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ɼʝʨʞʘʚʥʝ ʚʠʜʘʥʥʷ 

ʉʚʽʜʦʮʪʚʦ ɼʝʨʞʘʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʪʝʣʝʙʘʯʝʥʥʷ ʽ ʨʘʜʽʦʤʦʚʣʝʥʥʷ ʋʢʨʘʾʥʠ 

ʂɺ ˉ 7839 ʚʽʜ 8 ʚʝʨʝʩʥʷ 2003 ʨʦʢʫ 

ɼʨʫʢʫʻʪʴʩʷ ʟʘ ʨʽʰʝʥʥʷʤ ɺʯʝʥʦʾ ʈʘʜʠ ʅʊʋ "ʍʇɯ", 

ʧʨʦʪʦʢʦʣ ˉ12 ʚʽʜ 24.12.2013 ʨ. 

 
ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: 

ɺʝʨʝʟʫʙ ʄ. ɺ., ʜ.ʪ.ʥ. (ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ),  

ʇʫʧʘʥʴ ʃ. ɯ. (ʟʘʤ. ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ),  

ɼʦʙʨʦʩʢʦʢ ɺ. ʃ., ʜ.ʪ.ʥ., ɿʘʣʦʛʘ ɺ. ʆ., ʜ.ʪ.ʥ., ɿʫʙʘʨ ɺ. ʇ., ʧʨʦʬ.,  

ʄʦʚʰʦʚʠʯ ʆ. ʗ., ʜ.ʪ.ʥ, ʇʝʨʤʷʢʦʚ ʆ. ɸ., ʜ.ʪ.ʥ., ʊʠʤʦʬʽʻʚ ʖ. ɺ. ʜ.ʪ.ʥ.,  

ʊʫʨʤʘʥʽʜʟʝ ʈ. ʉ., ʜ.ʪ.ʥ., ʋʟʫʥʷʥ ʄ. ɼ., ʜ.ʪ.ʥ., ʌʘʜʻʻʚ ɺ. ɸ., ʧʨʦʬ.,  
ʌʝʜʦʨʦʚʠʯ ɺ. ʆ., ʜ.ʪ.ʥ., ʂʨʶʢʦʚʘ ʅ.ɺ. (ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ) 

 

ɺ ʟʙʽʨʥʠʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʫʢʦʚʽ ʧʨʘʮʽ, ʷʢʽ ʧʨʠʩʚʷʯʝʥʽ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʽ 

ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʩʫʯʘʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ  
3D ʤʦʜʝʣʚʁʘʥʷ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʢʦʥʪʨʦʣʶ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʪʝʭʥʦʣʦʛʽʡ 

ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʜʘʥʥʷ ʄʆʊʉ ʪʘ ʽʥ. 

ɼʣʷ ʬʘʭʽʚʮʽʚ ʚ ʦʙʣʘʩʪʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʽ ʩʪʫʜʝʥʪʽʚ. 

 
ɺʠʩʦʢʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï  

ʍʘʨʢʽʚ, ʅʊʋ ñʍʇɯò, 2013. ï ɺʠʧ. 1 (23). ï 249 ʩ. 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʫʯʥʳʝ ʪʨʫʜʳ, ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʚ 

ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʩʥʘʱʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʷ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ 

ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʥʪʨʦʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʤʠʥʠʤʠʟʘʮʠʠ ʉʆʊʉ ʠ ʜʨ. 

ɼʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʠ  
ʩʪʫʜʝʥʪʦʚ. 

ɹɹʂ 34.63 

ʄʘʪʝʨʽʘʣʠ ʚʽʜʪʚʦʨʝʥʦ ʟ ʘʚʪʦʨʩʴʢʠʭ ʦʨʠʛʽʥʘʣʽʚ 

ɹɹʂ 34.63 

ʋɼʂ 621.91 
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ʋɼʂ 621.9.015 

 

ɸ.ʀ. ɸʣʠʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʉʠʤʬʝʨʦʧʦʣʴ, ʋʢʨʘʠʥʘ 

 

ʐɽʈʆʍʆɺɸʊʆʉʊʔ ʇʆɺɽʈʍʅʆʉʊʀ ʇʈʀ ʆɹʈɸɹʆʊʂɽ  

ɺ ʉʈɽɼɽ ʈɸɿʃʀʏʅʓʍ ʉʆʊʉ ʅɸ ʆʇɽʈɸʎʀʗʍ ʉ ʊʗɾɽʃʓʄʀ 

ʋʉʃʆɺʀʗʄʀ ʈɸɹʆʊʓ ʉʀʃ ʊʈɽʅʀʗ 

 
ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʣʠʚ ʨʽʟʥʠʭ ʤʘʩʪʠʣʴʥʦ-ʦʭʦʣʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘ 

ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʨʽʟʝʥʘʨʽʟʫʚʘʥʥʽ ʪʘ ʨʦʟʚʝʨʪʫʚʘʥʥʽ. ʇʦʢʘʟʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠ ɦʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʜʦ ʄʆʊʉ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 
ʧʨʠ ʦʙʨʦʙʮʽ ʦʙʨʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʩʨʝʜʩʪʚ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʥʘʨʝʟʘʥʠʠ ʨʝʟʴʙʳ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ. 
ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ 
ʢ ʉʆʊʉ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʳʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
The article examines the impact of various metalworking fluids for surface finish when cutting 

threads and deployment. The efficiency of the process fluids vegetable origin with respect to cutting 
fluids typically used in processing the materials selected is shown. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʩʣʝʜʫʝʪ ʥʝʩʢʦʣʴʢʦ ʮʝʣʝʡ: ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʯʨʝʟʤʝʨʥʦʛʦ 

ʥʘʛʨʝʚʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʪʘʣʠ, ʧʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʫʤʝʥʴʰʝʥʠʝ ʚʣʠʥ̫ʠʷ ʥʘʨʦʩʪʘ ʠ ʩʥʠʞʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʯʠʱʝʥʠʝ ʟʦʥʳ ʨʝʟʘʥʠʷ ʦʪ ʤʝʣʢʦʡ ʩʪʨʫʞʢʠ, ʫʤʝʥʴʰʝʥʠʝ ʪʨʝʥʠʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʪʘʢʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʜʝʪʘʣʴʶ ʠ ʩʪʨʫʞʢʦʡ. ɼʦʩʪʠʯʴ ʵʪʦʛʦ 

ʤʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʨʝʟʘʥʠʠ ʤʝʪʘʣʣʦʚ, ʧʫʪʝʤ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʳʙʦʨʘ ʦʩʥʦʚʳ ʉʆʊʉ, ʚʚʝʜʝʥʠʷ ʚ ʝʛʦ ʩʦʩʪʘʚ ʧʨʠʩʘʜʦʢ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʤʧʣʝʢʩʦʤ ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʦʜʘʯʠ ʉʆʊʉ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ ʠ ʪ.ʜ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʜʝʡʩʪʚʠʡ ʉʆʊʉ ʟʘʥʠʤʘʝʪ ʩʤʘʟʦʯʥʦʝ. ʆʪ 

ʩʤʘʟʦʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʟʘʚʠʩʷʪ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ, ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ʉʇʀɿ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʘʯʝʩʪʚʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʉʤʘʟʦʯʥʦʝ ʜʝʡʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʉʆɾ, ʧʨʦʥʠʢʘʷ ʚ ʟʦʥʫ 

ʢʦʥʪʘʢʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʪʨʫʞʢʦʡ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʴʶ, ʠʟʤʝʥʷʝʪ 

ʫʩʣʦʚʠʷ ʢʦʥʪʘʢʪʘ, ʘʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʵʪʦʡ ʟʦʥʝ ʧʨʦʮʝʩʩʳ 

ʪʨʝʥʠʷ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

 
É ɸ.ʀ. ɸʣʠʝʚ, 2013 
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ʋʩʣʦʚʠʷ ʪʨʝʥʠʷ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʧʨʤ̫ʫʶ 
ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [1]. ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʥʝʩʚʦʙʦʜʥʦʤ ʨʝʟʘʥʠʠ, ʢʘʢʠʤ ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʨʝʟʴʙʦʥʘʨʝʟʘʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʚʦʙʦʜʥʦʤʫ ʪʦʯʝʥʠʶ [2], ʧʦʜʪʚʝʨʜʠʣʠ ʩʦʩʪʦʷʪʝʣʥɹʦʩʪʴ 
ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʫʶʱʠʭ ʦʧʳʪʦʚ ʧʦ ʪʨʝʥʠʶ. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʥʝʢʦʪʦʨʘʷ ʨʘʩʭʦʞʝʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ, 
ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʥʘ ʇɸʆ ʅʇʆ ñʁʦʜʦʙʨʦʤò, ʠʟʛʦʪʦʚʣʷʶʱʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʜʠʘʤʝʪʨʦʤ 34 ʤʤ ʚʦ ʚʪʫʣʢʘʭ ʠ ʥʘʨʝʟʘʥʠʷ ʥʘʨʫʞʥʦʡ 
ʨʝʟʴʙʳ ʄ12 ʥʘ ʰʧʠʣʴʢʘʭ ʠʟ ʩʪʘʣʠ 08ʍ18ʅ10ʊ ʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [3]. 
ʇʦʜʘʯʘ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʜʦʟʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʬʠʨʤʳ ñSTEIDLEò, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʪʝʭʥʠʢʫ ʤʠʥʠʤʘʣʴʥʦʡ ʩʤʘʟʢʠ (ʊʄʉ). ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ 
ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʘʰʠʥʥʳʤʠ ʨʘʟʚʝʨʪʢʘʤʠ ʠʟ ʩʪʘʣʠ ʈ6ʄ5ʂ5 ʥʘ ʨʝʞʠʤʘʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

( v=2,7 ʤ/ʤʠʥ, S=0,2 ʤʤ/ʦʙ, t=0,05 ʤʤ). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʦʧʝʨʘʮʠʠ 
ʨʘʟʚʝʨʪʚrʘʥʠʷ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ 

ʠ ʜʝʬʦʨʤʘʮʠʷ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, ʜʦʤʠʥʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʘʜʛʝʟʠʦʥʥʳʡ ʠʟʥʦʩ. ɼʝʡʩʪʚʠʝ ʘʜʛʝʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʨʦʩʪʘ. ʇʝʨʠʦʜʠʯʝʩʢʠ ʦʙʨʘʟʫʝʤʳʡ ʠ ʩʨʳʚʘʝʤʳʡ ʩ ʨʘʙʦʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʨʦʩʪ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʵʪʦʤʫ, ʥʘ ʦʧʝʨʘʮʠʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 
ʜʣʷ ʥʘʩ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʆʊʉ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘʨʝʟʘʥʠʝ ʨʝʟʴʙʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʨʝʟʮʘʤʠ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ 
ʈ6ʄ5ʂ5, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʛʨʘʥʠʯʠʪʴ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʠʤʝʶʱʠʭ 

ʤʝʩʪʦ ʧʨʠ ʥʘʨʝʟʘʥʠʠ ʨʝʟʴʙʳ ʜʨʫʛʠʤʠ ʨʝʟʴʙʦʥʘʨʝʟʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 
ʨʝʟʴʙʦʚʦʛʦ ʧʨʦʬʠʣʷ ʰʧʠʣʝʢ ʠʟ ʩʪʘʣʠ 08ʍ18ʅ10ʊ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʅʘʠʙʦʣʴʰʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʠʤʝʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʴʙʦʚʦʛʦ ʧʨʦʬʠʣʷ ʧʦʩʣʝ ʩʫʭʦʛʦ ʨʝʟʘʥʠʷ. ʄʝʥʴʰʠʝ 
ʟʥʘʯʝʥʠʷ (ʧʦ 

aR  ʥʘ 40%) ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʝʟʘʥʠʠ ʚ ʩʨʝʜʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ. 

ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʩʥʠʟʠʣʠ ʟʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚ ʝʱʝ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ï ʚ ʩʨʝʜʝ ʢʘʩʪʦʨʦʚʦʛʦ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʝʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 3 ʠ 4 ʨʘʟʘ.  
ʀʟ ʧʨʦʬʠʣʦʛʨʘʤʤ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʴʙʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʰʧʠʣʝʢ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ 

ɺʊ1-0 (ʨʠʩ. 2) ʚʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʩʨʝʜ ʥʘ ʩʥʠʞʝʥʠʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʩʢʘʟʘʣʦʩʴ. ɺʦ ʚʩʝʭ ʩʨʝʜʘʭ, ʚʢʣʶʯʘʷ ʩʫʭʦʝ ʨʝʟʘʥʠʝ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʧʘʨʘʤʝʪʨʫ aR .  
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5 

ʈʠʩʫʥʦʢ 1 ï ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʴʙʦʚʦʛʦ ʧʨʦʬʠʣʷ ʰʧʠʣʝʢ  
ʠʟ ʩʪʘʣʠ 08ʍ18ʅ10ʊ 

 

 

ʈʠʩʫʥʦʢ 2 ï ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʴʙʦʚʦʛʦ ʧʨʦʬʠʣʷ ʰʧʠʣʝʢ  
ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 

ʙ) ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ 

ʀ-20, 
aR = 20,2 ʤʢʤ; 

ʘ) ʩʫʭʦʝ ʨʝʟʘʥʠʝ, 

aR = 33,6 ʤʢʤ; 

ʛ) ʧʦʜʩʦʣʥʝʯʥʦʝ 

ʤʘʩʣʦ, 
aR = 8,5 ʤʢʤ. 

ʚ) ʢʘʩʪʦʨʦʚʦʝ 

ʤʘʩʣʦ, 
aR = 13,1ʤʢʤ 

ʢʤʤʤʢʤ; 

ʤʢʤ; 
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ʙ) ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ ʀ-

20, aR = 4,3 ʤʢʤ; 

ʘ) ʩʫʭʦʝ ʨʝʟʘʥʠʝ,  

aR = 5,7 ʤʢʤ;  

ʛ) ʧʦʜʩʦʣʥʝʯʥʦʝ 

ʤʘʩʣʦ, aR = 5,5 ʤʢʤ. 

ʚ) ʢʘʩʪʦʨʦʚʦʝ ʤʘʩʣʦ, 

aR = 4 ʤʢʤ; 
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6 

ʈʠʩʫʥʦʢ 3 ï ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʨʘʟʚʝʨʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʦʢ  

ʠʟ ʩʪʘʣʠ 08ʍ18ʅ10ʊ 

ʘ) ʩʫʭʦʝ ʨʝʟʘʥʠʝ, 
a

R = 1,358 ʤʢʤ; 

ʙ) ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ, 
a

R = 0,409 ʤʢʤ; 

ʚ) ʄʈ17-ʄ, 
a

R = 0,327 ʤʢʤ; 

ʛ) ʨʘʧʩʦʚʦʝ ʤʘʩʣʦ, 
a

R = 0,297 ʤʢʤ; 

ʜ) ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ, 
a

R = 0,288 ʤʢʤ. 
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ʈʠʩʫʥʦʢ 4 ï ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʨʘʟʚʝʨʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʦʢ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 

 

ʘ) ʩʫʭʦʝ ʨʝʟʘʥʠʝ, 
a

R = 0,8 ʤʢʤ; 

ʙ) ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ, 
a

R = 0,847 ʤʢʤ; 

ʚ) ʄʈ17-ʄ, 
a

R = 0,747 ʤʢʤ; 

ʛ) ʨʘʧʩʦʚʦʝ ʤʘʩʣʦ, 
a

R = 0,656 ʤʢʤ; 

ʜ) ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ, 
a

R = 0,573 ʤʢʤ. 
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ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʤʘʟʦʯʥʳʭ ʩʨʝʜ ʧʨʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʥʘʤʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʬʠʣʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʚʪʫʣʦʢ ʠʟ ʩʪʘʣʠ 08ʍ18ʅ10ʊ ʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1-0 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʉʆʊʉ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʠ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
aR  ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʘʥʠʷ ʚʩʫʭʫʶ, ʘ 

ʧʦʜʩʦʣʥʝʯʥʦʝ ʠ ʨʘʧʩʦʚʦʝ ʤʘʩʣʘ, ʭʦʪʴ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʨʝʚʟʦʰʣʠ ʥʝ ʪʦʣʴʢʦ 

ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ ʀ-20, ʥʦ ʠ ʧʨʦʤʳʰʣʝʥʥʫʶ ʤʘʩʣʷʥʫʶ ʉʆʊʉ ʄʈ17-ʄ.  

ɺ ʜʦʧʦʣʥʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʚʣʝʯʝʥʠʝ ʨʘʟʚʝʨʪʢʠ ʠʟ ʦʪʚʝʨʩʪʠʷ, 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚ ʩʨʝʜʝ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ, ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʣʝʛʢʦʩʪʴʶ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʦʪʚʝʨʩʪʠʡ, ʨʘʟʚʝʨʥʫʪʳʭ ʩ ʧʦʜʘʯʝʡ 

ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ, ʧʨʠʢʣʘʜʳʚʘʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʠʣʠʷ. 

 

ʈʠʩʫʥʦʢ 5 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ aR  ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʉʆʊʉ: 

ʘ) ï ʥʘʨʝʟʘʥʠʝ ʨʝʟʴʙʳ, ʙ) ï ʨʘʟʚʝʨʪʳʚʘʥʠʝ;  

1) ï ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʘʷ ʩʪʘʣʴ 08ʍ18ʅ10ʊ, 2) ï ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ɺʊ1-0 
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ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ʚʦ ʚʪʫʣʢʘʭ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʧʦʢʘʟʘʣʦ 

ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʨʝʜʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ ʀ-20 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʘʥʠʷ ʚʩʫʭʫʶ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʠʣʝʥʠʠ ʘʣʛʝʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʦʪʤʝʯʝʥʥʦʤ ʨʘʥʝʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʪʨʝʥʠʶ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʞʝ ʤʘʩʣʘ 

ʦʱʫʪʠʤʦ ʩʥʠʞʘʶʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. ɼʣʷ ʣʫʯʰʝʛʦ ʚʦʩʧʨʠ̫ ʪʠʷ ʨʘʟʣʠʯʠʷ ʚ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʥʘ ʦʙʝʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤ (ʨʠʩ. 5). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʩʣʷʥʳʭ ʩʨʝʜ ʩ ʧʦʟʠʮʠʡ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʘʜʛʝʟʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʦʩʥʦʚʳ ʉʆʊʉ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʠʢʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʤʘʟʢʠ (ʊʄʉ), ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʶʱʝʡ ʨʘʩʭʦʜ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ (ʜʦ 40%) ʩʥʠʞʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʝʡ;  

- ʫʩʠʣʝʥʠʝ ʘʜʛʝʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʪʨʝʥʠʠ 

ʢʦʥʪʘʢʪʥʦʡ ʧʘʨʳ ʈ6ʄ5ʂ5 ï ɺʊ1-0 ʚ ʩʨʝʜʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ, ʥʘʭʦʜʠʪ ʩʚʦʝ 

ʦʪʨʘʞʝʥʠʝ ʥʘ ʦʧʝʨʘʮʠʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʧʨʠʚʦʜʷ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʟʘʥʠʶ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ 
ʥʘ ʦʧʝʨʘʮʠʷʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʨʘʞʝʥʥʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ 

(ʨʝʟʴʙʦʥʘʨʝʟʘʥʠʝ, ʨʘʟʚʝʨʪʳʚʘʥʠʝ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʤʘʩʣʘʤʠ, ʥʦ ʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤʠ 

ʤʘʩʣʥ̫ʳʤʠ ʉʆʊʉ. 
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 1.ʉʫʢʘʡʣʦ ɺ.ɸ. ʉʨʘʚʥʝʥʠʝ ʠ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʯʠʩʪʳʭ ʠ 
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3. ɸʣʠʝʚ ɸ.ʀ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʧʦ ʘʜʛʝʟʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʢʦʥʪʘʢʪʘ / ɸ.ʀ. ɸʣʠʝʚ, ʌ.ʗ. ʗʢʫʙʦʚ, ɸ.ʉ. ɺʘʚʫʣʠʮʢʠʡ // ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ: 
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ʩʤʘʟʦʯʥʳʭ ʩʨʝʜ ʧʨʠ ʪʨʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ: ʘʚʪʦʨʝʬ. ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ 
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ʉ.ʄ. ɹʨʘʪʘʥ ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʖ.ʂ. ʅʦʚʦʩʝʣʦʚ ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ,  

ʅ.ʅ. ʉʪʦʣʷʨʦʚ, ʉʝʚʘʩʪʦʧʦʣʴ, ʋʢʨʘʠʥʘ 

 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʆʉʊʆʗʅʀʗ ʈɸɹʆʏɽʁ ʇʆɺɽʈʍʅʆʉʊʀ  

ɸɹʈɸɿʀɺʅʆɻʆ ʀʅʉʊʈʋʄɽʅʊɸ ɿɸ ʇɽʈʀʆɼ ɽɻʆ ʉʊʆʁʂʆʉʊʀ 

 
ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢi ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʫ ʯʠʩʣʘ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʟʝʨʝʥ ʧʦ ʛʣʠʙʠʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘ ʧʝʨʽʦʜ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʦʮʽʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪ ̔ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ. 

