
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ñʍɸʈʂɯɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊò 

ʅʦʚʽ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʰʠʥ ʚʽʡʩʴʢʦʚʦʛʦ ʪʘ ʮʠʚʽʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʨʠ ʫʜʘʨʥʽʡ ʚʟʘʻʤʦʜʽʾ 

2016 



ʤʦʣʦʜʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʢʘʬʝʜʨʠ 

2011: ʩʧʝʮʽʘʣʽʩʪ ñɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷò, ʅʊʋ ñʍʇɯò 

2016: ʟʘʭʠʩʪ ʢʘʥʜʠʜʘʪʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ  

ñɼʠʥʘʤʽʢʘ ʪʘ ʤʽʮʥʽʩʪʴ ʤʘʰʠʥò, ʅʊʋ ñʍʇɯò 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʡ ʩʧʝʮʽʘʣʽʩʪ SolidWorks, ʩʪʘʞʫʚʘʣʘʩʴ ʚ ɸʘʭʝʥʩʴʢʦʤʫ  

ʫʥʽʚʝʨʩʠʪʝʪʽ, ʘʚʪʦʨ 27 ʧʫʙʣʽʢʘʮʽʡ 

ʊʢʘʯʫʢ ʄʠʢʦʣʘ ʄʠʢʦʣʘʡʦʚʠʯ 
ʜʦʢʪʦʨʘʥʪ ʢʘʬʝʜʨʠ 

2011: ʢ.ʪ.ʥ. ñɼʠʥʘʤʽʢʘ ʪʘ ʤʽʮʥʽʩʪʴ ʤʘʰʠʥò, ʅʊʋ ñʍʇɯò 

2010: ʤʘʛʽʩʪʨ ñʆʙʯʠʩʣʶʚʘʣʴʥʘ ʤʝʭʘʥʽʢʘ ò, ʋʥʽʚʝʨʩʠʪʝʪ  ʐʪʫʪʛʘʨʪʘ 

2005: ʤʘʛʽʩʪʨ ñʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘò, ʍʅʋ ʽʤ. ɺ.ʅ. ʂʘʨʘʟʽʥʘ 

ʩʪʘʞʫʚʘʚʩʷ ʚ ʉʪʝʥʬʦʨʜʩʴʢʦʤʫ ʪʘ ʐʪʫʪʛʘʨʪʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʘʭ, 

ʣʘʫʨʝʘʪ ʢʦʥʢʫʨʩʫ ñʄʦʣʦʜʠʡ ʚʯʝʥʠʡ ʍʘʨʢʽʚʱʠʥʠò, ʩʪʠʧʝʥʜʽʘʪ 

ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ, ʘʚʪʦʨ 76 ʧʫʙʣʽʢʘʮʽʡ 

ɻʨʘʙʦʚʩʴʢʠʡ ɸʥʜʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ 
ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʢʘʬʝʜʨʠ 

2011: ʢ.ʪ.ʥ. ñɼʠʥʘʤʽʢʘ ʪʘ ʤʽʮʥʽʩʪʴ ʤʘʰʠʥò, ʅʊʋ ñʍʇɯò 

2006: ʤʘʛʽʩʪʨ ñɼʠʥʘʤʽʢʘ ʪʘ ʤʽʮʥʽʩʪʴ ʤʘʰʠʥò, ʅʊʋ ñʍʇɯò 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʡ ʩʧʝʮʽʘʣʽʩʪSolidWorks, Pro/Engineer, Autodesk,  

ʩʪʘʞʫʚʘʚʩʷ ʚ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʉʝʥʪ-ɽʪʴʻʥʘ ʪʘ ʄʘʛʜʝʙʫʨʛʘ, ʣʘʫʨʝʘʪ 

ʢʦʥʢʫʨʩʫ ñʄʦʣʦʜʠʡ ʚʯʝʥʠʡ ʍʘʨʢʽʚʱʠʥʠò, ʘʚʪʦʨ 47 ʧʫʙʣʽʢʘʮʽʡ 

ʉʢʨʽʧʯʝʥʢʦ ʅʘʪʘʣʽʷ ɹʦʨʠʩʽʚʥʘ 

ʂʘʬʝʜʨʘ ʪʝʦʨʽʾ ʽ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ñʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò 



ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ, ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʚ'ʷʟʘʥʦʾ ʟʘʜʘʯʽ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʩʠʥʪʝʟʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʦʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʾʭ ʻʜʠʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʦʧʠʩʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʧʦʣʽʧʰʝʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥ ʚʽʡʩʴʢʦʚʦʛʦ ʪʘ ʮʠʚʽʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. 



ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʤʽʩʪʷʪʴ ʫʩʶ ʤʥʦʞʠʥʫ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʯʠʥʥʠʢʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʫʨʘʞʝʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʥʘʧʨʷʤʫ 

ʚʠʟʥʘʯʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʽ ʊʍ  ̔ʊʊʍ ʤʘʰʠʥ, ʱʦ 

ʧʨʦʝʢʪʫʶʪʴʩʷ ʪʘ ʛʦʪʫʶʪʴʩʷ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʯʠ ʤʦʜʝʨʥʽʟʘʮʽʾ; ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʚôʷʟʘʥʦʾ ʟʘʜʘʯʽ ʘʥʘʣʽʟʫ ʅɼʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ  ̔

