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ɸʅʆʊɸʎɯʗ 

 

ʃʦʧʘʪʘ ʆ.ɺ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʚ ʛʘʣʫʟʽ 

ʟʥʘʥʴ 13 ï ʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 131 ï ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ. 

ï ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2023. 

 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʽʤʧʫʣʴʩʥʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ 

ʦʙʨʦʙʢʦʶ, ʚʩʪʘʥʦʚʣʝʥʥʽ ʾʾ ʚʧʣʠʚʫ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʟ̔ ʧʦʢʨʠʪʪʷʤ ʪʘ ʾʭ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʟʥʘʯʝʥʥʶ.  

ɿʤʽʩʪ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʫ ʷʢʠʭ ʚʠʢʣʘʜʝʥʦ ʪʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ.  

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʾ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʤʝʪʫ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʧʠʩʘʥʦ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʜʘʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʽʟ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʠ ʾʭ 

ʚʠʨʽʰʝʥʥʷ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ. 

ɺʠʢʦʥʘʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʡ ʧʨʘʢʪʠʢʠ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ, ʱʦ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ:  
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- ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʾʭ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽʡ ʦʙʨʦʙʮʽ, 

ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʬʽʟʠʯʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʽʢʨʦʤʝʭʘʥʽʢʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʥʘʧʠʣʝʥʠʭ ʧʦʨʦʰʢʦʚʠʭ ʰʘʨʽʚ ʤʽʞ ʩʦʙʦʶ 

ʡ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ;  

- ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʪʘ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʪʠʩʢʫ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ; 

- ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ (ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʘʜʛʝʟʽʡʥʦʾ ʪʘ 

ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ) ʪʘ ʾʭ ʚʠʟʥʘʯʝʥʥʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʽ 

ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ.  

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʣʘʜʝʥʦ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʫʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʧʦʥʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʠʢ: ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ, ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʤʢ̔ʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ, ʩʢʘʥʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ; ʦʮʽʥʢʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ/ʧʦʨʠʩʪʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʽʟ ʧʦʢʨʠʪʪʷʤʠ (ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʘʜʛʝʟʽʡʥʦʾ ʪʘ 

ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ), ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  

ʋ ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧʣʝʢʪ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ 

ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤ ʽ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʥʘʧʠʣʝʥʥʷʤ ʪʘ ʾʭ ʦʙʨʦʙʢʠ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ.  

ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʦʰʦʢ 

ʂʍʅ-30 ʊʋ ʋ 322-19-004-99 ʽ ʧʦʨʦʰʢʦʚʠʡ ʜʨʽʪ ʌʄɯ-2 ʊʋ 03534506-001-95. 

ɺʠʙʽʨ ʚ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʫʤʦʚʣʝʥʠʡ ʾʭ 

ʛʝʪʝʨʦʛʝʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʘʢʪʠʚʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʢʦʤʧʦʥʝʥʪʽʚ ʦʜʠʥ ʽʟ ʦʜʥʠʤ 



4 
 

 

ʪʘ ʟ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʟʤʽʮʥʶʻʪʴʩʷ, ʤʦʞʣʠʚʽʩʪʴ ʚʘʨʽʶʚʘʪʠ ʾʭ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ 

ʦʪʨʠʤʫʚʘʪʠ ʧʦʢʨʠʪʪʷ ʟ ʟʘʜʘʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ 

ʤʝʪʦʜʠʢʫ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ 

ʜʝʪʘʣʽ-ʧʦʢʨʠʪʪʷè ʪʘ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ (ʘʜʛʝʟʽʡʥʫ ʡ 

ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʢʨʠʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʦʩʥʦʚʠ, 

ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ), ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʽʟ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ ʪʘ ʙʝʟ ʦʙʨʦʙʢʠ. ʆʪʨʠʤʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ 

ʽʥʬʦʨʤʘʮʽʷ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ çʜʝʪʘʣʴ-ʧʦʢʨʠʪʪʷè ʡ ʚʠʙʨʘʪʠ 

ʥʘʡʢʨʘʱʫ ʢʦʤʧʦʟʠʮʽʶ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

çʜʝʪʘʣʴ-ʧʦʢʨʠʪʪʷè ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʘ ʩʘʤʝ, ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʧʨʦʛʨʘʤʽ NASTRAN, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʤʦʜʝʣʶʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ ʜʝʪʘʣʝʡ ʽʟ ʧʦʢʨʠʪʪʷʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʜʫ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʪʝʨʪʷ ʽ ʟʥʦʩ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʤʘʰʠʥʽ 

ʪʠʧʫ 2070 ʉʄʊ- 1.  

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, 

ʱʽʣʴʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ) ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ ʧʽʩʣʷ ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ.   

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʡ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ 

ʧʨʘʢʪʠʢʠ ʦʪʨʠʤʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ: 

-  ʨʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʨʧʦʣʷʮʽʡʥʝ 

ʨʽʚʥʷʥʥʷ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʱʽʣʴʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʪʠʩʢʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ. ʆʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʰʣʷʭʦʤ 



5 
 

 

ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʧʦʢʘʟʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʜʦ 

94é98 %. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ (ʟʥʠʞʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ) 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʟʠʪʠʚʥʦʶ ʨʦʣʣʶ ʤʝʭʘʥʽʯʥʦʛʦ ʬʘʢʪʦʨʘ 

ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʠʡ ʩʧʨʠʷʻ çʟʘʣʽʢʫʚʘʥʥʶè ʧʦʨ; 

- ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʟʚôʷʟʦʢ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʟ 

ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʧʦʢʨʠʪʪʽʚ ʪʘ ʾʾ  ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʠʩʢʫ ʬʦʨʤʫʶʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʥʘʧʠʣʝʥʠʡ ʧʦʨʦʰʢʦʚʠʡ ʰʘʨ. ɺʠʟʥʘʯʝʥʦ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʚ 

2é2,5 ʨʘʟʠ. ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪ̔ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚôʷʟʘʥʽ ʟ ʾʾ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

(ʽʤʧʫʣʴʩʥʠʤ ʭʘʨʘʢʪʝʨʦʤ) ʪʘ ʢʦʥʪʘʢʪʥʠʤʠ ʷʚʠʱʘʤʠ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʧʦʢʨʠʪʪʷ-

ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ.  

ɿʙʽʣʴʰʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ  ʜʦ 200 ʄʇʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʛʦ 

ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʰʘʨʢʫ ʜʦ 25 ʤʢʤ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʽ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʬʫʟʽʾ ʚ ʜʚʘ ʨʘʟʠ (ʟ D
ʄ
Ŀ10

5
 cʤ

2
/ʩ ʜʦ DĿ10

11
 cʤ

2
/ʩ). 

ʇʨʠ ʨʝʞʠʤʘʭ ɯ = 10 ʢɸ, tʽʤʧ = 0,04 ʩ, ʈ = 30 ʄʇʘ ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʩʪʘʥʦʚʠʪʴ 10-

12 ʤʢʤ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥ ʪʠʩʢʫ ʪʘ ʩʠʣʠ ʩʪʨʫʤʫ ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʟʨʦʩʪʘʻ 

ʪʘ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ ~ 25 ʤʢʤ. ɼʠʬʫʟʽʷ ʘʪʦʤʽʚ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʧʦʢʨʠʪʪʷ ʤʘʻ 

ʤʽʩʮʝ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ.  

ʋʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʰʘʨʢʫ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ (ʙʣʠʟʴʢʦ 

ʩʝʢʫʥʜ) ʥʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ ʜʠʬʫʟʽʾ, ʘ ʧʦʷʩʥʶʻʪʴʩʷ 

ʪʝʦʨʽʻʶ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʧʨʠ ʽʤʧʫʣʴʩʥʠʭ ʚʧʣʠʚʘʭ ʥʘ ʪʚʝʨʜʝ ʪʽʣʦ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʢʨʠʪʪʷ ʧʨʠ ʽʤʧʫʣʴʩʥʽʡ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽʡ ʦʙʨʦʙʮʽ ʧʝʨʝʚʠʱʫʶʪʴ ʥʘ ʰʽʩʪʴ ʽ ʙʽʣʴʰʝ ʧʦʨʷʜʢʽʚ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʧʨʠ ʥʘʧʠʣʝʥʥʽ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʜʠʬʫʟʽʾ ʦʩʥʦʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʤʝʞʽ ʧʦʢʨʠʪʪʷ ï ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʢʨʠʚʽ, ʟʥʷʪʽ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʶ ʡ ʚʩʪʘʥʦʚʣʝʥʥʶ ʚʧʣʠʚʫ 

ʨʝʞʠʤʽʚ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
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ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʴ-ʧʦʢʨʠʪʪʷè, ʚʠʙʦʨʫ ʾʾ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ. 

ɿ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʭʽʜ ʧʨʦʮʝʩʫ, ʪʘ ʧʦʜʘʥʦ ʾʭ ʫ ʢʽʣʴʢʽʩʥʽʡ ʬʦʨʤʽ ï ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʡ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʘʣʠ ʟʤʦʛʫ ʨʦʟʨʘʭʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ: ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ 20é40  ʄʇʘ, ʩʪʨʫʤ 8é16 ʢɸ, 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʽ ʧʘʫʟ ʩʪʨʫʤʫ 0,02é0,04 ʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ 

ʧʦʢʨʠʪʪʷ ʟ ʟʘʜʘʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ 
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The dissertation is devoted to solving the current scientific and technical 

problem of ensuring the mechanical properties of the surfaces of machine parts 

with gas-thermal coatings by electrocontact processing, establishing its effect on 

the mechanical properties of the surfaces of coated parts and their calculation and 

experimental determination. 

The content of the work is presented in four chapters, in which the main 

results of the dissertation are presented and substantiated. 

The introduction  substantiates the relevance of the dissertation topic, 

formulates the purpose and tasks of the research, describes the research methods, 

provides information about scientific novelty and the practical significance of the 

obtained results. 

In the first chapter, based on the results of the analysis of literary sources 

on the study of the problems of ensuring the mechanical properties of the surfaces 

of parts with gas-thermal coatings, the ways of their solution are determined. The 

expediency of using pulsed electrical contact processing to improve the mechanical 

properties of the surfaces of parts with gas-thermal coatings is substantiated. 

The performed review of literary sources in the field of theory and practice 

of powder coating formation made it possible to identify the main directions aimed 

at research: 
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- sealing of sprayed coatings during their electrical contact processing, 

which is related to physical mechanisms, which are aimed at researching the 

micromechanics of the contact interaction of sprayed powder layers between 

themselves and the surface of the part; 

- dependence of adhesion strength and coating density on pressure impulse 

electrocontact processing; 

- mechanical properties of coatings (module of elasticity, adhesion and 

cohesive strength) and their definition. 

Based on the results of the literature analysis, the goal and objectives of the 

research were formulated. 

The second chapter outlines the general methodology for conducting 

scientific and experimental research, which suggests the use of a complex of 

methods and techniques: metallographic, quantitative stereological, X-ray 

structural and micro-X-ray spectral analysis, scanning electron microscopy; 

evaluation of microhardness, density/porosity of coatings, determination of 

mechanical properties of the surfaces of parts and experimental samples with 

coatings (modulus of elasticity, adhesive and cohesive strength), mathematical 

modeling and numerical calculations. 

The section provides a reasoned selection of materials and equipment for 

creating the surfaces of parts with coatings and researching their mechanical 

properties. 

To create coatings, a set of technological equipment was used, which 

includes equipment for forming coatings by gas flame and electric arc spraying and 

their processing by the electric contact method. 

Composite powder KHN-30 TU U 322-19-004-99 and powder wire FMI-2 

TU 03534506-001-95 were used as coating material. The choice of powder 

materials as coatings is due to their heterogeneous structure, the active interaction 

of components with each other and with the surface being strengthened, the ability 
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to vary their chemical composition and obtain coatings with specified functional 

properties. 

It is proposed to use a calculation-experimental method that makes it 

possible to determine the mechanical properties of the "part surface-coating" 

system and their dependence on the thickness of the coating (adhesive and 

cohesive strength, modulus of elasticity, critical deformation of the base, residual 

stresses), as well as to compare the properties of gas-thermal coatings with 

electrocontact processing and without processing. The information obtained with 

the help of the proposed calculation-experimental method makes it possible to 

optimize the "detail-coating" system and choose the best composition. 

Numerical methods were used to study and evaluate the stress-strain state of 

the "part-coating" system, namely, the finite element method, implemented in 

NASTRAN programs, which makes it possible to model the geometric shapes of 

parts with coatings, taking into account the type of operational load. 

Friction and wear tests were carried out on a modernized machine type 2070 

ʉʄʊ-1. 

The third chapter presents the results of comprehensive computational and 

experimental studies of the mechanical properties (bond strength, stress-strain 

state, residual stresses, density, hardness) of the surfaces of machine parts with 

gas-thermal coatings after their impulse electrical contact treatment. 

Based on the review and analysis of research in the field of theory and 

powder coating practices: 

- a calculation model was developed and an interpolation method was 

proposed equation that made it possible to establish the dependence of the density 

of sprayed coatings on the pressure of pulsed electrocontact processing. The 

obtained results of theoretical studies were confirmed experimentally by 

quantitative stereological analysis and showed an increase in density to 94...98%. 

It was determined that the increase in density (reduction in porosity) of sprayed 
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coatings is provided by the positive role of the mechanical factor of the 

electrocontact processing process, which contributes to the "healing" of pores; 

- the equation establishing the relationship of the contact area with 

adhesive strength of coatings and its dependence on the pressure of the forming 

tool on the sprayed powder layer. Its increase in 2...2.5 times was determined. 

High values of the adhesive strength of gas-thermal coatings after pulsed electric 

contact treatment are associated with its features (pulse nature) and contact 

phenomena at the interface between the coating and the surface of the part. 

An increase in the adhesion strength of sprayed coatings after pulsed 

electrocontact treatment to 200 MPa is the result of the formation of a significant 

diffusion layer up to 25 ɛm between the coating and the surface of the part and a 

two-fold increase in the diffusion coefficient (from DMĿ105 cm2/s to DĿ1011 cm2/s). 

At modes I = 10 kA, time = 0.04 s, P = 30 MPa, the diffusion zone is 10-12 ɛm. 

With increasing pressure and current strength, the diffusion zone grows and 

reaches a value of ~ 25 ɛm. Diffusion of the atoms of the base metal of the coating 

takes place over almost the entire thickness of the coating.  

The formation of a significant diffusion layer and a short time (about 

seconds) cannot be explained by the classical theory of diffusion, but is explained 

by the theory of anomalous mass transfer during impulse effects on a solid body. 

Diffusion coefficients of individual coating elements with impulse electrical 

contact treatment exceed the values of diffusion coefficients by 6 or more orders of 

magnitude during sputtering. To study the diffusion of the main elements of the 

boundary of the coating - the surface of the part, concentration curves taken by X-

ray spectral analysis were used. 

The fourth chapter is dedicated to the study and establishment of the 

influence of electrocontact treatment modes on the mechanical properties of the 

"detail-coating" system, the selection of its optimal parameters for improving the 

functional properties of gas-thermal coatings.  
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In order to analyze the phenomena and manage the process of electrocontact 

processing of sprayed coatings, the interrelationship of the factors determining the 

course of the process was revealed and presented in quantitative form - in the form 

of a mathematical model. The proposed model and the methods of the 

experimental, statistical and computational experiment made it possible to 

calculate the optimal modes of electrical contact processing - pressure value 

20...40 MPa, current 8...16 kA, pulses duration and current pauses 0.02...0.04 s, 

which allows creating a coating with given functional properties and to ensure their 

porosity within 3...5%, increased adhesion strength up to 200 MPa, increase the 

maximum strength and durability of parts by 2...3 times. 

The research results should be used in the development of practical 

recommendations for the creation of coatings by methods of gas flame and electric 

arc spraying with their subsequent electrical contact processing with in order to 

increase their functional properties and service life. 

Keywords: mechanical properties, strength, hardness, gas thermal coatings, 

pulsed electrical contact treatment, adhesion strength, density, porosity, modulus 

of elasticity, adhesive and cohesive strength, stress-strain state, wear resistance, 

powder materials. 
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ʉʧʦʩʽʙ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʚʘʨʶʚʘʥʥʷ ʧʦʨʦʰʢʫ ʥʘ ʤʝʪʘʣʝʚʫ ʜʝʪʘʣʴ 

ʤʘʰʠʥʠ, ʱʦ ʤʘʻ ʬʦʨʤʫ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ. ʇʘʪ. ʋʢʨʘʾʥʠ ˉ148934, ʯʠʥʥʠʡ ʚʽʜ 

https://jrnl.nau.edu.ua/index.php/PTZ
https://doi.org/10.18372/0370-2197.2(99).17630
https://doi.org/10.18372/0370-2197.1(98).17363
https://doi.org/10.31891/2079-1372-2023-107-1-73-80
https://doi.org/10.31891/2079-1372-2023-107-1-73-80
https://doi.org/10.31891/2079-1372-2022-104-2-80-86
https://doi.org/10.33108/visnyk_tntu
https://doi.org/10.31891/2079-1372-2019-93-3-51-56
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29.09. 2021. ɹʶʣ. ˉ39. https://ukrpatent.org/atachs/buleten-39-2021-01.zip. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʧʦʣʷʛʘʻ ʫ ʜʦʚʝʜʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ 

ʧʣʘʟʤʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ). 

11. ɹ.ɸ. ʃʷʰʝʥʢʦ, ʉ.ɸ. ʂʣʠʤʝʥʢʦ, ʄ.ʆ. ʂʫʟʽʥ, ʆ.ɺ. ʃʦʧʘʪʘ, ɭ.ʂ. 

ʉʦʣʦʚʠʭ, ʉʧʦʩʽʙ ʨʦʟʤʽʨʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʽ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʜʪʚʝʨʜʠʤ 

ʧʦʢʨʠʪʪʷʤ. ʇʘʪ. ʋʢʨʘʾʥʠ ˉ148934, ʯʠʥʥʠʡ ʚʽʜ 27.07.2015. ɹʶʣ. ˉ14. 

https://uapatents.com/4-100567-sposib-rozmirno-obrobki-detali-z-gazotermichnim 

-nadtverdim-pokrittyam.html (ɸʚʪʦʨ, ʧʦʢʘʟʘʚ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯɽʂʆ 

ʜʣʷ ʨʦʟʤʽʨʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʜʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ).  

12. ʃʦʧʘʪʘ ʆ.ɺ., ʂʘʣʽʥʽʯʝʥʢʦ ɺ.ɯ. ɺʠʙʽʨ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʽʚ, ʩʪʚʦʨʝʥʠʭ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʽʟ ʧʦʩʣʽʜʫʶʯʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ ʟʘ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʤ ʩʪʘʥʦʤ. ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ: ʤʘʪʝʨ. Xɯɯɯ-  ʾʤ̔ ʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. 

(25-26 ʪʨʘʚʥʷ 2023 ʨ., ʤ. ʏʝʨʥʽʛʽʚ). ʏʝʨʥʽʛʽʚ. 2023. ʊ. 2. ʉ. 107- 108. ISBN 978-

617-7932-47-4. https://conference-chernihiv-polytechnik.com/wp-

content/uploads/2023/06/Tezy-2023-Part-2.pdf. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ 

ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ).  

13. ʆ.ɺ. ʃʦʧʘʪʘ, ʀ.ɺ. ʉʤʠʨʥʦʚ ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ʾʭ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ. ʉʫʯʘʩʥʽ 

ʧʠʪʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʝʤʦʥʪʫ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʥʘ ʪʨʘʥʩʧʦʨʪʽ: ʤʘʪʝʨ. 

ʍʍɯɯɯ-ʛʦ ʤ̔ ʞʥʘʨ. ʥʘʫʢ.-ʪʝʭʥ. ʩʝʤʽʥʘʨʫ (15ï16 ʙʝʨʝʟʥʷ 2023, ʤ. ʂʠʾʚ). ʂʠʾʚ, 

ɸʊʄ ʋʢʨʘʾʥʠ. 2023. ʉ. 65-68. https://atmu.net.ua/downloads/archive/sb1-23.pdf. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʧʦʣʷʛʘʻ ʫ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ).  

14. ʆ.ɺ. ʃʦʧʘʪʘ, ɯ.ɺ. ʉʤʠʨʥʦʚ ɿʥʘʯʠʤʽʩʪʴ ʤʝʪʦʜʽʚ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥ, ʧʨʦʮʝʩʽʚ ʽ 

https://conference-chernihiv-polytechnik.com/wp-content/uploads/2023/06/Tezy-2023-Part-2.pdf
https://conference-chernihiv-polytechnik.com/wp-content/uploads/2023/06/Tezy-2023-Part-2.pdf
https://atmu.net.ua/downloads/archive/
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ʩʠʩʪʝʤ. Improving the reliability and efficiency of machines, processes and 

systems: ʤʘʪʝʨ. V-  ʾʤ̔ ʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. (19-21 ʢʚʽʪʥʷ 2023, ʎʅʊʋ, ʤ. 

ʂʨʦʧʠʚʥʠʮʴʢʠʡ). ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʎʅʊʋ. 2023. ʉ. 145ï147. 

https://nubip.edu.ua/sites/default/files/u349/programa_konf._pnmo-2023_1.pdf. 

(ɸʚʪʦʨ, ʧʦʢʘʟʘʚ ʟʥʘʯʝʥʥʷ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ).  

15. ʉʤʠʨʥʦʚ ɯ.ɺ., ʃʦʧʘʪʘ ʆ.ɺ., ɿʽʥʴʢʦʚʩʴʢʠʡ ɸ.ʇ., ʂʦʙʟʘʨʴ ɺ.ʃ. 

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʢʨʠʪʪʷʭ, ʦʪʨʠʤʘʥʠʭ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ, ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ: ʤʘʪʝʨ. Xʍɯɯ-  ʾʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. ʤ. ʏʝʨʥʽʛʽʚ. 

2022. ʊ. 2. ʉ. 52-55, ISBN 978-617-7932-16-0. https://conference-chernihiv-

polytechnik.com/wp-content/uploads/2023/03/Tezy-2022-Part-5-52.pdf. (ɸʚʪʦʨ 

ʚʩʪʘʥʦʚʠʚ ʟʚôʷʟʦʢ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʟ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ, ʪʦʚʱʠʥʦʶ 

ʧʦʢʨʠʪʪʷ ʡ ʜʝʬʦʨʤʘʮʽʻʶ ʦʩʥʦʚʠ). 

16. A. Lopata, I. Smirnov, A. Zinkovskii Improvement of properties 

coatings by electrocontact treatment. ɯʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʨʝʥʦʚʘʮʽʷ ʚʠʨʦʙʽʚ: 

ʤʘʪʝʨ. ʍʍ1-ʾ ʤ̔ ʞʥʘʨ. ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ. (07ï11 ʯʝʨʚʥʷ 2021 ʨ., ʤ. ʉʚʘʣʷʚʘ), 

ʂʠʾʚ. 2021, ʉ. 81 ï 84. https:// atmu.net.ua/downloads/archive/sb2-21s.pdf. 

(ɸʚʪʦʨ, ʧʦʢʘʟʘʚ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯɽʂʆ). 

17. ʉʤʠʨʥʦʚ ɯ.ɺ., ʃʦʧʘʪʘ ʆ.ɺ., ɺ.ʌ. ʄʘʟʘʥʢʦ ɺʧʣʠʚ 

ʝʣʝʢʪʨʦʧʣʘʩʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʤʫ 

ʧʨʠʧʽʢʘʥʥʽ, ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʩʠʩʪʝʤ: ʤʘʪʝʨ. ʪʝʟ ʜʦʧʦʚʽʜʝʡ Xɯʍ-  ʾʤ̔ ʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. (26ï27 ʪʨʘʚʥʷ 

2021 ʨ., ʤ. ʏʝʨʥʽʛʽʚ). ʏʝʨʥʽʛʽʚ. 2021. ʊ. 2. ʉ. 19-21. https:// conference-

chernihiv-polytechnik.com/materiali-konferentsiyi/kzyatps2021/Tezy-2021-Part-

2.pdf. (ɸʚʪʦʨ ʜʦʚʽʚ, ʱʦ ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʦʩʥʦʚʦʶ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʧʣʘʩʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ). 

https://nubip.edu.ua/sites/default/files/
https://conference-chernihiv-polytechnik.com/
https://conference-chernihiv-polytechnik.com/
https://atmu.net.ua/downloads/archive/sb2-21s.pdf
https://conference-chernihiv-polytechnik.com/materiali-konferentsiyi/kzyatps2021
https://conference-chernihiv-polytechnik.com/materiali-konferentsiyi/kzyatps2021
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18. ʊ.ʀ. ʀʚʯʝʥʢʦ, ʀ.ɺ. ʉʤʠʨʥʦʚ, ɸ.ɺ. ʃʦʧʘʪʘ ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʧʦʩʣʝ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ, ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ʤʘʪʝʨ. ʍɯɯ-ʾ 

ʤ̔ ʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. (06ï08 ʚʝʨʝʩʥʷ 2021 ʨ., ʍɻʄɸ, ʤ. ʍʝʨʩʦʥ). 

ʍʝʨʩʦʥ, ʍɻʄɸ. 2021. ʉ. 217-220. https://ksma.ks.ua/wp-

content/uploads2021.pdf. (ɸʚʪʦʨ ʧʨʦʚʽʚ ʩʝʨʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘ ʪʝʨʪʷ ʪʘ ʟʥʦʩ ʽ ʜʘʚ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ).  

19. ʃ.ɸ. ʃʦʧʘʪʘ, ɸ.ɺ. ʃʦʧʘʪʘ, ʀ.ɺ. ʉʤʠʨʥʦʚ ʅʝʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ ʽ 

ʦʙʣʘʜʥʘʥʥʷ / Increase of Machine and Equipment Reliability): ʤʘʪʝʨ. ʤ̔ ʞʥʘʨ. 

ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. (15-17 ʢʚʽʪʥʷ 2020, ʎʅʊʋ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ). 

ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʎʅʊʋ. 2020. ʉ. 36-40. 

http://dspace.kntu.kr.ua/jspui/bitstream/123456789/10175/1/13.pdf. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ ʦʛʣʷʜʫ ʡ ʘʥʘʣʽʟʫ ʪʝʦʨʽʡ ʘʜʛʝʟʽʾ). 

20. ʀ.ɺ. ʉʤʠʨʥʦʚ, ɸ.ɺ. ʃʦʧʘʪʘ ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʧʳʣʝʥʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ 

ʩʣʦʷ. Modern questions production and repair in industry and in transport: 

Materials of the 20th International Scientific and Technical Seminar (March 23ï29 

2020, Tbilisi, Georgia). Kyev. 2020, ʉ. 177-180 

https://atmu.net.ua/downloads/archive/sb1-20-1.pdf. (ɸʚʪʦʨ ʜʦʩʣʽʜʠʚ ʚʧʣʠʚ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʪʘ ʚʠʟʥʘʯʠʚ ʾʭ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ). 

21. I.V. Smirnov, and O.V. Lopata. Upgrading of quality of gas-thermo 

coverage. Modern questions of production  and repair in industry and in transport: 
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ 

 

ɻʅʇ ï ʛʘʟʦʧʦʣʫʤʝʥʝʚʝ ʥʘʧʠʣʝʥʥʷ 

ɻʊʅ ï ʛʘʟʦʪʝʨʤʽʯʥʝ ʥʘʧʠʣʝʥʥʷ 

ɼʉʆ ï ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʘ ʦʙʨʦʙʢʘ 

ɽɼʅ ï ʝʣʝʢʪʨʦʜʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ 

ɽɼʄ ï ʝʣʝʢʪʨʦʜʫʛʦʚʘ ʤʝʪʘʣʽʟʘʮʽʷ  

ɽɯʃ ï ʝʣʝʢʪʨʦʽʩʢʨʦʚʝ ʣʝʛʫʚʘʥʥʷ 

ɽʂʆ ï ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ 

ɽʂʇ ï ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʝ ʧʨʠʧʽʢʘʥʥʷ 

ɿɿʇ - ʟʤʽʮʥʶʶʯʽ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ  

ɿʇ - ʟʥʦʩʦʩʪʽʡʢʽ ʧʦʢʨʠʪʪʷ  

ɿʊɺ - ʟʦʥʘ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ 

ɯɸ ï ʽʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ 

ɯɽʂʆ ï ʽʤʧʫʣʴʩʥʘ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ 

ʂɺʄ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʂʄ ï ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ 

ʂʇ ï ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʦʰʦʢ 

ʂʊʈ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʃʆ ï ʣʘʟʝʨʥʘ ʦʙʨʦʙʢʘ 

ʄʆ ïʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ 

ʄʉɽ - ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ  

ʄʊʆ ï ʤʝʭʘʥʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

ʄʊɿʆ ï ʤʝʭʘʥʦ-ʪʝʨʤʽʯʥʘ ʟʤʽʮʥʶʶʯʘ ʦʙʨʦʙʢʘ 

ʅɼʉ ï ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʇʇɼ ï ʧʦʚʝʨʭʥʝʚʝ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ  

ʇʄ ï ʧʦʨʦʰʢʦʚʠʡ ʤʘʪʝʨʽʘʣ 
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ʇʇ ï ʧʦʨʦʰʢʦʚʝ ʧʦʢʨʠʪʪʷ 

ʇʐ ï ʧʦʨʦʰʢʦʚʠʡ ʰʘʨ 

ʉɸʆ ï ʩʪʨʫʤʝʥʝʚʦ-ʘʙʨʘʟʠʚʥʘ ʦʙʨʦʙʢʘ 

ʉɺʏ ï ʩʪʨʫʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ 

ʉʌʉ ï ʩʘʤʦʬʣʶʩʫʶʯʽ ʩʧʣʘʚʠ 

ʊʆ ï ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

ʊʇ ï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʋɿʆ ï ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʦʙʨʦʙʢʘ 

ʌʇ ï ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʢʨʠʪʪʷ 

ʍʊʆ ï ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

♫ʘʜ ï ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ 

DI ï ʚʽʜʥʦʩʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ; 

e ï ʜʝʬʦʨʤʘʮʽʷ 

ůʟʘʣ. ï ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ůʟʯ ï ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

m - ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʦʥʘ 

ůʚ ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ 

G ï ʤʦʜʫʣʴ ʟʩʫʚʫ, ʄʇʘ; 

ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʄʇʘ 

ůʝʢʚ ï ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦ ʄʽʟʝʩʫ 

ʅV ï ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʦ ɺʽʢʝʨʩʫ 

ů0,2 ï ʫʤʦʚʥʘ ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ  
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʚʠʙʦʨʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʧʨʠ ʩʧʽʣʴʥʽʡ ʜʽʾ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʝʭʘʥʽʯʥʠʭ 

ʟʘʚʘʥʪʘʞʝʥʴ ʡ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ-ʧʦʢʨʠʪʪʷè, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʟʘʭʠʩʥʽ, 

ʟʤʽʮʥʶʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ ʜʝʪʘʣʝʡ. ʇʦʢʨʠʪʪʷ - 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʜʝʪʘʣʝʡ ʪʘ ʾʭ ʟʘʭʠʩʪʫ ʚʽʜ ʚʧʣʠʚʫ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʫʪʪʻʚʦ 

ʽʥʪʝʥʩʠʬʽʢʫʻ ʟʨʦʩʪʘʥʥʷ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʘʰʠʥ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʟʤʽʮʥʶʚʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ï ʻʜʠʥʝ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʟʦʢʨʝʤʘ ʤʽʮʥʦʩʪʽ 

ʪʘ ʪʚʝʨʜʦʩʪʽ. ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʢʨʠʪʪʽʚ ʚʽʜʧʘʜʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʪʨʘʯʘʥʥʷ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʩʽʻʾ ʜʝʪʘʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʷʻ ʚʘʨʽʶʚʘʪʠ ʾʭ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʷ ʪʘ 

ʨʦʟʰʠʨʶʚʘʪʠ ʩʬʝʨʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʰʣʠ 

ʤʝʪʦʜʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ. ʄʝʪʦʜʠ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʪʘ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʙʽʣʴʰ ʧʨʦʩʪʽ ʚ ʨʝʘʣʽʟʘʮʽʾ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʛʥʫʯʢʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʨʽʟʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʤʝʪʦʜʽʚ ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʥʝʜʦʩʪʘʪʥʽ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ (ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 30é40 ʄʇʘ, ʱʽʣʴʥʽʩʪʴ 60é70 %, ʪʚʝʨʜʽʩʪʴ 

35é40 HRC), ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʽʥʰʽ) ʪʘ ʦʙʤʝʞʫʻ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʚʠʟʥʘʯʘʶʪʴ ʾʭ 

ʤʽʮʥʽʩʪʴ, ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 
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ʅʝʜʦʣʽʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʾʭ ʤʦʜʠʬʽʢʘʮʽʻʶ ʪʘ 

ʩʧʦʩʦʙʘʤʠ ʦʙʨʦʙʢʠ: ʪʝʨʤʽʯʥʦʶ, ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʶ, ʣʘʟʝʨʥʦʶ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʶ, ʤʝʭʘʥʦ-ʪʝʨʤʽʯʥʦʶ ʪʘ ʽʥʰʠʤʠ ʚʠʜʘʤʠ. ʇʦʻʜʥʘʥʥʷ ʥʘʥʝʩʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʟ ʾʭ ʦʙʨʦʙʢʦʶ - ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʽʥʞʝʥʝʨʽʾ ʧʦʚʝʨʭʥʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʟʘʧʦʙʽʛʘʻ ʚʠʥʠʢʥʝʥʥʶ ʧʦʰʢʦʜʞʝʥʴ ʨʽʟʥʦʛʦ ʨʦʜʫ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʪʨʽʱʠʥ ʚʪʦʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ 

ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʪʝʨʤʦʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʽʚ 

ʦʙʨʦʙʢʠ ʧʦʢʨʠʪʪʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʪʝʧʣʦʚʢʣʘʜʝʥʥʷʤ ï ʟʘʚʜʘʥʥʷ ʧʝʨʰʦʨʷʜʥʦʾ 

ʚʘʞʣʠʚʦʩʪʽ. ɰʭ ʨʝʘʣʽʟʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʘʚʪʦʥʦʤʥʝ ʘʙʦ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ, ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʟʥʘʯʥʠʡ 

ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʠʪʴ ʽʤʧʫʣʴʩʥʘ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ. 

ɺ ʦʩʥʦʚʽ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʦʙʨʦʙʢʠ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧ ʩʠʥʭʨʦʥʥʦʛʦ 

ʩʧʦʣʫʯʝʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʨʝʞʠʤʽʚ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʁʦʛʦ 

ʧʝʨʝʚʘʛʠ: ʤʽʥʽʤʘʣʴʥʽ ʪʝʧʣʦʚʢʣʘʜʝʥʥʷ ʪʘ ʪʝʨʤʽʯʥʽ ʜʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʟ 

ʧʦʢʨʠʪʪʷʤ; ʧʨʦʮʝʩ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ, ʡʦʛʦ ʨʝʞʠʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ, ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʩʪʠʩʢʫ, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʦʧʽʨ ʚʪʦʤʠ; ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʜʘʻ 

ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʱʽʣʴʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʜʦ ʱʽʣʴʥʦʩʪʽ ʢʦʤʧʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ, ʘʜʛʝʟʽʡʥʦ-

ʢʦʛʝʟʽʡʥʠʭ ʟʚôʷʟʢʽʚ, ʱʽʣʴʥʦʩʪʽ ʪʘ ʽʥ.) ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʫʣʴʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ 

ʤʝʭʘʥʽʯʥʦʛʦ ʡ ʪʝʨʤʽʯʥʦʛʦ ʬʘʢʪʦʨʽʚ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ. 

ʋ ʟʚôʷʟʢʫ ʟ ʚʠʢʣʘʜʝʥʠʤ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʽʤʧʫʣʴʩʥʦʶ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʜʦʟʚʦʣʠʪʴ ʜʦʚʝʩʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʷ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 
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ʢʘʬʝʜʨʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ʽʤʝʥʽ ɭ.ʆ. ʇʘʪʦʥʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʅʅ ɯʄɿ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ).  

ɿʜʦʙʫʚʘʯ ʧʨʠʡʥʷʚ ʫʯʘʩʪʴ ʷʢ ʚʠʢʦʥʘʚʝʮʴ ʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ ʨʦʙʦʪʽ 

çʊʝʭʥʦʣʦʛʽʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʪʘ ʽʤʧʫʣʴʩʥʦʧʣʘʟʤʦʚʦʛʦ ʥʘʥʝʩʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʩʪʚʦʣʽʚ ʚʦʛʥʝʧʘʣʴʥʦʾ ʟʙʨʦʾè 

(ʜʝʨʞʨʝʻʩʪʨʘʮʽʷ ˉ0121U111822). ɿʜʦʙʫʚʘʯʝʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʝʥʜʝʥʮʽʾ 

ʨʦʟʚʠʪʢʫ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ, ʤʘʪʝʨʽʘʣʠ 

ʪʘ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʘʨʽʘʥʪʠ ʟʜʽʡʩʥʝʥʥʷ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ ʟ ʧʦʢʨʠʪʪʷʤʠ, 

ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʱʽʣʴʥʦʩʪʽ, ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ, ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ ʫʤʦʚ 

ʨʝʘʣʽʟʘʮʽʾ.  

ɼʠʩʝʨʪʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʪʘʢʦʞ ʟʛʽʜʥʦ ʜʦʛʦʚʦʨʫ ʧʨʦ 

ʩʧʽʣʴʥʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʜʽʷʣʴʥʽʩʪʴ ʤʽʞ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʪʘ 

ɯʥʩʪʠʪʫʪʦʤ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤʝʥʽ ɻ.ʉ. ʇʠʩʘʨʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ ʧʦ ʪʝʤʽ 

çʇʨʦʙʣʝʤʠ ʨʝʩʫʨʩʫ ʽ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʧʦʨʫʜ ʪʘ ʤʘʰʠʥ 

(ʧʨʦʝʢʪ ˉ ʈ8.19 ʧʨʦʛʨʘʤʠ çʈʝʩʫʨʩè, ʜʝʨʞʨʝʻʩʪʨʘʮʽʷ ˉ0121U111822). 

ɿʜʦʙʫʚʘʯ, ʷʢ ʩʧʽʚʚʠʢʦʥʘʚʝʮʴ, ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʧʣʝʢʩʫ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʘ 

ʩʘʤʝ, ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʟ ʧʦʢʨʠʪʪʷʤ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ. ɺʠʟʥʘʯʠʚ ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ ʰʣʷʭʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ-

ʧʦʢʨʠʪʪʷè. ʇʦʢʘʟʘʚ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʟ ʘʜʛʝʟʽʡʥʦʶ 

ʤʽʮʥʽʩʪʶ, ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʷ ʡ ʜʝʬʦʨʤʘʮʽʻʶ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʪʘ ʟʘʣʝʞʥʽʩʪʴ 

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ.  
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ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ  ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ʆʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʪʘ ʢʦʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

2. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʱʽʣʴʥʽʩʪʴ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ.  

3. ɺʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʚʽʜ ʪʠʩʢʫ ʬʦʨʤʫʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʧʦʨʦʰʢʦʚʠʡ ʰʘʨ. 

4. ɺʠʟʥʘʯʠʪʠ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ (ʘʜʛʝʟʽʡʥʫ ʡ ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ, ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ, ʽʥ.) ʪʘ ʜʦʚʝʩʪʠ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ. 

5. ʐʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ - ʧʦʢʨʠʪʪʷè ʜʦʩʣʽʜʠʪʠ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʤʽʞ 

ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʩʘʤʽʡ ʜʝʪʘʣʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʾʾ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

6. ɺʠʟʥʘʯʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʷʢʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

7. ɺʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʥʘʧʠʣʝʥʠʤ ʧʦʢʨʠʪʪʷʤ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʾ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʾʭ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 
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ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʡ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤʠ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ 

ʧʽʩʣʷ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʛʘʣʴʥʦʶ ʤʝʪʦʜʦʣʦʛʽʻʶ ʜʠʩʝʨʪʘʮʽʾ ʻ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʚôʷʟʢʽʚ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʽʚ ʽ 

ʤʝʪʦʜʠʢ: ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʽ 

ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤ; ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ, ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ 

ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ, ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʪʘ ʨʦʟʧʦʜʽʣʫ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʧʦʢʨʠʪʪʽ; ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ; ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʩʘʤʝ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʪʦʱʦ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧʣʝʢʪ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʽ  

ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ. ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʨʦʰʢʦʚʽ 

ʤʘʪʝʨʽʘʣʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ: ʘʜʛʝʟʽʡʥʦʾ ʡ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ, ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ ʉɯɯʊ ï 3 ʚ 

ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤʝʥʽ ɻ.ʉ. ʇʠʩʘʨʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

çʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ-ʧʦʢʨʠʪʪʷè ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʘ ʩʘʤʝ, ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʧʨʦʛʨʘʤʘʭ NASTRAN. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ 
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ʚʠʟʥʘʯʘʣʠ ʥʘ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʽ "Micromet-II". ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʤʘʰʠʥʽ ʪʠʧʫ 2070ʉʄʊ-1. 

ʂʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʚʩʷ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʙʨʦʙʢʘ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ 

(ʇʇʇ) ʇʈɯɸʄ (ʧʣʘʥʫʚʘʥʥʷ, ʨʝʛʨʝʩʽʷ ʽ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ 

ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʽʤʧʫʣʴʩʥʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ ʟʘ 

ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʚ ʩʠʩʪʝʤʽ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ-

ʧʦʢʨʠʪʪʷè, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʫʱʽʣʴʥʝʥʥʷʤ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʽʤʧʫʣʴʩʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ. ʇʨʠ ʮʴʦʤʫ: 

1. ɺʧʝʨʰʝ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʷʢ ʟʘʩʦʙʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʚ ʩʠʩʪʝʤʽ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ï ʧʦʢʨʠʪʪʷè, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʫʱʽʣʴʥʝʥʥʷʤ ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʡʦʛʦ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʤ ʩʪʘʥʦʤ.  

2. ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʫʷʚʣʝʥʥʷ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ 

ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʽ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ:  

- ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪʽ ʥʘʧʠʣʝʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʚʽʜ ʪʠʩʢʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ (ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ, ʤʝʞʽ ʤʽʮʥʦʩʪʽ) ʽ 

ʡʦʛʦ ʚʽʜʥʦʩʥʫ ʱʽʣʴʥʽʩʪʴ; 

- ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ 

ʪʠʩʢʫ ʬʦʨʤʫʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʧʦʨʦʰʢʦʚʠʡ ʰʘʨ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʽʤʧʫʣʴʩʥʘ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ ʧʽʜʚʠʱʫʻ  ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʜʦ 200 ʄʇʘ; 
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- ʜʦʚʝʜʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ  ʪʘ ʱʽʣʴʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝʭʘʥʽʯʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʮʝʩʫ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ.  

3. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʦʥʴ ʟ 

ʧʦʢʨʠʪʪʷʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʽʚ ʤʘʻ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʤʝʞʘʭ 

0,75é3 ʤʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʨʽʚʥʽ 100-200 

ʄʇʘ. ʇʨʠ ʧʽʜʚʠʱʝʥʥ̔  ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʜʦ ʤʦʜʫʣʶ ʧʨʫʞʥʦʩʪʽ 

ʢʦʤʧʘʢʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʽʟʥʠʮʷ ʥʘʧʨʫʞʝʥʴ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ 

ʧʦʢʨʠʪʪʷʤ ʽ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʩʘʤʽʡ ʜʝʪʘʣʽ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʙʽʣʴʰʦʤʫ 

ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ ʚʠʱʘ ʥʽʞ ʪʘʤ, ʜʝ ʧʦʢʨʠʪʪʷ ʤʘʻ ʤʝʥʰʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ.  

4. ɺʠʨʽʰʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʟʘʜʘʯʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʜʦʚʝʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʱʽʣʴʥʦʩʪʽ, ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, 

ʪʚʝʨʜʦʩʪʽ) ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʰʣʷʭʦʤ ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ ʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ 

(ʩʠʣʠ ʩʪʨʫʤʫ  ɯ =10 ʢɸ, ʪʠʩʢʫ ʈ = 40 ʄʇʘ, t ʽʤʧ = t ʧ =0,04 ʩ) ʪʘ ʦʪʨʠʤʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʜʦ 200 ʄʇʘ, ʪʚʝʨʜʦʩʪʽ ʜʦ 60 HRC, 

ʧʦʨʠʩʪʦʩʪʽ ʜʦ 3%,  ʡ ʪʠʤ ʩʘʤʠʤ ʧʨʠʙʣʠʟʠʪʠ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʜʦ 

ʤʦʜʫʣʶ ʧʨʫʞʥʦʩʪʽ ʢʦʤʧʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ  ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʽ ʥʘʩʘʤʧʝʨʝʜ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ 2é3 ʨʘʟʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʽ ʜʝʪʘʣʝʡ ʽʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʱʦ ʩʪʚʦʨʝʥʽ ʤʝʪʦʜʘʤʠ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʪʘ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʧʦʩʣʽʜʫʶʯʦʶ ʦʙʨʦʙʢʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ 

ʤʝʪʦʜʦʤ, ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʥʘʥʝʩʝʥʥʶ ʧʦʢʨʠʪʪʽʚ ʥʘ ʧʨʠʢʣʘʜʽ 

ʨʽʞʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʪʘ ʜʝʪʘʣʝʡ 

ʪʠʧʫ çʚʘʣè ʜʚʠʛʫʥʽʚ. ɼʦʩʣʽʜʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʨʝʟʫʣʴʪʘʪʽʚ 
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ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʚʠʢʦʥʘʥʘ: ʚ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʊʆɺ ɹɸʉ - ɸʛʨʦ ʛʨʫʧ (ʤ. 

ʏʝʨʢʘʩʠ) ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʝʪʘʣʝʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʪʝʭʥʽʢʠ ʟ ʧʦʢʨʠʪʪʷʤ ʟ ʂʇ ʂʍʅ-30 ʡ ʧʽʜʚʠʱʝʥʥʽ ʩʪʨʦʢʫ ʾʭ ʩʣʫʞʙʠ; ɸʊ 

çʅʘʩʦʩʝʥʝʨʛʦʤʘʰè (ʤ. ʉʫʤʠ) ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʣʫʥʞʝʨʽʚ ʜʣʷ ʥʘʩʦʩʽʚ ʩʝʨʽʾ  

ʉʅʄ ʟ ʤʝʪʦʶ ʟʘʤʽʥʠ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʫʥʞʝʨʽʚ ʥʘ ʩʪʘʣʴ 

45 ʽʟ ʧʦʢʨʠʪʪʷʤ ʟ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʌʄɯ-2 ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʡ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ; ɺɸʊ çɸʛʨʦʙʫʜʘʚʪʦʩʝʨʚʠʩè (ʤ. 

ʂʨʦʧʠʚʥʠʮʴʢʠʡ) ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʽʚ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʚ 2 é 2,5 ʨʘʟʠ.  

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʤʘʛʽʩʪʨʽʚ ʪʝʭʥʽʯʥʦʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

131 (ʦʩʚʽʪʥʷ ʧʨʦʛʨʘʤʘ çɯʥʞʠʥʽʨʠʥʛ ʟʚʘʨʶʚʘʥʥʷ, ʣʘʟʝʨʥʠʭ ʪʘ ʩʧʦʨʽʜʥʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡè ʪʘ çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè) ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ çɯʥʞʝʥʝʨʽʷ 

ʧʦʚʝʨʭʥʽ ʤʘʰʠʥ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè ʪʘ çɯʥʥʦʚʘʮʽʡʥʽ 

ʤʝʪʦʜʠ ʽʥʞʝʥʝʨʽʾ ʧʦʚʝʨʭʥʽè ʥʘ ʢʘʬʝʜʨʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʧʽʜ ʥʘʫʢʦʚʠʤ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ ʉʤʠʨʥʦʚʘ ɯ.ɺ. ʆʩʥʦʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʩʫʪʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʘʚʪʦʨ ʦʪʨʠʤʘʚ 

ʩʘʤʦʩʪʽʡʥʦ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʦʩʥʦʚʥʠʭ 

ʚʠʩʥʦʚʢʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʦ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʜ.ʪ.ʥ. 

ʉʤʠʨʥʦʚʠʤ ɯ.ɺ. ʋ ʧʫʙʣʽʢʘʮʽʷʭ, ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ 

ʥʘʣʝʞʘʪʴ: ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʪʘ ʜʦʚʝʜʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦ ʾ

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦ ʾ ʦʙʨʦʙʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʝʪʘʣʝʡ ʟ ɻʊʇ [1, 10, 16, 21, 22, 102, 108]; ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ɯɽʂʆ [5, 18, 87, 119]; ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ [23, 33, 80, 82]; ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ  ʡ ʱʽʣʴʥʦʩʪʽ 
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ʧʦʢʨʠʪʪʽʚ [2, 4, 8, 13, 15, 189-191]; ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʷʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ [189-199]; ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʧʘʨʘʤʝʪʨʽʚ ɯɽʂʆ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ [16]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʨʝʥʦʚʘʮʽʷ ʚʠʨʦʙʽʚè (ʤ. ʉʚʘʣʷʚʘ, 2014, 

2015, 2018, 2021 ʨp.); International Scientific and Technical Seminar çModern 

questions production and repair in industry and in transportè (Kosice, Slovak 

Republic, 2019 and Tbilisi, Georgia, 2020); ʄʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ 

ʩʝʤʽʥʘʨʽ çʉʫʯʘʩʥʽ ʧʠʪʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʝʤʦʥʪʫ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽè (ʂʠʾʚ, 2023 ʨ.); International Research and practical conference 

çThe development of technical sciences: problems and solutionsè (BRNO, Czech 

Republic2018); ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ çʊʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʟôʻʜʥʘʥʴ ʪʘ 

ʽʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜè (ʅʊʋʋ çʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2018, 2020 ʨʨ.); ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ: çʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʩʠʩʪʝʤ (ʤ. ʏʝʨʥʽʛʽʚ, 2014, 2019, 2021, 1922, 2023 ʨʨ.); çʇʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥ, ʧʨʦʮʝʩʽʚ ʽ ʩʠʩʪʝʤè (ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 

2020, 2022, 2023 ʨʨ.); çʉʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ, 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè (ʤ. ʍʝʨʩʦʥ, 2021); 

çʇʨʦʙʣʝʤʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠè (ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ 2017). çʂʘʯʝʩʪʚʦ, 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʢʦʥʪʨʦʣʴ: ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢè (ɿʘʪʦʢʘ, ʆʜʝʩʩʢʘʷ ʦʙʣ., 

2015, 2016 ʨʨ.). ʋ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʨʦʙʦʪʘ ʜʦʧʦʚʽʜʘʣʘʩʴ ʥʘ ʟʘʩʽʜʘʥʥʽ ʢʘʬʝʜʨʠ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ.  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 24 ʥʘʫʢʦʚʽ ʧʨʘʮʽ, ʟ ʥʠʭ ï 
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9 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟʘʪʚʝʨʜʞʝʥʠʭ ʄʆʅ ʋʢʨʘʾʥʠ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ ʜʠʩʝʨʪʘʮʽʾ, 2 ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ, 13 ï ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ.  

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, 4 ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʪʘ 7 ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 251 ʩʪʦʨʽʥʢʘ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ʜʠʩʝʨʪʘʮʽʾ 150 ʩʪʦʨʽʥʦʢ, 60 ʨʠʩʫʥʢʽʚ, 27 

ʪʘʙʣʠʮʴ, 7 ʜʦʜʘʪʢʽʚ ʽ ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 222 ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʭ 

ʥʘʡʤʝʥʫʚʘʥʴ. 

ʇʦʜʷʢʠ. ɿʜʦʙʫʚʘʯ ʚʚʘʞʘʻ ʥʝʦʙʭʽʜʥʠʤ ʚʠʩʣʦʚʠʪʠ ʛʣʠʙʦʢʫ ʧʦʜʷʢʫ 

ʥʘʫʢʦʚʦʤʫ ʢʝʨʽʚʥʠʢʫ ʉʤʠʨʥʦʚʫ ɯʛʦʨʶ ɺʦʣʦʜʠʤʠʨʦʚʠʯʫ, ʷʢʠʡ ʟʜʽʡʩʥʶʚʘʚ 

ʙʝʟʧʦʩʝʨʝʜʥʻ ʢʝʨʽʚʥʠʮʪʚʦ ʥʠʟʢʦʶ ʩʧʽʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʧʽʜ 

ʯʘʩ ʥʘʚʯʘʥʥʷ ʟʜʦʙʫʚʘʯʝʤ ʫ ʤʘʛʽʩʪʨʘʪʫʨʽ, ʙʫʚ ʩʧʽʚʘʚʪʦʨʦʤ ʽʜʝʡ ʡ ʨʝʘʣʽʟʘʮʽʾ 

ʯʘʩʪʠʥʠ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʪʘ ʥʘʜʘʚ ʥʠʟʢʫ ʧʦʨʘʜ ʽ 

ʢʦʥʩʫʣʴʪʘʮʽʡ ʧʽʜ ʯʘʩ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʽʾ çɿʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡè 

ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤʝʥʽ ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʷʢʽ ʻ ʦʜʥʠʤʠ 

ʟ ʟʘʩʥʦʚʥʠʢʽʚ ʥʘʧʨʷʤʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʧʣʝʢʩʫ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʟʤʽʮʥʶʶʯʠʤʠ ʟʘʭʠʩʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ.  
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ʈʆɿɼɯʃ 1  

ʉʊɸʅ ʇʈʆɹʃɽʄʀ ʊɸ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [1-21] ʽʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʨʦʙʣʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ. 

ʐʣʷʭʦʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʚʠʷʚʣʝʥʽ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ, ʷʢʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʠ ʾʭ ʚʠʨʽʰʝʥʥʷ [1-5, 21-26]. 

ɺʢʣʘʜ ʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟ ʧʠʪʘʥʴ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʥʝʩʣʠ ʚʯʝʥʽ 

ʋʢʨʘʾʥʠ: ɹʦʨʠʩʦʚ ʖ. ʉ., ʖʱʝʥʢʦ ʂ.ɸ., ʃʷʰʝʥʢʦ ɹ.ɸ., ʂʣʠʤʝʥʢʦ ʉ.ɸ., 

ʇʦʭʤʫʨʩʴʢʠʡ ɺ.ɯ. ʉʪʫʜʝʥʪ ʄ.ʄ.,  ʂʦʨʞʠʢ ɺ.ʄ., ʍʘʨʣʘʤʦʚ ʖ.ʆ. ʪʘ ʽʥʰʽ. 

ʆʧʠʩʘʥʽ ʤʝʪʦʜʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ (ɻʊʅ), ʾʭ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ, 

ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʡ ʩʧʦʩʦʙʠ ʾʭ ʫʩʫʥʝʥʥʷ [1-8, 13, 15-19, 21-26]  ʪʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʧʦʩʽʙ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ (ɯɽʂʆ) ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [27-33]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʜʣʷ ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ [34-44]. ɺʠʢʦʥʘʥʠʡ 

ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʱʽʣʴʥʦʩʪʽ, 

ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʪʘ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʾʭ 

ʽʤʧʫʣʴʩʥʽʡ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽʡ ʦʙʨʦʙʮʽ [44-58]. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

 

1.1. ʇʦʢʨʠʪʪʷ ʪʘ ʾʭ ʟʥʘʯʠʤʽʩʪʴ  

 

ɼʝʪʘʣʽ ʤʘʰʠʥ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʪʝʨʤʦʩʠʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ 
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ʧʦʰʢʦʜʞʝʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʦ ʬʘʢʪ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽʟ ʤʝʪʘʣʽʚ, ʩʧʣʘʚʽʚ, ʧʦʣʽʤʝʨʽʚ, ʢʝʨʘʤʽʢʠ ʪʘ 

ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʽʜ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ï 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [59-62]. ʉʧʦʣʫʯʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʪʝʤʧʝʨʘʪʫʨ ʽ ʩʝʨʝʜʦʚʠʱ ʥʝʘʜʠʪʠʚʥʽ ʧʦ ʟʤʽʮʥʶʶʯʦʤʫ ʚʧʣʠʚʫ ʽ 

ʟʙʽʣʴʰʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. ʇʨʠ ʮʴʦʤʫ 

ʟʥʠʞʫʻʪʴʩʷ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ, ʦʧʽʨ ʚʪʦʤʠ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ [63]. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ, ʤʽʮʥʦʩʪʽ, ʡ ʥʘʩʘʤʧʝʨʝʜ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʤʽʮʥʶʶʯ ̔ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ [3, 4, 34,  

64-70].  

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʤʽʮʥʽʩʪʴ ʽ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʤʘʪʝʨʽʘʣʫ, ʘ ʦʧʽʨ ʨʦʟʤʽʮʥʶʶʯʦʤʫ ʚʧʣʠʚʫ ʚʽʜ 

ʟʥʦʰʫʚʘʥʥʷ, ʢʦʨʦʟʽʾ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ɿɿʇ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʘʣʝʡ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʥʦʩʦ- 

ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʘʤʽʥʠʪʠ ʜʦʨʦʛʽ ʤʘʪʝʨʽʘʣʠ, ʟ 

ʷʢʠʭ ʚʠʛʦʪʦʚʣʝʥʽ ʜʝʪʘʣʽ ʜʝʰʝʚʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʧʦʢʨʠʪʪʷʤʠ [3, 4, 22, 25, 

28-31]. ʇʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʽʚ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʦʩʘʜʞʝʥʥʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʽ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʟʥʦʩ, ʢʦʨʦʟʽʷ, ʭʽʤʽʯʥʘ ʜʽʷ ʪʘ ʽʥʰʽ) [3, 4, 34, 64-70]. 

ʉʧʦʩʦʙʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ: ʥʘʧʣʘʚʣʝʥʥʷʤ, 

ʥʘʧʠʣʝʥʥʷʤ, ʜʠʬʫʟʽʡʥʠʤ ʥʘʩʠʯʝʥʥʷʤ, ʭʽʤʽʯʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʽʟ ʨʦʟʯʠʥʽʚ, 

ʝʣʝʢʪʨʦʣʽʟʦʤ, ʦʩʘʜʞʝʥʥʷʤ ʽʟ ʛʘʟʦʚʦʾ ʘʙʦ ʧʘʨʦʛʘʟʦʚʦʾ ʬʘʟʠ (CVD ʪʘ PVD -

ʤʝʪʦʜʘʤʠ),  ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʤ ʣʝʛʫʚʘʥʥʷʤ, ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ ʽ ʽʥʜʫʢʮʽʡʥʠʤ 

ʧʨʠʧʽʢʘʥʥʷʤ ʧʦʨʦʰʢʽʚ) [3, 4, 71-79]. ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʤʧʣʝʢʩʥʽ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʽ (ʛʽʙʨʠʜʥʽ) ʤʝʪʦʜʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʪʦʜʘʤʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ (ʣʘʟʝʨʥʦʾ, 

https://mash-xxl.info/info/251261
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ʝʣʝʢʪʨʦʧʨʦʤʝʥʝʚʦʾ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ, ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʽʥ.) [80-85]. ʂʦʞʝʥ ʩʧʦʩʽʙ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʤʘʻ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ.  

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʧʦʩʦʙʽʚ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʞʦʜʝʥ ʟ ʥʠʭ ʥʝ ʤʦʞʝ ʧʨʝʪʝʥʜʫʚʘʪʠ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ: ʪʦʡ ʩʘʤʠʡ ʤʝʪʦʜ ʚ 

ʦʜʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʝ ʜʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ, ʘ ʚ ʽʥʰʠʭ 

ʥʝʛʘʪʠʚʥʠʡ; ʢʦʞʝʥ ʩʧʦʩʽʙ ʤʘʻ ʩʚʦʶ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ; ʙʽʣʴʰʽʩʪʴ ʩʧʦʩʦʙʽʚ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥ ̔ [3, 4]. ʆʜʠʥ ʽ ʪʦʡ ʞʝ ʩʘʤʠʡ ʤʘʪʝʨʽʘʣ 

ʧʦʢʨʠʪʪʷ, ʘʣʝ ʥʘʥʝʩʝʥʠʡ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʉʧʦʩʽʙ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʙʦʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʢʨʠʪʪʷ ʪʘ ʛʝʦʤʝʪʨʽʻʶ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ʗʢ ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʘʣʠ, ʩʧʣʘʚʠ, ʧʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ (ʧʦʨʦʰʢʠ, ʜʨʦʪʠ), 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʤʝʪʘʣʝʚʦʶ, ʧʦʣʽʤʝʨʥʦʶ ʪʘ ʢʝʨʘʤʽʯʥʦʶ ʤʘʪʨʠʮʝʶ. 

ʄʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ʚʠʙʠʨʘʶʪʴ ʚʠʭʦʜʷʯʠ ʟ ʤʘʪʝʨʽʘʣʫ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʪʘ ʫʤʦʚ 

ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʦʮʽʣʴʥʦ ʧʨʘʛʥʫʪʠ ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ 

çʫʥʽʚʝʨʩʘʣʴʥʽè ʧʦʢʨʠʪʪʷ ʪʘ ʩʧʦʩʦʙʠ ʾʭ ʥʘʥʝʩʝʥʥʷ, ʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʝʡ ʪʘ ʧʝʚʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʉʝʨʝʜ ʩʧʦʩʦʙʽʚ ʥʘʥʝʩʝʥʥʷ ʟʤʽʮʥʶʶʯʠʭ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʪʘ ʤʘʩʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʤʽʮʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʻ 

ʤʝʪʦʜʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ [1-4, 12, 15]. 

 

1.2. ʄʝʪʦʜʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ  

 

ʅʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ï ʮʝ ʧʨʦʮʝʩ 

ʥʘʛʨʽʚʘʥʥʷ, ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʨʦʟʧʠʣʶʻʪʴʩʷ, ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ ʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ (ʦʩʥʦʚʽ) 

ʰʘʨʫ ʧʦʢʨʠʪʪʷ. ʉʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ - ʤʝʪʘʣ ʫ ʚʠʛʣʷʜʽ ʜʨʦʪʫ ʘʙʦ ʧʦʨʦʰʢʫ 
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ʨʦʟʧʣʘʚʣʷʻʪʴʩʷ ʪʘ ʨʦʟʧʠʣʶʻʪʴʩʷ ʩʪʨʫʤʝʥʝʤ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʘʙʦ ʛʘʟʽʚ, 

ʦʩʽʜʘʻ ʥʘ ʧʽʜʛʦʪʦʚʣʝʥʫ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʧʨʠ ʫʜʘʨʥʦʤʫ ʟʽʪʢʥʝʥʥʽ ʟ ʥʝʶ [4, 86]. 

ʆʩʦʙʣʠʚʽʩʪʶ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʻ ʪʝ, ʱʦ 

ʧʦʢʨʠʪʪʷ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʙʝʟ ʽʩʪʦʪʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʪʘʣʽ ʪʘ 

ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʢʨʠʪʪʷ ʟ ʾʾ ʧʦʚʝʨʭʥʝʶ.  

ɼʦ ʤʝʪʦʜʽʚ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʥʘʣʝʞʘʪʴ [4]: ʧʣʘʟʤʦʚʝ, 

ʜʝʪʦʥʘʮʽʡʥʝ, ʛʘʟʦʧʦʣʫʤʝʥʝʚʝ (ɻʇʅ) ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʝ (ɽɼʅ) ʥʘʧʠʣʝʥʥʷ (ʪʘʙʣ. 

1.1). ɿʘʛʘʣʴʥʠʤ ʜʣʷ ʚʩʽʭ ʤʝʪʦʜʽʚ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʻ ʥʘʛʨʽʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʨʦʟʧʠʣʶʻʪʴʩʷ, ʜʦ ʚʠʩʦʢʦʧʣʘʩʪʠʯʥʦʛʦ ʩʪʘʥʫ ʘʙʦ ʧʣʘʚʣʝʥʥʷ, 

ʧʨʠʩʢʦʨʝʥʥʷ ʯʘʩʪʠʥʦʢ ʘʙʦ ʢʨʘʧʝʣʴ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ ʽ ʧʦʜʘʣʴʰʘ ʾʭ ʚʟʘʻʤʦʜʽʷ ʟ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ. ɺʽʜʨʽʟʥʷʶʪʴʩʷ ʤʝʪʦʜʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚʠʜʦʤ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ, ʽ ʩʧʦʩʦʙʦʤ ʧʨʠʩʢʦʨʝʥʥʷ ʯʘʩʪʠʥʦʢ [4, 85]. 

ʇʨʠʥʮʠʧʦʚʘ ʨʽʟʥʠʮʷ ʤʝʪʦʜʽʚ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʜʦʤ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (ʪʘʙʣ. 1.1). 

ɻʘʟʦʪʝʨʤʽʯʥʝ ʧʦʢʨʠʪʪʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ ʥʘʥʝʩʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ, ʚʢʣʶʯʝʥʴ ʦʢʩʠʜʽʚ ʪʘ ʧʦʨ (ʨʠʩ. 1.1). 

ʅʘʧʠʣʝʥʽ ʰʘʨʠ ʬʦʨʤʫʶʪʴ ʯʘʩʪʠʥʢʠ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʰʚʠʜʢʽʩʪʴ ʪʘ ʘʛʨʝʛʘʪʥʠʡ 

ʩʪʘʥ. ʊʦʤʫ ʧʦʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, 

ʰʘʨʫʚʘʪʦʶ ʙʫʜʦʚʦʶ ʪʘ ʚʠʩʦʢʦʶ ʧʦʨʠʩʪʽʩʪʶ [4, 5, 16, 22, 25, 26]. ʌʦʨʤʫʚʘʥʥʷ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ (ɻʊʇ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʝʪʘʧʥʦ: ʟʙʣʠʞʝʥʥʷʤ ʯʘʩʪʠʥʦʢ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʜʦ ʚʽʜʩʪʘʥʽ ʤʽʞʘʪʦʤʥʦʾ 

ʚʟʘʻʤʦʜʽʾ; ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʘʪʦʤʘʤʠ ʚʥʘʩʣʽʜʦʢ ʦʙʤʽʥʫ 

ʝʣʝʢʪʨʦʥʘʤʠ; ʦʙôʻʤʥʘ ʚʟʘʻʤʦʜʽʷ, ʱʦ ʣʽʤʽʪʫʻʪʴʩʷ ʯʘʩʦʤ ʧʽʜʪʨʠʤʢʠ ʫ ʟʦʥʽ 

ʢʦʥʪʘʢʪʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʍʽʤʽʯʥʽ ʪʘ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʧʠʣʶʶʪʴʩʷ, ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ. ʉʪʨʫʢʪʫʨʘ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʘ ʟʘ 

ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʘʢʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʤʽʩʮʝ ʜʚʘ 
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ʪʠʧʠ ʚʟʘʻʤʦʜʽʾ: ʘʜʛʝʟʽʡʥʝ - ʤʽʞ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ, ʽ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ ʽ ʢʦʛʝʟʽʡʥʝ - ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʥʘʧʠʣʶʶʪʴʩʷ [3]. 

