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ʚʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʰʘʩʽ. ʆʧʠʩʘʥʦ ʩʚʝʨʜʣʽʥʥʷ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ ʫ ʟʘʛʦ-
ʪʦʚʢʘʭ ʜʝʪʘʣʝʡ ʰʘʩʽ ʣʽʪʘʢʘ, ʙʘʛʘʪʦʚʝʨʩʪʘʪʥʫ ʦʙʨʦʙʢʫ ʟʘʛʦʪʦʚʦʢ ʪʘ ʦʜʥʦʚʝʨʩʪʘʪ-
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ʰʘʩʽ ʣʽʪʘʢʘ. ʇʦʜʘʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʥʪʘʞʫ ʩʬʝʨʠʯʥʠʭ 
ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ ʫ ʜʝʪʘʣʽ ʰʘʩʽ ʣʽʪʘʢʘ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 
ʟʤʽʮʥʶʚʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʰʘʩʽ ʣʽʪʘʢʘ, ʥʘʥʝʩʝʥʥʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʪʘ 
ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʜʝʪʘʣʽ ʰʘʩʽ ʣʽʪʘʢʘ. 
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ɺʉʊʋʇ 

ʉʚʽʪʦʚʠʡ ʧʦʚʽʪʨʷʥʠʡ ʬʣʦʪ ʥʘʨʘʟʽ ʥʘʨʘʭʦʚʫʻ ʙʣʠʟʴʢʦ 28 ʪʠʩʷʯ ʧʘʩʘ-
ʞʠʨʩʢʠʭ ʣʽʪʘʢʽʚ. ʐʘʩʽ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ ʧʦʣʦʞʝʥʥʷ ʣʽ-
ʪʘʢʘ ʥʘ ʩʪʦʷʥʮʽ, ʧʝʨʝʩʫʚʘʥʥʷ ʧʦ ʟʣʽʪʥʦ-ʧʦʩʘʜʦʯʥʽʡ ʩʤʫʟʽ ʧʨʠ ʙʫʢʩʠʨʫʚʘʥʥʽ, 
ʨʫʣʶʚʘʥʥʽ, ʨʦʟʛʦʥʽ ʧʝʨʝʜ ʟʣʽʪʘʥʥʷʤ ʽ ʧʨʦʙʽʛʫ ʧʽʩʣʷ ʧʦʩʘʜʢʠ, ʘ ʪʘʢʦʞ ʧʦʛʣʠ-
ʥʘʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʣʽʪʘʢʘ ʧʽʜ ʯʘʩ ʧʝʨʝʩʫʚʘʥʥʷ, ʧʨʦʙʽʛʫ ʧʽʩʣʷ ʧʦʩʘʜʢʠ 
ʘʙʦ ʧʝʨʝʨʚʘʥʦʤʫ ʟʣ̔ʪʘʥʥʽ ʪʘ ʛʘʣʴʤʫʚʘʥʥʽ.  

ɿʘ ʩʪʘʪʠʩʪʠʢʦʶ ʥʘ ʰʘʩʽ ʧʨʠʧʘʜʘʻ 2,5...5 % ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʣʽʪʥʦʾ 
ʤʘʩʠ ʪʘ 1,5...1,75 % ʚʽʜ ʚʘʨʪʦʩʪʽ ʣʽʪʘʢʘ. ʅʘʧʨʠʢʣʘʜ, ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʥʦʩʦʚʦ-
ʛʦ ʪʘ ʛʦʣʦʚʥʦʛʦ ʰʘʩʽ ʣʽʪʘʢʘ-ʘʝʨʦʙʫʩʘ ɸ-350 ʩʪʘʥʦʚʠʪʴ 6 ʪʦʥʥ, ʘ ʚʘʨʪʽʩʪʴ ï 
4 ʤʽʣʴʡʦʥʠ ʜʦʣʘʨʽʚ ʉʐɸ. ʊʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʰʘʩʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 
20 % ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʣʽʪʘʢʽʚ, 
ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʙʝʟʧʝʢʫ ʪʘ ʥʘʜ̔ʡʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ 
ʩʫʜʥʘ, ʜʝ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ ʚʠʨʦʙʥʠʯʽ ʜʝʬʝʢʪʠ ʘʙʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʣʦʤʢʠ 
ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ɼʦ ʢʦʥʩʪʨʫʢʮʽʾ ʰʘʩʽ ʣʽʪʘʢʽʚ, ʱʦ ʨʦʟʨʦʙʣʶʶʪʴʩʷ ʟʘʨʘʟ, ʩʪʘʚʣʷʪʴʩʷ 
ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʽ ʚʠʤʦʛʠ: 

ï ʧʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ ʰʘʩʽ; 
ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʩʫʨʩʫ ʰʘʩʽ ʜʦ 50000 ʟʣɹʦʪʽʚ-ʧʦʩʘʜʦʢ; 
ï ʙʝʟʨʝʤʦʥʪʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʰʘʩʽ ʣʽʪʘʢʘ ʧʨʦʪʷʛʦʤ 10ï15 ʨʦʢʽʚ. 
ʆʜʥʠʤ ʽʟ ʢʨʠʪʝʨʽʾʚ ʜʦʩʢʦʥʘʣʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʯʘʩʥʦʛʦ ʣʽʪʘʢʘ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʡ ʪʘʢʦʛʦ ʘʛʨʝʛʘʪʫ, ʷʢ ʰʘʩʽ, ʻ ʤʘʩʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ: 
ï ʫʤʦʚ ʙʘʟʫʚʘʥʥʷ ʣʽʪʘʢʘ (ʘʝʨʦʧʦʨʪ ʘʙʦ ʧʦʣʴʦʚʠʡ ʘʝʨʦʜʨʦʤ); 
ï ʥʝʦʙʭʽʜʥʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʥʝʨʘ ʣʽʪʘʢʘ ʡ ʰʘʩʽ; 
ï ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʧʣʘʥʝʨʘ ʣʽʪʘʢʘ ʡ ʰʘʩʽ; 
ï ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʦʷʢʽʚ ʰʘʩ̔ ʣʽʪʘʢʘ.  
ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʰʘʩʽ ʣʽʪʘʢʘ ʧʦʚʠʥʥʝ ʤʘʪʠ ʷʢʥʘʡʤʝʥʰʽ ʛʘʙʘʨʠʪʠ, 

ʦʩʦʙʣʠʚʦ ʫ ʩʢʣʘʜʝʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʧʦʩʘʜʢʦʚʠʡ ʽ 
ʟʣʽʪʥʠʡ ʨʝʞʠʤʠ, ʧʦʣʝʛʰʫʚʘʪʠ ʫʤʦʚʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʡ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚʘʥ-
ʪʘʞʥʠʭ ʣʽʪʘʢʽʚ ʰʣʷʭʦʤ ʟʤʽʥʝʥʥʷ ʚʠʩʦʪʠ ʦʧʦʨ, ʤʘʪʠ ʚʠʩʦʢʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ 
ʟʨʫʯʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʦʛʣʷʜʫ ʪʘ ʨʝʩʫʨʩʥʦʛʦ ʨʝʤʦʥʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʙʽʣʴʰʝ 70 % ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦ-
ʩʪʽ ʜʝʪʘʣʝʡ ʩʪʦʷʢʽʚ ʰʘʩʽ ʧʨʘʮʶʻ ʥʘ ʚʠʛʠʥ. ʊʠʪʘʥʦʚʠʡ ʩʧʣʘʚ ʟʘ ʘʤʝʨʠʢʘʥʩʴ-
ʢʠʤ ʩʪʘʥʜʘʨʪʦʤ ʤʘʨʢʠ Ti-10V-2Fe-3Al (ɺʊ-22) ʪʘ ʘʥʘʣʦʛʽʯʥʽ ʡʦʤʫ ʤʘʪʝʨʽʘʣʠ 
ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʚʫʟʣʘʭ ʰʘʩʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 
ʦʩʥʦʚʥʦʤʫ ʥʘ ʚʠʛʠʥ ʽ ʥʝ ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʧ-
ʪʠʤʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʝʨʝʨʽʟʘʭ.  

ɿʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʰʘʩʽ ʣʽʪʘʢʘ ʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʚʝʨʭʥʝʚʦ-
ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰ ʚʠʛʽʜʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʤʘʪʝʨʽʘʣ 
ʜʝʪʘʣʽ, ʦʙʨʦʙʣʷʪʠ ʬʘʩʦʥʥʽ ʧʨʦʬʽʣʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʫ ʪʦʯ-
ʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ ʚʠʩʦʢʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ.
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1. ʊʀʇʆɺɸ ʂʆʅʉʊʈʋʂʎɯʗ ʐɸʉɯ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 

ʐʘʩʽ ʣʽʪʘʢʘ, ʚʝʨʪʦʣʴʦʪʘ ʘʙʦ ʙʝʟʧʽʣʦʪʥʠʢʘ (ʨʠʩ. 1.1) ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʦʷʥʢʠ ʥʘ ʟʝʤʣʽ, ʨʫʭʫ ʧʽʜ ʯʘʩ ʟʣɹʦʪʫ, ʧʦʩʘʜʢʠ ʪʘ ʨʫʣʶʚʘʥʥʷ, 
ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʧʦʩʘʜʮʽ ʪʘ ʛʘʣɹʤʫʚʘʥʥʽ. 

 
ʘ 

   
ʙ ʚ ʛ 

  
ʜ ʝ 

   
ʞ ʠ ʢ 

ʈʠʩ. 1.1. ʇʨʠʢʣʘʜʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʰʘʩʽ ʜʝʷʢʠʭ ʩʫʯʘʩʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ:  
ʘ ï ʙʘʛʘʪʦʚʽʟʢʦʚʝ ʦʩʥʦʚʥʝ ʰʘʩʽ ʘʝʨʦʙʫʩʘ B-747; ʙ ï ʥʦʩʦʚʠʡ ʩʪʦʷʢ ʰʘʩʽ ʘʝʨʦʙʫʩʘ;  

ʚ ï ʚʽʟʦʢ ʦʩʥʦʚʥʦʛʦ ʰʘʩʽ ʩʝʨʝʜʥʴʦʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ; ʛ ï ʰʝʩʪʠʩʪʦ̫-
ʢʦʚʝ ʦʩʥʦʚʥʝ ʰʘʩʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʣʽʪʘʢʘ ɸ-400; ʜ ï ʜʝʩʪ̫ʠʩʪʦʷʢʦʚʝ ʦʩʥʦʚʥʝ ʰʘʩʽ ʚʘʞʢʦ-
ʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʣʽʪʘʢʘ ɸʥ-124; ʝ ï ʰʘʩʽ ʙʝʟʧʽʣʦʪʥʠʢʘ X-47B; ʞ ï ʰʘʩʽ ʥʘʜʟʚʫʢʦʚʦʛʦ 
ʚʠʥʠʱʫʚʘʯʘ; ʠ ï ʰʘʩʽ ʙʦʡʦʚʦʛʦ ʚʝʨʪʦʣʴʦʪʘ; ʢ ï ʰʘʩʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʝʨʪʦʣʴʦʪʘ 
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ʐʘʩʽ ʣʽʪʘʢʘ ʧʦʚ'ʷʟʘʥʦ ʤʝʭʘʥʽʯʥʠʤʠ, ʛʽʜʨʘʚʣʽʯʥʠʤʠ, ʝʣʝʢʪʨʠʯʥʠʤʠ ʢʘ-
ʥʘʣʘʤʠ ʟ ʙʦʨʪʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʙʠʨʘʥʥʷ, ʚʠʧʫʩʢʘʥʥ,̫ ʛʘʣʴʤʫʚʘʥʥʷ, ʨʦʟ-
ʚʦʨʦʪʫ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ, ʩʠʛʥʘʣʽʟʘʮʽʻʶ ʧʦʣʦʞʝʥʴ ʰʘʩʽ ʫ ʢʘʙʽʥʽ ʝʢʽʧʘʞʫ. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʰʘʩʽ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʝʮʽʘ-
ʣʴʥʠʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʫʥʽʢʘʣʴʥʠʭ, ʪʝʭʥʦʣʦʛʽʡ, ʪʦʤʫ ʟ ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯ-
ʥʠʭ ʤʽʨʢʫʚʘʥʴ ʾʭ ʜʦʮʽʣʴʥʦ ʟʦʩʝʨʝʜʞʫʚʘʪʠ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪ-
ʚʘʭ ʩʚʽʪʦʚʦʾ ʘʚʽʘʮʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ʃʠʰʝ ʯʦʪʠʨʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥ̔ ʢʦʤʧʘʥʽ ʾ ï H®roux-Devtek (ʂʘʥʘʜʘ), 
Liebherr (ʅʽʤʝʯʯʠʥʘ), Safran Landing Systeʤs (ʌʨʘʥʮʽʷ), Triumph Group 
(ʉʐɸ) ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙʩʷʛ ʙʣʠʟʴʢʦ 90 % ʩʚʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʝʤʦʥ-
ʪʫ hʘʩʽ ʜʣʷ ʪʘʢʠʭ ʧʨʦʚʽʜʥʠʭ ʨʦʟʨʦʙʥʠʢʽʚ ʮʠʚʽʣʴʥʦʾ ʪʘ ʚʽʡʩʢɹʦʚʦʾ ʘʚʽʘʮʽʡʥʦʾ 
ʪʝʭʥʽʢʠ ʷʢ Airbus, Boeing, Boʤbardier, Mirage Dassault, Eʤbraer, Gulfstreaʤ, 
Locʢheed ʄartin, Northrop Gruʤʤan, Siʢorsʢy, Bell Helicopter.  

ʋ ʢʦʣʠʰʥʴʦʤʫ ʉʈʉʈ ʰʘʩʽ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʣʽʪʘʢʽʚ ʪʘ ʚʝʨʪʦʣʴʦʪʽʚ ʚʠʛʦ-
ʪʦʚʣʷʚ ʣʠʰʝ ʦʜʠʥ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʟʘʚʦʜ çɻʠʜʨʦʧʨʠʚʦʜè (ʤ. ɻʦʨʴʢʠʡ). 

1.1. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʰʘʩʽ ʣʽʪʘʢʽʚ 

ʂʦʥʩʪʨʫʢʮʽʷ ʰʘʩʽ ʤʽʩʪʠʪʴ ʢʦʨʧʫʩ ʩʪʦʷʢʘ ʪʘ ʩʠʩʪʝʤʫ ʧʽʜʢʦʩʽʚ ʽ ʪʷʛ, ʱʦ 
ʩʧʨʠʡʤʘʶʪʴ ʨʝʘʢʮʽʾ ʟʝʤʣʽ ʪʘ ʢʨʽʧʣʷʪʴ ʩʪʦʷʢ ʘʤʦʨʪʠʟʘʪʦʨʘ ʽ ʢʦʣʝʩʘ ʜʦ ʢʨʠ-
ʣʘ ʽ ʬʶʟʝʣʷʞʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ, ʚʽʡʩʴʢʦʚʦʛʦ ʣʽʪʘʢʘ ʘʙʦ ʚʝʨʪʦʣʴʦʪʘ, ʦʜʥʦʯʘ-
ʩʥʦ ʢʦʥʩʪʨʫʢʮʽʷ ʰʘʩʽ ʤʽʩʪʠʪʴ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʠ ʧʨʠʙʠʨʘʥʥʷ-ʚʠʧʫʩʢʘʥʥʷ. 

ʅʘ ʨʠʩ. 1.2, ʘ ʧʦʜʘʥʦ ʢʦʤʧ'ʶʪʝʨʥʫ ʤʦʜʝʣʴ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 
ʝʣʝʤʝʥʪʽʚ ʥʦʩʦʚʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ʨʝʛ̔ʦʥʘʣʴʥʦʛʦ ʢʣʘʩʫ 
(ʤʝʭʘʥʽʟʤʠ ʧʨʠʙʠʨʘʥʥ-̫ʚʠʧʫʩʢʘʥʥʷ ʰʘʩʽ ʫʤʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʦ). 

ʂʦʨʧʫʩ 1 ʩʪʦʷʢʘ ʻ ʦʩʥʦʚʥʠʤ ʩʠʣʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʰʘʩʽ ʣʽʪʘʢʘ, ʱʦ 
ʩʧʨʠʡʤʘʻ ʽ ʧʝʨʝʜʘʻ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʧʣʘʥʝʨʘ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʩʪʘʪʠʯʥʽ ʡ ʜʠ-
ʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʣʴʦʪʽ ʽ ʧʦʩʘʜʮʽ.  

ɺʥʫʪʨʽʰʥʷ ʧʦʨʦʞʥʠʥʘ ʢʦʨʧʫʩʫ ʩʪʦʷʢʘ ʰʘʩʽ ʣʽʪʘʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʘʤʦʨʪʠʟʘʪʦʨʘ 2. ɸʟʦʪʥʦ-ʤʘʩʣʷʥʠʡ ʜʦʚʛʦʭʦʜʦʚʠʡ ʘʤʦʨʪʠ-
ʟʘʪʦʨ ʰʘʩʽ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ʧʨʠ ʨʫʩʽ ʧʦ ʘʝʨʦʜʨʦʤʫ ʪʘ ʧʦʤ'ʷʢʰʫʻ 
ʫʜʘʨʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʤʦʤʝʥʪ ʧʨʠʟʝʤʣʝʥʥʷ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ. 

ʇʽʜʢʦʩʠ 3 ʩʣʫʛʫʶʪʴ ʦʧʦʨʘʤʠ ʢʦʨʧʫʩʫ ʥʦʩʦʚʦʛʦ ʩʪʦʷʢʘ, ʨʦʟʚʘʥʪʘʞʫʁ ʪʴ 
ʡʦʛʦ ʚʽʜ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʽ ʟʙʽʣʴʰʫʶʪʴ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʰʘʩʽ. 

ʊʨʘʚʝʨʩʘ 4 ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʧʽʜʢʦʩʘʭ ʢʦʨʧʫʩʫ ʩʪʦʷʢʘ ʽ ʻ ʧʦʚʦʨʦʪʥʠʤ 
ʚʠʣʢʦʚʠʤ ʩʪʠʢʦʤ ʩʪʦʷʢʘ ʰʘʩʽ ʟ ʩʠʣʦʚʠʤ ʰʧʘʥʛʦʫʪʦʤ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ. 

ʄʝʭʘʥʽʟʤ 5 ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʦʨʦʪ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ ʜʣʷ ʤʘ-
ʥʝʚʨʫʚʘʥʥʷ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ ʧʦ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʽʡ ʩʤʫʟʽ ʽ ʟʘʧʦʙʽʛʘʻ ʚʠ-
ʥʠʢʥʝʥʥʶ ʷʚʠʱʘ ʢʦʣʠʚʘʥʥʷ ʢʦʣʽʩ ʪʠʧʫ çʰʠʤʤʽè, ʱʦ ʩʘʤʦʟʙʫʜʞʫʶʪʩɹʷ.  

ʐʣʽʮ-ʰʘʨʥʽʨ 6 ʟ'ʻʜʥʫʻ ʰʪʦʢ ʘʤʦʨʪʠʟʘʪʦʨʘ ʟʽ ʩʪʦʷʢʦʤ ʽ ʧʝʨʝʰʢʦʜʞʘʻ 
ʧʦʚʦʨʦʪʫ ʰʪʦʢʘ ʚ ʮʠʣʽʥʜʨʽ ʩʪʦʷʢʘ. ʅʘ ʤʘʪʦʯʠʥʫ 7 ʢʨʽʧʣʷʪʴ ʢʦʣʝʩʘ ʥʦʩʦʚʦʛʦ 
ʩʪʦʷʢʘ ʰʘʩʽ ʣʽʪʘʢʘ. ɼʚʦʚʘʞʽʣʴʥʠʡ ʧʽʜʢʽʩ 8 ʬʽʢʩʫʻ ʧʝʨʝʜʥʽʡ ʩʪʦʷʢ ʰʘʩʽ ʣʽʪʘʢʘ 
ʫ ʚʠʧʫʱʝʥʦʤʫ ʧʝʨʝʜ ʧʦʩʘʜʢʦʶ ʧʦʣʦʞʝʥʥʽ. 

