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ɸʅʆʊɸʎɯʗ 

ʉʽʨʝʥʢʦ ʄ.ʂ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ 

ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ, 

ʩʧʝʮʽʘʣʴʥʽʩʪʴ 134 ɸʚʽʘʮʽʡʥʘ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ. ɼʥʽʧʨʦʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆ. ɻʦʥʯʘʨʘ, ʤ. ɼʥʽʧʨʦ, 2025. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʘʨʦʚʦʛʦ 

ʩʠʥʪʝʟʫ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ. 

ʊʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʫʩʽʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʧʝʨʝʭʦʜʷʪʴ ʜʦ 

ʚʩʝ ʙʽʣʴʰ ʽ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʘ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ. ɸʚʽʘʮʽʡʥʘ ʪʘ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʪʘʢʦʞ ʧʨʦʜʦʚʞʫʻ ʨʦʟʚʠʪʦʢ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʩʥʦʚʥʘ ʤʝʪʘ ï ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʨʦʙʽʚ, ʘ ʩʘʤʝ ï ʧʦʢʨʘʱʝʥʥʷ ʤʘʩʦʚʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ. ʎʝ ʤʦʞʣʠʚʦ ʟʘʚʜʷʢʠ ʥʝ ʪʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʤʘʪʝʨʽʘʣʽʚ, ʘ ʡ ʟʘʚʜʷʢʠ ʥʦʚʽʪʥʽʤ ʪʝʭʥʦʣʦʛʽʷʤ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʧʨʠʢʣʘʜ, 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʦʟʰʠʨʠʪʠ ʥʦʤʝʥʢʣʘʪʫʨʫ ʚʠʨʦʙʽʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʚʠʛʦʪʦʚʣʝʥʘ ʥʘ ʦʜʥʦʤʫ ʪʠʧʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʦʰʘʨʦʚʠʡ ʩʠʥʪʝʟ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʜʝʪʘʣʽ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʟ ʤʝʥʰʠʤʠ ʢʘʧʽʪʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʠʩʪʨʦʾ. 

ʊʘʢʦʞ ʚʽʥ ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʽ ʚʫʟʣʠ ʪʘ ʜʝʪʘʣʽ, ʟ ʙʽʣʴʰ 

ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʷʢʽ ʙʫʣʦ ʙ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʝ ʚʠʛʦʪʦʚʠʪʠ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʪʠʧʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʟ ʚʠʜʘʣʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʟ 

ʧʝʚʥʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ ʦʙôʻʤʫ ʟʘʛʦʪʦʚʢʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ, ʧʦʰʘʨʦʚʠʡ ʩʠʥʪʝʟ 

ʧʝʨʝʜʙʘʯʘʻ ʜʦʜʘʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ, ʧʨʫʪʢʘ, ʩʤʦʣʠ ʚ ʨʦʙʦʯʫ 



Ο 
 
ʦʙʣʘʩʪʴ, ʥʘʨʦʱʫʶʯʠ ʜʝʪʘʣʴ ʰʘʨ ʟʘ ʰʘʨʦʤ. ʎʝ ʥʝ ʪʽʣʴʢʠ ʧʦʢʨʘʱʫʻ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʘ ʡ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ̫ ʢ ʦʜʥʫ ʜʝʪʘʣʴ ʚʠʨʦʙʠ, ʷʢʽ 

ʪʨʘʜʠʮʽʡʥʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʜʝʪʘʣʝʡ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ 

ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʝʪʘʣʝʡ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʰʠʨʰʝ ʫʥʽʬʽʢʫʚʘʪʠ ʝʪʘʧʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ.  

ʍʦʯʘ ʟʘʨʘʟ ʚ ʨʦʟʚʠʪʢʫ ʚ ʩʬʝʨʽ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʧʝʨʝʚʘʞʘʶʪʴ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʤʝʪʘʣ, ʪʝʭʥʦʣʦʛʽʾ ʩʠʥʪʝʟʫ ʟ 

ʧʦʣʽʤʝʨʽʚ ʪʘʢʦʞ ʧʨʦʜʦʚʞʫʶʪʴ ʟʘʡʤʘʪʠ ʟʥʘʯʥʠʡ ʩʝʛʤʝʥʪ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʦʣʽʤʝʨʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ 

ʝʬʝʢʪʠʚʥʽʰʝ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʠʨʦʙʠ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʚʝʣʠʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, 

ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʾʭ ʟ ʙʽʣʴʰ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʙʫʣʦ ʙ ʙʽʣʴʰ ʜʦʨʦʛʠʤ ʯʠ ʤʘʣʦ ʙʽʣʴʰʽ ʟʘʪʨʘʪʠ ʧʨʘʮʽ. ɸʣʝ ʚʩʝ ʞ, ʧʦʣʽʤʝʨʥʽ 

ʧʦʰʘʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘʢʦʞ ʚʠʤʘʛʘʶʪʴ ʧʦʢʨʘʱʝʥʥʷ. ʆʜʠʥ ʟ ʤʝʪʦʜʽʚ ï 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʤʽʩʪʴ ʯʠʩʪʦʛʦ ʧʦʣʽʤʝʨʫ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʧʠʪʦʤʫ ʤʽʮʥʽʩʪʴ ʪʘ ʽʥʰʽ ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʠʨʦʙʽʚ. ɯ ʭʦʯʘ ʪʝʭʥʦʣʦʛʽʾ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʚʞʝ ʜʦʚʦʣʽ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʨʠʥʢʫ ʪʘ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʦʥʠ ʚʩʝ ʱʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʣʽʧʰʝʥʽ. 

ʋ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʧʦʯʘʪʢʫ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʜʝʪʘʣʝʡ ʟ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʛʣʷʥʫʪʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʦʩʥʦʚʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʆʢʨʝʤʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʘʩʧʝʢʪʘʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʚ ʘʚʽʘʮʽʡʥʽʡ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ 

ʪʝʭʥʽʮʽ. ɺ ʭʦʜʽ ʘʥʘʣʽʟʫ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ, ʥʘʜ ʫʩʫʥʝʥʥʷʤ ʷʢʠʭ 

ʥʝʦʙʭʽʜʥʦ ʧʨʘʮʶʚʘʪʠ. ɿʘ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʥʝʜʦʪʨʠʤʘʥʥʷ 

ʩʫʮʽʣʴʥʦʩʪʽ ʚʦʣʦʢʥʘ ʘʨʤʫʚʘʥʥʷ, ʥʝʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʪʘ ʚʠʙʽʨʢʦʚʦʛʦ 

ʢʦʥʪʨʦʣʶ ʧʦʣʦʞʝʥʥʷ ʚʦʣʦʢʥʘ ʫ ʤʝʞʘʭ ʰʘʨʫ, ʘ ʪʘʢʦʞ ʥʝʜʦʩʪʘʪʥʷ 

ʧʨʦʛʥʦʟʦʚʘʥʽʩʪʴ ʢʽʥʮʝʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʋ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʦʙʨʘʥʦ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʤʘʪʝʨʽʘʣʫ ʘʨʤʫʚʘʥʥʷ. ʋ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʩʦʧʦʣʽʤʝʨ 
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ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ (coPET), ʫ ʷʢʦʩʪʽ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ ï ʙʘʟʘʣʴʪʦʚʝ 

ʚʦʣʦʢʥʦ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʢʨʠʪʝʨʽʾ, ʧʦ ʷʢʠʤ ʨʦʟʨʦʙʣʶʻʪʴʩʷ ʥʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ʘʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʥʦʚʦʛʦ ʪʠʧʫ ʘʨʤʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚ ʧʨʦʮʝʩʽ 

FDM/FFF 3D-ʜʨʫʢʫ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʝʡ ʟ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʰʘʨʦʚʦ ʧʨʦʢʣʘʜʝʥʝ ʚʦʣʦʢʥʦ 

ʤʽʞ ʰʘʨʽʚ ʜʨʫʢʦʚʘʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ, ʧʨʠʯʦʤʫ ʨʦʟʨʽʟʽʚ ʯʠ ʽʥʰʠʭ 

ʧʦʨʫʰʝʥʴ ʩʫʮʽʣʴʥʦʩʪʽ ʚ ʤʝʞʽ ʰʘʨʫ ʥʝʤʘʻ. ʊʘʢʦʞ, ʟʘʚʜʷʢʠ ʚʽʜʩʫʪʥʦʩʪʽ ʨʦʟʨʽʟʽʚ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʦʣʦʢʥʘ ʤʽʞ ʰʘʨʘʤʠ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʩʫʮʽʣʴʥʽʩʪʴ ʚʦʣʦʢʥʘ ʤʽʞ 

ʰʘʨʘʤʠ. ʈʦʟʛʣʷʜʘʶʯʠ ʦʜʠʥʠʯʥʝ ʚʦʣʦʢʥʦ, ʡʦʛʦ ʩʫʮʽʣʴʥʽʩʪʴ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ ʚ 

ʚʩʴʦʤʫ ʦʙôʻʤʽ ʜʝʪʘʣʽ. ʂʨʽʤ ʮʴʦʛʦ, ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʢʦʥʪʨʦʣʶ. ɺ ʢʦʥʪʝʢʩʪʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦ ʚʠʨʦʙʽʚ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ 3D-ʜʨʫʢʦʤ, ʙʫʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʥʠʟʢʘ ʚʠʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʪʘ 

ʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ. ʊʘʢʦʞ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʘʩʧʝʢʪ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʚʦʣʦʢʥʘ ʘʨʤʫʚʘʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʦʣʽʤʝʨʽ. ʗʢ ʪʦʡ ʚʠʜ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʨʦʙʦʪʽ, ʙʫʣʦ ʧʨʠʡʥʷʪʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʰʣʷʭʦʤ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʪʷʛ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ FDM/FFF 3D-ʧʨʠʥʪʝʨ ʟ ʢʽʥʝʤʘʪʠʢʦʶ Delta. ʎʷ ʢʽʥʝʤʘʪʠʢʘ 

ʪʘʢʦʞ ʙʫʣʘ ʦʙʨʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ. ʆʙʣʘʜʥʘʥʥʷ ̫ʚʣʷʻ ʩʦʙʦʶ 

ʚʫʟʣʠ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʧʣʘʪʬʦʨʤʫ ʧʦʙʫʜʦʚʠ 3D-ʧʨʠʥʪʝʨʫ ʪʘ ʚʠʢʦʥʫʶʪʴ 

ʬʫʥʢʮʽʾ ʫʪʨʠʤʘʥʥʷ, ʥʘʧʨʘʚʣʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʧʦʣʦʞʝʥʥʷ ʽ ʥʘʪʷʛʫ ʚʦʣʦʢʥʘ. 

ʆʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʝ ʘʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʚ 

ʧʨʦʮʝʩʽ ʜʨʫʢʫ. ʗʢ ʟʘʚʜʘʥʥʷ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ, ʙʫʣʦ ʟʘʧʣʘʥʦʚʘʥʦ ʧʨʦʚʝʜʝʥʥʷ 

ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʧʨʦʢʣʘʜʘʥʥʷ ʰʘʨʫ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʥʘ 

ʥʠʭ. ɺʽʜʧʦʚʽʜʥʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʜʥʘʥʥʷ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʧʘʨʪʽ ʾʟʨʘʟʢʽʚ ʟ 

ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʟʨʦʩʣʘ, ʚ ʚʘʨʽʘʥʪʽ ʘʨʤʫʚʘʥʥʷ ʟ 

ʥʘʡʢʨʘʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘ 80%, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï ʥʘ 101%. ʊʘʢʦʞ ʙʫʣʘ 

ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʪʘ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 
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ʯʘʩʪʦʪʠ ʧʨʦʢʣʘʜʘʥʥʷ ʚʦʣʦʢʥʘ, ʽ ʮʝ ʻ ʦʩʥʦʚʥʠʡ ʽ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʠʡ ʯʠʥʥʠʢ 

ʚʧʣʠʚʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʙʫʚ ʧʨʠʩʚʷʯʝʥʠʡ ʧʽʜʪʚʝʨʜʞʝʥʥʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʝʘʣʴʥʽʡ ʜʝʪʘʣʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʾ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ 

ʙʫʣʘ ʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʟʘʩʦʙʘʤʠ CAD ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ Solidworks. ɿʘ ʜʦʧʦʤʦʛʦʶ CAE ʤʦʜʫʣʶ ʮʽʻʾ ʧʨʦʛʨʘʤʠ ʜʦ ʜʝʪʘʣʽ 

ʙʫʣʦ ʥʘʢʣʘʜʝʥʦ ʤʘʪʝʨʽʘʣ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʘʣʽ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʠ, ʧʨʠ 

ʷʢʽʡ ʚʽʜʙʫʣʦʩʴ ʙ ʾʾ ʨʫʡʥʫʚʘʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʧʘʨʪʽʷ ʜʝʪʘʣʝʡ 

ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʧʨʦʙʫʚʘʥʴ, ʩʝʨʝʜʥʻ ʚʽʜʭʠʣʝʥʥʷ 

ʬʘʢʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʢʣʘʣʦ ʥʝ ʙʽʣʴʰʝ 

12%. ʎʝ ʧʨʠʡʥʷʪʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʝʪʘʣʝʡ ʟ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ̫ ʢ ʨʝʟʫʣʴʪʘʪ 

ʦʪʨʠʤʘʣʦ ʥʦʚʠʡ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ ʚʦʣʦʢʥʦʤ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ, ʩʪʚʦʨʶʶʯʠ 

ʨʽʟʥʦʚʠʜ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʪʘ ʤʝʪʦʜ 

ʘʨʤʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʧʦʩʽʙ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʮʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦʙʽʚ 

ʙʫʣʠ ʚʝʨʠʬʽʢʦʚʘʥʽ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʦʥʠ ʤʘʶʪʴ ʜʽʡʩʥʝ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʜʣʷ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʦʾ ʪʘ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʤʘʩʦʚʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʦʢʨʘʱʝʥʠʭ ʧʠʪʦʤʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʮʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʽʘʮʽʡʥʘ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ, ʘʜʠʪʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʧʦʰʘʨʦʚʠʡ ʩʠʥʪʝʟ, 3D-ʜʨʫʢ, ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʘʨʤʫʚʘʥʥʷ ʚʦʣʦʢʥʦʤ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. 
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after O. Honchar, Dnipro, 2025. 

The dissertation is devoted to the improvement of the technology of layer-by-

layer synthesis of products from polymer composite materials in order to improve 

the strength characteristics of parts and products. The work used methods of 

modeling, analysis of materials and products by the finite element method and 

experimental studies of samples. 

Production technologies in all branches of mechanical engineering are moving 

towards more and more widespread use of the latest and advanced technologies to 

improve production efficiency and product quality. The aviation and rocket and 

space industry also continues to develop and introduce new technologies. The main 

goal is to improve the performance of products, one of the main ones is to improve 

the mass perfection of aircraft designs. This is possible not only through the use of 

new designs and materials, but also through the latest production technologies. For 

example, a wide range of additive manufacturing technologies allows you to 

improve production efficiency and expand the range of products that can be 

manufactured on one type of equipment. 

Layer-by-layer synthesis allows you to manufacture parts of much more 

complex geometry with less capital expenditure on equipment and fixtures. It also 

allows you to design more advanced assemblies and parts with more complex 

geometry, which would be much more difficult to manufacture using traditional 

production methods. In this case, traditional types of production and processing of 

parts that work with the removal of material from a certain fixed volume of the 

workpiece. In contrast, layer-by-layer synthesis involves adding material in the form 

of powder, rod, resin, etc. to the working area, building up the part layer by layer. 

This not only improves material utilization, but also allows products that are 

traditionally composed of many parts to be manufactured as a single body. The 

ability to use one type of equipment to produce a wide range of parts also allows for 

greater standardization of production steps and processes. 
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Although currently the development in the field of layer-by-layer synthesis is 

dominated by technologies that use metal as a material, polymer synthesis 

technologies also continue to occupy a significant segment of production. Polymers 

of layer-by-layer synthesis allow you to create parts of complex shape more 

efficiently, especially if the products are not subjected to high loads, or their creation 

from more traditional materials and traditional methods would be more expensive 

or require a little more labor. However, polymer layer-by-layer technologies also 

require improvement. One of the methods is the use of composite materials instead 

of pure polymer. This allows you to increase the specific strength and other 

mechanical and operational parameters of products. And although layer-by-layer 

synthesis technologies are already quite widely represented on the market and in 

industry, they can still be improved. 

As part of the dissertation work, an analysis of existing technologies for layer-

by-layer synthesis of parts from polymeric materials and polymeric composite 

materials was first conducted, the main materials used were considered and 

analyzed. Special attention was paid to aspects of the application of these 

technologies and methods in aviation and rocket and space technology. During the 

analysis, the main shortcomings were identified, the elimination of which requires 

work. The main shortcomings were considered to be non-compliance with the 

continuity of the reinforcing fiber, the impossibility of precise and selective control 

of the position of the fiber within the layer, as well as insufficient predictability of 

the final characteristics. In the next section, the materials used for the study were 

selected, the choice of the main polymeric material and the reinforcing material was 

justified. A copolymer of polyethylene terephthalate (coPET) was taken as the main 

polymer, and basalt fiber as the reinforcing fiber. The criteria for developing a new 

reinforcement structure are substantiated and a structure of a new type of 

reinforcement of parts in the FDM/FFF 3D printing process is developed in order to 

obtain parts from a polymer composite material. The developed structure is a layer-

by-layer fiber laid between the layers of the printed base polymer, and there are no 

cuts or other disruptions of continuity at the layer boundary. Also, due to the absence 
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of cuts at the transition of the fiber between layers, the continuity of the fiber 

between layers is also preserved. Considering a single fiber, its continuity is not 

disturbed throughout the entire volume of the part. In addition, research and control 

methods were considered. In the context of the possibilities and features of using 

products manufactured by 3D printing, a number of types of non-destructive and 

destructive testing and testing were analyzed. The aspect of their use in the presence 

of continuous reinforcing fibers in the main polymer was also considered. The type 

that will be used in the work was taken as the study of strength by tensile testing. 

In the third section, a technological device was developed for installation on 

an FDM/FFF 3D printer with Delta kinematics. This kinematics was also selected in 

accordance with the analysis. The device is a set of nodes that are installed on the 

3D printer construction platform and perform the functions of holding, directing and 

controlling the position and tension of the fiber. The device allows for unidirectional 

reinforcement of the polymer during the printing process.ШAs a task for the tests, it 

was planned to analyze the influence of the frequency of laying the reinforcing fiber 

layer on the strength characteristics of the material and analyze the influence of the 

filling density on them. Accordingly, using the device, batches of samples from a 

polymer composite material were manufactured and the samples were tested. 

According to the results, the tensile strength increased, in the reinforcement variant 

with the best results, by 80%, the modulus of elasticity - by 101%. The dependence 

of the strength properties of the samples and the material on the frequency of laying 

the fiber was also established, and this is the main and most influential factor 

affecting the properties. 

The fourth section was devoted to confirming the test results on a real part 

according to its operating conditions. For this purpose, a model of a complex-shaped 

part was created using the Solidworks CAD software. Using the CAE module of this 

program, a material with the characteristics obtained as a result of the experiment 

was applied to the part. Then, the part was studied to determine the force at which 

its failure would occur. After that, a batch of parts was manufactured for testing. 

According to the test results, the average deviation of the actual failure load from 
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the calculated one was no more than 12%. This is an acceptable result for 

engineering calculations of polymer composite materials. 

The research conducted within the framework of the dissertation work 

resulted in a new method of fiber reinforcement of polymer products, creating a type 

of polymer composite material. The developed scheme and method of 

reinforcement, as well as the method of calculating the final parameters of parts and 

products were verified in the research process. They have real practical significance 

and can be implemented for the manufacture of parts for rocket and space and 

aviation technology in order to improve the mass perfection of the design due to 

improved specific strength properties. 

Keywords: aviation and rocket and space technology, additive technologies, 

layer-by-layer synthesis, 3D printing, polymer composite materials, fiber 

reinforcement, finite element method. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

 

ʇʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʝʡ ʪʘ 

ʚʠʨʦʙʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʘʤʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ, ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ 

ʽ ʧʦ ʮʝʡ ʜʝʥʴ. ʆʩʦʙʣʠʚʦ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ ʧʨʷʤʦʛʦ ʚʞʠʪʢʫ ʚ ʩʬʝʨʽ ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ 

ʪʝʭʥʽʢʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʧʦʪʨʝʙʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʠʭ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʤʘʩʦʚʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʪʝʭʥʽʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʩʫʭʦʾ ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɿʦʢʨʝʤʘ, ʦʜʠʥ ʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʤʽʩʪʴ ʟʚʠʯʘʡʥʠʭ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʣʽʤʝʨʽʚ. ɿʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʟ ʙʽʣʴʰ 

ʚʠʩʦʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʮʥʦʩʪʽ, ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʚʠʱʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʧʦʣʽʤʝʨʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʙʝʟ 

ʟʤʽʥʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʨʦʙʽʚ ʧʦʢʨʘʱʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ʪʘ/ʘʙʦ ʞʦʨʩʪʢʽʩʪʴ 

ʜʝʪʘʣʝʡ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʭ ʜʦʧʫʩʪʠʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʤʘʩʦʚʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʚʠʨʦʙʽʚ 

ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʡ ʧʦʻʜʥʘʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʜʝʪʘʣʝʡ ʤʝʪʦʜʘʤʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ. 

ʇʦʰʘʨʦʚʠʡ ʩʠʥʪʝʟ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʚʠʨʦʙʠ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ 

ʬʦʨʤ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʦʧʦʣʦʛʽʾ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʚʠʨʦʙʥʠʮʪʚʦ ʪʘʢʠʭ ʪʦʧʦʣʦʛʽʯʥʦ-ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʝ ʘʙʦ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʝ, ʯʝʨʝʟ 

ʧʦʪʨʝʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʨʦʙʢʠ ʬʦʨʤ ʩʢʣʘʜʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʄʝʪʦʜʠ 

ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʜʦʟʚʦʣʷʶʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʧʦʪʨʝʙʫ ʫ ʦʙʨʦʙʮʽ ʩʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʽʾ, ʙʦ ʚʠʨʽʙ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʫ ʚʞʝ ʚ ʛʦʪʦʚʦʤʫ ʚʠʛʣʷʜʽ ʟ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʤ ʦʙôʻʤʦʤ ʦʧʝʨʘʮʽʡ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʊʘʢʦʞ, ʦʩʢʽʣʴʢʠ 
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ʤʝʪʦʜʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʻ ʘʜʠʪʠʚʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʫ ʪʘʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘʙʘʛʘʪʦ ʚʠʱʠʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʟ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʤʘʩʦʚʦʾ 

ʜʦʩʢʦʥʘʣʦʩʪʽ. 

 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ 

 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ɼʥʽʧʨʦʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ ʚ ʨʘʤʢʘʭ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʠ çʉʪʚʦʨʝʥʥʷ ʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʨʘʢʝʪʥʠʭ ʟʘʩʦʙʽʚ ʫʨʘʞʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴè, ˉ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0123U101855. 

 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 3D-ʜʨʫʢʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʽ ʪʘ ʨʦʟʚôʷʟʘʥʽ ʥʘʩʪʫʧʥʽ 

ʟʘʚʜʘʥʥʷ:  

- ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʪʘ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʥʝʜʦʣʽʢʠ 

ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ;  

- ʜʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ 

ʤʝʪʦʜʘʤʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ;  

- ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʤʘʪʨʠʮʽ ʪʘ ʘʨʤʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ;  

- ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʚʠʛʦʪʦʚʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ; 
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- ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ 3D-ʜʨʫʢʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʨʦʟʨʦʙʣʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʩʭʝʤʠ ʽ ʨʝʞʠʤʠ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʟ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 3D-ʜʨʫʢʫ; 

- ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʚʠʨʦʙʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʦʰʘʨʦʚʠʡ ʩʠʥʪʝʟ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʭʝʤʠ, ʤʝʪʦʜʠ ʪʘ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʰʘʨʦʚʠʤ ʩʠʥʪʝʟʦʤ. 

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

 ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʤʘʪʝʨʽʘʣʫ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʝʪʦʜʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʠʤʫʣʷʮʽʻʶ 

ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

- ʨʦʟʨʦʙʣʝʥʦ ʥʦʚ̔ ʩʭʝʤʫ ʪʘ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚʦʣʦʢʥʦʤ ʚ 

ʧʨʦʮʝʩʽ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʘʨʤʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʢʣʘʜʘʥʥʷʤ 

ʚʦʣʦʢʥʘ ʤʽʞ ʜʨʫʢʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ ʟ ʟʙʝʨʝʞʝʥʥʷʤ 

ʩʫʮʽʣʴʥʦʩʪʽ ʚʦʣʦʢʥʘ; 

- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʨʤʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʙʘʟʘʣʴʪʦʚʠʤ ʚʦʣʦʢʥʦʤ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ, ʫ ʚʠʧʘʜʢʫ ʥʘʡʢʨʘʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʘʨʤʫʚʘʥʥʷ, ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʘʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 80% ʪʘ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʥʘ 101% ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʝʘʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 
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- ʜʦʚʝʜʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʨʦʙʫ ʻ ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʨʤʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʽ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʱʽʣʴʥʦʩʪʽ 

ʟʘʧʦʚʥʝʥʥʷ ʜʝʪʘʣʽ ʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ ʘʨʤʫʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʘʢʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʥʠʭ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʘʨʤʫʚʘʥʥʷ ʪʘ 3D-ʜʨʫʢʫ; 

- ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʘʨʤʦʚʘʥʦʛʦ ʧʦʣʽʤʝʨʫ 

ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʽʚ 3D-ʜʨʫʢʫ.  

 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

- ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʽ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʚʦʣʦʢʥʦʤ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ FDM/FFF 3D-ʜʨʫʢʫ, ʟ ʦʧʠʩʦʤ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʨʫʢʫ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʾʭ ʚʠʙʦʨʫ, ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ 

ʜʣʷ ʘʨʤʫʚʘʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 3D-ʧʨʠʥʪʝʨ ʟ ʢʽʥʝʤʘʪʠʢʦʶ ʪʠʧʫ Delta ʽ 

ʧʨʠʡʦʤʠ ʚʠʢʦʥʘʥʥʷ ʘʨʤʫʚʘʥʥʷ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙʨ̌ʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʤʝʭʘʥʽʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʰʘʨʦʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʱʦ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ; 

- ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ 

ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ ʪʘ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʦʩʚʽʪʠ ʤʦʣʦʜʽ ʽʤʝʥʽ ʆ.ʄ. ʄʘʢʘʨʦʚʘ (ʘʢʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʢʣʘʜʝʥʽ ʚ ʜʦʜʘʪʢʘʭ ɸ ʽ ɹ). 

 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʩʫʯʘʩʥʠʭ ʪʘ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʭ ʤʝʪʦʜʽʚ 

ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 
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ʤʝʪʦʜʽʚ ʽ ʨʝʞʠʤʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʫʢʦʚʽ 

ʧʦʣʦʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʨʦʟʚʠʥʫʪʽ ʫ ʜʠʩʝʨʪʘʮʽʾ, ʦʙˇʨʫʥʪʦʚʘʥʽ, 

ʧʨʦʚʝʜʝʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʝʘʣʽʟʘʮʽʻʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ɺʠʩʥʦʚʢʠ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ʨʦʙʦʪʽ, ʥʝ ʩʫʧʝʨʝʯʘʪʴ 

ʢʣʘʩʠʯʥʠʤ ʫʷʚʣʝʥʥʷʤ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ 

 

 ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ ʪʘ ʟ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʧʨʦʚʝʜʝʥʦ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʾʭ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʧʽʜʛʦʪʦʚʣʝʥʽ ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ 

ʪʘ ʜʦʧʦʚʽʜʽ ʜʣʷ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ɸʚʪʦʨʦʤ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 

ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ, ʧʨʦʚʝʜʝʥʦ ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. ɸʚʪʦʨʦʤ ʨʘʟʦʤ ʟ 

ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʚʠʟʥʘʯʝʥʽ ʤʝʪʘ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʥʘʫʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʩʽʭ ʝʪʘʧʽʚ ʨʦʙʦʪʠ ʟʜʦʙʫʚʘʯʝʤ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ, 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʇʦ ʤʘʪʝʨʽʘʣʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ 4 ʩʪʘʪʪʽ ʫ ʬʘʭʦʚʠʭ 

ʞʫʨʥʘʣʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʫ ʟʙʽʨʢʘʭ ʪʝʟ ʄʽʞʥʘʨʦʜʥʦ ʾʤʦʣʦʜʽʞʥʦ ʾ

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦ ʾʢʦʥʬʝʨʝʥʮʽ ʾçʃʶʜʠʥʘ ʽ ʂʦʩʤʦʩè 2023, 2024 ʽ 2025 ʨʦʢʽʚ ʪʘ 

ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ Challenges and Issues of Modern Science ʫ 2023 ʪʘ 

2024 ʨʦʢʘʭ. 
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1 ɸʅɸʃɯɿ ʊɽʅɼɽʅʎɯʁ ɺʀʂʆʈʀʉʊɸʅʅʗ ʊɽʍʅʆʃʆɻɯʁ 

ʇʆʐɸʈʆɺʆɻʆ ʉʀʅʊɽɿʋ ɼɽʊɸʃɽʁ ɿ ʇʆʃɯʄɽʈʅʀʍ 

ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ʋ ɸɺɯɸʎɯʁʅɯʁ ʊɸ ʈɸʂɽʊʅʆ-

ʂʆʉʄɯʏʅɯʁ ʊɽʍʅɯʎɯ 

 

1.1 ʆʛʣʷʜ ʤʝʪʦʜʽʚ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʽʘʮʽʡʥʽʡ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ 

 

ʊʝʭʥʦʣʦʛʽʾ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦʙʽʚ 

ʧʨʦʜʦʚʞʫʶʪʴ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚ ʘʚʽʘʮʽʡʥʽʡ ʪʘ ʨʘʢʝʪʥʦ-

ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ. ʇʦʰʘʨʦʚʠʡ ʩʠʥʪʝʟ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʝʚʥʫ ʩʫʢʫʧʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʡ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʨʦʙʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʫ ʷʢʠʭ ʤʘʪʝʨʽʘʣ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʟʘʛʦʪʦʚʢʠ 

ʧʝʚʥʦʛʦ ʦʙôʻʤʫ ʪʘ ʬʦʨʤʠ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʦʜʥʘ ʟ ʧʝʨʝʚʘʛ ʪʝʭʥʦʣʦʛʽʡ 

ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ï ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʽʚ ʟʘʛʦʪʽʚʝʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʥʠʭ. ʍʦʯʘ ʜʣʷ ʧʝʚʥʠʭ ʚʠʜʽʚ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ, ʦʧʝʨʘʮʽʾ ʧʽʜʛʦʪʦʚʢʠ 

ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʮʝ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʫʥʽʬʽʢʘʮʽʻʶ ʧʽʜʛʦʪʦʚʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʚʠʨʦʙʽʚ. ʊʘʢʦʞ, ʦʩʢʽʣʴʢʠ 

ʚʠʨʽʙ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʚ ʩʪʘʥʽ ʛʦʪʦʚʦʛʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʤʦʚʥʦ ʟʘ ʦʜʥʫ 

ʦʧʝʨʘʮʽʶ, ʮʝ ʟʤʝʥʰʫʻ ʧʦʪʨʝʙʫ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʦʪʽʚʦʢ ʪʘ ʜʝʪʘʣʝʡ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʠʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʠʡʦʤʠ ʜʣʷ ʦʧʝʨʘʮʽʡ 

ʧʦʩʪ-ʦʙʨʦʙʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʫʥʽʬʽʢʦʚʘʥʝ ʜʣʷ ʚʝʣʠʢʦʾ 

ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʠʨʦʙʽʚ ʪʘ ʜʝʪʘʣʝʡ [1]. 

ʂʨʽʤ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʛ, ʧʦʰʘʨʦʚʠʡ ʩʠʥʪʝʟ ʜʦʟʚʦʣʷʻ 

ʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʚʠʛʦʪʦʚʣʷʪʠ ʚʠʨʦʙʠ, ʱʦ ʙʫʣʦ ʙ ʩʢʣʘʜʥʦ ʘʙʦ ʥʝʤʦʞʣʠʚʦ 

ʚʠʛʦʪʦʚʠʪʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʏʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʚʽʣʴʥʦʛʦ 
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ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʠ ʱʦ ʪʨʘʜʠʮʽʡʥʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʷʢ ʩʢʣʘʜʘʣʴʥʠʡ ʚʫʟʦʣ, 

ʤʦʞʫʪʴ ʚʠʛʦʪʦʚʣʷʪʠʩʴ ʟ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʪʘʣʝʡ ʯʠ ʚʟʘʛʘʣʽ ʙʫʪʠ 

ʧʝʨʝʢʦʤʧʦʥʦʚʘʥʠʤʠ ʚ ʦʜʥʫ ʜʝʪʘʣʴ. ʊʘʢʦʞ ʧʝʨʝʚʘʛʦʶ ʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʚôʷʟʢʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʨʦʙʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʜʦ ʽʩʥʫʶʯʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʯʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʚʠʨʦʙʠ ʟ ʦʧʪʠʤʽʟʦʚʘʥʦʶ 

ʪʦʧʦʣʦʛʽʻʶ ʪʘ ʬʦʨʤʦʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʤʘʩʦʚʫ ʝʬʝʢʪʠʚʥʽʩʪʴ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʠ, ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʥʶ ʨʦʙʦʪʠ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʜʝ 

ʧʨʠʜʽʣʝʥʘ ʪʠʤ ʨʽʟʥʦʚʠʜʘʤ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ, ʷʢʽ ʫ ʷʢʦʩʪʽ 

ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ. ʊʘʢʽ ʚʠʜʠ 

ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʪʘʢʦʞ ʤʘʶʪʴ ʥʘʟʚʫ 3D-ʜʨʫʢ. ɯʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʪʘʢʦʛʦ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ: 

- Fused Deposition Modeling (FDM)/Fused Filament Fabrication (FFF) 

ï ʮʝʡ ʚʠʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʽ ʧʦʣʽʤʝʨʠ 

(ʬʽʣʘʤʝʥʪʠ), ʱʦ ʧʦʜʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʧʦʙʫʜʫʚʘʥʥʷ ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ, 

ʚôʷʟʢʦʪʝʢʫʯʦʤʫ ʩʪʘʥʽ, ʽ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʡʜʝ ʰʘʨ ʟʘ ʰʘʨʦʤ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʧʦʚʝʨʭʥʽ ʜʨʫʢʫʚʘʣʴʥʦʛʦ ʩʪʦʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʪʨʫʜʝʨʘ ʟ ʩʠʩʪʝʤʦʶ ʥʘʛʨʽʚʫ, ʽ 

ʧʦʙʫʜʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ 

ʚʽʜʥʦʩʥʦ ʜʨʫʢʫʚʘʣʴʥʦʛʦ ʩʪʦʣʘ ʧʦ ʟʛʝʥʝʨʦʚʘʥʽʡ ʧʨʦʛʨʘʤʽ (ʨʠʩ. 1.1); 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ FDM/FFF 3D-ʧʨʠʥʪʝʨʘ 



ΞΝ 
 

 

- Stereolithography (SLA) ï ʮʝʡ ʚʠʜ ʚʠʢʦʨʠʩʪʦʚʫ ̒ʨʽʜʢʠʡ ʧʦʣʽʤʝʨ ʫ 

ʚʠʛʣʷʜʽ ʩʤʦʣʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʯʘʥʽ, ʽ ʜʨʫʢ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜ ʧʣʘʪʬʦʨʤʠ 

ʧʦʙʫʜʦʚʠ, ʱʦ ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʩʤʦʣʫ. ɼʣʷ ʧʦʣʽʤʝʨʽʟʘʮʽʾ ʩʤʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ, ʷʢʠʡ ʟʘʩʚʽʯʫʻ ʩʤʦʣʫ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʜʟʝʨʢʘʣ, ʩʢʘʥʫʶʯʠ ʢʦʞʝʥ 

ʦʢʨʝʤʠʡ ʰʘʨ ʧʽʩʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʪʦʚʱʠʥʫ 

ʰʘʨʫ [2] (ʨʠʩ.1.2); 

-  Direct Light Processing (DLP) ï ʫ ʮʴʦʤʫ ʚʠʜʽ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʢʠʡ ʧʦʣʽʤʝʨ ï ʩʤʦʣʘ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ SLA, 

ʧʦʣʽʤʝʨʽʟʘʮʽʷ ʰʘʨʫ ʩʤʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʝʢʪʦʨʫ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʽʜ ʯʘʥʦʤ ʩʤʦʣʠ, ʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʫʨʫ ʰʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʜʦʧʦʤʦʛʦʶ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʤʘʪʨʠʮʽ [3] (ʨʠʩ. 1.2); 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ SLA ʪʘ DLP ʜʨʫʢʫ 

 

- Binder Jetting ï ʮʝʡ ʚʠʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʨʽʙʥʦʜʽʩʧʝʨʩʥʠʡ ʧʦʨʦʰʦʢ 

ʧʦʣʽʤʝʨʫ, ʱʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʣʦʱʠʥʽ ʧʦʙʫʜʦʚʠ, ʽ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʚ ʧʣʦʱʠʥʫ ʧʨʦʝʢʮʽʾ ʰʘʨʫ ʥʘʥʦʩʠʪʴʩʷ ʟʚôʷʟʫʶʯʠʡ ʤʘʪʝʨʽʘʣ 

(ʟʘʟʚʠʯʘʡ ʨʽʜʠʥʘ), ʧʽʩʣʷ ʯʦʛʦ ʧʣʦʱʠʥʘ ʧʦʙʫʜʦʚʠ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʥʘ ʪʦʚʱʠʥʫ 
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ʚʽʜʧʦʚʽʜʥʦʛʦ ʰʘʨʫ, ʥʘʥʦʩʠʪʴʩʷ ʽ ʚʠʨʽʚʥʶʻʪʴʩʷ ʰʘʨ ʧʦʨʦʰʢʫ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ 

ʮʠʢʣʫ ʰʘʨʦʫʪʚʦʨʝʥʥʷ (ʨʠʩ. 1.3); 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ Binder Jetting 3D-ʧʨʠʥʪʝʨʫ 

 

- PolyJet ï ʮʝʡ ʚʠʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦʩʪʨʫʤʝʥʝʚʫ ʛʦʣʦʚʢʫ, ʱʦ 

ʥʘʥʦʩʠʪʴ ʨʽʜʢʫ ʧʦʣʽʤʝʨʥʫ ʩʤʦʣʫ, ʯʫʪʣʠʚʫ ʜʦ ʋʌ ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʫ ʚʠʛʣʷʜʽ 

ʢʨʘʧʝʣʴ, ʧʦʣʽʤʝʨʽʟʘʮʽʷ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʟʘʚʜʷʢʠ 

ʩʠʩʪʝʤʽ ʣʘʤʧ, ʟʤʦʥʪʦʚʘʥʠʭ ʥʘ ʢʘʨʝʪʮʽ. ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʥʘʥʝʩʝʥʥʷ ʩʤʦʣʠ 

ʧʦʚʝʨʭʥʷ ʧʦʙʫʜʦʚʠ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʥʘ ʪʦʚʱʠʥʫ ʰʘʨʫ ʜʣʷ ʧʦʚʪʦʨʝʥʥʷ ʮʠʢʣʫ [4] 

(ʨʠʩ. 1.4). 
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ʈʠʩʫʥʦʢ 1.4 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ PolyJet 3D-ʜʨʫʢʫ 

 

ʉʝʨʝʜ ʚʠʜʽʚ ʪʘʢʦʛʦ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʬʝʨʽ 

ʘʚʽʘʮʽʡʥʦʾ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ (ɸʈʂʊ), ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ 

FDM/FFF, SLA ʪʘ DLP. ɰʭ ʧʝʨʝʚʘʛʘʤʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʻ 

ʨʦʟʤʽʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʽʚ, ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʽʤʝʨʽʚ, ʥʠʞʯʘ ʚʘʨʪʽʩʪʴ ʽ ʤʝʥʰʘ ʩʢʣʘʜʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʯʥʠʭ, ʥʝʩʝʨʽʡʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʩʥʫʶʯʠʭ 

ʨʽʰʝʥʴ ʪʘ ʧʨʦʧʦʟʠʮʽʡ ʧʦ ʪʝʭʥʦʣʦʛʽʷʤ ʪʘ ʤʘʪʝʨʽʘʣʘʤ. 

