇʨʠʩʪʨʽʡ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʟ ʜʦʜʘʪʢʦʚʠʤ ʙʣʦʢʦʤ 

ʢʦʥʪʘʢʪʽʚ [71, 83] 

 

 
 

ʈʠʩʫʥʦʢ 6.17 ï ɿ'ʻʜʥʘʥʥʷ ʙʣʦʢʫ ʢʦʥʪʘʢʪʽʚ ʽʟ ʢʦʥʪʘʢʪʥʦʶ ʩʠʩʪʝʤʦʶ 

ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ 

 

ʂʦʥʪʘʢʪʥʘ ʩʠʩʪʝʤʘ ʧʨʠʩʪʘʚʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʘʨ 

ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʠʭ ʪʘ ʜʚʦʭ ʧʘʨ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʭ 

ʢʦʥʪʘʢʪʽʚ. ʅʘ ʨʠʩ. 6.18 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʢʥʦʧʢʫ ʟ ʧʘʨʦʶ 

ʢʦʥʪʘʢʪʽʚ ʧʽʜ ʥʦʤʝʨʘʤʠ 1-2 ʽ 3-4, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʦʩʽ. ʋ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʤʘʣʶʥʢʘ ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʮʠʭ 

ʢʦʥʪʘʢʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʝ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤʘʭ.  

ʅʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʡ (NO) ʢʦʥʪʘʢʪ ʫ ʥʝʨʦʙʦʯʦʤʫ ʩʪʘʥʽ 

ʟʘʚʞʜʠ ʨʦʟʽʤʢʥʝʥʠʡ, ʪʦʙʪʦ, ʥʝ ʟʘʤʢʥʫʪʠʡ. ʅʘ ʨʠʩ. 6.19 ʚʽʥ 
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ʧʦʟʥʘʯʝʥʠʡ ʧʘʨʦʶ 1ï2, ʽ ʱʦʙ ʯʝʨʝʟ ʥʴʦʛʦ ʧʨʦʡʰʦʚ ʩʪʨʫʤ, ʢʦʥʪʘʢʪ 

ʥʝʦʙʭʽʜʥʦ ʟʘʤʢʥʫʪʠ. 

 

 
ʈʠʩʫʥʦʢ 6.18 ï  ʅʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʡ (NO) ʢʦʥʪʘʢʪ ʫ 

ʥʝʨʦʙʦʯʦʤʫ ʩʪʘʥʽ [71, 83] 

 

ʅʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʠʡ (NC) ʢʦʥʪʘʢʪ ʫ ʥʝʨʦʙʦʯʦʤʫ ʩʪʘʥʽ 

ʟʘʚʞʜʠ ʟʘʤʢʥʝʥʠʡ ʽ ʯʝʨʝʟ ʥʴʦʛʦ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʩʪʨʫʤ. ʅʘ 

ʤʘʣʶʥʢʫ 5 ʪʘʢʠʡ ʢʦʥʪʘʢʪ ʧʦʟʥʘʯʝʥʠʡ ʧʘʨʦʶ 3ï4, ʽ ʱʦʙ ʧʨʠʧʠʥʠʪʠ 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʥʴʦʛʦ, ʪʨʝʙʘ ʨʦʟʽʤʢʥʫʪʠ ʢʦʥʪʘʢʪ. 

ʊʝʧʝʨ, ʷʢʱʦ ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ, ʪʦ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʡ ʢʦʥʪʘʢʪ 

1-2 ʟʘʤʢʥʝʪʴʩʷ, ʘ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʠʡ 3-4 ʨʦʟʽʤʢʥʝʪʴʩʷ. ʇʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʨʠʩ. 6.19. 

 

 
ʈʠʩʫʥʦʢ 6.19 ï  ʅʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʠʡ (NC) ʢʦʥʪʘʢʪ ʫ 

ʥʝʨʦʙʦʯʦʤʫ ʩʪʘʥʽ  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʙʣʦʮʽ ʢʦʥʪʘʢʪʽʚ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ (ʢʦʣʠ 

ʤʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ ʟʥʝʩʪʨʫʤʣʝʥʠʡ) ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʽ ʢʦʥʪʘʢʪʠ 

53 NO-54 NO ʽ 83 NO-84 NO ʨʦʟʽʤʢʥʫʪʽ, ʘ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʽ 

61 NC-62 NC ʽ 71 NC-72 NC ʟʘʤʢʥʝʥʽ. ʅʘ ʮʝ ʚʢʘʟʫʻ ʰʠʣʴʜʠʢ ʟ 

ʥʦʤʝʨʘʤʠ ʢʣʝʤ ʢʦʥʪʘʢʪʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʙʽʯʥʽʡ ʩʪʽʥʮʽ ʙʣʦʢʫ 

ʢʦʥʪʘʢʪʽʚ, ʘ ʩʪʨʽʣʢʘ ʧʦʢʘʟʫʻ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʢʦʥʪʘʢʪʥʦʾ ʛʨʫʧʠ 

(ʨʠʩ. 6.20). ʊʝʧʝʨ, ʷʢʱʦ ʥʘ ʢʦʪʫʰʢʫ ʧʫʩʢʘʯʘ ʧʦʜʘʪʠ ʥʘʧʨʫʛʫ 

ʞʠʚʣʝʥʥʷ, ʪʦ ʦʩʝʨʜʷ ʧʦʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʢʦʥʪʘʢʪʠ ʙʣʦʢʫ ʢʦʥʪʘʢʪʽʚ, ʽ 

ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʫʪʽ ʢʦʥʪʘʢʪʠ ʟʘʤʢʥʫʪʴʩʷ, ʘ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʽ 

ï ʨʦʟʽʤʢʥʫʪʴʩʷ.  
 

 
 

ʈʠʩʫʥʦʢ 6.20 ï ɹʣʦʢ ʢʦʥʪʘʢʪʽʚ ʪʘ ʡʦʛʦ ʰʠʣʴʜʠʢ ʟ ʥʦʤʝʨʘʤʠ  

ʢʣʝʤ ʢʦʥʪʘʢʪʽʚ 

 

ʌʽʢʩʫʻʪʴʩʷ ʙʣʦʢ ʢʦʥʪʘʢʪʽʚ ʥʘ ʧʫʩʢʘʯʽ ʩʧʝʮʽʘʣʴʥʦʶ ʢʣʷʤʢʦʶ. 

ɸ ʜʣʷ ʪʦʛʦ, ʘʙʠ ʙʣʦʢ ʟʥʷʪʠ, ʜʦʩʪʘʪʥʴʦ ʧʽʜʥʷʪʠ ʢʣʷʤʢʫ ʽ ʚʠʩʫʥʫʪʠ 

ʙʣʦʢ ʫ ʙʽʢ ʢʣʷʤʢʠ (ʨʠʩ. 6.21). 
 

 
 

ʈʠʩʫʥʦʢ 6.21 ï ʈʦʟʙʣʦʢʫʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ  

 

ʄʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ ʩʢʣʘʜʘʻʪʴʩʷ ʫʤʦʚʥʦ ʟ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ 

ʯʘʩʪʠʥʠ (ʨʠʩ. 6.22). ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʨʫʭʦʤʘ 

ʢʦʥʪʘʢʪʥʘ ʩʠʩʪʝʤʘ, ʜʫʛʦʛʘʩʥʘ ʢʘʤʝʨʘ ʪʘ ʨʫʭʦʤʘ ʧʦʣʦʚʠʥʢʘ 
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ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʷʢʘ ʤʝʭʘʥʽʯʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʛʨʫʧʦʶ ʩʠʣʦʚʠʭ 

ʢʦʥʪʘʢʪʽʚ ʨʫʭʦʤʦʾ ʢʦʥʪʘʢʪʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 6.23). 
 

 
 

ʈʠʩʫʥʦʢ 6.22 ï ʇʨʠʩʪʨʽʡ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ 

 

        
ʘ   ʙ 

 

 
ʚ ʛ 

 

ʈʠʩʫʥʦʢ 6.23 ï ʇʨʠʩʪʨʽʡ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ 

 

ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʧʫʩʢʘʯʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʪʫʰʢʠ, ʧʦʚʝʨʪʘʣʴʥʦʾ 

ʧʨʫʞʠʥʠ ʪʘ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʨʠʩ. 6.24). 
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ʇʦʚʦʨʦʪʥʘ ʧʨʫʞʠʥʘ ʧʦʚʝʨʪʘʻ ʚʝʨʭʥʶ ʧʦʣʦʚʠʥʢʫ ʫ ʧʦʯʘʪʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʧʦʜʘʯʽ ʞʠʚʣʝʥʥʷ ʥʘ ʢʦʪʫʰʢʫ, ʪʠʤ 

ʩʘʤʠʤ ʨʦʟʨʠʚʘʶʯʠ ʩʠʣʦʚʽ ʢʦʥʪʘʢʪʠ ʧʫʩʢʘʯʘ. ʆʙʠʜʚʽ ʧʦʣʦʚʠʥʢʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʥʘʙʨʘʥʽ ʽʟ ʐ-ʧʦʜʽʙʥʠʭ ʧʣʘʩʪʠʥ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʪʘʣʽ (ʨʠʩ. 6.24). ʎʝ ʚʠʜʥʦ, ʷʢʱʦ ʚʠʪʷʛʥʫʪʠ 

ʥʠʞʥʶ ʧʦʣʦʚʠʥʢʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ. 
 

      
 

ʈʠʩʫʥʦʢ 6.24 ï ʇʨʠʩʪʨʽʡ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ  

 

ʂʦʪʫʰʢʘ ʧʫʩʢʘʯʘ ʥʘʤʦʪʘʥʘ ʤʽʜʥʠʤ ʜʨʦʪʦʤ, ʽ ʤʽʩʪʠʪʴ n-ʫ 

ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ, ʨʦʟʨʘʭʦʚʘʥʫ ʥʘ ʧʽʜʢʣʶʯʝʥʥʷ ʧʝʚʥʦʾ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ, ʨʽʚʥʦʾ 24 ɺ, 36 ɺ, 110 ɺ, 220 ɺ ʘʙʦ 380 ɺ (ʨʠʩ. 6.25). 

 

 
 

ʈʠʩʫʥʦʢ 6.25 ï ʂʦʪʫʰʢʘ ʧʫʩʢʘʯʘ  
 

ʇʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʥʘ ʢʦʪʫʰʢʫ ʥʘʚʢʦʣʦ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʽ ʦʙʠʜʚʽ ʧʦʣʦʚʠʥʢʠ ʧʨʘʛʥʫʪʴ ʟ'ʻʜʥʘʪʠʩʷ, ʫʪʚʦʨʶʶʯʠ 

ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ (ʨʠʩ. 6.26, ʘ). ʗʢ ʪʽʣʴʢʠ ʚʽʜʢʣʶʯʘʻʤʦ ʞʠʚʣʝʥʥʷ, 
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ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʨʦʧʘʜʘʻ, ʽ ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʨʫʞʠʥʦʶ 

ʫ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ (ʨʠʩ. 6.26, ʙ).  

 

     
 

ʘ  ʙ 

ʈʠʩʫʥʦʢ 6.26 

 

6.4.2 ʂʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ  

 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʫʪʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʘʛʥʽʪʥʠʭ 

ʧʫʩʢʘʯʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʚʩʪʘʥʦʚʣʝʥʦ ʯʦʪʠʨʠ ʢʘʪʝʛʦʨʽʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʻ ʩʪʘʥʜʘʨʪʥʠʤʠ: ɸʉ1, ɸʉ2, ɸʉ3, ɸʉ4. ʂʦʞʥʘ 

ʢʘʪʝʛʦʨʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ ʩʪʨʫʤʽʚ, 

ʥʘʧʨʫʛʠ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʧʦʩʪʽʡʥʠʭ ʯʘʩʫ, ʫʤʦʚʘʤʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ 

ɻʆʉʊ ʈ 50030.4.1-2002. ʄʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʢʘʪʝʛʦʨʽʾ ɸʉ-1 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʣʘʥʮʶʛʘʭ ʝʣʝʢʪʨʦʧʝʯʝʡ ʦʧʦʨʫ 

ʪʘ ʢʦʤʫʪʫʶʪʴ ʣʠʰʝ ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ. ʄʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʢʘʪʝʛʦʨʽʾ 

ɸʉ-2 ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʧʫʩʢ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ 

ʪʘ ʢʦʤʫʪʫʶʪʴ ʩʪʨʫʤ 2,5Iʥʦʤ. ʄʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʢʘʪʝʛʦʨʽʾ ɸʉ-ɿ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʧʫʩʢ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ 

ʨʦʪʦʨʦʤ ʽ ʥʘ ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʽ 

ʢʦʤʫʪʫʶʪʴ ʩʪʨʫʤ 6é10Iʥʦʤ. ʄʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʢʘʪʝʛʦʨʽʾ ɸʉ-4 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʧʫʩʢ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ 

ʨʦʪʦʨʦʤ ʽ ʥʘ ʚʽʜʢʣʶʯʝʥʥʷ ʥʝʨʫʭʦʤʠʭ ʘʙʦ ʧʦʚʽʣʴʥʦ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʚʦʥʠ ʢʦʤʫʪʫʶʪʴ ʩʪʨʫʤʠ 

6é10Iʥʦʤ [14, 23, 71].  

  



 

185 

 

6.4.3 ɾʠʚʣʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ  

 

ʅʘ ʙʽʯʥʽʡ ʩʪʽʥʮʽ ʧʫʩʢʘʯʘ (ʨʠʩ. 6.27), ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʫ ʙʣʦʮʽ 

ʢʦʥʪʘʢʪʽʚ, ʥʘʥʝʩʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʫʩʢʘʯʘ 

ʽ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʫʤʦʚʥʦ ʨʦʟʜʽʣʝʥʘ ʥʘ ʪʨʠ ʩʝʢʪʦʨʠ: 

ʉʝʢʪʦʨ ˉ1. ɺ ʧʝʨʰʦʤʫ ʩʝʢʪʦʨʽ ʥʘʜʘʥʘ ʟʘʛʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʧʫʩʢʘʯ ʪʘ ʡʦʛʦ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʨʠʩ. 6.28): 

- 50 ɻʮ ï ʥʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʟʘ ʷʢʦʾ 

ʤʦʞʣʠʚʘ ʙʝʟʧʝʨʝʙʽʡʥʘ ʨʦʙʦʪʘ ʧʫʩʢʘʯʘ;  

- ʢʘʪʝʛʦʨʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-3 ï ʮʝ ʜʚʠʛʫʥʠ ʽʟ 

ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ, ʪʦʙʪʦ ʧʫʩʢ, ʚʽʜʢʣʶʯʝʥʥʷ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʾ ʟʫʧʠʥʢʠ. (ʅʘʧʨʠʢʣʘʜ, ʮʝʡ ʧʫʩʢʘʯ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʘʧʫʩʢʫ ʪʘ ʟʫʧʠʥʢʠ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ 

ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʣʽʬʪʘʭ, 

ʝʩʢʘʣʘʪʦʨʘʭ, ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʘʭ, ʝʣʝʚʘʪʦʨʘʭ, ʢʦʤʧʨʝʩʦʨʘʭ, 

ʥʘʩʦʩʘʭ, ʢʦʥʜʠʮʽʦʥʝʨʘʭ ʪʦʱʦ);  

 
 

ʈʠʩʫʥʦʢ 6.27 ï  ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʘʭ ʧʫʩʢʘʯʘ [71, 83] 

 

- Iʝ 9 ɸ - ʥʦʤʽʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ, ʪʦʙʪʦ ʮʝ ʩʪʨʫʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʫ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ 

ʯʝʨʝʟ ʩʠʣʦʚʽ ʢʦʥʪʘʢʪʠ ʧʫʩʢʘʯʘ. ʋ ʧʨʠʢʣʘʜʽ ʮʝʡ ʩʪʨʫʤ ʩʪʘʥʦʚʠʪʴ 

9 ɸ; 

- ʢʘʪʝʛʦʨʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ-1 ï ʮʝ ʥʝʽʥʜʫʢʪʠʚʥʽ ʘʙʦ ʩʣʘʙʦ 

ʽʥʜʫʢʪʠʚʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʝʯʽ, ʦʧʦʨʠ. ʅʘʧʨʠʢʣʘʜ, ʣʘʤʧʠ 

ʨʦʟʞʘʨʶʚʘʥʥʷ, ʊɽʅʠ; 
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- I th 25 A ï ʮʝ ʫʤʦʚʥʠʡ ʪʝʧʣʦʚʠʡ ʩʪʨʫʤ (tÁ Ò 40Á). ʎʝ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ, ʷʢʠʡ ʢʦʥʪʘʢʪʦʨ ʘʙʦ ʧʫʩʢʘʯ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠ 

ʚ 8-ʛʦʜʠʥʥʦʤʫ ʨʝʞʠʤʽ ʪʘʢ, ʱʦʙ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʥʠʭ 

ʯʘʩʪʠʥ ʥʝ ʚʠʭʦʜʠʣʦ ʟʘ ʤʝʞʽ 40Áʉ. 

 

 
ʘ   ʙ 

ʈʠʩʫʥʦʢ 6.28 ï ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʫʩʢʘʯ ʪʘ ʡʦʛʦ ʦʙʣʘʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ:  
 

ʘ ï ʩʝʢʪʦʨ 1; ʙ ï  ʩʝʢʪʦʨ 2 

 

ʉʝʢʪʦʨ ˉ2. ʋ ʮʴʦʤʫ ʩʝʢʪʦʨʽ ʟʘʟʥʘʯʝʥʘ ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʫ ʤʦʞʫʪʴ ʢʦʤʫʪʫʚʘʪʠ ʩʠʣʦʚʽ ʢʦʥʪʘʢʪʠ ʧʫʩʢʘʯʘ, ʽ 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʘʪʝʛʦʨʽʻʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉ3 ʪʘ 

ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʢɺʪ. ʅʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʢʦʥʪʘʢʪʠ ʧʫʩʢʘʯʘ ʤʦʞʥʘ 

ʧʨʦʧʫʩʪʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʫʞʥʽʩʪʶ 2,2 ʢɺʪ, ʱʦ ʞʠʚʠʪʴʩʷ ʚʽʜ 

ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʥʝ ʙʽʣʴʰʝ 230 ɺʦʣʴʪ. 

ʉʝʢʪʦʨ ˉ3. ʊʫʪ ʧʦʢʘʟʘʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʧʫʩʢʘʯʘ: ʢʦʪʫʰʢʘ 

ʽ ʯʦʪʠʨʠ ʧʘʨʠ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʭ ʢʦʥʪʘʢʪʽʚ ï ʪʨʠ ʩʠʣʦʚʽ 

(ʨʦʙʦʯʽ) ʪʘ ʦʜʠʥ ʜʦʧʦʤʽʞʥʠʡ (ʨʠʩ. 6.29). ɺʽʜ ʢʦʪʫʰʢʠ ʯʝʨʝʟ ʚʩʽ 

ʢʦʥʪʘʢʪʠ ʧʨʦʭʦʜʠʪʴ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ, ʷʢʘ ʚʢʘʟʫʻ, ʱʦ ʚʩʽ ʯʦʪʠʨʠ 

ʢʦʥʪʘʢʪʠ ʟʘʤʠʢʘʶʪʴʩʷ ʪʘ ʨʦʟʤʠʢʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. ʅʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ 220ɺ ʧʦʜʘʻʪʴʩʷ ʥʘ ʢʦʪʫʰʢʫ ʯʝʨʝʟ ʢʦʥʪʘʢʪʠ, ʧʦʟʥʘʯʝʥʽ ʷʢ 

ɸ1 ʪʘ ɸ2. 

ʉʫʯʘʩʥʽ ʤʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʚʠʧʫʩʢʘʶʪʴ ʽʟ ʜʚʦʤʘ ʦʜʥʦʪʠʧʥʠʤʠ 

ʢʦʥʪʘʢʪʘʤʠ ʚʽʜ ʦʜʥʦʛʦ ʚʠʚʦʜʫ ʢʦʪʫʰʢʠ (ʨʠʩ. 6.30, ʚ). ɰʭ ʚʠʚʦʜʷʪʴ ʟ 

ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʽʥ, ʤʘʨʢʫʶʪʴ ʦʜʥʘʢʦʚʠʤ ʙʫʢʚʝʥʠʤ ʽ ʮʠʬʨʦʚʠʤ 

ʟʥʘʯʝʥʥʷʤ, ʽ ʟ'ʻʜʥʫʶʪʴ ʤʽʞ ʩʦʙʦʶ ʜʨʦʪʷʥʦʶ ʧʝʨʝʤʠʯʢʦʶ. ʋ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʚʠʩʥʦʚʢʠ ʟ ʤʘʨʢʫʚʘʥʥʷʤ ɸ2. 
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ʈʠʩʫʥʦʢ 6.29 ï ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʧʫʩʢʘʯʘ [71, 83] 

 

ɺʩʝ ʮʝ ʟʨʦʙʣʝʥʦ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʤʦʥʪʘʞʫ ʩʭʝʤʠ. ɯ ʷʢʱʦ 

ʜʦʚʝʜʝʪʴʩʷ ʟʙʠʨʘʪʠ ʩʭʝʤʠ ʟ ʤʘʛʥʽʪʥʠʤ ʧʫʩʢʘʯʝʤ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʠʜʚʘ ʢʦʥʪʘʢʪʠ. 

 

 
 

ʘ   ʙ 

 

 
ʚ  

ʈʠʩʫʥʦʢ 6.30 ï  ɺʣʘʰʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ [71, 83] 

 

ʂʦʥʪʘʢʪʥʘ ʛʨʫʧʘ ʧʫʩʢʘʯʘ ï ʮʝ ʩʠʣʦʚʽ ʢʦʥʪʘʢʪʠ, ʘ ʩʘʤʝ ʪʨʠ ʧʘʨʠ 

(ʨʠʩ. 6.31): 1L1ï2T1; 3L2-4T2; 5L3ï6T3 ï ʜʦ ʥʠʭ ʧʽʜʢʣʶʯʘʻʪʴʩʷ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʧʨʠʻʜʥʘʪʠ ʯʝʨʝʟ ʤʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ 

ʘʙʦ ʢʦʥʪʘʢʪʦʨ. ʇʨʠʯʦʤʫ ʢʦʥʪʘʢʪʠ 1L1; 3L2; 5L3 ʻ ʚʭʽʜʥʠʤʠ ï ʜʦ 

ʥʠʭ ʧʽʜʚʦʜʠʪʴʩʷ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ, ʘ 2ʊ1; 4ʊ2; 6ʊ3 ʻ ʚʠʭʽʜʥʠʤʠ ï 

ʜʦ ʥʠʭ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʍʦʯʘ ʨʽʟʥʠʮʽ ʥʝʤʘʻ ï ɦ ʦ ʢʫʜʠ 

ʧʽʜʢʣʶʯʠʪʠ, ʘʣʝ ʮʝ ʚʚʘʞʘʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ 

ʨʦʟʽʙʨʘʪʠʩʷ ʚ ʤʦʥʪʘʞʽ ʽʥʰʽʡ ʣʶʜʠʥʽ, ʷʢʘ ʥʝ ʨʦʙʠʣʘ ʤʦʥʪʘʞ. 