ʅʘ ʚʫʰʢʫ 9 ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʦʣʪʽʚ ʢʨʽʧʠʪʴʩʷ ʛʽʜʨʦʮʠʣʽʥʜʨ ʧʨʠʙʠʨʘʥʥʷ 
ʪʘ ʚʠʧʫʩʢʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ (ʥʘ ʩʭʝʤʽ ʫʤʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʦ).  
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ʅʘ ʨʠʩ. 1.2, ʙ ʧʦʟʥʘʯʝʥʦ ʜʝʪʘʣʽ, ʷʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʭʦʜʷʪʴ ʜʦ ʢʦʨʧʫʩʫ 1 
ʥʦʩʦʚʦʛʦ ʩʪʦʷʢʘ ï ʘʤʦʨʪʠʟʘʪʦʨ 2, ʣhʽʮ-ʰʘʨʥʽʨ 6 ʪʘ ʜʚʦʚʘʞʽʣʴʥʠʡ ʧʽʜʢʽʩ 8 
(ʜʠʚ. ʨʠʩ. 1.2, ʘ). ʌʢ̔ʩʘʮʽʶ ʥʦʩʦʚʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ ʙʫʜʴ-ʷʢʦʛʦ ʣʽʪʘʢʘ ʫ ʚʠʧʫ-
ʱʝʥʦʤʫ ʪʘ ʧʨʠʙʨʘʥʦʤʫ ʧʦʣʦʞʝʥʥʷʭ ʟʘʙʝʟʧʝʯʫʻ ʚʫʟʦʣ ʟʘʤʢʘ (ʨʠʩ. 1.2, ʚ). 

  
ʘ ʙ 

   
ʚ ʛ ʜ 

ʈʠʩ. 1.2. ʊʠʧʦʚʽ ʚʫʟʣʠ ʪʘ ʜʝʪʘʣʽ ʥʦʩʦʚʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ 

ʅʘʡʩʢʣʘʜʥʽʰʠʤ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʻ ʢʦʨʧʫʩ ʩʪʦʷʢʘ ʰʘʩʽ, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʦ-
ʛʦ ʤʽʩʪʠʪʴ ʚʠʩʦʢʦʪʦʯʥʫ ʰʣʽʬʦʚʘʥʫ ʮʠʣʽʥʜʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ 
ʽ ʦʙ'ʻʤʥʫ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʠʣʦʚʠʭ ʚʫʰʦʢ (ʨʠʩ. 1.2, ʛ). 

ʄʘʨʰʨʫʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʨʫʣʴʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝ-
ʨʝʜʥʴʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ (ʨʠʩ. 1.2, ʜ) ʪʘʢʦʞ ʻ ʙʘʛʘʪʦʦʧʝʨʘʮʡ̔ʥʦ.ʁ 

ʋ ʪʨʘʥʩʧʦʨʪʥʠʭ ʣʽʪʘʢʽʚ ʚʝʣʠʢʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʪʘ ʧʘʩʘʞʠʨʩʴʢʠʭ 
ʣʽʪʘʢʽʚ ʚʝʣʠʢʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʣʽʪʘʢʽʚ-ʘʝʨʦʙʫʩʽʚ, ʢʽʣʴʢʽʩʪʴ ʢʦ-
ʣʽʩ ʰʘʩʽ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ, ʱʦ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʫ ʚʽʟʢʠ. 

ɺʽʟʢʠ ʦʩʥʦʚʥʦʛʦ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ʙʫʚʘʶʪʴ ʦʜʥʦ-, ʜʚʦ- ʘʙʦ 
ʪʨʠʚʽʩʥʽ. ʅʘ ʢʦʞʥʽʡ ʦʩʽ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʟʚʠʯʘʡ ʧʘʨʘ ʢʦʣʽʩ.  

ʂʦʥʩʪʨʫʢʮʽʷ ʚ̔ ʟʢʘ ʦʩʥʦʚʥʦʛʦ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ (ʨʠʩ. 1.3) ʤʩ̔-
ʪʠʪʴ ʪʨʘʚʝʨʩʫ 1, ʢʦʨʧʫʩ ʩʪʦʷʢʘ ʰʘʩʽ 2 ʨʘʟʦʤ ʟ ̔ʩʪʫʣʢʦʶ 3, ʣhʽʮ-ʰʘʨʥʽʨ 4, 
ʚ̔ ʟʦʢ 5, ʟʘʤʦʢ ʧʽʜʢʦʩʫ 6, ʘʤʦʨʪʠʟʘʪʦʨ 7, ʢʦʣʝʩʘ 8, ʜʚʦʚʘʞʽʣʴʥʠʡ ʧʽʜʢʽʩ 9.  
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ʈʠʩ. 1.3. ɺ̔ ʟʦʢ ʦʩʥʦʚʥʦʛʦ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ: ʘ ï ʢʦʤʧ'ʶʪʝʨʥʘ ʤʦʜʝʣʴ 
ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʙ ï ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʝʪʘʧʽʚ ʧʨʠʙʠʨʘʥʥʷ 
ʪʘ ʚʠʧʫʩʢʘʥʥʷ ʪʨʠʚʽʩʥʦʛʦ ʚʽʟʢʘ ʦʩʥʦʚʥʦʛʦ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ-ʘʝʨʦʙʫʩʘ 
ʚ ʮʝʭʫ ʦʩʪʘʪʦʯʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʣʽʪʘʢʘ; ʚ ï ʜʚʦʚʽʩʥʠʡ ʚʽʟʦʢ ʦʩʥʦʚʥʦʛʦ ʰʘʩʽ  
ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ; ʛ ï ʧʨʠʢʣʘʜ ʝʪʘʧʫ ʩʢʣʘʜʘʥʥʷ-ʤʦʥʪʘʞʫ  

ʜʚʦʚʽʩʥʦʛʦ ʚʽʟʢʘ ʦʩʥʦʚʥʦʛʦ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ-ʘʝʨʦʙʫʩʘ 

ɼʦ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʦʷʢʽʚ ʪʘ ʚʽʟʢʽʚ ʰʘʩʽ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 
ʧʦʨʷʜ ʟ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʩʪʘʚʣʷʪʴʩʷ ʚʠʤʦʛʠ ʥʠʟʴʢʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʚʣʘʩʪʠʚʦ-
ʩʪʝʡ, ʚʠʩʦʢʦʛʦ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʚʪʦʤ ̔ ʧʨʠ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ 
ʪʨʽʱʠʥ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʛʦ ʦʧʦʨʫ ʢʦʨʦʟʽʡʥʦʤʫ ʨʦʟʪʨʽʩʢʫʚʘʥʥʶ. 

1.2. ʂʦʥʩʪʨʫʢʮʽ̫  ʘhʩʽ ʩʝʨʝʜʥʴʦʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ 

ʊʠʧʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʘhʩʽ ʥʘ ʧʨʠʢʣʘʜʽ ʩʝʨʝʜʥʴʦʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʧʘʩʘ-
ʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ Airbas 320 (ʨʠʩ. 1.4) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʩʠʩʪʝʤ: 

ī ʦʩʥʦʚʥʘ ʦʧʦʨʘ ʰʘʩʽ ʪʘ ʩʪʫʣʢʠ; 
ī ʧʝʨʝʜʥʷ ʦʧʦʨʘ ʰʘʩʽ ʪʘ ʩʪʫʣʢʠ; 
ī ʩʠʩʪʝʤʘ ʧʨʠʙʠʨʘʥʥʷ ʪʘ ʚʠʧʫʩʢʘʥʥʷ ʰʘʩʽ; 
ī ʢʦʣʝʩʘ ʪʘ ʛʘʣʴʤʘ; 
ī ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʥʘ ʟʝʤʣʽ; 
ī ʧʦʢʘʞʯʠʢʠ ʪʘ ʩʠʛʥʘʣʽʟʘʪʦʨʠ ʧʦʣʦʞʝʥʥʷ ʰʘʩʽ ʪʘ ʩʪʫʣʦʢ ʣʽʪʘʢʘ. 
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ʈʠʩ. 1.4. ʉʝʨʝʜʥʴʦʤʘʛʽʩʪʨʘʣʴʥʠʡ ʧʘʩʘʞʠʨʩʴʢʠʡ ʣʽʪʘʢ ʢʦʤʧʘʥʽʾ Airbas ɸ-320 

ʆʩʥʦʚʥʽ ʦʧʦʨʠ ʣʽʪʘʢʘ ʚʠʢʦʥʘʥʦ ʟʘ ʜʚʦʧʽʜʢʩ̔ʥʦʶ ʩʭʝʤʦʶ. ɸʤʦʨʪʠʟʘ-
ʮʽʡʥʽ ʩʪʦʷʢʠ ʦʩʥʦʚʥʠʭ ʦʧʦʨ ī ʧʥʝʚʤʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʠʧʫ ʟ ʦʜʥʦʢʘʤʝʨʥʠʤʠ 
ʧʥʝʚʤʦʛʽʜʨʘʚʣʽʯʥʠʤʠ ʘʤʦʨʪʠʟʘʪʦʨʘʤʠ. ʋ ʚʠʧʫʱʝʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʦʩʥʦʚʥʽ 
ʦʧʦʨʠ ʰʘʩʽ ʬʽʢʩʫʶʪʴʩʷ ʟʘʤʢʘʤʠ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʧʽʜʢʦʩʽʚ. 

ʆʩʥʦʚʥʽ ʦʧʦʨʠ ʟʘʙʠʨʘʶʪʴʩʷ ʚ ʥʽʰʽ ʰʘʩʽ ʪʘ ʬʽʢʩʫʶʪʴʩʷ ʟʘʤʢʘʤʠ ʧʨʠ-
ʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. ʂʦʞʥʫ ʥʽʰʫ ʦʩʥʦʚʥʠʭ ʦʧʦʨ ʰʘʩʽ ʣʽʪʘʢʘ ʟʘʢʨʠʚʘʶʪʴ ʯʦ-
ʪʠʨʠ ʩʪʫʣʢʠ, ʱʦ ʟʙʝʨʽʛʘʶʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʦʙʚʦʜʠ ʬʶʟʝʣʷʞʫ ʣʽʪʘʢʘ. 

ʇʝʨʝʜʥʷ ʦʧʦʨʘ ʰʘʩʽ ʟʘʙʝʟʧʝʯʫʻ ʙʫʢʩʠʨʫʚʘʥʥʷ ʪʘ ʨʫʣʶʚʘʥʥʷ ʣʽʪʘʢʘ 
ʧʦ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʽʡ ʩʤʫʟʽ ʘʝʨʦʜʨʦʤʫ, ʚʠʢʦʥʘʥʘ ʟʘ ʦʜʥʦʧʽʜʢʩ̔ʥʦʶ ʩʭʝʤʦ,ʁ 
ʘʤʦʨʪʠʟʘʮʽʡʥʠʡ ʩʪʦʷʢ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʧʥʝʚʤʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʠʧʫ ī ʟ ʦʜʥʦ-
ʢʘʤʝʨʥʠʤ ʧʥʝʚʤʦʛʽʜʨʘʚʣʽʯʥʠʤ ʘʤʦʨʪʠʟʘʪʦʨʦʤ. 

ʋ ʚʠʧʫʱʝʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʝʨʝʜʥʷ ʦʧʦʨʘ ʰʘʩʽ ʬʽʢʩʫʻʪʴʩʷ ʟʘʤʢʦʤ ʧʽʜ-
ʢʦʩʫ. ʇʝʨʝʜʥʷ ʦʧʦʨʘ ʟʘʙʠʨʘʻʪʴʩʷ ʚ ʥʽʰʫ ʰʘʩʽ ʫ ʥʘʧʨʷʤʢʫ ʧʦʣʴʦʪʫ ʽ ʬʽʢ-
ʩʫ̒ʪʴʩʷ ʟʘʤʢʦʤ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. ʅʽʰʫ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʟʘʢʨʠ-
ʚʘʶʪʴ ʯʦʪʠʨʠ ʩʪʫʣʢʠ, ʱʦ ʟʙʝʨʽʛʘʶʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʦʙʚʦʜʠ ʣʽʪʘʢʘ. 

ʉʠʩʪʝʤʘ ʧʨʠʙʠʨʘʥʥʷ ʪʘ ʚʠʧʫʩʢʘʥʥʷ ʰʘʩʽ ʟʘʙʝʟʧʝʯʫʻ: 
ī ʧʨʠʙʠʨʘʥʥʷ ʪʘ ʚʠʧʫʩʢʘʥʥʷ ʦʧʦʨ ʰʘʩʽ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ; 
ī ʘʚʘʨʽʡʥʝ ʚʽʜʢʨʠʪʪʷ ʟʘʤʢʽʚ ʦʧʦʨ ʰʘʩʽ ʪʘ ʩʪʫʣʦʢ; 
ī ʚʠʜʘʯʫ ʩʠʛʥʘʣʽʚ ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʦʧʦʨ ʰʘʩʽ ʪʘ ʩʪʫʣʦʢ. 
ʂʦʣʝʩʘ ʧʝʨʝʜʥʴʦʾ ʪʘ ʦʩʥʦʚʥʠʭ ʦʧʦʨ ʣʽʪʘʢʘ ʦʙʣʘʜʥʘʥʽ ʙʝʟʢʘʤʝʨʥʠʤʠ 

ʰʠʥʘʤʠ ʨʘʜʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʠʧʦʨʦʟʤʽʨ ʰʠʥ ʢʦʣʽʩ ʰʘʩʽ ʣʽʪʘʢʘ: ʦʩʥʦʚ-
ʥʠʭ ʦʧʦʨ ī ʅ40ʍ14.5R19 24PR, ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ī ʅ24ʍ7.7R10 16PR. 

ɻʘʣʴʤʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʣʽʪʘʢʘ ʧʨʠ ʩʪʦʷʥʮʽ, ʧʽʜ ʯʘʩ ʧʨʦʙʽʛʫ 
ʽ ʧʨʠ ʧʝʨʝʨʚʘʥʦʤʫ ʟʣʴʦʪʽ. ʅʘ ʦʩʽ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʥʝ-
ʛʘʣʴʤʽʚʥʽ ʢʦʣʝʩʘ. ʅʘ ʦʩʽ ʢʦʞʥʦʾ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʢʦʣʝʩʘ, 
ʦʙʣʘʜʥʘʥʠʭ ʜʠʩʢʦʚʠʤʠ ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʤʠ ʛʘʣʴʤʘʤʠ. 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʥʘ ʟʝʤʣʽ ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʫʚʘʥʥʷ ʣʪ̔ʘʢʦʤ ʧʨʠ 
ʨʫʣʶʚʘʥʥʽ, ʨʦʟʙʽʛʫ ʪʘ ʧʨʦʙʽʛʫ. ʇʦʢʘʞʯʠʢʠ ʪʘ ʩʠʛʥʘʣʽʟʘʪʦʨʠ ʧʦʜʘʶʪʴ ʩʠʛʥʘ-
ʣʠ ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʰʘʩʽ ʪʘ ʩʪʫʣʦʢ ʥʘ ʦʨʛʘʥʠ ʽʥʜʠʢʘʮʽʾ ʚ ʢʘʙʽʥʽ ʝʢʽʧʘʞʫ. ʊʘ-
ʢʦʞ ʚʦʥʠ ʧʦʜʘʶʪʴ ʫ ʩʠʩʪʝʤʠ ʣʽʪʘʢʘ ʢʝʨʫʚʘʣʴʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 
ʧʨʠʙʠʨʘʥʥʷ ʪʘ ʚʠʧʫʩʢʘʥʥʷ ʦʧʦʨ ʰʘʩʽ ʪʘ ʩʪʫʣʦʢ.  

ɺʽʜ ʙʦʨʪʦʚʦʾ ʤʝʨʝʞʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 28 ɺ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʦʪʨʠʤʫ-
ʶʪʴ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʣʽʪʘʢʘ ʪʘ ʙʣʦʢ 
ʢʝʨʫʚʘʥʥʷ ʛʘʣʴʤʘʤʠ ʢʦʣʽʩ ʰʘʩʽ ʣʽʪʘʢʘ ʧʽʩʣʷ ʧʦʩʘʜʢʠ ʪʘ ʧʨʦʙʽʛʫ. 
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ɺʠʧʫʩʢʘʥʥʷ ʰʘʩʽ ʣʽʪʘʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ˉ 1. 
ɺʽʜʢʨʠʪʪʷ ʟʘʤʢʽʚ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʘʩʽ ʪʘ ʬʶʟʝʣʷʞʥʠʭ ʩʪʫʣʦʢ ʧʽʜ 
ʯʘʩ ʘʚʘʨʽʡʥʦʛʦ ʚʠʧʫʩʢʘʥʥʷ ʰʘʩʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ˉ 2. 
ʊʠʩʢ ʚʽʜ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ˉ 2 ʧʦʜʘʻʪʴʩʷ ʚ ʘʚʘʨʽʡʥʽ ʮʠʣʽʥʜʨʠ ʚʽʜʢʨʠʪʪʷ 
ʟʘʤʢʽʚ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʧʦʨ ʰʘʩʽ ʪʘ ʬʶʟʝʣʷʞʥʠʭ ʩʪʫʣʦʢ ʣʽʪʘʢʘ. 

ʆʩʥʦʚʥʘ ʛʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ ʰʘʩʽ ʣʽʪʘʢʘ ʧʨʘʮʶʻ ʚʽʜ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩ-
ʪʝʤʠ ˉ 1 (ʚʥʫʪʨʽʰʥʽ ʛʘʣʴʤʘ) ʪʘ ʚʽʜ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ˉ 3 (ʟʦʚʥʽʰʥʽ ʛʘ-
ʣʴʤʘ) ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʪʠʩʢʦʤ 21 ʄʇʘ. 

1.3. ʂʦʥʩʪʨʫʢʮʽʷ ʜʚʦʢʦʣʽʩʥʦʾ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ 

ʆʩʥʦʚʥʽ ʦʧʦʨʠ ʰʘʩʽ ʨʦʟʤʽʱʝʥʽ ʧʦʙʣʠʟʫ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ ʣʽʪʘʢʘ ʽ ʩʧʨʠʡ-
ʤʘʶʪʴ ʦʩʥʦʚʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʦʩʘʜʢʠ, ʧʝʨʝʩʫʚʘʥʥʷ ʪʘ ʩʪʦʷʥʢʠ. 

ʅʘ ʣʽʪʘʢʫ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʽ ʦʩʥʦʚʥʽ ʦʧʦʨʠ ʰʘʩʽ, ʚʠʢʦʥʘʥʽ ʟʘ ʜʚʦʧʽʜʢʩ̔-
ʥʦʶ ʩʭʝʤʦʶ. ʋ ʚʠʧʫʱʝʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʦʩʥʦʚʥʽ ʦʧʦʨʠ ʬʽʢʩʫʶʪʴʩʷ ʟʘʤʢʘʤʠ 
ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʧʽʜʢʦʩʽʚ. ʅʘ ʢʦʞʥʽʡ ʦʩʥʦʚʥʽʡ ʦʧʦʨʽ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʘ 
ʢʦʣʝʩʘ, ʷʢʽ ʦʙʣʘʜʥʘʥʽ ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʛʘʣʴʤʘʤʠ. ʆʩʥʦʚʥʽ 
ʦʧʦʨʠ ʟʘʙʠʨʘʶʪʴʩʷ ʚ ʥʽʰʽ ʰʘʩʽ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʬʶʟʝʣʷʞʽ, ʬʽʢʩʫʶʪʴʩʷ 
ʟʘʤʢʘʤʠ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʪʘ ʟʘʢʨʠʚʘʶʪʴʩʷ ʩʪʫʣʢʘʤʠ (ʨʠʩ. 1.5). 