 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʯʠʩʣʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʨʝʥ ʧʦ ʛʣʫʙʠʥʝ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʧʝʨʠʦʜ ʝʛʦ ʩʪʦʡʢʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ 
ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʘʜʝʢʚʘʪʥʦʩʪʠ  ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ.  

 

The article proposes model of the variation of the number and distribution of the grains in the 
abrasive tool. Also there are the results of experimental studies for checking the adequacy of the 
proposed models. 

 

ʈʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʘʟʦʚʳʭ ʫʯʘʩʪʢʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ 

ʝʜʠʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ɽʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʬʦʨʤʘʣʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʙʘʟʦʚʳʭ ʫʯʘʩʪʢʦʚ ʠ ʬʦʨʤʳ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʆʧʠʩʘʥʠʝ ʙʘʟʦʚʦʛʦ ʫʯʘʩʪʢʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʯʠʩʣʘ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʚʘʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʨʫʛʘ ʠ ʨʝʞʠʤʫ ʝʛʦ ʧʨʘʚʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ, ʯʠʩʣʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʦʤʦʢ ʟʘ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ [1]. 

ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʩʚʷʟʘʥʦ ʩ ʠʭ ʠʟʥʦʩʦʤ ʠ ʨʘʟʨʫʰʝʥʠʝʤ. 

ɺʳʧʦʣʥʝʥʥʳʤʠ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʜʠʫʩ ʟʘʢʨʫʛʣʝʥʠʷ ʧʨʠ ʚʝʨʰʠʥʝ ʟʝʨʥʘ, ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʡ - ʥʘ ʚʝʨʰʠʥʝ ʧʦʷʚʣʷʝʪʩʷ ʧʣʦɦ ʘʜʢʘ ʠʟʥʦʩʘ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʨʝʥ ʧʦ ʛʣʫʙʠʥʝ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʧʝʨʠʦʜ ʝʛʦ ʩʪʦʡʢʦʩʪʠ. 

ʊʝʢʫʱʠʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ),( tjʟR  ʪʦʯʝʢ ʢʦʥʪʫʨʘ ʟʝʨʥʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

 
É ʉ.ʄ. ɹʨʘʪʘʥ, ʖ.ʂ. ʅʦʚʦʩʝʣʦʚ, ʅ.ʅ. ʉʪʦʣʷʨʦʚ, 2013 
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ʤʠʢʨʦʩʢʦʣʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʝʛʦ  ʠʩʭʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ )0,(jʟR  ʠ ʚʝʣʠʯʠʥʝ 

ʠʟʥʦʩʘ ),( tjʟh  

),()0,(),( tjjtj ʟʟʟ hRR -= .    (1) 

ʀʩʭʦʜʥʳʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʧʦ ʜʘʥʥʳʤ ɸ.ɺ. ʂʦʨʦʣʝʚʘ [2], ʷʚʣʷʝʪʩʷ 

ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ű 

ä
=

++=
p

k

kkkkʟʟ yxrR
2

)cossin()0,( jwjwj ,   (2) 

ʛʜʝ: ʟr  ï ʨʘʜʠʫʩ ʩʨʝʜʥʝʡ ʦʢʨʫʞʥʦʩʪʠ ʧʨʦʬʠʣʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ )0,(jʟR ; 

kx  ʠ ky  ï ʩʣʫʯʘʡʥʳʝ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʘʤʧʣʠʪʫʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʝ 

k -ʪʦʡ ʛʘʨʤʦʥʠʢʝ ʠ ʠʤʝʶʱʠʝ ʨʘʚʥʳʝ ʜʠʩʧʝʨʩʠʠ;  

kw  ï ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʘʷ ʯʘʩʪʦʪʘ. 

ʕʣʝʤʝʥʪʘʨʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʷʨʥʦʛʦ 

ʨʘʜʠʫʩʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʝʨʰʠʥʳ ʟʝʨʥʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ ʩ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ 

ʠʟʥʦʩʫ 0h  ʠ ʧʨʠʨʘʱʝʥʠʶ ʜʣʠʥʳ ʧʫʪʠ ʨʝʟʘʥʠʷ pL  

ttjtj dPvvhdLhdh ʢuʢpʟ ),()(),( 00 °== ,   (3) 

ʛʜʝ: ),( tjʢʈ  - ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʪʦʯʢʠ ʢʦʥʪʫʨʘ ʩ ʤʘʪʝʨʠʘʣʦʤ ʟʘʛʦʪʦʚʢʠ. 

ɺʝʨʰʠʥʘ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʦʙʱʝʤ, ʝʛʦ 

ʧʨʦʬʠʣʝ, ʢʘʢ ʦʜʠʥ ʠʟ ʚʳʙʨʦʩʦʚ ʩʣʫʯʘʡʥʦʛʦ ʧʦʣʷ. ʊʝʢʫʱʠʡ ʨʘʜʠʫʩ 

ʟʘʢʨʫʛʣʝʥʠʷ ʧʨʠ ʚʝʨʰʠʥʝ ʟʝʨʥʘ )(trʟ , ʩʦʛʣʘʩʥʦ ʚʳʚʦʜʘʤ ʨʘʙʦʪʳ [3], ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

[ ]
),(),(),(2),(

),(),(
)(

22

2
3

22

tjtjtjtj

tjtj
tr

ʟʟʟʟ

ʟʟ
ʟ

RRRR

RR

¡¡-¡+

¡+
= .  (4) 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʝʨʰʠʥʳ ʟʝʨʥʘ ʧʘʨʘʙʦʣʦʠʜʦʤ ʚʨʘʱʝʥʠʷ, 

ʟʘʚʠʩʠʤʦʩʪʴ (3), ʧʨʦʬʠʣʴ ʠʟʥʦʰʝʥʥʦʛʦ ʟʝʨʥʘ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʧʘʨʘʙʦʣʦʠʜʘ. 

ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [4]. ʐʠʨʠʥʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ 

ʠʟʥʦʰʝʥʥʦʛʦ ʟʝʨʥʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

mm

ʟʬ

ʬ
bʟ h

hut

ut
Cb tt )(

--

-
= ,    (5) 

ʛʜʝ: th  ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʨʦʬʠʣʷ ʟʝʨʥʘ ʦʪ ʝʛʦ ʠʟʥʦʰʝʥʥʦʡ ʚʝʨʰʠʥʳ. 
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ʇʨʦʬʠʣʴ ʚʝʨʰʠʥʳ ʠʟʥʦʰʝʥʥʦʛʦ ʟʝʨʥʘ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʤʠʢʨʦʨʝʟʘʥʠʷ 

ʠ ʠʟʥʦʩʦʤ ʚʝʨʰʠʥʳ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ. 

ɺ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʨʘʟʤʝʨ ʧʣʦʱʘʜʢʠ 

ʠʟʥʦʩʘ ʚʯrʠʩʣʷʝʪʩʷ [3]: 

m
x

m

ʟʬ

ʬm
ʟxbʟ h

hut

ut
hhCl 2

2

2)(
ö
ö

÷

õ

æ
æ

ç

å

--

-
-+= ,   (6) 

ʛʜʝ: xh  ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʨʦʬʠʣʷ ʟʝʨʥʘ ʦʪ ʝʛʦ ʮʝʥʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ.  

ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʯʘʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ (4) 

( r22=bC , 5,0=m  ) ʚʳʯʠʩʣʷʝʪʩʷ ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ ʟʘʢʨʫʛʣʝʥʠʷ ʧʨʠ ʚʝʨʰʠʥʝ 

ʟʝʨʥʘ  

ʟʬ

ʬʟ
ʟ

ht

t

-
=

)0(
)(
r

tr .    (7)  

ɺʝʣʠʯʠʥʘ ʧʣʦʱʘʜʢʠ ʠʟʥʦʩʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʝ̫ʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʟʟʟ hl )0(22 r= .    (8) 

ɼʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʧʦʣʥʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ 

ʨʝʟʘʥʠʝʤ ʄʝʣʠʪʦʧʦʣʴʩʢʦʛʦ ʤʦʪʦʨʥʦʛʦ ʟʘʚʦʜʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʚʝʨʷʣʘʩʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʳ ʟʝʨʥʘ, ʚʳʙʦʨ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʠʥʜʝʥʪʦʨʘ ʥʝ ʠʤʝʣ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʥʪʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʫʩʘ ʠʟ ʩʪʘʣʠ 40ʍ HRC 55é60, ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʈ6ʄ5, 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʊ15ʂ6 ʩ ʬʦʨʤʦʡ ʚʝʨʰʠʥ ʚ ʚʠʜʝ ʧʘʨʘʙʦʣʦʠʜʘ ʚʨʘʱʝʥʠʷ.  

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ, ʚʝʨʰʠʥʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʰʘʙʣʦʥʫ 

ʥʘ ʦʧʪʠʢʦ-ʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʥʷʣʠ ʘʣʶʤʠʥʠʝʚʳʝ (ɸʃ-6) ʟʘʛʦʪʦʚʢʠ ʠ 

ʟʘʛʦʪʦʚʢʠ ʠʟ ʩʪʘʣʠ 45 (HRC 45-50) ʩ ʨʘʟʤʝʨʘʤʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 60ʤʤ ʭ 120 ʤʤ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʦʙʨʘʙʘʪʚrʘʣʠ ʪʦʯʝʥʠʝʤ ʨʝʟʴʙʦʚʳʤ ʨʝʟʮʦʤ ʥʘ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ, ʟʘʪʝʤ ʦʙʨʘʟʮʳ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʦʧʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʝʰʣʠʬʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ 395-ʄʌ10 ʠ ʥʘ 

ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʮʦʤ, ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʜʠʩʢʝ, ʥʘʥʦʩʠʣʠ ʨʠʩʢʠ ʜʦ 

ʧʦʣʫʯʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʥʝʨʝʛʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʥʜʝʥʪʦʨ ʨʘʙʦʪʘʣ ʧʦ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠʥʜʝʥʪʦʨʘ 33 ʤ/ʩ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ  

20 ʤ/ʤʠʥ, ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ ʅtʬ 25,1= , ʛʜʝ ʅ ï ʛʣʫʙʠʥʘ ʩʣʦʷ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʬʠʣʠ ʠʥʜʝʥʪʦʨʦʚ 
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ʟʘʨʠʩʦʚʳʚʘʣʠ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʩ ʵʢʨʘʥʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʝʰʣʠʬʦʚʘʣʴʥʦʛʦ ʩʪʘʥʢʘ ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʨʦʬʠʣʝʡ, ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ (ʜʣʠʥʳ ʧʣʦʱʘʜʢʠ ʠʟʥʦʩʘ) ʠ  ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʯʝʪʥʳʝ (7), (8) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʧʨʦʬʠʣʝʡ ʚʝʨʰʠʥ 

ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ 

ʄʘʪʝʨʠʘʣ 
ʜʝʪʘʣʠ 

ʄʘʪʝʨʠʘʣ 
ʠʥʜʝʥʪʦʨʘ 

ɺʨʝʤʷ 

ʨʘʙʦʪʳ 
ʠʥʜʝʥʪʦʨʘ, 

ʩ 

ʈʘʩʩʪʦʷʥʠʝ 

ʜʦ 
ʚʝʨʰʠʥʳ, 
ʤʢʤ 

ʈʘʟʤʝʨ ʧʣʦʱʘʜʢʠ 
ʠʟʥʦʩʘ, ʤʢʤ 

ʐʠʨʠʥʘ 
ʧʨʦʬʠʣʷ, ʤʢʤ 

ʕʢʩʧ. ʈʘʩʯʝʪ ʕʢʩʧ. ʈʘʩʯʝʪ 

ɸʃ-6 ʈ6ʄ5 
600 

hʟ= 50 ʤʢʤ 

20 
40 
80 

280 
360 
520 

270 
372 
493 

340 
340 
340 

335 
335 
335 

ɸʃ-6 40ʍ 

0 
hʟ=0 
ʤʢʤ 

20 
60 
80 

220 
320 
360 

196 
324 
370 

0 
0 
0 

0 
0 
0 

10 
hʟ=60 
ʤʢʤ 

20 
40 
80 

250 
340 
500 

260 
358 
491 

320 
320 
320 

325 
325 
325 

20 
hʟ=100 ʤʢʤ 

20 
40 

280 
360 

384 
527 

400 
400 

410 
410 

 

ʉʪʘʣʴ 
45 

ʊ15ʂ6 

0 
hʟ=0 
ʤʢʤ 

20 
40 
60 
80 

290 
400 
500 
570 

281 
402 
498 
578 

0 
0 
0 
0 

0 
0 
0 
0 

15 
hʟ=20 

ʤʢʤ 

20 
40 

60 
80 

320 
460 

560 
630 

316 
453 

559 
649 

310 
310 

310 
310 

281 
281 

281 
281 

60 

hʟ=50 
ʤʢʤ 

20 

40 
 

420 

580 
 

403 

578 
 

500 

500 
 

453 

453 
 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (5) ʠ (6) ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʬʦʨʤʳ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ ʧʨʠ ʝʛʦ ʠʟʥʦʩʝ. 

ʏʠʩʣʦ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʥʘ ʙʘʟʦʚʦʤ ʫʯʘʩʪʢʝ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ. 

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ ʢʨʦʤʦʢ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, 
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ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʤʧʫʣʴʩʦʚ ʦʪ ʪʝʨʤʦʧʘʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 

ʜʝʪʘʣʴ, ʤʝʪʦʜʳ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ ʦʪʧʝʯʘʪʢʦʚ ʥʘ ʬʦʣʴʛʝ, ʙʫʤʘʛʝ, ʩʪʝʢʣʝ ʠ ʪ.ʜ. 

ʇʦ ʜʘʥʥʳʤ ɸ. ʅ. ʈʝʟʥʠʢʦʚʘ [1], ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʘʢʪʠʚʥʳʭ ʟʝʨʝʥ ʜʘʝʪ ʤʝʪʦʜ ʧʨʦʢʘʪʢʠ ʢʨʫʛʘ ʧʦ ʬʦʣʴʛʝ, ʪʦʣʱʠʥʘ 

ʢʦʪʦʨʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ, ʢʘʢ ʠ 

ʜʨʫʛʠʭ, ʨʘʥʝʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʠʟʫʘʣʴʥʦʛʦ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʦʪʧʝʯʘʪʢʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʥʘ 

ʬʦʣʴʛʝ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʢʦʥʪʨʦʣʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʉʭʝʤʘ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʨʘʩʩʤʦʪʨʝʥʘ ʥʘ ʨʠʩ. 1.  
 

 
 

ʈʠʩʫʥʢʦʢ 1 ï ʉʭʝʤʘ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʟʝʨʝʥ  

ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ:  

1 ï ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 2 ï ʦʧʨʘʚʢʘ, 3 ï ʬʦʣʴʛʘ,  

4 ï ʠʟʦʣʠʨʫʶʱʝʝ ʧʦʢʨʳʪʠʝ, 5 ï ʪʦʢʦʧʨʦʚʦʜʥʳʡ ʨʦʣʠʢ, 6 ï ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ 

 

ʉʫʱʥʦʩʪʴ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʧʦʜʩʯʝʪʝ ʯʠʩʣʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʢʘʪʳʚʘʥʠʠ ʬʦʣʴʛʠ 3  

ʩ ʠʟʦʣʠʨʫʶʱʠʤ ʧʦʢʨʳʪʠʝʤ 4 ʤʝʞʜʫ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʥʩʪʨʫʤʝʥʪʘ 1 ʠ 

ʩʧʝʮʠʘʣʴʥʳʤ ʨʦʣʠʢʦʤ 2. ʌʦʣʴʛʘ ʠ ʧʣʘʩʪʠʥʘ 5 ʨʦʣʠʢʘ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ 

ʠʩʪʦʯʥʠʢʫ ʪʦʢʘ. ɺ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʚʝʨʰʠʥʦʡ ʟʝʨʥʘ ʟʦʥʳ ʢʦʥʪʘʢʪʘ, ʦʥʘ, 

ʚʜʘʚʣʠʚʘ̫ ʩʴ ʚ ʤʘʪʝʨʠʘʣ ʬʦʣʴʛʠ, ʨʘʟʨʳʚʘʝʪ ʠʟʦʣʠʨʫʶʱʫʶ ʧʣʝʥʢʫ ʠ ʟʘʤʳʢʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ. ɺ ʤʦʤʝʥʪ ʚʳʭʦʜʘ ʚʝʨʰʠʥʳ ʟʝʨʥʘ ʠʟ ʟʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʮʝʧʴ ʨʘʟʨʳʚʘʝʪʩʷ. ʅʦʚʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʟʦʥʳ ʩʣʝʜʫʶʱʠʤ ʘʙʨʘʟʠʚʥʳʤ ʟʝʨʥʦʤ. ʀʤʧʫʣʴʩʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʣʠʙʦ 

ʵʣʝʢʪʨʦʥʥʳʤ ʩʯʝʪʯʠʢʦʤ ʠʤʧʫʣʴʩʦʚ, ʣʠʙʦ ʕɺʄ. ʏʠʩʣʦ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ ʥʘ 
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ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʯʠʩʣʫ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʠ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘ ʩʢʘʥʠʨʦʚʘʥʠʷ.  