ʆʩʪʘʥʥʷ ʧʘʨʘ ʢʦʥʪʘʢʪʽʚ 13ʅʆ-14ʅʆ ʻ ʜʦʧʦʤʽʞʥʦʶ, ʽ ʮʶ ʧʘʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫ ʩʭʝʤʽ ʩʘʤʦʧʽʜʭʦʧʣʝʥʥʷ ʧʫʩʢʘʯʘ 

(ʨʠʩ. 6.31). ʊʦʙʪʦ, ʮʷ ʧʘʨʘ ʧʦʪʨʽʙʥʘ, ʱʦʙ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʚ ʨʦʙʦʪʫ, 

ʥʘʧʨʠʢʣʘʜ ʜʚʠʛʫʥʘ, ʚʝʩʴ ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ ʥʝ ʜʦʚʝʣʦʩʷ ʪʨʠʤʘʪʠ 

ʥʘʪʠʩʥʫʪʦʶ ʢʥʦʧʢʫ çʇʫʩʢè.  

 

 
 

ʈʠʩʫʥʦʢ 6.31 ï  ʉʠʣʦʚʽ ʢʦʥʪʘʢʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ 

 

6.4.4 ʉʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ  

 

ʄʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʙʝʟʧʝʯʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ (ʪʘ ʢʝʨʫʚʘʥʥʷ) ʘʩʠʥʭʨʦʥʥʠʭ ʪʨʠʬʘʟʥʠʭ 

ʜʚʠʛʫʥʽʚ. ʊʦʤʫ ʽʩʥʫʶʪʴ ʚʘʨʽʘʥʪʠ ʨʦʙʦʪʠ ʩʭʝʤʠ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ: 

- ʢʣʘʩʠʯʥʘ ʩʭʝʤʘ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ ʪʨʠʬʘʟʥʦʛʦ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; 

- ʩʭʝʤʘ ʽʟ ʥʝʡʪʨʘʣʴʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ; 

- ʨʝʚʝʨʩʠʚʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ. 

ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʥʝʨʝʚʝʨʩʠʚʥʦʛʦ ʪʘ ʨʝʚʝʨʩʠʚʥʦʛʦ 

ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʣʷʛʘʻ ʫ ʩʭʝʤʽ ʧʽʜʢʣʶʯʝʥʥʷ. ʊʘʢʦʞ 

ʟʤʽʥʶʻʪʴʩʷ ʢʦʤʧʣʝʢʪʘʮʽʷ. ʂʦʥʪʘʢʪʦʨ ʧʨʷʤʦʛʦ ʪʠʧʫ ʻ ʦʜʠʥʦʯʥʠʤ, 

ʪʦʜʽ ʷʢ ʨʝʚʝʨʩʠʚʥʠʡ ï ʙʣʦʢʦʚʠʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʷʤʠʭ, 
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ʦʙ'ʻʜʥʘʥʠʭ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ. ɺʽʟʫʘʣʴʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʮʠʭ ʜʚʦʭ ʨʝʣʝ 

ʤʦʞʥʘ ʙʘʯʠʪʠ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʤʦʜʝʣʝʡ ʇʄʃ-1100 (ʣʽʚʦʨʫʯ) ʪʘ 

ʇʄʃ-1500 (ʧʨʘʚʦʨʫʯ) (ʨʠʩ. 6.32) [58]. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʘ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʦʜʥʘ ʚʢʨʘʡ ʚʘʞʣʠʚʘ ʫʤʦʚʘ: ʨʝʚʝʨʩʠʚʥʝ ʟ'ʻʜʥʘʥʥʷ 

ʧʫʩʢʘʯʽʚ ʧʦʚʠʥʥʦ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʦʜʥʦʯʘʩʥʦʛʦ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ. ʎʝ ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʝʜʝ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʷʚʠʱʘ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʨʝʚʝʨʩʠʚʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʽ 

ʚʠʜʠ:  

- ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ ʟ ʥʘʧʨʫʛʦʶ 220 ɺ; 

- ʟʘʧʫʩʢ ʢʦʥʪʘʢʪʦʨʘ ʥʘ 380 ɺ.  

 
ʘ  ʙ 

ʈʠʩʫʥʦʢ 6.32 ï  ʇʨʷʤʠʡ (ʘ) ʪʘ ʨʝʚʝʨʩʥʠʡ (ʙ) ʧʫʩʢʘʯʽ ʩʝʨʽʾ 

ʇʄʃ 1500 [83] 
 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʜʦʢʣʘʜʥʽʰʝ ʢʦʞʝʥ ʽʟ ʚʘʨʽʘʥʪʽʚ, ʩʧʠʨʘʶʯʠʩʴ 

ʥʘ ʚʞʝ ʟʛʘʜʘʥʽ ʤʦʜʝʣʽ ʢʦʥʪʘʢʪʦʨʽʚ. ɼʦʢʣʘʜʥʽʰʝ ʨʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ 

ʧʽʜʢʣʶʯʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʝʚʝʨʩʥʝ 

ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʊʘʢʘ ʩʭʝʤʘ (ʨʠʩ. 6.33) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ, ʜʝ 

ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʦʙʠʜʚʽ 

ʩʪʦʨʦʥʠ, ʥʘʧʨʠʢʣʘʜ ʩʚʝʨʜʣʠʣʴʥʠʡ ʚʝʨʩʪʘʪ, ʧʽʜʡʦʤʥʠʡ ʢʨʘʥ, ʣʽʬʪ ʽ 

ʪʦʱʦ. ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʤʦʞʝ ʟʜʘʪʠʩʷ, ʱʦ ʮʷ ʩʭʝʤʘ ʥʘʙʘʛʘʪʦ 

ʩʢʣʘʜʥʽʰʘ, ʥʽʞ ʩʭʝʤʘ ʟ ʦʜʥʠʤ ʧʫʩʢʘʯʝʤ, ʘʣʝ ʮʝ ʣʠʰʝ ʥʘ ʧʝʨʰʠʡ 

ʧʦʛʣʷʜ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʟʫʤʽʥʥʷ ʩʭʝʤʠ, ʣʘʥʮʶʛʘ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʩʠʣʦʚʽ ʢʦʥʪʘʢʪʠ ʧʫʩʢʘʯʽʚ ʨʦʟʬʘʨʙʦʚʘʥʽ ʫ ʨʽʟʥʽ ʢʦʣʴʦʨʠ. ɸ ʱʦʙ 

ʚʽʟʫʘʣʴʥʦ ʥʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʩʭʝʤʫ, ʮʠʬʨʦ-ʣʪ̔ʝʨʥʽ ʧʦʟʥʘʯʝʥʥʷ ʧʘʨ 

ʩʠʣʦʚʠʭ ʢʦʥʪʘʢʪʽʚ ʧʫʩʢʘʯʽʚ ʥʝ ʚʢʘʟʫʶʪʴʩʷ.  

https://electricvdele.ru/wp-content/uploads/2016/01/reversivnye-pyskateli.jpg


 

190 

 

ʋ ʢʣʘʩʠʯʥʫ ʩʭʝʤʫ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ ʜʦʜʘʥʦ ʱʝ ʦʜʥʝ ʢʦʣʦ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʥʦʧʢʠ SB3, ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ 

ʂʄ2, ʽ ʪʨʦʭʠ ʟʤʽʥʠʣʘʩʷ ʩʠʣʦʚʘ ʯʘʩʪʠʥʘ ʧʦʜʘʯʽ ʞʠʚʣʝʥʥʷ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʡ ʜʚʠʛʫʥ. 

ʅʘʟʚʠ ʢʥʦʧʦʢ SB2 ʪʘ SB3 ʜʘʥʦ ʫʤʦʚʥʦ ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʚ ʩʠʣʦʚʦʤʫ ʢʦʣʽ ʧʝʨʝʜ ʢʦʪʫʰʢʘʤʠ ʧʫʩʢʘʯʽʚ 

ʜʦʜʘʣʠʩʷ ʜʚʘ ʥʦʨʤʘʣʴʥʦ-ʟʘʤʢʥʝʥʠʭ ʢʦʥʪʘʢʪʠ ʂʄ1.2 ʽ ʂʄ2.2, 

ʧʽʜôʻʜʥʘʥʠʭ ʚʽʜ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʘʚʦʢ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʤʘʛʥʽʪʥʠʭ 

ʧʫʩʢʘʯʘʭ ʂʄ1 ʽ ʂʄ2 (ʜʠʚ. ʨʠʩ. 6.16 ) 

 

 
 

ʈʠʩʫʥʦʢ 6.33 ï ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʜʣʷ 

ʨʝʚʝʨʩʠʚʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ 

 

ʇʨʠ ʚʢʣʶʯʝʥʥʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ QF1 ʬʘʟʠ "ɸ", "ɺ", 

"ʉ" ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʝʨʭʥʽ ʩʠʣʦʚʽ ʢʦʥʪʘʢʪʠ ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ ʂʄ1 

ʽ ʂʄ2 ʪʘʤ ʟʘʣʠʰʘʶʪʴʩʷ ʯʝʨʛʫʚʘʪʠ. 

ʆʩʪʘʥʥʷ ʧʘʨʘ ʢʦʥʪʘʢʪʽʚ 13ʅʆ-14ʅʆ ʻ ʜʦʧʦʤʽʞʥʦʶ, ʽ ʮʶ ʧʘʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫ ʩʭʝʤʽ ʩʘʤʦʧʽʜʭʦʧʣʝʥʥʷ ʧʫʩʢʘʯʘ. 

ʊʦʙʪʦ, ʮʷ ʧʘʨʘ ʧʦʪʨʽʙʥʘ, ʱʦʙ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʚ ʨʦʙʦʪʫ, ʥʘʧʨʠʢʣʘʜ 

ʜʚʠʛʫʥʘ, ʚʝʩʴ ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ ʥʝ ʜʦʚʝʣʦʩʷ ʪʨʠʤʘʪʠ ʥʘʪʠʩʥʫʪʦʶ 

ʢʥʦʧʢʫ çʇʫʩʢè.  

ʉʪʨʫʤ ʬʘʟʠ çɸè, ʱʦ ʞʠʚʠʪʴ ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ, ʯʝʨʝʟ ʘʚʪʦʤʘʪ 

ʟʘʭʠʩʪʫ ʣʘʥʮʶʛʽʚ ʢʝʨʫʚʘʥʥʷ SF1 ʽ ʢʥʦʧʢʫ SB1 çʉʪʦʧè ʥʘʜʭʦʜʠʪʴ 
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ʥʘ ʢʦʥʪʘʢʪ ˉ3 ʢʥʦʧʦʢ SB2 ʽ SB3, ʜʦʧʦʤʽʞʥʠʡ ʢʦʥʪʘʢʪ 13ʅʆ 

ʧʫʩʢʘʯʽʚ ʂʄ1 ʪʘ ʂʄ2, ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʯʝʨʛʫʚʘʪʠ ʥʘ ʮʠʭ ʢʦʥʪʘʢʪʘʭ. 

ʉʭʝʤʘ ʛʦʪʦʚʘ ʜʦ ʨʦʙʦʪʠ (ʨʠʩ. 6.34). 

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ SB2 ʩʪʨʫʤ ʬʘʟʠ çɸè ʯʝʨʝʟ 

ʥʦʨʤʘʣʴʥʦ-ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʘʢʪ ʂʄ2.2 ʥʘʜʭʦʜʠʪʴ ʥʘ ʢʦʪʫʰʢʫ 

ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʂʄ1, ʧʫʩʢʘʯ ʩʧʨʘʮʴʦʚʫʻ, ʪʘ ʡʦʛʦ ʥʦʨʤʘʣʴʥʦ-

ʨʦʟʽʤʢʥʝʥʽ ʢʦʥʪʘʢʪʠ ʟʘʤʠʢʘʶʪʴʩʷ, ʘ ʥʦʨʤʘʣʴʥʦ-ʟʘʤʢʥʝʥʽ 

ʨʦʟʤʠʢʘʶʪʴʩʷ (ʨʠʩ. 6.35). 

 

 

 

ʈʠʩʫʥʦʢ 6.34 ï ʇʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʨʦʙʦʪʠ ʩʭʝʤʠ 

 

ʇʨʠ ʟʘʤʠʢʘʥʥʽ ʢʦʥʪʘʢʪʫ ʂʄ1.1 ʧʫʩʢʘʯ ʧʝʨʝʭʦʜʠʪʴ ʥʘ 

ʩʘʤʦʧʽʜʭʦʧʣʝʥʥʷ, ʘ ʧʨʠ ʟʘʤʠʢʘʥʥʽ ʩʠʣʦʚʠʭ ʢʦʥʪʘʢʪʽʚ ʂʄ1 ʩʪʨʫʤʠ 

ʬʘʟ çɸè, çɺè, çʉè ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʪʘʢʪʠ ʦʙʤʦʪʦʢ 

ʜʚʠʛʫʥʘ, ʧʽʩʣʷ ʯʦʛʦ ʜʚʠʛʫʥ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʣʽʚʫ 

ʩʪʦʨʦʥʫ. ʊʫʪ ʞʝ, ʥʦʨʤʘʣʴʥʦ-ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʘʢʪ ʂʄ1.2, 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʢʦʣʽ ʞʠʚʣʝʥʥʷ ʢʦʪʫʰʢʠ ʧʫʩʢʘʯʘ ʂʄ2, 

ʨʦʟʤʠʢʘʻʪʴʩʷ ʽ ʥʝ ʜʘʻ ʚʢʣʶʯʠʪʠʩʷ ʤʘʛʥʽʪʥʦʤʫ ʧʫʩʢʘʯʝʚʽ ʂʄ2 ʜʦʪʠ, 

ʧʦʢʠ ʱʝ ʚ ʨʦʙʦʪʽ ʧʫʩʢʘʯ ʂʄ1. ʎʝ ʪʘʢ ʟʚʘʥʠʡ çʟʘʭʠʩʪ ʚʽʜ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʩʠʪʫʘʮʽʡè (ʨʠʩ. 6.38), ʽ ʧʨʦ ʥʴʦʛʦ ʪʨʦʭʠ ʥʠʞʯʝ. 
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ʈʠʩʫʥʦʢ 6.35 ï ʈʦʙʦʪʘ ʢʽʣ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʜʚʠʛʫʥʘ ʚʣʽʚʦ 

 

ʑʦʙ ʟʘʜʘʪʠ ʜʚʠʛʫʥʫ ʦʙʝʨʪʘʥʥʷ ʚ ʧʨʦʪʠʣʝʞʥʠʡ ʙʽʢ ʜʦʩʪʘʪʥʴʦ 

ʧʦʤʽʥʷʪʠ ʤʽʩʮʷʤʠ ʙʫʜʴ-ʷʢʽ ʜʚʽ ʬʘʟʠ ʞʠʚʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, çɺè ʽ 

çʉè. ʆʩʴ ʮʠʤ ʷʢʨʘʟ ʽ ʟʘʡʤʘʻʪʴʩʷ ʧʫʩʢʘʯ ʂʄ2. ɸʣʝ ʧʝʨʰ ʥʽʞ 

ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ çɺʧʨʘʚʦè ʪʘ ʟʘʜʘʪʠ ʜʚʠʛʫʥʫ ʦʙʝʨʪʘʥʥʷ ʫ 

ʟʚʦʨʦʪʥʠʡ ʙʽʢ, ʧʦʪʨʽʙʥʦ ʢʥʦʧʢʦʶ çʉʪʦʧè ʟʫʧʠʥʠʪʠ ʧʦʧʝʨʝʜʥʻ 

ʦʙʝʨʪʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʽʨʚʝʪʴʩʷ ʣʘʥʮʶʛ ʽ ʩʪʨʫʤ ʢʝʨʫʶʯʦʾ ʬʘʟʠ 

çɸè ʧʝʨʝʩʪʘʥʝ ʥʘʜʭʦʜʠʪʠ ʥʘ ʢʦʪʫʰʢʫ ʧʫʩʢʘʯʘ ʂʄ1, ʧʦʚʝʨʪʘʣʴʥʘ 

ʧʨʫʞʠʥʘ ʧʦʚʝʨʥʝ ʦʩʝʨʜʷ ʟ ʢʦʥʪʘʢʪʘʤʠ ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʩʠʣʦʚʽ 

ʢʦʥʪʘʢʪʠ ʨʦʟʽʤʢʥʫʪʴʩʷ ʽ ʚʽʜʢʣʶʯʘʪʴ ʜʚʠʛʫʥ ʄ ʚʽʜ ʪʨʠʬʘʟʥʦʾ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. ʉʭʝʤʘ ʧʦʚʝʨʥʝʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʘʙʦ 

ʨʝʞʠʤ ʦʯʽʢʫʚʘʥʥʷ (ʨʠʩ. 6.36). 

ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ SB3 ʩʪʨʫʤ ʬʘʟʠ ɸ ʯʝʨʝʟ ʥʦʨʤʘʣʴʥʦ-

ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʘʢʪ ʂʄ1.2 ʥʘʜʭʦʜʠʪʴ ʥʘ ʢʦʪʫʰʢʫ ʤʘʛʥʽʪʥʦʛʦ 

ʧʫʩʢʘʯʘ ʂʄ2, ʧʫʩʢʘʯ ʩʧʨʘʮʴʦʚʫʻ ʽ ʯʝʨʝʟ ʩʚʽʡ ʢʦʥʪʘʢʪ ʂʄ2.1 ʚʩʪʘʻ 

ʥʘ ʩʘʤʦʧʽʜʭʦʧʣʝʥʥʷ. ʉʚʦʾʤʠ ʩʠʣʦʚʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʂʄ2 ʧʫʩʢʘʯ 

ʧʝʨʝʢʠʥʝ ʬʘʟʠ ɺ ʽ ʉ ʤʽʩʮʷʤʠ ʽ ʜʚʠʛʫʥ ʄ ʩʪʘʥʝ ʦʙʝʨʪʘʪʠʩʷ ʚ ʽʥʰʠʡ 

ʙʽʢ. ʇʨʠ ʮʴʦʤʫ ʢʦʥʪʘʢʪ ʂʄ2.2, ʧʽʜôʻʜʥʘʥʠʡ ʚ ʢʦʣʽ ʞʠʚʣʝʥʥʷ 

ʧʫʩʢʘʯʘ ʂʄ1, ʨʦʟʽʤʢʥʝʪʴʩʷ ʽ ʥʝ ʜʘʩʪʴ ʧʫʩʢʘʯʝʚʽ ʂʄ1 ʚʢʣʶʯʠʪʠʩʷ 

ʧʦʢʠ ʚ ʨʦʙʦʪʽ ʧʫʩʢʘʯ ʂʄ2 (ʨʠʩ. 6.37). 
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ʈʠʩʫʥʦʢ 6.36 ï  ʈʦʙʦʪʘ ʢʣ̔ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʜ ʨʝʚʝʨʩʦʤ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʘ (ʚʧʨʘʚʦ) 

 

 
ʈʠʩʫʥʦʢ 6.37 ï  ʈʦʙʦʪʘ ʢʣ̔ ʢʝʨʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ 

ʚʧʨʘʚʦ 

 

ɸ ʪʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʩʭʝʤʠ, ʷʢʘ ʽ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʟ ʞʠʚʣʝʥʥʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʨʝʚʝʨʩʫ 
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ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ. ɿ'ʻʜʥʘʥʥʷ ʩʠʣʦʚʠʭ ʢʦʥʪʘʢʪʽʚ ʧʫʩʢʘʯʘ ʂʄ1 

ʚʠʢʦʥʘʥʦ ʪʘʢ, ʱʦ ʧʨʠ ʾʭ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʩʪʨʫʤ ʬʘʟʠ çɸè ʥʘʜʭʦʜʠʪʴ 

ʥʘ ʦʙʤʦʪʢʫ ˉ1, ʩʪʨʫʤ ʬʘʟʠ çɺè ï ʥʘ ʦʙʤʦʪʢʫ ˉ2, ʪʘ ʩʪʨʫʤ ʬʘʟʘ 

çʉè ï ʥʘ ʦʙʤʦʪʢʫ ˉ3. ɼʚʠʛʫʥ, ʷʢ ʤʠ ʚʠʟʥʘʯʠʣʠʩʷ, ʦʪʨʠʤʫʻ 

ʦʙʝʨʪʘʥʥʷ ʚʣʽʚʦ (ʨʠʩ. 6.38, ʘ). ʊʫʪ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʟ ʥʝ 

ʟʜʽʡʩʥʶʻʪʴʩʷ. 

ɿôʻʜʥʘʥʥʷ ʩʠʣʦʚʠʭ ʢʦʥʪʘʢʪʽʚ ʧʫʩʢʘʯʘ ʂʄ2 ʚʠʢʦʥʘʥʦ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦ ʧʨʠ ʡʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʬʘʟʠ çɺè ʽ çʉè ʟʤʽʥʶʶʪʴʩʷ 

ʤʽʩʮʷʤʠ: ʬʘʟʘ çɺè ʯʝʨʝʟ ʩʝʨʝʜʥʽʡ ʢʦʥʪʘʢʪ ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʙʤʦʪʢʫ 

ˉ3, ʘ ʬʘʟʘ çʉè ï  ʯʝʨʝʟ ʢʨʘʡʥʽʡ ʣʽʚʠʡ ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʙʤʦʪʢʫ ˉ 2. 

ʌʘʟʘ "ɸ" ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥ (ʨʠʩ. 6.38, ʙ). 
 

