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ɺɺɽɼɽʅʀɽ 
 

ʏʝʣʦʚʝʯʝʩʪʚʦ ʚʩʪʫʧʠʣʦ ʚ XXI ʩ ʦʧʪʠʤʠʩʪʠʯʝʩʢʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʚ 

ʪʦʤ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʤʥʦʛʠʝ ʧʨʦʙʣʝʤʳ, ʩ 

ʢʦʪʦʨʳʤʠ ʧʨʠʭʦʜʠʪʩʷ ʝʤʫ ʩʪʘʣʢʠʚʘʪʴʩʷ, ʦʪʚʝʪʠʪʴ ʥʘ ʤʥʦʛʠʝ ʚʳʟʦʚʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʚʩʝʭ ʩʪʦʨʦʥ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʕʪʦʪ ʚʝʢ ʚ ʙʦʣʴʰʦʡ ʤʝʨʝ 

ʘʚʘʥʩʦʤ ʥʘʟʚʘʥ ʚʝʢʦʤ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʢʨʫʞʘʶʱʠʡ ʯʝʣʦʚʝʢʘ ʤʠʨ ʧʦʣʦʥ ʟʘʛʘʜʦʢ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʛʝʥʠʘʣʴʥʳʭ ʧʦʜʩʢʘʟʦʢ. ʅʘʫʯʠʪʴʩʷ ʠʭ ʦʪʛʘʜʳʚʘʪʴ ʠ ʧʦʥʠʤʘʪʴ ï ʟʥʘʯʠʪ, 

ʜʦʙʠʚʘʪʴʩʷ ʧʨʦʛʨʝʩʩʘ ʚʦ ʚʩʝʤ. 

ʆʪ ʧʝʨʚʦʛʦ ʟʘʦʩʪʨʝʥʥʦʛʦ ʢʦʣʘ ʠ ʢʘʤʝʥʥʦʛʦ ʪʦʧʦʨʘ ʯʝʣʦʚʝʯʝʩʪʚʦ, 

ʩʦʟʠʜʘʷ, ʨʝʘʣʠʟʦʚʳʚʘʣʦ ʧʨʠʥʮʠʧ çʦʪ ʙʦʣʴʰʦʛʦ ʢ ʤʘʣʦʤʫè, çʩʚʝʨʭʫ ʚʥʠʟè, 

ʪ.ʝ. ʧʨʠʥʮʠʧ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʦʙʲʝʤʦʚ ʥʘ ʧʦʣʝʟʥʳʝ ʠ çʥʝ 

ʥʫʞʥʳʝ ʯʘʩʪʠè. ɸ ʨʘʩʪʠʪʝʣʴʥʳʡ ʤʠʨ ʧʨʠʨʦʜʘ ʩʦʟʜʘʚʘʣʘ ʧʦ ʧʨʠʥʮʠʧʫ çʦʪ 

ʤʘʣʦʛʦ ʢ ʙʦʣʴʰʦʤʫè, çʩʥʠʟʫ-ʚʚʝʨʭè, ʬʦʨʤʠʨʫʷ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ çʥʫʞʥʦè 

ʧʫʪʝʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ, ʛʝʥʝʨʠʨʦʚʘʥʠʷ. 

ʆʩʦʟʥʘʥʠʝ ʚʩʝʛʦ ʵʪʦʛʦ ʠ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʦʩʥʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʮʠʧʦʚ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʘʤʳʭ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ï ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʜʦ ʛʫʤʘʥʠʪʘʨʥʳʭ: ʥʘʫʢʘ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʠʝ, ʤʝʜʠʮʠʥʘ. 

ɺ ʦʙʱʝʤ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʛʝʥʝʨʘʪʠʚʥʦʡ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʪʦʛʜʘ, ʢʦʛʜʘ ʚ ʢʘʞʜʦʡ 

ʠʟ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ, 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʪ.ʜ. ʜʦʩʪʠʛʥʫʪ ʥʝʦʙʭʦʜʠʤʳʡ ʥʦʚʳʡ ʫʨʦʚʝʥʴ 

ʨʘʟʚʠʪʠʷ. ʊʘʢ ʙʳʣʦ, ʥʘʧʨʠʤʝʨ, ʩ ʩʦʟʜʘʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ: ʪʝʦʨʠʷ 

ʩʠʥʪʝʟʘ ʧʨʝʜʣʦʞʝʥʘ ʘʢʘʜʝʤʠʢʦʤ ʆ.ʀ. ʃʝʡʧʫʥʩʢʠʤ ʝʱʝ ʚ 30-ʝ ʛʦʜʳ, ʥʦ 

ʣʠʰʴ ʢ ʩʝʨʝʜʠʥʝ 60-ʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʜʦʩʪʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʪʝʧʣʦʬʠʟʠʢʠ, ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʜʨ. 

ʩʦʟʜʘʣʠ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʩʥʘʯʘʣʘ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ, ʘ ʟʘʪʝʤ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʘʣʤʘʟʦʚ ʠ ʜʨ. ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʤʘʪʝʨʠʘʣ ʠʟʣʘʛʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʢʦʥʮʝʧʮʠʝʡ ʪʨʝʭ ʫʨʦʚʥʝʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺʦ ʚʨʝʤʝʥʥʦʡ ʮʝʧʦʯʢʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ ï ʧʝʨʠʦʜ 

ʤʝʞʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠʜʝʠ ʠ ʚʳʭʦʜʦʤ ʝʛʦ ʥʘ ʨʳʥʦʢ ï ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʝʡ, ʧʨʦʪʦʪʠʧʦʚ ʠ ʦʙʨʘʟʮʦʚ ʠʟʜʝʣʠʷ. ɺ 

ʨʘʤʢʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʜʘʯʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ 

ʵʪʦʡ ʜʦʣʠ ʨʝʰʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʦ. ɺʩʝ ʵʪʦ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ 

ʠʜʝʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʛʝʥʝʨʘʪʠʚʥʳʝ 
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ʪʝʭʥʦʣʦʛʠʠ ʩʥʠʤʘʶʪ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʣʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʩʦʟʜʘʶʪ ʰʠʨʦʯʘʡʰʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʝʟʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʟʘʪʨʘʪ.  

ɺʩʝ ʵʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʜʠʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʤʝʶʪ ʦʙʱʫʶ ʠʜʝʦʣʦʛʠʶ ʠ 

ʧʨʠʥʮʠʧʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʧʨʷʤʦʡ ʧʝʨʝʭʦʜ ʦʪ 3D CAD ʦʙʨʘʟʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʠʟʜʝʣʠʶ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʘʩʪʢʠ, ʠʥʩʪʨʫʤʝʥʪʘ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ ʠ ʪ.ʜ. ʊʨʝʭʤʝʨʥʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ (ʠʟʜʝʣʠʝ) ʧʦʣʫʯʘʶʪ 

ʛʝʥʝʨʘʪʠʚʥʳʤ ʧʫʪʝʤ. ʅʘʧʨʠʤʝʨ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʨʘʟ ʠʟʜʝʣʠʷ ʟʘʜʘʝʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠ, ʯʝʨʪʝʞʦʤ, ʬʘʡʣʘʤʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʦʤʦʛʨʘʤʤ ʠʣʠ 

ʬʦʪʦʛʨʘʬʠʷʤʠ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩʦʟʜʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʨʝʭʤʝʨʥʘʷ 

ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ; ʚʠʨʪʫʘʣʴʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʢʨʠʪʝʨʠʷʤ; ʜʘʣʝʝ 

ʪʨʝʭʤʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ 

ʤʘʪʝʨʠʘʣʠʟʫʝʪʩʷ (ʧʦʣʠʤʝʨ, ʢʝʨʘʤʠʢʘ, ʙʫʤʘʛʘ, ʤʝʪʘʣʣ ʠ ʜʨ.). 

ɺ 2001 ʛʦʜʫ ʧʨʠ ʅʊʋ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ʩʦʟʜʘʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʋʢʨʘʠʥʝ ʫʯʝʙʥʦ-ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ 

ʚʳʩʦʢʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʠʜʝʦʣʦʛʠʠ ʠ 

ʪʝʭʥʠʢʝ ʧʦʩʣʦʡʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ. ʀʩʪʝʢʰʠʝ ʛʦʜʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʛʣʫʙʦʢʠʡ ʠʥʪʝʨʝʩ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʋʢʨʘʠʥʳ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʘʢʨʦ-, ʤʠʢʨʦ- ʠ ʥʘʥʦʫʨʦʚʥʝʡ. 

ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʚʧʝʨʚʳʝ ʠʟʣʘʛʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʪʨʝʭ ʫʨʦʚʥʝʡ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʝ ʦʙʦʙʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʙʨʘʥʥʦʡ ʠʟ ʤʥʦʛʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʠʣʠ ʩʦʙʩʪʚʝʥʥʦ ʠʟʜʝʣʠʡ ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝʤ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ, ʥʦ ʠ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠʜʝʦʣʦʛʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʭ 

ʦʛʨʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʙʝʟʛʨʘʥʠʯʥʳʭ ʦʙʣʘʩʪʝʡ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʘʟʜʝʣ ʧʝʨʚʳʡ ʧʦʩʚʷʱʝʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʝʥʜʝʥʮʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʟʚʠʪʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʛʝʥʝʨʘʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʤʘʢʨʦ-, ʤʠʢʨʦ- ʠ ʥʘʥʦʫʨʦʚʥʷ. 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ 

ʧʦʩʣʦʡʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʚʝʨʜʦʤ, ʞʠʜʢʦʤ, 

ʛʘʟʦʦʙʨʘʟʥʦʤ ʠ ʧʣʘʟʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʈʘʟʜʝʣ ʪʨʝʪʠʡ ʧʦʩʚʷʱʝʥ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʛʝʥʝʨʘʪʠʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʤʘʢʨʦʫʨʦʚʥʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʭ ʩʪʨʫʢʪʫʨʘ, ʨʦʣʴ 3D CAD 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʘ ʠʟʜʝʣʠʡ, ʬʠʟʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʧʦʩʣʦʡʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟʜʝʣʠʡ, ʩʫʪʴ ʩʧʦʩʦʙʦʚ ʧʨʷʤʦʡ 

ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʀʟʣʘʛʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʙʘʟʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʘ 

ʠʟʜʝʣʠʷ, ʝʛʦ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ, ʚʝʨʠʬʠʢʘʮʠʷ, ʧʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʩʪʧʨʦʮʝʩʩʳ ʠ ʠʥʪʝʛʨʘʮʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʫʩʢʦʨʝʥʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʥʘʩʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʝʯʥʳʭ ʠʟʜʝʣʠʡ. 

ɺ ʯʝʪʚʝʨʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʩʣʦʡʥʦʛʦ 

ʥʘʨʘʱʠʚʘʥʠʷ ʥʘ ʧʝʨʝʭʦʜʥʦʤ ʦʪ ʤʘʢʨʦ- ʜʦ ʤʠʢʨʦʫʨʦʚʥʷ ï çʩʤ-ʤʤè. 

ʇʷʪʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʛʝʥʝʨʘʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʤʤ-ʤʢ ʫʨʦʚʥʷ. 

ɺ ʰʝʩʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʛʝʥʝʨʘʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʫʨʦʚʥʷ ï ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʠʟʜʝʣʠʡ, ʧʨʠʥʮʠʧ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ. ʀʟʣʘʛʘʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ 

ʧʦʩʣʦʡʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʦʚ ʠʟʜʝʣʠʷ ʚ ʛʨʘʥʠʮʘʭ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ï ʭʠʤʠʯʝʩʢʠʝ, ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʠʝ, ʚʘʢʫʫʤʥʦ-ʧʣʘʟʤʝʥʥʳʝ, 

ʠʤʧʣʘʥʪʘʮʠʷ, ʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʠʝ, ʢʘʪʦʜʥʳʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʥʘʧʣʘʚʢʠ ʠ 

ʜʨ., ʘ ʪʘʢʞʝ ʠʭ ʧʦʪʝʥʮʠʘʣ, ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. 

ɺ ʨʘʟʜʝʣʝ 7 ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʨʠʥʮʠʧʘ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʥʘʥʦʦʙʲʝʢʪʦʚ, ʚʦʧʨʦʩʳ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʙʦʨʢʠ, 

ʩʘʤʦʩʙʦʨʢʠ, ʩʠʥʪʝʟʘ ʘʪʦʤʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʧʦʢʨʳʪʠʡ, ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, 

ʧʦʪʝʥʮʠʘʣ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. 

ɼʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʘʢʦʚʘ, ʯʪʦ ʥʦʚʳʝ 

ʟʥʘʥʠʷ, ʥʦʚʳʡ ʦʧʳʪ ʠ ʥʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʚʥʝʩʫʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ, 

ʥʝʩʦʤʥʝʥʥʦ, ʦʪʨʘʟʠʪʩʷ ʠ ʥʘ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʝ, ʚ ʩʦʜʝʨʞʘʥʠʠ 

ʫʯʝʙʥʠʢʦʚ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʜʘʥʠʷʭ. 

ɸʚʪʦʨʳ ʩ ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ ʧʨʠʤʫʪ ʚʩʝ ʟʘʤʝʯʘʥʠʷ ʠ ʩʦʚʝʪʳ ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʜʝʨʞʘʥʠʶ ʵʪʦʛʦ ʠʟʜʘʥʠʷ. 
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ʈɸɿɼɽʃ 1 

ʀʅʊɽɻʈʀʈʆɺɸʅʅʓɽ ɻɽʅɽʈɸʊʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ  

ʀ ʀʍ ʄɽʉʊʆ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʇʈʆʀɿɺʆɼʉʊɺɽ 

1.1 ʆʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

 

ɺʩʪʫʧʣʝʥʠʝ ʚ XXI ʚʝʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʚʨʝʤʷ ʛʨʘʥʜʠʦʟʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʝʛʦ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩ ʫʯʝʪʦʤ ʪʦʛʦ ʥʝʧʨʝʣʦʞʥʦʛʦ ʬʘʢʪʘ, ʯʪʦ 

ʫʨʦʚʝʥʴ ʜʦʩʪʠʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʠ ʦʪʨʘʩʣʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʦʜʠʥʘʢʦʚ, ʠ ʵʪʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʠʤʝʝʪ ʢʘʢ ʦʙʲʝʢʪʠʚʥʳʝ, ʪʘʢ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ. ʅʦ ʛʣʘʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ. 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʢʘʞʜʘʷ ʩʪʨʘʥʘ ʬʦʨʤʠʨʫʝʪ ʠ 

ʧʨʦʚʦʜʠʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʧʦʣʠʪʠʢʫ, 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʨʘʟʚʠʪʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʪʨʘʩʣʝʡ. ɺ ʭʦʜʝ ʪʘʢʦʛʦ ʨʦʜʘ 

ʧʨʦʮʝʩʩʦʚ ʯʝʪʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʪʝʥʜʝʥʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʦʪʨʘʩʣʝʚʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʢʦʥʦʤʠʢʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ: 

ï ʛʦʩʫʜʘʨʩʪʚʘ, ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʦʪʨʘʩʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʚʳʩʦʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʪʦ ʝʩʪʴ ʩʪʨʘʥʳ, ʧʦʩʪʘʚʣʷʶʱʠʝ ʥʘ ʨʳʥʦʢ ʢʦʥʝʯʥʳʝ ʪʦʚʘʨʳ ʠ 

ʫʩʣʫʛʠ ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʦʪʨʘʩʣʝʡ. ʕʪʠ ʩʪʨʘʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʝ; 

ï ʛʦʩʫʜʘʨʩʪʚʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʜʦʙʳʚʘʶʱʠʝ ʦʪʨʘʩʣʠ, ʪʦ ʝʩʪʴ 

ʩʪʨʘʥʳ, ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʞʠʚʫʱʠʝ ʟʘ ʩʯʝʪ ʨʝʩʫʨʩʦʚ, ʜʘʥʥʳʭ ʧʨʠʨʦʜʦʡ, 

ʠ ʢʦʪʦʨʳʝ ʧʦ ʧʨʠʯʠʥʝ ʩʣʘʙʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ 

ʟʘʯʘʩʪʫʶ ʜʘʞʝ ʵʪʠ ʨʝʩʫʨʩʳ ʧʦʩʪʘʚʣʷʶʪ ʥʘ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʥʝ ʢʘʢ ʢʦʥʝʯʥʳʡ 

ʧʨʦʜʫʢʪ, ʘ ʢʘʢ ʠʩʭʦʜʥʦʝ ʩʳʨʴʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʊʘʢʠʝ 

ʩʪʨʘʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʩʣʘʙʦʨʘʟʚʠʪʳʝ. 

ɿʘʜʘʯʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʨʘʙʦʪʢʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʧʨʠʦʨʠʪʝʪʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʦʪʨʘʩʣʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ 

ʩʪʨʘʥʝ ʜʦʣʞʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ ʚ ʨʘʤʢʘʭ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʪʨʫʜʘ. 
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ʉʝʛʦʜʥʷ ʨʳʥʦʢ ʜʠʢʪʫʝʪ ʩʚʦʠ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ï ʦʪ ʠʜʝʠ, 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʜʝʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʛʠʙʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʨʝʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʡ, ʨʝʟʢʦ 

ʚʦʟʨʦʩʰʘʷ ʨʦʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʠʟʜʝʣʠʷ, ʙʳʩʪʨʦʝ ʩʦʟʜʘʥʠʝ ʠ ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʫʤʝʥʴʰʝʥʠʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚ 

ʧʘʨʪʠʠ, ʯʨʝʟʚʳʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʩʪʨʝʤʣʝʥʠʝ ʢ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ 

ʠʟʜʝʣʠʡ, ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʦʨʠʝʥʪʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʝʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʚʩʝ ʙʦʣʝʝ ʧʦʣʥʫʶ 

ʛʘʨʤʦʥʠʟʘʮʠʶ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ï ʚʩʝ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʧʝʢʪʨʫ 

ʦʩʥʦʚʥʳʭ ʯʝʨʪ, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʩʝʛʦʜʥʷ. 

ʕʢʦʥʦʤʠʢʘ ʩ ʟʘʤʢʥʫʪʳʤ ʮʠʢʣʦʤ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʣʥʳʡ 

ʢʦʥʪʨʦʣʴ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʚʠʜʫ ʠ ʢʦʣʠʯʝʩʪʚʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʨʝʞʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʢ ʥʠʤ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʟʜʝʣʠʷ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʙʝʨʝʛʘʝʪ ʥʘʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦ ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʩʫʨʩʳ, 

ʧʨʠʤʝʥʷʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʝʛʦ ʪʝʭʥʠʢʫ, ʜʝʣʘʝʪ ʝʛʦ 

çʫʞʠʚʯʠʚʳʤè ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʩʪʘʣʘ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʠʥʞʝʥʝʨʦʚ, 

ʬʠʟʠʢʦʚ, ʭʠʤʠʢʦʚ ʠ ʪʝʭʥʦʣʦʛʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚʩʪʨʝʯʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʧʦʥʠʤʘʥʠʝ ʚ ʦʙʱʝʩʪʚʝ ʠ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʧʨʠʥʠʤʘʝʤʳʭ ʟʘʢʦʥʘʭ. 

ʅʘ ʦʩʥʦʚʝ ʥʦʚʝʡʰʠʭ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʦʧʪʠʢʠ, ʙʠʦʭʠʤʠʠ, 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʜʨ. ʩʦʟʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʣʠ ʢ ʨʝʚʦʣʶʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʪʦʚʘʨʥʦʤ ʥʘʩʳʱʝʥʠʠ ʚ ʪʘʢʠʭ 

ʦʪʨʘʩʣʷʭ, ʢʘʢ ʵʥʝʨʛʝʪʠʢʘ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʪʝʭʥʠʢʘ, ʢʦʤʤʫʥʠʢʘʮʠʠ, 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʠʢʘ, ʛʝʥʥʘʷ ʠʥʞʝʥʝʨʠʷ ʠ ʪ. ʜ. 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʠ ʢʦʥʢʫʨʝʥʮʠʷ, ʜʠʢʪʫʶʱʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʪʦ ʝʩʪʴ ʚ ʨʘʤʢʘʭ ʮʝʣʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ), ʪʘʢ ʠ ʚ ʩʠʩʪʝʤʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʪʦ ʝʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ) ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʤʥʦʛʠʝ ʢʨʫʧʥʝʡʰʠʝ ʨʘʥʝʝ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʠʨʤʳ ʩʪʘʥʦʚʷʪʩʷ 

ʤʥʦʛʦʧʨʦʬʠʣʴʥʳʤʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʪʨʘʩʣʝʚʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʧʨʦʷʚʣʷʝʪʩʷ ʫʞʝ ʥʝ ʚ ʬʦʨʤʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʬʠʨʤʳ, ʘ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʙʦʨʴʙʝ ʤʥʦʛʦʧʨʦʬʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
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ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʚ 

ʘʩʧʝʢʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʦʚʘʨʘ, ʪʘʢ ʠ ʚ ʭʘʨʘʢʪʝʨʝ ʜʝʡʩʪʚʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ï ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʥʘ ʦʪʨʘʩʣʝʚʳʭ ʨʳʥʢʘʭ. 

ɻʣʦʙʘʣʠʟʘʮʠʷ, ʩʦʟʜʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʘʣʴʷʥʩʦʚ 

ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʨʠʥʷʣʘ 

ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʫʞʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʦ 

ʠ ʜʣʷ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʦʢ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʠʢʪʫʝʪʩʷ ʢʘʢ ʚʥʫʪʨʠʬʠʨʤʝʥʥʳʤʠ ʠʥʪʝʨʝʩʘʤʠ, ʪʘʢ ʠ 

ʠʥʪʝʨʝʩʘʤʠ ʚʩʝʡ ʦʪʨʘʩʣʠ. ʋʥʠʢʘʣʴʥʳʤ ʷʚʣʝʥʠʝʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʦʨʠʝʥʪʘʮʠʶ ʩʪʨʘʥ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ ʥʘ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʜʝʣʘʪʴ ʜʦʩʪʦʷʥʠʝʤ ʚʩʝʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʥʘʮʠʦʥʘʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʢʘʞʜʦʡ ʩʪʨʘʥʳ-ʫʯʘʩʪʥʠʮʳ. 

ʆʨʠʝʥʪʠʨʦʚʘʥʠʝ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʙʳʩʪʨʳʡ ʧʨʦʛʨʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʠ 

ʛʠʙʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʥʘʰʣʘ ʩʚʦʝ ʚʳʨʘʞʝʥʠʝ ʚ 

ʢʦʥʮʝʧʮʠʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʉɯʄ). ʉʦʢʨʘʱʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʫʤʝʥʴʰʝʥʠʝ 

ʬʦʥʜʦʚ, ʟʘʧʘʩʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʧʦ ʧʨʠʥʮʠʧʫ 

çʪʦʯʥʦ ʚʦ ʚʨʝʤʷè ʜʘʣʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʝʟʝʨʚʳ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʩʪʘʥʢʠ ʩʪʘʣʠ ʩʦʝʜʠʥʷʪʴʩʷ ʚ 

ʩʣʦʞʥʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʮʝʧʦʯʢʠ ʚʩʝ ʟʘʚʠʩʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʀʥʚʝʩʪʠʮʠʠ ʚ ʛʠʙʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʩʠʣʠʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ. ʆʰʠʙʢʠ ʠ ʥʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʙʳʩʪʨʝʝ 

ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʩʪʦʷʤ ʵʪʦʡ ʜʦʨʦʛʦʡ ʩʠʩʪʝʤʳ, ʯʝʤ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠʣʠ 

ʨʫʯʥʦʤ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʥʦʛʠʝ ʦʰʠʙʢʠ ʠ 

ʥʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʟʚʘʥʳ ʥʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʥʝ ʚ ʮʝʧʦʯʢʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, ʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʥʘʙʞʝʥʠʷ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʘʜʦ 

ʥʘʫʯʠʪʴʩʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʙʦʪʫ ʩʣʦʞʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ. ɺʳʩʦʢʦʨʘʟʚʠʪʦʝ 

ʧʨʦʛʨʝʩʩʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ 

ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦʙ 

ʦʩʚʦʝʥʠʠ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉɯʄ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʛʣʦʙʘʣʴʥʘʷ 

ʚʝʜʫʱʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XX 

ʩʪʦʣʝʪʠʷ. 

ʅʘʠʙʦʣʴʰʝʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʦʩʚʦʝʥʠʠ ʉɯʄ ʜʦʩʪʠʛʣʠ ʢʨʫʧʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʘʚʠʘ- ʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʠ ʵʪʦʤʫ ʘʚʘʥʛʘʨʜʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʫʜʘʣʦʩʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʉɯʄ, ʥʦ ʩʪʘʣʦ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ, ʯʪʦ ʪʦʣʴʢʦ ʉɯʄ ʚ 

ʩʦʩʪʦʷʥʠʠ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʦʙʰʠʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʚʦ ʚʩʝʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʠʩ. 1.1). 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʌʫʥʢʮʠʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ  

 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʯʝʡ ʩʠʣʳ ʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʨʘʙʦʯʠʡ 

ʜʝʥʴ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʟʘʜʘʥʠʡ ʫʩʢʦʨʷʪʁ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ ʧʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʝʱʝ ʪʦʣʴʢʦ ʪʝʦʨʠʝʡ. 

ɺʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʘ ʨʝʘʣʠʟʘʮʠʷ 

ʷʧʦʥʩʢʦʡ ʢʦʥʮʝʧʮʠʠ çLean Productionè ï çʪʦʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè. 
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ɼʣʷ çLean Productionè ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʷʜ ʦʩʥʦʚʥʳʭ 

ʧʨʠʥʮʠʧʦʚ. 

Å ʅʘ ʢʘʞʜʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʚʦʟʣʘʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʜʘʯ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʠʭ ʚʳʧʦʣʥʝʥʠʝ. 

Å ʅʝʜʦʩʪʘʪʢʠ ʠ ʧʨʦʙʣʝʤʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʩʪʨʘʥʷʶʪʩʷ ʪʦʪʯʘʩ ʞʝ. 

Å ʆʙʰʠʨʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʦʡ ʤʦʞʝʪ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʞʜʳʡ ʩʦʪʨʫʜʥʠʢ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʛʠʙʢʦʩʪʴ ʠ 

ʙʳʩʪʨʫʶ ʨʝʘʢʮʠʶ ʥʘ ʥʘʨʫʰʝʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

Å ʈʘʙʦʯʠʝ ʛʨʫʧʧʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʝʟʘʚʠʩʠʤʦʩʪʠ. 

Å ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʣʠʤʘʪ ʧʦʜʯʠʥʝʥ ʝʜʠʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʟʘʠʤʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ. 

ɸʥʘʣʠʟ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʫʩʪʨʘʥʝʥʠʝ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʩʪʦʷʪ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ. ɿʜʝʩʴ 

ʩʠʩʪʝʤʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʞʝ ʩʤʝʩʪʠʣʘ ʢʣʘʩʩʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʪʨʫʜʘ. 

ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʕʪʠ 

ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʥʮʠʧʦʚ çLean Productionè ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʦʩʪʦʷʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 

(ʤʦʥʦʪʦʥʥʦʛʦ) ʠʣʠ ʫʩʢʦʨʝʥʥʦʛʦ (ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ) ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ 

ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʪʦʯʠʪʝʣʴʥʳʭ (ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ) ʟʘʪʨʘʪ. 