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʣʦʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ 

ʧʣʘʩʪʠʥʳ ʨʦʣʠʢʘ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʣʦʞʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʩʦʙʳʪʠʷ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ 

ʢʨʦʤʢʘʤʠ ʧʦ ʜʣʠʥʝ ʫʯʘʩʪʢʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʦ ʜʣʠʥʝ 

ʢʦʥʪʘʢʪʘ. ʇʨʠ ʜʠʘʤʝʪʨʝ ʨʦʣʠʢʘ 30 ʤʤ, ʪʦʣʱʠʥʝ ʧʣʘʩʪʠʥʳ 0,1 ʤʤ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʘʣʦʞʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʘʙʨʘʟʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʟʝʨʥʠʩʪʦʩʪʴʶ 25 ʨʘʚʥʘ 

0,052, ʪ. ʝ. ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʯʠʩʣʘ ʟʝʨʝʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5%.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʢʨʦʤʦʢ ʥʘ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ 1 300ʍ40ʍ127 24ɸ25ʅʉʄ2ʂ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʩʧʦʩʦʙʫ ʠ ʧʦ ʦʪʧʝʯʘʪʢʘʤ ʥʘ ʬʦʣʴʛʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʏʠʩʣʦ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 1 
300ʭ40ʭ127 24ɸ25ʅʉʄ2ʂ 

ʉʧʦʩʦʙ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʯʠʩʣʘ ʢʨʦʤʦʢ 

ˉ ʟʘʤʝʨʘ 

ɼʣʠʥʘ ʪʨʘʩʩʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʤʤ 

ʂʦʣʠʯʝʩʪʚʦ 

ʠʤʧʫʣʴʩʦʚ, 

ʦʪʧʝʯʘʪʢʦʚ 

ʈʘʩʯʝʪʥʦʝ ʯʠʩʣʦ 

ʢʨʦʤʦʢ ʤʤ2 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʫʛʘ 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʤʧʫʣʩɹʦʚ 

1 200 68 3.4 

2 200 64 3.2 

3 200 72 3.6 

ʉʨ. 200 68 3.4 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ 

ʦʪʧʝʯʘʪʢʦʚ ʥʘ 

ʬʦʣɹʛʝ 

1 200 71 3.5 

2 200 69 3.4 

3 200 74 3.7 

ʉʨ. 200 71 3.5 

 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʯʠʩʣʘ ʟʝʨʝʥ ʥʘ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʚʦʜʷʪʩʷ ʚ ʨʘʙʦʪʘʭ [3,4]. ɺ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʡ 

ʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʟʝʨʝʥ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʝʜʠʥʠʮʝ  ʦʙʲʝʤʘ, ʧʦ 

ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ ʠ ʩʪʨʫʢʪʫʨʝ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʨʘʙʦʪʝ [3], ʢʨʦʤʝ ʪʦʛʦ, 

ʫʯʠʪʳʚʘʝʪʩʷ ʨʝʞʠʤ ʧʨʘʚʢʠ ʠʥʩʪʨʫʤʝʥʪʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ ʯʠʩʣʦ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʇʨʠ ʢʘʞʜʦʤ ʢʦʥʪʘʢʪʝ ʩ ʟʘʛʦʪʦʚʢʦʡ 

ʯʘʩʪʴ ʟʝʨʝʥ ʙʫʜʝʪ ʨʘʟʨʫʰʘʪʴʩʷ, ʘ ʯʘʩʪʴ ʚʳʨʳʚʘʪʴʩʷ ʠʟ ʩʚʷʟʢʠ ʢʨʫʛʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʨʘʙʦʪʫ ʙʫʜʫʪ ʚʩʪʫʧʘʪʴ ʥʦʚʳʝ ʢʨʦʤʢʠ, ʣʝʞʘʱʠʝ ʚ ʙʦʣʝʝ 
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ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʜʠʘʤʝʪʨ ʠʥʩʪʨʫʤʝʥʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʠʟʥʦʩʘ. ʋʯʠʪʳʚʘʷ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʚʳʯʠʩʣʠʤ ʯʠʩʣʦ ʘʢʪʠʚʥʳʭ ʨʝʞʫʱʠʭ 

ʢʨʦʤʦʢ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ i-ʛʦ ʢʦʥʪʘʢʪʘ 

piʟiʟiʟiʟi Pnznn Ö-+= -- 11 ,                                         (9) 

ʛʜʝ: nʟi-1 ʠ  nʟi  ï ʯʠʩʣʦ ʟʝʨʝʥ ʧʦʩʣʝ i -1-ʛʦ ʠ i-ʛʦ ʢʦʥʪʘʢʪʦʚ; zʟi  ï ʯʠʩʣʦ ʟʝʨʝʥ, 

ʧʦ̫ ʚʣʷʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʠʟʥʦʩʝ ʢʨʫʛʘ; Ppi ï ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʳʨʳʚʘʥʠʷ ʟʝʨʥʘ ʧʨʠ i-ʦʤ ʢʦʥʪʘʢʪʝ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ nʟi ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʟʝʨʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ 

ʧʨʘʚʢʠ nʟ0, ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʨʝʥ ʧʦ ʛʣʫʙʠʥʝ ʠʥʩʪʨʫʤʝʥʪʘ, ʨʘʜʠʘʣʴʥʦʛʦ 

ʠʟʥʦʩʘ ʢʨʫʛʘ, ʧʨʦʯʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ ʟʝʨʝʥ,  ʩʠʣ ʨʝʟʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʋʨʘʚʥʝʥʠʝ (9) ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʨʫʛʘ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʟʘʛʦʪʦʚʢʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʥʘʧʨʠʤʝʨ ʦʜʠʥ ʨʘʟ ʟʘ ʦʙʦʨʦʪ 

ʢʨʫʛʘ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʥʪʘʢʪʝ ʟʘʛʦʪʦʚʢʠ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ 

(ʩʫʧʝʨʬʠʥʠʰʠʨʦʚʘʥʠʝ, ʭʦʥʠʥʛʦʚʘʥʠʝ ʠ ʪ.ʜ.) ʨʘʩʩʤʦʪʨʠʤ ʥʝʧʨʝʨʳʚʥʳʡ 

ʧʨʦʮʝʩʩ t3n .  

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚ ʨʘʙʦʪʫ ʚʩʪʫʧʘʶʪ ʚʩʝ ʘʙʨʘʟʠʚʥʳʝ ʟʝʨʥʘ, ʣʝʞʘʱʠʝ 

ʚ ʩʣʦʝ ʪʦʣʱʠʥʦʡ RD , ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʠʩʣʦ ʨʝʞʫʱʠʭ 

ʢʨʦʤʦʢ ʥʘ ʝʜʠʥʠʮʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ: 

ñ ñ
D+

Ö+-=

t tRt

t

n

ʬ

ʬ

duufndSnn

0

)(

30303 )(tt ,   (10) 

ʛʜʝ: nS  ï ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʦʙʱʝʛʦ ʯʠʩʣʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ; )(uf  ï 

ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʨʝʥ ʧʦ ʛʣʫʙʠʥʝ;30n  ʯʠʩʣʦ ʟʝʨʝʥ, 

ʧʦʷʚʣʷʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʧʨʘʚʢʠ; 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʢʨʫʛʘ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩʘ ʟʝʨʝʥ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ u, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩʘ ʥʘʠʙʦʣʝʝ ʚʳʩʪʫʧʘʶʱʠʭ )0(3h , ʪʘʢ 

ʠ ʚʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩʘ ʦʩʪʘʣʴʥʳʭ ʟʝʨʝʥ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʦʷ ʩ ʨʘʙʦʯʠʤʠ 

ʢʨʦʤʢʘʤʠ )(3 uh ¡. 

ʉʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʚʝʨʰʠʥʳ ʚʳʩʪʫʧʘʶʱʝʛʦ ʟʝʨʥʘ tddhʟʠ/  

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʟʘʚʠʩʠʤʦʩʪʴʶ 

 

ñÖ=

p

jn
t

2

0

)( dMPhR
d

dh
ʦʪʥk

ʟʠ ,    (11) 
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ʛʜʝ: ʦʪʥh  ï ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʥʦʩʘ ʟʝʨʥʘ; )(MP  ï ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʝʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ; R  ï ʨʘʜʠʫʩ ʢʨʫʛʘ;kv ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ nS  ʦʙʱʝʛʦ ʯʠʩʣʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ  

ʟtn  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʢʨʦʤʦʢ pP ʧʨʠ 

ʝʜʠʥʠʯʥʦʤ ʢʦʥʪʘʢʪʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʘʙʨʘʟʠʚʥʳʤ ʢʨʫʛʦʤ ʠ 

ʯʠʩʣʫ ʪʘʢʠʭ ʢʦʥʪʘʢʪʦʚ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ [2]: 

ktpn nPS nÖÖ= 3 ,    (12) 

ʛʜʝ: pP  ï ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʢʨʦʤʦʢ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʘʙʦʪʫ ʩ ʥʝʢʦʪʦʨʦʡ 

ʚʝʨʦ̫ ʪʥʦʩʪʴʶ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʥʦʚʳʝ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ. ʕʪʘ ʚʝʨʦʷʪʥʦʩʪʴ 

)( uP ¢x  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʝʣʦʤ ʦʪʥʦʰʝʥʠʷ ʯʠʩʣʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ )(3 un , 

ʥʘʭʦʜʷɦ ʠʭʩʷ ʚ ʩʣʦʝ ʤʝʞʜʫ ʫʨʦʚʥʝʤ u ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʢ ʦʙɦ ʝʤʫ ʯʠʩʣʫ ʟʝʨʝʥ )(Hnʟ  ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ S [3]:  

(H)n

(u)n
 u)P(ɝ
ʟ

ʟ

s ¤­
=¢ lim ,    (13) 

ʛʜʝ: H ï ʨʘʙʦʯʠʡ ʩʣʦʡ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʜʩʯʝʪ ʯʠʩʣʘ ʟʝʨʝʥ; x ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʫʩʣʦʚʥʦʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʦ ʫʨʦʚʥʷ u. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʠʟʥʦʩʘ, ʥʘ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʞʫʱʠʭ 

ʢʨʦʤʦʢ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ, ʧʨʝʜʣʦʞʝʥʥʫʶ ʚ ʨʘʙʦʪʝ [4] ʚʳʜʝʣʠʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ ʧʦʩʣʝ ʧʨʘʚʢʠ ʠ ʧʦʩʣʝ ʠʟʥʦʩʘ ʟʘ ʚʨʝʤʷ tʩʣʦʠ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʯʠʩʣʦʤ ʚʝʨʰʠʥ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʧʝʨʝʤʝʩʪʠʪʴ ʫʩʣʦʚʥʫʶ ʥʘʨʫʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ ʥʘʠʙʦʣʝʝ 

ʚʳʩʪʫʧʘʶʱʠʭ ʟʝʨʝʥ )0(3h , ʘ ʫʨʦʚʝʥʴ u ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ ʢʨʦʤʦʢ ʵʪʦʛʦ 

ʫʨʦʚʥʷ )(3 uh ¡(ʨʠʩ. 2.).  
ʂʦʦʨʜʠʥʘʪʫ ʫʨʦʚʥʷ ʦʪ ʥʦʚʦʡ ʫʩʣʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʵʪʦʤ ʦʙʦʟʥʘʯʠʤu¡ 

)0()( 33 huhuu -¡+=¡ .   (14) 

ɽʩʣʠ ʨʘʟʨʫʰʝʥʠʝ ʟʝʨʝʥ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ, ʪ.ʝ.  

)()( uFuF xx =¡¡ .    (15) 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʝʨʝʥ ʢʨʫʛʘ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ  

 

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ (15) ʠ (14) ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ʬʫʥʢʮʠʶ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʚ ʚʠʜʝ 

))()0(()( 33 uhhuFuF ¡-+¡=¡¡ xx .   (16) 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʝʨʝʥ ʧʦ ʛʣʫʙʠʥʝ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ (16) ʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ (15) ʢ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʫʯʠʪʴ: 

ù
ú

ø
é
ê

è

¡

¡
-=¡¡

)(

))((
1)()( 3

ud

uhd
ufuf xx .   (17) 

ɽʩʣʠ ʚʝʣʠʯʠʥʘ ʠʟʥʦʩʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʨʘʩʩʪʦʥ̫ʠʶ uH ¡- , ʪ.ʝ. t)()(3 uHCuh h ¡-=¡ , ʘ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝ 

ʧʨʘʚʢʠ  ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ 

1)( -= c
x uCuf f ,   (18) 

ʛʜʝ: fh CC , ʠc ï ʢʦɻʬʬʠʮʠʝʥʪʳ ʠ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʪʦ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʥʦʰʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʫʯʝʪʦʤ (18) 

ʚʳʯʠʩʣʷʝʪʩʷ 

[ ] ( )tt
c

x hhf ChuHCuCuf +-¡-+¡=
-

1)0()()(
1

3 .  (19) 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ (10) ʚʝʨʦʷʪʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʟʝʨʝʥ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ u¡ (19) ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʬt  ʜʦ 

)(tRtʬ D+  

=
-

-+--+--+
=

ct

ttt cc

)1(

))0()(()))0(()((1(
)(

h

ʟfhfʟfhfhf

ʬ
C

hHtCtHhtCtCC
tP  

ct

ttt cc

)1(

))0(()))0(()((1(

h

ʟhfʟhfhf

C

hrCthrCtCC

-

-D--+D++
= .  (20) 

ɺ ʚʳʨʘʞʝʥʠʠ (20) ʧʦʤʥʦʞʠʚ )( ʬtP  ʥʘ 30n , ʧʦʣʫʯʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ ʠʥʩʪʨʫʤʝʥʪʘ: 

=
-

-+--+--+
=

ct

ttt cc

)1(

))0()(()))0(()((1(30

h

ʟfhfʟfhfhf

S
C

hHtCtHhtCtCCn
n

p

.
)1(

))0(()))0(()((1(30

ct

ttt cc

h

ʟhfʟhfhf

C

hrCthrCtCCn

-

-D--+D++
=    (21) 

ʉʢʦʨʦʩʪʴ ʧʨʠʨʦʩʪʘ ʯʠʩʣʘ ʟʝʨʝʥ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ ʩʦʦʪʥʦʰʝʥʠʷ (21): 

+
-

+
+-= )

)1(

)1(
1()(( 321

t

tcc

h

h
P

C

C
AAAS  

)))0()1((()1( 3
1

2
1

13 hrAACA h -D-³++ -- ccct ,   (22) 

ʛʜʝ: ))0(( 31 rhCtA hʬ D-+= t ; thʬ ȹrChtA --= )0(32 ;
)1(

)0(3
3

tc h

hf

ʉ

ʉCn
A

-
= ;

Htr ʬ-=D . 

ʆʙʱʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʟʝʨʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ (11), (12), (22) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 

î
î

í

î
î

ì

ë

Ö=

-=

ñ
p

jn
t

t

t

2

0

)(

)(

dMPhR
d

dh

SS
d

dn

ʦʪʥk
ʟʠ

np
ʟ

   (23) 

ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: ,)0( 0ʟʟ nn = 0=ʟʠh  ʧʨʠ 0=t . 

ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʮʠʢʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʧʝʨʘʮʠʷʤʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʝʪʦʜʠʢʘʤʠ ʦʮʝʥʦʢ 
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ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [3] ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʝʪʘʣʝʡ 

ʰʣʠʬʦʚʘʥʠʝʤ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʢʨʦʤʦʢ ʧʨʠ 

ʢʨʫʛʣʦʤ ʥʘʨʫʞʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʢʨʫʛʘʤʠ 1 300X40X127 

ʨʘʟʣʠʯʥʦʡ ʪʚʝʨʜʦʩʪʠ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʥʘ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ 

1 300X40X127 ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʨʦʤʦʢ:  

1 ï pP  = 0,00005, 2 ï pP  = 0,0001, 3 ï pP  = 0,0013 

ʂʨʫʛʘʤ ʩʨʝʜʥʝʡ ʤʷʛʢʦʩʪʠ (ʉʄ1-ʉʄ2) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʨʦʤʦʢ, ʪʚʝʨʜʳʤ ʢʨʫʛʘʤ (ʉʊ1-ʉʊ2) ï ʤʝʥʴʰʠʝ 

ʟʥʘʯʝʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʤʷʛʢʠʭ ʢʨʫʛʦʚ 

(ʢʨʠʚʘʷ 3) ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʥʘ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʜʣʷ ʪʚʝʨʜʳʭ ʢʨʫʛʦʚ (ʢʨʠʚʘʷ 1) ï ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

(5-8%) ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʨʦʤʦʢ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʟʘʪʫʧʣʝʥʠʷ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʨʦʤʦʢ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʭ ʧʦʷʚʣʝʥʠʷ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ 

ʩʣʦʝʚ ʠʥʩʪʨʫʤʝʥʪʘ.  

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʦʜʪ̫ʩʷ ʟʥʘʯʝʥʠʷ)(tʟn , ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

(22) ʧʨʠ 
6

0 102,5 Ö=ʟn  
1/ʤ

2
; 0,01 ʠ 1,0=pP ; 32=ʢu  1/ʩ. 
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ʊʘʙʣʠʮʘ 3 ï ɿʥʘʯʝʥʠʷ )(tʟn , ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ (22) 

ɺʨʝʤʷ ʨʘʙʦʪʳ 

ʠʥʩʪʨʫʤʝʥʪʘ, t, ʩ 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ )(tʟn  

1,0=pP  0,01=pP  

0.25 4.4388 4.9539 

0.50 2.6461 4.7267 

1.00 2.1306 4.3235 

2.00 2.0054 3.6877 

4.00 2.0000 2.8896 

8.00 2.0000 2.2474 

16.00 2.0000 2.0191 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ 

ʟʝʨʝʥ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ. ɼʣʷ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʨʠʤʝʨʘ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 250%, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. 

ʆʪʢʣʦʥʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʰʣʠʬʦʚʘʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʦʜʷʪʩʷ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʯʠʩʣʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʜʚʫʭ 

ʚʘʨʠʘʥʪʦʚ: ʘ) ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʟʥʦʩʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ 

ʙʝʟ ʨʘʟʨʫh ʝʥʠʷ ʠ ʚʳʨʳʚʘʥʠʷ ʟʝʨʝʥ; ʙ) ʧʨʠ ʨʘʙʦʪʝ ʠʥʩʪʨʫʤʝʥʪʘ - ʢʨʦʤʝ ʠʟʥʦʩʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʠ ʚʳʨʳʚʘʥʠʝ ʟʝʨʝʥ ʠʟ ʩʚʷʟʢʠ 

ʢʨʫʛʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚʳʜʝʣʝʥ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 1 

ʤʢʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʬtu= ʦʪ ʝʛʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ 

ʜʣʷ ʧʨʦʮʝʩʩʘ ʢʨʫʛʣʦʛʦ ʥʘʨʫʞʥʦʛʦ ʚʨʝʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʟʘʢʘʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʜʠʘʤʝʪʨʦʤ 50 ʤʤ ʢʨʫʛʘʤʠ ʜʠʘʤʝʪʨʦʤ 300 ʤʤ ʩ ʬʘʢʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʦʡ 

ʤʠʢʨʦʨʝʟʘʥʠʷ 61020 -Ö=ʬt ʤ. ʈʘʜʠʘʣʴʥʳʡ ʠʟʥʦʩ ʢʨʫʛʘ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 

6101 -Ö=DR ʤ, ʯʠʩʣʦ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʚ ʚʳʜʝʣʝʥʥʦʤ ʩʣʦʝ ï 70 =ʟʦn  

(1/ʤ
2
ʤʢʤ). ʇʨʠ ʚʯrʠʩʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʩʣʦʷ ʧʦ ʛʣʫʙʠʥʝ ʫʯʪʝʥʦ, ʯʪʦ ʧʨʠ 

ʢʘʞʜʦʤ ʢʦʥʪʘʢʪʝ ʫʩʣʦʚʥʘʷ ʥʘʨʫʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʤʝʱʘʝʪʩʷ ʢ ʮʝʥʪʨʫ ʢʨʫʛʘ 

ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʜʠʘʣʴʥʦʛʦ ʠʟʥʦʩʘ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʢʘʟʘʥʥʫʶ 

ʛʠʧʦʪʝʟʫ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ 

ʧʦ ʛʣʫʙʠʥʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ. ʇʨʠ ʨʘʙʦʪʝ ʢʨʫʛʘ ʚ ʨʝʞʠʤʝ 

ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʯʠʩʣʘ ʚ ʩʣʦʷʭ ʙʣʠʟʣʝʞʘʱʠʭ ʢ 

ʫʩʣʦʚʥʦʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ 

ʟʘʪʫʧʣʝʥʠʷ, ʥʘʦʙʦʨʦʪ ï ʠʭ ʫʚʝʣʠʯʝʥʠʝ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 
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ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʥʝ 

ʫʯʠʪʚrʘʶʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ. ʋʯʝʪ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʘʣʴʥʝʡʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʝʨʝʥ ʧʦ ʛʣʫʙʠʥʝ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʧʝʨʠʦʜ ʝʛʦ ʩʪʦʡʢʦʩʪʠ. 

