
ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

ʃʆʄɸʂɯʅ ɺʆʃʆɼʀʄʀʈ ʆʃɽʂʉɸʅɼʈʆɺʀʏ 

ʋɼʂ 621.43 

ɼʀʉɽʈʊɸʎɯʗ 

 

ɿʄɽʅʐɽʅʅʗ ʅɽʈɯɺʅʆʄɯʈʅʆʉʊɯ ʍʆɼʋ ɼɺʀɻʋʅɸ 

ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɻʆʈʗʅʅʗ ʋɼʆʉʂʆʅɸʃɽʅʅʗʄ ʂʆʅʉʊʈʋʂʎɯɰ 

ʄɸʍʆɺʀʂɸ 

 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 05.05.03 ï ɼʚʠʛʫʥʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ 

ɽʣʝʢʪʨʠʯʥʘ ʽʥʞʝʥʝʨʽʷ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ. 

 
ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 

ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ. 

 

_____________ ɺ.ʆ. ʃʦʤʘʢʽʥ  

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï 

ɻʨʘʙʘʨ ɯʚʘʥ ɻʨʠʛʦʨʦʚʠʯ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ,  

ʧʨʦʬʝʩʦʨ  

 

ɯʜʝʥʪʠʯʥʽʩʪʴ ʫʩʽʭ ʧʨʠʤʽʨʥʠʢʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ɿʘʩʚʽʜʯʫʶ 

ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ ʨʘʜʠ ɼ 26.059.03 

_____________ ʉ.ɺ. ʂʦʚʙʘʩʝʥʢʦ 

ɾʠʪʦʤʠʨ ï 2018
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ɸʅʆʊɸʎɯʗ 

 

ʃʦʤʘʢʽʥ ɺ. ʆ. ɿʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʭʦʚʠʢʘ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

(ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.05.03 ï ɼʚʠʛʫʥʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ 

ʫʩʪʘʥʦʚʢʠ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ï ɾʠʪʦʤʠʨʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɾʠʪʦʤʠʨ ï 2018. 

ɼʠʩʝʨʪʘʮʽʶ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʚôʷʟʘʥʥʶ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ ʟʤʝʥʰʝʥʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʰʣʷʭʦʤ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʡʦʛʦ ʤʘʭʦʚʠʢʘ.  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʝʪʦʜʠ ʧʨʠʚʝʜʝʥʥʷ ʤʘʩ ʝʣʝʤʝʥʪʽʚ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʩʢʣʘʜʥʠʡ ʨʫʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʧʦʜʘʣʴʰʽ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʤʦʜʝʣʽ. ɸʣʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʚʘʞʘʶʪʴ ʧʦʩʪʽʡʥʠʤ, ʢʨʽʤ ʚʠʧʘʜʢʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚôʷʟʘʥʠʭ ʟ ʜʚʠʛʫʥʦʤ. ɸ ʮʝ ʥʝ ʧʦʚʥʽʩʪʶ 

ʚʽʜʦʙʨʘʞʘʻ ʜʽʡʩʥʫ ʢʘʨʪʠʥʫ ʽ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ 

ʚʽʜʭʠʣʝʥʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʆʩʦʙʣʠʚʦ ʮʝ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟ 

ʢʽʣʴʢʽʩʪʶ ʮʠʣʽʥʜʨʽʚ ʜʦ 4 ʚʢʣʶʯʥʦ. 

ʅʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʧʽʜʭʦʜʽʚ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʩʽ ʤʦʞʣʠʚʽ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʙʠʨʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʚʠʟʥʘʯʝʥʦ ʪʽ ʟ ʥʠʭ, 

ʱʦ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, ʷʢ ʚ ʩʪʦʨʦʥʫ 

ʟʙʽʣʴʰʝʥʥʷ ʪʘʢ ʽ ʟʤʝʥʰʝʥʥʷ. 



 3 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ, ʢʦʤʧôʶʪʝʨʥʦʛʦ ʪʘ 

ʘʥʘʣʽʪʠʯʥʦʛʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦ ʾ ʤʦʜʝʣʽ, ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʧʨʠʢʣʘʜʽ 

ʜʚʠʛʫʥʘ ɼ-3, ʱʦ ʧʦʢʘʟʘʣʠ ʛʘʨʥʫ ʢʦʨʝʣʷʮʽʶ. ʊʘʢʦʞ ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʧʨʠʚʝʜʝʥʠʡ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʯʦʪʠʨʠʮʠʣʽʥʜʨʦʚʠʭ ʨʷʜʥʠʭ ʪʘ V-ʧʦʜʽʙʥʠʭ 4-ʭ ʮʠʣʽʥʜʨʦʚʠʭ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣʽ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ ʛʘʨʥʫ 

ʢʦʨʝʣʷʮʽʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʮʽʥʶʚʘʪʠ ʟʤʽʥʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʢʦʝʬʽʮʽʻʥʪʦʤ ŭI, ʘ ʟʤʽʥʫ ʧʦʣʦʞʝʥʥʷ ʡʦʛʦ ʮʝʥʪʨʘ ʤʘʩ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ŭʉ. 

ʉʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʽ ʢʦʤʧʣʝʢʩʠ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʜʚʠʛʫʥʽʚ ʄʝʄɿ-2457 ʪʘ FP10C. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ 

ʜʚʠʛʫʥʽʚ ʄʝʄɿ-2457 ʪʘ FP10C, ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ, ʪʘʢʦʞ ʧʦʙʫʜʦʚʘʥʦ 

ʚʽʜʧʦʚʽʜʥʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʪʘ ʧʝʨʝʚʽʨʝʥʘ ʾʭ ʘʜʝʢʚʘʪʥʽʩʪʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʧʨʦʪʷʛʦʤ 

ʦʙʝʨʪʫ ʜʣʷ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʱʦ ʧʦʢʨʘʱʫʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ, ʪʘ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʥʘ ʙʫʜʴ-ʷʢʠʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ, ʥʘ ʱʦ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʘʪʝʥʪʠ ʥʘ ʚʠʥʘʭʦʜʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʣʷ 

ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ ʯʦʪʠʨʠʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ FP10C, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʥʽʚʝʣʶʚʘʪʠ ʚʧʣʠʚ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʡʦʛʦ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ 
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ʜʚʠʛʫʥʘ. 
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ANNOTATION  

Lomakin V.O. Decreasing Of Speed Fluctuation Of Internal Combustion 

Engine By Improving The Flywheel Design. ï Qualifying scientific work as a 

manuscript. 

The dissertation is for getting the scientific degree of the engineering sciences 

candidate, on a speciality 05.05.03 ï The Engines And Power Units, National 

Transport University. ï Zhytomyr State Technological University, Zhytomyr ï 2017. 

The dissertation is dedicate to solution of scientific problem of decreasing of 

speed fluctuation of reciprocating internal combustion engine by improving the 

flywheel design. Design of internal combustion engines used approaches for 

reduction mass of some elements of crankôs mechanism, which makes compound 

motion, to simplify further calculations. However, it makes equivalent moment of 

inertia of engineôs crank mechanism mostly consider like constant, except research of 

oscillating processes connecting with engine. Nevertheless, this approach did not 

present a complete picture and sometimes leads to large deviation of experimental 

and analytical data. Especially it is important for cranks mechanisms of internal 

combustion engines with quantity of cylinders up to forth including.  

There was build mathematical model, based on known approaches, of 

calculation equivalent moment of inertia of internal combustion engineôs crank 

mechanism be function of design mass-geometrical parameters. There were analysed 

all possible values, which recommended during designing and determinate that which 

makes maximum impact to equivalent moment of inertia to decreasing and increasing 

direction. 

Here presented results of experimental, computer and analytic with proposed 

mathematical model determinations of equivalent moment of inertia on example 

engine D-3, which shown great correlation. 

Also here present results of mathematical modelling impact of mass-geometrical 

parameters to equivalent moment of inertia of crank mechanism, and was proposed to 

estimate changing of equivalent moment of inertia of crank mechanism by coefficient 

ŭI and changing of position of centre of mass by coefficient ŭʉ. 
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There were creating hardware and software complexes for experimental research 

of speed fluctuation of engines MeMZ-2457 and FP10C at different operation modes. 

There were build regression models for them and check their adequacy. 

Design of variable equivalent moment of inertia flywheel during one rotate for 

internal combustion engines, which improve engineôs parameters and way of 

determination of total torque for internal combustion engines at any operation mode 

were proposed.  

Design of variable flywheel for one cylinder four-stroke internal combustion 

engine FP10C was creating, which give opportunity to compensate influence of 

changing equivalent moment of inertia of its crank mechanism. Determinate that 

proposed design of variable flywheel makes decrease speed fluctuation and improve 

fuel economy of engine. 

Keywords: equivalent moment of inertia, flywheel, variable flywheel, crank 

mechanism, speed fluctuation, internal combustion engine. 
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ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʂʆʈʆʏɽʅʔ  

 

ɸʎʇ ï ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ɺʄʊ ï ʚʝʨʭʥʷ ʤʝʨʪʚʘ ʪʦʯʢʘ; 

ɼɺɿ ï ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ; 

ʂʐʄ ï ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʡ ʤʝʭʘʥʽʟʤ; 

ʄʂ ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ; 

ʅʄʊ ï ʥʠʞʥʷ ʤʝʨʪʚʘ ʪʦʯʢʘ; 

ʇɸʂ ï ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ; 

Ü ʧ.ʢ.ʚ. ï ʛʨʘʜʫʩ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ; 
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ɺʉʊʋʇ 

 

ʉʫʯʘʩʥʝ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʩʫʪʪʻʚʦ ʩʪʠʤʫʣʶʻʪʴʩʷ ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʎʽ ʧʦʪʨʝʙʠ ʤʘʶʪʴ ʩʪʽʡʢʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ, 

ʱʦ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʦʱʦ. ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʚʠʛʫʥʽʚ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʨʽʚʥʷ ʡʦʛʦ ʥʘʜʽʡʥʦʩʪʽ ʚ 

ʮʽʣʦʤʫ, ʪʘʢ ʽ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʥʘʫʢʦʚʦʛʦ ʥʦʨʤʫʚʘʥʥʷ, 

ʤʦʜʝʣʶʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ, ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʦʱʦ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɼʦ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ 

ʜʚʠʛʫʥʘ ʥʘ ʘʛʨʝʛʘʪʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʎʷ ʟʘʜʘʯʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʝʩʫʨʩʫ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʚʫʟʣʽʚ ʽ 

ʘʛʨʝʛʘʪʽʚ ʜʚʠʛʫʥʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʟʥʠʞʝʥʥʷʤ ʾʭ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ, 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʤʬʦʨʪʥʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʦʱʦ. 

ɺ ʩʫʯʘʩʥʠʭ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ) ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʘʩʽʾ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʤʝʥʰʠʪʠ ʚʽʙʨʘʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʰʣʷʭʦʤ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ. ʇʦʨʫʯ ʟ ʥʠʤʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʦʤʘʩʦʚʽ ʤʘʭʦʚʠʢʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚ 

ʪʨʘʥʩʤʽʩʽʶ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʚʦʤʘʩʦʚʽ ʤʘʭʦʚʠʢʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʚ ʩʫʯʘʩʥʠʭ ɼɺɿ, ʚʦʥʠ ʥʝʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʡʦʛʦ ʭʦʜʫ ʪʘ ʥʘ 

ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʘʤʦʤʫ ʜʚʠʛʫʥʽ. 

ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʦʨʰʥʝʚʠʭ ɼɺɿ ʻ 

ʟʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ (ʂʐʄ) 

ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʦʙʝʨʪʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʻʶ. ɼʦʩʽ ʯʘʩʪʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʚ ʷʢʠʭ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʨʫʭʦʤʽ ʤʘʩʠ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ, ʘ ʩʘʤʝ ʚʦʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʦʙʝʨʪʫ [13-15, 18, 

30, 36, 37, 61, 96, 112]. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʂʐʄ ʯʘʩʪʦ 

ʚʚʘʞʘʶʪʴ ʧʦʩʪʽʡʥʠʤ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ.  
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ɺʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ 

ɼɺɿ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʦʙʝʨʪʫ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʤʘʭʦʚʠʢ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ 

ɼɺɿ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʥʘ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ʜʚʠʛʫʥʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʥʷ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʣʷ ɼɺɿ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʻ ʦʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ ʟʤʝʥʰʝʥʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɼɺɿ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʭʦʚʠʢʽʚ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʨʘʟʦʤ ʟ ʛʘʩʽʷʤʠ 

ʢʦʣʠʚʘʥʴ ʘʙʦ ʜʚʦʤʘʩʦʚʠʤʠ ʤʘʭʦʚʠʢʘʤʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʦʩʪʘʥʥʽʭ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʦʪʷʛʦʤ 2006-2018 ʨʦʢʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ çʊʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ 2020 ʨʦʢʫè, ʩʭʚʘʣʝʥʦʾ 

ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 20 ʞʦʚʪʥʷ 2010ʨ. ˉ2174-ʨ, 

çʂʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʥʘ 

ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ ʽ ʜʦ 2020 ʨʦʢʫè ʪʘ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʢʘʬʝʜʨʠ 

çɸʚʪʦʤʦʙʽʣʽʚ  ̔ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡè ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ ʧʦʚôʷʟʘʥʽ ʟ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ ʨʦʙʦʪʦʶ  ˉ 430 

çʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʭʦʚʠʢʘ ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷè 

(ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0116U005301).  

ʄʝʪʘ ʪʘ ʟʘʜʘʯ ̔ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʭʦʚʠʢʘ ɼɺɿ, ʱʦ ʢʦʤʧʝʥʩʫʻ ʟʤʽʥʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʡʦʛʦ ʂʐʄ ʧʨʦʪʷʛʦʤ ʦʙʝʨʪʫ, ʷʢʝ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʭʦʜʫ ʪʘ ʧʦʚôʷʟʘʥʠʭ ʟ ʮʠʤ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɼɺɿ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ 

ʟʘʜʘʯʽ: 

- ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʪʘ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʤʘʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʝʨʝʚʽʨʢʘ ʾʭ ʘʜʝʢʚʘʪʥʦʩʪʽ; 
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- ʘʥʘʣʽʟ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʪʘ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ 

ɼɺɿ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ, 

ʱʦ ʨʝʢʦʤʝʥʜʫʪ̒ʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ɼɺɿ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ ɼɺɿ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʡʦʛʦ ʂʐʄ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʙʦʨʫ ʤʘʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɼɺɿ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʪʘ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ; 

- ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪ̔ ʭʦʜʫ ɼɺɿ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʘʭʦʚʠʢʘ ʟʽ ʟʤʽʥʥʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʡʦʛʦ ʤʘʭʦʚʠʢʘ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʧʣʠʚ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ ɼɺɿ ʥʘ 

ʡʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʘʥʦ: ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ; ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ. ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʪʘ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʇɸʂ): ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʤʝʪʦʜʦʤ ʤʘʷʪʥʠʢʦʚʠʭ ʢʦʣʠʚʘʥʴ; ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʠʢ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʫʟʛʦʜʞʝʥʥʷʤ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʥʘʥʠʭ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʦʞ ʟʘʜʦʚʽʣʴʥʦʶ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʤ ʨʦʟʨʘʭʫʥʢʘʤ, ʦʜʝʨʞʘʥʠʭ ʦʩʦʙʠʩʪʦ, ʪʘ ʜʘʥʠʤʠ ʽʥʰʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  
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1. ɺʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʘʟ ʜʣʷ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʟʤʽʥʫ 

ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ.  

2. ɺʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ 

ɼɺɿ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʘʟ ʜʣʷ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʟʤʽʥʫ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ɼɺɿ ʥʝʦʙʭʽʜʥʦ 

ʫʜʦʩʢʦʥʘʣʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʭʦʚʠʢʘ, ʘʙʦ ʦʙʠʨʘʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥ ̔ ʜʣʷ ʮʴʦʛʦ 

ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʂʐʄ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʪʘ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʤʘʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

- ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ɼɺɿ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʂʐʄ ʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʡʦʛʦ ʭʦʜʫ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʦʙʝʨʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʣʝʛʢʠʡ ʧʫʩʢ, ʟʤʝʥʰʫʻ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ, ʧʦʢʨʘʱʫʻ ʧʘʨʘʤʝʪʨʠ ʧʨʠʡʦʤʠʩʪʦʩʪʽ ɼɺɿ [ʇʘʪʝʥʪ 

ʋʢʨʘʾʥʠ ˉ 94321 ʉ2 ʚʽʜ 26.04.2011ʨ., ɹʶʣ. ˉ 8]; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ 

ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ 

[ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 85252 ʉ2 ʚʽʜ 24.01.2007ʨ., ɹʶʣ. ˉ 1]; 

- ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ɼʇ 

çɾʠʪʦʤʠʨʩʴʢʠʡ ʙʨʦʥʝʪʘʥʢʦʚʠʡ ʟʘʚʦʜè ʪʘ ʇɯɯ ʊʆɺ çɼʘʥʽʢʦè, ʘ ʪʘʢʦʞ ʫ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʦ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ʈʦʙʦʪʘ [72] ʙʫʣʘ ʥʘʧʠʩʘʥʘ ʟʜʦʙʫʚʘʯʝʤ 
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ʦʜʥʦʦʩʽʙʥʦ. ɺ ʧʫʙʣʽʢʘʮʽʷʭ, ʥʘʧʠʩʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ: 

ʛʣʘʚʠ 1, 3, 4, ʨʦʟʜʽʣʠ 2.1, 2.2, 2.4 ʪʘ ʯʘʩʪʠʥʘ ʨʦʟʜʽʣʫ 2.3, ʚ ʷʢʽʡ ʥʘʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʜʚʠʛʫʥʽʚ ʟ 

ʢʽʣʴʢʽʩʪʶ ʮʠʣʽʥʜʨʽʚ ʜʦ 4-ʭ ʚʢʣʶʯʥʦ [73], ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ [27], ʨʦʟʨʦʙʣʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ [26], ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ 

ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ŭI [24], ʨʦʟʨʦʙʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʦʧʠʩʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ[51, 60], ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʜʣʷ ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟ 

ʜʝʟʘʢʩʘʞʝʤ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ [53], ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ 

ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʙʘʛʘʪʦʮʠʣʽʥʜʨʦʚʽ ʨʷʜʥʽ ʜʚʠʛʫʥʠ ʟ ʢʽʣʴʢʽʩʪʶ 

ʮʠʣʽʥʜʨʽʚ ʜʦ 4-ʭ ʚʢʣʶʯʥʦ[54],  ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʯʘʩʪʠʥʘ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʭʦʚʠʢʘ, 

ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ [44, 120], ʘʥʘʣʽʟ ʢʨʠʪʝʨʽʾʚ ʜʣʷ 

ʦʮʽʥʢʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʜʚʠʛʫʥʘ [56], ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ, ʷʢʠʤ ʧʦʚʠʥʝʥ 

ʚʽʜʧʦʚʽʜʘʪʠ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʘʥʘʣʽʟʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ 

ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 [28], ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʟ ʧʨʠʯʽʧʥʠʤ ʰʘʪʫʥʦʤ [55], ʧʨʦʚʝʜʝʥʥ ̫ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ [52], ʨʦʟʨʦʙʣʝʥʥ̫ 

ʤʘʪʝʤʘʪʠʯʥʦ ʾ ʤʦʜʝʣ ̔ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ 

ʰʘʪʫʥʘ [59], ʧʨʦʚʝʜʝʥʥ ̫ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʂʐʄ 

ʥʘ ʡʦʛʦ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ [49], ʧʦʙʫʜʦʚʘ ʨʝʛʨʝʩʽʡʥʦ ʾ ʤʦʜʝʣ ̔

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-2457 ʪʘ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʥʘ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ [60], ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʥʘ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ [57, 

58], ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ ʜʚʠʛʫʥʘ ʥʘ 
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ʙʘʛʘʪʦʮʠʣʽʥʜʨʦʚʽ V-ʧʦʜʽʙʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʮʠʣʽʥʜʨʽʚ ʜʦ 4-ʭ ʚʢʣʶʯʥʦ [121], 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ [122]. 

ʋ ʧʘʪʝʥʪʽ [77] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʽʜʝʷ ʢʦʥʩʪʨʫʢʮʽʾ ʯʘʩʪʠʥʠ ʤʘʭʦʚʠʢʘ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʫ ʧʘʪʝʥʪʽ [97] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʽʜʝʷ 

ʪʝʦʨʝʪʠʯʥʦʾ ʦʩʥʦʚʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʨʝʞʠʤʘʭ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʩʭʚʘʣʝʥʽ ʥʘ ʍ, ʍɯ, ʍɯɯ, ʍɯɯɯ, ʍɯV ʪʘ ʍVɯɯɯ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ: ʧʨʦʙʣʝʤʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳè (ʉʝʚʘʩʪʦʧʦʣʴ 2007 ï 2011); ʥʘ 73 ʪʘ 74 ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çMechanics, 2008è ʪʘ çMechanics, 2010è (Rzeszow, 

2008, 2010); ʥʘ ɯ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʤʫ ʩʝʤʽʥʘʨʽ çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽè ʚ ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ (ɾʠʪʦʤʠʨ 2007), ʥʘ 33, 35, 36 ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

ʧʨʠʩʚʷʯʝʥʠʭ ɼʥʶ ʫʥʽʚʝʨʩʠʪʝʪʫ ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ (ɾʠʪʦʤʠʨ, 2008, 2010, 2011); ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʠʩʚʷʯʝʥʽʡ 85-ʨʽʯʯʶ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʴʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʽʚʥʠʮʪʚʽ ʪʘ 

ʪʨʘʥʩʧʦʨʪʽè (ʍʘʨʢʽʚ 2015). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 29 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʷʭ, ʟʦʢʨʝʤʘ, 1 ï ʤʦʥʦʛʨʘʬʽʷ (ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ), 18 ï ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ, 3 ï ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, 2 ï ʧʘʪʝʥʪʠ 

ʋʢʨʘʾʥʠ, 5 ï ʫ ʤʘʪʝʨʽʘʣʘʭ ʽ ʪʝʟʘʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ. ʇʦʚʥʠʡ 

ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 194 ʩʪʦʨʽʥʢʠ, ʟ ʥʠʭ 147 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 64 

ʨʠʩʫʥʢʠ, 17 ʪʘʙʣʠʮʴ, ʙʽʙʣʽʦʛʨʘʬʽ ̫ʟ 128 ʜʞʝʨʝʣ ʥʘ 14 ʩʪʦʨʽʥʢʘʭ, 5 ʜʦʜʘʪʢʽʚ ʥʘ 

18 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ɺɯɼʆʄʀʍ ʇʆʃʆɾɽʅʔ ɼʀʅɸʄɯʂʀ ʂʈʀɺʆʐʀʇʅʆ-

ʐɸʊʋʅʅʆɻʆ ʄɽʍɸʅɯɿʄʋ ɼɺʀɻʋʅɸ ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɻʆʈʗʅʅʗ 

 

1.1 ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ɼʦ ʩʫʯʘʩʥʠʭ ɼɺɿ ʚʠʩʫʚʘʶʪʴʩʷ çʞʦʨʩʪʢè̔ ʚʠʤʦʛʠ: ʚʠʩʦʢʘ ʧʠʪʦʤʘ 

ʧʦʪʫʞʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ, ʥʠʟʴʢʘ 

ʰʫʤʦ-ʚʽʙʨʦʘʢʪʠʚʥʽʩʪʴ ʪʘ ʽʥʰʽ. ʎʝ ʧʽʜʥʽʤʘʻ ʮʽʣʠʡ ʨʷʜ ʟʘʜʘʯ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘ 

ʥʦʚʠʡ ʨʽʚʝʥʴ. 

ʊʝʦʨʽʾ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ɼɺɿ, ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʚ ʧʝʨʽʦʜ 1940-1980 ʨʨ. [38]. ɸʣʝ 

ʧʨʦʙʣʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʙʨʦʘʢʪʠʚʥʦʩʪʠ ʜʚʠʛʫʥʘ ʥʦʩʠʪʴ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʇʦʚôʷʟʘʥʦ ʮʝ ʷʢ ʟ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʶ ʚʠʙʦʨʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ, ʪʘʢ ʽ 

ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʩʠʩʪʝʤʠ ʟ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʘ ʪʘʢʦʞ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʶ ʦʢʨʝʤʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ. ʂʨʽʤ ʪʦʛʦ ʟʙʫʨʝʥʥʷ, ʱʦ ʜʽʶʪʴ, 

ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʽ ʥʦʩʷʪʴ ʥʝ ʪʽʣʴʢʠ ʧʝʨʽʦʜʠʯʥʠʡ, ʘʣʝ ʡ 

ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ [11, 17, 32, 38, 47, 62, 69, 89, 102]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʨʦʟʚʠʪʢʫ ʯʠʩʝʣʴʥʠʭ ʽ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʥʝʣʽʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ, ʫʥʽʚʝʨʩʘʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʽʚ ʫ ʟʘʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʨʦʙʣʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʰ ʯʘʩ, ʥʘʧʨʠʢʣʘʜ ʚ 

[18], ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʶ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʥʝʣʽʥʽʡʥʦʾ ʤʝʭʘʥʽʢʠ, 

ʧʦʛʘʥʦ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʽ ʪʦʯʥʠʭ ʥʝʣʽʥʽʡʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʋ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ ʟ 

ʜʠʥʘʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʘʨʘʤʝʪʨʠ ʟʘʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʣʽʥʽʡʥʽ 

ʤʦʜʝʣʽ, ʱʦ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʦʙʫʤʦʚʣʝʥʦ ʛʨʦʤʽʟʜʢʽʩʪʶ ʡ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʨʦʟʚ'ʷʟʢʫ 

ʟʘʚʜʘʥʴ ʘʥʘʣʽʟʫ ʜʣʷ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ [7, 18]. ʇʝʨʝʨʘʭʦʚʘʥʽ ʬʘʢʪʦʨʠ 

ʫʩʢʣʘʜʥʶʶʪʴ ʨʦʟʚ'ʷʟʦʢ ʥʘʛʘʣʴʥʠʭ ʧʠʪʘʥʴ ʧʨʘʢʪʠʢʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥ ̫ʩʫʯʘʩʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʬʦʨʩʦʚʘʥʠʭ, ʥʘʜʽʡʥʠʭ ʽ ʜʦʚʛʦʚʽʯʥʠʭ ʤʘʰʠʥʥʠʭ ʘʛʨʝʛʘʪʽʚ 

ʟ ɼɺɿ, ʫʩʢʣʘʜʥʶʶʪʴ ʟʜʝʰʝʚʣʝʥʥʷ ʾʭ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʡ ʜʦʚʝʜʝʥʥʷ [7].  
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ʅʘʚʽʪʴ ʟʘʨʘʟ, ʚ ʛʘʣʫʟʽ ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ɼɺɿ, ʜʦʩʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʜʝʣʽ, ʚ ʷʢʠʭ ʜʣʷ ʩʧʨʦʱʝʥʥʷ, ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʨʫʭʦʤʽ ʤʘʩʠ 

ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ [17, 38]. 

ʉʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʚʽʜʢʨʠʣʠ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ 

ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʘ ʩʴʦʛʦʜʥʽ ʚʠʡʰʣʘ 

ʥʘ ʷʢʽʩʥʦ ʥʦʚʠʡ ʨʽʚʝʥʴ. ʄʘʡʙʫʪʥʽʡ ʨʦʟʚʠʪʦʢ ʮʠʭ ʩʠʩʪʝʤ ʟʦʩʝʨʝʜʠʪʴʩʷ ʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʽ ʧʦʢʨʘʱʝʥʥʽ ʾʭ ʨʦʙʦʪʠ ʨʘʟʦʤ ʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʘʪʯʠʢʽʚ ʽ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ [12ï14, 21, 25, 29, 63, 87ï90, 95, 

98, 103, 105ï108, 110, 113, 116ï117].  

ɺ ʟʘʜʘʯʘʭ ʜʽʘʛʥʦʩʪʠʢʠ ɼɺɿ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʂʐʄ ʚʚʘʞʘʶʪʴ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ [13ï15, 30, 68, 103, 123]. ʆʪʞʝ ʥʝ 

ʜʦʩʣʽʜʞʝʥʽ ʧʠʪʘʥʥʷ ʟʥʘʯʠʤʦʩʪʽ ʚʧʣʠʚʫ ʨʫʭʦʤʠʭ ʤʘʩ ʩʫʯʘʩʥʦʛʦ ɼɺɿ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ. ʎʝ ʽ 

ʚʠʟʥʘʯʠʣʦ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ. ʉʘʤʝ ʪʦʤʫ ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʝʪʦʜʠʢʫ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʫʭʦʤʠʭ ʤʘʩ ʩʫʯʘʩʥʦʛʦ ɼɺɿ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʤʘʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʢʦʤʧʦʥʫʚʘʣʴʥʦʾ ʩʭʝʤʠ ʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʡʦʛʦ 

ʭʦʜʫ. 

 

1.2 ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʧʨʠʚʝʜʝʥʥʷ ʤʘʩ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ɼɺɿ 

 

ʋ ʜʠʥʘʤʽʮʽ ʢʦʣʠʚʘʣʴʥʦ-ʢʨʫʪʠʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʤʘʩʦʶ ʫʤʦʚʥʦ ʨʦʟʫʤʽʻʪʴʩʷ 

ʾʾ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʽʣʴʢʠ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʱʦʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʚʘʣʘ [47, 69]. ʊʦʙʪʦ ʚ ʢʦʥʪʝʢʩʪʽ ʟʘʚʜʘʥʥʷ ʧʨʠʚʝʜʝʥʥʷ ʜʽʡʩʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʾʾ 

ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʤʘʩʘ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʽ, ʷʢ ʢʨʫʪʠʣʴʥʦ-ʢʦʣʠʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ, 

ʪʘʢ ʽ ʡʦʛʦ ʽʥʝʨʮʽʡʥʘ ʚʣʘʩʪʠʚʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʚʚʦʜʠʪʴʩʷ ʜʚʘ ʚʠʜʠ ʤʘʩ: 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʘ ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ ʽ ʟʦʩʝʨʝʜʞʝʥʠʭ ʫ ʣʦʢʘʣʴʥʠʭ ʪʦʯʢʘʭ ʘʙʦ 

ʧʝʨʝʪʠʥʘʭ ʢʨʫʪʠʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʊʘʢ ʤʘʩʠ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʚʟʜʦʚʞ ʚʘʣʘ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʚ 1,5-2 ʨʘʟʠ ʡʦʛʦ ʜʽʘʤʝʪʨ, ʥʘʟʠʚʘʶʪʴʩʷ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʤʘʩʘʤʠ 

[37, 69]. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʤʘʩ ʻ ʤʘʭʦʚʝ ʢʦʣʝʩʦ, ʥʘʩʘʜʞʝʥʝ ʥʘ ʚʽʩʴ ʚʘʣʘ, ʤʫʬʪʠ, 
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ʱʦ ʟ'ʻʜʥʫʶʪʴ ʚʘʣʠ, ʪʘʢʦʞ ʂʐʄ ʧʦʨʰʥʝʚʠʭ ɼɺɿ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʣʘʥʮʶʛʦʚʦʾ ʘʙʦ 

ʨʦʟʛʘʣʫʞʝʥʦʾ ʜʠʥʘʤʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʤʦʜʝʣʽ ʢʨʫʪʠʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʜʦ ʩʢʣʘʜʫ 

ʷʢʦʾ ʚʭʦʜʷʪʴ ʧʝʨʝʜʘʪʦʯʥʽ ʤʝʭʘʥʽʟʤʠ (ʨʝʜʫʢʪʦʨʠ ʘʙʦ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʠ), ʾʭ 

ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʤʦʜʝʣʶʶʪʴʩʷ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʤʘʩʘʤʠ. ʗʢʱʦ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʘ 

ʢʨʫʪʠʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʟʜʦʚʞ ʚʘʣʘ ʙʽʣʴʰʝ ʜʚʦʭ ʜʽʘʤʝʪʨʽʚ, ʪʦ ʘʙʦ ʮʝʡ ʝʣʝʤʝʥʪ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʯʘʩʪʠʥ (ʷʢ ʧʨʘʚʠʣʦ, ʜʚʽ-ʪʨʠ ʚ ʜʠʩʢʨʝʪʥʽʡ ʤʦʜʝʣʽ), ʘʙʦ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʜʦʚʞʠʥʽ ʤʘʩʘ (ʙʝʟʫʧʠʥʥʦ ʨʦʟʧʦʜʽʣʝʥʽ 

ʧʘʨʘʤʝʪʨʠ). ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʮʝʡ ʝʣʝʤʝʥʪ ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ 

ʟ ʥʝʩʢʽʥʯʝʥʥʠʤ ʯʠʩʣʦʤ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ. ʊʦʜʽ ʾʾ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ 

ʦʧʠʩʫʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʽʟ ʯʘʩʪʢʦʚʠʤʠ ʧʦʭʽʜʥʠʤʠ 

ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʪʠʧʫ [69, 102]. 

ʋ ʟʘʜʘʯʽ ʧʨʠʚʝʜʝʥʥʷ ʤʘʩ ʚʠʜʽʣʷʶʪʴʩʷ ʜʚʘ ʘʩʧʝʢʪʠ. ʇʦ-ʧʝʨʰʝ, ʧʨʠʚʝʜʝʥʥʷ 

ʤʘʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʩʠʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʷʢ ʧʨʠʚʝʜʝʥʥʷ ʩʠʣ ʚʘʛʠ ʡ ʩʠʣ 

ʽʥʝʨʮʽʾ ʨʫʭʦʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʜʦ ʧʝʚʥʠʭ ʪʦʯʦʢ. ʇʦ-ʜʨʫʛʝ, ʧʨʠʚʝʜʝʥʥʷ ʤʘʩ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʢʨʫʪʠʣʴʥʦ-

ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʜʚʠʛʫʥʦʤ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʧʨʠʥʮʠʧʠ ʧʨʠʚʝʜʝʥʥʷ ʤʘʩ ʝʣʝʤʝʥʪʽʚ ʂʐʄ, ʷʢʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ [1, 3ï4, 6, 8, 23, 31, 33, 35, 37, 41, 64, 66, 71, 85ï86, 105, 108ï

109, 119]. 

ʇʨʠʯʠʥʦʶ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ɼɺɿ ʻ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʚʧʣʠʚ ʥʘ ʦʙʝʨʪʦʚʽ 

ʤʘʩʠ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜ ʛʘʟʦʚʠʭ ʽ ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ. ʋ ʧʦʨʰʥʝʚʠʭ ɼɺɿ ʢʨʽʤ 

ʜʝʪʘʣʝʡ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘʚʢʦʣʦ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʻ ʣʘʥʢʠ, ʱʦ 

ʟʜʽʡʩʥʶʶʪʴ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʪʘ ʩʢʣʘʜʥʠʡ ʚʠʜʠ ʨʫʭʫ. ʉʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʮʽ ʣʘʥʢʠ, ʙʝʟʫʧʠʥʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ ʜʝʷʢʠʤ ʟʘʢʦʥʦʤ. ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ 

ʮʠʭ ʩʠʣ ʜʦ ʮʝʥʪʨʫ ʚ ʢʣʘʩʠʯʥʽʡ ʤʝʭʘʥʽʮʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʤʝʪʦʜʦʤ ʇʫʘʥʩʦ, ʟʛʽʜʥʦ ʟ 

ʷʢʠʤ ʙʫʜʴ-ʷʢʫ ʩʫʢʫʧʥʽʩʪʴ ʩʠʣ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʜʦ ʛʦʣʦʚʥʦʛʦ ʚʝʢʪʦʨʘ ʡ 

ʛʦʣʦʚʥʦʛʦ ʤʦʤʝʥʪʫ ʩʠʣ ʚʽʜʥʦʩʥʦ ʦʙʨʘʥʦʾ ʪʦʯʢʠ [108, 111]. ʆʩʥʦʚʥʘ ʽʜʝʷ 

ʧʨʠʚʝʜʝʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ ʚ ʜʠʥʘʤʽʮʽ ɼɺɿ ʧʦʣʷʛʘʻ ʚ ʧʨʠʚʝʜʝʥʥʽ ʤʘʩ ʨʫʭʦʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʜʦ ʪʦʯʦʢ, ʪʨʘʻʢʪʦʨʽʾ ʷʢʠʭ ʚʽʜʦʤʽ.  
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ʗʢʱʦ ʨʫʭ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʦʢʨʝʤʠʡ ʤʝʭʘʥʽʟʤ ʘʙʦ ʦʢʨʝʤʘ ʯʘʩʪʠʥʘ 

ʘʛʨʝʛʘʪʫ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʽʻʶ ʫʟʘʛʘʣʴʥʝʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ, ʪʦ ʮʶ ʩʠʩʪʝʤʫ 

ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʥʘʡʧʨʦʩʪʽʰʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʪʘ ʚʽʜ ʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʪʘʢʦʶ ʜʠʥʘʤʽʯʥʦʶ ʤʦʜʝʣʣʶ ʻ ʘʙʦ ʦʙʝʨʪʦʚʝ 

ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʝ ʪʽʣʦ (ʟ ʧʨʠʚʝʜʝʥʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ), ʘʙʦ ʤʘʪʝʨʽʘʣʴʥʘ ʪʦʯʢʘ, 

ʱʦ ʧʝʨʝʤʽʱʫ̒ ʪʴʩʷ ʟʘ ʚʽʜʦʤʦ  ʁʪʨʘʻʢʪʦʨʽʻʁ  (ʟ ʧʨʠʚʝʜʝʥʦʶ ʤʘʩʦʶ). 

ʅʘ ʜʝʪʘʣʽ ʂʐʄ ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ ʜʽʶʪʴ ʩʠʣʠ: ʪʠʩʢʫ ʛʘʟʽʚ, ʽʥʝʨʮʽʾ, ʪʝʨʪʷ ʡ 

ʢʦʨʠʩʥʦʛʦ ʦʧʦʨʫ (ʥʘʚʘʥʪʘʞʝʥʥʷ). ʉʠʣʠ ʪʠʩʢʫ ʛʘʟʽʚ ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʩʢʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥʠ ʨʦʟʧʦʜʽʣʫ ʤʘʩ. 

ɺʠʭʦʜʷʯʠ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʫʭʫ, ʜʝʪʘʣʽ ʂʐʄ ʜʽʣʷʪʴ ʥʘ ʪʨʠ ʛʨʫʧʠ. ɼʦ 

ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴ ʪʽ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ: 

ʧʦʨʰʝʥʴ, ʧʦʨʰʥʝʚʠʡ ʧʘʣʝʮʴ ʽ ʢʽʣʴʮʷ. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴ ʜʝʪʘʣʽ, ʱʦ 

ʟʜʽʡʩʥʶʶʪʴ ʦʙʝʨʪʦʚʠʡ ʨʫʭ: ʢʨʠʚʦʰʠʧ ʽʟ ʧʨʦʪʠʚʘʛʘʤʠ. ɼʦ ʪʨʝʪʴʦʾ ʛʨʫʧʠ 

ʚʽʜʥʦʩʷʪʴ ʰʘʪʫʥ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʠʡ ʨʫʭ ʫ ʧʣʦʱʠʥʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

ʉʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʰʘʪʫʥ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʤʽʮʥʦʩʪʽ 

ʧʦʚʠʥʥʽ ʨʦʟʛʣʷʜʘʪʠʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʨʦʟʧʦʜʽʣʫ ʤʘʩʠ ʧʦ ʜʦʚʞʠʥʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ. 

ʇʨʠ ʦʮʽʥʮʽ ʟʦʚʥʽʰʥʴʦʾ ʜʽʾ ʩʠʣ ʽʥʝʨʮʽʾ, ʪʦʙʪʦ ʜʽʾ ʾʭ ʫ ʚʫʟʣʘʭ ʟʯʣʝʥʫʚʘʥʥʷ ʟ 

ʧʦʨʰʥʝʚʠʤ ʧʘʣʴʮʝʤ ʽ ʰʘʪʫʥʥʦʶ ʰʠʡʢʦʶ, ʚʠʢʦʥʫʶʪʴ ʧʨʠʚʝʜʝʥʥʷ ʤʘʩʠ, 

ʟʘʤʽʥʷʶʯʠ ʩʢʣʘʜʥʠʡ ʨʦʟʧʦʜʽʣ ʾʾ ʟʘ ʜʦʚʞʠʥʦ  ʁ ʰʘʪʫʥʘ ʢʽʥʮʝʚʠʤ ʯʠʩʣʦʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʩʝʨʝʜʞʝʥʠʭ ʤʘʩ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʩʪʨʠʞʥʽ, ʱʦ ʥʝ ʜʝʬʦʨʤʫʻʪʴʩʷ. 

ʋʤʦʚʦʶ ʧʨʠʚʝʜʝʥʥʷ ʻ ʟʙʝʨʝʞʝʥʥʷ ʟʘʢʦʥʽʚ ʨʫʭʫ ʮʝʥʪʨʫ ʤʘʩ ʽ ʢʫʪʦʚʦʛʦ ʨʫʭʫ 

ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʴʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʰʘʪʫʥ 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʩʠʣʠ ʽʥʝʨʮʽʾ ʤʘʩʠ ʰʘʪʫʥʘ, ʟʦʩʝʨʝʜʞʝʥʦʾ ʚ ʡʦʛʦ ʮʝʥʪʨʽ, ʱʦ 

ʨʫʭʘʻʪʴʩʷ ʟʘ ʪʠʤ ʞʝ ʟʘʢʦʥʦʤ, ʽ ʜʦ ʧʘʨʠ ʩʠʣ, ʱʦ ʜʽʻ ʚ ʧʣʦʱʠʥʽ ʩʠʤʝʪʨʽʾ ʰʘʪʫʥʘ. 