ʇʝʨʝʚʘʛʘʤʠ FDM/FFF ʜʨʫʢʫ ʻ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʨʦʰʢʦʚʠʤʠ ʧʦʣʽʤʝʨʘʤʠ ʯʠ 

ʩʤʦʣʘʤʠ), ʥʠʟʴʢʘ ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ ʪʘ ʢʽʥʮʝʚʠʭ ʚʠʨʦʙʽʚ, ʧʨʦʩʪʦʪʘ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ 

ʦʩʥʦʚʥʠʭ ʬʦʨʤ ʧʦʩʪ-ʦʙʨʦʙʢʠ, ʚʠʩʦʢʘ ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʧʦʣʽʤʝʨʽʚ (ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʧʦʨʦʰʢʦʚʠʤʠ ʧʦʣʽʤʝʨʘʤʠ ʽ ʩʤʦʣʘʤʠ). ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ 

ʩʠʥʪʝʟʫ ʷʢ ʢʽʥʮʝʚʠʭ ʜʝʪʘʣʝʡ, ʪʘʢ ʽ ʧʨʦʪʦʪʠʧʽʚ ʯʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ FDM ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʪʦʪʠʧʽʚ ʙʫʣʦ ʧʦʯʘʪʢʦʚʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ/ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʴʦʛʦ ʚʠʜʫ ʩʠʥʪʝʟʫ, ʯʝʨʝʟ ʤʘʣʫ ʚʘʨʪʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ, ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʪʘ ʥʠʟʴʢʽ ʟʘʪʨʘʪʠ ʧʨʘʮʽ. ʎʝʡ ʚʠʜ 

ʧʦʣʽʤʝʨʥʦʛʦ ʩʠʥʪʝʟʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʛʝʦʤʝʪʨʽʾ, 



ΞΠ 
 
ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʣʽʤʝʨʥʠʤ ʧʨʦʪʦʪʠʧʘʤ ʙʫʪʠ ʜʦʩʪʦʚʽʨʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ 

ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ, ʱʦ ʫ ʢʽʥʮʝʚʦʤʫ ʚʠʛʣʷʜʽ ʙʫʜʫʪʴ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʙʽʣʴʰ ʜʦʨʦʛʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʯʠ ʩʧʦʩʦʙʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʙʽʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʘʮʽ. ʊʘʢʦʞ, 

ʟʘʚʜʷʢʠ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʣʽʤʝʨʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʽ 

ʟʤʽʥʶʚʘʪʠ ʢʽʥʮʝʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʥʪʝʟʫ, ʤʦʞʣʠʚʦ ʤʦʜʝʣʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʘʥʘʣʦʛʽʶ ʧʦʣʽʤʝʨʥʦʛʦ ʧʨʦʪʦʪʠʧʫ ʜʦ ʢʽʥʮʝʚʦʛʦ ʚʠʨʦʙʫ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ 

ʦʪʨʠʤʫʶʪʴ ʤʘʩʦʚʦ-ʛʘʙʘʨʠʪʥʽ ʟʨʘʟʢʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʠʩʪʨʦʾʚ, ʝʣʝʤʝʥʪʠ ʜʣʷ 

ʧʨʦʪʦʪʠʧʽʚ ʨʦʟʤʽʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʢʦʤʧʦʥʫʚʘʥʥʷ, ʜʝʪʘʣʽ ʜʣʷ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʩʢʣʘʜʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʦʱʦ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ FDM/FFF 

ʩʠʥʪʝʟʫ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʦ ʯʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʩʪʚʦʨʝʥʥʷ ʦʩʥʘʱʝʥʥʷ 

ʧʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʪʨʝʙʠ ʢʦʞʥʦʛʦ ʚʠʨʦʙʫ ʥʘ ʢʦʞʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ. 

ʅʘʷʚʥʽʩʪʴ ʫʩʴʦʛʦ ʣʠʰ ʦʜʥʦʛʦ ʧʨʠʥʪʝʨʫ ʜʦʟʚʦʣʷʻ ʥʘ ʤʽʩʮʽ ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʽ 

ʚʠʨʦʙʥʠʯʽ ʩʧʨʦʤʦʞʥʦʩʪʽ, ʱʦ ʟʤʝʥʰʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʩʪʦʾ ʪʘ ʧʨʠʙʠʨʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʪʨʘʪ ʯʘʩʫ ʽ ʢʦʰʪʽʚ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʦʩʥʘʱʝʥʥʷ ʫ ʽʥʰʠʭ 

ʚʠʨʦʙʥʠʢʽʚ. ɺʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʪʘ ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʧʦʣʽʤʝʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʻʶ ʩʠʥʪʝʟʫ, ʯʘʩʪʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʪʨʝʙʠ ʚʠʨʦʙʥʠʮʪʚ, ʘ ʣʝʛʢʽʩʪʴ 

ʧʦʩʪ-ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʝʚʝʣʠʢʽ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʧʽʜʣʘʰʪʫʚʘʥʥʷ çʧʦ ʤʽʩʮʶè ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʚʪʦʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ 

ʯʠ ʟʘʣʫʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʈʦʟʛʣʷʜʘʶʯʠ ʧʠʪʘʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʪʘ 

ʪʚʝʨʜʦʩʪʽ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʧʝʨʝʚʘʛʦʶ ʜʝʪʘʣʝʡ ʦʪʨʠʤʘʥʠʭ FDM/FFF 

ʩʠʥʪʝʟʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʦʣʽʤʝʨʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ. ʊʘʢ ʤʦʞʥʘ ʚʠʛʦʪʦʚʣʷʪʠ ʟʘʭʚʘʪʥʽ 

ʧʨʠʩʪʨʦʾ, ʜʝʪʘʣʽ ʪʘ ʚʫʟʣʠ ʩʢʣʘʜʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʣʦʞʝʤʝʥʪʠ, 

ʬʦʨʤʠ ʜʣʷ ʚʠʢʣʘʜʢʠ ʽ ʣʠʪʪʷ, ʜʝʪʘʣʽ ʥʘʧʨʷʤʥʠʭ ʪʘ ʢʦʥʜʫʢʪʦʨʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ, 

ʪʦʱʦ. ʆʢʨʽʤ ʮʴʦʛʦ, ʤʦʞʣʠʚʦ ʚʠʛʦʪʦʚʣʷʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʤʝʪʦʜʘʤʠ FDM/FFF 

ʜʨʫʢʫ, ʫ ʚʠʧʘʜʢʫ ʧʦʪʨʝʙʠ ʫ ʩʧʝʮʠʬʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ, ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʫ çʥʘ ʦʜʠʥ ʨʘʟè. ʊʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘ ʤʽʩʮʽ ʘʢʪʫʘʣʴʥʝ ʫ 



ΞΡ 
 
ʚʠʧʘʜʢʘʭ ʢʦʣʠ ʜʦʩʪʘʚʢʘ ʯʠ ʚʠʨʦʙʥʠʮʪʚʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʧʦʚôʷʟʘʥʦ 

ʟ ʣʦʛʽʩʪʠʯʥʠʤʠ ʪʘ/ʘʙʦ ʝʢʦʥʦʤʽʯʥʠʤʠ ʩʢʣʘʜʥʦʱʘʤʠ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʢʽʥʮʝʚʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʝʪʘʣʝʡ FDM/FFF ʩʠʥʪʝʟʦʤ 

ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚ ʦʙʣʘʜʥʘʥʥʽ ʚʩʝ ʰʠʨʰʝ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʰʚʠʜʢʦʛʦ, ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʤʝʥʰʫʚʘʪʠ ʥʝʜʦʣʽʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʰʚʠʜʢʽʩʪʶ ʜʨʫʢʫ, ʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʨʦʮʝʩʫ, ʱʦ ʜʘʻ ʙʽʣʴʰʫ ʩʚʦʙʦʜʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ, ʟʤʝʥʰʫʻ ʦʙôʻʤʠ ʧʦʩʪ-ʦʙʨʦʙʢʠ ʪʘ ʷʢʥʘʡʧʦʚʥʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʽʚ. ɺ ɸʈʂʊ ʪʘʢʽ ʢʽʥʮʝʚʽ ʚʠʨʦʙʠ ʙʽʣʴʰ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʘʤʝ ʚ ʘʚʽʘʙʫʜʫʚʘʥʥʽ ʯʝʨʝʟ ʣʝʛʢʽʩʪʴ ʧʦʣʽʤʝʨʥʠʭ 

ʚʠʨʦʙʽʚ, ʪʦʯʥʽʩʪʴ ʬʦʨʤ ʪʘ ʧʦʚʝʨʭʦʥʴ, ʥʘʷʚʥʦʩʪʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʦʣʽʤʝʨʽʚ ʟ 

ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ, ʩʪʽʡʢʽʩʪʶ ʜʦ ʤʘʩʝʣ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʪʘ ʽʥʰʠʭ ʩʧʝʮʠʬʽʯʥʠʭ 

ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʊʘʢʦʞ, ʤʦʞʣʠʚʽʩʪʴ ʜʨʫʢʫ ʦʜʠʥʠʯʥʠʭ ʜʝʪʘʣʝʡ ʙʝʟ 

ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʽʜʛʦʪʦʚʢʫ ʤʘʻ ʚʝʣʠʢʫ ʢʦʨʠʩʪʴ ʚ ʫʤʦʚʘʭ 

ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʪʘ ʦʜʠʥʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʢʦʣʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʜʦʨʦʛʦʛʦ ʦʩʥʘʱʝʥʥʷ ʥʝ ʙʫʜʝ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ [5]. ʎʝ 

ʜʦʙʨʝ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʨʝʤʦʥʪʥʠʭ ʨʦʙʦʪʘʭ ï ʜʣʷ ʜʨʽʙʥʦʛʦ ʨʝʤʦʥʪʫ ʯʠ 

ʟʘʤʽʥʠ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ, ʦʨʠʛʽʥʘʣʠ ʷʢʠʭ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʧʦʣʽʤʝʨʽʚ ʣʠʪʪʷʤ.  

ʄʦʞʣʠʚʽʩʪʴ ʜʨʫʢʫ ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ ʥʝʪʠʧʦʚʠʭ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʬʦʨʤ ʥʘʜʘʻ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʩʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʦʧʦʣʦʛʽʾ 

ʚʠʨʦʙʽʚ, ʟʤʝʥʰʫʶʯʠ ʤʘʩʫ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʟ ʚʪʨʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʃʝʛʢʘ ʦʙʨʦʙʣʶʚʘʥʽʩʪʴ ʧʦʣʽʤʝʨʽʚ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʥʘʥʝʩʝʥʥʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʝʢʦʨʘʪʠʚʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘʢʦʞ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʽʚ ʪʘ ʚʫʟʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʘʝʨʦʜʠʥʘʤʽʢʠ. ɺʠʩʦʢʘ 

ʪʦʯʥʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ ʜʦʟʚʦʣʷʻ ʟʘʤʽʥʶʚʘʪʠ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʝʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ ʪʘ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʽ ʢʝʨʫʚʘʥʥʷ. ɺ 

ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʽ ʧʦʣʽʤʝʨʥʽ ʜʨʫʢʦʚʘʥʽ ʜʝʪʘʣʽ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʟʘʤʽʥʶʚʘʪʠ 

ʚʫʟʣʠ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʮʥʦʩʪʽ ʯʠ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʩʪʽʡʢʦʩʪʽ, ʯʝʨʝʟ ʱʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʾʭ ʟ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʘʣʽʚ ʯʠ ʣʠʪʠʭ ʧʦʣʽʤʝʨʽʚ 

ʚʠʛʦʪʦʚʣʷʻ ʩʫʪʪʻʚʦ ʥʝʜʦʥʘʚʘʥʪʘʞʝʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ʊʘʢ, FDM/FFF ʜʨʫʢʦʤ 
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ʤʦʞʥʘ ʚʠʛʦʪʦʚʣʷʪʠ ʜʝʪʘʣʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʟʜʦʙʣʝʥʥʷ ʪʘ ʦʙʰʠʚʢʠ ʩʘʣʦʥʽʚ ʽ 

ʛʝʨʤʝʪʠʯʥʠʭ ʚʽʜʩʽʢʽʚ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ, ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, 

ʜʝʪʘʣʝʡ ʜʣʷ ʙʦʨʪʦʚʦʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ, ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʢʦʨʧʫʩʠ ʝʣʝʢʪʨʦʥʽʢʠ 

ʪʘ ʧʨʠʙʦʨʽʚ, ʦʙʪʽʯʥʠʢʠ ʪʘ ʟʦʚʥʽʰʥʽ ʧʘʥʝʣʽ ʫ ʘʚʽʘʮʽʾ [6]. ʋ ʨʘʢʝʪʥʽʡ ʪʝʭʥʽʮʽ 

ʜʨʫʢʦʤ ʟ ʧʦʣʽʤʝʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʪʘʢʦʞ ʝʣʝʤʝʥʪʠ ʢʣʘʧʘʥʥʦʾ 

ʘʨʤʘʪʫʨʠ, ʢʦʨʧʫʩʥʽ ʪʘ ʤʦʥʪʘʞʥʽ ʜʝʪʘʣʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʜʝʪʘʣʽ ʜʣʷ ʚʫʟʣʽʚ 

ʧʥʝʤʦʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʪʦʱʦ [7]. ʊʘʢʦʞ, FDM/FFF ʜʨʫʢ ʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʝʪʘʣʝʡ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʾʤ ʦʪʨʠʤʘʥʽ, ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʟʘʜʦʚʦʣʴʥʷʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʤʦʛʠ, ʱʦ ʧʨʠʩʫʪʥʽ ʚ ʨʘʢʝʪʘʭ ʛʝʦʬʽʟʠʯʥʦʛʦ ʪʘ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʚ ʨʘʢʝʪʘʭ-ʥʦʩʽʷʭ ʥʘʜʣʝʛʢʦʛʦ ʢʣʘʩʫ. ʂʦʨʧʫʩʥʽ 

ʜʝʪʘʣʽ ʪʘ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʚʠʩʦʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʽ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʜʝʪʘʣʽ ʜʚʠʛʫʥʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʥʽ ʢʦʨʧʫʩʠ), ʤʦʞʫʪʴ ʙʫʪʠ ʚ 

ʧʦʚʥʽʡ ʥʦʤʝʥʢʣʘʪʫʨʽ ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʘʤʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ, ʥʘʧʨʠʢʣʘʜ: 

ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʦʙʪʽʯʥʠʢʠ, ʢʦʨʧʫʩʠ ʚʽʜʩʽʢʽʚ ʝʣʝʢʪʨʦʥʽʢʠ, ʧʘʨʘʰʫʪʥʽ ʚʽʜʩʽʢʠ ʽ 

ʚʽʜʩʽʢʠ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʝʣʝʤʝʥʪʠ ʥʘʟʝʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ 

ʧʦʣʽʛʦʥʽ, ʪʦʱʦ. ʊʘʢʦʞ ʚʠʨʦʙʥʠʮʪʚʦ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʽ 

ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʜʝʪʘʣʝʡ ʜʣʷ ʥʠʭ ʤʦʞʣʠʚʦ ʚ ʧʦʚʥʦʤʫ ʦʙôʻʤʽ ʨʝʘʣʽʟʫʚʘʪʠ 

ʤʝʪʦʜʘʤʠ FDM/FFF ʩʠʥʪʝʟʫ [8]. 

SLA ʪʘ DLP ʜʨʫʢ ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʫ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʽʡ ʪʦʯʥʦʩʪʽ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ FDM/FFF ʩʠʥʪʝʟʦʤ, ʦʩʢʽʣʴʢʠ ʾʭ ʪʦʯʥʽʩʪʴ ʪʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʝʢʨʘʥʘ ʤʘʪʨʠʮʽ (ʜʣʷ DLP) ʘʙʦ ʪʦʯʥʦʩʪʽ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʜʟʝʨʢʘʣ ʩʠʩʪʝʤʠ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʜʣʷ SLA). ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʪʦʯʥʽʩʪʴ ʚ ʧʣʦʱʠʥʽ ʰʘʨʫ ʪʠʧʦʚʦʛʦ FDM/FFF 3D-ʧʨʠʥʪʝʨʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0.1-0.15 ʤʤ., ʘ ʤʽʥʽʤʘʣʴʥʘ ʪʦʚʱʠʥʘ ʰʘʨʫ ʩʪʘʙʽʣʴʥʦʾ 

ʪʦʯʥʦʩʪʽ ï 0.1 ʤʤ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʦʯʥʽʩʪʶ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ, ʜʽʘʤʝʪʨʦʤ ʩʦʧʣʘ 

ʪʘ ʪʦʯʥʽʩʪʶ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ɼʣʷ SLA ʯʠ DLP ʩʠʥʪʝʟʫ ʪʦʯʥʽʩʪʴ ʚ ʧʣʦʱʠʥʽ 

ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʣʘʟʝʨʥʦʾ ʧʣʷʤʠ ʯʠ ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʷ ʤʘʪʨʠʮʽ. 

ʊʠʧʦʚʠʡ ʜʣʷ SLA ʨʦʟʤʽʨ ʣʘʟʝʨʥʦʾ ʧʣʷʤʠ ʪʘ ʪʦʯʥʽʩʪʴ ʾʾ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ï 0.085 

ʪʘ 0.025 ʤʤ. ʈʦʟʤʽʨ ʧʽʢʩʝʣʷ ʤʘʪʨʠʮʽ DLP-ʧʨʠʥʪʝʨʫ 0.025-0.075 ʤʤ. ʊʦʚʱʠʥʘ 

ʰʘʨʫ ʜʣʷ ʦʙʦʭ ʚʠʜʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0.01-0.1 ʤʤ. ʊʘʢʦʞ, ʜʣʷ ʧʦʣʽʤʝʨʽʚ, 
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ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ FDM/FFF ʩʠʥʪʝʟʫ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʥʘʷʚʥʘ ʧʨʦʙʣʝʤʘ 

ʫʩʘʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʡʦʛʦ ʦʭʦʣʦʜʞʝʥʥʽ, ʱʦ ʚʥʦʩʠʪʴ ʨʦʟʤʽʨʥʫ ʧʦʭʠʙʢʫ ʚʽʜ 

ʯʘʩ ʜʨʫʢʫ. ʉʤʦʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ SLA ʯʠ DLP, ʤʘʶʪʴ ʟʥʘʯʥʦ 

ʤʝʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫʩʘʜʞʝʥʥʷ, ʱʦ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ. ɸʣʝ 

ʜʫʞʝ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʩʠʥʪʝʟʫ ʟ ʧʦʣʽʤʝʨʥʠʭ ʩʤʦʣ ʻ ʾʭ ʟʥʘʯʥʦ ʤʝʥʰʘ ʫʜʘʨʥʘ 

ʚôʷʟʢʽʩʪʴ ʪʘ ʚʠʱʘ ʢʨʠʭʢʽʩʪʴ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʥʪʝʟʫ ʟ ʩʤʦʣ ʦʙʫʤʦʚʣʶʶʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʪʨʫʙʽ ʪʘ ʤʘʡʩʪʝʨ-ʤʦʜʝʣʝʡ ʜʣʷ ʣʠʪʪʷ, ʜʝ ʦʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʻ 

ʪʦʯʥʽʩʪʴ ʬʦʨʤ ʪʘ ʨʦʟʤʽʨʽʚ ʽ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ. 

 

1.2 ʇʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʫ ʧʦʰʘʨʦʚʦʤʫ ʩʠʥʪʝʟʽ 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʤʝʪʦʜʠ ʽ ʚʠʜʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ 

ʙʽʣʴʰʦʩʪʽ ʟ ʥʠʭ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ ʧʝʨʝʣʽʢ ʤʘʪʝʨʽʘʣʽʚ. ʗʢ 

ʙʫʣʦ ʦʧʠʩʘʥʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʽʚ ʩʠʥʪʝʟʫ, ʤʘʪʝʨʽʘʣʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʫ ʚʠʜʽ ʧʨʫʪʢʘ ʧʦʣʽʤʝʨʫ (ʽʥʰʘ ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ ï ʬʽʣʘʤʝʥʪ), ʫ ʚʠʜʽ 

ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʨʦʰʢʫ ʘʙʦ ʫ ʚʠʜʽ ʧʦʣʽʤʝʨʥʦʾ ʬʦʪʦʯʫʪʣʠʚʦʾ ʩʤʦʣʠ. ʉʝʨʝʜ 

ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ, ʧʨʫʪʢʦʚʠʡ ʬʽʣʘʤʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

FDM/FFF 3D-ʜʨʫʢʫ, ʧʦʨʦʰʢʦʚʽ ʧʦʣʽʤʝʨʠ ï ʫ Binder Jetting ʪʝʭʥʦʣʦʛʽʷʭ, ʘ ʩʤʦʣʠ 

ï ʫ PolyJet, SLA ʪʘ DLP. 

ʄʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʜʽ ʬʽʣʘʤʝʥʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʽʟʥʠʤʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ. ɰʭ ʛʦʣʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʚ ʪʦʤʫ, ʱʦ ʧʽʜ ʯʘʩ ʧʦʚʪʦʨʥʦʛʦ ʥʘʛʨʽʚʫ ʤʘʪʝʨʽʘʣʫ, 

ʧʦʣʽʤʝʨ ʟʥʦʚ ʧʝʨʝʭʦʜʠʪʴ ʚ ʚôʷʟʢʦʪʝʢʫʯʠʡ ʩʪʘʥ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʝʨʝʨʦʙʣʷʪʠ 

ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠ ʜʣʷ ʟʤʽʥʠ ʾʭ ʬʦʨʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʣʠʰʝ ʪʝʨʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ. ʊʘʢʦʞ ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ-̫ ʢʽ 

ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʧʨʠ ʜʦʚʝʜʝʥʥʽ ʡʦʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʯʠ 

ʧʝʨʝʭʦʜʫ ʚ ʚôʷʟʢʦʪʝʢʫʯʠʡ ʩʪʘʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʩʢʣʫʚʘʥʥʷ [9]. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 3D-ʜʨʫʢʫ ʰʠʨʦʢʠʡ ʧʝʨʝʣʽʢ ʧʦʣʽʤʝʨʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʣʠʪʪʷ ʧʽʜ 
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ʪʠʩʢʦʤ. ʌʽʣʘʤʝʥʪ ʫ ʧʨʫʪʢʫ ʥʘʡʯʘʩʪʽʰʝ ʧʦʩʪʘʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʙʫʭʪ ʪʘ ʤʦʪʢʽʚ, 

ʟʘʟʚʠʯʘʡ ʥʘʤʦʪʘʥʠʭ ʥʘ ʢʦʪʫʰʢʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʧʨʦʜʘʞ ʡʜʝ ʥʘ ʚʘʛʫ 

ʬʽʣʘʤʝʥʪʫ, ʘ ʥʝ ʥʘ ʜʦʚʞʠʥʫ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʤʘʩʠ ʥʘʤʦʪʫʚʘʥʥʷ ï 0,75 ʢʛ., 

0,85 ʢʛ., 1 ʢʛ. ʪʘ 3 ʢʛ. ʊʠʧʦʚʽ ʜʽʘʤʝʪʨʠ ʬʽʣʘʤʝʥʪʫ ï 1,75 ʤʤ., ʱʦ ʜʝ-ʬʘʢʪʦ 

ʧʨʠʡʥʷʪʠʡ ʟʘ ʩʪʘʥʜʘʨʪ, ʪʘ 2,85 ʤʤ.  

ʈʦʟʛʣʷʜʘʶʯʠ ʧʦʣʽʤʝʨʠ ʜʣʷ FDM/FFF 3D-ʜʨʫʢʫ, ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ 

ʧʦʣʽʤʝʨʠ ʥʘ ʩʪʘʥʜʘʨʪʥʽ ʪʘ ʽʥʞʝʥʝʨʥʽ. ɯʥʞʝʥʝʨʥʽ ʬʽʣʘʤʝʥʪʠ ɦ ʝ ʥʘʟʠʚʘʶʪʴ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ, ʙʦ ʙʽʣʴʰʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ ʬʽʣʘʤʝʥʪʽʚ ʤʘʶʪʴ ʙʽʣʴʰ 

ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʦʪʨʝʙʫʶʪʴ ʥʘʛʨʽʚʫ ʩʦʧʣʘ ʜʨʫʢʫʚʘʣʴʥʦʾ 

ʛʦʣʦʚʢʠ ʚʠʱʝ 240 Áʉ ʪʘ ʟʘʢʨʠʪʫ ʜʨʫʢʫʚʘʣʴʥʫ ʢʘʤʝʨʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʽʜʽʛʨʽʚʫ 

[10].  

ʉʪʘʥʜʘʨʪʥʽ ʬʽʣʘʤʝʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘʢʠʤʠ ʚʠʜʘʤʠ, ʷʢ PLA, ABS, 

coPET, MBS, SAN ʪʘ HIPS. 

PLA (ʧʦʣʽʣʘʢʪʠʜ, ʇʃɸ) ï ʦʜʠʥ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 3D-

ʜʨʫʢʫ, ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʣʽʤʝʨʠʟʦʚʘʥʫ ʧʦʣʽʣʘʢʪʠʜʥʫ ʢʠʩʣʦʪʫ. ʇʦʣʽʣʘʢʪʠʜ ï 

ʙʽʦʨʦʟʢʣʘʜʥʠʡ ʧʦʣʽʤʝʨ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʟ ʙʽʦʣʦʛʽʯʥʠʭ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʢʘʨʪʦʧʣʷʥʠʡ ʪʘ ʢʫʢʫʨʫʜʟʷʥʠʡ ʢʨʦʭʤʘʣʴ, ʮʫʢʨʦʚʘ ʪʨʦʩʪʠʥʘ 

ʪʘ ʟʘʣʠʰʢʠ ʧʽʩʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʮʫʢʨʫ. ʇʦʣʽʣʘʢʪʠʜʥʠʡ ʧʦʣʽʤʝʨ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʛʘʙʘʨʠʪʥʽ ʚʠʨʦʙʠ ʟ ʚʠʩʦʢʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʟʤʽʨʽʚ, ʚʠʩʦʢʦʶ 

ʛʝʦʤʝʪʨʠʯʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʽ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʨʫʢʫ. ʋ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʠʟʴʢʘ ʫʩʘʜʢʘ ʪʘ ʚʠʩʦʢʘ ʘʜʛʝʟʽʷ ʜʦ ʧʣʘʪʬʦʨʤʠ, ɦ ʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ 

3D-ʜʨʫʢʫ ï ʮʝʡ ʬʽʣʘʤʝʥʪ ʥʝ ʧʦʪʨʝʙʫʻ ʟʘʢʨʠʪʦʾ ʢʘʤʝʨʠ ʜʣʷ ʜʨʫʢʫ, ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ ʯʠ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʾʾ ʧʽʜʽʛʨʽʚʫ. ʊʘʢʦʞ 

ʮʝʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ ʤʽʞ ʰʘʨʘʤʠ - ʮʝ ʜʦʟʚʦʣʷʻ ʜʨʫʢ ʙʝʟ ʜʝʣʘʤʽʥʘʮʽʽ 

ʽ ʜʝʬʦʨʤʘʮʽʾ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ. ɸʣʝ PLA ʤʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʝʜʦʣʽʢʠ, ʘ ʩʘʤʝ ï 

ʧʦʛʘʥʫ ʚôʷʟʢʦʪʝʢʫʯʽʩʪʴ, ʱʦ ʦʙʤʝʞʫʻ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ. ʊʘʢʦʞ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ 

ʟʘʛʘʣʴʥʦ ʚʠʩʦʢʫ ʤʽʞʰʘʨʦʚʫ ʘʜʛʝʟʽʶ, ʯʝʨʝʟ ʧʦʛʘʥʫ ʪʝʢʫʯʝʩʪʴ ʜʨʫʢ ʪʦʚʩʪʠʤʠ 

ʰʘʨʘʤʠ ʫʪʨʫʜʥʝʥʠʡ. ɺʠʨʦʙʠ ʤʘʶʪʴ ʢʨʘʩʠʚʫ, ʛʣʷʥʮʝʚʫ ʧʦʚʝʨʭʥʶ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ. PLA ʚʦʣʦʜʽʻ ʚʠʩʦʢʦʶ ʞʦʨʩʪʢʽʩʪʶ ʽ ʚʠʩʦʢʦʶ 

ʤʽʮʥʽʩʪʶ ʥʘ ʨʦʟʨʠʚ, ʧʨʦʪʝ ʚʽʥ ʢʨʠʭʢʠʡ ̔  ʧʦʛʘʥʦ ʧʽʜʜʘʻʪʴʩʷ ʦʙʨʦʙʮʽ 
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ʰʣʽʬʫʚʘʥʥʷʤ. PLA ï ʥʘʧʽʚʢʨʠʩʪʘʣʽʯʥʠʡ ʘʙʦ ʘʤʦʨʬʥʠʡ ʧʦʣʽʤʝʨ, ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʢʣʫʚʘʥʥʷ 55 Áʉ ʪʘ ʧʣʘʚʣʝʥʥʷ 180 Áʉ. ʅʘʡʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʤʝʞʝʥʘ 50 Áʉ. ʏʝʨʝʟ ʪʝ, ʱʦ PLA ʤʘʻ ʙʽʦʣʦʛʽʯʥʝ ʧʦʭʦʜʞʝʥʥʷ, 

ʧʽʜʚʠʱʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʪʘ ʘʪʤʦʩʬʝʨʥʘ ʚʦʣʦʛʽʩʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʘʟʦʚʥʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʙʽʣʴʰ ʰʚʠʜʢʦʾ ʜʝʛʨʘʜʘʮʽʾ ʤʘʪʝʨʽʘʣʫ [11]. 

ABS (ʘʢʨʠʣʦʥʽʪʨʠʣ ʙʫʪʘʜʽʻʥ ʩʪʠʨʦʣ) ï ʪʘʢʦʞ ʦʜʠʥ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 

ʧʦʣʽʤʝʨʽʚ ʜʣʷ 3D-ʜʨʫʢʫ. ʉʚʦʶ ʧʦʧʫʣʷʨʥʽʩʪʴ ʚʽʥ ʟʥʘʡʰʦʚ ʟʘʚʜʷʢʠ ʪʘʢʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ, ̫ ʢ ʧʨʦʩʪʦʪʘ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘʜʨʫʢʦʚʘʥʠʭ 

ʚʠʨʦʙʽʚ, ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ 

ʨʦʟʯʠʥʽʚ ʣʫʛʽʚ ʽ ʢʠʩʣʦʪ, ʧʨʦʩʪʦʪʽ ʬʘʨʙʫʚʘʥʥʶ ʽ ʩʢʣʝʶʚʘʥʥʶ. ɺʠʨʦʙʠ ʩʪʚʦʨʝʥʽ 

ʟ ABS ʧʽʜʜʘʶʪʴʩʷ ʭʽʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʯʠʥʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʘʮʝʪʦʥ 

ʪʘ ʝʪʽʣʘʮʝʪʘʪ. ABS ʤʘʻ ʤʘʣʫ ʢʨʠʭʢʽʩʪʴ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ PLA, ʫ ʥʴʦʛʦ ʧʨʠ 

ʨʫʡʥʫʚʘʥʥʽ ʷʚʥʦ ʚʠʨʘʞʝʥʘ ʜʽʣʷʥʢʘ ʧʣʠʥʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʊʘʢʦʞ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

PLA, ʮʝʡ ʧʦʣʽʤʝʨ ʤʘʻ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʽ ʫʤʦʚʠ ʜʨʫʢʫ ï ʟʘʢʨʠʪʘ ʢʘʤʝʨʘ 

ʧʦʙʫʜʦʚʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʪʷʛʽʚ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʩʢʣʘʜʥʦʱʽ ʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʘʜʦʚʽʣʴʥʦʾ ʘʜʛʝʟʽʾ ʧʦ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ, ʟʥʘʯʥʘ ʫʩʘʜʢʘ ʪʘ 

ʚʠʜʽʣʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʚʠʧʘʨʦʚʫʚʘʥʴ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫ.  ABS ï ʘʤʦʨʬʥʠʡ ʧʦʣʽʤʝʨ, 

ʙʝʟ ʜʽʡʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ, ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʢʣʫʚʘʥʥʷ 105 Üʉ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ï -20 - +80 Üʉ. ʋ ʚʠʜʽ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ ʤʘʻ ʤʘʣʫ 

ʯʫʪʪʻʚʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ [12]. 

ʇʣʘʩʪʠʢ coPET (PETG) ï ʩʦʧʦʣʽʤʝʨ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ, ̫ʢʠʡ 

ʦʜʝʨʞʫʶʪʴ ʚʚʝʜʝʥʥʷʤ ʫ ʙʘʟʦʚʠʡ ʧʦʣʽʤʝʨ (ʧʦʣʽʝʪʠʣʝʥʬʪʘʣʘʪ) 1,4-ʙʽʩ 

ʛʽʜʨʦʢʩʠʤʝʪʠʣ ʮʠʢʣʦʛʝʢʩʘʥʘ (CHDM) ʘʙʦ ʝʪʠʣʝʥ ʛʣʽʢʦʣʴ. ʁʦʛʦ ʧʝʨʝʚʘʛʠ ʫ 

ʚʠʩʦʢʽʡ ʤʽʮʥʦʩʪʽ ʪʘ ʫʜʘʨʥʽʡ ʤʽʮʥʦʩʪʽ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ PLA ʯʠ ABS. ɺʽʥ ʤʘʻ 

ʤʝʥʰʫ ʞʦʨʩʪʢʽʩʪʴ, ʥʽʞ PLA, ʘʣʝ ʤʝʥʰ ʢʨʠʭʢʠʡ. coPET ʩʪʽʡʢʠʡ ʜʦ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ, ʨʦʟʙʘʚʣʝʥʠʭ ʢʠʩʣʦʪ ʽ ʣʫʛʽʚ, ʘʣʽʬʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥ̔ ʚ, ʩʧʠʨʪʽʚ. 

ʄʘʻ ʢʨʘʱʫ ʟʘ PLA ʦʙʨʦʙʣʶʚʘʥʽʩʪʴ ʰʣʽʬʫʚʘʥʥʷʤ. ʄʘʻ ʛʽʨʰʫ ʩʢʣʝʶʚʘʣʴʥʽʩʪʴ. 

ʇʦ ʫʤʦʚʘʤ ʜʨʫʢʫ ʙʣʠʟʴʢʠʡ ʜʦ PLA, ʥʝ ʤʘʻ ʷʚʥʦ ʚʠʨʘʞʝʥʦʾ ʪʦʢʩʠʯʥʦʾ ʜʽʾ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ, ʤʘʻ ʚʠʩʦʢʫ ʤʽʞʰʘʨʦʚʫ ʘʜʛʝʟʽʶ, ʤʘʣʫ ʫʩʘʜʢʫ. ʎʝʡ ʧʦʣʽʤʝʨ ʪʘʢʦʞ 
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ʘʤʦʨʬʥʠʡ, ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʢʣʫʚʘʥʥʷ 70 Üʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ï -20 ï 

+70 Áʉ [13]. 

MBS (ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ-ʘʢʨʠʣʦʥʽʪʨʠʣ-ʙʫʪʘʜʽʻʥ-ʩʪʠʨʦʣ) ʮʝ ʩʧʽʚʧʦʣʽʤʝʨ, 

ʧʦʜʽʙʥʠʡ ʜʦ ABS, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʤʦʥʦʤʝʨʽʚ: ʘʢʨʠʣʦʥʽʪʨʠʣʫ, ʙʫʪʘʜʽʻʥʫ 

ʪʘ ʩʪʠʨʦʣʫ. ɹʫʪʘʜʽʻʥʦʚʘ ʯʘʩʪʠʥʘ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʽ ʚʠʩʦʢʫ ʫʜʘʨʥʫ ʩʪʽʡʢʽʩʪʴ, 

ʪʦʜʽ ʷʢ ʯʘʩʪʠʥʘ ʤʝʪʘʢʨʠʣʘʪ-ʩʪʠʨʦʣ-ʘʢʨʠʣʦʥʽʪʨʠʣ ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʽʩʪʴ, 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʟʤʽʨʽʚ. MBS ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʙʘʨʚʥʠʢʽʚ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ 

ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷ 90%, ʚʠʩʦʢʫ ʫʜʘʨʥʫ ʚ'ʷʟʢʽʩʪʴ, ʚʠʩʦʢʫ ʞʦʨʩʪʢʽʩʪʴ ʽ ʭʦʨʦʰʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ï ʩʪʽʡʢʠʡ ʜʦ ʢʠʩʣʦʪ, ʣʫʛ, ʘʨʦʤʘʪʠʯʥʠʭ 

ʚʫʛʣʝʚʦʜʥ̔ ʚ, ʩʧʠʨʪʽʚ. ʈʦʟʯʠʥʷʻʪʴʩʷ ʚ ʘʮʝʪʦʥʽ, ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʽ, ʟʘ ʨʘʭʫʥʦʢ 

ʯʦʛʦ ʤʦʞʣʠʚʘ ʭʽʤʽʯʥʘ ʦʙʨʦʙʢʘ ʚʠʨʦʙʽʚ. ʄʘʻ ʚʠʤʦʛʠ ʜʦ ʜʨʫʢʫ ʧʦʜʽʙʥʽ ʜʦ ABS, 

ʘʣʝ ʤʝʥʰ ʯʫʪʣʠʚʠʡ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ABS ʤʘʻ 

ʢʨʘʱʫ ʤʽʞʰʘʨʦʚʫ ʘʜʛʝʟʽʶ. MBS, ʷʢ ʽ ABS ï ʘʤʦʨʬʥʠʡ ʧʦʣʽʤʝʨ, ʪʘʢʦʞ ʥʝ ʤʘʻ 

ʜʽʡʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ MBS ï 80 Üʉ, ʱʦ ʽ ʻ 

ʦʙʤʝʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ [14]. 

SAN (ʩʪʠʨʦʣ-ʘʢʨʠʣʦʥʽʪʨʠʣ) ï ʩʧʽʚʧʦʣʽʤʝʨ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʠʨʦʣʫ ʪʘ 

ʘʢʨʠʣʦʥʽʪʨʠʣʫ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʪʝʨʤʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ ʜʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʤʽʩʪʴ ʘʢʨʠʣʫ, ʧʦʣʽʩʪʠʨʦʣʫ, ʫ 3D-ʜʨʫʮʽ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʟʘʤʽʥʘ ABS. SAN ʤʘʻ ʚʠʩʦʢʫ ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʪʚʝʨʜʽʩʪʴ, 

ʧʨʦʪʝ ʤʘʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰʫ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʧʦʣʽʤʝʨʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʦʥʽʪʨʠʣʫ. ʄʘʻ ʥʘʡʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷ ʩʝʨʝʜ 

ʫʩʽʭ ʬʽʣʘʤʝʥʪʽʚ ï 92%. ʍʽʤʽʯʥʦ ʩʪʽʡʢʠʡ ʜʦ ʣʫʞʥʠʭ ʽ ʢʠʩʣʠʭ ʩʝʨʝʜʦʚʠʱ, ʩʪʽʡʢʠʡ 

ʜʦ ʤʘʩʝʣ ʪʘ ʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʪʚʝʨʜʦʩʪʽ ʤʘʻ ʤʘʣʝ 

ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʫ ʤʝʭʘʥʽʟʤʘʭ ʪʠʧʫ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ, ʯʝʨʚôʷʯʥʠʭ 

ʧʝʨʝʜʘʯ, ʢʫʣʘʯʢʽʚ, ʰʪʦʚʭʘʯʽʚ ʽ ʧʦʜʽʙʥʠʭ. ʊʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʤʘʣʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʻ ʤʝʥʰʫ ʫʩʘʜʢʫ, ʥʽʞ ABS, ʤʝʥʰ ʚʠʙʘʛʣʠʚʠʡ ʜʦ ʫʤʦʚ 

ʜʨʫʢʫ. ʃʝʛʢʦ ʦʙʨʦʙʣʶʻʪʴʩʷ ʨʽʟʘʥʥʷʤ, ʭʽʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʘʮʝʪʦʥʦʤ, ʤʘʻ ʜʦʙʨʫ 

ʩʢʣʝʶʚʘʥʽʩʪʴ ʪʘ ʜʦʙʨʝ ʬʘʨʙʫʻʪʴʩʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ ï 100 Üʉ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ï -40 Üʉ - +80 Üʉ, ʤʦʞʣʠʚʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʝʪʘʣʝʡ 

ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 105 Üʉ [15]. 



