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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʥʘ 

ʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʪʦʯʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʩʨʘʟʫ ʧʦʩʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʥʘʧʨʠʤʝʨ, 

ʦʧʝʨʘʮʠʡ ʭʦʣʦʜʥʦʡ ʦʙʲʸʤʥʦʡ ʰʪʘʤʧʦʚʢʠ (ʍʆʐ). ʉʫʱʝʩʪʚʫʶʱʠʡ ʤʠʨʦʚʦʡ 

ʪʨʝʥʜ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʟʥʠʢʘʶʪ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʜʠʥ ʢ ʦʜʥʦʤʫ 

ʨʝʘʣʴʥʦʤʫ ʠʟʜʝʣʠʶ, ʩʫʱʝʩʪʚʫʶʱʠʡ, ʦʜʥʘʢʦ, ʥʘ ʚʠʨʪʫʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɼʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ çʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚè ʥʝʦʙʭʦʜʠʤʦ ʘʜʝʢʚʘʪʥʦ 

ʧʝʨʝʥʦʩʠʪʴ ʧʘʨʘʤʝʪʨʳ ʠʟ ʨʝʘʣʴʥʦʩʪʠ ʚ ʚʠʨʪʫʘʣʴʥʫʶ ʩʨʝʜʫ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ 

ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ 3D-ʤʦʜʝʣʝʡ ʠʟʜʝʣʠʡ: ʧʨʷʤʦʡ (ʧʦʩʪʨʦʝʥʠʷ ʚ CAD-

ʧʨʦʛʨʘʤʤʝ) ʠ ʦʙʨʘʪʥʳʡ (ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ). 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʠʟʜʝʣʠʡ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʣʘʟʝʨʥʦʛʦ 3D-ʩʢʘʥʝʨʦʚ, ʩ ʮʝʣʴʶ 

ʜʘʣʴʥʝʡʰʝʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʢʦʚʦʢ ʠ ʝʛʦ ʠʥʪʝʛʨʘʮʠʝʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʢʫʟʥʝʯʥʦ-ʰʪʘʤʧʦʚʦʯʥʫʶ ʣʠʥʠʶ, ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʠʟʜʝʣʠʷ, 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠʟʜʝʣʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʧʦʩʦʙ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʘ ʧʦʣʠʛʦʥʘʣʴʥʦʡ 3D-ʤʦʜʝʣʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ 

ʢʦʥʝʯʥʦʡ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʡ 3D-ʤʦʜʝʣʠ. 

ʉʪʝʧʝʥʴ ʦʩʥʘʱʝʥʠʷ ʥʦʚʳʤʠ ʤʘʰʠʥʘʤʠ, ʢʦʥʪʨʦʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʢʫʟʥʝʯʥʦ-ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʚʳʰʘʝʪʩʷ. ʉʪʨʝʤʣʝʥʠʝ ʩʥʠʟʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʘʩʭʦʜʳ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ 

ʟʘʤʳʢʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ ʧʦ ʚʩʝʤ ʦʪʜʝʣʴʥʳʤ ʦʧʝʨʘʮʠʷʤ 

ʢʫʟʥʝʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʦʙʱʝʛʦ 
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ʷʟʳʢʘ ʤʝʞʜʫ ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʨʝʜʩʪʚʘʤʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʦʙʫʶ ʨʦʣʴ ʟʜʝʩʴ 

ʟʘʥʠʤʘʶʪ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʡ ʤʠʨʦʚʦʡ ʪʨʝʥʜ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʟʥʠʢʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠè, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʜʠʥ ʢ ʦʜʥʦʤʫ ʨʝʘʣʴʥʦʤʫ ʠʟʜʝʣʠʶ, ʩʫʱʝʩʪʚʫʶʱʠʡ, 

ʦʜʥʘʢʦ, ʥʘ ʚʠʨʪʫʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ çʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚè ʥʝʦʙʭʦʜʠʤʦ ʘʜʝʢʚʘʪʥʦ ʧʝʨʝʥʦʩʠʪʴ ʧʘʨʘʤʝʪʨʳ ʠʟ ʨʝʘʣʴʥʦʩʪʠ ʚ 

ʚʠʨʪʫʘʣʴʥʫʶ ʩʨʝʜʫ. ʉʪʨʝʤʣʝʥʠʝ ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʘʩʭʦʜʳ, 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ 

çʇʨʦʠʟʚʦʜʩʪʚʦ 4.0è (Industry 4.0), ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ (ʮʠʬʨʦʚʳʭ) 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʚʝʣʠ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʟʘʤʳʢʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ ʧʦ 

ʚʩʝʤ ʦʪʜʝʣʴʥʳʤ ʦʧʝʨʘʮʠʷʤ ʢʫʟʥʝʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʳʙʨʘʚ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʦʚ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʩʩʦʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʩʦʟʜʘʚ ʦʙʨʘʪʥʫʶ 

ʩʚʷʟʴ. ʅʘʧʨʠʤʝʨ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʨʝʩʩʘ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʚʠʜʘ 

ʮʠʢʣʦʛʨʘʤʤʳ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ ʧʨʝʩʩʘ ʩ ʩʝʨʚʦʫʧʨʘʚʣʝʥʠʝʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʪʦʯʥʦʩʪʠ ʠʟʜʝʣʠʷ ʧʦ 3D-

ʤʦʜʝʣʠ, ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʩʢʦʣʴʢʫ ʩʝʛʦʜʥʷʰʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʩʩʘʭ ʩ ʦʜʥʠʤ ʨʘʙʦʪʥʠʢʦʤ 

