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ʇʈɽʀʄʋʑɽʉʊɺɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʆɹɽʉʇɽʏɽʅʀʗ ʅɸɼɽɾʅʆʉʊʀ ʀ 

ʂɸʏɽʉʊɺɸ ɸʇʇɸʈɸʊʋʈʓ ɸʉʆʅʀʂɸ ʇɽʈɽɼ ɿɸʈʋɹɽɾʅʓʄʀ ʉʀʉʊɽʄɸʄʀ - ANSYS, 

NASTRAN, COSMOS, COMSOL ʀ ɼʈ. 

 

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʆʆʆ çʅʀʀ çɸʉʆʅʀʂɸè, ʧʨʦʬʝʩʩʦʨ ɸ.ʉ. ʐʘʣʫʤʦʚ 

 

ʊʝʭʥʦʣʦʛʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ɸʉʆʅʀʂɸ ï ʝʜʠʥʩʪʚʝʥʥʘʷ ʚ ʈʦʩʩʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʩʫʱʝʩʪʚʠʪʴ 

ʩʢʚʦʟʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ 

ʢʦʩʤʠʯʝʩʢʠʭ, ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʜʨʫʛʠʭ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʚʥʝʰʥʠʭ ʪʝʧʣʦʚʳʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʠ ʜʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ. ʉʦʟʜʘʥʥʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʦʜʝʣʴ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ CALS-ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʥʘ ʚʩʝʭ 11 ʩʪʘʜʠʷʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʪ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʦ ʫʪʠʣʠʟʘʮʠʠ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʭʝʤ ʥʘ ʚʥʝʰʥʠʝ ʪʝʧʣʦʚʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ɸʉʆʅʀʂɸ ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ ʠʣʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʨʦʪʦʪʠʧʦʚ ʚ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤʳ ɸʉʆʅʀʂɸ: 

1. ɺ ʩʠʩʪʝʤʝ ɸʉʆʅʀʂɸ ʩʦʟʜʘʥʳ ʧʨʦʩʪʳʝ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ 

ʠʥʪʝʨʬʝʡʩʳ, ʩʦʩʪʳʢʦʚʘʥʥʳʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʝʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʝʯʘʪʥʳʝ ʫʟʣʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʠʟ ʠʟʚʝʩʪʥʳʭ ʉɸʇʈ: Mentor Graphics, Altium Designere, OrCAD ʠ ʜʨʫʛʠʭ - ʚ ʬʦʨʤʘʪʝ IDF. 

ʀʩʢʣʶʯʘʶʪʩʷ ʦʰʠʙʢʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʟʘʜʘʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤ ANSYS, 

NASTRAN, COSMOS, COMSOL ʠ ʜʨ., ʢʦʪʦʨʳʝ ʥʠʯʝʛʦ ʵʪʦʛʦ ʥʝ ʠʤʝʶʪ, ʩʠʩʪʝʤʘ ɸʉʆʅʀʂɸ 

ʩʧʝʮʠʘʣʠʟʠʦʚʘʥʘ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʘʟʨʘʙʦʪʯʠʢʘ ʵʣʝʢʪʨʦʥʠʢʠ. 

 

 
 

ʈʠʩ.1. ʂʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʧʝʯʘʪʥʳʭ ʫʟʣʦʚ ʠʟ ʠʟʚʝʩʪʥʳʭ ʉɸʇʈ: Mentor Graphics, Altium Designere, OrCAD ʠ ʚ 

ʜʨʫʛʠʭ - ʚ ʬʦʨʤʘʪʝ IDF (ɸʉʆʅʀʂɸ-ʊʄ) 
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ʈʠʩ.2. ɹʘʟʘ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ɸʉʆʅʀʂɸ-ɹɼ) 

 

 

 

 

 

 

 

ʈʠʩ. 3. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʧʨʦʠʟʚʦʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʉɸʇʈ: ProEngineer, SolidWorks, Inventor ʠ ʜʨʫʛʠʭ - ʚ ʬʦʨʤʘʪʘʭ IGES ʠ SAT, ʚ ʪʦʤ ʯʠʩʣʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʨʘʟʙʠʝʥʠʝ ʠ ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ ʩʢʣʝʠʚʘʥʠʝ ʤʦʜʝʣʝʡ ʚ ʤʝʩʪʘʭ ʩʪʳʢʦʚʢʠ ʜʝʪʘʣʝʡ ʩ ʨʘʟʥʳʤʠ ʰʘʛʘʤʠ 

ʩʝʪʢʠ (ɸʉʆʅʀʂɸ-ʄ-3D) 
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ʈʠʩ. 4. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʚʚʦʜʘ ʪʠʧʦʚʳʭ ʢʦʥʩʪʫʢʮʠʡ ʰʢʘʬʦʚ ʠ ʙʣʦʢʦʚ ʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘʭ, ʚʢʣʶʯʘʶʱʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʘʟʙʠʝʥʠʝ ʠ ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ ʩʢʣʝʠʚʘʥʠʝ 

ʤʦʜʝʣʝʡ ʚ ʤʝʩʪʘʭ ʩʪʳʢʦʚʢʠ ʜʝʪʘʣʝʡ ʩ ʨʘʟʥʳʤʠ ʰʘʛʘʤʠ ʩʝʪʢʠ (ɸʉʆʅʀʂɸ-ʄ-ʐʂɸʌ, ɸʉʆʅʀʂɸ-ʄ, 

ɸʉʆʅʀʂɸ-ɺ) 
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2. ʋʯʪʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʥʘʧʨʠʤʝʨ, ʠʭ ʥʝʣʠʥʝʡʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʝ ʜʨʫʛʠʤ ʠʟʜʝʣʠʷʤ, ʥʘʧʨʠʤʝʨ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʤ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʩʠʩʪʝʤʳ ANSYS, NASTRAN, COSMOS,  COMSOL ʠ ʜʨ., ʥʝ ʫʯʠʪʳʚʘʶʱʠʝ 

ʩʧʝʮʠʬʠʢʫ ʵʣʝʢʪʨʦʥʠʢʠ. ɼʘʥʥʘʷ ʩʧʝʮʠʬʠʢʘ ʚʳʨʘʞʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʣʠʥʝʡʥʦʩʪʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ  

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʠʩʪʝʤʝ ɸʉʆʅʀʂɸ ʟʘʣʦʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʯʝʛʦ ʥʝʪ ʚ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤʘʭ ʥʝʚʦʟʤʦʞʥʦ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʝʟʦʥʘʥʩʘʭ. ɸ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʠʭ ʟʘʜʘʶʪʩʷ ʜʦʧʫʩʪʠʤʳʝ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʚʩʝʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, 

ʢʪʦʨʳʝ ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝʣʴʟʷ ʧʨʝʚʳʰʘʪʴ.  

 

 
 

ʈʠʩ.3. ʇʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

(ɸʉʆʅʀʂɸ-ʊʄ) 

 

 
 

ʈʠʩ.4. ʋʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʨʝʟʦʥʘʥʩʘʭ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʫʯʝʪʦʤ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ  ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ɸʉʆʅʀʂɸ-ʊʄ) 


