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ʇʈɽɼʀʉʃʆɺʀɽ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʥʦ-

ʛʦ ʧʝʨʝʚʦʜʘ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʩʝʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʠʟʜʝʣʠʡ. ʏʪʦʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʩʚʷʟʘʪʴ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦ-

ʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (CAD), ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (CAM) 

ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠʣʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ (CAE).  

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ CAD ï ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʠʟʜʝʣʠʷ, ʢʦʪʦ-

ʨʘʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ. ɻʝʦʤʝʪʨʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ CAM ʠ CAE. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ, ʧʦʩʢʦʣʴʢʫ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʦʧʨʝʜʝʣʷʪʴ ʛʝʦʤʝʪʨʠʶ ʢʘʞʜʳʡ ʨʘʟ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʨʦʛʨʘʤʤ ʠ ʨʘʩʯʝʪʦʚ. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʦʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʨʘʩʯʝʪʦʚ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ NX, ʚʦʟʤʦʞʥʦʩʪʠ ʢʦ-

ʪʦʨʦʛʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʥʘʩʪʦʷʱʝʤ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ.  

ʂʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʩʘʤʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ, ʥʦ ʠ ʚʳʧʦʣʥʝʥʠʝ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪ-

ʚʦ ʠʟʜʝʣʠʡ. ʇʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʘʰʠʥ ʜʝʡʩʪʚʫʶʪ ʜʚʘ ʥʝʛʘʪʠʚ-

ʥʳʭ ʬʘʢʪʦʨʘ: ʚʦ-ʧʝʨʚʳʭ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʜʝʪʘʣʠ; 

ʚʦ-ʚʪʦʨʳʭ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʝʥʝʨʠʨʫʝʤʦʡ ʪʝʧʣʦʪʳ ʜʝʪʘʣʠ ʥʘʛʨʝʚʘʶʪʩʷ, 

ʠʟʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘ-

ʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʝʪʘʣʷʭ, ʠʤʝʶʱʠʭ ʧʨʦʩʪʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ, ʥʘʧʨʠʤʝʨ, ʮʠʣʠʥʜʨʘ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʪʨʫʜʥʷʝʪʩʷ, 
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ʝʩʣʠ ʜʝʪʘʣʠ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʥʘʧʨʠʤʝʨ ʬʦʨʤʫ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʚʘʣʘ, ʠʤʝʶʱʝʛʦ ʢʦʥʠʯʝʩʢʠʝ ʠ ʨʘʜʠʫʩʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪʚʝʨʩʪʠʷ. 

ʇʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) [1 ï 5, 7, 8]. 

ʆʜʥʠʤ ʠʟ ʤʦʱʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʵʪʦʡ ʮʝʣʠ, ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ çʈʘʩʰʠʨʝʥʥʘʷ ʩʠʤʫʣʷʮʠʷè ʧʨʦʛʨʘʤʤʥʦ-

ʛʦ ʢʦʤʧʣʝʢʩʘ NX [2 ï 5]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʚʠʪʠʝ ʩʪʫʜʝʥ-

ʪʘʤ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʜʝʣʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ NX. 
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1. ʉʆɿɼɸʅʀɽ ʄʆɼɽʃɽʁ ɼɽʊɸʃɽʁ  

ɺ ʇʈʆɻʈɸʄʄʅʆʄ ʂʆʄʇʃɽʂʉɽ NX 

 

1.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

 

NX ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʠʥʞʝʥʝʨ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʠʟʜʝʣʠʷ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ [4]. ɺ 

ʵʪʦʤ ʧʘʢʝʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦ-

ʣʷʝʪ ʩʚʷʟʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʜʝʣʠʠ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ 

[4]. ʄʦʜʝʣʠ, ʩʦʟʜʘʥʥʳʝ ʚ NX, ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ-

ʤʠ, ʧʦʵʪʦʤʫ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʚʩʝʤʠ ʨʘʟʤʝʨʘʤʠ ʠʟʜʝ-

ʣʠ.̫ ʂʨʦʤʝ ʵʪʦʛʦ, ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʠ ʣʶ-

ʙʫʶ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʜʘʥʥʦʝ ʠʟʜʝʣʠʝ. ʕʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘʥʦʩʠʪʩʷ ʚ ʘʪʨʠʙʫʪʳ ʤʦʜʝʣʠ [4]. 