ʤʝʪʦʜʦʤ ʰʪʘʤʧʦʚʢʠ ʠʟ ʣʝʥʪʳ ʠʣʠ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʰʪʘʤʧʦʚʢʠ ʢʘʢ ʤʝʣʢʠʝ 

ʠʟʜʝʣʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ 5 ʤʤ ʜʣʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʧʦʢʦʚʢʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʨʘʟʤʝʨʦʤ ʜʦ 500 ʤʤ, ʧʦʷʚʠʣʠʩʴ ʩʠʩʪʝʤʳ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʘʭ ʦʪ 5 
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ʜʦ 500 ʤʤ. ʉʚʷʟʘʥʦ ʵʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʪʝʤ, ʯʪʦ ʚʦʟʨʦʩʣʘ ʯʘʩʪʦʪʘ 

ʤʝʞʦʧʝʨʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ, ʧʨʠ ʵʪʦʤ ʦʪʚʦʜʠʤʦʝ ʚʨʝʤʷ 

ʥʘ ʥʝʛʦ ʩʥʠʟʠʣʦʩʴ, ʘ ʩʣʦʞʥʦʩʪʴ ʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦʚʳʩʠʣʠʩʴ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʚʦʟʨʦʩʣʠ ʩʘʤʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʦʯʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʝʚʨʦʧʝʡʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʜʦʧʫʩʢʘ ʚ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ ʫʤʝʥʴʰʠʪʩʷ ʥʘ 60% ʥʘ ʦʧʝʨʘʮʠʷʭ ʰʪʘʤʧʦʚʢʠ ʠ ʥʘ 67% ʚ 

ʩʙʦʨʦʯʥʳʭ ʦʧʝʨʘʮʠʷʭ ʢʫʟʦʚʦʚ. ɽʩʣʠ ʨʘʥʴʰʝ ʦʧʪʠʯʝʩʢʠʡ ʠʥʣʘʡʥ 

(ʚʳʙʦʨʦʯʥʳʡ ʣʝʪʫʯʠʡ) ʢʦʥʪʨʦʣʴ ʙʳʣ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ 

ʘʚʪʦʤʘʪʘʭ, ʪʦ ʪʝʧʝʨʴ ʦʥ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʠ ʚ ʤʝʥʝʝ ʩʢʦʨʦʩʪʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʰʪʘʤʧʦʚʢʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ̫ ʚʣʷʝʪʩʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʚʝʪʘ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʩʩʦʚʦʡ ʣʠʥʠʠ ʜʣʷ ʭʦʣʦʜʥʦʡ 

ʰʪʘʤʧʦʚʢʠ ʠʟʜʝʣʠʡ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʩʝʨʚʦʫʧʨʘʚʣʝʥʠʝʤ 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ 

ʦʙʲʸʤʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʍʆʐ, ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʪʨʸʭʤʝʨʥʦʡ (3D) 

ʛʝʦʤʝʪʨʠʠ ʠʟʜʝʣʠʷ, ʧʦʣʫʯʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʝ, ʩ ʛʝʦʤʝʪʨʠʝʡ ʠʟʜʝʣʠʷ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 1) ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʠʟʜʝʣʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʷ; 2) ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʧʦʣʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ ʠʭ ʨʘʟʨʫʰʝʥʠʷ; 3) 

ɸʧʨʦʙʘʮʠʷ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʦʯʥʦʛʦ ʣʝʪʫʯʝʛʦ ʢʦʥʪʨʦʣʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ; 4) ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ʥʘʩʪʨʦʡʢʠ ʧʨʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʍʆʐ ʟʘʛʦʪʦʚʢʠ ʙʦʣʪʘ; 5) ʇʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʪʦʯʥʸʥʥʳʭ 3D-ʤʦʜʝʣʝʡ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ: 

1) ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʢʦʥʪʨʦʣʷ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʪʦʯʥʦʩʪʠ ʧʦʢʦʚʦʢ ʠʟ ʤʝʪʘʣʣʦʚ, ʧʨʦʚʦʜʷʱʠʡʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʍʆʐ; 

2) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʧʦʢʦʚʦʢ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʩʩʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

3) ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʪʨʘʙʦʪʘʥʳ ʦʩʥʦʚʥʳʝ ʰʘʛʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʦ ʧʦʣʫʯʝʥʠʶ, ʦʙʨʘʙʦʪʢʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʦʢʦʚʢʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʝʘʣʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʘ ʩʚʷʟʠ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʨʝʘʣʴʥʦʩʪʴʶ ʯʝʨʝʟ ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʦʧʪʠʯʝʩʢʦʛʦ 

3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʪʦʯʥʦ (ʚ ʫʢʘʟʘʥʥʦʤ ʧʦʣʝ ʜʦʧʫʩʢʘ) 

ʠ ʙʳʩʪʨʦ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʧʦʢʦʚʦʢ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʚʳʙʦʨʦʯʥʦʤʫ ʢʦʥʪʨʦʣʶ, 

ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʦʪʨʳʚʝ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ, ʘ 

ʥʝ ʥʘ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (ʚʳʙʦʨʦʯʥʳʡ 

ʣʝʪʫʯʠʡ ʠʣʠ ʠʥʣʘʡʥ ʢʦʥʪʨʦʣʴ). 

ɺʥʝʜʨʝʥʠʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ 15.03.01 çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè 

ʠ 27.03.05 çʋʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʪʦʯʥʸʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 3D-ʤʦʜʝʣʷʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʦʙʱʫʶ 

ʦʰʠʙʢʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʜʝʬʝʢʪʦʚ ʥʘ ʫʨʦʚʥʝ, 

ʙʣʠʟʢʦʤ ʢ ʤʠʢʨʦ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʚʥʝʜʨʝʥʠʝ. ʅʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʍʆʐ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʠʡ ʪʝʤʧ 

ʰʪʘʤʧʦʚʢʠ ʠ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ. 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʣʛʦʨʠʪʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ ʭʦʣʦʜʥʦʡ ʰʪʘʤʧʦʚʢʠ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 3D-ʤʦʜʝʣʝʡ ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʠʤʝʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʠʤʝʶʱʠʤʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. 

ʃʠʯʥʦʝ ʫʯʘʩʪʠʝ ʩʦʠʩʢʘʪʝʣʷ ʚ ʧʦʣʫʯʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʠʩʩʝʨʪʘʮʠʷ 

çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʭʦʣʦʜʥʦʡ ʰʪʘʤʧʦʚʢʠ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʟʘʚʝʨʰʝʥʥʦʡ 

ʨʘʙʦʪʦʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʩʦʩʪʦʠʪ ʚ: 

- ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʚ ʧʨʦʚʝʜʝʥʠʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ; ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʴʶ ʟʘʧʦʣʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ, ʤʝʪʦʜʘʤʠ 

ʦʜʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ, ʨʘʩʪʷʞʝʥʠʷ ʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ; ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʍʆʐ ʟʘʛʦʪʦʚʢʠ ʙʦʣʪʘ; ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʪʨʦʡʢʦʡ ʧʨʝʩʩʘ; 

- ʚʳʧʦʣʥʝʥʥʦʡ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʤʝʪʦʜʠʢʠ ʩʦʚʤʝʱʸʥʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ 3D-ʤʦʜʝʣʝʡ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 1) ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʥʘʩʪʨʦʡʢʠ 

ʧʨʝʩʩʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʯʝʩʢʦʛʦ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʘ ʟʘʛʨʫʟʢʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 

ʰʪʘʤʧʦʚʢʠ ʠ ʚʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (85%) ʧʨʠ 

ʪʝʤʧʝ ʰʪʘʤʧʦʚʢʠ 60 ʰʪ./ʤʠʥ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʩʮʝʥʘʨʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

(ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ) ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. 2) ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 
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ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ 3D-ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʘ ʤʝʪʦʜʠʢʘ ʝʸ ʧʨʦʚʝʜʝʥʠʷ ʜʣʷ ʠʟʜʝʣʠʡ ʠʟ 

ʤʦʜʝʣʴʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʙʦʩʥʦʚʘʥʘ ʧʨʠʯʠʥʘ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ. 3) ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ (ʉɿ) ʦʙʨʘʟʮʦʚ ʠʟ 

ʤʦʜʝʣʴʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʠʪʦʛʦʚʫʶ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʚʠʜʝ ʥʘʨʫʞʥʳʭ ʪʨʝʱʠʥ 

ʠ ʩʢʦʣʦʚ. 4) ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʩʘʜʢʠ 

ʟʘʛʦʪʦʚʢʠ ʙʦʣʪʘ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʠ ʨʘʩʪʷʞʝʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʠʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʟʘʛʦʪʦʚʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʚʣʠʷʶʪ ʥʘ ʠʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʜʝʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʝʨʪʝʞʫ. 

5) ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʴʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʧʦʛʣʦʱʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

ʉʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʉʅʊʂ 2017), 

ʄʦʩʢʦʚʩʢʠʡ ʇʦʣʠʪʝʭ (ʄʦʩʢʚʘ, 2017); XX ʈʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ MSC Softwareè (ʄʦʩʢʚʘ, 

2017); IV-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʝʭʘʥʠʢʘ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʘʚʣʝʥʠʝʤè (ʊʫʣʘ, 2017); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 3D 

fab+print (ʄʦʩʢʚʘ, 2018); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʨʦʤ-ʀʥʞʠʥʠʨʠʥʛè (ʄʦʩʢʚʘ, 2018); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ 

ʜʘʚʣʝʥʠʝʤ ʠ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʂʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡè 

(ʄʦʩʢʚʘ, 2018); V-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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çʄʝʭʘʥʠʢʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʜʘʚʣʝʥʠʝʤè (ʊʫʣʘ, 2019); ʉʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʉʅʊʂ 2019), ʄʦʩʢʦʚʩʢʠʡ ʇʦʣʠʪʝʭ 

(ʄʦʩʢʚʘ, 2019); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ 

ʜʘʚʣʝʥʠʝʤ ESAFORM 2019 (ɺʠʪʦʨʠʷ-ɻʘʩʪʘʡʮ, 2019); XXXI-ʘʷ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʪʫʜʝʥʪʦʚ 

(ʄʀʂʄʋʉ-2019) (ʄʦʩʢʚʘ, 2019). 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʘʧʨʦʙʘʮʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʇʘʨʘʣʣʝʣʴè (ʛ. ʆʨʸʣ), 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʤʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʪʠʟʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʩʜʝʣʘʥʦ 9 ʜʦʢʣʘʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʪʫʜʝʥʯʝʩʢʠʭ, 

ʦʙʱʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ ʠ 6 

ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ ʠʟ 129 

ʥʘʠʤʝʥʦʚʘʥʠʡ. ʇʦʣʥʳʡ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 173 ʩʪʨʘʥʠʮ rʩ 86 