  
ʘ ʙ 

ʈʠʩ. 1.5. ʉʭʝʤʘ (ʘ) ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ (ʙ) ʜʚʦʢʦʣʽʩʥʦʾ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ:  
1 ï ʦʧʦʨʘ ʦʩʥʦʚʥʘ; 2 ï ʩʪʫʣʢʘ ʬʶʟʝʣʷʞʥʘ; 3 ï ʩʪʫʣʢʘ ˉ 2; 4 ï ʱʠʪʦʢ;  

5 ï ʩʪʫʣʢʘ ˉ 1; 6 ï ʣʦʥʞʝʨʦʥ ʟʘʜʥʽʡ; 7 ï ʙʘʣʢʘ ʰʘʩʽ ʣʽʪʘʢʘ 

ʆʩʥʦʚʥʘ ʦʧʦʨʘ ʰʘʩʽ ʣʽʪʘʢʘ ʢʨʽʧʠʪʴʩʷ ʥʘ ʟʘʜʥʴʦʤʫ ʣʦʥʞʝʨʦʥʽ 1 ʢʨʠʣʘ 
ʪʘ ʙʘʣʮʽ 2 ʰʘʩʽ ʥʘ ʰʘʨʥʽʨʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ (ʨʠʩ. 1.6). ʆʩʥʦʚʥʘ ʦʧʦʨʘ ʰʘʩʽ ʫ 
ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʘʤʦʨʪʠʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ ʤʘʻ ʦʧʦʨʥʠʡ ʚʫʟʦʣ ʧʽʜ ʜʦʤʢʨʘʪ. 

ʇʽʩʣʷ ʚʠʧʫʩʢʘʥʥʷ ʦʩʥʦʚʥʠʭ ʦʧʦʨ ʢʦʞʥʫ ʥʽʰʫ ʰʘʩʽ ʟʘʢʨʠʚʘʶʪʴ ʯʦʪʠʨʠ 
ʩʪʫʣʢʠ: ʩʪʫʣʢʘ ˉ 1, ʱʠʪʦʢ, ʩʪʫʣʢʘ ˉ 2, ʬʶʟʝʣʷʞʥʘ ʩʪʫʣʢʘ. ʇʽʩʣʷ ʚʠʧʫʩ-
ʢʘʥʥʷ ʦʩʥʦʚʥʠʭ ʦʧʦʨ ʰʘʩʽ ʬʶʟʝʣʷʞʥʽ ʩʪʫʣʢʠ ʟʘʢʨʠʚʘʶʪʴʩʷ ʛʽʜʨʦʮʠʣʽʥʜʨʘ-
ʤʠ ʪʘ ʬʽʢʩʫʶʪʴʩʷ ʟʘʤʢʘʤʠ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ.  
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ʈʠʩ. 1.6. ʄʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʬʝʨʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʰʘʩʽ 
ʥʘ ʟʘʜʥʴʦʤʫ ʣʦʥʞʝʨʦʥʽ ʪʘ ʙʘʣʮʽ (ʘ, ʙ) ʪʘ ʩʪʦʷʢʫ (ʚ) ʥʘ ʦʩʥʦʚʥʽʡ ʦʧʦʨʽ ʰʘʩʽ  

ʊʠʧʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ ʻ: ʘʤʦʨʪʠʟʘʮʽʡʥʠʡ 
ʩʪʦʷʢ, ʧʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ ʧʽʜʢʦʩʠ, ʮʠʣʽʥʜʨʠ ʚʽʜʢʨʠʪʪʷ ʟʘʤʢʽʚ ʧʝʨʝʜʥʴʦʛʦ ʪʘ 
ʟʘʜʥʴʦʛʦ ʧʜ̔ʢʦʩʽʚ, ʣɦʽʮ-ʰʘʨʥʽʨ, ʜʝʤʧʬʝʨ ʰʠʤʤʽ, ʦʩʽ ʢʦʣʽʩ (ʨʠʩ. 1.7). 

ʐʣʽʮ-ʰʘʨʥʽʨ ʫʪʨʠʤʫʻ ʰʪʦʢ ʚʽʜ ʦʙʝʨʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʮʠʣʽʥʜʨʘ ʽ ʩʢʣʘʜʘ-
ʻʪʴʩʷ ʟ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʣʘʥʦʢ (ʨʠʩ. 1.8, ʘ). ʃʘʥʢʠ ʰʣʽʮ-ʰʘʨʥʽʨʘ ʤʝʭʘʥʽ-
ʯʥʦ ʟ'ʻʜʥʫʶʪʴ ʮʠʣʽʥʜʨ ʪʘ ʰʪʦʢ ʘʤʦʨʪʠʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ. ɺʝʨʭʥʷ ʣʘʥʢʘ ʰʘʨ-
ʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʮʠʣʽʥʜʨʽ, ʥʠʞʥʷ ï ʥʘ ʰʪʦʢʫ. ʅʘ ʦʩʽ ʟ'ʻʜʥʘʥʥʷ ʚʝʨʭʥʴʦʾ 
ʪʘ ʥʠʞʥʴʦʾ ʣʘʥʦʢ ʰʣʽʮ-ʰʘʨʥʽʨʘ ʚʩʪʘʥʦʚʣʝʥʦ ʜʝʤʧʬʝʨ ʰʠʤʤʽ, ʷʢʠʡ ʧʦʛʣʠ-
ʥʘʻ ʚʙ̔ʨʘʮʽʾ ʢʦʣʽʩ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʧʦʩʘʜʢʠ ʣʽʪʘʢʘ. 

ʅʘʧʨ̫ʤʥʠʡ ʜʚʦʣʘʥʮʶʛ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʘʤʦʨʪʠʟʘʮʽʡʥʦʤʫ ʩʪʦʷʢʫ ʪʘ ʧʽʜ-
ʪʨʠʤʫʻ ʝʣʝʢʪʨʦʧʨʦʚʦʜʢʫ ʪʘ ʛʽʜʨʘʚʣʽʯʥʽ ʰʣʘʥʛʠ (ʨʠʩ. 1.8, ʙ). ʅʘʧʨʷʤʥʠʡ 
ʜʚʦʣʘʥʮʶʛ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʣʘʥʦʢ. ɺʝʨʭʥʷ ʣʘʥʢʘ ʰʘʨ-
ʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʚʫʩʽ ʮʠʣʽʥʜʨʘ ʘʤʦʨʪʠʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ, ʥʠʞʥʷ ʣʘʥ-
ʢʘ ï ʥʘ ʚʫʭʘʭ ʰʪʦʢʘ. ʆʩʽ ʢʦʣʽʩ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʰʪʦʢʘ ʘʤʦʨʪʠ-
ʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ ʥʘ ʤʘʪʦʯʠʥʽ ʪʘ ʬʽʢʩʫʶʪʴʩʷ ʙʦʣʪʘʤʠ. ʅʘ ʤʘʪʦʯʠʥʽ ʚʩʪʘ-
ʥʦʚʣʝʥʦ ʢʦʣʝʩʘ ʪʘ ʛʘʣʴʤʘ.  

ɽʣʝʢʪʨʠʯʥʘ ʧʨʦʚʦʜʢʘ ʰʘʩʽ ʩʫʯʘʩʥʦʛʦ ʣʽʪʘʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩ-
ʪʠʥ ï ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ, ʷʢʽ ʧʽʜʚʦʜʷʪʴ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ: 

ī ʜʦ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʜʘʪʯʠʢʽʚ ʥʘ ʟʘʤʢʘʭ ʧʽʜʢʦʩʽʚ ʰʘʩʽ ʣʽʪʘʢʘ; 
ī ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʜʘʪʯʠʢʽʚ ʥʘ ʩʪʦ̫ʢʘʭ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ (ʧʝʨʝʜʘʶʪʴ 

ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ ʦʙʪʠʩʥʝʥʥʷ ʘʤʦʨʪʠʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ ʜʦ ʢʘʙʽʥʠ ʣʽʪʘʢʘ); 
ī ʜʘʪʯʠʢʽʚ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʝʩʘ ʰʘʩʽ ʣʽʪʘʢʘ; 
ī ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ ʢʦʣʝʩʘ ʰʘʩʽ ʣʽʪʘʢʘ. 
ʇʨʦʚʽʜ ʫʢʣʘʜʝʥʦ ʚ ʩʪʘʣʝʚʽ ʽʟʦʣʷʮʽʡʥʽ ʪʨʫʙʠ ʚ ʦʙʤʦʪʮʽ, ʷʢʽ ʟʘʭʠʱʘʶʪʴ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʢʫ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʟʜʘʪʥʠʭ ʩʧʨʠʯʠʥʠʪʠ ʢʦʨʦʪʢʝ 
ʟʘʤʠʢʘʥʥʷ ʘʙʦ ʦʙʨʠʚ ʣʘʥʮʶʛʘ. 
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ʈʠʩ. 1.7. ʊʠʧʦʚʽ ʝʣʝʤʝʥʪʠ (ʘ) ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ (ʙ) ʦʩʥʦʚʥʦʾ  
ʜʚʦʢʦʣʽʩʥʦʾ ʦʧʦʨʠ ʰʘʩʽ: 1 ī ʧʽʜʢʽʩ ʟʘʜʥʽʡ; 2 ī ʛʽʜʨʦʮʠʣʽʥʜʨ ʚʽʜʢʨʠʪʪʷ ʟʘʤʢʘ 
ʟʘʜʥʴʦʛʦ ʧʽʜʢʦʩʫ; 3 ī ʪʷʛʘ ʩʪʚʦʨʢʠ ˉ 1; 4 ī ʙʦʣʪʠ ʚʫʰʢʦʚʽ; 5 ī ʪʷʛʠ ʱʠʪʢʘ; 

6 ī ʧʨʫʞʠʥʘ  ʟʘʤʢʘ ʟʘʜʥʴʦʛʦ ʧʽʜʢʦʩʫ; 7 ī ʩʪʦʷʢ ʘʤʦʨʪʠʟʘʮʽʡʠʡ; 8 ī ʜʚʦʣʘʥʮʶʛ  
ʥʘʧʨʷʤʥʠʡ; 9 ī ʜʝʤʧʬʝʨ ʰʠʤʤʽ; 10 ī ʚʽʩʴ ʢʦʣʝʩʘ; 11 ī ʛʽʜʨʦʮʠʣʽʥʜʨ ʚʽʜʢʨʠʪʪʷ  
ʟʘʤʢʘ ʧʝʨʝʜʥʴʦʛʦ ʧʽʜʢʦʩʫ; 12 ī ʧʜ̔ʢʽʩ ʧʝʨʝʜʥʽʡ; 13 ī ʧʨʫʞʠʥʠ ʟʘʤʢʘ ʬʽʢʩʘʮʽʾ 

ʧʝʨʝʜʥʴʦʛʦ ʧʽʜʢʦʩʫ ʫ ʚʽʜʢʨʠʪʦʤʫ ʧʦʣʦʞʝʥʥʽ; 14 ī ʪʷʛʘ ʩʪʫʣʢʠ ˉ 2; 15 ī ʰʣʽʮ-ʰʘʨʥʽʨ 
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ʈʠʩ. 1.8. ʉʭʝʤʘ (ʘ, ʙ) ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ (ʚ) ʧʝʨʝʜʥʴʦʛʦ ʣhʽʮ-ʰʘʨʥʽʨʘ  
ʪʘ ʥʘʧʨ̫ʤʥʦʛʦ ʜʚʦʣʘʥʮʶʛʘ: 1 ī ʚʫʟʦʣ ʢʨʽʧʣʝʥʥʷ ʚʝʨʭʥʴʦʾ ʣʘʥʢʠ  
ʧʝʨʝʜʥʴʦʛʦ ʰʣʽʮ-ʰʘʨʥʽʨʘ; 2, 7 ī ʣʘʥʢʠ ʚʝʨʭʥ;̔ 3 ī ʜʝʤʧʬʝʨ ʰʠʤʤʽ; 
4, 8 ī ʣʘʥʢʠ ʥʠʞʥ̔; 5 ī ʚʫʟʦʣ ʢʨʽʧʣʝʥʥʷ ʥʠʞʥʴʦʾ ʣʘʥʢʠ ʧʝʨʝʜʥʴʦʛʦ  

ʰʣʽʮ-ʰʘʨʥʽʨʘ; 6 ī ʚʫʟʦʣ ʢʨʽʧʣʝʥʥʷ ʚʝʨʭʥʴʦʾ ʣʘʥʢʠ ʟʘʜʥʴʦʛʦ ʰʣʽʮ- ʘhʨʥʽʨʘ 
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ʏʝʨʝʟ ʛʽʜʨʘʚʣʽʯʥʫ ʧʨʦʚʦʜʢʫ ʚ ʛʘʣʴʤʘ ʢʦʣʽʩ ʽ ʮʠʣʽʥʜʨʠ ʚʽʜʢʨʠʪʪʷ ʟʘʤʢʽʚ 
ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʧʽʜʢʦʩʽʚ ʰʘʩ̔ ʧʦʜʘʻʪʴʩʷ ʨʦʙʦʯʘ ʨʽʜʠʥʘ. ɻʽʜʨʘʚʣʽʯʥʘ 
ʧʨʦʚʦʜʢʘ ʟ'ʻʜʥʘʥʘ ʟ ʘʛʨʝʛʘʪʘʤʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʛʘʣʴʤʘʤʠ ʢʦʣʽʩ ʦʩʥʦʚ-
ʥʦʾ ʦʧʦʨʠ, ʩʠʩʪʝʤʦʶ ʧʨʠʙʠʨʘʥʥʷ ʪʘ ʚʠʧʫʩʢʘʥʥʷ ʰʘʩʽ ʪʘ ʩʠʩʪʝʤʦʶ ʢʝʨʫ-
ʚʘʥʥʷ ʨʫʭʦʤ ʣʽʪʘʢʘ ʧʦ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʽʡ ʩʤʫʟʽ. 

ɼʘʪʯʠʢʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʘʤʦʨʪʠʟʘʮʽʡʥʦʤʫ ʩʪʦʷʢʫ, ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʽ 
ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʩʪʦʷʢʘ ī çʦʙʞʘʪʠʡ ī ʥʝʦʙʞʘʪʠʡè ʪʘ çʟʝʤʣʷ ī ʧʦʚʽʪʨʷè. 
ɼʘʪʯʠʢʠ ʤʘʶʪʴ ʛʝʨʤʝʪʠʯʥʽ ʢʦʨʧʫʩʠ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 
ʨʦʙʦʪʫ ʜʘʪʯʠʢʽʚ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ʂʦʞʝʥ ʜʘʪʯʠʢ ʤʘʻ ʝʣʝʢʪʨʠʯ-
ʥʠʡ ʨʦʟʥʽʤ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ ʧʨʠʙʠʨʘʥʥʷʤ-
ʚʠʧʫʩʢʘʥʥʷʤ ʰʘʩʽ ʪʘ ʧʦʚʦʨʦʪʦʤ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ. 

ʅʽʰʘ ʢʦʞʥʦʾ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ ʟʘʢʨʠʚʘʻʪʴʩʷ ʯʦʪʠʨʤʘ ʩʪʫʣ-
ʢʘʤʠ. ʋ ʧʦʣʴʦʪʽ ʩʪʫʣʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʢʦʥʪʫʨ ʣʽʪʘʢʘ. ʅʽʰʫ 
ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ ʩʠʥʭʨʦʥʥʦ ʟʘʢʨʠʚʘʶʪʴ ʩʪʫʣʢʠ ˉ 1, ˉ 2, ʱʠʪʦʢ ʪʘ 
ʬʶʟʝʣʷʞʥʘ ʩʪʫʣʢʘ (ʜʠʚ. ʨʠʩ. 1.5, ʘ).  

ʉʪʫʣʢʘ ˉ 1, ʱʠʪʦʢ ʽ ʩʪʫʣʢʘ ˉ 2 ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʽ ʟʘʢʨʠʚʘʶʪʴʩʷ ʩʠʥ-
ʭʨʦʥʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʷʛ, ʱʦ ʟ'ʻʜʥʫʶʪʴ ʮʽ ʩʪʫʣʢʠ ʟ ʘʤʦʨʪʠʟʘʮʽʡʥʠʤ ʩʪʦʷ-
ʢʦʤ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ (ʨʠʩ. 1.9).  

  
ʘ ʙ 

ʈʠʩ. 1.9. ʈʦʟʪʘʰʫʚʘʥʥʷ ʩʪʫʣʦʢ ʚʠʧʫʱʝʥʦʾ (ʘ) ʪʘ ʧʨʠʙʨʘʥʦʾ (ʙ) ʦʩʥʦʚʥʦ ʾ 
ʦʧʦʨʠ ʰʘʩʽ: 1 ī ʪʷʛʘ ʩʪʫʣʢʠ ˉ 1; 2 ī ʪʷʛʘ ʱʠʪʢʘ; 3 ī ɦʠʪʦʢ; 4 ī ʩʪʫʣʢʘ ˉ 2;  

5 ī ʪʷʛʘ ʩʪʫʣʢʠ ˉ 2; 6 ī ʩʪʫʣʢʘ ʬʶʟʝʣʷʞʥʘ; 7 ī ʩʪʫʣʢʘ ˉ 1; 8 ī ʛʽʜʨʦʮʠʣʽʥʜʨ  
ʩʪʫʣʢʠ ʬʶʟʝʣʷʞʥʦʾ; 9 ī ʟʘʤʦʢ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʩʥʦʚʥʦʾ  ʦʧʦʨʠ ʰʘʩʽ; 

 10 ī ʛʽʜʨʦʮʠʣʽʥʜʨ ʧʨʠʙʠʨʘʥʥʷ-ʚʠʧʫʩʢʘʥʥʷ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ; 
11 ī ʟʘʤʦʢ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʩʪʫʣʢʠ ʬʶʟʝʣʷʞʥʦʾ ʰʘʩʽ ʣʽʪʘʢʘ 

ʌʶʟʝʣʷʞʥʘ ʩʪʫʣʢʘ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʪʘ ʟʘʢʨʠʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʦʢʨʝʤʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ. ʋ ʟʘʢʨʠʪʦʤʫ ʧʦʣʦʞʝʥʥʽ ʬʶʟʝʣʷʞʥʫ ʩʪʫʣʢʫ ʫʪʨʠ-
ʤʫʻ ʟʘʤʦʢ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʘʩʽ ʣʽʪʘʢʘ.  

ʉʪʫʣʢʘ ˉ 1 ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʩʠʣʦʚʦʤʫ ʢʘʨʢʘʩʽ ʧʣʘʥʝʨʘ ʣʽʪʘʢʘ 
ʽ ʢʨʽʧʠʪʴʩʷ ʜʦ ʘʤʦʨʪʠʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ ʪʷʛʘʤʠ. ʈʫʭ ʩʪʦʷʢʘ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ 
ʰʘʩʽ ʧʨʠ ʾʾ ʧʨʠʙʠʨʘʥʥʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʙʝʨʪʘʥʥʷ ʩʪʫʣʢʠ ˉ 1 ʚʽʜʥʦʩʥʦ 
ʰʘʨʥʽʨʽʚ ʥʘʚʽʰʫʚʘʥʥʷ ʥʘ ʢʨʠʣʽ ʣʽʪʘʢʘ.  

ʉʪʫʣʢʘ ˉ 2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʦʥʰʪʝʡʥʽʚ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʜʚʦʭ 
ʚʫʟʣʘʭ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʱʠʪʢʘ ʩʪʦʷʢʘ ʰʘʩʽ ʣʽʪʘʢʘ.  
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ʊʷʛʘ, ʱʦ ʟʚ'ʷʟʫʻ ʩʪʫʣʢʫ ʪʘ ʘʤʦʨʪʠʟʘʮʽʡʥʠʡ ʩʪʦʷʢ, ʟʘʙʝʟʧʝʯʫʻ ʟʘʢʠ-
ʜʘʥʥʷ ʩʪʫʣʢʠ ʚʛʦʨʫ ʧʽʜ ʯʘʩ ʚʠʧʫʩʢʘʥʥʷ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ. ʎʝ ʜʘʻ ʟʤʦʛʫ 
ʚʠʢʦʥʫʚʘʪʠ ʤʦʥʪʘʞ ʪʘ ʜʝʤʦʥʪʘʞ ʢʦʣʽʩ ʙʝʟ ʩʥʷʪʪʷ ʩʪʫʣʢʠ ˉ 2. ʌʫʟʝʣʷʞʥʘ 
ʩʪʫʣʢʘ ʢʨʽʧʠʪʴʩʷ ʜʦ ʬʶʟʝʣʷʞʫ ʥʘ ʰʘʨʥʽʨʥʠʭ ʚʫʟʣʘʭ. ʇʨʠ ʚʠʧʫʱʝʥʦʤʫ ʪʘ 
ʧʨʠʙʨʘʥʦʤʫ ʧʦʣʦʞʝʥʥʷʭ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʬʶʟʝʣʷʞʥʘ ʩʪʫʣʢʘ ʟʘʢʨʠʚʘʻ ʥʽʰʫ 
ʰʘʩʽ ʪʘ ʬʽʢʩʫʻʪʴʩʷ ʟʘʤʢʦʤ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ.  