ʄʦʤʝʥʪ ʮʽʻʾ ʧʘʨʠ ʩʠʣ ʜʦʨʽʚʥʶʻ ʤʦʤʝʥʪʫ ʩʠʣʠ ʽʥʝʨʮʽʾ ʤʘʩʠ ʰʘʪʫʥʘ ʱʦʜʦ ʦʩʽ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʡʦʛʦ ʮʝʥʪʨ ʤʘʩ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ ʧʣʦʱʠʥʠ ʩʠʤʝʪʨʽʾ, 

ʧʦʤʥʦʞʝʥʦʤʫ ʥʘ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [31] 
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2

dt

xd
mP c
ʰxc -= ; 

2

2

dt

zd
mP c
ʰzc -= ; 

2

2

dt

d
JM ʰyc

b
-= , (1.1) 

ʜʝ xcP ʪʘ zcP  ï ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʡ ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʧʨʠʢʣʘʜʝʥʦʾ 

ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʰʘʪʫʥʘ, ʅ; 

mh  ʽ hJ  ï ʤʘʩʘ ʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʰʘʪʫʥʘ ʚʽʜʥʦʩʥʦ ʡʦʛʦ ʮʝʥʪʨʘ ʤʘʩ, ʢʛ, ʢʛĿʤ
2
; 

ycM  ï ʤʦʤʝʥʪ ʩʠʣ ʽʥʝʨʮʽʾ ʰʘʪʫʥʘ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘ ʤʘʩ (ʚʽʩʴ y), ʅĿʤ. 

 

ʇʨʠ ʥʘʙʣʠʞʝʥʦʤʫ ʨʦʟʚ'ʷʟʢʫ ʤʘʩʫ ʰʘʪʫʥʘ ʟʘʤʽʥʷʶʪʴ ʪʨʴʦʤʘ ʤʘʩʘʤʠ: m1; m2; 

m3, ʧʨʠʚʝʜʝʥʠʤʠ ʜʦ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ, ʜʦ ʦʩʽ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ ʡ ʜʦ ʮʝʥʪʨʘ 

ʤʘʩ ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 1.1 ʘ). ʅʝʦʙʭʽʜʥʦ ʧʨʠ ʮʴʦʤʫ ʜʦʪʨʠʤʫʚʘʪʠʩ ̫ ʥʘʩʪʫʧʥʠʭ 
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(1.2) 

ʜʝ hL ʪʘ 
1l ï ʜʦʚʞʠʥʘ ʰʘʪʫʥʘ ʪʘ ʚʽʜ ʮʝʥʪʨʘ ʤʘʩ ʜʦ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ, ʤʤ. 

 

ɼʣʷ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʜʘʪʢʦʚʘ ʤʘʩʘ m3 ʚʠʷʚʣʷʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʤʘʣʦʶ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʥʝʭʪʫʚʘʪʠ ʥʝʶ ʡ ʧʨʝʜʩʪʘʚʣʷʪʠ ʤʘʩʫ ʰʘʪʫʥʘ ʜʚʦʤʘ 

ʟʥʘʯʝʥʥʷʤʠ1 2m ʠm, ʦʙʨʘʥʠʤʠ ʟ ʫʤʦʚ (ʨʠʩ. 1.1 ʙ)  
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ʇʝʨʝʪʚʦʨʠʚʰʠ ʪʘ ʩʧʨʦʩʪʠʚʰʠ ʩʠʩʪʝʤʫ (1.2), ʚʨʘʭʦʚʫʶʯʠ (1.3), ʟʘʧʠʰʝʤʦ [31] 

 

( )11 llLmJ ʰʰʰ -=
¡ . (1.4) 
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ʇʨʠ ʟʽʩʪʘʚʣʝʥʥʽ ʚʠʨʘʟʽʚ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʰʘʪʫʥʘ (1.2) ʪʘ (1.4) ʚʠʜʥʦ, ʱʦ ʫ 

ʚʠʧʘʜʢʫ ʟʘʤʽʥʠ ʤʘʩʠ ʰʘʪʫʥʘ ʜʚʦʤʘ ʤʘʩʘʤʠ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ¡
ʰJ ʝʢʚʽʚʘʣʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ, ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 
ʰJ . ʎʷ ʨʽʟʥʠʮʷ, ʦʜʥʘʢ, ʥʝ ʚʝʣʠʢʘ ʽ 

ʪʦʤʫ ʥʝʶ ʟʚʠʯʘʡʥʦ ʥʝʭʪʫʶʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʤʘʩ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦʩʪʫʧʘʣʴʥʦ ʇm , ʧʨʠʚʝʜʝʥʠʤʠ ʜʦ ʦʩʽ 

ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ, ʚʽʜʥʦʩʷʪʴ ʤʘʩʠ ʧʦʨʰʥʷ 
ʧm , ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ ʧʧm .

, 

ʚʪʫʣʦʢ ʽ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ 
ʢʧm .
, ʱʦ ʬʽʢʩʫʶʪʴ ʚʽʜ ʦʩʴʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʣʝʮʴ, 

ʽ ʧʨʠʚʝʜʝʥʫ ʤʘʩʫ ʰʘʪʫʥʘ 1m . 
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ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʟʘʤʽʥʠ ʤʘʩʠ ʰʘʪʫʥʘ [31]: ʘ) ʪʨʴʦʤʘ ʤʘʩʘʤʠ; ʙ) ʜʚʦʤʘ 

ʤʘʩʘʤʠ 

 

ʊʦʙʪʦ ʤʘʩʘ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʧʦʩʪʫʧʘʣʴʥʦ 

 

1.. mmmmm ʢʧʧʧʧʇ +++= . (1.5) 

 

ɼʦ ʦʙʝʨʪʦʚʠʭ ʤʘʩ ʚʽʜʥʦʩʷʪʴʩʷ ʤʘʩʘ ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʭ ʯʘʩʪʠʥ ʢʨʠʚʦʰʠʧʘ ʡ 

ʯʘʩʪʠʥʘ ʤʘʩʠ ʰʘʪʫʥʘ. ɿʚʠʯʘʡʥʦ ʮʽ ʤʘʩʠ ʧʨʠʚʦʜʷʪʴ ʜʦ ʦʩʽ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ. 

ʋʤʦʚʦʶ ʧʨʠʚʝʜʝʥʥʷ ʻ ʨʽʚʥʽʩʪʴ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʧʨʠʚʝʜʝʥʦʾ ʡ ʜʽʡʩʥʦʾ ʤʘʩ (ʨʠʩ. 

1.2 ) [31]. 
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ʊʘʢ, ʜʣʷ ʢʨʠʚʦʰʠʧʘ ʜʽʩʪʘʥʝʤʦ 22 rww ʢʢr mrm = , ʟʚʽʜʢʠ ʤʘʻʤʦ 

 

r
mm ʢʢr

r
= , (1.6) 

ʜʝ mʢ ʽ mʢr ï ʜʽʡʩʥʘ ʤʘʩʘ ʢʨʠʚʦʰʠʧʘ ʪʘ ʧʨʠʚʝʜʝʥʘ ʜʦ ʡʦʛʦ ʨʘʜʽʫʩʘ, ʢʛ; 

r ʽ r ï ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ ʪʘ ʚʽʜʩʪʘʥʴ ʜʦ ʮʝʥʪʨʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʘ ʚʽʜ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ, ʤ. 

 

Dr

ɟ

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʧʨʠʚʝʜʝʥʥʷ ʤʘʩʠ ʢʨʠʚʦʰʠʧʘ  

 

ʉʫʤʘ ʤʘʩʠ ʰʘʪʫʥʘ m2, ʚʽʜʥʝʩʝʥʦʾ ʜʦ ʦʩʽ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ, ʽ ʧʨʠʚʝʜʝʥʦʾ ʤʘʩʠ 

ʢʨʠʚʦʰʠʧʘ mʢr ʩʢʣʘʜʘʶʪʴ ʨʝʟʫʣʴʪʫʶʯʫ ʤʘʩʫ mr=mʢr+m2 ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʭ 

ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ ʢʨʠʚʦʰʠʧʘ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʦʩʽ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ. 

 

1.3 ɺʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʝʣʝʤʝʥʪʽʚ ʜʚʠʛʫʥʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʨʰʥʝʚʠʭ ɼɺɿ, ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʜʘʯ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, 

ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ ʚʚʘʞʘʶʪʴ ʧʦʩʪʽʡʥʠʤ [1, 3ï4, 6, 8, 

23, 31, 33, 35, 37, 41, 64, 66, 71, 85ï86, 105, 108ï109, 119] ʪʘ ʽʥ.  

ɼʣʷ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʟ ʂʐʄ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʟʤʽʥʘ ʢʫʪʦʚʦʾ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ɤ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚʽʜ ʢʫʪʘ ʡʦʛʦ ʧʦʚʦʨʦʪʫ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʤʽʥʣʠʚʦʩʪʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ Mʢʨ ʪʘ ʤʦʤʝʥʪʫ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʪʘ 

ʦʧʦʨʫ Mw [31]. 
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ʈʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

ʚʠʟʥʘʯʘʶʪʴ, ʚʠʭʦʜʷʯʠ ʽʟ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʫ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ 

 

wʢʨ MM
dt

d
J -=
w

, (1.7) 

ʜʝ Jï ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʩʽʭ ʤʘʩ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ ʪʘ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ 

ʨʫʭʘʶʪʴʩʷ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʢʛĿʤ
2
. 

 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʚʠʛʫʥʘ ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ, ʢʛĿʤ
2
 

 

ʘʚʪʘʜʧʤʚʢ JJJJJJJ +++++= .2.. , (1.8) 

ʜʝ ..ʚʢJ  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʢʛĿʤ
2
; 

ʘʚʪʘʜʧʤ
JJJJJ ;;;;

.2  ï ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ, ʱʦ ʧʨʠʚʝʜʝʥʽ ʜʦ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, 

ʚʽʜʧʦʚʽʜʥʦ, ʤʘʩʠ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʰʘʪʫʥʘ, ʧʨʠʚʝʜʝʥʦʾ ʜʦ ʦʩʽ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ; 

ʤʘʭʦʚʠʢʘ; ʤʘʩ ʂʐʄ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦʩʪʫʧʘʣʴʥʦ; ʘʛʨʝʛʘʪʽʚ, ʱʦ ʧʨʠʚʦʜʷʪʴʩʷ ʚʽʜ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ; ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʘʙʦ ʪʨʘʢʪʦʨʘ, ʢʛĿʤ
2
. 

 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʘʻ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʦʚʽ, 

ʢʛĿʤ
2
 

 

ʜʧʨʱʰʢʚʢ JJJJJJ ++++=.. , (1.9) 

ʜʝ 
ʢJ  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʦʨʽʥʥʠʭ ʰʠʡʦʢ, ʢʛĿʤ

2
; 

ʰJ  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʰʘʪʫʥʥʠʭ ʰʠʡʦʢ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʦʩʽ ʢʦʨʽʥʥʠʭ ʰʠʡʦʢ, 

ʢʛĿʤ
2
; 

ʧʨʱ JJ ,  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʱʽʢ ʽ ʧʨʦʪʠʚʘʛ, ʧʨʠʚʝʜʝʥʽ ʜʦ ʦʩʽ ʢʦʨʽʥʥʠʭ ʰʠʡʦʢ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ , ʢʛĿʤ
2
; 

ʜJ  ï ʫ ʜʚʠʛʫʥʽ ʟ ʜʝʤʧʬʝʨʦʤ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʯʘʩʪʠʥʠ ʜʝʤʧʬʝʨʘ, ʱʦ 

ʟʚ'ʷʟʘʥʠʡ ʞʦʨʩʪʢʦ ʟ ʢʦʣʽʥʯʘʩʪʠʤ ʚʘʣʦʤ, ʢʛĿʤ
2
. 
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ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʩʠ ʰʘʪʫʥʘ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʦʩʽ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ 

ʚʠʟʥʘʯʘʶʪʴ ʟ ʚʠʨʘʟʫ 2

22 rmJ = . ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʱʽʢ ʽ ʧʨʦʪʠʚʘʛ, ʷʢʽ ʤʘʶʪʴ ʩʢʣʘʜʥʫ 

ʬʦʨʤʫ, ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʩʫʤʠ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʩʪʦʾ 

ʬʦʨʤʠ, ʥʘ ʷʢʽ ʾʭ ʨʦʟʙʠʚʘʶʪʴ. ʊʘʢ ʩʘʤʦ ʨʦʙʣʷʪʴ ʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʦʤʝʥʪʽʚ 

ʽʥʝʨʮʽʾ ʜʝʤʧʬʝʨʘ ʡ ʤʘʭʦʚʠʢʘ. 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʩ ʜʝʪʘʣʝʡ ʂʐʄ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦʩʪʫʧʘʣʴʥʦ ʜʧJ . , 

ʚʠʟʥʘʯʘʶʪʴ, ʧʨʝʜʩʪʘʚʣʷʶʯʠ ʾʭ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʠʩʢʦʤ, ʚʠʭʦʜʷʯʠ ʽʟ ʨʽʚʥʦʩʪʽ 

ʢʽʥʝʪʠʯʥʠʭ ʝʥʝʨʛʽʡ 

 

22

2

.

2

. w
ʜʧ

ʜʧ J
vm
= , (1.10) 

ʜʝ ʜʧm . ï ʤʘʩʘ ʯʘʩʪʠʥ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦʩʪʫʧʘʣʴʥʦ, ʢʛ. 

 

ɺʨʘʭʦʚʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʨʰʥʷ ʪʘ ʧʨʦʚʽʚʰʠ ʧʝʚʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ [31], ʢʛĿʤ
2
 

 

24
1

2

2

.

22
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rmrm
J ʜʧʜʧ
ʜʧ ºöö

÷

õ
ææ
ç

å
+=
l

,  (1.11) 

ʜʝ l ï  ʢʽʥʝʤʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʂʐʄ. 

 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʩJ  ʤʘʩʠ, ʷʢʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʢʦʣʽʥʯʘʩʪʠʤ ʚʘʣʦʤ 

ʧʦʥʠʞʫʚʘʣʴʥʦʶ ʧʝʨʝʜʘʯʝʶ, ʧʨʠʚʦʜʷʪʴ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ 
2i

J
J ʜʩ
ʧʨ= , ʘ ʧʨʠ ʧʽʜʚʠʱʫʚʘʣʴʥʽʡ ï 2iJJ ʜʩʧʨ= . 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʩʠ ʘʚʪʦʤʦʙʽʣʷ aM  ʧʨʠʚʦʜʠʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʝʨʝʜʘʪʦʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʧʢi .  ʽ ʛʦʣʦʚʥʦʾ ʧʝʨʝʜʘʯʽ 0i , ʢʛĿʤ
2
 

 

0.

2

ii

rM
J

ʧʢ

ka
ʘʚʪ= ,  (1.12) 

ʜʝ kr ï ʨʘʜʽʫʩ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʽʣʷ, ʤ. 
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ɸʣʝ ʧʨʠ ʚʠʚʯʝʥʥʽ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ɼɺɿ, ʪʨʘʥʩʤʽʩʽʻʶ ʪʘ 

ʨʫʰʽʻʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ 

ʨʦʟʛʣʷʜʘʶʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ.  

ɼʝʷʢʽ ʘʚʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʽʜ ʤʘʩ, ʱʦ ʨʫʭʘʶʪʴʩʷ 

ʧʦʩʪʫʧʘʣʴʥʦ, ʩʧʨʦʱʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʬʫʥʢʮʽʡ ʾʭ ʨʫʭʫ [17, 

38, 75], ʘ ʜʦʩʣʽʜʥʠʢʠ [39, 48] ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ 

ʥʝʧʦʩʪʽʡʥʦʩʪʽ ʦʩʴʦʚʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʦʪʦʨʥʠʭ ʤʘʩ ʧʨʠ ʚʠʚʯʝʥʥʽ ʧʠʪʘʥʴ 

ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

ɺ ʨʦʙʦʪʽ [90] ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʦʧʦʟʠʪʥʦʛʦ ʜʚʫʭʮʠʣʽʥʜʨʦʚʦʛʦ ɼɺɿ ʥʘ ʢʨʫʪʠʣʴʥʦ-ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚ 

ʪʨʘʥʩʤʽʩʽʾ. ɸ ʩʘʤʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʘʟ ʱʦʜʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, 

ʢʛĿʤ
2
 

 

,222
2
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2

2
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V
mI +ÖÖ+ÖÖ+ÖÖ=

w

w

ww
 (1.13) 

ʜʝ mn ï ʤʘʩʘ ʧʦʨʰʥʷ, ʢʛ; 

 Vn - ʰʚʠʜʢʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʰʥʷ, ʤ/ʩ;  

kw  ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʢʨʠʚʦʰʠʧʘ ʨʘʜ/ʩ; mʰ - ʤʘʩʘ ʰʘʪʫʥʘ, ʢʛ;  

Vsʰ ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʮʝʥʪʨʘ ʤʘʩ ʰʘʪʫʥʘ, ʤ/ʩ;  

shw  ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʰʘʪʫʥʘ, ʨʘʜ/ʩ;  

ɯh ï ʮʝʥʪʨʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʰʘʪʫʥʘ, ʢʛĿʤ
2
;  

ʤʤmhʨʚʨʨʨʨʜ IiIiIiII +Ö++Ö=
22

.... )(  ï ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʢʛĿʤ
2
;
 

ɯʨ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʚ ʟʙʦʨʽ;  

ɯʨ.ʚ. ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʚʘʣʘ ʚ ʟʙʦʨʽ;  

ɯm  hï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʰʝʩʪʝʨʥʽ ʤʘʩʣʦ ʥʘʩʦʩʫ; 

ɯʤ ï  ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ ʟʽ ʟʯʝʧʣʝʥʥʷ; 

ʨ̔.ʨ., iʨ, ʤ̔ ï ʧʝʨʝʜʘʚʘʣʴʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʚʘʣʘ ʜʦ ʛʝʥʝʨʘʪʦʨʘ, ʚʽʜ 

ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʜʦ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʚʽʜ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʤʘʩʣʷʥʦʛʦ 

ʥʘʩʦʩʫ ʚʽʜʧʦʚʽʜʥʦ. 
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ɺʠʨʘʟ (1.13) ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʝʜʩʪʘʚʠʪʠ [90], ʢʛĿʤ
2
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 (1.14) 

ʜʝ R ï ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ, ʤ; 

 l ï ʜʦʚʞʠʥʘ ʰʘʪʫʥʘ, ʤ; 

 h ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ ʜʦ ʮʝʥʪʨʘ ʚʘʛʠ ʰʘʪʫʥʘ, ʤ; 

 ű ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ Á ʧ.ʢ.ʚ.. 

 

ɼʣʷ ʜʚʠʛʫʥʘ ʄʊ 10-36 ʚʠʨʘʟ (1.14) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʘ 

ʌʫʨôʻ j2cos00004,00639,0 Ö-ºʧʨI  ʅĿʤĿʩ
2 

[90]. ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʘʤʧʣʽʪʫʜʘ 

ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦ ʾʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʻ ʪʨʝʪʽʡ ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽ ʰʦʩʪʠʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, 

ʧʨʠʢʣʘʜʝʥʦʤʫ ʟʽ ʩʪʦʨʦʥʠ ʢʦʣʝʩʘ, ʥʝʶ ʥʝʭʪʫʶʪʴ. 

ɼʦʩʣʽʜʥʠʢʠ [63] ʧʨʠ ʚʠʚʯʝʥʥʽ ʧʠʪʘʥʥʷ ʧʨʠʚʝʜʝʥʥʷ ʂʐʄ ɼɺɿ ʜʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʢʦʣʠʚʘʣʴʥʦ-ʢʨʫʪʠʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʙˇʨʫʥʪʫʚʘʣʠ, 

ʱʦ ʂʐʄ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʢʫʪʘʭ 

ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʢʨʘʪʥʠʭ ʜʝʚôʷʥʦʩʪʦ ʛʨʘʜʫʩʽʚ. ɿʛʽʜʥʦ ʟ [70] ʚʠʨʘʟ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ, ʢʛĿʤ
2
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 (1.15) 

ʜʝ Iʢʚ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʢʛĿʤ
2
;  

y ï ʢʫʪ ʤʽʞ ʚʽʩʩʶ ʰʘʪʫʥʘ ʪʘ ʛʦʨʠʟʦʥʪʘʣʣʶ,Á. 
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ɺ [103] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʙʣʠʟʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʂʐʄ, ʷʢʠʡ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʢʛĿʤ
2
 

 

),)1((5.0 2

ʧʰʂɺʧʨ
mkmRII +++=  (1.16) 

ʜʝ 
l

h
k= . 

 

ɺ ʨʦʙʦʪʽ [61], ʜʣʷ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 4-ʭ 

ʮʠʣʽʥʜʨʦʚʦʛʦ ʨʷʜʥʦʛʦ ɼɺɿ ʥʘ ʢʦʣʠʚʘʥʥʷ ʩʠʩʪʝʤʠ çʜʚʠʛʫʥ-ʧʽʜʚʽʩʢʘè, ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʃʘʛʨʘʥʞʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʜʠʥʘʤʽʯʥʫ ʥʝʧʦʩʪʽʡʥʽʩʪʴ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʜʝʪʘʣʷʤʠ ʂʐʄ. 

ʆʢʨʝʤʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ɼɺɿ ʚ ʟʘʜʘʯʘʭ ʜʽʘʛʥʦʩʪʠʢʠ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʝ 

ʧʠʪʘʥʥʷ ʩʪʦʾʪʴ ʧʨʠ ʦʮʽʥʮʽ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʚ ʮʠʣʽʥʜʨʘʭ [30, 69, 

104, 106]. ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʫʪ ʻ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʙʦʪʠ 

ʮʠʣʽʥʜʨʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚ 

ʤʝʞʘʭ ʢʫʪʽʚ ʡʦʛʦ ʧʦʚʦʨʦʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʙʦʯʠʤ ʪʘʢʪʘʤ ʢʦʥʢʨʝʪʥʠʭ 

ʮʠʣʽʥʜʨʽʚ [30]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʨʘʟ 
2

2w

j
Ö

d

dIʧʨ , 

ʱʦ ʚʠʟʥʘʯʘʻ ʟʤʽʥʥʫ ʩʢʣʘʜʦʚʫ ʟʤI  ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ ʚʽʜ ʟʚʦʨʦʪʥʴʦ-ʧʦʩʪʫʧʘʣʴʥʠʭ ʤʘʩ 

ʧʦʨʰʥʽʚ ʪʘ ʯʘʩʪʠʥʠ ʤʘʩʠ ʰʘʪʫʥʽʚ, ʷʢʽ ʚʽʜʥʝʩʝʥʽ ʜʦ ʦʩʝʡ ʧʘʣʴʮʽʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʮʠʣʽʥʜʨʽʚ. ʏʘʩʪʢʘ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʤI  ʚ ʩʫʤʘʨʥʦʤʫ ʤʦʤʝʥʪʽ ʽʥʝʨʮʽʾ ʩʢʣʘʜʘʻ 1ï

2,7%, ʘ ʧʝʨʽʦʜ ʡʦʛʦ ʟʤʽʥʠ ʢʨʘʪʥʠʡ ʢʫʪʦʚʠʤ ʽʥʪʝʨʚʘʣʘʤ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʯʠʤ ʭʦʜʘʤ ʮʠʣʽʥʜʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʯʦʪʠʨʠʮʠʣʽʥʜʨʦʚʦʛʦ ʨʷʜʥʦʛʦ ʜʚʠʛʫʥʘ [30], ʢʛĿʤ
2
 

 

öö
÷

õ
ææ
ç

å
-+-=

¡
j

ll
j 4cos

44
2cos12

22
2

1RmIʟʤ ,  (1.17) 

 

ʘ ʤʦʤʝʥʪ ʚʽʜ ʩʠʣ ʽʥʝʨʮʽʾ ʤʘʩ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦʩʪʫʧʘʣʴʥʦ [30], ʅĿʤ 



 38 

222

1

22

1 4sin2sin2 jwljw RmRmM j += . (1.18) 

 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʚʧʣʠʚ ʟʤʽʥʥʦ ʾʩʢʣʘʜʦʚʦʾ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 
2

2w

j
Ö

d

dIʧʨ  ʚ 20-

30 ʨʘʟʽʚ ʤʝʥʰʠʡ ʟʘ ʚʧʣʠʚ ʧʦʩʪʽʡʥʦʾ (ʟʛʽʜʥʦ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ (1.17)), ʮʽʻʶ 

ʩʢʣʘʜʦʚʦʶ ʥʝʭʪʫʶʪʴ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʽʦʜ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʠʤ .́ ʂʨʘʪʥʽʩʪʴ ʧʝʨʽʦʜʫ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚʽʜ 

ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʤI

 

ʢʫʪʦʚʠʤ ʽʥʪʝʨʚʘʣʘʤ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ , ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʙʦʯʠʤ ʪʘʢʪʘʤ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʽʜʝʥʪʠʯʥʽʩʪʴ ʚʧʣʠʚʫ jM  ʥʘ ʟʤʽʥʫ ʙʘʣʘʥʩʫ ʤʦʤʝʥʪʽʚ [30]. 

 

1.4 ɸʥʘʣʽʟ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʚ ʧʨʠʚʦʜʽ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʜʚʠʛʫʥʘ 

 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ɼɺɿ ʟʫʤʦʚʣʝʥʘ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʟʤʫʰʫʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ ï ʧʨʦʪʽʢʘʥʥʷʤ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʢʨʝʤʠʭ 

ʮʠʣʽʥʜʨʘʭ ʪʘ ʢʨʫʪʠʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʝʣʝʤʝʥʪʽʚ ɼɺɿ. ʆʩʪʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʩʠʪʴ ʥʝʙʝʟʧʝʯʥʠʤʠ ʪʘ ʟʥʘʯʥʠʤʠ ʟʘ ʫʤʦʚʠ ʨʝʟʦʥʘʥʩʫ. ʇʨʘʢʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʥʝ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʟʘ ʚʝʣʠʢʠʤ 

ʯʠʩʣʦʤ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ. ɼʣʷ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʪʘʪʥʴʦ ʧʝʨʰʽ (ʥʠʞʯʽ) 2-

3 ʟ ʥʠʭ, ʟ ʷʢʠʤʠ ʚ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʤʦʞʫʪʴ ʨʝʟʦʥʫʚʘʪʠ 3-4 

ʛʘʨʤʦʥʽʢʠ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʄʢʨ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʩʣʫʛʫʻ ʪʝ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜ ʛʘʨʤʦʥʽʢ ʄʢʨ ʰʚʠʜʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭ ʧʦʨʷʜʢʫ 

ʪʘ ʧʨʠ ʨʝʟʦʥʘʥʩʽ, ʥʘ ʯʘʩʪʦʪʽ ʚʠʱʦʶ ʟʘ 4ɤ ʚʝʣʠʢʠʭ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʥʝ ʙʫʜʝ, 

ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʩʪʽ ʄʢʨ [35]. 

ɺʩʽ ʧʨʠʯʠʥʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʦʢʨʝʤʠʭ ʮʠʣʽʥʜʨʘʭ, ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʬʘʢʪʦʨʠ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʮʠʣʽʥʜʨʽʚ; 

ʬʘʢʪʦʨʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʤʽʞʮʠʢʣʦʚʽ ʢʦʣʠʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ [106]. 
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ɺ ʜʽʘʛʥʦʩʪʠʮʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʰʫʤʽʚ. ɺ 

ʟʘʛʘʣʴʥʦʤʫ ʰʫʤʽ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ 

ʟʘ ʯʘʩʪʦʪʦʶ ʪʘ ʘʤʧʣʽʪʫʜʦʶ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʭʘʨʘʢʪʝʨʥʠʭ ʨʽʚʥʷ ʧʨʫʞʥʠʭ ʪʘ 

ʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ: ʤʘʢʨʦʩʢʦʧʽʯʥʠʡ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ. ʄʘʢʨʦʩʢʦʧʽʯʥʠʡ ʨʽʚʝʥʴ 

ʦʙʫʤʦʚʣʝʥʦ ʽʤʧʫʣʴʩʘʤʠ ʟʥʘʯʥʦʾ ʩʠʣʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ 

(ʩʧʘʣʘʭʠ ʚ ʮʠʣʽʥʜʨʘʭ, ʫʜʘʨʠ ʢʣʘʧʘʥʽʚ, ʫʜʘʨʠ ʟʫʙʮʽʚ ʰʝʩʪʝʨʝʥʴ ʧʨʠ ʚʭʦʜʽ ʪʘ 

ʚʠʭʦʜʽ ʟ ʟʘʯʝʧʣʝʥʥʷ, ʫʜʘʨʠ ʨʦʣʠʢʽʚ ʦ ʭʚʠʣʽ ʙʽʛʦʚʦʾ ʜʦʨʽʞʢʠ ʧʽʜʰʠʧʥʠʢʽʚ ʪʘ 

ʽʥʰʽ). ʇʨʠ ʟʥʘʯʥʠʭ ʟʘʟʦʨʘʭ ʤʽʞ ʜʝʪʘʣʷʤʠ ʽʤʧʫʣʴʩʥʽ ʩʠʣʠ ʥʘʙʫʚʘʶʪʴ ʫʜʘʨʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʫʰʝʥʥʷ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ, ʷʢʽ 

ʤʦʜʫʣʶʶʪʴʩʷ ʚʠʤʫʰʝʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ. ʇʦʷʚʘ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʧʦʚôʷʟʘʥʘ ʟ ʜʠʩʢʨʝʪʥʦʶ ʧʨʠʨʦʜʦʶ ʩʠʣ ʪʝʨʪʷ. ʇʦʚʝʨʭʥʷ ʣʶʙʦʾ ʜʝʪʘʣʽ ʟʘʚʞʜʠ 

ʥʝʦʜʥʦʨʽʜʥʘ, ʰʦʨʩʪʢʘ. ɰʾ ʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʦʙʨʦʙʢʠ ʪʘ ʭʘʨʘʢʪʝʨʫ 

ʟʥʦʰʫʚʘʥʥʷ. ʌʣʫʢʪʫʘʮʽʷ ʩʠʣʠ ʪʝʨʪʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ, ʱʦʙ ʟʙʫʜʠʪʠ ʚ ʤʘʪʝʨʽʘʣʽ 

ʜʝʪʘʣʝʡ ʧʨʫʞʥʽ ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʨʝʛʫʣʷʨʥʠʡ ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ 

ʰʫʤʦʚʦʛʦ ʬʦʥʫ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦ ʜʽʶʯʠʭ ʜʞʝʨʝʣ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʡ 

ʦʙʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʢʨʝʤʠʭ ʯʘʩʪʦʪ, ʢʨʘʪʥʠʭ ʯʠʩʣʫ ʦʙʝʨʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ [22]. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɼɺɿ ʥʝʦʙʭʽʜʥʫ ʰʚʠʜʢʦʜʽʶ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤ ʧʨʦʮʝʩʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʧʦʭʠʙʢʠ ʨʝʘʣʽʟʘʮʽʾ ʨʝʛʫʣʶʚʘʥʴ ʜʚʠʛʫʥʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʨʝʞʠʤʥʦʾ ʪʦʯʢʠ ʧʦ ʮʠʢʣʦʚʦʤʫ ʥʘʧʦʚʥʝʥʥʶ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤ ʧʨʦʮʝʩʦʤ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʰʚʠʜʢʦʜʽʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʮʠʢʣʦʚʦʛʦ 

ʥʘʧʦʚʥʝʥʥʷ ʜʚʠʛʫʥʘ, ʷʢʘ ʣʝʞʠʪʴ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ ʚʽʜ 0 ʜʦ 20 ɻʮ [21]. 

ʇʨʠ ʽʥʜʠʮʠʨʫʚʘʥʥʽ ɼɺɿ ʯʘʩʪʦʪʫ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʜʘʪʯʠʢʘ ʧʽʜʙʠʨʘʶʪʴ ʟʘ 

ʫʤʦʚʠ, ʱʦʙ ʚʦʥʘ ʧʝʨʝʚʠʱʫʚʘʣʘ ʯʘʩʪʦʪʫ ʛʘʨʤʦʥʽʢ ʥʘʡʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʽʟ ʯʠʩʣʘ 

ʩʢʣʘʜʦʚʠʭ ʜʽʘʛʨʘʤʠ. ɼʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʜʽʘʛʨʘʤʘ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʘ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʛʘʨʤʦʥʽʢ ʥʝ ʥʠʞʯʝ 150 ʧʦʨʷʜʢʫ, ʪʦʙʪʦ ʤʝʞʘ ʧʦʣʦʩʠ 

ʯʘʩʪʦʪ ʜʣʷ ʯʦʪʠʨʠʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʥʠʞʯʦʶ 1,25n ɻʮ [88]. 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʫʚʘʛʫ ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʧʨʠʚʝʨʥʫʚ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʨʫʪʠʣʴʥʽ 

ʢʦʣʠʚʘʥʥʷ ʧʨʠʚʦʜʽʚ ɼɺɿ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʦʣʦʤʢʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʘʣʝ ʡ ʚʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ, ʷʢʽ ʨʘʥʽʰʝ ʚʢʣʶʯʘʣʠʩʷ ʫ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ 

ʜʽʾ ʧʨʠʚʦʜʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ ʚʪʨʘʪ ʧʨʠ ʨʝʟʦʥʘʥʩʥʽ ʪʘ 

ʙʣʠʟʴʢʠʭ ʜʦ ʥʴʦʛʦ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʽ ʮʝ ʩʪʘʚʠʪʴ ʙʦʨʦʪʴʙʫ 

ʟ ʢʦʣʠʚʘʥʥʷʤʠ ʚ ʯʠʩʣʦ ʟʘʭʦʜʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴ ʜʦ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʤʘʰʠʥ. 

ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʚ ʤʘʪʝʨʽʘʣʽ ʪʘ ʪʝʨʪʷ ʚ ʟôʻʜʥʘʥʥʷʭ (ʢʦʥʩʪʨʫʢʮʽʡʥʝ 

ʜʝʤʧʬʫʚʘʥʥʷ) ʻ ʧʨʠʯʠʥʦʶ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʩʝʨʝʜʠʥʽ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʧʽʭʠ, ʜʦʩʷʛʥʫʪʽ ʧʨʠ ʚʠʚʯʝʥʥʽ ʧʨʠʨʦʜʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, 

ʤʝʭʘʥʽʟʤ ʮʴʦʛʦ ʩʢʣʘʜʥʦʛʦ ʷʚʠʱʘ ʜʦʪʝʧʝʨ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤ. 

ʇʨʠ ʚʨʘʭʫʚʘʥʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʚ ʤʘʪʝʨʽʘʣʽ ʟʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚôʷʟʢʦ-

ʧʨʫʞʥʘ ʤʦʜʝʣʴ, ʱʦ ʧʨʠʧʫʩʢʘʻ ʟʘʣʝʞʥʽʩʪʴ ʩʠʣ ʪʝʨʪʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ, 

ʪʦʙʪʦ ʚʽʜ ʯʘʩʪʦʪʠ ʧʨʦʮʝʩʫ. ɼʣʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʠʡ ʥʘʜʽʡʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʘʧʘʨʘʪ. ʆʜʥʘʢ, ʚôʷʟʢʦ-ʧʨʫʞʥʘ ʤʦʜʝʣʴ ʥʝ ʚʨʘʭʦʚʫʻ ʨʝʣʘʢʩʘʮʽʶ ʥʘʧʨʫʛ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʠʣʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʝ ʧʨʫʞʥʦʛʦ 

ʦʧʦʨʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ, ʘ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʘʤʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʛʽʧʦʪʝʟʘ ɽ.ʉ. ʉʦʨʦʢʽʥʘ) [17, 93]. ʆʩʦʙʣʠʚʦ ʮʝ 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʪʝʨʪʷ ʚ ʪʘʢ ʟʚʘʥʠʭ ʥʝʨʫʭʦʤʠʭ ʟ'ʻʜʥʘʥʥʷʭ (ʧʨʝʩʦʚʠʭ, 

ʟʘʢʣʝʧʦʯʥʠʭ, ʨʽʟʴʙʦʚʠʭ, ʟʚʘʨʥʠʭ ʪʦʱʦ). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʨʪʷ ʚ ʨʫʭʦʤʠʭ 

ʟ'ʻʜʥʘʥʥʷʭ (ʧʽʜʰʠʧʥʠʢʘʭ, ʥʘʧʨʷʤʥʠʭ, ʧʝʨʝʜʘʯʘʭ ʪʦʱʦ), ʢʦʣʠ ʽʛʥʦʨʫʻʪʴʩʷ 

ʜʝʬʦʨʤʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ, ʪʝʨʪʷ ʚ ʥʝʨʫʭʦʤʦʤʫ ʟ'ʻʜʥʘʥʥʽ 

(ʢʦʥʩʪʨʫʢʮʽʡʥʝ ʜʝʤʧʬʽʨʫʚʘʥʥʷ) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʨʘʭʫʚʘʥʥʽ 

ʷʢ ʩʠʣ ʪʝʨʪʷ ʧʦ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʥʷʭ, ʪʘʢ ʽ ʜʝʬʦʨʤʘʮʽʡ ʟôʻʜʥʘʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʊʝʦʨʽʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʥʘʡʧʨʦʩʪʽʰʠʭ ʫʷʚʣʝʥʥʷʭ 

ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ (ʟʘʢʦʥ ɻʫʢʘ) ʽ ʧʨʦ ʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʪʘʢʪʥʠʭ 

ʧʦʚʝʨʭʦʥʴ (ʟʘʢʦʥ ʩʫʭʦʛʦ ʪʝʨʪʷ). ʎʠʤ ʫʷʚʣʝʥʥʷʤ ʚʽʜʧʦʚʽʜʘʻ ʷʚʠʱʝ ʛʽʩʪʝʨʝʟʠʩʫ, 

ʦʩʢʽʣʴʢʠ ʚʠʜ ʽ ʧʣʦʱʘ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ 

ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ ʧʨʦ ʢʦʥʩʪʨʫʢʮʽʡʥʝ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʙʫʜʦʚʠ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 
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ʧʣʦʱʽ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟ'ʻʜʥʘʥʴ ʚʩʽʻʾ ʘʙʦ ʯʘʩʪʠʥʠ ʢʦʣʠʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʘʚʪʦʤʦʙʽʣʷ ʜʦʮʽʣʴʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ, ʦʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ ʤʘʻ 

ʤʽʩʮʝ ʡ ʧʨʫʞʥʘ ʩʢʣʘʜʦʚʘ ʜʝʬʦʨʤʘʮʽʾ ï ʞʦʨʩʪʢʽʩʪʴ. 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʧʨʠʚʜ̔ ʧʨʘʮʶʻ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ 

ʚʘʣʽʚ ʚʽʜ ʥʫʣʷ ʜʦ 6000 ʭʚ
-1
. ɺʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʟʙʫʨʶʚʘʥʴ ʚʽʜ 

ʛʘʨʤʦʥʽʢʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ɼɺɿ ʜʦʩʷʛʘʻ 200 ɻʮ. ɺ ʮʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʨʠʩʫʪʥʽ ʥʠʞʯʽ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʧʨʠʚʦʜʫ. ʊʦʤʫ ʥʘʷʚʥʽʩʪʴ 

ʢʨʠʪʠʯʥʠʭ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ ʻ ʥʝʤʠʥʫʯʠʤ ʬʘʢʪʦʤ. ʗʢʱʦ ʜʣʷ ʜʠʟʝʣʴ - 

ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʽʥʰʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ɼɺɿ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ 

ʦʙʝʨʪʘʥʥʷ, ʟʦʥʠ ʢʨʠʪʠʯʥʠʭ ʦʙʝʨʪʽʚ ʚʽʜʟʥʘʯʝʥʽ ʥʘ ʪʘʭʦʤʝʪʨʽ ʡ ʧʨʘʮʶʚʘʪʠ ʥʘ ʥʠʭ 

ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʪʦ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʘʭʦʤʝʪʨʽ ʜʦʚʝʣʦʩʴ ʙ ʚʽʜʤʽʯʘʪʠ ʢʽʣʴʢʘ 

ʟʘʙʦʨʦʥʥʠʭ ʟʦʥ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʮʝ ʥʝʤʦʞʣʠʚʦ [17]. 

ʊʦʤʫ ʻʜʠʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʫʩʫʥʝʥʥ ̫ ʨʝʟʦʥʘʥʩʥʠʭ ʢʦʣʠʚʘʥʴ ʟʘ ʨʘʭʫʥʦʢ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ. ɺʽʜʦʤʦ, ʱʦ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʚ ʨʝʟʦʥʘʥʩʥʠʭ 

ʪʘ ʜʦʨʝʟʦʥʘʥʩʥʠʭ ʟʦʥʘʭ. ʋ ʟʘʨʝʟʦʥʘʥʩʥʠʭ ʟʦʥʘʭ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʚʠʢʣʠʢʘʻ 

çʨʦʟʛʦʡʜʫʚʘʥʥʷè ʢʦʣʠʚʘʥʴ. ʆʩʢʽʣʴʢʠ ʩʠʣʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʜʝʬʦʨʤʘʮʽʡ, ʘ ʜʝʬʦʨʤʘʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʦʪʠ ʟʙʫʨʶʚʘʥʥʷ ʜʦ 

ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ, ʪʦ ʟʘʚʜʘʥʥʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘ ʤʦʞʣʠʚʩ̔ʪʁ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʧʨʠʚʦʜʫ ʽʟ ʟʦʥʠ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʘ (ʪʨʘʜʠʮʽʡʥʘ ʟʘʜʘʯʘ). ʇʨʠ ʥʝʤʠʥʫʯʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ 

ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʡ ʪʠʤ ʩʘʤʠʤ - ʟʥʠʟʠʪʠ 

ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʠʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ ʪʘ ʜʦ ʟʥʠʞʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʥʘʧʨʫʛ. 

ʇʨʠ ʚʠʙʦʨʽ ʟʘʩʦʙʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʦʣʠʚʘʥʴ ʚʘʞʣʠʚʦ ʟʥʘʪʠ, ʷʢʫ ʯʘʩʪʠʥʫ ʚ 

ʟʘʛʘʣʴʥʠʭ ʚʪʨʘʪʘʭ ʝʥʝʨʛʽʾ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʣʷʪʴ ʚʪʨʘʪʠ ʚ ʟôʻʜʥʘʥʥʷʭ, ʽ 

ʷʢ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʾʭ ʚʝʣʠʯʠʥʫ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʜʽʣʠʪʠ 

ʥʝʢʝʨʦʚʘʥʝ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʚ ʤʘʪʝʨʽʘʣʽ ʪʘ ʩʫʭʝ ʪʝʨʪʷ ʚ ʟôʻʜʥʘʥʥʷʭ, ʷʢʠʤ ʤʦʞʥʘ 
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ʢʝʨʫʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʢʦʥʩʪʨʫʢʮʽʶ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ 

ʢʦʣʠʚʘʥʴ ʫʟʘʛʘʣʴʥʝʥʦʾ ʛʽʧʦʪʝʟʠ ɭ.ʉ. ʉʦʨʦʢʽʥʘ ʪʘʢʠʡ ʧʽʜʭʽʜ ʩʪʘʻ ʤʦʞʣʠʚʠʤ. 

ʂʦʤʧʣʝʢʩʥʘ ʩʠʣʘ ʪʝʨʪʷ ʚ ʟôʻʜʥʘʥʥʷʭ ʜʦʨʽʚʥʶʻ [17], ʅ 

 

ö
÷

õ
æ
ç

å
+=
p

q

2
1** iʩʭFʪʨ ,

 (1.19) 

ʜʝ iVUʭ +=*  ï ʢʦʤʧʣʝʢʩʥʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʤ;  

ʩ ï ʞʦʨʩʪʢʽʩʪʴ, ʅ/ʤ; 

2

)(2

cA

AQ
=q  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʣʦʱʽ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ Q 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ɸ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ ʥʝʨʫʭʦʤʠʭ ʟôʻʜʥʘʥʴ, q ï 

ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ. 

ʇʨʠ ʜʽʾ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʽʟ ʯʘʩʪʦʪʦʶ ɤ ʚ ʩʠʣʦʚʦʤʫ ʧʨʠʚʦʜʽ ʚʠʥʠʢʘʶʪʴ 

ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʜʽʣʷʥʦʢ ʧʨʠʚʦʜʫ (ʢʫʪʠ ʟʘʢʨʫʯʫʚʘʥʥʷ) ʟ ʮʽʻʶ ʞ ʯʘʩʪʦʪʦʶ 

ʟʙʫʨʝʥʥʷ ɤ. ɸʤʧʣʽʪʫʜʠ ʢʫʪʽʚ ʟʘʢʨʫʯʫʚʘʥʥʷ ʜʽʣʷʥʦʢ, ʨʽʚʥʽ ʨʽʟʥʠʮʽ ʘʤʧʣʽʪʫʜ 

ʢʦʣʠʚʘʥʴ ʤʘʩ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʣʠʟʴʢʦʩʪʽ ʯʘʩʪʦʪʠ ɤ ʜʦ ʦʜʥʽʻʾ ʟ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ 

ʧʨʠʚʦʜʫ. 

ɼʦʩʚʽʜ ʜʦʩʣʽʜʞʝʥʴ ʢʦʣʠʚʘʥʴ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʢʘʟʫʻ, ʱʦ 

ʩʧʝʢʪʨ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ (ʚʣʘʩʥʠʡ ʩʧʝʢʪʨ) ʢʦʣʠʚʘʥʴ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ 1ï5 ɻʮ, 

ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ 10ï40 ɻʮ, ʥʝʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ 6ï18 ɻʮ, ʢʘʨʜʘʥʥʦʾ ʧʝʨʝʜʘʯʽ 

50ï100 ɻʮ, ʪʨʘʥʩʤʽʩʽʾ 10ï100 ɻʮ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʢʣʶʯʝʥʦʾ ʧʝʨʝʜʘʯʽ. ʏʘʩʪʦʪʠ 

ʦʩʥʦʚʥʠʭ ʟʙʫʨʶʶʯʠʭ ʬʘʢʪʦʨʽʚ ɼɺɿ: ʧʝʨʰʦʾ ʡ ʜʨʫʛʦʾ ʦʩʥʦʚʥʠʭ ʛʘʨʤʦʥʽʢ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʪʘ ʤʦʤʝʥʪʫ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʣʝʞʘʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 10ï100 ɻʮ 

[17]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʦʥʘʥʩʥʽ ʢʦʣʠʚʘʥʥʷ ʧʨʠʚʦʜʫ ʥʝʤʠʥʫʯʽ. ɼʣʷ ʦʮʽʥʢʠ 

ʥʝʙʝʟʧʝʢʠ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘ ʦʮʽʥʢʠ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ 

ʥʘ ʢʦʣʠʚʘʥʥʷ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʩʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʢʦʣʠʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ. 
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ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʧʨʦʪʷʛʦʤ 

ʧʝʨʽʦʜʫ ʊ ʢʦʣʠʚʘʥʴ, ʜʦʨʽʚʥʶʻ [17], ɺʪ 
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T

N
S

i

iʩʨ
#ä

=

=
1

1

,
 (1.20) 

ʜʝ i ï ʥʦʤʝʨ ʜʽʣʷʥʢʠ ʜʝʤʧʬʫʚʘʥʥʷ (ʢʦʦʨʜʠʥʘʪʠ);
 
 

S ï ʢʽʣʴʢʽʩʪʴ ʜʽʣʷʥʦʢ; 

bi ï ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ; 

ʭ#ï ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ, ʤ/ʩ. 

 

ɼʣʷ ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ [17], ɺʪ 

 

dtʌ
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N

T

ʩʨ ñ=
0

2

,
 (1.21) 

ʜʝ ʌ ï ʬʫʥʢʮʽʷ ʚʪʨʘʪ 

 

ji

n

i

n

j

ij qqbʌ ##ÖÖ=ää
= =1 1

,
 (1.22) 

ʜʝ n ï ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ;
 
 

bij ï ʝʣʝʤʝʥʪʘʨʥʘ ʤʘʪʨʠʮʷ ʜʝʤʧʬʫʚʘʥʥʷ; 

ji qq ##,  ï ʫʟʘʛʘʣʴʥʝʥʽ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; 

iq# ʪʘ jq#ï ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʤʫʰʫʶʯʠʭ ʩʠʣ (ʘʙʦ ʤʦʤʝʥʪʽʚ),  

ʪʦʜʽ [17] 

 

dtxF
T

N ii

k

i

T

iʩʨ acos
1

1 0

ÖÖ= äñ
=

#
,
 (1.23) 

ʜʝ k ï ʯʠʩʣʦ ʟʤʫʰʫʶʯʠʭ ʩʠʣ;  

iF  ʪʘ ix# ï ʤʦʜʫʣʽ ʩʠʣʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ; 

ia  ï ʢʫʪ ʤʽʞ ʥʘʧʨʷʤʢʦʤ ʩʠʣʠ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʛʨʘʜ.  
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ʗʢʱʦ ʛʘʨʤʦʥʽʯʥʘ ʩʠʣʘ tFFi wcos= , ʰʚʠʜʢʽʩʪʴ tXx wcos= , ʘ ʧʨʠʩʢʦʨʝʥʥʷ 

tXx ii wwsin-=# , ʪʦʜʽ [17], ɺʪ 

 

faw sincos
2

1
FXNʩʨ= ,

 (1.24) 

ʜʝ f ï ʬʘʟʘ, ʛʨʘʜ.  

 

ɼʣʷ ʦʜʥʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠ Ŭ=0, ɺʪ 
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 (1.25) 

ʜʝ h ï ʚʜ̔ʥʦʩʥʝ ʪʝʨʪʷ;  

m ï ʤʘʩʘ, ʱʦ ʢʦʣʠʚʘʪ̒ʴʩʷ, ʢʛ; 

p ï ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ, ɻʮ. 

 

ʄʠʪʪʻʚʘ ʧʦʪʫʞʥʽʩʪʴ 

 

txFN wcosÖÖ= # , ).sin( jww -Ö-= tXx#  (1.26) 

 

ʊʦʜʽ, ʚʨʘʭʦʚʫʶʯʠ (1.20) 

 

)2sin(
2

1
jww -ÖÖ-= tXFNN cp . (1.27) 

ʄʠʪʪʻʚʘ ʧʦʪʫʞʥʽʩʪʴ 4 ʨʘʟʠ ʟʤʽʥʶʻ ʩʚʽʡ ʟʥʘʢ ʟʘ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ. ʂʦʣʠ N 

ʜʦʜʘʪʥʝ, ʝʥʝʨʛʽʷ ʚʽʜʥʽʤʘʻʪʴʩʷ ʚʽʜ ʜʞʝʨʝʣʘ ʚ ʢʦʣʠʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ, ʘ ʢʦʣʠ 

ʚʽʜôʻʤʥʝ, ʝʥʝʨʛʽʷ ʧʦʩʪʫʧʘʻ ʚ ʜʞʝʨʝʣʦ ʟ ʚʽʙʨʫʶʯʦʾ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦʨʽʚʥʶʻ, ʚʽʜʧʦʚʽʜʥʦ, 

)sin1(
2

1
max jw +ÖÖ= XFN  ʪʘ )sin1(

2

1
min jw -ÖÖ-= XFN . 

ɺʠʨʘʟ (1.20) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ, [17] 
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))22sin(cos
2

1
))22cos(1(sin

2

1
jwjwjwjw -ÖÖÖ---ÖÖ= tXFtXFN . (1.28) 

 

ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʦʟʥʘʯʘʻ ʢʦʣʠʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʙʽʣʷ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʨN  ʟ ʘʤʧʣʽʪʫʜʦʶ ʚʽʜ 0 ʜʦ ʩʨN2 , ʘ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ï 

ʚʝʣʠʯʠʥʫ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʘʤʧʣʽʪʫʜʦʶ ʢʦʣʠʚʘʥʴ jctgNʩʨ  ʙʣʠʟʴʢʦ ʜʦ 

ʥʫʣʷ. 

ʌʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʝʤʧʬʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʥʝʚʽʜʦʤʽ, ʪʦʤʫ, ʷʢ 

ʧʨʘʚʠʣʦ, ʻʜʠʥʠʤ ʥʘʜʽʡʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʶʚʘʥʥʷ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ 
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ʅʘʨʷʜʫ ʟ ʚʪʨʘʪʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʪʨʘʪʠ 

ʩʝʨʝʜʥʴʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ [17]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʧʨʠʚʦʜʽ ʧʨʠ ʨʽʚʥʦʩʪʽ ʜʝʤʬʫʶʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚôʟʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʣʘʩʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʪʘ ʘʤʧʣʽʪʫʜʘʤʠ 

ʢʦʣʠʚʘʥʴ ʤʘʩ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʬʦʨʤʫʣʘʤʠ. 

 

1.5 ʄʝʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

 

ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʜʘʪʯʠʢʠ) ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʪʦ 

ʧʽʜʜʘʶʪʴʩʷ ʨʫʡʥʫʶʯʦʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ, ʦʩʦʙʣʠʚʦ ʚ ɼɺɿ, ʜʝ ʤʘʻ ʤʽʩʮʝ 

ʧʫʣʴʩʫʶʯʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ [46]. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʽʤʧʫʣʴʩʥʠʭ ʤʦʤʝʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʥʘʯʥʦ ʡʦʛʦ ʧʝʨʝʚʝʨʰʫʚʘʪʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʯʘʩʪʦ ʧʦʤʠʣʢʦʚʦ, ʧʨʠ ʪʘʨʠʨʫʚʘʥʥʽ ʪʘ 
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ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʜʘʪʯʠʢʽʚ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ, 

ʱʦ ʩʪʚʦʨʶʶʪʴ ʧʦʩʪʽʡʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ. ʊʘʢʦʞ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʪʦʛʦ, ʱʦ 

ʜʦʩʣʽʜʞʫʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʣʠʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʽ, ʱʦ ʚ ʥʽʡ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʧʦʣʦʞʝʥʥʷ ʨʝʟʦʥʘʥʩʫ 

ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ ʧʝʨʝʚʠʱʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʜʠʥʘʤʽʯʥʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʨʦʙʥʠʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ, ʷʢʦʶ ʤʽʨʦʶ 

ʧʝʨʝʪʚʦʨʶʚʘʯ (ʜʘʪʯʠʢ) ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʱʦ ʜʽʻ ʷʢ ʪʦʨʩʽʦʥʥʘ ʧʨʫʞʠʥʘ, ʟʤʽʥʶʻ 

ʢʦʣʠʚʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʩʽʻʾ ʫʩʪʘʥʦʚʢʠ ʚ ʮʽʣʦʤʫ. 

ʇʨʠʩʪʨʦʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʟʘ ʧʨʠʥʮʠʧʦʤ ʾʭ ʨʦʙʦʪʠ, 

ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʛʨʫʧʠ [107]: 

- ʪʨʘʥʩʤʽʩʽʡʥʽ ʜʠʥʘʤʦʤʝʪʨʠ; 

- ʙʘʣʘʥʩʠʨʥʽ ʜʠʥʘʤʦʤʝʪʨʠ; 

- ʧʝʨʝʪʚʦʨʶʶʯʽ ʩʪʝʥʜʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʟʘ ʚʪʦʨʠʥʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ; 

- ʪʦʨʩʽʦʤʝʪʨʠ. 

ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ ʻ 

ʪʦʨʩʽʦʤʝʪʨʠ, ʪʦʤʫ ʚʦʥʠ ʡ ʦʪʨʠʤʘʣʠ ʥʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ɺ 

ʪʦʨʩʽʦʤʝʪʨʘʭ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʢʽʥʝʤʘʪʠʯʥʦʤʫ 

ʪʨʘʢʪʽ ʧʝʨʝʜʘʯʽ ʤʦʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ [87, 107]. ɺ ʙʘʛʘʪʴʦʭ ʪʠʧʘʭ ʪʦʨʩʽʦʤʝʪʨʽʚ 

ʪʘʢʠʤ ʝʣʝʤʝʥʪʦʤ ʩʣʫʞʠʪʴ ʚʘʣ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʾ, ʛʨʫʧʫ ʪʦʨʩʽʡʥʠʭ ʧʨʠʣʘʜʽʚ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʧʽʜʛʨʫʧʠ [89]: 

ʢʨʫʪʠʣʴʥʽ ʪʦʨʩʽʦʤʝʪʨʠ; ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʪʦʨʩʽʦʤʝʪʨʠ. 

ɺ ʪʦʨʩʽʦʤʝʪʨʘʭ ʧʝʨʰʦʾ ʧʽʜʛʨʫʧʠ ʚʠʤʽʨʶʻʪʴʩʷ ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ ʧʨʫʞʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʤʽʞ ʜʚʦʤʘ ʚʠʙʨʘʥʠʤʠ ʡʦʛʦ ʧʝʨʝʪʠʥʘʤʠ, ʘ ʚ ʪʦʨʩʽʦʤʝʪʨʘʭ ʜʨʫʛʦʾ 

ʧʽʜʛʨʫʧʠ ʚʠʤʽʨʷʻʪʴʩʷ ʤʽʩʮʝʚʘ ʜʝʬʦʨʤʘʮʽʷ ʥʘ ʦʢʨʝʤʽʡ ʜʽʣʷʥʮʽ ʧʨʫʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ. 

ɿʘ ʨʦʜʦʤ ʚʠʢʦʨʠʩʪʘʥʦʾ ʝʥʝʨʛʽʾ ʢʨʫʪʠʣʴʥʽ ʪʦʨʩʽʦʤʝʪʨʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʤʝʭʘʥʽʯʥʽ, ʛʽʜʨʘʚʣʽʯʥʽ, ʦʧʪʠʯʥʽ, ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʟʤʽʰʘʥʽ. ʗʢ ʢʨʫʪʠʣʴʥʽ, ʪʘʢ ʽ 
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ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʪʦʨʩʽʦʤʝʪʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʧʨʫʞʥʦʤʫ ʝʣʝʤʝʥʪʽ 

(ʚʘʣʫ), ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʘʙʦ ʧʦʟʘ ʥʠʤ (ʙʝʟʢʦʥʪʘʢʪʥʽ). ʇʦʜʘʣʴʰʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʪʦʨʩʽʦʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʘ ʟʘ ʚʠʜʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʥʘʧʨʠʢʣʘʜ ʻʤʢʽʩʥʽ, ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ, ʤʘʛʥʽʪʦʧʨʫʞʥʽ ʪʘ ʽʥʰʽ 

[89]. 

ʂʨʽʤ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʧʨʠʩʪʨʦʾʚ, ʨʦʙʦʪʘ ʷʢʠʭ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʪʦʨʩʽʦʥʥʦʤʫ ʝʬʝʢʪʽ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʠʩʪʨʦʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ 

ʟʤʽʥʠ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʪʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʟʘ ʨʝʘʢʮʽʷʤʠ ʦʧʦʨ [12]. ʎʝʡ ʩʧʦʩʽʙ 

ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʘʣʘʭ. 

ʇʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʪʘʢʦʞ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ 

ʙʝʟ ʨʦʟʙʠʨʘʥʥʷ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ [69]: 

- ʙʝʟʛʘʣʴʤʽʚʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ 

(ʘʚʪʦʤʦʙʽʣʷ) ʟʘ ʟʥʘʯʝʥʥʷʤ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʨʦʟʛʦʥʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

[98];  

- ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʜʚʠʛʫʥʘ ʟʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʥʘ ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ; 

- ʚʽʙʨʦʘʢʫʩʪʠʯʥʠʡ ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʜʚʠʛʫʥʘ. 

ʊʘʢʦʞ ʦʢʨʝʤʦ ʩʣʽʜ ʟʛʘʜʘʪʠ ʽʥʜʠʮʠʨʫʚʘʥʥʷ ɼɺɿ. ɯʥʜʠʢʘʪʦʨʥʽ ʜʽʘʛʨʘʤʠ 

ʪʠʩʢʽʚ ʫ ʮʠʣʽʥʜʨʘʭ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʩʝʨʝʜʥʽʡ ʽʥʜʠʢʘʪʦʨʥʠʡ ʪʠʩʢ ʽ, ʦʪʞʝ, 

ʽʥʜʠʢʘʪʦʨʥʫ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʦʮʽʥʶʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʦʢʨʝʤʠʭ ʨʦʙʦʯʠʭ 

ʧʨʦʮʝʩʽʚ, ʤʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʫ ʜʚʠʛʫʥʽ, ʞʦʨʩʪʢʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʽ ʪ.ʧ. ɯʥʜʠʮʠʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʜʚʠʛʫʥʘ ʜʦʟʚʦʣʷʻ, ʥʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʤʠʪʪʻʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʪʦʢʫ, 

ʱʽʣʴʥʽʩʪʴ ʽ ʚʠʪʨʘʪʫ ʛʘʟʫ, ʷʢʱʦ ʟʘʧʠʩʠ ʧʦʚʥʠʭ ʽ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ ʟʨʦʙʣʝʥʽ 

ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʜʚʦʭ ʧʨʠʡʥʷʪʠʭ ʧʝʨʝʪʠʥʽʚ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ɼʣʷ ʽʥʜʠʮʠʨʫʚʘʥʥʷ ʰʚʠʜʢʦʭʽʜʥʠʭ ʜʚʠʛʫʥʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ, 

ʻʤʥʽʩʥʽ, ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʪʘ ʽʥʰʽ ʪʠʧʠ ʜʘʪʯʠʢʽʚ. ʅʘʡʢʨʘʱʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʣʦʜʽʶʪʴ ʻʤʥʽʩʥʽ, ʫ ʷʢʠʭ ʧʨʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ ʩʣʫʞʠʪʴ 
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ʤʝʤʙʨʘʥʘ ʥʝ ʟʚ'ʷʟʘʥʘ ʤʝʭʘʥʽʯʥʦ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ. ɹʣʠʟʴʢʠʤʠ ʜʦ ʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʶʪʴ ʪʝʥʟʦʜʘʪʯʠʢʠ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʨʦʟʤʽʱʝʥʥʷʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʤʝʤʙʨʘʥʽ.  

ʇʝʚʥʽ ʪʨʫʜʥʦʱʽ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʜʘʪʯʠʢʽʚ, ʪʦʤʫ ʱʦ 

ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʢʚʘʨʮʦʚʠʭ ʢʨʠʩʪʘʣʽʚ, ʧʦʯʠʥʘʶʪʴ ʧʦʤʽʪʥʦ 

ʟʤʽʥʶʚʘʪʠʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 150 Áʉ ʪʘ ʙʽʣʴʰʝ. ʉʘʤʝ ʪʦʤʫ ʥʘ 

ʧʨʘʢʪʠʮʽ ʽʥʜʠʮʠʨʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʜʘʪʯʠʢʠ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ, ʪʘʢ ʽ ʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʤʝʤʙʨʘʥʠ. ɿʘʛʘʣʴʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʜʘʪʯʠʢʘ ʟʜʽʡʩʥʶʶʪʴ ʚʦʜʦʶ, 

ʱʦ ʮʠʨʢʫʣʶʻ ʚ ʨʫʙʘʰʮʽ ʦʭʦʣʦʜʞʝʥʥʷ ʙʣʦʢʘ ʮʠʣʽʥʜʨʽʚ [88]. 

ʉʴʦʛʦʜʥʽ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʚʠʧʫʩʢʘʻ ʙʽʣʴʰ ʪʦʯʥʽ ʜʘʪʯʠʢʠ ʟ ʣʽʥʽʡʥʠʤʠ 

ʚʠʭʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʜʘʪʯʠʢʘ ʤʦʞʝ ʩʣʫʞʠʪʠ SML-

20.0 ʬʽʨʤʠ ADZ Nagano GmbH, ʷʢʠʡ ʤʘʻ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ 0é100 ʙʘʨ 

(ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ 0,5 %), ʷʢʠʡ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠ 

ʽʥʜʠʮʠʨʫʚʘʥʥʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚ ʮʠʣʽʥʜʨʽ ʜʚʠʛʫʥʘ ʚ ʨʦʙʦʪʽ [40]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʱʦ ʧʨʠʩʚʷʯʝʥʘ ʧʠʪʘʥʥʷʤ ʚʧʣʠʚʫ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʥʘ ʨʦʙʦʪʫ ɼɺɿ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʧʦʚôʷʟʘʥʠʭ ʟ ʢʦʣʠʚʘʥʥʷʤʠ ɼɺɿ ʪʘ ʾʭ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ. ɸʣʝ 

ʧʨʠʚʝʜʝʥʽ ʤʦʜʝʣʽ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ:  

- ʻ ʧʨʠʙʣʠʟʥʠʤʠ ʘʙʦ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ; 

- ʚʠʟʥʘʯʘʶʪʴʩʷ ʣʠʰʝ ʜʣʷ ʦʢʨʝʤʦ ʚʟʷʪʠʭ ʢʦʥʢʨʝʪʥʠʭ ɼɺɿ; 

- ʚʨʘʭʦʚʫʶʪʴ ʦʜʥʝ ʥʘʡʚʧʣʠʚʦʚʽʰʝ ʧʦʣʦʞʝʥʥʷ ʂʐʄ; 

- ʧʨʦʧʦʥʫʶʪʴ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʚôʷʟʘʥʠʡ ʣʠʰʝ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦ ʦʙʤʝʞʫʻ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʧʨʘʢʪʠʮʽ. 

 

1.6  ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

1. ɺ ʫʤʦʚʘʭ ʧʦʩʠʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ʦʜʥʠʤ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ 
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ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪ ̔ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʭʦʜʫ ʜʚʠʛʫʥʘ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʧʣʠʚ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ 

ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ ʚʚʘʞʘʻʪʴʩʷ ʥʝʩʫʪʪʻʚʠʤ, ʪʦʤʫ ʡʦʛʦ ʚʚʘʞʘʶʪʴ ʧʦʩʪʽʡʥʠʤ. 

3. ʆʙʛʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʷʢʠʡ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʚʚʘʞʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʜʚʠʛʫʥʦʤ ʪʘ ʚ ʟʘʜʘʯʘʭ ʜʽʘʛʥʦʩʪʠʢʠ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʪʘ ʧʦʢʨʘʱʠʪʠ ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʭʦʜʫ, ʚʨʘʭʦʚʫʶʯʠ ʟʤʽʥʫ ʡʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ. 
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ʈʆɿɼɯʃ 2 

ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɿʄɯʅʀ ʇʈʀɺɽɼɽʅʆɻʆ ʄʆʄɽʅʊʋ 

ɯʅɽʈʎɯɰ ʂʈʀɺʆʐʀʇʅʆ-ʐɸʊʋʅʅʆɻʆ ʄɽʍɸʅɯɿʄʋ ʇʆʈʐʅɽɺʆɻʆ 

ɼɺʀɻʋʅɸ ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɻʆʈʗʅʅʗ 

 

ɺ ʩʫʯʘʩʥʽʡ ʪʝʦʨʽʾ ʪʝʧʣʦʚʠʭ ʤʘʰʠʥ ʧʦʨʰʥʝʚʠʡ ɼɺɿ ʨʦʟʛʣʷʜʘʶʪʴ ʦʢʨʝʤʦ, ʷʢ 

ʩʠʩʪʝʤʫ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʥʝ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʪʘ ʷʢ ʩʠʩʪʝʤʫ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʜʝʬʦʨʤʫʶʪʴʩʷ. ɼɺɿ, ʷʢ ʩʠʩʪʝʤʘ ʥʝʜʝʬʦʨʤʫʻʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ ʟ ʦʜʥʠʤ ʩʪʫʧʝʥʝʤ ʚʽʣʴʥʦʩʪʽ ï ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ɼɺɿ, ʷʢ ʨʝʘʣʴʥʘ ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʤʘʻ 

ʥʝʩʢʽʥʯʝʥʥʝ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ. ʆʜʥʘʢ, ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʢʨʝʤʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʽʩʪʶ, ʚ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʤʦʞʥʘ ʦʙʤʝʞʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴʩʷ. ɿʘʨʘʟ ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʜʠʩʢʨʝʪʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ, ʚ ʷʢʠʭ ʤʘʩʠʚʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʤʘʶʪʴ ʽʥʝʨʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʥʝʚʘʛʦʤʠʤʠ ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʅʝʦʙʭʽʜʥʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʈʽʚʥʷʥʥʷ ʨʫʭʫ 

ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʩʢʣʘʜʘʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ 

ɯɯ ʨʦʜʫ (ʜʣʷ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ) ʘʙʦ ʚʘʨʽʘʮʽʡʥʠʡ ʧʨʠʥʮʠʧ ɻʘʤʽʣʴʪʦʥʘ (ʜʣʷ 

ʝʣʝʤʝʥʪʽʚ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ). ɼʣʷ ʨʦʟʚôʷʟʢʫ ʪʘʢʠʭ ʟʘʜʘʯ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʱʦ ʦʙʤʝʞʫʻ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. 

ɹʫʜʴ- ʢ̫ʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘʤʘʛʘʻʪʴʩʷ ʷʢ ʥʘʡʪʦʯʥʽʰʝ ʦʧʠʩʘʪʠ 

ʨʝʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟ ʜʝʷʢʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ 

ʷʢ ʩʘʤʫ ʤʦʜʝʣʴ, ʪʘʢ ʽ ʾʾ ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʆʪʞʝ, ʧʨʠ ʨʦʟʛʣʷʜʽ ɼɺɿ, ʡʦʛʦ ʝʣʝʤʝʥʪʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʷʢ ʪʽʣʘ, ʱʦ ʥʝ 

ʜʝʬʦʨʤʫʶʪʴʩʷ. 
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2.1 ɿʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

 

ʆʜʥʽʻʶ ʟ ʩʢʣʘʜʦʚʠʭ ʧʫʣʴʩʘʮʽʾ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ɼɺɿ ʻ ʜʽʷ ʤʦʤʝʥʪʽʚ ʚʽʜ 

ʩʠʣ ʪʷʞʽʥʥʷ ʂʐʄ [17]. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʨʘʭʦʚʫʚʘʪʠ ʮʝʡ ʚʧʣʠʚ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʚʯʠʪʠ ʟʘʢʦʥ ʾʭ ʜʽʾ. ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ 

ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʚʽʜ ʡʦʛʦ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʟʘʻʤʦʟʚôʷʟʦʢ 

ʷʢʠʭ ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣ. 2.1.  

 

ʊʘʙʣʠʮʷ 2.1 ï ʆʩʥʦʚʥʽ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʂʐʄ ɼɺɿ [64] 

ʅʘʟʚʘ 
ʇʦʟʥʘ-

ʯʝʥʥʷ 
ʌʦʨʤʫʣʘ ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 

ʂʽʥʝʤʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʂʐʄ ɚ 
L

R
=l  0,2ï0,3 

ɺʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ 

ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ ʜʦ ʮʝʥʪʨʘ 

ʤʘʩ ʰʘʪʫʥʘ 

xL xL=  (0,7ï0,8)L,ʤʤ ï 

ʍʽʜ ʧʦʨʰʥʷ S S=2ȚR,ʤʤ ï 

ɼʽʘʤʝʪʨ ʧʦʨʰʥʷ Dʧ ï Dʧ =60ï100ʤʤ*  

ɺʽʜʥʦʰʝʥʥʷ ʭʦʜʫ ʧʦʨʰʥʷ S ʜʦ 

ʡʦʛʦ ʜʽʘʤʝʪʨʘ Dʧ 
S/Dʧ ï S/Dʧ =0,7ï1,5*  

ʇʣʦʱʘ ʧʦʨʰʥʷ Fʧ Fʧ=ˊ Dʧ
2
/4, ʤ

2
 ï 

ʄʘʩʘ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʟ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ 
mʧ ï mʧ =(80ï150)Fʧ, ʢʛ* 

ʄʘʩʘ ʰʘʪʫʥʘ m  h ï 
m  h=(100ï200)Fʧ, 

ʢʛ* 

ʄʘʩʘ ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʾ ʯʘʩʪʠʥʠ 

ʦʜʥʦʛʦ ʢʦʣʽʥʘ ʚʘʣʘ ʙʝʟ 

ʧʨʦʪʠʚʘʛ** 

mʢ ï mʢ =(150ï200)Fʧ, ʢʛ* 

ʇʨʠʤʽʪʢʠ:  
* 
ʜʣʷ ʢʘʨʙʶʨʘʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ; 

**
 ʜʣʷ ʩʪʘʣʝʚʦʛʦ ʢʦʚʘʥʦʛʦ ʚʘʣʘ ʟ ʩʫʮʽʣʴʥʠʤʠ ʰʠʡʢʘʤʠ. 
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ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʂʐʄ, ʱʦ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʦʜʥʝ ʢʦʣʽʥʦ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʟʘʜʘʥʦʛʦ ʨʘʜʽʫʩʘ R ʙʝʟ ʧʨʦʪʠʚʘʛ, ʰʘʪʫʥ, ʧʦʨʰʥʝʚʫ ʛʨʫʧʫ, ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʩʭʝʤʘ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.1. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʂʐʄ ɼɺɿ 

 

ɺʽʜʦʤʦ [19, 84], ʱʦ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ ʩʠʩʪʝʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ 

(ʮʝʥʪʨ ʤʘʩ ʜʝʪʘʣʝʡ ʂʐʄ) ʜʦʨʽʚʥʶʶʪʴ ʚʽʜʥʦʰʝʥʥʶ ʩʫʤʠ ʜʦʙʫʪʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʤʘʩ ʥʘ ʤʘʩʫ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʜʦ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ 

ʩʠʩʪʝʤʠ. 

ʂʦʦʨʜʠʥʘʪʠ ʨʫʭʫ ʮʝʥʪʨʘ ʤʘʩ ʰʘʪʫʥʘ ʪʘ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʧʦʩʪʽʡʥʦ 

ʟʤ̔ʥʶʶʪʴʩʷ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ 

 

,
sin

sin1)(cos 22

îí

î
ì
ë

ÖÖ=

Ö-Ö-+Ö=

jl

jlj

Lc

Lʰc

xy

xLRx

 

                                

,
0

sin1cos 22

îí

î
ì
ë

=

Ö-Ö+Ö=

b

ʰb

y

LRx jlj
 

(2.1) 

ʜʝ ű ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 
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ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ ʢʦʣʽʥʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʨʫʭʘʶʪʴʩʷ ʧʦ ʢʦʣʫ, ʪʦʤʫ 

ʾʭ ʣʝʛʢʦ ʚʠʨʘʟʠʪʠ ʟ̔ ʟʘʢʦʥʫ ʢʦʩʠʥʫʩʫ ʘʙʦ ʩʠʥʫʩʫ.  

ɺʨʘʭʦʚʫʶʯʽ ʜʘʥʽ ʪʘʙʣ. 2.1 ʪʘ (2.1), ʦʜʝʨʞʘʥʦ ʩʽʤʝʡʩʪʚʦ ʪʦʯʦʢ ʧʦʣʦʞʝʥʥʷ 

ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ʟ ʢʨʦʢʦʤ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 0,1 ʛʨʘʜ (ʨʠʩ.2.2).  

ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ XC, YC ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʥʘʶʯʠ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ ʜʝʪʘʣʝʡ ʂʐʄ (2.1), ʤʤ 

 

[ ]
[ ]

( ),sinsin
1

,
cossin1cos

sin1)(cos1

22

22

jjl

jjlj

jlj

kRmRxm
mmm

Y

kRmLRm

xLRm

mmm
X

kLʰ

kʧʰ

C

kʧ

Lʰʰ

kʧʰ

C

+Ö
++

=

ö
ö

÷

õ

æ
æ

ç

å

+Ö-+Ö

+Ö-Ö-+Ö

++
=

 (2.2) 

ʜʝ k ï ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʦʜʥʦʛʦ ʢʦʣʽʥʘ 

ʚʘʣʘ ʙʝʟ ʧʨʦʪʠʚʘʛ, k=(0õ1)R, ʤʤ. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʇʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ ʜʣʷ ʧʝʚʥʠʭ ʤʘʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ɿ (2.2) ʚʠʜʥʦ, ʱʦ ʥʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ ʚʧʣʠʚʘʶʪʴ ʣʠʰʝ 

ʧʠʪʦʤʽ ʤʘʩʠ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ mʧ, ʰʘʪʫʥʘ m  hʪʘ ʢʦʣʽʥʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʙʝʟ 

ʧʨʦʪʠʚʘʛ mʢ, ʘ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ï ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ R, ʜʦʚʞʠʥʘ 

ʰʘʪʫʥʘ L, ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʰʘʪʫʥʘ xL, 

ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʦʜʥʦʛʦ ʢʦʣʽʥʘ ʚʘʣʘ 
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ʙʝʟ ʧʨʦʪʠʚʘʛ mʢ ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʂʐʄ l. ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.2) 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ r 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ, ʤʤ 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ r ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʦʥʠ ʟʤʽʥʶʻʪʴʩʷ 

ʟʘ ʟʘʢʦʥʦʤ ʢʦʩʠʥʫʩʘ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ, ʤʤ 

 

bar += jcos  (2.4) 

ʜʝ a ï ʘʤʧʣʽʪʫʜʘ (ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ 

ʂʐʄ ɼɺɿ r), ʤʤ; 

űï ʢʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ɼɺɿ, Ü; 

b ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ 

ʂʐʄ ɼɺɿ ʟʘ ʦʙʝʨʪ r, ʤʤ. 

 

ɿʘʣʝʞʥʽʩʪʴ (2.4) ʦʪʨʠʤʘʥʘ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʟʥʘʯʝʥʴ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ r ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ 

ʘʧʨʦʢʩʠʤʘʮʽʾ 0,99. 
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ʇʦʨʽʚʥʷʚʰʠ (2.3) ʪʘ (2.4) ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʾʭ ʚʽʜʨʽʟʥʷʻ ʨʘʜʠʢʘʣ 

jl 22 sin1 Ö- , ʘʣʝ ʚʽʥ ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʥʷʭ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʂʐʄ ɼɺɿ (ʪʘʙʣ. 2.1) ʬʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʪʦʤʫ ʥʠʤ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ. ʆʪʞʝ ʟ (2.3) ʪʘ (2.4) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʤʤ 
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(2.5) 

 

ʈʦʟʧʠʩʘʚʰʠ ʢʽʥʝʤʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʂʐʄ ɚ, ʚʠʨʘʟ (2.5) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ 

ʫ ʚʠʛʣʷʜʽ, ʤʤ 
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(2.6) 

 

ɿ (2.6) ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ a ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʥʝʤʘʪʠʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʂʐʄ ɚ, ʘ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʥʝʾ ʦʢʘʟʫʻ ʩʘʤʝ ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ R. 

ɺʠʨʘʟʠ (2.3) ʪʘ (2.4) ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʚʝʜʝʥʠʤʠ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ 

ʦʩʪʘʪʦʯʥʦ, ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʚ (2.4) ʜʦʜʘʥʢʫ 2abcosű ʥʘʚʽʪʴ ʧʨʠ ʥʝʭʪʫʚʘʥʥʽ 

ʨʘʜʠʢʘʣʦʤ jl 22 sin1 Ö- . ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ (2.4) ʪʘ (2.3), 

ʚʨʘʭʦʚʫʶʯʠ (2.6), ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʂʐʄ 

ɼɺɿ ʩʢʣʘʜʘʻ 2,8% ʟʘ ʦʙʝʨʪ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʂʐʄ ɼɺɿ, ʱʦ 

ʚʭʦʜʷʪʴ ʚ (2.3) ʪʘ (2.6) ʥʘ ʚʝʣʠʯʠʥʠ ʘʤʧʣʽʪʫʜʠ a ʪʘ ʟʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ ʦʨʜʠʥʘʪ 

b ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [27]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʩʫʤʦʶ ʘʙʩʦʣʶʪʥʠʭ 

ʚʝʣʠʯʠʥ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ a ʪʘ ʟʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ ʦʨʜʠʥʘʪ b ʥʘʡʚʧʣʠʚʦʚʽʰʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʻ ʢʽʥʝʤʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʂʐʄ ɚ ʪʘ ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ R. 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʮʽʥʶʚʘʪʠ ʟʤʽʥʫ ʧʦʣʦʞʝʥʥʷ 

ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ ʢʦʝʬʽʮʽʻʥʪʦʤ ŭr [24] 

 

,minmax

ʩʨ

r
r

rr -
=d  (2.7) 

ʜʝ rmaxï ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ, ʤ; 

rmin ï ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ, ʤ;  

rcp ï ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ʟʘ ʧʝʨʽʦʜ ʾʾ ʟʤʽʥʠ, ʤ. 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (2.3) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʩʪʝʤʠ ʂʆʄʇɸʉ-3D V8 [65], ʚ ʷʢʽʡ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʂʐʄ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʜʥʦʛʦ ʢʦʣʽʥʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʰʘʪʫʥʘ ʪʘ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ. ɺʠʟʥʘʯʝʥʦ 

ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʂʐʄ ɼɺɿ ʟʘ ʚʝʣʠʯʠʥʘʤʠ XC, YC, ZC ʜʣʷ ʚʩʽʭ ʢʫʪʽʚ 

ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚ ʂʐʄ ʮʝʥʪʨ ʤʘʩ ʧʦʨʰʥʝʚʦʾ 

ʛʨʫʧʠ ʥʝ ʣʝʞʠʪʴ ʥʘ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ, ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ 

ʚʽʜʩʪʘʥʽ r ʟʘ ʦʙʝʨʪ, ʨʦʟʨʘʭʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ (2.3), ʩʢʣʘʜʘʻ 0,37% [26]. 

 

2.2 ɿʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ- ʘhʪʫʥʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

 

ɼʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ ɼɺɿ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʦʤʫ ʾʾ 

ʟʘʤʽʥʶʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʦʶ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʽʩʪʴ ʷʢ 

ʧʦʪʝʥʮʽʡʥʠʭ, ʪʘʢ ʽ ʢʽʥʝʪʠʯʥʠʭ ʝʥʝʨʛʽʡ ʦʙʦʭ ʩʠʩʪʝʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʰʠʨʦʢʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ 

[1, 4, 66, 86] ʪʘ ̔ʥ.. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʦʜʘʣʴʰʽ ʚʠʢʣʘʜʢʠ ʙʫʜʫʪʴ ʚʝʩʪʠʩʷ ʚ ʤʝʞʘʭ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʝʣʝʤʝʥʪʠ ʂʐʄ ʻ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤʠ ʽ ʥʝ ʜʝʬʦʨʤʫʪʁʴʩʷ. 

ʊʘʢʦʞ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʥʘ ʚʘʣʫ ʟʘʢʨʽʧʣʝʥʽ ʜʠʩʢʠ, ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʷʢʠʭ 

ʜʦʨʽʚʥʶʻ ʢʽʥʝʪʠʯʥʽʡ ʝʥʝʨʛʽʾ ʜʽʡʩʥʦʾ ʩʠʩʪʝʤʠ.  

ʊʝʦʨʝʤʘ ʧʨʦ ʟʤʽʥʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʻ ʯʘʩʪʢʦʚʠʤ 

ʚʠʧʘʜʢʦʤ ʟʘʛʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ. ʏʘʩʪʠʥʘ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʽʥʰʽ ʬʦʨʤʠ ʝʥʝʨʛʽʾ, ʪʘ ʥʘʚʧʘʢʠ, ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʽʥʰʠʭ ʬʦʨʤ  

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʪʚʦʨʝʥʦʾ ʝʥʝʨʛʽʾ ʻ ʨʦʙʦʪʘ 

- ʪʘʢʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʥʘʟʚʘʥʦʾ ʪʝʦʨʝʤʠ. 

