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ɸʅʆʊɸʎɯʗ 

ʈʦʤʘʥʝʥʢʦ ɺ.ɺ. ɯʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 175 ï ɯʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʛʘʣʫʟʴ ʟʥʘʥʴ 17 ï 

ɽʣʝʢʪʨʦʥʽʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ. ï ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2025. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʟʘʜʘʯʫ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʮʝʩʽʚ 3D-ʜʨʫʢʫ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʣʝʥʥʷ ʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ. ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʪʠʧʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʽ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ, 

ʟʦʢʨʝʤʘ ʫ ʚʠʧʘʜʢʘʭ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʩʢʣʘʜʥʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʧʦʤʠʣʦʢ ʫ ʧʨʦʮʝʩʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʤʝʪʦʜʠ ʾʭ ʚʠʷʚʣʝʥʥʷ ʽ ʤʽʥʽʤʽʟʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʦ ʧʦʪʝʥʮʽʘʣ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ ʦʥʣʘʡʥ-ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʮʝʩʫ ʜʨʫʢʫ ʟ 

ʤʝʪʦʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʨʽʚʥʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ 

ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʷʢʘ ʻ ʩʢʣʘʜʥʠʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʪʘ 

ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʟʤʽʥʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʢʘʜʨʽʚ 

ʧʨʦʮʝʩʫ 3D-ʜʨʫʢʫ. ʄʦʜʝʣʴ ʧʨʦʪʝʩʪʦʚʘʥʘ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʟʜʽʡʩʥʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ 3D-ʜʨʫʢʫ ʦʙôʻʢʪʽʚ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʅʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ 
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ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ï ʧʦʰʘʨʦʚʦʛʦ 

ʥʘʧʣʘʚʣʝʥʥʷ, ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʾ, ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʪʘ ʧʨʷʤʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ 

ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʦʙôʻʢʪʘ ʜʨʫʢʫ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʚʠʨʦʙʫ. ʊʘʢʦʞ ʜʘʥʠʡ ʨʦʟʜʽʣ ʤʽʩʪʠʪʴ ʦʛʣʷʜ ʜʝʷʢʠʭ 

ʨʦʟʨʦʙʦʢ ʽ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 3D-ʜʨʫʮʽ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʦ ʦʩʥʦʚʥʽ 

ʦʙʤʝʞʝʥʥʷ ʪʘ ʜʞʝʨʝʣʘ ʧʦʭʠʙʦʢ ʫ ʧʨʦʮʝʩʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʽʜʢʨʝʩʣʝʥʦ 

ʚʘʞʣʠʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʩʧʝʮʠʬʽʢʠ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ, ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʜʨʫʢʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʨʦʙʣʝʤʘʪʠʮʽ ʟʥʠʞʝʥʥʷ ʧʦʤʠʣʦʢ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʫʥʘʩʣʽʜʦʢ ʥʝʢʦʨʝʢʪʥʦʛʦ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʯʘʩ 

ʜʨʫʢʫ ʪʘ ʧʦʨʫʰʝʥʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ. ʋ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ 

ʽ ʟʘʩʦʙʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʥʘ ʙʘʟʽ ʟʛʦʨʪʢʦʚʠʭ, 

ʨʝʢʫʨʝʥʪʥʠʭ ʪʘ ʛʝʥʝʨʘʪʠʚʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʷʢ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʦʙʫ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʘʣʠ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʪʘ ʧʽʜʪʨʠʤʢʠ ʷʢʦʩʪʽ ʫ 3D-ʜʨʫʮʽ 

ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʻ ʪʝʦʨʝʪʠʯʥʦʶ ʪʘ ʧʨʘʢʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʨʦʙʦʪʠ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʡ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 3D-ʜʨʫʢʫ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ. ʋ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʤʝʪʦʜ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʤʽʥʥʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʱʦ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ, 

ʟʦʢʨʝʤʘ ï ʫ ʚʠʨʦʙʘʭ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʜʨʽʙʥʠʤʠ ʜʝʪʘʣʷʤʠ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʚʧʣʠʚ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʧʽʜ ʯʘʩ 

ʚʽʟʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʮʝʩʫ ʜʨʫʢʫ. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʘʧʨʦʙʦʚʘʥʦ ʯʠʩʝʣʴʥʠʡ 

ʤʝʪʦʜ ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʨʘʜʽʻʥʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʦʙʨʘʞʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʚʘʞʣʠʚʽ ʢʦʥʪʨʘʩʪʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʜʝʪʘʣʽ 
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ʛʝʦʤʝʪʨʽʾ. ʆʧʠʩʘʥʦ ʩʪʨʫʢʪʫʨʫ ʩʪʚʦʨʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʤʝʪʦʜʫ ʚ ʨʝʘʣʴʥʠʡ ʧʨʦʮʝʩ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʜʘʻ ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ 3D-

ʜʨʫʢʫ, ʧʽʜʚʠʱʫʶʯʠ ʟʘʛʘʣʴʥʫ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʜʨʫʢʫ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ 

ʜʝʬʝʢʪʽʚ 3D-ʜʨʫʢʫ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʟʜʽʡʩʥʝʥʦ ʾʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʚʘʣʽʜʘʮʽʶ. ɼʣʷ ʮʴʦʛʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ð ʫ ʢʦʥʪʝʢʩʪʽ ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ɹʧʃɸ ʪʘ ʽʥʰʠʭ ʚʠʨʦʙʘʭ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

CAD/CAM-ʽʥʩʪʨʫʤʝʥʪʽʚ. ʇʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨʠ 

ʟʤʽʰʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʪʘ ʚʧʣʠʚ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʨʦʮʝʩ ʽ ʨʝʟʫʣʴʪʘʪ 3D-

ʜʨʫʢʫ. ʆʧʠʩʘʥʦ ʧʦʚʥʠʡ ʮʠʢʣ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʥʘ ʝʪʘʧʘʭ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʜʨʫʢʫ ʡ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʥʘ ʦʩʥʦʚʽ ʟʛʦʨʪʢʦʚʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʜʨʫʢʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʇʨʦʚʝʜʝʥʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʬʦʨʤʦʚʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʜʝʬʝʢʪʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʠʧʦʚʠʭ ʧʦʨʫʰʝʥʴ 

(ʨʦʟʰʘʨʫʚʘʥʥʷ, ʧʨʦʧʫʩʢʠ, ʟʩʫʚʠ ʰʘʨʽʚ ʪʦʱʦ). ɿʘʙʝʟʧʝʯʝʥʦ ʝʬʝʢʪʠʚʥʫ ʽʥʪʝʛʨʘʮʽʶ 

ʧʨʦʛʨʘʤʥʦʾ ʡ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥ ʩʠʩʪʝʤʠ, ʟ ʧʦʜʘʣʴʰʦʶ ʚʘʣʽʜʘʮʽʻʶ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʜʦʩʣʽʜʞʝʥʴ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʜʨʫʢʫ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. 
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ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʟʜʽʡʩʥʝʥʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʦʮʽʥʝʥʦ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜʠ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʧʝʨʰʝ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʨʦʙʽʚ 

ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʥʠʡ ʢʦʥʪʨʦʣʴ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʧʽʜʭʦʜʫ. 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʶ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʜʝʬʝʢʪʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʩʝʨʽʡʥʦʛʦ 

3D-ʜʨʫʢʫ ʥʘ 3ï5% ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʘʥʘʣʦʛʘʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʥʫʯʢʠʭ ʪʘ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʰʪʫʯʥʦʤʫ 

ʽʥʪʝʣʝʢʪʽ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʟʦʨʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ʫʧʝʨʰʝ: 

ï ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʜʘʣʦ 

ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʚ ʧʨʦʮʝʩʽ ʾʭ 3Dʜʨʫʢʫ ʟʘ ʾʭ 

ʟʦʙʨʘʞʝʥʥʷʤʠ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʥʦʨʤʘʣʽʟʘʮʽʾ ʡ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʨʝʧʨʦʮʝʩʽʥʛʫ ʟʦʙʨʘʞʝʥʴ ʟ ʦʙôʻʢʪʘʤʠ ʜʨʫʢʫ ʪʘ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʢʣʘʩʠʯʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʘʭ ʩʝʨʽʡʥʦʛʦ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ; 

ʦʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

ï ʤʝʪʦʜ ʧʨʝʧʨʦʮʝʩʽʥʛʫ ʛʨʘʬʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʦʨʤʘʣʽʟʘʮʽʾ 

ʡ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʧʝʨʝʜ ʾʭʥʽʤ ʩʪʘʪʠʩʪʠʯʥʠʤ ʘʥʘʣʽʟʦʤ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ɯɺʊ 3D-ʜʨʫʢʫ ʽʟ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʦʢʨʝʤʘ, 
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ʨʘʜʽʦʧʨʦʟʦʨʽʩʪʶ, ʜʘʣʦ ʟʤʦʛʫ ʚʠʛʦʪʦʚʠʪʠ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɹʧʃɸ, ʷʢʽ ʙʫʣʠ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʽ ʫ 

ʧʽʜʨʦʟʜʽʣʽ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʛʽʨʰʝʥʥʷ ʨʘʜʽʦʧʨʦʟʦʨʦʩʪʽ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʽʚ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (ʅɺʏ) ʚ ʢʘʥʘʣʘʭ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʧʦʛʣʠʥʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʜʦ ʟʤʽʥʠ 

ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʚʥʘʩʣʽʜʦʢ ʧʦʛʣʠʥʘʥʥʷ ʤʘʪʝʨʽʘʣʦʤ ʚʦʣʦʛʠ ʪʦʱʦ. ʊʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʥʝʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ 

ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɹʧʃɸ ʚ ʜʽʘʧʘʟʦʥʽ ʅɺʏ, ʚʠʢʣʠʢʘʥʽ ʮʠʤ ʬʘʢʪʦʨʦʤ. 

ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʂʠʾʚʩʴʢʦʤʫ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩ ̔ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʦʛʨʘʤʠ 

ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè ʚ ʟʤʽʩʪ 

ʦʩʚʽʪʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ çʂʦʤʧôʶʪʝʨʥʘ ʛʨʘʬʽʢʘè ʪʘ çʄʝʪʦʜʠ ʪʘ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫè. ɿʦʢʨʝʤʘ ʫ ʧʨʦʮʝʩ ʬʘʭʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʦʩʚʽʪʥʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ: 

ï ʰʚʠʜʢʽʩʥʽ ʤʝʪʦʜʠ ʡ ʘʣʛʦʨʠʪʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽ ʚʽʜʝʦʧʦʪʦʢʽʚ 

ʜʘʥʠʭ ʽʟ ʤʝʪʦʶ ʧʨʠʩʢʦʨʝʥʥʷ ʾʭʥʴʦʛʦ ʘʥʘʣʽʟʫ; 

ï ʤʝʪʦʜ ʧʨʝʧʨʦʮʝʩʽʥʛʫ ʛʨʘʬʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʦʨʤʘʣʽʟʘʮʽʾ ʪʘ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʾʭʥʴʦʛʦ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ; 

ï ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʟʘʜʘʯ ʟ ʤʝʪʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʟʘ ʜʘʥʠʤʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʋʧʨʦʚʘʜʞʝʥʽ ʥʦʚʽ ʜʘʥʽ, ʷʢʽ ʟʜʦʙʫʪʽ ʫ ʧʨʦʮʝʩʽ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ, ʧʽʜʚʠʱʠʣʠ 

ʷʢʽʩʪʴ ʧʽʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè, 

ʦʩʢʽʣʴʢʠ ʜʘʣʠ ʟʤʦʛʫ ʨʦʟʨʦʙʣʷʪʠ ʰʚʠʜʢʽ ʤʝʪʦʜʠ ʡ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ ʟʘ ʫʤʦʚʠ ʦʙʤʝʞʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʋ ʨʘʤʢʘʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʊʆɺ çʇʨʦʤʝʣ ɽʥʝʨʛʦʘʚʪʦʤʘʪʠʢʘè ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ: 

ï ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʶ ʤʦʜʝʣʝʡ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʫ CAD-ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʘʜʘʧʪʫʚʘʪʠ ʾʭ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ; 
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ï ʫʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʧʦʣʽʤʝʨʽʚ ʚ ʝʢʩʪʨʫʜʝʨʽ. ʎʝʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ɿʘʚʜʷʢʠ ʮʠʤ ʽʥʥʦʚʘʮʽʷʤ ʧʽʜʧʨʠʻʤʩʪʚʦ ʦʪʨʠʤʘʣʦ ʟʤʦʛʫ ʙʽʣʴʰ ʪʦʯʥʦ ʪʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʭʚʘʣʶʚʘʪʠ ʧʨʦʻʢʪʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʊʆɺ ʅɺʇ çʋʣʴʪʨʘʢʦʥè ʨʝʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʷʭʦʤ: 

ï ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ CAD-ʤʦʜʝʣʝʡ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʚʠʨʦʙʽʚ; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʧʦʣʽʤʝʨʽʚ ʚ ʝʢʩʪʨʫʜʝʨʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʥʝʦʙʭʽʜʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʩʠʩʪʝʤ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ʇʽʜʧʨʠʻʤʩʪʚʦ ʟʤʦʛʣʦ ʚʧʨʦʚʘʜʠʪʠ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʩʠʩʪʝʤ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, 3D-ʜʨʫʢ, ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʟʤʽʰʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ, ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ, ʰʪʫʯʥʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʷʩʢʨʘʚʦʩʪʽ) 

ʧʽʢʩʝʣʽʚ. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ, 

ʫ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 
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ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 3 (74), 2020 ʨ. https://doi.org/10.35546/ 
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ABSTRACT 

Romanenko V.V. Information and measurement technology for quality control of 

additive manufacturing products. ï Qualifying scientific work on manuscript rights. 

Dissertation for the Doctor of Philosophy degree in specialty 175 ï Information 

and measurement technologies, field of knowledge 17 ï Electronics, automation and 

electronic communications. ï Institute of General Energy, National Academy of 

Sciences of Ukraine, Kyiv, 2025. 

The dissertation solves the urgent scientific and technical problem of improving 

the quality and reliability of 3D printing processes of complex objects by developing 

and implementing information and measurement technology based on computer vision, 

numerical analysis, and artificial intelligence methods. A systematic analysis of modern 

3D printing technologies has been conducted and their features have been identified, 

taking into account the complexity of manufacturing products, types of materials, and 

technological limitations. It has been shown that the choice of 3D printing technology 

significantly affects the quality and continuity of the object manufacturing process, 

particularly in cases of high accuracy and complex internal structure. The main sources 

of errors in the additive manufacturing process have been considered and methods for 

their detection and minimization have been systematized. The potential of using 

computer vision for online monitoring of the printing process has been investigated in 

order to promptly detect defects and ensure continuity of production. A mathematical 

model of pixel brightness equalization in images has been developed, which is a 

component of information and measurement technology and allows eliminating the 

negative impact of variable lighting during the analysis of frames of the 3D printing 

process. The model has been tested on various images, which has significantly improved 

the quality of further analysis and processing of images. 

The first section of the dissertation provides a comprehensive analysis of modern 

additive manufacturing technologies, focused on ensuring the quality of 3D printing 

processes for objects with complex geometry. The most common technologies are 

classified and compared ï layer-by-layer deposition, stereolithography, selective laser 

sintering and direct laser sintering of metal ï allowing for an informed choice of the 
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appropriate printing technology depending on the complexity of the project and 

functional requirements for the product. This section also provides an overview of some 

developments and methods used in 3D printing, and identifies the main limitations and 

sources of errors in the additive manufacturing process. The importance of adapting 

materials to the specifics of the technology is emphasized in order to achieve high 

accuracy, mechanical strength and stability of the structure of printed objects. Particular 

attention is paid to the issue of reducing errors that arise due to incorrect selection of 

technological parameters, deformations during printing and violations of 

thermodynamic regimes. The section analyzes the methods and tools of intelligent 

computer vision systems based on convolutional, recurrent and generative neural 

networks as an effective means of monitoring and managing quality at all stages of 

additive manufacturing. The results of the analysis allow us to form conceptual 

approaches to the creation of automated and adaptive quality control and support 

systems in 3D printing of complex objects, which is the theoretical and practical basis 

for further research in the following sections of the work. 

In the second section of the dissertation, mathematical models and hardware and 

software tools that implement the proposed method of 3D printing quality control by 

analyzing images in real time are developed and analyzed. The section presents a 

method for solving the problem of variable illumination, which negatively affects the 

accuracy of defect detection and printing continuity, in particular, in products with 

complex geometry and small details. The problem of pixel intensity equalization is 

formulated in order to improve image quality, which allows eliminating the influence 

of uneven lighting during visual monitoring of the printing process. A numerical method 

for equalizing illumination based on the analysis of gradient characteristics of images is 

developed and tested, which allows preserving important contrast features and 

geometric details. The structure of the created software is described, which ensures the 

integration of the method into the real process of additive manufacturing. The developed 

system allows for automated control of 3D printing continuity, increasing the overall 

reliability and productivity of additive manufacturing. The mathematical model makes 
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it possible to improve images with printing elements, which helps to increase the 

accuracy of recognizing the main types of 3D printing defects. 

In the third section of the work, the proposed information and measurement 

technology for quality control of additive manufacturing products is implemented and 

its experimental validation is carried out. For this purpose, the choice of polymer 

materials is justified, taking into account their physical, mechanical and electromagnetic 

properties, in particular in the context of the prospects for their application in UAV 

designs and other products with special requirements. Software tools for modeling and 

preparing prototypes using modern CAD/CAM tools are developed. Models are built 

that take into account polymer mixing parameters and the influence of material 

properties on the process and result of 3D printing. The full cycle of manufacturing 

prototypes and the implementation of a control system at the stages of design, printing 

and analysis of results is described. An information and measurement technology based 

on a convolutional neural network for recognizing printing defects in real time is 

proposed. The model was trained using the formed database of defect images, which 

made it possible to achieve high accuracy in the classification of typical violations 

(delamination, gaps, layer displacements, etc.). Effective integration of the software and 

hardware parts of the system was ensured, with subsequent validation on experimental 

data. The results of tests and studies of the mechanical properties of printed samples 

were presented, and the effectiveness of the developed technology for detecting defects 

at the early stages of printing was also shown. The results obtained confirm the 

effectiveness of the developed approach to automated quality control in additive 

manufacturing, which ensures high reliability and functionality of finished products. 

In the fourth section of the work, the results of the implementation of 

information and measurement technology are summarized, its effectiveness is assessed, 

and examples of practical implementation are given. It is shown that for the first time a 

mathematical model of pixel intensity alignment in images of additive manufacturing 

products was created, which allows improving quality control in real time, which is 

implemented using a neural network approach. Advanced information and measurement 

technology through the use of increases the accuracy of recognition of classic defects 
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characteristic of serial 3D printing by 3ï5% compared to other analogues. The study 

demonstrated an increase in the efficiency of production processes through the use of 

flexible and adaptive control systems based on artificial intelligence and computer 

vision. 

Scientific novelty of the obtained results: 

for the first time: 

ï ʘ mathematical model was developed that describes the process of equalizing 

pixel intensity in images of additively manufactured products, which made it possible 

to control the quality of products during their 3D printing based on their images; 

ï the information and measurement technology for quality control of additive 

manufacturing products has been improved by applying image normalization and 

standardization methods, introducing a developed mathematical model of preprocessing 

images with printing objects and a model of the pixel intensity equalization process, 

which makes it possible to increase the accuracy of recognition of classic defects that 

arise in serial additive manufacturing processes; 

were further developed: 

ï a method of preprocessing graphic objects, which is based on normalization 

and standardization of images before their statistical analysis. 

Practical meaning. The results of the dissertation research, which was carried 

out at the Institute of General Power Engineering of the NAS of Ukraine, namely, 

prototypes of structural elements of UAV radio equipment, manufactured using 

advanced 3D printing technology from polymer composites with improved 

characteristics, in particular, radio transparency, were successfully applied in the 

unmanned systems division. It was determined that the deterioration of radio 

transparency can lead to losses of ultrahigh frequency signal energy in data transmission 

channels due to its absorption by structural elements, to changes in resonant frequencies 

due to moisture absorption by the material, etc. Therefore, the use of such materials 

allows to avoid incorrect operation of UAV radio equipment in the microwave range 

caused by this factor. 
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Also, the results of scientific work were introduced into the educational process 

of the educational and professional program for training bachelors in specialty 

"Computer Science" in the content of the educational components "Computer Graphics" 

and "Methods and Systems of Artificial Intelligence". In the process of professional 

training of the above educational components, the following were introduced, in 

particular: 

ï high-speed methods and algorithms for processing images and video data 

streams in order to accelerate their analysis; 

ï a method for preprocessing graphic objects based on normalization and 

standardization of images for their morphological analysis; 

ï methods and tools of machine learning for tasks for the purpose of pattern 

recognition on the example of the task of recognizing defects based on data obtained in 

the process of additive manufacturing. 

The implemented results obtained in the process of scientific work improved the 

quality of training of students in specialty "Computer Science", as they made it possible 

to develop fast methods and algorithms for solving complex engineering problems 

under conditions of limited computing resources. 

Keywords: additive manufacturing, 3D printing, information and measurement 

technology, polymer mixing, Poissonôs equation, artificial neural networks, smoothing 

uneven pixel intensity (brightness). 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ɯ ʉʂʆʈʆʏɽʅʔ 

FDM ï Fused Deposition Modeling 

FFF ï Fused Filament Fabrication 

SLA ï ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷ 

CAD ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ABS ï Acrylonitrile Butadiene Styrene ï ʤʽʮʥʠʡ, ʪʝʨʤʦʩʪʽʡʢʠʡ, 

ʧʦʧʫʣʷʨʥʠʡ ʽʥʞʝʥʝʨʥʠʡ ʧʣʘʩʪʠʢ 

ABS+ ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ ABS ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

(ʫʜʘʨʥʘ ʤʽʮʥʽʩʪʴ, ʟʤʝʥʰʝʥʝ ʚʠʢʨʠʚʣʝʥʥʷ) 

ABS Flex ï ʛʥʫʯʢʠʡ ʚʘʨʽʘʥʪ ABS, ʟ ʜʦʜʘʥʠʤʠ ʝʣʘʩʪʦʤʝʨʘʤʠ 

ABS Pro ï ʚʠʩʦʢʦʷʢʽʩʥʠʡ ABS ʟ ʧʦʢʨʘʱʝʥʦʶ ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ ʪʘ ʪʦʯʥʽʩʪʶ 

ʜʨʫʢʫ 

MBS ï Methyl Methacrylate-Butadiene-Styrene ï ʘʣʴʪʝʨʥʘʪʠʚʘ ABS, ʤʘʻ 

ʚʠʱʫ ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʜʘʨʽʚ 

PETG ï Polyethylene Terephthalate Glycol ï ʤʽʮʥʠʡ, ʧʨʦʟʦʨʠʡ, ʩʪʽʡʢʠʡ ʜʦ 

ʚʦʣʦʛʠ ʪʘ ʭʽʤʽʾ 

PCTG ï Poly-Cyclohexylenedimethylene Terephthalate Glycol ï 

ʫʜʘʨʦʩʪʽʡʢʠʡ ʘʥʘʣʦʛ PETG ʟ ʢʨʘʱʦʶ ʧʨʦʟʦʨʽʩʪʶ 

PLA ï Polylactic Acid ï ʙʽʦʨʦʟʢʣʘʜʥʠʡ, ʧʨʦʩʪʠʡ ʫ ʜʨʫʮʽ, ʥʝ ʪʝʨʤʦʩʪʽʡʢʠʡ 

PLA+ ï PLA ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ/ʚʦʣʦʢʦʥ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ 

T-PLA ï Tough PLA ï ʫʜʘʨʦʤʽʮʥʠʡ PLA, ʘʣʴʪʝʨʥʘʪʠʚʘ ABS. 

PLA-HT ï High Temperature PLA ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ PLA, ʪʝʨʤʦʩʪʽʡʢʠʡ ʧʽʩʣʷ 

ʚʽʜʧʘʣʫ 

PLA-LW ï Light Weight PLA ï ʩʧʝʮʽʘʣʴʥʠʡ ʣʝʛʢʠʡ PLA, ʷʢʠʡ ʩʧʽʥʶʻʪʴʩʷ ʧʨʠ 

ʜʨʫʢʫ (ʜʣʷ ʜʨʦʥʽʚ, ʘʚʽʘʤʦʜʝʣʝʡ) 

HIPS ï High Impact Polystyrene ï ʧʽʜʪʨʠʤʫʶʯʠʡ ʤʘʪʝʨʽʘʣ, ʨʦʟʯʠʥʥʠʡ ʫ 

ʣʠʤʦʥʝʥʽ, ʘʙʦ ʣʝʛʢʠʡ ʧʣʘʩʪʠʢ ʽʟ ʥʠʟʴʢʦʶ ʚʘʛʦʶ 
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SAN ï Styrene Acrylonitrile ï ʞʦʨʩʪʢʠʡ, ʧʨʦʟʦʨʠʡ ʧʣʘʩʪʠʢ ʟ ʭʦʨʦʰʦʶ 

ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ 

SILK ï PLA ʘʙʦ PETG ʟ ʛʣʷʥʮʝʚʠʤ ʝʬʝʢʪʦʤ ʰʦʚʢʫ, ʜʣʷ ʝʩʪʝʪʠʯʥʦʛʦ ʜʨʫʢʫ 

Elastan  ï Elastan D70 / D100 / D160 ʨʽʟʥʦʚʠʜʠ ʝʣʘʩʪʠʯʥʠʭ ʥʠʪʦʢ ʥʘ ʦʩʥʦʚʽ 

TPE ʘʙʦ TPU, ʜʝ ʮʠʬʨʠ ʦʟʥʘʯʘʶʪʴ ʞʦʨʩʪʢʽʩʪʴ (D ï h ʢʘʣʘ Shore D) 

TPU 40D ï Thermoplastic Polyurethane, Shore D 40 ï ʜʫʞʝ ʛʥʫʯʢʠʡ ʤʘʪʝʨʽʘʣ 

TPU 80A ï TPU ʟ ʞʦʨʩʪʢʽʩʪʶ 80 ʧʦ Shore A ï ʤ'ʷʢʠʡ ʪʘ ʝʣʘʩʪʠʯʥʠʡ 

PET ï Polyethylene Terephthalate ï ʦʩʥʦʚʘ ʜʣʷ PETG, ʯʘʩʪʦ ʙʽʣʴʰ ʪʚʝʨʜʠʡ 

PC ï Polycarbonate ï ʥʘʜʟʚʠʯʘʡʥʦ ʤʽʮʥʠʡ, ʧʨʦʟʦʨʠʡ, ʪʝʨʤʦʩʪʽʡʢʠʡ 

ʧʣʘʩʪʠʢ 

Nylon ï Nylon (PA6) Polyamide 6 ï ʚʠʩʦʢʦʤʽʮʥʠʡ, ʟʥʦʩʦʩʪʽʡʢʠʡ, ʚʙʠʨʘʻ 

ʚʦʣʦʛʫ 

PA ï Polyamide ï ʟʘʛʘʣʴʥʘ ʥʘʟʚʘ ʜʣʷ ʥʝʡʣʦʥʫ 

PA+ ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʥʝʡʣʦʥ (ʧʽʜʚʠʱʝʥʘ ʤʽʮʥʽʩʪʴ, ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, 

ʩʪʘʙʽʣʴʥʽʩʪʴ) 

ASA ï Acrylonitrile Styrene Acrylate ï ʘʥʘʣʦʛ ABS, ʘʣʝ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʫʣʴʪʨʘʬʽʦʣʝʪʫ 

PBT ï Polybutylene Terephthalate ï ʪʝʨʤʦʩʪʽʡʢʠʡ, ʭʽʤʽʯʥʦ ʩʪʽʡʢʠʡ 

ʪʝʭʥʽʯʥʠʡ ʪʝʨʤʦʧʣʘʩʪʠʢ 

ABS/PC ï ʩʧʣʘʚ ABS ʪʘ ʧʦʣʽʢʘʨʙʦʥʘʪʫ ï ʧʦʻʜʥʫʻ ʛʥʫʯʢʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ 

PP ï Polypropylene ï ʣʝʛʢʠʡ, ʭʽʤʽʯʥʦ ʩʪʽʡʢʠʡ, ʚʘʞʢʠʡ ʫ ʜʨʫʮʽ ʯʝʨʝʟ 

ʧʦʛʘʥʝ ʟʯʝʧʣʝʥʥʷ 

WAX ï ʚʽʩʢ ʜʣʷ ʣʠʪʪʷ ʧʦ ʚʠʧʣʘʚʣʶʚʘʥʠʭ ʤʦʜʝʣʷʭ (ʟʥʠʢʘʻ ʧʨʠ ʥʘʛʨʽʚʽ) 

CGF ï NYLON-CGF (GLASS FIBER) ʥʝʡʣʦʥ, ʘʨʤʦʚʘʥʠʡ ʩʢʣʦʚʦʣʦʢʥʦʤ ï 

ʧʽʜʚʠʱʝʥʘ ʞʦʨʩʪʢʽʩʪʴ ʽ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ 

CCF ï NYLON-CCF (CARBON FIBER) ʥʝʡʣʦʥ ʟ ʚʫʛʣʝʚʦʣʦʢʥʦʤ ï 

ʤʽʮʥʠʡ, ʣʝʛʢʠʡ, ʞʦʨʩʪʢʠʡ 

ABS+FR15 ï (Flame-Retardant) ABS ʟ ʘʥʪʠʧʽʨʝʥʘʤʠ (15% ʜʦʙʘʚʢʘ), 

ʚʦʛʥʝʪʨʠʚʢʠʡ 
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PLA-CCu ï PLA, ʥʘʧʦʚʥʝʥʠʡ ʤʽʜʜʶ ï ʤʘʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʘʙʦ 

ʜʝʢʦʨʘʪʠʚʥʠʡ ʚʠʛʣʷʜ 

PLA-CFe ï PLA, ʥʘʧʦʚʥʝʥʠʡ ʟʘʣʽʟʦʤ ï ʤʘʛʥʽʪʠʪʴʩʷ, ʚʘʞʯʠʡ 

PRO CCF ï ABS PRO CCF (CARBON FIBER) ʧʨʦʬʝʩʽʡʥʠʡ ABS ʟ 

ʚʫʛʣʝʚʦʣʦʢʥʦʤ ï ʜʫʞʝ ʞʦʨʩʪʢʠʡ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ 

PRO CGF ï ABS PRO CGF (GLASS FIBER) ABS ʟ ʩʢʣʦʚʦʣʦʢʥʦʤ ï ʤʽʮʥʽʩʪʴ 

ʙʝʟ ʢʨʠʭʢʦʩʪʽ 

D70 CCF ï ELASTAN D70 CCF (CARBON FIBER) ʛʥʫʯʢʠʡ ʤʘʪʝʨʽʘʣ ʽʟ 

ʚʫʛʣʝʚʦʣʦʢʥʦʤ ï ʫʥʽʢʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʛʥʫʯʢʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ 

3D ï 3-ʚʠʤʽʨʥʠʡ / ʤʘʻ ʪʨʠ ʨʦʟʤʽʨʥʦʩʪʽ 

ɸɺ  ï ʘʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ɹʧʃɸ ï ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ 

ʅɺʏ ï ʥʘʜʚʠʩʦʢʘ ʯʘʩʪʦʪʘ 

ʐɯ ï ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 
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ɺʉʊʋʇ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʥʘʫʢʦʚʮʽʚ ʽ ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʧʨʠʚʝʨʪʘʻ ʘʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʽ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʽʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ, ʦʧʪʠʤʽʟʘʮʽʻʶ ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʟʥʠʞʝʥʥʷʤ ʚʽʜʭʦʜʽʚ. ʇʨʦʪʝ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʪʦʯʥʦʩʪʽ ʪʘ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ 3D-ʜʨʫʢʫ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ 

ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʘʙʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʚʘʞʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʚʠʢʣʠʢʽʚ ʻ ʧʦʪʨʝʙʘ ʫ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʟʜʘʪʥʠʭ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ, ʧʦʨʫʰʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʥʝʛʘʡʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʠʭ. ɯʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʧʝʨʝʚʘʞʥʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʩʪʬʘʢʪʫʤ-ʘʥʘʣʽʟʽ ʘʙʦ ʧʦʪʨʝʙʫʶʪʴ ʚʪʨʫʯʘʥʥʷ ʦʧʝʨʘʪʦʨʘ, ʱʦ 

ʦʙʤʝʞʫʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʝʨʽʡʥʦʛʦ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʟʦʢʨʝʤʘ 

ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʜʘʧʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʜʘʪʥʠʭ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʙʝʟ ʧʝʨʝʨʠʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʨʦʟʨʦʙʢʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʤʝʪʦʜʠ ʡ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʚʽʜʝʦʜʘʥʠʭ, ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʙʝʟ ʽʩʪʦʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʩʠʩʪʝʤʠ. ʎʝ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ 

ʨʽʰʝʥʴ ʫ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ, ʘ 

ʪʘʢʦʞ ʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʷʭ ï ʚʽʜ ʘʚʽʘʮʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʦ 

ʤʝʜʠʮʠʥʠ. 

ʆʙʨʘʥʘ ʪʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʠʨʽʰʝʥʥʷ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ï ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ  3D-ʜʨʫʢʫ 

ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ, ʷʢʘ ʧʦʻʜʥʫʻ ʩʫʯʘʩʥʽ 
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ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʟ ʛʥʫʯʢʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʘʥʘʣʽʟʫ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʷʢ ʪʝʦʨʝʪʠʯʥʫ ʽ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ ʚ ʫʤʦʚʘʭ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʋ ʨʦʟʨʦʙʮʽ ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʤʦʜʝʣʝʡ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʦʣʽʤʝʨʽʚ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʡ ʪʝʭʥʽʢʠ, ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʩʝʨʽʡʥʦʤʫ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠʩʚʷʯʝʥʦ ʨʦʙʦʪʠ 

ʪʘʢʠʭ ʚʯʝʥʠʭ, ʷʢ ʉʘʚʯʝʥʢʦ ɹ.ʄ., ʉʣʻʧʮʦʚ  ʆ.ʆ., ʉʦʚʘ ʅ.ɺ., Klippstein H., 

Hassanin H., Mukherjee T., Kao N., Zhang Y., Zhang Y., She W., Yang L., Liu G. ʪʘ 

ʽʥʠhʭ. ʈʦʟʨʦʙʣʝʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʦ ʥʠʟʢʫ ʨʦʙʽʪ Davtalab O., 

Kazemian A., Yuan X., Bisheh M.N., Chang S.I., Lei S., Nasiri S., Khosravani M.R., 

Oleff A., K¿ster B., Stonis M., Overmeyer L., Ashrafi N., Duarte J.P., Nazarian S., 

Meisel N.A. ʪʘ ʽʥ. 

ʈʦʙʦʪʠ ʚʽʜʦʤʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʨʽʟʥʽ ʘʩʧʝʢʪʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʤʝʪʦʜʠ, ʤʦʜʝʣʽ 

ʡ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ, ʘʣʝ ʢʦʤʧʣʝʢʩʥʦ ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʧʽʜʭʦʜʷʪʴ 

ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʡ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ ʟ ʜʝʬʝʢʪʘʤʠ ʜʨʫʢʫ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʥʝʡʨʦʤʝʨʝʞʝʚʠʤʠ ʤʝʪʦʜʘʤʠ. ʌʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʟ 

ʷʢʽʩʥʠʤʠ ʟʨʘʟʢʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʪʠʧʦʚʽ ʜʝʬʝʢʪʠ ʟ ʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʻ ʢʣʶʯʦʚʠʤ 

ʩʪʨʫʢʪʫʨʥʠʤ ʝʣʝʤʝʥʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʊʝʤʘʪʠʢʘ ʪʘ 

ʨʦʟʜʽʣʠ ʮʽʻʾ ʜʠʩʝʨʪʘʮʽʾ ʨʦʙʦʪʠ ʚʭʦʜʠʣʠ ʜʦ ʩʢʣʘʜʫ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʷʢʽ ʙʫʣʠ 

ʚʠʢʦʥʘʥʽ ʚ ɯʥʩʪʠʪʫʪʽ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ (ʅɸʅ) 

ʋʢʨʘʾʥʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʜʦʙʫʚʘʯʘ ʫʚʽʡʰʣʠ ʜʦ ʩʢʣʘʜʫ ʥʘʫʢʦʚʠʭ 

ʨʦʙʽʪ: 

ï ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ ɯɿɽ-2024/1 ççɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʦʟʙʨʦʻʥʥʷ ʪʘ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʙʦʡʦʚʠʭ ɹʧʃɸè (ʂʇʂɺʂ 
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6541230, ̄  0124U000005ʜ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʞʝʥʴ 

ɯʥʩʪʠʪʫʪʫ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʟʘʪʚʝʨʜʞʝʥʦʛʦ 10 ʣʶʪʦʛʦ 2024 

ʨʦʢʫ; 

ï ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ (  ̄0225U000422) çʈʦʟʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡè 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʞʝʥʴ ɯʥʩʪʠʪʫʪʫ ʟʘʛʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ. 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ 

ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʰʣʷʭʦʤ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʷʢ 

ʩʫʢʫʧʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦʛʦ, ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʪʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘ 

ʚʠʨʽʰʝʥʦ 

ʥʘʫʢʦʚʽ ʟʘʚʜʘʥʥʷ: 

ï ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ 

ʟʦʙʨʘʞʝʥʥʷʭ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʚ ʭʦʜʽ 3D-ʜʨʫʢʫ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣ ɹ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʪʠʧʫ ʟ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʛʦ 

(ʰʚʠʜʢʦʛʦ ʽ ʪʦʯʥʦʛʦ) ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʚ ʭʦʜʽ ʧʨʦʮʝʩʫ 3D-

ʜʨʫʢʫ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʾʭ ʚʠʥʠʢʥʝʥʥʷ; 

ï ʫʜʦʩʢʦʥʘʣʠʪʠ (ʧʨʠʩʢʦʨʠʪʠ) ʤʝʪʦʜʠ ʥʘʙʣʠʞʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʧʦʰʫʢʫ 

ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʢʘʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʢʘʜʨʫ ʚ ʪʝʤʧʽ ʾʭ ʦʪʨʠʤʘʥʥʷ ʟ ʢʘʤʝʨʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

ʧʨʘʢʪʠʯʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʦʙʣʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʢʘʜʨʘʭ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʚ ʭʦʜʽ 3D-ʜʨʫʢʫ ʝʣʝʤʝʥʪʽʚ, ʪʘ ʚʠʢʦʥʘʪʠ ʾʾ ʚʘʣʽʜʘʮʽ;ʁ 
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ï ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʥʝʡʨʦʤʝʨʝʞʝʚʫ ʤʦʜʝʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ 

ʜʨʫʛʫ ʝʣʝʤʝʥʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʚʠʢʦʥʘʪʠ ʾʾ ʚʘʣʽʜʘʮʽ.ʁ 

ï ʨʝʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʜʨʫʢʫ ʦʙôʻʢʪʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʦʙôʻʢʪʽʚ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥ ̔ ʪʘʢʽ ʥʘʫʢʦʚʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʴ: 

ï ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ï ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʙʣʠʞʝʥʠʭ ʤʝʪʦʜʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ 

ʝʣʽʧʪʠʯʥʦʛʦ ʪʠʧʫ (ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ 

ʢʘʜʨʽʚ ʟ ʟʦʙʨʘʞʝʥʥʷʤʠ ʦʙôʻʢʪʽʚ ʜʨʫʢʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩ;̔ 

ï ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ï ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʟ 

ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʢʘʜʨʽʚ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʽʚ ʢʦʨʠʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʽ ʥʦʨʤʘʣʽʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ; ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ 

ʤʦʜʝʣʝʡ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʽ ʚʠʟʥʘʯʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʜʝʬʝʢʪʽʚ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ 3D-ʜʨʫʢʫ; 

ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʽʚ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʚʞʝ ʚʽʜʦʤʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʢʣʘʩʠʯʥʠʤʠ ʚʽʜʦʤʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʩʫʯʘʩʥʦʛʦ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʢʝʪʽʚ ʦʙôʻʢʪʽʚ ʜʨʫʢʫ ʩʧʝʮʽʘʣʴʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʪʘ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʩʫʯʘʩʥʠʤʠ 3D-ʧʨʠʥʪʝʨʘʤʠ. 