ʨʠʩʫʥʢʘʤʠ ʠ 18 ʪʘʙʣʠʮʘʤʠ. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 8 

ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ. ɺʩʝʛʦ ʚ ʧʝʨʝʯʥʝ ɺɸʂ 2 ʨʘʙʦʪʳ, ʠʟ ʥʠʭ 1 ʚ Scopus. 
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ɻʣʘʚʘ 1. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʦʢʦʚʦʢ ʠ ʧʨʠʤʝʥʝʥʠʝ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʜʘʚʣʝʥʠʝʤ 

 

1.1 ʈʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʧʦʢʦʚʦʢ 

 

ʅʘʨʷʜʫ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʚʢʣʶʯʘʝʪ ʦʧʝʨʘʮʠʠ ʢʦʥʪʨʦʣʷ. ʆʧʪʠʤʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʠʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ ʰʪʘʤʧʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʧʦʜʛʦʪʦʚʢʫ ʟʘʛʦʪʦʚʦʢ ʥʘ ʢʦʚʦʯʥʳʭ ʚʘʣʴʮʘʭ ʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʛʦʪʦʚʢʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʨʦʢʘʪʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʤʝʪʘʣʣʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʣʘʜʦʢ, ʟʘʞʠʤʦʚ ʠ ʫʪʷʞʠʥ. 

ʅʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʣʱʠʥʝ ʦʙʣʦʷ, ʣʠʥʠʠ ʨʘʟʲʝʤʘ ʠ ʪ. ʜ., 

ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʩʪʨʫʢʮʠʶ ʰʪʘʤʧʦʚ. ʇʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʮʝʩʩʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʫ ʧʦʢʦʚʢʠ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʰʪʘʤʧʦʚʢʠ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʝʝ ʟʘʭʚʘʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ 

ʧʝʨʝʜʘʯʠ ʚ ʩʣʝʜʫʶʱʠʡ ʨʫʯʝʡ ʰʪʘʤʧʘ.  

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʯʠʥʘʤʠ ʙʨʘʢʘ ʤʦʛʫʪ ʙʳʪʴ ʜʝʬʝʢʪʳ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʝʬʝʢʪʳ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʨʝʟʢʝ ʠ ʥʘʛʨʝʚʝ, ʘ ʪʘʢʞʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʘʞʝ ʚʩʝ ʟʚʝʥʴʷ ʦʪʣʘʞʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ɺ ʢʨʫʧʥʦʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʣʝʩʦʦʙʨʘʟʝʥ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʰʪʘʤʧʦʚʘʥʥʳʭ ʧʦʢʦʚʦʢ ʠ ʨʝʞʠʤʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʶʪ 

ʚʳʙʦʨʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʄʝʪʦʜʳ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʢʦʚʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʢʦʥʪʨʦʣʷ 

[1ï4].  
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ɿʘʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʢʫʟʥʝʯʥʳʭ ʮʝʭʘʭ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʨʠʤʝʥʷʶʪ ʪʨʠ ʚʠʜʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ï ʢʦʥʪʨʦʣʴ ʠʩʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, 

ʤʝʞʦʧʝʨʘʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘʛʦʪʦʚʦʢ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʧʦʢʦʚʦʢ. 

ʇʝʨʚʳʝ ʜʚʘ ʚʠʜʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʙʨʘʢʘ. ɿʘʜʘʯʘ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ 

ʚʳʭʦʜʘ ʠʟ ʢʫʟʥʝʯʥʦʛʦ ʮʝʭʘ ʥʝʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʦʚʦʢ. ʂʘʞʜʳʡ ʚʠʜ 

ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʟʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯ ʧʦ ʨʘʟʥʳʤ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ [5, 6].  

ʂʦʥʪʨʦʣʴ ʧʦʢʦʚʦʢ ʚ ʢʫʟʥʝʯʥʳʭ ʮʝʭʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʝʨʘʤʠ 

ʦʪʜʝʣʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ (ʆʊʂ) ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʥʪʨʦʣʴ ʷʚʣʷʝʪʩʷ 

ʚʳʙʦʨʦʯʥʳʤ, ʘ ʧʦʩʪ ʢʦʥʪʨʦʣʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʥʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ. ʀʥʦʛʜʘ ʧʨʦʚʦʜʷʪ ʣʝʪʫʯʠʡ ʢʦʥʪʨʦʣʴ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʆʊʂ ʢʦʥʪʨʦʣʠʨʫʝʪ ʢʘʯʝʩʪʚʦ ʧʦʢʦʚʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʫʯʘʩʪʢʝ ʰʪʘʤʧʦʚʢʠ. ʂʦʥʪʨʦʣʴ ʰʪʘʤʧʦʚʘʥʥʳʭ ʧʦʢʦʚʦʢ ʩʪʘʨʘʶʪʩʷ ʧʨʦʚʦʜʠʪʴ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʧʝʨʘʮʠʡ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʨʘʩʭʦʜʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʯʝʤ ʠʭ ʙʦʣʴʰʝ, ʪʝʤ ʚʳʰʝ 

ʨʘʩʭʦʜʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʩʪʨʘʭʦʚʦʛʦ ʩʣʫʯʘʷ ʧʨʠ 

ʧʨʝʜʲʷʚʣʝʥʠʠ ʨʝʢʣʘʤʘʮʠʠ ʟʘʢʘʟʯʠʢʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʙʫʜʝʪ ʣʝʛʯʝ 

ʦʙʦʩʥʦʚʘʪʴ ʧʨʝʪʝʥʟʠʠ ʧʦ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʪʘʢʦʡ ʧʦʜʭʦʜ ʫʞʝ ʩʪʘʣ ʥʦʨʤʦʡ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ. 