ΟΝ 
 

HIPS (High-impact Polystyrene) ï ʫʜʘʨʦʩʪʽʡʢʠʡ ʧʦʣʽʩʪʠʨʦʣ, ʘʤʦʨʬʥʠʡ 

ʧʦʣʽʤʝʨ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʽʰʝʚʠʡ ʩʦʧʦʣʽʤʝʨ ʧʦʣʽʩʪʠʨʦʣʫ ʪʘ ʧʦʣʽʙʫʪʘʜʽʻʥʫ 

ʘʙʦ ʽʥʰʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʢʘʫʯʫʢʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʢʘʫʯʫʢʫ ʟʙʽʣʴʰʫʻ 

ʫʜʘʨʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ʄʘʪʝʨʽʘʣ ʥʝʧʨʦʟʦʨʠʡ, ʞʦʨʩʪʢʠʡ, ʘʣʝ ʩʪʽʡʢʠʡ ʜʦ 

ʫʜʘʨʥʠʭ ʚʧʣʠʚʽʚ, ʜʦ ʤʦʨʦʟʫ ʽ ʧʝʨʝʧʘʜʽʚ ʪʝʤʧʝʨʘʪʫʨ. ʉʪʽʡʢʽʩʪʴ ʜʦ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʜʽʙʥʘ ʜʦ ABS ʧʦʣʽʤʝʨʫ. ʈʦʟʯʠʥʷʻʪʴʩʷ ʚ ʣʽʤʦʥʝʥʽ ï 

ʥʘʪʫʨʘʣʴʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ, ʱʦ ʦʜʝʨʞʫʶʪʴ ʟ ʮʠʪʨʫʩʦʚʠʭ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʡʦʛʦ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪ ɹʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʦʟʯʠʥʥʠʭ ʧʽʜʪʨʠʤʫʶʯʠʭ ʩʪʨʫʢʪʫʨ ʚ 

3D-ʜʨʫʮʽ. ʊʘʢʦʞ, ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʢʘʫʯʫʢʽʚ, ʤʘʻ ʚʠʩʦʢʽ ʜʽʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤʝ ï ʥʘʧʨʫʛʘ ʧʨʦʙʦʶ ʫ ʧʨʠʙʣʠʟʥʦ 1 ʢɺ. ʉʪʽʡʢʠʡ ʜʦ ʜʽʾ ʢʠʩʣʦʪ 

ʪʘ ʣʫʛʽʚ, ʩʫʤʽʩʥʠʡ ʟ ʭʘʨʯʦʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ. ɿʘ ʨʘʭʫʥʦʢ ʤʝʥʰʦʾ ʪʚʝʨʜʦʩʪʽ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ PLA ʯʠ ABS, ʜʦʙʨʝ ʧʽʜʜʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ. ʇʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʻ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, ʩʪʽʡʢʠʡ ʜʦ ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ï 230 Üʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ ï 100 Üʉ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ï -40 Üʉ - +70 Üʉ [16]. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʱʝʨʦʟʛʣʷʥʫʪʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʬʽʣʘʤʝʥʪʽʚ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1. 

 

ʊʘʙʣʠʮʷ 1.1 ï ɺʣʘʩʪʠʚʦʩʪʽ ʩʪʘʥʜʘʨʪʥʠʭ ʬʽʣʘʤʝʥʪʽʚ 

ʇʦʣʽʤʝʨ PLA ABS coPET MBS SAN HIPS 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ, ʄʇʘ 50 38 50 30 71 30 

ɺʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ, % 30 30 24 50 3 30 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɻʇʘ 2,3 2,6 1,9 2,1 3,5 2,2 

ʋʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʧʦ 

ʐʘʨʧʽ ʙʝʟ ʥʘʜʨʽʟʫ, 

ʢɼʞ/ʤ2 

102 196 179 - 4 120 

 

ɯʥʞʝʥʝʨʥʽ ʬʽʣʘʤʝʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘʢʠʤʠ ʚʠʜʘʤʠ, ʷʢ PET, PC, Nylon, 

ASA, PEI, PEEK, PEKK. 



ΟΞ 
 

ʇʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (PET) ð ʪʝʨʤʦʧʣʘʩʪʠʢ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ 

ʧʨʝʜʩʪʘʚʥʠʢ ʢʣʘʩʫ ʧʦʣʽʝʬʽʨʽʚ. ʇʨʦʜʫʢʪ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ ʝʪʠʣʝʥʛʣʽʢʦʣʶ ʟ 

ʪʝʨʝʬʪʘʣʝʚʦʶ ʢʠʩʣʦʪʦʶ (ʘʙʦ ʾʾ ʜʠʤʝʪʠʣʦʚʠʤ ʝʬʽʨʦʤ). ʇʦʣʽʤʝʨ ʟʜʘʪʥʠʡ ʙʫʪʠ ʫ 

2-ʭ ʬʘʟʦʚʠʭ ʩʪʘʥʘʭ ï ʚ ʘʤʦʨʬʥʦʤʫ ʽ ʢʨʠʩʪʘʣʽʯʥʦʤʫ. ʊʚʝʨʜʠʡ, ʙʝʟʙʘʨʚʥʠʡ, 

ʧʨʦʟʦʨʠʡ ʧʣʘʩʪʠʢ ʚ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ, ʽ ʙʽʣʠʡ, ʥʝʧʨʦʟʦʨʠʡ ʚ ʢʨʠʩʪʘʣʽʯʥʦʤʫ 

ʩʪʘʥʽ (ʷʢʱʦ ʥʝ ʙʫʣʦ ʜʦʜʘʥʦ ʙʘʨʚʥʠʢʽʚ). ʇʝʨʝʭʦʜʠʪʴ ʚ ʘʤʦʨʬʥʠʡ ʩʪʘʥ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʥʴʦʤʫ ʧʨʠ ʨʽʟʢʦʤʫ 

ʦʭʦʣʦʜʞʝʥʥʽ ʪʘ ʰʚʠʜʢʦʤʫ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʪʘʢ ʟʚʘʥʫ çʟʦʥʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾè. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʇɽʊ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ 

ʜʦʚʞʠʥʦʶ ʤʦʣʝʢʫʣʠ ʧʦʣʽʤʝʨʫ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚ'ʷʟʢʦʩʪʽ ʰʚʠʜʢʽʩʪʴ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʥʠʞʫʻʪʴʩʷ. ɼʣʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʭʘʨʘʢʪʝʨʥʘ ʤʽʮʥʽʩʪʴ, ʚʠʩʦʢʘ 

ʫʜʘʨʥʘ ʚ'ʷʟʢʽʩʪʴ, ʚʠʩʦʢʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʠʩʣʦʪ, 

ʣʫʛʽʚ, ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʠ ʜʨʫʮʽ ʈɽʊ ʧʣʘʩʪʠʢʦʤ ʩʧʦʯʘʪʢʫ 

ʚʠʨʦʙʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʫʜʘʨʥʦʶ ʚ'ʷʟʢʽʩʪʶ, 

ʚʠʩʦʢʠʤ ʧʦʜʦʚʞʝʥʥʷʤ ʧʨʠ ʨʦʟʨʠʚʽ ʡ ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ 70 Áʉ. 

ʊʘʢʽ ʚʠʨʦʙʠ ʤʦʞʣʠʚʦ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠ (ʟʘʛʘʨʪʫʚʘʪʠ), ʧʽʩʣʷ ʯʦʛʦ ʚʦʥʠ ʤʘʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ  200 Áʉ (ʯʠʤ ʚʠʱʠʡ ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʪʠʤ 

ʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʣʝ ʥʠʞʯʘ ʫʜʘʨʥʘ ʚ'ʷʟʢʽʩʪʴ). ʇʨʦʮʝʜʫʨʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʧʦʚʽʣʴʥʦʤʫ ʧʨʦʛʨʽʚʽ ʜʝʪʘʣʝʡ ʜʦ 180-200 Áʉ, ʧʽʩʣʷ ʯʦʛʦ 

ʜʝʪʘʣʴ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʌʽʣʘʤʝʥʪ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ, ʚʠʤʘʛʘʻ ʥʘʛʨʽʚʫ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ ʜʦ 90-

100 Áʉ, ʥʘʛʨʽʚ ʜʨʫʢʫʚʘʣʴʥʦʛʦ ʩʦʧʣʘ ï 245-260 Áʉ. ʌʽʣʘʤʝʥʪ ʧʦʪʨʝʙʫʻ 

ʟʙʝʨʽʛʘʥʥʷ ʚ ʚʘʢʫʫʤʥʦʤʫ ʧʘʢʝʪʽ ʟ ʧʦʛʣʠʥʘʯʦʤ ʚʦʣʦʛʠ ʯʝʨʝʟ ʚʝʣʠʢʝ 

ʚʦʣʦʛʦʧʦʛʣʠʥʘʥʥʷ [17]. 

ʇʦʣʽʢʘʨʙʦʥʘʪ (PC) ï ʣʽʥʽʡʥʠʡ ʧʦʣʽʝʬʽʨ ʚʫʛʽʣʴʥʦʾ ʢʠʩʣʦʪʠ ʅ2ʉO3 ʪʘ 

ʜʚʦʭʘʪʦʤʥʠʭ ʩʧʠʨʪʽʚ. ɺʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʫʧʠ ʘʤʦʨʬʥʠʭ ʪʝʨʤʦʧʣʘʩʪʽʚ. ʇʨʠ ʣʠʪʪʽ 

ʧʽʜ ʪʠʩʢʦʤ ʤʘʪʝʨʽʘʣ ʟʘʣʠʰʘʻʪʴʩʷ ʘʤʦʨʬʥʠʤ. ʂʨʠʩʪʘʣʽʯʥʘ ʬʘʟʘ ʚ PC ʧʨʠʩʫʪʥʷ 

ʚ ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ. ɼʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʚʠʯʘʡʥʦʛʦ PC ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʪʨʠʤʘʪʠ ʪʨʠʚʘʣʠʡ ʯʘʩ (ʥʝ ʤʝʥʰʝ 8 ʜʥʽʚ) ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʥʝ ʤʝʥʰʝ 

180 Áʉ) ʘʙʦ ʚ ʘʮʝʪʦʥʽ, ʘ ʪʘʢʦʞ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʥʘʜʚʠʩʦʢʠʭ ʪʠʩʢʘʭ ʣʠʪʪʷ 
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(ʧʦʥʘʜ 500 ʄʇʘ). ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʤʽʮʥʦʩʪʽ ʡ ʫʜʘʨʥʦʾ ʚ'ʷʟʢʦʩʪʽ (250-500 

ʢɼʞ/ʤ2) ʚʠʨʦʙʠ ʟ PC ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ 3D-ʜʨʫʢʫ ʧʦʪʨʝʙʫʶʪʴ 

ʟʘʢʨʠʪʦʾ ʢʘʤʝʨʠ ʧʦʙʫʜʦʚʠ, ʪʘʢʦʞ ʻ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ: ʧʽʜʽʛʨʽʚ 

ʜʨʫʢʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 90-110 Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʧʣʘ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ 

250-255 Áʉ. ʄʘʻ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʠʩʣʦʪ, ʩʧʠʨʪʽʚ, ʤʘʩʝʣ ʪʘ ʘʨʦʤʘʪʠʯʥʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ. ʄʘʻ ʧʦʛʘʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʣʫʛʽʚ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʋʌ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʣʘʢʦʬʘʨʙʦʚʽ ʧʦʢʨʠʪʪʷ, ʧʣʽʚʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ï -40 ï +120 Áʉ. 

ɺʠʨʦʙʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ ʟʘ ʨʘʭʫʥʦʢ ʰʘʨʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʠʪʨʠʤʫʶʪʴ ʢʦʨʦʪʢʦʯʘʩʥʝ ʥʘʛʨʽʚʘʥʥʷ ʜʦ 150 Áʉ [18]. 

Nylon ï ʧʨʝʜʩʪʘʚʥʠʢ ʩʽʤʝʡʩʪʚʘ ʧʦʣʽʘʤʽʜʽʚ, ʪʘʢʦʞ ʤʘʻ ʥʘʟʚʫ ʧʦʣʽʘʤʽʜ-6. 

ɿʘʚʜʷʢʠ ʚʠʩʦʢʠʤ ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

(ʽʥʞʝʥʝʨʥʠʭ) ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. Nylon ï ʞʦʨʩʪʢʠʡ ʧʣʘʩʪʠʢ, ʧʽʜʜʘʻʪʴʩʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʚʦʣʦʜʽʻ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʥʘ ʨʦʟʨʠʚ ʽ ʩʪʽʡʢʽʩʪʶ ʜʦ ʟʥʦʰʫʚʘʥʥʷ. 

Nylon ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʪʘ ʝʣʘʩʪʠʯʥʽʩʪʶ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʠʪʨʠʤʫʻ ʩʪʝʨʠʣʽʟʘʮʽʶ ʧʘʨʦʤ, ʨʦʟʽʛʨʽʪʠʤ ʜʦ 140ÁC. ʎʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʚ ʫʤʦʚʘʭ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʧʝʨʝʧʘʜʘʤʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʥʝ ʚʠʱʝ 120 Áʉ. Nylon ʩʪʡ̔ʢʠʡ ʜʦ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʭʽʤʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ð ʪʘʢʠʭ ʷʢ ʩʣʘʙʢʽ ʢʠʩʣʦʪʠ, ʢʝʪʦʥʠ, ʣʫʛʠ, ʚʫʛʣʝʚʦʜʥʽ, ʤʘʩʣʘ, 

ʩʧʠʨʪʠ ʪʘ ʝʬʽʨʠ. ɼʝʪʘʣʽ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ Nylon, ʩʪʽʡʢʽ ʜʦ ʫʜʘʨʥʠʭ ʽ ʩʪʘʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. Nylon ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʭʦʨʦʰʠʤ ʪʝʧʣʦʽʟʦʣʷʪʦʨʦʤ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ 3D-ʜʨʫʮʽ ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʧʨʦʩʫʰʫʚʘʥʥʷ ʧʝʨʝʜ ʜʨʫʢʦʤ ʯʝʨʝʟ ʚʝʣʠʢʝ ʚʣʘʛʦʧʦʛʣʠʥʘʥʥʷ ʬʽʣʘʤʝʥʪʦʤ. 

ʌʽʣʘʤʝʥʪ ʚʠʙʘʛʣʠʚʠʡ ʜʦ ʫʤʦʚ ʜʨʫʢʫ, ʧʦʪʨʝʙʫʻ ʟʘʢʨʠʪʦʾ ʢʘʤʝʨʠ ʧʦʙʫʜʦʚʠ ʯʝʨʝʟ 

ʚʣʘʛʦʧʦʣʛʠʥʘʥʥʷ ʧʽʜ ʯʘʩ ʜʨʫʢʫ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʇʨʠ ʜʨʫʢʫʚʘʥʥʽ ʥʘ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʤʦʞʣʠʚʠʡ ʧʝʨʝʛʨʽʚ ʧʦʣʽʤʝʨʫ ʟ 

ʚʠʥʠʢʥʝʥʥʷʤ ʙʫʣʴʙʘʰʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ʇʦʣʽʤʝʨ ʫ ʥʘʛʨʽʪʦʤʫ 

ʚôʷʟʢʦʪʝʢʫʯʦʤʫ ʩʪʘʥʽ ʤʘʻ ʚʝʣʠʢʫ ʚôʷʟʢʽʩʪʴ ʽ ʪʝʢʫʯʽʩʪʴ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʜʨʫʢ 
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ʧʦʚʝʨʭʦʥʴ ʥʘ ʧʽʜʪʨʠʤʢʘʭ. ʌʽʣʘʤʝʥʪ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʚʠʨʦʙʥʠʢʽʚ ʥʘʧʽʚʞʦʨʩʪʢʠʡ, 

ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʪʨʫʜʥʦʱʽ ʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʪʠʧʫ Bowden. 

ʇʦʣʽʤʝʨ ʤʘʻ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʩʘʜʞʝʥʥʷ, ʱʦ ʧʦʛʽʨʰʫʻ 

ʨʦʟʤʽʨʥʫ ʪʦʯʥʽʩʪʴ ʜʝʪʘʣʝʡ, ʧʦʪʨʝʙʫʻ ʚʥʝʩʝʥʥʷ ʜʦʧʫʩʢʽʚ ʜʦ ʨʦʟʤʽʨʽʚ ʤʦʜʝʣʽ. 

ʇʨʠ ʮʴʦʤʫ, ʤʽʞʰʘʨʦʚʘ ʘʜʛʝʟʽʷ ʚʠʩʦʢʘ, ʘʜʛʝʟʽʷ ʜʦ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ ʥʝ 

ʧʦʨʫʰʫʻʪʴʩʷ, ʧʨʠ ʧʽʜʽʛʨʽʚʫ ʾʾ ʜʦ 90-110 Áʉ. ɼʝʪʘʣʽ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʜʦʙʨʝ ʧʽʜʜʘʶʪʴʩʷ ʦʙʨʦʙʮʽ ʨʽʟʘʥʥʷʤ ʯʝʨʝʟ ʥʝʚʝʣʠʢʫ ʪʚʝʨʜʽʩʪʴ 

ʧʦʚʝʨʭʥʽ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʦʙʨʦʙʢʘ ʰʣʽʬʫʚʘʥʥʷʤ ʫʩʢʣʘʜʥʝʥʘ [19, 20]. 

ASA (ʘʢʨʠʣʦʥʽʪʨʠʣ ʩʪʠʨʦʣ ʘʢʨʠʣʘʪ) - ʤʘʪʝʨʽʘʣ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʟʘʤʽʥʠ 

ABS ʧʦʣʽʤʝʨʫ, ʟ ʧʦʢʨʘʱʝʥʦʶ ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʶ ʽ ʫʜʘʨʥʦʶ ʤʽʮʥʽʩʪʶ. ASA 

ʟʥʘʯʥʦ ʙʽʣʴʰ ʩʪʽʡʢʠʡ ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ABS, ʦʩʦʙʣʠʚʦ ʩʪʽʡʢʠʡ ʜʦ ʩʧʠʨʪʽʚ, ʙʘʛʘʪʴʦʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʦʯʠʱʝʥʥʷ, ʤʘʩʪʠʣ, ʨʦʟʙʘʚʣʝʥʠʭ ʢʠʩʣʦʪ, ʙʝʥʟʠʥʫ, ʟʙʝʨʽʛʘʻ ʥʘʩʠʯʝʥʠʡ ʢʦʣʽʨ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ASA ʩʪʨʫʢʪʫʨʥʦ ʜʫʞʝ ʩʭʦʞʠʡ ʥʘ ɸBS. ɸʢʨʠʣʘʪʥʠʡ 

ʧʦʣʽʤʝʨ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʣʽʤʝʨʫ ʥʘ ʦʩʥʦʚʽ ʙʫʪʘʜʽʻʥʫ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʜʚʽʡʥʠʭ 

ʟʚ'ʷʟʢʽʚ, ɦ ʦ ʥʘʜʘʻ ʤʘʪʝʨʽʘʣʫ ʧʨʠʙʣʠʟʥʦ ʚ ʜʝʩʷʪʴ ʨʘʟʽʚ ʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʘʪʤʦʩʬʝʨʥʠʭ ʚʧʣʠʚʽʚ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʽʞ ABS, ʚʠʱʫ 

ʜʦʚʛʦʪʨʠʚʘʣʫ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʪʘ ʢʨʘʱʫ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ. ASA ʟʥʘʯʥʦ 

ʩʪʽʡʢʽʰʠʡ ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʧʽʜ ʥʘʧʨʫʛʦʶ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʥʽʞ 

ɸBS, ʦʩʦʙʣʠʚʦ ʜʦ ʩʧʠʨʪʽʚ ʪʘ ʙʘʛʘʪʴʦʭ ʤʠʡʥʠʭ ʟʘʩʦʙʽʚ. ASA ʤʘʻ ʥʠʞʯʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʢʣʫʚʘʥʥʷ, ʥʽʞ ɸBS, 100 ÁC ʧʨʦʪʠ 105 ÁC, ɦʦ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʽ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʬʝʨʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʝʨʮʽʡʥʠʡ 

ʩʘʡʜʠʥʛ, ʟʦʚʥʽʰʥʽ ʯʘʩʪʠʥʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʘʙʦ ʚʫʣʠʯʥʽ ʤʝʙʣʽ. ASA ʤʘʻ 

ʥʝʚʠʩʦʢʫ ʜʝʬʦʨʤʘʮʽʡʥʫ ʫʩʘʜʢʫ ʪʘ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ. ASA ʤʘʻ ʧʦʤʽʨʥʝ 

ʚʦʣʦʛʦʧʦʛʣʠʥʘʥʥʷ, ʘʣʝ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝ ʧʦʪʨʝʙʫʻ ʧʨʦʩʫʰʫʚʘʥʥʷ ʧʝʨʝʜ 

ʜʨʫʢʦʤ. ɼʣʷ ʜʨʫʢʫ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʟʘʢʨʠʪʘ ʢʘʤʝʨʘ ʧʦʙʫʜʦʚʠ. ɺʠʨʦʙʠ ʟ ʜʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʣʝʛʢʦ ʧʽʜʜʘʶʪʴʩʷ ʨʽʟʥʠʤ ʩʧʦʩʦʙʘʤ ʧʦʩʪʦʙʨʦʙʢʠ: ʤʝʭʘʥʽʯʥʽʡ 

(ʰʣʽʬʫʚʘʥʥʷ, ʩʚʝʨʜʣʽʥʥʷ, ʪʦʢʘʨʥʽ ʨʦʙʦʪʠ), ʭʽʤʽʯʥʽʡ (ʥʘʜʘʥʥʷ ʛʣʷʥʮʝʚʦʾ 

ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʯʠʥʥʠʢʽʚ, ʘʥʘʣʦʛʽʯʥʦ ABS), ʚʠʨʦʙʠ ʟ 



ΟΡ 
 
ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ ʧʽʜ ʬʘʨʙʫʚʘʥʥʷ ʪʘ ʧʦʢʨʠʪʪʷʤ ʣʘʢʦʤ. ASA 

ʜʦʙʨʝ ʩʢʣʝʶʻʪʴʩʷ ʢʣʝʷʤʠ ʮʽʘʥʦʘʢʨʠʣʥʦʛʦ ʪʠʧʫ, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʯʠʥʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʮʠʢʣʦʛʝʢʩʘʥ, ʜʽʭʣʦʨʝʪʘʥ, ʜʽʭʣʦʨʤʝʪʘʥ [21]. 

PEI (ʇʦʣʽʝʬʽʨʽʤʽʜ, ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʧʽʜ ʪʦʨʛʦʚʦ  ʁʤʘʨʢʦ  ʁUltem) ð ʮʝ 

ʘʤʦʨʬʥʠʡ ʪʝʨʤʦʧʣʘʩʪʠʢ ʚʽʜ ʙʫʨʰʪʠʥʦʚʦʛʦ ʜʦ ʧʨʦʟʦʨʦʛʦ ʢʦʣʴʦʨʫ. PEI ʤʘʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʢʣʫʚʘʥʥʷ 217-220 Áʉ. ɺʽʥ ʤʘʻ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ. ʎʽ ʡʦʛʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʜʣʷ 

ʤʝʜʠʯʥʦʾ ʩʬʝʨʠ, ʙʦ ʜʦ ʥʴʦʛʦ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ 

ʩʪʝʨʠʣʽʟʘʮʽʾ, ʷʢ ʦʙʨʦʙʢʘ ʧʘʨʦʤ ʚ ʘʚʪʦʢʣʘʚʘʭ. ɺʠʩʦʢʽ ʜʽʻʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʢʦʨʧʫʩʠ ʨʦʟôʻʤʽʚ, ʽʟʦʣʷʪʦʨʠ. ʄʘʻ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʠʩʣʦʪ, 

ʣʫʛʽʚ, ʩʧʠʨʪʽʚ, ʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ʄʘʻ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʥʦʰʫʚʘʥʥʷ, 

ʩʘʤʦʟʘʪʫʭʘʶʯʠʡ, ʙʽʦʣʦʛʽʯʥʦ ʩʫʤʽʩʥʠʡ, ʩʪʽʡʢʠʡ ʜʦ ʫʣʴʪʨʘʬʽʦʣʝʪʫ. ʅʝʜʦʣʽʢʦʤ ʻ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʪʨʽʱʠʥ, ʥʘʜʨʽʟʽʚ, ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʘ ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ 3D-ʜʨʫʮʽ ʧʦʪʨʝʙʫʻ ʟʘʢʨʠʪʦʾ ʢʘʤʝʨʠ ʧʦʙʫʜʦʚʠ, ʧʽʜʽʛʨʽʚʫ ʢʘʤʝʨʠ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʤʝʥʰʝ 60 Áʉ, ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʧʣʘ ʜʨʫʢʫʚʘʣʴʥʦʾ 

ʛʦʣʦʚʢʠ ï 350 Áʉ [22]. 

PEEK (ʧʦʣʽʝʬʽʨ ʝʬʽʨ ʢʝʪʦʥ) ï ʦʨʛʘʥʽʯʥʠʡ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʡ ʧʦʣʽʤʝʨ. ɺʽʥ 

ʤʘʻ ʥʘʧʽʚʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʽʮʥʦʩʪʽ ʪʘ ʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʢʣʫʚʘʥʥʷ ï 145 Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ï 345 Áʉ. ʄʘʻ ʚʠʩʦʢʽ ʜʽʻʣʠʢʪʨʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʪʘʢʦʞ ʥʘ ʰʠʨʦʢʦʤʫ ʧʨʦʤʽʞʢʫ ʪʝʤʧʝʨʘʪʫʨ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʘʻ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʾ, ʭʽʤʽʯʥʦʾ ʪʘ ʙʽʦʣʦʛʽʯʥʦʾ 

ʜʝʛʨʘʜʘʮʽʾ. ʉʪʽʡʢʠʡ ʜʦ ʢʠʩʣʦʪʥʠʭ, ʣʫʞʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ 

ʛʘʣʦʛʝʥʽʚ ʪʘ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ, ʩʪʽʡʢʠʡ ʜʦ ʤʘʩʝʣ ʪʘ ʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. 

ʏʝʨʝʟ ʤʘʣʫ ʟʥʦʰʫʚʘʥʽʩʪʴ ʪʘ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʣʘʧʘʥʥʦʾ ʘʨʤʘʪʫʨʠ, ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʢʽʣʝʮʴ, ʪʘʢʦʞ ʤʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʘʢʫʫʤʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ɹʽʦʣʦʛʽʯʥʦ ʩʫʤʽʩʥʠʡ, ʘʣʝ ʟʘ ʨʘʭʫʥʦʢ 

ʩʚʦʾʭ ʛʽʜʨʦʬʦʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝ ʤʘʻ ʧʦʚʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʟ ʢʽʩʪʴʤʠ, ʱʦ 



ΟΣ 
 
ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʜʠʮʠʥʽ ʜʣʷ ʽʤʧʣʘʥʪʫʚʘʥʥʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ 3D-

ʜʨʫʮʽ ʧʦʪʨʝʙʫʻ ʟʘʢʨʠʪʦʾ ʢʘʤʝʨʠ ʧʦʙʫʜʦʚʠ, ʧʽʜʽʛʨʽʚʫ ʢʘʤʝʨʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ 

ʤʝʥʰʝ 60 Áʉ, ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʧʣʘ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ï 360 Áʉ [23]. 

PEKK (ʧʦʣʽʝʬʽʨ ʢʝʪʦʥ ʢʝʪʦʥ) ï ʧʦʜʽʙʥʠʡ ʜʦ PEEK ʧʦʣʽʤʝʨ, ʷʢʠʡ ʤʘʻ 

ʜʝʱʦ ʚʠʱʫ ʪʝʤʧʝʨʘʪʫʨʫ ʩʢʣʫʚʘʥʥʷ - 162 Áʉ. ɺʽʥ ʤʘʻ ʜʝʱʦ ʚʠʱʫ ʤʽʮʥʽʩʪʴ ʪʘ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʥʦʰʫʚʘʥʥʷ. ʊʘʢʦʞ ʤʦʞʝ ʧʽʜʜʘʥʠʡ ʩʪʝʨʠʣʽʟʘʮʽʾ ʧʘʨʦʤ ʪʘ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʤ [24].  

ʆʩʥʦʚʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʱʝʨʦʟʛʣʷʥʫʪʠʭ ʧʦʣʽʤʝʨʽʚ ʚʥʝʩʝʥʽ ʚ 

ʪʘʙʣʠʮʶ 1.2. 

 

ʊʘʙʣʠʮʷ 1.2 ï ɺʣʘʩʪʠʚʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʧʦʣʽʤʝʨʽʚ. 

ʇʦʣʽʤʝʨ PET PC Nylon ASA PEI PEEK PEKK 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ, ʄʇʘ 70 68 78 47 95 116 81 

ɺʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ, % 50 6 75 15 50 15 5 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɻʇʘ 3 2,3 2,7 2,3 3,1 4,2 4 

ʋʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʧʦ 

ʐʘʨʧʽ ʙʝʟ ʥʘʜʨʽʟʫ, 

ʢɼʞ/ʤ2 

- 350 - 18 - - - 

 

1.3 ʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʫ ʧʦʰʘʨʦʚʦʤʫ ʩʠʥʪʝʟʽ 

 

ɿ ʧʦʰʠʨʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʫ ʧʦʢʨʘʱʝʥʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʤʽʥʠ ʜʝʪʘʣʝʡ, ʱʦ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ 

ʪʘʢʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʘʤʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ. ʆʩʥʦʚʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʚʘʞʣʠʚʽ ʫ ɸʈʂʊ, ʻ: ʤʽʮʥʽʩʪʴ, 

ʤʽʥʽʤʘʣʴʥʘ ʤʘʩʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʜʘʨʥʠʭ ʽ ʚʽʙʨʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. ʄʽʮʥʽʩʪʴ, ʪʦʙʪʦ ʟʜʘʪʥʽʩʪʴ ʩʫʧʨʦʪʠʚʫ ʤʝʭʘʥʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʽʚ. ʄʽʥʽʤʘʣʴʥʘ 

ʤʘʩʘ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʧʦʻʜʥʘʥʥʷʤ ʚʠʩʦʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ 



ΟΤ 
 
ʤʘʣʦʾ ʧʠʪʦʤʦʾ ʚʘʛʠ ʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ ʽ ʪʦʧʦʣʦʛʽʾ ʚʠʨʦʙʫ. ʉʪʽʡʢʽʩʪʴ ʜʦ 

ʫʜʘʨʥʠʭ ʽ ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘʢʦʞ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʤʘʪʝʨʽʘʣʽʚ.  

 ɺʠʭʦʜʷʯʠ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, 

ʟʘʟʥʘʯʝʥʠʭ ʫ ʦʛʣʷʜʽ ʨʘʥʽʰʝ, ʫ ʧʦʜʘʣʴʰʦʤʫ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʜʝ ʧʨʠʜʽʣʝʥʘ 

ʩʧʦʩʦʙʘʤ ʧʦʢʨʘʱʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʦʩʥʦʚʥʦʤʫ ï ʤʽʮʥʦʩʪʽ, 

ʚ ʢʦʥʪʝʢʩʪʽ ʜʦ FDM/FFF ʪʝʭʥʦʣʦʛʽʡ. ɯʩʥʫʶʪʴ ʩʧʦʩʦʙʠ ʧʦʢʨʘʱʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʫ ʛʦʪʦʚʦʤʫ ʚʠʨʦʙʽ, ʪʘʢʽ ʷʢ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ, ʭʽʤʽʯʥʝ 

ʧʦʢʨʠʪʪʷ ʪʘ ʧʨʦʩʦʯʫʚʘʥʥʷ ʪʘ ʽʥʰʽ. ɸʣʝ ʦʩʥʦʚʥʠʤ ʽ ʥʘʡʙʽʣʴʰ ʜʽʻʚʠʤ ʩʧʦʩʦʙʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʜʦʜʘʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʫ ʦʩʥʦʚʥʠʡ ʧʦʣʽʤʝʨ, ʪʦʙʪʦ 

ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [25]. ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʚʠʜʽʚ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ï ʥʘʧʦʚʥʝʥʥʷ ʛʨʘʥʫʣʘʤʠ ʯʠ ʧʦʨʦʰʢʦʤ ʪʘ 

ʥʘʧʦʚʥʝʥʥʷ ʚʦʣʦʢʥʘʤʠ.  

ʅʘʧʦʚʥʝʥʥʷ ʧʦʨʦʰʢʦʤ ʯʠ ʤʽʢʨʦʛʨʘʥʫʣʘʤʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʜʝʢʦʨʘʪʠʚʥʽ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ. ɼʝʢʦʨʘʪʠʚʥʽ ʥʘʧʦʚʥʶʚʘʯʽ, ʪʘʢʽ ʷʢ ʯʘʩʪʦʯʢʠ 

ʜʝʨʝʚôʷʥʦʾ ʩʪʨʫʞʢʠ, ʤʽʢʨʦʛʨʘʥʫʣʠ ʤʘʨʤʫʨʫ, ʢʦʤʧʦʟʠʮʽʡ ʜʣʷ ʬʣʫʦʨʠʩʮʝʥʮʽʾ ʪʘ 

ʽʥʰʝ ʥʝ ʤʘʶʪʴ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʉʝʨʝʜ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʨʦʰʢʽʚ ʽ ʛʨʘʥʫʣ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʽ ʥʘʧʦʚʥʶʚʘʯʽ, ʷʢ 

ʛʨʘʬʽʪʦʚʽ ʯʠ ʩʢʣʷʥʽ ʤʽʢʨʦʛʨʘʥʫʣʠ ʽ ʤʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ. ʇʨʠʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʛʨʘʥʫʣ ï ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ, ʘ ʩʘʤʝ ï 

ʪʚʝʨʜʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʯʠ ʥʘʜʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʝʚʥʠʭ (ʘʥʪʠ)ʬʨʠʢʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʄʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʦʜʠʬʽʢʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʯʠ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʣʽʤʝʨʽʚ, 

ʥʘʜʘʥʥʷ ʾʤ ʤʘʛʥʽʪʥʠʭ ʘʙʦ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʅʘʧʦʚʥʝʥʥʷ ʚʦʣʦʢʥʦʤ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ [26, 

27]. ɺʦʣʦʢʥʦ ʤʦʞʝ ʙʫʪʠ ʨʫʙʣʝʥʝ, ʢʦʨʦʪʢʝ ʪʘ  ʜʦʚʛʝ. ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ 

ʚʦʣʦʢʥʘ ʥʘʧʦʚʥʝʥʥʷ ï ʩʢʣʷʥʝ ʚʦʣʦʢʥʦ, ʘʨʘʤʽʜʥʝ, ʙʘʟʘʣʴʪʦʚʝ, ʚʫʛʣʝʮʝʚʝ, ʪʦʱʦ. 

ʂʨʽʤ ʜʦʚʞʠʥʠ ʽ ʤʘʪʝʨʽʘʣʫ ʚʦʣʦʢʥʘ, ʚʘʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ ï ʚʽʜʩʦʪʦʢ ʥʘʧʦʚʥʝʥʥʷ. 

ʏʠʤ ʙʽʣʴʰʝ ʯʘʩʪʢʘ ʥʘʧʦʚʥʝʥʥʷ ʚʦʣʦʢʥʦʤ ʫ ʦʙôʻʤʽ ʧʦʣʽʤʝʨʫ, ʪʠʤ ʙʽʣʴʰʘ 

ʨʝʟʫʣʴʪʫʶʯʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʢʽʥʮʝʚʦʛʦ ʚʠʨʦʙʫ, ʘʣʝ ʬʽʣʘʤʝʥʪʠ ʟ 



ΟΥ 
 
ʚʠʩʦʢʠʤ ʚʽʜʩʦʪʢʦʤ ʥʘʧʦʚʥʝʥʥʷ ʤʘʶʪʴ ʧʝʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʢʣʘʜʥʦʩʪʽ ʜʨʫʢʫ, 

ʪʘʢʽ ʷʢ ʩʠʣʴʥʝ ʟʥʦʰʫʚʘʥʥʷ ʩʦʧʣʘ ʪʘ ʧʦʜʘʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʧʦʛʘʥʠʡ ʧʨʦʛʨʽʚ 

ʫ ʩʦʧʣʽ ʪʘ ʚʠʩʦʢʘ ʫʤʦʚʥʘ ʚôʷʟʢʽʩʪʴ. ʎʝ ʚʩʝ ʦʙʤʝʞʫʻ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ, ʥʘʢʣʘʜʘʻ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʽʥʽʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʩʦʧʣʘ. 

ʇʦʨʽʚʥʶʶʯʠ ʥʘʧʦʚʥʝʥʥʷ ʨʫʙʣʝʥʠʤʠ ʪʘ ʢʦʨʦʪʢʠʤʠ ʚʦʣʦʢʥʘʤʠ ʟ 

ʥʘʧʦʚʥʝʥʥʷʤ ʜʦʚʛʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʦʩʪʘʥʥʻ ʥʘʜʘʻ ʥʘʡʙʽʣʴʰʫ ʧʨʠʙʘʚʢʫ ʜʦ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʽ. ʂʦʨʦʪʢʽ ʚʦʣʦʢʥʘ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʦʨʽʻʥʪʘʮʽʾ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʜʨʫʢʫʚʘʣʴʥʦʛʦ ʩʦʧʣʘ, ʱʦ ʯʘʩʪʢʦʚʦ ʩʧʦʨʽʜʥʶʻ 

ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʦʪʨʠʤʘʥʠʤ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʢʣʘʜʢʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ. ɸʣʝ 

ʨʫʙʣʝʥʽ ʪʘ ʢʦʨʦʪʢʽ ʚʦʣʦʢʥʘ ʥʘʜʘʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʤʽʩʮʝʚʫ ʧʨʠʙʘʚʢʫ ʤʽʮʥʦʩʪʽ ʽ 

ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʷʢ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʫʩʠʣʴ ʫ ʚʠʨʦʙʽ ʚ ʤʝʞʘʭ ʚʩʴʦʛʦ ʚʠʨʦʙʫ 

ʧʝʨʝʜʘʻʪʴʩʷ ʤʽʞ ʚʦʣʦʢʥʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ. 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ ʩʝʨʝʜ ʩʧʦʩʦʙʽʚ ʥʘʧʦʚʥʝʥʥʷ 

ʚʚʘʞʘʻʪʴʩʷ ʥʘʧʦʚʥʝʥʥʷ ʥʝʧʝʨʝʨʚʥʠʤʠ ʚʦʣʦʢʥʘʤʠ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʷʪʠ 

ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘʧʨʫʞʝʥʴ ʚ ʜʝʪʘʣʽ ʩʘʤʝ ʥʘ ʚʦʣʦʢʥʦ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʪʦʜʽ ʷʢ ʦʩʥʦʚʥʦʤʫ ʧʦʣʽʤʝʨʫ ʚʽʜʚʦʜʠʪʴʩʷ ʨʦʣʴ ʟʚôʷʟʫʶʯʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʥʘʧʦʚʥʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʫʻ ʜʝʪʘʣʽ, ʦʪʨʠʤʘʥʽ 

ʧʦʰʘʨʦʚʠʤ ʩʠʥʪʝʟʦʤ, ʜʦ ʜʝʪʘʣʝʡ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʬʦʨʤʫʚʘʥʥʷ, ʪʘʢʠʤʠ ʷʢ ʚʠʢʣʘʜʢʘ. ʄʦʞʥʘ ʪʘʢʦʞ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʝ ʥʘʧʦʚʥʝʥʥʷ, ʷʢʱʦ ʚʦʥʦ ʤʘʻ ʟʘ ʤʝʪʫ ʧʦʢʨʘʱʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ, ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʘʨʤʫʚʘʥʥʷʤ. ʉʭʝʤʠ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ 

ʘʨʤʫʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.5 [28]. 

 



ΟΦ 
 

 

ʈʠʩʫʥʦʢ 1.5 ï ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʘʨʤʫʚʘʥʥʷ ʚʦʣʦʢʥʦʤ ʚ ʧʨʦʮʝʩʽ 3D-ʜʨʫʢʫ 

 

ɽʢʩʪʨʫʟʽʷ ʬʽʣʘʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʥʜʘʨʪʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ 3D-

ʧʨʠʥʪʝʨʫ, ʦʩʢʽʣʴʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʫ ʥʝʤʘʻ ʥʽʷʢʠʭ ʟʤʽʥ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʤʝʨʥʦʛʦ ʬʽʣʘʤʝʥʪʫ ʙʝʟ ʥʘʧʦʚʥʶʚʘʯʘ. ʋ 

ʪʘʢʦʤʫ ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʽʣʘʤʝʥʪ ʟ ʥʘʧʦʚʥʝʥʥʷʤ ʤʽʢʨʦʛʨʘʥʫʣʘʤʠ, 

ʧʦʨʦʰʢʘʤʠ, ʨʫʙʣʝʥʠʤʠ ʯʠ ʢʦʨʦʪʢʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʅʘ ʤʦʤʝʥʪ ʩʠʥʪʝʟʫ ʬʽʣʘʤʝʥʪ 

ʚʞʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʛʦʪʦʚʦʤʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʜʽ [29]. 