ï ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ï ʜʣʷ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʝʢʪʽʚ ʜʨʫʢʫ 

ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʟʦʢʨʝʤʘ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 
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(ʚʘʣʽʜʘʮʽ)̫, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʝʬʝʢʪʽʚ ʚ ʩʫʯʘʩʥʠʭ 

ʧʨʦʮʝʩʘʭ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

ï ʤʝʪʦʜ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʽʜʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʥʦʚʠʭ ʧʦʣʽʤʝʨʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

1. ʋʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʚ ʧʨʦʮʝʩʽ ʾʭ 

3Dʜʨʫʢʫ ʟʘ ʾʭ ʟʦʙʨʘʞʝʥʥʷʤʠ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʥʦʨʤʘʣʽʟʘʮʽʾ ʡ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʨʝʧʨʦʮʝʩʽʥʛʫ ʟʦʙʨʘʞʝʥʴ ʟ ʦʙôʻʢʪʘʤʠ ʜʨʫʢʫ ʪʘ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʢʣʘʩʠʯʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʘʭ ʩʝʨʽʡʥʦʛʦ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠ ʧʦʰʫʢʫ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʬʽʟʠʢʠ ʝʣʽʧʪʠʯʥʦʛʦ ʪʠʧʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʝʧʨʦʮʝʩʽʥʛʫ ʟʦʙʨʘʞʝʥʴ 

ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʤʝʪʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʜʨʫʢʫ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ (ʚʽʟʫʘʣʴʥʦʛʦ) 

ʢʦʥʪʨʦʣ ʁʧʨʦʮʝʩʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

4. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʨʝʧʨʦʮʝʩʽʥʛʫ ʛʨʘʬʽʯʥʠʭ ʦʙôʻʢʪʽʚ, 

ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʦʨʤʘʣʽʟʘʮʽʾ ʡ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʧʝʨʝʜ ʾʭʥʽʤ 

ʩʪʘʪʠʩʪʠʯʥʠʤ ʘʥʘʣʽʟʦʤ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʢʣʘʩʽʚ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʫ ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʩʘʭ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʤʘʻ ʦʩʥʦʚʥʽ ʩʢʣʘʜʥʠʢʠ: ʘʧʘʨʘʪʥʘ 

ʯʘʩʪʠʥʘ ï 3D-ʧʨʠʥʪʝʨ ʟʽ ʩʧʝʮʽʘʣʴʥʦʶ ʢʘʤʝʨʦʶ ̔ ʧʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ 

ʚʭʦʜʠʪʴ ʜʚʘ ʦʩʥʦʚʥ ̔ʤʦʜʫʣʽ ï ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʧʨʝʧʨʦʮʝʩʽʛʥʫ ʢʘʜʨʽʚ 
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ʟʦʙʨʘʞʝʥʴ ʪʘ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʝʢʪʽʚ 

ʜʨʫʢʫ. ʂʦʤʧʣʝʢʩ ʨʦʟʨʦʙʣʝʥʦʾ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʙʘʯʘʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʟʫʧʠʥʢʫ ʧʨʦʮʝʩʫ 3D-ʜʨʫʢʫ ʫ ʨʘʟʽ, ʷʢʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʡ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʪʠʧʦʚʠʭ ʜʝʬʝʢʪʽʚ ʪʘʢʠʭ ʷʢ 

ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ, ʝʬʝʢʪ çʩʧʘʛʝʪʽè ʪʦʱʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʝ ʚʠʢʦʥʘʥʦ ʚ ɯʥʩʪʠʪʫʪ ̔ʟʘʛʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʘ ʩʘʤʝ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɹʧʃɸ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʽʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʦʢʨʝʤʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʜʽʦʧʨʦʟʦʨʦʩʪʽ, ʙʫʣʠ ʫʩʧʽʰʥʦ 

ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʧʽʜʨʦʟʜʽʣʽ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʛʽʨʰʝʥʥʷ 

ʨʘʜʽʦʧʨʦʟʦʨʦʩʪʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʽʚ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ 

(ʅɺʏ) ʚ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʧʦʛʣʠʥʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʜʦ ʟʤʽʥʠ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʚʥʘʩʣʽʜʦʢ ʧʦʛʣʠʥʘʥʥʷ ʤʘʪʝʨʽʘʣʦʤ 

ʚʦʣʦʛʠ ʪʦʱʦ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʥʝʢʦʨʝʢʪʥʦʾ 

ʨʦʙʦʪʠ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɹʧʃɸ ʚ ʜʽʘʧʘʟʦʥʽ ʅɺʏ, ʚʠʢʣʠʢʘʥʦ ʾʮʠʤ 

ʬʘʢʪʦʨʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ ʦʩʚʽʪʥʴʦ-

ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʦʛʨʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï 

çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè ʚ ʟʤʽʩʪ ʦʩʚʽʪʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ çʂʦʤʧôʶʪʝʨʥʘ ʛʨʘʬʽʢʘè ʪʘ 

çʄʝʪʦʜʠ ʪʘ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫè. ɿʦʢʨʝʤʘ ʫ ʧʨʦʮʝʩ ʬʘʭʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʦʩʚʽʪʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ: 

ï ʰʚʠʜʢʽʩʥʽ ʤʝʪʦʜʠ ʡ ʘʣʛʦʨʠʪʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽ ʚʽʜʝʦʧʦʪʦʢʽʚ 

ʜʘʥʠʭ ʽʟ ʤʝʪʦʶ ʧʨʠʩʢʦʨʝʥʥʷ ʾʭʥʴʦʛʦ ʘʥʘʣʽʟʫ; 

ï ʤʝʪʦʜ ʧʨʝʧʨʦʮʝʩʽʥʛʫ ʛʨʘʬʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʦʨʤʘʣʽʟʘʮʽʾ ʪʘ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʾʭʥʴʦʛʦ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ; 

ï ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʟʘʜʘʯ ʟ ʤʝʪʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʟʘ ʜʘʥʠʤʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʋʧʨʦʚʘʜʞʝʥʽ ʥʦʚʽ ʜʘʥʽ, ʷʢʽ ʟʜʦʙʫʪʽ ʫ ʧʨʦʮʝʩʽ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ, ʧʽʜʚʠʱʠʣʠ 

ʷʢʽʩʪʴ ʧʽʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè, 

ʦʩʢʽʣʴʢʠ ʜʘʣʠ ʟʤʦʛʫ ʨʦʟʨʦʙʣʷʪʠ ʰʚʠʜʢʽ ʤʝʪʦʜʠ ʡ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ ʟʘ ʫʤʦʚʠ ʦʙʤʝʞʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʅʘʚʝʜʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʘʫʢʦʚʽ 

ʧʨʘʮʽ [6], [7], [8], [9] ʧʽʜʛʦʪʦʚʣʝʥʦ ʟʜʦʙʫʚʘʯʝʤ ʩʘʤʦʩʪʽʡʥʦ. 

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʠʪʴ: 

[1] ï ʜʦʩʣʽʜʞʝʥʦ ʨʽʟʥʽ ʧʨʦʛʨʘʤʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʤʘʢʝʪʽʚ ʦʙôʻʢʪʽʚ 

ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʾʭ ʜʨʫʢʫ (ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫ ʜʝʪʘʣʝʡ) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʽ ʟʘʩʦʙʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ; [2] ï ʧʨʦʚʝʜʝʥʠʡ 

ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʫʢʫ ʪʠʧʫ Fused Deposition Modeling, 

Stereolithography, Selective Laser Sintering, Direct Metal Laser Sintering, Digital Light 

Processing. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘ ʨʽʟʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ, ʪʘʢʠʤʠ ʷʢ: ʪʦʯʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ, ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʘʨʪʽʩʪʴ, 

ʩʢʣʘʜʥʽʩʪʴ ʜʝʪʘʣʝʡ, ʧʦʩʪʦʙʨʦʙʢʘ ʪʦʱʦ; [3] ï ʧʦʙʫʜʦʚʘʥʘ ʽ ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʚ ʢʘʜʨʘʭ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴʩʷ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʩʫʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʦʧʨʘʮʶʚʘʥʥʽ ʢʘʜʨʽʚ ʟʦʙʨʘʞʝʥʴ, 

ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʜʝʬʝʢʪʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; [4] ï ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽ ʦʙʨʘʥʦ 

ʩʫʯʘʩʥ ̔ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʠʭ ʢʦʤʧʣʝʢʩʽʚ; 

[5] ï ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʩʫʯʘʩʥʦʛʦ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦ̒ʢʪʫ, 

ʷʢʠʡ ʙʫʜʝ ʨʦʟʨʦʙʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʨʫʢʫ. ʇʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʟ ʬʦʨʤʫʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʞʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ: 

ï 3rd International scientific and practical conference ñEuropean congress of 

scientific achievementsò, March 25ï27, 2024, Barca Academy Publishing, Barcelona, 

Spain. 2024; 

ï 9th International scientific and practical conference ñCurrent challenges of 

science and educationò, May 6ï8, 2024, MDPC Publishing, Berlin, Germany. 2024. 

485 p. ISBN 978-3-954753-05-5. 

ï ɯʥʪʝʛʨʦʚʘʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʨʦʙʦʪʦʪʝʭʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ (ɯɯʈʊʂ-2024). 

ʉʽʤʥʘʜʮʷʪʘ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, 21ï22 ʪʨʘʚʥʷ 2024 ʨ., 

ʂʠʾʚ, ʋʢʨʘʾʥʘ; 

ï II ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʝʥʝʨʛʝʪʠʮʽ ʽ ʘʚʪʦʤʘʪʠʮʽè, 7 ʯʝʨʚʥʷ 2024 ʨʦʢʫ, ʂʠʾʚ, ʋʢʨʘʾʥʘ; 

ï ʍʍʍ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʙʘʛʘʪʦʧʨʦʬʽʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʢʦʥʪʝʢʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʚ 

ʤʽʞʥʘʨʦʜʥʠʡ ʦʩʚʽʪʥʽʡ ʧʨʦʩʪʽʨè, 27ï28 ʙʝʨʝʟʥʷ 2025 ʨʦʢʫ, ʂʠʾʚ, ʋʢʨʘʾʥʘ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 9 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʩʝʨʝʜ ʷʢʠʭ 3 ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 1 

ʧʫʙʣʽʢʘʮʽʷ ʫ ʚʠʜʘʥʥʽ, ʱʦ ʧʨʦʽʥʜʝʢʩʦʚʘʥʦ ʫ ʙʘʟʽ ʜʘʥʠʭ Scopus, 1 ʘʚʪʦʨʩʴʢʝ ʧʨʘʚʦ 

ʥʘ ʩʣʫʞʙʦʚʠʡ ʪʚʽʨ ʪʘ 5 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 

162 ʩʪʦʨʽʥʢʘʭ, ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 4 ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʥʘ 109 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 8 ʜʦʜʘʪʢʽʚ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 14 

ʪʘʙʣʠʮʷʤʠ ʪʘ 61 ʨʠʩʫʥʢʦʤ.  
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ʈʆɿɼɯʃ 1  

ʊɽʍʅʆʃʆɻɯɰ ʊɸ ɿɸɹɽɿʇɽʏɽʅʅʗ ʇɯɼʊʈʀʄʂʀ ʗʂʆʉʊɯ 

ɯ ʅɽʇɽʈɽʈɺʅʆʉʊɯ 3D-ɼʈʋʂʋ ʉʂʃɸɼʅʀʍ ʆɹôɭʂʊɯɺ 

1.1 ɺʠʙʽʨ ʪʝʭʥʦʣʦʛʽʡ ʜʨʫʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʠʭ ʮʽʣʝʡ ʽ ʩʢʣʘʜʥʦʩʪʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʦʙôʻʢʪʽʚ 3D-ʜʨʫʢʫ 

3D-ʜʨʫʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʚʽʜ ʽʥʞʝʥʝʨʽʾ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʩʪʦʤʘʪʦʣʦʛʽʾ, ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô̫ , ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʝʡ. ʊʝʭʥʦʣʦʛʽʷ 

3D ʜʨʫʢʫ ʤʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʽʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʂʦʞʥʘ ʟ ʥʘʷʚʥʠʭ ʥʘ ʨʠʥʢʫ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʦʙʤʝʞʝʥʥʷ, 

ʪʦʤʫ ʢʦʞʥʘ ʟ ʥʠʭ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʝʚʥʠʭ ʮʽʣʝʡ ʢʨʘʱʝ, ʥʽʞ ʜʣʷ ʽʥʰʠʭ. ʇʨʠ ʚʠʙʦʨʽ 

3D ʧʨʠʥʪʝʨʘ ʚʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ, ʷʢʘ ʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʻ ʚʘʰʠʤ 

ʧʦʪʨʝʙʘʤ ʽ ʚʠʤʦʛʘʤ [100; 101]. 

ɺʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ 3D ʜʨʫʢʫ ʪʘ ʤʘʪʝʨʽʘʣʫ ʟ ʧʨʘʚʠʣʴʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ 

ʜʝʪʘʣʝʡ. 

1) ʈʦʟʤʽʨʠ ʧʦʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʪʦʯʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʜʝʪʘʣʽ (ʜʦʧʫʩʢʠ). 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʧʨʠʥʪʝʨʠ ʧʨʦʧʦʥʫʶʪʴ ʦʙôʻʤ ʜʨʫʢʫ ʟʽ ʩʪʦʨʦʥʦʶ ʢʫʙʘ 

ʨʦʟʤʽʨʦʤ ʙʣʠʟʴʢʦ 200 ʤʤ, ʘ ʚʘʨʽʘʥʪʠ ʚʝʣʠʢʦʛʦ ʬʦʨʤʘʪʫ ʜʦʩʷʛʘʶʪʴ ʨʦʟʤʽʨʫ 

300ʭ300ʭ600 ʤʤ. ʇʨʦʬʝʩʽʡʥʽ ʥʘʩʪʽʣʴʥʽ ʧʨʠʥʪʝʨʠ ʤʦʞʫʪʴ ʧʦʩʪʘʚʣʷʪʠʩʴ ʫ 

ʩʪʘʥʜʘʨʪʥʠʭ ʘʙʦ ʰʠʨʦʢʦʬʦʨʤʘʪʥʠʭ ʤʦʜʝʣʷʭ. ʇʨʠʯʦʤʫ ʙʽʣʴʰʽʩʪʴ ʩʪʘʥʜʘʨʪʥʠʭ 

ʨʦʟʤʽʨʽʚ ʻ ʢʫʙʦʤ ʟʽ ʩʪʦʨʦʥʦʶ ʨʦʟʤʽʨʦʤ 200 ʤʤ. ʄʦʜʝʣʽ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ ʤʦʞʫʪʴ 

ʧʨʦʧʦʥʫʚʘʪʠ ʦʙʣʘʩʪʴ ʜʨʫʢʫ ʚ 5ï10 ʨʘʟʽʚ ʙʽʣʴʰʝ. 

ʅʘʩʪʫʧʥʝ, ʱʦ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʢʦʣʠ ʡʜʝʪʴʩʷ ʧʨʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʮʝ ʜʦʧʫʩʢʠ. ʈʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʨʽʟʥʽ ʜʦʧʫʩʢʠ. ɺʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʩʦʢʦʪʦʯʥʽ ʣʘʟʝʨʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʟ 

ʥʘʜʽʡʥʠʤʠ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

2) ɺʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ 3D ʜʨʫʢʫ. ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʩʘʤʧʝʨʝʜ 

ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ ʚʠʜʠ ʧʣʘʩʪʠʢʫ ʜʣʷ 3D ʧʨʠʥʪʝʨʘ. ʇʣʘʩʪʠʢ ʜʣʷ 3D ʜʨʫʢʫ, ʘʙʦ 
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ʬʽʣʘʤʝʥʪ, ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦʾ ʥʠʪʢʠ, ʜʽʘʤʝʪʨʦʤ 1,75 ʤʤ ʪʘ 3 ʤʤ. 

ʅʘʡʯʘʩʪʽʰʝ ʚ ʙʘʟʦʚʽʡ ʢʦʤʧʣʝʢʪʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʠʪʢʠ ʪʦʚʱʠʥʦʶ 1,75 ʤʤ, ʘʣʝ 

ʜʝʷʢʽ ʚʠʨʦʙʥʠʢʠ 3D ʧʨʠʥʪʝʨʽʚ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ 

ʪʨʠʤʽʣʽʤʝʪʨʦʚʦʛʦ ʧʣʘʩʪʠʢʫ. ʇʣʘʩʪʠʢ ʜʣʷ 3D ʜʨʫʢʫ ʥʘʣʽʯʫʻ ʯʠʤʘʣʦ ʨʽʟʥʦʚʠʜʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ABS ʪʘ PLA ʧʣʘʩʪʠʢ. ʂʨʽʤ ʪʦʛʦ, ʥʘʩʪʽʣʴʥʽ 3D-

ʧʨʠʥʪʝʨʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʰʣʷʭʦʤ 

ʚʠʣʠʚʢʠ 3D-ʜʨʫʢʦʚʘʥʠʭ ʰʘʙʣʦʥʽʚ ʽʟ ʧʣʘʩʪʠʢʫ [101; 104]. 

ʅʝʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʫ 3D-ʜʨʫʮʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʽʟʥʠʭ 

ʧʨʦʙʣʝʤ: 

ï ʢ̫ʱʦ ʚʠʙʨʘʥʠʡ ʤʘʪʝʨʽʘʣ ʥʝʜʦʩʪʘʪʥʴʦ ʤʽʮʥʠʡ ʜʣʷ ʚʘʰʠʭ ʧʦʪʨʝʙ, 

ʜʨʫʢʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʣʘʤʢʦʩʪʽ ʘʙʦ ʜʝʬʦʨʤʘʮʽʾ; 

ï ʢ̫ʱʦ ʤʘʪʝʨʽʘʣ ʥʝ ʚʠʪʨʠʤʫʻ ʚʠʩʦʢʠʭ ʘʙʦ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʮʝ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʬʦʨʤʠ ʘʙʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʽ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ï ʜʝʷʢʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʤʘʪʠ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʽʞ ʚʢʘʟʘʥʦ ʚ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʨʫʢʫ; 

ï ʜʝʷʢʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʧʦʛʘʥʦ ʧʨʠʢʣʘʜʘʪʠʩʷ ʜʦ ʧʽʜʢʣʘʜʢʠ ʘʙʦ ʤʘʪʠ 

ʧʨʦʙʣʝʤʠ ʟ ʘʜʛʝʟʽʻʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʝʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʜʨʫʢʫ; 

ï ʥ̔ʰʽ ʧʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʟʤʽʥʫ ʨʦʟʤʽʨʽʚ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʚʝʣʠʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚ ʛʝʦʤʝʪʨʽʾ ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʫ ʪʝʢʩʪʫʨʫ ʧʦʚʝʨʭʥʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʧʨʦʙʣʝʤʠ, ʚʘʞʣʠʚʦ ʨʝʪʝʣʴʥʦ ʚʠʚʯʠʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ 3D-ʜʨʫʢʫ. 

ʊʝʭʥʦʣʦʛʽʷ 3D-ʜʨʫʢʫ ʧʦʯʘʣʘ ʥʘʙʠʨʘʪʠ ʧʦʧʫʣʷʨʥʽʩʪʴ ʫ 1980-ʭ ʨʦʢʘʭ, 

ʧʦʯʠʥʘʶʯʠ ʷʢ ʤʝʪʦʜ ʰʚʠʜʢʦʛʦ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʣʷʛʘʣʘ ʫ ʜʦʧʦʤʦʟʽ ʚʠʨʦʙʥʠʢʘʤ ʰʚʠʜʢʦ ʪʘ ʝʢʦʥʦʤʥʦ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʽ ʩʚʦʾʭ 

ʧʨʦʜʫʢʪʽʚ. ʋ 1983 ʨʦʮʽ ʏʘʢ ʍʘʣʣ ʚʠʥʘʡʰʦʚ ʧʝʨʰʫ ʤʝʪʦʜʠʢʫ, ʷʢʫ ʥʘʟʚʘʚ 

ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʻʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʩʚʽʪʣʦ ʜʣʷ ʟʘʪʚʝʨʜʽʥʥʷ 

ʩʤʦʣʠ ʫ ʪʦʯʥʠʭ ʬʦʨʤʘʭ. ʋ ʥʘʩʪʫʧʥʽ ʨʦʢʠ ʟô̫ ʚʠʣʠʩʷ ʨʽʟʥʽ ʧʽʜʭʦʜʠ, ʥʘʧʨʠʢʣʘʜ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʣʘʚʣʝʥʦʛʦ ʦʩʘʜʞʝʥʥʷ, ʷʢʝ ʨʦʟʧʣʘʚʣʷʻ ʧʣʘʩʪʠʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʰʘʨʽʚ [101; 105]. 
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ʈʠʩ. 1.1 ï ɿʘʛʘʣʴʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 3D-ʧʨʠʥʪʝʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʮʽʣʝʡ 

ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʟʘʚʜʘʥʴ 

ʅʘʩʪʽʣʴʥʽ3D-ʧʨʠʥʪʝʨʠ:

Åʧʨʠʟʥʘʯʝʥʽʜʣʚ̫ʠʢʦʨʠʩʪʘʥʥʷʥʘʩʪʦʣʽʯʠʩʪʦʣʽ;

Åʢʦʤʧʘʢʪʥʽ,ʣʝʛʢʽʪʘʧʽʜʭʦʜʷʪʴʜʣʜ̫ʦʤʘʰʥʴʦʛʦʚʠʢʦʨʠʩʪʘʥʥʷ,ʤʘʣʦʛʦʙʽʟʥʝʩʫ

ʪʘʣʶʙʠʪʝʣʽʚ;

Åʟʘʟʚʠʯʘʡʤʘʶʪʨɹʦʟʤʽʨʠʚʽʜ100x100x100 ʤʤʜʦ300x300x300 ʤʤ(ʘʙʦ

ʘʥʘʣʦʛʽʯʥʽʨʦʟʤʽʨʠ).

3D-ʧʨʠʥʪʝʨʠʩʝʨʝʜʥʴʦʛʦʨʦʟʤʽʨʫ:

Åʙʽʣʴʰʽʟʘʥʘʩʪʽʣʴʥʽʧʨʠʥʪʝʨʠ,ʘʣʝʚʩʝɦʝʧʽʜʭʦʜʷʪʴʜʣʙ̫ʽʣʴʰʦʩʪʽʨʦʙʦʯʠʭ

ʤʽʩʮʴ;

Åʧʨʦʧʦʥʫʶʪʴʙʽʣʴʰʠʡʦʙʩʷʛʟʙʽʨʢʠʧʦʨʽʚʥʷʥʦʟʥʘʩʪʽʣʴʥʠʤʠʧʨʠʥʪʝʨʘʤʠ,ʱʦ

ʨʦʙʠʪʴʾʭʧʨʠʜʘʪʥʠʤʠʜʣʩ̫ʪʚʦʨʝʥʥʷʧʨʦʪʦʪʠʧʽʚ,ʥʝʚʝʣʠʢʦʛʦʚʠʨʦʙʥʠʮʪʚʘ

ʪʘʦʩʚʽʪʥʽʭʮʽʣʝʡ;

Åʨʦʟʤʽʨʠʤʦʞʫʪʴʢʦʣʠʚʘʪʠʩʷʚʽʜ300x300x300ʤʤʜʦ600x600x600ʤʤʘʙʦ

ʙʽʣʴʰʝ.

ʇʨʦʤʠʩʣʦʚʽ3D-ʧʨʠʥʪʝʨʠ:

Åʧʨʠʟʥʘʯʝʥʽʜʣ ʚ̫ʠʨʦʙʥʠʮʪʚʘʚʝʣʠʢʠʭʦʙʩʷʛʽʚ,ʰʚʠʜʢʦʛʦʩʪʚʦʨʝʥʥʷ

ʧʨʦʪʦʪʠʧʽʚʚ̔ʠʨʦʙʥʠʯʠʭʜʦʜʘʪʢʽʚ;

Åʤʘʶʪʴʟʥʘʯʥʦʙʽʣʴʰʠʡʦʙʩʷʛʟʙʽʨʢʠʧʦʨʽʚʥʷʥʦʟʥʘʩʪʽʣʴʥʠʤʠʧʨʠʥʪʝʨʘʤʠʪʘ

ʧʨʠʥʪʝʨʘʤʠʩʝʨʝʜʥʴʦʛʦʨʦʟʤʽʨʫ,ʱʦʜʦʟʚʦʣʷʻʚʠʛʦʪʦʚʣʷʪʠʙʽʣʴʰʽʜʝʪʘʣʽʪʘ

ʢʦʤʧʦʥʝʥʪʠ;

Åʨʦʟʤʽʨʠʤʦʞʫʪʴʚʘʨʽʶʚʘʪʠʩʷʚʰʠʨʦʢʠʭʤʝʞʘʭ,ʧʦʯʠʥʘʶʯʠʧʨʠʙʣʠʟʥʦʚʽʜ

600x600x600ʤʤ̔ʜʦʩʷʛʘʶʯʠʨʦʟʤʽʨʫʢʽʣʴʢʦʭʤʝʪʨʽʚ.

ʄʘʩʰʪʘʙʥʽʪʘʩʝʨʽʡʥʽ3D-ʧʨʠʥʪʝʨʠ:

Åʤʘʶʪʥɹʘʜʟʚʠʯʘʡʥʦʚʝʣʠʢʠʡʦʙʩʷʛʚʠʨʦʙʥʠʮʪʚʘ,ʟʜʘʪʥʽʚʠʛʦʪʦʚʣʷʪʠ

ʧʦʚʥʦʤʘʩʰʪʘʙʥʽʧʨʦʪʦʪʠʧʠ,ʘʨʭʽʪʝʢʪʫʨʥʽʤʦʜʝʣʽ,ʤʝʙʣʽʪʘʥʘʚʽʪʴʮʽʣʽ

ʙʫʜʽʚʝʣʴʥʽʢʦʤʧʦʥʝʥʪʠ.

Åʦʙʩʷʛʟʙʽʨʢʠʤʦʞʝʢʦʣʠʚʘʪʠʩʷʚʽʜʢʽʣʴʢʦʭʤʝʪʨʽʚʜʦʜʝʩʷʪʢʽʚʤʝʪʨʽʚ,

ʟʘʣʝʞʥʦʚʽʜʢʦʥʢʨʝʪʥʦʛʦʟʘʩʪʦʩʫʚʘʥʥʷʪʘʛʘʣʫʟʽ;

Åʢʣʘʩʠʬʽʢʘʮʽʷʨʦʟʤʽʨʽʚ3D-ʧʨʠʥʪʝʨʽʚʤʦʞʝʚʽʜʨʽʟʥʷʪʠʩʷʟʘʣʝʞʥʦʚʽʜ

ʚʠʨʦʙʥʠʢʘʪʘʤʦʜʝʣʽ. ɼʝʷʢʽʚʠʨʦʙʥʠʢʠʤʦʞʫʪʴʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʽʥʰʫ

ʪʝʨʤʽʥʦʣʦʛʽʶʘʙʦʜʽʘʧʘʟʦʥʠʨʦʟʤʽʨʽʚʜʣʢ̫ʣʘʩʠʬʽʢʘʮʽʾʩʚʦʾʭʧʨʠʥʪʝʨʽʚ;

Åʢʨʽʤʪʦʛʦ,ʨʦʟʚʠʪʦʢʪʝʭʥʦʣʦʛʽʡʤʦʞʝʧʨʠʟʚʝʩʪʠʜʦʨʦʟʨʦʙʢʠʧʨʠʥʪʝʨʽʚʽʟ

ʨʽʟʥʠʤʠʨʦʟʤʽʨʘʤʠʪʘʤʦʞʣʠʚʦʩʪʷʤʠ,ʱʦʧʝʨʝʚʠʱʫʶʪʴʪʨʘʜʠʮʽʡʥʽ

ʢʣʘʩʠʬʽʢʘʮʽʾ.
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ʇʦʯʘʪʢʦʚʦ ʪʘʢʽ ʧʨʠʥʪʝʨʠ ʙʫʣʠ ʚʝʣʠʢʠʤʠ ʪʘ ʜʦʨʦʛʠʤʠ, ʱʦ ʦʙʤʝʞʫʚʘʣʦ ʾʭʥʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ. ʆʜʥʘʢ ʽʟ ʯʘʩʦʤ ʚʦʥʠ ʙʫʣʠ ʫʜʦʩʢʦʥʘʣʝʥʽ, 

ʟô̫ ʚʠʣʠʩʷ ʢʦʤʧʘʢʪʥʽʰʽ ʪʘ ʜʦʩʪʫʧʥʽʰʽ ʤʦʜʝʣʽ, ʱʦ ʨʦʙʠʪʴ ʪʝʭʥʦʣʦʛʽʶ ʜʦʩʪʫʧʥʦʶ 

ʜʣʷ ʣʶʙʠʪʝʣʽʚ, ʰʢʽʣ ʽ ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʨʘʜʠʢʘʣʴʥʦ ʟʤʽʥʶʶʯʠ ʩʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ 

ʪʘ ʤʠʩʣʝʥʥʷ ʱʦʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʦʙô̒ ʢʪʽʚ. 

3D-ʧʨʠʥʪʝʨʠ ï ʮʝ ʧʝʨʝʜʦʚʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʮʠʬʨʦʚʽ ʢʨʝʩʣʝʥʥʷ 

ʥʘ ʬʽʟʠʯʥʽ ʦʙô̒ ʢʪʠ ʰʣʷʭʦʤ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝʡ ʧʨʦʮʝʩ ʧʝʨʝʜʙʘʯʘʻ 

ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʰʘʨ ʟʘ ʰʘʨʦʤ ʥʘ ʦʩʥʦʚʽ ʪʦʯʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʟ CAD. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ 3D-ʧʨʠʥʪʝʨʽʚ. ʋʩʽ 3D-ʧʨʠʥʪʝʨʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʜʘʪʥʽʩʪʶ 

ʚʠʛʦʪʦʚʣʷʪʠ ʩʢʣʘʜʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʽʜʭʦʜʘʤʠ 

ʤʘʪʝʨʽʘʣʫ. ɺʦʥʠ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʚʠʜʢʝ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ, ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ ʩʢʣʘʜʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ 3D-ʧʨʠʥʪʝʨʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘ ʨʽʟʥʽ ʢʘʪʝʛʦʨʽʾ. 

ʆʩʴ ʟʘʛʘʣʴʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 3D-ʧʨʠʥʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.1 

ʥʠʞʯʝ. 

ɺʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ 3D ʜʨʫʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʽʣʝʡ, ʷʢʽ ʚʠ ʩʪʘʚʠʪʝ ʧʝʨʝʜ 

ʧʨʦʝʢʪʦʤ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʘʮʽʦʥʘʣʴʥʦ ʦʙʨʘʪʠ ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʡ 3D-

ʜʨʫʢʫ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʬʘʢʪʦʨʠ ʷʢ: ʪʦʯʥʽʩʪʴ ʜʨʫʢʫ; ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ, 

ʷʢʽ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʧʽʩʣʷ ʜʨʫʢʫ; ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ; ʤʘʪʝʨʽʘʣʠ; ʨʦʟʤʽʨ ʽ ʤʘʩʰʪʘʙ, 

ʬʽʥʘʥʩʦʚʠʡ ʙʶʜʞʝʪ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʚʩʴʦʛʦ ʣʠʰʝ 5 ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʋʩʽ ʚʦʥʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1.2 ʥʠʞʯʝ. 

 

ʈʠʩ. 1.2 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 
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ʄʦʜʝʣʶʚʘʥʥʷʤʝʪʦʜʦʤʧʣʘʚʣʝʥʦʛʦʦʩʘʜʞʝʥʥʷ(FusedDepositionModeling/ FDM)

ʊʝʭʥʦʣʦʛʽʷʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʾ(Stereolithography/ SLA)

ʊʝʭʥʦʣʦʛʽʷʩʝʣʝʢʪʠʚʥʦʛʦʣʘʟʝʨʥʦʛʦʩʧʽʢʘʥʥʷ(SelectiveLaserSintering/ SLS)

ʊʝʭʥʦʣʦʛʽʷʧʨʷʤʦʛʦʣʘʟʝʨʥʦʛʦʩʧʽʢʘʥʥʷʤʝʪʘʣʫ(DirectMetalLaserSintering/ DMLS)

ʄʝʪʦʜʮʠʬʨʦʚʛʦʦʧʨʘʮʶʚʘʥʥʷʩʚʽʪʣʘ(Digital Light Processing/ DLP)
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ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʢʦʞʥʦʾ ʟ ʪʝʭʥʦʣʦʛʽʡ ʟ ʤʝʪʦʶ ʨʦʟʫʤʽʥʥʷ ʽ ʦʙʨʘʥʥʷ 

ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʦʾ ʟ ʥʠʭ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʙʽʨ ʢʨʘʱʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʩʝʨʽʡʥʦʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʛʘʣʦʤ. 

 

1.2 ɸʢʪʫʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ 3D-ʜʨʫʮʽ ʦʙôʻʢʪʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ 

1.2.1 ʊʝʭʥʦʣʦʛʽʷ ʧʦʰʘʨʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ 

ʊʝʭʥʦʣʦʛʽʷ Fused Deposition Modeling (FDM) ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ Fused 

Filament Fabrication (FFF) ï ʮʝ ʤʝʪʦʜ 3D-ʜʨʫʢʫ, ʷʢʠʡ ʚʽʜʦʤʠʡ ʩʚʦʻʶ ʰʚʠʜʢʽʩʪʶ, 

ʪʦʯʥʽʩʪʶ ʪʘ ʜʦʩʪʫʧʥʦʶ ʚʘʨʪʽʩʪʶ. ʋ FDM ʨʦʟʧʣʘʚʣʝʥʠʡ ʧʣʘʩʪʠʢ ʪʦʯʥʦ ʥʘʥʦʩʠʪʴʩʷ 

ʤʘʰʠʥʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʜʝʪʘʣʽ ʚʩʴʦʛʦ ʟʘ ʦʜʠʥ 

ʜʝʥʴ. 

ʇʦʩʣʫʛʘ 3D-ʜʨʫʢʫ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ FDM ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʚʝʣʠʢʽ ʜʝʪʘʣʽ ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʨʦʟʤʽʨʦʤ ʜʦ 60 ʩʤ x92 ʩʤ x92 ʩʤ. FDM ʪʘʢʦʞ 

ʧʨʦʧʦʥʫʻ ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʢʦʣʴʦʨʽʚ ʪʘ ʪʝʨʤʦʧʣʘʩʪʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʷʢʦʩʪʽ, 

ʚʢʣʶʯʘʶʯʠ ABS-ʧʣʘʩʪʠʢ, ASA, ʧʦʣʽʢʘʨʙʦʥʘʪ ʪʘ ULTEM, ʱʦ ʨʦʙʠʪʴ ʮʝʡ ʤʝʪʦʜ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤ ʩʝʨʝʜ ʫʩʽʭ ʧʨʦʮʝʩʽʚ 3D-ʜʨʫʢʫ. ʄʝʪʦʜ FDM ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ 3D-ʜʨʫʢʫ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʧʨʦʮʝʩʠ ʧʣʘʚʣʝʥʥʷ, ʝʢʩʪʨʫʟʽʾ 

ʪʘ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʾ ʥʠʪʢʠ ʥʘ ʜʨʫʢʘʨʩʴʢʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʧʦʢʨʦʢʦʚʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʦʙô̒ ʢʪʽʚ. FDM, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʜʦʧʦʤʽʞʥʠʭ ʟʘʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʝʚʝʣʠʢʠʭ ʜʝʪʘʣʝʡ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʜʨʫʢʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙô̒ ʢʪʠ. FDM ʧʨʦʧʦʥʫʻ ʚʝʣʠʢʠʡ ʚʠʙʽʨ ʪʝʨʤʦʧʣʘʩʪʽʚ 

ʧʨʦʤʠʩʣʦʚʦʾ ʷʢʦʩʪʽ ʪʘ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤ ʩʝʨʝʜ 

ʫʩʽʭ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ. ʅʘʡʯʘʩʪʽʰʝ ʦʙʠʨʘʶʪʴ ʤʘʪʝʨʽʘʣʠ FDM ʽʥʞʝʥʝʨʥʦʛʦ 

ʢʣʘʩʫ, ʪʘʢʽ ʷʢ PLA+, ABS, ASA, PETG, PC ʪʘ TPU, ʘ ʪʘʢʦʞ ʧʨʝʤʽʫʤ-ʢʣʘʩʫ ʟ 

ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʝʨʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʝʨʝʜʦʚʠʭ 

ʛʘʣʫʟʷʭ ʘʚʪʦʤʦʙʽʣʴʥʦʾ, ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʘ ʤʝʜʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘʢʠʭ ʷʢ PEEK 

ʪʘ ULTEMÈ. ʊʝʭʥʦʣʦʛʽʷ FDM ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʽʟʥʠʭ 

ʚʠʨʦʙʽʚ, ʜʝʷʢʽ ʟ ʥʠʭ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1.3. 
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ʈʠʩ. 1.3. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ FDM ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ: ʘ) ï ʚʠʨʦʙʥʠʮʪʚʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʠʨʦʙʽʚ; ʙ) ï ʚʠʨʦʙʥʠʮʪʚʦ ʚ ʽʥʜʫʩʪʨʽʾ; ʚ) ï ʚʠʨʦʙʥʠʮʪʚʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʝʪʘʣʝʡ 

ɼʣʷ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ FDM ʧʦʪʨʽʙʥʽ ʦʧʦʨʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʫ ʤʘʪʝʨʽʘʣʽʚ, ʯʘʩ ʽ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 

 

1.2.2 ʊʝʭʥʦʣʦʛʽʷ ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽ ʾʚ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʉʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʫʧʠ ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʽʜʦʤʠʭ ʷʢ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ ʫ ʚʘʥʥʽ. ɺʩʽ ʮʽ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʪʦʤʫ ʩʘʤʦʤʫ ʧʨʠʥʮʠʧʽ, ʜʝ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ï ʣʘʟʝʨ ʘʙʦ ʧʨʦʝʢʪʦʨ ï 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʩʪʠʛʘʥʥʷ ʨʽʜʢʦʾ ʩʤʦʣʠ ʚ ʪʚʝʨʜʠʡ ʧʣʘʩʪʠʢ. ʆʩʥʦʚʥʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʥʠʤʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʪʘʰʫʚʘʥʥʽ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ 

ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ, ʙʫʜʽʚʝʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʪʘ ʨʝʟʝʨʚʫʘʨ ʟʽ ʩʤʦʣʦʶ. 

SLA ʻ ʦʜʥʽʻʶ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ 3D-ʜʨʫʢʫ, ʧʦʨʷʜ ʟ FDM ʪʘ SLS. 

ɺʦʥʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʜʨʫʢʫ ʥʘ ʩʤʦʣʽ. ʑʝ ʦʜʠʥ ʧʽʜʭʽʜ, ʷʢʠʡ ʯʘʩʪʦ 

ʧʦʨʽʚʥʶʶʪʴ ʽʟ SLA, ï ʮʝ ʮʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʩʚʽʪʣʘ (DLP), ʷʢʘ ʻ ʝʚʦʣʶʮʽʻʶ ʧʨʦʮʝʩʫ 

SLA, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʢʨʘʥ ʧʨʦʝʢʪʦʨʘ ʟʘʤʽʩʪʴ ʣʘʟʝʨʘ.  

ʍʦʯʘ ʪʝʭʥʦʣʦʛʽʷ SLA ʥʝ ʪʘʢ ʧʦʰʠʨʝʥʘ, ʷʢ FDM, ʥʘʩʧʨʘʚʜʽ ʚʦʥʘ ʻ 

ʥʘʡʩʪʘʨʽʰʦʶ ʟ ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʘʤ ʧʨʦʮʝʩ SLA ʙʫʚ ʚʧʝʨʰʝ 

ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʧʦʯʘʪʢʫ 1970-ʭ ʨʦʢʽʚ ʷʧʦʥʩʴʢʠʤ ʜʦʩʣʽʜʥʠʢʦʤ ʜ-ʨʦʤ ʍʽʜʝʦ 

ʂʦʜʘʤʘ, ʷʢʠʡ ʩʪʚʦʨʠʚ ʩʫʯʘʩʥʠʡ ʤʝʪʦʜ ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʩʚʽʪʣʦ ʜʣʷ ʟʘʩʪʠʛʘʥʥʷ ʩʚʽʪʣʦʯʫʪʣʠʚʠʭ ʧʦʣʽʤʝʨʽʚ. ʊʝʨʤʽʥ "SLA" 

ʙʫʚ ʟʘʧʨʦʚʘʜʞʝʥʠʡ ʏʘʢʦʤ ʍʘʣʣʦʤ, ʟʘʩʥʦʚʥʠʢʦʤ ʢʦʤʧʘʥʽʾ 3D Systems, ʫ 1986 ʨʦʮʽ, 

ʢʦʣʠ ʚʽʥ ʟʘʧʘʪʝʥʪʫʚʘʚ ʮʶ ʪʝʭʥʦʣʦʛʽʶ. ɿʘ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷʤ, SLA ï ʮʝ ʧʨʦʮʝʩ 
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ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʢʣʘʜʘʥʥʷ ʰʘʨʽʚ 

ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʜʥʘʢ ʪʝʭʥʦʣʦʛʽʷ 3D-ʜʨʫʢʫ SLA ʥʝ ʩʪʘʣʘ ʧʝʨʰʦʶ, ʷʢʘ 

ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ. ʂʦʣʠ ʥʘʧʨʠʢʽʥʮʽ 2000-ʭ ʨʦʢʽʚ ʤʠʥʫʣʠ ʧʘʪʝʥʪʠ, 

ʥʘʩʪʽʣʴʥʽ 3D-ʧʨʠʥʪʝʨʠ ʤʘʣʦʛʦ ʬʦʨʤʘʪʫ ʨʦʟʰʠʨʠʣʠ ʜʦʩʪʫʧ ʜʦ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʘ FDM ʩʪʘʚ ʧʦʧʫʣʷʨʥʠʤ ʥʘ ʥʘʩʪʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤʘʭ. ʍʦʯʘ FDM ʙʫʚ 

ʜʦʩʪʫʧʥʠʡ ʽ ʧʨʠʚʝʨʪʘʚ ʚʝʣʠʢʫ ʫʚʘʛʫ ʥʘ ʧʦʯʘʪʢʫ ʧʦʰʠʨʝʥʥʷ 3D-ʜʨʫʢʫ, ʚʠʩʦʢʦʪʦʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʙʽʦʩʫʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʬʝʩʽʡʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʙʫʣʠ ʚʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ SLA. ʄʘʣʽ SLA 3D-

ʧʨʠʥʪʝʨʠ ʧʨʠʥʝʩʣʠ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʰʠʨʰʠʡ ʜʦʩʪʫʧ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʨʘʥʽʰʝ ʙʫʣʦ ʜʦʩʪʫʧʥʝ ʣʠʰʝ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤʘʭ. ʎʝ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʠʣʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 3D-ʜʨʫʢʫ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʩʪʦʤʘʪʦʣʦʛʽʶ, ʶʚʝʣʽʨʥʫ ʩʧʨʘʚʫ ʪʘ ʽʥʰʽ ʛʘʣʫʟʽ. 

SLA ʧʨʦʧʦʥʫʻ ʛʥʫʯʢʽʩʪʴ ʫ ʜʠʟʘʡʥʽ ʪʘ ʧʘʨʘʤʝʪʨʘʭ ʥʘʣʘʰʪʫʚʘʥʥʷ. ʇʨʠʢʣʘʜʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.4. 

 

   

 ʘ) ʙ) ʚ) 

ʈʠʩ. 1.4. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ SLA ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ: ʘ) ï ʘʝʨʦʢʦʩʤʽʯʥʘ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ; ʙ) ï ʶʚʝʣʽʨʥʽ ʚʠʨʦʙʠ ʪʘ ʤʦʜʘ; ʚ) ï ʩʪʦʤʘʪʦʣʦʛʽʯʥʽ 

ʪʘ ʤʝʜʠʯʥʽ ʤʦʜʝʣʽ 

SLA ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʨʦʜʫʢʪʠ, ʪʘʢʽ ʷʢ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ 

ʧʦʜʘʨʫʥʢʠ, ʨʝʢʣʘʤʥʽ ʪʦʚʘʨʠ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʘʜʘʧʪʦʚʘʥʽ ʜʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʠʤʦʛ. 

 

1.2.3 ʊʝʭʥʦʣʦʛʽʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ 

ʎʝʡ ʤʝʪʦʜ ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ çʚʠʙʽʨʢʦʚʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷè (Selective Laser 

Sintering, SLS). ɺʽʥ ʻ ʦʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ, ʱʦ ʰʠʨʦʢʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. SLS ʜʦʩʪʫʧʥʠʡ ʪʽʣʴʢʠ ʥʘ ʜʦʨʦʛʠʭ 

ʧʨʦʬʝʩʽʡʥʠʭ 3D-ʧʨʠʥʪʝʨʘʭ ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʚʠʨʦʙʽʚ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ. ɿ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʨʝʟʫʣʴʪʘʪʽʚ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʚʽʜʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ ʰʣʷʭʦʤ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ. 

ʉʝʣʝʢʪʠʚʥʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ, ʪʘʢʦʞ ʷʢ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʨʦʰʢʠ ʪʘ ʧʦʨʦʰʢʦʚʽ ʩʫʤʽʰʽ ʷʢ 

ʤʘʪʝʨʽʘʣ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʧʦʚʥʽʩʪʶ ʤʝʪʘʣʝʚʽ ʦʙ'ʻʢʪʠ ʣʠʰʝ ʟʘ 

ʢʽʣʴʢʘ ʛʦʜʠʥ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʬʦʨʤʦʶ ʚʠʨʦʙʽʚ ʧʦʷʩʥʶʻ ʡʦʛʦ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʩʝʨʝʜ ʧʨʦʤʠʩʣʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʫ ʩʚʽʪʽ. 