ʊʘʙʣʠʮʘ 4 ï ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ ʠʥʩʪʨʫʤʝʥʪʘ 

ʏʠʩʣʦ ʢʦʥʪʘʢʪʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ  

ʢʨʫʛʘ ʩ ʟʘʛʦʪʦʚʢʦʡ 

ʂʦʦʨʜʠʥʘʪʘ ʩʣʦʷ ʦʪ 

ʪʝʢʫʱʝʡ ʫʩʣʦʚʥʦʡ  

ʥʘʨʫʞʥʦʩʪʠ  

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʢʤ 

ʏʠʩʣʦ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʚ ʩʣʦʝ, 

1/ʤ2ʤʢʤ 

ʇʨʠ ʠʟʥʦʩʝ ʩ  

ʨʘʟʨʫʰʝʥʠʝʤ 

ʢʨʦʤʦʢ 

ʇʨʠ ʠʟʥʦʩʝ ʙʝʟ 

ʨʘʟʨʫʰʝʥʠʷ 

ʢʨʦʤʦʢ 

0 20 70 70 

3 17 72 73 

6 14 73 79 

9 11 70 87 

12 8 61 97 

15 5 37 112 

18 2 12 129 

 
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 1. ɸʙʨʘʟʠʚʥʘʷ ʠ ʘʣʤʘʟʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ. 
ʉʧʨʘʚʦʯʥʠʢ / ʇʦʜ ʨʝʜ. ɸ.ʅ. ʈʝʟʥʠʢʦʚʘ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1977. ï 390 ʩ.; 2. ʂʦʨʦʣʝʚ ɸ.ɺ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʪʘʣʠ ʧʨʠ ʘʙʨʘʟʠʚʥʦʡ 
ʦʙʨʘʙʦʪʢʝ. ï ʀʟ-ʚʦ ʉʘʨʘʪ. ʫʥ-ʪʘ: ʉʘʨʘʪʦʚ, 1975. ï 202 ʩ.; 3. ʅʦʚʦʩʝʣʦʚ ʖ.ʂ. ɼʠʥʘʤʠʢʘ 
ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ/ ʖ.ʂ. ʅʦʚʦʩʝʣʦʚ. ï ʉʝʚʘʩʪʦʧʦʣʴ: 
ʀʟʜ-ʚʦ ʉʝʚʅʊʋ, 2012.ð304 ʩ.; 4. ɹʨʘʪʘʥ ʉ.ʄ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʥɹʦʩʪʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʯʠʩʪʦʚʦʛʦ ʪʦʥʢʦʛʦ ʰʣʽʬʫʚʘʥʥʷ: ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ 
ʟʜʦʙʫʪʪʷ ʥʘʫʢ. ʩʪʫʧʝʥʷ ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ: ʩʧʝʮ. 05.02.08 çʊʝʭʥʦʣʦʛʽʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè/ ʉ.ʄ. 
ɹʨʘʪʘʥ. ï ʆʜʝʩʘ, 2006.ð35 ʩ. 
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ʉ.ʃ. ɹʫʣʳʛʠʥʘ, ɻ.ʃ. ʍʘʚʠʥ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

 

ʋʏɽʊ ɸʅʀɿɸʊʈʆʇʀʀ ʉɺʆʁʉʊɺ ɺ ʄʆɼɽʃʀ ʄɽɾʉʃʆʁʅʆɻʆ 

ʈɸɿʈʋʐɽʅʀʗ ʇʈʀ ʉɺɽʈʃɽʅʀʀ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 
 
ʈʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʧʦʷʚʠ ʪʘ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥʠ ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʨʠ ʩʚʝʨʜʣʝʥʥʽ ʰʘʨʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʽʟʘʪʨʦʧʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʦʙʨʦʙʣʷʻʪʩɹʷ. ʄʦʜʝʣʴ ʣʦʢʘʣʴʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʽʥʽʡʥʦʾ ʤʝʭʘʥʽʢʠ 
ʨʫʡʥʫʚʘʥʥʷ, ʩʫʤʽʩʥʦ ʟ ʚʽʜʦʤʠʤʠ ʝʤʧʽʨʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 
ʚʠʙʦʨʫ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʚʝʨʜʣʝʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʚʫʛʣʝʧʣʘʩʪʠʢʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ 

ʘʥʽʟʘʪʨʦʧʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʢʣʘʜʘʻ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʜʘʯʽ, ʯʠʤ ʜʣʷ 
ʽʟʦʪʨʦʧʥʦʾ ʤʦʜʝʣʽ. 

 
ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʦʷʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ ʨʘʩʩʣʦʝʥʠʷ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩ ʫʯʝʪʦʤ ʘʥʠʟʘʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ʄʦʜʝʣʴ ʣʦʢʘʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʣʠʥʝʡʥʦʡ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ, 
ʩʦʚʤʝʩʪʥʦ ʩ ʠʟʚʝʩʪʥʳʤʠ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 
ʚʳʙʦʨʘ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʨʣʝʥʠʷ ʵʧʦʢʩʠʜʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ 

ʘʥʠʟʘʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʥʘʢʣʘʜʳʚʘʝʪ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʜʘʯʠ, ʯʝʤ ʜʣʷ 
ʠʟʦʪʨʦʧʥʦʡ ʤʦʜʝʣʠ. 
 

The problem of crack delamination appearance and propagation in the drilling of composite 
laminates with account of anyzatropic properties of material is considered. This model for local fracture 
using a linear fracture mechanic, and coupling with known empirical dependences used for rational 
choice of parameters for drilling epoxy carbon-filled plastic. The take account of anyzatropic properties 

is more strong limitation of feed rate choice than for using isotropic model. 

 

ɺʩʪʫʧʣʝʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ, ʜʦʩʪʠʛʥʫʪʳʝ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʄ), ʦʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʡ, 

ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʱʠʥ ʨʘʩʩʣʦʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠʟ ʟʘʛʦʪʦʚʢʠ. ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

[1] ʫʜʘʣʦʩʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʤʝʥʴʰʠʪʴ ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʟʘʛʦʪʦʚʢʠ 

ʥʘ ʚʳʭʦʜʝ ʩʚʝʨʣ. ʆʜʥʘʢʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʝʣʠʯʠʥʦʡ ʚʦʟʥʠʢʘʶʱʠʭ ʜʝʬʝʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʘʨʤʠʨʦʚʘʥʠʷ, ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʂʄ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. 

ʉʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ. ɺ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʂʄ 

 
É ʉ.ʃ. ɹʫʣʳʛʠʥʘ, ɻ.ʃ. ʍʘʚʠʥ, 2013 
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ʧʨʦʚʦʜʠʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʧʳʪʳ ʠ ʨʘʟʚʠʚʘʣʦʩʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʚʝʨʣʝʥʠʷ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ 

ʤʦʜʝʣʴʶ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʨʘʩʩʣʘʠʚʘʥʠʷ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʂʄ, ʷʚʠʣʘʩʴ ʤʦʜʝʣʴ Hoïʉheng ʠ Dharan [2], ʢʦʪʦʨʳʝ, ʠʩʧʦʣʴʟʫʷ 

ʜʦʩʪʠʞʝʥʠʷ ʣʠʥʝʡʥʦʡ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ, ʚʚʝʣʠ ʧʦʥʷʪʠʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʟʙʝʛʘʪʴ ʨʘʩʩʣʦʝʥʠʷ. ɼʘʣʝʝ ʵʪʘ ʤʦʜʝʣʴ ʙʳʣʘ ʨʘʟʚʠʪʘ ʚ 

ʨʘʙʦʪʘʭ [3,4], ʛʜʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʚʷʟʠ 

ʨʘʟʨʫʰʘʶʱʝʡ ʩʠʣʳ ʩ ʥʘʯʘʣʦʤ ʨʘʩʩʣʘʠʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ [5] ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʷ 

ʣʠʥʝʡʥʫʶ ʤʝʭʘʥʠʢʫ ʨʘʟʨʫʰʝʥʠʷ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʦʡ ʦʩʝʚʦʡ ʩʠʣʳ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʦʡ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʫʯʝʪ ʘʥʠʟʘʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ 

ʟʘʛʦʪʦʚʢʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʚ ʨʘʙʦʪʝ [6], ʛʜʝ 

ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʜʝʬʝʢʪʦʚ ʦʙʨʘʙʦʪʢʠ ʩʣʦʠʩʪʳʭ 

ʂʄ ï ʦʪʩʣʘʠʚʘʥʠʝ ʠ ʨʘʩʧʫʰʠʚʘʥʠʝ. ʆʪʩʣʘʠʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʝʞʩʣʦʡʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʨʤʠʨʦʚʘʥʠʷ. 

ʈʘʩʧʫʰʠʚʘʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʨʝʟʘʥʠʷ ʚʦʣʦʢʦʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʚʝʨʩʪʠʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʘʨʤʠʨʦʚʘʥʠʶ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʮʝʣʴ ʨʘʙʦʪʳ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣ̫ʝʪʩʷ ʨʘʟʚʠʪʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʷʚʣʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ ʨʘʩʩʣʦʝʥʠʷ ʩ ʫʯʝʪʦʤ ʘʥʠʟʘʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʂʄ ʧʨʠ 

ʩʚʝʨʣʝʥʠʠ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʘʥʠʟʘʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥʳ 

ʨʘʩʩʣʘʠʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʨʫʰʘʶʱʝʡ ʦʩʝʚʦʡ ʩʠʣʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ 

ʧʦʜʘʯʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʝɦʥʠʷ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩ 

ʫʯʝʪʦʤ ʘʥʠʟʘʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʩ ʠʟʚʝʩʪʥʳʤ ʠʟʦʪʨʦʧʥʳʤ ʨʝʰʝʥʠʝʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ. ʇʨʠ ʩʚʝʨʣʝʥʠʠ ʩʣʦʠʩʪʳʭ ʧʣʘʩʪʠʢʦʚ 

ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʟʘʛʦʪʦʚʢʠ t (ʨʠʩ.1) ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʩʚʝʨʣʘ ʢ ʚʳʭʦʜʫ ʠʟ 

ʟʘʛʦʪʦʚʢʠ, ʥʠʞʥʠʝ ʩʣʦʷ ʥʘʯʠʥʘʶʪ ʧʨʦʛʠʙʘʪʴʩʷ ʚʦʢʨʫʛ ʦʪʚʝʨʩʪʠʷ, ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʣʘʠʚʘʥʠʝ, ʯʪʦ ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʞʩʣʦʡʥʦʡ ʪʨʝʱʠʥʳ ʧʨʠ ʩʚʝʨʣʝʥʠʠ 

ʩʣʦʠʩʪʦʛʦ ʧʣʘʩʪʠʢʘ 
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ɺ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ 

ʚʦʣʦʢʦʥ, ʪʨʝʱʠʥʘ ʨʘʩʩʣʦʝʥʠʷ ʠʤʝʝʪ ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʢ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʩ 

ʧʦʣʫʦʩʷʤʠ ï a ʠ b, ʨʠʩ.2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʕʣʣʠʧʪʠʯʝʩʢʘʷ ʬʦʨʤʘ ʪʨʝʱʠʥʳ ʨʘʩʩʣʦʝʥʠʷ  

ʜʣʷ ʘʥʠʟʘʪʨʦʧʥʦʛʦ ʩʣʦʠʩʪʦʛʦ ʧʣʘʩʪʠʢʘ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʚ [7] ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʘʥʠʟʘʪʨʦʧʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ 

ʣʠʥʝʡʥʦʡ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ ʟʦʥʳ ʨʘʩʩʣʦʝʥʠʷ ʥʘ ʨʠʩ.1, ʧʦʟʚʦʣʠʣ 

ʦʧʨʝʜʝʣʠʪʴ ʦʩʝʚʫʶ ʩʠʣʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʨʪ ʤʝʞʩʣʦʡʥʦʡ 

ʪʨʝʱʠʥʳ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ 
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ʛʜʝ ICG  ï ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ I-ʤʫ ʪʠʧʫ, 
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; 11E , 22E  ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʨʤʠʨʦʚʘʥʠʷ ï 11 ʠ ʝʤʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ (ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ) ï 22, ʇʘ;  

12n , 21n  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ; ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 
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ʛʜʝ 12G  ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ. ʀʟ ʫʨʘʚʥʝʥʠʷ (1) ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʝ *h  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʨʠʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʦʩʝʚʦʡ ʩʠʣʳ 
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ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʠʟ ʚʳʨʘʞʝʥʠʷ (1) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟʚʝʩʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ Hoïʉheng ʠ Dharan [2] ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʥʷʚ 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʠʟ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʪʝʭʥʦʣʦʛʠʠ ʩʚʝʨʣʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [8,9] ʠʟʚʝʩʪʥʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʨʘʩʩʣʦʝʥʠʷ 

ʘʨʤʠʨʦʚʘʥʥʳʭ ʂʄ ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʨʝʢʪʥʦ ʚʳʙʠʨʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʠʤʝʥʷʪʴ ʩʚʝʨʣʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠʟʥʦʩʦʤ ʧʦ 

ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʢʨʠʪʝʨʠʡ ʟʘʪʫʧʣʝʥʠʷ) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʜʢʣʘʜʢʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʟʘʛʦʪʦʚʢʠ. 

ʈʝʞʠʤʳ ʨʝʟʘʥʠʷ ʥʘʟʥʘʯʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ [8]. ʊʘʤ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʝʚʦʡ ʩʠʣʳ, ʚʠʜʘ 

 z
nm

zz KsdCF ÖÖÖ= ,    (4) 

ʛʜʝ s ï ʧʦʜʘʯʘ, ʤʤ/ʦʙ; d ï ʜʠʘʤʝʪʨ ʩʚʝʨʣʘ, ʤʤ; Kz ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʧʨʘʚʦʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ; ʉz, m, n ï ʧʦʩʪʦʷʥʥʳʝ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʧʨʘʚʦʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

 gaf ÖÖÖ= zzzzhz KKKKK ,    (5) 

ʛʜʝ gaf zzzzh KKKK ,,,  ï ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘ ʠʟʥʦʩ ʧʦ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʛʣʘʚʥʳʡ ʫʛʦʣ, ʟʘʜʥʠʡ ʠ ʧʝʨʝʜʥʠʡ ʫʛʦʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʝʢʣʦ- ʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʬʦʨʤʫʣʳ (4) ʠ (5) ʩʧʨʘʚʝʜʣʠʚʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ s = 0,08é0,62 ʤʤ/ʦʙ; d = 4é20 ʤʤ ʠ 

ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ v = 0,04é0,58 ʤ/ʩ. ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠ 

ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʳʯʥʦ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʳ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ ʜʘʥʥʳʭ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʯʘʣʫ ʨʘʩʩʣʦʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʝʤʫʩʷ ʚ ʚʠʜʝ 

ʜʚʠʞʝʥʠʷ ʤʝʞʩʣʦʡʥʦʡ ʪʨʝʱʠʥʳ ʥʘ ʛʣʫʙʠʥʝ h (ʨʠʩ.1), ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ʧʦʜʘʯʠ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʪʝʧʝʥʠ 
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ʝʛʦ ʠʟʥʦʩʘ. ɺ ʜʘʣʥɹʝʡʰʝʤ ʙʫʜʝʤ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʧʨʝʜʝʣʴʥʦ ʟʘʜʘʥʥʦʡ 

ʛʣʫʙʠʥʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʨʘʩʩʣʘʠʚʘʥʠʝ ʠ ʧʨʠʤʝʤ, ʯʪʦ ʛʣʫʙʠʥʘ h, 

ʤʦʞʝʪ ʙʳʪʴ ʪʨʘʢʪʦʚʘʥʘ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʦʝʚ ʚ ʚʠʜʝ layhkh Ö= , ʛʜʝ layh  ï 

ʪʦʣʱʠʥʘ ʝʜʠʥʠʯʥʦʛʦ ʩʣʦʷ; k ï ʯʠʩʣʦ ʩʣʦʝʚ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʦʜʘʯʘ 

ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʥʘʯʘʣʫ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʣʦʝʥʠʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʢʨʘʷ ʚʳʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʟʘʛʦʪʦʚʢʠ. 

ʀʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ (2) ʠ (4) ʜʣʷ ʛʣʫʙʠʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ 

ʨʘʩʩʣʦʝʥʠʝ, ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʚʠʜʘ 
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ʋʨʘʚʥʝʥʠʝ (4) ʦʧʠʩʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʥʘʯʘʣʘ ʨʘʩʩʣʦʝʥʠʷ ʦʪ 

ʧʦʜʘʯʠ, ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʮʝʥʢʦʡ ʧʦʚʨʝʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ ʥʘ 

ʚʳʭʦʜʝ ʩʚʝʨʣʘ ʩ ʫʯʝʪʦʤ ʘʥʠʟʘʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʚʳʙʦʨ ʨʝʞʠʤʦʚ ʩʚʝʨʣʝʥʠʷ 

ʵʧʦʢʩʠʜʥʦʛʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʤʘʨʢʠ ʊ300/5208 ʩ ʦʙʲʝʤʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʣʦʢʦʥ 70% ʠ ʦʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʧʣʦʪʥʦʩʪʴ ï 1600 ʢʛ/ʤ
3; 
ʧʨʦʜʦʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ =11E  181 ɻʇʘ; 

ʧʦʧʝʨʝʯʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ =22E  10,3 ɻʇʘ; ʤʦʜʫʣʴ ʩʜʚʠʛʘ  

=12G  7,17 ɻʇʘ; ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 2112 n=n =0,28; ʢʨʠʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ICG =250 ɼʞ/ʤ
2.
 

ʉʚʝʨʣʝʥʠʝ ʟʘʛʦʪʦʚʢʠ ʪʦʣʱʠʥʦʡ 30 ʤʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʝʨʣʦʤ ʠʟ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɺʂ8 ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʥʘ ʧʦʣʥʫʶ ʛʣʫʙʠʥʫ. ɺʳʙʨʘʥʦ 

ʩʧʠʨʘʣʴʥʦʝ ʩʚʝʨʣʦ ʩ ʥʦʨʤʘʣʴʥʦʡ ʟʘʪʦʯʢʦʡ ʅʇʃ [8]. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʩʚʝʨʣʘ ʩʣʝʜʫʶʱʠʝ: ʫʛʦʣ ʧʨʠ ʚʝʨʰʠʥʝ ʩʚʝʨʣʘ ï 2ű = 100Á; 

ʧʝʨʝʜʥʠʡ ʫʛʦʣ ï ɔ = 10Á; ʟʘʜʥʠʡ ʫʛʦʣ ï Ŭ = 20Á. ɺ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠʤʝʤ ʠʟʥʦʩ ʧʦ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʙʦʣʝʝ hz Ò 0,2 ʤʤ ʠ 

ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʊ = 60 ʤʠʥ. ʉʚʝʨʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (4), ʘ ʪʘʢʞʝ 

ʢʦɻ ʬʬʠʮʠʝʥʪʦʚ ʠʟ ʚʳʨʘʞʝʥʠʷ (5) ʧʦ ʜʘʥʥʳʤ [1] ʩʣʝʜʫʶʱʠʝ: ʉz  = 79,8;  

m = 1,02; n = 0,85; zhK = 2,04; fzK  = 1; azK  = 1; gzK  = 1. 

ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʥʘʯʘʣʘ ʨʘʩʩʣʦʝʥʠʷ ʦʪ 

ʚʝʣʠʯʠʥʳ ʧʦʜʘʯʠ, ʚʳʯʠʩʣʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ (6) ʠ ʨʝʰʝʥʠʝ 

(3), ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ Hoïʉheng ʠ Dharan [2] ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 22EE= ʠ 11EE= . ɺ ʚʳʙʨʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʧʦʜʘʯʠ 0,01 ï 0,6 ʤʤ/ʦʙ ʛʣʫʙʠʥʘ ʧʦʷʚʣʝʥʠʷ 
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ʤʝʞʩʣʦʡʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ ʠ ʨʝʰʝʥʠʷ ʩ 22EE=  

ʥʝ ʧʨʝʚʳʰʘʝʪ 2,7 ʤʤ, ʜʣʷ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʜʘʯʠ ʧʨʠ 

ʩʚʝʨʣʝʥʠʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ 0,2 ï 0,3 ʤʤ/ʦʙ ʥʝ ʙʦʣʝʝ 1,0 ï 1,8 ʤʤ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʦʤ ʨʝʞʠʤʝ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʷ. ʇʨʠ 

ʵʪʦʤ ʚʦʟʥʠʢʘʶʱʘʷ ʦʩʝʚʘʷ ʩʠʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 350 ï 600 ʅ. ʂʨʠʚʘʷ 3 

ʥʘ ʨʠʩ.3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʰʝʥʠʶ (3) ʜʣʷ 11EE=  ʠ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʨʘʩʩʣʦʝʥʠʝ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʧʦʜʘʯ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʤʤ. ʈʝʰʝʥʠʝ ʜʣʷ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ, ʫʯʠʪʳʚʘʶʱʝʝ ʘʥʠʟʘʪʨʦʧʠʶ ʩʚʦʡʩʪʚ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʠ ʠʟʦʪʨʦʧʥʦʝ ʨʝʰʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 

22E , ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʯʝʥʴ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʥʘʯʘʣʘ ʨʘʩʩʣʦʝʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʜʘʯʠ:  

1 ï ʨʝʝhʥʠʝ ʜʣʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʝʱʠʥʳ ʧʦ ʬʦʨʤʫʣʝ (6); 2 ï ʨʝʰʝʥʠʝ ʜʣʷ ʢʨʫʛʦʚʦʡ 

ʪʨʝʱʠʥʳ (3) ʜʣʷ 22EE= ; 3 ï ʨʝʰʝʥʠʝ ʜʣʷ ʢʨʫʛʦʚʦʡ ʪʨʝʱʠʥʳ (3) ʜʣʷ 11EE=  

 

 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟʠʨʫʷ ʨʘʩʯʝʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʯʝʪ ʘʥʠʟʘʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʜʣʷ ʨʘʩʯʝʪʘ ʛʣʫʙʠʥʳ 

ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥʳ ʨʘʩʩʣʦʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʜʘʯʠ ʧʨʠ 

ʩʚʝʨʣʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 0,08é0,6 ʤʤ/ʦʙ ʛʘʨʘʥʪʠʨʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʩʣʦʡʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʨʘʩʩʣʦʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ ʥʝ ʙʦʣʝʝ 

ʯʝʤ 2,7 ʤʤ ʧʦ ʥʠʞʥʝʡ ʢʨʦʤʢʝ ʟʘʛʦʪʦʚʢʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʝ ʞʝ ʨʝʰʝʥʠʝ ʜʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʪʨʦʧʥʦʡ ʤʦʜʝʣʠ ʩ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ ʨʘʚʥʳʤ 
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ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʤʫ ʤʦʜʫʣʶ ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʟʠʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʧʨʘʚʝʜʣʠʚʳ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʧʠʨʘʣʴʥʳʤ 

ʩʚʝʨʣʦʤ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʩʚʷʟʘʥʦ ʩ ʫʪʦʯʥʝʥʠʝʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʝʞʩʣʦʡʥʦʛʦ ʨʘʩʩʣʘʠʚʘʥʠʷ ʜʣʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʪʣʠʯʥʦʛʦ ʦʪ ʩʧʠʨʘʣʴʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʚʝʣʠʯʠʥʳ 

ʤʝʞʩʣʦʡʥʦʡ ʪʨʝʱʠʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʨʤʠʨʦʚʘʥʠʷ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 1.  Ho-Cheng H. Comprehensive analysis of delamination in 
drilling of composite materials with various drill bits / H. Ho-Cheng, C.C. Tsao // Journal of Materials 
Processing Technology. ï 2003. ï 140. ï P.335ï339. 2. Ho-Cheng H. Delamination during drilling in 

composites laminates/ H. Ho-Cheng, C.K.H. Drahan // Transactions of the ASME, Journal of 
Engineering for Industry. ï 1990. ï Vol. 112. ï P.236ï239. 3. Jain S. Effects of feedrate and chisel edge 
on delamination in composite drilling / S. Jain, D.C.H. Yang // Transactions of the ASME, Journal of 

Engineering for Industry. ï1993. ï Vol. 115. ï P. 398ï405. 4. Jain S. Delamination free drilling of 
composite laminates / S. Jain, D.C.H. Yang // Transactions of the ASME, Journal of Engineering for 
Industry. ï1994. ï Vol. 116. ï P.475ï481. 5.  Lachaud F. Drilling of composite structure / F. Lachaud, 
 R. Piquet,  T. Collombet,  L. Surcin // Composite structures. ï 2001. ï 52. ï P.511ï516. 6.  Zhang  H. 

Assessment of exit defects in carbon fiberïreinforced plastic plates caused by drilling / H. Zhang, 
 W. Chen,  D. Chen, L. Zhang // Key Engineering Materials. ï 2001. ï 196. ï P.43ï52. 7. Tsao C.C. 
Prediction of the location of delamination in the drilling of composite laminates // C.C. Tsao,  W.ï
C. Chen // Journal of Materials Processing Technology. ï 1997. ï 70. ï P.185ï189. 8. ʉʪʝʧʘʥʦʚ ɸ.ɸ. 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʘʥʠʝʤ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ɸ.ɸ. ʉʪʝʧʘʥʦʚ.ï 
ʃ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʃʝʥʠʥʛʨ. ʦʪʜ-ʥʠʝ, 1987.ï 176 ʩ. 9. ʐʪʫʯʥʳʡ ɹ.ʇ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʘʥʠʝʤ 
ʧʣʘʩʪʤʘʩʩ / ɹ.ʇ. ʐʪʫʯʥʳʡ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1974.ï 144 ʩ. 

ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʟʘ ʧʨʦʝʢʪʦʤ ʄ2132, ʱʦ ʬʽʥʘʥʩʫʻʪʴʩʷ ʤʽʥʽʩʪʝʨʩʪʚʦʤ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ. 
 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʢʦʣʣʝʛʠʶ 30.04.2013 
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ʖ.ɻ. ɻʫʮʘʣʝʥʢʦ, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

 

ʆʈɻɸʅʀɿɸʎʀʗ ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ 

ʇɽʈʉʇɽʂʊʀɺʓ ɸʃʄɸɿʅʆ-ʀʉʂʈʆɺʆɻʆ ʐʃʀʌʆɺɸʅʀʗ  
 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʧʨʠʢʣʘʜʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ 
ʘʣʤʘʟʥʦ-ʽʩʢʨʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʅʊʋ çʍʇɯè ʽ ʻ ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ 
ʽ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʽʩʥʫʶʯʠʭ ʚʝʨʩʪʘʪʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʶ ʦʙʨʦʙʢʦʶ, ʦʩʪʘʪʦʯʥʠʤ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷʤ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʢʝʨʘʤʽʢʠ ʧʽʩʣʷ ʾʾ ʽʩʢʨʦʚʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʧʽʢʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷʤ 
ʚʠʩʦʢʦʪʚʝʨʜʠʭ ʙʽʣʠʭ ʰʘʨʽʚ ʚ ʩʪʘʣʷʭ.  

 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʚʠʚʘʝʤʳʝ ʚ ʅʊʋ çʍʇʀè ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʢʣʘʜʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʣʤʘʟʥʦ-ʠʩʢʨʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʥʢʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, 
ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʢʝʨʘʤʠʢʠ ʧʦʩʣʝ ʝʝ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʚʝʨʜʳʭ ʙʝʣʳʭ ʩʣʦʝʚ 
ʚ ʩʪʘʣʷʭ.  

 
Perspective directions for applied use of technological method of diamond-spark grinding that 

are being developed at the NTU ñKhPIò and associated with working-out of new and modernization of 
existing machines and tools, high-speed processing, the final shaping of high-quality ceramics after 
spark plasma sintering and formation of hard white layers in steels are presented.  
 

 ɺʚʝʜʝʥʠʝ 

ʇʷʪʦʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʤʝʪʦʜʘ ʘʣʤʘʟʥʦ-

ʠʩʢʨʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ (ɸʀʐ), ʰʘʛʥʫʚʰʝʛʦ ʚ ʤʠʨ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʟ 

ʦʩʥʦʚʘʥʥʦʡ ʄ.ʌ. ʉʝʤʢʦ ʭʘʨʴʢʦʚʩʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʦʚ 

ʨʝʟʘʥʠʷ [1]. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ [2, 3] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ 

ʠʥʠʮʠʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʚʚʝʜʝʥʠʝʤ ʚ ʥʝʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʬʦʨʤʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʷʜʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚ ʩʢʦʣʴʟʷʱʠʭ (ʩʪʨʫʞʝʯʥʳʭ) ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʘʭ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʥʘʣʦʞʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʚ ʩʨʝʜʝ ʧʨʦʩʪʳʭ, 

ʪʝʭʥʠʯʝʩʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳʭ ʩʤʘʟʳʚʘʶʱʝ-ʦʭʣʘʞʜʘʶʱʠʭ 

ʞʠʜʢʦʩʪʝʡ. 

ʕʪʘ ʨʘʟʨʘʙʦʪʢʘ, ʚ ʵʧʦʭʫ ʉʉʉʈ ʢʦʦʨʜʠʥʠʨʫʝʤʘʷ ʛʦʩʢʦʤʠʪʝʪʦʤ ʧʦ ʥʘʫʢʝ ʠ 

ʪʝʭʥʠʢʝ ʥʘ ʦʪʨʘʩʣʝʚʦʤ ʫʨʦʚʥʝ ʢʘʢ ʧʨʠʦʨʠʪʝʪʥʘʷ [4], ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʚ ʥʦʚʦʤ ʚʝʢʝ, ʟʘʩʣʫʞʝʥʥʦ ʷʚʣʷʷʩʴ ʛʦʨʜʦʩʪʴʶ ʅʊʋ çʍʇʀè ʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʋʢʨʘʠʥʳ, ʨʝʘʣʴʥʦ ʦʩʪʘʚʘʷʩʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʪʘʢʦʛʦ 

ʨʦʜʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʰʠʨʦʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʣʤʘʟʥʦ-

 
É ʖ.ɻ. ɻʫʮʘʣʝʥʢʦ, 2013 
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ʘʙʨʘʟʠʚʥʦʡ ʧʨʘʢʪʠʢʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ 2011 ʛ. ʚ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʦʡ ʧʦʜ ʵʛʠʜʦʡ ʂʘʙʠʥʝʪʘ ʄʠʥʠʩʪʨʦʚ 

ʠ ʧʦʩʚʷʱʝʥʥʦʡ 20-ʣʝʪʠʶ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʘʥʳ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʘʢʮʠʠ 

çɹʘʨʚʳʩʪʘ ʋʢʨʘʠʥʘè ʤʝʪʦʜ ɸʀʐ ʦʪʤʝʯʝʥ ʢʘʢ ʣʫʯʰʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʡ 

ʥʘʫʯʥʳʡ ʪʦʚʘʨ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ɸʀʐ 

ʆʩʥʦʚʫ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʪʝʤʘʪʠʯʝʩʢʦʤ ʧʦʣʝ 

ɸʀʐ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ, ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʭ, 

ʩʪʘʥʢʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ (ʨʘʩʰʠʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ) 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʜʫʣʝʡ, 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʪʘʢʠʝ ʩʪʘʥʢʠ ʠ ʤʦʜʫʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟ ʩʚʝʨʭʪʚʸʨʜʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ (ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ) 

ʥɻʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ; ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʶ) ʩʦʩʪʘʚʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʣʤʘʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʠ ʟʘʪʦʯʢʠ (ʚ 1,5 ï 3 ʨʘʟʘ), 

ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʜʝʬʝʢʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʩʦʢʨʘʱʝʥʠʝ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, 

ʧʦʚʳʰʝʥʠʝ ʬʦʥʜʦʦʪʜʘʯʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ - 

ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʪʘʥʢʘ ʠ ʦʩʥʘʱʝʥʠʝ ʝʛʦ 

ʠʩʪʦʯʥʠʢʦʤ (ʛʝʥʝʨʘʪʦʨʦʤ) ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʙʱʠʤ ʦʙʲʸʤʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 20 ï 25% ʩʪʦʠʤʦʩʪʠ ʦʙʳʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʨʝʟʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʝʝ ʢʘʯʝʩʪʚʘ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʤ ʢʦʥʪʘʢʪʝ ʪʝʣ. ɸʀʐ ʢʨʫʛʘʤʠ ʩ ʘʣʤʘʟʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʢʦʤʧʦʟʠʮʠʷʤʠ, ʠʩʧʳʪʳʚʘʶʱʠʤʠ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʧʦʥʠʞʘʶʱʝʝ ʫʨʦʚʝʥʴ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʥʦʚʣʷʶʱʝʝ ʨʝʞʫʱʠʡ ʨʝʣʴʝʬ 

ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʨʝʘʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʦʚʝʨʝʥʥʳʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʝ. ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʥʫʪʨʠʰʣʠʬʦʚʘʣʴʥʦʛʦ ʘʣʤʘʟʥʦ-ʵʨʦʟʠʦʥʥʦʛʦ ʩʪʘʥʢʘ-

ʧʦʣʫʘʚʪʦʤʘʪʘ ʤʦʜʝʣʠ 3ʄ227ɺʈʌ2 (3ʄ227ɺʕʈʌ2), ʙʣʘʛʦʜʘʨʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʠʟʜʝʣʠʷ ʜʦ 1200 ʦʙ/ʤʠʥ ʠ ʧʦʚʳʰʝʥʥʦʤ ʜʦ 

120 ʤʤ ʜʦʧʫʩʪʠʤʦʤ ʜʠʘʤʝʪʨʘʣʴʥʦʤ ʨʘʟʤʝʨʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩ ʫʚʝʣʠʯʝʥʥʳʤʠ ʜʣʠʥʘʤʠ ʩʨʝʟʦʚ, ʨʘʟʨʝʰʘʝʤʦʡ ʬʠʟʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʚ 

ʟʦʥʝ ʨʝʟʘʥʠʷ ʧʨʠ ɸʀʐ, ʩ ʝʝ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 1,5-2 ʨʘʟʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ ʚ ʘʣʤʘʟʥʦ-ʵʨʦʟʠʦʥʥʦʤ ʨʝʞʠʤʝ ʚ 10-15 ʨʘʟ [3].  
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ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʝ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ʚʣʠʷʥʠʝ ʫʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʥʘ ʧʦʩʪʦʷʥʥʳʝ 

ʫʧʨʫʛʦʩʪʠ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʦʚ. ɺ ʧʝʨʚʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɻ. ɺʝʨʪʛʝʡʤʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʠʤ ʚ ʇʘʨʠʞʝ ʚ 1848 ʛ. [5], ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩ̫ʪʢʦʚ ʘʤʧʝʨ, ʪ. ʝ. ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡʥʳʭ 

ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʠʤʧʫʣʴʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʦʥʝ ɸʀʐ [3], 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ, ʘ ʠʤʝʥʥʦ ʫʤʝʥʴʰʘʶʪ ʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʨʘʟʨʳʚ ʧʨʠ ʟʘʤʝʪʥʦʤ ʩʥʠʞʝʥʠʠ ʠʭ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ. ʕʪʦ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʩ 

ʧʦʟʠʮʠʡ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʚʦʛʦ ʤʠʢʨʦʨʝʟʘʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʙʨʘʟʠʚʥʳʤʠ ʟʝʨʥʘʤʠ ʢʨʫʛʘ ʧʨʠ ɸʀʐ.  

ʉʦʚʨʝʤʝʥʥʫʶ ʘʢʪʫʘʣʠʟʘʮʠʶ ʚʥʠʤʘʥʠʷ ʢ ɸʀʐ ʚ ʢʦʥʪʝʢʩʪʝ ʬʘʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ 

ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʪʝʣ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʟʨʷʜʦʚ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʛʦ ʵʨʦʟʠʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ, ʧʨʠʚʣʝʢʘʝʪ ʛʠʧʦʪʝʟʘ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ɸʀʐ ʧʫʪʝʤ 

ʩʤʝʱʝʥʠʷ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʦʙʣʘʩʪʴ ʵʥʝʨʛʠʡ ʨʘʟʨʫʰʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ [6]. ʕʪʘ ʛʠʧʦʪʝʟʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʣʝʥʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʧʦʚʳʰʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʘʣʤʘʟʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʚ ʝʝ ʦʙʳʯʥʦʤ 

ʩʢʦʨʦʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʧʨʠ ɸʀʐ 

[7]. ʕʪʦʪ ʬʝʥʦʤʝʥ ɸʀʐ ʥʝʩʦʤʥʝʥʥʦ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʦ ʩ 

ʤʝʭʘʥʠʢʦʡ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʩ ʝʝ ʘʢʪʠʚʘʮʠʝʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ, ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ ʠ ʙʦʣʝʝ, ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʛʦʥʷʝʤʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʪʝʣ, ʚ 

ʧʦʜʚʠʞʥʦʤ ʨʘʙʦʯʝʤ ʢʦʥʪʘʢʪʝ ʢʦʪʦʨʳʭ ʦʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʧʨʦʠʩʪʝʢʘʶʪ ʩ 

ʟʘʭʚʘʪʦʤ ʠ ʚʟʨʳʚʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʤʠʢʨʦʦʙʲʸʤʦʚ ʩʚʷʟʢʠ ʚ ʧʷʪʥʘʭ ʢʘʥʘʣʦʚ 

ʨʘʟʨʷʜʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ɸʀʐ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʨʦʚʥʷ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʨʦʯʥʦʩʪʥʦʡ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʦʛʦ ʘʣʤʘʟʥʦʛʦ 

ʰʣʠʬʦʚʘʥʠʷ) [2] ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ ʚ ʧʦʩʪʧʨʦʮʝʩʩʘʭ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʪʝʨʤʦʬʨʠʢʮʠʦʥʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʠʟʜʝʣʠʡ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʤʠʢʨʦ- (ʰʝʨʦʭʦʚʘʪʦʩʪʴ) ʠ 

ʤʘʢʨʦʨʘʟʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʝʤʳʤʠ 

ʩʦʙʩʪʚʝʥʥʦ ʪʝʨʤʦʬʨʠʢʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʦʙʳʯʥʦ ʧʨʘʢʪʠʢʫʝʤʦʡ ʢʘʢ 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʩʪʘʣʠ, ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʚʠʟʫʘʣʠʟʠʨʫʝʤʦʤ ʢʘʢ ʙʝʣʳʡ, ʠʟʤʝʥʝʥʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʶʨʘʤʝʪʨʠʠ ï ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ, ʥʘʧʨʠʤʝʨ ʧʨʘʢʪʠʯʝʩʢʠ ʜʚʫʢʨʘʪʥʳʤ ʧʨʝʚʳʰʝʥʠʝʤ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ: 8,2-

11,2 ɻʇʘ, ʩ ʤʦʜʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʜʦ 0,6 ʤʤ 

ʧʨʠʤʝʨʥʦ 10 ɻʇʘ, ʧʨʠ ʩʨʝʜʥʝʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʩʥʦʚʳ 5,3 ɻʇʘ 

(ʤʘʨʛʘʥʮʦʚʠʩʪʘʷ ʉʪʘʣʴ 65ɻ ɻʆʉʊ 14959-79 ʨʝʞʫʱʠʭ ʣʝʟʚʠʡ 

ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʥʦʞʝʡ ʧʦʩʣʝ  ʟʘʢʘʣʢʠ ʚ ʚʦʜʝ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʪʧʫʩʢʘ ʚ ʚʦʟʜʫʭʝ, ʩ çʧʦʜʩʪʨʦʡʢʦʡè ʝʛʦ ʨʝʞʠʤʘ ʠʟ ʫʩʣʦʚʠʷ ʧʝʨʝʢʨʳʪʠʷ 

ʛʣʫʙʠʥʳ ʦʪʧʫʱʝʥʥʦʛʦ ʩʣʦʷ ʬʦʨʤʠʨʫʝʤʳʤ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʬʨʠʢʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʙʝʣʳʤ ʩʣʦʝʤ (ɹʉ) ï ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʷʚʣʝʥʠʷ ʤʝʞʜʫ ɹʉ ʠ 

ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ ʟʦʥʳ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʩʦʨʙʠʪʦ- ʠ ʪʨʦʩʪʠʪʦʧʦʜʦʙʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʜʦ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʨʷʜʢʘ 3-3,5 ɻʇʘ ʚ ʢʦʥʪʝʢʩʪʝ 

ʧʨʠʚʦʜʠʤʦʛʦ ʟʜʝʩʴ ʧʨʠʤʝʨʘ) [8].  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʦʛʦ ʦʧʳʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹʉ ʚ ʩʪʘʣʷʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʦʙʩʪʚʝʥʥʦ ɸʀʐ, ʧʦ ʪʦʣʱʠʥʝ ʦʙʳʯʥʦ ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʛʣʫʙʠʥʦʡ ʰʣʠʬʦʚʘʥʠʷ 

ʠʣʠ ʥʝʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʝʝ, ʪʝʨʤʦʬʨʠʢʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʙʦʣʴʰʝʡ ʠʥʪʝʨʚʝʥʮʠʝʡ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʪʝʣʘ ʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʝ (ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ [8] ʧʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʝ 

ʧʣʦʩʢʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ï ʩ ʛʣʫʙʠʥʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʦʜʦʣʴʥʦʛʦ ʩʨʝʟʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,7 ʤʤ ʠ 21 ʤʤ
2
/ʩ) ʠ ʦʩʪʘʚʣʷʝʪ ʧʦʩʣʝ ʩʝʙʷ ɹʉ ʩ ʪʦʣʱʠʥʘʤʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʫʛʣʫʙʣʝʥʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʝʩ. 