ɼʣʷ ʙʫʜʴ-ʷʢʦʾ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʝʦʨʝʤʘ ʧʨʦ ʟʤʽʥʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 

ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʦʨʤʽ ʤʘʻ ʚʠʛʣʷʜ, ɼʞ 

 

ää +=- i

k

e

k AATT 0 , (2.8) 

ʜʝ T0, T ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʧʨʠ ʾʾ ʧʝʨʝʤʽʱʝʥʥʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʢʽʥʮʝʚʝ, ɼʞ; 

ää i

k

e

k AA , ï ʩʫʤʘ ʨʦʙʽʪ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʠʩʪʝʤʫ ʧʨʠ 

ʪʦʤʫ ʞ ʾʾ ʧʝʨʝʤʽʱʝʥʥʽ, ɼʞ. 

 

ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ (2.8) ʜʦ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʘʙʦ ʜʦ ʥʝʟʤʽʥʥʦʾ 

ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʤʘʪʝʤʘʪʠʯʥʠʡ ʟʘʧʠʩ ʚʢʘʟʘʥʦʾ ʪʝʦʨʝʤʠ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ, 

ɼʞ 

 

ä=- e

kATT 0 , (2.9) 

 

ʘʙʦ ʫ ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʬʦʨʤʽ, ɼʞ 

 

ä= e

kN
dt

dT
, (2.10) 
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ʜʝ ä e

kN ï ʩʫʤʘ ʧʦʪʫʞʥʦʩʪʝʡ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʱʦ ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʪʦʯʦʢ ʩʠʩʪʝʤʠ, 

ɺʪ. 

 

ʋ ʚʠʛʣʷʜʽ (2.9, 2.10) ʪʝʦʨʝʤʘ ʧʨʦ ʟʤʽʥʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʨʽʟʥʠʭ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʟʦʢʨʝʤʘ, ʜʣʷ 

ʨʫʭʫ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʽ ʢʦʤʧʨʝʩʦʨʽʚ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʟʘʚʜʘʥʴ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʥʠʭ ʚʘʣʽʚ ʧʦʨʰʥʝʚʠʭ ʤʘʰʠʥ, 

ʥʘʟʚʘʥʽ ʤʝʭʘʥʽʟʤʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʥʝʟʤʽʥʥʽ ʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ ʟ ʦʜʥʠʤ 

ʩʪʫʧʝʥʝʤ ʩʚʦʙʦʜʠ. ɼʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʫ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ. ɺʠʢʣʶʯʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʙʨʘʮʽʡ ʜʝʪʘʣʝʡ, 

ʢʨʫʪʠʣʴʥʠʭ ʪʘ ʟʛʠʥʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚʘʣʽʚ, ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʟʘʟʦʨʽʚ ʪʦʱʦ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤʠ ʧʨʦ ʟʤʽʥʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʶʪʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʪʝʛʨʘʣʴʥʫ ʬʦʨʤʫ: 

- h ʚʠʜʢʦʩʪʽ ʪʦʯʦʢ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʠʣʠ ʧʦʩʪʽʡʥʽ 

ʘʙʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ; 

- ʨʦʙʦʪʫ ʙʫʜʴ-ʷʢʦʾ ʩʠʣʠ ʟ ʜʽʶʯʠʭ ʥʘ ʩʠʩʪʝʤʫ, ʟʥʘʶʯʠ ʰʚʠʜʢʦʩʪʽ ʪʦʯʦʢ 

ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʾʾ ʧʦʯʘʪʢʦʚʦʤʫ ʡ ʢʽʥʮʝʚʦʤʫ ʧʦʣʦʞʝʥʥʷʭ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʬʦʨʤʫ ʪʝʦʨʝʤʠ ʚʠʟʥʘʯʘʶʪʴ: 

- ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʦʢ ʽ ʢʫʪʦʚʽ ʧʨʠʩʢʦʨʝʥʥʷ ʣʘʥʦʢ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʜʽʶʯʠ ʩʠʣʠ ʥʝ ʧʦʩʪʽʡʥʽ, ʘʙʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʩʪʝʤʠ; 

- ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʥʷʪʪʷ "ʧʨʠʚʝʜʝʥʦʾ ʤʘʩʠ" 

ʘʙʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʦʜʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʉʣʽʜ ʩʢʘʟʘʪʠ, ʱʦ ʦʩʪʘʥʥʽ ʜʚʘ ʧʫʥʢʪʠ ʝʬʝʢʪʠʚʥʽʰʝ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ, ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ. ʆʜʥʘʢ ʫ ʨʷʜʽ 

ʟʘʜʘʯ ʜʣʷ ʚʠʚʦʜʫ ʨʽʚʥʷʥʴ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʨʠʚʝʜʝʥʥʷ ʤʘʩ ʽ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚʩʽʭ ʣʘʥʦʢ ʜʦ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʫ ʩʠʩʪʝʤʠ, ʨʫʭ 

ʷʢʦʛʦ ʜʦʩʣʽʜʞʫʶʪʴ. ʇʨʠʢʣʘʜʘʤʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ 

ʘʚʪʦʤʦʙʽʣʷ, ʤʝʭʘʥʽʯʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ, ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʦʱʦ. 
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ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʦʨʝʤʠ ʧʨʦ ʟʤʽʥʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʪʨʠ ʢʣʘʩʠ ʩʠʣ, 

ʨʦʙʦʪʘ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʽ ʷʢʽ ʥʝ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʜʘʥʽʡ ʧʦʩʪʘʥʦʚʮʽ 

ʟʘʚʜʘʥʥʷ: 

- ʨʝʘʢʮʽʾ ʟʚ'ʷʢ̔ ʚ ʙʝʟ ʪʝʨʪʷ; 

- ʚʥʫʪʨʽʰʥʽ ʩʠʣʠ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʠʭ ʪʽʣ, ʘʙʩʦʣʶʪʥʦ ʛʥʫʯʢʠʭ ʽ ʥʝʨʦʟʪʷʞʥʠʭ 

ʥʠʪʦʢ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʩʠʩʪʝʤʫ; 

- ʩʠʣʠ ʪʝʨʪʷ (ʟʯʝʧʣʝʥʥʷ), ʧʨʠʢʣʘʜʝʥʽ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʫ ʪʽʣ, ʱʦ 

ʧʝʨʝʢʦʯʫʶʪʴʩʷ ʙʝʟ ʢʦʚʟʘʥʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ʽʥʰʠʭ ʪʽʣ. 

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʢʨʠʚʦʰʠʧʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ɼʞ 

 

2

2w
kk IT = , (2.11) 

ʜʝ ɤ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʨʘʜ/ʩ;  

Ik ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʘ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʢʛĀʤ
2
. 

 

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʰʘʪʫʥʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʠʡ ʨʫʭ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤʠ ʂʝʥʽʛʘ, ɼʞ 

 

22

222

ʰ
ʰ

C

ʰ
ʰʰ I

V
mT

ww
+= , (2.12) 

ʜʝ Vʰ
ʉ
 ï ʰʚʠʜʢʽʩʪʴ ʮʝʥʪʨʘ ʤʘʩ ʰʘʪʫʥʘ, ʤ/ʩ;  

m ïh ʤʘʩʘ ʰʘʪʫʥʘ, ʢʛ;  

I  hï ʮʝʥʪʨʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʰʘʪʫʥʘ, ʢʛĀʤ
2
. 

 

ɺʠʨʘʟʠʤʦ ʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ T  hʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ű. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʠʤʦ ʧʦʣʦʞʝʥʥʷ ʤʠʪʪʻʚʦʛʦ ʮʝʥʪʨʘ 

ʰʚʠʜʢʦʩʪʝʡ ʰʘʪʫʥʘ (ʪʦʯʢʘ ʈ, ʨʠʩ. 2.3). ɺʠʢʦʨʠʩʪʘʻʤʦ ʚʽʜʦʤʽ ʟ ʢʽʥʝʤʘʪʠʢʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʮʝʥʪʨʘ ʤʘʩ ʰʘʪʫʥʘ (ʜʠʚ. ʨʠʩ. 2.3), ʨʘʜ/ʩ, ʤ/ʩ 
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AP

VA
ʰ=w , 

ʉP
V ʰC

ʰ

w
= , (2.13) 

ʜʝ ɤh  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʘʪʫʥʘ ʥʘʚʢʦʣʦ ʤʠʪʪʻʚʦʛʦ ʮʝʥʪʨʫ ʰʚʠʜʢʦʩʪʝʡ, ʨʘʜ/ʩ. 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʂʐʄ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʡʦʛʦ 

ʝʣʝʤʝʥʪʽʚ  

 

ɺʽʜʦʤʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʫʪʘʤʠ ű ʪʘ ɓ ʤʘʻ ʚʠʛʣʷʜ 

 

jlb sinsin = . (2.14) 

 

ɺʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ |ɸʈ| ʟ ʧʦʜʽʙʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ OAD ʪʘ OPB 

 
 

jl
j

b
j

22 sin1
cos

cos
cos

-== ʰʰ LL
AP . (2.15) 

 

ɺʝʣʠʯʠʥʫ |CP| ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʦ ʚʠʟʥʘʯʠʪʠ ʟ ʪʨʠʢʫʪʥʠʢʘ ACP 
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 (2.16) 

 

ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟʠ (2.15), (2.16) ʚ (2.13) ʪʘ ʧʝʨʝʪʚʦʨʠʤʦ, ʤ/ʩ 
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 (2.17) 

 

ʈʘʜʠʢʘʣ jl 22 sin1-  ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʥʷʭ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʂʐʄ ɼɺɿ ʬʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʪʦʤʫ ʾʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ 

[24, 27]. ʗʢʱʦ ʧʨʠʡʥʷʪʠ ʧʝʚʥʽ ʩʧʨʦʱʝʥʥʷ: jjjlj 2222 coscossincos º-  ʪʘ 

jj 42 coscos º , ʚʠʨʘʟ (2.17) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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 (2.18) 

 

ʅʝʚʘʞʢʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʥʘʩʣʽʜʦʢ 

ʥʝʭʪʫʚʘʥʥʷ ʨʘʜʠʢʘʣʦʤ ʚ (2.17) ʚʽʜʥʦʩʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʠʨʘʟʫ (2.18) (ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʜʦʙʫʪʢʫ ɤR) ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʂʐʄ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ɼɺɿ ʩʢʣʘʜʘʻ 5,7%. 

ʆʪʞʝ, ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʰʘʪʫʥʘ, ɼʞ 

 

( )( )( ).coscos
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222
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jj
lw

ʰʰLʰʰʰ ILxLmT +-Ö-=  (2.19) 
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ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʦʨʰʥʷ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ, ɼʞ 

 

2

2

ʧ
ʧʧ

V
mT = , (2.20) 

ʜʝ ʧVï ʰʚʠʜʢʽʩʪʴ ʧʦʨʰʥʷ, ʤ/ʩ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʨʘʟʠʪʠ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʧʦʨʰʥʷ ʯʝʨʝʟ ʢʫʪ ʧʦʧʦʨʦʪʘ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʦʨʝʤʫ ʧʨʦ ʧʨʦʝʢʮʽʾ 

ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʦʢ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ ʥʘ ʧʨʷʤʫ, ʱʦ ʾʭ ʟôʻʜʥʫʻ. ɼʣʷ ʪʦʯʦʢ ɸ ʪʘ ɺ 

(ʜʠʚ. ʨʠʩ. 2.3) 

 

( )( ) bbj cos90cos BA VV =+- . (2.21) 

 

ʆʩʪʘʥʥʽʡ ʚʠʨʘʟ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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(2.22) 

 

ɿʥʝʭʪʫʚʘʚʰʠ ʨʘʜʠʢʘʣʦʤ jl 22 sin1 Ö-  [24, 27], ʚʠʨʘʟ (2.22) ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ 

 

( ).cos1sin jljw += RVB
 (2.23) 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʨʘʟʫ (2.22) ʚʽʜ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ (2.23) 

(ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʦʙʫʪʢʫ ɤR), ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʂʐʄ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ɼɺɿ ʩʢʣʘʜʘʻ 0,67%. 

ʆʪʞʝ, ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʦʨʰʥʷ, ɼʞ 
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ʇʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʩʴʦʛʦ ʤʝʭʘʥʽʟʤʫ 

 

()w
w

S=TIʧ
2

2

, (2.25) 

ʜʝ Iʧ ï ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʝʭʘʥʽʟʤʫ, ʢʛĀʤ
2
,  

)(w
ä

T  ï ʩʫʤʘʨʥʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʚʩʽʭ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ, ɼʞ. 

 

ɺʨʘʭʦʚʫʶʯʠ (2.11), (2.19), (2.24), ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʦʜʥʦʛʦ ʢʦʣʽʥʘ 

ʂʐʄ, ʢʛĀʤ
2
 

 

( )( )( ) ( )2222222 cos1sincoscos jljjjl +++-Ö-+= RmILxLmII ʧʰʰLʰʰkʧ . (2.26) 

 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ (2.26) ʨʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʤʘʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʂʐʄ. ʄʝʞʽ ʟʤʽʥʠ ʙʽʣʴʰʦʩʪʽ ʟ ʥʠʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.2.1, 

ʪʦʤʫ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʟʤʽʥʽ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʰʘʪʫʥʘ ʪʘ ʢʦʣʽʥʘ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʆʩʥʦʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʰʘʪʫʥʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.2.  

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʠʡʤʝʤʦ:  

ï ʧʦʨʰʥʝʚʘ ʪʘ ʰʘʪʫʥʥʽ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ ʤʘʶʪʴ ʬʦʨʤʫ ʧʦʣʦʛʦ ʮʠʣʽʥʜʨʘ; 

ï ʚʧʣʠʚʦʤ ʰʘʪʫʥʥʠʭ ʙʦʣʪʽʚ ʟʥʝʭʪʫʻʤʦ; 

ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠʡʤʝʤʦ ʨʽʚʥʠʤ 

h ;h 

ï ʧʨʠʡʤʝʤʦ ʩʧʨʦʱʝʥʫ ʬʦʨʤʫ ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ ʰʘʪʫʥʘ (ʨʠʩ. 

2.4). 

ɺʽʜʦʤʦ, ʱʦ ʤʘʩʘ ʰʘʪʫʥʘ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ m =h(100õ200) ˊDʧ
2
/4 

(ʪʘʙʣ.2.1). ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʜʘʥʽ ʟ ʪʘʙʣ. 2.2, ʚʠʟʥʘʯʠʤʦ ʤʝʞʽ ʟʤʽʥʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʰʘʪʫʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ɼɺɿ. ɼʣʷ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʛʦʣʦʚʢʠ 

ʰʘʪʫʥʘ [85], ʢʛĀʤ
2
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d
hlI pr , (2.27) 

ʜʝ Iʚʛ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʝʨʭʥʴʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ, ʢʛĀʤ
2
;  



 64 

ɟ=7800 ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʰʘʪʫʥʘ, ʢʛ/ ʤ
3
; 

Iʥʛ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʥʠʞʥʴʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ, ʢʛĀʤ
2
.  

 

ʊʘʙʣʠʮʷ 2.2 ï ʆʩʥʦʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʰʘʪʫʥʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ɼɺɿ 

[6, 41, 64, 71] 

ʅʘʟʚʘ ʇʦʟʥʘʯʝʥʥʷ 
ɼʽʘʧʘʟʦʥ  

ʟʥʘʯʝʥʴ *
 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʦʨʰʥʝʚʦʾ ʛʦʣʦʚʢʠ dʥ (0,22õ0,28)Dʧ 

ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʛʦʣʦʚʢʠ dʛ (1,25õ1,65)dʥ 

ɼʦʚʞʠʥʘ ʧʦʨʰʥʝʚʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ l  h (0,33õ0,45)Dʧ
**

 

ʄʽʥʽʤʘʣʴʥʘ ʚʠʩʦʪʘ ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ hʰ.ʤʽʥ (0,5õ0,55) dʛ 

ɺʠʩʦʪʘ ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʮʝʥʪʨʽ ʚʘʛʠ 
h  h (1,2õ1,4) hʰ.ʤʽʥ 

ʊʦʚʱʠʥʘ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ ʰʘʪʫʥʘ, 

ʚʨʘʭʦʚʫʶʯʠ ʧʦʣʢʠ ʜʚʦʪʘʚʨʘ 
b  h (0,5õ0,6) l  h

ʄʽʥʽʤʘʣʴʥʘ ʪʦʚʱʠʥʘ ʧʝʨʝʨʽʟʫ ʩʪʽʥʢʠ  

ʩʪʝʨʞʥʷ, ʤʤ 
ʘhº t  h 2,5õ4 

ɼʽʘʤʝʪʨ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ 
d  h (0,5õ0,7) Dʧ 

ɼʦʚʞʠʥʘ ʢʨʠʚʦʰʠʧʥʦʾ ʛʦʣʦʚʢʠ lʢ (0,4õ0,5) Dʧ 

ɺʠʩʦʪʘ ʥʠʞʥʴʦʾ ʢʨʠʰʢʠ ʰʘʪʫʥʘ h1 (0,5õ0,6) d  h

ʇʨʠʤʽʪʢʠ: 
* 
ʜʣʷ ʢʘʨʙʶʨʘʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ; 

     **
 ʜʣʷ ʧʣʘʚʘʶʯʦʛʦ ʧʘʣʴʮʷ. 

 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʩʪʝʨʞʥʷ ʰʘʪʫʥʘ ʚʠʨʘʟʠʪʠ ʘʥʘʣʽʪʠʯʥʦ 

ʜʦʩʠʪʴ ʚʘʞʢʦ, ʧʨʝʜʩʪʘʚʠʤʦ ʡʦʛʦ ʧʝʨʝʨʽʟ ʫ ʚʠʛʣʷʜʽ ʢʦʣʘ, ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʟʘ 

ʨʦʟʧʦʜʽʣʦʤ ʤʘʩʠ ʜʚʦʪʘʚʨʦʚʦʤʫ ʧʝʨʝʨʽʟʫ (ʨʠʩ 2.4, ʙ). 
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                              ʘ)                                                                 ʙ) 

ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʤʦʜʝʣʽ ʰʘʪʫʥʘ 

 

ʆʪʞʝ, ʚ ʩʧʨʦʱʝʥʦʤʫ ʚʘʨʽʘʥʪʽ ʩʪʝʨʞʝʥʴ ʰʘʪʫʥʘ ʤʘʻ ʚʠʛʣʷʜ ʫʩʽʯʝʥʦʛʦ 

ʢʦʥʫʩʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʘ ʤʽʥʽʤʘʣʴʥʠʤ ʨʘʜʽʫʩʘʤʠ ʦʩʥʦʚ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ 

ʤʝʞʘʭ (ʪʘʙʣ. 2.2), ʤ 

 

( ) ( )19.1098.3011.1373.0 ·-·=¡ ʧDr , ( ) ( )19.1098.3141.1395.0 ·-·=¡ ʧDR  (2.28) 

 

ɺʨʘʭʦʚʫʶʯʠ ʧʨʠʡʥʷʪʫ ʢʦʥʮʝʧʮʽʶ ʬʦʨʤʠ ʩʪʝʨʞʥʷ ʰʘʪʫʥʘ, ʚʠʨʘʟʠʤʦ ʡʦʛʦ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʦʩʽ ʫʩʽʯʝʥʦʛʦ ʢʦʥʫʩʘ ʪʘ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʠʞʥʶ ʡʦʛʦ ʦʩʥʦʚʫ. ɺʠʨʽʞʝʤʦ ʫʷʚʥʦ ʥʝʩʢʽʥʯʝʥʥʦ ʢʦʨʦʪʢʠʡ 

ʮʠʣʽʥʜʨ ʟ ʚʠʩʦʪʦʶ dz ʟ ʤʘʩʦʶ dm (ʈʠʩ. 2.5).  

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʫʩʽʯʝʥʦʛʦ ʢʦʥʫʩʘ 
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ɺʠʩʦʪʘ ʪʘʢʦʛʦ ʫʩʽʯʝʥʦʛʦ ʢʦʥʫʩʘ ʩʢʣʘʜʘʻ l=L -hh1-d2/2 (ʪʘʙʣ 2.2). ɼʣʷ ʮʴʦʛʦ 

ʮʠʣʽʥʜʨʘ ʨʘʜʽʫʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ z (ʜʠʚ. ʨʠʩ. 2.4), ʤ 

 

( ).)( zl
l

rR
zr -

¡-¡
=  (2.29) 

 

ʆʪʞʝ, ʜʣʷ ʥʝʩʢʽʥʯʝʥʥʦ ʢʦʨʦʪʢʦʛʦ ʮʠʣʽʥʜʨʘ ʟ ʚʠʩʦʪʦʶ dz, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʚʽʜʥʦʩʥʦ ʦʩʽ z ʤʘʻ ʚʠʛʣʷʜ, ʢʛĀʤ
2
 

 

.)(
2

1 2zrdmdI z Ö=  (2.30) 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʘʡʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚ̔ ʜʥʦʩʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʝʡ, 

ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʪʝʦʨʝʤʦʶ ʧʨʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʦʩʽ, ʢʛĀʤ
2
 

 

.yxz dIdIdI +=  (2.31) 

 

ʆʩʢʽʣʴʢʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʦʩʽ x ʪʘ y ʦʜʥʘʢʦʚʽ, ʢʛĀʤ
2
 

 

.)(
4

1

2

1 2zrdmdIdI zx Ö==  (2.32) 

 

ɼʣʷ ʪʦʥʢʦʛʦ ʮʠʣʽʥʜʨʘ ʤʘʻʤʦ, ʢʛ 

 

.)( 2dzzrdVdm prr Ö==  (2.33) 

 

ɼʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʦʥʢʦʛʦ ʮʠʣʽʥʜʨʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ z ʚʽʜ ʦʩʽ x, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʝʤʫ ʐʪʝʡʥʝʨʘ, ʢʛĀʤ
2
 

 

.)(
4

1 22 zdmzrdmdI x Ö+Ö=  (2.34) 
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ɯʥʪʝʛʨʫʶʯʠ ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ ʧʦ ʚʠʩʦʪʽ ʮʠʣʽʥʜʨʘ ʤʘʻʤʦ, ʢʛĀʤ
2
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(2.35) 

 

ʎʝʥʪʨ ʚʘʛʠ ʫʩʽʯʝʥʦʛʦ ʢʦʥʫʩʘ ʣʝʞʠʪʴ ʥʘ ʦʩʽ ʩʠʤʝʪʨʽʾ ʟ ʢʦʦʨʜʠʥʘʪʦʶ, ʤ 
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ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʮʝʥʪʨ ʤʘʩ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ ʣʝʞʘʪʴ 

ʥʘ ʾʭ ʦʩʽ ʩʠʤʝʪʨʽʾ ʪʘ ʚʠʨʘʟ (2.36), ʟʘʛʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ (ʢʦʦʨʜʠʥʘʪʘ Z) 

ʤʦʜʝʣʽ ʰʘʪʫʥʘ (ʜʠʚ. ʨʠʩ. 2.4) 
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 (2.37) 

ʜʝ mʥʛ ï ʤʘʩʘ ʥʠʞʥʴʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ, ʢʛ; 

mʩʪ ï ʤʘʩʘ ʩʪʝʨʞʥʷ ʰʘʪʫʥʘ, ʢʛ;  

mʚʛ ï ʤʘʩʘ ʚʝʨʭʥʴʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ, ʢʛ. 

 

ʎʝʥʪʨʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʦʜʝʣʽ ʰʘʪʫʥʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, 

ʚʠʢʦʨʠʩʪʘʚʰʠ ʪʝʦʨʝʤʫ ʐʪʝʡʥʝʨʘ, ʢʛĀʤ
2 

 

.)(
222

CcʩʪxCʰʚʛʚʛCʥʛʥʛʰ ZzmIZLmIZmII -Ö++-Ö++Ö+=  (2.38) 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʟʥʘʡʜʝʤʦ ʮʝʥʪʨʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʢʦʣʽʥʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʆʩʥʦʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʣʽʥʘ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.3. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʠʡʤʝʤʦ:  

ï ʥʝ ʚʨʘʭʦʚʫʻʤʦ ʧʨʦʪʠʚʘʛʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ; 

ï ʟʥʝʭʪʫʻʤʦ ʦʪʚʦʨʘʤʠ ʜʣʷ ʤʘʱʝʥʥʷ; 

ï ʧʨʠʡʤʝʤʦ ʩʧʨʦʱʝʥʫ ʬʦʨʤʫ ʢʦʣʽʥʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ (ʨʠʩ. 2.6) [86]. 
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ʊʘʙʣʠʮʷ 2.3 ï ʆʩʥʦʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʣʽʥʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ɼɺɿ [6, 41, 64, 71] 

ʅʘʟʚʘ ʇʦʟʥʘʯʝʥʥʷ ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 
*
 

ɼʽʘʤʝʪʨ ʢʦʨʽʥʥʦʾ ʰʠʡʢʠ  dʢ (0,6õ0,8)Dʧ 

ɼʦʚʞʠʥʘ ʢʦʨʽʥʥʦʾ ʰʠʡʢʠ ʟ ʛʘʣʪʝʣʷʤʠ lʢʛ (0,45õ0,7) Dʧ  

ʊʦʚʱʠʥʘ ʱʦʢʠ h (0,1õ0,25)Dʧ 

ʐʠʨʠʥʘ ʱʦʢʠ b (1,0õ1,25) Dʧ 

ʇʨʠʤʽʪʢʘ: 
* 
ʜʣʷ ʢʘʨʙʶʨʘʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ; 

 

  

ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʘ ʢʦʣʽʥʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

 

ʈʦʟʜʽʣʠʤʦ ʫʷʚʥʦ ʢʦʣʽʥʦ ʚʘʣʘ ʥʘ ʯʘʩʪʠʥʠ: ʜʚʽ ʧʦʣʦʚʠʥʢʠ ʢʦʨʽʥʥʠʭ ʰʠʡʦʢ, 

ʰʘʪʫʥʥʘ ʰʠʡʢʘ ʪʘ ʱʦʢʘ. ɺʠʟʥʘʯʠʤʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʮʠʭ ʯʘʩʪʠʥ ʚʽʜʥʦʩʥʦ ʦʩʽ 

ʢʦʣ̔ʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʚʦʭ ʧʦʣʦʚʠʥ ʢʦʨʽʥʥʠʭ ʰʠʡʦʢ, ʢʛĀʤ
2

 [86] 
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 (2.39) 

 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, 

ʢʛĀʤ
2

 [85] 
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, (2.40) 

ʜʝ R ï ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ, ʤ. 
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ʑʦʢʘ ʚ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ (ʜʠʚ. ʨʠʩ. 2.5). ʊʦʜʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʾʾ ʤʘʩʠ ʚʽʜʥʦʩʥʦ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʢʛĀʤ
2
 [86] 

( )
412

2

22 R
HbhlbH

Hb
I

ʢʱ
Ö++= rr , (2.41) 

ʜʝ 210
22

-+++= ʢʰ dd
RH  ï ʚʠʩʦʪʘ ʱʦʢʠ, ʤ. 

 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʦʜʥʦʛʦ ʢʦʣʽʥʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʢʛĀʤ
2
 

 

.2 ʱʰʰʢʰʢ IIII ++=  (2.42) 

 

ɺʨʘʭʦʚʫʶʯʠ (2.26), (2.38), (2.42), ʜʘʥʽ ʪʘʙʣ.2.2 ʪʘ ʪʘʙʣ.2.3 ʪʘ ʽʥʰʽ ʤʘʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʂʐʄ ɼɺɿ, ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʟʤʽʥʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʦʜʥʦʛʦ ʢʦʣʽʥʘ ʂʐʄ (2.26) ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʤʦʞʣʠʚʠʭ ʟʤʽʥ 

ʧʘʨʘʤʝʪʨʽʚ, ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʤʘʭʦʚʠʢʘ (ʨʠʩ. 2.7). ɺ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʘ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʦʜʥʦʛʦ ʢʦʣʽʥʘ ʂʐʄ ʦʙʠʨʘʻʤʦ 

ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ I
d [24]. ɿ (2.26) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʧʨʠʡʤʘʻ ʧʨʠ ű=80Á, 

ʤʽʥʽʤʘʣʴʥʝ ʧʨʠ ű=0Á, ʧʝʨʽʦʜ ʬʫʥʢʮʽʾ ʩʢʣʘʜʘʻ 180Á.  

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘ ʧʝʨʽʦʜ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʪʝʦʨʝʤʦʶ ʧʨʦ ʩʝʨʝʜʥʻ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʷ [20] 

 

.)(
1

0

ñ=

T

nn dI
T

I jj  (2.43) 
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                             a)                                                                           ʙ) 

ʈʠʩʫʥʦʢ 2.7 ï ɿʘʣʝʞʥʽʩʪʴ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʚʽʜ ʡʦʛʦ 

ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʠʨʘʟ (2.26) ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʥʷʭ ʤʘʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʂʐʄ ɼɺɿ, ʚʨʘʭʦʚʫʶʯʠ ʤʦʜʝʣʴ ʰʘʪʫʥʘ (ʜʠʚ. ʨʠʩ. 

2.3), ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ 

ŭI ʧʨʠʡʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 0,012 (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʤʘʭʦʚʠʢʘ) ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʥʷʭ: ʜʽʘʤʝʪʨʘ ʧʦʨʰʥʷ Dʧ, ʢʽʥʝʤʘʪʠʯʥʠʡ 

ʧʘʨʘʤʝʪʨ ʂʐʄ ɚ, ʚʠʩʦʪʠ ʥʠʞʥʴʦʾ ʢʨʠʰʢʠ ʰʘʪʫʥʘ h1 ʪʘ ʜʽʘʤʝʪʨʘ ʰʘʪʫʥʥʦʾ 

ʰʠʡʢʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ d ,h ʜʦʚʞʠʥʠ ʢʨʠʚʦʰʠʧʥʦʾ ʛʦʣʦʚʢʠ lʢ, ʰʠʨʠʥʠ ʱʦʢʠ b, 

ʜʽʘʤʝʪʨʘ ʢʦʨʽʥʥʦʾ ʰʠʡʢʠ dʢ, ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ dʛ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʧʦʨʰʥʝʚʦʾ ʛʦʣʦʚʢʠ dʥ; ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʥʷʭ: 

ʨʘʜʽʫʩʘ ʢʨʠʚʦʰʠʧʘ R, ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ ʰʘʪʫʥʘ (ʧʘʨʘʤʝʪʨʠ h ,h hʰ.ʤʽʥ, bh , 

ʘh, th ), ʧʠʪʦʤʦʾ ʤʘʩʠ ʧʦʨʰʥʝʚʦʾ mʧ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ, ʧʨʠ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʘʨʘʤʝʪʨʘʭ, ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʘ ʧʦʨʰʥʝʚʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ l ,h ʜʦʚʞʠʥʠ ʢʦʨʽʥʥʦʾ ʰʠʡʢʠ ʟ 

ʛʘʣʪʝʣʷʤʠ lʢʛ, ʪʦʚʱʠʥʘ ʱʦʢʠ h (ʜʠʚ. ʨʠʩ. 2.7). 
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ʈʠʩʫʥʦʢ 2.8 ï ɼʦʜʘʥʢʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ (ʢʛĿʤ
2
) ʂʐʄ ʚʽʜ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

 

ʂʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ dI ʧʨʠʡʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 0,394 (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʤʘʭʦʚʠʢʘ) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʥʷʭ: ʧʠʪʦʤʦʾ ʤʘʩʠ ʧʦʨʰʥʝʚʦʾ mʧ, ʨʘʜʽʫʩʘ ʢʨʠʚʦʰʠʧʘ R, ʧʣʦʱʽ 

ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ ʰʘʪʫʥʘ (ʧʘʨʘʤʝʪʨʠ h ,h hʰ.ʤʽʥ, bh , ʘh, th ); ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʥʷʭ: ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʂʐʄ ɚ, ʜʽʘʤʝʪʨʘ ʧʦʨʰʥʷ Dʧ, ʚʠʩʦʪʠ 

ʥʠʞʥʴʦʾ ʢʨʠʰʢʠ ʰʘʪʫʥʘ h1 ʪʘ ʜʽʘʤʝʪʨʘ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ d ,h 

ʜʦʚʞʠʥʠ ʢʨʠʚʦʰʠʧʥʦʾ ʛʦʣʦʚʢʠ lʢ, ʰʠʨʠʥʠ ʱʦʢʠ b, ʜʽʘʤʝʪʨʘ ʢʦʨʽʥʥʦʾ ʰʠʡʢʠ dʢ, 

ʜʽʘʤʝʪʨʘ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ dʛ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʧʦʨʰʥʝʚʦʾ ʛʦʣʦʚʢʠ dʥ, 

ʪʦʚʱʠʥʠ ʱʦʢʠ h. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ, ʧʨʠ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʘʨʘʤʝʪʨʘʭ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ 

ʧʦʨʰʥʝʚʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ l ,h ʜʦʚʞʠʥʠ ʢʦʨʽʥʥʦʾ ʰʠʡʢʠ ʟ ʛʘʣʪʝʣʷʤʠ lʢʛ (ʨʠʩ 2.7). 

ʈʦʟʛʣʷʥʝʤʦ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʚʠʨʘʟʫ (2.26), ʘ ʩʘʤʝ, ʧʦʨʽʚʥʷʻʤʦ ʧʦʩʪʽʡʥʽ ʪʘ 

ʟʤʽʥʥʽ ʧʨʦʪʷʛʦʤ ʦʙʝʨʪʫ ʜʦʜʘʥʢʠ (ʨʠʩ.2.8). ɼʣʷ ʫʥʘʦʯʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ (ʜʠʚ. ʨʠʩ. 2.7 ʘ). 

 

constI
k
=  

( )222 cos1sin jlj +Rm
ʧ

 

( )( )( )jjl 2222 coscos ʰʰLʰʰ ILxLm +-Ö-

 

Iʧ, ʢʛĀʤʤ
2
 

Á ʧ.ʢ.ʚ. 
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2.3 ɿʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥ ̫

 

ɺʽʜʦʤʦ, ʱʦ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʩʭʝʤ ʂʐʄ ʙʘʛʘʪʦʮʠʣʽʥʜʨʦʚʠʭ ʧʦʨʰʥʝʚʠʭ 

ɼɺɿ, ʘ ʩʘʤʝ: ʦʜʥʦʨʷʜʥʠʡ, V-ʧʦʜʽʙʥʠʡ, ʦʧʦʟʠʪʥʠʡ, W-ʧʦʜʽʙʥʠʡ, H-ʧʦʜʽʙʥʠʡ, 

ʪʨʠʢʫʪʥʠʡ, ʟʽʨʢʦʧʦʜʽʙʥʠʡ [34] ʪʦʱʦ. ɸʣʝ, ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ 

ʙʘʛʘʪʦʮʠʣʽʥʜʨʦʚʠʤʠ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ, ʪʨʘʢʪʦʨʥʠʤʠ ʪʘ ʢʦʤʙʘʡʥʦʚʠʤʠ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʻ ʧʦʨʰʥʝʚʽ ʨʷʜʥʽ ʪʘ V-ʧʦʜʽʙʥʽ ɼɺɿ ʟ ʢʽʣʴʢʽʩʪʶ ʮʠʣʽʥʜʨʽʚ ʜʦ 12 

ʚʢʣʶʯʥʦ [6, 85]. 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʟʘ ʦʙʝʨʪ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʦʮʽʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ dI ʨʽʟʥʠʭ ʩʭʝʤ ʨʷʜʥʠʭ ʂʐʄ ʤʽʞ ʩʦʙʦʶ 

ʧʨʠʡʤʝʤʦ ʥʘʩʪʫʧʥʽ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʂʐʄ (ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʜʣʷ ʦʜʥʦʛʦ ʢʨʠʚʦʰʠʧʘ): ʢʽʥʝʤʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ 

ʂʐʄ l=0,2, ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ R=50 ʤʤ, ʜʽʘʤʝʪʨ ʧʦʨʰʥʷ Dʧ=60 ʤʤ, ʚʠʩʦʪʠ 

ʥʠʞʥʴʦʾ ʢʨʠʰʢʠ ʰʘʪʫʥʘ h1=0,25ĀDʧ, ʜʽʘʤʝʪʨʘ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ dʛ=0,275ĀDʧ, 

ʧʘʨʘʤʝʪʨʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʩʪʝʨʞʥʽ ʰʘʪʫʥʘ Rô=10ʤʤ, rô=9ʤʤ, ʜʦʚʞʠʥʘ 

ʧʦʨʰʥʝʚʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ l =h0,33ĀDʧ, ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʦʨʰʥʝʚʦʾ ʛʦʣʦʚʢʠ 

dʥ=0,22ĀDʧ, ʜʽʘʤʝʪʨʘ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ d =h0,5ĀDʧ, ʜʦʚʞʠʥʠ 

ʢʨʠʚʦʰʠʧʥʦʾ ʛʦʣʦʚʢʠ lʢ=0,4ĀDʧ, ʧʠʪʦʤʘ ʤʘʩʘ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ mʧ=150 ʢʛ/ʤ
2
, 

ʜʦʚʞʠʥʠ ʢʦʨʽʥʥʦʾ ʰʠʡʢʠ ʟ ʛʘʣʪʝʣʷʤʠ lʢʛ=0,45ĀDʧ, ʰʠʨʠʥʠ ʱʦʢʠ b=1ĀDʧ, ʜʽʘʤʝʪʨ 

ʢʦʨʽʥʥʦʾ ʰʠʡʢʠ dʢ=0,8ĀDʧ, ʪʦʚʱʠʥʘ ʱʦʢʠ h=0,1ĀDʧ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʩʪʦʩʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ (2.26) ʱʦʜʦ ʥʘʚʝʜʝʥʠʭ 

ʩʭʝʤ V-ʧʦʜʽʙʥʠʭ ɼɺɿ (ʪʘʙʣ.2.4), ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʩʫʤʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʂʐʄ ʢʦʞʥʦʛʦ ʟ ʮʠʣʽʥʜʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ V-ʧʦʜʽʙʥʦʛʦ ɼɺɿ 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʩʭʝʤʦʶ (ʨʠʩ. 2.9), ʷʢʫ ʧʨʦʘʥʘʣʽʟʫʻʤʦ, ʷʢ ʜʚʘ ʦʜʥʦʨʷʜʥʠʭ ʂʐʄ ʟ 

ʢʫʪʦʤ ʨʦʟʚʘʣʫ ʮʠʣʽʥʜʨʽʚ ɔ.  
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ɿ ʨʠʩ. 2.8 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʚʩʽʭ ʮʠʣʽʥʜʨʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʫʪʘʤʠ ʧʦʚʦʨʦʪʫ 

ʢʨʠʚʦʰʠʧʽʚ ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʨʷʜʽʚ ʮʠʣʽʥʜʨʽʚ 

 

kʣ jgj += , (2.44) 

ʜʝ űʣ ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʢʨʠʚʦʰʠʧʽʚ ʣʽʚʦʛʦ ʨʷʜʫ ʮʠʣʽʥʜʨʽʚ ʧʨʠ ʧʦʚʦʨʦʪʽ 

ʢʨʠʚʦʰʠʧʽʚ ʧʨʘʚʦʛʦ ʨʷʜʫ ʥʘ űʧ, ʛʨʘʜ; 

űk ï ʢʫʪ ʤʽʞ ʢʨʠʚʦʰʠʧʘʤʠ, ʛʨʘʜ; 

ɔï ʢʫʪ ʨʦʟʚʘʣʫ ʮʠʣʽʥʜʨʽʚ, ʛʨʘʜ. 

 

ɺ ʪʘʙʣʠʮʽ 2.4 ʥʘʚʝʜʝʥʦ ʂʐʄ ʟ ʢʽʣʴʢʽʩʪʶ ʮʠʣʽʥʜʨʽʚ ʜʦ 4 ʚʢʣʶʯʥʦ, ʜʣʷ ʷʢʠʭ 

ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ I
d ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʩʫʪʪʻʚʽ 

ʟʥʘʯʝʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʣʽʥʜʨʽʚ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʮʠʣʽʥʜʨʽʚ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʂʐʄ I
d ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ, ʱʦ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ 

[73], ʪʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʾʭ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦʩʪʽʡʥʠʤ. ʈʦʟʛʣʷʥʝʤʦ 

ʜʝʪʘʣʴʥʽʰʝ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʜʝʷʢʠʭ ʂʐʄ. 