ʗʢ ʽ ʚ ʙʫʜʴ-ʷʢʽʡ ʽʥʰʽʡ ʪʝʭʥʦʣʦʛʽʾ 3D ʜʨʫʢʫ, ʦʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʻ ʥʘʷʚʥʽʩʪʴ 

ʛʦʪʦʚʦʾ 3D ʤʦʜʝʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʠʤ ʢʨʠʪʝʨʽʷʤ. ʎʷ ʤʦʜʝʣʴ ʻ ʦʩʥʦʚʦʶ 

ʩʪʚʦʨʝʥʥʷ ʚʠʨʦʙʫ. ʇʨʦʮʝʩ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ: ʩʧʝʮʽʘʣʴʥʠʡ ʚʽʜʩʽʢ 3D 

ʧʨʠʥʪʝʨʘ ʟʘʧʦʚʥʶʻʪʴʩʷ ʤʘʪʝʨʽʘʣʦʤ, ʧʦʪʽʤ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʜʨʫʢʫ. ʎʽʢʘʚʦ, ʱʦ 

ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʽʜʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʘʟʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ ʩʢʘʥʫʶʯʦʛʦ ʜʟʝʨʢʘʣʘ, ʧʨʦʤʽʥʴ 

ʣʘʟʝʨʘ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʧʦʪʨʽʙʥʽ ʜʽʣʷʥʢʠ ʧʦʨʦʰʢʫ, ʩʧʢ̔ʘʶʯʠ ʾʭ ʨʘʟʦʤ, 

ʩʪʚʦʨʶʶʯʠ ʰʘʨ ʟʘ ʰʘʨʦʤ. ʅʘ ʨʠʩʫʥʢʫ 1.5 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ SLS. 

 

   

 ʘ) ʙ) ʚ) 

ʈʠʩ. 1.5. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ SLS ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ: ʘ) ï ʤʝʜʠʮʠʥʘ; 

ʙ) ï ʘʚʪʦʤʦʙʽʣʴʥʝ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ; ʚ) ï ʘʝʨʦʢʦʩʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ 

 

ʇʽʩʣʷ ʩʧʽʢʘʥʥʷ ʧʝʨʰʦʛʦ ʰʘʨʫ ʤʝʭʘʥʽʟʤ, ʱʦ ʟʨʽʚʥʶʻ ʧʦʚʝʨʭʥʶ, ʜʦʜʘʻ 

ʪʦʥʢʠʡ ʰʘʨ ʧʦʨʦʰʢʫ ʟʚʝʨʭʫ, ʽ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʦʙ'ʻʢʪ ʥʝ ʙʫʜʝ 
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ʧʦʚʥʽʩʪʶ ʧʦʙʫʜʦʚʘʥʠʡ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʙ'ʻʢʪ ʩʪʚʦʨʶʻʪʴʩʷ ʟʥʠʟʫ ʚʛʦʨʫ, ʽ ʯʝʨʝʟ 

ʙʝʟʧʝʨʝʨʚʥʝ ʟʘʧʦʚʥʝʥʥʷ ʢʘʤʝʨʠ ʧʦʨʦʰʢʦʤ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʩʪʨʫʢʪʫʨʘʭ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ. 

ɿʘʛʘʣʦʤ ʩʝʣʝʢʪʠʚʥʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ (SLS) ʮʽʥʫʻʪʴʩʷ ʟʘ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ 

ʚʠʨʦʙʣʷʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ, ʪʦʯʥʽʩʪʶ ʪʘ ʩʢʣʘʜʥʽʩʪʶ, ʱʦ 

ʨʦʙʠʪʴ ʡʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

 

1.2.4 ʊʝʭʥʦʣʦʛʽʷ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʫ 

ʊʝʭʥʦʣʦʛʽʷ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʽʚ (Direct Metal Laser Sintering, 

DMLS) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʝʟʣʽʯʯʶ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 3D ʜʨʫʢʫ. ɺʦʥʘ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʚʠʨʦʙʽʚ ʟʘ 

ʟʘʜʘʥʠʤʠ 3D ʤʦʜʝʣʷʤʠ ʽʟ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʘ. 

ʄʝʪʦʜʠʢʘ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʽʚ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʥʘʛʘʜʫʻ ʪʝʭʥʦʣʦʛʽʾ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ (SLS) ʪʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ 

ʤʝʪʘʣʽʚ (SLM). 

ʆʜʥʘʢ ʮʽ ʤʝʪʦʜʠʢʠ ʤʘʶʪʴ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʝʨʝʚʘʛʠ. ʇʨʷʤʝ 

ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʣʝʚʠʭ 

ʚʠʨʦʙʽʚ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ. ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʘʢʦʛʦ 

ʜʨʫʢʫ 3D ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʭʠʙʢʠ ʧʨʠ ʚʽʜʪʚʦʨʝʥʥʽ. ʆʩʦʙʣʠʚʦʩʪʽ ʮʽʻʾ 

ʤʝʪʦʜʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʨʦʙʘʤ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ. 

ʆʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʽʚ ʘʥʘʣʦʛʽʯʥʠʡ 

ʜʦ ʽʥʰʠʭ ʤʝʪʦʜʠʢ 3D ʜʨʫʢʫ. ʆʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʦʙ'ʻʢʪʘ ʻ ʡʦʛʦ 

ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʬʦʨʤʘʪʽ ʜʣʷ 3D ʧʨʠʥʪʝʨʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʝʣʴ ʛʦʪʫʻʪʴʩʷ ʜʦ ʜʨʫʢʫ, 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʦʧʮʽʾ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ. ʇʦʪʽʤ ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʬʘʡʣ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 3D ʧʨʠʥʪʝʨ, ʜʝ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ 

ʤʝʪʘʣʽʚ. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʢʣʶʯʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ ʢʘʤʝʨʘ ʜʣʷ ʤʝʪʘʣʝʚʦʛʦ 

ʧʦʨʦʰʢʫ, ʤʘʪʝʨʽʘʣ, ʩʧʝʮʽʘʣʴʥʠʡ ʚʘʣʠʢ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʣʘʟʝʨʽʚ. 
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ʉʧʦʯʘʪʢʫ ʚ ʢʘʤʝʨʫ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʜʦʩʪʘʪʥʷ ʩʪʚʦʨʝʥʥʷ 

ʦʜʥʦʛʦ ʰʘʨʫ. ʎʝʡ ʧʦʨʦʰʦʢ ʚʠʨʽʚʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, 

ʥʘʜʣʠʰʢʠ ʚʠʜʘʣʷʶʪʴʩʷ. ʇʦʪʽʤ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ: ʧʦʨʦʰʦʢ 

ʩʧʽʢʘʻʪʴʩʷ ʣʘʟʝʨʦʤ ʫ ʬʦʨʤʽ ʧʝʨʰʦʛʦ ʰʘʨʫ. ʇʦʪʽʤ ʜʦʜʘʻʪʴʩʷ ʥʦʚʠʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ, 

ʱʦ ʚʠʨʽʚʥʶʻʪʴʩʷ, ʽ ʣʘʟʝʨ ʩʧʢ̔ʘʻ ʜʨʫʛʠʡ ʰʘʨ 3D ʤʦʜʝʣʽ. ʎʷ ʧʨʦʮʝʜʫʨʘ 

ʧʦʚʪʦʨʶʻʪʴʩʷ, ʜʦʢʠ ʥʝ ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʧʦʚʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʚʠʨʦʙʫ. 

 

1.2.5 ɯʥʰʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʟʘʩʦʙʠ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʉʤʦʣʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʬʝʨʽ 3D-ʜʨʫʢʫ ʚʞʝ ʜʘʚʥʦ. ʇʝʨʰʠʡ ʧʘʪʝʥʪ ʥʘ ʮʶ 

ʪʝʭʥʦʣʦʛʽʶ ʙʫʣʦ ʚʠʜʘʥʦ ʫ 1986 ʨʦʮʽ ʏʘʨʣʴʟʦʤ ʍʦʣʣʦʤ, ʷʢʠʡ ʨʦʟʨʦʙʠʚ ʪʝʭʥʦʣʦʛʽʶ 

ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʾ (SLA). ɿ ʯʘʩʦʤ ʟô̫ ʚʠʣʠʩʷ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʦʢʨʘʱʠʣʠ ʧʨʦʮʝʩ 

3D-ʜʨʫʢʫ. ɿʽ ʟʘʢʽʥʯʝʥʥʷʤ ʪʝʨʤʽʥʫ ʜʽʾ ʧʘʪʝʥʪʽʚ ʟ'ʷʚʠʣʠʩʷ ʥʦʚʽ ʨʦʟʨʦʙʥʠʢʠ ʥʘ ʨʠʥʢʫ. 

ɺ ʜʘʥʠʡ ʯʘʩ 3D-ʧʨʠʥʪʝʨʠ ʥʘ ʦʩʥʦʚʽ ʩʤʦʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ ʚʽʜ 

ʜʦʩʪʫʧʥʠʭ ʣʶʙʠʪʝʣʷʤ ʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʬʝʩʽʡʥʠʭ ʘʛʨʝʛʘʪʽʚ. ɿ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ 

ʧʨʠʩʪʨʦʾʚ ʟ'ʷʚʠʣʦʩʷ ʙʘʛʘʪʦ ʪʝʭʥʦʣʦʛʽʡ ʩʤʦʣ, ʪʘʢʠʭ ʷʢ LCD, mSLA, DLP, SLA ʪʘ 

ʽʥʰʽ (ʨʠʩʫʥʦʢ 1.6). ʉʪʘʥʜʘʨʪʠ ISO ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ ʚʩʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʚ ʨʽʟʥʠʭ 

ʩʬʝʨʘʭ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʜʥʦʨʽʜʥʠʭ ʦʯʽʢʫʚʘʥʴ ʪʘ ʪʝʨʤʽʥʦʣʦʛʽʾ. ʋ ʢʦʥʪʝʢʩʪʽ 3D-ʜʨʫʢʫ 

ʚʠʥʠʢʘʻ ʜʝʷʢʘ ʧʣʫʪʘʥʠʥʘ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʽʥʫ çʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷè ʜʣʷ 

ʦʧʠʩʫ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʜʨʫʢʫ ʩʤʦʣʦʶ. ɸʣʝ ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷ ʻ ʣʠʰʝ ʧʝʨʚʽʩʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ. ʋ ʩʪʘʥʜʘʨʪʽ ISO/ASTM 52900:2015, ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʯʽʪʢʝ 

ʚʠʟʥʘʯʝʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ.  

 

   

 ʘ) ʙ) ʚ) 

ʈʠʩ. 1.6. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ DLP ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ: ʘ) ï ʚʠʚʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ  ̔ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; ʙ) ï ʤʝʜʠʮʠʥʘ; ʚ) ï ʤʽʥʽʘʪʶʨʥʽ ʦʙôʻʢʪʠ 
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ʅʘ ʨʠʩʫʥʢʫ 1.6 ʥʘʚʝʜʝʥʽ ʨʽʟʥʽ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 3D-

ʜʨʫʢʫ. ʋʩʽ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʤʦʣʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʫ ʚʘʥʥʽ, ʪʦʤʫ ʱʦ ʬʦʪʦʧʦʣʽʤʝʨʥʘ ʩʤʦʣʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ 

ʨʝʟʝʨʚʫʘʨʽ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʪʨʫʤʝʥʝʚʦʤʫ ʜʨʫʢʫ ʧʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʩʦʧʣʦ.  

 

1.3 ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʪʦʜʽʚ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ 

FDM ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʦʥʘ 

ʧʨʘʮʶʻ ʰʣʷʭʦʤ ʚʠʜʘʚʣʶʚʘʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʟʘʟʚʠʯʘʡ ʧʣʘʩʪʠʢʦʚʦʾ 

ʥʠʪʢʠ) ʯʝʨʝʟ ʥʘʛʨʽʪʝ ʩʦʧʣʦ ʥʘ ʜʨʫʢʘʨʩʴʢʫ ʧʣʘʪʬʦʨʤʫ, ʜʝ ʤʘʪʝʨʽʘʣ ʟʘʩʪʠʛʘʻ ʽ 

ʫʪʚʦʨʶʻ ʰʘʨ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʨʫʢʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʰʘʨ ʽ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʦʩʪʘʪʦʯʥʦʾ ʜʝʪʘʣʽ [103; 104; 105]. ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ FDM 

ʚʢʣʶʯʘʶʪʴ ʝʢʩʪʨʫʜʝʨ ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʨʫʭʦʤʫ ʜʨʫʢʘʨʩʴʢʫ 

ʧʣʘʪʬʦʨʤʫ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʨʫʢʦʚʘʥʠʤ ʧʨʦʮʝʩʦʤ. FDM 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʜʝʪʘʣʽ ʩʝʨʝʜʥʴʦʾ ʜʦ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʽ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʦʜʘʪʢʽʚ ʚʽʜ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʜʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʝʪʘʣʝʡ. ʇʝʨʝʚʘʛʠ FDM ʚʢʣʶʯʘʶʪʴ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ 

ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʠ, ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʜʦʩʪʫʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ABS, PLA, PETG), ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʜʝʪʘʣʝʡ ʪʘ 

ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ʜʣʷ ʜʝʷʢʠʭ ʧʨʦʛʨʘʤ. ʆʜʥʘʢ ʫ FDM ʻ ʽ ʥʝʜʦʣʽʢʠ, 

ʪʘʢʽ ʷʢ ʦʙʤʝʞʝʥʥʷ ʚ ʪʦʯʥʦʩʪʽ ʪʘ ʜʝʪʘʣʽʟʘʮʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʷʢʠʤʠ ʽʥʰʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ, ʚʠʜʠʤʽ ʰʘʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ (ʱʦ ʚʠʤʘʛʘʶʪʴ ʧʽʩʣʷʜʨʫʢʘʨʩʴʢʦʾ 

ʦʙʨʦʙʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ), ʘ ʪʘʢʦʞ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʟʘ 

ʤʘʪʝʨʽʘʣʘʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʙʽʣʴʰ ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʷʢ DMLS (ʧʨʷʤʝ 

ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʽʚ) [101; 106ï108]. 

SLA ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʚʠʨʦʙʣʷʪʠ ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʪʘ ʜʝʪʘʣʴʥʽ ʜʝʪʘʣʽ ʤʘʻ ʢʽʣʴʢʘ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʪʝʭʥʦʣʦʛʽʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʫ ʨʦʟʨʦʙʮʽ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʦʜʫʢʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʜʠʟʘʡʥʝʨʘʤ ʪʘ ʽʥʞʝʥʝʨʘʤ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʪʦʯʥʽ ʧʨʦʪʦʪʠʧʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 
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ʬʦʨʤʠ, ʧʨʠʜʘʪʥʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʝʨʝʜ ʤʘʩʦʚʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ SLA, ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʦʤʘʪʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʭʽʨʫʨʛʽʯʥʠʭ ʥʘʧʨʷʤʥʠʭ, ʧʨʦʪʝʟʽʚ ʪʘ 

ʘʥʘʪʦʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʤʝʜʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʭʽʨʫʨʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ. ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʠʪʴ ʾʾ ʧʨʠʜʘʪʥʦ  ʁʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʩʪʦʤʘʪʦʣʦʛʽʯʥʠʭ ʽ ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. SLA ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʧʨʠʩʪʦʩʫʚʘʥʴ, ʘ ʪʘʢʦʞ ʚʠʨʦʙʥʠʮʪʚʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ. ʎʝ ʜʦʧʦʤʘʛʘʻ 

ʪʝʩʪʫʚʘʪʠ ʪʘ ʧʝʨʝʚʽʨʷʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʜ ʚʠʛʦʪʦʚʣʝʥʥʷʤ. 

SLS ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʩʦʢʦʧʦʪʫʞʥʠʡ ʣʘʟʝʨ ʜʣʷ ʚʠʙʽʨʢʦʚʦʛʦ ʩʧʣʘʚʣʝʥʥʷ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʧʣʘʩʪʤʘʩ ʘʙʦ ʤʝʪʘʣʽʚ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʚʝʨʜʠʭ ʦʙôʻʢʪʽʚ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʢʽʣʴʢʘ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʟʘʚʜʷʢʠ 

ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʚʠʛʦʪʦʚʣʷʪʠ ʩʢʣʘʜʥʽ ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʦʯʥʽʩʪʶ. ɼʦ 

ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʜʝʪʘʣʝʡ ʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʦʟʨʦʙʮʽ ʪʘ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʦʜʫʢʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʠʟʘʡʥʝʨʘʤ ʪʝʩʪʫʚʘʪʠ ʪʘ ʧʝʨʝʚʽʨʷʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʜ ʤʘʩʦʚʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜʥʦʶ 

ʛʝʦʤʝʪʨʽʻʶ. ʊʘʢʦʞ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʢʽʥʮʝʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʘʝʨʦʢʦʩʤʽʯʥʘ, 

ʘʚʪʦʤʦʙʽʣʴʥʘ ʪʘ ʩʧʦʞʠʚʯʽ ʪʦʚʘʨʠ. ɼʝʪʘʣʽ, ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ SLS, ʤʦʞʫʪʴ 

ʤʘʪʠ ʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʽ ʚʠʪʨʠʤʫʚʘʪʠ ʚʠʤʦʛʣʠʚʽ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʑʝ 

ʦʜʥʝ ʟ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ SLS ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʨʠʩʪʦʩʫʚʘʥʴ, ʧʨʠʩʪʦʩʫʚʘʥʴ ʽ ʬʦʨʤ ʜʣʷ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ. ɿʜʘʪʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ ʪʘ ʜʦʚʛʦʚʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʨʦʙʠʪʴ SLS 

ʮʽʥʥʠʤ ʫ ʛʘʣʫʟʷʭ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʰʚʠʜʢʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʨʽʰʝʥʴ. 

DMLS ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʪʫʞʥʠʡ ʣʘʟʝʨ ʜʣʷ ʩʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ 

ʰʘʨ ʟʘ ʰʘʨʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ. ʎʝʡ ʧʨʦʮʝʩ ʪʘʢʦʞ 

ʚʽʜʦʤʠʡ ʷʢ ʧʨʷʤʘ ʣʘʟʝʨʥʘ ʧʣʘʚʢʘ ʤʝʪʘʣʫ (DMLM) ʘʙʦ ʣʘʟʝʨʥʘ ʧʣʘʚʢʘ 

ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ. DMLS ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʤʝʪʘʣʝʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, 
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ʚʢʣʶʯʘʶʯʠ ʥʝʨʞʘʚʽʶʯʫ ʩʪʘʣʴ, ʘʣʶʤʽʥʽʡ, ʪʠʪʘʥ, ʢʦʙʘʣʴʪ-ʭʨʦʤ ʽ ʩʧʣʘʚʠ ʥʽʢʝʣʶ. ʎʝ 

ʨʦʙʠʪʴ ʪʝʭʥʦʣʦʛʽʶ ʧʨʠʜʘʪʥʦ  ʁ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤʠ 

ʤʝʭʘʥʽʯʥʠʤʠ, ʪʝʨʤʽʯʥʠʤʠ ʯʠ ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. DMLS ʟʜʘʪʥʠʡ ʚʠʨʦʙʣʷʪʠ 

ʜʝʪʘʣʽ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʚʥʫʪʨʽʰʥʽʤʠ ʧʦʨʦʞʥʠʥʘʤʠ ʪʘ ʩʢʣʘʜʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʷʢʠʭ ʙʫʣʦ ʙ ʚʘʞʢʦ ʘʙʦ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʘʪʘ ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʨʦʟʤʽʨʽʚ ʽ ʦʙʨʦʙʢʫ ʧʦʚʝʨʭʥʽ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ 

ʧʦʪʨʽʙʥʽ ʞʦʨʩʪʢʽ ʜʦʧʫʩʢʠ ʪʘ ʛʣʘʜʢʽ ʧʦʚʝʨʭʥʽ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʜʝʪʘʣʽ ʙʫʜʫʶʪʴʩʷ ʰʘʨ ʟʘ ʰʘʨʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʚʦʙʦʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʽʥʪʝʛʨʘʮʽʶ ʪʘʢʠʭ ʬʫʥʢʮʽʡ, ʷʢ ʚʥʫʪʨʽʰʥʽ ʢʘʥʘʣʠ, ˇʨʘʪʯʘʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʦʥʬʦʨʤʥʽ 

ʢʘʥʘʣʠ ʦʭʦʣʦʜʞʝʥʥʷ. DMLS ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʣʝʛʢʠʭ, ʘʣʝ ʤʽʮʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʪʫʨʙʽʥʥʽ ʣʦʧʘʪʽ, 

ʢʨʦʥʰʪʝʡʥʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʜʝʪʘʣʽ ʪʘ ʢʦʤʧʦʥʝʥʪʠ ʜʚʠʛʫʥʘ. ɿʜʘʪʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʩʢʣʘʜʥʽ ʛʝʦʤʝʪʨʽʾ ʪʘ ʣʝʛʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʜʦʜʘʪʢʘʭ. ʊʘʢʦʞ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ DMLS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʜʠʮʠʥʽ ʪʘ 

ʩʪʦʤʘʪʦʣʦʛʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʽʚ, ʧʨʦʪʝʟʽʚ, ʦʨʪʦʧʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ 

ʟʫʙʥʠʭ ʨʝʩʪʘʚʨʘʮʽʡ. ɹʽʦʣʦʛʽʯʥʘ ʩʫʤʽʩʥʽʩʪʴ ʧʝʚʥʠʭ ʤʝʪʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ DMLS, ʨʦʙʠʪʴ ʪʝʭʥʦʣʦʛʽʶ ʧʨʠʜʘʪʥʦ  ʁʜʣʷ ʤʝʜʠʯʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ. 

DLP ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʠʬʨʦʚʠʡ ʩʚʽʪʣʦʚʠʡ ʧʨʦʝʢʪʦʨ ʜʣʷ ʟʘʪʚʝʨʜʽʥʥʷ 

ʬʦʪʦʧʦʣʽʤʝʨʥʦʾ ʩʤʦʣʠ ʰʘʨ ʟʘ ʰʘʨʦʤ, ʩʪʚʦʨʶʶʯʠ ʪʚʝʨʜʽ ʦʙôʻʢʪʠ. ʇʨʠʥʪʝʨʫ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʽʜʙʠʪʢʠ ʚʠʩʦʢʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟ ʜʨʽʙʥʠʤʠ ʜʝʪʘʣʷʤʠ ʪʘ ʛʣʘʜʢʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʩʢʣʘʜʥʦʛʦ ʜʠʟʘʡʥʫ. DLP-ʜʨʫʢ 

ʟʘʟʚʠʯʘʡ ʰʚʠʜʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 3D-ʜʨʫʢʫ ʥʘ ʦʩʥʦʚʽ ʩʤʦʣʠ, 

ʪʘʢʠʤʠ ʷʢ SLA (ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷ), ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʽ ʥʝʚʝʣʠʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. DLP-ʧʨʠʥʪʝʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʟʤʽʨʽʚ, ʛʘʨʘʥʪʫʶʯʠ, ʱʦ ʥʘʜʨʫʢʦʚʘʥʽ ʯʘʩʪʠʥʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʧʣʘʥʦʚʘʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʭʥʦʣʦʛʽʷ DLP 

ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʬʦʪʦʧʦʣʽʤʝʨʥʽ ʩʤʦʣʠ, ʚʢʣʶʯʘʶʯʠ ʩʪʘʥʜʘʨʪʥʽ ʩʤʦʣʠ, ʩʤʦʣʠ 

ʽʥʞʝʥʝʨʥʦʛʦ ʢʣʘʩʫ, ʛʥʫʯʢʽ ʩʤʦʣʠ ʪʘ ʩʤʦʣʠ ʩʪʦʤʘʪʦʣʦʛʽʯʥʦʛʦ ʢʣʘʩʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 
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ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. ʊʝʭʥʦʣʦʛʽʷ ʘʢʪʠʚʥʦ DLP 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʟʫʙʦʪʝʭʥʽʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʥʠʭ 

ʤʦʜʝʣʝʡ, ʢʦʨʦʥʦʢ, ʤʦʩʪʽʚ, ʦʨʪʦʜʦʥʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʭʽʨʫʨʛʽʯʥʠʭ ʥʘʧʨʷʤʥʠʭ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʧʨʦʬʝʩʽʦʥʘʣʘʤ-ʩʪʦʤʘʪʦʣʦʛʘʤ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʽ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʩʪʦʤʘʪʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ. ʊʘʢʦʞ DLP ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʽʥʽʘʪʶʨʥʠʭ 

ʤʦʜʝʣʝʡ, ʩʪʘʪʫʝʪʦʢ, ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʘʩʰʪʘʙʥʠʭ ʢʦʧʽʡ ʽʟ ʩʢʣʘʜʥʠʤʠ 

ʜʝʪʘʣʷʤʠ. ɺʽʥ ʧʦʧʫʣʷʨʥʠʡ ʩʝʨʝʜ ʣʶʙʠʪʝʣʽʚ, ʤʦʜʝʣʴʻʨʽʚ ʽ ʭʫʜʦʞʥʠʢʽʚ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʴʥʠʭ ʤʽʥʽʘʪʶʨ. 

ʂʦʨʦʪʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʜʫ ʩʫʯʘʩʥʦʛʦ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʪʘʙʣʠʮʽ 1.1. 
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ʨʦʙʦʪʠ 

ɽʢʩʪʨʫʟʽʷ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ 

ʥʠʪʦʢ 

ʃʘʟʝʨʥʝ 

ʟʘʪʚʝʨʜʽʥʥʷ ʨʽʜʢʦʾ 

ʩʤʦʣʠ 

ʃʘʟʝʨʥʝ 

ʩʧʽʢʘʥʥʷ 

ʧʦʨʦʰʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

ʃʘʟʝʨʥʝ ʧʣʘʚʣʝʥʥʷ 

ʤʝʪʘʣʝʚʠʭ 

ʧʦʨʦʰʢʽʚ 

ʉʚʽʪʣʦʚʝ 

ʟʘʪʚʝʨʜʽʥʥʷ 

ʬʦʪʦʧʦʣʽʤʝʨʥʠʭ 

ʩʤʦʣ 

ʄʘʪʝʨʽʘʣʠ 

ʐʠʨʦʢʠʡ 

ʘʩʦʨʪʠʤʝʥʪ 

ʪʝʨʤʦʧʣʘʩʪʽʚ 

ʌʦʪʦʧʦʣʽʤʝʨʥʽ 

ʩʤʦʣʠ 

ʈʽʟʥʽ ʧʣʘʩʪʤʘʩʠ, 

ʤʝʪʘʣʠ, ʢʝʨʘʤʽʢʘ 

ʄʝʪʘʣʠ 

(ʥʘʧʨʠʢʣʘʜ, 

ʥʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ, 

ʪʠʪʘʥ) 

ʌʦʪʦʧʦʣʽʤʝʨʥʽ 

ʩʤʦʣʠ 

ʈʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ 
ʉʝʨʝʜʥʷ ɺʠʩʦʢʘ ɺʠʩʦʢʘ ɺʠʩʦʢʘ ɺʠʩʦʢʘ 

ʌʽʥʽʰʥʘ 

ʦʙʨʦʙʢʘ 

ʧʦʚʝʨʭʥʽ 

ɿʘʜʦʚʽʣʴʥʘ ɺʽʜʤʽʥʥʘ ɺʽʜʤʽʥʥʘ ɺʽʜʤʽʥʥʘ ɺʽʜʤʽʥʥʘ 

ʊʦʯʥʽʩʪʴ ʉʝʨʝʜʥʷ ɺʠʩʦʢʘ ɺʠʩʦʢʘ ɺʠʩʦʢʘ ɺʠʩʦʢʘ 

ʐʚʠʜʢʽʩʪ

 ɹ

ɺʽʜ ʩʝʨʝʜʥʴʦʾ ʜʦ 

ʚʠʩʦʢʦʾ 

ɺʽʜ ʩʝʨʝʜʥʴʦʾ ʜʦ 

ʚʠʩʦʢʦʾ 
ʉʝʨʝʜʥʷ 

ɺʽʜ ʩʝʨʝʜʥʴʦʾ ʜʦ 

ʚʠʩʦʢʦʾ 

ɺʽʜ ʩʝʨʝʜʥʴʦʾ ʜʦ 

ʚʠʩʦʢʦʾ 

ʄʽʮʥʽʩʪʴ ʉʝʨʝʜʥʷ ʉʝʨʝʜʥʷ ɺʠʩʦʢʘ ɺʠʩʦʢʘ 
ɺʽʜ ʩʝʨʝʜʥʴʦʾ ʜʦ 

ʚʠʩʦʢʦʾ 

ɿʘʩʪʦʩʫʚʘʥ

ʥ  ̫

ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ, 

ʥʘʚʯʘʥʥʷ, 

ʢʘʩʪʦʤʥʽ ʯʘʩʪʠʥʠ 

ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ, 

ʩʪʦʤʘʪʦʣʦʛʽʷ, 

ʶʚʝʣʽʨʥʽ ʚʠʨʦʙʠ 

ɸʝʨʦʢʦʩʤʽʯʥʘ, 

ʘʚʪʦʤʦʙʽʣʴʥʘ, 

ʤʝʜʠʯʥʘ 

ɸʝʨʦʢʦʩʤʽʯʥʘ, 

ʘʚʪʦʤʦʙʽʣʴʥʘ, 

ʤʝʜʠʯʥʘ 

ʖʚʝʣʽʨʥʽ, 

ʩʪʦʤʘʪʦʣʦʛʽʯʥʽ, 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ 

ɺʘʨʪʽʩʪʴ 
ɺʽʜ ʥʠʟʴʢʦʾ ʜʦ 

ʩʝʨʝʜʥʴʦʾ 

ɺʽʜ ʥʠʟʴʢʦʾ ʜʦ 

ʩʝʨʝʜʥʴʦʾ 
ɺʠʩʦʢʘ ɺʠʩʦʢʘ 

ɺʽʜ ʥʠʟʴʢʦʾ ʜʦ 

ʩʝʨʝʜʥʴʦʾ 

ʉʢʣʘʜʥʽʩʪ

ʴ ʜʝʪʘʣʝʡ 

ʆʙʤʝʞʝʥʘ 

ʩʢʣʘʜʥʽʩʪʴ 
ɺʠʩʦʢʘ ʩʢʣʘʜʥʽʩʪʴ 

ɺʠʩʦʢʘ 

ʩʢʣʘʜʥʽʩʪʴ 
ɺʠʩʦʢʘ ʩʢʣʘʜʥʽʩʪʴ 

ɺʠʩʦʢʘ 

ʩʢʣʘʜʥʽʩʪʴ 

ʇʦʩʪʦʙʨʦʙ

ʢʘ 
ʄʽʥʽʤʘʣʴʥʘ ʉʝʨʝʜʥʷ ʉʝʨʝʜʥʷ 

ɺʽʜ ʩʝʨʝʜʥʴʦʾ ʜʦ 

ʚʠʩʦʢʦʾ 
ʉʝʨʝʜʥʷ 

 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʾ ʟ ʚʽʜʦʤʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. ɺʦʥʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.2. 
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ʅʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ FDM, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʨʝʚʘʛʠ ʫ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʆʩʥʦʚʥʽ ʟʚʝʜʝʥʽ ʜʘʥʽ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.3. 

 

ʊʘʙʣʠʮʷ 1.2. ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʮʪʚʘ 

ʊʝʭʥʦʣʦʛʽʾ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

FDM 

ʅʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ 
ʆʙʤʝʞʝʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʦʙʨʦʙʢʘ 

ʧʦʚʝʨʭʥʽ 

ɼʦʩʪʫʧʥʠʡ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 
ʆʙʤʝʞʝʥʘ ʪʦʯʥʽʩʪʴ ʜʣʷ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʽʡ 

ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʰʚʠʜʢʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʪʦʪʠʧʽʚ ʽ ʧʨʦʩʪʠʭ ʜʝʪʘʣʝʡ 
ʃʽʥʽʾ ʰʘʨʽʚ ʽ ʚʠʜʠʤʘ ʩʪʝʧʽʥʛ 

ʃʝʛʢʘ ʧʦʩʪʦʙʨʦʙʢʘ ʪʘ ʚʠʜʘʣʝʥʥʷ 

ʧʽʜʪʨʠʤʢʠ 

ʅʝ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʚʠʩʦʢʦʜʝʪʘʣʽʟʦʚʘʥʠʭ ʘʙʦ ʩʢʣʘʜʥʠʭ ʜʠʟʘʡʥʽʚ 

SLA 

ɺʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʚʽʜʤʽʥʥʘ 

ʦʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ 

ɺʽʜʥʦʩʥʦ ʙʽʣʴʰ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ 

ʪʘ ʤʘʪʝʨʽʘʣʽʚ 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ 
ʆʙʤʝʞʝʥʠʡ ʦʙʩʷʛ ʟʙʽʨʢʠ ʜʣʷ ʜʝʷʢʠʭ ʤʘʰʠʥ 

ʐʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʜʦʩʪʫʧʥʠʭ 

ʩʤʦʣʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʆʙʨʦʙʢʘ ʪʘ ʧʦʩʪʦʙʨʦʙʢʘ ʩʤʦʣʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʙʨʫʜʥʠʤʠ 

ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʩʪʦʤʘʪʦʣʦʛʽʯʥʠʭ, 

ʤʝʜʠʯʥʠʭ ʪʘ ʶʚʝʣʽʨʥʠʭ ʨʦʙʽʪ 

ʉʤʦʣʘ ʤʦʞʝ ʙʫʪʠ ʯʫʪʣʠʚʦʶ ʜʦ ʬʘʢʪʦʨʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

SLS 

ɺʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʜʝʪʘʣʝʡ 
ɹʽʣʴʰ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ FDM ʽ 

SLA 

ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʣʘʩʪʤʘʩʠ, 

ʤʝʪʘʣʠ, ʢʝʨʘʤʽʢʫ 

ʆʙʤʝʞʝʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

SLA 

ʄʦʞʣʠʚʘ ʩʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʪʘ ʚʥʫʪʨʽʰʥʷ 

ʩʪʨʫʢʪʫʨʘ 

ʇʦʚʦʜʞʝʥʥʷ ʟ ʧʦʨʦʰʢʦʤ ʽ ʧʝʨʝʨʦʙʢʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʦʪʦʪʠʧʽʚ ʽ ʜʝʪʘʣʝʡ ʢʽʥʮʝʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʽʚ ʧʦʨʦʰʢʫ ʤʦʞʝ 

ʟʥʘʜʦʙʠʪʠʩʷ ʧʦʩʪʦʙʨʦʙʢʘ 

DMLS 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʽ ʘʢʫʨʘʪʥʽʩʪʴ ʤʝʪʘʣʝʚʠʭ 

ʜʝʪʘʣʝʡ 
ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ 

ʐʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʜʦʩʪʫʧʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 
ʆʙʤʝʞʝʥʠʡ ʦʙʩʷʛ ʟʙʽʨʢʠ ʜʣʷ ʜʝʷʢʠʭ ʤʘʰʠʥ 

ʄʦʞʣʠʚʘ ʩʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʪʘ ʣʝʛʢʽ 

ʢʦʥʩʪʨʫʢʮʽʾ 

ɼʣʷ ʜʝʷʢʠʭ ʤʝʪʘʣʽʚ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ 

ʧʦʩʪʦʙʨʦʙʢʘ, ʥʘʧʨʠʢʣʘʜ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʘʝʨʦʢʦʩʤʽʯʥʠʭ, 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʘ ʤʝʜʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ 

ʆʙʤʝʞʝʥʦ ʤʝʪʘʣʘʤʠ ʪʘ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

DLP 

ɼʨʫʢ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʟ 

ʜʨʽʙʥʠʤʠ ʜʝʪʘʣʷʤʠ 

ʆʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ɺʽʜʤʽʥʥʘ ʦʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ ʪʘ ʛʣʘʜʢʽʩʪʴ 
ʅʝʦʙʭʽʜʥʠʡ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʩʤʦʣʠ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʟʘʪʚʝʨʜʽʥʥʷ 

ʐʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʷʢʠʤʠ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʤʦʣʠ 
ʆʙʤʝʞʝʥʠʡ ʦʙʩʷʛ ʟʙʽʨʢʠ ʜʣʷ ʜʝʷʢʠʭ ʤʘʰʠʥ 

ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʶʚʝʣʽʨʥʠʭ, 

ʩʪʦʤʘʪʦʣʦʛʽʯʥʠʭ ʽ ʚʠʩʦʢʦʜʝʪʘʣʽʟʦʚʘʥʠʭ 

ʧʨʦʪʦʪʠʧʽʚ 

ʉʤʦʣʘ ʤʦʞʝ ʙʫʪʠ ʯʫʪʣʠʚʦʶ ʜʦ ʬʘʢʪʦʨʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 
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ʊʘʙʣʠʮʷ 1.3 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʘʪʝʨʽʘʣʽʚ 3D-ʜʨʫʢʫ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Fused Deposition Modeling (FDM) 

ʄʘʪʝʨʽʘʣ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ABS ʄʽʮʥʠʡ ʽ ʫʜʘʨʦʩʪʽʡʢʠʡ 
ʄʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʷ ʚ ʨʦʟʤʽʨʘʭ 

ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ 

ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ, 

ʚʠʩʦʢʦʤʽʮʥʽ ʜʝʪʘʣʽ 

PLA ɹʽʦʣʦʛʽʯʥʦ 
ɾʦʨʩʪʢʽʰʠʡ ʽ ʢʨʠʭʢʽʰʠʡ, ʥʽʞ 

ABS 

ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ, 

ʥʘʚʯʘʥʥʷ, ʜʝʢʦʨʘʪʠʚʥʽ 

ʚʠʨʦʙʠ 

ʇʦʣʽʘʤʽʜ 
ɺʠʩʦʢʘ ʫʜʘʨʦʩʪʽʡʢʽʩʪʴ 

ʽ ʛʥʫʯʢʽʩʪʴ 

ɺʠʤʘʛʘʻ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʜʨʫʢʫ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ 

ʄʝʭʘʥʽʯʥʽ ʯʘʩʪʠʥʠ, 

ʛʥʫʯʢʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʇʦʣ̔ʢʘʨʙʦʥʘʪ  
ɼʫʞʝ ʤʽʮʥʠʡ ʽ 

ʪʝʨʤʦʩʪʽʡʢʠʡ 

ɺʠʤʘʛʘʻ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʜʨʫʢʫ 

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ 

ʜʝʪʘʣʽ 

ʇʦʣʽʝʪʠʣʝʥ 
ʍʦʨʦʰʘ ʭʽʤʽʯʥʘ 

ʩʪʽʡʢʽʩʪʴ 

ʅʝ ʜʫʞʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʪʦʯʥʠʭ 

ʜʝʪʘʣʝʡ ʯʝʨʝʟ ʤʦʞʣʠʚʝ 

ʟʤʘʱʝʥʥʷ ʰʘʨʽʚ 

ʊʨʫʙʦʧʨʦʚʦʜʠ, 

ʭʽʤʽʯʥʦ ʩʪʽʡʢʽ ʜʝʪʘʣʽ 

ʊʝʨʤʦʧʣʘʩ-

ʪʠʯʥʠʡ 

ʛʫʤʦʚʠʡ 

ʤʘʪʝʨʽʘʣ 

ɻʥʫʯʢʽʩʪʴ ʽ 

ʝʣʘʩʪʠʯʥʽʩʪʴ 

ʇʦʪʨʽʙʝʥ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ 

ʝʢʩʪʨʫʜʝʨ ʽ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʨʫʢʫ 

ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ 

ʛʥʫʯʢʠʭ ʜʝʪʘʣʝʡ, 

ʙʘʰʤʘʢʽʚ, 

ʫʱʽʣʴʥʶʚʘʯʽʚ 

PVA 

ʈʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʜʨʫʢʫ 

ʅʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʜʝʪʘʣʝʡ, ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʾ 

ʧʽʩʣʷʜʨʫʢʘʨʩʴʢʦʾ ʦʙʨʦʙʢʠ 

ʇʽʜʩʪʘʚʢʘ ʜʣʷ ʜʨʫʢʫ, 

ʨʦʟʯʠʥʥʘ ʫ ʚʦʜʽ 

 

ʅʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SLS, ʘʥʘʣʦʛʽʯʥʦ ʞ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʨʝʚʘʛʠ ʫ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ 

ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʩʥʦʚʥʽ ʟʚʝʜʝʥʽ ʜʘʥʽ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.4. 

 

ʊʘʙʣʠʮʷ 1.4 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ 

ʪʝʭʥʦʣʦʛʽʾ SLS 

ʄʘʪʝʨʽʘʣ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ɸʢʨʠʣʘʪʥʘ 

ʩʤʦʣʘ 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʽ 

ʜʝʪʘʣʽʟʘʮʽʷ 

ʄʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʭʠʣʴʥʽ ʜʦ ʫʩʘʜʢʠ 

ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʧʨʠʢʨʘʩʠ, 

ʚʠʩʦʢʦʜʝʪʘʣʽʟʦʚʘʥʽ ʜʝʪʘʣʽ 

ɽʧʦʢʩʠʜʥʘ 

ʩʤʦʣʘ 

ɼʫʞʝ ʚʠʩʦʢʘ 

ʜʝʪʘʣʽʟʘʮʽʷ ʪʘ 

ʛʣʘʜʢʘ ʧʦʚʝʨʭʥʷ 

ʄʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʙʽʣʴʰ ʢʨʠʭʢʠʤʠ ʽ ʤʝʥʰ 

ʛʥʫʯʢʠʤʠ 

ʄʝʜʠʯʥʽ ʤʦʜʝʣʽ, ʶʚʝʣʽʨʥʽ 

ʚʠʨʦʙʠ, ʝʣʝʢʪʨʦʥʥʽ 

ʢʦʤʧʦʥʝʥʪʠ 

ʇʦʣʽʫʨʝʪʘʥʦʚʘ 

ʩʤʦʣʘ 

ɻʥʫʯʢʽʩʪʴ ʽ 

ʝʣʘʩʪʠʯʥʽʩʪʴ 

ʄʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʙʽʣʴʰ ʩʭʠʣʴʥʽ ʜʦ ʟʥʦʩʫ 

ʪʘ ʜʝʬʦʨʤʘʮʽʾ 

ɻʥʫʯʢʽ ʜʝʪʘʣʽ, ʧʨʫʞʥʽ 

ʧʨʦʪʦʪʠʧʠ, ʪʝʩʪʦʚʽ ʚʠʨʦʙʠ 

ʉʪʦʤʘʪʦʣʦʛʽʯʥ

ʘ ʩʤʦʣʘ 

ɹʽʦʩʫʤʽʩʥʽʩʪʴ ʽ 

ʙʝʟʧʝʢʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ 

ʦʨʪʦʜʦʥʪʽʾ ʽ 

ʩʪʦʤʘʪʦʣʦʛʽʾ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʘ 

ʚʠʤʦʛʠ ʜʦ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ 

ʟʘʪʚʝʨʜʽʥʥʷ ʩʤʦʣʠ 

ɿʫʙʥʽ ʽʤʧʣʘʥʪʘʪʠ, ʟʫʙʥʽ 

ʧʨʦʪʝʟʠ, ʦʨʪʦʜʦʥʪʠʯʥʽ 

ʘʧʘʨʘʪʠ, ʤʦʜʝʣʽ ʜʣʷ 

ʭʽʨʫʨʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ɺʠʩʦʢʦʤʽʮʥʘ 

ʩʤʦʣʘ 

ɺʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʽ 

ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʤʝʭʘʥʽʯʥʠʭ 

ʚʧʣʠʚʽʚ 

ɺʠʱʘ ʮʽʥʘ ʪʘ ʚʠʤʦʛʠ ʜʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʧʝʨʝʨʦʙʢʠ ʩʤʦʣʠ 

ʄʝʭʘʥʽʯʥʽ ʯʘʩʪʠʥʠ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʨʦʪʦʪʠʧʠ, 

ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʶ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 
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ʅʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SLA, ʘʥʘʣʦʛʽʯʥʦ ʞ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʨʝʚʘʛʠ ʫ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ 

ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʩʥʦʚʥʽ ʟʚʝʜʝʥʽ ʜʘʥʽ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.5. 