ʇʦʜʚʽʡʥʘ ʝʢʩʪʨʫʟʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʽ ʦʢʨʝʤʽ ʜʨʫʢʫʚʘʣʴʥʽ ʛʦʣʦʚʢʠ, ʦʜʥʽʻʶ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʢʣʘʜʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ, ʘ ʽʥʰʦʶ ï ʧʨʝʧʨʝʛʫ ʘʨʤʫʶʯʦʛʦ 

ʚʦʣʦʢʥʘ. ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʙʽʣʴʰʫ ʩʢʣʘʜʥʽʩʪʴ ʤʝʭʘʥʽʯʥʦ ʽ ʘʣʛʦʨʠʪʤʽʯʥʦ, ʘʣʝ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʘʨʤʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦ, ʘ ʥʝ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ ʰʘʨʫ.  

ʄʽʩʮʝʚʘ ʢʦʝʢʩʪʨʫʟʽʷ ï ʦʩʥʦʚʥʠʡ ʧʦʣʽʤʝʨ ʪʘ ʚʦʣʦʢʥʦ ʪʦʚʧʨʝʛʫ ʧʦʜʘʻʪʴʩʷ 

ʚ ʩʧʽʣʴʥʫ ʜʨʫʢʫʚʘʣʴʥʫ ʛʦʣʦʚʢʫ, ʧʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʡ ʘʨʤʦʚʘʥʠʡ 

ʧʦʣʽʤʝʨ ʚʠʢʣʘʜʘʻʪʴʩʷ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʧʦʣʽʤʝʨ 

ʦʙʨʦʙʣʝʥʥʷ ʧʨʝʧʨʝʛʫ ʤʦʞʝ ʙʫʪʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʡ ʘʙʦ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʡ [30]. 



ΠΜ 
 

ʄʝʪʦʜ ʤʽʩʮʝʚʦʛʦ ʧʨʦʩʦʯʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʜʨʫʢʫʚʘʣʴʥʫ ʛʦʣʦʚʢʫ 

ʧʦʜʘʻʪʴʩʷ ʥʝʦʙʨʦʙʣʝʥʝ ʚʦʣʦʢʥʦ ʽ ʦʩʥʦʚʥʠʡ ʧʦʣʽʤʝʨ, ʧʨʦʩʦʯʝʥʥʷ ʚʦʣʦʢʥʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʠʢʣʘʜʘʥʥʷʤ ʦʪʨʠʤʘʥʦʛʦ ʥʘʧʦʚʥʝʥʦʛʦ 

ʧʦʣʽʤʝʨʫ ʜʨʫʢʫʚʘʣʴʥʦʶ ʛʦʣʦʚʢʦʶ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʥʘʣʘʰʪʦʚʫʚʘʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʜʦ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ ʤʽʩʮʝʚʦ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ [31]. 

ʄʽʩʮʝʚʝ ʩʢʨʽʧʣʝʥʥʷ ʻ ʘʥʘʣʦʛʦʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʢʣʘʜʘʥʥʷ ʚʦʣʦʢʥʘ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʣʽʤʝʨʥʦ-ʚʦʣʦʢʥʠʩʪʠʡ ʧʨʝʧʨʝʛ, ʘ ʜʨʫʢʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ, ʱʦ 

ʡʦʛʦ ʚʠʢʣʘʜʘʻ, ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʨʠʪʠʩʢʥʠʡ ʨʦʣʠʢ ʪʘ ʜʞʝʨʝʣʦ ʥʘʛʨʽʚʫ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʩʢʨʽʧʣʝʥʥʷ ʣʽʥʽʡ ʧʨʝʧʨʝʛʫ ʚ ʧʣʦʱʠʥʽ ʰʘʨʫ ʽ ʤʽʞ 

ʰʘʨʘʤʠ. 

ʇʦʪʦʢʦʚʝ ʧʨʦʩʦʯʫʚʘʥʥʷ ï ʥʘʡʩʢʣʘʜʥʽʰʠʡ ʟ ʧʨʦʮʝʩʽʚ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʥʘʧʦʚʥʝʥʦʛʦ ʚʦʣʦʢʥʦʤ ʧʦʣʽʤʝʨʥʦʛʦ ʬʽʣʘʤʝʥʪʫ ʷʢ ʯʘʩʪʠʥʫ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ. ʅʝʦʙʨʦʙʣʝʥʝ ʚʦʣʦʢʥʦ ʧʨʦʩʦʯʫʻʪʴʩʷ 

ʧʦʣʽʤʝʨʦʤ ʫ ʦʢʨʝʤʦʤʫ ʚʫʟʣʫ ʧʨʠʥʪʝʨʫ. ʎʝʡ ʤʝʪʦʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʡʙʽʣʴʰʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ, ʘʣʝ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ, ʦʧʪʠʤʽʟʘʮʽʷ ʫʩʢʣʘʜʥʝʥʘ.  

ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʤʝʪʦʜʽʚ ʥʘʧʦʚʥʝʥʥʷ ʚʠʢʣʘʜʝʥʽ ʚ ʪʘʙʣ. 1.3 [32, 33, 

34]. 

 

ʊʘʙʣʠʮʷ 1.3 ï ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʘʨʤʫʚʘʥʥʷ 

ʄʝʪʦʜ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ɽʢʩʪʨʫʟʽʷ 

ʬʽʣʘʤʝʥʪʫ ʟ 

ʚʦʣʦʢʥʦʤ 

ʄʽʥʽʤʘʣʴʥʽ ʟʤʽʥʠ ʜʦ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʥʪʝʨʫ, 

ʧʨʦʩʪʦʪʘ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ 

ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʯʠ ʟʤʽʥʠ 

ʚʽʜʥʦʰʝʥʥʷ 

ʤʘʪʨʠʮʷ/ʥʘʧʦʚʥʶʚʘʯ 

ʇʦʜʚʽʡʥʘ 

ʝʢʩʪʨʫʟʽʷ 

ʄʦʞʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʛʦ 

ʘʨʤʫʚʘʥʥʷ, ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʉʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʤʽʥʽ 
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ʩʠʩʪʝʤ ʧʦʜʘʯʽ 

ʢʦʤʧʦʥʝʥʪʽʚ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʧʝʨʝʨʚʥʽʩʪʴ 

ʚʦʣʦʢʥʘ 

ʄʽʩʮʝʚʘ 

ʢʦʝʢʩʪʨʫʟʽʷ 

ʅʝʟʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʫ 

ʧʦʜʘʯʽ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʰʠʨʦʢʠʡ ʚʠʙʽʨ 

ʢʦʤʧʦʥʝʥʪʽʚ 

ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʛʦ 

ʘʨʤʫʚʘʥʥʷ, ʚʠʩʦʢʘ 

ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ 

ʟʤʽʰʫʚʘʥʥʷ 

ʄʽʩʮʝʚʝ 

ʧʨʦʩʦʯʝʥʥʷ 

ʅʝʟʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʫ 

ʧʦʜʘʯʽ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʰʠʨʦʢʠʡ ʚʠʙʽʨ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʦʤʽʰʦʢ ʫ ʢʽʥʮʝʚʦʤʫ 

ʤʘʪʝʨʽʘʣʽ 

ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʛʦ 

ʘʨʤʫʚʘʥʥʷ, ʩʢʣʘʜʥʽʩʪʴ 

ʧʦʜʘʥʥʷ ʚʦʣʦʢʥʘ ʪʘ 

ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ 

ʧʨʦʩʦʯʝʥʥʷ, ʟʥʘʯʥʘ 

ʧʦʨʠʩʪʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʄʽʩʮʝʚʝ 

ʩʢʨʽʧʣʝʥʥʷ 

ɺʠʩʦʢʘ ʱʽʣʴʥʽʩʪʴ ʜʝʪʘʣʝʡ, 

ʤʦʞʣʠʚʽʩʪʴ ʚʝʣʠʢʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʦʙôʻʤʽʚ 

ʜʨʫʢʫ 

ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʢʨʝʤʦʾ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, 

ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ 

ʇʦʪʦʢʦʚʝ 

ʧʨʦʩʦʯʫʚʘʥʥʷ 

ʅʘʡʢʨʘʱʘ 

ʥʘʣʘʰʪʦʚʫʚʘʥʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫʚʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʛʦ 

ʘʨʤʫʚʘʥʥʷ, ʩʢʣʘʜʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

 

1.4 ɺʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʪʘ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʧʦʰʠʨʝʥʠʭ 

ʧʨʦʮʝʩʽʚ ʻ: ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʛʦ ʘʨʤʫʚʘʥʥʷ ʚʠʨʦʙʫ ʚ ʤʝʞʘʭ ʰʘʨʫ, 

ʥʝʜʦʪʨʠʤʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʚʦʣʦʢʥʘ ʚ ʤʝʞʘʭ ʰʘʨʫ ʪʘ ʥʘʷʚʥʽʩʪʴ ʜʦʤʽʰʦʢ ʚʽʜ 

ʤʘʪʝʨʽʘʣʫ ʦʙʨʦʙʢʠ ʧʨʝʧʨʝʛʫ. ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʛʦ ʘʨʤʫʚʘʥʥʷ ʟʤʝʥʰʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʭʝʤʠ ʘʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʴ ʽ 

ʥʘʧʨʫʞʝʥʴ ʥʘ ʚʠʨʽʙ ʽ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʅʝʜʦʪʨʠʤʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʚʦʣʦʢʥʘ ʩʪʚʦʨʶʻ ʣʦʢʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʪʦʨʠ 



ΠΞ 
 
ʥʘʧʨʫʞʝʥʴ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʠʭ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʨʦʙʫ ʫʩʢʣʘʜʥʝʥʦ ʘʙʦ 

ʥʝʤʦʞʣʠʚʦ. ʅʘʷʚʥʽʩʪʴ ʜʦʤʽʰʦʢ ʫ ʢʽʥʮʝʚʦʤʫ ʤʘʪʝʨʽʘʣʽ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʫ 

ʫʩʢʣʘʜʥʶʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʫ, ʫʩʢʣʘʜʥʶʻ 

ʢʦʥʪʨʦʣʴ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʚʦʣʦʢʥʫ ʪʘ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ, ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ 

ʤʝʪʦʜʘʤʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ; 

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʤʘʪʨʠʮʽ ʪʘ ʘʨʤʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ; 

- ʨʦʟʨʦʙʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʩʭʝʤʠ ʽ ʨʝʞʠʤʠ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʟ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 3D-ʜʨʫʢʫ; 

- ʨʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʚʠʛʦʪʦʚʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ; 

- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ 3D-ʜʨʫʢʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʚʠʨʦʙʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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2 ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ. ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʋ 

ɸʈʄʋɺɸʅʅʗ 

 

2.1 ʄʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʜʦʩʣʽʜʞʝʥʥʽ 

 

ʈʦʟʛʣʷʥʫʚʰʠ ʦʩʥʦʚʥʽ ʚʠʜʠ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 3D-

ʜʨʫʢʫ, ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʬʽʣʘʤʝʥʪʠ. ʅʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʽʥʞʝʥʝʨʥʽ ʧʦʣʽʤʝʨʠ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʽʮʥʦʩʪʽ ʪʘ ʙʽʣʴʰ ʚʠʩʦʢʽ ʤʝʞʽ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʦʥʠ ʤʘʣʦʧʨʠʜʘʪʥʽ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʯʠʥ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʾʭ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʣʷ ʜʨʫʢʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ï ʧʦʪʨʝʙʘ ʚ ʟʘʢʨʠʪʽʡ ʢʘʤʝʨʽ ʧʦʙʫʜʦʚʠ ʪʘ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʧʣʘ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ. ʎʝ ʫʥʝʤʦʞʣʠʚʣʶʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʘʨʤʫʚʘʥʥʷ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʙʫʜʴ-ʷʢʽ ʤʘʥʽʧʫʣʷʮʽʾ ʟ 

ʜʝʪʘʣʣʶ, ʚʦʣʦʢʥʦʤ ʯʠ ʙʫʜʴ-ʷʢʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʱʦ ʨʦʟʤʽʱʝʥʝ ʚ ʢʘʤʝʨʽ 

ʧʦʙʫʜʦʚʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʦʧʣʘ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘʢʦʞ ʦʙʤʝʞʫʻ 

ʢʽʥʝʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ 3D-ʧʨʠʥʪʝʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʥʘ ʷʢʠʭ ʤʦʞʥʘ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ.  

ʊʘʢʦʞ, ʚʠʭʦʜʷʯʠ ʟ ʙʽʣʴʰ ʚʠʤʦʛʣʠʚʠʭ ʫʤʦʚ ʜʨʫʢʫ, ʚʢʣʶʯʝʥʥʷ ʚʦʣʦʢʥʘ ʚ 

ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʪʨʫʢʪʫʨʫ ʚʠʨʦʙʫ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʘʯʥʦʛʦ 

ʧʦʛʽʨʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ. ʌʽʟʠʯʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʚʦʣʦʢʥʘ 

ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʧʦʨʠ ʫ ʤʘʪʝʨʽʘʣʽ ʧʦʣʽʤʝʨʫ, ʘ ʥʘʷʚʥʽʩʪʴ ʤʘʣʠʭ ʚʦʣʦʢʦʥ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʘʢʪʽ ʟ ʧʦʣʽʤʝʨʦʤ, ʥʘʛʨʽʪʠʤ ʜʦ ʚʠʩʦʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʣʽʤʝʨʫ ʚ ʧʨʦʮʝʩʽ 

ʜʨʫʢʫ [35]. ʏʝʨʝʟ ʮʝ ʧʦʛʽʨʰʫʻʪʴʩʷ ʤʽʞʰʘʨʦʚʘ ʘʜʛʝʟʽʷ, ʦʩʦʙʣʠʚʦ ʚʨʘʭʦʚʫʶʯʠ 

ʙʽʣʴʰʠʡ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ (240 

Üʉ ʧʨʦʪʠ 350-380 Üʉ). ʊʘʢʦʞ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʣʦʢʥʘ ʟʙʽʣʴʰʫʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʥʴʦʛʦ. ɺʦʣʦʢʥʦ ʧʦʚʠʥʥʦ ʙʫʪʠ ʙʽʣʴʰ ʧʨʦʩʫʰʝʥʝ, ʯʝʨʝʟ 

ʚʝʣʠʢʝ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʧʦʣʽʤʝʨʽʚ ʽ ʥʝʙʝʟʧʝʢʠ ʫʪʚʦʨʝʥʥʷ 

ʙʫʣʴʙʘʰʦʢ ʯʝʨʝʟ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʛʨʘʜʽʻʥʪ ʥʘʛʨʽʚʫ ʙʫʜʴ-ʷʢʠʭ ʟʘʣʠʰʢʦʚʠʭ ʨʽʜʠʥ 
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ʯʠ ʚʦʣʦʛʠ. ʊʘʢʦʞ, ʙʫʜʴ-ʷʢʝ ʭʽʤʽʯʥʝ ʧʦʢʨʠʪʪʷ ʚʦʣʦʢʥʘ, ʱʦ ʤʦʞʝ ʭʽʤʽʯʥʦ 

ʨʝʘʛʫʚʘʪʠ ʟ ʥʘʛʨʽʪʠʤ ʧʦʣʽʤʝʨʦʤ, ʧʦʚʠʥʥʦ ʙʫʪʠ ʚʠʜʘʣʝʥʦ ʙʽʣʴʰ ʨʝʪʝʣʴʥʦ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʽʜʛʦʪʦʚʢʦʶ ʜʣʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ, 

ʱʦ ʤʘʶʪʴ ʤʝʥʰʫ ʪʝʤʧʝʨʘʪʫʨʫ ʜʨʫʢʫ. 

ɼʦ ʩʪʘʥʜʘʨʪʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʱʦ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ, ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚʠʤʦʛʠ ʧʦ ʷʢʽʩʥʽʡ ʤʽʞʰʘʨʦʚʽʡ ʘʜʛʝʟʽʾ ʪʘ ʤʘʣʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʤʽʨʥʦʾ ʪʝʧʣʦʚʦʾ 

ʫʩʘʜʢʠ. ʗʢʽʩʪʴ ʤʽʞʰʘʨʦʚʦʾ ʘʜʛʝʟʽʾ ʚʘʞʣʠʚʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʚʦʣʦʢʥʘ ʥʘ 

ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ ʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦʛʦ 

ʟʯʝʧʣʝʥʥʷ ʧʦʣʽʤʝʨʫ ʪʘ ʚʦʣʦʢʥʘ. ʄʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫʩʘʜʢʠ ʚʘʞʣʠʚʠʡ ʜʣʷ ʙʽʣʴʰ 

ʧʦʚʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʧʦʣʽʤʝʨʫ ʪʘ ʚʦʣʦʢʥʘ, ʨʦʟʤʽʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʝʪʘʣʝʡ [36]. 

ʉʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʬʽʣʘʤʝʥʪʽʚ ʪʘʢʠʤ ʫʤʦʚʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

PLA ʪʘ coPET. ɺʦʥʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʫʩʘʜʢʫ, ʷʢʽʩʥʫ ʘʜʛʝʟʽʶ ʤʽʞ 

ʰʘʨʘʤʠ. ʊʘʢʦʞ ʮʽ ʦʙʠʜʚʘ ʧʦʣʽʤʝʨʠ ʥʝ ʤʘʶʪʴ ʚʠʤʦʛ ʜʦ ʟʘʢʨʠʪʦʾ ʢʘʤʝʨʠ 

ʧʦʙʫʜʦʚʠ, ʤʘʣʦʯʫʪʣʠʚʽ ʜʦ ʚʧʣʠʚʫ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. ɸʣʝ ʯʝʨʝʟ 

ʤʝʥʰʫ ʪʝʢʫʯʽʩʪʴ PLA, ʚ ʜʦʩʣʽʜʞʝʥʽ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ coPET. 

ʇʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ ʩʧʽʚʧʦʣʽʤʝʨ (coPET, PETG) ï ʧʦʣʽʤʝʨ, ʷʢʠʡ 

ʦʜʝʨʞʫʶʪʴ ʚʚʝʜʝʥʥʷʤ ʜʦ ʩʢʣʘʜʫ ʙʘʟʦʚʦʛʦ ʧʦʣʽʤʝʨʫ (ʇɽʊʌ, PET) 1,4-ʙʽʩ 

ʛʽʜʨʦʢʩʠʤʝʪʠʣ ʮʠʢʣʦʛʝʢʩʘʥʘ (CHDM). coPET ʮʝ ʘʤʦʨʬʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʛʣʘʜʢʦʶ 

ʛʣʷʥʮʝʚʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʟʦʨʽʩʪʶ ʽ ʨʽʚʥʦʤʽʨʥʠʤ 

ʩʚʽʪʣʦʨʦʟʩʽʶʚʘʥʥʷʤ, ʚʦʛʥʝʩʪʽʡʢʽʩʪʶ, ʚʽʜʩʫʪʥʽʩʪʶ ʚ ʩʢʣʘʜʽ ʰʢʽʜʣʠʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʧʽʜʚʠʱʝʥʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʫʜʘʨʽʚ, ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ï ʩʪʽʡʢʠʡ 

ʜʦ ʜʽʾ ʚʦʜʠ ʡ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ, ʨʦʟʙʘʚʣʝʥʠʭ ʢʠʩʣʦʪ ʽ ʣʫʛʽʚ, ʘʣʽʬʘʪʠʯʥʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʨʦʩʣʠʥʥʠʭ ʽ ʪʚʘʨʠʥʥʠʭ ʤʘʩʝʣ ʪʘ ʞʠʨʽʚ. ʄʘʻ ʚʠʩʦʢʫ ʨʦʟʤʽʨʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ï ʢʦʝʬʽʮʽʻʥʪ ʫʩʘʜʢʠ ʧʨʠ 3D-ʜʨʫʢʫ ʟ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʪʘ ʥʘʛʨʽʚʫ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ ʪʘ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʦʪʷʛʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 1-1.2%. 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʚʦʣʦʢʦʥ ʘʨʤʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʣʠʩʴ ʪʨʠ ʪʠʧʠ 

ʚʦʣʦʢʥʘ ï ʩʢʣʦʚʦʣʦʢʥʦ, ʚʫʛʣʝʮʝʚʝ ʚʦʣʦʢʥʦ ʪʘ ʙʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ [36, 37]. 

ʉʢʣʦʚʦʣʦʢʥʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʟ 

ʚʠʩʦʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʦʥʠ ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʦʶ 
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ʤʽʮʥʽʩʪʶ. ʉʢʣʦʚʦʣʦʢʥʦ ʤʘʻ ʪʝʪʨʘʝʜʨʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʟ ʢʨʝʤʥʝʟʝʤʫ (SiO2) (SiO4). ʋ ʙʘʛʘʪʴʦʭ ʬʨʘʢʮʽʷʭ ʜʣʷ 

ʧʨʠʰʚʠʜʰʝʥʥʷ ʦʙʨʦʙʢʠ ʘʙʦ ʟʤʽʥʠ ʧʝʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʜʘʶʪʴʩʷ ʦʢʩʠʜʠ 

ʘʣʶʤʽʥʽʶ, ʱʦ ʤʽʩʪʷʪʴ ʨʽʟʥʽ ʽʦʥʠ ʤʝʪʘʣʽʚ. ʉʢʣʦʚʦʣʦʢʥʦ ʤʘʻ ʩʣʘʙʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʩʪʠʨʘʥʥʷ ʪʘ ʩʝʨʝʜʥʽʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʤʝʥʰ ʝʣʘʩʪʠʯʥ,̔ ʥʽʞ ʚʫʛʣʝʮʝʚʽ ʘʙʦ 

ʘʨʘʤʽʜʥʽ ʚʦʣʦʢʥʘ (ʧʨʠʙʣʠʟʥʦ 70 ɻʇʘ). ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʤʘʶʪʴ ʩʠʣʴʥʫ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʩʣʠʟʴʢʦʛʦ ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʪʘ ʩʣʘʙʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʪʦʤʠ. ɺʦʣʦʢʥʘ 

ʧʽʜʜʘʶʪʴʩʷ ʧʨʦʮʝʜʫʨʘʤ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʘʜʛʝʟʽʾ ʤʽʞ ʚʦʣʦʢʥʘʤʠ ʪʘ ʤʘʪʨʠʮʝʶ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʭʠʩʪʫ 

ʚʦʣʦʢʦʥ ʚʽʜ ʚʧʣʠʚʫ ʣʫʞʥʠʭ ʘʛʝʥʪʽʚ ʪʘ ʚʦʣʦʛʠ. ʎʽ ʦʙʨʦʙʢʠ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʶʪʴ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʚʪʦʤʠ (ʩʪʘʪʠʯʥʦʾ ʪʘ 

ʜʠʥʘʤʽʯʥʦʾ). ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʚʠʜʘʪʥʠʤ ʽʟʦʣʷʮʽʡʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʚʠʩʦʢʽʡ 

ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ ʪʘ ʭʽʤʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ, ʩʢʣʦʚʦʣʦʢʥʦ ʻ ʤʘʪʝʨʽʘʣʦʤ ʟ ʰʠʨʦʢʠʤ 

ʚʞʠʪʢʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ 

ʧʦʣʽʤʝʨʽʚ [38]. ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʚʠʜʘʪʥʠʤ ʽʟʦʣʷʮʽʡʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʚʠʩʦʢʽʡ 

ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ ʪʘ ʭʽʤʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ, ʩʢʣʦʚʦʣʦʢʥʦ ʻ ʧʦʧʫʣʷʨʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ 

ʧʦʣʽʤʝʨʽʚ. ʉʢʣʦʚʦʣʦʢʥʦ ʙʫʚʘʻ ʨʽʟʥʠʭ ʩʢʣʘʜʽʚ [39, 40, 41]. ʇʝʨʝʚʘʛʘʤʠ 

ʩʢʣʦʚʦʣʦʢʥʘ ʻ ʨʦʟʤʽʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʚʠʩʦʢʘ ʧʠʪʦʤʘ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ [42], 

ʚʠʩʦʢʘ ʚʦʛʥʝʪʨʠʚʢʽʩʪʴ ʪʘ ʤʘʣʝ ʚʦʣʦʛʦʧʦʛʣʠʥʘʥʥʷ. ɸʣʝ ʥʝʜʦʣʽʢʘʤʠ 

ʩʢʣʦʚʦʣʦʢʥʘ ʻ ʣʘʤʢʽʩʪʴ, ʷʢʘ ʫʩʢʣʘʜʥʶʻ ʨʫʯʥʝ ʫʢʣʘʜʘʥʥʷ ʦʢʨʝʤʠʭ ʜʞʛʫʪʽʚ ʯʠ 

ʥʠʪʦʢ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʩʦʯʫʚʘʥʥʷ ʧʦʣʽʤʝʨʦʤ ʧʽʜ ʪʠʩʢʦʤ, ʱʦ ʚʘʞʢʦ ʚ 

ʜʦʩʪʘʪʥʴʦʤʫ ʦʙôʻʤʽ ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ. 

ɺʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʚʠʜ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ 

[43], ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʥʘʧʦʚʥʶʚʘʯ ʚ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ [44]. ɺʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʘ ʤʘʶʪʴ ʥʘʡʚʠʱʫ ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʧʠʪʦʤʫ 

ʤʽʮʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʘʨʤʫʚʘʥʥʷ, 

ʪʘʢʠʤʠ ʷʢ ʩʢʣʷʥʽ ʚʦʣʦʢʥʘ. ʎʽ ʚʦʣʦʢʥʘ ʪʘʢʦʞ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʢʦʨʦʟʽʾ ʧʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʙʽʣʴʰ ʥʽʞ ʥʘ 50% ʣʝʛʰʠʡ 



ΠΣ 
 
ʟʘ ʚʠʩʦʢʦʤʽʮʥʫ ʩʪʘʣʴ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʘʨʤʦʚʘʥʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʩʢʣʷʥʽ ʪʘ ʧʦʣʽʤʝʨʥʽ ʚʦʣʦʢʥʘ. ɺʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʠʩʪʦ-ʘʨʤʦʚʘʥʽ ʢʦʤʧʦʟʠʪʠ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʚʘʞʣʠʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʻ ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ, 

ʥʠʟʴʢʘ ʤʘʩʘ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʪʦʤʠ [45]. ʉʪʨʫʢʪʫʨʥʘ ʦʨʽʻʥʪʘʮʽʷ ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʩʪʨʠʞʥʷ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ. ʇʝʨʝʚʘʛʠ 

ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ ʚʢʣʶʯʘʶʪʴ ʾʭ ʥʠʟʴʢʫ ʱʽʣʴʥʽʩʪʴ, ʚʠʩʦʢʠʡ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʠʣ ʨʦʟʪʷʛʫʚʘʥʥʷ ʪʘ ʩʪʠʩʢʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʠʩʥʶ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 3000 ÁC, ʚʠʜʘʪʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ, ʭʽʤʽʯʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ (ʦʩʦʙʣʠʚʦ ʫ ʢʠʩʣʦʪʘʭ), ʙʽʦʩʫʤʽʩʥʽʩʪʴ. ɺʫʛʣʝʮʝʚʦ-ʘʨʤʦʚʘʥʽ 

ʢʦʤʧʦʟʠʪʠ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʟ ʚʠʩʦʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ 

ʤʘʩʦʶ ʪʘ ʚʠʩʦʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ. ʅʘʨʘʟʽ ʚʽʩʢʦʟʘ, 

ʧʦʣʽʘʢʨʠʣʦʥʽʪʨʠʣ (PAN) ʪʘ ʨʽʜʢʠʡ ʪʘ ʽʟʦʪʨʦʧʥʠʡ ʜʴʦʛʦʪʴ ʻ ʪʨʴʦʤʘ ʨʽʟʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ-ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ. ɹʽʣʴʰʽʩʪʴ 

ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ ʫʪʚʦʨʶʶʪʴʩʷ ʰʣʷʭʦʤ ʢʘʨʙʦʥʽʟʘʮʽʾ PAN, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʫʯʢʘ ʬʽʙʨʠʣ ʟ ʙʘʟʘʣʴʥʠʤʠ ʧʣʦʱʠʥʘʤʠ, ʱʦ ʟʘʟʚʠʯʘʡ ʚʠʨʽʚʥʶʶʪʴʩʷ ʚʟʜʦʚʞ 

ʫʩʽʻʾ ʦʩʽ ʚʦʣʦʢʥʘ ʪʘ ʥʘʜʘʶʪʴ ʚʥʫʪʨʽʰʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʧʦʜʽʙʥʽʡ ʜʦ ʣʫʰʧʠʥʥʷ 

ʮʠʙʫʣʽ. ɺʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʘ ʤʘʶʪʴ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʷʢʠʡ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 200 

ʜʦ 750 ɻʇʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʾʭʥʴʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʪʘ ʙʣʠʟʴʢʦ 20 ɻʇʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʾʭʥʴʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ [46]. ʂʨʠʩʪʘʣʽʯʥʘ ʤʝʟʦʬʘʟʥʘ ʨʽʜʢʘ 

ʩʤʦʣʘ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʚʦʣʦʢʥʘ ʟ ʥʘʜʚʠʩʦʢʠʤ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ; ʚʠʩʦʢʠʡ 

ʩʪʫʧʽʥʴ ʦʨʽʻʥʪʘʮʽʾ ʧʦʧʝʨʝʜʥʠʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʢʘʨʙʦʥʽʟʦʚʘʥʠʤ ʚʦʣʦʢʥʘʤ, 

ʫʪʚʦʨʶʶʯʠ ʙʽʣʴʰʽ ʟʘ ʨʦʟʤʽʨʦʤ ʪʘ ʢʨʘʱʝ ʦʨʽʻʥʪʦʚʘʥʽ ʢʨʠʩʪʘʣʠ ʛʨʘʬʽʪʫ. ɺʠʩʦʢʦ 

ʘʥʽʟʦʪʨʦʧʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʘʥʮʶʛʽʚ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʦʣʦʢʦʥ, 

ʧʦʷʩʥʶʻ ʾʭ ʚʠʥʷʪʢʦʚʽ ʪʷʛʦʚʽ ʟʜʽʙʥʦʩʪʽ. ʄʦʣʝʢʫʣʠ ʚʠʢʦʥʫʶʪʴ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

ʨʦʙʦʪʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʜʽ ʷʢ ʩʣʘʙʢʽ ʟʚ'ʷʟʢʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʚʠʢʦʥʫʶʪʴ 

ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʟʫʩʠʣʴ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʦʜʽʙʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʚʽʥ 

ʧʦʛʘʥʦ ʧʦʚʦʜʠʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʪʷʛʫʚʘʥʥʷ, ʚʫʛʣʝʮʴ ʪʘʢʦʞ ʧʦʛʘʥʦ ʧʦʚʦʜʠʪʴʩʷ ʧʽʜ 

ʯʘʩ ʩʪʠʩʢʘʥʥʷ. ʅʝʜʦʣʽʢʘʤʠ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ ʪʘʢʦʞ ʻ ʾʭ ʣʘʤʢʽʩʪʴ ʪʘ 

ʩʢʣʘʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʚʘʥʥʷ ʧʨʦʩʦʯʫʚʘʥʥʷ ʧʨʠ ʤʘʣʠʭ ʪʠʩʢʘʭ. ʃʘʤʢʽʩʪʴ 



ΠΤ 
 
ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʡʦʛʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʪʘ ʫʪʚʦʨʝʥʴ 

ʤʽʢʨʦʪʨʽʱʠʥ ʧʽʜ ʯʘʩ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʩʦʧʣʦʤ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʯʝʨʝʟ ʱʦ 

ʚʘʞʣʠʚʠʤ ʻ ʢʦʥʪʨʦʣʴ ʜʦʩʪʘʪʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʚʦʣʦʢʥʘ ʧʦʣʽʤʝʨʦʤ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʬʽʣʘʤʝʥʪʫ ʟ ʚʦʣʦʢʥʦʤ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ ʟ 

ʚʦʣʦʢʥʦʤ. 

ɹʘʟʘʣʴʪʦʚʽ ʚʦʣʦʢʥʘ ʧʨʠʚʝʨʥʫʣʦ ʫʚʘʛʫ ʷʢ ʧʦʪʝʥʮʽʡʥʦ ʥʦʚʘ ʬʦʨʤʘ ʚʦʣʦʢʥʘ 

ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ [47]. ʎʝ ʥʠʪʢʠ ʙʘʟʘʣʴʪʫ, ʥʘʡʧʦʰʠʨʝʥʽʰʦʾ 

ʧʦʨʦʜʠ ʚ ʟʝʤʥʽʡ ʢʦʨʽ ʪʘ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʢʝʘʥʽʯʥʦʛʦ ʜʥʘ. ɺʦʥʠ ʻ 

ʜʦʙʨʠʤʠ ʪʝʧʣʦ- ʪʘ ʘʢʫʩʪʠʯʥʠʤʠ ʽʟʦʣʷʪʦʨʘʤʠ, ʟʙʝʨʽʛʘʶʪʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʽʤʽʯʥʦ ʩʪʘʙʽʣʴʥʽ [48]. ɹʘʟʘʣʴʪʠ ʤʽʩʪʠʪʴ ʢʨʝʤʥʽʡ, 

ʘʣʶʤʽʥʽʡ, ʢʘʣʴʮʽʡ, ʤʘʛʥʽʡ, ʟʘʣʽʟʦ ʪʘ, ʤʝʥʰʦʶ ʤʽʨʦʶ, ʽʥʰʽ ʝʣʝʤʝʥʪʘʨʥʽ ʦʢʩʠʜʠ 

[49]. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʨʦʙʥʠʢ ʪʘ ʧʨʦʧʦʨʮʽʾ, ʚ ʷʢʠʭ ʨʽʟʥʽ ʙʘʟʘʣʴʪʦʚʽ ʧʦʨʦʜʠ 

ʨʦʟʯʠʥʷʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʦʜʥʦʛʦ ʚʝʨʝʪʝʥʘ, ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ. ɺʦʥʠ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʥʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ, ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ ʪʘ ʘʨʪʝʬʘʢʪʽʚ, 

ʩʪʽʡʢʠʭ ʜʦ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʋ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʙʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ ʻ ʧʝʨʝʚʘʛʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʩʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʩʧʣʘʚʣʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʻ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ, ʥʽʞ ʽʥʰʽ ʚʦʣʦʢʥʘ, 

ʱʦʜʦ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ, ʪʝʧʣʦ- ʪʘ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʠʭ ʷʢʦʩʪʝʡ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ 

ʚʽʙʨʦʩʪʽʡʢʦʩʪʽ. ʇʦʨʷʜ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʪʘ ʩʢʣʦʚʦʣʦʢʥʘʤʠ, ʚʦʥʦ ʪʘʢʦʞ ʤʽʩʪʠʪʴ 

ʜʝʣʽʢʘʪʥʽ ʥʠʪʢʠ, ʷʢʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ ʤʽʥʝʨʘʣʴʥʽ ʚʦʣʦʢʥʘ. ʊʠʤ ʥʝ ʤʝʥʰ, ʚʦʥʠ 

ʧʝʨʝʚʝʨʰʫʶʪʴ ʾʭ ʤʝʭʘʥʽʯʥʽ ʪʘ ʭʽʤʽʢʦ-ʬʽʟʠʯʥʽ ʷʢʦʩʪʽ. ʎʽ ʷʢʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʤʧʦʟʠʪʘʤ, ʘʨʤʦʚʘʥʠʤ ʙʘʟʘʣʴʪʦʚʠʤ ʚʦʣʦʢʥʦʤ, ʙʫʪʠ ʯʫʜʦʚʦʶ ʟʘʤʽʥʦʶ 

ʢʦʤʧʦʟʠʪʽʚ, ʘʨʤʦʚʘʥʠʭ ʩʢʣʦʚʦʣʦʢʥʦʤ ʪʘ ʚʫʛʣʝʮʝʚʠʤ ʚʦʣʦʢʥʦʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʦʜʥʘʢʦʚʦ ʜʦʨʦʛʽ, ʞʦʨʩʪʢʽ ʪʘ ʤʘʶʪʴ ʯʫʜʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʨʦʟʽʡʥʦʾ ʪʘ 

ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ [50, 51, 52]. ɰʭ ʧʝʨʝʚʘʛʘʤʠ ʻ ʙʽʣʴʰʘ ʝʣʘʩʪʠʯʥʽʩʪʴ ʚ 

ʥʘʪʫʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʱʽʣʴʥʦʩʪʝʡ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ ʚʽʜ ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʚʦʣʦʢʥʦʤ ʪʘ ʤʘʣʘ ʧʦʪʨʝʙʘ ʚ 

ʩʧʝʮʠʬʽʯʥʦʤʫ ʦʧʨʝʪʫʚʘʥʥʽ [53]. ʅʝʜʦʣʽʢ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚ ʡʦʛʦ ʚʝʣʠʢʽʡ 



ΠΥ 
 
ʧʠʪʦʤʽʡ ʚʘʟʽ ʪʘ ʥʠʟʴʢʽʡ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʩʢʣʦʚʦʣʦʢʥʘ ʪʘ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭ ʧʝʨʝʚʘʛ, ʧʦʜʘʣʴʰʽ ʝʪʘʧʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ. ʑʽʣʴʥʽʩʪʴ 

ʚʦʣʦʢʥʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ï 80 ʪʝʢʩ. ɼʣʷ ʧʽʜʛʦʪʫʚʘʥʥʷ ʚʦʣʦʢʥʘ ʥʝʦʙʭʽʜʥʦ 

ʡʦʛʦ ʦʯʠʱʝʥʥʷ ʪʘ ʟʥʷʪʪʷ ʦʧʨʝʪʫʚʘʥʥʷ. ʎʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʦʪʠʨʘʥʥʷʤ ʚʦʣʦʢʥʘ 

ʽʟʦʧʨʦʧʠʣʦʚʠʤ ʩʧʠʨʪʦʤ ʪʘ ʧʨʦʩʫʰʢʦʶ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.1. 

 

ʊʘʙʣʠʮʷ 3.1 ï ɺʣʘʩʪʠʚʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ ʪʘ ʥʘʧʦʚʥʶʚʘʯʘ 

ʇʘʨʘʤʝʪʨ coPET ɹʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ 

ʄʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ, ʄʇʘ 50 3500 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɻʇʘ 1,9 85 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 0,41 0,3 

ɺʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ 

ʨʦʟʨʠʚʽ, % 

24 3,1 

ʊʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, Áʉ -20 - +80 -260 - +500 

 

2.2 ʉʪʨʫʢʪʫʨʘ ʪʘ ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ 

 

ɺʠʭʦʜʷʯʠ ʟ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʚʢʘʟʘʥʠʭ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ, ʱʦ ʫʩʫʚʘʻ ʾʭ. ɻʦʣʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ, 

ʱʦ ʥʝʦʙʭʽʜʥʦ ʫʩʫʥʫʪʠ, ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʥʝʜʦʪʨʠʤʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʚʦʣʦʢʥʘ 

ʥʘʧʦʚʥʝʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʥʝʩʧʨʦʛʥʦʟʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ. ʊʘʢʦʞ, 

ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʤʘʪʝʨʽʘʣʫ ʦʙʨʦʙʣʝʥʥʷ ʚʦʣʦʢʥʘ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʝʧʨʝʛʫ, ʜʦʜʘʪʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʧʨʽʦʨʠʪʝʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʙʨʦʙʣʝʥʦʛʦ 

ʚʦʣʦʢʥʘ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ [54]. 