ɼʚʦʮʠʣʽʥʜʨʦʚʠʡ ʨʷʜʥʠʡ ʜʚʠʛʫʥ ʟ ʢʫʪʦʤ ʤʽʞ ʢʨʠʚʦʰʠʧʘʤʠ 0Á ʪʘ V-ʧʦʜʽʙʥʠʡ 

ʜʚʠʛʫʥ ʟ ʢʫʪʦʤ ʨʦʟʚʘʣʫ ʮʠʣʽʥʜʨʽʚ ɔ=180Á ʪʘ ʢʫʪʦʤ ʤʽʞ ʢʨʠʚʦʰʠʧʘʤʠ űk=180Á 

(ʪʘʙʣ. 2.4). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʫʪ ʤʽʞ ʢʨʠʚʦʰʠʧʘʤʠ ʩʧʽʚʧʘʜʘʻ ʟ ʧʝʨʽʦʜʦʤ 

ʬʫʥʢʮʽʾ (2.26). ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʢʦʥ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʙʫʜʝ 

ʩʫʤʦʶ ʧʨʠʚʝʜʝʥʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʢʦʞʥʦʛʦ ʟ ʢʨʠʚʦʰʠʧʽʚ, ʢʛĀʤ
2
 

 

( )( )( ) ( )2222222 cos1sin2coscos22 jljjjl +++-Ö-+= RmILxLmII ʧʰʰLʰʰkʧ . (2.45) 

 

ɼʚʦʮʠʣʽʥʜʨʦʚʠʡ ʨʷʜʥʠʡ ʜʚʠʛʫʥ ʟ ʢʫʪʦʤ ʤʽʞ ʢʨʠʚʦʰʠʧʘʤʠ 180Á ʪʘ V-

ʧʦʜʽʙʥʠʡ ʜʚʠʛʫʥ ʟ ʢʫʪʦʤ ʨʦʟʚʘʣʫ ʮʠʣʽʥʜʨʽʚ ɔ=180Á ʪʘ ʢʫʪʦʤ ʤʽʞ ʢʨʠʚʦʰʠʧʘʤʠ 

űk =0Á (ʪʘʙʣ. 2.4). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʠʡ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 
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ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ ʩʫʤʘ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʢʨʠʚʦʰʠʧʘ, ʟʤʽʱʝʥʦʛʦ ʥʘ 180Á. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʘʢʦʥ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʢʛĀʤ
2
 

 

( )( )( ) ( ).cos1sin2coscos22 22222222 jljjjl +++-Ö-+= RmILxLmII ʧʰʰLʰʰkʧ  (2.46) 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ V-

ʧʦʜʽʙʥʦʛʦ ɼɺɿ 

 

ʊʨʠʮʠʣʽʥʜʨʦʚʠʡ ʨʷʜʥʠʡ ʜʚʠʛʫʥ ʟ ʢʫʪʦʤ ʤʽʞ ʢʨʠʚʦʰʠʧʘʤʠ 120Á (ʪʘʙʣ. 2.4). 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʠʡ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ ʩʫʤʘ 

ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʢʨʠʚʦʰʠʧʘ, ʟʤʽʱʝʥʦʛʦ ʥʘ 180Á. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʢʦʥ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʢʛĀʤ
2
 

 

( )( )( ) ( )

( )( )( ) ( )

( )( )( ) ( ).)120cos(1sin)120(cos)120(cos

)120cos(1sin)120(cos)120(cos

cos1sincoscos3

2222222

2222222

2222222

-++-+--Ö-

++++++-+Ö-

++++-Ö-+=

jljjjl

jljjjl

jljjjl

RmILxLm

RmILxLm

RmILxLmII

ʧʰʰLʰʰ

ʧʰʰLʰʰ

ʧʰʰLʰʰkʧ

 (2.47) 
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ʏʦʪʠʨʠʮʠʣʽʥʜʨʦʚʠʡ ʨʷʜʥʠʡ ʜʚʠʛʫʥ ʟ ʢʫʪʦʤ ʤʽʞ ʢʨʠʚʦʰʠʧʘʤʠ 1,4 ʪʘ 2,3 

ʮʠʣʽʥʜʨʽʚ 180Á ʪʘ V-ʧʦʜʽʙʥʽ ʜʚʠʛʫʥʠ ʟ ʢʫʪʘʤʠ ʨʦʟʚʘʣʫ ʮʠʣʽʥʜʨʽʚ ɔ=90Á ʪʘ 

ɔ=180Á ʪʘ ʢʫʪʘʤʠ ʤʽʞ ʢʨʠʚʦʰʠʧʘʤʠ űk =90Á, űk =180Á, űk =0Á (ʪʘʙʣ. 2.4).         

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʠʡ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ ʩʫʤʘ 

ʜʚʦʭ ʪʘ ʱʝ ʜʚʦʭ ʢʨʠʚʦʰʠʧʽʚ, ʟʤʽʱʝʥʠʭ ʥʘ 180Á. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʢʦʥ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʢʛĀʤ
2
 

 

( )( )( ) ( ).cos1sin4coscos44 22222222 jljjjl +++-Ö-+= RmILxLmII ʧʰʰLʰʰkʧ  (2.48) 

 

ɼʘʥʽ ʪʘʙʣ. 2.4 ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʤʘʭʦʚʠʢʘ ɼɺɿ. ʊʦʤʫ 

ʨʦʟʛʣʷʥʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ dI ʂʐʄ ʥʘ ʧʨʠʢʣʘʜʽ 

ʜʚʠʛʫʥʘ ʄʝʄɿ-2457, ʷʢʠʡ ʩʢʣʘʜʘʻ: 16,3% (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʤʘʭʦʚʠʢʘ) ʪʘ 3,79 % 

(ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʘʭʦʚʠʢʘ).  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʙʘʛʘʪʦʮʠʣʽʥʜʨʦʚʦʛʦ ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʧʨʦʩʪʦʨʦʚʘ ʢʦʤʧôʶʪʝʨʥʘ 

ʤʦʜʝʣʴ ʂʐʄ ʨʷʜʥʦʛʦ ʯʦʪʠʨʠʮʠʣʽʥʜʨʦʚʦʛʦ ɼɺɿ ʚ ʩʠʩʪʝʤʽ ʂʆʄʇɸʉ-3D V8 

[65] (ʨʠʩ. 2.10) ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ R=40 ʤʤ, ʧʠʪʦʤʘ 

ʤʘʩʘ ʰʘʪʫʥʘ m =h  176,064 ʢʛ/ʤ
2
, ʧʠʪʦʤʘ ʤʘʩʘ ʧʦʨʰʥʷ mʧ=110,854 ʢʛ/ʤ

2
, 

ʢʽʥʝʤʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʂʐʄ ɚ=0,286, ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ 

ʧʘʣʴʮʷ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʰʘʪʫʥʘ xL=0,8, ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʢʦʣʽʥʘ ʚʘʣʘ ʙʝʟ ʧʨʦʪʠʚʘʛ k=0, ʜʽʘʤʝʪʨ ʧʦʨʰʥʷ Dʧ=70 ʤʤ, ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ ʰʘʪʫʥʘ I =h2,72Ā10
-3
 ʢʛĀʤ

2
, 

ʧʦʨʰʥʝʚʦʾ Iʧ=2,61Ā10
-4
 ʢʛĀʤ

2 
ʪʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʟ ʤʘʭʦʚʠʢʦʤ 

Iʢ=0,422 ʢʛĀʤ
2
. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʚʨʘʭʫʚʘʚʰʠ ʪʝ, ʱʦ ʮʝʥʪʨ ʤʘʩ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʣʝʞʠʪʴ ʥʘ 

13,45 ʤʤ ʚʠʱʝ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʾʭ 

ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ 1,02%, ʘ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ 

Id=0,075.  

 



 77 

ʊʘʙʣʠʮʷ 2.4 ï ɿʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʩʭʝʤ ʂʐʄ ʧʦʨʰʥʝʚʠʭ ɼɺɿ ʟ 

ʢʽʣʴʢʽʩʪʶ ʮʠʣʽʥʜʨʽʚ ʜʦ 4 ʚʢʣʶʯʥʦ [6, 85] 
ʏ
ʠ
ʩ
ʣ
ʦ
 
ʮ
ʠ
ʣ

ʽ
ʥ
ʜ
ʨ
ʽ
ʚ

 

ʉʭʝʤʘ 

ʨʦʟʪʘʰʫʚʘʥ-

ʥ ̫

ʢʨʠʚʦʰʠʧʽʚ 

ʨʷʜʥʠʭ ɼɺɿ 

ʉʭʝʤʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʨʠʚʦʰʠʧʽʚ 

V-ʧʦʜʽʙʥʠʭ 

ɼɺɿ 

ɿʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

(ʢʛĿʤʤ
2
) ʚʽʜ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

(ʛʨʘʜ). 

ʂʦʝʬʽ-

ʮʽʻʥʪ  

ŭI 

ʇʝʨʽʦʜ 

ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦ-

ʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ, Á 

ʧ.ʢ.ʚ. 

1 

 

ï 

 

0,394 180 

2 

   

0,394 

180 

 
 

 

0,391 

3 

 

ï 

 

0,05 120 
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4 

 

 

 

 

 

 

0,391 180 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʙʘʛʘʪʦʮʠʣʽʥʜʨʦʚʦʛʦ V-ʧʦʜʽʙʥʦʛʦ ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʧʨʦʩʪʦʨʦʚʘ 

ʢʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʂʐʄ ʯʦʪʠʨʠʮʠʣʽʥʜʨʦʚʦʛʦ ɼɺɿ ʄʝʄɿ-969ɸ ʚ ʩʠʩʪʝʤʽ 

ʂʆʄʇɸʉ-3D V8 [65] (ʨʠʩ. 2.11) ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ ʟʘʚʦʜ-

ʚʠʨʦʙʥʠʢ: ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ R=33 ʤʤ, ʧʠʪʦʤʘ ʤʘʩʘ ʰʘʪʫʥʘ m =h  154,747 ʢʛ/ʤ
2
, 

ʧʠʪʦʤʘ ʤʘʩʘ ʧʦʨʰʥʷ mʧ=111,724ʢʛ/ʤ
2
, ʢʽʥʝʤʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʂʐʄ ɚ=0,232, 

ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʰʘʪʫʥʘ xL=0,787, 

ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʢʦʣʽʥʘ ʚʘʣʘ ʙʝʟ 

ʧʨʦʪʠʚʘʛ k=0,059, ʜʽʘʤʝʪʨ ʧʦʨʰʥʷ Dʧ=76 ʤʤ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ ʰʘʪʫʥʘ I =h2,4Ā10
-3
 ʢʛĀʤ

2
, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦʨʰʥʝʚʦʾ 

ʛʨʫʧʠ Iʧ=4,61Ā10
-4
 ʢʛĀʤ

2 
ʪʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʟ ʤʘʭʦʚʠʢʦʤ 

Iʢ=0,036 ʢʛĀʤ
2
.  

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʚʨʘʭʫʚʘʚʰʠ, ʱʦ ʮʝʥʪʨʘ ʤʘʩ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʣʝʞʠʪʴ ʥʘ 

8,62 ʤʤ ʚʠʱʝ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʾʭ 
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ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ 1,23%, ʘ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʜʘʥʦʛʦ ʂʐʄ dI=0,061. 

 

ʈʠʩʫʥʦʢ 2.10 ï ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ 

 

 

ʈʠʩʫʥʦʢ 2.11 ï ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ 

ʄʝʄɿ-969ɸ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚ ʩʠʩʪʝʤʽ ʂʆʄʇɸʉ-3D V8 
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ʈʘʟʦʤ ʟ ʨʦʟʛʣʷʥʫʪʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʨʷʜʥʠʭ ʪʘ V-ʧʦʜʽʙʥʠʭ ɼɺɿ ʜʦʩʠʪʴ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽ ʽʥʰʽ ʪʠʧʠ ʂʐʄ. ʋ ʚʠʧʘʜʢʫ ʦʧʦʟʠʪʥʦʛʦ ɼɺɿ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʧʽʜʭʦʜʠʪʴ ʤʝʪʦʜʠʢʘ ʱʦʜʦ V-

ʧʦʜʽʙʥʠʭ ʜʚʠʛʫʥʽʚ ʟʘ ʫʤʦʚʠ ɔ = 180Á. ʊʘʢʦʞ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʂʐʄ ʟ 

ʰʘʪʫʥʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʰʘʪʫʥʠ (ʮʝʥʪʨʘʣʴʥʠʡ ʪʘ ʚʥʫʪʨʽʰʥʽʡ) ʤʘʶʪʴ ʨʽʟʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʪʘ 

ʮʝʥʪʨʘʣʴʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʮʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠʢʫ 

ʱʦʜʦ V-ʧʦʜʽʙʥʠʭ ʜʚʠʛʫʥʽʚ. ʊʘʢʦʞ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʂʐʄ ʟ ʧʨʠʯʽʧʥʠʤ ʰʘʪʫʥʦʤ. 

ʊʘʢʘ ʩʭʝʤʘ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ V-, W- ʪʘ ʟʽʨʢʦʧʦʜʽʙʥʠʭ ɼɺɿ [1, 33]. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʤʽʥʶʻʪʴʩʷ ʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʘ ʚ [55]. 

 

2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʝʨʝʚʽʨʝʥʘ ʾʾ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʣʘ 0,37%. 

2. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʧʝʨʝʚʽʨʝʥʘ ʾʾ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ 

ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʣʘ 0,25%. 

3. ɺʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ rd ʪʘ ʧʦʥʷʪʪʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʚʠʛʫʥʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ Id, ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʽ ʤʝʞʽ ʡʦʛʦ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ Id =0,012õ 0,394 (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ). 

4. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʦʙʝʨʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ: ʜʽʘʤʝʪʨʘ ʧʦʨʰʥʷ Dʧ, ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 
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ɚ, ʚʠʩʦʪʠ ʥʠʞʥʴʦʾ ʢʨʠʰʢʠ ʰʘʪʫʥʘ h1 ʪʘ ʜʽʘʤʝʪʨʘ ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ d ,h ʜʦʚʞʠʥʠ ʢʨʠʚʦʰʠʧʥʦʾ ʛʦʣʦʚʢʠ lʢ, ʰʠʨʠʥʠ ʱʦʢʠ b, ʜʽʘʤʝʪʨʘ ʢʦʨʽʥʥʦʾ 

ʰʠʡʢʠ dʢ, ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ dʛ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ 

ʧʦʨʰʥʝʚʦʾ ʛʦʣʦʚʢʠ dʥ; ʪʘ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ: ʨʘʜʽʫʩʘ ʢʨʠʚʦʰʠʧʘ R, 

ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ ʰʘʪʫʥʘ (ʧʘʨʘʤʝʪʨʠ h ,h hʰ.ʤʽʥ, bh , ʘh, th ), ʧʠʪʦʤʦʾ ʤʘʩʠ 

ʧʦʨʰʥʝʚʦʾ mʧ. 

5. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟʘ ʦʙʝʨʪ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʜʚʠʛʫʥʽʚ ʟ ʢʽʣʴʢʽʩʪʶ ʮʠʣʽʥʜʨʽʚ ʽÒ4, ʦʩʦʙʣʠʚʦ ʚ 

ʟʘʜʘʯʘʭ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʦʣʠʚʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʚʠʛʫʥʦʤ. 
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ʈʆɿɼɯʃ 3 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɿʄɯʅʀ ʄʆʄɽʅʊʋ ɯʅɽʈʎɯɰ 

ʂʈʀɺʆʐʀʇʅʆ-ʐɸʊʋʅʅʆɻʆ ʄɽʍɸʅɯɿʄʋ ɼɺʀɻʋʅɸ ɼ-3 ʊɸ 

ʅɽʈɯɺʅʆʄɯʈʅʆʉʊɯ ʍʆɼʋ ɼɺʀɻʋʅɸ ʄʝʄɿ-2457  

 

3.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʚʠʛʫʥʘ ɼ-3 

 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʂʐʄ ʧʦʨʰʥʝʚʠʭ ɼɺɿ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʇɸʂ ʚʠʟʥʘʯʝʥʥʷ 

ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʂʐʄ ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʛʦ 

ʜʚʦʪʘʢʪʥʦʛʦ ɼɺɿ ɼ-3, ʱʦ ʤʘʻ ʥʘʩʪʫʧʥʽ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: ʨʘʜʽʫʩ 

ʢʨʠʚʦʰʠʧʘ R=20 ʤʤ, ʧʠʪʦʤʘ ʤʘʩʘ ʰʘʪʫʥʘ m =h 123,7 ʢʛ/ʤ
2
, ʧʠʪʦʤʘ ʤʘʩʘ ʧʦʨʰʥʷ 

mʧ=56,9 ʢʛ/ʤ
2
, ʧʠʪʦʤʘ ʤʘʩʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ (ʚ ʜʚʠʛʫʥʽ ɼ-3 ʢʦʣʽʥʯʘʩʪʠʡ ʚʘʣ 

ʚʽʜʽʛʨʘʻ ʜʦʜʘʪʢʦʚʦ ʨʦʣʴ ʤʘʭʦʚʠʢʘ) mʢ=1236 ʢʛ/ʤ
2
, ʢʽʥʝʤʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʂʐʄ 

ɚ=0,236, ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʰʘʪʫʥʘ 

xL=0,78, ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʢʦʣʽʥʘ ʚʘʣʘ 

ʙʝʟ ʧʨʦʪʠʚʘʛ k=0,008, ʜʽʘʤʝʪʨ ʧʦʨʰʥʷ Dʧ=38 ʤʤ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʰʘʪʫʥʘ 

ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʡʦʛʦ ʮʝʥʪʨ ʤʘʩ I =h1,558Ā10
-4
 ʢʛĿʤ

2 
ʪʘ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ Iʧ=1,498Ā10
-5
 ʢʛĿʤ

2
 ʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʦʣʽʥʘ ʚʘʣʘ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ Iʢ=1,564Ā10
-3
 ʢʛĿʤ

2
. ɼʘʥʽ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʙʫʣʦ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʚʠʤʽʨʶʚʘʥʥʷʤ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʂʐʄ, ʚʽʜʥʦʩʷʪʴʩʷ: ʤʝʪʦʜʠ ʢʨʫʪʠʣʴʥʠʭ 

ʪʘ ʤʘʷʪʥʠʢʦʚʠʭ ʢʦʣʠʚʘʥʴ [60], ʢʛĀʤ
2
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ʜʝ Iʝʪ - ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ, ʱʦ ʦʙʠʨʘʣʦʩʷ ʟʘ ʝʪʘʣʦʥ, ʢʛĿʤ
2
; 

Tʢ - ʧʝʨʽʦʜ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ , ʩ; 

ʊʝʪ - ʧʝʨʽʦʜ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʽʣʘ, ʱʦ ʦʙʠʨʘʣʦʩʷ ʟʘ ʝʪʘʣʦʥ, ʩ;  

m - ʤʘʩʘ ʤʘʷʪʥʠʢʘ, ʢʛ; 

g - ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ
2
; 

h - ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʧʽʜʚʽʩʫ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʤʘʷʪʥʠʢʘ, ʤ; 

T - ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʘ, ʩ. 

 

ɸʥʘʣʽʟʫʶʯʠ (3.1) ʚʠʜʥʦ, ʱʦ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʦʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ 

ʥʝʦʙʭʽʜʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ, ʻ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ ʫʩʢʣʘʜʥʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʟʤʽʥʠ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ ɼ-3 ʤʝʪʦʜʦʤ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ (ʨʠʩ. 3.1) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʝʢʫʥʜʦʤʽʨʘ (ʉʆʉ ʧʨ-2ʙ-2-000 çɸʛʘʪè 4295ɺ ʊʋ 25-1894.003-90) ʪʘ 

ʚʽʜʝʦʟʡʦʤʢʠ (ʚʽʜʝʦʢʘʤʝʨʘ çSonyè DCR-DVD202E) ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʙʩʦʣʶʪʥʠʤʠ 

ʧʦʭʠʙʢʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʢʦʣʠʚʘʥʴ 0,2 ʩ ʪʘ 0,04 ʩ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩ ʢʦʣʠʚʘʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʟ ʪʦʯʥʽʩʪʶ ʙʽʣʴʰʦʶ ʟʘ 0,04 

ʩ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʥʝʟʥʘʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʂʐʄ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʚʝʜʝʥʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʚʩʴʦʛʦ ɼɺɿ ʪʘ ʧʽʜʚʽʩʫ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʟ ʟʘʜʦʚʽʣʴʥʦʶ ʪʦʯʥʽʩʪʶ 

ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʦʟʨʦʙʠʪʠ ʪʘ ʚʠʛʦʪʦʚʠʪʠ ʇɸʂ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ (ʄʂ). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʜʦʩʪʘʪʥʴʦ ʄʂ ʟ 8-ʤʠ 

ʨʦʟʨʷʜʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ɺ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʬʽʨʤʠ 

Atmel ʟʥʘʭʦʜʷʪʴʩʷ ʪʨʠ ʩʽʤʝʡʩʪʚʘ ʄʂ AVR - "tiny", "classic" ʪʘ "mega". ɼʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʇɸʂ ʦʩʪʘʪʦʯʥʦ ʙʫʣʦ ʦʙʨʘʥʦ ʄʂ 

ATMega16 ʟ ʢʚʘʨʮʝʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘ 11,0592 ʄɻʮ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ 

ʯʘʩ ʢʦʣʠʚʘʥʴ ʟ ʘʙʩʦʣʶʪʥʦʶ ʧʦʭʠʙʢʦʶ 9Ā10
-8 
ʩ [60]. 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʇɸʂ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʂʐʄ ɼɺɿ ʤʝʪʦʜʦʤ ʤʘʷʪʥʠʢʦʚʠʭ ʢʦʣʠʚʘʥʴ (ʨʠʩ. 3.2), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʤʝʪʦʜʦʤ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. 
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ʈʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʇɸʂ (ʨʠʩ. 3.3) ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ, 

ʧʦʨʽʚʥʶʚʘʪʠ, ʧʨʝʜʩʪʘʚʣʷʪʠ ʚ ʩʧʨʠʷʪʣʠʚʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʚʠʛʣʷʜʽ, ʟʙʝʨʽʛʘʪʠ ʥʘ 

ʝʣʝʢʪʨʦʥʥʽ ʪʘ çʞʦʨʩʪʢʽè ʥʦʩʽʾ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ: ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʘ, 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ, ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʢʦʤʧôʶʪʝʨ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʫ RS-232 [94], ʜʝ ʚʦʥʠ ʦʩʪʘʪʦʯʥʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ çPendulumôs inertiaè. 

 

 

ʎʝʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʦʟʚʦʣʷʻ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʟʤʽʥʦʶ 

ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ ʪʘ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʪʽʣʘ. ɺ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʣʝʞʠʪʴ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ (3.1) ʪʘ ʧʝʨʝʜʙʘʯʝʥʦ ʚʚʝʜʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʤʘʩʠ ʝʣʝʤʝʥʪʽʚ, ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʧʽʜʚʽʩʫ ʜʦ ʮʝʥʪʨʘ 

ʤʘʩ ʂʐʄ ɼɺɿ). 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʝʪʦʜʦʤ ʤʘʷʪʥʠʢʦʚʠʭ 

ʢʦʣʠʚʘʥʴ 

 

ʈʠʩʫʥʦʢ 3.1 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ɼɺɿ ɼ-3 

ʤʝʪʦʜʦʤ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 
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ʈʠʩʫʥʦʢ 3.3 ï ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ çPendulumôs inertiaè 

 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʴ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʤʘʷʪʥʠʢʦʚʠʭ 

ʢʦʣʠʚʘʥʴ, ʜʦʩʪʘʪʥʴʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚ ʧʦʣʦʞʝʥʥʷʭ 

ʚʝʨʭʥʴʦʾ (ɺʄʊ) ʪʘ ʥʠʞʥʴʦʾ ʤʝʨʪʚʠʭ ʪʦʯʦʢ (ʅʄʊ) ʂʐʄ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʇɸʂ (ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʥʝ ʧʦʢʘʟʘʥʦ) ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 3.4. ɺ ʷʢʦʩʪʽ ʧʽʜʚʽʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʚʦʣʦʩʽʥʴ Micro Magnumtex 

3Ĭ3Ĭ6+3 ʜʽʘʤʝʪʨʦʤ 0,45 ʤʤ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʚʘʛʫ 17,4 ʢʛ. ɼʞʝʨʝʣʦʤ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ Lazer diod (class IIA, ʱʦ ʤʽʩʪʠʪʴ ʝʣʝʤʝʥʪʠ 21 CER, 

104.10 ʪʘ 104.11), ʷʢʠʡ ʦʩʚʽʪʣʶʚʘʚ ʬʦʪʦʜʽʦʜ ʌɼ 256 (ʊʋ 3-3.157-81). 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʂʐʄ ʻ ʩʢʣʘʜʥʠʤ ʪʽʣʦʤ, ʪʦʤʫ ʚʠʟʥʘʯʠʤʦ ʧʦʣʦʞʝʥʥʷ 

ʡʦʛʦ ʮʝʥʪʨ ʤʘʩ ʤʝʪʦʜʦʤ ʟʚʘʞʫʚʘʥʥʷ (ʨʠʩ. 3.5). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚʘʛʠ AXIS AD-1000 ʟ ʘʙʩʦʣʶʪʥʦʶ ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ 0,01 ʛ. 

ɸʣʝ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʘʛʘ ʂʐʄ ɼɺɿ ɼ-3 ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʤʝʞ 
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ʚʠʤʽʨʶʚʘʥʴ ʚʘʛ AXIS AD-1000, ʪʦʤʫ ʧʦʚʥʘ ʤʘʩʘ ʂʐʄ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʚʘʛ DS-788PM, ʟ ʘʙʩʦʣʶʪʥʦʶ ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ 

2 ʛ.  

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ: ʢʦʣʠ ʧʦʨʰʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʚʝʨʭʥʽʡ ʤʝʨʪʚʽʡ ʪʦʯʮʽ (ɺʄʊ), ʪʘ ʚ ʥʠʞʥʽʡ ʤʝʨʪʚʽʡ ʪʦʯʮʽ (ʅʄʊ), ʮʝ ʜʘʻ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʫ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʂʐʄ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʢʦʣʠʚʘʥʥʷ ʜʦ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʨʫʣʝʪʢʘ Vago-tools JC-589E, ʱʦ ʤʘʻ ʘʙʩʦʣʶʪʥʫ 

ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ 1 ʤʤ.  

 

 

ʈʠʩʫʥʦʢ 3.4 ï ɸʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ʇɸʂ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʂʐʄ ʤʝʪʦʜʦʤ ʤʘʷʪʥʠʢʦʚʠʭ ʢʦʣʠʚʘʥʴ (ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʥʝ ʧʦʢʘʟʘʥʦ): 

1 ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ; 2 ï ʣʘʟʝʨ; 3 ï ʧʽʜʚʽʩ; 4 ï ʂʐʄ 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʨʦʙʣʷʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ MathCAD 2001 ʪʘ ʟʚʝʜʝʥʦ ʜʦ ʪʘʙʣ. 3.1 [51]. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʂʐʄ ʜʚʠʛʫʥʘ 

ɼ-3 ʚ ʩʠʩʪʝʤʽ ʂʆʄʇɸʉ-3D V8, (ʨʠʩ. 3. 6). ʇʦʨʽʚʥʶʶʯʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

1 

2 

3 

4 
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ʪʘ ʜʘʥʽ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʂʆʄʇɸʉ-3D V8 ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʷ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ 2,48% (ʪʘʙʣ. 3.1). 

 

ʈʠʩʫʥʦʢ 3.5 ï ɺʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʪʽʣʘ ʤʝʪʦʜʦʤ ʟʚʘʞʫʚʘʥʥʷ 

 

ʊʘʙʣʠʮʷ 3.1 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʜʚʠʛʫʥʘ ɼ-3 

ʇʘʨʘʤʝʪʨ 
ʇʦʣʦʞʝʥʥʷ ʂʐʄ 

ɺʄʊ ʅʄʊ 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ, ʩ 2,546 2,538 

ɺʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʧʽʜʚʽʩʫ ʜʦ ʮʝʥʪʨʘ ʤʘʩ 

ʤʘʷʪʥʠʢʘ h, ʤ 
1,540 1,521 

ɺ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʟʤʽʥʠʚʩʷ ʧʨʠʚʝʜʝʥʠʡ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, (ʝʢʩʧʝʨʠʤʝʥʪ) 
1,259 

ɺ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʟʤʽʥʠʚʩʷ ʧʨʠʚʝʜʝʥʠʡ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, (ʂʆʄʇɸʉ-3D V8) 
1,291 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʂʆʄʇɸʉ-3D V8, % 

2,48 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʥʶ ʘʜʝʢʚʘʪʥʽʩʪʴ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣʽ (3.1). 
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3.2 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʜʚʠʛʫʥʘ 

ʄʝʄɿ-2457 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʚʪʦʤʦʙʽʣʽ ɿɸɿ-1103 

çʉʣʘʚʫʪʘè ʟ ʜʚʠʛʫʥʦʤ ʄʝʄɿ-2457 [16]. ʄʝʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʣʷʛʘʻ ʫ ʙʝʟʩʪʝʥʜʦʚʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ 

ʄʝʄɿ-2457 ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʡʦʛʦ ʟʤʽʥʠ.  

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʂʦʤʧôʶʪʝʨʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ 

ɼɺɿ ɼ-3 

 

ɿʛʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʽ ʟʘʜʘʯʽ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʥʘ ʨʽʟʥʠʭ 

ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ 
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2. ʆʪʨʠʤʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʠʨʘʟʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457.  

 

3.2.1 ʇʨʦʛʨʘʤʘ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ 

ʚʠʧʨʦʙʫʚʘʥʴ 

 

ʇʨʦʛʨʘʤʘ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʤʦʙʽʣʷ ɿɸɿ-1103 çʉʣʘʚʫʪʘè ʚʢʣʶʯʘʻ: 

1. ʆʪʨʠʤʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ ʧʨʠ 

ʚʽʜôʻʜʥʘʥʽʡ ʪʨʘʥʩʤʽʩʽʾ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ nʜ=850é3600 ʭʚ
-1
. 

2. ʆʪʨʠʤʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ 

ʧʨʠ ʧʨʠʻʜʥʘʥʽʡ ʪʨʘʥʩʤʽʩʽʾ ʪʘ ʧʦʚʥʦʤʫ ʚʽʜʢʨʠʪʪʽ ʜʨʦʩʝʣʴʥʠʭ ʟʘʩʣʽʥʦʢ ʚ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ nʜ=3000é3600 ʭʚ
-1
. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʩʷʛʫ ʚʠʙʽʨʢʠ n ʥʝʦʙʭʽʜʥʦ 

ʚʠʭʦʜʠʪʠ ʟ ʤʝʪʠ ʤʘʡʙʫʪʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʗʢʱʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘ, ʪʦ ʦʙʩʷʛ ʚʠʙʽʨʢʠ ʚ ʧʨʠʧʫʱʝʥʥʽ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʬʦʨʤʫʣʽ [99] 

 

,2

2/12

2

a

g
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D
= zn

a

 (3.2) 

ʜʝ ɔ ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʚʠʟʥʘʯʘʻʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ʘDï ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʧʨʠ ʦʮʽʥʮʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʯʘʩʪʢʘʭ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

2/1 a-z ï ʢʚʘʥʪʠʣʴ ʨʽʚʥʷ 2/1 a-=P  ʥʦʨʤʦʚʘʥʦʾ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ; 

2/1 a-=P ð ʩʪʘʪʠʩʪʠʯʥʘ ʥʘʜʽʡʥʽʩʪʴ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʡʤʦʚʽʨʥʽʩʪʴ ʥʝ 

ʧʝʨʝʚʠʱʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʦʮʽʥʮʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʤʠʣʢʠ ʘD . 
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ʗʢ ʧʨʘʚʠʣʦ, ʛʝʥʝʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ɔ ʻ ʥʝʚʽʜʦʤʦʶ ʚʝʣʠʯʠʥʦʶ, 

ʪʦʤʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʙʩʷʛʫ ʚʠʙʽʨʢʠ ʡʦʛʦ ʟʘʤʽʥʷʶʪʴ ʚʠʙʽʨʢʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ v , 

ʷʢʠʡ ʦʪʨʠʤʘʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʘʥʘʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʘʥʘʣʦʛʘ ʟʥʘʯʝʥʥʷʤ ʚʠʙʽʨʢʦʚʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʟʘʜʘʶʪʴʩʷ ʡ ʫʪʦʯʥʶʶʪʴ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺ ʨʦʙʦʪʽ 

[40] ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʽʥʜʠʢʘʪʦʨʥʽ ʜʽʘʛʨʘʤʠ ʧʦʩʣʽʜʦʚʥʠʭ ʮʠʢʣʽʚ ʜʚʠʛʫʥʘ ʄʝʄɿ-

245, ʘʥʘʣʽʟʫʶʯʠ ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʩʢʣʘʚ ɔ =0,13.  

ɿʥʘʯʝʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ 2/1 a-=P  ʟʘʜʘʶʪʴʩʷ. ɿʘʟʚʠʯʘʡ ʧʨʠʡʤʘʶʪʴ a=0,1 

ʘʙʦ a=0,05 ʽʥʢʦʣʠ a=0,01. ʇʨʠ ʚʠʩʦʢʽʡ ʪʦʯʥʦʩʪʽ ʧʨʠʡʤʘʶʪʴ g)3,02,0( ·=D
ʘ . 

ʇʨʠʡʤʘʻʤʦ ʟʥʘʯʝʥʥʷ a=0,1, 034,013,026,0 =Ö=D
ʘ . ɿʛʽʜʥʦ [99] ʜʣʷ a=0,1 

ʟʥʘʭʦʜʠʤʦ z0,95=1,645. ʗʢʱʦ ʤʝʪʦʶ ʟʘʧʣʘʥʦʚʘʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʻ ʦʮʽʥʢʘ 

ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʧʨʠ n > 15) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʙʩʷʛʫ ʚʠʙʽʨʢʠ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʥʘʙʣʠʞʝʥʦʶ ʬʦʨʤʫʣʦʶ 

 

.
2

5,1
2

2
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D
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n  (3.3) 

 

ʆʩʢʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʧʣʘʥʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʘ ʦʮʽʥʢʘ ʷʢ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʘʢ ʽ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ, ʦʙʩʷʛ 

ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʟʥʘʯʘʻʤʦ ʷʢ ʥʘʡʙʽʣʴʰʝ ʽʟ ʜʚʦʭ ʟʥʘʯʝʥʴ ʧ [99], ʟʥʘʡʜʝʥʠʭ ʧʦ 

ʬʦʨʤʫʣʘʭ (3.2), (3.3), ʱʦ ʩʢʣʘʜʘʻ 39,4. ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ 

ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʚ ɼɺɿ, ʘ ʪʘʢʦʞ ʨʝʢʦʤʝʥʜʘʮʽʾ [106], ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʩʷʛ ʚʠʙʽʨʢʠ ʙʫʜʝ ʩʢʣʘʜʘʪʠ 240 ʧʦʩʣʽʜʦʚʥʠʭ 

ʮʠʢʣʽʚ ʨʦʙʦʪʠ.  

 

3.2.1.1 ʇʨʠʣʘʜʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥ ɹ

 

ɼʣʷ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

ʩʢʣʘʜʘʻ 5600 ʭʚ
-1
 [16]. ʆʪʞʝ ʥʝʦʙʭʽʜʥʘ ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ, ʷʢʫ ʧʦʚʠʥʝʥ 



 91 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʘʪʯʠʢ, ʱʦ ʚʠʤʽʨʶʻ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ 

ʄʝʄɿ-2457, ʩʢʣʘʜʘʻ 14 ʢɻʮ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʩʦʢʦʪʦʯʥʠʭ ʜʘʪʯʠʢʽʚ ï ʝʥʢʦʜʝʨʽʚ, ʷʢʽ ʪʘʢʦʞ ʚʽʜʦʤʽ ʷʢ ʜʘʪʯʠʢʠ ʢʫʪʘ ʧʦʚʦʨʦʪʫ. 

ʉʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʝʥʢʦʜʝʨʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʘʙʩʦʣʶʪʥʫ ʪʦʯʥʽʩʪʴ ʜʦ 

0,01Á(ʘʙʩʦʣʶʪʥʽ) ʘʙʦ ʜʦ 5000 ʽʤʧʫʣʴʩʽʚ ʥʘ ʦʜʠʥ ʦʙʝʨʪ. 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʜʚʠʛʫʥ ʄʝʄɿ-2457 ʥʘ ʘʚʪʦʤʦʙʽʣʽ çʉʣʘʚʫʪʘè ʥʝ ʤʘʻ 

ʰʪʘʪʥʦʛʦ ʪʘʭʦʤʝʪʨʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʧʦʚʥʝʥʠʡ ʜʘʪʯʠʢʘʤʠ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ (ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɺʄʊ) ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

ɺ ʷʢʦʩʪʽ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʢʨʝʤʝʥʪʘʣʴʥʠʡ 

ʪʨʴʦʭʢʘʥʘʣʴʥʠʡ ʝʥʢʦʜʝʨ (ʤʦʜʫʣʴ HEDS-9040 ʪʘ ʢʦʜʦʚʝ ʢʦʣʝʩʦ HEDS-

6140#ɺ13) ʬʽʨʤʠ AVAGO technologies (ʉʐɸ) (ʟʘʚʦʜʩʴʢʽ ʥʦʤʝʨʠ ʤʦʜʫʣʷ ˉ0611 

ʢʦʜʦʚʦʛʦ ʢʦʣʝʩʘ ˉ0537). ʎʝʡ ʜʘʪʯʠʢ ʻ ʦʧʪʠʯʥʠʤ ʟ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ 

ʪʘ ʤʘʻ ʪʨʠ ʚʠʭʦʜʠ, ʦʜʠʥ ʟ ʷʢʠʭ ʚʠʜʘʻ ʤʘʨʢʝʨʥʠʡ ʩʠʛʥʘʣ ʥʘ ʧʦʯʘʪʢʫ ʢʦʞʥʦʛʦ 

ʦʙʝʨʪʫ, ʪʘ ʜʚʘ ʚʠʭʦʜʠ ʽʟ ʟʩʫʚʦʤ ʬʘʟ 90 Áʝ. ʂʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʚʽʜʧʦʚʽʜʘʻ 

ʢʽʣʴʢʦʩʪʽ ʦʪʚʦʨʽʚ ʥʘ ʢʦʜʦʚʦʤʫ ʢʦʣʝʩʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʯʘʩʪʦʪʫ ʪʘ ʥʘʧʨʷʤʦʢ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 1000 ʽʤʧʫʣʴʩʽʚ ʥʘ 

ʦʙʝʨʪ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʢʫʪʦʚʝ ʧʦʣʦʞʝʥʥʷ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʥʢʦʜʝʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 3.2. 

ɺʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢ ʤʦʞʝ ʨʝʻʩʪʨʫʚʘʪʠ ʧʝʚʥʽ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. ʊʦʯʥʽʩʪʴ ʽ ʧʣʘʚʥʽʩʪʴ ʨʦʙʦʪʠ ʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʭʠʙʢʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʾʾ ʝʣʝʤʝʥʪʽʚ, ʤʦʥʪʘʞʫ, ʘ ʪʘʢʦʞ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʡ ʧʨʫʞʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʜʝʪʘʣʝʡ (ʟʘʢʨʫʯʫʚʘʥʥʷ ʚʘʣʽʚ, 

ʧʨʦʩʘʜʢʠ ʧʽʜʰʠʧʥʠʢʽʚ, ʟʛʠʥʫ ʽ ʪ.ʧ.). ʇʝʨʚʠʥʥʽ ʧʦʭʠʙʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʡ 

ʟʙʠʨʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʝʬʦʨʤʘʮʽʾ ʣʘʥʦʢ ʧʦʨʫʰʫʶʪʴ ʟʣʘʛʦʜʞʝʥʽʩʪʴ ʨʫʭʫ ʧʨʠʚʽʜʥʠʭ ʽ 

ʚʝʜʝʥʠʭ ʣʘʥʦʢ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʭʠʙʦʢ ʾʭ ʚʽʜʥʦʩʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʪʦʙʪʦ ʜʦ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʤʝʭʘʥʽʟʤʫ. 

ɺ ʘʚʪʦʤʦʙʽʣʷʭ ʟ ʧʦʧʝʨʝʯʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʜʚʠʛʫʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʢʽʚʦʤ 

ʧʨʠʚʦʜʫ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʢʦʨʧʫʩʦʤ ʘʚʪʦʤʦʙʽʣʷ ʻ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʟ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʤʽʨʢʫʚʘʥʴ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ HEDS-9040 ʪʘ 

ʢʦʜʦʚʦʛʦ ʢʦʣʝʩʘ HEDS-6140#ɺ13 ʥʘ ʜʚʠʛʫʥ ʄʝʄɿ-2457 ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʟʘʚʜʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʾʭ ʤʦʥʪʘʞʫ ʻ: ʦʙʤʝʞʝʥʠʡ 

ʧʨʦʩʪʽʨ (ʙʣʠʟʴʢʦ 14 ʤʤ) ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ ʧʣʦʱʠʥʦʶ ʰʢʽʚʘ ʪʘ ʢʫʟʦʚʦʤ 

ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʢʨʽʧʣʝʥʥʷ ʰʢʽʚʘ ʚ ʟʙʦʨʽ ʟ ʜʘʪʯʠʢʘʤʠ ʜʦ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

 

ʊʘʙʣʠʮʷ 3.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʫʣʷ HEDS-9040 ʪʘ ʢʦʜʦʚʦʛʦ ʢʦʣʝʩʘ HEDS-

6140#ɺ13 ʬʽʨʤʠ AVAGO technologies 

ʇʘʨʘʤʝʪʨ HEDS-9040 HEDS-6140#ɺ13 

ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ -40Áʉ é+100Áʉ -40Áʉ é+100Áʉ 

ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ - 1000 ʽʤʧ/ʦʙ. 

ʂʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ 3 3 

ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ - 30 000 ʭʚ
-1
. 