ɺʩʝ ʠʥʩʪʨʫʤʝʥʪʳ NX ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ (ʤʦʜʫʣʷʭ), 

ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʜʝʡʩʪʚʠʷ: ʩʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ 

ʜʝʪʘʣʠ ʠʣʠ ʩʙʦʨʢʠ, ʯʝʨʪʝʞʘ, ʨʘʩʯʝʪ ʤʦʜʝʣʠ ʠ ʜʨ. ɺʩʝ ʤʦʜʝʣʠ, ʩʦʟʜʘʥ-

ʥrʝ ʚ NX, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʣʶʙʦʤ ʝʛʦ ʧʨʠʣʦʞʝʥʠʠ [4]. 

ɹʘʟʦʚʳʡ ʤʦʜʫʣʴ NX ʦʪʢʨʳʚʘʝʪʩʷ ʧʨʠ ʧʝʨʚʦʤ ʟʘʧʫʩʢʝ ʩʠʩʪʝʤʳ ʠ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ. ɺ ʵʪʦʤ ʤʦʜʫʣʝ ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦ-

ʩʪʨʦʝʥʠʷ ʠʣʠ ʦʧʝʨʘʮʠʠ ʥʘʜ ʤʦʜʝʣʷʤʠ. ɽʛʦ ʛʣʘʚʥʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʩʝʤʠ ʤʦʜʫʣʷʤʠ NX, ʘ ʪʘʢʞʝ ʧʨʦʩʤʦʪʨ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ [4]. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ ʩ ʮʝʣʴʶ ʠʭ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʟʜʘʥʠʷ ʩʙʦʨʦʯʥʳʭ 

ʝʜʠʥʠʮ ʠ ʜʨ. ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴ çʄʦʜʝʣʠʨʦʚʘʥʠʝè. ʆʥ ʦʙʣʘʜʘʝʪ 

ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ, ʠʤʝʶʱʠʝ ʛʝʦʤʝʪʨʠʶ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. 
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ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʪʘʢʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʩʦʟʜʘʥʠʝ 

ʙʘʟʦʚʳʭ ʠ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʨʠʚʳʭ, ʧʦʩʪʨʦʝʥʠʝ ʵʩʢʠʟʦʚ ʠ ʪʚʝʨʜʦʪʝʣʴ-

ʥʳʭ ʧʨʠʤʠʪʠʚʦʚ. ɺ ʤʦʜʫʣʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʙʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ 

ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʨʦʠʪʴ ʪʝʣʘ ʚʨʘʱʝʥʠʷ, ʚʳʪʷʛʠʚʘʪʴ 

ʟʘʤʝʪʘʝʤʳʝ ʪʝʣʘ, ʚʳʧʦʣʥʷʪʴ ʙʫʣʝʚʳ ʦʧʝʨʘʮʠʠ, ʨʘʙʦʪʘʪʴ ʩ ʣʠʩʪʦʚʳʤ 

ʤʝʪʘʣʣʦʤ, ʤʦʜʝʣʠʨʦʚʘʪ ɹʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʨ. [4]. 

 

1.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʨʧʫʩʘ 

 

ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 3D ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ ʚ ʉɸʇʈ 

Siemens NX ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʨʧʫʩʘ 

(ʨʠʩ. 1.1). 
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ʈʠʩ. 1.1. ʕʩʢʠʟ ʢʦʨʧʫʩʘ 

 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʉɸʇʈ Siemens NX ʩʦʟʜʘʶʪ ʥʦʚʳʡ ʬʘʡʣ 3D ʤʦʜʝ-