ɼʝʷʢʽ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʘʨʤʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʯʘʩʪʢʦʚʫ 

ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʚʦʣʦʢʥʘ ʥʘʧʦʚʥʝʥʥʷ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʰʘʨʫ, ʘʣʝ ʥʘʷʚʥʽʩʪʴ 

ʤʦʤʝʥʪʽʚ ʟʤʽʥʠ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ (ʫ ʚʠʧʘʜʢʫ ʧʦʜʚʽʡʥʦʾ ʝʢʩʪʨʫʟʽʾ) ʘʙʦ 



ΠΦ 
 
ʧʝʨʝʨʠʚʘʥʥʷ ʚʦʣʦʢʥʘ ʜʣʷ ʭʦʣʦʩʪʠʭ ʭʦʜʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ 

ʥʝ ʟʙʝʨʽʛʘʶʪʴ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʚʦʣʦʢʥʘ. ʂʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʧʨʦʛʘʣʠʥ ʚʦʣʦʢʥʘ ʽ 

ʪʦʯʦʢ ʥʝʥʘʧʦʚʥʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʥʘʧʨʫʞʝʥʴ ʽ 

ʤʽʩʮʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʩʣʘʙʣʝʥʥʷ [55]. ʊʘʢʦʞ, ʟʘ ʨʘʭʫʥʦʢ ʟʙʝʨʝʞʝʥʥʷ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʚʦʣʦʢʥʘ ʚ ʦʜʥʦʤʫ ʯʠ ʜʝʢʽʣʴʢʦʭ ʥʘʧʨʷʤʢʘʭ ʤʦʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ 

ʟʘʜʘʥʫ, ʧʨʦʛʥʦʟʦʚʘʥʫ ʦʨʪʦʪʨʦʧʽʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʽʥʮʝʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʠʨʦʙʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʦʧʦʣʦʛʽʶ ʚʠʨʦʙʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʷʤʢʫ ʜʽʾ ʩʠʣ ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʥʠʭ. ʊʘʢʘ ʦʨʪʦʪʨʦʧʽʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʠʥʥʘ ʟʘʜʘʚʘʪʠʩʴ ʣʠʰʝ ʥʘʧʨʘʚʣʝʥʥʷʤʠ ʚʦʣʦʢʥʫ ʪʘ ʱʽʣʴʥʽʩʪʶ 

ʘʨʤʫʚʘʥʥʷ ʘʙʦ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʚʦʣʦʢʥʘʤʠ ʚ ʰʘʨʫ.  

ʂʨʽʤ ʟʙʝʨʝʞʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʚʦʣʦʢʥʘ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʰʘʨʫ, ʚʘʞʣʠʚʠʤ ʻ 

ʟʙʝʨʝʞʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʽ ʤʽʞ ʰʘʨʘʤʠ. ʍʦʯʘ ʮʝ ʽ ʥʝ ʤʘʻ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʥʘʧʨʷʤʢʫ ʘʨʤʫʚʘʥʥʷ, ʮʝ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʜʝʬʝʢʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʟʘʢʨʽʧʣʝʥʥʷʤ ʚʦʣʦʢʥʘ ʥʘʧʦʚʥʝʥʥʷ ʙʽʣʷ ʤʝʞ ʰʘʨʫ. ʊʘʢʦʞ, 

ʥʘʷʚʥʽʩʪʴ ʤʽʞʰʘʨʦʚʦʛʦ ʟʚôʷʟʢʫ ʧʦʢʨʘʱʫʻ ʤʽʮʥʽʩʪʴ ʜʦ ʥʘʚʘʥʪʘʞʝʥʴ ʟʜʚʠʛʫ.  

ʆʢʨʽʤ ʟʙʝʨʝʞʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʚʦʣʦʢʥʘ, ʚʘʞʣʠʚʠʤ ʚʚʘʞʘʻʪʴʩʷ ʢʦʥʪʨʦʣʴ 

ʧʦʣʦʞʝʥʥʷ ʚʦʣʦʢʥʘ ʚ ʧʣʦʱʽ ʰʘʨʫ. ʎʝ ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʦʨʪʦʪʨʦʧʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʩʧʽʚʧʘʜʽʥʥʷ ʥʘʧʨʷʤʢʫ 

ʘʨʤʫʚʘʥʥʷ ʟ ʥʘʧʨʷʤʢʘʤʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ [56]. ʂʦʥʪʨʦʣʴ ʧʦʣʦʞʝʥʥʷ 

ʦʜʠʥʠʯʥʠʭ ʚʦʣʦʢʦʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʠʙʽʨʢʦʚʦʛʦ ʘʨʤʫʚʘʥʥʷ ʚʠʨʦʙʫ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʚʠʨʦʙʽʚ ʟ ʩʢʣʘʜʥʦʶ ʟʤʽʥʦʶ 

ʛʝʦʤʝʪʨʽʾ ʚ ʧʣʦʱʠʥʘʭ ʰʘʨʽʚ. ʂʦʥʪʨʦʣʴ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʦʰʘʨʦʚʦʛʦ 

ʩʠʥʪʝʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʦʚʠʥʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʽ ʥʘʧʨʷʤʣʝʥʥʷ ʦʜʠʥʠʯʥʠʭ ʚʦʣʦʢʦʥ ʚʽʜʥʦʩʥʦ 

ʧʦʣʦʞʝʥʥʷ ʚʠʨʦʙʫ ʥʘ ʜʨʫʢʫʚʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘ ʫʪʨʠʤʫʚʘʥʥʷ ʾʭ ʚ ʧʝʚʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʚʽʜʥʦʩʥʦ ʰʘʨʫ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫʚʘʥʥʷ [57, 58]. ʋʪʨʠʤʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝ ʣʠʰʝ ʟʘʚʜʷʢʠ ʟʘʭʚʘʪʥʠʤ ʽ ʫʪʨʠʤʫʶʯʠʤ ʜʝʪʘʣʷʤ, ʘ ʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʪʷʛʫ. ʅʘʪʷʛ ʚʦʣʦʢʥʘ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʡʦʛʦ ʟʩʫʚʫ 

ʧʽʜ ʯʘʩ ʜʨʫʢʫ ʰʘʨʫ ʯʝʨʝʟ ʨʫʭ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ.  
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ʈʦʟʛʣʷʜʘʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ 

ʧʨʦʢʣʘʜʘʥʥʷʤ ʚʦʣʦʢʥʘ. ʄʝʪʦʜ ʘʨʤʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʚʦʣʦʢʥʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, 

ʫ ʷʢʦʩʪʽ ʘʨʤʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙʨʘʥʽ ʦʜʠʥʠʯʥʽ ʜʞʛʫʪʠ ʯʠ ʧʫʯʢʠ ʚʦʣʦʢʦʥ, ʱʦ 

ʤʦʞʣʠʚʦ ʨʦʟʤʽʱʫʚʘʪʠ ʫ ʧʝʚʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʗʢ ʚʢʘʟʘʥʦ ʚ [59, 60], ʦʨʽʻʥʪʘʮʽʷ 

ʚʦʣʦʢʦʥ ʚʽʜʽʛʨʘʻ ʛʦʣʦʚʥʫ ʨʦʣʴ ʚ ʨʦʟʧʦʜʽʣʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʮʥʦʩʪʽ ʚʦʣʦʢʥʘ ʘʨʤʫʚʘʥʥʷ ʫ ʟʘʛʘʣʴʥʽʡ ʤʽʮʥʦʩʪʽ ʚʠʨʦʙʫ. 

ɺʽʜʧʦʚʽʜʥʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʛʫʪʽʚ ʯʠ ʧʫʯʢʽʚ ʩʫʮʽʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʡʙʽʣʴʰʝ ʟʙʝʨʝʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʣʦʢʥʘ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʠʩʢʨʝʪʥʠʭ ʚʦʣʦʢʦʥ, ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʣʦʢʥʦ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ 

ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʚʠʨʦʙʫ [61]. ʊʘʢʦʞ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʷʤʦʛʦ ʧʨʦʢʣʘʜʘʥʥʷ 

ʩʧʨʦʱʫʻ ʪʝʭʥʦʣʦʛʽʶ ʚʠʢʦʥʘʥʥʷ ʘʨʤʫʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʟ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʝʨʝʨʦʟʧʦʜʽʣʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘʧʨʫʞʝʥʴ ʥʘ ʚʦʣʦʢʥʦ ʚ ʚʠʨʦʙʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʧʨʫʞʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ. 

ʉʫʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʜʠʥʠʯʥʽ 

ʚʦʣʦʢʥʘ ʘʙʦ ʜʞʛʫʪʠ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʦʢʣʘʜʘʶʪʴʩʷ ʤʽʞ ʰʘʨʘʤʠ 

ʜʝʪʘʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ 3D-ʜʨʫʢʫ. ʉʫʮʽʣʴʥʽʩʪʴ ʚʦʣʦʢʥʘ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʥʘʩʪʫʧʥʠʡ ʰʘʨ ʥʘʧʦʚʥʝʥʥʷ. ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʤʦʜʝʣʽ ʜʦ ʜʨʫʢʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʥʦʾ ʱʽʣʴʥʦʩʪʽ ʫʢʣʘʜʘʥʥʷ ʥʠʪʦʢ ʘʙʦ ʜʞʛʫʪʽʚ ʚʦʣʦʢʥʘ ʪʘ 

ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʜʦʚʞʠʥʘ ʪʘ ʢʽʣʴʢʽʩʪʴ ʦʢʨʝʤʠʭ ʥʠʪʦʢ 

ʘʙʦ ʜʞʛʫʪʽʚ ʚʦʣʦʢʥʘ, ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʨʽʟʢʘ ʚʦʣʦʢʥʘ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʨʫʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ 3D-

ʧʨʠʥʪʝʨ, ʚʽʣʴʥʽ ʢʽʥʮʽ ʧʦʯʘʪʢʫ ʚʦʣʦʢʦʥ ʘʙʦ ʜʞʛʫʪʽʚ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ 

ʟʘʢʨʽʧʣʶʶʪʴ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʎʽ ʢʽʥʮʽ ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʢʨʽʧʣʝʥʠʤʠ ʜʦ 

ʟʘʚʝʨʰʝʥʥʷ ʜʨʫʢʫ. ɼʨʫʢ ʚʠʟʥʘʯʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʰʘʨʽʚ ʚʠʢʦʥʫʻʪʴʩʷ 

ʙʝʟ ʥʘʢʣʘʜʘʥʥʷ ʚʦʣʦʢʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʪʘ ʧʨʘʚʠʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ʦʩʥʦʚʠ, ʥʘ ʷʢʫ ʙʫʜʝ ʥʘʢʣʘʜʝʥʠʡ ʧʝʨʰʠʡ ʰʘʨ ʘʨʤʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʜʨʫʢʫ ʧʦʯʘʪʢʦʚʠʭ ʰʘʨʽʚ ʪʘ ʜʨʫʢʫ ʢʦʞʥʦʛʦ ʰʘʨʫ, ʧʽʩʣʷ ʷʢʦʛʦ 

ʧʝʨʝʜʙʘʯʝʥʦ ʥʘʢʣʘʜʘʥʥʷ ʘʨʤʫʚʘʥʥʷ, ʧʨʦʮʝʩ ʜʨʫʢʫ ʩʪʘʚʠʪʴʩʷ ʥʘ ʧʘʫʟʫ, ʧʽʜ ʯʘʩ 
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ʷʢʦʾ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʢʣʘʜʘʥʥʷ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ï ʥʘʢʣʘʜʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʚʦʣʦʢʦʥ, 

ʬʽʢʩʘʮʽʷ ʫʪʨʠʤʫʶʯʠʭ ʜʝʪʘʣʝʡ ʦʙʣʘʜʥʘʥʥʷ, ʥʘʪʷʛʫʚʘʥʥʷ ʪʘ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʜʠʥʠʯʥʠʭ ʚʦʣʦʢʦʥ ʯʠ ʜʞʛʫʪʽʚ ʥʘʧʦʚʥʶʚʘʯʘ. ʇʽʩʣʷ 

ʧʨʦʢʣʘʜʘʥʥʷ ʘʨʤʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʡʦʛʦ ʟʯʝʧʣʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʨʫʢʫʚʘʥʥʷʤ 

ʥʘʩʪʫʧʥʦʛʦ ʰʘʨʫ ʧʦʣʽʤʝʨʫ ʧʦʚʝʨʭ ʰʘʨʫ ʚʦʣʦʢʥʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʝʭʘʥʽʯʥʠʡ 

ʟʚôʷʟʦʢ. ʇʨʠ ʜʨʫʢʫʚʘʥʥʽ ʟʘʢʨʽʧʣʶʶʯʦʛʦ ʰʘʨʫ ʥʝʦʙʭʽʜʥʦ ʩʪʝʞʠʪʠ ʟʘ ʪʠʤ, ʱʦʙ 

ʚʦʣʦʢʥʘ ʯʠ ʜʞʛʫʪʠ ʘʨʤʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʣʠ ʛʘʨʘʥʪʦʚʘʥʦ ʧʦʢʨʠʪʽ ʧʦʣʽʤʝʨʦʤ 

ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʟʚôʷʟʢʫ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʭʦʯʘ ʦʪʨʠʤʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʚʚʘʞʘʻʪʴʩʷ ʧʦʣʽʤʝʨʥʠʤ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʟʚôʷʟʦʢ ʤʽʞ 

ʦʩʥʦʚʥʠʤ ʧʦʣʽʤʝʨʦʤ ʪʘ ʚʦʣʦʢʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʬʽʟʠʯʥʦ, ʪʦʤʫ ʙʫʜʴ-

ʷʢʠʤʠ ʭʽʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʨʫʢʫ ʪʘ 

ʚʨʘʭʦʚʫʶʯʠ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʽʣʴʰʦʩʪʽ ʧʘʨ ʧʦʣʽʤʝʨ-ʥʘʧʦʚʥʶʚʘʯ, ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ. 

ʇʽʩʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʢʦʞʥʦʛʦ ʰʘʨʫ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ 

ʦʙʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʘʨʤʫʚʘʥʥʷ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʥʘʩʪʫʧʥʠʡ ʰʘʨ ʘʨʤʫʚʘʥʥʷ 

ʥʘʪʷʛ ʚʦʣʦʢʥʘ ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʭʦʤʠʭ ʫʪʨʠʤʫʶʯʠʭ ʯʘʩʪʠʥ 

ʦʙʣʘʜʥʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʝʨʪʘʥʥʷ ʚʩʴʦʛʦ ʥʘʙʦʨʫ ʚʦʣʦʢʦʥ ʘʨʤʫʚʘʥʥʷ ʟ 

ʥʘʪʷʛʫʚʘʥʥʷʤ ʫ ʽʥʰʫ ʩʪʦʨʦʥʫ. ʊʘʢʘ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʫʢʣʘʜʢʠ ʚʦʣʦʢʦʥ 

ʘʨʤʫʚʘʥʥʷ ʫ ʧʨʦʪʠʣʝʞʥʽ ʩʪʦʨʦʥʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʜʨʫʢʫ 

ʜʝʪʘʣʽ, ʫʪʚʦʨʶʶʯʠ ʚʽʩʴ ʘʨʤʫʚʘʥʥʷ.   
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ʈʠʩʫʥʦʢ 2.1 ï ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ, ʚʠʜ ʟʙʦʢʫ ʽ 

ʟ ʪʦʨʮʷ (ʩʽʨʠʡ ï ʦʩʥʦʚʥʠʡ ʧʦʣʽʤʝʨ, ʞʦʚʪʠʡ ï ʚʦʣʦʢʥʦ) 

 

ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʠ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.1, ʻ ʧʨʠʢʣʘʜʦʤ ʩʭʝʤʠ ʘʨʤʫʚʘʥʥʷ, 

ʟʘ ʷʢʦʾ ʚʦʣʦʢʥʦ ʧʨʦʢʣʘʜʘʻʪʴʩʷ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʰʘʨʫ. ʋ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʪʘʢ ʚʠʟʥʘʯʝʥʦ ʩʭʝʤʦʶ ʘʨʤʫʚʘʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʫ, ʧʨʦʢʣʘʜʘʥʥʷ 

ʚʦʣʦʢʥʘ ʤʦʞʣʠʚʦ ʚʠʢʦʥʫʚʘʪʠ ʟ ʧʨʦʤʽʞʢʦʤ ʚ ʦʜʠʥ ʯʠ ʙʽʣʴʰʝ ʰʘʨʽʚ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʤʦʚʠ 3D-ʜʨʫʢʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʧʦʚʠʥʥʽ ʧʝʨʝʜʙʘʯʘʪʠ ʥʘʜʽʡʥʝ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʚʦʣʦʢʥʘ 

ʥʘʧʦʚʥʶʚʘʯʘ. ʐʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʩʦʧʣʘ ʧʦʚʠʥʥʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʫ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ 

ʤʽʞʰʘʨʦʚʦʾ ʜʝʣʘʤʽʥʘʮʽʾ. ʊʘʢʦʞ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʚ 

ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʥʝʦʙʭʽʜʥʦ ʚʥʦʩʠʪʠ ʧʦʧʨʘʚʢʠ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʧʦʜʘʯʽ 

ʧʦʣʽʤʝʨʫ ʚ ʩʦʧʣʦ ʧʝʨʝʜ ʦʩʥʦʚʥʠʤ ʨʫʭʦʤ. ʎʝ ʧʦʪʨʽʙʥʦ ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʾ 

ʩʫʮʽʣʴʥʦʩʪʽ ʧʦʪʦʢʫ ʧʣʘʩʪʠʢʫ ʧʨʠ ʟʘʢʨʽʧʣʝʥʥʽ ʚʦʣʦʢʥʘ ʥʘʧʦʚʥʶʚʘʯʘ. 

ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 2.1) ʩʘʤʘ ʧʦ ʩʦʙʽ ʧʝʨʝʜʙʘʯʘʻ ʦʜʥʦʥʘʧʨʘʚʣʝʥʝ 

[62] ʘʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ, ʱʦ ʥʝ ʤʘʶʪʴ ʦʪʚʦʨʽʚ ʘʙʦ ʚʠʨʽʟʽʚ ʫ ʧʣʦʱʠʥʽ ʰʘʨʽʚ. ʇʨʠ 

ʾʭ ʥʘʷʚʥʦʩʪʽ ʩʭʝʤʫ ʘʨʤʫʚʘʥʥʷ (ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʜʠʥʠʯʥʠʭ ʚʦʣʦʢʦʥ) ʙʘʞʘʥʦ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʘʢ, ʱʦʙ ʦʪʚʦʨʠ ʯʠ ʚʠʨʽʟʠ ʥʝ ʧʝʨʝʢʨʠʚʘʣʠʩʴ ʚʦʣʦʢʥʦʤ [63]. ʋ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʘʨʤʫʚʘʥʥʷ ʯʝʨʝʟ ʦʪʚʦʨʠ ʪʘ ʚʠʨʽʟʠ, ʚʠʢʦʥʫʻʪʴʩʷ 

ʦʙʚʝʜʝʥʥʷ ʚʦʣʦʢʥʘ ʥʘʚʢʦʣʦ ʚʠʨʽʟʫ ʯʠ ʦʪʚʦʨʫ ʥʘ ʝʪʘʧʽ ʥʘʢʣʘʜʘʥʥʷ ʢʦʤʧʣʝʢʪʫ 

ʚʦʣʦʢʥʘ, ʜʦ ʥʘʪʷʛʫʚʘʥʥʷ ʚʦʣʦʢʦʥ. ʆʙʚʝʜʝʥʥʷ ʚʦʣʦʢʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚʨʫʯʥʫ, ʟ 

ʪʠʤʯʘʩʦʚʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ ʚʦʣʦʢʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʝʶ. ɺ ʨʘʤʢʘʭ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʝʾʚ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʘʪʫ ʯʠ 

ʮʠʘʥʦʘʢʨʠʣʘʪʫ [64, 65]. ɿʘʢʨʽʧʣʝʥʥʷ ʚʦʣʦʢʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ ʟʘʢʨʽʧʣʝʥʥʷ ʚ ʤʝʞʘʭ ʧʦʙʫʜʦʚʠ ʧʝʨʠʤʝʪʨʽʚ 

ʜʨʫʢʦʚʘʥʦʛʦ ʰʘʨʫ, ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʚʦʣʦʢʥʘ ʥʘʧʦʚʥʶʚʘʯʘ ʥʝ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʢʣʝʶ, ʘ ʽ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʤ ʰʘʨʦʤ ʧʦʣʽʤʝʨʫ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʧʽʜ ʯʘʩ ʥʘʥʝʩʝʥʥʷ ʢʣʝʶ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʧʣʷʤ ʪʘ ʟʘʪʚʝʨʜʽʣʠʭ 

ʜʽʣʷʥʦʢ/ʪʦʯʦʢ ʢʣʝʶ ʚ ʤʝʞʘʭ ʰʘʨʫ, ʷʢʱʦ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʥʘʧʠʥʘʥʥʷ ʥʘ ʥʠʭ 
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ʜʨʫʢʫʚʘʣʴʥʦʛʦ ʩʦʧʣʘ ʧʨʠ ʜʨʫʮʽ ʥʘʩʪʫʧʥʠʭ ʰʘʨʽʚ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʣʝʡʦʚʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ ʚʦʣʦʢʦʥ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʷʪʠ ʥʘʪʷʛ ʽ ʧʦʣʦʞʝʥʥʷ ʚʦʣʦʢʥʘ ʜʣʷ 

ʥʝʜʦʧʫʱʝʥʥʷ ʚʪʨʘʪʠ ʥʘʪʷʛʫ ʯʠ ʩʫʪʪʻʚʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʷʤʫ ʚʦʣʦʢʥʘ ʚʽʜ 

ʧʘʨʘʣʝʣʴʥʦʩʪʽ ʟ ʚʽʩʩʶ ʘʨʤʫʚʘʥʥʷ [66]. 

 

2.3 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʰʘʨʦʚʦ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ʆʢʨʽʤ ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʪʘ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʚʘʞʣʠʚʘ 

ʯʘʩʪʠʥʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʝʪʘʣʽ ï ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ. ɯʩʥʫʶʪʴ ʨʫʡʥʽʚʥʽ ʪʘ 

ʥʝʨʫʡʥʽʚʥʽ ʪʠʧʠ ʢʦʥʪʨʦʣʶ, ʽ ʥʝʨʫʡʥʽʚʥʽ ʧʦʚʠʥʥʽ ʧʝʨʝʜʫʚʘʪʠ ʨʫʡʥʽʚʥʠʤ. 

ʅʝʨʫʡʥʽʚʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʨʦʙʫ ʚʠʤʦʛʘʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʫʡʥʽʚʥʠʤ ʤʝʪʦʜʘʤʠ 

ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ ʥʝ ʙʫʣʠ 

ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʽ ʯʠ ʥʝ ʥʘʜʘʥʽ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʚʠʨʽʙ [67]. ʊʘʢʦʞ ʨʫʡʥʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʠʥʪʝʟʫ ʇʂʄ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺ ʧʨʦʮʝʩʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ, ʧʦʜʽʙʥʽ ʜʦ ʪʘʢʠʭ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʧʦʣʽʤʝʨʥʠʭ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ.  

ʄʝʪʦʜʠ ʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʪʠʧʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: ʩʪʘʪʠʯʥʝ ʨʦʟʪʷʛʫʚʘʥʥʷ, ʩʪʘʪʠʯʥʠʡ 

ʚʠʛʠʥ, ʫʜʘʨʥʠʡ ʚʠʛʠʥ (ʥʘ ʟʨʘʟʢʘʭ ʟ ʥʘʜʨʽʟʦʤ).  

ʄʝʪʦʜʘʤʠ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ 

ʤʝʞʘ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʤʝʞʘ ʧʨʫʞʥʦʩʪʽ, ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʪʘ 

ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ. ʋ ʮʠʭ ʤʝʪʦʜʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʨʠʚʥʽ ʤʘʰʠʥʠ, 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʷʪʴ ʥʘ ʟʨʘʟʢʘʭ ʩʧʝʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʱʦ 

ʦʧʠʩʘʥʘ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʜʘʨʪʘʭ [68]. 
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ʄʝʪʦʜʘʤʠ ʩʪʘʪʠʯʥʦʛʦ ʚʠʛʠʥʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʢʫʪ 

ʚʠʛʠʥʫ, ʪʘ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʤʦʜʫʣʶ ʧʨʫʞʥʦʩʪʽ. ʋ ʮʠʭ ʤʝʪʦʜʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʨʝʩʦʚʽ ʤʘʰʠʥʠ ʟ ʧʨʠʩʪʦʩʫʚʘʥʥʷʤʠ ʪʠʧʫ ʧʨʠʩʪʨʽʡ ʜʣʷ ʟʛʠʥʘʥʥʷ ʟ ʜʚʦʤʘ 

ʦʧʦʨʘʤʠ ʽ ʦʧʨʘʚʢʦʶ, ʧʨʠʩʪʨʽʡ ʜʣʷ ʟʛʠʥʘʥʥʷ ʟ V-ʧʦʜʽʙʥʦʛʦ ʦʧʦʨʦʶ ʽ ʦʧʨʘʚʢʦʶ 

ʪʘ ʧʨʠʩʪʨʽʡ ʜʣʷ ʟʛʠʥʘʥʥʷ ʟ ʣʝʱʘʪʘʤʠ [68]. 

ʄʝʪʦʜʘʤʠ ʫʜʘʨʥʦʛʦ ʚʠʛʠʥʫ ʚʠʟʥʘʯʘʶʪʴ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ. ʋ ʮʠʭ ʤʝʪʦʜʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʷʪʥʠʢʦʚʠʡ ʢʦʧʝʨ.  

ʄʝʪʦʜʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʚʠʜʦʤ ʬʽʟʠʯʥʠʭ 

ʧʨʠʥʮʠʧʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʪʨʦʣʴ. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ, 

ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

ʚʽʟʫʘʣʴʥʠʡ, ʘʢʫʩʪʠʯʥʠʡ, ʨʘʜʽʦʛʨʘʬʽʯʥʠʡ, ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʪʘ ʽʤʧʝʜʘʥʩ-

ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ [70, 71]. 

ɺʽʟʫʘʣʴʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʦʛʣʷʜʠ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʛʣʷʜʦʚʠʭ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʽʢʨʦʩʢʦʧʽʚ. 

ʊʘʢʦʞ ʜʦ ʚʽʟʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴ ʤʝʪʦʜʠ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʜʦ 

ʢʦʥʪʨʦʣʶ.  

ɸʢʫʩʪʠʯʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʨʫʯʥʽ ʪʘ ʘʚʪʦʤʘʪʠʯʥʽ 

ʫʜʘʨʥʦ-ʘʢʫʩʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [72] (ʪʘʢ ʟʚʘʥʠʡ çcoin tap testè) ʪʘ ʪʝʨʤʦ-

ʘʢʫʩʪʠʯʥʦ ʝʤʽʩʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈʘʜʽʦʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʝʡʪʨʦʥʥʫ, 

ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʪʘ ʛʘʤʤʘ ʨʝʥʪʛʝʥʦʛʨʘʬʽʶ [73, 74].  

ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʤʝʪʦʜʠ [75] ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʽ 

ʭʚʠʣʽ ʪʘ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʝʪʦʜʠ ʧʨʦʭʦʜʞʝʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʤʝʪʦʜʠ 

ʚʽʜʙʠʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɯʤʧʝʜʘʥʩ ʤʝʪʦʜʠ ʻ ʧʽʜʚʠʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʪʘ 

ʧʦʣʷʛʘʶʪʴ ʫ ʨʝʻʩʪʨʘʮʽʾ ʨʝʟʦʥʘʥʩʫ ʜʝʪʘʣʽ ʧʨʠ ʚʧʣʠʚʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʽʙʨʘʮʽʡ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘʢʠʭ ʚʠʨʦʙʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʩʘʤʝ ï FDM/FFF 

3D-ʜʨʫʢ, ʭʘʨʘʢʪʝʨʥʦ ʫʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ, ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚ ʷʢʽʡ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʽʚ ʜʨʫʢʫ [76]. ʅʘʚʽʪʴ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜʥʘʢʦʚʠʭ ʨʝʞʠʤʽʚ ʜʨʫʢʫ ʦʜʥʘʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜ ʨʽʟʥʠʭ 



ΡΡ 
 
ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʘʙʦ ʧʘʨʪʽʡ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʛʣʷʜ ʪʘ ʛʝʦʤʝʪʨʽʶ ʩʪʨʫʢʪʫʨ. 

ʊʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫʩʢʣʘʜʥʶʶʪʴ ʢʦʥʪʨʦʣʴ ʚʠʨʦʙʽʚ ʪʦʤʫ, ʱʦ ʟʘʚʘʞʘʶʪʴ 

ʚʽʜʨʽʟʥʷʪʠ ʜʝʬʝʢʪʠ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨ. ʈʝʞʠʤʠ ʜʨʫʢʫ ʪʘʢʦʞ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʯʝʨʝʟ ʤʦʞʣʠʚʫ ʩʢʣʘʜʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʙʫʤʦʚʣʝʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʨʦʟʤʽʨʽʚ. ʊʘʢʦʞ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʝ ʱʽʣʴʥʽʩʪʴ ʪʘ ʧʦʨʠʩʪʽʩʪʴ 

ʰʘʨʽʚ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʘʨʽʚ, ʢʽʣʴʢʦʩʪʽ 

ʟʚôʷʟʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʩʪʨʘʪʝʛʽʾ ʾʾ ʥʘʥʝʩʝʥʥʷ, FDM/FFF 3D-ʜʨʫʢ ʫʪʚʦʨʶʻ 

ʤʘʡʞʝ ʤʦʥʦʣʽʪʥʽ ʩʪʽʥʢʠ ʪʘ ʩʪʨʫʢʪʫʨʠ ʫ ʤʽʩʮʷʭ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʩʪʽʥʢʽʚ 

ʟʘʧʦʚʥʝʥʥʷ. ɯʥʰʘ ʧʨʦʙʣʝʤʘ ï ʥʘʷʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʨ ʪʘ ʧʦʨʦʞʥʠʥ ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʟ ʱʽʣʴʥʽʩʪʶ ʟʘʧʦʚʥʝʥʥʷ ʤʝʥʰʝ 100%, ʱʦ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ 

çʢʘʨʪè ʧʨʦʩʪʽʥʢʽʚ ʟʘʧʦʚʥʝʥʥʷ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫʱʽʣʴʥʝʥʥʷ ʰʘʨʽʚ 

ʫ ʤʽʩʮʷʭ ʟʘʢʨʫʛʣʝʥʴ ʪʘ ʬʘʩʦʢ. 

ʅʘʷʚʥʽʩʪʴ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ ʚ ʧʣʘʩʪʠʢʫ ʪʘʢʦʞ ʥʘʢʣʘʜʘʻ ʧʝʚʥʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʏʝʨʝʟ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ FDM/FFF 3D-ʜʨʫʢʫ, ʧʦʣʦʞʝʥʥʷ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ 

ʚ ʦʜʠʥʠʯʥʽʡ ʥʠʪʮʽ, ʱʦ ʚʠʢʣʘʜʘʻʪʴʩʷ ʯʝʨʝʟ ʩʦʧʣʦ, ʤʦʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʧʦʣʦʞʝʥʥʶ ʚʦʣʦʢʥʘ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʰʘʨʘʭ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʡʥʷʪʦ ʷʢ ʭʠʙʥʦ 

ʧʦʟʠʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ ʪʨʽʱʠʥʠ. ʊʘʢʦʞ, ʧʦʟʠʮʽʷ ʚʦʣʦʢʥʘ ʚ ʚʠʭʽʜʥʦʤʫ ʬʽʣʘʤʝʥʪʽ, 

ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʩʦʧʣʦ, ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʥʝʧʦʩʪʽʡʥʘ ʧʦ ʜʦʚʞʠʥʽ. ʉʫʤʘ ʮʠʭ ʜʚʦʭ 

ʬʘʢʪʦʨʽʚ ʤʦʞʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʧʦʢʘʟʥʠʢʽʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ FDM/FFF 

3D-ʜʨʫʢʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ ʚ 

ʧʣʘʩʪʠʢʫ, ʥʘʚʝʜʝʥʽ ʨʘʥʽʰʝ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ ʚ ʢʦʥʪʝʢʩʪʽ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙʦʤ ʥʘʙʦʨʘʤ ʯʠʥʥʠʢʽʚ. ʊʘʢʦʞ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ 

ʦʨʽʻʥʪʘʮʽʾ ʰʘʨʽʚ ʜʝʪʘʣʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ ʤʦʞʣʠʚʦ ʜʣʷ ʜʝʪʘʣʝʡ-ʟʨʘʟʢʽʚ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ 

ʢʦʥʬʽʛʫʨʘʮʽʡ, ʘʣʝ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ, ʚʽʜʧʦʚʽʜʥʽ 

ʩʪʘʥʜʘʨʪʘʤ ʪʝʩʪʫʚʘʥʥʷ ʜʣʷ ʤʝʪʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʨʘʟʢʠ 



ΡΣ 
 
ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʦʜʨʘʟʫ ʚ ʪʦʤʫ ʚʠʜʽ, ʷʢʠʡ ʙʫʜʝ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʚ ʨʦʟʨʠʚʥʫ ʤʘʰʠʥʫ. ʎʷ ʚʽʜʤʽʥʥʽʩʪʴ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʦʤ 

ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ ʟ ʤʝʪʘʣʽʚ ʘʙʦ ʇʂʄ ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ ʚʠʢʣʘʜʢʠ ʯʠ 

ʬʦʨʤʫʚʘʥʥʷ, ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʨʦʟʨʽʟʘʥʥʷ ʘʙʦ ʧʦʨʫʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ, ʣʦʢʘʣʴʥʦ ʯʠ ʟʘʛʘʣʦʤ ʧʦ ʚʠʨʦʙʫ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚʠʨʦʙʽʚ, ʘʨʤʦʚʘʥʠʭ ʥʝʧʝʨʝʨʚʥʠʤ ʚʦʣʦʢʥʦʤ, ʙʦ ʮʝ 

ʧʦʨʫʰʫʻ ʡʦʛʦ ʩʫʮʽʣʴʥʽʩʪʴ. 

ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʪʘ ʤʽʮʥʽʩʪʴ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ 

ʜʝʪʘʣʽ, ʚʠʛʦʪʦʚʣʝʥʦʾ  ʟʘ ʜʦʧʦʤʦʛʦʶ FDM/FFF 3D-ʜʨʫʢʫ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ [77]. 

ʄʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ, ʪʘʢʽ ʷʢ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʜʨʫʢʫʚʘʣʴʥʦʛʦ ʩʦʧʣʘ ʯʠ ʦʨʽʻʥʪʘʮʽʷ ʰʘʨʽʚ, ʱʽʣʴʥʽʩʪʴ 

ʟʘʧʦʚʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʤʽʮʥʽʩʪʴ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʤʘʣʶʥʦʢ ʟʘʧʦʚʥʝʥʥʷ, 

ʪʦʚʱʠʥʘ ʦʙʦʣʦʥʢʠ, ʷʢʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʟʘʧʦʚʥʝʥʥʷ ʟ ʦʙʦʣʦʥʢʦʶ ʪʘ ʩʪʫʧʽʥʴ 

ʧʝʨʝʢʨʠʪʪʷ ʦʙʦʣʦʥʢʠ ʟʘʧʦʚʥʝʥʥʷʤ [78]. ɺʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʘʨʤʫʶʯʦʛʦ 

ʚʦʣʦʢʥʘ ʚ ʜʝʪʘʣʷʭ, ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʨʦʟʪʷʛ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʨʫʡʥʫʚʘʥʥʷ 

ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʤʝʭʘʥʽʟʤʘʤʠ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʧʦʣʽʤʝʨʽʚ, ʱʦ ʤʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ FDM/FFF 3D-ʜʨʫʮʽ, ʤʘʶʪʴ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ (ʤʦʜʫʣʴ ʖʥʛʘ) 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʡ, ʥʽʞ ʚʦʣʦʢʥʘ ʜʣʷ ʘʨʤʫʚʘʥʥʷ, ʪʦ ʜʝʬʦʨʤʘʮʽʾ ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʽʜ ʯʘʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʧʦʣʽʤʝʨʽ ʚʽʜʧʦʚʽʜʥʦ ʙʽʣʴʰʽ. ʏʝʨʝʟ ʮʝ ʧʝʨʰʠʡ ʤʝʭʘʥʽʟʤ 

ʨʫʡʥʫʚʘʥʥʷ ï ʨʫʡʥʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʧʽʜ ʯʘʩ ʨʦʟʨʠʚʫ ʚʦʣʦʢʦʥ ʘʨʤʫʚʘʥʥʷ ʚ ʪʦʚʱʽ 

ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʯʝʧʣʝʥʥʷ ʧʦʣʽʤʝʨʫ ʟ ʚʦʣʦʢʥʦʤ 

ʟʙʝʨʽʛʘʻʪʴʩʷ. ʎʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʚʠʨʦʙʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʤʽʮʥʽʩʪʶ ʚʦʣʦʢʥʘ. ɼʨʫʛʠʡ ʤʝʭʘʥʽʟʤ ʨʫʡʥʫʚʘʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ ï ʨʫʡʥʫʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʡʦʛʦ 

ʚʠʪʷʛʫʚʘʥʥʷʤ ʚʦʣʦʢʥʘ ʟ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʟ ʟʙʝʨʽʛʘʥʥʷʤ ʮʽʣʽʩʥʦʩʪʽ ʚʦʣʦʢʥʘ. 

ʎʝ ʩʚʽʜʯʽʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʝʞʝʶ ʤʽʮʥʦʩʪʽ ʚʠʨʦʙʫ ʻ ʤʝʞʘ 

ʤʽʮʥʦʩʪʽ ʩʢʨʽʧʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʫ ʟ ʘʨʤʫʶʯʠʤ ʚʦʣʦʢʥʦʤ [79]. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ [80] ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʥʘ ʜʝʪʘʣʷʭ 

ʨʽʟʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʰʘʨʽʚ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʠ ʜʝʷʢʠʭ ʦʨʽʻʥʪʘʮʽʷʭ ʰʘʨʽʚ 

ʤʦʞʣʠʚʝ ʣʦʢʘʣʴʥʝ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʰʘʨʽʚ ʫ ʤʽʩʮʽ ʧʦʧʝʨʝʜʥʴʦ 



ΡΤ 
 
ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʥʘʜʨʽʟʫ. ʂʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʥʠʞʯʝ ʯʝʨʝʟ 

ʥʘʷʚʥʽʩʪʴ ʥʘʜʨʽʟʫ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʙʽʣʴʰʫ ʘʩʠʤʝʪʨʠʯʥʽʩʪʴ ʨʫʡʥʘʮʽʾ ʟʨʘʟʢʫ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʛʠʥ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʧʣʘʩʢʠʤʠ ʜʝʪʘʣʷʤʠ-ʟʨʘʟʢʘʤʠ. ʇʨʠ 

ʟʛʠʥʘʥʥʽ ʜʣʷ ʧʣʘʩʢʠʭ ʟʨʘʟʢʽʚ, ʢʦʣʠ ʰʘʨʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʦ ʥʝʡʪʨʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʟʛʠʥʘʥʥʷ, ʙʽʣʴʰ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʰʘʨʘʤʠ, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʚʞʜʠ ʤʝʥʰʘ ʥʽʞ ʤʽʮʥʽʩʪʴ ʫ ʧʣʦʱʠʥʽ 

ʰʘʨʽʚ. ʅʘʷʚʥʽʩʪʴ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ ʚʽʜʽʛʨʘʻ ʥʝʟʥʘʯʥʫ ʨʦʣʴ ʫ ʟʙʽʣʴʰʝʥʥʽ 

ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ. ʇʨʦʪʝ, ʢʦʣʠ ʰʘʨʠ ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʢʣʘʜʝʥʝ ʚ ʧʣʦʱʠʥʽ ʰʘʨʫ, ʚʧʣʠʚ ʘʨʤʫʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʩʪʽʥʢʽʚ ʟʘʧʦʚʥʝʥʥʷ ʪʘ ʢʫʪʘ ʤʘʣʶʥʢʫ ʧʝʨʝʢʨʠʪʴ. 

ɺʽʟʫʘʣʴʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ [81], ʪʘʢʽ ʷʢ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʦʛʣʷʜ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ ʯʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʢʨʦʩʢʦʧʽʚ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʧʨʦʥʠʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʯʘʩʪʢʦʚʦ) ʧʨʦʟʦʨʠʭ ʧʦʣʽʤʝʨʽʚ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ. ɺʽʟʫʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʷʢʽʩʥʦ ʚʠʷʚʣʷʪʠ ʫʚʝʩʴ 

ʩʧʝʢʪʨ ʧʦʚʝʨʭʥʝʚʠʭ ʜʝʬʝʢʪʽʚ, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʽʢʨʦʩʢʦʧʽʚ, 

ʤʽʢʨʦʤʝʪʨʽʚ ʯʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʽʚ ï ʜʘʚʘʪʠ ʽ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʨʦʟʤʽʨʫ ʜʝʬʝʢʪʽʚ. 