ʅʘʨʫʞʥʳʡ ʦʩʤʦʪʨ ʧʦʢʦʚʦʢ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʫʚʝʣʠʯʠʪʝʣʴʥʦʛʦ ʩʪʝʢʣʘ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʜʝʬʝʢʪʦʚ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʩʦʙʦ ʤʝʣʢʠʭ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʴʟʫʶʪʩʷ ʤʘʛʥʠʪʥʳʤ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʷ. ɺʥʫʪʨʝʥʥʠʝ 

ʜʝʬʝʢʪʳ ʦʙʥʘʨʫʞʠʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʣʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ. 

ʇʨʠ ʦʮʝʥʢʝ ʦʪʜʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʮʠʠ (ʨʘʟʤʝʨʘ, ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ ʠ ʜʨ.) ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
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ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʢʘʯʝʩʪʚʘ. ʅʝ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʧʦʢʦʚʦʢ ʠʣʠ ʠʟʜʝʣʠʡ ʚʳʨʘʞʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ (ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʯʠʩʪʢʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʦʢʘʣʠʥʳ, ʢ ʚʥʝʰʥʝʤʫ ʚʠʜʫ, ʦʪʩʫʪʩʪʚʠʶ ʪʨʝʱʠʥ ʠ ʜʨʫʛʠʝ). 

ʇʨʠ ʪʨʝʙʦʚʘʥʠʠ ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʱʠʥ ʫʞʝ ʟʘʣʦʞʝʥʦ ʯʠʩʣʦʚʦʝ ʧʦʥʷʪʠʝ, 

ʫʢʘʟʳʚʘʶʱʝʝ, ʯʪʦ ʚ ʛʦʜʥʳʭ ʧʦʢʦʚʢʘʭ ʵʢʟʝʤʧʣʷʨʳ ʩ ʪʨʝʱʠʥʘʤʠ ʜʦʣʞʥʳ 

ʩʦʩʪʘʚʣʷʪʴ ʥʫʣʝʚʫʶ ʜʦʣʶ ʠʣʠ ʚʝʩʴʤʘ ʙʣʠʟʢʫʶ ʢ ʥʫʣʶ ʯʘʩʪʴ ʚʩʝʡ 

ʧʨʦʜʫʢʮʠʠ; ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʫʢʘʟʳʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʜʦʧʫʩʢʘʝʤʳʭ ʪʨʝʱʠʥ, 

ʥʘʧʨʠʤʝʨ, ʚʦʣʦʩʦʚʠʥʳ ʛʣʫʙʠʥʦʡ ʥʝ ʙʦʣʝʝ 0,3 ʤʤ ʜʦʧʫʩʢʘʶʪʩʷ ʙʝʟ ʚʳʪʦʯʢʠ 

[1]. 

ɺ ʩʠʣʫ ʨʘʟʣʠʯʠʡ ʪʠʧʦʚ ʚʦʟʤʦʞʥʳʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝ 

ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥ, ʘ ʝʛʦ ʚʣʠʷʥʠʝ, ʦʮʝʥʝʥʦ ʥʘ ʫʯʘʩʪʢʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 

ɺ ʨʘʙʦʪʘʭ [7, 8] ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ ʯʠʩʣʝʥʥʳʤ ʩʧʦʩʦʙʘʤʠ ʥʘ ʧʨʠʤʝʨʝ 

ʰʪʘʤʧʦʚʢʠ ʧʦʨʰʥʷ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ). ʉʦʚʤʝʱʘʷ 

ʠʟʚʝʩʪʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʤʝʪʦʜʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʘʜ ʬʠʟʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʧʨʷʞʝʥʠʝ ʪʝʢʫʯʝʩʪʠ, ʟʘʧʘʩ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ), ʢʦʪʦʨʳʝ ʩʢʨʳʪʳ ʦʪ ʛʣʘʟ (ʪʨʝʱʠʥʳ, ʚʤʷʪʠʥʳ ʠ ʪ.ʜ.). 

ʈʝʘʣʠʟʘʮʠʷ ʘʢʪʠʚʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ (ʚʝʨʠʬʠʢʘʮʠʠ) ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʣʘ ʚʦʟʤʦʞʥʳʤ ʩ 

ʨʘʟʚʠʪʠʝʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʪʝʦʨʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ʇʇʊ) ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʀʂʊ). ɺ XXI  ʦʩʥʦʚʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʪʝʨʷʣʠ ʤʘʪʝʨʠʘʣʴʥʦʝ ʪʝʣʦ ʠ ʩʫʱʝʩʪʚʫʶʪ 

ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʚʦʧʣʦʱʝʥʠʝʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʳʪʘ ʫʯʸʥʳʭ 

ʚʩʝʛʦ ʄʠʨʘ. 

