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ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ XVIII ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ / ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: 

ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2026. ï 450 ʩ. 

 
ʉʙʦʨʥʠʢ ʩʦʜʝʨʞʠʪ cʪʘʪʴʠ XVIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦ-

ʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè, ʧʨʦʭʦʜʠʚʰʝʡ 24 ʥʦʷʙʨʷï30 ʥʦʷʙʨʷ 2025 ʛ. ʂʦʥʬʝʨʝʥ-

ʮʠʷ ʨʘʙʦʪʘʣʘ ʧʦ ʩʝʢʮʠʷʤ: ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ, ʨʘʩʯʝʪ ʠ ʥʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥ; ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘ ʠ ʤʝ-

ʭʘʪʨʦʥʠʢʘ; ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ; ʩʦʚʨʝʤʝʥʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʜʠʟʘʡʥ; ʥʘʟʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ ʠ ʢʦʤ-

ʧʣʝʢʩʳ; ʩʦʚʨʝʤʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ,ʰʢʦʣʴʥʘʷ ʩʝʢʮʠʷ.  

ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʩʚʘʨʢʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʚʫʟʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ.  
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ɽ.ʅ. ʇʘʰʢʦʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊʇʋ; 

ɸ.ʇ. ʉʦʢʦʣʦʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊʇʋ; 

ɺ.ʅ. ʂʦʟʣʦʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊʇʋ; 

ɽ.ɸ. ɽʬʨʝʤʝʥʢʦʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊʇʋ; 

ʉ.ʅ. ʂʣʘʜʠʝʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊʇʋ; 

ʉ.ɺ. ʃʷʧʫʰʢʠʥ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊʇʋ; 

ʂ.ɸ. ʂʦʣʝʩʥʠʢʦʚʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊʇʋ; 

ʉ.ʅ. ʉʦʨʦʢʦʚʘ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊʇʋ; 

ɺ.ɸ. ɸʤʝʪʦʚ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʊɻɸʉʋ; 

ʄ.ʖ. ʇʦʧʦʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊɻɸʉʋ; 

ʇ.ɺ. ʀʩʘʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʊɻɸʉʋ; 

ʀ.ʀ. ʄʝʜʚʝʜʝʚ, ʜʠʨʝʢʪʦʨ ɸʅʆ ɼʆ ɼʊ çʂʚʘʥʪʦʨʠʫʤè; 

ʊ.ɻ. ʂʦʩʪʶʯʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɸʅʆ ɼʆ ɼʊ çʂʚʘʥʪʦʨʠʫʤè; 

ʄ.ɸ. ɼʞʘʩʝʤ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʊʇʋ; 

ʄ.ʉ. ʏʝʨʝʤʠʩʢʠʥʘ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʊʇʋ; 

ʎʟʠʥʴ ʏʞʠ, ʀʥʩʪʠʪʫʪ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ, ʜʦʮʝʥʪ ʐʇʋ.  
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ʉɽʂʎʀʗ 1 

ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ, ʈɸʉʏɽʊ ʀ ʅɸɼɽɾʅʆʉʊʔ ʄɸʐʀʅ 
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ʆɹʆʉʅʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʊʀɺʅʆʁ ʉʍɽʄʓ ʆʏʀʉʊʅʆɻʆ ʂʆʄɹɸʁʅɸ ɼʃʗ 

ɺʓɽʄʂʀ ʋɻʃʗ ʀɿ ʊʆʅʂʀʍ ʀ ɺɽʉʔʄɸ ʊʆʅʂʀʍ ʇʃɸʉʊʆɺ 

 

ɸʬʝʥʜʠʢʦʚ ʅ.ɻ.1 ʊʳʨʪʳʯʥʳʡ ʉ.ɺ 2 

1 ɼʦʥʅʊʋ, ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çɻʦʨʥʳʝ ʤʘʰʠʥʳè 

e-mail: an77tn@gmail.com 
2 ɼʦʥʅʊʋ, ʘʩʧʠʨʘʥʪ 

e-mail: tyrtychnyy90@mail.ru  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʦʥʢʠʭ ʠ ʚʝʩʴʤʘ ʪʦʥʢʠʭ ʧʣʘʩʪʦʚ ʩʫʱʝʩʪʚʫʶʪ ʫʛʦʣʴ-

ʥʳʝ ʢʦʤʙʘʡʥʳ ʠ ʢʦʤʧʣʝʢʩʳ ʊʎʂ [1], ʂ103 [2] ʠ ʜʨʫʛʠʝ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʚʳʨʘʙʦʪʦʢ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʘʙʦʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʯʝʥʴ ʚʳʩʦʢʘ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ. ʇʦʵʪʦʤʫ ʪʦʥʢʠʝ ʠ ʚʝʩʴʤʘ ʪʦʥʢʠʝ ʧʣʘ-

ʩʪʳ ʚ ɼʦʥʙʘʩʩʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʧʨʠʩʝʯʢʦʡ ʙʦʢʦʚʳʭ ʧʦʨʦʜ, ʪʦ ʝʩʪʴ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʫʛʣʷ ʨʘʟʨʫʰʘʶʪʩʷ ʠ ʧʦʨʦʜʳ ʢʨʦʚʣʠ ʠʣʠ ʧʦʯʚʳ ʧʣʘʩʪʘ, ʯʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʟʦʣʴʥʦʩʪʴ ʜʦʙʳʚʘʝʤʦʛʦ ʫʛʣʷ ʜʦ 30%, ʘ ʠʥʦʛʜʘ ʙʦʣʝʝ 50%. ʕʪʦ ʚʝʜʝʪ ʢ ʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ ʠʟ-ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʦʨʥʦʡ ʧʦ-

ʨʦʜʳ, ʟʘʩʦʨʷʶʱʝʡ ʫʛʦʣʴ, ʧʦ ʰʘʭʪʥʳʤ ʢʦʤʤʫʥʠʢʘʮʠʷʤ, ʟʘʪʨʘʪ ʥʘ ʧʦʜʲʝʤ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ ʩʞʠ-

ʛʘʥʠʠ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʫʛʣʷ ʠ ʟʘʪʨʘʪ ʥʘ ʦʙʦʛʘʱʝʥʠʝ ʢʦʢʩʫʶʱʝʛʦʩʷ ʫʛʣʷ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʭʫʜʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʦʪʚʘʣʦʚ ʟʦʣʳ ʠ ʧʫʩʪʦʡ 

ʧʦʨʦʜʳ ʥʘ ʧʣʦʜʦʨʦʜʥʳʭ ʯʝʨʥʦʟʝʤʘʭ ɼʦʥʙʘʩʩʘ [3, 4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʨʘʙʦʪʢʘ ʚʦʟʤʦʞʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʯʠʩʪʥʳʭ ʢʦʤʙʘʡʥʦʚ ʠ ʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʪʦʥʢʠʭ ʠ 

ʚʝʩʴʤʘ ʪʦʥʢʠʭ ʧʣʘʩʪʘʭ ʧʦ ʩʝʣʝʢʪʠʚʥʦʡ ʩʭʝʤʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪʜʝʣʴʥʦ ʨʘʟʨʫʰʘʝʪʩʷ ʫʛʦʣʴ ʠ ʚʳ-

ʜʘʸʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʧʦʨʦʜʳ ʧʦʯʚʳ ʠʣʠ ʢʨʦʚʣʠ ʧʣʘʩʪʘ ʨʘʟʨʫʰʘʶʪʩʷ ʠ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʚ 

ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ ʜʦʙʳʯʠ ʫʛʣʷ ʠʟ ʪʦʥʢʠʭ ʠ 

ʚʝʩʴʤʘ ʪʦʥʢʠʭ ʧʣʘʩʪʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʥʷʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ʢʦʤ-

ʙʘʡʥʘ 1ʂ58ʄ ʨʠʩʫʥʦʢ 1. ʕʪʦ ʪʨʝʭʰʥʝʢʦʚʳʡ ʢʦʤʙʘʡʥ, ʫ ʢʦʪʦʨʦʛʦ ʜʚʘ ʥʠʞʥʠʭ ʰʥʝʢʘ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʷ, ʘ ʩʨʝʜʥʠʡ ʚʝʨʭʥʠʡ ʰʥʝʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ. 

 

 
ʈʠʩ. 1. ʂʦʤʙʘʡʥ 1ʂ58ʄ 

 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ, ʚ ʢʦʪʦʨʦʤ ʥʝ-

ʦʙʭʦʜʠʤ ʪʘʢʦʡ ʩʨʝʜʥʠʡ ʚʝʨʭʥʠʡ ʰʥʝʢ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʚʠʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ 

ʟʘʙʦʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʧʦʨʦʜʳ ʢʨʦʚʣʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʢʨʝʧʴʶ ʚʩʣʝʜ ʟʘ ʧʨʦʭʦʜʦʤ ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʩʝʣʝʢʪʠʚʥʦʡ ʜʦʙʳʯʠ ʫʛʣʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʝʭʰʥʝʢʦʚʦʛʦ 

ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥ ʩ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ.  

ɺʳʝʤʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʘ ʧʨʦʭʦʜʘ. ʇʨʠ ʧʝʨʚʦʤ ʧʨʦʭʦʜʝ (ʈʠʩʫʥʦʢ 2 - ʘ) ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʚʣʝʯʝʥʠʝ ʧʦʨʦʜʳ ʢʨʦʚʣʠ, ʢʦʪʦʨʘʷ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚ ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʆʜʥʦʚʨʝ-

ʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ ʢʨʝʧʣʝʥʠʝ ʢʨʝʧʴʶ ʚʩʣʝʜ ʟʘ ʧʨʦʭʦʜʦʤ ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʇʨʠ ʚʪʦ-

ʨʦʤ ʧʨʦʭʦʜʝ (ʈʠʩʫʥʦʢ 2 - ʙ) ʧʨʦʠʩʭʦʜʠʪ ʠʟʚʣʝʯʝʥʠʝ ʫʛʣʷ ʠʟ ʧʣʘʩʪʘ. 

mailto:an77tn@gmail.com
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ʈʠʩ. 2. ʉʭʝʤʘ ʩʝʣʝʢʪʠʚʥʦʡ ʜʦʙʳʯʠ ʫʛʣʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʨʛʘʥʘ: 1, 2 ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʷ; 3 ï ʪʝʣʝʩʢʦʧʠʯʝʩʢʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʜʣʷ ʨʘʟ-

ʨʫʰʝʥʠʷ ʧʦʨʦʜʳ; 4 ï ʧʦʚʦʨʦʪʥʳʡ ʨʝʜʫʢʪʦʨ; 5 ï ʢʨʝʧʴ; 6 ï ʢʦʨʧʫʩ ʢʦʤʙʘʡʥʘ 

 

ʇʨʠʚʝʜʝʥʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ ʧʨʠ ʩʝʣʝʢʪʠʚ-

ʥʦʡ ʜʦʙʳʯʝ ʫʛʣʷ ʩ ʟʘʢʣʘʜʢʦʡ ʧʦʨʦʜʳ ʢʨʦʚʣʠ ʧʣʘʩʪʘ ʚ ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʟʦʣʴʥʦʩʪʴ ʫʛʣʷ, ʠʩʢʣʶʯʠʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʦʨʦʜʳ ʧʦ ʚʩʝʤ ʰʘʭʪ-

ʥʳʤ ʢʦʤʤʫʥʠʢʘʮʠʷʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʟʠʪ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʷ. 
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ʇʆɺʓʐɽʅʀɽ ʅɸɼɽɾʅʆʉʊʀ ʈɸɹʆʊʓ ɿɸɹʆʁʅʓʍ ɼɺʀɻɸʊɽʃɽʁ ɿɸ ʉʏɪʊ  

ʄʆɼɽʈʅʀɿɸʎʀʀ ʆʇʆʈ ɺʈɸʑɽʅʀʗ 

ɼʦʣʞʝʥʢʦʚ ʂ. ʖ., ʃʠʪʚʠʥʦʚʘ ʄ.ʄ.,  

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ. ʌ. ʈʝ-

ʰʝʪʥʝʚʘ 
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʩʪʦ-

ʷʥʥʳʤ ʨʦʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ 

ʙʫʨʝʥʠʷ, ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʧʨʠʤʝʥʝʥʠʝ ʦʪʢʣʦʥʸʥʥʳʭ ʠ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʚʦʣʦʚ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʟʘʙʦʡʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʙʫʨʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʀʭ ʙʝʩʧʝʨʝʙʦʡʥʘʷ ʨʘʙʦʪʘ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʫʨʝʥʠʷ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ ʟʘʙʦʡʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʶʪʩʷ ʦʧʦʨʳ ʚʨʘʱʝʥʠʷ, ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠ ʧʝʨʝʜʘʯʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʜʦʣʦʪʦ [1]. 

 ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘ ʦʧʦʨʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʜʠʘʣʴʥʳʝ ʠ ʦʩʝʚʳʝ 

ʥʘʛʨʫʟʢʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 100ï150 ʢʅ. ʇʨʠ ʵʪʦʤ ʚʘʣʳ ʜʚʠʛʘʪʝʣʷ ʩʦʚʝʨ-

ʰʘʶʪ ʚʨʘʱʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 200ï300 ʦʙ/ʤʠʥ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘ-

ʥʠʷʤʠ, ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʫʜʘʨʘʤʠ. ɼʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʘʙʨʘʟʠʚʥʳʝ ʯʘʩʪʠʮʳ. ɺʩʸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ ʧʦʜʰʠʧʥʠʢʦʚ, ʨʘʟʨʫʰʝʥʠʶ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʶ ʣʶʬʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ [2]. 

 ʂʣʘʩʩʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʦʨ ʚʨʘʱʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʭ ʧʦʜ-

ʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʨʝʞʠʤʘʭ ʙʫʨʝʥʠʷ, ʦʜʥʘʢʦ 

ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 150Áʉ ʠʭ ʩʨʦʢ ʩʣʫʞʙʳ ʟʘʤʝʪʥʦ ʩʦʢʨʘʱʘʝʪʩʷ [4]. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʧʦʨ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʥʝʩʫ-

ʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʦʪʚʦʜʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʪʨʝʥʠʷ. ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʘ-

ʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ï ʧʝʨʝʭʦʜ ʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʠʣʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʦʧʦʨ, ʚ 

ʢʦʪʦʨʳʭ ʯʘʩʪʴ ʥʘʛʨʫʟʢʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʩʯʸʪ ʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ, ʘ ʥʝ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ [2]. 

 ʂʦʥʩʪʨʫʢʮʠʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚʢʣʶʯʘʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʫʟʣʳ, ʛʜʝ ʧʦʜʰʠʧʥʠʢʠ ʢʘ-

ʯʝʥʠʷ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʚʢʣʘʜʳʰʘʤʠ, ʩʦʟʜʘʶʱʠʤʠ ʥʝʩʫʱʠʡ ʩʣʦʡ 

ʩʤʘʟʢʠ ʧʨʠ ʚʨʘʱʝʥʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ 

ʧʣʘʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ ʠ ʪʝʨʤʦʦʙ-

ʨʘʙʦʪʘʥʥʳʭ ʩʪʘʣʝʡ ʧʦʚʳʰʘʝʪ ʩʪʦʡʢʦʩʪʴ ʢ ʫʩʪʘʣʦʩʪʥʳʤ ʨʘʟʨʫʰʝʥʠʷʤ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʦʧʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʤʝʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʜʚʠʛʘʪʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤʠ ʤʦʜʝʣʷʤʠ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʜʣʠʪʴ ʧʝ-

ʨʠʦʜ ʝʛʦ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. 

 ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʶ ʩʠʩʪʝʤ ʩʤʘʟʢʠ ʠ ʛʝʨʤʝʪʠʟʘʮʠʠ. ɺ ʪʨʘʜʠʮʠʦʥ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦ-

ʨʦʤ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʠʟʥʦʩ ʠ ʚʳʟʳʚʘʝʪ ʧʝʨʝʛʨʝʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʠ ʣʘʙʠʨʠʥʪʥʳʭ ʩʭʝʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʧʦʧʘʜʘʥʠʶ ʯʘʩʪʠʮ 

ʰʣʘʤʘ ʚʥʫʪʨʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʝʜʨʷʶʪʩʷ ʟʘʤʢʥʫʪʳʝ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʩ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ 

ʥʘʩʦʩʦʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤ ʧʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ 

ʩʪʘʙʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 180Áʉ [3]. 

 ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʦʚ ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ 

ʢʦʨʧʫʩ ʜʚʠʛʘʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʫʟʣʦʚ. ʇʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʧʨʠ ʚʳʭʦʜʝ ʧʘʨʘʤʝʪʨʦʚ 
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ʟʘ ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ ʩʠʩʪʝʤʘ ʧʦʜʘʸʪ ʩʠʛʥʘʣ ʦʧʝʨʘʪʦʨʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪ ʧʨʠʥʮʠʧʳ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʤʦʥʪ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʥʝ ʧʦ ʢʘʣʝʥʜʘʨʥʦʤʫ ʛʨʘʬʠʢʫ. ʕʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʠ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ [5]. 

 ʇʦʤʠʤʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʘʯʝʩʪʚʦ 

ʩʙʦʨʢʠ ʠ ʙʘʣʘʥʩʠʨʦʚʢʘ ʨʦʪʦʨʘ. ʅʘʨʫʰʝʥʠʝ ʩʦʦʩʥʦʩʪʠ ʠʣʠ ʧʝʨʝʢʦʩ ʦʧʦʨ ʜʘʞʝ ʥʘ ʜʝʩʷʪʳʝ ʜʦʣʠ 

ʤʠʣʣʠʤʝʪʨʘ ʚʳʟʳʚʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ, ʨʦʩʪ ʚʠʙʨʘʮʠʡ ʠ ʫʩʢʦʨʝʥʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʜʝʪʘʣʝʡ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʣʘʟʝʨʥʳʝ ʩʠʩʪʝʤʳ ʮʝʥʪʨʠʨʦ-

ʚʘʥʠʷ ʠ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʝ ʩʪʘʥʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʙʠʚʘʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ [1]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʙʦʨʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʦʤʝʥʪʫ ʟʘʪʷʞʢʠ ʢʨʝʧʝʞʘ, 

ʟʘʟʦʨʘʤ ʠ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʜʝʪʘʣʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʫʟʣʦʚ 

ʧʨʠ ʥʘʛʨʝʚʝ. 

 ʅʘ ʧʨʘʢʪʠʢʝ ʚʥʝʜʨʝʥʠʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʦʧʦʨ ʚʨʘʱʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʦʝ 

ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʘʟʦʚ ʟʘʙʦʡʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʦ ʜʘʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʥʝʜʨʠʚʰʠʭ ʥʦ-

ʚʳʝ ʫʟʣʳ, ʢʦʣʠʯʝʩʪʚʦ ʚʥʝʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʣʦʩʴ, ʘ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʯʘʩʦʚ. ʕʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʩʪʦʝʚ ʠ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ [2]. 

 ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʚʷʟʘʥʳ ʩ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʠ ʚʥʝʜʨʝʥʠʝʤ ʪʝʭʥʦʣʦ-

ʛʠʡ çʫʤʥʦʛʦ ʙʫʨʝʥʠʷè. ʈʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʦʧʦʨ ʚʨʘʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦ-

ʚʘʪʴ ʧʨʦʮʝʩʩʳ ʥʘʛʨʫʞʝʥʠʷ, ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʝʱʸ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʫʟ-

ʣʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʧʝʨʝʭʦʜʠʪʴ ʢ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʢʦʥʪʨʦʣʷ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʟʘʙʦʡʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʟʘ ʩʯʸʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʧʦʨ ʚʨʘʱʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩʤʘʟʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥ-

ʪʨʦʣʷ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠ-

ʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʦʚʳʭ ʨʘʙʦʪ. ɺ ʙʫʜʫʱʝʤ 

ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ ʩʪʘʥʫʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʙʫʨʦʚʳʤ ʩʠʩʪʝʤʘʤ, ʩʧʦ-

ʩʦʙʥʳʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʚʦʠʭ ʫʟʣʦʚ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶ-

ʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɻʣʫʭʦʚ ɺ.ʀ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʙʫʨʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ï ʄʦʩʢʚʘ: ʅʝʜʨʘ, 2018. 

ï 212 ʩ. 

2. ʂʨʠʚʦʰʝʠʥ ʉ.ɸ., ʌʸʜʦʨʦʚ ɸ.ʅ. ʇʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʧʦʨ ʟʘʙʦʡʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ // ʅʝʬʪʝʛʘʟʦʚʦʝ ʜʝʣʦ. ï 2019. ï ˉ 4. ï ʉ. 45ï52. 

3. ʇʝʪʨʦʚ ʂ.ʅ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʤʘʟʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʙʫʨʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʫʩʣʦ-
ʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ // ɹʫʨʝʥʠʝ ʠ ʥʝʬʪʴ. ï 2020. ï ˉ 7. ï ʉ. 33ï37. 

4. ɻʆʉʊ 33259ï2015. ʇʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ï ʄʦʩʢʚʘ: ʉʪʘʥʜʘʨ-

ʪʠʥʬʦʨʤ, 2016. ï 38 ʩ. 

5. ʗʥʠʥʘ ʆ.ʅ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ // ʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘ. ï 2021. ï ˉ 2. ï URL: 

http://ntjournal.ru/diagnostic_methods.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.11.2025). 
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ʈɸʉʏɽʊ ʂɸɺʀʊɸʎʀʆʅʅʆɻʆ ɿɸʇɸʉɸ ʎɽʅʊʈʆɹɽɾʅʆɻʆ ʅɸʉʆʉɸ MGA-407 

ʄʝʥʴʰʘʛʠʥ ɸ.ɸ.ĭ, ɿʠʷʢʘʝʚ ɻ.ʈ.Į 

ĭʅʀ ʊʇʋ, ʀʐʇʈ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 2ɹʄ56,  

e-mail: aam177@tpu.ru  

Įʅʀ ʊʇʋ, ʀʐʇʈ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

e-mail: zgr@tpu.ru@tpu.ru  
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʨʧʫʩʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ MGA-407. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʚʥʝʧʣʘʥʦʚʳʤʠ ʧʨʦʩʪʦʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʝʥʳ ʠʥʞʝʥʝʨʥʳʡ ʨʘʩʯʝʪ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʧʘʩʘ ʠ ʜʝʪʘʣʴʥʦʝ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʚ ANSYS CFX. ɺʳʷʚʣʝʥʦ ʨʘʩʭʦʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʝʫʯʝʪʦʤ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʣʦʢʘʣʴʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʅʘ ʦʩʥʦʚʝ CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʟʦʥʳ 

ʣʦʢʘʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʠʥʠʮʠʠʨʫʶʱʠʝ ʢʘʚʠʪʘʮʠʶ, ʠ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʛʝʦʤʝʪʨʠʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʚ ʥʝʧʨʝʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʥʝʬʪʝʭʠʤʠʠ. ɺʥʝʧʣʘʥʦʚʘʷ ʦʩʪʘʥʦʚʢʘ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ MGA-407, ʚʳʟʚʘʥʥʘʷ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʵʨʦʟʠʝʡ ʝʛʦ ʢʦʨʧʫʩʘ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ, ʚʢʣʶʯʘʶʱʠʤ ʥʝʜʦʚʳʨʘʙʦʪʢʫ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʪʝʨʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʥʘʩʦʩʘ MGA-407 ʤʝʪʦʜʘʤʠ ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (CFD), ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʦʙʚʷʟʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʘʛʨʝʛʘʪʘ. 

 
 

 

 

 

 

 

 

 

 

ʈʠʩ.1. ʄʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ                     ʈʠʩ. 2 . ʇʦʩʣʝʜʩʪʚʠʷ ʢʘʚʠʪʘʮʠʠ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 3D ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ʂʆʄʇɸʉ-3D. ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ 

3D ʤʦʜʝʣʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʧʝʨʝʭʦʜ. ʈʘʟʤʝʨʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʬʦʨʤʘʪʝ 1 ʢ 1. 

 

 

 

 

      ʈʠʩ. 3.  ʌʘʢʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ                                ʈʠʩ.4. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʧʝʨʝʭʦʜ 
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                                                             ʈʠʩ.5. ʊʨʫʙʦʧʨʦʚʦʜʥʘʷ ʩʝʪʴ 

ɺ ANSYS CFX ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʥʘʣʠʯʠʝ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʟʦʥ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʚʤʝʩʪʝ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ MGA-407. 

 
 

 

 

 

 

 

 

 

 

             ʈʠʩ.6. ʉʣʦʠ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʚʣʝʥʠʷ                      ʈʠʩ. 7.  ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʧʝʨʝʭʦʜ 

 

 

 

 

 

 

 

 

 

ʈʠʩ.8. ʃʦʢʘʣʴʥʳʝ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʟʦʥʳ                                        ʈʠʩ.9. ʆʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘ 

ʀʥʞʝʥʝʨʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʘʣ ʬʦʨʤʘʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʧʘʩʘ 

ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʝʝ CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʥʘʣʠʯʠʝ 

ʣʦʢʘʣʴʥʳʭ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʟʦʥ ʚ ʦʙʣʘʩʪʠ ʨʝʟʢʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʚʭʦʜʝ ʚ ʥʘʩʦʩ, 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʤʝʩʪʦʤ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʧʫʩʘ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʧʦʪʦʢʘ, ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʤʝʩʪʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʝʜʫʱʠʝ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʣʦʢʘʣʴʥʳʤ ʧʘʜʝʥʠʷʤ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʘ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʝʨʝʭʦʜʘ ʩ ʧʣʘʚʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʫʟʣʘ ʧʦʢʘʟʘʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʟʦʥ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʷʞʝʥʠʷ, ʧʦʜʪʚʝʨʜʠʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʧʘʩʘ ʜʝʪʘʣʴʥʳʤ CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʜʣʷ ʩʣʦʞʥʳʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ çʧʣʘʚʥʳʡè ʧʝʨʝʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʣʦʢʘʣʴʥʳʝ 

ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ MGA-

407. ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʠʩʢ ʠʟ 

ʨʝʝʩʪʨʘ ʨʠʩʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʠʟʙʝʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1. ʈɼ 153-39.4-078-01 çʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷè. ï ʄ.: 

ɻʦʩʛʦʨʪʝʭʥʘʜʟʦʨ ʈʦʩʩʠʠ, 2001. ï 34 ʩ. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

2. ɻʆʉʊ ʈ 54806-2011 çʅʘʩʦʩʳ ʮʝʥʪʨʦʙʝʞʥʳʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷè. - ʜʘʪʘ ʚʚʝʜʝʥʠʷ 2013-

01-01. - ʄ.: ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2011. - 16 ʩ. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

3. ʈɼ 153-39.4-080-01 çʇʨʘʚʠʣʘ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚè. - ʄ.: 

ɻʦʩʛʦʨʪʝʭʥʘʜʟʦʨ ʈʦʩʩʠʠ, 2001. - 38 ʩ. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

4. ɹʘʪʝ, ʂ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ / ʂ. ɹʘʪʝ, ɽ. ɺʠʣʩʦʥ; ʧʝʨ. ʩ 

ʘʥʛʣ. ï ʄʦʩʢʚʘ: ʉʪʨʦʡʠʟʜʘʪ, 1982. ï 448 c. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

5. ɿʝʥʢʝʚʠʯ, ʆ. ʄʝʪʦʜ ʂʦʥʝʯʥʳʭ ʕʣʝʤʝʥʪʦʚ ɺ ʊʝʭʥʠʢʝ / ʆ. ɿʝʥʢʝʚʠʯ; ʧʝʨ. ʩ ʘʥʛʣ. ï ʄʦʩʢʚʘ: ʄʠʨ, 

1975. ï 543ʩ. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 
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ʉʆʇʈʆʊʀɺʃʗɽʄʆʉʊʔ ʈɸɿʈʋʐɽʅʀʖ ʉɺɸʈʅʓʍ ʊʈʋɹ ʇʆɼɺʆɼʅʓʍ  

ʊʈʋɹʆʇʈʆɺʆɼʆɺ ɼʃʗ ʊʈɸʅʉʇʆʈʊʀʈʆɺʂʀ ʅɽʌʊʀ ʀ ɻɸɿɸ 

ɾʫʨʢʠʥʘ ʊ.ʅ.1, ʄʘʢʘʨʦʚ ɻ.ʀ.2 

1ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, ʘʩʧʠʨʘʥʪ 

e-mail: zhurkina.t@gubkin.ru 
2ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

 

ʆʩʚʦʝʥʠʝ ʰʝʣʴʬʦʚʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚ-

ʣʝʥʠʝʤ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʅʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʰʝʣʴʬʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ 24,4 % ʟʘʧʘʩʦʚ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, 4,7 % ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠ 11 % ʟʘʧʘʩʦʚ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ. ɺʝʜʫʪʩʷ ʨʝʛʠʦʥʘʣʴ-

ʥʳʝ ʛʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʚ ɸʨʢʪʠʢʝ [1]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʛʣʝ-

ʚʦʜʦʨʦʜʳ ʜʦʙʳʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʶʞʥʳʭ ʤʦʨʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʫʩʪʨʦʡʩʪʚʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʩʝʚʝʨʥʳʭ ʤʦʨʝʡ ʟʘʪʨʫʜʥʝʥʦ ʚʚʠʜʫ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʘʢʚʘʪʦʨʠʠ, ʢʦʨʦʪʢʦʛʦ ʥʘʚʠʛʘʮʠ-

ʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʦʩʣʦʞʥʝʥʥʦʡ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʇʦʜʚʦʜʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʘʛʨʫʟʢʘʤ. ʉʦ-

ʛʣʘʩʥʦ ʉʇ 378.1325800.2017 [2], ʢ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʥʘʛʨʫʟʢʘʤ ʥʘ ʤʦʨʩʢʦʡ ʪʨʫʙʦʧʨʦ-

ʚʦʜ ʦʪʥʦʩʷʪʩʷ: ʚʝʩ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʚʢʣʶʯʘʷ ʫʪʷʞʝʣʷʶʱʝʝ ʧʦʢʨʳʪʠʝ ʠ ʤʦʨʩʢʦʝ ʦʙ-

ʨʘʩʪʘʥʠʝ), ʥʘʨʫʞʥʦʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ ʚʦʜʥʦʡ 

ʩʨʝʜʳ, ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʜʘʚ-

ʣʝʥʠʝ ʛʨʫʥʪʘ ʟʘʩʳʧʢʠ. ʂ ʚʦʟʜʝʡʩʪʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʤʦʨʩʢʦʡ ʪʨʫʙʦʧʨʦʚʦʜ ʦʪʥʦʩʷʪ 

ʥʘʛʨʫʟʢʠ, ʚʳʟʚʘʥʥʳʝ ʧʦʜʚʦʜʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʠ ʤʦʨʩʢʠʤ ʚʦʣʥʝʥʠʝʤ. ʂ ʩʣʫʯʘʡʥʳʤ ʥʘʛʨʫʟʢʘʤ 

ʦʪʥʦʩʷʪʩʷ: ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʜʝʬʦʨʤʘʮʠʷ ʛʨʫʥʪʦʚ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʦʧʦʣʟʥʝʚʳʝ ʧʨʦ-

ʮʝʩʩʳ, ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʪʨʘʣʦʚ, ʷʢʦʨʝʡ ʠ ʧʘʜʘʶʱʠʭ ʧʨʝʜʤʝʪʦʚ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʠ ʚʥʫʪʨʠʧʨʦʤʳʩʣʦʚʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʥʝʦʮʝʥʠʤ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ 

ʥʘ ʵʪʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʫʙ ʜʣʷ ʧʨʦʤʳʩʣʦʚʳʭ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʦʠʤʦʩʪʴ ʠ ʩʠʩʪʝʤʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ʇʦʢʘʟʘʪʝʣʠ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ (ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ CTOD) ʩʦʩʪʘʚʣʷʶʪ ʦʩʦʙʫʶ 

ʛʨʫʧʧʫ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʨʘʟʨʫ-

ʰʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʪʨʫʙ ʠ ʠʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʪʘʪʠʯʝʩʢʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ 

CTOD ʦʧʨʝʜʝʣʷʝʪ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦʷʚʣʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʪʨʝʱʠʥʳ ʦʪ ʜʝʬʝʢʪʘ. 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʮʝʥʢʠ ʜʦʧʫʩʪʠʤʦʩʪʠ ʜʝʬʝʢʪʦʚ, ʚʳʷʚʣʷʝʤʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ (ɺʊɼ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʜʝʬʝʢʪʦʩʢʦʧʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ (ɼɼʂ) 

[3, 4]. 

ʉʦʛʣʘʩʥʦ ʅɼ ˉ 2-020301-007 [5], ʧʦʜʚʦʜʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʫʨʦʚʥʶ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʨʝʜʳ (ʪʘʙʣ. 1). ʀʩʧʳʪʘʥʠʷ ʥʘ ʪʨʝ-

ʱʠʥʦʩʪʦʡʢʦʩʪʴ ʚʭʦʜʷʪ ʚ ʥʦʤʝʥʢʣʘʪʫʨʫ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʧʦʜʚʦʜʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʫʨʦʚʥʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʠ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʠ-ʦʧʘʩʥʳʭ ʨʘʡʦʥʦʚ ʠ/ʠʣʠ ʣʝʜʦ-

ʩʪʦʡʢʠʭ ʩʪʦʷʢʦʚ. 

ʊʘʙʣʠʮʘ 1  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʜʚʦʜʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ [5] 

ʋʨʦʚʝʥʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 
ɺʠʜ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʨʝʜʳ 

ɾʠʜʢʦʩʪʠ ʠ ʤʥʦʛʦʬʘʟʥʳʝ ʧʦʪʦʢʠ ɻʘʟ 

ɹʘʟʦʚʳʡ L G 

ʇʦʚʳʰʝʥʥʳʡ L1 G1 

ɼʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʛʨʝʩʩʠʚ-

ʥʳʭ ʩʨʝʜ 
L2 G2 

ɼʣʷ ʩʝʡʩʤʠʯʝʩʢʠ-ʦʧʘʩʥʳʭ ʨʘʡʦʥʦʚ ʠ/ʠʣʠ ʣʝ-

ʜʦʩʪʦʡʢʠʭ ʩʪʦʷʢʦʚ 
L3 G3 

mailto:zhurkina.t@gubkin.ru
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʘʚʠʣʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʦʩʪʨʦʡʢʠ ʤʦʨʩʢʠʭ ʧʦʜʚʦʜʥʳʭ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ - ʅɼ ˉ 2-020301-007 [5], ʤʘʨʢʠ ʩʪʘʣʝʡ ʜʣʷ ʪʨʫʙ ʧʦʜʚʦʜʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʦʙʦʟʥʘʯʘʶʪ 

ʙʫʢʚʘʤʠ ʈʉʊ (ʚ ʥʘʯʘʣʝ ʦʙʦʟʥʘʯʝʥʠʷ ʤʘʨʢʠ). W (ʚ ʢʦʥʮʝ ʦʙʦʟʥʘʯʝʥʠʷ ʤʘʨʢʠ) ʫʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʵʪʘ ʩʪʘʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʚʘʨʥʳʭ ʪʨʫʙ (ʪʘʙʣ. 2). 
ʊʘʙʣʠʮʘ 2 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʘʨʦʢ ʩʪʘʣʠ ʜʣʷ ʧʦʜʚʦʜʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʢʣʘʩʩʘʤ ʧʨʦʯʥʦʩʪʠ ʪʨʫʙ [5] 
ʈʉʊ, 

ʈʉʊW 

ʈʉʊ32, 

ʈʉʊ32W 

ʈʉʊ36, 

ʈʉʊ36W 

ʈʉʊ40, 

ʈʉʊ40W 

ʈʉʊ420, 

ʈʉʊ420W 

ʈʉʊ460, 

ʈʉʊ460W 

ʈʉʊ500, 

ʈʉʊ500W 

ʈʉʊ550, 

ʈʉʊ550W 

ʈʉʊ620, 

ʈʉʊ620W 

ʈʉʊ690, 

ʈʉʊ690W 

ʂ38, 

ʂ42 
ʂ50 

ʂ52, 

ʂ54 
ʂ55 ʂ56 ʂ60 ʂ60, ʂ65 ʂ65 ʂ70 ʂ80 

ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʘ ʪʨʫʙ 

ʠ ʠʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʵʪʠʭ ʤʘʨʦʢ ʩʪʘʣʝʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʡ (ʊʨ) ʟʘʚʠʩʠʪ ʦʪ ʪʦʣ-

ʱʠʥʳ ʩʪʝʥʢʠ (tc), ʠ ʩʦʩʪʘʚʣʷʝʪ: ï10 Áʉ ʜʣʷ ʪʨʫʙ ʩ tc Ò 20 ʤʤ, ʠ ï20 Áʉ ʜʣʷ ʪʨʫʙ ʩ tc > 20 ʤʤ.  

 
ʊʘʙʣʠʮʘ 3 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʘ ʪʨʫʙ ʠ ʠʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [5] 
CTOD, ʤʤ, ʧʨʠ ʊp, ʢʣʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʘ L1 ï L3, G1 ï G3, ʥʝ ʤʝʥʝʝ 

ʄʘʨʢʘ tc Ò 20 20 < tc Ò 30 30<tcÒ40 ʄʘʨʢʘ tc Ò 20 20 < tc Ò 30 30<tcÒ40 

ʈʉʊ (W) 0,10 0,10 0,15 ʈʉʊ460 (W) 0,10 0,20 0,25 

ʈʉʊ32 (W) 0,10 0,10 0,15 ʈʉʊ500 (W) 0,15 0,20 0,25 

ʈʉʊ36 (W) 0,10 0,15 0,20 ʈʉʊ550 (W) 0,15 0,20 0,30 

ʈʉʊ40 (W) 0,10 0,15 0,20 ʈʉʊ620 (W) 0,15 0,25 0,35 

ʈʉʊ420 (W) 0,10 0,15 0,20 ʈʉʊ690 (W) 0,20 0,25 0,35 

 CTOD ʤʝʪʘʣʣʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ɿʊɺ, ʤʤ, ʧʨʠ ʊp, ʢʣʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʘ L1 ï L3, G1 ï G3, ʥʝ ʤʝʥʝʝ 

ʄʘʨʢʘ tc Ò 20 20 < tc Ò 30 30<tcÒ40 ʄʘʨʢʘ tc Ò 20 20 < tc Ò 30 30<tcÒ40 

ʈʉʊW - - 0,10 ʈʉʊ460W 0,10 0,10 0,15 

ʈʉʊ32W - 0,10 0,10 ʈʉʊ500W 0,10 0,15 0,20 

ʈʉʊ36W - 0,10 0,10 ʈʉʊ550W 0,10 0,15 0,20 

ʈʉʊ40W - 0,10 0,15 ʈʉʊ620W 0,10 0,20 0,20 

ʈʉʊ420W 0,10 0,10 0,15 ʈʉʊ690W 0,15 0,20 0,25 

ʋʪʦʯʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ CTOD ʤʝʪʘʣʣʘ 

ʪʨʫʙ ʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʚʦʜʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʠ ʚʥʫʪʨʠʧʨʦʤʳʩʣʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʧʦʟʚʦʣʠʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ ʩʠʩʪʝʤʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʤʦʨ-

ʩʢʦʛʦ ʧʨʦʤʳʩʣʘ. 
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ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʘʚʠʘʩʪʨʦʝʥʠʝ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ ʠ ʜʨʫʛʠʝ ʚʳʩʦʢʦʪʝʭ-

ʥʦʣʦʛʠʯʥʳʝ ʦʪʨʘʩʣʠ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʟʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʚʳʚʦʜʘ ʧʨʦ-

ʜʫʢʮʠʠ ʥʘ ʨʳʥʦʢ, ʩʥʠʞʝʥʠʷ ʝʸ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʥʘʜʸʞ-

ʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʳ-

ʪʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʪʦʪʠʧʦʚ, ʩʪʘʥʦʚʷʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʠ ʩʣʠʰʢʦʤ ʤʝʜʣʝʥʥʳʤʠ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʣʘ ʧʦʚʩʝʤʝʩʪʥʘʷ 

ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (CAD) ʠ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ (CAE). 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʦ ʤʥʝʥʠʶ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʘʥʘʣʠʪʠʢʦʚ, ʦʩ-

ʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʫʩʧʝʭʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʶʪʩʷ: ʩʦʢʨʘʱʝ-

ʥʠʝ ʩʨʦʢʘ ʚʳʭʦʜʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʦʢ, ʩʥʠʞʝʥʠʝ ʝʸ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ. 

ʉʝʡʯʘʩ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʞʥʦʡ ʥʘʫʢʦʝʤʢʦʡ 

ʧʨʦʜʫʢʮʠʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. [5] 

ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ CAD-ʩʠʩʪʝʤʳ. CAD (Computer-Aided Design) - ʵʪʦ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʟʜʝʣʠʡ, ʠʭ ʯʝʨʪʝʞʝʡ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ [1, c. 12]. 

ʆʩʥʦʚʥʦʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʚ CAD-ʩʠʩʪʝʤʝ ð ʩʦʟʜʘʥʠʝ ʪʦʯʥʦʡ ʪʨʸʭʤʝʨʥʦʡ (3D) ʤʦʜʝʣʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ CAD-ʩʠʩʪʝʤʳ ʦʧʝʨʠʨʫʶʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʪʚʝʨʜʦʪʝʣʴʥʳʤʠ 

ʤʦʜʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ, ʨʝʜʘʢʪʠʨʫʷ ʥʝ ʩʘʤʫ ʛʝʦʤʝʪʨʠʶ, ʘ 

ʫʧʨʘʚʣʷʶʱʠʝ ʝʡ ʧʘʨʘʤʝʪʨʳ ʠ ʨʘʟʤʝʨʳ. 

ʂʣʶʯʝʚʳʝ ʬʫʥʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ CAD-ʩʠʩʪʝʤ ʩʣʝʜʫʶʱʝʝ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʠ: 

2. ʉʦʟʜʘʥʠʝ ʵʩʢʠʟʦʚ, 3D-ʪʝʣ, ʧʦʚʝʨʭʥʦʩʪʝʡ. 

3. ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ʉʚʷʟʳʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʠ. 

4. ʉʦʟʜʘʥʠʝ ʩʙʦʨʦʢ: ʆʙʲʝʜʠʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʚ ʩʣʦʞʥʳʝ ʫʟʣʳ ʠ ʤʝʭʘʥʠʟʤʳ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. 

5. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ɻʝʥʝʨʘʮʠʷ ʯʝʨʪʝʞʝʡ ʠ ʩʧʝʮʠʬʠʢʘʮʠʡ ʧʦ 3D-

ʤʦʜʝʣʠ. ʌʦʪʦʨʝʘʣʠʩʪʠʯʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ (ʨʝʥʜʝʨʠʥʛ).[3] 

ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ CAE-ʩʠʩʪʝʤʳ: ʚʠʨʪʫʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʳʡ 

ʘʥʘʣʠʟ. 

CAE (Computer-Aided Engineering) ð ʵʪʦ ʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʸʪʳ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʠʟʜʝ-

ʣʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʝʘʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ. [4] 

CAE ʧʦʟʚʦʣʷʶʪ ʠʥʞʝʥʝʨʘʤ ʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʠʟ-

ʜʝʣʠʡ ʠʣʠ ʩʠʩʪʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ.  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʚʦʟʥʠʢʘʶʪ ʯʘʩʪʥʳʝ ʧʨʦ-

ʙʣʝʤʳ, ʥʘ ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʟʘʪʨʘʯʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʩʨʝʜʩʪʚʘ. ʈʝʰʘ-

ʶʪʩʷ ʨʝʘʣʴʥʳʝ ʟʘʜʘʯʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʢʠ, ʚ ʩʠʩʪʝʤʘʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɼʦ 

ʧʦʷʚʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʤʘʪʨʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʷʭ. ʅʦ ʪʘ-

ʢʦʡ ʧʦʜʭʦʜ ʟʘʤʝʜʣʷʣ ʩʘʤ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʦʱʝ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʨʦ-

ʙʣʝʤʦʡ ʧʨʠ ʚʦʧʣʦʱʝʥʠʠ ʧʨʦʝʢʪʘ ʠ ʨʝʰʠʪʴ ʝʸ ʚ ʨʝʘʣʴʥʦʩʪʠ.  CAE ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʧʨʦʝʢʪʥʳʤ 

ʨʝʰʝʥʠʷʤ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʧʨʦʚʝʨʠʪʴ ʠʭ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ. 
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ʆʩʥʦʚʥʳʝ ʚʠʜʳ CAE-ʘʥʘʣʠʟʘ: 

1.  ʇʨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟ (FEA ð Finite Element Analysis). ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʸʪʘ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ, ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

2.  ʈʘʩʯʸʪ ʜʠʥʘʤʠʢʠ ʠ ʢʠʥʝʤʘʪʠʢʠ (MDS). ɸʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ, ʫʩʢʦʨʝʥʠʡ, ʩʠʣ ʚ ʩʦʯʣʝʥʝʥʠʷʭ. 

3. ʈʘʩʯʝʪ ʛʠʜʨʦ- ʠ ʛʘʟʦʜʠʥʘʤʠʢʠ (CFD ð Computational Fluid Dynamics). ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʙʪʝʢʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ, ʘʥʘʣʠʟ ʪʝʧʣʦʦʙʤʝʥʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝ-

ʥʠʷ. 

4.  ɸʥʘʣʠʟ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʩʯʸʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ, ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʪʝʨ-

ʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ CAE - ʩʠʩʪʝʤ 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ CAD ʠ CAE ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʠʟʜʝʣʠʷ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʵʬʬʝʢʪ ʦʪ CAD ʠ CAE ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʭ ʪʝʩʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʝʜʠ-

ʥʳʡ ʠʪʝʨʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ. [6] 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ CAD ʠ CAE ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʘʥʳ ʩ ʫʛʣʫʙʣʝʥʠʝʤ ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʢʦʥʮʝʧʮʠʶ çʎʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘè, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʛʝʥʝʨʘ-

ʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʚʠʪʠʝʤ ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʩʣʦʞʥʳʝ 

ʨʘʩʯʸʪʳ ʜʦʩʪʫʧʥʝʝ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʦʙʟʦʨ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1.  CAD ʠ CAE ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʥʝ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤʠ, ʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ ʪʝʭ-

ʥʦʣʦʛʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʷʜʨʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ. 

2.  CAD-ʩʠʩʪʝʤʳ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʩʦʟʜʘʥʠʷ ʪʦʯʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

CAE-ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʸ ʧʦʚʝʜʝʥʠʝ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

3.  ʀʥʪʝʛʨʘʮʠʷ CAD ʠ CAE ʚ ʝʜʠʥʳʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʤʝʪʦʜʘ 

çʧʨʦʝʢʪʠʨʦʚʘʥʠʝ => ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʘ => ʠʩʧʳʪʘʥʠʷ => ʜʦʨʘʙʦʪʢʘè ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʤʝʪʦʜʫ çʧʨʦʝʢʪʠʨʦʚʘʥʠʝ => ʚʠʨʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ => ʦʧʪʠʤʠʟʘʮʠʷè. 

ʂʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ: ʢʘʨʜʠʥʘʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦ-

ʢʦʚ ʠ ʩʪʦʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ, ʤʠʥʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʪʦʪʠʧʦʚ, ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ɺʠʙʨʘʮʠʷ ð ʥʝʦʪʲʝʤʣʝʤʳʡ ʬʘʢʪʦʨ ʨʘʙʦʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʏʨʝʟʤʝʨ-

ʥʳʝ ʚʠʙʨʘʮʠʠ ʧʨʦʚʦʮʠʨʫʶʪ ʫʩʪʘʣʦʩʪʥʳʝ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʪʝʨʶ ʪʦʯʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ, 

ʰʫʤ ʠ ʚ ʠʪʦʛʝ ð ʦʪʢʘʟ ʩʠʩʪʝʤʳ. ɺʠʙʨʘʮʠʦʥʥʘʷ ʥʘʜʸʞʥʦʩʪʴ (ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʧʦʜ ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ) ð ʢʣʶ-

ʯʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʎʝʣʴ ʩʪʘʪʴʠ ð ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ. 

1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʄʝʪʦʜʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ; 

¶ ʨʘʩʯʸʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ; 

¶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ (ʛʠʙʨʠʜʥʳʝ). 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʆʩʥʦʚʘʥʳ ʥʘ ʠʩʧʳʪʘʥʠʷʭ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʤʘʢʝʪʦʚ. ɼʘʶʪ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ 

ʜʘʥʥʳʝ ʦ ʧʦʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

¶ ʅʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʨʝʥʠʝ 

ʚʠʙʨʘʮʠʡ ʜʚʠʛʘʪʝʣʷ ʩʘʤʦʣʸʪʘ ʚ ʧʦʣʸʪʝ). ʕʪʦ çʟʦʣʦʪʦʡ ʩʪʘʥʜʘʨʪè ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʥʦ ʪʘʢʠʝ ʠʩ-

ʧʳʪʘʥʠʷ ʜʦʨʦʛʠ, ʜʣʠʪʝʣʴʥʳ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʝʜʝʣʴʥʳʝ ʨʝʞʠʤʳ. 

¶ ʉʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʚʠʙʨʦʩʪʝʥʜʘʭ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ: 

1) ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʟʘʜʘʥʥʳʝ ʚʠʜʳ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʛʘʨʤʦʥʠʯʝʩʢʠʝ, 

ʩʣʫʯʘʡʥʳʝ, ʫʜʘʨʥʳʝ); 

2) ʧʨʦʚʦʜʠʪʴ ʫʩʢʦʨʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ; 

3) ʜʦʚʦʜʠʪʴ ʦʙʲʝʢʪ ʜʦ ʨʘʟʨʫʰʝʥʠʷ, ʚʳʷʚʣʷʷ çʩʣʘʙʳʝ ʟʚʝʥʴʷè ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ: 

¶ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ (ʤʦʜʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ); 

¶ ʫʨʦʚʥʠ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ, ʩʢʦʨʦʩʪʝʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ; 

¶ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʟʦʥʘʭ (ʩ ʧʦʤʦʱʴʶ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ); 

¶ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʦʩʪʦʠʥʩʪʚʘ: ʚʳʩʦʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʪʨʫʜʦʸʤʢʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʦʪʦʚʦʛʦ ʦʙʨʘʟʮʘ, ʥʝ-

ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

3. ʈʘʩʯʸʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʇʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʠʙʨʘʮʠʦʥʥʫʶ ʥʘʜʸʞʥʦʩʪʴ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ. ʆʩʥʦʚʘ ð ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʆʩʥʦʚʥʳʝ ʨʘʩʯʸʪʥʳʝ ʧʦʜʭʦʜʳ: 

¶ ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ð ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʠʥʞʝʥʝʨʘ-ʨʘʩʯʸʪʯʠʢʘ. 

ʇʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʤʦʜʘʣʴʥʦʛʦ, ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ, ʧʝʨʝʭʦʜʥʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

¶ ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ð ʤʝʪʦʜ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. ʇʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʙʨʘʮʠʠ ʧʦ ʯʘʩʪʦʪʥʦʤʫ ʩʧʝʢʪʨʫ ʠ ʦʧʨʝʜʝʣʷʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ. 

¶ ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʠ ʪʝʦʨʠʠ ʥʘʜʸʞʥʦʩʪʠ ð ʩʚʷʟʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟ-

ʚʦʣʷʷ ʨʘʩʩʯʠʪʘʪʴ ʨʝʩʫʨʩ ʩʠʩʪʝʤʳ. 

ɼʦʩʪʦʠʥʩʪʚʘ: ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ, ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʠʨʪʫʘʣʴʥʳʭ ʠʪʝʨʘʮʠʡ. 
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ʅʝʜʦʩʪʘʪʢʠ: ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʫʯʸʪʘ ʩʣʦʞ-

ʥʳʭ ʬʘʢʪʦʨʦʚ (ʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʢʦʥʪʘʢʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ). 

4. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ (ʛʠʙʨʠʜʥʳʝ) ʤʝʪʦʜʳ 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʨʘʩʯʸʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʭʦʜʳ: 

1) ʉʦʟʜʘʥʠʝ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ (ʄʂʕ-ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ). 

2) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ (ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʤʦʜʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʪʦʪʠʧʘ). 

3) ɺʝʨʠʬʠʢʘʮʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʤʦʜʝʣʠ (ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ 
ʜʘʥʥʳʭ, ʫʪʦʯʥʝʥʠʝ ʤʦʜʝʣʠ). 

4) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʵʢʩ-
ʪʨʝʤʘʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ; ʚʠʙʨʦʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ; ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʢʘʮʠʡ ʙʝʟ 

ʥʦʚʳʭ ʧʨʦʪʦʪʠʧʦʚ; ʩʦʟʜʘʥʠʷ çʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘè ʠʟʜʝʣʠʷ. 

5. ʕʪʘʧʳ ʦʮʝʥʢʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ 

1) ʉʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʩʚʦʡʩʪʚʘ ʤʘʪʝ-
ʨʠʘʣʦʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ). 

2) ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʮʝʥʢʠ (ʠʩʭʦʜʷ ʠʟ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʝʩʫʨʩʦʚ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯ-
ʥʦʩʪʠ). 

3) ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʸʪʦʚ/ʠʩʧʳʪʘʥʠʡ/ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

4) ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ (ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ, ʚʳʷʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 
ʦʮʝʥʢʘ ʨʝʩʫʨʩʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ). 

5) ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ (ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʘʪʝʨʠʘʣʦʚ, 
ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ). 

6. ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ 

¶ ɺʠʙʨʦʧʨʦʯʥʦʩʪʴ ð ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ, ʨʝʩʫʨʩ ʜʦ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫ-

ʰʝʥʠʷ. 

¶ ɺʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ð ʦʪʩʫʪʩʪʚʠʝ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʚ ʟʘʧʨʝʪʥʳʭ ʟʦʥʘʭ ʚʙʣʠʟʠ ʨʝʟʦʥʘʥʩ-

ʥʳʭ ʯʘʩʪʦʪ. 

¶ ɺʠʙʨʦʩʪʘʙʠʣʴʥʦʩʪʴ ð ʥʦʨʤʠʨʫʝʤʳʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʡ ʪʦʯʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʆʮʝʥʢʘ ʚʠʙʨʘʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ ð ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡ ʚʝʩʴ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʠʩʪʝʤʳ: 

ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʤʠʥʠʨʫʶʪ ʨʘʩʯʸʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʥʘ ʩʪʘʜʠʠ ʦʪʨʘʙʦʪʢʠ 

ʠ ʚʘʣʠʜʘʮʠʠ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ 

ð ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠ ʩʦʢʨʘ-

ʱʘʪʴ ʚʨʝʤʷ ʠ ʩʪʦʠʤʦʩʪʴ ʚʳʚʦʜʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʦʢ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʤʦʜʝʣʝʡ, ʀʀ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʦʟʜʘʥʠʝʤ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆɼʐʀʇʅʀʂʆɺ ʅɸ ʐʋʄ 

Cʝʥʯʠʣʦ ɺ.ʇ.,1 ʉʠʣʴʥʷʛʠʥ ɸ.ʅ.,2 ɹʠʙʠʢ ɺ.ʃ.3 
1 ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸ21, e-mail: vps16@tpu.ru 
2 ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸ21, e-mail: ans87@tpu.ru 

3 ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʜʦʮʝʥʪ ʆʄʐ, e-mail: bibik@tpu.ru 

 

ɸʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʢʨʠ-

ʪʝʨʠʝʚ ʦʮʝʥʢʠ ʠʭ ʢʘʯʝʩʪʚʘ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʇʦʚʳʰʝʥʥʳʡ ʰʫʤʦʚʦʡ ʬʦʥ ʥʝ ʪʦʣʴʢʦ ʩʣʫʞʠʪ 

ʠʥʜʠʢʘʪʦʨʦʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʣʠ 

ʩʙʦʨʢʠ ʫʟʣʘ, ʥʦ ʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʢʦʤʬʦʨʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ ʚʩʝʛʦ ʤʝʭʘ-

ʥʠʟʤʘ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʰʠʥ ʠ ʧʨʠ-

ʙʦʨʦʚ, ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʰʫʤʘ ʧʦʜʰʠʧʥʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʝʥʜ ʚʭʦʜʥʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʧʦʜʰʠʧʥʠʢʦʚ ʉʇ-180ʄ ï ʩʪʝʥʜ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʜʰʠʧʥʠʢʦʚ (ʨʠʩ.1). 

  

 
ʈʠʩ.1 ʉʪʝʥʜ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʜʰʠʧʥʠʢʦʚ ʉʇ-1800ʄ 

ʉʪʝʥʜ ʠʤʝʝʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ, ʫʧʨʘʚʣʝ-

ʥʠʝ ʧʨʠʚʦʜʦʤ ʚʨʘʱʝʥʠʷ, ʧʦʜʘʯʝʡ ʦʩʝʚʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʫʩʠʣʠʝʤ ʧʨʠʞʘʪʠʷ ʜʘʪʯʠʢʘ 

ʚʠʙʨʘʮʠʠ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʵʢʨʘʥʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʘ ʫʧʨʘʚʣʝ-

ʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʥʩʦʨʥʦʛʦ ʤʦʥʠʪʦʨʘ. 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʫʨʦʚʥʷ ʰʫʤʘ, ʠʟʜʘʚʘ-

ʝʤʦʛʦ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ. 

ɺʳʙʨʘʥʳ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʨʘʟʥʳʤʠ ʦʩʥʦʚʥʳʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʳʪʫʝʤʳʭ ʧʦʜʰʠʧʥʠʢʦʚ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʫʩʣʦʚʠʷ: 

- ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʉʇ-1800ʄ; 

- ʚʠʙʨʦʘʢʩʝʣʝʨʦʤʝʪʨ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʧʠʩʠ ʩʧʝʢʪʨʘ ʚʠʙʨʘʮʠʡ; 

- ʩʨʝʜʘ ʧʨʦʚʝʜʝʥʠʷ: ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ; 

- ʥʘʛʨʫʟʢʘ ʧʦʜʰʠʧʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊʘ [1] 

- ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ 1800 ʦʙ/ʤʠʥ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

- ʢʘʞʜʳʡ ʧʦʜʰʠʧʥʠʢ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʩʪʝʥʜ ʧʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ; 

- ʧʨʠ ʟʘʧʫʩʢʝ ʩʪʝʥʜʘ ʚʠʙʨʦʘʢʩʝʣʝʨʦʤʝʪʨ ʧʦʜʚʦʜʠʣʩʷ ʢ ʥʝʧʦʜʚʠʞʥʦʤʫ ʥʘʨʫʞʥʦʤʫ ʢʦʣʴʮʫ ʠ 

ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʚʠʙʨʦʩʢʦʨʦʩʪʴ;  

- ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʝ ʤʝʥʝʝ 3 ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʚʦʨʦʪʦʤ ʧʦʜʰʠʧʥʠʢʘ ʥʘ 

120 ʛʨʘʜʫʩʦʚ ʩ ʮʝʣʴʶ ʫʩʨʝʜʥʝʥʠʷ ʜʘʥʥʳʭ; 

- ʩʦʙʠʨʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʫʤʘ ʚ ʜʝʮʠʙʝʣʘʭ (ʜɹ) ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʩʧʝʢʪʨʘʣʴ-

ʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ: 

- ʩʨʘʚʥʠʚʘʣʩʷ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʜʰʠʧʥʠʢʦʚ; 

- ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʯʘʩʪʦʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʰʫʤʘ;  

- ʚʳʷʚʣʝʥʳ ʧʦʜʰʠʧʥʠʢʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʰʫʤʘ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ [1] ʠ ʦʧʨʝʜʝʣʷʣʩʷ ʠʥʜʝʢʩ ʰʫʤʥʦʩʪʠ 

ʠ ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʟʥʘʯʝʥʠʷ ʦʮʝʥʠʚʘʣʠʩʴ ʢʘʢ ʛʦʜʥʳʝ ʠʣʠ ʥʝ ʛʦʜʥʳʝ. 

ʇʝʨʚʦʡ ʧʨʦʭʦʜʠʣʘ ʠʩʧʳʪʘʥʠʷ ʧʘʨʪʠʷ ʠʟ 20 ʰʪʫʢ ʰʘʨʠʢʦʚʳʭ ʨʘʜʠʘʣʴʥʳʭ ʦʜʥʦʨʷʜʥʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚ 6203ZZ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʩʴ ʚ ʟʘʚʦʜʩʢʦʡ ʩʤʘʟʢʝ ʠ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʠ ʧʝʨʝ-

ʩʤʘʟʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 2,3,4) ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʩʢʘ-

ʟʘʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ʰʫʤʥʦʩʪʠ ʥʘ ʩʨʝʜʥʠʭ (300-1800 ɻʮ) ʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ (1800-10000 ɻʮ) 

ʫʤʝʥʴʰʠʣʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 2-3 ɼɹ. ʆʜʥʘʢʦ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ (50-300 ɻʮ) ʚʠʜʥʦ,ʯʪʦ ʫʨʦʚʝʥʴ 

ʰʫʤʘ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʠ ʧʝʨʝʩʤʘʟʢʠ ʥʝ ʪʦʣʴʢʦ ʥʝ ʫʤʝʥʴʰʠʣʩʷ, ʥʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʠ ʫʚʝ-

ʣʠʯʠʣʩʷ.  

ʈʠʩ.2 ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʰʫʤʥʦʩʪʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ (50-300 ɻʮ) 

 d D  d hʘʨ  N hʘʨʠʢʦʚ d ʩʝʧ B 

1506 (2206) 30 62 7,938 14ʭ2 - 20 

203 17 40 6,75 8 28,5 - 

206 30 62 7,938 11 - 16 

6005 25 47 6,35 10 - 12 

203 17 40 6,75 8 28,5 - 
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ʈʠʩ.3 ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʰʫʤʥʦʩʪʠ ʥʘ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪʘʭ (300-1800 ɻʮ) 

 

ʈʠʩ.4 ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʰʫʤʥʦʩʪʠ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ (1800-10000 ɻʮ) 

ɺʪʦʨʦʡ ʧʨʦʭʦʜʠʣʘ ʠʩʧʳʪʘʥʠʷ ʧʘʨʪʠʷ ʠʟ ʯʝʪʳʨʝʭ ʥʦʚʳʭ ʠ ʯʝʪʳʨʝʭ ɹ/ʋ ʧʦʜʰʠʧʥʠʢʦʚ ʰʘ-

ʨʠʢʦʚʳʭ ʨʘʜʠʘʣʴʥʳʭ ʦʜʥʦʨʷʜʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ 6005 ʙʳʚʰʠʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʩʝ ʧʦʜʰʠʧ-

ʥʠʢʠ ʵʪʦʛʦ ʪʠʧʘ ʦʢʘʟʘʣʠʩʴ ʛʦʜʥʳʤʠ, ʥʦ ʫ ʙʳʚʰʠʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʰʠʧʥʠʢʦʚ ʟʘʤʝʪʥʦ ʫʚʝ-

ʣʠʯʠʣʩʷ ʠʥʜʝʢʩ ʰʫʤʥʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʥʦʩʦʤ ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʰʠʧ-

ʥʠʢʦʚ: ʩʝʧʘʨʘʪʦʨʦʚ, ʰʘʨʠʢʦʚ, ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ. 

ʊʨʝʪʴʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʘʨʪʠʠ ʠʟ 4 ʰʪʫʢ ʥʝʜʦʨʦʛʠʭ ʰʘʨʠʢʦʚʳʭ ʨʘʜʠʘʣʴʥʳʭ 

ʦʜʥʦʨʷʜʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ 6203Z ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʅʈ. ʕʪʠ ʧʦʜʰʠʧʥʠʢʠ ʧʦʢʘʟʘʣʠ ʥʘʠʭʫʜʰʠʡ 

ʨʝʟʫʣʴʪʘʪ ʠʟ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʧʨʝʚʳʩʠʣʠ ʧʨʝʜʝʣʴʥʳʡ ʧʦʨʦʛ ʰʫʤʥʦʩʪʠ ʥʘ 

ʘʙʩʦʣʶʪʥʦ ʚʦ ʚʩʝʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘ 25 ɼɹ.  
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  
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2023, 16 ʩ. 
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ɺ ʤʠʨʝ ʠʥʞʝʥʝʨʠʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʫʩʧʝʭ ʧʨʦʜʫʢʪʘ ʯʘʩʪʦ ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʝʛʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʠ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʣʝʛʢʦ ʠ ʜʝʰʝʚʦ ʝʛʦ ʤʦʞʥʦ ʦʙʩʣʫ-

ʞʠʚʘʪʴ ʠ ʨʝʤʦʥʪʠʨʦʚʘʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʇʦʜ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴʶ 

ʧʦʥʠʤʘʝʪʩʷ ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʝʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʶ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʦʙʲʝʢʪ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʫʝʤʳʝ ʬʫʥʢʮʠʠ, ʧʫʪʝʤ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ [1]. 

ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ð ɻ ʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʘʥ-

ʥʦʝ ʩʚʦʡʩʪʚʦ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʟʘʣʦʞʝʥʳ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ. ʕʪʦ ʦʩʥʦʚʘ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʩʦʟʜʘʶʪ ʠʥʞʝʥʝʨʳ-ʢʦʥʩʪʨʫʢʪʦʨʳ ʠ ʪʝʭʥʦʣʦʛʠ: 

ɼʦʩʪʫʧʥʦʩʪʴ: ʣʝʛʢʦʩʪʴ ʧʦʜʭʦʜʘ ʠʣʠ ʧʦʜʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʢ ʫʟʣʫ, ʪʨʝʙʫʶʱʝʤʫ ʢʦʥ-

ʪʨʦʣʷ, ʟʘʤʝʥʳ ʠʣʠ ʨʝʛʫʣʠʨʦʚʢʠ; 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʫʥʠʬʠʢʘʮʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʪʠʧʥʳʭ, ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʜʝʪʘʣʝʡ (ʙʦʣʪʦʚ, ʧʦʜʰʠʧʥʠʢʦʚ, ʜʘʪʯʠʢʦʚ), ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʦʠʩʢ ʟʘʧʯʘʩʪʝʡ ʠ ʩʦʢʨʘʱʘʝʪ ʥʦʤʝʥ-

ʢʣʘʪʫʨʫ ʠʥʩʪʨʫʤʝʥʪʘ; 

ɺʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ: ʩʚʦʡʩʪʚʦ ʜʝʪʘʣʝʡ ʠʣʠ ʫʟʣʦʚ ʟʘʥʠʤʘʪʴ ʩʚʦʝ ʤʝʩʪʦ ʚ ʠʟʜʝʣʠʠ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʛʦʥʢʠ, ʩʦʭʨʘʥʷʷ ʚʩʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʦʜʫʣʴʥʦʩʪʴ (ʙʣʦʯʥʦʩʪʴ): ʢʦʤʧʦʥʦʚʢʘ ʠʟʜʝʣʠʷ ʠʟ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ, ʣʝʛʢʦ ʩʥʠʤʘʝ-

ʤʳʭ ʠ ʟʘʤʝʥʷʝʤʳʭ ʙʣʦʢʦʚ (ʤʦʜʫʣʝʡ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʟʘʤʝʥʠʪʴ ʥʝʠʩʧʨʘʚʥʳʡ ʫʟʝʣ, ʘ ʨʝ-

ʤʦʥʪʠʨʦʚʘʪʴ ʝʛʦ ʫʞʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ; 

ʇʨʦʜʫʤʘʥʥʦʩʪʴ ʨʘʟʙʦʨʢʠ ʠ ʩʙʦʨʢʠ: 

ʇʨʠʤʝʥʝʥʠʝ ʙʳʩʪʨʦʩʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʢʣʠʧʩʳ, ʬʣʘʥʮʳ); 

ʆʙʝʩʧʝʯʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

ʋʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ (ʯʪʦʙʳ ʜʣʷ ʟʘʤʝʥʳ ʦʜʥʦʡ ʜʝʪʘʣʠ ʥʝ ʥʫʞʥʦ ʙʳʣʦ 

ʩʥʠʤʘʪʴ ʧʷʪʴ ʜʨʫʛʠʭ). 

ʂʦʥʪʨʦʣʝʧʨʠʛʦʜʥʦʩʪʴ: ʥʘʣʠʯʠʝ ʚʩʪʨʦʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ð ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ 

ʪʦʯʝʢ ʠ ʩʤʦʪʨʦʚʳʭ ʦʢʦʥ ʜʦ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʪʦʯʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʝʠʩʧʨʘʚʥʳʡ ʫʟʝʣ; 

ʅʘʜʝʞʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ: ʯʝʤ ʥʘʜʝʞʥʝʝ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʝʤ ʨʝʞʝ ʪʨʝʙʫʝʪʩʷ ʨʝ-

ʤʦʥʪ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʥʘʭʦʜʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʩʪʦʠʤʦʩʪʴʶ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʚʩʝʛʜʘ ʫʧʠʨʘʝʪʩʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ. 

ʉʪʦʠʤʦʩʪʴ ʟʘʧʯʘʩʪʝʡ: ʝʩʣʠ ʟʘʤʝʥʘ ʧʨʦʩʪʦʡ ʜʝʪʘʣʠ ʩʪʦʠʪ ʢʘʢ ʧʦʣʦʚʠʥʘ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ, 

ʨʝʤʦʥʪ ʪʝʨʷʝʪ ʩʤʳʩʣ; 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʨʘʙʦʪ: ʉʣʦʞʥʳʡ ʠ ʜʦʣʛʠʡ ʨʝʤʦʥʪ ʚʝʜʝʪ ʢ ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʥʘ ʦʧʣʘʪʫ 

ʪʨʫʜʘ ʠ ʧʨʦʩʪʦʷʤ; 

ʉʪʦʠʤʦʩʪʴ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʩʥʘʩʪʢʠ: ʝʩʣʠ ʜʣʷ ʨʝʤʦʥʪʘ ʪʨʝʙʫʝʪʩʷ ʜʦ-

ʨʦʛʦʩʪʦʷʱʠʡ ʫʥʠʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʵʪʦ ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ [3]. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʪʱʘ-

ʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝʭ ʘʩʧʝʢʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʘʜʝʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠ ʣʝʛʢʦ ʧʦʜʜʘʚʘʪʴʩʷ ʦʙʩʣʫ-

ʞʠʚʘʥʠʶ. 

ɺʥʝʜʨʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ-

ʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʥʠʞʘʝʪ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʞʠʟ-

ʥʝʥʥʳʡ ʮʠʢʣ. 

mailto:kdk17@tpu.ru
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ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ï ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʠʟʜʝʣʠʷ ʢ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ, ʦʙʥʘʨʫʞʝʥʠʶ 

ʠ ʫʩʪʨʘʥʝʥʠʶ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝ-

ʤʦʥʪʦʚ. 

ʉʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ (ʊʆʠʈ) ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʠʩʪʝʤʘ ʊʆʠʈ ʚʢʣʶʯʘʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʦʜʛʦʪʦʚʢʫ, ʨʝʘʣʠʟʘʮʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʩ ʟʘʜʘʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ 

ʩʠʩʪʝʤʝ ʊʆʠʈ ʧʨʠʚʝʜʝʥʳ ʥʦʨʤʘʪʠʚʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʝʞʨʝʤʦʥʪʥʳʭ ʧʝʨʠʦʜʦʚ, ʨʝʤʦʥʪ-

ʥʳʭ ʮʠʢʣʦʚ, ʧʨʦʩʪʦʝʚ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʚ ʨʝʤʦʥʪʝ (ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ) ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ, ʧʨʠʤʝʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʜʘʥʳ ʫʢʘʟʘʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʝʛʦ ʨʝʤʦʥʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʉʠʩʪʝʤʘ ʊʆʠʈ ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʪʴ:  

1) ʧʦʜʜʝʨʞʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʥʝʦʞʠ-

ʜʘʥʥʦʛʦ ʚʳʭʦʜʘ ʝʛʦ ʠʟ ʩʪʨʦʷ;  

2) ʧʨʘʚʠʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ;  

3) ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʧʦʚʳ-

ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʩʪʦʷ ʚ ʨʝʤʦʥʪʝ;  

4) ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʧʦ ʛʨʘʬʠʢʫ, ʩʦʛʣʘʩʦʚʘʥʥʦʤʫ ʩ ʧʣʘʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 

5) ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʦʩʥʦʚʫ ʉʠʩʪʝʤʳ ʊʆʠʈ ʧʦʣʦʞʝʥʦ ʩʦʯʝʪʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʣʘʥʦʚʦ-ʧʨʝʜʫ-

ʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ [2]. 

ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʟʣʘ, ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʨʝʤʦʥʪʦ-

ʧʨʠʛʦʜʥʦʩʪʴʶ, ʥʦ ʜʝʣʘʶʪ ʘʢʮʝʥʪ ʥʘ ʧʣʘʥʦʚʳʭ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ, ʘ ʥʝ ʥʘ ʫʩʪʨʘʥʝ-

ʥʠʠ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ. ʕʪʦ ʧʨʦʱʝ ʛʦʚʦʨʷ: "ʏʪʦ ʥʫʞʥʦ, ʯʪʦʙʳ ʣʝʛʢʦ ʧʨʦʚʝʩʪʠ ʊʆ (ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ)?" 

ʕʪʠ ʬʘʢʪʦʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ. ʕʪʦ ʦʩʥʦʚʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ, ʤʦʞʥʦ ʣʠ ʚ ʧʨʠʥʮʠʧʝ ʦʙ-

ʩʣʫʞʠʪʴ ʫʟʝʣ ʙʝʟ ʛʝʨʦʠʯʝʩʢʠʭ ʫʩʠʣʠʡ. 

ʌʠʟʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ: ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʨʘʪʴʩʷ ʜʦ ʫʟʣʘ ʜʣʷ ʦʩʤʦʪʨʘ, ʢʦʥʪʨʦʣʷ, ʨʝ-

ʛʫʣʠʨʦʚʢʠ ʠʣʠ ʟʘʤʝʥʳ ʨʘʩʭʦʜʥʠʢʦʚ ʙʝʟ ʨʘʟʙʦʨʘ ʩʤʝʞʥʳʭ ʩʠʩʪʝʤ. ʉʧʝʮʠʘʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥ-

ʥʳʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʋʜʦʙʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ: ʤʘʩʣʦʥʘʣʠʚʥʳʝ ʛʦʨʣʦʚʠʥʳ, ʜʨʝʥʘʞʥʳʝ ʧʨʦʙʢʠ, ʬʠʣʴʪʨʳ, 

ʢʦʥʪʨʦʣʴʥʳʝ ʜʘʪʯʠʢʠ ʚʳʥʝʩʝʥʳ ʚ ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ ʟʦʥʳ. 

ʇʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢ ʧʨʦʮʝʜʫʨʘʤ ʊʆ: ʥʘʣʠʯʠʝ ʩʤʦʪʨʦʚʳʭ ʛʣʘʟʢʦʚ ʜʣʷ ʫʨʦʚʥʷ ʞʠʜ-

ʢʦʩʪʠ, ʠʥʜʠʢʘʪʦʨʦʚ ʠʟʥʦʩʘ. ʋʥʠʬʠʢʘʮʠʷ ʪʠʧʦʚ ʨʘʩʭʦʜʥʠʢʦʚ (ʦʜʠʥʘʢʦʚʳʝ ʬʠʣʴʪʨʳ, ʧʨʦ-

ʢʣʘʜʢʠ, ʣʘʤʧʳ). 

ʃʦʛʠʩʪʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ, ʥʘʩʢʦʣʴʢʦ 

ʣʝʛʢʦ ʠ ʚʳʛʦʜʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʥʘʩʢʦʣʴʢʦ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʢʫʧʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʬʠʣʴʪʨʳ, ʩʤʘʟʢʠ, ʫʧʣʦʪʥʠʪʝʣʠ; 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ: ʤʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʘʥʘʣʦʛʠ; 

ʉʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ: ʮʝʥʘ ʨʘʩʭʦʜʥʠʢʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ; 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʨʘʙʦʪ, ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʩʧʝʮʠʘʣʠʩʪ ʪʨʘʪʠʪ ʥʘ ʦʧʝʨʘʮʠʶ. 