           
ʘ  ʙ 

 

ʈʠʩʫʥʦʢ 6.38 ï ʉʭʝʤʘ ʧʽʜôʻʜʥʘʥʥʷ ʛʦʣʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ ʧʫʩʢʘʯʘ ʜʣʷ 

ʨʝʚʝʨʩʫ ʜʚʠʛʫʥʘ 

 

ɿʘʭʠʩʪ ʩʠʣʦʚʠʭ ʢʽʣ ʚʽʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʘʙʦ ʟʘʭʠʩʪ ʚʽʜ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʩʠʪʫʘʮʽʡ. ʗʢ ʚʽʜʦʤʦ, ʧʝʨʰ ʥʽʞ ʟʤʽʥʠʪʠ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ, ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʟʫʧʠʥʠʪʠ. ɸʣʝ ʥʝ ʟʘʚʞʜʠ ʪʘʢ 

ʚʠʭʦʜʠʪʴ, ʪʦʤʫ ʱʦ ʥʽʭʪʦ ʥʝ ʟʘʩʪʨʘʭʦʚʘʥʠʡ ʚʽʜ ʧʦʤʠʣʦʢ. ɯ ʦʩʴ 

ʫʷʚʽʪʴ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʥʝʤʘʻ ʟʘʭʠʩʪʫ. ɼʚʠʛʫʥ ʦʙʝʨʪʘʻʪʴʩʷ ʚʣʽʚʦ, 

ʧʫʩʢʘʯ ʂʄ1 ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʦʙʦʪʽ, ʪʘ ʟ ʡʦʛʦ ʚʠʚʦʜʽʚ ʩʪʨʫʤʠ ʚʩʽʭ 

ʪʨʴʦʭ ʬʘʟ ʥʘʜʭʦʜʷʪʴ ʥʘ ʦʙʤʦʪʢʠ, ʢʦʞʥʘ ʥʘ ʩʚʦʶ. ʊʝʧʝʨ, ʥʝ 
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ʚʽʜʢʣʶʯʘʶʯʠ ʧʫʩʢʘʯ ʂʄ1, ʤʠ ʚʢʣʶʯʘʻʤʦ ʧʫʩʢʘʯ ʂʄ2. ʌʘʟʠ "ɺ" ʽ 

"ʉ", ʷʢʽ ʤʠ ʧʦʤʽʥʷʣʠ ʤʽʩʮʷʤʠ ʜʣʷ ʨʝʚʝʨʩʫ, ʟʫʩʪʨʽʥʫʪʴʩʷ ʥʘ ʚʠʭʦʜʽ 

ʧʫʩʢʘʯʘ ʂʄ1. ʊʦʜʽ ʚʽʜʙʫʜʝʪʴʩʷ ʟʘʤʠʢʘʥʥʷ ʤʽʞ ʬʘʟʘʤʠ çɺè ʪʘ çʉè. 

ɸ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʮʴʦʛʦ ʥʝ ʪʨʘʧʠʣʦʩʷ, ʫ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʦʨʤʘʣʴʥʦ-ʟʘʤʢʥʝʥʽ ʢʦʥʪʘʢʪʠ ʧʫʩʢʘʯʽʚ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʝʨʝʜ 

ʢʦʪʫʰʢʘʤʠ ʮʠʭ ʞʝ ʧʫʩʢʘʯʽʚ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʚʠʢʣʶʯʘʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʦʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʧʦʢʠ ʥʝ ʙʫʜʝ 

ʟʥʝʩʪʨʫʤʣʝʥʠʡ ʽʥʰʠʡ.  

ɼʣʷ ɺʘʰʦʛʦ ʫʷʚʣʝʥʥʷ ʧʝʨʝʛʣʷʥʴʪʝ ʚʽʜʝʦʨʦʣʠʢ ʧʨʦ 

ʧʽʜʢʣʶʯʝʥʥʷ ʨʝʚʝʨʩʠʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʟʘ ʧʦʩʠʣʘʥʥʷʤ 

https://www.youtube.com/watch?v=URHgYTH3alo. 

 

6.5 ʊʠʨʠʩʪʦʨʥʽ ʢʦʥʪʘʢʪʦʨʽ ʪʘ ʧʫʩʢʘʯʽ 

 

ʇʦʨʷʜ ʟ ʢʦʥʪʘʢʪʥʠʤʠ ʢʦʤʫʪʘʮʽʡʥʠʤʠ ʘʧʘʨʘʪʘʤʠ 

ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʚʠʨʦʙʣʷʶʪʴʩʷ ʪʘ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ 

ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʘʧʘʨʘʪʠ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʷʭ, 

ʟʦʢʨʝʤʘ ʪʠʨʠʩʪʦʨʥʽ ʢʦʥʪʘʢʪʦʨʠ ʪʘ ʧʫʩʢʘʯʽ. ɺʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʫʩʢʫ, ʨʝʚʝʨʩʫ ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ 

ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʽʥʰʠʭ ʘʢʪʠʚʥʠʭ ʪʘ ʘʢʪʠʚʥʦ-ʽʥʜʫʢʪʠʚʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. 

 

6.5.1 ʊʠʨʠʩʪʦʨʥʽ ʢʦʥʪʘʢʪʦʨʠ 

 

ʈʦʙʦʪʘ ʪʠʨʠʩʪʦʨʥʠʭ ʢʦʥʪʘʢʪʦʨʽʚ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʠʨʠʩʪʦʨʽʚ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʟʤʽʥʶʚʘʪʠ ʧʨʦʚʽʜʥʽʩʪʴ ʪʘ 

ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʜʚʦʭ ʩʪʘʥʘʭ: ʚʢʣʶʯʝʥʦʤʫ ʪʘ ʚʠʢʣʶʯʝʥʦʤʫ. 

ɺʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʠʛʥʘʣʘʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʘ 

ʚʽʜʢʣʶʯʝʥʥʷ ʧʨʠ ʟʥʠʞʝʥʥʽ ʘʥʦʜʥʦʛʦ ʩʪʨʫʤʫ ʜʦ ʩʪʨʫʤʫ ʚʜʝʨʞʘʥʥʷ 

(ʧʨʘʢʪʠʯʥʦ ʜʦ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ). ɿʦʢʨʝʤʘ, ʚ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʨʠʨʦʜʥʦʤʫ ʧʝʨʝʭʦʜʽ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ. ʊʠʨʠʩʪʦʨ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠ ʩʪʨʫʤ ʚʧʨʦʜʦʚʞ 

ʦʜʥʦʛʦ ʥʘʧʽʚʧʝʨʽʦʜʫ, ʪʦʤʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ 

ʢʦʞʥʽʡ ʬʘʟʽ ʘʧʘʨʘʪʫ ʚʤʠʢʘʶʪʴ ʧʦ ʜʚʘ ʪʠʨʠʩʪʦʨʘ ʟʫʩʪʨʽʯʥʦ-

ʧʘʨʘʣʝʣʴʥʦ. ʊʠʨʠʩʪʦʨʥʽ ʢʦʥʪʘʢʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʜʣʷ 

ʦʜʥʦʬʘʟʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʪʨʠʬʘʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʚʠʢʦʥʘʥʽ ʤʦʞʫʪʴ 

https://www.youtube.com/watch?v=URHgYTH3alo
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ʙʫʪʠ ʥʘ ʪʠʨʠʩʪʦʨʘʭ, ʩʠʤʽʩʪʦʨʘʭ ʪʘ ʜʽʦʜʘʭ. ɺʘʨʽʘʥʪʠ ʩʭʝʤ ʩʠʣʦʚʠʭ 

ʪʠʨʠʩʪʦʨʥʠʭ ʢʣʶʯʽʚ ʥʘʜʘʥʽ ʥʘ ʨʠʩ. 6.39 ʪʘ 6.40.  

ʂʦʞʥʠʡ ʟ ʪʠʨʠʩʪʦʨʽʚ ʧʨʦʧʫʩʢʘʻ ʩʪʨʫʤ ʥʘ ʧʨʦʪʷʟʽ ʦʜʥʦʛʦ 

ʥʘʧʽʚʧʝʨʽʦʜʫ, ʪʦʤʫ ʜʦʧʫʩʪʠʤʠʡ ʩʪʨʫʤ ʯʝʨʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ 

ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʪʘʢʝ: 

, 

 

ʜʝ Iʪʠʨ ï ʜʦʧʫʩʪʠʤʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʪʠʨʠʩʪʦʨ. 

 
ʈʠʩʫʥʦʢ 6.39 ï ʇʨʠʥʮʠʧʽʘʣʴʥʽ ʩʭʝʤʠ ʦʜʥʦʬʘʟʥʠʭ ʪʠʨʠʩʪʦʨʥʠʭ 

ʢʣʶʯʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

 

ɼʣʷ ʩʭʝʤ ʽʟ ʩʠʤʽʩʪʦʨʘʤʠ ʪʘ ʪʠʨʠʩʪʦʨʘʤʠ, ʱʦ ʧʨʦʚʦʜʷʪʴ 

ʩʪʨʫʤ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʥʘʧʽʚʧʝʨʽʦʜʽʚ, ʜʦʧʫʩʪʠʤʠʡ ʩʪʨʫʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘʢʠʡ: 

 
 

ʄʘʢʩʠʤʘʣʴʥʘ ʟʚʦʨʦʪʥʘ ʥʘʧʨʫʛʘ ʪʠʨʠʩʪʦʨʘ ʤʘʻ ʙʫʪʠ ʥʝ 

ʤʝʥʰʘ ʟʘ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʤʝʨʝʞʠ: 

 

  

ʪʠʨʥ II
2

p
¢

ʪʠʨʥ II
22

p
¢

cʟʦʙʨ UʂU 2²



 

197 

 

ʜʝ    ʂʟ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ, ʚʨʘʭʦʚʫʶʯʠʡ ʤʦʞʣʠʚʽ ʢʦʤʫʪʘʮʽʡʥʽ 

ʧʝʨʝʥʘʧʨʫʞʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʫ ʤʝʨʝʞʽ. 

ɼʣʷ ʢʦʤʫʪʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ ʟʫʩʪʨʽʯʥʦ-ʧʘʨʘʣʝʣʴʥʠʤ 

ʚʢʣʶʯʝʥʥʷʤ ʪʠʨʠʩʪʦʨʽʚ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ, 

ʧʨʦʩʪʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʧʨʠʩʪʨʽʡ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ 

ʰʣʷʭʦʤ ʟ`ʻʜʥʘʥʥʷ ʫʧʨʘʚʣʷʶʯʠʭ ʝʣʝʢʪʨʦʜʽʚ ʟ ʾʭ ʘʥʦʜʘʤʠ (ʘʙʦ 

ʫʧʨʘʚʣʷʶʯʠʭ ʝʣʝʢʪʨʦʜʽʚ ʤʽʞ ʩʦʙʦʶ, ʱʦ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʮʝʩʫ, ʱʦ 

ʪʨʠʚʘʻ, ʤʘʡʞʝ ʝʢʚʽʚʘʣʝʥʪʥʦ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʢʣʶʯʘ. 

ʇʨʠ ʮʴʦʤʫ ʘʥʦʜʥʘ ʥʘʧʨʫʛʘ, ʧʨʠʢʣʘʜʝʥʘ ʜʦ ʪʠʨʠʩʪʦʨʽʚ, ʻ 

ʜʞʝʨʝʣʦʤ ʽʤʧʫʣʴʩʽʚ ʢʝʨʫʚʘʥʥʷ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʘʢʦʛʦ 

ʧʨʠʩʪʨʦʶ ʥʘʜʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.41.  

 

 
 
ʈʠʩʫʥʦʢ 6.40 ï ʉʭʝʤʘ ʪʨʠʬʘʟʥʠʭ ʪʠʨʠʩʪʦʨʥʠʭ ʢʣʶʯʽʚ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ 

 

ʇʨʠ ʟʘʤʠʢʘʥʥʽ ʢʣʶʯʘ ʂ ʫ ʥʘʧʽʚʧʝʨʽʦʜ ʧʨʦʚʽʜʥʦʩʪʽ ʪʠʨʠʩʪʦʨʘ 

VS1, ʧʽʜ ʜʽʻʶ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʧʦʟʠʪʠʚʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ʫ ʢʦʣʽ 



 

198 

 

ʫʧʨʘʚʣʷʶʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʮʴʦʛʦ ʪʠʨʠʩʪʦʨʘ ʧʽʜʝ ʩʪʨʫʤ ʪʘʢʠʤ ʢʦʣʦʤ: 

AŸVD2ŸRŸKŸ VS1ŸZŸB. 

 
ʈʠʩʫʥʦʢ 6.41 ï ʉʭʝʤʘ ʪʠʨʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ 

 

ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʫʤʫ ʫ ʮʴʦʤʫ ʢʦʣʽ ʚʝʣʠʯʠʥʠ, ʜʦʩʪʘʪʥʴʦʾ 

ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ VS1, ʦʩʪʘʥʥʽʡ ʚʢʣʶʯʘʻʪʴʩʷ. ʇʦʯʠʥʘʶʯʠ 

ʟ ʮʴʦʛʦ ʤʦʤʝʥʪʫ, ʥʘʧʨʫʛʘ ʥʘ ʪʠʨʠʩʪʦʨʘʭ ʩʪʘʻ ʪʘʢʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʧʨʷʤʦʤʫ ʧʘʜʽʥʥʶ ʥʘʧʨʫʛʠ ʥʘ ʪʠʨʠʩʪʦʨʽ VS1, ʩʪʨʫʤ ʫ ʢʦʣʽ 

ʢʝʨʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʟʥʠʢʘʻ, ʘʣʝ ʪʠʨʠʩʪʦʨ ʟʘʣʠʰʘʻʪʴʩʷ ʫ 

ʧʨʦʚʽʜʥʦʤʫ ʩʪʘʥʽ ʜʦ ʢʽʥʮʷ ʥʘʧʽʚʧʝʨʽʦʜʫ. ɺ ʢʽʥʮʽ ʥʘʧʽʚʧʝʨʽʦʜʫ 

ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʦʪʽʢʘʻ ʢʨʽʟʴ ʪʠʨʠʩʪʦʨ VS1, 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ, ʧʽʩʣʷ ʯʦʛʦ ʪʠʨʠʩʪʦʨ ʟʘʢʨʠʚʘʻʪʴʩʷ ʜʦ 

ʥʘʩʪʫʧʥʦʾ ʧʦʜʘʯʽ ʯʝʨʛʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʢʝʨʫʚʘʥʥʷ. ɺ ʯʝʨʛʦʚʠʡ 

ʥʘʧʽʚʧʝʨʽʦʜ ʘʥʘʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʟ ʪʠʨʠʩʪʦʨʦʤ 

VS4. ʏʝʨʝʟ ʢʣʶʯ ʂ ʧʨʦʪʽʢʘʶʪʴ ʢʦʨʦʪʢʽ ʽʤʧʫʣʴʩʠ ʩʪʨʫʤʫ, ʘʤʧʣʽʪʫʜʘ 

ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ʩʪʨʫʤʫ ʚʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ, ʘ ʾʭ 

ʪʨʠʚʘʣʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ (ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 
 

ʏʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʤʽʞ ʧʦʯʘʪʢʦʤ ʥʘʧʽʚʧʝʨʽʦʜʫ ʪʘ ʤʦʤʝʥʪʦʤ 

ʚʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʫʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʪʠʨʠʩʪʦʨʘ a. 

ʇʨʠ ʢʦʤʫʪʘʮʽʾ ʥʦʤʽʥʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʝʣʠʯʠʥʫ a 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʽʥʽʤʘʣʴʥʦʶ. ʇʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʩʪʨʫʤʫ ʜʦ ʜʦʧʫʩʪʠʤʠʭ ʚʝʣʠʯʠʥ a ʟʙʽʣʴʰʫʻʪʴʩʷ. ʂʨʠʚʘ ʩʪʨʫʤʫ ʟ 

ʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʘʥʘʣʦʛʽʯʥʘ ʢʨʠʚʽʡ ʥʘʧʨʫʛʠ ʥʘ 

ʥʘʚʘʥʪʘʞʝʥʥʽ, ʨʠʩ. 6.42, ʘ.  
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ʈʠʩʫʥʦʢ 6.42 ï ʅʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʠ, ʷʢʽ ʢʦʤʫʪʫʶʪʴʩʷ ʪʠʨʠʩʪʦʨʘʤʠ: 

 

a ï ʧʨʠ ʘʢʪʠʚʥʽʡ ʥʘʚʘʥʪʘʞʝʥʥʽ; ʙ ï ʧʨʠ ʘʢʪʠʚʥʦ-ʽʥʜʫʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ; 

ʚ ï ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. 

 

ɺ ʢʦʣʘʭ ʟ ʘʢʪʠʚʥʦ-ʽʥʜʫʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʪʨʫʤ 

ʚʽʜʩʪʘʻ ʧʦ ʬʘʟʽ ʚʽʜ ʥʘʧʨʫʛʠ, ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʢʨʠʚʘ ʩʪʨʫʤʫ ʥʝ 

ʩʧʽʚʧʘʜʘʻ ʟʘ ʬʦʨʤʦʶ ʟ ʢʨʠʚʦʶ ʥʘʧʨʫʛʠ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ. ʉʪʨʫʤ 

ʧʨʦʪʽʢʘʻ ʡ ʧʽʩʣʷ ʧʝʨʝʭʦʜʫ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʯʝʨʝʟ ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʙʝʟʩʪʨʫʤʦʚʘ ʧʘʫʟʘ ʩʢʦʨʦʯʫʻʪʴʩʷ (ʨʠʩ. 6.42, ʙ). 

ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʚʽʜʢʣʶʯʝʥʥʷ 

ʢʦʤʫʪʘʪʦʨʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʥʷʪʪʷʤ ʽʤʧʫʣʴʩʽʚ ʢʝʨʫʚʘʥʥʷ ʟ 

ʪʠʨʠʩʪʦʨʽʚ, ʪʦʙʪʦ ʚʽʜʢʣʶʯʝʥʥʷʤ ʾʭ ʢʦʣʘ ʫʧʨʘʚʣʽʥʥʷ. ʏʘʩ 

ʚʽʜʢʣʶʯʝʥʥʷ ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʪʠʨʠʩʪʦʨʥʠʤ 

ʢʦʤʫʪʘʪʦʨʦʤ ʤʝʥʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʘʢʪʥʠʤ ʘʧʘʨʘʪʦʤ, ʦʩʢʽʣʴʢʠ 

ʩʪʨʫʤ ʫ ʪʠʨʠʩʪʦʨʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʪʽʢʘʻ 

ʤʝʥʰʝ ʦʜʥʦʛʦ ʧʽʚʧʝʨʽʦʜʫ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. ɼʦ ʧʦʚʥʦʛʦ ʯʘʩʫ 

ʚʽʜʢʣʶʯʝʥʥʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʚʭʦʜʠʪʴ ʪʘʢʦʞ ʯʘʩ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʣʘ ʟʘʭʠʩʪʫ. 
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6.5.2 ʊʠʨʠʩʪʦʨʥʽ ʧʫʩʢʘʯʽ  

 

ʉʧʝʮʠʬʽʯʥʽ ʚʠʜʠ ʧʫʩʢʘʯʽʚ ʢʨʽʤ ʪʠʧʦʚʠʭ ʟʘʚʜʘʥʴ ʯʝʨʝʟ ʩʚʽʡ 

ʬʫʥʢʮʽʦʥʘʣ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʚ ʙʽʣʴʰ ʩʧʝʮʠʬʽʯʥʠʭ 

ʫʤʦʚʘʭ. ʈʦʟʛʣʷʥʝʤʦ ʾʭ ʢʦʨʦʪʢʦ ʥʘ ʧʨʠʢʣʘʜʽ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʫʩʢʘʯʘ, 

ʚʠʙʫʭʦʟʘʭʠʱʝʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʪʠʧʫ ʇɺʈ-125ʨ, ʪʘʢʦʞ ʇɺʀ-250 ɺ, 

ʧʽʜʢʣʶʯʝʥʥʷ ʯʝʨʝʟ ʢʦʥʪʘʢʪʦʨʠ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʽʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʚʦʜʫ ʨʝʟʝʨʚʫ (ɸɺʈ).  

ʆʩʦʙʣʠʚʽʩʪʴ ʜʘʥʦʛʦ ʪʠʧʫ ʧʫʩʢʦʚʠʭ ʨʝʣʝ ʫ ʪʦʤʫ, ʱʦ ʫ ʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʬʽʟʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʢʦʣʘ. ʊʦʙʪʦ 

ʚʦʥʠ ʻ ʙʝʟʢʦʥʪʘʢʪʥʠʤʠ ʽ ʚ ʧʨʠʥʮʠʧʽ ʧʦʟʙʘʚʣʝʥʽ ʢʣʶʯʦʚʠʭ 

ʥʝʜʦʣʽʢʽʚ ʟʚʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʩʫ ʢʦʥʪʘʢʪʽʚ, 

ʫʪʚʦʨʝʥʥʷ ʜʫʛʠ ʪʦʱʦ). ʇʨʘʚʠʣʴʥʦ ʚʢʣʶʯʠʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʤʦʞʥʘ 

ʥʘ ʪʠʨʠʩʪʦʨʥʠʭ ʧʨʠʩʪʨʦʷʭ (ʇʊ), ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʷʢʠʭ ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 6.43. 

 
ʈʠʩʫʥʦʢ 6.43 ï ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʥʠʭ ʧʫʩʢʘʯʽʚ [89, 90] 
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ɺ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ ʟʘʜʽʷʥʽ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

- L1, L2, L3 ï ʬʘʟʥʽ ʜʨʦʪʠ (ʧʦʣʶʩʠ); 

- ʊɸ1, ʊɸ 2 ï ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʩʪʨʫʤʠ; 

- R1, R 2 ï ʨʝʟʠʩʪʦʨʠ; 

- VD1, VD 2 ï ʪʨʘʥʟʠʩʪʦʨʠ; 

- VS1éVS6 ï ʪʠʨʠʩʪʦʨʠ; 

- ɹʋ ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ; 

- SB1, SB2 ï ʢʥʦʧʢʠ çʇʫʩʢè ʠ çʉʪʦʧè. 

 

ɽʣʝʢʪʨʦʜʚʠʛʫʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʥʘ ʨʽʟʥʠʭ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʰʘʭʪʘʭ ʪʦʱʦ, ʜʝ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʧʦʪʝʥʮʽʡʥʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʘ ʦʙʩʪʘʥʦʚʢʘ, ʟʘʧʠʣʝʥʽʩʪʴ ʪʘ ʽʥʰʽ 

ʥʝʛʘʪʠʚʥʽ ʬʘʢʪʦʨʠ. ʆʪʞʝ, ʚʠʢʦʥʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʤʘʻ 

ʧʝʨʝʜʙʘʯʘʪʠ ʧʝʨʝʣʽʯʝʥʽ ʩʠʪʫʘʮʽʾ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʨʝʣʝʡʥʽ ʤʦʜʫʣʽ ʇɺʈ-125ʨ ʽ ʇɺɯ-250 ɺ(ɹʊ) (ʨʠʩ. 6.44).  
 