 

ʊʘʙʣʠʮʷ 1.5 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʫ ʪʝʭʥʦʣʦʛʽʾ SLA 

ʄʘʪʝʨʽʘʣ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʇʦʣʽʘʤʽʜ 
ɺʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʽ 

ʛʥʫʯʢʽʩʪʴ 
ʄʦʞʣʠʚʘ ʫʩʘʜʢʘ ʤʘʪʝʨʽʘʣʫ 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ 

ʧʨʦʪʦʪʠʧʠ, ʤʝʭʘʥʽʯʥʽ 

ʯʘʩʪʠʥʠ 

ʇʦʣʽʫʨʝʪʘʥʦʚʽ ɻʥʫʯʢʽʩʪʴ ʽ ʝʣʘʩʪʠʯʥʽʩʪʴ 
ʄʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰ 

ʤʽʮʥʠʤʠ ʽ ʟʥʦʩʦʩʪʽʡʢʠʤʠ 

ɻʥʫʯʢʽ ʜʝʪʘʣʽ, ʧʨʫʞʥʽ 

ʧʨʦʪʦʪʠʧʠ, ʪʝʩʪʦʚʽ 

ʚʠʨʦʙʠ 

ʇʦʣʽʝʪʠʣʝʥ 
ʍʦʨʦʰʘ ʭʽʤʽʯʥʘ 

ʩʪʽʡʢʽʩʪʴ 

ʄʝʥʰ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʪʦʯʥʠʭ 

ʜʝʪʘʣʝʡ ʯʝʨʝʟ ʤʦʞʣʠʚʝ 

ʟʤʘʱʝʥʥʷ ʰʘʨʽʚ 

ʊʨʫʙʦʧʨʦʚʦʜʠ, ʭʽʤʽʯʥʦ 

ʩʪʽʡʢʽ ʜʝʪʘʣʽ 

ʇʦʣʽʧʨʦʧʽʣʝʥʫ 

ʅʠʟʴʢʘ ʱʽʣʴʥʽʩʪʴ ʽ 

ʭʦʨʦʰʘ ʭʽʤʽʯʥʘ 

ʩʪʽʡʢʽʩʪʴ 

ʄʝʥʰ ʤʽʮʥʽ ʽ ʩʪʽʡʢʽ ʜʦ 

ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ 

ʇʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʣʝʛʢʽ ʜʝʪʘʣʽ 

ʇʦʣʽʘʤʽʜ ʟ 

ʥʘʧʦʚʥʶʚʘʯʝʤ 

ʇʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ 

ʄʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʞʦʨʩʪʢʠʤ ʽ 

ʤʝʥʰ ʛʥʫʯʢʠʤ 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʯʘʩʪʠʥʠ, 

ʧʨʦʪʦʪʠʧʠ 

ʄʝʪʘʣʝʚʽ 

ʧʦʨʦʰʢʠ 

(ʥʘʧʨʠʢʣʘʜ, 

ʥʝʨʞʘʚʽʶʯʘ 

ʩʪʘʣʴ, ʘʣʶʤʽʥʽʡ, 

ʪʠʪʘʥ ʪʦʱʦ) 

ɺʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʽ 

ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ 

ʇʦʪʨʽʙʥʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʠ ʜʣʷ 

ʜʨʫʢʫ 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟ 

ʤʝʪʘʣʫ, 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ 

ʚʠʨʦʙʽʚ ʟ ʤʝʪʘʣʫ 

ʂʝʨʘʤʽʯʥʽ 

ʧʦʨʦʰʢʠ 

(ʥʘʧʨʠʢʣʘʜ, 

ʛʣʠʥʦʟʝʤ, ʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ ʪʦʱʦ) 

ɾʘʨʦʤʽʮʥʽʩʪʴ ʽ ʭʽʤʽʯʥʘ 

ʽʥʝʨʪʥʽʩʪʴ 

ʇʦʪʨʽʙʥʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʠ ʜʣʷ 

ʜʨʫʢʫ 

ɺʠʛʦʪʦʚʣʝʥʥʷ 

ʢʝʨʘʤʽʯʥʠʭ ʜʝʪʘʣʝʡ, 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ 

ʢʝʨʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ 

 

ʅʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ DMLS, ʘʥʘʣʦʛʽʯʥʦ ʞ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʨʝʚʘʛʠ ʫ ʥʝʜʦʣʽʢʠ 

ʢʦʞʥʦʛʦ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʩʥʦʚʥʽ ʟʚʝʜʝʥʽ ʜʘʥʽ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 1.6. 

ʅʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ DLP, ʘʥʘʣʦʛʽʯʥʦ ʞ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʨʝʚʘʛʠ ʫ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ 

ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʩʥʦʚʥʽ ʟʚʝʜʝʥʽ ʜʘʥʽ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.7.  
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ʊʘʙʣʠʮʷ 1.6 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ 

ʪʝʭʥʦʣʦʛʽʾ DMLS 

ʄʘʪʝʨʽʘʣ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʅʝʨʞʘʚʽʶʯʘ 

ʩʪʘʣʴ 

ɺʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʽ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ 

ʆʙʤʝʞʝʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʛʝʦʤʝʪʨʽʾ 

ɺʠʨʦʙʥʠʮʪʚʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ, ʽʥʩʪʨʫʤʝʥʪʽʚ 

ɸʣʶʤʽʥʽʡ 

ʃʝʛʢʘ ʚʘʛʘ ʽ ʭʦʨʦʰʘ 

ʪʝʧʣʦ- ʽ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʄʝʥʰ ʤʽʮʥʠʡ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʷʢʠʤʠ 

ʽʥʰʠʤʠ ʤʝʪʘʣʘʤʠ 

ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ 

ʣʝʛʢʠʭ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ, 

ʢʦʤʧʣʝʢʪʫʶʯʠʭ 

ʊʠʪʘʥ 
ɼʫʞʝ ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ 

ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʚʘʟʽ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʽ 

ʦʙʣʘʜʥʘʥʥʷ 

ɺʠʨʦʙʥʠʮʪʚʦ ʤʝʜʠʯʥʠʭ 

ʽʤʧʣʘʥʪʘʪʽʚ, ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ 

ʂʦʙʘʣʴʪ-

ʭʨʦʤ 

ɺʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʽ 

ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ 

ʆʙʤʝʞʝʥʠʡ ʚʠʙʽʨ 

ʢʦʣʴʦʨʽʚ ʪʘ ʦʟʜʦʙʣʝʥʴ 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʤʝʜʠʯʥʠʭ 

ʧʨʦʪʝʟʽʚ, ʟʫʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʽʥʩʪʨʫʤʝʥʪʽʚ 

ɯʥʢʦʥʝʣʴ 
ʉʪʽʡʢʽʩʪʴ ʜʦ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʢʦʨʦʟʽʾ 

ʇʦʪʨʽʙʥʝ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʨʦʮʝʩʠ ʜʣʷ ʜʨʫʢʫ 

ɺʠʨʦʙʥʠʮʪʚʦ ʜʝʪʘʣʝʡ ʜʣʷ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʘ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ɸʣʶʤʽʥʽʻʚʽ 

ʩʧʣʘʚʠ 

ʈʽʟʥʦʤʘʥʽʪʪʷ ʩʧʣʘʚʽʚ ʟ 

ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʄʦʞʝ ʤʘʪʠ 

ʦʙʤʝʞʝʥʥʷ ʧʦ 

ʤʽʮʥʦʩʪʽ ʽ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ɺʠʨʦʙʥʠʮʪʚʦ ʨʽʟʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʜʝʪʘʣʝʡ ʽ ʢʦʤʧʣʝʢʪʫʶʯʠʭ 

ʅʽʢʝʣʝʚʽ 

ʩʧʣʘʚʠ 

ɺʠʩʦʢʘ ʢʦʨʦʟʽʡʥʘ 

ʩʪʽʡʢʽʩʪʴ ʽ 

ʞʘʨʦʩʪʽʡʢʽʩʪʴ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʽ 

ʦʙʤʝʞʝʥʠʡ ʚʠʙʽʨ 

ʦʙʨʦʙʢʠ 

ɺʠʨʦʙʥʠʮʪʚʦ ʜʝʪʘʣʝʡ ʜʣʷ 

ʘʝʨʦʢʦʩʤʽʯʥʦʾ, ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ 

ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʱʦ ʥʝʧʨʘʚʠʣʴʥʠʡ ʧʽʜʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʢʨʠʪʠʯʥʦ 

ʚʽʜʦʙʨʘʟʠʪʠʩʴ ʥʝ ʣʠʰʝ ʥʘ ʷʢʦʩʪʽ ʜʨʫʢʫ, ʘ ʡ ʥʘ ʩʪʘʥʫ 3D-ʧʨʠʥʪʝʨʘ. 

 

ʊʘʙʣʠʮʷ 1.7 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ 

ʪʝʭʥʦʣʦʛʽʾ DLP 

ʄʘʪʝʨʽʘʣ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʌʦʪʦʧʦʣʽʤʝʨʠ 
ɺʠʩʦʢʦʜʝʪʘʣʽʟʦʚʘʥʘ ʪʘ 

ʛʣʘʜʢʘ ʧʦʚʝʨʭʥʷ 

ʆʙʤʝʞʝʥʽ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ 

ʖʚʝʣʽʨʥʽ ʚʠʨʦʙʠ, ʤʝʜʠʯʥʽ 

ʤʦʜʝʣʽ, ʚʠʩʦʢʦʜʝʪʘʣʽʟʦʚʘʥʽ 

ʜʝʪʘʣʽ 

ɽʣʘʩʪʦʤʝʨʥʽ ʩʤʦʣʠ 
ɻʥʫʯʢʽʩʪʴ ʽ 

ʝʣʘʩʪʠʯʥʽʩʪʴ 

ʄʦʞʝ ʙʫʪʠ ʤʝʥʰ ʤʽʮʥʠʤ ʽ 

ʟʥʦʩʦʩʪʽʡʢʠʤ 

ɻʥʫʯʢʽ ʜʝʪʘʣʽ, ʫʱʽʣʴʥʝʥʥʷ, 

ʘʤʦʨʪʠʟʫʶʯʽ ʢʦʤʧʦʥʝʥʪʠ 

ʂʝʨʘʤʽʯʥʽ ʩʤʦʣʠ 
ʊʝʨʤʦʩʪʽʡʢʽʩʪʴ ʽ 

ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ 

ʆʙʤʝʞʝʥʽ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʤʘʛʘʶʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ 

ɺʠʨʦʙʥʠʮʪʚʦ ʢʝʨʘʤʽʯʥʠʭ 

ʜʝʪʘʣʝʡ, ʪʝʨʤʦʩʪʽʡʢʠʭ 

ʚʠʨʦʙʽʚ, ʽʟʦʣʷʮʽʡʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ 

ʄʝʪʘʣʦʚʤʽʩʥʽ 

ʩʤʦʣʠ 

ɯʤʽʪʘʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʪʘʣʽʚ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʚʠʤʘʛʘʶʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟ 

ʤʝʪʘʣʝʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʨʠʢʨʘʩ, 

ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʉʪʦʤʘʪʦʣʦʛʽʯʥʽ 

ʩʤʦʣʠ 

ɹʽʦʩʫʤʽʩʥʽʩʪʴ ʽ ʙʝʟʧʝʢʘ 

ʧʨʠ ʧʨʦʪʝʟʫʚʘʥʥʽ ʟʫʙʽʚ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʚʠʤʘʛʘʶʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʥʠʭ 

ʧʨʦʪʝʟʽʚ, ʦʨʪʦʜʦʥʪʠʯʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʩʪʦʤʘʪʦʣʦʛʽʯʥʠʭ 

ʤʦʜʝʣʝʡ 
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ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷ ʧʨʦʝʢʪʫ, ʷʢʠʡ ʙʫʜʝ ʨʦʟʨʦʙʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʨʫʢʫ. ʆʪʨʠʤʘʥʠʡ ʘʥʘʣʽʟ ʜʘʻ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʦʩʥʦʚʽ ʢʦʞʥʦʾ ʟ 

ʧôʷʪʠ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʬʦʨʤʫʻ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʞʥʦʾ ʟ 

ʪʝʭʥʦʣʦʛʽʡ, ʦʧʠʩ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʜʘʥʽʡ ʩʪʘʪʪʽ. 

 

1.4 ɿʤʝʥʰʝʥʥ ̫ʧʦʤʠʣʦʢ ʚ ʧʨʦʮʝʩʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ 3D-ʜʨʫʢʫ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʙʘʛʘʪʦ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) [56]. ʂʦʞʥʝ 

ʟʘʚʜʘʥʥʷ ʜʨʫʢʫ ʚʢʣʶʯʘʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʜʘʥʠʭ, ʚʽʜ ʤʦʜʝʣʽ ʉɸʇʈ ʜʦ ʥʘʨʽʟʢʠ ʪʘ ʚʽʜʝʦ 

ʜʨʫʢʫ. ʋʩʽ ʮʽ ʜʘʥʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʝʣʠʢʠʭ ʤʦʜʝʣʷʭ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʪʘ ʧʦʻʜʥʫʚʘʪʠ ʟ ʨʝʟʫʣʴʪʘʪʦʤ ʜʨʫʢʫ ʷʢ ʥʘʚʯʘʣʴʥʽ ʜʘʥʽ. ʄʦʜʝʣʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠ ʰʘʙʣʦʥʠ (ʜʠʚ. ʷʢ ʧʨʠʢʣʘʜ ʨʠʩʫʥʦʢ 1.7), ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ 

ʢʦʤʙʽʥʘʮʽʾ ʜʠʟʘʡʥʫ, ʥʘʣʘʰʪʫʚʘʥʴ ʥʘʨʽʟʢʠ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠʥʪʝʨʘ ʚʠʢʣʠʢʘʶʪʴ 

ʧʨʦʙʣʝʤʠ, ʘ ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʯʫʜʦʚʦʾ ʷʢʦʩʪʽ ʚʽʜʙʠʪʢʽʚ [57; 58]. 

 

 

ʈʠʩ. 1.7 ï ʇʨʠʢʣʘʜ ʰʘʙʣʦʥʫ ʜʣʷ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤ ʐɯ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʚ ʭʦʜʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (3D-ʜʨʫʢʫ) 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘʢʦʞ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʪʘ ʚʠʧʨʘʚʣʷʪʠ ʟʙʽʡ ʥʘ ʣʴʦʪʫ ï 

ʤʦʜʝʣʽ ʥʘʚʯʘʶʪʴʩʷ ʪʘ ʟʘʧʦʙʽʛʘʶʪʴ ʧʦʷʚʽ ʜʝʬʝʢʪʽʚ ʽ ʥʝʚʜʘʣʠʭ ʚʽʜʙʠʪʢʽʚ. Spaghetti 

Detection ʫʞʝ ʜʦʩʪʫʧʥʠʡ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʧôʶʪʝʨʥʝ ʟʽʨ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʜʨʫʢʫ [59ï63]. ʅʝʚʜʦʚʟʽ ʤʦʜʝʣʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 
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ʟʤʦʞʫʪʴ ʢʦʨʠʛʫʚʘʪʠ ʚʽʜʙʠʪʢʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʢʨʘʱʠʭ 

ʚʽʜʙʠʪʢʽʚ ʽʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʤʠʣʦʢ. 

 

1.5 ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʢʝʨʫʚʘʥʥʽ ʷʢʽʩʪʶ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

1.5.1 ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ɸʨʭʽʪʝʢʪʫʨʘ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʩʭʦʞʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʥʥʠʭ 

ʟʚô̫ ʟʢʽʚ ʫ ʛʦʣʦʚʥʦʤʫ ʤʦʟʢʫ ʣʶʜʠʥʠ. ʇʨʠ ʾʭ ʩʪʚʦʨʝʥʥʽ ʚʯʝʥʽ ʯʝʨʧʘʣʠ ʥʘʪʭʥʝʥʥʷ ʟ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʦʨʦʚʦʾ ʢʦʨʠ ʤʦʟʢʫ. ʆʢʨʝʤʽ ʥʝʡʨʦʥʠ ʨʝʘʛʫʶʪʴ ʥʘ ʧʦʜʨʘʟʥʠʢʠ ʣʠʰʝ ʚ 

ʜʝʷʢʽʡ ʦʙʣʘʩʪʽ ʧʦʣʷ ʟʦʨʫ, ʚʽʜʦʤʦʾ ʷʢ ʧʦʣʝ ʩʧʨʠʡʥʷʪʪʷ. ɹʝʟʣʽʯ ʧʦʣʽʚ ʩʧʨʠʡʥʷʪʪʷ 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʜʥʝ ʥʘ ʦʜʥʝ, ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʚʘʶʯʠ ʧʦʣʝ ʟʦʨʫ CNN (Convolutional 

Neural Network ï ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ) [64ï68; 106]. 

CNN ʟʜʘʪʥʘ ʫʩʧʽʰʥʦ ʬʽʢʩʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʜʧʦʚʽʜʥʠʭ ʬʽʣʴʪʨʽʚ. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ, 

ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʯʠʩʣʘ ʟʘʜʽʷʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʩʰʪʘʙʽʚ, ʜʘʻ ʢʨʘʱʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘʙʦʨʫ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷ 

[106ï108]. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʝʨʝʞʫ ʤʦʞʥʘ ʥʘʚʯʠʪʠ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʩʢʣʘʜʥʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ CNN ʧʦʢʘʟʘʥʠʡ 

ʥʘ ʨʠʩʫʥʢʫ 1.8 ʥʘ ʧʨʠʢʣʘʜʽ ʜʦʚʽʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ 

ʢʘʤʝʨʠ [103; 104; 107]. 

 

ʈʠʩ. 1.8 ï ɹʫʜʦʚʘ ʽ ʟʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 
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ʋ ʢʦʤʧôʁ ʪʝʨʥʦʤʫ ʟʦʨʽ 3D-ʜʨʫʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ, ʚʢʣʶʯʘʶʯʠ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʘʥʘʣʽʟ 

ʟʦʙʨʘʞʝʥʴ, ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʜʨʫʢʫ ʪʘ ʽʥʰʽ [70ï73]. ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙʨʘʟʽʚ ʽ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. ɺʦʥʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʜʨʫʢʫ [106]. 

 

1.5.2 ʈʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʈʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʻ ʜʦʩʠʪʴ ʩʫʯʘʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʤʘʻ 

ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (ʨʠʩʫʥʦʢ 1.9). ʋ 

ʪʝʭʥʦʣʦʛʽʷʭ ɸɺ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʽʚ ʜʨʫʢʫ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʜʨʫʢʫ ʘʙʦ 

ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫʶʯʦʾ ʛʦʣʦʚʢʠ [73ï77; 104ï106]. ʎʝ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʫʥʠʢʥʝʥʥʶ ʚʠʨʦʙʥʠʯʦʛʦ ʙʨʘʢʫ. 

 

ʈʠʩ. 1.9 ï ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ ʨʝʢʫʨʝʥʪʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʊʘʢʦʛʦ ʨʦʜʫ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʜʨʫʢʫ ʽ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ ʘʙʦ 

ʜʝʪʘʣʽ [78ï84]. ʎʝ ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʽ ʟʥʠʞʫʻ 

ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʚʯʝʥʽ 

ʚʠʷʚʣʷʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʪʘʥʜʘʨʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ ʘʙʦ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ ʥʘ 
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ʚʠʛʦʪʦʚʣʝʥʠʭ ʜʝʪʘʣʷʭ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʫʥʠʢʥʫʪʠ 

ʟʥʘʯʥʠʭ ʚʽʜʭʦʜʽʚ 3D-ʜʨʫʢʫ. ʋ ʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʥʘʣʽʟ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʜʘʪʯʠʢʽʚ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʚʯʘʩʥʦ 

ʚʠʷʚʠʪʠ ʧʨʦʙʣʝʤʠ ʽ ʫʥʠʢʥʫʪʠ ʟʙʦʾʚ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ [84ï87]. 

ʇʨʦʛʨʝʩ ʫ ʛʘʣʫʟʽ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʟʦʨʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʧʦʚô̫ ʟʘʥʠʡ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ʉʢʣʘʜʥʽʩʪʴ 3D-ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʦʙô̒ ʢʪʽʚ ʽ ʩʮʝʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʜʥʽ ʽ ʪʽ ʞ 3D-ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʩʽʪʢʠ, ʚʦʢʩʝʣʽ, ʭʤʘʨʠ ʪʦʯʦʢ. ʂʣʘʩʠʯʥʽ 

ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʤʘʨʢʦʚʘʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʷʢʽ ʯʘʩʪʦ 

ʥʝʜʦʩʪʫʧʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʨʘʪʠʚʥʠʭ ʟʤʘʛʘʣʴʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʾʭ ʪʨʝʥʫʚʘʥʥʷ ʥʘ ʥʝʧʘʨʥʠʭ ʜʘʥʠʭ [89ï93]. 

 

1.5.3 ɻʝʥʝʨʘʪʠʚʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ɻʝʥʝʨʘʪʠʚʥʘ ʟʤʘʛʘʣʴʥʘ ʤʝʨʝʞʘ (GAN) ï ʮʝ ʘʨʭʽʪʝʢʪʫʨʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʜʠʩʢʨʠʤʽʥʘʪʦʨʘ, ʥʘʣʘʰʪʦʚʘʥʠʭ ʥʘ ʨʦʙʦʪʫ ʦʜʠʥ ʧʨʦʪʠ ʦʜʥʦʛʦ 

(ʨʠʩʫʥʦʢ 1.10). GAN ʙʫʣʠ ʚʧʝʨʰʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 2014 ʨʦʮʽ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟ 

ʄʦʥʨʝʘʣʴʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙô̒ ʢʪʽʚ [93ï96]. ʅʘʧʨʠʢʣʘʜ, GAN ʤʦʞʫʪʴ 

ʛʝʥʝʨʫʚʘʪʠ ʥʦʚʽ ʜʠʟʘʡʥʠ ʥʘ ʦʩʥʦʚʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ ʪʘ 

ʦʧʪʠʤʽʟʦʚʘʥʽ ʦʙô̒ ʢʪʠ ʙʝʟ ʟʥʘʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ ʚ ʮʝʡ ʧʨʦʮʝʩ. GAN ʤʦʞʝ 

ʩʪʚʦʨʶʚʘʪʠ 3D-ʤʦʜʝʣʽ ʟ 2D-ʬʦʪʦʛʨʘʬʽʡ ʘʙʦ ʚʽʜʩʢʘʥʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʅʘʧʨʠʢʣʘʜ, 

ʢʦʣʠ GAN ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʭʦʨʦʥʽ ʟʜʦʨʦʚô̫ , ʚʽʥ ʧʦʻʜʥʫʻ ʩʢʘʥʫʚʘʥʥʷ ʪʽʣʘ ʪʘ 

ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʟʥʽʤʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʘʣʽʩʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʦʨʛʘʥʽʚ. ʎʝ 

ʜʦʧʦʤʘʛʘʻ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʽ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥ.̫ 
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ʈʠʩ. 1.10 ï ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʝʨʝʞ 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʝʥʝʨʘʪʠʚʥʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʜʨʫʢʫ ʘʙʦ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʠʭ ʜʝʪʘʣʝʡ.  

ʋ ʪʘʙʣ. 1.8 ʥʘʚʝʜʝʥʦ ʢʽʣʴʢʘ ʪʠʧʽʚ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʝʨʝʞ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

 

ʊʘʙʣʠʮʷ 1.8 ï ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʚ ɸɺ 

ʊʠʧ ʛʝʥʝʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʆʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɻʝʥʝʨʘʪʠʚʥʽ ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ 

ï ɻʝʥʝʨʘʮʽʷ ʥʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʝʦ 

ï ʉʠʥʪʝʟ ʤʫʟʠʢʠ ʽ ʟʚʫʢʽʚ 

ï ɻʝʥʝʨʘʮʽʷ ʪʝʢʩʪʫ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ 

ʈʝʢʫʨʝʥʪʥʽ ʛʝʥʝʨʘʪʠʚʥʽ 

ʤʝʨʝʞʽ 

ï ɻʝʥʝʨʘʮʽʷ ʪʝʢʩʪʫ ʪʘ ʤʫʟʠʢʠ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʰʘʙʣʦʥʽʚ 

ï ɻʝʥʝʨʘʮʽʷ ʨʫʢʦʧʠʩʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʩʪʠʣʽʟʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʛʝʥʝʨʘʪʠʚʥʽ 

ʤʝʨʝʞʽ 
ï ɻʝʥʝʨʘʮʽʷ ʪʝʢʩʪʠʣʴʥʦʛʦ ʜʠʟʘʡʥʫ ʪʘ 3D ʤʦʜʝʣʝʡ 

ɼʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʛʝʥʝʨʘʪʠʚʥʽ 

ʤʦʜʝʣʽ (DGAN) 

ï ʉʪʚʦʨʝʥʥʷ ʨʝʘʣʽʩʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʘʥʽʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

ï ɻʝʥʝʨʘʮʽʷ ʨʝʘʣʽʩʪʠʯʥʠʭ ʦʙô̒ ʢʪʽʚ ʜʣʷ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʪʘ ʽʛʦʨ 
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ʊʝʭʥʽʯʥʦ GAN ʧʨʘʮʶʻ ʪʘʢ, ʷʢ ʦʧʠʩʘʥʦ ʥʠʞʯʝ. ʉʢʣʘʜʥʝ ʤʘʪʝʤʘʪʠʯʥʝ 

ʨʽʚʥʷʥʥʷ ʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʫ ʚʩʴʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ [98ï101]: 

ï ʛʝʥʝʨʘʪʠʚʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʘʥʘʣʽʟʫʻ ʥʘʙʽʨ ʪʨʝʥʫʚʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ 

ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʘʪʨʠʙʫʪʠ; 

ï ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫʻ ʚʠʭʽʜʥʽ ʪʨʝʥʫʚʘʣʴʥʽ 

ʜʘʥʽ ʪʘ ʩʘʤʘ ʚʠʟʥʘʯʘʻ ʘʪʨʠʙʫʪʠ; 

ï ʛʝʥʝʨʘʪʠʚʥʘ ʤʝʨʝʞʘ ʤʦʜʠʬʽʢʫʻ ʜʝʷʢʽ ʟ ʥʠʭ, ʜʦʜʘʶʯʠ ʰʫʤ (ʘʙʦ ʱʦʩʴ 

ʽʥʰʝ) ʜʦ ʧʝʚʥʠʭ ʘʪʨʠʙʫʪʽʚ; 

ï ʛʝʥʝʨʘʪʠʚʥʘ ʤʝʨʝʞʘ ʧʝʨʝʜʘʻ ʟʤʽʥʝʥʽ ʜʘʥʽ ʚ ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʫ ʤʝʨʝʞʫ; 

ï ʜʨʫʛʘ ʯʘʩʪʠʥʘ ʤʝʨʝʞʘ ʦʙʯʠʩʣʶʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʥʘʣʝʞʥʦʩʪʽ 

ʟʛʝʥʝʨʦʚʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦ ʚʠʭʽʜʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ; 

ï ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʘ ʤʝʨʝʞʘ ʜʘʻ ʛʝʥʝʨʘʪʠʚʥʽʡ ʤʝʨʝʞʽ ʜʝʷʢʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʪʦʛʦ, ʷʢ ʟʤʝʥʰʠʪʠ ʨʘʥʜʦʤʽʟʘʮʽʶ ʚʝʢʪʦʨʽʚ ʰʫʤʫ ʚ ʥʘʩʪʫʧʥʦʤʫ ʮʠʢʣʽ. 

ɼʦʩʣʽʜʥʠʢʠ ʟ ʄʘʩʩʘʯʫʩʝʪʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ (MIT), ʜʦʯʽʨʥʴʦʾ 

ʢʦʤʧʘʥʽʾ MIT Inkbit, ʽ ETH Zurich ʩʪʚʦʨʠʣʠ ʩʠʩʪʝʤʫ 3D-ʩʪʨʫʤʝʥʝʚʦʛʦ ʜʨʫʢʫ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʜʨʫʢʫʚʘʪʠ ʚʠʨʦʙʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʨʠʩʫʥʦʢ 1.11). ʅʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʢʦʤʧôʁ ʪʝʨʥʠʡ ʟʽʨ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʨʫʢʫ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʤʦʣʠ, 

ʱʦ ʧʦʜʘʻʪʴʩʷ ʢʦʞʥʠʤ ʩʦʧʣʦʤ, ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʠʡ ʽ 

ʩʪʘʙʽʣʴʥʠʡ ʜʨʫʢ [76; 78; 100]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʩʪʨʫʤʝʥʝʚʠʭ 3D-

ʧʨʠʥʪʝʨʽʚ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʯʘʩʪʠʭ ʟʫʧʠʥʦʢ ʽ ʨʝʛʫʣʶʚʘʥʴ, ʮʷ ʩʠʩʪʝʤʘ ʧʨʦʜʦʚʞʫʻ 

ʚʥʦʩʠʪʠ ʢʦʨʝʢʪʠʚʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʥʝ ʧʝʨʝʨʠʚʘʶʯʠ ʧʨʦʮʝʩ ʜʨʫʢʫ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʚʽʥ ʧʨʠʙʣʠʟʥʦ ʚ 650 ʨʘʟʽʚ ʰʚʠʜʰʠʡ ʟʘ ʘʥʘʣʦʛʽʯʥʽ 3D-ʧʨʠʥʪʝʨʠ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʚ ʮʽʣʦʤʫ ʽ ʢʦʤʧôʁ ʪʝʨʥʠʡ ʟʽʨ ʟʦʢʨʝʤʘ ʚ ʜʘʥʠʡ ʯʘʩ 

ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʟ ʧʨʦʤʠʩʣʦʚʦʾ ʩʬʝʨʠ [60; 

95]. ɺʽʜ ʟʘʚʜʘʥʴ ʟ ʧʦʰʫʢʫ ʜʝʬʝʢʪʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʩʢʣʘʜʘʣʴʥʽʡ ʣʽʥʽʾ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʙʝʟʧʽʣʦʪʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʧʦʚʩʶʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʣʠʙʦʢʽ 

ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʦʙô̒ ʢʪʽʚ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙô̒ ʢʪʽʚ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ, ʧʦʰʫʢʫ ʜʝʬʝʢʪʽʚ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (ʨʠʩʫʥʦʢ 1.11, ʨʠʩʫʥʦʢ 1.12). 
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ʑʦʙ ʧʦʢʨʘʱʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʟʚʠʯʘʡʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʪʝʟʘʭ ʟʘʤʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ, 

ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʘʯʢʽʚ ʘʙʦ ʟʘʪʠʩʢʘʯʽʚ. ɿʙʝʨʽʛʘʻʪʴʩʷ ʪʨʘʜʠʮʽʡʥʠʡ 

ʤʝʭʘʥʽʟʤ ʜʽʾ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʦʟʛʠʥʘʪʠ ʪʘ ʟʛʠʥʘʪʠ ʝʣʝʤʝʥʪʠ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʫʭʽʚ ʧʣʝʯʝʤ. ʆʩʥʦʚʥʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʫ ʮʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʤʝʭʘʥʽʟʤ ʙʣʦʢʫʚʘʥʥʷ 

ʚʝʣʠʢʦʛʦ ʧʘʣʴʮʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʙʝʨʪʘʪʠ ʚʝʣʠʢʠʡ ʧʘʣʝʮʴ, ʦʪʨʠʤʫʶʯʠ ʪʨʠ ʨʽʟʥʽ 

ʪʠʧʠ ʟʘʭʚʘʪʽʚ: ʮʠʬʨʦʚʠʡ ʟʘʭʚʘʪ, ʪʨʠʧʘʣʴʮʝʚʠʡ ʟʘʭʚʘʪ ʽ ʙʽʯʥʠʡ ʟʘʭʚʘʪ. ʎʷ 

ʽʥʩʪʨʫʢʮʽʷ ʤʽʩʪʠʪʴ ʢʨʦʢʠ ʜʣʷ ʜʨʫʢʫ ʪʘ ʩʢʣʘʜʘʥʥʷ. 

 

 

ʈʠʩ. 1.11 ï ʉʪʚʦʨʝʥʘ ʄʘʩʩʘʯʫʩʝʪʩʴʢʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʪʘ ETH Zurich, 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʨʦʙʦʪʠʟʦʚʘʥʘ ʨʫʢʘ ʟ ʩʫʭʦʞʠʣʣʷʤ 

    

ʈʠʩ. 1.12 ï ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʧʦʣʽʛʨʘʬʽʾ ʧʨʠ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʋ ʪʘʙʣʠʮʽ 1.9 ʩʪʠʩʣʦ ʧʦʢʘʟʘʥʽ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ 

ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ ʩʝʨʽʡʥʦʛʦ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʊʘʙʣʠʮʷ 1.9 ï ʊʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ɸɺ 

ʊʝʭʥʦʣʦʛʽʷ ʐɯ ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʇʨʠʢʣʘʜʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʇʝʨʝʚʘʛʠ ʆʙʤʝʞʝʥʥʷ 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ 

(ML)  

ʆʧʪʠʤʽʟʘʮʽʷ 

ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ, 

ʘʥʘʣʽʟ ʜʘʥʠʭ ʷʢʦʩʪʽ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʜʝʬʝʢʪʽʚ 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʰʚʠʜʢʦʩʪʽ ʜʨʫʢʫ; 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ 

ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ɿʥʠʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ 

ʚʽʜʭʦʜʽʚ, 

ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʜʨʫʢʫ 

ʇʦʪʨʝʙʫʻ 

ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ 

ʜʘʥʠʭ ʜʣʷ 

ʥʘʚʯʘʥʥʷ 

ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ 

(DL) 

ʂʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ, 

ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ 

ʜʨʫʢʫ 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ 

ʧʝʨʝʚʽʨʢʘ ʷʢʦʩʪʽ 

ʰʘʨʽʚ; ʚʠʷʚʣʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʟʦʙʨʘʞʝʥʴ ʟ ʢʘʤʝʨ 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ 

ʘʥʘʣʽʟʫ 

ɺʠʩʦʢʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʚʠʪʨʘʪʠ 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʄʦʜʝʣʶʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ, 

ʦʧʪʠʤʽʟʘʮʽʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʝʪʘʣʝʡ 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ; 

ʨʦʟʨʦʙʢʘ 

ʦʧʪʠʤʘʣʴʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʚʠʨʦʙʫ 

ʇʦʪʝʥʮʽʘʣ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ 

ʤʽʮʥʠʭ ʽ ʣʝʛʢʠʭ 

ʜʝʪʘʣʝʡ 

ʉʢʣʘʜʥʽʩʪʴ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ 

ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ 

ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ 

ʆʧʪʠʤʽʟʘʮʽʷ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʰʫʢ 

ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ 

ɻʝʥʝʨʘʮʽʷ 

ʥʘʡʢʨʘʱʠʭ 

ʜʠʟʘʡʥʽʚ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʘʛʠ ʪʘ 

ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʤʽʮʥʦʩʪʽ 

ʄʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦ 

ʟʥʘʭʦʜʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ 

ʨʽʰʝʥʥʷ ʫ 

ʚʝʣʠʢʦʤʫ 

ʧʨʦʩʪʦʨʽ 

ʧʘʨʘʤʝʪʨʽʚ 

ʊʨʠʚʘʣʠʡ ʯʘʩ 

ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ 

ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ 

ʂʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ 

(CV) 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʧʨʦʮʝʩʫ 

ʜʨʫʢʫ, ʚʠʷʚʣʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ɸʥʘʣʽʟ ʷʢʦʩʪʽ ʰʘʨʫ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʚʽʜʭʠʣʝʥʴ ʫ ʬʦʨʤʽ 

ʘʙʦ ʢʦʣʴʦʨʽ ʚʠʨʦʙʽʚ 

ʄʠʪʪʻʚʘ ʨʝʘʢʮʽʷ 

ʥʘ ʧʨʦʙʣʝʤʠ ʧʽʜ 

ʯʘʩ ʜʨʫʢʫ 

ʆʙʤʝʞʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʟʘ ʫʤʦʚ 

ʧʦʛʘʥʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ ʘʙʦ 

ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ 

ʢʘʤʝʨ 

ʇʽʜʢʨʽʧʣʶʚʘʣʴʥʝ 

ʥʘʚʯʘʥʥʷ (RL) 

ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 

ʜʨʫʢʫ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ɸʚʪʦʤʘʪʠʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ 

ʄʦʞʣʠʚʽʩʪʴ 

ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ 

ʧʨʦʮʝʩʫ 

ʇʦʪʨʝʙʫʻ ʙʘʛʘʪʦ 

ʯʘʩʫ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʆʧʨʘʮʶʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ 

(NLP) 

ɯʥʪʝʨʘʢʪʠʚʥʘ 

ʚʟʘʻʤʦʜʽʷ ʟ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ, 

ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʽʯʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ 

ɯʥʪʝʨʬʝʡʩʠ 

ʛʦʣʦʩʦʚʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ, 

ʘʚʪʦʤʘʪʠʯʥʝ 

ʩʪʚʦʨʝʥʥʷ ʟʚʽʪʽʚ 

ʧʨʦ ʧʨʦʮʝʩ ʜʨʫʢʫ 

ʇʦʣʝʛʰʝʥʥʷ 

ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ 

ʦʙʣʘʜʥʘʥʥʷʤ 

ʆʙʤʝʞʝʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʩʧʝʮʠʬʽʯʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʘʭ 

ɽʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ 

ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʧʨʦ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ, 

ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ 

ɺʠʙʽʨ ʥʘʡʢʨʘʱʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʟʘʜʘʥʠʭ ʚʠʤʦʛ; 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ 

ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ 

ʃʝʛʢʽʩʪʴ 

ʽʥʪʝʛʨʘʮʽʾ ʫ 

ʚʠʨʦʙʥʠʯʽ 

ʧʨʦʮʝʩʠ 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʷʢʦʩʪʽ ʧʨʘʚʠʣ ʽ 

ʙʘʟʠ ʟʥʘʥʴ 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟ ʪʘʙʣʠʮʽ 1.9 ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʩʝʨʽʡʥʦʛʦ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʢʦʤʧôʁ ʪʝʨʥʠʡ ʟʽʨ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

ɺʠʢʦʥʘʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʜʦʚʞʠʪʠ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 3D-ʜʨʫʢʫ ʦʙôʻʢʪʘ 

ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʜʘʻ ʨʦʟʫʤʽʥʥʷ ʧʨʦ ʮʽʥʦʚʫ ʧʦʣʽʪʠʢʫ ï ʮʝ ʚʘʨʪʽʩʪʴ ʚʠʪʨʘʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʨʫʢʫ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʜʦ ʜʨʫʢʫ ʪʘʢʦʛʦ ʩʢʣʘʜʥʦʛʦ ʦʙôʻʢʪʘ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʪʘʢʦʞ 

ʥʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ï ʧʦʰʘʨʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ, ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʾ, ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʧʽʢʘʥʥʷ ʪʘ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʻʢʪʫ 

ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʚʠʨʦʙʫ. ʈʦʟʜʽʣ ʤʽʩʪʠʪʴ ʦʛʣʷʜ ʜʝʷʢʠʭ ʨʦʟʨʦʙʦʢ ʽ 

ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 3D-ʜʨʫʮʽ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʦ ʦʩʥʦʚʥʽ ʦʙʤʝʞʝʥʥʷ 

ʪʘ ʜʞʝʨʝʣʘ ʧʦʭʠʙʦʢ ʫ ʧʨʦʮʝʩʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʋ ʨʦʟʜʽʣʽ ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ 

ʥʘ ʙʘʟʽ ʟʛʦʨʪʢʦʚʠʭ, ʨʝʢʫʨʝʥʪʥʠʭ ʪʘ ʛʝʥʝʨʘʪʠʚʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʷʢ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʦʙʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʧʽʜʭʦʜʠ 

ʜʦ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʪʘ ʧʽʜʪʨʠʤʢʠ ʷʢʦʩʪʽ 

ʫ 3D-ʜʨʫʮʽ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʻ ʪʝʦʨʝʪʠʯʥʦʶ ʪʘ ʧʨʘʢʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʨʦʙʦʪʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʝʜ 

ʦʙʨʘʥʥʷʤ ʢʦʥʢʨʝʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʮʽʣʽ 

ʪʘʢʦʛʦ ʨʦʜʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʡʦʛʦ ʦʙʩʷʛʠ, ʟʘʛʘʣʴʥʽ ʬʽʥʘʥʩʦʚʽ ʟʘʪʨʘʪʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʦʙʩʷʛʫ ʧʨʦʜʫʢʮʽʾ, ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʯʽʪʢʠʡ ʧʽʜʙʽʨ 

ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ ʧʽʜ ʢʦʥʢʨʝʪʥʠʡ ʚʠʜ ʜʝʪʘʣʝʡ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʮʴʦʛʦ ʟʘʣʝʞʘʪʴ 

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʫ 3D-ʜʨʫʢʫ. ʂʦʞʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʠ ʜʨʫʢʫ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʚʠʨʦʙʫ ʪʘ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. 
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ʗʢʱʦ ʤʘʪʝʨʽʘʣ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʥʘʧʨʠʢʣʘʜ, ʥʝ ʤʘʻ 

ʧʦʪʨʽʙʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʘʙʦ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ), 

ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʜʦʣʽʢʽʚ ʘʙʦ ʥʝʧʨʠʜʘʪʥʦʩʪʽ ʚʠʨʦʙʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʜʨʫʢʫ 

ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʚʠʨʦʙʫ. ʗʢ ʚʠʩʥʦʚʦʢ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʥʝʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʤʽʮʥʽʩʪʴ ʘʙʦ 

ʞʦʨʩʪʢʽʩʪʴ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʝʬʦʨʤʘʮʽʡ ʯʠ ʧʦʣʦʤʦʢ ʚʠʨʦʙʫ.  
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ʈʆɿɼɯʃ 2  

ʄʆɼɽʃɯ ʁ ɸʇɸʈɸʊʅʆ-ʇʈʆɻʈɸʄʅɯ ɿɸʉʆɹʀ ʈɽɸʃɯɿɸʎɯɰ 

ɿɸʇʈʆʇʆʅʆɺɸʅʆɻʆ ʄɽʊʆɼʋ ʂʆʅʊʈʆʃʖ ʗʂʆʉʊɯ 3D-ɼʈʋʂʋ 

2.1 ʇʨʦʙʣʝʤʘ ʦʩʚʽʪʣʝʥʦʩʪʽ ʚ ʭʦʜʽ ʘʥʘʣʽʟʫ ʢʘʜʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ ʜʨʫʢʫ ʝʣʝʤʝʥʪʽʚ ʟʨʘʟʢʽʚ 

ʇʨʦʙʣʝʤʘ ʦʩʚʽʪʣʝʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʩʪʦʩʫʻʪʴʩʷ ʪʦʛʦ, ʷʢ ʩʚʽʪʣʦ ʚʧʣʠʚʘʻ ʥʘ 

ʷʢʽʩʪʴ ʪʘ ʩʧʨʠʡʥʷʪʪʷ ʟʦʙʨʘʞʝʥʥʷ. ʗʢʱʦ ʦʩʚʽʪʣʝʥʥʷ ʥʝʜʦʩʪʘʪʥʻ ʘʙʦ ʥʝʨʽʚʥʦʤʽʨʥʝ, 

ʪʦ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʜʝʪʘʣʝʡ ʟʦʙʨʘʞʝʥʥʷ, ʥʠʟʴʢʦʾ ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʘʙʦ 

ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʢʦʣʴʦʨʽʚ. ɿʘʥʘʜʪʦ ʷʩʢʨʘʚʝ ʦʩʚʽʪʣʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʧʦʷʚʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʜʽʣʷʥʦʢ, ʥʘ ʷʢʠʭ ʜʝʪʘʣʽ ʟʥʠʢʘʶʪʴ ʯʝʨʝʟ ʥʘʜʤʽʨʥʫ 

ʷʩʢʨʘʚʽʩʪʴ. ɼʦ ʧʨʠʢʣʘʜʫ, ʫ ʭʦʜʽ ʬʦʨʤʫʚʘʥʥʷ ʡ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʥʴʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʪʦʙʪʦ ʟʦʙʨʘʞʝʥʥʷ ʚʠʛʣʷʜʘʻ 

ʪʝʤʥʠʤ, ʜʝʪʘʣʽ ʚʘʞʢʦ ʨʦʟʛʣʝʜʽʪʠ, ʦʩʦʙʣʠʚʦ ʫ ʪʽʥʷʭ. ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʠʭ ʧʨʦʙʣʝʤ 

ʻ ʥʝʨʽʚʥʦʤʽʨʥʝ ʦʩʚʽʪʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʘʚʠʣʴʥʝ 

ʩʧʨʠʡʥʷʪʪʷ ʮʴʦʛʦ ʦʙô̒ ʢʪʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʟʙʦʶ ʢʦʥʪʨʦʣʶ ʚ ʭʦʜʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʥʝʨʽʚʥʦʤʽʨʥʦ ʦʩʚʽʪʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʠʧʨʘʚʣʝʥʥʷ ʚʠʱʝ 

ʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʘʜʘʤʠ ʦʩʚʽʪʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. ɿ ʤʝʪʦʶ ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʩʚʽʪʣʝʥʥʷ ʫ 

ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʧʘʨʘʪ ʤʘʪʨʠʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ (ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ 

ʟʛʦʨʪʢʠ), ʷʢʠʡ ʚʽʜʦʤʠʡ ʟ ʢʫʨʩʫ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ. ɼʘʥʠʡ ʘʧʘʨʘʪ ʻ ʧʨʦʩʪʠʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʘ ʧʨʦʮʝʩʦʨʥʠʡ ʯʘʩ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʻ ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʡ. ɸʧʘʨʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʪʘ ʌʫʨô̒ 

ʻ ʩʢʣʘʜʥʽʰʠʤ ʟʘ ʧʦʧʝʨʝʜʥʽʡ, ʘʣʝ ʚʽʥ ʥʘ ʚʠʭʦʜʽ ʜʘʻ ʢʨʘʱʠʡ ʚʽʟʫʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʚʠʧʨʘʚʣʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʫ ʟʦʙʨʘʞʝʥʥʽ. ʇʨʦʮʝʩʦʨʥʠʡ ʯʘʩ ʥʘ 

ʦʙʨʦʙʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʘʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ, ʥʽʞ ʯʘʩ 

ʦʙʨʦʙʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʤʘʪʨʠʯʥʠʤʠ ʬʽʣʴʪʨʘʤʠ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʙʨʦʙʣʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦ 

ʦʩʚʽʪʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʻ ʚʘʨʽʘʮʽʡʥʠʡ ʧʨʠʥʮʠʧ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʭʽʜ ʚʽʜ 
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ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʤʽʥʽʤʽʟʘʮʽʾ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʚʠʜʫ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚô̫ ʟʢʫ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʩʪʘʚʣʝʥʽʡ ʟʘʜʘʯʽ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʦ 

ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʨʦʟʚô̫ ʟʘʥʥʷ ʦʩʥʦʚʥʠʭ ʢʣʘʩʽʚ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʘ ʪʘʢʦʞ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʜʝ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʻ 

ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʢʦʥʢʨʝʪʥʠʡ ʧʨʦʮʝʩ. ʆʩʥʦʚʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʻ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʽ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʤʘʻ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʦʙʣʘʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʘ, ʷʢʠʡ ʤʘʻ ʜʫʞʝ ʩʢʣʘʜʥʫ ʛʝʦʤʝʪʨʠʯʥʫ 

ʬʦʨʤʫ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʘʨʽʘʮʽʡʥʦʤʫ ʧʨʠʥʮʠʧʽ ʪʘ ʤʝʪʦʜʽ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ. 