ʇʝʨʝʜ ʧʨʠʙʠʨʘʥʥʷʤ ʘʙʦ ʚʠʧʫʩʢʘʥʥʷʤ ʰʘʩʽ ʬʶʟʝʣʷʞʥʘ ʩʪʫʣʢʘ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʦʮʠʣʽʥʜʨʘ. ʇʦʣʦʞʝʥʥʷ ʬʶʟʝʣʷʞʥʦʾ ʩʪʫʣʢʠ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʘ ʚʽʜʢʨʠʪʦʛʦ ʧʦʣʦʞʝʥʥʷ. ɿʘʢʨʠʪʝ ʧʦ-

ʣʦʞʝʥʥʷ ʬʶʟʝʣʷʞʥʦʾ ʩʪʫʣʢʠ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʘ ʟʘʤʢʘ. 

ʑʠʪʦʢ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʦ ʥʘ ʩʪʦʷʢʫ ʽ ʰʘʩʽ ʜʚʦʤʘ ʪʷʛʘʤʠ ʪʝʥʜʝʨʥʦʛʦ 

ʪʠʧʫ ʪʘ ʜʚʦʤʘ ʚʫʰʢʦʚʠʤʠ ʙʦʣʪʘʤʠ. ɿʘʢʨʠʪʪʷ ʪʘ ʚʽʜʢʨʠʪʪʷ ʱʠʪʢʘ ʚʠʢʦ-

ʥʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʧʨʠʙʠʨʘʥʥʷʤ ʪʘ ʚʠʧʫʩʢʘʥʥʷʤ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ. 

1.4. ʂʦʥʩʪʨʫʢʮʽʷ ʯʦʪʠʨʠʢʦʣʽʩʥʦʛʦ ʜʚʦʚʽʩʥʦʛʦ ʚʽʟʢʘ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ  

ʆʩʥʦʚʥʽ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ ʨʦʟʤʽʱʝʥʦ ʧʦʙʣʠʟʫ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ ʣʽʪʘʢʘ, 
ʢʨʽʧʣʷʪʴʩʷ ʫ ʚʫʟʣʘʭ ʩʠʣʦʚʠʭ ʥʝʨʚʶʨ ʢʨʠʣʘ. ʂʦʞʥʘ ʦʩʥʦʚʥʘ ʦʧʦʨʘ ʩʢʣʘ-
ʜʘʻʪʴʩʷ ʟ ʘʤʦʨʪʠʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ, ʚʽʟʢʘ, ʜʝʤʧʬʝʨʘ, 
ʧʽʜʢʦʩʫ, ʟʘʤʢʘ ʚʠʧʫʱʝʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʧʨʠʙʠʨʘʥʥʷ-
ʚʠʧʫʩʢʘʥʥʷ ʽ ʟʘʤʢʘ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ (ʨʠʩ. 1.10).  

ʅʘ ʩʫʯʘʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʘʭ ʰʘʩʽ ʙʘʛʘʪʦʦʧʦʨʥʝ ʟ ʦʜʥʽʻʶ ʧʝ-
ʨʝʜʥʴʦʶ ʦʧʦʨʦʶ ʪʘ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʦʧʦʨʘʤʠ ʚʽʟʢʦʚʦʛʦ ʪʠʧʫ, ʘ ʜʣʷ ʘʝʨʦʙʫ-
ʩʽʚ Boeing B-747 ʪʘ Airbus A-380 ï ʟ ʯʦʪʠʨʤʘ ʦʩʥʦʚʥʠʤʠ ʦʧʦʨʘʤʠ. 

ʆʜʥʦʢʘʤʝʨʥʠʡ ʘʟʦʪʥʦ-ʛʽʜʨʘʚʣʽʯʥʠʡ ʘʤʦʨʪʠʟʘʮʽʡʥʠʡ ʩʪʦʷʢ ʜʚʦʚʽʩʥʦʛʦ 
ʚʽʟʢʘ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ ʩʧʽʣʴʥʦ ʟ ʚʽʟʢʦʤ ʽ ʧʥʝʚʤʘʪʠʢʘʤʠ ʢʦʣʽʩ ʧʦ-
ʛʣʠʥʘʻ ʝʥʝʨʛʽʶ ʫʜʘʨʫ ʧʨʠ ʧʦʩʘʜʮʽ, ʩʧʨʠʡʤʘʻ ʚʩʽ ʟʦʚʥʽʰʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ʧʨʠ ʨʦʟʙʽʛʫ, ʧʨʦʙʽʛʫ ʽ ʨʫʣʽʞʮʽ. 

ɺʽʟʦʢ ʰʘʨʥʽʨʥʦ ʟ'ʻʜʥʘʥʦ ʟʽ ʰʪʦʢʦʤ ʘʤʦʨʪʠʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ. ɺʽʟʦʢ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʦʤʠʩʣʘ, ʜʚʦʭ ʦʩʝʡ, ʜʚʦʭ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʜʘʯʽ ʛʘʣʴʤʽʚʥʦʛʦ 
ʤʦʤʝʥʪʫ. ʇʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʢʦʣʽʩ ʣʽʪʘʢʘ ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʜʽʻ ʫ ʥʘʧʨʷ-
ʤʢʫ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ, ʧʝʨʝʜʘʻʪʴʩʷ ʟ ʛʘʣʴʤ ʥʘ ʚʘʞʝʣʽ. ɺʘʞʝʣʽ ʚʩʪʘʥʦʚʣʝʥʦ 
ʥʘ ʦʩʷʭ ʤʘʪʦʯʠʥʠ ʩʪʦʷʢʘ ʚʽʣʴʥʦ, ʪʦʤʫ ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʻʪʴʩʷ ʥʝ 
ʥʘ ʦʩʽ ʢʦʣʽʩ, ʘ ʯʝʨʝʟ ʛʘʣʴʤʽʚʥʽ ʪʷʛʠ ī ʥʘ ʰʪʦʢ ʘʤʦʨʪʠʟʘʪʦʨʘ. 

ʊʨʠʢʘʤʝʨʥʠʡ ʘʟʦʪʥʦ-ʛʽʜʨʘʚʣʽʯʥʠʡ ʜʝʤʧʬʝʨ ʙʘʣʦʯʥʦʛʦ ʚʽʟʢʘ ʧʨʠʟʥʘ-
ʯʝʥʦ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʚʽʟʢʘ ʚ ʧʦʣʴʦʪʽ ʫ ʟʘʜʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʪʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ 
ʛʘʩʠʪʠ ʢʦʣʠʚʘʥʥʷ ʚʽʟʢʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʽʜ ʯʘʩ ʨʫʭʫ ʣʽʪʘʢʘ ʧʦ ʥʝʨʽ-
ʚʥʽʡ ʧʦʚʝʨʭʥʽ. ɼʝʤʧʬʝʨ ʢʨʽʧʠʪʴʩʷ ʜʦ ʰʪʦʢʘ ʘʤʦʨʪʠʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ ʚʫh-
ʢʦʚʠʤ ʙʦʣʪʦʤ ʰʪʦʢʘ, ʘ ʚʫh ʢʦʤ ʢʨʠʰʢʠ ï ʜʦ ʢʨʦʥʰʪʝʡʥʘ ʚʽʟʢʘ.  

ʇʽʜ ʯʘʩ ʨʫʭʫ ʣʽʪʘʢʘ ʧʦ ʥʝʨʽʚʥʽʡ ʧʦʚʝʨʭʥʽ ʚʽʟʦʢ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʦʩʽ ʫ 
ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʇʨʠ ʮʴʦʤʫ ʜʝʤʧʬʝʨ ʨʦʟʪʷʛʫʻʪʴʩʷ ʘʙʦ ʩʪʠʩʢʘʻʪʴʩʷ 
ʧʽʜ ʜʽʻʶ ʩʠʣ, ʱʦ ʧʝʨʝʜʘʶʪʩɹʷ ʥʘ ʥʴʦʛʦ ʟ ʚʽʟʢʘ. 

ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʨʦʟʪʘʰʦʚʘʥʦ ʚʫʟʣʠ ʢʨʽʧʣʝʥʥʷ ʚʝʨʭ-
ʥʴʦʾ ʣʘʥʢʠ ʱʣʽʮ-ʰʘʨʥʽʨʘ ʩʪʦʷʢʘ, ʨʦʟʢʦʩʫ ʪʘ ʧʽʜʧʨʫʞʠʥʝʥʦʾ ʣʘʥʢʠ ʧʽʜʚʽʩʢʠ 
ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʥʘ ʟʘʤʦʢ ʧʨʠʙʨʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʘʩʽ ʧʽʩʣʷ ʟʣʴʦʪʫ ʣʽʪʘʢʘ. 
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ʈʠʩ. 1.10. ʉʭʝʤʘ (ʘ) ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʯʦʪʠʨʠʢʦʣʽʩʥʦʛʦ ʜʚʦʚʽʩʥʦʛʦ ʚʽʟʢʘ  
ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ ʥʘ ʩʪʦʷʥʮʽ (ʙ) ʪʘ ʧʨʠ ʧʦʩʘʜʮʽ (ʚ): 1 ī ʙʘʣʢʘ ʰʘʩʽ;  
2 ī ʛʽʜʨʦʮʠʣʽʥʜʨ ʧʨʠʙʠʨʘʥʥʷ-ʚʠʧʫʩʢʘʥʥʷ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ; 3 ī ʪʷʛʠ; 4 ī ʚʫʟʣʠ 
ʦʧʦʨʥʽ;  5 ī ʩʪʫʣʢʘ; 6 ī ʦʧʦʨʘ ʦʩʥʦʚʥʘ; 7 ī ʰʣʽʮ-ʰʘʨʥʽʨ; 8 ī ʚʽʟʦʢ; 9 ī ʚʽʩʴ  
ʢʦʣʝʩʘ; 10 ī ʢʦʣʝʩʦ; 11 ī ʛʘʣʴʤʦ ʢʦʣʝʩʘ; 12 ī ʣʘʥʢʘ ʧʽʜʢʦʩʫ ʚʝʨʭʥʷ;  

13 ī ʣʘʥʢʘ ʧʽʜʢʦʩʫ ʥʠʞʥʷ; 14 ī ʩʪʫʣʢʘ ʬʶʟʝʣʷʞʥʘ 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʨʠʙʠʨʘʥʥʷʤ-ʚʠʧʫʩʢʘʥʥʷʤ ʰʘʩʽ ʟʘʙʝʟʧʝʯʫʻ: 
ï ʥʝʦʙʭʽʜʥʫ ʦʙʦʚ'ʷʟʢʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʪʫʣʦʢ ʪʘ ʘʛʨʝʛʘʪʽʚ ʰʘʩʽ 

ʣʽʪʘʢʘ ʧʨʠ ʧʨʠʙʠʨʘʥʥʽ-ʚʠʧʫʩʢʘʥʥʽ ʰʘʩʽ; 
ï ʙʣʦʢʫʚʘʥʥʷ ʧʨʠʙʠʨʘʥʥʷ ʦʧʦʨ ʰʘʩʽ ʧʨʠ ʦʙʪʠʩʥʝʥʠʭ ʘʤʦʨʪʠʟʘʪʦʨʘʭ. 

1.5. ʂʦʥʩʪʨʫʢʮʽʷ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ 

ʇʝʨʝʜʥ ʁʦʧʦʨʫ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʦʩʦʚʦʾ ʯʘʩʪʠʥʠ ʣʽʪʘʢʘ ʥʘ 
ʟʝʤʣʽ, ʧʦʛʣʠʥʘʥʥʷ ʫʜʘʨʽʚ ʧʨʠ ʧʦʩʘʜʮʽ, ʧʨʦʙʽʛʫ ʧʽʩʣʷ ʧʦʩʘʜʢʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʜʦʨʦʞʥʴʦʛʦ ʢʝʨʫʚʘʥʥʷ ʣʽʪʘʢʦʤ ʧʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʧʦ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʽʡ ʩʤʫʟʽ. 
ʊʘʢʦʞ ʧʝʨʝʜʥʷ ʦʧʦʨʘ ʟʘʙʝʟʧʝʯʫʻ ʙʫʢʩʠʨʫʚʘʥʥʷ ʣʽʪʘʢʘ ʧʦ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʽʡ 
ʩʤʫʟʽ, ʜʣʷ ʮʴʦʛʦ ʥʘ ʥʽʡ ʻ ʚʫʟʦʣ ʢʨʽʧʣʝʥʥʷ ʙʫʢʩʠʨʫʚʘʣʴʥʦʛʦ ʚʦʜʠʣʘ. 
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ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʪʦʷʢʘ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ ʻ ʢʦʨʧʫʩ 
ʩʪʦʷʢʘ  ̔ʘʤʦʨʪʠʟʘʪʦʨ, ʫʩʪʘʥʦʚʣʝʥʠʡ ʫʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʩʪʦʷʢʘ. 

ʇʝʨʝʜʥʁ  ʦʧʦʨʫ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ʚʠʢʦʥʘʥʦ ʟʘ ʦʜʥʦʧʽʜʢʩ̔ʥʦʶ 
ʩʭʝʤʦʶ (ʨʠʩ. 1.11, ʘ). ʅʘ ʦʧʦʨʫ ʚʩʪʘʥʦʚʣʶʪʁʴʩʷ ʜʚʘ ʢʦʣʝʩʘ. ɼʣʷ ʟʘʙʝʟʧʝ-
ʯʝʥʥʷ ʨʝʤʦʥʪʥʦʛʦ ʤʦʥʪʘʞʫ ʪʘ ʜʝʤʦʥʪʘʞʫ ʢʦʣʽʩ ʥʘ ʧʝʨʝʜʥʽʡ ʦʧʦʨʽ ʰʘʩʽ ʻ 
ʦʧʦʨʥʠʡ ʚʫʟʦʣ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʜʦʤʢʨʘʪʘ.  

  
ʘ ʙ 

 
ʚ 

ʈʠʩ. 1.11. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ (ʘ) ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ (ʙ, ʚ) ʧʝʨʝʜʥʴʦʾ  

ʦʧʦʨʠ ʰʘʩʽ: 1 ï ʛʽʜʨʦʮʠʣʽʥʜʨ ʧʨʠʙʠʨʘʥʥʷ-ʚʠʧʫʩʢʘʥʥʷ; 2 ï ʪʷʛʠ ʧʝʨʝʜʥʽʭ ʩʪʫʣʦʢ;  
3 ï ʚʫʟʣʠ ʢʨʽʧʣʝʥʥʷ ʧʽʜʢʦʩʫ; 4 ï ʚʫʟʣʠ ʥʘʚʽʰʫʚʘʥʥʷ ʩʪʦʷʢʘ ʧʝʨʝʜʥʴʦʾ  
ʦʧʦʨʠ; 5 ï ʛ̔ ʜʨʦʮʠʣʽʥʜʨ ʚʽʜʢʨʠʪʪʷ ʟʘʤʢʘ ʧʽʜʢʦʩʫ; 6, 8 ï ʛʽʜʨʦʮʠʣʽʥʜʨʠ 

ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ; 7 ï ʢʦʨʧʫʩ ʩʪʦʷʢʘ; 9 ï ʰʣʽʮ-ʰʘʨʥʽʨ;  
10 ï ʚʽʩʴ ʢʦʣʝʩʘ; 11 ï ʚʝʨʭʥʷ ʣʘʥʢʘ ʧʽʜʢʦʩʫ; 12 ï ʧʽʜʢʽʩ;  13 ï ʜʚʦʣʘʥʢʘ  
ʟʘʤʢʘ ʧʽʜʢʦʩʫ; 14 ï ʥʠʞʥʷ ʣʘʥʢʘ ʧʽʜʢʦʩʫ; 15 ï ʧʨʫʞʠʥʠ ʟʘʤʢʘ ʧʽʜʢʦʩʫ;  

16 ï ʪʨʫʙʘ ʧʦʚʦʨʦʪʥʘ; 17 ï ʰʪʦʢ ʘʤʦʨʪʠʟʘʪʦʨʘ; 18 ï ʚʫʟʦʣ ʙʫʢʩʠʨʫʚʘʣʥɹʠʡ 
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ʉʪʦʷʢ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʤʘʻ ʧʥʝʚʤʦʛʽʜʨʘʚʣʽʯʥʠʡ ʘʤʦʨʪʠʟʘʪʦʨ ʟ 
ʜʝʤʧʬʫʚʘʥʥʷʤ ʥʘ ʧʨʷʤʦʤʫ ʪʘ ʟʚʦʨʦʪʥʦʤʫ ʭʦʜʘʭ ʰʪʦʢʘ. ɸʤʦʨʪʠʟʘʪʦʨ 
ʧʦʛʣʠʥʘʻ ʝʥʝʨʛʽʶ ʫʜʘʨʽʚ ʧʽʜ ʯʘʩ ʧʦʩʘʜʢʠ. ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʘʤʦʨʪʠʟʘʪʦʨʘ 
ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʩʴ ʽʟ ʜʚʦʤʘ ʥʝʛʘʣʴʤʽʚʥʠʤʠ ʢʦʣʝʩʘʤʠ. ʅʘ ʢʦʨʧʫʩʽ ʩʪʦʷʢʘ 
ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ ʜʘʪʯʠʢ ʢʫʪʘ ʨʦʟʚʦʨʦʪʫ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ. ʉʪʦʷʢ ʧʝʨʝʜʥʴʦʾ 
ʦʧʦʨʠ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʠʡ ʫ ʥʽʰʽ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʚʝʨʩʠ. 

ʉʪʦʷʢ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʤʘʻ ʚʫʟʣʠ ʢʨʽʧʣʝʥʥʷ ʧʽʜʢʦʩʫ, ʮʠʣʽʥʜʨʘ 
ʚʽʜʢʨʠʪʪʷ ʟʘʤʢʘ ʧʽʜʢʦʩʫ, ʮʠʣʽʥʜʨʘ ʧʨʠʙʠʨʘʥʥʷ-ʚʠʧʫʩʢʘʥʥʷ ʰʘʩʽ, ʢʨʽʧʣʝʥʥʷ 
ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʫʣʽʞʥʦʾ ʪʘ ʧʦʩʘʜʢʦʚʦʾ ʬʘʨ (ʨʠʩ. 1.11, ʙ). 

ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʧʝʨʝʜʥʴʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ ʣʽʪʘʢʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ 
ʛʽʜʨʘʚʣʽʯʥʠʡ ʤʝʭʘʥʽʟʤ ʧʦʚʦʨʦʪʫ ʢʦʣʽʩ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʥʝʚʨʫʚʘʥʥʷ ʧʽʜ 
ʯʘʩ ʨʫʭʫ ʣʽʪʘʢʘ ʧʦ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʽʡ ʩʤʫʟʽ ʘʝʨʦʜʨʦʤʫ (ʨʠʩ. 1.11, ʚ). 

ʅʽʰʫ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ (ʨʠʩ. 1.12, ʘ) ʚ ʧʦʣʴʦʪʽ ʟʘʢʨʠʚʘʶʪʴ ʯʦʪʠʨʠ 
ʩʪʫʣʢʠ ï ʜʚʽ ʟʘʜʥ ̔2, 4  ̔ʜʚʽ ʧʝʨʝʜʥʽ 1, 3.  