ʊʘʙʣʠʮʷ 1.1 

ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʠʪʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ɻʊʅ  

ʇʘʨʘʤʝʪʨ 
ʉʧʦʩʽʙ ʥʘʧʠʣʝʥʥʷ 

ɻʇʅ ʇʣʘʟʤʦʚʠʡ ɼʝʪʦʥʘʮʽʡʥʠʡ ɽɼʅ 

ɼʞʝʨʝʣʦ 

ʫʪʚʦʨʝʥʥʷ ʪʝʧʣʘ 

(ʨʦʙʦʯʽ ʛʘʟʠ) 

ɻʦʨʽʥʥʷ 

ʚʫʛʣʝʚʦʜʥʽʚ ʚ 

ʩʝʨʝʜʦʚʠʱʽ 

ʢʠʩʥʶ ʘʙʦ 

ʧʦʚʽʪʨʷ 

ɯʦʥʽʟʦʚʘʥʠʡ 

ʛʘʟ 

ɻʦʨʽʥʥʷ 

ʚʫʛʣʝʚʦʜʥʽʚ ʘʙʦ 

ʚʦʜʥʶ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʢʠʩʥʶ 

ʘʙʦ ʧʦʚʽʪʨʷ  

ɽʣʝʢʪʨʠʯʥʘ 

ʜʫʛʘ 

(ʧʦʚʽʪʨʷ ʘʙʦ 

ʽʥʰʽ ʛʘʟʠ) 

ʄʘʪʝʨʽʘʣʠ 

ʇʦʨʦʰʢʠ, 

ʜʨʦʪʠ, ʰʥʫʨʠ, 

ʩʪʨʠʞʥʽ 

ʇʦʨʦʰʢʠ ʽ 

ʜʨʦʪʠ 
ʇʦʨʦʰʢʠ 

ɼʨʦʪʠ 

ʩʫʮʽʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ, 

ʧʦʨʦʰʢʦʚʽ 

ʜʨʦʪʠ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʢʛ/ʛʦʜ 
5,0 é 10,0 0,5 é 8,0 0,1 é 6,0 6 é 35 

ʂʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ (ʂɺʄ) 

0,8 é 0,95 0,7 é 0,9 0,3 é 0,6 0,8 é 0,95 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʨʦʟʧʠʣʶʻʪʴʩʷ, ʦʂ 

ɼʦ 2000 ɼʦ 3000 ɼʦ 3000 ʜʦ 2000 

ʐʚʠʜʢʽʩʪʴ 

ʯʘʩʪʦʢ, ʱʦ 

ʨʦʟʧʠʣʶʶʪʴʩʷ 

ʤ/ʩ 

20 é 180 50 é 600 350 é 1000 50 é 240 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʽʚʘʥʥʷ 

ʜʝʪʘʣʽ, Áʉ 

100 é 150 100 é 150 150 é 200 100 é 150 

ʇʦʨʠʩʪʽʩʪʴ, ʇ, % 10,0 é 35,0 1,0 é 15,0 0,5 é 2,0 10,0 é 25,0 

ʄʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ, ůʟʯ, 
ʄʇʘ 

20 é 40 50 é 80 80 ʽ ʙʽʣʴʰʝ 20 é80 

ʊʦʚʱʠʥʘ 

ʧʦʢʨʠʪʪʷ , ʤʤ 
0,2 é 2.0   0,2 é 10 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ, 

HV 
240 é 600 500 é1500 450 é500 250 é 400 

 

ʅʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʘʙʦ ʥʘʧʠʣʝʥʦʛʦ ʰʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʩʦʨʙʮʽʷ ʛʘʟʽʚ, 

ʪʦʤʫ ʧʨʠ ʧʦʩʪʫʧʦʚʦʤʫ ʫʢʣʘʜʘʥʥʽ ʜʝʬʦʨʤʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʩʪʠʢʘʭ ʤʽʞ 
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ʥʠʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʢʨʦʧʦʨʦʞʥʝʯʽ, ʟʘʧʦʚʥʝʥʽ ʛʘʟʘʤʠ. ʇʦʨʠ, ʟʘʧʦʚʥʝʥʽ 

ʛʘʟʘʤʠ, ʪʘ ʢʦʥʜʝʥʩʘʪ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ ʨʦʟʧʦʜʽʣʽ ʪʘ ʨʽʚʥʽ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʢʨʠʪʪʷʭ ʽ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ. ʐʘʨʠ 

ʧʦʢʨʠʪʪʷ, ʱʦ ʥʘʧʠʣʶʶʪʴʩʷ, ʬʦʨʤʫʶʪʴʩʷ ʟ ʥʝʨʦʟʧʣʘʚʣʝʥʠʭ ʽ ʨʦʟʧʣʘʚʣʝʥʠʭ 

ʯʘʩʪʠʥʦʢ, ʪʦʤʫ ʩʪʨʫʢʪʫʨʘ ɻʊʇ ʥʦʩʠʪʴ ʰʘʨʫʚʘʪʠʡ ʭʘʨʘʢʪʝʨ [4].  

 

ʈʠʩ. 1.1. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʧʦʢʨʠʪʪʷ 

 

ʇʨʦʮʝʩʠ ʦʪʨʠʤʘʥʥʷ ɻʊʇ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ, ʱʦ ʥʘʧʠʣʶʶʪʴʩʷ, ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ. 

ʂʦʞʝʥ ʽʟ ʝʪʘʧʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʷʚʠʱʘʤʠ, ʷʢʽ ʚʥʦʩʷʪʴ 

ʧʝʚʥʠʡ ʚʥʝʩʦʢ ʫ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ [4]. ʋʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʢʨʠʪʪʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʥʫ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ (ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʢʠʩʣʝʥʦʩʪʽ, 

ʽʥ.) ʪʘ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʱʦ ʥʘʧʠʣʶʶʪʴʩʷ (ʾʭ ʨʦʟʤʽʨʦʤ, 

ʘʛʨʝʛʘʪʥʠʤ ʩʪʘʥʦʤ ʪʘ ʽʥ.), ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ ʥʘʧʠʣʝʥʥʷ (ʩʢʣʘʜʦʤ ʽ 

ʝʥʝʨʛʽʻʶ ʛʘʟʦʚʦʾ ʘʪʤʦʩʬʝʨʠ, ʰʚʠʜʢʽʩʪʶ ʩʪʨʫʤʝʥʷ ʪʘ ʽʥ.) ʚ ʤʦʤʝʥʪ ʟʽʪʢʥʝʥʥʷ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ 

ʥʘʧʠʣʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʝʛʫʣʶʚʘʪʠ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ [5, 22]. ʇʘʨʘʤʝʪʨʠ 

ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʽʜʙʠʨʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʘ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʦʮʽʥʶʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ. 
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ɻʘʟʦʪʝʨʤʽʯʥʽ ʧʦʢʨʠʪʪʷ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʙʫʚʘʶʪʴ 

ʟʥʦʩʦʩʪʽʡʢʽ, ʬʨʠʢʮʽʡʥʽ, ʘʥʪʠʬʨʠʢʮʽʡʥʽ, ʝʨʦʟʽʡʥʦʩʪʽʡʢʽ, ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʽ, 

ʞʘʨʦʩʪʽʡʢʽ, ʪʝʧʣʦʟʘʭʠʩʥ ̔[4].  

ʄʝʪʦʜʘʤʠ ɻʊʅ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʧʦʢʨʠʪʪʷ ʽʟ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ, ʘ 

ʪʘʢʦʞ ʾʭ ʩʫʤʽʰʽ ʥʘ ʜʝʪʘʣʽ ʽʟ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ [34-39]. 

ʅʘʧʠʣʝʥʥʷʤ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʤʘʪʝʨʽʘʣʠ ʚ ʢʽʣʴʢʘ ʰʘʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʧʦʢʨʠʪʪʷ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʄʝʪʦʜʘʤʠ ɻʊʅ 

ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʧʦʢʨʠʪʪʷ ʜʦ 10 ʤʤ ʷʢ ʥʘ ʚʝʣʠʢʽ ʧʣʦʱʽ, ʪʘʢ ʽ ʥʘ ʦʙʤʝʞʝʥʽ 

ʜʽʣʷʥʢʠ ʜʝʪʘʣʝʡ. ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ɻʊʅ ʻ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʠʤ ʽ ʣʝʛʢʠʤ, ʡʦʛʦ 

ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ. [4, 18, 19, 21, 87]. ʊʘʢ, ʜʣʷ ɻʇʅ ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ 

ʢʦʤʧʨʝʩʦʨ, ʧʘʣʴʥʠʢ ʜʣʷ ʥʘʧʠʣʝʥʥʷ ʽ ʙʘʣʦʥʠ ʟ ʛʘʟʘʤʠ. ʗʢʱʦ ʻ ʜʞʝʨʝʣʦ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʦ ʧʦʢʨʠʪʪʷ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʤʝʪʦʜʦʤ ɽɼʅ. ʇʦʚʝʨʭʥʽ 

ʜʝʪʘʣʝʡ, ʥʘ ʷʢʽ ʥʘʥʦʩʠʪʴʩʷ ʧʦʢʨʠʪʪʷ ʤʝʪʦʜʘʤʠ ɻʊʅ ʤʘʣʦ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʪʦʜʽ 

ʷʢ ʧʨʠ ʽʥʰʠʭ ʤʝʪʦʜʘʭ ʾʭ ʥʝʦʙʭʽʜʥʦ ʥʘʛʨʽʚʘʪʠ ʜʦ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʝʡ. ʇʨʦʮʝʩʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʘʤʠ 

ʥʘʧʠʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʦʶ ʪʨʫʜʦʻʤʥʽʩʪʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʠ ɻʊʅ ʤʘʶʪʴ ʥʠʟʢʫ ʪʘʢʠʭ 

ʧʝʨʝʚʘʛ: ʥʘʧʠʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ; ʦʜʝʨʞʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ 

ʟʘʜʘʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʽʚ; ʟʜʽʡʩʥʝʥʥʷ 

ʥʘʧʠʣʝʥʥʷ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ (ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʤʘʡʩʪʝʨʥʽ); ʚʠʩʦʢʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʦʪ 1 ʜʦ 100 ʢʛ/ʯʘʩ); ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʝʡ; 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʣʦʢʘʣʴʥʽ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʦʥʴ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ ʽ 

ʨʦʟʤʽʨʽʚ ʪʦʚʱʠʥʦʶ 0,1 é 10 ʤʤ; ʧʨʦʩʪʦʪʘ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʪʨʘʪʠ ʥʘ 

ʥʘʧʠʣʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ 15 ... 20% ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʪʨʘʪʘʤʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʾʭ ʤʽʮʥʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʡ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʚ 2,5 ... 3 

ʨʘʟʠ [4, 87]. 

ɯʩʥʫʶʯʠʡ ʨʽʚʝʥʴ ʤʝʪʦʜʽʚ ɻʊʅ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʦʨʦʟʽʾ ʡ ʟʥʦʩʫ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʘʚʽʘ-, ʽ ʘʚʪʦʙʫʜʫʚʘʥʥʽ, 

ʪʫʨʙʦʙʫʜʫʚʘʥʥʽ, ʥʘʬʪʦʭʽʤʽʾ, ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿʘ 
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ʜʦʧʦʤʦʛʦʶ ɻʊʅ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽ, ʞʘʨʦ - ʪʘ ʝʨʦʟʽʡʥʦʩʪʽʡʢʽ 

ʧʦʢʨʠʪʪʷ ʥʘ ʜʝʪʘʣʽ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʽ ʪʫʨʙʽʥ, ʥʘ ʟʦʚʥʽʰʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ 

ʮʠʣʽʥʜʨʠʯʥʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ, ʚʢʣʶʯʘʶʯʠ ʪʘʢʽ ʩʢʣʘʜʥʽ, ʷʢ ʢʦʣʽʥʯʘʩʪʽ ʚʘʣʠ ʡ 

ʽʥ. [65-68, 70]. ɿʘʩʪʦʩʦʚʫʶʪʴ ʥʘʧʠʣʝʥʥʷ ʜʣʷ ʜʝʪʘʣʝʡ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʦʢʠʩʣʝʥʥʷ. ʇʦʢʨʠʪʪʷ ʥʘʥʦʩʷʪʴ ʤʝʪʦʜʘʤʠ 

ɻʊʅ ʥʘ ʩʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʦʩʪʠ, ʚʝʞʽ, ʰʣʶʟʠ, ʩʫʜʥʘ, ʨʝʟʝʨʚʫʘʨʠ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʠ, ʪʨʫʙʦʧʨʦʚʦʜʠ, ʨʽʟʥʝ ʰʘʭʪʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʛʘʟʦʚʽ ʻʤʥʦʩʪʽ, 

ʤʠʡʥʽ ʧʨʠʩʪʨʦʾ, ʧʦʚʽʪʨʦʜʫʚʢʠ, ʥʘʩʦʩʠ, ʩʪʘʣʝʚʽ ʰʘʩʽ, ʧʝʨʠʣʘ ʪʘ ʽʥ. [65-68, 70] 

ʄʝʪʦʜʠ ɻʊʅ ʝʬʝʢʪʠʚʥʽ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ 

ʨʦʟʤʽʨʠ ʜʝʪʘʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ɻʊʅ ʧʦʨʦʰʢʦʚʠʭ ʽ ʜʨʦʪʷʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ, ʱʦ ʰʚʠʜʢʦ ʟʥʦʰʫʶʪʴʩʷ, ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʩʢʦʨʦʪʠʪʠ ʧʨʦʩʪʦʾ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʙʽʣʴʰʠʪʠ ʚʠʧʫʩʢ ʧʨʦʜʫʢʮʽʾ, ʧʽʜʚʠʱʠʪʠ ʾʾ ʷʢʽʩʪʴ. 

ʇʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻʊʅ ʩʚʽʜʯʠʪʴ ʥʘʷʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚ ʽʟ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʧʘʨʘʪʫʨʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ: ʬʽʨʤʘ Metko, Wall Cobmonoy Corp., 

Linde Div., Union Carbide Corp. ʪʘ ʽʥ. [34-39]. ʅʘʷʚʥʽʩʪʴ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʨʫʙʽʞʥʠʭ ʫʩʪʘʥʦʚʦʢ ɻʊʅ, ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʥʘʧʠʣʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʫʚʘʪʠ ʥʠʟʢʫ ʧʠʪʘʥʴ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ [4, 18, 19, 87]. 

 

1.3. ɺʠʙʽʨ ʤʝʪʦʜʽʚ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 

ʥʘʧʠʣʝʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʾʭ ʧʝʨʝʚʘʛʠ ʡ ʥʝʜʦʣʽʢʠ  

 

ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʢʣʘʜʥʠʡ, ʦʩʢʽʣʴʢʠ 

ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʘ, ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ʟ ʧʦʛʣʷʜʫ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. ʇʨʠ ʚʠʙʦʨʽ ʩʧʦʩʦʙʫ ɻʊʅ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ [4, 22, 24, 32, 62, 70]: 

ʯʘʩʪʢʘ ʫʯʘʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚ ʧʦʢʨʠʪʪʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ; ʪʝʨʤʽʯʥʠʡ 
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ʚʧʣʠʚ ʥʘ ʜʝʪʘʣʴ ʤʘʻ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ; ʫ ʟʦʥʘʭ ʟôʻʜʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʧʦʢʨʠʪʪʷ ʥʝ ʧʦʚʠʥʥʽ ʨʦʟʚʠʚʘʪʠʩʷ ʧʨʦʮʝʩʠ ʨʝʣʘʢʩʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʟʜʘʪʥʽ 

ʟʤʽʥʠʪʠ ʾʭ ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ. ɼʣʷ ʚʠʙʦʨʫ ʩʧʦʩʦʙʫ ɻʊʅ ʥʝʦʙʭʽʜʥʝ 

ʟʥʘʥʥʷ ʚʧʣʠʚʫ ʧʦʢʨʠʪʪʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʜʝʪʘʣʝʡ ʚ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʠʭ ʫʤʦʚʘʭ. ɿ ʘʥʘʣʽʟʫ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʥʘʥʝʩʝʥʥʷ ʚʠʧʣʠʚʘʶʪʴ ʥʝʛʘʪʠʚʥʽ ʷʚʠʱʘ (ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ 

ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʢʨʠʪʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʘ ʽʥ.), ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ ʤʝʪʦʜʫ ɻʊʅ [4].  

ʉʠʩʪʝʤʫ "ʜʝʪʘʣʴ-ʧʦʢʨʠʪʪʷ" ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʥʩʪʨʫʢʮʽʶ, ʪʘʢ 

ʷʢ ʥʘ ʤʝʞʽ ʢʦʥʪʘʢʪʫ ʧʦʢʨʠʪʪʷ ʟ ʜʝʪʘʣʣʶ ʬʦʨʤʫʻʪʴʩʷ ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ, ʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʽ ʡ ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʚʽʜʤʽʥʥʽʩʪʴ. ɿ ʫʩʽʭ ʽʩʥʫʶʯʠʭ 

ʩʧʦʩʦʙʽʚ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʩʧʦʩʽʙ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭʥʶ ʤʘʢʩʠʤʘʣʴʥʫ ʤʽʮʥʽʩʪʴ ʽ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʧʨʠ ʥʘʡʤʝʥʰʽʡ 

ʩʦʙʽʚʘʨʪʦʩʪʽ [3, 4]. ɿ ʮʠʭ ʧʦʟʠʮʽʡ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ (ʨʠʩ. 1.2) ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ (ʨʠʩ. 1.3), ʷʢʠʤʠ 

ʥʘʥʦʩʠʪʴʩʷ ʧʦʥʘʜ 75 % ʧʦʢʨʠʪʪʽʚ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʩʝʨʝʜ ʩʧʦʩʦʙʽʚ ɻʊʅ 

ʚʦʥʠ ʻ ʥʘʡʜʝʰʝʚʰʠʤʠ ʪʘ ʥʘʡʧʨʦʩʪʽʰʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ 

ʥʝ ʚʠʤʘʛʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʚʘʨʪʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʶʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʛʥʫʯʢʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʨʽʟʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ, 

ʝʬʝʢʪʠʚʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʇʨʠ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʻ ʛʘʟʦʚʝ 

ʧʦʣʫʤôʷ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʦʨʽʥʥʷ ʩʫʤʽʰʽ ʢʠʩʝʥʴ (ʩʪʠʩʥʝ 

ʧʦʚʽʪʨʷ) - ʛʦʨʶʯʠʡ ʛʘʟ (ʘʮʝʪʠʣʝʥ, ʧʨʦʧʘʥ-ʙʫʪʘʥ, ʧʨʠʨʦʜʥʠʡ ʛʘʟ) [4] ʪʘ 

ʚʠʪʽʢʘʻ ʟ ʩʦʧʣʦʚʠʭ ʦʪʚʦʨʽʚ ʧʘʣʴʥʠʢʘ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ (ʨʠʩ. 1.2). 

ʄʘʪʝʨʽʘʣ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʟʦʥʫ ʧʦʣʫʤôʷ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ, 

ʛʥʫʯʢʦʛʦ ʰʥʫʨʘ ʘʙʦ ʜʨʦʪʫ, ʥʘʛʨʽʚʘʻʪʴʩʷ ʫ ʬʘʢʝʣʽ ʜʦ ʧʣʘʚʣʝʥʥʷ ʘʙʦ 
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ʚʠʩʦʢʦʧʣʘʩʪʠʯʥʦʛʦ ʩʪʘʥʫ (ʫ ʨʘʟʽ ʥʘʧʠʣʝʥʥʷ ʪʫʛʦʧʣʘʚʢʠʭ ʧʦʨʦʰʢʽʚ) ʽ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ, ʬʦʨʤʫʶʯʠ ʧʦʢʨʠʪʪʷ (ʨʠʩ. 1.2).  

ʐʚʠʜʢʽʩʪʴ ʧʦʣʴʦʪʫ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʩʫʤʽʰʽ ʢʠʩʥʶ ʡ ʧʘʣʴʥʦʛʦ ʛʘʟʫ, ʚʠʪʨʘʪ ʦʙʜʫʚʘʶʯʦʛʦ ʛʘʟʫ, ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʨʽʟʫ 

ʩʦʧʣʘ, ʡʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʽʥ. ʯʠʥʥʠʢʽʚ [44]. ʋ ʧʨʦʮʝʩʘʭ 

ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʦʨʦʰʢʠ: ʯʠʩʪʠʭ 

ʤʝʪʘʣʽʚ; ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ, ʟʘʣʽʟʘ, ʥʽʢʝʣʶ, ʢʦʙʘʣʴʪʫ ʪʘ ʤʽʜʽ; 

ʩʘʤʦʬʣʶʩʥʽ ʩʧʣʘʚʠ (ʉʌʉ) ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ ʽ ʢʦʙʘʣʴʪʫ; ʢʘʨʙʽʜʠ ʪʘ ʾʭ ʩʫʤʽʰʽ; 

ʦʢʩʠʜʥʘ ʢʝʨʘʤʽʢʘ; ʝʢʟʦʪʝʨʤʽʯʥʦ ʨʝʘʛʫʶʯʽ ʢʦʤʧʦʟʠʮʽʾ (ʥʽʢʝʣʴ-ʘʣʶʤʽʥʽʡ, 

ʧʦʣʽʤʝʨʠ ʪʘ ʾʭ ʩʫʤʽʰʽ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʧʦʨʦʰʢʽʚ) [34-37, 39].  

 

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʥʘʧʠʣʝʥʥʷ  

 

ɿʛʽʜʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ GTS (Gemeinschaft Thermisches Spritzen) 

ʝʣʝʢʪʨʦʜʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʥʘʥʝʩʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ [1, 2, 4]. ɽʣʝʢʪʨʦʜʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ (ʝʣʝʢʪʨʦʜʫʛʦʚʘ ʤʝʪʘʣʽʟʘʮʽʷ) 

ʚʽʜʦʤʝ ʟ ʍʍ ʩʪʦʣʽʪʪʷ ʷʢ ʤʝʪʦʜ çʰʦʦʧʽʨʫʚʘʥʥʷè, ʥʘʟʚʘʥʦʛʦ ʥʘ ʽʤôʷ ʥʽʤʝʮʴʢʦʛʦ 

ʚʠʥʘʭʽʜʥʠʢʘ ʐʦʦʧʘ [4]. ʇʝʨʰʠʤʠ ʢʥʠʛʘʤʠ, ʱʦ ʥʘʧʠʩʘʥʽ ʥʘ ʮʶ ʪʝʤʫ ʻ: "Das 

Schoopsche Metallspritzverfahren" H. Gunter, M. Schoop (1917 ʨ.), "ʆʩʥʦʚʠ 

ʤʝʪʘʣʽʟʘʮʽʾ ʨʦʟʧʠʣʝʥʥʷʤ" ɸ.ʌ. ʊʨʦʽʮʴʢʦʛʦ, 1960 ʛ. ʆʧʠʩ ʧʨʦʮʝʩʫ ɽɼʅ 

ʥʘʚʦʜʠʪʴʩʷ ʫ ʧʫʙʣʽʢʘʮʽʾ ɸ. ʍʘʩʫʽ "ʊʝʭʥʠʢʘ ʥʘʧʳʣʝʥʠʷ" (ʧʝʨʝʢʣʘʜ ʟ 

ʇʦʢʨʠʪʪʷ 

ɼʝʪʘʣʴ 

ʉʦʧʣʦ 

ʂʠʩʝʥʴ 

ɻʦʨʶʯʠʡ ʛʘʟ 

ʇʦʨʦʰʦʢ 
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ʷʧʦʥʩʴʢʦʛʦ), 1975 ʨ. ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʤʝʪʦʜ ɽɼʅ ʦʪʨʠʤʘʚ ʟʥʘʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʦʜʠʥ ʟ ʩʘʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʧʨʦʜʫʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ [22-33]. 

ʉʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ɽɼʅ [4, 5] ʧʦʣʷʛʘʻ ʚ ʥʘʛʨʽʚʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʶ ʜʫʛʦʶ 

ʜʨʦʪʽʚ, ʱʦ ʩʭʦʜʷʪʴʩʷ, ʽ ʨʦʟʧʠʣʝʥʥʽ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ 

(ʨʠʩ. 1.3). ɼʨʦʪʠ ʧʦʜʘʶʪʴʩʷ ʧʦ ʥʘʧʨʘʚʣʷʶʯʠʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʘʧʘʨʘʪʫ, ʜʦ 

ʷʢʠʭ ʧʽʜʚʝʜʝʥʘ ʥʘʧʨʫʛʘ (ʨʠʩ. 1.3). ʄʽʞ ʢʽʥʮʷʤʠ ʜʨʦʪʽʚ ʧʨʠ ʾʭ ʟʘʤʠʢʘʥʥʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ. ʇʨʠ ʥʘʧʨʫʟʽ 15-25 ɺ ʫʪʚʦʨʶʻʪʴʩʷ ʜʫʛʘ, ʷʢʘ ʤʘʻ 

ʥʝʩʪʽʡʢʠʡ, ʫʨʠʚʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʥʘʧʨʫʛʠ ʜʫʛʘ ʩʪʘʻ 

ʙʝʟʧʝʨʝʨʚʥʦʶ ʪʘ ʩʪʽʡʢʦʶ. ʍʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ ʛʦʨʽʥʥʷ ʜʫʛʠ ʤʘʶʪʴ ʤʽʩʮʝ ʫ 

ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʫʛʦʚʠʡ ʧʨʦʤʽʞʦʢ ʥʝʚʝʣʠʢʠʡ ʽ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 0,8 

ʤʤ. ɺ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʘʧʘʨʘʪʽ ʢʫʪ ʤʽʞ ʜʨʦʪʘʤʠ ʩʪʘʥʦʚʠʪʴ 30-60Á. ʇʨʠ ʢʫʪʘʭ, 

ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 60Á, ʧʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ ʩʪʘʻ ʥʝʩʪʘʙʽʣʴʥʠʤ. ʏʝʨʝʟ ʩʦʧʣʦ ʫ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʘʧʘʨʘʪʫ ʧʦʜʘʻʪʴʩʷ ʧʦʚʽʪʨʷ, ʱʦ ʩʪʠʩʢʘʻʪʴʩʷ. ʉʪʨʫʤʽʥʴ 

ʧʦʚʽʪʨʷ ʚʽʜʨʠʚʘʻ ʟ ʜʨʦʪʽʚ-ʝʣʝʢʪʨʦʜʽʚ ʯʘʩʪʠʥʢʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʨʦʟʧʠʣʶʶʪʴʩʷ, ʽ 

ʚʽʜʥʦʩʠʪʴ ʾʭ ʜʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ (ʨʠʩ. 1.3). ɸʧʘʨʘʪ ʜʣʷ ɽɼʅ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ 

ʷʢ ʥʘ ʧʦʩʪʽʡʥʦʤʫ, ʪʘʢ ʽ ʥʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʜʫʛʘ ʛʦʨʠʪʴ ʥʝʩʪʽʡʢʦ ʪʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʝʣʠʢʠʤ ʰʫʤʦʤ. ʇʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ ʻ ʩʪʽʡʢʠʤ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʚʠʩʦʢʘ, ʥʘʧʠʣʝʥʠʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ [87]. 

 

 

ʈʠʩ. 1.3. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ɽɼʅ: 1 ï ʝʣʝʢʪʨʦʜʥʽ ʜʨʦʪʠ; 2 ï ʤʝʭʘʥʽʟʤ ʧʦʜʘʯʽ ʜʨʦʪʫ; 

3 ï ʢʦʨʧʫʩ ʘʧʘʨʘʪʫ ʜʣʷ ɽɼʅ; 4 - ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ ʟ ʨʦʟʧʠʣʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʨʦʪʽʚ; 

5 ï ʥʘʧʠʣʝʥʝ ʧʦʢʨʠʪʪʷ; 6 ï ʢʘʥʘʣ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ 
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ʇʨʠ ɽɼʅ ʤʘʪʝʨʽʘʣʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʾʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ʫ ʚʠʛʣʷʜʽ ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 0,8; 1,0; 1,6 ʪʘ 2,0 ʤʤ. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ɽɼʅ: ʩʢʣʘʜ; ʜʽʘʤʝʪʨ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʜʨʦʪʫ; 

ʧʦʪʫʞʥʽʩʪʴ ʜʫʛʠ; ʚʠʪʨʘʪʠ ʛʘʟʫ; ʚʽʜʩʪʘʥʴ ʥʘʧʠʣʝʥʥʷ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʘʧʘʨʘʪʫ ʜʣʷ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʜʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʩʢʣʘʜʘʻ 100 ï 200 ʤʤ [5, 87]. 

ʇʨʦʮʝʩ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚʢʣʶʯʘʻ 

ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʦʙʨʦʙʢʫ ʧʦʢʨʠʪʪʷ 

ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ, ʷʢʱʦ ʫ ʮʴʦʤʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʘ ʾʭ ʢʦʥʪʨʦʣʴ [4, 5, 22, 25, 26]. 

ʇʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʧʽʜʛʦʪʦʚʢʠ ʦʙʣʘʜʥʘʥʥʷ, 

ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʥʘʧʠʣʝʥʥʷ. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʻ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ 

ʜʝʪʘʣʣʶ [4, 5, 22]. ɿʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʧʦʚôʷʟʘʥʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʾʾ ʧʣʦʱʠʥʠ ʪʘ ʩʪʚʦʨʝʥʥʷʤ ʥʘ ʥʽʡ 

ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ ʨʦʟʚʠʥʫʪʦʾ ʰʦʨʩʪʢʦʩʪʽ. ɯʩʥʫʶʪʴ ʪʘʢʽ ʩʧʦʩʦʙʠ ʧʽʜʛʦʪʦʚʢʠ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ: ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʠʡ; ʤʝʭʘʥʽʯʥʠʡ; 

ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʡ. ʋ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦ ʦʧʝʨʘʮʽʾ ʥʘʧʠʣʝʥʥʷ ʚʭʦʜʠʪʴ 

ʥʘʧʠʣʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʰʘʨʫ ʤʦʣʽʙʜʝʥʫ ʘʙʦ ʥʽʭʨʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ [4, 5, 22]. ʇʽʩʣʷ ɻʊʅ ʥʘʡʯʘʩʪʽʰʝ 

ʨʦʟʤʽʨʠ ʜʝʪʘʣʽ ʪʘ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʦʙʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʘʤ, 

ʪʦʤʫ ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤʠ ʟʘʟʥʘʶʪʴ ʦʩʪʘʪʦʯʥʦʾ ʤʝʭʘʥʽʯʥʦʾ 

(ʰʣʽʬʫʚʘʥʥʷʤ ʪʘ ʽʥ.), ʪʝʨʤʽʯʥʦʾ ʪʘ ʽʥ. ʦʙʨʦʙʢʠ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʧʨʦʚʦʜʷʪʴ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʠʣʝʥʥʷ ʪʘ 

ʦʩʪʘʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ. ʇʨʘʚʠʣʴʥʦ ʚʠʙʨʘʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ, 

ʧʽʜʪʨʠʤʘʥʥʷ ʾʭ ʩʪʘʙʽʣʴʥʠʤʠ ʧʨʠ ʧʦʚʥʦʤʫ ʮʠʢʣʽ ʥʘʧʠʣʝʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʝʨʞʘʥʥʷ ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʦʩʥʦʚʥʘ 

ʫʚʘʛʘ ʧʨʠ ʥʘʧʠʣʝʥʥʽ ʤʘʻ ʧʨʠʜʽʣʷʪʠʩʷ ʢʦʥʪʨʦʣʶ ʨʝʞʠʤʫ ʥʘʧʠʣʝʥʥʷ. 

ʆʩʪʘʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ 
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ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ: ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʟʦʚʥʽʰʥʽʡ 

ʦʛʣʷʜ ʥʘʧʠʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʦʮʽʥʢʘ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ. 

ɼʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʪʘ 

ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʘʢʠʤʠ ʧʝʨʝʚʘʛʘʤʠ [4, 22, 24-

26]: ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʛʥʫʯʢʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʨʽʟʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ; 

ʚʽʜʩʫʪʥʽʩʪʶ ʟʥʘʯʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʝʪʘʣʴ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ 

ʜʝʪʘʣʽ 100-150Áʉ); ʚʽʜʩʫʪʥʽʩʪʶ ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʝʡ; ʧʨʦʩʪʦʪʦʶ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ ʧʨʦʮʝʩʽʚ ʽ ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, 

ʪʘʢ ʽ ʚ ʥʝʚʝʣʠʢʠʭ ʤʘʡʩʪʝʨʥʷʭ; ʥʘʥʝʩʝʥʥʷʤ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʟ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʩʪʘʣʴ, ʯʘʚʫʥ ʪʘ ʽʥ.); ʦʪʨʠʤʘʥʥʷʤ ʧʦʢʨʠʪʪʽʚ ʽʟ ʟʘʜʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ; ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ (ʚ 1,4 é 1,8 ʨʘʟʠ 

ʥʠʞʯʝ ʟʘ ʥʘʧʣʘʚʣʝʥʥʷ). ɻʘʙʘʨʠʪʠ ʜʝʪʘʣʝʡ ʥʝ ʣʽʤʽʪʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ [4]. ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ɽɼʅ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʩʪʫʧʥʽʩʪʶ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ (ʜʦ 20 ʢʛ/ʛʦʜ ʩʪʘʣʽ), ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʚ 1,5-1,8 ʨʘʟ ʚʠʱʝ 

ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ 45, ʤʦʞʣʠʚʽʩʪʶ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʥʘʧʠʣʝʥʥʷ. ʄʝʪʦʜ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ï ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʭ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʤʝʪʦʜʽʚ [1, 2, 4]. ɿʘ ʚʘʨʪʽʩʪʶ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ɽɼʅ ʚ 1,5... 2 

ʨʘʟʠ ʜʝʰʝʚʰʝ ʟʘ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʽʟ ʤʝʪʦʜʽʚ ɻʊʅ ʧʨʠ ʨʽʚʥʽʡ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʢʠʩʥʶ ʷʢ ʦʢʠʩʣʶʚʘʯʘ ʧʘʣʠʚʘ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʧʦʢʨʠʪʪʽʚ, ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʜʝʪʘʣʝʡ ʽ ʙʝʟʧʝʢʫ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ. ʗʢʽʩʪʴ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ɻʇʅ ʽ ɽɼʅ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʧʨʦʩʪʦʪʦʶ ʪʘ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ, ʣʝʛʢʽʩʪʶ ʪʘ ʧʨʦʩʪʦʪʦʶ ʡʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʥʝʚʝʣʠʢʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʤʦʞʣʠʚʽʩʪʶ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʫ ʙʫʜʴ-ʷʢʦʤʫ 

ʧʨʦʩʪʦʨʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ [4, 18, 19, 87]. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽ ʾ ʘʧʘʨʘʪʽʚ ʜʣʷ 

ʥʘʧʠʣʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ [18, 87].  
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ʇʦʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʘʤʠ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 

ʥʘʧʠʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʤʘʰʠʥ ʽ ʧʨʠʣʘʜʽʚ ʪʘʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, 

ʞʘʨʦʩʪʽʡʢʽʩʪʴ, ʝʨʦʟʽʡʥʘ ʡ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥ. [18, 87].  

ʂʨʽʤ ʧʝʨʝʚʘʛ (ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, ʧʨʦʩʪʦʪʘ, ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ) ʤʝʪʦʜʠ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ 

ʤʘʶʪʴ ʽ ʥʝʜʦʣʽʢʠ [4, 5, 22, 27]. ʇʦʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʽ ʮʠʤʠ ʤʝʪʦʜʘʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ; ʥʘʷʚʥʽʩʪʶ 

ʧʦʨʠʩʪʦʩʪʽ; ʧʽʜʚʠʱʝʥʠʤ ʦʢʠʩʥʝʥʥʷʤ ʤʝʪʘʣʫ, ʥʝʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ, 

ʤʦʞʣʠʚʽʩʪʶ ʧʦʷʚʠ ʚ ʧʦʢʨʠʪʪʽ ʪʨʽʱʠʥ ʽ ʚʽʜʰʘʨʫʚʘʥʥʷ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 

ʟʘʣʠʰʢʦʚʠʭ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʠʭ 

ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ ʧʦʚʽʪʨʷʤ, ʱʦ ʾʭ ʨʦʟʧʠʣʶʻ. [4, 5, 22, 27]. ɺʘʞʢʦ 

ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʚʠʥʠʢʥʝʥʥʷ ʧʦʣʽʚ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʥʠʟʴʢʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʚ 

ʦʙʣʘʩʪʽ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ ʢʦʨʝʢʪʥʫ ʦʮʽʥʢʫ ʨʝʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ çʧʦʢʨʠʪʪʷ-ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽè, 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʢʨʠʪʝʨʽʾʚ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

ʇʨʠ ʥʘʧʠʣʝʥʥʽ ʤʦʞʣʠʚʝ ʢʦʨʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ ʯʝʨʝʟ ʩʫʪʪʻʚʫ ʚʽʜʤʽʥʥʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟh ʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʠʪʪʷ ʪʘ ʜʝʪʘʣʽ.  

ʇʦʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʽ ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤ ʥʘʧʠʣʝʥʥʷʤ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ 

ʟʥʘʯʥʫ ʧʦʨʠʩʪʽʩʪʴ. ʅʘʷʚʥʽʩʪʴ ʧʦʨʠʩʪʦʩʪʽ ʟʥʠʞʫʻ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ ʧʦʢʨʠʪʪʷ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʧʦʨʠʩʪʽʩʪʴ, ʘ 

ʢʨʘʱʝ ʙʫʪʠ ʙʝʟʧʦʨʠʩʪʠʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʨʠʩʪʦʩʪʽ 

ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʧʦʛʽʨʰʫʻʪʴʩʷ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʧʦʨʠʩʪʦʩʪʽ ʚʽʜ 10 

ʜʦ 30% ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʙʽʣʴʰ ʥʽʞ ʥʘ ʧʦʨʷʜʦʢ, ʪʦʤʫ ʥʘʧʠʣʝʥʽ 

ʧʦʢʨʠʪʪʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʫʱʽʣʴʥʶʚʘʪʠ.  

ɺʣʘʩʪʠʚʽʩʪʴ, ʱʦ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ï ʮʝ ʾʭ 

ʥʝʚʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʚʠʛʦʨʷʥʥʷ ʚʫʛʣʝʮʶ ʚ ʧʨʦʮʝʩʽ ʥʘʧʠʣʝʥʥʷ 

(ʧʨʠ ʚʤʽʩʪʽ ʚʫʛʣʝʮʶ ʚ ʤʘʪʝʨʽʘʣʽ ʧʦʢʨʠʪʪʷ 0,91%; 0,69%; 0,30% - ʚʤʽʩʪ 
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ʚʫʛʣʝʮʶ ʚ ʥʘʧʠʣʝʥʦʤʫ ʧʦʢʨʠʪʪʽ ʩʪʘʥʦʚʠʪʴ 0,39%; 0,16%; 0,13% ʚʽʜʧʦʚʽʜʥʦ) 

[5, 22]. ʇʨʠ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʤʫ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʽʟ ʨʽʟʥʠʭ ʩʪʘʣʝʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 35 ï 50 HRC, ʱʦ 

ʟʫʤʦʚʣʶʻ ʥʠʟʴʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʷ.  

ʉʴʦʛʦʜʥʽ ʜʫʤʢʘ ʧʨʦ ʥʝʜʦʩʪʘʪʥʶ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ - ʻʜʠʥʘ [5, 22, 27]. ʉʢʨʽʟʴ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʪʘʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʤʽʮʥʶʶʯʠʡ ʝʬʝʢʪ ʧʦʢʨʠʪʪʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʻ 

ʚʠʩʦʢʘ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʥʘ ʤʝʞʽ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʽ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʴʦʤʘ ʚʠʜʘʤʠ ʟʚôʷʟʢʫ: ʤʝʭʘʥʽʯʥʠʤ ʟʯʝʧʣʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ 

ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʩʠʣʘʤʠ ʘʜʛʝʟʽʾ, ʭʽʤʽʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʪʘ 

ʤʽʢʨʦʟʚʘʨʶʚʘʥʥʷʤ ʫ ʜʫʞʝ ʪʦʥʢʦʤʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʜʝʪʘʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʟʥʘʯʠʤʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʭʘʥʽʯʥʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʻ: ʢʦʛʝʟʽʡʥʦ-ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʥʘ ʤʝʞʽ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ 

ʪʘ ʰʘʨʘʤʠ ʧʦʢʨʠʪʪʷ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʥʝʧʦʚʥʠʤ ʩʭʦʧʣʶʚʘʥʥʷʤ, ʧʽʜʚʠʱʝʥʠʤ 

ʚʤʽʩʪʦʤ ʦʢʩʠʜʽʚ, ʧʦʨ ʪʘ ʽʥʰʠʭ ʚʢʣʶʯʝʥʴ ʫ ʧʨʠʛʨʘʥʠʯʥʠʭ ʦʙʣʘʩʪʷʭ; 

ʧʦʨʠʩʪʽʩʪʴ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʯʘʩʪʠʥʦʢ 

ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʱʦ ʨʦʟʧʠʣʶʶʪʴʩʷ ʟ ʚʠʩʦʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʘ ʪʘʢʦʞ 

ʚʠʧʣʝʩʢʫ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʧʨʠ ʫʜʘʨʽ ʯʘʩʪʠʥʦʢ ʧʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ; 

ʩʪʨʫʢʪʫʨʘ ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʦʙʫʤʦʚʣʝʥʘ ʬʘʟʦʚʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʩʪʨʫʤʝʥʷ ʛʘʨʷʯʦʛʦ ʛʘʟʫ ʪʘ ʟʘʛʘʨʪʫʚʘʥʥʷ; 

ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʚʩʴʦʤʫ ʦʙʩʷʟʽ ʧʦʢʨʠʪʪʷ.  

ʊʦʤʫ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [24-26] ʙʫʣʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʰʣʷʭʠ ʪʘ ʩʧʦʩʦʙʠ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʽʟ ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤʠ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ (ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ, 

ʪʚʝʨʜʦʩʪʽ) ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ (ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ) ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʽʮʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 
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1.4. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʪʘ ʩʧʦʩʦʙʠ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ 

 

ʄʦʞʣʠʚʠʤʠ ʰʣʷʭʘʤʠ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ 

ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʽʮʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʻ ʧʦʰʫʢ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʪʴ ʟʨʦʙʠʪʠ ʷʢʽʩʥʠʡ ʩʪʨʠʙʦʢ ʫ ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʦʢʨʠʪʪʽʚ ʽ ʜʽʘʧʘʟʦʥʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʥʘʥʦʩʷʪʴʩʷ, ʪʘ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʽ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʛʽʜʥʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [5, 22, 24 - 27] ʥʝʜʦʣʽʢʠ ʥʘʧʠʣʝʥʠʭ 

ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʘʧʠʣʝʥʥʷ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʇʄ), ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʽʚ ʾʭ 

ʦʙʨʦʙʢʠ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ.  

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʘʧʠʣʝʥʥʷ [18, 19, 87] ʜʘʩʪʴ ʟʤʦʛʫ 

ʧʽʜʚʠʱʠʪʠ ʟʘʭʠʩʥʦ ï ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʬʘʢʝʣʫ, ʱʦ ʨʦʟʧʠʣʶʻ  ʤʘʪʝʨʽʘʣ 

ʧʦʢʨʠʪʪʷ, ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʣʴʦʪʫ ʡʦʛʦ ʯʘʩʪʠʥʦʢ, ʱʦ ʨʦʟʧʠʣʶʶʪʴʩʷ, ʟʤʝʥʰʠʪʠ 

ʦʢʠʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʝʨʝʜʦʚʠʱʘ ʧʦ ʟʨʽʚʥʷʥʥʶ ʟ ʧʦʚʽʪʨʷʤ ʫ 2 ʨʘʟʠ. ɿʘʤʽʥʘ 

ʧʦʚʽʪʨʷ, ʱʦ ʩʪʠʩʢʘʻʪʴʩʷ ʪʘ ʨʦʟʧʠʣʶʻ ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ, ʟʘʭʠʩʥʠʤʠ ʛʘʟʘʤʠ 

(ʘʨʛʦʥʦʤ, ʘʟʦʪʦʤ ʽ ʽʥ.) ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ɻʊʇ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʦʢʠʩʣʽʚ, ʟ 

ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [39].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʜʨʦʪʽʚ, ʰʥʫʨʽʚ, 

ʧʦʨʦʰʢʽʚ) ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʜʦ ʾʭ ʩʢʣʘʜʫ ʟʤʽʮʥʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

[35-37].  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʭ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʦʮʝʩ ʾʭ ʥʘʥʝʩʝʥʥʷ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ: 

- ʧʦ-ʧʝʨʰʝ, ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ, ʱʦ  

ʥʘʧʠʣʶʶʪʴʩʷ; 
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-  ʧʦ-ʜʨʫʛʝ, ʥʘʡʙʽʣʴʰ ʧʦʚʥʫ ʨʝʣʘʢʩʘʮʽʶ ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ. 

ɺʠʢʦʥʘʥʥʷ ʮʠʭ ʫʤʦʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʷʜʫ ʩʧʦʩʦʙʽʚ  

ʦʙʨʦʙʢʠ [23, 24, 27, 29-33], ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʚʧʣʠʚʘʪʠ ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ. ɽʪʘʧ ʦʙʨʦʙʢʠ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ɻʊʇ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʡ ʦʩʢʽʣʴʢʠ, ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʢʨʠʪʪʷʭ, ʱʦ ʥʘʧʠʣʶʶʪʴʩʷ, 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʪʘ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʽ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʘʥʢʝʨʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʧʣʦʱʽ 

ʣʠʰʝ 8-9% ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʯʘʩʪʠʥʦʢ.  

ʊʦʤʫ ʦʙʨʦʙʢʘ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʟʚôʷʟʢʫ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʟ ʤʘʪʝʨʽʘʣʦʤ ʜʝʪʘʣʽ (ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ) ʽ 

ʤʽʮʥʦʩʪʽ ʟʚôʷʟʢʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʫ ʩʘʤʦʤʫ ʧʦʢʨʠʪʪʽ (ʢʦʛʝʟʽʡʥʘ 

ʤʽʮʥʽʩʪʴ) [24, 33]. ʆʙʨʦʙʢʘ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʝʪʘʣʝʡ, ʜʽʾ ʫʜʘʨʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʥʘʧʨʫʞʝʥʴ 

ʨʦʟʪʷʛʫ ʡ ʚʪʦʤʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʜʠ ʦʙʨʦʙʢʠ: ʪʝʨʤʽʯʥʫ (ʊʆ), ʭʽʤʠʢʦ-

ʪʝʨʤʽʯʥʫ (ʍʊʆ), ʫʣʴʪʨʘʟʚʫʢʦʚʫ (ʋɿʆ), ʃʆ (ʣʘʟʝʨʥʫ), ʝʣʝʢʪʨʦ-ʧʨʦʤʝʥʝʚʫ 

(ɽʇʆ) ʦʙʨʦʙʢʠ; ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʇʇɼ), ʜʠʬʫʟʽʡʥʝ 

ʥʘʩʠʯʝʥʥʷ, ʩʧʽʢʘʥʥʷ, ʦʧʣʘʚʣʝʥʥʷ ʪʘ ʽʥ. [3, 4, 80, 82, 85, 88-92].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʋɿʆ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ 

ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʪʘʢ ʽ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʘʤʦʛʦ ʧʦʢʨʠʪʪʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʋɿʆ ʩʪʚʦʨʶʶʪʴʩʷ ʱʽʣʴʥʽ  ʥʘʧʠʣʝʥʽ ʧʦʢʨʠʪʪʷ ʟ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ 

ʟʯʝʧʣʝʥʥʷ ʽʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ. ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʋɿʆ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ 

ʧʦʢʨʠʪʪʷ ʽʟ ʱʽʣʴʥʽʩʪʶ ʙʣʠʟʴʢʦʶ ʜʦ ʱʽʣʴʥʦʩʪʽ ʢʦʤʧʘʢʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ɻʊʇ [91]. ʋ ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ ʘʢʪʠʚʽʟʫʶʪʴʩʷ ʜʠʬʫʟʽʡʥʽ 

ʧʨʦʮʝʩʠ. ʄʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ʜʠʬʫʥʜʫʻ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 50 ʤʢʤ ʫ ʧʦʚʝʨʭʥʶ 

ʜʝʪʘʣʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ. ʋ ʩʘʤʦʤʫ ʥʘʧʠʣʝʥʦʤʫ 

ʧʦʢʨʠʪʪʽ ʧʦʜʨʽʙʥʶʶʪʴʩʷ ʚʩʽ ʩʪʨʫʢʪʫʨʥʽ ʩʢʣʘʜʦʚʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʧʦʢʨʠʪʪʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʨʽʚʥʷ ʡʦʛʦ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. 
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ɼʠʬʫʟʽʡʥʝ ʥʘʩʠʯʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (700 é1000Áʉ). ɸʪʦʤʠ ʤʝʪʘʣʽʚ ʜʠʬʫʥʜʫʶʪʴ ʚ 

ʧʦʢʨʠʪʪʷ. ʇʨʠ ʮʴʦʤʫ, ʧʽʜʚʠʱʫʶʪʴʩʷ ʱʽʣʴʥʽʩʪʴ, ʘʜʛʝʟʽʡʥʘ ʪʘ ʢʦʛʝʟʽʡʥʘ 

ʤʽʮʥʽʩʪʴ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʧʦʢʨʠʪʪʷ [29]. 

ɺʝʣʠʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʻ ʃʆ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ [88-90]. 

ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʧʨʠ ʃʆ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʩʧʘʜʢʦʚʫ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʽʩʪʴ ʥʘʧʠʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ. ɿʘʚʜʷʢʠ ʃʆ [88-90] 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʾʭ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʦʨʦʟʽʾ ʧʨʠ ʥʘʡʤʝʥʰʦʤʫ ʪʝʨʤʽʯʥʦʤʫ ʚʧʣʠʚʽ ʥʘ 

ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ ʫʤʦʚʘʭ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ ʪʘ ʘʙʨʘʟʠʚʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ, ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʫ 2,5 é 3,5 ʨʘʟʽʚ, ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʥʘ 

60 é 80% ʟʘʙʝʟʧʝʯʫʻ ʝʣʝʢʪʨʦ-ʧʨʦʤʝʥʝʚʘ ʦʙʨʦʙʢʘ [92].  

ʉʧʽʢʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ (0,65-0,75)ʊʧʣ. [74, 77, 78]. ʋ ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʧʽʜʚʠʱʝʥʥʷ ʜʠʬʫʟʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʘʪʦʤʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʟʤʝʥʰʫʻʪʴʩʷ ʡʦʛʦ ʧʦʨʠʩʪʽʩʪʴ, ʟʨʦʩʪʘʻ ʘʜʛʝʟʽʡʥʘ ʪʘ 

ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ [29]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʙʝʟʧʦʨʠʩʪʠʭ ɻʊʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʛʘʨʷʯʫ ʦʙʨʦʙʢʫ ʇʄ ʪʠʩʢʦʤ [74, 77, 78]. 

ɼʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʧʨʦʩʪʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ɻʊʇ ʻ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʽʥʜʫʢʮʽʡʥʠʡ ʥʘʛʨʽʚ [4], ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʜʠʩʧʝʨʩʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʟʦʢʨʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ, ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʻ ʨʽʟʥʽ ʚʠʜʠ ʊʆ ʪʘ ʍʊʆ ʟ ʧʨʦʩʦʯʝʥʥʷʤ ʧʦʨʠʩʪʦʛʦ 

ʧʦʢʨʠʪʪʷ ʤʝʪʘʣʝʚʠʤʠ ʨʦʟʧʣʘʚʘʤʠ [80]. ʇʦʣʽʧʰʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʊʇ 
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ʜʦʟʚʦʣʷʻ ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ [85]. ʆʙʢʘʪʢʘ ʨʦʣʠʢʦʤ ʪʘ 

ʢʫʣʴʢʦʶ, ʜʦʨʥʫʚʘʥʥʷ, ʢʘʨʙʫʚʘʥʥʷ, ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʪʘ ʽʥ. ʩʧʦʩʦʙʠ ʦʙʨʦʙʢʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʧʨʦʥʠʢʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʢʦʨʦʟʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ, 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ ʡ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ [4].  

ɽʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʍʊʆ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ [80, 93 - 95]. ʊʘʢ, 

ʽʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ ʥʘʧʠʣʝʥʠʭ ʩʪʘʣʝʡ ʟʘʙʝʟʧʝʯʫʻ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʽʜ 6,5 ʜʦ 15 ɻʇʘ, ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʫ 8 ʨʘʟʽʚ [80, 

93 - 95].  

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʧʦʩʦʙʦʤ ʦʙʨʦʙʢʠ ɻʊʇ ʻ ʦʧʣʘʚʣʝʥʥʷ [88, 92]. ʂʨʽʤ 

ʫʩʫʥʝʥʥʷ ʦʢʩʠʜʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ, ʦʧʣʘʚʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʚʟʘʻʤʥʫ ʜʠʬʫʟʽʶ ʝʣʝʤʝʥʪʽʚ ʥʘ ʧʦʚʝʨʭʥʷʭ ʢʦʥʪʘʢʪʫ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ, ʧʽʜʚʠʱʫʻ ʘʜʛʝʟʽʶ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ. ʇʨʠ 

ʦʧʣʘʚʣʝʥʥʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʜʝʪʘʣʽ. ʆʧʣʘʚʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʦʚʦʜʷʪʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʷʢ ʦʙôʻʤʥʦʛʦ 

ʥʘʛʨʽʚʫ (ʫ ʧʝʯʽ, ʩʦʣʷʥʠʭ ʚʘʥʥʘʭ), ʪʘʢ ʽ ʣʦʢʘʣʴʥʦʛʦ ʛʨʘʜʽʻʥʪʥʦʛʦ ʥʘʛʨʽʚʫ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʝʣʝʢʪʨʦʥʥʠʤ ʧʨʦʤʝʥʝʤ, ʧʨʦʤʝʥʝʤ 

ʣʘʟʝʨʘ, ʝʣʝʢʪʨʦʥʥʠʤ ʧʫʯʢʦʤ, ʤʽʢʨʦʧʣʘʟʤʦʚʠʤ ʜʞʝʨʝʣʦʤ). ʇʨʦʮʝʩ ʦʧʣʘʚʣʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʣʝʛʢʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʷʭ ʽʟ ʩʘʤʦʬʣʶʩʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʩʘʤʦʬʣʶʩʫʚʘʥʥʷ - ʤʠʤʦʚʽʣʴʥʝ ʚʠʜʘʣʝʥʥʷ ʦʢʩʠʜʽʚ ʽʟ ʧʦʚʝʨʭʥʽ 

ʯʘʩʪʠʥʦʢ ʧʦʢʨʠʪʪʷ ʧʨʠ ʾʭ ʦʧʣʘʚʣʝʥʥʽ). ʇʨʝʜʩʪʘʚʥʠʢʘʤʠ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʩʘʤʦʬʣʶʩʫʶʪʴʩʷ, ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ɻʊʅ ʧʦʢʨʠʪʪʽʚ ʻ ʩʧʣʘʚʠ ʥʘ ʟʘʣʽʟʥʽʡ, 

ʥʽʢʝʣʝʚʽʡ ʘʙʦ ʢʦʙʘʣʴʪʦʚʽʡ ʦʩʥʦʚʽ ʟ ʜʦʙʘʚʢʘʤʠ ʢʨʝʤʥʽʶ ʽ ʙʦʨʫ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʩʧʣʘʚʠ ʩʠʩʪʝʤʠ Ni-ʉʛ-ɺ-Si. ʆʧʣʘʚʣʝʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʘʮʝʪʠʣʝʥʦʢʠʩʥʝʚʠʤ ʧʦʣʫʤôʷʤ, ʧʣʘʟʤʦʶ, ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ (ʉɺʏ) ʪʘ 

ʽʥʰʠʤʠ ʪʝʧʣʦʚʠʤʠ ʜʞʝʨʝʣʘʤʠ ʟʤʝʥʰʫʻ ʧʦʨʠʩʪʽʩʪʴ, ʟʙʽʣʴʰʫʻ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʡ 

ʢʦʛʝʟʽʡʥʦ-ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ [88, 92]. ʃʘʟʝʨʥʝ ʦʧʣʘʚʣʝʥʥʷ ɻʊʇ ʟʙʽʣʴʰʫʻ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʫ 2 é 3 ʨʘʟʠ [88]. ʆʧʣʘʚʣʝʥʥʷ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʧʫʯʢʦʤ ʝʣʝʢʪʨʦʥʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʧʣʘʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʢʣʶʯʠʪʠ ʚʠʥʝʩʝʥʥʷ ʨʦʟʧʣʘʚʫ 
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ʽʟ ʟʦʥʠ ʥʘʛʨʽʚʫ. ʇʦʢʨʠʪʪʷ ʤʘʻ ʚʠʩʦʢʫ ʦʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʭʦʨʦʰʫ ʘʜʛʝʟʽʡʥʫ 

ʤʽʮʥʽʩʪʴ. ʇʨʦʮʝʩ ʤʽʢʨʦʧʣʘʟʤʦʚʦʛʦ ʦʧʣʘʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʥʘʯʥʦʶ 

ʟʦʥʦʶ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ (ʜʦ 300 ʤʢʤ), ʧʨʠ ʮʴʦʤʫ ʤʽʢʨʦʧʣʘʟʤʦʚʠʡ ʩʪʨʫʤʽʥʴ 

ʥʘʛʨʽʚʘʻ ʣʠʰʝ ʧʦʢʨʠʪʪʷ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʧʦʩʦʙʦʤ ʦʧʣʘʚʣʝʥʥʷ ʻ ʦʙʨʦʙʢʘ 

ʘʮʝʪʠʣʝʥʦʢʠʩʥʝʚʠʤʠ ʧʘʣʴʥʠʢʘʤʠ [4].  

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʦʙʦʢ ʫ ʛʘʣʫʟʽ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ɻʊʇ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʾʭ ʤʦʜʠʬʽʢʫʚʘʥʥʷ. ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ ʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ [30]. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ 

ʚʽʜʥʦʩʷʪʴ ʪʘʢʽ ʩʧʦʩʦʙʠ ʤʦʜʠʬʽʢʘʮʽʾ ʷʢ ʽʦʥʥʫ ʽʤʧʣʘʥʪʘʮʽʶ, ʥʘʜʰʚʠʜʢʝ 

ʟʘʛʘʨʪʫʚʘʥʥʷ ʪʘ ʽʥʰʽ [4]. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴ ʨʽʟʥʽ ʚʠʜʠ 

ʍʊʆ ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʾ [93-96].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ɻʊʇ ʚʽʜʢʨʠʚʘʻ ʚʝʣʠʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʫ ʩʪʚʦʨʝʥʥʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʧʦʢʨʠʪʪʷʤ (ʂʇ) 

ʟ̔ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [97 - 99]. ɺ ʜʘʥʠʡ ʯʘʩ ʫ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦʜʽʚ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʭʦʣʦʜʥʦʶ ʧʨʦʢʘʪʢʦʶ [27, 85], 

ʛʘʨʷʯʠʤ ʽʟʦʩʪʘʪʠʯʥʠʤ ʧʨʝʩʫʚʘʥʥʷʤ, ʥʘʢʣʘʜʝʥʥʷʤ ʚʽʙʨʘʮʽʡ [91], 

ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʤ ʣʝʛʫʚʘʥʥʷʤ [4, 80]. ʇʦʻʜʥʘʥʥʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ ʾʭ 

ʤʦʜʠʬʽʢʘʮʽʻʶ ʪʘ ʦʙʨʦʙʢʦʶ - ʧʝʨʩʧʝʢʪʠʚʥʽ ʩʧʦʩʦʙʠ ʽʥʞʝʥʝʨʽʾ ʧʦʚʝʨʭʥʽ [27 - 

32]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʩʧʦʩʦʙʽʚ ʟʘʧʦʙʽʛʘʻ ʚʠʥʠʢʥʝʥʥʶ ʧʦʰʢʦʜʞʝʥʴ ʨʽʟʥʦʛʦ 

ʨʦʜʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʨʽʱʠʥ ʚʪʦʤʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ, ʪʘʢʠʭ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʝʡ ʷʢ ʝʥʝʨʛʝʪʠʯʥʝ, ʪʨʘʥʩʧʦʨʪʥʝ ʪʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʩʢʣʘʜʥʠʭ 

ʫʤʦʚʘʭ ʪʝʨʤʦʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʆʜʥʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ɻʊʇ, ʪʘʢʠʤʠ ʷʢ ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤ ʽ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ 

ʥʘʧʠʣʝʥʥʷʤ, ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ ʦʙʤʝʞʝʥʦ ʯʝʨʝʟ 

ʨʷʜ ʥʝʜʦʣʽʢʽʚ [4]. ɿʦʢʨʝʤʘ: 
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- ʍʊʆ [93-96] ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʪʨʠʚʘʣʽʩʪʶ ʧʨʦʮʝʩʫ ʪʘ ʥʝ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʙʨʦʙʢʫ ʜʝʪʘʣʝʡ ʽʟ ʟʥʘʯʥʠʤʠ ʛʘʙʘʨʠʪʘʤʠ;  

- ʦʙô̒ʤʥʘ ʊʆ ʧʦʢʨʠʪʪʽʚ ʻ ʥʝʙʘʞʘʥʦʶ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ 

ʧʦʛʽʨʰʫʶʪʴʩʷ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

- ʥʝʜʦʣʽʢʠ ʽʥʜʫʢʮʽʡʥʦʛʦ ʩʧʦʩʦʙʫ - ʦʙʤʝʞʝʥʥʷ ʪʠʧʦʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʪʘ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʪʫʛʦʧʣʘʚʢʠʭ ʧʦʢʨʠʪʪʽʚ [3]; 

- ʣʘʟʝʨʥʘ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʦʙʨʦʙʢʠ [88 - 90, 92] ʩʪʚʦʨʶʶʪʴ 

ʥʝʦʜʥʦʨʽʜʥʫ ʛʝʪʝʨʦʛʝʥʥʫ ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʦʥʴ, ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ 

ʭʽʤʽʯʥʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ.  

- ʦʧʣʘʚʣʝʥʥʷ ʧʫʯʢʦʤ ʝʣʝʢʪʨʦʥʽʚ ʤʘʻ ʪʘʢʽ ʥʝʜʦʣʽʢʠ, ʷʢ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʡ 

ʩʢʣʘʜʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʟʥʘʯʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʧʝʨʩʦʥʘʣʫ [92]; 

- ʦʧʣʘʚʣʝʥʥʷ ʟʚʘʨʶʚʘʣʴʥʦʶ ʜʫʛʦʶ ʚ ʽʥʝʨʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʣʠʚʝ, 

ʧʨʦʪʝ ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʪʝʨʽʘʣʫ 

ʧʦʢʨʠʪʪʷ ʟ ʤʘʪʝʨʽʘʣʦʤ ʜʝʪʘʣʽ, ʱʦ ʟʥʠʞʫʻ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

[3]. ʇʨʠ ʦʧʣʘʚʣʝʥʥʽ ʟʘʢʨʠʪʪʷ ʧʦʨ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʟ ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ, ʘ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʧʦʨʠ ʟʙʝʨʽʛʘʶʪʴʩʷ. ʇʨʠʙʣʠʟʥʦ ʪʦʡ ʞʝ 

ʝʬʝʢʪ ʟʘʙʝʟʧʝʯʫʻ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨ ʨʦʟʧʣʘʚʣʝʥʠʤ ʤʝʪʘʣʦʤ ʘʙʦ ʧʣʘʩʪʠʯʥʦʶ 

ʤʘʩʦʶ, ʥʘʩʢʨʽʟʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ɿʘʟʥʘʯʝʥʘ ʢʘʨʪʠʥʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻʊʇ ʚ ʫʤʦʚʘʭ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ 

ʚ ʧʨʦʮʝʩʽ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʢʨʠʪʪʷ ʧʦʨ, ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʢʘʥʘʣʠ, ʧʦ 

ʷʢʠʭ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘʜʭʦʜʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ. ɺ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʣʦʢʘʣʴʥʠʭ 

ʢʦʨʦʟʽʡʥʠʭ ʫʰʢʦʜʞʝʥʴ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʚʽʜʤʦʚ ʜʝʪʘʣʝʡ [3]; 

- ʤʦʜʠʬʽʢʘʮʽʾ ʰʣʷʭʦʤ ʽʦʥʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ ʪʘ ʥʘʜʰʚʠʜʢʽʩʥʦʛʦ 

ʟʘʛʘʨʪʫʚʘʥʥʷ [4] ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʝʥʝʨʛʦʻʤʥʽʩʪʶ ʜʘʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʅʘʛʨʽʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʟʥʠʞʫʻ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʣʽʤʽʪʫʻ ʚ 
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ʮʽʣʦʤʫ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ. ʂʨʽʤ ʪʦʛʦ, 

ʥʝʤʦʞʣʠʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʛʘʟʦʪʝʨʤʽʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ [30], ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʪʘʢʠʤʠ ʷʢ: 

ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʝʬʝʢʪʽʚ (ʜʠʩʣʦʢʘʮʽʡ, ʚʘʢʘʥʩʽʡ) ʫ ʧʦʢʨʠʪʪʽ ʚʥʘʩʣʽʜʦʢ 

ʥʘʜʰʚʠʜʢʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʘʧʠʣʝʥʠʭ ʢʨʘʧʝʣʴ; ʥʘʷʚʥʽʩʪʴ ʧʦʨ; ʽʩʪʦʪʥʘ ʟʤʽʥʘ 

ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ ʯʝʨʝʟ ʽʥʪʝʥʩʠʚʥʫ ʚʟʘʻʤʦʜʽʶ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʭ ʩʢʣʘʜʫ, ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʨʦʙʦʯʠʤʠ 

ʛʘʟʘʤʠ, ʟʦʢʨʝʤʘ, ʢʠʩʥʝʤ. 

ʇʨʠ ʚʠʙʦʨʽ ʩʧʦʩʦʙʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʚʠʤʦʛ [30]:  

- ʨʦʟʧʣʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʥʝʙʘʞʘʥʝ, ʪʘʢ ʷʢ ʚʦʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʽʥʠ ʾʭ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ;  

- ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʚ ʥʘʧʠʣʝʥʦʤʫ 

ʰʘʨʽ ʪʘ ʚ ʟʦʥʽ ʟô̒ ʜʥʘʥʥʷ ʡʦʛʦ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʩʪʠʩʢʫ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʦʧʦʨʫ ʚʪʦʤʠ;  

- ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʢʨʠʪʪʽʚ ʥʝ ʧʦʚʠʥʥʘ ʚʠʢʣʠʢʘʪʠ 

ʥʝʙʘʞʘʥʠʭ ʟʤʽʥ ʾʭ ʩʪʨʫʢʪʫʨʠ [30].  

ʈʦʟʛʣʷʥʫʪʽ ʩʧʦʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʠʤʘʛʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʨʠʚʘʣʦʩʪʽ, 

ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ çʦʙôʻʤʥʽè ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʧʦʢʨʠʪʪʷ, ʪʘʢ ʽ ʜʝʪʘʣʽ. 