ɺʩʝ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʛʦʪʦʚʣʝʥʠʶ ʧʨʦʜʫʢʮʠʠ, 

ʩʯʠʪʘʝʪʩʷ ʨʘʩʪʦʯʠʪʝʣʴʥʳʤʠ (ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ) ʨʘʩʭʦʜʘʤʠ ʠ 

ʫʩʪʨʘʥʷʝʪʩʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʘʤʦʡ ʥʝʦʙʭʦʜʠʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʩʚʝʥʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʮʠʢʣʘ, ʩʨʦʢʠ ʠ ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʦʙʲʝʤ ʬʦʥʜʦʚ 

ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 

ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʨʫʙʝʞʝ ʪʳʩʷʯʝʣʝʪʠʡ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦʯʝʪʘʥʠʠ ʜʦʩʪʦʠʥʩʪʚ ʢʦʥʮʝʧʮʠʠ çʪʦʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʠ 

ʢʦʥʮʝʧʮʠʠ ʉɯʄ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʙʝ ʧʨʝʩʣʝʜʫʶʪ ʦʜʥʠ ʠ ʪʝ 

ʞʝ ʮʝʣʠ, ʩʣʝʜʫʶʪ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʧʨʠʥʮʠʧʘʤ. ʀʥʪʝʛʨʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʵʪʠʭ 

ʢʦʥʮʝʧʮʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʨʫʛʠʤ ʢʦʥʮʝʧʮʠʷʤ, ʩʧʦʩʦʙʥʳʤ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʫʪʷʭ ʝʛʦ ʧʨʠʨʘʱʝʥʠʷ ʠ 

ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ, ʫʯʝʪʘ ʚʝʜʫʱʝʡ ʨʦʣʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʥʠʢʘʢʠʤ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʕɺʄ. 
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ʕʪʘ ʢʦʥʮʝʧʮʠʷ, ʢʦʥʝʯʥʦ ʞʝ, ʩʚʷʟʘʥʘ ʩ ʥʘʜʝʞʥʦʩʪʴʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʧʨʝʜʝʣʘʭ 

ʚʦʟʤʦʞʥʦʛʦ, ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʧʦʩʦʙʥʳʤʠ 

ʢ ʦʙʫʯʝʥʠʶ ʵʚʦʣʶʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ. ʉʠʩʪʝʤʳ ʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʚʝʜʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʟʚʦʣʷʶʪ ʥʘʠʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ, 

ʛʨʘʥʠʯʘʱʝʡ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ, ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʵʪʦ ʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʠʩʢʣʶʯʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʏʝʤ ʰʠʨʝ ʤʳ ʨʘʟʜʚʠʛʘʝʤ ʛʨʘʥʠʮʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʪʝʤ 

ʥʝʥʘʜʝʞʥʝʝ ʦʥ ʩʪʘʥʦʚʠʪʩʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʮʝʩʩʳ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʫʜʘʝʪʩʷ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʙʠʚʘʪʴʩʷ ʚʳʩʦʢʦʡ 

ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʟʘʪʨʘʪ. ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʰʝʥʦ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʜʠʥʘʤʠʯʥʦ ʠʟʤʝʥʷʶʱʝʝʩʷ, ʪʨʝʙʫʝʪ 

ʩʪʦʣʴ ʞʝ ʜʠʥʘʤʠʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʄʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ, 

ʯʪʦ ʠ ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʫʜʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʣʝʞʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ 

ʩʬʝʨʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʝʛʦ 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ ʠ ʠʤʝʥʥʦ ʥʘ ʪʘʢʦʡ ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ ʜʦʣʞʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʡ ʧʨʦʞʠʪʦʯʥʳʡ 

ʤʠʥʠʤʫʤ ʘʙʩʦʣʶʪʥʦʤʫ ʙʦʣʴʰʠʥʩʪʚʫ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ. ɺ ʠʥʜʫʩʪʨʠʘʣʴʥʦ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ, ʥʦ ʠ ʩʦʮʠʘʣʴʥʘʷ ʟʘʜʘʯʘ, 

ʦʙʲʝʜʠʥʷʶʱʘʷ ʜʝʡʩʪʚʠʷ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʘ, ʪʘʢ ʠ ʙʠʟʥʝʩʘ, ʠ ʪʦʣʴʢʦ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʦʚʤʝʩʪʥʳʤ ʫʩʠʣʠʷʤ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʞʝʩʪʢʦʝ ʩʦʮʠʘʣʴʥʦʝ 

ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ ʥʘ ʙʘʟʝ ʩʦʮʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʢʦʥʦʤʠʢʠ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʚʦʜʘʭ ʜʦʣʷ ʟʘʪʨʘʪ ʥʘ ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ ʠ ʚʳʧʣʘʪ 

ʧʦ ʩʦʮʠʘʣʴʥʦʤʫ ʩʪʨʘʭʦʚʘʥʠʶ ʩʦʩʪʘʚʣʷʝʪ ʩʝʛʦʜʥʷ ʦʢʦʣʦ 50-70% ʦʪ ʦʙʱʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʙʝʟ ʟʘʪʨʘʪ ʥʘ ʤʘʪʝʨʠʘʣʳ. ɺʩʣʝʜʩʪʚʠʝ ʪʘʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʜʫʢʮʠʠ ʩʪʘʣʦ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʣʶʜʝʡ. 

ʉʦʟʠʜʘʪʝʣʴʥʘʷ ʜʦʣʷ ʨʘʙʦʪ ʚʩʝ ʙʦʣʴʰʝ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʣʘʥʠʨʦʚʘʥʠʷ 
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ʠ ʫʧʨʘʚʣʝʥʠʷ, ʪ. ʝ. ʚʩʝ ʜʘʣʴʰʝ ʦʪʭʦʜʠʪ ʦʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʇʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠʟ ʦʙʣʘʩʪʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ 

ʚ ʩʬʝʨʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʧʦʩʣʝʨʝʬʦʨʤʝʥʥʳʡ ʧʝʨʠʦʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʨʝʰʠʪʴ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʮʠʘʣʥɹʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ. ɽʝ ʚʳʧʦʣʥʝʥʠʝ ʥʘʭʦʜʠʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ 

ʩʬʝʨʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʟʜʘʥʠʠ ʚ ʜʦʣʞʥʦʡ ʤʝʨʝ 

ʦʧʣʘʯʠʚʘʝʤʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʩʝʤʴʝ ʪʨʝʙʫʝʤʳʡ 

ʫʨʦʚʝʥʴ ʞʠʟʥʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʚ ʨʘʩʰʠʨʝʥʠʠ ʥʘ ʪʦʡ ʞʝ ʙʘʟʝ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʦʩʪʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʩʨʝʜʩʪʚ. 

ɺʘʞʥʝʡʰʝʡ ʙʘʟʦʚʦʡ ʟʘʜʘʯʝʡ ʨʝʰʝʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ, ʟʥʘʯʠʪ, ʩʦʟʜʘʥʠʝ ʚ 

ʵʪʦʤ ʩʧʝʢʪʨʝ ʜʦʣʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʤʝʩʪ. ʆʮʝʥʠʚʘʷ ʨʦʣʴ, 

ʩʪʨʫʢʪʫʨʫ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʥʠʝ, ʦʙʲʝʤʳ ʟʘʪʨʘʪ ʥʘ 

ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʪʠ ʟʘʜʘʯʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʚ ʨʘʤʢʘʭ ʝʛʦ ʦʪʜʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʜʘʞʝ ʜʨʫʛʠʭ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ɸ 

ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʘʞʥʝʡʰʫʶ ʥʘʮʠʦʥʘʣʴʥʫʶ ʟʘʜʘʯʫ. 

ɺ ʧʨʦʮʝʩʩʝ çʰʦʢʦʚʦʛʦ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷè ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʩʪʨʘʜʘʣʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʦʪʨʘʩʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʵʪʦʡ ʩʬʝʨʝ ʙʳʣʘ 

ʣʠʢʚʠʜʠʨʦʚʘʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʠ ʠʤʝʥʥʦ ʥʘ ʵʪʠʭ 

ʦʪʨʘʩʣʷʭ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚʥʠʤʘʥʠʝ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʯʘʩʪʥʦʛʦ ʩʝʢʪʦʨʘ, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. 

ɼʝʛʨʘʜʘʮʠʷ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʧʷʪʥʘʜʮʘʪʴ-

ʜʚʘʜʮʘʪʴ ʣʝʪ ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʪʝʨʷʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʧʝʨʝʭʦʜʘ ʚ ʜʨʫʛʠʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʪʘʢ ʠ çʫʪʝʯʢʠ ʤʦʟʛʦʚè. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʩʥʦ 

ʩʚʷʟʘʥʘ ʩ ʪʘʢʠʤʠ ʚʦʧʨʦʩʘʤʠ ʚ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʝ, ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ï ʜʦʢʪʦʨʦʚ ʠ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ; 

ʧʦʜʛʦʪʦʚʢʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ; ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ 

ʤʘʩʪʝʨʦʚ ʠ ʨʘʙʦʯʠʭ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. 
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ʉʣʦʞʠʚʰʠʝʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʟʘ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ʧʨʦʙʣʝʤʳ ʠ 

ʬʘʢʪʦʨʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʝʛʦ ʨʘʟʚʠʪʠʶ, ʥʦʩʷʪ ʥʝ ʯʘʩʪʥʳʡ, ʣʦʢʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʱʫʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʫʶ ʠ 

ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʫʶ ʩʠʩʪʝʤʫ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʮʝʣʦʤ ʠ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ 

ʯʘʩʪʥʦʩʪʠ ʜʝʡʩʪʚʫʝʪ ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʥʦʚʴ ʠ ʚʥʦʚʴ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʥʘʟʚʘʥʥʳʝ ʠ ʜʨ. ʧʨʦʙʣʝʤʳ, ʩʦʟʜʘʚʘʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʤʘʩʰʪʘʙʥʳʡ ʩʠʩʪʝʤʥʳʡ ʢʨʠʟʠʩ. 

ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʥʝʩʪʠ: 

 ʜʝʛʨʘʜʘʮʠʶ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʜʦʩʪʠʛʰʫʶ 

ʢʨʠʪʠʯʝʩʢʦʡ ʦʪʤʝʪʢʠ; 

 ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʚʳʩʦʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ 

(ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ), ʥʠʟʢʫʶ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʜʦʩʪʘʪʦʢ ʦʙʦʨʦʪʥʳʭ ʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʟʚʠʪʠʷ; 

 ʥʝʵʬʬʝʢʪʠʚʥʫʶ ʢʘʜʨʦʚʫʶ ʧʦʣʠʪʠʢʫ, ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ 

ʧʨʠʚʣʝʯʝʥʠʶ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʬʝʨʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

 ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʪʠʢʝ, ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ, ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʶ 

ʥʘ ʧʨʦʜʫʢʮʠʶ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʜʨ., ʧʦʨʦʞʜʘʶʱʝʝ: 

ü ʦʧʝʨʝʞʘʶʱʠʡ ʨʦʩʪ ʮʝʥ ʥʘ ʧʨʦʜʫʢʮʠʶ ʠ ʫʩʣʫʛʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʤʦʥʦʧʦʣʠʡ; 

ü ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʦʚ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ; 

ü ʦʛʨʘʥʠʯʝʥʥʫʶ ʝʤʢʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ; 

ü ʥʠʟʢʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʢʨʘʠʥʩʢʦʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʝ ʠ ʥʠʟʢʫʶ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ (ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ 

ʬʘʢʪʦʨʦʚ). 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʦʟʜʘʚʰʝʛʦʩʷ 

ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʙʦʩʥʦʚʘʥʥʦʡ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ 

ʜʦʩʪʠʞʝʥʠʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʝʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʧʝʨʝʞʘʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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1.2 ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʝ 

 

ʆʩʥʦʚʘʪʝʣʴ ʍʘʨʴʢʦʚʩʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ɺʠʢʪʦʨ ʃʴʚʦʚʠʯ ʂʠʨʧʠʯʝʚ ʙʦʣʝʝ ʩʪʦʣʝʪʠʷ ʪʦʤʫ ʥʘʟʘʜ 

ʧʨʦʟʦʨʣʠʚʦ ʧʠʩʘʣ, ʯʪʦ çʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʜʦʩʪʘʚʠʪʴ ʣʶʜʷʤ 

ʩʨʝʜʩʪʚʦ ʞʠʪʴ, ʘ ʧʦʪʦʤʫ ʯʝʤ ʜʘʣʴʰʝ, ʪʝʤ ʙʦʣʴʰʝ ʠ ʪʝʩʥʝʝ ʦʥʘ ʙʫʜʝʪ 

ʩʚʷʟʘʥʘ ʩʦ ʚʩʝʤ ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʦʙʱʝʩʪʚʝ ʣʶʜʝʡè. 

ɺ XXI ʚʝʢʝ ï ʚʝʢʝ ʪʝʭʥʦʣʦʛʠʡ ʩʦʙʩʪʚʝʥʥʦ ʧʦʥʷʪʠʝ ʪʝʭʥʦʣʦʛʠʷ 

ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, 

ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʠʥʞʠʥʠʨʠʥʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʷʚʣʷʶʱʘʷʩʷ 

ʬʫʥʜʘʤʝʥʪʦʤ ʧʨʦʜʫʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ. 

ʕʪʦ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʦʥʷʪʠʝ, ʯʝʤ çʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʩʨʝʜʩʪʚ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʩʳʨʴʷ, ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʠʟʜʝʣʠʡ ʠ ʪ. ʜ. ʚ 

ʤʘʪʝʨʠʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝè. ʆʥʦ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʦʪʨʘʩʣʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ 

ʦʙʦʨʦʥʥʳʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ, ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʠ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʪ. ʜ. 

ʊʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦ ʛʣʘʚʥʳʤʠ ʦʙʲʝʢʪʠʚʥʳʤʠ 

ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʠʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʣʫʯʝʥʠʷ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʜʝʣʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʜʝʞʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʦʙʱʝʩʪʚʘ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʘʩʪʠ ʠ ʩʧʦʩʦʙʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ, 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʘʨʤʦʥʠʟʘʮʠʠ ʞʠʟʥʠ ʠ ʪʚʦʨʯʝʩʪʚʘ ʯʝʣʦʚʝʢʘ 

ʩ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʦʡ ʚ ʛʣʦʙʘʣʴʥʳʭ ʤʘʩʰʪʘʙʘʭ. 

ʉʦʙʩʪʚʝʥʥʦ ʛʣʦʙʘʣʠʟʘʮʠʷ ʩʪʘʣʘ ʧʦʨʦʞʜʝʥʠʝʤ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʪʝʭʥʦʣʦʛʠʡ. ʀʤʝʥʥʦ ʪʝʭʥʦʣʦʛʠʠ (ʦʩʦʙʝʥʥʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, 

ʪʨʘʥʩʧʦʨʪʥʳʝ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ) ʨʘʟʨʫʰʠʣʠ ʠʣʣʶʟʠʶ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʙʝʩʢʦʥʝʯʥʳʭ ʟʝʤʝʣʴʥʳʭ ʧʨʦʩʪʦʨʘʭ ʠ ʜʘʣʠ ʤʥʦʛʦ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʤʫ, ʯʪʦ ʤʠʨ ʪʝʩʝʥ. 

ʋʨʦʚʝʥʴ ʚʩʝʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʠ 

ʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ 

ʢʘʢʠʭ ʤʘʩʰʪʘʙʘʭ ʠ ʚ ʢʘʢʠʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʪʘʤ ʧʨʠʤʝʥʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʩʢʦʣʴʢʦ ʩʪʘʣʠ çʧʨʦʟʨʘʯʥʳʤʠè ʠ 
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çʚʟʘʠʤʦʧʨʦʥʠʮʘʝʤʳʤʠè ʜʣʷ ʠʜʝʡ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ çʧʝʨʝʛʦʨʦʜʢʠè ʤʝʞʜʫ 

ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ï ʦʪ ʠʜʝʠ ʜʦ ʚʳʭʦʜʘ ʝʝ 

ʥʘ ʨʳʥʦʢ, ʢʘʢʦʚʘ ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʠʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, ʦʧʳʪʘ, 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʠ ʪ. ʜ.  

ʅʘʧʨʠʤʝʨ, ʥʘ ʧʝʨʝʜʦʚʳʭ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘʟʥʘʯʘʝʪʩʷ 

ʤʝʥʝʜʞʝʨ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ ʚʩʝ ʚʦʧʨʦʩʳ ʦʪ ʧʨʠʝʤʘ ʟʘʢʘʟʘ ʜʦ 

ʧʦʩʪʘʚʢʠ ʠʟʜʝʣʠʷ ʟʘʢʘʟʯʠʢʫ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʛʣʦʙʘʣʠʟʘʮʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʝ̡ʜʠʥʝʥʠʶ ʫʩʠʣʠʡ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʧʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʠʟ ʥʠʭ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʩʚʦʝʡ ʦʩʥʦʚʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʚ ʨʘʟʨʘʙʦʪʢʝ ʫʯʘʩʪʚʫʶʪ ʛʣʘʚʥʦʝ 

ʧʨʝʜʧʨʠʷʪʠʝ-ʨʘʟʨʘʙʦʪʯʠʢ, ʧʦʩʪʘʚʱʠʢʠ ʩʠʩʪʝʤ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʪʘʥʢʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʠʥʩʪʠʪʫʪʳ, ʪ. ʝ. ʟʘʨʦʞʜʘʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʘʷ ʛʘʨʤʦʥʠʯʥʘʷ ʢʫʣʴʪʫʨʘ 

ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʘʣʴʷʥʩʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʨʦʚʳʤʠ. 

ʂʘʞʜʦʝ ʠʟʜʝʣʠʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʧʦʩʪʘʚʣʷʝʤʦʝ ʚ ʫʩʣʦʚʠʷʭ 

ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʚʥʝʰʥʠʡ ʨʳʥʦʢ, 

ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʥʦʚʳʤ ʫʨʦʚʥʝʤ ʩʚʦʡʩʪʚ ʠ ʦʪʚʝʯʘʪʴ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʩʪʝʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. 

ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʧʦʚʳʰʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʠʟʜʝʣʠʡ ʥʘʰʣʠ 

ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ISO-9000. ʇʦʣʫʯʝʥʠʝ ʪʘʢʦʛʦ 

ʫʨʦʚʥʷ ʠʟʜʝʣʠʡ ʚʩʝ ʙʦʣʴʰʝ ʩʚʷʟʳʚʘʶʪ ʩ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ ʠ ʜʘʞʝ ʥʝ ʚʦʟʤʦʞʥʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʘʩʪʢʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʪ. ʜ., ʪ. ʝ. ʥʘ ʦʩʥʦʚʝ ʚʩʝʛʦ 

ʪʦʛʦ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʩʫʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʢʦʥʚʝʥʮʠʦʥʘʣʲʥʳʭ). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʠʚʣʝʢʘʶʪ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʟʜʘʥʠʶ ʢʦʪʦʨʳʭ ʧʨʝʜʰʝʩʪʚʫʝʪ 

ʥʘʢʦʧʣʝʥʠʝ ʦʙʰʠʨʥʳʭ ʜʘʥʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ, ʯʘʱʝ ʘʥʘʣʦʛʦʚʳʭ, ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʟʳʚʘʶʪ 

çʥʘʫʢʦʝʤʢʠʤʠè, çʧʨʝʮʠʟʠʦʥʥʳʤʠè, çʫʣʴʪʨʘʧʨʝʮʠʟʠʦʥʥʳʤʠè, 

çʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤʠè ʠ ʜʨ. ʕʪʠ ʥʘʟʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʘʥʳ ʩ ʪʝʤ 

ʠʣʠ ʠʥʳʤ ʧʨʠʟʥʘʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʣʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟʜʝʣʠʷ, 

ʢʦʪʦʨʳʡ ʧʨʠʥʷʪ ʘʚʪʦʨʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʝʛʦ, ʧʨʠ ʵʪʦʤ ʚʦ 

ʚʥʠʤʘʥʠʝ ʯʘʱʝ ʚʩʝʛʦ ʙʝʨʝʪʩʷ ʧʨʝʜʝʣʴʥʘʷ ʪʦʯʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ 

ʜʘʥʥʳʤ ʨʘʙʦʯʠʤ ʧʨʦʮʝʩʩʦʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʥʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʢ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʥʝ 

ʷʚʣʷʶʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʠʤʠ, ʪ. ʢ. ʥʝ ʦʪʨʘʞʘʶʪ ʚʩʝʡ ʤʥʦʛʦʩʣʦʞʥʦʩʪʠ ʠ 

ʝʤʢʦʩʪʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʠ ʥʦʚʦʛʦ ʫʨʦʚʥʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʠʟʜʝʣʠʡ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʚʩʝ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʲʝʢʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʜʠʥʦʛʦ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦ- ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʩʫʪʴ 

ʢʦʪʦʨʦʛʦ ʙʦʣʝʝ ʧʦʣʥʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʦʥʷʪʠʠ ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. 

ɺʳʩʦʢʠʤʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ, ʦʙʣʘʜʘʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ï ʥʘʫʢʦʝʤʢʦʩʪʴ, ʩʠʩʪʝʤʥʦʩʪʴ, 

ʬʠʟʠʯʝʩʢʦʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʩʪʨʫʢʪʫʨʥʦ-

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ 

ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʩʝʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ, - ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʪʝʭʥʠʯʝʩʢʦʤ ʠ ʢʘʜʨʦʚʦʤ ʦʙʝʩʧʝʯʝʥʠʠ (ʧʨʝʮʠʟʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʦʩʥʘʩʪʢʘ ʠ ʠʥʩʪʨʫʤʝʥʪ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʙʦʯʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʝʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʝʨʩʦʥʘʣʘ), ʛʘʨʘʥʪʠʨʫʶʪ 

ʧʦʣʫʯʝʥʠʝ ʠʟʜʝʣʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʥʦʚʳʤ ʫʨʦʚʥʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, 

ʵʩʪʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʦʥʷʪʠʝ çʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠè ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ 

ʚʳʢʨʠʩʪʘʣʣʠʟʦʚʘʣʦʩʴ ʧʦʟʞʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ, ʥʘʧʨʠʤʝʨ, ʚ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ. ʅʦ ʦʥʦ ʫʞʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʚʢʣʶʯʘʝʪ ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʥʘʣʠʯʠʝ ʩʦʯʝʪʘʥʠʷ, ʩʦʚʦʢʫʧʥʦʩʪʠ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʠʟʥʘʢʦʚ, ʦʪʨʘʞʘʶʱʠʭ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʟʥʘʥʠʡ, ʪʘʢʠʭ, ʢʘʢ ʥʘʫʢʦʝʤʢʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ, 

ʚʠʨʪʫʘʣʴʥʳʡ ʠʥʞʠʥʠʨʠʥʛ, ʥʘʣʠʯʠʝ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʩʠʩʪʝʤ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʮʝʩʩʘʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʩʙʦʨʢʠ, ʥʝʪʨʘʜʠʮʠʦʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʜʨ. 

ʵʬʬʝʢʪʦʚ ʠ ʷʚʣʝʥʠʡ, ʧʨʝʮʠʟʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʩʥʘʩʪʢʘ, ʠʥʩʪʨʫʤʝʥʪ, 

ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʜʨ. (ʨʠʩ. 1.2, 1.3). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ. 

ʀʤʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʵʩʪʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʡ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʥʪʝʨʝʩʫʝʪ ʧʦʪʨʝʙʠʪʝʣʷ. ʀʤʝʥʥʦ ʵʪʠʤ ʛʘʨʘʥʪʠʨʫʝʪʩʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ɺʳʩʦʢʠʝ

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ

ʪʝʭʥʦʣʦʛʠʠ

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ

ʅʦʚʳʝ

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ

ʤʘʪʝʨʠʘʣʳ

ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʅʦʚʳʝ
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ

ʤʘʪʝʨʠʘʣʳ

ɺʠʨʪʫʘʣʴʥʳʡ

ʠʥʞʝʥʠʨʠʥʛ
ʄʦʜʝʣʠʨʦʚʘʥʠʝ

ʆʧʪʠʤʠʟʘʮʠʷ

ʉʠʩʪʝʤʥʦʩʪʴ

ʅʘʫʢʦʝʤʢʦʩʪʴ

ʕʢʦʣʦʛʠʯʝʩʢʘʷ

ʦʨʠʝʥʪʘʮʠʷ

ʋʩʪʦʡʯʠʚʦʩʪʴ

ʅʘʜʝʞʥʦʩʪʴ

ʂʦʤʧʴʶʪʝʨʥʘʷ

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ

ʩʨʝʜʘ

(CALS)
ʊʝʭʥʠʯʝʩʢʠʡ
ʠʥʪʝʣʣʝʢʪ

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʘʷ ʧʦʜʛʦʪʦʚʢʘ

ʧʝʨʩʦʥʘʣʘ

ʇʨʝʮʠʟʠʦʥʥʦʩʪʴ
ʎʝʣʝʚʳʝ ʨʘʙʦʯʠʝ

ʧʨʦʮʝʩʩʳ

ʇʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʴ

ɻʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʠʟʜʝʣʠʡ, ʦʙʣʘʜʘʶʱʠʭ

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʫʨʦʚʥʝʤʬʫʥʢʮʠʦʥʘʣʴʥʳʭ,

ʵʩʪʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ

 

ʈʠʩʫʥʦʢ 1.2 ï ʂ ʧʦʥʷʪʠʶ çʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠè 

 

ʇʦʚʳʰʝʥʠʝ ʥʘʫʢʦʝʤʢʦʩʪʠ ʦʪʨʘʩʣʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʪʦʪʘʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚ (ʦʨʠʝʥʪʘʮʠʷ ʚ ʧʨʝʜʝʣʝ ʥʘ CALS-ʪʝʭʥʦʣʦʛʠʠ), 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʩʪʘʚʣʷʶʱʠʤʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʝ 

ʨʘʟʲʝʜʠʥʠʪʝʣʴʥʳʝ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʠ 

ʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʀʥʪʝʛʨʘʮʠʷ ï ʦʙʲʝʜʠʥʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ, ʤʝʭʘʥʦ-ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʠʩʪʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʚʷʟʠ ʩ ʮʝʣʴʶ 
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ʧʦʣʫʯʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʢʦʥʮʝ 80-ʭ 

ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠʥʪʝʛʨʘʮʠʷ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʣʘ ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʙʘʟʦʡ 

ʢʦʥʮʝʧʮʠʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʷʧʦʥʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʪʦʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʨ. 

ʀʟ ʚʩʝʛʦ ʵʪʦʛʦ ʚʳʜʝʣʠʤ ʪʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʥʦʚʳʤʠ 

ʨʘʙʦʯʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʳʩʦʢʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʮʝʣʦʤ ʚʝʜʫʱʘʷ ʦʙʲʝʜʠʥʷʶʱʘʷ ʠʜʝʷ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʪʦʛʜʘ, ʢʦʛʜʘ ʚ 

ʢʘʞʜʦʡ ʠʟ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ, 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʪ. ʜ. ʜʦʩʪʠʛʥʫʪ ʥʝʦʙʭʦʜʠʤʳʡ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ 

ʢʘʢ ʛʣʘʚʥʦʡ ʧʨʝʜʧʦʩʳʣʢʠ.  

ʂ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʦʯʝʪʘʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʡ, ʠʥʬʦʨʤʘʪʠʢʠ, 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʜʨ., ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ 

ʧʦʣʫʯʝʥʠʝ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʤ ʫʨʦʚʥʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʵʩʪʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʛʘʨʘʥʪʠʨʫʶʱʠʤ 

ʝʤʫ ʚʳʩʦʢʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʨʳʥʢʝ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʚ ʦʙʣʘʩʪʠ ʪʦʚʘʨʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʚ ʩʬʝʨʝ ʫʩʣʫʛ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʦʝʚʨʝʤʝʥʥʳʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʥʝ ʪʨʝʙʫʶʱʠʤ 

ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʪʦʚʘʨʥʳʤ ʚʦʧʣʦʱʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʣʠ ʠʭ 

ʢʦʤʙʠʥʘʮʠʡ, ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʠʟʜʝʣʠʷ, ʧʨʦʮʝʩʩʳ ʠ ʩʠʩʪʝʤʳ. 

ɺʩʝ ʚʦʟʨʘʩʪʘʶʱʠʝ ʠ ʚʩʝ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʝʩʷ ʪʨʝʙʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʪʨʝʙʫʶʪ ʨʦʩʪʘ 

ʦʙʲʝʤʘ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʥʦʚʘʮʠʡ, ʩʣʠʷʥʠʷ, ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠʟʜʝʣʠʡ 

ʚʢʣʶʯʘʝʪʩʷ ʥʝ ʦʜʥʦ ʥʦʚʝʡʰʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʨʘʥʝʝ ʯʝʪʢʦ ʨʘʟʛʨʘʥʠʯʝʥʥʳʝ ʠ, ʢʘʟʘʣʦʩʴ, ʜʘʣʝʢʦ ʦʪʩʪʦʷʱʠʝ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʩʙʣʠʞʘʶʪʩʷ, ʩʣʠʚʘʶʪʩʷ ʠ ʬʦʨʤʠʨʫʶʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ʉ ʫʯʝʪʦʤ ʧʨʠʥʷʪʦʛʦ ʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʧʦʪʝʥʮʠʘʣʫ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʥʦʚʳʝ, ʧʨʦʛʨʝʩʩʠʚʥʳʝ, ʢʣʶʯʝʚʳʝ, ʙʘʟʦʚʳʝ ʠ 

ʚʳʪʝʩʥʷʝʤʳʝ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ 
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ʠʛʨʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʢʘʢ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʠ ʢʣʶʯʝʚʳʝ. ʀʤʝʥʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʥʳ ʧʨʝʜʣʦʞʠʪʴ ʪʘʢʦʡ ʫʨʦʚʝʥʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʡ 

ʜʨʫʛʠʤʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ (ʙʘʟʦʚʳʤʠ) ʪʝʭʥʦʣʦʛʠʷʤʠ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʚʦʟʤʦʞʥʦ. 

ɺʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʦʨʫʞʠʝ ʚ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ, ʢʘʢ ʵʢʚʠʚʘʣʝʥʪ ʬʠʥʘʥʩʦʚ, ʢʘʯʝʩʪʚʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʉʝʢʨʝʪ ʫʩʧʝʭʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪ ʩʪʦʠʤʦʩʪʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʚʨʝʤʝʥʠ, ʢ ʩʪʨʘʪʝʛʠʷʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, 

ʪ.ʢ. ʠʤʝʥʥʦ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʪ ʥʝ ʞʝʨʪʚʦʚʘʪʴ ʥʠ ʩʪʦʠʤʦʩʪʴʶ, ʥʠ 

ʢʘʯʝʩʪʚʦʤ ʧʨʠ ʟʘʚʦʝʚʘʥʠʠ ʨʳʥʢʘ ʠ ʙʳʩʪʨʦʤ ʨʝʘʛʠʨʦʚʘʥʠʠ ʥʘ ʝʛʦ ʚʩʝ 

ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ 

ʣʝʞʘʪʴ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʯʝʤ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ, ʘ ʜʠʘʧʘʟʦʥ ʩʚʦʡʩʪʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʞʝ, ʥʦ 

ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ (ʨʠʩ. 1.3). 

ʂʦʥʚʝʥʮʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ

ʋʨʦʚʝʥʴ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ
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ʅʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʚʳʩʦʢʠʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʦʙʲʝʢʪ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ, ʟʥʘʯʠʪ, ʠʤʝʶʪ ʙʦʣʝʝ ʫʟʢʠʡ ʩʧʝʢʪʨ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʉʦʟʜʘʪʴ ʧʦ ʥʘʩʪʦʷʱʝʤʫ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪ, ʦʪʚʝʯʘʶʱʠʡ 

ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʢʘ, ʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʚʩʝ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʮʠʝʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʪ.ʝ. ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ï 

ʛʣʘʚʥʘʷ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ. 

ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʬʦʥʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʦʩʪʠʞʝʥʠʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʥʝ çʩʚʝʨʭʫ-

ʚʥʠʟè, ʘ çʩʥʠʟʫ-ʚʚʝʨʭè, ʪ. ʝ. ʥʝ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʦʙʲʝʤʦʚ ʧʨʠʧʫʩʢʘ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʠʟʜʝʣʠʡ, ʘ ʥʘ ʧʦʩʣʦʡʥʦʤ ʥʘʨʘʱʠʚʘʥʠʠ. 

1.3 ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ ʫʨʦʚʥʠ 

 

ɻʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʘʞʥʝʡʰʠʡ ʨʘʟʜʝʣ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʣʫʯʠʣʠ ʤʦʱʥʦʝ 

ʨʘʟʚʠʪʠʝ ʠ ʦʭʚʘʪʠʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʝʤʢʠʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘʚʠʘʮʠʠ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ, ʘʨʭʠʪʝʢʪʫʨʳ, ʤʝʜʠʮʠʥʳ ʠ 

ʪ. ʜ. ʚʧʣʦʪʴ ʜʦ ʘʨʭʝʦʣʦʛʠʠ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʦʩʥʦʚʝ ʩʚʦʝʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʨʠʥʮʠʧʝ çʩʚʝʨʭʫ-ʚʥʠʟè ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ï 

ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ. ʄʦʞʥʦ 

ʧʝʨʝʯʠʩʣʠʪʴ ʧʨʠʤʝʨʳ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʨʝʟʘʥʠʝ, ʩʚʘʨʢʘ, ʢʦʚʢʘ, ʰʪʘʤʧʦʚʢʘ (ʨʠʩ. 1.4) 

ʇʦʥʷʪʠʝ çʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʘʪʠʥʩʢʦʛʦ 

çgenerariè, ʯʪʦ ʦʟʥʘʯʘʝʪ çʚʳʨʘʩʪʘʪʴè, ʠ ʦʪʨʘʞʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʥʘʯʘʣʘ ʟʘʛʦʪʦʚʦʢ, ʘ 

ʟʘʪʝʤ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʠʭ ʩ ʮʝʣʴʶ ʦʪʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ, 

ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʧʨʠʧʫʩʢ, ʨʝʟʘʥʠʝʤ, ʰʪʘʤʧʦʚʢʦʡ, ʵʣʝʢʪʨʦʵʨʦʟʠʝʡ, ʣʘʟʝʨʦʤ 

ʠ ʜʨ. ʩʧʦʩʦʙʘʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤʠ ʟʘʚʝʜʦʤʦ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʤʠʨ ʤʠʢʨʦʠʟʜʝʣʠʡ ʤʦʛʫʪ ʚʝʩʪʠ ʜʚʘ ʧʫʪʠ: ʤʦʞʥʦ ʠʟ ʤʘʩʩʠʚʥʦʡ 

ʟʘʛʦʪʦʚʢʠ, ʥʘʧʨʠʤʝʨ, ʠʟ ʢʨʝʤʥʠʷ ʰʣʠʬʦʚʘʥʠʝʤ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ 

ʪʦʯʥʦʝ ʤʠʥʠʘʪʶʨʥʦʝ ʠʟʜʝʣʠʝ. ʇʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʩʠʩʪʝʤʥʘʷ ʪʝʭʥʠʢʘ, ʢʦʪʦʨʘʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘʥʠʤʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘʤʠ ʨʘʟʤʝʨʦʚ 

ʦʪ ʤʤ ʜʦ ʤʢʤ. ɼʨʫʛʦʡ ʚʦʟʤʦʞʥʳʡ ʧʫʪʴ: ʙʝʨʫʪʩʷ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ, 
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ʤʦʣʝʢʫʣʳ ʠʣʠ ʯʘʩʪʠʯʢʠ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʢʘʢ ʢʠʨʧʠʯʠʢʠ ʩʦʟʜʘʶʪ ʞʝʣʘʝʤʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ 

ʟʘʥʠʤʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (ʤʣʥ. ʜʦʣʷ ʤʤ). 

 

ʈʠʩʫʥʦʢ 1.4 ï ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʮʝʧʮʠʝʡ, ʢ ʛʝʥʝʨʘʪʠʚʥʳʤ 

ʦʪʥʦʩʷʪʩʷ ʪʝʭʥʦʣʦʛʠʠ, ʙʘʟʠʨʫʶʱʠʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʡ ʥʝ ʥʘ 

ʦʪʜʝʣʝʥʠʠ ʦʙʲʝʤʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʧʫʩʢ, ʘ ʥʘ ʧʦʩʣʦʡʥʦʤ ʥʘʨʘʱʠʚʘʥʠʠ 

ʦʙʲʝʢʪʦʚ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʥʘʥʦ-, ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʫʨʦʚʥʷʭ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɻʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ɻʊ) ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ 

ʦʪʨʘʞʝʥʠʝʤ ʚ ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʪʝʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʠʨʝ. ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʝ 

ʬʦʨʤʠʨʫʝʪ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʝʛʦ ʨʦʩʪʘ ʯʘʩʪʠ ï ʢʦʨʥʠ, ʩʪʝʙʝʣʴ, 

ʣʠʩʪʴʷ, ʮʚʝʪʳ, ʧʣʦʜʳ. ʂʦʣʴʮʘ ʨʦʩʪʘ ʥʘ ʩʨʝʟʝ ʩʪʚʦʣʘ ʜʝʨʝʚʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ï ʚʩʝ ʯʘʩʪʠ ʨʘʩʪʝʥʠʷ ʥʘʨʘʱʠʚʘʶʪʩʷ ʧʦʩʣʦʡʥʦ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʨʦʜʘ ʜʘʝʪ ʧʨʠʤʝʨ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʝʨʝʞʣʠʚʳʭ, ʯʨʝʟʚʳʯʘʡʥʦ ʵʢʦʥʦʤʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɿʜʝʩʴ 

ʫʤʝʩʪʥʦ ʧʨʠʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʩʪʨʫʢʪʫʨʳ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʨʘʩʪʝʥʠʡ 

ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʛʝʥʝʨʘʪʠʚʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʪ. ʝ. ʩ 

ʧʦʩʣʦʡʥʳʤ ʚʳʨʘʱʠʚʘʥʠʝʤ (ʨʠʩ. 1.5). 
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ʈʠʩʫʥʦʢ 1.5 ï ɸʥʘʣʦʛʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʨʘʩʪʝʥʠʡ  

ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ 

 

ʍʦʪʷ ʠʜʝʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʤʝʝʪ ʜʘʚʥʠʝ ʢʦʨʥʠ, 

ʦʜʥʘʢʦ, ʠʤʝʥʥʦ ʚ ʥʘʰʝ ʚʨʝʤʷ ʩʦʟʨʝʣʠ ʚʩʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʝʛʦ 

ʦʛʨʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʘʢ ʥʦʚʦʡ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠʜʝʦʣʦʛʠʠ ï çʥʝ 

ʦʪ ʙʦʣʴʰʝʛʦ ʢ ʤʝʥʴʰʝʤʫ, ʘ ʦʪ ʤʝʥʴʰʝʛʦ ʢ ʙʦʣʴʰʝʤʫè. ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʨʘʟʝʮ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʣʘʟʝʨʥʳʭ, ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʠ ʜʨ. ʥʘʫʢʦʝʤʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʣʠʪʴʷ, ʧʨʝʮʠʟʠʦʥʥʦʡ ʠ 

ʫʣʴʪʨʘʧʨʝʮʠʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪ.ʜ. ʥʘʨʘʱʠʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʬʠʟʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ). ʊʘʢʞʝ ʨʝʘʣʠʟʫʝʤʘ ʪʘ 

ʠʣʠ ʠʥʘʷ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ɻʊ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʷʤʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʦʡʥʦʝ 

ʥʘʨʘʱʠʚʘʥʠʝ ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʢʨʘʪʥʳʤ ʦʢʫʥʘʥʠʝʤ ʚ ʨʘʩʧʣʘʚ ʤʘʪʝʨʠʘʣʘ, 

ʥʘʧʣʘʚʢʘ, ʩʙʦʨʢʘ ʠʟ ʦʙʲʝʤʥʳʭ (ʪʨʝʭʤʝʨʥʳʭ) ʯʘʩʪʝʡ ʝʜʠʥʦʡ ʜʝʪʘʣʠ, 

ʩʧʝʢʘʥʠʝ ʠʣʠ ʩʚʘʨʢʘ ʧʦʩʣʦʡʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠ ʜʨ. (ʨʠʩ. 1.6). 
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ʇʨʷʤʦʝ

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ

ʠʥʩʪʨʫʤʝʥʪʘ

ʇʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ

ʠʥʩʪʨʫʤʝʥʪʘ

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ

ʇʨʷʤʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ

ʅʝʧʨʷʤʦʝ

ʠʟʛʦʪʦʚʣʝʥʠʝ

ʅʝʧʨʷʤʦʝ

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ

ɻʝʥʝʨʘʪʠʚʥʳʝ

ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ

ʋʩʢʦʨʝʥʥʦʝ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ

ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ

ʋʩʢʦʨʝʥʥʦʝ

ʠʟʛʦʪʦʚʣʝʥʠʝ

ʂʦʥʮʝʧʪʫʘʣʴʥʦʝ

ʪʚʝʨʜʦʪʝʣʴʥʦʝ

ʤʦʜʝʣʠʨʦʚʘʥʠʝ

ʅʝ ʛʝʥʝʨʘʪʠʚʥʳʝ

ʩʧʦʩʦʙʳ

ɻʝʥʝʨʘʪʠʚʥʳʝ

ʩʧʦʩʦʙʳ

ʋ
ʩ
ʢ
ʦ
ʨ
ʝ
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ʈʠʩʫʥʦʢ 1.6 ï ʉʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʠʠ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʪʨʝʭ ʫʨʦʚʥʝʡ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚʝʩʴ ʧʦʪʝʥʮʠʘʣ ʨʘʟʥʦʦʙʨʘʟʥʝʡʰʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʝʨʘʪʠʚʥʦʤʫ ʧʨʠʥʮʠʧʫ çʩʥʠʟʫ-ʚʚʝʨʭè. 

ʅʘ ʤʘʢʨʦʫʨʦʚʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʦʡʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ ʪʚʝʨʜʳʭ ʪʝʣ, 

ʧʝʨʝʭʦʜ ʦʪ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʢ 

ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʦʙʲʝʢʪʘʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʠʭ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ. ʕʪʦ ʪʝʭʥʦʣʦʛʠʠ Rapid Prototyping, 

ʥʘʧʣʘʚʢʘ, ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ, ʵʣʝʢʪʨʦʰʣʘʢʦʚʘʷ, ʧʣʘʟʤʝʥʥʘʷ, ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʝ 

ʧʦʢʨʳʪʠʷ ʠ ʪ. ʜ. 

ʅʘ ʤʠʢʨʦʫʨʦʚʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʨʘʱʠʚʘʥʠʝ ʤʠʢʨʦʩʣʦʝʚ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʣʶʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʣʱʠʥʦʡ ʦʪ ʥʘʥʦʤʝʪʨʦʚ ʜʦ 

ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ. ʕʪʦ ʪʝʭʥʦʣʦʛʠʠ ʚʘʢʫʫʤʥʦ-ʧʣʘʟʤʝʥʥʳʝ, 

ʭʠʤʠʯʝʩʢʠʝ, ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʪ. ʜ. 
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ʅʘ ʥʘʥʦʫʨʦʚʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʦʩʣʦʡʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʦʙʲʝʤʘ, ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʩʣʦʝʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʜʦʣʠ ʥʘʥʦʤʝʪʨʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ, ʘ ʛʨʘʥʠʯʥʳʡ 

ʩʣʦʡ ʟʘ ʩʯʝʪ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ ʠ ʜʨ. ʧʨʠʝʤʦʚ ʬʦʨʤʠʨʫʝʪ ʬʠʟʠʯʝʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʝʝ ʪʦʧʦʛʨʘʬʠʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʫʯʝʪʦʤ 

ʘʥʠʟʦʪʨʦʧʠʠ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

ʊʝʨʤʠʥ çʥʘʥʦʪʝʭʥʦʣʦʛʠʷè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʨʘʙʦʪʢʫ ʩ ʪʦʯʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 1 ʥʤ. ɺ ʙʦʣʝʝ ʰʠʨʦʢʦʤ 

ʧʣʘʥʝ çʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ʟʘʥʠʤʘʝʪʩʷ ʩʠʩʪʝʤʘʤʠ, ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʠ ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʥʘʥʦʵʬʬʝʢʪʦʚ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚè, ʢʘʢ ʟʚʫʯʠʪ 

ʘʢʘʜʝʤʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʦʝ ʜʘʝʪ ʩʦʶʟ ʥʝʤʝʮʢʠʭ 

ʠʥʞʝʥʝʨʦʚ. 

ɻʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʩʢʦʨʝʥʥʦʝ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʧʦ ʠʜʝʦʣʦʛʠʠ Rapid Prototyping, ʥʘ 

ʤʘʢʨʦʫʨʦʚʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʷʤʦʡ ʧʝʨʝʭʦʜ ʦʪ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ʵʣʝʢʪʨʦʥʥʳʭ ʵʪʘʣʦʥʦʚ ʠʟʜʝʣʠʡ) ʢ ʨʝʘʣʴʥʳʤ 

ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʪʨʝʭʤʝʨʥʳʤ ʦʙʲʝʢʪʘʤ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʩʣʦʞʥʦʩʪʠ 

ʬʦʨʤʳ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘ. 

ʂʦʥʮʝʧʮʠʷ ʪʨʝʭ ʫʨʦʚʥʝʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʷʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʤʘʢʨʦ-, ʤʠʢʨʦ- ʠ 

ʥʘʥʦʤʝʪʨʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʥʘ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʪʨʝʭ ʫʨʦʚʥʝʡ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʤʦʞʥʘ ʢʦʤʙʠʥʘʮʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ 

(ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ) ʪʝʭʥʦʣʦʛʠʡ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʘʢʨʦʠʟʜʝʣʠʷ) ʠ ʪʝʭʥʦʣʦʛʠʡ ʛʝʥʝʨʘʪʠʚʥʳʭ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʦʛʦ ʠʟ 

ʫʨʦʚʥʝʡ ï ʤʘʢʨʦ-, ʤʠʢʨʦ- ʠʣʠ ʥʘʥʦʫʨʦʚʥʝʡ. ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʚʘʨʠʘʥʪʳ 

ʥʘʥʝʩʝʥʠʷ ʥʘʧʣʘʚʦʢ, ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʨʝʞʫʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʀʜʝʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣ ʙʳ ʪʘʢʦʡ, ʢʦʛʜʘ ʤʘʢʨʦʪʝʣʦ ʣʶʙʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʠ ʬʠʟʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʟʜʘʶʪʩʷ ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʷʜʘ 

ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʩʣʦʡʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ 

ʧʝʨʝʢʨʳʚʘʶʪ ʫʢʘʟʘʥʥʳʝ ʫʩʣʦʚʥʳʝ ʛʨʘʥʠʮʳ ʪʨʝʭ ʫʨʦʚʥʝʡ ï ʥʘʥʦ-, ʤʠʢʨʦ- ʠ 
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ʤʘʢʨʦʨʘʟʤʝʨʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʧʦʵʪʦʤʫ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʦʪʥʝʩʝʥʳ ʢ 

ʢʘʢʦʤʫ-ʣʠʙʦ ʠʟ ʥʠʭ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ ʵʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʧʝʨʝʭʦʜʥʳʝ, ʪ. ʝ. ʫʨʦʚʥʠ ʚ ʨʘʟʤʝʨʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʩʤʤʤ ʠ 

ʤʤʤʢ (ʨʠʩ. 1.7). ʂ ʧʝʨʝʭʦʜʥʦʤʫ ʫʨʦʚʥʶ ʦʪʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʥʘʧʣʘʚʢʠ (ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ, ʵʣʝʢʪʨʦʰʣʘʢʦʚʘʷ, ʧʣʘʟʤʝʥʥʘʷ ʠ ʜʨ.), ʥʘʥʝʩʝʥʠʝ 

ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ (ʛʘʟʦʧʣʘʟʤʝʥʥʳʭ, ʜʝʪʦʥʘʮʠʦʥʥʳʭ, 

ʠʥʜʫʢʮʠʦʥʥʳʭ ʠ ʪ. ʜ.). 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʩʣʦʡʥʦ ʥʘʨʘʱʠʚʘʪʴ ʯʘʩʪʴ ʚʩʝʛʦ ʦʙʲʝʤʘ ʠʟʜʝʣʠʷ, ʥʘʧʨʠʤʝʨ, 

ʚʦʩʧʦʣʥʷʷ ʦʙʲʝʤʳ ʠʟʥʦʰʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʨʘʱʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʣʦʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ ʠʟʜʝʣʠʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʣʦʞʥʦʩʪʠ ʙʝʟ ʦʩʥʘʩʪʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʧʨʠʥʮʠʧʫ çʦʪ 

ʤʘʣʦʛʦ- ʢ ʙʦʣʴʰʝʤʫè. 

 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ

ʛʝʥʝʨʘʪʠʚʥʳʝ

ʪʝʭʥʦʣʦʛʠʠ

ʄʘʢʨʦ

ʫʨʦʚʝʥʴ

ʩʤ-ʤʤ

ʄʠʢʨʦ

ʫʨʦʚʝʥʴ

ʤʢ

ʅʘʥʦ

ʫʨʦʚʝʥʴ

ʥʤ

ʀʟʜʝʣʠʝ
ʇʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ

ʩʣʦʡ

ʅʘʥʦʠʥʜʫʩʪʨʠʷ,

ʧʦʚʝʨʭʥʦʩʪʴ

ʠʟʜʝʣʠʷ

ʇʝʨʝʭʦʜʥʦʡ ʫʨʦʚʝʥʴ
ʇʝʨʝʭʦʜʥʦʡ ʫʨʦʚʝʥʴ

 

ʈʠʩʫʥʦʢ 1.7 ï ʋʨʦʚʥʠ ʦʙʲʝʢʪʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
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1.4 ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

 

1. ʇʨʠʚʝʜʠʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʥʷʪʠʷ çʪʝʭʥʦʣʦʛʠʷè. 

2. ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʩʫʱʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ? 

3. ʂʘʢʦʚʦ ʚʣʠʷʥʠʝ ʛʣʦʙʘʣʠʟʘʮʠʠ ʥʘ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ? 

4. ʇʨʠʚʝʜʠʪʝ ʦʧʨʝʜʝʣʝʥʠʝ çʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠè ʠ ʨʘʩʢʨʦʡʪʝ 

ʦʩʥʦʚʥʳʝ ʧʨʠʟʥʘʢʠ ɺʊ. 

5. ʇʨʠʚʝʜʠʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ çʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠè. 

6. ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʩʫʱʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʪʨʝʭ ʫʨʦʚʥʝʡ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ? 

7. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ ʦʙʲʝʢʪʦʚ, 

ʨʝʘʣʠʟʦʚʘʚʰʠʭʩʷ ʧʦ ʧʨʠʥʮʠʧʫ çʩʥʠʟʫ-ʚʚʝʨʭè. 

8. ʆʮʝʥʠʪʝ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʫʨʦʚʥʝʡ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 
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ʈɸɿɼɽʃ 2 

ʌʀɿʀʏɽʉʂʀɽ ʆʉʅʆɺʓ  

ʇʆʉʃʆʁʅʆɻʆ ɺʓʈɸʑʀɺɸʅʀʗ ʀɿɼɽʃʀʁ 

 

2.1 ʇʨʦʮʝʩʩʳ ʧʦʩʣʦʡʥʦʡ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ 3D ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʨʘʟʘ ʠʟʜʝʣʠʡ 

 

ʊʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ 

ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. ʅʘ ʨʳʥʢʝ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʨʝʰʝʥʠʷ, ʘ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʝʧʨʝʨʳʚʥʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ. ɿʘʚʪʨʘ ʥʳʥʝʰʥʠʭ 

ʩʠʩʪʝʤ ʤʦʞʝʪ ʥʝ ʦʢʘʟʘʪʴʩʷ ʠʣʠ ʦʥʠ ʩʪʘʥʫʪ ʥʝ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʇʦʵʪʦʤʫ ʟʥʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ ʧʨʷʤʦʡ 

ʧʦʩʣʦʡʥʦʡ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ 3D-ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚ ï ʟʥʘʯʠʪ ʫʚʝʨʝʥʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʙʫʜʫʱʝʤ ʦʙʠʣʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, 

ʧʨʝʜʫʛʘʜʳʚʘʪʴ ʪʝʥʜʝʥʮʠʠ ʠʭ ʨʘʟʚʠʪʠʷ. 

ɺʩʝ ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʩʦʟʜʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʦʩʥʦʚʦʡ (ʧʦʜʣʦʞʢʦʡ), ʘ ʟʘʪʝʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʣʦʷʭ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʝʥʝʨʘʪʠʚʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʚ ʬʠʟʠʯʝʩʢʠʝ ʩʣʦʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʩʪʨʘʠʚʘʷ ʬʠʟʠʯʝʩʢʫʶ 

ʜʝʪʘʣʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴʩʷ, ʙʳʪʴ ʧʨʦʪʦʪʠʧʦʤ ʠʣʠ 

ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʠʟʜʝʣʠʝʤ. ʂʦʥʪʫʨʳ ʩʣʦʝʚ ʦʯʝʨʯʠʚʘʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʍ-ʋ, ʘ 

ʪʨʝʪʠʡ ʨʘʟʤʝʨ ʧʦ Z-ʢʦʦʨʜʠʥʘʪʝ ʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʝʚ, ʪ. ʝ. Z-ʢʦʦʨʜʠʥʘʪʘ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʙʦʣʝʝ ʩʪʨʦʛʦʤ ʧʦʜʭʦʜʝ ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʩʣʦʡʥʦʛʦ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠʟʜʝʣʠʡ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 21
2

D-ʤʝʪʦʜʳ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ Z-ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʲʝʤ ʠʟʜʝʣʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦ. 

3D-ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʚʦʝʦʙʨʘʟʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʵʪʘʣʦʥʦʤ. 

ʇʦʵʪʦʤʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ Z ʧʦʚʝʨʭʥʦʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʤ ʪʦʯʥʝʝ, ʯʝʤ 

ʤʝʥʴʰʝ ʪʦʣʱʠʥʘ ʩʣʦʝʚ, ʦʜʥʘʢʦ çʣʝʩʪʥʠʯʥʳʝ ʩʪʫʧʝʥʴʢʠè ʥʠʢʦʛʜʘ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʠʩʯʝʟʥʫʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʱʠʝʩʷ ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ Rapid Prototyping 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʣʱʠʥʫ ʩʣʦʝʚ ʚ ʧʨʝʜʝʣʘʭ 0,1-0,025 ʤʤ, ʭʦʪʷ ʤʠʢʨʦʪʝʭʥʠʢʘ 
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ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʥʘʥʦʩʣʦʷʤʠ ʜʦ 5 ʥʤ, ʘ ʤʝʪʦʜʳ ʥʘʧʣʘʚʢʠ ʦʭʚʘʪʳʚʘʶʪ 

ʜʘʞʝ ʩʘʥʪʠʤʝʪʨʦʚʳʝ ʦʙʣʘʩʪʠ. 

ʇʨʠʥʮʠʧ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 3D 

CAD ʤʦʜʝʣʠ ʨʝʘʣʠʟʫʝʪ ʝʜʠʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʚ STL-ʥʘʙʦʨʝ ʜʣʷ ʚʩʝʭ 

ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ RP-ʫʩʪʘʥʦʚʦʢ, ʪʦʛʜʘ ʢʘʢ ʥʝ ʛʝʥʝʨʘʪʠʚʥʳʝ 

ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ, ʏʇʋ - ʬʨʝʟʝʨʦʚʘʥʠʝ, ʪʨʝʙʫʶʪ (ʢʘʢ ʧʨʘʚʠʣʦ) 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʣʠ ʩʪʘʥʢʘ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ ʚ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɻʝʥʝʨʘʪʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʬʘʙʨʠʢʘʪʦʨʦʤ 

(Fabricator ʠʣʠ FABBER). ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʦʪʦʪʠʧʘʭ, ʧʨʠʤʝʥʷʶʪ 

ʧʦʥʷʪʠʝ ʧʨʦʪʦʪʘʡʧʝʨ (Prototyper). 

ɺʳʜʝʣʷʶʪ ʜʚʝ ʩʪʘʜʠʠ, ʧʨʠʩʫʱʠʭ ʚʩʝʤ ʩʧʦʩʦʙʘʤ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ 3D 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʘ ʠʟʜʝʣʠʷ: ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʩʣʦʷ ʠ ʩʦʝʜʠʥʝʥʠʝ 

ʝʛʦ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʩʣʦʝʤ (Z-ʥʘʧʨʘʚʣʝʥʠʝ). 

ʕʥʝʨʛʠʷ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʟʘʜʘʥʥʳʭ ʢʦʥʪʫʨʘʭ ʩʣʦʷ ʠ 

ʥʘ ʧʨʦʮʝʩʩ ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʝʚ, ʚ ʢʦʪʦʨʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʯʘʩʪʚʫʶʪ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʙʲʝʤʳ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʩʣʦʷ. ʇʨʠ 

ʣʠʩʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩʣʦʠ ʚʳʨʝʟʘʶʪʩʷ ʠʟ ʬʦʣʴʛʠ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʠ 

ʥʘʢʣʝʠʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠʣʠ ʩʚʘʨʠʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʉʦʙʩʪʚʝʥʥʦ ʤʘʪʝʨʠʘʣʠʟʘʮʠʷ 3D-ʤʦʜʝʣʠ, ʪ. ʝ. ʩʦʟʜʘʥʠʝ ʪʚʝʨʜʦʛʦ ʩʣʦʷ 

ʠ ʧʦʩʣʦʡʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ, ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ: 

ï ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ; 

ï ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ; 

ï ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ; 

ï ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʠʟ ʧʣʘʟʤʳ. 

 

2.2 ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ 

 

ɺ ʦʩʥʦʚʫ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʧʦʣʦʞʝʥ ʧʨʦʮʝʩʩ ʦʪʚʝʨʜʝʥʠʷ ʞʠʜʢʠʭ ʠʣʠ 

ʚʷʟʢʠʭ ʬʦʪʦʤʦʥʦʤʝʨʦʚ ʟʘ ʩʯʝʪ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ 
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ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʘ ʪʘʢʞʝ ʢʘʢ ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ʠʣʠ 

ʩʪʝʨʝʦʛʨʘʬʠʷ. ʇʨʠʤʝʥʷʶʪʩʷ ʞʠʜʢʠʝ ʚʷʟʢʦʪʝʢʫʱʠʝ, ʥʝʩʝʪʯʘʪʳʝ ʠ 

ʥʠʟʢʦʩʝʪʯʘʪʳʝ ʤʦʥʦʤʝʨʳ, ʢʦʪʦʨʳʝ ʧʨʦʧʠʪʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʠʥʛʠʙʠʪʦʨʘʤʠ. ʇʨʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʩʧʦʥʪʘʥʥʦ ʥʘʯʠʥʘʝʪʩʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʞʠʜʢʠʡ ʤʦʥʦʤʝʨ ʩʪʘʥʦʚʠʪʩʷ ʪʚʝʨʜʳʤ 

ʧʦʣʠʤʝʨʦʤ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʋʌ - ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ.  

ʇʨʠ ʤʝʪʦʜʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʦʣʳ ʪʦʥʢʠʡ 

ʣʘʟʝʨʥʳʡ ʣʫʯ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʢʦʥʪʫʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʝʯʝʥʠʷ (2D CAD 

ʤʦʜʝʣʠ) ʠ ʩʦʟʜʘʝʪ ʣʦʢʘʣʴʥʦ ʢʨʠʪʠʯʝʩʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʫʶ 

ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʦʪʚʝʨʜʝʥʠʷ. ʇʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʜʚʫʭʬʦʪʦʥʥʳʡ ʤʝʪʦʜ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʢʨʠʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʬʦʢʫʩʠʨʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ 

ʦʪʜʝʣʴʥʳʭ ʣʘʟʝʨʥʳʭ ʣʫʯʝʡ ʜʦʢʨʠʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʠ ʤʝʪʦʜʝ ʤʘʩʦʢ ʋʌ ʦʙʣʫʯʝʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ i-ʪʦʛʦ ʩʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʤʘʩʢʘʤʠ. 

ʇʨʠ ʤʝʪʦʜʝ çʧʝʯʘʪʘʶʱʘʷ ʛʦʣʦʚʢʘ ï ʣʘʤʧʘè ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʝʯʝʥʠʷ ʥʘʥʦʩʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʦʣʦʚʢʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʧʦʤʦʱʴʶ ʋʌ -ʣʘʤʧʳ ʧʦʣʠʤʝʨʠʟʠʨʫʝʪʩʷ. 

ʇʦʜ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʣʝʢʫʣ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʤʦʥʦʤʝʨʘ) ʢ 

ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʥʘ ʢʦʥʮʝ ʨʘʩʪʫʱʝʡ ʮʝʧʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʠʜʘ ʯʘʩʪʠʮ, ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʨʘʟʣʠʯʘʶʪ 

ʨʘʜʠʢʘʣʴʥʫʶ, ʢʘʪʠʦʥʦʘʢʪʠʚʥʫʶ ʠ ʘʥʠʦʥʥʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ. 

ɼʣʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʯʪʦʙʳ ʟʘʪʚʝʨʜʝʪʴ ʤʦʛʣʠ ʪʦʣʴʢʦ ʪʝ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ.  

ʉʣʝʜ ʟʘʪʚʝʨʜʝʥʠʷ ʦʪ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʦʙʣʘʜʘʝʪ ʛʝʦʤʝʪʨʠʝʡ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʧʦʣʫʮʠʣʠʥʜʨʘ, ʦʙʨʘʱʝʥʥʦʛʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʛʣʫʙʴ ʚʘʥʥʦʡ (ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʤʦʥʦʤʝʨʘ). ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʠ ʜʠʘʤʝʪʨʘ ʣʫʯʘ ʣʘʟʝʨʘ ʪʘʢʦʡ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ 

ʧʦʣʫʮʠʣʠʥʜʨ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʰʠʨʠʥʫ ʠ ʛʣʫʙʠʥʫ, ʯʪʦ ʩ ʫʯʝʪʦʤ 

ʦʧʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʜʫʨʳ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ ʚʨʝʤʝʥʠ ʦʪʚʝʨʜʝʥʠʷ ʦʙʣʫʯʝʥʥʦʛʦ ʦʙʲʝʤʘ 

ʞʠʜʢʦʛʦ ʤʦʥʦʤʝʨʘ (ʨʠʩ. 2.1).  
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ʇʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʤʦʥʦʤʝʨʧʦʣʠʤʝʨ ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʩʘʜʢʝ ʩʤʦʣʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʘʪʚʝʨʜʝʚʰʝʤ ʤʘʪʝʨʠʘʣʝ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʠʚʝʩʪʠ ʢ 

ʜʝʬʦʨʤʘʮʠʠ ʠʟʜʝʣʠʷ ʠʣʠ ʜʘʞʝ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ. ɺʝʣʠʯʠʥʘ ʣʠʥʝʡʥʦʡ ʫʩʘʜʢʠ 

ʜʣʷ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,06%, ʘ ʜʣʷ ʘʢʨʠʣʘʪʘ ï 0,6%. 

ʄʝʪʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʠʟʜʝʣʠʡ, ʛʘʙʘʨʠʪʳ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ ʨʘʟʤʝʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʩʪʨʦʝʥʠʷ 

(ʚʘʥʥʘ), ʧʫʪʝʤ ʩʦʝʜʠʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʚ ʩʣʦʞʥʳʝ ʠʟʜʝʣʠʷ. 

ɼʦʧʫʩʢʘʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʡ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʦʩʪʷʤʠ ʠ ʠʭ 

ʦʧʦʨʦʞʥʝʥʠʝ ʯʝʨʝʟ ʜʨʝʥʘʞʥʳʝ ʦʪʚʝʨʩʪʠʷ. 

ʣʫʯ

ʣʘʟʝʨʘ
ʜʠʘʤʝʪʨ ʣʫʯʘ
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ʩʣʦʡ

ʧʝʨʝʭʦʜʥʦʡ ʩʣʦʡ
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ʈʠʩʫʥʦʢ 2.1 ï ɺʣʠʷʥʠʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʥʘ ʦʪʚʝʨʜʝʥʠʝ ʞʠʜʢʦʛʦ ʤʦʥʦʤʝʨʘ: 

ʘ ï ʩʣʝʜ ʝʜʠʥʠʯʥʦʛʦ ʣʫʯʘ; ʙ ï ʩʫʤʤʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

 

2.3 ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ 

 

ʇʦʩʣʦʡʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ ʠʟʜʝʣʠʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ ʤʘʪʝʨʠʘʣʦʚ: 

ï ʩʧʝʢʘʥʠʝʤ, ʥʘʧʣʘʚʢʦʡ ʧʦʨʦʰʢʦʚ, ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ ʠ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

ï ʚʳʨʝʟʘʥʠʝʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʩʢʨʝʧʣʝʥʠʝʤ ʠʟ ʣʝʥʪ, ʧʦʣʦʩ ʠ ʣʠʩʪʦʚ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʪʦʣʱʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʷʤ 3D CAD ʤʦʜʝʣʠ; ʩʧʝʢʪʨ ʤʘʪʝʨʠʘʣʦʚ ï ʤʝʪʘʣʣʳ, 

ʧʣʘʩʪʠʢʠ, ʙʫʤʘʛʘ, ʢʘʨʪʦʥ; 

ï ʤʝʪʦʜʘʤʠ ʵʢʩʪʨʫʟʠʠ (ʥʘʧʣʘʚʢʦʡ ʚʳʜʘʚʣʠʚʘʝʤʳʭ ʩʣʦʝʚ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ); 

ï ʩʢʣʝʠʚʘʥʠʝʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʨʦʰʢʦʚ ʩ ʧʦʤʦʱʴʶ 

ʩʚʷʟʫʶʱʠʭ (ʤʝʪʦʜʳ 3D-ʧʝʯʘʪʠ). 

ʇʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ (ʥʝ ʛʝʥʝʨʘʪʠʚʥʦʤ) ʩʧʝʢʘʥʠʠ ʩʦʩʝʜʥʠʝ ʯʘʩʪʠʮʳ 

(ʧʦʨʦʰʦʢ) ʩʦʝʜʠʥʷʶʪʩʷ ʧʫʪʝʤ ʤʘʩʩʦʦʙʤʝʥʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʩ ʟʘʪʨʘʪʦʡ ʙʦʣʴʰʦʛʦ ʚʨʝʤʝʥʠ. ʉʧʝʢʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ 

ʤʝʭʘʥʠʟʤ ʜʠʬʬʫʟʠʠ. ʆʥʘ ʥʘʯʠʥʘʝʪʩʷ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʯʘʩʪʠʮ ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʚʜʦʣʴ ʛʨʘʥʠʮ ʟʝʨʥʘ ʠ ʜʘʣʝʝ ʚ ʦʙʲʝʤ. 

ʃʘʟʝʨʥʦʝ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʩʧʝʢʘʥʠʝ ʢʘʢ ʦʩʥʦʚʘ ʦʜʥʦʛʦ ʠʟ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪ ʥʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʂʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʯʘʩʪʠʮ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʩʚʦʙʦʜʥʦ ʜʨʫʛ ʚʦʟʣʝ ʜʨʫʛʘ ʚ ʬʣʶʩʦʚʦʡ ʧʦʜʫʰʢʝ, ʧʝʨʝʭʦʜʠʪ ʚ ʩʝʣʝʢʪʠʚʥʦʝ 

ʩʧʝʢʘʥʠʝ. ʇʨʦʮʝʩʩ ʧʦʩʣʦʡʥʦ ʧʦʚʪʦʨʷʝʪʩʷ. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʧʦʣʫʯʘʝʤʦʝ 

ʠʟʜʝʣʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ʇʨʠ ʧʦʣʥʦʤ ʨʘʩʧʣʘʚʝ ʯʘʩʪʠʮ 

ʧʦʨʠʩʪʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʧʣʦʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. 

ʆʧʠʩʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʫʝʪʩʷ ʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʤʝʩʪʦ ʣʘʟʝʨʥʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʠʥʬʨʘʢʨʘʩʥʳʝ ʠʟʣʫʯʝʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʩʧʝʢʘʥʠʷ ʠ ʧʣʘʚʣʝʥʠʷ (ʥʘʧʣʘʚʢʠ) ʧʨʠʤʝʥʠʤʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ: ʧʦʣʠʤʝʨʥʳʝ ʧʦʨʦʰʢʠ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʤʝʪʘʣʦ-ʧʦʣʠʤʝʨʥʳʝ ʧʦʨʦʰʢʠ, ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ, ʧʨʦʚʦʣʦʢʘ ʠ ʜʨ. 

ʇʦʨʦʰʢʠ ʧʦʣʠʤʝʨʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʶʪ ʥʠʟʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ (ʜʦ 200 ʉ). ʆʛʨʘʥʠʯʝʥʠʶ ʚʘʥʥʳ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʇʨʠ ʩʧʝʢʘʥʠʠ ʨʘʟʣʠʯʥʦ ʧʦʚʝʜʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʦʚ. ɹʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʣʘʚʣʝʥʥʳʭ ʠ ʩʧʝʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ; 

ʩʪʝʢʣʦ, ʩʤʦʣʘ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʨʘʩʧʣʘʚʘ ʠ ʦʪʚʝʨʜʝʥʠʷ ʠʤʝʶʪ ʘʤʦʨʬʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ɽʩʣʠ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʘ, 

ʪʦ ʵʪʦ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʩʭʦʜʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʨʠ ʩʧʝʢʘʥʠʠ ʤʝʪʘʣʣʦ-ʧʦʣʠʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ ʧʦʣʠʤʝʨʥʳʝ ʦʙʦʣʦʯʢʠ 

ʨʘʩʧʣʘʚʣʷʶʪʩʷ ʠ ʦʙʨʘʟʫʶʪ ʤʘʩʩʫ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʯʘʩʪʠʮʳ (ʧʦʨʦʰʦʢ). ɼʦʩʪʠʛʘʝʤʘʷ ʧʨʦʯʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʧʝʯʠ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʦʡ, ʛʜʝ ʧʦʣʠʤʝʨʥʘʷ 
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ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʜʘʣʷʝʪʩʷ, ʘ ʚ ʩʚʦʙʦʜʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʥʩʪʘʣʣʠʨʫʝʪʩʷ 

ʣʝʛʢʦʧʣʘʚʢʠʡ ʤʝʪʘʣʣ, ʥʘʧʨʠʤʝʨ, ʤʝʜʴ. ʉʭʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ 

ʬʦʨʤʦʚʦʯʥʳʭ ʩʤʝʩʝʡ ʠ ʢʝʨʘʤʠʢʠ. 

ɹʦʣʝʝ ʥʘʜʝʞʝʥ ʠ ʙʳʩʪʨ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣ ï ʤʝʪʘʣʣ, ʢʦʛʜʘ 

ʩʤʝʰʠʚʘʶʪʩʷ ʧʦʨʦʰʦʢ ʪʫʛʦʧʣʘʚʢʦʛʦ ʠ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʦʚ. ʅʠʟʢʦʧʣʘʚʷʱʠʡʩʷ 

ʤʝʪʘʣʣ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʬʫʥʢʮʠʶ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ (ʨʠʩ. 2.2). 

 

ʣʝʛʢʦʧʣʘʚʢʠʡ

ʢʦʤʧʦʥʝʥʪ

ʧʦʨʦʰʦʢ

ʧʦʨʳ
 

  ʘ        ʙ 

ʈʠʩʫʥʦʢ 2.2 ï ʇʨʠʥʮʠʧ ʩʧʝʢʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ  

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ 

ʘ ï ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʙ ï ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ 

 

ʃʘʟʝʨʥʦʤʫ ʩʧʝʢʘʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʧʦʨʦʰʢʠ 

ʤʝʪʘʣʣʦʚ ʠʣʠ ʢʝʨʘʤʠʢʠ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʚʷʟʢʦʩʪʴʶ, ʯʝʤ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʚʳʰʝ ʧʨʠ ʧʨʷʤʦʤ ʩʧʝʢʘʥʠʠ, ʯʝʤ ʯʝʨʝʟ ʣʝʛʢʦʧʣʘʚʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ. ʅʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʦʜʧʦʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʪʦʤʫ ʢʘʢ ʠʭ ʨʦʣʴ ʠʛʨʘʝʪ ʥʝ ʟʘʪʚʝʨʜʝʚʰʠʡ ʧʦʨʦʰʦʢ. 

ʃʫʯʝʚʦʝ ʩʧʝʢʘʥʠʝ ʠ ʧʣʘʚʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʢʨʫʛ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ. ʀʟʜʝʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʵʪʠʤ ʤʝʪʦʜʘʤ, ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʧʨʦʪʦʪʠʧʘʤʠ, ʪʘʢ ʠ ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʢʘʩʘʝʪʩʷ ʵʪʦ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʩʥʘʩʪʢʠ ʠʣʠ ʦʩʥʦʚʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʦʩʪʠʞʠʤʘʷ ʪʦʯʥʦʩʪʴ ʠʟʜʝʣʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠ 

ʜʠʘʤʝʪʨʦʤ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʠʣʠ ʢʘʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʦʣʦʯʢʦʚʦʡ ʬʦʨʤʳ ʚ 

ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʦʩʦʙʘʭ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʧʫʩʪʦʪ ʚʦʟʤʦʞʥʦ, ʥʦ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʠʭ ʦʪ ʧʦʨʦʰʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʢʦʪʦʨʳʝ ʪʨʫʜʥʦʩʪʠ. 
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ʅʘ ʨʘʩʧʣʘʚʣʝʥʠʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʙʘʟʠʨʫʶʪʩʷ ʤʝʪʦʜʳ ʚʳʜʘʚʣʠʚʘʥʠʷ ʠ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʳ ʚ ʬʦʨʤʝ ʧʨʦʚʦʣʦʢʠ ʠʣʠ ʪʘʙʣʝʪʦʢ 

ʨʘʩʧʣʘʚʣʷʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʤʝʨʘʭ ʠ ʯʝʨʝʟ ʩʦʧʣʦ, ʧʝʨʝʤʝʱʘʶʱʝʝʩʷ ʧʦ 

ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʚ ʚʷʟʢʦʤ ʚʠʜʝ ʥʘʥʦʩʷʪʩʷ ʥʘ ʥʝʢʫʶ ʧʦʜʣʦʞʢʫ (ʠʣʠ 

ʯʘʩʪʠʯʥʦ ʛʦʪʦʚʫʶ ʜʝʪʘʣʴ). ɸʥʘʣʦʛʠʯʥʦ ʧʦʩʪʫʧʘʶʪ ʩ ʧʘʩʪʘʤʠ ʠʣʠ ʧʝʥʘʤʠ. 

ɿʘʪʚʝʨʜʝʚʘʥʠʝ ʥʘʥʝʩʝʥʥʦʛʦ ʦʙʲʝʤʘ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʠʯʝʩʢʠ ï ʯʝʨʝʟ 

ʠʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʣʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʵʢʩʪʨʫʟʠʠ (ʚʳʜʘʚʣʠʚʘʥʠʝ ʯʝʨʝʟ ʩʦʧʣʦ) ʥʘʥʝʩʝʥʥʳʝ ʦʙʲʝʤʳ ʚʷʟʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʭʣʘʞʜʘʶʪʩʷ ʠ ʟʘʪʚʝʨʜʝʚʘʶʪ ʯʝʨʝʟ ʦʪʚʦʜ ʪʝʧʣʘ ʚ ʜʝʪʘʣʴ ʠ 

ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ 

ʢʘʢʠʭ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʜʚʦʜ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʥʘʥʝʩʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʩʦʧʣʘ, ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʠʟʘʮʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʝʤ ʚ ʢʦʦʨʜʠʥʘʪʘʭ X-Y ʠ ʧʦʰʘʛʦʚʦ ʧʦ Z. 

ʄʝʪʦʜʳ ʥʫʞʜʘʶʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʦʨʘʭ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪʩʷ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ. 

ʉʦʟʜʘʥʦ ʨʷʜ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦʣʠʬʝʥʠʣʩʫʣʴʬʦʥ ï ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʬʦʨʤʦʡ ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʥʘʛʨʝʚʘʪʝʣʴ 

ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʶʪʩʷ ʪʘʙʣʝʪʢʠ. 

ɹʘʣʣʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʛʝʥʝʨʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʯʝʨʝʟ ʩʦʧʣʦ ʧʦʜʘʝʪʩʷ 

ʧʨʝʨʳʚʠʩʪʦ ʚ ʬʦʨʤʝ ʦʪʜʝʣʴʥʳʭ ʢʘʧʝʣʝʢ. ʄʝʪʦʜʳ ʙʝʩʢʦʥʪʘʢʪʥʳʝ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʲʝʤʝ ʠʟʜʝʣʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ʰʘʨʠʢʦʚ-ʢʘʧʝʣʴ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʥʘ ʫʨʦʚʥʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʠʤ 

çʧʨʠʧʣʘʚʣʷʪʴʩʷè ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʯʥʦ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ 

ʩʣʦʝʤ. ʇʨʠ ʤʘʣʝʥʴʢʠʭ ʰʘʨʠʢʘʭ ʤʝʩʪʘ ʩʦʝʜʠʥʝʥʠʷ ʯʘʩʪʠʮʳ ʦʩʪʘʶʪʩʷ ʥʝ 

ʚʠʜʠʤʳʤʠ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ 

ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ ʠʣʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ 

ʪʘʢʞʝ ʚʳʨʘʚʥʠʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʝʩʝʥʠʝʤ ʰʘʨʠʢʦʚ ʜʨʫʛʠʭ ʜʠʘʤʝʪʨʦʚ ʠʣʠ 

ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠʢʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ, ʚʢʣʶʯʘʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ. ʄʝʪʦʜ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʤʝʱʝʥʠʷ ʵʢʩʪʨʫʟʠʦʥʥʳʭ ʛʦʣʦʚʦʢ. 

ʇʦʩʣʦʡʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ ʠʟʜʝʣʠʡ ʩʢʣʝʠʚʘʥʠʝʤ ʧʦʨʦʰʢʘ ʠʣʠ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʟʳʚʘʶʪ ʝʱʝ ʤʝʪʦʜʘʤʠ 3D ʧʝʯʘʪʠ (ʧʦ 
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ʪʠʧʫ 2D ʩʪʨʫʡʥʦʛʦ ʧʨʠʥʪʝʨʘ). ʅʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʠʣʠ 

ʛʨʘʥʫʣ ʧʦ ʧʨʦʛʨʘʤʤʝ çʧʝʯʘʪʘʝʪʩʷè ʩʚʷʟʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʥʪʫʨʘ ʩʝʯʝʥʠʷ ʠ ʩʢʨʝʧʣʷʝʪ ʵʪʠ ʯʘʩʪʠʯʢʠ. ʆʩʪʘʚʰʠʡʩʷ ʩʚʦʙʦʜʥʳʤ ʦʪ 

ʩʚʷʟʫʶʱʝʛʦ ʧʦʨʦʰʦʢ ʠʛʨʘʝʪ ʨʦʣʴ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʧʦʨʳ ʠ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟʜʝʣʠʷ ʫʩʪʨʘʥʷʝʪʩʷ. 

ʉʧʝʢʪʨ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥ, ʪ. ʢ. 

ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʚʷʟʫʶʱʝʝ. ʆʙʨʘʙʦʪʢʝ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʪ 

ʪʝʨʤʦʧʣʘʩʪʦʚ ʜʦ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ɺʦʟʤʦʞʥʘ ʟʘʛʨʫʟʢʘ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʠ ʨʘʟʣʠʯʥʳʤʠ 

ʩʚʷʟʫʶʱʠʤʠ ʠ ʜʘʞʝ ʞʠʚʳʤʠ ʢʣʝʪʢʘʤʠ ʯʝʨʝʟ ʞʠʜʢʦʩʪʠ-ʥʦʩʠʪʝʣʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, 3D-ʧʝʯʘʪʴ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʣʦʢʘʣʴʥʳʝ ʦʙʲʝʤʳ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʤʝʩʪʦ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟʦʪʨʦʧʥʳʭ. 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟʜʝʣʠʷ ʥʫʞʜʘʶʪʩʷ ʚ ʜʦʦʙʨʘʙʦʪʢʝ (ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʧʨʦʧʠʪʢʘ, ʩʧʝʢʘʥʠʝ ʚ ʧʝʯʠ), ʯʪʦʙʳ ʙʳʪʴ ʛʦʪʦʚʦʡ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ 

ʧʝʯʘʪʥʳʝ ʛʦʣʦʚʢʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʦʧʝʣ (100) ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʠ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʛʝʥʝʨʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ 

ʠʟʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʠʩʪʳʭ ʦʙʲʝʢʪʦʚ. ʂʘʞʜʦʝ ʩʝʯʝʥʠʝ 3D 

CAD ʤʦʜʝʣʠ ʚʳʨʝʟʘʝʪʩʷ ʠʟ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʬʦʣʴʛ, ʙʫʤʘʛʠ, 

ʧʣʘʩʪʠʢʦʚ, ʢʘʨʪʦʥʘ ʠ ʜʨ. ʠ ʟʘʪʝʤ ʚ ʩʪʨʦʛʦʡ ʦʯʝʨʝʜʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʤʫ. ʉʣʦʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʯʝʥʴ ʪʦʥʢʠʤʠ ʠ ʠʭ ʤʦʞʥʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʪʦʯʥʦ ʦʜʠʥ ʢ ʜʨʫʛʦʤʫ. ɺʳʨʝʟʘʥʠʝ çʩʣʦʷè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʣʫʯʦʤ ʣʘʟʝʨʘ, ʛʦʨʷʯʝʡ ʧʨʦʚʦʣʦʢʦʡ, ʥʦʞʦʤ ʠʣʠ ʬʨʝʟʦʡ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 

ʩʣʦʝʚ ʧʨʠʤʝʥʷʶʪ ʩʢʣʝʠʚʘʥʠʝ, ʣʘʟʝʨʥʫ ,ʁ ʜʠʬʬʫʟʠʦʥʥʫ  ʁʠ ʫʣʴʪʨʘʟʚʫʢʦʚʫ  ʁ

ʩʚʘʨʢʫ, ʧʦʣʠʤʝʨʠʟʘʮʠ ʁ ʠ ʜʨ. ʇʨʠʤʝʥʷʶʪ ʩʦʝʜʠʥʝʥʠʝ ʰʪʠʬʪʦʤ ʧʦ 

ʮʝʥʪʨʦʚʳʤ ʦʪʚʝʨʩʪʠʷʤ, ʫʚʷʟʘʥʥʳʤ ʩ ʢʦʥʪʫʨʦʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʠʪʴ ʘʜʜʠʪʠʚʥʳʡ ʧʨʠʥʮʠʧ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʣʘʟʝʨʥʦʤ ʨʝʟʘʥʠʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʢʨʝʧʣʝʥʠʠ ʣʠʩʪʦʚ. 

ʄʝʪʦʜʳ ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʦʙʦ ʵʬʬʝʢʪʠʚʥ rʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʤʘʩʩʠʚʥʳʭ ʠʟʜʝʣʠʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʵʪʦʤ 

ʨʝʘʣʠʟʫʶʪʩʷ ʩʢʦʨʦʩʪʠ ʨʘʩʢʨʦʷ (ʨʝʟʘʥʠʷ) ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ, ʯʝʤ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʘʩʩʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 2.3). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʫʯʘʝʤʦʝ ʠʟʜʝʣʠʝ ʦʙʣʘʜʘʝʪ ʘʥʠʟʦʪʨʦʧʠʝʡ 

ʩʚʦʡʩʪʚ (ʚʜʦʣʴ ʩʣʦʷ ʠ ʧʦʧʝʨʝʢ ʥʝʛʦ), ʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʦʩʪʝʡ 

ʟʘʪʨʫʜʥʝʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ ʚʦʦʙʱʝ. ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʜʝʪʘʣʠ ʢ 

ʦʪʭʦʜʘʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 110 ʠ ʜʘʞʝ ʙʦʣʴʰʝ. 
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ʄʘʪʝʨʠʘʣ

ɸʣʶʤʠʥʠʡ
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ʈʠʩʫʥʦʢ 2.3 ï ɼʦʩʪʠʛʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʢʨʦʷ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ 

 

2.4 ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

 

ʈʘʟʣʠʯʘʶʪ ʬʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʘʵʨʦʟʦʣʝʡ ʠ ʭʠʤʠʯʝʩʢʦʝ 

ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. 

ɼʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʘʵʨʦʟʦʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʤʝʣʢʠʝ ʢʘʧʝʣʴʢʠ ʨʘʩʧʳʣʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ-ʥʦʩʠʪʝʣʝʡ ʩ 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʥʠʭ ʪʚʝʨʜʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚʝʣʠʯʠʥʦʶ ʜʦ 200 ʥʘʥʦʤʝʪʨʦʚ. 

ʕʪʘ ʞʠʜʢʦʩʪʴ (ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ ï ʯʝʨʥʠʣʘ) ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʛʘʟʦʤ-

ʥʦʩʠʪʝʣʝʤ ʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʩʦʧʝʣ ʥʘʥʦʩʠʪʩʷ ʥʘ ʩʫʙʩʪʨʘʪ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʛʝʦʤʝʪʨʠʠ.  

ɸʵʨʦʟʦʣʴʥʳʝ ʤʝʪʦʜʳ ʦʩʘʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʥʫʶʪʩʷ ʢʘʢ ʤʝʪʦʜʳ ʧʝʯʘʪʠ. 

ʆʪ 3D-ʧʝʯʘʪʠ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ çʯʝʨʥʠʣʘè ʥʝ ʦʙʣʘʜʘʶʪ 

ʬʫʥʢʮʠʝʡ ʩʚʷʟʫʶʱʝʛʦ ʠ ʧʝʯʘʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʫʙʩʪʨʘʪʘʭ, ʘ ʥʝ ʥʘ 

ʬʣʶʩʦʚʦʡ ʧʦʜʣʦʞʢʝ. ɺʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʘʤʳʭ ʪʦʥʢʠʭ ʩʪʨʫʢʪʫʨ, 
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ʩʦʝʜʠʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʉʧʝʢʪʨ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢ, ʚʧʣʦʪʴ ʜʦ ʢʣʝʪʦʢ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʤʝʪʦʜʳ ʙʦʣʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʩʣʦʞʥʳʝ 2D-ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʥʝʝ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʩʣʦʞʥʳʭ 3D-ʩʪʨʫʢʪʫʨ. 

ʇʨʠ ʭʠʤʠʯʝʩʢʦʤ ʦʩʘʞʜʝʥʠʠ ʛʘʟʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʧʦʨʦʞʜʘʷ ʣʦʢʘʣʴʥʳʝ 

ʨʝʘʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʠ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʩʫʙʩʪʨʘʪ 

ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʫʝʤʦʡ ʛʝʦʤʝʪʨʠʝʡ. ʕʥʝʨʛʠʶ 

ʧʦʩʪʘʚʣʷʶʪ ʜʚʘ ʣʘʟʝʨʥʳʭ ʣʫʯʘ, ʢʘʞʜʳʡ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. ɺ ʤʝʩʪʝ 

ʩʢʨʝʱʠʚʘʥʠʷ ʣʫʯʝʡ ʦʙʣʫʯʝʥʥʳʤ ʦʙʲʝʤʘʤ ʩʦʦʙʱʘʝʪʩʷ ʵʥʝʨʛʠʷ, 

ʧʨʝʚʳʰʘʶʱʘʷ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʥʘʯʘʣʘ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, 

ʪʚʝʨʜʳʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʠʣʠ ʜʨ. ʉʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 80 ʤʢʤ/ʩ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ʤʦʛʫʪ ʩʪʨʦʠʪʴʩʷ ʩʘʤʳʝ ʪʦʥʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʬʠʣʠʛʨʘʥʥʳʝ ʩʪʨʫʢʪʫʨ,r 

ʥʘʧʨʠʤʝʨ, ʚ ʪʝʭʥʠʢʝ ʤʠʢʨʦʩʠʩʪʝʤ ʠ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʝ. ʇʨʠ ʵʪʦʤ 

ʧʨʝʜʝʣʴʥʦ ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ, ʛʝʥʝʨʘʪʠʚʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ. 

 

2.5 ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʠʟ ʧʣʘʟʤʳ 

 

ʀʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʛʝʥʝʨʠʨʦʚʘʥʠʝ 

ʥʘʨʘʱʠʚʘʝʤʳʭ ʩʣʦʝʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʘʛʨʝʛʘʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘʥʦʩʠʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʉʶʜʘ ʦʪʥʦʩʷʪʩʷ ʠ ʤʝʪʦʜʳ ʛʝʥʝʨʘʮʠʠ 

ʩʣʦʝʚ ʠʟ ʧʣʘʟʤʳ. 

ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʦʥʠʟʘʮʠʷ ʛʘʟʦʚ, ʢʦʛʜʘ 

ʘʪʦʤʳ ʚʝʱʝʩʪʚʘ ʪʝʨʷʶʪ ʵʣʝʢʪʨʦʥ. ɻʘʟ, ʘʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʛʦ 

ʠʦʥʠʟʠʨʦʚʘʥʳ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ), ʧʝʨʝʭʦʜʠʪ ʚ ʠʥʦʝ ʘʛʨʝʛʘʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ï ʧʣʘʟʤʫ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʷʜʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ. ʉʪʨʫʷ 

ʧʣʘʟʤʳ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʦʜʣʦʞʢʫ ʠ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʧʦʢʨʳʪʠʷ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ. ʆʩʦʙʦ ʵʬʬʝʢʪʠʚʥʦ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʧʣʘʟʤʳ ʜʣʷ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʘʭ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʟʦʛʨʝʚʘ ʝʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʩʣʦʝʚ 

ʧʦ ʚʘʢʫʫʤʥʳʤ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʨʝʘʣʠʟʫʝʤʳʤ ʚ ʰʠʨʦʢʦʤ 
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ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (100ï1000ʉ). ʐʠʨʦʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ï ʜʝʩʦʨʙʮʠʷ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʤʠʛʨʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʠ ʜʨ. 

ʧʦʟʚʦʣʷʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚ ʚʘʢʫʫʤʝ ʩʣʦʠ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʨʘʟʣʠʯʥʳʭ ʪʦʣʱʠʥ ʩʣʦʝʚ. ɺʦʟʤʦʞʥʦ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʜʥʦʚʘʢʫʫʤʥʦʤ ʮʠʢʣʝ. 

 

2.6 ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

 

ʆʙʣʘʩʪʴ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʫʨʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʇʦʷʚʣʷʝʪʩʷ 

ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʠʜʝʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ ʜʨ. ʵʬʬʝʢʪʦʚ ʜʣʷ ʧʦʩʣʦʡʥʦʡ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ 

3D CAD-ʤʦʜʝʣʝʡ. 

ʉʶʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʝʪʦʜ ʜʚʫʭ ʣʘʟʝʨʥʳʭ ʣʫʯʝʡ, ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʚ 

ʪʦʯʢʝ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ; ʤʝʪʦʜ ʜʚʫʭ ʬʦʪʦʥʦʚ 

(ʛʦʨʷʯʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ); ʬʦʪʦʧʦʣʠʤʝʨʥʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; 

ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʟ ʬʦʣʴʛʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʜʨ. 

ʀʥʪʝʨʝʩʥʘ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʦʜ 

ʩʦʥʦʣʶʤʠʥʠʩʮʝʥʮʠʝʡ ʧʦʥʠʤʘʶʪ ʵʬʬʝʢʪ ʧʫʩʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ 

ʞʠʜʢʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ ʚ ʚʦʜʝ) ʚ ʩʦʩʪʦʷʥʠʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʥʘʧʨʘʚʣʷʪʴ ʟʚʫʢʦʚʫʶ ʵʥʝʨʛʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʩʚʝʪʦʚʳʭ ʚʩʧʳʰʝʢ ʚ ʋʌ-ʦʙʣʘʩʪʠ. ɹʣʘʛʦʜʘʨʷ 

ʟʚʫʢʦʚʳʤ ʧʦʣʷʤ ʠ ʥʘʣʦʞʝʥʠʶ ʠʭ ʚʦʣʥ ʦʙʲʝʤʥʳʡ ʦʙʲʝʢʪ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʧʫʪʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʄʥʦʛʦʦʙʝʱʘʶʱʝʝ ʧʨʝʜʣʦʞʝʥʠʝ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ. 

ʇʦʜ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʩʚʦʡʩʪʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʭ ʚʷʟʢʦʩʪʴ, ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɺʣʠʷʷ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʚʷʟʢʦʩʪʴ (ʚʧʣʦʪʴ ʜʦ ʦʪʚʝʨʜʝʥʠʷ) ʚʜʦʣʴ 

ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʨʠʚʦʡ. ʕʪʦ ʥʝʧʨʝʨʳʚʥʦʝ ʦʙʨʘʤʣʝʥʠʝ 

(ʩʚʦʝʦʙʨʘʟʥʘʷ ʨʫʙʘʰʢʘ) ʤʦʞʝʪ ʟʘʧʦʣʥʷʪʴʩʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠʣʠ 

ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʦʪʚʝʨʜʝʚʘʶʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʘʢʦʝ 

ʦʙʨʘʤʣʝʥʠʝ ʫʜʘʣʷʝʪʩʷ (ʨʘʩʧʣʘʚʣʝʥʠʝʤ), ʩʪʨʦʠʪʩʷ ʥʦʚʦʝ ʦʙʨʘʤʣʝʥʠʝ ʠ 

ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ ʦʢʦʥʯʘʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟʜʝʣʠʷ. 
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2.7 ʕʣʝʤʝʥʪʳ, ʦʙʨʘʟʫʶʱʠʝ ʩʣʦʠ ʧʨʠ ʛʝʥʝʨʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʷ 

 

ʋʩʪʘʥʦʚʢʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʛʝʥʝʨʘʪʠʚʥʳʡ ʧʨʠʥʮʠʧ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ 

ʧʦʩʣʦʡʥʳʤ ʚʳʨʘʱʠʚʘʥʠʝʤ, ʠʤʝʶʪ ʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ. ɻʝʥʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʥʝ ʪʨʝʙʫʶʪ ʠʥʩʪʨʫʤʝʥʪʘ. ʏʘʩʪʴ 

ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʢʦʤʙʠʥʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʠ ʛʝʥʝʨʠʨʫʶʱʠʭ (ʘ ʪʘʢʞʝ 

ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ) ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1 ï ʕʣʝʤʝʥʪʳ, ʦʙʨʘʟʫʶʱʠʝ ʩʣʦʠ 

ʌʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ 
ɻʝʥʝʨʘʪʠʚʥʘʷ 

ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ 

ʇʦʜʚʠʞʥʳʡ 

ʵʣʝʤʝʥʪ 

ɻʝʥʝʨʠʨʫʶʱʠʡ 

(ʦʢʦʥʪʫʨʠʚʘʶ-

ʱʠʡ) ʵʣʝʤʝʥʪ 

ʌʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ʩʢʘʥʝʨ ʣʘʟʝʨ 

ʇʣʘʚʣʝʥʠʝ ʠ ʩʧʝʢʘ-

ʥʠʝ ʧʦʨʦʰʢʦʚ ʠ 

ʛʨʘʥʫʣ 

ʩʧʝʢʘʥʠʝ ʩʢʘʥʝʨ ʣʘʟʝʨ 

ɺʳʨʝʟʘʥʠʝ ʠʟ ʬʦʣʴʛʠ 

ʠ ʩʦʝʜʠʥʝʥʠʝ 

ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʩʣʦʠʩʪʳʭ ʦʙʲʝʢʪʦʚ 
ʧʣʦʪʪʝʨ 

ʣʘʟʝʨ, ʨʝʟʝʮ, 

ʬʨʝʟʘ 

ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʠʟ 

ʪʚʝʨʜʦʡ ʬʘʟʳ 

ʵʢʩʪʨʫʟʠʷ ʠ 

ʙʘʣʣʠʩʪʠʢʘ 
ʧʣʦʪʪʝʨ 

ʩʦʧʣʦ, 

ʵʢʩʪʨʫʜʝʨ 

ʉʢʣʝʠʚʘʥʠʝ ʧʦʨʦʰ-

ʢʦʚ ʛʨʘʥʫʣʠʨʦʚʘʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʚʷʟʫʶʱʠʤ  

3D-ʧʝʯʘʪʴ ʧʣʦʪʪʝʨ 
ʧʝʯʘʪʘʶʱʘʷ 

ʛʦʣʦʚʢʘ 

ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʠʟ 

ʛʘʟʦʚʦʡ ʬʘʟʳ 

ʘʵʨʦʟʦʣʴʥʘʷ 

ʧʝʯʘʪʴ 
ʧʣʦʪʪʝʨ ʩʦʧʣʦ 

 

ʀʟʣʦʞʝʥʥʦʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ 2 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ 

ʚʩʝʭ ʨʝʘʣʠʟʫʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ï ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʦʩʘʞʜʝʥʠʝ, 

ʦʧʣʘʚʣʝʥʠʝ, ʦʪʚʝʨʜʝʥʠʝ ʠ ʜʨ. 

ʇʦ ʧʨʠʟʥʘʢʫ ʠʩʭʦʜʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʛʝʥʝʨʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʨʠʩ. 2.4). 
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2.8 ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

 

1. ʂʘʢʦʚʘ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ 3D CAD 

ʤʦʜʝʣʠ? 

2. ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʨʘʟʣʠʯʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʦʩʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ? 

3. ʂʘʢʠʝ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʟʜʝʣʠʷ? 

4. ʂʘʢʦʚʘ ʩʫʱʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ? 

5. ʂʘʢʦʚʘ ʩʫʱʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ? 

6. ʂʘʢʦʚʘ ʩʫʱʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ? 

7. ʂʘʢʦʚʘ ʩʫʱʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ 

ʬʦʪʦʥʦʚ? 

8. ʂʘʢʦʚʘ ʩʫʱʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʘ 

ʩʦʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ? 

9. ʂʘʢʦʚʦ ʥʘʣʠʯʠʝ ʧʦʜʚʠʞʥʳʭ ʠ ʛʝʥʝʨʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ  

RP-ʫʩʪʘʥʦʚʦʢ? 

10. ʇʨʠʚʝʜʠʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦ 

ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 



 51 

ʈɸɿɼɽʃ 3 

 

ʀʅʊɽɻʈʀʈʆɺɸʅʅʓɽ ɻɽʅɽʈɸʊʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ʄɸʂʈʆʋʈʆɺʅʗ 

 

3.1 ʄʝʩʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʤʘʢʨʦʫʨʦʚʥʷ ʚ ʩʦʟʜʘʥʠʠ ʠʟʜʝʣʠʡ 

 

ʈʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʧʦʩʣʦʡʥʦʤ ʫʜʘʣʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʠ ʟʘʜʘʥʥʳʭ 

ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʢʘʯʝʩʪʚʘ. ʈʝʘʣʠʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʠʟʛʦʪʦʚʣʝʥʠʷ çʦʪ 

ʙʦʣʴʰʝʛʦ ʢ ʤʝʥʴʰʝʤʫè. ʇʦʥʷʪʠʝ Rapid Prototyping ʦʟʥʘʯʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʷ ʠʣʠ ʧʨʦʪʦʪʠʧʘ ʩ ʧʦʤʦʱʴʶ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʧʨʦʪʦʪʠʧʦʤ ʧʦʥʠʤʘʶʪ ʧʝʨʚʠʯʥʦʝ 

ʬʠʟʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʚʧʦʩʣʝʜʩʪʚʠʠ, 

ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʠʣʠ ʧʨʦʝʢʪ ʦʙʨʘʟʮʘ. ʂʘʞʜʳʡ ʚʠʜ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ, ʤʦʜʝʣʠ ʠʣʠ ʤʘʢʝʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʛʦʜʝʥ 

ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʠ ʩʦʢʨʘʱʝʥʠʷ ʧʫʪʠ ʦʪ ʠʜʝʠ ʜʦ 

ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. ʇʨʦʪʦʪʠʧʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʘʙʩʪʨʘʢʮʠʠ ʠ ʙʳʪʴ ʧʨʦʩʪʳʤʠ, ʦʙʣʘʜʘʪʴ ʫʨʦʚʥʝʤ ʩʚʦʡʩʪʚ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʘ. ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʦʚ ʠʟʜʝʣʠʡ, ʠʭ 

ʤʦʜʝʣʝʡ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɸʥʘʣʠʟ ʮʠʢʣʘ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ (ʎʉʇ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦ ʚʩʝʭ ʝʛʦ 

ʬʘʟʘʭ ï ʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠ ̫ʠʜʝʠ ʧʨʦʜʫʢʪʘ ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʚʥʝʜʨʝʥʠʷ ʥʘ ʨʳʥʦʢ ï 

ʥʝʦʙʭʦʜʠʤ ʧʨʦʪʦʪʠʧ. ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʦʚʘʨʦʚ ʰʠʨʦʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʎʉʇ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ 6 ʬʘʟ. ʇʨʦʪʦʪʠʧʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʦʪʜʝʣʴʥʳʭ 

ʬʘʟʘʭ ʩʦʟʜʘʥʠʷ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʘ 

ʵʢʟʝʤʧʣʷʨʦʚ, ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, 

ʵʩʪʝʪʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ (ʨʠʩ. 3.1). 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʝʡ ʠ ʧʨʦʪʦʪʠʧʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʨʘʤʢʘʭ 

ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʷ, ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʳʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʣʠʪʝʡʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʟʜʝʩʴ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ NC ʬʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ, 

ʢʦʧʠʨʦʚʘʣʴʥʳʝ ʬʨʝʟʝʨʥʳʝ, ʪʦʢʘʨʥʳʝ ʩʪʘʥʢʠ ʠ ʧʨ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʤʦʜʝʣʠ 

ʚʨʫʯʥʫʶ ʩʦʙʠʨʘʶʪ, ʩʢʣʝʠʚʘʶʪ ʠʣʠ ʩʧʘʠʚʘʶʪ. 

ʅʦʚʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ, ʪʝʭʥʠʢʠ CNC, ʣʘʟʝʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʪ. ʜ. ʧʦʟʚʦʣʠʣʠ ʧʝʨʝʡʪʠ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʛʝʥʝʨʘʪʠʚʥʳʤ 

ʩʧʦʩʦʙʘʤ ʫʩʢʦʨʝʥʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ, ʠʟʙʘʚʠʪʴʩʷ ʦʪ 
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ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ. 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʛʝʥʝʨʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʪʦʪʠʧʳ ʩʦʟʜʘʶʪʩʷ ʥʘ ʙʘʟʝ  

3D CAD ʜʘʥʥʳʭ, ʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʝʟ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʩʥʘʩʪʢʠ, ʘ ʣʠʰʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʨʦʜʫʢʪʘ. 

ʀʤʝʥʥʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʝʛʦ ʧʨʦʪʦʪʠʧʘ. 

ʇʨʦʨʘʙʦʪʢʘ ʠʜʝʠ

ʉʦʜʝʨʞʘʥʠʝ ʮʠʢʣʘ

ʇʨʝʜʧʨʦʝʢʪʥʘʷ

ʧʨʦʨʘʙʦʪʢʘ

ʆʧʨʝʜʝʣʝʥʠʝ

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ

ʩʚʦʡʩʪʚ

ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ

ʇʨʝʜʩʝʨʠʡʥʦʝ

ʠʟʛʦʪʦʚʣʝʥʠʝ

(ʦʧʳʪʥʘʷ ʧʘʨʪʠʷ)

ɻʦʪʦʚʥʦʩʪʴ ʢ

ʨʝʘʣʠʟʘʮʠʠ, ʚʳʭʦʜʫ

ʥʘ ʨʳʥʦʢ

ʇʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ

ʂʦʣʠʯʝʩʪʚʦ - 1 ʰʪ.,
ʤʘʪʝʨʠʘʣ ʤʦʜʝʣʠ,

ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʛʣʷʜʥʦʩʪʠ

ʂʦʣʠʯʝʩʪʚʦ - 1 ʰʪ.,
ʤʘʪʝʨʠʘʣ ʤʦʜʝʣʠ,

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ

ʂʦʣʠʯʝʩʪʚʦ - 2 - 5 ʰʪ.,
ʤʘʪʝʨʠʘʣ ʩʝʨʠʠ, ʦʩʥʦʚʥʳʝ
ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ

ʂʦʣʠʯʝʩʪʚʦ - 3 - 20 ʰʪ.,
ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʝʨʠʠ,
ʩʪʦʠʤʦʩʪʴ ʩʝʨʠʠ,

ʧʨʝʜʩʝʨʠʡʥʳʡ ʠʥʩʪʨʫʤʝʥʪ

ʂʦʣʠʯʝʩʪʚʦ - ʜʦ 500 ʰʪ.,
ʤʘʪʝʨʠʘʣ ʩʝʨʠʡʥʳʡ,
ʩʝʨʠʡʥʘʷ ʪʝʭʥʦʣʦʛʠʷ,
ʩʝʨʠʡʥʳʡ ʠʥʩʪʨʫʤʝʥʪ

ʇʨʦʝʢʪ ʤʦʜʝʣʠ

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ

ʧʨʦʪʦʪʠʧ

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ

ʧʨʦʪʦʪʠʧ

ʊʝʭʥʠʯʝʩʢʠʡ

ʧʨʦʪʦʪʠʧ

ʆʧʳʪʥʘʷ ʧʘʨʪʠʷ

 

ʈʠʩʫʥʦʢ 3.1 ï ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʠʟʜʝʣʠʡ (ʪʨʘʜʠʮʠʦʥʥʳʝ) 

 

ɺʧʝʨʚʳʝ ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ - ʣʘʟʝʨʥʘʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (SL) - 

ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʘʚʪʦʰʦʫ ʚ ɼʝʪʨʦʡʪʝ (ʉʐɸ) ʚ 1987 ʛʦʜʫ. 

ʇʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʥʪʨʘʭ ʠ 

ʩʪʨʘʥʘʭ ʧʦʜ ʥʝ ʩʦʚʧʘʜʘʶʱʠʤʠ ʥʘʟʚʘʥʠʷʤʠ: Rapid Prototyping (ʙʳʩʪʨʦʝ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʠʣʠ çʦʧʝʨʘʪʠʚʥʦʝè ʤʘʢʝʪʠʨʦʚʘʥʠʝ), Solid 

Freeform Fabrication (ʪʚʝʨʜʦʪʝʣʴʥʦʝ ʩʚʦʙʦʜʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ), 

Laminate Synthesis (ʧʦʩʣʦʡʥʳʡ ʩʠʥʪʝʟ), 3D Component Forming 

(ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ), ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʝʚ ʥʘʧʣʘʚʢʦʡ ʠ 

ʜʨ. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʛʝʥʝʨʘʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʣʝʞʘʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʙʳʩʪʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʣʠ ʠʭ 

ʧʨʦʪʦʪʠʧʦʚ ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ, ʘ ʥʝ ʨʘʟʜʝʣʝʥʠʝʤ ʦʙʲʝʤʦʚ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ (ʪʨʘʜʠʮʠʦʥʥʳʭ) ʪʝʭʥʦʣʦʛʠʡ 

ʨʝʟʘʥʠʷ, ʰʪʘʤʧʦʚʢʠ, ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪ. ʜ. 
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ʇʦʥʷʪʠʝ çʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʥʘʠʙʦʣʝʝ ʝʤʢʦ ʠ ʦʙʱʝ 

ʦʧʨʝʜʝʣʷʝʪ ʩʫʪʴ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʫʩʢʦʨʝʥʥʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢʦʚ 

ʤʝʭʘʥʠʟʤ ʵʪʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ, ʢʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʚ ʢʘʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠʤʝʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʩʧʦʩʦʙʳ 

ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ, ʢʘʢʦʚʳ ʤʘʩʰʪʘʙʳ ʥʘʨʘʱʠʚʘʝʤʳʭ ʦʙʲʝʤʦʚ. 

 

3.2 ʉʪʨʫʢʪʫʨʘ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʘʢʨʦʫʨʦʚʥʷ 

 

ɺʩʝ ʩʧʦʩʦʙʳ ʫʩʢʦʨʝʥʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʤʘʢʨʦʠʟʜʝʣʠʡ ʨʝʘʣʠʟʫʶʪ 

ʛʝʥʝʨʘʪʠʚʥʳʡ ʧʨʠʥʮʠʧ çʦʪ ʤʘʣʦʛʦ ʢ ʙʦʣʴʰʦʤʫè ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʣʦʝʚ 

ʥʘʨʘʱʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ. ʀʟʜʝʣʠʷ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʫʣʦʞʝʥʥʳʝ (ʠ ʩʢʨʝʧʣʝʥʥʳʝ) ʦʜʠʥ ʥʘ ʜʨʫʛʦʡ ʩʣʦʠ ʩ 2D ʢʦʥʪʫʨʦʤ 

ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ. ʀʤʝʥʥʦ ʢʦʥʪʫʨ ʚ ʧʣʦʩʢʦʩʪʠ X-Y 

ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Z ʧʨʦʠʩʭʦʜʠʪ 

ʜʠʩʢʨʝʪʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʩʣʦʝʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʚʦʝʦʙʨʘʟʥʳʝ ʩʪʫʧʝʥʴʢʠ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʠʟʜʝʣʠʷ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʳ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʧʫʪʝʤ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʝʟ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʦʩʥʘʩʪʢʠ, ʯʪʦ 

ʢʘʨʜʠʥʘʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʵʪʘʧʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʣʠ ʩʦʙʩʪʚʝʥʥʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʤʝʝʪ ʮʝʣʳʡ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʠʣʘʩʴ ʥʘʩʪʦʷʱʠʤ ʧʨʦʨʳʚʦʤ 

ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʚʤʝʩʪʠʪʴ ʠʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʩʙʣʠʟʠʪʴ ʨʘʟʨʘʙʦʪʢʫ, 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʠʧʦʚʦʡ ʝʜʠʥʠʯʥʦʡ ʤʦʜʝʣʠ, ʜʝʪʘʣʠ ʠʣʠ 

ʠʟʜʝʣʠʷ ʚ ʩʙʦʨʝ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʥʘ 

30 70%, ʘ ʠʥʦʛʜʘ ʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʅʦ ʥʝ ʪʦʣʴʢʦ ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ ʩʪʘʣ ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʙʳʩʪʨʦʛʦ 

ʟʘʚʦʝʚʘʥʠʷ ʚʩʝ ʥʦʚʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ï ʘʚʠʘʩʪʨʦʝʥʠʝ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, ʵʣʝʢʪʨʦʥʠʢʘ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʝʜʠʮʠʥʘ, ʘʨʭʝʦʣʦʛʠʷ, ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʜʨ. 

ʇʨʷʤʦʝ ʚʳʨʘʱʠʚʘʥʠʝ ʠʟʜʝʣʠʡ ʩʧʦʩʦʙʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʤʘʢʨʦʠʟʜʝʣʠʡ, ʤʠʢʨʦ- ʠ ʥʘʥʦʩʣʦʝʚ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʧʨʘʚʣʷʪʴ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʟʘʜʘʥʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʚʧʣʦʪʴ ʜʦ ʘʪʦʤʥʦʛʦ. 

ɺʦ ʚʨʝʤʝʥʥʦʡ ʮʝʧʦʯʢʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ ï ʧʝʨʠʦʜ 

ʤʝʞʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠʜʝʠ ʠ ʚʳʭʦʜʦʤ ʝʝ ʥʘ ʨʳʥʦʢ ï ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʝʡ, ʧʨʦʪʦʪʠʧʦʚ ʠ ʦʙʨʘʟʮʦʚ ʠʟʜʝʣʠʷ. ɺ 
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ʨʘʤʢʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʜʘʯʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ 

ʵʪʦʡ ʜʦʣʠ ʨʝʰʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʦ. 

ʈʘʟʚʠʪʠʝ ʤʦʱʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʩʧʦʩʦʙʥʦʡ ʦʧʝʨʠʨʦʚʘʪʴ 

ʪʨʝʭʤʝʨʥʳʤʠ ʦʙʨʘʟʘʤʠ, ʫʩʧʝʭʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʠʣʠʩʴ ʦʩʥʦʚʦʡ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʣʦʡʥʦʛʦ 

ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʫʩʢʦʨʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ 

ʠʣʠ ʠʭ ʧʨʦʪʦʪʠʧʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʛʘʥʠʯʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (CAD), ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʠʥʞʠʥʠʨʠʥʛʘ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠ ʜʨ. ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ (CAM).  

ʀʜʝʦʣʦʛʠʷ ʫʩʢʦʨʝʥʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟʜʝʣʠʷ (ʤʦʜʝʣʠ, ʧʨʦʪʦʪʠʧʘ 

ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ) ʙʘʟʠʨʫʝʪʩʷ ʥʘ: ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ (ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ, ʯʝʨʪʝʞʘʤ, 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʠʣʠ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ), ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʜʠʟʘʡʥʘ, ʬʦʨʤʳ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ (CAD); ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʨʝʭ ʢʦʦʨʜʠʥʘʪʥʦʡ ʤʦʜʝʣʠ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʩʣʦʡʥʳʭ ʤʦʜʝʣʝʡ; ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʵʪʫ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʩʣʦʡʥʳʭ ʤʦʜʝʣʝʡ (ʨʠʩ. 3.2), ʪ. ʝ. ʤʘʪʝʨʠʘʣʠʟʦʚʘʪʴ ʚʩʶ ʤʦʜʝʣʴ 

ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʢʘʢ ʪʚʝʨʜʦʪʝʣʴʥʦʝ ʠʟʜʝʣʠʝ ʠʣʠ ʝʛʦ ʧʨʦʪʦʪʠʧ (ʉɸʄ). 

STL - ʬʘʡʣ

CAD ʠʟʜʝʣʠʝ ʠʣʠ ʝʛʦ

ʧʨʦʪʦʪʠʧ

(3D ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ)

ʂʦʤʧʴʶʪʝʨʥʘʷ

ʦʧʪʠʤʠʟʘʮʠʷ ʤʦʜʝʣʠ

ʠʟʜʝʣʠʷ

ʇʦʩʣʦʡʥʦʝ ʨʘʟʜʝʣʝʥʠʝ

3D-ʤʦʜʝʣʠ

ʥʘ ʜʚʫʤʝʨʥʳʝ - 2D

ɼʦʨʘʙʦʪʢʘ ʠʟʜʝʣʠʷ ʠʣʠ

ʧʨʦʪʦʪʠʧʘ

ʉʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ

ʠʟʜʝʣʠʷ
ɺʳʭʦʜ ʥʘ ʨʳʥʦʢ

ʈʘʟʨʘʙʦʪʢʘ ʫʧʨʘʚʣʷʶʱʠʭ

ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʙʦʯʝʛʦ

ʦʨʛʘʥʘ

ʊʨʘʥʩʬʦʨʤʘʮʠʷ 3D -

ʤʦʜʝʣʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ

2D - ʤʦʜʝʣʝʡ

RP-ʩʠʩʪʝʤʳ

ʄʘʪʝʨʠʘʣʠʟʘʮʠʷ

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ -

ʉɸʄ

 

ʈʠʩʫʥʦʢ 3.2 ï ʉʪʨʫʢʪʫʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʥʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ï Rapid Prototyping 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟʜʝʣʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1. ʇʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʜʝʣʠʷ. ʆʥʘ 

ʩʦʟʜʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʯʝʨʪʝʞʘ, ʯʘʩʪʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, 

ʬʦʪʦʛʨʘʬʠʷʤ. ɽʩʣʠ ʠʟʜʝʣʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ, ʪʦ ʤʦʜʝʣʴ ʧʦʣʫʯʘʶʪ ʥʘ ʪʨʝʭ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʧʫʪʝʤ ʦʙʤʝʨʘ ʦʨʠʛʠʥʘʣʘ 

ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʦʡʥʦ ʠʣʠ ʧʦʪʦʯʝʯʥʦ (ʨʠʩ. 3.3ʘ). 

2. ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʧʨʦʛʨʘʤʤʘʤ, ʠʩʭʦʜʷ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʜʠʟʘʡʥʘ, ʜʨ. 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʠʟʜʝʣʠʶ. ɺʘʞʥʦʩʪʴ ʵʪʦʛʦ 

ʵʪʘʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʠʣʠ ʠʟʜʝʣʠʝ, ʯʪʦ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

3. ʇʦʩʣʦʡʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʜʚʫʭʤʝʨʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ (ʨʠʩ. 3.3ʙ). 

4. ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ (çʠʥʩʪʨʫʤʝʥʪʘè) ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʦʩʣʦʡʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 2D ʤʦʜʝʣʠ ʙʫʜʝʪ ʤʘʪʝʨʠʘʣʠʟʦʚʘʪʴʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ ʠʣʠ ʝʛʦ ʧʨʦʪʦʪʠʧʘ.  

5. ʇʦʩʣʦʡʥʦʝ (ʨʠʩ. 3.3ʚ, ʛ) ʧʦʣʫʯʝʥʠʝ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʮʝʣʴʥʦʡ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠʣʠ ʠʟʜʝʣʠʷ (ʠʣʠ ʩʝʨʠʠ ʠʟʜʝʣʠʡ). ʅʘʛʣʷʜʥʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʵʪʠ ʵʪʘʧʳ ʫʩʢʦʨʝʥʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʨʠʩ. 3.3. 

6. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʠʟʜʝʣʠʝ ʠʣʠ ʤʦʜʝʣʴ ʧʦʣʫʯʘʶʪ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʣʫʯʰʝʥʠʝʤ ʩʚʦʡʩʪʚ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʟʣʠʯʠʷ 

ʩʚʦʡʩʪʚ ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʪʦʪʠʧʘ ʠ ʪʨʝʙʫʝʤʦʛʦ ʠʟʜʝʣʠʷ ï ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʝ, ʬʠʟʠʯʝʩʢʠʤ, ʤʝʭʘʥʠʯʝʩʢʠʤ, ʭʠʤʠʯʝʩʢʠʤ ʠ ʜʨ. ʩʚʦʡʩʪʚʘʤ. 