 
ʈʠʩʫʥʦʢ 6.44 ï ʇʫʩʢʘʯ ʇɺʈ-125ʨ [89] 

 

ʇʫʩʢʘʯ ʪʠʧʫ ʇɺʈ ʻ ʨʝʚʝʨʩʠʚʥʠʤ ʤʦʜʫʣʴʥʠʤ ʙʣʦʢʦʤ, ʷʢʠʡ 

ʤʦʥʪʫʻʪʴʩʷ ʫ ʚʠʙʫʭʦʟʘʭʠʱʝʥʦʤʫ ʢʦʨʧʫʩʽ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʚʝʜʝʥʥʷ ʚ ʨʦʙʦʪʫ ʪʨʠʬʘʟʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʾ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʪʝʭʥʽʢʠ, ʱʦ ʧʨʘʮʶʻ ʫ ʚʠʨʦʙʣʝʥʥʽ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ. 

ɼʦ ʇɺʈ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʦʩʦʙʣʠʚʽ ʚʠʤʦʛʠ ʱʦʜʦ ʧʨʦʪʠʜʽʾ ʤʝʪʘʥʫ ʽ 

ʧʠʣʫ. 
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ʇʫʩʢʘʯ ʇɺʀ-250 ɺ (ɹʊ, ɼ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʘʢʠʭ ʞʝ 

ʫʤʦʚʘʭ, ʷʢ ʽ ʇɺʈ, ʘʣʝ ʚʠʭʦʜʷʯʠ ʟ ʤʘʨʢʫʚʘʥʥʷ ʤʘʻ ʱʝ ʡ ʟʘʭʠʩʪ ʚʽʜ 

ʽʩʢʨʠ. ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ ʜʚʠʛʫʥʽʚ ʰʘʭʪʥʦʾ 

ʪʝʭʥʽʢʠ. ɿʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʟʘʭʠʩʪ ʚʽʜ 

ʤʦʞʣʠʚʠʭ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ ʯʠ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʫ ʝʣʝʢʪʨʠʯʥʽʡ 

ʤʝʨʝʞʽ (ʨʠʩ. 6.45). 

 

 
ʈʠʩʫʥʦʢ 6.45 ï ʇʫʩʢʘʯ ʇɺʀ-250 ɺ [89] 

 

ʑʝ ʦʜʥʠʤ ʚʠʧʘʜʢʦʤ, ʢʦʣʠ ʟʘʪʨʝʙʫʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʫʪʘʪʦʨʽʚ ʻ ʦʙʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ɸɺʈ (ʘʚʘʨʽʡʥʦʛʦ ʚʚʝʜʝʥʥʷ 

ʨʝʟʝʨʚʫ). ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʽʩʥʫʻ ʱʦʥʘʡʤʝʥʰʝ ʜʚʘ ʡʦʛʦ ʜʞʝʨʝʣʘ. 

ʇʨʘʚʠʣʴʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʫʟʦʣ ʚʚʝʜʝʥʥʷ ʥʘ ɸɺʈ ʤʦʞʥʘ ʟʘ ʪʘʢʦʶ 

ʩʭʝʤʦʶ (ʨʠʩ. 6.46). ʊʫʪ ʤʦʞʥʘ ʙʘʯʠʪʠ ʜʚʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ (1 ʪʘ 

2), ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ ʥʘ ʢʦʞʥʽʡ ʟ ʣʽʥʽʡ (ɸɺ1, ɸɺ2), ʧʫʩʢʘʯʽ ʪʘ 

ʾʭ ʢʦʥʪʘʢʪʥʽ ʚʫʟʣʠ (ʇʄ1 ʪʘ ʇʄ2). ʅʘ ʚʠʧʘʜʦʢ, ʷʢʱʦ ʜʞʝʨʝʣʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʧʦʚʥʽʩʪʶ ʥʝʟʘʣʝʞʥʠʤʠ (ʥʘʧʨʠʢʣʘʜ, ʦʜʥʘ ʟ ʣʽʥʽʡ 

ʡʜʝ ʚʽʜ ʽʥʰʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ), ʫ ʩʭʝʤʽ ʧʝʨʝʜʙʘʯʝʥʦ 

ʨʝʣʝ ʢʦʥʪʨʦʣʶ ʥʘʧʨʫʛʠ ʈʂʅ, ʷʢʝ ʚʠʙʠʨʘʻ ʛʘʨʘʥʪʦʚʘʥʫ ʣʽʥʽʶ ʚʚʦʜʫ. 
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ʈʠʩʫʥʦʢ 6.46 ï ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ɸɺʈ ʥʘ ʧʫʩʢʘʯʘʭ [90] 

 

6.6 ɻʽʙʨʠʜʥʽ ʢʦʥʪʘʢʪʦʨʠ 

 

ɻʽʙʨʠʜʥʠʤʠ ʢʦʤʫʪʘʮʽʡʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʥʘʟʠʚʘʶʪʴʩʷ 

ʢʦʤʙʽʥʦʚʘʥʽ ʘʧʘʨʘʪʠ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʰʣʷʭʦʤ 

ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʥʥʠʭ ʢʣʶʯʽʚ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʢʦʥʪʘʢʪʽʚ.  

ʄʝʪʘ ʪʘʢʦʾ ʢʦʤʙʽʥʘʮʽʾ ï ʧʦʻʜʥʘʥʥʷ ʢʦʨʠʩʥʠʭ ʷʢʦʩʪʝʡ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʘʧʘʨʘʪʽʚ, ʘ ʪʘʢʦʞ ʜʦʩʷʛʥʝʥʥʷ 

ʥʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʟ ʧʦʢʨʘʱʝʥʠʤʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. ʄʝʭʘʥʽʯʥʽ ʢʦʥʪʘʢʪʠ ʚ ʟʘʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʤʘʶʪʴ ʤʘʣʝ 

ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʩʪʨʫʤʫ ʽ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ 

ʦʧʽʨ ʚ ʨʦʟʽʤʢʥʝʥʦʤʫ ʩʪʘʥʽ. ɽʣʝʢʪʨʦʥʥʽ ʢʣʶʯʽ ʚʠʢʦʥʫʶʪʴ ʙʝʟʜʫʛʦʚʫ 

ʢʦʤʫʪʘʮʽʶ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ ʪʘ ʜʦʟʚʦʣʷʶʪʴ 

ʨʝʛʫʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ʇʨʠʢʣʘʜ ʥʘʡʧʨʦʩʪʽʰʦʾ ʩʭʝʤʠ ʛʽʙʨʠʜʥʦʛʦ ʘʧʘʨʘʪʫ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʱʦ ʨʝʘʣʽʟʫʻ ʰʚʠʜʢʦʜʽʶ ʪʠʨʠʩʪʦʨʘ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6.47. 

ʇʨʠ ʧʦʜʘʯʽ ʽʤʧʫʣʴʩʫ ʢʝʨʫʚʘʥʥʷ ʥʘ ʪʠʨʠʩʪʦʨ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ZH ʜʦ ʜʞʝʨʝʣʘ 

ʥʘʧʨʫʛʠ ɽ. ʇʦʪʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʠʢʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʂ, 
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ʷʢʽ ʰʫʥʪʫʶʪʴ ʪʠʨʠʩʪʦʨ. ɼʽʘʛʨʘʤʘ ʩʪʨʫʤʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6.47, ʙ. 

ʋ ʤʦʤʝʥʪ ʯʘʩʫ t0 ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ, ʯʝʨʝʟ ʥʴʦʛʦ 

ʧʦʯʠʥʘʻ ʧʨʦʪʽʢʘʪʠ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥ̔. ʇʦʪʽʤ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t1 

ʮʝʡ ʩʪʨʫʤ ʧʝʨʝʭʦʜʠʪʴ ʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʢʦʥʪʘʢʪʠ, ʦʧʽʨ ʷʢʠʭ ʥʘ 

ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʤʝʥʰʝ, ʥʽʞ ʧʨʷʤʠʡ ʦʧʽʨ ʪʠʨʠʩʪʦʨʘ, ʱʦ 

ʧʨʦʚʦʜʠʪʴ. ʊʘʢʘ ʩʭʝʤʘ ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʰʚʠʜʢʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʨʝʟʝʨʚʥʠʭ ʜʞʝʨʝʣ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʥʘʧʨʠʢʣʘʜ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ. ʇʨʠʥʮʠʧ ʛʽʙʨʠʜʥʦʾ ʢʦʤʫʪʘʮʽʾ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 6.47 [75].  

 

 
ʈʠʩʫʥʦʢ 6.47 ï ʇʨʠʥʮʠʧ ʛʽʙʨʠʜʥʦʾ ʢʦʤʫʪʘʮʽʾ: ʘ - ʧʨʠʥʮʠʧʦʚʘ 

ʩʭʝʤʘ; ʙ - ʜʽʘʛʨʘʤʠ ʩʪʨʫʤʫ; ʚ - ʛʨʘʬʽʢ ʜʫʛʦʫʪʚʦʨʝʥʥʷ ʥʘ ʢʦʥʪʘʢʪʘʭ 

 

ɻʽʙʨʠʜʥʽ ʘʧʘʨʘʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʚʠʜʦʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ 

(ʪʨʘʥʟʠʩʪʦʨʥʽ, ʪʠʨʠʩʪʦʨʥʽ ʪʘ ʽʥ.), ʘ ʪʘʢʦʞ ʟʘ ʩʧʦʩʦʙʦʤ ʟ'ʻʜʥʘʥʥʷ 

ʡʦʛʦ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ: ʧʘʨʘʣʝʣʴʥʽ, ʧʦʩʣʽʜʦʚʥʽ ʪʘ 

ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʽ.  

ɿʚʠʯʘʡʥʽ ʪʠʨʠʩʪʦʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʛʽʙʨʠʜʥʠʭ ʘʧʘʨʘʪʘʭ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʝʯʘʩʪʦ ʯʝʨʝʟ ʪʝ, ʱʦ ʾʭ ʚʠʢʣʶʯʝʥʥʷ ʧʦʪʨʝʙʫʻ 

ʧʨʠʤʫʩʦʚʦʾ ʢʦʤʫʪʘʮʽʾ. ʊʦʤʫ ʚ ʷʢʦʩʪʽ ʩʪʘʪʠʯʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʣʶʯʽʚ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʥʽʩʪʶ ʢʝʨʦʚʘʥʽ ʢʣʶʯʽ: 

ʪʨʘʥʟʠʩʪʦʨʠ ʚʩʽʭ ʨʽʟʥʦʚʠʜʽʚ ʘʙʦ ʪʠʨʠʩʪʦʨʠ, ʱʦ ʟʘʤʠʢʘʶʪʴʩʷ.  
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ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʤʝʭʘʥʽʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʟ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʢʣʶʯʘʤʠ ʨʦʟʛʣʷʥʝʤʦ ʟ ʧʨʠʢʣʘʜʫ ʩʭʝʤ ʛʽʙʨʠʜʥʠʭ 

ʢʦʥʪʘʢʪʦʨʽʚ.  

ʅʘ ʨʠʩ. 6.48 ʥʘʚʝʜʝʥʦ ʩʧʨʦʱʝʥʫ ʩʭʝʤʫ ʛʽʙʨʠʜʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ 

ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽ ʢʦʥʪʘʢʪʽʚ. ʂʦʥʪʘʢʪʠ 

ʟʤʽʥʶʶʪʴ ʩʪʘʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʨʠʚʦʜʫ, ʷʢ ʽ ʚ 

ʟʚʠʯʘʡʥʠʭ ʢʦʥʪʘʢʪʦʨʘʭ. ʋʚʽʤʢʥʝʥʥʷ ʘʧʘʨʘʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʋ ʤʦʤʝʥʪ ʯʘʩʫ t1 ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʉʂ 

ʬʦʨʤʫʻ ʩʠʛʥʘʣʠ ʥʘ ʚʢʣʶʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ VT ʽ ʢʦʥʪʘʢʪʫ ʂ. 

ʊʨʘʥʟʠʩʪʦʨ ʚʢʣʶʯʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʦ, ʽ ʯʝʨʝʟ ʥʴʦʛʦ ʧʦʯʠʥʘʻ 

ʧʨʦʪʽʢʘʪʠ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥ̔, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʤʘʻ ʘʢʪʠʚʥʦ-

ʽʥʜʫʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʨʫʤ ʥ̔ ʧʣʘʚʥʦ 

ʥʘʨʦʱʫʚʘʪʠʤʝʪʴʩʷ ʧʦ ʝʢʩʧʦʥʝʥʮʽʡʥʦʤʫ ʟʘʢʦʥʫ ʜʦ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʚʩʪʘʥʦʚʠʣʦʩʷ. ɿ ʟʘʪʨʠʤʢʦʶ ʯʘʩʫ, ʦʙʫʤʦʚʣʝʥʫ ʽʥʝʨʮʽʡʥʽʩʪʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʨʠʚʦʜʫ, ʚ ʤʦʤʝʥʪ ʯʘʩʫ t2, ʟʘʤʠʢʘʶʪʴʩʷ 

ʢʦʥʪʘʢʪʠ, ʽ ʪʨʘʥʟʠʩʪʦʨ VT ʰʫʥʪʫʻʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʨʫʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥ̔ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʢʦʥʪʘʢʪ ʂ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʨʘʥʟʠʩʪʦʨ ʫ ʫʚʽʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʥʝʦʙʦʚ'ʷʟʢʦʚʦ. 

 

 
ʈʠʩʫʥʦʢ 6.48 ï ɻ̔ ʙʨʠʜʥʠʡ ʢʦʥʪʘʢʪʦʨ ʧʘʨʘʣʝʣʴʥʦʛʦ ʪʠʧʫ: 

ʘ ï ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ; ʙ ï ʜʽʘʛʨʘʤʠ ʩʪʨʫʤʽʚ. 

 

ɼʣʷ ʚʠʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʦʨʘ ʥʝʦʙʭʽʜʥʦ ʚ ʉʂ ʩʬʦʨʤʫʚʘʪʠ 

ʩʠʛʥʘʣʠ ʥʘ ʚʢʣʶʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ VT ʽ ʚʠʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʂ. 

ʇʨʠ ʧʦʜʘʯʽ ʮʠʭ ʩʠʛʥʘʣʽʚ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t3 ʪʨʘʥʟʠʩʪʦʨ VT  ̒

ʧʽʜʛʦʪʦʚʣʝʥʠʤ ʜʦ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦ ʥʴʦʤʫ ʩʪʨʫʤʫ, ʘ ʢʦʥʪʘʢʪ ʂ ʧ̔ ʜ 

ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʨʠʚʦʜʫ ʧʦʯʠʥʘʻ ʨʦʟʤʠʢʘʪʠʩʷ. ʋ 

ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʨʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ, ʷʢʠʤʠ ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʥʠʢʘʻ ʢʦʨʦʪʢʘ ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ. ʅʘ ʨʠʩ. 6.48, ʙ 

ʧʦʢʘʟʘʥʦ ʧʦʯʘʪʢʦʚʫ ʜʽʣʷʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ 

ʢʦʥʪʘʢʪʘʭ ʂ ʧ̔ ʜ ʯʘʩ ʾʭ ʨʦʟʤʠʢʘʥʥʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʜʽʾ 

ʪʨʘʥʟʠʩʪʦʨʘ ʧʝʨʝʭʽʜ ʩʪʨʫʤʫ ʟ ʢʦʥʪʘʢʪʫ ʫ ʪʨʘʥʟʠʩʪʦʨ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʠʤ (ʯʘʩʦʚʽ ʟʘʪʨʠʤʢʠ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʧʘʨʘʟʠʪʥʠʤʠ ʽʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʽʾ). ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʧʝʨʝʭʦʜʫ ʩʪʨʫʤʫ ʥ̔ ʚ ʪʨʘʥʟʠʩʪʦʨ ʢʦʥʪʘʢʪʠ ʂ ʢʦʥʪʘʢʪʦʨʘ 

ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʟʤʠʢʘʪʠʩʷ, ʘʣʝ ʚʞʝ ʫ ʟʥʝʩʪʨʫʤʣʝʥʦʤʫ ʩʪʘʥʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʚ ʢʦʥʪʘʢʪ ̔ʂ ʥʝ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʣʘʟʤʦʚʦʾ ʜʫʛʠ. 

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʚʽʜʙʫʚʘʣʦʩʷ ʧʨʠ ʥʠʟʴʢʽʡ 

ʥʘʧʨʫʟʽ, ʷʢʘ ʜʦʨʽʚʥʶ  ̒ʥʘʧʨʫʟʽ ʥʘʩʠʯʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʪʦ ʤʦʞʥʘ 

ʩʢʘʟʘʪʠ, ʱʦ ʚʩʽ ʧʨʦʮʝʩʠ ʢʦʤʫʪʘʮʽʾ (ʧʨʠ ʚʤʠʢʘʥʥʽ ʽ ʚʠʤʢʥʝʥʥʽ) 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʦʣʝʛʰʝʥʦʤʫ ʜʣʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ 

ʨʝʞʠʤʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʟʥʦʰʫʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʾʭ ʨʦʙʦʪʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚʽʜʩʫʪʥʽʩʪʴ ʜʫʛʦʫʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ 

ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʥʪʘʢʪʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʚʦʜʫ.  

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʨʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʫ ʂ ʤʦʤʝʥʪʫ ʯʘʩʫ t4 

ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʦʜʘʯʘ ʽʤʧʫʣʴʩʫ ʚʤʠʢʘʥʥʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨ VT, ʽ 

ʜʞʝʨʝʣʦ ɽ ʚʠʷʚʣʷʻʪʴʩʷ ʚʽʜʢʣʶʯʝʥʠʤ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ZH. ʇʨʠ 

ʘʢʪʠʚʥʦ-ʽʥʜʫʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʩʪʨʫʤ ʧʽʩʣʷ ʚʠʤʢʥʝʥʥʷ 

ʪʨʘʥʟʠʩʪʦʨʘ VT ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʟʚʦʨʦʪʥʠʡ ʜʽʦʜ VD (ʨʠʩ. 6.48, ʘ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʛʽʙʨʠʜʥʦʤʫ ʢʦʥʪʘʢʪʦʨʽ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ 

ʢʦʥʪʘʢʪʫ ʪʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʰʚʠʜʢʦʜʽʷ ʥʘ 

ʚʢʣʶʯʝʥʥʷ, ʚʣʘʩʪʠʚʝ ʝʣʝʢʪʨʦʥʥʠʤ ʘʧʘʨʘʪʘʤ, ʪʘ ʥʠʟʴʢʽ ʚʪʨʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʢʦʥʪʘʢʪʦʨʽʚ. ʆʜʥʘʢ ʮʷ ʩʭʝʤʘ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʦʧʽʨ ʽʟʦʣʷʮʽʾ 

ʤʽʞ ʜʞʝʨʝʣʦʤ ʪʘ ʩʧʦʞʠʚʘʯʝʤ ʫ ʨʦʟʽʤʢʥʝʥʦʤʫ ʩʪʘʥʽ, ʚʣʘʩʪʠʚʝ 

ʢʦʥʪʘʢʪʥʠʤ ʘʧʘʨʘʪʘʤ, ʽ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ ʧʨʠ 

ʚʠʤʢʥʝʥʥʽ ʢʦʣʘ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʟʘʭʠʩʪʫ ʧʨʠ 

ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. ʎʽ ʟʘʚʜʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʚʘʨʽʘʥʪ 

ʽʟ ʧʦʩʣʽʜʦʚʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ. 

ʉʭʝʤʘ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʛʽʙʨʠʜʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6.49.  
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ʈʠʩʫʥʦʢ 6.49 ï ɻ̔ ʙʨʠʜʥʠʡ ʢʦʥʪʘʢʪʦʨ ʧʦʩʣʽʜʦʚʥʦʛʦ ʪʠʧʫ: 
ʘ ï ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ; ʙ ï ʜʽʘʛʨʘʤʠ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛʠ. 

 

ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʛʽʙʨʠʜʥʠʡ ʢʦʥʪʘʢʪʦʨ ʚʠʤʢʥʝʥʠʡ ʽ 

ʥʘʧʨʫʛʘ ʜʞʝʨʝʣʘ ɽ ʧʨʠʢʣʘʜʝʥʘ ʜʦ ʨʦʟʽʤʢʥʝʥʠʭ ʢʦʥʪʘʢʪʽʚ ʂ, ʪʦʤʫ 

ʱʦ ʾʭ ʦʧʽʨ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʦʧʦʨʫ ʚʠʤʢʥʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ VT. ʇʨʠ 

ʚʢʣʶʯʝʥʥ ̔ ʛʽʙʨʠʜʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t1 ʫ ʉʂ 

ʬʦʨʤʫʶʪʴʩʷ ʩʠʛʥʘʣʠ ʥʘ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʫ ʂ ʟ ʜʝʷʢʦʶ 

ʟʘʪʨʠʤʢʦʶ ʚʢʣʶʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ VT. ʇʽʩʣʷ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ 

ʂ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t2 ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʨʷʤʘ ʥʘʧʨʫʛʘ, ʽ 

ʧʦʪʽʤ ʚʽʥ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʧʨʦʚʽʜʥʠʡ ʩʪʘʥ ʚ 

ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ. ɼʣʷ ʚʠʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʦʨʘ ʉʂ ʬʦʨʤʫʻ ʩʠʛʥʘʣʠ 

ʥʘ ʚʠʤʠʢʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ VT ʪʘ ʨʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʂ. ɿʘʚʜʷʢʠ 

ʰʚʠʜʢʦʜʽʾ ʧʝʨʰʠʤ (ʫ ʤʦʤʝʥʪ ʯʘʩʫ t3) ʪʨʘʥʟʠʩʪʦʨ VT ʚʠʤʠʢʘʻʪʴʩʷ ʽ 

ʚʽʜʢʣʶʯʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ Zʥ ʚʽʜ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ɽ. ʉʪʨʫʤ ʘʢʪʠʚʥʦ-

ʽʥʜʫʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʯʠʥʘʻ ʧʨʦʪʽʢʘʪʠ ʯʝʨʝʟ ʟʚʦʨʦʪʥʠʡ 

ʜʽʦʜ VD. ʇʦʪʽʤ, ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t4, ʢʦʥʪʘʢʪʠ ʂ ʨʦʟʤʠʢʘʶʪʴʩʷ. 

ʈʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʂ ʷʢ ʧʨʠ ʚʠʤʢʥʝʥʥʽ ʘʧʘʨʘʪʫ, ʪʘʢ ʩʘʤʦ ʽ ʧʨʠ 

ʾʭ ʟʘʤʠʢʘʥʥʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʩʪʨʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʙʪʦ ʫ 

ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʫʛʦʫʪʚʦʨʝʥʥʷ ʥʘ ʢʦʥʪʘʢʪʘʭ ʥʝ ʚʠʥʠʢʘʻ, ʽ ʾʭʥʷ 

ʝʣʝʢʪʨʠʯʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ. ɿ ʧʨʠʥʮʠʧʫ ʜʽʾ 

ʛʽʙʨʠʜʥʦʛʦ ʘʧʘʨʘʪʫ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ ʚʠʧʣʠʚʘʻ, ʱʦ ʮʝ 

ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʰʚʠʜʢʦʜʽʶ ʝʣʝʢʪʨʦʥʥʠʭ ʢʣʶʯʽʚ ʧʨʠ 

ʚʠʤʠʢʘʥʥʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʝ ʫʩʫʚʘʶʪʴʩʷ ʟʥʘʯʥʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ 
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ʫ ʚʚʽʤʢʥʝʥʦʤʫ ʘʧʘʨʘʪʽ, ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʣʶʯ ʙʝʟʧʝʨʝʨʚʥʦ 

ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʏʘʩʪʢʦʚʦ ʧʝʨʝʚʘʛʠ ʨʦʟʛʣʷʥʫʪʠʭ ʩʭʝʤ ʛʽʙʨʠʜʥʠʭ ʘʧʘʨʘʪʽʚ 

ʧʦʻʜʥʫʻ ʚʘʨʽʘʥʪ ʽʟ ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ ʢʦʥʪʘʢʪʽʚ 

ʪʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 6.50, ʘ. ʎʝʡ ʛʽʙʨʠʜʥʠʡ 

ʢʦʥʪʘʢʪʦʨ ʤʘʻ ʜʚʘ ʤʝʭʘʥʽʯʥʽ ʢʦʥʪʘʢʪʠ ʂ1 ʪʘ ʂ2. ʆʜʠʥ ʟ ʥʠʭ (ʂ1) 

ʧʽʜʢʣʶʯʝʥʠʡ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʘ ʽʥʰʠʡ (ʂ2) ð 

ʧʦʩʣʽʜʦʚʥʦ. ʎʽ ʢʦʥʪʘʢʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʟʘʛʘʣʴʥʠʡ ʧʨʠʚʽʜ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʟʘʪʨʠʤʢʘ ʥʘ ʨʦʟʤʠʢʘʥʥʷ ʪʘ 

ʚʠʧʝʨʝʜʞʝʥʥʷ ʥʘ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʫ ʂ1 ʱʦʜʦ ʢʦʥʪʘʢʪʫ ʂ2, ʱʦ 

ʚʠʧʣʠʚʘʻ ʽʟ ʧʨʠʥʮʠʧʫ ʜʽʾ ʛʽʙʨʠʜʥʦʛʦ ʘʧʘʨʘʪʫ [53].  

 

 
ʈʠʩʫʥʦʢ 6.50 ï ɻ̔ ʙʨʠʜʥʠʡ ʢʦʥʪʘʢʪʦʨ ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʪʠʧʫ: 

ʘ ï ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ; ʙ ï ʜʽʘʛʨʘʤʠ ʩʪʨʫʤʽʚ. 

 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʧʨʠ ʢʦʤʫʪʘʮʽʾ ʘʧʘʨʘʪʫ 

(ʨʠʩ. 6.50, ʙ). ʋ ʩʪʘʥʽ çʚʠʤʢʥʝʥʦè ʦʙʠʜʚʘ ʢʦʥʪʘʢʪʠ ʨʦʟʽʤʢʥʝʥʽ ʽ 

ʪʨʘʥʟʠʩʪʦʨ ʚʠʤʢʥʝʥʦ. ɼʣʷ ʚʢʣʶʯʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t1 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʫʻ ʽʤʧʫʣʴʩʠ ʥʘ ʚʢʣʶʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ VT 

ʽ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʂ1 ʽ ʂ2. ʇʝʨʰʠʤ ʧʦʚʠʥʝʥ ʟʘʤʢʥʫʪʠʩʷ 

ʢʦʥʪʘʢʪ ʂ2, ʧʽʩʣʷ ʯʦʛʦ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʘʥ 

ʪʨʘʥʟʠʩʪʦʨ VT, ʱʦ ʧʨʦʚʦʜʠʪʴ, ʪʘʢ ʷʢ ʥʘ ʥʴʦʛʦ ʧʦʜʘʥʦ ʚʽʜʧʦʚʽʜʥʠʡ 

ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ. ʇʦʪʽʤ ʤʦʤʝʥʪ ʯʘʩʫ t3 ʟʘʤʠʢʘʶʪʴʩʷ ʢʦʥʪʘʢʪʠ ʂ1, 
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ʽ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʟ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʢʦʣʦ ʢʦʥʪʘʢʪʫ 

ʂ1. ʅʘ ʮʴʦʤʫ ʚʢʣʶʯʝʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʘʧʘʨʘʪʫ ʟʘʢʽʥʯʫʻʪʴʩʷ. 

ɺʠʤʢʥʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ. ʋ ʤʦʤʝʥʪ 

ʯʘʩʫ t4 ʬʦʨʤʫʶʪʴʩʷ ʩʠʛʥʘʣʠ ʨʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʂ1 ʽ ʂ2. 

ʉʧʦʯʘʪʢʫ ʧʦʯʠʥʘʻ ʨʦʟʤʠʢʘʪʠʩʷ ʢʦʥʪʘʢʪ ʂ1, ʽ ʚ ʤʦʤʝʥʪ t5 ʩʪʨʫʤ 

ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʪʨʘʥʟʠʩʪʦʨ VT. ʇʨʠ ʮʴʦʤʫ ʧʨʦʪʽʢʘʶʪʴ ʪʘʢʽ ʩʘʤʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʽ ʚ ʢʦʥʪʘʢʪʦʨʽ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ ʢʦʥʪʘʢʪʽʚ ʽ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʇʽʩʣʷ ʧʝʨʝʭʦʜʫ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨ 

VT ʚ ʤʦʤʝʥʪ ʯʘʩʫ t6 ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʥʘ ʚʠʤʠʢʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ, 

ʽ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ ɽ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʣʶʯʝʥʠʤ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʘ ʟʚʦʨʦʪʥʠʡ ʜʽʦʜ VD ʩʪʚʦʨʶʻ ʰʣʷʭ ʜʣʷ ʩʧʘʜʘʥʥʷ ʩʪʨʫʤʫ ʧʨʠ 

ʘʢʪʠʚʥʦ-ʽʥʜʫʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ʇʦʪʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʂ2, ʽ ʩʭʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʚʠʤʢʥʝʥʠʡ ʩʪʘʥ. 

ɺʘʨʽʘʥʪ ʟ ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ ʧʦʻʜʥʫʻ ʧʝʨʝʚʘʛʠ 

ʛʽʙʨʠʜʥʠʭ ʘʧʘʨʘʪʽʚ ʪʽʣʴʢʠ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʪʘ ʟ ʧʦʩʣʽʜʦʚʥʠʤ 

ʟ'ʻʜʥʘʥʥʷʤ, ʢʨʽʤ ʦʜʥʦʛʦ ï ʰʚʠʜʢʦʜʽʾ ʧʨʠ ʚʠʤʠʢʘʥʥʽ, ʚʣʘʩʪʠʚʦʤʫ 

ʢʦʥʪʘʢʪʦʨʫ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ. ʎʝ ʦʙʤʝʞʫʻ ʩʬʝʨʫ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

6.7 ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ  

 

6.7.1. ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʢʦʥʪʘʢʪʦʨ ʚʽʜ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ?  

6.7.2. ʑʦ ʪʘʢʝ ʧʨʦʚʘʣ ʢʦʥʪʘʢʪʽʚ ʽ ʜʣʷ ʯʦʛʦ ʚʽʥ ʥʝʦʙʭʽʜʥʠʡ?  

6.7.3. ɼʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʝ ʧʦʧʝʨʝʜʥʻ ʥʘʪʠʩʢʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ 

ʧʨʫʞʠʥʠ?  

6.7.4. ʗʢʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʤʫʪʘʮʽʡʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʪʘ 

ʧʨʦʚʘʣʦʤ ʢʦʥʪʘʢʪʽʚ?  

6.7.5. ʗʢʠʤ ʯʠʥʦʤ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦ ʧʦʚʠʥʥʘ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʪʷʛʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʧʨʦʪʠʜʽʶʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʘʢʪʦʨʘ ʘʙʦ ʧʫʩʢʘʯʘ?  

6.7.6. ʇʦʷʩʥʽʪʴ ʦʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʠʩʪʝʤʘʤʠ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʪʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ.  

6.7.7. ʗʢʠʤ ʯʠʥʦʤ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʫʩʢʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʭʠʩʪ 

ʚʽʜ ʩʪʨʫʤʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ?  

6.7.8. ʗʢ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʜʫʛʠ ʚ 

ʜʫʛʦʛʘʩʥʦʤʫ ʧʨʠʩʪʨʦʾ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʘʛʥʽʪʥʦʛʦ ʜʫʪʪʷ? 

6.7.9. ɼʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ.  
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6.7.10. ɿʘʧʠʩʘʪʠ ʢʘʪʝʛʦʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

6.7.11. ɿʦʙʨʘʟʠʪʠ ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʡ (NO) ʪʘ ʥʦʨʤʘʣʴʥʦ 

ʟʘʤʢʥʝʥʠʡ (Nʉ) ʢʦʥʪʘʢʪʠ ʫ ʥʝʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʪʘ ʟʘʧʠʩʘʪʠ, ʱʦ ʮʝ 

ʦʟʥʘʯʘʻ? 

6.7.12. ʗʢʘ ʽʥʬʦʨʤʘʮʽʷ ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʙʽʯʥʽʡ ʩʪʦʨʦʥʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʫʩʢʘʯʘ?7 

6.7.13. ʗʢʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ?  

6.7.14. ɿʦʙʨʘʟʠʪʠ ʢʣʘʩʠʯʥʫ ʩʭʝʤʫ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ 

ʪʨʠʬʘʟʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟ ʤʘʛʥʽʪʥʠʤ ʧʫʩʢʘʯʝʤ ʪʘ ʦʧʠʩʘʪʠ 

ʧʨʠʥʮʠʧ ʾʾ ʨʦʙʦʪʠ.  

6.7.15. ʋ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʪʘ ʟ ʷʢʦʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʦʥʪʘʢʪʥʘ ʧʨʠʩʪʘʚʢʘ?  

6.7.16. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʠʨʠʩʪʦʨʥʠʭ ʢʣʶʯʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʢʝʨʦʚʘʥʦʛʦ ʚʽʜ ʢʦʥʪʘʢʪʽʚ. 

6.7.17. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʠʨʠʩʪʦʨʥʠʭ ʢʣʶʯʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʢʝʨʦʚʘʥʦʛʦ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ. 

6.7.19. ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʪʠʨʠʩʪʦʨʥʠʭ ʢʦʥʪʘʢʪʦʨʽʚ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʘʢʪʥʠʤʠ. 

6.7.20. ʏʦʤʫ ʛʝʥʝʨʘʪʦʨ ʢʝʨʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʧʨʘʮʶʻ ʥʘ ʚʠʩʦʢʽʡ 

ʯʘʩʪʦʪʽ? 

6.7.21. ʗʢʽ ʩʭʝʤʠ ʦʜʥʦʬʘʟʥʠʭ (ʪʨʠʬʘʟʥʠʭ) ʢʦʥʪʘʢʪʦʨʽʚ 

ʽʩʥʫʶʪʴ? 

6.7.22. ʇʦʷʩʥʽʪʴ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʘʭʠʩʪʫ 

ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʫʩʢʘʯʘ. 

6.7.23. ʑʦ ʥʘʟʠʚʘʶʪʴ ʛʽʙʨʠʜʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʘʧʘʨʘʪʦʤ?  

6.7.24. ʇʝʨʝʨʘʭʫʡʪʝ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʛʽʙʨʠʜʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʗʢʝ ʾʭʥʻ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ?  

6.7.25. ʇʦʷʩʥʽʪʴ ʨʦʙʦʪʫ ʛʽʙʨʠʜʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ.  

6.7.26. ʗʢʠʡ ʟʘʭʠʩʪ ʛʽʙʨʠʜʥʠʭ ʢʦʥʪʘʢʪʦʨʽʚ ʚʽʜ ʩʪʨʫʤʽʚ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ?  
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7 ɺʀʄʀʂɸʏɯ 

 

7.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʠʤʠʢʘʯʽʚ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ 

 

ɸʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ (ʚʠʤʠʢʘʯʽ, ʘʚʪʦʤʘʪʠ) ʻ ʢʦʤʫʪʘʮʽʡʥʠʤʠ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ, ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʪʨʫʤʫ 

ʢʦʣʘ ʚ ʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʘʭʠʩʪʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ (ʩʪʨʫʤʽʚ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʩʪʨʫʤʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʟʥʠʞʝʥʥʷ ʘʙʦ 

ʟʥʠʢʥʝʥʥʷ ʥʘʧʨʫʛʠ, ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ, ʚʠʥʠʢʥʝʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦʪʫʞʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʘʚʘʨʽʡʥʠʭ ʫʤʦʚʘʭ ʪʦʱʦ), 

ʘ ʪʘʢʦʞ ʜʣʷ ʥʝʯʘʩʪʦʾ ʢʦʤʫʪʘʮʽʾ ʥʦʤʽʥʘʣʴʥʠʭ ʩʪʨʫʤʽʚ (6-30 ʨʘʟʽʚ ʥʘ 

ʜʦʙʫ). ʎʽ ʘʧʘʨʘʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʨʫʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʧʨʦʪʝ ʙʘʛʘʪʦ ʪʠʧʽʚ ʤʘʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʘʙʦ 

ʝʣʝʢʪʨʦʨʫʭʦʤʠʡ ʧʨʠʚʦʜ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʢʝʨʫʚʘʪʠ ʥʠʤʠ ʥʘ ʚʽʜʩʪʘʥʽ. 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʪʝʨʤʽʥ çʝʣʝʢʪʨʠʯʥʘ ʘʧʘʨʘʪʫʨʘ ʢʦʤʫʪʘʮʽʾ ʪʘ 

ʢʝʨʫʚʘʥʥʷè ʦʟʥʘʯʘʻ ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʾʭ 

ʢʦʤʙʽʥʘʮʽʡ (ʢʦʤʧʣʝʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ) ʪʘ ʧʨʠʻʜʥʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ, ʢʝʨʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʜʣʷ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʚʽʜ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. ɻʦʣʦʚʥʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʘʚʪʦʤʘʪʽʚ ʚʽʜ ʧʣʘʚʢʦʾ ʚʩʪʘʚʢʠ ï ʮʝ  ʤʦʞʣʠʚʽʩʪʴ 

ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʘʜʘʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ 

(ʧʦʨʦʛʦʚʦʛʦ) ʟʥʘʯʝʥʥʷ (ʫʩʪʘʚʢʠ) ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ [34, 45, 55, 72, 

75]. ɿʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ, ʟʨʫʯʥʦʩʪʽ, ʙʝʟʧʝʮʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʟʘʭʠʩʪʫ ʚʽʜ ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʮʽ ʘʧʘʨʘʪʠ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʘʣʦʾ ʪʘ 

ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ.  

ɺʠʤʦʛʠ ʜʦ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚ ɼʉʊʋ 

3025-95 [20] ʚʩʪʘʥʦʚʣʶʻ ʥʘʩʪʫʧʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʚʠʤʠʢʘʯʽʚ:  

ɿʘ ʨʦʜʦʤ ʩʪʨʫʤʫ ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ:  

- ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ;  

- ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ;  

- ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ.  

ʅʦʤʽʥʘʣʴʥʽ ʩʪʨʫʤʠ ʛʦʣʦʚʥʠʭ ʢʽʣ ʚʠʤʠʢʘʯʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʨʦʙʦʪʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ +40 ÁC, ʧʦʚʠʥʥʽ 
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ʚʽʜʧʦʚʽʜʘʪʠ ɻʆʉʊ 1516.2-97 [15]. ʅʦʤʽʥʘʣʴʥʽ ʩʪʨʫʤʠ ʜʣʷ ʛʦʣʦʚʥʠʭ 

ʢʽʣ ʚʠʤʠʢʘʯʘ ʚʠʙʠʨʘʶʪʴ ʟ ʨʷʜʫ: 6,3; 10; 16; 20; 25; 32; 40; 63; 100; 

160; 250; 400; 630; 1000; 1600; 2500; 2000; 4000; 6300 ɸ.  

ɼʦʜʘʪʢʦʚʦ ʤʦʞʫʪʴ ʚʠʧʫʩʢʘʪʠʩʷ ʚʠʤʠʢʘʯʽ ʥʘ ʥʦʤʽʥʘʣʴʥʽ 

ʩʪʨʫʤʠ ʛʦʣʦʚʥʠʭ ʢʽʣ ʚʠʤʠʢʘʯʽʚ: 1500; 3000; 3200 ɸ. ʅʦʤʽʥʘʣʴʥʽ 

ʩʪʨʫʤʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʨʦʟʯʽʧʣʶʚʘʯʽʚ ʚʠʤʠʢʘʯʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʨʦʙʦʪʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ +40 ÁC, ʧʦʚʠʥʥʽ 

ʚʽʜʧʦʚʽʜʘʪʠ ɼʉʊʋ 3025-95 [20]. ɼʦʧʫʩʢʘʶʪʴʩʷ ʥʦʤʽʥʘʣʴʥʽ ʩʪʨʫʤʠ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʨʦʟʯʽʧʣʶʚʘʯʽʚ ʩʪʨʫʤʫ: 15; 45; 120; 150; 300; 320; 

600; 1200; 1500; 2000; 3000; 3200 ɸ.  

ɿʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʽʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʘʙʦ ʨʽʟʥʦʚʠʜʠ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ (ʜʠʚ. ʨʠʩ. 7.1):  

- ʧʦʚʽʪʨʷʥʽ ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ (ʘʥʛʣ. Air Circuit Breaker, 
ʩʢʦʨʦʯʝʥʦ ï  ɸʉɺ) ʟʽ ʩʪʨʫʤʘʤʠ ʚʽʜ 800 ɸ ʜʦ 6300 ɸ; 

- ʚʠʤʠʢʘʯʽ ʫ ʣʠʪʦʤʫ ʢʦʨʧʫʩʽ (ʘʥʛʣ.  ʄoulded-ʉase ʉircuit-

ɺreaker ï ʄʉʉɺ) ʟʽ ʩʪʨʫʤʘʤʠ ʚʽʜ 10 ɸ ʜʦ 2500 ɸ. 

ʇʨʦʤʠʩʣʦʚʽ ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ ʫ ʢʦʨʧʫʩʽ (ɸʉɺ ʪʘ ʄʉʉɺ) 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞ 50/60 ɻʮ ʟ ʥʘʧʨʫʛʦʶ 

ʜʦ 660 ɺ ʪʘ ʨʦʙʦʯʠʤ ʩʪʨʫʤʦʤ ʜʦ 1600 ɸ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʝʣʠʢʠʭ 

ʱʠʪʦʚʠʭ ʧʽʜʩʪʘʥʮʽʷʭ ʪʘ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʧʦʪʫʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʷʢ ʛʦʣʦʚʥʠʡ ʚʚʽʜʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ 

ʚʠʤʠʢʘʯ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ (ʄʉʉɺ). 

ʊʘʢʦʞ ʤʘʻ ʤʽʩʮʝ ʤʦʨʩʴʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʩʫʜʘʭ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʧʦʩʪʘʯʘʥʥʷ ʥʘ ʝʢʩʧʦʨʪ ʜʦ ʢʨʘʾʥ ʟ ʧʦʤʽʨʥʠʤ ʪʘ ʪʨʦʧʽʯʥʠʤ 

ʢʣʽʤʘʪʦʤ.; 

- ʤʦʜʫʣʴʥʽ ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ (ʘʥʛʣ. ʄiniature ʉircuit-

ɺreaker ï ʄʉɺ) ʟʽ ʩʪʨʫʤʘʤʠ ʚʽʜ 0,5 ɸ ʜʦ 125 ɸ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʨʦʟʤʽʱʝʥʥʷ ʫ ʤʦʥʪʘʞʥʽʡ ʧʘʥʝʣʽ (ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʱʠʪʦʢ) ʥʘ DIN-

ʨʝʡʢʫ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʫ ʧʦʙʫʪʦʚʠʭ ʮʽʣʷʭ, ʘ ʪʘʢʦʞ ʫ 

ʢʦʤʝʨʮʽʡʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʨʝʞʘʭ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʫ; 

- ʘʧʘʨʘʪʠ, ʷʢʽ ʧʦʟʥʘʯʘʶʪʴʩʷ ʘʙʨʝʚʽʘʪʫʨʦʶ RCʉB (ʘʥʛʣ. 
Residual Current operated Circuit-Breaker without integral overcurrent 

protection) ʘʙʦ RCD (residual current device), ʨʘʥʽʰʝ ʚ ʪʝʭʥʽʯʥʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʧʦʟʥʘʯʘʣʠʩʷ ʘʙʨʝʚʽʘʪʫʨʦʶ ʋɿʆ (ʨʦʩ. ʋʩʪʨʦʡʩʪʚʦ 

ɿʘʱʠʪʥʦʛʦ ʆʪʢʣʶʯʝʥʠʷ).  
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ʈʠʩʫʥʦʢ 7.1 ï ʊʠʧʠ ʪʘ ʚʠʜʠ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ [93]: 
 

ʘ  ï  ʧʦʚʽʪʨʷʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ (ɸʉɺ); ʙ  ï ʚʠʤʠʢʘʯ ʚ ʣʠʪʦʤʫ ʢʦʨʧʫʩʽ 

(ʄʉʉɺ); ʚ  ï ʤʦʜʫʣʴʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ (ʄʉɺ). 

 

ɿʘ ʢʽʣʴʢʽʩʪʶ ʧʦʣʶʩʽʚ ʛʦʣʦʚʥʦʛʦ ʢʦʣʘ:  

- ʦʜʥʦʧʦʣʶʩʥʽ;  

- ʜʚʦʧʦʣʶʩʥʽ;  

- ʪʨʠʧʦʣʶʩʥʽ;  

- ʯʦʪʠʨʠʧʦʣʶʩʥʽ.  

ɿʘ ʥʘʷʚʥʦʩʪʽ ʩʪʨʫʤʦʦʙʤʝʞʝʥʥʷ:  

- ʩʪʨʫʤʦʦʙʤʝʞʫʚʘʣʴʥʽ;  

- ʥʝʩʪʨʫʤʦʦʙʤʝʞʫʚʘʣʴʥʽ.  