ʋʟʝʣ ʩ ʚʳʩʦʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʣʘʥʦʚʳʝ ʨʘʙʦʪʳ ʙʳʩʪʨʦ, 

ʩʠʣʘʤʠ ʧʝʨʩʦʥʘʣʘ ʩʨʝʜʥʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʩʝʨʴʝʟʥʳʝ ʧʦʣʦʤʢʠ ʠ ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ ʚʣʘʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ.  
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ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʚʩʝʭ ʩʪʘ-

ʜʠʷʭ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʨʦʙʦʢ ʩʢʦʨʦʩʪʝʡ ʤʝʪʘʣʣʦʨʝʞʫ-

ʱʠʭ ʩʪʘʥʢʦʚ -ʟʘʜʘʯʘ, ʩʦʯʝʪʘʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʯʥʦʩʪʠ, ʛʘʙʘʨʠʪʘʤ, ʢʠʥʝʤʘʪʠʢʝ ʠ ʪʝʭʥʦʣʦ-

ʛʠʯʥʦʩʪʠ. ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʶʪ ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʫʤʝʥʴʰʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ. ʆʜʥʠʤ ʠʟ ʧʦʣʝʟʥʳʭ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-3D ʷʚʣʷʝʪʩʷ ʧʨʠʢʣʘʜʥʦʝ ʧʨʠʣʦʞʝʥʠʝ çʄʝʭʘʥʠʢʘè, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʦʝ ʜʣʷ ʨʘʩʯʸʪʦʚ ʠ ʘʥʘʣʠʟʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʥʘʩʪʦʷʱʝʤ 

ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ çʄʝʭʘʥʠʢʘè ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥ-

ʪʦʚ ʢʦʨʦʙʦʢ ʩʢʦʨʦʩʪʝʡ ð ʰʝʩʪʝʨʸʥ, ʚʘʣʦʚ, ʚʪʫʣʦʢ, ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʚ ʩʙʦʨʝ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

¶ ʧʨʦʚʝʜʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʧʝʨʝʜʘʯ (ʧʝʨʝʜʘʪʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʚʨʘ-

ʱʝʥʠʷ, ʩʠʥʭʨʦʥʥʦʩʪʴ); 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʟʫʙʯʘʪʳʝ ʢʦʣʸʩʘ ʠ ʚʘʣʳ; 

¶ ʨʘʩʯʸʪ ʤʦʤʝʥʪʦʚ, ʩʠʣ ʠ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ; 

¶ ʦʮʝʥʢʘ ʫʩʣʦʚʠʡ ʩʤʘʟʢʠ ʠ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ (ʚ ʨʘʤʢʘʭ ʜʦʩʪʫʧʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ); 

¶ ʧʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʧʦ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʷʤ; 

¶ ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʨʘʩʯʸʪʥʳʭ ʚʝʜʦʤʦ-

ʩʪʝʡ. 

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʩʨʝʜʩʪʚʘʤʠ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʠʨʦʚʘʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʪʨʝʭʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ (ʜʦʢʫʤʝʥʪʘʤʠ ʪʠʧʘ çɼʝʪʘʣʴè ʠʣʠ çʉʙʦʨʢʘè) ʣʠʙʦ ʩ ʛʨʘʬʠʯʝʩʢʠʤʠ ʜʦ-

ʢʫʤʝʥʪʘʤʠ (ʜʦʢʫʤʝʥʪʘʤʠ ʪʠʧʘ çʌʨʘʛʤʝʥʪè ʠʣʠ çʏʝʨʪʝʞè). ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʩʦʭʨʘʥʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʬʨʘʛʤʝʥʪʝ (ʯʝʨʪʝʞʝ) ʠʣʠ ʪʝʣʝ ʤʦʜʝʣʠ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʦʩʣʝ-

ʜʫʶʱʝʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʧʨʠʣʦʞʝʥʠʷ 

ɹʣʘʛʦʜʘʨʷ ʚʩʪʨʦʝʥʥʳʤ ʤʦʜʫʣʷʤ: çʄʦʜʫʣʴ ʨʘʩʯʝʪʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʂʆʄʇɸʉ-

GEARSè ʠ çʄʦʜʫʣʴ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘè ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʨʘʩ-

ʯʝʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʥʘʟʥʘʯʠʪʴ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʥʘʧʦʣ-

ʥʠʪʴ ʙʘʟʫ ʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʦʪʯʝʪʦʚ 

ʠ ʩʦʭʨʘʥʝʥʳ ʚ ʣʶʙʦʤ ʫʜʦʙʥʦʤ ʬʦʨʤʘʪʝ. ʉʪʘʥʜʘʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʂʆʄʇɸʉ-ɻʨʘʬʠʢ ʧʦʟʚʦʣʷʶʪ 

ʙʳʩʪʨʦ ʦʬʦʨʤʠʪʴ ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚ-

ʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʉʨʝʜʩʪʚʘʤʠ ʙʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʪʘ ʧʨʠʣʦʞʝʥʠʷ çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 3Dè ʤʦʛʫʪ 

ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ: ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʘʷ ʧʝʨʝʜʘʯʘ ʚʥʝʰʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ, ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ, ʧʣʘʥʝ-

ʪʘʨʥʘʷ ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ ɼʞʝʡʤʩʘ ʩ ʦʜʥʦʚʝʥʮʦʚʳʤʠ ʩʘʪʝʣʣʠʪʘʤʠ, ʚʠʥʪʦʚʘʷ ʵʚʦʣʴʚʝʥʪʥʘʷ 

ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ, ʨʝʝʯʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ, ʢʦʥʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʩ ʧʨʷ-

ʤʳʤʠ ʟʫʙʴʷʤʠ, ʯʝʨʚʷʯʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ, ʮʝʧʥʘʷ ʧʝʨʝʜʘʯʘ ʩ ʧʨʠʚʦʜʥʦʡ ʨʦʣʠʢʦʚʦʡ 

ʠʣʠ ʚʪʫʣʦʯʥʦʡ ʮʝʧʴʶ, ʢʣʠʥʦʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ, ʧʣʦʩʢʦʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ, ʟʫʙʯʘʪʘʷ ʛʣʫʭʘʷ 

ʤʫʬʪʘ. 

ʇʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʧʨʦʝʢʪʥʳʝ ʨʘʩʯʝʪʳ, ʨʘʩʯʝʪʳ ʧʝʨʝʜʘʯ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ. 

ɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 3D. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʨʘʩʰʠʨʷʝʪ ʩʧʠʩʦʢ ʧʨʦʝʢʪʠ-

ʨʫʝʤʳʭ ʧʝʨʝʜʘʯ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʝʨʝʜʘʯ: ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ ʩ ʟʘʮʝʧʣʝʥʠʝʤ ʅʦʚʠʢʦʚʘ, ʢʦʥʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʩ 

ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ, ʢʦʥʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ ʩ ʧʨʷʤʳʤʠ ʟʫʙʴʷʤʠ, 
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ʛʠʧʦʠʜʥʫʶ ʧʝʨʝʜʘʯʫ, ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʧʝʨʝʜʘʯʫ çʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʯʝʨʚʷʢ ï ʎʠʣʠʥʜʨʠʯʝʩʢʦʝ ʢʦ-

ʩʦʟʫʙʦʝ ʢʦʣʝʩʦè, ʯʝʨʚʷʯʥʫʶ ʛʣʦʙʦʠʜʥʫʶ ʧʝʨʝʜʘʯʫ, ʯʝʨʚʷʯʥʦ-ʨʝʝʯʥʳʝ ʧʝʨʝʜʘʯʠ, ʟʫʙʯʘʪʫʶ ʩʦ-

ʝʜʠʥʠʪʝʣʴʥʫʶ ʤʫʬʪʫ, ʟʫʙʯʘʪʦʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ, ʮʝʚʦʯʥʫʶ ʧʝʨʝʜʘʯʫ, ʧʣʦʩʢʦʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʧʝʨʝʜʘʯʫ, ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚʥʝʰʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ ʩ ʘʨʦʯʥʳʤʠ ʟʫʙʴʷʤʠ, ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚʥʝʰʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ (ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʨʘʩ-

ʯʸʪʘ), ʮʝʧʥʫʶ ʧʝʨʝʜʘʯʫ ʩ ʟʫʙʯʘʪʦʡ ʧʨʠʚʦʜʥʦʡ ʮʝʧʴʶ, ʧʣʘʥʝʪʘʨʥʦ-ʮʝʚʦʯʥʫʶ ʧʝʨʝʜʘʯʫ, 

ʰʝʩʪʨʸʥʥʳʡ ʥʘʩʦʩ ʚʥʝʰʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ: 

¶ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʤʦʞʥʦ ʥʘʯʘʪʴ ʢʘʢ ʩ 2D (ʵʩʢʠʟ, ʯʝʨʪʝʞ), ʪʘʢ ʠ ʩ 3D-ʤʦʜʝʣʠ (ʜʝ-

ʪʘʣʴ, ʩʙʦʨʢʘ). 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: 

o ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʤʝʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʝʢʪʠʨʦ-

ʚʘʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ ʚʥʝʰʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ ʩ ʵʚʦʣʴʚʝʥʪ-

ʥʳʤʠ ʟʫʙʴʷʤʠ, ʠʤʝʶʱʫʶ ʦʧʪʠʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ: ʢʦʥ-

ʪʘʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʧʦ ʠʟʛʠʙʫ, ʨʘʚʥʦʧʨʦʯʥʦʩʪʠ ʟʫʙʴʝʚ, ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʝʜʘʥʠʶ, ʧʣʘʚʥʦʩʪʠ ʨʘʙʦʪʳ. 

o ʇʨʦʝʢʪʥʳʝ ʨʘʩʯʝʪʳ ʧʝʨʝʜʘʯ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʩʦʟʜʘʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝ-

ʣʷʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʦʥ-

ʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʨʷʜ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʜʘʯ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʟʘ-

ʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

o ʆʧʪʠʤʠʟʘʮʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʣʦʞʝʥʠʷ çʆʧʪʠʤʠʟʘʮʠʷ IOSO-Kè, ʜʣʷ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʚʦʣʴʚʝʥʪʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝ-

ʨʝʜʘʯ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʯʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʧʣʘʚʥʦʩʪʠ. 

¶ ʇʨʦʝʢʪʠʨʦʚʘʪʴ ʜʝʪʘʣʠ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ 

ʙʘʟʦʡ (ɻʆʉʊ, ʆʉʊ), ʥʦ ʠ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʜʨʫʛʠʭ ʩʪʨʘʥ (AGMA, ASA, DIN, ISO, JIS, 

GBT). ʇʨʠʤʝʥʝʥʠʝ ʟʘʨʫʙʝʞʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʨʝʤʦʥʪʫ ʠʤʧʦʨʪʥʳʭ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ, ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʦʚ ʠ ʩʥʠʞʝʥʠʶ ʮʝʥʳ ʨʝʤʦʥʪʘ ʩʣʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. 

¶ ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʫʙʯʘʪʦʨʝʤʸʥʥʳʭ ʠ ʢʣʠʥʦʨʝʤʝʥʥʳʭ ʰʢʠʚʦʚ ʨʝʤʝʥʴ ʤʦʞʥʦ ʚʳ-

ʙʨʘʪʴ ʢʘʢ ʧʦ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʪʘʢ ʠ ʧʦ ʢʘʪʘʣʦʛʘʤ ʢʦʤʧʘʥʠʠ Optibelt (ɻʝʨʤʘ-

ʥʠʷ). 

¶ 2D-ʧʨʦʬʠʣʠ ʟʫʙʯʘʪʳʭ ʚʝʥʮʦʚ ʠ ʛʝʥʝʨʠʨʫʝʤʳʝ 3D-ʤʦʜʝʣʠ ʘʙʩʦʣʶʪʥʦ ʧʨʘʚʠʣʴʥʳ ʠ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʳ. ʆʥʠ ʙʝʟʦ ʚʩʷʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ. ɻʝʥʝʨʘʮʠʷ 3D-ʤʦʜʝʣʝʡ ʚʝʥʮʦʚ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ʜʦʩʪʫʧʥʘ ʩ ʫʯʝʪʦʤ ʜʦʧʫʩʢʘ. ɻʝʥʝʨʘʮʠʷ ʟʫʙʯʘʪʳʭ ʚʝʥʮʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʝ 

ʷʜʨʘ C3D ʂʆʄʇɸʉ-3D. 

ʅʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ 

ʜʝʪʘʣʠ ʧʦ ʩʣʦʞʥʦʬʦʨʤʠʨʫʝʤʳʤ ʤʦʜʝʣʷʤ, ʪʘʢʠʝ ʢʘʢ ʯʝʨʚʷʯʥʳʝ ʢʦʣʝʩʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠ ʛʣʦ-

ʙʦʠʜʥʦʡ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ, ʢʦʥʠʯʝʩʢʠʝ ʰʝʩʪʝʨʥʠ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ 

ʨʘʟ ʦʥʠ ʟʘʩʣʫʞʠʚʘʣʠ ʚʳʩʦʢʫʶ ʦʮʝʥʢʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʠʩʪʝʤʘ çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 2Dè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʘʣʦʚ ʠ ʚʪʫʣʦʢ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʢʦʥʠʯʝʩʢʠʭ ʰʝʩʪʝʨʸʥ, ʯʝʨʚʷʯʥʳʭ ʢʦʣʸʩ ʠ 

ʯʝʨʚʷʢʦʚ, ʰʢʠʚʦʚ ʢʣʠʥʦʨʝʤʝʥʥʳʭ ʠ ʟʫʙʯʘʪʦʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ, ʟʚʸʟʜʦʯʝʢ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ, 

ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ çʂʆʄʇɸʉ-3Dè, ʛʝʥʝʨʠʨʫʷ ʪʨʸʭʤʝʨʥʳʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʥʘ ʦʩ-

ʥʦʚʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʦʡ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ.   

ʇʨʠʣʦʞʝʥʠʝ çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 3Dè ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʸʪ ʠ ʧʦ-

ʩʪʨʦʝʥʠʝ ʚʠʥʪʦʚʦʡ ʵʚʦʣʴʚʝʥʪʥʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ. ʊʘʢʞʝ ʚ ʥʸʤ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠ-

ʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ.   
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʆʅʆɺʆʏʅʓʍ ʈɽʐɽʅʀʁ ʄɸʐʀʅ ʉ ʋʏɽʊʆʄ  

ʉɹʆʈʆʏʅʓʍ ʊʈɽɹʆɺɸʅʀʁ 

ʏʝʨʯʝʥʢʦ ɺ.ʂ. 

ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸ31 

e-mail: vkc4@tpu.ru  

 

ʂʦʤʧʦʥʦʚʢʘ ʢʘʢ ʦʩʥʦʚʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ: ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢ ʧʨʦʘʢʪʠʚʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ ʤʘʰʠʥʳ. ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʧʝʨʝʞʠʚʘʝʪ ʛʣʫʙʦʢʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ. 

ɽʩʣʠ ʨʘʥʴʰʝ ʢʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʝʤ ʫʩʧʝʭʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʯʠʪʘʣʠʩʴ ʝʸ ʤʦʱʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠʣʠ 

ʥʘʜʸʞʥʦʩʪʴ, ʪʦ ʩʝʛʦʜʥʷ ʛʣʘʚʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʩʦʚʦʢʫʧʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʚʩʸʤ ʞʠʟʥʝʥʥʦʤ 

ʮʠʢʣʝ ʠʟʜʝʣʠʷ ð ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʘʞʝ 

ʫʪʠʣʠʟʘʮʠʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʦʤʧʦʥʦʚʢʘ ʤʘʰʠʥʳ ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʟʘʜʘʯʝʡ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʝʸ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʥʘ 

60ï80%. 

ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦ ʩʠʭ ʧʦʨ ʜʦʤʠʥʠʨʫʝʪ ʫʩʪʘʨʝʚʰʠʡ, ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. ʂʦʥʩʪʨʫʢʪʦʨʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʫʟʣʳ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʊʝʭʥʦʣʦʛʠ ʧʦʣʫʯʘʶʪ ʛʦʪʦʚʳʡ ʯʝʨʪʸʞ ʠ ʚʳʥʫʞʜʝʥʳ çʩʦʙʠʨʘʪʴ ʪʦ, ʯʪʦ 

ʜʘʣʠè, ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʚʟʘʠʤʥʳʤʠ ʥʘʢʣʘʜʢʘʤʠ, ʥʝʜʦʩʪʫʧʥʳʤʠ ʟʦʥʘʤʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʟʦʨʦʚ. ɸ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʠ ʚ ʠʪʦʛʝ ʙʦʨʶʪʩʷ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʥʝʚʦʟʤʦʞʥʦʡ 

ʩʙʦʨʢʦʡè ð ʢʦʛʜʘ ʤʘʰʠʥʘ ʚʨʦʜʝ ʙʳ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ, ʥʦ ʩʦʙʨʘʪʴ ʝʸ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʢʫʚʘʣʜʳ ʠ ʚʜʦʭʥʦʚʝʥʠʷ. 

ʇʦʩʣʝʜʩʪʚʠʷ ʪʘʢʦʛʦ ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʝʯʘʣʴʥʳ ʠ 

ʧʨʝʜʩʢʘʟʫʝʤʳ: 

ð ʨʝʟʢʦ ʨʘʩʪʸʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟ-ʟʘ ʧʝʨʝʜʝʣʦʢ ʠ ʙʨʘʢʘ, 

ð ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʨʦʢʠ ʚʳʚʦʜʘ ʧʨʦʜʫʢʪʘ ʥʘ ʨʳʥʦʢ, 

ð ʩʥʠʞʘʝʪʩʷ ʛʠʙʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ, 

ð ʩʪʨʘʜʘʝʪ ʤʦʨʘʣʴ ʧʝʨʩʦʥʘʣʘ, ʢʦʪʦʨʳʡ ʚʳʥʫʞʜʝʥ çʜʦʜʫʤʳʚʘʪʴè ʟʘ ʢʦʥʩʪʨʫʢʪʦʨʦʚ. 

ʂʦʨʝʥʴ ʧʨʦʙʣʝʤʳ ð ʚ ʪʦʤ, ʯʪʦ ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʙʝʟ ʩʠʩʪʝʤʥʦʛʦ 

ʫʯʸʪʘ ʩʙʦʨʦʯʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʙʳʪʴ ʘʨʭʠ-

ʪʝʢʪʫʨʥʦʡ ʦʩʥʦʚʦʡ, ʢʦʤʧʦʥʦʚʢʘ ʩʚʦʜʠʪʩʷ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʨʘʟʤʝʱʝʥʠʶ ʫʟʣʦʚ ʚ ʢʦʨʧʫʩʝ. 

ʄʝʞʜʫ ʪʝʤ ʠʤʝʥʥʦ ʢʦʤʧʦʥʦʚʢʘ ʟʘʜʘʸʪ ʚʩʶ ʣʦʛʠʢʫ ʩʙʦʨʢʠ, ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʧʝʨʘʮʠʡ, ʜʦʩʪʫʧʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʠ ʜʘʞʝ ʵʨʛʦʥʦʤʠʢʫ ʨʘʙʦʪʳ ʩʙʦʨʱʠʢʘ. ʉʦʚʨʝʤʝʥ-

ʥʳʡ ʠʥʞʝʥʝʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʥʦʚʳʤ ʢʘʯʝʩʪʚʦʤ ʤʳʰʣʝʥʠʷ: ʫʤʝʪʴ ʚʠʜʝʪʴ ʟʘ ʛʝʦʤʝʪʨʠʝʡ ð 

ʧʨʦʮʝʩʩ, ʟʘ ʬʦʨʤʦʡ ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʙʦʨʢʠ, ʟʘ ʫʟʣʦʤ ð ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩ ʥʠʤ 

ʨʘʙʦʪʘʪʴ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʨʝʘʢʪʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (çʫ ʥʘʩ ʫʞʝ ʝʩʪʴ ʢʦʥʩʪʨʫʢʮʠʷ, ʪʝ-

ʧʝʨʴ ʧʦʧʨʦʙʫʝʤ ʝʸ ʩʦʙʨʘʪʴè) ʢ ʧʨʦʘʢʪʠʚʥʦʤʫ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯ-

ʥʦʩʪʠ, ʩʙʦʨʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʤʘʰʠʥʳ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʧʨʦʩʪʦ ʫʣʫʯʰʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ð ʦʥ ʬʦʨʤʠʨʫʝʪ ʮʝ-

ʣʦʩʪʥʫʶ, ʞʠʟʥʝʩʧʦʩʦʙʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ ʜʝʪʘʣʴ ʟʘʥʠʤʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʚʦʸ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʝ, ʥʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʠ ʣʦʛʠʩʪʠʯʝʩʢʦʝ çʤʝʩʪʦè. ʀ ʠʤʝʥʥʦ ʪʘ-

ʢʘʷ ʤʘʰʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ. 

ɻʣʘʚʥʘʷ ʦʰʠʙʢʘ ð ʩʯʠʪʘʪʴ ʢʦʤʧʦʥʦʚʢʫ ʧʦʩʣʝʜʥʠʤ ʰʘʛʦʤ ʚ ʧʨʦʝʢʪʝ. ɽʩʣʠ ʝʸ ʥʝ ʧʨʦʜʫ-

ʤʘʪʴ ʩʨʘʟʫ, ʚʦʟʥʠʢʘʶʪ ʦʛʨʦʤʥʳʝ ʧʨʦʙʣʝʤʳ: 

¶ ʅʘ ʩʪʘʜʠʠ ʩʙʦʨʢʠ: ʜʝʪʘʣʠ ʥʝ ʩʪʳʢʫʶʪʩʷ, ʥʝʣʴʟʷ ʧʦʜʦʙʨʘʪʴʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ. 

¶ ʅʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʧʨʦʩʪʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʩʣʦʞʥʳʡ ʨʝʤʦʥʪ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʜʭʦʜ ʢ ʢʦʤʧʦʥʦʚʢʝ ʚʦ ʤʥʦʛʠʭ ʢʦʤʧʘʥʠʷʭ ʦʩʪʘʝʪʩʷ 

ʫʩʪʘʨʝʚʰʠʤ ʠ ʩʦʟʜʘʝʪ ʩʠʩʪʝʤʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ. 

1. ʈʘʟʨʳʚ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʕʪʦ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ. ʂʦʥʩʪʨʫʢʪʦʨʳ ʠ ʪʝʭʥʦʣʦʛʠ ʨʘʙʦʪʘʶʪ ʠʟʦʣʠʨʦʚʘʥʥʦ. 
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¶ ʂʦʥʩʪʨʫʢʪʦʨʳ ʚ ʩʚʦʠʭ CAD-ʩʠʩʪʝʤʘʭ ʩʦʟʜʘʶʪ "ʠʜʝʘʣʴʥʫʶ" ʛʝʦʤʝʪʨʠʶ, often ʚ 

ʦʪʨʳʚʝ ʦʪ ʨʝʘʣʴʥʦʩʪʠ ʮʝʭʘ. ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʯʥʦʡ ʠ ʢʨʘʩʠʚʦʡ, ʥʦ ʥʝʚʦʟʤʦʞʥʦʡ 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʙʦʨʢʠ. 

¶ ʊʝʭʥʦʣʦʛʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʧʦʩʪʬʘʢʪʫʤ, ʢʦʛʜʘ ʯʝʨʪʝʞʠ ʫʞʝ ʫʪʚʝʨʞʜʝʥʳ. ɺʥʦʩʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʦʟʜʥʦ ʠ ʜʦʨʦʛʦ. ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʥʠʪʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʦ 

ʩʙʦʨʢʝ ʥʝ ʩʚʷʟʘʥʳ ʩ 3D-ʤʦʜʝʣʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʳʤ ʜʦʨʘʙʦʪʢʘʤ ʠ ʦʰʠʙʢʘʤ. 

2. ʆʪʩʫʪʩʪʚʠʝ ʠʟʤʝʨʠʤʳʭ ʢʨʠʪʝʨʠʝʚ "ʩʙʦʨʦʯʥʦʩʪʠ" 

ʆʮʝʥʢʘ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʠʟʜʝʣʠʝ ʫʜʦʙʥʦ ʩʦʙʠʨʘʪʴ, ʯʘʩʪʦ ʚʝʜʝʪʩʷ "ʥʘ ʛʣʘʟʦʢ", ʧʦ ʦʧʳʪʫ 

ʩʪʘʨʰʠʭ ʠʥʞʝʥʝʨʦʚ. ʕʪʦ ʩʫʙʲʝʢʪʠʚʥʦ ʠ ʥʝʥʘʜʝʞʥʦ. ʅʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʲʝʢʪʠʚʥʳʝ ʠʥ-

ʜʝʢʩʳ ʩʣʦʞʥʦʩʪʠ ʩʙʦʨʢʠ (ʥʘʧʨʠʤʝʨ, ADI ð Assembly Design Index), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ 

ʙʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʠ ʩʨʘʚʥʠʪʴ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʤʧʦʥʦʚʢʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ. 

3. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʵʨʛʦʥʦʤʠʢʠ ʠ ʩʝʨʚʠʩ ʧʨʠʛʦʜʥʦʩʪʠ 

ʂʦʤʧʦʥʦʚʢʘ ʯʘʩʪʦ ʥʝ ʫʯʠʪʳʚʘʝʪ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩ ʠʟʜʝʣʠʝʤ. ʕʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ: 

¶ ʅʝʫʜʦʙʥʳʤ ʠ ʦʧʘʩʥʳʤ ʦʧʝʨʘʮʠʷʤ ʜʣʷ ʩʙʦʨʱʠʢʦʚ ʠ ʩʝʨʚʠʩʥʳʭ ʠʥʞʝʥʝʨʦʚ. 

¶ ɺʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʨʠʩʢʫ ʦʰʠʙʦʢ ʧʨʠ ʩʙʦʨʢʝ ʠ ʨʝʤʦʥʪʝ. 

¶ ʈʦʩʪʫ ʩʪʦʠʤʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʜʣʷ ʟʘʤʝʥʳ ʧʨʦʩʪʦʡ ʜʝʪʘʣʠ ʪʨʝʙʫʝʪʩʷ ʨʘʟʙʦʨʢʘ 

ʩʣʦʞʥʳʭ ʫʟʣʦʚ. 

4. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʤʦʜʫʣʴʥʦʩʪʴ 

ʂʘʞʜʘʷ ʥʦʚʘʷ ʤʘʰʠʥʘ ʯʘʩʪʦ ʧʨʦʝʢʪʠʨʫʝʪʩʷ "ʩ ʥʫʣʷ", ʙʝʟ ʦʧʦʨʳ ʥʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʙʣʦʢʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ: 

¶ ʅʠʟʢʦʡ ʛʠʙʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʦʣʛʦʤʫ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʥʘ ʨʳʥʦʢ. 

¶ ʉʣʦʞʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʝʤʦʥʪʘ, ʪʘʢ ʢʘʢ ʢʘʞʜʘʷ ʩʠʩʪʝʤʘ ʫʥʠʢʘʣʴʥʘ. 

¶ ɺʳʩʦʢʠʤ ʟʘʪʨʘʪʘʤ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʣʦʛʠʩʪʠʢʫ ʟʘʧʯʘʩʪʝʡ. 

5. ʋʩʪʘʨʝʚʰʠʝ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʤʘʰʠʥʳ ï ʵʪʦ ʬʫʥʜʘ-

ʤʝʥʪ ʝʸ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʩʙʦʨʦʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʝʤʠʥʫʝʤʦ ʚʝʜʸʪ ʢ ʨʦʩʪʫ ʟʘʪʨʘʪ, ʩʨʳʚʦʚ ʩʨʦʢʦʚ ʠ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ɺʳʭʦʜ ʠʟ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ï ʚ ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʤʧʦʥʦʚʢʘ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʢʘʢ ʧʨʦʘʢʪʠʚʥʘʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʟʘʜʘʯʘ, ʘ ʥʝ ʢʘʢ ʬʠʥʘʣʴʥʳʡ ʵʪʘʧ ʨʘʩʩʪʘʥʦʚʢʠ ʜʝʪʘʣʝʡ. 

ɺʥʝʜʨʝʥʠʝ ʧʨʠʥʮʠʧʦʚ DFMA, ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ çʩʙʦ-

ʨʦʯʥʦʩʪʠè ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʪʠʤʘʣʴʥʳʝ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, 

ʥʦ ʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʮʝʭʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʤʘʰʠʥ ʣʝʞʠʪ ʯʝ-

ʨʝʟ çʫʤʥʫʶè ʢʦʤʧʦʥʦʚʢʫ, ʛʜʝ ʚʦ ʛʣʘʚʫ ʫʛʣʘ ʩʪʘʚʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʷ, ʥʦ ʠ ʙʝʩʰʦʚʥʳʡ ʧʨʦ-

ʮʝʩʩ ʝʸ ʩʙʦʨʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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ʄʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ð ʵʪʦ ʜʚʠʛʘʪʝʣʴ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʥʪʠʯʥʳʭ ʠʟʜʝʣʠʡ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ 

ʦ ʪʳʩʷʯʘʭ, ʤʠʣʣʠʦʥʘʭ ʠʣʠ ʜʘʞʝ ʤʠʣʣʠʘʨʜʘʭ ʜʝʪʘʣʝʡ, ʢʣʶʯʝʚʳʤ ʚʳʟʦʚʦʤ ʩʪʘʥʦʚʠʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ 

ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʥʘʜʝʞʥʦʩʪʠ. ʆʜʠʥ ʜʝʬʝʢʪʥʳʡ ʵʣʝʤʝʥʪ ʚ ʛʦʪʦʚʦʤ ʠʟʜʝʣʠʠ ð 

ʙʫʜʴ ʪʦ ʘʚʪʦ, ʩʤʘʨʪʬʦʥ ʠʣʠ ʤʝʜʠʮʠʥʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ð ʩʧʦʩʦʙʝʥ ʚʳʟʚʘʪʴ ʩʝʨʴʸʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ: ʦʪ 

ʤʘʩʩʦʚʦʛʦ ʦʪʟʳʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʪʝʨʠ ʜʦʚʝʨʠʷ ʢʣʠʝʥʪʦʚ ʜʦ ʫʛʨʦʟʳ ʞʠʟʥʠ ʣʶʜʝʡ. ʇʦʵʪʦʤʫ ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ, ʘ ʢʘʢ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʘʥʠʠ. 

ʂʘʞʜʘʷ ʥʘʫʢʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. ʊʝʦʨʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʘʢʞʝ ʠʤʝʝʪ 

ʩʚʦʠ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ. ʂ ʥʠʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʠʪʩʷ ʦʪʢʘʟ. ʇʦʜ ʦʪʢʘʟʦʤ ʧʦʥʠʤʘʶʪ ʩʦʙʳʪʠʝ, 

ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʘʨʫʰʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʘʰʠʥʳ. ɺʪʦʨʳʤ ʧʦʥʷʪʠʝʤ ʥʘʜʝʞʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʩʘʤʘ çʥʘʜʝʞʥʦʩʪʴè, ʦ ʢʦʪʦʨʦʡ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʠ ʧʦʡʜʝʪ ʨʝʯʴ.  

ʅʘʜʝʞʥʦʩʪʴ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʩʦʭʨʘʥʷʷ ʚʦ ʚʨʝʤʝʥʠ ʟʥʘ-

ʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʥ-

ʥʳʤ ʨʝʞʠʤʘʤ ʠ ʫʩʣʦʚʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʨʝʤʦʥʪʘʤ, ʭʨʘʥʝʥʠʶ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ). ʅʘʜʝʞʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʨʷʜʘ ʧʨʦʩʪʳʭ: ʙʝʟʦʪ-

ʢʘʟʥʦʩʪʠ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʩʦʭʨʘʥʷʝʤʦʩʪʠ. ɺ ʨʘʟʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʦʪʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʪʴ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠʟʜʝʣʠʷ, ʦʜʥʘʢʦ ʥʠ ʦʜʥʘ 

ʠʟ ʥʠʭ ʥʝ ʩʧʦʩʦʙʥʘ ʧʦʣʥʦʩʪʴʶ ʝʸ ʦʧʨʝʜʝʣʠʪʴ. 

ʉʦʭʨʘʥʷʝʤʦʩʪʴ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʠʟʜʝʣʠʷ ʥʝʧʨʝʨʳʚʥʦ ʩʦʭʨʘʥʷʪʴ ʠʩʧʨʘʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʦʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ 

(ʅʊɼ), ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʜʝʣʠʝ ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʩʦʭʨʘʥʷʷ 

ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʝʜʝʣʘʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʅʊɼ. ʉʦʭʨʘʥʷʝʤʦʩʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪ ʦʜʥʫ ʠʟ ʩʪʦʨʦʥ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʡ ʩʝʟʦʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʤʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʠʟʜʝʣʠʷ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʠ ʨʝʤʦʥʪʦʚ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʜʘʣʴʥʝʡʰʘʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʢʨʘʱʝʥʘ ʠʟ-ʟʘ ʥʝʫʩʪʨʘʥʠʤʳʭ ʥʘʨʫʰʝʥʠʡ. ʂʦʛʜʘ 

ʠʟʜʝʣʠʝ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʝʛʦ ʦʪʧʨʘʚʣʷʶʪ ʚ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʠʣʠ ʩʧʠʩʳ-

ʚʘʶʪ.  

ɹʝʟʦʪʢʘʟʥʦʩʪʴ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʠʟʜʝʣʠʷ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦ ʩʦʭʨʘ-

ʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʠʟʜʝʣʠʷ ʠʣʠ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʝʛʦ ʨʘʙʦʪʳ ʙʝʟ ʚʳʥʫʞʜʝʥʥʳʭ ʧʝʨʝʨʳʚʦʚ. 

ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ï ʵʪʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʠʟʜʝʣʠʷ ʢ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ, ʦʙʥʘʨʫʞʝʥʠʶ ʠ 

ʫʩʪʨʘʥʝʥʠʶ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʚ. 

ɺ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʛʣʦʙʘʣʠʟʘʮʠʠ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦ-

ʜʫʢʮʠʠ ʩʪʘʣʠ ʥʝ ʧʨʦʩʪʦ ʞʝʣʘʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʞʠʚʘʥʠʷ ʙʠʟ-

ʥʝʩʘ. ʆʜʥʘʢʦ ʜʦʩʪʠʯʴ ʠʭ ʚ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ð ʛʜʝ ʩʯʝʪ ʜʝʪʘʣʝʡ ʠʜʝʪ ʥʘ ʤʠʣʣʠʦʥʳ ð ʥʝʚʦʟ-

ʤʦʞʥʦ ʙʝʟ ʧʨʦʜʫʤʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʥʘʙʦʨ ʨʘʟʨʦʟʥʝʥʥʳʭ ʧʨʦʚʝ-

ʨʦʢ, ʘ ʝʜʠʥʳʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ, ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʬʠʥʘʥʩʦʚʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ, ʧʨʦʯʥʦʩʪʴ ʝʝ ʨʝʧʫʪʘʮʠʠ ʠ ʣʦʷʣʴʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

ʂʣʶʯʝʚʳʝ ʟʘʜʘʯʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ:  

1. ʇʨʝʜʦʪʚʨʘʱʝʥʠʠ, ʘ ʥʝ ʦʙʥʘʨʫʞʝʥʠʠ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ð ʩʤʝʩʪʠʪʴ ʬʦʢʫʩ ʩ ʚʳʷʚʣʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʧʦʩʣʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʠʭ ʥʝʜʦʧʫʱʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ:  

o ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ (SPC, Statistical Process Control): ʤʦʥʠʪʦʨʠʥʛ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʡ, ʚʝʜʫʱʠʭ ʢ ʙʨʘʢʫ. 

o ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (DoE, Design of Experiments): ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʦʧ-

ʪʠʤʘʣʴʥʳʭ ʥʘʩʪʨʦʝʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʳʭʦʜʘ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
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o ɸʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ (FMEA, Failure Mode and Effects 

Analysis): ʧʨʦʘʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʤʦʞʝʪ ʧʦʡʪʠ ʥʝ ʪʘʢ, ʜʦ ʪʦʛʦ, ʢʘʢ ʵʪʦ ʧʨʦ-

ʠʟʦʡʜʝʪ. 

 

 
ʈʠʩ. 1. ʂʣʶʯʝʚʳʝ ʟʘʜʘʯʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ 

2. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ. ʂʘʞʜʘʷ ʜʝʪʘʣʴ ʠʣʠ ʧʘʨʪʠʷ ʜʦʣʞʥʳ ʠʤʝʪʴ ʫʥʠʢʘʣʴ-

ʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʜʠʪʴ ʠʩʪʦʨʠʶ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʢʘʢʦʝ ʩʳʨʴʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ, 

ʥʘ ʢʘʢʦʤ ʩʪʘʥʢʝ ʠ ʢʝʤ ʦʥʘ ʙʳʣʘ ʩʜʝʣʘʥʘ. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʦʪʟʳʚʥʳʭ ʢʘʤʧʘʥʠʡ. 

3. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʤʝʪʨʦʣʦʛʠʷ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʪʦʯʥʳʤʠ ʠ ʚʦʩʧʨʦʠʟʚʦ-

ʜʠʤʳʤʠ. ʕʪʦ ʪʨʝʙʫʝʪ: 

o ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʚʝʨʝʥʥʦʛʦ ʠ ʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

o ʏʝʪʢʠʭ ʠ ʦʜʥʦʟʥʘʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʧʨʦʜʫʢʮʠʶ. 

4. ʋʧʨʘʚʣʝʥʠʝ ʥʘʜʝʞʥʦʩʪʴʶ. ɿʘʜʘʯʘ ð ʥʝ ʧʨʦʩʪʦ ʧʨʦʚʝʨʠʪʴ ʜʝʪʘʣʴ çʟʜʝʩʴ ʠ ʩʝʡʯʘʩè, ʘ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʙʝʟʦʪʢʘʟʥʫʶ ʨʘʙʦʪʫ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʟʘʷʚʣʝʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʕʪʦ 

ʚʢʣʶʯʘʝʪ: 

o ʋʩʢʦʨʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʥʘʜʝʞʥʦʩʪʴ: ʜʝʪʘʣʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʚʠʙʨʘʮʠʷ, ʚʣʘʞʥʦʩʪʴ) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘ ʢʦʨʦʪʢʠʡ ʩʨʦʢ. 

o ɸʥʘʣʠʟ ʜʝʬʝʢʪʦʚ ʠ ʦʪʢʘʟʦʚ: ʪɦ ʘʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʞʜʦʡ ʙʨʘʢʦʚʘʥʥʦʡ ʜʝʪʘʣʠ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʨʥʝʚʦʡ ʧʨʠʯʠʥʳ (ʤʝʪʦʜ ç5 ʧʦʯʝʤʫè) ʠ ʧʨʠʥʷʪʠʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʝʡʩʪʚʠʡ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʜʫʩʪʨʠʷ ʧʨʝʜʣʘʛʘʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ð ʦʪ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʆʜʥʘʢʦ ʩʘʤʠ ʧʦ ʩʝʙʝ ʵʪʠ ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʨʝʟʫʣʴʪʘʪʘ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʠ ʨʘʙʦʪʘʶʪ ʚ 

ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʥʘ ʤʘʩʩʦʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʬʦʢʫʩ ʜʦʣʞʝʥ ʩʤʝʱʘʪʴʩʷ ʩ ʧʦʠʩʢʘ çʠʜʝʘʣʴʥʳʭ ʤʝʪʦʜʦʚè ʥʘ ʩʦʟʜʘʥʠʝ ʮʝʣʦʩʪʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʛʜʝ ʢʘʞʜʳʡ ʠʥʩʪʨʫʤʝʥʪ ʨʘʙʦʪʘʝʪ ʥʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʠ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥ ʚ ʦʙʱʫʶ ʬʠʣʦʩʦʬʠʶ ʢʘʯʝʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʂʦʣʝʥʯʘʪʳʡ ʚʘʣ (ʢʦʣʝʥʚʘʣ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʶʙʦʛʦ ʧʦʨʰ-

ʥʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʊʘʢʞʝ, ʢʦʣʝʥʚʘʣ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝ-

ʥʠʠ ɻ ʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʧʝʨʝʜʘʚʘʷ ʤʦʱʥʦʩʪʴ ʦʪ ʮʠʣʠʥʜʨʦʚ ʢ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʘʤ 

ʤʘʰʠʥʳ. ʆʥ ʧʨʝʦʙʨʘʟʫʝʪ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦʨʰʥʝʡ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ, ʢʦ-

ʪʦʨʦʝ ʯʝʨʝʟ ʤʘʭʦʚʠʢ ʠ ʪʨʘʥʩʤʠʩʩʠʶ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʢʦʣʸʩʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ CAE-ʨʘʩʯʸʪ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʥʘ ʧʨʦʯʥʦʩʪʴ. ʈʝʰʝʥʠʝ 

ʨʘʙʦʪʘʪʴ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚ ʧʨʦʛʨʘʤʤʝ SolidWorks 2020, ʪ.ʢ. ʜʘʥʥʦʝ ʇʆ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯ-

ʥʳʤ ʚ ʬʦʨʤʘʪʝ CAE-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʙʳʣ ʚʳʙʨʘʥ çʂʦʚʢʠʡ 

ʯʫʛʫʥè. ʅʘ ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ ʙʳʣ ʧʨʠʣʦʞʝʥ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 200 ʅʤ (ʨʦʟʦʚʳʡ ʮʚʝʪ), ʟʘʢʨʝʧʣʝ-

ʥʠʝ ʚ ʧʦʜʰʠʧʥʠʢʘʭ (ʩʠʥʠʡ ʮʚʝʪ), ʟʘʢʨʝʧʣʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ (ʟʝʣʸʥʳʡ 

ʮʚʝʪ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʚʢʦʛʦ ʯʫʛʫʥʘ: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ð ʦʢʦʣʦ 120 ʄʇʘ, ʤʦ-

ʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ð ʧʨʠʤʝʨʥʦ 110 ɻʇʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ð ʦʢʦʣʦ 0.2. ʄʦʜʝʣʴ ʙʳʣʘ ʩʦ-

ʙʨʘʥʘ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ, ʚʢʣʶʯʘʷ ʢʨʠʚʦ-

ʰʠʧʳ ʠ ʰʘʪʫʥʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʦʣʝʝ ʪʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

 
ʈʠʩ. 1. ʇʨʠʣʦʞʝʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʟʘʢʨʝʧʣʝʥʠʡ 

ʇʦʩʣʝ ʵʪʦʛʦ, ʙʳʣʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʩʝʪʢʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʯʘʩʪʴʶ ʨʘʙʦʪʳ ʚ 

CAE. ɹʝʟ ʥʝʸ ʚʦʦʙʱʝ ʥʝ ʧʦʣʫʯʠʪʩʷ ʧʦʣʫʯʠʪʴ ʥʠʢʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʝʪʢʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʩʧʝʮʠ-

ʘʣʴʥʳʤ ʦʙʨʘʟʦʤ: ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ð ʦʥʘ ʠʤʝʝʪ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʰʘʛ, ʘ ʚ ʤʝʩʪʘʭ, ʛʜʝ 

ʠʤʝʶʪʩʷ ʦʪʚʝʨʩʪʠʷ (ʜʣʷ ʚʠʥʪʦʚ, ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ, ʜʣʷ ʧʨʦʭʦʜʘ ʤʘʩʣʘ) ð ʙʦʣʝʝ ʤʝʣʢʠʡ ʰʘʛ. 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʟʘʧʫʩʢʘʝʤ ʨʘʩʯʸʪ ʠ ʧʦʣʫʯʘʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʜʠʘʛʨʘʤʤʳ:  

1. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʡ. 

2. ɼʠʘʛʨʘʤʤʘ ʧʝʨʝʤʝʱʝʥʠʡ. 

3. ɼʠʘʛʨʘʤʤʘ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʜʦʙʘʚʠʪʴ ʝʱʸ ʠ ʜʠʘʛʨʘʤʤʫ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʡ                            ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʧʝʨʝʤʝʱʝʥʠʡ 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʜʝʬʦʨʤʘʮʠʠ                                ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ ʧʨʦʯʥʦʩʪʠ 

 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ CAE-ʨʘʩʯʸʪʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ, 

ʚʳʷʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʟʦʥʳ ʠʭ ʤʘʢʩʠʤʫʤʘ, ʘ ʪʘʢʞʝ ʧʨʦʩʯʠʪʘʥʘ ʜʦʧʫʩʪʠʤʘʷ ʜʝʬʦʨʤʘʮʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʣʝʥʯʘʪʦʛʦ 

ʚʘʣʘ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʫʩʣʦʚʠʷʭ. ʀʟ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʨʘʟʨʫʰʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ʧʨʠ çʭʦʣʦʩʪʦʤ ʭʦʜʫè ʠ 

ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʥʘʛʨʫʟʢʝ ʠ ʜʘʞʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʥʘʛʨʫʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ.  
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ʨʝʜʫʢʪʦʨʘ / ʉʠʣʴʥʷʛʠʥ ɸ. ʅ., ʏʝʨʝʤʠʩʢʠʥʘ ʄ. ʉ. // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ : 

ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ XVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʛ. ʊʦʤʩʢ, 25ï29 ʥʦʷʙʨʷ 

2024 ʛ. / ʊʇʋ; ʨʝʜ. ʢʦʣ. ɸ. ʀ. ʉʝʯʠʥ, ʄ. ʉ. ʂʫʭʪʘ, ɽ. ʅ. ʇʘʰʢʦʚ [ʠ ʜʨ.]. ð ʊʦʤʩʢ, 2024. ð ʉ. 105-

106. ð URL: http://earchive.tpu.ru/handle/11683/85248 
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ʂ ɺʆʇʈʆʉʋ ʇʆɺʓʐɽʅʀʗ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʄɸʐʀʅ ʋɼɸʈʅʆɻʆ 

ɼɽʁʉʊɺʀʗ ɿɸ ʉʏɽʊ ʀɿʄɽʅɽʅʀʗ ɻɽʆʄɽʊʈʀʏɽʉʂʆʁ ʌʆʈʄʓ ɹʆʁʂʆɺ 

ʉʊɽʈɾʅɽɺʓʍ ʋɼɸʈʅʓʍ ʉʀʉʊɽʄ 

ʊʠʤʦʬʝʝʚ ɽ. ɻ.1, ʂʘʨʥʘʫʰʝʥʢʦ ɽ. ɸ.2 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʢʫʟʥʝʮʢ 

ʀʥʩʪʠʪʫʪ ʧʝʨʝʜʦʚʳʭ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʬʝʜʨʘ ʤʝʭʘʥʠʢʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
1 ʜʦʮʝʥʪ, e-mail: veefomit79@yandex.ru  

2 ʘʩʧʠʨʘʥʪ, e-mail: elenakarnaushenko2011@mail.ru  

 

ɼʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ ʚ ʤʘʰʠʥʘʭ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʧʝʨʬʦʨʘʪʦʨʘʭ, 

ʧʥʝʚʤʦʫʜʘʨʥʠʢʘʭ, ʦʪʙʦʡʥʳʭ ʤʦʣʦʪʢʘʭ ʠ ʜʨ.) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʜʦʣʴʥʳʡ ʫʜʘʨ, ʜʣʷ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʝʨʞʥʝʚʳʝ ʫʜʘʨʥʳʝ ʩʠʩʪʝʤʳ ʪʠʧʘ çʙʦʸʢï ʚʦʣʥʦʚʦʜï ʠʥ-

ʩʪʨʫʤʝʥʪè (ʨʠʩ. 1) [1]. ʅʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʤʘʩʩʘ ʠ ʧʨʝʜ-

ʫʜʘʨʥʘʷ ʩʢʦʨʦʩʪʴ ʙʦʡʢʘ, ʥʦ ʠ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ. ʈʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʦʢʘ-

ʟʘʥʦ, ʯʪʦ, ʚʘʨʴʠʨʫʷ ʬʦʨʤʦʡ ʙʦʡʢʘ, ʤʦʞʥʦ ʩʦʛʣʘʩʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʛʝʥʝʨʠ-

ʨʫʝʤʦʛʦ ʠʤ ʧʨʠ ʫʜʘʨʝ ʧʦ ʚʦʣʥʦʚʦʜʫ, ʩ ʚʝʣʠʯʠʥʘʤʠ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʥʝʜ-

ʨʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʙʲʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ, ʠ ʜʦʙʠʪʴʩʷ ʥʝʤʘʣʦʚʘʞʥʦʛʦ ʵʬʬʝʢʪʘ ð ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʩʥʠʞʝʥʠʷ ʦʪʨʘʞʸʥʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʙʦʪʝ ʤʘʰʠʥʳ [2]. ʋʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʪʨʘʞʸʥ-

ʥʦʡ ʵʥʝʨʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥʳ, ʯʪʦ ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʧʦʜ-

ʙʦʨʘ ʬʦʨʤʳ ʙʦʡʢʘ ʘʢʪʫʘʣʴʥʦʡ. 

 
ʈʠʩ .1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʨʞʥʝʚʦʡ ʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʙʦʡʢʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʩʪʝʨʞʥʝʚʦʡ ʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣ ʦʪʢʨʳʪ ʝʱʸ ʚ 1964 ʛʦʜʫ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʤʘʰʠʥ 

ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ. ʆʙ ʵʪʦʤ ʷʨʢʦ ʛʦʚʦʨʷʪ ʨʝʟʫʣʴʪʘʪʳ ʧʘʪʝʥʪ-

ʥʦʛʦ ʧʦʠʩʢʘ, ʧʨʦʚʝʜʸʥʥʦʛʦ ɸ. ʄ. ɸʟʠʤʦʚʳʤ [3]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʢ ʘʥʘʣʠʟʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʫʯʠʪʳʚʘʶʱʠʝ ʛʝʦʤʝʪʨʠʶ ʫʜʘʨʥʠʢʘ, ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫ-

ʜʦʸʤʢʠʤʠ. ʇʨʦʮʝʩʩ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʟʘʥʠʤʘʣ ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ (ʦʪ ʛʦʜʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ), ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʣʦʩʴ ʪʦʣʴʢʦ ʥʘ ʫʜʘʨʥʠʢʠ 

ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ [4]. 

ɺ 2002 ʛʦʜʫ ʚ ʉʠʙɻʀʋ ʧʨʦʬʝʩʩʦʨʦʤ ʃ. ʊ. ɼʚʦʨʥʠʢʦʚʳʤ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦ ʨʘʟʨʘ-

ʙʦʪʢʝ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʪ ʙʦʡʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ. ɺ 2019 ʛʦʜʫ ʵʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʝʥʘ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ [5], ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʚ ʢʨʘʪʯʘʡʰʠʝ 

ʩʨʦʢʠ (ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ) ʧʨʦʚʦʜʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʦʡʢʦʚ ʚʩʝʚʦʟʤʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʬʦʨʤ (ʨʠʩ. 2). 

 
ʈʠʩ.2. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʙʦʡʢʦʚ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʯʠʩʣʝʥʥʦʛʦ 

ʤʝʪʦʜʘ 

ʉʦʚʤʝʩʪʥʦ ʩ ʟʘʜʘʯʝʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʙʳʣʘ ʨʝʰʝʥʘ ʠ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦ ʬʦʨʤʝ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚʦʩʩʪʘʥʦ-

ʚʠʪʴ ʧʨʠʚʝʜʸʥʥʫʶ ʬʦʨʤʫ ʙʦʡʢʘ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʜʘʥʥʳʡ ʠʤʧʫʣʴʩ. ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 
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ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷ-

ʝʤʳʭ ʧʨʦʮʝʜʫʨ. ʇʝʨʚʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦ ʜʠʘʛʨʘʤʤʝ çʩʠʣʘï ʚʥʝʜʨʝʥʠʝè ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨʳ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʦʙʲʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ (ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʪʘʢʠʤ ʠʤʧʫʣʴʩʦʤ ʦʪʨʘʞʸʥʥʘʷ ʦʪ ʦʙʲʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʥʝʨʛʠʷ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ). ɺʪʦʨʘʷ ʧʨʦʮʝʜʫʨʘ ʚʳʯʠʩʣʷʝʪ ʯʠʩʣʝʥʥʫʶ ʤʦʜʝʣʴ ʧʨʠʚʝʜʸʥʥʦʡ 

ʬʦʨʤʳ ʙʦʡʢʘ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʵʪʦʪ ʠʤʧʫʣʴʩ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʩʨʝʜʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3 ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʦʙʲʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ ʧʦ-

ʨʦʜr ʪʠʧʘ çʛʨʘʥʠʪè 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʣʫʯʝʥ ʠ ʦʧʨʦʙʦʚʘʥ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʡ ʘʧʧʘʨʘʪ, ʟʘʢʨʳʚʰʠʡ ʧʨʦʙʣʝʤʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʪʝʨʞʥʝʚʳʭ ʫʜʘʨʥʳʭ ʩʠʩʪʝʤ, ʫʯʠ-

ʪʳʚʘʶʱʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʙʦʡʢʘ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʡ ʧʦʜ-

ʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʤʘʰʠʥ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ. 
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ɺʀɹʈʆɸʂʋʉʊʀʏɽʉʂʀʁ ʄɽʊʆɼ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʗ ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ 

ʉʋʍʀʍ ɻɸɿʆɺʓʍ ʋʇʃʆʊʅɽʅʀʁ ɻɸɿɹʋʉʊɽʈʅʆʁ ʉʊɸʅʎʀʀ ɼʃʗ ʉɾɸʊʀʗ  

ɺʆɼʆʈʆɼɸ 

 
ɿʝʤʯʝʥʢʦʚ ɸ.ʇ.1, ɻʘʚʨʠʣʠʥ ɸ.ʅ.2 

1ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʘʩʧʠʨʘʥʪ ʛʨʫʧʧʳ ɸ3-20, e-mail: apz7@tpu.ru  

 2 ʅʀ ʊʇʋ,ʀʐʅʇʊ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ., e-mail: gawral@tpu.ru  

 

ɻʘʟʦʚʳʝ ʙʫʩʪʝʨʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʶ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʨʘʙʦʪʘʶʪ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ ʜʠʘʛʥʦʩʪʠʢʘ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʫʭʠʭ ʛʘʟʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʘʷ ʫʪʝʯʢʠ ʠ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘ-

ʮʠʠ. 

ʈʘʟʚʠʪʠʝ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʦʨʫʜʦʚʘ-

ʥʠʶ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʦʜʦʨʦʜʘ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʛʘʟʦʚʳʝ ʙʫʩʪʝʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʞʘʪʠʷ ʚʦʜʦʨʦʜʘ ʜʦ ʚʳʩʦʢʠʭ 

ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. ɺʳʩʦʢʘʷ ʪʝʢʫʯʝʩʪʴ, ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ ʠ ʩʢʣʦʥʥʦʩʪʴ ʢ ʚʦʜʦʨʦʜʥʦʤʫ 

ʦʭʨʫʧʯʠʚʘʥʠʶ ʜʝʣʘʶʪ ʚʦʜʦʨʦʜ ʢʨʘʡʥʝ ʦʧʘʩʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ [1]. 

ʆʪʢʘʟ ʩʫʭʠʭ ʛʘʟʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ 

ʧʨʦʩʪʦʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʠʙʨʦ-

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʫʭʠʭ ʛʘʟʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ (ʨʠʩ. 2) 

ʛʘʟʙʫʩʪʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʞʘʪʠʷ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 1), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫ-

ʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ. 

 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʛʘʟʦʚʦʛʦ ʙʫʩʪʝʨʘ ʩ ʩʫʭʠʤʠ ʛʘʟʦʚʳʤʠ ʫʧʣʦʪʥʝʥʠʷʤʠ 

 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʠʷ ʩʫʭʠʭ ʛʘʟʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʛʘʟʦʚʦʛʦ ʙʫʩʪʝʨʘ; 1- ʐʧʣʠʥʪ; 2- ʉʪʦʧʦʨ; 3- 

ʅʘʧʨʘʚʣʷʶʱʘʷ ʰʘʡʙʘ; 4- ʧʨʫʞʠʥʘ; 5- ʅʘʧʨʘʚʣʷʶʱʘʷ ʰʘʡʙʘ;- 6- ʆʧʦʨʥʦ-ʥʘʧʨʘʚʣʷʶʱʝʝ 

ʫʧʣʦʪʥʝʥʠʝ; 7- ʆ-ʦʙʨʘʟʥʦʝ ʫʧʣʦʪʥʝʥʠʝ; 8- V-ʦʙʨʘʟʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʨʰʥʷ; 9- ʆʧʦʨʥʦʝ 

ʢʦʣʴʮʦ; 10- ʋʧʣʦʪʥʝʥʠʝ ʧʦʨʰʥʷ; 11- ʆʧʦʨʥʦʝ ʢʦʣʴʮʦ; 12-  ʇʦʨʰʝʥʴ; 13- ʐʪʠʬʪ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʫʭʠʭ ʛʘʟʦʚʳʭ 

ʫʧʣʦʪʥʝʥʠʡ ʛʘʟʙʫʩʪʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ.  
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʰʥʷ ʦʪ ʚʨʝʤʝʥʠ 

 

 
ʈʠʩ. 4. ʉʧʝʢʪʨ ʚʠʙʨʘʮʠʠ ʢʦʨʧʫʩʘ ʛʘʟʦʚʦʛʦ ʙʫʩʪʝʨʘ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʫ-

ʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ ʰʫʤʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʧʦʤʝʭ. 

ʈʘʟʚʠʪʠʝ ʜʝʬʝʢʪʘ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʝʥʝʨʘʮʠʝʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʤ-

ʧʫʣʴʩʦʚ, ʘ ʠʭ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʪʷʞʝʩʪʴʶ ʚʦʟʥʠʢʰʝʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʦʚ, ʚʳʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ [2]. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʛʘʟʦʚʦʛʦ ʙʫʩʪʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʙʨʘʮʠʦʥʥʳʭ ʯʘ-

ʩʪʦʪ. ʅʘ ʈʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʚʠʙʨʘʮʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʭʦʜʝ ʜʚʫʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʩʷ ʩ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʩʫʭʠʤʠ ʛʘʟʦʚʳʤʠ ʫʧʣʦʪʥʝʥʠʷʤʠ 

ʧʦʨʰʥʷ ʩʞʘʪʠʷ ʚʦʜʦʨʦʜʘ ʛʘʟʦʚʦʛʦ ʙʫʩʪʝʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʨʘʥʥʝʛʦ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʫʭʠʭ ʛʘʟʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞ-

ʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʛʘʟʦʚʦʛʦ ʙʫʩʪʝʨʘ ʜʣʷ ʩʞʘʪʠʷ ʚʦʜʦʨʦʜʘ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʇʝʪʨʦʚ ɸ.ɺ., ʅʠʢʦʣʘʝʚ ʉ.ʀ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 
// ɺʝʩʪʥʠʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ï 2021. ï ˉ 5. ï ʉ. 45ï50. 

2. ɻʨʠʙ ɺ.ɺ., ɾʫʢʦʚ ʈ.ɺ., ʇʝʨʤʠʥʦʚ ʄ.ɼ., ʂʦʣʴʮʦʚ ɺ.ʀ., ʂʨʘʩʥʦʢʫʪʩʢʠʡ ɸ.ʅ., ʕʬʦʩ ɼ.ɻ. 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʏ. 2. ï 2008. ï ʉ. 

95ï96. 
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ɸʅɸʃʀʊʀʏɽʉʂʀʁ ʈɸʉʏɪʊ ʐɸʈʅʀʈʅʆ-ʈʓʏɸɾʅʓʍ ʄɽʍɸʅʀɿʄʆɺ 

ɻr ʥʛʘʟʦʚ ɺ.ʅ.1 ʏʝʨʝʤʠʩʢʠʥʘ ʄ.ʉ.2 
1ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧ r4ɸ21 

2ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

E-mail: vng8@tpu.ru  

 

ʐʘʨʥʠʨʥʦ-ʨʳʯʘʞʥʳʡ ʤʝʭʘʥʠʟʤ ð ɻ ʪʦ ʤʝʭʘʥʠʟʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʟʚʝʥʴʝʚ-ʨʳʯʘʛʦʚ, ʩʦʝʜʠ-

ʥʸʥʥʳʭ ʥʠʟʰʠʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʠ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʝʛʦ ʨʘʩʯʸʪʘ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʟʚʝʥʴʷ (ʩʠʣʦʚʦʡ ʨʘʩʯʸʪ) ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ ʜʝ-

ʪʘʣʝʡ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʞʸʩʪʢʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʤʝʪʦʜʘ 

ʥʘʭʦʞʜʝʥʠʷ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʘʛʣʷʜʥʦʩʪʴ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʫ ʥʝʛʦ ʝʩʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʫʜʝʪ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʨʘʩʯʸʪʘ ʫʩʠʣʠʡ ʠ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʠʢʫ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʥʘ ʧʨʠʤʝʨʝ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ. ʅʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʯʠʪʘʪʴ ʰʘʨʥʠʨ ʥʘ ʧʨʦʯʥʦʩʪʴ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. (ʉʤ ʨʠʩ. 1) 

 
ʈʠʩ. 1. ʂʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʡ ʤʝʭʘʥʠʟʤ 

1) ʅʘʭʦʜʠʤ ʥʝʜʦʩʪʘʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʧʦ-

ʤʦʯʴ ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʫʛʦʣ ɓ 

ὃὄÓÉÎ‌ ὅὄÓÉÎ‍ 

2) ʆʧʨʝʜʝʣʷʝʤ ʟʘʢʦʥ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʥʮʘʤ ʢʘʞʜʦʛʦ ʟʚʝʥʘ. 

ὅ ὃὄÃÏÓ‌ ‫ὸ ὄὅρ
ὃὄ

ὄὅ
ÓÉÎ‌ ‫ὸ  ȟὅ̔ Ὡ 

ὄ ὃὄÃÏÓ‌ ‫ὸ ȟὄ̔ ÓÉÎ‌ ‫ὸ 

3) ʆʧʨʝʜʝʣʷʝʤ ʟʘʢʦʥ ʧʝʨʝʤʝʱʝʥʠʷ ʩʝʨʝʜʠʥʳ ʟʚʝʥʴʝʚ. 

ί
Ὠὄ

Ὠὸ
ȟ ί

ὄ ὅӶ

ς
 

4) ɹʝʨʸʤ ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜʥʫʶ. ʇʦ ʥʘʡʜʝʥʥʳʤ ʫʩʢʦʨʝʥʠʷʤ ʥʘʭʦʜʠʤ ʩʠʣʳ ʠʥʝʨʮʠʠ: 

ὥ
Ὠί

Ὠὸ
ȟ Ὂ ά

Ὠὄ

Ὠὸ
 

ὥ
Ὠί

Ὠὸ
ȟ Ὂ ά

Ὠὄ

Ὠὸ
 

4) ʆʧʨʝʜʝʣʷʝʤ ʫʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ ʟʚʝʥʴʝʚ ʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ: 

‐
ȿὥ ὄὅȿ

ȿὅὄȿ

ὥ ὥ ὄ ὅ ὥ ὥ ὄ ὅ

ὅὄ
 

ὓ ‐  

ʈʘʩʯʣʝʥʠʤ ʤʝʭʘʥʠʟʤ ʥʘ ʛʨʫʧʧʳ ɸʩʫʨʘ ʠ ʥʘʯʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ (ʩʤ ʨʠʩ. 2.) 

mailto:eep21@tpu.ru


49 

 

 
ʈʠʩ. 2. ɻʨʫʧʧʘ ʘʩʫʨʘ ʠ ʥʘʯʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʨʘʩʩʪʘʚʠʤ ʩʠʣʳ ʠ ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. 

ὓ ȡ Ὂ Ὤ ὄὅὙ Ὃ ÃÏÓ‍ ὓ π

Ὑ Ὑ Ὂ Ὑ Ὃ Ὂ π
 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʥʝʠʟʚʝʩʪʥʳʭ Ὑ , Ὑ , ʚʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʨʝʰʝʥʠʝ, ʪʘʢ ʢʘʢ 
ʝʛʦ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʩʠʩʪʝʤʝ ʩʢʘʣʷʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʜʚʫʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʷ 

ʵʪʠʭ ʩʠʣ ʠʟʚʝʩʪʥʳ.  ʅʘʯʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʘʥʘʣʦʛʠʯʥʦ: 
ὓȡ Ὂ Ὤ ὄὃὊ̔̑ Ὃ ÓÉÎ‌ π

Ὂ Ὑ Ὃ Ὑ Ὂ̔̑ π
 

ʇʣʝʯʠ Ὤ ʠ Ὤʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʟʚʝʩʪʥʳʤʠ ʪʦʯʢʘʤʠ ʉ ʠ A ʠ B ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʣʠʥʠʷʤʠ 

ʜʝʡʩʪʚʠʷ ʩʠʣ Ὂ  ,  Ὂ  ʠ Ὑ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

Ὤ
ȿί ὃ Ὂ ȿ

ȿὊ ȿ
ȟ Ὤ

ȿί ὅ Ὂ ȿ

ȿὊ ȿ
 ̉ Ὤ

ȿί ὅ Ὑ ȿ

ȿὙ ȿ
 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʮʠʡ ʦʧʦʨ ʠʟ ʫʨʘʚʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʫʪ ʥʘʙʦʨ ʬʫʥʢʮʠʡ: 

Ὑ ‌ȟὙ ‌ȟ  Ὑ ‌Ȣ ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʵʪʠʭ ʬʫʥʢ-
ʮʠʡ. ʐʘʨʥʠʨ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ (ʫʯʸʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʟʘ ʮʠʢʣ) ʠ ʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ (ʫʯʸʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ). 

ʇʨʦʙʣʝʤʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʫʯʥʦʤ ʨʘʩʯʸʪʝ ʜʘʞʝ ʜʣʷ ʧʨʦʩʪʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʚʦʟʥʠʢʘʶʪ ʛʠʛʘʥʪʩʢʠʝ ʬʦʨʤʫʣʳ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚ ʩʧʝ-

ʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ (Mathcad, Python), ʪʨʝʙʫʶʱʠʭ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʥʠʡ. ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ 

ʵʪʦ ʫ ʵʪʦʛʦ ʤʝʪʦʜʘ ʝʩʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʥ ʘʙʩʦʣʶʪʥʦ ʛʠʙʦʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʩʯʸʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʰʘʨʥʠʨʘ ʥʝ ʧʨʦʭʦʜʠʪ, ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥ ʟʚʝʥʴʝʚ. ɽʱʸ ʦʜʥʠʤ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ. 

ʇʨʠ ʨʘʩʯʸʪʝ ʚʦʟʤʦʞʥʘ ʧʦʜʩʪʘʥʦʚʢʘ ʟʥʘʯʝʥʠʡ ʚ ʬʦʨʤʫʣʳ ʩʢʦʣʴ ʫʛʦʜʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ.  
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ʄʝʪʯʠʢ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʥʘʨʝʟʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʨʝʟʴʙʳ ʚ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. ʆʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʘʚʠʘʩʪʨʦ-

ʝʥʠʠ, ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʘʯʝʩʪʚʦ ʥʘʨʝʟʘʝʤʦʡ ʨʝʟʴʙʳ ʥʘʧʨʷ-

ʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʯʠʢʘ, ʦʩʦʙʝʥʥʦ ʦʪ ʪʦʯʥʦʩʪʠ ʰʘʛʘ ʨʝʟʴʙʳ. 

ʄʝʪʯʠʢ ʩ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʦʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʪʯʠʢʦʚ ʩ ʧʨʷʤʦʡ ʢʘʥʘʚʢʦʡ ʪʝʤ, ʯʪʦ ʝʛʦ 

ʢʘʥʘʚʢʠ ʠʤʝʶʪ ʚʠʥʪʦʚʫʶ ʬʦʨʤʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʦʪʚʦʜʫ ʩʪʨʫʞʢʠ ʠ ʧʦʚʳʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʨʝʟʴʙʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʛʣʫʭʠʭ ʦʪʚʝʨʩʪʠʡ. 

ʂʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʯʠʢʘ ï ʵʪʦ ʦʩʥʦʚʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʚʝʨʢʫ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ: ʥʘʨʫʞ-

ʥʳʡ, ʚʥʫʪʨʝʥʥʠʡ ʠ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨʳ ʨʝʟʴʙʳ, ʰʘʛ ʨʝʟʴʙʳ, ʘ ʪʘʢʞʝ ʫʛʦʣ ʧʨʦʬʠʣʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʟʴʙʳ ʩʣʝʜʫʶʱʠʤʠ ʤʝ-

ʭʘʥʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ: ʨʝʟʴʙʦʚʳʝ ʤʠʢʨʦʤʝʪʨʳ, ʢʘʣʠʙʨʳ-ʧʨʦʙʢʠ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʤʠʢʨʦʩʢʦʧʳ ʠ ʪ.ʜ. ʉ ʧʦʤʦʱʴʶ ʤʠʢʨʦʤʝʪʨʦʚ ʠ ʧʨʦʙʦʢ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʪʦʣʴʢʦ 1 ʠʣʠ 2 ʧʘʨʘ-

ʤʝʪʨʘ ʨʝʟʴʙʳ ʚ ʦʪʣʠʯʠʠ ʦʪ ʤʠʢʨʦʩʢʦʧʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʘʤʝʨʠʪʴ ʩʨʘʟʫ ʚʩʝ ʧʘʨʘʤʝʪʨʳ 

ʨʝʟʴʙʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʠʟʤʝ-

ʨʠʪʝʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʋʀʄ-21 (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ (ʋʀʄ-21) 

ɺ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʠʢʨʦʩʢʦʧʘ ʧʨʠʚʝʜʝʥ ʩʧʦʩʦʙ ʟʘʤʝʨʘ ʰʘʛʘ ʨʝʟʴʙʳ ʤʝʪʯʠʢʘ, 

ʥʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʟʘʤʝʨʝ ʤʝʪʯʠʢʦʚ ʪʦʣʴʢʦ ʩ ʧʨʷʤʦʡ ʢʘʥʘʚʢʦʡ. ʊʘʢʦʡ ʤʝʪʦʜ ʥʝ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʯʠʢʦʚ ʩ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʦʡ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʚʠʥʪʦʚʳʭ ʤʝʪ-

ʯʠʢʘʭ ʥʝʣʴʟʷ ʧʨʦʩʪʦ ʠʟʤʝʨʠʪʴ ʰʘʛ ʨʝʟʴʙʳ ʠ ʩʨʘʚʥʠʪʴ ʝʛʦ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʟʥʘʯʝʥʠʝʤ. ɻʣʘʚʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʤʝʨʘ ʰʘʛʘ ʥʘ ʚʠʥʪʦʚʳʭ ʤʝʪʯʠʢʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʟʘʢʨʫʯʠʚʘʥʠʠ ʩʧʠ-

ʨʘʣʠ ʢʘʥʘʚʢʠ ʧʝʨʝʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʞʫʱʝʡ ʯʘʩʪʠ ʫʭʦʜʠʪ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʟʥʘʯʝʥʠʝ 

ʥʘʢʦʧʣʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʰʘʛʘ ʥʘ ʚʝʣʠʯʠʥʫ Ўὖ (ʨʠʩ.2). 

mailto:naa40@tpu.ru
mailto:bibik@tpu.ru
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ʈʠʩ. 2. ʅʘʢʦʧʣʝʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʰʘʛʘ Ўὖ 

 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʜʣʦʞʠʪʴ ʪʘʢʦʡ ʩʧʦʩʦʙ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʠʪʩʷ ʧʨʘʚʠʣʴʥʦ ʟʘʤʝ-

ʨʠʪʴ ʰʘʛ ʠ ʚʳʩʯʠʪʘʪʴ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦʙʳ ʩʨʘʚʥʠʚʘʪʴ ʟʘʤʝʨʷʝʤʳʝ ʚʝʣʠʯʠʥʳ. 

ʉʧʦʩʦʙ ʟʘʤʝʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʜʚʫʭ ʪʦʯʝʢ ʩ ʧʝʨʚʦʛʦ ʠ ʧʦʩʣʝʜʥʝʛʦ 

ʚʠʪʢʦʚ, ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʥʠʪʢʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʣʠʥʠʷʤʠ ʠ ʙʫʜʝʪ ʟʥʘʯʝʥʠʝʤ 

ʰʘʛʘ. 

ʂʦʦʨʜʠʥʘʪʳ ʙʫʜʫʪ ʠʟʤʝʨʷʪʴʩʷ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʥʝʡ ʥʠʪʢʠ (ʨʠʩ.3): 

 

 
ʈʠʩ. 3. ʊʦʯʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

 

ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ çʜʦʚʦʨʦʪè ʤʝʪʯʠʢʘ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʠʷ ʯʝʪʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʠʩʢʨʠʚʣʝʥʠʷ ʚʠʜʠʤʦʩʪʠ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʙʲʝʢʪʠʚʝ 

ʤʠʢʨʦʩʢʦʧʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʪʦʯʝʢ, ʘ ʜʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦʙʳ ʥʘʡʪʠ ʩʨʝʜʥʶʶ ʣʠʥʠʶ ʚʠʪʢʘ (ʨʠʩ. 3). ɿʘʪʝʤ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʪʘʢʦʡ ʞʝ ʧʘʨʘʤʝʪʨ ʥʘ ʧʦʩʣʝʜʥʝʤ ʚʠʪʢʝ ʠ ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʰʘʛʘ. 
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ʈʠʩ. 4. ʉʨʝʜʥʷʷ ʣʠʥʠʷ ʚʠʪʢʘ 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʥʘʢʦʧʣʝʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʰʘʛʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦ-

ʛʨʝʰʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʚʦʨʦʪʘ ʤʝʪʯʠʢʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠ ʦʙ-

ʨʘʪʥʦʡ ʢʦʥʫʩʥʦʩʪʠ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʠ ʚʳʷʩʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ 

ʤʝʪʯʠʢ ʜʦʧʫʩʢʘʤ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ:  

ὰ
ὌϽὴϽὲ

Ὄ ὴ
                                                                   ρ 

Ὄ
“Ὀ

ὸὫ‫
                                                                      ς 

ʛʜʝ l ï ʥʘʢʦʧʣʝʥʥʘʷ ʜʣʠʥʘ ʰʘʛʘ; 

p ï ʰʘʛ ʨʝʟʴʙʳ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ (ʚʠʪʢʦʚ); 

H ï ʰʘʛ ʢʘʥʘʚʢʠ; 

D ï ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ, ʧʦ ʢʦʪʦʨʳʤ ʠʟʤʝʨʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ; 

.ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʠ ‫ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʋʀʄ-21 ʠ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥ-

ʪʨʦʣʷ ʪʦʯʥʦʩʪʠ ʤʝʪʯʠʢʦʚ ʩ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʦʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʝʟʴʙʦ-

ʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1. ɸʨʝʬʴʝʚʘ ʅ.ʀ. ʄʠʢʨʦʩʢʦʧ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʋʀʄ-21. ʀʥʩʪʨʫʢʮʠʷ ʢ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ. - ʉʇʙ: ʃʆʄʆ, 1970. ï 56 ʩ. 

2. ʈʘʢʦʚʱʠʢ ʊ.ʄ., ɸʨʠʩʪʦʚ ɸ.ʀ., ʌʘʪʶʭʠʥ ɼ.ʉ. ʄʝʪʨʦʣʦʛʠʷ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ. 

ʂʦʥʪʨʦʣʴ ʨʝʟʴʙʦʚʳʭ ʜʝʪʘʣʝʡ. ï ʄ.: ʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʪʦʤʦ-

ʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2011. ï 45 ʩ. 
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ʄɽʊʆɼʓ ʋɺɽʃʀʏɽʅʀʗ ʈɽʉʋʈʉɸ ʇʈʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ɺ ʕʂʉʊʈɽʄɸʃʔʅʓʍ 

ʋʉʃʆɺʀʗʍ 

ʇʬʘʨʛʝʨ ɽ.ɽ.1, ʏʝʨʝʤʠʩʢʠʥʘ ʄ.ʉ.2 
1ʅʀ ʊʇʋ, ʀʐʅʇʊ,ʩʪʫʜʝʥʪ ʛʨʫʧʧʘ 4ɸ21,  

e-mail: eep21@tpu.ru   
2ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

  

ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ, ʤʦʱʥʦʩʪʠ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʨʘʙʦʯʠʭ ʥʘʛʨʫʟʦʢ 

ʠ ʫʞʝʩʪʦʯʝʥʠʶ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʘʥʘ-

ʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʤʝʭʘʥʠʟʤʦʚ ʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ï ʵʪʦ ʥʘʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʠʟʜʝʣʠʷ) ʦʪ ʥʘʯʘʣʘ ʝʛʦ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʠʣʠ ʝʸ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ ʠʣʠ ʥʝʞʝʣʘʪʝʣʴʥʘ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʣʠʙʦ ʧʦ ʫʩʣʦʚʠʷʤ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ.ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʦʚʳʰʝʥʠʷ 

ʨʝʩʫʨʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʤʠʥʠʨʫʶʱʠʡ ʬʘʢʪʦʨ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʨʘʟʨʫʰʝʥʠʶ ʜʝʪʘʣʠ 

ʠʣʠ ʤʝʭʘʥʠʟʤʘ.  

ʂ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʦʪʥʦʩʷʪʩʷ:  

1. ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʚʳʰʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʚʘʞʥʝʡʰʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ï ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ, ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ. ɼʣʠʪʝʣʴʥʦʝ ʥʘʛʨʝʚʘʥʠʝ 

ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʧʦʣʟʫʯʝʩʪʴ, ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʝʟʫʛʣʝʨʦʞʝʥʥʦʛʦ ʩʣʦʷ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʘʣʦʩʪʴ. 

2. ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʠʞʝ ï50 ÁC) ʩʫʱʝʩʪʚʝʥʥʦ ʠʟ-

ʤʝʥʷʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ʉʪʘʣʠ (ʢʨʦʤʝ ʘʫʩʪʝʥʠʪʥʳʭ) ʠ ʩʧʣʘʚʳ ʩ 

ʆʎʂ-ʨʝʰʸʪʢʦʡ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʭʨʫʧʯʠʚʘʥʠʶ ï ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʧʣʘ-

ʩʪʠʯʥʦʩʪʠ, ʧʝʨʝʭʦʜʫ ʦʪ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢ ʭʨʫʧʢʦʤʫ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʫʩʘʜʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʥʠʞʝʥʠʝ ʵʣʘʩʪʠʯʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʚʳʟʳʚʘʶʪ ʥʘʨʫʰʝʥʠʝ ʧʦʩʘʜʦʢ ʠ ʧʦʪʝʨʶ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʫʧʣʦʪʥʝʥʠʡ. 

3. ɸʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ. ɺʦʟʜʝʡʩʪʚʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʫʩʢʦʨʷʝʪ ʢʦʨʨʦʟʠʶ ʠ ʵʨʦʟʠʶ ʜʝʪʘ-

ʣʝʡ, ʚʳʢʨʘʰʠʚʘʥʠʝ ʠ ʠʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

4. ɺʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. ɺʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠʚʦʜʷʪ ʢ ʫʩʪʘʣʦʩʪʥʳʤ ʪʨʝʱʠʥʘʤ 

ʦʪ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ, ʭʨʫʧ-

ʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʠʣʠ ʩʤʷʪʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʫʜʘʨʦʚ ʠ ʘʙʨʘʟʠʚʥʦʤʫ ʠ ʘʜʛʝʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. 

5. ɺʠʙʨʘʮʠʠ. ɺʠʙʨʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʢʦʨʷʶʪ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʤʠʢʨʦʪʨʝʱʠʥ, ʨʘʟ-

ʨʫʰʘʶʪ ʟʘʱʠʪʥʳʝ ʩʤʘʟʦʯʥʳʝ ʩʣʦʠ, ʥʘʨʫʰʘʷ ʥʦʨʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʪʨʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦ-

ʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ ʜʝʪʘʣʝʡ, ʠʭ ʚʳʢʨʘʰʠʚʘʥʠʶ, ʘ ʧʨʠ ʨʝʟʦʥʘʥʩʝ ï ʢ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ.  

ʄʥʦʛʦʦʙʨʘʟʠʝ ʠ ʩʣʦʞʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʝ ʩʦʚʤʝʩʪ-

ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʨʫʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʚʳʰʝʥʠʶ ʨʝʩʫʨʩʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʶʯʝʚʳʤ ʵʪʘʧʘʤ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ: ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ. 

ʂʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠ ʧʦʟʚʦ-

ʣʷʶʪ ʟʘʣʦʞʠʪʴ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ ʢʦʥʩʪʨʫʢʮʠʶ. ʂ ʪʘʢʠʤ ʤʝ-

ʪʦʜʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1. ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʨʘʙʦʪʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʤʝʥʷʶʪ 

ʞʘʨʦʧʨʦʯʥʳʝ ʥʠʢʝʣʝʚʳʝ ʠ ʢʦʙʘʣʴʪʦʚʳʝ ʩʧʣʘʚʳ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʚʦʣʴʬʨʘʤʦʤ (W), ʤʦʣʠʙʜʝʥʦʤ 

(Mo) ʠʣʠ ʥʠʦʙʠʝʤ (Nb) ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʣʟʫʯʝʩʪʠ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ 

ʘʫʩʪʝʥʠʪʥʳʝ ʩʪʘʣʠ, ʘʣʶʤʠʥʠʝʚʳʝ ʠ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ. ɺ 
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ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ ʠʩʧʦʣʴʟʫʶʪ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʝ ʩʪʘʣʠ ʠ ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ, ʘ ʧʨʠ ʫʜʘʨ-

ʥʳʭ ʥʘʛʨʫʟʢʘʭ ï ʩʪʘʣʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ. 

2. ʋʩʪʨʘʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʨʝʘʣʴʥʳʭ ʜʝʪʘʣʷʭ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ 

ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʶʪʩʷ ʨʝʟʴʙʳ, ʢʘʥʘʚʢʠ, ʩʪʫʧʝʥʠ, ʧʘʟʳ, ʦʪʚʝʨʩʪʠʷ ʠ ʜʨ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷ-

ʞʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩ ʫʯʸʪʦʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʧʨʠ ʥʝʠʟʙʝʞʥʦʤ ʥʘʣʠʯʠʠ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʨʝʰʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣ-

ʥʝʥʠʝ ʛʘʣʪʝʣʝʡ ʚ ʤʝʩʪʘʭ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʩʪʫʧʝʥʷʤʠ ʚʘʣʘ. 

3. ɿʘʱʠʪʘ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʄʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʤʝʭʘʥʠʟʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂ ʥʝʤʫ ʦʪʥʦʩʷʪʩʷ ʫʩʪʘʥʦʚʢʘ ʟʘ-

ʱʠʪʥʳʭ ʢʦʞʫʭʦʚ ʠ ʵʢʨʘʥʦʚ ʜʣʷ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʦʪ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʣʦʪ-

ʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ. 

4. ɼʦʩʪʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ. ʂ ʵʪʦʤʫ ʤʝʪʦʜʫ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʘʣʘʥʩʠʨʦʚʢʫ ʚʨʘʱʘʶʱʠʭʩʷ ʤʘʩʩ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʩʯʝʪ ʠ ʩʤʝʱʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʝ-

ʟʦʥʘʥʩʘ). 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʭ ʮʝʣʴ ï ʧʨʠʜʘʪʴ ʤʘʪʝ-

ʨʠʘʣʫ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʩʚʦʡʩʪʚʘ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʙʘʟʦʚʳʝ (ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʴ ʠ ʧʨ.) ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ: 

1. ʆʙʲʝʤʥʦʝ ʫʧʨʦʯʥʝʥʠʝ (ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ): ʟʘʢʘʣʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʠ, ʦʪʞʠʛ ʠ ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʣʷ ʩʥʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ 

2. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ. ʇʨʠʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨ-

ʜʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘ-

ʙʦʪʢʘ (ʮʝʤʝʥʪʘʮʠʷ, ʘʟʦʪʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʚʝʨʜʦʩʪʠ; ʙʦʨʠʨʦʚʘʥʠʝ, ʩʠʣʠʮʠʨʦʚʘʥʠʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʞʘʨʦʧʨʦʯʥʦʩʪʠ), ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ ʊɺʏ (ʪʦʢʘʤʠ ʚʳʩʦ-

ʢʦʡ ʯʘʩʪʦʪʳ), ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ (ʜʨʦʙʝʩʪʨʫʡʥʳʡ ʥʘʢʣʝʧ ʠ ʦʙ-

ʢʘʪʢʘ). 

3. ʅʘʥʝʩʝʥʠʝ ʟʘʱʠʪʥʳʭ ʠ ʫʧʨʦʯʥʷʶʱʠʭ ʧʦʢʨʳʪʠʡ. ʎʝʣʴ ʤʝʪʦʜʘ ï ʩʦʟʜʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʜʝʪʘʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʣʦʷ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʨʘʜʠʢʘʣʴʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʩʚʦʡʩʪʚ ʦʩ-

ʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʵʢʩʪʨʝ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  

4.ʆʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ: ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ (ʰʣʠʬʦʚʘʥʠʝ, ʧʦʣʠʨʦʚʘʥʠʝ, ʭʦʥʠʥʛʦʚʘʥʠʝ) ʜʣʷ ʩʥʠʞʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʫʜʘʣʝ-

ʥʠʷ ʤʠʢʨʦʜʝʬʝʢʪʦʚ ïʟʘʨʦʜʳʰʝʡ ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʘʮʝʣʝʥʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʟʘʣʦʞʝʥʥʦʛʦ ʢʦʥ-

ʩʪʨʫʢʪʦʨʘʤʠ ʠ ʪʝʭʥʦʣʦʛʘʤʠ ʨʝʩʫʨʩʘ, ʘ ʪʘʢʞʝ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʠ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʝ ʨʘʟʚʠʪʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʂ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʧʦʚʳʰʝʥʠʷ 

ʨʝʩʫʨʩʘ ʦʪʥʦʩʷʪʩʷ: 

1. ʉʦʙʣʶʜʝʥʠʝ ʨʝʛʣʘʤʝʥʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ (ʥʘʛʨʫʟʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ). 

2. ʉʠʩʪʝʤʘ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʨʝ-

ʛʫʣʷʨʥʘʷ ʟʘʤʝʥʘ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʧʣʦʪʥʝʥʠʡ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ (ʧʨʦ-

ʚʝʨʢʘ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʝʛʫʣʠʨʦʚʢʘ ʟʘʟʦʨʦʚ). 

3. ʈʝʛʫʣʷʨʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʜʝʪʘʣʝʡ (ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ, ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ, 

ʪʝʨʤʦʢʦʥʪʨʦʣʴ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ). 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʄʦʩʢʚʠʪʠʥ ɻ.ɺ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ: ʤʦʥʦʛʨʘ-

ʬʠʷ. ï ʄʦʩʢʚʘ: ʃʝʥʘʥʜ ï 2019. ï 448 ʩ.  

2. ʉʦʣʥʮʝʚ ʖ.ʇ., ʇʨʷʭʠʥ ɽ.ʀ. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʍʠʤʠʟʜʘʪ ï 2007. ï  

781 ʩ. 
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ʈʘʭʤʘʪ ɼ.ɸ. 

ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸ41 

 ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʧʨʠʷʥʦʚ ʅ.ɸ.  

e-mail: rah23@tpu.ru  

 

 ʈʘʙʦʯʠʝ ʩʪʦʣʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʫʯʝʙʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʘʩʪʝʨʩʢʠʭ, ʛʜʝ 

ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 

[Juwitasari et al., 2024]. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʞʸʩʪʢʦʩʪʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʸʞʥʦʩʪʴ ʠʟʜʝʣʠʷ [Matwiej et al., 2022]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʚʢʣʶʯʘʷ 

ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ð ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʠ ʚʨʝʤʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ [Bisono et al., 2023; 

Fariz et al., 2023]. 

 ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ SolidWorks Simulation ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ 

ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʢʘʢ ʚ ʫʯʝʙʥʳʭ ʧʨʦ-

ʝʢʪʘʭ, ʪʘʢ ʠ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ð ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʨʘʩʯʸʪʝ ʨʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʝʙʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ [Dong, 2022; Juwitasari et al., 2024].  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ 

SolidWorks Simulation 2020 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʫʧʨʦʱʸʥʥʘʷ ʤʦʜʝʣʴ ʨʘʙʦ-

ʯʝʛʦ ʩʪʦʣʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʪʦʣʝʰʥʠʮʳ ʠ ʯʝʪʳʨʸʭ ʥʦʞʝʢ.  ʈʘʟʤʝʨʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʥʷʪʳ ʩʪʘʥʜʘʨʪʥʳʤʠ: ʜʣʠʥʘ 1000 ʤʤ, ʰʠʨʠʥʘ 600 ʤʤ 

ʠ ʚʳʩʦʪʘ 750 ʤʤ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʟʘʜʘʥʳ ʢʘʢ 

ʞʸʩʪʢʠʝ (rigid connections). ɺʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʦʣʘ ʥʘʛʨʫʞʝʥʘ 

ʨʘʚʥʦʤʝʨʥʦʡ ʩʠʣʦʡ 1000 ʅ (ʥʴʶʪʦʥʦʚ), ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʥʠʟ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʤʘʩʩʝ ʛʨʫʟʘ ʦʢʦʣʦ 100 ʢʛ. ɼʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦ-

ʚʝʜʸʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. 
ʊʘʙʣʠʮʘ 1  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʪʝʨʠʘʣ ʇʣʦʪʥʦʩʪʴ 

(ʢʛ/ʤ^3) 

ʄʦʜʫʣʴ ʥʁʛʘ (ɻʇʘ) ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

(ʄʇʘ) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʫʘʩʩʦʥʘ 

ʩʪʘʣʴ S235JR 7800 210 235 0,28 

ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ 

Al6061-T6 
2700 69 275 0,33 

ʩʪʘʣʴ AISI 304 8000 190 207 0,29 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ SolidWorks Simulation 2020 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʪʨʸʭ ʤʘʪʝ-

ʨʠʘʣʦʚ: S235JR, Al6061-T6 ʠ AISI 304. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
ʊʘʙʣʠʮʘ 2  

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʥʘʛʨʫʟʢʝ 1000 ʅ 

ʄʘʪʝʨʠʘʣ ʄʘʢʩ. ʥʘʧʨʷʞʝʥʠʝ 

(ʄʇʘ) 

ʄʘʢʩ. ʜʝʬʬʦʨʤʘʮʠʷ 

(ʤʤ) 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ 

ʧʨʦʯʥʦʩʪʠ 

ʩʪʘʣʴ S235JR 19 0,24 12 

ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ 

Al6061-T6 

19 0,72 14 

ʩʪʘʣʴ AISI 304 19 0,26 11 

 

 

ʈʠʩ.  1 ʇʨʦʩʪʦʡ ʨʘʙʦʯʠʡ ʩʪʦʣʴ 
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ʈʠʩ.2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʤʘʪʝʨʠʘʣʘ S235JR 

 
ʈʠʩ.3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʤʘʪʝʨʠʘʣʘ Al6061-T6 

 
ʈʠʩ.   4 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʤʘʪʝʨʘʣʘ AISI 304 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ SolidWorks 

Simulation 2020, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ 1000 ʅ. 

ʉʨʘʚʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ S235JR, ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ Al 6061-T6 ʠ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ AISI 304 ʧʦʢʘʟʘʣʦ, ʯʪʦ: 

¶ S235JR ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʤʝʥʴʰʫʶ ʜʝʬʦʨʤʘʮʠʶ ʠ ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ 

ʧʨʦʯʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʤʦʜʫʣʶ ʖʥʛʘ (210 ɻʇʘ) ʠ ʫʤʝʨʝʥʥʦʤʫ ʧʨʝʜʝʣʫ 

ʪʝʢʫʯʝʩʪʠ (235 ʄʇʘ), 
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¶ Al  6061-T6 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘ ʩʯʸʪ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 

(2700 ʢʛ/ʤį), ʦʜʥʘʢʦ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʜʝʬʦʨʤʘʮʠʝʡ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʛʦ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ (69 ɻʇʘ) 

¶ AISI 304, ʥʝʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʠʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʩʨʝʜʠ ʪʨʸʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ-ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝ-

ʩʪʠ (207 ʄʇʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʚ ʩʫʭʠʭ ʠʣʠ ʩʣʘʙʦʘʛʨʝʩ-

ʩʠʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʣʠ S235JR ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦ-

ʤʠʯʥʦʛʦ ʠ ʥʘʜʸʞʥʦʛʦ ʨʝʰʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʞʸʩʪʢʦʩʪʠ. 

ʈʝʢʦʤʝʥʜʘʮʠʷ 

1. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʰʠʨʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʫʜʘʨʥʳʭ 
ʥʘʛʨʫʟʦʢ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʨʘʙʦʯʠʭ ʩʪʦʣʦʚ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʤʘʩʪʝʨʩʢʠʭ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. 

2. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʢʦʥʩʪʨʫʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ Topology Study ʚ SolidWorks Simulation) ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ 

ʙʝʟ ʧʦʪʝʨʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ð ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʣʶʤʠʥʠ-

ʝʚʳʭ ʩʧʣʘʚʦʚ. 

3. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʵʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʪʝʥʟʦʤʝʪʨʠʨʦʚʘʥʠʷ ʠʣʠ ʮʠʬʨʦʚʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ (digital image correlation). 

4. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʠʙʨʠʜʥʳʭ ʢʦʥʩʪʨʫʢ-
ʮʠʡ (ʥʘʧʨʠʤʝʨ, ʩʪʦʣʝʰʥʠʮʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩ ʢʘʨʢʘʩʦʤ ʠʟ ʩʪʘʣʠ), ʩʦʯʝʪʘʶʱʠʭ 

ʣʸʛʢʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʩ ʚʳʩʦʢʦʡ ʞʸʩʪʢʦʩʪʴʶ. 

5. ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪʘʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ 

ʦʮʝʥʢʫ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (life-cycle assessment), ʯʪʦʙʳ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ, ʥʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Bisono, R., Hafidhoh, N., & Salim, A. T. A. (2023). Strength analysis of frame structure loading in 

planning using SolidWorks static simulation study. BIOMEJ, 1(2), 26ï32.  

2. Dong, Y. (2022). Optimization design of tension machine frame based on SolidWorks and ANSYS 

Workbench. Journal of Engineering Research and Reports, 23(8), 11ï17.  

3. Fariz, N., Kristianto, F. P., Amarta, Z., Hutasoit, N., & Amalia, D. (2023). Analysis of stress and de-

formation in parametric furniture using the finite element method. E3S Web of Conferences, 465, 

02032.  

4. Juwitasari, D., Kristianto, F. P., & Fariz, N. (2024). Re-design modern industrial workshop table 

with total deformation analysis and stress test. Sainteks: Jurnal Sains dan Teknik, 6(1), 1ï7.  

5. Matwiej, Ğ., Wieruszewski, M., Wiaderek, K., & Pağubicki, B. (2022). Elements of designing uphol-

stered furniture sandwich frames using finite element method. Materials, 15(17), 6084.  
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ɹʫʜʘʝʚ ɺ.ɽ. 

ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸ22  

e-mail: veb12@tpu.ru 

 

3D ʧʝʯʘʪʴ ð ʵʪʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʠʟ ʪʨʸʭʤʝʨʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦ-

ʜʝʣʠ ʠʣʠ ʤʦʜʝʣʠ ʉɸʇʈ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʤʘʪʝʨʠʘʣ ʩʦʝʜʠʥʷʝʪʩʷ ʠʣʠ ʟʘʪʚʝʨʜʝʚʘʝʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦ-

ʛʠʷʤ 3D ʧʝʯʘʪʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʠ ʜʝʰʝʚʦ ʩʦʟʜʘʪʴ ʰʘʙʣʦʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʟ-

ʤʝʨʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʈʘʟʙʝʨʝʤ ʥʘ ʧʨʠʤʝʨʝ ʰʘʙʣʦʥʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʘʪʝʪʦʚ ʫʛʣʦʚʦʛʦ ʩʚʘʨʥʦʛʦ 

ʰʚʘ ʋ3 (ʩʤ. ʨʠʩ. 1). 

ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʰʘʙʣʦʥʘ:  

1. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʥʘʯʘʣʘ ʧʨʠʜʫʤʳʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʰʘʙʣʦʥʘ ʠ ʟʘʪʝʤ 3D ï ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ CAD ʩʠʩʪʝʤʝ.  

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ KOMPAS ï 3D. ʏʝʨʪʝʞ ʰʘʙʣʦʥʘ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 2.  

2. ʇʝʯʘʪʴ. 

ʇʝʯʘʪʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʠʟ ʪʠʧʦʚ ʧʣʘʩʪʠʢʦʚʳʭ 3D ʧʨʠʥʪʝʨʦʚ: STL, SLA, DLP, MJP, PJP, 

FDM, FFF, LCD, SLS. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʤ STL. 

3. ʆʙʤʝʨ. 

ʇʦʩʣʝ ʧʝʯʘʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʤʝʨʠʪʴ ʰʘʙʣʦʥ. ɽʩʣʠ ʨʘʟʤʝʨʳ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʝʨʪʝʞʫ, 

ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʨʘʙʦʪʘʪʴ ʜʝʪʘʣʴ (ʰʣʠʬʦʚʢʘ, ʧʦʣʠʨʦʚʢʘ ʠ ʪ. ʜ.). 

ʉʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ ʰʘʙʣʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ. 1. ʉʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʋ3 ʈʠʩ. 2. ʏʝʨʪʝʞ ʰʘʙʣʦʥʘ 

 

ɿʘʯʘʩʪʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʝ ʫʢʘʟʳʚʘʶʪ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ, ʪ. ʢ. ʦʥʘ ʟʘʚʠʩʠʪ 

ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʘʤʦʛʦ 3D ï ʧʨʠʥʪʝʨʘ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʘʤʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʝʯʘʪʘʝʤʦʛʦ ʠʟʜʝ-

ʣʠʷ. ʅʘʧʨʠʤʝʨ, ʙʦʣʴʰʠʝ ʨʘʜʠʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʭʫʜʰʫʶ ʪʦʯʥʦʩʪʴ, ʯʝʤ ʪʘʢʦʡ 

ʞʝ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ. ʊʘʢʞʝ ʙʦʣʴʰʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʫʩʘʜʢʘ ʤʘʪʝʨʠʘʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʦʧʣʘ. 
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ʈʠʩ. 3. ʇʨʠʤʝʥʝʥʠʝ ʰʘʙʣʦʥʘ ʥʘ ʩʚʘʨʥʦʤ ʰʚʝ 

 

ʇʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦ ʠʟʙʝʞʘʪʴ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʆʧʪʠʤʘʣʴʥʦ ʥʘʩʪʨʦʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʣʘʩʪʠʢʘ ʯʝʨʝʟ ʩʦʧʣʦ. 

2. ʆʧʳʪʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʘʜʢʫ ʤʘʪʝʨʠʘʣʘ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩ ʝʝ ʫʯʝʪʦʤ. 

3. ɺʳʙʦʨ 3D ï ʧʨʠʥʪʝʨʘ ʩ ʙʦʣʝʝ ʪʦʯʥʳʤ ʧʝʨʝʜʚʠʞʝʥʠʝʤ ʩʦʧʣʘ ʠ ʞʝʩʪʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʥʘʧʝʯʘʪʘʥʥʳʭ ʰʘʙʣʦʥʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʟʛʨʘʥʠʯʥʦ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʥʪʝʨʳ, ʩʧʦʩʦʙʥʳʝ ʧʝʯʘʪʘʪʴ ʩ ʪʦʯʥʦʩʪʴ ʚ ʤʠʢʨʦʥ ʠ ʤʝʥʴʰʝ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦ 

ʩʦʟʜʘʥʠʝ ʰʘʙʣʦʥʦʚ (ʠʣʠ ʢʘʣʠʙʨʦʚ), ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʧʨʦʚʝʨʷʪʴ ʧʦʩʘʜʢʠ ʥʘ ʨʘʟʥʳʝ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʩʠʣʴʥʦ ʢʨʘʪʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʭ 
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ʂʦʟʘʨʴ ɼ.ʄ.1, ʂʨʘʫʠʥʴʰ ʇ.ʗ.2 
1 ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, e-mail: kozar@tpu.ru 

2ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʧʨʦʬʝʩʩʦʨ-ʢʦʥʩʫʣʴʪʘʥʪ, e-mail: peterkrau@tpu.ru 
 

ʀʟʚʝʩʪʥʳ ʠʟʦʙʨʝʪʝʥʠʷ [1, 2] ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʦʣʥʦʚʳʤ ʧʝʨʝʜʘʯʘʤ ʩ ʧʦʣʫʢʨʫʛʣʳʤ 

ʧʨʦʬʠʣʝʤ. ɺʦʣʥʦʚʘʷ ʧʝʨʝʜʘʯʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʘ ʧʦʣʫʢʨʫʛʣʳʡ 

ʧʨʦʬʠʣʴ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʟʫʙʴʝʚ. ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ [3-7], ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʪʘʢʠʭ ʟʘʮʝʧʣʝʥʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʠʥʝʤʘʪʠʢʝ. ʆʜʥʘʢʦ ʚʦʧʨʦʩʳ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʪʘʢʦʛʦ ʨʦʜʘ ʟʘʮʝʧʣʝʥʠʡ ʠ ʧʝʨʝʜʘʯ, ʦʩʪʘʶʪʩʷ ʩʣʘʙʦ ʧʨʦʨʘʙʦʪʘʥʥʳʤʠ. 

ʎʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ð ʧʨʦʚʝʩʪʠ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʡ 

ʢʠʥʝʤʘʪʠʢʠ ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʉɸʇʈ çʂʆʄʇɸʉ-3Dè. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʨʷʤʦʟʫʙʦʝ ʟʘʮʝʧʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʰʝʩʪʝʨʥʷ z1 ʠʤʝʝʪ 20 ʟʫʙʴʝʚ, ʘ ʢʦʣʝʩʦ z2 ï 

21 ʟʫʙ.  ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ i ʪʘʢʦʡ ʧʝʨʝʜʘʯʠ ʨʘʚʥʦ 1/21. ʄʦʜʫʣʴ m (ʨʘʜʠʫʩ ʟʫʙʘ) 4 ʤʤ, ʘ 

ʚʝʣʠʯʠʥʘ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʰʝʩʪʝʨʥʠ e ʩʦʩʪʘʚʣʷʝʪ ʧʦʣʦʚʠʥʫ ʤʦʜʫʣʷ, ʪ. ʝ. 2 ʤʤ. ɼʠʘʤʝʪʨ 

ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʰʝʩʪʝʨʥʠ mz1=80 ʤʤ, ʘ ʢʦʣʝʩʘ mz2=84 ʤʤ. 

ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʝʨʝʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺʭʦʜʥʦʝ ʟʚʝʥʦ ʧʝʨʝʜʘʯʠ ð 

ʵʢʩʮʝʥʪʨʠʢʦʚʳʡ ʚʘʣ 1, ʚʳʭʦʜʥʦʝ ð ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ 2. ɼʚʠʞʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ 

ʰʝʩʪʝʨʥʶ 3, ʢʦʪʦʨʘʷ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʦʪ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ʰʘʨʦʚʳʤʠ 

ʪʷʛʘʤʠ 4, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʢʨʫʛʫ. ʆʜʥʠʤ ʢʦʥʮʦʤ ʰʘʨʦʚʳʝ ʪʷʛʠ ʟʘʢʨʝʧʣʝʥʳ ʚ 

ʩʬʝʨʠʯʝʩʢʠʭ ʦʪʚʝʨʩʪʠʷʭ ʰʝʩʪʝʨʥʠ 3, ʫʜʘʣʝʥʥʳʭ ʥʘ ʨʘʚʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʰʝʩʪʝʨʥʠ. 

ɼʨʫʛʠʤ ʢʦʥʮʦʤ ʪʷʛʠ ʟʘʢʨʝʧʣʝʥʳ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʦʪʚʝʨʩʪʠʷʭ ʥʝʧʦʜʚʠʞʥʦʛʦ ʢʦʨʧʫʩʘ 5. ʕʪʠ 

ʦʪʚʝʨʩʪʠʷ ʫʜʘʣʝʥʥʳ ʥʘ ʨʘʚʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʵʢʩʮʝʥʪʨʠʢʘ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʨʘʱʝʥʠʝ ʵʢʩʮʝʥʪʨʠʢʘ 1 ʧʨʠʚʦʜʠʪ ʢ ʢʨʫʛʦʚʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʦʩʠ ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʥʠ 3 ʠ 

ʦʩʮʠʣʣʷʮʠʠ ʰʝʩʪʝʨʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʵʢʩʮʝʥʪʨʠʢʘ ʙʝʟ ʚʨʘʱʝʥʠʷ. ʂʦʨʧʫʩ 5 ʩʦʝʜʠʥʷʝʪʩʷ ʩ 

ʢʨʳʰʢʦʡ 6 (ʧʨʦʟʨʘʯʥʘʷ) ʚʠʥʪʘʤʠ 7 ʧʨʦʭʦʜʷʱʠʤʠ ʩʢʚʦʟʴ ʩʧʝʮʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʰʝʩʪʝʨʥʝ 3. 

 

ʇʦʜʰʠʧʥʠʢʠ, ʵʣʝʤʝʥʪʳ ʜʣʷ ʩʥʷʪʠʷ 

ʚʨʘʱʝʥʠʷ ʩ ʚʳʭʦʜʥʦʛʦ ʢʦʣʝʩʘ 2, ʣʘʧʳ, 

ʚʪʫʣʢʠ ʠ ʧʨʦʯʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʙʦʣʝʝ ʷʩʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ 

ʠ ʫʧʨʦʱʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʮʝʧʣʝʥʠʝ ʧʨʷʤʦʟʫʙʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ 2ɼ ʨʝʞʠʤʝ, ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ 3ɼ ʛʨʘʬʠʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʢʘʢ ʚ ʉɸʇʈ 

çʂʆʄʇɸʉ-3Dè ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʤʠʪʠʚʳ 

ʚ 2ɼ ʨʝʞʠʤʝ ʠʤʝʶʪ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʦʪʨʠʩʦʚʳʚʘʶʪʩʷ ʥʘ 

ʵʢʨʘʥʝ ʛʣʘʜʢʠʤʠ ʢʨʠʚʳʤʠ, ʘ ʥʝ ʥʘʙʦʨʦʤ 

ʜʠʩʢʨʝʪʥʳʭ ʧʨʷʤʳʭ ʦʪʨʝʟʢʦʚ. ʕʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʩ ʧʦʠʩʢʦʤ 

ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ ʜʫʛ ʨʘʚʥʦʡ ʠʣʠ ʙʣʠʟʢʦʡ 

ʢʨʠʚʠʟʥʳ ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ, ʠʥʦʛʜʘ ʪʨʝʙʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʠʥʠʡ. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ 3ɼ ʤʦʜʝʣʴ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʠ 

ʩ ʧʦʣʫʢʨʫʛʣʳʤ ʧʨʦʬʠʣʝʤ ʟʫʙʴʝʚ 
ɺ ʥʝʢʦʪʦʨʦʤ ʨʦʜʝ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʢʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʤ, ʘ ʥʝ ʧʨʦʩʪʦ ʛʨʘʬʠʯʝʩʢʠʤ. 

ɻʨʘʬʠʯʝʩʢʘʷ 2ɼ ʤʦʜʝʣʴ ʟʘʮʝʧʣʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2ʘ. ʅʘ ʤʦʜʝʣʴ ʥʘʣʦʞʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʠʥʝʤʘʪʠʢʝ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ. ɿʘʜʘʚʘʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʵʢʩʮʝʥʪʨʠʢʘ ʤʦʞʥʦ 

ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʢʫ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʧʨʦʬʠʣʷʤʠ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥʠ ʙʳʣʠ 

ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ ʩ ʠʜʝʘʣʴʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚr ʧʦʣʥʝʥʳ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʵʢʩʮʝʥʪʨʠʢʘ ʦʪ 0Á ʜʦ 45Á ʩ ʰʘʛʦʤ ʚ 1Á. 

 

 

ʘ) ʙ) 

ʈʠʩ. 2. ɺʦʣʥʦʚʘʷ ʧʝʨʝʜʘʯʘ ʩ ʧʦʣʫʢʨʫʛʣʳʤ ʧʨʦʬʠʣʝʤ ʟʫʙʘ: 

ʘ) 2ɼ ʤʦʜʝʣʴ; ʙ) ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʞʜʳʝ 18Á, ʪ. ʝ. 360/z1, ʟʫʙ ʰʝʩʪʝʨʥʠ ʧʦʣʥʦʩʪʴʶ ʚʭʦʜʠʪ ʚ ʢʦʥʪʘʢʪ ʩ 

ʚʧʘʜʠʥʦʡ ʢʦʣʝʩʘ. ʂʦʥʪʘʢʪ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʜʫʛʝ ʚ 135Á ʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʟʫʙʘ. ʆʜʥʘʢʦ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ ʜʝʡʩʪʚʫʝʪ ʣʠʰʴ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ 

ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ, ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ ʜʫʛʠ, ʪ. ʝ. 67,5Á. ʊʦʯʢʘ 

ʢʦʥʪʘʢʪʘ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʨʦʤʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ, ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʠ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʫʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2ʙ ʜʣʷ ʩʣʫʯʘʷ ʚʨʘʱʝʥʠʷ 

ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 

ʂʘʞʜʳʝ 18Á, ʪ. ʝ. 360/z1, ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʧʘʨʳ ʟʫʙʴʝʚ. ʇʦʩʣʝ ʩʤʝʥʳ 

ʟʫʙʴʝʚ ʪʦʯʢʘ ʢʦʥʪʘʢʪʘ ʚ ʪʝʯʝʥʠʠ ʩʣʝʜʫʶʱʠʭ 10Á ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʤʝʩʪʝ, ʫʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 

2ʙ ʢʘʢ ʥʘʯʘʣʦ ʬʘʟʳ ʢʦʥʪʘʢʪʘ. ʇʦʩʣʝʜʫʶʱʠʝ 6Á ʦʥʘ ʧʣʘʚʥʦ ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʤʝʩʪʘ, ʫʢʘʟʘʥʥʦʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 2ʙ ʢʘʢ ʢʦʥʝʮ ʬʘʟʳ ʢʦʥʪʘʢʪʘ. ʇʨʠ ʧʦʚʦʨʦʪʝ ʝʱʝ ʥʘ 1Á ʪʦʯʢʘ ʢʦʥʪʘʢʪʘ ʩʤʝʱʘʝʪʩʷ ʠʟ 

ʩʘʤʦʛʦ ʥʠʞʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʤʥʦʛʦ ʦʙʨʘʪʥʦ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʢʦʢ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʥʘ 

ʩʣʝʜʫʶʱʠʡ ʟʫʙ. 

ʄʥʦʛʦʧʘʨʥʦʝ ʟʘʮʝʧʣʝʥʠʝ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʟʫʙʴʝʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ 

ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʦʡ [6], ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  
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ɺʨʘʱʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʢʦʣʝʩʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ (ʨʠʩ. 3, ʘ) ʠ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʫʛʣʦʚʦʛʦ ʰʘʛʘ: ʦʪ +3,8% ʜʦ -16,5% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ 0,04762Á 

ʧʦʚʦʨʦʪʘ ʢʦʣʝʩʘ ʥʘ 1Á ʧʦʚʦʨʦʪʘ ʵʢʩʮʝʥʪʨʠʢʘ. 

ʊʦʯʢʘ ʢʦʥʪʘʢʪʘ ʷʚʣʷʝʪʩʷ ʠ ʪʦʯʢʦʡ ʧʝʨʝʜʘʯʠ ʫʩʠʣʠʷ ʦʪ ʰʝʩʪʝʨʥʠ ʢ ʢʦʣʝʩʫ. ɽʝ ʥʝʧʦʩʪʦʷʥʥʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʣʝʯʘ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ (ʨʠʩ. 3, ʙ). ɼʣʠʥʘ ʧʣʝʯʘ ʤʝʥʷʝʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 42 ʜʦ 43,94 ʤʤ, ʪ. ʝ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ e. 

ʂʨʦʤʝ ʥʝʧʦʩʪʦʷʥʩʪʚʘ ʚʝʣʠʯʠʥʳ ʧʣʝʯʘ ʩʠʣʳ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʦʣʝʩʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʠ 

ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʠʣʳ (ʨʠʩ. 4, ʘ). ɺ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʢʦʥʪʘʢʪʘ ʟʫʙʴʝʚ 

ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʩʠʣʳ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ 

ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 11,49Á. ɼʘʣʝʝ ʦʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʪʝʯʝʥʠʠ 10Á ʧʦʚʦʨʦʪʘ ʵʢʩʮʝʥʪʨʠʢʘ ʜʦ ʚʝʣʠʯʠʥʳ 1,99Á. ɿʘʪʝʤ ʧʨʦʮʝʩʩ ʧʘʜʝʥʠʷ 

ʥʝʤʥʦʛʦ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʟʘ 6Á ʧʦʚʦʨʦʪʘ ʵʢʩʮʝʥʪʨʠʢʘ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 0Á, ʪ. ʝ. ɺʝʢʪʦʨ ʩʠʣʳ 

ʩʪʘʥʦʚʠʪʩʷ ʢʘʩʘʪʝʣʴʥʳʤ ʢ ʪʨʘʝʢʪʦʨʠʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ. ʉʣʝʜʫʶʱʠʡ ʧʦʚʦʨʦʪ ʥʘ 1Á ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʛʣʘ -1,70Á, ʪ. ʝ. ʚʝʢʪʦʨ ʩʠʣʳ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʥʘʧʨʘʚʣʝʥ ʫʞʝ ʥʝ ʦʪ 

ʢʦʣʝʩʘ, ʘ ʢ ʥʝʤʫ. 

ʘ) ʙ) 

ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʵʢʩʮʝʥʪʨʠʢʘ): 

ʘ) ʋʛʣʦʚʦʛʦ ʰʘʛʘ ʢʦʣʝʩʘ; 

ʙ) ʇʣʝʯʘ ʩʠʣʳ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʦʣʝʩʦ 

ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʚʣʠʷʥʠʷ ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʩʠʣʳ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʪʨʘʝʢʪʦʨʠʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʦʪ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʩʠʣʳ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ 

(ʨʠʩ 4, ʙ). ʂʘʢ ʚʠʜʠʤ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʦʩʪʘʚʣʷʝʪ 

0,02 ʅ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʧʣʝʯʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 4,5%. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʜʣʷ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʩ ʤʘʣʝʥʴʢʠʤ ʯʠʩʣʦ ʟʫʙʴʝʚ 

z1=20 ʠ z2=21. ʉ ʨʦʩʪʦʤ ʯʠʩʝʣ ʟʫʙʴʝʚ ʢʦʣʝʙʘʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʫʪ ʫʤʝʥʴʰʘʪʴʩʷ ʢʘʢ ʚ 

ʘʙʩʦʣʶʪʥʦʤ, ʪʘʢ ʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʛʦ ʢʘʢ ʠʤʝʥʥʦ ð ʟʘʜʘʯʘ 

ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤʠ ʜʣʷ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ. 
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ʘ) 
ʙ) 

ʈʠʩ. 4. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʵʢʩʮʝʥʪʨʠʢʘ): 

ʘ) ʋʛʣʘ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʩʠʣʳ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ; 

ʙ) ʇʨʦʝʢʮʠʠ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʩʠʣʳ ʥʘ ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʪʨʘʝʢʪʦʨʠʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ; 

ʊʘʢʞʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ 

ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤʠ ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʛʦ ʤʦʤʝʥʪʘ 

ʢ ʚʭʦʜʥʦʤʫ (ʨʠʩ. 5). ɺʝʣʠʯʠʥʘ ʚʳʭʦʜʥʦʛʦ 

ʤʦʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ i=21 ʚʩʝʡ ʧʝʨʝʜʘʯʠ ʚ ʮʝʣʦʤ. 

ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʪʦʯʢʘ ʢʦʥʪʘʢʪʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚʳʰʝ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʳʤ 

ʜʘʥʥʳʤ. ɿʘ ʦʜʠʥ ʦʙʦʨʦʪ ʰʝʩʪʝʨʥʠ, ʢʦʣʝʩʦ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 1/21 ʦʙʦʨʦʪʘ. 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 

(ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ) ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʵʢʩʮʝʥʪʨʠʢʘ 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʦʪʣʠʯʠʪʝʣʴʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʡ ʧʝʨʝʜʘʯʠ ð 

ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʦʯʢʘ ʢʦʥʪʘʢʪʘ ʦʯʝʥʴ 

ʙʣʠʟʢʘʷ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʘʷ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʫʧʨʫʛʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʢʦʥʪʘʢʪ ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦ ʦʙʰʠʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɸ ʵʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʠ ʜʣʷ ʧʦʜʦʙʥʳʭ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʥʠʟʢʦʡ ʢʦʥʪʘʢʪʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ ʧʣʘʩʪʠʢ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʇʘʪʝʥʪ ˉ 2824078 C1 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ F16H 1/00. ʚʦʣʥʦʚʦʡ ʨʝʜʫʢʪʦʨ : ˉ 

2024106763 : ʟʘʷʚʣ. 15.03.2024 : ʦʧʫʙʣ. 01.08.2024 / ʇ. ʗ. ʂʨʘʫʠʥʴʰ, ɼ. ʇ. ʂʨʘʫʠʥʴʰ, ɼ. ʄ. ʂʦʟʘʨʴ, ɼ. 
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2. ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 170915 U1 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ F16H 55/08. ʟʫʙʯʘʪʘʷ 

ʧʝʨʝʜʘʯʘ : ˉ 2016137012 : ʟʘʷʚʣ. 15.09.2016 : ʦʧʫʙʣ. 15.05.2017 / ɸ. ɺ. ʀʦʧʧʘ, ɼ. ʇ. ʂʨʘʫʠʥʴʰ, ʇ. ʗ. 
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e-mail: sms26@tpu.ru 

 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʰʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʪʘʢʠʭ ʢʘʢ: ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʙʫʤʘʛʫ, ʚʦʣʦʩʳ, ʜʨʝʚʝʩʠʥʫ, ʟʝʨʥʦ, ʢʝʨʘʤʠʢʫ, ʢʦʢʩ, ʢʦʩʪʠ, 

ʣʝʢʘʨʩʪʚʘ, ʤʠʥʝʨʘʣʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʀʟʤʝʣʴʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʘʣʴʥʳʭ ʢʦ-

ʣʝʙʘʥʠʡ ʨʘʟʤʦʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʠʥʝʨʮʠʠ ʜʚʠʞʝʥʠʷ, ʤʝ-

ʣʶʱʠʝ ʰʘʨʳ ʩʦʚʝʨʰʘʶʪ ʩʚʦʠ ʫʜʘʨʳ ʩ ʚʳʩʦʢʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʧʦ ʯʘʩʪʠʮʘʤ ʦʙʨʘʟʮʘ ʚ 

ʟʘʢʨʫʛʣʝʥʥʳʭ ʢʦʥʮʘʭ ʨʘʟʤʦʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʠ ʠʟʤʝʣʴʯʘʶʪ ʠʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʣʴʥʠʮʳ MM 500 NANO: 

¶ ʆʯʝʥʴ ʣʸʛʢʦʝ ʠ ʫʜʦʙʥʦʝ ʢʨʝʧʣʝʥʠʝ ʨʘʟʤʦʣʴʥʳʭ ʩʪʘʢʘʥʦʚ 

¶ ʇʨʦʚʝʨʠʪʴ ʪʦʥʢʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʠʣʠ ʦʪʦʙʨʘʪʴ ʦʙʨʘʟʝʮ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʙʝʟ 

ʠʟʚʣʝʯʝʥʠʷ ʩʪʘʢʘʥʘ ʠʟ ʟʘʞʠʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

¶ ʋʜʦʙʥʦʝ ʟʘʜʘʥʠʝ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʙʣʘʛʦʜʘʨʷ ʵʨʛʦʥʦʤʠʯʥʦʤʫ ʜʠʟʘʡʥʫ ʠ 

ʩʝʥʩʦʨʥʦʤʫ ʜʠʩʧʣʝʶ 

¶ 12 ʢʦʤʙʠʥʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʣʴʯʝʥʠʷ (SOP) ʠ 4 ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʮʠʢʣʘ ʩ 99 

ʧʦʚʪʦʨʘʤʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ 

¶ ʆʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʢʘʢ ʜʣʷ ʙʳʩʪʨʦʛʦ ʨʘʟʤʦʣʘ <2 ʤʠʥ, ʪʘʢ ʠ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʜʦ 99 ʯ 

¶ ʀʩʧʦʣʴʟʫʡʪʝ ʦʜʠʥ ʙʦʣʴʰʦʡ ʰʘʨ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʫʜʘʨʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʝʣʢʠʭ 

ʰʘʨʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʪʨʝʥʠʷ 

¶ ʀʩʧʦʣʴʟʫʡʪʝ MM 500 nano ʜʣʷ ʨʫʪʠʥʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʜʣʷ ʥʘʥʦʠʟʤʝʣʴʯʝʥʠʷ ʠʣʠ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʤʝʭʘʥʦʭʠʤʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 

 

 
ʈʠʩ. 1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʘ ʤʝʣʴʥʠʮʳ 
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ʈʠʩ. 2. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʩʪʘʢʘʥʦʚ  

 ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʚʦʜʥʘʷ ʯʘʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʳ ʄʄ500 nano. ɺʨʘʱʝ-

ʥʠʝ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 1 ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʤʫʬʪʫ 2 ʥʘ ʧʦʣʠʢʣʠʥʦʚʫʶ ʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ 3. 

ʐʢʠʚ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʚʨʘʱʘʝʪ ʚʘʣ ʩ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʧʦʜ ʥʦʤʝʨʦʤ 4. ʅʘ ʨʠʩ. 2, ʛʜʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʚʪʦʨʘʷ ʯʘʩʪʴ ʩʭʝʤʳ, ʚʠʜʥʦ, ʯʪʦ ʠʟ-ʟʘ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʚʘʣʘ 4, ʧʨʦʠʩʭʦʜʠʪ ʧʦʦʯʝʨʝʜ-

ʥʦʝ ʚʨʘʱʝʥʠʝ ʢʨʠʚʦʰʠʧʦʚ ʧʦʜ ʥʦʤʝʨʦʤ 5. ɺ ʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʰʘʪʫʥ 6 ʠ 

ʢʦʨʦʤʳʩʣʦ 7. ʂʦʨʦʤʳʩʣʦ 7 ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʝʪ ʤʝʩʪʦ ʢʨʝʧʣʝʥʠʷ ʩʪʘʢʘʥʘ, ʢʦʪʦʨʳʡ ʚʠʙʨʠ-

ʨʫʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʠʣʦʡ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʚʝʱʝʩʪʚ ʩʪʘʣʴʥʳʤʠ ʰʘʨʠʢʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʥʢʦʡ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʠ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʝ-

ʞʠʤʳ ʨʘʙʦʪʳ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʧʨʦʜʫʢʪʘ. 

ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʈʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ 

ʠ ʜʝʰʝʚʠʟʥʫ, ʧʦʜʚʝʨʞʝʥʘ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʠ ʪʨʝʙʫʝʪ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʟʘʤʝʥʳ 

ʨʝʤʥʝʡ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ, ʧʨʠ ʚʳ-

ʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ, ʚʦʟʥʠʢʘʝʪ ʠʟʥʦʩ ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʳʩʦ-

ʢʠʤ ʪʨʝʥʠʝʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʫʜʘʨʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʦ-

ʪʨʝʙʦʚʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠʣʠ ʟʘʤʝʥʳ ʰʘʨʦʚ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʳ MM500 nano, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʯʝʨʝʟ ʢʨʠ-

ʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʟʘʜʘʯ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝ-

ʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚ ʚʠʜʝ ʠʟʥʦʩʘ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʩʭʝʤʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ð ʛʠʙʢʫʶ ʥʘʩʪʨʦʡʢʫ ʨʝʞʠʤʦʚ ʚʠʙʨʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʜʘʥʥʳʡ ʘʧʧʘʨʘʪ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ. 
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ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʘʰʠʥʦʩʪʨʦʝʥʥʠʷ, e-mail: Ivanov_SL@pers.spmi.ru 

ʕʢʩʢʘʚʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʛʦʨʥʳʤʠ ʤʘʰʠʥʘʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʪʢʨʳʪʳʭ ʛʦʨ-

ʥʭr ʨʘʙʦʪ [1]. ʆʜʥʘʢʦ ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʤʘʪʝʨʠʘʣʘʭ ʜʝʪʘʣʝʡ ʵʢʩʢʘʚʘ-

ʪʦʨʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʠʟʤʝʥʷʶʪ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʚʦʜʷʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʝʡ ʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʯʪʦ ʚʝʜʝʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʧʝʨʝʚʦʜʷ ʛʦʨʥʳʝ ʤʘʰʠʥʳ ʠʟ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ 

ʦʪʢʘʟʘ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʣʠ ʨʝʤʦʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴʶ ʩʦʙʩʪʚʝʥʥʦ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʚʝʣʠʯʠʥʦʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ, 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʩʪʦʝʚ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʪʥʦʩʪʴʶ ɿʀʇ, ʝʛʦ ʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʠ 

ʩʪʨʘʪʝʛʠʝʡ ʧʦʧʦʣʥʝʥʠʷ. ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʦʩʪʦʠ ʛʦʨʥʦʛʦ ʠʤʧʦʨʪʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʶʪ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘ-

ʪʦʯʥʦʩʪʠ ʟʘʧʘʩʘ ʠʣʠ ʢʦʤʧʣʝʢʪʘ ɿʀʇ ʩʣʝʜʫʝʪ ʧʝʨʝʭʦʜʠʪʴ ʢ ʩʪʨʘʪʝʛʠʠ, ʢʦʛʜʘ ʛʦʨʥʦʝ ʧʨʝʜʧʨʠʷ-

ʪʠʝ, ʦʪʚʝʯʘʷ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʝʞʥʦʩʪʠ, ʩʘʤʦ ʩʦʟʜʘʝʪ ʵʪʠ ʟʘʧʘʩʥʳʝ 

ʯʘʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʧʦʩʣʝʜʥʠʭ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʫʩʣʦʚʠʷ ʩʤʘʟʳʚʘʥʠʷ [2]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʪʚʝʯʘʶʪ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ, ʥʦ ʦʥʠ, ʢʘʢ ʠ ʣʶʙʘʷ ʪʝʭʥʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ, ʪʨʝʙʫʶʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. ʂʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʨʝʩʫʨʩʦʦʧʨʝʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ 

[3], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʧʦ ʦʪʢʘʟʫ ʠʤʧʦʨʪʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘ-

ʪʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [4]. ɺ ʯʘʩʪʥʦʩʪʠ, ɸʎʉʉ 

(ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʤʘʟʢʠ) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʛʦ ʜʦ-

ʟʠʨʦʚʘʥʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʩʤʘʟʢʠ, ʟʘʱʠʪʳ ʫʟʣʦʚ 

ʦʪ ʠʟʥʦʩʘ, ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʧʨʠ ʮʝʣʦʤ ʨʷʜʝ ʧʨʝʠʤʫʱʝʩʪʚ ɸʎʉʉ ʦʙʣʘʜʘʝʪ ʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʝʝ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʵʢʩʢʘʚʘʪʦʨʘ ʤʦʞʥʦ 

ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ: 

1) ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʛʫʩʪʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʣʠʥʠʷʤ (ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʘʯʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʜʨ.); 

2) ʚʳʟʚʘʥʥʳʝ ʧʦʚʳʰʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʨʘʩʭʦʜʦʚʘʥʠʷ ʰʪʦʢʦʚ ʠ ʧʣʫʥʞʝʨʦʚ ʥʘʦʩʦʚ ʠ 

ʥʘʩʦʩʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

3) ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʭʦʜʦʤ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʠʩʪʝʤ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ɸʎʉʉ; 

4) ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ (ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʝʜʠ-

ʥʝʥʠʡ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʘʨʤʘʪʫʨʳ). 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʘʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʛʠʜʨʦʩʠʩʪʝʤʳ ʠ ʚʳʜʝʣʷʷ ʦʩʥʦʚ-

ʥʳʝ, ʢʨʠʪʠʯʥʳʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠʩʧʨʘʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʮʝʣʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪ-

ʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

1) ʧʣʫʥʞʝʨʥʘʷ ʧʘʨʘ ʥʘʩʦʩʘ ʠ ʰʪʦʢʠ ʥʘʩʦʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʶ 

ʧʦʜʘʯʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʟʝʣ ʪʨʝʥʠʷ ʥʝʦʙʭʦʜʠ-

ʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʤʘʟʢʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʝʙʫʝʤʳʭ ʨʝʞʠʤʦʚ ʩʤʘʟʳʚʘʥʠʷ; 
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2) ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ, ʷʚʣʷʷʩʴ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ɸʎʉʉ, ʚʳʧʦʣ-

ʥʷʶʱʠʝ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʥʘʩʦʩʘ ʢ ʪʦʯʢʘʤ ʩʤʘʟʢʠ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ; 

3) ʰʪʫʮʝʨʳ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʘʨʤʘʪʫʨʘ ʠ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʣʠʰʴ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʣʠʥʠʠ. 

ɼʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʪʨʝʙʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ 

ʚʢʣʶʯʘʪʴ ʚ ʩʚʦʶ ʦʩʥʦʚʫ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ. 

ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʪʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʚ ʧʨʦʮʝʩʩ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ [5] ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʝʤʦʥʪʥʦʡ ʙʘʟʳ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫ-

ʯʝʥʠʶ ʨʘʟʥʦʪʠʧʥʳʭ ʙʳʩʪʨʦʠʟʥʘʰʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦ-

ʨʦʚ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʩʧʝʮʠʬʠʢʫ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʨʥʦ-

ʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʪʝʭʥʠʢʠ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʆʪʨʘʙʦʪʢʘ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʥʘ ʧʨʦ-

ʩʪʳʭ ʵʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ 

ʛʨʫʧʧ ʙʳʩʪʨʦʠʟʥʘʰʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ 

(ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ, ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʢʦʚ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʘʨʤʘʪʫʨʳ, ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ) ʩ 

ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʨʥʦʜʦʙʳʚʘʶ-

ʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʪʝʭʥʠʢʠ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʦʩʥʦʚʝ 

ʦʙʨʘʪʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʩʬʝʨʝ 

ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʠ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʝʤʦʥʪʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 
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ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʦʡ ʧʣʘʥʝʪʘʨʥʦ-ʮʝʚʦʯʥʦʡ ʧʝʨʝʜʘʯʠ (ʃʇʎʇ) ʷʚ-

ʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ. ʊʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʧʝʨʝʜʘʯʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʩʠʣʠʠ. ʈʘʟʤʝʨʳ ʧʝʨʝʜʘʯʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤ ʤʝʩʪʘʤ: ʧʦʜʰʠʧʥʠʢʘʤ ʠ ʟʘʮʝʧʣʝʥʠʝʤ ʩʘʪʝʣʣʠʪʘ ʩ 

ʨʝʡʢʦʡ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨ ʧʝʨʝʜʘʯʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʨʘʟʤʝʨ ʧʝʨʝʜʘʯʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʘ ʚʪʦʨʦʡ ʙʫʜʝʪ ʠʤʝʪʴ 

ʠʟʙʳʪʦʯʥʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ.  

ʋʩʣʦʚʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘʤʠ: 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʦʜʰʠʧʥʠʢʝ Ὂ  ʜʦʣʞʥʘ 
ʙʳʪʴ ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʦʡ ʥʘʛʨʫʟʢʠ ὖ ʥʘ ʧʦʜʰʠʧʥʠʢʝ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʫʩʣʦʚʠʡ ʨʘ-

ʙʦʪʳ: 

Ὂ ὖȢ ρ 

ʂʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʮʝʧʣʝʥʠʠ „ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʳʭ ʜʦʧʫʩʢʘʝ-
ʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʎ : 

ʎ ʎ Ȣ ς 

ɺʝʣʠʯʠʥʳ ʜʦʧʫʩʢʘʝʤʳʭ ʩʠʣ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʨʘʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʚʝʣʠʯʠʥʘ ʜʦʧʫʩʢʘʝ-

ʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʤʘʪʝʨʠʘʣʘ ʩʘʪʝʣʣʠʪʘ. ɺʝʣʠʯʠʥʘ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝ-

ʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ. ʈʘʟʤʝʨʳ ʧʝʨʝʜʘʯʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʤʝʨʘʤʠ ʩʘ-

ʪʝʣʣʠʪʘ. ɽʛʦ ʪʠʧʦʚʦʡ ʯʝʨʪʝʞ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ.1 ʊʠʧʦʚʦʡ ʯʝʨʪʝʞ ʩʘʪʝʣʣʠʪʘ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʧʝʨʝʜʘʯʠ, ʢʘʢ ʠ ʩʘʪʝʣʣʠʪʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʤʝʨʘʤʠ ʧʦʜʰʠʧʥʠ-

ʢʦʚ. ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʧʦʜʰʠʧʥʠʢʘ ʦʙʦʟʥʘʯʝʥὨ, ʰʠʨʠʥʘ ʧʦʜʰʠʧʥʠʢʘ ï  
ὦ. ʊʦʣʱʠʥʘ ʩʘʪʝʣʣʠʪʘ Ὤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʧʦʜʰʠʧʥʠʢʘ ὦ. ɺʦʢʨʫʛ ʢʘʞʜʦʛʦ 

ʧʦʜʰʠʧʥʠʢʘ ʠ ʤʝʞʜʫ ʥʠʤʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ ί. ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ ʤʦ-
ʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʪʦʣʱʠʥʝ ʩʘʪʝʣʣʠʪʘ Ὤ. ʉʫʤʤʘʨʥʘʷ ʪʦʣʱʠʥʘ ʚʩʝʭ ʩʘʪʝʣʣʠʪʦʚ ὰ ʨʘʚʥʘ 

ʢʦʣʠʯʝʩʪʚʫ ʩʘʪʝʣʣʠʪʦʚ ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ ʪʦʣʱʠʥʫ ʩʘʪʝʣʣʠʪʘ. ɿʘʧʠʰʝʤ ʵʪʠ ʫʩʣʦʚʠʷ ʥʝʨʘʚʝʥ-

ʩʪʚʘʤʠ:  
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Ὤ ὦ 
ί ὦ 

ὰ  ςὨ σὦ 
ὥ Ὠ ςὦ ςὩ 
ὰ Ὠ ὦ 
ὰ πȟυὨ ὦ 
ὰ ὲὦȢ 

(3) 

ʈʘʩʢʨʦʝʤ ʥʝʨʘʚʝʥʩʪʚʦ (1). ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʥʘ ʧʦʜʰʠʧʥʠʢʝ Ὂ  ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʚ 

ʟʘʮʝʧʣʝʥʠʠ Ὂ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [1]. ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʚʥʦʚʝʩʠʝ ʩʘʪʝʣʣʠʪʘ, ʧʦʣʫʯʠʤ:  

Ὂ ὊὯ ʇȟὲȟ
ὰ

ὰ
Ȣ τ 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʧʠʩʠ ʬʦʨʤʫʣ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʢʦʨʦʯʝ-

ʥʠʷ ʇ, ̋ ̘̏̌̉̆̒̓̃́ ̒́̓̆̌̌̉̓̏̃  ὲ ʠ ʧʨʦʧʦʨʮʠʡ ʩʘʪʝʣʣʠʪʘ  ὰȾὰ ʟʘʤʝʥʝʥʘ ʢʦʵʬʬʠʮʠʝʥʪʦʤ Ὧ .   

ɼʦʧʫʩʢʘʝʤʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʠʣʘ ʥʘ ʧʦʜʰʠʧʥʠʢʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʧʦʜ-

ʰʠʧʥʠʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ɻʆʉʊ 18855ï2013 [2]. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (1) ʧʦʣʫʯʠʤ:  

 

Ὂ ὒ
φπὲ

ρπ ὥὥ

ὅ

Ὧ ʇȟὲȟ
ὰ
ὰ

φ 

ʛʜʝ ά ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʠʧʘ ʧʦʜʰʠʧʥʠʢʘ, ὒ  ï ʟʘʜʘʥʥʳʡ ʨʝʩʫʨʩ ʧʝʨʝ-

ʜʘʯʠ, ὲ ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʘ, ὥὥ  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʯʠʪʳʚʘʶʱʠʝ ʫʩʣʦ-

ʚʠʷ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ ʠ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ, ὅ ï ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘ.  

ʃʝʚʘʷ ʯʘʩʪʴ ʥʝʨʘʚʝʥʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʥʘ ʧʨʠʚʦʜʝ ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʥʘʟʦʚʸʤ ʝʝ ʩʢʦʨ-

ʨʝʢʪʠʨʦʚʘʥʥʦʡ ʩʠʣʦʡ Ὂ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʥʝʨʘʚʝʥʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʰʠʧʥʠʢʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝ-
ʨʝʜʘʯʠ ʠ ʥʘʟʳʚʘʝʪʩʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ὅȢ ɽʩʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʩʠʣʘ 

ʤʝʥʴʰʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ï ʧʦʜʰʠʧʥʠʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʠʪʝʨʠʡ ʧʨʦʯʥʦʩʪʠ ʟʘʮʝʧʣʝʥʠʷ (2). ɺ ʩʪʘʪʴʝ [1] ʧʨʠʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ 

ʦʮʝʥʢʠ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʦʩʣʝ ʨʘʩʢʨʳʪʠʷ ʬʦʨʤʫʣʳ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʟʘʮʝʧʣʝʥʠʷ 

(2) ʟʘʧʠʰʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʎ ɰ‗ȟὯȟὲ Ὂ
ςὉz

ʌ

ρ

Ὓ
ʎ ȟ χ 

ʛʜʝ ɰ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʇ ̉ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʘʤʝʪʨʘ Ὧ ὨȾὴ (ʦʪʥʦʰʝʥʠʝ ʜʠʘ-
ʤʝʪʨʘ ʮʝʚʢʠ ʢ ʰʘʛʫ ʧʝʨʝʜʘʯʠ), Ὁᶻ ï ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, Ὓ  ὰὰ ʧʣʦʱʘʜʴ ʧʝʨʝ-

ʜʘʯʠ. ʇʨʝʦʙʨʘʟʫʷ (7) ʧʦʣʫʯʠʤ: 

ɰὯ Ὓȟ̄ ̅ ̆Ὧ Ὂ
ςὉᶻ

“ʎ
ψ 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚʝʣʠʯʠʥʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ, ʩʠʣʳ ʠ ʤʘ-

ʪʝʨʠʘʣʘ ʜʝʪʘʣʝʡ ʧʝʨʝʜʘʯʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ ʦʙʦʟʥʘʯʝʥʘ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʣʦ-

ʱʘʜʠ Ὧ. ɺ ʧʨʘʚʦʡ ï ʤʠʥʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʝʨʝʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ 

ʧʨʦʯʥʦʩʪʠ ʟʘʮʝʧʣʝʥʠʷ. 

ʆʧʨʝʜʝʣʠʤ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʜʘʯʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʴ-

ʤʝʤ ʨʘʟʤʝʨʳ ʧʦʜʰʠʧʥʠʢʘ Ὠ ʠ ὦ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʢʦʨʦʯʝʥʠʷ ʇ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʘʤʝʪʨʘ ʮʝʚʢʠ 
Ὧ. ʊʘʢ ʢʘʢ ʧʦʜʰʠʧʥʠʢʠ ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʟʜʝʣʠʷʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ 
ʚʳʙʨʘʪʴ ʧʦʜʰʠʧʥʠʢ ʠʟ ʢʘʪʘʣʦʛʘ, ʪʦ ʝʩʪʴ ʝʛʦ ʜʠʘʤʝʪʨ ʠ ʰʠʨʠʥʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʇʘʨʘʤʝʪʨʳ ʇ ʠ Ὧ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʥʝ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʦʛʨʘʥʠʯʝʥʳ ʫʩʣʦʚʠʝʤ ʧʦʜʨʝ-

ʟʘʥʠʷ [3]. 

ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʳʙʝʨʝʤ ʧʣʦʱʘʜʴ ʟʘʮʝʧʣʝʥʠʷ. ʆʥʘ ʢʦʩʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪ ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ ʧʝʨʝʜʘʯʠ ʪʘʢ ʢʘʢ ʚʳʩʦʪʘ ʧʝʨʝʜʘʯʠ ʩʚʷʟʘʥʘ ʩ ʜʣʠʥʥʦʡ ʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʨʘʟ-

ʤʝʨ ʧʦʜʰʠʧʥʠʢʘ. ʊʦʯʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʚʝʩʘ ʧʝʨʝʜʘʯʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ ʟʘ 
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ʩʯʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʧʝʨʝʜʘʯʝ ʠ ʦʪʩʫʪʩʪʚʠʷ ʦʙʲʝʤʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʯ-

ʥʦʩʪʠ ʧʝʨʝʜʘʯʠ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʣʦʱʘʜʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʲʝʤ ʠ ʚʝʩ ʧʝʨʝʜʘʯʠ, ʧʦʵʪʦʤʫ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʧʝʨʝʜʘʯʝʡ ʩʦʯʪʝʤ ʪʫ, ʫ ʢʦʪʦʨʦʡ ʧʣʦʱʘʜʴ ʤʠʥʠʤʘʣʴʥʘ. 

 ʇʦʩʢʦʣʴʢʫ ʤʠʥʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʝʨʝʜʘʯʠ Ὓ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʨʘʟʤʝʨʦʚ ʧʦʜʰʠʧʥʠʢʘ 
ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʩʚʦʜʠʪʩʷ ʢ ʧʝʨʝʙʦʨʫ ʚʩʝʭ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʇ ʠ Ὧ,  ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ ʧʝʨʝʜʘʯʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʴʶ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʩʣʦ-
ʚʠʷʤ (6), (8) ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʝ ʦʙʣʘʩʪʠ ʧʦʜʨʝʟʘʥʠʷ [3]. ʅʦ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʦ 

ʠ ʜʘʞʝ ʩ ʧʨʠʤʝʥʷʝʤ ʯʠʩʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʤʦʞʝʪ ʟʘʥʷʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʂ ʪʦʤʫ ʞʝ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʘʛʣʷʜʥʳʤ. ʇʨʝʜʩʪʘʚʠʤ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʥʝʨʘʚʝʥʩʪʚʘ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʥʘ ʨʠʩʫʥʢʝ 2. ʅʘ ʨʠ-

ʩʫʥʢʝ 2ʘ ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ ʩʠʣʳ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʝʨʝʜʘʯʠ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʡ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʢʦʨʦʯʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ɰ ʦʪ ʇ ʠ Ὧ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʧʦʜʨʝʟʘʥʠʷ. ʇʦ ʵʪʠʤ ʨʠʩʫʥʢʘʤ ʤʦʞʥʦ ʧʨʦ-
ʠʟʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʧʝʨʝʜʘʯʠ. 

 
         ʘ                                                                 ʙ 

ʈʠʩ. 2 ɻʨʘʬʠʢʠ ʜʣʷ ʨʘʩʯʝʪʘ 

 ʆʧʪʠʤʠʟʠʨʫʝʤ ʧʝʨʝʜʘʯʫ ʩ ʦʩʝʚʦʡ ʩʠʣʦʡ Ὂ υππ ,̊ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ὲ ρπππ̍̉̎   

ʨʝʩʫʨʩʦʤ ὒ υπππ̘ ʠ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ ʧʨʠ ʢʦʪʦʨʳʭ ὥὥ ρ, ʩ 4 ʩʘʪʝʣʣʠʪʘʤʠ ʠʟ 
ʧʦʣʠʘʤʠʜʘ ʇɸ6.  

ɼʣʷ ʵʪʦʡ ʧʝʨʝʜʘʯʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʘʨʠʢʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ 

ʩʠʣʘ  Ὂ σσυπ˚. ɼʦʩʪʫʧʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʜʣʷ ʚʳʙʦʨʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 ʚʥʝ 
ʟʘʢʨʘʰʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ Ὧ ρςχ  ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʠʣʳ ʥʘ ʧʨʠʚʦʜʝ. 

ʇʝʨʝʙʠʨʘʷ ʧʦʜʰʠʧʥʠʢʠ ʦʪ ʥʘʠʤʝʥʴʰʝʡ ʧʣʦʱʘʜʠ ʢ ʥʘʠʙʦʣʴʰʝʡ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʦʜʰʠʧʥʠʢ 

61905. ɼʣʷ ʥʝʛʦ ɰ ςρȟψσ, ʘ ʇ πȟτς. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ɚ ʠ ʥʝʠʟʤʝʥʥʦʤ ɰ ʧʣʦʱʘʜʴ ʧʝʨʝʜʘʯʠ 

ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʩʠʣʘ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʚʳʙʝʨʝʤ ʧʝʨʝʜʘʯʫ ʩ ʇ πȟυτ ʠ 
Ὧ πȟχφ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʨʘʙʦʪʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʦ 

ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʃʇʎʇ ʠ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʠʚʦʜʘ ʩ ʢʦʥʢʨʝʥʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʜʫʢʪʦʨʦʚ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʠʧʘʤʠ ʧʝʨʝʜʘʯ (ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ, ʢʦʥʠʯʝ-

ʩʢʦʡ, ʛʠʧʦʠʜʥʦʡ, ʯʝʨʚʷʯʥʦʡ) ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʘʨ ʟʫʙʴʝʚ, ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʢʦ-

ʪʦʨʳʭ ʨʘʚʥʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʝʨʝʢʨʳʪʠʷ ‐. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʸʪʳ, ʜʦʣʷ ʟʫʙʴʝʚ ʪʠʭʦʭʦʜʥʦʛʦ 

ʢʦʣʝʩʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʧʝʨʝʜʘʯʝ ʥʘʛʨʫʟʢʠ, ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ‐ ‐ ᾀϳ πȟππφȣπȢππψ [1, 

2], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʛʨʫʟʢʠ. ɺ ʧʝʨʝʜʘʯʘʭ ʩ ʤʥʦʛʦʧʘʨʥʳʤ ʟʘʮʝʧ-

ʣʝʥʠʝʤ, ʘ ʠʤʝʥʥʦ ʚ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ (ɺʇʊʂ),  ‐ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0,5 [3-6]. 

ɺʇʊʂ ʩ ʫʨʘʚʥʦʚʝʰʝʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʚʦʣʥ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ɺʇʊʂ ʩ ʦʜʥʦʡ ʚʦʣʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ [3]. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ɺʇʊʂ ʩ ʵʢʩʮʝʥʪʨʠʢʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʚʦʣʥ, ʠʭ 

ʢʣʶʯʝʚʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʦʩʪʘʝʪʩʷ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʩʠʣ ʚ ʧʣʦʩʢʦʩʪʠ ʟʘʮʝʧʣʝʥʠʷ. ʕʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʛʨʫʟʢʠ ʧʦ ʵʢʩʮʝʥʪʨʠʢʘʤ ʠ ʢʦʥʪʘʢʪʥʳʤ ʣʠʥʠʷʤ, ʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠ  ʁʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ. ʕʪʠ ʥʝʜʦ-

ʩʪʘʪʢʠ ʤʦʞʥʦ ʫʩʪʨʘʥʝʥ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʭʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʦʣʥʘʤʠ ʜʝʬʦʨʤʘʮʠʠ. 

ʆʙʦʟʥʘʯʠʤ ᾀ  ï ʯʠʩʣʦ ʪʝʣ ʢʘʯʝʥʠʷ, ᾀ ᾀ ς ï ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ. ᾀ ᾀ , ʯʪʦ ʧʨʠ-

ʚʝʜʝʪ ʢ ʧʦʚʦʨʦʪʫ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʧʘʨʘʪʦʨʘ ʥʘ ʜʚʘ ʟʫʙʘ. ʇʨʠʤʝʤ ό ʠ ό  ʢʘʢ ʧʝʨʝʜʘʪʦʯ-

ʥʦʝ ʯʠʩʣʦ ʜʣʷ ʩʣʫʯʘʷ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʢʦʣʝʩʦʤ ʠ ʩʝʧʘʨʘʪʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʛʜʘ: 

ό
ᾀ

ᾀ ᾀ

ᾀ

ς
Ƞό

ᾀ

ᾀ ᾀ

ᾀ

ς
ό ρȢ ρ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʮʝʥʪʨʳ ʪʝʣ ʢʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʵʣʣʠʧʩʝ Ὁὸ ʩ ʧʦʣʫʦʩʷʤʠ ὥ, ὦ ʪʘ-
ʢʠʤʠ, ʯʪʦ ὥ ὦ, ʛʜʝ ὸ πȣς“ ï ʩʚʦʙʦʜʥʳʡ ʧʘʨʘʤʝʪʨ. ɺ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʛʝʥʝʨʘʪʦʨʘ ʚʦʣʥ, 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ Ὁὸ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ (ʨʠʩ.1): 
Ὁ ὸ ὦÓÉÎὸȠὉ ὸ ὥÃÏÓὸȢ ς 

ʇʨʦʬʠʣʴ ʛʝʥʝʨʘʪʦʨʘ ʚʦʣʥ Ὃὸ ̫ ʚʣʷʝʪʩʷ ʵʢʚʠʜʠʩʪʘʥʪʦʡ ʢ ʵʣʣʠʧʩʫ. ɺʚʦʜʷ ὶ ï ʨʘʜʠʫʩ ʪʝʣʘ 

ʢʘʯʝʥʠʷ ʠ ‐ ρ ὦȾὥ ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʵʣʣʠʧʩʘ (2) ʧʦʣʫʯʠʤ: 

Ὃ ὸ Ὁ ὸ ὶϽὔ ὸȠὋ ὸ Ὁ ὸ ὶϽὔ ὸȟ σ 

ʛʜʝ ὔ ὸ ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʵʣʣʠʧʩʫ (2), ʠʤʝʶʱʠʡ ʚʠʜ: 

ὔ ὸ
ὨὉ ὸ

Ὠὸ

ὨὉ ὸ

Ὠὸ

ὨὉ ὸ

Ὠὸ

ÓÉÎὸ

ρ ‐ÃÏÓὸ
Ƞ

ὔ ὸ
ὨὉ ὸ

Ὠὸ

ὨὉ ὸ

Ὠὸ

ὨὉ ὸ

Ὠὸ

ÃÏÓὸЍρ ‐

ρ ‐ÃÏÓὸ
Ȣ

τ 

ɺʚʝʜʝʤ ʜʣʠʥʫ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʠʟ ʮʝʥʪʨʘ ʧʝʨʝʜʘʯʠ ʜʦ ʮʝʥʪʨʘ ʥʝʢʦʪʦʨʦʛʦ ʪʝʣʘ ʢʘʯʝʥʠʷ ”, 
ʘ ʪʘʢʞʝ ʦʙʦʟʥʘʯʠʤ ὦ ʢʘʢ ʰʠʨʠʥʫ ʛʝʥʝʨʘʪʦʨʘ ʚʦʣʥ: 

”
ὦ

ρ ‐ÃÏÓόὸ
Ȣ υ 

ʈʘʙʦʯʠʡ ʧʨʦʬʠʣʴ ʢʦʣʝʩʘ ὖὸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʚʠʜʠʩʪʘʥʪʫ ʢ ʢʨʠʚʦʡ ʧʝʨʝʤʝʱʝʥʠʷ 

ʮʝʥʪʨʦʚ ʪʝʣ ʢʘʯʝʥʠʷ. ʊ.ʢ. ʥʘʧʨʘʚʣʷʶʱʠʝ ʩʝʧʘʨʘʪʦʨʘ ʬʠʢʩʠʨʫʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʝʣ ʢʘʯʝʥʠʷ, 

ʪʦ: 
ὖ ὸ ὅ ὸ ὶὔ ὸȠὖ ὸ ὅ ὸ ὶὔ ὸȟ φ 
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ʛʜʝ ὅὸ ï ʪʨʘʝʢʪʦʨʠʷ ʪʝʣ ʢʘʯʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʢʦʣʝʩʘ, ʠʤʝʶʱʘʷ ʚʠʜ: 

ὅ ὸ ”ÓÉÎὸ
ὦÓÉÎὸ

ρ ‐ÃÏÓόὸ
Ƞὅ ὸ ”ÃÏÓὸ

ὦÃÏÓὸ

ρ ‐ÃÏÓόὸ
ȟ χ 

ὔὸ ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʢʨʠʚʦʡ ὅὸ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὔ ὸ
Ὠὅ ὸ

Ὠὸ

Ὠὅ ὸ

Ὠὸ

Ὠὅ ὸ

Ὠὸ

”ÓÉÎὸ ”ÃÏÓὸ

” ”
Ƞ

ὔ ὸ
Ὠὅ ὸ

Ὠὸ

Ὠὅ ὸ

Ὠὸ

Ὠὅ ὸ

Ὠὸ

”ÃÏÓὸ ”ÓÉÎὸ

” ”
Ȣ

ψ 

ɺ ʚʳʨʘʞʝʥʠʠ (8) ʧʨʦʠʟʚʦʜʥʫʶ ” ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

”
Ὠ”

Ὠὸ

‐όὦϽÃÏÓόὸÓÉÎόὸ

ρ ‐ÃÏÓόὸ ϳ
Ȣ ω 

 
ʈʠʩ 1. ʉʭʝʤʘ ɺʇʊʂ ʩ ʫʨʘʚʥʦʚʝʰʝʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʚʦʣʥ 

 

ɺʳʚʦʜʳ 

1. ʆʙʦʩʥʦʚʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɺʇʊʂ ʩ ʜʚʫʤʷ ʚʦʣʥʘʤʠ ʜʝʬʦʨʤʘʮʠʠ. ʀʭ 

ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʟʫʙʯʘʪʳʤʠ ʧʝʨʝʜʘʯʘʤʠ: ʤʥʦʛʦʧʘʨʥʦʩʪʴ ʟʘʮʝʧ-

ʣʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʜʦʣʶ ʟʫʙʴʝʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʝʜʘʯʝ ʥʘʛʨʫʟʢʠ; ʜʠʥʘʤʠʯʝʩʢʘʷ ʫʨʘʚʥʦ-

ʚʝʰʝʥʥʦʩʪʴ, ʪ.ʝ. ʥʘ ʛʝʥʝʨʘʪʦʨ ʚʦʣʥ ʜʝʡʩʪʚʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. 