ʣʠ ʜʝʪʘʣʠ. ɼʣʷ ʵʪʦʛʦ ʥʘʞʠʤʘʶʪ ʥʘ ʧʘʥʝʣʠ ʌʘʡʣ Ÿ ʅʦʚʳʡ Ÿ ʄʦ-

ʜʝʣʴ Ÿ ʆʂ (ʨʠʩ. 1.2). 
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ʈʠʩ. 1.2. ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʬʘʡʣʘ ʤʦʜʝʣʠ ʚ Siemens NX 

 

ʉʦʟʜʘʥʠʝ 3D ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦ-

ʩʪʨʦʝʥʠʷ ʵʩʢʠʟʘ. ʏʪʦʙʳ ʚʦʡʪʠ ʚ ʩʨʝʜʫ ʧʦʩʪʨʦʝʥʠʷ ʵʩʢʠʟʘ, ʚʳʙʠʨʘʶʪ 

ʥʘ ʧʘʥʝʣʠ ʦʜʥʫ ʠʟ ʢʨʠʚʳʭ ʵʩʢʠʟʘ (ʜʫʛʫ, ʦʪʨʝʟʦʢ, ʦʢʨʫʞʥʦʩʪʴ ʠ ʪ.ʜ.) 

(ʨʠʩ. 1.3). ɽʩʣʠ ʢʨʠʚʳʝ ʵʩʢʠʟʘ ʥʘ ʧʘʥʝʣʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʠʭ ʥʘʭʦʜʷʪ 

ʯʝʨʝʟ ʧʘʜʘʶʱʝʝ ʤʝʥʶ ɺʩʪʘʚʠʪʴ. ɺʳʙʠʨʘʶʪ ʧʣʦʩʢʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʵʩʢʠʟʘ ʠʟ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ 

ʚʳʙʨʘʥʘ ʧʣʦʩʢʦʩʪʴ XZ) (ʨʠʩ. 1.4). 

 

 

 
ʈʠʩ. 1.3. ɺʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ ʧʦʩʪʨʦʝʥʠʷ ʵʩʢʠʟʘ 
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ʈʠʩ. 1.4. ɺʳʙʦʨ ʧʣʦʩʢʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʵʩʢʠʟʘ 

 

ɺ ʚʳʙʨʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʢʨʠʚʳʭ ʩʦʟʜʘʶʪ ʵʩʢʠʟ 

(ʨʠʩ. 1.5) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ 3D ʤʦʜʝʣʠ ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ 

ʵʩʢʠʟʘ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʩʢʠʟ ʜʦʣʞʝʥ 

ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʳʤ, ʙʝʟ ʜʫʙʣʠʨʦʚʘʥʠʷ ʣʠʥʠʡ ʠ ʨʘʟʨʳʚʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʢʦʪʦʨʳʝ ʢʨʠʚʳʝ ʵʩʢʠʟʘ ʩʣʝʜʫʝʪ ʧʨʝʚʨʘʪʠʪʴ ʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

(ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʥʘ ʨʠʩ. 1.5). ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ 

ʥʘʚʝʜʝʥʠʷ ʢʫʨʩʦʨʘ ʥʘ ʢʨʠʚʫʶ, ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ, ʠ ʟʘʧʫʩʢʘ 

ʢʦʤʘʥʜʳ ʇʨʝʦʙʨʘʟʦʚʘʪʴ ʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʚ ʦʢʥʝ, ʧʦʷʚʠʚʰʝʤʩʷ 

ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ. 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʵʩʢʠʟʘ ʥʘʞʠʤʘʶʪ ʢʥʦʧʢʫ ɿʘʢʦʥʯʠʪʴ ʵʩʢʠʟ 

(ʨʠʩ. 1.6). ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ɿʘʢʦʥʯʠʪʴ ʵʩʢʠʟ ʩʠʩʪʝʤʘ ʧʝ-

ʨʝʡʜʝʪ ʚ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ 3D ʛʝʦʤʝʪʨʠʝʡ. ʇʨʠ ʵʪʦʤ ʵʩʢʠʟ ʧʨʠʤʝʪ ʚʠʜ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʛʦʪʦʚʦʛʦ (ʨʠʩ. 1.7). 
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ʈʠʩ. 1.5. ʉʦʟʜʘʥʠʝ ʵʩʢʠʟʘ ʜʝʪʘʣʠ 