ʩʠʥʪʝʟʫ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʽʣ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ  ̔ ʨʝʘʣʽʟʦʚʘʥʦ ʽʥʪʝʛʨʘʮʽʶ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ ʚ ʻʜʠʥʦʤʫ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ  ̔ʩʠʥʪʝʟʫ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʽʣ; ʫʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʠ ʪʘ ʷʢʽʩʥʽ ʟʤʽʥʠ ʪʦʧʦʣʦʛʽʾ ʢʦʥʪʘʢʪʥʠʭ ʟʦʥ  ̔ ʨʦʟʧʦʜʽʣʫ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʫ 

ʩʧʨʷʞʝʥʥʽ ʪʽʣ ʧʨʠ ʟʤʽʥʽ ʾʭ ʬʦʨʤʠ, ʨʦʟʤʽʨʽʚ ʪʘ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 1) ʨʦʟʨʦʙʣʝʥʠʡ  ̔ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ ʨʦʟʨʘʭʫʥʢʫ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ; 2) ʦʪʨʠʤʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʛʽʜʨʦʦʙôʻʤʥʠʭ (ɻʆʇ) ʪʘ ʜʚʦʭʧʘʨʘʤʝʪʨʠʯʥʠʭ ʧʝʨʝʜʘʯ ʫ ʩʢʣʘʜʽ 

ʪʘʥʢʦʚʠʭ ʪʨʘʥʩʤʽʩʽʡ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʨʘʥʩʤʽʩʽʡ ʜʣʷ ʣʝʛʢʦʙʨʦʥʴʦʚʘʥʠʭ ʤʘʰʠʥ, 

ʩʠʣʦʚʠʭ ʣʘʥʮʶʛʽʚ, ʷʢʽ ʧʨʠʚʝʣʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʩʦʢʠʤʠ 

ʊʍ  ̔ ʊʊʍ; 3) ʩʪʚʦʨʝʥʽ ʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʙʨʦʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʟ ʤʝʪʦʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʙʨʦʫʜʘʨʥʠʭ 

ʤʘʰʠʥ; 4) ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʙʦʪʽ ʧʽʜʭʽʜ ʚʦʣʦʜʽʻ ʜʦʩʪʘʪʥʴʦʶ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ  ̔

ʟʘʩʪʦʩʦʚʥʽʩʪʶ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʢʦʥʪʘʢʪʫʶʯʠʭ ʪʽʣ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʧʦʛʦʜʞʝʥʠʡ ʨʫʭ ʧʦ ʧʦʚʝʨʭʥʷʭ 

ʩʧʨʷʞʝʥʥʷ. 



ɸʢʪʫʘʣʴʥʽʩʪʴ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ï ʩʫʯʘʩʥʠʭ 

ʚʽʪʯʠʟʥʷʥʠʭ ʙʦʡʦʚʠʭ ʣʝʛʢʦʙʨʦʥʴʦʚʘʥʠʭ ʤʘʰʠʥ, ʚʠʥʠʢʘʶʪʴ ʜʚʽ ʟʚôʷʟʘʥʽ ʟʘʜʘʯʽ:  

I ï ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) ʩʢʣʘʜʥʦʧʨʦʬʽʣʴʥʠʭ ʪʽʣ 

(ʉʇʊ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʴʦʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ; II ï ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʾʭʥʽʭ ʢʽʥʝʤʘʪʠʯʥʦ ʛʝʥʝʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʂɻʇ). ɯʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ I  ̔ II ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʧʨʠ ʦʧʠʩʽ ʬʦʨʤʠ ʪʽʣ, ʤʘʶʪʴ 

ʥʝʜʦʩʢʦʥʘʣʽ ʤʝʭʘʥʽʟʤʠ ʽʥʪʝʛʨʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ  ̔ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ  ̔  ̒

ʥʝʜʦʩʪʘʪʥʴʦ  ʟʙʘʣʘʥʩʦʚʘʥʠʤʠ ʟʘ ʪʦʯʥʽʩʪʶ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ 

ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʜʘʥʽ ʯʠʥʥʠʢʠ ʤʘʶʪʴ ʜʣʷ ʚʘʞʢʠʭ 

ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ, ʟʦʢʨʝʤʘ, ʚʽʙʨʦʫʜʘʨʥʠʭ, ʪʦʤʫ ʱʦ ʧʨʠ ʮʴʦʤʫ ʪʨʘʜʠʮʽʡʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ  ̔ ʅɼʉ ʥʝ ʜʘʶʪʴ ʘʜʝʢʚʘʪʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ  ̔ʩʠʥʪʝʟʫ ʪʽʣ  ̒ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ  ̔ʧʨʘʢʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʫ 

ʨʦʟʚôʷʟʘʥʦ ʚ ʧʦʜʘʥʽʡ  ʨʦʙʦʪʽ. 
ʇʨʦʤʠʩʣʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫʧʨʦʚʘʜʞʝʥʽ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʥʠʟʢʠ ʛʦʩʧʦʜʘʨʩʴʢʠʭ  ̔

ʜʦʛʦʚʦʨʽʚ ʧʨʦ ʩʧʽʚʧʨʘʮʶ ʟ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʘ ʪʘʢʦʞ ʙʶʜʞʝʪʥʠʭ ʪʝʤ ʚ ʅʊʋ 

Ăʍʇɯò. ʎʝ, ʟʦʢʨʝʤʘ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ, ʧʨʠʢʣʘʜʥʽ  ʪʝʤʘ ʪʘ ʤʽʞʥʘʨʦʜʥʽ ʛʨʘʥʪʠ.  
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ɿʽʩʪʘʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʽʚ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʠʭ (N) ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ (ɽ) 

ʜʦʩʣʽʜʞʝʥʴ ʩʠʣ ʫʜʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʚʽʙʨʦʫʜʘʨʥʽʡ ʩʠʩʪʝʤʽ 
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