ʉʪʨʫʤʦʦʙʤʝʞʫʚʘʣʴʥʽ ʚʠʤʠʢʘʯʽ ʦʙʤʝʞʫʶʪʴ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ 

ʂɿ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʦʛʦ ʚʚʝʜʝʥʥʷ ʚ ʣʘʥʮʶʛ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ (ʫ ʧʝʨʰʠʡ ʞʝ ʥʘʧʽʚʧʝʨʽʦʜ, ʜʦ ʪʦʛʦ, ʷʢ ʩʪʨʫʤ ʂɿ  

ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ) ʽ ʧʦʜʘʣʴʰʦʛʦ ʰʚʠʜʢʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʂɿ. ʇʨʠ 

ʮʴʦʤʫ ʩʪʨʫʤ ʂɿ  ʥʝ ʜʦʩʷʛʘʻ ʦʯʽʢʫʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʦʦʙʤʝʞʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʜʝʷʢʦʛʦ 

ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʩʪʨʫʤʦʦʙʤʝʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʪʨʫʤʦʦʙʤʝʞʫʚʘʣʴʥʠʭ ʘʚʪʦʤʘʪʘʭ 

ʩʝʨʽʾ ɸ3700ɹ ʧʨʠ ʚʝʣʠʢʠʭ ʦʯʽʢʫʚʘʥʠʭ ʩʪʨʫʤʘʭ ʂɿ  ʢʦʥʪʘʢʪʠ, ʱʦ 

ʤʘʶʪʴ ʩʧʝʮʽʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʚʽʜʨʘʟʫ ʞ ʚʽʜʢʠʜʘʶʪʴʩʷ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʤʠ ʩʠʣʘʤʠ, ʚʚʦʜʷʯʠ ʚ ʣʘʥʮʶʛ ʦʧʽʨ ʜʫʛʠ, ʽ ʧʦʪʽʤ 

ʚʞʝ ʥʝ ʩʪʠʢʘʶʪʴʩʷ, ʯʝʨʝʟ ʚʯʘʩʥʝ ʩʢʠʜʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʨʦʟʯʽʧʣʶʚʘʯʝʤ. ʇʨʠ ʤʘʣʠʭ ʩʪʨʫʤʘʭ ʂɿ  ʢʦʥʪʘʢʪʠ ʥʝ ʚʽʜʢʠʜʘʶʪʴʩʷ, 

ʘ ʚʽʜʢʣʶʯʝʥʥʷ ʧʨʦʚʦʜʠʪʠʩʷ ʪʘʢ ʩʘʤʦ ʨʦʟʯʽʧʣʶʚʘʯʝʤ [80].  
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ʅʝʩʪʨʫʤʦʦʙʤʝʞʫʚʘʣʴʥʽ ʚʠʤʠʢʘʯʽ ʥʝ ʦʙʤʝʞʫʶʪʴ ʩʪʨʫʤ ʂɿ  ʚ 

ʢʦʣʽ, ʽ ʚʽʥ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʯʽʢʫʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ .  

ɿʘ ʚʠʜʘʤʠ ʨʦʟʯʽʧʣʶʚʘʯʽʚ:  

- ʟ ʥʘʜʩʪʨʫʤʦʚʠʤ ʨʦʟʯʽʧʣʶʚʘʯʝʤ ï ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʯʽʧʣʶʚʘʯ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʷʢʠʤ ʟʘʟʚʠʯʘʡ ʻ 

ʪʝʧʣʦʚʠʡ ʨʦʟʯʽʧʣʶʚʘʯ, ʘʙʦ ʨʦʟʯʽʧʣʶʚʘʯ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʪʢʠʭ 

ʟʘʤʠʢʘʥʴ, ʪʦʙʪʦ ʨʦʟʯʽʧʣʶʚʘʯ ʤʠʪʪʻʚʦʾ ʜʽʾ, ʷʢʠʤ ʟʘʟʚʠʯʘʡ ʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪ, ʽ ʷʢʠʡ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʯʘʩʪʦ 

ʥʘʟʠʚʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʦʟʯʽʧʣʶʚʘʯʝʤ ʩʪʨʫʤʫ;  

- ʟ ʰʫʥʪʦʚʠʤ ʘʙʦ ʥʝʟʘʣʝʞʥʠʤ ʨʦʟʯʽʧʣʶʚʘʯʝʤ ï ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚʠʤʠʢʘʯʘ ʧʦ ʢʦʤʘʥʜʽ ʟʟʦʚʥʽ;  

- ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʘʙʦ ʥʫʣʴʦʚʠʤ ʨʦʟʯʽʧʣʶʚʘʯʝʤ ʥʘʧʨʫʛʠ ï ʮʝ 

ʨʦʟʯʽʧʣʶʚʘʯ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

(ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʨʦʟʤʠʢʘʥʥʷ) ʚʠʤʠʢʘʯʘ ʧʨʠ ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ʥʠʞʯʝ ʧʝʚʥʦʛʦ ʨʽʚʥʷ; 

- ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʨʦʟʯʽʧʣʶʚʘʯʘʤʠ, ʷʢʽ ʤʘʶʪʴ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ, ʙʣʦʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʨʝʣʝ ʪʘ 

ʚʠʭʽʜʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʤʝʭʘʥʽʟʤ ʚʽʣʴʥʦʛʦ 

ʨʦʟʯʽʧʣʝʥʥʷ ʘʚʪʦʤʘʪʘ. ɺʠʤʽʨʶʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʤʦʞʫʪʴ ʙʫʪʠ 

ʘʙʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʪʨʫʤʫ (ʥʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ), ʘʙʦ ʜʨʦʩʝʣʴʥʠʡ 

ʤʘʛʥʽʪʥʠʡ ʧʽʜʩʠʣʶʚʘʯ (ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ). ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ 

ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʨʦʟʯʽʧʣʶʚʘʯʽ ʟ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ). 

ʋ ʙʘʛʘʪʴʦʭ ʘʚʪʦʤʘʪʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʤʙʽʥʦʚʘʥʽ 

ʨʦʟʯʽʧʣʶʚʘʯʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦʚʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʟʘʭʠʩʪʫ 

ʚʽʜ ʩʪʨʫʤʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ ʙʝʟ ʚʠʪʨʠʤʢʠ ʯʘʩʫ (ʚʽʜʩʽʢʘʥʥʷ). 

ɺʠʤʠʢʘʯ ʤʘʻ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʘʣʴʥʽ ʦʜʠʥʠʮʽ, ʷʢʽ 

ʚʙʫʜʦʚʫʶʪʴʩʷ ʫ ʚʠʤʠʢʘʯ ʘʙʦ ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʥʴʦʛʦ ʟʦʚʥʽ. ʅʠʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʟʘʣʝʞʥʠʡ, ʥʫʣʴʦʚʠʡ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʯʽʧʣʶʚʘʯʽ, 

ʚʽʣʴʥʽ ʪʘ ʜʦʧʦʤʽʞʥʽ ʢʦʥʪʘʢʪʠ, ʨʫʯʥʠʡ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʜʠʩʪʘʥʮʽʡʥʠʡ ʧʨʠʚʽʜ, ʩʠʛʥʘʣʽʟʘʮʽʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ, 

ʧʨʠʩʪʨʽʡ ʜʣʷ ʟʘʤʠʢʘʥʥʷ ʚʠʤʠʢʘʯʘ ʫ ʧʦʣʦʞʝʥʥʽ çʚʽʜʢʣʶʯʝʥʦè. 

ʅʝʟʘʣʝʞʥʠʡ ʨʦʟʯʽʧʣʶʚʘʯ ʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ 

ʩʪʦʨʦʥʥʴʦʛʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ. ʄʽʥʽʤʘʣʴʥʠʡ ʪʘ ʥʫʣʴʦʚʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ ʚʠʪʨʠʤʢʦʶ ʯʘʩʫ ʪʘ ʙʝʟ 
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ʚʠʪʨʠʤʢʠ ʯʘʩʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʝʟʘʣʝʞʥʦʛʦ ʘʙʦ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʨʦʟʯʽʧʣʶʚʘʯʘ ʤʦʞʣʠʚʝ ʜʠʩʪʘʥʮʽʡʥʝ ʚʠʤʢʥʝʥʥʷ ʘʚʪʦʤʘʪʘ. 

ʈʦʟʯʽʧʣʶʚʘʯʽ ʤʦʞʫʪʴ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʘʙʦ ʥʝ 

ʤʘʪʠ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ. 

ɿʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʠʪʨʠʤʢʠ ʯʘʩʫ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʨʦʟʯʽʧʣʶʚʘʯʽʚ ʩʪʨʫʤʫ:  

- ʙʝʟ ʚʠʪʨʠʤʢʠ ʯʘʩʫ;  

- ʟ ʚʠʪʨʠʤʢʦʶ ʯʘʩʫ, ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʩʪʨʫʤʫ;  

- ʟ ʚʠʪʨʠʤʢʦʶ ʯʘʩʫ, ʦʙʝʨʥʝʥʦ ʟʘʣʝʞʥʦʶ ʚʽʜ ʩʪʨʫʤʫ;  

- ʽʟ ʧʦʻʜʥʘʥʥʷʤ ʟʘʟʥʘʯʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʆʩʢʽʣʴʢʠ ʚʠʤʢʥʝʥʥʷ ʘʧʘʨʘʪʫ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʙʝʟ ʚʠʪʨʠʤʢʠ 

ʯʘʩʫ ʘʙʦ ʟ ʚʠʪʨʠʤʢʦʶ, ʪʦ ʟʘ ʚʣʘʩʥʠʤ ʯʘʩʦʤ ʚʽʜʢʣʶʯʝʥʥʷ tʩ.ʚʽʜʤ. 

(ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚʽʜ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ 

ʧʝʨʝʙʽʣʴʰʠʚ ʚʩʪʘʥʦʚʣʝʥʝ ʜʣʷ ʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʜʦ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʢʦʥʪʘʢʪʽʚ) ʨʦʟʨʽʟʥʷʶʪʴ ʥʦʨʤʘʣʴʥʽ ʚʠʤʠʢʘʯʽ 

(tʩ.ʚʽʜʤ.= 0,02é1 ʩ), ʚʠʤʠʢʘʯʽ ʟ ʚʠʪʨʠʤʢʦʶ ʯʘʩʫ (ʩʝʣʝʢʪʠʚʥʽ) ʪʘ 

ʰʚʠʜʢʦʜʽʶʯʽ ʚʠʤʠʢʘʯʽ (tʩ.ʚʽʜʤ. < 0,005 ʩ).  

ɿʘ ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʠʭ ʢʦʥʪʘʢʪʽʚ (ʙʣʦʢ-ʢʦʥʪʘʢʪʽʚ) ʜʣʷ 

ʚʪʦʨʠʥʥʠʭ ʢʽʣ:  

- ʟ ʢʦʥʪʘʢʪʘʤʠ;  

- ʙʝʟ ʢʦʥʪʘʢʪʽʚ.  

ɿʘ ʩʧʦʩʦʙʦʤ ʧʨʠʻʜʥʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʨʦʚʽʜʥʠʢʽʚ:  

- ʽʟ ʟʘʜʥʽʤ ʧʨʠʻʜʥʘʥʥʷʤ;  

- ʟ ʧʝʨʝʜʥʽʤ ʧʨʠʻʜʥʘʥʥʷʤ;  

- ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʧʨʠʻʜʥʘʥʥʷʤ (ʚʝʨʭʥʽ ʟʘʪʠʩʢʘʯʽ ʽʟ ʟʘʜʥʽʤ 

ʧʨʠʻʜʥʘʥʥʷʤ, ʘ ʥʠʞʥʽ ï ʟ ʧʝʨʝʜʥʽʤ ʧʨʠʻʜʥʘʥʥʷʤ ʘʙʦ ʥʘʚʧʘʢʠ);  

- ʟ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʧʨʠʻʜʥʘʥʥʷʤ (ʧʝʨʝʜʥʽʤ ʪʘ ʟʘʜʥʽʤ).  

ɿʘ ʚʠʜʦʤ ʤʦʥʪʫʚʘʥʥʷ (ʫʩʪʘʥʦʚʢʠ):  

- ʚʪʠʯʥʽ;  

- ʚʠʢʦʪʥʽ; 

- ʩʪʘʮʽʦʥʘʨʥʽ.  

ʉʪʘʮʽʦʥʘʨʥʽ ʚʠʤʠʢʘʯʽ ʤʦʥʪʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ 

ʨʦʟʧʦʜʽʣʴʯʦʤʫ ʧʨʠʩʪʨʦʾ. ɺʪʠʯʥʽ ʪʘ ʚʠʢʦʪʥʽ ʚʠʤʠʢʘʯʽ ʩʢʣʘʜʘʶʪʴʩʷ 

ʟ ʦʩʥʦʚʠ ʟ ʨʦʟʝʪʢʦʚʠʤʠ ʢʦʥʪʘʢʪʘʤʠ, ʷʢʘ ʤʦʥʪʫʻʪʴʩʷ ʫ 

ʨʦʟʧʦʜʽʣʴʯʦʤʫ ʧʨʠʩʪʨʦʾ, ʪʘ ʚʣʘʩʥʝ ʚʠʤʠʢʘʯʘ ʽʟ ʰʪʠʨʴʦʚʠʤʠ 

ʢʦʥʪʘʢʪʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ. ɼʣʷ 
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ʧʨʠʻʜʥʘʥʥʷ ʚʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ ʡʦʛʦ ʜʦʩʪʘʪʥʴʦ ʚʪʠʢʥʫʪʠ ʚ ʦʩʥʦʚʫ. 

ʆʩʥʦʚʘ ʚʠʢʦʪʥʦʛʦ ʚʠʤʠʢʘʯʘ ʤʘʻ ʩʧʝʮʽʘʣʴʥʫ ʢʦʥʩʦʣʴ ʜʣʷ 

ʥʘʚʽʰʫʚʘʥʥʷ ʧʨʠ ʤʦʥʪʫʚʘʥʥʽ ʚʠʤʠʢʘʯʘ, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦʾ ʨʫʢʦʷʪʢʠ ʚʢʦʯʫʻʪʴʩʷ ʚ ʦʩʥʦʚʫ ʽ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʣʘ ʫ ʨʦʟʧʦʜʽʣʴʯʦʤʫ ʧʨʠʩʪʨʦʾ (ʜʠʚ. ʪʘʙʣʠʮʶ 6.1). 

ɿʘ ʚʠʜʦʤ ʚʠʢʦʥʘʥʥʷ ʚʽʜʩʽʯʝʥʥʷ:  

- ʩʝʣʝʢʪʠʚʥʽ,  

- ʥʝʩʝʣʝʢʪʠʚʥʽ.  

ɿʘ ʚʠʜʦʤ ʧʨʠʚʦʜʫ:  

- ʟ ʨʫʯʥʠʤ;  

- ʟ ʨʫʭʦʚʠʤ;  

- ʟ ʧʨʫʞʠʥʥʠʤ.  

ʇʨʠʚʦʜ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ ʩʣʫʞʠʪʴ ʜʣʷ ʚʢʣʶʯʝʥʥʷ, 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʽ ʤʦʞʝ ʙʫʪʠ ʨʫʯʥʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʜʽʾ ʪʘ ʜʠʩʪʘʥʮʽʡʥʠʤ (ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ, ʧʥʝʚʤʘʪʠʯʥʠʤ ʪʦʱʦ).  

ɿʘ ʥʘʷʚʥʽʩʪʶ ʪʘ ʩʪʫʧʝʥʝʤ ʟʘʭʠʩʪʫ ʚʠʤʠʢʘʯʘ ʚʽʜ ʚʧʣʠʚʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʽʜ ʟʽʪʢʥʝʥʥʷ ʟ ʯʘʩʪʠʥʘʤʠ 

ʚʠʤʠʢʘʯʘ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʥʘʧʨʫʛʦʶ, ʪʘ ʡʦʛʦ ʨʫʭʦʤʠʤʠ 

ʯʘʩʪʠʥʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚʩʝʨʝʜʠʥʽ ʦʙʦʣʦʥʢʠ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ ɼʉʊʋ 3025-95 [21]): 

- ʟʘʭʠʱʝʥʝ; 

- ʥʝʟʘʭʠʱʝʥʝ. 

ɸʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ:  

- ʫʩʪʘʥʦʚʯʽ ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ, ʷʢʽ ʤʘʶʪʴ ʟʘʭʠʩʥʠʡ 

ʽʟʦʣʷʮʽʡʥʠʡ (ʧʣʘʩʪʤʘʩʦʚʠʡ) ʢʦʨʧʫʩ ʽ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ;  

- ʫʥʽʚʝʨʩʘʣʴʥʽ ï ʥʝ ʤʘʶʪʴ ʪʘʢʦʛʦ ʢʦʨʧʫʩʫ ʪʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʨʦʟʧʦʜʽʣʴʯʠʭ ʧʨʠʩʪʨʦʷʭ;  

- ʰʚʠʜʢʦʜʽʶʯʽ (ʚʣʘʩʥʠʡ ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 

5 ʤʩ);  

- ʥʝʰʚʠʜʢʦʜʽʶʯʽ (ʚʽʜ 10 ʜʦ 100 ʤʩ);  

- ʘʚʪʦʤʘʪʠ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʩʧʨʘʮʴʦʚʫʶʪʴ ʪʽʣʴʢʠ 

ʧʨʠ ʟʤʽʥʽ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ ʚ ʢʦʣʽ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ; 

- ʩʝʣʝʢʪʠʚʥʽ, ʱʦ ʤʘʶʪʴ ʨʝʛʫʣʴʦʚʘʥʠʡ ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʫ 

ʟʦʥʽ ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʚʠʪʨʠʤʢʦʶ ʯʘʩʫ 

ʜʦ 1 ʩ;  
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- ʧʦʣʷʨʠʟʦʚʘʥʽ ʘʚʪʦʤʘʪʠ ʚʽʜʢʣʶʯʘʶʪʴ ʢʦʣʦ ʣʠʰʝ ʧʨʠ 

ʥʘʨʦʩʪʘʥʥʽ ʩʪʨʫʤʫ ʚ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʥʝʧʦʣʷʨʠʟʦʚʘʥʽ ï ʧʨʠ 

ʩʪʨʫʤʽ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʧʨʷʤʢʫ. 

ʐʚʠʜʢʦʜʽʷ ʚʠʤʠʢʘʯʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʘʤʠʤ ʧʨʠʥʮʠʧʦʤ ʜʽʾ 

(ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʘʙʦ ʽʥʜʫʢʮʽʡʥʦ-ʜʠʥʘʤʽʯʥʠʡ 

ʧʨʠʥʮʠʧʠ ʪʘ ʽʥʰʽ), ʘ ʪʘʢʦʞ ʫʤʦʚʘʤʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʛʘʩʽʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ. ʊʘʢʠʡ ʧʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʩʪʨʫʤʦʦʙʤʝʞʫʚʘʣʴʥʠʭ ʘʚʪʦʤʘʪʘʭ.  

 

7.2 ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʚʠʤʠʢʘʯʽʚ 

 

ɹʫʜʴ-ʷʢʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʩʢʽʣʴʢʠ 

ʚʽʥ ʤʘʻ ʧʦʣʶʩʽʚ, ʦʙʦʚôʷʟʢʦʚʦ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʫʟʣʠ: 

- ʛʦʣʦʚʥʫ ʢʦʥʪʘʢʪʥʫ ʩʠʩʪʝʤʫ;  

- ʜʫʛʦʛʘʩʥʫ ʩʠʩʪʝʤʫ; 

- ʧʨʠʚʦʜ ʧʨʠʩʪʨʦʶ ʨʦʟʯʽʧʣʝʥʥʷ,  

- ʨʦʟʯʽʧʣʶʚʘʯ (ʧʝʨʝʨʠʚʥʠʢ, ʧʝʨʝʨʠʚʥʠʢʠ); 

- ʜʦʧʦʤʽʞʥʽ ʢʦʥʪʘʢʪʠ (ʥʝʦʙʦʚ'ʷʟʢʦʚʦ).  

ʇʝʨʰ ʥʽʞ ʟ'ʷʩʫʚʘʪʠ, ʷʢ ʧʨʘʮʶʻ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ, 

ʨʦʟʙʝʨʝʤʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʠʥʮʠʧ ʜʽʾ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ï 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ, ʪʝʧʣʦʚʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ, 

ʜʫʛʦʛʘʩʥʦʾ ʢʘʤʝʨʠ, ʤʝʭʘʥʽʟʤʫ ʚʟʚʦʜʫ ʪʘ ʨʦʟʯʽʧʣʝʥʥʷ. 

ʂʦʥʪʘʢʪʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʪʨʠʩʪʫʧʽʥʯʘʩʪʦʶ (ʟ ʛʦʣʦʚʥʠʤʠ, 

ʧʨʦʤʽʞʥʠʤʠ ʪʘ ʜʫʛʦʛʘʩʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ), ʜʚʦʩʪʫʧʽʥʯʘʩʪʦʶ (ʟ 

ʛʦʣʦʚʥʠʤʠ ʪʘ ʜʫʛʦʛʘʩʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ) ʪʘ ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʦʶ (ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʘʣʦʢʝʨʘʤʽʢʠ).  

ɼʫʛʦʛʘʩʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʛʘʩʽʥʥʷ ʜʫʛʠ, ʱʦ 

ʚʠʥʠʢʘʻ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʘʚʪʦʤʘʪʘ. ʐʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʜʫʛʦʛʘʩʥʽ ʢʘʤʝʨʠ ʟʽ ʩʪʘʣʝʚʠʤʠ ʧʣʘʩʪʠʥʘʤʠ (ʝʬʝʢʪ ʨʦʟʧʦʜʽʣʫ ʜʦʚʛʦʾ 

ʜʫʛʠ ʥʘ ʢʦʨʦʪʢʽ). ʇʨʠ ʚʝʣʠʢʠʭ ʩʪʨʫʤʘʭ, ʱʦ ʚʽʜʢʣʶʯʘʶʪʴʩʷ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʟʜʦʚʞʥʴʦ-ʱʽʣʠʥʥʽ ʪʘ ʣʘʙʽʨʠʥʪʥʦ-ʱʽʣʠʥʥʽ ʢʘʤʝʨʠ, 

ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʬʝʢʪ ʛʘʩʽʥʥʷ ʜʫʛʠ ʫ ʚʫʟʴʢʽʡ ʱʽʣʠʥʽ. ʄʘʪʝʨʽʘʣ 

ʢʘʤʝʨʠ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʠʩʦʢʫ ʜʫʛʦʩʪʽʡʢʽʩʪʴ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʜʫʛʦʛʘʩʥʽ ʧʨʠʩʪʨʦʾ ï ʱʽʣʠʥʥʽ ʢʘʤʝʨʠ ʫ ʧʦʻʜʥʘʥʥʽ 

ʟ ʜʫʛʦʛʘʩʥʠʤʠ ʨʝʰʽʪʢʘʤʠ ï ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʛʘʩʽʥʥʷ ʜʫʛʠ ʧʨʠ 

ʚʝʣʠʢʠʭ ʩʪʨʫʤʘʭ.  
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ɼʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʚʠʢʦʥʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ 

ʽʩʥʫʻ ʛʨʘʥʠʯʥʠʡ ʩʪʨʫʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʷʢʠʡ ʛʘʨʘʥʪʦʚʘʥʦ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʘʚʪʦʤʘʪʘ. ʇʝʨʝʚʠʱʝʥʥʷ ʮʴʦʛʦ ʩʪʨʫʤʫ 

ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʩʧʘʣʶʚʘʥʥʷ ʘʙʦ ʟʚʘʨʶʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʧʦʧʫʣʷʨʥʠʭ ʩʝʨʽʷʭ ʧʦʙʫʪʦʚʠʭ ʘʚʪʦʤʘʪʽʚ ʧʨʠ ʩʪʨʫʤʽ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚʽʜ 6ɸ ʜʦ 50 ɸ ʛʨʘʥʠʯʥʠʡ ʩʪʨʫʤ ʟʘʟʚʠʯʘʡ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ 1000 ɸ ʜʦ 10000 ɸ.  