2. ɺʳʚʝʜʝʥʳ ʬʦʨʤʫʣʳ (2-9) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʠ ʫʨʘʚʥʦʚʝʰʝʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʚʦʣʥ ʧʨʦʬʠʣʷ ʛʝʥʝʨʘʪʦʨʘ ʚʦʣʥ Ὃὸ ʠ ʨʘʙʦ-

ʯʝʛʦ ʧʨʦʬʠʣʷ ʢʦʣʝʩʘ ὖὸ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʉʠʥʠʮʳʥʘ, ʖ. ɺ. ɺʣʠʷʥʠʝ ʢʠʥʝʤʘʪʠʢʠ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ ʥʘ ʫʜʝʣʴʥʳʡ ʤʦʤʝʥʪ. ɽʚʨʘʟʠʡʩʢʦʝ 

ʅʘʫʯʥʦʝ ʆʙʲʝʜʠʥʝʥʠʝ, 2017, ʊ. 1, ˉ 10(32). 

2. ʉʠʥʠʮʳʥʘ ʖ.ɺ., ɽʨʤʦʣʘʝʚ ʄ.ʄ. ʄʦʜʝʣʠ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʧʣʘʥʝʪʘʨʥʦ-ʮʝ-

ʚʦʯʥʳʭ ʧʝʨʝʜʘʯʘʭ. ʄʝʭʘʥʠʢʠ XXI ʚʝʢʘ, 2019, ˉ 18, ʩ. 301ï304. 

3. ʗʥʛʫʣʦʚ ɺ.ʉ. ɺʦʣʥʦʚʳʝ ʧʝʨʝʜʘʯʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʪʝʣʘʤʠ (ʩʦʩʪʦʷʥʠʝ, ʨʝʟʫʣʴʪʘʪʳ ʠ ʟʘ-
ʜʘʯʠ) // ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2007, ʊ. 311, ˉ2, ʩ.14-18. 

4. ɹʝʣʷʝʚ ɸ.ɽ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʩ ʰʘʨʠʢʦʚʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʪʝʣʘʤʠ. ʊʦʤʩʢ: ʊʇʋ, 

1992, 231 ʩ. 

5. ɸʙʜʫʣʠʥ ʈ.ʈ., ʇʦʜʰʠʙʥʝʚ ɺ.ɸ., ʉʘʤʩʦʥʦʚʠʯ ʉ.ʃ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʫʪʠʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʚʦʣ-
ʥʦʚʦʡ ʧʝʨʝʜʘʯʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʭ-

ʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ,  2020, ˉ 3(341), ʩ. 95-104.  

6. ɸʙʜʫʣʠʥ, ʈ.ʈ., ʇʦʜʰʠʙʥʝʚ ɺ.ɸ., ʉʘʤʩʦʥʦʚʠʯ ʉ.ʃ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʩʪʠ ʤʝʞʜʫ ʨʷʜʘʤʠ ʪʝʣ ʢʘʯʝʥʠʡ ʚ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ. ʌʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, 2021, ˉ 5(349), ʩ. 58-67. 
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ʂ ʮʠʢʣʦʠʜʘʣʴʥʳʤ ʧʝʨʝʜʘʯʘʤ ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʨʝʜʫʢʪʦʨʘ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʳ ʧʨʦʬʠʣʴ 

ʟʫʙʴʝʚ ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʧʦ ʮʠʢʣʦʠʜʝ, ʘ ʪʦʯʥʝʝ ʧʦ ʫʜʣʠʥʸʥʥʦʡ ʧʝʨʝʮʠʢʣʦʠʜʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʢʚʠʜʠʩʪʘʥʪʳ.  

ɺʧʝʨʚʳʝ ʧʘʪʝʥʪʳ ʥʘ ʧʝʨʝʜʘʯʠ ʩ ʮʠʢʣʦʠʜʘʣʴʥʳʤʠ ʟʫʙʴʷʤʠ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʚ ʥʘʯʘʣʝ 

20-ʛʦ ʚʝʢʘ, ʥʦ ʠʭ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʠʥʞʝʥʝʨʠʶ ʧʨʦʠʟʦʰʣʦ ʣʠʰʴ ʥʝʜʘʚʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚ 

ʧʝʨʚʦʶ ʦʯʝʨʝʜʴ, ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʚ ʩʦʟʜʘʥʠʷ ʧʝʨʝʮʠʢʣʦʠʜʘʣʴʥʦʛʦ ʨʝʣʴʝʬʘ, ʜʣʷ ʚʳʨʝʟʘʥʠʷ ʢʦ-

ʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʢʠ ʏʇʋ, ʯʴʷ ʬʨʠʟʘ ʜʦʣʞʥʘ ʩʣʝʜʦʚʘʪʴ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪ-

ʨʠʠ; ʢʨʦʤʝ ʪʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʚʸʟʜʦʯʢʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʝʪʦʜ 

3-ɼ ʧʝʯʘʪʠ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. 

ʕʚʦʣʴʚʝʥʪʥʘʷ ʧʝʨʝʜʘʯʘ ʧʦʷʚʠʣʘʩʴ ʨʘʥʴʰʝ ʠ ʚ ʚʠʜʫ ʧʨʦʩʪʦʪʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʫʯʠʣʘ 

ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢ ʩʝʛʦʜʥʷʰʥʝʤʫ ʜʥʶ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʩʝʛʦʜʥʷ ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʧʝʨʝʜʘʯʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʦʪ-

ʨʘʩʣʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ï ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʩʪʘʥʢʦʩʪʨʦʝʥʠʝ, ʘʚʠʘʩʪʨʦʝʥʠʝ, ʨʘʢʝʪʦʩʪʨʦʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʚ ʥʝʬʪʝʛʘʟʦʚʫʶ ʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʊʘʢʦʝ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʥʘ ʧʦʣʫʯʠʣʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʯʠ ʦʩʥʦʚʘʥʦ ʥʘ ʪʝʦʨʝʤʝ ʂʘʤʫʩʘ, ʠʜʝʷ ʢʦʪʦʨʦʡ ï ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʬʠʣʷ ʩʦʧʨʷʛʘʝʤʳʭ ʟʫʙʴʝʚ ʪʨʘʝʢʪʦʨʠʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 

ʦʢʨʫʞʥʦʩʪʠ ʧʝʨʝʢʘʪʳʚʘʝʤʦʡ ʧʦ ʮʝʥʪʨʦʠʜʘʤ ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 2 ʮʝʥʪʨʦʠʜʳ ʠ 2 ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ï ʨʘʜʠʫʩ 

ʦʜʥʦʡ ʨʘʚʝʥ ʥʘʯʘʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʘ ʚʪʦʨʦʡ ï 0 (ʩʤ. ʨʠʩ.1). ʆʢʨʫʞʥʦʩʪʴ ʩ ʥʫʣʝʚʳʤ ʨʘʜʠʫʩʦʤ 

ɺ ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ ʪʦʯʢʠ 0 ʚ ʪʦʯʢʫ 1, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʝʨʝʢʘʪʳʚʘʥʠʝ ʙʦʣʴʰʦʡ ʮʝʥʪʨʦʠʜʳ 

ʧʦ ʥʝʧʦʜʚʠʞʥʦʡ ʤʘʣʝʥʴʢʦʡ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʧʝʨʝʜʘʯʠ ʧʝʨʝʢʘʪʳʚʘʝʪʩʷ ʥʝ ʪʦʯʢʘ, ʘ ʥʝʢʦʝ 

ʪʝʣʦ, ʧʦʵʪʦʤʫ ʪʨʘʝʢʪʦʨʠʶ, ʧʦ ʢʦʪʦʨʦʡ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʬʨʝʟʘ ʩʪʘʥʢʘ, ʜʦʣʞʥʘ 

ʩʪʨʦʠʪʴʩʷ ʧʦ ʫʜʣʠʥʸʥʥʦʡ ʧʝʨʝʮʠʢʣʦʠʜʝ, ʘ ʩʘʤ ʧʨʦʬʠʣʴ ï ʧʦ ʵʢʚʠʜʠʩʪʘʥʪʝ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʥʘ 

ʫʜʘʣʝʥʠʠ ʨʘʚʥʦʤ ʨʘʜʠʫʩʫ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʣʘ ʢʘʯʝʥʠʷ (ʇʊʂ). 

 
ʈʠʩ.1. ʏʝʨʪʸʞ ʮʠʢʣʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ 

ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʩʪʨʦʝʥʠʶ ʧʨʠ ʨʘʙʦʪʝ ʤʝʭʘʥʠʟʤʘ ʨʘʙʦʯʠʝ ʵʣʝʤʝʥʪʳ ï ʇʊʂ, ʟʚʸʟʜʦʯʢʘ 

ʠ ʚʝʥʝʮ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʢʦʥʪʘʢʪʝ. ɿʫʙʴʷ ʞʝ ʵʚʦʣʴʚʝʥʪʦʡ ʰʝʩʪʝʨʥʠ ʠʟ-ʟʘ ʩʚʦʝʡ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʣʠʥʠʶ ʟʘʮʝʧʣʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦ-

ʚʳʰʝʥʠʶ ʰʫʤʦʚ ʠ ʤʝʥʴʰʝʡ ʧʣʘʚʥʦʩʪʠ ʭʦʜʘ ʤʝʭʘʥʠʟʤʘ. 

ɿʘ ʩʯʸʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʦʬʠʣʷ ʵʧʠʮʠʢʣʦʠʜʳ, ʝʸ ʧʦʣʶʩ ʟʘʮʝʧʣʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʥʘʯʘʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʩʦ ʩʪʦʨʦʥʳ 

ʮʝʚʦʢ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʢ(ʦʪ) ʧʦʣʶʩʫ(ʘ) (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ), 

ʣʠʰʴ ʩʤʠʥʘʶʪ ʟʫʙʴʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʵʚʦʣʴʚʝʥʪʝ ʟʫʙ ʨʘʙʦʪʘʝʪ ʥʘ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʡ ʠʟʛʠʙ. 

ʉʨʘʚʥʠʚʘʷ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʜʚʫʭ ʦʜʠʥʘʢʦʚʦ ʥʘʛʨʫʞʝʥʥʳʭ ʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʭ ʧʦ 

ʛʘʙʘʨʠʪʘʤ ʧʝʨʝʜʘʯ ʠʟ ʩʪʘʣʠ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʪʝʣʘ ʢʘʯʝʥʠʷ (ʚʘʣʠʢʠ) ʫʷʟʚʠʤʝʝ ʢ 

ʩʦʧʨʷʛʘʝʤʳʤ ʥʘʧʨʷʞʝʥʠʷʤ, ʯʝʤ ʟʫʙʴʷ ʰʝʩʪʝʨʥʠ ʚ 204 ʨʘʟ (ʧʨʠ ʤʦʤʝʥʪʝ ʨʘʚʥʦʤ 80 ˚Ͻ̍ ). ʇʦ-

ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʳʨʴʶ ʜʣʷ ʥʠʭ ʥʘʤʥʦʛʦ ʚʳʰʝ.  

ɺʚʠʜʫ ʪʦʛʦ ʯʪʦ ʚ ʧʝʨʝʜʘʯʠ ʩ ʇʊʂ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʦʣʠʢʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʜʦʨʦʞ-

ʢʦʡ ʢʫʣʘʯʢʘ ʠ ʚʝʥʮʘ ʧʦ ʩʨʝʜʩʪʚʘʤ ʧʝʨʝʢʘʪʘ, ʧʦʣʫʯʘʝʤ ʤʝʥʴʰʠʝ ʟʘʪʨʘʪʳ ʥʘ ʪʨʝʥʠʝ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʵʚʦʣʴʚʝʥʪʥʳʤ ʟʘʮʝʧʣʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʪʨʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ. 

ʉʠʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʨʦʣʠʢʘ ʠ ʟʚʝʟʜʳ, ʥʠʚʝʣʠʨʫʶʪ ʤʘʣʦʝ ʪʨʝʥʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʂʇɼ ʢʘʢ ʮʠʢʣʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ, ʪʘʢ ʠ ʵʚʦʣʴʚʝʥʪʥʦʡ ʨʘʚʥʳ (0,95-0,98). 

ɼʣʷ ʦʙʝʠʭ ʧʝʨʝʜʘ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʱʝʥʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʨʫʪʠʟʥʳ ʧʨʦ-

ʬʠʣʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ. 

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ ʢʦʥʪʘʢʪ ʩʘʪʝʣʣʠʪ-ʢʫʣʘʯʦʢ ʥʝʧʨʝʨʳʚʝʥ, ʘ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, 

ʯʪʦ ʫʩʠʣʠʷ ʦʪ ʟʚʝʟʜʳ ʢ ʮʝʚʢʘʤ ʧʝʨʝʜʘʶʪʩʷ ʣʠʰʴ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ, ʚ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝ ʤʦʤʝʥʪʘ, ʚ ʠʜʝʘʣʝ, ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʜʦ ʧʦʣʦʚʠʥʳ ʪʝʣ ʢʘʯʝʥʠʷ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʚʫʭʧʝʨʠʦʜʥʦʛʦ (ʦʧʧʦʟʠʪʥʦʛʦ) ʢʫʣʘʯʢʘ ʚ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʪʝʣʘʤʠ ʢʘʯʝ-

ʥʠʷ (ɺʇʇʊʂ), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʙʦʪʫ ʩʨʘʟʫ ʚʩʝʭ ʮʠʣʠʥʜʨʦʚ). ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʠʣʴʥʦʤʫ ʨʘʟ-

ʛʨʫʞʝʥʥʦʶ ʪʝʣ ʢʘʯʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʰʫʤʦʚ (ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʚʫʭʧʝʨʠʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʦʪ 

ʫʩʠʣʠʡ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʩʘʤʘ ʟʚʸʟʜʦʯʢʘ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʧʦʜʰʠʧʥʠʢʦʤ ʠ ʚʘʣʦʤ ï ʵʣʝʤʝʥʪʳ 

ʯʘʩʪʦ ʣʦʤʘʶʱʠʝʩʷ ʚ ʵʚʦʣʴʚʝʥʪʥʦʤ ʟʘʮʝʧʣʝʥʠʠ ʚʚʠʜʫ, ʧʨʠʩʫʪʩʪʚʠʷ ʦʜʥʦʧʦʣʷʨʥʳʭ ʥʘʛʨʫʟʦʢ, 

ʚʳʟʳʚʘʶʱʠʭ ʚʠʙʨʘʮʠʠ). ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʰʝʩʪʝʨʸʥʯʘʪʦʤ ʟʘʮʝʧʣʝʥʠʠ ʧʝʨʝʜʘʯʘ ʤʦʤʝʥʪʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ 2 ʟʫʙʴʷʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʦ ʯʘʱʝ ʦʜʥʠʤ. 

ɼʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʮʠʢʣʦʠʜʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʩʚʦʡʩʪʚʝʥʥʦ ʚʳʩʦʢʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʚ 

ʦʜʥʦʡ ʩʪʫʧʝʥʠ, ʢʦʪʦʨʦʝ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʮʝʚʦʢ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ 100, 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʛʘʙʘʨʠʪʘʭ. ʊʘʢʠʝ ʯʠʩʣʘ ʥʝʜʦʩʪʠʞʠʤʳ ʜʣʷ ʵʚʦʣʴʚʝʥʪʳ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 15, ʧʨʠ ʵʪʦʤ ʛʘʙʘʨʠʪʳ ʧʝʨʝʜʘʯʠ ʩʪʘʥʦʚʷʪʩʷ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤʠ, ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʫʙʴʝʚ. 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʩʪʘʥʢʘʭ ʏʇʋ ʠ 3-

ɼ ʧʝʯʘʪʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʮʠʢʣʦʠʜʘʣʴʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʧʨʦ-

ʙʣʝʤʥʳʤ, ʘ ʚʚʠʜʫ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʚʳʰʝʥʥʦʡ ʪʚʸʨʜʦʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʵʚʦʣʴʚʝʥʪʦʡ ʧʝʨʝʜʘʯʠ ʧʦʣʥʦʩʪʴʶ ʧʨʦʧʘʜʘʝʪ. ɻʣʘʚʥʳʤʠ ʘʩʧʝʢʪʘʤʠ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʚʳ-

ʙʠʨʘʪʴ ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʧʝʨʝʜʘʯʠ ʷʚʣʷʶʪʩʷ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ, ʚʝʩ, ʙʦʣʴʰʘʷ ʥʘʜʸʞʥʦʩʪʴ ʘʛʨʝʛʘʪʘ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʦʥ ʩʣʫʞʠʪ ʤʥʦʛʠʝ ʛʦʜʳ ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʨʝʤʦʥʪʦʚ, ʩʚʷʟʘʥʥʦʤ ʩ ʥʝʙʦʣʴʰʦʡ 

ʥʘʛʨʫʞʝʥʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʣʘʭ (ʙʦʣʝʝ 100 ʚ 1 ʩʪʫʧʝʥʠ). 
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ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ (ʂɸ) ʚʩʝ ʯʘʱʝ ʦʩʥʘʱʘʶʪʩʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʤʠ ʢʦʥ-

ʩʪʨʫʢʮʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʥʪʝʥʥʳ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʠʣʠ ʦʪʨʘʞʘʪʝʣʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʠ ʤʘʩʩʳ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ʵʪʠ ʵʣʝʤʝʥʪʳ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ 

ʚ ʩʣʦʞʝʥʥʦʤ ʚʠʜʝ ʠ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʥʘ ʦʨʙʠʪʝ. ʋʩʧʝʭ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʪʴ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠ ʥʘʜʸʞʥʳʭ ʤʝ-

ʭʘʥʠʟʤʘʭ ʨʘʟʚʸʨʪʳʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʜʘʥʥʦʝ ʢʦʥʝʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʟʚʸʨ-

ʪʳʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ. 

 

 
ʘ                                                            ʙ 

 
                                                  ʚ                                                              ʛ 
ʈʠʩ. 1. ʘ) ʐʋ ʰʪʘʥʛʠ çSWOTè; ʙ) ʐʋ ʨʝʬʣʝʢʪʦʨʘ ʘʥʪʝʥʥʳ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʩʢʦʨʦ-

ʩʪʠ; ʚ) ʐʋ ʩ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ; ʛ) ʰʘʨʥʠʨ ʩ ʧʨʫʞʠʥʥʳʤ ʧʨʠʚʦʜʦʤ 

ʄʝʭʘʥʠʟʤʳ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʣʶʯʝʚʳʤ ʢʨʠʪʝ-

ʨʠʷʤ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠʚʦʜʘ (ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ, ʧʨʫ-

ʞʠʥʥʳʡ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ, ʪʝʧʣʦʚʦʡ), ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ (ʣʠʥʝʡʥʦʝ, ʚʨʘʱʘ-

ʪʝʣʴʥʦʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ) ʠ ʧʨʠʥʮʠʧ ʬʠʢʩʘʮʠʠ (ʤʝʭʘʥʠʯʝʩʢʘʷ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ, ʪʝʨʤʠ-

ʯʝʩʢʘʷ). 

ɺ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʨʘʟʚʸʨʪʳʚʘʥʠʶ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʨʫʞʠʥʥʳʝ ʧʨʠ-

ʚʦʜʳ ʙʣʘʛʦʜʘʨʷ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʝ, ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ. 
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ʂʘʢ ʧʨʠʤʝʨ ʨʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʧʨʦʝʢʪ SWOT, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1 ï ʘ). ʂʦʥʩʪʨʫʢʮʠʷ ʜʘʥʥʦʛʦ ʰʘʨʥʠʨʥʦʛʦ ʫʟʣʘ (ʐʋ) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʋʈ (ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʢʨʳʪʠʷ), ʋʌ (ʫʩʪʨʦʡʩʪʚʦ ʬʠʢʩʘʮʠʠ) ʠ ʵʣʝʤʝʥʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʋʈ 

ʦʩʥʘʱʝʥʦ ʪʦʨʩʠʦʥʥʳʤʠ ʧʨʫʞʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʚʦʜ ʰʘʨʥʠʨʥʦʛʦ ʫʟʣʘ ʠʟ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʨʘʙʦʯʝʝ. ʂʦʨʥʝʚʦʡ ʐʋ ʦʩʥʘʱʝʥ ʢʨʶʯʢʦʤ ʠ ʫʧʦʨʘʤʠ, ʢʦ-

ʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʠʢʩʘʮʠʶ ʚ ʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʦʩʥʘʱʝʥ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤ ʜʘʪ-

ʯʠʢʦʤ ʨʘʩʢʨʳʪʠʷ ʐʋ. ʉʦʩʪʘʚ SWOT: ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʢʨʳʪʠʷ, ʫʩʪʨʦʡʩʪʚʦ ʬʠʢʩʘʮʠʠ, ɻ ʣʝʤʝʥʪʳ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʃʦʛʠʢʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʩʣʝʜʫʶʱʘʷ: ʋʈ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʢʨʳʚʘʝʪ 

ʢʦʨʧʫʩ ʐʋ ʩʨʘʟʫ ʧʦʩʣʝ ʨʘʩʯʝʢʦʚʢʠ ʩʠʩʪʝʤʳ. ʋʈ ʠ ʋʌ ʦʙʲʝʜʠʥʝʥʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠ-

ʚʦʜʦʤ ʩ ʪʨʦʩʦ ï ʙʣʦʯʥʦʡ ʩʠʩʪʝʤʦʡ. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʟʘʢʨʝʧʣʝʥ ʥʘ ʦʜʥʦʤ ʠʟ ʬʣʘʥʮʝʚ ʠ ʚʨʘʱʘʝʪ 

ʙʘʨʘʙʘʥ ʥʘ ʢʦʪʦʨʳʡ ʥʘʤʘʪʳʚʘʝʪʩʷ ʪʨʦʩ. ʌʠʢʩʘʮʠʷ ʢʨʶʯʢʘ ʥʝ ʥʘʯʠʥʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʟʘʢʨʳʪʠʷ ʐʋ ʦʪ ʧʦʪʝʥʮʠʦʤʝʪʨʘ. ʄʝʭʘʥʠʟʤ ʬʠʢʩʘʮʠʠ ʰʘʨʥʠʨʘ 

ʩʪʷʛʠʚʘʝʪ ʢʦʨʧʫʩʳ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ ʰʘʨʥʠʨʘ. [3] 

ɼʣʷ ʜʘʥʥʦʛʦ ʐʋ ʠʩʧʦʣʴʟʫʝʪʩʷ ʋʌ ʢʨʶʢʦʚʦʛʦ ʪʠʧʘ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 2. 

 

 
1 ï ʢʨʶʢ; 2 ï ʩʧʫʩʢʦʚʦʡ ʤʝʭʘʥʠʟʤ; 3 ï ʧʝʪʣʷ; 4 ï ʪʨʦʩ; 

5 ï ʨʦʣʠʢʠ; 6 ï ʢʘʪʫʰʢʘ; 7 ï ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʚʦʜ 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʬʠʢʩʘʮʠʠ 

 
ʇʨʝʮʠʟʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʚ ʢʦʩʤʦʩʝ. ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʠ ʥʘʜʸʞʥʳʤʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ. ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ, ʘ ʧʨʫ-

ʞʠʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʟʘʧʫʩʢʘ ʧʨʦʮʝʩʩʘ ʨʘʟʚʸʨʪʳʚʘʥʠʷ. ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʫʩʧʝʭʘ ʷʚʣʷʶʪʩʷ ʪʱʘʪʝʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʩʝʩʪʦʨʦʥʥʝʝ ʪʝʩʪʠʨʦʚʘ-

ʥʠʝ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝ-

ʥʠʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1. Testing the deployment repeatability of a precision deployable boom prototype for the proposed swot ka-

rin instrument / Gregory S. Agnes, Lee D. // California Institute of Technology, Jet Propulsion Laboratory, 

Pasadena. ï direct text. 

2. Spacecraft Common Deployable Boom Hinge Deploy and Latching Mechanisms / P. Lytal and M. Ren-

son // Aerospace Mechanisms Symposium, 2018 ï 14p. ï direct text. 
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ʆʎɽʅʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ʏɽʈɺʗʏʅʆɻʆ ʈɽɼʋʂʊʆʈɸ 

 

ɺʝʨʙʠʮʢʠʡ ɺ.ɸ.1, ʏʝʨʝʤʠʩʢʠʥʘ ʄ.ʉ.2 
1ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸʄ51, e-mail:vladimirverbitskii3789@gmail.com 

2ʅʀ ʊʇʋ, ˮ ̊˹˽́Σ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 

ʏʝʨʚʷʯʥʳʝ ʨʝʜʫʢʪʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘ-

ʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʝʨʝʜʘʯʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʢʦʤʧʘʢʪʥʳʤ ʨʘʟʤʝʨʘʤ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʦʥʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʚ ʩʪʘʥʢʘʭ ʩ ʏʇʋ. ɺ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ -ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʪʢʘʮʢʠʭ ʩʪʘʥʢʦʚ. ɺ ʧʠʱʝʚʦʡ ʠʥʜʫʩʪʨʠʠ - ʜʣʷ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ. ɺ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʝ - ʜʣʷ ʣʠʬʪʦʚ ʠ ʵʩ-

ʢʘʣʘʪʦʨʦʚ. ɺ ʘʛʨʦʩʝʢʪʦʨʝ - ʜʣʷ ʞʘʪʢʠ ʠ ʢʦʨʤʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ʊʘʢʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝ-

ʥʝʥʠʝ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʝ (ʥʘʧʨʠʤʝʨ, ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʨʦʙʦʪʘʭ) ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦ-

ʤʘʪʠʢʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʦʚʝʜʝʤ ʦʮʝʥʢʫ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʧʦʜʝʣʠʚ ʜʣʷ ʵʪʦʛʦ ʢʨʠʪʝʨʠʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ.  

1. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʢʨʠʪʝʨʠʠ (ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ) 

ʆʩʥʦʚʘ, ʙʝʟ ʢʦʪʦʨʦʡ ʨʝʜʫʢʪʦʨ ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ. 
ʊʘʙʣʠʮʘ 1 

ʂʨʠʪʝʨʠʡ ʆʮʝʥʢʘ 

ʇʨʦʯʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʩʪʘʣʦʩʪʠ. 

ɼʝʪʘʣʠ (ʯʝʨʚʷʢ, ʯʝʨʚʷʯʥʦʝ 

ʢʦʣʝʩʦ, ʚʘʣʳ, ʧʦʜʰʠʧʥʠʢʠ) 

ʥʝ ʜʦʣʞʥʳ ʨʘʟʨʫʰʘʪʴʩʷ ʠʣʠ 

ʧʦʣʫʯʘʪʴ ʥʝʦʙʨʘʪʠʤʳʝ ʜʝ-

ʬʦʨʤʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʠ-

ʢʦʚʳʭ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫ-

ʟʦʢ. 

ʈʘʩʯʝʪ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ (ʚʳʢʨʘʰʠʚʘʥʠʝ): ʢʦʥʪʘʢʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʮʝʧʣʝʥʠʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʜʦʧʫʩʢʘʝʤʳʭ. ʕʪʦ 

ʦʩʥʦʚʥʦʡ ʢʨʠʪʝʨʠʡ ʜʣʷ ʯʝʨʚʷʯʥʦʡ ʧʘʨʳ. 

ʈʘʩʯʝʪ ʥʘ ʠʟʛʠʙʥʫʶ ʧʨʦʯʥʦʩʪʴ (ʧʦʣʦʤʢʘ ʟʫʙʘ): ʥʘʧʨʷʞʝʥʠʷ ʠʟ-

ʛʠʙʘ ʚ ʦʩʥʦʚʘʥʠʠ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʥʦʨʤʝ. 

ʇʨʦʯʥʦʩʪʴ ʚʘʣʦʚ ʥʘ ʢʨʫʯʝʥʠʝ ʠ ʠʟʛʠʙ: ʚʘʣʳ ʥʝ ʜʦʣʞʥʳ ʣʦʤʘʪʴʩʷ 

ʠʣʠ ʯʨʝʟʤʝʨʥʦ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ: ʫʯʝʪ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʧʫʩʢʝ ʠ ʦʩʪʘ-

ʥʦʚʢʝ. 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʴ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʩʦ-

ʭʨʘʥʷʪʴ ʩʚʦʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʂʇɼ ʚ ʪʝʯʝʥʠʝ 

ʟʘʜʘʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʥʦʩʫ: ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʯʝʨʚʷʯʥʦʡ ʧʘʨʳ ʠʟ-

ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ. ʆʮʝʥʠʚʘʝʪʩʷ ʚʳʙʦʨʦʤ ʤʘʪʝʨʠʘʣʦʚ 

(ʥʘʧʨʠʤʝʨ, ʯʝʨʚʷʢ - ʩʪʘʣʴ ʟʘʢʘʣʝʥʥʘʷ, ʰʣʠʬʦʚʘʥʥʘʷ; ʢʦʣʝʩʦ - 

ʙʨʦʥʟʘ/ʯʫʛʫʥ), ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ) ʠ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʩʤʘʟʢʠ. 

ʉʪʦʡʢʦʩʪʴ ʢ ʟʘʝʜʘʥʠʶ: ʯʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʩʢʣʦʥʥʳ ʢ ʵʪʦʤʫ ʷʚ-

ʣʝʥʠʶ. ʆʮʝʥʠʚʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʯʝʨʚʷʢʘ, ʧʨʘʚʠʣʴʥʳʤ 

ʧʦʜʙʦʨʦʤ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʪʠʚ ʟʘʝʜʘʥʠʷ (ʩ ʧʨʦʪʠʚʦʟʘʜʠʨ-

ʥʳʤʠ ʧʨʠʩʘʜʢʘʤʠ). 

ʈʘʩʯʝʪʥʳʡ ʨʝʩʫʨʩ (ʩʨʦʢ ʩʣʫʞʙʳ): ʦʙʳʯʥʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʯʘʩʘʭ ʨʘ-

ʙʦʪʳ (ʥʘʧʨʠʤʝʨ, 10 000 ʯʘʩʦʚ). ʆʧʨʝʜʝʣʷʝʪʩʷ ʨʝʩʫʨʩʦʤ ʧʦʜʰʠʧʥʠ-

ʢʦʚ ʠ ʠʟʥʦʩʦʤ ʟʘʮʝʧʣʝʥʠʷ. 

 

ɾʝʩʪʢʦʩʪʴ. 

ɼʝʬʦʨʤʘʮʠʠ ʢʦʨʧʫʩʘ ʠ ʚʘ-

ʣʦʚ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʥʝ ʜʦʣʞʥʳ 

ʥʘʨʫʰʘʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʟʘ-

ʮʝʧʣʝʥʠʷ ʠ ʨʘʙʦʪʫ ʧʦʜʰʠʧ-

ʥʠʢʦʚ. 

ɾʝʩʪʢʦʩʪʴ ʢʦʨʧʫʩʘ: ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʢʦʩ ʦʩʝʡ. 

ɾʝʩʪʢʦʩʪʴ ʚʘʣʦʚ: ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʯʝʨʚʷʢʘ ʠ 

ʢʦʣʝʩʘ, ʚʣʠʷʝʪ ʥʘ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʊʝʧʣʦʚʘʷ ʩʪʦʡʢʦʩʪʴ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʵʬ-

ʬʝʢʪʠʚʥʦ ʦʪʚʦʜʠʪʴ ʪʝʧʣʦ, 

ʯʪʦʙʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʚ 

ʢʦʨʧʫʩʝ ʥʝ ʧʨʝʚʳʰʘʣʘ ʜʦʧʫ-

ʩʪʠʤʫʶ (ʦʙʳʯʥʦ 80-90ÁC). 

 

ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ: ʦʧʨʝʜʝʣʷʝʪ, ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʣʠ ʪʝʧʣʦʚʘʷ ʧʝʨʝ-

ʛʨʫʟʢʘ ʨʝʜʫʢʪʦʨʘ. ʕʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʢʨʠʪʝʨʠʡ ʜʣʷ ʯʝʨʚʷʯʥʳʭ 

ʨʝʜʫʢʪʦʨʦʚ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʂʇɼ ʠ ʙʦʣʴʰʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʨʧʫʩʘ: ʥʘʣʠʯʠʝ ʨʝʙʝʨ ʦʭʣʘʞʜʝʥʠʷ, ʠʭ ʧʣʦʱʘʜʴ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ: ʚʝʥʪʠʣʷʪʦʨ ʥʘ 

ʙʳʩʪʨʦʭʦʜʥʦʤ ʚʘʣʫ, ʟʤʝʝʚʠʢ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʪ.ʜ. 
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ʈʠʩ. 1 ʇʨʠʤʝʨ ʚʠʟʫʘʣʠʟʘʮʠʠ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 

2. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʵʨʛʦʥʦʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ 

ɼʘʥʥʳʡ ʪʠʧ ʢʨʠʪʝʨʠʝʚ ʦʧʨʝʜʝʣʷʶʪ, ʥʘʩʢʦʣʴʢʦ ʫʜʦʙʥʦ ʠ ʙʝʟʦʧʘʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʜʫʢʪʦʨ. 

ʂʇɼ (ʂʦʵʬʬʠʮʠʝʥʪ ʇʦʣʝʟʥʦʛʦ ɼʝʡʩʪʚʠʷ).  ʄʘʢʩʠʤʠʟʘʮʠʷ ʂʇɼ ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ. ʋ 

ʯʝʨʚʷʯʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʂʇɼ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʦʢ (0.7-0.95 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʯʠʩʣʘ). ʅʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ: ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʠʪʢʘ ʯʝʨʚʷʢʘ, ʤʘʪʝʨʠʘʣʳ ʧʘʨʳ, ʢʘʯʝʩʪʚʦ 

ʩʤʘʟʢʠ. 

ɺʠʙʨʦ-ʟʚʫʢʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʠ ʰʫʤʘ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʥʦʨʤ. ʆʮʝʥʢʝ ʧʦʜʚʝʨʛʘʝʪʩʷ: ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʙʘʣʘʥʩʠʨʦʚʢʘ ʚʨʘʱʘʶʱʠʭʩʷ 

ʜʝʪʘʣʝʡ, ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʨʦʩʪʦʪʘ ʦʩʤʦʪʨʘ, ʟʘʤʝʥʳ ʤʘʩʣʘ, ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʤʘʩʣʘ, 

ʟʘʤʝʥʳ ʫʧʣʦʪʥʝʥʠʡ. ʆʮʝʥʠʚʘʝʤ: ʣʝʛʢʦʩʪʴ ʜʦʩʪʫʧʘ (ʥʘʣʠʯʠʝ ʩʤʦʪʨʦʚʳʭ ʣʶʢʦʚ, ʩʣʠʚʥʳʭ ʠ ʟʘ-

ʣʠʚʥʳʭ ʧʨʦʙʦʢ.). ʂʦʥʩʪʨʫʢʮʠʷ ʫʧʣʦʪʥʝʥʠʡ (ʣʝʛʢʦʩʪʴ ʠʭ ʟʘʤʝʥʳ ʙʝʟ ʨʘʟʙʦʨʢʠ ʚʩʝʛʦ ʨʝʜʫʢʪʦʨʘ) 

[1]. 

3. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦ- ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ 

ɼʘʶʪ ʦʮʝʥʢʫ, ʥʘʩʢʦʣʴʢʦ ʨʘʮʠʦʥʘʣʴʥʦ ʢʦʥʩʪʨʫʢʮʠʷ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ: ʤʠʥʠʤʠʟʘʮʠʷ ʩʣʦʞʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ: ʧʨʦʩʪʦʪʘ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʬʠʣʝʡ, 

ʠʟʙʝʛʘʥʠʝ ʩʣʦʞʥʳʭ ʬʘʩʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʫʥʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʜʝʪʘʣʝʡ: ʧʦʜʰʠʧʥʠʢʠ, ʰʧʦʥʢʠ, ʢʨʝʧʝʞ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʥʜʘʨʪʥʳʤʠ. ʉʙʦʨʢʘ ʠ ʨʘʟʙʦʨʢʘ: 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴ ʣʝʛʢʫʶ ʩʙʦʨʢʫ/ʨʘʟʙʦʨʢʫ (ʥʘʧʨʠʤʝʨ, ʨʘʟʲʝʤʥʳʡ ʢʦʨʧʫʩ). 

ʄʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ: ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʩʩʳ ʠ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʯʥʦ-

ʩʪʠ. ʆʮʝʥʠʚʘʝʪʩʷ: ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʨʝʙʝʨ ʢʦʨʧʫʩʘ, ʦʧʪʠʤʘʣʴʥʳʝ ʟʘʧʘʩʳ ʧʨʦʯʥʦʩʪʠ (ʥʝ 

ʟʘʚʳʰʝʥʥʳʝ). 

ʉʪʦʠʤʦʩʪʴ: ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʷ ʤʘʪʝʨʠʘʣʳ, ʦʙʨʘʙʦʪʢʫ ʠ ʩʙʦʨʢʫ [2]. 

4. ʕʩʪʝʪʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ 

ɺʥʝʰʥʠʡ ʚʠʜ: ʚʘʞʝʥ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʪʦʚʘʨʦʚ. ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʝʜʫʢʪʦʨʘ - ʚʪʦʨʦ-

ʩʪʝʧʝʥʝʥ. 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʤʘʟʦʢ, ʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ. 

ʆʮʝʥʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ï ʵʪʦ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʥʘʜʝʞʥʦʩʪʴʶ/ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ (ʛʣʘʚʥʳʡ ʧʨʠʦʨʠʪʝʪ), ʩʪʦʠʤʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʥʘʯʘʣʘ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʬʠʟʠʯʝʩʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ, ʘ ʧʦʪʦʤ ʫʞʝ - 

ʜʝʰʝʚʦʡ, ʫʜʦʙʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʡ [1]. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʪʘʣʣʫʨʛʠʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʦʙʨʘʙʦʪʢʠ : ʫʯʝʙʥʦʝ ʧʦʩʦ-

ʙʠʝ / ʀ. ɻ. ʄʦʨʦʟʦʚʘ, ʄ. ɻ. ʅʘʫʤʦʚʘ, ʀ. ʀ. ɹʘʩʳʨʦʚ, ʖ. ʉ. ʊʘʨʘʩʦʚ. ð ʄʦʩʢʚʘ : ʄʀʉʀʉ, 2020. 

ð 47 ʩ. ð ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ // ʃʘʥʴ : ʵʣʝʢʪʨʦʥʥʦ-ʙʠʙʣʠʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ. ð URL: 

https://e.lanbook.com/book/147913 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 26.09.2025). 
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ɺʀɼʓ ʃʆʇɸʉʊɽʁ ʂɺɸɼʈʆʂʆʇʊɽʈʆɺ ʀ ɺʃʀʗʅʀɽ ʋɻʃɸ ɸʊɸʂʀ ʅɸ ʀʍ  

ɼʀʅɸʄʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʂʨʜʞʘʮʷʥ ɸ.ɺ. 

ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ʅʄ41 

e-mail: AVK253@tpu.ru 

ʃʦʧʘʩʪʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʤ ʩʦʟʜʘʥʠʝ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʚʦʟʜʫʭʝ, ʚʳʧʦʣ-

ʥʝʥʠʷ ʤʘʥʸʚʨʦʚ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ: ʚʝʪʝʨ, ʧʦʨʳʚʳ, ʪʫʨ-

ʙʫʣʝʥʪʥʦʩʪʴ. ʃʦʧʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʨʘʱʘʶʱʝʝʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʨʳʣʦ, ʢʦʪʦʨʦʝ 

ʧʨʝʦʙʨʘʟʫʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʧʝʨʝʜʘʚʘʝʤʫʶ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʠʣʫ ï ʪʷʛʫ.  

  ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʣʦʧʘʩʪʠ ʦʩʥʦʚʘʥ ʥʘ ʟʘʢʦʥʘʭ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʟʘʢʦʥʝ 

ɹʝʨʥʫʣʣʠ ʠ ʫʨʘʚʥʝʥʠʠ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ. ʈʘʙʦʪʘ ʣʦʧʘʩʪʠ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʘʚ-

ʣʝʥʠʷ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ɺʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʟʳʚʘʝʪ ʫʩʢʦʨʝʥʠʝ ʧʦ-

ʪʦʢʘ ʠ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʥʠʞʥʷʷ ï ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ. ʈʘʟʥʦʩʪʴ ʜʘʚʣʝ-

ʥʠʡ ʬʦʨʤʠʨʫʝʪ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ, ʘ ʝʸ ʦʩʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʝʪ ʪʷʛʫ ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ. 

ɺʝʣʠʯʠʥʘ ʪʷʛʠ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʠʥʪʘ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʩʥʦʚʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʉʫʤʤʘʨʥʘʷ ʪʷʛʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʚʠʥʪʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

˟ ˞Ͻ”ϽὲϽ Ὀ                                                              ρ 

ɻʜʝ 

 ˟ï ʪʷʛʘ ʚʠʥʪʘ, ʅ; 

 ˞ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʷʛʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʨʦʬʠʣʷ ʠ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʠ; 

” ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʛ/ʤį; 

n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ, ʦʙ/ʩ; 

Ὀ ï ʜʠʘʤʝʪʨ ʚʠʥʪʘ, ʤ 

ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʦʧʠʩʳʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʠ ʜʘʚʣʝʥʠʝʤ ʚ ʘʵʨʦʜʠ-

ʥʘʤʠʢʝ ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʫʧʨʦʱʸʥʥʦʡ ʬʦʨʤʝ: 

ὖ
ρ

ς
”ὺ ὖ

ρ

ς
”ὺ                                                                        ς 

ʛʜʝ: 

ὖ ð ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, 

” ð ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ (å1.225 ʢʛ/ʤį ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ), 

ὺ ð ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, 

ʀʥʜʝʢʩʳ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤ ʣʦʧʘʩʪʠ. ʈʘʟʥʠʮʘ ʩʢʦʨʦʩʪʝʡ 

ʬʦʨʤʠʨʫʝʪ ʧʦʜʲʸʤʥʫʶ ʩʠʣʫ ʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʘʪʘʢʠ ʠ ʬʦʨʤʳ ʧʨʦʬʠʣʷ. 

ʊʠʧʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʣʦʧʘʩʪʝʡ ʢʚʘʜʨʦʢʦʧʪʝʨʘ  

 ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʣʦʧʘʩʪʠ ð ʵʪʦ ʬʦʨʤʘ ʝʸ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʷ-

ʶʱʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʠʥʪʘ. ɺʳʙʦʨ ʧʨʦʬʠʣʷ ʦʢʘʟʳʚʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʷʛʠ, ʂʇɼ, ʰʫʤ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʧʦʚʝʜʝʥʠʝ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ.   

  ɺʩʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

  1. ʉʠʤʤʝʪʨʠʯʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ.  

  ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʛʝʦʤʝʪʨʠʶ ʚʝʨʭʥʝʡ ʠ ʥʠʞ-

ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʭʦʨʜʳ ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʧʝʨʝʜʥʶʶ ʠ ʟʘʜʥʶʶ ʢʨʦʤʢʠ 

ʧʨʦʬʠʣʷ. ʉʠʤʤʝʪʨʠʯʥʦʩʪʴ ʬʦʨʤʳ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ: ʩʠʤʤʝʪʨʠʯʥʳʡ ʧʨʦ-

ʬʠʣʴ ʥʝ ʩʦʟʜʘʝʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʧʨʠ ʥʫʣʝʚʦʤ ʫʛʣʝ ʘʪʘʢʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ, ʢʦ-

ʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ ʜʘʞʝ ʧʨʠ ʥʫʣʝ.  ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʪʘʢʠʭ 
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ʧʨʦʬʠʣʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʪʷʛʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʟʘʚʠʩʘʥʠʝ, 

ʤʝʥʝʝ ʨʘʮʠʦʥʘʣʴʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ. 

2. ɸʩʠʤʤʝʪʨʠʯʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ. 

ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʯʝʥʠʷ ʣʦʧʘʩʪʝʡ, ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʫʶ ʢʨʠʚʠʟʥʫ. ʆʙʳʯʥʦ ʚʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʣʝʝ ʚʳʧʫʢʣʘʷ, ʘ ʥʠʞʥʷʷ ð ʙʦʣʝʝ ʧʣʦʩ-

ʢʘʷ ʠʣʠ ʩ ʤʝʥʴʰʝʡ ʢʨʠʚʠʟʥʦʡ.   

  ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʬʠʣʝʡ ʩʦʩʪʦʠʪ ʚ ʩʤʝʱʝʥʠʠ ʣʠʥʠʠ ʢʨʠʚʠʟʥʳ 

ʚʚʝʨʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʜʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʥʠʮʫ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʥʘʜ ʚʝʨʭʥʝʡ 

ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʘʚʣʝʥʠʷ ʩʚʝʨʭʫ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʥʠʟʫ, 

ʩʦʟʜʘʚʘʷ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʠʚʘʪʴ ʫʛʦʣ ʘʪʘʢʠ. 

  ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʧʨʦʬʠʣʝʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ, 

ʯʪʦ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʞʠʤʦʚ ʟʘʚʠʩʘʥʠʷ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʟʣʝʪʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩ-

ʥʦʚʥʳʤʠ ʜʣʷ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ. ʉʥʠʞʝʥʠʝ ʫʛʣʘ ʘʪʘʢʠ ʜʣʷ ʪʦʡ ʞʝ ʪʷʛʠ ʫʤʝʥʴʰʘʝʪ ʘʵʨʦʜʠʥʘʤʠ-

ʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʥʘʛʨʫʟʢʝ. 

ʂʇɼ ʚʠʥʪʘ ʚʳʰʝ, ʪʘʢ ʢʘʢ ʜʚʠʛʘʪʝʣʴ ʪʨʘʪʠʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʷʛʝ.  

  3. ɻʠʙʨʠʜʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ   

  ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʪʘʢʠʭ ʧʨʦʬʠʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʘʪʘʢʠ, ʢʘʢ ʫ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʠ-

ʝʤʣʝʤʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʩʠʤʤʝʪ-

ʨʠʯʥʳʭ ʧʨʦʬʠʣʝʡ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʛʠʙʨʠʜʥʳʝ ʧʨʦʬʠʣʠ ʩʪʘʥʫʪ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟ-

ʚʠʪʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʠʥʪʦʚ ʤʘʣʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʘʜʘʧʪʠ-

ʨʦʚʘʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

  4. ʉʚʝʨʭʪʦʥʢʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ.  

  ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʯʝʥʠʷ ʣʦʧʘʩʪʝʡ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ ʠ ʫʤʝʨʝʥʥʦʡ ʢʨʠʚʠʟ-

ʥʦʡ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʨʠ ʥʠʟʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ. ʀʭ ʦʩ-

ʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ð ʫʤʝʥʴʰʠʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʈʝʡ-

ʥʦʣʴʜʩʘ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ. 

ɺʣʠʷʥʠʝ ʫʛʣʘ ʘʪʘʢʠ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʋʛʦʣ ʘʪʘʢʠ ï ʢʣʶʯʝʚʦʡ ʧʘʨʘʤʝʪʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʧʦʜʲʸʤʥʫʶ ʩʠʣʫ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʇʦʜʲʝʤʥʘʷ ʩʠʣʘ: 

1. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʫʛʦʣ ʘʪʘʢʠ: ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʘʪʘʢʠ ʤʝʞʜʫ ʣʦʧʘʩʪʴʶ ʠ ʥʘʧʨʘʚʣʝ-
ʥʠʝʤ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʚʦʟ-

ʜʫʰʥʳʡ ʧʦʪʦʢ ʥʘʜ ʢʨʳʣʦʤ ʦʪʢʣʦʥʷʝʪʩʷ, ʩʦʟʜʘʚʘʷ ʦʙʣʘʩʪʴ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʫʚʝʣʠʯʠ-

ʚʘʷ ʨʘʟʥʠʮʫ ʚ ʜʘʚʣʝʥʠʠ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʨʳʣʘ. 

2. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʫʛʦʣ ʘʪʘʢʠ: ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʫʛʣʘ ʘʪʘʢʠ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʩʥʠʞʘʝʪʩʷ, ʪʘʢ 

ʢʘʢ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʙʣʠʞʝ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʳʣʘ, 

ʫʤʝʥʴʰʘʷ ʨʘʟʥʠʮʫ ʚ ʜʘʚʣʝʥʠʠ. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 

1. ʇʘʨʘʟʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʘʪʘʢʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʠʪʠʯʝ-
ʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʥʘʨʫʰʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʢʨʳʣʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʨʝʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʝʪʘ. 

2. ʇʨʦʬʠʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: ʕʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʦʡ ʢʨʳʣʘ ʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʫʛʣʘ ʘʪʘʢʠ. ʆʥʦ ʤʠʥʠʤʘʣʴʥʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʛʣʘʭ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ. 

ʉʨʳʚ ʧʦʪʦʢʘ: 

1. ʂʨʠʪʠʯʝʩʢʠʡ ʫʛʦʣ ʘʪʘʢʠ: ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʘʪʘʢʠ ʧʨʦ-
ʠʩʭʦʜʠʪ ʩʨʳʚ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʩ ʢʨʳʣʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʧʘʜʝʥʠʶ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʂʚʘʜʨʦʢʦʧʪʝʨ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ 
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ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ ʧʘʜʝʥʠʶ ʠʣʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝ-

ʤʦʤʫ ʚʨʘʱʝʥʠʶ. 

2. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʨʷʩʢʘ: ʉʨʳʚ ʧʦʪʦʢʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʦʧʝʨʝʯʥʫʶ ʠ ʧʨʦʜʦʣʴʥʫʶ ʥʝ-

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʢʘʯʠʚʘʥʠʠ ʜʨʦʥʘ ʩ ʦʜʥʦʡ ʧʦʣʦʚʠʥʳ ʢʨʳʣʘ ʥʘ ʜʨʫ-

ʛʫʶ ʠ ʫʭʫʜʰʘʝʪ ʫʧʨʘʚʣʷʝʤʦʩʪʴ.  

 ɺʳʙʦʨ ʧʨʦʬʠʣʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʛʣʘ ʘʪʘʢʠ ʣʦʧʘʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʢʚʘʜʨʦʢʦʧʪʝʨʘ: ʪʷʛʫ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʘʥʸʚʨʝʥʥʦʩʪʴ. ɼʣʷ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʛʨʘʞʜʘʥʩʢʠʭ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ ʧʨʦ-

ʬʠʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʪʷʛʫ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʠ ʟʘʚʠʩʘʥʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʫʛʣʘ ʘʪʘʢʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʩʨʳʚʘ ʧʦʪʦʢʘ, ʧʦʚʳʩʠʪʴ ʂʇɼ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩ-

ʥʫʶ ʠ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʘʧʧʘʨʘʪʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʂʦʤʧʦʟʠʪʥʳʝ ʙʘʣʣʦʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʝ, ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʪʨʘʥʩʧʦʨʪʝ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʨʦʤʠʩʩʦʤ 

ʤʝʞʜʫ ʤʘʩʩʦʡ, ʞʸʩʪʢʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ. ʍʦʪʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʮʝʥʢʘʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʫʛʦʣ ʥʘʤʦʪʢʠ å 54,4Á, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʩʣʦʚʥʫʶ ʨʘʚʥʦʧʨʦʯʥʦʩʪʴ ʧʨʠ ʦʩʝʚʦʤ ʠ ʦʢʨʫʞʥʦʤ 

ʫʩʠʣʠʠ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʫʛʣʳ (0Á, Ñ30Á, Ñ45Á, Ñ60Á), ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʸʞʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʚ ʧʦʣʶʩʥʳʭ ʟʦʥʘʭ [1, 2]. 

ɻʝʦʤʝʪʨʠʷ ʙʘʣʣʦʥʘ 

ʈʘʜʠʫʩ ʮʠʣʠʥʜʨʘ ð 0,144 ʤ, ʜʣʠʥʘ ð 0,576 ʤ, ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ð 70 ʄʇʘ. ʃʝʡʥʝʨ ð 

HDPE (ɟ = 940 ʢʛ/ʤį, ʪʦʣʱʠʥʘ 1 ʤʤ), ʫʛʣʝʧʣʘʩʪʠʢ ð T700/924 (ɟ = 1550 ʢʛ/ʤį, ʪʦʣʱʠʥʘ ʩʣʦʷ 

0,25 ʤʤ). 

ʄʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ 

NSGA-II ðʵʚʦʣʶʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʤʥʦʛʦʮʝʣʝʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʩʪʨʦʠʪ 

ʬʨʦʥʪ ʇʘʨʝʪʦ, ʦʪʙʠʨʘʷ ʥʝʜʦʤʠʥʠʨʫʝʤʳʝ (ʥʝʜʦʩʪʠʞʠʤʳʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ) ʨʝʰʝʥʠʷ [3]. ʇʨʠʤʝʥʸʥ ʜʣʷ ʟʘʜʘʯʠ ʩ 3 ʮʝʣʷʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʝʤ SF Ó 1,0. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʵʚʦʣʶʮʠʷ (DE) ð ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʧʦʠʩʢʘ, ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʠ ʩʤʝʰʘʥ-

ʥʳʭ (ʮʝʣʳʭ/ʥʝʧʨʝʨʳʚʥʳʭ) ʧʝʨʝʤʝʥʥʳʭ [4]. ʀʩʧʦʣʴʟʦʚʘʥ ʚ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʷʭ: 

ï ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʫʛʣʘʤʠ (ī90Áé+90Á); 

ï ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʫʛʣʘʤʠ (0Á, Ñ15Á, Ñ30Á, ..., Ñ90Á) ð ʠʤʠʪʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʘʥʢʦʚ 

ʥʘʤʦʪʢʠ. 

ɺʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ: 

ï ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʣʦʢʘʣʴʥʳʤ ʤʠʥʠʤʫʤʘʤ; 

ï ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ (ʯʝʨʝʟ ʰʪʨʘʬʳ ʠ ʥʝʣʠʥʝʡʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ); 

ï ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʮʝʥʢʦʡ ʧʦʧʫʣʷʮʠʠ. 

ʂʦʜ ʨʝʘʣʠʟʦʚʘʥ ʥʘ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ pymoo, scipy.optimize, numpy, 

pandas, matplotlib. 

ʈʝʟʫʣʴʪʘʪʳ 
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ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ Python, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʫʢʣʘʜʢʠ ʚʦʣʦʢʦʥ å 54,4Á ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ SF=1,5. ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʩʯʝʪʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠ-

ʘʣʝ ʧʦ ʬʦʨʤʫʣʘʤ ʪʦʥʢʦʩʪʝʥʥʳʭ ʦʙʦʣʦʯʝʢ ʠ ʠʭ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʠ ʦʨʪʦʪʨʦʧʥʦʛʦ ʩʣʦʷ. 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 1,5 ʪʨʝʙʫʝʪʩʷ 269 ʩʣʦʝʚ. ʇʨʠ ʵʪʦʤ 

ʨʘʩʯʝʪʥʘʷ ʤʘʩʩʘ ʢʦʤʧʦʟʠʪʥʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʠʣʘ 81,44 ʢʛ, ʘ ʦʙʱʘʷ ʤʘʩʩʘ ʙʘʣʣʦʥʘ ð 82,18 ʢʛ. 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʣʫʞʠʪ ʚʘʞʥʳʤ ʦʨʠʝʥʪʠʨʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʦʢʘʟʳʚʘʷ, ʯʪʦ 

ʜʘʞʝ ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʦʤ ʫʛʣʝ ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʫʯʘʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʦ ʚʳʩʦ-

ʢʦʡ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʫʛ-

ʣʦʚ ʫʢʣʘʜʢʠ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʢʦʤʧʨʦʤʠʩʩʦʚ ʤʝʞʜʫ ʤʘʩʩʦʡ, ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ-

ʤʝʥʸʥ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ NSGA-II. ɺ ʟʘʜʘʯʝ ʟʘʜʘʚʘʣʠʩʴ ʪʨʠ ʮʝʣʠ: 

ï ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʩʩʳ; 

ï ʤʠʥʠʤʠʟʘʮʠʷ ʩʫʤʤʘʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ; 

ï ʤʘʢʩʠʤʠʟʘʮʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ (ʯʝʨʝʟ ʤʠʥʠʤʠʟʘʮʠʶ ī 

SFmin); 

ï ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ SFmin Ó 1,0. 

ɼʦʧʫʩʪʠʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʛʨʘʥʠ-

ʮʘʤʠ: 

ï ʜʣʠʥʘ ʧʘʪʪʝʨʥʘ ð ʦʪ 4 ʜʦ 8 ʩʣʦʸʚ; 

ï ʯʠʩʣʦ ʩʣʦʸʚ ʚ ʧʦʣʦʚʠʥʝ ʙʘʣʣʦʥʘ ð ʦʪ 4 ʜʦ 500; 

ï ʫʛʣʳ ʥʘʤʦʪʢʠ ð ʦʪ 5Á ʜʦ 85Á (ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʚʘʥʪʦʚʘʥʠʝʤ ʜʦ ʢʨʘʪʥʳʭ 5Á). 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʳʷʚʠʣʘ 50 ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʥʘ ʬʨʦʥʪʝ ʇʘʨʝʪʦ 

(ʪʘʙʣʠʮʘ 2). 
ʊʘʙʣʠʮʘ 2 

ʅʘʠʣʫʯʰʝʝ ʧʦ ʢʨʠʪʝʨʠʶ ʜʝʬʦʨʤʘʮʠʠ 

ʉʣʦʠ ʇʘʪʪʝʨʥ ʄʘʩʩʘ, ʢʛ ɼʝʬʦʨʤʘʮʠʷ ɿʘʧʘʩ ʧʨʦʯʥʦ-

ʩʪʠ, min 

1000 [10;10;10;10] 253,05 0,00216 7,42 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʤʘʩʩʘ (253 ʢʛ) ʜʝʣʘʝʪ ʜʘʥʥʦʝ 

ʨʝʰʝʥʠʝ ʥʝʧʨʠʝʤʣʝʤʳʤ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʕʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʢʣʶʯʝʚʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʬʨʦʥʪʘ ʇʘʨʝʪʦ: ʦʥ ʯʝʩʪʥʦ ʦʪʦʙʨʘʞʘʝʪ ʢʦʤʧʨʦʤʠʩʩʳ, ʥʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʠʝʤʣʝʤʦʩʪʠ ð ʪʨʝʙʫʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʨʠʪʝʨʠʷʤ (ʥʘʧʨʠ-

ʤʝʨ, ʧʦ ʤʘʩʩʝ). 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʠ ʫʯʝʪʘ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ (Differential Evolution). 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʩʫʤʤʳ ʜʝʬʦʨʤʘʮʠʡ ʦʙʦʣʦʯʢʠ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʠ ʧʦ ʤʘʩʩʝ m Ò 45 ʢʛ. ʆʧʪʠʤʠʟʠʨʦʚʘʣʠʩʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ (ʯʝʪʥʦʝ, ʜʣʷ ʩʠʤ-

ʤʝʪʨʠʯʥʦʡ ʥʘʤʦʪʢʠ ʠ ʫʛʣʳ ʥʘʤʦʪʢʠ ʜʣʷ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʧʘʢʝʪʘ (ʚʪʦʨʘʷ ʧʦʣʦʚʠʥʘ ʩʠʤʤʝʪ-

ʨʠʯʥʘ). 

ɸʣʛʦʨʠʪʤ ʩʦʰʝʣʩʷ ʢ ʨʝʰʝʥʠʶ ʩ 174 ʩʣʦʷʤʠ ʠ ʤʘʩʩʦʡ 44,54 ʢʛ (ʚʧʣʦʪʥʫʶ ʢ ʦʛʨʘʥʠʯʝ-

ʥʠʶ). ʄʠʥʠʤʘʣʴʥʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 0,95, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʋʛʣʳ ʥʘʤʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʥʝʨʝʛʫʣʷʨʥʫʶ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -90Á ʜʦ +90Á. ʍʦʪʷ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ, ʝʛʦ ʧʨʘʢ-

ʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʠ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʧʘʪʪʝʨʥʘ ʥʘʤʦʪʢʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʥʘʙʦ-

ʨʦʤ ʜʦʧʫʩʪʠʤʳʭ ʫʛʣʦʚ ʫʢʣʘʜʢʠ: [0, Ñ15, Ñ30, Ñ45, Ñ60, Ñ75, Ñ80, Ñ90] ʛʨʘʜʫʩʦʚ. ʕʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʣʦ ʨʝʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʥʘʤʦʪʢʠ. 

ɸʣʛʦʨʠʪʤ ʥʘʰʝʣ ʨʝʰʝʥʠʝ ʩ 198 ʩʣʦʷʤʠ ʠ ʤʘʩʩʦʡ 50,59 ʢʛ. ʄʠʥʠʤʘʣʴʥʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦ-

ʩʪʠ ʩʦʩʪʘʚʠʣ 1,26. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʫʛʣʦʚ ʧʦʢʘʟʘʣ ʧʨʝʦʙʣʘʜʘʥʠʝ ʫʛʣʦʚ Ñ45Á ʠ Ñ30Á, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʠʝʡ, ʪʘʢ ʢʘʢ ʵʪʠ ʫʛʣʳ ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʧʨʠʥʠʤʘʶʪ ʩʜʚʠʛʦʚʳʝ ʠ ʦʢʨʫʞʥʳʝ 
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ʥʘʧʨʷʞʝʥʠʷ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʪʝʭʥʦʣʦʛʠʯ-

ʥʦʩʪʴʶ. 

ɺʳʚʦʜʳ 

ʌʠʢʩʠʨʦʚʘʥʥʳʡ ʫʛʦʣ 54,4Á ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʤʘʩʩʳ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ (ʢʨʠʪʠʯʥʦ ð ʨʘʩʪʷʞʝʥʠʝ ʤʘʪʨʠʮʳ ʧʦʧʝʨʸʢ 

ʚʦʣʦʢʥʘ). 

ʄʥʦʛʦʮʝʣʝʚʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦ ʇʘʨʝʪʦ (NSGA-II)  ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʨʝ-

ʰʝʥʠʷ, ʥʦ ʙʝʟ ʞʸʩʪʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʤʘʩʩʝ ʜʘʸʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

(ʥʘʧʨʠʤʝʨ, 1000 ʩʣʦʸʚ, ʤʘʩʩʘ 253 ʢʛ). 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʵʚʦʣʶʮʠʷ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʨʝʘʣʠʩʪʠʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ: 

ï ʧʨʠ ʩʚʦʙʦʜʥʳʭ ʫʛʣʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʩʩʘ 44,5 ʢʛ, ʥʦ SF  = 0,95 ð ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ; 

ï ʧʨʠ ʜʠʩʢʨʝʪʥʳʭ ʫʛʣʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʩʩʘ 50,6 ʢʛ ʠ SF  = 1,26 ð ʧʨʠʝʤʣʝʤʳʡ ʢʦʤʧʨʦ-

ʤʠʩʩ; 

ï ʧʨʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʘʪʪʝʨʥ-ʦʧʪʠʤʠʟʘʮʠʠ (ʜʣʠʥʘ ʧʘʪʪʝʨʥʘ 4ï5 ʩʣʦʸʚ, ʫʛʣʳ 0Áï10Á) 

ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ð 48,1ï48,6 ʢʛ ʧʨʠ SF  = 1,37ï1,40. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ð ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʘʪʪʝʨʥʦʚ ʠʟ ʤʘʣʳʭ ʫʛʣʦʚ (0Á, 5Á, 

10Á) ʠ ʚʚʝʜʝʥʠʝ 0Á-ʩʣʦʸʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʛʝʨʤʝʪʠʯʥʦʩʪʴ, ʦʩʝʚʫʶ ʞʸʩʪʢʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʥʘʤʦʪʢʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʜʦʣʞʥʘ ʚʝʩʪʠʩʴ ʥʝ ʪʦʣʴʢʦ ʧʦ ʫʛʣʘʤ, ʥʦ ʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʫʢʣʘʜʢʠ ð ʜʣʠʥʝ, 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʩʠʤʤʝʪʨʠʠ ʧʘʪʪʝʨʥʦʚ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʪʘʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ (ʈɺʉ) ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʀʭ ʥʘʜʝʞʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʦʧʘʩ-

ʥʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʦʧʝʨʘʪʦʨʳ ʨʝʟʝʨʚʫʘʨʥʳʭ ʧʘʨʢʦʚ, ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨ-

ʥʘʷ ʦʩʘʜʢʘ ʦʩʥʦʚʘʥʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʙʝʞʥʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʢʘʢ ʚʳ-

ʟʳʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ: ʧʦʩʪʦʷʥʥʳʤʠ ʮʠʢʣʘʤʠ ʥʘʧʦʣʥʝʥʠʷ ʠ ʦʧʦʨʦʞʥʝʥʠʷ ʨʝ-

ʟʝʨʚʫʘʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʢʠ, 

ʜʦ 46 % ʘʚʘʨʠʡ ʈɺʉ ʩʚʷʟʘʥʳ ʠʤʝʥʥʦ ʩ ʥʝʜʦʧʫʩʪʠʤʳʤʠ ʦʩʘʜʢʘʤʠ. 

ʆʩʦʙʫʶ ʦʩʪʨʦʪʫ ʵʪʘ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʢʦʥʪʝʢʩʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʚʷʟʢʫ ʨʝʟʝʨʚʫ-

ʘʨʦʚ ï ʧʦʜʚʦʜʷʱʠʝ ʠ ʦʪʚʦʜʷʱʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ, ʧʨʠʝʤʦ-ʨʘʟʜʘʪʦʯʥʳʝ ʧʘʪʨʫʙʢʠ (ʇʈʇ), ʩʠ-

ʩʪʝʤʳ ʘʚʘʨʠʡʥʦʛʦ ʩʙʨʦʩʘ ʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. ʕʪʠ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʝ 
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ʬʫʥʜʘʤʝʥʪʳ ʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʴʶ. ɻʣʘʚʥʘʷ ʦʧʘʩʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʦʩʘʜʢʘ ʚ 20-30 ʤʠʣʣʠʤʝʪʨʦʚ ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʪʴ ʢʨʠʪʠ-

ʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚ ʫʟʣʘʭ ʩʦʝʜʠʥʝʥʠʷ. ɾʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʥʝ ʫʩʧʝʚʘʶʪ ʟʘ ʜʝ-

ʬʦʨʤʘʮʠʝʡ ʢʦʨʧʫʩʘ ʨʝʟʝʨʚʫʘʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʘʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʚʘʨʥʳʭ 

ʰʚʘʭ ʠ ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʩʪʳʢʦʚ ʠ ʨʘʟʣʠʚ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʥʝʩʫʱʠʡ ʧʨʷʤʫʶ ʫʛʨʦʟʫ ʵʢʦʣʦʛʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʪʘʢʠʭ ʘʚʘʨʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʜʚʦʜʷʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʘʨʤʘʪʫʨʳ, ʚʳʟʚʘʥ-

ʥʦʛʦ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʦʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. 

ʅʝʨʘʚʥʦʤʝʨʥʘʷ ʦʩʘʜʢʘ ʦʩʥʦʚʘʥʠʷ ʨʝʟʝʨʚʫʘʨʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʷʜʘ ʧʨʠʯʠʥ:  

 
ʈʠʩ. 1. ʇʨʠʯʠʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʚʷʟʢʫ 

ʉʨʝʜʠ ʚʠʜʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʠ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʙʚʷʟʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʨʝʥ ʠ ʦʩʘʜʢʘ ʚ ʚʠʜʝ çʩʪʫʧʝʥʴʢʠè ʠʣʠ çʨʘʟʚʘʣʘè.  

ʂʨʝʥ ï ʥʘʢʣʦʥ ʨʝʟʝʨʚʫʘʨʘ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʚʳʟʳʚʘʶʱʠʡ ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʘ-

ʪʨʫʙʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʟʦʥʝ ʥʘʠʙʦʣʴʰʝʛʦ ʦʧʫʩʢʘʥʠʷ. 

ʆʩʘʜʢʘ ʚ ʚʠʜʝ çʩʪʫʧʝʥʴʢʠè ʠʣʠ çʨʘʟʚʘʣʘè ï ʢʦʛʜʘ ʯʘʩʪʴ ʧʝʨʠʤʝʪʨʘ ʜʥʠʱʘ ʦʧʫʩʢʘʝʪʩʷ ʠʣʠ 

ʧʦʜʥʠʤʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ, ʩʦʟʜʘʚʘʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʛʠʙʳ ʚ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʪʨʫ-

ʙʦʧʨʦʚʦʜʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), 

ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʢʘʢ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʦʩʘʜʢʘ ʚʣʠʷʝʪ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) ʨʝʟʝʨʚʫʘʨʘ ʠ ʝʛʦ ʦʙʚʷʟʢʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ ʇ. ɺ. ʏʝʧʫʨʘ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ 

ʧʨʠ ʦʩʘʜʢʝ ʚ 30 ʤʤ ʚ ʫʟʣʝ ʩʦʧʨʷʞʝʥʠʷ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʩ ʧʨʠʝʤʦ-ʨʘʟʜʘʪʦʯʥʳʤ ʧʘʪʨʫʙʢʦʤ 

(ʇʈʇ) ʜʠʘʤʝʪʨʦʤ 700 ʤʤ ʚʦʟʥʠʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʦʩʘʜʢʝ 

ʙʦʣʝʝ 80 ʤʤ ʚ ʟʦʥʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʘʚʘʨʠʡʥʦʛʦ ʩʙʨʦʩʘ ʧʦʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʝ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʪʘʣʠ. 

ɾʝʩʪʢʦʝ ʟʘʱʝʤʣʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʠʤʝʶʱʠʭ ʥʝʟʘʚʠʩʠʤʳʝ ʬʫʥʜʘʤʝʥʪʳ, ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʩʚʦʙʦʜʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʢʦʨʧʫʩʘ ʨʝʟʝʨʚʫʘʨʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʥʝ 

ʪʦʣʴʢʦ ʚ ʩʪʝʥʢʝ ʨʝʟʝʨʚʫʘʨʘ ʫ ʤʝʩʪʘ ʚʨʝʟʢʠ, ʥʦ ʠ ʚ ʩʘʤʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʯʪʦ ʛʨʦʟʠʪ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʪʨʝʱʠʥ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ. ɻ. ʂʘʨʧʫʥʠʥ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʣʦʢʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʦʩʘʜʢʠ, ʩʫʤʤʠʨʫʷʩʴ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʦʪ ʦʧʝʨʘʮʠʡ 

ʥʘʣʠʚʘ/ʩʣʠʚʘ, ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʤʝʪʘʣʣʘ. 

ʀʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʘʪʨʫʙʢʦʚ ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʠʤ ʥʝʛʘʪʠʚ-

ʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ: ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪ. ʢ. ʧʝʨʝʢʦʩʳ ʚʳʚʦʜʷʪ ʠʟ ʩʪʨʦʷ 

ʧʨʦʢʣʘʜʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʪʝʯʢʘʤ ʧʨʦʜʫʢʪʘ; ʜʝʬʦʨʤʘʮʠʷ ʠ ʨʘʟʨʫʰʝʥʠʝ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʪ. ʢ. 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʩʚʘʨʢʠ ʧʘʪʨʫʙʢʘ ʢ ʩʪʝʥʢʝ ʨʝʟʝʨʚʫʘʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
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ʩʘʤʳʭ ʯʘʩʪʳʭ ʧʨʠʯʠʥ ʘʚʘʨʠʡ; ʩʨʝʟ ʘʥʢʝʨʥʳʭ ʙʦʣʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʦʧʦʨ, ʪ. ʢ. ʞʝʩʪʢʠʝ ʦʧʦʨʳ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝ ʫʩʧʝʚʘʶʪ ʟʘ ʦʩʘʜʢʦʡ ʨʝʟʝʨʚʫʘʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʛʨʫ-

ʟʦʢ ʠ ʧʦʚʨʝʞʜʝʥʠʶ ʢʨʝʧʝʞʘ; ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʧʣʘʚʘʶʱʝʡ ʢʨʳʰʠ ʠʣʠ ʧʦʥʪʦʥʘ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʤʝʨ: 

1. ʄʦʥʠʪʦʨʠʥʛ ʦʩʘʜʢʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʅʘʧʨʠʤʝʨ, ʧʘʪʝʥʪ ɼ. ʀ. ʉʫʨʦʚʘ ʦʧʠʩʳʚʘʝʪ ʤʝʪʦʜ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʝʨʝʜʘʶʱʠʭ ʜʘʥʥʳʝ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ 

ʩʝʨʚʝʨ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

2. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ. ɼʣʷ ʥʦʚʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝ-

ʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʦʩʘʜʢʫ, ʪʘʢʠʭ ʢʘʢ ʩʝʛʤʝʥʪʥʦ-ʩʬʝʨʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ 

(ʉʉʌ), ʦʩʥʘʱʝʥʥʳʡ ʩʠʩʪʝʤʦʡ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʩʘʜʦʢ ʛʨʫʥʪʘ. 

3. ʈʝʤʦʥʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ. ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʦʧʘʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʟʣʘʭ ʩʦʧʨʷʞʝʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʫʩʪʘʥʦʚʢʫ ʛʠʙʢʠʭ ʢʦʤʧʝʥʩʘʪʦʨʦʚ 

(ʨʝʟʠʥʦʪʢʘʥʝʚʳʭ, ʩʠʣʴʬʦʥʥʳʭ), ʫʩʠʣʝʥʠʝ ʫʟʣʦʚ ʚʨʝʟʢʠ ʠʣʠ ʜʘʞʝ ʧʦʜʲʝʤ ʨʝʟʝʨʚʫʘʨʘ ʠ ʚʳʨʘʚ-

ʥʠʚʘʥʠʝ ʦʩʥʦʚʘʥʠʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʦʩʘʜʢʘ ʨʝʟʝʨʚʫʘʨʦʚ ʤʘʩʩʦʚʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʘ ʠ ʩʦʟʜʘʝʪ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚ ʫʟʣʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʯʪʦ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʦʟʥʠʢʘʝʪ ʜʘʞʝ ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʦʩʘʜʢʘʭ (20-30 ʤʤ), ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʘʭ ʞʝʩʪʢʦʛʦ ʟʘʱʝʤʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 

ʩʚʘʨʥʳʭ ʰʚʦʚ, ʧʨʠʚʦʜʷ ʢ ʨʠʩʢʫ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʟʘ-

ʱʠʪʳ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʘʜʦʢ, ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʅɼʉ ʩ ʫʯʝʪʦʤ ʦʙʚʷʟʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʛʠʙʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʳ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ 

ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ ʠ ʩʦʟʜʘʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʚʷʟʢʠ. 
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ʕʣʝʢʪʨʦʧʨʠʚʦʜʥʘʷ ʪʨʫʙʦʧʨʦʚʦʜʥʘʷ ʘʨʤʘʪʫʨʘ (ʕʇɸ) ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʧʦʚʳ-

ʰʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʠ ʥʘʜʸʞʥʦʝ ʦʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʚ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʠ ʘʪʦʤʥʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ [1]. ʇʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʕʇɸ ʠʩʧʳʪʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʢʨʫ-

ʪʠʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʟʘʢʣʠʥʠʚʘʥʠʶ 

ʟʘʪʚʦʨʘ, ʦʙʨʳʚʫ ʰʪʦʢʘ ʠʣʠ ʦʪʢʘʟʫ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [1, 2]. ʇʦʵʪʦʤʫ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʩ ʫʯʸʪʦʤ 

ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʨʤʘʪʫʨʳ, ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [3ï5]. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʦʪ-

ʢʣʠʢʘ ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʨʤʘʪʫʨʳ ʚ ʚʠʜʝ ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʡ 

ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ. ʅʘ ʚʠʙʨʦʩʪʝʥʜʝ ʠʟʤʝʨʷʶʪ ʫʩʢʦʨʝʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ ʠ ʥʘ ʢʦʨʧʫʩʝ ʧʨʠʚʦʜʘ, 

ʚʳʯʠʩʣʷʶʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʪʢʣʠʢʘ ʢ ʚʭʦʜʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʠ ʩʦ-

ʧʦʩʪʘʚʣʷʶʪ ʝʛʦ ʩ ʜʠʘʧʘʟʦʥʦʤ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʪʷʞʸʣʦʡ ʘʨʤʘʪʫʨʳ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʤʦʞʝʪ ʜʦ-

ʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ Kd = 20ï34 ʧʨʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʘʭ 8ï20 ɻʮ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʜʠʘʧʘʟʦʥ ʩʝʡ-

ʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [5]. ʊʘʢʦʡ ʤʝʪʦʜ ʧʨʦʩʪ ʠ ʫʜʦʙʝʥ ʜʣʷ ʥʦʨʤʘʪʠʚʥʳʭ ʨʘʩʯʸʪʦʚ, ʥʦ ʦʥ 

ʩʣʘʙʦ ʫʯʠʪʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʠ ʞʸʩʪʢʦʩʪʠ, ʛʠʙʢʦʩʪʴ ʦʧʦʨ, ʘ ʪʘʢʞʝ 

ʩʪʨʫʢʪʫʨʫ ʨʝʜʫʢʪʦʨʘ ʠ ʧʨʠʚʦʜʥʳʭ ʫʟʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 
ʣʠʰʴ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ, ʥʦ ʥʝ ʜʘʸʪ ʜʝʪʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʥʘʧʨʷ-

ʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʙʦʣʝʝ ʪʦʯ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝ-

ʤʝʥʥʳʝ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ [4, 5]. 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʘʥʘʣʠʟʘ ʩʚʷʟʘʥ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʩʠ-

ʩʪʝʤʳ çʪʨʫʙʦʧʨʦʚʦʜ ï ʟʘʜʚʠʞʢʘ ï ɻ ʣʝʢʪʨʦʧʨʠʚʦʜè. ʊʨʫʙʦʧʨʦʚʦʜʳ ʦʧʠʩʳʚʘʶʪ ʢʘʢ ʥʘʙʦʨ ʙʘ-

ʣʦʯʥʳʭ ʠʣʠ ʪʨʫʙʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʦʨʳ ʤʦʜʝʣʠʨʫʶʪ ʢʦʥʝʯʥʦʡ ʧʦʚʦʨʦʪʥʦʡ ʞʸʩʪʢʦʩʪʴʶ, ʘ ʢʦʨ-

ʧʫʩ ʟʘʜʚʠʞʢʠ ʟʘʤʝʥʷʶʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʜʦʙʨʘʥʥʦʡ ʠʟʛʠʙʥʦʡ ʠ ʦʩʝ-

ʚʦʡ ʞʸʩʪʢʦʩʪʴʶ [4]. ɺ ʨʘʙʦʪʝ [4] ʠʩʩʣʝʜʫʝʪʩʷ ʪʨʫʙʦʧʨʦʚʦʜ ʩ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʟʘʜʚʠʞʢʦʡ 

DN80, ʤʘʩʩʘ ʢʦʪʦʨʦʡ ʧʨʠʤʝʨʥʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ ʤʘʩʩʫ ʪʨʫʙ [4]. ʉʭʝʤʘ ʜʚʫʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ð ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʝʟ ʟʘʜʚʠʞʢʠ (ʩʪʨʫʢʪʫʨʘ 1) ʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘ-

ʜʚʠʞʢʦʡ (ʩʪʨʫʢʪʫʨʘ 2), ʘ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʫʩʢʦʨʝʥʠʷ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʝʟ ʟʘʜʚʠʞʢʠ (1) ʠ ʩ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ 

ʟʘʜʚʠʞʢʦʡ DN80 (2) ʠ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ ʫʩʢʦʨʝʥʠʷ ʧʦ [4] 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʟʘʜʚʠʞʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʜʠʥʘʤʠʯʝ-

ʩʢʫʶ ʢʘʨʪʠʥʫ: ʢʣʘʧʘʥ ʫʩʠʣʠʚʘʝʪ ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʩʘʤʠ ʪʨʫʙʳ ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʘʢ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʪʘʢ ʠ ʧʦ 

ʚʝʨʪʠʢʘʣʠ [4]. ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʦʙʥʦʚʣʝʥʠʝ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʝʥʜʦʚʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʅʘ ʚʠʙʨʦʧʣʘʪʬʦʨʤʝ ʨʝʛʠʩʪʨʠʨʫʶʪ ʦʪʢʣʠʢʠ 

ʚ ʥʝʩʢʦʣʴʢʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘ-

ʥʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʙʠʨʘʶʪ ʧʦʚʦʨʦʪʥʫʶ ʞʸʩʪʢʦʩʪʴ ʦʧʦʨ, ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʞʸʩʪʢʦʩʪʠ ʢʦʨʧʫʩʘ 

ʢʣʘʧʘʥʘ ʠ ʧʘʨʘʤʝʪʨʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ [4]. ɺʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ 

ʩʠʩʪʝʤʝ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ: ʵʣʝʤʝʥʪʳ ʢʣʘʧʘʥʘ ʠʤʝʶʪ ʠʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʯʝʤ ʵʣʝʤʝʥʪʳ 

ʪʨʫʙ, ʘ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʟʥʘʯʝʥʠʷ ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ [4]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʚʳʰʝʥʠʶ ʦʪʢʣʠʢʘ ʚ ʦʜʥʦʡ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʟʘʥʠʞʝʥʠʶ ʚ ʜʨʫʛʦʡ. ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʷʤʳʝ ʨʘʩʯʸʪʳ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʨʝʘʣʴʥʳʤ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʘʢʩʝʣʝʨʦ-

ʛʨʘʤʤʘʤ ʩ ʨʘʟʜʝʣʴʥʳʤ ʟʘʜʘʥʠʝʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʜʩʠʩʪʝʤ [4, 5]. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʘʤʦʛʦ ʧʨʠʚʦʜʘ. ʀʤʝʥʥʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

ʷʚʣʷʝʪʩʷ ʟʚʝʥʦʤ, ʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʤʝʭʘʥʠʯʝ-

ʩʢʦʝ ʫʩʠʣʠʝ ʥʘ ʟʘʧʦʨʥʦʤ ʦʨʛʘʥʝ, ʧʦʵʪʦʤʫ ʧʨʠ ʝʛʦ ʦʪʢʘʟʝ ʘʨʤʘʪʫʨʘ ʬʘʢʪʠʯʝʩʢʠ ʪʝʨʷʝʪ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʢʦʤʘʥʜʫ çʦʪʢʨʳʪʴïʟʘʢʨʳʪʴè [1ï3]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʣʝʤʝʥʪʘʭ ʧʨʠʚʦʜʘ ʢʦʥʮʝʥ-

ʪʨʠʨʫʶʪʩʷ ʥʘʠʙʦʣʴʰʠʝ ʢʨʫʪʷʱʠʝ ʤʦʤʝʥʪʳ ʠ ʠʥʝʨʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟ-

ʜʝʡʩʪʚʠʷʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʷʟʚʠʤʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʩʠʩʪʝʤʳ [2, 3]. ʈʝʜʫʢʪʦʨʥʳʝ ʧʨʠʚʦʜʳ ʚʢʣʶʯʘʶʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʟʫʙʯʘʪʳʡ ʠʣʠ ʯʝʨʚʷʯ-

ʥʳʡ ʨʝʜʫʢʪʦʨ, ʤʦʤʝʥʪʥʫʶ ʤʫʬʪʫ, ʰʧʠʥʜʝʣʴ ʠ ʤʝʭʘʥʠʟʤ ʨʫʯʥʦʛʦ ʜʫʙʣʸʨʘ. ɺ ʧʨʘʢʪʠʢʝ ʚʩʸ ʰʠʨʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʣʘʥʝʪʘʨʥʳʝ ʠ ʤʥʦʛʦʧʦʪʦʯʥʳʝ ʧʝʨʝʜʘʯʠ ʩ ʚʳʩʦʢʠʤ ʂʇɼ ʠ ʞʸʩʪʢʦʩʪʴʶ ʧʨʠ ʙʦʣʴ-

ʰʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʣʘʭ [3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʥʦʛʦʧʦʪʦʯʥʳʝ ʧʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ ʧʦʟʚʦʣʷʶʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʨʷʜʳ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʤʦʤʝʥʪʫ ʚ ʦʜʥʦʤ ʛʘʙʘʨʠʪʝ ʧʨʠ ʂʇɼ ʥʝ ʤʝ-

ʥʝʝ 0,9 [3]. ɺ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʪʘʢʠʝ ʧʝʨʝʜʘʯʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʘʢ ʮʝʧʴ ʢʨʫʪʠʣʴ-

ʥʳʭ ʟʚʝʥʴʝʚ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʞʸʩʪʢʦʩʪʴʶ ʠ ʠʥʝʨʮʠʝʡ, ʘ ʥʝ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʞʸʩʪʢʠʡ ʙʣʦʢ, ʯʪʦ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʨʫʪʷʱʠʝ ʤʦʤʝʥʪʳ ʚ ʟʘʮʝʧʣʝʥʠʷʭ ʠ ʥʘ ʰʧʠʥʜʝʣʝ ʧʨʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʩʢʦʨʝʥʠʷʭ [3, 4]. 

ɸʥʘʣʠʟ ʨʝʘʣʴʥʳʭ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʨʳʚʳ ʰʪʦʢʦʚ ʠ 

ʨʘʟʨʫʰʝʥʠʝ ʧʨʠʚʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʚʷʟʘʥʳ ʩ ʟʘʢʣʠʥʠʚʘʥʠʝʤ ʟʘʪʚʦʨʘ ʥʘ 

ʬʦʥʝ ʪʝʨʤʦʦʧʨʝʩʩʦʚʢʠ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʤʫʬʪʳ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʤʝʥʪʘ ʠ ʥʝʙʣʘʛʦʧʨʠ-

ʷʪʥʳʭ ʨʝʞʠʤʦʚ ʨʘʟʦʛʨʝʚʘ ʪʨʫʙʦʧʨʦʚʦʜʘ [2]. ʉʦʛʣʘʩʥʦ [2], ʚʩʝ ʨʘʩʩʣʝʜʦʚʘʥʥʳʝ ʩʣʫʯʘʠ ʦʙʨʳʚʦʚ 

ʰʪʦʢʦʚ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʨʫʰʝʥʠʝʤ ʫʟʣʘ ʢʨʝʧʣʝʥʠʷ ʰʪʦʢʘ ʢ ʟʘʪʚʦʨʫ ʧʨʠ ʧʦʧʳʪʢʝ ʦʪʢʨʳʪʴ 

ʟʘʜʚʠʞʢʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʛʨʝʚʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʟʘʢʣʠ-

ʥʠʚʘʥʠʷ ʚʳʜʝʣʝʥʳ ʪʝʨʤʦʦʧʨʝʩʩʦʚʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʢʦʨʧʫʩʘ ʟʘʜʚʠʞʢʠ, çʧʝʨʝʦʙʞʘʪʠʝè 

ʘʨʤʘʪʫʨʳ, ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʨʘʟʦʛʨʝʚ ʩʝʜʣʘ ʠ ʢʣʠʥʘ, ʘ ʪʘʢʞʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ 

[2]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʩʣʫʞʠʪ ʥʝʚʳʧʦʣʥʝʥʠʝ ʤʫʬʪʦʡ ʦʛʨʘʥʠʯʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦ-

ʤʝʥʪʘ ʩʚʦʠʭ ʬʫʥʢʮʠʡ ʠ ʨʘʟʚʠʪʠʝ ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ ʚ ʫʟʣʝ ʢʨʝʧʣʝʥʠʷ ʟʘʪʚʦʨʘ [2]. 

ʉʚʷʟʴ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʘʥʘʣʠʟʦʤ ʥʘʜʸʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʯʝʨʝʟ ʚʚʝʜʝʥʠʝ 

ʚ ʨʘʩʯʸʪ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʢʠ ʦʪʢʘʟʦʚ. ɺ ʨʘʙʦʪʝ 

[1] ʚʳʧʦʣʥʝʥ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜ-

ʥʦʡ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ, ʧʦʩʪʨʦʝʥʘ ʜʨʝʚʦʚʠʜʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ 

ʦʪʢʘʟʳ ʘʨʤʘʪʫʨʳ ʠ ʦʪʢʘʟʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʤʝʪʦʜʦʤ 

ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. 

ʇʦʢʘʟʘʥʦ [1], ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʷʚʣʷʶʪʩʷ ʦʪ-

ʢʘʟʳ çʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʚʝʨʭ ʜʦʧʫʩʪʠʤʦʛʦè, çʥʝʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʠ ʦʪ-

ʢʨʳʪʠʝïʟʘʢʨʳʪʠʝè ʠ çʦʪʢʘʟ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷè [1]. ʈʘʟʨʘʙʦʪʢʘ ʜʠʘʛʨʘʤʤʳ 

ʩʨʦʜʩʪʚʘ ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʪʢʘʟʘʤʠ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʠ ʧʨʠʯʠʥʘʤʠ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʯʪʦ ʟʘʜʘʸʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʳʭ ʧʨʝʜʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ɺ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝ-

ʨʝʤʝʱʝʥʠʡ, ʥʦ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ: ʚʨʝʤʝʥʠ ʭʦʜʘ, ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 
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ʢʦʤʘʥʜʳ, ʨʠʩʢʘ ʟʘʢʣʠʥʠʚʘʥʠʷ ʠ ʧʨʝʚʳʰʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʚ ʢʨʫʪʠʣʴʥʦʡ 

ʮʝʧʠ ʧʨʠʚʦʜʘ [1, 2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʥʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ ʧʨʦʭʦʜʷʪ ʧʫʪʴ ʦʪ ʫʧʨʦʱʸʥʥʳʭ ʦʜʥʦʤʘʩʩʦ-

ʚʳʭ ʩʭʝʤ ʠ ʨʘʩʯʸʪʦʚ ʧʦ ʩʧʝʢʪʨʘʤ ʦʪʢʣʠʢʘ [5] ʢ ʢʦʤʧʣʝʢʩʥʳʤ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʳʤ ʤʦʜʝʣʷʤ ʩ 

ʦʙʥʦʚʣʝʥʠʝʤ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʫ [4]. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʦʪʜʝʣʴ-

ʥʳʭ ʨʘʩʯʸʪʥʳʭ ʤʦʜʝʣʝʡ ʫʟʣʦʚ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ çʮʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʘʤè ʘʨʤʘʪʫʨʳ ʠ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʦʚ. ʊʘʢʠʝ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʥʝʯʥʦ-ɻ ʣʝ-

ʤʝʥʪʥʳʝ ʤʦʜʝʣʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʘʥʥʳʤʠ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʙʝʟ 

ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [3ï5]. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʯʝʪʘ-

ʥʠʠ ʩ ʧʨʷʤʳʤʠ ʨʘʩʯʸʪʘʤʠ ʧʦ ʘʢʩʝʣʝʨʦʛʨʘʤʤʘʤ ʠ ʘʥʘʣʠʟʦʤ ʩʮʝʥʘʨʠʝʚ ʦʪʢʘʟʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʘ-

ʛʨʘʤʤ ʧʨʠʯʠʥ [1, 2] ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʥʘʜʸʞʥʦ ʦʮʝʥʠʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ çʪʨʫʙʦʧʨʦʚʦʜ ï 

ʘʨʤʘʪʫʨʘ ï ɻʣʝʢʪʨʦʧʨʠʚʦʜè ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʠ ʧʦʚʳʰʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. 
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ɺ ʫʯʝʙʥʦʡ ʘʫʜʠʪʦʨʠʠ ˉ213 ʢʦʨʧʫʩʘ 16ɸ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʫʩʪʘʥʦʚʣʝʥ ʫʯʝʙʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʩʙʦʨʢʠ ʠʤʠʪʠʨʦʚʘʥʥʳʭ ʢʦʨʧʫʩʦʚ (ʨʠʩ. 1). 

ʀʤʝʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ ð ʨʦʙʦʪʦʤ, ʢʦʪʦʨʳʡ ʩʦʨʪʠʨʫʝʪ ʢʦʨʧʫʩʘ 

ʧʦ ʮʚʝʪʫ. ʂʦʨʧʫʩʘ ʥʘʭʦʜʷʪʩʷ ʚ ʥʘʢʦʧʠʪʝʣʝ ʠ ʧʦʜʘʶʪʩʷ ʧʦ ʦʜʥʦʡ ʚ ʟʦʥʫ ʧʦʜʘʯʠ: ʦʪʩʝʢʘʪʝʣʴ 

ʧʨʦʧʫʩʢʘʝʪ ʦʜʠʥ ʢʦʨʧʫʩ, ʟʘʪʝʤ ʢʦʨʧʫʩ ʧʥʝʚʤʦʮʠʣʠʥʜʨʦʤ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʚ ʵʪʫ ʟʦʥʫ. 

ʀʟ ʟʦʥʳ ʧʦʜʘʯʠ ʟʘʛʦʪʦʚʢʫ ʟʘʙʠʨʘʝʪ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʨʫʢʘ. ɼʘʪʯʠʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ 

ʟʦʥʝ ʧʦʜʘʯʠ, ʨʘʙʦʪʘʝʪ ʥʘ ʮʚʝʪ ʢʦʨʧʫʩʘ (ʢʨʘʩʥʳʡ, ʯʝʨʥʳʡ ʠʣʠ ʩʝʨʝʙʨʠʩʪʳʡ) ʠ ʧʦʜʘʝʪ ʩʠʛʥʘʣ, 

ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʨʫʢʘ ʧʦʩʳʣʘʝʪ ʟʘʛʦʪʦʚʢʫ ʚ ʦʜʥʫ ʠʟ ʥʘʧʨʘʚʣʷʶʱʠʭ. 

ɿʘʪʝʤ ʧʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ ʢʦʨʧʫʩ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʢ ʧʦʚʝʨʦʯʥʦʤʫ ʩʪʦʣʫ, ʥʘ 

ʢʦʪʦʨʦʤ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʪʚʝʨʩʪʠʷ ʚ ʢʦʨʧʫʩʝ. ɽʩʣʠ ʜʝʪʘʣʴ ʛʦʜʥʘ, ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʦʪʚʝʨʩʪʠʝ, 

ʦʥʘ ʧʦʜʘʝʪʩʷ ʚ ʟʘʢʨʳʪʫʶ ʨʘʙʦʯʫʶ ʟʦʥʫ ʤʘʥʠʧʫʣʷʪʦʨʘ. ɽʩʣʠ ʢʦʨʧʫʩ ʙʨʘʢʦʚʘʥʥʳʡ, ʚ ʟʦʥʫ ʦʥ ʥʝ 

ʧʦʜʘʝʪʩʷ. 
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ʈʠʩ. 1. ʈʘʙʦʯʘʷ ʟʦʥʘ ʩʙʦʨʦʯʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʈʘʙʦʯʘʷ ʟʦʥʘ ʩʙʦʨʦʯʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

1. ʄʘʥʠʧʫʣʷʪʦʨ ʩʙʦʨʦʯʥʳʡ ʦʪ Mitsubishi Electric ʩʦʚʤʝʩʪʥʦ ʩ FESTO; 

2. ʉʪʦʣ ʩʙʦʨʢʠ ʢʦʨʧʫʩʦʚ; 

3. ʅʘʢʦʧʠʪʝʣʴ (ʧʦʜʩʪʘʚʢʘ) ʩ ʩʦʩʪʘʚʥʳʤʠ ʜʝʪʘʣʷʤʠ ʢʦʨʧʫʩʘ ʜʣʷ ʩʙʦʨʢʠ; 

4. ʅʘʧʨʘʚʣʷʶʱʘʷ ʜʣʷ ʩʦʙʨʘʥʥʳʭ ʢʦʨʧʫʩʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʨʧʫʩ ʩʦʙʠʨʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʦʣʝ ʩ ʧʘʟʘʤʠ ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʢʦʨʧʫʩʘ ʠ ʩʦʩʪʘʚʥʳʭ ʜʝʪʘʣʝʡ ʠʟ ʥʘʢʦʧʠʪʝʣʷ (ʨʠʩ. 1). 

ʇʦ ʠʪʦʛʘʤ ʘʥʘʣʠʟʘ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʧʨʠʜʫʤʘʥʳ ʜʚʝ ʩʣʝʜʫʶʱʠʝ ʠʜʝʠ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

1. ɹʘʨʘʙʘʥʥʳʡ ʤʘʛʘʟʠʥ. 

ʀʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʩʪʦʣʘ ʩ ʧʘʟʘʤʠ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

(ʩʝʨʝʙʨʠʩʪʳʝ ʠ ʯʝʨʥʳʝ), ʙʘʨʘʙʘʥʥʳʡ ʤʘʛʘʟʠʥ ʥʘ ʪʝ ʞʝ 8 ʧʦʟʠʮʠʡ. ʂʘʞʜʘʷ ʧʦʟʠʮʠʷ ʟʘʢʨʝʧʣʝʥʘ 

ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʮʚʝʪʦʤ: ʩʝʨʝʙʨʠʩʪʳʤ ʠʣʠ ʯʝʨʥʳʤ, ʠ ʧʨʠ ʩʠʛʥʘʣʝ ʦʪ ʜʘʪʯʠʢʘ ʮʚʝʪʘ ʢʦʨʧʫʩʘ 

ʙʘʨʘʙʘʥ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʜʦ ʙʣʠʞʘʡʰʝʡ ʟʘʥʷʪʦʡ ʧʦʟʠʮʠʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʮʚʝʪʦʤ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʤʘʥʠʧʫʣʷʪʦʨ ʟʘʙʠʨʘʝʪ ʜʝʪʘʣʴ ʠ ʧʨʠʩʪʫʧʘʝʪ ʢ ʩʙʦʨʢʝ ʢʦʨʧʫʩʘ. 

ɿʘʪʝʤ ʩʦʙʨʘʥʥʳʡ ʢʦʨʧʫʩ ʧʦʜʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʷʶʱʝʡ ʢ ʦʩʪʘʣʴʥʳʤ ʛʦʪʦʚʳʤ ʠʟʜʝʣʠʷʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʤʝʥʴʰʝ ʧʝʨʝʜʚʠʞʝʥʠʡ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʘ ʩʦʩʪʘʚʥʳʝ 

ʯʘʩʪʠ ʙʫʜʫ ʧʦʜʘʚʘʪʴʩʷ ʙʦʣʝʝ ʙʳʩʪʨʦ ʠ ʢʦʨʨʝʢʪʥʦ. 

2. ʇʦʜʘʯʘ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʥʝʚʤʦʮʠʣʠʥʜʨʦʤ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʡ ʠʜʝʠ ʥʝʦʙʭʦʜʠʤ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʢʦʨʧʫʩʘ ʚ ʩʙʦʨʦʯʥʦʤ 

ʩʪʦʣʝ ʥʘ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ. 

ʇʦʩʢʦʣʴʢʫ ʤʘʥʠʧʫʣʷʪʦʨ ʩʦʙʠʨʘʝʪ ʢʦʨʧʫʩʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʦʣʝ ʩ ʧʘʟʘʤʠ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʩʦʩʪʘʚʥʳʭ ʜʝʪʘʣʝʡ. 

ʉʦʩʪʘʚʥʳʝ ʜʝʪʘʣʠ ʙʫʜʫʪ ʨʘʩʩʦʨʪʠʨʦʚʘʥʳ ʧʦ ʮʚʝʪʫ ʚ ʜʚʫʭ ʥʘʢʦʧʠʪʝʣʷʭ, ʟʘʢʨʝʧʣʝʥʥʳʭ 

ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʮʚʝʪʦʤ. ʇʨʠ ʩʠʛʥʘʣʝ ʜʘʪʯʠʢʘ ʮʚʝʪʘ ʢʦʨʧʫʩʘ ʦʪʩʝʢʘʪʝʣʴ ʧʨʦʧʫʩʢʘʝʪ ʦʜʥʫ 

ʜʝʪʘʣʴ ʠʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʚ ʟʦʥʫ ʧʦʜʘʯʠ. ʇʥʝʚʤʦʮʠʣʠʥʜʨ ʚʳʪʘʣʢʠʚʘʝʪ ʵʪʫ ʜʝʪʘʣʴ ʧʦ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʘʟ, ʚ ʢʦʪʦʨʦʤ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʢʦʨʧʫʩ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʘʥʠʧʫʣʷʪʦʨʫ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʟʘʙʨʘʪʴ ʩʦʙʨʘʥʥʳʡ ʢʦʨʧʫʩ ʠʟ ʧʘʟʘ ʠ 

ʧʝʨʝʥʝʩʪʠ ʥʘ ʥʘʧʨʘʚʣʷʶʱʫʶ, ʯʪʦʙʳ ʜʝʪʘʣʴ ʧʦʧʘʣʘ ʢ ʦʩʪʘʣʴʥʳʤ ʛʦʪʦʚʳʤ ʠʟʜʝʣʠʷʤ. 
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ʇʆɼʐʀʇʅʀʂʀ ʉ ɿʋɹʏɸʊʓʄ ɿɸʎɽʇʃɽʅʀɽʄ: ʇʈʀʅʎʀʇʓ ʂʆʅʉʊʈʋʂʎʀʀ,  

ʕɺʆʃʖʎʀʗ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ 

ɹʦʛʜʘʥʦʚ ɼ. ɸ.1, ʇʘʰʢʦʚ ɽ. ʅ.2 
1 ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʘʩʧʠʨʘʥʪ ʛʨ. ɸ3-20, e-mail: dab38@tpu.ru 

2 ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʜʦʮʝʥʪ, e-mail:  epashkov@tpu.ru 

 

ʇʦʜʰʠʧʥʠʢʠ ʩ ʟʫʙʯʘʪʳʤ ʟʘʮʝʧʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʳʡ ʢʣʘʩʩ ʦʧʦʨ ʢʘʯʝʥʠʷ, 

ʚ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʣʘ ʢʘʯʝʥʠʷ ʟʘʤʝʥʝʥʳ ʠʣʠ ʜʦʧʦʣʥʝʥʳ ʵʣʝʤʝʥʪʘʤʠ ʟʫʙʯʘʪʦʡ ʧʝʨʝ-

ʜʘʯʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʧʨʠʥʫʜʠʪʝʣʴʥʫʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʨʦ-

ʩʢʘʣʴʟʳʚʘʥʠʷ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʫʚʝʣʠʯʠʪʴ 

ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ʧʨʠ ʪʝʭ ʞʝ ʛʘʙʘʨʠʪʘʭ, ʠʩʢʣʶʯʠʪʴ ʩʝʧʘʨʘʪʦʨ ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʡ ʵʣʝʤʝʥʪ 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʠ ʨʝʜʫʢʪʦʨʘ ʠʣʠ ʵʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

ʂʦʥʮʝʧʮʠʷ ʧʦʜʰʠʧʥʠʢʘ ʩ ʟʫʙʯʘʪʳʤ ʟʘʮʝʧʣʝʥʠʝʤ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʚ ʧʘʪʝʥʪʝ [1]. ɺ 

ʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʰʠʧʥʠʢ, ʚ ʢʦʪʦʨʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʨʦʣʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʚʫʤʷ ʟʝʨ-

ʢʘʣʴʥʳʤʠ ʧʣʘʥʝʪʘʨʥʳʤʠ ʟʫʙʯʘʪʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʥʘ ʪʦʨʮʘʭ ʫʜʣʠʥʸʥʥʳʭ ʨʦʣʠʢʦʚ. ʋʩʣʦʚʠʝ 

ʨʘʚʝʥʩʪʚʘ ʜʠʘʤʝʪʨʦʚ ʥʘʯʘʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʟʫʙʴʝʚ ʠ ʙʝʛʦʚʳʭ ʜʦʨʦʞʝʢ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶ-

ʯʘʣʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ, ʘ ʟʝʨʢʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʦʙʝʩʧʝʯʠʚʘʣʘ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʢʦʩʘ.  

ʇʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʧʘʪʝʥʪʝ [2] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʬʫʥʢʮʠʡ 

ʧʣʘʥʝʪʘʨʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʫʪʸʤ ʪʦʯʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʜʠ-

ʫʩʦʚ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʟʫʙʴʝʚ ʠ ʨʦʣʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʭ ʞʝ 

ʜʠʘʤʝʪʨʘʭ. ʕʪʦ ʦʙʝʩʧʝʯʠʣʦ ʯʠʩʪʦʝ ʢʘʯʝʥʠʝ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʟʘʮʝʧʣʝʥʠʠ 

ʠ ʚ ʦʧʦʨʥʳʭ ʢʦʥʪʘʢʪʘʭ, ʯʪʦ ʩʜʝʣʘʣʦ ʢʦʥʩʪʨʫʢʮʠʶ ʩʘʤʦʥʝʩʫʱʝʡ ʠ ʠʩʢʣʶʯʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ ʠ ʚʦʜʠʣʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʨʘʟʨʘʙʦʪʘʥ ʤʦʥʦʙʣʦʯ-

ʥʳʡ ʚʳʩʦʢʦʤʦʤʝʥʪʥʳʡ ʧʨʠʚʦʜ [3]. ɼʝʪʘʣʴʥʳʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʨʠʚʦʜʘ ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [4]. 

ɺʢʣʘʜ ʚ ʪʝʦʨʠʶ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʟʫʙʯʘʪʳʤ ʟʘʮʝʧʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʪʦʯʥʦʡ ʤʝʭʘʥʠʢʠ ʚʥʦ-

ʩʠʪ ʨʘʙʦʪʘ [5]. ɺ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʫʟʣʘ ʩ ʫʯʸʪʦʤ ʢʦʥʪʘʢʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, 

ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ 

ʰʫʤʘ, ʧʨʝʜʣʦʞʠʣ ʦʨʠʛʠʥʘʣʴʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʠʧʦʚ ʟʘʮʝʧʣʝʥʠʷ (ʰʝʚʨʦʥʥʦʝ, ʜʫʛʦʚʦʝ ʠ ʩ 

ʢʦʩʳʤʠ ʪʦʨʮʘʤʠ ʟʫʙʴʝʚ-ʨʦʣʠʢʦʚ) ʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʚʳʩʰʠʡ ʂʇɼ (96ï98 % ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʜʦ 

5 ʅ) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʢʦʩʳʭ ʪʦʨʮʘʭ. 

ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʘ ʚ ʧʘʪʝʥʪʝ [6]. ʇʨʝʜʣʦʞʝʥʦ ʬʦʨ-

ʤʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʡ ʚʠʥʪʦʚʦʡ ʚʝʥʝʮ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʠʟ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʦ-

ʛʥʫʪʳʭ ʩʪʝʨʞʥʝʡ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʝʨʘʟʲʸʤʥʦʡ ʬʠʢʩʘʮʠʝʡ ʚ ʦʙʦʡʤʝ. ʊʘʢʦʝ 

ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʵʣʝʤʝʥʪʘ ð ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ 

ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʚʠʥʪʦʚʳʤʠ ʟʫʙʴʷʤʠ. 

ʇʘʪʝʥʪ [7] ʨʘʟʚʠʚʘʝʪ ʢʦʥʮʝʧʮʠʶ ʜʘʣʴʥʝʡʰʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʧʦʩʦʙʦʚ ʩʙʦʨʢʠ ʠ 

ʬʠʢʩʘʮʠʠ ʟʫʙʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʣʘʛʘʷ ʧʨʦʜʦʣʴʥʳʝ ʚʳʩʪʫʧʳ/ʧʘʟʳ ʠ ʰʣʠʮʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʚʤʝʩʪʦ ʣʦʢʘʣʴʥʳʭ ʰʪʠʬʪʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʫʛʣʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠ ʥʘʜʸʞʥʦʩʪʴ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʠ ʥʘʛʨʫʟʢʘʭ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʜʠʘʣʴʥʦʡ 

ʟʘʚʦʜʢʠ ʵʣʝʤʝʥʪʦʚ ʢʘʯʝʥʠʷ ʯʝʨʝʟ ʜʠʘʤʝʪʨʘʣʴʥʳʡ ʟʘʟʦʨ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʤʝʱʝʥʠʠ ʧʨʦ-

ʬʠʣʷ ʟʫʙʘ. 

ʆʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ð ʧʨʠʤʝʥʝʥʠʝ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʚ ʰʘʨʠʢʦʚʳʭ ʨʘʜʠʘʣʴʥʦ-

ʫʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ ʜʣʷ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ. ɺ ʧʘʪʝʥʪʝ [8] ʧʨʝʜʣʦʞʝʥʦ ʚʳʧʦʣ-

ʥʷʪʴ ʢʦʥʠʯʝʩʢʠʝ ʵʚʦʣʴʚʝʥʪʥʳʝ ʟʫʙʯʘʪʳʝ ʚʝʥʮʳ ʪʦʣʴʢʦ ʥʘ ʚʝʜʫʱʝʤ ʢʦʣʴʮʝ, ʘ ʥʘ ʰʘʨʠʢʘʭ ʬʠʢ-

ʩʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʠʯʝʩʢʠʝ ʰʝʩʪʝʨʥʠ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʩʦʚʧʘʜʝʥʠʷ ʢʘʩʘ-

ʪʝʣʴʥʦʡ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʰʘʨʠʢʘ ʩ ʜʦʨʦʞʢʦʡ ʠ ʥʘʯʘʣʴʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʟʫʙʘ ʜʦʩʪʠʛʘʝʪʩʷ ʯʠ-

ʩʪʦʛʦ ʢʘʯʝʥʠʷ ʚʦ ʚʩʝʭ ʢʦʥʪʘʢʪʘʭ ʧʨʠ ʯʘʩʪʦʪʘʭ ʜʦ 30 000 ʦʙ/ʤʠʥ ʠ ʚʳʰʝ, ʯʪʦ ʜʝʣʘʝʪ ʢʦʥʩʪʨʫʢ-

ʮʠʶ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʰʧʠʥʜʝʣʝʡ ʩʪʘʥʢʦʚ ʠ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʠʚʦʜʦʚ. 

ɺʘʞʥʳʤ ʚʢʣʘʜʦʤ ʩʪʘʣʘ ʨʘʙʦʪʘ [9], ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪʥʳʡ ʘʥʘʣʠʟ ʨʦʣʠʢʦʚʦʛʦ ʙʝʩ-

ʩʝʧʘʨʘʪʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩ ʦʜʥʦʨʷʜʥʳʤ ʧʣʘʥʝʪʘʨʥʳʤ ʟʫʙʯʘʪʳʤ ʟʘʮʝʧʣʝʥʠʝʤ. ɺ ʨʘʙʦʪʝ 
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ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʜʥʦʨʷʜʥʦʡ ʩʭʝʤʳ ʧʝʨʝʜ ʜʚʫʨʷʜʥʦʡ ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʨʦʯ-

ʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʧʦʣʫʯʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ Ó 2,07 ʧʨʠ ʩʢʦʨʦʩʪʠ 

2000 ʤʠʥ ĭ ʠ ʨʝʢʦʤʝʥʜʦʚʘʣʠ ʢʦʥʩʪʨʫʢʮʠʶ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʙʫʢʩʦʚʳʭ ʫʟʣʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʧʦʜʰʠʧʥʠʢʦʚ. ɸʥʘʣʠʟʠʨʫʝʤʘʷ ʤʦʜʝʣʴ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʤʝʪʦʜʦʤ FDM ʧʝʯʘʪʠ ʠʟ ABS, ʧʦʜʪʚʝʨ-

ʞʜʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʙʦʨʢʠ [10]. 

ɺ ʨʘʙʦʪʝ [11] ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦʣʥʦʩʪʴʶ ʟʫʙʯʘʪʦʛʦ ʧʦʜ-

ʰʠʧʥʠʢʘ ʩ ʰʝʚʨʦʥʥʳʤʠ ʟʫʙʴʷʤʠ, ʟʘʤʝʥʷʶʱʝʛʦ ʩʪʘʥʜʘʨʪʥʳʡ ʨʦʣʠʢʦʚʳʡ ʨʘʜʠʘʣʴʥʳʡ ʧʦʜʰʠʧ-

ʥʠʢ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʝ ʩʦʯʝʪʘʥʠʷ ʯʠʩʝʣ ʟʫʙʴʝʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʤʝʱʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʟʫʙʯʘʪʳʤ ʟʘʮʝʧʣʝʥʠʝʤ. ɺ ʨʘʙʦʪʝ [12] ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ FDM-ʧʝʯʘʪ-

ʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʠʟ PLA ʩ ʰʝʚʨʦʥʥʳʤ ʟʘʮʝʧʣʝʥʠʝʤ ʠ ʧʦʢʘʟʘʣʠ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ 

ʥʘʛʨʫʟʢʘʭ ʜʦ 18 ʅ ʠ ʩʢʦʨʦʩʪʷʭ ʜʦ 1200 ʦʙ/ʤʠʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʭ ʧʨʠʤʝ-

ʥʝʥʠʷ ʚ ʤʘʣʦʥʘʛʨʫʞʝʥʥʳʭ ʫʟʣʘʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. 

ʆʙʟʦʨ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʟʫʙʯʘʪʳʤ ʟʘʮʝʧʣʝʥʠʝʤ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʡ ʚ ʧʫʙʣʠʢʘʮʠʠ [13], ʧʦʜʯʸʨʢʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʥʠʞʝʥʠʠ ʤʘʩʩʳ, ʯʠʩʣʘ ʜʝʪʘʣʝʡ 

ʠ ʚʠʙʨʘʮʠʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʦʨʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʦʡ ʪʝʭʥʠʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʪʦʯʥʦʡ ʤʝʭʘʥʠʢʝ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ʙʝʩʩʝʧʘʨʘʪʦʨʥʳʡ / ʅ. ɺ. ʌʠʣʦʥʦʚ, ɺ. ʃ. ʖʨʴʝʚʘ, ɻ. ɸ. ʄʘʪʚʝʝʚ 

2. ʇʘʪʝʥʪ ˉ 6626792 B2 ʉʦʝʜʠʥʸʥʥʳʝ ʐʪʘʪʳ ɸʤʝʨʠʢʠ. Gear bearings / J. M. Vranish 

3. ʇʘʪʝʥʪ ˉ 8016893 B2 ʉʦʝʜʠʥʸʥʥʳʝ ʐʪʘʪʳ ɸʤʝʨʠʢʠ. Gear Bearing Drive / B. Weinberg, 

C. Mavroidis, J. M. Vranish 

4. Brassitos E., Mavroidis C. Kinematics Analysis and Design Considerations of the Gear Bearing Drive 

// Advances in Mechanisms, Robotics and Design Education and Research. ï 2013. ï P. 159ï175. 

5. Sheyko S. Gear Bearings and Fine Mechanical Applications of them // Advanced Engineering Forum. 

ï 2017. Vol. 23. ï P. 104ï113. 

6. ʇʘʪʝʥʪ ˉ 2345255 C1 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ɿʫʙʯʘʪʳʡ ʧʦʜʰʠʧʥʠʢ / ɻ. ʖ. ɺʦʣʢʦʚ, ɼ. ɸ. ʂʫ-

ʨʘʩʦʚ 

7. ʇʘʪʝʥʪ ˉ 2427734 C1 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ɹʝʩʩʝʧʘʨʘʪʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ (ʚʘʨʠ-

ʘʥʪʳ) ʠ ʩʧʦʩʦʙ ʝʛʦ ʩʙʦʨʢʠ (ʚʘʨʠʘʥʪʳ) / ɽ. ʅ. ɿʘʭʘʨʦʚ, ʖ. ɺ. ɹʦʛʘʯʝʚ, ɸ. ʉ. ʍʘʨʯʝʚ 

8. ʇʘʪʝʥʪ ˉ 135377 U1 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʐʘʨʠʢʦʚʳʡ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ ʢʘ-

ʯʝʥʠʷ (ʚʘʨʠʘʥʪʳ) / ɼ. ʇ. ʉʥʠʛʠʨʝʚ, ʖ. ɸ. ʂʨʶʢʦʚ, ʂ. ɺ. ʑʝʜʨʠʚʳʡ, ɸ. ɸ. ʉʦʪʢʠʥ 

9. ɼʫʙʨʦʚʩʢʠʡ ɼ. ɼ., ʇʘʰʢʦʚ ɽ. ʅ., ʇʘʥʠʥ ʉ. ɺ. ʈʘʩʯʝʪ ʨʦʣʠʢʦʚʦʛʦ ʙʝʩʩʝʧʘʨʘʪʦʨʥʦʛʦ ʧʦʜʰʠʧ-

ʥʠʢʘ ʢʘʯʝʥʠʷ ʩ ʦʜʥʦʨʷʜʥʳʤ ʟʫʙʯʘʪʳʤ ʟʘʮʝʧʣʝʥʠʝʤ // ɺʝʩʪʥʠʢ ʄʘʰʠʥʦʩʪʨʦʝʥʠʷ. ï 2025. ï ʊ. 104, ˉ 4. 

ï ʉ. 291ï295. 

10. ʏʝʨʝʤʠʩʢʠʥʘ ʄ. ʉ. ʂʠʥʝʤʘʪʠʢʘ ʙʝʩʩʝʧʘʨʘʪʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʩ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘ-

ʯʝʡ : ʥʘʫʯʥʳʡ ʜʦʢʣʘʜ. ï ʊʦʤʩʢ, 2024. 

11. ʖʨʴʝʚʘ ɺ. ʃ., ʄʘʪʚʝʝʚ ɻ. ɸ., ʌʠʣʦʥʦʚ ʅ. ɺ. ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʟʫʙʯʘʪʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʟʘʤʝʥʷʶʱʝʛʦ ʨʘʜʠʘʣʴʥʳʡ ʨʦʣʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ // ʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ï 2014. ï ʉ. 573ï577. 

12. Moldovan C., Sticlaru C. Performance Analysis of Polymer Additive Manufactured Gear Bearings 

// Applied Sciences. ï 2023. Vol. 13, ˉ 22. ï ʉ. 12383. 

13. The Future of Gear Bearing Technology // Gear Solutions: ʩʘʡʪ ï 2013. URL: https://gearsolu-

tions.com/features/the-future-of-gear-bearing-technology (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 19.11.2025). 
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ʈɽɺɽʈʉʀɺʅʓʁ ʀʅɾʀʅʀʈʀʅɻ ɺ ʄɸʐʀʅʆʉʊʈʆɽʅʀɽ 

ʌʠʣʠʧʝʥʢʦ ʌ.ʀ.1, ɺʝʨʝʪʝʥʥʠʢʦʚ ɸ.ʅ.2,  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʏʝʨʝʤʠʩʢʠʥʘ ʄ.ʉ.3, ʉʦʨʦʢʦʚʘ ʉ.ʅ.4 

1ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸʄ5ʂ, e-mail: fif1@tpu.ru  
2ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸʄ5ʂ, e-mail: anv3@tpu.ru   

3ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ,  
4ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʜʦʮʝʥʪ, ʢ.ʬ.-ʤ.ʥ. 

ʈʝʚʝʨʩʠʚʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʠ ʧʨʦʜʣʝʥʠʷ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʦʜ ʨʝʚʝʨʩʠʚʥʳʤ ʠʥʞʠʥʠʨʠʥʛʦʤ ʧʦʥʠʤʘʶʪ ʧʨʦ-

ʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʠʟʜʝʣʠʝ ʧʦ ʫʞʝ ʩʫ-

ʱʝʩʪʚʫʶʱʝʤʫ ʦʙʨʘʟʮʫ ʜʝʪʘʣʠ ʠʣʠ ʫʟʣʘ, ʢʦʛʜʘ ʠʩʭʦʜʥʳʝ ʯʝʨʪʝʞʠ ʠ 3D-ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʠʣʠ ʥʝʜʦʩʪʫʧʥʳ. 
ʇʨʦʮʝʩʩ ʨʝʚʝʨʩʠʚʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʡ ʜʝʪʘʣʠ: ʠʟʫʯʘʶʪʩʷ 

ʝʸ ʥʘʟʥʘʯʝʥʠʝ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʛʨʫʟʢʠ, ʤʘʪʝʨʠʘʣʳ ʠ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ. ɼʘʣʝʝ ʚʳʧʦʣʥʷ-

ʶʪʩʷ ʚʳʩʦʢʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, 3D-

ʩʢʘʥʝʨʦʚ, ʦʧʪʠʯʝʩʢʠʭ ʠ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʮʠʬʨʦʚʫʶ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʝʪʘʣʠ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʜʦʨʘʙʘʪʳʚʘʝʪʩʷ ʚ CAD-ʩʠʩʪʝʤʘʭ ʩ ʫʯʸʪʦʤ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʧʫʩʢʦʚ, ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʙʦʨʢʝ. 

 
ʈʠʩ.1. ʇʨʦʮʝʩʩ ʨʝʚʝʨʩʠʚʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ  

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʤʝʪʘʣʣʦʛʨʘʬʠʷ ʠ ʠʩ-

ʧʳʪʘʥʠʷ ʥʘ ʪʚʸʨʜʦʩʪʴ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʠʨʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʦʨʠʛʠʥʘʣʴʥʳʭ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝ ʭʫʜ-

ʰʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʚʳʰʝʥʥʫʶ ʥʘʜʸʞʥʦʩʪʴ. 

 
ʈʠʩ.2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ   

ʈʝʚʝʨʩʠʚʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʜʣʷ ʠʤʧʦʨʪʥʳʭ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ 

ʫʣʫʯʰʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʘʣʝʡ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʠ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ, ʧʦ-

ʚʳʩʠʪʴ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʟʜʝʣʠʷ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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mailto:anv3@tpu.ru


95 

 

ʅʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʨʝʚʝʨʩʠʚʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʚ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʠ: 

1. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʰʝʩʪʝʨʸʥ ʨʝʜʫʢʪʦʨʦʚ 

   ʅʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʯʘʩʪʦ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʰʝʩʪʝʨʥʠ ʨʝʜʫʢʪʦʨʦʚ ʠʤ-

ʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ. ʉ ʧʦʤʦʱʴʶ 

3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʟʫʙʴʝʚ, ʤʦʜʫʣʴ, ʫʛʦʣ ʟʘʮʝʧʣʝʥʠʷ 

ʠ ʧʨʦʬʠʣʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʦʟʜʘʸʪʩʷ CAD-ʤʦʜʝʣʴ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʥʦʚʘʷ ʰʝʩʪʝʨʥʷ ʩ ʫʣʫʯʰʝʥ-

ʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʫʟʣʘ. 

2. ʀʟʛʦʪʦʚʣʝʥʠʝ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ 

   ɼʣʷ ʩʪʘʨʳʭ ʠʣʠ ʩʥʷʪʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʥʢʦʚ ʯʘʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʦʙʨʝʩʪʠ ʦʨʠʛʠ-

ʥʘʣʴʥʳʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ (ʢʦʨʧʫʩʘ, ʚʘʣʳ, ʥʘʧʨʘʚʣʷʶʱʠʝ). ʈʝʚʝʨʩʠʚʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ʧʦʟʚʦ-

ʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʯʝʨʪʝʞʠ ʜʝʪʘʣʝʡ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʜʦʧʫʩʢʠ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 

ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ. 

3. ʈʝʚʝʨʩʠʚʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ʚʘʣʦʚ ʠ ʦʩʝʡ 

   ʇʨʠ ʧʦʣʦʤʢʝ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʝʛʦ ʬʦʨʤʳ, ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ, ʰʧʦ-

ʥʦʯʥʳʭ ʠʣʠ ʰʣʠʮʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠʯʠʥ 

ʨʘʟʨʫʰʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʸʪʩʷ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʫʩʠʣʝʥʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʨʘʜʠʫ-

ʩʘʤʠ ʠʣʠ ʠʟʤʝʥʸʥʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ. 

4. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʨʧʫʩʦʚ ʥʘʩʦʩʦʚ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ 

   ʂʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʯʘʩʪʦ ʧʦʜʚʝʨʞʝʥʳ ʢʦʨʨʦʟʠʠ ʠʣʠ ʢʘʚʠʪʘʮʠʦʥʥʦʤʫ 

ʠʟʥʦʩʫ. ʉ ʧʦʤʦʱʴʶ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʟʜʘʸʪʩʷ ʪʦʯʥʘʷ ʤʦʜʝʣʴ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʛʝʦʤʝʪ-

ʨʠʠ ʢʦʨʧʫʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʦʚʦʡ ʜʝʪʘʣʠ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʠʣʠ ʤʝʭʦʙʨʘ-

ʙʦʪʢʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ. 

5. ʄʦʜʝʨʥʠʟʘʮʠʷ ʰʪʘʤʧʦʚ ʠ ʧʨʝʩʩ-ʬʦʨʤ 

   ʇʨʠ ʠʟʥʦʩʝ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʰʪʘʤʧʦʚ ʠ ʧʨʝʩʩ-ʬʦʨʤ ʚʳʧʦʣʥʷʝʪʩʷ ʠʭ ʦʮʠʬʨʦʚʢʘ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʬʦʨʤʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ. 

ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ. 

6. ʀʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʫʟʣʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

   ɼʝʪʘʣʠ ʧʦʜʚʝʩʢʠ, ʵʣʝʤʝʥʪʳ ʪʨʘʥʩʤʠʩʩʠʠ, ʢʨʦʥʰʪʝʡʥʳ ʠ ʢʦʨʧʫʩʘ ʫʟʣʦʚ ʟʘʨʫʙʝʞʥʦʡ 

ʪʝʭʥʠʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʚʝʨʩʠʚʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʣʘʜʠʪʴ 

ʣʦʢʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ. 

ʕʪʠ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʚʝʨʩʠʚʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦ-

ʧʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ, ʥʦ ʠ ʜʣʷ ʠʭ ʘʥʘʣʠʟʘ, ʫʣʫʯʰʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʚʝʨʩʠʚʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʤ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʥʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ. 

ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʚʥʝʜʨʝʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʘ-

ʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. 
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ʂʦʛʜʘ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʩʝʙʝ ʣʶʙʫʶ ʤʘʰʠʥʫ ð ʦʪ ʧʨʦʩʪʦʡ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʢʠ ʜʦ 

ʦʛʨʦʤʥʦʛʦ ʩʘʤʦʣʸʪʘ ð ʤʳ ʭʦʪʠʤ, ʯʪʦʙʳ ʦʥʘ ʙʳʣʘ ʥʘʜʸʞʥʦʡ, ʜʦʣʛʦʚʝʯʥʦʡ ʠ ʧʨʠ ʵʪʦʤ ʵʢʦʥʦ-

ʤʠʯʥʦʡ. ɼʚʝ ʢʣʶʯʝʚʳʝ ʮʝʣʠ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʧʝʨʝʜ ʠʥʞʝʥʝʨʘʤʠ, ð ʵʪʦ ʩʥʠʟʠʪʴ ʚʝʩ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʠ ʩʦʭʨʘʥʠʪʴ ʠʣʠ ʜʘʞʝ ʫʚʝʣʠʯʠʪʴ ʝʸ ʧʨʦʯʥʦʩʪʴ. 

ʇʦʯʝʤʫ ʚʝʩ ʪʘʢ ʚʘʞʝʥ? ʏʝʤ ʣʝʛʯʝ ʤʘʰʠʥʘ, ʪʝʤ ʤʝʥʴʰʝ ʤʘʪʝʨʠʘʣʘ ʫʭʦʜʠʪ ʥʘ ʝʸ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʜʝʰʝʚʣʝ. ʃʸʛʢʠʡ ʘʚʪʦʤʦʙʠʣʴ ʠʣʠ ʩʘʤʦʣʸʪ ʪʨʘʪʠʪ ʤʝʥʴʰʝ ʪʦʧʣʠʚʘ, ʯʪʦ ʵʢʦ-

ʥʦʤʠʪ ʜʝʥʴʛʠ ʠ ʤʝʥʴʰʝ ʚʨʝʜʠʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʅʦ ʧʨʦʩʪʦ ʩʜʝʣʘʪʴ ʜʝʪʘʣʴ ʪʦʥʢʦʡ ʠ ʭʨʫʧʢʦʡ 

ʥʝʣʴʟʷ ð ʦʥʘ ʩʣʦʤʘʝʪʩʷ ʧʨʠ ʧʝʨʚʦʡ ʞʝ ʥʘʛʨʫʟʢʝ. ɿʘʜʘʯʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʙʨʘʪʴ ʚʩʸ ʣʠʰʥʝʝ, ʥʦ 

ʦʩʪʘʚʠʪʴ ʚʩʸ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʦʯʥʦʩʪʠ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʠʜʝʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʚʝʩʦʤ ʠ ʧʨʦʯʥʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʦʧʪʠ-

ʤʠʟʘʮʠʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʠʥʞʝ-

ʥʝʨʳ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʜʝʪʘʣʠ, ʜʝʣʘʷ ʠʭ ʣʝʛʯʝ ʙʝʟ ʧʦʪʝʨʠ ʩʠʣʳ. 

1. ʄʝʪʦʜ ʧʨʦʙ ʠ ʦʰʠʙʦʢ ʚ ʢʦʤʧʴʶʪʝʨʝ: ʠʪʝʨʘʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʈʘʥʴʰʝ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʠ, ʝʸ ʧʨʠʭʦʜʠʣʦʩʴ ʣʦʤʘʪʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ 

ʩʪʝʥʜʝ. ʕʪʦ ʙʳʣʦ ʜʦʣʛʦ ʠ ʜʦʨʦʛʦ. ʉʝʛʦʜʥʷ ʦʩʥʦʚʥʘʷ ʨʘʙʦʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʤʧʴʶʪʝʨʝ  

ʂʘʢ ʵʪʦ ʨʘʙʦʪʘʝʪ: 

1. ʀʥʞʝʥʝʨ ʩʦʟʜʘʸʪ ʮʠʬʨʦʚʫʶ 3D-ʤʦʜʝʣʴ ʜʝʪʘʣʠ. 

2. ɺ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʦʥ ʟʘʜʘʸʪ ʫʩʣʦʚʠʷ: çɿʜʝʩʴ ʜʝʪʘʣʴ ʟʘʢʨʝʧʣʝʥʘ ʙʦʣʪʘʤʠ, ʘ ʩʶʜʘ 
ʜʘʚʠʪ ʩʠʣʘ ʚ 100 ʢʠʣʦʛʨʘʤʤʦʚè. 

3. ʇʨʦʛʨʘʤʤʘ ʚʠʨʪʫʘʣʴʥʦ çʥʘʛʨʫʞʘʝʪè ʜʝʪʘʣʴ ʠ ʧʦʢʘʟʳʚʘʝʪ ʮʚʝʪʥʫʶ ʢʘʨʪʫ ʥʘʧʨʷʞʝʥʠʡ: 

¶ ʢʨʘʩʥʳʡ ʮʚʝʪ ð ʫʯʘʩʪʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʛʜʝ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʦʤʢʠ; 

¶ ʩʠʥʠʡ ʮʚʝʪ ð ʩʧʦʢʦʡʥʳʝ ʟʦʥʳ, ʛʜʝ ʤʝʪʘʣʣ ʧʦʯʪʠ çʦʪʜʳʭʘʝʪè; 

¶ ʞʸʣʪʳʡ ʠ ʟʝʣʸʥʳʡ ð ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʦʥʳ. 

ʇʨʠʤʝʨ: ʦʧʪʠʤʠʟʘʮʠʷ ʩʢʦʙʳ ʜʣʷ ʧʦʜʚʝʩʢʠ 

ʀʩʭʦʜʥʘʷ ʤʦʜʝʣʴ ð ʤʘʩʩʠʚʥʘʷ ʩʪʘʣʴʥʘʷ ʩʢʦʙʘ. ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʝʩʪʘ ʠʥʞʝ-

ʥʝʨ ʚʠʜʠʪ, ʯʪʦ ʚʩʷ ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʩʠʥʷʷ, ʘ ʢʨʘʩʥʳʝ ʟʦʥʳ ʪʦʣʴʢʦ ʫ ʫʰʝʢ, ʛʜʝ ʢʨʝʧʷʪʩʷ ʙʦʣʪʳ. 

ʕʪʦ ʩʠʛʥʘʣ: ʩʨʝʜʥʶʶ ʯʘʩʪʴ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʦʥʴʰʝ ʠʣʠ ʜʘʞʝ ʚʳʨʝʟʘʪʴ ʚ ʥʝʡ ʙʦʣʴʰʦʝ ʦʪʚʝʨ-

ʩʪʠʝ. 

ʆʥ ʚʥʦʩʠʪ ʠʟʤʝʥʝʥʠʝ ʚ ʤʦʜʝʣʴ ʠ ʟʘʧʫʩʢʘʝʪ ʪʝʩʪ ʩʥʦʚʘ. ʊʝʧʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʨʘʩʧʨʝ-

ʜʝʣʠʣʠʩʴ. ɺʦʟʤʦʞʥʦ, ʢʘʢʦʡ-ʪʦ ʜʨʫʛʦʡ ʫʯʘʩʪʦʢ ʩʪʘʣ ʢʨʘʩʥʳʤ. ʀʥʞʝʥʝʨ ʜʦʙʘʚʣʷʝʪ ʪʘʤ ʥʝʤʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʫʩʠʣʠʚʘʝʪ ʨʝʙʨʦʤ). ʊʘʢ, ʰʘʛ ʟʘ ʰʘʛʦʤ, ʤʝʪʦʜʦʤ ʚʠʨʪʫʘʣʴʥʳʭ çʧʨʦʙ ʠ ʦʰʠʙʦʢè, 

ʜʝʪʘʣʴ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʫʶ ʬʦʨʤʫ. ɺ ʠʪʦʛʝ ʦʥʘ ʪʝʨʷʝʪ ʣʠʰʥʠʡ ʚʝʩ, ʥʦ ʩʪʘʥʦʚʠʪʩʷ ʜʘʞʝ ʧʨʦʯʥʝʝ, 

ʧʦʪʦʤʫ ʯʪʦ ʤʘʪʝʨʠʘʣ ʨʘʩʧʨʝʜʝʣʸʥ ʠʤʝʥʥʦ ʪʫʜʘ, ʢʫʜʘ ʥʫʞʥʦ. 

2. ʋʤʥʘʷ ʛʝʦʤʝʪʨʠʷ: ʬʦʨʤʘ ʚʤʝʩʪʦ ʤʘʩʩʳ 

ʏʘʩʪʦ ʧʨʦʯʥʦʩʪʴ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʥʝ ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʪʘʣʣʘ, ʘ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ. ʇʨʦ-

ʩʪʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʪʚʦʨʷʪ ʯʫʜʝʩʘ. 

¶ ʈʸʙʨʘ ʞʸʩʪʢʦʩʪʠ. ʕʪʦ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʧʨʠʸʤ. ʇʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ ʧʣʦʩʢʫʶ 

ʧʣʘʩʪʠʢʦʚʫʶ ʢʨʳʰʢʫ ʦʪ ʡʦʛʫʨʪʘ. ɽʸ ʣʝʛʢʦ ʩʦʛʥʫʪʴ. ɸ ʪʝʧʝʨʴ ʧʨʝʜʩʪʘʚʴʪʝ ʪʫ ʞʝ ʢʨʳʰʢʫ, ʥʦ ʩ 

ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʫ ʥʝʸ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʩʪʫʧʘʶʱʠʭ ʧʦʣʦʩʦʢ (ʨʸʙʝʨ). ʉʦʛʥʫʪʴ ʝʸ ʩʪʘʥʦʚʠʪʩʷ 

ʧʦʯʪʠ ʥʝʚʦʟʤʦʞʥʦ. ʀʤʝʥʥʦ ʪʘʢ ʠ ʜʝʣʘʶʪ ʢʦʨʧʫʩʘ ʧʨʠʙʦʨʦʚ, ʜʚʝʨʠ ʤʘʰʠʥ ʠ ʩʘʤʦʣʸʪʥʳʝ ʧʘ-

ʥʝʣʠ. ʊʦʥʢʠʡ ʣʠʩʪ ʤʝʪʘʣʣʘ ʠʣʠ ʧʣʘʩʪʠʢʘ, ʩʥʘʙʞʸʥʥʳʡ ʨʸʙʨʘʤʠ, ʩʪʘʥʦʚʠʪʩʷ ʞʸʩʪʢʠʤ ʠ ʣʸʛʢʠʤ. 

¶ ʀʟʛʠʙʳ ʠ ʛʦʬʨʳ. ɺʦʟʴʤʠʪʝ ʦʙʳʯʥʳʡ ʣʠʩʪ ʙʫʤʘʛʠ. ʆʥ ʛʥʸʪʩʷ. ʊʝʧʝʨʴ ʩʣʦʞʠʪʝ ʝʛʦ çʛʘʨ-

ʤʦʰʢʦʡè. ʊʘʢʘʷ ʞʝ çʛʘʨʤʦʰʢʘè (ʛʦʬʨʘ) ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʣʠʩʪʝ ʜʝʣʘʝʪ ʝʛʦ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳʤ 
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ʢ ʠʟʛʠʙʫ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʩʶʜʫ ð ʦʪ ʢʘʨʢʘʩʦʚ ʛʨʫʟʦʚʠʢʦʚ ʜʦ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝ-

ʛʦʨʦʜʦʢ ʚ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ. 

¶ ʊʨʫʙʳ ʚʤʝʩʪʦ ʙʨʫʩʢʦʚ. ʉʧʣʦʰʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʨʫʩʦʢ ʦʯʝʥʴ ʪʷʞʸʣʳʡ, ʥʦ ʧʨʠ ʠʟ-

ʛʠʙʝ ʝʛʦ ʚʥʝʰʥʠʝ ʩʣʦʠ ʨʘʙʦʪʘʶʪ ʩʠʣʴʥʦ, ʘ ʚʥʫʪʨʝʥʥʠʝ ð ʩʣʘʙʦ. ɽʩʣʠ ʚʟʷʪʴ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʪʨʫʙʫ ʪʦʛʦ ʞʝ ʜʠʘʤʝʪʨʘ, ʦʥʘ ʙʫʜʝʪ ʧʦʯʪʠ ʪʘʢʦʡ ʞʝ ʧʨʦʯʥʦʡ ʥʘ ʠʟʛʠʙ, ʥʦ ʚ ʨʘʟʳ ʣʝʛʯʝ. ʇʦʵʪʦʤʫ 

ʨʘʤʳ ʚʝʣʦʩʠʧʝʜʦʚ, ʢʨʘʥʦʚ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʣʝʩʦʚ ʜʝʣʘʶʪ ʠʟ ʪʨʫʙ, ʘ ʥʝ ʠʟ ʮʝʣʴʥʳʭ ʩʪʝʨʞʥʝʡ. 

3. ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ: ʥʝ ʚʩʝʤ ʜʝʪʘʣʷʤ ʥʫʞʥʦ ʙʳʪʴ ʩʪʘʣʴʥʳʤʠ 

ʈʘʥʴʰʝ ʤʥʦʛʠʝ ʜʝʪʘʣʠ ʜʝʣʘʣʠ ʠʟ ʩʪʘʣʠ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʦ ʥʘʜʸʞʥʦ ʠ ʧʨʠʚʳʯʥʦ. ʅʦ ʩʝʛʦʜʥʷ 

ʫ ʠʥʞʝʥʝʨʦʚ ʝʩʪʴ ʙʦʣʴʰʦʡ çʰʢʘʬè ʩ ʨʘʟʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʚʳ-

ʙʨʘʪʴ ʣʫʯʰʠʡ. 

¶ ɸʣʶʤʠʥʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ. ɸʣʶʤʠʥʠʡ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʣʝʛʯʝ ʩʪʘʣʠ. ʂʦʥʝʯʥʦ, ʦʥ ʠ 

ʤʷʛʯʝ. ʅʦ ʝʩʣʠ ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʦʣʱʠʥʫ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʸʙʨʘ ʞʸʩʪʢʦʩʪʠ, ʘʣʶʤʠʥʠʝʚʘʷ 

ʜʝʪʘʣʴ ʩʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʪʫ ʞʝ ʥʘʛʨʫʟʢʫ, ʯʪʦ ʠ ʩʪʘʣʴʥʘʷ, ʥʦ ʙʫʜʝʪ ʥʘʤʥʦʛʦ ʣʝʛʯʝ. ʀʟ ʘʣʶʤʠ-

ʥʠʷ ʜʝʣʘʶʪ ʙʣʦʢʠ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʣʸʩʥʳʝ ʜʠʩʢʠ, ʢʦʨʧʫʩʘ ʩʘʤʦʣʸʪʦʚ. 

¶ ʇʣʘʩʪʤʘʩʩʳ, ʫʩʠʣʝʥʥʳʝ ʚʦʣʦʢʥʦʤ (ʢʦʤʧʦʟʠʪʳ). ʕʪʦ ʤʘʪʝʨʠʘʣʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ ʵʧʦʢʩʠʜʥʳʡ ʢʣʝʡ (ʦʯʝʥʴ ʧʨʦʯʥʫʶ ʩʤʦʣʫ), ʚ ʢʦʪʦʨʫʶ ʚʧʣʝʪʝʥʳ ʪʦʥʢʠʝ-ʪʦʥ-

ʢʠʝ ʥʠʪʠ ʫʛʣʝʨʦʜʘ (ʢʘʨʙʦʥ) ʠʣʠ ʩʪʝʢʣʘ. ʇʦʣʫʯʘʝʪʩʷ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʨʦʯʥʝʝ ʩʪʘʣʠ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʣʝʛʯʝ ʘʣʶʤʠʥʠʷ. ʀʟ ʪʘʢʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʜʝʣʘʶʪ ʯʘʩʪʠ ʛʦʥʦʯʥʳʭ ʤʘʰʠʥ, ʢʦʨʧʫʩʘ ʩʧʦʨ-

ʪʠʚʥʳʭ ʩʘʤʦʣʸʪʦʚ ʠ ʜʦʨʦʛʠʝ ʚʝʣʦʩʠʧʝʜʥʳʝ ʨʘʤʳ. ʄʘʪʝʨʠʘʣ ʜʦʨʦʛʦʡ, ʥʦ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʧʨʘʚʜʳʚʘʝʪ ʩʪʦʠʤʦʩʪʴ. 

¶ ʄʘʛʥʠʝʚʳʝ ʩʧʣʘʚʳ. ʄʘʛʥʠʡ ʝʱʸ ʣʝʛʯʝ ʘʣʶʤʠʥʠʷ. ɽʛʦ ʠʩʧʦʣʴʟʫʶʪ ʪʘʤ, ʛʜʝ ʙʦʨʴʙʘ 

ʠʜʸʪ ʟʘ ʢʘʞʜʳʡ ʛʨʘʤʤ, ð ʚ ʢʦʨʧʫʩʘʭ ʥʦʫʪʙʫʢʦʚ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʬʦʪʦʘʧʧʘʨʘʪʘʭ, ʚ ʥʝʢʦʪʦ-

ʨʳʭ ʜʝʪʘʣʷʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʝʤʠʫʤ-ʢʣʘʩʩʘ. 

ʉʫʪʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ çʧʨʦ ʟʘʧʘʩè ʩʘʤʳʡ ʧʨʦʯʥʳʡ ʠ ʪʷʞʸʣʳʡ ʤʘʪʝʨʠʘʣ, ʘ 

ʧʦʜʦʙʨʘʪʴ ʠʤʝʥʥʦ ʪʦʪ, ʢʦʪʦʨʳʡ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

4. ʆʙʲʝʜʠʥʝʥʠʝ ʜʝʪʘʣʝʡ: ʤʝʥʴʰʝ ʩʪʳʢʦʚ ð ʙʦʣʴʰʝ ʥʘʜʸʞʥʦʩʪʠ 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʩʙʦʨʢʠ ʤʘʰʠʥʳ ð ʩʜʝʣʘʪʴ ʤʥʦʛʦ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠ ʩʦʝʜʠʥʠʪʴ 

ʠʭ ʙʦʣʪʘʤʠ, ʟʘʢʣʸʧʢʘʤʠ ʠʣʠ ʩʚʘʨʢʦʡ. ʂʘʞʜʦʝ ʪʘʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ð ɻ ʪʦ çʩʣʘʙʦʝ ʟʚʝʥʦè. ɺʦ-ʧʝʨ-

ʚʳʭ, ʦʥʦ ʩʘʤʦ ʤʦʞʝʪ ʨʘʟʙʦʣʪʘʪʴʩʷ ʠʣʠ ʩʣʦʤʘʪʴʩʷ. ɺʦ-ʚʪʦʨʳʭ, ʚʦʢʨʫʛ ʦʪʚʝʨʩʪʠʡ ʧʦʜ ʙʦʣʪʳ ʚʦʟ-

ʥʠʢʘʶʪ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ð ʪʝ ʩʘʤʳʝ ʢʨʘʩʥʳʝ ʟʦʥʳ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ð ʦʙʲʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʜʝʪʘʣʝʡ ʚ ʦʜʥʫ. 

ʇʨʠʤʝʨ: ʜʚʝʨʴ ʘʚʪʦʤʦʙʠʣʷ 

ʈʘʥʴʰʝ ʜʚʝʨʴ ʩʦʩʪʦʷʣʘ ʠʟ ʜʝʩʷʪʢʦʚ ʵʣʝʤʝʥʪʦʚ: ʚʥʝʰʥʷʷ ʧʘʥʝʣʴ, ʚʥʫʪʨʝʥʥʠʡ ʢʘʨʢʘʩ, ʫʩʠ-

ʣʠʪʝʣʠ, ʢʨʦʥʰʪʝʡʥʳ ʜʣʷ ʨʫʯʢʠ ʠ ʟʘʤʢʘ. ɺʩʸ ʵʪʦ ʩʦʝʜʠʥʷʣʦʩʴ ʩʚʘʨʢʦʡ ʚ ʜʝʩʷʪʢʘʭ ʪʦʯʝʢ. 

ʉʝʛʦʜʥʷ, ʙʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʣʠʪʴʷ ʠ 3D-ʧʝʯʘʪʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʥʫʪʨʝʥʥʠʡ 

ʢʘʨʢʘʩ ʜʚʝʨʠ ʢʘʢ ʦʜʥʫ ʮʝʣʴʥʫʶ ʜʝʪʘʣʴ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʩ ʫʞʝ ʛʦʪʦʚʳʤʠ ʨʸʙʨʘʤʠ ʞʸʩʪʢʦʩʪʠ ʠ 

ʤʝʩʪʘʤʠ ʜʣʷ ʢʨʝʧʣʝʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʘ: 

¶ ʩʥʠʞʘʝʪʩʷ ʚʝʩ (ʠʩʯʝʟʘʶʪ ʥʘʭʣʸʩʪʳ ʠ ʣʠʰʥʠʝ ʢʨʝʧʸʞʠ); 

¶ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ (ʥʝʪ ʩʣʘʙʳʭ ʤʝʩʪ ʚ ʚʠʜʝ ʩʚʘʨʥʳʭ ʰʚʦʚ); 

¶ ʫʧʨʦʱʘʝʪʩʷ ʩʙʦʨʢʘ. 

5. ʇʦʰʘʛʦʚʳʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ: ʦʪ ʠʜʝʠ ʜʦ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ 

ʊʝʧʝʨʴ ʦʙʲʝʜʠʥʠʤ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʚ ʯʸʪʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ. 

ʕʪʦ ʠ ʝʩʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʐʘʛ 1. ʆʧʨʝʜʝʣʷʝʤ ʪʨʝʙʦʚʘʥʠʷ 

¶ ʢʘʢʠʝ ʥʘʛʨʫʟʢʠ ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʜʝʪʘʣʴ (ʫʜʘʨʳ, ʚʠʙʨʘʮʠʠ, ʜʘʚʣʝʥʠʝ); 

¶ ʢʘʢʦʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ ʜʦʧʫʩʪʠʤ; 

¶ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ; 

¶ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ). 

ʐʘʛ 2. ɺʳʙʠʨʘʝʤ ʤʘʪʝʨʠʘʣʳ 

¶ ʩʨʘʚʥʠʚʘʝʤ ʧʨʦʯʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ; 

¶ ʫʯʠʪʳʚʘʝʤ ʩʪʦʠʤʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ; 

¶ ʧʨʦʚʝʨʷʝʤ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ (ʝʩʣʠ ʠʭ ʥʝʩʢʦʣʴʢʦ). 
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ʐʘʛ 3. ʉʦʟʜʘʸʤ ʙʘʟʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ 

¶ ʨʠʩʫʝʤ ʵʩʢʠʟ; 

¶ ʜʝʣʘʝʤ 3D-ʤʦʜʝʣʴ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʝ; 

¶ ʥʘʤʝʯʘʝʤ ʤʝʩʪʘ ʢʨʝʧʣʝʥʠʡ ʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʜʝʪʘʣʷʤʠ. 

ʐʘʛ 4. ɸʥʘʣʠʟʠʨʫʝʤ ʥʘʧʨʷʞʝʥʠʷ (ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ) 

¶ çʨʘʟʙʠʚʘʝʤè ʤʦʜʝʣʴ ʥʘ ʤʝʣʢʠʝ ʵʣʝʤʝʥʪʳ; 

¶ ʟʘʜʘʸʤ ʨʝʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʫʩʣʦʚʠʷ ʟʘʢʨʝʧʣʝʥʠʷ; 

¶ ʟʘʧʫʩʢʘʝʤ ʨʘʩʯʸʪ ʠ ʧʦʣʫʯʘʝʤ ʢʘʨʪʫ ʥʘʧʨʷʞʝʥʠʡ (ʮʚʝʪʥʫʶ ʩʭʝʤʫ); 

¶ ʦʪʤʝʯʘʝʤ ʢʨʘʩʥʳʝ (ʧʝʨʝʛʨʫʞʝʥʥʳʝ) ʠ ʩʠʥʠʝ (ʥʝʜʦʛʨʫʞʝʥʥʳʝ) ʟʦʥʳ. 

ʐʘʛ 5. ʆʧʪʠʤʠʟʠʨʫʝʤ ʬʦʨʤʫ 

¶ ʫʙʠʨʘʝʤ ʤʘʪʝʨʠʘʣ ʠʟ ʩʠʥʠʭ ʟʦʥ (ʜʝʣʘʝʤ ʦʪʚʝʨʩʪʠʷ, ʫʪʦʥʯʘʝʤ ʩʪʝʥʢʠ); 

¶ ʫʩʠʣʠʚʘʝʤ ʢʨʘʩʥʳʝ ʟʦʥʳ (ʜʦʙʘʚʣʷʝʤ ʨʸʙʨʘ, ʫʪʦʣʱʝʥʠʷ); 

¶ ʧʨʦʚʝʨʷʝʤ, ʤʦʞʥʦ ʣʠ ʦʙʲʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʜʝʪʘʣʝʡ ʚ ʦʜʥʫ. 

ʐʘʛ 6. ʇʦʜʙʠʨʘʝʤ ʧʘʨʘʤʝʪʨʳ 

¶ ʫʪʦʯʥʷʝʤ ʪʦʣʱʠʥʫ ʩʪʝʥʦʢ ʠ ʨʸʙʝʨ; 

¶ ʨʘʩʩʯʠʪʳʚʘʝʤ ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʡ; 

¶ ʦʧʨʝʜʝʣʷʝʤ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʨʝʧʸʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʐʘʛ 7. ʇʨʦʚʝʨʷʝʤ ʩʦʝʜʠʥʝʥʠʷ 

¶ ʚʳʙʠʨʘʝʤ ʪʠʧ ʢʨʝʧʝʞʘ (ʙʦʣʪʳ, ʩʚʘʨʢʘ, ʢʣʝʡ); 

¶ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʠʱʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʳʢʦʚ ʦʜʥʠʤ. 

ʐʘʛ 8. ʊʝʩʪʠʨʫʝʤ ʧʨʦʪʦʪʠʧ 

¶ ʠʟʛʦʪʘʚʣʠʚʘʝʤ ʦʙʨʘʟʝʮ (ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʠʣʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ); 

¶ ʧʨʦʚʦʜʠʤ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʞʸʩʪʢʦʩʪʴ; 

¶ ʬʠʢʩʠʨʫʝʤ ʤʝʩʪʘ ʜʝʬʦʨʤʘʮʠʡ ʠ ʨʘʟʨʫʰʝʥʠʡ. 

ʐʘʛ 9. ɺʥʦʩʠʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

¶ ʫʩʪʨʘʥʷʝʤ ʩʣʘʙʳʝ ʤʝʩʪʘ, ʥʘʡʜʝʥʥʳʝ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ; 

¶ ʝʱʸ ʙʦʣʴʰʝ ʦʙʣʝʛʯʘʝʤ ʢʦʥʩʪʨʫʢʮʠʶ, ʝʩʣʠ ʝʩʪʴ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ; 

¶ ʧʦʚʪʦʨʷʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʐʘʛ 10. ʋʪʚʝʨʞʜʘʝʤ ʬʠʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ 

¶ ʛʦʪʦʚʠʤ ʯʝʨʪʝʞʠ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ; 

¶ ʧʝʨʝʜʘʸʤ ʜʘʥʥʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʝʩʘ ʠ ʧʨʦʯʥʦʩʪʠ ð ɻ ʪʦ ʥʝ ʤʘʛʠʷ, ʘ ʩʠʩʪʝʤʥʳʡ ʠ ʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ. ʀʥʞʝ-

ʥʝʨʳ ʙʦʣʴʰʝ ʥʝ ʜʝʡʩʪʚʫʶʪ ʥʘʫʛʘʜ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪ ʤʦʱʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʨʠʤʝʥʷʶʪ ʭʠʪʨʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ, ʚʳʙʠʨʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʫʧʨʦʱʘʶʪ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʩʝ ʵʪʠ ʤʝʪʦʜʳ ʨʘʙʦʪʘʶʪ ʚʤʝʩʪʝ. ʉʥʘʯʘʣʘ ʢʦʤʧʴʶʪʝʨ ʧʦʤʦʛʘʝʪ ʥʘʡʪʠ ʠʜʝʘʣʴʥʫʶ ʬʦʨʤʫ, 

ʟʘʪʝʤ ʧʦʜʙʠʨʘʝʪʩʷ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʵʪʦʡ ʬʦʨʤʳ ʠ ʫʩʣʦʚʠʡ ʨʘ-

ʙʦʪʳ, ʘ ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʩʢʦʣʴʢʦ ʜʝʪʘʣʝʡ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ. 

ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʦʣʴʰʝ, ʪʨʘʪʷʪ ʤʝʥʴʰʝ ʨʝ-

ʩʫʨʩʦʚ ʥʘ ʩʚʦʶ ʨʘʙʦʪʫ ʠ ʧʨʠ ʵʪʦʤ ʦʩʪʘʶʪʩʷ ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʥʘʜʸʞʥʳʤʠ. ʕʪʦ ʠ ʝʩʪʴ ʥʘʩʪʦʷʱʝʝ 

ʠʩʢʫʩʩʪʚʦ ʠʥʞʝʥʝʨʠʠ ð ʩʜʝʣʘʪʴ ʙʦʣʴʰʝ, ʠʩʧʦʣʴʟʫʷ ʤʝʥʴʰʝ. 
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ʋʩʪʘʣʦʩʪʥʳʡ ʠʟʥʦʩ ð ɻ ʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʫʩʪʘʣʦʩʪʥʳʡ ʠʟʥʦʩ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʣʦʤʢʘʤ, ʘʚʘʨʠʷʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ. 

ʇʦʜ ʫʩʪʘʣʦʩʪʥʳʤ ʠʟʥʦʩʦʤ ʧʦʥʠʤʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ. 

ʋʩʪʘʣʦʩʪʥʳʡ ʠʟʥʦʩ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʦʛʦ ʠ ʫʧʨʫʛʦʛʦ ʦʪʪʝʩʥʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. ʕʪʦʪ ʚʠʜ ʠʟʥʘʰʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʫʟʣʦʚ ʪʨʝʥʠʷ ʩ ʥʘʯʘʣʴʥʳʤ ʪʦʯʝʯʥʳʤ ʠʣʠ 

ʣʠʥʝʡʯʘʪʳʤ ʢʦʥʪʘʢʪʦʤ ʜʝʪʘʣʝʡ: ʰʘʨʠʢʦʚʳʭ ʠ ʨʦʣʠʢʦʚʳʭ ʦʧʦʨ, ʟʫʙʯʘʪʳʭ ʟʘʮʝʧʣʝʥʠʡ, 

ʢʫʣʘʯʢʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʀʟʥʦʩ ð ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ, ʤʘʩʩʳ ʠʣʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʠʣʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ (ʠʟʥʘʰʠʚʘʥʠʷ) ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʟʜʝʣʠʷ ʧʨʠ ʪʨʝʥʠʠ. 

ʀʟʥʦʩ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʨʠ ʩʪʘʜʠʠ: 

ʉʪʘʜʠʷ 1 ð ʧʨʠʨʘʙʦʪʢʘ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʟʘʥʠʤʘʶʱʘʷ ʥʝʙʦʣʴʰʦʡ 

ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ; ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʚʳʩʦʢʘʷ, ʥʦ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ 

ʫʙʳʚʘʝʪ; 

ʉʪʘʜʠʷ 2 ð ʥʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʩʪʘʜʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ 

ʥʝʙʦʣʴʰʦʡ ʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟʥʘʰʠʚʘʥʠʷ; 

ʉʪʘʜʠʷ 3 ð ʫʩʢʦʨʝʥʥʳʡ ʠʟʥʦʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʢʦʨʦʩʪʴʶ 

ʠʟʥʦʩʘ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʋʩʪʘʣʦʩʪʥʳʡ ʠʟʥʦʩ ð ɻ ʪʦ ʦʜʥʘ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠʟʥʦʩʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʚʩʣʝʜʩʪʚʠʝ 

ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʜʝʡʩʪʚʠʠ 

ʥʘʛʨʫʟʢʠ, ʧʨʠʚʦʜʷʱʝʤ ʢ ʟʘʨʦʞʜʝʥʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʥʫʪʨʠ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʣʦʷ ʪʨʝʱʠʥ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʦʪʜʝʣʝʥʠʝ ʚ 

ʬʦʨʤʝ ʪʦʥʢʠʭ ʯʝʰʫʝʢ ʤʘʪʝʨʠʘʣʘ. 

1. ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʥʦʩʘ, ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʩʯʝʪʘ ʥʘ 

ʫʩʪʘʣʦʩʪʴ 

ʎʠʢʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ð ʵʪʦ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʥʦʩʘ. ʇʨʠ 

ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʫʩʪʘʣʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʠʪʪʠʥʛʘ, 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠ ʢʨʦʰʝʥʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʫʩʪʘʣʦʩʪʥʦʤʫ 

ʠʟʥʦʩʫ. ʄʘʪʝʨʠʘʣʳ ʩ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʤʦʛʫʪ 

ʙʳʩʪʨʦ ʚʳʭʦʜʠʪʴ ʠʟ ʩʪʨʦʷ. 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʘʣʦʩʪʥʳʡ ʠʟʥʦʩ. 

ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʚʦʟʜʝʡʩʪʚʠʝ ʘʛʨʝʩʩʠʚʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʢʦʨʨʦʟʠʶ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ. 

ʅʝʜʦʩʪʘʪʢʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʘʣʝʡ, ʪʘʢʠʝ ʢʘʢ ʨʝʟʢʠʝ ʧʝʨʝʭʦʜʳ ʚ ʩʝʯʝʥʠʠ (ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʧʘʜ ʜʠʘʤʝʪʨʦʚ), ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ (ʪʨʝʩʢ, ʧʦʨ, ʬʣʦʢʝʥʦʚ) ʠ ʥʝʧʨʘʚʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. ɺʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʩʯʝʪʘ ʥʘ ʫʩʪʘʣʦʩʪʴ. ʇʨʠʤʝʨ ʜʣʷ ʚʘʣʦʚ: 

1. ʋʩʪʘʥʦʚʠʪʴ ʦʧʘʩʥʳʝ ʩʝʯʝʥʠʷ ʥʘ ʚʘʣʫ; 

2. ʇʦʜʦʙʨʘʪʴ ʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʤʘʪʝʨʠʘʣ; 
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3. ɿʥʘʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʢʨʫʪʷʱʠʝ, ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ, ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ); 

4. ʈʘʩʯʝʪ: 

4.1. ʅʘʭʦʞʜʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʡ; 

4.2. ʇʦʜʦʙʨʘʪʴ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; 

4.3. ʅʘʡʪʠ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʟʘʜʘʥʥʦʛʦ ʩʝʯʝʥʠʷ; 

4.4. ʋʩʪʘʥʦʚʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

4.5. ʋʩʪʘʥʦʚʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

4.6. ʋʩʪʘʥʦʚʠʪʴ ʠʪʦʛʦʚʳʡ (ʦʙʱʠʡ) ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ. 

2. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʥʦʩʘ 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʥʦʩʘ: 

1. ʄʝʪʦʜ ʤʠʢʨʦʤʝʪʨʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʜʝʪʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʢʦʥʪʘʢʪʥʳʭ ʠʣʠ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʧʨʠʙʦʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʥʘʰʠʚʘʥʠʝ. 

2. ɺʝʩʦʚʦʡ ʤʝʪʦʜ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʣʠʥʝʡʥʦʛʦ ʠʟʥʦʩʘ ʧʦ ʧʦʪʝʨʝ ʚʝʩʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʠʟʥʦʩ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. 

3. ʄʝʪʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʙʘʟ. ɿʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ 
ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʜʦ ʜʥʘ ʫʛʣʫʙʣʝʥʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʜʝʣʘʥʥʦʛʦ ʥʘ ʵʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʤʝʶʱʝʝ ʛʣʫʙʠʥʫ ʙʦʣʴʰʫʶ, ʯʝʤ ʦʞʠʜʘʝʤʘʷ ʚʝʣʠʯʠʥʘ ʣʠʥʝʡʥʦʛʦ ʠʟʥʦʩʘ. 

3. ʄʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʥʦʩʘ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ 

ʮʠʢʣʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʤʝʩʪʘ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʜʦ ʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʥʦʩʘ ʧʦʤʠʤʦ ʢʦʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ: 

1. ʇʨʘʚʠʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. 

ɺʳʙʦʨ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʢ ʫʩʪʘʣʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʣʠ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ ʠʣʠ ʥʠʢʝʣʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʝʜʝʣ 

ʚʳʥʦʩʣʠʚʦʩʪʠ. 

2. ʋʣʫʯʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʝʡ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʫʤʝʥʴʰʠʪʴ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʫʩʦʚ ʩʢʨʫʛʣʝʥʠʡ ʚʤʝʩʪʦ 

ʦʩʪʨʳʭ ʫʛʣʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

3. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʄʝʪʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʟʘʢʘʣʢʘ, ʥʠʪʨʦʚʘʥʠʝ (ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʷ) 

ʠʣʠ ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ, ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʫʩʪʘʣʦʩʪʥʦʤʫ ʠʟʥʦʩʫ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ. 

4. ʂʦʥʪʨʦʣʴ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʝʛʫʣʷʨʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʤʦʛʘʶʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ ʠʟʥʦʩ. ʅʘʧʨʠʤʝʨ, ʢʦʥʪʨʦʣʴ ʟʘ ʫʨʦʚʥʝʤ ʩʤʘʟʢʠ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʨʝʞʠʤʘʤʠ ʠ ʩʦʩʪʦʷʥʠʝʤ ʜʝʪʘʣʝʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ 

ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ. 

5. ʅʘʧʳʣʝʥʠʝ ʠ ʥʘʧʣʘʚʢʘ ʧʦʢʨʳʪʠʡ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʥʦʩʘ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʝʤʫ, ʘ 

ʪʘʢʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʠʟʥʦʩʘ ʷʚʣʷʝʪʩʷ ʥʘʧʳʣʝʥʠʝ ʠ/ʠʣʠ ʥʘʧʣʘʚʢʘ 

ʧʦʢʨʳʪʠʡ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ: ʜʠʥʘʤʠʯʝʩʢʦʝ, 

ʧʣʘʟʤʝʥʥʦʝ, ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʥʘʧʳʣʝʥʠʝ; ʣʘʟʝʨʥʘʷ, ʵʣʝʢʪʨʦʥʥʦʣʫʯʝʚʘʷ ʥʘʧʣʘʚʢʘ ʠ ʪ.ʜ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. çʊʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʝʤʦʥʪʘ ʤʘʰʠʥ : ʫʯʝʙ. ʇʦʩʦʙʠʝè / ʉ. ɹ. ʉʢʦʙʝʣʝʚ, ɺ. ɺ. ɼʝʨʢʘʯ, 
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ɺ. ɻ. ʏʫʨʘʥʢʠʥ ; ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʆʤ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ. ï ʆʤʩʢ : ʀʟʜ-ʚʦ ʆʤɻʊʋ, 2022. 

2. ɺʠʜʳ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ // ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ, URL: 

https://ogmeh.ru/tekhnicheskaya-informatsiya/stati/vidy-iznosa-detalej-oborudovaniya 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊʈɽʍʄɽʈʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɺ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ 

ʋɿʃʆɺ ɼʃʗ ʄɸʐʀʅ  

 

ʄʘʡʥʙʘʷʨ ɾ.1,  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʧʨʠʷʥʦʚ ʅ.ɸ..2 

1ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸ31, e-mail: mj01@tpu.ru   
2ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚʩʸ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʷ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʝʯʥʳʭ ʠʟʜʝʣʠʡ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʫʩʪʘʨʝʚ-

ʰʠʝ ʤʝʪʦʜʳ ʩ ʜʚʫʭʤʝʨʥʳʤʠ ʯʝʨʪʝʞʘʤʠ ʫʞʝ ʥʝ ʦʧʨʘʚʜʳʚʘʶʪ ʦʞʠʜʘʥʠʡ. ʇʝʨʝʭʦʜ ʢ ʪʨʝʭʤʝʨʥʦʤʫ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʶ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʦʪʦʪʠʧʳ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ 

ʨʘʩʯʝʪʳ ʠ ʘʥʘʣʠʟʳ ʫʞʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʦʰʠʙʦʢ, ʫʤʝʥʴʰʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʦʚ, ʠ ʧʨʦʜʫʢʮʠʶ ʫʜʘʝʪʩʷ ʚʳʚʦʜʠʪʴ ʥʘ ʨʳʥʦʢ 

ʙʳʩʪʨʝʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʦʥʠʤʘʥʠʝ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ɿʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʜ ʢʦʤʘʥʜʦʡ, ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

ʀʟʫʯʠʪʴ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʝʛʦ ʦʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ. 

ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ CAD ʠ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʟ ʥʠʭ ʰʠ-

ʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ʉʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʚʳʙʨʘʥʥʦʛʦ ʫʟʣʘ ʠ ʧʨʦʚʝʩʪʠ ʝʸ ʚʠʨʪʫʘʣʴʥʫʶ ʩʙʦʨʢʫ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʳʚʦʜʳ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ. 

ʊʝʦʨʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʨʝʭ-

ʤʝʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʡ ʠ ʧʦʣ-

ʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʠʟʜʝʣʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʪʨʝʭ-

ʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪ ʚʩʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʨʘʟʤʝʨʳ ʠʟʜʝʣʠʷ, ʯʪʦ ʠʤʝʝʪ 

ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʘ ʩʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʨʘʢʫʨʩʦʚ ʠ ʚʠʜʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʷʚ-

ʣʝʥʠʶ ʚʦʟʤʦʞʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘ-

ʜʠʮʠʦʥʥʳʭ ʜʚʫʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ, ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʦ-

ʚʝʨʢʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʪʘʣʝʡ, ʠʭ ʩʦʧʨʷʞʝʥʠʡ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ CAE (Computer-Aided 

Engineering) ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʪʘʢʠʝ ʚʠʜʳ ʨʘʩʯʝʪʦʚ, ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘʥʘ-

ʣʠʟ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ, ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪ.ʜ., ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʪʦʪʠʧʠ-

ʨʦʚʘʥʠʷ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝ-

ʣʝʡ: 

ʊʚʝʨʜʦʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (Solid Modeling): ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʝʪ ʩʧʣʦʰʥʳʝ ʦʙʲʝʤʥʳʝ 

ʪʝʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʘʩʩʘ, ʮʝʥʪʨ ʤʘʩʩ, ʦʙʲʝʤ ʠ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ʊʚʝʨʜʳʝ ʤʦʜʝʣʠ ʩʦʟʜʘʶʪʩʷ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʟʘʠʤʥʳʭ ʦʛʨʘʥʠʯʝ-

ʥʠʡ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʝʪʘʣʠ ʩ ʨʝʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ. ʊʚʝʨʜʦʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ, ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝ-

ʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʠ 3D-

ʧʝʯʘʪʠ. 

NURBS-ʤʦʜʝʣʠʨʦʚʘʥʠʝ (Non-Uniform Rational B-Splines): ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʣʠʥʝʡ-

ʥʳʭ ʩʧʣʘʡʥʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʘʜʢʠʭ ʢʨʠʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʕʪʘ ʪʝʭʥʦʣʦ-

ʛʠʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʪʝʢʘʝʤʳʭ ʢʦʨʧʫʩʦʚ, ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥ, 

https://ogmeh.ru/tekhnicheskaya-informatsiya/stati/vidy-iznosa-detalej-oborudovaniya
mailto:%20mj01@tpu.ru
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ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʩ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ ʠ ʜʨʫʛʠʭ ʜʝʪʘʣʝʡ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʧʣʘʚʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. NURBS ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʬʦʨʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʛʣʘʜʢʦʩʪʠ. 

ɺʩʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (CAD) ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʦʡ ʢʦ-

ʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʪʨʠ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ: X, Y ʠ Z. ʕʪʘ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʜʝʪʘʣʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʘʚʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʩʙʦʨʢʝ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ CAD: 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ: 

SolidWorks (ʦʪ Dassault Syst¯mes) ð ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʢ. 

ʂʆʄʇɸʉ-3D (ʦʪ ɸʉʂʆʅ) ð ʨʦʩʩʠʡʩʢʘʷ ʩʠʩʪʝʤʘ, ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʱʘʷ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʝʡ 

ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʠ ʙʦʣʴʰʦʤʫ ʥʘʙʦʨʫ ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʪʘʣʝʡ, ʯʪʦ ʜʝʣʘʣʦ ʝʸ ʚʳʙʦʨʦʤ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. 

AutoCAD (ʦʪ Autodesk) ð ʠʟʥʘʯʘʣʴʥʦ ʩʠʣʴʥʘʷ ʚ ʩʦʟʜʘʥʠʠ ʜʚʫʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ, ʩʝʡʯʘʩ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

CATIA (ʦʪ Dassault Syst¯mes) ð ʧʨʦʜʚʠʥʫʪʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʠʟʜʝʣʠʡ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʫʟʣʘ RC GAS 66 ʚ ʤʘʩʰʪʘʙʝ ʦʜʠʥ ʢ ʰʝʩʪʥʘʜʮʘʪʠ. 

ɼʣʷ ʧʨʘʢʪʠʢʠ ʙʳʣ ʚʳʙʨʘʥ ʫʟʝʣ ʦʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʷ RC GAS 66. ʆʩʥʦʚʥʘʷ 

ʮʝʣʴ ʩʦʩʪʦʷʣʘ ʚ ʩʦʟʜʘʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʢʣʶʯʝʚʳʭ ʜʝʪʘʣʝʡ ʠ ʩʦʟʜʘʥʠʠ ʩʙʦʨʦʯʥʦʛʦ ʫʟʣʘ. 

ʕʪʘʧʳ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʙʳʣʠ ʪʘʢʠʤʠ. 

ʇʝʨʚʳʡ ʵʪʘʧ. ʉʦʟʜʘʣʠ ʜʚʫʭʤʝʨʥʳʝ ʵʩʢʠʟʳ ʚ ʦʩʥʦʚʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ʕʪʦ XY, XZ ʠ YZ. 

ɺʪʦʨʦʡ ʵʪʘʧ. ʇʨʝʦʙʨʘʟʦʚʘʣʠ ʵʩʢʠʟʳ ʚ ʪʨʝʭʤʝʨʥʳʝ ʬʦʨʤʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʦʧʝʨʘ-

ʮʠʡ ʚʳʜʘʚʣʠʚʘʥʠʷ ʠ ʚʨʘʱʝʥʠʷ. 

ʊʨʝʪʠʡ ʵʪʘʧ. ʇʨʠʩʚʦʠʣʠ ʜʝʪʘʣʷʤ ʫʥʠʢʘʣʴʥʳʝ ʥʘʟʚʘʥʠʷ, ʯʪʦ ʧʦʤʦʛʣʦ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʩʤʦʜʝʣʠʨʦʚʘʣʠ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: ʨʘʤʘ ʢʘʢ ʦʩʥʦʚʘʥʠʝ (ʨʠʩ. 1),  ʢʫʟʦʚ, ʢʘʙʠʥʘ, 

ʟʘʜʥʠʡ ʤʦʩʪ ʩ ʚʘʣʦʤ, ʢʦʨʧʫʩʦʤ ʠ ʢʦʥʠʯʝʩʢʠʤʠ ʰʝʩʪʝʨʥʷʤʠ. ʂʦʣʝʩʘ ʩ ʦʙʦʜʘʤʠ ʠ ʧʦʢʨʳʰʢʘʤʠ. 

 

  
ʈʠʩ. 1. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʨʘʤʳ ʈʠʩ. 2. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʟʘʜʥʝʛʦ ʤʦʩʪʘ 

 

ʉʙʦʨʢʘ ʤʦʜʝʣʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʘʡʣʘ, ʚ ʢʦʪʦʨʳʡ ʧʦ-

ʦʯʝʨʝʜʥʦ ʚʩʪʘʚʣʷʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʧʨʠʤʝʥʷʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʧʨʘʚʠʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʙʳʣʘ ʨʘʟʤʝʱʝʥʘ ʨʘʤʘ. ɼʘʣʝʝ ʢ ʨʘʤʝ ʙʳʣʠ ʧʨʠʩʦʝʜʠʥʝʥʳ 

ʩʦʝʜʠʥʠʪʝʣʠ ʠ ʘʤʦʨʪʠʟʘʪʦʨʳ, ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʠʨʪʫʘʣʴʥʳʝ ʙʦʣʪʳ ʠ ʛʘʡʢʠ, ʠʤʠʪʠʨʫ-

ʶʱʠʝ ʨʝʘʣʴʥʳʝ ʢʨʝʧʝʞʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʤʦʩʪʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʩʦʝʜʠʥʝʥʠʝ ʩ ʘʤʦʨʪʠʟʘʪʦ-

ʨʘʤʠ ʠ ʨʘʤʦʡ. ɺ ʚʠʨʪʫʘʣʴʥʦʡ ʩʙʦʨʢʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʦʝʜʠʥʝʥʠʝ ʵʪʠʭ ʜʝʪʘʣʝʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʢ ʨʘʤʝ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʤʦʪʦʨ, ʢʘʨʜʘʥʥʳʡ ʚʘʣ, ʢʫʟʦʚ ʠ ʢʘʙʠʥʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʜʝʪʘʣʝʡ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʩʙʦʨʢʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʢʦʨʨʝʢʪʥʦ ʠ ʚʟʘ-

ʠʤʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʙʝʟ ʦʰʠʙʦʢ. ʅʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʥʬʣʠʢʪʦʚ ʠʣʠ ʥʘʣʦʞʝʥʠʡ, 
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ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʚʠʣʴʥʦʡ ʩʙʦʨʦʯʥʦʡ ʩʭʝʤʝ ʠ ʦʪʩʫʪʩʪʚʠʶ ʦʰʠʙʦʢ ʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʜʝʪʘ-

ʣʝʡ. 

 

 
ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʩʦʙʨʘʥʥʦʛʦ ʫʟʣʘ RC GAS 66 

 

ɺʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʧʦʟ-

ʚʦʣʷʶʱʝʡ ʧʝʨʝʡʪʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʚʫʭʤʝʨʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢ ʩʦʟʜʘʥʠʶ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ð 

ʚʠʨʪʫʘʣʴʥʳʭ ʪʦʯʥʳʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʡ ʫʨʦʚʝʥʴ ʪʦʯʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʦʚʳ-

ʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʫʟʣʘ RC GAS 66, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʂʆʄʇɸʉ-3D, ʚʳʷʚʠʣʦ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʥʪʝʛʨʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ CAD-ʪʝʭʥʦʣʦʛʠʡ: 

ɺʠʟʫʘʣʠʟʘʮʠʷ (ʥʘʛʣʷʜʥʦʩʪʴ): ʪʨʝʭʤʝʨʥʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʥʦʝ ʦʙʲʝʤʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʨʦʝʢʪʥʳʭ ʨʝ-

ʰʝʥʠʡ, ʦʙʣʝʛʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʜʝʣʠʷ. 

ʀʥʞʝʥʝʨʥʳʡ ʢʦʥʪʨʦʣʴ (ʩʦʛʣʘʩʦʚʘʥʠʝ): ʥʘ ʩʪʘʜʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʘʷ ʧʨʦʚʝʨʢʘ ʚʟʘʠʤʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʝʪʘʣʝʡ, ʦʙʥʘʨʫʞʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʢʦʣʣʠʟʠʡ, 

ʧʨʦʚʝʨʢʘ ʟʘʟʦʨʦʚ ʠ ʩʦʧʨʷʞʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʦʰʠʙʦʢ ʧʨʠ ʩʙʦʨʢʝ ʠ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦ-

ʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʨʦʢʦʚ ʨʘʟʨʘʙʦʪʢʠ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʝʡ, ʯʪʦ ʩʦ-

ʢʨʘʱʘʝʪ ʦʙʱʠʡ ʮʠʢʣ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʮʝʣʦʤ, ʚʥʝʜʨʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ CAD-ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʜʦʩʪʦʚʝʨ-

ʥʦʩʪʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʫʩʢʦʨʝʥʠʶ ʵʪʘʧʦʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʘʢʪʠʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ CAD ʩ ʩʠʩʪʝʤʘʤʠ CAE 

(ʠʥʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʪʝʧʣʦʚʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʩ ʩʠʩʪʝʤʘʤʠ CAM (computational Aided Manufacturing) ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʊʘʢʦʡ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ ʚʥʝʜʨʝʥʠʶ ʵʧʦʭʠ çʮʠʬʨʦʚʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘè.. 
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1ʅʀ ʊʇʋ, ʀʐʅʇʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 4ɸ22,e-mail: mt02@tpu.ru   
2ʅʀ ʊʇʋ, ʀʐʅʇʊ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣ ɹ

ʎʠʢʣʦʠʜʘʣʴʥʘʷ ʧʝʨʝʜʘʯʘ ʠʣʠ ʧʨʠʚʦʜ ð ʵʪʦ ʦʜʥʦ ʠʟ ʤʥʦʛʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʧʦʚʩʝ-

ʜʥʝʚʥʦʡ ʞʠʟʥʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʰʝʩʪʝʨʥʠ ʠ ʨʝʜʫʢʪʦʨʳ. ʆʥʠ ʯʨʝʟʚʳʯʘʡʥʦ ʵʬʬʝʢʪʠʚʥʳ ʠ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʕʪʘ ʧʝʨʝʜʘʯʘ ʫʚʝʣʠʯʠʚʘʝʪ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ ʠ ʫʤʝʥʴʰʘʝʪ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷ ʧʨʦʣʴʶ 

ʩʚʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʦʝ ʮʠʢʣʦʠʜʘʣʴʥʘʷ ʧʝʨʝʜʘʯʘ, ʝʝ ʙʘʟʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠʤʝʥʝʥʠʝ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝ-

ʜʦʩʪʘʪʢʠ. ʗ ʪʘʢʞʝ ʨʘʩʩʢʘʞʫ ʦ ʪʠʧʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʷʭ ʚ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʝ. 
ʎʠʢʣʦʠʜʘʣʴʥʳʝ ʧʨʠʚʦʜʳ ʧʦʧʫʣʷʨʥʳ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʧʝʨʝʜʘʪʦʯʥʦʤʫ ʦʪʥʦʰʝʥʠʶ, ʢʦʤʧʘʢʪ-

ʥʳʤ ʨʘʟʤʝʨʘʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʤʫ ʣʶʬʪʫ ʠ ʧʨʦʩʪʦʪʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʭʦʜʝ ʤʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷ 

ʚʳʷʩʥʠʣ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʧʝʨʝʜʘʯʠ ʦʩʚʝʱʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ, ʠ ʦ 

ʥʠʭ ʠʟʚʝʩʪʥʦ ʦʯʝʥʴ ʤʘʣʦ. ɺ ʩʨʝʜʘʭ, ʛʜʝ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʠ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ (ʦʩʦʙʝʥʥʦ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ), ʤʳ ʯʘʩʪʦ ʩʣʳʰʠʤ ʦ ʛʘʨʤʦʥʠʯʥʳʭ ʠ ʮʠʢʣʦ-

ʠʜʘʣʴʥʳʭ ʧʨʠʚʦʜʘʭ, ʪʘʢ ʢʘʢ ʠʭ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʭʦʞʠ: ʛʘʨʤʦʥʠʯʥʳʡ ʧʨʠʚʦʜ ʠʤʝʝʪ ʚʦʣʥʦʚʦʡ ʛʝʥʝʨʘ-

ʪʦʨ, ʘ ʮʠʢʣʦʠʜʘʣʴʥʳʡ ð ʵʢʩʮʝʥʪʨʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ. ʎʝʣʴ ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ð ʦʩʚʝʪʠʪʴ ʮʠʢʣʦʠ-

ʜʘʣʴʥʳʝ ʧʝʨʝʜʘʯʠ ʠ ʧʦʜʝʣʠʪʴʩʷ ʠʥʪʝʨʝʩʥʳʤʠ ʬʘʢʪʘʤʠ ʦ ʥʠʭ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʎʠʢʣʦʠʜʘʣʴʥʳʡ ʜʠʩʢ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʢʨʫʛʦʚʦʝ ʜʚʠʞʝʥʠʝ ʠʟ-ʟʘ ʵʢʩʮʝʥʪʨʠʯʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʥʘ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ (ʦʙʳʯʥʦ ʨʦʣʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ). ʂʦʛʜʘ ʮʠʢʣʦʠʜʘʣʴʥʳʡ 

ʜʠʩʢ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʢʦʨʧʫʩʥʦʤʫ ʢʦʣʝʩʫ, ʦʥ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʧʦʜʰʠʧʥʠʢʘ. ʕʪʦ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʧʣʘ-

ʥʝʪʘʨʥʦʡ ʧʝʨʝʜʘʯʝʡ. ɺʳʭʦʜʥʦʡ ʚʘʣ ʠ ʜʠʩʢ ʚʨʘʱʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ 

ʚʨʘʱʝʥʠʷ ʚʭʦʜʥʦʛʦ ʚʘʣʘ. 

ʂʦʨʧʫʩʥʦʝ ʢʦʣʝʩʦ ʠʤʝʝʪ ʥʘ ʦʜʠʥ ʰʪʠʬʪ ʙʦʣʴʰʝ, ʯʝʤ lobes (ʚʧʘʜʠʥʳ) ʮʠʢʣʦʠʜʘʣʴʥʦʛʦ ʜʠʩʢʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʦʠʜʘʣʴʥʳʡ ʜʠʩʢ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʧʦʜʰʠʧʥʠʢʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʨʘʱʘʝʪʩʷ ʚʭʦʜʥʦʡ ʚʘʣ, 

ʩʦʟʜʘʚʘʷ ʦʙʱʝʝ ʚʨʘʱʝʥʠʝ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʨʘʱʝʥʠʶ ʚʭʦʜʥʦʛʦ ʚʘʣʘ. 

ʆʪʚʝʨʩʪʠʷ ʚ ʮʠʢʣʦʠʜʘʣʴʥʦʤ ʜʠʩʢʝ ʙʦʣʴʰʝ, ʯʝʤ ʨʦʣʠʢʠ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ, ʢʦʪʦʨʳʝ ʚ ʥʠʭ ʚʭʦʜʷʪ, 

ʥʘ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʚʭʦʜʥʦʛʦ ʚʘʣʘ. ʀʟ-ʟʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʠʩʢʘ ʨʦʣʠʢʠ 

ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʦʪʚʝʨʩʪʠʷʭ, ʟʘʩʪʘʚʣʷʷ ʚʳʭʦʜʥʦʡ ʚʘʣ ʚʨʘʱʘʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦ. 

ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʝ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʨʝʜʫʢʪʦʨʳ 

 
ʈʠʩʫʥʦʢ 1. ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʮʠʢʣʦʠʜʘʣʴʥʳʡ ʨʝʜʫʢʪʦʨ 

(1 ð ʚʭʦʜʥʦʡ ʚʘʣ, 2 ð ʵʢʩʮʝʥʪʨʠʢ, ʚʨʘʱʘʶʱʠʡʩʷ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʠ ʚʭʦʜʥʦʡ ʚʘʣ,  

3 ð ʧʦʜʰʠʧʥʠʢʠ, 4 ð ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʜʠʩʢʠ, 5 ð ʢʦʨʧʫʩ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ ʰʪʠʬʪʘʤʠ (ʢʦʣʴʮʝʚʘʷ 

ʰʝʩʪʝʨʥʷ), 6 ð ʰʪʠʬʪʳ (ʨʦʣʠʢʠ) ʢʦʣʴʮʝʚʦʡ ʰʝʩʪʝʨʥʠ, 7 ð ʨʦʣʠʢʠ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ, 8 ð ʚʦʜʠʣʦ 

ʜʣʷ ʨʦʣʠʢʦʚ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ, 9 ð ʚʳʭʦʜʥʦʡ ʚʘʣ). 
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ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʝ ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʨʝʜʫʢʪʦʨʳ: ʢʦʤʧʘʢʪʥʳʝ ʠ ʚʳʩʦʢʦʪʦʯʥʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʥʠʟʢʦʛʦ ʠʣʠ ʥʫʣʝʚʦʛʦ ʣʶʬʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. 

ʕʪʠ ʨʝʜʫʢʪʦʨʳ ʨʘʙʦʪʘʶʪ ʥʘ ʦʩʥʦʚʝ ʵʢʩʮʝʥʪʨʠʯʥʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʢʣʦʠʜʘʣʴʥʦʛʦ ʜʠʩʢʘ, ʢʦʪʦʨʳʡ ʚʭʦ-

ʜʠʪ ʚ ʟʘʮʝʧʣʝʥʠʝ ʩ ʨʦʣʠʢʘʤʠ ʠʣʠ ʰʪʠʬʪʘʤʠ, ʧʨʝʦʙʨʘʟʫʷ ʚʨʘʱʝʥʠʝ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʚ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ 

ʜʚʠʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ. 

Å ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ: ʎʝʥʪʨʘʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʠʜʘʣʴʥʳʡ ʜʠʩʢ, 

ʢʦʪʦʨʳʡ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʵʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʠ ʚʭʦʜʠʪ ʚ ʟʘʮʝʧʣʝʥʠʝ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ 

ʰʪʠʬʪʘʤʠ ʥʘ ʢʦʨʧʫʩʝ ʨʝʜʫʢʪʦʨʘ ʯʝʨʝʟ ʨʦʣʠʢʠ. ʕʪʦʪ ʩʧʝʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʝ-

ʨʝʜʘʚʘʪʴ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʩ ʚʳʩʦʢʠʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ. 

Å ʂʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʎʠʢʣʦʠʜʘʣʴʥʳʡ ʜʠʩʢ, ʵʢʩʮʝʥʪʨʠʢʦʚʘʷ ʢʫʣʘʯʢʦʚʘʷ ʰʘʡʙʘ, ʠʛʦʣʴʯʘʪʳʝ 

ʧʦʜʰʠʧʥʠʢʠ (ʠʣʠ ʨʦʣʠʢʠ), ʚʳʭʦʜʥʦʡ ʚʘʣ. 

ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʨʝʜʫʢʪʦʨʳ 

ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʨʝʜʫʢʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʦʪʥʦ-

ʰʝʥʠʷ ʠ ʪʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʤʠ ʘʥʘʣʦʛʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʢʦʥʪʨʦʣʷ ʠ ʪʦʯʥʦʩʪʠ. ʕʪʠ ʨʝʜʫʢʪʦʨʳ ʧʝʨʝʜʘʶʪ ʠ ʩʥʠʞʘʶʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘ-

ʧʦʚ, ʠʩʧʦʣʴʟʫʷ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʠʜʘʣʴʥʳʭ ʜʠʩʢʦʚ ʠ ʰʪʠʬʪʦʚ. 

Å ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ: ɺ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʮʠʢʣʦʠʜʘʣʴʥʳʭ ʨʝʜʫʢʪʦʨʘʭ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʮʠʢʣʦʠʜʘʣʴʥʳʭ ʜʠʩʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʧʨʝʞʜʝ ʯʝʤ ʦʥʦ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʳʭʦʜʥʦʡ ʚʘʣ. ʊʘʢʦʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ 

ʩʥʠʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʦʙʱʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʩʪʫ-

ʧʝʥʯʘʪʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ. 

Å ʂʦʤʧʦʥʝʥʪʳ: ʕʪʠ ʨʝʜʫʢʪʦʨʳ ʠʤʝʶʪ ʪʝ ʞʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʝ ʤʦ-

ʜʝʣʠ: ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʜʠʩʢʠ, ʵʢʩʮʝʥʪʨʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ, ʠʛʦʣʴʯʘʪʳʝ ʧʦʜʰʠʧʥʠʢʠ (ʠʣʠ ʨʦʣʠʢʠ) ʠ 

ʚʳʭʦʜʥʳʝ ʚʘʣʳ. ʂʦʥʩʪʨʫʢʮʠʶ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʦʪʣʠʯʘʝʪ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʠʩʢʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʙʦʨʦʚ ʰʪʠʬʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʝʨʝʜʘʪʦʯ-

ʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. 

 
ʈʠʩʫʥʦʢ 2. ʊʨʘʜʠʮʠʦʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʮʠʢʣʦʠʜʘʣʴʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 

 (1 ð ʚʭʦʜʥʦʡ ʚʘʣ ʩ ʵʢʩʮʝʥʪʨʠʢʦʤ (ʧʝʨʚʘʷ ʩʪʫʧʝʥʴ), 2 ð ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʜʠʩʢʠ ʧʝʨʚʦʡ ʩʪʫ-

ʧʝʥʠ, 3 ð ʥʝʧʦʜʚʠʞʥʦʝ ʢʦʨʧʫʩʥʦʝ ʢʦʣʝʩʦ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, 4 ð ʚʳʭʦʜʥʦʡ ʜʠʩʢ ʧʝʨʚʦʡ ʩʪʫ-

ʧʝʥʠ ʩ ʨʦʣʠʢʘʤʠ ʠ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ, 5 ð ʚʭʦʜʥʦʡ ʚʘʣ ʩ ʵʢʩʮʝʥʪʨʠʢʦʤ (ʚʪʦʨʘʷ ʩʪʫʧʝʥʴ), 6 

ð ʮʠʢʣʦʠʜʘʣʴʥʳʝ ʜʠʩʢʠ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ, 7 ð ʥʝʧʦʜʚʠʞʥʦʝ ʢʦʨʧʫʩʥʦʝ ʢʦʣʝʩʦ ʚʪʦʨʦʡ ʩʪʫ-

ʧʝʥʠ, 8 ð ʚʳʭʦʜʥʦʡ ʜʠʩʢ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʩ ʨʦʣʠʢʘʤʠ ʠ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ). 
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ʕʃɽʂʊʈʆʇʈʀɺʆɼ ʇʆɻʈʋɾʅʆɻʆ ʅɸʉʆʉɸ ʉ ʐʀʄ-ʈɽɻʋʃʀʈʆɺɸʅʀɽʄ 

ʂʫʥʮ ʕ.ʇ. 

ʅʀ ʊʇʋ, ʀʐʕ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʘ 5ɸ37, e-mail: epk15@tpu.ru 

 

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʈʘʟʨʘʙʦʪʘʪʴ, ʩʦʙʨʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ 

ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʤʝʪʦʜʦʤ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʐʀʄ) ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʦʨʦʰʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʥʝ ʧʨʦʩʪʦ ʥʘʣʠʯʠʝ ʚʦʜʳ, ʥʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʝʝ ʧʦʜʘʯʝʡ. ʊʨʘʜʠʮʠʦʥ-

ʥʳʝ ʧʦʛʨʫʞʥʳʝ ʥʘʩʦʩʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʞʠʤʝ "ʚʢʣʶʯʝʥ/ʚʳʢʣʶʯʝʥ", ʠʤʝʶʪ ʨʷʜ ʩʝʨʴʝʟʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ: 

1. ɺʳʩʦʢʠʡ ʧʫʩʢʦʚʦʡ ʪʦʢ: ʏʘʩʪʳʝ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʙʨʦʩʢʘʤ 

ʪʦʢʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʛʨʫʞʘʶʪ ʵʣʝʢʪʨʦʩʝʪʴ ʠ ʩʦʢʨʘʱʘʶʪ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʷ. 

2. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʜʘʨʳ: ʈʝʟʢʠʡ ʟʘʧʫʩʢ ʠ ʦʩʪʘʥʦʚʢʘ ʥʘʩʦʩʘ ʚʳʟʳʚʘʶʪ ʩʢʘʯʢʠ 

ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ("ʛʠʜʨʦʫʜʘʨʳ"), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʥʦʩʫ ʘʨʤʘʪʫʨʳ, ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʩʘʤʦʛʦ ʥʘʩʦʩʘ. 

3. ʅʝʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʅʘʩʦʩ ʯʘʩʪʦ ʨʘʙʦʪʘʝʪ ʩ ʠʟʙʳʪʦʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴʶ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ. 

4. ʆʪʩʫʪʩʪʚʠʝ ʛʠʙʢʦʩʪʠ: ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʧʦʨ ʠ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʨʘʥʦʚ). 

ʈʝʰʝʥʠʝʤ ʵʪʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦ-

ʱʴ ʁʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʐʀʄ). ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʣʘʚʥʦ ʠʟʤʝʥʷʪʴ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʷ: 

¶ ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʥʘ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. 

¶ ʇʣʘʚʥʳʡ ʧʫʩʢ ʠ ʦʩʪʘʥʦʚʢʫ, ʠʩʢʣʶʯʘʶʱʠʡ ʧʝʨʝʛʨʫʟʢʠ ʠ ʛʠʜʨʦʫʜʘʨʳ. 

¶ ʉʪʘʙʠʣʠʟʘʮʠʶ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʩʭʦʜʘ ʚʦʜʳ. 

¶ ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚʩʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʐʀʄ-ʫʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷ-

ʝʪʩʷ ʚʳʩʦʢʦʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʦʟʜʘʥʠʝ ʵʢʦʥʦʤʠʯʥʳʭ, ʥʘʜʝʞʥʳʭ ʠ "ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ" ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʘʤʠ. 

ʇʦʛʨʫʞʥʳʝ ʥʘʩʦʩʳ: ʵʪʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʛʝʨʤʝʪʠʯʥʦ ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʢʨʳʣʴʯʘʪʢʦʡ (ʨʘ-

ʙʦʯʠʤ ʢʦʣʝʩʦʤ) ʠ ʧʦʤʝʱʝʥʥʳʡ ʚ ʚʦʜʫ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ, 

ʢʨʳʣʴʯʘʪʢʘ ʟʘʭʚʘʪʳʚʘʝʪ ʚʦʜʫ ʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʳʪʘʣʢʠʚʘʝʪ ʝʝ ʚ ʥʘʧʦʨʥʫʶ ʪʨʫʙʫ. ʏʝʤ ʙʳʩʪʨʝʝ 

ʚʨʘʱʘʝʪʩʷ ʜʚʠʛʘʪʝʣʴ, ʪʝʤ ʚʳʰʝ ʥʘʧʦʨ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ. 

ʇʨʦʙʣʝʤʘ ʦʙʳʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: ʇʨʷʤʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʪʠ ʟʘʩʪʘʚʣʷʝʪ ʥʘʩʦʩ ʚʩʝʛʜʘ ʨʘ-

ʙʦʪʘʪʴ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʠʤ ʩʪʘʨʪʘʤ/ʦʩʪʘʥʦʚʢʘʤ, ʧʝʨʝʨʘʩʭʦʜʫ 

ʵʥʝʨʛʠʠ ʠ ʠʟʥʦʩʫ. 

2. ʄʝʪʦʜ ʐʀʄ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʐʠʨʦʪʥʦ-ʀʤʧʫʣʴʩʥʘʷ ʄʦʜʫʣʷʮʠʷ): 

ʕʪʦ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. 

o ʂʘʢ ʵʪʦ ʨʘʙʦʪʘʝʪ: ʚʤʝʩʪʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʜʚʠʛʘʪʝʣʴ ʧʦʜʘʶʪʩʷ ʙʳʩʪʨʳʝ ʠʤʧʫʣʴʩʳ 

(ʚʢʣʶʯʝʥʦ/ʚʳʢʣʶʯʝʥʦ). 

o ʉʫʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: ʤʝʥʷʝʪʩʷ ʥʝ ʚʳʩʦʪʘ ʠʤʧʫʣʴʩʦʚ (ʥʘʧʨʷʞʝʥʠʝ), ʘ ʠʭ ʰʠʨʠʥʘ (ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ). 

o ʐʠʨʦʢʠʡ ʠʤʧʫʣʴʩ (ʙʦʣʴʰʘʷ ʩʢʚʘʞʥʦʩʪʴ) -> ɼʚʠʛʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ -> ɺʨʘ-

ʱʘʝʪʩʷ ʙʳʩʪʨʝʝ. 

o ʋʟʢʠʡ ʠʤʧʫʣʴʩ (ʤʘʣʘʷ ʩʢʚʘʞʥʦʩʪʴ) -> ɼʚʠʛʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ -> ɺʨʘʱʘʝʪʩʷ 

ʤʝʜʣʝʥʥʝʝ. 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ. ʏʘʩʪʠ ʩʭʝʤʳ: ʇʦʪʝʥ-

ʮʠʦʤʝʪʨ, ʢʦʥʜʝʥʩʘʪʦʨ, ʪʨʘʥʟʠʩʪʦʨ, ʧʦʛʨʫʞʥʦʡ ʥʘʩʦʩ, ʚ ʨʦʣʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʳʡ ʙʫ-

ʜʝʪ ʩʦʟʜʘʚʘʪʴ ʐʀʄ ʩʠʛʥʘʣ (ʇʣʘʪʘ ɸʨʜʫʠʥʦ UNO), ʵʢʨʘʥ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ, ʢʘʢʦʡ ʰʠʨʝʥʳ ʧʦ-

ʜʘʝʪʩʷ ʐʀʄ ʩʠʛʥʘʣ ʥʘ ʤʦʪʦʨʯʠʢ.       

 
ʈʠʩ. 1 ʉʭʝʤʘ ʋʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʝʤ. ʏʪʦ ʤʳ ʨʝʛʫʣʠʨʫʝʤ ʐʀʄ, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣ-

ʣʝʨ ʩʠʛʥʘʣ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʤʝʪʨ ʨʝʛʫʣʠʨʫʷ ʰʠʨʠʥʫ ʩʠʛʥʘʣʘ ʪʝʤ ʩʘʤʳʤ ʤʳ ʫʧʨʘʚʣʷʝʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʤʦʪʦʨʯʠʢʝ, ʘ ʰʠʨʠʥʫ ʩʠʛʥʘʣʘ ʚ ʧʨʦʮʝʥʪʘʭ ʚʳʚʦʜʠʪʴʩʷ ʥʘ ʵʢʨʘʥ.  ʇʨʠ ʟʥʘʯʝ-

ʥʠʠ 100 % ʢʦʪʦʨʦʝ ʧʨʠʭʦʜʠʪ ʥʘ ʵʢʨʘʥ ʜʚʠʛʘʪʝʣʴ ʚʨʘʱʘʝʪʩʷ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ. ɽʩʣʠ ʧʦʜʘ-

ʚʘʪʴ ʐʀʄ ʩʠʛʥʘʣ ʦʪ 0 % ʜʦ 40 %, ʪʦ ʜʚʠʛʘʪʝʣʴ ʥʝ ʙʫʜʝʪ ʚʨʘʱʘʝʪʩʷ, ʘ ʙʫʜʝʪ ʛʫʜʝʪʴ ʠ ʤʳ ʧʦʣʫ-

ʯʘʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʐʀʄ ʩʠʛʥʘʣʘ ʨʘʙʦʪʳ ʵʪʦʛʦ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʐʀʄ-ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ ʜʦʢʘʟʘʣʘ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʳʡ ʧʫʩʢ ʜʚʠʛʘʪʝʣʷ, ʧʦʣʥʦʝ 

ʠʩʢʣʶʯʝʥʠʝ ʛʠʜʨʦʫʜʘʨʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʐʀʄ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1. ʐʀʄ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. : 

https://inner.su/articles/shim-regulirovanie-skorosti-elektrodvigateley  (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.10.2023). 

2. ʋʨʦʢʠ ʧʦ Arduino ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï

: https://alexgyver.ru/lessons/potentiometer  

3. ʦʩʘ ʜʣʷ ʩʢʚʘʞʠʥʳ: ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

https://hair73.ru/ustroystvo-pogruzhnogo-nasosa-dlya-skvazhiny (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.10.2023). 

4. ʋʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ Arduino [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ]. ï : https://microkontroller.ru/arduino-projects/upravlenie-skorostyu-vrashheniya-dvigatelya-

postoyannogo-toka-na-arduino/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.10.2023). 
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ʆʇʈɽɼɽʃɽʅʀɽ ʄʅʆɻʆʆɹʆʈʆʊʅʆɻʆ ɸɹʉʆʃʖʊʅʆɻʆ ʋɻʃʆɺʆɻʆ  

ʇʆʃʆɾɽʅʀʗ 

ʌʦʤʠʥʘ ʂ. ɸȢ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ. ʊʠʤʦʰʢʠʥ ɺ. ɺȢ 
1ʅʀ ʊʇʋ, ʀʐʀʊʈ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 8ɽ21 

e-mail: kaf13@tpu.ru 
2ʅʀ ʊʇʋ, ʀʐʀʊʈ, ʜʦʮʝʥʪ 

e-mail: timoshkinvv@tpu.ru 

 

ɺʚʝʜʝʥʠʝ. ɺʦ ʤʥʦʛʠʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʤʥʦʛʦʦʙʦʨʦʪʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ ʠʣʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ. ʊʘʢʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʝ ʤʥʦʛʦʦʙʦʨʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ  ʠʟʫʯʝʥʠʝ ʧʨʠʥ-

ʮʠʧʦʚ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʜʣʷ ʤʥʦʛʦʦʙʦʨʦʪʥʦʛʦ ʜʘʪʯʠʢʘ. 

ʆʙʟʦʨ. ʄʥʦʛʦʦʙʦʨʦʪʥʳʡ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʩ ʟʫʙʯʘʪʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʰʝʩʪʝʨʝʥ, ʩʦʝʜʠʥʝʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ. 

ɼʘʥʥʳʝ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʛʜʝ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʳʡ ʤʝʭʘʥʠʟʤ ʩʦʚʝʨʰʘʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ, ʠ ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʘʙʩʦ-

ʣʶʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʡ ʨʘʙʦʯʝʡ ʪʨʘʝʢʪʦʨʠʠ ʙʝʟ ʩʙʨʦʩʘ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ.  

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʢʘʢ ʤʠ-

ʥʠʤʫʤ ʠʟ ʜʚʫʭ ʰʝʩʪʝʨʝʥ, ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝʡ. ʂʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ 

ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝ ʟʫʙʴʝʚ ʥʘ ʢʘʞʜʦʡ ʠʟ ʰʝʩʪʝʨʝʥ. ʅʘ ʚʘʣʫ ʢʘʞʜʦʡ ʰʝʩʪʝʨʥʠ ʫʩʪʘ-

ʥʦʚʣʝʥ ʩʦʙʩʪʚʝʥʥʳʡ ʜʘʪʯʠʢ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ. ʅʝʩʦʚʧʘʜʝʥʠʝ ʬʘʟʦʚʳʭ 

ʩʠʛʥʘʣʦʚ ʦʪ ʵʪʠʭ ʜʘʪʯʠʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʘʟʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ, ʦʙʨʘʟʫʝʪ ʫʥʠ-

ʢʘʣʴʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʝʜʫʱʝʛʦ ʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʝʛʦ ʤʥʦʛʦ-

ʦʙʦʨʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɸʥʘʣʠʟʠʨʫʷ ʵʪʫ ʨʘʟʥʦʩʪʴ ʬʘʟ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʷʝʪ 

ʘʙʩʦʣʶʪʥʦʝ ʤʥʦʛʦʦʙʦʨʦʪʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʜʘʪʯʠʢ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʬʬʝʢʪʝ çʛʠʛʘʥʪʩʢʦʛʦè ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɻʄʉ), ʛʜʝ ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʰʝʩʪʝʨʥʝ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʸ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. ʆʜʥʘʢʦ ʣʶʙʳʝ ʜʘʪʯʠʢʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʚʥʦʩʷʪ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʠʟʤʝʨʝʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʪʘʢʠʤʠ ʢʘʢ ʥʝʩʦʦʩʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ) ʠ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʤʠ ʧʦʤʝʭʘʤʠ (ʚʢʣʶʯʘʷ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʩʦʩʝʜʥʠʭ ʤʘʛʥʠʪʦʚ). ʀʜʝʘʣʴʥʳʡ ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ, ʦʧʠʩʳʚʘʝʤʳʡ ʦʢʨʫʞʥʦʩʪʴʶ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ, ʠʩʢʘʞʘʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʵʪʠʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʨʸʤ ʦʩʥʦʚʥʳʤ ʪʠʧʘʤ ʦʰʠʙʦʢ: ʩʤʝʱʝʥʠʶ ʥʫʣʷ, ʠʟʤʝ-

ʥʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʦʚʦʤʫ ʩʜʚʠʛʫ (ʧʨʠʤʝʨ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 1). 

ʕʪʠ ʦʰʠʙʢʠ ʨʝʰʘʶʪʩʷ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʝʥʩʘ-

ʮʠʠ ʠ ʢʘʣʠʙʨʦʚʢʠ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʠ ʘʜʘʧʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʜʚʘ 

ʢʣʶʯʝʚʳʭ ʘʣʛʦʨʠʪʤʘ: ʘʣʛʦʨʠʪʤ ʘʚʪʦ-ʢʘʣʠʙʨʦʚʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʠ ʫʩʪʨʘʥʷʝʪ 

ʦʰʠʙʢʠ ʩʤʝʱʝʥʠʷ, ʨʘʟʥʦʩʪʠ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʥʦʨʤʘʣʠʟʫʷ ʩʠʛʥʘʣʳ ʢ ʠʜʝʘʣʴʥʦʤʫ 

ʚʠʜʫ ʚ ʜʠʘʧʘʟʦʥʝ [-1, 1]. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʰʫʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ 

ʬʘʟʦʚʘʷ ʘʚʪʦʧʦʜʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ (ʌɸʇʏ) ʩ ʧʝʨʝʤʝʥʥʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ. ɽʸ ʛʣʘʚʥʦʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ  ʩʧʦʩʦʙʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʬʠʣʴʪʨʦʚʘʪʴ ʰʫʤ ʙʝʟ ʚʚʝʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʨʝʤʝʥ-

ʥʦʡ ʟʘʜʝʨʞʢʠ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʜʠʥʘʤʠʯʥʳʭ ʩʠʩʪʝʤ [1]. 
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ʈʠʩ.1. ɼʠʘʛʨʘʤʤʘ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʦʚ ʧʦʣʦʞʝʥʠʷ 

ɼʨʫʛʠʤ ʚʘʨʠʘʥʪʦʤ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʥʭʨʦʥʥʦʡ d-ʦʩʠ. ʕʪʦʪ 

ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʇʘʨʢʘ (dq-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ). ʅʝ-

ʠʜʝʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʵʥʢʦʜʝʨʘ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚʦ ʚʨʘʱʘʶʱʫʶʩʷ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʩʠʥʭʨʦʥʠ-

ʟʠʨʦʚʘʥʥʫʶ ʩ ʝʛʦ ʧʦʣʦʞʝʥʠʝʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʦʰʠʙʦʢ ʚ ʩʠʥʭʨʦʥʥʦʡ d-ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʷʚʣʷ-

ʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʫʣʴʩʘʮʠʠ ʩ ʯʘʩʪʦʪʦʡ, ʢʨʘʪʥʦʡ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʘ ʵʥʢʦʜʝʨʘ. ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴ-

ʟʫʝʪ ʠʥʪʝʛʨʘʪʦʨʳ, ʥʘʩʪʨʦʝʥʥʳʝ ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʵʪʠʭ ʧʫʣʴʩʘʮʠʡ, ʯʪʦʙʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʮʝ-

ʥʠʪʴ ʠ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʡ ʠ ʨʘʟʥʦʩʪʝʡ ʫʩʠʣʝʥʠʷ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʚʦʜʷʪʩʷ ʢ ʩʣʦʞʥʦʡ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʣʠʙʦ ʘʜʘʧʪʠʚʥʦ ʬʠʣʴʪʨʫʝʪ ʠ ʢʘʣʠʙʨʫʝʪ ʩʠʛʥʘʣʳ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʝʪ 

ʪʝʦʨʠʶ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʧʦʜʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʥʦʤ ʚʠʜʝ ʩʠʛʥʘʣʦʚ. 

ɺʳʚʦʜ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʦʙʦʨʦʪʥʦʛʦ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʧʦʢʘʟʘʣ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʣʦʞʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʨʝʙʫʶʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʘʥʘʣʠʟʝ ʨʘʟʥʦʩʪʠ ʬʘʟ ʩʠʛʥʘ-

ʣʦʚ ʦʪ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʰʝʩʪʝʨʥʷʭ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʫʙʴʝʚ, ʪʘʢ ʢʘʢ ʜʘʥ-

ʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʜʘʪʯʠʢʦʚ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦ-

ʩʪʴʶ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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2. Hwang S.-H. Signal Compensation for Analog Rotor Position Errors due to Nonideal Sinusoidal 

Encoder Signals / S.-H. Hwang, D.-Y. Kim, J.-M. Kim, D.-H. Jang // Journal of Power Electronics. ï 2014. ï 
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ʋʧʨʘʚʣʝʥʠʝ ʦʨʠʝʥʪʘʮʠʝʡ ʢʚʘʜʨʦʢʦʧʪʝʨʘ (ʧʦʜʜʝʨʞʘʥʠʝ ʫʛʣʦʚ ʢʨʝʥʘ, ʪʘʥʛʘʞʘ ʠ ʨʳʩʢʘʥʠʷ) 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʠʟ-ʟʘ ʩʚʦʡʩʪʚ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʠ ʧʦʤʝʭ ʚ ʜʘʪʯʠʢʘʭ [1]. ʂʦʥʪʫʨʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦ ʢʨʝʥʫ ʠ ʪʘʥʛʘʞʫ ʦʙʣʘʜʘʶʪ ʘʩʪʘʪʠʟʤʦʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʩ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ (ʛʠʨʦʩʢʦʧʦʚ ʠ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ) ʧʦʜʚʝʨʞʝʥʳ ʩʣʫʯʘʡʥʳʤ ʠ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʤ ʰʫʤʘʤ, ʩʚʷʟʘʥʥʳʤ ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʠʙʨʘʮʠʷʤʠ ʦʪ ʨʘʙʦʪʳ ʤʦʪʦʨʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʸʪʘ ʚʘʞʥʦ ʧʦʣʫʯʘʪʴ ʦʮʝʥʢʠ ʫʛʣʦʚ ʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʤʠʥʠ-

ʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʧʦʤʝʭ [2]. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʩʪʳʤʠ ʬʠʣʴʪʨʘʤʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘ-

ʥʠʪʴ ʰʫʤʳ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʬʠʣʴʪʨʘʮʠʠ, ʪʘʢʠʝ 

ʢʘʢ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʬʠʣʴʪʨʳ ʠ ʬʠʣʴʪʨʳ ʂʘʣʤʘʥʘ [3]. ʆʜʥʘʢʦ ʦʪʣʘʜʢʘ ʧʦʜʦʙʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʣʝʪʘʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʩʦʧʨʷʞʝʥʘ ʩ ʨʠʩʢʦʤ ʘʚʘʨʠʠ ʠ ʟʘʪʨʫʜʥʷʝʪ ʚʦʩʧʨʦʠʟ-

ʚʝʜʝʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʝʨʚʳʭ ʪʝʩʪʠʨʦʚʘʥʠʡ ʠ ʪʘʢʞʝ ʧʦʚʪʦʨʷʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʪʝʥʜʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʙʝʟ-

ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ ʧʦ ʫʛʣʘʤ ʦʨʠʝʥʪʘʮʠʠ. ɼʘʥʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʠʨʦʚʘʪʴ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢ-

ʮʠʶ ʩʠʩʪʝʤʳ ʥʘ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʦʪʣʘʜʢʫ ʠ ʠʩʧʳʪʘʥʠʷ ʙʝʟ ʚʳ-

ʧʦʣʥʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʦʣʸʪʦʚ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʢʦʤʧʦʥʝʥʪʳ ʫʩʪʘʥʦʚʢʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʚʳʧʦʣʥʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ʧʝʨʝʚʸʨʥʫʪʦʛʦ ʤʘʷʪʥʠʢʘ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʚʦʨʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʪʨʸʤ ʦʩʷʤ: ʢʨʝʥʘ, ʪʘʥʛʘʞʘ ʠ 

ʨʳʩʢʘʥʠʷ. ʊʘʢʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʚʠʞʝʥʠʷ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. ɺʩʷ ʫʩʪʘʥʦʚʢʘ 

ʞʸʩʪʢʦ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʧʨʦʯʥʦʤ ʦʩʥʦʚʘʥʠʠ, ʠʩʢʣʶʯʘʶʱʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦ 

ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʘʨʢʘʩ ʧʣʘʪʬʦʨʤʳ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʚ ʩʨʝʜʝ OpenSCAD ʠ ʠʟʛʦʪʦʚʣʝʥ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ CAD-ʤʦʜʝʣʠ. ʕʪʦ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʧʨʦʩʪʦʪʫ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʝʸ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ɺʠʜ ʠʪʦʛʦʚʦʡ 3D-ʤʦʜʝʣʠ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. CAD-ʤʦʜʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢʚʘʜʨʦʢʦ-

ʧʪʝʨʘ 

ʈʠʩ. 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʜʝʡ-

ʩʪʚʫʶʱʠʤ ʧʨʦʪʦʪʠʧʦʤ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʫʛʣʦʚʳʝ ʜʚʠʞʝʥʠʷ ʢʚʘʜʨʦʢʦ-

ʧʪʝʨʘ ʚ ʪʨʸʭ ʧʣʦʩʢʦʩʪʷʭ ʢʨʝʥʘ, ʪʘʥʛʘʞʘ ʠ ʨʳʩʢʘʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ ʧʦʜʚʝʩʘ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʘʣʠʩʪʠʯʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʜʠʥʘʤʠʢʠ ʦʨʠʝʥʪʘʮʠʠ ʘʧʧʘʨʘʪʘ ʙʝʟ ʚʳʧʦʣʥʝʥʠʷ 
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ʧʦʣʸʪʘ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣ ʧʨʦʚʝʜʸʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʮʝʥʢʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ. ʇʦʣʥʳʡ ʩʦʩʪʘʚ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʸʥ ʦʙʱʠʡ ʚʠʜ ʩʪʝʥʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʚʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʤʦʜʫʣʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʨʧʫʩʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʅʠʞʝ ʧʝ-

ʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʝ ʥʘ ʬʦʪʦ: 

1. ɻʨʘʬʠʢ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʛʣʘ. ʅʘ ʦʪʜʝʣʴʥʦʤ ʵʢʨʘʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʛʨʘʬʠʢ ʠʟʤʝ-

ʥʝʥʠʷ ʫʛʣʘ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʨʝʘʢʮʠʶ ʩʠʩʪʝʤʳ (ʫʛʣʦʚʦʡ ʦʪʢʣʠʢ) ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

2. ʂʦʥʪʨʦʣʣʝʨ ESP-32. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʥʘ ʙʘʟʝ ESP-32 ʚʳʧʦʣʥʷʝʪ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

3. ʄʦʜʫʣʴ ESP-8266 (Wi-Fi). ʆʪʜʝʣʴʥʳʡ ʤʦʜʫʣʴ ESP-8266 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʙʝʩʧʨʦʚʦʜ-

ʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʢʦʤʘʥʜ ʧʦ Wi-Fi; ʦʥ ʩʣʫʞʠʪ ʠʥʪʝʨʬʝʡʩʦʤ ʤʝʞʜʫ ʩʪʝʥʜʦʤ ʠ ʫʜʘ-

ʣʸʥʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ. 

4. ʇʣʘʪʘ Arduino. Arduino ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʧʨʦʰʠʚʢʠ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʘ ESP-32 ʠ ʦʪʣʘʜʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ (ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʬʝʡʩʘ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʥʥʳʭ ʯʝʨʝʟ USB). 

5. ʊʨʸʭʦʩʝʚʦʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʦʜʚʝʩ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʜʚʝʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʭʘʥʠʯʝ-
ʩʢʫʶ ʧʣʘʪʬʦʨʤʫ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʝʡ 

ʢʨʝʥʘ, ʪʘʥʛʘʞʘ ʠ ʨʳʩʢʘʥʠʷ. ʊʘʢʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʢʚʘʜʨʦʢʦʧʪʝʨʫ ʩʦʚʝʨʰʘʪʴ ʫʛ-

ʣʦʚʳʝ ʜʚʠʞʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʣʸʪʥʳʤ ʫʩʣʦʚʠʷʤ, ʧʨʠ ʵʪʦʤ ʞʸʩʪʢʦ ʬʠʢʩʠʨʫʷ ʝʛʦ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʩʦʩʪʘʚ ʫʩʪʘʥʦʚʢʠ ʚʭʦʜʷʪ ʩʠʣʦʚʘʷ ʙʘʪʘʨʝʷ ʜʣʷ ʧʠ-

ʪʘʥʠʷ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʘʤʠ ʤʦʪʦʨʳ ʩ ʧʨʦʧʝʣʣʝʨʘʤʠ ʦʪ ʢʚʘʜʨʦʢʦ-

ʧʪʝʨʘ, ʩʦʟʜʘʶʱʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʤʦʤʝʥʪʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʜʫʣʝʡ 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʪʝʥʜʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʘʚʪʦʥʦʤʥʳʡ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣ-

ʣʝʨʝ ESP-32 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʩʦʩʪʘʚ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʚʭʦʜʠʪ ʠʥʝʨʮʠʘʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ (MPU-6050), ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʜʘʥʥʳʝ ʦʙ ʫʛʣʦ-

ʚʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ESP-32 ʩʯʠʪʳʚʘʝʪ ʵʪʠ 

ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ ʠ ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʦʜʜʝʨʞʘʥʠʝ ʟʘ-

ʜʘʥʥʦʛʦ ʫʛʣʘ) ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺʳʯʠʩʣʝʥʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʘʶʪʩʷ ʥʘ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʚʳʟʳʚʘʷ ʧʦʚʦʨʦʪ ʘʧʧʘʨʘʪʘ ʚʦʢʨʫʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʛʣʦʚ ʢʨʝʥʘ, ʪʘʥʛʘʞʘ ʠ ʨʳʩʢʘʥʠʷ, ʘʥʘʣʦ-

ʛʠʯʥʳʡ ʢʦʥʪʫʨʫ ʥʘ ʨʝʘʣʴʥʦʤ ʣʝʪʘʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ. 

ɼʣʷ ʩʚʷʟʠ ʩ ʚʥʝʰʥʠʤ ʢʦʤʧʴʶʪʝʨʦʤ ʩʪʝʥʜ ʦʩʥʘʱʸʥ ʤʦʜʫʣʝʤ ESP-8266, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ Wi-Fi. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʦʪʧʨʘʚʣʷʪʴ ʫʧʨʘʚʣʷ-

ʶʱʠʝ ʢʦʤʘʥʜʳ ʠ ʧʦʣʫʯʘʪʴ ʪʝʣʝʤʝʪʨʠʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦ-

ʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʝʨʝʜʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʪʦʢʦʣ MAVLink, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʚʫʩʪʦʨʦʥʥʶʶ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʥʘʟʝʤʥʦʡ 

ʩʪʘʥʮʠʝʡ. ɺ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʤʦʜʫʣʴ ESP-8266 ʚʳʧʦʣʥʷʝʪ ʘʥʘʣʦʛʠʯʥʫʶ ʬʫʥʢʮʠʶ: ʧʝʨʝʜʘʸʪ 

ʥʘ ʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʘʥʜʳ (ʥʘʧʨʠʤʝʨ, ʟʘʜʘʥʠʷ ʧʦ ʫʛʣʫ ʦʨʠʝʥʪʘʮʠʠ ʠʣʠ ʚʳʙʦʨ ʨʝ-

ʞʠʤʘ ʨʘʙʦʪʳ) ʠ ʚʦʟʚʨʘʱʘʝʪ ʦʙʨʘʪʥʦ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ  ʫʛʣʳ, ʩʢʦʨʦʩʪʠ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʜʨ. 

ʇʝʨʝʜʘʚʘʝʤʳʝ ʩ ʙʦʨʪʘ ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʪʝʢʫʱʠʝ ʫʛʣʳ ʢʨʝʥʘ, ʪʘʥʛʘʞʘ, ʨʳʩʢʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ. ʕʪʠ ʜʘʥʥʳʝ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʵʢʨʘʥʝ (ʤʦʥʠʪʦʨ 

1) ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʙʣʶʜʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʩʠʩʪʝʤʳ. ʇʘʨʘʣʣʝʣʴʥʦ ʥʘ ʥʦʫʪʙʫʢʝ (ʤʦʥʠʪʦʨ 2) ʟʘʧʫʱʝʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʝʨʘʪʦʨʘ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩʦ ʩʪʝʥʜʦʤ, ʦʪʦʙ-

ʨʘʞʝʥʠʝ ʪʝʣʝʤʝʪʨʠʠ ʠ ʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʝʥʜʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʧʨʦʙʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʠ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. ɸʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘʮʠʠ ʙʳʣ ʚʩʪʨʦʝʥ ʚ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʘ-

ʥʦʚʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʧʫʪʸʤ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʩ ʘʢʩʝ-

ʣʝʨʦʤʝʪʨʘ ʠ ʛʠʨʦʩʢʦʧʘ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʝʥʜ ʧʨʠʚʦʜʠʣʩʷ ʚ ʜʚʠʞʝʥʠʝ ʧʦ ʢʘʥʘʣʫ ʢʨʝʥʘ, ʘ 

ʧʦʢʘʟʘʥʠʷ ʠʥʝʨʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘ ʛʨʘʬʠʢʘʭ ʧʝʨʝʭʦʜ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʦʙʨʘʞʘʣʠʩʴ: ʠʟʤʝʨʝʥʥʳʡ ʫʛʦʣ (ʩʳʨʦʡ ʩʠʛʥʘʣ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘ), 

ʦʮʝʥʝʥʥʳʡ ʫʛʦʣ (ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ), ʩʳʨʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ (ʩ ʛʠʨʦʩʢʦʧʘ) ʠ ʝʸ ʦʮʝʥʢʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʬʠʣʴʪʨʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʣʣʶʩʪʨʠʨʫʶʪ ʢʘʯʝʩʪʚʦ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʢʘ-

ʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3. ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʫʛʣʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʢʘʥʘʣʫ ʢʨʝʥʘ ʧʨʠ ʨʘʙʦʪʝ ʬʠʣʴʪʨʘ ʂʘʣ-

ʤʘʥʘ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʬʠʣʴʪʨ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʤʝʨʝʥʠʝʤ ʧʨʠ ʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ, ʩʛʣʘʞʠʚʘʷ ʰʫʤ ʠ ʚʳʜʘʚʘʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ ʩʠʛʥʘʣ ʦʮʝʥʢʠ.  ʇʨʠʤʝʥʝ-

ʥʠʝ ʘʣʛʦʨʠʪʤʘ ʬʠʣʴʪʨʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʧʦʤʝʭ ʚ ʩʠʛʥʘʣʝ ʫʛʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ï ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʝʥʥʦʛʦ ʫʛʣʘ ʦʢʘʟʘʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʥʝʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʥʝʙʦʣʴʰʠʝ ʬʣʫʢʪʫ-

ʘʮʠʠ ʫʛʣʘ ʧʨʠ ʫʩʪʘʥʦʚʠʚʱʝʤʩʷ ʨʝʞʠʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ ʵʬʬʝʢʪʘʤ ʚʠʙʨʘʮʠʦʥ-

ʥʳʭ ʧʦʤʝʭ ʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʙʦʪʝ ʢʦʥʪʫʨʘ [4]. ɺ ʮʝʣʦʤ, ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʜʪʚʝʨ-

ʜʠʣʠ ʧʨʠʛʦʜʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ: ʩʪʝʥʜ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʜʠʥʘʤʠʢʫ ʦʙʲ-

ʝʢʪʘ ʠ ʧʦʟʚʦʣʷʝʪ ʙʝʟʦʧʘʩʥʦ ʠʩʧʳʪʳʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴ-

ʥʳʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʦʪʣʘʜʢʝ ʥʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ. ʆʥʘ ʧʨʝʜʦʩʪʘʚ-

ʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʩʪʠʨʦʚʘʪʴ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚ 

ʙʝʟʦʧʘʩʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʨʝʜʝ, ʧʦʰʘʛʦʚʦ ʦʪʣʘʞʠʚʘʷ ʠʭ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʩʘʤʦʛʦ ʘʧʧʘʨʘʪʘ. ʉʪʝʥʜ 

ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʘʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʫʛʣʦʚ ʚ ʨʝʞʠʤʝ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʥʘʩʪʨʦʡʢʫ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʬʠʣʴʪʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʣʫʞʠʪ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪ-

ʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʝʨʝʜ ʠʭ ʚʥʝʜʨʝʥʠʝʤ ʥʘ ʨʝʘʣʴʥʳʡ 

ʢʚʘʜʨʦʢʦʧʪʝʨ. 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʦʚʳʭ ʨʘʙʦʪ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʙʝʟʘʤʙʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʫʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʢʣʶʯʘʶʪ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʙʫʨʦʚʦʛʦ ʰʣʘʤʘ ʠ ʩʪʦʯʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʪʨʝʙʫʶʱʠʭ ʭʨʘʥʝʥʠʷ ʚ ʘʤʙʘʨʘʭ. ɸʚʪʦʤʘʪʠ-

ʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʙʝʟʘʤʙʘʨʥʦʛʦ ʙʫʨʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯ-

ʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ, ʩʥʠʟʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʫ-

ʨʝʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʠʟ ʠ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʙʝʟʘʤʙʘʨʥʦʤ ʙʫʨʝʥʠʠ, ʘ ʪʘʢʞʝ ʚʳ-

ʷʚʣʝʥʠʝ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʦʙʣʝʤ ʚʥʝʜʨʝʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʙʝʟʘʤʙʘʨʥʦʤ ʙʫʨʝʥʠʠ 

ɹʝʟʘʤʙʘʨʥʦʝ ʙʫʨʝʥʠʝ ð ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʠ ʦʪʭʦʜʳ ʧʨʦʭʦ-

ʜʷʪ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʫʶ ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ ʠ ʨʝʮʠʢʣʠʥʛʘ (ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). ɺʤʝʩʪʦ 

ʭʨʘʥʝʥʠʷ ʰʣʘʤʘ ʚ ʘʤʙʘʨʘʭ, ʦʥ ʦʙʝʟʚʦʞʠʚʘʝʪʩʷ ʠ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ: ʠʩʢʣʶʯʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ; ʩʦʢʨʘ-

ʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʣʠʢʚʠʜʘʮʠʶ ʘʤʙʘʨʦʚ; ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʨʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ; ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʦʪʭʦʜʦʚ. 

2. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʇʨʦʮʝʩʩ ʙʝʟʘʤʙʘʨʥʦʛʦ ʙʫʨʝʥʠʷ ʪʨʝʙʫʝʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ: 

ʫʨʦʚʥʷ ʠ ʧʣʦʪʥʦʩʪʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʮʠʨʢʫʣʷʮʠʠ, ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʦʚ ʠ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ, ʩʦ-

ʩʪʦʷʥʠʷ ʬʠʣʴʪʨʦʚ, ʰʣʘʤʦʚʳʭ ʥʘʩʦʩʦʚ ʠ ʮʝʥʪʨʠʬʫʛ. ɹʝʟ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʠ ʧʨʦʮʝʩʩʳ ʪʨʫʜʥʦ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ (ɸʉʋ ʊʇ) ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʝʥʠʷ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʜʠʘʛʥʦʩʪʠʢʫ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʩʪʘʥʦʚʢʦʡ. 

3. ʉʪʨʫʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

1. ɼʘʪʯʠʢʠ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ð ʠʟʤʝʨʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʜʘʚʣʝʥʠʝ, ʫʨʦʚʝʥʴ, 

ʨʘʩʭʦʜ ʠ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʇʨʠʤʝʨʳ: ʜʘʪʯʠʢʠ ʧʣʦʪʥʦʩʪʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʚʠʙ-

ʨʘʮʠʦʥʥʳʝ ʫʨʦʚʥʝʤʝʨʳ, ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʥʘʛʨʫʟʢʠ. 

2. ʂʦʥʪʨʦʣʣʝʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʣʦʛʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʇʃʂ) ð ʚʳʧʦʣʥʷʶʪ ʩʙʦʨ ʜʘʥʥʳʭ 

ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʬʦʨʤʠʨʫʶʪ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʜʣʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʇʃʂ Siemens, ʆʚʝʥ, Schneider Electric. 

3. ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ð ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʥʘʩʦʩʦʚ, ʟʘʩʣʦʥʦʢ, ʰʥʝʢʦʚ ʠ ʮʝʥʪʨʠ-

ʬʫʛ, ʫʧʨʘʚʣʷʶʱʠʝ ʧʦʪʦʢʘʤʠ ʨʘʩʪʚʦʨʘ ʠ ʰʣʘʤʘ. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʜʦʟʠʨʦ-

ʚʘʥʠʝ ʠ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

4. ʉʠʩʪʝʤʘ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (HMI/SCADA) ð ʦʪʦʙʨʘʞʘʝʪ ʠʥʬʦʨʤʘʮʠʶ 

ʥʘ ʵʢʨʘʥʘʭ ʦʧʝʨʘʪʦʨʘ, ʭʨʘʥʠʪ ʘʨʭʠʚ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʫʝʪ ʦʪʯʸʪʳ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ. 

4. ʊʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʙʝʟʘʤʙʘʨʥʦʛʦ ʙʫʨʝʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ: 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʠʬʫʛ ʠ ʰʥʝʢʦʚ ʯʝʨʝʟ ʯʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʝ ʚʢʣʶʯʝʥʠʝ ʥʘʩʦʩʦʚ ʧʦ ʩʠʛʥʘʣʘʤ ʫʨʦʚʥʷ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʙʫʨʦʚʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʩ ʙʫʨʦʚʳʤ ʥʘʩʦʩʦʤ, ʟʘʱʠʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʧʝʨʝʛʨʫʟʢʠ ʠ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ. 
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ʇʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ (ʏʈʇ), ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʧʣʘʚʥʳʡ ʧʫʩʢ ʤʝʭʘʥʠʟʤʦʚ, ʵʢʦʥʦʤʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʟʥʦʩʘ ʫʟʣʦʚ. 

5. ʇʨʦʙʣʝʤʳ ʠ ʩʣʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʝʟʘʤʙʘʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʦ-

ʙʣʝʤʳ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʠʩʪʝʤ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʡ ʢʘ-

ʣʠʙʨʦʚʢʠ ʜʘʪʯʠʢʦʚ ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ; ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʜʘʪ-

ʯʠʢʠ, ʇʃʂ, SCADA ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ); ʥʝʭʚʘʪʢʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʩʧʦ-

ʩʦʙʥʦʛʦ ʦʙʩʣʫʞʠʚʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ; ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʷʟʠ ʚ ʫʜʘʣʸʥʥʳʭ 

ʨʘʡʦʥʘʭ ʙʫʨʝʥʠʷ. 

6. ʇʫʪʠ ʨʝʰʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʙʫʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʚʥʝʜʨʝʥʠʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ  

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʙʝʟʘʤʙʘʨʥʦʛʦ ʙʫʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘ-

ʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝ-

ʤʳʭ. ɺʥʝʜʨʝʥʠʝ ɸʉʋ ʊʇ, ʩʠʩʪʝʤ ʜʘʪʯʠʢʦʚ, ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʯʘʩʪʦʪʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʙʫʨʝʥʠʷ, ʩʥʠ-

ʞʝʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ, ʤʠʥʠʤʠʟʘʮʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʝʟʘʤʙʘʨʥʦʛʦ ʙʫʨʝʥʠʷ ð ɻ ʪʦ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʮʠʬ-

ʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʠ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʦʙʠʪʘʝʤʳʝ ʧʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ (ʅʇɸ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʨʘʙʦʪʳ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʦʩʥʦʚʝ ʫʛʣʦʚ ʕʡʣʝʨʘ-ʂʨʳʣʦʚʘ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ [1]. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʦʨʠʝʥ-

ʪʘʮʠʝʡ ʅʇɸ, ʚʳʷʚʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʦʮʝʥʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚʦ ʚʩʝʤ ʜʠʘʧʘ-

ʟʦʥʝ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ [2]. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʛʣʦʚ ʕʡʣʝʨʘ-

ʂʨʳʣʦʚʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʦʚʦʨʦʪʦʚ Z-Y'-X''. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 

[3]: 

 
( sin( ) cos( )) / cos( );

cos( ) sin( );

( )( cos( ) sin( )),

y z

y z

x y ztg

y w g w g q

q w g w g

g w q w g w g

¡ë = +
î
¡= +ì

î
¡= - -í

 (1) 

ʛʜʝ ɣ, ɗ, ɔ ï ʫʛʣʳ ʢʫʨʩʘ, ʜʠʬʬʝʨʝʥʪʘ ʠ ʢʨʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɤx, ɤy, ɤz ï ʧʨʦʝʢʮʠʠ 

ʚʝʢʪʦʨʘ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʅʇɸ ʥʘ ʦʩʠ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʆʙʨʘʪʥʦʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʜʘʥ-

ʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠʟ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʫʛʣʳ ʕʡʣʝʨʘ [4]: 

 0

0

0

sin( );

sin( ) cos( )cos( );

cos( ) sin( )cos( ),

x ʪʝʢ

y ʪʝʢ ʪʝʢ ʪʝʢ

z ʪʝʢ ʪʝʢ ʪʝʢ

w g y q

w q g y g q

w q g y g q

¡ ¡ë = +
î

¡ ¡= +ì
î

¡ ¡= -í

  (2) 

ʛʜʝ 
0xw , 

0yw , 
0zw ï ʟʘʜʘʥʥʳʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʧʦ ʢʘʥʘʣʘʤ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʋʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

 
0( ) , , ,i i i i ʜi iU k k i x y zw w w= - - =   (3) 

ʛʜʝ Ui ï ʫʧʨʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʚʠʞʠʪʝʣʠ ʧʦ ʦʩʷʤ, ɤi, ɤy, ɤz ï ʫʛʣʦʚʳʝ ʩʢʦʨʦ-

ʩʪʠ, ɤi0, ï ʟʘʜʘʥʥʳʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ, Ki, ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʧʦ ʢʘʥʘʣʘʤ ʫʧʨʘʚʣʝ-

ʥʠʷ, Kʜi ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʤʧʬʠʨʫʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɼʣʷ ʫʛʣʦʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝ-

ʥʠʷ ʩʣʝʜʫʶʱʠʝ: Kx = 19,6, Ky = 25,3, Kz = 22,1. 

ɼʠʥʘʤʠʢʘ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ: 

 ( ) ,i jj i ʜʚi ai ʚi ʛiJ M M M Ml w¡+ = + + +  (4) 

ʛʜʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʢʨʫʛ ʦʩʝʡ Ox, Oy, Oz ʩʣʝʜʫʶʱʠʝ: Jx, Jy, Jz ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʅʇɸ, 

ɚ44, ɚ55, ɚ66 ï ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ, Mʜʚi ï ʤʦʤʝʥʪʳ ʦʪ ʜʚʠʞʠʪʝʣʝʡ, Mʛi ï ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ, Mʘi ï ʩʠʣʘ ɸʨʭʠʤʝʜʘ ʚʦʢʨʫʛ ʦʩʝʡ, Mʚi ï ʚʦʟʤʫʱʘʶʱʠʝ ʩʠʣʳ, i = 

x, y, z; j = 4, 5, 6. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʘʧʧʘʨʘʪʘ ʨʘʚʥʘ ʥʫʣʶ, ʠ 

ʤʦʤʝʥʪʳ ʦʪ ʩʠʣʳ ɸʨʭʠʤʝʜʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʫʶʪ (Mʘx, Mʘy, Mʘz = 0). 

ʄʦʤʝʥʪʳ ʦʪ ʩʠʣʳ ɸʨʭʠʤʝʜʘ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 

 
1 2ʛi i i i i iM C Cw ww w w=- -  , ʜʣʷ i = x, y, z, (5) 

ʛʜʝ  
1 2,i iC Cw w

 ï ʧʨʠʚʝʜʝʥʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

mailto:popovei72@mail.ru
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ʇʦʩʣʝ ʣʠʥʝʘʨʠʟʘʮʠʠ (6) ʧʦʣʫʯʠʤ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʢʘʥʘʣʦʚ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʅʇɸ:  

 ( )
,

( ) 1i

i ʇɸi
ʇɸ

ʜʚi ʇɸi

p K
W

M p T p

w
= =

+

  (6) 

ʛʜʝ 

1 22 *

i jj

ʇɸi

i i i

J
T

C Cw w

l

w

+
=

+

 , 

1 2

1

2 *
ʇɸi

i i i

K
C Cw ww

=
+

, *iw  ï  ʧʘʨʘʤʝʪʨ ʣʠʥʝʘʨʠʟʘʮʠʠ, i = x, y, z; j = 4, 

5, 6. 

 

ɼʠʥʘʤʠʢʘ ʜʚʠʞʠʪʝʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ:  

 ( )

( ) 1

ʜʚi ʜʚi
ʜʚi

i ʜʚi

M p K
W

U p T p
= =

+

 , (7) 

ʛʜʝ Tʜʚi , Kʜʚi ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʜʚʠʞʠʪʝʣʝʡ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʧʧʘʨʘʪʘ ʅʇɸ çɸʂɺɸ-ʄʆè ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [1]. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʚ ʩʨʝʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ SimInTech (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩ. 1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ çɸʂɺɸ-ʄʆè ʚ ʫʛʣʘʭ ʕʡʣʝʨʘ-ʂʨʳ-

ʣʦʚʘ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʧʦʜʩʠʩʪʝʤʘ ï ʢʦʥʪʫʨ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʜʣʷ 

ʢʘʥʘʣʘ X. 

 

ʈʠʩ. 2. ʂʦʥʪʫʨ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʢʘʥʘʣʘ X 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʧʝʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʢʫʨʩʘ, ʜʠʬʬʝ-

ʨʝʥʪʘ ʠ ʢʨʝʥʘ ʦʪ ʚʨʝʤʝʥʠ. ʇʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ, ʢʘʥʘʣʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳ ï ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʜʥʠʭ ʫʛʣʦʚ, ʚʣʠʷʥʠʝ ʥʘ ʜʨʫʛʠʝ ʫʛʣʳ 

ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʢʘʥʘʣʦʚ ʙʳʣʠ ʟʘʜʘʥʳ ʙʦʣʴʰʠʝ ʫʛʣʳ ʧʦ ʜʠʬʬʝʨʝʥʪʫ 

(80Á) ʠ ʧʦ ʢʫʨʩʫ (90Á). ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʪʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʫʛʣʦʚ ʧʦ ʢʫʨʩʫ ʠ ʜʠʬʬʝ-

ʨʝʥʪʫ, ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷʭ ʚʦʟʥʠʢʘʶʪ ʚʦ ʚʩʝʭ ʪʨʸʭ ʢʘʥʘʣʘʭ ʫʧʨʘʚʣʝʥʠʷ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɸʤʧʣʠʪʫʜʘ ʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 

ʇʘʨʘʤʝʪʨʳ ʥʝʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʦʚ ʕʡʣʝʨʘ-ʂʨʳʣʦʚʘ 

ʋʛʣʳ ʕʡʣʝʨʘ-ʂʨʳʣʦʚʘ ɸʤʧʜʠʪʫʜʘ, Á ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩ 

ʂʫʨʩ ɣ 73 2,91 

ɼʠʬʬʝʨʝʥʪ ɗ 80 2,80 

ʂʨʝʥ ɔ 168 2,82 

ɺʳʷʚʣʝʥʘ ʧʨʦʙʣʝʤʘ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʫʛʣʦʚ ʕʡʣʝʨʘ-ʂʨʳʣʦʚʘ. ʇʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʚʦʟʤʫʱʝʥʠʝ ʚ ʦʜʥʦʤ ʢʘʥʘʣʝ ʚʳʟʳʚʘʝʪ 

ʧʘʨʘʟʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʫʛʣʦʚ ʕʡʣʝʨʘ-ʂʨʳʣʦʚʘ. ʇʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʚʦʟʥʠʢʘʶʪ ʥʝʟʘʪʫʭʘʶʱʠʝ 

ʢʦʣʝʙʘʥʠʷ ʚʦ ʚʩʝʭ ʢʘʥʘʣʘʭ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʢʘʥʘ-

ʣʦʚ ʠ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʳʚʘʶʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʤʝʪʦʜʘʤ ʦʧʠʩʘʥʠʷ ʦʨʠʝʥʪʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʢʚʘʪʝʨ-

ʥʠʦʥʥʦʤʫ ʧʦʜʭʦʜʫ, ʣʠʰʝʥʥʦʤʫ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʥʝʬʪʝʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1], ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʛʦ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʕʇ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʝʛʦ ʨʝʞʠʤʘ, ʪʘʢʠʭ ʢʘʢ ʘʢʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʜʚʠʛʘ cos ű. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʧʦʛʨʫʞʥʳʤ 

ʘʩʠʥʭʨʦʥʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʤʘʨʢʠ ʇʕɼʄʊ 63103. ʇʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʂʘʪʘʣʦʞʥʳʝ ʜʘʥʥʳʝ ʜʚʠʛʘʪʝʣʷ ʇʕɼʄʊ 63103 

ʅʦʤʠʥʘʣʴ-

ʥʘʷ ʤʦʱ-

ʥʦʩʪ ɹP2, 

ʢɺʪ 

ʅʦʤʠʥʘʣʴʥʦʝ 

ʣʠʥʝʡʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 

Uʣ, ɺ 

ʅʦʤʠʥʘʣʴ-

ʥʳʡ ʬʘʟ-

ʥʳʡ ʪʦʢ I1, 

ɸ 

ʂʇɼ 

ɖʜʚ, 

% 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ 

cos•, ʦ.ʝ. 

ʅʦʤʠʥʘʣʴʥʦʝ 

ʩʩʢʦʣʴʞʝʥʠʝ sʥ, 

% 

ʜʠʘʤʝʪʨ, 
ʤʤ 

mailto:iam36@tpu.ru
mailto:lyapunov@tpu.ru
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʘʙʣʠʮʳ 1 ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ [2], ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʪʘʪʠʯʝ-

ʩʢʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʘʩʩʯʠʪʘʥʘ ʥʘʛʨʫʟʦʯʥʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʥʘʩʦʩʘ. 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʇʕɼʄʊ 63103 

Ὑ1, ʆʤ ὢ1„, ʆʤ ὢʢʥ, ʆʤ Ὑ2ǋ, ʆʤ ὢ2„ô, ʆʤ ὢm, ʆʤ 

2,95 4,49 5,91 2,22 3,36 100,12 

ɼʘʣʝʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 1) ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʩʨʝʜʝ MatLab 

Simulink.  

 
ʈʠʩ.1. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ɺ ʤʦʜʝʣʠ ʫʯʪʝʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʙʝʣʷ (1.4 ʆʤ), ʩʦʝʜʠʥʷʶʱʝʛʦ ʩʪʘʥʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʦʛʨʫʞʥʦʡ ʜʚʠʛʘʪʝʣʴ. ʅʘʩʦʩʥʘʷ ʥʘʛʨʫʟʢʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

ὓ ‫ ὓ ὯϽ‫ȟ 

ʛʜʝ ὓ  ï ʤʦʤʝʥʪ ʪʨʦʛʘʥʠʷ ʤʝʭʘʥʠʟʤʘ, ʅϽʤ; Ὧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ, ˚Ͻ̍ Ͻ̒ Ⱦ̑ ́ ;̅ ï ‫ 

ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ̑́Ⱦ̅̒. 

ʇʦʩʨʝʜʩʪʚʦʤ ʙʣʦʢʘ ʠʟʤʝʨʝʥʠʡ (ɹʀ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦ-

ʢʦʚ ʠ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʭʦʜʝ ʢʘʙʝʣʷ, ʧʠʪʘʶʱʝʛʦ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ (ɸɼ). ʅʘ ʦʩʥʦ-

ʚʘʥʠʠ ʵʪʠʭ ʟʥʘʯʝʥʠʡ, ʚʳʯʠʩʣʷʶʪʩʷ ʘʢʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ P 

ʠ Q ʚ ʙʣʦʢʝ ʚʳʯʠʩʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ (ɺʄ). ɼʘʣʝʝ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ Ὓ ὖ ὗ  

ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʜʚʠʛʘ cos ű = P/S (ʨʠʩʫʥʦʢ 1).  

ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ ʪʦʢʫ ʩʪʘʪʦʨʘ, ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ 

ʤʦʤʝʥʪʫ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

63 1700 33 78 0,83 6,5 103 
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ʈʠʩ. 2. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ɼʘʥʥʳʝ ʛʨʘʬʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʫʶ ʧʨʠ-

ʤʝʥʷʝʤ ʜʣʷ ʩʥʷʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʢ ʚ ʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝ-

ʞʠʤʘʭ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʥʘʡʜʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʟʘʧʫʩʢʝ ʵʣʝʢʪʨʦʧʨʠ-

ʚʦʜʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3. ʂʨʠʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʧʫʩʢʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʥʝʨ-

ʛʦʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʧʝʨʝʭʦʜʥʳʭ ʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʦʜʭʦʜ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʛʨʫʞʥʦʛʦ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʂʘʤʘʣʝʪʜʠʥʦʚ ʈ.ʉ.  ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ: ʥʦʚʳʝ ʚʳʟʦʚʳ ï ʥʦʚʳʝ ʨʝʰʝʥʠʷ // ɼʝ-

ʣʦʚʦʡ ʞʫʨʥ.Neftegaz.RU. ï 2023. ï ˉ 4 (136). ï ʉ. 42ï47. 

2. ʏʝʨʥʳʰʝʚ, ɸ. ʖ. ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʏ. 1: ɸʩʠʥʭʨʦʥ-

ʥʳʡ ʜʚʠʛʘʪʝʣʴ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɸ. ʖ. ʏʝʨʥʳʰʝʚ, ʀ. ɸ. ʏʝʨʥʳʰʝʚ; ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʇʋ, 2005. ð 136 ʩ. 

3. ʏʝʨʥʳʰʝʚʘ ʊ.ɸ., ɸʥʠʢʠʥ ɺ.ɺ., ʏʝʨʥʳʰʝʚ ʀ.ɸ., ʏʝʨʥʳʰʝʚ ɸ.ʖ., ʏʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʡ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʦʙʳʯʠ ʥʝʬʪʠ. - ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʀʥʞʠʥʠʨʠʥʛ ʛʝʦʨʝʩʫʨʩʦʚ. 2019. ʊ. 330. ˉ 12. 168ï178 
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ʂʀʅɽʄɸʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʇʈʗʄʆʁ ʀ ʆɹʈɸʊʅʆʁ ɿɸɼɸʏʀ ɻɽʂʉɸʇʆɼɸ 

ʉʊʖɸʈʊɸ-ɻʆʌʌɸ ʅɸ ʆʉʅʆɺɽ ʂɺɸʊɽʈʅʀʆʅʆɺ 

 

ɻʦʣʦʚʯʝʥʢo ʉ. ʉ1., ɻʠʪʝʣʴʤʘʥ ɺ. ʉ.2, ʂʫʨʛʠʥʦʚ ʗ. ʆ.3, ʀʩʘʝʚ ʖ. ʅ.4 

1ʅʀ ʊʇʋ, ʀʐʀʊʈ, ʘʩʧʠʨʘʥʪ ʛʨʫʧʧʳ ɸ4-36, e-mail: ssg17@tpu.ru 
2ʅʀ ʊʇʋ, ʀʐʀʊʈ, ʘʩʧʠʘʨʘʥʪ ʛʨʫʧʧʳ ɸ4-36, e-mail: vsg16@tpu.ru 
3ʅʀ ʊʇʋ, ʀʐʀʊʈ, ʘʩʧʠʘʨʘʥʪ ʛʨʫʧʧʳ. ɸ3-31, e-mail: yok9@tpu.ru 

4ʅʀ ʊʇʋ, ʀʐʀʊʈ, ʜ.ʬ-ʤ.ʥ, e-mail: isaev@tpu.ru 

 

ʇʣʘʪʬʦʨʤʘ ʉʪʶʘʨʪʘ-ɻʦʬʘ ï ʤʝʭʘʥʠʟʤ ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ ʥʠʞʥʝʡ ʠ ʧʦʜʚʠʞʥʦʡ ʚʝʨʭʥʝʡ 

ʧʣʘʪʬʦʨʤ, ʩʦʝʜʠʥʸʥʥʳʭ ʰʝʩʪʴʶ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʤʠ ʦʧʦʨʘʤʠ. [1]. 

   

   

 
ʈʠʩ. 1. ʇʣʘʪʬʦʨʤʘ ʉʪʶʘʨʪʘ-ɻʦʬʘ 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʢʚʘʪʝʨʥʠʦʥʦʚ ʩ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʚʳʚʦʜʦʤ ʫʛʣʦʚʳʭ ʠ ʣʠʥʝʡʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʥʘʣʠʟʘ[2]. 

ʈʘʙʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʧʣʘʪʬʦʨʤʳ ʉʪʶʘʨʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ 

ʧʦʚʦʨʦʪʘ ʥʘ ʦʩʥʦʚʝ ʫʛʣʦʚ ʕʡʣʝʨʘ, ʧʦʩʢʦʣʴʢʫ ʚʨʘʱʘʪʝʣʴʥʦʝ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʠʤʳ ʯʝʨʝʟ ʯʠʩʪʳʝ ʧʦʚʦʨʦʪʳ [3]. 

ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʣʘʪʬʦʨʤʳ ʉʪʶʘʨʪʘ-ɻʦʬʬʘ ʥʘ ʦʩʥʦʚʝ ʢʚʘʪʝʨʥʠʦʥʦʚ 

ʇʨʝʜʩʪʘʚʠʤ ʢʚʘʪʝʨʥʠʦʥ ʧʦʚʦʨʦʪʘ ( ) ( )0 0 1 2 3,
T T

l l l l lL= =ɚ  ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ (8): 

 

0 1 2 3

1 0 3 2

4 4

2 3 0 1

3 2 1 0

,

l l l l

l l l l

l l l l

l l l l

³

- - -å õ
æ ö

-æ öL =
æ ö-
æ ö

-ç ÷

 ( 8)  

ʇʨʝʜʩʪʘʚʠʤ ʧʦʚʦʨʦʪ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ( )
T

x y z=r  ʚ ʬʦʨʤʫʣʝ (9) ʚʦʢʨʫʛ ʦʩʠ 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʝʜʠʥʠʯʥʳʤ ʢʚʘʪʝʨʥʠʦʥʦʤ ʧʦʚʦʨʦʪʘ L ʥʘ ʫʛʦʣ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʪʝʤ ʞʝ ʢʚʘʪʝʨʥʠ-

ʦʥʦʤ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʫʝʤ ʚʝʢʪʦʨ r  ʚ ʯʠʩʪʳʡ ʢʚʘʪʝʨʥʠʦʥ 
q

r [4].: 

 ( ) ( )0 0
T T

q x y z= =r r  ( 9)  

ʠ ʦʩʫʱʝʩʪʚʠʤ ʧʦʚʦʨʦʪ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (10): 

 q q
¡=L Lr r  ( 10)  

ʛʜʝ - ʦʧʝʨʘʮʠʷ ʢʚʘʪʝʨʥʠʦʥʥʦʛʦ ʫʤʥʦʞʝʥʠʷ, L - ʩʦʧʨʷʞʝʥʥʳʡ ʢʚʘʪʝʨʥʠʦʥ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ ʯʠʩʪʳʡ ʢʚʘʪʝʨʥʠʦʥ 
q
¡r  ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (11): 
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( ) ( )

( ) ( )

( ) ( )

2 2 2 2

0 1 2 3 1 2 3 0 1 3 2 0

2 2 2 2

1 2 3 0 0 1 2 3 2 3 1 0

2 2 2 2

1 3 2 0 2 3 1 0 0 1 2 3

0 0 00 0

2 2

2 2

2 2

q q

q

x x

y y

z z

R r

l l l l ll ll ll ll

ll ll l l l l ll ll

ll ll ll ll l l l l

å õå õ å õ
æ öæ ö æ ö¡ + - - - +æ öæ ö æ ö¡ ¡=L L ­ =
æ öæ ö æ ö¡ + - + - -
æ öæ ö æ öæ ö¡ - + - - +ç ÷ ç ÷ç ÷

¡= Ö

r r

r

 ( 11)  

ʆʙʨʘʪʥʘʷ ʢʠʥʝʤʘʪʠʢʘ ʧʣʘʪʬʦʨʤʳ ʉʪʶʘʨʪʘ-ɻʦʬʘ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥ 

ʦʧʦʨ ʜʣʷ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʂʦʦʨʜʠʥʘʪʳ ʥʦʛ ʜʣʷ ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʦʧʠʩʳʚʘʝʪʩʷ 

ʬʦʨʤʫʣʦʡ ʧʦʜʚʠʞʥʦʡ ( )iB i  ʧʣʘʪʬʦʨʤʳ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ( )iA i   

 

2 3 2 3 2 3 2 3
( ) cos sin 0 ( ) cos sin

6 6 6 6

( ) ( ) ( ) ( )

i l i u

T T

i i i i

i i i i
b i r a i r h

B i b i A i a i

p p p p
å - - õ å - - õå õ å õ å õ å õ

= =æ ö æ ö æ ö æ öæ ö æ ö
ç ÷ ç ÷ ç ÷ ç ÷ç ÷ ç ÷

= =

 ( 12)  

ʛʜʝ ur -ʨʘʜʠʫʩ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ, lr -ʨʘʜʠʫʩ ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ, i -ʥʦʤʝʨ 

ʥʦʛʠ ʠ h - ʚʳʩʦʪʘ ʧʣʘʪʬʦʨʤʳ. 

ɺʝʢʪʦʨʥʳʡ ʢʚʘʪʝʨʥʠʦʥ Pʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (13) ʦʧʠʩʳʚʘʶʱʝʡ ʧʦʣʦʞʝʥʠʝ ʧʦʜʚʠʞʥʦʡ 

ʧʣʘʪʬʦʨʤʳ[5]: 

 

( )

( )
0 2 1 3

2 3 0 1

2 2 2 2

0 1 2 3

2

( ) 2

( ) ( ) ( ) ( )

u

p p p p

P p p p p p r

p p p p

+å õ
æ ö
= -æ ö
æ ö- - +ç ÷

 ( 13)  

ɺʝʢʪʦʨ ʥʦʛʠ ʥʘʡʜʝʥ ʧʦ ʬʦʨʤʫʣʝ (14): 

 ( ) () () () (),i i iL i p R p A i P p B i= + -  ( 14)  

ɼʣʠʥʘ ʥʦʛʠ ʥʘʡʜʝʥʘ ʧʦ ʬʦʨʤʫʣʝ (15): 

 
2 2 2

0 1 2( , ) ( , ) ( , ) ( , )i i iLenght i p L i p L i p L i p= + +  ( 15)  

 ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (15) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʠʥʫ ʜʣʷ ʢʘʞʜʦʡ ʥʦʛʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘ-

ʜʘʥʥʦʛʦ ʢʚʘʪʝʨʥʠʦʥʘ (13). 
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 ʋʇʈɸɺʃɽʅʀʗ ɿɸɼɺʀɾʂʆʁ 
 

ʖʛʘʡ ʅ. ɺ. 1, ʊʠʤʦʰʢʠʥ ɺ. ɺ. 2 
1 ʅʀ ʊʇʋ, ʀʐʀʊ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 8ʊ22, e-mail: nvy13@tpu.ru  

2 ʅʀ ʊʇʋ, ʀʐʊʈ, ʜʦʮʝʥʪ, e-mail: timoshkinvv@tpu.ru 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʚʠʞʝʢ ʧʝʨʝʜ ʠʥʞʝʥʝʨʦʤ ʚʩʪʘʝʪ ʢʣʶʯʝʚʦʡ 

ʚʦʧʨʦʩ: ʢʘʢ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ?  

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʚʠʞʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʪʘʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʢʘʢ: ʧʦʣʦʞʝʥʠʝ ï c ʪʦʯʥʦʩʪʴʶ Ñ2-5%; ʤʦʤʝʥʪ ʥʘ ʰʪʦʢʝ ï Ñ2-5%; ʪʝʤʧʝʨʘʪʫʨʫ ï Ñ2-3% 

ʦʪ ʥʦʤʠʥʘʣʘ; ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ï Ñ0.5-1% [2]. ʉʢʦʨʦʩʪʴ ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ ʟʘʜʚʠʞʢʠ ʷʚʣʷ-

ʝʪʩʷ ʪʘʢʞʝ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. ɺ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʧʦʯʢʘʭ (ʥʘʧʨʠʤʝʨ, ʟʘʧʫʩʢ 

ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ, ʧʝʨʝʢʣʶʯʝʥʠʝ ʧʦʪʦʢʦʚ ʚ ʢʦʣʣʝʢʪʦʨʝ) ʢʦʤʘʥʜʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʟʘʜʚʠʞʝʢ ʠ 

ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʘʶʪʩʷ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɽʩʣʠ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʜʚʠʞʝʢ ʥʝ-

ʧʨʝʜʩʢʘʟʫʝʤʦ ʠʣʠ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʦʧʘʩʥʳʭ ʨʝʞʠʤʦʚ. 

ʆʙʱʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ: ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʘʪʯʠʢʘ; ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʜʘʥ-

ʥʳʭ; ʚʨʝʤʷ ʮʠʢʣʘ ʇʃʂ; ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜʳ; ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ. ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ð ɻ ʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʝ ʟʚʝʥʦ ʚ ʵʪʦʡ ʮʝʧʦʯʢʝ, ʠ ʦʥ ʥʘʧʨʷ-

ʤʫʶ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʦʙʱʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ. ʇʨʦʪʦʢʦʣʳ ʩʚʷʟʠ ʜʦʣʞʥʳ ʛʘ-

ʨʘʥʪʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʦʙʟʦʨ ʧʨʦʪʦʢʦʣʦʚ ʩʚʷʟʠ.  ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʴ 

ʚʝʩʴ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʥʘʯʝ-

ʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʟʘʜʚʠʞʢʠ ʠ ʘʚʘʨʠʡʥʳʝ ʩʪʘʪʫʩʳ.  

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ ʩʝʤʝʡʩʪʚʦ ʧʨʦʪʦʢʦʣʦʚ Modbus ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦ-

ʧʫʣʷʨʥʳʭ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʦʪʢʨʳʪʦʩʪʠ [1]. ʆʜʥʘʢʦ ʚʥʫʪʨʠ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʝʩʪʴ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʩʦʧʝʨʥʠʢʘ: ASCII, RTU ʠ TCP. ʅʝʚʝʨʥʳʡ ʚʳʙʦʨ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʙʳʪʦʯʥʳʤ ʟʘ-

ʪʨʘʪʘʤ, ʩʣʦʞʥʦʩʪʷʤ ʚ ʤʦʥʪʘʞʝ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ.  

ɼʣʷ ʚʳʙʦʨʘ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʙʘʟʦʚʳʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʚʠʞʢʘʤʠ. ʂʣʶʯʝʚʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ʷʚʣʷʶʪʩʷ [4]: 

- ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʝʨʘʪʠʚʥʦʝ ʦʙʥʦʚʣʝʥʠʝ 

ʧʦʢʘʟʘʥʠʡ ʚʩʝʭ ʜʘʪʯʠʢʦʚ; 

- ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ; 

- ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʧʦʢʨʳʚʘʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʪʠʧʠʯʥʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʮʝʭʦʚ; 

- ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʤʦʥʪʘʞʘ; 

- ʥʘʜʝʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʪʦʯʝʢ ʦʪʢʘʟʘ. 

 ɼʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʢʣʶʯʝʚʳʝ ʢʨʠʪʝʨʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʷʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

Modbus RTU ʧʝʨʝʜ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ.  

1. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɸʨʭʠʪʝʢʪʫʨʘ Modbus RTU ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʠʥʠʤʘʣʴ-

ʥʳʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ: ʜʦʩʪʘʪʦʯʥʦ ʥʝʜʦʨʦʛʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʧʨʠʚʦʜʦʚ ʩ ʠʥʪʝʨʬʝʡʩʦʤ RS-

485, ʩʦʝʜʠʥʝʥʥʳʭ ʦʜʥʦʡ ʧʘʨʦʡ ʚʠʪʦʡ ʧʘʨʳ, ʢ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʜʦ 32 ʫʩʪʨʦʡʩʪʚ [3]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʨʘʟʚʝʨʪʳʚʘʥʠʝ Modbus TCP ʪʨʝʙʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʥʦʮʝʥʥʦʡ ʩʝʪʝʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ð ʦʪʜʝʣʴʥʳʭ ʢʘʙʝʣʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʝʪʝʚʳʭ ʧʦʨʪʦʚ ʠ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ. Modbus 
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ASCII, ʭʦʪʷ ʠ ʠʩʧʦʣʴʟʫʝʪ ʩʭʦʞʫʶ ʩ RTU ʥʝʜʦʨʦʛʫʶ ʧʨʦʚʦʜʢʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʚ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ð ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ 255 ʪʨʝʙʫʝʪʩʷ 3 ʙʘʡʪʘ ʧʨʦ-

ʪʠʚ 1 ʙʘʡʪʘ ʚ RTU, ʯʪʦ ʧʦʚʳʰʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʢʘʥʘʣ ʩʚʷʟʠ. 

2. ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ. ʇʨʦʪʦʢʦʣ Modbus RTU ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʦ-

ʤʳʰʣʝʥʥʦʤ ʠʥʪʝʨʬʝʡʩʝ RS-485, ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʩʚʷʟʴ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 1200 ʤʝʪʨʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʚʪʦ-

ʨʠʪʝʣʝʡ ʠ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

Ethernet-ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʣʷ Modbus TCP ʦʛʨʘʥʠʯʝʥʘ ʜʠʩʪʘʥʮʠʝʡ 100 ʤʝʪʨʦʚ [5] ʥʘ ʩʝʛʤʝʥʪ ʠ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʢʘʙʝʣʝʡ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʟʘʱʠʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦ-

ʧʦʩʪʘʚʠʤʦʡ ʥʘʜʝʞʥʦʩʪʠ. 

3. ʇʨʦʩʪʦʪʘ ʠ ʥʘʜʝʞʥʦʩʪʴ. ʊʦʧʦʣʦʛʠʷ çʰʠʥʘè ʚ Modbus RTU ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʥʪʘʞʘ. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʣʦʞʥʦʡ IP-ʘʜʨʝʩʘʮʠʠ ʠ ʥʘʩʪʨʦʡʢʝ ʩʝ-

ʪʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢ ʦʰʠʙʦʢ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʩʧʦʩʦʙʥʳʭ ʥʘʨʫʰʠʪʴ ʨʘʙʦʪʫ 

ʚʩʝʡ ʩʠʩʪʝʤʳ. ɸʨʭʠʪʝʢʪʫʨʘ RTU ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ð ʧʨʠ ʦʙʨʳʚʝ 

ʣʠʥʠʠ ʩʚʷʟʠ ʩʦʭʨʘʥʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʝʪʷʭ Ethernet ʚʳʭʦʜ 

ʠʟ ʩʪʨʦʷ ʢʣʶʯʝʚʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʤʦʞʝʪ ʧʘʨʘʣʠʟʦʚʘʪʴ ʚʩʶ ʩʠʩʪʝʤʫ. 

4. ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɼʣʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʟʘʩʣʦʥʢʘʤʠ ʥʝ ʪʨʝʙʫ-

ʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʘʷ Ethernet-ʩʝʪʷʤʠ. ʉʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

Modbus RTU (9600ï115200 ʙʦʜ) ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʫʧʨʘʚ-

ʣʝʥʠʠ, ʘ ʢʦʤʧʘʢʪʥʳʡ ʜʚʦʠʯʥʳʡ ʬʦʨʤʘʪ ʧʨʦʪʦʢʦʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʜʝʨʞʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤʠ ʪʝʢʩʪʦʚʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ Modbus ASCII. 

Modbus RTU ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʚʠʞʢʘʤʠ ʙʣʘʛʦʜʘʨʷ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝ-

ʭʘʤ. ʄʘʩʪʝʨ-ʚʝʜʫʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʝʜʩʢʘʟʫʝʤʦʝ ʚʨʝʤʷ ʦʧʨʦʩʘ ʫʩʪʨʦʡʩʪʚʘ. ʆʪ-

ʩʫʪʩʪʚʠʝ ʢʦʣʣʠʟʠʡ ʚ ʩʝʪʠ ð ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʫʩʪʨʦʡʩʪʚʦ. ʇʨʦ-

ʩʪʘʷ ʢʘʙʝʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʜʚʫʭʧʨʦʚʦʜʥʘʷ ʚʠʪʘʷ ʧʘʨʘ). ʄʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫ-

ʞʠʚʘʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʠʩʪʝʤʳ.    

ɿʘʢʣʶʯʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʳʙʦʨ ʧʨʦʪʦʢʦʣʘ 

Modbus RTU ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʘʩʣʦʥʢʘʤʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʳʤ. ɼʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʚʝʯʘʝʪ ʢʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʷʤ ʧʨʦʝʢʪʘ: 

1.  ʆʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ 

RS-485 ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ. 

2.  ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʩʪʢʠʤ ʙʶʜʞʝʪʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ 

ʚʥʝʜʨʝʥʠʷ. 

3.  ʇʦʜʜʝʨʞʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʟʘʜʘʯ ʧʦʟʠʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤ-

ʧʣʝʢʩʳ, ʛʜʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ʆʪ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʙʫʨʝ-

ʥʠʷ. ʕʚʦʣʶʮʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ð ʵʪʦ ʧʫʪʴ ʦʪ ʧʨʦʩʪʳʭ ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢ-

ʪʦʨʥʳʭ ʩʭʝʤ ʜʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʜʘʥ-

ʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʙʫʨʦʚʳʭ ʫʩʪʘ-

ʥʦʚʢʘʭ, ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ. 

1. ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʙʫʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʠʚʦʜʫ 

ɹʫʨʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ: 

¶ ʃʝʙʝʜʢʘ (ʙʫʨʦʚʦʡ ʣʝʙʝʜʦʯʥʳʡ ʤʝʭʘʥʠʟʤ): ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʫʩʢ ʠ ʧʦʜʲʝʤ ʙʫʨʦʚʦʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ. ʊʨʝʙʦʚʘʥʠʷ: ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ, ʪʦʯʥʦʝ ʧʦʜʜʝʨʞʘ-

ʥʠʝ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ, ʧʣʘʚʥʦʩʪʴ ʨʘʙʦʪʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʧʨʠ 

ʩʧʫʩʢʝ, ʚʳʩʦʢʘʷ ʧʝʨʝʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

¶ ʈʦʪʦʨ ʠʣʠ ʚʝʨʭʥʠʡ ʧʨʠʚʦʜ (Top Drive): ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʨʘʱʝʥʠʝ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ. 

ʊʨʝʙʦʚʘʥʠʷ: ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʤʦʤʝʥʪʘ ʚʨʘʱʝʥʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʤʦʤʝʥʪʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ çʟʘʢʣʠʥʠʚʘʥʠʷè ʠʥʩʪʨʫʤʝʥʪʘ. 

¶ ɹʫʨʦʚʳʝ ʥʘʩʦʩʳ: ʇʦʜʘʯʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʜʦʣʦʪʘ ʠ ʚʳʥʦʩʘ ʰʣʘʤʘ. 

ʊʨʝʙʦʚʘʥʠʷ: ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʧʝ-

ʨʝʤʝʥʥʳʤ ʥʘʛʨʫʟʢʘʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘ-

ʪʝʣʷ. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʘʥʘʣʠʟ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, 

ʩʨʘʚʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ. 
ʊʘʙʣʠʮʘ 1 

ʊʠʧ 

ʧʨʠʚʦʜʘ 

ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ 

ʇʨʠʚʦʜ 

ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ (ɼʇʊ) 

ʉʠʩʪʝʤʘ çʇʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʴ-

ɼʚʠʛʘʪʝʣʴè ʥʘ 

ʦʩʥʦʚʝ ʪʠʨʠ-

ʩʪʦʨʥʳʭ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʝʡ. 

ʇʨʦʩʪʦʪʘ ʠ ʰʠʨʦʪʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʚʳʩʦʢʠʝ ʧʝʨʝʛʨʫ-

ʟʦʯʥʳʝ ʩʧʦʩʦʙʥʦ-

ʩʪʠ. 

ʅʘʣʠʯʠʝ ʱʝ-

ʪʦʯʥʦ-ʢʦʣʣʝʢ-

ʪʦʨʥʦʛʦ ʫʟʣʘ, 

ʙʦʣʴʰʠʝ ʤʘʩ-

ʩʦʛʘʙʘʨʠʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ. 

ʋʩʪʘʨʝʚʘʶʱʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ 

ʜʝʡʩʪʚʫʶʱʠʭ 

ʫʩʪʘʥʦʚʢʘʭ. 

ʏʘʩʪʦʪʥʦ-

ʨʝʛʫʣʠʨʫʝ-

ʤʳʡ ʘʩʠʥ-

ʭʨʦʥʥʳʡ 

ʧʨʠʚʦʜ 

(ʏʈʇ ɸɼ) 

ɸʩʠʥʭʨʦʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʩ ʢʦ-

ʨʦʪʢʦʟʘʤʢʥʫ-

ʪʳʤ ʨʦʪʦʨʦʤ, 

ʧʠʪʘʝʤʳʡ ʦʪ 

ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ ʯʘʩʪʦʪʳ. 

ɺʳʩʦʢʘʷ ʥʘʜʝʞ-

ʥʦʩʪʴ (ʦʪʩʫʪʩʪʚʠʝ 

ʱʝʪʦʢ), ʤʝʥʴʰʠʝ 

ʛʘʙʘʨʠʪʳ, ʚʳʩʦʢʠʡ 

ʂʇɼ. 

ɺʳʩʦʢʘʷ ʩʪʦʠ-

ʤʦʩʪʴ ʠ ʩʣʦʞ-

ʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, 

ʛʝʥʝʨʘʮʠʷ ʚʳʩ-

ʰʠʭ ʛʘʨʤʦʥʠʢ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʠ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʝ ʨʝʰʝ-

ʥʠʝ ʜʣʷ ʥʦʚʳʭ ʙʫ-

ʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʉʠʥʭʨʦʥ-

ʥʳʡ 

ʉʠʥʭʨʦʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʩ 

ʉʘʤʳʡ ʚʳʩʦʢʠʡ 

ʂʇɼ, ʥʘʠʣʫʯʰʠʝ 

ʅʘʠʚʳʩʰʘʷ 

ʩʪʦʠʤʦʩʪʴ, 

ʇʝʨʩʧʝʢʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʜʣʷ 
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ʊʠʧ 

ʧʨʠʚʦʜʘ 

ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʥʦ-

ʨʝʛʫʣʠʨʫʝ-

ʤʳʡ ʧʨʠʚʦʜ 

(ʉɼʇʄ) 

ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ, ʧʠ-

ʪʘʝʤʳʡ ʦʪ ʇʏ. 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʚʳʩʦ-

ʢʘʷ ʧʝʨʝʛʨʫʟʦʯʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ. 

ʩʣʦʞʥʦʩʪʴ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ, ʨʠʩʢ 

ʨʘʟʤʘʛʥʠʯʠʚʘ-

ʥʠʷ. 

ʚʳʩʦʢʦʪʝʭʥʦʣʦ-

ʛʠʯʥʳʭ ʫʩʪʘʥʦʚʦʢ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʚʝʨʭʥʝʛʦ ʧʨʠʚʦʜʘ. 

3. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

1. ʀʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ: ɺʥʝʜʨʝʥʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ, 

ʇʃʂ ʠ SCADA-ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʮʠʢʣʳ ʙʫʨʝʥʠʷ, ʘʜʘʧʪʠʚ-

ʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʫ. 

2. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʷ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʜʚʠʛʘʪʝʣʝʤ ʣʝʙʝʜʢʠ ʧʨʠ ʩʧʫʩʢʝ, 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʩʝʪʴ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ: ɺʥʝʜʨʝʥʠʝ ʙʝʟʨʝʜʫʢʪʦʨ-

ʥʳʭ ʧʨʠʚʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʩ ʪʦʨʮʝʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʚʭʦʜʥʦʤ ʚʘʣʫ ʤʝʭʘʥʠʟʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʠ ʧʦʚʳʩʠʪʴ ʂʇɼ ʩʠʩʪʝʤʳ. 

4. ʎʠʬʨʦʚʠʟʘʮʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ: ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Big Data) ʩ ʜʘʪʯʠʢʦʚ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ. 

ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ çʩʝʨʜʮʝʤè ʩʦʚʨʝʤʝʥʥʦʡ ʙʫʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ʕʚʦʣʶʮʠʷ ʧʨʠʚʦʜʘ 

ʠʜʝʪ ʧʦ ʧʫʪʠ ʧʝʨʝʭʦʜʘ ʦʪ ʩʠʩʪʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʢ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʯʘ-

ʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʤ ʘʩʠʥʭʨʦʥʥʳʤ ʠ ʩʠʥʭʨʦʥʥʳʤ ʧʨʠʚʦʜʘʤ. ʂʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʛʣʫ-

ʙʦʢʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ. ʉʧʝʮʠʘʣʠʩʪʫ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʵʪʠ ʪʝʥ-

ʜʝʥʮʠʠ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʠʢ ʙʫʨʦʚʦʡ ʪʝʭʥʠʢʠ ʙʫʜʫʱʝʛʦ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ɹʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝ-

ʩʫʨʩ]. ï URL: https://www.zavodbt.ru/articles/burovye-ustanovki-klassifikaciya-princip-raboty-sfery-

primeneniya/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 16.11.2025). 
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ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʂʆʅʊʈʆʃʗ ʉʆʉʊʆʗʅʀʗ  

ʎʀʈʂʋʃʗʎʀʆʅʅʓʍ ɺɽʅʊʀʃʗʊʆʈʆɺ ʉ ʈɽɺɽʈʉʀɺʅʓʄʀ ɼɺʀɻɸʊɽʃʗʄʀ ɺ 

ʇʈʆʎɽʉʉɽ ʉʋʐʂʀ ʇʀʃʆʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ʂʦʥʦʥʦʚ ʄ.ɸ.1, ʅʛʫʝʥ ʏ.ʍ.2  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐʠʣʠʥ ɸ.ɸ.3  
1ʊʇʋ, ʀʐʕ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 5ɸ37, mak92@tpu.ru 

2ʊʇʋ, ʀʐʕ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 5ɸ38, 
3ʊʇʋ, ʀʐʕ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ. 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʢʠ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ ʥʘ 

ʦʩʥʦʚʝ ʨʝʚʝʨʩʠʚʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʋʜʘʣʸʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʠʚʦʜʦʚ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʡ ʩʝʥʩʦʨʥʦʡ ʦʮʝʥʢʠ ʠʭ ʩʦʩʪʦʷʥʠʷ, ʘ ʦʪʢʘʟ ʧʨʠʚʦʜʠʪ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʦʪʢʣʦʥʝʥʠʷʤ ʠ ʙʨʘʢʫ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʚʠʜʝ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ 

ʥʝʜʦʨʦʛʦʛʦ, ʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ: 

1 ð ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ;2 ð ʈʝʚʝʨʩʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʯʘʩʪʦʪʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʷʤʠ;3 ð ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ: FX3U-24MR;4 ð ModBusRTU; 

5 ð ʆʜʥʦʧʣʘʪʥʳʡ ʢʦʤʧʴʶʪʝʨ Raspberry Pi;6 ð ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ (ʧʘʪʪʝʨʥʳ) 

ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ (ʧʦʣʝʚʦʡ): ʜʘʪʯʠʢʠ: çʩʫʭʦʡè ʪʝʨʤʦʤʝʪʨ (Tʩ), çʚʣʘʞʥʳʡè ʪʝʨʤʦʤʝʪʨ 

(Tʚ), ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʫ ʜʚʝʨʠ (Tʜ). ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ: ʈʝʚʝʨʩʠʚʥʳʝ ʜʚʠʛʘ-

ʪʝʣʠ ʩ ʯʘʩʪʦʪʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ (ʇʃʂ): ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ FX3U-24MR, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʢʦʪʦ-

ʨʦʛʦ (STM32F103VCT6) ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Arduino IDE. ʅʘ ʢʦʥʪʨʦʣʣʝʨ 

ʟʘʛʨʫʞʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʧʨʦʰʠʚʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ: ʦʧʨʦʩ ʜʘʪʯʠʢʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʚʳ-

ʭʦʜʘʤʠ, ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʪʦʢʦʣʘ Modbus RTU (Slave ʨʝʞʠʤ) ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ. 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ (ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ): ʦʜʥʦʧʣʘʪʥʳʡ ʢʦʤʧʴʶʪʝʨ Raspberry Pi, ʚʳʩʪʫ-

ʧʘʝʪ ʚ ʨʦʣʠ ʚʝʜʫʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (Modbus Master) ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʫʟʣʘ. 
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ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʇʃʂ ʮʠʢʣʠʯʝʩʢʠ ʦʧʨʘʰʠʚʘʝʪ ʜʘʪʯʠʢʠ, Raspberry Pi ʧʦ ʧʨʦʪʦʢʦʣʫ Modbus RTU ʟʘʧʨʘ-

ʰʠʚʘʝʪ ʫ ʇʃʂ ʘʢʪʫʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Tʩ, Tʚ, Tʜ. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ Python-

ʙʠʙʣʠʦʪʝʢʘ pymodbus, ʥʘ Raspberry Pi ʨʘʙʦʪʘʝʪ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʩʪʨʦʠʪ ʚʨʝ-

ʤʝʥʥʳʝ ʨʷʜʳ (ʧʘʪʪʝʨʥʳ) ʠ ʧʦʜʘʝʪ ʠʭ ʥʘ ʚʭʦʜ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʦʡ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥ-

ʥʦʡ ʩʝʪʠ (ʘʨʭʠʪʝʢʪʫʨʘ CNN-LSTM). ʉʝʪʴ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʚʝʥʪʠʣʷʪʦʨʦʚ 

(çʅʦʨʤʘè, çɼʝʛʨʘʜʘʮʠʷè, çʆʪʢʘʟè), ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʚʝʨʜʠʢʪ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʫʩʪʘʚʢʠ 

ʧʝʨʝʜʘʶʪʩʷ ʦʙʨʘʪʥʦ ʥʘ ʇʃʂ ʧʦ ʧʨʦʪʦʢʦʣʫ Modbus RTU. ʇʃʂ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʚʥʦʩʠʪ ʢʦʨʨʝʢʪʠʚʳ ʚ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ (ʢʦʤʧʝʥʩʘʮʠʷ ʩʢʦʨʦʩʪʠ, ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ). 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʘʪʪʝʨʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ 

(ʦʪʢʘʟ ʨʝʚʝʨʩʘ, ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʘ, ʧʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ), ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʘʨ-

ʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʨʘʟʚʝʨʥʫʪʘʷ ʥʘ Raspberry Pi: ʩʚʝʨʪʦʯʥʳʡ ʙʣʦʢ (CNN) ʚʳʜʝʣʷʝʪ 

ʣʦʢʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʠ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʘʥʦʤʘʣʠʠ ʚ ʜʘʥʥʳʭ. ʈʝʢʫʨʨʝʥʪʥʳʡ ʙʣʦʢ (LSTM) ʘʥʘ-

ʣʠʟʠʨʫʝʪ ʜʦʣʛʦʩʨʦʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʨʝʘʢʮʠʷ ʩʠʩʪʝʤʳ ʥʘ ʨʝʚʝʨʩ. ʄʦ-

ʜʝʣʴ ʦʙʫʯʘʝʪʩʷ ʥʘ ʠʩʪʦʨʠʯʝʩʢʦʤ ʜʘʪʘʩʝʪʝ ʜʦ ʚʥʝʜʨʝʥʠʷ ʚ ʩʠʩʪʝʤʫ. 

ʆʞʠʜʘʝʤʳ ʨʝʟʫʣʴʪʘʪʳ 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʙʘʟʝ ʥʝʜʦʨʦʛʦʛʦ 

ʇʃʂ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʧʨʦʰʠʚʢʦʡ ʠ ʦʜʥʦʧʣʘʪʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʉʠʩʪʝʤʘ ʥʝ ʪʦʣʴʢʦ ʜʠʘ-

ʛʥʦʩʪʠʨʫʝʪ, ʥʦ ʠ ʘʢʪʠʚʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʜʝʛʨʘʜʘʮʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʜʘʧʪʠʨʫʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʡ ʧʨʦʮʝʩʩ. ɸ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʦʨʦʛʘ ʚʥʝʜʨʝʥʠʷ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʧʦ-

ʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʝʭʥʠʯʝʩʢʠ ʦʧʠʩʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʚʝʥʪʠ-

ʣʷʪʦʨʦʚ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʩʧʝʰʥʦʡ ʘʜʘʧʪʘʮʠʝʡ ʩʝʨʠʡʥʦʛʦ 

ʇʃʂ FX3U-24MR ʧʦʜ ʟʘʜʘʯʠ ʩʣʦʞʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʧʦʤʦʱʴʶ ʢʘʩʪʦʤʥʦʡ ʧʨʦʰʠʚʢʠ ʜʣʷ 

STM32. ʉʦʯʝʪʘʥʠʝ ʜʘʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, Raspberry Pi ʠ ʛʣʫʙʦʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʦʟʜʘʝʪ 

ʥʘʜʝʞʥʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ, ʩʧʦʩʦʙʥʫʶ ʧʦʚʳʩʠʪʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ. 
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ʆʧʠʩʘʥʠʝ ʢʠʥʝʤʘʪʠʢʠ ʨʦʙʦʪʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʪʨʝʙʫʝʪ ʢʦʤʧʘʢʪʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʨʝ-

ʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ: 

- ʤʘʪʨʠʮʳ ɼʝʥʘʚʠʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ[1] ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʘʪʨʠʮʘʭ ʦʜʥʦ-

ʨʦʜʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʤʝʨʥʦʩʪʴʶ 4ʭ4, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʠʩʳʚʘʪʴ ʫʛʣʦʚʦʝ ʠ ʣʠʥʝʡʥʦʝ ʧʦ-

ʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʭʚʘʪʘ ʤʘʥʠʧʫʣʴʷʪʦʨʘ ʚ ʬʦʨʤʝ ʤʘʪʨʠʮʳ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫ-

ʩʦʚ ʠ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

- ʙʠʢʚʘʪʝʨʥʠʦʥʳ[2] ï ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʢʚʘʪʝʨʥʠʦʥʦʚ ɻʘʤʠʣʴʪʦʥʘ ʠ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʂʣʠʬʬʦʨʜʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʠʩʳʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʭʚʘʪʘ 

ʤʘʥʠʧʫʣʴʷʪʦʨʘ ʚ ʬʦʨʤʝ ʢʚʘʪʝʨʥʠʦʥʘ ʦʨʠʝʥʪʘʮʠʠ ʠ ʨʘʜʠʫʩ ʚʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʘʪʨʠʮʳ ʦʜʥʦʨʦʜʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʨʠʮ ʦʜʥʦʨʦʜʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʝʨʝʭʦʜ ʦʪ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

1i- -ʛʦ ʩʦʯʣʝʥʝʥʠʷ ʢ i -ʤʫ ʩʦʯʣʝʥʝʥʠʶ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
( ) ( ) ( ) ( )1 1 1 13,3 3,1 3,3 3,1 3,3

1

1,3 1,11,3 1,1 1,3 1,1
0 10 1 0 1

i i
i i i ii
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T

a q- - - -

-

å õ å õå õ
= Ö =æ ö æ öæ öæ öæ ö æ ö

ç ÷ç ÷ ç ÷

  (1)

, ʛʜʝ ( )1iRxa-  ï ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ x  ʫʛʦʣ 1ia- , ( )1iRzq-  ï ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ 

ʦʩʠ zʥʘ ʫʛʦʣ 1iq- ,  1( )iPx a-  ï ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʠ x  ʥʘ ʚʝʣʠʯʠʥʫ 1ia - , 1( )iPz d-  ï ʚʝʢʪʦʨ 

ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʠ z  ʥʘ ʚʝʣʠʯʠʥʫ 1id - , 1 1 1 1{ }i i i ia da q- - - - ï ʧʘʨʘʤʝʪʨʳ ɼʝʥʘʚʠʪʘ-ʍʘʨʪʝʥ-

ʙʝʨʛʘ, iR  ï ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ, iP  ï ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨ. ʇʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ʫʢʘʟʳʚʘʶʪ ʨʘʟʤʝʨ ʤʘʪʨʠʮ. 

ɺʳʯʠʩʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʭʚʘʪʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ: 

 1

1

n
ʩʭʚʘʪʘ j

j

j

T T-
=

=Ô   (2) 

ɹʠʢʚʘʪʝʨʥʠʦʥʳ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʙʠʢʚʘʪʝʨʥʠʦʥʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 ( ) ( ) ( ) ( )1 1 1 1 1

1 1
Ĕ1 1

2 2

i

i x i q x i z i q z iQ q t a q t d q qa e q e e- - - - -

å õ å õ
¡ ¡= + Ö + Ö = + Öæ ö æ ö

ç ÷ ç ÷
  (3) 

, ʛʜʝ ( )1x iq a-  ï ʢʚʘʪʝʨʥʠʦʥ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ x  ʥʘ ʫʛʦʣ 1ia- , ( )1z iq q-  ï ʢʚʘʪʝʨʥʠʦʥ ʧʦʚʦʨʦʪʘ 

ʚʦʢʨʫʛ ʦʩʠ z  ʥʘ ʫʛʦʣ 1iq- , ( )1x it a-  ï ʢʚʘʪʝʨʥʠʦʥ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʠ x  ʥʘ ʚʝʣʠʯʠʥʫ 1ia - , 

( )1z it d-  ï ʢʚʘʪʝʨʥʠʦʥ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʠ z  ʥʘ ʚʝʣʠʯʠʥʫ 1id - , q¡ ï ʛʣʘʚʥʘʷ ʯʘʩʪʴ ʨʝʟʫʣʴʪʠʨʫ-

ʶʱʝʛʦ ʙʠʢʚʘʪʝʨʥʠʦʥʘ, Ĕq¡ ï ʤʦʤʝʥʪʥʘʷ ʯʘʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʙʠʢʚʘʪʝʨʥʠʦʥʘ. 

ɺʳʯʠʩʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʩʭʚʘʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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  (4)  

, ʛʜʝ  ï ʟʥʘʢ ʢʚʘʪʝʨʥʠʦʥʥʦʛʦ ʫʤʥʦʞʝʥʠʷ, 
ʩʭʚʘʪʘq  ï ʢʚʘʪʝʨʥʠʦʥ ʦʨʠʝʥʪʘʮʠʠ ʩʭʚʘʪʘ, q  ï ʩʦʧʨʷ-

ʞʝʥʥʳʡ ʢʚʘʪʝʨʥʠʦʥ, ʩʭʚʘʪʘt  ï ʢʚʘʪʝʨʥʠʦʥ ʧʦʣʦʞʝʥʠʷ ʩʭʚʘʪʘ. 

ʉʨʘʚʥʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ 

 ʂʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʠ ʩʣʦʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʨʘ-

ʙʦʯʝʛʦ ʦʨʛʘʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʠʚʝʜʝʥʳ, ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʙʣʦʯʥʦʛʦ ʧʝʨʝʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ ʦʜʥʦ-

ʨʦʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʙʠʢʚʘʪʝʨʥʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʠʟ ʨʘʙʦʪ [1,2] ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 
ʂʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

 ʆʜʥʦʨʦʜʥʳʝ ʤʘʪʨʠʮʳ ɹʠʢʚʘʪʝʨʥʠʦʥʳ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ 36 nÖ ʦ.ʫ. + 24 nÖ ʦ.ʩ. ( )48 16nÖ +
 ʦ.ʫ. + 

( )36 12nÖ +
 ʦ.ʩ. 

ɸʣʛʦʨʠʪʤ, ʦʧʠʩʘʥʥʳʡ ʚ [3] 60 nÖ ʦ.ʫ. + 36 nÖ ʦ.ʩ. ( )48 16nÖ +
 ʦ.ʫ. + 

( )36 12nÖ +
 ʦ.ʩ. 

ɸʣʛʦʨʠʪʤ, ʦʧʠʩʘʥʥʳʡ ʚ [4] 64 nÖ ʦ.ʫ. + 48 nÖ ʦ.ʩ. ( )37 16nÖ +
 ʦ.ʫ. + 

( )22 12nÖ +
 ʦ.ʩ. 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʨʠʮ ɼʝʥʘʚʠʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʙʠʢʚʘʪʝʨʥʠʦ-

ʥʦʚ ʚ ʢʦʥʪʝʢʩʪʝ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʜʣʷ ʨʦʙʦʪʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʘʝʪ ʩʦʧʦ-

ʩʪʘʚʠʤʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩʭʚʘʪʘ. ʇʨʠ ʚʳʙʦʨʝ ʦʧʠʩʘʥʠʷ ʩʣʝʜʫʝʪ ʦʪʪʘʣ-

ʢʠʚʘʪʴʩʷ ʦʪ ʩʧʦʩʦʙʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ. ɼʣʷ ʨʦʙʦʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ 

ʪʦʯʢʘ-ʪʦʯʢʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʧʦʜʭʦʜ ʤʘʪʨʠʮ ɼʝʥʘʚʠʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʷʟʠ 

ʩ ʰʠʨʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʠʤʝʝʪ ʦʪʣʘʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ. ɼʣʷ ʨʦʙʦʪʦʚ, ʚʳ-

ʧʦʣʥʷʶʱʠʭ ʩʣʦʞʥʳʝ ʜʚʠʞʝʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʛʤʝʥʪʦʚ, ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʙʠʢʚʘʪʝʨʥʠʦʥʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʙʝʞʘʪʴ ʰʘʨʥʠʨʥʦʛʦ ʟʘʤʢʘ ʠ 

ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʨʧʦʣʷʮʠʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʡ.  
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ʊɽʄʇɽʈɸʊʋʈʓ ɺ ʋʉʊɸʅʆɺʂɽ ʆʍʃɸɾɼɽʅʀʗ ɻɸɿɸ 

ʇʠʣʠʧʝʥʢʦ ʗ.ɺ. 1, ʊʠʤʦʰʢʠʥ ɺ.ɺ. 2 

1 ʅʀ ʊʇʋ, ʀʐʀʊʈ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 8ʊ22, e-mail: yvp16@tpu.ru  
2 ʅʀ ʊʇʋ, ʀʐʀʊʈ, ʜʦʮʝʥʪ ʆɸʈ, e-mail: timoshkinvv@tpu.ru  

 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ 

ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʠʟ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʚ ɽʚʨʦʧʝʡʩʢʫʶ ʯʘʩʪʴ ʩʪʨʘʥʳ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʠ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ. ʇʦ-

ʩʢʦʣʴʢʫ ʛʨʫʥʪ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʟʘʱʠʪʠʪʴ ʪʨʫ-

ʙʦʧʨʦʚʦʜ, ʧʨʦʜʦʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʥʪʘ ʚʩʣʝʜʩʪʚʠʝ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ 

ʧʨʠʚʦʜʷʪ ʢ ʩʤʝʱʝʥʠʶ ʛʘʟʦʧʨʦʚʦʜʘ ʦʪ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʥʘʨʫ-

ʰʝʥʠʷ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ, ʢʘʢ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʨʠ ʥʘʣʠʯʠʠ ʫʢʣʦʥʦʚ(ʧʦʨʷʜʢʘ 2-3 ʛʨʘʜʫʩʦʚ) ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʠ ʩʧʣʳʚʦʚ[1]. 

ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʛʨʫʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʛʘʟʘ ʜʦ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʛʨʫʥʪʘ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʛʘʟʘ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʘʭ, ʧʨʠʤʝʥʷʶʪʩʷ ʘʧʧʘ-

ʨʘʪʳ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ(ɸɺʆ), ʚ ʢʦʪʦʨʳʭ ʠʟʙʳʪʦʯʥʘʷ ʪʝʧʣʦʪʘ ʦʪ ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʪʨʫ-

ʙʘʤ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʫʜʘʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, 

ʧʦʜʘʚʘʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥ-

ʪʠʣʷʪʦʨʘʤʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ. 

ʆʙʟʦʨ ʨʝʰʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠ ʩʭʝʤʫ ʩʦʝʜʠʥʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ (ʨʠʩ.1).  

 
ʈʠʩ. 1 ʉʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ɸʈʄ ʦʧʝʨʘʪʦʨʘ 

ʅʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ, ʦʙʲʝʜʠʥʸʥʥʳʤʠ ʚ 

ʩʝʪʴ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ. ʋʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ (ɸʈʄ) ʦʧʝʨʘʪʦʨʘ, ʘ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ï ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ, ʧʦʜ-

ʢʣʶʯyʥʥʦʛʦ ʢ ʚʝʥʪʠʣʷʪʦʨʘʤ ʧʦ ʪʦʢʦʚʦʤʫ ʠʥʪʝʨʬʝʡʩʫ 4-20 ʤɸ.  

ɸʈʄ ʦʧʝʨʘʪʦʨʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʝʪʠ ʚʝʥʪʠʣʷʪʦʨʦʚ ʧʦ ʠʥʪʝʨʬʝʡʩʫ RS-485.  ʊʘʢʞʝ ʚʝʥ-

ʪʠʣʷʪʦʨʳ ʧʦ ʠʥʪʝʨʬʝʡʩʫ RS-485 ʩʦʝʜʠʥʝʥʳ ʚ çʢʦʣʴʮʦè ʤʝʞʜʫ ʩʦʙʦʡ.  

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʢʣʶʯʸʥ ʧʦ ʪʦʢʦʚʦʤʫ ʠʥʪʝʨʬʝʡʩʫ 4-20 ʤɸ ʢ ʢʘʞʜʦʤʫ ʚʝʥʪʠʣʷ-

ʪʦʨʫ. ʂʘʞʜʳʡ ʚʝʥʪʠʣʷʪʦʨ ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣ ʦʪ ʜʘʪʯʠʢʘ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʚʢʣʶʯʝʥʠʷ ʠʣʠ ʦʪʢʣʶʯʝʥʠʷ, ʣʠʙʦ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʩ ʜʨʫʛʠʤʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʠ ʦʧʝʨʘʪʦʨʩʢʠʤ ɸʈʄ.  

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʧʦʩʪʨʦʝʥʘ ʧʦ ʧʨʠʥʮʠʧʫ çʤʘʩʪʝʨ ï ʩʣʝʡʚè. ɺ ʪʘʢʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ ʦʜʠʥ ʠʟ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʇʏ) ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʟʥʘʯʘʝʪʩʷ ʤʘʩʪʝʨʦʤ 

ï ʛʣʘʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʧʦʣʥʷʝʪ ʨʘʩʯʸʪ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʸʪ ʢʦʤʘʥʜʳ ʦʩʪʘʣʴʥʳʤ ʚʝʥʪʠʣʷʪʦʨʘʤ. ʆʩʪʘʣʴʥʳʝ ʇʏ ʨʘʙʦʪʘʶʪ ʚ 
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ʨʝʞʠʤʝ ʩʣʝʡʚʦʚ ï ʦʥʠ ʧʨʠʥʠʤʘʶʪ ʢʦʤʘʥʜʳ ʦʪ ʤʘʩʪʝʨʘ ʠ ʚʳʧʦʣʥʷʶʪ ʠʭ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʫʧʨʘʚʣʷʝʤʦʡ: ʝʩʣʠ ʤʘʩʪʝʨ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʠʣʠ ʪʝʨʷʝʪ ʩʚʷʟʴ, ʜʨʫʛʦʡ ʇʏ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠ ʙʝʨʸʪ ʥʘ ʩʝʙʷ ʝʛʦ ʬʫʥʢʮʠʠ. ʂʘʞʜʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʠʤʝʝʪ ʩʚʦʡ ʛʨʫʧʧʦʚʦʡ 

id. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʢʘʞʜʳʡ ʇʏ ʚʳʜʝʨʞʠʚʘʝʪ ʧʘʫʟʫ 3 ʩʝʢʫʥʜʳ, ʯʪʦʙʳ ʫʩʧʝʪʴ ʫʩʣʳʰʘʪʴ ʤʘʩʪʝʨʘ, 

ʝʩʣʠ ʦʥ ʝʩʪʴ.  

ʇʦʩʣʝ ʧʘʫʟʳ, ʝʩʣʠ ʤʘʩʪʝʨ ʥʝ ʥʘʡʜʝʥ, ʥʘʯʠʥʘʝʪʩʷ ʘʣʛʦʨʠʪʤ çʧʦʠʩʢ ʤʘʩʪʝʨʘè: ʢʘʞʜʳʡ ʇʏ 

ʧʨʦʚʝʨʷʝʪ ʫ ʩʝʙʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʪʴ ʤʘʩʪʝʨʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʠʤ id, ʥʘʯʠʥʘʷ ʩ 1 ʚʳʜʝʨ-

ʞʠʚʘʶʪ ʧʘʫʟʫ, ʯʪʦʙʳ ʚʩʝ ʧʨʝʜʳʜʫʱʠʝ ʫʩʧʝʣʠ ʧʦʧʨʦʙʦʚʘʪʴ ʧʦʜʢʣʶʯʠʪʴʩʷ. ʂʘʢ ʪʦʣʴʢʦ ʧʘʫʟʘ 

t*id ʚʳʜʝʨʞʘʥʘ, ʇʏ ʧʨʦʙʫʝʪ ʧʦʜʢʣʶʯʠʪʴ ʜʘʪʯʠʢ. ɽʩʣʠ ʚ ʪʝʯʝʥʠʝ t ʦʥ ʥʝ ʫʚʠʜʝʣ ʩʠʛʥʘʣ ʩ ʜʘʪ-

ʯʠʢʘ, ʪʦ ʦʥ ʦʪʧʫʩʢʘʝʪ ʜʘʪʯʠʢ ʩʣʝʜʫʶʱʠʤ ʇʏ. ɽʩʣʠ ʦʥ ʫʚʠʜʝʣ ʜʘʪʯʠʢ, ʪʦ ʦʥ ʚʳʩʪʘʚʣʷʝʪ ʩʪʘʪʫʩ 

çʷ ʤʘʩʪʝʨè. ʇʏ, ʫʚʠʜʝʚʰʠʝ ʤʘʩʪʝʨʘ ʚʳʩʪʘʚʣʷʶʪ ʩʪʘʪʫʩ çʷ ʩʣʝʡʚè.  

ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʜʘʥʥʦʡ ʫʩʪʘʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʝʥʠʷ ʚʝʥʪʠ-

ʣʷʪʦʨʘ. ʉʥʘʯʘʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʨʪʠʨʦʚʢʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚʨʝʤʝʥʠ. ɺʝʥʪʠʣʷʪʦʨ 

ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʫ.  

ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʘʜʘʝʪ, ʘ ʤʦʱʥʦʩʪʴ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʘ ʜʦʩʪʠʛʣʘ ʚʝʨʭʥʝʡ ʫʩʪʘʚʢʠ, 

ʚʢʣʶʯʘʝʪʩʷ +n ʢʦʣʠʯʝʩʪʚʦ ʇʏ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʥ-

ʪʠʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʙʦʪʝ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʥʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʥʪʠʣʷʪʦʨʦʚ.  

ʊʘʢʞʝ ʚʦʟʤʦʞʥʳ ʚʘʨʠʘʥʪʳ, ʢʦʛʜʘ çʤʘʩʪʝʨè ʧʦʪʝʨʷʣ ʛʨʫʧʧʫ (ʥʝʪ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ 

çʩʣʝʡʚʘè). ʊʦʛʜʘ ʦʥ ʩʥʦʚʘ ʤʦʞʝʪ ʩʪʘʪʴ çʤʘʩʪʝʨʦʤè ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʙʳʣ çʩʣʝʡʚʦʤè.  ɽʩʣʠ ʞʝ 

çʩʣʝʡʚè ʧʦʪʝʨʷʣ ʛʨʫʧʧʫ, ʪʦ ʦʥ ʚʳʩʪʘʚʣʷʝʪ ʩʪʘʪʫʩ ʧʦʠʩʢʘ ʤʘʩʪʝʨʘ ʠ ʧʳʪʘʝʪʩʷ ʧʦʜʭʚʘʪʠʪʴ ʜʘʪ-

ʯʠʢ.   

ʇʨʠ ʧʦʪʝʨʠ çʤʘʩʪʝʨʦʤè ʜʘʪʯʠʢʘ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʧʘʫʟʘ, ʦʪʢʣʶʯʘʝʪʩʷ ʨʝʣʝ ʠ ʜʘʪʯʠʢ ʦʪʜʘ-

ʝʪʩʷ ʜʨʫʛʠʤ ʇʏ. çʄʘʩʪʝʨè ʪʝʨʷʝʪ ʩʚʦʡ ʩʪʘʪʫʩ. 

ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʘʞʜʳʡ ʯʘʩʪʦʪ-

ʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʧʦʩʦʙʝʥ ʥʝ ʪʦʣʴʢʦ ʫʧʨʘʚʣʷʪʴ ʩʚʦʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʥʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦ-

ʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʙʝʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʠ ʩʪʘʙʠʣʴʥʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʸʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ 

ʥʠʤʠ. ʇʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʘ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠ-

ʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ[2], ʥʘ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʷʭ, ʚ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʦʙʲʝʢʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʩ ʚʦʜʷʥʳʤ ʠʣʠ ʚʦʟ-

ʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘ-

ʙʦʪʘʶʱʝʡ ʧʦ ʧʨʠʥʮʠʧʫ çʤʘʩʪʝʨ ï ʩʣʝʡʚè, ʷʚʣʷʝʪʩʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ. ɽʩʣʠ 

ʦʜʠʥ ʠʟ ʇʏ ʠʣʠ ʦʧʝʨʘʪʦʨʩʢʠʡ ʤʦʜʫʣʴ (ɸʈʄ) ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ, ʩʠʩʪʝʤʘ ʥʝ ʧʝʨʝʩʪʘʸʪ ʨʘʙʦʪʘʪʴ, 

ʙʣʘʛʦʜʘʨʷ ʚʩʪʨʦʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʚʳʙʦʨʘ ʤʘʩʪʝʨʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʦʣʝʡ. ʇʨʠ ʧʦʪʝʨʝ ʩʚʷʟʠ 

ʠʣʠ ʦʪʢʘʟʝ ʤʘʩʪʝʨʘ ʜʨʫʛʦʡ ʇʏ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʝʨʸʪ ʥʘ ʩʝʙʷ ʝʛʦ ʬʫʥʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʚʝʥʪʠʣʷ-

ʪʦʨʳ ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦʪʫ ʙʝʟ ʦʩʪʘʥʦʚʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʠʟʥʦʩ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʢʝ. 
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e-mail: gsc3@tpu.ru 
4ʅʀ ʊʇʋ, ʀʐʀʊʈ, ʜ.ʬ-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, 

e-mail: isaev@tpu.ru 

 ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʦʙʠʣʴʥʦʩʪʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʭ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ. 

ʈʝʰʝʥʠʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʛʝʢʩʘʧʦʜʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʟʘʜʘʯ [1, 2]. 

ʇʨʠʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʛʝʢʩʘʧʦʜʘ ʚ ʨʝʞʠʤʝ ʜʚʠ-

ʞʝʥʠʷ ʪʨʠʧʦʜ. ʈʝʞʠʤ ʜʚʠʞʝʥʠʷ ʪʨʠʧʦʜ ʥʘʟʳʚʘʝʪʩʷ ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʦ-

ʭʦʜʢʠ ʛʝʢʩʘʧʦʜʘ ʧʦʦʯʝʨʝʜʥʦ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʷ ʛʨʫʧʧʘ ʠʟ ʪʨʝʭ ʢʦʥʝʯʥʦʩʪʝʡ [3].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 2,  ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʜʦʣʴʥʫʶ ʠ ʧʦʧʝʨʝʯʥʫʶ ʢʦ-

ʦʨʜʠʥʘʪʳ ʪʦʯʢʠ O, ʪʦʯʢʠ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʝʯʥʦʩʪʠ ʢ ʧʣʘʪʬʦʨʤʝ ʨʦʙʦʪʘ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 

( ) ( )( )

( )( )
0 0( ) ( ) sin sin (t) ,

( ) 1 cos (t) .

x t R t

y t R

j j j j

j

= - + -

= +
       (1) 

ʅʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ j ʦʪ 

0j-  ʜʦ 0j, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʙʦʯʝʤʫ ʨʘʩʪʚʦʨʫ ʫʛʣʘ ʜʫʛʠ 02q j= , ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʠʥʪʝʨ-

ʚʘʣʫ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʪʦʯʢʘʤʠ 1P   ʠ 2P  [4]. ʄʘʢʩʠʤʘʣʴʥʦʤʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʧʣʘʪ-

ʬʦʨʤʳ ʨʦʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʘ 0P . ʇʨʠ ʵʪʦʤ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ  ( )h t  ʨʘʚʥʦ 

ʜʠʘʤʝʪʨʫ ʦʢʨʫʞʥʦʩʪʠ dʥʦʛʠ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʢʦʥʝʯʥʦʩʪʠ ʨʦʙʦʪʘ ʚ ʠʥ-

ʪʝʨʚʘʣʝ ʫʛʣʦʚ 02q j=  ʠ p q- , ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʚʨʘʱʝʥʠʷ ʥʘ ʵʪʠʭ ʫʛʣʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ 0t . ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ 

ʧʨʠ  ʭʦʣʦʩʪʦʤ ʭʦʜʝ xw  ʠ ʧʨʠ ʥʘʛʨʫʟʢʝ ʥw : 

0 0

0 0

2 2
,x ʥ

t t

p j j
w j w j

-
= = = =         

  (2) 
ʀʟ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʯʝʤ ʨʘʩʪʚʦʨʝ ʜʫʛʠ ʢʦʥʝʯʥʦʩʪʠ ʨʦʙʦʪʘ ʤʝʥʴʰʝ 90ʦ ʫʛʣʦ-

ʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠ ʭʦʣʦʩʪʦʤ ʭʦʜʝ xw  ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʥʘʛʨʫʟʦʯʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥw, ʧʦʪʦʤʫ 

ʯʪʦ ʚʨʘʱʘʶʱʘʷʩʷ ʢʦʥʝʯʥʦʩʪʴ ʩʦ ʩʢʦʨʦʩʪʴʶ xw  ʜʦʣʞʥʘ ʫʩʧʝʪʴ ʧʦʜʤʝʥʠʪʴ ʥʦʛʫ, ʦʪʨʳʚʘʶʱʫ-

ʶʩʷ ʦʪ ʟʝʤʣʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɽʩʣʠ ʞʝ ʨʘʙʦʯʠʡ ʨʘʩʪʚʦʨ ʜʫʛʠ 02q j=  ʨʘʚʝʥ,p 

ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ x ʥw w= .  