ɼʦʧʫʩʪʠʤʝ ʦʩʴʦʚʝ ʙʠʪʪʷ ʚʘʣʘ Ñ0,25 ʤʤ Ñ0,25 ʤʤ 

ɼʦʧʫʩʪʠʤʠʡ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʨʘʟʦʤ 

ʟ ʨʘʜʽʘʣʴʥʠʤ ʙʠʪʪʷʤ ʚʘʣʘ, ʥʝ 

ʙʽʣhɹʝ 

0,1 ʤʤ Ñ0,1 ʤʤ 

ʄʘʢʩʠʤʘʣʴʥʝ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ 250 000 ʨʘʜ/ʩ
2
 250 000 ʨʘʜ/ʩ

2
 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʤʠʣʢʘ ʮʠʢʣʫ ʦʜʥʽʻʾ 

ʜʠʩʢʨʝʪʠ 

(% ʟʘ ʦʙʝʨʪ) 

 

5,5 Áʝ 

(1,5Ŀ10
-3
%) 

 

7,5 Áʝ 

(2,1Ŀ10
-3
%) 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʧʦʣʦʞʝʥʥʷ 

ʚʘʣʘ (ʟʘ ʦʙʝʨʪ) 

40Ë 

(0,19%) 

20Ë 

(0,09%) 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʦʙʣʝʥʦ ʥʘʜʢʦʤʧʘʢʪʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʜʣʷ ʢʨʽʧʣʝʥʥʷ 

ʜʘʪʯʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʨʦʟʤʽʩʪʠʪʠ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʾʾ ʝʣʝʤʝʥʪʠ ʟ ʟʘʟʦʨʦʤ 2 

ʤʤ, ʘʣʝ ʡ ʧʨʦʚʦʜʠʪʠ ʤʦʥʪʘʞ ʪʘ ʜʝʤʦʥʪʘʞ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ 

ʭʚʠʣʠʥ ʙʝʟ ʜʝʤʦʥʪʘʞʫ ʜʚʠʛʫʥʘ ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɿʤʽʥʠ ʪʦʨʢʥʫʣʠʩʴ ʣʠʰʝ ʰʢʽʚʘ ʧʨʠʚʦʜʫ ʛʝʥʝʨʘʪʦʨʘ ï ʚ ʥʴʦʤʫ ʙʫʣʦ ʟʨʦʙʣʝʥʦ 
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ʧʨʦʪʦʯʢʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʥʪʘʞʥʫ ʰʘʡʙʫ (ʨʠʩ. 3.7). ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʰʢʽʚ ʚʩʪʘʥʦʚʠʣʠ ʥʘ ʰʪʘʪʥʝ ʤʽʩʮʝ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʚʧʣʠʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘ ʨʦʙʦʪʫ ɼɺɿ ʘʚʪʦʤʦʙʽʣʷ ʚʥʘʩʣʽʜʦʢ ʥʝʟʥʘʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʰʘʡʙʠ ʧʦʨʽʚʥʷʥʦ ʟ ʰʢʽʚʦʤ ʧʨʠʚʦʜʫ ʛʝʥʝʨʘʪʦʨʘ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʨʦʥʰʪʝʡʥʫ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʷʢ ʚ ʨʝʞʠʤʘʭ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʪʘʢ ʽ ʨʝʞʠʤʘʭ 

ʯʘʩʪʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ. 

 

    

ʈʠʩʫʥʦʢ 3.7 ï ɼʘʪʯʠʢ ʟ ʢʨʦʥʰʪʝʡʥʦʤ ʥʘ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ ɼɺɿ    

ʄʝʄɿ-2457 

 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʚʩʽ ʟʘʟʦʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʱʝʚʢʘʟʘʥʦʛʦ ʝʥʢʦʜʝʨʘ (ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʧʝʨʝʭʽʜʥʦʛʦ ʚʘʣʘ 

ʥʝ ʙʽʣʴʰʝ 0,156 ʤʤ, ʱʦ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʨʦʥʰʪʝʡʥʘ 

ʢʨʽʧʣʝʥʥʷ ʜʘʪʯʠʢʘ ʥʘ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ (ʜʠʚ. ʨʠʩ. 3.7), ʪʘ ʟʘʙʝʟʧʝʯʝʥʘ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʪʘʙʣ. 3.2. 

ɼʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ ʇɸʂ ʩʪʚʦʨʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʩʪʝʥʜ (ʨʠʩ. 3.8). ɺ ʷʢʦʩʪʽ 

ʧʨʠʚʽʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ɼʇ-

1ʇ-26ʎʈ-2ʂ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʧʝʨʝʚʽʨʢʫ ʨʦʙʦʪʠ ʜʘʪʯʠʢʘ ʥʘ ʯʘʩʪʦʪʘʭ 
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ʦʙʝʨʪʘʥʥʷ ʜʦ 7000 ʭʚ
-1
. (ʪʘʙʣ. 3.3), ʱʦ ʧʦʚʥʽʩʪʶ ʧʝʨʝʢʨʠʚʘʻ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 [16]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ɼɺɿ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ HEDS-

9040 ʪʘ ʢʦʜʦʚʦʛʦ ʢʦʣʝʩʘ HEDS-6140#ɺ13 ʦʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʻ ʚʝʣʠʯʝʟʥʠʡ 

ʧʦʪʽʢ ʜʘʥʠʭ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʪʘ ʥʝʦʙʭʽʜʥʘ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ.  

ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʘʧʠʩʫ ʜʘʥʠʭ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ 

ʄʝʄɿ-2457 ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʯʘʩʪʦʪʽ 5600 ʭʚ
-1
 ʪʘ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 16-

ʨʦʟʨʷʜʥʠʭ ʯʠʩʝʣ, ʥʝʦʙʭʽʜʥʦ ʱʦʩʝʢʫʥʜʠ ʟʙʝʨʽʛʘʪʠ 93427 ʟʥʘʯʝʥʴ ʧʝʨʽʦʜʽʚ ʤʽʞ 

ʽʤʧʫʣʴʩʘʤʠ, ʱʦ ʩʢʣʘʜʘʻ 182,5 ʢʙʘʡʪ/ʩ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʟ ʪʘʢʦʶ ʰʚʠʜʢʽʩʪʶ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ SD-ʢʘʨʪʫ ʧʘʤôʷʪʽ ʚ ʨʝʞʠʤʽ SPI, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʨʝʻʩʪʨʘʮʽʶ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʜʦ 25 ʄʙʦʜ. 

 

ʊʘʙʣʠʮʷ 3.3 ï ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ  

ɼʇ-1ʇ-26ʎʈ-2ʂ 

ʇʘʨʘʤʝʪʨ ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ɿʥʘʯʝʥʥʷ 

ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ɺʪ 1,44 

ʅʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʭʚ
-1
 7000 

ʅʦʤʽʥʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʤʅĀʤ 1,96 

ʅʦʤʽʥʘʣʴʥʘ ʩʠʣʘ ʩʪʨʫʤʫ ɸ 0,3 

ʂʂɼ % 18 

ʅʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ   ʧʨʘʚʠʡ 

ʄʘʩʘ ʢʛ 0,065 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʢʚʘʨʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ 24,576 ʄɻʮ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʚ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʥʘ ʨʽʚʥʽ 0,38 % ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ 

5600 ʭʚ
-1
. 

ʆʩʢʽʣʴʢʠ ʥʘ ʘʚʪʦʤʦʙʽʣʽ çʉʣʘʚʫʪʘè ʚʽʜʩʫʪʥʽʡ ʰʪʘʪʥʠʡ ʪʘʭʦʤʝʪʨ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʪʚʦʨʝʥʦ ʩʠʩʪʝʤʫ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ.  
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ʈʠʩʫʥʦʢ 3.8 ï ʉʪʝʥʜ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʝʥʢʦʜʝʨʘ 

 

        

ʈʠʩʫʥʦʢ 3.9 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʇɸʂ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʭʦʜʫ ɼɺɿ ʄʝʄɿ-2457 

ɺ ʷʢʦʩʪʽ ʩʠʛʥʘʣʽʚ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʛʥʘʣ ʧʦʣʦʞʝʥʥʷ ɺʄʊ 

ʤʦʜʫʣʷ HEDS-9040, ʧʝʨʽʦʜ ʷʢʦʛʦ ʩʧʽʚʧʘʜʘʻ ʟ ʧʝʨʽʦʜʦʤ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ. ʐʣʷʭʦʤ ʥʝʩʢʣʘʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʝʨʝʜʥʷ 

ɽʣʝʢʪʨʦʜʚʠʛʫʥ 

ɼʇ-1ʇ-

26ʎʈ-2ʂ 

ʂʦʜʦʚʝ ʢʦʣʝʩʦ 

HEDS-6140#ɺ13 

ʆʧʪʠʯʥʠʡ 

ʤʦʜʫʣʴ 

HED

S-9040 
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ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʷʢʘ ʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʜʠʩʧʣʝʾ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʇɸʂ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ɼɺɿ ʄʝʄɿ-2457 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʤʦʜʫʣʷ HEDS-9040 ʪʘ ʢʦʜʦʚʦʛʦ ʢʦʣʝʩʘ HEDS-6140#ɺ13 

ʬʽʨʤʠ AVAGO technologies, ʨʘʟʦʤ ʟ ʪʘʭʦʤʝʪʨʦʤ (ʙʝʟ ʢʦʨʧʫʩʫ) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

3.9. 

 

3.2.2 ʇʝʨʝʚʽʨʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 ʪʘ ʘʚʪʦʤʦʙʽʣʷ 

ɿɸɿ-1103 ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʘʚʪʦʤʦʙʽʣʴ 

ɿɸɿ-1103 ʟ ʯʦʪʠʨʠʮʠʣʽʥʜʨʦʚʠʤ, ʨʷʜʥʠʤ, ʢʘʨʙʶʨʘʪʦʨʥʠʤ ʜʚʠʛʫʥʦʤ ʄʝʄɿ-2457 

(ʟʘʚʦʜʩʴʢʠʡ ʥʦʤʝʨ ˉ *245700*50559973*) ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ, ʨʽʜʠʥʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ, ʟ ʚʝʨʭʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʣʘʧʘʥʽʚ ï ʧʦ ʜʚʘ ʥʘ ʮʠʣʽʥʜʨ [16].  

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʘʚʪʦʤʦʙʽʣʷ ɿɸɿ-1103 "ʉʣʘʚʫʪʘ", ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.4 

ʪʘ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.10. 

 

ʊʘʙʣʠʮʷ 3.4 ï ʆʩʥʦʚʥʽ ʜʦʚʽʜʢʦʚʽ ʜʘʥʽ ʘʚʪʦʤʦʙʽʣʷ çʉʣʘʚʫʪʘè ʪʘ ʡʦʛʦ ʩʠʣʦʚʦʛʦ 

ʘʛʨʝʛʘʪʫ 

ɼʝʨʞʘʚʥʠʡ ʥʦʤʝʨʥʠʡ  ʟʥʘʢ ɸʄ 8428 ɸʈ 

ʅʦʤʝʨ ʢʫʟʦʚʘ Y6D11030750072490 

ɼʚʠʛʫʥ  SOHC 1200 

ʄʝʄɿ-2457 

ɿʘʚʦʜʩʴʢʠʡ ʥʦʤʝʨ ʜʚʠʛʫʥʘ  *245700*50559973* 

ʇʨʦʙʽʛ ʘʚʪʦʤʦʙʽʣʷ, ʢʤ 21321 

ʈʽʢ ʚʠʧʫʩʢʫ 2005 

 

ʇʝʨʝʜ ʜʦʨʦʞʥʽʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʘʚʪʦʤʦʙʽʣ ʁ ɿɸɿ-1103 çʉʣʘʚʫʪʘè 

ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʚʽʨʢʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʚʽʜʨʝʛʫʣʴʦʚʘʥʦ ʩʠʩʪʝʤʠ ʜʚʠʛʫʥʘ ʪʘ 
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ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ, ʷʢʽ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ ʪʝʭʥʽʯʥʦʶ 

ʜʦʢʫʤʝʥʪʘʮʽʻʶ [2, 16, 80, 100]. 

ʇʝʨʝʜ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʥʘ ʜʚʠʛʫʥʽ ʚʽʜʨʝʛʫʣʴʦʚʘʥʦ ʟʘʟʦʨʠ ʤʽʞ ʢʣʘʧʘʥʘʤʠ ʪʘ 

ʢʦʨʦʤʠʩʣʘʤʠ, ʧʝʨʝʚʽʨʝʥʽ ʟʘʟʦʨʠ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʩʚʽʯʦʢ ʪʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ 

ʟʘʧʘʣʶʚʘʥʥʷ. ʊʠʩʢ ʚ ʰʠʥʘʭ ʘʚʪʦʤʦʙʽʣʷ ʜʦʚʝʜʝʥʦ ʜʦ ʥʦʨʤʠ. ʅʘʧʝʨʝʜʦʜʥʽ 

ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʦʙʣʝʥʦ ʯʝʨʛʦʚʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ɸʚʪʦʤʦʙʽʣʴ ɿɸɿ-1103 çʉʣʘʚʫʪʘè ʧʽʜ ʯʘʩ ʜʦʨʦʞʥʽʭ 

ʚʠʧʨʦʙʫʚʘʥʴ 

 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʙʫʣʦ 

ʚʠʤʽʨʷʥʘ ʢʦʤʧʨʝʩʽʷ ʚ ʮʠʣʽʥʜʨʘʭ ʜʚʠʛʫʥʘ. ɺʩʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʙʽʣʴʰʽ ʟʘ 0,9 ʄʇʘ, 

ʱʦ ʻ ʛʨʘʥʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʫ ʮʠʣʽʥʜʨʦ-

ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ. ʄʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʨʦʟʙʽʞʥʦʩʪʽ ʟʥʘʯʝʥʴ ʪʠʩʢʫ ʩʪʘʥʦʚʠʪʴ 

0,09 ʄʇʘ ʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,1 ʄʇʘ [16]. 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʘʜʦʚʽʣʴʥʠʡ ʩʪʘʥ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ. 
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3.3 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ 

ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ɼɺɿ ʄʝʄɿ-2457 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʝʞʠʤʘʭ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʯʘʩʪʦʪʘʭ: 1000 ʭʚ
-1
; 2000 ʭʚ

-1
; 

3100 ʭʚ
-1
, (ʨʠʩ. 3.11ï3.14) ʘ ʪʘʢʦʞ ʚ ʨʝʞʠʤʽ ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʨʫʭʫ 

ʥʘ ʧʽʜʡʦʤ 12% (ʧʨʦʪʷʞʥʽʩʪʶ 400 ʤ) ʪʘ ʧʽʜʡʦʤ 10 % (ʧʨʦʪʷʞʥʽʩʪʶ 350 ʤ) ʥʘ 3-ʡ 

ʧʝʨʝʜʘʯʽ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ (ʨʠʩ.3.15.ï3.16.). 

ɸʥʘʣʽʟʫʚʘʣʘʩʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʢʦʞʥʠʤ ʮʠʣʽʥʜʨʦʤ ŭɯ ʪʘ 

ʧʦ ɼɺɿ ʚ ʮʽʣʦʤʫ ŭ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʚʝʜʝʥʦ ʜʦ ʪʘʙʣ. 3.5.  

 

ʊʘʙʣʠʮʷ 3.5 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʭʦʜʫ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 

ʈʝʞʠʤʠ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʉʝʨʝʜʥʷ 

ʯʘʩʪʦʪʘ 

ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ, ʭʚ
-1
 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ 

ŭ1 ŭ2 ŭ3 ŭ4 ŭ 

566,4 0,227 0,237 0,224 0,214 0,236 

1019,2 0,129 0,141 0,139 0,136 0,143 

2161,8 0,069 0,08 0,076 0,073 0,082 

3205,2 0,069 0,069 0,08 0,072 0,08 

ʈʝʞʠʤʠ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʉʝʨʝʜʥʷ 

ʯʘʩʪʦʪʘ 

ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ, ʭʚ
-1
 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ 

ŭ1 ŭ2 ŭ3 ŭ4 ŭ 

2270,6 0,091 0,087 0,088 0,092 0,098 

2735,4 0,107 0,112 0,11 0,097 0,12 
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ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 3.11 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, 

ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 566,41 ʭʚ
-1
, ŭ=0,236: ʘ) ʧʦ 1 ʮʠʣʽʥʜʨʫ; ʙ) ʧʦ 2 

ʮʠʣʽʥʜʨʫ; ʚ) ʧʦ 3 ʮʠʣʽʥʜʨʫ; ʛ) ʧʦ 4 ʮʠʣʽʥʜʨʫ 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 3.12 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, 

ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 1019,2 ʭʚ
-1
, ŭ=0,143: ʘ) ʧʦ 1 ʮʠʣʽʥʜʨʫ; ʙ) ʧʦ 2 

ʮʠʣʽʥʜʨʫ; ʚ) ʧʦ 3 ʮʠʣʽʥʜʨʫ; ʛ) ʧʦ 4 ʮʠʣʽʥʜʨʫ 
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ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 3.13 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, 

ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 2161,82 ʭʚ
-1
, ŭ=0,0815: ʘ) ʧʦ 1 ʮʠʣʽʥʜʨʫ; ʙ) ʧʦ 2 

ʮʠʣʽʥʜʨʫ; ʚ) ʧʦ 3 ʮʠʣʽʥʜʨʫ; ʛ) ʧʦ 4 ʮʠʣʽʥʜʨʫ 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 3.14 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, 

ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 3205,24 ʭʚ
-1
, ŭ=0,08: ʘ) ʧʦ 1 ʮʠʣʽʥʜʨʫ; ʙ) ʧʦ 2 

ʮʠʣʽʥʜʨʫ; ʚ) ʧʦ 3 ʮʠʣʽʥʜʨʫ; ʛ) ʧʦ 4 ʮʠʣʽʥʜʨʫ 
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ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 3.15 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, 

(ʧʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʫʭʠʣ 10%) ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 2270,62 ʭʚ
-1
, 

ŭ=0,098: ʘ) ʧʦ 1 ʮʠʣʽʥʜʨʫ; ʙ) ʧʦ 2 ʮʠʣʽʥʜʨʫ; ʚ) ʧʦ 3 ʮʠʣʽʥʜʨʫ; ʛ) ʧʦ 4 ʮʠʣʽʥʜʨʫ 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 3.16 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, 

(ʧʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʫʭʠʣ 12%) ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 2735,35 ʭʚ
-1
, ŭ=0,08: 

ʘ) ʧʦ 1 ʮʠʣʽʥʜʨʫ; ʙ) ʧʦ 2 ʮʠʣʽʥʜʨʫ; ʚ) ʧʦ 3 ʮʠʣʽʥʜʨʫ; ʛ) ʧʦ 4 ʮʠʣʽʥʜʨʫ 
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3.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

1.ʉʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ʤʝʪʦʜʦʤ ʤʘʷʪʥʠʢʦʚʠʭ ʢʦʣʠʚʘʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʚʠʛʫʥʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚʢʘʟʘʥʠʤ ʤʝʪʦʜʦʤ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʟ 

ʜʠʩʢʨʝʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʤʝʥʠhʤ ʟʘ 0,04 ʩ. 

2. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʚʠʛʫʥʘ ɼ-3 ʚ ʧʦʣʦʞʝʥʥʷʭ 

ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʤʝʨʪʚʠʭ ʪʦʯʦʢ ʟʤʽʥʶʻʪʴʩʷ ʚ 1,26 ʨʘʟʠ. 

3. ʇʝʨʝʚʽʨʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʚʠʛʫʥʘ ɼ-3 ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʂʆʄʇɸʉ-3D V8. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʣʘ 2,48%. 

4. ʉʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ɦʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ 

ʄʝʄɿ-2457 ʟ ʜʘʪʯʠʢʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʯʘʩʪʦʪʫ ʩʣʽʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʙʽʣʴʰʫ ʟʘ 

14 ʢɻʮ, ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʚʽʜʥʦʩʥʦʶ ʧʦʭʠʙʢʦʶ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ 0,19 

% ʟʘ ʦʙʝʨʪ, ʪʘ ʧʦʭʠʙʢʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 0,38 %. 

5. ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʜʚʠʛʫʥʘ ŭ ʄʝʄɿ-2457 ʚ ʨʝʞʠʤʘʭ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ: 

nʩʝʨ=566,41 ʭʚ
-1
, ŭ=0,236, nʩʝʨ=1019,2 ʭʚ

-1
, ŭ=0,143, nʩʝʨ=2161,82 ʭʚ

-1
, ŭ=0,0815, 

nʩʝʨ=3205,24 ʭʚ
-1
, ŭ=0,08; ʪʘ ʨʝʞʠʤʘʭ ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ: nʩʝʨ=2270,62 ʭʚ

-1
, 

ŭ=0,098, nʩʝʨ=2735,35 ʭʚ
-1
, ŭ=0,12. 
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ʈʆɿɼɯʃ 4 

ɸʅɸʃɯɿ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ ʅɽʈɯɺʅʆʄɯʈʅʆʉʊɯ 

ʍʆɼʋ ɼɺʀɻʋʅɸ ʄʝʄɿ-2457 

 

4.1 ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-2457 

 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʜʘʪʯʠʢ HEDS-6140#ɺ13 ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʡʙʣʠʞʯʝ ʜʦ 

ʢʨʠʚʦʰʠʧʘ 1-ʛʦ ʮʠʣʽʥʜʨʘ, ʩʠʛʥʘʣ ʨʦʙʦʪʠ ʷʢʦʛʦ ʥʘʡʤʝʥʰʝ ʩʧʦʪʚʦʨʝʥʠʡ 

ʢʨʫʪʠʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ, ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʣʠʰʝ ʮʝʡ ʮʠʣʽʥʜʨ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʙʫʣʦ ʦʙʨʘʥʦ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ [92]. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʙʫʜʦʚʫ ʣʽʥʽʡʥʦʾ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʨʝʛʨʝʩʠʚʥʦʾ ʤʦʜʝʣʽ ʚʠʜʫ 

 

() () () ().443322110 xaxaxaxay bbbbb ++++=  (4.1) 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʫ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ 

kb  ʚʠʙʝʨʝʤʦ ʪʘʢʽ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʣʠ ʩʫʤʫ  

 

() () () ()( )( )ää ++++-=
m

i

n

j
ij

i

xaxaxaxayQ
2

443322110 bbbbb . (4.2) 

 

ɿ ʥʝʦʙʭʽʜʥʦʾ ʫʤʦʚʠ ʝʢʩʪʨʝʤʫʤʫ ʚʠʧʣʠʚʘʻ, ʱʦ 

 

0=
µ

µ

k

Q

b
, 4,...,0=k . (4.3) 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʘʻʤʦ ʣʽʥʽʡʥʫ ʘʣʛʝʙʨʘʾʯʥʫ ʩʠʩʪʝʤʫ ʚʠʜʫ: 

 

() () () () ;443322110 ääääää =++++
m

i

n

j

ij

m

i

ii

m

i

ii

m

i

ii

m

i

ii

i

ynxanxanxanxan bbbbb  (4.4) 
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() ()[ ] ()() ()()

()() ();1414

313212

2

1110

äää

ääää

=+

++++

m

i

n

j

iij

m

i

iii

m

i

iii

m

i

iii

m

i

ii

m

i

ii

i

xaynxaxa

nxaxanxaxanxanxa

b

bbbb

 

() ()() ()[ ] ()()

()() ();2424

323

2

2221120

äää

ääää

=+

++++

m

i

n

j

iij

m

i

iii

m

i

iii

m

i

ii

m

i

iii

m

i

ii

i

xaynxaxa

nxaxanxanxaxanxa

b

bbbb

 

() ()() ()() ()[ ]

()() ();3434

2

3332231130

äää

ääää

=+

++++

m

i

n

j

iij

m

i

iii

m

i

ii

m

i

iii

m

i

iii

m

i

ii

i

xaynxaxa

nxanxaxanxaxanxa

b

bbbb

() ()() ()() ()()

()[ ] ().4

2

44

43342241140

äää

ääää

=+

++++

m

i

n

j

iij

m

i

ii

m

i

iii

m

i

iii

m

i

iii

m

i

ii

i

xaynxa

nxaxanxaxanxaxanxa

b

bbbb

 

 

ʇʦʜʘʤʦ ʦʪʨʠʤʘʥʫ ʩʠʩʪʝʤʫ ʫ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ 

 

YM =b , (4.5) 

ʜʝ 

ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

=

4

3

2

1

0

b

b

b

b

b

b  ï ʤʘʪʨʠʮʷ ʥʝʚʽʜʦʤʠʭ;  

öö
ö
ö
ö
ö
ö

÷

õ

ææ
æ
æ
æ
æ
æ

ç

å

=

äääää
äääää
äääää
äääää
ääää

iiiii

iiiii

iiiii

iiiii

iiii

nanaanaanaana

naananaanaana

naanaananaana

naanaanaanana

nanananan

M

2
43424144

43
2
323133

4232
2
2212

413121
2
11

4321

 ï ʤʘʪʨʠʮʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ; 
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ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ
æ

ç

å

=

ä ä

ä ä

ä ä

ä ä

ää

m

i

n

j
ij

m

i

n

j
ij

m

i

n

j
ij

m

i

n

j
ij

m

i

n

j
ij

i

i

i

i

i

ya

ya

ya

ya

y

Y

4

3

2

1

 ï ʤʘʪʨʠʮʷ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ ʨʽʚʥʷʥʥʷ. 

 

ɺ ʤʘʪʨʠʮʽ M  ʫʩʽ ʩʫʤʠ ʧʦ i , ()ikk xaa = , ä=
i

inn  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʚʠʤʽʨʽʚ, in  ï ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʚʠʤʽʨʽʚ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ix .  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʨʦʟʚôʷʟʦʢ 

 

YM 1-=b . (4.6) 

 

ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʙʫʣʦ ʦʙʨʘʥʦ ʧʝʨʰʽ 5 ʝʣʝʤʝʥʪʽʚ ʨʷʜʫ ʌʫʨôʻ 

() () ( ) ( )xxxx 2sin2cossincos 43210 bbbbb ++++ . ʃʽʥʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ nb  , n=1é5 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʚʰʠ ʚʠʨʘʟ (4.6) ʚ ʩʝʨʝʜʦʚʠʱʽ MathCAD ʜʣʷ ʢʦʞʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʘʥʝʩʝʤʦ ʚ ʪʘʙʣ. 4.1, ʪʘ ʟʦʙʨʘʟʠʤʦ ʥʘ ʨʠʩ. 4.1- 4.6. 

 

4.1.1 ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 

 

ʆʩʢʽʣʴʢʠ ʢʦʞʥʦʤʫ ʟʥʘʯʝʥʥʶ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚʽʜʧʦʚʽʜʘʻ 

ʢʽʣʴʢʘ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ ʧʦʚʪʦʨʶʚʘʥʠʤʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ i=1,2,é,500 (ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʭʦʜʫ 1-ʛʦ ʮʠʣʽʥʜʨʘ ʄʝʄɿ-2457), m=240 
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(ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʨʦʙʦʯʠʭ ʭʦʜʽʚ 1-ʛʦ ʮʠʣʽʥʜʨʘ ʄʝʄɿ-2457), ä
=

m

i

in
1

=n=120000 

(ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʫ ʚʠʙʦʨʮʽ).  

 

ʊʘʙʣʠʮʷ 4.1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 

ʈʝʞʠʤʠ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʉʝʨʝʜʥʷ 

ʯʘʩʪʦʪʘ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, 

ʭʚ
-1
 

ɓ0 ɓ1 ɓ2 ɓ3 ɓ4 

566 543.859 -1.276 37.252 -7.394 -3.213 

1019 1005.932 2.759 10.388 -2.333 -4.271 

2161 2160.804 -1.794 0.754 7.804 -0.63 

3205 3203.027 3.877 0.992 18.265 -6.248 

ʈʝʞʠʤʠ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

2270 2261.816 4.481 8.449 -10.29 1.324 

2735 2749.973 11.467 -24.351 -13.964 -9.714 

 

ʗʢʱʦ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʘ ʜʘʥʠʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʩʝʨʝʜʥʻ ʩʧʦʩʪʝʨʝʞʝʥʴ iy  

ʧʦʚʠʥʥʦ ʙʫʪʠ ʙʣʠʟʴʢʠʤʠ ʜʦ ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ 
~

iy . ɿʥʘʯʝʥʥʷ iy  ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʟʘ ʚʠʨʘʟʦʤ 

 

ä
=

=
in

j

ji

i

i y
n

y
1

,

1
, i=1,2, é, m. (4.7) 

 

ʊʦʤʫ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʻ ʤʽʨʦʶ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ 

 

ä ää
= ==

ö
÷

õ
æ
ç

å
-=ö

÷

õ
æ
ç

å
-=

in

j

m

i

iiiii

m

i

n yynyyQ
1 1

2
~

2
~

1

, i=1,2, é, m. (4.8) 
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ɿʘʣʠʰʢʦʚʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ Qe ʤʦʞʝ ʙʫʪʠ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ ʩʫʤʠ 

 

pne QQQ += , (4.9) 

ʜʝ ää
==

ö
÷

õ
æ
ç

å
-=

in

j

ii

m

i

p yyQ
1

2
~

1

- ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʧʦʭʠʙʢʠ. 

 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, 

ʷʢʱʦ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʘ ʜʘʥʠʤ, ʪʦʜʽ ʩʪʘʪʠʩʪʠʢʠ nQ /ů
2
 ʪʘ p

Q
/ů

2
 

ʥʝʟʘʣʝʞʥʽ ʽ ʧʽʜʣʷʛʘʶʪʴ ʨʦʟʧʦʜʽʣʫ ɢ
2
 ʟ m-2 ʽ n-m ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ, ʘ ʦʪʞʝ ʾʭ 

ʚʽʜʥʦʰʝʥʥʷ ʧʽʜʣʷʛʘʻ ʨʦʟʧʦʜʽʣʫ ʌʽʰʝʨʘ 

( )mnkmF

mn

Q
km

Q

p

n

--=

-

-
- ,1 a

, (4.10) 

ʜʝ k ï ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ ʚ (4.4); 

Ŭï ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ. 

ʇʝʨʝʚʽʨʠʤʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ [92].  

 

ɼʣʷ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ nʩʝʨ=568 ʭʚ
-1
. ɺʠʟʥʘʯʠʤʦ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʛʽʜʥʦ ʟ (4.7) ʪʘ ʚʠʨʘʭʫʻʤʦ ʩʫʤʫ (4.8), ʷʢʘ ʻ 

ʤʽʨʦʶ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ nQ =2,937Ā105. ʉʫʤʘ ʢʚʘʜʨʘʪʽʚ ʯʠʩʪʦʾ 

ʧʦʭʠʙʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʻ pQ =4,089Ā107. ʊʦʜʽ ʟʘʣʠʰʢʦʚʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ 

710118.4 Ö=
e

Q  

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ k=5 (ʪʘʙʣ. 4.1), ʽ ʧʨʠʡʤʝʤʦ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ Ŭ=0,01, 

ʦʪʞʝ ʚʽʜʥʦʰʝʥʥʷ (4.10) ʩʢʣʘʜʘʻ 1,734. 

 



 108 

 
ʈʠʩʫʥʦʢ 4.1 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

566 ʭʚ
-1
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ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,Á ʧ.ʢ.ʚ. 
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ʈʠʩʫʥʦʢ 4.2 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

1019 ʭʚ
-1
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ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,Á ʧ.ʢ.ʚ. 
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ʈʠʩʫʥʦʢ 4.3 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

2161 ʭʚ
-1
 

ʏ
ʘ
ʩ
ʪ
ʦ
ʪ
ʘ
 
ʦ

ʙ
ʝ
ʨ
ʪ
ʘ
ʥ
ʥ
ʷ
,
 
ʭ
ʚ
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ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,Á ʧ.ʢ.ʚ. 
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ʈʠʩʫʥʦʢ 4.4 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

3205 ʭʚ
-1
 

 

ʏ
ʘ
ʩ
ʪ
ʦ
ʪ
ʘ
 
ʦ

ʙ
ʝ
ʨ
ʪ
ʘ
ʥ
ʥ
ʷ
,
 
ʭ
ʚ

-1
 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,Á ʧ.ʢ.ʚ. 
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ʈʠʩʫʥʦʢ 4.5 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʄʝʄɿ-245-7, ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

2270 ʭʚ
-1
 (ʧʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʫʭʠʣ 10%) 
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ʩ
ʪ
ʦ
ʪ
ʘ
 
ʦ

ʙ
ʝ
ʨ
ʪ
ʘ
ʥ
ʥ
ʷ
,
 
ʭ
ʚ

-1
 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,Á ʧ.ʢ.ʚ. 
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ʈʠʩʫʥʦʢ 4.6 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʯʘʩʪʦʪʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ 2735 ʭʚ
-1
 (ʧʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʫʭʠʣ 12%) 

ʏ
ʘ
ʩ
ʪ
ʦ
ʪ
ʘ
 
ʦ

ʙ
ʝ
ʨ
ʪ
ʘ
ʥ
ʥ
ʷ
,
 
ʭ
ʚ

-1
 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,Á ʧ.ʢ.ʚ. 



ʂʚʘʥʪʠʣʴ ʨʦʟʧʦʜʽʣʫ ʌʽʰʝʨʘ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ: 

( )599.0 10195.1,495 ÖF = 1.154. 

ʆʩʢʽʣʴʢʠ ʚʠʨʘʟ (4,12) > F0,99, ʪʦʤʫ ʛʽʧʦʪʝʟʘ ʧʨʦ ʥʝʟʥʘʯʠʤʽʩʪʴ ʤʦʜʝʣʽ 

ʚʽʜʭʠʣʷʻʪʴʩʷ, ʘ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʛʨʝʩʽʾ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʧʨʠʡʤʘʻʪʴʩʷ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʛʽʧʦʪʝʟʦʶ ʙʫʣʦ ʪʝ, ʱʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ). 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʠʰʢʦʚʫ ʜʠʩʧʝʨʩʽʶ s
2
=343,185 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʜʠʩʧʝʨʩʽʾ ů
2
, ʟʥʘʡʪʠ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʧʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʠ ʧʨʦ ʧʘʨʘʤʝʪʨʠ. ɿʚʽʜʢʠ s=18,525. ʆʮʽʥʠʤʦ ʢʦʚʘʨʽʘʮʽʡʥʫ 

ʤʘʪʨʠʮʶ, ʱʦ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 

 

( )

=

ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

ÖÖÖ

ÖÖ

ÖÖ

ÖÖÖ

ÖÖ

³==
-

0,014104,218101,1080,012-107,299-

104,2180,0810,182104,969-0,116-

101,1080,1820,43101,306-0,274-

0,012-104,969-101,306-0,014108,599

107,299-0,116-0,274-108,5990,176

185,343

4-3-4-

4-4-

3-3-

4-3-4-

4-4-
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ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

4,9130,1450,384,17-0,25-

0,14527,95162,6240,171-39,868-

0,3862,624147,5560,448-93,938-

4,17-0,171-0,448-4,9130,295

0,25-39,868-93,938-0,29560,489

.

 

(4.11) 

 

ɺʠʟʥʘʯʠʤʦ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ 

 

( ) ,,
2

1

~

jjj asknt -°
-a

b  (4.12) 

ʜʝ: ( )knt -
-

2
1 a

 - ʢʚʘʥʪʠʣʴ ʨʦʟʧʦʜʽʣʫ ʉʪʴʶʜʝʥʪʘ; aj,j ï ʜʽʘʛʦʥʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 

ʤʘʪʨʠʮʽ ( )1-
AAT (4.14). 
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ɿʛʽʜʥʦ (4.15) ʤʘʻʤʦ ʜʣʷ ɓ0=543,859Ñ20,111, ʜʣʷ ɓ1=-1,276Ñ5,732, ʜʣʷ 

ɓ2=37,252Ñ31,41, ʜʣʷ ɓ3=-7,394Ñ13,671 ʜʣʷ ɓ4=-3,213Ñ5,731.  

ɸʙʦ ʚʠʱʝʟʛʘʜʘʥʝ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: ɓ0Í(523.748; 563.97), ɓ1Í( -

7.007; 4.456), ɓ2Í(5.841; 68.662), ɓ3Í( -21.065; 6.277), ɓ4Í( -8.944; 2.518). 

ɿʥʘʡʜʝʤʦ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʧʦʭʠʙʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɺʠʟʥʘʯʠʤʦ ʢʚʘʥʪʠʣʽ ɢ
2
 ʨʦʟʧʦʜʽʣʫ ( ) ( ) 579,798495495 2

995.0

2

2
1

==
-

cca , 

( ) ( ) 417,712495495 2

005.0

2

2

==cca . ʆʪʞʝ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ů
2
 ʤʘʻ ʚʠʛʣʷʜ 

 

.
)(

)(

)(

)(
2

2

2
2

2

2
1

2

kn

skn

kn

skn

-

-
<<

-

-

- aa c
s

c
 (4.13) 

 

ʆʜʝʨʞʠʤʦ: ů
2Í(0,592; 0,822). 

ɼʣʷ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ nʩʝʨ=1013 ʭʚ
-1
. ɺʠʟʥʘʯʠʤʦ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʛʽʜʥʦ ʟ (4.7) ʪʘ ʚʠʨʘʭʫʻʤʦ ʩʫʤʫ (4.8), ʷʢʘ ʻ 

ʤʽʨʦʶ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ  nQ =2,677Ā10
5
. ʉʫʤʘ ʢʚʘʜʨʘʪʽʚ 

ʧʦʭʠʙʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʻ pQ =8,044Ā10
7
. ʊʦʜʽ ʟʘʣʠʰʢʦʚʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ 

Qe=8,07Ā10
7
. 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ k=5 (ʪʘʙʣ. 4.1), ʽ ʧʨʠʡʤʝʤʦ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ Ŭ=0,01, 

ʦʪʞʝ ʚʽʜʥʦʰʝʥʥʷ (4.10) ʩʢʣʘʜʘʻ 0,803. 

ʂʚʘʥʪʠʣʴ ʨʦʟʧʦʜʽʣʫ ʌʽʰʝʨʘ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ: 

( )5

99.0 10195.1,495 ÖF =1.154. 

ʆʩʢʽʣʴʢʠ ʚʠʨʘʟ (0,803) < F0,99, ʪʦʤʫ ʛʽʧʦʪʝʟʘ ʧʨʦ ʥʝʟʥʘʯʠʤʽʩʪʴ ʤʦʜʝʣʽ 

ʚʽʜʭʠʣʷʻʪʴʩʷ, ʘ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʛʨʝʩʽʾ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʧʨʠʡʤʘʻʪʴʩʷ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʛʽʧʦʪʝʟʦʶ ʙʫʣʦ ʪʝ, ʱʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ  

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ). 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʠʰʢʦʚʫ ʜʠʩʧʝʨʩʽʶ s
2
=672,559 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʜʠʩʧʝʨʩʽʾ s2
, ʟʥʘʡʪʠ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʧʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʠ ʧʨʦ ʧʘʨʘʤʝʪʨʠ. ɿʚʽʜʢʠ s=25,934. ʆʮʽʥʠʤʦ ʢʦʚʘʨʽʘʮʽʡʥʫ 

ʤʘʪʨʠʮʶ, ʱʦ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 
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9,6270,2840,7358,173-0,491-

0,28454,776122,7270,334-78,131-

0,745122,727289,1740,878-184,095-

8,173-0,334-0,878-9,6280,578

0,491-78,131-184,095-0,578118,544

0,014104,218101,1080,012-107,299-

104,2180,0810,182104,969-0,116-

101,1080,1820,43101,306-0,274-

0,012-104,969-101,306-0,014108,599

107,299-0,116-0,274-108,5990,176

559,672

4-3-4-

4-4-
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4-3-4-

4-4-
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(4.14) 

 

ɺʠʟʥʘʯʠʤʦ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ: 

ɿʛʽʜʥʦ (4.15) ʤʘʻʤʦ ʜʣʷ ɓ0=1005,932Ñ28,154, ʜʣʷ ɓ1=2,759Ñ8,024, ʜʣʷ 

ɓ2=10,388Ñ43,972, ʜʣʷ ɓ3=-2,333Ñ19,138 ʜʣʷ ɓ4=-4,271Ñ8,023.  

ɸʙʦ ʚʠʱʝʟʛʘʜʘʥʝ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: ɓ0Í(977.779; 1034.086), ɓ1Í( -

5.265; 10.782), ɓ2Í(-33.584; 54.36), ɓ3Í(-21.471; 16.805), ɓ4Í( -12.294; 3.752). 

ɿʥʘʡʜʝʤʦ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʧʦʭʠʙʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʛʽʜʥʦ ʟ 

(4,16) ʦʜʝʨʞʠʤʦ: ů
2
Í(1,16; 1,61). 

ɼʣʷ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ nʩʝʨ=2161 ʭʚ
-1
. ɺʠʟʥʘʯʠʤʦ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʛʽʜʥʦ ʟ (4.7) ʪʘ ʚʠʨʘʭʫʻʤʦ ʩʫʤʫ (4.8), ʷʢʘ ʻ 

ʤʽʨʦʶ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ nQ =7,523Ā10
5
. ʉʫʤʘ ʢʚʘʜʨʘʪʽʚ ʯʠʩʪʦʾ 

ʧʦʭʠʙʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʻ pQ =5,907Ā10
7
. ʊʦʜʽ ʟʘʣʠʰʢʦʚʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ 

Qe=5,9778,07Ā10
7
. 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ k=5 (ʪʘʙʣ. 4.1), ʽ ʧʨʠʡʤʝʤʦ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ Ŭ=0,01, 

ʦʪʞʝ ʚʽʜʥʦʰʝʥʥʷ (4.10) ʩʢʣʘʜʘʻ 3,077.  

ʂʚʘʥʪʠʣʴ ʨʦʟʧʦʜʽʣʫ ʌʽʰʝʨʘ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ: 

( )599.0 10195.1,495 ÖF =1,154. 