ʊʘʢʦʞ, ʧʨʠ ʦʛʣʷʜʽ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʦʛʦʣʝʥʥʷ 

ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ ʚ ʦʜʠʥʠʯʥʠʭ ʥʠʪʢʘʭ ʯʠ ʰʘʨʘʭ. ʗʢʱʦ ʚʽʟʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ 

ʧʨʦʚʦʜʠʪʠ ʥʘ ʨʦʟʨʽʟʘʥʠʭ ʜʝʪʘʣʷʭ, ʪʦ ʮʝ ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʣʷʪʠ ʽ ʚʥʫʪʨʽʰʥʽ 

ʜʝʬʝʢʪʠ, ʧʨʠʪʘʤʘʥʥʽ FDM/FFF 3D-ʜʨʫʢʫ, ʪʘʢʽ ʷʢ: ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʝʨʠʤʝʪʨʽʚ 

ʩʪʽʥʢʠ, ʨʦʟʰʘʨʫʚʘʥʥʷ ʰʘʨʽʚ ʧʝʨʝʢʨʠʪʪʷ, ʜʝʬʝʢʪʠ ʟôʻʜʥʘʥʥʷ ʟʘʧʦʚʥʝʥʥʷ ʪʘ 

ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ, ʨʦʟʨʠʚʠ ʯʠ ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʨʦʩʪʽʥʢʽʚ ʟʘʧʦʚʥʝʥʥʷ, 

ʥʘʷʚʥʽʩʪʴ ʩʪʦʨʦʥʥʽʭ ʚʢʣʶʯʝʥʴ ʚ ʧʦʨʦʞʥʠʥʘʭ ʟʘʧʦʚʥʝʥʥʷ ʯʠ ʚ ʪʦʚʱʽ ʦʙʦʣʦʥʦʢ 

ʪʦʦɦ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʰʘʨʘʤ) 

ʤʦʞʣʠʚʘ ʷʢʽʩʥʘ ʽ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʠʩʦʪʠ ʰʘʨʽʚ ʪʘ ʾʭ ʜʝʬʝʢʪʽʚ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ. 

ʇʝʨʝʜ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʩʢʦʧʽʚ, ʚ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ 

ʨʦʟʨʽʟʫ ʯʠ ʰʣʽʬʫ ʜʝʪʘʣʽ ʥʝʦʙʭʽʜʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʝ ʜʦʧʫʩʢʘʪʠ ʥʘʛʨʽʚʫ ʤʘʪʝʨʽʘʣʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʢʣʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʙʘʛʘʪʦ ʧʦʣʽʤʝʨʽʚ ʥʝʛʘʪʠʚʥʦ ʨʝʘʛʫʶʪʴ ʥʘ 



ΡΥ 
 
ʥʝʨʽʚʥʦʤʽʨʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ ʥʘʛʨʽʚ, ʪʦʤʫ ʤʝʪʦʜ ʦʭʦʣʦʜʞʝʥʥʷ ʜʝʪʘʣʽ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʨʽʚʥʦʤʽʨʥʠʡ. ʈʽʜʠʥʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʪʘʢʦʞ 

ʧʨʦʪʠʧʦʢʘʟʘʥʦ. ɺʩʫʧʝʨʝʯ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʟ ʧʽʜʛʦʪʫʚʘʥʥʷ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʟʨʘʟʢʽʚ ʪʘ ʰʣʽʬʽʚ [82], ʚʽʜʨʽʟʘʥʥʷ ʥʝʙʘʞʘʥʦ ʧʨʦʚʦʜʠʪʠ ʘʙʨʘʟʠʚʥʠʤʠ ʢʨʫʛʘʤʠ, 

ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʘʭ ʧʦʣʽʤʝʨʽʚ ʟ ʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ, ʢʨʠʭʢʽʩʪʶ (ʥʘʧʨʠʢʣʘʜ, 

PLA ʯʠ ʧʦʣʽʤʝʨʠ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʯʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ). ɺʽʜʨʽʟʘʥʥʷ ʩʣʽʜ 

ʚʠʢʦʥʫʚʘʪʠ ʧʠʣʘʤʠ, ʬʨʝʟʘʤʠ, ʚʽʜʨʽʟʥʠʤʠ ʥʝʘʙʨʘʟʠʚʥʠʤʠ ʜʠʩʢʘʤʠ. ʇʽʩʣʷ 

ʚʽʜʨʽʟʘʥʥʷ ʟʨʘʟʢʘ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʠʪʠ ʟʘʜʠʨʢʠ ʪʘ ʟʘʣʠʰʢʠ ʤʘʪʝʨʽʘʣʫ ʟ ʢʦʤʽʨʦʢ 

ʟʘʧʦʚʥʝʥʥʷ. ʐʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʧʦʣʽʤʝʨʽʚ 

ʧʨʦʚʦʜʠʪʴʩʷ ʩʫʭʝ, ʟ ʧʨʦʪʠʨʘʥʥʷʤ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ ʯʠ 

ʽʟʦʧʨʦʧʽʣʦʚʠʤ ʩʧʠʨʪʦʤ ʧʨʠ ʟʤʽʥʽ ʟʝʨʥʠʩʪʦʩʪʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʨʫʚʘʣʴʥʠʭ ʯʠ ʰʣʽʬʫʚʘʣʴʥʠʭ ʧʘʩʪ/ʧʦʨʦʰʢʽʚ ʥʝ 

ʨʝʢʦʤʝʥʜʦʚʘʥʝ. ʊʨʘʚʣʝʥʥʷ ʰʣʽʬʫ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʝ ʧʨʦʚʦʜʠʪʴʩʷ, 

ʪʘʢʦʞ ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʯʠʥʥʠʢʽʚ ʪʠʧʫ ʘʮʝʪʦʥʫ ʯʠ ʢʝʨʦʩʠʥʫ 

ʜʣʷ ʧʨʦʪʠʨʘʥʥʷ ʯʠ ʧʨʦʤʠʚʢʠ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʰʣʽʬʫ ʩʣʽʜ 

ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʷʚʥʦʩʪʽ ʚ ʧʦʣʽʤʝʨʫ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ, ʘ 

ʩʘʤʝ: ʧʨʠ ʚʽʜʨʽʟʮʽ ʪʘ ʰʣʽʬʫʚʘʥʥʽ ʥʝ ʜʦʧʫʩʢʘʪʠ ʚʠʨʠʚʘʥʥʷ ʚʦʣʦʢʥʘ; ʥʝ 

ʜʦʧʫʩʢʘʪʠ ʟʘʙʠʚʘʥʥʷ ʚʦʣʦʢʥʘ ʟʝʨʥʘʤʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; ʜʣʷ 

ʧʨʦʪʠʨʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʯʦʚʠʥʠ, ʽʥʝʨʪʥʽ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʚʦʣʦʢʥʘ; ʥʝ 

ʜʦʧʫʩʢʘʪʠ ʨʦʟʧʫʰʫʚʘʥʥʷ, ʨʦʟʙʫʭʘʥʥʷ ʯʠ ʨʦʟʤʦʢʘʥʥʷ ʚʦʣʦʢʥʘ ʚʽʜ 

ʧʨʦʪʠʨʘʣʴʥʦʾ ʨʝʯʦʚʠʥʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʧʦ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ, ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ, ʻ ʤʝʪʦʜ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʪʷʛʥʝʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʨʦʟʪʷʛ. ʄʝʪʦʜʘʤʠ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ 

ʤʝʞʘ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʤʝʞʘ ʧʨʫʞʥʦʩʪʽ, ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʪʘ 

ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ. ʋ ʮʠʭ ʤʝʪʦʜʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʨʠʚʥʽ ʤʘʰʠʥʠ, 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʷʪʴ ʥʘ ʟʨʘʟʢʘʭ ʩʧʝʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʱʦ 

ʦʧʠʩʘʥʘ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʜʘʨʪʘʭ. ʊʘʢʦʞ, ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ 



ΡΦ 
 
ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʪʷʛ ʚʠʢʦʥʫʚʘʚʩʷ ʚʽʟʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʟʨʘʟʢʽʚ, ʚ ʧʨʦʮʝʩʽ 3D-

ʜʨʫʢʫ ʪʘ ʧʽʩʣʷ. 

ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʪʷʛ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʪʷʛʦʚʫ ʤʘʰʠʥʫ ʀʈ-

5047-50. ʎʷ ʨʦʟʪʷʛʦʚʘ ʤʘʰʠʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʟ ʯʦʨʥʠʭ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ, ʧʦʣʽʤʝʨʽʚ, ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥ. ʟʫʩʠʣʣʷʤ ʨʦʟʪʷʛʫ ʜʦ 50 ʢʅ. ʇʝʨʝʜʙʘʯʝʥʘ 

ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʩʪʠʩʢ, ʚʠʛʠʥ ʽ ʽʥʰʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʘʨʘʤʝʪʨʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠʩʴ ʥʘ ʤʘʰʠʥʽ: ʤʝʞʘ 

ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ, ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ, ʚʽʜʥʦʩʥʝ ʟʚʫʞʝʥʥʷ, ʤʝʞʘ ʜʽʡʥʦʛʦ 

ʦʧʦʨʫ, ʫʤʦʚʥʘ ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ (ů0,2) ʬʽʟʠʯʥʘ ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ. ʄʘʰʠʥʘ ʤʘʻ ʪʘʢʽ 

ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʥʘʡʙʽʣʴʰʝ ʟʫʩʠʣʣʷ ʨʦʟʪʷʛʫ: 50 ʢʅ; 

- ʜʽʘʧʘʟʦʥʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʫʩʠʣʣʷ: 0,1-0,5 ʢʅ, 1-5 ʢʅ, 2-50 ʢʅ; 

- ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʟʫʩʠʣʣʷ: 1%; 

- ʪʠʧ ʩʠʣʦʚʽʤʽʨʶʚʘʯʘ: ʪʝʥʟʦʨʝʩʠʩʪʦʨʥʠʡ; 

- ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʪʨʠʤʘʯʘ: 0,5-60 ʤʤ/ʭʚ; 

- ʪʦʯʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʪʨʠʤʘʯʘ: Ñ10%  

- ʥʘʡʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʨʠʤʘʯʘʤʠ: 700 ʤʤ; 

- ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʪʨʠʤʘʯʘ: 0,1%; 

- ʰʠʨʠʥʘ ʨʦʙʦʯʦʾ ʟʦʥʠ ʤʽʞ ʩʪʦʡʢʘʤʠ: 400 ʤʤ; 

- ʨʦʙʦʯʠʡ ʩʪʨʫʤ ʽ ʧʦʪʫʞʥʽʩʪʴ: 380ɺ (ʪʨʠʬʘʟʥʠʡ), ʜʦ 1,6 ʢɺʪ.  

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʦʩʴʦʚʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʟʨʘʟʢʽʚ ʙʫʣʦ 

ʦʙʨʘʥʦ ʝʢʩʪʝʥʟʦʤʝʪʨ Epsilon 3542-050-050ST. ɽʢʩʪʝʥʟʦʤʝʪʨʠ ʩʝʨʽʾ 3542 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʰʠʨʦʢʦʛʦ ʨʷʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʤʽʨʶʶʯʠ 

ʜʝʬʦʨʤʘʮʽʶ ʷʢ ʥʘ ʨʦʟʪʷʛ, ʪʘʢ ʽ ʩʪʠʩʢ. ʆʩʥʦʚʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ï 

ʪʝʥʟʦʤʝʪʨ ʦʧʦʨʦʤ 350 ʆʤ. ʄʦʜʝʣʴ ST ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ. ʇʨʠʣʘʜ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʮʠʢʣʽʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʜʠʟʘʡʥ ʧʦʜʚʽʡʥʦʛʦ ʚʠʛʠʥʫ ʨʦʙʠʪʴ ʾʭ ʥʝʯʫʪʣʠʚʠʤʠ ʜʦ ʚʽʙʨʘʮʽʡ. 

ɽʢʩʪʝʥʟʦʤʝʪʨʠ ʮʽʻʾ ʩʝʨʽʾ ʦʩʥʘʱʝʥʽ ʧʨʫʞʠʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʰʚʠʜʢʦʛʦ 



ΣΜ 
 
ʚʩʪʘʥʦʚʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʝʟ ʟ ʟʘʛʘʨʪʦʚʘʥʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ. 

ʊʦʯʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʫ ASTM E38 class B-2. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ, 

ʜʦʚʞʠʥʘ ʙʘʟʠ 50 ʤʤ, ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʫ ʜʝʬʦʨʤʘʮʽʾ ï ʜʦ 50%, ʥʝʣʽʥʽʡʥʦʩʪʽ ï 10%. 

ʉʪʘʥʜʘʨʪʥʠʡ ʥʘʙʽʨ ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʟʨʘʟʢʽʚ ʜʽʘʤʝʪʨʦʤ ʜʦ 25 ʤʤ, ʧʣʘʩʢʠʭ ʟʨʘʟʢʽʚ ʪʦʚʱʠʥʦʶ ʜʦ 12 ʤʤ ʽ ʰʠʨʠʥʦʶ ʜʦ 

31 ʤʤ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ [83] ʧʨʦʚʦʜʠʪʠʩʴ ʟʘ ʤʝʪʦʜʠʢʦʶ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ ISO 6892-1:2019. ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʫʣʘ ʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ 

ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʜʘʪʢʫ ɺ ʚʠʱʝʚʢʘʟʘʥʦʛʦ ʩʪʘʥʜʘʨʪʫ (ʨʠʩ. 

2.2). ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʀʈ-5047, ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʝʢʩʪʝʥʟʦʤʝʪʨ Epsilon 3542-050-050 ST. 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʨʘʚʝʨʩʠ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʫʩʽʭ ʟʨʘʟʢʽʚ ï 2 ʤʤ/ʭʚ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

 

  

ʈʠʩʫʥʦʢ 2.2 ï ɽʩʢʽʟ ʟʨʘʟʢʘ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

 



ΣΝ 
 

ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʚʝʜʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Microsoft Excel. 

ɺʝʨʠʬʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʫ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

Solidworks. ɿʘʩʦʙʘʤʠ CAE ʮʴʦʛʦ ʧʘʢʝʪʫ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʜʝʪʘʣʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ. ɿʘʩʦʙʘʤʠ 

CAɽ ʧʨʦʚʝʜʝʥʠʡ ʩʠʤʫʣʷʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʝʪʘʣʽ. 

 

2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ 

ʟ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ 3D-

ʜʨʫʢʫ. ʆʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʥʦʩʥʦ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʚ ʦʙʨʘʥʠʡ 

ʧʦʣʽʤʝʨ ʪʠʧʫ coPET, ʘ ʫ ʷʢʦʩʪʽ ʚʦʣʦʢʥʘ ʘʨʤʫʚʘʥʥʷ ï ʙʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ.  

ʈʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʪʘ ʤʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʘʨʤʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʚʠʨʦʙʠ ʟ ʦʜʥʦʥʘʧʨʘʚʣʝʥʠʤ, ʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ï ʜʚʦʥʘʧʨʘʚʣʝʥʠʤ 

ʘʨʤʫʚʘʥʥʷʤ. ʊʘʢʦʞ, ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʨʦʙʽʚ ʪʘ ʟʨʘʟʢʽʚ 

ʘʨʤʦʚʘʥʦʛʦ ʇʂʄ, ʦʪʨʠʤʘʥʦʛʦ ʤʝʪʦʜʘʤʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ. ʆʩʥʦʚʥʠʤ 

ʪʠʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ, ʥʘʚʝʜʝʥʦ ʩʪʘʥʜʘʨʪʠ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

ʈʦʟʛʣʷʥʫʪʦ ʚʠʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ, ʨʦʟʛʣʷʥʫʪʦ ʥʝʨʫʡʥʽʚʥʽ ʪʘ ʨʫʡʥʫʶʯʠ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʯ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʦʩʥʦʚʥʠʤ ʚʠʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ. ɺʢʘʟʘʥʽ ʩʪʘʥʜʘʨʪʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʨʦʟʪʷʛ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʰʘʨʫʚʘʪʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʘʤʠ 3D-ʜʨʫʢʫ.   

 

  



ΣΞ 
 

3 ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɰ ɸʈʄʋɺɸʅʅʗ ʊɸ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ 

 

3.1 ʈʦʟʨʦʙʢʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʩʭʝʤʦʶ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʪʘ ʚʠʩʥʦʚʢʽʚ, ʚʠʢʣʘʜʝʥʠʭ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʚ 

ʧʨʦʮʝʩʽ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ [84]. ʊʝʭʥʦʣʦʛʽʷ ʚʠʢʦʥʘʥʥʷ ʘʨʤʫʚʘʥʥʷ ʤʘʻ 

ʜʚʦʩʪʦʨʦʥʥʽʡ ʟʚôʷʟʦʢ ʟ ʦʙʣʘʜʥʘʥʥʷʤ ï ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ, ʘʣʝ ʚʠʭʦʜʷʯʠ ʟ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʦʙʦʪʠ ʟ ʥʠʤ, ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʩʢʦʨʠʛʦʚʘʥʽ ʯʠ ʜʦʧʦʚʥʝʥʽ. ʆʩʢʽʣʴʢʠ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʧʦʢʨʘʱʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ 

ʚʠʨʦʙʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʶ ʚʽʜʚʦʜʠʪʴʩʷ ʧʨʦʚʽʜʥʘ ʨʦʣʴ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʘʢʦʞ, ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ̒  ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʡʦʛʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʩʥʦʚʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʙʫʜʫʪʴ ʧʨʦʚʦʜʠʪʠʩʴ 

ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ ʜʦʩʣʽʜʞʝʥʴ. ɺʽʜʧʦʚʽʜʥʦ, ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚʠʥʥʦ 

ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʦ ʪʘʢ, ʱʦʙ ʡʦʛʦ ʜʝʪʘʣʽ ʤʦʞʣʠʚʦ ʙʫʣʦ ʦʪʨʠʤʫʚʘʪʠ ʤʝʪʦʜʘʤʠ 

ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʟ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (3D-ʜʨʫʢʦʤ) [85, 86].   

ʇʨʠ ʚʠʙʦʨʽ ʢʦʤʧʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʴ ʥʝʦʙʭʽʜʥʦ ʩʧʝʨʰʫ ʚʠʟʥʘʯʠʪʠ ʪʠʧ, 

ʚʠʜ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʥʘ ʷʢʝ ʚʦʥʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ 

ʨʘʥʽʰʝ, ʦʩʥʦʚʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʻ FDM/FFF 3D-

ʧʨʠʥʪʝʨ. ʆʩʢʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʤʝʪʦʜʘ ʘʨʤʫʚʘʥʥʷ, ʧʦʚʠʥʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʥʘ ʧʣʘʪʬʦʨʤʫ ʧʦʙʫʜʦʚʠ 3D-

ʧʨʠʥʪʝʨʘ ʘʙʦ ʙʫʪʠ ʧʦʚôʷʟʘʥʠʤ ʟ ʥʠʤ ʢʽʥʝʤʘʪʠʯʥʦ, ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʦʩʥʦʚʥʽ 

ʚʠʜʠ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʙʫʜʦʚ 3D-ʧʨʠʥʪʝʨʽʚ ʧʦ ʦʩʦʙʣʠʚʦʩʪʷʤ ʧʣʘʪʬʦʨʤʠ 

ʧʦʙʫʜʦʚʠ. ʆʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʤʘʶʪʴ ʦʩʥʦʚʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ: ʨʫʭʠ, ʱʦ 

ʚʠʢʦʥʫʻ ʧʣʘʪʬʦʨʤʘ ʧʦʙʫʜʦʚʠ ʯʠ ʾʾ ʥʝʨʫʭʦʤʽʩʪʴ, ʥʘʷʚʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʢʦʨʧʫʩʫ 

3D-ʧʨʠʥʪʝʨʫ, ʷʢʽ ʤʦʞʫʪʴ ʦʙʤʝʞʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ 



ΣΟ 
 
ʘʙʦ ʥʘʢʣʘʜʘʪʠ ʩʫʪʪʻʚʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʞʣʠʚʠʡ 

ʚʧʣʠʚ ʥʘʷʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʷʢ ʜʦʜʘʪʢʦʚʦʾ ʤʘʩʠ ʯʠ 

ʩʪʦʨʦʥʥʴʦʛʦ ʪʽʣʘ ʥʘ ʧʣʘʪʬʦʨʤʽ ʧʦʙʫʜʦʚʠ [87]. 

ʇʣʘʪʬʦʨʤʘ ʧʦʙʫʜʦʚʠ ʥʘʡʯʘʩʪʽʰʝ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʘʩʢʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʤʘʻ 

ʬʫʥʢʮʽʶ ʢʝʨʦʚʘʥʦʛʦ ʥʘʛʨʽʚʫ ʽ ʧʽʜʪʨʠʤʢʠ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʝʚʥʝ 

ʧʦʢʨʠʪʪʷ ʥʘ ʾʾ ʯʘʩʪʠʥʽ, ʥʘ ʷʢʝ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʢʣʘʜʝʥʥʷ ʧʦʣʽʤʝʨʫ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʝʨʰʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʽʚʫ ʧʣʘʪʬʦʨʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʽʤʝʨʫ, ʷʢʠʤ ʚʠʢʦʥʫʻʪʴʩʷ ʜʨʫʢ ʽ ʤʦʞʝ 

ʚʽʜʨʽʟʥʷʪʠʩʴ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʾ ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ ʧʦ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʠʯʠʥʘʤ, 

ʪʦʤʫ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʦʞʣʠʚʦ ʟʥʝʭʪʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʚʧʣʠʚʘʤʠ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥ,̫ ʱʦ ʤʦʛʣʠ ʙ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʦʙʫʜʦʚʠ 3D-ʧʨʠʥʪʝʨʫ, ʧʣʘʪʬʦʨʤʘ ʧʦʙʫʜʦʚʠ 

ʤʦʞʝ ʙʫʪʠ ʟʘʢʨʽʧʣʝʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʢʦʨʧʫʩʫ ʧʨʠʥʪʝʨʫ ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ ʨʫʭ 

ʫ ʥʘʧʨʷʤʢʘʭ ʦʩʝʡ ʧʨʠʥʪʝʨʘ. ʆʩʥʦʚʥʠʤʠ ʛʨʫʧʘʤʠ ʢʽʥʝʤʘʪʠʢ ʻ Cartesian ʪʘ Delta 

[88]. Carthesian ʧʨʠʥʪʝʨʠ ʪʘʢʦʞ ʤʘʶʪʴ ʧʦʜʽʣ [89].  

ʆʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʢʽʥʝʤʘʪʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ 3D-ʧʨʠʥʪʝʨʘʤʠ 

ʚʠʨʦʙʥʠʢʽʚ Prusa ʪʘ Anycubic, ʤʘʻ ʧʣʘʪʬʦʨʤʫ ʧʦʙʫʜʦʚʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ 

ʦʩʽ Y, ʨʫʭ ʦʩʽ X ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʥʘʧʨʷʤʥʠʤ ʝʣʝʤʝʥʪʘʤ, ʱʦ ʟʤʦʥʪʦʚʘʥʽ ʥʘ 

ʨʫʭʦʤʠʭ ʯʘʩʪʠʥʘʭ ʦʩʽ Z. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʾ ʢʽʥʝʤʘʪʠʢʠ ʻ ʪʝ, ʱʦ 

ʝʣʝʤʝʥʪʠ ʢʦʨʧʫʩʫ ʨʦʟʪʘʰʦʚʘʥʽ ʟ ʙʦʢʽʚ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ, ʟʘʟʚʠʯʘʡ ʟ ʜʫʞʝ 

ʤʘʣʠʤʠ ʟʘʟʦʨʘʤʠ ʜʦ ʧʣʘʪʬʦʨʤʠ. ʎʝ ʦʙʤʝʞʫʻ ʨʦʟʤʽʨʠ ʦʙʣʘʜʥʘʥʥʷ ʧʦ ʰʠʨʠʥʽ 

(ʚʟʜʦʚʞ ʦʩʽ ʍ). ʊʘʢʦʞ, ʚʘʛʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʻ ʽʥʝʨʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʤʝʭʘʥʽʟʤʠ ʧʨʠʚʦʜʫ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ, ʱʦ ʧʦʛʽʨʰʫʻ ʪʦʯʥʽʩʪʴ 3D-ʜʨʫʢʫ. 

ʂʽʥʝʤʘʪʠʢʠ ʪʠʧʫ corexy, h-bot ʪʘ ʢʽʥʝʤʘʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 3D-

ʧʨʠʥʪʝʨʘʭ ʚʠʨʦʙʥʠʢʘ Ultimaker ʤʘʶʪʴ ʧʣʘʪʬʦʨʤʫ ʧʦʙʫʜʦʚʠ, ʱʦ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ Z, ʘ ʜʨʫʢʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʟʜʦʚʞ 

ʦʩʝʡ X ʪʘ Y ʧʦ ʥʘʧʨʷʤʥʠʤ ʝʣʝʤʝʥʪʘʤ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʘʬʽʢʩʦʚʘʥʽʡ ʧʣʦʱʠʥʽ, 

ʥʘʡʯʘʩʪʽʰʝ ï ʥʘ ʩʘʤʦʤʫ ʚʝʨʭʫ ʢʦʨʧʫʩʫ. ʊʘʢʘ ʢʽʥʝʤʘʪʠʢʘ ʜʘʻ ʧʝʨʝʚʘʛʫ ʫ ʪʦʤʫ, 

ʱʦ ʧʣʘʪʬʦʨʤʘ ʧʦʙʫʜʦʚʠ ʥʘʡʯʘʩʪʽʰʝ ʥʝ ʤʘʻ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 



ΣΠ 
 
ʘʢʪʠʚʥʦ ʨʫʭʘʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʝʾ ʚ ʧʨʦʮʝʩʽ 3D-ʜʨʫʢʫ ʘʙʦ ʩʘʤʘ ʧʣʘʪʬʦʨʤʘ ʥʝ 

ʚʠʢʦʥʫʻ ʯʘʩʪʠʭ ʨʫʭʽʚ ï ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ 

ʥʘʩʪʫʧʥʠʡ ʰʘʨ. ɸʣʝ ʪʘʢʘ ʢʽʥʝʤʘʪʠʢʘ ʤʘʻ ʤʘʣʽ ʟʘʟʦʨʠ ʚʟʜʦʚʞ ʦʩʽ Z ʚʽʜ 

ʧʣʘʪʬʦʨʤʠ ʜʦ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, 

ʧʨʠʯʦʤʫ ʤʘʣʘ ʚʽʜʩʪʘʥʴ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʟʘ ʧʣʦʱʠʥʦʶ ʟʦʥʠ ʧʦʙʫʜʦʚʠ. ʎʝ ʟʥʘʯʥʦ 

ʦʙʤʝʞʫʻ ʚʠʩʦʪʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʘʢʦʞ ʧʦʜʽʙʥʘ ʢʽʥʝʤʘʪʠʢʘ ʤʘʻ 

ʥʘʧʨʷʤʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʦʩʽ Z, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʟʴʢʦ ʜʦ 

ʦʜʥʽʻʾ ʘʙʦ ʜʚʦʭ ʩʪʦʨʽʥ ʧʣʦʱʠʥʠ ʧʦʙʫʜʦʚʠ.  

ʂʽʥʝʤʘʪʠʢʘ ʧʦʨʪʘʣʴʥʦʛʦ ʪʠʧʫ ʧʝʨʝʜʙʘʯʘʻ ʥʝʨʫʭʦʤʫ ʧʣʘʪʬʦʨʤʫ 

ʧʦʙʫʜʦʚʠ, ʘ ʨʫʭ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʚʟʜʦʚʞ ʦʩʝʡ X ʪʘ Y ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ 

ʨʘʤʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʦʩʽ Z. ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʾ ʢʽʥʝʤʘʪʠʢʠ ʻ 

ʥʝʨʫʭʦʤʘ ʧʣʘʪʬʦʨʤʘ ʧʦʙʫʜʦʚʠ, ʱʦ ʩʧʨʦʱʫʻ ʟʘʢʨʽʧʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʥʠʤ, ʘ ʪʘʢʦʞ ʥʝ ʥʘʢʣʘʜʘʻ ʩʫʪʪʻʚʠʭ ʦʙʤʝʞʝʥʴ ʧʦ 

ʨʦʟʤʽʨʫ ʦʙʣʘʜʥʘʥʥʷ ʚ ʧʣʦʱʠʥʽ ʧʦʙʫʜʦʚʠ. ɸʣʝ ʮʷ ʢʽʥʝʤʘʪʠʢʘ ʪʘʢʦʞ ʤʘʻ 

ʦʙʤʝʞʝʥʥʷ ʧʦ ʚʠʩʦʪʽ, ʦʩʦʙʣʠʚʦ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʰʘʨʘʭ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ 

ʜʝʪʘʣʽ ʨʘʤʠ ʧʦʨʪʘʣʫ ʦʙʨʘʤʣʶʶʪʴ ʟʦʥʫ ʧʦʙʫʜʦʚʠ ʽ ʥʘʚʠʩʘʶʪʴ ʥʘʜ ʥʝʶ. ʊʘʢʦʞ 

ʮʝ ʦʙʨʘʤʣʝʥʥʷ ʤʦʞʝ ʟʘʚʘʞʘʪʠ ʜʦʩʪʫʧʫ ʜʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʰʘʨʘʭ. 

ʂʽʥʝʤʘʪʠʢʘ ʪʠʧʫ Delta ʤʘʻ ʥʝʨʫʭʦʤʫ ʧʣʘʪʬʦʨʤʫ ʧʦʙʫʜʦʚʠ, ʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʧʦ ʚʩʽʤ ʦʩʷʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʟʘʻʤʥʦʛʦ ʟʤʽʱʝʥʥʷ ʪʨʴʦʭ ʢʘʨʝʪʦʢ, ʱʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ Z. ʇʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ʚʩʽʭ ʢʘʨʝʪʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʯʠʩʪʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ 

ʮʽʻʾ ʦʩʽ, ʘ ʧʨʠ ʟʤʽʱʝʥʥʽ ʢʘʨʝʪʦʢ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ ï ʚ ʧʣʦʱʠʥʽ ʜʨʫʢʫ. 

ɼʨʫʢʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʟôʻʜʥʘʥʘ ʟ ʢʘʨʝʪʢʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʮʽʣʴʥʠʭ ʪʷʛ. 

ʇʝʨʝʚʘʛʠ ʮʽʻʾ ʢʽʥʝʤʘʪʠʢʠ ʫ ʥʝʨʫʭʦʤʦʤʫ ʩʪʦʣʽ, ʤʘʣʠʭ ʧʦʪʝʥʮʽʡʥʠʭ ʦʙʤʝʞʝʥʥʷʭ 

ʨʦʟʤʽʨʫ ʚ ʧʣʦʱʠʥʽ, ʚʽʜʩʫʪʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʧʨʠʩʪʦʩʫʚʘʥʴ ʧʦ ʚʠʩʦʪʽ. ʊʘʢʦʞ, 

ʟʘʟʚʠʯʘʡ 3D-ʧʨʠʥʪʝʨʠ ʪʘʢʦʾ ʢʽʥʝʤʘʪʠʢʠ ʤʘʶʪʴ ʰʚʠʜʢʠʡ ʧʨʠʚʦʜ ʧʦ ʦʩʽ Z, ʱʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ. ʊʦʤʫ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʙʫʣʘ ʟʘ ʦʩʥʦʚʫ ʦʙʨʘʥʘ ʢʽʥʝʤʘʪʠʢʘ ʪʠʧʫ Delta. 

ʊʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʝ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ 

ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ ï ʨʫʭʦʤʦʾ ʫʪʨʠʤʫʶʯʦʾ 



ΣΡ 
 
ʯʘʩʪʠʥʠ (ʥʘʜʘʣʽ ʚʽʜʦʤʦʾ ʷʢ ʧʝʨʝʢʠʜ, ʨʠʩ. 3.1) ʪʘ ʥʝʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ (ʥʘʜʘʣʽ 

ʚʽʜʦʤʦʾ ʷʢ ʨʘʤʢʘ, ʨʠʩ. 3.2). ɼʘʥʠʡ ʚʘʨʽʘʥʪ ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʝ ʘʨʤʫʚʘʥʥʷ, ʙʦ ʤʘʻ ʦʜʠʥ ʧʝʨʝʢʠʜ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʘʨʤʫʚʘʥʥʷ ʚ 

ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʥʘʧʨʷʤʢʽʚ, ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʪʨʽʙʥʘ ʩʚʦʷ ʨʫʭʦʤʘ 

ʫʪʨʠʤʫʶʯʘ ʯʘʩʪʠʥʘ ʪʘ ʤʝʭʘʥʽʟʤ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘʙʦʨʫ ʚʦʣʦʢʥʘ ʚ ʧʦʯʘʪʢʦʚʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʈʫʭʦʤʘ ʯʘʩʪʠʥʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

  



ΣΣ 
 
ʈʠʩʫʥʦʢ 3.2 ï ʅʝʨʫʭʦʤʘ ʯʘʩʪʠʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʧʣʘʪʬʦʨʤʽ 

ʧʦʙʫʜʦʚʠ 3D-ʧʨʠʥʪʝʨʘ 

 

ʈʘʤʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 

ʧʣʘʪʬʦʨʤʫ ʧʦʙʫʜʦʚʠ ʧʨʠʥʪʝʨʘ ʽ ʬʽʢʩʫʻʪʴʩʷ ʫʩʪʘʥʦʚʯʠʤʠ ʧʣʘʥʢʘʤʠ ʜʦ 

ʥʘʛʨʽʚʘʣʴʥʦʾ ʧʘʥʝʣʽ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ, ʪʘʢ ʱʦʙ ʩʚʦʻʶ ʚʝʨʭʥʴʦʶ ʧʦʚʝʨʭʥʝʶ 

ʙʫʪʠ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʟ ʨʦʙʦʯʦʶ ʧʣʦʱʠʥʦʶ ʧʣʘʪʬʦʨʤʠ. ʅʘ ʦʜʥʦʾ ʟ ʩʪʦʨʽʥ ʨʘʤʢʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚʫʟʦʣ ʫʪʨʠʤʘʥʥʷ ʢʽʥʮʽʚ ʚʦʣʦʢʥʘ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʥʦʾ 

ʛʨʝʙʽʥʢʠ, ʧʨʠʪʠʩʢʥʦʾ ʧʣʦʱʘʜʢʠ ʪʘ ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ. ʅʘʧʨʷʤʥʘ ʛʨʝʙʽʥʢʘ 

ʟʘʜʘʻ ʧʦʣʦʞʝʥʥʷ ʪʘ ʱʽʣʴʥʽʩʪʴ ʥʠʪʦʢ ʘʙʦ ʜʞʛʫʪʽʚ ʚʦʣʦʢʥʘ ʘʨʤʫʚʘʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʱʽʣʴʥʦʩʪʽ ʛʨʝʙʽʥʢʘ ʟʘʜʘʻ ʢʨʘʪʥʽʩʪʴ ʚʦʣʦʢʦʥ. 

ʇʨʠʪʠʩʢʥʽ ʧʣʦʱʘʜʢʘ ʽ ʧʣʘʩʪʠʥʘ ʤʘʶʪʴ ʧʦʢʨʠʪʪʷ ʟ ʥʝʚʫʣʢʘʥʽʟʦʚʘʥʦʾ ʨʝʟʠʥʠ ʽ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫʪʨʠʤʘʥʥʷ ʚʦʣʦʢʥʘ. ʈʘʤʢʘ ʤʘʻ ʥʘʧʨʷʤʥʽ ʰʪʠʨʽ 

ʥʘ ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʦʥʘʭ ʚʟʜʦʚʞ ʦʩʽ ʥʘʧʦʚʥʝʥʥʷ, ʥʘ ʷʢʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʧʝʨʝʢʠʜ ʚ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʧʦʣʦʞʝʥʴ. ʊʘʢʦʞ, ʥʘ ʨʘʤʢʫ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʧʨʠʪʠʩʢʥʽ ʧʣʘʥʢʠ. 

ʇʝʨʝʢʠʜ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ ʤʘʻ ʤʝʭʘʥʽʟʤ 

ʫʪʨʠʤʘʥʥʷ ʪʘ ʥʘʧʨʘʚʣʝʥʥʷ ʚʦʣʦʢʥʘ ʪʘ ʥʘʧʨʷʤʥʽ ʦʪʚʦʨʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ 

ʥʘʧʨʷʤʥʽ ʰʪʠʨʽ ʥʘ ʨʘʤʮʽ. ʇʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʧʝʨʝʢʠʜʫ ʤʘʻ ʥʘʧʨʷʤʥʫ ʛʨʝʙʽʥʢʫ 

ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ, ʟ ʢʨʠʰʢʦʶ ʱʦ ʟʥʽʤʘʻʪʴʩʷ (ʨʠʩ. 3.3).  

 

 



ΣΤ 
 

ʈʠʩʫʥʦʢ 3.3 ï ʇʝʨʝʢʠʜ ʟ ʟʥʷʪʦʶ ʢʨʠʰʢʦʶ 

 

ʈʦʟʤʽʨʠ ʪʘ ʯʘʩʪʦʪʘ ʛʨʝʙʽʥʢʠ ʧʦʚʪʦʨʶʶʪʴ ʛʨʝʙʽʥʢʫ ʥʘ ʨʘʤʮʽ. ʎʷ ʥʘʧʨʷʤʥʘ 

ʛʨʝʙʽʥʢʘ ʪʘʢʦʞ ʟʘʜʘʻ ʧʦʣʦʞʝʥʥʷ ʥʠʪʦʢ ʘʙʦ ʜʞʛʫʪʽʚ ʚʦʣʦʢʥʘ ʘʨʤʫʶʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɿʘ ʥʘʧʨʷʤʥʦʶ ʛʨʝʙʽʥʢʦʶ ʥʘ ʥʘʧʨʷʤʥʠʭ ʨʝʡʢʘʭ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʫʟʦʣ 

ʫʪʨʠʤʘʥʥʷ ʽ ʥʘʪʷʛʫ ʚʦʣʦʢʥʘ. ʋʪʨʠʤʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʪʠʩʢʦʤ ʯʝʨʝʟ 

ʧʣʦʱʘʜʢʫ ʽ ʧʣʘʩʪʠʥʫ ʟ ʧʦʢʨʠʪʪʷʤ ʟ ʥʝʚʫʣʢʘʥʽʟʦʚʘʥʦʾ ʨʝʟʠʥʠ, ʥʘʪʷʛ ï ʛʚʠʥʪʦʚʠʡ 

(ʨʠʩ. 3.4).  

 

 

ʈʠʩʫʥʦʢ 3.4 ï ɺʫʟʦʣ ʫʪʨʠʤʘʥʥʷ ʽ ʥʘʪʷʛʫ ʚʦʣʦʢʥʘ 

 

ʇʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʧʝʨʝʢʠʜʫ ʟʨʽʟʘʥʘ ʧʽʜ ʢʫʪʘʤʠ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ ʟ 

ʥʘʧʨʷʤʥʠʤ ʦʪʚʦʨʘʤʠ, ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʝʨʝʢʠʜ ʥʘ ʨʘʤʮʽ ʪʘʢ, ʱʦʙ ʚʝʩʴ 

ʥʘʙʦʨ ʚʦʣʦʢʦʥ ʚʠʭʦʜʠʚ ʫ ʧʣʦʱʠʥʫ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʢʣʘʜʝʥʥʷ ʚʦʣʦʢʦʥ ʘʨʤʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʚʽʪʴ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʥʘʜʨʫʢʦʚʘʥʦʛʦ 

ʰʘʨʫ ʥʘ ʧʣʘʪʬʦʨʤʽ ʧʦʙʫʜʦʚʠ (ʨʠʩ. 3.5, ʨʠʩ. 3.6). 