 

 

 



14 

1.2 ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʟʘʛʦʪʦʚʦʢ ʠ ʧʦʢʦʚʦʢ 

 

ʂʦʥʪʨʦʣʴ ʟʘʛʦʪʦʚʦʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʚʝʨʢʫ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʧʦʢʦʚʢʠ. ʕʪʦʪ ʚʠʜ ʢʦʥʪʨʦʣʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʳʧʦʣʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ, ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʝʨʢʫ ʪʚʝʨʜʦʩʪʠ, ʚʳʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʧʨʦʚʝʨʢʫ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʝʜʝʪʩʷ ʧʦʜʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʢʦʚʦʢ ʩ ʠʩʧʨʘʚʠʤʳʤʠ ʠ ʥʝʠʩʧʨʘʚʠʤʳʤʠ 

ʜʝʬʝʢʪʘʤʠ. ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʦʩʦʙʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʤʝʪʦʜ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʪʴ ʜʘʞʝ ʩʘʤʳʝ ʤʘʣʳʝ ʜʝʬʝʢʪʳ 

(ʤʠʢʨʦʪʨʝʱʠʥʳ) [9ï11]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʨʝʤʷ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʢʦʥʪʨʦʣʴ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʠʨʫʝʤʦʡ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ, ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʠ ʦʙʨʘʙʦʪʢʠ ʢʦʪʦʨʦʡ ʪʨʝʙʫʶʪʩʷ ʤʦʱʥʳʝ ʥʘʩʪʦʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠ ʮʝʥʪʨʳ 

ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

 

1.3 ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʢʦʚʦʢ 

 

ʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʧʦ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢ, 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʧʦʢʦʚʦʢ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʬʦʨʤʝ. ʉʧʝʮʠʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʜʠʥʘʢʦʚʳʭ 

ʧʦʢʦʚʦʢ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʙʦʣʴʰʠʤʠ ʧʘʨʪʠʷʤʠ. 

ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ ʚʳʙʦʨʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʧʨʦʚʦʜʠʪ ʩʘʤ ʦʧʝʨʘʪʦʨ-ʰʪʘʤʧʦʚʱʠʢ ʠʣʠ ʝʛʦ ʧʦʤʦʱʥʠʢ ʧʨʠ 

ʧʦʤʦʱʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ, ʥʘʧʨʠʤʝʨ, ʤʝʪʨʠʯʝʩʢʠʝ ʣʠʥʝʡʢʠ, ʩʢʣʘʜʥʦʡ ʤʝʪʨ, 

ʨʫʣʝʪʢʘ, ʢʨʦʥʮʠʨʢʫʣʠ, ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ, ʰʪʘʥʛʝʥ-ʚʳʩʦʪʦʤʝʨʳ, ʫʛʦʣʴʥʠʢʠ, 

ʫʛʣʦʤʝʨʳ, ʨʘʜʠʫʩʦʤʝʨʳ, ʱʫʧʳ, ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦ-
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ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʰʘʙʣʦʥʳ, ʩʢʦʙʳ ʠ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʪʨʦʣʴʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʪʦʯʥʦʩʪʴ ʢʦʪʦʨʳʭ °0,01 ʤʤ ʠ ʙʦʣʝʝ. 

ʈʘʙʦʪʥʠʢ ʆʊʂ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʧʨʠʙʦʨʳ, ʪʨʝʙʫʶʱʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʶʩʪʠʨʦʚʢʠ ʠ ʧʦʚʝʨʢʠ, ʥʘʧʨʠʤʝʨ, 

ʥʫʪʨʦʤʝʨʳ, ʧʨʠʟʤʳ ʫʩʪʘʥʦʚʦʯʥʳʝ ʠ ʧʦʚʝʨʦʯʥʳʝ, ʠ ʩʣʦʞʥʳʝ ʪʦʯʥʳʝ 

ʧʨʠʙʦʨʳ, ʥʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ (ʂʀʄ), 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, 

ʦʧʨʝʜʝʣʷʪʴ ʦʪʢʣʦʥʝʥʠʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ °0,01 ʤʤ ʠ ʤʝʥʝʝ. 

 

1.4 ʅʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ 

ʧʦʢʦʚʦʢ 

 

ʄʘʛʥʠʪʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʢʦʚʢʫ ʩʥʘʯʘʣʘ 

ʥʘʤʘʛʥʠʯʠʚʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ (ʜʝʬʝʢʪʦʩʢʦʧʝ), ʘ ʟʘʪʝʤ ʥʘ ʥʝʝ 

ʥʘʥʦʩʷʪ ʩʣʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʦʰʢʘ (ʦʧʠʣʦʢ ʦʢʩʠʜʘ ʞʝʣʝʟʘ) ʠʣʠ ʦʢʫʥʘʶʪ ʚ 

ʞʠʜʢʦʩʪʴ, ʩʦʜʝʨʞʘʱʝʡ ʵʪʦʪ ʧʦʨʦʰʦʢ. ʇʨʠʪʷʛʠʚʘʷʩʴ ʢ ʧʦʢʦʚʢʝ, ʦʧʠʣʢʠ 

ʚʳʷʚʣʷʶʪ ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ, ʨʘʢʦʚʠʥ ʠ ʪ.ʧ., ʨʘʩʧʨʝʜʝʣʷʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʦʡ ʜʝʬʝʢʪʘ. 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʡ ʢʦʥʪʨʦʣʴ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʤʘʩʝʣ, ʧʨʦʥʠʢʘʶʱʠʭ ʚ ʪʨʝʱʠʥʳ ʧʦʢʦʚʢʠ, ʩʚʝʪʠʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ [12]. ʇʝʨʝʜ ʧʨʦʚʝʨʢʦʡ ʧʦʢʦʚʢʠ 

ʦʙʝʟʞʠʨʠʚʘʶʪ, ʧʦʛʨʫʞʘ ̫ ʚ ʨʘʩʪʚʦʨ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ ʚ ʢʝʨʦʩʠʥʝ, 

ʧʨʦʤʳʚʘʶʪ, ʧʨʦʩʫʰʠʚʘʶʪ ʠ ʦʧʳʣʷʶʪ ʧʦʨʦʰʢʦʤ ʦʢʩʠʜʘ ʤʘʛʥʠʷ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʦʚʢʠ ʧʨʦʩʤʘʪʨʠʚʘʶʪ ʚ ʟʘʪʝʤʥʝʥʥʦʡ 

ʢʘʙʠʥʝ ʚ ʩʚʝʪʝ ʨʪʫʪʥʦ-ʢʚʘʨʮʝʚʦʡ ʣʘʤʧʳ. ʀʤʝʶʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʦʚʢʠ ʪʨʝʱʠʥʳ ʩʚʝʪʷʪʩʷ ʷʨʢʦ-ʙʝʣʳʤ ʠʣʠ ʷʨʢʦ-ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ ʥʘ ʪʝʤʥʦ-

ʬʠʦʣʝʪʦʚʦʤ ʬʦʥʝ. 

ɹʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʣʶʤʠʥʠʩʮʝʥʪʥʦʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʨʘʩʪʥʘʷ ʣʶʤʠʥʠʩʮʝʥʪʥʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʧʝʮʠʘʣʴʥʳʡ 

ʩʧʨʝʡ (ʧʝʥʝʪʨʘʥʪ) ʩ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 
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ʥʘʪʷʞʝʥʠʷ ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʲʝʢʪʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʝʥʝʪʨʘʥʪ 

ʥʘʥʝʩʸʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʝʛʦ ʠʟʣʠʰʢʠ ʫʜʘʣʷʶʪʩʷ. ʆʩʪʘʚʰʠʡʩʷ ʧʝʥʝʪʨʘʥʪ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʝʬʝʢʪʘʭ ʠ ʦ ʝʛʦ ʥʘʣʠʯʠʠ ʩʫʜʷʪ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʚʝʜʫʪ 

ʧʨʦʷʚʢʫ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʷʚʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʠʟʦʧʨʦʧʦʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʠʣʠ ʘʮʝʪʦʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʮʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʠʜʘ ʧʝʥʝʪʨʘʥʪʘ ʠ ʧʨʦʷʚʠʪʝʣʷ ʦʩʪʘʚʰʝʝʩʷ ʚ ʪʨʝʱʠʥʘʭ ʚʝʱʝʩʪʚʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʨʠ ʜʥʝʚʥʦʤ ʠʣʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʦʩʚʝʱʝʥʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʪʨʝʱʠʥʘ ʥʘ ʢʦʨʧʫʩʝ ʐʈʋʉ, ʨʘʩʧʦʣʘʛʘʶʱʝʛʦʩʷ 

ʫ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʘʢʘʥʘ [13]. ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

ʣʶʤʠʥʠʩʮʝʥʪʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩ ʧʝʥʝʪʨʘʥʪʦʤ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʬʦʪʦʩʲʸʤʢʘ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʦʙʳʯʥʦʡ ʬʦʪʦʢʘʤʝʨʳ, ʪʨʝʱʠʥʘ ʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʬʦʪʦʛʨʘʬʠʠ. ʆʜʥʘʢʦ, 

ʧʨʠ ʟʘʜʝʡʩʪʚʦʚʘʥʠʠ ʫʟʢʦʧʦʣʦʩʪʥʦʛʦ ʬʠʣʴʪʨʘ ʪʨʝʱʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦʡ. 

 

 

ʈʠʩ. 1 ï ʆʙʥʘʨʫʞʝʥʠʝ ʪʨʝʱʠʥʳ ʥʘ ʢʦʨʧʫʩʝ ʐʈʋʉ 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʦʪʨʘʞʘʪʴʩʷ ʦʪ ʜʝʬʝʢʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʥʫʪʨʠ ʤʝʪʘʣʣʘ, ʠ 
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ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ. ʆʪʨʘʞʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʴ ʧʦʜʘʶʪʩʷ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬ ʠ ʚ, ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ 

ʜʝʬʝʢʪʘ, ʚʳʟʳʚʘʶʪ ʦʪʢʣʦʥʝʥʠʝ ʣʫʯʘ ʥʘ ʝʛʦ ʵʢʨʘʥʝ.  

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʢʚʦʟʴ ʤʝʪʘʣʣ ʠ ʦʪʨʘʞʝʥʠʷ ʠʤ ʦʪ ʘʪʦʤʦʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɽʩʣʠ ʥʘ ʧʫʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʪʨʝʱʠʥʘ, ʪʦ ʚ ʵʪʦʤ ʤʝʩʪʝ ʠʟʣʫʯʝʥʠʝ ʦʪʨʘʞʘʝʪʩʷ 

ʤʝʥʴʰʝ ʠ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ ʪʸʤʥʘʷ ʦʙʣʘʩʪʴ. 

ʅʦʚʳʡ ʤʝʪʦʜ, ʧʦʣʫʯʠʚʰʠʡ ʩʚʦʸ ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʣʠʰʴ ʧʦʩʣʝ ʩʝʨʝʜʠʥʳ 1990-ʳʭ ʛʦʜʦʚ. ʄʝʪʦʜ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʚʝʪʘ (ʉʉʇ) ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʝʮʠʨʦʚʘʥʠʠ ʫʟʦʨʦʚ ʩ 

ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʠʟʦʙʨʘʞʝʥʠʷʤʠ (ʧʘʪʪʝʨʥʘʤʠ) ʚ ʚʠʜʝ 

ʣʠʥʠʡ, ʧʝʨʝʢʨʝʩʪʠʡ, ʪʦʯʝʢ, ʟʚʸʟʜʦʯʝʢ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʣʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʚʦʣʥʠʩʪʳʭ ʣʠʥʠʡ (ʨʠʩʫʥʦʢ 2). 