ɺ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʟʦʨʫ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ ʟʥʘʡʰʣʠ ʩʝʙʝ ʚ ʧʦʙʫʜʦʚʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʨʽʰʝʥʥʷ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʝʬʝʢʪʠʚʥʦʛʦ ʽ ʰʚʠʜʢʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʭʦʜʽ ʙʦʡʦʚʠʭ ʜʽʡ 

ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʊʘʢʦʛʦ ʨʦʜʫ ʧʨʠʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ ʟʚʦʜʷʪʴʩʷ ʩʘʤʝ ʜʦ ʟʘʜʘʯ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ. ʆʯʝʚʠʜʥʠʤ ʻ ʪʝ, ʱʦ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʫʥʫʪʠʭ ʤʝʪʦʜʽʚ ʡ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʽ ʚʽʜʝʦʧʦʪʦʢʽʚ ʜʘʥʠʭ. 

ʇʦʙʫʜʦʚʘ ʝʬʝʢʪʠʚʥʠʭ (ʚʠʩʦʢʦʪʦʯʥʠʭ) ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʽʜʛʦʪʦʚʢʫ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ. ɹʽʣʴʰʽʩʪʴ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʟʛʦʨʪʢʦʚʽ ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, 

ʪʨʘʥʩʬʦʨʤʝʨʠ. ʂʦʞʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʭʦʜʽ ʨʽʟʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ. 

ʆʩʥʦʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ ʢʪʘ, ʷʢʝ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʢʘʤʝʨʠ, ï 

ʮʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʝʨʝʧʘʜʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ 

ʟʦʙʨʘʞʝʥʥʷʭ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙô̒ ʢʪʽʚ. ʅʠʥʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʴ ʦʙô̒ ʢʪʽʚ, ʱʦ 
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ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʝʧʝʨʝʨʚʥʦʤʫ ʽ ʜʠʩʢʨʝʪʥʦʤʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʘʧʘʨʘʪʘʭ (ʥʘʧʨʠʢʣʘʜ, 

ʤʘʪʨʠʯʥʽ ʬʽʣʴʪʨʠ (ʬʽʣʴʪʨ ʉʦʙʝʣʷ, ʬʽʣʴʪʨ ʂʝʥʥʽ, ʬʽʣʴʪʨ (ʦʧʝʨʘʪʦʨ) ʃʘʧʣʘʩʘ). 

ʇʝʨʝʚʘʛʦʶ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚ 

ʨʽʚʥʦʤʽʨʥʦ ʦʩʚʽʪʣʝʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ʗʢʱʦ ʞ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʥʝʨʽʚʥʦʤʽʨʥʦ 

ʦʩʚʽʪʣʝʥʠʤ, ʪʦ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʫ ʧʦʩʠʣʝʥʥ ̔ʛʨʘʜʽʻʥʪʽʚ (ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʛʨʘʜʽʻʥʪʥʠʭ ʧʦʣʽʚ ʟʦʙʨʘʞʝʥʥʷ) ʜʣʷ ʟʘʪʝʤʥʝʥʠʭ ʘʙʦ ʟʘʩʚʽʪʣʝʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʘʢʪʠʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ ʫ ʟʦʙʨʘʞʝʥʥʷʭ ʪʘ ʚʽʜʝʦʧʦʪʦʢʘʭ 

ʜʘʥʠʭ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʚʥʷʪʠ ʦʩʚʽʪʣʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʛʨʘʬʽʯʥʦʤʫ 

ʦʙô̒ ʢʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʘʨʽʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʭʦʜʽ ʚʽʜ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ (ʩʘʤʝ ʚʘʨʽʘʮʽʡʥʦʾ) ʤʦʜʝʣʽ ʟʘʜʘʯʽ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨʠ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʫ ʟʦʙʨʘʞʝʥʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʛʨʘʜʽʻʥʪʥʽ ʧʦʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʛʨʘʬʽʯʥʦʛʦ 

ʦʙô̒ ʢʪʘ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʛʪʠ ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʨʘʥʠʮʽ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ.  

ʇʝʨʝʭʽʜ ʚʽʜ ʚʘʨʽʘʮʽʡʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ï ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ-

ʃʘʛʨʘʥʞʘ. ɺʘʨʽʘʮʽʡʥʘ (ʦʧʪʠʤʽʟʘʮʽʡʥʘ) ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥ ̔

ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʘ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʘ ʚʘʛʦʚʽ 

ʜʦʜʘʥʢʠ. ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʧʝʨʝʜʙʘʯʘʻ ʤʽʥʽʤʽʟʘʮʽʶ ʚʽʜʭʠʣʝʥʴ ʰʫʢʘʥʦʛʦ 

(ʚʠʨʽʚʥʷʥʦʛʦ ʧʦ ʦʩʚʽʪʣʝʥʦʩʪʽ) ʟʦʙʨʘʞʝʥʥʷ ʽ ʚʭʽʜʥʦʛʦ (ʥʝʨʽʚʥʦʤʽʨʥʦ ʦʩʚʽʪʣʝʥʦʛʦ) 

ʟʦʙʨʘʞʝʥʥʷ. ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ ʧʝʨʝʜʙʘʯʘʻ ʤʽʥʽʤʽʟʘʮʽʶ ʜʠʩʧʝʨʩʽʾ ʦʩʚʽʪʣʝʥʦʩʪʽ ʫ 

ʟʦʙʨʘʞʝʥʥʽ. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚʘʨʽʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ï ʫʤʦʚʠ ʜʨʫʛʦʛʦ ʨʦʜʫ (ʪʘʢ ʟʚʘʥʘ 

çʫʤʦʚʘ ʅʝʡʤʘʥʘè), ʘ ʩʘʤʝ: ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʥʘ ʛʨʘʥʠʮʽ ʟʦʙʨʘʞʝʥʥʷ. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ, 

ʷʢ ʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʣʠʚʘʶʪʴ ʟ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʞʠʤʫ. ʉʫʪʴ ʫʤʦʚ 

ʜʨʫʛʦʛʦ ʨʦʜʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʦʜʝʨʞʫʻʪʴʩʷ ʟʙʘʣʘʥʩʦʚʘʥʝ (ʨʽʚʥʦʤʽʨʥʦ 

ʦʩʚʽʪʣʝʥʝ) ʟʦʙʨʘʞʝʥʥʷ, ʩʝʨʝʜʥʷ ʦʩʚʽʪʣʝʥʽʩʪʴ ʷʢʦʛʦ ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 
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ʧʦʯʘʪʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʙʫʣʦ ʩʧʦʯʘʪʢʫ ʥʝʨʽʚʥʦʤʽʨʥʦ ʦʩʚʽʪʣʝʥʠʤ, ʚʠʭʦʜʷʯʠ ʟ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚ, ʜʝ ʚʦʥʦ ʙʫʣʦ ʦʜʝʨʞʘʥʝ. 

ʆʯʝʚʠʜʥʠʤ ʻ ʪʝ, ʱʦ ʢʦʞʝʥ ʜʦʜʘʥʦʢ ʫ ʦʪʨʠʤʘʥʽʡ ʚʘʨʽʘʮʽʡʥʽʡ ʤʦʜʝʣʽ ʜʘʻ 

ʚʣʘʩʥʠʡ ʚʢʣʘʜ ʫ ʨʦʟʚô̫ ʟʦʢ ʟʘʜʘʯʽ. ʎʝ ʦʟʥʘʯʘʻ ʥʘʩʪʫʧʥʝ: ʷʢʱʦ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʰʦʛʦ ʜʦʜʘʥʢʘ ʚʝʣʠʢʠʡ, ʘ ʜʨʫʛʦʛʦ ʤʘʣʠʡ, ʪʦ ʤʘʻʤʦ ʦʪʨʠʤʘʪʠ ʨʦʟʚô̫ ʟʦʢ ʟʘʜʘʯʽ, 

ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʪʦʡ ʞʝ ʛʨʘʬʽʯʥʠʡ ʦʙô̒ ʢʪ, ʫ ʷʢʦʛʦ ʚʠʨʽʚʥʷʥʦ 

ʦʩʚʽʪʣʝʥʽʩʪʴ ʫ ʪʠʭ ʯʘʩʪʠʥʘʭ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʛʨʘʥʠʯʥʽ ʪʦʯʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʦʙô̒ ʢʪʘ. 

ɺʠʱʝ ʚʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ 

ʤʦʞʥʘ ʣʝʛʢʦ ʧʝʨʝʡʪʠ ʚʽʜ ʚʘʨʽʘʮʽʡʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ. ʋ ʭʦʜʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʤʦʜʝʣʴ, ʦʩʥʦʚʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʙô̒ ʢʪʦʤ ʷʢʦʾ ʻ ʨʽʚʥʷʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ (ʨʽʚʥʷʥʥʷ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ) ï ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. ʇʽʩʣʷ 

ʧʝʨʝʭʦʜʫ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʦʪʨʠʤʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʠ ʟʘʩʪʦʩʦʚʫʻʤʦ ʪʽ 

ʞ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʙʫʣʠ ʫ ʧʦʯʘʪʢʦʚʽʡ ʚʘʨʽʘʮʽʡʥʽʡ ʤʦʜʝʣʽ ʟʘʜʘʯʽ ï ʧʦʭʽʜʥʘ ʥʘ 

ʛʨʘʥʠʮʽ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ 

ʫ ʟʦʙʨʘʞʝʥʥʽ ʟ ʦʙô̒ ʢʪʦʤ ʜʣʷ ʦʪʨʠʤʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʟ ʥʫʣʴʦʚʠʤʠ 

ʧʦʭʽʜʥʠʤʠ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʟʦʙʨʘʞʝʥʥʷ) ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ (ʦʩʢʽʣʴʢʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ ʜʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʥʝ ʽʩʥʫʻ) 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʤʦʜʝʣʴ ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ ʧʨʦʛʨʘʤʥʦ 

ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʭ ʷʢ 

Python, MATLAB  ʪʘ ʾʭʥʽʭ ʚʽʜʧʦʚʽʜʥʠʭ ʙʽʙʣʽʦʪʝʢ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ 

ʢʝʨʫʚʘʪʠ ʧʘʤô̫ ʪʪʶ, ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ (ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʮʝʩʦʨʦʤ ʽ 

ʛʨʘʬʽʯʥʠʤ ʧʨʦʮʝʩʦʨʦʤ). ʃʝʛʢʽʩʪʴ, ʯʽʪʢʽʩʪʴ ʽ ʟʨʦʟʫʤʽʣʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʨʘʟʦʤ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʫʞʥʠʭ ʙʽʙʣʽʦʪʝʢ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʚô̫ ʟʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʻ ʩʝʨʡʦʟʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ 

ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʟʦʨʫ ʟʘʛʘʣʦʤ. 
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2.2 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʟ 

ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟ ʦʙôʻʢʪʦʤ 3D-ʜʨʫʢʫ 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʷʩʢʨʘʚʦʩʪʽ) ʧʽʢʩʝʣʽʚ 

ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʾ ʢʘʤʝʨʠ ʧʦʣʷʛʘʻ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʷʢʽʩʥʠʭ ʟʨʘʟʢʽʚ ʫ ʙʘʟʽ ʜʘʥʠʭ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʧʦʨʽʚʥʷʥʦ 

ʰʚʠʜʢʦ ʽ ʷʢʽʩʥʦ ʥʘʚʯʠʪʠ ʩʢʣʘʜʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʪʠʧʫ. 

ʊʦʤʫ, ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʙʫʜʝ 

ʧʨʝʧʨʦʮʝʩʠʥʛʦʤ ʜʘʥʠʭ ʧʝʨʝʜ ʥʘʚʯʘʥʥʷʤ ʪʘʢʦʛʦ ʨʦʜʫ ʤʦʜʝʣʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʙʫʜʝʤʦ ʙʫʜʫʚʘʪʠ ʦʢʨʝʤʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʢʦʞʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʧʦʣʽʧʰʠʪʠ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʧʨʠ ʮʴʦʤʫ 

ʜʝʪʘʣʽʟʘʮʽʶ ʫʩʽʭ ʟʨʘʟʢʽʚ (ʟʦʙʨʘʞʝʥʴ / ʢʘʜʨʽʚ), ʧʨʠ ʮʴʦʤʫ ʧʦʣʽʧʰʠʪʠ ʾʭ ʩʧʨʠʡʥʷʪʪʷ 

ʷʢ ʣʶʜʩʴʢʠʤ ʦʢʦʤ, ʪʘʢ ʽ ʢʦʤʧôʶʪʝʨʥʠʤ ʦʢʦʤ (ʢʦʤʧôʶʪʝʨʥʠʤ ʟʦʨʦʤ). ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʪʘʢʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʝʧʨʦʮʝʩʠʥʛʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ 

ʢʣʘʩʠʯʥʠʭ ʥʘʙʣʠʞʝʥʠʭ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢ ̔ʤʘʶʪʴ ʝʣʧ̔ʪʠʯʥʠʡ ʪʠʧ. ɺʦʥʠ ʻ ʦʩʥʦʚʦʶ ʚʘʨʽʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ 

ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʦʣʷʛʘʻ ʫ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʰʚʠʜʰʠʭ ʥʘʙʣʠʞʝʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟ ʤʘʪʨʠʮʝʶ ʨʦʟʨʽʜʞʝʥʦʾ ʩʪʨʫʢʪʫʨʠ [102]. 

ʑʦʙ ʩʢʦʨʠʛʫʚʘʪʠ ʥʝʨʽʚʥʦʤʽʨʥʝ ʦʩʚʽʪʣʝʥʥʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʥʝʦʙʭʽʜʥʦ 

ʟʙʝʨʝʛʪʠ ʚʩʽ ʢʦʥʪʫʨʠ ʦʙôʻʢʪʽʚ, ʱʦ ʧʨʠʩʫʪʥʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ɼʣʷ ʨʦʟʨʽʟʥʝʥʥʷ 

ʦʢʨʝʤʠʭ ʦʙôʻʢʪʽʚ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʨʘʜʽʻʥʪ ʟʦʙʨʘʞʝʥʥʷ, 

ʷʢʠʡ ʫ ʚʠʧʘʜʢʫ ʧʦʚʥʦʢʦʣʽʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʬʦʨʤʘʪʽ RGB ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʜʚʦʭ ʤʘʪʨʠʮʴ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʢʘʥʘʣʫ [102]. ʇʫʘʩʩʦʥʽʚʩʴʢʠʡ ʤʝʪʦʜ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʙʝʨʝʞʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ Ὅό, ʜʣʷ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʛʣʦʙʘʣʴʥʠʡ 

ʤʽʥʽʤʫʤ: 

Ὅό ό ὺ Ὠί ό ὺ ὨίO ÍÉÎȟ 



63 

 

ʜʝ ό ï ʬʫʥʢʮʽʷ, ʷʢʘ ʻ ʰʫʢʘʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʢʦʨʠʛʫʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ, ʧʨʠʯʦʤʫ 

ό ‬ό‬ὼϳ ȟό ‬ό‬ώϳ ȟ ὺ ï ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʦ ʟʘʜʘʥʠʤʠ 

ʛʨʘʜʽʻʥʪʥʠʤʠ ʧʦʣʷʤʠ, ʱʦ ʟʘʧʠʩʫʶʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʬʦʨʤʫʣ ʷʢ  

ὺ ‬ὺ‬ὼϳ ȟὺ ‬ὺ‬ώϳ ȟ Ὃ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʩʘʤʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɿʦʙʨʘʞʝʥʥʷ ὺ ï ʮʝ ʟʦʙʨʘʞʝʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʚʥʷʪʠ ʷʩʢʨʘʚʽʩʪʴ ʧʽʢʩʝʣʽʚ [102]. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʱʝ ʦʜʠʥ ʬʫʥʢʮʽʦʥʘʣ, ʱʦ ʤʘʻ ʥʘʩʪʫʧʥʫ 

ʬʦʨʤʫ: 

 

Ὅό ό ό ὨίO ÍÉÎȟ 

 

ʜʝ ό ï ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ.  

ʆʩʪʘʥʥʽʡ ʬʫʥʢʮʽʦʥʘʣ ʚʠʩʪʫʧʘʻ ʜʦʜʘʪʢʦʚʠʤ ʢʨʠʪʝʨʽʻʤ, ʷʢʠʡ ʧʽʜʣʷʛʘʻ 

ʤʽʥʽʤʽʟʘʮʽʾ [102]. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʫʤʦʚʘ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʫ Ὅό 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʤʝʥʰʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ. ɺʽʜʦʤʦ, ʱʦ ʫ 

ʢʦʥʪʝʢʩʪʽ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʟʦʢʨʝʤʘ ʚ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ, ʘʥʘʣʽʟʽ ʜʘʥʠʭ, 

ʨʝʛʨʝʩʽʡʥʦʤʫ ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʤʫ ʘʥʘʣʽʟʽ, ʟʤʝʥʰʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʻ ʚʘʞʣʠʚʠʤ 

ʢʨʠʪʝʨʽʻʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʽʚʥʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ (ʽʥʪʝʥʩʠʚʥʦʩʪʽ) ʧʽʢʩʝʣʽʚ. ʎʝ, 

ʩʚʦʻʶ ʯʝʨʛʦʶ, ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʡʦʛʦ ʩʧʨʠʡʥʷʪʪʷ. ʋ 

ʪʘʢʦʤʫ ʨʘʟʽ ʤʘʻʤʦ ʬʫʥʢʮʽʦʥʘʣ ʚʘʨʽʘʮʽʡʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ ʫ ʟʦʙʨʘʞʝʥʥʽ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʪʘʢ [102]: 

 

Ὅό ‌Ὅό ‌Ὅό  

‌ ό ὺ Ὠί ό ὺ Ὠί ‌ ό ό ὨίO ÍÉÎȟ 

‌ ‌ ρȢ 
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ɺ ʦʩʪʘʥʥʴʦʤʫ ʬʫʥʢʮʽʦʥʘʣʽ Ὅό, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʚʘʞʝʥʦʤʫ ʚʨʘʭʫʚʘʥʥʽ 

ʜʠʩʧʝʨʩʽʾ, ʧʨʠʩʫʪʥʽ ʜʚʘ ʧʘʨʘʤʝʪʨʠ ‌ π ʽ ‌ π. ʎʽ ʯʠʩʣʘ ʽ ʻ ʚʘʛʦʚʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʚʧʣʠʚʫ ʬʫʥʢʮʽʦʥʘʣʽʚ Ὅό ʡ Ὅό 

ʚʽʜʧʦʚʽʜʥʦ. ʏʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ‌ ʚʽʜʥʦʩʥʦ ‌, ʪʠʤ ʩʠʣʴʥʽʰʠʡ ʚʧʣʠʚ 

ʧʝʨʰʦʛʦ ʜʦʜʘʥʢʘ ʩʫʤʠ ʬʫʥʢʮʽʦʥʘʣʽʚ ʥʘ ʢʨʠʪʝʨʽʷ ʷʢʦʩʪʽ. ʆʯʝʚʠʜʥʦ, ʱʦ ʦʩʪʘʥʥʽʡ 

ʬʫʥʢʮʽʦʥʘʣ Ὅό ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʡ ʟ ʦʜʥʠʤ (ʚʽʜʥʦʩʥʠʤ) ʧʘʨʘʤʝʪʨʦʤ [102]: 

 

Ὅό ‌ ρẗὍό
‌

‌
ẗὍό Ὅͯό ‗ẗὍό  

ό ὺ Ὠί ό ὺ Ὠί‗ ό ό ὨίO ÍÉÎȟ 

 

ʊʘʢʦʛʦ ʨʦʜʫ ʤʘʪʝʤʘʪʠʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ñ~ò ʚʽʨʥ.̔ ʊʘʢʦʞ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ‗ ‌ ‌ϳ ȟ‌ πȢ ʆʯʝʚʠʜʥʠʤ ʻ ʪʝ, ʱʦ ‌ π, ʙʦ ʧʨʠ ‌ π 

ʚʪʨʘʯʘʻʪʴʩʷ ʚʩʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʯʘʪʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ (ʧʦʣʝ ʛʨʘʜʽʻʥʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ‌ π ʟʘʜʘʯʘ ʚʪʨʘʯʘʻ ʙʫʜʴ-ʷʢʠʡ ʩʝʥʩ. 

ɼʣʷ ʟʘʚʝʨʰʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʚʘʨʽʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ 

ʪʘʢʦʞ ʚʢʘʟʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʤʝʞʽ ʦʙôʻʢʪʽʚ 

ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʟʘʟʚʠʯʘʡ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʤʝʞʘʤʠ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʪʝ, 

ʱʦ ʤʽʥʽʤʽʟʘʮʽʷ ʜʠʩʧʝʨʩʽʾ ʬʫʥʢʮʽʦʥʘʣʫ Ὅ ʜʦʩʷʛʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʰʝ ʟʘ ʫʤʦʚʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʣʴʥʠʭ (ʥʝʟʘʢʨʽʧʣʝʥʠʭ) ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʜʦʮʽʣʴʥʦ ʦʙʨʘʪʠ ʩʘʤʝ 

ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ [102]: 

 

‬ό

‬ὼ

‬ό

‬ὼ

‬ό

‬ώ

‬ό

‬ώ

‬ό

‬ὲː
πȟ 

 

ʜʝ ː ï ʛʨʘʥʠʮʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 
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ɿʘʟʥʘʯʝʥʘ ʚʘʨʽʘʮʽʡʥʘ ʟʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ 

ʧʦʩʪʘʥʦʚʢʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘïʃʘʛʨʘʥʞʘ, ʷʢʝ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ [102]: 

 

‬Ὓόȟόȟό

‬ό

‬

‬ὼ

‬Ὓόȟόȟό

‬ό

‬

‬ώ

‬Ὓόȟόȟό

‬ό
πȟ 

Ὓόȟόȟό ό ὺ ό ὺ ‗ό ό Ȣ 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʦʪʨʠʤʘʻʤʦ: 

Ὓ όȟόȟό
‬Ὓόȟόȟό

‬ό
 

ό ὺ ό ὺ ‗ό ό ς‗ό όȢ 

Ὓ όȟόȟό
‬Ὓόȟόȟό

‬ό
ό ὺ ό ὺ ‗ό ό  

ό ὺ π π ςό ὺ Ȣ 

Ὓ όȟόȟό
‬Ὓόȟόȟό

‬ό
ό ὺ ό ὺ ‗ό ό  

π ό ὺ π ςό ὺ Ȣ 

 

ʋʩʽ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʧʽʜʩʪʘʚʠʤʦ ʫ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ. ʆʪʨʠʤʘʻʤʦ [102]: 

 

ς‗ό ό
‬

‬ὼ
ςό ὺ

‬

‬ώ
ςό ὺ  

ς
‬

‬ὼ
ό ὺ

‬

‬ώ
ό ὺ ‗ό ό Ȣ 

 

ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʦʪʨʠʤʘʻʤʦ: 

 

ό ό ‗ό ὺ ὺ ‗όȢ 
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ʆʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʻ ʨʽʚʥʷʥʥʷʤ ʇʫʘʩʩʦʥʘ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ (ʟʦʢʨʝʤʘ, ʫʤʦʚʠ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʧʦʭʽʜʥʦʾ ʥʘ ʤʝʞʽ ʦʙʣʘʩʪʽ), 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʷʢʱʦ ʬʫʥʢʮʽʷ όᶻὼȟώ ʻ ʨʦʟʚôʷʟʢʦʤ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ, ʪʦ 

ʙʫʜʴ-ʷʢʘ ʬʫʥʢʮʽʷ ʚʠʛʣʷʜʫ όᶻὼȟώ ὅȟ ʜʝ ὅᶰᴙ ï ʜʦʚʽʣʴʥʘ ʩʪʘʣʘ, ʪʘʢʦʞ ʙʫʜʝ ʡʦʛʦ 

ʨʦʟʚôʷʟʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʥʘʩʪʫʧʥʝ ʪʚʝʨʜʞʝʥʥʷ [102]: 

όᶻ ὅ όᶻ ὅ ‗όᶻ ὅ ὺ ὺ ‗όz ὅ 

ʥʘ ʦʩʥʦʚʽ 

όᶻ όᶻ ‗όᶻ ὺ ὺ ‗όzȢ 

ʆʯʝʚʠʜʥʦ, ʱʦ  

όᶻ ὅ όᶻ ὅ ‗όᶻ ὅ ὺ ὺ ‗όz ὅ  

όᶻ όᶻ ‗όᶻ ‗ὅ ὺ ὺ ‗όz ‗ὅ  

όᶻ όᶻ ‗όᶻ ‗όz ὺ ὺ π. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʠʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʜʦʮʽʣʴʥʦ ʧʦʢʣʘʩʪʠ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ό πȢ ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʠʪʠ 

ʨʦʟʚôʷʟʦʢ ʽ, ʟʘ ʧʦʪʨʝʙʠ, ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʡʦʛʦ ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʽʢʩʝʣʽʚ ð ʥʘʧʨʠʢʣʘʜ, ʫ ʤʝʞʘʭ πȠρ ʜʣʷ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʘʙʦ 

πȠςυυ ʜʣʷ ʮʽʣʠʭ ʟʥʘʯʝʥʴ. ɺʽʜʧʦʚʽʜʥʝ ʧʨʠʚʝʜʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʯʥʦʾ ʥʦʨʤʘʣʽʟʘʮʽʡʥʦʾ ʬʦʨʤʫʣʠ [102]: 

ό
ό ό  

ό ό
 ́̂ ̏ό ςυυẗ

ό ό  

ό ό
Ȣ 

ʇʦʜʘʣʴʰʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʪʠʤʫʪʴʩʷ ʜʣʷ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ, ʷʢʝ ʻ ʜʦʙʨʝ ʚʽʜʦʤʠʤ ʪʘ ʚʩʝʙʽʯʥʦ 

ʜʦʩʣʽʜʞʝʥʠʤ ʫ ʨʘʤʢʘʭ ʢʣʘʩʠʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ. ʇʦʚʥʽ ʣʽʩʪʠʥʛʠ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʜʣʷ ʯʠʩʝʣʴʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ, ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɹ. 
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2.3 ʇʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

2.3.1 ʏʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʦʙôʻʢʪʘʤʠ ʜʨʫʢʫ 

ʄʘʻʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʚʽʜʦʤʝ ʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ 2-ʛʦ ʧʦʨʷʜʢʫ ʚʠʜʫ [102]: 

 

‗όɝό ɝὪȟ‗ π (2.1) 

 

ʜʝ 

 

ɝό
‬ό

‬ὼ

‬ό

‬ώ
ȟɝὪ

‬Ὢ

‬ὼ

‬Ὢ

‬ώ
Ȣ 

 

ʋ (2.1) ʚʚʘʞʘʻʤʦ, ʱʦ ʜʚʦʚʠʤʽʨʥʘ ʬʫʥʢʮʽʷ Ὢὼȟώ ʟʘʜʘʥʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ɝὪ 

ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʢʣʘʩʠʯʥʠʤʠ ʨʽʟʥʠʮʝʚʠʤʠ ʩʭʝʤʘʤʠ. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʨʽʚʥʷʥʥʷ 

(2.1) ï ʨʽʚʥʽʩʪʴ ʥʫʣʝʚʽ ʧʦʭʽʜʥʠʭ [102]. 

ʅʝʭʘʡ ʧʦʪʨʽʙʥʦ ʟʘʧʠʩʘʪʠ ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ ʜʣʷ (2.1) [8ï10]. ʊʦʜʽ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʮʝʥʪʨʘʣʴʥʽ ʨʽʟʥʠʮʝʚʽ ʩʭʝʤʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʫʟʣʘ ὼȟώ ȟ 

Ὥ ρȟὔ ρȟὮ ρȟὔ ρȢ ʂʨʦʢʠ ʧʦ ʧʨʦʩʪʦʨʦʚʠʤ ʢʦʦʨʜʠʥʘʪ ɸɺ ὼ ʪʘ ώ 

ʧʦʢʣʘʜʝʤʦ ʨʽʚʥʠʤʠ ὬȟὬȢ ʊʦʜʽ: 

 

‬ό

‬ὼ
ȟ

όὼ ȟώ ςόὼȟώ όὼ ȟώ

Ὤ
ȟ 

‬ό

‬ώ
ȟ

όὼȟώ ςόὼȟώ όὼȟώ

Ὤ
Ȣ 

(2.2) 

 

ɸʥʘʣʦʛʽʯʥʦ ʟʘʧʠʰʝʤʦ ʜʨʫʛʽ ʧʦʭʽʜʥʽ ʚ (2.1) ʜʣʷ ʚʽʜʦʤʦ ʾʬʫʥʢʮʽʾ Ὢὼȟώ ʫ ʧʨʘʚʽʡ 

ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ [102]: 

 



68 

 

‬Ὢ

‬ὼ
ȟ

Ὢὼ ȟώ ςὪὼȟώ Ὢὼ ȟώ

Ὤ
ȟ 

‬Ὢ

‬ώ
ȟ

Ὢὼȟώ ςὪὼȟώ Ὢὼȟώ

Ὤ
Ȣ 

(2.3) 

 

ʋʚʝʜʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ όȟ όὼȟώ ȟὪȟ Ὢὼȟώ ȟ   Ὥ ρȟ ὔ ρȟ ʘ 

ʪʘʢʦʞ Ὦ ρȟ ὔ ρȢ ʊʦʜʽ ʨʽʚʥʦʩʪʽ (2.2) ʡ (2.3) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʪʘʢ [102]: 

 

‬ό

‬ὼ
ȟ

ό ȟ ςόȟ ό ȟ

Ὤ
ȟ   
‬ό

‬ώ
ȟ

όȟ ςόȟ όȟ
Ὤ

ȟ 

‬Ὢ

‬ὼ
ȟ

Ὢ ȟ ςὪȟ Ὢ ȟ

Ὤ
ȟ   
‬Ὢ

‬ώ
ȟ

Ὢȟ ςὪȟ Ὢȟ
Ὤ

ȟ 

Ὥ ςȟὔ ρȟ   Ὦ ςȟὔ ρȢ 

(2.4) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ (2.4), ʦʩʪʘʪʦʯʥʦ ʟʘʧʠʰʝʤʦ ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʜʣʷ (2.1): 

 

‗όȟ
ό ȟ ςόȟ ό ȟ

Ὤ

όȟ ςόȟ όȟ
Ὤ

 

Ὢ ȟ ςὪȟ Ὢ ȟ

Ὤ

Ὢȟ ςὪȟ Ὢȟ
Ὤ

ȟ 

Ὥ ςȟὔ ρȟ   Ὦ ςȟὔ ρȢ 

(2.5) 

 

ʇʝʨʝʪʚʦʨʠʤʦ ʨʽʚʥʷʥʥʷ (2.5), ʟʽʙʨʘʚʰʠ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʙʽʣʷ ʪʦʯʦʢ 

ὼȟώ ȟ   ὼ ȟώ ȟὼ ȟώ ȟ ὼȟώ  ʪʘ ὼȟώ , ʽ ʦʪʨʠʤʘʻʤʦ 5-ʪʠ ʪʦʯʢʦʚʫ 

ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʜʣʷ ʨʽʚʥʷʥʥʷ ʫ ʥʦʚʠʭ ʧʦʟʥʘʯʝʥʥʷʭ [102]: 

 

ό ȟ ςόȟ ό ȟ

Ὤ

όȟ ςόȟ όȟ
Ὤ

‗όȟ  
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Ὢ ȟ ςὪȟ Ὢ ȟ

Ὤ

Ὢȟ ςὪȟ Ὢȟ
Ὤ

Ȣ 

ρ

Ὤ
ό ȟ

ρ

Ὤ
ό ȟ

ρ

Ὤ
όȟ

ρ

Ὤ
όȟ

ς

Ὤ

ς

Ὤ
‗όȟ  

Ὢ ȟ ςὪȟ Ὢ ȟ

Ὤ

Ὢȟ ςὪȟ Ὢȟ
Ὤ

ȟ 

Ὥ ςȟὔ ρȟ   Ὦ ςȟὔ ρȢ 

(2.6) 

 

ʋ ʨʽʟʥʠʮʝʚʦʤʫ ʨʽʚʥʷʥʥʽ (2.6) ʫʚʝʜʝʤʦ ʥʦʚʽ ʧʦʟʥʘʯʝʥʥʷ [102]: 

ï ʯʠʩʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʽʣʷ ό ȟ:   ὃὢȟ ρὬϳ ; 

ï ʯʠʩʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʽʣʷ ό ȟ:   ὅὢȟ ρὬϳ ; 

ï ʯʠʩʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʽʣʷ όȟ :   ὃὣȟ ρὬϳ ; 

ï ʯʠʩʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʽʣʷ όȟ :   ὅὣȟ ρὬϳ ; 

ï ʯʠʩʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʽʣʷ   όȟ:     ὄȟ ςὬϳ ςὬϳ ‗; 

ï ʯʠʩʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ Ὀȟ: 

 

Ὀȟ
Ὢ ȟ ςὪȟ Ὢ ȟ

Ὤ

Ὢȟ ςὪȟ Ὢȟ
Ὤ

Ȣ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʦʟʥʘʯʝʥʴ ʜʘʻ ʟʤʦʛʫ ʧʨʝʜʩʪʘʚʠʪʠ (3.6) ʫ ʚʠʜʽ ʥʘʩʪʫʧʥʦʛʦ 

ʨʽʟʥʝʮʝʚʦʛʦ ʨʽʚʥʷʥʥʷ [102]: 

 

ὃὢȟό ȟ ὅὢȟό ȟ ὃὣȟόȟ ὅὢȟόȟ ὄȟόȟ Ὀȟȟ 

Ὥ ςȟὔ ρȟ   Ὦ ςȟὔ ρȢ 
(2.7) 

 

ʈʽʚʥʷʥʥʷ (2.7) ʤʽʩʪʠʪʴ ʬʫʥʢʮʽʶ όόȟ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ 

ʦʙʣʘʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ὼȟώ ȟὭ ςȟὔ ρȟὮ ςȟὔ ρ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.7) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʙʫʜʴ-ʷʢʽ ʟ ʚʽʜʦʤʠʭ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ. ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʙʘʛʘʪʦʩʽʪʢʦʚʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ. 

ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʟʘ ʫʤʦʚʠ ‗ π, ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ (2.7) ʬʦʨʤʫʻ ʩʠʩʪʝʤʫ 

ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (ʉʃɸʈ) ʟ ʜʽʘʛʦʥʘʣʴʥʦʶ ʧʝʨʝʚʘʛʦʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʚ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʫʣʴ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʝ ʤʝʥʰʠʡ 

ʟʘ ʩʫʤʫ ʤʦʜʫʣʽʚ ʫʩʽʭ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʮʴʦʛʦ ʨʷʜʢʘ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ 

ʧʦʢʨʘʱʝʥʥʶ ʟʙʽʞʥʦʩʪʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ [102]. 

ɼʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʘ ʚʩʽʭ ʤʝʞʘʭ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʟʘʜʘʻʪʴʩʷ ʫʤʦʚʘ ʥʫʣʴʦʚʦʾ ʥʦʨʤʘʣʴʥʦʾ ʧʦʭʽʜʥʦʾ, ʪʦʙʪʦ 

ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʜʨʫʛʦʛʦ ʨʦʜʫ. ʅʝʭʘʡ ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʨʦʟʤʽʱʝʥʘ ʚ ʤʝʞʘʭ 

ʧʨʷʤʦʢʫʪʥʦʾ ʦʙʣʘʩʪʽ ὼȠὼ ώȠώ Ȣ ɼʣʷ ʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʥʫʣʴʦʚʫ ʧʦʭʽʜʥʫ 

ʥʘ ʣʽʚʽʡ ʛʨʘʥʠʮʽ [102]: 

 

‬ό

‬ὼ Ƞ
πȢ 

 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʢʦʨʠʛʫʻʤʦ ʨʽʚʥʷʥʥʷ (2.7) [102]: 

 

ὃὢȟόȟ ὅὢȟόȟ ὃὣȟόȟ  

ὅὢȟόȟ ὄȟόȟ Ὀȟȟ   Ὦ ςȟὔ ρȢ 
(2.8) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 

 

‬ό

‬ὼ Ƞ

όȟ όȟ
Ὤ

π 

 

ʤʘʻʤʦ  

όȟ όȟȟ   Ὦ ςȟὔ ρȢ 
(2.9) 
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ʇʽʜʩʪʘʚʠʤʦ ʫ ʟʘʣʝʞʥʽʩʪʴ (2.8) ʚʠʨʘʟ ʟ ʫʤʦʚʦ  ʁ(2.9): 

 

ὃὢȟόȟ ὅὢȟόȟ ὃὣȟόȟ  

ὅὢȟόȟ ὄȟόȟ Ὀȟȟ   Ὦ ςȟὔ ρȢ 
(2.10) 

 

ʆʩʪʘʪʦʯʥʦ ʚʠʨʘʟ (2.10) ʧʦʜʘʤʦ ʫ ʚʠʛʜ̫̔ [102]: 

 

ὅὢȟόȟ ὃὣȟόȟ ὅὢȟόȟ  

ὄȟ ὃὢȟόȟ Ὀȟȟ   Ὦ ςȟὔ ρȢ 
(2.11) 

 

ʋ ʨʽʚʥʷʥʥʽ (2.11) ʩʣʽʜ ʧʦʤʽʪʠʪʠ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ [102]: 

 

ὄȟ ὄȟ ὃὢȟȟ   ὃὢȟ πȟ   Ὦ ςȟὔ ρȢ 

 

ɼʘʣʽ ʢʦʨʠʛʫʻʤʦ ʨʽʚʥʷʥʥʷ (2.7) ʥʘ ʧʨʘʚʽʡ ʛʨʘʥʠʮʽ: 

 

ὃὢ ȟό ȟ ὅὢ ȟό ȟ ὃὣ ȟό ȟ  

ὅὢ ȟό ȟ ὄ ȟό ȟ Ὀ ȟȟ   Ὦ ςȟὔ ρȢ 
(2.12) 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

 

‬ό

‬ὼ Ƞ

ό ȟ ό ȟ

Ὤ
π 

 

ʦʪʨʠʤʘʻʤʦ 

 

 ό ȟ ό ȟȟ   Ὦ ςȟὔ ρȢ (2.13) 

 

ʇʽʜʩʪʘʚʠʤʦ ʫ ʨʽʚʥʷʥʥʷ (2.12) ʚʠʨʘʟ ʟ ʫʤʦʚʦ  ʁ(2.13). ʆʜʝʨʞʝʤʦ [102]: 
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ὢ ȟό ȟ ὅὢ ȟό ȟ ὃὣ ȟό ȟ  

ὅὢ ȟό ȟ ὄ ȟό ȟ Ὀ ȟȟ   Ὦ ςȟὔ ρȢ 
(2.14) 

 

ʆʩʪʘʪʦʯʥʦ (2.14) ʧʦʜʘʤʦ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ [102]: 

 

ὃὢ ȟό ȟ ὃὣ ȟό ȟ ὅὢ ȟό ȟ  

ὄ ȟ ὅὢ ȟό ȟ Ὀ ȟȟ   Ὦ ςȟὔ ρȢ 
(2.15) 

 

ʋ ʨʽʚʥʷʥʥʽ (2.15) ʢʦʨʠʛʫʻʤʦ ʢʦʝʬʽʮʽʻʥʪʠ: 

 

ὄ ȟ ὄ ȟ ὅὢ ȟȟ   ὅὢ ȟ πȟ   Ὦ ςȟὔ ρȢ 

 

ʈ̔ ʚʥʷʥʥʷ (2.15) ʤʘʪʠʤʝ ʪʘʢʠʡ ʚʠʛʣʷʜ ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʠʮʽ: 

 

ὃὢȟό ȟ ὅὢȟό ȟ ὃὣȟόȟ ὅὢȟόȟ  

ὄȟόȟ Ὀȟȟ   Ὥ ςȟὔ ρȢ 
(2.16) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 

 

‬ό

‬ώ
Ƞ

όȟ όȟ
Ὤ

π 

 

ʤʘʻʤʦ 

 

όȟ όȟȟ   Ὥ ςȟὔ ρȢ (2.17) 

ʇʽʜʩʪʘʚʠʤʦ ʫ (2.16) ʫʤʦʚʫ (2.17) [102]: 

 

ὃὢȟό ȟ ὅὢȟό ȟ ὃὣȟόȟ ὅὢȟόȟ  

ὄȟόȟ Ὀȟȟ   Ὥ ςȟὔ ρȢ 
(2.18) 
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ʆʩʪʘʪʦʯʥʦ (2.18) ʧʝʨʝʪʚʦʨʠʤʦ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

 

ὃὢȟό ȟ ὅὢȟό ȟ ὅὢȟόȟ  

ὄȟ ὃὣȟ όȟ Ὀȟȟ   Ὥ ςȟὔ ρȢ 
(2.19) 

 

ʋ ʨʽʚʥʷʥʥʽ (2.19) ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ: 

 

ὄȟ ὄȟ ὃὣȟȟὃὣȟ πȟ   Ὥ ςȟὔ ρȢ 

 

ʂʦʨʠʛʫʻʤʦ ʨʽʚʥʷʥʥʷ (2.7) ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʠʮʽ: 

 

ὃὢȟ ό ȟ ὅὢȟ ό ȟ ὃὣȟ όȟ  

ὅὢȟ όȟ ὄȟ όȟ Ὀȟ ȟ   Ὥ ςȟὔ ρȢ 
(2.20) 

 

ʆʩʢʽʣʴʢʠ 

 

‬ό

‬ώ
Ƞ

όȟ όȟ

Ὤ
π 

ʦʪʨʠʤʘʻʤʦ 

 

όȟ όȟ ȟ   Ὥ ςȟὔ ρȢ (2.21) 

 

ʇʽʜʩʪʘʚʠʤʦ ʫ (2.20) ʫʤʦʚʫ (3.21): 

 

ὃὢȟ ό ȟ ὅὢȟ ό ȟ ὃὣȟ όȟ  

ὅὣȟ όȟ ὄȟ όȟ Ὀȟ ȟ   Ὥ ςȟὔ ρȢ 
(2.22) 

 

ɺʠʨʘʟ (2.22) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 
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ὃὢȟ ό ȟ ὅὢȟ ό ȟ ὃὣȟ όȟ  

ὄȟ ὅὣȟ όȟ Ὀȟ ȟ   Ὥ ςȟὔ ρȢ 
(2.23) 

 

ʋ (2.23) ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ: 

 

ὄȟ ὄȟ ὅὣȟ ȟ   ὅὣȟ πȟ   Ὥ ςȟὔ ρȢ 

 

ʋ ʨʘʟʽ ʧʨʷʤʦʢʫʪʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠʜʽʣʠʪʠ ʚʠʟʥʘʯʝʥʥʶ ʟʥʘʯʝʥʴ ʫ ʢʫʪʦʚʠʭ ʪʦʯʢʘʭ, ʜʝ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʪʠʥʫ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʫʩʫʥʝʥʥʷ ʪʘʢʠʭ ʪʨʫʜʥʦʱʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʤʦʚʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ, 

ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʧʨʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚ ʢʫʪʦʚʽʡ ʪʦʯʮʽ ʷʢ ʩʝʨʝʜʥʴʦʛʦ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʜʚʦʭ ʥʘʡʙʣʠʞʯʠʭ ʩʫʤʽʞʥʠʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʪʘ ʫʟʛʦʜʞʝʥʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ [102]. 

 

όȟ
όȟ όȟ
ς

ȟ   ό ȟ

ό ȟ ό ȟ

ς
ȟ 

όȟ
όȟ όȟ

ς
ȟό ȟ

ό ȟ ό ȟ

ς
Ȣ 

(2.24) 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʨʘʥʠʯʥʽ ʚʫʟʣʠ ʦʙʣʘʩʪʽ, ʚʠʟʥʘʯʝʥʦʾ ʚ (2.24), 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʟʘʣʫʯʘʶʪʴʩʷ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ, ʦʩʢʽʣʴʢʠ 5-ʪʦʯʢʦʚʘ 

ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʥʝ ʚʢʣʶʯʘʻ ʮʽ ʪʦʯʢʠ ʧʽʜ ʯʘʩ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ [102]. 

 

2.3.2 ʇʝʨʝʚʽʨʢʘ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ 

ʈʽʟʥʠʮʝʚʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʙʫʣʘ 

ʧʨʦʪʝʩʪʦʚʘʥʘ ʥʘ 30 ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ (ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʦʜʫʣʷ 

ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɹ). ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʜʣʷ ʧʝʨʰʠʭ ʰʝʩʪʠ 
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ʟʦʙʨʘʞʝʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʷʭ 2.1ï2.4. ʅʘʡʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ 

ʘʣʛʦʨʠʪʤ ʙʣʦʢʦʚʦʾ ʧʨʦʛʦʥʢʠ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʧʦʩʪʘʚʣʝʥʦʾ 

ʟʘʜʘʯʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ. ʊʘʢʦʞ 

ʟʘʜʦʚʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʟ ʙʽʙʣʽʦʪʝʢʠ Scipy 

ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ 

ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ ʚʠʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʩʠʩʪʝʤ 

ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʤʘʪʨʠʮʽ ʤʘʶʪʴ 

ʜʽʘʛʦʥʘʣʴʥʫ ʧʝʨʝʚʘʛʫ [102]. 

 

ʊʘʙʣʠʮʷ 2.1 ï ʏʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʰʫʢʫ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ɿʝʡʜʝʣʷ 

ʜʣʷ ʰʝʩʪʠ ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʴ [102] 

ˉ 

ʟʦʙʨʘ-

ʞʝʥʥʷ 

ʂ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʧʦ 

ʚʝʨʪʠʢʘʣʽ 

ʂ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʧʦ 

ʛʦʨʠʟʦʥʪʘ

ʣ ̔

ɿʘʛʘʣʴʥ

ʘ ʢ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ 

ɚ=0.0001, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ 

ɚ=0.0005, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.001, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.01, 

ʩʝʢ 

1 216 197 42552 0,210937312 0,089896336 0,056801848 0,01207815 

2 450 297 133650 0,389937561 0,136101551 0,081752021 0,02127122 

3 216 218 47088 0,225398738 0,123498702 0,067352707 0,01153639 

4 249 186 46314 0,076201501 0,042581451 0,031306698 0,00780742 

5 192 256 49152 0,255173569 0,191466012 0,100008831 0,01471437 

6 341 404 137764 0,589075354 0,301040809 0,196141768 0,03152153 

ʊʘʙʣʠʮʷ 2.2 ï ʏʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʰʫʢʫ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ ʟʘʩʦʙʽʚ Python, ʘ ʩʘʤʝ 

ʙʽʙʣʽʦʪʝʢʠ Scipy ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ [102] 

ˉ 

ʟʦʙʨʘ-

ʞʝʥʥʷ 

ʂ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʧʦ 

ʚʝʨʪʠʢʘʣʽ 

ʂ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʽ 

ɿʘʛʘʣʴʥʘ 

ʢ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.05, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.1, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.15, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.2, 

ʩʝʢ 

1 216 197 42552 0,003438 0,002027 0,00184 0,00128 

2 450 297 133650 0,006911 0,004971 0,00313 0,00261 

3 216 218 47088 0,002791 0,001621 0,00123 0,00091 

4 249 186 46314 0,003047 0,001878 0,00159 0,00095 

5 192 256 49152 0,004353 0,002112 0,00171 0,00131 

6 341 404 137764 0,008112 0,005327 0,00345 0,00262 
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ʏʠʤ ʙʽʣʴʰʘ ʨʽʟʥʠʮʷ ʤʽʞ ʤʦʜʫʣʝʤ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʩʫʤʦʶ ʤʦʜʫʣʽʚ 

ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʨʷʜʢʘ (ʜʣʷ ʢʦʞʥʦʛʦ ʨʷʜʢʘ), ʪʠʤ ʰʚʠʜʰʝ ʟʙʽʛʘʻʪʴʩʷ ʽʪʝʨʘʮʽʡʥʠʡ 

ʤʝʪʦʜ. ʇʦʤʠʣʢʘ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʽʪʝʨʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ 

ʟʘʟʥʘʯʝʥʠʭ ʪʘʙʣʠʮʷʭ, ʩʪʘʥʦʚʠʪʴ ‐ ρπȢ 

ɼʘʣʽ ʧʨʦʪʝʩʪʫʻʤʦ ʪʦʡ ʩʘʤʠʡ ʨʽʟʥʠʮʝʚʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʚʞʝ ʚʽʜʦʤʦʛʦ 

ʥʘʙʣʠʞʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʟʜʦʚʞʥʴʦ-ʧʦʧʝʨʝʯʥʦʾ ʧʨʦʛʦʥʢʠ (ʪʘʙʣ. 2.3). 

ʊʘʙʣʠʮʷ 2.3 ï ʏʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʰʫʢʫ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʟʜʦʚʞʥʴʦ-ʧʦʧʝʨʝʯʥʦʾ ʧʨʦʛʦʥʢʠ 

ʜʣʷ ʰʝʩʪʠ ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʴ [102] 

ˉ 

ʟʦʙʨʘ-

ʞʝʥʥʷ 

ʂ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʧʦ 

ʚʝʨʪʠʢʘʣʽ 

ʂ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʧʦ 

ʛʦʨʠʟʦʥʪʘ

ʣ ̔

ɿʘʛʘʣʴʥ

ʘ ʢ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ 

ɚ=0.0001, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ 

ɚ=0.0005, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.001, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.01, 

ʩʝʢ 

1 216 197 42552 0,13429230 0,09056245 0,08532415 0,09177863 

2 450 297 133650 0,01377897 0,01531005 0,01567527 0,01533334 

3 216 218 47088 0,01409682 0,01637427 0,01681701 0,01563258 

4 249 186 46314 0,09475455 0,07616487 0,06050883 0,06152226 

5 192 256 49152 0,06123956 0,06735462 0,04519732 0,04193212 

6 341 404 137764 0,13429230 0,09056275 0,08513215 0,09177863 

 

ʊʝ ʞ ʩʘʤʝ ʟʨʦʙʠʤʦ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʙʣʦʢʦʚʦʾ ʧʨʦʛʦʥʢʠ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʪʦʯʥʠʡ ʨʦʟʚô̫ ʟʦʢ ʟʘʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʜʠʩʢʨʝʪʥʠʡ 

ʘʥʘʣʦʛ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʤʘʻ ʯʽʪʢʫ ʨʦʟʨʽʜʞʝʥʫ ʽ ʙʣʦʢʦʚʫ ʩʪʨʫʢʪʫʨʫ (ʨʝʟʫʣʴʪʘʪʠ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2.4). 

ʊʘʙʣʠʮʷ 2.4 ï ʏʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʰʫʢʫ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʙʣʦʢʦʚʦʾ-ʧʨʦʛʦʥʢʠ 

ʜʣʷ ʰʝʩʪʠ ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʴ [102] 

ˉ 

ʟʦʙʨʘ-

ʞʝʥʥʷ 

ʂ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʧʦ 

ʚʝʨʪʠʢʘʣʽ 

ʂ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʽ 

ɿʘʛʘʣʴʥʘ 

ʢ-ʩʪʴ 

ʧʽʢʩʝʣʽʚ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.05, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.1, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.15, 

ʩʝʢ 

ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ 

ʜʣʷ ɚ=0.2, 

ʩʝʢ 

1 216 197 42552 0,078135991 0,07168536 0,068275028 0,069264852 

2 450 297 133650 0,013946464 0,01665014 0,013836376 0,018284613 

3 216 218 47088 0,016022084 0,01541467 0,013604557 0,017517877 

4 249 186 46314 0,065097637 0,06055524 0,050360774 0,051381867 

5 192 256 49152 0,039356135 0,03993877 0,044371414 0,042931808 

6 341 404 137764 0,078135991 0,07168536 0,068275028 0,069264852 
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ɺʽʟʫʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. 

 
ʘ) 

 
ʙ) 

 
 

ʈʠʩ. 2.1 ï ɯʣʶʩʪʨʘʮʽʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʟʦʙʨʘʞʝʥʥ:̫ 

ʘ) ï ʦʨʠʛʽʥʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʝ ʟ ʢʘʤʝʨʠ; ʙ) ï ʨʝʟʫʣʴʪʘʪ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʦʩʚʽʪʣʝʥʥʷ ʚʙʫʜʦʚʘʥʠʤʠ ʟʘʩʦʙʘʤʠ ʢʘʤʝʨʠ ʜʣʷ 3D-ʧʨʠʥʪʝʨʘ; ʚ) ï ʨʝʟʫʣʴʪʘʪ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 2.1, ʟʦʙʨʘʞʝʥʥʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʤʘʻ ʢʨʘʱʠʡ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ. 
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2.4 ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʋ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʚʜʘʥʴ ʮʝʥʪʨʘʣʴʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʚ ʥʘʙʽʨ ʜʦʙʨʝ 

ʚʽʜʦʤʠʭ ʙʽʙʣʽʦʪʝʢ, ʜʦʩʪʫʧʥʠʭ ʚ ʩʝʨʝʜʦʚʠʱʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ɿʦʢʨʝʤʘ, 

ʙʽʙʣʽʦʪʝʢʠ Keras ʽ TensorFlow ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʝʡ. 

ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʷʤ ʮʠʭ ʙʽʙʣʽʦʪʝʢ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʥʘʚʯʝʥʘ ʩʢʣʘʜʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʙʫʣʘ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʤʦʛ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʯʽ ʪʘʢʦʞ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʦʜʘʪʢʦʚʽ ʙʽʙʣʽʦʪʝʢʠ, ʟʦʢʨʝʤʘ 

NumPy, PIL (ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʫ Python) ʪʘ Matplotlib. NumPy, 

ʚʽʜʦʤʠʡ ʩʚʦʾʤʠ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʜʣʷ ʨʦʙʦʪʠ ʟ ʤʘʩʠʚʘʤʠ, 

ʩʪʘʚ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʚʠʢʦʥʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. ɹʽʙʣʽʦʪʝʢʘ PIL, ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʟʘʙʝʟʧʝʯʠʣʘ ʟʨʫʯʥʽʩʪʴ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʩʧʨʦʱʫʶʯʠ 

ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ, ʷʢ ʟʤʽʥʘ ʨʦʟʤʽʨʫ, ʦʙʨʽʟʢʘ ʪʘ ʥʦʨʤʘʣʽʟʘʮʽʷ ʟʦʙʨʘʞʝʥʴ. 

ʅʘ ʨʠʩʫʥʢʫ 2.2 ʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʻ ʦʜʥʠʤ ʟ ʧʨʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ. ɺʽʜʧʦʚʽʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʝʜʝʥʝ ʫ ɼʦʜʘʪʢʘʭ ɹïɺ. ʉʚʽʜʦʮʪʚʦ 

ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʥʘʚʝʜʝʥʦ ʫ ɼʦʜʘʪʢʫ ɸ ʜʦ ʨʦʙʦʪʠ [109]. 
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ʈʠʩ. 2.2 ï ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ 

 

ʃʽʩʪʠʥʛʠ ʧʨʦʛʨʘʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ 

ɼʦʜʘʪʢʘʭ ɹïɻ ʜʘʥʦʛʦ ʟʚʽʪʫ. 

ʅʘ ʨʠʩʫʥʢʫ 2.3 ʥʘʚʝʜʝʥʘ ʨʝʘʣʽʟʦʚʘʥʘ ʩʭʝʤʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ 

ʟʚôʷʟʢʫ ʤʽʞ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, 3D-ʧʨʠʥʪʝʨʦʤ ʽ ʢʘʤʝʨʦʶ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʜʝʬʝʢʪʽʚ ʽ ʟʫʧʠʥʮʽ ʜʨʫʢʫ ʫ 

ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʧʦʰʠʨʝʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʭʦʜʽ ɸɺ. 

 

ʇʽʜʤʦʜʫʣʽʄʦʜʫʣʽ

ʆʙʯʠʩʣʶʚʘʣʴʥʠ
ʡ ʙʣʦʢ

ʄʦʜʫʣʴ 
ʧʦʧʝʨʝʜʥʴʦʛʦ 
ʦʧʨʘʮʶʚʘʥʥʷ 
ʟʦʙʨʘʞʝʥʴ 
(ʢʘʜʨʽʚ) ʜʣʷ 
ʧʽʜʚʠʱʝʥʥʷ 
ʨʦʟʧʽʟʥʘʚʘʥʥʷ 
ʜʝʬʝʢʪʽʚ ʚ 
ʨʽʟʥʠʭ ʦʙ'ʻʢʪʘʭ 
3D-ʜʨʫʢʫ

ʄʝʪʦʜ 
ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ

ʄʝʪʦʜ ʚʠʨʽʰʝʥʥʷ 
ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 
ʨʽʚʥʷʥʴ ʟ 
ʨʦʟʨʽʜʞʝʥʦʶ 
ʤʘʪʨʠʮʝʶ

ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ 
ʫʤʦʚ

ʄʦʜʫʣʴ ʟʽ 
ʰʪʫʯʥʠʤ 
ʽʥʪʝʣʝʢʪʦʤ ʜʣʷ 
ʨʦʟʧʽʟʥʘʚʘʥʥʷ 
ʝʣʝʤʝʥʪʽʚ 3D-
ʜʨʫʢʫ

ɹʽʙʣʽʦʪʝʢʠ ʜʣʷ 
ʬʦʨʤʫʚʘʥʥʷ ʽ 
ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ

ɿʙʝʨʝʞʝʥʥʷ 
ʨʝʟʫʣʴʪʘʪʽʚ
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ʈʠʩ. 2.3 ï ʈʝʘʣʽʟʦʚʘʥʘ ʚʟʘʻʤʦʜʽʷ ʘʧʘʨʘʪʥʦʾ ʽ ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

 

ʆʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ɼʦʜʘʪʢʫ ɽ ʜʦ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

 

3D-ʧʨʠʥʪʝʨ

ʂʘʤʝʨʘ ʚʠʩʦʢʦʶ 
ʨʦʟʜʽʣʴʥʦʾ 
ʟʜʘʪʥʦʩʪʽ

ʇʝʨʩʦʥʘʣʴʥʠʡ 
ʢʦʤʧ'ʶʪʝʨ / 
ʥʦʫʪʙʫʢ

ʨʦʟʨʦʙʣʝʥʝ 
ʧʨʠʢʣʘʜʥʝ 
ʧʨʦʛʨʘʤʥʝ 
ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʚʠʨʽʚʨʶʚʘʥʥʷ 
ʦʩʚʽʪʣʝʥʦʩʪʽ ʫ 
ʟʦʙʨʘʞʝʥʥʷʭ

ʈʦʟʨʦʙʣʝʥʝ 
ʧʨʠʢʣʘʜʥʝ 
ʧʨʦʛʨʘʤʥʝ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ 
ʤʦʜʫʣʝʤ 
ʰʪʫʯʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫ

ʇʨʦʛʨʘʤʥʠʡ 
ʤʦʜʫʣʴ ʜʣʷ 
ʬʦʨʤʫʚʘʥʥʷ ʽ 
ʚʽʟʫʘʣʽʟʘʮʽʾ 
ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ 
ʰʪʫʯʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫ

ʇʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ 
ʘʥʘʣʽʟʫ ʽ ʚʽʟʫʘʣʽʟʘʮʽʾ 
ʨʝʟʫʣʴʪʘʪʽʚ 
ʧʨʦʚʝʜʝʥʥʷ 
ʬʽʟʠʯʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ 
ʜʦʩʣʜʥʠʤʠ ʟʨʘʟʢʘʤʠ
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ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

ʈʦʟʜʽʣ ʤʽʩʪʠʪʴ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʽ ʧʝʨʝʚʽʨʢʫ ʤʦʜʝʣʝʡ ʪʘ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 3D-ʜʨʫʢʫ. ɸʢʮʝʥʪ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʧʨʦʙʣʝʤʽ ʥʝʨʽʚʥʦʤʽʨʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʭʦʜʽ ʘʥʘʣʽʟʫ ʚʽʜʝʦʢʘʜʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ 3D-ʜʨʫʢʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʝʨʽʚʥʦʤʽʨʥʝ ʦʩʚʽʪʣʝʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʨʘʟʢʽʚ [102]. ʊʝʭʥʽʯʥʦ ʽ ʤʘʪʝʤʘʪʠʯʥʦ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ ʷʢ ʚʘʞʣʠʚʠʡ ʝʪʘʧ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ, 

ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʟʛʣʘʜʞʫʚʘʥʥʽ ʦʩʚʽʪʣʝʥʦʩʪʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʘ. ʇʨʦʚʝʜʝʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʷʢʽ ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʭʦʜʫ: ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʘ ʟʥʠʞʝʥʥʷ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʫ ʩʠʩʪʝʤʽ ʢʦʥʪʨʦʣʶ. ʆʧʠʩʘʥʦ ʟʘʛʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ 

ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʢʘʜʨʽʚ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʻʜʠʥʫ 

ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʷʢʦʩʪʽ 3D-ʜʨʫʢʫ. ʉʠʩʪʝʤʘ ʤʘʻ ʤʦʜʫʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʾʾ ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʜʠʪʠʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʤʦʚ ʦʩʚʽʪʣʝʥʥʷ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʢʣʘʩʠʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʝʣʽʧʪʠʯʥʠʭ ʨʽʚʥʷʥʴ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʚʘʨʽʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ 

ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚ ʭʦʜʽ ʧʨʦʮʝʩʽʚ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʩʘʤʝ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 3D-ʜʨʫʢʫ. ʄʝʪʦʜ ɿʝʡʜʝʣʷ ʧʦʢʘʟʘʚ 

ʩʝʙʝ ʥʘʡʛʽʨʰʝ ʟʘ ʯʘʩʦʤ, ʤʝʪʦʜ ʙʣʦʢʦʚʦʾ ʧʨʦʛʦʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʦʾ 

ʙʽʙʣʽʦʪʝʢʠ Python Scipy ʜʘʣʠ ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘ ʯʘʩʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʨʘʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʯʘʩʦʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʪʦʯʥʦʩʪʽ ʢʨʘʱʝ ʚʩʴʦʛʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʘʛʘʪʦʩʽʪʢʦʚʽ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ, ʘ ʟʥʘʯʠʪʴ ï ʟʤʝʥʰʠʪʠ ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ. 

ʐʚʠʜʢʽʩʪʴ ʽʪʝʨʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʡ ʘʣʛʦʨʠʪʤʽʚ ʙʫʜʝ ʚʠʱʦʶ, ʷʢʱʦ ʚʠʢʦʥʫʚʘʪʠ 

ʦʙʨʘʭʫʥʢʠ ʚ ʥʦʨʤʘʣʴʥʽʡ ʩʠʩʪʝʤʽ (ʚʽʜ 0 ʜʦ 1), ʘ ʥʝ ʚ ʢʣʘʩʠʯʥʽʡ (ʚʽʜ 0 ʜʦ 255).  
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ʈʆɿɼɯʃ 3  

ʇʈɸʂʊʀʏʅɸ ʈɽɸʃɯɿɸʎɯʗ ʊɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ʇɽʈɽɺɯʈʂɸ 

ɼʆʉʃɯɼʅʀʍ ɿʈɸɿʂɯɺ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆ-

ɺʀʄɯʈʖɺɸʃʔʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʂʆʅʊʈʆʃʖ ʗʂʆʉʊɯ ɺʀʈʆɹɯɺ 

ɸɼʀʊʀɺʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

3.1 ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ABS ʻ ʘʙʨʝʚʽʘʪʫʨʦʶ ʚʽʜ Acrylonitrile Butadiene Styrene, ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʛʦ 

ʽʥʞʝʥʝʨʥʦʛʦ ʧʦʣʽʤʝʨʫ ï ʮʝ ʧʦʣʽʤʝʨ, ʷʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʩʚʦʾʤ 

ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ. ʆʜʥʝ ʟ ʡʦʛʦ ʯʠʩʣʝʥʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ï ʢʣʘʚʽʘʪʫʨʘ 

ʢʦʤʧôʁ ʪʝʨʽʚ. ABS-ʧʣʘʩʪʠʢ ʻ ʘʤʦʨʬʥʠʤ (ʥʝ ʤʘʻ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ, ʧʦʚô̫ ʟʘʥʦʛʦ ʟ 

ʢʨʠʩʪʘʣʘʤʠ) ʪʝʨʤʦʧʣʘʩʪʦʤ (ʪʘʢʠʤ, ʷʢʠʡ ʤʦʞʝ ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʝʨʝʧʣʘʚʣʷʪʠʩʷ) ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʝʨʝʭʦʜʫ ʩʢʣʘ (ʢʦʣʠ ʚʽʥ ʩʪʘʻ ʟʥʘʯʥʦ ʤô̫ ʢʰʠʤ) 105oC ʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʜʘʻ ʟʤʦʛʫ ʣʝʛʢʦ ʚʠʛʦʪʦʚʣʷʪʠ ʚʠʨʦʙʠ ʤʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ ʘʙʦ ʣʠʪʪʷ ʧʽʜ 

ʪʠʩʢʦʤ, ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 204ï238ÁC. ɺʽʥ ʪʘʢʦʞ ʣʝʛʢʦ 

ʧʽʜʜʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ. 

ABS-ʧʣʘʩʪʠʢ  ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ 

ʧʦʣʽʤʝʨʫ, ʧʦʣʽʝʪʠʣʝʥʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʤʦʥʦʤʝʨʘ ὅὌ ὅὌ ȟ ɦ ʦ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʟʥʦʚʫ ʽ ʟʥʦʚʫ. ʇʣʘʩʪʠʢ ABS ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʰʣʷʭʦʤ ʝʤʫʣʴʩʽʡʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟ ʨʽʟʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʤʦʥʦʤʝʨʽʚ ʘʢʨʠʣʦʥʽʪʨʠʣʫ (15ï35%), 1,3 ʙʫʪʘʜʽʻʥʫ 

(5ï30%) ʽ ʩʪʠʨʦʣʫ (40ï60%) (ʜʠʚ. ʨʠʩʫʥʦʢ. 3.1) ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʨʧʦʣʽʤʝʨʦʤ. 

ɼʽʘʧʘʟʦʥ ʩʢʣʘʜʽʚ ʦʟʥʘʯʘʻ, ʱʦ ʬʦʨʤʫʣʘ ʜʣʷ ABS-ʧʣʘʩʪʠʢʫ ʥʝ ʻ ʬʽʢʩʦʚʘʥʦʶ, ʘʣʝ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ ὅὌ ὅὌ ὅὌὔ ȟ ʜʝ ὼȟώ ʽ ᾀ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʧʨʦʧʦʨʮʽʾ ʘʢʨʠʣʦʥʽʪʨʠʣʫ, ʙʫʪʘʜʽʻʥʫ ʪʘ ʩʪʠʨʦʣʫ. ʎʝʡ ʜʽʘʧʘʟʦʥ ʩʢʣʘʜʽʚ ʪʘʢʦʞ 

ʦʟʥʘʯʘʻ, ʱʦ ʱʽʣʴʥʽʩʪʴ ABS-ʧʣʘʩʪʠʢʫ ʚʽʜʧʦʚʽʜʥʦ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 900ï1530 ʢʛ/ʤ3, 

ʪʦʙʪʦ ʚʽʜ ʤʝʥʰ ʱʽʣʴʥʦʛʦ, ʥʽʞ ʚʦʜʘ (1000 ʢʛ/ʤ3), ʜʦ ʚʘʞʯʦʛʦ ʟʘ ʚʦʜʫ. 

ABS-ʧʣʘʩʪʠʢ ʟʘʤʽʥʠʚ ʧʦʣʽʩʪʠʨʦʣ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʝʨʝʟ ʡʦʛʦ 

ʯʫʜʦʚʫ ʤʽʮʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʢʨʘʱʫ ʦʙʨʦʙʢʫ ï ʥʘʚʽʪʴ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʽʥ ʚʜʚʽʯʽ 

ʜʦʨʦʞʯʠʡ ʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1,5 ʜʦʣʘʨʠ ʟʘ 1 ʢʛ. ɺʽʥ ʪʘʢʦʞ ʤʘʻ ʚʽʜʤʽʥʥʫ ʩʪʽʡʢʽʩʪʴ 

ʜʦ ʜʝʷʢʠʭ ʢʠʩʣʦʪ ʽ ʣʫʛʽʚ. ʆʩʢʽʣʴʢʠ ʧʦʣʽʤʝʨʠ ABS ʻ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤʠ, ʾʭ ʤʦʞʥʘ 
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ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʧʝʨʝʨʦʙʠʪʠ (ʨʠʩʫʥʦʢ 3.1). ʋ 2015 ʨʦʮʽ ABS ʟʘʣʠʰʘʣʘʩʴ ʣʽʜʝʨʦʤ ʚ 

ʛʘʣʫʟʽ ʽʥʞʝʥʝʨʥʦʛʦ ʧʣʘʩʪʠʢʫ ʟ ʦʙʩʷʛʦʤ ʨʠʥʢʫ ʚ 22,3 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ, ʷʢʠʡ, ʷʢ 

ʦʯʽʢʫʚʘʣʦʩʴ, ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʥʘ 6% ʱʦʨʽʯʥʦ.  

 

ʈʠʩ. 3.1 ï ʄʦʥʦʤʝʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʧʨʦʧʦʨʮʽʷʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ABS-ʧʣʘʩʪʠʢʘ 

 

ʇʨʦ̒ʢʪʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʜʣʷ ABS-CF10 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ 

ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʽʥʰʠʭ ʜʝʪʘʣʝʡ FDM, ʽ ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (DFAM) (ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʘʤʦʥʝʩʫʯʽ ʢʫʪʠ, ʜʝ ʮʝ ʤʦʞʣʠʚʦ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʤʽʥʽʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʘʣʝʞʥʠʡ ʟʘʟʦʨ ʜʣʷ ʚʫʟʣʽʚ). ɿʘʛʘʣʴʥʠʡ ʧʝʨʝʣʽʢ ʢʝʨʽʚʥʠʭ ʧʨʠʥʮʠʧʽʚ 

DFɸɺ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʜʦʢʫʤʝʥʪʘʮʽʾ FDM Design Guidelines. 

ɼʣʷ ABS-CF10 ʪʘ ʽʥʰʠʭ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ FDM ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʯʠʥʥʘ 

ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʤʘʪʝʨʽʘʣʫ ʤʦʜʝʣʽ ʚ ʤʽʩʮʷʭ 

ʟʚʠʩʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʚʠʩʘʥʥʷ. ʍʦʯʘ ʦʧʦʨʫ ʤʦʞʥʘ ʟʥʷʪʠ ʚʨʫʯʥʫ, ʚʦʥʘ ʪʘʢʦʞ 

ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʤʠʶʯʦʤʫ ʨʦʟʯʠʥʽ P400SC WaterWorksÊ. ʉʘʤʦʥʝʩʫʯʽ ʢʫʪʠ (ʢʫʪʠ, 

ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 43 ʛʨʘʜʫʩʠ ʚʽʜ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʘʣʠʢʘ) ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʦʧʦʨʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. 

 

ʆʙʨʦʙʢʘ ʜʝʪʘʣʝʡ 

ʑʦʙ ʜʦʩʷʛʪʠ ʦʧʪʠʤʘʣʴʥʦʾ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʱʦʙ ʧʦʚʝʨʭʥʽ, 

ʥʘʜʨʫʢʦʚʘʥʽ ʥʘ ʦʧʦʨʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʙʫʣʠ ʷʢʦʤʦʛʘ ʨʽʚʥʽʰʠʤʠ. ʑʦʙ ʧʦʢʨʘʱʠʪʠ 

ʷʢʽʩʪʴ ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʪʠ ʰʘʨʫ 0,005 ʜʶʡʤʘ (0,127 ʤʤ), 
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ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʰʠʨʠʥʫ ʢʦʥʪʫʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʘ çʂʦʥʪʫʨ 

ʽʥʩʪʨʫʤʝʥʪʘè ʚ Insight. ʉʣʽʜ ʙʫʪʠ ʦʙʝʨʝʞʥʠʤ ʧʨʠ ʮʴʦʤʫ, ʱʦʙ ʥʝ ʟʤʝʥʰʠʪʠ ʰʠʨʠʥʫ 

ʢʦʥʪʫʨʫ ʟʘʥʘʜʪʦ ʩʠʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʙʣʝʤ ʟʽ ʟʯʝʧʣʝʥʥʷʤ. 

ʇʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʥʝ 

ʻ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʫʥʫʪʠʤ ʫ Insight ʘʙʦ GrabCAD Print ʽ ʚʠʟʥʘʯʠʚ, ʱʦ ʟʤʽʥʝʥʽ 

ʟʥʘʯʝʥʥʷ ʜʘʶʪʴ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʛʝʦʤʝʪʨʽʾ. ɸʜʘʧʪʠʚʥʠʡ ʟʨʽʟ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʰʘʨʘʭ ABS-CF10 ʚʠʩʦʪʦʶ 0,010 ʜʶʡʤʘ (0,254 ʤʤ) ʽ 

0,007 ʜʶʡʤʘ (0,1778 ʤʤ). 

ʋʧʘʢʦʚʢʘ ʜʝʪʘʣʝʡ 

ʂʽʣʴʢʘ ʜʝʪʘʣʝʡ ABS-CF10 ʤʦʞʫʪʴ ʙʫʪʠ ʫʧʘʢʦʚʘʥʽ ʨʘʟʦʤ ʚ ʦʜʥʽʡ ʟʙʽʨʮʽ. ʎʝ 

ʯʘʩʪʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʟʙʽʨʢʠ ʽ ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʫʩʫʥʝʥʥʷ ʧʨʦʩʪʦʾʚ, ʢʦʣʠ ʦʧʝʨʘʪʦʨʠ ʚʽʜʩʫʪʥʽ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ 

ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʣʦ ʚʩʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ 34 

ʟʨʘʟʢʠ. ɿʘʛʘʣʴʥʘ ʬʦʨʤʘ ʟʨʘʟʢʘ (ʣʦʧʘʪʢʠ) ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.2. 

 

 

ʈʠʩ. 3.2 ïɿʨʘʟʦʢ ʣʦʧʘʪʢʠ ʚ AutoDesk 

Fusion 

 

ʈʠʩ. 3.3 ï ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ, ʱʦ 

ʪʝʩʪʫʚʘʣʠʩʴ ʥʘ ʨʦʟʨʠʚ 

ɯʥʰʽ ʟʨʘʟʢʠ ʙʫʣʦ ʟʛʨʫʧʦʚʘʥʦ ʧʦ ʤʘʪʝʨʽʘʣʘʭ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.3. 
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3.2 ʇʨʦʛʨʘʤʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʇʝʨʰʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʙʫʚ Autodesk 

Fusion 360. Autodesk ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʭʤʘʨʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʢʦʤʧôʁ ʪʝʨʥʦ-ʧʽʜʪʨʠʤʫʚʘʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʽʥʪʝʛʨʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʦʚʥʦʛʦ ʮʠʢʣʫ 

ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʪʫ [100]. ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʟʘʙʝʟʧʝʯʫʻ ʛʽʙʨʠʜʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʻʜʥʫʶʯʠ ʧʘʨʘʤʝʪʨʠʯʥʽ, ʧʨʷʤʽ ʪʘ ʧʦʚʝʨʭʥʝʚʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ 

ʪʨʠʚʠʤʽʨʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʚʢʣʶʯʘʶʯʠ ʧʽʜʪʨʠʤʢʫ T-spline ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʬʦʨʤ. ʌʫʥʢʮʽʦʥʘʣ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʦʭʦʧʣʶʻ ʩʪʨʫʢʪʫʨʥʽ, ʪʝʧʣʦʚʽ 

ʪʘ ʤʦʜʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ 

(FEA) ʜʣʷ ʦʮʽʥʢʠ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʝʨʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʜʠʥʘʤʽʯʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʢʦʥʩʪʨʫʢʮʽʡ. ʋ ʩʬʝʨʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ 

ʛʝʥʝʨʘʮʽʶ ʦʧʪʠʤʘʣʴʥʠʭ ʪʨʘʻʢʪʦʨʽʡ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʯʠʩʣʦʚʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʚʢʣʶʯʘʶʯʠ 2.5-ʦʩʴʦʚʫ, 3-ʦʩʴʦʚʫ ʪʘ 5-ʦʩʴʦʚʫ ʦʙʨʦʙʢʫ ʟ 

ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʫ ʬʦʨʤʘʪʽ G-ʢʦʜʫ. ʇʣʘʪʬʦʨʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʣʘʙʦʨʘʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʚʝʨʩʽʡʥʦʩʪʽ ʧʨʦʝʢʪʽʚ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ɺʙʫʜʦʚʘʥʠʡ ʤʦʜʫʣʴ ʛʝʥʝʨʘʪʠʚʥʦʛʦ 

ʜʠʟʘʡʥʫ ʟʘʩʪʦʩʦʚʫʻ ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʠ ʜʝʪʘʣʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʘʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʦʙʤʝʞʝʥʴ. ʉʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʜʠʟʘʡʥʽ, ʟʘʚʜʷʢʠ ʢʨʦʩ-ʧʣʘʪʬʦʨʤʝʥʥʽʡ ʩʫʤʽʩʥʦʩʪʽ, ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʽʥʰʠʤʠ ʧʨʦʜʫʢʪʘʤʠ Autodesk (ʨʠʩ. 3.4) ʪʘ ʛʥʫʯʢʽʡ ʤʦʜʝʣʽ ʧʽʜʧʠʩʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ 

(ʨʠʩ. 3.5), ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʽʥʮʝʚʠʭ 

ʧʨʦʜʫʢʪʽʚ [100]. 
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ʈʠʩ. 3.4 ï Autodesk Fusion ï ʧʨʦʻʢʪʫʚʘʥʥʷ ʣʦʧʘʪʢʠ ʜʣʷ ʨʦʟʨʠʚʥʦʾ ʤʘʰʠʥʠ 

 

 

ʈʠʩ. 3.5 ï ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʣʦʧʘʪʢʠ 

 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʣʦʧʘʪʢʠ ʚ CAD ʧʨʦʛʨʘʤʽ Autodesk 

Fusion ʪʘ ʝʢʩʧʦʨʪʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʦʙ'ʻʢʪʘ ʚ ʬʦʨʤʘʪʽ STLè. 
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Bambu Studio ʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 3D-ʜʨʫʢʫ, ʨʦʟʨʦʙʣʝʥʠʤ ʢʦʤʧʘʥʽʻʶ Bambu Lab. ʎʝʡ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʽʥʪʝʛʨʫʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʩʣʘʡʩʠʥʛʫ, ʫʧʨʘʚʣʽʥʥʷ 3D-

ʧʨʠʥʪʝʨʘʤʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʢʣʶʯʦʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʫ ʩʫʯʘʩʥʠʭ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʫʻ ʧʝʨʝʜʦʚʽ ʬʫʥʢʮʽʾ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 3D-ʜʨʫʢʫ. ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʫ 3.6 ʥʘʚʝʜʝʥʦ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ 3D-ʜʨʫʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. 

 

 

ʈʠʩ. 3.6 ï Bambu Studio ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʥʘʨʽʟʘʥʥʷ (slicer) 3D-

ʤʦʜʝʣʝʡ 

 

Bambu Studio ʥʘʜʘʻ ʨʦʟʰʠʨʝʥʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʪʦʯʥʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 3D-ʜʨʫʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʷʢʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ 

ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ (ʨʠʩ. 3.7). ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʛʨʫʻ ʷʢ ʙʘʟʦʚʽ, ʪʘʢ 

ʽ ʧʨʦʩʫʥʫʪʽ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʛʥʫʯʢʽʩʪʴ ʫ ʨʦʙʦʪʽ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʤʘʪʝʨʽʘʣʽʚ, ʛʝʦʤʝʪʨʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʨʫʢʫ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʥʘ ʨʠʩ. 3.7. 

 

ʈʠʩ. 3.7 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʜʨʫʢʫ ʜʣʷ ʣʦʧʘʪʦʢ 

 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʪʫ ʟ ʨʽʟʥʠʤʠ ʬʦʨʤʘʪʘʤʠ ʮʠʬʨʦʚʠʭ 

ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʶʯʠ: ʬʦʨʤʘʪʠ 3D-ʤʦʜʝʣʝʡ (STL, OBJ), ʢʦʥʪʝʡʥʝʨʥʽ ʬʦʨʤʘʪʠ 

(3MF) ʟ ʧʽʜʪʨʠʤʢʦʶ ʢʦʣʴʦʨʫ ʪʘ ʪʝʢʩʪʫʨ, ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʧʨʘʚʣʝʥʥʷ 

ʧʦʤʠʣʦʢ ʩʽʪʢʠ (ʥʝʟʘʤʢʥʝʥʽ ʛʨʘʥʽ, ʧʝʨʝʪʠʥʠ ʧʦʚʝʨʭʦʥʴ) ʪʦʱʦ. ʊʘʢʦʞ ʜʘʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʤʦʜʝʣʽ ʥʘ 

ʨʦʙʦʯʦʤʫ ʧʦʣʽ, ʟʦʢʨʝʤʘ, ʩʣʘʡʩʠʥʛ ʪʘ ʛʝʥʝʨʘʮʽʷ ʰʘʨʽʚ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ 

ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʙʠʪʪʷ ʤʦʜʝʣʽ ʥʘ ʰʘʨʠ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʪʦʚʱʠʥʦʶ (0,05-0,3 ʤʤ), 

ʛʝʥʝʨʘʮʽʶ ʦʧʦʨʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʘʜʘʧʪʘʮʽʻʶ ʜʦ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ 

ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʝʢʩʪʨʫʜʝʨʘ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʫ ʜʨʫʢʫ (ʨʠʩ. 3.8). ʇʨʦʛʨʘʤʘ 

ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ 3D-ʜʨʫʢʫ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʝʢʦʥʦʤʽʾ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʷʢ ʜʣʷ ʧʨʦʬʝʩʽʡʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʘʤʘʪʦʨʩʴʢʠʭ ʧʨʦʝʢʪʽʚ. 