 



ΣΥ 
 

 

ʈʠʩʫʥʦʢ 3.5 ï ʈʫʭʦʤʘ ʯʘʩʪʠʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʥʝʨʫʭʦʤʫ ʚ ʧʦʣʦʞʝʥʥʽ 

ʧʨʦʢʣʘʜʘʥʥʷ ʧʝʨʰʦʛʦ ʰʘʨʫ ʚʦʣʦʢʥʘ 



ΣΦ 
 

 

ʈʠʩʫʥʦʢ 3.6 ï ʅʘʙʽʨ ʚʦʣʦʢʥʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʧʨʠʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʜ 

ʤʦʥʪʘʞʝʤ ʨʘʤʢʠ 

 

ɿʘ ʫʤʦʚʘʤʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʦʜʠʥʠʯʥʠʤʠ ʥʠʪʢʘʤʠ ʚʦʣʦʢʥʘ ï 2 ʤʤ. ʊʘʢʘ ʚʽʜʩʪʘʥʴ ʦʙˇʨʫʥʪʦʚʘʥʘ ʨʦʟʤʽʨʦʤ ʪʘ 

ʬʦʨʤʦʶ ʚʦʣʦʢʥʘ. ɺʦʣʦʢʥʦ, ʷʢʝ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʦʩʪʘʚʣʷʣʦʩʴ ʫ 

ʚʠʛʣʷʜʽ ʧʣʘʩʢʠʭ ʜʞʛʫʪʽʚ ʟ ʰʠʨʠʥʦʶ ʜʞʛʫʪʫ 1 ʤʤ. ɺʽʜʧʦʚʽʜʥʦ, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʘʨʤʫʚʘʥʥʷ ʧʦ ʰʘʨʫ, ʰʠʨʠʥʘ ʧʨʦʤʽʞʢʽʚ 

ʤʽʞ ʚʦʣʦʢʥʦʤ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʨʽʚʥʦʶ ʰʠʨʠʥʽ ʚʦʣʦʢʦʥ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʤʽʞʰʘʨʦʚʦʛʦ ʟʯʝʧʣʝʥʥʷ ʧʦʣʽʤʝʨʫ ʧʨʠ ʜʨʫʮʽ 

ʥʘʩʪʫʧʥʦʛʦ ʰʘʨʫ ʧʽʩʣʷ ʧʨʦʢʣʘʜʘʥʥʷ ʰʘʨʫ ʚʦʣʦʢʥʘ. ɿ ʫʤʦʚ ʪʘʢʦʾ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʽ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʚʽʜʩʪʘʥʴ ʫ 2 ʤʤ.  



ΤΜ 
 

ʄʘʢʩʠʤʘʣʴʥʽ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʽ ʧʦʙʫʜʦʚʠ ʜʝʪʘʣʝʡ, ʰʠʨʠʥʘ ʽ ʜʦʚʞʠʥʘ ï 75 

ʤʤ ʽ 130 ʤʤ. ɺʠʩʦʪʘ ʜʝʪʘʣʝʡ ʥʝ ʨʝʛʣʘʤʝʥʪʫʚʘʣʘʩʴ, ʧʨʠʡʥʷʪʘ ʦʙʤʝʞʝʥʦʶ 

ʚʠʩʦʪʦʶ ʟʦʥʠ ʧʦʙʫʜʦʚʠ ʜʝʪʘʣʝʡ ʧʦ ʨʦʟʤʽʨʘʤ 3D-ʧʨʠʥʪʝʨʘ (420 ʤʤ). 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʚʩʽʭ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ 

ʤʝʪʦʜʘʤʠ FDM/FFF 3D-ʜʨʫʢʫ. 

 

3.2 ɺʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʪʷʛ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʨʦʚʝʩʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ̔ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʘʨʤʫʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʨʦʟʨʦʙʣʝʥʠʤ ʩʧʦʩʦʙʦʤ 

ʘʨʤʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʟʤʽʥʠ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ ï ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʘʨʤʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʱʽʣʴʥʦʩʪʽ ʜʨʫʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʟʘʧʦʚʥʝʥʥʷ. ʏʘʩʪʦʪʘ ʧʨʦʢʣʘʜʘʥʥʷ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ʚ ʪʨʴʦʭ ʚʘʨʽʘʥʪʘʭ ï ʥʘ 

ʢʦʞʥʦʤʫ ʰʘʨʫ, ʯʝʨʝʟ ʦʜʠʥ ʰʘʨ ʪʘ ʯʝʨʝʟ ʜʚʘ ʰʘʨʠ. ɿʤʽʥʘ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ 

ʨʦʟʛʣʷʜʘʣʘʩʴ ʚ ʚʘʨʽʘʥʪʘʭ ʱʽʣʴʥʦʩʪʽ ʫ 20%, 30% ʪʘ 40% ʟ ʯʘʩʪʦʪʦʶ ʧʨʦʢʣʘʜʘʥʥʷ 

ʚʦʣʦʢʥʘ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʫ.  

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʨʘʟʢʘ ʟ ʧʨʦʢʣʘʜʘʥʥʷʤ ʚʦʣʦʢʥʘ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʫ, 

ʚ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʤʽʨʽʚ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʟʨʘʟʢʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʘʨʤʫʚʘʥʥʷ 

ʚ ʢʽʣʴʢʦʩʪʽ 3 ʜʞʛʫʪʘ ʥʘ ʰʘʨ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʰʠʨʠʥʦʶ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʟʨʘʟʢʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ, ʟ ʪʦʚʱʠʥʦʶ ʰʘʨʫ 0,3 ʤʤ, ʧʨʠ 

ʜʨʫʢʫʚʘʥʥʽ ʟʨʘʟʢʘ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ 7 ʰʘʨʽʚ ʘʨʤʫʚʘʥʥʷ. ɿʨʘʟʦʢ ʩʢʣʘʜʘʚʩʷ ʟ 10 

ʰʘʨʽʚ, ʚʦʣʦʢʥʦ ʘʨʤʫʚʘʥʥʷ ʧʨʦʢʣʘʜʘʣʦʩʴ ʤʽʞ ʰʘʨʘʤʠ ʚʽʜ ʜʨʫʛʦʛʦ ʜʦ ʚʦʩʴʤʦʛʦ. 

ʐʘʨʠ 1, 2 ʪʘ 9, 10 ʜʨʫʢʫʚʘʣʠʩʴ ʙʝʟ ʘʨʤʫʚʘʥʥʷ. ʇʨʠʪʠʩʢʥʽ ʧʣʘʥʢʠ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʴ ʥʘ ʨʘʤʢʫ ʜʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʰʘʨʽʚ ʘʨʤʫʚʘʥʥʷ. ɼʣʷ ʜʨʫʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʬʽʣʘʤʝʥʪ ʜʽʘʤʝʪʨʦʤ 1,75 ʤʤ, ʜʽʘʤʝʪʨ ʩʦʧʣʘ ï 0,4 ʤʤ, 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʰʚʠʜʢʦʩʪʽ ʜʨʫʢʫ ï 30 ʤʤ/ʩ. ɺʩʪʘʥʦʚʣʝʥʘ ʪʦʚʱʠʥʘ 

ʩʪʽʥʢʠ 1,2 ʤʤ (3 ʧʝʨʠʤʝʪʨʘ), ʪʦʚʱʠʥʘ ʚʝʨʭʥʽʭ ʽ ʥʠʞʥʽʭ ʧʦʚʝʨʭʦʥʴ ï 0,9 ʤʤ (3 

ʰʘʨʘ). ʊʠʧ ʟʘʧʦʚʥʝʥʥʷ ï ʢʚʘʜʨʘʪʥʘ ʩʽʪʢʘ, ʟ ʢʫʪʦʤ ʣʽʥʽʡ ʚʽʜʥʦʩʥʦ ʜʝʪʘʣʽ 45Á, 



ΤΝ 
 
ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ï 30%. ɿʘʧʦʚʥʝʥʥʷ ʧʝʨʝʢʨʠʪʪʷ ï 25%. ʊʝʤʧʝʨʘʪʫʨʘ 

ʜʨʫʢʫ ï ʜʨʫʢʫʚʘʣʴʥʦʛʦ ʩʦʧʣʘ 240 Áʉ, ʥʘʛʨʽʚʫ ʧʦʚʝʨʭʥʽ ʧʦʙʫʜʦʚʠ ï 60 Áʉ. ʊʘʢʽ 

ʧʘʨʘʤʝʪʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʪʠʤʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʜʨʫʢʫ, ʱʦ ʥʘʜʘʶʪʴʩʷ 

ʚʠʨʦʙʥʠʢʘʤʠ ʬʽʣʘʤʝʥʪʫ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʙʫʣʘ ʦʙʨʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʘʤʝʪʨʫ 

ʩʦʧʣʘ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ 3D-ʧʨʠʥʪʝʨʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ. ʊʦʚʱʠʥʘ ʩʪʽʥʦʢ ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʠʤʝʪʨʽʚ ʙʫʣʘ ʦʙʨʘʥʘ ʟ 

ʨʦʟʨʘʭʫʥʢʫ ʜʦʩʪʘʪʥʴʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʚʦʣʦʢʥʘ ʫ ʢʽʥʮʷʭ ʟʨʘʟʢʫ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʘʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʣʽʤʝʨʫ ʫ ʨʦʙʦʯʽʡ ʟʦʥʽ ʟʨʘʟʢʘ [90] ʪʘ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʜʦʩʪʘʪʥʴʦʾ ʧʦʚʥʦʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʫ [91, 92]. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʠʩʦʢʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʟ ʨʽʟʥʦʶ ʩʭʝʤʦʶ ʧʦʰʘʨʦʚʦʛʦ 

ʘʨʤʫʚʘʥʥʷ. ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʢʦʤʧʣʝʢʪ ʟ 10 ʟʨʘʟʢʽʚ ʜʚʦʤʘ 

ʧʘʨʪʽʷʤʠ, 5 ʟʨʘʟʢʽʚ ʙʝʟ ʘʨʤʫʚʘʥʥʷ, ʽʥʰʽ 5 ï ʟ ʘʨʤʫʚʘʥʥʷʤ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʨʫʢʫ 

ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʚʦʣʦʢʥʦʤ ʪʘ ʙʝʟ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʦʜʥʘʢʦʚʽ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʨʪʽʡ 

ʟʨʘʟʢʽʚ ʟ ʧʨʦʢʣʘʜʘʥʥʷʤ ʚʦʣʦʢʥʘ ʯʝʨʝʟ ʦʜʠʥ ʪʘ ʯʝʨʝʟ ʜʚʘ ʰʘʨʠ ʚʩʽ ʽʥʰʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʜʨʫʢʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʜʞʛʫʪʽʚ ʚʦʣʦʢʥʘ ʥʘ ʰʘʨ ʥʝ ʟʤʽʥʶʚʘʣʠʩʴ. 

ʂʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ ʫ ʚʩʽʭ ʧʘʨʪʽʷʭ ï ʪʘʢʦʞ 5, ʫ ʚʩʽʭ ʟʨʘʟʢʘʭ ʮʠʭ ʧʘʨʪʽʡ ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ʫ 30%. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʨʪʽʡ ʟʨʘʟʢʽʚ ʟ 

ʟʤʽʥʶʶ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʜʚʽ ʧʘʨʪʽʾ ʧʦ 5 ʟʨʘʟʢʽʚ ʟ 

ʩʭʝʤʦʶ ʘʨʤʫʚʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʨʘʟʢʽʚ ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʚʠʭʽʜ ʚʦʣʦʢʥʘ ʘʨʤʫʚʘʥʥʷ ʟʘ 

ʤʝʞʽ ʜʝʪʘʣʽ (ʥʘʟʦʚʥʽ) ʪʘ ʢʦʥʪʨʦʣʶʚʘʣʘʩʴ ʬʽʢʩʘʮʽʷ ʚʦʣʦʢʥʘ ʥʘ ʪʦʨʮʷʭ ʟʨʘʟʢʘ ʧʨʠ 

ʟʤʽʥʽ ʥʘʧʨʷʤʢʫ ʫʢʣʘʜʘʥʥʷ ʘʨʤʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʨʘʟʢʠ ʟ ʜʝʬʝʢʪʘʤʠ ʚʠʭʦʜʫ 

ʚʦʣʦʢʥʘ ʪʘ ʥʝʬʽʢʩʘʮʽʻʶ ʜʦ ʧʦʜʘʣʴʰʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʝ ʜʦʧʫʩʢʘʣʠʩʴ. ʇʽʩʣʷ 

ʜʨʫʢʫ ʟʨʘʟʢʽʚ ʚʽʜʨʽʟʘʣʠʩʴ ʟʘʣʠʰʢʦʚʽ ʜʞʛʫʪʠ ʚʦʣʦʢʥʘ, ʟʘʯʠʱʘʣʘʩʴ ʧʦʚʝʨʭʥʷ 

ʟʨʘʟʢʽʚ ʫ ʤʽʩʮʷʭ ʟʘʭʚʘʪʫ. ʇʝʨʝʜ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʥʘ ʨʦʙʦʯʫ ʯʘʩʪʠʥʫ ʟʨʘʟʢʽʚ 

ʥʘʥʦʩʠʣʠʩʴ ʣʽʥʽʾ ʨʦʟʤʽʪʢʠ ʟ ʢʨʦʢʦʤ 5 ʤʤ. 

ʈʠʩʫʥʢʠ 3.8 ï 3.10 ʜʝʤʦʥʩʪʨʫʶʪʴ ʪʠʧʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʨʦʢʠ ʘʨʤʫʚʘʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʜʨʫʢʫ ʟʨʘʟʢʽʚ. ʈʠʩʫʥʦʢ 3.11 ʪʘ 3.12 ï ʟʦʚʥʽʰʥʽʡ ʚʠʜ ʟʨʘʟʢʽʚ, ʚ ʜʘʥʦʤʫ 



ΤΞ 
 
ʚʠʧʘʜʢʫ ï ʟ ʘʨʤʫʚʘʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ ʪʘ ʱʽʣʴʥʽʩʪʶ ʟʘʧʦʚʥʝʥʥʷ 30% . ʅʘ 

ʨʠʩ. 3.8 ʽ 3.10 ʪʘʢʦʞ ʚʠʜʥʦ ʜʦʜʘʪʢʦʚʽ ʧʨʠʪʠʩʢʠ. 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʇʨʦʢʣʘʜʝʥʝ ʚʦʣʦʢʥʦ ʧʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ ʟʘʢʨʽʧʣʶʶʯʦʛʦ ʰʘʨʫ 

 

ʈʠʩʫʥʦʢ 3.9 ï ʇʨʦʮʝʩ ʜʨʫʢʫʚʘʥʥʷ ʟʘʢʨʽʧʣʶʶʯʦʛʦ ʰʘʨʫ 



ΤΟ 
 

 

ʈʠʩʫʥʦʢ 3.10 ï ʇʦʩʪʘʥʦʚʢʘ ʜʨʫʢʫ ʥʘ ʧʘʫʟʫ ʽ ʚʽʜʚʝʜʝʥʥʷ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ 

 

ʈʠʩʫʥʦʢ 3.11 ï ʏʘʩʪʠʥʘ ʢʦʤʧʣʝʢʪʫ ʟʨʘʟʢʽʚ, ʧʘʨʘ ʙʝʟ ʘʨʤʫʚʘʥʥʷ ʽ ʧʘʨʘ ʟ 

ʘʨʤʫʚʘʥʥʷʤ 



ΤΠ 
 

 

ʈʠʩʫʥʦʢ 3.12 ï ɿʨʘʟʢʠ 3 ʽ 4 ʟ ʧʘʨʪʽʾ ʟʨʘʟʢʽʚ ʟ ʘʨʤʫʚʘʥʥʷʤ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʧʘʨʪʽʡ ʟʨʘʟʢʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʝʞʽ 

ʤʽʮʥʦʩʪʽ ůʚ, ʤʝʞʠ ʧʣʠʥʥʦʩʪʽ ů0,2 ʪʘ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ɽ. ɼʣʷ ʟʨʘʟʢʽʚ, ʜʝ ʨʦʟʨʠʚ 

ʚʽʜʙʫʚʩʷ ʚ ʤʝʞʘʭ ʙʘʟʠ ʝʢʩʪʝʥʟʦʤʝʪʨʘ ʙʫʣʠ ʪʘʢʦʞ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ŭ5. ʊʘʢʦʞ ʜʣʷ ʜʦʚʽʜʢʠ ʚʢʘʟʘʥʘ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʨʦʙʦʯʦʾ 

ʟʦʥʠ ʟʨʘʟʢʘ F0. ʈʝʟʫʣʴʪʘʪʠ  ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.2 ʜʣʷ ʟʨʘʟʢʽʚ ʙʝʟ ʘʨʤʫʚʘʥʥʷ, 

ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ 30%. ɺ ʪʘʙʣ. 3.3, 3.4, 3.5 ï ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʱʽʣʴʥʽʩʪʶ 

ʟʘʧʦʚʥʝʥʥʷ 30% ʟ ʘʨʤʫʚʘʥʥʷʤ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ, ʯʝʨʝʟ ʰʘʨ ʽ ʯʝʨʝʟ ʜʚʘ ʰʘʨʠ. ɺ 

ʪʘʙʣ. 3.6, 3.7 ï ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʘʨʤʫʚʘʥʥʷʤ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ, ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ 

20% ʽ 40%. ɿʦʚʥʽʰʥʽʡ ʚʠʜ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ï ʥʘ ʨʠʩ. 3.13 ʽ 3.14, ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʝʜʝʥʦ ʬʦʪʦ ʟʨʘʟʢʽʚ ʟ ʘʨʤʫʚʘʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ, 30% 

ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ. 

 

ʊʘʙʣʠʮʷ 3.2 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʙʝʟ ʘʨʤʫʚʘʥʥʷ, 30% ʱʽʣʴʥʽʩʪʴ) 

ɿʨʘʟʦʢ 1 2 3 4 5 

F0, ʤʤ
2 19,90 20,20 19,95 20 20,30 

ůʚ, ʄʇʘ 31,2 31,6 31,5 31,3 31,3 

ů0,2, ʄʇʘ 26,5 26,2 26,3 26,5 26,3 

ɽ, ɻʇʘ 1,57 1,57 1,55 1,50 1,56 



ΤΡ 
 

ŭ5, % 11,6 10,8 11,5 10,9 11,4 

 

 

ʊʘʙʣʠʮʷ 3.3 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʟ ʘʨʤʫʚʘʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ, 

30% ʱʽʣʴʥʽʩʪʴ) 

ɿʨʘʟʦʢ 1 2 3 4 5 

F0, ʤʤ
2 21,85 21,90 22,01 21,73 21,76 

ůʚ, ʄʇʘ 55,3 54,6 54,7 59,4 58,5 

ů0,2, ʄʇʘ 48,9 48,1 48,4 53,7 52,1 

ɽ, ɻʇʘ 3,21 3,23 3,20 3,25 3,23 

ŭ5, % 3,6 - - 3,4 3,7 

 

ʊʘʙʣʠʮʷ 3.4 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʟ ʘʨʤʫʚʘʥʥʷʤ ʯʝʨʝʟ ʦʜʠʥ ʰʘʨ, 

30% ʱʽʣʴʥʽʩʪʴ) 

ɿʨʘʟʦʢ 1 2 3 4 5 

F0, ʤʤ
2 21,70 21,75 21,90 21,70 21,67 

ůʚ, ʄʇʘ 49,9 50,1 50,1 50 49,8 

ů0,2, ʄʇʘ 45,1 45,6 45,5 45,4 45 

ɽ, ɻʇʘ 2,95 2,96 2,96 2,95 2,94 

ŭ5, % - 4,1 4,2 - 4,2 

 

ʊʘʙʣʠʮʷ 3.5 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʟ ʘʨʤʫʚʘʥʥʷʤ ʯʝʨʝʟ ʜʚʘ ʰʘʨʠ, 

30% ʱʽʣʴʥʽʩʪʴ) 

ɿʨʘʟʦʢ 1 2 3 4 5 

F0, ʤʤ
2 21,60 21,65 21,80 21,75 21,63 

ůʚ, ʄʇʘ 40,3 41,0 40,3 40,4 39,9 

ů0,2, ʄʇʘ 35,9 36,2 35,7 36,1 35,6 

ɽ, ɻʇʘ 2,69 2,71 2,70 2,70 2,66 

ŭ5, % - 4,7 4,8 - 4,8 



ΤΣ 
 

 

 

 

ʊʘʙʣʠʮʷ 3.6 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʟ ʘʨʤʫʚʘʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ, 

20% ʱʽʣʴʥʽʩʪʴ) 

ɿʨʘʟʦʢ 1 2 3 4 5 

F0, ʤʤ
2 21,83 21,80 21,85 21,90 21,82 

ůʚ, ʄʇʘ 52,1 51,6 52,2 55,3 53,9 

ů0,2, ʄʇʘ 48,1 47,1 48,9 50,7 48,9 

ɽ, ɻʇʘ 3,21 3,23 3,20 3,25 3,23 

ŭ5, % - 3,6 3,7 - 3,7 

 

ʊʘʙʣʠʮʷ 3.7 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʟ ʘʨʤʫʚʘʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ, 

40% ʱʽʣʴʥʽʩʪʴ) 

ɿʨʘʟʦʢ 1 2 3 4 5 

F0, ʤʤ
2 21,71 21,83 21,92 21,95 21,70 

ůʚ, ʄʇʘ 55,8 55,1 55,1 60,3 59,8 

ů0,2, ʄʇʘ 50,1 49,2 48,4 55,7 54,9 

ɽ, ɻʇʘ 3,22 3,24 3,21 3,26 3,25 

ŭ5, % 3,6 - - 3,4 3,7 

 

 

ʈʠʩʫʥʦʢ 3.13 ï ɿʨʘʟʢʠ 1 ʪʘ 2 ʟ ʧʘʨʪʽʾ ʟʨʘʟʢʽʚ ʙʝʟ ʘʨʤʫʚʘʥʥʷ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 



ΤΤ 
 

 

ʈʠʩʫʥʦʢ 3.14 ï ɿʨʘʟʢʠ 3 ʽ 4 ʟ ʧʘʨʪʽʾ ʟʨʘʟʢʽʚ ʟ ʘʨʤʫʚʘʥʥʷʤ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ ʢʦʞʥʦʾ ʩʝʨʽʾ ʟʨʘʟʢʽʚ ʙʫʣʠ ʚʟʷʪʽ ʩʝʨʝʜʥʽ 

ʧʦ ʩʝʨʽʾ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ 

ʟʛʨʫʧʦʚʘʥʽ ʫ 6 ʚʘʨʽʘʥʪʽʚ: 

1. ɹʝʟ ʘʨʤʫʚʘʥʥʷ, ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ 30% (ʨʝʬʝʨʝʥʩʥʠʡ ʟʨʘʟʦʢ); 

2. ɿ ʘʨʤʫʚʘʥʥʷʤ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ, ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ 30%; 

3. ɿ ʘʨʤʫʚʘʥʥʷʤ ʯʝʨʝʟ ʰʘʨ, ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ 30%; 

4. ɿ ʘʨʤʫʚʘʥʥʷʤ ʯʝʨʝʟ ʜʚʘ ʰʘʨʠ, ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ 30%; 

5. ɿ ʘʨʤʫʚʘʥʥʷʤ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ, ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ 20%; 

6. ɿ ʘʨʤʫʚʘʥʥʷʤ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ, ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ 40%. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʧʦʜʽʣʫ ʚʘʨʽʘʥʪʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʚʥʝʩʝʥʽ ʚ 

ʪʘʙʣ. 3.8. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʪʘ ʤʦʜʫʣʶ ʧʨʫʞʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʨʠʩ. 3.15 ï 3.20. 

 

ʊʘʙʣʠʮʷ 3.8 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦ ʚʘʨʽʘʥʪʘʤ ʘʨʤʫʚʘʥʥʷ 

ɺʘʨʽʘʥʪ 1 2 3 4 5 6 

F0, ʤʤ
2 20,07 21,85 21,74 21,69 21,84 21,82 

ůʚ, ʄʇʘ 31,4 56,5 49,9 40,4 53 57,1 

ů0,2, ʄʇʘ 26,4 50,2 45,3 35,9 48,7 51,5 

ɽ, ɻʇʘ 1,55 3,22 2,95 2,69 3,22 3,24 

ŭ5, % 11,2 3,6 4,2 4,7 3,7 3,6 

 



ΤΥ 
 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʫ, ʱʦ ʟʤʽʥʶʚʘʚʩʷ, ʟʨʘʟʢʠ ʙʫʣʠ ʚʥʝʩʝʥʽ ʫ ʛʨʫʧʠ. 

ʇʨʠ ʟʤʽʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ ʘʨʤʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʣʘʩʴ ʛʨʫʧʘ ʟʨʘʟʢʽʚ 2, 3, 4. 

ʇʨʠ ʟʤʽʥʽ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʨʦʟʛʣʷʜʘʣʘʩʴ ʛʨʫʧʘ ʟʨʘʟʢʽʚ 5, 2, 6. 

 

 

ʈʠʩʫʥʦʢ 3.15 ï ɿʘʣʝʞʥʽʩʪʴ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ ʘʨʤʫʚʘʥʥʷ 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ h ʫ ʪʨʠ ʨʘʟʠ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 28,5%. ʅʘʡʙʽʣʴʰʘ ʤʽʮʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ ï 0,3 ʤʤ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʨʷʜ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ, ʟʦʢʨʝʤʘ ï 

ʣʽʥʽʡʥʘ, ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʪʘ ʩʪʫʧʝʥʝʚʘ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ ʦʪʨʠʤʘʥʽ 

ʜʘʥʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʶ (ʢʚʘʜʨʘʪʠʯʥʦʶ) ʟʘʣʝʞʥʽʩʪʶ ʜʨʫʛʦʛʦ 

ʩʪʫʧʝʥ:ʁ 

 

ůʚ = -16,111h2 - 7,5h + 60,2                                        (3.1) 

 

ʜʝ h ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ ʘʨʤʫʚʘʥʥʷ, ʤʤ 

     ůʚ ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ, ʄʇʘ 

56,5
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y = -16,111x2 - 7,5x + 60,2
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ΤΦ 
 

 

 

ʈʠʩʫʥʦʢ 3.16 ï ɿʘʣʝʞʥʽʩʪʴ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ 

ʘʨʤʫʚʘʥʥʷ 

 

ʄʝʞʘ ʧʣʠʥʥʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ 

ʥʘ 28,5%. ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ů0,2 ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʰʘʨʘʤʠ ï 0,3 ʤʤ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʪʘʢʦʞ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʶ 

(ʢʚʘʜʨʘʪʠʯʥʦʶ) ʟʘʣʝʞʥʽʩʪʶ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʶ: 

 

ů0,2 = 25h
2 + 6,1667h + 50,6                                        (3.2) 

 

ʜʝ h ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ ʘʨʤʫʚʘʥʥʷ, ʤʤ 

     ů0,2 ï ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ, ʄʇʘ 

 

50,2

45,3

35,9

y = -25x2 + 6,1667x + 50,6
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ΥΜ 
 

 

ʈʠʩʫʥʦʢ 3.17 ï ɿʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ 

ʘʨʤʫʚʘʥʥʷ 

 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 16,5%, ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ h = 0,3 ʤʤ. ɿʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ h 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ: 

 

E = -0,8833h + 3,4833                                        (3.3) 

 

ʜʝ h ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ ʘʨʤʫʚʘʥʥʷ, ʤʤ 

     E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɻʇʘ 

 

3,22

2,95
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y = -0,8833x + 3,4833
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ΥΝ 
 

 

ʈʠʩʫʥʦʢ 3.18 ï ɿʘʣʝʞʥʽʩʪʴ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ 

 

ʇʨʠ ʟʤʽʥʽ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʚʽʜ 20% ʜʦ 40% ʟʘʛʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʩʢʣʘʜʘʻ 7,7%. ɯʟ ʧʦʙʫʜʦʚʘʥʦʛʦ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʤʝʞʘ ʤʽʮʥʦʩʪʽ 

ʟʨʦʩʪʘʻ ʟ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ. ɿʦʢʨʝʤʘ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʱʽʣʴʥʦʩʪʽ ʟ 20% ʜʦ 30%, ʧʨʠʨʽʩʪ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʩʢʣʘʜʘʻ 3,5 ʄʇɸ, ʪʦʜʽ ʷʢ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʟ 30% ʜʦ 40% ï ʣʠʰʝ 0,6. ʎʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʟ ̔ʟʨʦʩʪʘʥʥʷʤ ʱʽʣʴʥʦʩʪʽ 

ʟʘʧʦʚʥʝʥʥʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ ʧʦʩʪʫʧʦʚʦ ʥʘʩʠʯʫʻʪʴʩʷ ʽ ʧʦʜʘʣʴʰʝ 

ʫʱʽʣʴʥʝʥʥʷ ʜʘʻ ʤʝʥʰʠʡ ʧʨʠʨʽʩʪ ʤʽʮʥʦʩʪʽ. ʎʷ ʪʝʥʜʝʥʮʽʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʜʝʪʘʣʝʡ, ʱʦ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ. ɸʥʘʣʽʟ ʘʧʨʦʢʩʠʤʫʶʯʠʭ 

ʬʫʥʢʮʽʡ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʶ: 

 

ůʚ = -0,0145Шɟ 2 + 1,075Шɟ + 37,3                                        (3.4) 

 

ʜʝ ɟ ï ɦʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ, % 

     ůʚ ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ, ʄʇʘ 
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y = -0,0145x2 + 1,075x + 37,3
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ΥΞ 
 

 

ʈʠʩʫʥʦʢ 3.19 ï ɿʘʣʝʞʥʽʩʪʴ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʚʽʜ 20% ʜʦ 40% ʟʘʛʘʣʴʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ ʩʢʣʘʜʘʻ 5,8%. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʞʽ ʤʽʮʥʦʩʪʽ, 

ʟʙʽʣʴʰʝʥʥʷ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ ʥʘ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʝ. ɼʣʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʨʦʟʧʦʜʽʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʝʥʦ ʧʦʣʽʥʦʤʽʘʣʴʥʫ 

ʬʫʥʢʮʽʶ: 

 

ů0,2 = -0,001 ɟ 2 + 0,2 ɟ + 45,1                                        (3.5) 

 

ʜʝ ɟ ï ɦʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ, % 

     ů0,2 ï ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ, ʄʇʘ 
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y = -0,001x2 + 0,2x + 45,1
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ΥΟ 
 

 

ʈʠʩʫʥʦʢ 3.20 ï ɿʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ 

 

ɿ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʥʘʧʦʚʥʝʥʥʷ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ, ʘʣʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʫ ʤʝʞʘʭ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʱʽʣʴʥʦʩʪʝʡ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʬʫʥʢʮʽʶ: 

 

ɽ = -0,0001 ɟ 2 - 0,005 ɟ + 3,28                                        (3,6) 

 

ʜʝ ɟ ï ɦʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ, % 

   ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɻʇʘ 

ɺʠʟʥʘʯʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʘʨʤʫʚʘʥʥʷ ʯʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʞʠʤʽʚ 3D-ʜʨʫʢʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʪʠʧʽʚ ʟʘʣʝʞʥʦʩʪʝʡ, ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʪʨʠʤʘʥʠʤ 3D-ʜʨʫʢʦʤ, ʻ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ ʘʨʤʫʚʘʥʥʷ. ʑʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ʭʦʯ ʽ ʚʧʣʠʚʘʻ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʚʧʣʠʚ ʟʤʽʥʠ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʤʝʥʰʠʡ.  
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ΥΠ 
 

3.3 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ɿʨʘʟʢʠ, ʘʨʤʦʚʘʥʽ ʚʦʣʦʢʥʦʤ, ʧʦʢʘʟʘʣʠ ʚʠʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʪʘ 

ʤʦʜʫʣʶ ʧʨʫʞʥʦʩʪʽ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʧʨʦʙʫʚʘʥʴ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʩʭʝʤʠ ʘʨʤʫʚʘʥʥʷ, ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʮʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʘʨʤʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ 

ʧʨʦʢʣʘʜʝʥʥʷ ʚʦʣʦʢʥʘ ï ʯʝʨʝʟ ʜʚʘ ʰʘʨʠ, ʯʝʨʝʟ ʦʜʠʥ ʰʘʨ ʪʘ ʫ ʢʦʞʥʦʤʫ ʰʘʨʽ, 

ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʟʙʽʣʴʰʫʚʘʣʘʩʴ ʥʘ 29%, 59% ʽ 80%. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʟʙʽʣʴʰʫʚʘʚʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ 74%, 90% ʪʘ 101%. ʇʨʠʯʦʤʫ, ʟʤʽʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 3D-ʜʨʫʢʫ, ʘ ʩʘʤʝ ï ɦ ʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ, ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ ʧʨʦʢʣʘʜʘʥʥʷ ʚʦʣʦʢʥʘ, ʤʘʣʦ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʟʘʧʦʚʥʝʥʥʷ ʟ 30% ʜʦ 20%,  ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 

6%, ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ ï ʥʘ 3%. ʇʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʟʘʧʦʚʥʝʥʥʷ ʟ 30% ʜʦ 40%, ʤʝʞʘ 

ʤʽʮʥʦʩʪʽ ʽ ʧʣʠʥʥʦʩʪʽ ʟʙʽʣʴʰʠʣʘʩʴ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 1% ʪʘ 2%. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʟʤʽʥʶʚʘʚʩʷ ʥʝ ʙʽʣʴʰ ʷʢ ʥʘ 1% ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʚʽʜ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʘʨʤʫʚʘʥʥʷ ʚ 

ʧʝʨʝʨʽʟʽ ʚʠʨʦʙʫ ʚʽʜʽʛʨʘʻ ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʟʙʽʣʴʰʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ 

ʚʠʨʦʙʫ.  

ɺʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʘʨʤʫʚʘʥʥʷ 

ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ 3D-ʜʨʫʢʫ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʟʨʘʟʢʦʤ ʙʝʟ 

ʘʨʤʫʚʘʥʥʷ ʪʘ ʟ ʱʽʣʴʥʽʩʪʶ ʟʘʧʦʚʥʝʥʥʷ 30% ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ʤʽʮʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʨʤʫʚʘʥʥʷʤ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ, ʪʦʙʪʦ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʰʘʨʘʤʠ ʫ 

0,3 ʤʤ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ ʘʨʤʫʚʘʥʥʷ ʚʽʜʽʛʨʘʻ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʪʘʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʷʢ ʤʝʞʘ ʤʽʮʥʦʩʪʽ, ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ ʪʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ. 

ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʛʨʘʬʽʢʽʚ ʘʧʨʦʢʩʠʤʘʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʟʘʟʥʘʯʝʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʨʤʫʚʘʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʜʦʣʽʢʽʚ, ʪʘʢʠʭ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʣʘʤʢʦʩʪʽ ʟʨʘʟʢʽʚ ʘʙʦ ʧʝʨʝʜʯʘʩʥʠʡ ʨʦʟʨʠʚ ʪʘ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʩʪʦʨʦʥʥʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʽʞ 

ʥʘʜʨʫʢʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʧʣʘʩʪʠʢʫ. ʊʘʢʦʞ, ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ 



ΥΡ 
 
ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʟʦʨʽʚ ʪʘ ʧʨʦʤʽʞʢʽʚ ʤʽʞ ʚʦʣʦʢʥʦʤ ʘʨʤʫʚʘʥʥʷ ʪʘ ʧʦʚʝʨʭʥʷʤʠ 

ʜʝʪʘʣʽ, ʚʥʝʩʝʥʥʷ ʘʨʤʫʚʘʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʷʭ 

ʜʝʪʘʣʝʡ, ʪʘʢʠʭ ʷʢ ʨʦʟʰʘʨʫʚʘʥʥʷ, ʧʦʨʠ ʯʠ ʨʦʟʨʠʚʠ ʤʘʪʝʨʽʘʣʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʽʚ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʦʙʣʝʥʠʤ 

ʤʝʪʦʜʦʤ ʘʨʤʫʚʘʥʥʷ ʜʦʚʽʚ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ, ʜʦʚʽʚ 

ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʝʪʘʣʝʡ. 

ɿʘʜʘʯʘ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʨʦʟʜʽʣʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʘʭʫʥʢʫ ʜʝʪʘʣʽ 

ʟ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʜʘʥʠʤ ʤʝʪʦʜʦʤ 

ʘʨʤʫʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ [93].  



ΥΣ 
 

4 ʈʆɿʈɸʍʋʅʆʂ ɼɽʊɸʃɯ ɿ ʇʂʄ ɯ ɺɽʈʀʌɯʂɸʎɯʗ ʈɽɿʋʃʔʊɸʊɯɺ 

 

4.1 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, 

ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʚʽʨʢʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ, ʷʢ ʙʫʣʦ ʨʘʥʽʰʝ ʟʘʟʥʘʯʝʥʦ, 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʦʰʘʨʦʚʠʤ ʩʠʥʪʝʟʦʤ, 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, ʘ ʡ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʚʠʨʦʙʫ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ 3D-ʜʨʫʢʫ. ʅʘ ʤʽʮʥʽʩʪʴ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ 

ʩʠʥʪʝʟʫ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʧʝʨʠʤʝʪʨʽʚ ʫ ʩʪʽʥʮʽ ʚ ʧʣʦʱʠʥʽ ʰʘʨʫ, ʜʽʘʤʝʪʨ ʩʦʧʣʘ (ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʰʠʨʠʥʫ ʦʜʠʥʠʯʥʦʛʦ ʧʝʨʠʤʝʪʨʘ), ʪʦʚʱʠʥʘ ʰʘʨʫ, ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ 

ʩʫʮʽʣʴʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʥʠʟʫ ʽ ʚʝʨʭʫ ʜʝʪʘʣʽ, ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ, ʨʠʩʫʥʦʢ 

ʟʘʧʦʚʥʝʥʥʷ. ʈʠʩʫʥʦʢ ʟʘʧʦʚʥʝʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʥʘʜʘʚʘʪʠ ʜʝʪʘʣʽ ʦʨʪʦʪʨʦʧʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʦʩʦʚʥʦ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʚ ʧʣʦʱʠʥʽ ʰʘʨʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʫʪʘ, ʧʽʜ ʷʢʠʤ ʨʦʟʪʘʰʦʚʘʥʽ ʣʽʥʽʾ ʟʘʧʦʚʥʝʥʥʷ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʫ ʜʽʾ ʟʦʚʥʽʰʥʽʭ 

ʩʠʣ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʦ ʟʘʧʦʚʥʝʥʥʷ ʽ 

ʦʙʦʣʦʥʢʫ ʜʝʪʘʣʽ. ʍʦʯʘ ʟʘʧʦʚʥʝʥʥʷ ʽ ʦʙʦʣʦʥʢʘ ʻ ʩʫʮʽʣʴʥʦʶ, ʩʢʨʽʧʣʝʥʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ, ʧʨʦʩʪʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʟʘʧʦʚʥʝʥʥʷ ʟôʻʜʥʘʥʘ ʟ ʦʙʦʣʦʥʢʦʶ ʣʠʰʝ ʚ 

ʧʝʚʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʪʦʯʢʘʭ. ʎʝ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʥʝʨʽʚʥʦʤʽʨʥʝ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʜʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ ʥʘ ʩʪʽʥʢʠ 

ʜʝʪʘʣʽ. ɺʽʜʧʦʚʽʜʥʦ, ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʦʪʨʠʤʘʥʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʨʦʙʘʤ ʣʠʰʝ ʟ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨ 

3D-ʜʨʫʢʫ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʩʦʧʣʘ ʜʨʫʢʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʪʘʢʦʞ ʤʘʻ ʚʧʣʠʚ ʥʘ ʤʽʮʥʽʩʪʴ, 

ʷʢ ʚ ʤʝʞʘʭ ʰʘʨʫ, ʪʘʢ ʽ ʥʘ ʘʜʛʝʟʽʶ ʤʽʞ ʰʘʨʘʤʠ. ɸʣʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʥʪʝʟʫ, ʚʠʙʽʨ ʪʝʤʧʝʨʘʪʫʨʠ ʩʦʧʣʘ ʜʨʫʢʫʚʘʣʴʥʦʾ 

ʛʦʣʦʚʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʶʪʴ ʢʦʨʠʩʪʴ ʣʠʰʝ ʜʣʷ 

ʧʝʚʥʦʾ ʩʭʝʤʠ ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʦʪʨʠʤʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʰʘʨʦʚʦʤʫ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʤʫ 



ΥΤ 
 
ʘʨʤʫʚʘʥʥʶ ʟ ʯʘʩʪʦʪʦʶ ʦʜʠʥʠʯʥʠʭ ʥʠʪʦʢ ʚʦʣʦʢʥʘ ʫ 2 ʤʤ ʪʘ ʧʨʦʢʣʘʜʘʥʥʶ 

ʥʘʙʦʨʫ ʚʦʣʦʢʦʥ ʢʦʞʝʥ ʰʘʨ ʦʢʨʽʤ ʜʚʦʭ ʧʝʨʰʠʭ ʪʘ ʜʚʦʭ ʦʩʪʘʥʥʽʭ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʽʻʾ ʢʦʤʙʽʥʘʮʽʾ ʪʚʝʨʜʞʝʥʴ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʪʘʢʠʤ ʯʠʥʦʤ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʇʂʄ ʟ ʧʝʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʛʽʧʦʪʝʟʫ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʜʫʪʴ ʧʦʜʽʙʥʽ 

ʯʠ ʦʜʥʘʢʦʚʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʾ ʬʦʨʤʠ ʜʝʪʘʣʽ. ʎʝ ʽ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʇʂʄ. 