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʨʦʙʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʚʨʝʤʝʥʠ. 

()( ) ()( )cos cosʥ ʥx R Rj j j w w j= - - = - -        (3) 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʚʠʜʥʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪ ʧʣʘʪʬʦʨʤʳ ʨʦʙʦʪʘ Dh ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʨʘʩʪʚʦʨʘ ʫʛʣʘ q. ʅʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʦʛʠ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ ʨʘʙʦʯʝʡ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, q/2=30ʦ, 50ʦ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

h q

y

x

P1 P2P0

0j

O

h q

y

x

P1 P2P0

0j

O

 
ʈʠʩ. 1.  ʌʨʘʛʤʝʥʪ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ 

ʘ)
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2

3
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ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʩ ʨʘʙʦʯʠʤʠ ʫʛʣʘʤʠ ʨʘʩʪʚʦʨʘ ʜʫʛʠ q/2=30ʦ, 50ʦ, 70ʦ, 90: 

ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪʳ ʧʣʘʪʬʦʨʤʳ ʛʝʢʩʘʧʦʜʘ  Dh(t) ʦʪ ʚʨʝʤʝʥʠ t; 

ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ x(t) ʧʣʘʪʬʦʨʤʳ  ʛʝʢʩʘʧʦʜʘ  ʦʪ ʚʨʝʤʝʥʠ t; 

ʚ) ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʳʩʦʪʳ ʧʣʘʪʬʦʨʤʳ  ʨʦʙʦʪʘ  Dh(x) ʦʪ ʧʨʦʜʦʣʴʥʦʡ ʢʦ-

ʦʨʜʠʥʘʪʳ x; 

ʛ) ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ Vx ʧʣʘʪʬʦʨʤʳ  ʨʦʙʦʪʘ ʦʪ ʚʨʝʤʝʥʠ t 

ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʜʫʛʠ 

ʢʦʥʝʯʥʦʩʪʠ ʨʦʙʦʪʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʜʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʝʢʩʘʧʦʜʘ, ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʧʝʨʝʯʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʝʛʦ ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʥʘʛʨʫʟʦʯʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʥw  ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

xw . 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʊʀʇʆɺ ɼɺʀɻɸʊɽʃɽʁ ɼʃʗ ɹɽʉʇʀʃʆʊʅʓʍ  
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʠʦʙʨʝʪʘʝʪ ʦʛʨʦʤʥʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʩʨʝʜʩʪʚʘ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʚʦʦʨʫʞʝʥʠʷ. ʆʜʥʠʤ 

ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʸʞʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ɹʇʃɸ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʚʠʛʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ.  

ɺʳʙʦʨ ʪʠʧʘ ʜʚʠʛʘʪʝʣʷ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦ-

ʣʸʪʘ, ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ, ʤʘʥʸʚʨʝʥʥʦʩʪʴ, ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʟʘʜʘʯ ʢ ʣʝʪʘʪʝʣʴʥʦʤʫ ʘʧʧʘʨʘʪʫ, ʞʝʣʘʝʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʯʪʦʙʳ ʜʚʠʛʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʣʘ ʚ 

ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʠ ʛʘʨʘʥʪʠʨʦʚʘʣʘ ʧʦʣʝʪ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʲʝʢʪʘ. ʋʯʠʪʳʚʘʝʪʩʷ ʪʷʛʘ ʜʚʠʛʘʪʝʣʷ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʪʦʨʘ ʠ ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʢʦʣʝʩʥʦʡ ʙʘʟʳ ɹʇʃɸ (ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʦʚ ʧʨʦʧʝʣʣʝʨʦʚ ʩ ʜʚʠʛʘʪʝʣʷʤʠ).  ʏʝʤ ʤʦʱʥʝʝ ʜʚʠʛʘʪʝʣʴ, ʪʝʤ ʙʦʣʴʰʝ ʘʚʪʦʥʦʤ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ɹʇʃɸ ʠ ʝʛʦ ʧʦʣʝʪ. ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʚʣʠʷʝʪ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ɹʇʃɸ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʚʠʛʘʪʝʣʝʡ, ʢʘʞ-

ʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ʇʦʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘ-

ʜʘʯʠ.ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚʠʜʳ ʜʚʠʛʘʪʝʣʝʡ ʵʪʦ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ (ɹɼʇʊ), ʚʝʥʪʠʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʢʦʣʣʝʢʪʦʨʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠ ʪʫʨʙʦʚʠʥʪʦʚʳʝ ʜʚʠʛʘ-

ʪʝʣʠ (ʊɺɼ). ʇʦʜʨʦʙʥʝʝ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʘʭ ʜʚʠʛʘʪʝʣʝʡ. 

ɹʝʩʢʦʣʣʝʢʪʦʨʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ (ʪʘʢʞʝ ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ ʚʝʥʪʠʣʴʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ) 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʟʘ ʩʯʝʪ ʩʚʦʠʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚ, ʘ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɹʝʩʱʝʪʦʯʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʨʝʚʦʩʭʦ-

ʜʷʪ ʩʚʦʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʦ ʤʥʦʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʪʘʢʠʤ ʢʘʢ ʂʇɼ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʯʘ-

ʩʪʦʪʘ ʚʨʘʱʝʥʠʷ. ʆʜʥʘʢʦ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤ ʪʠʧʦʤ ʜʚʠʛʘʪʝʣʷ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʣʠʯʠʝ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ. ʕʪʦʪ ʬʘʢʪʦʨ ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ, ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʠ 

ʤʝʥʝʝ ʥʘʜʝʞʥʦʡ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʤ ʜʚʠʛʘʪʝʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɹɼʇʊ), ʪʦ ʦʥ 

ʙʳʚʘʝʪ ʚ ʜʚʫʭ ʠʩʧʦʣʥʝʥʠʷʭ. ʇʝʨʚʳʡ ʠʩʧʦʣʥʷʝʪʩʷ ʩ ʚʥʝʰʥʠʤ ʨʦʪʦʨʦʤ ʪ.ʝ. ʤʘʛʥʠʪʳ ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʚʨʘʱʘʶʱʠʤʩʷ ʢʦʨʧʫʩʝ, ʘ ʦʙʤʦʪʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʪʦʨʝ ʚʥʫʪʨʠ. ɺʪʦʨʦʝ ʠʩʧʦʣʥʝʥʠʝ ʩ ʚʥʫʪ-

ʨʝʥʥʠʤ ʨʦʪʦʨʦʤ ʪ.ʝ. ʤʘʛʥʠʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʨʦʪʦʨʝ, ʘ ʚʦʪ ʦʙʤʦʪʢʠ 

ʩʪʘʪʦʨʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʥʘʨʫʞʠ. ɼʦʩʪʦʠʥʩʪʚʘ ʙʝʩʢʦʣʣʝʢʪʦʨ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘ-

ʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʫ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʂʇɼ ʤʦʞʝʪ ʩʦ-

ʩʪʘʚʣʷʪʴ ʦʪ 82 % ʜʦ 95 %, ʤʝʥʴʰʝʤ ʥʘʛʨʝʚʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʘ ʩʘʤʦʡ ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʧʨʠ ʨʘʙʦʪʝ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʧʨʦ ʥʝʜʦʩʪʘʪʢʠ, ʪʦ ʢ ʥʠʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ), ʩʣʦʞʥʦʩʪʴ ʨʝʤʦʥʪʘ ʠ ʜʦʨʦʛʦʚʠʟʥʫ.  

ʂʦʣʣʝʢʪʦʨʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ɹʇʃɸ ʚʳʧʫʩ-

ʢʘʝʪʩʷ ʩ ʚʥʝʰʥʠʤ ʨʦʪʦʨʦʤ, ʜʘʥʥʳʡ ʪʠʧ ʜʚʠʛʘʪʝʣʷ ʩ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʥʠʟʢʠʤ 

ʫʨʦʚʥʷ ʰʫʤʘ, ʩʚʝʨʭʜʦʣʛʠʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. ʀʟ-ʟʘ ʧʝʨʝʛʨʝʚʘ ʥʘ ʚʳʩʦ-

ʢʠʭ ʦʙʦʨʦʪʘʭ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ɹʇʃɸ 

ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʛʘʙʘʨʠʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɼʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʱʝ-

ʪʦʢ, ʢʦʣʣʝʢʪʦʨʘ, ʷʢʦʨʷ (ʨʦʪʦʨ ʩ ʦʙʤʦʪʢʘʤʠ) ʠ ʢʦʨʧʫʩʘ (ʩʪʘʪʦʨ). ʆʩʦʙʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʥʝʪ 

ʩʝʨʜʝʯʥʠʢʘ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʪʝʨʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʪʦʢʠ ʥʘʩʳʱʝʥʠʷ ʚ 

ʥʝʤ ʦʪʩʫʪʩʪʚʫʶʪ. ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʟʘ-

ʢʦʥ ʃʦʫʨʝʥʩʘ). ʊʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʦʩʪʳʭ ʘʚʪʦʥʦʤʥʳʭ ʦʙʲʝʢʪʘʭ, 

ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʤʦʛʫʪ ʨʘʟʚʠʪʴ ʙʦʣʴʰʠʝ ʦʙʦʨʦʪʳ ʠ ʠʤʝʶʪ ʤʘʣʫʶ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ. ʂ 
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ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢ-

ʮʠʠ. ʆʪʥʝʩʪʠ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʥʠʟʢʠʡ ʂʇɼ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 65%, ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʯʘʩʪʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʫʟʣʘ, ʘ ʛʣʘʚʥʳʤ ʤʠʥʫʩʦʤ ʜʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷ-

ʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʛʨʝʚʘ ʠ ʰʫʤʘ ʧʨʠ ʨʘʙʦʪʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʘʭ. 

ʊʘʢʞʝ ʚ ʥʘʰʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʢʘ ʪʫʨʙʦʚʠʥʪʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʊɺɼ) ʥʘ ɹʇʃɸ ʩʯʠʪʘʝʪʩʷ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʚʦʝʥʥʳʭ ʟʘʜʘʯ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ, ʫʜʝʣʴʥʳʡ ʚʝʩ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʣʸʪʘ. 

ɼʘʥʥʳʡ ʪʠʧ ʜʚʠʛʘʪʝʣʷ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʷʛʫ ʜʣʷ 

ʪʷʞʝʣʳʭ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ɹʇʃɸ. ʊʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʢʘʢ ʊɺɼ ʠʤʝʶʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʴ, ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ, ʜʦ-

ʨʦʛʦʚʠʟʥʫ ʨʝʤʦʥʪʘ ʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. ɼʣʷ ʪʷʞʝʣʳʭ ɹʇʃɸ ʪʫʨʙʦʚʠʥʪʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ï ʵʪʦ 

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʟʦʣʦʪʘʷ ʩʝʨʝʜʠʥʘè ʤʝʞʜʫ ʤʦʱʥʦʩʪʴʶ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ, ʩ ʨʘʟʚʠʪʠʝʤ ʛʠ-

ʙʨʠʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʨʦʣʴ ʚ ʙʝʩʧʠʣʦʪʥʦʡ ʘʚʠʘʮʠʠ ʙʫʜʝʪ ʨʘʩʪʠ.  

ʆʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʠʧʦʚ ʜʚʠʛʘʪʝʣʝʡ ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝ ʩʪʘʥʜʘʨʪʥʳʤ ʚʳʙʦʨʦʤ 

ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʶʪʩʷ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ. ɼʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʥʘʰʝʣ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʪʷʞʝʣʳʭ ʠ ʛʨʫʟʦʧʦʜʲʸʤʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʳʩʦʢʦʡ ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʪʷʞʝʣʳʭ ʥʘʛʨʫʟʦʢ, ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʮʝʧʠ ʨʦʪʦʨʘ, ʜʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʶ ʢ ʥʘʛʨʫʟʢʘʤ. ʂ 

ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʴʰʦʡ ʚʝʩ ʠ ʛʘʙʘʨʠʪʳ, ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʚʝʨʪʠʨʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ɹʇʃɸ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ɹʇʃɸ 

ʇʘʨʘʤʝʪʨ/ʅʘʟʚʘʥʠʝ ʜʚʠ-

ʛʘʪʝʣʷ 
ɹʝʩʢʦʣʣʝʢʪʦʨʥʳʡ ʂʦʣʣʝʢʪʦʨʥʳʡ ʊɺɼ ɸʩʠʥʭʨʦʥʥʳʡ 

ʂʇɼ 85-90 % 60-65 % 25-35 % 75-80 % 

ʈʝʩʫʨʩ 10 000 ʯ. 500-1000 ʯ. 
3000-5000 

ʯ. 
5000-8000 ʯ. 

ʋʨʦʚʝʥʴ ʰʫʤʘ ʅʠʟʢʠʡ ɺʳʩʦʢʠʡ ʉʨʝʜʥʠʡ ʅʠʟʢʠʡ 

ʉʪʦʠʤʦʩʪʴ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ʉʨʝʜʥʠʡ ɺʳʩʦʢʠʡ 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʸʤʢʦʩʪʴʶ ʙʘʪʘʨʝʡ ʠ ʚʝʩʦʤ, ʧʝʨ-

ʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʦʙʝʱʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʣʫʯʰʝʥʠʷ ʚ ʣʸʪʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɹʇʃɸ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʪʠʧʘʤʠ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ 

ɹʇʃɸ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ: ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʝ, ʊɺɼ. ʉʘʤʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʷʚʣʷʝʪʩʷ 

ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʂʇɼ ʠ ʥʘʜʸʞʥʦʩʪʠ, ʦʜʥʘʢʦ ʚʩʝʛʜʘ 

ʥʫʞʥʦ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ɹʇʃɸ ʧʨʠ ʚʳʙʦʨʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ.    
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ʐʣʷʭʦʚ ʊ.ʉ.1, ʃʝʦʥʦʚ ɸ.ʇ.2 
1 ʅʀ ʊʇʋ, ʀʐʕ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 5ɸ25, e-mail: tss28@tpu.ru 
2 ʅʀ ʊʇʋ, ʀʐʕ, ʆʕʕ, ʜʦʮʝʥʪ e-mail: leonov_ap@tpu.ru  

 

ʂʘʙʝʣʴʥʳʝ ʠʟʜʝʣʠʷ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʞʠʟʥʠ 

ʥʘʰʝʛʦ ʦʙʱʝʩʪʚʘ. ɺ ʵʥʝʨʛʝʪʠʢʝ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʩʠʣʦʚʳʝ ʢʘʙʝʣʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʣʫ-

ʞʘʪ ʛʣʘʚʥʳʤʠ ʘʨʪʝʨʠʷʤʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʦʪ ʤʦʱʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʜʦ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʞʠʣʳʭ ʨʘʡʦʥʦʚ. ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ ʮʝʣʠʢʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʠ ʢʦʘʢʩʠʘʣʴʥʳʭ ʢʘʙʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʛʣʦʙʘʣʴʥʫʶ çʥʝʨʚʥʫʶ 

ʩʠʩʪʝʤʫè, ʦʙʝʩʧʝʯʠʚʘʷ ʤʛʥʦʚʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʠʥʪʝʨʥʝʪ-ʪʨʘʬʠʢʘ ʠ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʩʠʛ-

ʥʘʣʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʩʣʦʞʥʳʝ ʞʛʫʪʳ ʧʨʦʚʦʜʦʚ ʠ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʙʝʣʠ ʷʚʣʷʶʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʩʦʝʜʠʥʷʶʱʠʤʠ ʜʘʪʯʠʢʠ, 

ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʦʡ ʨʘʙʦʪʫ çʫʤʥʳʭè ʩʪʘʥ-

ʢʦʚ ʩ ʏʇʋ ʠ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʘʚʪʦʤʦʙʠʣʝʡ. ʆʩʚʦʝʥʠʝ ʢʦʩʤʦʩʘ ʠ ʘʚʠʘʮʠʠ ʙʳʣʦ ʙʳ ʥʝʚʦʟ-

ʤʦʞʥʳʤ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʨʭʣʝʛʢʠʭ, ʪʝʨʤʦʩʪʦʡʢʠʭ ʠ ʟʘʱʠʱʝʥʥʳʭ ʦʪ ʧʦʤʝʭ ʢʘʙʝʣʴʥʳʭ ʠʟʜʝ-

ʣʠʡ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ ʧʨʠʙʦʨʳ ʩʧʫʪʥʠʢʦʚ, ʙʦʨʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ ʩʘʤʦʣʝʪʦʚ ʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ. 

ʊʦʢʦʧʨʦʚʦʜʷʱʘʷ ʞʠʣʘ ʢʘʙʝʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʝʨʝ-

ʜʘʯʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʠ ʪʝʭ-

ʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʜʝʣʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʧʨʦʩ ʦ ʵʬʬʝʢʪʠʚʥʦʤ ʠ ʥʝʜʦʨʦʛʦʤ 

ʤʘʪʝʨʠʘʣʝ ʜʣʷ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʞʠʣʳ ʚʘʞʝʥ ʠ ʘʢʪʫʘʣʝʥ.  

ʆʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʞʠʣ, ʩʣʫʞʘʪ ʤʝʜʴ 

ʠ ʘʣʶʤʠʥʠʡ.  

ʄʝʜʴ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,017 ʆʤĿʤʤ2/ʤ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʟʨʳʚ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʧʨʦʷʚʣʷʷ ʤʠʥʠʤʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʠʟʥʦʩʘ. ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷ-

ʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʚʦʜʥʠʢʦʚ ʨʘʩʩʝʠʚʘʪʴ ʪʝʧʣʦ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʜʠ ʩʦ-

ʩʪʘʚʣʷʝʪ 389,6 ɺʪ/ʤÁʉ). ʂʨʦʤʝ ʪʦʛʦ ʤʝʜʴ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʪʝʢʫʯʝʩʪʴ ʯʝʤ ʘʣʶʤʠʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ 

ʢʦʥʪʘʢʪ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚ 8,9 ʛ/ʩʤ3 ʠ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʪʦʠʤʦ-

ʩʪʠ ʦʧʨʝʜʝʣʷʶ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɸʣʶʤʠʥʠʡ ʩ ʧʣʦʪʥʦʩʪʴʶ ʚ 2,7 ʛ/ʩʤ3 ʠ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 0,028 

ʆʤĿʤʤ2/ʤ (ʥʘ 63 % ʚʳʰʝ, ʯʝʤ ʫ ʤʝʜʠ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʟʘʤʝʥʘ ʤʝʜʠ. ɹʦʣʝʝ ʪʦʛʦ, ʘʣʶ-

ʤʠʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ, ʨʘʟʥʠʮʘ ʤʦʞʝʪ ʦʩʪʘʚʣʷʪʴ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝʡ ʦʪ ʮʝʥʳ ʤʝʜʠ. ʅʘ ʚʦʟ-

ʜʫʭʝ ʘʣʶʤʠʥʠʡ ʦʢʠʩʣʷʝʪʩʷ ʠ ʦʙʨʘʟʫʝʪ ʦʢʩʠʜʥʫʶ ʧʣʝʥʢʫ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʫʭʫʜ-

ʰʘʝʪ ʘʜʛʝʟʠʶ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʘʣʶʤʠʥʠʷ ʤʝʥʴʰʝ 

ʤʝʜʠ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 209,3 ɺʪ/ʤÁʉ.  

ɸʣʶʤʦʤʝʜʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ï ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʚʤʝʱʘʶʱʘʷ ʜʦʩʪʦʠʥʩʪʚʘ 

ʜʚʫʭ ʤʝʪʘʣʣʦʚ. ʉʝʨʜʝʯʥʠʢ ʪʘʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʩʦʩʪʦʠʪ ʠʟ ʘʣʶʤʠʥʠʷ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʥʘʭʦ-

ʜʠʪʩʷ ʩʣʦʡ ʤʝʜʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ ʥʘʯʘʣʦʩʴ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ, ʢʦ-

ʛʜʘ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʤʝʜʠ ʠ ʨʘʟʚʠʪʠʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʪʨʝʙʦʚʘʣʠ ʧʦʠʩʢʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʘʣʶʤʦʤʝʜʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʪʝʭʥʠʢʝ, ʛʜʝ ʚʘʞʥʘ ʨʘʙʦʪʘ ʩ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʚʠʪʠʝ ɻ ʣʝʢʪʨʦʥʠʢʠ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʠʣʦ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.  

 ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʧʨʦʮʝʥʪʘ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ, ʚ ʩʨʝʜʥʝʤ ʚʳʰʝ 

ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʥʘ 60 %. 

ʇʨʠʤʝʥʝʥʠʝ ʘʣʶʤʦʤʝʜʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠ ʚʝʩ 

ʢʘʙʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʕʢʦʥʦʤʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʤʝʜʠ ð 
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ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʤʝʪʘʣʣʘ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʝʥ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʙʝʣʝʡ ʩʚʷʟʠ ʠ ʩʠʛʥʘʣʴ-

ʥʳʭ ʩʠʩʪʝʤ. 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʘʣʶʤʦʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʧʝʨʝʜ ʧʨʦʚʦʣʦʢʦʡ ʠʟ ʯʠʩʪʦʛʦ ʘʣʶʤʠ-

ʥʠʷ ʢʨʦʤʝ ʮʝʥʳ, ʚʝʩʘ ʠ ʧʨʦʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʢʝ. ʇʦʢʨʳʪʳʡ ʤʝʜʴʶ ʘʣʶʤʠʥʠʝʚʳʡ ʧʨʦʚʦʜʥʠʢ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠʩʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʧʘʨʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʝʞʥʦʝ ʢʦʥʪʘʢʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʘʣʶʤʦʤʝʜʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʦʙʣʘʜʘʶʪ ʠ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʤʝʥʴʰʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʚʦʜʥʠ-

ʢʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦʣʥʦʩʪʴʶ ʠʟ ʤʝʜʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʥʘʛʨʫʟʦʢ. ɸʣʶʤʠʥʠʝʚʳʡ ʩʝʨʜʝʯʥʠʢ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʫʩʪʘʣʦʩʪʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʯʪʦ ʧʨʠ ʯʘʩʪʳʭ ʠʟʛʠʙʘʭ, ʚʠʙʨʘʮʠʷʭ ʠʣʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʛʨʫʟʢʘʭ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʨʦʚʦʜʥʠʢʘ ʠʣʠ ʥʘʨʫʰʝʥʠʶ ʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ: ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʵʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʘʷ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʦʤ ʧʦʜʛʦʪʦʚʢʠ ʘʣʶʤʠʥʠʷ ʠ ʥʘʣʦʞʝʥʠʷ ʤʝʜʠ.  

ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʯʠʩʪʢʝ ʘʣʶʤʠʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʱʝʪʢʘʤʠ. ʇʨʠ 

ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʣʶʤʠʥʠʡ ʧʦʢʨʳʚʘʝʪʩʷ ʤʝʜʥʦʡ ʣʝʥʪʦʡ ʧʦʧʝʨʝʯʥʦ ʠ ʜʘʣʝʝ ʩʚʘʨʠʚʘʝʪʩʷ ʭʦ-

ʣʦʜʥʦʡ ʩʚʘʨʢʦʡ.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʯʠʩʪʢʝ ʘʣʶʤʠʥʠʷ ʩ ʧʦʜʚʝʜʸʥʥʳʤ ʪʦʢʦʤ ʚ ʱʝ-

ʣʦʯʥʦʤ ʠʣʠ ʢʠʩʣʦʪʥʦʤ ʨʘʩʪʚʦʨʝ. ʅʘʣʦʞʝʥʠʝ ʤʝʜʠ ʧʨʦʠʩʭʦʜʠʪ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʢʠʩ-

ʣʦʪʝ. 

ɺʦ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʘʙʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʩ 

ʘʣʶʤʦʤʝʜʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʙʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʤʝʜ-

ʥʳʤʠ ʠʣʠ ʘʣʶʤʠʥʠʝʚʳʤʠ ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʞʠʣʘʤʠ. 

ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩ ʘʣʶʤʦʤʝʜʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩʠʣʦʚʳʝ 

ʢʘʙʝʣʠ ʠ ʧʨʦʚʦʜʘ, ʢʘʙʝʣʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʚʠʪʳʝ ʧʘʨʘ, LAN-ʢʘʙʝʣʠ), ʦʙʤʦʪʦʯʥʳʝ ʧʨʦ-

ʚʦʜʘ, ʢʦʘʢʩʠʘʣʴʥʳʝ ʢʘʙʝʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʶʤʦʤʝʜʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʝ ʪʝʭʥʠʯʝ-

ʩʢʦʝ ʨʝʰʝʥʠʝ, ʩʦʯʝʪʘʶʱʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʷ. ʇʦʜʦʙʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠ ʤʘʩʩʫ ʢʘʙʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʘʣʶʤʦʤʝʜʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʥʠʞʝʥʠʶ ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʢʘʙʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʩʪʦʠʤʦʩʪʠ ʤʝʜʠ ʠ ʫʚʝ-

ʣʠʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʘʙʝʣʴʥʳʭ ʠʟʜʝʣʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʇʨʦʨʝʭʠʥ ɽ.ɽ. 

ʅʀ ʊʇʋ, ʀʐʕ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 5ɸʄ55, e-mail: eep17@tpu.ru 

 

ɺʦʧʨʦʩʳ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʪʠʧʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʘʢʪʫʘʣʴʥʦʡ 

ʪʝʤʘʪʠʢʝ, ʪʘʢ ʢʘʢ ʟʥʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʥʘʜʸʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʢʘʢ ʠʥʞʝʥʝʨʘ ʚ 

ʩʬʝʨʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʢʦʥʪʨʦʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʪʠʧʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʘ 

ʪʘʢʞʝ ʨʘʩʯʝʪ ʥʘʜʝʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ. 

ɿʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ; 

2. ʇʦʜʦʙʨʘʪʴ ʢʦʤʧʣʝʢʪʫʶʱʠʝ; 

3. ʅʘʡʪʠ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʢʦʤʧʣʝʢʪʫʶʱʠʭ; 

4. ʈʘʩʩʯʠʪʘʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. 

ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʦʩʥʦʚʘʥʘ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ Arduino Nano ʩ ʜʠʦʜʘʤʠ 

DSEI 12-12A, ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʨʦʩʩʝʣʝ ɺ82747ɽ6203ɸ040 ʠ ʧʣʘʩʪʠʢʦʚʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 

B25631b1606K200 ʥʘ ʚʭʦʜʝ ʩʭʝʤʳ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ FSCQ1565RTYDTU, 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ X7R ʝʤʢʦʩʪʴʶ 0.1 ʤʢʌ, ʜʨʘʡʚʝʨʘʭ IR25604SPBF, ʜʠʦʜʘʭ ʂɼ510, 

ʨʝʟʠʩʪʦʨʘʭ ʄʃʊ-0.25 1 ʢʆʤ, ʪʨʘʥʟʠʩʪʦʨʘʭ FGH40T100SMD, ʜʘʪʯʠʢʘʭ ʪʦʢʘ ʠ DC-DC ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ. ʉʭʝʤʘ ʧʠʪʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ 380 ɺ, 50 ɻʮ ʠ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʤ ʥʘʧʨʷʞʝʥʠʝ ʩ ʟʘ-

ʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ. ɽʸ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʤ. ʨʠʩ.1. ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ, ʚ ʢʦʪʦʨʦʡ ʬʠʛʫʨʠʨʫʝʪ ʥʘʨʘʙʦʪʢʘ 

ʜʦ ʧʝʨʚʦʛʦ ʦʪʢʘʟʘ ʠ ʛʘʨʘʥʪʠʡʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʩʦʙʨʘʥʘ 

ʩʭʝʤʘ. ʌʦʨʤʫʣʘ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʭʝʤʳ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ: 

ὖ Ὡ Ⱦ , 

ʛʜʝ ὸ ï ʛʘʨʘʥʪʠʡʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ; 

Ὕ ï ʥʘʨʘʙʦʪʢʘ ʜʦ ʧʝʨʚʦʛʦ ʦʪʢʘʟʘ. 

ʅʘʨʘʙʦʪʢʫ ʜʦ ʧʝʨʚʦʛʦ ʦʪʢʘʟʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

˟ ρȾ‗˪ ̃ ,ʕ 

ʛʜʝ ‗˪ ̃  ʕï ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘ-

ʩʪʦʪʳ; 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʥʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʚʝʜʝʤ ʜʘʥ-

ʥʳʝ ʚ ʪʘʙʣʠʮʫ 1. ɼʘʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʩʧʨʘʚʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʟ ʜʘʥ-

ʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʚ ʘʥʛʣʦʷʟʳʯʥʳʭ Data shit ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʦʙʦʟʥʘ-

ʯʘʝʪʩʷ ʢʘʢ çMTBFè. 
ʊʘʙʣʠʮʘ 1 

ʈʘʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

ʂʦʵʬʬʠʮʠʝʥʪ 

 

ʕʣʝʤʝʥʪ 

 

ʂʦʣ-ʚʦ 

ʵʣʝʤʝʥ-

ʪʦʚ, n 

‗Ͻρπȟ̘  ὑ̎  ‗̞Ͻρπȟ̘  
‗̞Ͻὲ
Ͻρπȟ̘  

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

Arduino Nano 
1 0,52 1 0,52 0,52 

ɼʠʦʜ ʂɼ510 3 0,091 1 0,091 0,273 
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ɼʠʦʜ DSEI 12-12A 6 0,1 0,18 0,018 0,108 

ʂʦʥʜʝʥʩʘʪʦʨ ʢʝʨʘʤʠʯʝ-

ʩʢʠʡ 

X7R 0.1 ʤʢʌ 

6 0,0207 1 0,0207 0,124 

ʂʦʥʜʝʥʩʘʪʦʨ ʧʣʘʩʪʠʢʦ-

ʚʳʡ 

B25631b1606K200 

1 0,85 0,18 0,153 0,153 

ɼʨʦʩʩʝʣʴ ʥʠʟʢʦʯʘʩʪʦʪ-

ʥʳʡ 

ɺ82747ɽ6203ɸ040 

1 0,066 0,36 0,024 0,024 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ  

AC-DC  

FSCQ1565RTYDTU 

1 0,5 1 0,5 0,5 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ  

DC-DC 1 0,5 1 0,5 0,5 

ʈʝʟʠʩʪʦʨ 
6 0,048 1 0,048 0,288 

ɼʘʪʯʠʢ ʪʦʢʘ 
3 0,5 1 0,5 1,5 

ʊʨʘʥʟʠʩʪʦʨ 

FGH40T100SMD 6 0,002 0,22 0,00044 0,0264 

 

 
ʈʠʩ. 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʚ ʪʘʙʣʠʮʝ 1 ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ‗, ὑ̎  ï ɻ ʪʦ ʥʘʛʨʫʟʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʢʦʪʦʨʳʡ ʦʟʥʘʯʘʝʪ ʥʘʩʢʦʣʴʢʦ ʦ.ʝ. ʥʘʛʨʫʞʝʥ ʪʦʪ ʠʣʠ ʠʥʦʡ ʵʣʝʤʝʥʪ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʥ ʧʦ 
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ʥʘʧʨʷʞʝʥʠʶ ʠ ʪʦʢʫ, ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ ʚ ʤʝʩʪʝ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʵʣʝʤʝʥʪ ʠ ʪʦʛʦ ʥʘ ʢʘʢʠʝ ʪʦʢʠ 

ʠ ʥʘʧʨʷʞʝʥʠʷ ʦʥ ʨʘʩʩʯʠʪʘʥ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘ-

ʟʦʚ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʨʘʙʦʪʢʫ ʥʘ ʦʪʢʘʟ ʵʣʝʤʝʥʪʘ 

ʫʤʥʦʞʠʪʴ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʪʘʙʣʠʮʝ ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ ‗̞. ɼʘʣʝʝ 
‗̞ ʫʤʥʦʞʠʤ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝ ʯʝʛʦ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʨʝʟʫʣʴʪʠʨʫ-

ʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ: 

‗˪ ̃ˤ ‗̞ ‗̞ ‗̞ ‗̞ ‗̞ ‗̞ ‗̞ ‗̞ ‗̞  

‗̞ ‗̞ πȟυςπȟςχσπȟρπψπȟρςτπȟρυσπȟπςτς ς  

πȟςψψρȟυ πȟπςφτφȟωωσϽρπȟ̘ Ȣ 

ɼʘʣʝʝ ʧʦ ʬʦʨʤʫʣʝ (2) ʨʘʩʩʯʠʪʘʝʤ ʥʘʨʘʙʦʪʢʫ ʜʦ ʧʝʨʚʦʛʦ ʦʪʢʘʟʘ: 

˟ ρȾ‗˪ ̃ ˤ ρȾρȟυςϽρπ ςȟυπυ Ͻρπ ̘Ȣ  ʠʣʠ 28 ʣʝʪ. 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʨʘʚʥʘ: 

ὖρω ςσπ Ὡ Ⱦ Ὡ Ⱦȟ  Ͻ πȟωςφ Ȣ  

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʸʪ ʥʘʜʝʞʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʚʳ-

ʧʦʣʥʝʥʥʦʛʦ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ Arduino Nano. ʈʘʩʩʯʠʪʘʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʩʭʝʤʳ 

‗˪ ̃  ʕʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ φȟωωσϽρπȟ̘ , ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ Ὕ ʩʦʩʪʘʚʠʣʘ  

ςȟυπυ Ͻρπ ̘Ȣ ʠʣʠ 28 ʣʝʪ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ὖὸ ʩʦʩʪʘʚʠʣʘ 0,926 ʥʘ ʛʘʨʘʥʪʠʡ-

ʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ (ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ) 19230 ʯʘʩʦʚ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʚ ʧʝʨʠʦʜ ʛʘʨʘʥʪʠʡʥʦʛʦ 

ʩʨʦʢʘ ʩʦʩʪʘʚʠʣʘ 7,39%. 
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https://eandc.ru/pdf/rezistor/mlt.pdf (ʜʦʩʪʫʧ ï ʩʚʦʙʦʜʥʳʡ, ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.10.2025). 

 

ʉʊɽʅɼ ʇʈʆʊʆʊʀʇʀʈʆɺɸʅʀʗ ʋʇʈɸɺʃʗɽʄʆʁ ʄɽʍɸʅʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ ʉ 

ʈɸɿʃʀʏʅʓʄʀ ɼʀʅɸʄʀʏɽʉʂʀʄʀ ʉɺʆʁʉʊɺɸʄʀ 

ɾʛʫʥ ɹ.ʉ. 

ʅʀ ʊʇʋ,ʀʐʕ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 5ɸʄ55, e-mail: bsz5@tpu.ru 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ çʕʣʝʢʪʨʦʤʝʭʘʥʠʢʘè, çɸʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷè ʠ çʇʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤè ʚ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʩʨʝʜʘʭ MATLAB , Simulink, 

Scilab ʠ ʜʨ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʜʦʙʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʯʘʩʪʦ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʥʘʛʣʷʜʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʤʧʝʪʝʥʮʠʡ ʨʘʟʨʘʙʦʪʘʥ 

ʩʪʝʥʜ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʤʝʭʘʥʠʢʫ, 

ʵʣʝʢʪʨʦʥʠʢʫ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʫ ʚ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ: ʉʪʝʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʳʯʘʞʥʫʶ ʩʠʩʪʝʤʫ, ʟʘʢʨʝʧ-

ʣʸʥʥʫʶ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩ ʧʨʫʞʠʥʥʦʡ ʦʧʦʨʦʡ ʠ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʪʯʠʢʦʤ [2]. ʏʝʨʝʟ ʟʫʙʯʘʪʫʶ 

ʧʝʨʝʜʘʯʫ ʩʦʟʜʘʸʪʩʷ ʨʝʛʫʣʠʨʫʝʤʦʝ ʫʩʢʦʨʝʥʠʝ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ. ʇʦʜʢʣʶʯʝʥʠʝ ʩʠ-

ʩʪʝʤʳ ʨʝʜʫʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ð ʦʪ ʫʩʪʦʡʯʠ-

ʚʳʭ ʜʦ ʧʝʨʝʭʦʜʥʳʭ. ʂ ʩʪʝʥʜʫ ʧʦʜʢʣʶʯʘʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ESP32 [3]. ɼʣʷ ʢʦʪʦʨʦʛʦ 
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ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ Flix, ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʟʘʧʦʤʠʥʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʩʨʘʟʫ ʚ ʄʂ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʪʧʨʘʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦ Wi-Fi. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ: 

1 ð ʊʝʥʟʦʜʘʪʯʠʢ; 2 ð ɺʦʟʚʨʘʪʥʘʷ ʧʨʫʞʠʥʘ; 3 ð ɿʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ ʩ ʪʨʝʭʟʚʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʜʫʢ-

ʪʦʨʦʚ; 4 ð ʀʥʝʨʮʠʦʥʥʳʡ ʙʘʨʘʙʘʥ; 5 ð ʈʝʟʠʥʥʳʝ ʧʨʫʞʠʥʳ; 6 ð ESP32; 7 ð ɻʠʨʦʩʢʦʧ; 8 ð ʐʪʘʥʛʘ; 

9 ð ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʚʦʟʜʫʰʥʳʤʠ ʚʠʥʪʘʤʠ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʤʢʥʫʪʳʝ ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʫʛʣʫ 

ʠʣʠ ʫʩʠʣʠʶ; ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʮʝʣʠ ʫʧʨʘʚʣʝʥʠʷ; ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʜʫʢʪʦʨʘ; ʫʩʪʨʘʥʷʪʴ ʩʚʦʡ-

ʩʪʚʘ ʘʩʪʘʪʠʟʤʘ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʫʞʠʥʥʦʡ ʦʧʦʨʳ [1]. 

ʅʦʚʠʟʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚ-

ʣʷʝʤʦʡ ʩʠʩʪʝʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʝʸ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʧʨʠʤʝʥʝʥʠʠ 3D-ʧʝ-

ʯʘʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥʜʘ, ʘ ʪʘʢʞʝ ʚ ʠʥʪʝʛʨʘʮʠʠ ESP32 ʩ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʟʘʧʠʩʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʪʝʥʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ: çʊʝʦ-

ʨʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷè, çʉʠʣʦʚʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷè, çʇʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʤʝ-

ʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤè. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʦʩʚʘʠʚʘʪʴ ʧʨʠʥʮʠʧʳ ʧʦ-

ʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʯʝʨʝʟ 

ʬʠʟʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʇʨʠ ʵʪʦʤ ʩʪʝʥʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʥʘʛʣʷʜʥʦʩʪʴʶ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʦʙʫʯʘʶʱʠʤʠʩʷ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʯʸʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʮʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ð ʧʦʜ-

ʜʝʨʞʘʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʫʩʠʣʠʷ) ʠʣʠ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʪʴ ʚʟʘ-

ʠʤʦʩʚʷʟʴ ʠ ʜʠʥʘʤʠʢʫ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ɸ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʜʠʩʮʠʧʣʠʥʳ ʪʝʦʨʠʷ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ: ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴ-

ʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʤʢʥʫʪʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠ-

ʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɽʸ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʧʨʦʩʪʦʪʘ, ʤʦʜʫʣʴʥʦʩʪʴ ʠ ʥʘʛʣʷʜʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʢʘ ʣʝʛʢʦ ʪʠʨʘʞʠʨʫ-

ʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʪʨʸʭʤʝʨʥʦʡ (3D) ʧʝʯʘʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʨʘʢʪʠʢʫ. 
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ɺʓɹʆʈ ʆʇʊʀʄɸʃʔʅʆɻʆ ʈɽɾʀʄɸ ʆɹʈɸɹʆʊʂʀ ʄɽʊɸʃʃʆɺ ʈɽɿɸʅʀɽʄ 

ʇʆ ɺʀɹʈɸʎʀʆʅʅʓʄ ʇɸʈɸʄɽʊʈɸʄ 
 

ʐʘʙʘʣʠʥ ɺ.ʉ.1, ʉʠʢʦʨʘ ɽ.ɸ.2 
1 ʆɻɹʇʆʋ çʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʪʝʭʥʠʢʫʤè, ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

e-mail: vadim.shabalin.1991@mail.ru, 
2 ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʠʥʞʝʥʝʨ, ʢ.ʪ.ʥ.,e-mail:o-sea@tpu.ru 
 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ, 

ʚʠʙʨʘʮʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʤʝʰʘʝʪ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚʥʦʩʷʪ ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʠʟ-

ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʦʣʱʠʥʳ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ [1, 2] ʠ ʘʚʪʦʢʦʣʝʙʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʣ ʚʨʘʱʝʥʠʷ ʧʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʙʳʣʘ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʨʝʟʘʥʠʠ, ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʧʦ ʚʳʷʚʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʠʙʨʘʮʠʠ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ.  

ɼʣʷ ʩʣʫʯʘʷ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʯʝʥʠʷ ʨʝʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙ-

ʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʤʠʥʠʤʫʤ ʚʜʦʣʴ ʪʨʝʭ ʦʩʝʡ (ʨʠʩ. 1). 

 

ɺʜʦʣʴ ʵʪʠʭ ʞʝ ʦʩʝʡ ʨʘʟʣʦʞʝʥʘ ʩʠʣʦʚʘʷ ʨʝʘʢʮʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʥʘ ʬʦʨʤʦ-

ʦʙʨʘʟʫʶʱʠʝ ʜʚʠʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠ ʨʝʟʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʛʣʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʨʘʙʦʪʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʟʘʛʦʪʦʚʢʘ ʧʨʠʥʠʤʘʝʪʩʷ 

ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ, ʛʝʦʤʝʪʨʠʷ ʨʝʟʮʘ ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʠʟʥʦʩʘ ʥʝʠʟʤʝʥʥʘ. 

ɺ ʨʦʩʩʠʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʦʞʝ ʠʟʫʯʘʶʪ ʚʠʙʨʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʨʘʙʦʪʘʭ ʥʘʫʯʥʦʡ 

ʰʢʦʣʳ ɺ.ʃ. ɿʘʢʦʚʦʨʦʪʥʦʛʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʜʚʠʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʪʦʯʥʝʝ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʫʶ ʬʠʟʠʢʫ ʧʨʦʮʝʩʩʘ [3]. 

ʀʟʤʝʨʝʥʠʝ ʚʠʙʨʘʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: ʥʝʡʪʨʘʣʴʥʦʤ (ʭʦʣʦʩʪʦʡ ʭʦʜ), 

ʦʧʪʠʤʘʣʴʥʳʡ (ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʘ ʩ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʦʡ ʜʝʬʦʨʤʘ-

ʮʠʡ) ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ (ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʚʠʙʨʘʮʠʠ). 

ʇʨʠ ʵʪʦʤ ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʪʦʯʝʥʠʠ ʥʘ ʩʪʘʥʢʝ, ʠʤʝʶʱʝʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʰʠʨʦʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʥʦ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʣʫʙʠʥʦʡ ʨʝʟʘʥʠʷ t (ʤʤ). 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʦʜʥʦʦʩʝʚʳʝ ʜʘʪʯʠʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʦʩʷʤ y ʠ z ʥʘ ʛʨʘʥʷʭ 

ʪʦʢʘʨʥʦʛʦ ʨʝʟʮʘ. ʇʝʨʚʘʷ ʪʦʯʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʚʷʟʘʥʘ ʩ ʦʮʝʥʢʦʡ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʨʝʟʘʥʠʷ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʨʦʩʪʦʛʦ ʥʝʩʦʚʧʘʜʝʥʠʷ ʧʝʨʠʦʜʘ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʩ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ 

ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ dy/dt, ʪ.ʝ. ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘ-

ʟʦʤ (ʭʦʣʦʩʪʦʡ ʭʦʜ) (ʨʠʩ. 2). 

    
ʈʠʩ. 1. ʆʨʠʝʥʪʘʮʠʷ ʦʩʝʡ ʧʨʠ                        ʈʠʩ. 2. ʉʧʝʢʪʨ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʩʠʛʥʘʣʘ dy/dt  ʜʣʷ n=787 ʦʙ/ʤʠʥ  

        ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ                                                                      (ʭʦʣʦʩʪʦʡ ʭʦʜ)  
 

ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ                              ʜʣʷ (ʭʦʣʦʩʪʦʡ ʭʦʜ) 
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ: ʯʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʪʝʤ ʥʠʞʝ ʚʠʙ-

ʨʘʮʠʷ ʧʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ. ɽʩʣʠ ʧʦʜʦʙʨʘʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ, ʨʘʚʥʫʶ ʦʩʥʦʚʥʦʡ 

ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ ʦʪ ʜʝʬʦʨʤʘʮʠʡ (ʦʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ ʦʪ ʪʦʣʱʠʥʳ ʩʨʝʟʘʝʤʦʡ ʩʪʨʫʞʢʠ) ʚ 

ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʫʜʘʩʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʚʠʙʨʘ-

ʮʠʶ ʠʥʩʪʨʫʤʝʥʪʘ. ɿʜʝʩʴ ʥʘʜʦ ʦʛʦʚʦʨʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʘ. ʀʟʤʝ-

ʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʧʨʠʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʠʣʳ ʨʝʟʘʥʠʷ (ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʟʦʥʝ ʧʝʨʚʠʯʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ) ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢ ʠʟʤʝʥʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʣʠʷʝʪ (ʚ ʩʠʣʫ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʠ-

ʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ) ʥʘ ʦʩʥʦʚʥʫʶ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ (ʨʠʩ. 3). 

  
 

 
ʘ ʙ ʚ ʛ 

ʈʠʩ. 3.  ʉʧʝʢʪʨʳ ʚʠʙʨʦʩʢʦʨʦʩʪʠ: ʘ) dy/dt ʜʣʷ n = 787 ʦʙ/ʤʠʥ (t = 1,2  ʤʤ); ʙ) dy/dt ʜʣʷ n = 1634 ʦʙ/ʤʠʥ 

(t = 1,1 ʤʤ); ʚ) dz/dt ʜʣʷ n = 1634 ʦʙ/ʤʠʥ (t = 1,2 ʤʤ);  ʛ) dz/dt ʜʣʷ n = 1634 ʦʙ/ʤʠʥ (t = 1,1 ʤʤ)  

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʙʦʨʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ, ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ ʵʬ-

ʬʝʢʪ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3, ʧʨʦʮʝʩʩ ʚ ʮʝʣʦʤ ʩʪʘʣ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ, ʦʜʥʘʢʦ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʠʪʴ ʨʝʛʝʥʝʨʘʮʠʶ ʢʦʣʝʙʘʥʠʡ ʥʝ ʫʜʘʣʦʩʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʰʧʠʥʜʝʣʷ ʟʘʛʣʫʰʝʥʘ ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʦʜʥʘʢʦ ʧʦʷʚʠʣʠʩʴ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ: 

V1 = 0,55 ʤʤ/ʩ, V2 = 0,61 ʤʤ/ʩ ʠ V3 = 0,65 ʤʤ/ʩ ʧʨʠ ʯʘʩʪʦʪʘʭ ɜ1 = 4.19 ɻʮ, ɜ2 = 7,25 ɻʮ ʠ 

ɜ3 = 10,12 ɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ ʩʪʘʥʢʘ. ɽʩʣʠ ʧʝʨʠʦʜ 

ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ʨʦʚʥʦ ʧʦʣʦʚʠʥʫ ʦʪ ʧʝʨʠʦʜʘ, ʦʩʥʦʚʥʦʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʢʦʣʝ-

ʙʘʥʠʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ. 3ʚ), ʢʦʣʝʙʘʥʠʷ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʥʘʯʠʥʘʶʪ ʥʦʩʠʪʴ ʥʝʟʘʪʫʭʘʶʱʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʠ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ t = 1,1 ʠʟ 1,2 ʤʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ, ʦʩʝʚʘʷ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʜʚʠʞʝʥʠʡ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʨʦʩʣʘ (ʨʠʩ. 3ʙ, ʚ). ʇʨʠ 

ʵʪʦʤ ʢʦʣʝʙʘʥʠʷ ʥʘ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʝʥʳ, ʪ.ʝ. ʧʦʯʪʠ ʚʩʷ ʵʥʝʨʛʠʷ 

ʩʠʛʥʘʣʘ ʧʝʨʝʥʘʧʨʘʚʣʝʥʘ ʚ ʦʙʣʘʩʪʴ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ (ʨʠʩ. 3ʛ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʵʬ-

ʬʝʢʪʘ ʥʘ ʜʠʥʘʤʠʢʫ ʨʝʟʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘ ʚʠʙʨʦʩ-

ʢʦʨʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʝʟʘʥʠʷ. 
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ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʩʠʣ ʨʝʟʘʥʠʷ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦ-

ʢʘʨʥʳʝ ʜʠʥʘʤʦʤʝʪʨʳ. ʆʩʦʙʝʥʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʢʘʨʥʳʝ ʜʠʥʘʤʦʤʝʪʨʳ Kistler (ʐʚʝʡʮʘ-

ʨʠʷ), ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʞʸʩʪʢʦʩʪʴ, ʥʘʜʸʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ [1]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʦʢʘʨʥʳʭ ʜʠ-

ʥʘʤʦʤʝʪʨʦʚ, ʚ ʪʦʤ  ʯʠʩʣʝ ʠ Kistler, ʷʚʣʷʶʪʩʷ ʟʘʣʦʞʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʦʩʝʡ ʠʟʤʝʨʷʝʤʳʭ ʩʠʣ ʠ ʟʥʘʢ (ʨʠʩ. 1, ʩʧʨʘʚʘ ʚʚʝʨʭʫ). 

ʇʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ 

ʩʠʣʘ ʨʝʟʘʥʠʷ Fz ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ 

ʩʚʝʨʭʫ ʚʥʠʟ, ʥʦ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʪʘʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ Px 

ʠ ʷʚʣʷʝʪʩʷ ʦʩʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʬʨʝʟʝ-

ʨʦʚʘʥʠʷ [2]. ʇʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʦʩʪʨʦʡ (ʥʝʠʟ-

ʥʦʰʝʥʥʦʡ) ʬʨʝʟʦʡ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʰʠ-

ʨʠʥʦʡ ʬʨʝʟʝʨʦʚʘʥʠʷ ɺ (ʨʠʩ. 1) ʵʪʘ ʩʠʣʘ 

ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ, ʪ.ʝ. ʧʳʪʘʝʪʩʷ ʧʦʜʥʷʪʴ ʟʘʛʦ-

ʪʦʚʢʫ ʚʚʝʨʭ ʠʟ-ʟʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʚʠʥʪʦʚʳʭ ʢʘʥʘʚʦʢ (ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ) 

ɤ = 25 ï 40Ü. ʊʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ Px ʙʫʜʝʪ 

ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʩʦ ʟʥʘʢʦʤ 

çʤʠʥʫʩè. 

ʇʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʨʘʜʠʘʣʴʥʘʷ ʩʠʣʘ 

ʨʝʟʘʥʠʷ Fy ʥʘʧʨʘʚʣʝʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʰʧʠʥ-

ʜʝʣʷ ʦʪ ʟʘʛʦʪʦʚʢʠ ʢ ʦʧʝʨʘʪʦʨʫ, ʥʦ ʧʨʠ ʬʨʝʟʝʨʦ-

ʚʘʥʠʠ ʪʦʨʮʦʚʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʨʘʟʤʝʨʦʤ ʜʠʥʘʤʦʤʝʪʨʘ (ʨʠʩ. 1) 

ʪʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ Pv ʠ ʷʚʣʷʝʪʩʷ ʙʦʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ 

ʬʨʝʟʝʨʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʢ ʟʘʛʦʪʦʚʢʝ, ʧʨʠ ʵʪʦʤ ʝʸ ʟʥʘʢ ʙʫʜʝʪ ʦʪʦʙ-

ʨʘʞʘʪʴʩʷ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʩʦ ʟʥʘʢʦʤ çʧʣʶʩè. 

ʇʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʦʩʝʚʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ Fx ʥʘʧʨʘʚʣʝʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʤʦʥʠʪʦʨʝ ʩʦ 

ʟʥʘʢʦʤ çʧʣʶʩè, ʥʦ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʪʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ Ph 

(ʨʠʩ. 1) ʠ ʷʚʣʷʝʪʩʷ ʩʠʣʦʡ ʧʦʜʘʯʠ, ʪ.ʢ. ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʠ sʤ: 

sʤ = szĀzĀn (ʤʤ/ʤʠʥ), ʛʜʝ sz ï ʧʦʜʘʯʘ ʥʘ ʦʜʠʥ ʟʫʙ ʬʨʝʟʳ (ʤʤ/ʟʫʙ); z ï ʢʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ ʬʨʝʟʳ 

(ʰʪ); n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ (ʰʧʠʥʜʝʣʷ) (ʦʙ/ʤʠʥ). ʇʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʪʦʨʮʦ-

ʚʦʡ ʯʘʩʪʠ ʟʘʛʦʪʦʚʢʠ ʩʠʣʘ ʩʦ ʩʪʦʨʦʥʳ ʟʫʙʘ ʬʨʝʟʳ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʠ 

ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ ʤʦʥʠʪʦʨʝ ʩʦ ʟʥʘʢʦʤ çʤʠʥʫʩè. 

ʇʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʪʦʨʮʦʚʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ6, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ 

ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʦʜʦʤ WAɸʄ, ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʢʦʥʮʝʚʦʡ ʬʨʝʟʦʡ ʜʠʘ-

ʤʝʪʨʦʤ 12 ʤʤ ʠʟ ʪʚʸʨʜʦʛʦ ʩʧʣʘʚʘ H10F (ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʀʆʅ, ʛ. ʊʦʤʩʢ) ʙʝʟ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ 

ʧʦʢʨʳʪʠʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʠ sʤ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʠ ʧʨʠ ʩʠʥʪʝʟʝ ʦʙʨʘʟʮʘ 

ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʬʨʝʟʝʨʦʚʘʥʠʷ (ʩʤ. ʨʠʩ. 2). ʊʚʝʨʜʳʡ 

ʩʧʣʘʚ ʤʘʨʢʠ H10F ʠʤʝʣ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: å 89,4 ʤʘʩʩ. % ʢʘʨʙʠʜʦʚ ʚʦʣʴʬʨʘʤʘ, ʜʦ 

0,6 ʤʘʩʩ. % ʩʤʝʰʘʥʥʳʭ ʢʘʨʙʠʜʦʚ ʠ ʦʢʦʣʦ 10,0 ʤʘʩʩ. % ʢʦʙʘʣʴʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ, ʨʘʟʤʝʨ ʟʝʨʥʘ 

ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ 0,5é0,6 ʤʢʤ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ůʠ å 3200 ʄʇʘ, ʪʚʝʨʜʦʩʪʴ HRA 

 
ʈʠʩ. 1. ʅʘʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ Fx, Fy ʠ Fz ʩʠʣʳ ʨʝʟʘʥʠʷ 

ʧʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʩʧʨʘʚʘ 

ʚʚʝʨʭʫ) ʠ Px, Pv ʠ Ph ʧʨʠ ʚʩʪʨʝʯʥʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʪʦʨʮʝʚʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ  
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92. 

ʇʨʠ ʤʘʣʦʡ ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʝ sʤ = 25 ʤʤ/ʤʠʥ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷ ʙʦ-

ʢʦʚʦʡ ʩʠʣʳ Pv, ʯʪʦ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ (ʩʤ. ʨʠʩ. 2 ʘ). ʅʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʝ ʜʦ 

630 ʤʤ/ʤʠʥ ʙʦʢʦʚʘʷ ʩʠʣʘ Pv ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʚʝʨʰʠʥʳ ʨʝʞʫʱʝʡ ʢʨʦʤʢʦʡ ʧʦʣʦʚʠʥʳ ʛʣʫʙʠʥʳ 

ʬʨʝʟʝʨʦʚʘʥʠʷ  t = 1 ʤʤ ʥʘʯʠʥʘʝʪ ʧʨʠʥʠʤʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʠ ʦʥʘ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ 

ʙʦʣʴʰʝ ʪʦʣʱʠʥʘ ʩʨʝʟʘ ai = szĀsin ɣ (ʤʤ), ʛʜʝ ɣ ï ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʪʫʧʣʝʥʠʷ ʝʸ ʚ ʢʦʥʪʘʢʪ ʩ ʟʘʛʦʪʦʚʢʦʡ (ʛʨʘʜ.). ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʨʝʟʘ 

ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʳ ʧʦʜʘʯʠ Ph ʠ ʦʩʝʚʦʡ ʩʠʣʳ Px (ʨʠʩ. 2 ʙ, ʠʟʤʝʥʝʥʠʝ ʩʠʣ ʥʘ ʜʚʫʭ ʩʦʩʝʜ-

ʥʠʭ ʟʫʙʴʷʭ).  

 

ʋʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʩʨʝʟʘ, ʦ ʯʸʤ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʠʣʳ ʧʦʜʘʯʠ 

Ph, ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ Pv, ʯʪʦ ʩʚʷʟʘʥʦ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʫʧʨʫʛʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʫʤʝʥʴʰʝ-

ʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ ʬʨʝʟʳ ʦʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡʩʷ 

 
      ʘ  

 

 
      ʙ 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ Px, Pv ʠ Ph ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ 

ʪʦʨʮʝʚʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ6.  n = 630 ʦʙ/ʤʠʥ, ɺ = 7 ʤʤ, t = 1 ʤʤ: ʘ ï 

sʤ = 25 ʤʤ/ʤʠʥ; ʘ ï sʤ = 630 ʤʤ/ʤʠʥ  
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ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʪʘʚʣʝʥʥʦʡ ʧʦʩʣʝ ʧʨʝʜʳʜʫʱʝʛʦ ʟʫʙʘ. ʇʨʠ ʙʦʣʴʰʦʡ ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʝ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʪʦʣʱʠʥʘ ʩʨʝʟʘ, ʧʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʙʦʢʦʚʦʡ ʩʠʣʳ Pv ʧʦʢʘʟʳʚʘʝʪ ʦ ʧʨʠʪʷʞʝʥʠʠ ʟʘʛʦ-

ʪʦʚʢʠ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ. ʂʦʥʩʦʣʴʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʢʦʥʮʝʚʦʡ ʬʨʝʟʳ ʫʤʝʥʴʰʘʝʪ ʝʸ ʞʸʩʪ-

ʢʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʥʝ ʪʦʣʴʢʦ ʟʘʛʦʪʦʚʢʠ, ʥʦ ʠ ʬʨʝʟʳ.  

ʇʨʠ ʤʘʣʦʡ ʧʦʜʘʯʝ sʤ = 25 ʤʤ/ʤʠʥ ʚ ʧʝʨʠʦʜ ʜʦ ʚʭʦʜʘ ʦʯʝʨʝʜʥʦʛʦ ʟʫʙʘ ʚ ʢʦʥʪʘʢʪ ʩ ʟʘʛʦ-

ʪʦʚʢʦʡ ʦʩʝʚʘʷ ʩʠʣʘ Pʭ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʪ.ʢ. ʪʦʨʮʝʚʘʷ ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ ʜʘʚʠʪ ʥʘ ʟʘʛʦʪʦʚʢʫ ʩʚʝʨʭʫ 

ʚʥʠʟ (ʩʤ. ʨʠʩ. 2 ʘ). ʉʠʣʘ ʧʦʜʘʯʠ Ph ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʜʦ ʚʩʪʫʧʣʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʟʫʙʘ ʚ ʢʦʥʪʘʢʪ ʩ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ ʨʘʚʥʘ ʥʫʣʶ, ʠ ʣʠʰʴ ʠʥʦʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʯʪʦ ʥʝʝʩʪʝ-

ʩʪʚʝʥʥʦ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʪʦʨʮʝʚʘʷ ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ ʪʷʥʝʪ ʟʘʛʦʪʦʚʢʫ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦ-

ʜʘʯʠ, ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʝʨʝʜʥʠʤ ʫʛʣʦʤ ɔ ʥʘ ʪʦʨʮʝʚʳʭ ʨʝʞʫʱʠʭ ʢʨʦʤʢʘʭ.  

ʇʨʠ ʚʩʪʫʧʣʝʥʠʠ ʚ ʢʦʥʪʘʢʪ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ ʦʩʝʚʘʷ ʩʠʣʘ Pʭ ʦʪʨʠʮʘ-

ʪʝʣʴʥʘ ʧʨʠ  ʧʦʜʘʯʝ sʤ = 25 ʤʤ/ʤʠʥ, ʪ.ʝ. ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ ʪʷʥʝʪ ʟʘʛʦʪʦʚʢʫ ʚʚʝʨʭ ʠʟ-ʟʘ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ɤ = 40Ü, ʙʦʣʴʰʦʡ ʰʠʨʠʥʳ ʬʨʝʟʝʨʦʚʘʥʠʷ ɺ = 7 ʤʤ ʠ 

ʤʘʣʦʡ ʛʣʫʙʠʥʳ ʬʨʝʟʝʨʦʚʘʥʠʷ t = 1 ʤʤ (ʩʠʣʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʥʠʟ ʦʪ ʪʦʨʮʝʚʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ 

ʤʘʣʳ). ʉʠʣʘ ʧʦʜʘʯʠ Ph ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚʩʝʛʜʘ ʦʪʨʠʮʘʪʝʣʴʥʘ ʠ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʜʘʯʠ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ.  

ɺʨʝʤʷ ʥʘʩʪʫʧʣʝʥʠʷ ʧʠʢʦʚ ʩʠʣʳ Pʭ ʠ ʩʠʣ Pv ʠ Ph ʥʝ ʩʦʚʧʘʜʘʶʪ, ʪ.ʝ. ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ 

ʦʩʝʚʦʡ ʩʠʣʳ Pʭ ʥʘʩʪʫʧʘʝʪ ʚʩʝʛʜʘ ʨʘʥʴʰʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʸ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘ ʩʯʸʪ ʜʘʚʣʝʥʠʷ 

ʚʥʠʟ ʩʦ ʩʪʦʨʦʥʳ ʪʦʨʮʝʚʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʧʦ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʫʧʘ ʥʘ ʦʙʨʘʟʮʝ.  

ʇʨʠ ʙʦʣʴʰʦʡ ʧʦʜʘʯʝ sʤ = 630 ʤʤ/ʤʠʥ ʦʩʝʚʘʷ ʩʠʣʘ Pʭ ʚʩʝʛʜʘ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪ.ʝ. ʨʝʞʫʱʘʷ 

ʢʨʦʤʢʘ ʪʷʥʝʪ ʟʘʛʦʪʦʚʢʫ ʚʚʝʨʭ ʠʟ-ʟʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ɤ = 40Ü 

(ʩʤ. ʨʠʩ. 2 ʘ). ʉʠʣʘ ʧʦʜʘʯʠ Ph ʚʩʝʛʜʘ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ-

ʜʘʯʠ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ. ʃʠʰʴ ʠʥʦʛʜʘ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʡ ʠ ʥʘ ʥʝʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ.  

ɺʨʝʤʷ ʥʘʩʪʫʧʣʝʥʠʷ ʧʠʢʦʚ ʩʠʣʳ Pʭ ʠ ʩʠʣ Pv ʠ Ph ʧʨʠ ʙʦʣʴʰʦʡ ʧʦʜʘʯʝ ʪʘʢʞʝ ʥʝ ʩʦʚʧʘʜʘʶʪ, 

ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʦʩʝʚʦʡ ʩʠʣʳ Pʭ ʥʘʩʪʫʧʘʝʪ ʥʘʤʥʦʛʦ ʨʘʥʴʰʝ, ʯʝʤ ʧʨʠ ʤʘʣʦʡ ʧʦ-

ʜʘʯʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʸ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘ ʩʯʸʪ ʜʘʚʣʝʥʠʷ ʚʥʠʟ ʩʦ ʩʪʦʨʦʥʳ ʪʦʨʮʝʚʦʡ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʫʧʘ ʥʘ 

ʦʙʨʘʟʮʝ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʱʸ ʙʦʣʴʰʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʣʦʩʴ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ, ʧʨʦʝʢʪ ˉ23-79-10166. 
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1. ʋʪʝʥʢʦʚ ɺ.ʄ., ɹʳʢʦʚ ʇ.ɸ. ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʥʘʤʦʤʝʪʨʘ Kistler ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʤʝʪʘʣʣ-

ʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ/ ʕʣʝʢʪʨʦʥʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çʀʥʞʝʥʝʨʥʳʡ ʚʝʩʪʥʠʢè, ˉ 10, 2012, 

677-48211/492011 ï 2012, ʄɻʊʋ;  
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ʬʨʝʟʝʨʦʚʘʥʠʠ ʧʦʨʦʰʢʦʚʦʡ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʦʡ ʩʪʘʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʚʳʨʘʱʠʚʘʥʠʷ (LMD) // ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ (ʪʝʭʥʦʣʦʛʠʷ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʥʩʪʨʫʤʝʥʪʳ). ï 2024. ï ʊ. 26, 

ˉ 2. ï ʉ. 38ï56. ï DOI: 10.17212/1994-6309-2024-26.2-38-56. 
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ɺʀʗʅʀɽ ʅɸʇʈɸɺʃɽʅʀʗ ʇʆɼɸʏʀ ʆʊʅʆʉʀʃʔʅʆ ʅɸʇʈɸɺʃɽʅʀʗ ʇʈʀ  

ʉʀʅʊɽɿɽ ʇʈʀ ʌʈɽɿɽʈʆɺɸʅʀʀ ʊʀʊɸʅʆɺʆɻʆ ʉʇʃɸɺɸ ɺʊ6 

 
ʂʦʟʣʦʚ ɺ.ʅ.1, ɹʘʙʘʝʚ ɸ.ʉ.2, ʉʝʤʸʥʦʚ ɸ.ʈ.3 , ɹʝʣʴʯʠʢʦʚ ʀ.ɸ.4 

1 ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʐʅʇʊ, ʜʦʮʝʥʪ ʆʄʐ, e-mail: kozlov-viktor@bk.ru; 
2 ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, e-mail: temkams@mail.ru; 

3 ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʘʩʧʠʨʘʥʪ, e-mail: artems2102@yandex.ru; 
4 ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʤ.ʥ.ʩ., e-mail: ivan70422@gmail.com 

 

ʇʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ6, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ (ɸʊ) ʤʝʪʦʜʦʤ WAɸʄ, ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʢʦʥʮʝʚʦʡ ʬʨʝʟʦʡ ʜʠʘʤʝʪʨʦʤ 

12 ʤʤ ʠʟ ʪʚʸʨʜʦʛʦ ʩʧʣʘʚʘ H10F (ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʀʆʅ, ʛ. ʊʦʤʩʢ) ʙʝʟ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʧʦʢʨʳʪʠʷ 

ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʬʨʝʟʝʨʦʚʘʥʠʷ. ʊʚʝʨʜʳʡ ʩʧʣʘʚ ʤʘʨʢʠ 

H10F ʠʤʝʣ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: å 89,4 ʤʘʩʩ. % ʢʘʨʙʠʜʦʚ ʚʦʣʴʬʨʘʤʘ, ʜʦ 0,6 ʤʘʩʩ. % 

ʩʤʝʰʘʥʥʳʭ ʢʘʨʙʠʜʦʚ ʠ ʦʢʦʣʦ 10,0 ʤʘʩʩ. % ʢʦʙʘʣʴʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ, ʨʘʟʤʝʨ ʟʝʨʥʘ ʢʘʨʙʠʜʥʦʡ 

ʬʘʟʳ 0,5é0,6 ʤʢʤ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ å 3200 ʄʇʘ, ʪʚʝʨʜʦʩʪʴ HRA 92. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʦʤʝʪʨʘ Kistler (ʐʚʝʡʮʘʨʠʷ) [1] ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷ ʩʠʣ 

ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʠ sʤ (ʤʤ/ʤʠʥ) ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʥʪʝʟʘ 

ʧʨʠ ʩʭʝʤʘʭ ʚʩʪʨʝʯʥʦʛʦ ʠ ʧʦʧʫʪʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ (ʨʠʩ. 1, 2).  

 

ʇʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʥʪʝʟʘ ʙʦʢʦʚʘʷ ʩʠʣʘ Pv, ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʠ sʤ (ʤʤ/ʤʠʥ) (ʩʤ. ʨʠʩ. 2), ʧʨʠʥʠʤʘʝʪ ʢʘʢ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʥʘʧʨʘʚʣʝʥʘ ʦʪ ʦʩʠ ʬʨʝʟʳ ʢ ʟʘʛʦʪʦʚʢʝ (ʦʙʨʘʟʮʫ), ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʟʫʙʘ ʥʘ ʟʘʛʦʪʦʚʢʫ), ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʨʠʩ. 1 ʘ), ʯʪʦ ʥʝ ʝʩʪʝʩʪʚʝʥʥʦ, ʥʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʫʙ ʬʨʝʟʳ ʧʨʠʪʷʛʠʚʘʝʪ ʟʘʛʦʪʦʚʢʫ ʢ ʦʩʠ ʬʨʝʟʳ ʠʟ-ʟʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʝ-

ʨʝʜʥʝʛʦ ʫʛʣʘ ɔ. ʀʟ-ʟʘ ʥʝʦʜʠʥʘʢʦʚʳʭ ʩʠʣ ʨʝʟʘʥʠʷ ʥʘ ʩʦʩʝʜʥʠʭ ʟʫʙʴʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʤʝ-

ʝʪʩʷ ʨʘʜʠʘʣʴʥʦʝ ʙʠʝʥʠʝ ʟʫʙʴʝʚ. ʏʝʤ ʙʦʣʴʰʝ ʩʠʣʘ ʧʦʜʘʯʠ Ph, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʠ (Phmax ʚʜʦʣ)ɹ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʦʢʦʚʦʡ ʩʠʣʳ Pvmax ʚʜʦʣʴ ʠ 

    
   ʘ        ʙ 

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ Px, Pv ʠ Ph ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ʠʟ ʪʠ-

ʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ6 ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʥʪʝʟʘ.  n = 630 ʤʤ, ɺ = 7 ʤʤ, t = 1 ʤʤ, 

sʤ = 315 ʤʤ/ʤʠʥ: ʘ ï ʧʦ ʩʭʝʤʝ ʚʩʪʨʝʯʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ; ʙ ï ʧʦ ʩʭʝʤʝ ʧʦʧʫʪʥʦʛʦ  ʬʨʝʟʝʨʦʚʘʥʠʷ 
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ʤʝʥʴʰʝ ʝʸ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʩʤ. ʨʠʩ. 1 ʘ). ʇʨʠ ʤʘʣʦʡ ʩʠʣʝ Phmax ʚʜʦʣʴ, ʚʳʟʚʘʥʥʦʡ, ʩʪʘʣʦ 

ʙʳʪʴ, ʠ ʤʝʥʴʰʝʡ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ t ʠʟ-ʟʘ ʙʠʝʥʠʷ ʟʫʙʴʝʚ, ʩʠʣʘ Pv ʧʨʠʥʠʤʘʝʪ ʪʦʣʴʢʦ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ. ʊʦʣʱʠʥʘ ʩʨʝʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ai = szĀsin ɣi (ʤʤ), ʛʜʝ sz ï ʧʦʜʘʯʘ ʥʘ 

ʟʫʙ (ʤʤ/ʟʫʙ); ɣi ï ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʸ ʚʭʦʜʘ 

ʚ ʢʦʥʪʘʢʪ ʩ ʟʘʛʦʪʦʚʢʦʡ (ʛʨʘʜ.). 

ʇʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʘʯʠ ʚʜʦʣʴ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʩʠʥʪʝʟʘ, ʥʦ ʚ ʧʦʧʫʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ,  

ʥʘʧʨʘʚʣʝʥʠʝ ʙʦʢʦʚʦʡ ʩʠʣʳ Pv ʩʪʘʥʦʚʠʪʩʷ 

ʚʩʝʛʜʘ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ 

(ʩʤ. ʨʠʩ. 1 ʙ), ʪ.ʝ. ʟʫʙ ʜʘʚʠʪ ʥʘ ʟʘʛʦʪʦʚʢʫ, ʯʪʦ 

ʝʩʪʝʩʪʚʝʥʥʦ, ʠ ʝʸ ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ 

Pvmax ʧʦʧʫʪʥʦʝ ʚ 8 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʵʪʫ ʩʦʩʪʘʚʣʷ-

ʶʱʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʪʨʝʯʥʳʤ ʬʨʝʟʝʨʦ-

ʚʘʥʠʝʤ ʚʜʦʣʴ ʩʠʥʪʝʟʘ Pvmax ʚʩʪʨʝʯ. ʅʘʤʠ ʵʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʪʦʣʱʠʥʦʡ ʩʨʝʟʘ ʧʨʠ 

ʚʨʝʟʘʥʠʠ ʟʫʙʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴ-

ʥʦʡ ʩʠʣʳ Pz ʩʪʦʨʦʥʫ ʦʙʨʘʟʮʘ. ʆʙʨʘʱʘʝʪ ʥʘ 

ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʛʨʘʬʠʢʘ ʩʠʣʳ Pvʧʦʧʫʪʥʦʝ ʧʨʠ 

ʝʸ ʥʘʠʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʝ, ʭʦʪʷ ʩʠʣʘ ʧʦʜʘʯʠ 

Ph ʠ ʦʩʝʚʘʷ ʩʠʣʘ Pʭ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʶʪʩʷ. 

ʆʩʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʠ ʧʨʠ 

ʚʩʪʨʝʯʥʦʤ ʠ ʧʦʧʫʪʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩʚʦʡ ʟʥʘʢ ʥʝ ʤʝʥʷʶʪ ʠ ʠʭ ʚʝʣʠʯʠʥʘ ʩʦʧʦʩʪʘʚʠʤʘ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʚʝʣʠʯʠʥʝ ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʠ. ʉʠʣʘ ʧʦʜʘʯʠ Ph, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʠ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ: Phmax ʚʩʪʨʝʯ = 580 ʅ, Phmax ʧʦʧʫʪʥʦʝ = 500 ʅ; ʦʩʝ-

ʚʘʷ ʩʠʣʘ Pʭ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʦʩʠ ʬʨʝʟʳ: Pʭmax ʚʩʪʨʝʯ = 200 ʅ, Pʭmax ʧʦʧʫʪʥʦʝ = 220 ʅ. 

ʆʩʝʚʘʷ ʩʠʣʘ Pʭ ʚʩʝʛʜʘ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪ.ʝ. ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ ʪʷʥʝʪ ʟʘʛʦʪʦʚʢʫ ʚʚʝʨʭ ʠʟ-ʟʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ɤ = 40Ü (ʩʤ. ʨʠʩ. 1 ʘ, ʙ). ʉʠʣʘ ʧʦʜʘʯʠ Ph ʚʩʝʛʜʘ 

ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪ.ʢ. ʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ v (ʤ/ʤʠʥ), ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʭʝʤʳ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ. ʃʠʰʴ ʠʥʦʛʜʘ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ: ʥʘ ʢʦʨʦʪ-

ʢʦʝ ʚʨʝʤʷ ʠ ʥʘ ʥʝʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ. 

ʇʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʚʨʝʤʷ ʥʘʩʪʫʧʣʝʥʠʷ ʧʠʢʦʚ ʩʠʣ Pʭ ʠ Ph ʩ ʧʠʢʦʤ ʩʠʣʳ Pv ʥʝ 

ʩʦʚʧʘʜʘʝʪ, ʪ.ʝ. ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʙʦʢʦʚʦʡ ʩʠʣʳ Pv ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚ ʩʪʦ-

ʨʦʥʫ ʟʘʛʦʪʦʚʢʠ) ʥʘʩʪʫʧʘʝʪ ʚʩʝʛʜʘ ʨʘʥʴʰʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʸ ʫʤʝʥʴʰʝʥʠʝʤ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʟʘʪʝʤ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ (ʦʪ ʟʘʛʦʪʦʚʢʠ) ʟʘ ʩʯʸʪ ʧʦʚʦʨʦʪʘ ʟʫʙʘ ʬʨʝʟʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʠʣʳ Pz ʥʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʠ, ʘ ʚ ʧʦ-

ʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʢ ʪʦʤʫ ʞʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʦʪ ʟʘʛʦʪʦʚʢʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʣʦʩʴ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ, ʧʨʦʝʢʪ ˉ23-79-10166. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʜʝʡʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ Pv ʠ Ph ʧʨʠ ʚʩʪʨʝʯʥʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʠ 




































































































































































































































































































































































































































































































































































































































































