ɼʘʥʽ ʟʜʽʡʩʥʶʻʤʦ ʧʽʜʛʦʪʦʚʢʫ ʤʦʜʝʣʽ ʜʦ ʜʨʫʢʫ ʚ Bambu Studio ï ʮʝ ʧʽʜʛʦʪʦʚʢʘ 

ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʜʦ ʜʨʫʢʫ çʅʘʨʽʟʘʥʥʷ ʤʦʜʝʣʽ ʥʘ ʰʘʨʠè. 
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ʈʠʩ. 3.8 ï Bambu Studio ï ʧʽʜʛʦʪʦʚʢʘ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʜʦ ʜʨʫʢʫ 

(ʣʽʚʦʨʫʯ ʧʨʦʮʝʩ ʜʨʫʢʫ, ʧʨʘʚʦʨʫʯ ï ʚʠʢʦʥʫʚʘʥʠʡ ʢʦʜ) 

G-Code (Geometric Code) ʫ ʢʦʥʪʝʢʩʪʽ Bambu Studio ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʦʚʫ 

ʢʝʨʫʶʯʠʭ ʢʦʤʘʥʜ ʜʣʷ 3D-ʧʨʠʥʪʝʨʽʚ, ʷʢʘ ʛʝʥʝʨʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʫ 

ʩʣʘʡʩʠʥʛʫ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ. ʅʠʟʴʢʦʨʽʚʥʝʚʠʡ ʤʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʤʽʩʪʠʪʴ 

ʽʥʩʪʨʫʢʮʽʾ ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ ʝʢʩʪʨʫʜʝʨʘ, ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʥʪʝʨʘ. 

 

3.3 ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʨʘʭʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʽʚ 

ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ 

ʄʦʜʝʣʴ ʦʮʽʥʢʠ ʩʫʤʽʩʥʦʩʪʽ ʜʚʦʭ ʧʦʣʽʤʝʨʽʚ. ʇʘʨʘʤʝʪʨ ʨʦʟʯʠʥʥʦʩʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [99]: 

 

ɝὋ  ɮ ÌÎɮ ɮ ÌÎɮ …ɮɮȟ 

 

ʜʝ 

ɝὋ  ï ʟʤʽʥʘ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟʤʽʰʫʚʘʥʥʷ; 

ɮȟÀɮ  ï ʦʙôʻʤʥʽ ʯʘʩʪʢʠ ʧʦʣʽʤʝʨʽʚ ʫ ʩʫʤʽʰʽ; 

… ï ʧʘʨʘʤʝʪʨ ʚʟʘʻʤʦʜʽʾ ʌʣʦʨʽ-ʍʘʛʛʽʥʩʘ. 
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ʗʢʱʦ ɝὋ π, ʧʦʣʽʤʝʨʠ ʩʫʤʽʩʥʽ. PLA: ɮ πȟφȠ ABS: ɮ πȟτȢ ʇʘʨʘʤʝʪʨ 

ʚʟʘʻʤʦʜʽʾ … πȟυȢ ʆʪʞʝ, ʧʦʣʽʤʝʨʠ ʻ ʩʫʤʽʩʥʠʤʠ. 

ʄʦʜʝʣʴ ʚôʷʟʢʦʩʪʽ ʟʤʽʰʘʥʠʭ ʧʦʣʽʤʝʨʽʚ. ɺôʷʟʢʽʩʪʴ ʩʫʤʽʰʽ ʧʦʣʽʤʝʨʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʘʜʠʪʠʚʥʦʩʪʽ [99]: 

 

ÌÎ– ɮ ÌÎ– ɮ ÌÎ–ȟ      – –
–

–
ȟ 

 

ʜʝ 

– ï ʝʬʝʢʪʠʚʥʘ ʚ'ʷʟʢʽʩʪʴ ʩʫʤʽʰʽ, 

–ȟ– ï ʚôʷʟʢʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʣʽʤʝʨʽʚ. 

ʅʠʞʯʝ ʚʠʟʥʘʯʠʤʦ ʚôʷʟʢʽʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʩʫʤʽʰ ʜʚʦʭ 

ʧʦʣʽʤʝʨʽʚ). ɺʽʟʴʤʝʤʦ ʜʚʘ ʤʘʪʝʨʽʘʣʠ PLA ʪʘ ABS. ɰʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʪʫʧʥʽ: 

– ρυππ ʇʘĿʩ ï PLA ʧʨʠ 210ÁCȟ – ψππ ʇʘĿʩ ï ABS ʧʨʠ 250ÁC. ɺʽʟʴʤʝʤʦ ʾʭ ʚ 

ʥʘʩʪʫʧʥʠʭ ʦʙôʻʤʥʠʭ ʧʨʦʧʦʨʮʽʷʭ: ɮ πȟφȟɮ πȟτȢ ʊʦʜʽ, ʚôʷʟʢʽʩʪʴ ʢʦʤʧʦʟʠʪʫ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 

ÌÎ– πȟφÌÎρυπππȟτÌÎψππȠ 

– ρυππȟẗψππȟ ρρφφȟυς ˜ ẗ́̒ Ȣ 

 

ʆʩʪʘʪʦʯʥʦ, ʤʘʻʤʦ – 1166,52 ʇʘẗʩȢ 

 

   πȟφȠ   πȟτȠ… πȟυȠ 

ɮ ÌÎɮ   ÌÎɮ …ẗɮɮ πȟυυσπȢ 

 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʩʫʤʽʰʽ ʧʦʣʽʤʝʨʽʚ 

ʧʨʠ ʤʝʭʘʥʽʯʥʠʭ ʦʙʤʝʞʝʥʥʷʭ. ɿʥʘʡʪʠ ʤʽʥʽʤʘʣʴʥʫ ʚʘʨʪʽʩʪʴ 

 

ὅɮ ᴼÍÉÎȟ 
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ʗʢʱʦ 

 

„ɮ „ ȟ Ὁɮ Ὁ ȟ  

ɮ ρȠ  π ɮ ρȟ 

 

ʜʝ 

ὅ ï ʚʘʨʪʽʩʪʴ ʧʦʣʽʤʝʨʫ Ὥ,  „ ï ʤʽʮʥʽʩʪʴ ʧʦʣʽʤʝʨʫ Ὥ,  

Ὁ ï ʤʦʜʫʣʴ ʖʥʛʘ ʧʦʣʽʤʝʨʫ Ὥ,  „ ȟ Ὁ  ï ʜʦʧʫʩʪʠʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ςπɮ ρυɮ ᴼÍÉÎȟ 

φπɮ τπɮ υπ
συππɮ ςςππɮ ςψππȟ

ɮ ɮ ρȟ
π ɮ ρȟ   π ɮ ρ

 

 

ʅʘ ʨʠʩ. 3.9 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʫ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. 

 

  

ʈʠʩ. 3.9 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ MS Excel 

ʆʪʞʝ, ʦʧʪʠʤʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʜʝ, ʷʢʱʦ ʚʟʷʪʠ PLA ʽ ABS ʚ 

ʦʙôʻʤʥʠʭ ʯʘʩʪʢʘʭ: ɮ πȟτφς, ʘ ɮ πȟυσψ. 
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3.4 ʍʽʜ 3D-ʜʨʫʢʫ ʩʧʨʦʻʢʪʦʚʘʥʠʭ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʇʨʦʮʝʩʠ 3D-ʜʨʫʢʫ ʜʦʙʨʝ ʥʘʣʘʛʦʜʞʝʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʦʙô̒ ʢʪʽʚ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʣʽʤʝʨʽʚ ʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. ɼʝʷʢʽ ʪʝʭʥʽʢʠ 3D-ʜʨʫʢʫ ʜʦʙʨʝ 

ʚʽʜʧʨʘʮʴʦʚʘʥʽ ï ʮʝ ʝʢʩʪʨʫʟʽʷ ʤʘʪʝʨʽʘʣʫ (Eʄ), ʩʪʨʫʤʽʥʴ ʤʘʪʝʨʽʘʣʫ (ʉʄ), ʩʪʨʫʤʽʥʴ 

ʙʽʥʜʝʨʘ (ʉɹ), ʘʣʝ ʙʘʛʘʪʦ ʽʥʰʠʭ ʚʩʝ ʱʝ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ [1]. 

 

 

ʈʠʩ. 3.10 ï ʉʭʝʤʠ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʪʝʭʥʽʢ 3D-ʜʨʫʢʫ [101; 103ï105] 

 

ʅʘ ʨʠʩ. 3.10 ʟʦʙʨʘʞʝʥʦ: ʘ) ï ʫ ʝʢʩʪʨʫʟʽʾ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʨʦʙʥʠʮʪʚʦ ʥʠʪʢʠ 

ʧʣʘʚʣʝʥʥʷʤ ï ʮʝ ʤʝʪʦʜ 3D-ʜʨʫʢʫ, ʧʨʠ ʷʢʦʤʫ ʪʚʝʨʜʘ ʥʠʪʢʘ ʨʦʟʧʣʘʚʣʷʻʪʴʩʷ, 

ʝʢʩʪʨʫʜʫʻʪʴʩʷ ʯʝʨʝʟ ʩʦʧʣʦ ʪʘ ʥʘʥʦʩʠʪʴʩʷ ʰʘʨ ʟʘ ʰʘʨʦʤ. ɼʣʷ ʧʨʷʤʦʛʦ ʯʦʨʥʠʣʴʥʦʛʦ 

ʧʠʩʴʤʘ  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚô̫ ʟʢʦʝʣʘʩʪʠʯʥʝ ʯʦʨʥʠʣʦ, ʘ ʯʦʨʥʠʣʦ ʝʢʩʪʨʫʜʫʻʪʴʩʷ 

ʯʝʨʝʟ ʥʝʚʝʣʠʢʝ ʩʦʧʣʦ ʧʽʜ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ; b) ï 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʩʚʽʪʣʦ ʜʣʷ ʟʘʪʚʝʨʜʽʥʥʷ 

ʬʦʪʦʧʦʣʽʤʝʨʥʦʾ ʩʤʦʣʠ ʚ ʨʽʜʢʽʡ ʚʘʥʥʽ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʟʰʠʪʠʭ ʤʝʨʝʞ; ʩ) ï 

ʟʣʠʪʪʷ ʧʦʨʦʰʢʦʚʦʛʦ ʰʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʜʣʷ ʧʣʘʚʣʝʥʥʷ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʨʫʢʫ 3D-ʦʙôʻʢʪʫ; d) ï ʪʝʭʥʦʣʦʛʽʷ ʩʪʨʫʤʠʥʥʦʛʦ 

ʜʨʫʢʫ ʤʘʪʝʨʽʘʣʫ ʜʨʫʢʫʻ 3D-ʚʠʨʦʙʠ ʰʣʷʭʦʤ ʚʠʙʽʨʢʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʨʘʧʝʣʴ 



93 

 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; e) ï ʩʪʨʫʤʽʥʴ ʙʽʥʜʝʨʘ (ʉɹ) ʩʢʠʜʘʻ ʨʽʜʢʝ ʩʧʦʣʫʯʥʝ ʥʘ 

ʧʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʽʥʮʝʚʠʭ ʦʙô̒ ʢʪʽʚ; f) ï 

ʣʠʩʪʦʚʝ ʣʘʤʽʥʫʚʘʥʥʷ (ʃʃ) ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʦʥʢʽ ʣʠʩʪʠ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʢʨʽʧʣʶʻ ʾʭ ʰʘʨ 

ʟʘ ʰʘʨʦʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 3D-ʦʙô̒ ʢʪʘ [1; 3]. 

ʂʦʞʝʥ ʧʨʦʮʝʩ 3D-ʜʨʫʢʫ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʧʨʦʙʣʝʤʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽ ʚʠʤʘʛʘʻ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ ʧʦʣʽʤʝʨʫ, ʪʘʢʠʭ ʷʢ ʬʦʨʤʘ, 

ʩʪʘʥ (ʪʚʝʨʜʠʡ ʘʙʦ ʨʽʜʢʠʡ) ʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʚôʷʟʢʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ). ʊʦʤʫ, ʚʠʙʠʨʘʶʯʠ ʤʝʪʦʜʠ 3D-ʜʨʫʢʫ, ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ 

ʤʘʪʝʨʽʘʣʠ, ʚʘʨʪʽʩʪʴ ʽ ʚʠʤʦʛʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʚʢʣʶʯʘʶʯʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, 

ʩʢʣʘʜʥʽʩʪʴ ʛʝʦʤʝʪʨʽʾ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ). ʈʦʟʛʣʷʥʝʤʦ ʤʝʭʘʥʽʟʤ  

3D-ʜʨʫʢʫ [1; 4; 5]. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʜʨʫʢʫ ʧʨʦʜʫʢʮʽʾ ʚʘʞʣʠʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ, 

ʷʢʘ ʚʠʰʪʦʚʭʫʻ ʨʦʟʧʣʘʚʣʝʥʫ ʥʠʪʢʫ ʟ ʩʦʧʣʘ, ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʠʩʢ ʩʪʠʩʥʝʥʥʷ ʤʽʞ 

ʨʦʣʠʢʦʤ ʽ ʛʘʨʷʯʠʤ ʢʽʥʮʝʤ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʤʝʞʽ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʚʠʢʨʠʚʣʝʥʥʶ 

ʥʠʪʢʠ. ɺʠʛʠʥ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʨʝʞʠʤʽʚ ʚʽʜʤʦʚʠ ʧʨʠ ʝʢʩʪʨʫʟʽʾ ʥʠʪʢʠ. ʋ 

2000 ʨ. ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʘ ʟʥʘʡʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʠʢʨʠʚʣʝʥʥʷʤ ʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʥʠʪʢʠ ʽ ʚô̫ ʟʢʦʩʪʽ ʨʦʟʧʣʘʚʫ. ʗʢʱʦ ʚʽʜʥʦʰʝʥʥʷ 

ʤʦʜʫʣʷ ʜʽʾ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʽ ʚô̫ ʟʢʦʩʪʽ ʾʾ ʨʦʟʧʣʘʚʫ ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠʯʥʫ ʤʝʞʫ, 

ʚʠʢʨʠʚʣʝʥʥʷ ʥʝ ʚʽʜʙʫʜʝʪʴʩʷ. ʅʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʫʢʦʚʘʥʠʭ ʦʙô̒ ʢʪʽʚ 

ʚʧʣʠʚʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʦʣʦʛʽʩʪʴ). ʉʪʚʦʨʶʚʘʥʘ ʥʘʧʨʫʛʘ ʟʩʫʚʫ ʚ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʩʪʘʥʽ 

ʧʦʣʽʤʝʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʨʫʢʫ ʽ ʚʧʣʠʚʘʻ ʥʘ ʩʪʫʧʽʥʴ ʦʨʽʻʥʪʘʮʽʾ 

ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʽʤʝʨʥʽ ʣʘʥʮʶʛʠ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʜʨʫʢʫ, ʘ ʤʽʮʥʽʩʪʴ ʧʦʣʽʤʝʨʫ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ 

ʣʘʥʮʶʛʘ ʚʠʱʘ, ʥʽʞ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʘʢʦʞ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʣʘʪʬʦʨʤʠ ʜʣʷ 3D-ʜʨʫʢʫ, ʦʩʢʽʣʴʢʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʪʘ 

ʧʦʜʘʣʴʰʫ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʧʦʚʪʦʨʥʦ ʟʘʪʚʝʨʜʽʣʦʛʦ ʧʦʣʽʤʝʨʫ, ʪʠʤ ʩʘʤʠʤ ʚʧʣʠʚʘʶʯʠ 

ʥʘ ʢʽʥʮʝʚʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʫʢʦʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ. 
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ɺʘʨʪʽʩʪʴ ʥʘʩʪʽʣʴʥʠʭ 3D-ʧʨʠʥʪʝʨʽʚ ʚʘʨʽʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚʽʜ 300 ʜʦʣʘʨʽʚ 

ʉʐɸ ʟʘ ʧʨʦʩʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʜʦ 2000ï8000 ʜʦʣʘʨʽʚ ʉʐɸ ʟʘ ʧʨʦʬʝʩʽʡʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʘʛʘʣʦʤ ʮʝʡ ʪʠʧ ʤʘʰʠʥ ʤʦʞʝ ʦʧʝʨʘʪʠʚʥʦ ʚʠʛʦʪʦʚʠʪʠ 3D-ʦʙô̒ ʢʪ ʟʽ 

ʰʚʠʜʢʽʩʪʶ ʚʽʜ 50  ̔150 ʤʤ/ʛʦʜ ʜʦ 500 ʤʤ/ʛʦʜ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʤʽʨʽʚ ʟʙʽʨʢʠ, ʪʦ 

ʚʦʥʠ ʦʙʤʝʞʫʶʪʴʩʷ ʛʘʙʘʨʠʪʘʤʠ ʜʨʫʢʘʨʩʴʢʦʾ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʦʤ ʢʘʤʝʨʠ. FDM-

ʧʨʠʥʪʝʨʠ (Frequency-Division Multiplexing ï FDM) ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʮʽʣʝʡ ʤʦʞʫʪʴ 

ʜʨʫʢʫʚʘʪʠ 3D-ʧʨʦʜʫʢʮʽʶ ʨʦʟʤʽʨʘʤʠ ʜʦ 3200 ʤʤ. ɼʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʮʽʣʝʡ FDM 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙô̒ ʢʪʽʚ ʨʦʟʤʽʨʘʤʠ 1000 ʤʤ. 

ʆʜʥʘʢ ʚʽʥ ʤʘʻ ʥʠʟʴʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʜʨʫʢʫ 

ʯʝʨʝʟ ʨʦʟʤʽʨ ʩʦʧʣʘ (ʟʘʟʚʠʯʘʡ ʙʣʠʟʴʢʦ 0,4 ʤʤ ʫ ʜʽʘʤʝʪʨʽ). 

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʨʫʢʦʚʘʥʘ ʧʨʦʜʫʢʮʽʷ ʯʘʩʪʦ ʤʘʻ 

ʥʠʟʴʢʫ ʤʽʮʥʽʩʪʴ ʽ ʚô̫ ʟʢʽʩʪʴ ʫ ʥʘʧʨʷʤʢʫ ʧʦʙʫʜʦʚʠ (ʚʽʩʴ Z) ʯʝʨʝʟ ʩʣʘʙʢʝ ʤʽʞʰʘʨʦʚʝ 

ʩʢʣʝʶʚʘʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʫʩʪʦʪ [3; 5]. ɯʩʥʫʻ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ 

ʩʣʘʙʢʦʛʦ ʟʯʝʧʣʝʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʫʩʪʦʪ ʤʽʞ ʰʘʨʘʤʠ ʰʣʷʭʦʤ ʧʦʩʠʣʝʥʥʷ ʤʝʨʝʞʽ 

ʧʦʧʝʨʝʯʥʠʭ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʧʨʦʰʘʨʢʘʤʠ. ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘʛʨʽʚʘʥʥʷ, ʪʘʢʦʾ ʷʢ ʣʘʟʝʨʥʘ ʘʙʦ ʽʥʬʨʘʯʝʨʚʦʥʘ ʣʘʤʧʘ, ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʣʘʚʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ ʦʩʘʜʞʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʦʞʝ 

ʧʦʩʠʣʠʪʠ ʜʠʬʫʟʽʶ ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ ʥʘ ʤʝʞʽ ʤʽʞ ʰʘʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ, 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʜʨʫʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʥʘʩʪʫʧʥʦʛʦ ʰʘʨʫ. 

ɯʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ ʝʬʝʢʪʠʚʥʝ ʥʘʛʨʽʚʘʥʥʷ ʚ ʰʠʨʦʢʽʡ ʦʙʣʘʩʪʽ 

ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʩʢʣʘ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʘ ʜʠʬʫʟʽʷ ʧʦ 

ʚʩʽʡ ʧʦʚʝʨʭʥʽ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʩʠʩʪʝʤ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʝʣʠʢʦʾ ʧʣʦʱʽ. ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ ʻ ʤʦʜʠʬʽʢʘʮʽʷ ʥʠʪʢʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʦ ʧʦʣʽʤʝʨʽʚ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʚʠʨʦʙʣʝʥʥʶ ʪʝʧʣʘ 

ʤʽʞ ʧʨʦʰʘʨʢʘʤʠ. ʅʠʪʢʠ, ʧʦʢʨʠʪʽ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (ɺʅʊ), ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʜʨʫʢʦʚʘʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. ʂʦʤʧʘʥʽʷ Markforged ʨʦʟʨʦʙʠʣʘ ʧʝʨʰʠʡ 

ʢʦʤʝʨʮʽʡʥʠʡ ʧʨʠʥʪʝʨ, ʟʜʘʪʥʠʡ ʧʨʘʮʶʚʘʪʠ ʟ ʧʦʣʽʤʝʨʥʠʤ ʢʦʤʧʦʟʠʪʦʤ Aɺ. ʎʝʡ 

ʧʨʠʥʪʝʨ ʤʘʻ ʧʦʜʚʽʡʥʽ ʩʦʧʣʘ ʜʣʷ ʧʦʣʽʤʝʨʥʦʾ ʪʘ ʘʨʤʦʚʘʥʦʾ ʚʦʣʦʢʥʦʤ ʥʠʪʢʠ, ʱʦ 
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ʧʨʘʮʶʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦ. ɺʽʥ ʩʪʠʩʢʘʻ ʥʘʜʨʫʢʦʚʘʥʽ ʚʦʣʦʢʥʘ, ʘʨʤʦʚʘʥʽ ʚʦʣʦʢʥʦʤ, ʽ 

ʜʝʬʦʨʤʫʻ ʾʭ ʟ ʢʨʫʛʣʦʾ ʬʦʨʤʠ ʜʦ ʧʨʷʤʦʢʫʪʥʦʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʨʘʱʦʛʦ ʤʽʞʰʘʨʦʚʦʛʦ 

ʟô̒ ʜʥʘʥʥʷ. ʇʦʰʘʨʦʚʠʡ ʚʠʛʣʷʜ ʻ ʱʝ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ, ʦʩʦʙʣʠʚʦ ʫ FDM, ʦʩʢʽʣʴʢʠ 

ʚʽʥ ʤʘʻ ʥʠʞʯʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 3D-ʜʨʫʢʫ, 

ʪʘʢʠʤʠ ʷʢ ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʜʨʫʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʤʦʞʝ ʙʫʪʠ 

ʚʘʞʣʠʚʠʤ, ʷʢʱʦ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ (ʥʘʧʨʠʢʣʘʜ, ʙʫʜʽʚʣʽ, ʽʛʨʘʰʢʠ ʪʘ ʘʝʨʦʢʦʩʤʽʯʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ) ʚʽʜʜʘʻʪʴʩʷ ʧʝʨʝʚʘʛʘ ʧʣʦʩʢʽʡ ʧʦʚʝʨʭʥʽ. ʊʦʤʫ ʜʣʷ ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ 

ʟʥʘʜʦʙʣʷʪʴʩʷ ʭʽʤʽʯʥʽ ʘʙʦ ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ, ʪʘʢʽ ʷʢ ʧʣʘʚʣʝʥʥʷ, 

ʣʠʪʪʷ ʩʤʦʣʦʶ, ʦʙʨʦʙʢʘ ʘʮʝʪʦʥʦʤ, ʜʨʦʙʦʩʪʨʫʤʠʥʥʘ ʦʙʨʦʙʢʘ, ʪʨʘʜʠʮʽʡʥʘ ʦʙʨʦʙʢʘ 

ʪʘ ʰʣʽʬʫʚʘʥʥʷ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʤʧʦʟʠʪʥʽ ʚʠʨʦʙʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʦʟʠʪʥʠʭ ʥʠʪʦʢ, ʷʢʽ ʻ ʩʫʤʽʰʰʶ ʘʨʤʘʪʫʨʠ ʪʘ ʧʦʣʽʤʝʨʥʦʾ 

ʤʘʪʨʠʮʽ. ʆʜʥʘʢ ʩʦʧʣʦ 3D-ʧʨʠʥʪʝʨʘ ʤʦʞʝ ʣʝʛʢʦ ʟʘʙʠʚʘʪʠʩʷ ʯʝʨʝʟ ʙʽʣʴʰ ʚʠʩʦʢʫ 

ʚô̫ ʟʢʽʩʪʴ ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʩʪʘʥʽ, ʙʽʣʴʰʠʡ ʨʦʟʤʽʨ ʘʙʦ ʘʛʣʦʤʝʨʘʮʽʶ ʘʨʤʘʪʫʨʠ, ʘ 

ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʝʢʩʪʨʫʟʽʡʥʠʭ ʩʠʣ ʜʣʷ ʚʠʰʪʦʚʭʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʥʠʪʦʢ ʽʟ ʩʦʧʣʘ 

[2; 4]. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʨʦʩʪʘʻ, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʧʦʢʨʘʱʫʚʘʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʽʢʠ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 3D-ʜʨʫʢʫ. 

 

3.5 ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʉʝʨʽʷ Shimadzu Autograph AGS-X ʟʘʙʝʟʧʝʯʫʻ ʯʫʜʦʚʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʧʨʘʢʪʠʯʥʽʩʪʴ ʪʝʩʪʫʚʘʥʥʷ ʨʽʰʝʥʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʩʪʦʩʫʚʘʥʴ. ʇʨʦʧʦʥʫʶʯʠ 

ʢʦʥʪʨʦʣʴ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʝ ʢʝʨʫʚʘʥʥʷ, ʩʝʨʽʷ AGS-X 

ʚʩʪʘʥʦʚʣʶʻ ʥʦʚʠʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʜʦʪʨʠʤʘʥʥʷ ʙʝʟʧʝʢʠ. 

ʋ ʩʪʘʥʜʘʨʪʥʫ ʢʦʤʧʣʝʢʪʘʮʽʶ AGS-X ʚʭʦʜʠʪʴ ʧʨʦʚʽʜʥʝ ʫ ʛʘʣʫʟʽ TRAPEZIUM 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘ ʨʠʩ. 3.11 ʧʦʢʘʟʘʥʦ ʩʝʨʽʶ ʨʦʟʨʠʚʥʠʭ ʤʘʰʠʥ, ʥʘ ʷʢʠʭ 

ʧʦʚʦʜʷʪʴ ʜʘʥʦʛʦ ʨʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ.  
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ʈʠʩ. 3.11 ï ʈʦʟʨʠʚʥʽ ʤʘʰʠʥʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʪʝʩʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ, ʷʢʽ 

ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

3.6 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʈʠʩʫʥʦʢ 3.12 ʤʽʩʪʠʪʴ ʬʦʪʦ, ʷʢʝ ʤʽʩʪʠʪʴ ʟʘʢʨʽʧʣʝʥʥʷ ʟʨʘʟʢʘ ʫ ʚʠʛʣʷʜʽ ʣʦʧʘʪʢʠ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ 

ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ (ɼʦʜʘʪʦʢ ɻ). 

     

ʈʠʩ. 3.12 ï ʇʨʠʢʣʘʜ ʢʨʽʧʣʝʥʥʷ ʟʨʘʟʢʘ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ 
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ʇʨʠʢʨʽʧʣʝʥʥʷ ʟʨʘʟʢʘ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʪʠʩʢʘʯʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʝ ʬʽʢʩʫʚʘʥʥʷ 

ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʪʝʩʪʫ ʥʘ ʨʦʟʨʠʚ. ɿʘʟʚʠʯʘʡ, ʟʨʘʟʦʢ ʧʦʤʽʱʘʻʪʴʩʷ 

ʤʽʞ ʜʚʦʤʘ ʯʽʧʮʷʤʠ ʘʙʦ ʛʫʙʢʘʤʠ, ʱʦ ʤʘʶʪʴ ʨʝʛʫʣʴʦʚʘʥʫ ʚʽʜʩʪʘʥʴ ʜʣʷ ʪʦʯʥʦʛʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʤʽʨʽʚ ʟʨʘʟʢʘ. ʇʽʩʣʷ ʬʽʢʩʘʮʽʾ ʟʨʘʟʢʘ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʽʥʽʮʽʶʻ ʧʨʦʮʝʩ ʨʦʟʪʷʛʫʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʤʘʰʠʥʘ ʢʦʥʪʨʦʣʶʻ 

ʚʝʣʠʯʠʥʫ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ ʪʘ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʟʨʘʟʢʘ ʜʦ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɼʣʷ 

ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʪʯʠʢʠ ʜʝʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʘʧʠʩʫ ʪʘ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʎʝʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʽ ʷʢ 

ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ, ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʪʘ ʽʥʰʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ 

ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. ʅʠʞʯʝ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.13ï3.23 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʠʚʫ ʨʦʟʨʦʙʣʝʥʠʭ ʟʨʘʟʢʽʚ. 

     

ʈʠʩ. 3.13 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ABS-ʟʨʘʟʢʽʚ 

ʅʘ ʟʦʙʨʘʞʝʥʥʷʭ ʥʘ ʨʠʩ. 3.13 ʚʠʜʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʠʚʫ ʣʦʧʘʪʦʢ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ABS-ʧʣʘʩʪʠʢʫ ʚ ʫʤʦʚʘʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʪʷʛ. ʅʘ ʧʝʨʰʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ ʚʠʜʥʦ ʣʘʤʢʠʡ ʟʣʘʤ ʽʟ ʯʽʪʢʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚʦʣʦʢʦʥ, ʧʦʚʝʨʭʥʷ ʟʣʘʤʫ ʤʘʻ 

ʚʠʨʘʞʝʥʫ ʪʝʢʩʪʫʨʫ, ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʨʦʟʨʠʚ ʚʽʜʙʫʚʘʚʩʷ ʚʟʜʦʚʞ ʰʘʨʽʚ ʜʨʫʢʫ. 

ʈʦʟʨʠʚ ʥʦʩʠʪʴ ʢʨʠʭʢʠʡ ʭʘʨʘʢʪʝʨ, ʙʝʟ ʟʥʘʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʧʨʠʪʘʤʘʥʥʦ ABS 

ʧʨʠ ʥʠʟʴʢʽʡ ʘʜʛʝʟʽʾ ʤʽʞ ʰʘʨʘʤʠ. ʅʘ ʜʨʫʛʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʣʦʧʘʪʢʘ ʨʦʟʽʨʚʘʥʘ ʥʘʚʧʽʣ, 

ʟ ʜʦʙʨʝ ʧʦʤʽʪʥʦʶ çʟʫʙʯʘʩʪʦʶè ʣʽʥʽʻʶ ʨʦʟʨʠʚʫ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʘʤʢʠʡ ʭʘʨʘʢʪʝʨ 

ʨʫʡʥʫʚʘʥʥʷ ʟ ʜʝʷʢʠʤ ʧʨʦʷʚʦʤ ʤʽʞʰʘʨʦʚʦʛʦ ʨʦʟʰʘʨʫʚʘʥʥʷ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʰʘʨʘʤʠ ʘʙʦ ʜʝʬʝʢʪʠ ʫ ʩʪʨʫʢʪʫʨʽ ʜʨʫʢʫ (ʥʘʧʨʠʢʣʘʜ, 

ʥʝʜʦʩʪʘʪʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʝʢʩʪʨʫʟʽʾ ʘʙʦ ʧʦʛʘʥʘ ʘʜʛʝʟʽʷ). ʅʘ ʪʨʝʪʴʦʤʫ ʟʦʙʨʘʞʝʥʥʽ 
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ʭʘʨʘʢʪʝʨʥʘ ʣʘʤʽʥʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ʟʣʘʤʫ ʟ ʨʦʟʰʘʨʫʚʘʥʥʷʤ ʧʦ ʣʽʥʽʷʭ ʫʢʣʘʜʘʥʥʷ 

ʥʠʪʢʠ. ʈʫʡʥʫʚʘʥʥʷ ʯʽʪʢʦ ʩʣʽʜʫʻ ʣʽʥʽʷʤ ʜʨʫʢʫ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʘʥʽʟʦʪʨʦʧʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʪʠʧʦʚʽ ʜʣʷ FDM-ʜʨʫʢʫ ʟ ABS. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʚʝʣʦ ʜʦ ʨʦʟʰʘʨʫʚʘʥʥʷ, ʘ ʥʝ ʜʦ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 

 

   

ʈʠʩ. 3.14 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ ABS+ 

  

ʈʠʩ. 3.15 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ ABS CF10 

ʅʘ ʨʠʩʫʥʢʘʭ 3.14ï3.15 ʦʪʨʠʤʘʥʦ ʩʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʨʘʟʢʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ABS CF10. 
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ʈʠʩ. 3.16 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ FLEX 90 

     

ʈʠʩ. 3.17 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ NYLON (PA6) 

ʅʘ ʨʠʩʫʥʢʫ 3.17 ʧʝʨʰʝ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʧʦʩʪʫʧʦʚʠʡ ʨʦʟʨʠʚ ʧʦ ʚʦʣʦʢʥʘʤ. ʅʘ 

ʨʠʩʫʥʢʫ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʯʽʪʢʘ ʪʝʢʩʪʫʨʘ ʰʘʨʽʚ ʜʨʫʢʫ ʟ ʜʦʙʨʝ ʟôʻʜʥʘʥʠʤʠ 

ʥʠʪʢʘʤʠ. ʈʦʟʨʠʚ ʧʨʦʡʰʦʚ ʧʦ ʧʣʦʱʠʥʽ ʰʘʨʽʚ, ʘʣʝ ʚʦʣʦʢʥʘ ʟʘʣʠʰʠʣʠʩʴ ʮʽʣʽʩʥʠʤʠ 

ʥʘ ʟʥʘʯʥʽʡ ʯʘʩʪʠʥʽ ʧʦʚʝʨʭʥʽ. ɼʦʙʨʝ ʤʽʞʰʘʨʦʚʝ ʟʯʝʧʣʝʥʥʷ. ʈʦʟʨʠʚ ʥʝ ʻ ʢʨʠʭʢʠʤ ï 

ʩʪʨʫʢʪʫʨʘ ʪʷʛʥʝʪʴʩʷ, ʱʦ ʪʠʧʦʚʦ ʜʣʷ ʥʝʡʣʦʥʫ ʧʨʠ ʛʘʨʥʦʤʫ ʜʨʫʮʽ. ɼʨʫʛʝ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʚʽʜʨʠʚ ʟ ʨʦʟʰʘʨʫʚʘʥʥʷʤ. ɺʠʜʥʦ ʦʢʨʝʤʽ ʥʠʪʢʠ ʟʘʧʦʚʥʝʥʥʷ, ʱʦ 

ʚʠʡʰʣʠ ʟ ʧʦʚʝʨʭʥʽ ï ʥʠʪʢʠ ʥʝ ʪʨʠʤʘʶʪʴʩʷ ʦʜʥʘ ʟʘ ʦʜʥʫ. ʈʦʟʨʠʚ ʤʘʻ ʦʟʥʘʢʠ 

ʨʦʟʘhʨʫʚʘʥʥʷ. ɺʠʜʥʦ ʪʘʢʦʞ ʩʣʘʙʢʝ ʤʽʞʰʘʨʦʚʝ ʟʯʝʧʣʝʥʥʷ. ɺʽʨʦʛʽʜʥʘ ʧʨʠʯʠʥʘ ï 

ʥʝʜʦʩʪʘʪʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʝʢʩʪʨʫʜʝʨʘ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʘʙʦ ʚʦʣʦʛʠʡ ʥʝʡʣʦʥ. 

     

ʈʠʩ. 3.18 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ NYLON CF10 
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ʅʘ ʨʠʩʫʥʢʫ 3.18 ʦʪʨʠʤʘʥʦ ʩʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʨʘʟʢʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ABS 

NYLON CF10. 

     

ʈʠʩ. 3.19 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ PCTG 

           

ʈʠʩ. 3.20 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ PCTG CF10 

   

ʈʠʩ. 3.21 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ PLA 
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ʈʠʩ. 3.22 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ PLA 

    

ʈʠʩ. 3.23 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʽʚ PLA CF10 

ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʘʭ 3.24ï3.34 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥ ɹʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʢʦʥʢʨʝʪʥʠʭ ʟʨʘʟʢʘʭ, ʷʢʽ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʘʜʠʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

 

ʈʠʩ. 3.24 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ABS 
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ʈʠʩ. 3.25 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ABS CF10 

 

ʈʠʩ. 3.26 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ABS+ 

 

ʈʠʩ. 3.27 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ Nylon CF10 
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ʈʠʩ. 3.28 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ Nylon PA6 

 

ʈʠʩ. 3.29 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ PCTG 

 

ʈʠʩ. 3.30 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʧʝʨʰʠʭ ʜʚʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ  

ʟ PETG CF10 
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ʈʠʩ. 3.31 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʝʪʴʦʛʦ ʟʨʘʟʢʘ, ʷʢʠʡ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ 

PETG CF10 

 

ʈʠʩ. 3.32 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ PLA 

 

ʈʠʩ. 3.33 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ PLA CF10 
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ʈʠʩ. 3.34 ï ʈʝʟʫʣʴʪʘʪ ʚʠʜʦʚʞʝʥʥʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ FLEX 90 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʨʘʟʢʠ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ 

ʟ ʤʘʪʝʨʽʘʣʫ Flex, ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʝ ʚʠʜʦʚʞʝʥʥʷ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʟʘʛʘʣʦʤ, ʘ ʪʘʢʦʞ ʧʨʦ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʩʘʤʝ ʟ ʜʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʜʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʚ 

ʤʘʪʝʨʽʘʣʽ FLEX 90. 

 

3.7 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʦʧʨʦʟʦʨʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 3D-

ʜʨʫʢʫ ʝʣʝʤʝʥʪʽʚ ɹʧʃɸ  

ɺ ʭʦʜʽ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʣʘʥʦʚʘʥʠʭ ʟʘʚʜʘʥʴ ʮʽʻʾ ʨʦʙʦʪʠ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʧʨʦʚʝʜʝʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʧʨʦʟʦʨʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

3D-ʜʨʫʢʫ. ʇʦʛʽʨʰʝʥʥʷ ʨʘʜʽʦʧʨʦʟʦʨʦʩʪʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʽʚ 

ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (ʅɺʏ) ʚ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʧʦʛʣʠʥʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʜʦ ʟʤʽʥʠ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʚʥʘʩʣʽʜʦʢ 

ʧʦʛʣʠʥʘʥʥʷ ʤʘʪʝʨʽʘʣʦʤ ʚʦʣʦʛʽ ʪʦʱʦ. ɺ ʮʽʣʦʤʫ ʮʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ 

ʥʝʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɹʧʃɸ ʚ ʜʽʘʧʘʟʦʥʽ ʅɺʏ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʧʨʦʟʦʨʦʩʪʽ ʧʨʦʚʦʜʠʣʠʩʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʧʽʩʣʷ ʾʭ ʥʘʛʨʽʚʫ ʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʅɺʏ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʧʣʘʩʪʠʢʦʚʽ ʝʣʝʤʝʥʪʠ ʘʥʪʝʥʠ, ʚʤʽʱʝʥʽ ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʫ ʧʽʯ, 

ʧʦʤʽʪʥʦ ʥʘʛʨʽʚʘʶʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʛʣʠʥʘʥʥʷ ʥʠʤʠ ʝʥʝʨʛʽʾ ʭʚʠʣʴ. ʄʦʞʣʠʚʦ, 

ʩʘʤʝ ʮʝ ʽ ʻ ʧʨʠʯʠʥʦʶ ʧʦʛʽʨʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʥʪʝʥʠ. 

ɹʫʚ ʧʨʦʚʝʜʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʧʣʘʩʪʠʢʘʤʠ PLA, PETG, TPU. ʊʨʠ ʦʜʥʘʢʦʚʽ 

ʢʫʙʠʢʠ ʨʘʟʦʤ ʙʫʣʠ ʧʦʤʽʱʝʥʽ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʫ ʧʽʯ, ʽ ʧʽʩʣʷ ʾʭ ʦʧʨʦʤʽʥʝʥʥʷ 

ʩʬʦʪʦʛʨʘʬʦʚʘʥʦ ʾʭ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʪʝʧʣʦʚʽʟʦʨʽ, ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʦʰʫʢʽʚ ʚʠʪʦʢʫ ʪʝʧʣʘ ʟ ʙʫʜʽʚʝʣʴ (ʨʠʩʫʥʦʢ 3.35 ï ʨʠʩʫʥʦʢ 3.38). 

ʇʣʘʩʪʠʢ TPU (ʤôʷʢʠʡ ʧʣʘʩʪʠʢ ʥʘ ʟʨʘʟʦʢ ʛʫʤʠ) ʛʨʽʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʩʠʣʴʥʦ, 

ʪʦʤʫ ʟʨʘʟʦʢ ʟ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʨʘʟʫ ʙʫʚ ʚʠʣʫʯʝʥʠʡ ʟ ʧʦʜʘʣʴʰʠʭ ʧʦʨʽʚʥʷʥʴ. 

ʅʘ ʨʠʩʫʥʢʫ 3.37 ʧʦʢʘʟʘʥʘ ʧʦʨʽʚʥʷʣʴʥʘ ʪʝʨʤʦʛʨʘʤʘ ʜʣʷ ʢʫʙʠʢʘ ʟ TPU, ʱʦ 

ʥʘʛʨʽʚʩʷ ʜʦ τυЈ˞, ʽ ʜʣʷ ʜʚʦʭ ʽʥʰʠʭ ʢʫʙʠʢʽʚ, ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʩʪʠʛʣʠ ʥʘʛʨʽʪʠʩʷ. 

ʈʠʩʫʥʦʢ 3.36 ʽʣʶʩʪʨʫʻ ʪʝʨʤʦʛʨʘʤʫ ʧʨʦʛʨʽʚʘʥʥʷ ʜʚʦʭ ʢʫʙʠʢ̔ ʚ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʜʥʦ, ʱʦ ʢʫʙʠʢ ʟ PLA ʛʨʽʻʪʴʩʷ ʤʝʥʰʝ. 

 

ʈʠʩ. 3.35 ï ʊʝʨʤʦʛʨʘʤʘ ʧʨʦʛʨʽʚʘʥʥʷ 

ʢʫʙʠʢ ʟ TPU ʜʦ 45ʉ ʽ ʜʚʦʭ ʽʥʰʠʭ 

ʢʫʙʠʢʽʚ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

 

ʈʠʩ. 3.36 ï ʊʝʨʤʦʛʨʘʤʘ ʜʣʷ ʜʚʦʭ 

ʽʥʰʠʭ ʢʫʙʠʨʽʚ (ʣʽʚʦʨʫʯ ʢʫʙʠʢ ʟ PETG, 

ʧʨʘʚʦʨʯʫʚ ï ʟ PLA) 
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ʏʘʩ ʨʦʙʦʪʠ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʧʝʯʽ ï ʤʝʥʰʝ 1 ʭʚʠʣʠʥʠ. ʅʘ ʬʦʪʦ ʚʠʜʥʦ, ʱʦ 

ʢʫʙʠʢ ʟ TPU ʥʘʛʨʽʚʩʷ ʜʦ τυЈ˞, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ 2 ʢʫʙʠʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʩʪʠʛʣʠ 

ʥʘʛʨʽʪʠʩʷ. ɸʥʪʝʥʘ ʥʝ ʤʘʻ ʝʣʝʤʝʥʪʽʚ ʟ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʦʨʽʚʥʶʻʤʦ PETG ʪʘ PLA, 

ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʫ ʧʝʯʽ: 3ï4 ʭʚʠʣʠʥʠ. 