ʇʨʦʮʝʩ ʚʝʨʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʽ ʚʠʨʦʙʫ ʫ CAD (computer 

aided design) ʩʠʩʪʝʤʽ, ʨʦʟʨʘʭʫʥʦʢ ʾʾ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ CAE (computer 

aided engineering), ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ ʪʘ ʡʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʋ ʷʢʦʩʪʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʚ ʦʙʨʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ Solidworks ʚʝʨʩʽʾ 

2020. ʇʝʨʝʚʘʛʘ ʮʴʦʛʦ ʇɿ ʫ ʪʦʤʫ, ʱʦ ʚ ʥʴʦʤʫ ʨʝʘʣʽʟʦʚʘʥʦ ʬʫʥʢʮʽʦʥʘʣ CAD ʪʘ 

CAE ʚ ʦʜʥʦʤʫ ʩʧʽʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʙʝʟ ʧʦʪʨʝʙʠ ʧʝʨʝʥʦʩʠʪʠ ʦʙôʻʢʪʠ ʤʽʞ 

ʨʽʟʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʯʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʥʚʝʨʪʘʮʽʡ ʬʘʡʣʽʚ ʚ ʽʥʰʽ ʬʦʨʤʘʪʠ. 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʤʦʜʫʣʴ (Solidworks Simulation) ʚʙʫʜʦʚʘʥʠʡ ʚ ʦʩʥʦʚʥʫ ʧʨʦʛʨʘʤʫ 

ʷʢ ʜʦʜʘʪʦʢ ʜʦ ʦʩʥʦʚʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʤʦʚʘʤ 

ʨʦʟʨʘʭʫʥʢʫ (ʟʘʢʨʽʧʣʝʥʥʷ, ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʴ ʽ ʪ.ʜ.) ʧʘʨʘʤʝʪʨʠʯʥʦ 

ʟʤʽʥʶʚʘʪʠʩʴ ʧʨʠ ʟʤʽʥʘʭ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ. ʈʦʟʨʘʭʫʥʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) [94]. 

 

4.2 ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 

ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʙʠʪʪʷ ʦʙʣʘʩʪʽ ʘʙʦ ʦʙôʻʢʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ [95]. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʽʣ ʪʘ ʦʙôʻʤʽʚ ʜʣʷ ʧʦʙʫʜʫʚʘʥʥʷ ʤʦʜʝʣʽ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʠʛʣʷʜʽ ʩʽʪʢʠ 

ʝʣʝʤʝʥʪʽʚ. ɽʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʨʠʚʠʤʽʨʥʠʤʠ ʯʠ ʜʚʦʚʠʤʽʨʥʠʤʠ, ʷʢʱʦ 

ʧʝʚʥʘ ʟʘʜʘʯʘ ʜʦʧʫʩʢʘʻ 2D-ʘʧʨʦʢʩʠʤʘʮʽʶ. ʅʘʡʯʘʩʪʽʰʽ ʬʦʨʤʠ ʝʣʝʤʝʥʪʽʚ ï 

ʪʨʠʢʫʪʥʠʢʠ ʪʘ ʯʦʪʠʨʠʢʫʪʥʠʢʠ ʜʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʩʽʪʦʢ ʪʘ ʪʝʪʨʘʝʜʨʠ ʯʠ ʢʫʙʠ ʜʣʷ 



ΥΥ 
 
ʪʨʠʚʠʤʽʨʥʦʾ. ʇʦʙʫʜʦʚʘ ʩʽʪʢʠ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʥʘʜʘʥʥʷ ʢʦʞʥʽʡ ʚʝʨʰʠʥʽ ʝʣʝʤʝʥʪʘ 

ʨʷʜʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʦʚʥʽʩʪʶ ʦʧʠʩʫʻ ʡʦʛʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʫ ʘʥʘʣʽʟʫ ʪʘ ʚʠʜʫ 

ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ (ʨʠʩ. 4.1).  

 

 

ʈʠʩʫʥʦʢ 4.1 ï CAD-ʤʦʜʝʣʴ ʽ ʤʦʜʝʣʴ ʨʦʟʙʠʪʘ ʥʘ ʩʽʪʢʫ ʝʣʝʤʝʥʪʽʚ 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʨʦʟʨʦʙʣʷʻ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʢʝʨʫʶʪʴ 

ʧʦʚʝʜʽʥʢʦʶ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʪʘ ʝʣʝʤʝʥʪʘ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟôʻʜʥʘʥʴ ʚʫʟʣʽʚ ʽ 

ʝʣʝʤʝʥʪʽʚ ʟ ʽʥʰʠʤʠ. ʎʽ ʨʽʚʥʷʥʥʷ ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʝʘʢʮʽʾ ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʠʧʫ ʘʥʘʣʽʟʫ ʪʘ ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ (ʤʘʪʝʨʽʘʣʽʚ) ʦʙôʻʤʫ [96]. ɼʘʣʽ 

ʧʨʦʛʨʘʤʘ ʚʧʦʨʷʜʢʦʚʫʻ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ ʽ ʚʠʨʘʭʦʚʫʻ ʥʝʚʽʜʦʤʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘ ʢʽʥʮʝʚʽ ʫʤʦʚʠ ʧʘʨʘʤʝʪʨʠ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʟʘʢʨʽʧʣʝʥʴ, ʟʚôʷʟʢʽʚ ʽ ʽʥʰʽ ʢʽʥʮʝʚʽ ʧʘʨʘʤʝʪʨʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʨʦʟʨʘʭʫʚʘʥʥʽ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ, ʟ 

ʯʦʛʦ, ʚʽʜʥʦʩʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʾ ʽ ʢʽʥʮʝʚʽ 

ʥʘʧʨʫʞʝʥʥʷ [97]. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʬʦʨʤʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʝʧʶʨ 

ʨʦʟʧʦʜʽʣʝʥʥʷ, ʫ ʚʠʛʣʷʜʽ ʢʦʣʴʦʨʦʚʦʛʦ ʩʧʝʢʪʨʫ ʥʘ ʤʦʜʝʣʽ (ʨʠʩ. 4.2). ʊʘʢʦʞ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʜʘʪʯʠʢʽʚ ʫ ʚʫʟʣʘʭ ʯʠ ʝʣʝʤʝʥʪʘʭ ʽ ʬʦʨʤʫʚʘʪʠ 

ʪʘʙʣʠʮʶ ʨʝʟʫʣʴʪʘʪʽʚ. 

 



ΥΦ 
 

 

ʈʠʩʫʥʦʢ 4.2 ï ʇʨʠʢʣʘʜ ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ ʟ ʨʦʟʨʽʟʦʤ 

 

ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ ʄʉɽ ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʦʙʨʦʙʣʷʪʠ ʛʝʦʤʝʪʨʽʾ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʩʢʣʘʜʥʦʩʪʝʡ. ʎʝʡ ʤʝʪʦʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʽʣ, ʱʦ 

ʤʘʶʪʴ ʥʝʦʜʥʦʨʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʠ ʨʦʟʧʦʜʽʣ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ. ʑʝ 

ʦʜʥʘ ʧʝʨʝʚʘʛʘ ʄʉɽ ï ʟʜʘʪʥʽʩʪʴ ʘʥʘʣʽʟʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʬʽʟʠʯʥʠʭ ʷʚʠʱ. 

ʅʘʧʨʠʢʣʘʜ, ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʚʧʣʠʚʦʤ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʜʣʷ ʘʥʘʣʽʟʫ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ 

ʯʝʨʝʟ ʤʘʪʝʨʽʘʣʠ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʧʦʪʦʢʫ ʨʽʜʠʥ ʯʠ ʛʘʟʽʚ ʯʝʨʝʟ 

ʩʢʣʘʜʥʽ ʛʝʦʤʝʪʨʽʾ. ʆʜʥʘʢ ʄʉɽ ʤʘʻ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ. ʆʜʥʠʤ ʟ ʦʙʤʝʞʝʥʴ ï 

ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦ-̔ ʥʪʝʥʩʠʚʥʠʤ, ʚʠʤʘʛʘʶʯʠ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ. ʂʨʽʤ ʪʦʛʦ, ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʪʦʯʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʊʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʽʪʢʠ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʩʽʪʦʢ, ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʜʚʘ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʘ ʷʢʦʩʪʽ ʩʽʪʢʠ ï ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ ʩʽʪʢʠ. 

ʈʦʟʤʽʨ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʣʦʢʘʣʴʥʽʡ ʛʝʦʤʝʪʨʽʾ ʜʝʪʘʣʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʫʩʝʨʝʜʥʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ, ʫ ʙʫʜʴ-̫ ʢʦʤʫ ʧʝʨʝʪʠʥʽ 

ʜʝʪʘʣʽ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ ʧʦ ʪʦʚʱʠʥʽ. ʎʝ ʚʠʢʣʠʢʘʥʦ 

ʥʝʜʦʧʫʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʷʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ 



ΦΜ 
 
ʦʜʠʥʠʯʥʦʤʫ ʚʫʟʣʫ ʩʽʪʢʠ, ʷʢʠʡ ʷʚʣʷʻ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʡ ʦʙôʻʤ, ʱʦ ʩʧʦʪʚʦʨʶʻ 

ʨʝʟʫʣʴʪʘʪ. ʇʦʭʠʙʢʠ ʪʘʢʦʛʦ ʪʠʧʫ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʙʽʣʷ ʤʽʩʮʴ ʟʘʢʨʽʧʣʝʥʴ, 

ʱʦ ʪʘʢʦʞ ʧʦʚôʷʟʘʥʦ ʟ ʝʬʝʢʪʘʤʠ ʚʫʟʣʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʷʚʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʊʘʢʽ 

ʧʦʤʠʣʢʠ ʤʘʶʪʴ ʥʘʟʚʫ ʧʦʭʠʙʦʢ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ. ʍʦʯʘ ʥʘʡʧʨʦʩʪʽʰʠʤ 

ʩʧʦʩʦʙʦʤ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ, ʮʝ ʧʽʜʚʠʱʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʪʘ 

ʚʘʞʢʽʩʪʴ ʟʘʜʘʯʽ. ʏʘʩ ʨʦʟʨʘʭʫʥʢʫ ʚ ʦʩʥʦʚʥʦʤʫ ʤʘʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʢʝʨʫʚʘʥʥʷ ʩʽʪʢʦʶ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʣʦʢʘʣʴʥʦ 

ʟʛʫʱʫʚʘʪʠ ʩʽʪʢʫ, ʚʩʪʘʚʣʷʪʠ ʝʣʝʤʝʥʪʠ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ ʘʙʦ ʧʦʜʨʽʙʥʶʚʘʪʠ 

ʝʣʝʤʝʥʪʠ ʚʟʜʦʚʞ ʢʨʦʤʦʢ, ʙʽʣʷ ʪʦʯʦʢ ʯʠ ʢʨʠʚʠʭ ʥʘ ʛʨʘʥʷʭ. ʃʦʢʘʣʴʥʝ ʟʛʫʱʝʥʥʷ 

ʩʽʪʢʠ ʪʘʢʦʞ ʚʘʞʣʠʚʝ ʜʣʷ ʚʠʧʘʜʢʽʚ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦʙ 

ʙʽʣʴʰ ʪʦʯʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʟʫʩʠʣʣʷ ʧʦ ʝʣʝʤʝʥʪʘʤ ʩʽʪʢʠ. 

ʉʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ ʩʽʪʢʠ ï ʧʘʨʘʤʝʪʨ ʩʽʪʢʠ, ʱʦ ʧʦʢʘʟʫʻ ʥʘʩʢʽʣʴʢʠ 

ʨʽʚʥʦʤʽʨʥʠʤ ʻ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʨʦʟʧʦʜʽʣ. ʅʘʧʨʠʢʣʘʜ, ʩʽʪʢʘ ʥʘ ʦʩʥʦʚʽ 

ʪʝʪʨʘʝʜʨʽʚ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠʩʴ ʟ ʚʝʣʠʢʠʤ ʤʘʢʩʠʤʘʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʩʪʦʨʽʥ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʣʘʰʪʫʚʘʥʴ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʞʣʠʚʦʾ ʛʝʥʝʨʘʮʽʾ 

ʪʝʪʨʘʝʜʨʽʚ ʩʠʣʴʥʦ ʚʠʪʷʛʥʫʪʦʾ ʬʦʨʤʠ, ʜʝ ʚʫʟʣʠ ʧʨʠ ʚʝʨʰʠʥʘʭ ʪʝʪʨʘʝʜʨʫ 

ʨʦʟʧʦʜʽʣʝʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦ. ʎʝ ʧʦʛʽʨʰʫʻ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʯʝʨʝʟ ʚʝʣʠʢʫ ʽ 

ʥʝʨʽʚʥʦʤʽʨʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʫʟʣʘʤʠ ʩʽʪʢʠ, ʘ ʧʨʠ ʩʢʫʧʯʝʥʥʷʭ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʝʜʘʯʽ ʥʘʧʨʫʞʝʥʴ/ʜʝʬʦʨʤʘʮʽʡ/ʧʝʨʝʤʽʱʝʥʴ ʤʽʞ ʥʠʤʠ ʟ ʧʦʭʠʙʢʘʤʠ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʪʝʨʘʪʠʚʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʭʠʙʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʣʦʢʘʣʴʥʦʛʦ ʘʙʦ ʥʘʚʽʪʴ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

4.3 ɺʝʨʠʬʽʢʘʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʝʪʘʣʽ ʟ ʧʦʣʽʤʝʨʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 3D-

ʜʨʫʢʫ    

 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʩʧʦʯʘʪʢʫ ʪʨʝʙʘ ʩʪʚʦʨʠʪʠ ʦʢʨʝʤʠʡ ʦʨʪʦʪʨʦʧʥʠʡ ʤʘʪʝʨʽʘʣ. 

ɿʘʩʦʙʠ ʘʥʘʣʽʟʫ Solidworks Simulation ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ̔ ʟʦʪʨʦʧʥʽ, 



ΦΝ 
 
ʦʨʪʦʪʨʦʧʥʽ ʪʘ ʘʥʽʟʦʪʨʦʧʥʽ ʤʘʪʝʨʽʘʣʠ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʧʦʚʥʠʤ ʥʘʙʦʨʦʤ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  

ʄʦʜʝʣʴ ʧʨʫʞʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʦʨʪʦʪʨʦʧʥʛʦ ʤʘʪʝʨʽʘʣʫ ʨʦʟʨʦʙʣʝʥʦ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʨʫʡʥʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʧʦ ʄʽʟʝʩʫ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʙʫʣʠ ʟʘʜʘʥʽ ʚʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ. ʇʨʠʯʦʤʫ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠʢʣʘʜʘʣʠʩʴ ʥʘ ʚʽʩʴ ʍ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʷʚʥʦʤʫ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʤʫ ʘʨʤʫʚʘʥʥʶ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʽʥʰʽ ʦʩʽ 

ʥʘʢʣʘʜʘʣʠʩʴ ʟ ʟʨʘʟʢʽʚ ʙʝʟ ʘʨʤʫʚʘʥʥʷ. ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʙʫʣʠ ʦʙʨʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʨʘʟʢʘ ʟ ʚʘʨʽʘʥʪʘ 2, ʷʢ ʚʢʘʟʘʥʦ ʚ ʪʘʙʣ. 3.8, ʪʦʙʪʦ ï ʧʨʦʢʣʘʜʘʥʥʷ ʘʨʤʫʚʘʥʥʷ ʚ 

ʢʦʞʥʦʤʫ ʰʘʨʽ, ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ 30%. ʇʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 4.1. 

 

ʊʘʙʣʠʮʷ 4.1 ï ʇʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ ʆʜ. ʚʠʤʽʨ. 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦ X 3220 ʄʇʘ 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦ Y 1550 ʄʇʘ 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦ Z 1550 ʄʇʘ 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 0,31 - 

ʄʦʜʫʣʴ ʟʩʫʚʫ 952 ʄʇʘ 

ʄʘʩʦʚʘ ʛʫʩʪʠʥʘ 1320 ʢʛ/ʤ3 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ ʧʦ X 56,5 ʄʇʘ 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ ʧʦ Y 31,4 ʄʇʘ 

ʄʝʞʘ ʧʣʠʥʥʦʩʪʽ 50,5 ʄʇʘ 

 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʜʝʪʘʣʽ ʪʠʧʫ ʬʽʪʠʥʛ. ɽʩʢʽʟ ʜʝʪʘʣʽ 

ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4.3. 

 



ΦΞ 
 

 

ʈʠʩʫʥʦʢ 4.3 ï ɽʩʢʽʟ ʜʝʪʘʣʽ 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʷʤʦʢ ʜʽʾ ʩʠʣ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜʧʦʚʽʜʘʚ ʥʘʧʨʷʤʢʫ ʜʽʾ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʝʪʘʣʴ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʝʪʘʣʽ ʽ ʤʘʪʝʨʽʘʣʫ ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʦʩʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʷʤʢʫ ʜʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷʛʘʻ ʫ ʟʘʢʨʽʧʣʝʥʥʽ 

ʜʝʪʘʣʽ ʧʦ ʦʜʥʽʡ ʧʘʨʽ ʦʪʚʦʨʽʚ ʪʘ ʧʨʠʢʣʘʜʘʥʥʶ ʩʠʣʠ ʥʘ ʨʦʟʪʷʛ ʜʦ ʜʨʫʛʦʾ ʧʘʨʠ 

ʦʪʚʦʨʽʚ. ʊʘʢʦʞ, ʜʝʪʘʣʴ ʙʫʣʘ ʟʘʢʨʽʧʣʝʥʘ ʧʦ ʦʜʥʽʡ ʽʟ ʛʨʘʥʝʡ, ʱʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʜʽʾ ʩʠʣʠ ʨʦʟʪʷʛʫʚʘʥʥʷ, ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʛʨʘʥʽ, ʘʣʝ ʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʾʡ. ʎʝ ʟʨʦʙʣʝʥʝ ʜʣʷ ʧʝʨʝʰʢʦʜʞʘʥʥʶ ʨʫʭʫ ʜʝʪʘʣʽ ʷʢ ʩʫʮʽʣʴʥʦʛʦ ʪʽʣʘ. ʅʘʧʨʷʤʦʢ 

ʩʠʣʠ ʚʢʘʟʘʥʠʡ ʚʽʜʥʦʩʥʦ ʫʤʦʚʥʦʾ ʦʩʽ ʍ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʩʽ ʍ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ 

çʃʽʥʽʷ ʨʦʟʜʽʣʫè ʮʠʣʽʥʜʨʠʯʥʘ ʛʨʘʥʴ ʦʪʚʦʨʽʚ ʙʫʣʘ ʨʦʟʜʽʣʝʥʘ ʥʘ ʧʦʣʦʚʠʥʠ, ʜʣʷ 

ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʥʘʢʣʘʜʘʥʥʷ ʟʘʢʨʽʧʣʝʥʴ ʪʘ ʩʠʣ (ʨʠʩ. 4.4). 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʆʪʚʦʨʠ ʟ ʣʽʥʽʷʤʠ ʨʦʟʜʽʣʫ 



ΦΟ 
 

 

ʇʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ, ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʚʩʷ ʽʪʝʨʘʪʠʚʥʦ. ʄʽʞ ʽʪʝʨʘʮʽʷʤʠ 

ʟʙʽʣʴʰʫʚʘʣʘʩʴ ʘʙʦ ʟʤʝʥʰʫʚʘʣʘʩʴ ʩʠʣʘ ʨʦʟʪʷʛʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʟʘʧʘʩ 

ʤʽʮʥʦʩʪʽ ʚ ʜʝʪʘʣʽ. ɿʘ ʩʠʣʫ, ʱʦ ʩʧʨʠʯʠʥʠʣʘ ʙ ʨʫʡʥʫʚʘʥʥʷ ʜʝʪʘʣʽ, ʙʫʣʘ ʧʨʠʡʥʷʪʘ 

ʩʠʣʘ, ʧʨʠ ʧʨʠʢʣʘʜʝʥʽ ʷʢʦʾ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ (ʂɿʄ) ʩʪʘʚʘʚ ʜʝʱʦ 

ʤʝʥʰʝ ʦʜʠʥʠʮʽ. ʈʦʟʨʘʭʫʥʦʢ ʂɿʄ ʧʨʦʚʦʜʠʚʩʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʽʶʯʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʜʦ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɺʽʜʦʙʨʘʞʝʥʥʷ ʝʧʶʨʠ ʂɿʄ 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜʤʽʪʢʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʧʘʩʫ 

ʤʽʮʥʦʩʪʽ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʦʥ ʂɿʄ ʤʝʥʰʝ ʦʜʠʥʠʮʽ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ. ɿʤʽʥʘ 

ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʧʨʦʚʦʜʠʣʘʩʴ ʟ ʢʨʦʢʦʤ 1 ʅʴʶʪʦʥ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ 0,9997 ʙʫʚ ʜʦʩʷʛʥʫʪʠʡ ʧʨʠ ʟʥʘʯʝʥʥʽ ʟʘʛʘʣʴʥʦʾ ʩʠʣʠ ʫ 639 ʅ. 

ʋʤʦʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʽʪʢʘ ʪʘ ʝʧʶʨʘ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʂɿʄ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.5 ï 4.7.  

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʋʤʦʚʠ ʟʘʢʨʽʧʣʝʥʥʷ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 



ΦΠ 
 

 

ʈʠʩʫʥʦʢ 4.6 ï ʉʽʪʢʘ 

 

ʈʠʩʫʥʦʢ 4.7 ï ʈʝʟʫʣʴʪʫʶʯʘ ʝʧʶʨʘ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ 



ΦΡ 
 

 

4.4 ɺʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʽ ʨʝʟʫʣʴʪʘʪʠ 

 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʭʝʤʠ 

ʘʨʤʫʚʘʥʥʷ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ 5 ʟʨʘʟʢʽʚ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 3D-ʜʨʫʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʪʠʤ, ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʟʨʘʟʢʽʚ. ʉʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʩʭʝʤʽ ʘʨʤʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ ʥʘ ʨʦʟʪʷʛ. ʉʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʜʝʪʘʣʽ ʚʽʜʧʦʚʽʜʘʻ ʤʦʜʝʣʽ ʩʭʝʤʠ ʘʨʤʫʚʘʥʥʷ, 

ʱʦ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘ ʝʪʘʧʽ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʪʘ ʩʠʤʫʣʷʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʥʝʾ. ʉʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʜʝʪʘʣʽ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʷʤʢʫ ʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʝʪʘʣʴ [98]. ʊʦʙʪʦ, ʥʘʧʨʷʤ ʜʽʾ ʟʫʩʠʣʣʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʦʤ ʦʩʽ ʘʨʤʫʚʘʥʥʷ, ʷʢʘ ʷʚʣʷʻ ʚʽʩʴ ʥʘʡʙʽʣʴʰʦʾ ʤʽʮʥʦʩʪʽ [99]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ, ʥʘ ʰʘʨ ʧʨʦʢʣʘʜʘʣʦʩʴ 21 ʦʜʠʥʠʯʥʝ ʚʦʣʦʢʥʦ. 

ʇʝʨʝʜ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʟʨʘʟʢʽʚ ʟ ʘʨʤʫʚʘʥʥʷʤ ʙʫʚ ʥʘʜʨʫʢʦʚʘʥʠʡ ʟʨʘʟʦʢ ʙʝʟ 

ʘʨʤʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʧʣʘʪʬʦʨʤʽ ʧʦʙʫʜʦʚʠ ʜʣʷ 

ʪʦʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʙʦʨʫ ʚʦʣʦʢʥʘ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʠʩʪʦʩʫʚʘʥʥʽ (ʨʠʩ. 

4.8). ʆʜʠʥ ʽʟ ʟʨʘʟʢʽʚ ʟ ʧʘʨʪʽʾ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4.9 ʪʘ 4.10, ʜʦ ʦʙʨʽʟʘʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʽ ʧʽʩʣʷ. 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ɿʨʘʟʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʜʝʪʘʣʽ 



ΦΣ 
 

 

ʈʠʩʫʥʦʢ 4.9 ï ɿʨʘʟʦʢ ʟ ʘʨʤʫʚʘʥʥʷʤ ʜʦ ʦʙʨʽʟʘʥʥʷ ʟʘʣʠʰʢʽʚ ʚʦʣʦʢʥʘ 

 

ʈʠʩʫʥʦʢ 4.10 ï ʇʨʠʢʣʘʜ ʟʨʘʟʢʘ ʧʽʩʣʷ ʦʙʨʽʟʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʚʦʣʦʢʥʘ 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʠʣʦʶ ʥʘ ʨʦʟʪʷʛ, ʧʦ 

ʩʭʝʤʽ ʘʥʘʣʦʛʽʯʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʚʠʧʘʜʢʫ [100]. ʂʦʥʪʨʦʣʴ ʬʘʢʪʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʥʫʚʘʚʩʷ ʪʝʥʟʦʤʝʪʨʠʯʥʦ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʣʘʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.2. 

 

ʊʘʙʣʠʮʷ 4.2 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚʝʨʠʬʽʢʘʮʽʡʥʠʭ ʟʨʘʟʢʽʚ 

ɿʨʘʟʦʢ ʈʦʟʨʘʭʫʥʢʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ 

ʌʘʢʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ 

ɺʽʜʭʠʣʝʥʥʷ 

1 

639 

557  11,3 % 

2 554  13,2 % 

3 570  10,8 % 

4 575  10,1 % 



ΦΤ 
 

5 558  12,6 % 

 

4.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʝʪʘʣʽ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʩʧʦʩʦʙʦʤ 3D-ʜʨʫʢʫ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʝʪʘʣʽ. ʄʦʜʝʣʴ ʜʝʪʘʣʽ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʷʤʫ ʜʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʄʦʜʝʣʴ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʘʢʦʞ ʧʨʠʢʣʘʜʘʣʘʩʴ ʜʦ ʜʝʪʘʣʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʥʘʧʨʷʤʢʫ ʜʽʡʩʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʜʣʷ ʩʧʽʚʧʘʜʽʥʥʷ ʦʩʽ 

ʘʨʤʫʚʘʥʥʷ ʟ ʥʘʧʨʷʤʢʦʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɸʥʘʣʽʟ ʪʘ ʩʠʤʫʣʷʮʽʷ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘʩʦʙʘʤʠ ʉɸɽ ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʠʩʴ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʦʾ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ. ɼʣʷ ʮʴʦʛʦ ʚ ʤʦʜʝʣʽ ʜʝʪʘʣʽ ʙʫʣʠ ʚʥʝʩʝʥʽ 

ʟʤʽʥʠ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʾ ʩʠʤʫʣʷʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʜʦʜʘʥʽ ʣʽʥʽʾ ʨʦʟʜʽʣʫ ʧʦ 

ʦʪʚʦʨʘʤ, ʷʢʽ ʩʧʨʠʡʤʘʶʪʴ ʥʘ ʩʦʙʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʦʥʪʘʢʪʽ ʟ ʽʥʰʠʤʠ ʜʝʪʘʣʷʤʠ 

ʪʘ ʢʨʽʧʠʣʴʥʠʤʠ ʚʠʨʦʙʘʤʠ. ʎʝ ʟʙʽʣʴʰʫʻ ʪʦʯʥʽʩʪʴ ʩʠʤʫʣʷʮʽʾ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʬʘʥʪʦʤʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʯʘʩʪʠʥʽ ʦʪʚʦʨʫ, ʷʢʘ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥʝ ʥʘʚʘʥʪʘʞʝʥʘ. 

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʨʘʟʢʠ ʜʝʪʘʣʝʡ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʘʨʤʦʚʘʥʽ 

ʚʦʣʦʢʥʦʤ, ʧʦʢʘʟʘʣʠ ʚʽʜʭʠʣʝʥʥʷ ʩʠʣʠ ʥʘ ʨʦʟʨʠʚ ʚʽʜ 10,1 ʜʦ 13,2 %, ʩʝʨʝʜʥʻ 

ʚʽʜʭʠʣʝʥʥʷ ʧʦ 5 ʟʨʘʟʢʘʤ ï 11,9%. ʇʦʭʠʙʢʘ ʩʢʣʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʝ ʙʽʣʴʰʝ 

12%, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʡʥʷʪʠʤ ʧʨʠʧʫʱʝʥʥʷʤ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʎʝ 

ʧʦʢʘʟʫʻ, ʱʦ, ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ ʘʨʤʫʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʽʮʥʽʩʪʴ ʚʝʨʠʬʽʢʦʚʘʥʦ. ʉʪʚʦʨʝʥʠʡ ʤʘʪʝʨʽʘʣ ʫ ʤʦʜʫʣʽ CAE 

Solidworks Simulation ʤʦʞʝ ʙʫʪʠ ʥʘʢʣʘʜʝʥʠʡ ʥʘ ʽʥʰʽ ʜʝʪʘʣʽ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽ ʘʨʤʫʶʪʴʩʷ ʟʘ ʜʘʥʦʶ ʩʭʝʤʦʶ ʽ ʤʝʪʦʜʦʤ ʘʨʤʫʚʘʥʥʷ, ʜʣʷ 

ʘʥʘʣʽʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʧʦʚʝʜʽʥʢʠ ʧʽʜ ʟʦʚʥʽʰʥʽʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʾʤ. ʄʘʪʝʨʽʘʣʠ ʜʣʷ CAE-ʘʥʘʣʽʟʫ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʘʨʘʤʝʪʨʘʤ, 



ΦΥ 
 
ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ 

ʘʨʤʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 3D-ʜʨʫʢʫ. 

 

  



ΦΦ 
 

ʆʉʅʆɺʅɯ ɺʀʉʅʆɺʂʀ 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʧʦʰʘʨʦʚʦʛʦ 

ʩʠʥʪʝʟʫ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ 

ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʥʝʜʦʪʨʠʤʘʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ ʚ ʤʝʞʘʭ ʰʘʨʫ ʪʘ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦ ʪʘ ʚʠʙʽʨʢʦʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʘʨʤʫʶʯʦʛʦ 

ʚʦʣʦʢʥʘ ʚ ʤʝʞʘʭ ʰʘʨʫ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ 

ʤʝʪʦʜʘʤʠ ʧʦʰʘʨʦʚʦʛʦ ʩʠʥʪʝʟʫ. ʊʘʢ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ 

ʘʨʤʫʚʘʥʥʷ ʻ ʟʥʘʯʫʱʠʤ ʪʘ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʢʽʥʮʝʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʠʭ ʚʠʨʦʙʽʚ. ɺʩʪʘʥʦʚʣʝʥʘ ʧʨʷʤʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʨʤʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʽʮʥʦʩʪʽ ʚʠʨʦʙʫ. ʊʦʙʪʦ, ʜʝʪʘʣʽ ʟ ʘʨʤʫʚʘʥʥʷʤ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ ʤʽʮʥʽʰʽ, ʥʽʞ ʟ 

ʘʨʤʫʚʘʥʥʷʤ ʯʝʨʝʟ ʰʘʨ ʯʠ ʜʚʘ. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʣʽʤʝʨʫ ʪʘ ʤʘʪʝʨʽʘʣʫ 

ʘʨʤʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʾʚ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʝʜʦʣʽʢʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ 

ʘʨʤʫʚʘʥʥʷ. ʊʘʢ, ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʚ ʦʙʨʘʥʠʡ ʧʨʝʜʩʪʘʚʥʠʢ 

ʩʪʘʥʜʘʨʪʥʠʭ ʧʦʣʽʤʝʨʽʚ, coPET, ʘ ʚ ʷʢʦʩʪʽ ʚʦʣʦʢʥʘ ʘʨʤʫʚʘʥʥʷ ï ʙʘʟʘʣʴʪʦʚʝ 

ʚʦʣʦʢʥʦ. ɺʦʥʠ ʙʫʣʠ ʦʙʨʘʥʥʽ ʯʝʨʝʟ ʾʭ ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʟ ʟʥʘʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʝʜʦʣʽʢʽʚ ʪʘ ʥʝʛʘʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʝʡ ʟ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʧʦʩʦʙʦʤ 3D-

ʜʨʫʢʫ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 3D-ʧʨʠʥʪʝʨ. ɼʣʷ ʮʴʦʛʦ 

ʩʧʦʯʘʪʢʫ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʧʦʰʠʨʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʪʠʧʽʚ FDM/FFF 3D-ʧʨʠʥʪʝʨʽʚ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʾ ʯʠ 

ʽʥʰʦʾ ʢʽʥʝʤʘʪʠʢʠ ʚʠʟʥʘʯʝʥʦ ʥʝʨʫʭʦʤʽʩʪʴ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʨʫʭʦʤʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʚʢʦʣʦ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ ʪʘ ʟʚʝʨʭʫ ʥʝʾ. 

ʎʠʤ ʚʠʤʦʛʘʤ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʘ ʢʽʥʝʤʘʪʠʢʘ ʪʠʧʫ Delta. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 



ΝΜΜ 
 
ʥʘ ʧʨʠʥʪʝʨ ʟ ʪʘʢʦʶ ʢʽʥʝʤʘʪʠʢʦʶ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ, ʱʦ 

ʚʠʢʦʥʫʻ ʟʘʚʜʘʥʥʷ ʧʦ ʫʪʨʠʤʘʥʥʶ ʚʦʣʦʢʥʘ, ʟʘʜʘʥʥʷ ʡʦʤʫ ʧʦʟʠʮʽʾ ʚʽʜʥʦʩʥʦ ʜʝʪʘʣʽ 

ʪʘ ʧʣʘʪʬʦʨʤʠ ʧʦʙʫʜʦʚʠ ̔  ʫʪʨʠʤʘʥʥʶ ʮʽʻʾ ʧʦʟʠʮʽʾ ʥʘʙʦʨʫ ʘʨʤʫʶʯʦʛʦ ʚʦʣʦʢʥʘ. 

ʊʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʝ ʘʨʤʫʚʘʥʥʷ 

ʜʝʪʘʣʝʡ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ 3D-ʜʨʫʢʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʊʘʢ, ʭʦʯʘ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʫ ʻ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ ʚʦʣʦʢʥʘ ʘʨʤʫʚʘʥʥʷ, ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʢʪʫʨ ʟʘʧʦʚʥʝʥʥʷ 

ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʨʷʤʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʩʭʝʤʠ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 3D-ʜʨʫʢʫ. ʈʦʟʨʦʙʣʝʥʘ 

ʩʭʝʤʘ ʘʨʤʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʩʫʮʽʣʴʥʽʩʪʴ ʚʦʣʦʢʥʘ ʥʝ ʣʠʰʝ ʚ ʤʝʞʘʭ 

ʰʘʨʫ, ʘ ʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʤʽʞ ʰʘʨʘʤʠ. ʉʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʷʤʢʫ ʜʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʨʝʞʠʤʠ ʜʨʫʢʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʝ ʪʘ 

ʜʦʩʪʘʪʥʻ ʟʘʢʨʽʧʣʝʥʥʷ ʽ ʟʯʝʧʣʝʥʥʷ ʚʦʣʦʢʥʘ ʘʨʤʫʚʘʥʥʷ ʟ ʦʩʥʦʚʥʠʤ ʧʦʣʽʤʝʨʦʤ 

ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʘʨʤʫʚʘʥʥʷ ʪʘ ʨʝʞʠʤʽʚ ʜʨʫʢʫ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʬʝʨʝʥʩʥʠʤ ʟʨʘʟʢʦʤ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 81%, ʜʦ 

57,1 ʄʇʘ, ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ ï ʥʘ 95% ʜʦ 51,5 ʄʇʘ, ʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï ʥʘ 

109% ʜʦ 3,24 ɻʇʘ. ɺʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʰʘʨʘʤʠ ʘʨʤʫʚʘʥʥʷ ʪʘ ʱʽʣʴʥʽʩʪʶ ʟʘʧʦʚʥʝʥʥʷ. ɼʣʷ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʘʧʨʦʢʩʠʤʘʮʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ 

ʙʘʟʦʚʠʤ (ʨʝʬʝʨʝʥʪʥʠʤ) ʟʨʘʟʢʦʤ. ʎʽ ʨʽʚʥʷʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʫ ʚ ʟʘʜʘʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʽ ʟʘʣʝʞʥʦʩʪʽ ʩʧʨʘʚʝʜʣʠʚʽ ʣʠʰʝ ʜʣʷ 

ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʪʨʠʤʘʥʦʛʦ ʙʝʟ ʟʤʽʥʠ ʽʥʰʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʨʤʫʚʘʥʥʷ ʽ 3D-ʜʨʫʢʫ. 
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ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʚʠʨʦʙʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʦʪʨʝʙʘ ʫ ʮʴʦʤʫ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʽ, ʦʪʨʠʤʘʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 3D-

ʜʨʫʢʫ, ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʘ ʡ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʜʝʪʘʣʽ ʪʘ 

ʥʘʧʨʷʤʢʽʚ ʚʧʣʠʚʫ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʥʝʾ. ʄʝʪʦʜʘʤʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʩʠʤʫʣʷʮʽʾ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʤʦʜʝʣʴʦʚʘʥʘ ʜʝʪʘʣʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʘʪʝʨʽʘʣ, ʱʦ ʙʫʚ ʪʘʢʦʞ ʚʢʣʘʜʝʥʠʡ ʚ 

ʤʦʜʝʣʴ ʜʝʪʘʣʽ, ʦʪʨʠʤʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʽʚ 

ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʪʨʠʤʘʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʘʨʤʫʚʘʥʥʷ. ʄʘʪʝʨʽʘʣ ʽ ʤʦʜʝʣʴ ʡʦʛʦ ʥʘʢʣʘʜʘʥʥʷ ʥʘ ʜʝʪʘʣʴ 

ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʉɸɽ 

ʤʦʜʫʣʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Solidworks, ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦʝʪʘʧʥʘ 

ʩʠʤʫʣʷʮʽʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʝʪʘʣʴ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ, ʧʨʠ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʜʝʪʘʣʽ. ɹʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʜʝʪʘʣʽ-ʟʨʘʟʢʠ ʜʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʟ ʨʝʞʠʤʘʤʠ ʩʠʥʪʝʟʫ ʪʘ ʩʭʝʤʦʶ ʘʨʤʫʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʜʝʪʘʣʝʡ-ʟʨʘʟʢʽʚ ʚʠʷʚʣʝʥʘ 

ʜʦʚʦʣʽ ʪʦʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʩʠʣʠ ʨʫʡʥʫʚʘʥʥʷ ʜʦ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ.   

ʇʨʦʚʝʜʝʥʝ ʜʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʘʣʦ ʥʦʚʠʡ 

ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ ʚʦʣʦʢʥʦʤ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ, ʩʪʚʦʨʶʶʯʠ ʨʽʟʥʦʚʠʜ 

ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʪʘ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ, 

ʘ ʪʘʢʦʞ ʩʧʦʩʽʙ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʮʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦʙʽ ʤʘʶʪʴ ʟʥʘʯʥʝ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʜʣʷ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʘ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʤʘʩʦʚʦʾ 

ʜʦʩʢʦʥʘʣʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʦʢʨʘʱʝʥʠʭ ʧʠʪʦʤʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʽʮʥʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

- ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʽ ʤʝʪʦʜ ʘʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʚʦʣʦʢʥʦʤ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ FDM/FFF 3D-ʜʨʫʢʫ, ʟ ʦʧʠʩʦʤ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʨʫʢʫ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʾʭ ʚʠʙʦʨʫ, ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ 
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ʜʣʷ ʘʨʤʫʚʘʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 3D-ʧʨʠʥʪʝʨ ʟ ʢʽʥʝʤʘʪʠʢʦʶ ʪʠʧʫ Delta ʽ 

ʧʨʠʡʦʤʠ ʚʠʢʦʥʘʥʥʷ ʘʨʤʫʚʘʥʥʷ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʰʘʨʦʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʦʪʨʠʤʘʥʽ 

ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ; 

- ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ 

ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ ʪʘ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʦʩʚʽʪʠ ʤʦʣʦʜʽ ʽʤʝʥʽ ʆ.ʄ. ʄʘʢʘʨʦʚʘ (ʘʢʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʢʣʘʜʝʥʽ ʚ ʜʦʜʘʪʢʘʭ ɸ ʽ ɹ). 
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