ɺʠʙʨʘʥʠʡ ʩʧʦʩʽʙ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʚʠʭʽʜʥʠʭ 

çʦʙôʻʤʥʠʭè ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ [27, 33, 74]. ʇʨʠ ʮʴʦʤʫ ʩʠʩʪʝʤʫ 

"ʧʦʢʨʠʪʪʷ ï ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ" ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʥʩʪʨʫʢʮʽʶ, ʷʢʘ ʤʘʻ 

ʚʽʜʤʽʥʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʽ ʽ ʧʦʢʨʠʪʪʷ, ʘ ʥʘ ʤʝʞʽ ʢʦʥʪʘʢʪʫ 

ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʬʦʨʤʫʻʪʴʩʷ ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʘʛʥʫʪʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʽʚ 

ʦʙʨʦʙʢʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ  ʪʝʧʣʦʚʢʣʘʜʝʥʥʷʤʠ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʩʧʦʩʦʙʽʚ 

ʧʝʨʝʜʙʘʯʘʻ ʘʚʪʦʥʦʤʥʝ ʘʙʦ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ, ʪʝʤʧʝʨʘʪʫʨʥʠʭ 
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ʽ ʭʽʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʤʝʭʘʥʦ-

ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ (ʄʊʆ) [27, 85, 99 - 101]. ɿʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ 

ʰʣʷʭʦʤ ʄʊʆ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʟʠʪʠʚʥʦʶ ʨʦʣʣʶ ʤʝʭʘʥʽʯʥʦʛʦ ʬʘʢʪʦʨʘ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʦʟʚʠʪʦʢ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʩʧʨʠʷʶʪʴ çʟʘʣʽʢʫʚʘʥʥʶè ʧʦʨ [99-101]. ɺʟʘʻʤʦʜʽʷ ʤʘʪʝʨʽʘʣʽʚ 

ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ʘʢʪʠʚʫʻʪʴʩʷ ʥʝ ʣʠʰʝ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʘ ʡ ʪʠʩʢʦʤ [99 - 102]. 

ʇʽʜʚʠʱʝʥʥʶ ʱʽʣʴʥʦʩʪʽ ʪʘ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʭ ʽ 

ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʾʭ ʄʊʆ ʩʧʨʠʷʻ ʪʝʨʤʦʩʠʣʦʚʘ ʚʟʘʻʤʦʜʽʾ 

ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʠʪʪʷ ʪʘ ʜʝʪʘʣʽ. ʄʝʭʘʥʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʰʘʨʫ ʩʬʦʨʤʦʚʘʥʦʛʦ ʥʘʧʠʣʝʥʥʷʤ ʧʦʢʨʠʪʪʷ ʦʙʢʘʪʢʦʶ ʫ 

ʚʘʣʢʘʭ, ʨʦʣʠʢʘʭ ʽ ʽʥ. ʩʧʦʩʦʙʘʤʠ [99, 101].  

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜ ʤʝʭʘʥʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘʙʫʣʘ ʩʭʝʤʘ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʘʙʦ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʩʧʽʢʘʥʥʷ ʧʨʠ ʧʨʦʢʘʪʮʽ 

ʧʦʢʨʠʪʪʽʚ ʤʽʜʥʠʤ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤ ʨʦʣʠʢʦʤ [99, 101, 102]. ɼʝʬʦʨʤʘʮʽʷ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʄʊʆ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʦʢʨʝʤʽ ʰʘʨʠ ʟʩʫʚʘʶʪʴʩʷ 

ʪʘ ʧʦʚʝʨʪʘʶʪʴʩʷ ʦʜʥʽ ʱʦʜʦ ʽʥʰʠʭ ʧʦ ʦʧʣʘʚʣʝʥʠʭ ʢʦʨʜʦʥʘʭ. ʄʦʞʣʠʚʘ 

ʜʝʬʦʨʤʘʮʽʷ ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʚʘʨʶʚʘʥʥʷʤ ʪʨʽʱʠʥ, ʱʦ ʚʠʥʠʢʣʠ. ʉʪʨʫʢʪʫʨʘ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʛʘʨʷʯʽʡ ʜʝʬʦʨʤʘʮʽʾ ʬʦʨʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʛʘʨʷʯʦʛʦ ʥʘʢʣʝʧʫ, ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʚʝʨʥʝʥʥʷ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʦ-

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ.  

 

1.5. ʇʝʨʝʜʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʦʪʝʨʤʽʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ  

 

ɿʛʽʜʥʦ ʟ ʘʥʘʣʽʟʦʤ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [27, 72, 85] ʽ ʧʘʪʝʥʪʥʦ-

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [75, 76, 79, 103 - 107], ʩʝʨʝʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʤʝʭʘʥʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʚʽʜʜʘʪʠ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʤʫ [99, 
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102], ʱʦ ʧʦʻʜʥʫʻ ʤʝʭʘʥʽʯʥʠʡ ʪʘ ʪʝʨʤʽʯʥʠʡ ʬʘʢʪʦʨʠ ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ: 

ʤʽʥʽʤʘʣʴʥʦʶ ʟʦʥʦʶ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʩʪʨʫʤʫ ʥʘ ʜʝʪʘʣʴ (0,1...0,3 ʤʤ) 

ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʥʘʛʨʽʚʫ (0,02é0,04 ʩ); 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤʠ ʪʝʧʣʦʚʢʣʘʜʝʥʥʷʤ ʪʘ ʪʝʨʤʽʯʥʠʤʠ ʜʽʷʤʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ; ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ 

ʟʘʭʠʩʥʽʡ ʘʪʤʦʩʬʝʨʽ; ʚʽʜʩʫʪʥʽʩʪʶ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʛʘʟʦʚʠʜʽʣʝʥʥʷ; ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʢʫ, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʦʧʽʨ ʚʪʦʤʠ.  

ɽʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʧʨʷʤʦʤʫ 

ʧʨʦʧʫʩʢʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ (ʨʠʩ. 1.4) ʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʽʤʧʫʣʴʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʘʪʴ ʧʨʠʥʮʠʧʠ ʩʠʥʭʨʦʥʥʦʛʦ ʧʦʻʜʥʘʥʥʷ 

ʽʤʧʫʣʴʩʥʠʭ ʨʝʞʠʤʽʚ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʨʠʩ. 1.5) [102, 108]. 

 

P

 

 

ʈʠʩ. 1.4. ʉʭʝʤʘ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ɻʊʇ 

 

ʇʨʦʮʝʩ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ (ɯɽʂʆ) 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʩʠʣʦʶ 8é32 ʢɸ; 

ʚʪʦʨʠʥʥʦʶ ʥʘʧʨʫʛʦʶ 1...6 ɺ; ʪʠʩʢʦʤ 10é100 ʄʇʘ, ʯʘʩʦʤ ʽʤʧʫʣʴʩʫ ʪʘ ʧʘʫʟʠ 

0,04...0,2ʩ; ʰʚʠʜʢʦʩʪʷʤʠ ʥʘʛʨʽʚʫ ʜʦ 103...104ʂ/ʩ (ʪʘʙʣ. 1.2) [108].  

ɯʤʧʫʣʴʩʥʘ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ (ʨʠʩ. 

1.6), ʪʦʤʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʪʘ ʜʝʪʘʣʽ ʚʽʜʩʫʪʥʻ [102, 108]. 
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ʈʠʩ. 1.5. ʉʪʘʜʽʾ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ [67] 

 

ʊʘʙʣʠʮʷ 1.2 

ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 
ʇʘʨʘʤʝʪʨ ʇʦʟʥʘʯʝʥʥʷ ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ ɺʝʣʠʯʠʥʘ 

ʉʠʣʘ ʩʪʨʫʤʫ I ʢɸ 15-30 
ʊʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ 

(ʧʘʫʟʠ) ʩʪʨʫʤʫ 
t
ʽʤ 

(t
ʧ 
) ʩ 0,02é1,0 

ʊʠʩʢ ʥʘ ʝʣʝʢʪʨʦʜʽ ʈ ʄʇʘ 10é60 

ɺʪʦʨʠʥʥʘ ʥʘʧʨʫʛʘ U
2
 ɺ 3é6 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʮʝʩʫ 
T 

ʦ

ʂ (0,9é0,98)ʊ
ʧʣ

 

ɺʝʣʠʯʠʥʘ ʟʦʥʠ 

ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ  
ɿʊɺ ʤʤ 02é1,0 

ʊʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ h ʤʤ 0.1é3 ʤʤ 
ɽʥʝʨʛʦʻʤʥʽʩʪʴ - ʢɺʪ ʛ̷ʦʜ /ʤ 0,25é0,60 

 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʱʽʣʴʥʽʩʪʴ, ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ, ʘʜʛʝʟʽʡʥʘ ʪʘ ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ, ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʪʚʝʨʜʽʩʪʴ 

[108].  

ʉʫʢʫʧʥʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʷʚʦʶ ʜʽʾ ʪʘ ʚʧʣʠʚʦʤ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʤʝʭʘʥʽʟʤʠ ʾʭ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦ-
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ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʨʦʙʠʪʴ ʥʝʦʨʜʠʥʘʨʥʦʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʚʜʘʥʴ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʝʪʘʣʝʡ ʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʚ ʘʩʧʝʢʪʽ ʤʽʮʥʦʩʪʽ.  
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ʈʠʩ. 1.6. ʇʨʦʮʝʩ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ (ʪʝʨʤʽʯʥʠʡ ʮʠʢʣ) [67] 

 

ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʰʣʷʭʦʤ ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʩʘʤʦʩʪʽʡʥʠʭ, ʭʦʯ ʽ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ, ʟʘʚʜʘʥʴ, ʘ 

ʩʘʤʝ: ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ɯɽʂʆ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ɻʊʇ; 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʝʪʘʣʝʡ ʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ; ʦʮʽʥʢʘ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ çʜʝʪʘʣʴ-ʧʦʢʨʠʪʪʷè. ʂʦʞʥʝ ʟ ʮʠʭ ʟʘʚʜʘʥʴ, ʟ ʧʦʛʣʷʜʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʤʘʛʘʻ ʩʚʦʾʭ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ 

ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʝʡ ʟ ɻʊʇ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʨʝʩʫʨʩʫ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ɯɽʂʆ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʟ ʤʝʪʦʶ ʜʦʚʝʜʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʢʨʠʪʪʷʭ ʽʟ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʇʄ ʜʦʟʚʦʣʷʻ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʾʭ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ 

ʦʪʨʠʤʫʚʘʪʠ ʥʘʧʠʣʝʥʥʽ ʧʦʢʨʠʪʪʷ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘ ʨʽʚʥʽ ʥʘʜʟʚʫʢʦʚʠʭ, ʘʣʝ ʚ 

5 ... 10 ʨʘʟʽʚ ʜʝʰʝʚʰʝ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʶʚʘʪʠ ʩʬʝʨʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ [34]. 

ɿʘʭʠʩʪ ʚʽʜ ʦʢʠʩʣʝʥʥʷ ʽ ʚʠʩʦʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 
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ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʽʞ ʩʦʙʦʶ, ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʽʚ ʽ ʣʝʛʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ.  

ʇʝʨʝʚʘʛʠ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʫʤʦʚʣʝʥʽ ʛʝʪʝʨʦʛʝʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʧʦʢʨʠʪʪʷ, ʘʢʪʠʚʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ ʦʜʠʥ ʟ ʦʜʥʠʤ ʽ ʟ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʝʡ, ʾʭ ʥʘʜʽʡʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʡ ʨʝʩʫʨʩ [34-40]. 

1.6. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤ ʽ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ 

ʥʘʧʠʣʝʥʥʷʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʨʦʪʠ, ʧʦʨʦʰʢʠ, ʰʥʫʨʠ. ʆʜʥʘʢ, ʦʜʥʠʤ 

ʽʟ ʦʩʥʦʚʥʠʭ ʪʘ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʠʜʽʚ ʤʘʪʝʨʽʘʣʫ ʻ ʧʦʨʦʰʢʠ ʪʘ 

ʧʦʨʦʰʢʦʚʽ ʜʨʦʪʠ [34-42]. ɼʣʷ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʥʘʧʠʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʨʦʰʢʠ ʟ ʩʧʣʘʚʽʚ, ʱʦ ʩʘʤʦʬʣʶʩʫʶʪʴʩʷ, ʧʦʨʦʰʢʠ ʟ 

ʤʝʪʘʣʽʯʥʠʭ ʩʧʣʘʚʽʚ (ʥʽʭʨʦʤʘ, ʘʣʶʤʽʥʽʶ, ʥʽʢʝʣʶ, ʩʧʣʘʚʽʚ ʥʽʢʝʣʶ ʟ ʪʠʪʘʥʦʤ, 

ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʥʘ ʟʘʣʽʟʥʽʡ ʪʘ ʤʽʜʥʽʡ ʦʩʥʦʚʘʭ), ʧʦʨʦʰʢʠ ʟ 

ʢʘʨʙʽʜʽʚ ʪʘ ʦʢʩʠʜʽʚ ʤʝʪʘʣʫ, ʤʝʭʘʥʽʯʥʽ ʩʫʤʽʰʽ ʧʦʨʦʰʢʽʚ [34]. ʇʦʨʦʰʢʠ, ʱʦ 

ʩʘʤʦʬʣʶʩʫʶʪʴʩʷ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʛʝʪʝʨʦʛʝʥʥʽ ʩʠʩʪʝʤʠ ʥʘ 

ʦʩʥʦʚʽ Ni, Co, Fe, ʱʦ ʤʽʩʪʷʪʴ ʤôʷʢʫ ʤʘʪʨʠʮʶ ʽ ʪʚʝʨʜʽ ʜʠʩʧʝʨʩʥʽ ʚʢʣʶʯʝʥʥʷ 

ʢʘʨʙʽʜʽʚ, ʙʦʨʠʜʽʚ, ʩʠʣʽʮʠʜʽʚ. ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʦʨʦʰʢʽʚ ʪʝʨʤʦʨʝʘʛʫʶʯʠʭ 

ʩʧʣʘʚʽʚ ʇʊ-ʅɸ-01 (ʪʠʧ Ni-Al), ʇʊ-19ʅ-01 (ʪʠʧ: Ni-Cr-B-Si-C-Al) ʊʋ ʋ 322-

19-004-96 ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʡ ʜʝʪʘʣʽ ʧʨʠ ʥʘʧʠʣʝʥʥʽ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʨʠʧʫʩʢ ʥʘ ʧʦʜʘʣʴʰʫ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ [34, 39-44]. 

ɼʣʷ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʨʦʰʢʠ [34, 39-44]: 

- ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ, ʢʦʙʘʣʴʪʫ, ʤʽʜʽ (ʇɻ-10ʅ-01, ʇɻ-12ʅ-01, ʇɻ-10ʅ-04) 

ʊʋ ʋ 322-19-004-96 ʽ ʇɻ-ʉʈ4, ʇɻ-ʉʈ2, ʇɻ-ʉʈ3 ɻʆʉʊ 21448-75; 

- ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʦʰʢʠ ʂʍʅ-25, ʂʍʅ-30 (ʪʠʧ Cr-Ni-C)  

ʊʋ ʋ 322-19-12-99. 

- ʩʫʤʽʰʽ ʤʝʭʘʥʽʯʥʽ ʇʉ-14-60 (ʪʠʧ 450ʍ35ʅ1ʉ3ɼ1ʈ), ʇʉ-15-30 (ʪʠʧ 

30ʍ28ʉ3ɻ1ʅ2ɼ1ʈ) ʊʋ ʋ 322-19-13-99 ʪʘ ʽʥʰʽ.  
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ ʚʠʩʦʢʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

(ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ) ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ, ʱʦ ʚʦʣʦʜʽʶʪʴ 

ʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ ï ʢʘʨʙʽʜʠ. ʂʘʨʙʽʜʠ ʤʝʪʘʣʽʚ, ʢʨʽʤ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ ʪʘ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʚʦʣʦʜʽʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʚ ʧʦʨʽʚʥʷʥʥʽ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʦʢʩʠʜʘʤʠ ʘʙʦ ʥʽʪʨʠʜʘʤʠ [34, 39 - 44]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʪʘʢʠʤʠ ʾʭ ʧʝʨʝʚʘʛʘʤʠ: 

ʛʝʪʝʨʦʛʝʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦʢʨʠʪʪʷ ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ, ʘʢʪʠʚʥʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʨʦʰʢʦʚʦʾ ʰʠʭʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩʪʠʥʦʢ, ʱʦ ʨʦʟʧʠʣʶʶʪʴʩʷ, ʨʦʟʢʠʩʣʝʥʥʶ ʦʢʩʠʜʽʚ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ 

ʧʽʜʚʠʱʝʥʥʷʤ ʘʜʛʝʟʽʾ ʧʦʢʨʠʪʪʷ ʜʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ [35]. ɼʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʜʦʚʝʜʝʥʘ ʘʥʘʣʽʟʦʤ ʤʽʮʥʦʩʪʽ ʪʘ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ [35]. ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ 

ʧʦʨʦʰʢʦʚʽ ʜʨʦʪʠ, ʱʦ ʤʘʶʪʴ ʦʙʦʣʦʥʢʫ ʟʽ ʩʪʘʣʝʡ ʉʚ08, ʉʚ08 ɻ2ʉ, 65ɻ, 20ʍ13, 

40ʍ13, 30ʍɻʉɸ, ʉʪʘʣʽ 70, ʋ8, ʋ10, ʘ ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʝʨʦʩʧʣʘʚʠ, ʢʘʨʙʽʜʠ, ʢʘʨʙʦʙʦʨʽʜʠ. ɼʦ ʾʭ ʯʠʩʣʘ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʧʦʨʦʰʢʦʚʽ ʜʨʦʪʠ ʤʘʨʦʢ ʌʄɯ (ʪʘʙʣ. 1.3), ʨʦʟʨʦʙʣʝʥʽ ʚʯʝʥʠʤʠ 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʤʝʥʽ ɻ.ɺ. ʂʘʨʧʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ʃʴʚʽʚ, 

ʋʢʨʘʾʥʘ) [35].  

ɼʣʷ ʧʦʢʨʠʪʪʽʚ ʟ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʩʠʩʪʝʤʠ Fe-Cr-B-Al ʤʘʨʦʢ ʌʄɯ 

[35], ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʛʘʟʦʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ, ʚʘʞʣʠʚʘ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʛʦ 

ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʪʚʝʨʜʦʩʪʽ ʽ ʞʘʨʦʩʪʽʡʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʜʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ 

ʜʦʜʘʶʪʴ ʪʘʢʽ ʝʣʝʤʝʥʪʠ, ʷʢ ʭʨʦʤ, ʙʦʨ, ʘʣʶʤʽʥʽʡ, ʤʘʛʥʽʡ, ʥʽʢʝʣʴ ʽ ʚʦʣʴʬʨʘʤ, ʷʢʽ 

ʤʦʞʫʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʢʣʠʢʘʪʠ ʜʠʩʧʝʨʩʽʡʥʝ ʟʤʽʮʥʝʥʥʷ [35]. 

ʌʘʟʦʚʠʤ ʽ ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʠʩʧʝʨʩʽʡʥʝ ʟʤʽʮʥʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤʠ ʚ ʾʭ ʩʪʨʫʢʪʫʨʽ ʙʦʨʠʜʽʚ (FeCr)2B, 

ʥʽʪʨʠʜʽʚ CrN ʽ AlN, ʘ ʪʘʢʦʞ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ FeAl3, Ni3Al ʽ Fe7W6. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ 550Áʉ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʟʤʽʮʥʝʥʥʷ 
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ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ Fe7W6, ʘ ʧʦʥʘʜ 550Áʉ - Ni3Al. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʜʦ HV 700 ... 800 ʾʭ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʟʨʦʩʪʘʻ, ʘ ʙʽʣʴʰ HV 800 ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʠʥʠʢʥʝʥʥʷʤ ʤʽʢʨʦʪʨʽʱʠʥ ʚ ʧʦʢʨʠʪʪʷʭ.  

ʇʦʢʨʠʪʪʷ ʩʠʩʪʝʤʠ Fe-Cr-B-Al ʤʘʨʦʢ ʌʄɯ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ. ʊʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʜʣʷ 

ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʥʠʞʯʝ 

HV 600 [35].  

ʊʘʙʣʠʮʷ 1.3 

ʇʦʨʦʰʢʦʚʽ ʜʨʦʪʠ ʜʣʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ [35] 

 

ʄʘʪʨʠʯʥʦʾ ʬʘʟʦʶ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʤʘʨʦʢ ʌʄɯ ʻ ʬʝʨʠʪ, ʣʝʛʦʚʘʥʠʡ 

ʭʨʦʤʦʤ ʽ ʘʣʶʤʽʥʽʻʤ. ɿʤʽʩʪ ʬʝʨʠʪʫ ʚ ʧʦʢʨʠʪʪʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ 

ʥʴʦʤʫ 2é3 ʤʘʩ.% ʘʣʶʤʽʥʽʶ [35]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʄʘʨʢʘ ʜʨʦʪʫ ʊʠʧ ʣʝʛʫʚʘʥʥʷ 
HV, ůʚ, ůʘʜ. ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʌʄɯ-2 ʍ6ʖ8ʈ3  

HV 650,  

ůʚ = 130 ʄʇʘ, 
ůʘʜ. = 40 ʄʇʘ 

ɺʽʜʥʦʚʣʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʰʠʡʦʢ 

ʢʦʣʽʥʯʘʩʪʠʭ ʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʘʣʽʚ, ʟʘʭʠʩʪ 

ʚʽʜ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ 

ʌʄɯ-5 50ʍ6ʖ3ɻ2ʄ2ʉ2 

HV 350,  

ůʚ =180 ʄʇʘ, 

ůʘʜ. = 40 ʄʇʘ 

ɺʽʜʥʦʚʣʝʥʥʷ ʧʦʩʘʜʦʯʥʠʭ ʤʽʩʮʴ ʜʝʪʘʣʝʡ 

ʧʽʜ ʧʽʜʰʠʧʥʠʢʠ 

ʌʄɯ-6 ʍ6ʖ6ʈ3ʅ4 

HV 1000  

ůʚ = 60, ʄʇʘ 

ůʘʜ. = 45 ʄʇʘ 

 

 

HRC 40 

HV1000, ʘʚ = 60 

ʄʇʘ, ʘʩʮ = 45 

ʄʇʘ 

ɿʘʭʠʩʪ ʚʽʜ ʛʘʟʦʚʦʾ ʢʦʨʦʟʽʾ ʪʘ 

ʛʘʟʦʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ ʟʘ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 700Áʉ) 

ʌʄɯ-7 70ʍ6ʖ6ʈ3W4 

HV 1150,  

ůʚ = 120 ʄʇʘ,     

ůʘʜ. = 45 ʄʇʘ 

ɿʘʭʠʩʪ ʚʽʜ ʛʘʟʦʚʦʾ ʢʦʨʦʟʽʾ ʪʘ 

ʛʘʟʦʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 600 Áʉ) 

ʌʄɯ-8 50ʍ6ʖ2ɻ2ʊ2ʄ2 

HV 500,  

ůʚ = 180 ʄʇʘ,     

ůʘʜ. = 40 ʄʇʘ 

 

ɺʽʜʥʦʚʣʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʰʠʡʦʢ 

ʢʦʣʽʥʯʘʩʪʠʭ ʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʘʣʽʚ 
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ʧʦʢʨʠʪʪʽʚ ʜʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʤʘʨʦʢ ʌʄɯ ʚʚʦʜʠʪʴʩʷ ʭʨʦʤ, 

ʚʫʛʣʝʮʴ, ʙʦʨ ʽ ʘʣʶʤʽʥʽʡ. ʂʨʽʤ ʪʦʛʦ, ʪʠʪʘʥ ʽ ʤʘʛʥʽʡ ʚ ʩʢʣʘʜʽ ʰʠʭʪʠ 

ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʩʧʨʠʷʶʪʴ ʟʘʩʚʦʻʥʥʶ 2 ... 3 ʤʘʩ. % ʘʟʦʪʫ ʟ ʧʦʚʽʪʨʷ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʧʦʨʘʭ ʰʠʭʪʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʚ ʧʦʢʨʠʪʪʽ ʬʦʨʤʫʶʪʴʩʷ ʯʘʩʪʠʥʢʠ 

ʥʽʪʨʠʜʽʚ ʪʠʪʘʥʫ ʨʦʟʤʽʨʦʤ 200é500 ʥʤ [35]. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚ ʨʦʟʨʦʙʢʫ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ 

ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʚʥʝʩʣʠ ʚ ʋʢʨʘʾʥʽ ʬʘʭʽʚʮʽ ʟ ɯʥʩʪʠʪʫʪʫ 

ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ (ɯɽɿ) ʽʤʝʥʽ ɭ.ʆ. ʇʘʪʦʥʘ, ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

(ʌʄɯ) ʽʤʝʥʽ ɻ. ɺ. ʂʘʨʧʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ʊʆɺ "ʊʄ. ɺɽʃʊɽʂ". ʅʘ 

ʩʴʦʛʦʜʥʽ ʧʦʨʦʰʢʦʚʽ ʜʨʦʪʠ ʩʝʨʽʡʥʦ ʚʠʧʫʩʢʘʶʪʴ ʟʘ ʢʦʨʜʦʥʦʤ ʬʽʨʤʠ çMetcoè, 

çCastolinè, çTAFAè, çNanosteelè [36, 37]. 

ʇʦʢʨʠʪʪʷ ʟ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʪʝʭʥʽʢʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʟʘʭʠʩʪʫ ʚʽʜ ʘʙʨʘʟʠʚʥʦʛʦ ʽ ʛʘʟʦʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ 

ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʽ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʞ ʜʦ 700Áʉ, ʜʣʷ ʨʝʤʦʥʪʫ ʨʽʟʥʠʭ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʘʛʨʝʛʘʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ. 

ʇʦʨʦʰʢʦʚʽ ʜʨʦʪʠ ʩʝʨʽʾ ʌʄɯ [35] ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ 

ʟʤʽʮʥʝʥʥʷ ʦʧʦʨʥʠʭ ʰʠʡʦʢ ʨʦʪʦʨʽʚ ʽ ʚʘʣʽʚ ʪʫʨʙʽʥʠ ʢʦʤʧʨʝʩʦʨʽʚ ʜʣʷ 

ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʛʘʟʫ ʥʘ ʨʝʤʦʥʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ çʋʢʨʝʥʝʨʛʦʩʝʨʚʽʩè, ʰʪʦʢʽʚ 

ʛʽʜʨʦʮʠʣʽʥʜʨʽʚ ʰʘʭʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʛʘʣʴʤʽʚʥʠʭ ʙʘʨʘʙʘʥʽʚ ʚʘʥʪʘʞʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʧʦʩʘʜʦʯʥʠʭ ʤʽʩʮʴ ʚʘʣʽʚ ʨʦʪʦʨʽʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʚ ʝʥʝʨʛʝʪʠʮʽ, 

ʥʘʛʨʽʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʪʣʽʚ ʪʝʧʣʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʛʘʟʦʘʙʨʘʟʽʚʥʦʛʦ ʟʥʦʩʫ ʪʘ ʽʥ. (ʪʘʙʣ. 1.3) [35]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʟʥʘʯʠʤʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɻʊʇ ʻ ʥʝ ʪʽʣʴʢʠ ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ, ʘ ʽ ʡʦʛʦ ʘʜʛʝʟʽʡʥʘ 

ʤʽʮʥʽʩʪʴ - ʻʜʠʥʠʡ ʢʨʠʪʝʨʽʡ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʧʨʘʢʪʠʮʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ʊʦʤʫ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʷʢ ʥʘ ʝʪʘʧʽ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ,  ʪʘʢ ʽ ʧʨʠ  ʾʭ ʢʦʥʪʨʦʣʽ. 
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1.7. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʽʚ ʪʘ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʾʭ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ  

 

ɿʛʽʜʥʦ [86], ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ (ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ) ï ʫʤʦʚʥʝ 

ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʽʣʴʰʦʤʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʧʝʨʝʜ 

ʚʽʜʰʘʨʫʚʘʥʥʷʤ ʧʦʢʨʠʪʪʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ʄʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʷ (ʅʜ 

ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ) - ʥʘʧʨʫʞʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʽʣʴʰʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʶ, ʷʢʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʩʘʤʦʛʦ ʧʦʢʨʠʪʪʷ [86]. 

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣ-̔ʧʦʢʨʠʪʪʷè ʭʘʨʘʢʪʝʨʠʟʫ̒ ʪʴʩʷ, 

ʷʢ ʘʜʛʝʟʽʡʥʦ,ʁ ʪʘʢ ʽ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʽʩʪʶ [3, 109-114], ʪʦʤʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʥʠʢʘʻ ʷʢ ʥʘ ʝʪʘʧʽ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ ʧʦʢʨʠʪʪʷʤʠ, 

ʪʘʢ ʽ ʧʨʠ  ʾʭ ʢʦʥʪʨʦʣʽ. ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʘʜʛʝʟʽʡʥʘ ʽ ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʦʩʪʽ - ʧʘʨʘʤʝʪʨʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ 

ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ 

ʧʦʢʨʠʪʪʷʤʠ, ʘ ʚ ʜʨʫʛʦʤʫ - ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʨʦʣʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ 

çʧʦʢʨʠʪʪʷ- ʜʝʪʘʣʴè [3, 109, 110]. ʆʜʥʘʢ, ʚ ʨʦʙʦʪʘʭ [3, 109 - 114] ʧʦʢʘʟʘʥʦ, ʱʦ 

ʘʜʛʝʟʽʡʥʘ ʽ ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʦʩʪʽ - ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʽ ʥʘ ʧʽʜʩʪʘʚʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʜʥʫ ʟ ʥʠʭ ʥʝʤʦʞʣʠʚʦ ʩʫʜʠʪʠ ʧʨʦ ʨʽʚʥʦʤʽʮʥʽʩʪʴ ʜʝʪʘʣʽ ʟ 

ʧʦʢʨʠʪʪʷʤ ʚ ʮʽʣʦʤʫ. ɺ ʣʽʪʝʨʘʪʫʨʽ [3, 109 - 114], ʧʨʠʩʚʷʯʝʥʽʡ ʧʠʪʘʥʥʷʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʛʝʟʽʡʥʦʾ ʪʘ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʝʥʘ ʦʩʪʘʥʥʽʡ. ʎʝ, ʦʯʝʚʠʜʥʦ, ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʝʪʘʣʝʡ ʽʟ ʧʦʢʨʠʪʪʷʤʠ, ʤʘʻ ʤʽʩʮʝ ʚʽʜʰʘʨʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʽ ʪʦʤʫ 

ʩʬʦʨʤʫʚʘʣʘʩʷ ʜʫʤʢʘ, ʱʦ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʜʣʷ ʧʦʢʨʠʪʪʽʚ ʻ ʧʘʨʘʤʝʪʨʦʤ ʱʦ 

ʣʽʤʽʪʫʻʪʴʩʷ [3].  

ɺ ʜʘʥʠʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʘ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ  

ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟô̒ʜʥʘʥʥʷ ʧʦʢʨʠʪʪʽʚ [3, 111, 115 - 119]. ʆʜʥʘʢ, ʻʜʠʥʦʾ 

ʤʝʪʦʜʠʢʠ ʥʝ ʽʩʥʫʻ. ɯʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ, ʱʦ ʥʘʚʝʜʝʥʘ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʩʫʧʝʨʝʯʣʠʚʘ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʧʽʜʪʚʝʨʜʞʫʻ 

ʽʥʪʝʨʝʩ ʜʦ ʧʨʦʙʣʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʡ ʧʦʢʘʟʫʻ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ.  
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ʈʽʟʥʦʤʘʥʽʪʪʷ ʧʨʠʚʝʜʝʥʠʭ ʚ ʣʽʪʝʨʘʪʫʨʽ [111 - 119] ʜʘʥʠʭ ʧʦ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʚʝʣʠʢʝ, ʾʭ ʚʘʞʢʦ ʧʦʨʽʚʥʶʚʘʪʠ, ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʤʦʚ 

ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʛʝʦʤʝʪʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʪʁʴʩʷ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʮʽʥʠʪʠ ʧʨʦʙʣʝʤʫ ʚ ʮʽʣʦʤʫ, ʧʦʢʘʟʘʪʠ ʪʝʥʜʝʥʮʽʾ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ [111]. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ [111 - 119] 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʘ ʥʘʚʦʜʠʪʴʩʷ 

ʥʠʞʯʝ ʪʘʙʣ. 1.4). ʆʮʽʥʢʘ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʤʝʪʦʜʘʤʠ ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʥʘ ʧʽʜʩʪʘʚʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦ ʮʽʻʾ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʥʝ ʫʚʽʡʰʣʘ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ, 

ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ ʢʽʣʴʢʽʩʥʦʛʦ ʽ ʷʢʽʩʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ, ʘ ʪʘʢʦʞ ʫ ʚʠʚʯʝʥʥʽ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʽʚ [111].  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʜʽʣʷʪʴ ʥʘ ʷʢʽʩʥʽ ʽ ʢʽʣʴʢʽʩʥʽ [116]. ʗʢʽʩʥʽ ʤʝʪʦʜʠ - ʮʝ ʥʘʙʣʠʞʝʥʘ 

ʦʮʽʥʢʘ, ʜʦʩʪʘʪʥʷ ʜʣʷ ʚʠʨʦʙʥʠʯʦʛʦ ʢʦʥʪʨʦʣʶ. ɺʦʥʠ ʥʝ ʧʦʷʩʥʶʶʪʴ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ [116].  

ɼʦ ʚʽʜʥʦʩʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ (sʟʯ.) ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʙʝʟʨʦʟʤʽʨʥʫ ʚʽʜʥʦʩʥʫ ʚʝʣʠʯʠʥʫ - ʢʨʠʪʝʨʽʡ ʟʯʝʧʣʝʥʥʷ. ʂʨʠʪʝʨʽʻʤ ʟʯʝʧʣʝʥʥʷ ʻ 

ʜʝʬʦʨʤʘʮʽʷ ʦʩʥʦʚʠ (eʢʨ.), ʧʨʠ ʷʢʽʡ ʥʘʩʪʘʻ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʘʙʦ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ 

ʧʦʢʨʠʪʪʷ [111]. ɼʝʬʦʨʤʫʚʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʚʠʛʠʥʦʤ, ʨʦʟʪʷʛʦʤ, ʩʪʠʩʢʦʤ, 

ʢʨʫʪʽʥʥʷʤ, ʚʠʜʘʚʣʶʚʘʥʥʷʤ ʣʫʥʢʠ, ʫʜʘʨʦʤ. ɿʘʛʘʣʴʥʠʡ ʥʝʜʦʣʽʢ ʮʠʭ ʤʝʪʦʜʽʚ - 

ʥʝʜʦʩʪʘʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʽʡʩʥʫ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ [111].  

ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʦʶ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ: ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʤʝʪʦʜ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʨʫʰʝʥʥʷ ʪʘ ʚʽʜʨʠʚ 

ʡ ʽʥʰʽ (ʪʘʙʣ.1.4). 
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ʊʘʙʣʠʮʷ 1.4 

ʄʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ,  

ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ 

ʄʝʪʦʜ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

1 2 3 
ʄʝʪʦʜʠ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ [111, 116] 

ɸʙʨʘʟʠʚʥʦ-ʝʨʦʟʽʡʥʠʡ ʤʝʪʦʜ 

[116]. 

ʅʝ ʚʠʤʘʛʘʻ 

ʩʧʝʮʽʘʣʴʥʠʭ ɽɿ 
ɼʘʻ ʷʢʽʩʥʽ, ʘʣʝ ʥʝ ʢʽʣʴʢʽʩʥʽ 

ʨʝʟʫʣʴʪʘʪʠ 

ʄʝʪʦʜ ʚʠʛʠʥʫ  

[111, 116] 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʧʨʦʙʘ 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʽʚ  

ɺʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ  ʦʜʥʦʯʘʩʥʠʤ 

ʚʠʛʠʥʦʤ ʽ ʪʝʨʪʷʤ [116]. 

ʆʮʽʥʢʘ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʤʽʥʽ 

ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ 

ɿʥʘʯʥʠʡ ʨʦʟʢʠʜ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʦʙʤʝʞʫʻ 

ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ  
ʇʥʝʚʤʦʛʽʜʨʘʚʣʽʯʥʠʡ ʤʝʪʦʜ 

[116]. 

ʆʮʽʥʢʘ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʚʽʜʰʘʨʫʚʘʥʥʽ 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʦʚʩʪʠʭ ʽ 

ʥʝʧʨʦʥʠʢʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ [116]. 

ʄʦʞʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʢʽʥʝʪʠʢʫ 

ʨʫʡʥʫʚʘʥʥʷ 

ʘʜʛʝʟʽʡʥʦʛʦ ʟʚôʷʟʢʫ 

ɺʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ 

ʧʨʝʮʠʟʽʡʥʦʩʪʽ ɽɿ ʽ ʟʥʘʯʥʘ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʦʙʤʝʞʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʦʜʫ ʥʘ ʧʨʘʢʪʠʮʽ 

ɺʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʦ ʪʚʝʨʜʦʩʪʽ 

ʚʜʘʚʣʶʚʘʥʥʷʤ ʽʥʜʝʥʪʦʨʘ, 

ʜʨʷʧʘʥʥʷʤ, ʤʝʪʦʜʦʤ 

ʛʨʘʥʯʘʩʪʠʭ ʩʽʪʦʢ [116] 

ʇʨʦʩʪʽ, ʥʝ ʚʠʤʘʛʘʶʪʴ 

ʩʧʝʮʽʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ 

ʽ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʴ  

ʉʧʦʪʚʦʨʶʻ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ɽɿ ʟ ʧʦʢʨʠʪʪʷʤ, ʥʝʟʘʜʦʚʽʣʴʥʘ 

ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ 

ʅʝʨʫʡʥʽʚʥʽ ʤʝʪʦʜʠ: 

ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ, 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʡ, 

ʬʦʪʦʤʝʪʨʠʯʥʠʡ, ʽʥ. [116] 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʙʝʟ 

ʧʽʜʛʦʪʦʚʢʠ ɽɿ. 

ʂʦʨʝʣʷʮʽ ̫ʤʽʞ 

ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʽ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʘʜʛʝʟʽʡʥʠʭ ʟôʻʜʥʘʥʴ  

ʅʝ ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ 

ʘʜʛʝʟʽʡʥʠʭ ʟôʻʜʥʘʥʴ ʡ 

ʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʯʠʥʠ ʙʨʘʢʫ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʽʚ 

ʂʽʣʴʢʽʩʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʽʚ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ [111, 116] 
ʄʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʟʨʽʟʫʚʘʥʥʽ ʦʢʨʝʤʠʭ ʯʘʩʪʦʢ ʯʠ 

ʧʦʢʨʠʪʪʷ ʚ ʮʽʣʦʤʫ [116]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʩʭʝʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʣʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 

ɿʨ̔ ʟʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʤʘʪʝʨʽʘʣ 

ʧʦʢʨʠʪʪʷ, ʘʣʝ ʽ ʤʘʪʝʨʽʘʣ ʜʝʪʘʣʽ 

ʘʙʦ ʟʨʘʟʢʘ. ʈʝʟʫʣʴʪʘʪʠ ʥʝ 

ʟʘʚʞʜʠ ʢʦʨʝʢʪʥʽ 
ɺʽʜʮʝʥʪʨʦʚʠʡ ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ [116] 

ʆʪʨʠʤʘʚ ʰʠʨʦʢʝ 

ʧʦʰʠʨʝʥʥʷ ʚ ʉʐɸ ʽ 

ʌʈʅ 

ʊʨʫʜʦʤʽʩʪʢʠʡ, ʩʢʣʘʜʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʤʦʤʝʥʪ ʚʽʜʨʠʚʫ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ  
ɯʥʝʨʮʽʡʥʽ ʤʝʪʦʜʠ (ʚʽʜʨʠʚ 

ʧʦʢʨʠʪʪʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ 

ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ [111, 116] 

ʇʨʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʅʝʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ 

ʢʽʥʝʪʠʯʥʦʛʦ ʟʘʧʠʩʫ ʜʽʘʛʨʘʤʠ 

ʟʫʩʠʣʴ ʚʽʜʨʠʚʫ  
ɺʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʦ ʜʝʬʦʨʤʘʮʽʡʥʠʤ 

ʥʘʧʨʫʞʝʥʥʷʤ [111]. 

ɺʠʩʦʢʘ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʊʨʫʜʦʤʽʩʪʢʠʡ 
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1 2 3 

ʂʣʝʡʦʚʽ ʤʝʪʦʜʠ [111, 116] ʊʦʯʥʽʰʽ ʽʥʰʠʭ ʤʝʪʦʜʽʚ 

ɼʘʻ ʟʤʦʛʫ ʦʮʽʥʶʚʘʪʠ 

ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʩ 

ʦʜʥʦʯʘʩʥʠʤ 

ʟʘʧʠʩʫʚʘʥʥʷʤ ʜʽʘʛʨʘʤʠ 

çʩʠʣʘ-ʧʝʨʝʤʽʱʝʥʥʷè.  

ʆʙʤʝʞʝʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʚʠʟʥʘʯʘʶʪʴ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʚʽʜʨʠʚʽ ʽ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʜʘʪʠ ʟʩʫʚʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʦʨʠʩʪʘʥʥʷ 

çʢʣʝʡʦʚʦʾè ʤʝʪʦʜʠʢʠ 

ʥʝʤʦʞʣʠʚʝ ʽʟ-ʟʘ ʜʝʩʪʨʫʢʮʽʾ 

ʢʣʝʶ. ʇʨʠ ʟʥʘʯʥʽʡ ʧʦʨʠʩʪʦʩʪʽ 
ʧʦʢʨʠʪʪʽʚ ʢʣʝʡ ʧʨʦʥʠʢʘʻ ʚ 

ʧʦʨʠ, ʱʦ ʚʝʜʝ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥ ɹ

ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʚ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ  ̔ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [111, 116] 

ɺʨʘʭʦʚʫʶʪʴ ʟʦʚʥʽʰʥʶ 

ʜʽʶ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʩʝʨʝʜʦʚʠʱʘ 

ʊʨʫʜʦʤʽʩʪʢʽ 

ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʧʦ ʟʤʽʥʽ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ [111] 

ʆʜʥʦʯʘʩʥʘ ʦʮʽʥʢʘ 

ʩʪʨʫʢʪʫʨʠ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʊʨʫʜʦʤʽʩʪʢʽ 

ʄʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʚʽʜʨʠʚ [111, 116] 

ɺʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʽ 

ʚʠʜʫ ʨʫʡʥʫʚʘʥʥʷ, 

ʚʧʣʠʚʫ ʧʽʜʛʦʪʦʚʢʠ 

ʧʦʚʝʨʭʥʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɺʠʧʘʜʢʦʚʽ ʡ ʩʠʩʪʝʤʘʪʠʯʥʽ 

ʧʦʤʠʣʢʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɽɿ 

ʽ ʫʤʦʚ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ. ʅʝ 

ʟʘʚʞʜʠ ʜʦʮʽʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ  

ʐʪʠʬʪʦʚʠʡ ʤʝʪʦʜ, ʤʝʪʦʜʠʢʘ 

ʢʦʥʽʯʥʦʛʦ ʰʪʠʬʪʘ [111, 116] 

ɺʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʩʫʚʽ ʽ 

ʚʽʜʨʠʚʽ.  

ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʅɼʉ ʧʦʚʝʨʭʥʽ 

ʟ ʧʦʢʨʠʪʪʷʤ ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʩʪʘʥʫ, 

ʤʘʣʦʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʧʦʤʠʣʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʩʷʛʘʻ 20% 

 

ʄʝʪʦʜʠ ʧʨʷʤʦʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʾ ʫ 

ʬʽʟʠʯʥʠʭ ʦʜʠʥʠʮʷʭ, ʨʦʟʫʤʽʶʯʠ ʧʽʜ ůʘʜʛ  ʟʫʩʠʣʣʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ (ʪʘʙʣ. 1.4). ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʷʢʽʩʥʠʭ, ʢʽʣʴʢʽʩʥʽ ʤʝʪʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ.  

ʇʝʨʝʚʘʛʦʶ ʢʽʣʴʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʩʣʽʜ ʪʘʢʦʞ ʚʚʘʞʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʩʭʝʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʣʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʨʦʙʫʚʘʥʴ.  
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ɻʨʫʧʘ ʢʽʣʴʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʟʥʦʤʘʥʽʪʥʘ (ʪʘʙʣ. 

1.4). ʈʦʟʛʣʷʥʫʪʠʤ ʤʝʪʦʜʘʤ (ʪʘʙʣ. 1.4) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʚʣʘʩʪʠʚʽ ʧʨʠʥʮʠʧʦʚʽ ʥʝʜʦʣʽʢʠ: ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʦʢʨʠʪʪʷ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ, 

ʤʘʣʦʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ.  

ʄʝʪʦʜʠ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʧʨʠʥʮʠʧʘʭ, ʧʨʠ ʮʴʦʤʫ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʤʝʪʦʜʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʚʽʜʨʠʚ ʽ çʰʪʠʬʪʦʚʠʡè ʤʝʪʦʜ [116]. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʚʽʜʨʠʚ 

ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʴ, ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ, ʭʘʨʘʢʪʝʨʫ ʽ ʚʠʜʫ ʨʫʡʥʫʚʘʥʥʷ.  

ʐʪʠʬʪʦʚʠʡ ʤʝʪʦʜ [116] ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʥʘ ʚʽʜʨʠʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ. ɿʨʘʟʢʦʤ ʩʣʫʞʠʪʴ ʰʘʡʙʘ, ʚ ʦʪʚʽʨ ʷʢʦʾ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʰʪʠʬʪ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʡʦʛʦ ʪʦʨʮʝʚʘ ʧʦʚʝʨʭʥʷ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘ ʨʽʚʥʽ ʟ ʧʣʦʱʠʥʦʶ ʦʩʥʦʚʠ ʰʘʡʙʠ. ʅʘ ʟʘʛʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʪʦʨʮʷ ʰʪʠʬʪʘ ʽ 

ʰʘʡʙʠ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʥʘʥʦʩʠʪʴʩʷ ʧʦʢʨʠʪʪʷ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʧʨʦʚʦʜʷʪʴ ʰʣʷʭʦʤ ʚʠʪʷʛʫʚʘʥʥʷ ʰʪʠʬʪʘ ʟ ʰʘʡʙʠ ʽʟ ʟʘʧʠʩʦʤ ʟʤʽʥʠ ʟʫʩʠʣʣʷ. 

ʇʽʩʣʷ ʚʽʜʨʠʚʫ ʰʪʠʬʪʘ ʚʽʜ ʧʦʢʨʠʪʪʷ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʧʣʦʱʽ ʪʦʨʮʷ ʰʪʠʬʪʘ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʻ ʢʽʣʴʢʽʩʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟôʻʜʥʘʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ.  

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ sʟʯ ʰʪʠʬʪʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʤʘʶʪʴ 

ʤʽʩʮʝ ʽʩʪʦʪʥʽ ʚʠʧʘʜʢʦʚʽ ʽ ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʦʤʠʣʢʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ  ̔ ʫʤʦʚ ʥʘʥʝʩʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ. ɿ ʚʢʘʟʘʥʦʾ ʧʨʠʯʠʥʠ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʮʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʝ ʟʘʚʞʜʠ ʜʦʮʽʣʴʥʘ.  

ʆʩʥʦʚʦʶ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʰʪʠʬʪʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʙʨʘʥʘ 

ʩʭʝʤʘ ʥʦʨʤʘʣʴʥʦʛʦ ʚʽʜʨʠʚʫ ʢʦʥʽʯʥʦʛʦ ʰʪʠʬʪʘ [116]. ʄʝʪʦʜʠʢʘ ʢʦʥʽʯʥʦʛʦ 

ʰʪʠʬʪʘ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʩʫʚʽ ʽ ʚʽʜʨʠʚʽ. 
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ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ Instron 1195 ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʟʨʘʟʢʘʭ, ʫ ʷʢʠʭ ʰʪʠʬʪ ʽ ʦʪʚʽʨ ʚ ʰʘʡʙʽ ʤʘʶʪʴ 

ʬʦʨʤʫ ʢʦʥʫʩʘ. ʂʦʥʽʯʥʘ ʬʦʨʤʘ ʰʪʠʬʪʘ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʫ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʩʠʣ ʪʝʨʪʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʧʨʦʤʽʞʢʫ ʚ 

ʩʧʦʣʫʯʝʥʥʽ, ʦʜʥʘʢ, ʧʦʤʠʣʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪhʠʬʪʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʷʛʘʻ 20% 

[116]. 

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʦʛʣʷʜ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ 

(ʪʘʙʣ. 1.4) ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʮʠʤ ʽʩʥʫʶʯʠʤ ʤʝʪʦʜʘʤ ʚʣʘʩʪʠʚʽ 

ʧʨʠʥʮʠʧʦʚʽ ʥʝʜʦʣʽʢʠ: ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʟ 

ʧʦʢʨʠʪʪʷʤ ʧʨʠ ʝʢʩʧʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʤʘʣʦʽʥʬʦʨʤʘʪʠʚʥ ̔ [111]. 

ʊʦʤʫ, ʟ ʦʛʣʷʜʫ ʥʘ ʥʠʟʴʢʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ "ʜʝʪʘʣʴ-ʧʦʢʨʠʪʪʷ" 

(ʪʘʙʣ. 1.4), ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʙʽʣʴʰ 

ʽʥʬʦʨʤʘʪʠʚʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʝʪʦʜʠʢʫ, ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʚ 

ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤʝʥʽ ɻ.ʉ. ʇʠʩʘʨʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ [111]. 

 

1.8. ʆʛʣʷʜ ʽ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʧʦʨʦʰʢʦʚʠʭ 

ʧʦʢʨʠʪʪʽʚ. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʨʠʩʪʦʩʪʽ ʽ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ 

 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʤʝʭʘʥʽʟʤʠ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ, ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʱʽʣʴʥʦʩʪʽ, ʪʘ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʨʦʰʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ (ʇʇ) ʽ 

ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʾʭ ɦ̔ʣʴʥʦʩʪʽ ʡ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʚ 

ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ.  
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ɼʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ ʇʇ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ [45-58], ʟʘ ʦʩʥʦʚʫ ʷʢʠʭ ʦʜʥʽ ʘʚʪʦʨʠ [49, 

53-58] ʚʠʩʫʚʘʶʪʴ ʛʽʧʦʪʝʟʫ ʧʨʦ ʩʫʮʽʣʴʥʽʩʪʴ ʧʦʨʦʰʢʦʚʦʛʦ ʪʽʣʘ, ʘ ʽʥʰʽ 

ʧʨʠʡʤʘʶʪʴ ʜʠʩʢʨʝʪʥʝ ʩʝʨʝʜʦʚʠʱʝ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʠʥʦʢ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ 

ʦʢʨʝʤʠʤʠ ʧʦʚʝʨʭʥʷʤʠ [45, 46, 49-52] (ʪʘʙʣ. 1.5).  

ʊʘʢ, ʄ.ʖ. ɹʘʣʴʰʠʥ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ ʧʨʠ 

ʧʣʘʩʪʠʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʩʬʦʨʤʫʣʶʚʘʚ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʤʝʭʘʥʽʢʠ 

ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʪʘ ʚʩʪʘʥʦʚʠʚ ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʦʰʢʦʚʠʭ ʪʽʣ ʚʽʜ 

ʧʦʨʠʩʪʦʩʪʽ [45].  

ɻ.ʄ. ɾʜʘʥʦʚʠʯ ʧʦʢʣʘʚ ʚ ʦʩʥʦʚʫ ʩʚʦʾʭ ʫʷʚʣʝʥʴ ʘʥʘʣʽʟ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ [52]. ɺ.ɺ. ʉʢʦʨʦʭʦʜʦʤ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ 

ʤʦʜʝʣʣʶ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʤʦʞʝ ʩʣʫʞʠʪʠ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʪʘ ʧʦʨ 

ʧʝʚʥʦʾ ʛʝʦʤʝʪʨʽʾ [46].  

ʊʘʙʣʠʮʷ 1.5  

ʊʝʦʨʽʾ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʇʄ ʧʨʠ ʭʦʣʦʜʥʦʤʫ ʬʦʨʤʫʚʘʥʥʽ 

 

ˉʧ/ʧ ɸʚʪʦʨʠ ʅʘʟʚʘ ʇʦʩʠʣʘʥʥʷ 

1 ʄ.ʖ. ɹʘʣʴʰʠʥ 

ʉʬʦʨʤʫʣʶʚʘʚ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʤʝʭʘʥʽʢʠ 

ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʪʘ ʚʩʪʘʥʦʚʠʚ ʟʘʣʝʞʥʽʩʪʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʦʰʢʦʚʠʭ ʪʽʣ, ʱʦ 

ʬʦʨʤʫʶʪʴʩʷ, ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ ʧʨʠ 

ʧʣʘʩʪʠʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ.  

[45] 

2 ɻ.ʄ. ɾʜʘʥʦʚʠʯ 
ɿʘʧʨʦʧʦʥʫʚʘʚ ʘʥʘʣʽʟ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ 
[52] 

3 ɺ.ɺ. ʉʢʦʨʦʭʦʜ 

ʉʪʚʦʨʠʚ ʤʦʜʝʣʴ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʢʦʥʩʪʨʫʢʮʽʶ ʟ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ 

ʪʘ ʧʦʨ ʧʝʚʥʦʾ ʛʝʦʤʝʪʨʽʾ 

[46] 

 

ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʽʾ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʚʦʭ ʤʦʜʝʣʝʡ [45-57]: 1) ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʫ ʩʫʮʽʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 
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ʩʬʝʨʠʯʥʠʭ ʧʦʨ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ [47, 48]; 2) ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʫʤʽʰʽ ʽʟʦʤʝʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʝʯʦʚʠʥʠ ʽ ʧʦʨʦʞʥʝʯʽ [46, 49-51].  

ɿ ʧʦʛʣʷʜʫ ʬʝʥʦʤʝʥʦʣʦʛʽʾ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʇʄ) ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʟʤʽʥʠ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʧʦʨʦʰʢʦʚʦʛʦ ʧʦʨʠʩʪʦʛʦ 

ʰʘʨʫ (ʡʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ). ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ 

ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʷʢ ʨʝʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʪʦʙʪʦ ʧʨʦʮʝʩ ʟʤʽʥʠ ʬʦʨʤʠ ʪʘ 

ʦʙʩʷʛʫ ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ ʫ ʯʘʩʽ [45, 46, 52].  

ɼʣʷ ʨʝʦʣʦʛʽʾ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʯʘʩʽ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʘʙʦ ʜʦ ʨʽʚʥʦʚʘʞʥʠʭ ʩʪʘʥʽʚ, 

ʘʙʦ ʜʦ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʯʽʾ. ʄʦʜʝʣʽ ʫʱʽʣʴʥʝʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʦʨʽʾ ʧʦʚʟʫʯʦʩʪʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʯʘʩʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ, ʧʘʨʘʤʝʪʨʽʚ ʟʤʽʮʥʝʥʥʷ, ʩʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʽʥʰʽ.  

ʋ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʽʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʬʦʨʤʫʣʶʚʘʣʠʩʷ ʜʚʘ ʨʝʦʣʦʛʽʯʥʽ 

ʧʽʜʭʦʜʠ: ʤʽʢʨʦʨʝʦʣʦʛʽʯʥʠʡ ʽ ʤʘʢʨʦʨʝʦʣʦʛʽʯʥʠʡ (ʪʘʙʣ. 1.6) [49-51]. 

ʉʫʪʴ ʤʽʢʨʦʨʝʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʪʝʦʨʽʾ ʫʱʽʣʴʥʝʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʣʦʢʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʯʽʾ ʜʦʚʢʦʣʘ ʷʢʦʛʦ-ʥʝʙʫʜʴ 

ʤʘʢʨʦʜʝʬʝʢʪʫ ʚ ʧʦʨʠʩʪʦʤʫ ʪʽʣʽ. ʅʘ ʦʩʥʦʚʽ ʦʧʠʩʫ ʧʦʚʝʜʽʥʢʠ ʦʜʥʦʛʦ 

ʤʘʢʨʦʜʝʬʝʢʪʫ ʚ ʧʦʣʽ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʱʦʜʦ 

ʬʝʥʦʤʝʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʷʢ ʮʽʣʦʛʦ [35, 46, 49-51].  

ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ [48], ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʽʢʨʦʨʝʦʣʦʛʽʯʥʦʤʫ ʦʧʠʩʽ ʧʨʦʮʝʩʫ 

ʫʱʽʣʴʥʝʥʥʷ, ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʨʦʟʛʣʷʜʘʚʩʷ ʷʢ ʧʨʦʮʝʩ ʟʘʧʣʠʚʘʥʥʷ 

ʦʢʨʝʤʦʾ ʩʬʝʨʠʯʥʦʾ ʧʦʨʠ, ʦʙʫʤʦʚʣʝʥʠʡ ʟʤʝʥʰʝʥʥʷʤ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʨʦʙʦʪʽ ʩʠʣ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʨʝʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʦʧʠʩʫ 

ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [49-51]. 

ʄʽʢʨʦʨʝʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʚʩʪʘʥʦʚʣʶʻ ʟʚôʷʟʦʢ ʤʽʞ ʨʝʦʣʦʛʽʻʶ ʧʨʦʮʝʩʽʚ 

ʛʘʨʷʯʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʽ ʾʭ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ.  
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ʊʘʙʣʠʮʷ 1.6 

ʊʝʦʨʽʾ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʇʇ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
 ˉ  
ʧ/ʧ 

ʅʘʟʚʘ ʧʽʜʭʦʜʫ, 

ʘʚʪʦʨʠ 
ʄʝʪʘ ʪʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ  ʇʦʩʠʣʘʥʥʷ 

1 
ʄʽʢʨʦʨʝʦʣʦʛʽʯʥʠʡ 

ʧʽʜʭʽʜ 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʇʄ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʚʩʪʘʥʦʚʣʶʻ ʟʚôʷʟʦʢ ʤʽʞ ʨʝʦʣʦʛʽʻʶ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʤʘʪʝʨʽʘʣʽʚ. 

[45-52] 

 ʗ.ɭ. ɻʝʛʫʟʽʥ 

ɿʘʧʨʦʧʦʥʫʚʘʚ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʇʄ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ 

ʧʦʩʣʫʞʠʣʘ ʦʩʥʦʚʦʶ ʜʣʷ ʤʦʜʝʣʝʡ 

ʤʽʢʨʦʨʝʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ 

ʫʱʽʣʴʥʝʥʥʷ ʇʄ. 

[48] 

2 
ʄʘʢʨʦʨʝʦʣʦʛʽʯʥʠʡ 

ʧʽʜʭʽʜ 

ɿʘʩʪʦʩʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ ʇʄ 

ʧʨʠ ʾʭ ʬʦʨʤʫʚʘʥʥʽ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜ 

ʪʠʩʢʦʤ. 

[49-51] 

 ʗ.ɭ. ɻʝʛʫʟʽʥ 

ɿʘʧʨʦʧʦʥʫʚʘʚ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʇʄ, 

ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʝʭʘʥʽʢʠ ʜʠʩʧʝʨʩʥʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜ ʪʠʩʢʦʤ.  

[48] 

 ɺ.ɺ. ʉʢʦʨʦʭʦʜ 

ʉʬʦʨʤʫʚʘʚ ʤʘʢʨʦʨʝʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʠʚʯʝʥʥʽ 

ʧʦʚʝʜʽʥʢʠ ʇʄ ʧʨʠ ʾʭ ʬʦʨʤʫʚʘʥʥʽ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜ ʪʠʩʢʦʤ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʪʘ 

ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʫʚʘʚ ʤʝʪʦʜ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʰʚʠʜʢʦʩʪʝʡ 

ʜʝʬʦʨʤʘʮʽʡ, ʷʢʠʡ ʩʪʘʚ ʚʢʣʘʜʦʤ ʫ ʪʝʦʨʽʶ 

ʫʱʽʣʴʥʝʥʥʷ ʇʄ. ʆʪʨʠʤʘʚ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʰʚʠʜʢʦʩʪʝʡ 

ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʬʦʨʤʫʚʘʥʥʷ ʇʄ.  

[46] 

 ʄ.ʉ. ʂʦʚʘʣʴʯʝʥʢʦ 

ʈʦʟʨʦʙʠʚ ʪʝʦʨʽʶ ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ ʇʄ ʧʽʜ 

ʪʠʩʢʦʤ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʽʟʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɺʩʪʘʥʦʚʠʚ, ʱʦ 

ʢʦʥʩʦʣʽʜʘʮʽʷ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜ ʪʠʩʢʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʟʫʯʦʩʪʽ ʚ ʤʝʪʘʣʘʭ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʶ ʜʝʬʦʨʤʘʮʽʾ. ɿʘʧʨʦʧʦʥʫʚʘʚ:  

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʦʙôʻʤʥʦʾ ʪʘ 

ʟʩʫʚʥʦʾ  ʚô̫ʟʢʦʩʪʽ; ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ; ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʩʫʚʥʦʾ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʱʽʣʴʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʻ 

ʧʦʚʝʜʽʥʢʫ ʇʄ ʧʨʠ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

[49-51] 

 ʖ.ɸ. ʍʘʨʣʘʤʦʚ 

ɿʘʧʨʦʧʦʥʫʚʘʚ: ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ 

ʜʝʬʦʨʤʘʮʽʾ ʯʘʩʪʠʥʦʢ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʱʽʣʴʥʽʩʪʴ; 

ʢʨʠʪʝʨʽʡ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʱʽʣʴʥʦʩʪʽ ʽ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ; ʬʫʥʢʮʽʻʶ,  ʱʦ ʦʧʠʩʫʻ ʚʧʣʠʚ ʱʽʣʴʥʦʩʪʽ ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

[52] 
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ʆʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʣʷʛʘʶʪʴ ʚ ʥʘʩʪʫʧʥʦʤʫ [48]. ʇʦʨʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʦʪʦʯʝʥʦʶ ʰʘʨʦʤ ʙʝʟʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʝ ʩʪʠʩʢʘʻʪʴʩʷ. ɿʘ ʮʠʤ ʰʘʨʦʤ 

ʨʦʟʪʘʰʦʚʘʥʝ ʛʦʤʦʛʝʥʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʽʣʴʥʽʩʪʴ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʱʽʣʴʥʦʩʪʽ 

ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ  ʜʚʦʟʦʥʥʦʾ ʤʦʜʝʣʽ. 

ʇʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʽʜ ʜʽʻʶ ʝʬʝʢʪʠʚʥʦʛʦ ʪʠʩʢʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʣʘʧʣʘʩʽʚʩʴʢʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʠʩʢʫ. ʋ ʤʝʞʘʭ ʮʽʻʾ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʜʽʣʠʪʴʩʷ ʥʘ ʪʨʠ ʩʪʘʜʽʾ: ʧʽʜ ʤʘʣʠʤ ʪʠʩʢʦʤ; ʧʽʜ ʧʨʦʤʽʞʥʠʤʠ ʪʠʩʢʘʤʠ; ʚ ʦʙʣʘʩʪʽ 

ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ. ʅʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʜʚʦʟʦʥʥʫ ʤʦʜʝʣʴ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʱʝ ʥʝ 

ʥʘʩʪʘʣʘ ʽ ʟʦʥʘ ʙʝʟʧʦʨʠʩʪʦʾ ʨʝʯʦʚʠʥʠ ʜʝʬʦʨʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʫ 

ʢʚʘʟʠʚôʷʟʢʦʾ ʪʝʯʽʾ. ɼʨʫʛʘ ʩʪʘʜʽʷ (ʛʦʤʦʛʝʥʥʝ ʩʝʨʝʜʦʚʠʱʝ) ʤʘʻ ʪʽ ʞ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʷʢ ʽ ʧʦʨʠʩʪʠʡ ʤʘʪʝʨʽʘʣ. ʅʘ ʪʨʝʪʽʡ ʩʪʘʜʽʾ, ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ, 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʙʝʟʧʦʨʠʩʪʘ ʨʝʯʦʚʠʥʘ ʟʘʪʽʢʘʻ ʚ ʧʦʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʭʘʥʽʟʤʫ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ 

ʜʚʦʟʦʥʥʘ ʤʦʜʝʣʴ, ʪʽʣʴʢʠ ʚ ʥʽʡ ʧʝʨʰʫ ʟʦʥʫ ʫʪʚʦʨʶʻ ʟʦʥʘ ʧʣʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʘ ʜʨʫʛʫ - ʛʦʤʦʛʝʥʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʅʘ ʧʨʦʤʽʞʥʽʡ ʩʪʘʜʽʾ, ʢʦʣʠ 

ʜʽʶʪʴ ʦʜʥʦʯʘʩʥʦ ʤʝʭʘʥʽʟʤʠ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʚôʷʟʢʦʾ ʪʝʯʽʾ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʨʠʟʦʥʥʘ ʤʦʜʝʣʴ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʫ ʟʦʥʫ ʫʪʚʦʨʶʻ ʟʦʥʘ 

ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʜʨʫʛʫ ï ʚô̫ʟʢʘ ʪʝʯʽʷ, ʪʨʝʪʶ - ʛʦʤʦʛʝʥʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʇʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [45-51] ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʚʩʽʭ ʤʦʜʝʣʝʡ 

ʤʽʢʨʦʨʝʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʫʱʽʣʴʥʝʥʥʷ ʇʇ [52]. 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʤʽʢʨʦʨʝʦʣʦʛʽʯʥʠʤ ʤʝʪʦʜʦʤ ʚ ʨʦʙʦʪʘʭ ʚʯʝʥʠʭ 

ʩʬʦʨʤʫʚʘʚʩʷ ʜʨʫʛʠʡ, ʤʘʢʨʦʨʝʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ 

ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʇʄ ʧʨʠ ʾʭ ʬʦʨʤʫʚʘʥʥʽ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜ ʪʠʩʢʦʤ. 

ʆʜʥʽʤ ʟ ʧʝʨʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʮʝʡ ʤʝʪʦʜ, ʩʪʘʣʘ ʨʦʙʦʪʘ 

ʗ.ɭ. ɻʝʛʫʟʽʥʘ [48]. ʆʩʥʦʚʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 
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ʘʜʠʪʠʚʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʈ ̔ ʣʘʧʣʘʩʽʚʩʴʢʦʛʦ LP ʪʠʩʢʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʇʄ ʧʽʜ 

ʪʠʩʢʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

( )( )ttTDPP
V

A
N

V

V
L ,+=

D
                                                      (1.1) 

ʜʝ 
V

VD - ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʦʙôʻʤʫ; t - ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜ ʪʠʩʢʦʤ; ɸ ï ʧʦʩʪʽʡʥʘ; N - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ; D - ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ɿ ʨʽʚʥʷʥʥʷ (1.1) ʚʠʧʣʠʚʘʻ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʦʧʦʨʮʽʡʥʘ ʷʢ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʪʘʢ ʽ ʣʘʧʣʘʩʽʚʩʴʢʦʤʫ ʪʠʩʢʫ. 

ʄʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʧʦʨʠʩʪʠʭ ʪʽʣ, ʧʨʠ ʷʢʽʡ ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦʧʦʨʮʽʡʥʘ 

ʥʘʧʨʫʞʝʥʥʶ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ, ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ʤʦʜʝʣʽ ʣʽʥʽʡʥʦʾ ʚôʷʟʢʦʾ 

ʨʽʜʠʥʠ, ʘ ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʫʱʽʣʴʥʝʥʥʷ - ʧʦʚʟʫʯʽʩʪʶ ʘʙʦ 

ʢʨʠʧʦʤ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʤʦʜʝʣʽ ʩʪʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʘʥʘʣʦʛʽʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʝʭʘʥʽʢʠ 

ʧʦʚʝʜʽʥʢʠ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉʫʪʴ ʾʾ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʘʣʴʥʦʾ ʧʦʜʽʙʥʦʩʪʽ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʫʞʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ ʪʽʣ, ʟ ʨʽʚʥʷʥʥʷʤʠ ʪʝʦʨʽʾ ʫʱʽʣʴʥʝʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚôʷʟʢʠʭ ʧʦʨʠʩʪʠʭ 

ʪʽʣ ʟʘʣʫʯʘʻʪʴʩʷ ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ.  

ʆʧʠʩ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʧʦʨʠʩʪʠʭ ʪʽʣ ʤʦʞʣʠʚʠʡ ʟʘ ʫʤʦʚʠ ʚʠʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇʄ, ʥʘʩʘʤʧʝʨʝʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʦʙô̒ʤʥʦʾ hʪʘ ʟʩʫʚʥʦʾ ʚôʷʟʢʦʩʪʽ x [48]: 

                                           q

q
hx
-

=
1

3

4

                                           (1.2) 

ʎʝʡ ʨʝʟʫʣʴʪʘʪ ɺ.ɺ. ʉʢʦʨʦʭʦʜʦʤ ʙʫʚ ʫʟʘʛʘʣʴʥʝʥʠʡ ʜʣʷ ʧʦʨʠ ʜʦʚʽʣʴʥʦʾ 

ʬʦʨʤʠ [46]. ʌʦʨʤʫʣʘ (1.2) ʥʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʨʘʢʪʠʮʽ ʛʘʨʷʯʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʽʤʧʫʣʴʩʥʽʡ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽʡ 
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ʦʙʨʦʙʮʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʄ.ʉ. ʂʦʚʘʣʴʯʝʥʢʦ [49-51] ʟʘʧʨʦʧʦʥʫʚʘʚ ʙʽʣʴʰ 

ʩʢʣʘʜʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʦʙôʻʤʥʦʾ ʚôʷʟʢʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʪʘ 

ʟʩʫʚʥʦʾ ʚôʷʟʢʦʩʪʽ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʚʠʛʣʷʜʽ 

                                  
( )
q

q
hx

q--
=

1

0

1
ʢ

                                      (1.3), 

ʜʝ k ï ʧʦʩʪʽʡʥʘ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 2.  

ɿʘʣʝʞʥʽʩʪʴ (1.3) ʻ ʪʦʯʥʽʰʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʢʽʥʝʪʠʢʠ 

ʫʱʽʣʴʥʝʥʥʷ ʇʄ ʧʨʠ ʾʭ ʛʘʨʷʯʦʤʫ ʬʦʨʤʫʚʘʥʥʽ. ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ 

ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʬʦʨʤʫʣʦʶ 

                                    
( )20 1 qhh -=                                                (1.4), 

ʷʢʫ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʦʩʣʽʜʥʠʢʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ.  

ʄ.ʉ. ʂʦʚʘʣʴʯʝʥʢʦ [49-51] ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʙʽʣʴʰ ʪʦʯʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʩʫʚʥʦʾ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ  

                                          
( ) qqhh --= 1

0 1
ʢ

                                    (1.5). 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (1.4 ʽ 1.5) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚô̫ʟʢʦʩʪʽ ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ ʇʄ ʫ ʧʨʦʮʝʩʘʭ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʜʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʨʝʘʣʴʥʠʭ 

ʧʦʨʠʩʪʠʭ ʪʽʣ ʟʘʟʥʘʣʘ ʥʝʚʜʘʯʫ: ʰʚʠʜʢʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ ʫ ʜʦʩʣʽʜʽ ʚʠʷʚʠʣʘʩʷ 

ʟʥʘʯʥʦ ʚʠʱʦʶ ʟʘ ʪʝʦʨʝʪʠʯʥʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʽʟʠʯʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʫʱʽʣʴʥʝʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ, ʱʦ ʤʘʶʪʴ ʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ. ɼʦʩʠʪʴ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʦʙʫʜʦʚʘʥʘ ʪʝʦʨʽ ̫ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʬʦʨʤʦʟʤʽʥʠ ʇʄ ʧʽʜ 

ʪʠʩʢʦʤ ʧʨʠ ʧʽʜʚʠʱʝʥʥ̔ ʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʽʟʠʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʩʦʣʽʜʘʮʽʷ 

ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʟʫʯʦʩʪʽ ʚ ʤʝʪʘʣʘʭ. ɺ ʧʨʘʢʪʠʮʽ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʟʫʯʽʩʪʴ c ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʜʝʬʦʨʤʘʮʽʾ 
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                         (1.6)

 

ʜʝ U  ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ; k - ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ;  

ů - ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ; ʧ - ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ. 

ʐʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʧʦʚʟʫʯʦʩʪʽ c  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

                                             
( )ʧ*-+Ö= ssasce#                                  (1.7) 

ʜʝ *s - ʧʦʨʦʛʦʚʝ ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʛʘʣʴʤʫʚʘʥʥʷ 

ʜʠʩʣʦʢʘʮʽʡ, ʱʦ ʨʫʭʘʶʪʴʩʷ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʫ, ʱʦ ʧʦʚôʷʟʫʻ ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʟ 

ʧʨʠʢʣʘʜʝʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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Sɸ n expse#                        (1.8) 

ʜʝ ()Sɸ  - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ. 

ʋ ʚʩʽʭ ʨʦʙʦʪʘʭ ʽʟ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦʩʣʽʜʥʠʢʠ ʧʨʠʧʫʩʢʘʣʠ, ʱʦ ʚ ʦʩʥʦʚʽ ʬʽʟʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʣʝʞʠʪʴ ʧʦʚʟʫʯʽʩʪʴ. ʊʫʪ ʜʦʨʝʯʥʦ ʚʽʜʟʥʘʯʠʪʠ [49-51] 

ʨʽʚʥʷʥʥʷ ʪʝʦʨʽʾ ʫʱʽʣʴʥʝʥʥʷ ʫ ʧʨʘʢʪʠʮʽ ʛʘʨʷʯʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʽ ʨʦʙʦʪʫ  

ʄ. ʉ. ʂʦʚʘʣʴʯʝʥʢʘ [49], ʚ ʷʢʽʡ ʜʦʩʣʽʜʞʝʥʦ ʩʧʽʣʴʥʠʡ ʚʧʣʠʚ ʢʽʣʴʢʦʭ ʬʽʟʠʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʢʨʠʧʫ ʥʘ ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʇʄ. 

ɺʽʜʦʤʦ, ʱʦ ʤʦʜʝʣʽ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʇʄ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʢʽ ʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʻ ʩʠʥʪʝʟʦʤ 

ʪʝʦʨʽʾ ʦʙôʻʤʥʦʾ ʚôʷʟʢʦʾ ʪʝʯʽʾ ʪʚʝʨʜʠʭ ʪʽʣ ʽ ʥʝʣʽʥʽʡʥʦʾ ʧʦʚʟʫʯʦʩʪʽ ʽ, ʧʦ ʩʫʪʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʢʨʦʨʝʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʚ ʦʧʠʩʽ ʧʦʚʝʜʽʥʢʠ ʧʦʨʠʩʪʠʭ ʩʠʩʪʝʤ 

ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ [49-51]. ʇʨʠʯʠʥʦʶ ʧʦʚʟʫʯʦʩʪʽ ʻ ʨʫʭ 

ʜʠʩʣʦʢʘʮʽʡ, ʩʧʨʠʯʠʥʝʥʠʡ ʧʽʜʚʠʱʝʥʠʤ ʪʠʩʢʦʤ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʉʢʣʘʜʥʽʩʪʴ 

ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ ʇʄ ʟ ʧʦʟʠʮʽʾ ʦʙôʻʤʥʦʾ ʚôʷʟʢʦʾ ʪʝʯʽʾ ʽ ʥʝʣʽʥʽʡʥʦʾ 

ʧʦʚʟʫʯʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʥʷʪʪʷ ʚôʷʟʢʦʩʪʽ ʟʩʫʚʫ 

ʚʪʨʘʯʘʻ ʩʝʥʩ, ʪʘʢ ʷʢ ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʧʨʦʧʦʨʮʽʡʥʘ ʧʨʠʢʣʘʜʝʥʦʤʫ 
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ʥʘʧʨʫʞʝʥʥʶ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʟʩʫʚʥʦʾ ʚôʷʟʢʦʩʪʽ (1.4), ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʚôʷʟʢʦʩʪʽ 

[49]:  
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                 (1.9)

 

ʜʝ *s  - ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʧʦʨʦʛʦʚʝ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʫ ʧʦʨʠʩʪʦʤʫ 

ʪʽʣʽ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʝ ɺ. ɺ. ʉʢʦʨʦʭʦʜʦʤ [46]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ɺ. ɺ. ʉʢʦʨʦʭʦʜʦʤ ʤʝʪʦʜ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʽ ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʡ ʩʪʘʚ ʚʝʣʠʢʠʤ ʚʢʣʘʜʦʤ ʫ ʪʝʦʨʽʶ 

ʫʱʽʣʴʥʝʥʥʷ ʚôʷʟʢʠʭ ʧʦʨʠʩʪʠʭ ʪʽʣ ʽ ʧʦʣʷʛʘʚ ʫ ʪʦʤʫ, ʱʦ ʜʠʩʠʧʘʮʽʷ ʝʥʝʨʛʽʾ ʧʨʠ 

ʚô̫ʟʢʦʤʫ ʧʝʨʝʙʽʛʫ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ [46]:  

1) ʯʝʨʝʟ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʚôʷʟʢʦʩʪʽ 

ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʷʢ ʮʽʣʦʛʦ;  

2) ʯʝʨʝʟ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʽʩʪʠʥʥʽ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ʫ ʧʨʠʧʫʱʝʥʥʽ ʪʝʥʟʦʨʘ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʽ ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʬʦʨʤʫʚʘʥʥʷ ʇʄ. 

ɺʠʟʥʘʯʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʜʠʩʠʧʘʪʠʚʥʘ ʬʫʥʢʮʽʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʚʥʦʛʦ ʩʧʦʩʦʙʫ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʨʘʟʫ (1.10), ʱʦ ʦʧʠʩʫʻ ʢʽʥʝʪʠʢʫ ʫʱʽʣʴʥʝʥʥʷ 

ʚô̫ʟʢʦʛʦ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʇʄ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ: 
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                               (1.10)

 

ɺʠʜ ʬʫʥʢʮʽʾ ( )nF ,q  ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʩʭʝʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ, 

ʟʚôʷʟʢʫ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʦʙôʻʤʥʦʾ ʪʘ ʟʩʫʚʥʦʾ ʚôʷʟʢʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʪʘ 

ʨʝʯʦʚʠʥʠ ʪʚʝʨʜʦʾ ʬʘʟʠ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʫʱʽʣʴʥʝʥʥʷ ʧʨʠ ʛʘʨʷʯʦʤʫ 

ʧʨʝʩʫʚʘʥʥʽ ʪʘ ʧʨʦʢʘʪʮʽ ʇʄ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ [50]: 
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ʜʝ r# - ʰʚʠʜʢʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ, ɟ- ʚʽʜʥʦʩʥʘ ʱʽʣʴʥʽʩʪʴ, ʈ - ʪʠʩʢ ʬʦʨʤʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ɺ.ɺ. ʉʢʦʨʦʭʦʜ [46] ʩʬʦʨʤʫʚʘʚ ʜʨʫʛʠʡ, ʤʘʢʨʦʨʝʦʣʦʛʽʯʥʠʡ 

ʧʽʜʭʽʜ ʫ ʚʠʚʯʝʥʥʽ ʧʠʪʘʥʴ ʤʝʭʘʥʽʢʠ ʧʦʚʝʜʽʥʢʠ ʧʦʨʠʩʪʠʭ ʪʽʣ ʧʨʠ ʬʦʨʤʫʚʘʥʥʷ 

ʇʄ. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʪʘ 

ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ.  

ʇʣʦʱʘ ʢʦʥʪʘʢʪʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 
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                                                   (1.12), 

ʜʝ ɓ - ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ; ɟʯ - ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; r - ʨʘʜʽʫʩ 

ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ; h - ʚʠʩʦʪʘ ʟʘʪʚʝʨʜʽʣʦʾ ʯʘʩʪʠʥʢʠ. ʈʘʜʽʫʩ ʢʦʥʪʘʢʪʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ ɻʝʨʮʘ [46]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʝʨʝʥʝʩʝʥʥʷ ʨʝʯʦʚʠʥʠ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʧʦ ʥʘʩʪʫʧʥʠʤ 

ʤʝʭʘʥʽʟʤʘʤ: ʦʙôʻʤʥʘ ʜʠʬʫʟʽʷ, ʧʦʚʝʨʭʥʝʚʘ ʜʠʬʫʟʽʷ, ʚôʷʟʢʠʡ ʧʝʨʝʙʽʛ, 

ʧʝʨʝʥʝʩʝʥʥʷ ʨʝʯʦʚʠʥʠ ʯʝʨʝʟ ʛʘʟʦʚʫ ʬʘʟʫ. ʋ ʚʠʧʘʜʢʘʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʠʩʪʝʤ ʤʘʻ ʤʽʩʮʝ ʩʘʤʦʜʠʬʫʟʽʷ, ʫ ʨʘʟʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ï ʜʦʜʘʪʢʦʚʦ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʛʝʪʝʨʦʜʠʬʫʟʽʷ, ʱʦ ʩʧʨʠʷʻ ʚʠʨʽʚʥʶʚʘʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ 

ʩʠʩʪʝʤʽ.  

ʄʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʇʄ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ 

ʨʽʚʥʷʥʥʷ ʪʝʦʨʽʾ ʫʱʽʣʴʥʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʄ.ʉ. ʂʦʚʘʣʴʯʝʥʢʦ [49-51], ʥʘʡʙʽʣʴʰ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ. 

ʆʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [45-58] ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ 

ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʨʦʰʢʦʚʠʭ ʰʘʨʽʚ (ʇʐ) ʧʨʠ ̔ʤʧʫʣʴʩʥʽʡ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽʡ ʦʙʨʦʙʮʽ: 

- ʧʝʨʰʠʡ ʟ ʥʠʭ ʧʦʚôʷʟʘʥʠʡ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʇʄ, 

ʤʽʢʨʦʤʝʭʘʥʽʢʦʶ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʨʦʰʢʦʚʠʭ ʯʘʩʪʠʥʦʢ ʤʽʞ ʩʦʙʦʶ ʽ 
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ʦʩʥʦʚʦʶ ʪʘ ʟ ʧʠʪʘʥʥʷʤʠ ʚʠʷʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ 

ʝʬʝʢʪʠ ʫʱʽʣʴʥʝʥʥʷ;  

- ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʨʫʛʦʛʦ ʥʘʧʨʷʤʫ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪʽ ʪʘ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʪʘ ʽʤʧʫʣʴʩʥʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦ  ʁ

ʦʙʨʦʙʢʦʶ, ʚʽʜ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʘʧʠʣʝʥʠʤ ʇʐ  ̔ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ 

ʪʠʩʢʫ ɯɽʂʆ;  

- ʚ ʪʨʝʪʴʦʤʫ ʥʘʧʨʷʤʽ ʟʥʘʡʰʣʠ ʩʚʦʻ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʧʠʪʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʦʰʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʾʭ ʱʽʣʴʥʦʩʪʽ ʪʘ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ  ʪʘ 

ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʨʦʰʢʦʚʠʭ ʰʘʨʽʚ ʧʨʠ ʾʭ ɯɽʂʆ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʡ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ  

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʨʦʙʣʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʠ ʾʭ 

ʚʠʨʽʰʝʥʥʷ.  

ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʟʘʩʪʦʩʫʚʘʪʠ ʽʤʧʫʣʴʩʥʫ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʫ ʦʙʨʦʙʢʫ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʷʢ ʜʦ ʤʝʭʘʥʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, 

ʪʘʢ ʽ ʜʦ ʽʤʧʫʣʴʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʘʪʴ ʧʨʠʥʮʠʧʠ ʩʠʥʭʨʦʥʥʦʛʦ 

ʧʦʻʜʥʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʨʝʞʠʤʽʚ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʟʘʚʝʨʰʝʥʥʶ ʨʦʟʧʦʯʘʪʠʭ ʧʨʠ ʛʘʟʦʪʝʨʤʽʯʥʦʤʫ ʥʘʧʠʣʝʥʥʽ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.  
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʨʦʰʢʦʚʽ 

ʤʘʪʝʨʽʘʣʠ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʾʭ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ 

ʦʪʨʠʤʫʚʘʪʠ ʥʘʧʠʣʝʥʥʽ ʧʦʢʨʠʪʪʷ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘ ʨʽʚʥʽ ʧʣʘʟʤʦʚʠʭ ʽ 

ʥʘʜʟʚʫʢʦʚʠʭ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʘʣʝ ʚ 5 ... 10 ʨʘʟʽʚ ʜʝʰʝʚʰʝ, ʘ ʪʘʢʦʞ 

ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʮʠʤ ʤʝʪʦʜʘʤ ʚʣʘʩʪʠʚʽ ʧʨʠʥʮʠʧʦʚʽ ʥʝʜʦʣʽʢʠ: 

ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʟ ʧʦʢʨʠʪʪʷʤ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʤʘʣʦʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. ʊʦʤʫ, ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʝʪʦʜʠʢʫ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʚ ɯʥʩʪʠʪʫʪʽ 

ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤʝʥʽ ɻ.ʉ. ʇʠʩʘʨʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ. 

ɺʠʢʦʥʘʥʠʡ ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʨʦʰʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʧʨʦʮʝʩʽ ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ 

ʧʦʚʠʥʥʽ ʙʫʪʠ:  

1) ʧʦʚôʷʟʘʥʽ ʟ ʧʠʪʘʥʥʷʤʠ ʚʠʷʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʝʬʝʢʪʠ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ;  

2) ʩʧʨʷʤʦʚʘʥʽ ʥʘ:  

- ʜʦʩʣʽʜʞʝʥʥ̫  ʤʽʢʨʦʤʝʭʘʥʽʢʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʨʦʰʢʦʚʠʭ ʰʘʨʽʚ 

ʤʽʞ ʩʦʙʦʶ  ̔ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ;  

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪʽ ʪʘ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ 

ʚʽʜ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʘʧʠʣʝʥʠʤ ʧʦʨʦʰʢʦʚʠʤ ʰʘʨʦʤ ʽ ʟʤʽʮʥʶʻʤʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʘ ʪʠʩʢʫ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ;  

- ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʪʘ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʽ 

ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ.  
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ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ʆʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʪʘ ʢʦʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

2. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʱʽʣʴʥʽʩʪʴ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ.  

3. ɺʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʚʽʜ ʪʠʩʢʫ ʬʦʨʤʫʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʧʦʨʦʰʢʦʚʠʡ ʰʘʨ. 

4. ɺʠʟʥʘʯʠʪʠ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ (ʘʜʛʝʟʽʡʥʫ ʡ ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ, ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ, ʽʥ.) ʪʘ ʜʦʚʝʩʪʠ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ. 

5. ʐʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ - ʧʦʢʨʠʪʪʷè ʜʦʩʣʽʜʠʪʠ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʤʽʞ 

ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʩʘʤʽʡ ʜʝʪʘʣʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʾʾ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

6. ɺʠʟʥʘʯʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʷʢʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

7. ɺʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʥʘʧʠʣʝʥʠʤ ʧʦʢʨʠʪʪʷʤ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʾ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʾʭ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 
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ʈʆɿɼɯʃ 2  

ʆɹʃɸɼʅɸʅʅʗ, ʄɸʊɽʈɯɸʃʀ, ʄɽʊʆɼʀʂʀ ʊɸ ʄɽʊʆɼʀ 

ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ ɼʆʉʃɯɼɾɽʅʔ 

 

ɺ ʨʦʟʜʽʣʽ ʚʠʢʣʘʜʝʥʦ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʧʦʥʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʫ 

ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʠʢ: ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ, ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ, ʩʢʘʥʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ [41, 44, 120 - 122]; ʦʮʽʥʢʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ [120, 123], 

ʱʽʣʴʥʦʩʪʽ (ʧʦʨʠʩʪʦʩʪʽ) [124 - 126], ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʽʟ ʧʦʢʨʠʪʪʷʤʠ [111, 115 ï 

119, 127 - 131], ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [132 - 142], ʯʠʩʝʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ [143-146]. 

ʋ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʴ, ʦʙ̌ʨʫʥʪʦʚʘʥʠʡ 

ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ [34-45, 147-149] ʽ ʦʙʣʘʜʥʘʥʥʷ [18, 87, 103, 104, 150 - 152] ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ [104, 111, 115 ï 119, 127 - 131]. 

 

2.1. ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ 

 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʢʫʧʥʽʩʪʶ 

ʤʝʪʦʜʽʚ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ. ʄʝʪʦʜʠ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ [153 - 158] ʪʘ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ [142] ʚʠʢʦʨʠʩʪʘʥʽ ʟ 

ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʽ ʦʪʨʠʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʂʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʩʧʦʩʦʙʠ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʡ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʘ 

ʽʤʧʫʣʴʩʥʫ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʫ ʦʙʨʦʙʢʫ; ʤʝʪʦʜʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹ ʽ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ; 

ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʧʦʨʦʰʢʦʚʦʾ 
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ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ çʜʝʪʘʣʴ-

ʧʦʢʨʠʪʪʷè (ʘʜʛʝʟʽʡʥʦʾ ʪʘ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ, ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ); ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʅɼʉ ʧʦʚʝʨʭʦʥʴ ʟ ʧʦʢʨʠʪʪʷʤʠ; 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʶ ʷʢʠʭ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʽʤʧʫʣʴʩʥʦʶ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʠʭ 

ʟʚôʷʟʢʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ 

ʚ:  

- ʚʠʙʦʨʽ ʤʝʪʦʜʽʚ ɻʊʅ ʧʦʢʨʠʪʪʽʚ, ʦʛʣʷʜʽ ʪʘ ʘʥʘʣʽʟʽ ʥʘʧʨʷʤʢʽʚ ʽ ʩʧʦʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ;  

- ʜʦʚʝʜʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯɽʂʆ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ  ʚʣʘʩʪʠʚʦʩʪʝʡ ɻʊʇ;  

- ʚʠʙʦʨʽ ʦʙʣʘʜʥʘʥʥʷ ʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ;  

- ʧʨʦʚʝʜʝʥʥʽ ʢʦʤʧʣʝʢʩʫ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ çʜʝʪʘʣʴ-ʧʦʢʨʠʪʪʷè (ʘʜʛʝʟʽʡʥʦʾ ʪʘ 

ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ, ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʅɼʉ);  

- ʜʦʩʣʽʜʞʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ, 

ʩʪʚʦʨʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʘ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ 

ʦʙʨʦʙʢʦʶ;  

- ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ɯɽʂʆ ʥʘ ʤʝʭʘʥʽʯʥʽ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʟ ɻʊʇ ʪʘ ʚʠʙʽʨ ʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ ɻʊʇ 

ʽʤʧʫʣʴʩʥʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ (ʨʠʩ. 

2.1) ʪʘ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʜʦʩʣʽʜʞʝʥʴ: 
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ʈʠʩ. 2.1. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʴ 

 

- ʦʛʣʷʜ ʤʝʪʦʜʽʚ ɻʊʅ, ʚʠʙʽʨ ʤʝʪʦʜʽʚ ɻʇʅ ʽ ɽɼʅ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ 

ʾʭ ʥʝʜʦʣʽʢʽʚ ʪʘ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʽ ʩʧʦʩʦʙʽʚ ʾʭ ʫʩʫʥʝʥʥʷ;  

- ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯɽʂʆ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɻʊʇ, ʘ ʩʘʤʝ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʽʚ ɻʊʅ, ʚʠʙʽʨ 

ʤʝʪʦʜʽʚ ɽɼʅ ʽ ɻʇʅ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ. ɰʭ 

ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ ʪʘ ʩʧʦʩʦʙʠ ʫʩʫʥʝʥʥʷ 

 

 

ʂʽʣʴʢʽʩʥʠʡ 

ʩʪʝʨʝʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

 
 

ʆʙ̌ʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ɯɽʂʆ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɻʊʇ 

 

ʆʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʇʄ 

ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ 

ʥʘʧʠʣʝʥʠʭ ʇʐ  ʧʨʠ ɽʂʆ 

ʈʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ 

 

ɺʠʟʥʘʯʝʥʥʷ 

ʧʦʨʠʩʪʦʩʪʽ 
 

ʇʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʨʠʪʪʽʚ, 

ʩʪʚʦʨʝʥʠʭ ʤʝʪʦʜʘʤʠ ɻʊʅ ʪʘ  

ɯɽʂʆ 

ʊʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʘʤʠ ɻʊʅ ʟ̔ ɯɽʂʆ 
 

ʈʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʄʝʪʦʜʠʢʘ 

ʜʦʩʣʽʜʞʝʥʥʷ 

 ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʄʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʠʱ  

ʽ ʧʨʦʮʝʩʽʚ ʧʨʠ ɯɽʂʆ. 

ɼʦʩʣʽʜʞʝʥʥʷ  

ʜʠʬʫʟʽʡʥʦʾ ʟʦʥʠ 

ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ 

ɯɽʂʆ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ  ɻʊʇ 

ʄʝʪʘ ʨʦʙʦʪʠ - ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ 

ɻʊʇ ɯɽʂʆ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʠʭ ʟʚôʷʟʢʽʚ  

 

ɺʠʟʥʘʯʝʥʥʷ  

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ  
ʄʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ 

ʤ̔ʢʨʦʪʚʝʨʜʩ̔ʪ̔ 

ʽ ʪʚʝʨʜʩ̔ʪ̔  
 

ɼʦʩʣʽʜʞʝʥʥʷ ʅɼʉ 

ʩʠʩʪʝʤʠ  

çʜʝʪʘʣʴ-ʧʦʢʨʠʪʪʷè 

ʏʠʩʝʣʴʥʽ 

ʨʦʟʨʘʭʫʥʢʠ 

ʆʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ɽɼʅ ʽ 

ɻʇʅ 

 

ʄʝʪʦʜʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ 

ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ. ʄʝʪʦʜ ʩʢʘʥʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

ɼʦʩʣʽʜʞʝʥʥʷ 

ʟʥʦʩʦʩʪʡ̔ʢʦʩʪ̔ 

ʜʝʪʘʣʝʡ ʟ 

ʧʦʢʨʠʪʪʷʤ 

ʄʝʪʦʜ ʛʨʘʬʽʯʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 

 

ɺʠʟʥʘʯʝʥʥʷ 

ʪʚʝʨʜʦʩʪʠ  ̔

ʤ̔ʢʨʦ-

ʪʚʝʨʜʦʩʪ ̔

ʋʩʪʘʪʢʫʚʘʥʥʷ 

ʜʣʷ ɯɽʂʆ 

ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʧʦʢʨʠʪʪʽʚ 

ʆʧʪʠʤʽʟʘʮʽʷ  

ʧʨʦʮʝʩʫ ɯɽʂʆ ɻʇʇ 
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ʤʽʮʥʦʩʪʽ ʡ ʱʽʣʴʥʦʩʪʽ, ʱʦ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ, 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʜʝʪʘʣʝʡ;  

- ʚʠʙʽʨ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

- ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʫʱʽʣʴʥʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʱʽʣʴʥʦʩʪʽ, ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʘʜʛʝʟʽʡʥʦʾ ʽ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʅɼʉ, ʪʚʝʨʜʦʩʪʽ) ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘʧʠʣʝʥʥʷ ʪʘ ʽʤʧʫʣʴʩʥʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ  ʦʙʨʦʙʢʦʶ;  

- ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ ɯɽʂʆ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ɻʊʇ;  

- ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ) ʜʝʪʘʣʝʡ ʟ 

ʧʦʢʨʠʪʪʷʤʠ, ʩʪʚʦʨʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʧʠʣʝʥʥʷ ʪʘ ɯɽʂʆ;  

- ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚʧʣʠʚʠ ʨʝʞʠʤʽʚ ɯɽʂʆ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ; 

- ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɯɽʂʆ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɻʊʇ. 

- ʧʨʠʢʣʘʜʠ ʩʪʚʦʨʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʽ ʜʝʪʘʣʝʡ ʽʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʧʽʩʣʷ ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ. 

 

2.2. ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʙʘʟʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʨʘʟʢʽʚ (ɽɿ) ʽ ʜʝʪʘʣʝʡ ʽʟ ɻʊʇ ʟ ʧʦʩʣʽʜʫʶʯʦʶ ɯɽʂʆ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ 

ʤʝʭʘʥʽʯʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʤʝʪʦʶ ʜʦʚʝʜʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʦʥʫʻʤʦʾ ʦʙʨʦʙʢʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧʣʝʢʪ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ɻʊʅ, ʜʦ ʩʢʣʘʜʫ 

ʷʢʦʛʦ ʚʭʦʜʠʪʴ: ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʧʽʜ ʥʘʧʠʣʝʥʥʷ (ʨʠʩ. 2.2) 
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ʪʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʘʤʠ ɻʇʅ (ʨʠʩ. 2.3, ʘ) ʪʘ ɽɼʅ (ʨʠʩ. 2.3, ʙ); 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ɯɽʂʆ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ (ʨʠʩ. 2.4, ʨʠʩ. 2.5).  

ʄʝʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʧʽʜ ʥʘʧʠʣʝʥʥʷ - ʦʯʠʱʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʘʙʦ ʜʝʪʘʣʝʡ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ, ʦʢʩʠʜʥʠʭ 

ʧʣʽʚʦʢ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʥʠʭ ʟʘʜʘʥʦʾ ʰʦʨʩʪʢʦʩʪʽ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʧʽʜʛʦʪʦʚʢʠ 

ʧʦʚʝʨʭʥʽ, ʦʙʣʘʜʥʘʥʥʷ, ʤʘʪʝʨʽʘʣʫ, ʨʝʞʠʤʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ, ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʤʽʨʠ ʦʯʠʱʝʥʥʷ.  

ɼʨʦʙʦʩʪʨʫʤʝʥʝʚʘ ʦʙʨʦʙʢʘ (ɼʉʆ) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʧʽʜ  

ʥʘʧʠʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʥʘʯʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʝʣʝʢʪʨʦʽʩʢʨʦʚʘ 

(ɽɯʆ) -  ʧʦʚʝʨʭʦʥʴ ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ.  

ʆʙʣʘʜʥʘʥʥʷ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ɼʉʆ (ʨʠʩ. 2.2, ʘ) ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʤʘʻ ʧʨʠʚʦʜ ʦʙʝʨʪʘʥʥʷ ʡ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʩʪʦʣʝʪʫ ʽʥʞʝʢʪʦʨʥʦʛʦ ʪʠʧʫ. 

ʂʘʤʝʨʘ ʟ ʚʠʪʷʞʥʦʶ ʚʝʥʪʠʣʷʮʽʻʶ ʟʘʭʠʱʘʻ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʥʘʟʦʚʥʽ ʧʠʣʫ ʡ 

ʘʙʨʘʟʠʚʫ. ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ɼʉʆ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʙʨʘʟʠʚʫ, ʪʠʩʢʫ ʧʦʚʽʪʨʷ, ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʙʨʦʙʣʷʻʪʴʩʷ. ɺ ʷʢʦʩʪʽ ʘʙʨʘʟʠʚʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʢʦʨʫʥʜ, 

ʟʘʛʘʨʪʦʚʘʥʠʡ ʯʘʚʫʥ ʪʘ ʩʪʘʣʝʚʠʡ ʜʨʦʙ. ʈʝʞʠʤʠ ɼʉʆ: ʪʠʩʢ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ 

4é6 ʄʇʘ, ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ - 4,5 ʤ3/ʭʚ. ɼʨʦʙʦʩʪʨʫʤʝʥʝʚʘ ʦʙʨʦʙʢʘ ʜʦʟʚʦʣʷʻ 

ʫʩʫʥʫʪʠ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

(ʥʘʧʨʠʢʣʘʜ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ, ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʥʦʛʦ 

ʰʘʨʫ ʜʝʪʘʣʝʡ) ʪʘ ʩʪʚʦʨʶ  ̒ ʥʘʧʨʫʞʝʥʥ ̫ ʩʪʠʩʢʫ, ʱʦ ʟʙʽʣʴʰʫʻ ʤʝʭʘʥʽʯʥʽ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʝʡ. ɿʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʚ ʧʨʦʮʝʩʽ ɼʉʆ - ʥʘʩʣʽʜʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ, ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʤʽʥʦʶ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ ʾʾ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

[100, 159]. ʇʨʦʮʝʩ ɽɯʆ ʨʝʘʣʽʟʫʚʘʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ çɽʣʽʪʨʦʥ-22è (ʨʠʩ. 2.2,ʙ), ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʟ ʻʤʥʽʩʥʠʤ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʝʥʝʨʛʽʾ 

ʪʘ ʚʽʙʨʘʪʦʨʘ, ʽ ʤʘʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʯʘʩʪʦʪʘ ʚʽʙʨʘʮʽʾ ʝʣʝʢʪʨʦʜʘ ï 100 ɻʮ; 
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ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ï 220 ɺ; ʧʦʪʫʞʥʽʩʪʴ ï 0,4 ɺʪ; ʥʘʧʨʫʛʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ï 

15...90 ɺ; ʨʦʙʦʯʠʡ ʩʪʨʫʤ ï 0,5...3,0 ɸ. ɻʝʥʝʨʘʪʦʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ, ʞʠʚʣʝʥʥʷ ʦʙʤʦʪʢʠ ʚʽʙʨʘʪʦʨʘ, ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʦʤ ɽɯʆ. 

 

              
                           ʘ                                                                       ʙ 

ʈʠʩ. 2.2. ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʧʽʜ ɻʊʅ: ʘ - ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʘ ʢʘʤʝʨʘ 

ʟ ʧʽʩʪʦʣʝʪʦʤ ʋɼʉʆ; ʙ - ʫʩʪʘʥʦʚʢʘ ʜʣʷ ɽɯʆ çɽʣʽʪʨʦʥ-22è 

 

ʅʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤ ʥʘʧʠʣʝʥʥʷʤ ʟʜʽʡʩʥʶʚʘʣʦʩʷ 

ʘʧʘʨʘʪʦʤ ROTOTEC (ʨʠʩ. 2.3, ʘ), ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ 

ʽʟ ʇʄ ʽ ʧʦʨʦʰʢʦʚʠʭ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʽʚ, ʙʦʨʠʜʽʚ, 

ʦʢʩʠʜʽʚ) ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʽʟʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɸʧʘʨʘʪʠ ʪʘ 

ʧʨʦʮʝʩʠ Rototec ʩʪʚʦʨʝʥʽ ʦʙ'ʻʜʥʘʥʥʷʤ ʜʚʦʭ ʬʽʨʤ Castolin (ʐʚʝʡʮʘʨʽʷ) ʪʘ 

Eutectic (ʉʐɸ) [1, 2, 19]. ɸʧʘʨʘʪ ʤʽʩʪʠʪʴ ʙʫʥʢʝʨ-ʞʠʚʠʣʴʥʠʢ (ʨʠʩ. 2.3, ʘ), ʟ 

ʷʢʦʛʦ ʧʦʨʦʰʦʢ ʽʥʞʝʢʪʫʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʫʶʱʠʤ ʛʘʟʦʤ ʚ ʬʘʢʝʣ ʧʦʣʫʤôʷ 

(ʧʨʠʥʮʠʧ ʩʫʤʽʰʽ ʛʘʟʽʚ ʚ ʘʧʘʨʘʪʽ ï ʽʥʞʝʢʪʦʨʥʠʡ). ɺ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʛʘʟʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʧʘʥ-ʙʫʪʘʥ ʽ ʢʠʩʝʥʴ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʣʫʤôʷ ʫ ʩʫʤʽʰʽ ʟ 

ʢʠʩʥʝʤ 2500 ʉ. ɼʣʷ çʦʙʪʠʩʢʫè ʧʦʣʫʤôʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʯʠʱʝʥʝ ʚʽʜ ʤʘʩʣʘ ʽ 

ʚʦʣʦʛʠ ʧʦʚʽʪʨʷ. ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʘʧʘʨʘʪʫ Rototec ʚ ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʝ 

ʧʦʪʫʞʥʦʩʪʽ ʽʥʰʠʭ ʘʧʘʨʘʪʽʚ ʜʣʷ ɻʇʅ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʧʦʣʴʦʪʫ ʯʘʩʪʠʥʦʢ ʇʄ, ʱʦ ʨʦʟʧʠʣʶʻʪʴʩʷ, ʜʦ 200 é 300 ʤ/ʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

0,8-0,9ʊʧʣ ʪʘ ʟʤʝʥʰʰʠʪʠ ʾʭ çʨʦʟʙʨʠʟʢʫʚʘʥʥʷè ʚ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʫ ʟ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ 
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ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʇʘʨʘʤʝʪʨʠ ʘʧʘʨʘʪʫ: ʦʙʩʷʛ ʧʦʨʦʰʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ - 

0,006 ʤ3; ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʠ ʥʘʧʠʣʝʥʥʽ 9é10 ʢʛ/ʛʦʜ; 

ʛʨʘʥʫʣʷʮʽʷ ʧʦʨʦʰʢʫ - ʜʦ 100 ʤʢʤ; ʚʠʪʨʘʪʠ ʢʠʩʥʶ - 1,0é4,0 ʤ3/ʛʦʜ; ʚʠʪʨʘʪʠ 

ʧʨʦʧʘʥ-ʙʫʪʘʥʫ - 0,2é1,0 ʤ3/ʛʦʜ; ʨʦʙʦʯʠʡ ʪʠʩʢ ʢʠʩʥʶ - 0,1é0,4 ʄʇʘ; 

ʨʦʙʦʯʠʡ ʪʠʩʢ ʧʨʦʧʘʥ-ʙʫʪʘʥʫ 0,03é1,0 ʄʇʘ; ʜʠʩʪʘʥʮʽʷ ʥʘʧʠʣʝʥʥʷ 100é 200 

ʤʤ; ʂɺʄ ï 95é96 %. ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʚʥʫʪʨʽʰʥʽ ʧʦʚʝʨʭʥʽ 

ʧʦʨʦʞʥʠʩʪʠʭ ʜʝʪʘʣʝʡ ʫʩʪʘʪʢʫʚʘʥʥʷ ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʧʦʜʦʚʞʫʚʘʣʴʥʦʶ 

ʥʘʩʘʜʢʦʶ. ʇʨʦʮʝʩ ɻʇʅ ʘʧʘʨʘʪʦʤ ROTOTEC ʚʠʢʣʶʯʘʻ ʧʝʨʝʛʨʽʚ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ 

ʤʽʮʥʽʩʪʶ ʟʯʝʧʣʝʥʥʷ 40é55 ʄʇʘ ʽ ʧʦʨʠʩʪʽʩʪʶ ʧʦʢʨʠʪʪʷ 15...18 %. 

ɼʣʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʙʣʘʜʥʘʥʥʷ, ʜʦ 

ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʝʣʝʢʪʨʦʜʫʛʦʚʠʡ ʘʧʘʨʘʪ (ʨʠʩ. 2.3, ʙ); ʢʘʙʝʣʷ ʜʣʷ 

ʟô̒ʜʥʘʥʥʷ ʟ ʙʣʦʢʦʤ ʢʦʤʫʪʘʮʽʾ; ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʜʨʦʪʫ ʜʣʷ ʥʘʧʠʣʝʥʥʷ ʪʘ ʧʽʜʧʘʣʫ ʩʫʤʽʰʽ 

ʧʦʚʽʪʨʷ ʟ ʛʦʨʶʯʠʤ ʛʘʟʦʤ (ʨʠʩ. 2.3, ʚ) [18, 26, 87,  150]. ɺ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɺɼʋ - 506 ʟ ʞʦʨʩʪʢʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʛʘʟʦʚʠʡ 

ʙʣʦʢ, ʢʦʨʦʙʢʫ ʨʦʟʧʦʜʽʣʫ, ʝʣʝʢʪʨʠʯʥʠʡ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ, ʧʦʚʽʪʨʷʥʦ-ʩʠʣʦʚʽ 

ʰʣʘʥʛʠ, ʚʠʩʦʢʦʚʦʣʴʪʥʠʡ ʜʨʽʪ, ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ ʰʠʥʠ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʩʪʨʫʤʫ 

ʜʦ ʜʨʦʪʽʚ (ʨʠʩ. 2.3, ʚ). ɸʧʘʨʘʪ ʜʣʷ ɽɼʅ ʤʘʻ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

ʰʚʠʜʢʦʟʥʽʤʥʘ ʨʦʟʧʠʣʶʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʩʣʫʞʠʪʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʤʝʥʷ 

ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ ʽ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʛʦ 

ʚʫʟʣʘ; ʣʝʛʢʘ ʡ ʰʚʠʜʢʘ ʟʘʤʽʥʘ ʜʨʦʪʽʚ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʫ ʜʨʦʪʫ 

ʜʦ ʽʥʰʦʛʦ; ʚʠʩʦʢʘ ʝʣʝʢʪʨʦ - ʽ ʪʝʨʤʦʟʘʭʠʱʝʥʥʽʩʪʴ; ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʫʩʽʭ 

ʚʫʟʣʽʚ ʘʧʘʨʘʪʫ ʪʘ ʾʭ ʧʨʦʩʪʘ ʟʘʤʽʥʶʚʘʥʽʩʪʴ; ʰʚʠʜʢʝ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʨʝʤʦʥʪ. ɻʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʘʧʘʨʘʪʫ ʜʣʷ ɽɼʅ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʛʘʟʫ ʧʨʦʧʘʥʦ-ʧʦʚʽʪʨʷʥʽʡ ʩʫʤʽʰʽ [26, 87], ʷʢʘ ʟʥʠʞʫʻ 

ʦʢʠʩʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ, ʡ ʚʠʛʦʨʘʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʘʨʘʪʫ ʜʣʷ ɽɼʅ: ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ - 0,09 

ʂɺʪ; ʥʘʧʨʫʛʘ ï 7 é 40 ɺ; ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ ʜʫʛʠ - 100 é 380 ɸ; 
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ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ 60 ʤ3/ʯ; ʚʠʪʨʘʪʠ ʧʨʦʧʘʥ-ʙʫʪʘʥʫ - ʥʝ ʙʽʣʴʰʝ 0,011 ʢʛ/ʛʦʜ; 

ʨʦʙʦʯʠʡ ʪʠʩʢ ʧʦʚʽʪʨʷ - 0,45é0,6 ʄʇʘ; ʨʦʙʦʯʠʡ ʪʠʩʢ ʧʨʦʧʘʥʫ - 0,3é0,45 

ʄʇʘ; ʂɺʄ - 0,95é0,98; ʜʽʘʤʝʪʨ ʜʨʦʪʫ - 1,6é2,2 ʤʤ; ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 8,0é33 

ʢʛ/ʛʦʜ. 

 

           
                        ʘ                                                    ʙ                                                   ʚ 

ʈʠʩ. 2.3. ɸʧʘʨʘʪ ʜʣʷ ɻʇʅ (ʘ) [1, 2, 19]  ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ɽɼʅ (ʙ,ʚ,ʛ) [18, 26, 87].:  
ʝʣʝʢʪʨʦʜʫʛʦʚʠʡ ʘʧʘʨʘʪ (ʙ), ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ɺɼʋ-506 ʟ ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ, 

ʢʦʤʧʣʝʢʪʦʤ ʰʣʘʥʛʽʚ ʽ ʜʞʛʫʪʽʚ ʪʘ ʙʣʦʢʦʤ ʢʦʤʫʪʘʮʽʾ (ʚ) 

 

ɺ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ ʜʣʷ ɽɼʅ ʣʝʞʠʪʴ ʧʨʦʮʝʩ ʧʣʘʚʣʝʥʥʷ ʜʨʦʪʽʚ 

ʝʣʝʢʪʨʠʯʥʦʶ ʜʫʛʦʶ ʽ ʨʦʟʧʠʣʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʤ 

ʩʪʨʫʤʝʥʝʤ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʧʨʦʧʘʥʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ, ʱʦ ʚʠʪʽʢʘʻ ʟ 

ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ ʯʝʨʝʟ ʩʦʧʣʦ ʃʘʚʘʣʷ ʟ ʰʚʠʜʢʽʩʪʶ ʜʦ 500 é 600 ʤ/ʩ ʪʘ ʟʜʫʚʘʻ 

ʯʘʩʪʢʠ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟ ʪʦʨʮʽʚ ʜʨʦʪʽʚ, ʧʽʜʭʦʧʣʶʻ ʾʭ, ʨʦʟʛʘʥʷʻ ʜʦ 

ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʚʢʫ ʜʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ [26, 87].  

ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɯɽʂʆ, ʷʢʫ ʨʝʘʣʽʟʦʚʫʚʘʣʠ ʥʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʋɯɽʂʆ-1 (ʨʠʩ. 2.4).  ʽ ʋɯɽʂʆ-2 (ʨʠʩ. 2.5) [64, 102, 

108, 116]. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ɯɽʂʆ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʦʮʝʩʽ 

ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ ʝʣʝʢʪʨʦʜʦʤ-ʽʥʩʪʨʫʤʝʥʪʦʤ. 

ɺʠʤʦʛʠ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ɯɽʂʆ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ. ɽʣʝʢʪʨʦʜ ʻ 

ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʫʩʪʘʥʦʚʦʢ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʡʤʘʻ 

ʫʯʘʩʪʴ ʫ ɯɽʂʆ ʥʘʧʠʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ [64, 108, 116]. ɽʣʝʢʪʨʦʜ - ʮʝ ʽʥʩʪʨʫʤʝʥʪ, 
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ʱʦ ʟʜʽʡʩʥʶʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʢʦʥʪʘʢʪ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ  ʘʙʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʪʘ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʜʝʪʘʣʣʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ 

ʧʨʦʮʝʩ ʫʱʽʣʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʥʘʧʠʣʝʥʦʛʦ ʰʘʨʫ ʧʦʢʨʠʪʪʷ. ɽʣʝʢʪʨʦʜʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʞʘʨʦʤʽʮʥʦʛʦ ʩʧʣʘʚʫ ʟ ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ. ɼʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʜʠ ʽʟ ʤʽʜʽ. 

ɽʣʝʢʪʨʦʜʠ ʚ ʧʨʦʮʝʩʽ ɯɽʂʆ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ: ʫʱʽʣʴʥʶʶʪʴ 

ʥʘʧʠʣʝʥʠʡ ʰʘʨ ʧʦʢʨʠʪʪʷ, ʧʽʜʚʦʜʷʪʴ ʩʪʨʫʤ, ʚʽʜʚʦʜʷʪʴ ʪʝʧʣʦ. ɺʘʞʣʠʚʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ  ʧʦʢʨʠʪʪʷ ʻ ʬʦʨʤʘ ʽ ʨʦʟʤʽʨʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ, ʱʦ 

ʢʦʥʪʘʢʪʫʻ ʟ ʥʘʧʠʣʝʥʠʤ ʧʦʢʨʠʪʪʷʤ [64, 108, 116].  

ʇʨʠ ʦʙʨʦʙʮʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʨʘʟʢʽʚ ʟ ʥʘʧʠʣʝʥʠʤ ʰʘʨʦʤ ʧʦʢʨʠʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʜʠ-ʨʦʣʠʢʠ ʪʘ 

ʫʩʪʘʥʦʚʢʫ ʋɯɽʂʆ-1 (ʨʠʩ. 2.4), ʘ ʪʦʨʮʝʚʠʭ ʘʙʦ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʦʥʴ - ʪʦʯʢʦʚʽ 

ʝʣʝʢʪʨʦʜʠ (ʝʣʝʢʪʨʦʜʠ-ʧʫʘʥʩʦʥʠ) ʪʘ ʫʩʪʘʥʦʚʢʫ ʋɯɽʂʆ-2 (ʨʠʩ. 2.5). ʋʩʪʘʥʦʚʢʘ 

ʋɯɽʂʆ-1 ʜʣʷ ɯɽʂʆ ʚʠʢʦʥʘʥʘ ʥʘ ʙʘʟʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʢʦʥʪʘʢʪʥʦʛʦ 

ʥʘʚʘʨʶʚʘʥʥʷ ʩʪʨʽʯʢʠ 011-1-02ʅʇʉ (ʨʠʩ. 2.4) ʝʣʝʢʪʨʦʜʦʤ-ʨʦʣʠʢʦʤ ʪʘ ʚʢʣʶʯʘʻ 

ʥʘʩʪʫʧʥʽ ʚʫʟʣʠ: ʦʙʝʨʪʘʯ, ʧʨʠʚʽʜ ʧʦʜʘʯ, ʝʣʝʢʪʨʦʜʠ-ʨʦʣʠʢʠ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ 

ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʩʪʽʡʢʫ, ʧʥʝʚʤʦʧʽʥʦʣʴ, ʧʘʥʝʣʴ ʫʧʨʘʚʣʽʥʥʷ, 

ʩʠʩʪʝʤʫ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʧʥʝʚʤʦʟʘʙʝʟʧʝʯʝʥʥʷ [108, 116 ].  

 

 

ʈʠʩ. 2.4. ʋʩʪʘʥʦʚʢʘ ʋɯɽʂʆ-1 ʜʣʷ ɯɽʂʆ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ̔  

ʥʘʧʠʣʝʥʠʤ ʧʦʢʨʠʪʪʷʤ [64, 108, 116]. 
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ʋʩʪʘʥʦʚʢʘ ʋɯɽʂʆ-2 (ʨʠʩ. 2.5, ʘ, ʙ) ʜʣʷ ɯɽʂʆ ʚʠʢʦʥʘʥʘ ʥʘ ʙʘʟʽ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʪʦʯʢʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʄʊʇ-100.5 ʪʘ ʚʢʣʶʯʘʻ 

ʧʫʣʴʪ ʫʧʨʘʚʣʽʥʥʷ, ʦʧʝʨʘʮʽʡʥʠʡ ʩʪʽʣ, ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʽ 

ʟʘʢʨʽʧʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ (ʨʠʩ. 2.5, ʘ) ʘʙʦ ʜʝʪʘʣ ̔(ʨʠʩ. 25, ʙ) 

[64] ʟ hʘʨʦʤ ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʜʽʘʤʝʪʨʦʤ 20...25 ʤʤ ʽ 

ʪʦʚʱʠʥʦʶ 10... 40 ʤʤ. ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʽʚ ʦʙʨʘʥʽ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʤʘʪʝʨʽʘʣʠ - ʩʪʘʣʴ 45 ʽ ʩʪʘʣʴ ʉʪ.3.  

ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘ ʧʘʨʘʤʝʪʨʠ ʫʩʪʘʥʦʚʦʢ [64, 108, 116]: ʥʘʧʨʫʛʘ 

ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ 380 ɺ; ʤʘʢʩʠʤʘʣʴʥʘ ʩʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ 124 ʢɺʪ; 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 8é30 ʩʤ2/ʭʚ.; ʟʤʽʥʥʠʡ ʩʪʨʫʤ - 3,1é6,6 ɸ; ʩʠʣʘ ʩʪʨʫʤʫ  ï 

8é19 ʢɸ; ʚʪʦʨʠʥʥʘ ʥʘʧʨʫʛʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ - 3,2é6,4 ɺ; ʪʨʠʚʘʣʽʩʪʴ 

ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ - 0,01é0,1 ʩ; ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ 0,02é0,4 ʩ; ʟʫʩʠʣʣʷ ʥʘ 

ʝʣʝʢʪʨʦʜʽ ʜʦ 100 ʄʇʘ; ʰʠʨʠʥʘ ʚʝʨʭʥʴʦʛʦ ʝʣʝʢʪʨʦʜʘ-ʨʦʣʠʢʘ ï 1é3 ʤʤ; 

ʪʦʚʱʠʥʘ ɻʊʇ 0,15é7 ʤʤ;  

 

      

ʘ                                                               ʙ 

2.5. ʋʩʪʘʥʦʚʢʘ ʋɯɽʂʆ-2 ʜʣʷ ɯɽʂʆ ʧʦʚʝʨʭʦʥʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ (ʘ) ʪʘ 

ʜʝʪʘʣʝʡ (ʙ) ʽʟ ʥʘʧʠʣʝʥʠʤ ʧʦʢʨʠʪʪʷʤ [64] 

 

ʋʩʪʘʥʦʚʢʠ ʜʣʷ ɯɽʂʆ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʘʶʪʴ ʢʦʨʧʫʩ, ʥʘ ʷʢʦʤʫ 

ʟʤʦʥʪʦʚʘʥʽ: ʧʥʝʚʤʘʪʠʯʥʠʡ ʧʨʠʚʽʜ, ʝʣʝʢʪʨʠʯʥʠʡ ʪʘ ʧʥʝʚʤʘʪʠʯʥʠʡ ʧʨʠʩʪʨʽʡ, 
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ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʩʪʨʫʤʦʚʽʜʚʽʜ, ʟʚʘʨʶʚʘʣʴʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ʂʦʨʧʫʩ ʻ 

ʦʩʥʦʚʥʦʶ ʥʝʩʫʯʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʫʩʪʘʥʦʚʦʢ. ʅʘ ʥʴʦʤʫ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʧʥʝʚʤʘʪʠʯʥʠʡ ʧʨʠʚʽʜ, ʱʦ ʧʝʨʝʤʽʱʫʻ ʝʣʝʢʪʨʦʜʠ. ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʩʪʨʦʶ ʫʩʪʘʥʦʚʦʢ ʻ: ʟʚʘʨʶʚʘʣʴʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ, ʨʝʛʫʣʷʪʦʨ ʯʘʩʫ, ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ. 

ɽʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʫʩʪʘʥʦʚʦʢ ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷʤʠ, ʚʢʣʶʯʝʥʥʷʤ ʪʘ ʚʠʤʠʢʘʥʥʷʤ ʩʪʨʫʤʫ [64, 108, 116].  

ʇʨʦʮʝʩ ʦʙʨʦʙʢʠ ʽ ʟʤʽʮʥʝʥʥʷ ʪʘ ʡʦʛʦ ʦʢʨʝʤʽ ʦʧʝʨʘʮʽʾ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʟʘʜʘʥʽ ʧʦ ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʨʽʟʢʠ ʯʘʩʫ ʪʘ ʫ ʚʠʟʥʘʯʝʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʘ ʩʘʤʝ: ʝʣʝʢʪʨʦʜʠ ʧʽʜʚʦʜʷʪʴ ʜʦ ʧʦʚʝʨʭʥʽ ʥʘʧʠʣʝʥʦʛʦ ʟʨʘʟʢʘ; 

ʜʝʪʘʣʽ ʟ ʥʘʧʠʣʝʥʠʤ ʧʦʢʨʠʪʪʷʤ ʩʪʠʩʢʘʶʪʴʩʷ ʝʣʝʢʪʨʦʜʘʤʠ; ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʝʪʘʣʴ ʘʙʦ ʟʨʘʟʦʢ ʧʽʜ ʪʠʩʢʦʤ; ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ 

ʚʠʪʨʠʤʫʶʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʚʠʤʢʥʫʪʦʤʫ ʩʪʨʫʤʽ (ʦʭʦʣʦʜʞʝʥʥʷ); ʝʣʝʢʪʨʦʜʠ 

ʧʝʨʝʤʽʱʶʶʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ.  

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ɯɽʂʆ: ʥʘʧʨʫʛʘ - 1é6 ɺ; ʩʠʣʘ ʩʪʨʫʤʫ, 

ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ʟ ʥʘʧʠʣʝʥʠʤ ʧʦʢʨʠʪʪʷʤ ï 8é16 ʢɸ; ʯʘʩ ʽʤʧʫʣʴʩʫ 

ʩʪʨʫʤʫ - 0,01é0, 6 ʩ; ʯʘʩ ʧʘʫʟʠ - 0,01...0,6 ʩ.  

2.3. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ɼʣʷ ɻʇʅ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʦʰʦʢ ʂʍʅ-30 (ʪʠʧ: Cr-

Ni-C) ʊʋ 322-19-004-99. ʂʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʦʰʦʢ ʂʍʅ-30 ʤʽʩʪʠʪʴ (28...32%) 

Ni ʪʘ ʢʘʨʙʽʜ ʭʨʦʤʫ Cr3C2 (ʽʥʰʝ). ɺ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʨʦʰʦʢ 

ʂʍʅ-30 ʟ ʯʘʩʪʠʥʢʘʤʠ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʪʘʢ ʷʢ ʚʦʥʠ ʤʘʶʪʴ ʥʘʡʢʨʘʱʫ 

ʧʣʠʥʥʽʩʪʴ. ʂʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʦʰʦʢ ʂʍʅ-30 (ʪʠʧ: Cr-Ni-C) ʊʋ ʋ 322-19-004-

99 ʟʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 2-ʭ ʢʣʘʩʽʚ: "ʄ" - ʜʦ 63 

ʤʽʢʨʦʥ; "ʂ" - ʚʽʜ 63 ʜʦ 160 ʤʽʢʨʦʥ. ʂʘʨʙʽʜ ʭʨʦʤʫ, ʢʨʽʤ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ ʪʘ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʚʦʣʦʜʽʻ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʚ ʧʦʨʽʚʥʷʥʥʽ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʡʦʛʦ ʦʢʩʠʜʘʤʠ ʘʙʦ ʥʽʪʨʠʜʘʤʠ. ʂʘʨʙʽʜ ʭʨʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ 
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ʪʚʝʨʜʠʡ ʪʫʛʦʧʣʘʚʢʠʡ ʥʘʧʦʚʥʶʚʘʯ ʚ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʧʦʨʦʰʢʫ ʂʍʅ-30 [34, 

42, 45].  

ɼʣʷ ɽɼʅ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʨʦʰʢʦʚʠʡ ʜʨʽʪ ʌʄɯ-2 (ʍ6ʖ8ʈ3) ʊʋ 

03534506-001-95 (ʪʘʙʣ. 1.3). ɼʣʷ ɽɼʅ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʨʦʪ ʜʽʘʤʝʪʨʦʤ 

Å1.8é2,2 ʤʤ ʟ  ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ 50é 58 HRC, ʤʝʞʦʶ ʤʽʮʥʦʩʪʽ ůʚ = 130 ʄʇʘ.  

ɼʨʽʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʦʣʦʥʢʠ - ʩʪʨʽʯʢʠ ʽʟ ʩʪʘʣʽ 08 ʢʧ ʟʘʚʪʦʚʰʢʠ 0,4 ʤʤ ʽʟ 

ʧʦʨʦʰʢʦʚʦʶ ʰʠʭʪʦʶ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʰʠʭʪʘ ʥʘ ʦʩʥʦʚʽ ʬʝʨʦʭʨʦʤʫ ʪʘ 

ʘʣʶʤʽʥʽʶ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʜʦ ʩʢʣʘʜʫ ʜʨʦʪʫ ʜʦʜʘʚʘʣʠ 

ʛʨʘʬʽʪ (5-20%). ɿʤʽʩʪ ʬʝʨʦʭʨʦʤʫ ʚʽʜ 16 ʜʦ 19% ʪʘ ʘʣʶʤʽʥʽʶ ʚʽʜ 14 ʜʦ 17% ʚ 

ʧʦʨʦʰʢʦʚʦʤʫ ʜʨʦʪ̔ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʡ ʤʽʮʥʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ ʜʦ 60é80 ʄʇʘ ʪʘ ʪʚʝʨʜʦʩʪʽ ʜʦ 50é58 HRC. ʉʢʣʘʜ ʜʨʦʪʫ 

ʟʘʙʝʟʧʝʯʫʚʘʚ ʧʝʨʝʙʽʛ ʘʣʶʤʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ (ʝʢʟʦʪʝʨʤʽʯʥʠʭ) ʤʽʞ 

ʬʝʨʦʭʨʦʤʦʤ ʪʘ ʘʣʶʤʽʥʽʻʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʝ ʜʞʝʨʝʣʦ ʪʝʧʣʘ, 

ʦɦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ ʥʘʧʠʣʝʥʥʷ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʨʦʪʫ, ʩʧʝʮʠʬʽʢʘ 

ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʨʦʟʧʣʘʚʫ ʪʘ ʡʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʪʠʩʷʯʥʦʾ ʯʘʩʪʢʠ ʩʝʢʫʥʜʠ ʪʘ ʜʨʽʪ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʣʘʚʠʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʫʛʠ [35, 147-149]. 

ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʩʪʘʥʦʚʠʪʴ 100...200 ʤʢʤ. ɼʣʷ ɽɼʅ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʠʭʪʫ ʟ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤ ʧʦʨʦʰʢʦʤ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ [35].  

 

2.4. ʄʝʪʦʜʠʢʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʜʠ ʩʢʘʥʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ 

 

ʄʝʪʦʜʠʢʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʣʘ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. 

ʇʦʯʠʥʘʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʣʽʬʽʚ. ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʰʣʽʬʽʚ ʜʦ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʨʦʟʨʽʟʘʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʚʽʜʨʽʟʥʠʭ 

ʚʝʨʩʪʘʪʘʭ çDiscotomè, çAccutomè ʬʽʨʤʠ çStruersè (ɼʘʥʽʷ) ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
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ʚʫʣʢʘʥʽʪʦʚʠʭ ʢʨʫʛʽʚ ʽ ʘʣʤʘʟʥʠʭ ʜʠʩʢʽʚ [41, 44]. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʢʨʝ 

ʘʙʨʘʟʠʚʥʝ ʨʽʟʘʥʥʷ, ʪʘʢ ʷʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʟʥʠʞʫʚʘʣʦ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʤʽʩʮʽ ʨʽʟʫ ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʚʘʣʦ ʥʘʢʣʝʧ ʤʘʪʝʨʽʘʣʫ. 

ʐʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʪʠʧʫ çNerisè ʽ 

çEcomet-IIè ʬʽʨʤʠ çBuehler-Metè (ʐʚʝʡʮʘʨʽʷ) [41, 44]. ɼʣʷ ʟʨʫʯʥʦʩʪʽ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʰʣʽʬʽʚ ʟʨʘʟʢʠ ʟʘʧʨʝʩʦʚʫʶʪʴʩʷ ʚ ʙʘʢʝʣʽʪʦʚʫ ʧʣʘʩʪʤʘʩʫ. 

ɿʘʧʨʝʩʦʚʢʫ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʧʨʝʩʽ çProntopressè [41, 44]. 

ɸʙʨʘʟʠʚʥʘ ʧʽʜʛʦʪʦʚʢʘ ʰʣʽʬʽʚ ʧʦʣʷʛʘʣʘ ʚ ʟʨʽʟʘʥʥʽ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ 

ʘʙʨʘʟʠʚʥʠʤʠ ʯʘʩʪʢʘʤʠ. ʆʙʨʦʙʢʫ ʧʨʦʚʦʜʠʣʠ ʚ ʢʽʣʴʢʘ ʩʪʘʜʽʡ, ʧʦʩʪʽʡʥʦ 

ʟʤʝʥʰʫʶʯʠ ʨʦʟʤʽʨ ʮʠʭ ʯʘʩʪʠʥʦʢ. ɺ ʷʢʦʩʪʽ ʘʙʨʘʟʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʨʦʰʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʪʘ ʘʣʤʘʟʫ. ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʰʣʽʬʘ 

ʘʙʨʘʟʠʚʥʠʤ ʤʝʪʦʜʦʤ ʰʣʽʬʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ 4-5 ʧʝʨʝʭʦʜʽʚ ʥʘ ʰʢʫʨʢʘʭ ˉ 

ʄ63, ʄ50, ʄ28, ʄ20, ʄ10. ʐʣʽʬʫʚʘʥʥʷ ʚʝʣʠ ʜʦ ʧʦʚʥʦʛʦ ʟʥʠʱʝʥʥʷ ʨʠʩʦʢ. 

ɿʘʣʠʰʢʠ ʘʙʨʘʟʠʚʫ ʟ ʰʣʽʬʘ ʚʠʜʘʣʷʣʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʦʯʠʱʝʥʥʷ ʚ ʩʧʠʨʪʽ. ʇʽʩʣʷ ʰʣʽʬʫʚʘʥʥʷ ʰʣʽʬ ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ ʽ ʧʨʦʩʫʰʫʚʘʣʠ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʤ ʧʘʧʝʨʦʤ. ʑʦʙ ʦʩʪʘʪʦʯʥʦ ʚʠʨʽʚʥʷʪʠ ʧʦʚʝʨʭʥʶ, ʰʣʽʬ 

ʧʦʣʽʨʫʚʘʣʠ ʜʦ ʜʟʝʨʢʘʣʴʥʦʛʦ ʙʣʠʩʢʫ. ʇʦʣʽʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʘʢʠʭ ʩʘʤʠʭ 

ʚʝʨʩʪʘʪʘʭ, ʱʦ ʽ ʰʣʽʬʫʚʘʥʥʷ. ɼʣʷ ʧʦʣʽʨʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʘʣʤʘʟʥʽ ʧʘʩʪʠ ʽ 

ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ [41, 44]. ɸʣʤʘʟʥʝ ʧʦʣʽʨʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʚ 3-4 ʩʪʫʧʝʥʽ ʥʘ 

ʧʘʩʪʘʭ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ɸʉʄ 14/10, 10/7, 7/5, 2/1. ʆʩʪʘʪʦʯʥʫ 

ʦʧʝʨʘʮʽʶ ʧʦʣʽʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʢʩʠʜʽ ʘʣʶʤʽʥʽʶ ʟʝʨʥʠʩʪʽʩʪʶ 1 ʤʢʤ [41, 

44]. ʇʦʚʝʨʭʥʶ ʚʽʜʧʦʣʽʨʦʚʘʥʦʛʦ ʟʨʘʟʢʘ ʧʨʦʤʠʚʘʣʠ ʟʥʝʞʠʨʝʥʠʤ ʟʥʝʚʦʜʥʝʥʠʤ 

ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ (ʉ2ʅ5ʆʅ) ʽ ʧʨʦʩʫʰʫʚʘʣʠ. ʄʝʪʦʶ ʫʩʽʭ ʩʪʘʜʽʡ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʣʽʬʽʚ ʻ ʧʦʩʣʽʜʦʚʥʘ ʦʙʨʦʙʢʘ ʾʭ ʧʦʚʝʨʭʦʥʴ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ. 