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʯʘʩʪʴ ʵʪʠʭ ʨʘʟʣʠʯʠʡ ʫʩʪʨʘʥʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʅʘ ʪʨʝʪʴʝʡ, ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ çʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝè 

ʠʟʜʝʣʠʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʢ ʪʨʝʙʫʝʤʳʤ: ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʤʝʪʘʣʣʠʟʘʮʠʷ, ʜʦʚʦʜʢʘ ʠ ʪ. ʜ. 

ʀʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʧʦ ʠʥʦʤʫ ʚʳʩʪʨʦʠʪʴ ʚʩʶ ʮʝʧʦʯʢʫ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʷ, ʚʩʝʮʝʣʦ ʙʘʟʠʨʫʷʩʴ ʥʘ 

ʠʜʝʦʣʦʛʠʠ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʦʩʣʦʡʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʨʠʩ. 3.4). ʉʨʘʚʥʝʥʠʝ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ (ʨʠʩ. 3.2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʝʥʝʨʘʪʠʚʥʘʷ 
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ʪʝʭʥʦʣʦʛʠʷ ʵʬʬʝʢʪʠʚʥʘ ʥʘ ʵʪʘʧʘʭ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʵʪʘʧʦʚ. 

 

 

  

ʘ ʙ

ʚ ʛ
 

ʈʠʩʫʥʦʢ 3.3 ï ʆʩʥʦʚʥʳʝ ʧʝʨʝʭʦʜʳ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʩʣʦʡʥʦʛʦ 

ʚʳʨʘʱʠʚʘʥʠʷ 

 

ʅʦ ʛʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʜʝʷ ʩʧʦʩʦʙʘ 

ʛʝʥʝʨʘʪʠʚʥʦʛʦ (ʧʦʩʣʦʡʥʦʛʦ) ʠʟʛʦʪʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʷʶʱʝʡ, 

ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʧʨʦʮʝʩʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʨʠʩ. 3.5). 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʠʜʝʝ ʛʝʥʝʨʘʪʠʚʥʦʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʩʦʟʜʘʥʠʝ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʛʝʥʝʨʘʪʠʚʥʦʝ ʩʦʟʜʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʪʦʪʠʧʦʚ, ʛʝʥʝʨʘʪʠʚʥʦʝ ʩʦʟʜʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʛʝʥʝʨʘʪʠʚʥʦʝ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʳʭʦʜ ʥʘ ʨʳʥʦʢ. 
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RP ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 

 

ʆ
ʙ
ʱ
ʘ
ʷ
 
ʙ
ʘ
ʟ
ʘ
 
ʜ
ʘ
ʥ
ʥ
ʳ
ʭ
 
+
 
ʦ
ʨ
ʛ
ʘ
ʥ
ʠ
ʟ
ʘ
ʮ
ʠ
ʷ

 

CAD ʇʣʘʥʠʨʦʚʘʥʠʝ/ 

ʆʧʨʝʜʝʣʝʥʠʝ 

CAD 

RP ɻ ʨʛʦʥʦʤʠʯʥʘʷ ʤʦʜʝʣʴ 

 

CAD, CAE ʂʦʥʮʝʧʮʠʷ CAD, CAE 

RP ʵʨʛʦʥʦʤʠʯʥʘʷ ʤʦʜʝʣʴ 

 

 ʈʘʟʨʘʙʦʪʢʘ 

 

 

CAD ʇʨʦʝʢʪ/ ɼʠʟʘʡʥ CAD 

RP ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 

 

CAE ʂʦʥʩʪʨʫʢʮʠʷ CAE 

RP ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 

 

FE ʈʘʩʯʝʪʳ FE 

RP ʧʨʦʪʦʪʠʧ 

 

 ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʉʦʟʜʘʥʠʝ ʦʙʨʘʟʮʘ 

 

RP ʦʙʨʘʟʝʮ 
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CAT, CAQ, PPS ʀʩʧʳʪʘʥʠʝ 

ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ 

CAT, CAQ, PPS 

RP ʦʙʨʘʟʝʮ 

 

CAQ, PPS ʉʨʝʜʩʪʚʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʣʘʥʠʨʦʚʘʥʠʝ/ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

 

CAQ, PPS 

Rapid Tooling 

CAT, CAL, CAQ, PPS ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʧʨʦʜʫʢʪʘ 

CAT, CAL, CAQ, PPS 

Rapid Manufacturing 

 

  ʇʨʦʜʫʢʪ 

 

  

ʊʨʘʜʠʮʠʦʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʜʫʢʪʘ ʠ ʪʨʘʜʠʮʠʦʥʥʦʝ 

ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ 

ʕʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʜʫʢʪʘ 

Simultaneous Engineering 

ʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

(RP = Rapid Prototyping, 

Rapid Tooling, 

Rapid Manufacturing) 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʏʘʩʪʠʯʥʦ ʟʘʤʢʥʫʪʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ CIM-ʮʝʧʦʯʢʠ ʧʨʦʮʝʩʩʘ (ʩʣʝʚʘ) 

ʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʢʥʫʪʳʝ ʮʝʧʦʯʢʠ ʧʨʦʮʝʩʩʘ CIM ʵʪʘʧʳ (ʩʧʨʘʚʘ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
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ʈʠʩʫʥʦʢ 3.5 ï ʕʪʘʧʳ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʠ ʠʟʜʝʣʠʡ 

 

3.3 3D CAD ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʘ 

(ʤʦʜʝʣʠ) ʧʦʩʣʦʡʥʦʛʦ ʠʟʜʝʣʠ ̫

 

ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʪʨʝʭʤʝʨʥʦʝ ʦʧʠʩʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʨʦʪʦʪʠʧʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʩʦʟʜʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ.  

ʅʘʧʨʠʤʝʨ, ʦʙʲʝʤʥʦʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 
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ʤʠʨʘ, ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʩʪʨʘʠʚʘʪʴ ʚ ʥʝʛʦ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʵʪʠʭ 

ʧʨʝʜʤʝʪʦʚ, ʥʦ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʦʮʝʩʩʳ, 

ʤʘʥʠʧʫʣʠʨʫʷ ʠʤʠ ʢʘʢ ʨʝʘʣʴʥʳʤʠ. 

ʉʦʟʜʘʥʠʝ CAD ʤʦʜʝʣʝʡ (3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʩʠʩʪʝʤʫ 2D ʤʦʜʝʣʝʡ), ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ ʢ 

ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʨʝʙʫʝʪ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʚʨʝʤʝʥʠ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʧʨʠ RP ʧʨʦʮʝʩʩʘʭ. ʆʥʦ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʝʱʝ 

ʠ ʧʦʪʦʤʫ, ʯʪʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʠʘʣʦʛʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ, ʜʣʷ ʙʳʩʪʨʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ 

ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʙʘʥʢʘ ʜʘʥʥʳʭ. ʏʘʱʝ ʚʩʝʛʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʥʝʢʦʪʦʨʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʪʚʝʨʜʦʝ 

ʪʝʣʦ. ʉ ʧʦʤʦʱʴʶ CAD ʩʠʩʪʝʤ ʦʧʠʩʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʜʝʪʘʣʠ ʜʣʷ ʝʝ 

ʜʘʣʴʥʝʡʰʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ ʪʨʝʫʛʦʣʴʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ (ʪʨʠʘʥʛʫʣʷʮʠʠ) ʠ ʟʘʪʝʤ ʵʪʦ ʦʧʠʩʘʥʠʝ ʧʝʨʝʚʦʜʠʪʩʷ ʚ 

ʩʪʘʥʜʘʨʪʥʳʡ ʬʦʨʤʘʪ STL. ɼʘʣʝʝ STL-ʜʘʥʥʳʝ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʩʝʯʝʥʠʡ (Slice-process) ʩ ʰʘʛʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ hʉ = 0,025 0,15 ʤʤ. 

ʀʩʭʦʜʷ ʠʟ ʚʠʜʘ RP-ʦʙʦʨʫʜʦʚʘʥʠʷ, Slice-process ʤʦʞʝʪ ʩʘʤ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚʦ ʚʥʝʰʥʶʶ ʩʠʩʪʝʤʫ ʦʙʨʘʙʦʪʢʠ ʛʝʦʤʝʪʨʠʠ ʠʣʠ ʚ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ, ï ʜʚʫʤʝʨʥʳʝ (ʬʦʨʤʘʪ 

HPGL) ʠ ʪʨʝʭʤʝʨʥʳʝ (ʬʦʨʤʘʪ STL).  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʪʨʝʙʫʝʤʦʛʦ ʧʝʨʝʚʦʜʘ ʚ ʫʧʨʘʚʣʷʶʱʠʝ 

ʜʘʥʥʳʝ RP-ʧʨʦʮʝʩʩʘ ʯʘʩʪʦ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʬʦʨʤʘʪ, ʠʥʬʦʨʤʘʮʠʶ ʯʝʨʪʝʞʘ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʝ, ʚ FEM ï ʩʝʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʯʝʨʪʝʞʝʡ ʠ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʧʨʦʨʘʙʦʪʢʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ: 3D CAD ï ʦʙʲʝʤʥʳʡ ʤʦʜʫʣʷʪʦʨ ʩ ʛʝʥʝʨʘʮʠʝʡ 

ʪʨʝʭʤʝʨʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʚ ʬʦʨʤʘʪʝ STL; ʦʙʨʘʙʦʪʢʘ ʮʠʬʨʦʚʳʭ ʠʣʠ 

ʦʮʠʬʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʬʠʣʴʪʨʘʮʠʷ ʠ ʦʯʠʩʪʢʘ ʪʨʝʭʤʝʨʥʦʡ ʪʦʯʝʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʟʝʤʧʣʷʨʘ; ʩʠʩʪʝʤʘ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʨʝʭʤʝʨʥʳʭ ʪʦʯʝʯʥʳʭ 

ʜʘʥʥʳʭ ʠ ʧʝʨʝʚʦʜʘ ʵʪʠʭ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʧʣʦʩʢʠʭ ʤʦʜʝʣʝʡ; ʩʠʩʪʝʤʘ 

ʦʙʨʘʙʦʪʢʠ ʨʠʩʫʥʢʦʚ ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʠ ʩʝʣʝʢʮʠʠ ʪʦʯʝʯʥʳʭ ʜʘʥʥʳʭ ʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʤʠ 

ʛʝʦʤʝʪʨʠʶ, ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʠʥʪʝʨʬʝʡʩʳ IGES, VDA-FS ʠ STL-
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ʦʙʤʝʥ ʜʘʥʥʳʤʠ. ʇʨʦʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʵʪʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩʣʝʜʫʝʪ, ʚ 

ʦʙʱʝʤ, ʜʦ ʫʩʪʘʥʦʚʢʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʲʝʤʘ ʢʘʢ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʣʦʠʩʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʣʦʠʩʪʳʡ 

ʧʨʦʮʝʩʩ ʚʦʟʤʦʞʝʥ ʠ ʩ ʯʝʪʢʦʡ, ʢʦʨʨʝʢʪʥʦ ʨʘʩʩʝʯʝʥʥʦʡ ʠ ʦʯʠʱʝʥʥʦʡ 

ʪʨʝʭʤʝʨʥʦ-ʧʣʦʩʢʦʡ ʤʦʜʝʣʴʶ, ʠ ʩ ʧʦʤʦʱʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʪʦʯʝʯʥʳʭ ʩʣʦʝʚ ʤʦʜʝʣʠ. ʉʦʟʜʘʥʠʝ 2D, 3D CAD ʤʦʜʝʣʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʙʘʟʝ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ. ʕʪʦ ʥʝ ʧʨʦʩʪʦʡ ʧʫʪʴ, ʪ. ʢ. 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʬʦʨʤʳ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʚʪʦʨʠʯʥʦʩʪʴ ʚ 

ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ 3D CAD 

ʤʦʜʝʣʠ ʩʚʷʟʘʥʦ ʯʘʱʝ ʚʩʝʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʪʝʭʥʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ 

ʩʦʚʤʝʩʪʥʦʤ ʘʥʘʣʠʟʝ ʤʥʦʞʝʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ, 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʘ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʬʠʣʴʪʨʦʚ, ʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʪʦʜʘ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʤʦʱʥʦʡ ʩʝʪʠ 3D ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ 3D CAD 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʦʙʱʝʡ ʮʝʧʦʯʢʝ 

ʵʪʘʧʦʚ ʠʥʪʝʛʨʘʮʠʠ ʤʝʪʦʜʦʚ, ʧʨʦʮʝʩʩʦʚ, ʩʧʦʩʦʙʦʚ ʠ ʪ. ʜ.: ʬʦʨʤʘ ʟʘʜʘʥʠʷ 

ʠʟʜʝʣʠʷ ï 3D CAD ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï ʚʠʨʪʫʘʣʴʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ï ʧʦʩʣʦʡʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ 3D ʤʦʜʝʣʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʴ 2D ʤʦʜʝʣʝʡ ï ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ 

ʠ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ ï ʧʦʩʣʦʡʥʘʷ ʤʘʪʝʨʠʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ 

(ʠʟʜʝʣʠʷ) ï ʜʦʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʪʠʨʘʞʠʨʦʚʘʥʠʷ ï ʤʝʭʘʥʠʯʝʩʢʘʷ (CNC) ʠ 

ʜʨ. ʚʠʜʳ ʦʙʨʘʙʦʪʢʠ ï ʤʦʜʠʬʠʢʘʮʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ï 

ʧʨʠʤʝʥʝʥʠʝ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ï ʚʳʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ 

(3D ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ) ʠ ʪ. ʜ. 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʶ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʝʩʣʠ ʦʥ ʙʫʜʝʪ 

ʩʦʯʝʪʘʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʣʝʠʥʞʝʥʝʨʠʠ.  

ʇʦʜ ʪʝʣʝʠʥʞʝʥʝʨʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ ʤʫʣʴʪʠʤʝʜʠʘ ï ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʠ ʩʠʥʭʨʦʥʥʦʡ 

ʘʫʜʠʦ-ʚʠʜʝʦ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʦʡ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʢʦʪʦʨʦʡ ʫʧʨʘʚʣʷʶʪ ʚʝʜʫʱʠʝ ʵʢʩʧʝʨʪʳ. ʆʩʚʦʝʥʠʝ ʠʜʝʠ 

ʪʝʣʝʠʥʞʝʥʝʨʠʠ ʚ ʞʠʟʥʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ, ʪʝʭʥʠʯʝʩʢʫʶ 

ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʪʝʭʥʠʢʠ. 

ʄʫʣʴʪʠʤʝʜʠʡʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʦʟʥʘʯʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ 

ʩʠʥʭʨʦʥʥʳʭ (ʚʠʜʝʦ, ʘʫʜʠʦ) ʠ ʘʩʠʥʭʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʪʝʢʩʪʳ, ʛʨʘʬʠʢʠ, 

ʪʘʙʣʠʮʳ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʦʚʤʝʩʪʥʳʝ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ (Web-

ʢʘʤʝʨʘ ʚ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ), ʫʜʘʣʝʥʥʫʶ ʨʘʙʦʪʫ ʩ ʩʦʚʤʝʩʪʥʳʤʠ 
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ʜʘʥʥʳʤʠ (ʚ ʨʘʤʢʘʭ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ) ʧʦʩʪʦʷʥʥʦ ʤʦʜʝʨʥʠʟʠʨʫʝʤʦʡ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ ʟʚʫʢʦʚʳʤʠ ʠ ʚʠʜʝʦʩʠʛʥʘʣʘʤʠ ʠ ʜʨ.  

ʊʝʣʝʠʥʞʝʥʝʨʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʝʜʠʥʦʡ 

ʟʘʜʘʯʠ RPTM ʦʧʳʪ, ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 3D CAD ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ 

ʵʪʘʣʦʥʦʤ ʠʟʜʝʣʠʷ, ʦʙʣʘʜʘʶʱʠʤ ʠʜʝʘʣʴʥʳʤʠ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʕʣʝʢʪʨʦʥʥʳʡ ʵʪʘʣʦʥ ʠʟʜʝʣʠʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʝʥ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ, ʥʦ ʠ ʜʣʷ ʝʛʦ ʚʝʨʠʬʠʢʘʮʠʠ. 

 

3.4 ʉʠʩʪʝʤʳ 3D CAD ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ 

 

ʆʙʳʯʥʦ 3D CAD ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʉɸʇʈ. 

 

3.4.1 ʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʉɸʇʈ 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʉɸʇʈ (ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ) ʠʤʝʶʪ ʤʥʦʛʦʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʊʠʧʠʯʥʦ ʨʘʟʜʝʣʝʥʠʝ ʤʦʜʫʣʝʡ ʥʘ ʛʨʫʧʧʳ ʧʨʦʛʨʘʤʤ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ, 

ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ), 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʨʘʟʚʠʪʠʠ CAD (Computer-Aided 

Design) / CAM (Computer-Aided Manufacturing) / CAE (Computer-Aided 

Engineering)-ʩʠʩʪʝʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

Å ʨʘʟʚʠʪʠʝ ʉɸʇʈ, ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ PLM (Product 

Lifecycle Management), ʪ. ʝ. ʠʥʪʝʛʨʘʮʠʷ ʉɸʇʈ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠʟʜʝʣʠʡ;  

Å ʨʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ Internet.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ ʨʝʘʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʉɸʇʈ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ: Power Solution (Delcam), 

Unigraphics (UGS ï Unigraphics Solution), CATIA (Dessault Systemes), 

Pro/Engineer (PTC ï Parametric Technology Corporation). ʉʨʝʜʠ ʉɸʇʈ 

ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ Solid Works (Solid Works 

Corporation). 
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3.4.2 ʉʠʩʪʝʤʘ Power Solution (Delcam) 

 

ʂʦʤʧʘʥʠʷ Delcam (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ ʠ ɽʚʨʦʧʝ ʩʨʝʜʠ ʧʦʩʪʘʚʱʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

CAD/CAM ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ. 

ʉʠʩʪʝʤʘ Power Solution ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʪ ʘʚʪʦʥʦʤʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʭʦʨʦʰʦ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʜʨʫʛʠʤʠ CAD/CAM 

ʩʠʩʪʝʤʘʤʠ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʝʨʯʝʥʠʝ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʨʝʩʩ-ʬʦʨʤ, 

ʦʙʨʘʪʥʳʡ ʠʥʞʠʥʠʨʠʥʛ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʛʨʘʚʠʨʦʚʘʥʠʝ, ʠʟʤʝʨʝʥʠʷ. 

ʉʝʤʝʡʩʪʚʦ ʧʨʦʛʨʘʤʤ Power Solution ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ: 

 PowerSHAPE ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʛʠʙʨʠʜʥʘʷ 

ʩʠʩʪʝʤʘ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ):  

 PS-Draft (ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ); 

 PS-Mold (ʦʙʲʝʤʥʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʨʝʩʩ-ʬʦʨʤ); 

 PS-Estimator (ʦʮʝʥʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʤʦʜʝʣʝʡ); 

 PS-Arm (ʤʦʜʫʣʴ ʦʙʨʘʪʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ). ʄʦʜʫʣʴ ʦʙʨʘʪʥʦʛʦ 

ʠʥʞʠʥʠʨʠʥʛʘ ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ; 

 PowerMILL ï ʧʘʢʝʪ ʜʣʷ ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ: 

 PowerINSPECT ï ʠʟʤʝʨʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ;  

 CopyCAD ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʜʝʣʠʷ ʧʦ ʜʘʥʥʳʤ 3D 

ʩʢʘʥʠʨʦʚʘʥʠʷ (ʦʙʨʘʪʥʳʡ ʠʥʞʠʥʠʨʠʥʛ); 

 ArtCAM ï ʧʦʩʪʨʦʝʥʠʝ ʦʙʲʝʤʥʳʭ ʨʝʣʴʝʬʦʚ ʧʦ ʧʣʦʩʢʠʤ ʨʠʩʫʥʢʘʤ 

ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ; 

 PS-Exchange ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʬʦʨʤʘʪʘʤʠ ʠ ʜʨ. 

 

3.4.3 ʉʠʩʪʝʤʘ Unigraphics (Unigraphics Solution) 

 

ʉʠʩʪʝʤʘ Unigraphics NX ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʩʙʦʨʦʢ, ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɺ ʥʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʤʘʩʪʝʨ-

ʧʨʦʮʝʩʩʦʚ ï ʩʨʝʜʩʪʚ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʯʘʩʪʠ 

(ʧʦʜʩʠʩʪʝʤʘ CAD) ʠʤʝʶʪʩʷ ʩʨʝʜʩʪʚʘ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, 
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ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʡʥʦʚʳʭ ʤʦʜʝʣʝʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʝʡ ʧʦ 3D ʤʦʜʝʣʠ, ʘʥʘʣʠʟ ʜʦʧʫʩʢʦʚ ʠ ʜʨ. ɺ 

ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʷʜʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ Parasolid. ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʯʘʩʪʠ (ʧʦʜʩʠʩʪʝʤʘ CAM) ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʘʟʨʘʙʦʪʢʘ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʪʦʢʘʨʥʦʡ ʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʩʠʥʪʝʟ ʠ ʘʥʘʣʠʟ 

ʪʨʘʝʢʪʦʨʠʡ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʬʨʝʟʝʨʥʦʡ ʪʨʝʭ- ʠ ʧʷʪʠʢʦʦʨʜʠʥʘʪʥʦʡ 

ʦʙʨʘʙʦʪʢʝ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʩʩ-ʬʦʨʤ ʠ ʰʪʘʤʧʦʚ ʠ ʜʨ. 

 

3.4.4 ʉʠʩʪʝʤʘ CATIA (Dassault Systemes) 

 

ʉʠʩʪʝʤʘ CATIA V5 ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʵʪʘʧʘʭ ʦʪ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʧʮʠʠ 

ʠʟʜʝʣʠʷ ʜʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠ 

ʪʚʝʨʜʦʪʝʣʴʥʦʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʡ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʷʜʨʦ CNEXT. ɺʦʟʤʦʞʥʳ 

ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʟ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʘʢʝʪʘ. ʉʠʩʪʝʤʘ ʤʘʩʰʪʘʙʠʨʫʝʤʘ. 

 

3.4.5 ʉʠʩʪʝʤʘ Pro/Engineer (Parametric Technology Corporation) 

 

ɺ ʩʠʩʪʝʤʝ Pro/Engineer, ʚʝʜʫʱʝʡ ʩʚʦʶ ʠʩʪʦʨʠʶ ʩ 1986 ʛ., ʙʘʟʦʚʳʝ 

ʤʦʜʫʣʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʠʥʪʝʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ 

ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʬʦʨʤʳ, ʧʦʜʜʝʨʞʢʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʠ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ, 

ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʯʝʨʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʯʝʨʪʝʞʝʡ ʩ ʧʨʦʩʪʘʥʦʚʢʦʡ ʨʘʟʤʝʨʦʚ 

ʠ ʜʦʧʫʩʢʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʤʝʶʪ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʫʶ, ʥʦ ʫʟʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ʆʩʥʦʚʥʳʝ ʤʦʜʫʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʫʞʘʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʬʨʝʟʝʨʥʦʡ, ʪʦʢʘʨʥʦʡ, ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʩʪʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩ ʏʇʋ. 

 

3.4.6 ʉʠʩʪʝʤʳ ʉɸʇʈ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 

 

ʃʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʢʣʘʩʩʝ ʉɸʇʈ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʟʘʥʠʤʘʶʪ 

ʩʠʩʪʝʤʳ Solid Works (Solid Works Corporation), Solid Edge (EDS PLM 

Solution), Inventor (Autodesk). ʂʦʤʧʘʥʠʷ PTC ʪʘʢʞʝ ʠʤʝʝʪ ʉɸʇʈ ʩʨʝʜʥʝʛʦ 

ʫʨʦʚʥʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Pro/Desktop. ɺ ʉʅɻ ʥʘʨʘʚʥʝ ʩ ʥʠʤʠ ʥʘʰʣʠ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʦʩʩʠʡʩʢʠʝ ʩʠʩʪʝʤʳ ʂʦʤʧʘʩ (ɸʩʢʦʥ) ʠ T-Flex CAD (ʊʦʧ 

ʉʠʩʪʝʤʳ), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʉɸʇʈ 

ʢʦʤʧʘʥʠʡ Autodesk, Beantly, ʀʥʪʝʨʤʝʭ, Bee-Pitron. ɺʩʝ ʵʪʠ ʩʠʩʪʝʤʳ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʧʣʘʪʬʦʨʤʫ Wintel, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʤʝʶʪ ʧʦʜʩʠʩʪʝʤʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʯʝʨʪʝʞʥʫʶ 2D, ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 3D 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʜʘʥʥʳʤʠ, ʨʷʜ ʧʦʜʩʠʩʪʝʤ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʨʘʩʯʝʪʘ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ 

ʙʠʙʣʠʦʪʝʢʠ ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. 

 

3.4.7 ʆʧʠʩʘʥʠʝ 3D ʦʙʨʘʟʦʚ ʠʟʜʝʣʠʡ STL-ʬʘʡʣʘʤʠ 

 

ʌʦʨʤʘʪ, ʚ ʢʦʪʦʨʦʤ ʩʦʟʜʘʝʪʩʷ ʠ ʭʨʘʥʠʪʩʷ ʠʩʭʦʜʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʳ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʩʠʩʪʝʤʳ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʥʠʬʠʢʘʮʠʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʟʜʝʣʠʡ ʥʘ RP-ʫʩʪʘʥʦʚʢʘʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚ ʬʦʨʤʘʪʝ STL-ʬʘʡʣʦʚ. 

ʍʦʪʷ STL-ʬʦʨʤʘʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠʟ ʚʩʝʭ ʬʦʨʤʘʪʦʚ ʦʧʠʩʘʥʠʷ 3D-

ʜʘʥʥʳʭ, ʦʥ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʦʧʠʩʘʥʠʠ 3D ʦʙʨʘʟʦʚ ʠʟʜʝʣʠʡ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʨʘʚʠʣʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʟʘʧʠʩʳʚʘʶʪʩʷ 

ʜʘʥʥʳʝ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ.  

ʌʦʨʤʘʪ STL-ʬʘʡʣʦʚ (ʨʘʩʰʠʨʝʥʠʝ ʬʘʡʣʦʚ*.stl), ʨʘʟʨʘʙʦʪʘʥʥʳʡ Albert 

Consulting Group, ʙʳʣ ʚʚʝʜʝʥ ʚ ʧʨʠʤʝʥʝʥʠʝ ʬʠʨʤʦʡ 3D Systems ʚ 1987 ʛ. STL 

(ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ STereoLithography, Surface Tessellation Language ʠ 

Standard Triangulation Language), ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʣʠʜʠʨʫʝʪ ʩʨʝʜʠ ʬʦʨʤʘʪʦʚ 

ʦʧʠʩʘʥʠʷ 3D ʜʘʥʥʳʭ. ʊʨʠʘʥʛʫʣʠʨʦʚʘʥʥʳʡ ʦʙʲʝʢʪ ʥʘʟʳʚʘʝʪʩʷ ʤʦʟʘʠʯʥʳʤ 

ʦʙʲʝʢʪʦʤ (tessellated Object) ʠʣʠ ʬʘʩʝʪʦʯʥʳʤ (faceted Object). ɺ ʥʝʤ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʬʦʨʤʳ 3D ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

ʂʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʝʛʦ ʤʦʜʝʣʠ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘʢʣʘʜʳʚʘʝʤʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ 

ʩʝʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʪʦʯʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ 

ʢʦʤʧʴʶʪʝʨʥʘʷ 3D ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ STL-ʬʦʨʤʘʪʝ. ʆʜʥʘʢʦ ʵʪʦ ʠʤʝʝʪ ʠ 

ʩʚʦʠ ʤʠʥʫʩʳ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʨʘʟʤʝʨ ʬʘʡʣʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ 
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ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʢ ʚʦʟʤʦʞʥʦʤʫ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʰʠʙʦʢ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ STL-ʬʘʡʣʘ ʧʨʦʛʨʘʤʤʘʤʠ. 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʜʝʣʠʠ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ STL-ʬʘʡʣʘʭ, ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ (ASCII) ʣʠʙʦ ʜʚʦʠʯʥʦʛʦ (Binary) ʬʦʨʤʘʪʘ. 

ʊʝʢʩʪʦʚʳʡ ʬʘʡʣ ʩʦʜʝʨʞʠʪ ʧʦʥʷʪʥʫʶ ʜʣʷ ʯʪʝʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʪʨʝʫʛʦʣʴʥʠʢʘʭ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʚʦʠʯʥʳʝ ʬʘʡʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ. ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ STL-ʬʘʡʣʦʚ 

ʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʩʢʘʥʠʨʫʝʪ ʬʘʡʣ ʥʘ ʥʘʣʠʯʠʝ ʢʣʶʯʝʚʳʭ ʩʣʦʚ, 

ʧʨʠʩʫʱʠʭ ʪʝʢʩʪʦʚʦʤʫ ʬʦʨʤʘʪʫ. ɽʩʣʠ ʦʥʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʧʨʦʛʨʘʤʤʘ 

ʦʪʢʨʳʚʘʝʪ ʬʘʡʣ ʠ ʩʯʠʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦʙʘʡʪʦʚʦ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʨʤʘʪʦʚ STL-ʬʘʡʣʦʚ: 

 ASCII: ʧʨʦʩʪ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʯʪʝʥʠʠ; ʥʝ ʢʦʤʧʘʢʪʥʳʡ, ʤʝʜʣʝʥʥʳʡ 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʬʘʡʣʘ); ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ; 

 Binary: ʥʝ ʜʦʩʪʫʧʝʥ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʯʪʝʥʠʠ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʪʨʘʥʩʣʷʪʦʨʘ; ʢʦʤʧʘʢʪʥʳʡ ʧʦ ʨʘʟʤʝʨʘʤ; ʣʝʛʦʢ ʚ ʧʝʨʝʜʘʯʝ ʧʦ ʩʝʪʠ (ʧʝʨʝʩʳʣʢʝ). 