 

 
ʙ 

 
ʘ ʚ 

 
ʛ 

ʈʠʩ. 1.12. ʉʪʫʣʢʠ ʥʽʰʽ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ:  
1 ï ʩʪʫʣʢʘ ʧʝʨʝʜʥʷ ʣʽʚʘ; 2 ï ʩʪʫʣʢʘ ʟʘʜʥʷ ʣʽʚʘ; 3 ï ʩʪʫʣʢʘ ʧʝʨʝʜʥʷ  
ʧʨʘʚʘ; 4 ï ʩʪʫʣʢʘ ʟʘʜʥʷ ʧʨʘʚʘ; 5 ï ʥʽʰʘ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ;  

6 ï ʧʽʜʢʽʩ; 7 ï ʪʷʛʠ; 8 ï ʢʘʯʘʣʢʘ ʧʝʨʝʜʥʷ; 9 ï ʢʘʯʘʣʢʘ ʟʘʜʥʷ 

ʇʨʠ ʚʠʧʫʱʝʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʧʝʨʝʜʥʽ ʩʪʫʣʢʠ ʟʘ-
ʢʨʠʪʽ, ʟʘʜʥʽ ï ʚʽʜʢʨʠʪʽ. ʄʝʭʘʥʽʟʤ ʧʝʨʝʜʥʴʦʾ ʩʪʫʣʢʠ ʰʘʩʽ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ 
ʚʝʨʭʥʴʦʶ ʣʘʥʢʦʶ ʧʽʜʢʦʩʫ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʧʽʜ ʯʘʩ ʧʨʠʙʠʨʘʥʥʷ ʪʘ ʚʠʧʫʩ-
ʢʘʥʥʷ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʦʮʠʣʽʥʜʨʘ (ʨʠʩ. 1.12, ʙ). 
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ʉʪʫʣʢʠ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʤʘʶʪʴ ʧʨʠʚʦʜʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝ-
ʭʘʥʽʟʤʫ ʧʝʨʝʜʥʽʭ ʩʪʫʣʦʢ ʽ ʪʷʛ ʟʘʜʥʽʭ ʩʪʫʣʦʢ. ɼʦ ʩʢʣʘʜʫ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʜʥʴʦʾ 
ʩʪʫʣʢʠ ʰʘʩʽ ʚʭʦʜʷʪʴ ʪʷʛʠ 7, ʧʝʨʝʜʥʷ 8 ʽ ʟʘʜʥʷ 9 ʢʘʯʘʣʢʠ (ʨʠʩ. 1.12, ʚ). 

ʇʨʠʢʣʘʜ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʫʭʽʚ ʦʩʥʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ ʩʪʫʣʦʢ ʥʘ ʦʢʨʝʤʠʭ 
ʝʪʘʧʘʭ ʚʠʧʫʩʢʘʥʥʷ ʥʦʩʦʚʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ʟʘ ʜʦʧʦʤʦ-
ʛʦʶ ʪʷʛ ʪʘ ʰʘʨʥʽʨʥʠʭ ʛʦʣʦʚʦʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.12, ʚ. 

ʉʠʩʪʝʤʘ ʦʩʥʦʚʥʦʛʦ ʚʠʧʫʩʢʘʥʥʷ ʰʘʩʽ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʘʙʦ 
ʚʽʡʩʴʢʦʚʦʛʦ ʣʽʪʘʢʘ ʟ ʤʝʪʦʶ ʙʝʟʧʝʢʠ ʧʨʦʜʫʙʣʴʦʚʘʥʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʁ  
ʘʙʦ ʤʝʭʘʥʽʯʥʦʁ  ʩʠʩʪʝʤʦ  ʁʘʚʘʨʽʡʥʦʛʦ ʚʠʧʫʩʢʘʥʥʷ. 

1.6. ʂʦʥʩʪʨʫʢʮʽʷ ʨʫʣʴʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʪʦʷʢʘ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩ ̔

ʉʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʢʦʣʽʩ ʩʪʦʷʢʘ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ 
ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʚʦʨʦʪʽʚ ʧʨʠ ʨʫʣʽʥʥʽ ʪʘ ʫʪʨʠʤʫʚʘʥʥ ̔ʣʽʪʘʢʘ ʥʘ 
ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʽʡ ʩʤʫʟʽ ʧʨʠ ʟʣʴʦʪʽ ʪʘ ʧʦʩʘʜʮʽ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʘ-
ʟʦʤ ʽʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤʠ ʦʨʛʘʥʘʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʟʣʴʦʪʽ, ʧʦʩʘʜʮʽ ʫ ʧʝʚʥʦʤʫ 
ʧʦʨʷʜʢʫ ʧʨʠ ʨʫʣʽʥʥʽ, ʢʦʣʠ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʦʨʛʘʥʠ ʥʝ ʜʘʶʪʴ ʝʬʝʢʪʫ. ʉʠʩʪʝʤʘ 
ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʢʦʣʽʩ ʧʦʚʝʨʪʘʻ ʟʘ ʢʦʤʘʥʜʦ  ʁʧʽʣʦʪʘ ʧʦʚʦʨʦʪʥʫ ʯʘʩʪʠ-
ʥʫ ʧʝʨʝʜʥʴʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ ʨʘʟʦʤ ʟ ʢʦʣʝʩʘʤʠ. 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʢʦʣʽʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʢʦʥʘʚʯʦʾ ʪʘ ʢʝ-
ʨʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥ. ʗʢ ʚʠʢʦʥʘʚʯʫ ʯʘʩʪʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʜʨʘʚʣʽʯʥʽ ʚʠʢʦ-
ʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ. ʎʝ ʛʽʜʨʘʚʣʽʯʥʽ ʤʝʭʘʥʽʟʤʠ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ (ʨʝʡʢʦʚʘ 
ʧʝʨʝʜʘʯʘ) ʘʙʦ ʛʽʜʨʘʚʣʽʯʥʽ ʨʦʪʦʨʠ ʽ ʛʽʜʨʦʮʠʣʽʥʜʨʠ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʨʝʡʢʦʚʦʾ ʧʝʨʝʜʘʯʽ ʨʫʣʴʦʚʦʛʦ ʧʨʠʩʪʨʦʁ  ʩʪʦʷʢʘ 
ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ ʻ ʩʪʚʦʨʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʝ-
ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʧʝʨʝʜʥʴʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ. ʈʫʣʴʦʚʠʡ ʤʝʭʘʥʽʟʤ 
ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʦʨʧʫʩʫ, ʧʦʚʦʨʦʪʥʦʛʦ ʚʫʟʣʘ ʽ ʜʚʦʭ ʮʠʣʽʥʜʨʽʚ. ʂʦʨʧʫʩ ʢʨʽ-
ʧʠʪʴʩʷ ʜʦ ʮʠʣʽʥʜʨʘ ʪʨʘʚʝʨʩʠ ʘʤʦʨʪʠʟʦʚʘʥʦʛʦ ʩʪʦʷʢʘ. ʋ ʢʦʨʧʫʩʽ ʟʥʘʭʦʜʷʪʴ-
ʩʷ ʜʚʘ ʮʠʣʽʥʜʨʠ. ɺ ʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʚʩʪʘʥʦʚʣʝʥʦ ʟʫʙʯʘʩʪʫ ʨʝʡʢʫ (ʨʠʩ. 1.13). 

ʂʝʨʫʚʘʣʴʥʘ ʯʘʩʪʠʥʘ ʤʽʩʪʠʪʴ: ʝʣʝʤʝʥʪ ʢʝʨʫʚʘʥʥʷ ʟʦʣʦʪʥʠʢʦʚʠʤ ʧʨʠ-
ʩʪʨʦʻʤ ʟ ʢʘʙʽʥʠ ʝʢʽʧʘʞʫ, ʘʛʨʝʛʘʪ ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʨʦʟʧʦʜʽʣʷʻ ʯʝʨʝʟ ʟʦʣʦʪ-
ʥʠʢʦʚʠʡ ʧʨʠʩʪʨʽʡ ʛʽʜʨʘʚʣʽʯʥʫ ʨʽʜʠʥʫ ʧʦ ʧʦʨʦʞʥʠʥʘʭ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʠʢʦʥʘʚ-
ʯʦʛʦ ʩʠʣʦʚʦʛʦ ʦʨʛʘʥʫ. 

ʂʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʧʨʠ ʨʫʣʽʥʥʽ ʣʽʪʘʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʨʫʢʦʷʪʢʠ, 
ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʘ ʣʽʚʦʤʫ ʧʫʣʴʪʽ, ʘ ʧʨʠ ʨʦʟʛʦʥʽ ʽ ʧʨʦʙʽʛʫ ï ʧʝʜʘʣʷʤʠ ʧʫʣʴʪʽʚ 
ʥʦʞʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʝʨʤʦʤ ʥʘʧʨʷʤʢʫ. ʅʘ ʨʝʞʠʤʘʭ ʨʫʣʶʚʘʥʥʷ, ʧʨʦʙʽʛʫ ʪʘ 
ʨʦʟʙʽʛʫ ʧʽʣʦʪ ʨʫʢʦʷʪʢʦʶ ʘʙʦ ʧʝʜʘʣʷʤʠ ʢʝʨʫʚʘʥʥʷ ʨʫʣʝʤ ʥʘʧʨʷʤʢʫ ʜʽʻ ʥʘ 
ʟʦʣʦʪʥʠʢ ʢʨʘʥʘ ʧʦʚʦʨʦʪʫ, ʷʢʠʡ ʨʝʛʫʣʶʻ ʧʦʜʘʯʫ ʪʠʩʢʫ ʨʽʜʠʥʠ ʥʘ ʢʨʘʥ ʚʢʣʶ-
ʯʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦ ʢʫʪʫ ʧʦʚʦʨʦʪʫ ʨʫʢʦʷʪʢʠ ʘʙʦ ʭʦʜʫ ʧʝʜʘʣʝʡ. ɺʽʜ ʢʨʘʥʘ 
ʚʢʣʶʯʝʥʥʷ ʨʽʜʠʥʘ ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜʠ ʧʦʜʘʻʪʴʩʷ ʜʦ ʮʠʣʽʥʜʨʽʚ ʨʫʣʴʦʚʦʛʦ 
ʤʝʭʘʥʽʟʤʫ ʩʪʦʷʢʘ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ. ɻʽʜʨʘʚʣʽʯʥʘ ʩʠʩʪʝʤʘ ʣʽʪʘʢʘ ʬʫʥʢʮʽʦʥʫʻ 
ʥʘ ʤʘʩʣʽ ɸʄɻ-10 ʧʽʜ ʪʠʩʢʦʤ 15 ʄʇʘ. 

ʈʝʞʠʤ çʈʫʣʶʚʘʥʥʷè. ʇʽʩʣʷ ʜʦʪʠʢʫ ʟʝʤʣʽ ʢʦʣʝʩʘʤʠ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ 
ʰʘʩʽ ʣʽʪʘʢʘ  ʤʽʢʨʦʚʠʤʠʢʘʯ ʥʘ ʩʪʦʷʢʫ ʚʢʣʶʯʘʻ ʨʦʟʧʦʜʽʣʴʥʠʢ 5 (ʨʠʩ. 1.13, ʘ). 
ʈʦʟʧʦʜʽʣʴʥʠʢ ʧʦʜʘʻ ʪʠʩʢ ʨʽʜʠʥʠ ʚʽʜ ʣʽʥʽʾ ʥʘʛʥʽʪʘʥʥʷ ɹ ʘʙʦ ɺ ʛʽʮʨʦʩʠʩʪʝʤʠ 
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ʜʦ ʢʨʘʥʘ ʧʦʚʦʨʦʪʫ 4 ʽ ʚ ʟʣʠʚʥʫ ʧʦʨʦʞʥʠʥʫ ɸ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʟʘʤʢʘ ʚʠʧʫʱʝ-
ʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʩʪʦʷʢʘ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ. 

 

 
ʙ 

 
ʘ ʚ 

ʈʠʩ. 1.13. ʈʫʣʴʦʚʠʡ ʧʨʠʩʪʨʽʡ ʩʪʦʷʢʘ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʣʽʪʘʢʘ: ʘ ï ʧʨʠʥʮʠʧʦʚʘ 
ʛʽʜʨʘʚʣʽʯʥʘ ʩʭʝʤʘ; ʙ ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʫʣʴʦʚʦʛʦ ʧʨʠʩʪʨʦʁ ; ʚ ï ʢʦʥʩʪʨʫʢʮʽʷ 
ʨʫʣʴʦʚʦʛʦ ʧʨʠʩʪʨʦʁ : 1, 5 ï ʢʦʩʠʥʮʽ; 2, 6 ï ʨʽʜʠʥʘ ʛʽʜʨʘʚʣ̔ʯʥʘ; 3, 4 ï ʧʦʨʰʥʽ;  

7 ï ʨʝʡʢʘ ʟʫʙʯʘʩʪʘ; 8 ï ʩʝʢʪʦʨ ʟʫʙʯʘʩʪʠʡ; 9 ï ʮʠʣʽʥʜʨ ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʇʨʠ ʥʝʡʪʨʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʨʫʢʦʷʪʢʠ ʨʫʣʽʞʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʦʣʦʪʥʠ-
ʢʠ ʢʨʘʥʘ ʧʦʚʦʨʦʪʫ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʧʝʨʝʢʨʠʪʽ. ʇʨʠ ʚʽʜʭʠʣʝʥʥʽ ʨʫʢʦʷʪʢʠ ʚʽʜ 
ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʟʦʣʦʪʥʠʢ ʢʨʘʥʘ ʧʦʚʦʨʦʪʫ ʧʦʚʝʨʪʘʻʪʴʩʷ, ʽ ʣʽʥʽʷ 
ʥʘʛʥʽʪʘʥʥʷ ʯʝʨʝʟ ʢʨʘʥ ʚʢʣʶʯʝʥʥʷ 3 ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʧʦʨʰʥʝʚʦʶ ʧʦʨʦʞʥʠʥʦʶ 
ʦʜʥʦʛʦ ʟ ʛʽʜʨʦʮʠʣʽʥʜʨʽʚ ʨʫʣʴʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ 1 (ʜʠʚ. ʨʠʩ. 1.13, ʘ).  

ʇʦʨʰʥʝʚʘ ʧʦʨʦʞʥʠʥʘ ʜʨʫʛʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʣʽʥʽʻʶ ʟʣʠ-
ʚʫ ɸ. ʇʽʩʣʷ ʧʦʚʦʨʦʪʫ ʩʪʦʷʢʘ ʥʘ ʟʘʜʘʥʠʡ ʨʫʢʦʷʪʢʦʶ ʨʫʣʽʞʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʫʪ 
ʟʦʣʦʪʥʠʢ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʢʨʘʥʘ ʧʦʚʦʨʦʪʫ ʟʥʦʚʫ ʧʨʠʭʦʜʠʪʴ ʫ ʚʠʭʽʜʥʝ ʧʦ-
ʣʦʞʝʥʥʷ ʟ ʟʦʣʦʪʥʠʢʦʤ ʢʝʨʫʚʘʥʥʷ. ʇʽʩʣʷ ʟʥʷʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʨʫʢʦʷʪʢʠ 
ʨʫʣʽʞʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʫʞʠʥʥʘ ʪʷʛʘ ʧʦʚʝʨʪʘʻ ʨʫʢʦʷʪʢʫ, ʘ ʦʪʞʝ, ʽ ʩʪʦʷʢ ʧʝ-
ʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʫ ʥʝʡʪʨʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ. 

ʈʝʞʠʤ çʈʦʟʛʽʥ ʽ ʧʨʦʙʽʛè. ʅʘ ʮʴʦʤʫ ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ ʟʦʣʦʪʥʠʢʦʤ 
ʢʨʘʥʘ ʧʦʚʦʨʦʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʜʘʣʷʤʠ ʢʝʨʫʚʘʥʥʷ ʢʝʨʤʦʤ ʥʘʧʨʷʤʢʫ.  



 19 

ʈʝʞʠʤ çʆʨʽʻʥʪʫʚʘʥʥʷè. ʅʘ ʨʝʞʠʤʽ çʆʨʽʻʥʪʫʚʘʥʥʷè ʢʦʣʝʩʘ ʩʪʦʷʢʘ 
ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʚʽʣʴʥʦ ʦʨʽʻʥʪʫʶʪʴʩʷ, ʦʨʛʘʥʠ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ 
ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ.  

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʘʙʦ ʛʽʜʨʦʞʠʚʣʝʥʥʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘ-
ʪʠʯʥʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ çʆʨʽʻʥʪʫʚʘʥʥʷè. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʥʷ ʦʧʦ-
ʨʘ hʘʩʽ ʣʽʪʘʢʘ ʩʧʦʩʪʝʨʽʛʘʻ ʟʘ ʟʦʚʥʽʰʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʇʽʩʣʷ ʚʽʜʨʠʚʫ ʢʦʣʽʩ ʰʘʩʽ ʚʽʜ ʟʝʤʣʽ ʤʽʢʨʦʚʠʤʠʢʘʯ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘ-
ʜʫ ʙʣʦʢʘ ʤʽʢʨʦʚʠʤʠʢʘʯʽʚ, ʫʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʩʪʦʷʢʫ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ, 
ʨʦʟʤʠʢʘʻ ʣʘʥʮʶʛ, ʟʥʝʩʪʨʫʤʣʶʶʯʠ ʨʦʟʧʦʜʽʣʴʥʠʢ 5 (ʜʠʚ. ʨʠʩ. 1.13, ʘ), ʷʢʠʡ 
ʧʝʨʝʢʨʠʚʘʻ ʧʦʜʘʯʫ ʨʽʜʠʥʠ ʜʦ ʢʨʘʥʘ ʧʦʚʦʨʦʪʫ. ʈʽʜʠʥʘ ʟ ʧʦʨʰʥʝʚʦʾ ʧʦʨʦʞ-
ʥʠʥʠ 4 ʦʜʥʦʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʨʫʣʴʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ 
ʯʝʨʝʟ ʜʨʦʩʝʣʴ ʢʨʘʥʘ ʚʢʣʶʯʝʥʥʷ ʥʘʜʭʦʜʠʪʴ ʫ ʧʦʨʰʥʝʚʫ ʧʦʨʦʞʥʠʥʫ 3 ʜʨʫʛʦ-
ʛʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʨʫʣʴʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʽ ʥʘʚʧʘʢʠ.  