ʆʩʢʽʣʴʢʠ ʚʠʨʘʟ (3,077) > F0,99, ʪʦʤʫ ʛʽʧʦʪʝʟʘ ʧʨʦ ʥʝʟʥʘʯʠʤʽʩʪʴ ʤʦʜʝʣʽ 

ʚʽʜʭʠʣʷʻʪʴʩʷ, ʘ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʛʨʝʩʽʾ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʦʩʪʝʨʝʞʝʥʴ 

. 
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ʧʨʠʡʤʘʻʪʴʩʷ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʛʽʧʦʪʝʟʦʶ ʙʫʣʦ ʪʝ, ʱʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ  

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ). 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʠʰʢʦʚʫ ʜʠʩʧʝʨʩʽʶ s
2
=498,092 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʜʠʩʧʝʨʩʽʾ s2
, ʟʥʘʡʪʠ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʧʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʠ ʧʨʦ ʧʘʨʘʤʝʪʨʠ. ɿʚʽʜʢʠ s=22.318. ʆʮʽʥʠʤʦ ʢʦʚʘʨʽʘʮʽʡʥʫ 

ʤʘʪʨʠʮʶ, ʱʦ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 

 

( )

ö
ö
ö
ö
ö
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÷
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æ
æ
æ
æ
æ

ç
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=

ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

ÖÖÖ

ÖÖ

ÖÖ

ÖÖÖ

ÖÖ

³==
-

7,130,210,5526,053-0,364-

0,2140,56790,890,248-57,863-

0,55290,89214,160,65-136,339-

6,053-0,248-0,65-7,1310,428

0,364-57,863-136,339-0,42887,793

0,014104,218101,1080,012-107,299-

104,2180,0810,182104,969-0,116-

101,1080,1820,43101,306-0,274-

0,012-104,969-101,306-0,014108,599

107,299-0,116-0,274-108,5990,176

092,498

4-3-4-

4-4-

3-3-

4-3-4-

4-4-

12 AAsK T

 

(4.15) 

 

ɺʠʟʥʘʯʠʤʦ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ: 

ɿʛʽʜʥʦ (4.15) ʤʘʻʤʦ ʜʣʷ ɓ0=12160,804Ñ24,228, ʜʣʷ ɓ1=-1,794Ñ6,905, ʜʣʷ 

ɓ2=0,754Ñ37,841, ʜʣʷ ɓ3=7,804Ñ16,469 ʜʣʷ ɓ4=-0,63Ñ6,905.  

ɸʙʦ ʚʠʱʝʟʛʘʜʘʥʝ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: ɓ0Í(2137; 2185), ɓ1Í( -8.699; 

5.111), ɓ2Í(-37.088; 38.595), ɓ3Í(-8.665; 24.274), ɓ4Í( -7.534; 6.275). 

ɿʥʘʡʜʝʤʦ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʧʦʭʠʙʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʛʽʜʥʦ ʟ 

(4,16) ʦʜʝʨʞʠʤʦ: ů
2
Í(0,859; 1.192). 

ɼʣʷ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ nʩʝʨ=3204 ʭʚ
-1
. ɺʠʟʥʘʯʠʤʦ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʛʽʜʥʦ ʟ (4.7) ʪʘ ʚʠʨʘʭʫʻʤʦ ʩʫʤʫ (4.8), ʷʢʘ ʻ 

ʤʽʨʦʶ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ nQ =8,279Ā10
5
. ʉʫʤʘ ʢʚʘʜʨʘʪʽʚ ʯʠʩʪʦʾ 

ʧʦʭʠʙʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʻ pQ =1,68Ā10
8
. ʊʦʜʽ ʟʘʣʠʰʢʦʚʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ 

Qe=1,689Ā10
8
 

. 
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ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ k=5 (ʪʘʙʣ. 4.1), ʽ ʧʨʠʡʤʝʤʦ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ Ŭ=0,01, 

ʦʪʞʝ ʚʽʜʥʦʰʝʥʥʷ (4.10) ʩʢʣʘʜʘʻ1,19. 

ʂʚʘʥʪʠʣʴ ʨʦʟʧʦʜʽʣʫ ʌʽʰʝʨʘ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ: 

( )599.0 10195.1,495 ÖF =1,154. 

ʆʩʢʽʣʴʢʠ ʚʠʨʘʟ (1,19) > F0,99, ʪʦʤʫ ʛʽʧʦʪʝʟʘ ʧʨʦ ʥʝʟʥʘʯʠʤʽʩʪʴ ʤʦʜʝʣʽ 

ʚʽʜʭʠʣʷʻʪʴʩʷ, ʘ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʛʨʝʩʽʾ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʧʨʠʡʤʘʻʪʴʩʷ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʛʽʧʦʪʝʟʦʶ ʙʫʣʦ ʪʝ, ʱʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ  

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ). 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʠʰʢʦʚʫ ʜʠʩʧʝʨʩʽʶ s
2
=1407 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʜʠʩʧʝʨʩʽʾ s2
, ʟʥʘʡʪʠ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʝʨʝʚʽʨʠʪʠ 

ʛʽʧʦʪʝʟʠ ʧʨʦ ʧʘʨʘʤʝʪʨʠ. ɿʚʽʜʢʠ s=37,512. ʆʮʽʥʠʤʦ ʢʦʚʘʨʽʘʮʽʡʥʫ ʤʘʪʨʠʮʶ, ʱʦ ʚ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 
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20,1430,5941,5617,1-1,027-

0,594114,607256,7780,699-163,471-

1,56256,778605,0311,837-385,177-

17,1-0,699-1,837-20,1451,21

1,027-163,471-385,177-1,21248,027

0,014104,218101,1080,012-107,299-

104,2180,0810,182104,969-0,116-

101,1080,1820,43101,306-0,274-

0,012-104,969-101,306-0,014108,599

107,299-0,116-0,274-108,5990,176

1407

4-3-4-

4-4-

3-3-

4-3-4-

4-4-
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(4.16) 

 

ɺʠʟʥʘʯʠʤʦ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ. ɿʛʽʜʥʦ (4.15) ʤʘʻʤʦ ʜʣʷ 

ɓ0=3203,027Ñ40,723, ʜʣʷ ɓ1=3,877Ñ11,606, ʜʣʷ ɓ2=0,992Ñ63,604, ʜʣʷ 

ɓ3=18,265Ñ27,682 ʜʣʷ ɓ4=-6,248Ñ11,065.  

ɸʙʦ ʚʠʱʝʟʛʘʜʘʥʝ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: ɓ0Í(3162; 3244), ɓ1Í( -7,729; 

15,483), ɓ2Í(-62,612; 64,596), ɓ3Í(-9,417; 45,947), ɓ4Í( -17,854; 5,357). 

ɿʥʘʡʜʝʤʦ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʧʦʭʠʙʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʛʽʜʥʦ ʟ 

(4,16) ʦʜʝʨʞʠʤʦ: ů
2
Í(2,427; 3,369). 

. 



 

 

119 

ʇʦʚʪʦʨʠʤʦ ʦʧʝʨʘʮʽʾ ʧʨʦʚʝʜʝʥʽ ʚ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʟʘʥʝʩʝʤʦ ʚ ʪʘʙʣ. 4.2. 

 

ʊʘʙʣʠʮʷ 4.2 ï ɸʥʘʣʽʟ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʛʨʝʩʽʾ 

ʇʘʨʘʤʝʪʨ 
ʈʝʞʠʤʠ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʈʝʞʠʤʠ ʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

568 1013 2161 3204 2267 2734 

ʉʪʘʪʠʩʪʠʢʘ 

mn

Q
km

Q

p

n

-

-  1,734 0.803 3.077 1,19 3,793 23,707 

ʂʚʘʥʪʠʣʴ 

ʨʦʟʧʦʜʽʣʫ 

ʌʽʰʝʨʘ ʜʣʷ 

Ŭ=0,01 

1,154 1,154 1,154 1,154 1,154 1,154 

ɿʘʣʠʰʢʦʚʘ 

ʜʠʩʧʝʨʩʽʷ, 

s
2
(s) 

343,185 

(18,525) 

672.559 

(25.934) 

498.092 

(22.318) 

1407 

(37,512) 

1321 

(36,341) 

3316 

(57,582) 

ɼʦʚʽʨʯʽ 

ʽʥʪʝʨʚʘʣʠ 

ʜʣʷ 

ʧʘʨʘʤʝʪʨʽʚ: 

ɓ0Í 

(523.748; 

563.97) 

 

(977.779; 

1034.01) 

 

(2185; 

2137) 

 

(3162; 

3244) 

 

(2222; 

2301) 

 

(2687; 

2812) 

 

ɓ1Í 
(-7.007; 

4.456) 

(-5.265; 

10.782) 

(-8.699; 

5.111) 

(-7,729; 

15,483) 

(-6,762; 

15,725) 

(-6,349; 

29,282) 

ɓ2Í 
(5.841; 

68.662) 

(-33.584; 

54.36) 

(-37.088; 

38.595) 

(-62,612; 

64,596) 

(-53,168; 

70,067) 

(-121,98; 

73,283) 

ɓ3Í 
(-21.065; 

6.277), 

(-21.471; 

16.805), 

(-8.665; 

24.274) 

(-9,417; 

45,947) 

(-37,107; 

16,528) 

(-56,456; 

28,529) 

ɓ4Í 
(-8.944; 

2.518) 

(-12.294; 

3.752) 

(-7.534; 

6.275) 

(-17,854; 

5,357) 

(-9,918; 

12,567) 

(-27,528; 

8,101) 

ɼʦʚʽʨʯʠʡ 

ʽʥʪʝʨʚʘʣ 

ʜʣʷ ů
2
 

(0,592; 

0.822) 

(1,16; 

1.61) 

(0.859; 

1,192) 

(2,427; 

3,369) 

(2,278; 

3,162) 

(5,719; 

7,938) 
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4.2 ɸʥʘʣʽʟ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 

 

ʇʨʠ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

ʟʤʽʥʶʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ. ʏʘʩʪʦ ʫʩʪʘʣʝʥʠʡ ʨʫʭ ʯʝʨʛʫʻʪʴʩʷ ʟ ʨʦʟʛʦʥʘʤʠ (ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ) ʽ ʛʘʣʴʤʫʚʘʥʥʷʤʠ (ʧʨʠ ʟʥʠʞʝʥʥʷʭ 

ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ). 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚ ʨʽʚʥʷʥʥʽ (5.1) ʨʽʟʥʠʮʷ ʤʦʤʝʥʪʽʚ ʨʫʭʘʶʯʠʭ ʩʠʣ ʄʢʨ ʪʘ 

ʩʠʣ ʦʧʦʨʫ ʄw ʻ ʬʫʥʢʮʽʷʤʠ ʚʽʜ ű, ʘʙʦ ʚʽʜ ɤ ʘʙʦ ʚʽʜ t, ʪʦʤʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʮʝ ʨʽʚʥʷʥʥʷ ʻ ʥʝʣʽʥʽʡʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ. ʁʦʛʦ ʨʦʟʚôʷʟʦʢ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʚʝʜʝʥʠʡ ʣʠʰʝ ʥʘʙʣʠʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ.  

ɺ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʣʘʥʢʠ ʂʐʄ ʦʙʝʨʝʤʦ ʢʦʣʽʥʯʘʩʪʠʡ ʚʘʣ ɼɺɿ. ɼʦ 

ʧʦʯʘʪʢʦʚʦʾ ʣʘʥʢʠ ʚʠʩʫʚʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ: ʥʝʭʘʡ ʾʾ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ɯʧ ʪʘ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ M× ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʷʢʽ ʾʾ ʥʘʚʘʥʪʘʞʫʶʪʴ ʙʫʜʫʪʴ 

ʪʘʢʠʤʠ, ʱʦ ʟʘʢʦʥ ʨʫʭʫ ʚʩʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʩʧʽʚʧʘʜʘʪʠ ʟ ʟʘʢʦʥʦʤ 

ʨʫʭʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ɿ ʩʢʘʟʘʥʦʛʦ ʩʣʽʜʫʻ, ʱʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʂʐʄ ɼɺɿ 

ʚʩʽ ʩʠʣʠ ʽ ʤʦʤʝʥʪʠ, ʱʦ ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʥʴʦʛʦ, ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʦʜʥʦʾ ʣʘʥʢʠ ʽ 

ʟʘʤʽʥʷʶʪʴʩʷ ʩʫʤʘʨʥʠʤ ʧʨʠʚʝʜʝʥʠʤ ʤʦʤʝʥʪʦʤ M×. ʊʦʙʪʦ M× ʻ ʝʢʚʽʚʘʣʝʥʪʦʤ 

ʚʩʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʻ ʥʘ ɼɺɿ. ʊʘʢʦʞ ʤʘʩʠ ʚʩʽʭ ʣʘʥʦʢ ʂʐʄ (ʪʦʯʥʽʰʝ ʾʭ 

ʽʥʝʨʪʥʽʩʪʴ) ʪʝʞ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʽ ʟʘʤʽʥʶʶʪʴʩʷ ʩʫʤʘʨʥʠʤ 

ʧʨʠʚʝʜʝʥʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ɯʧ, ʷʢʠʡ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʛʣʘʚʽ 2. ʗʢ ʩʣʽʜʫʻ ʟ 

ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ 2-ʛʦ ʨʦʜʫ ʧʨʠ ʧʨʠʚʝʜʝʥʥʽ ʩʠʣ ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʫʤʦʚʫ 

ʨʽʚʥʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʦʙʽʪ.  

ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʧʨʠʚʝʜʝʥʠʭ ʤʦʤʝʥʪʽʚ ɼɺɿ ʘʥʘʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʄʦʤʝʥʪ ʨʫʭʘʶʯʠʭ ʩʠʣ ʄʢʨ (ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ) ɼɺɿ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʩʠʣʠ ʪʠʩʢʫ 

ʛʘʟʽʚ F3 (ʨʠʩ. 4.10) ʧʽʜ ʯʘʩ ʨʦʙʦʯʦʛʦ ʭʦʜʫ. ʈʦʟʛʣʷʥʝʤʦ ʄʢʨ ʜʣʷ 1-ʛʦ ʮʠʣʽʥʜʨʘ 

ɼɺɿ. ʄʦʤʝʥʪ ʨʫʭʘʶʯʠʭ ʩʠʣ ʪʦʯʢʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ [102] 

 

yyyxqxʢp kvFkvFM += . (4.17) 

 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʨʽʚʥʷʥʥʷ 4.17 ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʩʠʣʠ F3 ʨʠʩ (4.7) [102] 
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xqxʢp cvFM 3= . (4.18) 

 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʝʢʮʽʾ ʩʠʣʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʚʽʩʴ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ʉʭʝʤʘ ʩʠʣ, ʜʽʶʯʠʭ ʥʘ ʂʐʄ ɼɺɿ 

 

ʆʩʢʽʣʴʢʠ ʷʢ ʩʠʣʘ F3 ʚ ʙʫʜɹ-ʷʢʦʤʫ ʧʦʣʦʞʝʥʥʽ ʂʐʄ ʜʽʻ ʚʣʽʚʦ (ʜʠʚ. ʨʠʩ. 4.7), 

ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʘʚʠʣ ʚʝʢʪʦʨʥʦʾ ʘʣʛʝʙʨʠ ʾʾ ʧʨʦʝʢʮʽʾ ʩʣʽʜ ʧʨʠʩʚʦʾʪʠ ʟʥʘʢ ʤʽʥʫʩ. 

ʇʨʦʝʢʮʽʷ xqcv ʘʥʘʣʦʛʘ ʰʚʠʜʢʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʨʽʚʥʷʥʥʷ [102] (ʜʠʚ. ʨʠʩ. 4.7.) 
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cos
1sinRcv xq . (4.19) 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʭʠʙʦʢ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʫ 

ʧʨʠ ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ ʚ ʮʠʣʽʥʜʨʘʭ ʄʝʄɿ-245 ʩʢʦʨʠʩʪʘʻʤʦʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʽʥʜʠʮʠʨʫʚʘʥʥʷ. ɺ ʨʦʙʦʪʽ 

[40] ʥʘʚʝʜʝʥʦ ʨʦʟʛʦʨʥʫʪʫ ʽʥʜʠʢʘʪʦʨʥʫ ʜʽʘʛʨʘʤʫ ʄʝʄɿ-245, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 40 ʧʦʩʣʽʜʦʚʥʠʭ ʮʠʢʣʽʚ ʨʦʙʦʪʠ (ʨʠʩ.4.8) ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 3000 ʭʚ
-1
, ʪʘ ʨʦʟʨʽʜʞʝʥʥʷʤ ʫ ʚʧʫʩʢʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ 35 ʢʇʘ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʩʠʣʫ ʪʠʩʢʫ ʛʘʟʽʚ F3 ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʜʦʙʫʪʦʢ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʠʩʢʫ ʪʘ ʧʣʦʱ̔ ʧʦʨʰʥʷ, ʱʦ ʩʢʣʘʜʘʻ Sʧ = 4071,2 ʤʤ
2
, 

ʚʨʘʭʦʚʫʶʯʠ ʧʨʘʚʠʣʦ ʟʥʘʢʽʚ (ʨʠʩ 4.9).  
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ʈʠʩʫʥʦʢ 4.8 ï ɯʥʜʠʢʘʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʜʚʠʛʫʥʘ ʄʝʄɿ-245 (ʄɿ ï ʤʦʤʝʥʪ 

ʟʘʧʘʣʶʚʘʥʥʷ) [40] 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ɸʥʘʣʦʛ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʢʨʠʚʦʰʠʧʘ [102] 

 

ʄʝʪʦʜʦʤ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʮʠʣʽʥʜʨʘ, ʱʦ 

ʽʥʜʠʮʠʨʫʚʘʚʩʷ, ʷʢʘ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ ʩʢʣʘʣʘ 3,88 ʢɺʪ [40]. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ 

ʩʝʨʝʜʥʽʡ ʤʦʤʝʥʪ ʨʫʭʘʶʯʠʭ ʩʠʣ ʄʢʨ= 14,91 ʅĿʤ, ʘ ʩʝʨʝʜʥʽʡ ʤʦʤʝʥʪ ʩʠʣ ʦʧʦʨʫ 

ʄw= 2,56 ʅĿʤ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʜʘʯʽ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʤʦʤʝʥʪ ʩʠʣ ʦʧʦʨʫ ʄw 

ʧʦʩʪʽʡʥʠʤ ʽ ʨʽʚʥʠʤ ʤʦʤʝʥʪʫ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ.  

Á ʧ.ʢ.ʚ. 
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ɺʨʘʭʦʚʫʶʯʠ ʨʠʩ. 4.9, 4.10 ʪʘ ʟʥʘʯʝʥʥʷ ʄʢʨ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ 

ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ M× ʟʦʚʥʽʰʥʽʭ ʩʠʣ (ʨʠʩ. 4.11). ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʷʢʠ 

ʧʨʠʚʝʜʝʥʥʶ ʩʠʣ ʚʩʝ ʦʩʥʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʢʣʘʜʝʥʦ ʜʦ ʤʝʭʘʥʽʟʤʫ, 

ʚʠʷʚʠʣʦʩʴ ʟʘʤʽʥʝʥʠʤ ʩʫʤʘʨʥʠʤ ʧʨʠʚʝʜʝʥʠʤ ʤʦʤʝʥʪʦʤ M×. 

ɿʥʘʶʯʠ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ M× ʪʘ ʧʨʠʚʝʜʝʥʠʡ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ Iʧ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʬʦʨʤʽ, ʨʘʜ/ʩ 

[102] 

 

2

)(2

ʧʦʯ

ʧ

ʧʦʯ

ʧ

ʧ I

I

I

dM

ʧʦʯ w

jj

w

j

j
+=

ñ
, 

(4.20) 

ʜʝ űʧʦʯ, ʧʦʯ

ʧʦʯ

ʧI w,  ï ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ.  

 

 

ʈʠʩʫʥʦʢ 4.10 ï ʉʠʣʘ F3 ʟʘ ʮʠʢʣ ʨʦʙʦʪʠ 

Á ʧ.ʢ.ʚ. 
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ʈʠʩʫʥʦʢ 4.11 ï ʉʫʤʘʨʥʠʡ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ M× ʟʘ ʮʠʢʣ ʨʦʙʦʪʠ 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʬʫʥʢʮʽʾ (4.20) ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠʚʝʜʝʥʠʡ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ Iʧ ɼɺɿ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ (2.47). ɼʣʷ ʜʚʠʛʫʥʘ ʄʝʄɿ-

2457 ʟʤʽʥʘ Iʧ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.12, ʚʨʘʭʦʚʫʶʯʠ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʂʐʄ ʜʚʠʛʫʥʘ. 

 

 

ʈʠʩʫʥʦʢ 4.12 ï ɿʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʜʚʠʛʫʥʘ ʄʝʄɿ-

2457 ʟʘ ʦʙʝʨʪ 

Iʧ, ʛĀʤʤ
2
 

Á ʧ.ʢ.ʚ. 

Á ʧ.ʢ.ʚ. 
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ʆʩʢʽʣʴʢʠ ʜʚʠʛʫʥ ʄʝʄɿ-2457 ʤʘʻ 4 ʮʠʣʽʥʜʨʠ, ʪʦʤʫ ʧʨʝʜʩʪʘʚʠʤʦ ʚʠʨʘʟ 

ʩʫʤʘʨʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ M× (ʨʠʩ. 4.13) ʜʣʷ ʚʩʽʭ ʮʠʣʽʥʜʨʽʚ (4.13). 

 

 

ʈʠʩʫʥʦʢ 4.13 ï ʉʫʤʘʨʥʠʡ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ M× 4-ʭ ʮʠʣʽʥʜʨʦʚʦʛʦ ʨʷʜʥʦʛʦ 

ʜʚʠʛʫʥʘ ʟʘ ʮʠʢʣ ʨʦʙʦʪʠ 

 

ɺʨʘʭʦʚʫʶʯʠ ʨʠʩ. 4.11 ʪʘ ʨʠʩ. 4.12, ʛʨʘʬʽʢ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ɼɺɿ 

(ʨʠʩ. 4.14). 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ʅʝʨ̔ʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 ʧʨʦʪʷʛʦʤ ʦʙʝʨʪʫ 

 

Á ʧ.ʢ.ʚ. 

Á ʧ.ʢ.ʚ. 
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ʅʘ ʨʠʩ. 4.14 ʟʦʙʨʘʞʝʥʦ ʜʚʘ ʚʠʧʘʜʢʠ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ M×: ʷʢʱʦ ʚʚʘʞʘʪʠ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

Iʧ ʧʦʩʪʽʡʥʠʤ ʪʘ ʟʤʽʥʥʠʤ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʻ 

ʚʽʜʧʦʚʽʜʥʦ ŭ=0,4% ʪʘ ŭ=0,2%. ʊʦʙʪʦ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ɼɺɿ ʟʤʽʥʘ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʧʦʢʨʘʱʫʻ ʧʦʢʘʟʥʠʢʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ɼɺɿ. ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʬʦʨʤʫ ʢʨʠʚʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʟ 

ʥʘʡʙʣʠʞʯʠʤʠ ʧʦ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ (3205,24 ʭʚ
-1
) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

(ʜʠʚ ʨʠʩ.4.4), ʪʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ʩʢʣʘʣʘ ŭ=6,9% ʽ, ʷʢ 

ʚʠʜʥʦ ʟ ʨʠʩ. 4.4 ʪʘ 4.14, ʢʨʠʚʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʧʦ ʧʦʣʦʞʝʥʥʶ ʤʘʢʩʠʤʫʤʽʚ ʪʘ ʤʽʥʽʤʫʤʽʚ (ʬʘʟʠ 

ʢʦʣʠʚʘʥʴ) ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ. 

ɿʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʟʥʘʯʝʥʥʷʭ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ʚ ʪʝʦʨʝʪʠʯʥʽʡ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʦʜʝʣʷʭ, ʩʢʦʨʽʰ ʟʘ ʚʩʝ, ʧʦʚôʷʟʘʥʽ ʟ ʚʧʣʠʚʦʤ ʢʦʣʠʚʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʦʩʦʙʣʠʚʦ ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 3400 ʭʚ
-1
. 

 

4.2.1 ʂʨʫʪʠʣʴʥ ̔ʢʦʣʠʚʘʥʥ ̫ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

 

ʅʘ ʢʦʣʽʥʯʘʩʪʠʡ ʚʘʣ ʜʽʶʪʴ ʧʦʩʪʽʡʥʦ ʟʤʽʥʥʽ ʧʝʨʽʦʜʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ ʥʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʟʤʽʥʥʽ ʜʝʬʦʨʤʘʮʽʾ ʢʨʫʯʝʥʥʷ ʪʘ ʟʛʠʥʫ, ʱʦ 

ʟʙʫʜʞʫʶʪʴ ʫ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ, ʷʢ ʽ ʫ ʙʫʜʴ-ʷʢʽʡ ʧʨʫʞʥʽʡ ʩʠʩʪʝʤʽ ʟ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʤʘʩʘʤʠ, ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ. 

ɺʽʜʥʦʩʥʽ ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ ʟʦʩʝʨʝʜʞʝʥʠʭ ʥʘ ʚʘʣʘ ʤʘʩ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ 

ʟʘʢʨʫʯʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʚʘʣʘ, ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʫʪʠʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ. 

ʂʨʽʤ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʫ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ ʚʠʥʠʢʘʶʪʴ ʧʦʧʝʨʝʯʥʽ 

ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʛʠʥʫ. 

ɿʚʠʯʘʡʥʦ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚʦʜʪ̫ʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛ ʫ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ ʧʨʠ ʨʝʟʦʥʘʥʩʽ, ʪʦʙʪʦ ʧʨʠ ʟʙʽʛʫ ʯʘʩʪʦʪ ʟʙʫʜʞʫʶʯʦʾ 

ʩʠʣʠ ʟ ʦʜʥʽʻʾ ʽʟ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʚʘʣʘ. ʗʢʱʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʟʤʝʥʰʝʥʥʽ ʚʠʥʠʢʘʶʯʠʭ ʥʘʧʨʫʛ, ʪʦ ʥʘ ʢʦʣʽʥʯʘʩʪʠʡ ʚʘʣ ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʝʤʧʬʝʨ. 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʜʽʡʩʥʫ ʩʢʣʘʜʥʫ ʢʦʣʠʚʥʫ ʩʠʩʪʝʤʫ 

ʨʫʭʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʂʐʄ ʜʚʠʛʫʥʘ, ʘ ʽʥʦʜʽ ʡ ʪʨʘʥʩʤʽʩʽʾ, ʟʘʤʽʥʷʶʪʴ ʩʧʨʦʱʝʥʦʶ 

ʩʠʩʪʝʤʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʘʣʽʚ ʟ 

ʥʘʩʘʜʞʝʥʠʤʠ ʥʘ ʥʠʭ ʜʠʩʢʘʤʠ (ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʤʘʩʘʤʠ). ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ, 

ʱʦʙ ʦʩʥʦʚʥʽ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʨʦʱʝʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ʚʽʜʧʦʚʽʜʘʣʠ ʜʽʡʩʥʽʡ ʩʠʩʪʝʤʽ, ʪʦʙʪʦ ʱʦʙ ʧʨʠ ʧʨʠʚʝʜʝʥʥʽ ʩʠʩʪʝʤʠ ʙʫʣʠ ʙ 

ʟʙʝʨʝʞʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʤʘʩ ʽ ʞʦʨʩʪʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚʘʣʘ [1, 4, 66, 

86]. ɺʦʜʷʥʠʡ ʪʘ ʤʘʩʣʷʥʠʡ ʥʘʩʦʩʠ, ʤʝʭʘʥʽʟʤ ʛʘʟʦʨʦʟʧʦʜʽʣʫ ʪʘ ʚʝʥʪʠʣʷʪʦʨ 

ʥʝʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʪʦʤʫ ʾʭ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʟʚʠʯʘʡ ʥʝ ʚʨʘʭʦʚʫʶʪʴ. 

ʈʦʟʨʘʭʫʥʢʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʥʘ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ [66]: 

¶ ʟʘʤʽʥʠ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʘ ʽʥʦʜʽ ʡ ʪʨʘʥʩʤʽʩʽʾ, 

ʩʧʨʦʱʝʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʘʙʦ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʠʩʪʝʤʦʶ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʚʽʜʥʦʩʥʠʭ ʘʤʧʣʽʪʫʜ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʠʩʪʝʤʠ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʽʦʜʠʯʥʦ ʟʤʽʥʥʠʭ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʚʘʣ; 

¶ ʛʘʨʤʦʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜ ʩʠʣ ʛʘʟʽʚ ʽ ʩʠʣ ʽʥʝʨʮʽʾ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʢʦʣʽʥʘ ʚʘʣʘ, ʽ ʦʮʽʥʢʠ ʤʦʤʝʥʪʽʚ ʚʥʫʪʨʽʰʥʽʭ ʦʧʦʨʽʚ ʜʚʠʛʫʥʘ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʨʝʞʠʤʽʚ ʽ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʤʘʩ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʠʩʪʝʤʠ ʧʨʠ ʨʝʟʦʥʘʥʩʽ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛ ʽ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ; 

¶ ʚʠʰʫʢʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʫʩʫʥʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʥʝʧʨʠʧʫʩʪʠʤʦ 

ʙʽʣʴʰʠʭ ʥʘʧʨʫʛ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʢʦʣʠʚʘʥʴ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʩʠʩʪʝʤʽ ɼɺɿ ʻ 

ʜʦʩʠʪʴ ʛʨʦʤʽʟʜʢʦʶ ʽ ʥʝ ʟʘʚʞʜʠ ʚʠʟʥʘʯʝʥʦʶ ʟʘʜʘʯʝʶ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʚ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʂʐʄ ʟ ʢʽʣʴʢʽʩʪʶ ʮʠʣʽʥʜʨʽʚ ʜʦ 4 ʚʢʣʶʯʥʦ (ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ 

ʥʝ  ̒ ʥʘʩʪʽʣʴʢʠ ʟʥʘʯʫʱʠʤʠ ʚʥʘʩʣ̔ ʜʦʢ ʚʽʜʥʦʩʥʦ ʤʘʣʦʾ ʜʦʚʞʠʥʠ ʢʦʣʽʥʯʘʩʪʦʛʦ 
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ʚʘʣʘ), ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʝʣʝʤʝʥʪʠ ʂʐʄ, ʷʢ ʪʽʣʘ, ʱʦ ʥʝ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʘ 

ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʟʘʣʠʰʠʤʦ ʟʘ ʨʘʤʢʘʤʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

4.2.2 ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ ʄʝʄɿ-

2457 

 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ŭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʣʠʰʝ ʟʤʽʥʫ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʽʜ ɤmin ʜʦ ɤmax, ʘʣʝ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʠʥʘʤʽʢʠ ʨʫʭʫ. ɼʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ Ů. 

ʇʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ ʨʫʩʽ 

ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʥʘʤʽʯʥʦʩʪʽ ɢ, ʚ ʷʢʦʩʪʽ ʷʢʦʛʦ ʙʝʨʫʪʴ 

ʚʽʜʥʦʰʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ Ů 

ʜʦ ʢʚʘʜʨʘʪʘ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ [9] 

 

2
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ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 ʚ 

ʨʝʞʠʤʘʭ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʪʘʙʣ. 4.1) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʧʨʦʪʷʛʦʤ ʦʙʝʨʪʫ ʫ ʚʠʛʣʷʜʽ, ʨʘʜ/ʩ
2
 

 

.2cos2sincossin 4321 jqjqjqjqe +++=  (4.22) 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ (4.22) ʚʽʜ ʚʠʨʘʟʽʚ ʪʘʙʣ. 4.1 ʚʥʝʩʝʤʦ ʚ ʪʘʙʣ. 

4.3 (ʨʠʩ. 4.1). 

ɺʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʪʘʙʣ. 4.1ï4.2 ʚʠʨʘʟ (5.3), ʚʨʘʭʦʚʫʶʯʠ ʟʤʽʥʫ ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʩʝʨʝʜʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 566 ʭʚ
-1
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(4.23) 

 

ʊʘʙʣʠʮʷ 4.3 ï ʂʦʝʬʽʮʽʻʥʪʠ ɗ̔ ʜʣʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ ʜʣʷ ʜʚʠʛʫʥʘ 

ʄʝʄɿ-2457 ʚ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʉʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ, ʭʚ
-1
 

ɗ1 ɗ2 ɗ3 ɗ4 ɢ 

566 1,28 37,252 14,788 -6,426 0,722 

1019 -2,8 10,4 4,66 -8,54 0,104 

2161 1,79 0,754 -15,608 -1,26 0,072 

3205 -3,9 0,992 -36,53 -12,496 0,103 

 

ɸʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ Ů ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʚʠʛʫʥʽ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥ ̫

ʜʚʠʛʫʥʘ, ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʜʚʠʛʫʥʘ ŭ, ʘʤʧʣʽʪʫʜʥʽ 

ʟʥʘʯʝʥʥʷ Ů ʧʦʚʠʥʥʽ ʟʤʝʥʰʫʚʘʪʠʩʴ. ɸʣʝ, ʷʢ ʚʠʜʥʦ ʨʠʩ. 4.15, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʦ 1019 ʭʚ
-1
, ʘʤʧʣʽʪʫʜʘ Ů ʟʤʝʥʰʫʻʪʴʩʷ, ʧʦʪʽʤ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ (ʧʨʠ 2161 ʭʚ
-1
) ʽ ʧʦʯʠʥʘʻ ʟʙʽʣʴʰʫʚʘʪʠʩʴ (ʧʨʠ 3205 ʭʚ

-1
). 

ʉʢʦʨʽʰ ʟʘ ʚʩʝ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʱʦ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 3400 ʭʚ
-1
. 

ɿʤʽʥʘ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘʚʞʜʠ ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ, ʷʢʘ ʦʙʤʝʞʝʥʘ ʢʨʠʚʦʶ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ M× [9]. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ Iʧ, ʧʦʨʽʚʥʷʻʤʦ 

ʟʥʘʯʝʥʥʷ ʧʣʦʱ ʦʙʤʝʞʝʥʠʭ ʢʨʠʚʦʶ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ M×.  



 

 

130 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚʠʟʥʘʯʝʥʠʭ ʟʛʽʜʥʦ 

(4.23), ʪʘ ʧʨʠ ʫʤʦʚʽ Iʧ=const ʟʛʽʜʥʦ ʚʠʨʘʟʫ 

 

j

w

d

d
IM ʧ=S . (4.24) 

 

 

ʈʠʩʫʥʦʢ 4.15 ï ɿʤʽʥʘ ʧʨʠʩʢʦʨʝʥʴ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʄʝʄɿ-2457 ʧʨʦʪʷʛʦʤ 

ʦʙʝʨʪʫ ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

 

ʈʠʩʫʥʦʢ 4.16 ï ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 ʧʨʦʪʷʛʦʤ 

ʦʙʝʨʪʫ (ʩʝʨʝʜʥ ̫ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 566 ʭʚ
-1
) 

 

Ů, ʭʚ.
-2
 

Á ʧ.ʢ.ʚ. 

ʄ×, ʅĀʤ 

Á ʧ.ʢ.ʚ. 

ʭʚ-1 

ʭʚ-1 
ʭʚ-1 

ʭʚ-1 
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ʈʠʩʫʥʦʢ 4.17 ï ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 ʧʨʦʪʷʛʦʤ 

ʦʙʝʨʪʫ (ʩʝʨʝʜʥ ̫ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 1006 ʭʚ
-1
) 

  

ʈʠʩʫʥʦʢ 4.18 ï ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 ʧʨʦʪʷʛʦʤ 

ʦʙʝʨʪʫ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 2161 ʭʚ
-1
) 

  

ʈʠʩʫʥʦʢ 4.19 ï ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 ʧʨʦʪʷʛʦʤ 

ʦʙʝʨʪʫ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 3205 ʭʚ
-1
) 

 

Á ʧ.ʢ.ʚ. 

Á ʧ.ʢ.ʚ. 

ʄ×, ʅĀʤ 

Á ʧ.ʢ.ʚ. 

ʄ×, ʅĀʤ 

ʄ×, ʅĀʤ 
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ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʨʘʥʩʤʽʩʽʷ, ʜʦʨʦʞʥʽ ʫʤʦʚʠ ʪʦʱʦ, ʯʠʥʷʪʴ 

ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ɼɺɿ, ʪʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʧʣʠʚʫ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʨʦʟʛʣʷʥʝʤʦ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʙʝʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʫʤʘʨʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʚʠʛʫʥʦʤ ʄʝʄɿ-2457 ʥʘ 

ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ ʟʛʽʜʥʦ ʟ (5.3) ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ (ʪʘʙʣ. 4.1, ʪʘʙʣ. 4.2) 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.16 - 4.19. ɼʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ Iʧ ʥʘ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʢʦʣʠʚʘʥʴ ʚʽʜʥʦʩʥʦ ʫʤʦʚʠ Iʧ=const, ʙʫʣʘ 

ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʘ, ʱʦ ʦʙʤʝʞʝʥʘ ʤʽʞ ʢʨʠʚʠʤʠ ʄ ʧʨʠ Iʧ=var ʪʘ Iʧ=const (ʨʠʩ. 

4.16ï4.19) ʪʘ ʨʦʟʜʽʣʝʥʘ ʥʘ ʚʠʧʘʜʦʢ ʟ ʫʤʦʚʦʶ Iʧ=const. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʟʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ Iʧ ʟʙʽʣʴʰʫʻ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʢʦʣʠʚʘʥʴ 

ʥʘ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʥʘ 2,1% ʪʘ 13,1% ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 4.16 ʪʘ 4.17, ʪʘ 

ʥʘʚʧʘʢʠ ʟʤʝʥʰʫʻ ʾʾ ʥʘ 23,3% ʪʘ 13,7% ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʧʘʜʢʽʚ ʨʠʩ. 4.18 ʪʘ 4.19. 

ɿʤʝʥʰʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ ʩʢʦʨʽʰ ʟʘ ʚʩʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʥʘʨʦʩʪʘʥʥʷ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʥʘ ʮʠʭ ʨʝʞʠʤʘʭ ʪʘ ʥʝʟʙʽʛʫ 

ʬʘʟ ʮʠʭ ʢʦʣʠʚʘʥʴ ʟ ʟʘʢʦʥʦʤ ʟʤʽʥʠ Iʧ. 

 

4.3 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1. ʈʦʟʨʦʙʣʝʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 

ʚʠʜʫ () () ( ) ( )xxxx 2sin2cossincos 43210 bbbbb ++++ , ʥʘ ʦʩʥʦʚʽ 200 ʧʦʩʣʽʜʦʚʥʠʭ ʮʠʢʣʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʧʝʨʝʚʽʨʝʥʘ ʾʾ ʘʜʝʢʚʘʪʥʽʩʪʴ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ 

ʟʥʘʯʫʱʦʩʪʽ Ŭ=0,01. 

2. ʇʦʙʫʜʦʚʘʥʘ ʘʥʘʣʽʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ 

ʜʚʠʛʫʥʘ ʄʝʄɿ-2457 ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ŭ=0,2% ʪʘ ʧʨʠ ʫʤʦʚʽ ʡʦʛʦ ʧʦʩʪʽʡʥʦʩʪʽ 

ŭ=0,4% ʧʨʠ ʫʤʦʚʽ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʦʛʦ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ Iʧ ʚʽʜʥʦʩʥʦ ʚʠʧʘʜʢʫ 

Iʧ = const ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʟʘ ʮʠʢʣ, ʜʣʷ 

ʄʝʄɿ-2457 ʤʘʢʩʠʤʘʣʴʥʦ ʟʙʽʣʴʰʫʻ ʾʾ ʥʘ 13,1% ʪʘ ʟʤʝʥʰʫʻ ʥʘ 23,3% ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ. 
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ʈʆɿɼɯʃ 5 

ʉʋʄɸʈʅʀʁ ʄʆʄɽʅʊ ʇʆʈʐʅɽɺʆɻʆ ɼɺʀɻʋʅɸ. ɺʇʃʀɺ 

ʄɸʍʆɺʀʂɸ ɿʄɯʅʅʆɻʆ ʄʆʄɽʅʊʋ ɯʅɽʈʎɯɰ ʅɸ ʅɽʈɯɺʅʆʄɯʈʅɯʉʊʔ 

ʍʆɼʋ ʊɸ ʇɸʃʀɺʅʋ ɽʂʆʅʆʄɯʏʅɯʉʊʔ ɼɺʀɻʋʅɸ ɺʅʋʊʈɯʐʅʔʆɻʆ 

ɿɻʆʈʗʅʅʗ FP10C 

 

5.1 ʉʧʦʩʽʙ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦʨʰʥʝʚʦʛʦ 

ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ ɼɺɿ ʚʠʥʠʢʘʻ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʾʭ ʨʦʙʦʪʠ, ʝʣʝʢʪʨʦʥʥʦʤʫ ʢʝʨʫʚʘʥʥʽ, ʧʽʜ ʯʘʩ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʦʱʦ. ɼʣʷ ʮʴʦʛʦ ʯʘʩʫ ʢʣʘʩʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʪʝʥʜʠ. ɸʣʝ ʪʘʢʦʞ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʩʫʯʘʩʥʽ ʙʝʟʩʪʝʥʜʦʚʽ ʤʝʪʦʜʠʢʠ, 

ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʜʷʢʠ ʩʪʨʽʤʢʦʤʫ ʨʦʟʚʠʪʢʫ 

ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ [30, 45, 69, 88].  

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʡ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɼɺɿ 

ʥʝʜʦʩʪʘʪʥʴʦ ʪʦʯʥʽ, ʥʝʦʧʝʨʘʪʠʚʥʽ, ʪʨʫʜʦʤʽʩʪʢʽ, ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʚʽʨʢʫ ʥʘ 

ʦʙʤʝʞʝʥʠʭ ʪʝʩʪʦʚʠʭ ʨʝʞʠʤʘʭ, [99]. ʆʩʪʘʥʥʻ ʟʘʫʚʘʞʝʥʥʷ ʜʫʞʝ ʽʩʪʦʪʥʝ, ʪʦʤʫ ʱʦ 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɼɺɿ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʮʠʣ̔ʥʜʨʦʚʦ ʾʧʦʪʫʞʥʦʩʪʽ ʤʦʞʝ 

ʚʘʨʽʶʚʘʪʠʩʷ, ʦʩʦʙʣʠʚʦ ʫ ʜʚʠʛʫʥʘʭ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷʤ [30]. ʊʦʤʫ 

ʟʘʢʦʥʦʤʽʨʥʠʡ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ɼɺɿ ʥʘ ʙʫʜʴ-

ʷʢʠʭ ʨʝʞʠʤʘʭ. 

ɿʘʟʥʘʯʝʥʠʤ ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʘʻ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʪʘ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʜʦʜʘʪʦʢ ɸ. 