ɺ ʧʨʦʮʝʩʩʝ ʪʨʠʘʥʛʫʣʷʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʦʰʠʙʢʠ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʠʭ ʦʰʠʙʦʢ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʨʘʟʨʳʚʦʚ, 

ʩʘʤʦʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʳʨʦʞʜʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠ ʜʨ. 

ʇʦʵʪʦʤʫ ʚʩʝʛʜʘ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʠʩʧʨʘʚʣʝʥʠʷ ʪʘʢʠʭ ʦʰʠʙʦʢ, ʢʦʪʦʨʘʷ 

ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʟʘʜʘʯʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʦʨʤʳ 3D ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʧʦ 

ʥʝʧʦʣʥʦʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ. ʕʪʫ ʟʘʜʘʯʫ ʬʠʨʤʳ 3D Systems ʠ Materialise 

ʥʘʟʳʚʘʶʪ çʚʝʨʠʬʠʢʘʮʠʝʡè ʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʥʝʝ ʩʧʝʮʠʘʣʴʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʣʢʠʝ ʠʩʢʘʞʝʥʠʷ 

ʠʩʧʨʘʚʣʷʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 3D ʤʦʜʝʣʠ ʢ ʩʠʩʪʝʤʝ 2D ʤʦʜʝʣʝʡ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ STL-ʬʦʨʤʘʪʘ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ. 

 

3.5 ʆʙʱʠʝ ʯʝʨʪʳ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ  

3D CAD ʤʦʜʝʣʝʡ ʠʟʜʝʣʠʡ 

 

ʉʧʦʩʦʙʳ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 3D ʤʦʜʝʣʝʡ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʥʦʛʦ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʣʠ ʠʭ ʧʨʦʪʦʪʠʧʦʚ, ʪ. ʢ. ʠʤʝʥʥʦ ʦʥʠ 

ʨʝʘʣʠʟʫʶʪ ʧʨʷʤʦʡ ʧʝʨʝʭʦʜ ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʘ ʢ ʪʚʝʨʜʦʤʫ ʪʝʣʫ ʠ ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʷ, ʧʨʦʜʫʢʪʘ 

ʧʨʦʠʟʚʦʣʴʥʦʡ, ʩʘʤʦʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ; ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʷ; 

ʩʦʢʨʘʱʝʥʠʝ ʩʫʤʤʘʨʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ 

ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʥʘ ʨʳʥʢʝ. 
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ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʧʦʩʦʙʳ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳ ʧʦ ʤʥʦʛʠʤ ʧʨʠʟʥʘʢʘʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʪ. ʜ., ʦʜʥʘʢʦ, ʚʩʝʤ ʩʫʱʝʩʪʚʫʶʱʠʤ ʩʧʦʩʦʙʘʤ ʧʨʠʩʫʱʝ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʦʙʱʝʛʦ: 

 ʚʩʝ ʧʨʦʪʦʪʠʧʳ ʠʣʠ ʠʟʜʝʣʠʷ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 3D CAD 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

 ʚʩʝ ʧʨʦʪʦʪʠʧʳ ʠʣʠ ʠʟʜʝʣʠʷ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦʩʣʦʡʥʦ; 

 ʩʦʙʩʪʚʝʥʥʦ ʠʟʜʝʣʠʝ ʠʣʠ ʝʛʦ ʧʨʦʪʦʪʠʧ ʧʦʣʫʯʘʶʪ ʥʝ ʧʫʪʝʤ 

ʦʪʜʝʣʝʥʠʷ, ʩʥʷʪʠʷ ʧʨʠʧʫʩʢʘ ʩ ʟʘʛʦʪʦʚʢʠ, ʘ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʨʘʱʠʚʘʥʠʷ, 

ʜʦʙʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʪ. ʝ. ʛʝʥʝʨʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ; 

 ʥʘʨʘʱʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʯʘʱʝ ʚʩʝʛʦ ʚ ʧʝʨʝʭʦʜʥʦʡ ʝʛʦ ʬʘʟʝ ʦʪ ʞʠʜʢʦʛʦ ʠʣʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʢ 

ʪʚʝʨʜʦʤʫ ʩʦʩʪʦʷʥʠʶ; 

 ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝ ʪʨʝʙʫʝʪ ʬʦʨʤ ʠʣʠ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʘ, ʟʥʘʯʠʪ, ʦʪʧʘʜʘʶʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʥʦʩʦʤ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʨʝʟʘʥʠʝʤ, ʰʪʘʤʧʦʚʢʦʡ, ʢʦʚʢʦʡ ʠ ʪ. ʜ.; 

 ʦʪʩʫʪʩʪʚʫʝʪ ʪʘ ʠʣʠ ʠʥʘʷ ʩʪʝʧʝʥʴ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʣʦʞʥʦʩʪʴʶ ʬʦʨʤʳ ʠʟʜʝʣʠʷ (ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʦʩʪʠ, ʩʣʦʞʥʳʝ ʚʥʫʪʨʝʥʥʠʝ 

ʠʣʠ ʚʥʝʰʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ), ʯʝʤ ʩʣʦʞʥʝʝ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʟʜʝʣʠʷ, ʪʝʤ 

ʙʦʣʴʰʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʦʮʝʩʩʘ; 

 ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ; 

 ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʩʧʦʩʦʙʦʚ RP ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʭ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʟʘʚʝʨʰʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʠʟʜʝʣʠʡ ï ʚʘʢʫʫʤʥʦʝ ʣʠʪʴʝ, ʣʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ ʜʨ. ʝʛʦ ʚʠʜʳ. 

 

3.6 ʉʫʱʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ 

3D CAD ʤʦʜʝʣʠ ʠʟʜʝʣʠʡ 

 

ʅʘʟʚʘʥʠʷ ʩʧʦʩʦʙʦʚ ʦʙʦʟʥʘʯʘʶʪʩʷ ʘʙʙʨʝʚʠʘʪʫʨʘʤʠ, ʩʦʩʪʘʚʣʝʥʥʳʤʠ ʠʟ 

ʥʘʯʘʣʴʥʳʭ ʙʫʢʚ ʘʥʛʣʠʡʩʢʠʭ ʩʣʦʚ ʥʘʟʚʘʥʠʷ ʩʧʦʩʦʙʦʚ RP (Rapid Prototyping): 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʳ ʠ ʩʫʱʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʩʧʦʩʦʙʦʚ 

ʛʝʥʝʨʘʪʠʚʥʦʡ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʟʜʝʣʠʡ. 
 

3.6.1 SLA (Stereo Lithographics Apparatus) ï ʣʘʟʝʨʥʘʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ 
 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʥʘʯʘʣʠ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ 1988 ʛ. 

ʢʦʤʧʘʥʠʝʡ 3D Systems Inc (ʪʘʙʣ. 3.1). ɸʥʘʣʦʛʠʯʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʚʳʧʫʩʢʘʶʪʩʷ ʜʨʫʛʠʤʠ ʬʠʨʤʘʤʠ ʚ ʉʐɸ ʠ ʗʧʦʥʠʠ. 
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ʊʘʙʣʠʮʘ 3.1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ SLA ʩʠʩʪʝʤ [3D Systems 2000] 

ʄʦʜʝʣʴ SLA 250/50HR SLA 3500 SLA 5000 SLA 7000 

ʊʠʧ ʣʘʟʝʨʘ, ʜʣʠʥʘ 

ʚʦʣʥʳ, ʤʦʱʥʦʩʪʴ 

HeCd,  

325 ʥʤ, 6 ʤɺʪ 

ʪʚʝʨʜʦʪʝʣʴʥʳʡ Nd: 

YV04,  

354,7 ʥʤ, 160 ʤɺʪ 

Nd ï ʫʪʨʦʠʪʝʣʴ 

ʯʘʩʪʦʪʳ: YV04. 

354,7 ʥʤ, 216 ʤɺʪ 

Nd ï ʫʪʨʦʠʪʝʣʴ 

ʯʘʩʪʦʪʳ: YV04. 

354,7 ʥʤ, 800 ʤɺʪ 

ʊʦʣʱʠʥʘ ʩʣʦʷ, ʤʤ 0,0625 0,1 0,05 0,1 0,05 0,1 
0,0254  

0,127 

ɼʠʘʤʝʪʨ ʣʫʯʘ, ʤʤ 0,06 0,08 0,20 0,30 0,20 0,30 
0,23 0,28 ʜʦ  

0,69 0,84 

ʉʢʦʨʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ, ʤ/ʩ 
0,635 2,54 ʜʦ 5,0 2,54 9,52 

ʊʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠ ʚʦʩʧʨʦʠʟʚʦʜʠ-

ʤʦʩʪʠ, ʤʤ 

0,0025 0,00177; Ñ0,005 0,00177; Ñ0,013 0,001; Ñ0,001 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ 

ʜʝʪʘʣʠ, ʢʛ 
9,1 56,8 68,04 68,04 

ʆʙʲʝʤ ʚʘʥʥʳ, ʣ 32,2 99,3 253,6 253,6 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʙʣʘʩʪʴ  

ʧʦʩʪʨʦʝʥʠʷ, ʤʤ 
250 250 250 350 350 400 508 508 584 508 508 600 

ʆʧʝʨʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ 
MS-DOS Windows NT Windows NT Windows NT 

ɻʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ, ʤ 
1,24 0,69 1,64 0,95 1,02 2,00 1,24 0,69 1,64 1,24 0,69 1,64 

ɺʝʩ, ʢʛ 461 1100 1363 1455 

 

ɺʩʝ ʧʨʦʮʝʩʩʳ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʥʘʯʠʥʘʶʪʩʷ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʜʝʣʠʷ ʩ ʪʦʯʥʳʤ ʫʢʘʟʘʥʠʝʤ ʚʩʝʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʜʥʦʡ ʠʟ ʩʨʝʜ 3D ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: AutoCAD, 

3D ʂʦʤʧʘʩ, Pro-Engineer, 3D Studio ʠ ʜʨ. ɿʘʪʝʤ 3D CAD ʤʦʜʝʣʴ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ STL-ʬʘʡʣ. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʩʪʨʦʷʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʨʠ ʪʨʠʘʥʛʫʣʷʮʠʠ (ʨʠʩ. 3.6). ʉ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʨʦʛʨʘʤʤ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʜʝʨʞʝʢ ʠʟʜʝʣʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ, 

ʨʘʟʜʝʣʝʥʠʝ ʠʟʜʝʣʠʷ ʥʘ ʩʝʯʝʥʠʷ (ʩʣʦʠ) ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʣʱʠʥʦʡ, 
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ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʪʨʦʝʥʠʷ ʢʘʞʜʦʛʦ ʩʝʯʝʥʠʷ ʠ ʜʘʣʝʝ ʧʦʩʣʦʡʥʳʡ 

ʩʠʥʪʝʟ ʠʟʜʝʣʠʷ (ʨʠʩ. 3.7). 

 

ʉʬʝʨʘ

ɻʨʫʙʦʝ

ʩʛʣʘʞʠʚʘʥʠʝ ʩʬʝʨʳ

ʊʦʥʢʦʝ ʩʛʣʘʞʠʚʘʥʠʝ

ʩʬʝʨʳ

ʇʨʘʚʠʣʘ ʦʙʭʦʜʘ ʚʝʨʰʠʥ

ʪʨʝʫʛʦʣʴʥʠʢʦʚ

 

ʈʠʩʫʥʦʢ 3.6 ï ʊʨʠʘʥʛʫʣʷʮʠʷ ʩʬʝʨʳ ʠ ʧʨʘʚʠʣʘ ʦʙʭʦʜʘ ʚʝʨʰʠʥ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

 

3D-CAD ʤʦʜʝʣʴ

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 3D-CAD ʤʦʜʝʣʠ ʚ ʬʦʨʤʘʪ STL-ʬʘʡʣʘ

ʇʦʩʪʨʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʦʨ (ʧʦʜʜʝʨʞʝʢ)

ʈʘʟʜʝʣʝʥʠʝ STL-ʬʘʡʣʘ ʤʦʜʝʣʠ ʥʘ ʩʝʯʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʘ

ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʚ ʢʘʞʜʦʤ ʩʝʯʝʥʠʠ

ʉʠʥʪʝʟ ʩʝʯʝʥʠʷ

ʇʦʜʲʸʤ ʧʣʘʪʬʦʨʤʳ ʠ ʠʟʚʣʝʯʝʥʠʝ ʠʟʜʝʣʠʷ

ʆʧʫʩʢʘʥʠʝ ʧʣʘʪʬʦʨʤʳ

ʦʩʥʦʚʘʥʠʷ ʥʘ ʪʦʣʱʠʥʫ

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ

STL-ʬʘʡʣ

ʂʦʥʝʮ

ʩʠʥʪʝʟʘ

ʤʦʜʝʣʠ?

ʜʘ

ʥʝʪ

ʋʜʘʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʦʨ ʠ ʧʦʩʪʧʨʦʮʝʩʩʦʨʳ
 

ʈʠʩʫʥʦʢ 3.7 ï ʉʭʝʤʘ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ STL ʬʘʡʣʘ 
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ʇʨʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʠʟʜʝʣʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʦʡʥʦ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʦʪʚʝʨʜʝʥʠʝʤ ʞʠʜʢʦʛʦ 

ʬʦʪʦʤʦʥʦʤʝʨʘ ʩ ʧʦʤʦʱʴʶ UV ʣʘʟʝʨʘ (ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ) (ʨʠʩ. 3.8). 

 

 

ʅʘʯʘʣʦ ʧʨʦʮʝʩʩʘ

ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ
ʧʣʘʪʬʦʨʤʳ-ʦʩʥʦʚʘʥʠʷ

ʇʨʦʚʝʨʢʘ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ
ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ

ʉʢʘʥʠʨʦʚʘʥʠʝ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʧʦ ʚʩʝʡ
ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʯʝʥʠʷ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ.

ʉʠʥʪʝʟ ʩʣʦʷ i+1

ʇʦʜʲʸʤ
ʧʣʘʪʬʦʨʤʳ

ʆʧʫʩʢʘʥʠʝ ʧʣʘʪʬʦʨʤʳ ʦʩʥʦʚʘʥʠʷ ʥʘ ʪʦʣʱʠʥʫ
ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʛʦ ʩʣʦʷ

ʄʦʜʝʣʴ
ʛʦʪʦʚʘ?

ʜʘ

ʥʝʪ

ʂʦʥʝʮ ʚʳʨʘʱʠʚʘʥʠʷ
ʠʟʜʝʣʠʷ

ʅʠʚʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʤʦʥʦʤʝʨʘ
ʩ ʧʦʤʦʱʴʶ ʥʠʚʝʣʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ

ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ

 

 

ʈʠʩʫʥʦʢ 3. 8 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦʡ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ 
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4

3

Z

7

ʇʝʨʚʳʡ ʩʣʦʡ ɺʪʦʨʦʡ ʩʣʦʡ

ʊʨʝʪʠʡ ʩʣʦʡ
n-ʡ ʩʣʦʡ ʛʦʪʦʚʦʛʦ

ʧʨʦʪʦʪʠʧʘ 

ʈʠʩʫʥʦʢ 3.9 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʧʦʩʣʦʡʥʳʤ 

ʥʘʨʘʱʠʚʘʥʠʝʤ ʧʦ ʩʧʦʩʦʙʫ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ: 

1 ï ʣʘʟʝʨ; 2 ï ʠʟʜʝʣʠʝ; 3 ï ʞʠʜʢʠʡ ʤʦʥʦʤʝʨ; 4 ï ʚʘʥʥʘ; 

5 ï ʧʦʜʚʠʞʥʘʷ ʧʣʘʪʬʦʨʤʘ; 6 ï ʟʝʨʢʘʣʦ, ʫʧʨʘʚʣʷʶʱʝʝ ʩʢʘʥʠʨʦʚʘʥʠʝʤ; 7 ï 

ʚʳʨʘʚʥʠʚʘʶʱʠʡ ʥʦʞ 

 

ʃʫʯ ʣʘʟʝʨʘ, ʫʧʨʘʚʣʷʝʤʳʡ ʢʦʤʧʴʶʪʝʨʦʤ (ʨʠʩ. 3.9), ʧʨʦʭʦʜʠʪ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʧʦʣʠʤʝʨʘ, ʩʢʘʥʠʨʫʷ ʝʝ ʯʘʩʪʴ ʚ ʧʣʦʩʢʦʩʪʠ X-Y ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʬʦʨʤʠʨʫʝʤʦʛʦ ʩʣʦʷ. ɺ ʞʠʜʢʦʡ ʨʝʘʢʮʠʦʥʥʦ-

ʩʧʦʩʦʙʥʦʡ ʩʨʝʜʝ ʧʦʨʦʞʜʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ (ʨʘʜʠʢʘʣʳ, ʠʦʥʳ, 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ), ʢʦʪʦʨʳʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʤʦʥʦʤʝʨʘ ʚʳʟʳʚʘʶʪ ʨʦʩʪ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʚʝʜʫʱʠʡ ʢ ʬʘʟʦʚʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʦʙʣʫʯʝʥʥʦʡ ʩʨʝʜʳ ï ʦʪʚʝʨʜʝʥʠʶ ʩʣʦʷ. ʊʨʘʝʢʪʦʨʠʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʧʦ ʢʘʞʜʦʤʫ ʩʣʦʶ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ, ʚ 
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ʢʘʢʦʤ ʤʝʩʪʝ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʣʦʩʢʦʩʪʠ X-Y ʣʘʟʝʨʥʳʡ ʣʫʯ 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʤʦʥʦʤʝʨʘ, ʠ ʦʥ, ʧʦʣʠʤʝʨʠʟʫʷʩʴ, 

ʦʪʚʝʨʜʝʚʘʝʪ. ɺ ʪʦʡ ʯʘʩʪʠ, ʛʜʝ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʣʘʪʬʦʨʤʘ 

ʫʩʪʘʥʦʚʢʠ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʰʘʛʘ, ʩ ʢʦʪʦʨʳʤ ʧʨʦʚʦʜʠʣʠʩʴ ʩʝʢʫʱʠʝ 

ʧʣʦʩʢʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʃʫʯ ʩʢʘʥʠʨʫʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʪʦʨʦʛʦ 

ʩʝʯʝʥʠʷ, ʧʦʪʦʤ ʪʨʝʪʴʝʛʦ ʠ ʪ. ʜ. ʊʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʩʣʦʡʥʳʤ 

ʥʘʨʘʱʠʚʘʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

ɺʘʞʥʳʤ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ SLA ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʟʜʝʣʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʦʣʦʯʢʠ 

ʠʟʜʝʣʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʩʪʘʜʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 3D CAD ʤʦʜʝʣʠ 

ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʚʥʝʰʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʜʝʨʞʢʠ ʠ ʚʥʫʪʨʝʥʥʠʝ ʧʝʨʝʙʦʨʢʠ. ʉ ʠʭ ʧʦʤʦʱʴʶ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ: ʧʦʜʜʝʨʞʢʘ ʚʳʩʪʫʧʦʚ ʠ ʢʦʥʩʦʣʝʡ ʤʦʜʝʣʠ, ʥʘʢʣʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ; ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʩʩʣʘʠʚʘʥʠʷ ʥʘ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ; ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʚʦʟʤʦʞʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʩʣʦʝʚ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʧʣʘʪʬʦʨʤʝ; ʩʦʟʜʘʥʠʝ ʩʦʩʪʘʚʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ; ʦʪʜʝʣʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʜʝʣʠʷ ʦʪ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʆʧʝʨʘʮʠʠ ʧʦ ʫʜʘʣʝʥʠʶ ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʚʥʝ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʩʧʦʩʦʙʘ ʣʘʟʝʨʥʦʡ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ: ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʚʪʦʨʥʳʭ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʡ, 

ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʳ ʠʟʜʝʣʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʧʦ ʠʭ ʯʘʩʪʷʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʩʩʦʟʜʘʥʠʝʤ ʮʝʣʦʛʦ ʠʟʜʝʣʠʷ ʚ ʟʘʜʘʥʥʦʤ ʦʙʲʝʤʝ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʣʘʟʝʨʥʦʡ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʘʜʢʠ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʘ (ʬʦʪʦʤʦʥʦʤʝʨʘ), ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʬʦʨʤʘʮʠʷʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘʪʴ ʪʦʯʥʦʩʪʴ; 

ʭʠʤʠʯʝʩʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʬʦʪʦʤʦʥʦʤʝʨʦʚ (ʜʦ ʧʦʣʠʤʝʨʠʟʘʮʠʠ); ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʬʦʪʦʤʦʥʦʤʝʨʦʚ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʤʝʱʝʥʠʷ, ʢ ʚʠʙʨʘʮʠʷʤ. 

ʕʬʬʝʢʪʠʚʥʘ ʣʘʟʝʨʥʘʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ʧʨʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʢʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʣʠʪʴʷ, ʚ ʤʝʜʠʮʠʥʝ (ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʤʧʣʘʥʪʘʥʪʦʚ), ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʘʨʭʝʦʣʦʛʠʠ, ʵʣʝʢʪʨʦʥʠʢʝ, ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʠ ʜʨ. 
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3.6.2 SLS (Selective Laser Sintering) ï ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʣʘʟʝʨʥʦʝ 

ʩʧʝʢʘʥʠʝ 

 

SLS ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ ʩʦʟʜʘʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʤʦʜʝʣʴ ʠʣʠ 

ʧʨʦʪʦʪʠʧ ʠʟʜʝʣʠʷ, ʥʦ ʠ ʩʦʙʩʪʚʝʥʥʦ ʢʦʥʝʯʥʦʝ ʠʟʜʝʣʠʝ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʨʦʰʢʠ - ʧʦʣʠʘʤʠʜʳ, ʧʦʣʠʢʘʨʙʦʥʘʪʳ, ʚʦʩʢ, ʥʝʡʣʦʥ, 

ʢʝʨʘʤʠʢʘ, ʤʝʪʘʣʣʳ. ʉʧʦʩʦʙ ʧʨʝʜʣʦʞʝʥ ʂʘʨʣʦʤ ɼʝʢʘʨʪʦʤ ʚ 1986 ʛ. (ʉʐɸ) ʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʬʠʨʤʦʡ DTM Corp. ï 

Sinterstation 2060, Sinterstation 2500 ʠ ʜʨ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩʦʜʝʨʞʘʪ 

ʦʙʳʯʥʦ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʨʠʩ. 3.10): ʫʩʪʨʦʡʩʪʚʦ ʧʦʩʣʦʡʥʦʡ ʧʦʜʘʯʠ 

ʧʦʨʦʰʢʘ, ʧʣʘʪʬʦʨʤʫ, ʩʥʘʙʞʝʥʥʫʶ ʧʨʠʚʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʩʣʦʡʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʨʦʰʢʘ. ʋʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ 

ʣʘʟʝʨʘ ʚʚʦʜʷʪʩʷ, ʠʩʭʦʜʷ ʠʟ 3D CAD ʛʝʦʤʝʪʨʠʠ. ʇʦʨʦʰʦʢ ʧʦʩʣʦʡʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʚʳʨʘʚʥʠʚʘʶʱʝʛʦ ʨʦʣʠʢʘ ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʫ ʥʦʩʠʪʝʣʷ (ʨʠʩ. 3.10).  

ʋʧʨʘʚʣʷʝʤʳʡ ʣʫʯ ʉO2 ʣʘʟʝʨʘ ʩʢʘʥʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʦʰʢʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʟʘʜʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʠʥʠʮʠʠʨʫʝʪ ʣʦʢʘʣʴʥʦʝ 

ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʦʧʣʘʚʣʝʥʠʝ ʧʦʨʦʰʢʦʚʦʡ ʤʘʩʩʳ. ʇʦʧʘʚʰʠʝ ʚ ʟʦʥʫ ʚʦʟʜʝʡʩʪʚʠʷ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʫʯʘʩʪʢʠ ʩʣʦʷ ʧʦʨʦʰʢʘ ʧʨʠʥʠʤʘʶʪ ʧʨʠ ʵʪʦʤ ʟʘʜʘʥʥʫʶ ʬʦʨʤʫ 

ʩʝʯʝʥʠʷ. ʇʣʘʪʬʦʨʤʘ ʥʦʩʠʪʝʣʷ ʮʠʢʣʠʯʝʩʢʠ ʦʧʫʩʢʘʝʪʩʷ. ʇʦʜʦʛʨʝʚ ʢʘʤʝʨʳ 

ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʣʘʟʝʨʘ ʥʘ ʥʘʛʨʝʚ ʧʦʨʦʰʢʘ, ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ 

ʜʝʬʦʨʤʘʮʠʡ. ʉʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʜʘʯʫ ʚ ʢʘʤʝʨʫ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʧʦʨʦʰʢʘ ʧʨʠ ʥʘʛʨʝʚʝ (ʨʠʩ. 3.10, 3.11). 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʩʧʦʩʦʙʘ SLS ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʥʝʪʦʢʩʠʯʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʜʜʝʨʞʝʢ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʠʟʜʝʣʠʡ (ʚ 

ʨʘʟʥʳʭ çʛʦʨʠʟʦʥʪʘʭè), ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ ʧʦ ʯʘʩʪʷʤ; ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ (ʧʨʷʤʦʝ ʚʳʨʘʱʠʚʘʥʠʝ). 

ʆʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï ʘʚʠʘʮʠʦʥʥʘʷ, ʘʚʪʦʤʦʙʠʣʴʥʘʷ, ʵʣʝʢʪʨʦʥʥʘʷ, 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʠ ʜʨ. ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʝʜʠʮʠʥʘ 

(ʠʤʧʣʘʥʪʘʥʪʳ), ʥʝʬʪʝʭʠʤʠʷ, ʪ. ʝ. ʣʶʙʳʝ ʦʪʨʘʩʣʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʦʝ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ, ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʠʣʠ ʤʘʣʳʭ 

ʩʝʨʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. 
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ʊʨʝʪʠʡ ʩʣʦʡ n-ʡ ʩʣʦʡ ʛʦʪʦʚʦʛʦ

ʧʨʦʪʦʪʠʧʘ

ɺʪʦʨʦʡ ʩʣʦʡʇʝʨʚʳʡ ʩʣʦʡ

1

2

3

4

5

6

7

8

Z

 

ʈʠʩʫʥʦʢ 3.10 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʠʟʜʝʣʠʷ 

ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ ʧʦ ʩʧʦʩʦʙʫ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ 

1 ï ʣʘʟʝʨ, 2 ï ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 3 ï ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ,  

4 ï ʧʦʜʚʠʞʥʘʷ (ʧʦ ʦʩʠ Z) ʨʘʙʦʯʘʷ ʧʣʘʪʬʦʨʤʘ, 5 ï ʙʫʥʢʝʨʳ ʜʣʷ ʧʦʜʘʯʠ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 6 ï ʧʦʨʦʰʢʦʚʳʡ ʤʘʪʝʨʠʘʣ,  

7 ï ʧʦʜʚʠʞʥʳʡ ʩʪʦʣ ʙʫʥʢʝʨʘ, 8 ï ʨʦʣʠʢ ʜʣʷ ʧʦʜʘʯʠ ʧʦʨʦʰʢʘ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʣʦʷ 

 

ʃʘʟʝʨ
ʆʧʪʠʯʝʩʢʘʷ

ʩʠʩʪʝʤʘ

X-Y ʜʝʬʣʝʢʪʦʨ

ʈʦʣʠʢ

ʨʘʟʨʘʚʥʠʚʘʝʪ

ʧʦʨʦʰʦʢ

ʂʘʪʨʠʜʞ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʦʚʫʶ ʧʦʨʮʠʶ ʧʦʨʦʰʦʢʘ
 

 

ʈʠʩʫʥʦʢ 3.11 ï ʋʩʪʨʦʡʩʪʚʦ ʨʘʟʨʘʚʥʠʚʘʥʠʷ ʠ ʫʧʣʦʪʥʝʥʠʷ  

ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ 

ʧʦʨʦʰʢʦʚ: ʤʝʪʘʣʣ (Ni), ʧʦʣʠʤʝʨ (ʧʦʣʠʘʤʠʜ ʠʣʠ ʧʦʣʠʢʘʨʙʦʥʘʪ); ʙʠʤʝʪʘʣʣ 

(Ni, Fe, Al  ʠʣʠ ʣʘʪʫʥʴ + ʧʨʠʧʦʡ) ʠ ʠʥʪʝʨʤʝʪʘʣʣʦʠʜ (Ni-Ti, Ti-Al , Ni-Al ); 

ʢʝʨʘʤʠʢʘ (Al+Zrʆ2). 

 

3.6.3 3DW (Three Dimensional Welding) ï ʪʨʝʭʤʝʨʥʘʷ ʥʘʧʣʘʚʢʘ (ʩʚʘʨʢʘ) 

 

ʉ ʧʦʤʦʱʴʶ ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʧʦʩʣʦʡʥʦ ʥʘʧʣʘʚʣʷʝʪʩʷ ʤʝʪʘʣʣ ʚ ʚʠʜʝ 

ʧʨʦʩʪʳʭ ʬʦʨʤ, ʠʟ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʩʦʩʪʘʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʚʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ: CNC ʜʣʷ ʩʚʘʨʦʯʥʦʛʦ ʨʦʙʦʪʘ ʠ 

ʬʘʡʣʳ STL CAD ʜʣʷ ʧʦʩʣʦʡʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ 

ʩʠʩʪʝʤʘʤʠ ʪʝʨʤʦʢʦʥʪʨʦʣʷ, ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʨʝʜʳ, ʫʜʘʣʝʥʠʷ 

ʧʘʨʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʯʝʢ. 