ʂʦʣʠʚʘʥʥʷ ʪʠʧʫ çʰʠʤʤʽè ʩʪʦʷʢʘ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʰʘʩʽ ʥʘ ʚʝʣʠʢʠʭ 
ʰʚʠʜʢʦʩʪʷʭ ʧʝʨʝʤʝʱʝʥʠʷ ʣʽʪʘʢʘ ʥʘ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʽʡ ʩʤʫʟʽ ʛʘʩʷʪʴʩʷ 
ʛʽʜʨʘʚʣʽʯʥʠʤ ʜʝʤʧʬʝʨʦʤ 2 (ʜʠʚ. ʨʠʩ. 1.13, ʘ). 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ɼʣʷ ʯʦʛʦ ʧʨʠʟʥʘʯʝʥʦ ʰʘʩʽ ʣʽʪʘʢʘ, ʚʝʨʪʦʣʴʦʪʘ ʘʙʦ ʙʝʟʧʽʣʦʪʥʠʢʘ?  
2. ʅʘʟʚʽʪʴ ʪʠʧʦʚʽ ʚʫʟʣʠ ʪʘ ʜʝʪʘʣʽ ʥʦʩʦʚʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʣʽʪʘʢʘ. 
3. ɿ ʷʢʠʭ ʩʠʩʪʝʤ ʩʢʣʘʜʘʻʪʴʩʷ ʪʠʧʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʰʘʩʽ ʩʝʨʝʜʥʴʦ-

ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ?  
4. ʑʦ ʟʘʙʝʟʧʝʯʫʻ ʩʠʩʪʝʤʘ ʧʨʠʙʠʨʘʥʥʷ ʪʘ ʚʠʧʫʩʢʘʥʥʷ ʰʘʩʽ?  
5. ʅʘʟʚʽʪʴ ʪʠʧʦʚʽ ʝʣʝʤʝʥʪʠ ʦʩʥʦʚʥʦʾ ʦʧʦʨʠ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ. 
6. ʆʧʠʰʽʪʴ ʢʦʥʩʪʨʫʢʮʽʶ ʯʦʪʠʨʠʢʦʣʽʩʥʦʛʦ ʜʚʦʚʽʩʥʦʛʦ ʚʽʟʢʘ ʦʩʥʦʚʥʦʾ 

ʦʧʦʨʠ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ. 
7. ɼʣʷ ʯʦʛʦ ʧʨʠʟʥʘʯʝʥʘ ʧʝʨʝʜʥʷ ʦʧʦʨʘ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ? 
8. ɿ ʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʨʫʣʴʦʚʠʡ ʤʝʭʘʥʽʟʤ ʩʪʦʷʢʘ ʧʝʨʝʜʥʦɹʾ 

ʦʧʦʨʠ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ? 
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2. ʊɽʍʅʆʃʆɻɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ʆɹʈʆɹʃɽʅʅʗ ɿɸɻʆʊʆɺʆʂ ʐɸʉɯ 

ɼʝʪʘʣʽ ʰʘʩʽ ʩʫʯʘʩʥʠʭ ʣʽʪʘʢʽʚ ʚʠʛʦʪʦʚʣʷʶʪʴ ʤʝʪʦʜʦʤ ʛʘʨʷʯʦʛʦ ʰʪʘʤ-

ʧʫʚʘʥʥʷ ʽʟ ʚʠʩʦʢʦʤʽʮʥʦʾ ʥʠʟʴʢʦʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ ʟʘ ʘʤʝʨʠʢʘʥʩʴʢʠʤ 

ʩʪʘʥʜʘʨʪʦʤ 4340ʄ (30ʍɻʉʅ2ɸ), ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ï ʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ 

ʤʘʨʢʠ ʟʘ ʘʤʝʨʠʢʘʥʩʢɹʠʤ ʩʪʘʥʜʘʨʪʦʤ Ti-10V-2Fe-3Al (ɺʊ-22). 

ʆʜʥʠʤ ʽʟ ʥʝʙʘʛʘʪʴʦʭ ʚʠʨʦʙʥʠʢʽʚ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦ-

ʚʦʢ ʜʣʷ ʜʝʪʘʣʝʡ ʰʘʩʽ ʻ ʷʧʦʥʩʴʢʘ ʤʝʪʘʣʫʨʛʽʡʥʘ ʢʦʤʧʘʥʽʷ Japan Aeroforge, 

ʜʦ ʩʢʣʘʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʷʢʦʾ ʚʭʦʜʠʪʴ ʥʘʡʙʽʣʴʰʠʡ ʫ ʩʚʽʪʽ ʛʽʜ-

ʨʘʚʣʽʯʥʠʡ ʧʨʝʩ ʟʫʩʠʣʣʷʤ 80 ʪʠʩʷʯ ʪʦʥʥ. 

ʅʘ ʨʠʩ. 2.1 ʧʦʢʘʟʘʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʰʪʘʤʧʦʚʘʥʠʭ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦ-

ʪʦʚʦʢ ʜʣʷ ʜʝʪʘʣʝʡ ʰʘʩʽ, ʥʘʡʙʽʣʴʰʘ ʟ ʷʢʠʭ ʜʣʷ ʩʪʦʷʢʘ ʰʘʩʽ ʣʽʪʘʢʘ-ʘʝʨʦʙʫʩʘ 

ʤʘʻ ʜʦʚʞʠʥʫ 3,3 ʤʝʪʨʘ ʪʘ ʤʘʩʫ 5400 ʢʛ (ʜʠʚ. ʨʠʩ. 2.1, ʘ). 

   
ʘ ʙ ʚ 

   
ʛ ʜ ʝ 

  
ʞ ʠ 

ʈʠʩ. 2.1. ʐʪʘʤʧʦʚʘʥʽ ʪʠʪʘʥʦʚʽ ʟʘʛʦʪʦʚʢʠ ʜʝʪʘʣʝʡ ʰʘʩ ̔ʣʽʪʘʢʘ: ʘ ï ʚʽʟʢʘ ʣʽʪʘʢʘ-ʘʝʨʦʙʫʩʘ;  

ʙ ï ʩʪʦʷʢʘ ʦʩʥʦʚʥʦʛʦ ʰʘʩʽ ʩʝʨʝʜʥʴʦʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʣʽʪʘʢʘ; ʚ ï ʩʪʦʷʢʘ ʦʩʥʦʚʥʦʛʦ ʰʘʩʽ  
ʣʽʪʘʢʘ-ʚʠʥʠʱʫʚʘʯʘ; ʛ ï ʧʝʨʝʜʥʴʦʛʦ ʩʪʦʷʢʘ ʣʽʪʘʢʘ-ʚʠʥʠʱʫʚʘʯʘ; ʜ ï ʤʘʪʦʯʠʥʠ ʧʝʨʝʜʥʴʦʛʦ 

ʩʪʦʷʢʘ ʣʽʪʘʢʘ-ʚʠʥʠʱʫʚʘʯʘ; ʝ ï ʪʨʠʦʩʴʦʚʦʛʦ ʚʽʟʢʘ ʜʘʣʝʢʦʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʣʽʪʘʢʘ;  
ʞ ï ʣʘʥʢʠ ʧʽʜʢʦʩʫ ʩʝʨʝʜʥʴʦʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʣʽʪʘʢʘ; ʠ ï ʧʝʨʝʜʥʴʦʛʦ ʩʪʦʷʢʘ ʣʽʪʘʢʘ-ʘʝʨʦʙʫʩʘ  
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ɿʚʘʨʶʚʘʥʥʷ ʪʠʪʘʥʦʚʠʭ ʬʝʨʤʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʰʘʩʽ ʣʽʪʘʢʘ ï ʮʝ ʦʩʦʙʣʠʚʦ 

ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʫ ʜʦʨʫʯʘʶʪʴ ʧʽʜʛʦʪʦʚʣʝʥʠʤ ʟʚʘʨʥʠʢʘʤ, ʱo 

ʤaʶʪʴ ʥeoʙʭʽʜʥʠʡ ʧpaʢʪʠʯʥʠʡ ʜocʚʽʜ ʽ ʥaʚʠʯʢʠ ʟʚaʨʶʚaʥʥʷ ʚ ʰʣʶʟʦʚʠʭ 

ʢʘʤʝʨʘʭ, ʷʢʽ ʟʘʧʦʚʥʝʥʽ iʥʝʨʪʥʠʤ ʛʘʟʦʤ (ʨʠʩ. 2.2).  

   
ʘ ʙ ʚ 

ʈʠʩ. 2.2. ɸʨʛʦʥʦʜʫʛʦʚʝ ʟʚʘʨʶʚʘʥʥʷ ʪʠʪʘʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʰʣʶʟʦʚʽʡ ʢʘʤʝʨʽ: 
ʘ ï ʟʚʘʨʥʠʢ ʫ ʩʢʘʬʘʥʜʨʽ; ʙ ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʟʚʘʨʥʠʢʽʚ 

ʫ ʰʣʶʟʦʚʽʡ ʢʘʤʝʨ̔; ʚ ï ʧʨʦʮʝʩ ʧʨʠʚʘʨʶʚʘʥʥʷ ʤʘʪʦʯʠʥʠ ʜʦ ʩʪʦʷʢʘ ʰʘʩʽ ʣʽʪʘʢʘ 

ʅʘ ʨʠʩ. 2.3 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʪʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 
ʧ'ʷʪʠʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʩʪʦʷʢʘ 
ʛʦʣʦʚʥʦʛʦ ʰʘʩʽ ʧʘʩʘʞʠʨʩʢɹʦʛʦ ʨʝʛ̔ʦʥʘʣʴʥʦʛʦ ʣʽʪʘʢʘ. 

  

1 2 3, 7 4 5 

6 8 9 10 11 

ʈʠʩ. 2.3. ʉʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʘʛʦʪʦʚʢʠ ʩʪʦʷʢʘ ʰʘʩʽ ʣʽʪʘʢʘ: 
1 ï ʢʦʥʪʫʨʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʦʨʧʫʩʫ, 2 ï ʢʘʨʤʘʥʽʚ, 3, 7 ï ʢʦʣʦʜʷʟʽʚ, 4 ï ʛʘʣʪʝʣʝʡ; 
5 ï ʯʦʨʥʦʚʝ ʩʧʽʨʘʣʴʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ ʦʪʚʦʨʽʚ; 6 ï ʜʠʩʢʦʚʝ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʘʟʽʚ;  

8 ï ʩʚʝʨʜʣʽʥʥʷ; 9 ï ʟʝʥʢʝʨʫʚʘʥʥʷ; 10, 11 ï ʨʦʟʪʦʯʫʚʘʥʥʷ ʦʪʚʦʨʽʚ 

ʇʨʠʢʣʘʜʠ ʧ'ʷʪʠʢʦʦʨʜʠʥʘʪʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʢʦʨ-
ʧʫʩʽʚ ʩʪʦʷʢʘ ʛʦʣʦʚʥʦʛʦ ʰʘʩʽ ʜʚʦʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.4. 
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ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 2.4. ʇʨʠʢʣʘʜʠ ʦʙʨʦʙʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʢʦʨʧʫʩʫ ʩʪʦʷʢʘ ʰʘʩʽ (ʘ, ʙ) 
ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʦʚʝʨʭʦʥʴ ʚʫʰʢʘ ʢʦʨʧʫʩʫ ʘʤʦʨʪʠʟʘʪʦʨʘ ʩʪʦʷʢʘ ʰʘʩʽ  
ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ʧʽʩʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ (ʚ) ʪʘ ʩʣʶʩʘʨʥʦʾ ʦʙʨʦʙʢʠ (ʛ) 

ɼʣʷ ʦʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʽʟ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫ-
ʶʪʴ ʽʥʩʪʨʫʤʝʥʪ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʙʝʟ ʧʦʢʨʠʪʪʷ (ʤʘʶʪʴ ʧʦʟʥʘʯʝʥʥʷ çgrade Kè 
ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ ISO 3685 ʜʣʷ ʪʦʯʽʥʥʷ ʽ ISO 8688 ï ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥ)̫. 

ʄʘʨʢʫ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʚʠʙʠʨʘʶʪʴ ʟʘ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ ʪʘ ʚʤʽʩʪʫ ʩʧʦ-
ʣʫʯʥʦʛʦ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʦʙʨʦʙʢʠ (ʯʦʨʥʦʚʘ, ʯʠʩʪʦʚʘ) ʪʘ ʤʝʪʦʜʫ ʦʙʨʦʙ-
ʣʝʥʥʷ (ʪʦʯʽʥʥʷ, ʬʨʝʟʝʨʫʚʘʥʥʷ, ʩʚʝʨʜʣʽʥʥʷ, ʟʝʥʢʝʨʫʚʘʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ). 

ʊʦʥʢʝ ʟʝʨʥʦ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʟ ʨʦʟʤʽʨʘʤʠ 0,8...1,5 ʤʢʤ ʽʟ ʚʤʽʩʪʦʤ 
ʩʧʦʣʫʯʥʦʛʦ ʜʣʷ ʢʦʙʘʣʴʪʫ 3...6 % (ʤʘʨʢʠ K01-K20) ʟʘʟʚʠʯʘʡ ʚʠʙʠʨʘʪʁʴ ʜʣʷ 
ʥʘʧʽʚʯʠʩʪʦʚʦʾ ʘʙʦ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ. 

ʋʣʴʪʨʘʪʦʥʢʝ ʟʝʨʥʦ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʟ ʨʦʟʤʽʨʘʤʠ ʤʝʥʴʰʝ 0,7 ʤʢʤ ʽʟ 
ʚʤʽʩʪʦʤ ʩʧʦʣʫʯʥʦʛʦ ʜʣʷ ʢʦʙʘʣʴʪʫ 10 % (ʤʘʨʢʠ K30-K40) ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 
ʜʣʷ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ ʟ ʫʜʘʨʘʤʠ.  

ʊʚʝʨʜʽ ʩʧʣʘʚʠ ʟ ʧʦʢʨʠʪʪʷʤʠ (PVDTiAlN, CVD-TiCN/Al2O3/TiN) ʚʠʢʦʨʠ-
ʩʪʦʚʫʶʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʯʦʨʥʦʚʦʾ ʪʘ ʯʠ-
ʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʽʟ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ. 

ɺʠʩʦʢʘ ʭʽʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝ-
ʨʘʪʫʨʘʭ, ʥʠʟʴʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʟʜʘʪʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʪʨʫʞʢʫ, ʷʢʘ ʥʝ 
ʥʘʚʠʚʘʻʪʴʩʷ, ʫʩʢʣʘʜʥʶʻ ʾʭ ʦʙʨʦʙʣʝʥʥʷ. ʌʨʝʟʝʨʫʚʘʥʥʷ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ 
ʜʦʜʘʪʢʦʚʦ ʫʩʢʣʘʜʥʝʥʦ ʬʘʢʪʦʨʦʤ ʫʜʘʨʫ ʟʫʙʘ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʚʭʦʜʽ ʚ ʟʘʛʦ-
ʪʦʚʢʫ ʽ ʟʤʽʥʦʶ ʪʦʚʱʠʥʠ ʟʨʽʟʫ ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʬʨʝʟʠ. ʐʚʠʜʢʦʩʪʽ 
ʨʽʟʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ, ʟʘʣʝʞʥʦ 
ʚʽʜ ʾʭʥʴʦʾ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʚ 2...4 ʨʘʟʠ ʥʠʞʯʝ ʰʚʠʜʢʦʩʪʝʡ ʨʽʟʘʥʥʷ, ʱʦ ʟʘ-
ʩʪʦʩʦʚʫʶʪʴ ʧʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʽʟ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʪʘʣʽ 45.  



 23 

ʇʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʧʦ ʢʽʨʮʽ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʟʥʠʞʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ 
ʚʜʚʽʯʽ. ʐʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʤʘʻ ʩʪʘʥʦ-
ʚʠʪʠ ʥʝ ʙʽʣʴʰʝ 60 ʤ/ʭʚ, ʧʦʜʘʯʘ ʥʘ ʦʜʠʥ ʟʫʙ ï 0,05...0,15 ʤʤ/ʟʫʙ. 

ʏʝʨʝʟ ʦʩʦʙʣʠʚʽ ʪʝʨʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʾʭ ʤʝʭʘʥʽʯʥʘ 
ʦʙʨʦʙʢʘ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʩʪʠʣʴʥʦ-
ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ (ʄʆʈ) ï ʩʫʣɹʬʦʬʨʝʟʦʣʫ, ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʤʘʩʪʠʣʘ.  

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜʠ ʦʙʨʦʙʣʝʥʥʷ ʪʠʪʘʥʦʚʦʛʦ ʢʦʨʧʫʩʫ ʩʪʦʷ-
ʢʘ ʛʦʣʦʚʥʦʛʦ ʰʘʩʽ ʚ ʨʝʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʄʆʈ. 

ɼʣʷ ʩʚʝʨʜʣʽʥʥʷ ʟʚʠʯʘʡʥʠʭ (ʥʝʛʣʠʙʦʢʠʭ) ʦʪʚʦʨʽʚ ʫ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚ-
ʢʘʭ ʰʘʩʽ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʚʝʨʜʦʩʧʣʘʚʥʽ ʩʚʝʨʜʣʘ ʟ ʨʦʙʦʯʦʶ ʜʦʚʞʠ-
ʥʦʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʜʚʦʤ ï ʧ'ʷʪʠ ʜʽʘʤʝʪʨʘʤ ʦʪʚʦʨʫ. ʐʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʪʚʝʨ-
ʜʦʩʧʣʘʚʥʠʤʠ ʩʚʝʨʜʣʘʤʠ ʤʘʻ ʩʪʘʥʦʚʠʪʠ 30...50 ʤ/ʭʚ, ʧʦʜʘʯʘ ʜʣʷ ʩʚʝʨʜʝʣ 
ʜʽʘʤʝʪʨʦʤ ʜʦ 20 ʤʤ ï ʚʽʜ 0,04 ʜʦ 0,1 ʤʤ/ʦʙ. 

 

 

ʘ 

 
ʙ ʚ 

ʈʠʩ. 2.5. ʇʨʠʢʣʘʜʠ ʬʨʝʟʝʨʫʚʘʥʥʷ (ʘ, ʚ) ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʦʪʚʦʨʽʚ (ʙ) ʢʦʨʧʫʩʫ ʩʪʦʷʢʘ  
ʛʦʣʦʚʥʦʛʦ ʰʘʩʽ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ̔ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʄʆʈ 

ɼʣʷ ʦʙʨʦʙʣʝʥʥʷ ʪʦʯʥʠʭ ʦʪʚʦʨʽʚ ʫ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚʢʘʭ ʰʘʩʽ ʟʘʩʪʦʩʦ-
ʚʫʶʪʴ ʨʦʟʛʦʨʪʢʠ ʽʟ ʨʽʟʘʣʴʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ. ʐʚʠʜʢʽʩʪʴ 
ʨʽʟʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 10...15 ʤ/ʭʚ, ʧʦʜʘʯʘ ï 0,1...0,2 ʤʤ/ʦʙ. 

ʇʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʨʠʪʝʨʽʡ ʩʧʨʘʮʶ-
ʚʘʥʥʷ ï ʪʘʢʫ ʚʝʣʠʯʠʥʫ ʩʧʨʘʮʶʚʘʥʥʷ, ʢʦʣʠ ʨʦʟʚʝʨʪʢʘ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʨʽʙ-
ʥʠʡ ʢʚʘʣʪ̔ʝʪ ʪʦʯʥʦʩʪʽ ʡ ʥʝʦʙʭʽʜʥʫ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

ɼʦʧʫʩʪʠʤʠʡ ʟʥʦʩ ʧʦ ʟʘʜʥʽʡ ʛʨʘʥʽ ʟʘʙʽʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʛʦʨʪʢʠ ʩʪʘʥʦ-
ʚʠʪʴ ʚʽʜ 0,3 ʜʦ 0,8 ʤʤ. 

ʉʝʨʝʜʥʽʡ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʨʦʟʚʝʨʪʦʢ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 
ʩʧʨʘʮʶʚʘʥʥʶ, ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 20 ï 90 ʭʚʠʣʠʥ, ʧʨʠʯʦʤʫ ʨʦʟʚʝʨʪʢʠ ʚʝʣʠʢʠʭ 
ʜʽʘʤʝʪʨʽʚ ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ, ʥʽʞ ʨʦʟʚʝʨʪʢʠ ʤʘʣʠʭ ʜʽʘʤʝʪʨʽʚ.  

ʈʦʟʛʦʨʪʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʫ ʜʚʘ ʧʝʨʝʭʦʜʠ, ʧʨʠʧʫʩʢ ʥʘ ʯʦʨʥʦʚʝ ʨʦʟʛʦʨ-
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ʪʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 0,15...0,5 ʤʤ, ʥʘ ʯʠʩʪʦʚʝ ï 0,05...0,2 ʤʤ ʟʘʣʝʞʥʦ ʚʽʜ ʜʘ̔-
ʤʝʪʨʘ ʦʪʚʦʨʫ ʡ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ. ʇʝʨʝʜ ʨʦʟʛʦʨʪʘʥʥʷʤ ʦʪʚʽʨ ʟʝʥʢʝʨʫʁ ʪʴ.  

ʇʨʦʚʽʜʥʠʤʠ ʩʚʽʪʦʚʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙ-
ʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʩʪʦʷʢʽʚ ʰʘʩʽ ʽʟ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʪʘ ʪʠ-
ʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʻ ʢʦʤʧʘʥʽʾ SGS Tool (ʉʐɸ), Hanita (ɯʟʨʘʾʣʴ), ʄitsubishi 
Carbide (ʗʧʦʥʽʷ), SECO (ɯʪʘʣʽʷ), Hertel ʪʘ Sandvik Coromant (ʅʽʤʝʯʯʠʥʘ). 