ʉʫʪʥʽʩʪʴ ʩʧʦʩʦʙʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ɼɺɿ ʥʘ 

ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʄ×, ʘ ʦʪʞʝ ʽ ʧʦʪʫʞʥʽʩʪʴ, ʥʝ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʘ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʽʦʜʠʯʥʫ ʬʫʥʢʮʽʶ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʱʦ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʦʛʦ 



 

 

134 

ʧʨʦʮʝʩʫ ʚ ʦʢʨʝʤʠʭ ʮʠʣʽʥʜʨʘʭ ʜʚʠʛʫʥʘ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʡʦʛʦ 

ʂʐʄ. ʇʨʠ ʮʴʦʤʫ ʢʦʣʽʥʯʘʩʪʠʡ ʚʘʣ ʦʜʝʨʞʫʻ ʧʝʨʽʦʜʠʯʥʽ ʽʤʧʫʣʴʩʠ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʱʦʜʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʪʦʙʪʦ ʚʽʜʭʠʣʝʥʥʷ ʡʦʛʦ 

ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʚʝʣʠʯʠʥʠ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʄw, ʱʦ ʚʠʢʣʠʢʘʻ 

ʧʝʨʽʦʜʠʯʥʫ ʟʤʽʥʫ ʢʫʪʦʚʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ [97]. ʈʦʟʛʣʷʥʝʤʦ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ɼɺɿ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ M× ʟʦʚʥʽʰʥʽʭ 

ʩʠʣ [9, 43, 81, 102, 104] 
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ʜʝ Mʢʨ ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʨʫʰʽʡʥʠʭ ʩʠʣ, ʅĿʤ; 

Mw ï ʤʦʤʝʥʪ ʩʠʣ ʦʧʦʨʫ, ʅĿʤ; 

T ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ɼʞ. 
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ʜʝ ɯ(ű) ï ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʂʐʄ ɼɺɿ, ʢʛĿʤ
2
; 

ɤ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʨʘʜ/ʩ. 

 

ɺʨʘʭʦʚʫʶʯʠ (5.2) ʚʠʨʘʟ (5.1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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ʊʦʜʽ ʟʛʽʜʥʦ ʟ (5.3) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʟʦʚʥʽʰʥʽʭ ʩʠʣ 

ʜʚʠʛʫʥʘ [18]. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʡʦʛʦ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, 

ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʪʘ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ. 
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ɺ ʪʝʦʨʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ɼɺɿ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʚʚʘʞʘʶʪʴ ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʠʤ [7ï8, 20ï21, 45, 47, 61]. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ (Ů =0) ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʱʦ ʟʚʫʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʘʟʫ. ɸʣʝ ʚʥʘʩʣʽʜʦʢ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʫ ʧʦʨʰʥʝʚʦʛʦ ɼɺɿ ʚʠʥʠʢʘʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʘ ɼɺɿ d, ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʚʠʛʫʥʘ ʪʘ ʪʠʧʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 0,01-0,045 [37, 

64]. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ɼɺɿ ʽʩʥʫʶʪʴ ʢʦʣʠʚʘʥʥʷ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʜʦ ʪʦʛʦ ʞ ʜʣ̫ 

ʧʦʨʰʥʝʚʠʭ ɼɺɿ ʭʘʨʘʢʪʝʨʥʘ ʟʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʜʦ ʦʩʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚʩʽʭ ʡʦʛʦ ʨʫʭʦʤʠʭ ʤʘʩ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʡʦʛʦ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ [10]. 

ɺʠʨʘʟ (5.3) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ 

ʫʩʪʘʣʝʥʠʭ ʪʘ ʥʝʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ɼɺɿ. 

 

5.2 ʄʘʭʦʚʠʢ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʣʷ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

 

ɺʽʜʦʤʦ, ʱʦ ʥʘ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ. ʎʽ ʢʦʣʠʚʘʥʥʷ ʪʘ ʧʨʠʯʠʥʠ, ʱʦ ʾʭ ʚʠʢʣʠʢʘʶʪ,ɹ ʚʠʟʥʘʯʘʶʪʴ, 

ʷʢ ʪʘʢ ʟʚʘʥʫ ʚʥʫʪʨʽʰʥʶ ʚʽʙʨʦʘʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʢʦʣʠʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʤʽʥʠ 

ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ d [5, 6, 64]. 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ï 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʤʘʭʦʚʦʾ ʤʘʩʠ ʘʙʦ ʤʘʭʦʚʠʢʘ. ʏʠʤ ʙʽʣʴʰʝ ʜʦʜʘʪʢʦʚʘ 

ʤʘʭʦʚʘ ʤʘʩʘ ʪʠʤ ʤʝʥʰʝ ʢʦʝʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ d ʨʠʩ. 5.1. ɸʣʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʨʦʩʪʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʡʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ 
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ʤʘʭʦʚʠʢʘ, ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʫʥʘ, ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ 

ʧʫʩʢʫ ʜʚʠʛʫʥʘ ʪʘ ʽʥʰʽ. 

 

 

ʈʠʩʫʥʦʢ 5.1 ï ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʥʘ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʭʦʚʠʢʘ 

 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʚʽʜʦʤʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʭʦʚʠʢʽʚ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚ 

ʢʦʥʪʝʢʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ɼɺɿ. 

ɺʽʜʦʤʠʡ ʤʘʭʦʚʠʢ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ [79], ʱʦ ʤʽʩʪʠʪʴ ʧʦʨʦʞʥʶ 

ʢʘʤʝʨʫ ʫ ʚʠʛʣʷʜʽ ʫʩʽʯʝʥʦʛʦ ʢʦʥʫʩʘ. ʎʷ ʢʘʤʝʨʘ ʟʘʧʦʚʥʝʥʘ ʨʦʙʦʯʠʤ ʪʽʣʦʤ, ʱʦ 

ʥʘʤʘʛʥʽʯʫʻʪʴʩʷ. ʅʘ ʤʝʥʰʽʡ ʦʩʥʦʚʽ ʢʦʥʫʩʘ ʢʘʤʝʨʠ ʟʘʢʨʽʧʣʝʥʠʡ ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ. 

ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʤʘʭʦʚʠʢʘ ʨʦʙʦʯʝ ʪʽʣʦ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʷʢʽ 

ʧʝʨʝʚʠʱʫʶʪʴ ʤʘʛʥʽʪʥʽ, ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʜʦ ʙʽʣʴʰʦʾ ʦʩʥʦʚʠ ʢʘʤʝʨʠ, ʟʙʽʣʴʰʫʶʯʠ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʨʠʩʪʨʦʶ. ʆʪʞʝ ʪʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʛʘʨʥʽ ʫʤʦʚʠ ʧʫʩʢʫ 

ʜʚʠʛʫʥʘ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʩʪʘʨʪʝʨʦʤ ʡʦʛʦ ʦʧʽʨ 

ʦʙʝʨʪʘʥʥʶ ʤʽʥʽʤʘʣʴʥʠʡ. ʗʢʱʦ ʜʚʠʛʫʥ ʟʘʧʫʩʪʠʚʩʷ, ʪʦ ʡʦʛʦ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʽ ʨʘʟʦʤ ʟ ʮʠʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ. ʅʝʜʦʣʽʢʦʤ 

ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʢʝʨʫʚʘʥʥʷ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʱʦ ʟʚʫʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, 

ʦʙʤʝʞʫʻ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʩʠʣʠ ʧʨʠʪʷʛʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ, ʷʢʘ ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʽʜʩʪʘʥʽ. ʊʘʢʦʞ ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 
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ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʫʧʨʘʚʣʽʥʥʷ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʰʣʷʭʦʤ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʘʙʦ ʨʦʟʛʦʥʫ ʤʘʭʦʚʠʢʘ.  

ʊʘʢʦʞ ʚʽʜʦʤʠʡ ʤʘʭʦʚʠʢ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ [78], ʱʦ ʤʽʩʪʠʪʴ 

ʧʦʨʦʞʥʶ ʢʘʤʝʨʫ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʩʧʽʚʚʽʩʥʠʭ ʫʩʽʯʝʥʠʭ ʢʦʥʫʩʽʚ, ʧʦʯʝʨʛʦʚʦ 

ʟʤʽʥʥʦ ʥʘʧʨʷʤʥʠʭ ʚʝʨʰʠʥʘʤʠ ʚ ʩʪʦʨʦʥʫ ʤʝʥʰʦʾ ʘʙʦ ʙʽʣʴʰʦʾ ʦʩʥʦʚʠ ʢʘʤʝʨʠ. ʗʢ 

ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʢʘʤʝʨʘ ʟʘʧʦʚʥʝʥʘ ʨʦʙʦʯʠʤ ʪʽʣʦʤ, ʱʦ ʥʘʤʘʛʥʽʯʫʻʪʴʩʷ. 

ʅʘ ʦʩʥʦʚʘʭ ʧʦʨʦʞʥʴʦʾ ʢʘʤʝʨʠ ʟʘʢʨʽʧʣʝʥʽ ʧʝʨʰʠʡ ʪʘ ʜʨʫʛʠʡ ʢʝʨʫʶʯʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʽ ʫʧʨʘʚʣʷʶʪʴʩʷ ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ. ɺ 

ʢʦʥʩʪʨʫʢʮʽʶ ʚʚʝʜʝʥʦ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʣʦʢ 

ʢʝʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ. ʊʘʢʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʜʚʠʛʫʥʘ, ʘʣʝ ʚʦʥʘ ʥʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʫ ʟʤʽʥʫ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ. ɻʨʦʤʽʟʜʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʽʘʧʘʟʦʥʫ 

ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʧʨʦʪʷʛʦʤ ʦʙʝʨʪʫ 

ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ɼɺɿ. 

ɼʦʩʠʪʴ ʮʽʢʘʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʣʷ ɼɺɿ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [125]. ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ 

ʚʘʞʢʽʚ, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʚʘʞʝʣʷʭ, ʱʦ ʞʦʨʩʪʢʦ ʧʨʠʻʜʥʘʥʽ ʜʦ ʧʣʘʥʝʪʘʨʥʠʭ ʢʦʣʽʩ. 

ʇʣʘʥʝʪʘʨʥʽ ʢʦʣʝʩʘ ʚʭʦʜʷʪʴ ʚ ʟʘʯʝʧʣʝʥʥʷ ʟ ʩʦʥʷʯʥʦʶ ʰʝʩʪʝʨʥʝʶ, ʷʢʘ ʯʝʨʝʟ 

ʝʣʝʢʪʨʠʯʥʫ ʤʫʬʪʫ ʟôʻʜʥʘʥʘ ʟ ʢʦʣʽʥʯʘʩʪʠʤ ʚʘʣʦʤ ɼɺɿ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʦʟʚʦʣʷʻ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦ ʟʙʽʣʴʰʠʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʱʦ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʷʢʘ ʚ ʪʘʢʦʤʫ ʨʝʞʠʤʽ ʤʘʢʩʠʤʘʣʴʥʘ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ɼɺɿ, ʚʘʞʢʠ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ. ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ 

ʚʘʞʢʠ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʜʫʞʝ ʙʣʠʟʴʢʦ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʤʘʭʦʚʠʢʘ ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʜʦ ʩʚʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ɼɺɿ 

ʰʚʠʜʢʦ ʟʙʽʣʴʰʫʚʘʪʠ ʦʙʝʨʪʠ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧʨʦʮʝʩ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʚ ʟʚʦʨʦʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  

ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʥʝ ʚʨʘʭʦʚʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ 

ʧʨʦʪʷʛʦʤ ʦʙʝʨʪʫ ʪʘ ʫʩʢʣʘʜʥʶʻ ʧʫʩʢ ʜʚʠʛʫʥʘ, ʪʘʢ ʷʢ ʧʨʠ ʥʠʟʴʢʽʡ ʯʘʩʪʦʪʽ 
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ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʩʪʘʨʪʝʨʦʤ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤ, ʱʦ 

ʟʙʽʣʴʰʫʻ ʽʥʝʨʮʽʡʥʽ ʩʠʣʠ ʦʧʦʨʫ ʨʦʟʛʘʥʷʥʥʶ ʚʘʣʘ. 

ɼʣʷ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʟʘ ʦʙʝʨʪ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʭʦʚʠʢʘ, ʷʢʘ ʙ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʣʘ ʚʩʽʤ ʚʠʤʦʛʘʤ ʨʦʙʦʪʠ ɼɺɿ 

(ʨʠʩ.5.2) [44, ʜʦʜʘʪʦʢ ɹ]. 

ɽʣʝʢʪʨʠʯʥʘ ʤʫʬʪʘ 40 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʜʠʩʢʫ 41, ʟôʻʜʥʘʥʦʛʦ 

ʙʦʣʪʘʤʠ 38 ʟ ʦʧʦʨʦʶ 31 ʪʘ ʨʫʭʦʤʦʛʦ ʜʠʩʢʫ 42 ʤʫʬʪʠ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘʚʧʨʦʪʠ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʘ ʚʠʢʦʥʘʥʦʛʦ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʰʣʽʮʽʚ 46. 

ʄʝʭʘʥʽʟʤ 10 ʧʝʨʽʦʜʠʯʥʦʾ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʽʩʪʠʪʴ ʥʝʨʫʭʦʤʫ 

ʧʦʨʦʞʥʶ ʢʘʤʝʨʫ 12 ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʛʦ ʮʠʣʽʥʜʨʘ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʝʣʽʧʩ. 

ʎʝʥʪʨ ʝʣʽʧʩʘ ʤʦʞʝ ʽ ʥʝ ʣʝʞʘʪʠ ʥʘ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ 21 ʜʚʠʛʫʥʘ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʙʫʜʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʚʝʣʠʯʠʥʦʶ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ Ů ʪʘ ʢʫʪʦʤ ű. ɺ ʥʝʨʫʭʦʤʽʡ ʧʦʨʦʞʥʽʡ ʢʘʤʝʨʽ 12 ʨʦʟʤʽʱʝʥʦ ʦʜʥʫ 

ʘʙʦ ʜʝʢʽʣʴʢʘ ʢʫʣʽʩ 13, ʱʦ ʥʝʨʫʭʦʤʦ ʟôʻʜʥʘʥʽ ʟ ʚʠʭʽʜʥʠʤ ʚʘʣʦʤ 21 ʜʚʠʛʫʥʘ ʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʧʣʦʱʠʥʽ, ʧʨʠʯʦʤʫ ʥʘ ʢʫʣʽʩʽ 13 ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʚʟʫʥ 11. 

ʂʽʣʴʢʽʩʪʴ ʢʫʣʽʩ 13, ʾʭ ʚʟʘʻʤʥʝ ʨʦʟʤʽʱʝʥʥʷ, ʚʘʛʘ ʧʦʚʟʫʥʽʚ 11, ʧʘʨʘʤʝʪʨʠ ʝʣʽʧʩʘ, 

ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʥʝʨʫʭʦʤʦʾ ʢʘʤʝʨʠ 12, ʚʝʣʠʯʠʥʘ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ Ů ʪʘ ʢʫʪʘ ű 

ʧʽʜʙʠʨʘʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʟʘʜʘʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʪʝʨʪʷ ʧʦʚʟʫʥ 11 ʤʦʞʝ ʤʽʩʪʠʪʠ ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ. 

ʇʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ 52 ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ ʪʷʛʘʨʮʽ 28 ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ, ʝʣʝʢʪʨʠʯʥʘ ʤʫʬʪʘ 40 ʚʚʽʤʢʥʝʥʘ, ʘ, ʦʪʞʝ, ʩʦʥʷʯʥʘ 

ʰʝʩʪʝʨʥʷ 22, ʧʣʘʥʝʪʘʨʥʽ ʢʦʣʝʩʘ 23, ʚʘʞʝʣʽ 27 ʪʘ ʪʷʛʘʨʮʽ 28 ʟʘʙʣʦʢʦʚʘʥʽ ʚʽʜ 

ʧʝʨʝʤʽʱʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʭʦʚʠʢʘ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤ.  

ʇʨʠ ʧʨʠʩʢʦʨʝʥʥʽ (ʩʧʦʚʽʣʴʥʝʥʥʽ) ʜʚʠʛʫʥʘ 52 ʙʣʦʢ 51 ʢʝʨʫʚʘʥʥʷ ʚʠʤʠʢʘʻ 

ʩʪʨʫʤ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽʡ ʢʦʪʫʰʮʽ 44, ʝʣʝʢʪʨʠʯʥʘ ʤʫʬʪʘ 40 ʚʠʤʠʢʘʻʪʴʩʷ ʽ 

ʩʦʥʷʯʥʘ ʰʝʩʪʝʨʥʷ 22 ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ, ʦʙʝʨʪʘʶʯʠ ʧʣʘʥʝʪʘʨʥʽ ʢʦʣʝʩʘ 23. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʧʨʠ ʧʨʠʩʢʦʨʝʥʥʽ (ʩʧʦʚʽʣʴʥʝʥʥʽ) ʜʚʠʛʫʥʘ 52 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʰʝʩʪʝʨʥʽ 22 ʙʽʣʴʰʘ (ʤʝʥʰʘ), ʥʽʞ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʧʣʘʥʝʪʘʨʥʠʭ ʢʦʣʽʩ 23, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʙʣʠʞʝʥʥʷ (ʚʽʜʜʘʣʝʥʥʷ) ʚʘʞʢʽʚ 28 ʜʦ 

ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ 21 ʜʚʠʛʫʥʘ. ʇʨʠ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ ʚʠʤʠʢʘʥʥʷ 
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ʜʚʠʛʫʥʘ 52 ʙʣʦʢ 51 ʢʝʨʫʚʘʥʥʷ  ʚʠʤʠʢʘʻ ʝʣʝʢʪʨʠʯʥʫ ʤʫʬʪʫ 40. ɿʘ ʨʘʭʫʥʦʢ 

ʦʙʝʨʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʰʝʩʪʝʨʥʽ 22 ʪʘ ʧʣʘʥʝʪʘʨʥʠʭ ʢʦʣʽʩ 23 ʪʷʛʘʨʮʽ 28 ʯʝʨʝʟ ʚʘʞʝʣʽ 

27 ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʥʘʡʙʣʠʞʯʝ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʦʣʦʞʝʥʥʷ. ɼʘʣʽ ʚʤʠʢʘʻʪʴʩʷ 

ʝʣʝʢʪʨʠʯʥʘ ʤʫʬʪʘ 40 ʽ ʣʠʰʝ ʧʽʩʣʷ ʮʴʦʛʦ ʚʠʤʠʢʘʻʪʴʩʷ ʜʚʠʛʫʥ 52. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʤʽʥʽʤʘʣʴʥʠʡ ʦʧʽʨ ʤʘʭʦʚʠʢʘ ʧʨʠ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ. 

 
 

 

 

 

 

ʈʠʩʫʥʦʢ 5.2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

 

ʅʘ ʚʩʽʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ 52 ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ 21 ʟ ʥʠʤ 

ʦʙʝʨʪʘʻʪʴʩʷ ʽ ʢʫʣʽʩʘ 13 ʨʘʟʦʤ ʟ ʧʦʚʟʫʥʦʤ 11. ʇʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʧʦʚʟʫʥ 

11 ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚʟʜʦʚʞ ʢʫʣʽʩʠ 13, ʧʦʢʠ ʥʝ ʧʦʯʥʝ ʜʦʪʠʢʘʪʠʩʷ ʜʦ ʩʪʽʥʦʢ 

ʥʝʨʫʭʦʤʦʛʦ ʮʠʣʽʥʜʨʘ 12. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʢʫʣʽʩʠ 13 ʧʦʚʟʫʥ 11 ʨʫʭʘʻʪʴʩʷ ʧʦ ʥʽʡ, 

ʧʦʩʪʽʡʥʦ ʢʦʥʪʘʢʪʫʶʯʠ ʟ ʧʦʚʝʨʭʥʝʶ ʥʝʨʫʭʦʤʦʛʦ ʮʠʣʽʥʜʨʘ 12. ʇʨʠ ʮʴʦʤʫ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʧʦʚʟʫʥʘ 11, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʫʣʽʩʠ 13, 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʨʠʩʪʨʦʶ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʙʝʨʪʫ ʥʘ ʚʩʽʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ. 
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5.3 ʄʘʭʦʚʠʢ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʣʷ ʜʚʠʛʫʥʘ FP10C 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ 

ʦʜʥʦʮʠʣʽʥʜʨʦʚʠʡ ʯʦʪʠʨʠʪʘʢʪʥʠʡ ʜʚʠʛʫʥ FP10C. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5.1. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʩʢʦʨʠʩʪʘʻʤʦʩʴ 

ʚʠʨʘʟʦʤ (2.25). ɼʚʠʛʫʥ FP10C ʤʘʻ ʥʘʩʪʫʧʥʽ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: Ik = 

7,957Ĭ10
5 
ʢʛĀʤʤ

 2
; ɚ=0,2947; m  h = 21,542 ʢʛ/ʤʤ

2
; Lʰ =47,5 ʤʤ; xL =30,21 ʤʤ; 

I =h9,458Ĭ10
3 
ʢʛĀʤʤ

 2
; R = 14 ʤʤ. ɿʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ 2.25 ʧʦʙʫʜʫʻʤʦ ʟʘʢʦʥ ʟʤʽʥʠ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʣʷ ʮʴʦʛʦ ʜʚʠʛʫʥʘ (ʨʠʩ. 5.3). 

 

ʊʘʙʣʠʮʷ 5.1 ï ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʫʥʘ FP10C 

ʇʘʨʘʤʝʪʨ ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ɿʥʘʯʝʥʥʷ 

ʇʦʪʫʞʥʽʩʪʴ ʢɺʪ 1,8 

ɼʽʘʤʝʪʨ ʮʠʣʽʥʜʨʘ ʤʤ 38,8 

ʍʽʜ ʧʦʨʰʥʷ ʤʤ 28 

ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʜʚʠʛʫʥʘ ʩʤ
3
 31 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʣʘʧʘʥʽʚ  ʚʝʨʭʥʴʦʢʣʘʧʘʥʥʠʡ 

 

 

ʈʠʩʫʥʦʢ 5.3 ï ɿʤʽʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʂʐʄ ʜʚʠʛʫʥʘ FP10C 

Iʧ, ʛĿʤʤ
2
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ʂʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʣʷ ɼɺɿ FP10C ʩʪʘʥʦʚʠʪʴ 

Id=0,015. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʽʚʝʣʶʚʘʪʠ ʟʤʽʥʫ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ FP10C 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʽʙʨʘʪʠ ʬʫʥʢʮʽʶ ʚ ʧʨʦʪʠʬʘʟʽ, ʢʛĀʤ
2
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 (5.4) 

 

ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʟʘʢʦʥʫ (5.4) ʚ ʤʝʭʘʥʽʯʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ 

ʩʧʨʦʱʝʥʠʡ ʤʘʭʦʚʠʢ, ʘʥʘʣʦʛʽʯʥʠʡ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʦʧʠʩʘʥʦʤʫ ʚ ʧʫʥʢʪʽ 5.2. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝʦʨʝʤʫ ʐʪʝʡʥʝʨʘ, ʚʠʟʥʘʯʝʥʦ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦ ʮʝʥʪʨʘ 

ʤʘʩ ʧʦʚʟʫʥʘ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ 

ʽʥʝʨʮʽʾ I
ʩ
ʧʦʚ, ʤʤ 

 

ʧʦʚ

ʩ
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m

II
r

-
= , (5.5) 

ʜʝ: mʧʦʚ ï ʤʘʩʘ ʧʦʚʟʫʥʘ, ʛ.  

 

 

ʈʠʩʫʥʦʢ 5.4 ï ɺʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʧʦʚʟʫʥʘ ʤʘʭʦʚʠʢʘ 

ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʚʠʛʫʥʘ FP10C 
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ʌʫʥʢʮʽʶ (5.5) ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 5.4. ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʚʠʛʫʥʘ FP10C, ʩʪʚʦʨʝʥʦ ʢʦʥʩʪʨʫʢʮʽ ʁʤʘʭʦʚʠʢʘ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 5.5. 

ɼʘʥʠʡ ʤʘʭʦʚʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʽ ʧʦʚʟʫʥʘ 1, ʧʦʚʟʫʥʘ 2 ʪʘ ʢʦʨʧʫʩʫ 3. 

 

 

 
ʈʠʩʫʥʦʢ 5.5 ï ʄʘʭʦʚʠʢ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʣʷ ʜʚʠʛʫʥʘ FP10C: 1 - 

ʚʽʩʴ ʧʦʚʟʫʥʘ; 2 - ʧʦʚʟʫʥ; 3 - ʢʦʨʧʫʩ 

 

5.4 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ʪʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ 

FP10C. 

 

5.4.1 ʇʨʦʛʨʘʤʘ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʜʚʠʛʫʥʘ FP10C, ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʜʦʜʘʪʢʦʚʠʡ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʤʘʭʦʚʠʢ ʧʦʩʪʽʡʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ (ʨʠʩ.5.6, ʘ)), 

ʷʢʠʡ ʙʫʣʦ ʦʙʨʘʥʦ, ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʟʘ ʦʙʝʨʪ ʤʘʭʦʚʠʢʘ 

ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ (ʨʠʩ.5.6, ʙ)). ʎʝʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʤʘʭʦʚʠʢ ʧʦʩʪʽʡʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʄʝʪʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʦʨʽʚʥʷʪʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ʪʘ ʚʠʪʨʘʪʫ 
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ʧʘʣʠʚʘ ʜʚʠʛʫʥʘ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʤʘʭʦʚʠʢʦʤ ʧʦʩʪʽʡʥʦʛʦ (ʜʠʚ. 

ʨʠʩ.5.6, ʘ)) ʪʘ ʟʤʽʥʥʦʛʦ (ʜʠʚ. ʨʠʩ.5.6, ʙ)) ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ, ʟ ʚʢʘʟʘʥʠʤʠ ʤʘʭʦʚʠʢʘʤʠ, ʥʘ ʥʘʩʪʫʧʥʠʭ 

ʨʝʞʠʤʘʭ [72]: 

- ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ; 

- ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʟʤʽʰʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (5 ʩ. ʭʦʣʦʩʪʠʡ ʭʽʜ, ʧʦʪʽʤ 5 ʩ. ʨʝʞʠʤ 

ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ). 

 

5.4.1.1 ʇʨʠʣʘʜʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ 

 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʇɸʂ, ʱʦ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ 

FP10C ʟ ʤʘʭʦʚʠʢʦʤ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʠʚ. ʨʠʩ. 5.6. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʪʯʠʢ 

ʍʦʣʣʘ SS415 ʬʽʨʤʠ çHoneywellè (ʪʘʙʣ. 3.7) ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʢʘʨʪʝʨ ʤʘʩʣʷʥʦʛʦ 

ʥʘʩʦʩʫ ʤʝʪʘʣʝʚʠʡ ʟʫʙʯʘʩʪʠʡ ʜʠʩʢ (ʨʠʩ. 5.7 ʘ). ɿʫʙʯʘʩʪʠʡ ʜʠʩʢ ʤʘʻ 36 ʟʫʙʮʽʚ, ʱʦ 

ʻ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʢʝʨʫʚʘʥʥʷ 

ʜʨʦʩʝʣʴʥʦʶ ʟʘʩʫʚʢʦʶ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʩʝʨʚʦʧʨʠʚʦʜʦʤ MG996R (ʨʠʩ.5.7 ʙ) ʬʽʨʤʠ 

çTower Proè (ʪʘʙʣ. 5.2). 

ɼʣʷ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʜʘʥʠʭ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʩʝʨʚʦʧʨʠʚʦʜʦʤ MG996R ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʇɸʂ, ʥʘ ʙʘʟʽ ʄʂ ATmega16 ʬʽʨʤʠ 

Atmel.  

ʆʙʨʦʙʣʝʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʄʂ ʥʘ ʢʦʤʧôʶʪʝʨ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɼʣʷ 

ʨʝʻʩʪʨʘʮʽʾ, ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ 

ʧʨʦʛʨʘʤʫ ñMoros_SW_20130603_v2ò. ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʧʨʦʯʠʪʘʪʠ ʜʘʥʽ, ʷʢʽ 

ʧʝʨʝʜʘʚ ʄʂ ʟ ʥʝʦʙʭʽʜʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʪʘ ʚʠʟʥʘʯʝʥʦʶ ʜʦʚʞʠʥʦʶ ʧʘʢʝʪʫ 

ʜʘʥʠʭ ʟ ʉʆʄ ʧʦʨʪʘ ʢʦʤʧôʶʪʝʨʘ. ʊʘʢʦʞ ʜʘʥʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʾʾ ʤʦʞʣʠʚʦʩʪʽ ʦʧʠʩʘʥʦ ʚ [73]. 
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ʈʠʩʫʥʦʢ 5.6 ï ʇɸʂ ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʥʘ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʜʚʠʛʫʥʘ FP10C 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʚ 

ʜʘʥʦʤʫ ʇɸʂ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʚʘʨʮʦʚʠʡ ʨʝʟʦʥʘʪʦʨ ʥʘ 24,576 ʄɻʮ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʠʚ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʥʘ ʨʽʚʥʽ 0,013% ʧʨʠ 

ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ 5600 ʭʚ
-1
. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʱʦ ʩʧʦʞʠʚʘʻ ʜʚʠʛʫʥ, ʚʠʢʦʨʠʩʪʘʥʦ ʚʘʛʦʚʠʡ 

ʤʝʪʦʜ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚʘʛʠ AXIS AD-1000 ʟ ʘʙʩʦʣʶʪʥʦʶ 

ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ 0,01 ʛ (ʨʠʩ.5.8). 
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ʘ)     ʙ) 

ʈʠʩʫʥʦʢ 5.7 ï ʘ) ʜʘʪʯʠʢ ʍʦʣʣʘ ʟ ʟʫʙʯʘʩʪʠʤ ʜʠʩʢʦʤ, ʙ) ʩʝʨʚʦʧʨʠʚʽʜ MG996R, 

ʱʦ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʫʚʢʠ 

 
 

 

ʈʠʩʫʥʦʢ 5.8 ï ɺʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʧʘʣʠʚʘ (ʛ), ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʚʠʛʫʥʦʤ 

FP10C ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʛ AXIS AD-1000  

 

5.4.2 ɺʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɺʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 3.2.1.1 ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʩʷʛ ʚʠʙʽʨʢʠ ʙʫʜʝ ʩʢʣʘʜʘʪʠ 240 ʧʦʩʣʽʜʦʚʥʠʭ 

ʮʠʢʣʽʚ ʨʦʙʦʪʠ.  
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ʊʘʙʣʠʮʷ 5.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʇʘʨʘʤʝʪʨ ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ɿʥʘʯʝʥʥʷ 

ɼʘʪʯʠʢ ʍʦʣʣʘ SS415 

ʅʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ʤɸ 10 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ Áʉ -40é+125 

ʄʘʢʩʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ɺ 30 

ʄʽʥʽʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ɺ 3,8 

ʉʝʨʚʦʧʨʠʚʜ̔ MG996R 

ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʤʤ 23Ĭ12,2Ĭ29 

ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ ʢʛĬʩʤ 2,0  

ʐʚʠʜʢʦʜʽʷ ʩ/60Á 0,11 

ʈʦʙʦʯʘ ʥʘʧʨʫʛʘ ɺ 4,8 

ɺʘʛʘ ʛ 13,6 

 

5.4.3 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ ʪʘ ʧʘʣʠʚʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʚʠʛʫʥʘ FP10C 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʯʘʩʪʦʪʠ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʟ ʤʘʭʦʚʠʢʦʤ ʧʦʩʪʽʡʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚ 

ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 2272 ʭʚ
-1
, ŭ =1,14%) ʪʘ 

ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 5077 ʭʚ
-1
, ŭ =0,35%) 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.5.9ï5.10 [122].  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʯʘʩʪʦʪʠ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʟ ʤʘʭʦʚʠʢʦʤ ʟʤʽʥʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚ ʨʝʞʠʤʽ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 2891 ʭʚ
-1
, ŭ =0,74%) ʪʘ ʧʦʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 5077 ʭʚ
-1
, ŭ=0,35%) ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

5.11ï5.12. 
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ʈʠʩʫʥʦʢ 5.9 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʯʘʩʪʦʪʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʟ ʤʘʭʦʚʠʢʦʤ ʧʦʩʪʽʡʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, 

ʚ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 2272 ʭʚ
-1
, ŭ =1,14%) 

 

ʈʠʩʫʥʦʢ 5.10 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣ ɹʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʯʘʩʪʦʪʠ ʟ ʤʘʭʦʚʠʢʦʤ ʧʦʩʪʽʡʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚ ʨʝʞʠʤʽ ʧʦʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 5288 ʭʚ
-1
, ŭ =0,56%) 
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ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,  ̄ʧ.ʢ.ʚ.
 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,  ̄ʧ.ʢ.ʚ.
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ʈʠʩʫʥʦʢ 5.11 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʯʘʩʪʦʪʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʟ ʤʘʭʦʚʠʢʦʤ ʟʤʽʥʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, ʚ 

ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 2891 ʭʚ
-1
, ŭ =0,74%) 

 

ʈʠʩʫʥʦʢ 5.12 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʯʘʩʪʦʪʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʟ ʤʘʭʦʚʠʢʦʤ ʟʤʽʥʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, ʚ 

ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 5077 ʭʚ
-1
, ŭ=0,35%) 
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ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,  ̄ʧ.ʢ.ʚ.
 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,  ̄ʧ.ʢ.ʚ.
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʩʽʭ 

ʚʠʱʝʟʛʘʜʘʥʠʭ ʨʝʞʠʤʘʭ ʧʦ ʪʨʠ ʨʘʟʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʪʨʠʚʘʚ 5 ʭʚ.  

 

ʊʘʙʣʠʮʷ 5.3 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

ʜʚʠʛʫʥʦʤ FP10C ʪʘ ʡʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʦʜʫ 

ʇʦʢʘʟʥʠʢ ʨʦʙʦʪʠ ɼɺɿ 

ʈʝʞʠʤ ʨʦʙʦʪʠ ɼɺɿ 

ʍ
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ʩ

- 
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ʫ
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ʥ
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ʥ
ʘ
ʚ
ʘ
ʥ
ʪ
ʘ
ʞ
ʝ
ʥ
ʥ
ʷ

 

ɿʤʽʰʘʥʠʡ (5ʩ. 

ʭʦʣʦʩʪʠʡ ʭʽʜ, 

ʧʦʪʽʤ 5 ʩ. 

ʧʦʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ) 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʭʦʜʫ ʜʚʠʛʫʥʘ 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʧʦʩʪʽʡʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ŭconst, % 

1,14 0,56 ï 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʟʤʽʥʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ŭvar, % 

0,74 0,35 ï 

ɺʽʜʥʦʩʥʝ 

ʟʤʝʥʰʝʥʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʭʦʜʫ 

%100%100 var ³-
constd

d

 
35,1 37,5 ï 

ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ ʟʘ 5 

ʭʚ., ʛ 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʧʦʩʪʽʡʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

Gconst, ʛ/ʛʦʜ. 

263,6 695,7 472,5 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʟʤʽʥʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

Gvar, ʛ/ʛʦʜ. 

238,4 651,3 437,2 

ɺʽʜʥʦʩʥʝ ʟʤʝʥʰʝʥʥ ̫

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

%100%100 var ³-
constG

G

 

9,6 6,4 7,5 
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ʉʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʭʦʜʫ ʜʣʷ ʚʩʽʭ ʨʝʞʠʤʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 5.3.  

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʪʘʙʣ.5.3. ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʤʘʭʦʚʠʢ 

ʟʤʽʥʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʭʦʜʫ ɼɺɿ ʪʘ ʧʦʢʨʘʱʠʪʠ ʡʦʛʦ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ. 

ʆʜʥʘʢ ʪʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʨʽʤ ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʝʨʝʚʘʛ, ʤʘʭʦʚʠʢʠ ʟʤʽʥʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ: ʥʠʞʯʠʡ ʂʂɼ, ʧʽʜʚʠʱʝʥʥʷ 

ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʦʨʠ ʜʚʠʛʫʥʘ, ʥʠʞʯʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ.  

 

5.4.4 ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʟʤʽʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ FP10C 

 

ʊʘʙʣʠʮʷ 5.4 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ FP10C 

 

ʉʝʨʝʜʥʷ 

ʯʘʩʪʦʪʘ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

/ŭ 

ɓ0 ɓ1 ɓ2 ɓ3 ɓ4 

ʈʝʞʠʤ ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʟʤʽʥʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

5077 ʭʚ
-1
 /0,35% 

 
5077.108 -0.081 3.681 0.284 1.128 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʧʦʩʪʽʡʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

5288 ʭʚ
-1
 / 0,56% 5287.382 0.407 -4.135 0.543 -2.386 

ʈʝʞʠʤʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʟʤʽʥʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

2891 ʭʚ
-1
 /0,74% 2890.028 4.696 1.269 -0.46 0.63 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʧʦʩʪʽʡʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

2272.38 ʭʚ
-1
 / 

1.14 % 
2272.38 3.679 -2.825 -0.151 -1.196 
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ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ [92]. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʙʫʜʦʚʫ ʣʽʥʽʡʥʦʾ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʨʝʛʨʝʩʠʚʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʦʛʽʯʥʦ 

ʦʧʠʩʘʥʦʤʫ ʚ ʨʦʟʜʽʣʽ 4.1. ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʙʫʣʦ ʪʘʢʦʞ ʚʟʷʪʦ ʧʝʨʰʽ 5 ʝʣʝʤʝʥʪʽʚ 

ʨʷʜʫ ʌʫʨôʻ () () ( ) ( )xxxx 2sin2cossincos 43210 bbbbb ++++ . ʃʽʥʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ 

nb , n=1é5 ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʚʰʠ ʚʠʨʘʟ 4.6 ʚ ʩʝʨʝʜʦʚʠʱʽ MathCAD ʜʣʷ 

ʢʦʞʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʥʝʩʝʤʦ ʚ ʪʘʙʣ. 5.4. ɻʨʘʬʽʯʥʦ ʚʦʥʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 5.9ï5.12. 

ɺʠʟʥʘʯʠʤʦ ʧʨʠʩʢʦʨʝʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʧʨʦʪʷʛʦʤ ʦʙʝʨʪʫ ʫ ʚʠʛʣʷʜʽ 

ʘʥʘʣʦʛʽʯʥʦʤʫ ʜʦ ʚʠʨʘʟʫ (4.31). ʈʝʟʫʣʴʪʘʪʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʠʨʘʟʽʚ ʪʘʙʣ. 5.4 

ʚʥʝʩʝʤʦ ʚ ʪʘʙʣ. 5.5. ʊʘʢʦʞ ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ ɢ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ ʨʫʩʽ, ʟʛʽʜʥʦ ʚʠʨʘʟʫ (4.31), 

ʪʘ ʚʥʝʩʝʤʦ ʡʦʛʦ ʜʦ ʪʘʙʣ. 5.5. 

 

ʊʘʙʣʠʮʷ 5.5 ï ʂʦʝʬʽʮʽʻʥʪʠ ɗ̔ ʜʣʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ ʜʣʷ ʜʚʠʛʫʥʘ FP10C 

 ɗ1 ɗ2 ɗ3 ɗ4 ɢ 

ʈʝʞʠʤ ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʟʤʽʥʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

0.081 3.681 -0.568 2.256 2.32Ĭ10
-7
 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʧʦʩʪʽʡʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

-0.407 -4.135 -1.086 -4.772 1.92Ĭ10
-7
 

ʈʝʞʠʤʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʟʤʽʥʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

-4.696 1.269 0.92 1.26 4.33Ĭ10
-7
 

ɿ ʤʘʭʦʚʠʢʦʤ 

ʧʦʩʪʽʡʥʦʛʦ 

ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

-3.679 -2.825 0.302 -2.392 1.26Ĭ10
-6
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ɺʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʪʘʙʣ. 5.4ï5.5 ʪʘ ʚʠʨʘʟ (5.3), ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʟʤʽʥʠ 

ʤʦʤʝʥʪʫ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʜʣʷ ʚʠʱʝʟʛʘʜʘʥʠʭ ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʽʚ ʟ ʤʘʭʦʚʠʢʦʤ 

ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ (ʨʠʩ.5.13ï5.14). 

 

 

 

 

ʈʠʩʫʥʦʢ 5.13 ï ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʤʦʤʝʥʪʫ M× ʜʚʠʛʫʥʘ FP10C ʧʨʦʪʷʛʦʤ ʦʙʝʨʪʫ 

ʟ ʤʘʭʦʚʠʢʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʚ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

 

ɿʤʽʥʘ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘʚʞʜʠ ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ, ʷʢʘ ʦʙʤʝʞʝʥʘ ʢʨʠʚʦʶ 

ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʄ× [9]. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ Iʧ, ʧʦʨʽʚʥʷʻʤʦ ʟʥʘʯʝʥʥʷ ʧʣʦʱ ʦʙʤʝʞʝʥʠʭ ʢʨʠʚʠʤʠ ʧʨʠʚʝʜʝʥʦʛʦ 

ʤʦʤʝʥʪʫ ʄ× ʚʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ, ʪʘ ʧʨʠ ʫʤʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʭʦʚʠʢʘ ʧʦʩʪʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ. ʎʝ 

ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʥʘ 

ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʤʘʭʦʚʠʢʘ ʟʤʽʥʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʥʘ 

ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʢʦʣʠʚʘʥʴ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚʽʜʥʦʩʥʦ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʭʦʚʠʢʘ ʧʦʩʪʽʡʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, ʙʫʣʠ ʚʠʟʥʘʯʝʥʥʽ ʚʽʜʧʦʚʽʜʥʽ 

ʧʣʦʱʽ, ʱʦ ʦʙʤʝʞʝʥʘ ʢʨʠʚʠʤʠ ʄ× (ʨʠʩ. 5.13ï5.14). ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʄ×, ʅĀʤ 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ,  ̄ʧ.ʢ.ʚ.
 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ,
 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ.
 