ɸʀʐ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʥʫʪʳʭ ʊʌʆ ʩʪʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʨʛʘʥʠʯʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʦʩʪʘʚʰʝʝʩʷ ʝʤʫ ʚ ʬʠʥʠʰʥʦʡ ʦʧʝʨʘʮʠʠ 

ʧʨʦʯʥʦʩʪʥʦʝ ʥʘʩʣʝʜʠʝ ʧʨʝʜʳʜʫʱʝʡ ʦʧʝʨʘʮʠʠ. ɸʜʝʢʚʘʪʥʦʩʪʴ ɸʀʐ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʊʌʆ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʴʶ ʝʝ ʦʙʲʝʢʪʦʚ, ʚ ʠʭ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ 

ʩʣʝʜʫʝʪ ʠʟ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʭ ʵʬʬʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʢʦʨʦʩʪʥʦʡ 

ʠʤʧʫʣʴʩʥʳʡ ʥʘʛʨʝʚ ʰʣʠʬʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʘʥʘʣʦʛʠʯʥʦ ʊʌʆ ʚʧʣʦʪʴ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʚʝʨʜʦʛʦ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ɹʉ. ɺ ʧʷʪʥʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʢʨʳʚʘʶʱʝʤ ʦʙʨʘʙʘʪʚrʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʜʚʦʡʥʦʛʦ 

ʩʢʦʨʦʩʪʥʦʛʦ ɸʀʐ (ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʘʙʦʯʠʭ ʜʚʠʞʝʥʠʡ ʠ 

ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ [3]), ï ʚʧʣʦʪʴ ʜʦ 

ʧʣʘʚʣʝʥʠʷ ʠ ʜʘʞʝ ʯʘʩʪʠʯʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʤʝʪʘʣʣʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʤ ʝʝ ʦʭʣʘʞʜʝʥʠʝʤ, ʦʩʦʙʝʥʥʦ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʉʆʊʉ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʪʝʭʥʠʢʠ ʧʦʜʘʯʠ. ʂʘʢ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʊʌʆ, ʧʦʷʚʣʝʥʠʝ ʠʣʠ 

ʵʬʬʝʢʪʠʚʥʦʝ (ʧʦʩʣʝ ʊʌʆ) ʧʦʜʜʝʨʞʘʥʠʝ ʫʧʨʦʯʥʝʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ɹʉ 
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ʧʦʩʣʝ ɸʀʐ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʠʩʫʱʠʭ ʵʪʦʤʫ ʤʝʪʦʜʫ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʘʮʠʠ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

(ʰʣʠʬʫʝʤʦʡ) ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ 

ʨʘʟʨʷʜʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʟʦʥʳ ʰʣʠʬʦʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ɹʉ ʢʘʢ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ ɸʀʐ ʩʪʘʣʝʡ ʚʥʝ 

ʤʘʨʰʨʫʪʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʊʌʆ. ʍʦʪʷ ʙʳ ʧʦʪʦʤʫ, ʯʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʜʝʦʣʦʛʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ɸʀʐ ʚʩʝʛʜʘ ʠʩʭʦʜʠʪ ʠʟ 

ʤʘʢʩʠʤʘʣʥɹʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʞʫʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʪʫʧʘʶʱʠʭ ʥʘʜ 

ʫʨʦʚʥʝʤ ʩʚʷʟʢʠ ʢʨʫʛʘ ʟʝʨʝʥ ʩʚʝʨʭʪʚʝʨʜʳʭ ʘʙʨʘʟʠʚʦʚ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʬʨʠʢʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚʦʦʙʱʝ ʠ, ʦʩʦʙʝʥʥʦ, ʚʥʝ ʠʭ ʨʝʞʫʱʠʭ ʢʦʥʪʘʢʪʦʚ [3]. 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʷʝʤʦʤ ʚ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʘʭ ɸʀʐ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ 

ʘʣʤʘʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʩ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ 

ʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʣʦʷ, ʯʝʤ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʧʨʘʚʣʷʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʘʢ 

ʩʪʨʫʢʪʫʨ ʚʪʦʨʠʯʥʦʡ ʟʘʢʘʣʢʠ, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨ ʦʪʧʫʩʢʘ [3].  

ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʠ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʜʝʣʠʷ, ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɹʉ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤ ʩʘʤʳʤ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ, ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʘʨʰʨʫʪ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʟʘʢʣʶʯʠʪʴ ʧʨʦʚʝʜʝʥʠʝʤ ʦʧʝʨʘʮʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʧʫʩʢʘ ʧʦʩʣʝ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʰʣʠʬʦʚʘʥʠʝʤ. ʀʣʠ 

ʚʢʣʶʯʠʪʴ ʚ ʮʠʢʣ ɸʀʐ ʚʳʭʘʞʠʚʘʥʠʝ ʙʝʟ ʪʦʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʘʚʣʝʥʳʤ 

ʢʨʫʛʦʤ, ʧʨʦʚʝʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 

(ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊʌʆ) ʥʘʛʨʝʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʵʢʚʠʚʘʣʝʥʪʥʳʤ 

ʚʣʠʷʥʠʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʧʫʩʢʘ. 

ʅʘʨʷʜʫ ʩ ʧʦʢʘʟʘʥʥʳʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʤʝʪʦʜʘ ɸʀʐ ʢ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʬʠʥʠʰʥʦʡ ʧʦʜʜʝʨʞʢʝ ʊʌʆ 

ʧʦʩʪʧʨʦʮʝʩʩʠʨʦʚʘʥʠʝʤ, ʦʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʦʧʨʦʚʦʜʥʳʭ SPS-ʥʘʥʦʢʝʨʘʤʠʢ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʫʛʦʧʣʘʚʢʠʭ, ʚ ʨʘʙʦʯʠʭ ʧʦʩʪʧʨʦʮʝʩʩʘʭ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ɸʀʐ, ʢʘʢ ʠ ʧʦʩʣʝ ʊʌʆ ʧʨʝʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʦʡ 

ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʣʝʞʘʱʝʛʦ ʨʘʟʤʝʨʥʦʛʦ ʠ ʤʠʢʨʦʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʘ ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ, ʩʦʛʣʘʩʫʶʱʫʶʩʷ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ [9] ʦʙ ʫʯʘʩʪʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ 

ʧʦʜʘʚʣʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʪʦʢʦʧʨʦʚʦʜʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʥʩʦʣʠʜʘʪʦʚ 

ʪʝʭʥʦʣʦʛʠʡ SPS (Spark Plasma Sintering [10] ï ʠʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ), 

ʫʢʘʟʳʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʦʧʳʪ ʅʊʋ çʍʇʀè ʚ ʦʙʨʘʙʦʪʢʝ ʩʧʝʯʝʥʥʦʛʦ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ SPS ʥʘʥʦʤʦʥʦʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʢʦʛʜʘ ʦʧʪʠʤʘʣʴʥʳʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʢʨʠʪʝʨʠʶ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʰʣʠʬʦʚʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʥʫʪʨʝʥʥʝʤ 
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ʟʥʘʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 

ʪʦʢʦʧʦʜʚʦʜʘ ʚ ʟʦʥʫ ʰʣʠʬʦʚʘʥʠʷ [11], ʧʦ-ʚʠʜʠʤʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʦʧʪʠʤʫʤʫ ʇʘʰʝʥʘ-ʇʝʥʥʠʥʛʘ ʚ ʬʠʟʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩ 

ʧʦʟʠʮʠʡ ʧʦʜʦʙʠʷ [9] ʫʩʣʦʚʠʡ ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʭ ʵʬʬʝʢʪʦʚ ʚ 

ʧʦʨʘʭ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʩʧʝʢʘʝʤʦʛʦ ʢʦʥʩʦʣʠʜʘʪʘ (SPS [12]) ʠ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʰʣʠʬʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ɸʀʐ [11]). 

ʆʙʦʩʪʨʝʥʠʝ ʢʨʠʟʠʩʥʳʭ ʷʚʣʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ 

ʪʦʚʘʨʦʚ ʦʩʦʙʝʥʥʦ ʩʪʠʤʫʣʠʨʫʝʪ ʢʘʢ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʄʝʪʦʜ ɸʀʐ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʘʨʘʜʠʛʤʘ 

ʧʦ ʦʙʦʠʤ ʛʨʫʧʧʘʤ ʪʨʝʙʦʚʘʥʠʡ (ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʜʫʢʮʠʠ), 

ʢʨʦʤʝ ʜʘʣʴʥʝʡʰʝʡ ʨʳʥʦʯʥʦʡ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʷʭ, ʥʫʞʜʘʝʪʩʷ ʪʘʢʞʝ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʟʨʘʙʦʪʢʘʭ ʪʠʧʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʛʦʪʦʚʥʦʩʪʠ ʢ ʝʛʦ ʚʦʧʣʦʱʝʥʠʷʤ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ï ʧʦʩʣʝ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʥʦʚʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʦʧʦʨʦʡ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʦʚ ʜʣʷ ʝʛʦ ʨʘʩʰʠʨʝʥʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ.  

ʄʦʜʝʨʥʠʟʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʕʬʬʝʢʪʠʚʥʘʷ ʧʦʜʜʝʨʞʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʪʘʥʢʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʝʘʣʴʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʨʘʟʚʠʪʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʠ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ 

ɸʀʐ [1]. 

ɺ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ ʦʧʝʨʘʮʠʡ ɸʀʐ ʧʦʜʚʦʜʦʤ ʚ ʟʦʥʫ ʦʙʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʢʘʢ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʘʥʢʦʩʪʨʦʝʥʠʠ, 

ʪʘʢ ʠ ʧʨʠ ʩʧʝʮʠʘʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʝʛʦ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʷ ʰʧʠʥʜʝʣʷ ʩʪʘʥʢʘ [3]. 

ʇʨʠ ʵʪʦʤ ʚ ʙʘʟʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʚʚʦʜʷʪʩʷ ʥʦʚʳʝ (ʥʝʪʦʢʦʧʨʦʚʦʜʥʳʝ) 

ʵʣʝʤʝʥʪʳ (ʜʝʪʘʣʠ), ʩʣʫʞʘʱʠʝ ʥʝʦʙʭʦʜʠʤʳʤ ʙʘʨʴʝʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʪʦʢʫ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʧʨʝʱʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʥʦ ʧʦʚʳʰʘʶʱʠʝ ʩʪʝʧʝʥʴ 

ʩʙʦʨʦʯʥʦʡ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʀʥʩʪʨʫʤʝʥʪ (ʰʣʠʬʦʚʘʣʴʥʳʡ 

ʢʨʫʛ) ʢʘʢ ʦʙʲʝʢʪ ʙʘʨʴʝʨʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʝʪʦʢʦʧʨʦʚʦʜʥʦʩʪʴ ʝʛʦ ʢʦʥʪʘʢʪʫ ʩ ʧʦʩʘʜʦʯʥʳʤ ʤʝʩʪʦʤ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʣʘʥʰʘʡʙʝ ʩʪʘʥʢʘ, ʚ ʠʟʚʝʩʪʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʘʢʪʠʢʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ.  
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ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʤʦʩʪʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʘʥʢʦʚ 

(ʠʥʩʪʨʫʤʝʥʪʘ) ʚ ʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʦʩʪʨʦʝʥʠʠ ʠ ʥʘ ʤʝʭʘʥʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ (ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ) ʢ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ɸʀʐ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʧʨʦʯʥʫʶ ʦʩʥʦʚʫ ʙʘʟʦʚʳʭ ʜʝʪʘʣʝʡ (ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ), ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʪʨʝʙʫʶʱʠʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʠ [3], ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠʩʧʦʣʥʝʥʠʠ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ (ʧʣʘʥʰʘʡʙʘ) ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʩʧʣʘʚʦʚ (ʥʝʩʫʱʠʡ ʢʦʨʧʫʩ ʠʥʩʪʨʫʤʝʥʪʘ).  

ɺʳʩʦʢʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʅʊʋ 

çʍʇʀè ʧʦʢʨʳʪʠʡ ʩʦʯʝʪʘʶʪʩʷ ʩ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʟʥʦʩʫ ʧʨʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʤʝʥʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʚʷʟʠ ʩ ʧʦʣʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʣʠ ʧʨʠ 

ʧʝʨʝʫʩʪʘʥʦʚʢʘʭ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ ʠʟ-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʦʧʝʨʘʮʠʠ. ʇʦʚʳʰʝʥʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʥʘ ʦʩʥʦʚʝ ʩʝʤʝʡʩʪʚʘ ʵʧʦʢʩʠʜʥʦ-ʜʠʘʥʦʚʳʭ ʩʤʦʣ (ʕɼʉ), ʧʦʜʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠ 

ʥʘʥʦʩʠʤʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʨʝʛʣʘʤʝʥʪʫ [13], ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ 

ʪʨʠʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Al2O3 ʠʣʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ SiO2 ʩ ʚʦʟʤʦʞʥʳʤ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʪʘʢ ʠ 

ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ (ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ɻʆʉʊ 10587-84 ʩʦʜʝʨʞʘʥʠʝ  

ʩʦʙʩʪʚʝʥʥʦ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ ʚ ʕɼʉ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 14 ʜʦ 22 %, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʪʚʝʨʜʝʚʘʶʱʠʭ ʧʦʢʨʳʪʠʷʭ).  

ʕʪʦ ʨʝʰʝʥʠʝ ʧʦʚʳʰʘʝʪ ʢʦʥʪʘʢʪʥʫʶ ʞʝʩʪʢʦʩʪʴ ʧʦʩʘʜʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ 

ʧʣʘʥʰʘʡʙʫ, ʘ ʩ ʥʝʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʪʝʢʩʪʦʣʠʪʦʚʳʭ ʚʪʫʣʦʢ ʠ ʧʨʦʢʣʘʜʦʢ, ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ-

ʧʦʪʨʝʙʠʪʝʣʷʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʦʚ ʚ ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʦʡ 

ʧʨʘʢʪʠʢʝ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʠ ʦʪ ʢʦʨʧʫʩʘ ʠʥʩʪʨʫʤʝʥʪʘ-ʢʨʫʛʘ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʜʝʪʘʣʝʡ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʕɼʉ ʩ 20 % ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 

ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ ʠ 30 ʤʘʩ. % Al2O3 ʥʘ 60-70% ʚʳʰʝ, ʯʝʤ ʫ ʪʘʢʦʛʦ ʞʝ, ʥʦ ʙʝʟ 

ʘʣʶʤʦʦʢʩʠʜʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʧʨʠ ʧʦʣʫʪʦʨʘʢʨʘʪʥʦʤ 

ʧʨʝʚʳʰʝʥʠʠ ʪʚʝʨʜʦʩʪʠ (ʅv = 204 ʄʇʘ, ʧʦ ɺʠʢʢʝʨʩʫ) ʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ 

(sʩʞ = 135 ʄʇʘ). ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʝʦʙʭʦʜʠʤʦʡ 

ʧʨʦʪʠʚʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʦʯʥʦ-

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤ ʰʣʠʬʦʚʘʥʠʷ (ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ r =  1014 ʆʤĿʤ) ʵʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʰʠʨʷʪʴ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʧʝʰʥʦʡ 

ʨʝʘʣʠʟʘʮʠʝʡ ɸʀʐ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʀʥʚʝʨʩʠʷ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ 

ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʦʪ ʩʪʘʣʴʥʦʡ ʧʣʘʥʰʘʡʙʳ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʩʪʘʥʢʘ ʚ 

ʩʪʦʨʦʥʫ ʠʟʤʝʥʝʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʪʘʢʞʝ ʨʝʰʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, 

ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ ʚ ʫʩʢʦʨʝʥʥʦʤ ʤʠʢʨʦʜʫʛʦʚʦʤ ʨʝʞʠʤʝ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ 

ʅʊʋ çʍʇʀè ʪʝʭʥʦʣʦʛʠʠ [14] ʜʣʷ ʪʠʪʘʥʦʚʳʭ ʠʤʧʣʘʥʪʦʚ. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ 

ʢʦʨʧʫʩʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʧʨʠ ʵʪʦʤ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʢʩʠʜʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʪʠʪʘʥʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʚ ʵʪʦʤ ʧʨʠʤʝʥʝʥʠʠ, ʧʦʤʠʤʦ ʠʟʚʝʩʪʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʝʨʩʧʝʢʪʠʚ, ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʪʘʢʞʝ ʦʙʣʝʛʯʝʥʠʝʤ ʧʦ ʤʘʩʩʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ 

ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʣʴʥʳʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʜʘʯʘ ʧʨʠʥʫʞʜʝʥʠʷ ʟʦʥʳ ʰʣʠʬʦʚʘʥʠʷ ʢ ʫʯʘʩʪʠʶ ʚ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʮʝʧʠ ɸʀʐ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʤ 

ʪʦʢʦʧʦʜʚʦʜʝ ʢ ʫʯʘʩʪʥʠʢʘʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʧʦʤʠʤʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʦʢʦʧʦʜʚʦʜʘ, ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʦʜʥʠʤ ʣʠʰʴ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʪʜʝʣʴʥʳʭ 

ʜʝʪʘʣʝʡ ʩʪʘʥʢʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʢ 

ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [15] ʥʘ ʧʨʠʤʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʨʮʝʚʳʭ 

ʧʣʘʥʝʪʘʨʥʦ-ʰʣʠʬʦʚʘʣʴʥʳʭ ʛʦʣʦʚʦʢ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ 

ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʢʘʭ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ 

ʵʣʝʢʪʨʦʬʠʟʠʢʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʘʢ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʦʙʣʝʛʯʝʥʥʳʡ, ʥʝʩʦʤʥʝʥʥʦ ʟʘʩʣʫʞʠʚʘʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʦ ʤʝʨʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʚʳʰʝʥʥʦʡ  ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ.  