ʇʨʦʚʽʜʥʠʤʠ ʩʚʽʪʦʚʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʚʝʨʩʪʘʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧ'ʷ-
ʪʠʢʦʦʨʜʠʥʘʪʥʦʾ ʬʨʝʟʝʨʥʦ-ʪʦʢʘʨʥʦ-ʩʚʝʨʜʣʠʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʰʘʩʽ ʽʟ 
ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʪʘ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʻ ʢʦʤʧʘʥʽʾ ʄAG 
Cincinnati (ʉʐɸ) ʪʘ WFL ʄillturn Technologies (ɸʚʩʪʨʽʷ).  

2.1 ʉʣʶʩʘʨʥʝ ʦʙʨʦʙʣʝʥʥʷ ʢʦʨʧʫʩʥʠʭ ʟʘʛʦʪʦʚʦʢ ʰʘʩʽ ʣʽʪʘʢʘ 

ʄʝʭʘʥʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ ʢʦʨʧʫʩʥʠʭ ʟʘʛʦʪʦʚʦʢ ʜʝʪʘʣʝʡ ʰʘʩʽ ʣʽʪʘʢʘ ʥʘ 
ʚʝʨʩʪʘʪʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʚʠʩʦʢʦʪʦʯʥʠʭ ʟ ʏʇʂ, ʦʙʦʚ'ʷʟʢʦʚʦ ʜʦʧʦʚʥʶʶʪʴ 
ʧʽʜʛʦʪʦʚʯʽ (ʨʠʩ. 2.6, ʘ) ʪʘ ʯʠʩʪʦʚʽ (ʨʠʩ. 2.6, ʙ, ʚ) ʩʣʶʩʘʨʥʽ ʨʦʙʦʪʠ.  

ʗʢ ʩʫʯʘʩʥʝ ʨʫʯʥʝ ʤʝʭʘʥʽʟʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʩʣʶʩʘʨʥʦ-
ʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʰʘʩʽ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʢʫʪʦʚʫ ʧʥʝʚʤʘʪʠʯʥʫ ʰʣʽʬʫʚʘ-
ʣʴʥʫ ʤʘʰʠʥʫ ʤʦʜʝʣʽ QA-611A ʥʽʤʝʮʴʢʦʾ ʢʦʤʧʘʥʽʾ Mighty Seven (ʨʠʩ. 2.6, ʛ). 

ʊʚʝʨʜʦʩʧʣʘʚʥʽ ʙʦʨʬʨʝʟʠ (ʨʠʩ. 2.6, ʜ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʧʝʨʝʜ-
ʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ, ʧʨʠʪʫʧʣʝʥʥʷ ʛʦʩʪʨʠʭ ʢʨʦʤʦʢ, ʚʠʜʘʣʝʥʥʷ ʦʙʣʦ ʁʪʘ ʟʘ-
ʜʠʨʦʢ ʟ̔ ʟʘʛʦʪʦʚʦʢ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʰʘʩʽ ʣʽʪʘʢʘ. 

   
ʘ ʙ ʚ 

   
ʛ ʜ ʝ 

ʈʠʩ. 2.6. ʉʣʶʩʘʨʥʝ ʦʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʰʘʩʽ ʣʽʪʘʢʘ 

ʐʣʽʬʫʚʘʣʴʥʽ ʘʙʨʘʟʠʚʥʽ ʛʦʣʦʚʢʠ,ʘʙʦ ʰʘʨʦʰʢʠ (ʨʠʩ. 2.6, ʝ), ï ʮʝ ʽʥ-
ʩʪʨʫʤʝʥʪ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʚʜʷʢʠ ʨʽʟʥʦʤʘʥʽʪʪʶ ʢʦʥʬʽʛʫʨʘ-
ʮʽʡ, ʤʘʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʬʨʘʢʮʽʾ ʟʝʨʥʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ 
ʰʣʽʬʫʚʘʣʴʥʘ ʰʘʨʦʰʢʘ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʙʦʯʦʾ ʘʙʨʘʟʠʚʥʦʾ 
ʯʘʩʪʠʥʠ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʪʘ ʭʚʦʩʪʦʚʠʢʘ, ʥʘ ʷʢʠʡ ʮʝʡ ʘʙʨʘ-
ʟʠʚ ʟʘʢʨʧ̔ʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʣʝʶ ʥʘ ʢʝʨʘʤʽʯʥʽʡ ʟʚôʷʟʮʽ.  
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ɺʽʜʦʤʠʡ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʚʠʨʦʙʥʠʢ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ï ʥʽʤʝʮʴʢʘ 
ʢʦʤʧʘʥʽʷ Klingspor. ʋ ʣʽʪʘʢʦʙʫʜʫʚʘʥʥʽ ʮʝʡ ʩʣʶʩʘʨʥʠʡ ʘʙʨʘʟʠʚʥʠʡ ʽʥʩʪʨʫ-
ʤʝʥʪ ʟʘʩʪʦʩʦʚʫʁ ʪʴ ʜʣʷ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʢʦʣʴʦʨʦʚʠʭ ʪʘ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ, 
ʩʪʘʣʝʡ, ʧʦʣʤ̔ʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʨʛʘʥʽʯʥʦʛʦ ʩʢʣʘ. ʆʩʥʦʚʥʝ 
ʧʨʠʟʥʘʯʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ï ʟʘʯʠʱʝʥʥʷ ʚʠʣʠʚʢʽʚ  ̔ʰʪʘʤʧʦʚʦʢ, ʟʚʘʨʶʚʘʣʴ-
ʥʠʭ ʰʚʽʚ, ʦʙʨʦʙʣʝʥʥʷ ʬʘʩʦʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʰʘʩʽ (ʜʠʚ. ʨʠʩ. 2.6, ʙ, ʚ).  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʘʟ ʥʘ ʟʘʛʦʪʦʚʢʘʭ ʰʘʩʽ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ 
ʤʘʶʪʴ ʧʨʦʪʷʞʥʽ ʪʘ ʦʙ'ʻʤʥʽ ʧʦʚʝʨʭʥʽ, ʥʝʦʙʭʽʜʥʽ ʪʘʢ̔ ʧʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ: 

ï ʬʨʝʟʝʨʥʦ-ʮʝʥʪʨʫʚʘʣʴʥʘ (ʪʦʨʮʝʚʽ ʧʣʦʱʠʥʠ ʪʘ ʮʝʥʪʨʫʚʘʣʴʥʽ ʦʪʚʦʨʠ); 
ï ʪʦʢʘʨʥʘ (ʟʦʚʥʽʰʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʧʨʦʪʦʯʢʠ ʪʘ ʪʦʨʮʝʚʠʡ ʥʘʧʨʷʤʥʠʡ 

ʦʪʚʽʨ ʜʣʷ ʝʞʝʢʪʦʨʥʦʛʦ ʩʚʝʨʜʣʘ); 
ï ʩʧʝʮʽʘʣʴʥʘ ʩʚʝʨʜʣʠʣʴʥʘ (ʛʣʠʙʦʢʠʡ ʦʩʴʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʪʚʽʨ, 

ʢʦʣʠ ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ ʛʣʠʙʠʥʫ ʙʽʣʴʰ ʥʽʞ ʫ ʧ'ʷʪʴ ʨʘʟʽʚ). 
ɺʠʢʦʥʘʥʥʷ ʧʝʨʰʠʭ ʜʚʦʭ ʧʽʜʛʦʪʦʚʯʠʭ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘ-

ʛʦʪʦʚʦʢ ʰʘʩʽ ʟʘʟʚʠʯʘʡ ʥʝ ʩʧʨʠʯʠʥʷʻ ʧʨʠʥʮʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʨʫʜʥʦʱʽʚ.  
ʆʪʨʠʤʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʦʩʴʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʚʦʨʫ ʫ ʪʠʪʘʥʦʚʽʡ ʟʘ-

ʛʦʪʦʚʮʽ ʢʦʨʧʫʩʫ ʩʪʦʷʢʘ ʰʘʩʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʪʦʯʫʚʘʥʥʷ ʪʘ ʰʣʽʬʫʚʘʥʥʷ 
ʚʥʫʪʨʽʰʥʽʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʚʝʨʜʣʠʣʴʥʦʛʦ 
ʦʙʣʘʜʥʘʥʥʷ ʽ ʦʩʥʘʱʝʥʥʷ.  

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʅʘʚʝʜʽʪʴ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧ'ʷʪʠʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʝʭʘʥʽʯ-
ʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʩʪʦʷʢʘ ʛʦʣʦʚʥʦʛʦ ʰʘʩʽ ʣʽʪʘʢʘ.  

2. ʗʢʠʡ ʽʥʩʪʨʫʤʝʥʪ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ 
ʽʟ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ? 

3. ʗʢʽ ʬʽʟʠʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʫʩʢʣʘʜ-
ʥʶʶʪʴ ʾʭ ʦʙʨʦʙʣʝʥʥʷ?  

4. ʑʦ ʦʟʥʘʯʘʻ ʧʦʥʷʪʪʷ çʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʨʠʪʝʨʽʡ ʩʧʨʘʮʶʚʘʥʥʷè ʧʽʜ ʯʘʩ 
ʨʦʟʛʦʨʪʘʥʥʷ? 

5. ʗʢʽ ʩʚʝʨʜʣʘ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʜʣʷ ʩʚʝʨʜʣʽʥʥʷ ʟʚʠʯʘʡʥʠʭ (ʥʝ-
ʛʣʠʙʦʢʠʭ) ʦʪʚʦʨʽʚ ʫ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚʢʘʭ ʰʘʩʽ?  

6. ʏʦʤʫ ʜʦʨʽʚʥʶʻ ʧʨʠʧʫʩʢ ʥʘ ʯʦʨʥʦʚʝ ʪʘ ʯʠʩʪʦʚʝ ʨʦʟʛʦʨʪʘʥʥʷ ʦʪʚʦʨʽʚ 
ʫ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚʢʘʭ ʰʘʩʽ? 

7. ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʚʝʨʜʦʩʧʣʘʚʥʽ ʙʦʨʬʨʝʟʠ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ 
ʟʘʛʦʪʦʚʦʢ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʰʘʩʽ ʣʽʪʘʢʘ? 

8. ɿ ʷʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʰʣʽʬʫʚʘʣʴʥʘ ʛʦʣʦʚ-
ʢʘ (ʰʘʨʦʰʢʘ) ʷʢ ʩʣʶʩʘʨʥʠʡ ʽʥʩʪʨʫʤʝʥʪ? 
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3. ʊɽʍʅʆʃʆɻɯʗ ʉɺɽʈɼʃɯʅʅʗ ɻʃʀɹʆʂʀʍ ʆʊɺʆʈɯɺ 
ʋ ɿɸɻʆʊʆɺʂɸʍ ɼɽʊɸʃɽʁ ʐɸʉɯ ʃɯʊɸʂɸ 

ɻʣʠʙʦʢ ̔ʦʪʚʦʨʠ ʜʽʘʤʝʪʨʦʤ D = 8...30 ʤʤ ʫ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚʢʘʭ ʩʪʦ̫ -
ʢʘ ʰʘʩʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʶʪʴ ʦʜʥʦʨʽʟʮʝʚʠʤʠ ʨʫʰʥʠʯʥʠʤʠ ʩʚʝʨʜʣʘʤʠ ʟʘ 
ʪʝʭʥʦʣʦʛʽʻʶ Gundrilling ï ʧʦʜʘʯʘ ʄʆʈ ʯʝʨʝʟ ʦʪʚʽʨ ʪʘ ʚʠʜʘʣʝʥʥʷ ʩʪʨʫʞʢʠ 
ʯʝʨʝʟ ʬʘʩʦʥʥʫ ʚʠʾʤʢʫ ʫ ʪʨʫʙʯʘʩʪʦʤʫ ʢʦʨʧʫʩʽ ʩʚʝʨʜʣʘ. 

ʈʫʰʥʠʯʥʝ ʩʚʝʨʜʣʦ (ʨʠʩ. 3.1, ʘ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 2 ʽ 
ʪʨʫʙʯʘʩʪʦʛʦ ʢʦʨʧʫʩʫ ï ʩʪʝʙʣʘ 7. ʑʦʙ ʩʪʚʦʨʠʪʠ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ, 
ʦʜʥʦʢʨʦʤʢʦʚʠʡ ʨʽʟʝʮʴ 5 ʟʤʽʱʫʶʪʴ ʥʘ 0,2D ʚʽʜ ʦʩʽ ʩʚʝʨʜʣʘ.  

  
ʘ ʙ 

   
ʚ ʛ 

ʈʠʩ. 3.1. ʉʭʝʤʠ ʛʘʨʤʘʪʥʦʛʦ (ʘ) ʽ ʝʞʝʢʪʦʨʥʦʛʦ (ʚ) ʩʚʝʨʜʣʽʥʥʷ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ  
ʨʫʰʥʠʯʥʠʤ (ʙ) ʪʘ ʝʞʝʢʪʦʨʥʠʤ (ʛ) ʩʚʝʨʜʣʘʤʠ: 1 ï ʟʘʛʦʪʦʚʢʘ; 2 ï ʥʘʢʦʥʝʯʥʠʢ; 3 ï ʪʨʫʙʘ 
ʟʦʚʥʽʰʥʷ; 4 ï ʪʨʫʙʘ ʚʥʫʪʨʽʰʥʷ; 5 ï ʨʽʟʝʮʴ; 6 ï ʧʣʘʩʪʠʥʘ ʥʘʧʨʷʤʥʘ; 7 ï ʩʪʝʙʣʦ 

ʈʫʰʥʠʯʥʝ ʩʚʝʨʜʣʦ ʜʣʷ ʩʚʝʨʜʣʽʥʥʷ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ ʤʘʻ ʚʥʫʪʨʽʰʥʽʡ 
ʢʘʥʘʣ ʢʨʫʛʣʦʛʦ ʘʙʦ ʩʝʨʧʦʧʦʜʽʙʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ 
ʄʆʈ ʧʽʜ ʪʠʩʢʦʤ ʚʽʜ 1 ʜʦ 2 ʄʇʘ. ʄʆʈ ʨʘʟʦʤ ʟʽ ʩʪʨʫʞʢʦʶ ʚʠʤʠʚʘʻʪʴʩʷ ʧʦ 
ʟʦʚʥʽʰʥʽʡ ʧʨʷʤʽʡ ʢʘʥʘʚʮʽ ʨʫʰʥʠʯʥʦʛʦ ʩʚʝʨʜʣʘ. 

ɺʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʨʫʰʥʠʯʥʦʤʫ ʩʚʝʨʜʣʽʥʥʶ ʜʣʷ 
ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 50 ʜʦ 400 ʤʤ  ̒ʝʞʝʢʪʦʨʥʝ ʩʚʝʨʜʣʽʥʥʷ ʟ ʚʠ-
ʢʦʨʠʩʪʘʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʪʦʢʚ̔ ʄʆʈ. ʉʚʽʪʦʚʠʤ ʪʝʭʥʦ-
ʣʦʛʽʯʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʢʦʤʧʘʥʽʾ UNISIG (ʉʐɸ) ʻ ʧʨʠʢʣʘʜ ʝʞʝʢʪʦʨʥʦʛʦ 
ʩʚʝʨʜʣʽʥʥʷ ʦʪʚʦʨʫ ʛʣʠʙʠʥʦʶ ʪʨʠ ʤʝʪʨʠ ʪʘ ʜʽʘʤʝʪʨʦʤ 280 ʤʤ ʫ ʪʠʪʘʥʦʚʽʡ 
ʟʘʛʦʪʦʚʮʽ ʢʦʨʧʫʩʫ ʩʪʦʷʢʘ ʛʦʣʦʚʥʦʛʦ ʰʘʩʽ ʣʽʪʘʢʘ-ʘʝʨʦʙʫʩʘ Airbus ɸ-380. 

ʉʠʩʪʝʤʘ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʝʞʝʢʪʦʨʥʦʛʦ ʩʚʝʨʜʣʽʥʥʷ (ʨʠʩ. 3.1, ʙ) ʩʢʣʘʜʘʻʪʴʩʷ 
ʟ ʥʘʢʦʥʝʯʥʠʢʘ 2 ʪʘ ʜʚʦʭ ʢʦʘʢʩʽʘʣʴʥʠʭ ʪʨʫʙ 3 ʽ 4. ʅʘʢʦʥʝʯʥʠʢ ʽʟ ʯʦʪʠʨʠʟʘʭʽʜʥʦ  ʁ
ʨʽʟʟ ʁʥʘʢʨʫʯʫʶʪʴ ʥʘ ʟʦʚʥʽʰʥʶ ʪʨʫʙʫ. ʅʘʢʦʥʝʯʥʠʢ ʤʘʻ ʨʽʟʮʽ 5 ʟ ʤʝʭʘʥʽʯʥʠʤ ʢʨʽʧ-
ʣʝʥʥʷʤ ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʨʽʟʘʣʴʥʠʭ ʧʣʘʩʪʠʥ (ɹʈʇ) ʽʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ, ʷʢʽ ʨʦʟ-
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ʤʽʱʝʥʽ ʫ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ, ʪʦʤʫ ʩʪʨʫʞʢʘ ʟʨʽʟʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʩʪʨʽ-
ʯʦʢ, ʜʨʦʙʠʪʴʩʷ ʩʪʨʫʞʢʦʣʘʤʥʠʤʠ ʫʩʪʫʧʘʤʠ ʡ ʣʝʛʢʦ ʚʠʜʘʣʷʻʪʩɹʷ. 

ʎʠʣʽʥʜʨʠʯʥʽ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʥʘʧʨ̫ʤʥʠʭ ʧʣʘʩʪʠʥ 6 ʫʪʨʠʤʫʶʪʴ 
ʩʚʝʨʜʣʦ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʥʦʩʥʦ ʦʩʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʘʢʪʫ ʥʘʧʨʷʤʥʠʭ ʧʣʘ-
ʩʪʠʥ ʫ ʟʘʛʦʪʦʚʮʽ 1 ʥʝʦʙʭʽʜʥʦ ʧʦʧʝʨʝʜʥʴʦ ʚʠʢʦʥʘʪʠ ʦʪʚʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʽʘʤʝʪʨʘ ʪʘ 
ʛʣʠʙʠʥʠ ʘʙʦ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʧʨʷʤʥʫ ʚʪʫʣʢʫ. 

ʄʆʈ ʧʽʜ ʪʠʩʢʦʤ ʚʽʜ 2 ʜʦ 3 ʄʇʘ ʧʦʜʘʻʪʴʩʷ ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ 4 ʪʘ 
ʟʦʚʥʽʰʥʴʦʶ 3 ʪʨʫʙʘʤʠ ʝʞʝʢʪʦʨʥʦʛʦ ʩʚʝʨʜʣʘ ʪʘ ʚʠʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝ-
ʭʽʜʥʠʢ, ʫʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʰʧʠʥʜʝʣʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ 
ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʩʚʝʨʜʣʽʥʥʷ ʦʪʚʦʨʽʚ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʩʚʝʨʜʝʣ ʻ ʝʬʝʢʪ 
ʝʞʝʢʮʽʾ (ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ) ʄʆʈ ʟʘʚʜʷʢʠ ʨʦʟʜʽʣʝʥʥʶ ʧʨʷʤʦʛʦ ʧʦʪʦʢʫ ʄʆʈ ʥʘ 
ʜʚʘ: ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʄʆʈ ʧʨʷʤʫʻ ʯʝʨʝʟ ʦʪʚʽʨ ɸ ʜʦ ʟʦʥʠ ʨʽʟʘʥʥʷ ʜʣʷ ʦʭʦ-
ʣʦʜʞʝʥʥʷ ʽ ʚʠʤʠʚʘʥʥʷ ʩʪʨʫʞʢʠ, ʘ ʙʣʠʟʴʢʦ 30 % ʄʆʈ ʯʝʨʝʟ ʦʪʚʦʨʠ ɹ ʧʦʧʘʜʘʻ 
ʫ ʚʥʫʪʨʽʰʥʽʡ ʢʘʥʘʣ ʪʨʫʙʠ 4, ʩʪʚʦʨʶʶʯʠ ʝʞʝʢʪʦʨʥʠʡ ʝʬʝʢʪ, ʟʘʚʜʷʢʠ ʮʴʦʤʫ 
ʄʆʈ  ̔ʩʪʨʫʞʢʘ ʚʠʩʤʦʢʪʫʶʪʴʩʷ ʽʟ ʟʦʥʠ ʨʟ̔ʘʥʥʷ. 