ʊʘʢʦʞ ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ ʤʦʞʫʪʴ ʤʘʪʠ ʨʝʣʝ ʧʨʷʤʦʾ ʜʽʾ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʧʝʨʝʨʠʚʥʠʢʘʤʠ. 

ɺʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʪʠʧʠ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʤʘʶʪʴ 

ʩʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ.  

ʂʦʞʥʠʡ ʧʦʣʶʩ, ʢʨʽʤ ʪʝʨʤʽʥʘʣʽʚ, ʢʦʥʪʘʢʪʽʚ ʪʘ ʜʫʛʦʛʘʩʥʠʭ 

ʩʠʩʪʝʤ ʤʘʻ ʦʢʨʝʤʽ ʨʦʟʯʽʧʣʶʚʘʯʽ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ 

ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʴ (ʚ ʜʝʷʢʠʭ ʚʠʢʦʥʘʥʥʷʭ ʚʠʤʠʢʘʯʽʚ ʟʘʭʠʩʪ ʚʽʜ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ). ɯʥʰʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʻ 

ʩʧʽʣʴʥʠʤʠ ʜʣʷ ʫʩʽʭ ʧʦʣʶʩʽʚ).  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʨʦʟʯʽʧʣʶʚʘʯʽ (ʧʝʨʝʨʠʚʥʠʢʠ) ï ʮʝ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ, ʝʣʝʢʪʨʦʥʥʽ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʘʙʦ ʪʝʨʤʦʙʽʤʝʪʘʣʝʚʽ 

ʝʣʝʤʝʥʪʠ, ʱʦ ʩʣʫʞʘʪʴ ʜʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ 

ʯʝʨʝʟ ʤʝʭʘʥʽʟʤ ʚʽʣʴʥʦʛʦ ʨʦʟʯʽʧʣʝʥʥʷ ʧʨʠ ʢʦʨʦʪʢʦʤʫ ʟʘʤʠʢʘʥʥʽ, 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʽ ʟʥʠʢʥʝʥʥʽ ʥʘʧʨʫʛʠ ʚ ʧʝʨʚʠʥʥʦʤʫ ʢʦʣʽ 

(ʙʝʟʧʦʩʝʨʝʜʥʴʦ: ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʪʘ ʪʝʨʤʦʙʽʤʝʪʘʣʝʚʽ ʝʣʝʤʝʥʪʠ, ʘʙʦ 

ʝʣʝʢʪʨʦʥʥʽ ʯʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʝʣʝʤʝʥʪʠ). ɺʦʥʠ ʚʠʚʽʣʴʥʷʶʪʴ 

ʟʘʩʦʙʠ ʫʪʨʠʤʘʥʥʷ ʛʦʣʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ ʫ ʟʘʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʪʘ 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʤʠʢʘʥʥʷ ʘʙʦ ʟʘʤʠʢʘʥʥʷ ʚʠʤʠʢʘʯʘ ʡ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʟʜʽʡʩʥʶʶʪʴ ʟʘʭʠʩʪ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ 

ʥʝʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ. ʋ ʚʠʤʠʢʘʯʘʭ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʦʟʯʽʧʣʶʚʘʯʽ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʘʙʦ ʙʽʤʝʪʘʣʽʚ (ʨʠʩ. 7.2). 

ʄʝʭʘʥʽʟʤ ʚʽʣʴʥʦʛʦ ʨʦʟʯʝʧʣʝʥʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ (ʨʦʟʤʠʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ) ʥʘʚʽʪʴ ʫ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʟʦʚʥʽ ʥʘʜʭʦʜʠʪʴ ʢʦʤʘʥʜʘ ʥʘ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʘʢʪʫʘʪʦʨ ʤʝʭʘʥʽʯʥʦ ʫʪʨʠʤʫʻʪʴʩʷ ʫ ʧʦʣʦʞʝʥʥʽ 

çʚʚʽʤʢʥʝʥʝè), ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʘʞʝʣʽʚ, ʟʘʩʫʚʦʢ, ʢʦʨʦʤʠʩʝʣ ʽ ʧʨʫʞʠʥ, 

ʱʦ ʚʽʜʢʣʶʯʘʶʪʴ, ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʤʠʪʪʻʚʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ (ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʦʨʛʘʥʫ 

ʚʢʣʶʯʝʥʥʷ: ʥʝʤʦʞʣʠʚʽʩʪʴ ʫʪʨʠʤʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ ʫ 

ʚʢʣʶʯʝʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʨʦʟʯʽʧʣʶʚʘʯʘ), ʘ 
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ʪʘʢʦʞ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʚʠʤʠʢʘʯʘ ʟʘʤʠʢʘʥʥʷ ʧʨʠ ʪʨʠʚʘʣʽʡ ʢʦʤʘʥʜʽ ʥʘ ʚʢʣʶʯʝʥʥʷ.  

 

 
ʈʠʩʫʥʦʢ  7.2 ï  ɿʘʛʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʝʭʘʥʽʟʤʫ ʨʦʟʯʽʧʣʝʥʥʷ [51] 

 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʨʦʟʯʽʧʣʶʚʘʯ (ʤʠʪʪʻʚʦʾ ʜʽʾ) ʢʦʥʩʪʨʫʢʪʠʚʥʦ ï 

ʮʝ ʩʦʣʝʥʦʾʜ, ʨʫʭʦʤʝ ʦʩʝʨʜʷ ʷʢʦʛʦ ʪʘʢʦʞ ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʚ ʜʽʶ 

ʤʝʭʘʥʽʟʤ ʨʦʟʯʽʧʣʝʥʥʷ (ʨʠʩ. 7.15). ʉʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʚʠʤʠʢʘʯ, ʧʨʦʪʽʢʘʻ ʧʦ ʦʙʤʦʪʮʽ ʩʦʣʝʥʦʾʜʘ ʽ ʚʠʢʣʠʢʘʻ ʚʪʷʛʫʚʘʥʥʷ 

ʦʩʝʨʜʷ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʟʘʜʘʥʦʛʦ ʧʦʨʦʛʘ ʩʪʨʫʤʫ. ʄʠʪʪʻʚʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʧʣʦʚʦʛʦ, ʩʧʨʘʮʴʦʚʫʻ ʜʫʞʝ ʰʚʠʜʢʦ 

(ʯʘʩʪʢʠ ʩʝʢʫʥʜʠ), ʘʣʝ ʧʨʠ ʟʥʘʯʥʦ ʙʽʣʴʰʦʤʫ ʧʝʨʝʚʠʱʝʥʥʽ ʩʪʨʫʤʫ ʫ 

2é10 ʨʘʟʽʚ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ 

(ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʠʧʠ (ʢʣʘʩʠ) A, B, C ʪʘ D 

ʟʘʣʝʞʥʦ ʚʽʜ ʯʫʪʣʠʚʦʩʪʽ ʤʠʪʪʻʚʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ). ɺ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʚʠʤʠʢʘʯʘʭ ʥʘ ʚʝʣʠʢʽ ʩʪʨʫʤʠ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ 

ʨʦʟʯʽʧʣʶʚʘʯʽ (ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ ʩʝʨʽʾ çɽʣʝʢʪʨʦʥè, 

ʜʝʷʢʽ ʪʠʧʠ ʘʚʪʦʤʘʪʽʚ ʩʝʨʽʡ ɸ-37, ɺɸ), ʘ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ï ʽ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʨʦʟʯʽʧʣʶʚʘʯʽ (ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʙʣʦʢʠ ʟʘʭʠʩʪʫ) 

[3, 4, 5]. 

ʊʝʧʣʦʚʠʡ ʨʦʟʯʽʧʣʶʚʘʯ ï ʮʝ ʙʽʤʝʪʘʣʝʚʘ ʧʣʘʩʪʠʥʘ, ʷʢʘ 

ʥʘʛʨʽʚʘʻʪʴʩʷ ʩʪʨʫʤʦʤ, ʱʦ ʧʨʦʪʽʢʘʻ (ʜʠʚ. ʧ.ʧ. 4.7). ʇʨʠ ʧʨʦʪʽʢʘʥʥʽ 

ʩʪʨʫʤʫ ʚʠʱʝ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ ʙʽʤʝʪʘʣʝʚʘ ʧʣʘʩʪʠʥʘ 
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ʟʛʠʥʘʻʪʴʩʷ ʽ ʧʨʠʚʦʜʠʪʴ ʚ ʜʽʶ ʤʝʭʘʥʽʟʤ ʨʦʟʯʽʧʣʝʥʥʷ. ʏʘʩ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʫ (ʯʘʩʦ-ʩʪʨʫʤʦʚʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [5]) ʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʩʝʢʫʥʜ ʜʦ ʛʦʜʠʥʠ. 

ʄʽʥʽʤʘʣʴʥʠʡ ʩʪʨʫʤ, ʧʨʠ ʷʢʦʤʫ ʧʦʚʠʥʝʥ ʩʧʨʘʮʴʦʚʫʚʘʪʠ ʪʝʧʣʦʚʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ, ʩʪʘʥʦʚʠʪʴ 1,45 ʚʽʜ ʩʪʨʫʤʫ ʫʩʪʘʚʢʠ ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʯʽʧʣʶʚʘʯʘ.  

ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʪʨʫʤʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʠʪʴʩʷ 

ʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʛʫʣʶʚʘʣʴʥʠʤ ʛʚʠʥʪʦʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʣʘʚʢʦʛʦ ʟʘʧʦʙʽʞʥʠʢʘ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ ʛʦʪʦʚʠʡ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʣʘʩʪʠʥʠ. ʈʦʣʴ 

ʪʝʧʣʦʚʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ (ʤʠʪʪʻʚʠʡ) ʨʦʟʯʽʧʣʶʚʘʯ, ʦʩʥʘʱʝʥʠʡ 

ʛʽʜʨʘʚʣʽʯʥʠʤ ʩʧʦʚʽʣʴʥʶʚʘʯʝʤ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ. ʊʘʢʽ ʘʚʪʦʤʘʪʠʯʥʽ 

ʚʠʤʠʢʘʯʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦʞʝʞʥʦʁ  ʙʝʟʧʝʢʦʶ, ʪʦʤʫ ʱʦ ʥʝ ʤʘʶʪʴ 

ʝʣʝʤʝʥʪʘ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ (ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ) [20]. 

ʂʨʽʤ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʨʘʥʽʰʝ, ʪʘʢʦʞ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʨʦʟʯʽʧʣʶʚʘʯʘʤʠ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʙʫʜʦʚʫʶʪʴʩʷ ʚ ʢʦʨʧʫʩ (ʢʘʨʢʘʩ) ʚʠʤʠʢʘʯʘ, ʻ ʪʘʢʽ:  

- ʰʫʥʪʦʚʠʡ ʘʙʦ ʥʝʟʘʣʝʞʥʠʡ ʨʦʟʯʽʧʣʶʚʘʯ ï ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚʠʤʠʢʘʯʘ ʧʦ ʢʦʤʘʥʜʽ ʟʟʦʚʥʽ;  

- ʨʦʟʯʽʧʣʶʚʘʯ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ ï ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ (ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʨʦʟʤʠʢʘʥʥʷ) ʚʠʤʠʢʘʯʘ ʧʨʠ 

ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʥʠʞʯʝ ʧʝʚʥʦʛʦ ʨʽʚʥʷ.  

ʈʦʟʯʽʧʣʶʚʘʯʽ ʤʦʞʫʪʴ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ, ʘʙʦ ʥʝ 

ʤʘʪʠ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ.  

ʆʩʥʦʚʥʠʤʠ ʢʽʣʴʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʚʠʤʠʢʘʯʘ ʻ ʥʦʤʽʥʘʣʴʥʘ ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ Ue, ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ In, 

ʪʦʙʪʦ ʚʩʪʘʥʦʚʣʝʥʝ ʚʠʨʦʙʥʠʢʦʤ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʷʢʠʡ ʚʠʤʠʢʘʯ 

ʤʦʞʝ ʚʠʪʨʠʤʫʚʘʪʠ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ, 

ʘ ʪʘʢʦʞ ʥʦʤʽʥʘʣʴʥʘ ʨʦʙʦʯʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʽʜʤʠʢʘʥʥʷ ʢʦʨʦʪʢʠʭ 

ʟʘʤʠʢʘʥʴ Ics ʪʘ ʥʦʤʽʥʘʣʴʥʘ ʛʨʘʥʠʯʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʽʜʤʠʢʘʥʥʷ 

ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ Icu. ʆʙʠʜʚʽ ʦʩʪʘʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʨʘʞʘʶʪʴʩʷ ʫ ʢʽʣʦʘʤʧʝʨʘʭ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʟʥʘʯʝʥʥʷ 

ʦʯʽʢʫʚʘʥʦʛʦ ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʷʢʠʡ ʚʠʤʠʢʘʯ 

ʩʧʨʦʤʦʞʥʠʡ ʚʽʜʽʤʢʥʫʪʠ . ʈʽʟʥʠʮʷ ʤʽʞ Ics ʪʘ Icu ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʧʽʩʣʷ ʚʽʜʤʠʢʘʥʥʷ ʩʪʨʫʤʫ Ics ʚʠʤʠʢʘʯ ʧʦʚʠʥʝʥ ʟʙʝʨʽʛʘʪʠ ʧʝʚʥʠʡ 

ʨʽʚʝʥʴ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʟʘʟʥʘʯʝʥʠʡ ʫ ʩʪʘʥʜʘʨʪʽ ɼʉʊʋ ɯɽʉ 60947-6-
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1:2007 [25], ʘ ʧʽʩʣʷ ʚʽʜʤʠʢʘʥʥʷ ʩʪʨʫʤʫ Icu ʚʠʤʠʢʘʯ ʤʦʞʝ ʚʪʨʘʪʠʪʠ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ.  

ɼʣʷ ʚʠʤʠʢʘʯʽʚ ʢʘʪʝʛʦʨʽʾ ɺ ʚʘʞʣʠʚʦʶ ʢʽʣʴʢʽʩʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʥʦʤʽʥʘʣʴʥʠʡ ʢʦʨʦʪʢʦʯʘʩʥʦ ʚʠʪʨʠʤʫʚʘʥʠʡ 

ʩʪʨʫʤ Icw  ï ʮʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʷʢʠʡ ʚʠʤʠʢʘʯ ʤʘʻ ʚʠʪʨʠʤʫʚʘʪʠ 

ʚʧʨʦʜʦʚʞ ʧʝʚʥʦʛʦ ʯʘʩʫ ʟʛʽʜʥʦ ʟ ʫʤʦʚʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʚʠʟʥʘʯʝʥʠʭ 

ʩʪʘʥʜʘʨʪʦʤ ɼʉʊʋ ɯɽʉ 60947-6-1:2007 [25]. 

ʆʩʥʦʚʥʦʶ ʟʘʭʠʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʠʤʠʢʘʯʘ ʻ 

ʯʘʩʦʩʪʨʫʤʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʢʨʠʚʘ, ʱʦ ʧʦʢʘʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ, 

ʟʦʢʨʝʤʘ ʯʘʩʫ ʨʦʟʯʽʧʣʝʥʥʷ , ʘʙʦ ʯʘʩʫ ʨʦʟʤʠʢʘʥʥʷ ʘʙʦ ʯʘʩʫ 

ʚʽʜʤʠʢʘʥʥʷ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʫ ʨʦʟʤʠʢʘʥʥʷ ʪʘ ʯʘʩʫ ʛʦʨʽʥʥʷ 

ʜʫʛʠ), ʚʽʜ ʦʯʽʢʫʚʘʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʘʥʘʣʦʛʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʧʦʙʽʞʥʠʢʘ, 

ʯʘʩʦʩʪʨʫʤʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʤʠʢʘʯʘ ʤʘʻ ʩʪʫʧʽʥʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ 

(ʨʠʩ. 7.3). ʋ ʟʦʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʘʭʠʩʪ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʟʚʠʯʘʡ 

ʙʽʤʝʪʘʣʝʚʠʤ ʨʦʟʯʽʧʣʶʚʘʯʝʤ, ʘ ʫ ʟʦʥʽ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ ï 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʨʦʟʯʽʧʣʶʚʘʯʝʤ. ɻʨʘʥʠʮʝʶ, ʱʦ ʨʦʟʜʽʣʷʻ 

ʟʘʟʥʘʯʝʥʽ ʟʦʥʠ ʻ ʩʪʨʫʤ ʫʩʪʘʚʢʠ Is  ʤʠʪʪʻʚʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ, ʷʢʠʡ ʥʝ 

ʧʦʚʠʥʝʥ ʩʧʨʘʮʴʦʚʫʚʘʪʠ ʧʨʠ ʩʪʨʫʤʽ 0,8 ẗ Is ʪʘ ʩʧʨʘʮʶʚʘʪʠ ʰʚʠʜʰʝ 

ʥʽʞ ʟʘ 0,2 ʩ ʧʨʠ ʩʪʨʫʤʽ 1,2 ẗ Is. ʉʪʨʫʤ ʫʩʪʘʚʢʠ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 

10ẗ In  ʘʙʦ 12ẗ In. 

 
ʈʠʩʫʥʦʢ 7.3 ï  ʏʘʩʦ-ʩʪʨʫʤʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʤʠʢʘʯʘ  

(I ï ʦʯʽʢʫʚʘʥʠʡ ʩʪʨʫʤ ʫ ʢʦʣʽ, ʤʩ) [28] 

 

ʋ ʟʦʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʟʘʪʨʠʤʢʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʻ ʟʚʦʨʦʪʥʦ-

ʟʘʣʝʞʥʦʶ ʚʽʜ ʩʪʨʫʤʫ: ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʦʙʣʠʟʫ ʩʪʨʫʤʫ ʫʩʪʘʚʢʠ 

ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʠʤ ʟʘ ʩʝʢʫʥʜʫ, ʘ ʧʦʙʣʠʟʫ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ 

ʤʦʞʝ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʜʚʦʭ ʛʦʜʠʥ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʫ 
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IEC 60898-1 [60] ʪʘ IEC 60898-2 [61] ʨʦʟʯʽʧʣʝʥʥʷ ʥʝ ʧʦʚʠʥʥʦ 

ʥʘʩʪʘʚʘʪʠ ʚʧʨʦʜʦʚʞ ʚʠʟʥʘʯʝʥʦʛʦ ʫʤʦʚʥʦʛʦ ʯʘʩʫ ʧʨʠ ʩʪʨʫʤʽ 1,05In 

(ʫʤʦʚʥʠʡ ʩʪʨʫʤ ʥʝʨʦʟʯʽʧʣʝʥʥʷ) , ʘ ʧʨʠ ʩʪʨʫʤʽ 1,3 In (ʫʤʦʚʥʠʡ 

ʩʪʨʫʤ ʨʦʟʯʽʧʣʝʥʥʷ) ʨʦʟʯʽʧʣʝʥʥʷ ʤʘʻ ʚʽʜʙʫʪʠʩʷ ʦʙʦʚôʷʟʢʦʚʦ 

ʚʧʨʦʜʦʚʞ ʪʦʛʦ ʩʘʤʦʛʦ ʯʘʩʫ. ɿʥʘʯʝʥʥʷ ʫʤʦʚʥʦʛʦ ʯʘʩʫ ʚʠʟʥʘʯʝʥʦ ʚ 

ɯɽʉ 60947-2 ʽ ʩʪʘʥʦʚʠʪʴ ʜʚʽ ʛʦʜʠʥʠ ʧʨʠ In > 63 ɸ ʪʘ ʦʜʥʫ ʛʦʜʠʥʫ 

ʧʨʠ In Ò 63 ɸ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʚʪʦʤʘʪʘ ʧʦʟʥʘʯʘʻʪʴʩʷ ʣʘʪʠʥʩʴʢʠʤʠ 

ʣʽʪʝʨʘʤʠ: A, B, C, D, K, L, Z. ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʧʦʙʫʪʽ 

ʥʘʙʫʣʠ ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ B, C, D. ʈʘʥʽʰʝ 

ʚ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʽ ɾʂɻ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʘʚʪʦʤʘʪʠ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ L, ʩʪʨʫʤʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʷʢʠʭ ʫʢʣʘʜʘʣʠʩʷ ʚ 

ʜʽʘʧʘʟʦʥ ʩʪʨʫʤʽʚ ʘʚʪʦʤʘʪʽʚ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ C. 

ʄʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʠʪʪʻʚʦʛʦ ʨʦʟʯʽʧʣʶʚʘʣʘ ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ (ʫʩʪʘʚʢʠ) In ʘʧʘʨʘʪʫ ʟʘʭʠʩʪʫ ʥʘ ʧʨʠʢʣʘʜʽ 

ʯʘʩʦ-ʩʪʨʫʤʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ 

YON MD63 [58] ʟʛʽʜʥʦ ʟ ɻʆʉʊ ʈ 50345-2010 ʪʘ ʄɽʂ 60898-1:2003 

ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʜʠʚ. ʨʠʩ. 7.4) [60, 61]: 

- ʟʘʭʠʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ B ï ʮʝ ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʩʧʨʘʮʴʦʚʫʻ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 3In ʜʦ 5In. ʊʝʧʣʦʚʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʥʝ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ ʧʨʠ ʩʪʨʫʤʽ 

1,13 In , ʘ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟʘ ʩʪʨʫʤʫ 1,45In;  

- ʟʘʭʠʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ C ï ʮʝ ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʩʧʨʘʮʴʦʚʫʻ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 5In  ʜʦ 10In. ʊʝʧʣʦʚʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʥʝ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʧʨʠ ʩʪʨʫʤʽ 1,13In , 

ʘ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟʘ ʩʪʨʫʤʫ 1,45In; 

- ʟʘʭʠʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ D ï ʮʝ ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʩʧʨʘʮʴʦʚʫʻ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 10In ʜʦ 20 In. ʊʝʧʣʦʚʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʥʝ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ ʧʨʠ ʩʪʨʫʤʽ 

1,13  In , ʘʣʝ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ ʧʨʠ ʩʪʨʫʤʽ 1,45In; 

- ʟʘʭʠʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ Z  ï ʮʝ ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʩʧʨʘʮʴʦʚʫʻ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 3,2In ʜʦ 4,8In. ʊʝʧʣʦʚʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʥʝ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʧʨʠ ʩʪʨʫʤʽ 1,05In , 

ʘ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟʘ ʩʪʨʫʤʫ 1,3In; 

- ʟʘʭʠʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ L ï ʮʝ ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʨʦʟʯʽʧʣ ʚʁʘʯ ʩʧʨʘʮʴʦʚʫʻ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 6,4In ʜʦ 9,6In. ʊʝʧʣʦʚʠʡ 
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ʨʦʟʯʽʧʣʶʚʘʯ ʥʝ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʧʨʠ ʩʪʨʫʤʽ 1,05In , 

ʘʣʝ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟʘ ʩʪʨʫʤʫ 1,3In;  

- ʟʘʭʠʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ K ï ʮʝ ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʩʧʨʘʮʴʦʚʫʻ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 9,6In ʜʦ 14,4In. ʊʝʧʣʦʚʠʡ 

ʨʦʟʯʽʧʣʶʚʘʯ ʥʝ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʧʨʠ ʩʪʨʫʤʽ 1,05In , 

ʘ ʩʧʨʘʮʴʦʚʫʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟʘ ʩʪʨʫʤʫ 1,3In. 

 

 
ʈʠʩʫʥʦʢ 7.4 ï ʏʘʩʦ-ʩʪʨʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ 

YON MD63 [58] 

 

ʆʪʞʝ, ʥʘʚʽʱʦ ʧʦʪʨʽʙʥʦ ʩʪʽʣʴʢʠ ʨʽʟʥʦʚʠʜʽʚ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʚʠʤʠʢʘʯʽʚ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ? ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʦʚʽ 

(ʨʝʢʦʤʝʥʜʦʚʘʥʽ) ʚʘʨʽʘʥʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʱʝʟʛʘʜʘʥʠʭ ʘʚʪʦʤʘʪʽʚ.  

1) MA ï ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʯʽʧʣʶʚʘʯʘ, ʧʘʨʘʤʝʪʨʠ ʤʠʪʪʻʚʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ A. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʩʪʨʫʤʽʚ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʢʽʣ, ʱʦ ʤʘʶʪʴ ʦʢʨʝʤʠʡ ʟʘʭʠʩʪ ʚʽʜ ʩʪʨʫʤʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʢʽʣ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʽʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚ ʥʠʭ ʤʘʢʩʠʤʘʣʴʥʦ-ʩʪʨʫʤʦʚʠʤʠ ʨʝʣʝ, ʪʘ ʽʥʰʠʭ 

ʧʦʪʫʞʥʠʭ ʘʛʨʝʛʘʪʽʚ.  

2) A ï ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʯʫʪʣʠʚʽʩʪʶ, ʪʦʙʪʦ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʩʪʨʫʤʘʤʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ. ʊʝʧʣʦʚʠʡ ʨʦʟʯʽʧʣʶʚʘʯ 
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ʥʘʡʯʘʩʪʽʰʝ ʩʧʨʘʮʴʦʚʫʻ ʟʘ ʫʤʦʚʠ ʧʝʨʝʚʠʱʝʥʥʷ ʩʪʨʫʤʫ ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʤʠʢʘʯʘ ʥʘ 30%. ʂʦʪʫʰʢʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʦʟʯʝʧʣʝʥʥʷ ʟʥʝʩʪʨʫʤʣʶʻ ʤʝʨʝʞʫ ʧʨʦʪʷʛʦʤ 

ʧʨʠʙʣʠʟʥʦ 0,05 ʩʝʢʫʥʜ, ʷʢʱʦ ʝʣʝʢʪʨʦʩʪʨʫʤ ʫ ʢʦʣʽ ʧʝʨʝʚʠʱʫʻ 

ʥʦʤʽʥʘʣʴʥʠʡ ʥʘ 100%. ʗʢʱʦ ʟ ʙʫʜ-ɹʷʢʦʾ ʧʨʠʯʠʥʠ ʧʽʩʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʩʠʣʠ ʩʪʨʫʤʫ ʚʜʚʽʯʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʩʦʣʝʥʦʾʜ ʥʝ ʩʧʨʘʮʶʚʘʚ, ʪʦ 

ʙʽʤʝʪʘʣʝʚʠʡ ʨʦʟʯʽʧʣʶʚʘʯ ʚʽʜʢʣʶʯʘʻ ʞʠʚʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 20 ï 30 

ʩʝʢʫʥʜ. ɸʚʪʦʤʘʪʠ, ʱʦ ʤʘʶʪʴ ʯʘʩʦ-ʩʪʨʫʤʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ɸ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʤʝʨʝʞʘʭ, ʚ ʷʢʠʭ ʥʝʧʨʠʧʫʩʪʠʤʽ ʥʘʚʽʪʴ 

ʢʦʨʦʪʢʦʯʘʩʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. ɼʦ ʪʘʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ 

ʢʦʣʘ ʟ ʚʢʣʶʯʝʥʠʤʠ ʜʦ ʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜʭʽʜʥʠʭ ʣʽʥʽʡ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ 

ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ.  

B ï ʘʧʘʨʘʪʠ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʤʘʶʪʴ ʤʝʥʰʫ ʯʫʪʣʠʚʽʩʪʴ, ʥʽʞ ʪʘʢʽ, 

ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʠʧʫ A. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʨʦʟʯʽʧʣʶʚʘʯ ʫ ʥʠʭ 

ʩʧʨʘʮʴʦʚʫʻ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʥʘ 200%, ʘ ʯʘʩ 

ʥʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 0,015 ʩʝʢ. ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʫ ʨʦʟʤʠʢʘʯʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ B ʧʨʠ 

ʘʥʘʣʦʛʽʯʥʦʤʫ ʧʝʨʝʚʠʱʝʥʥʽ ʥʦʤʽʥʘʣʫ ʚʠʤʠʢʘʯʘ ʟʘʡʤʘʻ 4é5 

ʩʝʢʫʥʜ. ʆʙʣʘʜʥʘʥʥʷ ʮʴʦʛʦ ʪʠʧʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʢʦʣʘʭ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ,  ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʨʝʞʘʭ, ʚ ʷʢʽ ʚʢʣʶʯʝʥʽ ʨʦʟʝʪʢʠ, ʧʨʠʣʘʜʠ 

ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʚ ʽʥʰʠʭ ʢʦʣʘʭ, ʜʝ ʧʫʩʢʦʚʝ ʧʽʜʚʠʱʝʥʥʷ 

ʝʣʝʢʪʨʦʩʪʨʫʤʫ ʚʽʜʩʫʪʥʻ ʘʙʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʘʣʝ ʥʝ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʢʽʣ, ʱʦ ʤʘʶʪʴ ʙʘʛʘʪʦ ʧʨʠʣʘʜʽʚ ʟ ʽʤʧʫʣʴʩʥʠʤʠ 

ʙʣʦʢʘʤʠ ʞʠʚʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʙʣʦʢʽʚ ʤʘʶʪʴ ʚʝʣʠʢʠʡ 

ʧʫʩʢʦʚʠʡ ʩʪʨʫʤ.  

3) C ï ʧʨʠʩʪʨʦʾ ʮʴʦʛʦ ʪʠʧʫ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʫ ʧʦʙʫʪʦʚʠʭ 

ʤʝʨʝʞʘʭ. ɰʭʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʱʝ ʚʠʱʘ, ʥʽʞ ʫ ʨʘʥʽʰʝ 

ʦʧʠʩʘʥʠʭ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʙʫʣʦʩʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʦʣʝʥʦʾʜʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʪʘʢʦʤʫ ʧʨʠʣʘʜʽ, 

ʧʦʪʨʽʙʥʦ, ʱʦʙ ʩʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʴʦʛʦ, ʧʝʨʝʚʠʱʠʚ 

ʥʦʤʽʥʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʚ 5 ʨʘʟʽʚ. ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʯʽʧʣʶʚʘʯʘ ʧʨʠ ʧ'ʷʪʠʢʨʘʪʥʦʤʫ ʧʝʨʝʚʠʱʝʥʥʽ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʘʧʘʨʘʪʫ ʟʘʭʠʩʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 15 ʩʝʢʫʥʜ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʟ ʯʘʩʦ-ʩʪʨʫʤʦʚʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ C, ʷʢ ʤʠ ʚʞʝ ʟʘʟʥʘʯʠʣʠ, ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʠʪʴʩʷ ʫ 
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ʧʦʙʫʪʦʚʠʭ ʤʝʨʝʞʘʭ. ɺʦʥʠ ʜʦʙʨʝ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʧʨʠʩʪʨʦʾʚ 

ʟʘʭʠʩʪʫ ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʣʘʭ 

ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʦʤʽʨʥʠʤʠ ʧʫʩʢʦʚʠʤʠ ʩʪʨʫʤʘʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʞʠʚʣʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ).  

4) D ï ʮʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʥʘʡʚʠʱʫ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ. ɼʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʢʦʪʫʰʢʠ, 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʚ ʘʧʘʨʘʪʽ ʪʘʢʦʛʦ ʪʠʧʫ, ʧʦʪʨʽʙʥʦ, ʱʦʙ ʥʦʤʽʥʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʩʪʨʫʤʫ ʟʘʭʠʩʥʦʛʦ ʘʚʪʦʤʘʪʘ ʙʫʣʦ ʧʝʨʝʚʠʱʝʥʠʤ ʷʢ 

ʤʽʥʽʤʫʤ ʚ 10 ʨʘʟʽʚ. ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ ʚ 

ʪʘʢʦʤʫ ʨʘʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 0,4 ʩ. ʇʨʠʩʪʨʦʾ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

D ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʟʘʛʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʙʫʜʽʚʝʣʴ ʪʘ 

ʩʧʦʨʫʜ, ʜʝ ʚʦʥʠ ʛʨʘʶʪʴ ʨʦʣʴ ʧʽʜʩʪʨʘʭʫʚʘʥʥʷ. ɰʭ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʝ ʚʽʜʙʫʣʦʩʷ ʩʚʦʻʯʘʩʥʦʛʦ 

ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʘʚʪʦʤʘʪʘʤʠ ʟʘʭʠʩʪʫ ʢʦʣʘ ʚ ʦʢʨʝʤʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ. ʊʘʢʦʞ ʾʭ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʢʦʣʘʭ ʟ ʚʝʣʠʢʦʶ 

ʚʝʣʠʯʠʥʦʶ ʧʫʩʢʦʚʠʭ ʩʪʨʫʤʽʚ, ʜʦ ʷʢʠʭ ʧʽʜʢʣʶʯʝʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ. ɺʦʥʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʢʽʣ ʟ ʥʘʷʚʥʽʩʪʶ 

ʘʢʪʠʚʥʦ-ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʪʫ 

ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞ, ʢʦʣʠ ʟ ʙʫʜʴ-ʷʢʠʭ ʧʨʠʯʠʥ ʥʝ ʤʦʞʥʘ 

ʧʽʜʚʠʱʫʚʘʪʠ ʘʙʦ ʟʥʠʞʫʚʘʪʠ ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ʘʧʘʨʘʪʫ ʟʘʭʠʩʪʫ.  

5) K ï ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʢʦʣʘʭ ʟ ʚʠʨʘʞʝʥʠʤ ʽʥʜʫʢʪʠʚʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ.  

6) L ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʽ ɾʂɻ.  

7) Z ï ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʤʝʨʝʞ ʞʠʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɸʚʪʦʤʘʪʠ ʽʟ ʟʘʭʠʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʪʝʛʦʨʽʾ K, L ʪʘ Z 

ʧʦʰʠʨʝʥʽ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ, ʥʽʞ ʪʽ, ʧʨʦ ʷʢʽ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ. 

ʇʨʠʣʘʜʠ ʪʠʧʫ K ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʨʦʟʢʠʜ ʫ ʚʝʣʠʯʠʥʘʭ ʩʪʨʫʤʫ, ʱʦ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʦʟʯʝʧʣʝʥʥʷ. ʊʘʢ, ʜʣʷ ʢʦʣʘ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʦʤʽʥʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʫ 12 ʨʘʟʽʚ, ʘ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ï ʫ 18 ʨʘʟʽʚ. ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʦʣʝʥʦʾʜʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʯʝʨʝʟ 0,02 

ʩʝʢ. ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ ʚ ʪʘʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʤʦʞʝ ʩʪʘʪʠʩʷ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʚʩʴʦʛʦ ʥʘ 5%. 

ʎʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʙʫʤʦʚʣʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʪʠʧʫ K 

ʫ ʢʦʣʘʭ ʽʟ ʚʠʥʷʪʢʦʚʦ ʽʥʜʫʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʇʨʠʣʘʜʠ ʪʠʧʫ 
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Z ʪʘʢʦʞ ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʦʣʝʥʦʾʜʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʦʟʯʽʧʣʶʚʘʯʘ, ʘʣʝ ʨʦʟʢʠʜ ʧʨʠ ʮʴʦʤʫ ʥʝ ʪʘʢʠʡ 

ʚʝʣʠʢʠʡ, ʷʢ ʫ ʚʠʤʠʢʘʯʽʚ ʢʘʪʝʛʦʨʽʾ K. ʋ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʜʣʷ 

ʾʭ ʚʽʜʢʣʶʯʝʥʥʷ ʧʝʨʝʚʠʱʝʥʥʷ ʩʪʨʫʤʦʚʦʛʦ ʥʦʤʽʥʘʣʫ ʤʘʻ ʙʫʪʠ 

ʪʨʠʨʘʟʦʚʠʤ, ʘ ʚ ʤʝʨʝʞʘʭ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ï ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʤʘʻ 

ʙʫʪʠ ʚ 4,5 ʨʘʟʽʚ ʙʽʣʴʰʝ ʟʘ ʥʦʤʽʥʘʣʴʥʝ. ɸʧʘʨʘʪʠ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

Z ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʚ ʣʽʥʽʷʭ, ʜʦ ʷʢʠʭ ʧʽʜʢʣʶʯʝʥʦ ʝʣʝʢʪʨʦʥʥʽ 

ʧʨʠʩʪʨʦʾ [72]. 

 

7.2.1 ʇʦʚʽʪʨʷʥʽ ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ 

 

ʇʦʚʽʪʨʷʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ (ʩʠʣʦʚʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ 

ʚʠʤʠʢʘʯ, ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ) ï ʮʝ ʝʣʝʢʪʨʠʯʥʠʡ ʘʧʘʨʘʪ, ʷʢʠʡ 

ʟʜʘʪʥʠʡ ʚʤʠʢʘʪʠ, ʧʨʦʚʦʜʠʪʠ ʪʘ ʚʠʤʠʢʘʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. 

ʍʦʯʘ ʤʘʡʞʝ ʫʚʝʩʴ ʨʦʙʦʯʠʡ ʯʘʩ ʮʽ ʘʧʘʨʘʪʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʩʠʩʪʝʤʘʭ ʨʦʟʧʦʜʽʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʟʘʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʽ ʧʨʘʮʶʶʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚ ʢʦʣʽ (ʫ 

ʪʘʢʦʤʫ ʩʪʘʥʽ ʚʦʥʠ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʜʥʽ, ʪʠʞʥʽ, ʤʽʩʷʮʽ ʡ ʥʘʚʽʪʴ 

ʨʦʢʠ), ʦʩʥʦʚʥʠʤ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷʤ ʻ ʟʘʭʠʩʪ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚʽʜ 

ʥʘʜʩʪʨʫʤʽʚ ï ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʘ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ.  

ʉʫʯʘʩʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ (ʘʚʪʦʤʘʪ) ʧʦʚʠʥʝʥ 

ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʩʘʤʧʝʨʝʜ ʥʝ ʪʽʣʴʢʠ ʮʠʤ ʜʚʦʤ ʚʠʤʦʛʘʤ, ʘʣʝ ʡ ʪʘʢʦʞ 

ʙʫʪʠ ʟʨʫʯʥʠʤ ʪʘ ʙʝʟʧʝʯʥʠʤ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ʎʽ ʚʠʤʦʛʠ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʨʝʤʦʛʦ ʚʠʤʠʢʘʯʘ, ʪʘʢʫ, ʷʢ ʯʘʩʪʦʪʘ ʧʝʨʝʤʠʢʘʥʴ, 

ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʚʽʙʨʦʩʪʽʡʢʦʩʪʽ, ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʪʘʥʫ, 

ʘʛʨʝʩʠʚʥʝ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʢʦʨʦʟʽʶ ʤʝʪʘʣʫ, ʘ 

ʪʘʢʦʞ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɺʽʜʢʣʶʯʝʥʥʷ ʩʪʨʫʤʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʠʤʠʢʘʯʝʤ ʧʦʚʠʥʥʦ ʚʽʜʙʫʚʘʪʠʩʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʯʘʩʦ-ʩʪʨʫʤʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʪʨʫʢʪʫʨʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ (ʷʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʫʪʦ 

ʜʚʦʧʦʣʶʩʥʠʡ ʚʠʤʠʢʘʯ) ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 7.5. ɽʣʝʢʪʨʠʯʥʽ ʟʚôʷʟʢʠ 

ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʠ ʟʦʙʨʘʞʝʥʽ ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ 

ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ, ʤʝʭʘʥʽʯʥʽ ʟʚôʷʟʢʠ ï ʢʦʥʪʫʨʥʠʤʠ ʩʪʨʽʣʢʘʤʠ 

ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ. ʃʠʪʠʡ (ʧʣʘʩʪʠʢʦʚʠʡ) ʢʦʨʧʫʩ ʘʙʦ ʤʝʪʘʣʝʚʠʡ 
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ʢʘʨʢʘʩ ʟʘʟʚʠʯʘʡ ʻ ʩʧʽʣʴʥʠʤ ʜʣʷ ʫʩʽʭ (ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʯʦʪʠʨʴʦʭ) 

ʧʦʣʶʩʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ. 

 

 
ʈʠʩʫʥʦʢ 7.5 ï ʉʪʨʫʢʪʫʨʘ ʧʦʚʽʪʨʷʥʦʛʦ ʚʠʤʠʢʘʯʘ [28]: 

 

ʊ ï ʪʝʨʤʽʥʘʣʠ; ɻʂ ï ʛʦʣʦʚʥʠʡ ʢʦʥʪʘʢʪ; ɼʂ ï ʜʫʛʦʛʘʩʥʠʡ ʢʦʥʪʘʢʪ;  

ɼʉ ï ʜʫʛʦʛʘʩʥʘ ʩʠʩʪʝʤʘ; ʂɼ ï ʢʦʥʪʘʢʪ ʜʦʧʦʤʽʞʥʠʭ ʢʽʣ; ʄɺʈ ï ʤʝʭʘʥʽʟʤ 

ʚʽʣʴʥʦʛʦ ʨʦʟʯʽʧʣʝʥʥʷ; ɸ ï ʨʫʯʥʠʡ ʘʢʪʫʘʪʦʨ; ʈʂ ï ʨʦʟʯʽʧʣʶʚʘʯ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ; ʈʇ ï ʨʦʟʯʽʧʣʶʚʘʯ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ;  

ʈʐ ï ʰʫʥʪʦʚʠʡ ʨʦʟʯʽʧʣʶʚʘʯ; ʈʅ ï ʨʦʟʯʽʧʣʶʚʘʯ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʟʥʠʞʝʥʥʷ 

ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ; ʇɼ ï ʜʠʩʪʘʥʮʽʡʥʠʡ ʧʨʠʚʦʜ; ʇʈ ï ʨʫʯʥʠʡ ʧʨʠʚʦʜ;  

ʇʇ ï ʧʨʫʞʠʥʥʠʡ ʧʨʠʚʽʜ; ɺɿ ï ʚʘʞʽʣʴ ʟʚʝʜʝʥʥʷ ʧʨʫʞʠʥ;  

ɯ, ʆ ï ʢʥʦʧʢʠ ʢʝʨʫʚʘʥʥʷ ʚʤʠʢʘʥʥʷʤ ʪʘ ʚʠʤʠʢʘʥʥʷʤ ʯʝʨʝʟ ʧʨʫʞʠʥʥʠʡ 

ʤʝʭʘʥʽʯʥʠʡ ʘʙʦ ʜʠʩʪʘʥʮʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʚʦʜ. 

 

ʉʫʯʘʩʥʽ ʧʦʚʽʪʨʷʥʽ ʚʠʤʠʢʘʯʽ (ʘʥʛʣ. Air  Circuit Breaker ï .ɸʉɺ) 

ʤʘʶʪʴ ʧʦʜʚʽʡʥʠʡ ʨʦʟʨʠʚ, ʪʦʙʪʦ ʧʦ ʜʚʘ ʨʦʟʤʠʢʘʶʯʽ ʢʦʥʪʘʢʪʠ ʥʘ 

ʬʘʟʫ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʣʶʩʘ ʟʘʙʝʟʧʝʯʫʻ ʪʝ, ʱʦ ʫ ʚʩʽʭ ʤʦʜʝʣʝʡ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʥʦʤʽʥʘʣʴʥʠʡ ʢʦʨʦʪʢʦʯʘʩʥʦ 

ʚʠʪʨʠʤʫʚʘʥʠʡ ʩʪʨʫʤ Icw ʜʦʨʽʚʥʶʻ ʥʦʤʽʥʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ 

ʥʘʡʙʽʣʴʰʽʡ ʚʽʜʢʣʶʯʘʻ ʟʜʘʪʥʦʩʪʽ Ics. ʊʘʢʽ ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ 

ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ, ʪʘʢ ʽ ʥʘ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙ'ʻʢʪʘʭ.  

ʉʠʩʪʝʤʘ çʧʦʜʚʽʡʥʦʛʦ ʨʦʟʨʠʚʫè ʛʦʣʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ ʛʘʨʘʥʪʫʻ 

ʤʠʪʪʻʚʝ ʚʽʜʢʣʶʯʝʥʥʷ ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʪʘ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʫʻ ʟʥʦʩ ʛʦʣʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ. ʉʠʤʝʪʨʠʯʥʘ ʚʥʫʪʨʽʰʥʷ 