ɺʠʛʦʪʦʚʣʝʥʽ ʰʣʽʬʠ ʚʽʜʧʦʚʽʜʘʣʠ ʨʷʜʫ ʚʠʤʦʛ: ʥʘ ʧʦʚʝʨʭʥʽ ʥʝ ʙʫʣʦ ʧʦʣʽʨʦʚʘʥʠʭ 

ʜʨʷʧʠʥ ʽ ʷʤʦʢ, ʘ ʪʘʢʦʞ ʧʣʷʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʟ ʨʽʜʠʥʦʶ; 

ʰʣʽʬ ʙʫʚ ʜʦʩʪʘʪʥʴʦ ʧʣʦʩʢʠʤ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʨʦʟʛʣʷʜʘʪʠ ʡʦʛʦ ʧʨʠ ʚʝʣʠʢʠʭ 

ʟʙʽʣʴʰʝʥʥʷʭ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʰʣʽʬʽʚ ʟ ɻʊʇ ʜʦ ʪʘ ʧʽʩʣʷ ɯɽʂʆ 

ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʥʝʪʨʘʚʣʝʥʠʭ ʽ ʪʨʘʚʣʝʥʠʭ ʰʣʽʬʘʭ ʥʘ ʤʽʢʨʦʩʢʦʧʽ çMeF-3è ʬʽʨʤʠ 

çReichertè (ɸʚʩʪʨʽʷ) ʧʨʠ ʨʽʟʥʠʭ ʟʙʽʣʴʰʝʥʥʷʭ ³100, ³200, ³500. ʌʦʪʦʛʨʘʬʽʾ 

ʤʽʢʨʦʩʪʫʢʪʫʨ ʜʦʜʘʶʪʴʩʷ ʚ ʨʦʟʜʽʣʘʭ 3 ʽ 4. ɺʠʚʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʯʠʥʘʣʠ 

ʟ ʨʦʟʛʣʷʜʫ ʤʽʢʨʦʰʣʽʬʽʚ ʚ çʥʝʪʨʘʚʣʝʥʦʤʫ ʚʠʛʣʷʜʽè, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ 

ʧʦʣʽʨʫʚʘʥʥʷ, ʧʨʦʤʠʚʘʥʥʷ ʽ ʧʨʦʩʫʰʫʚʘʥʥʷ. ʇʨʠ ʦʛʣʷʜʫ ʥʝʪʨʘʚʣʝʥʦʛʦ ʰʣʽʬʘ 

ʚʠʟʥʘʯʘʣʠ ʤʽʢʨʦʧʦʨʠʩʪʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʅʝʪʨʘʚʣʝʥʽ ʟʨʘʟʢʠ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ³100, ³200. ʇʽʩʣʷ ʦʛʣʷʜʫ ʥʝʪʨʘʚʣʝʥʦʛʦ ʰʣʽʬʘ, 

ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ, ʰʣʽʬ ʪʨʫʾʣʠ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 4% ʨʦʟʯʠʥ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ (HNO3) 

ʚ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ. ʊʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʤʝʪʨʘ 

[41, 44].  

ʈʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʢʨʠʪʪʽ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (Cɽʄ) [41, 44] ʰʣʷʭʦʤ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʥʘ ʩʢʘʥʫʶʯʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ çCamScanè (çOxford 

Instrumentsè, ɸʥʛʣʽʷ, ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 70 ¡) ʟ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʤ ʘʥʘʣʽʟʘʪʦʨʦʤ. ɿʘʩʪʦʩʦʚʫʚʘʣʠ ʜʚʘ ʪʠʧʠ ʜʦʩʣʽʜʞʝʥʴ [41, 

44]: 1) ʩʧʝʢʪʨ ʟ ʧʦʚʝʨʭʥʽ ʰʣʽʬʘ ʽ 2) ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʫ ʧʦʻʜʥʘʥʥʽ ʟ Y - 

ʤʦʜʫʣʷʮʽʻʶ, ʪʦʙʪʦ ʧʦʚʽʣʴʥʝ ʩʢʘʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʫʟʜʦʚʞ ʣʽʥʽʾ ʟ 

ʨʝʻʩʪʨʘʮʽʻʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʟ 

ʧʦʙʫʜʦʚʦʶ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ (ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʘʭ 3 ʽ 4). ʇʨʦʚʦʜʠʚʩʷ ʪʦʯʢʦʚʠʡ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʟʘ ʧʨʦʛʨʘʤʦʶ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ [41, 44]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʢʨʠʪʪʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʟʡʦʤʢʫ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤʫ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʟʘ ʧʨʦʛʨʘʤʦʶ çSmart mapè, ʷʢʘ ʤʘʣʘ ʜʚʘ 

ʨʝʞʠʤʠ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʝʢʨʘʥʽ ʢʦʣʴʦʨʦʚʦʛʦ ʜʠʩʧʣʝʷ ʦʪʨʠʤʫʚʘʣʠ 

ʢʘʨʪʠʥʫ ʨʦʟʧʦʜʽʣʫ ʦʜʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ. ʂʦʣʽʨ ʥʘ ʬʦʪʦʛʨʘʬʽʾ ʚʠʟʥʘʯʘʻ 

ʢʦʥʮʝʥʪʨʘʮʽʶ: ʯʦʨʥʠʡ - ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʝʣʝʤʝʥʪʫ, ʙʽʣʠʡ - 100-ʚʽʜʩʦʪʢʦʚʘ 

ʧʨʠʩʫʪʥʽʩʪʴ, ʧʝʨʝʭʽʜʥʽ ʢʦʣʴʦʨʠ ʛʦʚʦʨʷʪʴ ʧʨʦ ʧʨʦʤʽʞʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ. ʋ 
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ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʦʪʨʠʤʫʚʘʣʠ ʦʜʥʦʯʘʩʥʦ ʨʦʟʧʦʜʽʣ ʪʨʴʦʭ ʽ ʙʽʣʴʰʝ ʝʣʝʤʝʥʪʽʚ, 

ʧʨʠ ʮʴʦʤʫ ʢʦʞʥʦʤʫ ʟ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʚʦʶʻʪʴʩʷ ʫʤʦʚʥʠʡ ʢʦʣʽʨ [41, 44]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʧʨʦʛʨʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʜʘʣʦ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʦʥʷʪʪʷ 

ʤʝʭʘʥʽʟʤʫ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ɯɽʂʆ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ 

(ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 3).  

 

2.5. ʆʮʽʥʢʘ ʧʦʨʠʩʪʦʩʪʽ ʧʦʢʨʠʪʪʽʚ 

 

ʇʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʚʚʘʞʘʻʪʴʩʷ ʚʣʘʩʪʠʚʽʩʪʶ ʜʨʫʛʦʛʦ (ʧʽʩʣʷ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ), ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʇʦʨʠʩʪʽʩʪʴ ʚʣʘʩʪʠʚʘ 

ʙʘʛʘʪʴʦʤ ʚʠʜʘʤ ʧʦʢʨʠʪʪʽʚ, ʽ ʥʘʩʘʤʧʝʨʝʜ, ɻʊʇ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ [120, 124-126], 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʦʨʠʩʪʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʘʪʦʨʘ ʟʦʙʨʘʞʝʥʥʷ çMini-Magiscanè ʬʽʨʤʠ çJoyce Loeblè (ɸʥʛʣʽʷ) ʟʘ 

ʧʨʦʛʨʘʤʦʶ çGenias 26è. ʎʷ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʽʣʴʢʽʩʥʠʡ 

ʩʪʝʨʝʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʨʠʩʪʦʩʪʽ, ʦʩʥʦʚʥʠʤʠ ʝʪʘʧʘʤʠ ʷʢʦʛʦ ʻ: ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ, ʬʽʢʩʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ, ʩʝʛʤʝʥʪʫʚʘʥʥʷ, ʧʦʨʠʩʪʽʩʪʴ. ʂʘʣʽʙʨʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘʦʙʭʽʜʥʦ ʜʣʷ ʟʘʚʜʘʥʥʷ ʤʘʩʰʪʘʙʫ. ʋ ʧʨʦʛʨʘʤʽ çGenias 26è 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʦʟʤʽʨʦʤ Õ - ʰʪʨʠʭʘ ʥʘ ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ. ɺʽʜʤʽʯʘʶʯʠ ʧʦʯʘʪʢʦʚʫ ʽ ʢʽʥʮʝʚʫ ʜʦʚʞʠʥʫ, ʦʪʨʠʤʫʻʤʦ 

ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʆʧʝʨʘʮʽʷ ʬʽʢʩʘʮʽʾ ʧʦʣʷʛʘʻ ʚ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʮʠʬʨʦʚʦʾ 

ʦʙʨʦʙʢʠ ʽ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ. ʉʝʛʤʝʥʪʫʚʘʥʥʷ çʚʽʜʦʢʨʝʤʣʶʻè ʜʦʩʣʽʜʞʫʚʘʥʽ 

ʦʙô̒ʢʪʠ (ʧʦʨʠ) ʚʽʜ ʬʦʥʫ [120, 124-126].  

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽ ʨʦʟʤʽʨʫ ʧʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʪʘʧʽʚ: 

ʦʙʨʘʭʫʚʘʥʥʷ ʧʦʨ ʟ ʬʦʪʦʛʨʘʬʽʡ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʤʽʢʨʦʩʢʦʧʽ çMeF ï 3è; 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʧʨʦʛʨʘʤʦʶ çResultsè [120, 

124-126]. 
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ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʧʨʦʛʨʘʤʦʶ çResultsè ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʟ 

ʟʘʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʦʙʫʜʦʚʠ ʛʽʩʪʦʛʨʘʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʟ ʚʠʤʽʨʷʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟ ʙʘʞʘʥʠʤ ʢʨʦʢʦʤ [120, 124-126]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ ʟʘ ʧʨʦʛʨʘʤʦʶ çResultsè ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʬʦʨʤʫʣʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ: ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ (ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ) x = Sx/n; ʩʝʨʝʜʥʻ 

ʛʝʦʤʝʪʨʠʯʥʝ G = (px)1/n; ʩʝʨʝʜʥʻ ʛʘʨʤʦʥʽʡʥʝ H = 1/(S(1/x)/n); ʜʠʩʧʝʨʩʽʷ 

ʚʠʙʽʨʢʠ S2 = (Sx2 - (Sx)2/n)/n; ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʙʽʨʢʠ S = 

ÕS2; ʜʠʩʧʝʨʩʽʷ ʩʫʢʫʧʥʦʩʪʽ s2 = (Sx2 - (Sx)2/n)/(n - 1); ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʩʫʢʫʧʥʦʩʪʽ s = Õs2; ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ sx = 

S/Õn; ʚʽʜʥʦʩʥʘ ʧʦʤʠʣʢʘ sx/x; ʘʩʠʤʝʪʨʽʷ (Sx3 - 3xSx2 + 2x3n)/n; ʝʢʩʮʝʩ (Sx4 - 

4xSx3 + 6x2Sx2 - 3x4n)/n. 

ʌʦʨʤʫʣʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦ 

ʙʫʜʴ-ʷʢʦʤʫ ʽʟ ʟʘʜʘʥʠʭ ʚʠʤʽʨʽʚ. ʇʨʦʛʨʘʤʘ çResultsè ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʦʚʘʪʠ 

ʛʽʩʪʦʛʨʘʤʠ ʧʦ ʙʫʜʴ-ʷʢʦʤʫ ʟ ʚʠʤʽʨʷʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʟ ʙʘʞʘʥʠʤ ʢʨʦʢʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʟʜʽʣʽ 3 (ʧʽʜʨʦʟʜʽʣ 3.6), ʘ 

ʧʦʙʫʜʦʚʘʥʽ ʛʽʩʪʦʛʨʘʤʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.11 ʪʘ 3.12.  

 

2.6. ʈʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ  

 

ɿ ʦʛʣʷʜʫ ʥʘ ʥʠʟʴʢʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ "ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ-ʧʦʢʨʠʪʪʷ", ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʝʪʦʜʠʮʽ ʩʢʣʘʜʝʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢʘ 

ʨʦʟʨʦʙʣʝʥʘ ʚ ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤʝʥʽ ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ ʅɸʅ ʋʢʨʘʾʥʠ 

[111, 127]. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʚ ʤʝʪʦʜʠʮʽ [111, 127] ʟʘʡʤʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ 
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ʽ ʪʦʛʦ ʞ ʟʨʘʟʢʘ (ʨʠʩ. 2.6) ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʤʝʪʦʜʠʢʠ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʧʨʠ ʮʴʦʤʫ 

ʧʦʨʽʚʥʷʥʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʝʪʦʜʠʢʘ  ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʠʪʠ ʢʦʤʧʣʝʢʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʝʡ ʘʙʦ ɽɿ 

ʽʟ ʧʦʢʨʠʪʪʷʤʠ ʟʘ ʦʜʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ: ʢʨʠʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʦʩʥʦʚʠ eʢʨ.(%); 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ Eʧ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ɽʝʟ (ʄʇʘ); 

ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʧʨʠ ʟʩʫʚʽ tʘ (ʄʇʘ); ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʷ sʢ (ʄʇʘ);  

ʟʤʽʥʫ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ 

(ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʤʝʞʽ ʤʽʮʥʦʩʪʽ sʝʟʚ), ʱʦ ʚʠʢʣʠʢʘʥʦ ʨʽʟʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ (ʪʝʤʧʝʨʘʪʫʨʦʶ, 

ʪʠʩʢʦʤ, ʪʨʠʚʘʣʽʩʪʶ ʚʠʪʨʠʤʢʠ, ʽʥ.); ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʢʨʠʪʪʽ sʟʘʣ 

(ʄʇʘ) [111, 127], ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʠʜ ʨʫʡʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʟ ʧʦʢʨʠʪʪʷʤ [111, 127].  

ɿʘ ʦʩʥʦʚʫ ʚ ʮʽʡ ʤʝʪʦʜʠʮʽ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ 

ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟ ʧʦʢʨʠʪʪʷʤ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

[160-163]. ʅʝʜʦʣʽʢʘʤʠ ʤʝʪʦʜʠʢʠ ʻ ʩʫʙôʻʢʪʠʚʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʨʫʡʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ɽɿïʧʦʢʨʠʪʪʷè ʽ ʦʙʤʝʞʝʥʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʘʤʠ, 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʪʽʣʴʢʠ ʚ ʟʦʥʽ ʧʨʫʞʥʽʭ ʜʝʬʦʨʤʘʮʽʡ [11, 127].  

ɯʜʝʷ ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʨʦʟʪʷʛ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ʟ ʩʠʤʝʪʨʠʯʥʠʤ ʜʚʦʩʪʦʨʦʥʥʽʤ ʧʦʢʨʠʪʪʷʤ, 

ʥʘʥʝʩʝʥʠʤ ʜʦ ʧʦʣʦʚʠʥʠ ʡʦʛʦ ʜʦʚʞʠʥʠ (ʨʠʩ. 2.6, ʘ). ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʪʘʥʜʘʨʪʥʠʡ ʧʣʦʩʢʠʡ ʟʨʘʟʦʢ (ʨʠʩ. 2.6, ʙ) ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ   

ʥʘ ʨʦʟʪʷʛ (ɻʆʉʊ 1497-73, ɻʆʉʊ3248-81) [111, 127].  

ʇʣʦʩʢʘ ʬʦʨʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠʡʥʷʪʘ ʟ ʪʘʢʠʭ ʤʽʨʢʫʚʘʥʴ: 

ʧʣʦʩʢʠʡ ʟʨʘʟʦʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʨʫʛʣʦʛʦ, ʙʽʣʴʰ ʟʨʫʯʥʠʡ ʜʣʷ ʥʘʢʣʝʡʢʠ 

ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ. ʅʘ ʧʣʦʩʢʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʟʨʘʟʢʫ ʣʝʛʰʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ, ʱʦ 
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ʚʘʞʣʠʚʦ, ʟ ʦʛʣʷʜʫ ʥʘ, ʩʠʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ 

ʟ ʧʦʢʨʠʪʪʷʤʠ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ. ʊʘʢʠʡ ʟʨʘʟʦʢ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ. 

 

         

 

                                                                      

                               ʘ)                                                                       ʙ)                          

ʈʠʩ. 2.6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ (ʘ, ʙ) ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ  ʩʠʩʪʝʤʠ çʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ï ʧʦʢʨʠʪʪʷè 

 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʦʜʥʫ ʟʽ ʩʪʦʨʽʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʟʨʘʟʢʘ ʥʘʢʣʝʶʚʘʣʠ ʪʝʥʟʦʜʘʪʯʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʧʦʢʨʠʪʪ,̫ ʘ ʥʘ ʜʨʫʛʫ ʥʘʥʦʩʠʣʠ ʤʽʪʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʽʩʣʷ 

ʨʫʡʥʫʚʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ (ʨʠʩ. 2.7,ʘ).  

ɿʨʘʟʦʢ ʟ ʧʦʢʨʠʪʪʷʤ ʽ ʥʘʢʣʝʻʥʠʤʠ ʥʘ ʥʴʦʛʦ ʽ ʧʦʢʨʠʪʪʷ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʚ ʟʘʭʦʧʣʝʥʥʷ ʨʦʟʨʠʚʥʦʾ ʤʘʰʠʥʽ FM-1000, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʰʘʨʥʽʨʠ ɻʫʢʘ (ʨʠʩ. 2.8, ʘ). ɺʝʣʠʯʠʥʘ ʟʫʩʠʣʴ ʨʦʟʪʷʛʫ ʬʽʢʩʫʻʪʴʩʷ 

ʜʠʥʘʤʦʤʝʪʨʦʤ, ʷʢʠʡ ʤʘʻ ʪʨʠ ʰʢʘʣʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ: 200 

ʢʛ, 500 ʢʛ, 1000 ʢʛ. 

ʇʝʨʝʜʘʯʘ ʟʫʩʠʣʣʷ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʨʘʟʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʚʝʨʩʠʚʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʨʦʟʨʠʚʥʦʾ ʤʘʰʠʥʠ FM 1000. ɿʘʤʽʩʪʴ ʦʜʥʦʬʘʟʥʦʛʦ 

*ɺʘʞʣʠʚʠʡ ʨʦʟʤʽʨ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ
ʟʘʪʠʩʢʘʯʽʚ ʤʘʰʠʥʠ ʜʣʷ ʨʦʟʨʠʚʘʥʥʷ

1. ɺʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ  ʜʦ ʪʦʚʱʠʥʠ ʦʩʥʦʚʠ
(ʜʠʚ. ʢʨʝʩʣʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 0,25 (
2. ʊʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 100 ʤʢʤ.

h  H
h/H  0,25).

ʆʉʅʆɺɸʇʆʂʈʀʊʊʗ

 

˽͙ͦͪͭͭ͟Ύ ˩͟ ͔ͫͨͪΦ ͪ͊ͦ͘͘͟ 
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ʜʚʠʛʫʥʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ 

ʚʙʫʜʦʚʘʥʠʤ ʨʝʜʫʢʪʦʨʦʤ, ʱʦ ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ: 

-  ʟʤʽʥʶʚʘʪʠ ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʽʥʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʤʽʱʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ; 

-  ʧʽʜʙʠʨʘʪʠ ʰʚʠʜʢʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ 

ʤʝʪʦʜʠʢʠ. 

 

                  
                               ʘ                                                                         ʙ 

ʈʠʩ. 2.7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʟ ʧʦʢʨʠʪʪʷʤʠ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ (ʘ, ʙ)  

 

ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ (ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ) 

ʩʠʩʪʝʤʠ çʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ - ʧʦʢʨʠʪʪʷè ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠʣʘʜ 

ɸʌ15 ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ (ɸɽ) [111]. ɼʘʪʯʠʢ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ (ɸɽ) 

ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʛʫʤʦʚʠʤ ʧʨʠʪʠʩʢʦʤ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʥʘ ʜʽʣʷʥʮʽ ʟ 

ʧʦʢʨʠʪʪʷʤ, ʜʝ ʥʝʤʘʻ ʪʝʥʟʦʜʘʪʯʠʢʽʚ. ʇʨʠʣʘʜ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ʚʢʣʶʯʘʻ ʜʘʪʯʠʢ 

ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ; ʧʽʜʩʠʣʶʚʘʯ ʩʠʛʥʘʣʫ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ; ʘʧʘʨʘʪʫʨʫ ʜʣʷ 

ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ (ʜʣʷ ʧʦʢʨʠʪʪʷ); ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʜʣʷ ʧʦʢʨʠʪʪʷ); ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ); ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ; ʢʦʤʧôʶʪʝʨ; ʪʘʙʣʦ ʧʦʢʘʟʘʥʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʣʠ, ʱʦ ʨʦʟʪʷʛʫʻ (ʨʠʩ. 2.8, ʙ).  

ʄʝʪʦʜʠʢʘ ʚʠʧʨʦʙʫʚʘʥʴ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʟ 

ʟʘʧʠʩʦʤ ʚʝʣʠʯʠʥʠ ʟʫʩʠʣʣʷ, ʘ ʪʘʢʦʞ ʜʘʥʠʭ ʪʝʥʟʦʤʝʪʨʫʚʘʥʥʷ ʯʘʩʪʠʥ ʟʨʘʟʢʘ ʟ 

ʧʦʢʨʠʪʪʷʤ ʽ ʙʝʟ ʥʴʦʛʦ ʜʦ ʤʦʤʝʥʪʫ ʚʽʟʫʘʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʨʫʡʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

çʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ - ʧʦʢʨʠʪʪʷè ʽ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʽʩʣʷ ʧʦʯʘʪʢʫ 

ʚʽʜʰʘʨʫʚʘʥʥʷ ʜʽʣʷʥʦʢ ʧʦʪʨʽʩʢʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʘʙʦ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʧʦʢʨʠʪʪʷ 

(ʨʠʩ. 2.8, ʙ). ʎʝ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʪʠʧ ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ - ʘʜʛʝʟʽʡʥʝ ʘʙʦ 
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ʢʦʛʝʟʽʡʥʝ ʪʘ ʩʫʜʠʪʠ ʧʨʦ ʢʦʛʝʟʽʡʥʦ-ʘʜʛʝʟʽʡʫ ʨʽʚʥʦʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ 

çʧʦʢʨʠʪʪʷ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢè. ʇʨʠ ʨʝʻʩʪʨʘʮʽʾ ʢʦʛʝʟʽʡʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʨʠʚʘʶʪʴ. ʗʢʱʦ ʘʜʛʝʟʽʡʥʝ ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʨʦʙʦʪʠ ʪʝʥʟʦʜʘʪʯʠʢʘ ʧʦʢʨʠʪʪʷ (< 3%), ʪʦ ʤʦʤʝʥʪ ʡʦʛʦ 

ʚʽʜʰʘʨʫʚʘʥʥʷ, ʢʨʽʤ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʬʽʢʩʫʻʪʴʩʷ ʱʝ ʡ ʪʝʥʟʦʜʘʪʯʠʢʦʤ 

ʜʝʬʦʨʤʘʮʽʾ ʧʦʢʨʠʪʪʷ [111]. 

 

                
                         ʘ                                                                       ʙ 

ʈʠʩ. 2.8. ʈʦʟʨʠʚʥʘ ʤʘʰʠʥʘ FM-1000 (ʘ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʠʩʪʝʤʠ çʧʦʢʨʠʪʪʷ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢè ʪʘ  ʨʝʻʩʪʨʘʮʽʷ ʾʾ ʨʫʡʥʫʚʘʥʥʷ (ʙ) 

 

ʂʨʽʤ ʦʙôʻʢʪʠʚʥʦʩʪʽ, ʪʘʢʘ ʬʽʢʩʘʮʽʷ ʜʦʟʚʦʣʷʻ ʩʫʜʠʪʠ ʧʨʦ ʘʜʛʝʟʽʡʥʝ 

ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ ʪʽʡ ʩʪʦʨʦʥʽ ʟʨʘʟʢʘ, ʷʢʘ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʟʫʘʣʴʥʦ. 

ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʪʝʨʽʘʣʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ 3% - ʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ, ʽ ʧʦʜʘʣʴʰʝ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ 

ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʪʝʪʦʤʝʪʨʦʤ ʂʄ-8 [111].   

ɼʣʷ ʦʮʽʥʢʠ ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ "ʧʦʢʨʠʪʪʷ - 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ (ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ Eʧ, ʄʇʘ; ʘʜʛʝʟʽʡʥʦʾ 

tʘ, ʄʇʘ ʽ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ sʢ, ʧʦʢʨʠʪʪʷ, ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʦʩʥʦʚʠ eʢʨ,; 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʢʨʠʪʪʽ sʟʘʣ,) ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʚʠʙʽʨ 

ʢʨʠʪʝʨʽʶ, ʟʘ ʷʢʠʤ ʚʦʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ [111, 127]. ʅʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʻ 

ʢʨʠʪʝʨʽʡ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ eʢʨ. ɿ ʦʜʥʦʛʦ 
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ʙʦʢʫ, ʚʽʥ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʽʜʦʙʨʘʞʘʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʘ 

(ɽʂ) ʟ ʧʦʢʨʠʪʪʷʤ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʚʽʜʦʙʨʘʞʘʻ ʤʝʞʫ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ çɽɿ (ʦʩʥʦʚʘ)-ʧʦʢʨʠʪʪʷ ʽ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʘʜʛʝʟʽʡʥʦʾ ʽ ʢʦʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʟ 

ʧʦʢʨʠʪʪʷʤ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʯʠʥʥʠʢʠ: ʩʢʣʘʜ ʧʦʢʨʠʪʪʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʧʝʨʝʜʥʷ 

ʦʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ ɽɿ ʪʘ ʽʥʰʽ. ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʢʨʠʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, 

ʷʢʫ ʜʦʩʷʛʘʻ ɽɿ ʽ ʧʦʢʨʠʪʪʷ, ʪʦʙʪʦ eʢʨ. ʫʟʘʛʘʣʴʥʶʻ ʜʚʘ ʧʦʥʷʪʪʷ: ʢʨʠʪʠʯʥʫ 

ʜʝʬʦʨʤʘʮʽʶ ɽɿ (ʦʩʥʦʚʠ) 
 

ʝʟ
ʢʨ ʪʘ ʢʨʠʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʧʦʢʨʠʪʪʷ n

ʢʨe, ʷʢʽ ʨʽʟʥʽ 

ʟʘ ʚʝʣʠʯʠʥʦʶ, ʘʣʝ ʜʦʩʷʛʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ [11, 127]. 

ʈʽʟʥʠʮʷ ʜʝʬʦʨʤʘʮʽʡ ʦʙʫʤʦʚʣʝʥʘ ʨʽʟʥʠʤʠ ʧʣʦʱʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʥʘ ʜʽʣʷʥʮʽ ʟ ʧʦʢʨʠʪʪʷʤ ʽ ʥʘ ʜʽʣʷʥʮʽ ʙʝʟ 

ʧʦʢʨʠʪʪʷ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ. ɼʦʩʷʛʥʝʥʥʷ ʧʦʢʨʠʪʪʷʤ n
ʢʨe  ʦʙʫʤʦʚʣʝʥʦ 

ʘʙʦ ʡʦʛʦ ʢʨʠʭʢʽʩʪʶ, ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʶ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ. ʄʦʤʝʥʪ 

ʜʦʩʷʛʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʟ ʧʦʢʨʠʪʪʷʤ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ eʢʨ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ (ɸɽ) [111]. ʄʝʪʦʜ ɸɽ ʜʦʟʚʦʣʷʻ 

ʨʝʻʩʪʨʫʚʘʪʠ ʧʨʦʮʝʩʠ ʤʽʢʨʦʨʫʡʥʫʚʘʥʥʷ ʥʘ ʙʽʣʴʰ ʨʘʥʥʽʭ ʝʪʘʧʘʭ, ʥʽʞ 

ʚʽʟʫʘʣʴʥʠʡ ʘʙʦ ʛʦʣʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ [111]. ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ 

ɽɿ ʟ ʧʦʢʨʠʪʪʷʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʧʠʩ ʩʠʛʥʘʣʽʚ ɸɽ (ʨʠʩ. 2.8, ʙ), ʟʨʦʙʣʝʥʠʡ ʚ 

ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɿʘ ʩʠʛʥʘʣʘʤʠ ɸɽ ʚʠʟʥʘʯʘʻʪʴʩʷ n
ʢʨe, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ɽɿ ʟ ʧʦʢʨʠʪʪʷʤ. ʇʦʥʷʪʪʷ n
ʢʨe  ʟʨʘʟʢʘ ʟ ʧʦʢʨʠʪʪʷʤ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʝ ʟ ʧʦʥʷʪʪʷʤ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ. ɻʨʘʥʠʯʥʠʡ ʩʪʘʥ ɽɿ ʟ ʧʦʢʨʠʪʪʷʤ ï ʮʝ 

ʩʪʘʥ, ʢʦʣʠ ʧʦʜʘʣʴʰʘ ʩʧʽʣʴʥʘ ʨʦʙʦʪʘ ʡʦʛʦ ʟ ʧʦʢʨʠʪʪʷʤ ʥʝʤʦʞʣʠʚʘ. ɻʨʘʥʠʯʥʠʡ 

ʩʪʘʥ ɽɿ ʟ ʧʦʢʨʠʪʪʷʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʾʾ eʢʨ. 

ʄʝʪʦʶ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʧʦʙʫʜʦʚʘ ʜʽʘʛʨʘʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ɽɿ (ʦʩʥʦʚʠ) ʟ ʧʦʢʨʠʪʪʷʤ ʽ ʚʠʟʥʘʯʝʥʥʷ eʢʨ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʜʽʘʛʨʘʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ɽɿ (ʦʩʥʦʚʠ) ʽ ʧʦʢʨʠʪʪʷ. ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.9. 
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ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʨʠʩ. 2.9) ɽɿ ʟ ʧʦʢʨʠʪʪʷʤ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʥʘʧʨʫʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ (ɽɿ) - ʚʽʜʥʦʩʥʘ 

ʜʝʬʦʨʤʘʮʽʷ (sʝʟ-eʝʟ) ʚʠʢʦʥʫʚʘʣʠ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʝʥʟʦʤʝʪʨʫʚʘʥʥʷ, 

ʦʙʯʠʩʣʶʚʘʣʠ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦʢʨʠʪʪʷ eʧ ʽ ʚʽʜʥʦʩʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ɽɿ (ʦʩʥʦʚʠ) eʝʟ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʫʧʝʥʷ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ.  

 

 

 

ʈʠʩ. 2.9. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʟʨʘʟʢʘ (ʦʩʥʦʚʘ) ʟ ʥʘʢʣʘʜʝʥʥʷʤ ʩʠʛʥʘʣʫ ɸɽ (l - ʚʝʣʠʯʠʥʘ ʟʦʥʠ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ). 

 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʛʨʘʬʽʢ (ʨʠʩ. 2.9), ʷʢʠʡ ʟʚôʷʟʫʻ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ɽɿ (ʦʩʥʦʚʽ) ʟ ʜʝʬʦʨʤʘʮʽʻʶ ʧʦʢʨʠʪʪʷ (sʝʟ - eʧ) ʟʘʚʞʜʠ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʥʘʜ 

ʛʨʘʬʽʢʦʤ sʝʟ-eʝʟ, ʜʝ eʝʟ - ʜʝʬʦʨʤʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʜʽʣʷʥʢʘ ʟ ʧʦʢʨʠʪʪʷʤ ʤʘʻ ʙʽʣʴʰʫ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʽ, ʦʪʞʝ, ʜʣʷ ʜʝʷʢʦʛʦ ʨʽʚʥʷ ʥʘʧʨʫʞʝʥʴ sʝʟ ʟʘʚʞʜʠ ʙʫʜʝ ʜʦʪʨʠʤʫʚʘʪʠʩʷ 

ʥʝʨʽʚʥʽʩʪʴ eʝʟ > eʧ. ʇʦ ʟʤʽʥʽ ʥʘʧʨʷʤʢʫ ʦʙʚʽʜʥʦʾ ʩʫʜʷʪʴ ʧʨʦ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ɽɿ ʟ 

ʧʦʢʨʠʪʪʷʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ eʝʟ ʽ ʧʦʢʨʠʪʪʷ eʧ (ʨʠʩ. 2.9).  

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʻ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ. 

ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʦʙʭʽʜʥʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʤʽʮʥʽʩʪʴ [111, 164]. ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʅɼʉ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʩʥʦʚʥʽ ʪʨʫʜʥʦʱʽ ʩʪʘʥʦʚʠʪʴ 

ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ʟʨʘʟʦʢ 

ʇʦʢʨʠʪʪʷ 
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ʆʩʥʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʚʝʣʠʯʠʥʠ ʤʦʜʫʣʷ ʖʥʛʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʤʧʘʢʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʫʤʽʩʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠʯʠʥ ʪʫʪ ʥʝʙʘʛʘʪʦ, ʚ 

ʦʩʥʦʚʥʦʤʫ ʪʘʢʘ ʟʤʽʥʘ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʚʧʣʠʚ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʷ, ʟʤʽʥʠ ʧʦʨʠʩʪʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ, ʥʘʷʚʥʦʩʪʽ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ [126, 164].  

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ɽʧ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ ʜʣʷ ʤʝʪʦʜʠʢʠ 

ʩʢʣʘʜʝʥʦʛʦ ʧʝʨʝʨʽʟʫ [111, 127]:  

                              öö
÷

õ
ææ
ç

å
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2 ʧ
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h

ʅ
ɽ

e

e
                                                   (2.1) 

ʜʝ eʝʟ ʽ eʧ - ʚʽʜʥʦʩʥʘ ʜʝʬʦʨʤʘʮʽʷ ɽɿ ʽ ʧʦʢʨʠʪʪʷ; ʅ ʽ h  - ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ʪʘ 

ɽɿ (ʦʩʥʦʚʠ); Eʧ ʽ Eʝʟʽ  ɽʝʟ - ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʽ ʤʘʪʝʨʽʘʣʫ ɽɿ.  

ʂʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʚʠʟʥʘʯʘʣʘʩʷ  ʧʦ ʬʦʨʤʫʣʽ (2.2), ʘ ʘʜʛʝʟʽʡʥʘ 

ʟʘ ʬʦʨʤʫʣʦʶ (2.3). 

                                                           (2.2) 

                                             

                       (2.3),   

ʜʝ          - ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʦʥʘ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ; 

       - ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʦʥʘ ʤʘʪʝʨʽʘʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʽʣʴʢʠ ʧʨʫʞʥʽʭ ʜʝʬʦʨʤʘʮʽʡ ʚ 

ɽɿ ʟ ʧʦʢʨʠʪʪʷʤ [111]. ɺ ʷʢʦʩʪʽ ʟʥʘʯʝʥʴ eʝʟ, eʧ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʘʥʽ 

ʪʝʥʟʦʤʝʪʨʫʚʘʥʥʷ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʫʞʥʴʦʾ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʡ ʷʢ ʧʦʢʨʠʪʪʷ, 

ʪʘʢ ʽ ʤʘʪʝʨʽʘʣʫ ɽɿ (ʦʩʥʦʚʠ). ʗʢ ʚʠʜʥʦ ʟ ʬʦʨʤʫʣʠ (2.1), ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ɽʧ, ʚ 

ʥʽʡ ʚʠʢʦʨʠʩʪʘʥʘ ʚʝʣʠʯʠʥʘ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ɽʝʟ ʤʘʪʝʨʽʘʣʫ ɽɿ. ɺʽʜʦʤʦ, ʱʦ 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽɿ ʟʤʽʥʶʻʪʴʩʷ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ. ʇʨʦʮʝʩ 
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ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷʤ ɽɿ. ʇʝʨʝʜʙʘʯʠʪʠ 

ʟʘʟʜʘʣʝʛʽʜʴ, ʷʢʠʤ ʯʠʥʦʤ ʥʘʛʨʽʚʘʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʧʨʫʞʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ ɽɿ ʤʘʻ ʧʝʚʥʽ ʩʢʣʘʜʥʦʱʽ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʚ ʨʦʟʨʘʭʫʥʢʦʚʫ ʬʦʨʤʫʣʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɽʧ ʚʢʣʶʯʘʪʠ ʟʥʘʯʝʥʥʷ ɽʝʟ (ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ɽɿ), 

ʦʪʨʠʤʘʥʽ ʟ ʪʦʛʦ ʞ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ɽʝʟ ʟ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ çɽɿ-ʧʦʢʨʠʪʪʷè (ʨʠʩ. 2.9) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʨʘʬʽʢ, ʱʦ ʟʚôʷʟʫʻ s - e. 

ɼʣʷ ʮʽʣʦʛʦ ʨʷʜʫ ʤʘʪʝʨʽʘʣʽʚ ʚʘʞʢʦ ʯʽʪʢʦ ʚʠʜʽʣʠʪʠ ʟ ʮʴʦʛʦ ʛʨʘʬʽʢʘ ʧʨʫʞʥʶ 

ʟʦʥʫ. ʊʦʤʫ ʤʦʞʣʠʚʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʦʯʘʪʢʦʚʦʾ ʜʽʣʷʥʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʜʝʨʞʫʚʘʥʦʛʦ ʛʨʘʬʽʢʘ s - e ʧʨʷʤʦʶ ʣʽʥʽʻʶ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.9. ʇʨʠ 

ʪʘʢʦʤʫ ʤʝʪʦʜʽ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʜʦʚʽʜʢʦʚʽʡ ʚʝʣʠʯʠʥʽ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʚ ʷʢʦʩʪʽ ʜʦʚʽʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʬʽʛʫʨʫʻ ʜʠʥʘʤʽʯʥʠʡ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ 

ʚʠʟʥʘʥʦ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʤ [111].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʠʢʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʜʘʻ ʟʤʦʛʫ ʢʦʤʧʣʝʢʩʥʦ 

ʚʠʟʥʘʯʘʪʠ: ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ çɽɿ-ʧʦʢʨʠʪʪʷè (ʘʜʛʝʟʽʡʥʫ ʽ 

ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ; ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ; ʢʨʠʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʦʩʥʦʚʠ) ʪʘ 

ʟʤʽʥʫ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ɽɿ (ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ,, ʤʝʞʽ 

ʤʽʮʥʦʩʪʽ); ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʢʨʠʪʪʽ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʠʜ 

ʨʫʡʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʽʟ ʧʦʢʨʠʪʪʷʤ, ʭʘʨʘʢʪʝʨ ʟʤʽʥ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʧʦʨʽʚʥʷʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ [165].  

ʄʘʢʩʠʤʫʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʟ ʧʦʢʨʠʪʪʷʤ, 

ʥʘʩʘʤʧʝʨʝʜ ʾʭ ʧʨʫʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʝʬʦʨʤʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘʜʛʝʟʽʡʥʫ ʽ 

ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʜʘʩʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ çɽɿ-ʧʦʢʨʠʪʪʷè ʽ ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʫ. 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʽ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʧʝʨʝʜʙʘʯʘʻ 

ʟʫʩʠʣʣʷ ʨʦʟʪʷʛʫ, ʪʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʷʢʠʡ 

ʚʠʤʽʨʷʥʠʡ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʅɼʉ 
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ʧʦʢʨʠʪʪʷ, ʘ, ʦʪʞʝ, ʽ ʡʦʛʦ ʛʨʘʥʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [111]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣ ̔3 ʪʘ 4. 

 

2.7. ʆʮʽʥʢʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ  

 

ɺʠʟʥʘʯʝʥʥʷ ʅɼʉ ʟ ʧʦʢʨʠʪʪʷʤʠ ʚʽʜ ʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʝ 

ʤʦʞʣʠʚʝ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ [166 - 168]. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʫ ʧʦʢʨʠʪʪʽ, ʜʦʨʽʚʥʶʶʪʴ ʘʣʛʝʙʨʘʽʯʥʽʡ 

ʩʫʤʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ [166 - 168]. ɿʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʚʠʥʠʢʘʶʪʴ ʷʢ ʚ ʚʥʘʩʣʽʜʢʫ 

ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʥʘʥʝʩʝʥʥʷ, ʪʘʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ 

ʜʽʻʶ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [167], ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʪʘ ʧʦʢʨʠʪʪʷ ʧʽʩʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʢʨʠʪʪʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʢʨʠʪʪʷʭ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʤʝʪʦʜʫ ʛʥʫʯʢʦʛʦ ʟʨʘʟʢʘ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʧʽʜ ʜʽʻʶ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʢʨʠʪʪʽ, ʜʦʚʛʘ, ʚʫʟʴʢʘ ʽ ʪʦʥʢʘ 

ʧʣʘʩʪʠʥʢʘ, ʥʘ ʷʢʫ ʚʦʥʦ ʥʘʥʝʩʝʥʦ, ʜʝʬʦʨʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʫʛʠ ʢʦʣʘ [166]. 

ʇʨʦʛʠʥ ʘʙʦ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʟʨʘʟʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ 

ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ. ʇʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʧʦʢʨʠʪʪʷ ʟʨʘʟʦʢ 2 ʟʘʢʨʽʧʣʶʚʘʣʠ ʚ 

ʢʦʥʜʫʢʪʦʨ 1, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʣʘʩʪʠʥʫ ʟ ʜʚʦʤʘ ʟʘʪʠʩʢʘʯʘʤʠ (ʨʠʩ. 

2.10). ʇʦʢʨʠʪʪʷ ʥʘʥʦʩʠʣʠ ʥʘ ʩʪʘʣʝʚʫ ʪʦʥʢʫ ʜʦʚʛʫ ʧʨʷʤʦʢʫʪʥʫ ʧʣʘʩʪʠʥʢʫ 

ʨʦʟʤʽʨʦʤ 200Ĭ15Ĭ1 ʤʤ. ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟʘʪʠʩʢʘʯʽ ʢʦʥʜʫʢʪʦʨʘ 

ʟʥʽʤʘʣʠ ʽ ʚʠʟʥʘʯʘʣʠ ʧʨʦʛʠʥ, ʥʘʙʫʪʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ. 

 

ʈʠʩ. 2.10. ʂʦʥʜʫʢʪʦʨ (1) ʟʽ ʩʪʘʣʝʚʠʤ ʟʨʘʟʢʦʤ (2) ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ 

1 2 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʧʨʦʛʠʥ ʪʦʥʢʦʾ 

ʧʨʷʤʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʧʦʢʨʠʪʪʷʤ, ʨʘʜʽʫʩ ʜʫʛʠ ʧʨʦʛʠʥʫ ʧʣʘʩʪʠʥʢʠ ʟʨʘʟʢʘ, 

ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʦʩʥʦʚʠ, ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ ʽ ʦʩʥʦʚʠ. ʅʘʧʨʫʞʝʥʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʧʝʨʝʨʽʟʫ ʧʦʢʨʠʪʪʷ, ʦʜʥʘʢ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʜʦʧʫʩʢʘʣʠ, ʱʦ ʾʭ ʨʦʟʧʦʜʽʣ ʨʽʚʥʦʤʽʨʥʠʡ, ʪʦʙʪʦ, ʚʠʟʥʘʯʘʣʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ. 

ɿʥʘʶʯʠ ʚʝʣʠʯʠʥʫ ʧʨʦʛʠʥʫ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʜʣʷ ʙʘʣʢʠ [166, 167], ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʟʥʘʯʠʣʠ ʟʛʽʜʥʦ ʥʘʩʪʫʧʥʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

( )( )nʝʟʝʟn

ʝʟʝʟʟʘʣ

ʧ
hHha

fHE

+-
=

213

32
2

3

n
s                                   (2.4) 

ʜʝ 2ʅo, hn  ʪʦʚʱʠʥʠ ɽɿ (ʦʩʥʦʚʠ) ʽ ʧʦʢʨʠʪʪʷ, ʚʽʜʧʦʚʽʜʥʦ; 

ɽʦ,,nʦ - ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʝʨʰʦʛʦ ʨʦʜʫ ʽ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʫ ɽɿ  

ʚʽʜʧʦʚʽʜʥʦ; f, ʘ - ʧʨʦʛʠʥ ʽ ʜʦʚʞʠʥʘ ɽɿ, ʚʽʜʧʦʚʽʜʥʦ. 

ʏʝʨʝʟ ʧʨʦʛʠʥ f ʽ ʭʦʨʜʫ l ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʣʝʞʥʦʩʪʽ 

f

fl
R

8

4 22+
= ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ R (ʨʠʩ. 2.11). ɿʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʞʝʥʥʷ ůʧ
ʟʘʣ. ʟʛʽʜʥʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʥʘ ʚʠʛʠʥ 

ʚʠʟʥʘʯʘʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( )( )nʝʟʝʟn

ʝʟʝʟʟʘʣ

ʧ
hHRh

HE

+-
=

213

4
2

3

n
s                                       (2.5) 

ʜʝ R - ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʟʨʘʟʢʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʢʣʠʢʘʥʘ 

ʟʘʣʠʰʢʦʚʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ. 

 

 

l 

 

 
R 

 

f 

 

 

ʈʠʩ. 2.11. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʦʙʯʠʩʣʝʥʥʷ ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ R ʟʨʘʟʢʘ: 

l - ʩʪʨʽʣʘ (ʜʦʚʞʠʥʘ) ʽ f - ʭʦʨʜʘ ʩʝʛʤʝʥʪʘ 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʷ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [166]: 
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               (2.6) 

ɺʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʨʽʟʥʠʭ ʪʦʚʱʠʥ ʧʦʢʨʠʪʪʷ, 

ʨʦʟʨʘʭʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʜʦʟʚʦʣʠʪʴ ʚʩʪʘʥʦʚʠʪʠ ʛʨʘʥʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʧʨʠ 

ʷʢʠʭ ʧʦʢʨʠʪʪʷ ʧʦʯʠʥʘʻ ʨʫʡʥʫʚʘʪʠʩʷ. ʇʨʠ ʮʴʦʤʫ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ 

ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 10%. 

ɺ ʨʦʙʦʪʽ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʢʨʠʪʪʷʭ ʾʭ ʦʮʽʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ʛʨʘʬʽʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 

[136], ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʥʮʠʧʫ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʜʛʝʟʽʡʥʦʛʦ 

ʟʚô̫ʟʢʫ. ʎʝʡ ʧʨʠʥʮʠʧ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ 

ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ, ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʷ, ʟʘʣʠʰʢʦʚʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ 

ʜʝʬʦʨʤʘʮʽʻʶ ʦʩʥʦʚʠ.  

 

2.8. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ  

 

ɼʣʷ ʦʮʽʥʢʠ ʅɼʉ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ [143 - 145]. ʄʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ [144, 145] ʻ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ. ʎʝʡ 

ʤʝʪʦʜ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʧʨʦʛʨʘʤʘʭ NASTRAN, ANSYS, ABAQUS, COSMOS ʽ 

ʽʥ. [144]. ʇʨʦʛʨʘʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʪʠ ʩʢʣʘʜʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʅɼʉ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ  ʟ ʧʦʢʨʠʪʪʷʤʠ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʣʽʮʝʥʟʽʡʥʦʤʫ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

MSC Visual Nastran for Windows 2003 [144].  
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ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʫʜʫʻʪʴʩʷ, 

ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʘ, ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ-ʧʦʢʨʠʪʪʷè, ʟʘʜʘʶʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʽ ʽ ʧʦʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʫ ʚʠʛʣʷʜʽ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʟʘʢʨʽʧʣʝʥʥʷ.  

ʇʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʽ ʨʦʟʨʘʭʫʥʢʘʭ ʅɼʉ ʩʪʘʚʠʣʦʩʷ 

ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ʥʘʧʠʣʝʥʠʤ ʧʦʢʨʠʪʪʷʤ ʽ ʡʦʛʦ ɯɽʂʆ. 

ɺʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʙʽʣʴʰ ʟʨʫʯʥʦ ʽ 

ʥʘʜʽʡʥʦ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʚ ʪʘʢʠʭ ʚʽʜʦʤʠʭ ʧʨʦʛʨʘʤʘʭ, ʷʢ 

NASTRAN, ANSYS, ABAQUS, COSMOS ʪʘ ʽʥ. [144]. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ 

ʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʨʭʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʧʨʦʛʨʘʤ ʦʙʫʤʦʚʣʝʥʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʟʘʚʜʘʥʴ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ ʽ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʪʘʢʠʭ ʷʢ 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʥʘ ʤʽʮʥʽʩʪʴ, ʦʧʪʠʤʽʟʘʮʽʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʦ ʛʨʘʥʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ [143, 144].  

ʇʦʙʫʜʦʚʘ ʽ ʨʦʟʨʘʭʫʥʦʢ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʣʽʮʝʥʟʦʚʘʥʦʛʦ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ MSC Visual Nastran for 

Windows 2003 ʚʠʙʽʨ ʷʢʦʛʦ ʦʙʫʤʦʚʣʝʥʠʡ ʚʽʜʥʦʩʥʦʶ ʧʨʦʩʪʦʪʦʶ ʽ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ [144]. ɺʽʥ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʩʪʘʪʠʯʥʦʾ 

ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʚʠʢʦʥʘʥʥʷ ʽʥʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʂʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʠʡ ʢʦʤʧʣʝʢʩ MSC Visual Nastran for Windows 2003 ʤʘʻ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ: ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʜʽʾ ʩʠʣʦʚʠʭ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʽʚ; ʚʠʟʥʘʯʝʥʥʷ 
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ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ; ʜʦʩʣʽʜʞʝʥʥʷ ʅɼʉ [143, 144]. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ; 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ; ʩʠʣʦʚʽ ʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʧʦʚʝʨʭʥʶ ʟ ʧʦʢʨʠʪʪʷʤ; ʚʠʜ ʨʦʟʨʘʭʫʥʢʫ (ʩʪʘʪʠʯʥʠʡ, ʪʝʧʣʦʚʦʾ ʪʘ ʽʥ.) [143, 144]. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʝʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ.  

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ NASTRAN ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʟʘʚʜʘʥʴ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽ ʤʘʻ ʟʘʛʘʣʴʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʙʘʟʫ ʟ ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʄʉɽ) [145].  

ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʻ ʧʦʪʫʞʥʠʤ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ 

ʚʠʨʽʰʝʥʥʷ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ ʽ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʤʽʩʮʝ ʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʧʽʜ ʜʽʻʶ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ [145]. ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʽʟʫ ʻ ʧʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʽ ʾʾ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʩʽʪʢʠ (ʉɽʉ).  

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ MSC visual NASTRAN for Windows ʜʦʟʚʦʣʷʻ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ CAD-ʧʨʦʛʨʘʤ ʙʫʜʫʚʘʪʠ ʛʝʦʤʝʪʨʽʶ ʽ ʢʽʥʮʝʚʦ-

ʝʣʝʤʝʥʪʥʫ ʩʽʪʢʫ ʚ ʩʚʦʻʤʫ ʩʝʨʝʜʦʚʠʱʽ ʘʙʦ ʽʤʧʦʨʪʫʚʘʪʠ ʟ ʽʥʰʠʭ ʧʨʦʛʨʘʤ. 

ʇʦʜʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʙʣʘʩʪʽ ʩʢʽʥʯʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʉɽ) ʻ ʩʢʣʘʜʥʦʶ ʽ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ ʧʨʦʮʝʜʫʨʦʶ, ʚʽʜ ʷʢʦʾ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ 

ʨʽʰʝʥʥʷ.  

ʈʽʰʝʥʥʷ ʟʘʜʘʯ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʉɽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

ʧʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ; ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʤʦʜʝʣʽ; ʩʪʚʦʨʝʥʥʷ ʄʉɽ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ; ʟʘʚʜʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ 

ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; ʯʠʩʝʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ; ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ; ʬʽʢʩʘʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩ. 2.12). ɻʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʩʪʚʦʨʶʚʘʣʠ ʧʦʙʫʜʦʚʦʶ, 

ʢʦʤʙʽʥʫʚʘʥʥʷʤ ʽ ʨʝʜʘʛʫʚʘʥʥʷʤ (ʧʘʨʘʣʝʣʝʧʽʧʝʜ, ʮʠʣʽʥʜʨ ʽ ʽʥ.) ʪʘ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ (ʚʠʜʘʣʝʥʥʷʤ, ʜʦʜʘʚʘʥʥʷʤ, ʦʙʨʽʟʘʥʥʷʤ).  

ʇʦʙʫʜʦʚʘʥʫ ʦʙô̒ ʤʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʧʦʢʨʠʪʪʷ ʧʝʨʝʪʚʦʨʶʚʘʣʠ ʚ 

ʉɽʉ ʧʨʦʩʪʦʨʦʚʠʭ ʉɽ, ʟô̒ ʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʚ ʚʫʟʣʠ. ʉʢʽʥʯʝʥʽ ʝʣʝʤʝʥʪʠ 
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ʤʦʞʫʪʴ ʤʘʪʠ I-ʡ ʘʙʦ II-ʡ ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʝʢʩʘʛʦʥʘʣʴʥʽ ʪʘ ʪʝʪʨʘʽʜʘʣʴʥʽ ʉɽ I-ʛʦ ʧʦʨʷʜʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ 

(ʣʽʥʽʡʥʽ) ʙʝʟ ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʽʚ (ʨʠʩ. 2.13, ʘ, ʙ) ʽ II-ʛʦ ʧʦʨʷʜʢʫ (ʧʘʨʘʙʦʣʽʯʥʽ) ʟ 

ʧʨʦʤʽʞʥʠʤʠ ʚʫʟʣʘʤʠ ʥʘ ʨʝʙʨʘʭ (ʨʠʩ. 2.13, ʚ, ʛ) . 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʉɽʉ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʛʫʩʪʘ ʩʽʪʢʘ 

ʥʝʦʙʭʽʜʥʘ ʪʘʤ, ʜʝ ʛʨʘʜʽʻʥʪ ʜʝʬʦʨʤʘʮʽʡ ʘʙʦ ʥʘʧʨʫʞʝʥʴ ʻ ʡʤʦʚʽʨʥʦ ʚʝʣʠʢʠʤ. 

ʄʝʥʰ ʛʫʩʪʘ ʩʽʪʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʟʦʥʘʭ ʽʟ ʙʽʣʴʰ-ʤʝʥʰ ʧʦʩʪʽʡʥʠʤʠ 

ʜʝʬʦʨʤʘʮʽʷʤʠ ʘʙʦ ʥʘʧʨʫʞʝʥʥʷʤʠ, ʘ ʪʘʢʦʞ ʚ ʦʙʣʘʩʪʷʭ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ.  
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ʈʠʩ. 2.12. ʉʭʝʤʘ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʇɼ ʟ ʧʦʢʨʠʪʪʷʤ 

ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ (ʉɽɸ) 

 

 

ʏʠʩʝʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʉʪʚʦʨʝʥʥʷ ʄʉɽ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ 

 

ɸʥʘʣʽʟ  ̔ʬʽʢʩʘʮʽʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ɿʘʚʜʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

ʟʘʢʨʽʧʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ 

ʉʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʚʝʨʭʥʽ 

ʇʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʫʣʽ 
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ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʉɽʉ ʙʘʞʘʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʠʤʝʪʨʽʶ ʘʙʦ ʮʠʢʣʦʩʠʤʝʪʨʽʶ 

ʟʘʚʜʘʥʥʷ, ʷʢʱʦ ʚʦʥʘ ʻ. ɿʦʢʨʝʤʘ, ʩʠʤʝʪʨʽʷ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʉɽ ʚʜʚʽʯʽ; ʮʠʢʣʽʯʥʫ ʩʠʤʝʪʨʠʯʥʽʩʪʴ - ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ. ʋ ʨʘʟʽ 

ʦʩʴʦʚʦʾ ʩʠʤʝʪʨʽʾ ʩʢʦʨʦʯʫʻʪʴʩʷ ʾʾ ʨʦʟʤʽʨʥʽʩʪʴ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʩʪʘʥ ʤʦʜʝʣʽ ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʆʜʥʘʢ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʪʘʢʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʪʘʢʦʞ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʩʠʤʝʪʨʽʶ. 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ - ʬʦʨʤʫʣʶʚʘʥʥʷ ʽ ʟʘʚʜʘʥʥʷ 

ʧʦʯʘʪʢʦʚʠʭ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ: ʪʝʧʣʦʚʠʭ, ʢʽʥʝʤʘʪʠʯʥʠʭ, ʩʠʣʦʚʠʭ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʨʦʟʫʤʽʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʠʢʣʘʜʝʥʽ 

ʟʦʩʝʨʝʜʞʝʥʽ ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ ʽ ʤʦʤʝʥʪʠ, ʘ ʡ ʣʽʥʽʡʥʽ ʪʘ ʢʫʪʦʚʽ 

ʧʝʨʝʤʽʱʝʥʥʷ. ʄʦʜʝʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʻ ʥʘ ʜʝʪʘʣʴ, ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ, ʪʘʢ ʟʚʘʥʠʭ, "ʞʦʨʩʪʢʠʭ" ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʽ, ʘ ʟʘʜʘʶʪʴʩʷ ʾʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʝʨʮʽʾ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʦ ʧʦʩʪʫʧʘʣʴʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ. 
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ʈʠʩ. 2.13. ʊʨʠʚʠʤʽʨʥʽ ʉɽ ʽ ʰʘʙʣʦʥʠ ʥʫʤʝʨʘʮʽʾ ʚʫʟʣʽʚ ʽ ʧʦʚʝʨʭʦʥʴ ʧʝʨʰʦʛʦ (ʘ, ʙ) ʽ 

ʜʨʫʛʦʛʦ (ʚ, ʛ) ʧʦʨʷʜʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ [150] 
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ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʟʘʚʜʘʥʥʷ (ʩʪʘʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʟʘʜʘʶʪʴ ʥʝʦʙʭʽʜʥʽ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʉɽ: ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʪʝʧʣʦʻʤʥʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ, ʱʽʣʴʥʽʩʪʴ, ʤʦʜʫʣʴ ʖʥʛʘ, 

ʤʦʜʫʣʴ ʟʩʫʚʫ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʦʥʘ ʪʘ ʽʥʰʽ. ɼʣʷ ʤʦʜʝʣʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ 

ʧʦʢʨʠʪʪʷʤʠ ʚʠʙʠʨʘʣʠ ʤʘʪʝʨʽʘʣ ʜʝʪʘʣʽ, ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ, ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʚ ʩʝʨʝʜʦʚʠʱʽ MSC.visual 

NASTRAN for Windows ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʝʜʘʛʫʚʘʥʥʽ ʛʝʦʤʝʪʨʽʾ ʧʦʢʨʠʪʪʷ ʘʙʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʠʥ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʇɼ. ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʢʨʠʪʪʷ 

ʪʘʢʠʭ ʷʢ: ʪʦʚʱʠʥʘ, ʬʦʨʤʘ, ʱʽʣʴʥʽʩʪʴ, ʢʫʪʠ ʥʘʭʠʣʫ ʢʨʦʤʦʢ ʧʦʢʨʠʪʪʷ 

(ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʟʜʽʣʽ 3).  

 

2.9. ɺʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ  

 

ɺʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚʽʜ ʢʨʘʶ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʜʦ 

ʜʝʪʘʣʽ ʟ ʟʘʭʦʧʣʝʥʥʷʤ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʘ "Micromet-II" ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 100 ʛ ʧʨʦʪʷʛʦʤ 15 ʩ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʦʢʨʝʤʠʭ ʬʘʟ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʢʨʠʪʪʷ 

ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʰʣʽʬʘʭ ʟʘ ɺʽʢʝʨʩʦʤ [120, 123]:                                                                                          

 

2.10. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʪʝʨʪʷ ʪʘ ʟʥʦʰʝʥʥʷ 

 

ɺ ʷʢʦʩʪʽ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʣʘ ʚʠʙʨʘʥʘ ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ 

[169 - 171]. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʪʝʨʪʷ ʪʘ ʟʥʦʩ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʘʬʝʜʨʽ ʧʨʠʢʣʘʜʥʦʾ 

ʤʝʭʘʥʽʢʠ ʪʘ ʽʥʞʝʥʝʨʽʾ ʤʘʪʝʨʽʘʣʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʥʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʤʘʰʠʥʽ ʪʠʧʫ 2070 ʉʄʊ- 1 (ʨʠʩ. 2.14).  

ʄʘʰʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʧʫʣʴʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ, ʜʘʥʠʭ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʚ ʇʂ (ʨʠʩ. 2.14, ʘ-ʛ). 
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ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʪʝʨʪʷ ʽ ʟʥʦʩ ʧʦʣʷʛʘʣʦ ʚ ʩʪʠʨʘʥʥʽ ʧʘʨʠ ʟʨʘʟʢʽʚ (ʨʠʩ. 2.14, ʛ), 

ʷʢʽ ʧʨʠʪʠʩʢʘʣʠʩʷ ʟ ʟʘʜʘʥʦʶ ʩʠʣʦʶ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ (ʨʠʩ. 2.14, ʚ). 

ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʻʩʪʨʫʻʪʴʩʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʤʦʤʝʥʪ ʪʝʨʪʷ, 

ʩʠʣʘ ʩʪʠʩʥʝʥʥʷ, ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ ʽ ʯʠʩʣʦ ʮʠʢʣʽʚ ʥʘʧʨʘʮʶʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʡ ʢʦʤʧʣʝʢʩ (ʨʠʩ. 2.15) ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʩʪʝʥʜʦʤ, 

ʚʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ, ʚʠʜʽʣʷʪʠ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ, ʧʨʦʚʦʜʠʪʠ 

ʨʦʟʨʘʭʫʥʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ, ʛʨʘʬʽʯʥʦ ʘʙʦ ʯʠʩʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʘʨʭʽʚʫʚʘʪʠ ʤʘʩʠʚʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʟʨʫʯʥʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʬʦʨʤʘʪʽ 

[170]. 

 

   

                   ʘ                                                                   ʙ 

                          

                   ʚ                                                                 ʛ 

ʈʠʩ. 2.15. ʄʘʰʠʥʘ (ʘ-ʚ) ʽ ɽɿ (ʛ) ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʪʝʨʪʷ ʽ ʟʥʦʩ ʟ ʧʨʦʪʦʢʦʣʘʤʠ ʚ ʇʂ (ʘ). 

 

ʄʦʞʣʠʚʠʡ ʟʘʧʠʩ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʨʽʟʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. ʉʠʩʪʝʤʘ ʟʙʦʨʫ ʜʘʥʠʭ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʝʩʪʠ ʦʜʥʦʯʘʩʥʫ 

ʨʝʻʩʪʨʘʮʽʶ ʟʘ ʜʝʩʷʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʽ ʛʨʘʬʽʯʥʝ 
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ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʧʨʦʛʨʘʤʘʭ Microsoft 

Word ʽ Microsoft Excel. 

ʅʦʤʽʥʘʣʴʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʚʠʧʨʦʙʫʚʘʥʴ ʩʪʘʥʦʚʠʚ 3 ʄʇʘ. ʇʠʪʦʤʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʩʪʘʥʦʚʠʣʦ 0,64 - 1,5 ʄʇʘ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʜʦ ʜʦʩʷʛʥʝʥʥʷ 10000 ʮʠʢʣʽʚ (ʰʣʷʭ ʪʝʨʪʷ 150-500 ʤ) ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʚʘʛʦʚʦʛʦ ʟʥʦʩʫ ʟʨʘʟʢʘ. 

ʆʧʽʨ ʟʥʦʩʫ ʚʠʟʥʘʯʘʚʩʷ ʧʦ ʨʝʻʩʪʨʦʚʘʥʽʡ ʚʝʣʠʯʠʥʽ ʣʽʥʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ 

[170, 171]. ɺʝʣʠʯʠʥʘ ʟʥʦʩʫ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʧʦ ʚʪʨʘʪʽ ʚʘʛʠ ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ [170, 171]. ɺʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʟʨʘʟʢʽʚ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚʘʛʦʚʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛ ɸɼɺ-

200ʄ. ɿʚʘʞʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʧʨʦʚʦʜʠʣʦʩʷ ʥʝ ʤʝʥʰʝ 2-3 ʨʘʟʽʚ. ʇʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʣʘ 0,05 ʤʛ. ʐʣʷʭ ʪʝʨʪʷ ʩʪʘʥʦʚʠʚ 5000 ... 

8000 ʤ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ 

ʚʪʨʘʪʠ ʤʘʩʠ ʟʨʘʟʢʘ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʘ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛ ɸɼɺ-200.  

 

2.11. ʄʝʪʦʜʠʢʘ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ 

 

ʆʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʩʠʩʪʝʤʘʪʠʯʥʽ ʽ ʚʠʧʘʜʢʦʚʽ ʧʦʤʠʣʢʠ, ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ [142] ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɺʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ 

ä
=

=
n

i

x
n

ʭ
1

1

1
                                                       (2.7) 

ʜʝ ʭ1 - ʨʝʟʫʣʴʪʘʪ i-ʛʦ ʚʠʤʽʨʶʚʘʥʥʷ; ʧ - ʯʠʩʣʦ ʚʠʤʽʨʶʚʘʥʴ; 

ʚʠʙʽʨʢʦʚʘ ʜʠʩʧʝʨʩʽʷ 
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1                                          (2.8) 
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ʉʫʤʘʨʥʘ ʧʦʤʠʣʢʘ 

222
ʚʳʯʦʪʧʨ ssss ++=ä                                            (2.9) 

ʜʝ ʧʨs   - ʧʦʭʠʙʢʘ ʧʨʠʣʘʜʫ; ʦʪs  - ʧʦʭʠʙʢʘ ʚʽʜʣʽʢʫ; ʚʳʯs  - ʧʦʭʠʙʢʘ ʦʙʯʠʩʣʝʥʴ. 

ʉʠʩʪʝʤʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʥʝ ʦʮʽʥʶʚʘʣʘʩʷ. ʊʦʜʽ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ 

ʥʘʧʽʚʰʠʨʠʥʫ ʽʥʪʝʨʚʘʣʫ 

stʭ na Ö=D -1,                                                     (2.10) 

ʜʝ 1, -nat  - ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ. 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ 

( ) %100/ ÖD= ʭʭe                                                     (2.11) 

ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ 

ʭʭD°=m                                                           (2.12) 

 

ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 2 

 

ɺ ʨʦʟʜʽʣʽ ʚʠʢʣʘʜʝʥʦ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʢʣʶʯʘʻ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʠʢ: 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ɻʇʅ, 

ɽɼʅ, ɯɽʂʆ, ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ, ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ, ʩʢʘʥʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ; ʦʮʽʥʢʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ (ʧʦʨʠʩʪʦʩʪʽ), 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʯʠʩʝʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʙʨʘʥʽ ʧʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 

ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ɻʇʅ, ɽɼʅ, ɯɽʂʆ, ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇɼ ʟ ʧʦʢʨʠʪʪʷʤʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʢʽʣʴʢʽʩʥʦʛʦ 

ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʦʨʠʩʪʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʟʦʙʨʘʞʝʥʥʷ çMini-Magiscanè ʬʽʨʤʠ çJoyce Loeblè 

(ɸʥʛʣʽʷ) ʟʘ ʧʨʦʛʨʘʤʦʶ çResultsè, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʧʦʙʫʜʦʚʘʪʠ ʛʽʩʪʦʛʨʘʤʠ ʧʦ 

ʙʫʜʴ-ʷʢʦʤʫ ʟ ʚʠʤʽʨʷʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʟ ʙʘʞʘʥʠʤ ʢʨʦʢʦʤ.  