ɹʣʦʢʦʚʦ-ʤʦʜʫʣʴʥʠʡ ʧʨʠʥʮʠʧ ʢʦʤʧʦʥʫʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʜʘʻ ʟʤʦʛʫ ʟʤ̔-
ʥʶʚʘʪʠ ʜʦʚʞʠʥʫ ʩʪʘʥʠʥʠ, ʨʦʟʤʽʨʠ ʧʣʘʥʰʘʡʙ, ʢʽʣʴʢʽʩʪʴ ʣʶʥʝʪʽʚ ʜʣʷ ʟʘʢʨʽʧ-
ʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʪʘ ʩʝʢʮʽʡ ʪʨʫʙʯʘʩʪʦʛʦ ʩʚʝʨʜʣʘ (ʨʠʩ. 3.2). 

 
ʘ 

  
ʙ ʚ 

ʈʠʩ. 3.2. ʂʦʤʧʦʥʫʚʘʣʴʥʘ ʩʭʝʤʘ ʚʝʨʩʪʘʪʘ (ʘ) ʪʘ ʝʪʘʧʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʦʷʢʘ 
ʰʘʩʽ (ʙ) ʪʘ ʝʞʝʢʪʦʨʥʦʛʦ ʩʚʝʨʜʣʘ (ʚ) ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʩʚʝʨʜʣʽʥʥʷ: 1 ï ʧʣʘʥʰʘʡʙʘ; 

2 ï ʟʘʛʦʪʦʚʢʘ; 3 ï ʣʶʥʝʪ ʟʘʛʦʪʦʚʢʠ; 4 ï ʤʫʬʪʘ ʛʽʜʨʘʚʣʽʯʥʘ; 5 ï ʩʪʘʥʠʥʘ; 
6 ï ʣʶʥʝʪ ʩʚʝʨʜʣʘ; 7 ï ʪʨʫʙʘ ʩʚʝʨʜʣʘ; 8 ï ʰʧʠʥʜʝʣʴ; 9 ï ʛʽʜʨʦʩʪʘʥʮʽʷ ʄʆʈ 

ɽʞʝʢʪʦʨʥʽ ʩʚʝʨʜʣʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙʨʦʙʣʝʥʥʷ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ 9 ï 11-ʛʦ 
ʢʚʘʣʽʪʝʪʽʚ ʪʦʯʥʦʩʪʠ ʟ ʧʘʨʘʤʝʪʨʦʤ ʰʦʨʩʪʢʦʩʪʽ aR = 1,25...0,63 ʤʢʤ ʥʘ ʰʚʠʜʢʦʩʪʷʭ 

ʨʽʟʘʥʥʷ 25...200 ʤ/ʭʚ ʪʘ ʧʦʜʘʯʘʭ 0,15...0,7 ʤʤ/ʦʙ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʩʚʝʨʜʣʘ 
ʚʽʜ 30 ʜʦ 240 1/ʭʚ.  

ʊʨʠ ʬʫʥʢʮʽʾ ʄʆʈ ï ʟʤʝʥʰʝʥʥʷ ʪʝʨʪʷ ʤʽʞ ʜʦʪʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, 
ʦʭʦʣʦʜʞʝʥʥʷ ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ ʝʞʝʢʪʦʨʥʦʛʦ ʩʚʝʨʜʣʘ ʪʘ ʚʠʤʠʚʘʥʥʷ ʩʪʨʫʞ-
ʢʠ ʧʦʪʨʝʙʫʶʪʴ ʥʘʷʚʥʦʩʪʽ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʨʩʪʘʪʘ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ (ʨʠʩ. 3.3).  
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ʈʠʩ. 3.3. ʉʭʝʤʘ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʄʆʈ (ʘ) ʪʘ ʧʨʠʢʣʘʜʠ ʝʞʝʢʪʦʨʥʦʛʦ (ʙ) 
ʪʘ ʨʫʰʥʠʯʥʦʛʦ (ʚ) ʩʚʝʨʜʣʽʥʥʷ ʦʪʚʦʨʽʚ ʫ ʟʘʛʦʪʦʚʮʽ ʪʠʪʘʥʦʚʦʛʦ ʢʦʨʧʫʩʫ ʩʪʦʷʢʘ 
ʰʘʩʽ: 1 ï ʟʘʛʦʪʦʚʢʘ; 2 ï ʥʘʢʦʥʝʯʥʠʢ ʩʚʝʨʜʣʘ; 3 ï ʤʫʬʪʘ ʛʽʜʨʘʚʣʽʯʥʘ; 4 ï ʪʨʫʙʘ 

ʩʚʝʨʜʣʘ;  5 ï ʥʘʩʦʩ; 6 ï ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʩʪʨʫʞʢʠ; 7 ï ʙʘʢ; 8 ï ʬʽʣʴʪʨ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʚʪʦʥʦʤʥʦʛʦ ʙʣʦʢʘ ʘʙʦ ʚʙʫʜʦʚʘʥʦʾ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ 
ʚʝʨʩʪʘʪʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ ʝʞʝʢʪʦʨʥʠʤʠ ʪʘ ʨʫʰʥʠʯʥʠʤʠ 
ʩʚʝʨʜʣʘʤʠ ʧʽʜʙʠʨʘʶʪʴ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʚʠʪʨʘʯʘʥʥ̔ ʧʨʠʙʣʠʟʥʦ 800 ʣ/ʭʚ 
ʄʆʈ ʽ ʚʝʣʠʯʠʥʫ ʪʠʩʢʫ ʜʣʷ ʧʦʜʘʯʽ ʄʆʈ ʚʽʜ 2 ʜʦ 3 ʄʇʘ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ɼʣʷ ʯʦʛʦ ʧʨʠʟʥʘʯʝʥʦ ʨʫʰʥʠʯʥʝ ʩʚʝʨʜʣʦ ʧʨʠ ʩʚʝʨʜʣʽʥʥ ̔ʛʣʠʙʦʢʠʭ 
ʦʪʚʦʨʽʚ ʫ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚʢʘʭ ʩʪʦʷʢʘ ʰʘʩʽ?  

2. ɿ ʯʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʝʞʝʢʪʦʨʥʦʛʦ ʩʚʝʨʜʣʽʥʥʷ 
ʫ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚʢʘʭ ʩʪʦʷʢʘ ʰʘʩʽ? 

3. ʗʢ ʩʪʚʦʨʶʻʪʴʩʷ ʝʬʝʢʪ ʝʞʝʢʮʽʾ ʄʆʈ ʜʣʷ ʚʠʤʠʚʘʥʥʷ ʩʪʨʫʞʢʠ ʽʟ ʟʦʥʠ 
ʨʽʟʘʥʥʷ ʧʨʠ ʛʣʠʙʦʢʦʤʫ ʩʚʝʨʜʣʽʥʥʽ ʦʪʚʦʨʽʚ?  

4. ʏʦʤʫ ʜʦʨʽʚʥʶʻ ʝʢʦʥʦʤʯ̔ʥʘ ʪʦʯʥʩ̔ʪʴ ʛʣʠʙʦʢʦʛʦ ʝʞʝʢʪʦʨʥʦʛʦ ʩʚʝʨʜ-
ʣʽʥʥʷ ʫ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚʢʘʭ ʩʪʦʷʢʘ ʰʘʩʽ?  

5. ʗʢʽ ʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʻ ʄʆʈ ʧʽʜ ʯʘʩ ʩʚʝʨʜʣʽʥʥʷ ʛʣʠ-
ʙʦʢʠʭ ʦʪʚʦʨʽʚ ʫ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚʢʘʭ ʩʪʦʷʢʘ ʰʘʩʽ?  
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4. ɹɸɻɸʊʆɺɽʈʉʊɸʊʅɸ ʆɹʈʆɹʂɸ ɿɸɻʆʊʆɺʆʂ ʐɸʉɯ ʃɯʊɸʂɸ 

ʇʨʠʢʣʘʜʦʤ ʧʦʩʣʽʜʦʚʥʦʾ ʢʦʥʪʫʨʥʦʾ ʪʘ ʧʦʟʠʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʪʠʪʘʥʦʚʠʭ 

ʟʘʛʦʪʦʚʦʢ ʰʘʩʽ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʩʪʘʥʢʘʭ ʟ ʏʇʂ ʻ ʪʝʭʥʦʣʦʛʽʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʘʤʠ ʚʽʟʢʘ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ʢʦʤʧʘʥʽʾ Boeing B-787, 

ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʷʢʦʾ ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ (ʜʠʚ. ʨʠʩ. 2.1, ʛ). 

ɿʘʛʦʪʦʚʢʘ ʨʘʤʠ ʚʽʟʢʘ ʰʘʩʽ ʧʽʩʣʷ ʜʚʦʭ ʧʽʜʛʦʪʦʚʯʠʭ ʦʧʝʨʘʮʽʡ ï ʪʦʢʘʨʥʦʾ 

ʪʘ ʩʧʝʮʽʘʣʴʥʦʾ ʩʚʝʨʜʣʠʣʴʥʦʾ ʤʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʙʘʟʠ ʫ ʚʠʛʣʷʜʽ ʮʠʣ̔ʥʜʨʠʯʥʠʭ 

ʧʨʦʪʦʯʦʢ ʪʘ ʛʣʠʙʦʢʦʛʦ ʦʩʴʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʚʦʨʫ (ʨʠʩ. 4.1, ʘ). 

ɹʘʟʫʶʪʴ ʟʘʛʦʪʦʚʢʫ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽ ʧʨʦʪʦʯʢʠ ʫ ʣʦʞʝʤʝʥʪʘʭ ʩʧʝʮʽʘʣʴ-
ʥʦʛʦ ʚʝʨʩʪʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʟʘʢʨʽʧʣʶʶʪʴ ʟʘʛʦʪʦʚʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʟʘ-
ʪʠʩʢʘʯʽʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʪʦʯʢʘʭ (ʨʠʩ. 4.1, ʙ). ʇʣʦʱʠʥʠ ʥʘ 
ʙʦʙʠʰʢʘʭ ʟʘʛʦʪʦʚʢʠ ʨʘʤʠ ʚʽʟʢʘ ʰʘʩʽ ʦʙʨʦʙʣʷʶʪʴ ʢʽʥʮʝʚʠʤʠ ʬʨʝʟʘʤʠ ʥʘ 
ʧ'ʷʪʠʢʦʦʨʜʠʥʘʪʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. 
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ʈʠʩ. 4.1. ʇʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ ʜʦ ʦʙʨʦʙʣʝʥʥʷ ʰʪʘʤʧʦʚʘʥʦʾ ʪʠʪʘʥʦʚʦʾ ʟʘʛʦʪʦʚʢʠ 
ʥʘ ʧʨʠʢʣʘʜʽ ʨʘʤʠ ʚʽʟʢʘ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ʢʦʤʧʘʥʽʾ Boeing B-787 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʣʷ ʦʜʥʦʯʘʩʥʦʾ ʛʨʫʧʦʚʦʾ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʚ-
ʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʪʨʴʦʭ ʟʘʛʦʪʦʚʦʢ ʨʘʤ ʚʽʟʢʘ ʰʘʩʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʡ 
ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʢʦʤʧʘʥʽʾ DROOP & REIN (ʅʽʤʝʯʯʠʥʘ) ʟ ʦʜʥʠʤ 
ʨʫʭʦʤʠʤ ʧʦʨʪʘʣʦʤ. ʅʘ ʨʫʭʦʤʦʤʫ ʧʦʨʪʘʣʽ ʚʝʨʩʪʘʪʘ ʟʤʦʥʪʦʚʘʥʦ ʪʨʠ ʚʝʨʪʠ-
ʢʘʣʴʥʽ ʩʫʧʦʨʪʠ ʟ ʩʠʣʦʚʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʰʧʠʥʜʝʣʷʤʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʥʝʩʝ 
ʬʨʝʟʝʨʥʫ ʛʦʣʦʚʢʫ. ʆʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʯʦʪʠʨʠʢʦʦʨʜʠʥʘʪʥʘ ʢʦʥʪʫʨʥʘ 
ʦʙʨʦʙʢʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜʨʘʟʫ ʪʨʴʦʭ ʪʠʪʘʥʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʨʘʤʠ ʚʽʟʢʘ 
ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ʢʦʤʧʘʥʽʾ Boeing B-787 (ʨʠʩ. 4.2, ʚ).  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʩʪʽʣ ʬʨʝʟʝʨ-

ʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ ʚʠʩʪʘʚʣʷʶʪʴ ʦʜʨʘʟʫ ʰʽʩʪʴ ʟʘʛʦʪʦʚʦʢ (ʜʠʚ. ʨʠʩ. 4.2, ʘ, ʙ). 

ʂʦʞʥʫ ʟʘʛʦʪʦʚʢʫ ʙʘʟʫʶʪʴ ʪʘ ʟʘʢʨʽʧʣʶʶʪʴ ʫ ʥʘʢʣʘʜʥʠʭ ʥʘ ʩʪʽʣ ʚʝʨʩʪʘʪʘ 

ʧʨʠʩʪʨʦʷʭ ʟ ʧʣʘʥʰʘʡʙʦʶ ʪʘ ʯʦʪʠʨʠʢʫʣʘʯʢʦʚʠʤ ʧʘʪʨʦʥʦʤ (ʨʠʩ. 4.2, ʛ). 

ʇʣʘʥʰʘʡʙʘ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʽʩʪʠʪʴ ʝʣʝʢʪʨʠʯʥʠʡ 

ʧʨʠʚʽʜ ʟ ʏʇʂ ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʧʦʚʦʨʦʪʫ ʟʘʛʦʪʦʚʢʠ ʥʘʚʢʦʣʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʦʩʽ. ʏʦʨʥʦʚʽ ʦʪʚʦʨʠ ʫ ʢʦʞʥʽʡ ʟʘʛʦʪʦʚʮʽ ʦʙʨʦʙʣʷʶʪʴ ʤʝʪʦʜʦʤ ʩʧʽʨʘʣʴʥʦʛʦ 

ʬʨʝʟʝʨʫʚʘʥʥʷ. ʆʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʢʦʨʧʫʩʫ ʥʦʩʦʚʦʛʦ ʩʪʦʷʢʘ ʘʙʦ ʛʦʣʦʚ-

ʥʦʛʦ ʰʘʩʽ ʣʽʪʘʢʽʚ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʚʠʨʦʙʥʠʯʠʭ ʧʘʨʪʽʡ ʜʦʮʽʣʴʥʦ ʚʠʢʦ-

ʥʫʚʘʪʠ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧ'ʷʪʠʢʦʦʨʜʠʥʘʪʥʠʭ ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ 

ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʦʙô̒ʤʽ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʚʝʨʩʪʘʪʘ (ʨʠʩ. 4.3, ʘ). 
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ʈʠʩ. 4.2. ɻʨʫʧʦʚʘ ʬʨʝʟʝʨʥʘ ʦʙʨʦʙʢʘ ʨʘʤ ʚʽʟʢʘ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ  

ʋʥʽʚʝʨʩʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʙʣʦʢʠ ʫ ʚʠʛʣʷʜʽ ʧʣʘʥʰʘʡʙʠ ʟ ʏʇʂ ʪʘ ʪʨʠ-
ʢʫʣʘʯʢʦʚʦʛʦ ʧʘʪʨʦʥʘ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʩʪʽʣ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʪʘ ʟ ʾʭ 
ʜʦʧʦʤʦʛʦʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʠʩʢʨʝʪʥʠʡ ʧʦʚʦʨʦʪ ʟʘʛʦʪʦʚʢʠ ʩʪʦʷʢʘ ʰʘʩʽ.  

ʇʦʻʜʥʘʥʥʷ ʧʦʚʦʨʦʪʫ ʟʘʛʦʪʦʚʢʠ ʪʘ ʧ'ʷʪʠʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 
ʬʨʝʟʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʫ ʢʦʥʪʫʨʥʫ (ʦʙ'ʻʤʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ) ʪʘ ʧʦʟʠʮʽʡʥʫ 
(ʩʧʽʨʘʣʴʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ ʦʪʚʦʨʽʚ) ʦʙʨʦʙʢʫ ʟʘʛʦʪʦʚʢʠ ʩʪʦʷʢʘ ʰʘʩʽ (ʨʠʩ. 4.3, ʙ). 

  
ʘ ʙ 

ʈʠʩ. 4.3. ʇ'ʷʪʠʢʦʦʨʜʠʥʘʪʥʘ ʦʜʥʦʤʽʩʥʘ ʬʨʝʟʝʨʥʘ ʦʙʨʦʙʢʘ ʟʘʛʦʪʦʚʢʠ ʩʪʦʷʢʘ ʰʘʩʽ 
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ɼʣʷ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʦʪʚʦʨʠ ʟʝʥʢʝʨʫʶʪʴ (ʨʠʩ. 4.4) ʪʘ ʨʦʟʪʦʯʫʶʪʴ ʥʘ 
ʢʦʦʨʜʠʥʘʪʥʦ-ʨʦʟʪʦʯʫʚʘʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. 

 

ʈʠʩ. 4.4. ɽʪʘʧ ʟʝʥʢʝʨʫʚʘʥʥʷ ʦʪʚʦʨʽʚ ʨʘʤʠ ʚʽʟʢʘ ʰʘʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ 

ɿʘ ʘʥʘʣʦʛʽʯʥʦʶ ʤʘʨʰʨʫʪʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʛʦʪʦʚʣʷʶʪʴ ʘʤʦʨʪʠʟʘʮʽʡ-
ʥʽ ʩʪʦʷʢʠ ʰʘʩʽ. ɸʤʦʨʪʠʟʘʮʽʡʥʠʡ ʩʪʦʷʢ ʰʘʩʽ ʷʚʣʷʻ ʩʦʙʦʶ ʪʨʫʙʫ ʟ ʦʙ'ʻʤʥʠʤ 
ʚʫʰʢʦʤ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʩʪʠʢʫʚʘʣʴʥʽ ʦʪʚʦʨʠ (ʨʠʩ. 4.5, ʘ).  

  
ʘ ʙ 

 
ʚ 

ʈʠʩ. 4.5. ɻʨʫʧʦʚʘ ʬʨʝʟʝʨʥʘ ʦʙʨʦʙʢʘ ʟʘʛʦʪʦʚʦʢ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʩʪʦʷʢʽʚ ʰʘʩʽ ʣʽʪʘʢʘ 

ʇʽʜʛʦʪʦʚʯʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʘʟ ʦʙʨʦʙ-
ʣʝʥʥʷ ʚʫʰʢʘ ʻ ʪʦʢʘʨʥʘ ʪʘ ʩʚʝʨʜʣʠʣʴʥʘ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʩʚʝʨʜ-
ʣʽʥʥʷ ʟʘʛʦʪʦʚʢʫ ʘʤʦʨʪʠʟʘʮʽʡʥʦʛʦ ʩʪʦʷʢʘ ʰʘʩʽ ʟʘʢʨʽʧʣʶʶʪʴ ʥʘ ʧʣʘʥʰʘʡʙʽ ʟ 
ʯʦʪʠʨʠʢʫʣʘʯʢʦʚʠʤ ʧʘʪʨʦʥʦʤ ʪʘ ʫ ʨʦʣʠʢʦʚʦʤʫ ʣʶʥʝʪʽ (ʜʠʚ. ʨʠʩ. 3.2, ʙ) 
ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ. 

ɿʘʛʦʪʦʚʢʫ ʩʪʦʷʢʘ ʰʘʩʽ ʙʘʟʫʶʪʴ ʫ ʣʦʞʝʤʝʥʪʘʭ ʪʘ ʨʝʛʫʣʴʦʚʘʥʠʭ ʦʧʦʨʘʭ 