ʅʘ ʨʠʩʫʥʢʫ 3.37 ʧʦʢʘʟʘʥʘ ʪʝʨʤʦʛʨʘʤʘ ʧʨʦʛʨʽʚʘʥʥʷ 3 ʢʫʙʠʢʽʚ PLA ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ, ʷʢʽ ʥʘʜʨʫʢʦʚʘʥʽ ʫ ʨʽʟʥʠʡ ʯʘʩ ʟ ʨʽʟʥʠʭ ʧʘʨʪʽʡ PLA. ɺʥʠʟʫ ʥʘ ʬʦʪʦ 

ʟʦʙʨʘʞʝʥʦ ʢʫʙʠʢ ʟ PETG.  

ʅʘ ʨʠʩʫʥʢʫ 3.38 ʧʦʢʘʟʘʥʘ ʪʝʨʤʦʛʨʘʤʘ ʧʨʦʛʨʽʚʘʥʥʷ ʢʫʙʠʢʘ ʟ PETG (ʚʛʦʨʽ) ʪʘ 

ʢʫʙʠʢʘ ʟ PLA (ʚʥʠʟʫ). ʇʨʘʚʦʨʫʯ ï ʥʘʜʨʫʢʦʚʘʥʘ ʜʝʪʘʣʴ ʟ PETG (ʪʨʠʤʘʯ ʜʣʷ 

ʧʝʨʝʜʘʚʘʯʘ). 

 

ʈʠʩ. 3.37 ï ʊʝʨʤʦʛʨʘʤʘ ʧʨʦʛʨʽʚʽʥʥʷ 3-

ʭ ʢʫʙʠʢʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ PLA ʪʘ 

ʦʜʥʦʛʦ ʢʫʙʠʢʘ ʟ PETG 

 

ʈʠʩ. 3.38 ï ʊʝʨʤʦʛʨʘʤʘ ʧʨʦʛʨʫʚʘʥʥʷ 

ʢʫʙʠʢʘ ʟ PETG ʽ ʢʫʙʠʢʘ ʟ PLA 

ɿ ʨʠʩʫʥʢʘ 3.34 ʚʠʜʥʦ, ʱʦ PLA ʛʨʽʻʪʴʩʷ ʤʝʥʰʝ, ʘ ʟ ʨʠʩʫʥʢʘ 3.37 ï ʚʠʜʥʦ 

ʩʠʣʴʥʦ ʥʘʛʨʽʪʫ ʦʙʣʘʩʪʴ, ʭʦʯʘ ʚʩʷ ʜʝʪʘʣʴ ʟʘʛʘʣʦʤ ʭʦʣʦʜʥʘ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʪʨʘʪʠ ʫ ʧʣʘʩʪʠʢʫ 

PLA ʤʝʥʰʽ, ʥʽʞ ʫ PETG, (ʚ ʫʩʷʢʦʤʫ ʨʘʟʽ, ʷʢʱʦ ʥʝ ʩʠʣʴʥʦ ʥʘʛʨʽʚʘʪʠ ʜʦʩʣʽʜʞʫʚʘʥʽ 

ʟʨʘʟʢʠ). ʅʘʰʽ ʜʝʪʘʣʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʨʦʙʣʷʶʪʴʩʷ ʟ PETG. ʅʘʷʚʥʽʩʪʴ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʦʜʥʦʯʘʩʥʦ ʦʟʥʘʯʘʻ, ʱʦ ʮʝʡ ʧʣʘʩʪʠʢ ʙʫʜʝ 

ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʙʦʪʫ ʘʥʪʝʥʠ ʟʘ ʨʘʭʫʥʦʢ ʩʘʤʝ ʮʽʻʾ ʧʨʦʚʽʜʥʦʩʪʽ. 



108 

 

ɿʘʛʘʣʦʤ, ʦʯʝʚʠʜʥʦ, ʱʦ ʥʘ ʘʥʪʝʥʫ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʽ ʡʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ. ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʟʤʽʱʫʻ 

ʥʘʩʪʨʦʡʢʫ ʥʘ ʨʝʟʦʥʘʥʩʥʫ ʯʘʩʪʦʪʫ, ʘ ʧʨʦʚʽʜʥʽʩʪʴ ʩʧʨʠʯʠʥʷʻ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʫ 

ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ. ʄʘʪʝʨʽʘʣ PLA ʟʥʘʯʥʦ ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʘʥʪʝʥ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʢʨʘʱʽ ʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʤʝʥʰʫ 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ. ɸʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʥʘʜ 70ʦʉ ʚʽʥ ʩʪʘʻ ʛʽʨʰʠʤ ʟʘ 

PETG. ʇʨʦʪʝ ʚ ʮʽʣʦʤʫ PETG ʤʘʻ ʢʨʘʱʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ɼʦʜʘʪʦʢ ɽ).  

ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʷʢʱʦ ʻ ʤʦʞʣʠʚʽʩʪʴ, ʩʣʽʜ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʘʥʪʝʥʫ ʟ 

ʫʩʽʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʘ ʥʝ ʩʪʘʚʠʪʠ ʾʭ ʫʞʝ ʧʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʘʥʪʝʥʠ. ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ ʧʦ ʟʘʭʠʩʪʫ ʧʣʘʩʪʠʢʫ ʚʽʜ ʚʦʣʦʛʠ, ʪʦʤʫ ʱʦ 

ʥʘʜʨʫʢʦʚʘʥʽ ʜʝʪʘʣʽ ʩʠʣʴʥʦ ʧʦʛʣʠʥʘʶʪʴ ʚʦʣʦʛʫ, ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʱʫʻʪʴʩʷ ʨʝʟʦʥʘʥʩʥʘ 

ʯʘʩʪʦʪʘ ʨʘʜʽʦʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʗʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ, ʯʘʩʪʦ ʻ ʚʠʨʽʰʘʣʴʥʠʤ 

ʘʨʛʫʤʝʥʪʦʤ ʢʦʥʢʫʨʝʥʮʽʾ ʩʧʦʞʠʚʘʯʽʚ. ʊʽʣʴʢʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʱʦ 

ʚʠʧʫʩʢʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ɸɺ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ ʪʽʣʴʢʠ 

ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʙʦʡʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɹʧʃɸ, ʘʣʝ ʡ ʥʘʜʽʡʥʠʡ ʨʠʥʦʢ 

ʟʙʫʪʫ ʜʣʷ ʚʠʨʦʙʥʠʢʽʚ ʪʘʢʦʾ ʧʨʦʜʫʢʮʽʾ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʤʦʞʥʘ 

ʨʦʟʨʦʙʣʷʪʠ ʩʠʩʪʝʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ 

ʧʨʦʮʝʩʦʤ ɸɺ ʪʘ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 

 

3.8 ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʽ ʟʘʩʦʙʫ ʟʤʽʰʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʚ ʝʢʩʪʨʫʜʝʨʽ 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʘʩʪʠʢʦʚʠʭ ʚʠʨʦʙʽʚ ʻ ʟʨʽʣʘ, ʱʦʙ ʣʝʛʢʦ ʧʝʨʝʡʪʠ 

ʚʽʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʝʪʽʚ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 3D-ʥʠʪʦʢ. ʋ ʮʽʡ ʛʘʣʫʟʽ ʚʞʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʝʣʠʢʠʡ ʙʫʤ, ʽ ʜʫʞʝ ʯʘʩʪʦ ʥʘ ʨʠʥʢʫ ʚʠʧʫʩʢʘʻʪʴʩʷ ʥʦʚʠʡ ʪʠʧ ʥʠʪʦʢ 

(ʥʦʚʽ ʢʦʣʴʦʨʠ, ʧʦʢʨʘʱʝʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʦʚʽ ʢʦʤʧʦʟʠʪʠ, ʥʦʚʽ ʬʫʥʢʮʽʾ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘʢʦʞ ʰʚʠʜʢʦ ʧʨʠʩʢʦʨʶʶʪʴʩʷ. ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʜʦʩʣʽʜʞʝʥʴ, ʦʩʥʦʚʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʦʩʪʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʽ 

ʪʝʩʪʫʚʘʥʥʷ ʥʦʚʠʭ ʥʠʪʦʢ. ʍʦʯʘ ʩʢʣʘʜʥʽ, ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʝʢʩʪʨʫʟʽʡʥʽ 

ʤʘʰʠʥʠ ʚʞʝ ʽʩʥʫʶʪʴ, ʜʣʷ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʮʽʣʝʡ ʤʽʥʽʘʪʶʨʠʟʘʮʽʷ ʤʘʰʠʥ ʻ ʙʽʣʴʰ 

ʙʘʞʘʥʦʶ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʘ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ. ɹʽʣʴʰ ʪʦʛʦ, ʧʨʠ ʚʠʚʯʝʥʥʽ 
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ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽʚ ʚʝʣʠʢʽ ʝʢʩʪʨʫʜʝʨʠ ï ʥʝ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʧʽʜʭʦʜʠ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʦʢ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʤʽʰʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ.  

ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʰʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʤʝʭʘʥʽʯʥʦʤʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʟʤʽʰʫʚʘʥʥʽ ʛʨʘʥʫʣ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʚ ʻʤʥʦʩʪʽ, ʘ ʧʦʪʽʤ 

ʾʭ ʟʘʣʠʚʢʘ ʚ ʝʢʩʪʨʫʜʝʨ ʜʣʷ ʜʨʫʛʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʝʢʩʪʨʫʜʝʨʽ. 

ɼʨʫʛʝ ʤʝʭʘʥʽʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʜʠʩʧʝʨʛʫʚʘʪʠ ʥʘʧʦʚʥʶʚʘʯ ʚ 

ʨʦʟʧʣʘʚʣʝʥʠʡ ʧʦʣʽʤʝʨ, ʪʦʤʫ ʦʪʨʠʤʘʥʘ ʥʠʪʢʘ ʙʫʜʝ ʢʦʤʧʦʟʠʪʦʤ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʛʦʤʦʛʝʥʥʦ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʚ ʧʦʣʽʤʝʨʽ. ʗʢʱʦ ʧʦʪʨʽʙʥʘ ʢʨʘʱʘ ʜʠʩʧʝʨʩʽʷ, 

ʢʦʤʧʦʟʠʪʥʫ ʥʠʪʢʫ ʤʦʞʥʘ ʥʘʨʽʟʘʪʠ ʥʝʚʝʣʠʢʠʤʠ ʛʨʘʥʫʣʘʤʠ ʽ ʟʥʦʚʫ 

ʝʢʩʪʨʫʜʫʚʘʪʠ [31]. 

ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʰʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʨʦʟʯʠʥʝʥʥʽ ʧʦʣʽʤʝʨʫ ʚ ʨʦʟʯʠʥʥʠʢʫ (ʥʘʧʨʠʢʣʘʜ, PLA ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʭʣʦʨʦʬʦʨʤʽ) 

ʽ ʜʦʜʘʚʘʥʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʦʪʨʠʤʘʥʦʤʫ ʨʦʟʯʠʥʽ. ʇʦʪʽʤ ʧʦʚʽʣʴʥʦ ʚʠʧʘʨʶʶʪʴ 

ʘʮʝʪʦʥ, ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʤʽʰʫʶʯʠ ʨʦʟʯʠʥ. ɿʘʣʝʞʥʦ ʚʽʜ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʙʽʣʴʰ ʧʨʦʩʫʥʫʪʠʭ ʤʝʪʦʜʽʚ (ʫʣʴʪʨʘʟʚʫʢ, ʟʥʠʞʝʥʥʷ 

ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʽʚ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʦʩʽʜʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ) [12ï14]. ʂʦʣʠ 

ʜʠʩʧʝʨʩʥʽʩʪʴ ʥʘʧʦʚʥʶʚʘʯʘ ʚʚʘʞʘʻʪʴʩʷ ʛʦʤʦʛʝʥʥʦʶ, ʨʽʜʢʠʡ ʢʦʤʧʦʟʠʪ ʙʫʜʝ 

ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʪʦʥʢʠʤʠ ʰʘʨʘʤʠ ʥʘ ʚʝʣʠʢʽʡ ʦʧʦʨʽ ʜʣʷ ʙʽʣʴʰ ʰʚʠʜʢʦʛʦ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟʘʣʠʰʢʫ ʘʮʝʪʦʥʫ, ʽ ʤʝʥʰʦʛʦ ʦʩʽʜʘʥʥʷ. ɺʠʩʫʰʝʥʠʡ ʢʦʤʧʦʟʠʪ 

ʧʦʢʘʞʝ ʧʦʨʠʩʪʽʩʪʴ, ʘʣʝ ʮʝ ʙʫʜʝ ʫʩʫʥʫʪʦ ʥʘ ʝʪʘʧʽ ʝʢʩʪʨʫʟʽʾ. ɺʘʞʣʠʚʦ, ʱʦʙ ʚʝʩʴ 

ʘʮʝʪʦʥ ʧʝʨʝʜ ʝʢʩʪʨʫʟʽʻʶ ʙʫʚ ʚʠʧʘʨʝʥʠʡ, ʽʥʘʢʰʝ ʧʝʨʰʘ ʥʠʪʢʘ ʙʫʜʝ ʧʦʨʠʩʪʦʶ. ʉʫʭʽ 

ʪʦʥʢʽ ʧʣʘʩʪʠ ʥʘʨʽʟʘʶʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʽ ʛʨʘʥʫʣʠ ʜʣʷ ʝʢʩʪʨʫʟʽʾ. 

ʅʘ ʨʠʩʫʥʢʫ 3.39 ʧʦʢʘʟʘʥʘ ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʨʽʟʥʠʭ 

ʧʦʣʽʤʝʨʽʚ ʚ ʝʢʩʪʨʫʜʝʨʽ. 

ʇʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʧʦʣʽʤʝʨʽʚ ʚ ʝʢʩʪʨʫʜʝʨʽ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

ï ʧʦʜʘʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ (7 ʽ 8). ɼʚʘ ʨʽʟʥʽ ʧʦʣʽʤʝʨʠ (7 ï ʧʦʣʽʤʝʨ 1, 8 ï 

ʧʦʣʽʤʝʨ 2) ʧʦʜʘʶʪʴʩʷ ʫ ʩʠʩʪʝʤʫ ʝʢʩʪʨʫʜʝʨʘ ʯʝʨʝʟ ʦʢʨʝʤʽ ʢʘʥʘʣʠ; 
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ʈʠʩ. 3.39 ï ʇʨʠʥʮʠʧ ʨʦʟʨʦʙʣʝʥʦ ʾʩʭʝʤʠ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʨʽʟʥʠʭ ʧʦʣʽʤʝʨʽʚ 

ʚ ʝʢʩʪʨʫʜʝʨʽ 

ï ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʘ ʪʝʤʧʝʨʘʪʫʨʠ (2 ï ʨʘʜʽʘʪʦʨ). ʇʦʣʽʤʝʨʠ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʨʘʜʽʘʪʦʨʠ (2), ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʬʽʣʘʤʝʥʪ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʥʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʪʘ ʟʘʧʦʙʽʛʘʶʪʴ ʧʝʨʝʜʯʘʩʥʦʤʫ ʧʣʘʚʣʝʥʥʶ ʚ ʟʦʥʽ ʪʝʨʤʦʙʘʨôʻʨʘ; 

ï ʟʦʥʘ ʪʝʨʤʦʙʘʨôʻʨʘ (3). ʊʝʨʤʦʙʘʨôʻʨ (3) ʟʘʙʝʟʧʝʯʫʻ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ ʤʽʞ 

ʨʘʜʽʘʪʦʨʦʤ (2) ʪʘ ʥʘʛʨʽʚʘʣʴʥʠʤ ʙʣʦʢʦʤ (1), ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʯʽʪʢʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʝʨʝʭʽʜ; 

ï ʝʘʛʨʽʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ (5 ï ʢʝʨʘʤʽʯʥʠʡ ʥʘʛʨʽʚʘʯ). ʋ ʥʘʛʨʽʚʘʣʴʥʦʤʫ ʙʣʦʮʽ 

(1) ʢʝʨʘʤʽʯʥʠʡ ʥʘʛʨʽʚʘʯ (5) ʧʽʜʽʛʨʽʚʘʻ ʧʦʣʽʤʝʨʠ ʜʦ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʩʪʘʥʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʪʝʨʤʽʩʪʦʨʦʤ (6) ʜʣʷ ʪʦʯʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ; 

ï ʟʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʣʝʥʠʭ ʧʦʣʽʤʝʨʽʚ (1 ʽ 9). ʆʙʠʜʚʘ ʨʦʟʧʣʘʚʣʝʥʽ ʧʦʣʽʤʝʨʠ 

ʦʜʥʦʯʘʩʥʦ ʥʘʜʭʦʜʷʪʴ ʫ ʟʤʽʰʫʚʘʣʴʥʫ ʢʘʤʝʨʫ (9), ʜʝ ʚʦʥʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ. ʋ ʮʽʡ 

ʢʘʤʝʨʽ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʜʦʜʘʪʢʦʚʽ ʤʝʭʘʥʽʯʥʽ ʘʙʦ ʪʫʨʙʫʣʝʥʪʥʽ ʧʨʦʮʝʩʠ ʜʣʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʝʢʩʪʨʫʟʽʷ ʟʤʽʰʘʥʦʛʦ ʧʦʣʽʤʝʨʫ (4 ï ʩʦʧʣʦ). ɿʤʽʰʘʥʠʡ ʨʦʟʧʣʘʚʣʝʥʠʡ 

ʧʦʣʽʤʝʨ (9) ʚʠʪʠʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʩʦʧʣʦ (4), ʜʝ ʚʽʥ ʦʩʪʘʪʦʯʥʦ ʬʦʨʤʫʻ ʚʠʭʽʜʥʠʡ ʧʦʪʽʢ 

ʤʘʪʝʨʽʘʣʫ; 

ï ʚʠʭʽʜ ʤʘʪʝʨʽʘʣʫ (10 ï ʚʠʭʽʜʥʠʡ ʧʦʣʽʤʝʨ). ʅʘ ʚʠʭʦʜʽ (10) ʫʪʚʦʨʶʻʪʴʩʷ 

ʟʤʽʰʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʛʦʪʦʚʠʡ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʥʘ ʧʣʘʪʬʦʨʤʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
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ʥʘʣʘʰʪʫʚʘʥʴ ʜʨʫʢʫ, ʮʝʡ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʤʘʪʠ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʝʥʽ 

ʢʦʣʽʨ, ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʽʡʢʽʩʪʴ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

ʋ ʨʦʟʜʽʣʽ ʙʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ï ʫ ʢʦʥʪʝʢʩʪʽ 

ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ɹʧʃɸ ʪʘ ʽʥʰʠʭ ʚʠʨʦʙʘʭ ʟʽ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ. ʆʙʨʘʥʦ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ CAD/CAM-ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʇʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʟʤʽʰʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʪʘ ʚʧʣʠʚ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʨʦʮʝʩ ʽ ʨʝʟʫʣʴʪʘʪ 3D-ʜʨʫʢʫ. ʆʧʠʩʘʥʦ ʧʦʚʥʠʡ ʮʠʢʣ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʥʘ ʝʪʘʧʘʭ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʜʨʫʢʫ ʡ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ 

ʜʦʩʣʽʜʞʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ 

ʜʨʫʢʫ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɺʽʜ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʝʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʽʡʩʴʢʦʚʦʛʦ ʦʟʙʨʦʻʥʥʷ 

ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʈʦʟʜʽʣ ʤʽʩʪʷʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʯʠʩʣʦʚʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʘʢʪʠʯʥʘ ʯʘʩʪʠʥʘ ʨʦʟʜʽʣʫ 

ʤʽʩʪʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʧʦʣʽʤʝʨʽʚ) ʥʘ ʨʦʟʪʷʛ. ɸʥʘʣʽʟ ʽ ʚʽʟʫʘʣʽʟʘʮʽʷ ʦʜʝʨʞʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʘ ʫ ɼʦʜʘʪʢʫ ɻ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʘʜʽʦʧʨʦʟʦʨʦʩʪʽ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʥʪʝʥʠ ɹʧʃɸ ʟ PLA. 
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ʈʆɿɼɯʃ 4  

ɯʅʌʆʈʄɸʎɯʁʅʆ-ɺʀʄɯʈʖɺɸʃʔʅɸ ʊɽʍʅʆʃʆɻɯʗ ʂʆʅʊʈʆʃʖ 

ʗʂʆʉʊɯ 3D-ɼʈʋʂʋ 

4.1 ʉʢʣʘʜʥʠʢʠ ʨʦʟʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʆʧʠʩ ʩʢʣʘʜʥʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ɯɺʊ), 

ʨʦʟʨʦʙʣʝʥʦʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʧʽʜ ʯʘʩ 3D-ʜʨʫʢʫ, ʧʝʨʝʜʙʘʯʘʻ 

ʩʠʩʪʝʤʥʫ ʽʥʪʝʛʨʘʮʽʶ ʪʝʭʥʽʯʥʦʛʦ, ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʉʪʨʫʢʪʫʨʘ ɯɺʊ ʚʨʘʭʦʚʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʷʚʣʝʥʽ 

ʜʝʬʝʢʪʠ ʫ ʧʨʦʮʝʩʽ ʜʨʫʢʫ. ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʜʝʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʞʝʥ 

ʢʣʶʯʦʚʠʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʘʧʘʨʘʪʥʦʾ ʙʘʟʠ ʡ ʟʘʢʽʥʯʫʶʯʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʤʦʜʫʣʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ. 

1) ʊʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

V 3D-ʧʨʠʥʪʝʨ Bambu Lab X1 Series. 

V ʂʘʤʝʨʘ OAK-D S2 ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ɹɼ ʟʨʘʟʢʽʚ ʟʦʙʨʘʞʝʥʴ (ʢʘʜʨʽʚ), ʪʘ 

ʜʣʷ ʬʽʢʩʫʚʘʥʥʷ ʧʦʤʠʣʦʢ ʜʨʫʢʫ ʚʞʝ ʥʘʚʯʝʥʦʾ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

V ʇʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʜʣʷ ʨʦʙʦʪʠ ɯɺʊ. 

2) ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

V ʉʬʦʨʤʦʚʘʥʘ ɹɼ ʟʽ ʟʨʘʟʢʘʤʠ ʢʣʘʩʠʯʥʠʭ ʜʝʬʝʢʪʽʚ ʝʣʝʤʝʥʪʽʚ ʜʨʫʢʫ, ʷʢʽ  

ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ 3D-ʜʨʫʢʫ. 

V ʇʽʜʛʦʪʦʚʯʽ ʤʝʪʦʜʠ ʢʦʨʠʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʥʦʨʤʘʣʽʟʘʮʽʾ ʡ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜ ʛʘʤʤʘ-ʢʦʨʝʢʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ 

ʟʥʘʭʦʜʞʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. 

3) ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʝʧʨʦʮʝʩʽʥʛʫ. 

ʄʦʜʝʣʴ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʟʥʘʢ ʝʣʝʤʝʥʪʽʚ 3D-ʜʨʫʢʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʪʠʧʽ ʜʝʬʝʢʪʽʚ ʫ ʭʦʜʽ ʜʨʫʢʫ (ʨʝʘʣʽʟʘʮʽʷ ʥʘ PYTHON). 
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4) ʅʝʡʨʦʤʝʨʝʞʝʚʘ ʤʦʜʝʣʴ. 

V ʄʦʜʝʣʴ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʪʠʧʫ ʧʦʰʫʢʫ ʜʝʬʝʢʪʽʚ ʫ ʢʘʜʨʘʭ 

(ʟʦʙʨʘʞʝʥʥʷʭ), ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟʽ ʩʧʝʮʽʘʣʴʥʦʾ ʢʘʤʝʨʠ (ʨʝʘʣʽʟʘʮʽʷ ʥʘ 

PYTHON). 

5) ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (Software). 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʧʨʘʮʶʻ ʟ ʘʧʘʨʘʪʥʦʶ ʯʘʩʪʠʥʦʶ (ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ ï 3D-ʧʨʠʥʪʝʨ, ʢʘʤʝʨʘ), ʽʜʝʥʪʠʬʽʢʫʻ ʡ ʢʣʘʩʠʬʽʢʫʻ ʧʦʤʠʣʢʠ ʫ ʧʨʦʮʝʩʽ 

ʜʨʫʢʫ (ɼʦʜʘʪʦʢ ɽ). ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʫʧʠʥʷʻ ʧʨʦʮʝʩ 3D-

ʜʨʫʢʫ ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʤʠʣʦʢ ʜʨʫʢʫ(ʚʟʘʻʤʦʜʽʷ ʧʨʦʛʨʘʤʥʦʾ ʡ ʘʧʘʨʘʪʥʦʾ 

ʯʘʩʪʠʥʠ ɯɺʊ). 

 

4.2 ʌʦʨʤʫʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʪʠʧʽʚ ʜʝʬʝʢʪʽʚ 3D-ʜʨʫʢʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʇʽʜʛʦʪʦʚʢʘ ʜʘʥʠʭ. ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʦʾ ʢʘʤʝʨʠ, ʷʢʘ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ 3D-ʜʨʫʢʫ, ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʙʘʟʘ ʜʘʥʠʭ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʟʽ ʟʨʘʟʢʘʤʠ ʜʝʬʝʢʪʽʚ 5 ʪʠʧʽʚ: 0 ï ʜʝʬʝʢʪ çʩʧʘʛʝʪʽè; 1 ï ʜʝʬʝʢʪ 

ʚʽʜʰʘʨʫʚʘʥʥʷ; 2 ï ʜʝʬʝʢʪ çʟʤʽʱʝʥʥʷ ʰʘʨʽʚè; 4 ïʜʝʬʝʢʪ ʫ ʚʠʛʣʷʜʽ ʪʨʽʱʠʥʠ; 5 ï 

ʜʝʬʝʢʪ ʚʽʜʩʫʪʥʽʡ. ʂʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ï 500 (ʚʩʴʦʛʦ 3000 ʟʦʙʨʘʞʝʥʴ).  

ɽʪʘʧʠ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ 

1. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʙʘʟʠ. 

2. ʇʦʜʘʥʥʷ ʜʘʥʠʭ ʥʘ ʚʭʽʜ ʜʣʷ ʥʘʚʯʘʥʥʷ: 75 % ʚʠʙʽʨʢʠ. 

3. ʇʦʜʘʥʥʷ ʜʘʥʠʭ ʥʘ ʚʭʽʜ ʜʣʷ ʚʘʣʽʜʘʮʽʾ: 25% ʚʠʙʽʨʢʠ. 

4. ɺʽʟʫʘʣʽʟʘʮʽʷ ʚʠʧʘʜʢʦʚʠʭ ʢʘʜʨʽʚ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʜʝʬʝʢʪʽʚ. 

ɽʪʘʧʠ ʥʘʚʯʘʥʥʷ 

1. ʇʦʜʘʥʥʷ ʙʣʦʢʽʚ ʧʦ 32 ʟʨʘʟʢʘ ʥʘ ʥʘʚʯʘʥʥʷ (ʟ ʫʩʽʭ 75% (2250 ʟʨʘʟʢʽʚ)) 

2. ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ (ʝʧʦʭ) ï Max 100. 

ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʚʠʜʫ CNN. 
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4.3 ɸʨʭʽʪʝʢʪʫʨʘ ʰʪʫʯʥʦʾ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʜʨʫʢʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʂʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ï 500 (ʚʩʴʦʛʦ 3000 ʟʦʙʨʘʞʝʥʴ). ʅʘʚʯʘʥʥʷ ï

75 % ʚʠʙʽʨʢʠ, ʚʘʣʽʜʘʮʽʷ ï 25%. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʘʻ ʘʨʭʽʪʝʢʪʫʨʫ CNN. 

ʋ ʪʘʙʣʠʮʽ 4.1 ʥʘʚʝʜʝʥʦ ʟ ʧʨʠʢʣʘʜ ʫʩʧʽʰʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʷʢʘ ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʦʩʥʦʚʥʠʭ ʜʝʬʝʢʪʽʚ ʜʨʫʢʫ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ 

ʧʨʦʮʝʩʘʭ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

 

ʊʘʙʣʠʮʷ 4.1 ï ʆʜʥʘ ʽʟ ʨʝʘʣʽʟʦʚʘʥʠʭ ʘʨʭʽʪʝʢʪʫʨ 

ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (CNN)  

Input Layer 224x224x3 (RGB ʟʦʙʨʘʞʝʥʥʷ) 

Conv Layer 1 32 ʬʽʣʴʪʨʠ ʨʦʟʤʽʨʦʤ 3x3, ʘʢʪʠʚʘʮʽʷ ReLU 

Max Pooling Layer 1 2x2 

Conv Layer 2 64 ʬʽʣʴʪʨʠ ʨʦʟʤʽʨʦʤ 3x3, ʘʢʪʠʚʘʮʽʷ ReLU 

Max Pooling Layer 2 2x2 

Conv Layer 3 128 ʬʽʣʴʪʨʠ ʨʦʟʤʽʨʦʤ 3x3, ʘʢʪʠʚʘʮʽʷ ReLU 

Flatten Layer ʧʝʨʝʪʚʦʨʝʥʥʷ 2D ʚʝʢʪʦʨʫ ʚ 1D 

Fully Connected Layer (Dense Layer) 512 ʥʝʡʨʦʥʽʚ, ʘʢʪʠʚʘʮʽʷ ReLU 

Output Layer 6 ʥʝʡʨʦʥʽʚ, ʘʢʪʠʚʘʮʽʷ Softmax (ʜʣʷ 6 ʢʣʘʩʽʚ) 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʪʘʙʣʠʮʽ 4.1 ʚʚʝʜʝʥʽ ʪʘʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʝʨʘʮʽʾ 

1) ʄʘʪʨʠʯʥʘ ʟʛʦʨʪʢʘ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʦ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

ὅέὲὺὼȟώ
ὍάὥὫὩὼ Ὥȟώ Ὦ

ὑὩὶὲὩὰὭ άȟὮ ά
ȟ 

ʜʝ 

ὑὩὶὲὩὰ ï ʤʘʪʨʠʮʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ (ʷʜʨʦ ʟʛʦʨʪʢʠ), 

ὍάὥὫὩὼ Ὥȟώ Ὦȟ ὭȟὮ άȠάȟ άᶰὔ ï ʬʨʘʛʤʝʥʪ ʢʘʜʨʫ. 

2) ʌʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ ReLu, ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ: 

Ὢ ὼ ÍÁØπȠὼȟ ὼ ï ʚʠʭʽʜ ʽʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ ʤʝʨʝʞʽ. 

3) ʌʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ SoftMax, ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ: 

ὛέὪὸὓὥὼὶ Ὡ В Ὡϳ ȟ ὶ ï ʚʠʭʽʜ ʤʝʨʝʞʽ ʟ ʦʩʪʘʥʥʴʦʛʦ ʰʘʨʫ; 

ὛέὪὸὓὥὼὶ  ï ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʣʝʞʥʦʩʪʽ ʜʝʬʝʢʪʫ ʜʦ Ὥ-ʛʦ ʢʣʘʩʫ. 
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ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʥʘ ʪʝʩʪʦʚʽʡ ʪʘ ʚʘʣʽʜʘʮʽʡʥʽʡ ʯʘʩʪʠʥʘʭ ʚʠʙʽʨʢʠ ʧʦʜʘʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 4.1, ʨʠʩʫʥʢʫ 4.2 ʽ ʨʠʩʫʥʢʫ 4.3. 

ʈʠʩʫʥʦʢ 4.1 ʜʝʤʦʥʩʪʨʫʻ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʥʘ 10 ʽʪʝʨʘʮʽʷʭ (ʝʧʦʭʘʭ). ʗʢ 

ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 4.1 ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʽ ʥʘ ʪʝʩʪʦʚʽʡ (ʚʘʣʽʜʘʮʽʡʥʽʡ) ʧʽʜʚʠʙʽʨʢʘʭ 

ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʩʧʘʜʘʻ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʝʨʝʥʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ 

ʤʦʜʝʣʽ ʚʽʜʩʫʪʥʻ. 

 
ʈʠʩ. 4.1 ï ɿʙʽʞʥʽʩʪʴ ʚ ʭʦʜʽ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʫ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ (ʥʘ 

ʪʝʩʪʦʚʽʡ ʪʘ ʚʘʣʽʜʘʮʽʡʥʽʡ ʧʽʜʚʠʙʽʨʢʘʭ) 

ʆʯʝʚʠʜʥʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.1 ʥʝ ʜʘʶʪʴ ʱʝ 

ʦʩʪʘʪʦʯʥʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʻ ʷʢʽʩʥʠʡ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 4.2 

ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʝʨʝʜʥʴʦʾ ʚʘʣʽʜʘʮʽʾ ʥʘ ʪʝʩʪʦʚʽʡ ʽ ʥʘʚʯʘʣʴʥʽʡ ʧʽʜʚʠʙʽʨʢʘʭ.  

 

 
 

ʈʠʩ. 4.2 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʷʢ ʩʝʨʝʜʥʻ ʧʦ ʫʩʽʭ ʢʣʘʩʘʭ 
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ʋʩʝʨʝʜʥʝʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ

ɺʠʙʽʨʢʘ ʜʣʷ ʥʘʚʯʘʥʥʷɺʠʙʽʨʢʘ ʜʣʷ ʚʘʣʽʜʘʮʽʾ
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ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʢʠ ʥʘʚʯʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʪʠʧʫ, ʷʢʘ ʧʦʜʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.2 ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʥʘʚʝʜʝʥʽ ʚʠʱʝ 

ʬʦʨʤʫʣʠ: 

 

ὃὧόὶὥὧώ
ὔ

ὔ
ȟὃὧόὶὥὧώὔ ὔȟ 

 

ʜʝ ὔ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ ʢʣʘʩʫ ί, ὔ  ï ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ  

ʨʦʟʧʽʟʥʘʥʠʭ ʟʨʘʟʢʽʚ ʢʣʘʩʫ ί, ὃὧόὶὥὧώ ï ʟʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦ ʢʣʘʩʫ 

ί, ὃὧόὶὥὧώ ï ʩʝʨʝʜʥʷ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦ ʚʠʙʽʨʮʽ. 

ʈʠʩʫʥʦʢ 4.3 ʤʽʩʪʠʪʴ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʘʣʽʜʘʮʽʾ ʦʜʥʽʻʾ ʽ ʪʦʾ ʞ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʪʠʧʫ ʟ ʨʽʟʥʠʤʠ ʚʞʝ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʷʢʦʩʪʽ ʤʝʪʦʜʽʚ ʧʨʝʧʨʦʮʝʩʠʥʛʫ ʜʘʥʠʭ ʧʝʨʝʜ ʥʘʚʯʘʥʥʷʤ. 

 
ʈʠʩ. 4.3 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʦʧʨʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʨʝʧʨʦʮʝʩʠʥʛʫ, ʥʘ ʚʞʝ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ 

(ʛʘʤʤʘ-ʢʦʨʝʢʮʽʷ, ʢʣʘʩʠʯʥʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ), ʘ ʪʘʢʦʞ ʙʝʟ ʧʨʝʧʨʦʮʝʩʠʥʛʫ 

ʂʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘʚʯʘʥʥʷ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʷʩʢʨʘʚʦʩʪʽ) 

ʧʽʢʩʝʣʽʚ ʫ ʟʦʙʨʘʞʝʥʥʷʭ ʙʘʟʠ ʜʘʥʠʭ, ʷʢʘ ʚʠʢʦʨʠʩʪʘʥʘ ʙʫʣʘ ʜʣʷ ʥʘʚʯʘʥʥʷ ʽ ʚʘʣʽʜʘʮʽʾ 

ʤʦʜʝʣʽ. 

 

0
0,2
0,4
0,6
0,8

1

0 1 2 3 4 5

ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʤʠʣʦʢ 3D-ʜʨʫʢʫʥʘ ʚʘʣʽʜʘʮʽʡʥʽʡ 

ʯʘʩʪʠʥʽ (25%) ʚʠʙʽʨʢʠ (ʚʘʣʽʜʘʮʽʷ ʤʦʜʝʣʽ)

ɹʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ

ɻʘʤʤʘ-ʢʦʨʝʢʮʽʷ

ʂʣʘʩʠʯʥʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ
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4.4 ɺʟʘʻʤʦʜʽʷ ʧʨʦʛʨʘʤʥʦʾ ʡ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘ ʨʠʩʫʥʢʫ 4.4 ʧʦʢʘʟʘʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ, ʷʢʘ ʤʽʩʪʠʪʴ 2 ʙʣʦʢʠ ï 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ (ʧʨʦʛʨʘʤʥʠʡ) ʙʣʦʢ ʽ ʘʧʘʨʘʪʥʠʡ ʙʣʦʢ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʜʫʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʢʘʜʨʽʚ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʚ ʦʙôʻʢʪʘʭ 3D-ʜʨʫʢʫ (ʧʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʠ 

ʢʦʥʪʨʦʣʶ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʜʨʫʢʫ), ʘ ʪʘʢʦʞ ʤʦʜʫʣ ̫ʟʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 3D-ʜʨʫʢʫ. 

ʄʦʜʫʣʴ ʦʧʨʘʮʶʚʘʥʥʷ ʢʘʜʨʽʚ ʤʽʩʪʠʪʴ ʨʝʘʣʽʟʘʮʽʶ: ʤʝʪʦʜʘ ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ 

ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ ʨʦʟʨʽʜʞʝʥʦʶ ʤʘʪʨʠʮʝʶ; ʤʝʪʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʽʚʥʷʥʥʷ 

ʇʫʘʩʩʦʥʘ; ʟʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; ʙʽʙʣʽʦʪʝʢʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ; ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʦʱʦ. 

 

ʈʠʩ. 4.4 ï ɺʟʘʻʤʦʜʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʽ ʘʧʘʨʘʪʥʦʛʦ (ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ) ʙʣʦʢʫ 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʩʢʣʘʜʥʠʢʠ ʨʦʟʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ. 

ɸʧʘʨʘʪʥʠʡ ʙʣʦʢ 

3D-ʧʨʠʥʪʝʨ ʟ 

ʢʘʤʝʨʦʶ, ʷʢʘ 

ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʇʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ / 

ʥʦʫʪʙʫʢ ʟ ʨʦʟʨʦʙʣʝʥʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ  

ʇʽʜʩʠʩʪʝʤʘ, ʷʢʘ ʨʝʘʣʽʟʫʻ 

ʧʨʦʮʝʩ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ 

ʟʦʙʨʘʞʝʥʥʷ 

ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ 
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1) ʊʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

V 3D-ʧʨʠʥʪʝʨ Bambu Lab X1 Series. 

V ʂʘʤʝʨʘ OAK-D S2 ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ɹɼ ʟʨʘʟʢʽʚ ʟʦʙʨʘʞʝʥʴ (ʢʘʜʨʽʚ), ʪʘ 

ʜʣʷ ʬʽʢʩʫʚʘʥʥʷ ʧʦʤʠʣʦʢ ʜʨʫʢʫ ʚʞʝ ʥʘʚʯʝʥʦʾ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

V ʇʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʧʨʦʛʨʘʤʥʦʾ ʡ ʘʧʘʨʘʪʥʦʾ 

ʯʘʩʪʠʥʠ ɯɺʊ 

2) ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

V ʉʬʦʨʤʦʚʘʥʘ ɹɼ ʟʽ ʟʨʘʟʢʘʤʠ ʢʣʘʩʠʯʥʠʭ ʜʝʬʝʢʪʽʚ ʝʣʝʤʝʥʪʽʚ ʜʨʫʢʫ, ʷʢʽ  

ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ 3D-ʜʨʫʢʫ. 

V ʇʽʜʛʦʪʦʚʯʽ ʤʝʪʦʜʠ ʢʦʨʠʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. 

V ʄʝʪʦʜʠ ʥʦʨʤʘʣʽʟʘʮʽʾ ʡ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ.  

V ʄʝʪʦʜ ʛʘʤʤʘ-ʢʦʨʝʢʮʽʾ ʟʦʙʨʘʞʝʥʴ. 

V ʄʝʪʦʜʠ ʟʥʘʭʦʜʞʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. 

3) ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʝʧʨʦʮʝʩʽʥʛʫ 

ʄʦʜʝʣʴ ʧʨʦʮʝʩʫ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʟʥʘʢ ʝʣʝʤʝʥʪʽʚ 3D-ʜʨʫʢʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʪʠʧʽ ʜʝʬʝʢʪʽʚ ʫ ʭʦʜʽ ʜʨʫʢʫ (ʨʝʘʣʽʟʘʮʽʷ ʥʘ PYTHON). 

4) ʅʝʡʨʦʤʝʨʝʞʝʚʘ ʤʦʜʝʣʴ 

V ʄʦʜʝʣʴ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʪʠʧʫ ʧʦʰʫʢʫ ʜʝʬʝʢʪʽʚ ʫ ʢʘʜʨʘʭ 

(ʟʦʙʨʘʞʝʥʥʷʭ), ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟʽ ʩʧʝʮʽʘʣʴʥʦʾ ʢʘʤʝʨʠ (ʨʝʘʣʽʟʘʮʽʷ ʥʘ 

PYTHON). 

5) ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (Software) 

V ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʧʨʘʮʶʻ ʟ ʘʧʘʨʘʪʥʦʶ ʯʘʩʪʠʥʦʶ 

(ʚʠʤʽʨʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ï 3D-ʧʨʠʥʪʝʨ, ʢʘʤʝʨʘ), ʽʜʝʥʪʠʬʽʢʫʻ ʡ 

ʢʣʘʩʠʬʽʢʫʻ ʧʦʤʠʣʢʠ ʫ ʧʨʦʮʝʩʽ ʜʨʫʢʫ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʫʧʠʥʷʻ ʧʨʦʮʝʩ 3D-ʜʨʫʢʫ ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʤʠʣʦʢ 

ʜʨʫʢʫ(ʚʟʘʻʤʦʜʽʷ ʧʨʦʛʨʘʤʥʦʾ ʡ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ɯɺʊ). 
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4.5 ɺʘʣʽʜʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʘʭ 4.5ï4.7 ʧʦʢʘʟʘʥʦ ʧʨʦʮʝʩ ʨʝʘʛʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʪʝʩʪʫʚʘʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʪʘ ʾʾ ʚʟʘʻʤʦʜʽʶ ʟ ʘʧʘʨʘʪʥʦʶ ʯʘʩʪʠʥʦʶ ʟ ʤʝʪʦʶ ʟʫʧʠʥʢʠ ʜʨʫʢʫ ʧʽʜ ʯʘʩ 

ʬʽʢʩʫʚʘʥʥʷ ʜʝʬʝʢʪʫ ʜʨʫʢʫ. 

 

ʈʠʩ. 4.5 ï ʇʨʠʢʣʘʜ ʜʨʫʢʫ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʜʨʫʢʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʝʬʝʢʪ 

çʧʝʨʰʦʛʦ ʰʘʨʫè 

 

ʈʠʩ. 4.6 ï ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʬʽʢʩʘʮʽʻʶ ʜʝʬʝʢʪʫ 

ʪʠʧʫ ʚʠʛʣʷʜʽ çʩʧʘʛʝʪʽè 






















































