 

 

 
ʈʠʩ. 1.6. ɿʘʚʝʨʰʝʥʠʝ ʧʦʩʪʨʦʝʥʠʷ ʵʩʢʠʟʘ 
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ʈʠʩ. 1.7. ɿʘʚʝʨʰʝʥʥʳʡ ʵʩʢʠʟ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ 3D ʤʦʜʝʣʠ ʧʦ ʛʦʪʦʚʦʤʫ ʵʩʢʠʟʫ ʚʳʙʠʨʘʶʪ ʢʦʤʘʥʜʫ 

ɺʨʘʱʝʥʠʝ (ʨʠʩ. 1.8). ʇʦʷʚʣʷʝʪʩʷ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʵʪʦʡ ʢʦʤʘʥʜʳ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩ. 1.9), ʚ ʢʦʪʦʨʦʤ ʢʨʘʩʥʳʤʠ ʟʚʝʟʜʦʯʢʘʤʠ 

ʦʪʤʝʯʝʥʳ ʦʙʷʟʘʪʝʣʴʥʳʝ ʧʦʣʷ ʜʣʷ ʟʘʜʘʥʠʷ ʜʘʥʥʳʭ. 

 

 

 
ʈʠʩ. 1.8. ʂʦʤʘʥʜʘ çɺʨʘʱʝʥʠʝè 
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ʈʠʩ. 1.9. ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʘʥʜʳ çɺʨʘʱʝʥʠʝè 

 

ʅʘʞʘʚ ʢʫʨʩʦʨʦʤ ʤʳʰʠ ʥʘ ʧʦʩʪʨʦʝʥʥʳʡ ʵʩʢʠʟ, ʚr ʙʠʨʘʶʪ ʢʨʠ-

ʚʫʶ; ʧʦʩʣʝ ʵʪʦʛʦ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ɺʨʘʱʝʥʠʝ ʨʷʜʦʤ ʩ ʧʘʨʘʤʝʪʨʦʤ 

ɺʳʙʨʘʪʴ ʢʨʠʚʫʶ ʚʤʝʩʪʦ ʢʨʘʩʥʦʡ ʟʚʝʟʜʦʯʢʠ ʧʦʷʚʣʷʝʪʩʷ ʟʝʣʝʥʘʷ ʛʘ-

ʣʦʯʢʘ (ʨʠʩ. 1.10). ɼʣʷ ʟʘʜʘʥʠʷ ʚʝʢʪʦʨʘ (ʦʩʠ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʚʨʘʱʘʪʴʩʷ ʵʩʢʠʟ) ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʚʳʙʠʨʘʶʪ ʩʪʨʦʯʢʫ ɿʘʜʘʪʴ ʚʝʢ-

ʪʦʨ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʙʠʨʘʶʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʣʠʥʠʶ ʵʩ-

ʢʠʟʘ (ʨʠʩ. 1.11).  
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ʈʠʩ. 1.10. ɺʳʙʦʨ ʢʨʠʚʦʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 3D ʤʦʜʝʣʠ  

ʚ ʜʠʘʣʦʛʦʚʦʤ ʤʝʥʶ çɺʨʘʱʝʥʠʝè 
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ʈʠʩ. 1.11. ɿʘʜʘʥʠʝ ʚʝʢʪʦʨʘ ʚʨʘʱʝʥʠʷ ʵʩʢʠʟʘ 

 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʬʘʢʪ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʟʝʣʝʥʦʡ ʛʘʣʦʯʢʠ, ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʬʘʥʪʦʤ 

ʤʦʜʝʣʠ ʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ʢʥʦʧʢʘ ʆʂ ʜʠʘʣʦʛʦʚʦʛʦ ʤʝʥʶ (ʨʠʩ. 1.12). 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʚ ʛʨʫʧʧʝ ʆʛʨʘʥʠʯʝ-

ʥʠ.̫ ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚʨʘʱʝʥʠʝ ʵʩʢʠʟʘ ʥʘ 

360 Ü, ʧʦʵʪʦʤʫ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʜʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʛʦʣ. 

 