 

3.6.4 BPM (Ballistic Particle Manufacturing ) ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʣʣʠʩʪʠʢʠ ʯʘʩʪʠʮ 

 

ɹʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʯʝʨʥʠʣʴʥʦʛʦ ʧʝʯʘʪʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʩʣʦʡʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 

ʦʪʜʝʣʴʥʳʝ ʤʘʣʝʥʴʢʠʝ ʢʘʧʝʣʴʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʳʣʝʪʘʷ ʠʟ 

çʧʝʯʘʪʘʶʱʝʡè ʛʦʣʦʚʢʠ, ʟʘʩʪʳʚʘʶʪ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʤʝʩʪʝ ʩʥʘʯʘʣʘ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʟʘʪʝʤ ï ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ. ʋʩʪʘʥʦʚʢʠ 

ʨʘʟʣʠʯʥʳʭ ʬʠʨʤ ʦʪʣʠʯʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʥʷʝʤʳʭ çʧʝʯʘʪʘʶʱʠʭè 

ʛʦʣʦʚʦʢ ï ʦʪ 2-ʭ ʜʦ 5-ʪʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

3.6.5 DMD (Direct Metal Deposition) ï ʧʨʷʤʦʝ ʥʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʘ 

 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ Direct Metal Deposition (ʧʨʷʤʦʝ ʥʘʥʝʩʝʥʠʝ 

ʤʝʪʘʣʣʦʚ) ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ, ʨʝʤʦʥʪʠʨʦʚʘʪʴ ʠ ʧʝʨʝʜʝʣʳʚʘʪʴ 

ʧʨʦʤʳʰʣʝʥʥʫʶ ʦʩʥʘʩʪʢʫ, ʥʘʥʦʩʠʪʴ ʫʧʨʦʯʥʷʶʱʠʝ ʧʦʢʨʳʪʠʷ ʠ ʩʪʨʦʠʪʴ 

ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʠʟʜʝʣʠʡ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ DMD ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʩʦ 

100% ʧʣʦʪʥʦʩʪʴʶ.  

DMD ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʷʪʴ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʣʘʟʝʨʳ, CAD, 

CAM, ʩʝʥʩʦʨʳ ʠ ʧʦʨʦʰʢʦʚʫʶ ʤʝʪʘʣʣʫʨʛʠʶ. ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʘ DMD ʣʫʯ ʣʘʟʝʨʘ 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʝ (ʨʠʩ. 3.12), ʪʨʝʭʤʝʨʥʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʝcc-ʬʦʨʤʝ (ʜʝʪʘʣʠ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʱʝʡ ʬʦʨʤʫ 
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ʦʙʲʝʢʪʘ) ʠʣʠ ʧʦʚʨʝʞʜʝʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʜʝʪʘʣʠ, ʩʦʟʜʘʚʘʷ ʟʦʥʫ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʊʦʥʢʘʷ ʩʪʨʫʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ 

ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʚ ʟʦʥʫ ʨʘʩʧʣʘʚʘ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʦʙʲʝʤ. ʎʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʜʝʪʘʣʴ ʩʪʨʦʠʪʩʷ ʧʦʩʣʦʡʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʣʫʯʘ ʣʘʟʝʨʘ ʠ ʩʪʨʫʠ 

ʧʦʨʦʰʢʘ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ CAD ʬʘʡʣʘ. 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ʉʭʝʤʘ DMD (Direct Metal Deposition) ï ʧʨʷʤʦʝ ʥʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʘ 

 

ʊʝʭʥʦʣʦʛʠʷ DMD ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʟʝʨʥʦʡ 

ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ (SLA) ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (SLA). 

DMD ʩʦʟʜʘʝʪ ʜʝʪʘʣʠ ʠʟ ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʩʪʘʣʠ, ʪʠʪʘʥ, ʘʣʶʤʠʥʠʡ, ʤʝʜʴ, ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ, ʠʨʠʜʠʡ ʠ ʠʥʢʦʥʝʣʴ, ʘ 

ʪʘʢʞʝ ʠʟ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ. ʇʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

(ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʫʜʣʠʥʝʥʠʝ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ) 

DMD ʤʝʪʘʣʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʣʠ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

çʦʙʳʯʥʳʭè ʤʝʪʘʣʣʦʚ. 

ʇʨʦʮʝʩʩ DMD ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠʟʤʝʥʷʪʴ ʩʦʩʪʘʚ ʤʝʪʘʣʣʘ ʧʫʪʝʤ 

ʠʥʞʝʢʮʠʠ ʚ ʨʘʩʧʣʘʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ. ʕʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʛʠʙʨʠʜʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ. 

ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ DMD ʦʩʦʙʝʥʥʦ ʥʝʟʘʤʝʥʠʤʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʬʦʨʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ. ʏʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʵʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʝʪ ʧʦʣʥʦʩʪʴʶ ʥʘʩʳʱʝʥʥʳʝ ʬʦʨʤʳ ʠʣʠ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʠʥʪʝʟʘ ʠʣʠ 



 76 

ʚʳʞʠʛʘʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ʇʦʩʢʦʣʴʢʫ DMD ʩʦʟʜʘʝʪ ʜʝʪʘʣʠ "ʧʦʯʪʠ 

ʪʦʯʥʦʡ ʬʦʨʤʳ", ʦʥʠ ʦʙʳʯʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʦʚʦʜʢʝ ʥʘ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʭ 

ʩʪʘʥʢʘʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʥʳʭ ʨʘʟʤʝʨʦʚ (ʧʦʩʪʧʨʦʮʝʩʩʳ). 

 

3.6.6 FDM (Fused Deposition Modeling) ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʣʘʚʣʝʥʠʝʤ 

 

ɹʝʟʣʘʟʝʨʥʳʡ ʧʨʦʮʝʩʩ (Fused Deposition Manufacturing) ʧʨʝʜʣʦʞʝʥ 

ʉʢʦʪʪʦʤ ʂʨʘʤʧʦʤ (Scott Cramp). ʂʦʤʤʝʨʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʢʘʤʧʘʥʠʷ 

Stratasys (ʉʐɸ) ʚʳʧʫʩʢʘʝʪ ʩ 1991 ʛ.: FDM Quantium, FDM-2000, FDM-

3000 ʠ FDM-8000 (ʪʘʙʣ. 3.2). ʌʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʤʦʜʝʣʠ (ʢʦʥʝʯʥʦʡ ʜʝʪʘʣʠ) 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʵʢʩʪʨʫʟʠʠ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 3.13) 

ʯʝʨʝʟ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʦʧʝʣ. 

ʇʦʜʘʯʘ ʨʘʟʦʛʨʝʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝʧʨʝʨʳʚʥʦ 

ʠʣʠ ʜʠʩʢʨʝʪʥʦ. ʇʦ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʩʶʜʘ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʩʧʦʩʦʙʳ 

MJM, MJS, 3D Printer ʠ ʜʨ. 

ʊʘʙʣʠʮʘ 3.2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ FDM ʩʠʩʪʝʤ [Stratasys, 2000] 

ʄʦʜʝʣʴ FDM 2000 FDM 3000 FDM 8000 Quantum 

ʈʘʟʤʝʨʳ 

ʧʦʩʪʨʦʝʥʠʷ, ʤʤ 

254 254 

254 

254 254 

406 

457 457 

609 

600 500 

600 

ʊʦʯʥʦʩʪʴ, ʤʤ Ñ 0,127 Ñ 0,127 Ñ 0,127 

Ñ 0,127  

(ʜʣʷ ʨʘʟʤʝʨʦʚ 

l < 127 ʤʤ) ʠ 

Ñ0.015 ʤʤ/ʤʤ 

(l > 127 ʤʤ) 

ɻʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ, ʤ 

0,66 0,91 

1,07 

0,66 1,07 

0,91 

1,49 1,91 

1,00 

2,24 1,98 

1,12 

ɺʝʩ, ʢʛ 160 160 392 1134 

ʊʨʝʙʫʝʤʘʷ 

ʤʦʱʥʦʩʪʴ 

220 240 

10  ɺĀA 

220 240 

10  ɺĀA 

220 240 

10  ɺĀA 

208 240 

50  ɺĀA 

ʐʠʨʠʥʘ  

ʩʣʦʷ, ʤʤ 
0,254 2,54 0,254 2,54 0,254 2,54 0,38 0,51 

ʊʦʣʱʠʥʘ  

ʩʣʦʷ, ʤʤ 
0,05 0.762 0,05 0.762 0,05 0.762 0,18 0.25 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʘʣʣʦʚ ʥʘʤʦʪʘʥʥʘʷ ʥʘ ʙʦʙʠʥʫ ʧʨʦʚʦʣʦʢʘ 

 0,1 0,2 ʤʤ ʧʦʜʘʝʪʩʷ ʚ ʛʦʣʦʚʢʫ FDM, ʦʧʣʘʚʣʷʝʪʩʷ ʠ ʯʝʨʝʟ ʩʦʧʣʦ, 

ʫʧʨʘʚʣʷʝʤʦʝ ʩʧʝʮʠʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʧʨʠʚʦʜʦʤ, ʧʦʜʘʝʪʩʷ ʥʘ 

ʧʣʘʪʬʦʨʤʫ. ʉʣʦʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 2D CAD ʤʦʜʝʣʴʶ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ X-Y ʪʦʣʱʠʥʦʡ ʦʪ 0,025 ʤʤ ʜʦ 1,25 ʤʤ ʩ ʚʦʟʤʦʞʥʦʡ ʪʦʣʱʠʥʦʡ 

ʩʪʝʥʦʢ 0,226 ʤʤ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʧʣʘʪʬʦʨʤʘ 

ʫʩʪʘʥʦʚʢʠ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʰʘʛ, ʨʘʚʥʳʡ ʪʦʣʱʠʥʝ ʩʣʦʷ, ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ 

ʜʦ ʧʦʣʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ï ʪʝʨʤʦʧʣʘʩʪʳ, ʚʦʩʢ, ʤʝʪʘʣʣʳ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʧʦʩʪʨʦʝʥʥʦʡ ʩʣʦʷʤʠ ʜʝʪʘʣʠ ʠʩʧʦʣʴʟʫʶʪ ʦʧʦʨʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʯʘʱʝ ʚʩʝʛʦ ʩʦʪʦʚʳʝ) ʠʟ ʢʘʨʪʦʥʘ, ʧʦʣʠʩʪʠʨʦʣʘ, ʚʦʩʢʘ ʠ ʜʨ. ʊʦʯʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ï 0,1 0,2 ʤʤ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʝʪʦʢʩʠʯʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʣʝʛʢʦʩʪʴ 

ʧʝʨʝʩʪʨʦʡʢʠ ʩ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʜʨʫʛʦʡ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʠ ʤʘʣʳʝ 

ʟʘʪʨʘʪʳ. ʉʠʩʪʝʤʳ FDM ʠʤʝʶʪ ʤʦʜʫʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʰʠʨʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʅʝ ʣʠʰʝʥ ʩʧʦʩʦʙ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ 

ʩʚʷʟʴ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʨʘʩʩʣʦʝʥʠʷ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʢʩʪʨʫʜʝʨʘ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʟʘʪʚʝʨʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ; ʥʝʦʙʭʦʜʠʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʧʦʨʢʠ. 

ʉʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʪʦʪʠʧʦʚ, ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ, ʪʦʯʥʦʝ ʣʠʪʴʝ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʉʫʧʧʦʨʪ

ɼʶʟʘ

ʇʣʘʪʬʦʨʤʘ

ɼʝʪʘʣʴ

ɹʦʙʠʥʘ

ɻʦʣʦʚʢʘFDM

ʇʣʘʚʣʝʥʠʝ

ʧʨʦʚʦʣʦʢʠ

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ

 

ʈʠʩʫʥʦʢ 3.13 ï ʉʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʣʘʚʣʝʥʠʝʤ (FDM) 



 78 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʜʨ. ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

3.6.7 GPD (Gas Phase Deposition) ï ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ 3D CAD ʤʦʜʝʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ʉʧʦʩʦʙʳ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʨʘʩʱʝʧʣʝʥʠʠ 

ʤʦʣʝʢʫʣ ʨʝʘʢʪʠʚʥʦʛʦ ʛʘʟʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʜʫʢʪʦʚ ʵʪʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ, 

ʥʘʧʨʠʤʝʨ, ʠʟ ʫʛʣʝʨʦʜʘ, ʢʘʨʙʠʜʦʚ, ʩʠʣʠʢʦʥʘ, ʥʠʪʨʠʜʦʚ. 

ɺʦʟʤʦʞʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʩʣʦʝʤ 

ʧʦʨʦʰʢʘ ʩ ʪʝʤ, ʯʪʦʙʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʴ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʜʝʪʘʣʴ, ʥʘʧʨʠʤʝʨ, 

ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʣʠ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ. 

 

3.6.8 HIS (Holographic Interference Solidification) ï ʦʪʚʝʨʞʜʝʥʠʝ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ 

 

ɺ ʦʩʥʦʚʝ ʣʝʞʠʪ ʩʚʦʡʩʪʚʦ ʞʠʜʢʠʭ ʧʦʣʠʤʝʨʦʚ ʟʘʪʚʝʨʜʝʚʘʪʴ ʧʨʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʫʯʝʡ. ʂʦʛʜʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ 

ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʩʤʦʣʫ, ʦʥʘ ʦʪʚʝʨʜʝʚʘʝʪ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʦʙʨʘʟʘ. 

ʉʧʦʩʦʙ ʠʥʪʝʨʝʩʝʥ ʠʤʝʥʥʦ ʪʝʤ, ʯʪʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ 

ʦʙʲʝʢʪʘ ʠʟ 3D CAD ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦʩʣʦʡʥʦ, ʘ ʩʨʘʟʫ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ. 

 

3.6.9 LENS (Laser Engineering Net Shaping) ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʩʝʪʠ 

 

ʉʧʦʩʦʙ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʜʘʯʝ ʯʝʨʝʟ ʩʦʧʣʦ ʥʘ ʧʦʜʣʦʞʢʫ ʧʦʨʦʰʢʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʝʛʦ ʦʧʣʘʚʣʝʥʠʠ ʣʫʯʦʤ ʣʘʟʝʨʘ (ʨʠʩ. 3.14). 

ʉʦʧʣʦ ʩ ʧʦʨʦʰʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʩ ʧʦʜʣʦʞʢʦʡ ʠʣʠ 

ʢʦʘʢʩʠʘʣʴʥʦ ʩ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ. ʉʢʨʝʧʣʝʥʠʝ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʣʦʝʤ 

ʦʙʣʝʛʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʪʨʫʷ ʧʦʨʦʰʢʘ ʦʧʣʘʚʣʷʝʪʩʷ ʣʫʯʦʤ ʣʘʟʝʨʘ, 

ʧʦʜʦʛʨʝʚʘʶʱʠʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʧʨʝʜʳʜʫʱʠʡ ʩʣʦʡ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ LENS ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3.3. 
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ʈʠʩʫʥʦʢ 3.14 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ LENS ʩʧʦʩʦʙʘ 

 

ʊʘʙʣʠʮʘ 3.3 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ LENS ʩʠʩʪʝʤ [Optomec, 2000] 

ʄʦʜʝʣʴ LENS 750 LENS 850 

ʃʘʟʝʨʥʘʷ ʩʠʩʪʝʤʘ 

750 ɺʪ: ɸʀɻ, c 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʜʦ 1400 ɺʪ 

1100 ɺʪ: ʜʚʦʡʥʘʷ ʛʦʣʦʚʢʘ 

ɸʀɻ, c ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦ 2200 ɺʪ 

ʈʘʙʦʯʘʷ  

ʢʘʤʝʨʘ, ʤʤ 

30 30 - 

X-Y ʧʝʨʝʜʚʠʞʥʘʷ 

ʧʣʘʪʬʦʨʤʘ,  

30 ʤʤ  ʧʦ ʦʩʠ Z 

45 45 - 

X-Y ʧʝʨʝʜʚʠʞʥʘʷ 

ʧʣʘʪʬʦʨʤʘ,  

105 ʤʤ  ʧʦ ʦʩʠ Z 

ʇʦʜʘʯʘ ʧʦʨʦʰʢʘ ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 
ɼʚʦʡʥʘʷ ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ 

ʊʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ 208 100  ɺĀA 208 100  ɺĀA 

ʆʩʥʦʚʘ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ 

Pentium Pentium 

 

3.6.10 LLM (Layer Laminate Manufacturing) ï ʩʧʦʩʦʙ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʩʣʘʠʚʘʥʠʝʤ 

 

ʉʧʦʩʦʙ ʦʙʲʝʜʠʥʷʝʪ ʛʨʫʧʧʫ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʣʦʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʳʨʝʟʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟ ʣʠʩʪʦʚ ʨʘʥʥʝʝ 

ʫʞʝ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʬʦʣʴʛʠ ʠʣʠ ʜʨʫʛʦʛʦ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʤʦʱʠ 
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ʣʘʟʝʨʘ, ʨʝʟʮʘ, ʬʨʝʟʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ (ʠʣʠ ʧʦʩʣʝ ʨʘʟʨʝʟʘʥʠʷ) ʩʦʝʜʠʥʝʥʠʷ 

ʠʭ ʚʜʦʣʴ ʩʨʝʟʦʚ (ʠʣʠ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ). ʇʦʩʢʦʣʴʢʫ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ 

ʥʫʞʥʦ ʪʦʣʴʢʦ ʢʦʥʪʫʨʠʨʦʚʘʪʴ (ʘ ʥʝ ʩʦʟʜʘʚʘʪʴ), ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʩʧʦʩʦʙʫ LLM  

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ, ʯʝʤ ʙʦʣʴʰʝ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʠʤʝʪʨʦʤ ʩʣʦʷ. ʆʧʦʨʳ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʪʝʭʥʦʣʦʛʠʠ LLM  

ʢʦʤʙʠʥʠʨʫʶʪ ʚʳʨʝʟʘʥʠʝ ʩʣʦʝʚ ʠ ʥʘʨʘʱʠʚʘʥʠʝ ʠʟʜʝʣʠʷ ʩ ʠʭ ʧʦʤʦʱʴʶ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ï ʙʫʤʘʛʘ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʪʘʣʣʳ, 

ʢʝʨʘʤʠʢʘ, ʜʝʨʝʚʦ. ʄʝʪʘʣʣʳ ʩʚʘʨʠʚʘʶʪʩʷ, ʢʝʨʘʤʠʢʘ ʩʧʝʢʘʝʪʩʷ, ʦʩʪʘʣʴʥʳʝ 

ʩʢʣʝʠʚʘʶʪʩʷ. 

LLM ʠʟʜʝʣʠʷ ʦʯʝʥʴ ʧʨʦʯʥʳ, ʧʦʵʪʦʤʫ ʧʦʜʭʦʜʷʪ ʜʣʷ ʣʠʪʴʷ ʚ ʧʝʩʯʘʥʳʝ 

ʬʦʨʤʳ, ʜʣʷ ʪʦʯʥʦʛʦ ʣʠʪʴʷ, ʚʘʢʫʫʤʥʦʛʦ ʣʠʪʴʷ, ʜʣʷ ʧʝʩʯʘʥʳʭ ʩʧʝʯʝʥʥʳʭ ʩʪʝʨʞʥʝʡ, 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʂ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʪʝʭʥʦʣʦʛʠʡ ʦʪʥʦʩʷʪ ʪʘʢʠʝ, ʢʘʢ LMP ï Laser Milling  Process 

(ʩʧʦʩʦʙ ʧʦʩʣʦʡʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ), SOM ï Stratified Object Manufacturing (ʠʟʜʝʣʠʝ 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʥʝ ʧʦʩʣʦʡʥʦ, ʘ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʯʘʩʪʷʤʠ), ʘ ʪʘʢʞʝ LOM ï Laminated 

Object Manufacturing ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʠʩʪʳʭ ʦʙʲʝʢʪʦʚ. 

LOM ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʤʠʥʠʨʦʚʘʥʠʷ: ʣʘʟʝʨʥʳʡ ʣʫʯ 

ʚʳʨʝʟʘʝʪ ʢʦʥʪʫʨʳ ʩʝʯʝʥʠʷ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʘʞʜʦʡ ʩʝʢʫʱʝʡ 

ʧʣʦʩʢʦʩʪʠ ʩʣʦʠʩʪʦʡ 3D CAD ʤʦʜʝʣʠ. ʇʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʥʝ ʩʢʘʥʠʨʫʝʪʩʷ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʨʝʟʘʶʪʩʷ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʣʠʩʪʦʚ ʢʣʝʡʢʦʡ ʙʫʤʘʛʠ, ʬʦʣʴʛʠ, ʧʣʘʩʪʠʢʘ, ʤʝʪʘʣʣʘ, ʢʝʨʘʤʠʢʠ, ʢʦʤʧʦʟʠʪʦʚ 

ʪʦʣʱʠʥʦʡ 50500 ʤʢʤ. ʅʦʚʳʡ ʩʣʦʡ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤ ʟʘ ʩʯʝʪ 

ʧʨʦʢʘʪʢʠ ʪʝʨʤʦʚʘʣʠʢʦʤ (ʨʠʩ. 3.15). 

 

ʈʠʩʫʥʦʢ 3.15 ï ʇʦʣʫʯʝʥʠʝ ʤʦʜʝʣʠ ʥʘʨʘʱʠʚʘʥʠʝʤ  

ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ 
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ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ (ʣʠʩʪʘ ʬʦʣʴʛʠ) 

ʚ 3D ʬʦʨʤʘʪʝ CAD ʜʘʥʥʳʭ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ LOM ʫʩʪʘʥʦʚʢʠ, ʛʜʝ ʠ ʩʦʟʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ  ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʜʝʪʘʣʠ. ʆʙʣʘʩʪʠ 

ʠʟʣʠʰʥʝʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʨʝʟʘʶʪʩʷ ʥʘ ʢʚʘʜʨʘʪʳ ʚ ʝʜʠʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʢʘʞʜʦʛʦ ʩʨʝʟʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʜʘʣʝʥʠʷ. ʇʨʠ ʚʳʨʝʟʘʥʠʠ ʢʦʥʪʫʨʘ ʠ 

ʨʘʟʨʝʟʢʠ ʠʟʣʠʰʥʠʭ ʦʙʣʘʩʪʝʡ ʬʦʣʴʛʠ ʣʘʟʝʨ ʧʨʦʥʠʢʘʝʪ ʪʦʣʴʢʦ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʫʶ ʛʣʫʙʠʥʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʘʱʠʚʘʥʠʷ 

ʚʳʨʝʟʘʥʥʳʭ ʣʘʟʝʨʦʤ ʩʝʯʝʥʠʡ ʠʟ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʯʥʘʷ 

ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ. ʇʦʚʝʨʭʥʦʩʪʠ ʩʨʝʟʦʚ ʜʦʨʘʙʘʪʳʚʘʶʪʩʷ (ʰʣʠʬʫʶʪʩʷ, 

ʧʦʣʠʨʫʶʪʩʷ, ʦʢʨʘʰʠʚʘʶʪʩʷ, ʧʦʢʨʳʚʘʶʪʩʷ ʣʘʢʦʤ). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ LOM ʩʠʩʪʝʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.4. 

ʊʘʙʣʠʮʘ 3.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ LOM ʩʠʩʪʝʤ [He isys, 2000] 

ʄʦʜʝʣʴ LOM-1015 Plus LOM-2030H 

ɻʘʙʘʨʠʪʳ ʜʝʪʘʣʠ, ʤʤ 381 254 356 813 559 508 

ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʘ, ɺʪ 25 50 

ɼʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʤʤ 0,20 0,26 0,203 0,254 

ɼʠʩʢʨʝʪʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʠʩʪʝʤʳ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ, ʤʤ 

0,05 0,0508 

ʆʩʥʦʚʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ Pentium Pentium 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʠʩʪʝʤʳ 

Windows NT OS,  

LOMSliceTM 

Windows NT OS,  

LOMSliceTM 

ʊʦʣʱʠʥʘ ʩʣʦʷ, ʤʤ 0,08 0,25 0,076 0,254 

ʈʘʟʤʝʨʳ ʨʦʣʠʢʘ, ʤʤ 356 ï ʰʠʨʠʥʘ,  

356 ï ʜʠʘʤʝʪʨ 

711 ï ʰʠʨʠʥʘ,  

711 ï ʜʠʘʤʝʪʨ 
ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤ 1,23 0,74 1,31 0,21 1,41 1,40 

ɺʝʩ, ʢʛ 454 1 288 

ʊʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ 220 15  ɺĀA 220 30  ɺĀA 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʘʪʤʦʩʬʝʨʝ ʊʝʤʧʝʨʘʪʫʨʘ 2027ęʉ 

ɺʣʘʞʥʦʩʪʴ < 50% 

ʊʝʤʧʝʨʘʪʫʨʘ 2027ęʉ 

ɺʣʘʞʥʦʩʪʴ < 50% 

 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʜʦʨʦʛʠʭ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ LOM-

ʠʟʜʝʣʠʷ ʦʪʣʠʯʘʶʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. 
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ɼʦʩʪʦʠʥʩʪʚʘ ʩʧʦʩʦʙʘ: ʣʘʟʝʨʥʳʡ ʣʫʯ ʚʳʨʝʟʘʝʪ ʪʦʣʴʢʦ ʢʦʥʪʫʨʳ ʩʝʯʝʥʠʷ, 

ʪ. ʝ. ʨʘʩʢʨʘʠʚʘʝʪ ʣʠʩʪʳ ʠ ʥʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʤʘʪʝʨʠʘʣ ʚʥʫʪʨʠ ʩʝʯʝʥʠʷ, ʪʝʤ 

ʩʘʤʳʤ ʩʦʭʨʘʥʷʷ ʝʛʦ ʠʩʭʦʜʥʳʝ ʩʚʦʡʩʪʚʘ, ʠʩʢʣʶʯʘʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʫʩʘʜʢʫ ʠ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʙʦʨʘ ʥʝʪʦʢʩʠʯʥʳʭ ʠ ʜʝʰʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʧʦʨʢʘʭ; ʫʩʪʘʥʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳ, ʣʝʛʢʦ 

ʫʧʨʘʚʣʷʝʤʳ, ʤʘʣʦʛʘʙʘʨʠʪʥʳ, ʙʳʩʪʨʦ ʦʩʚʘʠʚʘʶʪʩʷ ʧʝʨʩʦʥʘʣʦʤ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: ʩʧʦʩʦʙ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ 

ʩʣʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʟʘʪʨʫʜʥʝʥʦ, ʘ ʧʦʜʯʘʩ ʠ ʥʝʚʦʟʤʦʞʥʦ ʫʜʘʣʝʥʠʝ ʠʟʣʠʰʥʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʉ ʵʪʠʤ 

ʩʚʷʟʘʥʳ ʠ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʳʝ ʧʦʪʝʨʠ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪʭʦʜʦʚ 

ʚʦʟʤʦʞʥʦ ʧʦʚʨʝʞʜʝʥʠʝ ʤʦʜʝʣʠ. ʀʤʝʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʨʘʩʩʣʦʝʥʠʷ ʤʦʜʝʣʠ ʧʨʠ 

ʜʦʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

 

3.6.11 MJM ( Multi  Jet Modeling) ï ʤʥʦʛʦʩʪʨʫʡʥʦʝ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 

 

ʇʦ ʵʪʦʤʫ ʩʧʦʩʦʙʫ ʤʦʜʝʣʴ ʩʪʨʦʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ, ʩʭʦʜʥʦʡ 

ʩʦ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʴʶ ʥʘ ʦʙʳʯʥʦʤ ʧʨʠʥʪʝʨʝ, ʥʦ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ. ʈʘʙʦʯʠʡ 

ʦʨʛʘʥ ï çʧʝʯʘʪʘʶʱʘʷ ʛʦʣʦʚʢʘè - ʚʢʣʶʯʘʝʪ 352 ʩʦʧʣʘ, ʚʦʟʤʦʞʥʦ ʜʦ 1536, 

ʦʙʨʘʟʫʶʱʠʭ ʣʠʥʝʡʥʫʶ ʨʝʰʝʪʢʫ: ʩʪʨʫʷ ʠʟ ʢʘʞʜʦʛʦ ʩʦʧʣʘ ʦʩʘʞʜʘʝʪ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʪʝʨʤʦʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʪʘʤ, ʛʜʝ ʦʥ ʥʝʦʙʭʦʜʠʤ ʧʦ 

ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʝ. ɻʦʣʦʚʢʘ MJM ʜʚʠʞʝʪʩʷ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʧʦ 

ʦʩʠ X, ʬʦʨʤʠʨʫʷ ʩʣʦʡ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʧʣʘʪʬʦʨʤʘ 

ʦʧʫʩʢʘʝʪʩʷ ʧʦ ʦʩʠ Z ʥʘ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʝʛʦ ʪʦʣʱʠʥʝ, ʠ ʥʘʯʠʥʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ (ʨʠʩ. 3.16). 

 

ʈʠʩʫʥʦʢ 3.16 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ MJM ʩʧʦʩʦʙʘ 