ɺ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʨʘʩʰʠʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʪʘʥʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʦʪʦʚʥʦʩʪʴʶ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʩ ʠʭ ʧʦʤʦʱʴʶ ɸʀʐ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ [16], ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʚ 

ʩʪʘʥʢʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʦʜʦʪʨʘʩʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʰʣʠʬʦʚʘʣʴʥʳʭ 

ʩʪʘʥʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʩʰʠʨʝʥʠʝʤ ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʘ ʚʳʧʫʩʢʘʝʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʝʨʝʜʝʣʦʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʕʪʦ ʩʦʟʜʘʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʝʰʘʶʱʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ɸʀʐ 

ʠ ʵʣʝʢʪʨʦʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʨʘʟʤʝʨʥʦʡ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʫʶʱʠʝ ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 
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(ʚʢʣʶʯʝʥʠʝ ʚ ʩʪʘʥʦʯʥʫʶ ʩʠʩʪʝʤʫ ʠʩʪʦʯʥʠʢʘ-ʛʝʥʝʨʘʪʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʢʦʧʦʜʚʦʜʘ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ) ʫʞʝ ʥʝ ʪʨʝʙʫʶʪ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʬʦʨʤʦʦʙʨʘʟʫʶʱʫʶ ʪʦʯʥʦʩʪʴ ʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʦʚ, 

ʦʙʝʩʧʝʯʝʥʥʫʶ ʚ ʩʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ɸʀʐ ʚ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤ ʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʜʝʣʠʡ ʠʟ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚʳʩʦʢʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʪʠʤʫʣʠʨʫʶʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʶ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʨʘʙʦʪʦʢ ʅʊʋ çʍʇʀè ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʨʘʩʰʠʨʝʥʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʢʘʢ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʪʝʭʥʠʢʠ, ʪʘʢ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʡ ɸʀʐ, ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʩʪʘʥʦʯʥʳʭ 

ʩʠʩʪʝʤ, ʪʘʢ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʰʣʠʬʦʚʘʥʠʷ. 

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ 

ʧʨʦʝʢʪʫ 0113U001340 ʍʅʋ, ʅʊʋ çʍʇʀè, ʋɻɸɾʊ (ʛ. ʍʘʨʴʢʦʚ) ʠ ʉɻʋ  

(ʛ. Cʫʤʳ) çʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʢʨʳʪʠʷ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʩʦʝʜʠʥʝʥʠʡ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚè (ʚ ʯʘʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʝʨʩʧʝʢʪʠʚ ɸʀʐ) ʠ ʧʦ ʧʨʦʝʢʪʫ 0113U000425 ʅʊʋ çʍʇʀè çʈʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʧʝʮʠʘʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʘʥʢʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ ʘʣʤʘʟʥʦ-ʠʩʢʨʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ 

ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚè (ʚ ʯʘʩʪʠ  ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ). 
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ɽʌɽʂʊʀɺʅɽ ɺʀʂʆʈʀʉʊɸʅʅʗ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʆɰ 

ɯʅʌʆʈʄɸʎɯɰ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʉʂʃɸɼʅʀʍ ɺʀʈʆɹɯɺ 

 
ʋʜʦʩʢʦʥʘʣʝʥʽ ʥʘʫʢʦʚʽ ʦʩʥʦʚʠ ʦʧʨʘʮʶʚʘʥʥʷ ʡ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʥʘ ʩʪʘʜʽʾ ʾʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʚôʷʟʦʢ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʮʝʩʽʚ ʥʘ ʩʪʘʜʽʷʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ, ʤʦʞʥʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ, 
ʘʥʘʣʽʟʫʯʁʠ ʚʟʘʻʤʥʽ ʢʦʨʝʣʷʮʽʾ ʩʠʥʝʨʛʝʪʠʯʥʠʭ ʽ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʦʙʨʘʙʦʪʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʦ-
ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʩʪʘʜʠʠ ʠʭ 
ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʪʘʜʠʷʭ 
ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ, ʘʥʘʣʠʟʠʨʫʷ ʚʟʘʠʤʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 
ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 
Improved scientific basis and effective processing of information for quality assurance of complex 

products at the design stage, construction and operation of the application of methods of technical 
diagnostics, dynamic programming, structural and parametric modeling and tools and of inverse point 
calculations, which, unlike existing approaches can generate optimal characteristics of the 
configuration of complex products, including a set of alternatives by tab of the coefficients of the 

relative importance of the purposes specified in advance limits. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʂʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʡʤʘʻ ʮʝʥʪʨʘʣʴʥʝ 

ʤ̔ʩʮʝ ʫ ʩʫʯʘʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʪʝʦʨʽʷʭ [1, 2, 3, 4] ʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʢʨʘʾʥʠ [5, 6]. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʦʪʨʝʙʠ ʪʘ ʦʯʽʢʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʦʩʣʫʛ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʶʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʰʦʾ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɿʤʝʥʰʫʻʪʴʩʷ ʩʝʨʽʡʥʽʩʪʴ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʟʰʠʨʶʻʪʴʩʷ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʽ ʩʢʦʨʦʯʫʻʪʴʩʷ ʞʠʪʪʻʚʠʡ ʮʠʢʣ (ɾʎ). ʉʢʣʘʜʥʽ ʚʠʨʦʙʠ [7] ʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ (ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʦʨʽʟʘʣʴʥʝ, ʢʦʤʧʨʝʩʦʨʥʝ, ʧʦʣʽʛʨʘʬʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʰʝ) ʤʘʶʪʴ ʽʻʨʘʨʭʽʯʥʫ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʫ ʪʘ 

ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʚʟʘʻʤʦʟʚôʷʟʘʥʽ 

ʨʽʟʥʦʨʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ï ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ (ʂʊɿ), ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʪʘ ʦʧʝʨʘʪʠʚʥʠʡ ʧʝʨʩʦʥʘʣ (ʆʇ), ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʬʫʥʢʮʽʡ (ʨʠʩʫʥʦʢ 1). ʉʪʨʫʢʪʫʨʘ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ (ʉɺ) 

ʚʠʟʥʘʯʘʻ ʚʽʜʧʦʚʽʜʥʫ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ ʚʟʘ̒ ʤʦʟʚôʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

 
É ʂ.ʆ. ɼʷʜʶʨʘ, ɺ.ʆ. ɿʘʣʦʛʘ, 2013 
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ʩʪʘʜʽʷʭ ʾʭ ɾʎ. ʗʢʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʽʚ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʉɺ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʠʤʦʛ ʜʦ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʫʤʦʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱ. ʎʝ ʚʧʣʠʚʘʻ ʥʘ ʫʟʛʦʜʞʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ, 

ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʉɺ ʚʠʤʦʛʘʤ. ʋʩʽ ʧʨʦʮʝʩʠ ɾʎ ʉɺ ʻ  

ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ, ʫ ʷʢʽʡ ʚʦʥʠ ʬʫʥʢʮʽʦʥʫʶʪʴ (ʨʠʩʫʥʦʢ 2).  

ʗʢʽʩʪʴ ʧʦʙʫʜʦʚʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʽ ʤʝʭʘʥʽʟʤ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʝʢʪʫʻʪʴʩʷ 

ʥʘ ʷʢʽʩʪʴ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʗʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʫʩʧʘʜʢʦʚʫʻ ʷʢʽʩʪʴ ʧʨʦʮʝʩʽʚ ʽ 

ʩʠʩʪʝʤʠ, ʱʦ ʾʭ ʦʙôʻʜʥʫʻ. ʌʦʨʤʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʩʧʽʣʴʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʮʽʥʥʦʩʪʽ 

ʚʠʨʦʙʥʠʢʦʤ ʽ ʩʧʦʞʠʚʘʯʝʤ ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʠ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʝʨʝʢʣʘʜʘʶʪʴʩʷ ʥʘ ʚʠʤʦʛʠ ʜʦ 

ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʽ ʥʘ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʩʠʩʪʝʤʠ [8]. 

ɼʦ ʧʨʦʮʝʩʽʚ, ʷʢʽʩʪʴ ʷʢʠʭ ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʥʘʣʝʞʘʪʴ ʥʝ 

ʪʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʘʣʝ ʡ ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʫʧʨʘʚʣʽʥʩʴʢʽ ʡ ʽʥʰʽ 

(ʨʠʩʫʥʦʢ 2). ʅʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʉɺ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʥʘ ʟʘʤʦʚʣʝʥʥʷ (ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʪʠʧʥʠʭ ʉɺ), ʻ ʾʭ 

ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʥʝʟʜʘʪʥʽʩʪʴ 

ʚʽʜʦʙʨʘʞʘʪʠ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʽ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʥʝʣʽʥʽʡʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʝʤʝʨʜʞʝʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʉɺ ʫ ʧʝʨʽʦʜ ʚʽʜ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʨʦʟʨʦʙʣʝʥʥʷ ʜʦ 

ʟʘʢʽʥʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʘʛʘʪʦʝʣʝʤʝʥʪʥʘ ʪʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ 
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ɺʽʜʩʫʪʥʻ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʦ- 

ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʉɺ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʘʤʦʫʟʛʦʜʞʝʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʦʮʝʩʽʚ, ʷʢ ʚʽʜʢʨʠʪʦʾ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ, 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʷʢʦʾ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʉɺ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʥʝʦʙʭʽʜʥʘ ʜʦʩʪʦʚʽʨʥʘ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʾʭ ɾʎ.  
 

 

ɺʠʨʦʙʥʠʯʘ 

ʩʬʝʨʘ 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʬʝʨʘ 

ʉʬʝʨʘ 

ʫʧʨʘʚʣʽʥʥʷ 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʟʚʠʪʦʢ ʧʦʪʫʞʥʦʩʪʝʡ, ʟʦʢʨʝʤʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, ʝʢʦʣʦʛʽʻʶ ʪʘ ʙʝʟʧʝʢʦʶ ʟʛʽʜʥʦ ʟ 

ʤ̔ ʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ISO 

 

ʂʦʤʧʣʝʢʩʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ 

ʉʪʚʦʨʝʥʥʷ ʮʽʣʽʩʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘʫʢʦʚʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʇ̔ ʜʪʨʠʤʢʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ 

ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ  

ʽʥʥʦʚʘʮʽʡʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʉʪʚʦʨʝʥʥʷ 

ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ 

ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ 

ʇʝʨʝʭʽʜ ʥʘ 

ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ 

ʦʩʚʦʻʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʦʚʦʾ 

ʧʨʦʛʨʝʩʠʚʥʦʾ 

ʪʝʭʥʽʢʠ 

ʈʦʟʨʦʙʣʝʥʥʷ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ 

ʰʠʨʦʢʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʠʩʦʢʠʭ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ 
 

ʌʦʨʤʫʚʘʥʥʷ ʤʘʢʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʭ ʢʦʤʧʣʝʢʩʽʚ 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ  

ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥ  ̔

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʆʩʥʦʚʦʶ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʻ ʽʥʪʝʛʨʦʚʘʥʽ ʤʦʜʝʣʽ ʷʢ ʩʘʤʠʭ ʉɺ ʪʘ ʽ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʾʭ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʥʘ ʩʪʘʜʽʷʭ ɾʎ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʭʘʨʘʢʪʝʨʥʽ 

ʦʟʥʘʢʠ ʉɺ: 

- ʥʘʷʚʥʽʩʪʴ ʝʤʝʨʜʞʝʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʪʘʤʘʥʥʠʭ  ʷʢ  ʝʣʝʤʝʥʪʘʤ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʉɺ ʪʘʢ ʽ ʧʨʦʮʝʩʘʤ, ʱʦ 

ʾʭ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʥʘ ʩʪʘʜʽʷʭ ɾʎ; 
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- ʚʧʣʠʚ ʤʥʦʞʠʥʠ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʉɺ ʽ ʩʠʩʪʝʤʫ 
ʧʨʦʮʝʩʽʚ ʥʘ ʩʪʘʜʽʷʭ ɾʎ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʽʥʠʪʠ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ ʽ ʩʪʘʥ ʉɺ, 

ʚʠʢʣʠʢʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ. 

ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʉɺ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʽʟʥʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽ ʧʽʜʭʦʜʠ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

ʪʝʦʨʽʶ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ; ʪʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ; 

ʪʝʦʨʽʶ ʽʥʬʦʨʤʘʮʽʾ, ʪʝʦʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ; ʪʝʦʨʽʶ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ; 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʽʥʪʝʛʨʦʚʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 

ʊʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʠʤʦʛʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦ-

ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʮʠʭ ʧʽʜʭʦʜʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʉɺ ʻ 

ʪʝʦʨʝʪʠʢʦ-ʡʤʦʚʽʨʥʽʩʥʽ ʤʝʪʦʜʠ. ʇʨʠ ʦʙʤʝʞʝʥʦʤʫ ʦʙʩʷʛʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ 

ʩʢʣʘʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʘ ʟʽ ʩʢʣʘʜʥʽʩʪʶ 

ʩʪʨʫʢʪʫʨʠ ʉɺ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʾʭ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʥʘ ʩʪʘʜʽʷʭ ɾʎ, ʘ ʦʪʞʝ, ʽ 

ʨʠʟʠʢʦʤ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʠʭ ʚʠʤʦʛ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ 

ʤʝʪʦʜʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʽ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ 

ʠhʨʦʢʦʛʦ ʢʣʘʩʫ ʧʨʦʮʝʩʽʚ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʽ ʷʚʠʱ ʫ ʩʘʤʠʭ ʉɺ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ: ʜʦʩʣʽʜʥʠʢ ʤʘʻ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʪʠʧʥʠʭ ʉɺ ʘʙʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʉɺ ʚʟʘʛʘʣʽ ʻ ʫʥʽʢʘʣʴʥʠʤ (ʥʘʧʨʠʢʣʘʜ ʚʠʛʦʪʦʚʣʝʥʠʡ ʥʘ ʟʘʤʦʚʣʝʥʥʷ); ʦʙʩʷʛ  

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʦʜʥʦʪʠʧʥʠʭ ʉɺ, ʤʘʣʠʡ ʘʙʦ 

ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽ; ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɺ 

ʤʘʶʪʴ ʥʠʟʴʢʫ ʡʤʦʚʽʨʥʽʩʪʴ; ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʽʦʜʠʯʥʠʭ  ʧʝʨʝʚʽʨʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʛʽʧʦʪʝʟ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɺ ʥʝʤʦʞʣʠʚʦ ʘʙʦ ʧʦʚôʷʟʘʥʦ ʟ ʽʩʪʦʪʥʠʤʠ 

ʪʨʫʜʥʦʱʘʤʠ ʪʘ ʽʥ. 

ʅʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʉɺ ʚʠʛʦʪʦʚʣʷʶʪʴ ʥʘ ʟʘʤʦʚʣʝʥʥʷ 

(ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʪʠʧʥʠʭ ʉɺ), ʻ ʾʭ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʥʝʟʜʘʪʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʽ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʥʝʣʽʥʽʡʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʧʦʩʣʜ̔ʦʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʝʤʝʨʜʞʝʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʉɺ ʫ ʧʝʨʽʦʜ ʚʽʜ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʨʦʟʨʦʙʣʝʥʥʷ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʾ 

ʫʪʠʣʽʟʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʘ ʧʦʪʨʝʙ ʪʘ ʦʯʽʢʫʚʘʥʴ ʟʘʤʦʚʥʠʢʽʚ ʚ ʫʤʦʚʘʭ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʪʠʩʢʫ ʽ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʩʝʨʽʡʥʦʩʪʽ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʨʦʟʰʠʨʝʥʥʽ ʥʦʤʝʥʢʣʘʪʫʨʠ ʉɺ ʚʠʨʦʙʽʚ 

ʚʠʤʘʛʘʻ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʨʦʮʝʩʽʚ.  

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʷʢʽʩʪʴ ʻ ʬʫʥʢʮʽʻʶ ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʧʨʦʮʝʩʽʚ ʥʘ ʩʪʘʜʽʷʭ ɾʎ (ʨʠʩʫʥʦʢ 3), ʘ ʧʽʜʚʠʱʝʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʦʮʝʩʽʚ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʉɺ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ 

ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ, ʥʘʫʢʦʚʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 
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ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ 

ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤʠ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʪʝʦʨʽʷ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʽ ʤʦʜʝʣʽ ʥʝʨʽʚʥʦʚʘʞʥʦʾ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ. 
 