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ  ʚʠʢʦʨʠʩʪʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʤʝʪʦʜʠʢʘ, ʱʦ ʜʦʟʚʦʣʠʣʘ ʟʜʽʡʩʥʠʪʠ ʢʦʤʧʣʝʢʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʦʥʴ ʟ ʧʦʢʨʠʪʪʷʤʠ: ʢʨʠʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʦʩʥʦʚʠ; 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ; ʘʜʛʝʟʽʡʥʫ ʡ ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʷ; 

ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʢʨʠʪʪʽ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʧʨʠ ʮʴʦʤʫ ʧʦʨʽʚʥʷʥʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʢʨʠʪʪʷʭ ʚʠʟʥʘʯʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ ʛʥʫʯʢʦʛʦ ʟʨʘʟʢʘ ʪʘ ʤʝʪʦʜʦʤ ʛʨʘʬʽʯʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʦʚʱʠʥ ʧʦʢʨʠʪʪʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ 

ʛʨʘʥʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʧʨʠ ʷʢʠʭ ʧʦʢʨʠʪʪʷ ʧʦʯʠʥʘʻ ʨʫʡʥʫʚʘʪʠʩʷ.  

ʈʦʟʨʘʭʫʥʦʢ ʅɼʉ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ 

ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʣʽʮʝʥʟʽʡʥʦʤʫ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ MSC 

Visual Nastran, ʱʦ ʤʘʻ ʟʘʛʘʣʴʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʙʘʟʫ ʟ ʧʨʦʛʨʘʤʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʪʘ ʜʦʟʚʦʣʠʚ 

ʚʠʟʥʘʯʠʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʢʨʠʪʪʷ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʠ 

"Micromet-II" ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 100 ʛ ʚʽʜ ʢʨʘʶ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ ʜʦ ʦʩʥʦʚʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʽʟ ʟʘʭʦʧʣʝʥʥʷʤ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʪʝʨʪʷ ʪʘ ʟʥʦʩ ʥʘ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʤʘʰʠʥʽ ʪʠʧʫ 2070 ʉʄʊ- 1.  
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ʈʆɿɼɯʃ 3 

ʈʆɿʈɸʍʋʅʂʆɺʆ-ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ 

ʄɽʍɸʅɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʇʆɺɽʈʍʆʅʔ ɼɽʊɸʃɽʁ ɯɿ 

ɻɸɿʆʊɽʈʄɯʏʅʀʄʀ ʇʆʂʈʀʊʊʗʄʀ 

ʇɯʉʃʗ ɯʄʇʋʃʔʉʅʆɰ ɽʃɽʂʊʈʆʂʆʅʊɸʂʊʅʆɰ ʆɹʈʆɹʂʀ 

 

ʇʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽʟ 

ʧʦʢʨʠʪʪʷʤʠ ʦʩʥʦʚʘʥʠʡ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʨʦ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ ʾʭ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʦʮʽʥʶʚʘʥʥʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʤʽʮʥʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʩʪʨʦʢʫ 

ʩʣʫʞʙʠ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ, ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʘʣʝʡ. ʊʘʢʘ 

ʢʦʥʮʝʧʮʽʷ ʚʠʭʦʜʠʪʴ ʽʟ ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʡʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʜʦʟʚʦʣʷʻ ʥʝ 

ʪʽʣʴʢʠ ʦʙôʻʢʪʠʚʥʦ ʩʫʜʠʪʠ ʧʨʦ ʾʭ ʧʦʚʝʜʽʥʢʫ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʣʝ ʡ 

ʢʝʨʫʚʘʪʠ ʨʝʩʫʨʩʦʤ ʾʭ ʨʦʙʦʪʠ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ. ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧʣʝʢʩʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʽʣʴʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ) ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʧʽʩʣʷ ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ.   

 

3.1. ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʽʤʧʫʣʴʩʥʽʡ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽʡ ʦʙʨʦʙʮ ̔ 

 

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟ ʧʦʢʨʠʪʪʷʤʠ ʰʣʷʭʦʤ ɻʊʅ 

ʪʘ ɯɽʂʆ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘʩʪʫʧʥʠʤʠ ʝʪʘʧʘʤʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʬʦʨʤʫʚʘʣʠ ʧʦʢʨʠʪʪʷ ʤʝʪʦʜʘʤʠ ɻʊʅ. ʇʦʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʨʠʩʪʽʩʪʶ 

30é40% ʪʘ ʤʽʮʥʽʩʪʶ ʟʯʝʧʣʝʥʥʷ 40é60 ʄʇʘ [172-177]. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɻʊʇ, ʾʭ ʱʽʣʴʥʦʩʪʽ ʡ 
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ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ɯɽʂʆ. ʆʙʨʦʙʢʘ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʜʦʤ-ʧʫʘʥʩʦʥʦʤ (ʨʠʩ. 3.1, ʘ, ʙ) ʘʙʦ ʝʣʝʢʪʨʦʜʦʤ ï 

ʨʦʣʠʢʦʤ (ʨʠʩ. 3.1., ʚ, ʛ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ (ʪʦʨʮʝʚʘ, 

ʮʠʣʽʥʜʨʠʯʥʘ, ʧʣʦʩʢʘ).  

 

                                                             
                     ʘ)                                ʙ)                                         ʚ                                  ʛ) 

 

ʈʠʩ. 3.1. ʇʨʦʮʝʩ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ (ʘ) ʽ ʧʣʦʩʢʠʭ (ʙ) ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ɻʊʇ 

ʝʣʝʢʪʨʦʜʘʤʠ-ʨʦʣʠʢʘʤʠ (ʘ, ʙ) ʪʘ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʝʣʝʢʪʨʦʜʘʤʠ-ʧʫʘʥʩʦʥʘʤʠ (ʚ, ʛ):  

1, 2 ïʝʣʝʢʪʨʦʜʠ; 3 ï ɻʊʇ, 4 ï  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ. 

 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʷ ɻʊʅ ʡʦʛʦ ʫʱʽʣʴʥʝʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʥʘ ʤʝʞʽ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʽ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ  (ʨʠʩ. 3.2, ʙ). ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ï ʧʨʠ ɯɽʂʆ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʱʽʣʴʥʝʥʥʷ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʫ ʧʦʨ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ɯɽʂʆ (ʨʠʩ. 3.2, ʚ, ʛ). 

 

     
                  ʘ                                     ʙ                                     ʚ                                  ʛ 

ʈʠʩ. 3.2. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʰʘʨʫ ʟ ʧʦʨʦʰʢʫ ʂʍʅ-30 ʧʽʩʣʷ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ:  

ʘ) ʚʥʫʪʨʽʰʥʽʡ ʧʝʨʝʨʽʟ (ʭ50); ʙ) ʧʦʚʝʨʭʥʷ ʨʦʟʜʽʣʫ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʽ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ (ʭ50);  

ʚ), ʛ) ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʚʽʜʨʠʚʫ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʨʠ ʪʠʩʢʫ 30 ʄʇʘ ʽ 

40 ʄʇʘ ɯɽʂʆ ʚʽʜʧʦʚʽʜʥʦ (Ĭ100) 
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ʋʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʠʭ ʰʘʨʽʚ ʧʦʢʨʠʪʪʷ ʧʨʠ ɯɽʂʆ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʘʥʘʣʽʟʽ ʫʤʦʚ ʾʭ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʡ ʜʝʬʦʨʤʫʚʘʥʥʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟ ʪʠʩʢʦʤ ʧʨʦʮʝʩʫ ɯɽʂʆ.  

ʇʨʦʮʝʩ ɯɽʂʆ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʨʦʟʛʣʷʜʘʣʠ, ʷʢ 3-ʭ ʩʪʘʜʽʡʥʠʡ [172-

177]. ʇʝʨʰʽ ʜʚʽ ʩʪʘʜʽʾ ɯɽʂʆ ʧʦʚô̫ ʟʘʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʬʽʟʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʻ ʨʦʟʚʠʪʦʢ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ.  

ɿ ʧʦʛʣʷʜʫ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʪʨʝʪʷ ʩʪʘʜʽʷ ɯɽʂʆ - ʩʢʣʘʜʥʠʡ ʢʽʥʝʪʠʯʥʠʡ 

ʧʨʦʮʝʩ ʥʘʙʣʠʞʝʥʥʷ ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ, ʩʬʦʨʤʦʚʘʥʦʾ ʟ ʇʄ, ʜʦ ʨʽʚʥʦʚʘʛʠ 

(ʟʚʽʣʴʥʝʥʥʷ ʧʦʨʦʰʢʦʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʤʘʢʨʦʜʝʬʝʢʪʽʚ). 

ʅʘʡʚʘʞʣʠʚʽʰʽ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʽʥʝʪʠʯʥʽ ʧʨʦʮʝʩʠ ɯɽʂʆ - ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʽ ʤʝʞʘʭ ʨʦʟʜʽʣʫ, ʧʦʚʝʨʭʥʝʚʘ ʪʘ ʦʙ'ʻʤʥʘ ʩʘʤʦʜʠʬʫʟʽʷ, ʜʠʩʣʦʢʘʮʽʡʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʪʝʨʤʽʯʥʦ ʘʢʪʠʚʫʶʪʴʩʷ.  

ɺʠʢʦʥʘʥʽ ʨʷʜʦʤ ʜʦʩʣʽʜʥʠʢʽʚ ʨʦʙʦʪʠ [3, 4, 21, 59-63, 113, 114] ʟ 

ʚʠʚʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟ ʧʦʢʨʠʪʪʷʤʠ ʧʝʨʝʢʦʥʣʠʚʦ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʾʭ ʨʫʡʥʫʚʘʥʥʷ ʻ ʥʝʜʦʩʪʘʪʥʽʡ ʟʚôʷʟʦʢ ʤʽʞ ʤʘʪʝʨʽʘʣʦʤ 

ʧʦʢʨʠʪʪʷ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ. ʊʦʤʫ, ʩʣʽʜ ʚʚʘʞʘʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʻ 

ʩʝʨʡʦʟʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʥʘ ʰʣʷʭʫ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟ 

ʧʦʢʨʠʪʪʷʤʠ [3, 4, 24-26]. ʋ ʧʨʘʢʪʠʮʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʘʛʥʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʦʤʦʛʘ ʚʠʱʫ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ, ʚʚʘʞʘʶʯʠ ʮʝ ʛʘʨʘʥʪʽʻʶ 

ʚʠʩʦʢʦʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʦʢʨʠʪʪʷ [178, 179]. ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ - ʦʩʥʦʚʥʠʡ 

ʯʠʥʥʠʢ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʠʜʘʪʥʽʩʪʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ, ʘ ʚ ʪʝʦʨʽʾ, ʪʝʭʥʦʣʦʛʽʾ 

ʪʘ ʧʨʘʢʪʠʮʽ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ - ʚʠʟʥʘʥʘ ʧʨʦʙʣʝʤʦʶ ˉ1 [178 - 179]. 

ɿʨʦʩʪʘʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʽʜʚʠʱʫʻ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʥʘʜʽʡʥʽʩʪʴ 

ʧʦʢʨʠʪʪʷ, ʚʦʥʘ ʧʨʠʡʤʘʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ [180].  

ʇʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʤʘʶʪʴ ʚʝʣʠʢʫ ʟʥʘʯʠʤʽʩʪʴ 

ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʦʢʨʠʪʪʽʚ, ʢʣʝʡʦʚʠʭ ʽ ʧʘʷʥʠʭ ʟôʻʜʥʘʥʴ, ʙʽʤʝʪʘʣʽʚ, ʂʄ ʽʟ 

ʤʝʪʘʣʝʚʦʶ, ʧʦʣʽʤʝʨʥʦʶ ʽ ʢʝʨʘʤʽʯʥʦʶ ʤʘʪʨʠʮʝʶ [40, 42, 45]. ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 

ʩʬʦʨʤʫʚʘʚʩʷ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤ - ʘʜʛʝʟʽʡʥʘ ʤʝʭʘʥʽʢʘ [3]. 
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ʇʦʨʠʩʪʽʩʪʴ (ʱʽʣʴʥʽʩʪʴ) ʚʣʘʩʪʠʚʘ ɻʊʇ ʽ ʚʚʘʞʘʻʪʴʩʷ ʾʭ ʚʣʘʩʪʠʚʽʩʪʶ 

ʜʨʫʛʦʛʦ (ʧʽʩʣʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ), ʘ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

[124-126]. ʇʦʨʠʩʪʽʩʪʴ - ʦʩʥʦʚʥʠʡ ʧʦʢʘʟʥʠʢ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʦʩʦʙʣʠʚʦ 

ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʪʘ ʟʥʦʩʦʩʪʽʡʢʠʭ, ʜʝ ʾʾ ʥʘʷʚʥʽʩʪʴ ʥʝʙʘʞʘʥʘ. ʇʨʠ ɯɽʂʆ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʘʻ ʤʽʩʮʝ ʧʨʦʮʝʩ ʾʭ ʫʱʽʣʴʥʝʥʥʷ, ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʽ ʾʭ 

ʱʽʣʴʥʦʩʪʽ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ.  

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʽ ʱʽʣʴʥʽʩʪʴ - ʚʠʟʥʘʯʘʣʴʥʽ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʝʡ  ʟ ʧʦʢʨʠʪʪʷʤ, ʪʦʤʫ, ʧʨʠ ʾʭ ʩʪʚʦʨʝʥʥʽ ʙʫʣʠ 

ʚʠʜʽʣʝʥʽ ʜʚʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ: 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʧʦʨʠʩʪʠʭ 

ɻʊʇ (ʱʽʣʴʥʽʩʪʴ 95 é98%);  

- ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ. ʎʽ ʜʚʽ ʧʨʦʙʣʝʤʠ ʻ ʚʟʘʻʤʦʟʚôʷʟʘʥʽ, ʱʦ ʡ ʦʙʫʤʦʚʠʣʦ ʧʨʦʚʝʜʝʥʥʷ ʾʭ 

ʢʦʤʧʣʝʢʩʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʝʜʝ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯɽʂʆ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɻʊʇ.  

ɺʠʢʦʥʘʥʠʡ ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ 

ʇʄ [45-58, 181-190 ] ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ 

ʫʱʽʣʴʥʝʥʥʷ ɻʊʇ ʧʨʠ ʾʭ ɯɽʂʆ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ: 

- ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ, ʾʭ ʱʽʣʴʥʦʩʪʽ ʪʘ 

ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ɻʊʇ ʚʽʜ ʪʠʩʢʫ ɯɽʂʆ, ʱʦ ʧʦʚô̫ ʟʘʥʽ ʟ ʤʽʢʨʦʤʝʭʘʥʽʢʦʶ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʟ ʧʠʪʘʥʥʷʤʠ ʚʠʷʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʝʬʝʢʪʠ ʫʱʽʣʴʥʝʥʥʷ. 

 

3.2. ʈʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ  
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ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʽʬʽʚ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʨʽʟʽʚ ʇʐ (ʨʠʩ. 

3.2) ʧʦʢʘʟʘʣʠ, ʱʦ ʚʽʜʥʦʩʥʘ ʧʣʦʱʘ ʧʦʨ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʨʽʟʘʭ (ʨʠʩ. 3,2, ʘ) 

ʟʥʘʯʥʦ ʤʝʥʰʝ ʚʽʜʥʦʩʥʦʾ ʧʣʦʱʽ ʧʦʨʦʞʥʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʚʽʜʨʠʚʫ ʧʦʢʨʠʪʪʷ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ (ʨʠʩ. 3,2, ʙ). ʈʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʠʩʢʫ ɯɽʂʆ ʧʦʢʨʠʪʪʽʚ (ʨʠʩ. 3.2, ʚ, ʛ). ʌʦʪʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʚʽʜʨʠʚʫ ʇʇ 

ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʘ çMeF-3è ʬʽʨʤʠ "Reichert" (ɸʚʩʪʨʽʷ). 

ʂʽʣʴʢʽʩʥʠʡ ʩʪʝʨʝʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʘʪʝʩʪʦʚʘʥʦʤʫ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ ʟʦʙʨʘʞʝʥʥʷ çMini-Magiscanè ʬʽʨʤʠ "Joyce Loebl", 

ɸʥʛʣʽʷ, ʧʦ ʧʨʦʛʨʘʤʽ çGenias 26è. ʁʦʛʦ ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʨʦʟʜʽʣʽ 2, ʘ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʨʠʩʫʥʢʫ 3.3. 

 

    ʘ) 
 

 

              ʙ) 
 

 

                   ʚ) 
 

ʈʠʩ. 3.3. ʈʝʟʫʣʴʪʘʪʠ ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ: ʘ) ɻʊʅ; ʙ) ɻʊʅ ʽ ɯɽʂʆ ʧʨʠ ʪʠʩʢʫ 20 ʄʇʘ; ʚ) ɻʊʅ ʽ ɯɽʂʆ ʧʨʠ ʪʠʩʢʫ 40 ʄʇʘ  

 

ʄʦʜʝʣʴ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʥʦʛʦ ʇʐ ʧʨʠ ʡʦʛʦ ɯɽʂʆ 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 3.4. 

ʂʦʣʽʨ ʂʣʘʩ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ %, ʧʣʦʱʠʥʠ 

 1 ʇʦʨʠ 10,29 

 2 ʇʦʚʝʨʭʥʷ ʜʝʪʘʣʽ 89.71 

 - ɯʥʰʝ 0 

ʂʦʣʽʨ ʂʣʘʩ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ %, ʧʣʦʱʠʥʠ 

 1 ʇʦʨʠ 6.21 

 2 ʇʦʚʝʨʭʥʷ ʜʝʪʘʣʽ 93.79 

 - ɯʥʰʝ 0 

ʂʦʣʽʨ ʂʣʘʩ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ %, ʧʣʦʱʠʥʠ 

 1 ʇʦʨʠ 0.78 

 2 ʇʦʚʝʨʭʥʷ ʜʝʪʘʣʽ 99.22 

 - ɯʥʰʝ 0 
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ʅʘʤʠ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʠʨʘʟ [3.1] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʫʱʽʣʴʥʝʥʥʷ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʾʭ ɯɽʂʆ, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ: 

( ) ʢʢi tgfʈ asj ÖÖÖ+=1 ééééééééééééé(3.1) 

ʜʝ ʈ ï ʪʠʩʢ ʧʨʦʮʝʩʫ ɯɽʂʆ, ʟ ʷʢʠʤ ʨʦʣʠʢ ï ʝʣʝʢʪʨʦʜ ʫʱʽʣʴʥʶʻ ʥʘʧʠʣʝʥʠʡ ʇʐ;  

fi - ʢʦʝʬʽʮʽʻʥʪ ʤʽʞʯʘʩʪʢʦʚʦʛʦ ʘʙʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ (ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʩʥʦʛʦ 

ʦʧʦʨʫ ʟʩʫʚʫ ʢʦʥʪʘʢʪʫ ʯʘʩʪʠʥʦʢ ʥʘʧʠʣʝʥʦʛʦ ʇʄ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷʤ ʦʧʦʨʫ ʢʦʥʪʘʢʪʥʦʛʦ ʟʩʫʚʫ Űʢ ʜʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ůʢ);  

j - ʢʫʪʦʚʠʡ ʧʘʨʘʤʝʪʨ ʥʘʧʠʣʝʥʦʛʦ ʇʐ (ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʢʫʪʘ 

ʥʦʨʤʘʣʴʥʦʾ ʩʠʣʦʚʦʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ ʥʘʧʠʣʝʥʦʛʦ ʇʄ);  

sʢ ï ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ, 

J

a
c

sc
s

ʢ

ʧ
ʢ

Ö-

Ö
=

2

2

1
; 

ʧs - ʚʝʣʠʯʠʥʘ ʧʨʠʚʝʜʝʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʽʮʥʝʥʥʷ ʇʄ; 

1c ʽ 2c  - ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʻ ʬʫʥʢʮʽʷʤʠ ʱʽʣʴʥʦʩʪʽ J;  

aʢ ï ʚʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʧʝʨʝʨʽʟ 
0

02

ln

ln

b

Jb
Ja

Ö
=ʢ ; 

0
0

1

J
b =  - ʦʙô̒ ʤ ʥʘʧʠʣʝʥʦʛʦ ʇʐ ʜʦ ʡʦʛʦ ɯɽʂʆ.  

 
 

ʈʠʩ. 3.4. ʄʦʜʝʣʴ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʦʛʦ ʇʐ ʧʨʠ ʡʦʛʦ ɯɽʂʆ: D - ʜʽʘʤʝʪʨ 

ʨʦʣʠʢʘ, ʱʦ ʫʱʽʣʴʥʶʻ ʇʐ; R - ʨʘʜʽʫʩ ʨʦʣʠʢʘ; P ï ʪʠʩʢ, ʟ ʷʢʠʤ ʨʦʣʠʢ ʫʱʽʣʴʥʶʻ ʇʐ; h0 ʽ Ŭ 
ï ʪʦʚʱʠʥʘ ʪʘ ʢʫʪ ʟʘʭʚʘʪʫ ʇʐ ʥʘ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ ʡʦʛʦ ʫʱʽʣʴʥʝʥʥʷ; hŬ - ʪʦʚʱʠʥʘ ʇʐ ʧʨʠ 

ʡʦʛʦ ʢʫʪʽ ʟʘʭʚʘʪʫ Ŭ1; hŭ ï ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ʧʨʠ ʡʦʛʦ ʱʽʣʴʥʦʩʪʽ ŭ. 
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ʆʪʞʝ, ʜʦ ʨʽʚʥʷʥʥʷ ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʦʛʦ ʇʐ (3.1) ʚʭʦʜʷʪʴ ʧô̫ ʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ɯɽʂʆ: ʪʠʩʢ ʈ, ʟ ʷʢʠʤ ʨʦʣʠʢ ʫʱʽʣʴʥʶʻ ʥʘʧʠʣʝʥʠʡ ʇʐ; 

ʢʦʝʬʽʮʽʻʥʪ ʤʽʞʯʘʩʪʢʦʚʦʛʦ ʘʙʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ f i; ʩʝʨʝʜʥʴʦ ʩʪʘʪʠʯʥʘ 

ʚʝʣʠʯʠʥʘ ʢʫʪʘ j ʥʦʨʤʘʣʴʥʦʾ ʩʠʣʦʚʦʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ; ʚʝʣʠʯʠʥʘ 

ʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ sʢ; ʚʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʧʝʨʝʨʽʟ aʢ. 

ʈʽʚʥʷʥʥʷ ʫʱʽʣʴʥʝʥʥʷ (3.1), ʷʢʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʫʩʽʭ ʧôʷʪʠ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ, ʥʝʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʱʦʜʦ ʱʽʣʴʥʦʩʪʽ. ʇʘʨʘʤʝʪʨʠ, ʱʦ 

ʚʭʦʜʷʪʴ ʚ ʬʦʨʤʫʣʫ (3.1), ʻ ʟʤʽʥʥʠʤʠ, ʪʦʤʫ ʱʦ ʤʠ ʨʦʟʛʣʷʜʘʻʤʦ ʧʨʦʮʝʩ ɯɽʂʆ 

ʷʢ ʨʝʦʣʦʛʽʯʥʠʡ, ʪʦʙʪʦ ʧʨʦʮʝʩ ʟʤʽʥʠ ʬʦʨʤʠ ʪʘ ʦʙʩʷʛʫ ʜʠʩʧʝʨʩʥʦʛʦ ʇʐ ʫ ʯʘʩʽ. 

ʌʦʨʤʫʣʘ (3.1) ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʻ ʨʝʘʣʴʥʽ ʬʽʟʠʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ɯɽʂʆ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʉʘʤʝ ʪʦʤʫ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʨʧʦʣʷʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ (3.2):  

ʧ

ʧʧ

ʢʈʈ

0

0

1 J

JJ

-

-
= ééééééééééééééé  (3.2) 

ʜʝ ʈ - ʪʠʩʢ, ʟ ʷʢʠʤ ʨʦʣʠʢ - ʝʣʝʢʪʨʦʜ ʫʱʽʣʴʥʶʻ ʥʘʧʠʣʝʥʠʡ ʇʐ;  

ʈʢ ï ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʝ ʥʦʨʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʘʢʪʫ; ᶧ ï ʚʽʜʥʦʩʥʘ 

ʱʽʣʴʥʽʩʪʴ ɻʊʅ; 0ᵻ ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʱʽʣʴʥʦʩʪʽ; n - ʧʦʢʘʟʥʠʢ 

ʩʪʫʧʝʥʷ. ʇʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ n ʻ ʧʝʚʥʦʶ ʬʫʥʢʮʽʻʶ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʱʽʣʴʥʦʩʪʽ ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ J0, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ( )0Jfʧ= . 

 

ɯʥʪʝʨʧʦʣʷʮʽʡʥʘ ʬʦʨʤʘ ʨʽʚʥʷʥʥʷ ʚʠʙʨʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʟʘ ʧʝʚʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʪʫʧʝʥʷ ʧ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ 

ʩʪʫʧʽʥʴ ʥʘʙʣʠʞʝʥʥʷ. ʇʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ ʧ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʦʰʢʫ (sŰ, sʚ, ʈʢ), ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʨʪʷ (fi,), 

ʚʽʜʥʦʩʥʦʾ ʱʽʣʴʥʦʩʪʽ ʥʘʩʠʧʘʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʪʽʣʘ (ⱥ0, ɓ0), ʪʦʙʪʦ ʧʨʘʢʪʠʯʥʦ ʚʽʜ 

ʫʩʽʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʧʦʨʦʰʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  
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ʑʦʙ ʦʮʽʥʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʾ ʬʦʨʤʫʣʠ 

ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ (3.1), ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʡʦʛʦ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ. ʈʦʟʛʣʷʥʝʤʦ ʙʝʟʨʦʟʤʽʨʥʫ ʬʫʥʢʮʽʶ ʪʠʩʢʫ: 

ʢʈ

ʈ
=y                                                                           (3.3)  

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʨʘʟ (3.2) ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ 

ʧ

ʧʧ

0

0

1 J

JJ
y

-

-
=                                                                   (3.4) 

ʆʯʝʚʠʜʥʠʤʠ ʻ ʪʘʢʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

0
0

=ñ=JJy ,  11=ñ=Jy                                               (3.5) 

ʇʦʢʘʟʥʠʢ n ʚʠʟʥʘʯʘʣʠ ʽʟ ʟʽʩʪʘʚʣʝʥʥʷ ʚʝʣʠʯʠʥ ʪʠʩʢʫ, ʟ ʷʢʠʤʠ ʝʣʝʢʪʨʦʜ-

ʽʥʩʪʨʫʤʝʥʪ ʫʱʽʣʴʥʶʻ ʧʦʨʦʰʢʦʚʠʡ ʰʘʨ (ʪʠʩʢ ʫʱʽʣʴʥʝʥʥʷ) ʫ ʚʠʨʘʟʘʭ (3.1) ʪʘ 

(3.2) ʧʨʠ ʜʝʷʢʠʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʥʷʭ ʱʽʣʴʥʦʩʪʽ. 

ʅʝʜʦʣʽʢʦʤ ʚʠʨʘʟʽʚ (3.2) ʽ (3.4) ʻ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʜʦʪʨʠʤʘʥʥʷ ʱʝ ʦʜʥʽʻʾ ʧʦʯʘʪʢʦʚʦʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ: 

0

0

=
=JJJ

y

d

d
.                                                                   (3.6) 

ɯʩʥʫʚʘʥʥʷ ʫʤʦʚʠ (3.6) ʚʠʟʥʘʯʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʯʠʤ 

ʙʽʣʴʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ, ʪʠʤ ʪʦʯʥʽʰʝ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʶ ʬʦʨʤʫʣʦʶ (ʽʥʪʝʨʧʦʣʷʮʽʡʥʽ ʬʦʨʤʫʣʠ ð 

ʬʦʨʤʫʣʠ ʚ ʤʘʪʝʤʘʪʠʮʽ, ʱʦ ʜʘʶʪʴ ʥʘʙʣʠʞʝʥʝ ʚʠʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʧʦʣʷʮʽʾ). ʈʦʟʛʣʷʜʘʶʯʠ ʩʧʽʣʴʥʦ ʚʠʨʘʟ (3.4) ʪʘ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ 

(3.6), ʦʪʨʠʤʘʻʤʦ 

n

nn

d

d

0

1
0

1
0

J

J

J

y

JJ -

Ö
=

-

=

                                                          (3.7) 

ʆʩʢʽʣʴʢʠ 00ðJ , ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ (6) ʥʝ ʜʦʪʨʠʤʫʻʪʴʩʷ. ɸʥʘʣʽʟʫʶʯʠ 

ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʫʣʠ (3.1), ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʽʥʪʝʨʧʦʣʷʮʽʡʥʫ ʬʦʨʤʫʣʫ ʩʣʽʜ 

ʰʫʢʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

https://uk.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D1%96%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%82%D0%B5%D1%80%D0%BF%D0%BE%D0%BB%D1%8F%D1%86%D1%96%D1%8F
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                                                                        (3.8) 

ɿʽ ʩʧʽʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ ʚʠʨʘʟʫ (3.8) ʽ ʜʨʫʛʦʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ (3.5) 

ʥʝʚʘʞʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ 01 J=ʢ  ʽ ʚʠʨʘʟ (3.8) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 
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ö
ö
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æ
æ
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1
.                                                              (3.9) 

ʇʨʠ ʧ> 1 ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷ ʪʘʢʦʞ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (3.6). 

ʈʽʚʥʷʥʥʷ (3.8) ʽ (3.9) ʻ ʧʨʦʩʪʠʤʠ ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʘʣʝ ʚ ʥʠʭ ʧʦʢʠ 

ʥʝʚʽʜʦʤʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʶ ʧ. ɼʣʷ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʽʙʥʘ 

ʜʦʜʘʪʢʦʚʘ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʚʞʝ ʜʦ ʚʠʢʦʨʠʩʪʘʥʠʭ (3.5) ʽ (3.6).  

ɺʽʜʦʤʦ, ʱʦ ʜʝʬʦʨʤʘʮʽʷ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ ʧʽʜ ʪʠʩʢʦʤ ʫʱʽʣʴʥʝʥʥʷ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: ʩʪʨʫʢʪʫʨʥʦʾ (ʘʙʦ 

ʤʽʞʯʘʩʪʢʦʚʦʾ), ʧʣʘʩʪʠʯʥʦʾ ʪʘ ʧʨʫʞʥʦʾ. ʆʩʪʘʥʥʽ ʜʚʽ ʤʦʞʥʘ ʦʙôʻʜʥʘʪʠ ʚ ʦʜʥʫ ï 

ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʫ, ʧʦʚô̫ ʟʘʥʫ ʟ ʧʨʫʞʥʦʶ ʪʘ ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ.  

ʇʦʯʘʪʢʦʚʘ ʩʪʘʜʽʷ ʫʱʽʣʴʥʝʥʥʷ, ʢʦʣʠ ʦʙôʻʤ ʧʦʨ ʧʝʨʝʚʠʱʫʻ ʦʙôʻʤ ʪʚʝʨʜʦʾ 

ʬʘʟʠ ʤʘʪʝʨʽʘʣʫ ʯʘʩʪʠʥʦʢ, ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʪʠʩʢʫ. ɯʩʪʦʪʥʝ 

ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʦʙôʻʤ ʧʦʨ ʩʪʘʻ 

ʨʽʚʥʠʤ ʦʙôʻʤʫ ʪʚʝʨʜʦʾ ʬʘʟʠ. ɯʟ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʩʪʨʫʢʪʫʨʥʘ ʩʢʣʘʜʦʚʘ 

ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʻ ʨʽʚʥʦʶ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʽʡ ʩʢʣʘʜʦʚʽʡ, ʽ ʚʝʣʠʯʠʥʘ ʧʝʨʰʦʾ 

ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʜʨʫʛʦʾ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʩʪʨʫʢʪʫʨʥʘ 

ʜʝʬʦʨʤʘʮʽʷ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʤʘʪʝʨʽʘʣʫ 

ʯʘʩʪʠʥʦʢ ʫ ʧʨʠʢʦʥʪʘʢʪʥʠʭ ʟʦʥʘʭ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʜʘʻ ʟʤʦʛʫ ʦʙˇʨʫʥʪʫʚʘʪʠ 

ʽʩʥʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ, ʩʬʦʨʤʫʣʶʚʘʪʠ ʷʢʫ ʤʦʞʥʘ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: ʚʝʣʠʯʠʥʘ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʠʩʢʫ y ʟʘ 

ʱʽʣʴʥʽʩʪʶ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ J = 0,5 ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʦʜʠʥʠʮʽ: 

1
5,00

=
=JJ

y

d

d
                                                                                                                          (3.10) 
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ʇʨʦʜʠʬʝʨʝʥʮʽʶʻʤʦ ʨʽʚʥʷʥʥʷ (3.9) ʟʘ ʱʽʣʴʥʽʩʪʶ ʽ ʦʪʨʠʤʘʻʤʦ 
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d .                                     (3.11) 

ʇʨʠ ʱʽʣʴʥʦʩʪʽ ʧʦʨʦʰʢʦʚʦʛʦ ʪʽʣʘ (ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ) J = 0,5 ʚʠʨʘʟ 

(3.11) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ʈʦʟʚôʷʞʝʤʦ ʚʠʨʘʟ (3.12) ʱʦʜʦ ʧʦʢʘʟʥʠʢʘ ʩʪʝʧʝʥʶ ʧ ̔ ʦʪʨʠʤʘʻʤʦ 
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ɸʥʘʣʽʟʫʶʯʠ ʚʠʨʘʟ (3.13), ʥʝʚʘʞʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʚʽʥ ʘʥʘʣʽʪʠʯʥʠʤ 

ʰʣʷʭʦʤ ʥʝʨʦʟʚôʷʟʥʠʡ ʚʽʜʥʦʩʥʦ ʚʝʣʠʯʠʥʠ ʧʦʢʘʟʥʠʢʘ ʩʪʝʧʝʥʶ ʧ. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʚʦʥʘ ʻ ʧʝʚʥʦʶ ʬʫʥʢʮʽʻʶ ʧʦʯʘʪʢʦʚʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ J0, ʽʥʰʠʤʠ 

ʩʣʦʚʘʤʠ: 

( )0Jfʧ= .                                                                                                                              (3.14) 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʬʫʥʢʮʽʶ (3.14) ʜʦʮʽʣʴʥʦ ʰʫʢʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ: 

2
02010 JJ Ö+Ö+= ʘʘʘʧ .                                                                                         (3.15) 

ɸʥʘʣʽʟ ʚʠʨʘʟʫ (3.13) ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ J0 =0 ʚʽʥ ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʛʣʷʜʫ: 

12
4

2 -Ö= ʧʧ .                                                                                                                  (3.16) 

ʈʦʟʚô̫ ʟʫʶʯʠ ʨʽʚʥʷʥʥʷ (3.16) ʱʦʜʦ ʧʦʢʘʟʥʠʢʘ ʧ, ʦʪʨʠʤʘʻʤʦ: ʧ = 4. ʆʪʞʝ 

ʧʝʨʰʘ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʜʣʷ ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ (3.15) ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʛʣʷʜʫ: 

                                                                            (3.17) 

ɿʽ ʩʧʽʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ ʚʠʨʘʟʫ (3.15) ʽ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ (3.17) ʚʠʧʣʠʚʘʻ, 

ʱʦ ʘ0 = 4. ɼʣʷ ʧʦʯʘʪʢʦʚʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ J0 = 0,5 ʚʠʨʘʟ (3.13), 
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ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʜʘʻ ʥʝʨʝʘʣʴʥʝ, ʧʦʟʙʘʚʣʝʥʝ ʬʽʟʠʯʥʦʾ ʩʫʪʥʦʩʪʽ ʟʥʘʯʝʥʥʷ       

ʧ = ¤. ɸʣʝ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʧ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ 

ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ ʚʽʜ J =J0 é J =  1 ʤʘʻ ʙʫʪʠ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʧʦʩʪʽʡʥʦ 

ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʱʽʣʴʥʦʩʪʽ J0. ʎʷ ʫʤʦʚʘ ʤʦʞʝ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʘ ʣʠʰʝ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʘ ʩʪʫʧʝʥʷ ʧ = 1. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʚʠʨʘʟʫ (3.13) ʥʘʙʫʜʝ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ (¤)0, ʨʦʟʢʨʠʪʪʷ 

ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʃʦʧʽʪʘʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʝ 

ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʫ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ: 

= 1                                                                          (3.18) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (3.17) ʽ (3.18) ʚʠʨʘʟ (3.15) ʥʘʙʫʜʝ ʪʘʢʦʛʦ 

ʚʠʛʣʷʜʫ: 

3
4

1

2

1
21 -=+ ʘʘ                                                                3.19) 

ʅʘ ʚʽʜʨʽʟʢʫ J0 = 0 ʽ J0 =  0,5 ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʱʽʣʴʥʦʩʪʽ 

ʧʦʨʦʰʢʦʛʦ ʰʘʨʫ J0 =  0,25. ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ J0 =  0,25 ʫ ʚʠʨʘʟ (3.13) ʽ 

ʦʪʨʠʤʘʻʤʦ ʧ = 2,262. ʆʪʞʝ ʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʘʟʫ (3.15): 

( ) 738,1262,24
16

1

2

1
21 -=--=+ ʘa                                                                   (3.20) 

ʈʦʟʚôʷʟʫʶʯʽ ʩʧʽʣʴʥʦ ʨʽʚʥʷʥʥʷ (3.19) ʽ (3.20), ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʘ1 = -7,9 ʽ ʘ2 = 3,8. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʴ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʨʘʟ 

(3.15) ʥʘʧʠʰʝʤʦ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

2

00 8,39,74 JJ Ö+Ö-=ʧ .                                                             (3.21) 

ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʧ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʱʽʣʴʥʦʩʪʽ J0  

ʦʪʨʠʤʘʥʽ ʟ ʚʠʨʘʟʫ (3.21)  ʪʘʢʽ: ʧ = 4,0; 3,248; 2,572; 2,263; 1,972; 1,448; 1,2145; 

1,12642; 1,08352; 1,04138; 1,020595; 1,0082152; 1,004104; 1,000041; 1,0000041  

ʧʨʠ  = 0,0; 0,10; 0,20; 0,25; 0,30; 0,40; 0,45; 0,47; 0,48; 0,49; 0,495; 0,498; 

0,499; 0,49999; 0, 499999 ʚʽʜʧʦʚʽʜʥʦ. 
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ʉʧʨʦʱʝʥʠʡ, ʘʣʝ ʜʦʩʠʪʴ ʪʦʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ çʢʨʠʪʠʯʥʦʛʦè ʪʠʩʢʫ 

ʈʢ ʤʦʞʝ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʪʝ, ʱʦ ʚʽʥ ʧʦʚôʷʟʘʥʠʡ ʟ ʪʚʝʨʜʽʩʪʶ 

ʥʘʡʙʽʣʴʰ ʪʫʛʦʧʣʘʚʢʦʾ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʢʦʥʮʝʧʮʽʻʶ ʄ.ʖ. ɹʘʣʴʰʠʥʘ [45, 52, 191]. ʄʽʞ ʪʚʝʨʜʽʩʪʶ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʤʽʮʥʽʩʪʶ ʽʩʥʫʻ ʜʦʩʠʪʴ ʩʪʽʡʢʠʡ ʟʚôʷʟʦʢ: 

ʈʢºʅʚº3sʚʠ                                                                                                                (3.22) 

ʋ ʚʠʨʘʟʽ (3.22) sʚʠ ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, 

ʜʝ ʰ

ʚ
ʚʠ

F

F0Ö=
s

s
, sʚ - ʟʥʘʯʝʥʥʷ ʫʤʦʚʥʠʭ ʤʝʞ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɿʘʟʚʠʯʘʡ ʫ 

ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʫʤʦʚʥʠʭ ʛʨʘʥʠʮʴ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

sʚ (ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʫʡʥʽʚʥʦʾ ʩʠʣʠ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʧʣʦʱʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ɽɿ ʟ ʧʦʢʨʠʪʪʷʤ); 4

2
ʰ

ʰ

d
F

Ö
=
p

 ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʘ ʟ ʧʦʢʨʠʪʪʷʤ ʚ ʤʦʤʝʥʪ ʧʨʦʮʝʩʫ ʜʝʬʦʨʤʘʮʽʾ; d  h ï ʜʽʘʤʝʪʨ 

ʟʨʘʟʢʘ ʚ ʤʦʤʝʥʪ, ʱʦ ʧʝʨʝʜʫʻ ʧʦʯʘʪʢʫ ʫʪʚʦʨʝʥʥʷ ʰʠʡʢʠ; 4

2
0

0

d
F

Ö
=
p

 - 

ʧʦʯʘʪʢʦʚʘ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʘ ʟ ʧʦʢʨʠʪʪʷʤ; d0 ï ʧʦʯʘʪʢʦʚʠʡ 

ʜʽʘʤʝʪʨ ʟʨʘʟʢʘ ʟ ʧʦʢʨʠʪʪʷʤ; 

ɼʣʷ ʧʦʨʦʰʢʫ ʂʍʅ-30: sʚ = 5400 ʢʛ/ʩʤ2; sʚʠ = 6152 ʢʛ/ʩʤ2; ʈʢ = 15458 ʢʛ/ʩʤ
2 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʠʚ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʧ, ʧʦʯʘʪʢʦʚʫ 

ʱʽʣʴʥʽʩʪʴ J0  ʪʘ çʢʨʠʪʠʯʥʠʡè ʪʠʩʢ ʈʢ ʚʠʟʥʘʯʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʱʽʣʴʥʦʩʪʽ 

ʧʦʢʨʠʪʪʷ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ, ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʛʦ ʪʠʩʢʫ.  

ʧ

ʧ

1

0

1

0

1 yJ

yJ
J

Ö+

+
=                                                                      (3.23) 

ɹʝʟʨʦʟʤʽʨʥʫ ʬʫʥʢʮʽʶ ʪʠʩʢʫ ɣ ʚʠʟʥʘʯʘʣʠ ʟ ʚʠʨʘʟʽʚ (3.3) ʘʙʦ (3.4). 
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ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʽ 

ʱʽʣʴʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʪʠʩʢʫ ɯɽʂʆ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.5. ʽ ʚ 

ʪʘʙʣʠʮʽ 3.1.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ (ʧʦʨʠʩʪʦʩʪʽ) ʧʦʢʨʠʪʪʽʚ ʦʪʨʠʤʘʥʽ  

ʤʝʪʦʜʦʤ ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʘʪʦʨʘ ʟʦʙʨʘʞʝʥʥʷ çMini-Magiscanè ʬʽʨʤʠ "Joyce Loebl" (ɸʥʛʣʽʷ) ʟʘ 

ʧʨʦʛʨʘʤʦʶ çGenias 26è (ʨʠʩ. 3.3). ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʦ ʟʘʜʦʚʽʣʴʥʠʡ ʟʙʽʛ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʽ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ (ʨʦʟʙʽʞʥʽʩʪʴ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 8...10%).  

 
 

ʈʠʩ. 3.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ (1, ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ (2, ʩʫʮʽʣʴʥʘ ʣʽʥʽʾ) 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʪʠʩʢʫ ɯɽʂʆ 

(ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ï ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʦʰʦʢ ʂʍʅ-30)  

 

ʊʘʙʣʠʮʷ 3.1 

ʑʽʣʴʥʽʩʪʴ/ʧʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ɻʊʅ ʙʝʟ 

ʦʙʨʦʙʢʠ ʪʘ ʟ ɯɽʂʆ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ) 

 

 

 

 

 

 

 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʽ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʦʪʨʠʤʘʥʥʷ ʇʇ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʨʧʦʣʷʮʽʡʥʝ 

ʄʝʪʦʜ ʥʘʥʝʩʝʥʥʷ  

ʧʦʢʨʠʪʪʷ 

ɿʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ/ʧʦʨʠʩʪʦʩʪʽ, % 

ʄʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ 

ʂʍʅ-30 Cr 3C2 (80%) ʟ Ni (20) ʌʄɯ-2 

ɻʇʅ 65/45 60/40 - 

ɽɼʅ - - 80/20) 

ɻʇʅ ʟ ɯɽʂʆ 94/6 94/6 - 

ɽɼʅ ʟ ɯɽʂʆ - - 98/2 
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ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʫʰʽʣʴʥʝʥʥʷ ʥʘʧʠʣʝʥʦʛʦ ʇʐ ʧʨʠ ʡʦʛʦ ɯɽʂʆ ʪʘ 

ʟʘʣʝʞʥʽʩʪʴ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʚʽʜ ʪʠʩʢʫ ɯɽʂʆ. ʇʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

(ʟʥʠʞʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ) ɻʊʇ ʧʽʩʣʷ ɯɽʂʆ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʟʠʪʠʚʥʦʶ ʨʦʣʣʶ 

ʤʝʭʘʥʽʯʥʦʛʦ ʬʘʢʪʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʨʦʟʚʠʪʦʢ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʩʧʨʠʷʶʪʴ çʟʘʣʽʢʫʚʘʥʥʶè ʧʦʨ. ʆʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʽ 

ʱʽʣʴʥʦʩʪʽ ɻʊʇ ʚʽʜ ʪʠʩʢʫ ɯɽʂʆ ʧʦʢʘʟʘʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʦʪʨʠʤʘʥʦ ʟʘʜʦʚʽʣʴʥʠʡ ʟʙʽʛ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʽ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ (ʨʦʟʙʽʞʥʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 10%).  

 

3.3. ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʱʽʣʴʥʦʩʪʽ ʥʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʘ ʽʤʧʫʣʴʩʥʦʶ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ 

ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʱʽʣʴʥʦʩʪʽ ʥʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ  ʪʘ ʧʽʩʣʷ ʾʭ ʽʤʧʫʣʴʩʥʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ 

 

ɺ ʨʦʙʦʪʘʭ [47, 124-126, 181] ʙʫʣʘ ʚʽʜʟʥʘʯʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ:  

 Þ = Þ0 (1 ï ʇ)m                                                                               (3.24),  

ʜʝ Þ ï ʯʠʩʝʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʠʩʪʦʛʦ ʧʦʢʨʠʪʪʷ;  

Þ0 ï ʯʠʩʝʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʘʢʪʥʦʛʦ (ʙʝʟ ʧʦʨʠʩʪʦʛʦ) 

ʤʘʪʝʨʽʘʣʫ; ʇ ï ʧʦʨʠʩʪʽʩʪʴ; m ï ʧʦʩʪʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ.  

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ (ɽ) ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ ʜʣʷ ʢʦʤʧʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʩʫʪʥʽ ʚ ʙʘʛʘʪʴʦʭ 

ʨʦʙʦʪʘʭ [124-126], ʦʜʥʘʢ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ 

ʧʦʨʠʩʪʦʩʪʽ ʜʣʷ ʧʦʢʨʠʪʪʽʚ ʽʩʥʫʶʪʴ ʚ ʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ [124-126]. ʊʘʢ ʜʣʷ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʙʦʨʠʜ ʮʠʨʢʦʥʽʶ ï ʤʽʜʴ ʟʚô̫ ʟʦʢ ʤʽʞ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ 

ʪʘ ʱʽʣʴʥʽʩʪʶ ɻʊʇ ʥʝ ʚʠʷʚʣʝʥʠʡ [125]. ɼʣʷ ʢʝʨʘʤʽʯʥʠʭ ʽ ʩʠʪʘʣʦʚʠʭ ʧʦʢʨʠʪʪʽʚ 
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ʥʘ ʘʫʩʪʝʥʽʪʥʽʡ ʩʪʘʣʽ ʍ18ʅ10ʊ ʟʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ 

ʙʣʠʟʴʢʘ ʜʦ ʣʽʥʽʡʥʦʾ. ʖ.ɸ. ʍʘʨʣʘʤʦʚ [124] ʨʦʟʨʦʙʠʚ ʦʙôʻʤʥʫ ʤʦʜʝʣʴ ɻʊʇ ʪʘ 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʟʘʣʝʞʥʽʩʪʴ: 

Þ = Þ0 f (ʌ)                                                                                  (3.25), 

ʜʝ ʌ ï ʬʘʢʪʦʨ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ ʥʘʧʠʣʝʥʦʛʦ ʇʇ.  

ʌʘʢʪʦʨ ʬʦʨʤʠ - ʩʧʝʮʽʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢʘ: 1) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ɻʊʇ; 2) ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʯʘʩʪʠʥʦʢ 

ʥʘʧʠʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʾʭ ʱʽʣʴʥʽʩʪʴ; 3) ʩʣʫʛʫʻ 

ʢʨʠʪʝʨʽʻʤ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʱʽʣʴʥʦʩʪʽ (ʧʦʨʠʩʪʦʩʪʽ) ʧʦʢʨʠʪʪʷ ʟ ʡʦʛʦ ʘʜʛʝʟʽʡʥʦʶ 

ʪʘ ʢʦʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ.  

ʇʦʨʠʩʪʽʩʪʴ (ʱʽʣʴʥʽʩʪʴ) ʧʦʢʨʠʪʪʽʚ, ʩʪʚʦʨʝʥʠʭ ʤʝʪʦʜʘʤʠ ɻʊʅ ʟ 

ʧʦʩʣʽʜʫʶʯʦʶ ʾʭ ɯɽʂʆ ʚʠʟʥʘʯʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʢʽʣʴʢʽʩʥʠʤ 

ʩʪʝʨʝʦʣʦʛʽʯʥʠʤ ʘʥʘʣʽʟʦʤ, ʤʝʪʦʜʠʢʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʨʦʟʜʽʣʽ 2, ʘ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.3 ʪʘ ʚ ʨʦʟʜʽʣʽ 4. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ  

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ɻʊʇ ʪʘ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʧʽʩʣʷ ʾʭ ɯɽʂʆ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʦʧʠʩʘʥʫ ʫ 

ʨʦʟʜʽʣʽ 2 ʪʘ ʟʘʣʝʞʥʽʩʪʽ [126]:  

( )ʇɽɽ ɽa-= 10               (3.26) 

ʜʝ ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʧʦʢʨʠʪʪʷ; ɽ0 ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽɿ; 

ɽa  - ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʟʘʢʨʠʪʦʾ ʩʬʝʨʠʯʥʦʾ ʧʦʨʠʩʪʦʩʪʽ. 

 ʈʠʩ. 3.6. ɺʧʣʠʚ ʧʦʨʠʩʪʦʩʪʽ ʥʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ: 1 ï ɻʊʇ ʧʽʩʣʷ ɯɽʂʆ;  

2 ï ʧʦʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʝ ɽɼʅ; 3 ï ʧʦʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʝ ɻʇʅ 
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ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʦʰʦʢ ʂʍʅ-30 

(70%Cr3C2   ʪʘ 30% ʥʽʭʨʦʤʫ (Ni-Cr 80/20), ʧʦʨʦʰʢʦʚʫ ʩʫʤʽʰ Cr3C2 (80%) ʩ 

ʥʽʢʝʣʝʤ Ni (20) ʪʘ ʧʦʨʦʰʢʦʚʠʡ ʜʨʽʪ ʇɼ ʌʄɯ-2 (ʰʠʭʪʘ ʌʍɹ ʤʘʻ ʚ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ 50%Cr; 20%ɺ, 7%Al, 3%Ti, 20 %Fe. ɿʥʘʯʝʥʥʷ ʤʦʜʫʣʝʡ ʧʨʫʞʥʦʩʪʽ ʪʘ 

ʧʦʨʠʩʪʦʩʪʽ (ʱʽʣʴʥʦʩʪʽ) ʧʦʢʨʠʪʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʪʘ 

ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʙʝʟ ʦʙʨʦʙʢʠ ʪʘ ʟ ɯɽʂʆ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 

3.6 ʽ ʚ ʪʘʙʣʠʮʽ 3.2. 

ʊʘʙʣʠʮʷ 3.2 

ɿʘʣʝʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ  

(ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ) ʚʽʜ ʾʭ ʧʦʨʠʩʪʦʩʪʽ / ʱʽʣʴʥʦʩʪʽ 

 
ʄʝʪʦʜ 

ʩʪʚʦʨʝʥʥʷ  

ʧʦʢʨʠʪʪʷ 

ʄʘʨʢʘ 

ʤʘʪʝʨʽʘʣʫ 

ʧʦʢʨʠʪʪʷ 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽÖ10-5, ʄʇʘ 

ʄʘʪʝʨʽʘʣ ɽɿ 

ʉʪʘʣʴ 45 

ʇʦʨʠʩʪʽʩʪʴ / ʱʽʣʴʥʽʩʪʴ ʧʦʢʨʠʪʪʷ, % 

2/98 6/90 10/90 15/85 20/80 25/75 

ɻʇʅ ʂʍʅ-30  2    0,65 0,56 0,50 

ɻʇʅ Cr3C2 (80%) 

+ Ni (20%) 

2 

 

 

- 

 

- 

 

 

 

0,58 

 

0,52 

 

0,45 

ɽɼʅ ʌʄɯ-2 2 - - 0,85 0,76 0,72 0,63 

ɻʇʅ ʟ 

ɯɽʂʆ 

ʂʍʅ-30  2  1,35

- 

- - - - 

ɻʇʅ ʟ 

ɯɽʂʆ 

Cr 3C2 (80%)  

+ Ni (20%) 

2   1,23    

ɽɼʅ ʟ 

ɯɽʂʆ  

ʌʄɯ-2 2 1,48      

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʱʽʣʴʥʦʩʪʽ ʥʘ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʇɼ ʟ ʧʦʢʨʠʪʪʷʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʟʥʠʞʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ɻʇʅ ʦʙʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ 

ʧʦʨʠʩʪʦʩʪʽ ʜʦ 30%, ʘ ʧʨʠ ɽɼʅ - ʜʦ 20% ʪʘ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ɯʤʧʫʣʴʩʥʘ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ ɻʊʇ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʱʽʣʴʥʽʩʪʴ (ʟʤʝʥʰʠʪʠ ʧʦʨʠʩʪʽʩʪʴ) ɻʊʇ ʜʦ 2-6% ʽ ʥʘʙʣʠʟʠʪʠ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʜʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʢʦʤʧʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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3.4. ʈʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ ʧʦʢʨʠʪʪʷʤʠ 

 

ɿʙʝʨʝʛʪʠ ʟʚôʷʟʦʢ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʾ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ. ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ (ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ) - ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʡʙʽʣʴʰʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʷʢʝ ʧʦʧʝʨʝʜʞʘʻ ʚʽʜʜʽʣʝʥʥʶ ʧʦʢʨʠʪʪʷ ʚʽʜ 

ʧʦʚʝʨʭʥʽ [86]. ʄʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʷ (ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ) - ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʽʣʴʰʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʧʝʨʝʜʫʶʯʦʤʫ ʨʫʡʥʫʚʘʥʥʶ 

ʟʚô̫ ʟʢʽʚ ʤʽʞ ʯʘʩʪʢʘʤʠ ʧʦʢʨʠʪʪʷ ʯʠ ʩʘʤʦʛʦ ʤʘʪʝʨʽʘʣʫ ʯʘʩʪʦʢ [86]. ʂʦʛʝʟʽʡʥʫ 

ʤʽʮʥʽʩʪʴ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʦʢʨʝʤʦʛʦ ʡ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʚʠʧʘʜʢʫ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ. ɸʜʛʝʟʽʡʥʘ ʽ ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ - ʮʝ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʷʢʠʤʠ ʚʠʟʥʘʯʘʻ ʾʭ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ [127]. ʂʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʮʥʽʩʪʴ ʩʘʤʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʘ ʘʜʛʝʟʽʡʥʘ - ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ [127]. 

ʈʫʡʥʫʚʘʥʥʶ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʧʝʨʝʜʫʻ ʢʦʛʝʟʽʡʥʝ ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʘʙʦ ʙʽʣʴʰ ʨʘʥʥʽʤ ʨʫʡʥʫʚʘʥʥʷʤ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚô̫ ʟʢʫ - 

ʚʽʜʰʘʨʦʚʫʚʘʥʥʷʤ. ɺʪʨʘʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʷ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʡʦʛʦ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷʤ ʽ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷʤ.  

ɸʜʛʝʟʽʷ ʧʦʢʨʠʪʪʷ - ʩʪʚʦʨʝʥʥʷ ʘʪʦʤʥʦʛʦ ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʚô̫ ʟʢʫ 

ʧʦʤʽʞ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʽ ʧʦʢʨʠʪʪʷʤ ʧʽʜ ʯʘʩ ʡʦʛʦ ʥʘʥʝʩʝʥʥʷ. ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʧʦʨʦʰʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʤʘʻ ʤʽʩʮʝ ʚʟʘʻʤʦʜʽʷ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʫ ʧʦʢʨʠʪʪʽ, ʘ 

ʪʘʢʦʞ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ, ʥʘ ʷʢʫ ʚʦʥʦ ʥʘʥʦʩʠʪʴʩʷ [185, 186]. 

ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ 

ʧʦʢʨʠʪʪʷʤ ʽ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʱʦ ʚʢʣʶʯʘʻ ʨʝʘʣʴʥʫ ʟʘʛʘʣʴʥʫ 

ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ ʯʘʩʪʠʥʦʢ ʇʐ ʟ ʧʦʚʝʨʭʥʝʶ, ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʥʘ ʤʝʞʽ 

ʧʦʢʨʠʪʪʷ-ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ [185, 186]. ʂʽʥʝʪʠʢʘ ʨʦʩʪʫ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʽ 

ʢʽʥʝʪʠʢʘ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ʈʽʚʥʷʥʥʷ ʢʽʥʝʪʠʢʠ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ, ʥʘ ʷʢʫ ʚʦʥʦ ʥʘʥʦʩʠʪʴʩʷ, 
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ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʄ.ʉ. ʂʦʚʘʣʴʯʝʥʢʦ ʪʘ ɺ.ɸ. ʄʘʨʪʠʥʦʚʠʤ ʫ ʨʦʙʦʪʽ [50] ʰʣʷʭʦʤ 

ʨʦʟʛʣʷʜʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʬʝʨʠʯʥʠʭ 

ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ ʦʜʥʘʢʦʚʦʛʦ ʨʘʜʽʫʩʫ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ɺ ʨʦʙʦʪʽ [50. 185, 191] ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʠ ʥʘʧʨʘʚʣʝʥʽ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʠʤʠ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʽʥʝʪʠʢʘ ʨʦʩʪʫ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʽ ʢʽʥʝʪʠʢʘ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʥʝʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʧʨʠʯʦʤʫ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʾʾ ʟʨʦʩʪʘʥʥʷ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʟô̒ ʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʠʪʪʷ ʽ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʦʙʫʤʦʚʣʝʥʦ ʢʦʥʪʘʢʪʥʠʤʠ ʷʚʠʱʘʤʠ ʥʘ ʤʝʞʽ ʾʭ 

ʨʦʟʜʽʣʫ. 

ɿ ʧʦʛʣʷʜʫ ʬʝʥʦʤʝʥʦʣʦʛʽʾ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ɻʊʇ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʟʤʽʥʠ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʰʘʨʫ 

ʧʦʨʦʰʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ, ʷʢʠʡ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʝʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, 

ʪʦʙʪʦ ʧʨʦʮʝʩ ʟʤʽʥʠ ʡʦʛʦ ʬʦʨʤʠ ʪʘ ʦʙʩʷʛʫ ʫ ʯʘʩʽ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʫ ʚʠʛʣʷʜʽ 

ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʨʝʦʣʦʛʽʾ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʯʘʩʽ. ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʧʨʦʮʝʩ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʠʥʢʠ ʥʘʧʠʣʝʥʦʛʦ ʇʄ ʨʘʜʽʫʩʦʤ R, ʱʦ ʧʨʠ ɯɽʂʆ 

ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ʩʠʣʦʶ F. ʇʨʠ ʧʨʫʞʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʯʘʩʪʠʥʢʠ 

ʨʘʜʽʫʩ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

                            (3.27) 

ʜʝ kp  - ʩʝʨʝʜʥʽʡ ʥʦʨʤʘʣʴʥʠʡ ʪʠʩʢ ʥʘ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ: 

                                                 
  

2k
r

F
p

Öp
=

                                           
(3.28), 

E - ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ; ɛ - ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ  

 

ʊʘʢ ʷʢ ʬʦʨʤʫʣʘ (3.27) ʦʪʨʠʤʘʥʘ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʜʝʬʦʨʤʘʮʽʾ ʤʘʣʽ, ʪʦ 

ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʶ ʘʥʘʣʦʛʽʻʶ [48, 54-58, 185, 191] ʽ ʟʘʤʽʥʶʶʯʠ 
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ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʮʽʻʾ ʬʦʨʤʫʣʠ ʧʨʫʞʥʽ ʤʦʜʫʣʽ ʥʘ ʾʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʘʥʘʣʦʛʠ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ: 

,                                                                        (3.29), 

ʜʝ e - ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ ʻ ʚôʷʟʢʠʤ ʘʥʘʣʦʛʦʤ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ. 

ʗʢʱʦ ʰʘʨ ʧʦʢʨʠʪʪʷ ʽʟ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝ ʤʽʩʪʠʪʴ ʧʦʨ, ʪʦ 

(ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʧʦʟʠʮʽʾ ʧʨʦ ʥʝ ʩʪʠʩʢʘʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ J = 0,5), ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ e ʨʦʟʛʣʷʥʝʤʦ ʜʝʬʦʨʤʘʮʽʶ ʥʘʧʠʣʝʥʦʛʦ ʇʐ ʧʨʠ ʡʦʛʦ 

ʽʤʧʫʣʴʩʥʽʡ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽʡ ʦʙʨʦʙʮʽ (ʜʝʬʦʨʤʘʮʽʶ ʥʘʧʠʣʝʥʦʛʦ 

ʧʦʨʦʰʢʦʚʦʛʦ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ ʧʨʠ ʦʜʥʦʚʽʩʥʦʤʫ ʩʪʠʩʢʘʥʥʽ). ʈʽʚʥʷʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʦʩʴʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʠʩʪʦʛʦ ʇʐ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʧʦʚʟʫʯʦʩʪʽ [50, 52, 185, 191]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʽʧʦʪʝʟʠ ʪʝʯʽʾ 

(ʧʝʨʝʙʽʛʫ) ʚʦʥʘ ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ q = 0, ʪʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ʚô̫ ʟʢʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ ʙʝʟ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʊe 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ:  

() 1

1

ʊ
Ptɺ4

3
-b

-b

=e                                                                 (3.32), 

ʘ ʚʠʨʘʟ (3.31) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ, ʱʦ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʻʪʴʩʷ ʟ ʟʘʛʘʣʴʥʦ 

ʧʨʠʡʥʷʪʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʪʝʦʨʽʾ ʪʝʯʽʾ ʙʝʟ ʧʦʨʠʩʪʠʭ ʪʽʣ ʧʨʠ ʨʦʟʪʷʛʫ ʘʙʦ 

ʩʪʠʩʢʘʥʥʽ [50, 52, 185, 191] ʪʘ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʦ ʧʦʚʟʫʯʦʩʪʽ 

ʤʝʪʘʣʽʚ. 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʷʢ ʽ ʚ [50, 52, 185, 191], ʱʦ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ 

ʢʦʥʪʘʢʪʫʶʪʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʥʽʡ ʥʘʧʠʣʝʥʽ ʯʘʩʪʠʥʢʠ ʤʘʪʝʨʽʘʣʫ 
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ʧʦʢʨʠʪʪʷ ʦʜʥʘʢʦʚʦʛʦ ʨʘʜʽʫʩʫ, ʪʦ ʟʫʩʠʣʣʷ ʧʨʠʪʠʩʢʘʥʥʷ ʯʘʩʪʠʥʢʠ ʜʦ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ ʈ (ʟʫʩʠʣʣʷ ʥʘ ʝʣʝʢʪʨʦʜʽ) ʧʦʚô̫ ʟʘʥʝ ʟ ʪʠʩʢʦʤ ʧʨʦʮʝʩʫ ɯɽʂʆ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

z

PS
F=                                                                                       (3.33), 

ʜʝ S - ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ; z - ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʘʢʪʫʶʯʠʭ ʟ ʥʝʶ ʥʘʧʠʣʝʥʠʭ 

ʯʘʩʪʠʥʦʢ. 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ (3.33) ʚ (3.28), ʦʪʨʠʤʘʻʤʦ ʬʦʨʤʫʣʫ, ʱʦ ʟʚô̫ ʟʫʻ ʪʠʩʢ 

ɯɽʂʆ ʥʘʧʠʣʝʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʟ ʩʝʨʝʜʥʽʤ ʥʦʨʤʘʣʴʥʠʤ 

ʪʠʩʢʦʤ ʥʘ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ: 

zr

PS
ʨ

2ʢ
ÖÖp

=                                                                                  (3.34) 

ʗʢʱʦ ʧʽʜʩʪʘʚʠʪʠ (3.32), (3.33), (3.34) ʫ ʚʠʨʘʟ (3.29) ʽ ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ 

ʡʦʛʦ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 5,0=J , ʪʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʘʜʽʫʩʫ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ:  

()3

t

0

23
dtPtB

32

RS
r ñ

b

-Ö
=                                                          (3.35) 

ʇʣʦʱʘ ʢʦʥʪʘʢʪʫ kS  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

()
3

2
t

0

2

2

k dtPtB
z32

RS
rS ù

ú

ø
é
ê

è

Ö
p=Öp= ñ

b

-b
                                                       (3.36) 

 

ʅʘʧʠʣʝʥʠʡ ʧʦʨʦʰʢʦʚʠʡ ʰʘʨ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʶ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʱʽʣʴʥʫ ʫʧʘʢʦʚʢʫ ʦʜʥʘʢʦʚʠʭ, ʧʨʘʚʠʣʴʥʠʭ ʰʝʩʪʠʢʫʪʥʠʭ ʧʨʠʟʤ, ʚ ʢʦʞʥʫ ʟ 

ʷʢʠʭ ʚʧʠʩʘʥʘ ʩʬʝʨʘ, ʱʦ ʤʘʻ ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʝʨʭʥʝʶ [185]. ʇʣʦʱʘ 

ʧʦʚʝʨʭʥʽ ʧʨʠʟʤ 
6S  ʧʦʚô̫ ʟʘʥʘ ʟ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʫ ʥʘʥʦʩʠʪʴʩʷ ʧʦʢʨʠʪʪʷ  

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

2

6 R32
z

S
S ==                                                                            (3.37),   



137 
 

 

ʘ ʚʽʜʥʦʩʥʘ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ Sʚʽʜ. ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʚʠʨʘʟʫ: 

                                                (3.38) 

ʈʽʚʥʷʥʥʷ (3.35), (3.36) ʪʘ (3.37) ʧʨʠ ʈ = const ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʜʦ ʨʽʚʥʷʥʥʷ 

ʢʽʥʝʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ, ʱʦ ʦʪʨʠʤʘʥʽ ʄ.ʉ. ʂʦʚʘʣʴʯʝʥʢʦ, ɺ.ɸ. 

ʄʘʨʪʠʥʦʚʠʤ ʪʘ ʗ.ɭ. ɻʝʛʫʟʽʥʠʤ ʜʣʷ ʚʠʧʘʜʢʫ ʟʯʝʧʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ ʟ 

ʧʦʚʝʨʭʥʝʶ ʚ ʧʨʦʮʝʩʽ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʷ [48-50, 52, 185, 191].  

ʇʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʷ ʨʽʚʥʷʥʥʷʤ (3.38) ʤʦʞʥʘ 

ʧʨʠʙʣʠʟʥʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʶ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʪʠʧʫ (ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʮʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [50, 52]): 

                        (3.39) 

ʈʽʚʥʷʥʥʷ (3.39) ʙʣʠʟʴʢʝ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʟʘʣʝʞʥʦʩʪʽ ʜʦ ʨʽʚʥʷʥʥʷ, 

ʚʠʚʝʜʝʥʦʛʦ ɺ.ɺ. ʉʢʦʨʦʭʦʜʦʤ [46]. ʇʦʨʽʚʥʶʶʯʠ ʚʠʨʘʟ (3.39) ʟ ʨʽʚʥʷʥʥʷʤ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʪʠʢʠ ʫʱʽʣʴʥʝʥʥʷ ʟ ʪʝʦʨʽʾ ʪʝʯʽ ʾ

( )
( )

()ñ
b=

q-q

q-q
t

00

0 dtPtB
1

1
ln                                                                         (3.40) 

ʥʝʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ɻʊʇ ʧʨʠ ʡʦʛʦ 

ɯɽʂʆ (ʨʠʩ. 3.7): 

                  (3.41)  

ɼʣʷ  ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ɻʊʇ ʧʽʩʣʷ ʾʭ ɯɽʂʆ ʽʟ ʧʦʨʽʚʥʷʥʥʷ (3.38) ʽ (3.41) 

ʦʪʨʠʤʘʻʤʦ: 

                                        (3.42) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ (3.42), ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ, ʥʘ ʷʢʫ ʥʘʥʦʩʠʪʴʩʷ ʧʦʢʨʠʪʪʷ. 
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ʈʠʩ. 3.7. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʨʦʟʤʽʨʫ ʤʽʞʯʘʩʪʢʦʚʠʭ ʢʦʥʪʘʢʪʽʚ 

ʚʽʜ ʪʠʩʢʫ ɯɽʂʆ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʦʰʢʫ ʂʍʅ-30,  

ʧʦʨʦʰʢʦʚʦʾ ʩʫʤʽʰʽ Cr 3C2  ʟ Ni ʪʘ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʌʄɯ-2 

 

ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ůʟʯ. ʇʦʚôʷʟʘʥʘ ʽʟ ʤʽʮʥʽʩʪʶ ʟôʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʢʨʠʪʪʷ ʪʘ ʧʦʚʝʨʭʥʽ  ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ůʟóʻʜ.  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

         ůʟʯ. = ůʟóʻʜ. ÖSʚʽʜ                                                                              (3.43) 

ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ Sʚʽʜ ʽ ůʟóʻʜ. ʚ ʧʨʦʮʝʩʽ ʫʱʽʣʴʥʝʥʥʷ  ɻʊʇ ɯɽʂʆ 

ʟʙʽʣʴʰʫʶʪʴʩʷ, ʪʦ ʜʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ ʚʦʥʦ ʥʝ ʧʨʠʜʘʪʥʝ. 

ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʚ ʤʦʤʝʥʪ t  ̔Űʢ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʚʠʨʘʟʫ 

 

                                                                                               (3.44),  

ʷʢʠʡ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ: 

                                                        (3.45) 

ʇʨʦʽʥʪʝʛʨʫʚʘʚʰʠ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ (3.45) ʯʘʩʪʠʥʘʤʠ, ʦʪʨʠʤʘʻʤʦ 

ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

                                                           (3.46), 

ʜʝ Sʚʽʜ (Ű) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ (3.42), ʘ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʠʪʪʷ ʪʘ ʦʩʥʦʚʠ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ 

ʟʘ ʤʝʪʦʜʠʢʦʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ɽ.ʉ. ʂʘʨʘʢʦʟʦʚʠʤ [185]. 

 

ʌʄɯ-2 Cr 3C2 + Ni ʂʍʅ-30 
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ʅʘ ʦʩʥʦʚʽ ʨʦʟʛʣʷʜʫ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʦʜʠʥʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʦʪʨʠʤʘʥʦ 

ʨʽʚʥʷʥʥʷ (3.43), ʱʦ ʟʚôʷʟʫʻ ʢʽʥʝʪʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʟ ʢʽʥʝʪʠʢʦʶ 

ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʚ ʧʨʦʮʝʩʽ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ɻʊʇ. ʊʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʚʝʣʠʯʠʥʠ ůʟóʻʜ. ʚʠʢʣʠʢʘʻ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʽ ʥʝ ʛʘʨʘʥʪʫʻ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʘʪʝʨʽʘʣʫ 

ʧʦʢʨʠʪʪʷ, ʱʦ ʚʩʪʫʧʘʶʪʴ ʫ ʚʟʘʻʤʦʜʽʶ ʟ ʤʘʪʝʨʽʘʣʦʤ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʘʙʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ. 

ɼʣ̫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ɻʊʇ ʧʽʩʣʷ ʾʭ ɯɽʂʆ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʝʪʦʜʠʢʫ, ʱʦ ʦʧʠʩʘʥʘ ʚ 

ʨʦʟʜʽʣʽ 2.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ ɽɿ ʽʟ 

ʩʪʘʣʽ 45 ʥʘ ʨʦʟʪʷʛ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.3 ʪʘ ʥʘ 

ʨʠʩʫʥʢʫ 3.8. 

ʊʘʙʣʠʮʷ 3.3 

ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ (ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ) ʧʦʢʨʠʪʪʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʘʤʠ ɻʊʅ ʙʝʟ ʦʙʨʦʙʢʠ ʪʘ ʽʟ ʦʙʨʦʙʢʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ 

(ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ) 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ɻʊʇ ʧʽʩʣʷ ʾʭ ɯɽʂʆ ʧʦʢʘʟʘʣʠ 

ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʚ 2é2,5 ʨʘʟʠ ʪʘ ʜʦʚʝʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ. ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʄʝʪʦʜ 

ʥʘʥʝʩʝʥʥʷ 

ʧʦʢʨʠʪʪʷ 

ɿʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ, ʄʇʘ 

ʄʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ 

ʂʦʤʧʦʟʠʮʽʡʥʠʡ 

ʧʦʨʦʰʦʢ ʂʍʅ-30 

ʇʦʨʦʰʢʦʚʘ ʩʫʤʽʰ 

Cr 3C2 (80%) ʟ Ni (20) 

ʇʦʨʦʰʢʦʚʠʡ ʜʨʽʪ 

ʌʄɯ-2 

ɻʇʅ 40 é50 30 é 40 - 

ɽɼʅ - - 50 é 60 

ɻʇʅ ʽʟ ɽʂʆ 100 é 140 100 é 120 - 

ɽɼʅ+ɽʂʆ - - 180é200 
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ʤʽʮʥʽʩʪʶ ʟʯʝʧʣʝʥʥʷ ɻʊʇ ʧʽʩʣʷ ʾʭ ɯɽʂʆ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʮʝʩʫ 

ʮʽʻʾ ʦʙʨʦʙʢʠ ʪʘ ʢʦʥʪʘʢʪʥʠʤʠ ʷʚʠʱʘʤʠ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʧʦʢʨʠʪʪʷ-ʧʦʚʝʨʭʥʷ 

ʜʝʪʘʣʽ. 

10 20 30 40
0,4

0,6

0,8

r, ʄʇʘ

r

Sʦʪʥ

 

 

ʈʠʩ. 3.8. ɿʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʾ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʤʽʞ ɻʊʇ ʽ ʧʦʚʝʨʭʥʝʶ (1) ʧʽʩʣʷ ɯɽʂʆ 

ʽ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʷ (2) ʚʽʜ ʪʠʩʢʫ, ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ (ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ) ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ)  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʥʪʘʢʪʫ ʤʽʞ ɻʊʇ ʽ ʇɼ ʚ ʧʨʦʮʝʩʽ ɯɽʂʆ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʟʚôʷʟʫʻ 

ʢʽʥʝʪʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʟ ʢʽʥʝʪʠʢʦʶ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ. ʆʜʥʘʢ, ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʚʝʣʠʯʠʥʠ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ. ʚʠʢʣʠʢʘʻ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʽ ʥʝ ʛʘʨʘʥʪʫʻ 

ʜʦʩʪʘʪʥʴʦʾ ʪʦʯʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʘʜʛʝʟʽʡʥʦʛʦ 

ʟʚô̫ʟʢʫ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʱʦ ʚʩʪʫʧʘʶʪʴ ʫ ʚʟʘʻʤʦʜʽʶ ʟ ʤʘʪʝʨʽʘʣʦʤ ʧʦʚʝʨʭʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ, ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʾ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ. ʇʦʻʜʥʘʥʥʷ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠ ʘʥʘʣʽʟʽ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚô̫ ʟʢʫ ʤʽʞ ɻʊʇ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʧʨʠ ɯɽʂʆ 

ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʥʘ ʰʣʷʭʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʾʭ ʤʽʮʥʦʩʪʽ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

ʈ, ʄʇʘ 

J ,Sʚʽʜ 
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3.5. ʆʮʽʥʢʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʟʚôʷʟʢʫ ʟ 

ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʡ ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʷ  

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ɻʊʇ, ʥʘʧʠʣʝʥʥʽ ʧʦʢʨʠʪʪʷ ʧʽʩʣʷ ʾʭ ɯɽʂʆ [87, 

119] ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʜʦ 200 ʄʇʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʚ ʥʠʭ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ. 

ʗʢ ʧʨʘʚʠʣʦ, ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʪʦʚʱʠʥʫ 

ʧʦʢʨʠʪʪʽʚ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʤʽʨʫ [165]. ʂʨʠʪʠʯʥʘ ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ 

ʦʙʤʝʞʝʥʘ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ [165].  

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʠ ʩʪʘʚʠʣʠ ʤʝʪʦʶ  ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ɻʊʇ ʧʽʩʣʷ ʾʭ ɯɽʂʆ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚʠʩʦʢʠʭ 

ʟʥʘʯʝʥʴ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʧʦʚʝʨʭʥʷʤʠ ʜʝʪʘʣʝʡ ʧʽʩʣʷ 

ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ  ʚ ʫʤʦʚʘʭ ʩʧʽʣʴʥʦʾ ʜʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ.  

ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʝʡ ʟ ɻʊʇ: ʤʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʽ, ʤʽʮʥʽʩʪʴ 

ʚʪʦʤʠ. ʅʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʘ ʬʦʨʤʘ ʧʨʦʷʚʫ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ - 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ tʟʯ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ h [192]. ɿʥʠʞʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ tʟʯ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ h ʘʞ ʜʦ 

ʚʽʜʰʘʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʝ ɻʊʇ [192]. ɺʽʜʦʤʦ [192], ʱʦ ʧʦʢʨʠʪʪʷ ʟ ʪʦʚʱʠʥʦʶ ʜʦ 

1 ʤʤ (ʪʦʥʢʽ ʧʦʢʨʠʪʪʷ) ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝ 

ʚʽʜʰʘʨʦʚʫʶʪʴʩʷ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʚʽʜʰʘʨʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ ʪʦʚʱʠʥʦʶ ʙʽʣʴʰʝ 1 

ʤʤ (ʪʦʚʩʪʠʭ ʧʦʢʨʠʪʪʽʚ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʥʠʞʯʦʤʫ ʨʽʚʥʽ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ. ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʪʦʚʱʠʥʫ 

ʧʦʢʨʠʪʪʽʚ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʤʽʨʫ. ʂʨʠʪʠʯʥʘ ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ʦʙʤʝʞʝʥʘ ʪʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ [165]. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʟʤʝʥʰʫʶʪʴ ʤʽʮʥʽʩʪʴ ʫʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʷ. ɺʽʜʰʘʨʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʚʽʜ 
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ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʤʘʻ ʤʽʩʮʝ ʫ ʜʚʦʭ ʚʠʧʘʜʢʘʭ [165]: ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ ʜʝʪʘʣʽ 

ʟʦʚʥʽʰʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ. ɿʘʣʝʞʥʽʩʪʴ 

ʤʽʮʥʦʩʪʽ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚô̫ ʟʢʫ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ  ʡ ʚʽʜ ʪʦʚʱʠʥʠ 

ʧʦʢʨʠʪʪʷ - ʽʜʝʥʪʠʯʥʽ (ʨʠʩ. 3.9). ɿʚʽʜʩʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚô̫ ʟʢʫ. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.3.9.  ɺʽʜʥʦʩʥʘ ʤʽʮʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ e0 

(§) ʪʘ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ h (ƶ) ʧʨʠ ʜʽʾ ʚ ʧʦʢʨʠʪʪʽ ʪʽʣʴʢʠ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʧʦʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ɻʊʅ ʟ 

ɯɽʂʆ [165] ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʦʚʱʠʥʘʤʠ ʜʦ 3 ʤʤ ʽ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʜʦ 

200 ʄʇʘ.  

ɯʤʧʫʣʴʩʥʘ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ ɻʊʇ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ ʙʣʠʟʴʢʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ. ʊʠʩʢ ɯɽʂʆ ʪʘ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʽ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʡ, ʷʢ ʫ 

ʧʦʢʨʠʪʪʷʭ, ʪʘʢ ʽ ʚ ʩʘʤʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʽ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ɯɽʂʆ ʩʪʚʦʨʶʶʪʴ 

ʫʤʦʚʠ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʝʧʶʨʘ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʥʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʾʾ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤ ʘʥʘʣʽʟʦʤ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʚʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ ɯɽʂʆ. ɿʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʧʨʠ ɯɽʂʆ 
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ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʙʽʣʴʰ 

ʥʽʞ ʫ 2 ʨʘʟʠ. ɸʥʘʣʽʟ ʝʧʶʨ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʟʜʦʚʞʥʴʦʤʫ ʧʝʨʝʨʽʟʽ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʦʢʘʟʘʚ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʽ ʟʥʠʞʫʶʪʴʩʷ ʜʦ ʢʨʘʾʚ ʜʝʪʘʣʽ. 

ʅʘʧʨʫʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʧʦʧʝʨʝʢ ʧʦʢʨʠʪʪʷ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʪʦʨʮʽʚ ʜʝʪʘʣʽ 

ʟʥʠʞʫʶʪʴʩʷ ʽ ʧʝʨʝʭʦʜʷʪʴ ʚ ʩʪʠʩʢʘʶʯʽ ʥʘʧʨʫʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʽ 

ʩʪʠʩʢʘʶʯʽ ʥʘʧʨʫʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦ ʢʨʘʷʭ ʜʝʪʘʣʽ. ʋ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʜʝʪʘʣʽ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ ʟʘʬʽʢʩʦʚʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʙʽʣʷ ʤʝʞʽ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ. ʇʨʠ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 

ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ ʧʝʨʝʭʦʜʷʪʴ ʫ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ. ʅʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ 

ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚ ʧʦʢʨʠʪʪʽ, ʘ ʤʽʥʽʤʘʣʴʥʽ - ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʥʘ ʷʢʫ ʥʘʥʝʩʝʥʝ ʧʦʢʨʠʪʪʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʫ ʧʦʢʨʠʪʪʽ, ʪʘʢ ʽ 

ʚ ʟʦʥʽ ʡʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʟ ʜʝʪʘʣʣʶ, ʚʢʣʶʯʘʶʯʠ ɿʊɺ, ʜʽʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ. 

ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʚ ʧʦʚʝʨʭʥ ̔ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʟʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʞʝʥʥʷ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʩʪʫʧʥʠʭ ʪʨʴʦʭ ʯʠʥʥʠʢʽʚ:  

- ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʛʨʽʚʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʚʠʥʠʢʘʶʪʴ ʥʝʦʜʥʦʨʽʜʥʽ 

ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʨʦʟʪʷʛʫ, ʱʦ ʚʨʽʚʥʦʚʘʞʫʶʪʴʩʷ ʜʦ ʮʝʥʪʨʫ ʜʝʪʘʣʽ ʽ ʧʝʨʝʭʦʜʷʪʴ ʚ ʩʪʠʩʢʘʶʯʽ 

ʥʘʧʨʫʞʝʥʥʷ;  

- ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʢʨʠʪʪʷ ʪʘ ɿʊɺ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʷʢʽ ʚʝʜʫʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ ʚ ʮʝʥʪʨʘʣʴʥʽʡ 

ʯʘʩʪʠʥʽ ʜʝʪʘʣʽ, ʱʦ ʟʥʠʞʫʶʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʾʾ ʪʦʨʮʽʚ; 

- ʚʽʜʤʽʥʥʦʩʪʽ ʂʊʈ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʽ ʪʘ ʧʦʢʨʠʪʪʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ɻʊʇ ʧʨʠ ɯɽʂʆ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʝ ʣʠʰʝ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʛʨʘʜʽʻʥʪʘʤʠ ʪʘ ʣʽʥʽʡʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ, ʘ ʡ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʨʦʟʤʽʨʘʤʠ ʧʦʢʨʠʪʪʷ ʡ 

ʜʝʪʘʣʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʥʘ 

ʟʥʠʟʠʪʠ ʪʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʰʣʷʭʦʤ ʫʟʛʦʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʢʨʠʪʪʷ ʡ ʜʝʪʘʣʽ; ʟʤʝʥʰʝʥʥʷʤ ʚʧʣʠʚʫ ʟʤʽʥ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 
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ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʠʪʪʷ ʪʘ ʜʝʪʘʣʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ; 

ʩʪʚʦʨʝʥʥʷʤ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʷ ʟʤʽʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʪʘ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ; ʬʦʨʤʫʚʘʥʥʷʤ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ ʧʨʦʤʽʞʥʦʛʦ ʰʘʨʫ ʟ ʚʠʩʦʢʦʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʟʥʠʞʝʥʥʷ ʚʩʽʭ ʚʠʜʽʚ  

ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʢʨʠʪʪʽ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ɯɽʂʆ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʚʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 200 ʄʇʘ; ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ɻʊʇ ʧʽʩʣʷ ɯɽʂʆ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ 

ʧʣʘʚʥʦʶ ʟʤʽʥʦʶ ʪʚʝʨʜʦʩʪʽ ʚʽʜ ʧʦʢʨʠʪʪʷ ʜʦ ʧʦʚʝʨʭʥʽ ʪʘ ʟʙʽʣʴʰʝʥʦʶ 

ʜʠʬʫʟʽʡʥʦʶ ʟʦʥʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ɯɽʂʆ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʝʥʴ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ɻʊʇ.  

ɿ ʢʨʠʪʝʨʽʶ ʨʽʚʥʦʤʽʮʥʦʩʪʽ [110], ʟʘʤʽʥʠʚʰʠ ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ, 

ʚʠʢʣʠʢʘʥʫ ʜʝʬʦʨʤʘʮʽʻʶ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟʘʣʠʰʢʦʚʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ sʟʘʣ. 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʨʠʪʠʯʥʫ ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ hʢʨ ʧʽʜ ʜʽʻʶ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʟ ʫʤʦʚʠ ʩʘʤʦʚʽʜʰʘʨʫʚʘʥʥʷ 
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ʜʝ tʟʯ ï ʤʽʮʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚô̫ʟʢʫ; 2l ï ʙʘʟʦʚʠʡ ʨʦʟʤʽʨ; k - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʫʞʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ 
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ʜʝ ʅʜ, hʧ ï ʥʘʧʽʚʪʦʚʱʠʥʘ ʜʝʪʘʣʽ ʪʘ ʧʦʢʨʠʪʪʷ, ɽʜ, ɽʧ, Gʣ, Gʧ - ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ 

ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʨʦʜʫ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʽ ʪʘ ʧʦʢʨʠʪʪʷ.  

 

ʗʢʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ʟʨʦʩʪʘʶʪʴ ʘʙʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʪʦʤʫ ʞ ʨʽʚʥʽ, ʩʧʦʩʪʝʨʽʛʘʪʠʤʝʪʴʩʷ 

ʩʘʤʦʚʽʜʰʘʨʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ. ʎʝ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ 

ʚʝʣʠʢʦʾ ʪʦʚʱʠʥʠ. ɿʘʧʠʩʘʚʰʠ ʚʠʨʘʟ (3.47) ʷʢ: 
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ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʢʨʠʪʪʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʥʛʝʥʩʦʤ ʢʫʪʘ ʥʘʭʠʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʨʠʚʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʨʠ ʟʩʫʚʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ.  

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʟʘʣʝʞʥʽʩʪʴ tʟʯ = f(h) (ʨʠʩ. 3.10) ʜʣʷ ɻʊʇ ʟ ʧʦʨʦʰʢʫ 

ʂʍʅ-30 (E = 2,4Å105 ʄʇʘ, G = 0,94Å105 ʄʇʘ), ʥʘʥʝʩʝʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʶ 

ʜʝʪʘʣʽ ʟ ʩʪʘʣʽ 45. ʈʝʞʠʤʠ ʬʦʨʤʫʚʘʥʥʷ  ʧʦʢʨʠʪʪʷ: ʩʠʣʘ ʩʪʨʫʤʫ I = 12 ʢɸ; ʯʘʩ 

ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ t  ̔= 0,04 ʩ; ʯʘʩ ʧʘʫʟʠ tʧ = 0,04 ʩ; ʪʠʩʢ ʈ = 40 ʄʇʘ. ɸʥʘʣʽʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʧʦʢʨʠʪʪʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʪʘʙʽʣʽʟʘʮʽʷ ʤʽʮʥʦʩʪʽ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚô̫ ʟʢʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʡʦʛʦ ʪʦʚʱʠʥʠ. 
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ʈʠʩ. 3.10. ɿʘʣʝʞʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ  ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ 

ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʦʰʢʫ ʂʍʅ-30, ʦʪʨʠʤʘʥʦʛʦ ʤʝʪʦʜʦʤ ɻʇʅ ʽ ɯɽʂʆ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʛʨʘʬʽʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ tʟʯ = f(h) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ 1/kthkl ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʢʨʠʪʪʽ ʪʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʘʞ ʜʦ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʨʠʩ. 3.11).  

ɺ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ʧʦʚʝʨʭʥ ̔ʜʝʪʘʣʽ  ʫ 

ʚʠʨʘʟʽ (3.47) sʧʟʘʣ ʤʘʻ ʙʫʪʠ ʟʘʤʽʥʝʥʦ ʝʬʝʢʪʠʚʥʦʶ ʥʘʧʨʫʛʦʶ sʧʝʬ., ʱʦ ʻ ʩʫʤʦʶ 

ʟʘʣʠʰʢʦʚʠʭ sʧʟʘʣ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ sʧʝʢʩʧ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʢʨʠʪʪʽ: 

 

 

tʟʯ. ʄʇʘ 
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ʈʠʩ. 3. 11. ɿʘʣʝʞʥʽʩʪʴ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʦʰʢʫ ʂʍʅ - 30, ʦʪʨʠʤʘʥʦʛʦ ʤʝʪʦʜʦʤ ɻʇʅ ʟ ɯɽʂʆ 

 

 

kthkl
h

ʝʬ

ʧ

ʟʯ 1

s

t
=         (3.49)  

ʝʢʩʧ

ʧ

ʟʘʣ

ʧ

ʝʬ

ʧ sss +=        (3.50)  

 
ʢʨ

ʜʧ

ʝʢʩʧ

ʧ ɽes =         (3.51)  

ʜʝ eʜʢʨ ï ʢʨʠʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʜʝʪʘʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʰʘʨʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ 

ʧʽʜ ʜʽʻʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ (3.50) ʽ (3.51), ʚʠʨʘʟ 

(3.49): 

                                          ( )kthklɽ
h

ʟʘʣ

ʧ

ʢʨ

ʜʧ

ʟʯ 1

se

t

+
=                  (3.52) 

ɿʚʽʜʢʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

ʧ

ʟʘʣ

ʧ

ʧ

ʟʯʢʨ

ʜ
ɽhkthklɽ

st
e -=                          (3.53)                                                

ɺʠʨʘʟ (3.53) ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʩʣʷ ɯɽʂʆ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʪʦʚʱʠʥʠ ʟʥʠʞʫʶʪʴʩʷ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʪʦʤʫ 

ɯɽʂʆ ʜʦʟʚʦʣʷʻ ʥʘʥʦʩʠʪʠ ɻʊʇ ʪʦʚʱʠʥʦʶ ʜʦ 3 ʤʤ ʽ ʙʽʣʴʰʝ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ.  

ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Ůʜ, Űʟʯ. ʪʘ h ʥʘ ʨʠʩ. 3.12 

ʥʘʚʝʜʝʥʦ ʾʭ ʟʘʣʝʞʥʦʩʪʽ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.53) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ. ʂʨʠʚʽ 1, 2 ʪʘ 3 ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʬʽʢʩʦʚʘʥʠʭ 
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ʟʥʘʯʝʥʴ Űʟʯ.. ʂʨʠʚʘ 4 ʦʪʨʠʤʘʥʘ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ.  

 
 

ʈʠʩ. 3.12.  ɻʨʘʥʠʯʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ɻʊʇ ʧʽʩʣʷ ɯɽʂʆ: 1 - tʟʯ = 200 ʄʇʘ; 

2 - tʟʯ. = 155 ʄʇʘ; 3 - tʟʯ. = 135 ʄʇʘ; 4 - ʥʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ  

ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 3.9) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʦʤ ʛʨʘʬʽʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʚʠʟʥʘʯʝʥʦ ʟʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʢʨʠʪʪʷʭ, ʦʪʨʠʤʘʥʠʭ ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʽʟ 

ʧʦʩʣʽʜʫʶʯʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʽ ʧʨʠ ʚʽʜʰʘʨʫʚʘʥʥʽ 

ʧʦʢʨʠʪʪʷ ʚʩʪʘʥʦʚʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚô̫ ʟʦʢ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʪʦʚʱʠʥʠ 

ʧʦʢʨʠʪʪʷ, ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʽ ʪʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ. ʎʷ 

ʟʘʣʝʞʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤ ʜʣʷ ʫʤʦʚ 

ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

3.6. ʄʦʜʝʣʶʚʘʥʥʷ ʅɼʉ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʥʘʧʠʣʝʥʥʷʤ ʽ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ  

 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʩʭʠʣʴʥʽʩʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʩʠʣʴʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʪʦʚʱʠʥʠ. ʎʝ 

ʚʽʜʥʦʩʠʪʴʩʷ ʡ ʜʦ ɻʊʇ, ʦʩʢʽʣʴʢʠ, ʥʘʧʠʣʝʥʥʽ ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʰʘʨʫʚʘʪʫ 

ʩʪʨʫʢʪʫʨʫ ʟ ʧʦʨʘʤʠ. ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʙʝʟʧʝʢʫ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʫ 

h, ʤʤ 

Ů0, % 
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ɻʊʇ ʟ ʪʦʚʱʠʥʦʶ ʙʽʣʴʰʝ 1 ʤʤ (ʪʦʚʩʪʠʭ ʧʦʢʨʠʪʪʷʭ), ʷʢʽ ʯʘʩʪʦ ʥʘʥʦʩʷʪʴ ʥʘ 

ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʘʙʦ ʧʨʠ 

ʙʘʛʘʪʦʨʘʟʦʚʽʡ ʄʆ. ʗʢʱʦ ʚʩʝ ʞ ʪʘʢʠ ʥʝʦʙʭʽʜʥʦ ʥʘʥʝʩʪʠ ʪʦʚʩʪʽ ʧʦʢʨʠʪʪʷ, ʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʤʽʞʥʽ ʰʘʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʯʝʧʣʝʥʥʷ ʪʘ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʴ [193, 194],. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʮʽʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ï ʧʦʢʨʠʪʪʷè ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚ 

ʣʽʮʝʥʟʽʡʥʦʤʫ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ MSC VisualNastran for 

Windows. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʫʜʫʻʪʴʩʷ 

ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ï ʧʦʢʨʠʪʪʷè, ʟʘʜʘʶʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʽ ʪʘ ʧʦʢʨʠʪʪʷ, ʘ 

ʪʘʢʦʞ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʫ ʚʠʛʣʷʜʽ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ.  

ʏʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʅɼʉ ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ 

ï ʧʦʢʨʠʪʪʷè ʧʨʦʚʦʜʠʣʠ ʟ ʪʘʢʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ: ɽʜ = 200 ɻʇʘ, ɛ = 0,25 ʪʘ ʧʦʢʨʠʪʪʷ: ɽʧ = 160 ɻʇʘ ʪʘ ɽʧ = 80 

ɻʇʘ, ɛ = 0,3. ʂʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ ʧʦʢʨʠʪʪʷ, ʩʪʚʦʨʝʥʦʛʦ ɻʊʅ ʟ 

ʧʦʩʣʽʜʫʶʯʦʶ ɯɽʂʆ ʩʪʘʥʦʚʠʣʘ 86856 ʪʘ 79980 ʚʽʜʧʦʚʽʜʥʦ. ʆʩʢʽʣʴʢʠ ʤʦʜʝʣʴ 

ʤʘʻ ʚʽʩʴ ʩʠʤʝʪʨʽʾ, ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʯʚʝʨʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ.  

ʇʘʨʘʤʝʪʨʠ ʧʦʢʨʠʪʪʷ: ʰʠʨʠʥʘ b = 10 ʤʤ; ʪʦʚʱʠʥʘ h = 0,75 é 3,0 ʤʤ; ʢʫʪ 

ʥʘʭʠʣʫ ʢʨʦʤʢʠ ʧʦʢʨʠʪʪʷ a = 35 é 900. ʅʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 100 ʄʇʘ.  

ʅʘʡʯʘʩʪʽʱʝ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʜʽʾ ʥʘ ʥʠʭ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 3.13).  

ʇʨʠ ʪʘʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʦʢʨʠʪʪʷ ʟ ʤʝʥʰʦʶ ʪʦʚʱʠʥʦʶ (ʨʠʩ. 3.14, ʘ) 

ʧʨʦʛʨʘʻ ʧʦ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʫ ʧʦʢʨʠʪʪʶ ʟ ʙʽʣʴʰʦʶ ʪʦʚʱʠʥʦʶ (ʨʠʩ. 3.14, ʙ, 

ʚ). 
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ʈʠʩ. 3.13. ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ   

 

ʅʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʧʦʢʨʠʪʪʽ ʪʘ ʚ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ h = 0.75 ʤʤ, h = 1.5 ʤʤ, h = 3.0 ʤʤ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.14. 

 

ʘ) 

 

ʙ) 

 

ʚ 

ʈʠʩ. 3.14. ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʪʦʚʱʠʥʦʶ h 

0,75 ʤʤ (ʘ), 1,75 ʤʤ (ʙ) ʽ 3,0 ʤʤ (ʚ) 
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ʅʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʩʝʨʝʜʝʥʽ ʪʘ ʥʘ ʢʨʘʶ ʜʝʪʘʣʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ  

ʨʠʩ. 3.15. 

 

 

 

 

ʈʠʩ. 3.15. ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʥʘ ʢʨʘʶ ʪʘ ʚ ʩʝʨʝʜʝʥʽ ʜʝʪʘʣʽ 

 

ʆʪʨʠʤʘʥʽ ʛʨʘʬʽʢʠ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʢʨʠʪʪʽ ʪʘ ʚ ʦʩʥʦʚʽ ʜʘʣʠ 

ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʫ ʧʦʢʨʠʪʪʽ ʚʠʥʠʢʘʶʪʴ ʩʫʪʪʻʚʽ ʩʪʨʠʙʢʠ 

ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʡʦʛʦ ʢʨʘʾʚ ʫ ʟʦʥʽ ʘʜʛʝʟʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ (ʨʠʩ. 3.16). ʅʦʨʤʘʣʴʥʽ (ʘ), ʝʢʚʽʚʘʣʝʥʪʥʽ (ʙ) ʪʘ ʜʦʪʠʯʥʽ (ʚ) ʥʘʧʨʫʞʝʥʥʷ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ  ʚ ʝʣʝʤʝʥʪʘʭ ʤʦʜʝʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʚʽʜ ʜʽʾ ʨʦʟʪʷʛʫʶʯʦʾ ʩʠʣʠ ʧʨʠ 

ʪʦʚɦʠʥʽ ʧʦʢʨʠʪʪʷ 0,75, 1,75 ʪʘ 3,0 ʤʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.17 ï ʨʠʩ. 3.19 

 

ɺ ʩʝʨʝʜʠʥʽ  ʜʝʪʘʣʽ 

ʅʘ ʢʨʘʶ  ʜʝʪʘʣʽ 
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ʈʠʩ. 3.16. ʈʦʟʧʦʜʽʣ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʜʽʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ  Z ʟʘ 

ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ 0,75;  1,5 ʪʘ 3 ʤʤ. ɼʣʷ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ 80 ɻʇʘ ʪʘ 160 ɻʇʘ 

 

 

                                    ʘ)                                                              ʙ) 

 

ʚ) 

ʈʠʩ. 17. ʅʦʨʤʘʣʴʥʽ (ʘ), ʝʢʚʽʚʘʣʝʥʪʥʽ (ʙ) ʪʘ ʜʦʪʠʯʥʽ (ʚ) ʥʘʧʨʫʞʝʥʥʷ  ʚʽʜ ʜʽʾ 

ʨʦʟʪʷʛʫʶʯʦʾ ʩʠʣʠ ʟʘ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ 0,75 ʤʤ 
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                              ʘ)                                                                       ʙ) 

 

ʚ 

 

ʈʠʩ. 18. ʅʦʨʤʘʣʴʥʽ (ʘ), ʝʢʚʽʚʘʣʝʥʪʥʽ (ʙ) ʪʘ ʜʦʪʠʯʥʽ (ʚ) ʥʘʧʨʫʞʝʥʥʷ  ʚʽʜ ʜʽʾ 

ʨʦʟʪʷʛʫʶʯʦʾ ʩʠʣʠ ʟʘ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ 1.75 ʤʤ 

 

 

  

                              ʘ)                                                                       ʙ) 

 

ʚ 

ʈʠʩ. 19. ʅʦʨʤʘʣʴʥʽ (ʘ), ʝʢʚʽʚʘʣʝʥʪʥʽ (ʙ) ʪʘ ʜʦʪʠʯʥʽ (ʚ) ʥʘʧʨʫʞʝʥʥʷ  ʚʽʜ ʜʽʾ 

ʨʦʟʪʷʛʫʶʯʦʾ ʩʠʣʠ ʟʘ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ 3,0 ʤʤ 
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ʅʘ ʨʠʩ. 3.20 ʧʦʢʘʟʘʥʽ ʝʣʝʤʝʥʪʠ ʤʦʜʝʣʽ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ï ʧʦʢʨʠʪʪʷè, 

ʜʣ̫ ʷʢʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ 

ʥʘʧʨʫʞʝʥʴ.  

 

 

 

 

ʈʠʩ. 3.20. ɽʣʝʤʝʥʪʠ ʤʦʜʝʣʽ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ï ʧʦʢʨʠʪʪʷè, ʜʣʷ ʷʢʠʭ ʙʫʜʫʚʘʣʠʩʴ 

ʛʨʘʬʽʢʠ ʥʘʧʨʫʞʝʥʴ: 1 - ʝʣʝʤʝʥʪʠ ʧʦʢʨʠʪʪʷ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ; 2  - ʝʣʝʤʝʥʪʠ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ ʙʽʣʷ ʧʦʢʨʠʪʪʷ (ʟʦʥʘ ʘʜʛʝʟʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ); 3 ï ʝʣʝʤʝʥʪʠ ʧʦʢʨʠʪʪʷ ʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 

ʚ ʟʦʥʽ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ; 4- ʝʣʝʤʝʥʪʠ ʚ ʮʝʥʪʨʽ ʤʦʜʝʣʽ  

 

ɯʟ ʛʨʘʬʽʢʽʚ  ʥʘ ʨʠʩʫʥʢʫ 3.21 ʚʠʜʥʦ, ʱʦ ʟ ʨʦʩʪʦʤ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʟʘ 

ʡʦʛʦ ʤʦʜʫʣ ̫ʧʨʫʞʥʦʩʪʽ 80 ɻʇʘ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟʤʝʥʰʫʶʪʴʩʷ, ʘ 

ʟʘ ʚʠʱʦʛʦ ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ï 160 ʄʇʘ ʥʘʧʨʫʞʝʥʥʷ ʚ ʥʴʦʤʫ 

ʟʨʦʩʪʘʶʪʴ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʚʠʜʥʦ 3.22 (ʙ) ʟʘ  ʚʠʱʦʛʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ 

(160 ʄʇʘ) ʨʽʟʥʠʮʷ ʥʘʧʨʫʞʝʥʴ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʧʦʢʨʠʪʪʷʤ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʦʪʞʝ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ 

ʚʠʱʘ ʥʽʞ ʪʘʤ, ʜʝ ʧʦʢʨʠʪʪʷ ʤʘʻ ʤʝʥʰʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ (80 ʄʇʘ). ʊʘʢʦʞ ʟʘ 

ʙʽʣʴʰʦʛʦ ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ (160) ʄʇʘ ʟʤʝʥʰʫʻʪʴʩʷ  ʥʘʧʨʫʞʝʥʠʡ 

ʩʪʘʥ ʚ ʩʘʤʽʡ ʜʝʪʘʣʽ.  

 

3      1     2     4   
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ʈʠʩ. 3.21. ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ  ʚ ʝʣʝʤʝʥʪʘʭ ʤʦʜʝʣʽ ʚ ʧʦʢʨʠʪʪʽ ʙʽʣʷ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ 1 ʪʘ ʚ ʝʣʝʤʝʥʪʘʭ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʙʽʣʷ ʧʦʢʨʠʪʪʷ (ʟʦʥʘ ʘʜʛʝʟʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ) 2  ʜʣʷ 

ʨʽʟʥʠʭ ʪʦʚʱʠʥ ʧʦʢʨʠʪʪʷ. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ɽʧ = 160 ɻʇʘ 

 

 

 

 

ʈʠʩ. 3.22.  ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʙʽʣʷ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 3 ʪʘ ʚ ʮʝʥʪʨʽ ʤʦʜʝʣʽ 4 (ʨʠʩ. 3.19) ʟʘ ʤʦʜʫʣ ̫ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ 160 ɻʇʘ. 

ʊʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ 1,5 ʤʤ. 

 

ʇʦʢʨʠʪʪʷ   1,5ʤʤ 

ɽ= 160 ɻʇʘ 

 

 

 

 

  

 ˩ Ґ мсл ˥˽͊ 

ʆʩʥʦʚʘ   
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3.7. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ 

 

ʏʠʩʣʝʥʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ɻʊʇ ʚʩʪʘʥʦʚʣʝʥʦ [195 - 200], ʱʦ ʾʭ 

ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʭ ʷʚʠʱ ʪʘ ʧʨʦʮʝʩʽʚ ï 

ʤʝʭʘʥʽʯʥʦʛʦ ʟʯʝʧʣʝʥʥʷ, ʬʽʟʠʯʥʦʾ ʘʜʛʝʟʽʾ, ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ, ʩʠʣ 

ʫʩʘʜʢʠ, ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʜʠʬʫʟʽʾ. ɺ ʦʩʥʦʚʽ ɯɽʂʆ ʣʝʞʘʪʴ ʧʨʠʥʮʠʧʠ 

ʩʠʥʭʨʦʥʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʨʝʞʠʤʽʚ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ [108]. ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ɻʊʇ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʽʤʧʫʣʴʩʥʦʶ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ ʟʘ ʨʘʭʫʥʦʢ ʤʝʭʘʥʽʯʥʠʭ ʩʠʣ, ʟʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ 

ʩʠʣ ʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʟ 

ʧʦʢʨʠʪʪʷʤ ʧʦʢʘʟʘʣʠ (ʨʠʩ. 3.23), ʱʦ ʟʘ ʯʘʩ ʜʽʾ ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʩʪʨʫʤʫ ʪʘ ʪʠʩʢʫ, ʤʘʻ ʤʽʩʮʝ ʨʦʟʚʠʥʝʥʘ ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ 

ʧʦʚʝʨʭʥʝʶ.  

    

ɯ

ɯɯ

ɯɯɯ

ɯ

ɯɯ

ɯɯɯ

 
ʘ)                                                                       ʙ) 

ʈʠʩ. 3.23. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʦʥʴ ʟ ʧʦʢʨʠʪʪʷʤ: ɯ ï ʧʦʢʨʠʪʪʷ; ɯɯ - ʧʨʦʤʽʞʥʠʡ 
ʜʠʬʫʟʽʡʥʡ ʰʘʨ; ɯɯɯ - ʦʩʥʦʚʘ ʄʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ: (ʘ) ʇɼ ʌʄɯ-2; (ʙ) ʂʍʅ-30.  

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʢʽʣʴʢʽʩʥʦʛʦ 

ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ, ʧʦʰʘʨʦʚʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ 

ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʽʞʬʘʟʥʫ, ʽʥʪʝʨʬʝʡʩʥʫ 
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ʧʨʦʤʽʞʥʫ ʟʦʥʫ ʧʦʤʽʞ ʧʦʢʨʠʪʪʷʤ ʽ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʟʨʘʟʢʫ (ʨʠʩ. 3.24 ï 3.25.). 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʜʠʬʫʟʽʾ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʞʽ ʧʦʢʨʠʪʪʷ ï ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʢʨʠʚʽ, ʟʥʷʪʽ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.24, ʛ ʪʘ 3.25, ʛ). ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʟʜʽʣʽ 2. ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʩʠʩʪʝʤʠ 

çʧʦʢʨʠʪʪʷ-ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽè ʧʦʢʘʟʘʚ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ (ʨʠʩ. 

3.23-3.25), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 180 ... 200 ʄʇʘ. ɿ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʮʝʩʫ ɯɽʂʆ ʥʘ ʨʽʚʝʥʴ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʦʢʨʠʪʪʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʭʘʨʘʢʪʝʨ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʢʨʠʚʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʦʤ ʢʽʣʴʢʽʩʥʦʛʦ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.24, ʛ ʪʘ ʨʠʩ. 3.23, 

ʛ) ʥʘ ʰʣʽʬʘʭ ʚʠʭʽʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ɯɽʂʆ.  

ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ ʜʠʬʫʟʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʽʢʝʣʶ (ʨʠʩ. 3.24, ʙ, ʚ ʪʘ ʨʠʩ. 

3.25, ʙ, ʚ), ʷʢʘ ʧʦʷʩʥʶʻʪʴʩʷ ʘʢʪʠʚʥʦʶ ʤʽʛʨʘʮʽʻʶ ʤʽʞ ʟʝʨʝʥ ʟʘʚʜʷʢʠ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʽʡ ʙʫʜʦʚʽ ʥʘʧʠʣʝʥʦʛʦ ʇʐ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʦʰʢʫ ʂʍʅ-30 

ʽ ʧʦʨʦʰʢʦʚʽʡ ʩʫʤʽʰʽ ʟ ʥʠʢʝʣʶ ʪʘ ʢʘʨʙʽʜʫ ʭʨʦʤʫ. ʉʪʫʧʽʥʴ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʧʨʠ ɯɽʂʆ ʧʦʩʠʣʶʻʪʴʩʷ, ʱʦ ʧʦʚô̫ ʟʘʥʦ ʟ ʧʝʚʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ ʢʘʨʙʽʜʽʚ ʭʨʦʤʫ ʚ 

ʟʘʣʽʟʽ, ʘ ʪʘʢʦʞ ʽʟ ʜʠʬʫʟʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɼʨʦʙʣʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ 

ʢʘʨʙʽʜʽʚ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʥʝʟʥʘʯʥʠʡ ʥʘ ʥʠʭ ʪʝʨʤʽʯʥʠʡ ʚʧʣʠʚ, ʘ ʪʘʢʦʞ ʟ 

ʪʠʤ, ʱʦ ʚʦʥʠ ʧʣʘʢʦʚʘʥʽ ʧʣʘʩʪʠʯʥʠʤ ʥʽʢʝʣʝʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʝʥʥʷ 

ʘʜʛʝʟʽʾ ʧʨʠ ɯɽʂʆ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʧʦʚôʷʟʘʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʰʘʨʢʫ (ʨʠʩ. 3.23 - 3.25) ʽ ʧʨʠʩʢʦʨʝʥʥʷ 

ʜʠʬʫʟʽʾ ʚ 2 ʨʘʟʠ  (ʪʘʙʣ. 3.4).  
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                                           ʙ) 

 

    ʚ)   

 
ʛ) 

ʈʠʩ. 3.24. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʧʦʢʨʠʪʪʷ (ʭ1000). ʈʦʟʧʦʜʽʣ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʤʘʪʢʨʽʘʣ ʧʦʢʨʠʪʪʷ ʌʄɯ-2): 1 - ʧʦʢʨʠʪʪʷ; 2 - ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ (ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ), 3 ï ʧʦʚʝʨʭʥʷ 

ʜʝʪʘʣʽ. 

 

 

                             

 

 

                          ʘ) 

                                                                       ʘ) 

 

 

 

ʉʧʝʢʪʨ Al P Cr  Mn Fe Ni 

ʫʯ3(1) 0.07 0.60 0.06 0.14 0.10 0.43 

ʫʯ3(2) 0.32 0.01 18.20 0.04 3.60 17.43 

ʫʯ3(3) 0.54 0.08 3.72 0.14 10.26 77.18 

ʫʯ3(4) 0.36 0.12 4.19 0.00 9.18 82.18 

ʫʯ3(5) 0.70 0.12 3.99 0.20 11.07 76.78 

ʫʯ3(6) 0.04 0.00 5.58 0.01 8.79 84.28 

ʫʯ3(7) 0.29 0.01 5.43 0.06 13.23 74.31 

ʫʯ3(8) 0.45 0.01 4.58 0.18 12.24 76.11 

ʫʯ3(9) 0.34 0.26 5.71 0.10 18.64 69.28 

ʫʯ3(10) 0.01 0.00 0.39 0.51 97.66 1.45 

ʫʯ3(11) 0.22 0.07 0.07 0.60 98.66 0.47 

ʫʯ3(12) 0.10 0.06 0.12 0.45 98.47 0.31 

ʫʯ3(13) 0.28 0.10 0.15 0.32 99.14 0.05 

3 

1 2

h

, 

ʤ

ʤ 

3

ů

ʧ
ʟ
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             ʙ)       

 

 

                                                                     

ʚ)  

 
ʛ) 

 

ʈʠʩ. 3.25. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʽʚ (ʭ1000). ʈʦʟʧʦʜʽʣ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ʂʍʅ-30): 1 - ʧʦʢʨʠʪʪʷ; 2 - ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ (ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ); 3 ï ʇɼ 

 

ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʦʤ ʄʘʪʘʥʦ [196, 

199] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ (3.54): 

ñ=

C

xdC
dC

dx
D

0

1

t
                                                                              (3.54)                                                                                 

ʉʧʝʢʪʨ Al  Si P Cr  Mn Fe Ni 

ʫʯ3(1) 0.06 3.39 0.00 38.97 0.30 5.17 52.23 

ʫʯ3(2) 0.14 1.65 -0.41 34.46 0.10 4.00 60.06 

ʫʯ3(3) 0.03 6.48 -0.02 8.45 0.26 5.87 78.92 

ʫʯ3(4) 0.09 0.73 -0.17 27.49 0.03 4.79 67.04 

ʫʯ3(5) 0.12 2.60 0.08 14.12 -0.07 4.59 78.80 

ʫʯ3(6) 0.27 5.62 0.23 13.49 0.15 4.90 75.35 

ʫʯ3(7) 0.25 0.97 0.05 74.51 0.17 3.59 20.96 

ʫʯ3(8) 0.06 0.09 0.01 2.67 0.76 92.90 3.65 

ʫʯ3(9) 0.01 0.47 0.16 0.79 0.45 96.65 1.82 

ʫʯ3(10) 0.35 0.45 0.14 0.47 0.40 97.49 0.70 

ʫʯ3(11) 0.24 0.69 0.24 0.45 0.51 98.24 0.11 

3 1 2 
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ʜʝ t - ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʜʠʬʫʟʽʾ; 
dC

dx
 - ʧʦʭʽʜʥʘ (ʚʽʜʩʪʘʥʴ ʚʽʜ ʥʫʣʴʦʚʦʾ ʣʽʥʽʾ)  

ʧʦ ʉ (ʢʦʥʮʝʥʪʨʘʮʽʾ);

 
ñ
C

xdC
0

- ʽʥʪʝʛʨʘʣ ʚʽʜ ʮʽʻʾ ʬʫʥʢʮʽʾ ʧʨʠ ʛʨʘʥʠʯʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ.  

 

ʈʝʟʫʣʴʪʘʪʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.4 ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʦʜʥʦʯʘʩʥʠʡ ʚʧʣʠʚ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʽ ʪʠʩʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʘʪʦʤʽʚ, ʷʢ ʫ ʧʦʢʨʠʪʪʽ, ʪʘʢ ʽ ʚ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʥʘ 10-11 

ʧʦʨʷʜʢʽʚ.  

ʊʘʙʣʠʮʷ 3.4  

ɺʧʣʠʚ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ ʽ ʚʠʜʫ ʜʠʬʫʥʜʫʶʯʠʭ ʘʪʦʤʽʚ ʥʘ ʨʫʭʣʠʚʽʩʪʴ 

ʘʪʦʤʽʚ ʚ ʤʝʪʘʣʘʭ ʟʘ ʩʪʘʪʠʯʥʦʾ (D) ̔  ʽʤʧʫʣʴʩʥʦʾ (DM) ʦʙʨʦʙʢʠ 

 

ɼʠʬʬʫʟʘʥʪ ʄʝʪʘʣ DʄĿ10
5, cʤ2/ʩ DĿ1011, cʤ2/ʩ 

Ni ɿʘʣʽʟʦ (ʦʩʥʦʚʘ) 3,0 0,4 

Cr ʅʽʢʝʣʴ (ʧʦʢʨʠʪʪʷ) 6,3 6,5 

W ɿʘʣʽʟʦ (ʧʦʢʨʠʪʪʷ) 5,2 3,2 

Fe ʅʢ̔ʝʣʴ (ʧʦʢʨʠʪʪʷ) 3,9 7,6 

Al  ʅʽʢʝʣʴ (ʧʦʢʨʠʪʪʷ) 7.1 65,0 

Mn ʅʽʢʝʣʴ (ʧʦʢʨʠʪʪʷ) 9,2 98,0 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ɻʊʇ 

ʽʤʧʫʣʴʩʥʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʣ, ʘʣʝ ʽ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɻʘʟʦʪʝʨʤʽʯʥʽ ʧʦʢʨʠʪʪʷ 

ʟ ʤʽʮʥʽʩʪʶ ʟʯʝʧʣʝʥʥʷ ʜʦ 200 ʄʇʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʛʦ ʽ ʪʝʨʤʽʯʥʦʛʦ ʬʘʢʪʦʨʽʚ ɯɽʂʆ, ʱʦ ʤʘʶʪʴ ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ 

ʚʟʘʻʤʦʜʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʬʫʟʽʾ ʚ ʜʚʘ ʨʘʟʠ ʟ DʄĿ10
5 cʤ2/ʩ (ʧʨʠ ʥʘʧʠʣʝʥʽ) ʜʦ 

DĿ1011 cʤ2/ʩ ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ.  
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ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 3 

 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʧʽʩʣʷ ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʽ, ʥʘʩʘʤʧʝʨʝʜ ʾʭ ʚʠʟʥʘʯʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʙô̒ ʢʪʠʚʥʦ ʩʫʜʠʪʠ ʧʨʦ ʾʭ ʧʦʚʝʜʽʥʢʫ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  

1. ɺʠʢʦʥʘʥʽ ʢʦʤʧʣʝʢʩʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʱʦ ʜʦʚʝʣʠ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ.  

2. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʡ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ 

ʧʨʘʢʪʠʢʠ ʦʪʨʠʤʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʨʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ 

ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʨʧʦʣʷʮʽʡʥʝ ʨʽʚʥʷʥʥʷ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʱʽʣʴʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʪʠʩʢʫ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʰʣʷʭʦʤ ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʧʦʢʘʟʘʣʠ 

ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ  ʜʦ 94é.98 %. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

(ʟʥʠʞʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ) ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʟʠʪʠʚʥʦʶ 

ʨʦʣʣʶ ʤʝʭʘʥʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʠʡ ʩʧʨʠʷʻ 

çʟʘʣʽʢʫʚʘʥʥʶè ʧʦʨ. 

3. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʤʝʥʰʝʥʽ ʧʦʨʠʩʪʦʩʪʽ ʜʦ 2 é 6%, ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚ 2 é 2.5 ʨʘʟʠ (ʚʽʜ 

60é80 ɻʇʘ ʜʦ 135é160 ɻʇʘ) ʪʘ ʜʘʻ ʟʤʦʛʫ ʥʘʙʣʠʟʠʪʠ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʢʦʤʧʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

4. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʡ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ 

ʧʨʘʢʪʠʢʠ ʦʪʨʠʤʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʻ ʟʚôʷʟʦʢ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʟ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ 

ʦʩʥʦʚʦʶ ʪʘ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 
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ʚʽʜ ʪʠʩʢʫ ʬʦʨʤʫʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʥʘʧʠʣʝʥʠʡ ʧʦʨʦʰʢʦʚʠʡ ʰʘʨ. 

ɺʠʟʥʘʯʝʥʦ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʚ 2é2,5 ʨʘʟʠ. ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʤʽʮʥʽʩʪʶ ʟʯʝʧʣʝʥʥʷ 

ɻʊʇ ʧʽʩʣʷ ɯɽʂʆ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʪʘ ʢʦʥʪʘʢʪʥʠʤʠ 

ʷʚʠʱʘʤʠ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʧʦʢʨʠʪʪʷ-ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ. 

5. ɺʠʟʥʘʯʝʥʦ ʤʝʪʦʜʦʤ ʛʨʘʬʽʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ tʟʯ = f(h) ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʧʦʢʨʠʪʪʷʭ, ʦʪʨʠʤʘʥʠʭ ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʟ ʽʤʧʫʣʴʩʥʦʶ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʟʚôʷʟʢʫ ʟ ʘʜʛʝʟʽʡʥʦʶ 

ʤʽʮʥʽʩʪʶ, ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʷ ʪʘ ʜʝʬʦʨʤʘʮʽʻʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ 

ʜʘʻ ʟʤʦʛʫ ʚʠʙʨʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ ʟ ʧʦʢʨʠʪʪʷʤ. 

6. ɼʦʚʝʜʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ů
ʘʜʛ 

, 

ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ ɽ
ʧ
, ʟʘʣʠʰʢʦʚʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ůʧ

ʟʘʣ, ʢʨʠʪʠʯʥʦʶ 

ʜʝʬʦʨʤʘʮʽʻʶ Ů
ʧ  
ʪʘ ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʷ h, ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ ʦʙʨʦʙʢʘ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽʤʧʫʣʴʩʥʠʤ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʾʭ ʪʦʚʱʠʥʫ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʷʢ ʘʜʛʝʟʽʡʥʦʾ, ʪʘʢ ʽ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ.  

7. ʐʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ï ʧʦʢʨʠʪʪʷè ʜʦʩʣʽʜʞʝʥʦ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʤʽʞ 

ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʚ ʩʘʤʽʡ ʜʝʪʘʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ 

ʧʦʢʨʠʪʪʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ:  

- ʫ ʧʦʢʨʠʪʪʽ ʚʠʥʠʢʘʶʪʴ ʩʫʪʪʻʚʽ ʩʪʨʠʙʢʠ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʡʦʛʦ ʢʨʘʾʚ ʫ 

ʟʦʥʽ ʘʜʛʝʟʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ; 

- ʧʨʠ ʚʠʱʦʤʫ ʤʦʜʫʣ̔ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ (160 ɻʇʘ) ʨʽʟʥʠʮʷ ʥʘʧʨʫʞʝʥʴ 

ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʧʦʢʨʠʪʪʷʤ ʽ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʩʘʤʽʡ ʜʝʪʘʣʽ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʙʽʣʴʰʦʤʫ ʤʦʜʫʣ ̔ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ  ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ 

ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʚʠʱʘ ʥʽʞ ʪʘʤ, ʜʝ ʧʦʢʨʠʪʪʷ ʤʘʻ ʤʝʥʰʠʡ 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ-

ʧʦʢʨʠʪʪʷè ʜʘʻ ʟʤʦʛʫ ʚʠʙʨʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʢʨʠʪʪʷ, ʡ ʥʘʩʘʤʧʝʨʝʜ, 
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ʡʦʛʦ ʪʦʚʱʠʥʫ, ʷʢʘ ʤʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚôʷʟʦʢ ʽʟ ʥʝʩʫʯʦʶ ʟʜʘʪʥʽʩʪʶ ʜʝʪʘʣʽ, ʽ 

ʥʘʩʘʤʧʝʨʝʜ, ʽʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʾʾ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʪʝʨʪʷ. ɿʤʽʥʘ ʨʦʟʤʽʨʽʚ ʧʦʢʨʠʪʪʷ, ʘ 

ʪʘʢʦʞ ʚʠʙʦʨ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʘʻ ʟʤʦʛʫ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. 

8. ɼʦʚʝʜʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ  ʜʦ 200 ʄʇʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʰʘʨʢʫ ʜʦ 25 ʤʢʤ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʽ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʬʫʟʽʾ ʚ ʜʚʘ ʨʘʟʠ (ʟ D
ʄ
Ŀ10

5
 

cʤ
2
/ʩ ʜʦ DĿ10

11
 cʤ

2
/ʩ). ɿʘ ʨʝʞʠʤʽʚ ɯ = 10 ʢɸ, tʽʤʧ = 0,04 ʩ, ʈ = 40 ʄʇʘ 

ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʩʪʘʥʦʚʠʪʴ 10-12 ʤʢʤ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥ ʪʠʩʢʫ ʪʘ ʩʠʣʠ 

ʩʪʨʫʤʫ ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʟʨʦʩʪʘʻ ʪʘ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ ~ 25 ʤʢʤ. ɼʠʬʫʟʽʷ ʘʪʦʤʽʚ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʧʦʢʨʠʪʪʷ ʤʘʻ ʤʽʩʮʝ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ. 

ʋʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʰʘʨʢʫ, ʘ ʢʦʨʦʪʢʠʡ ʯʘʩ (ʙʣʠʟʴʢʦ ʩʝʢʫʥʜ) 

ʥʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ ʜʠʬʫʟʽʾ, ʘ ʧʦʷʩʥʶʻʪʴʩʷ ʪʝʦʨʽʻʶ 

ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘ ʽʤʧʫʣʴʩʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʚʝʨʜʝ ʪʽʣʦ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʢʨʠʪʪʷ ʧʨʠ ɯɽʂʆ ʧʝʨʝʚʠʱʫʶʪʴ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʥʘ 6 ʽ ʙʽʣʴʰʝ ʧʦʨʷʜʢʽʚ ʧʨʠ ʥʘʧʠʣʝʥʥʽ. ɼʣʷ 

ʚʠʚʯʝʥʥʷ ʜʠʬʫʟʽʾ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʞʽ ʧʦʢʨʠʪʪʷ ï ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʢʨʠʚʽ, ʟʥʷʪʽ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 
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ʈʆɿɼɯʃ 4 

ɺʀɿʅɸʏɽʅʅʗ ʆʇʊʀʄɸʃʔʅʀʍ ʇɸʈɸʄɽʈɯɺ ɯʄʇʋʃʔʉʅʆɰ 

ɽʃɽʂʊʈʆʂʆʅʊʇʂʅʆɰ ʆɹʈʆɹʂʀ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʄɽʍɸʅɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʇʆɺɽʈʍʆʅʔ ɼɽʊɸʃɽʁ  ɯɿ 

ʅɸʇʀʃɽʅʀʄʀ ʇʆʂʈʀʊʊʗʄʀ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʦʶ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʜʘʣʦ ʟʤʦʛʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʯʘʩʦʚʠʭ ʪʘ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪʘʭ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʽʡ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ 

ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ.  

ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ  

ʽʤʧʫʣʴʩʥʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ ʧʦʚôʷʟʘʥʦ ʟ ʨʦʟʚô̫ ʟʘʥʥʷʤ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ [140, 142, 201-204]. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ 

ʚʝʣʠʢʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʬʦʨʤʫʶʪʴ ʧʦʢʨʠʪʪʷ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʦʶ, ʱʦ ʜʘʻ ʰʠʨʦʢʠʡ ʨʷʜ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ  ʧʽʜʚʠʱʠʪʠ  ʤʽʮʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ 

ʨʝʩʫʨʩ ʜʝʪʘʣʝʡ. 

ʋ ʨʦʟʜʽʣʽ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʤʝʭʘʥʽʯʥʽ (ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ, ʱʽʣʴʥʽʩʪʴ, 

ʘʜʛʝʟʽʡʥʫ ʡ ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʽʥ.) ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ (ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ) 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ. 

ɹʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʧʝʚʥʠʤ ʚʘʨʽʶʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ (ʪʠʩʢ), 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ (ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʽʚ) ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ (ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 
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ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ) ʬʘʢʪʦʨʽʚ ʜʦʟʚʦʣʠʚ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʪʘ ʚʠʷʚʠʪʠ ʝʬʝʢʪʠ ʾʭ ʚʟʘʻʤʦʜʽʾ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʮʽʣʴʥʦ 

ʢʦʤʧʣʝʢʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ (ʪʠʩʢ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ), ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ (ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ) ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ (ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ) ʬʘʢʪʦʨʽʚ. 

 

4.1. ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ʾʭ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢ ʙʘʛʘʪʦʬʘʢʪʦʨʥʝ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ) ʪʘ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʝ (ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʽʣʴʢʦʭ ʢʨʠʪʝʨʽʾʚ ï ʧʦʨʠʩʪʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ, 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʦʮʝʩ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ 

ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʧʦʨʠʩʪʦʩʪʽ.  

ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʥʘʧʠʣʝʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ, ʪʘ ʧʨʝʜʩʪʘʚʠʪʠ ʾʭ ʫ ʢʽʣʴʢʽʩʥʽʡ ʬʦʨʤʽ ï ʚ ʚʠʛʣʷʜʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ [140, 142, 201-204]. ʄʦʜʝʣʴ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʮʝʩ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ, ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ; ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ, ʱʦ 

ʤʦʜʝʣʶʻʪʴʩʷ. ɼʣʷ ʩʢʦʨʦʯʝʥʥʷ ʦʙôʻʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʪʘ ʦʪʨʠʤʘʥʥʷ 
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ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ  ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʠʙʨʘʥʦ ʤʝʪʦʜ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʦʮʝʩ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ʆʩʥʦʚʦʧʦʣʦʞʥʠʤ ʧʨʠʥʮʠʧʦʤ ʪʘ ʧʝʨʝʜʫʤʦʚʦʶ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʦʣʦʛʽʾ 

ʟʘʙʝʟʧʝʯʝʥʥʷ  ʤʝʭʘʥʽʯʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʽʤʧʫʣʴʩʥʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʶ ʦʙʨʦʙʢʦʶ ʻ 

ʩʠʩʪʝʤʥʽʩʪʴ ʪʘ ʢʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʱʽʣʴʥʦʩʪʽ, 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʣʦʛʽʯʥʦ ʫʧʦʨʷʜʢʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʧʽʣʴʥʽʡ ʤʝʪʦʜʦʣʦʛʽʯʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʘʟʽ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʘʪʴ ʚʽʜʦʤʽ ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʩʠʩʪʝʤʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ (ʟʤʽʩʪʦʚʥʠʡ ʘʥʘʣʽʟ, 

ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʦʧʠʩ, ʤʦʜʝʣʶʚʘʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʽʘʥʪʫ).  

ɺʠʭʦʜʷʯʠ ʽʟ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʻ  ʪʘʢʽ 

ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʨʽʚʥʽ: 

- ʧʨʦʙʣʝʤʥʠʡ ʘʥʘʣʽʟ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʤʝʪʠ ʪʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ;  

- ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʦʧʠʩ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʠʧʫʩʢʘʻ ʧʨʦʚʝʜʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʱʽʣʴʥʦʩʪʽ, 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʡ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ  

- ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ  ʚʠʙʽʨ ʢʨʘʱʠʭ ʨʝʞʠʤʽʚ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʘʟʠʩʫ ʩʠʩʪʝʤʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʡ ʨʦʟʨʦʙʢʫ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ; 

- ʟʘʚʝʨʰʘʣʴʥʠʡ ʝʪʘʧ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ 
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ʜʝʪʘʣʝʡ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ,  ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

4.2. ʆʩʦʙʣʠʚʦʩʪʽ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟ ʜʝʪʘʣʣʶ ʚ ʮʽʣʦʤʫ. ɼʦ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʚʽʜʥʦʩʷʪʴʩʷ: ʈ ï ʨʦʙʦʯʠʡ ʪʠʩʢ;  I ï ʩʠʣʘ ʩʪʨʫʤ; 

tʽʤʧ - ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʪʘ ʧʘʫʟʠ ʤʽʞ ʽʤʧʫʣʴʩʘʤʠ (ʪʘʙʣ. 4.1). 

 

ʊʘʙʣʠʮʷ 4.1 

ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ   

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʇʦʟʥʘʯʝʥʥʷ ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ɺʝʣʠʯʠʥʘ 

1 2 3 4 

ʉʠʣʘ ʩʪʨʫʤʫ I ʢɸ 8-16 

ʊʠʩʢ ʈ ʄʇʘ 20-60 

ʏʘʩ ʽʤʧʫʣʴʩʽʚ/ʧʘʫʟ t ʽʤ / t ʧ ʉ 0,01-0,2 

 

ʈʦʟʤʽʨ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ - ʦʜʥʘ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ  

ʽ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʧʦʣʦʞʝʥʴ. ʊʠʩʢ ʣʽʤʽʪʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ, ʧʨʠ ʷʢʦʤʫ 

ʥʘʧʠʣʝʥʠʡ ʧʦʨʦʰʢʦʚʠʡ ʰʘʨ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʘʣʝ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʥʴʦʛʦ ʥʝ ʚʠʢʣʠʢʘʻ ʧʝʨʝʛʨʽʚʫ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʟ ʾʭ ʨʦʟʧʣʘʚʣʝʥʥʷʤ. ʊʠʩʢ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ  10é60 ʄʇʘ. 

ʇʨʠ ʄʇʘP 10¢  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʽʩʢʨʦʚʠʜʽʣʝʥʥʷ. ʇʨʠ ʄʇʘP 100²  

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʥʘʧʠʣʝʥʦʛʦ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʟ ʡʦʛʦ 

ʚʠʜʘʚʣʶʚʘʥʥʷʤ ʽʟ ʟʦʥʠ ʦʙʨʦʙʢʠ ʪʘ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʡʦʛʦ ʟ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ. 

ʅʘʛʨʽʚʘʥʥʷ ʧʨʠ ʽʤʧʫʣʴʩʥʽʡ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽʡ ʦʙʨʦʙʮʽ ʤʘʻ ʚʽʜʤʽʥʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ, ʧʦʚô̫ ʟʘʥʫ ʟ ʧʝʨʝʤʽʱʝʥʥʷʤ ʢʦʥʪʘʢʪʫ ʝʣʝʢʪʨʦʜ - ʰʘʨ ʥʘʧʠʣʝʥʦʛʦ 
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ʧʦʢʨʠʪʪʷ ʧʨʠ ʫʚʽʤʢʥʝʥʥʦʤʫ ʩʪʨʫʤʽ, ʘ ʪʘʢʦʞ ʨʫʭʣʠʚʽʩʪʶ ʜʞʝʨʝʣʘ ʪʝʧʣʘ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ʟ ʥʘʧʠʣʝʥʠʤ ʰʘʨʦʤ ʧʦʢʨʠʪʪʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʜ 

ʝʣʝʢʪʨʦʜʦʤ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʽ ʥʘʛʨʽʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʽʟ ʟʦʥʠ 

ʦʙʨʦʙʢʠ, ʟʘʭʠʱʝʥʘ ʚʽʜ ʥʘʚʢʦʣʠʰʥʴʦʾ ʘʪʤʦʩʬʝʨʠ ʽ ʥʝ ʦʢʠʩʣʶʻʪʴʩʷ.  

ʉʪʨʫʤ ʨʘʟʦʤ ʽʟ ʪʠʩʢʦʤ ʚʠʟʥʘʯʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʨʦʮʝʩʫ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʘʪʢʥʦʾ ʦʙʨʦʙʢʠ. ʅʝʦʙʭʽʜʥʘ ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʚʱʠʥʦʶ ʪʘ ʤʘʪʝʨʽʘʣʦʤ ʥʘʧʠʣʝʥʦʛʦ ʰʘʨʫ, ʜʽʘʤʝʪʨʦʤ ʪʘ 

ʰʠʨʠʥʦʶ ʨʦʣʠʢʘ-ʝʣʝʢʪʨʦʜʫ. ɽʥʝʨʛʽʷ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 

ʟ ʥʘʧʠʣʝʥʠʤ ʰʘʨʦʤ ʧʦʢʨʠʪʪʷ, ʚʠʜʽʣʷʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʫ ʚʠʛʣʷʜʽ 

ʪʝʧʣʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʦʥʪʘʢʪʘʭ: ʚ ʥʘʧʠʣʝʥʦʤʫ ʰʘʨʽ, ʤʽʞ ʥʘʧʠʣʝʥʠʤ 

ʧʦʢʨʠʪʪʷʤ ʽ ʝʣʝʢʪʨʦʜʦʤ, ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʽ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ. ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, 

ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʥʘʧʠʣʝʥʦʤʫ ʰʘʨʽ ʧʦʢʨʠʪʪʷ, ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʚʠʱʝ (0,8é0,9)ʊʧʣ  ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ʅʘʛʨʽʚʘʥʥʷ 

ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʧʨʦʮʝʩʘʤʠ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ (ʟʘ 

ʟʘʢʦʥʦʤ ɼʞʦʫʣʷ-ʃʝʥʮʘ) ʪʘ ʡʦʛʦ ʧʦʰʠʨʝʥʥʷʤ (ʪʝʧʣʦʧʝʨʝʜʘʯʝʶ). ʇʨʠ 

ʽʤʧʫʣʴʩʥʽ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʽʡ ʦʙʨʦʙʮʽ ʥʘʡʙʽʣʴʰʘ ʨʦʣʴ ʧʝʨʰʦʛʦ ʟ ʥʠʭ, 

ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʦʪʢʠʭ (0,02é0,04ʩ) ʽʤʧʫʣʴʩʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ.  

ʗʢʽʩʥʝ ʧʦʢʨʠʪʪʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ 

ʧʨʦʧʫʩʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ [108]. ʊʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʮʠʢʣʫ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʯʘʩʫ  ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ tʽʤʧ  ʽ ʧʘʫʟʠ tʧ  ʟʘ ʬʦʨʤʫʣʦʶ: 

 
u

a
ttt ʧʽʤʧ

36
=+=         (4.1) 

ʜʝ ʘ ï ʢʨʦʢ ʪʦʯʦʢ, ʤʤ; u - ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ, ʤ/ʩ. 

ɺʽʜʥʦʰʝʥʥʷ 
ʧ

ʽʤʧ

t

t
ʚʠʙʠʨʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʢʨʠʪʪʷ ʽ ʜʝʪʘʣʽ,  ʽ ʟʘʟʚʠʯʘʡ ʜʦʨʽʚʥʶʻ 0,3...0,7. ʋʚʽʤʢʥʝʥʥʷ ʟʥʘʯʥʦʛʦ ʩʪʨʫʤʫ 

ʟ ʤʘʣʠʤʠ ʧʘʫʟʘʤʠ (
ʧ

ʽʤʧ

t

t
 º 1) ʚʠʢʣʠʢʘʻ ʧʝʨʝʛʨʽʚʘʥʥʷ ʥʘʧʠʣʝʥʦʛʦ ʰʘʨʫ 
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ʧʦʢʨʠʪʪʷ ʪʘ ʡʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ. ʊʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ, ʘ ʪʘʢʦʞ ʽʤʧt ͜    t g    ʥʘ 

ʤʘʰʠʥʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟʘʚʞʜʠ ʧʽʜʙʠʨʘʶʪʴʩʷ ʢʨʘʪʥʠʤ ʧʝʨʽʦʜʫ ʩʪʨʫʤʫ 

(0,02 ʩ). ɿʜʽʡʩʥʝʥʥʷ ʪʘʢʦʛʦ ʮʠʢʣʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʧʘʨʘʪʫʨʦʶ ʢʝʨʫʚʘʥʥʷ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʫʤʫ 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ ʥʝʦʙʭʽʜʥʦ 

ʟʥʠʞʫʚʘʪʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.1. 

 

 

ʈʠʩ. 4.1. ɿʘʣʝʞʥʽʩʪʴ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʚʽʜ ʩʪʨʫʤʫ ɯɽʂʆ 

(ʧʦʨʦʰʦʢ ʂʍʅ-30). 

 

ʈʦʟʛʣʷʥʫʪʽ ʧʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʜʝʪʘʣʽ ʚ ʮʽʣʦʤʫ. ʇʝʨʝʚʘʛʦʶ ʧʨʦʮʝʩʫ ʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ. ɯʤʧʫʣʴʩʥʘ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ ʥʘʣʝʞʠʪʴ ʜʦ ʽʤʧʫʣʴʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʠʩʦʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢ ʜʽʶʪʴ ʽʤʧʫʣʴʩʥʦ ʽ ʪʨʠʚʘʣʽʩʪʴ ʾʭ ʜʽʾ  ʩʪʘʥʦʚʠʪʴ ʚʽʜ 0,02 ʜʦ 

0,4 ʩ., ʚ ʪʦʡ ʯʘʩ ʷʢ ʙʽʣʴʰʽʩʪʴ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʪʘ ʪʨʠʚʘʣʽʩʪʶ ʦʙʨʦʙʢʠ. ɺʠʩʦʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʾʭ ʟʥʘʯʥʘ ʪʨʠʚʘʣʽʩʪʴ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ çʦʙô̒ ʤʥʠʭè 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʜʝʪʘʣʝʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ  ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʧʽʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,8...0,95 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʪʘ ʪʠʩʢʦʤ.  
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4.3. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ 

 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯɽʂʆ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʾʭ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ, ʧʦʨʠʩʪʽʩʪʴ/ʱʽʣʴʥʽʩʪʴ, 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ). ʆʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʻ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʝʡ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʘʭ ï ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʠʡ ʽ 

ʜʦʨʦʛʠʡ ʧʨʦʮʝʩ, ʪʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʪʘ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʽ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ (ʪʘʙʣ. 4.2). ʊʦʚʱʠʥʘ ʟʨʘʟʢʽʚ ʥʘ 

ʨʦʟʪʷʛ - 2ʅ = 5 ʤʤ, ʜʦʚʞʠʥʘ l = 20ʤʤ, ʰʠʨʠʥʘ t = l0 ʤʤ. ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ 

ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ (ʨʦʟʜʽʣ 2), ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʷʭ 4.2 ʪʘ 4.3.  

ɼʝʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʪʦʙʪʦ ʥʘʡʙʽʣʴʰʘ ʩʧʽʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʩʠʩʪʝʤʠ 

çʧʦʚʝʨʭʥʷ-ʧʦʢʨʠʪʪʷè (eʢʨ), ʧʨʠ ʷʢʽʡ ʱʝ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ ʘʙʦ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ, ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʪʦʚʱʠʥʠ  

(eʢʨ = fʢʨ(d)).  

ʇʨʠ ʚʝʣʠʢʽʡ ʪʦʚʱʠʥʽ ʧʦʢʨʠʪʪʷ ʤʘʻ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʚʠʱʝ eʢʨ, ʯʠʤ 

ʧʦʢʨʠʪʪʷ ʦʪʨʠʤʘʥʝ ʧʨʠ ʤʝʥʰʽʡ ʪʦʚʱʠʥʽ (eʢʨ º 0,6 %). ʈʫʡʥʫʚʘʥʥʶ ʤʘʪʝʨʽʘʣʫ 

ʜʝʪʘʣʽ (ʟʨʘʟʢʘ) ʧʝʨʝʜʫʻ ʢʦʛʝʟʽʡʥʝ ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʘʙʦ 

ʙʽʣʴʰ ʨʘʥʥʽʤ ʨʫʡʥʫʚʘʥʥʷʤ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚô̫ ʟʢʫ - ʚʽʜʰʘʨʦʚʫʚʘʥʥʷʤ. ɺʪʨʘʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʷ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʡʦʛʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷʤ ʽ 

ʚʽʜʰʘʨʦʚʫʚʘʥʥʷʤ.    

 ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ, ʢʨʠʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ eʢʨ ʽ ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 

4.4 ʽ ʥʘ ʨʠʩʫʥʢʫ 4.2.  
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ʊʘʙʣʠʮʷ 4.2 

ɻʝʦʤʝʪʨʠʯʥʽ, ʧʨʫʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ɻʝʦʤʝʪʨʠʯʥʽ, ʧʨʫʞʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘ ʤʽʮʥʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ ʽ ɽɿ 

ʅʘʧʠʣʝʥʥʽ  

ʧʦʢʨʠʪʪʷ 

ʅʘʧʠʣʝʥʥʽ ʧʦʢʨʠʪʪʷ  

ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʘʙʦʪʢʠ 

h
1
, ʤʤ (ɽɼʅ) 1,75 1,75 

h
2
, ʤʤ (ɻʇʅ) 0,75 0,75 

ɽ
ʝʢ
, ɻʇʘ  200 200 

ɽ
2
, ɻʇʘ  (ɽɼʅ) 160 80 

ɽ
3
, ɻʇʘ (ɻʇʅ) 135 60 

ů
ʢʦʛ1
, ʄʇʘ (ɽɼʅ) 

ů
ʢʦʛ2

 ʄʇʘ (ɻʇʅ) 

70 

45 

180 

130  

ů
ʘʜʛ1
, ʄʇʘ (ɽɼʅ) 80 190 

ů
ʘʜʛ2
, ʄʇʘ (ɻʇʅ) 40 110 

 

ʊʘʙʣʠʮʘ 4.3 

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ 

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ 
ɽʣʝʢʪʨʦʜʫʛʦʚʽ ʧʦʢʨʠʪʪʷ ʧʽʩʣʷ 

ʧʽʩʣʷ ɯɽʂʆ 

 

ɻʘʟʦʧʦʣʫʤʝʥʝʚʽ ʧʦʢʨʠʪʪʽʚ  

ʧʽʩʣʷ ɯɽʂʆ 

 
 ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ 

Űʟʯ1, ʄʇʘ 180 ï 220 180 ï 190 100 ï 120 95 ï 97 

Űʟʯ2, ʄʇʘ 190 ï 200 170 ï 185 90 ï 95 72 ï 85 

 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ, ʢʨʠʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ eʢʨ ʽ ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 

4.4 ʽ ʥʘ ʨʠʩʫʥʢʫ 4.2.  

ʑʽʣʴʥʽʩʪʴ ɻʊʇ ʚʚʘʞʘʻʪʴʩʷ ʚʣʘʩʪʠʚʽʩʪʶ ʜʨʫʛʦʛʦ (ʧʽʩʣʷ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ), ʘ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ [124-126]. ɺʠʟʥʘʯʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʻ ʦʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʝʪʘʣʝʡ ʽʟ ɻʊʇ [124].          
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ʊʘʙʣʠʮʷ 4.4 

ɿʘʣʝʞʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʪʦʚʱʠʥʠ 

ʊʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ, ʤʢʤ ʄʘʪʝʨʽʘʣ ɽɿ ʄʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ, ʄʇʘ 

- ʉʪʘʣʴ 45 -- - 

100 ʉʪʘʣʴ 45 ʌʄɯ-2 200 

200 ʉʪʘʣʴ 45 ʌʀɯ-2 199 

400 ʉʪʘʣʴ 45 ʌʀɯ-2 195 

500 ʉʪʘʣʴ 45 ʌʀɯ-2 190 

750 ʉʪʘʣʴ 45 ʌʀɯ-2 186 

1000 ʉʪʘʣʴ 45 ʌʀɯ-2 180 

100 ʉʪʘʣʴ 45 ʂʍʅ-30 135 

200 ʉʪʘʣʴ 45 ʂʍʅ-30 125 

400 ʉʪʘʣʴ 45 ʂʍʅ-30 110 

500 ʉʪʘʣʴ 45 ʂʍʅ-30 100 

750 ʉʪʘʣʴ 45 ʂʍʅ-30 97 

1000 ʉʪʘʣʴ 45 ʂʍʅ-30 80 

 

                
240

200

160

120

80

40

0

0 0,5 1 1,5 2 2,5 3 3,5

1

2

  h, ʤʤ 
ʘ)                                                  

                           

                
 

 
                                                           ʙ)                                    h, ʤʤ 

 

ʈʠʩ. 4.2. ɿʘʣʝʞʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʾ (ʘ) ʽ ʢʦʛʝʟʽʡʥʦʾ (ʙ) ʤʽʮʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ:  

1 ï ʥʘʧʠʣʝʥʝ ʧʦʢʨʠʪʪʷ ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ, 2 ï ʥʘʧʠʣʝʥʝ ʧʦʢʨʠʪʪʷ  
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ɯʤʧʫʣʴʩʥʘ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ ʟʥʠʞʫʻ ʧʦʨʠʩʪʽʩʪʴ  ʧʦʢʨʠʪʪʽʚ ʽʟ 

ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʌʄɯ-2, ʥʘʧʠʣʝʥʠʭ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʤʝʪʦʜʦʤ ʟ 10% (ʨʠʩ. 

4.3) ʜʦ 1 é 3% (4.4), ʘ ʧʦʨʠʩʪʽʩʪʴ  ʧʦʢʨʠʪʪʽʚ ʽʟ  ʧʦʨʦʰʢʫ ʂʍʅ-30, ʥʘʧʠʣʝʥʠʭ 

ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤ ʤʝʪʦʜʦʤ ʟ 14% (ʨʠʩ. 4.5) ʜʦ 6% (4.6).  ʃʘʤʝʣʴʥʘ  ʩʪʨʫʢʪʫʨʘ 

ɻʊʇ (ʨʠʩ. 4.3,ʘ ʽ 4.4,ʘ) ʙʽʣʴʰ ʱʽʣʴʥʘ ʧʽʩʣʷ ɯɽʂʆ (ʨʠʩ. 4.5,ʘ ʪʘ 4.6, ʘ) 

 

 

 

 

      
 

    

ʘ) 

ʙ) 

ʈʠʩ. 4.3. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (ʘ); ʨʝʟʫʣʴʪʘʪʠ ʢʽʣʴʢʽʩʥʦʛʦ 

ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ (ʙ). ʄʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ - ʇɼ ʜʨʽʪ ʌʄɯ -2. 

 

 

 

 

 

ʘ) 

 

ʘ) 

ʚ) 

ʈʠʩ. 4.4. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ɽɼʅ- ʧʦʢʨʠʪʪʷ (ʭ1000) ʧʽʩʣʷ ɯɽʂʆ (ʘ); ʨʝʟʫʣʴʪʘʪʠ 

ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ (ʙ). ʄʘʪʝʨʽʘʣ - ʇɼ ʌʄɯ -2.  

  

 

ʂʦʣʽʨ ʂʣʘʩ ʆʧʠʩ % ʧʣʦʱʠʥʠ 

 1 ʇʦʨʠ 9. 89% 

 2 ʇʦʚʝʨʭʥʷ 80. 11% 

 - ɯʥʰʝ 0 % 

ʂʦʣʽʨ ʂʣʘʩ ʆʧʠʩ % ʧʣʦʱʠʥʠ 

 1 ʇʦʨʠ 2.73% 

 2 ʇʦʚʝʨʭʥʷ 97.27% 

 - ɯʥʰʝ 0% 
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                                                                  ʘ) 

 ʚ) 

ʈʠʩ. 4.4. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ɻʇʅ-ʧʦʢʨʠʪʪʷ (ʘ); ʨʝʟʫʣʴʪʘʪʠ ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ (ʙ). ʄʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ï ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʦʰʦʢ ʂʍʅ-30. 

 

 

                                                      ʙ) 

ʚ) 

ʈʠʩ. 4.5. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ɻʇʅ-ʧʦʢʨʠʪʪʷ (ʭ1000) ʧʽʩʣʷ ɯɽʂʆ (ʘ) ʨʝʟʫʣʴʪʘʪʠ 

ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʝʨʝʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ (ʙ). ʄʘʪʝʨʽʘʣ ï  ʂʍʅ-30. 

 

 

ɿʘʣʝʞʥʽʩʪʴ ʧʦʨʠʩʪʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʪʠʩʢʫ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.6. 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʘ ʛʣʠʙʠʥʦʶ ʧʦʢʨʠʪʪʷ ʥʘʚʝʜʝʥʦ ʥʘ  ʨʠʩ. 4.7 

(ʘ, ʙ) ʚʠʜʥʦ, ʱʦ ɯɽʂʆ ʩʧʨʠʷʻ ʧʣʘʚʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʘ 

ʛʣʠʙʠʥʦʶ ʧʦʢʨʠʪʪʷ  ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʘ ʛʣʠʙʠʥʦʶ  

ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ  (ʨʠʩ. 4.7, ʚ, ʛ). 

ʂʦʣʽʨ ʂʣʘʩ ʆʧʠʩ % ʧʣʦʱʠʥʠ 

 1 ʇʦʨʠ 14. 56% 

 2 ʇʦʚʝʨʭʥʷ ʜʝʪʘʣʽ 85. 44% 

 - ɯʥʰʝ 0 % 

ʂʦʣʽʨ ʂʣʘʩ ʆʧʠʩ % ʧʣʦʱʠʥʠ 

 1 ʇʦʨʠ 5. 82% 

 2 ʇʦʚʝʨʭʥʷ ʜʝʪʘʣʽ 94. 18% 

 - ɯʥʰʝ 0 % 
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ʈʠʩ. 4.6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʧʦʨʠʩʪʦʩʪʽ ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʚʜ̔ ʪʠʩʢʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ : 1 -  ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ- ʇɼ ʌʄɯ-2,  

2 -ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ï ʂʇ ʂʍʅ-30. 
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ʛ) 

ʈʠʩ. 4.7.  ʈʦʟʧʦʜʽʣ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘʧʠʣʝʥʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʽʩʣʷ ɯɽʂʆ (ʘ, ʙ) ʪʘ 

 ʜʦ ʦʙʨʦʙʢʠ (ʚ, ʛ): ʂʍʅ30 - ʘ, ʚ; ʙ, ʛ ï ʌʄɯ-2 

 

ʈʝʩʫʨʩ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʩʫ, ʪʝʨʤʽʥ ʩʣʫʞʙʠ) ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ɻʊʇ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ: ʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʧʦʨʠʩʪʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ. 

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʚʠʟʥʘʯʘʻ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ [207-213]. 

ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʩʪʘʣʽ 45 ʧʨʠ ʪʝʨʪʽ 

ʧʦ ʩʪʘʣʽ 45 (HRC 42) ʜʦ ʾʭ ʦʙʨʦʙʢʠ ʪʘ ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 4.5 ʽ 4.6. ɿʘʣʝʞʥʽʩʪʴ ʚʘʛʦʚʦʛʦ ʟʥʦʰʫʚʘʥʥʷ I
 
 ̔ʚʽʜ 
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ʰʣʷʭʫ ʪʝʨʪʷ ʜʣʷ ʟʨʘʟʢʽʚ ʟ  ʧʦʢʨʠʪʪʷʤ ʽʟ ʂʍʅ ï 30 (ʘ) ʪʘ  ʌʄɯ-2 (ʙ) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.8. 

ʊʘʙʣʠʮʷ 4.5 

ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʩʪʘʣʽ 45 ʧʨʠ 

ʪʝʨʪʽ ʧʦ ʩʪʘʣʽ 45 (HRC 42) 

ʅʘʤ̔ʝʥʫʚʘʥʥʷ 

ʧʦʢʨʠʪʪ ̫

ʈ=2ʄʇʘ ʈ=4ʄʇʘ ʈ=6ʄʇʘ ʈ=8ʄʇʘ ʈ=10ʄʇɸ 

in ik m in ik m in ik m in ik m in ik m 

ʂʍʅ -30 12 8 0,15 15 10 0,17 22 14 0,18 40- 21 0,22. ʩʭʦʧ  0,4 

ʌʄɯ - 2 22 12 0,22 36 15 0,25 40 15 0,28 45 25 0,28  ʩʭʦʧ  

 

˟̗̠́̂̌̉ ψȢϊ 

ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʩʪʘʣʽ 45 ʧʨʠ ʪʝʨʪʽ ʧʦ ʩʪʘʣʽ 45 (HRC 42) 

ʅʘ̔ʤʝʥʫʚʘʥʥʷ 

ʧʦʢʨʠʪʪ̫ 

ʈ=2ʄʇʘ ʈ=4ʄʇʘ ʈ=6ʄʇʘ ʈ=8ʄʇʘ ʈ=10ʄʇɸ 

in ik m in ik m in ik m in ik m in ik m 

ʂʍʅ -30 7 5 0,18 14 8 0,17 33 15 0,2 - - ʚʽʜʰ.    

ʌʄɯ - 2 8 7 0,16 13 10 0,17 21 12 0,22 33 16 0,2 36 25 0,22 

 

ʇʨʠʤʽʪʢʘ: in - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ; ik - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ 

ʢʦʥʪʨʪʽʣʘ; ʦʜʠʥʠʮʷ ʚʠʤʽʨʫ iĿ10-9 ʤʢʤ/ʢʤ; ʧʨʦʯʝʨʢ ï ʟʥʦʩ ʢʦʥʪʨʪʽʣʘ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ; ʩʭʦʧ. ï 

ʩʭʦʧʣʶʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʫ; ʚʽʜʰ. - ʚʽʜʰʘʨʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ. 
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ʙ) 

ʈʠʩ. 4.8. ɿʘʣʝʞʥʽʩʪʴ ʚʘʛʦʚʦʛʦ ʟʥʦʰʫʚʘʥʥʷ I
 ʽ

 ʚʽʜ ʰʣʷʭʫ ʪʝʨʪʷ ʜʣʷ ʟʨʘʟʢʽʚ ʟ  

ʧʦʢʨʠʪʪʷʤ ʽʟ ʂʍʅ ï 30 (ʘ) ʪʘ  ʌʄɯ-2 (ʙ): 1 ï ʥʘʧʠʣʝʥʝ  ʧʦʢʨʠʪʪʷ; 2 ï ʥʘʧʠʣʝʥʝ ʧʦʢʨʠʪʪʷ 

ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ (ʪʝʨʪʷ ʙʝʟ ʟʤʘʱʝʥʥʷ, ʨ = 3 ʄʇʘ):  

 

ʇʦʢʨʠʪʪʷ ʥʘʥʦʩʠʣʠ ʥʘ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʩʝʢʪʦʨʘ ʢʽʣʴʮʝʚʦʛʦ ʟʨʘʟʢʘ ʽ 

ʚʠʧʨʦʙʦʚʫʚʘʣʠ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʧʦ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʽʣʴʮʝʚʦʛʦ 

ʢʦʥʪʨʪʽʣʘ ʩʪʘʣʽ 45 ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʾ ʜʦ ʪʚʝʨʜʦʩʪʽ HRC42. ʇʝʨʝʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʽ ʧʦʚʝʨʭʥʽ ʩʝʢʪʦʨʽʚ ß50 ʤʤ ʽ ʟʦʚʥʽʰʥʽ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʨʪʽʣʘ ß50 ʤʤ ʰʣʽʬʫʚʘʣʠ ʘʣʤʘʟʥʠʤʠ ʢʦʣʘʤʠ ʜʦ ʰʦʨʩʪʢʦʩʪʽ Ra = 0,64 ʤʢʤ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ 2070 ʉʄʊ-1 ʟʘ ʰʚʠʜʢʦʩʪʽ 

ʢʦʚʟʘʥʥʷ V=0,8ʤ/ʩ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʽʜ 2 ʄʇʘ ʜʦ 10ʄʇʘ. ʉʧʦʯʘʪʢʫ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʨʠʨʦʙʽʪʦʢ - ʰʣʷʭ ʪʝʨʪʷ 1 ʢʤ, ʧʦʪʽʤ ʟʜʽʡʩʥʶʚʘʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʥʘ ʰʣʷʭʫ ʪʝʨʪʷ 9 ʢʤ. ʋ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʤʽʨʶʚʘʚʩʷ 

ʤʦʤʝʥʪ ʪʝʨʪʷ ʽ ʯʝʨʝʟ ʢʦʞʥʽ 3 ʢʤ ʚʠʤʽʨʶʚʘʣʠ ʣʽʥʽʡʥʝ ʟʥʦʰʫʚʘʥʥʷ. ʗʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʨʪʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʝʨʝʜʥʻ ʟʘ ʯʘʩʦʤ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 

                                                                                                                                        

                                                                                       

(4.2) 

ʜʝ Fi ï ʩʠʣʘ ʪʝʨʪʷ ʫ ʤʦʤʝʥʪ ti; n ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʽʚ; ʈ ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʄʇʘ. 

ʗʢ ʟʥʦʩ ʧʨʠʡʤʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ 
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ʜʝ I i ï ʣʽʥʽʡʥʝ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ i-ʪʦʤ ʚʠʤʽʨʽ; l i ï ʰʣʷʭ ʪʝʨʪʷ. 

ʗʢ ʙʘʟʦʚʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʪʨʠʙʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʉʪ.45-ʄʉ20-ʉʪ.45. 

ʋ ʚʩʽʭ ʜʦʩʣʽʜʘʭ ʤʘʩʪʠʣʦ ʚʽʜʥʦʚʣʶʚʘʣʦʩʷ ʯʝʨʝʟ ʢʦʞʥʽ 100 ʤ ʰʣʷʭʫ ʪʝʨʪʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʷʭ 4.5 ʪʘ 4.6. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʠʪʪʽʚ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʦʰʢʫ ʂʍʅ- 30 ʪʘ 

ʢʦʥʪʨʪʽʣʘ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟʽ ʟʘʛʘʨʪʦʚʘʥʦʶ ʩʪʘʣʣʶ 45. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʌʄɯ-2 ʟʥʘʭʦʜʠʣʦʩʷ ʥʘ ʨʽʚʥʽ ʟ 

ʩʪʘʣʣʶ 45, ʧʨʦʪʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʡ ʟʥʦʩ ʢʦʥʪʨʪʽʣʘ. 

 

4.4. ɺʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʢʝʨʦʚʘʥʠʭ 

ʬʘʢʪʦʨʽʚ  

 

ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʩʦʙʫ ɯɽʂʆ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʟ ɻʊʇ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʘʙʣ. 4.1). ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ 

ɯɽʂʆ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ 

ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

ʌʘʟʦʚʠʡ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʘ, ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʚʝʨʭʦʥʴ ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʻ ʬʫʥʢʮʽʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʾʭ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʩʪʘʪʫʶʪʴ ʬʘʢʪ ʪʦʛʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʟ 

ʥʘʧʠʣʝʥʠʤ ʧʦʢʨʠʪʪʷʤ ʤʘʻ ʥʝʦʙʭʽʜʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʟʘʜʘʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʾʭ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ.  ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʚʝʨʭʦʥʴ ʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ 
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ɯɽʂʆ, ʷʢ ʢʝʨʦʚʘʥʠʤʠ ʪʘʢ ʽ ʥʝ ʢʝʨʦʚʘʥʠʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʪʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤ.  

ʅʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʝ ʘʜʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ɯɽʂʆ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʇʨʠʨʦʜʥʦʝ ʧʨʘʛʥʝʥʥʷ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ɯɽʂʆ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʽʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ. ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ɯɽʂʆ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ɻʊʇ ʪʘ ʾʭ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ.  

ɺʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʠʪʪʽʚ ʪʘ 

ʧʦʚʝʨʭʦʥʴ ʜʦ ʨʝʞʠʤʽʚ ɯɽʂʆ ʚʠʤʘʛʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʾʾ  ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʟ ɻʊʇ, ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ ʡ ʦʧʪʠʤʽʟʘʮʽʶ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ ɯɽʂʆ ɻʊʇ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ɯɽʂʆ ʥʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ, ʱʽʣʴʥʽʩʪʴ, 

ʪʚʝʨʜʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥ. (ʪʘʙʣ. 4.7 - ʪʘʙʣ. 4.10).  

ʇʝʨʝʚʘʛʠ ɯɽʂʆ - ʤʽʥʽʤʫʤ ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʩʠʣʘ ʩʪʨʫʤʫ, 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʪʘ ʧʘʫʟ, ʪʠʩʢ ʥʘ ʝʣʝʢʪʨʦʜʽ), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʢʝʨʦʚʘʥʽʩʪʴ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʪʘʙʣ. 4.1).  

ʊʘʙʣʠʮʷ 4.7 

 ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ  ʪʘ ʱʽʣʴʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ɯɽʂʆ 

 

 

 

 

 

 

 

 

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɻʊʇ ʻ ʬʫʥʢʮʽʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ɯɽʂʆ 

(ʪʠʩʢʫ, ʩʠʣʠ ʩʪʨʫʤʫ, ʯʘʩʫ ʽʤʧʫʣʴʩʽʚ ʪʘ ʧʘʫʟ).  

ˉ 

ʝʢʩʧʝʨʠʤ. 

ʊʠʩʢ, ʄʇʘ ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

 ůʟʯ , ʄʇʘ 

ʑʽʣʴʥʽʩʪʴ, % 

1 140 90 0,013 

2 100 110 0,012 

3 180 71 0,014 

4 200 60 0,015 

5 120 88 0,012 

6 160 80 0,014 

7 80 119 0,015 

8 160 72 0,013 
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ʇʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ ɯɽʂʆ ɻʊʇ ʷʢ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ, ʤʠ ʚʠʙʨʘʣʠ ʪʠʩʢ ɯɽʂʆ 

(ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʬʘʢʪʦʨ), ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ (ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʬʘʢʪʦʨ) ʪʠʩʢ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ (ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʬʘʢʪʦʨ). 

ʊʘʙʣʠʮʷ 4.8 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ  ʚʽʜ ʪʦʣʱʠʥʠ ʧʦʢʨʠʪʪʷ 

ʊʘʙʣʠʮʷ 4.9 

ɿʘʣʝʞʥʽʩʪʴ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʨʘʟʦʢ 

ˉ  

ʵʢʩʧʝʨʠʤ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ,  

ʈ, ʄʇʘ 

ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

ůʟʯ, ʄʇʘ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ Jh, ʤʢʤ/ʢʤ (10
-9) 

1 6 85 0,012 

2 4 110 0,012 

3 8 90 0,014 

4 8 90 0,013 

5 2 120 0,012 

6 10 80 0,014 

7 4 110 0,011 

8 2 120 0,011 

 

ʊʘʙʣʠʮʷ 4.10  

ɿʘʣʝʞʥʽʩʪʴ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 

ˉ  

ʵʢʩʧʝʨʠʤ. 

ʊʦʚʠɦʥʘ  

ʧʦʢʨʠʪʪ̫  h, ʤʤ 

ʄʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ ůʟʯ, 

ʄʇʘ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ Jh, ʤʢʤ/ʢʤ (10
-9) 

1 1,5 109 0,011 

2 2,5 108 0,012 

3 1 110 0,014 

4 2 120 0,013 

5 0,5 86 0,012 

6 1,5 115 0,011 

7 3 89 0,015 

8 3 95 0,013 

ˉ  

ʵʢʩʧʝʨʠʤ. 
ʐʚʠʜʢʽʩʪʴ 

ʢʦʚʟʘʥʥʷ Vʢʦʚ, ʤ/ʩ 

ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

ůʟʯ, ʄʇʘ 
ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ Jh, ʤʢʤ/ʢʤ (10
-9) 

1 2,3 100 0,012 

2 2,6 110 0,013 

3 2,15 85 0,014 

4 2 80 0,014 

5 2,45 90 0,012 

6 2,75 120 0,015 

7 2,3 100 0,011 

8 2 80 0,015 
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4.5. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʫ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ  

 

ɿ ʤʝʪʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ɯɽʂʆ (ʪʘʙʣ. 4.1) ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ 

(ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ, ʱʽʣʴʥʽʩʪʴ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ [153-158]. ʏʠʥʥʠʢʠ ʪʘ ʡʦʛʦ ʨʽʚʥʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 4.11. 

 

ʊʘʙʣʠʮʷ 4.11 

ɿʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʘʨʽʶʶʪʴʩʷ, ʪʘ ʾʭ ʨʽʚʥʽ 

ʈʽʚʥʽ 

ʏʠʥʥʠʢʠ  

ʂʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ʬʘʢʪʦʨʽʚ 

 

ʈ, ʄʇʘ t, ʩʝʢ I, ʢɸ 

ʍ1 ʍ2 ʍ3 

ʅʠʞʥʽʡ 10 0,01 2 ï1 

ɺʝʨʭʥʽʡ 60 0,06 8 +1 

ʅʫʣʴʦʚʠʡ 30 0,04 4 0 

ɯʥʪʝʨʚʘʣ 

ʚʘʨʽʶʚʘʥʥʷ 

10 0,01 1 ï 

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ɯɽʂʆ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʧʨʦʚʝʜʝʥʦʛʦ ʨʘʥʞʠʨʫʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʛʨʫʧʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ ʨʽʚʥʽ ʾʭ 

ʚʘʨʽʶʚʘʥʥʷ (ʪʘʙʣ. 4.11).  

ʈʦʟʤʽʨʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʣʠ: ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ (ůʟʯ,) ʪʘ ʧʦʨʠʩʪʽʩʪʴ 

(ʇ)/ɦ̔ ʣʴʥʽʩʪʴ. ɹʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʚʠʜʫ 23 ʟ 

ʚʘʨʽʶʚʘʥʥʷʤ ʥʘ 3-ʭ ʨʽʚʥʷʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ: ʩʠʣʘ ʩʪʨʫʤʫ; ʪʠʩʢ; 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ/ʧʘʫʟ. ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʤʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ (ʪʘʙʣ. 4.12) ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ (ʪʘʙʣ. 4.7-4.13). 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ (4.4) 

ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ɯɽʂʆ (ʪʘʙʣ. 4.12).  

ʊʘʙʣʠʮʷ 4.12 

ʈʦʙʦʯʘ ʤʘʪʨʠʮʷ  

 

ʏʠʥʥʠʢʠ 
ʊʠʩʢ ɯɽʂʆ 

ʊʨʠʚʘʣʽʩʪʴ  

ʽʤʧʫʣʴʩʫ /ʧʘʫʟʠ 

ʉʠʣʘ 

ʩʪʨʫʤʫ ʇʦʨʠʩʪʽʩʪʴ  
ʄʽʮʥʽʩʪʴ  

ʟʯʝʧʣʝʥʥʷ 
ʍ1 ʍ2 ʍ3 

ˉ ʝʢʩʧ. ʈ, ʄʇʘ t, ʩʝʢ I, ʢɸ ʇ, % ůʟʯ, ʄʇʘ  

1 30 0,06 2 6 170 

2 20 0,01 4 2 135 

3 40 0,02 6 1 180 

4 10 0,04 3 5 110 

5 20 0,05 5 4 130 

6 40 0,03 7 5 190 

7 30 0,02 2 4 160 

8 50 0,04 8 5 200 

 

ʊʘʙʣʠʮʷ 4.13 

ɿʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʧʦʢʨʠʪʪʽʚ  

ˉ ʨʝʞʠʤʫ 

ʦʙʨʦʙʢʠ 

ʇʦʨʠʩʪʽʩʪʴ, % 

Y1.1 Y1.2 

1 6 3 

2 2 1 

3 1 1 

4 5 2 

5 4 3 

6 5 1 

7 4 2 

8 5 1 

 

Yʇ = 3,25576 + 2,37774ʭ3
2 ï 2,07533ʭ2

3 + 0,545923ʭ1
3x2 ï 0,842191ʭ1

3 +  

+ 0,284621ʭ2
3ʭ3

2ï 1,51418ʭ1
2ʭ2

2ï 1,45394ʭ3
3ï 0,73219ʭ1

3ʭ2
2ï             

          ï 1,95605x2 ʭ3
3 ï 1,65074ʭ2

2+ 1,15314ʭ2
2ʭ3

3 ,                                                (4.4) 

ʜʝ Yʇ ï   ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫ ʢʦʜʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʜʣʷ ʧʦʨʠʩʪʦʩʪʽ 

ʧʦʢʨʠʪʪʷ.       
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ʈʦʟʨʘʭʫʥʦʢ ʤʦʜʝʣʝʡ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʇʇ ʇʈɯɸʄ [153-

158]. ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ (4.4) ʧʝʨʝʚʽʨʝʥʘ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ, ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ ɺ1 ʜʦʜʘʪʢʫ ɺ. 

ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (4.4) ʟʘʣʝʞʥʦʩʪʽ ʧʦʨʠʩʪʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ɯɽʂʆ ʘʜʝʢʚʘʪʥʘ ʽ ʽʥʬʦʨʤʘʪʠʚʥʘ, ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʪʚʦʨʝʥʽ (ʜʦʜʘʪʦʢ ɺ). 

ɼʣʷ ʧʝʚʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʦʚʝʜʝʥʦ ʛʨʘʬʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʷ. ɺʦʥʦ 

ʚʠʢʦʥʫʚʘʣʦʩʷ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʩʽʤʝʡʩʪʚʘ ʛʨʘʬʽʢʽʚ ʧʨʠʚʘʪʥʠʭ ʨʽʚʥʷʥʴ 

ʨʝʛʨʝʩʽʾ (ʨʠʩ. 4.1-4.3, ʜʦʜʘʪʦʢ ɺ). ɺʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʥʘ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʽ ʚʠʟʥʘʯʠʪʠ 

ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʪʴ ʙʽʣʴʰʠʡ ʘʙʦ ʤʝʥʰʠʡ ʝʬʝʢʪ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩ. 4.1-4.3, ʜʦʜʘʪʦʢ ɺ) ʦʪʨʠʤʘʥʦ ʥʘʦʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʛʝʦʤʝʪʨʠʯʥʠʡ ʦʙʨʘʟ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ (ʨʠʩ. ɺ4-ɺ6).  

 

 
ʈʠʩ. 4.4.  ɻʨʘʬʽʢʠ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ   Y1 = f(X1, X2) ʫ ʪʨʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ (ʱʽʣʴʥʦʩʪʽ ʚʽʣ ʪʠʩʢʫ ʽ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʧʨʠ ʍ3 = 2 ʢɸ). 

 

 

ʈʠʩ. 4.5. ɻʨʘʬʽʢʠ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ Y1 = f(X1, X3) ʫ ʪʨʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ (ʱʽʣʴʥʦʩʪʽ ʚʽʣ ʪʠʩʢʫ ʽ ʩʠʣʠ ʩʪʨʫʤʫ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʡʦʛʦ ʽʤʧʫʣʴʩʽʚ ʍ2 = 0,06 ʩ). 
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ʈʠʩ.4.16. ɻʨʘʬʽʢʠ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ Y1 = f(X2, X3) ʫ  

ʪʨʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʱʽʣʴʥʦʩʪʽ ʚʽʜ ʩʠʣʠ ʩʪʨʫʤʫ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʡʦʛʦ ʽʤʧʫʣʴʩʽʚ  

ʧʨʠ ʪʠʩʢʫ ʍ1 = 60 ʄʇʘ). 

 

ɺʩʝ ʮʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (4.4) ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ 

ʧʨʦʮʝʩ ɯɽʂʆ ʽ ʾʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ɻʊʇ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ (4.5) 

ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʱʦ ʚʘʨʽʶʶʪʴʩʷ (ʪʘʙʣ. 4.14).  

ʊʘʙʣʠʮʷ 4.14 

 

ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ  

ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʫ ʇʦʟʥʘʯʝʥʥʷ ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ɺʝʣʠʯʠʥʘ 

ʊʠʩʢ ɯɽʂʆ ʈ ʤʤ 100é200 

ʊʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ h ʤʤ 0,5é3,0 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʅ ʄʇʘ 2,0é10,0 

ʐʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ Vʢʦʚ ʤ/ʩ 2,0é2,75 

 

ʋ ʤʘʪʨʠʮʶ ʧʣʘʥʫʚʘʥʥʷ (ʪʘʙʣ. 4.16), ʷʢ ʢʝʨʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʙʫʣʠ ʚʥʝʩʝʥʽ: 

ʬʘʢʪʦʨʠ, ʱʦ ʚʘʨʽʶʶʪʴʩʷ (ʪʘʙʣ. 4.15): ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ h, ʤʤ (0,5; 1,0; 1,5; 2 

,0; 2,5; 3,0), ʪʠʩʢ ʈ, ʤʤ (15; 20; 25; 30; 40; 50; 60), ʥʘʚʘʥʪʘʞʝʥʥʷ ʅ, ʄʇʘ (2; 4; 

6; 8; 10), ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ Vʢʦʚ, ʤ/ʩ (2,0; 2,15; 2,30; 2,45; 2,60; 2,75)  
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ʗʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ (ʪʘʙʣ. 4.15) ʽ 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (4.7ï410). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʬʘʢʪʦʨʠ ʪʘ ʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʾʭ ʚʘʨʽʶʚʘʥʥʷ (ʪʘʙʣ. 4.15), ʟʛʝʥʝʨʦʚʘʥʦ ʧʣʘʥ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʢʦʜʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ (ʊʘʙʣ. 4.17).  

ʊʘʙʣʠʮʷ 4.15 

ɿʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʘʨʽʶʶʪʴʩʷ ʽ ʾʭ ʨʽʚʥʽʚ 

ʈʽʚʥʽ 

ʌʘʢʪʦʨʠ 
ʂʦʜʦʚʘʥ

ʽ  

 h ʤʤ ʈʥ, ʤʤ ʅ, ʄʇʘ V, ʤ/ʩ  

ʍ1 ʍ2 ʍ3 ʍ4 ï1 

ʅʠʞʥʽʡ 0,5 80 2 2 +1 

ɺʝʨʭʥʽʡ  3 200 10 2,75 0 

ʅʫʣʴʦʚʠʡ 1 150 ï ï ï 

ɯʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ 0,5 20 2 0,15  

 

ʊʘʙʣʠʮʷ 4.16   

ʈʦʙʦʯʘ ʤʘʪʨʠʮʷ 

ˉ 

ʵʢʩʧ. 

ʊʦʚʱʠʥʘ 

ʧʦʢʨʠʪʪʷ, h ʤʤ  

ʊʠʩʢ ɯɽʂʆ 

 ʈ, ʄʇʘ 

ʅʘʚʘʥʪʘʞʝʥʥʷ, ʅ, 

ʄʇʘ 

ʐʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ, 

Vʢʦʚ, ʤ/ʩ 

1 1,5 140 6 2,3 

2 2,5 100 4 2,6 

3 1 180 8 2,15 

4 2 200 8 2 

5 0,5 120 2 2,45 

6 1,5 160 10 2,75 

7 3 80 4 2,3 

8 3 160 2 2 

 

                                             ʊʘʙʣʠʮʷ 4.17   

ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʥʘʪʫʨʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ˉ ʝʢʩʧʝʨʠʤ. ʍ1 ʍ2 ʍ3 ʍ4 

1 1,5 140 6 2,3 

2 2,5 100 4 2,6 

3 1 180 8 2,15 

4 2 200 8 2 

5 0,5 120 2 2,45 

6 1,5 160 10 2,75 

7 3 80 4 2,3 

8 3 160 2 2 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ (4.5) 

ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ 

  

Yůʟʯ = 94,5537-16,1578x1+8,66664x2-4,37462x3-17,2747x4-3,92423 x1x2-16,0642 

x1x3 -17,0532x2x3-22,4759x1x4-9,99573x2x4+1,41499x3x4,                         (4.5) 

ʜʝ Yůʟʯ ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʦʜʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

ʧʦʢʨʠʪʪʷ 

 

ʈʦʟʨʘʭʫʥʦʢ ʤʦʜʝʣʝʡ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʇʇ ʇʈɯɸʄ [153-

158]. ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ (4.5) ʧʝʨʝʚʽʨʝʥʘ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ, ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ ɻ.1 ʜʦʜʘʪʢʫ ɻ. 

ɼʣʷ ʧʝʚʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʦʚʝʜʝʥʦ ʛʨʘʬʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ. ɺʦʥʦ 

ʚʠʢʦʥʫʚʘʣʦʩʷ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʩʽʤʝʡʩʪʚʘ ʛʨʘʬʽʢʽʚ ʧʨʠʚʘʪʥʠʭ ʨʽʚʥʷʥʴ 

ʨʝʛʨʝʩʽʾ (ʨʠʩ. ɻ1-ɻ2, ʜʦʜʘʪʦʢ ɻ). 

ɺʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ 

ʥʘ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʽ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʯʘʩʫ ʚʧʣʠʚʫ ʟʜʽʡʩʥʶʻ ʙʽʣʴʰʠʡ ʘʙʦ ʤʝʥʰʠʡ ʝʬʝʢʪ. ɿ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʦ ʥʘʦʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʛʝʦʤʝʪʨʠʯʥʠʡ ʦʙʨʘʟ ʬʫʥʢʮʽʾ 

ʚʽʜʛʫʢʫ (ʨʠʩ. 4.12). 

ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʜʦʜʘʪʦʢ ɻ) ʜʦʟʚʦʣʷʶʪʴ ʜʽʡʪʠ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (4.5) ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʘʜʝʢʚʘʪʥʘ ʽ ʽʥʬʦʨʤʘʪʠʚʥʘ, ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʪʚʦʨʝʥʽ. ɺʩʝ ʮʝ ʛʦʚʦʨʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (4.5) ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ɯɽʂʆ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʾʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ. 

 



187 
 

 

 
 

ʈʠʩ. 4.12.  ɻʨʘʬʽʢ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ Yůʩʮ = f (X1, X2) ʫ ʪʨʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

(ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʚʽʜ ʪʠʩʢʫ ɯɽʂʆ ʪʘ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ) 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ 

ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʪʢʥʦʾ ʦʙʨʦʙʢʠ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʧʦʨʦʰʢʦʚʦʛʦ 

ʜʨʦʪʫ ʌʄɯ-2 ʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʦʰʢʫ ʂʍʅ-30. ʇʦʢʨʠʪʪʷ ʽʟ ʇɼ ʌʄɯ-2 

ʜʦʧʫʩʢʘʻ ʽʤʧʫʣʴʩʥʫ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʫ ʦʙʨʦʙʢʫ ʥʘ ʥʘʩʪʫʧʥʠʭ ʨʝʞʠʤʘʭ: ʩʠʣʘ 

ʩʪʨʫʤʫ I = 10,0 ʢɸ, ʪʠʩʢ ʈ = 30 ʄʇʘ, ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ-ʧʘʫʟ t = 0,04 ʩ., ʘ ʟ 

ʂʇ ʂʍʅ-30: I = 12,0 ʢɸ, ʈ = 40 ʄʇʘ, t = 0,06ʩ. ʆʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ɯɽʂʆ 

ʧʦʚʠʥʝʥ ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʥʷ. ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʧʨʦʮʝʩʫ ɻʊʅ ʧʦʢʨʠʪʪʽʚ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʦʰʢʫ ʂʍʅ-30 (70% ʢʘʨʙʽʜ ʭʨʦʤʫ Cr3C2 ʪʘ 30% ʥʽʭʨʦʤ (Ni-Cr 80/20); 

ʚʩʪʘʥʦʚʣʝʥʽ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ:  

 

4.6.  ʇʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʦʪʝʨʤʽʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ  

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʩʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʝʢʧʝʨʤʝʥʪʘʣʴʥʦʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ 

ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʘʤʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʪʘ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ 
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ʥʘʧʠʣʝʥʥʷ (ʨʠʩ. 4.13) ʪʘ ʟ ʾʭ ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ 

ʤʝʪʦʜʦʤ ʥʘ ʧʦʨʰʥʝʚʽ ʧʘʣʴʮʽ, ʨʦʟʧʦʜʽʣʴʯʽ ʪʘ ʢʦʣʽʥʯʘʩʪʽ ʚʘʣʠ  ʜʚʠʛʫʥʽʚ, 

ʧʣʫʥʞʝʨʘ ʥʘʩʦʩʽʚ, ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʜʝʪʘʣʝʡ ʩʽʣʴʩʢʦʛʦʩʧʦʜʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʪʘ 

ʜʝʪʘʣʽ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [64, 70, ]. ʅʘ ʨʠʩ. 4.13 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤ.  

 

                          

                  ʘ)                                ʙ)                                                   ʚ) 

           

                  ʛ)                                        ʜ)                                                    ʞ) 

                                      

                     ʟ)                                              ʢ)                                     ʣ) 

            

                 ʤ)                                          ʥ)                                             ʧ) 
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                  ʨ)                                                   ʩ)                                             ʠ) 

ʈʠʩ. 4.13.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʜʦʩʣʽʜʥʠʭ ʧʘʨʪʽʡ ʜʝʪʘʣʝʡ, ʦʪʨʠʤʘʥʠʭ ʥʘʧʠʣʝʥʥʷʤ ʟ 

ɯɽʂʆ: ʨʦʟʧʦʜʽʣʴʥʠʡ (ʘ) ʽ ʢʦʣʽʥʯʘʩʪʠʡ ʚʘʣ (ʙ), ʚʢʣʘʜʠʰʽ (ʚ), ʧʦʨʰʥʝʚʽ ʧʘʣʴʮʽ (ʛ, ʜ), ʢʘʪʢʠ 

ʦʧʦʨʥʽ (ʞ) ʜʚʠʛʫʥʽʚ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʝʨʽʚ;  ʨʦʪʦʨ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʚʠʛʫʥʘ (ʟ); ʧʣʫʥʞʝʨ 

ʥʘʩʦʩʘ (ʢ);  ʚʘʣ ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʫ (ʣ); ʥʦʞʽ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʧʣʘʩʪʤʘʩ (ʤ); ʜʝʪʘʣʴ 

ʪʝʩʪʦʚʽʜʜʽʣʴʥʦʾ ʤʘʰʠʥʠ (ʥ); ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʩ-ʭ ʤʘʰʠʥ (ʧ, ʨ, ʩ); ʟʘʧʦʙʽʞʥʘ ʚʪʫʣʢʘ  ʢʦʤʙʘʡʥʘ   

 

 

                      
ʘ)                                                                                 ʙ) 

                  
ʚ)                                                                                 ʛ) 

               
ʜ)                                                                 ʞ) 

 

ʈʠʩ. 4. 14. ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʽ ʟʨʘʟʢʽʚ ʟ 

ʧʦʢʨʠʪʪʷʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 
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ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 4 

 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ ʧʨʦʮʝʩʫ, ʪʘ ʧʦʜʘʥʦ ʾʭ ʫ ʢʽʣʴʢʽʩʥʽʡ 

ʬʦʨʤʽ ï ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʜʘʣʘ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ - ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ 20 é 40 

ʄʇʘ, ʩʪʨʫʤ 8 é 16 ʢɸ, ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʽ ʧʘʫʟ ʩʪʨʫʤʫ 0,02é0,06 ʩ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʤʽʮʥʽʩʪʶ ʟʯʝʧʣʝʥʥʷ ʜʦ 200 ʄʇʘ, 

ʧʦʨʠʩʪʽʩʪʶ ʜʦ 3%, ʪʚʝʨʜʽʩʪʶ ʜʦ 60 HRC ʡ ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, 

ʤʽʮʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʘʣʝʡ ʚ 2é3 ʨʘʟʠ ʪʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ çʜʝʪʘʣʴ-ʧʦʢʨʠʪʪʷè ʡ ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʫ ʢʦʤʧʦʟʠʮʽʶ. 
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ɿɸɻɸʃʔʅɯ ɺʀʉʅʆɺʂʀ 

 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʘ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʟʘʜʘʯʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʘʜʛʝʟʽʡʥʦ-ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʦʤʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʦʙʛʨʫʥʪʫʚʘʥʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʽ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʘʭ: 

1. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ ʡ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʴ 

ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ ʚʠʜʽʣʝʥʦ ʜʚʽ ʧʨʦʙʣʝʤʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽʽ: ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʽ ʱʽʣʴʥʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ.  

2. ʆʙˇʨʫʥʪʦʚʘʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ 

ʱ̔ ʣʴʥʦʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

3. ɺʠʢʦʥʘʥʽ ʢʦʤʧʣʝʢʩʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ 

ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʜʦʚʝʣʠ 

ʜʦʮʽʣʴʥʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ:  

- ʨʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʱʽʣʴʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʪʠʩʢʫ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʧʦʢʘʟʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ  ʜʦ   

94é.98 %.; 
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- ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʤʝʥʰʝʥʽ ʧʦʨʠʩʪʦʩʪʽ ʜʦ 2é 6%, ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚ 2é 2.5 ʨʘʟʠ (ʚʽʜ 60 é 80 

ɻʇʘ ʜʦ 135 é 160 ɻʇʘ); 

- ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ 

ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʪʘ ʪʠʩʢʫ ʬʦʨʤʫʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʥʘʧʠʣʝʥʠʡ ʧʦʨʦʰʢʦʚʠʡ 

ʰʘʨ. ɺʠʟʥʘʯʝʥʦ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʚ 2é 2,5 ʨʘʟʠ. ʐʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ 

ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ů
ʘʜʛ 
, ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ ɽ

ʧ
, ʢʨʠʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ Ů

ʧ  

ʪʘ ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʷ h. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙʨʦʙʢʘ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʾʭ ʪʦʚʱʠʥʫ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ, 

ʷʢ ʘʜʛʝʟʽʡʥʦʾ, ʪʘʢ ʽ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ. 

4. ʐʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ çʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ï ʧʦʢʨʠʪʪʷè ʜʦʩʣʽʜʞʝʥʦ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʤʽʞ 

ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʚ ʩʘʤʽʡ ʜʝʪʘʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ 

ʧʦʢʨʠʪʪʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ:  

- ʚ ʫʤʦʚʘʭ ʜʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʤʝʥʰʦʶ 

ʪʦʚʱʠʥʦʶ ʧʨʦʛʨʘʻ ʧʦ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʫ ʧʦʢʨʠʪʪʶ ʟ ʙʽʣʴʰʦʶ ʪʦʚʱʠʥʦʶ;  

- ʫ ʧʦʢʨʠʪʪʽ ʚʠʥʠʢʘʶʪʴ ʩʫʪʪʻʚʽ ʩʪʨʠʙʢʠ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʡʦʛʦ ʢʨʘʾʚ 

ʫ ʟʦʥʽ ʘʜʛʝʟʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ; 

- ʧʨʠ ʚʠʱʦʤʫ ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ (160 ɻʇʘ) ʨʽʟʥʠʮʷ 

ʥʘʧʨʫʞʝʥʴ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʧʦʢʨʠʪʪʷʤ ʽ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʩʘʤʽʡ 

ʜʝʪʘʣʽ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʙʽʣʴʰʦʤʫ ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʧʦʢʨʠʪʪʷ  ʘʜʛʝʟʽʡʥʘ 

ʤʽʮʥʽʩʪʴ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʚʠʱʘ ʥʽʞ ʪʘʤ, ʜʝ ʧʦʢʨʠʪʪʷ ʤʘʻ 

ʤʝʥʰʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ.  

5. ɼʦʚʝʜʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʧʽʩʣʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ  ʜʦ 200 ʄʇʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʰʘʨʢʫ ʜʦ 25 ʤʢʤ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʽ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʬʫʟʽʾ ʚ ʜʚʘ ʨʘʟʠ ʟ D
ʄ
Ŀ10

5
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2
/ʩ. ɺʠʷʚʣʝʥʦ ʚʧʣʠʚ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʥʘ ʨʽʚʝʥʴ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʢʨʠʪʪʷ ʪʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʪʘ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʩʪʘʥʦʚʠʣʘ ʚʽʜ 10é12 ʤʢʤ ʜʦ ~ 25 ʤʢʤ. 

ʇʨʦʮʝʩʠ ʜʠʬʫʟʽʾ ʥʘʙʫʚʘʶʪʴ ʧʦʤʽʪʥʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʠʩʢʽʚ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ, ʛʣʠʙʠʥʘ ʜʠʬʫʟʽʾ 

ʩʪʘʥʦʚʠʪʴ 15 ʤʢʤ ʽ ʙʽʣʴʰʝ; 

6. ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʷʢʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʩʣʷ ʾʭ ʽʤʧʫʣʴʩʥʦʾ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 2 ʨʘʟʠ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

7. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ 

ʦʙʨʦʙʢʠ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʈʝʞʠʤʠ ʦʙʨʦʙʢʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟ 

ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʌʄɯ -2: ʩʪʨʫʤ I = 10,0 ʢɸ, ʪʠʩʢ ʈ = 30 ʄʇʘ, ʯʘʩ 

ʽʤʧʫʣʴʩʽʚ-ʧʘʫʟ t = 0,02 ʩ, ʘ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʦʰʢʫ ʂʍʅ-30: I = 12,0 ʢɸ , ʈ = 40 ʄʇʘ, t = 0,04ʩ. ɯʤʧʫʣʴʩʥʘ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ ʦʙʨʦʙʢʘ ʟʥʠʞʫʻ ʧʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʽʟ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ 

ʌʄɯ, ʥʘʧʠʣʝʥʠʭ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʤʝʪʦʜʦʤ ʜʦ 3%, ʘ ʧʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʽʟ 

ʧʦʨʦʰʢʫ ʂʍʅ-30, ʥʘʧʠʣʝʥʠʭ ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤ ʤʝʪʦʜʦʤ ʟ 6%. ʆʧʪʠʤʘʣʴʥʠʡ 

ʨʝʞʠʤ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦ 180é 200 ʄʇʘ, ʘ ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʭ - ʜʦ 130é 

160 ʄʇʘ. ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʧʽʜʚʠʱʠʣʘʩʷ ʚ 2 ʨʘʟʠ. 
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https://nubip.edu.ua/sites/default/files/u349/programa_konf._pnmo-2023_1.pdf. 

(ɸʚʪʦʨ, ʧʦʢʘʟʘʚ ʟʥʘʯʝʥʥʷ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ).  

15. ʉʤʠʨʥʦʚ ɯ.ɺ., ʃʦʧʘʪʘ ʆ.ɺ., ɿʽʥʴʢʦʚʩʴʢʠʡ ɸ.ʇ., ʂʦʙʟʘʨʴ ɺ.ʃ. 

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʢʨʠʪʪʷʭ, ʦʪʨʠʤʘʥʠʭ 

ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ, ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ: ʤʘʪʝʨ. Xʍɯɯ-  ʾʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. ʤ. ʏʝʨʥʽʛʽʚ. 

2022. ʊ. 2. ʉ. 52-55, ISBN 978-617-7932-16-0. https://conference-chernihiv-

polytechnik.com/wp-content/uploads/2023/03/Tezy-2022-Part-5-52.pdf. (ɸʚʪʦʨ 

ʚʩʪʘʥʦʚʠʚ ʟʚôʷʟʦʢ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʟ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ, ʪʦʚʱʠʥʦʶ 

ʧʦʢʨʠʪʪʷ ʡ ʜʝʬʦʨʤʘʮʽʻʶ ʦʩʥʦʚʠ). 

16. A. Lopata, I. Smirnov, A. Zinkovskii Improvement of properties 

coatings by electrocontact treatment. ɯʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʨʝʥʦʚʘʮʽʷ ʚʠʨʦʙʽʚ: 

ʤʘʪʝʨ. ʍʍ1-ʾ ʤ̔ ʞʥʘʨ. ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ. (07ï11 ʯʝʨʚʥʷ 2021 ʨ., ʤ. ʉʚʘʣʷʚʘ), 

ʂʠʾʚ. 2021, ʉ. 81 ï 84. https:// atmu.net.ua/downloads/archive/sb2-21s.pdf. 

(ɸʚʪʦʨ, ʧʦʢʘʟʘʚ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯɽʂʆ). 

17. ʉʤʠʨʥʦʚ ɯ.ɺ., ʃʦʧʘʪʘ ʆ.ɺ., ɺ.ʌ. ʄʘʟʘʥʢʦ ɺʧʣʠʚ 

ʝʣʝʢʪʨʦʧʣʘʩʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʤʫ 

ʧʨʠʧʽʢʘʥʥʽ, ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʩʠʩʪʝʤ: ʤʘʪʝʨ. ʪʝʟ ʜʦʧʦʚʽʜʝʡ Xɯʍ-  ʾʤ̔ ʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. (26ï27 ʪʨʘʚʥʷ 

2021 ʨ., ʤ. ʏʝʨʥʽʛʽʚ). ʏʝʨʥʽʛʽʚ. 2021. ʊ. 2. ʉ. 19-21. https:// conference-

chernihiv-polytechnik.com/materiali-konferentsiyi/kzyatps2021/Tezy-2021-Part-

2.pdf. (ɸʚʪʦʨ ʜʦʚʽʚ, ʱʦ ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʦʩʥʦʚʦʶ 

https://nubip.edu.ua/sites/default/files/
https://conference-chernihiv-polytechnik.com/
https://conference-chernihiv-polytechnik.com/
https://atmu.net.ua/downloads/archive/sb2-21s.pdf
https://conference-chernihiv-polytechnik.com/materiali-konferentsiyi/kzyatps2021
https://conference-chernihiv-polytechnik.com/materiali-konferentsiyi/kzyatps2021
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ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʧʣʘʩʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ). 

18. ʊ.ʀ. ʀʚʯʝʥʢʦ, ʀ.ɺ. ʉʤʠʨʥʦʚ, ɸ.ɺ. ʃʦʧʘʪʘ ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʧʦʩʣʝ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ, ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ʤʘʪʝʨ. ʍɯɯ-ʾ 

ʤ̔ ʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. (06ï08 ʚʝʨʝʩʥʷ 2021 ʨ., ʍɻʄɸ, ʤ. ʍʝʨʩʦʥ). 

ʍʝʨʩʦʥ, ʍɻʄɸ. 2021. ʉ. 217-220. https://ksma.ks.ua/wp-

content/uploads2021.pdf. (ɸʚʪʦʨ ʧʨʦʚʽʚ ʩʝʨʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘ ʪʝʨʪʷ ʪʘ ʟʥʦʩ ʽ ʜʘʚ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ).  

19. ʃ.ɸ. ʃʦʧʘʪʘ, ɸ.ɺ. ʃʦʧʘʪʘ, ʀ.ɺ. ʉʤʠʨʥʦʚ ʅʝʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ ʽ 

ʦʙʣʘʜʥʘʥʥʷ / Increase of Machine and Equipment Reliability): ʤʘʪʝʨ. ʤ̔ ʞʥʘʨ. 

ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. (15-17 ʢʚʽʪʥʷ 2020, ʎʅʊʋ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ). 

ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʎʅʊʋ. 2020. ʉ. 36-40. 

http://dspace.kntu.kr.ua/jspui/bitstream/123456789/10175/1/13.pdf. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ ʦʛʣʷʜʫ ʡ ʘʥʘʣʽʟʫ ʪʝʦʨʽʡ ʘʜʛʝʟʽʾ). 

20. ʀ.ɺ. ʉʤʠʨʥʦʚ, ɸ.ɺ. ʃʦʧʘʪʘ ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʧʳʣʝʥʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ 

ʩʣʦʷ. Modern questions production and repair in industry and in transport: 

Materials of the 20th International Scientific and Technical Seminar (March 23ï29 

2020, Tbilisi, Georgia). Kyev. 2020, ʉ. 177-180 

https://atmu.net.ua/downloads/archive/sb1-20-1.pdf. (ɸʚʪʦʨ ʜʦʩʣʽʜʠʚ ʚʧʣʠʚ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʪʘ ʚʠʟʥʘʯʠʚ ʾʭ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ). 

21. I.V. Smirnov, and O.V. Lopata. Upgrading of quality of gas-thermo 

coverage. Modern questions of production  and repair in industry and in transport: 

Materials 16 of the 19th International Scientific and Technical Seminar (February 

https://ksma.ks.ua/wp-content/uploads
https://ksma.ks.ua/wp-content/uploads
http://dspace.kntu/
https://atmu.net.ua/downloads/archive/
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18ï23 2019, Kosice, Slovak Republic). ʂʦʰʠʮʝ-ʂʠʝʚ, ɸʊʄ ʋʢʨʘʠʥʳ. 2019. ʉ. 

247-249. https://atmu.net.ua/downloads/archive/sb1-19c.pdf. (ɸʚʪʦʨ 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʘʧʨʷʤʢʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ).  

22. ʀ. ɺ. ʉʤʠʨʥʦʚ, ɸ. ɺ. ʏʝʨʥʳʡ, ɸ. ɺ. ʃʦʧʘʪʘ, ɸ. ʇ. ɻʨʠʱʝʥʢʦ. 

ʇʦʚʳʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ: ʤʘʪʝʨ. ɯʍ-ʾ ʤ̔ʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. 

(14-16 ʪʨʘʚʥʷ 2019 ʨ., ʤ. ʏʝʨʥʽʛʽʚ). ʏʝʨʥʽʛʽʚ. 2019. ʉ. 73-75. ISBN 978-617-

7571-54-3. https://conference-chernihiv-polytechnik.com/materiali-

konferentsiyi/kzyatps-2019/ Tezy-2019-Part-2.pdf. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ 

ʧʦʣʷʛʘʻ ʚ ʜʦʚʝʜʝʥʽ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʾ ʦʙʨʦʙʢʠ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ). 

23. ɹ.ɸ. ʃʷʰʝʥʢʦ, ɸ.ɺ. ʃʦʧʘʪʘ, ʄ.ʉ. ɸʛʝʝʚ. ʈʦʣʴ ʪʝʦʨʠʡ ʘʜʛʝʟʠʠ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʧʨʦʯʥʷʶʱʠʭ ʧʦʢʨʳʪʠʡ. ʀʥʞʝʥʝʨʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʨʝʥʦʚʘʮʠʷ ʠʟʜʝʣʠʡ: ʤʘʪʝʨ. XVIII -ʡ ʤʝʞʜʫʥ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. (4-8 ʠʶʥʷ 2018, 

ʉʚʘʣʷʚʘ). ʂʠʝʚ. 2018. ʉ. 6-10. https://atmu.net.ua/downloads/archive/sb2-18s.pdf. 

(ɸʚʪʦʨ ʧʦʢʘʟʘʚ ʟʥʘʯʝʥʥʷ ʪʝʦʨʽʡ ʘʜʛʝʟʽʾ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʦʢʨʠʪʪʽʚ). 

24. ɽ.ʂ. ʉʦʣʦʚʳʭ, ʉ.ɽ. ʂʘʪʝʨʠʥʠʯ, ɸ.ɺ. ʃʦʧʘʪʘ ʈʝʩʫʨʩʦ-

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ ʰʝʩʪʝʨʝʥ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʤ ʥʘʚʘʨʠʚʘʥʠʝʤ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʙʣʝʤʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ: ʤʘʪʝʨ. Xɯ-ʾ ʤ̔ʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. 

ʢʦʥʬ. (1-3 ʣʠʩʪʦʧʘʜʘ 2017, ʎʅʊʋ, ʂʨʦʧʠʚʥʠʮʴʢʠʡ). ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʎʅʊʋ. 

2017. ʉ. 105-107. https://core.ac.uk/download/pdf/158807354.pdf. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯɽʂʆ ʜʣʷ 

ʟʤʽʮʥʝʥʥʷ ʰʝʩʪʝʨʝʥ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʦʨʦʰʢʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ). 
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