ɺʜʦʩʢʦʥʘʣʝʥʥʷʚʟʘʻʤʦʟʚ'ʷʟʢʽʚʤʽʞʦʢʨʝʤʠʤʠ

ʨʽʚʥʷʤʠʬʫʥʢʮʽʦʥʘʣʴʥʠʭʧʽʜʩʠʩʪʝʤʉɺ ʽ

ʧʨʦʮʝʩʽʚ, ʱʦʾ ʭʩʫʧʨʦʚʦʜʞʫʶʪʴʥʘʩʪʘʜʽʷʭɾʎ

ʈʦʟʨʦʙʣʝʥʥʷʥʦʚʠʭʥʘʫʢʦʚʦʦʙˇʨʫʥʪʦʚʘʥʠʭ

ʤʝʪʦʜʽʚʧʽʜʪʨʠʤʢʠʧʨʠʡʥʷʪʪʷʨʽʰʝʥʧɹʨʦ

ʚʽʜʧʦʚʽʜʥʦʩʪʽʉɺʚʩʪʘʥʦʚʣʝʥʠʤʚʠʤʦʛʘʤʥʘ

ʩʪʘʜʽʷʭʾʭɾʎ ʥʘʦʩʥʦʚʚ̔ʠʢʦʨʠʩʪʘʥʥʽ

ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭʝʚʦʣʶʮʽʡʥʠʭʤʦʜʝʣʝʡ, ʷʢʽ

ʚʨʘʭʦʚʫʶʪʴʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴʩʪʨʫʢʪʫʨʠ

ʧʨʦʮʝʩʽʚʟʘʣʝʞʥʦʚʽʜʜʠʥʘʤʽʯʥʦʾʟʤʽʥʠ

ʚʥʫʪʨʽʰʥʴʦʛʦʟ̔ʦʚʥʽʰʥʴʦʛʦʩʝʨʝʜʦʚʠʱʘ

ʇʽʜʚʠʱʝʥʥʷʜʦʩʪʦʚʽʨʥʦʩʪʽʽʥʬʦʨʤʘʮʽʾʜʣʷ

ʧʨʠʡʥʷʪʪʷʦʙˇʨʫʥʪʦʚʘʥʠʭʨʽʰʝʥʴɦʦʜʦ

ʚʽʜʧʦʚʽʜʥʦʩʪʽʚʠʤʦʛʘʤʥʘ ʦʩʥʦʚʽ

ʚʜʦʩʢʦʥʘʣʝʥʥʷʤʝʪʦʜʽʚʜʽʘʛʥʦʩʪʫʚʘʥʥʷʽ

ʧʨʦʛʥʦʟʫʚʘʥʥʷʪʝʭʥʽʯʥʦʛʦʩʪʘʥʫʥʘʡʤʝʥʰ

ʥʘʜʽʡʥʠʭʝʣʝʤʝʥʪʽʚʉɺʧʨʠʝʢʩʧʣʫʘʪʘʮʽʾ

ʗʢʽʩʪʴʉɺ ï ʬʫʥʢʮʽʷʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ

ʩʪʨʫʢʪʫʨʠʧʨʦʮʝʩʽʚʥʘʩʪʘʜʽʷʭɾʎ

ʇʽʜʚʠʱʝʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ

ʦʨʛʘʥʽʟʘʮʽʡʥʦʾʩʪʨʫʢʪʫʨʠʧʨʦʮʝʩʽʚʥʘ

ʩʪʘʜʽʷʭɾʎ ʉɺ ʟʘʙʝʟʧʝʯʫʻ

ʫʟʛʦʜʞʝʥʽʩʪʴʾʭ ʨʝʟʫʣʴʪʘʪʽʚʽ

ʚʽʜʧʦʚʽʜʥʽʩʪʴʚʩʪʘʥʦʚʣʝʥʠʤʚʠʤʦʛʘʤ

ʅʘʫʢʦʚʽʧʨʠʧʫʱʝʥʥʷ

ɺʜʦʩʢʦʥʘʣʝʥʥʷʚʟʘʻʤʦʟʚ'ʷʟʢʽʚʤʽʞʦʢʨʝʤʠʤʠ

ʨʽʚʥʷʤʠʬʫʥʢʮʽʦʥʘʣʴʥʠʭʧʽʜʩʠʩʪʝʤʉɺ ʽ

ʧʨʦʮʝʩʽʚ, ʱʦʾ ʭʩʫʧʨʦʚʦʜʞʫʶʪʴʥʘʩʪʘʜʽʷʭɾʎ

ʈʦʟʨʦʙʣʝʥʥʷʥʦʚʠʭʥʘʫʢʦʚʦʦʙˇʨʫʥʪʦʚʘʥʠʭ

ʤʝʪʦʜʽʚʧʽʜʪʨʠʤʢʠʧʨʠʡʥʷʪʪʷʨʽʰʝʥʧɹʨʦ

ʚʽʜʧʦʚʽʜʥʦʩʪʽʉɺʚʩʪʘʥʦʚʣʝʥʠʤʚʠʤʦʛʘʤʥʘ

ʩʪʘʜʽʷʭʾʭɾʎ ʥʘʦʩʥʦʚʚ̔ʠʢʦʨʠʩʪʘʥʥʽ

ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭʝʚʦʣʶʮʽʡʥʠʭʤʦʜʝʣʝʡ, ʷʢʽ

ʚʨʘʭʦʚʫʶʪʴʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴʩʪʨʫʢʪʫʨʠ

ʧʨʦʮʝʩʽʚʟʘʣʝʞʥʦʚʽʜʜʠʥʘʤʽʯʥʦʾʟʤʽʥʠ

ʚʥʫʪʨʽʰʥʴʦʛʦʟ̔ʦʚʥʽʰʥʴʦʛʦʩʝʨʝʜʦʚʠʱʘ

ʇʽʜʚʠʱʝʥʥʷʜʦʩʪʦʚʽʨʥʦʩʪʽʽʥʬʦʨʤʘʮʽʾʜʣʷ

ʧʨʠʡʥʷʪʪʷʦʙˇʨʫʥʪʦʚʘʥʠʭʨʽʰʝʥʴɦʦʜʦ

ʚʽʜʧʦʚʽʜʥʦʩʪʽʚʠʤʦʛʘʤʥʘ ʦʩʥʦʚʽ

ʚʜʦʩʢʦʥʘʣʝʥʥʷʤʝʪʦʜʽʚʜʽʘʛʥʦʩʪʫʚʘʥʥʷʽ

ʧʨʦʛʥʦʟʫʚʘʥʥʷʪʝʭʥʽʯʥʦʛʦʩʪʘʥʫʥʘʡʤʝʥʰ

ʥʘʜʽʡʥʠʭʝʣʝʤʝʥʪʽʚʉɺʧʨʠʝʢʩʧʣʫʘʪʘʮʽʾ

ʗʢʽʩʪʴʉɺ ï ʬʫʥʢʮʽʷʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ

ʩʪʨʫʢʪʫʨʠʧʨʦʮʝʩʽʚʥʘʩʪʘʜʽʷʭɾʎ

ʇʽʜʚʠʱʝʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ

ʦʨʛʘʥʽʟʘʮʽʡʥʦʾʩʪʨʫʢʪʫʨʠʧʨʦʮʝʩʽʚʥʘ

ʩʪʘʜʽʷʭɾʎ ʉɺ ʟʘʙʝʟʧʝʯʫʻ

ʫʟʛʦʜʞʝʥʽʩʪʴʾʭ ʨʝʟʫʣʴʪʘʪʽʚʽ

ʚʽʜʧʦʚʽʜʥʽʩʪʴʚʩʪʘʥʦʚʣʝʥʠʤʚʠʤʦʛʘʤ

ʅʘʫʢʦʚʽʧʨʠʧʫʱʝʥʥʷ

 
 

ʈʠʩʫʥʦʢ 3 ï ʅʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ 
ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʦʷʚʽʚ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʜʦ ʥʝʩʪʘʙʽʣʴʥʠʭ ʪʘ ʭʘʦʪʠʯʥʠʭ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʚʽʜʢʨʠʪʠʭ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʥʘʚʝʜʝʥʽ ʫ 

ʧʨʘʮʷʭ: ɸʨʥʦʣʴʜʘ ɺ. ɯ., ɺʦʣʴʢʝʥʰʪʝʡʥʘ ʄ. ɺ., ʂʘʙʘʣʜʽʥʘ ʖ. ɻ,  

ʂʦʣʻʩʥʽʢʦʚʘ ɸ. ɸ., ʂʫʨʜʶʤʦʚʘ ʉ. ʇ., ʅʽʢʦʣʘʩʘ ɻ., ʆʣʻʤʩʴʢʦʛʦ ʆ. ɯ., 

ʉʘʤʘʨʩʢɹʦʛʦ ɸ. ɸ., ʊʦʤʘ ʈ., ʇʨʠʛʦʞʠʥʘ ɯ. ʈ., ʍʘʢʝʥʘ ɻ., ʏʝʨʥʘʚʩʴʢʦʛʦ ɼ. ʉ.  

ʪʘ ʽʥʰʠʭ.  

ʈʷʜ ʧʨʘʮʴ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ, ʟʦʢʨʝʤʘ ʆʣʻʤʩʴʢʦʛʦ ʆ. ɯ. [9] ʧʨʠʩʚʷʯʝʥʦ 

ʧʨʦʙʣʝʤʽ ʧʦʰʫʢʫ ʟʘʛʘʣʴʥʠʭ ʦʙôʻʢʪʠʚʥʠʭ ʟʘʢʦʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤʠ ʩʘʤʦʫʟʛʦʜʞʝʥʠʭ ʨʽʚʥʷʥʴ ʃʦʨʝʥʮʘ, ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʟʤʽʥʥʽ ʷʢʦʾ 

(ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʫ, ʩʧʦʣʫʯʝʥʝ ʧʦʣʝ ʪʘ ʢʝʨʫʶʯʠʡ ʧʘʨʘʤʝʪʨ) ʦʧʠʩʫʶʪʴ 
ʢʦʣʝʢʪʠʚʥʫ ʧʦʚʝʜʽʥʢʫ ʨʽʟʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʭʦʜʷʯʠ ʟ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ  ʪʝʨʤʦʜʠʥʘʤʽʢʠ  ʥʝʟʚʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ 

ʦʩʥʦʚʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ 

ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʉɺ ʻ (ʨʠʩʫʥʦʢ 4):  

ʘ) ʚʽʜʢʨʠʪʽʩʪʴ ʩʠʩʪʝʤ, ʱʦ ʧʨʠʧʫʩʢʘʻ:  

- ʧʦʩʪʽʡʥʠʡ ʧʨʠʧʣʠʚ ʥʝʛʘʪʠʚʥʦʾ ʝʥʪʨʦʧʽʾ (ʽʥʬʦʨʤʘʮʽʾ);  
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ī ʥʘʷʚʥʽʩʪʴ ʛʣʠʙʦʢʠʭ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ 

ʩʠʩʪʝʤʦʶ; 

ʙ) ʚʝʣʠʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ (ʮʝ ʚʠʟʥʘʯʘʻ ʩʢʣʘʜʥʫ ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤ);  

ʚ) ʢʦʛʝʨʝʥʪʥʝ ʧʦʚʦʜʞʝʥʥʷ ʧʽʜʩʠʩʪʝʤ. 

 

 

 

ʋʤʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʽ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ɾʎ ʷʢ ʚʽʜʢʨʠʪʦʾ ʩʠʩʪʝʤʠ 

ɺʽʜʢʨʠʪʽʩʪʴ ʩʠʩʪʝʤ 
(ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ ʥʘ ʩʧʦʞʠʚʘʯʘ): 

 

¶ ʝʣʝʤʝʥʪʠ ʤʘʨʢʝʪʠʥʛʫ ʽ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

¶ ʧʦʩʪʽʡʥʠʡ ʧʨʠʧʣʠʚ ʥʝʛʘʪʠʚʥʦʾ ʝʥʪʨʦʧʽʾ 

(ʽʥʬʦʨʤʘʮʽʾ); 

¶ ʥʘʷʚʥʽʩʪʴ ʛʣʠʙʦʢʠʭ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ 
ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʩʠʩʪʝʤʦʶ (ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʪʨʝʙ ʪʘ ʦʯʽʢʫʚʘʥʴ ʩʧʦʞʠʚʘʯʽʚ) 

ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, 

ʦʧʠʩʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ 
(ʚʠʟʥʘʯʘʻ ʩʢʣʘʜʥʫ ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤ ʯʝʨʝʟ ʟʤʽʥʫ 

ʧʦʪʨʝʙ ʪʘ ʦʯʽʢʫʚʘʥʴ ʟʘʤʦʚʥʠʢʽʚ ʪʘ ʽʥʰʠʭ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ, ʟʥʘʯʥʽ ʥʝʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ 

ʨʠʥʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʡʤʦʚʽʨʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʠʥʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ, ʤʦʞʣʠʚʽʩʪʶ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʧʣʠʚʽʚ) 

ʂʦʦʧʝʨʘʪʠʚʥʝ ʧʦʚʦʜʞʝʥʥʷ 

ʧʽʜʩʠʩʪʝʤ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 
 

ʩʪʫʧʽʥʴ ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʉɺ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʟʛʦʜʞʝʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʥʪʨʦʧʽʻʶ  

ʂʽʥʮʝʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʧʨʦʮʝʩʽʚ ɾʎ ʉɺ ʤʦʞʝ ʤʘʪʠ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ. 

ʇʽʜʚʠʱʝʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʚʝʜʝ ʜʦ ʟʤʝʥh ʝʥʥʷ ʯʠʩʣʘ ʤʦʞʣʠʚʠʭ ʤʽʢʨʦʩʪʘʥʽʚ ʽ  

ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʥʪʨʦʧʽʾ 
 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʦʚʠʥʥʘ ʩʪʚʦʨʶʚʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʜʘʣʴʰʦʾ ʝʚʦʣʶʮʽʾ ʡ ʘʜʘʧʪʠʚʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʟʘʚʞʜʠ 

ʽʩʥʫʻ ʥʝʙʝʟʧʝʢʘ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʚʫʟʴʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʤʠʥʫʣʦʛʦ ʜʦʩʚʽʜʫ, ʘ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʠʩʪʝʤʽ ʽʩʥʫʚʘʪʠ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʦʙʥʦʚʣʷʪʠʩʷ ʽ ʟʥʘʭʦʜʠʪʠ ʩʘʤʦʙʫʪʥʽ ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ, ʻ ʾʾ ʘʜʘʧʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʱʦ ʚʠʷʚʣʷʶʪʴʩʷ ʥʘ ʰʣʷʭʫ ʝʚʦʣʶʮʽʾ.  

ɼʦʚʛʦʩʪʨʦʢʦʚʝ 

ʧʣʘʥʫʚʘʥʥʷ 

ʷʢʦʩʪʽ 

ʇʦʩʪʽʡʥʠʡ ʤʦʥ̔ʪʦʨʠʥʛ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʩʪʘʜʽʷʭ 

ɾʎ ʉɺ ʪʘ ʘʥʘʣʽʟʫʚʘʥʥʷ ʡʦʛʦ ʩʪʘʥʽʚ 

ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʫʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʽʥʥʦʚʘʮʽʡ ʽ 

ʧʦʩʪʽʡʥʦʛʦ ʧʦʣʽʧʰʫʚʘʥʥʷ 

ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ 

ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʬʘʢʪʽʚ 

ɸʢʮʝʥʪʫʚʘʥʥʷ ʫʚʘʛʠ ʥʘ ʟʘʜʦʚʦʣʝʥʥʽ 

ʟʘʧʠʪʽʚ ʩʧʦʞʠʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙ ʽ 

ʦʯʽʢʫʚʘʥʴ ʽʥʰʠʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ 
 

 
ʈʠʩʫʥʦʢ 4 ï ʋʤʦʚʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʷʢʦʩʪʽ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ 

 

ʗʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʮʽ ʫʤʦʚʠ, ʪʦ ʢʽʥʮʝʚʠʡ ʩʪʘʥ ʮʽʣʢʦʤ ʤʦʞʝ ʤʘʪʠ 

ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ. ʎʝʡ ʧʝʨʝʭʽʜ ʩʠʩʪʝʤʠ ʚ ʩʪʘʙʽʣʴʥʠʡ 

ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ ʤʘʻ ʥʘʟʚʫ ʬʽʟʠʯʥʦʾ ʝʚʦʣʶʮʽʾ. ʇʨʦʷʚ ʮʠʭ ʝʬʝʢʪʽʚ ʽ ʻ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʻʶ. ɼʦʜʘʶʯʠ ʮʽ ʫʤʦʚʠ ʜʦ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ:  

ʘ) ʚʽʜʢʨʠʪʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠʧʫʩʢʘʻ ʥʘʷʚʥʽʩʪʴ ʛʣʠʙʦʢʠʭ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ 

ʟʽ ʩʧʦʞʠʚʘʯʝʤ, ʧʨʠʥʘʡʤʥʽ ʯʝʨʝʟ ʧʽʜʩʠʩʪʝʤʠ ʤʘʨʢʝʪʠʥʛʫ ʽ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ;  
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ʙ) ʟʥʘʯʥʽ ʥʝʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʨʠʥʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ 

ʡʤʦʚʽʨʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʠʥʢʦʚʠʭ ʟʚôʷʟʢʽʚ, ʤʦʞʣʠʚʽʩʪʶ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʧʦʰʪʦʚʭʽʚ ʽ ʧʽʜʢʨʝʩʣʶʶʪʴʩʷ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ;  

ʚ) ʩʪʫʧʽʥʴ ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʦʧʝʨʘʪʠʚʥʦʶ ʧʦʛʦʜʞʝʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʝʥʪʨʦʧʽʻʶ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʮʽʾ.  

ʉʘʤʦʫʟʛʦʜʞʝʥʘ ʚʟʘʻʤʦʜʽʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ 

ʨʦʙʽʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʉɺ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, ʚʠʤʽʨʶʚʘʥʥʷ, ʘʥʘʣʽʟʫʚʘʥʥʷ ʪʘ ʧʦʣʽʧʰʫʚʘʥʥʷ. 

ɼʽʘʛʥʦʩʪʠʢʘ ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʨʦʙʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʪʘ ʦʜʥʠʤ ʽʟ 

ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʝʪʘʧʽʚ ʜʣʷ ʟʙʦʨʫ, ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʉɺ ʽ ʧʨʦʮʝʩʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭ 

ʝʚʦʣʶʮʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʧʨʦʮʝʩʽʚ ʧʽʜ 

ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʉɺ ʟʘʣʝʞʥʦ ʚʽʜ ʜʠʥʘʤʽʯʥʦʾ 

ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ 

ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʭ ʚʠʪʨʘʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʽ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʽʚ ʪʘ ʽʥʰʠʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ. ʎʷ 

ʧʨʦʙʣʝʤʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʽ ʟʥʘʯʥʦʶ 

ʤʨ̔ʦʶ ʩʪʦʩʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʷʢʦʩʪʽ ʪʘʢʠʭ ʉɺ, ʷʢ ʤʝʪʘʣʦʨʽʟʘʣʴʥʽ ʚʝʨʩʪʘʪʠ (ʄɺ), 

ʢʦʤʧʨʝʩʦʨʥʝ ʦʙʣʘʜʥʘʥʥʷ (ʂʆ) ʪʘ ʧʦʣʽʛʨʘʬʽʯʥʽ ʧʘʧʝʨʦʨʽʟʘʣʴʥʽ ʤʘʰʠʥʠ (ʇʄ). 

ɰʾ ʚʠʨʽʰʝʥʥʷ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʠʤʠ 

ʥʘʧʨʷʤʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʻ: 

- ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ ʨʽʚʥʷʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʽʜʩʠʩʪʝʤ ʉɺ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʾʭ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʥʘ ʩʪʘʜʽʷʭ ɾʎ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʉɺ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʥʘ ʩʪʘʜʽʷʭ ʾʭ 

ɾʎ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʧʨʦʮʝʩʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

- ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ 

ʨʽʰʝʥʴ ʱʦʜʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʥʘ ʦʩʥʦʚʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʘʡʤʝʥʰ ʥʘʜʽʡʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʉɺ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʝʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ 
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ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʨʦʙʽʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʉɺ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʪʘ ʤʝʪʦʜʽʚ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʩʘʤʦʫʟʛʦʜʞʝʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʧʨʦʮʝʩʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɸʣʛʦʨʠʪʤ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʉɺ ʤʦʞʝ ʙʫʪʠ ʟʦʙʨʘʞʝʥʠʡ ʩʭʝʤʦʶ ʥʘ 

ʨʠʩʫʥʢʫ 5. ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʉɺ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʌʇʉj. 

ʊʘʢʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʚʽʜʙʽʨ ʩʫʢʫʧʥʦʩʪʽ ʪʠʧʽʚ ʟʘʩʦʙʽʚ 

(ʪʝʭʥʽʯʥʠʭ (
jʂʊɿʌʇ ) ʽ ʧʨʦʛʨʘʤʥʠʭ (

jʇɿʌʇ )) ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ 

(
jʆʇʌʇ ), ʱʦ ʻ ʩʢʣʘʜʦʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ ʽ ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʫ ʜʽʶ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ( )KN tS , ʝʥʝʨʛʝʪʠʯʥʦʛʦ ( )KN tE  ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ( )KN tI  ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʥʘ ʦʙôʻʢʪ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɼʽʘʧʘʟʦʥʠ ʟʤʽʥʠ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʤʧʣʝʢʩʥʦʤʫ ʢʨʠʪʝʨʽʶ 
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ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʫ (ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 

Q) ʽ ʢʝʨʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʫ (ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ F); Fe ï 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʦʚʥʽʰʥʴʦʾ ʜʽʾ; Fc ï ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ F) [8]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʦʮʽʥʦʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ ʌʇʉj, 

ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʥʦʤʫ ʚʨʘʭʫʚʘʥʥʽ ʨʽʟʥʦʧʣʘʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʤʥʦʞʠʥʠ ʪʠʧʽʚ ʝʣʝʤʝʥʪʽʚ (ʌʇʂʊɿ, ʌʇʇɿ, ʌʇʆʇ) ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ 

ʢʨʠʪʝʨʽʡ, ʱʦ ʚʨʘʭʦʚʫʻ ʾʭ ʧʣʘʥʦʚʽ ʪʘ ʬʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʩʪʘʜʽʷʭ ɾʎ ʽ 

ʚʩʪʘʥʦʚʣʶʻ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ, ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʉɺ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʦʚʠʭ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʘ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʨʝʞʠʤʠ ʨʝʘʣʽʟʘʮʽʾ 

ʩʘʤʦʫʟʛʦʜʞʝʥʦʾ ʚʟʘʻʤʦʜʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ (ʪʘʙʣʠʮʷ 1). ɸʥʘʣʽʟʫʶʯʠ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʮʠʭ ʚʘʨʽʘʥʪʽʚ, ʦʙʠʨʘʶʪʴ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʪʨʘʪ ʥʘ ʡʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʽʣʴʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ɾʎ ʉɺ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʚʽʜʢʨʠʪʫ ʩʠʩʪʝʤʫ 
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ʚʟʘʻʤʦʜʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʦʞʝ ʤʘʪʠ 

ʩʘʤʦʩʪʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʚʦʾʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
 

 

ʈʠʩʫʥʦʢ 5 ï ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʝʬʝʢʪʠʚʥʠʭ ʨʝʞʠʤʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ɾʎ ʉɺ 

 

ɰʭ ʽʥʪʝʛʨʘʮʽʷ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʦ ʥʦʚʫ ʩʫʢʫʧʥʽʩʪʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʤʽʨʫ ʢʦʨʠʩʥʦʩʪʽ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʉɺ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʝʞʠʤʠ 

ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʫʤʦʚ ʽ ʟʘʩʦʙʽʚ ʙʘʛʘʪʴʦʭ 