 

 

ʈʠʩ. 2 ï ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʚʝʪʘ ʚ ʚʠʜʝ 

ʧʨʦʝʮʠʨʫʝʤʦʛʦ ʰʘʙʣʦʥʘ 
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ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʢʘʞʜʦʡ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ 

ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʦʝʢʮʠʠ, ʧʦ ʤʝʪʦʜʫ ʪʨʠʘʥʛʫʣʷʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ ʩʧʦʩʦʙ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʠ ʙʝʟ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʫʟʦʨʘ ʥʘʟʳʚʘʝʤʳʝ ʣʘʟʝʨʥʳʤʠ 

ʩʢʘʥʝʨʘʤʠ (ʃʉ). ʈʝʟʫʣʴʪʘʪʳ ʦʙʦʠʭ ʩʣʫʯʘʝʚ ʧʦʭʦʞʠ. ʆʜʥʘʢʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʝʮʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʧʨʦʝʢʪʦʨʳ) ʠ ʢʘʤʝʨʳ, ʘ ʚʦ ʚʪʦʨʦʤ 

ʠʩʪʦʯʥʠʢʠ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʣʘʟʝʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 1 ʠ 2 ʢʣʘʩʩʦʚ) ʠ 

ʢʘʤʝʨʳ. 

 

1.5 ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʆʄɼ 

 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʦ. 

ʉʫʱʝʩʪʚʫʶʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʨʘʟʥʳʤ ʧʨʠʟʥʘʢʘʤ. 

ʅʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʢʘʤʝʨ ʩ ʜʘʪʯʠʢʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʨʠʙʦʨʘʭ ʩ 

ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ (ʇɿʉ-ʤʘʪʨʠʮʘ) ʠʣʠ ʥʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʤʝʪʘʣʣ-ʦʢʩʠʜ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ (ʂʄʆʇ-ʤʘʪʨʠʮʘ), ʧʦ ʪʠʧʫ ʩʢʘʥʠʨʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʦʟʤʦʞʥʳʭ ʩʢʘʥʠʨʫʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦ ʩʧʦʩʦʙʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʲʝʢʪʦʤ ʠ ʪ.ʜ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʢʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʮʠʬʨʦʚʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ ʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ çʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘè [14ï19]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʤʘʰʠʥʥʦʤ ʟʨʝʥʠʠ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʪʝʨʬʝʡʩʦʚ ʚ 

ʜʠʘʣʦʛʝ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʤʘʰʠʥʦʡ. ɼʘʣʴʥʝʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʦʜʥʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1 [13, 20, 21]. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʪʷʞʝʩʪʠ (ʙʘʨʠʮʝʥʪʨʘʤʠ) ʜʚʫʭ ʦʪʨʦʩʪʢʦʚ ʧʦʢʦʚʢʠ ʩ ʪʨʝʤʷ 

ʦʪʨʦʩʪʢʘʤʠ ʠ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ (ʙʘʨʠʮʝʥʪʨʦʤ) ʠ ʮʝʥʪʨʦʤ ʙʦʣʴʰʦʡ 

ʛʦʣʦʚʢʠ ʧʦʢʦʚʢʠ ʰʘʪʫʥʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʨʦʙʦʪʦʤ ʜʣʷ ʪʦʯʥʦʛʦ ʟʘʭʚʘʪʘ 

ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʤʝʞʜʫ ʦʧʝʨʘʮʠʷʤʠ. 
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ʊʘʙʣʠʮʘ 1. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ 

ɻʨʫʧʧʘ 

ʟʘʜʘʯ 
ʅʘʟʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʇʨʠʤʝʥʝʥʠʝ 

1 ʩʢʘʥʝʨʳ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʣʦʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

2 ʩʢʘʥʝʨʳ ʰʪʨʠʭʢʦʜʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʣʦʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ ʧʦʠʩʢʘ ʢʦʜʘ, ʩʢʨʳʪʦʛʦ 

ʟʘ ʥʠʤ 

3 

ʬʦʪʦʘʧʧʘʨʘʪʳ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) 

ʜʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʸʤʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ 

ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʫʪʸʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʥʝʩʢʦʣʴʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʲʝʢʪʘ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ ʨʘʩʯʸʪʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʳ ʦʪʢʣʦʥʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ (ʂʆɻʈ), 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ, ʦʮʝʥʢʠ 

ʩʪʝʧʝʥʠ ʠ ʟʥʘʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ 

4 
ʦʧʪʠʯʝʩʢʠʝ/ʣʘʟʝʨʥʳʝ 

ʩʢʘʥʝʨʳ ʠ ʇʆ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 3D-

ʤʦʜʝʣʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʂʆɻʈ, ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʡ, ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʠ 

ʟʥʘʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʦʜʚʠʞʥʳʭ ʤʦʜʝʣʝʡ 

 



20 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [22] ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʠ ʢʨʫʧʥʳʭ 

ʧʦʢʦʚʦʢ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʝʨʘ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʚʝʪʘ (ʨʠʩʫʥʦʢ 4).  

 

 

ʈʠʩ. 3 ï ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʰʘʪʫʥʘ 

 

 

ʈʠʩ. 4 ï ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʦʣʴʰʠʭ ʧʦʢʦʚʦʢ 
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ʅʘ ʥʘʛʨʝʪʳʡ ʩʣʠʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʢʦʚʢʠ ʧʨʦʝʮʠʨʫʝʪʩʷ ʰʘʙʣʦʥ ʚ ʚʠʜʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʠʥʠʡ. ʀʩʢʘʞʝʥʠʝ ʦʪ ʵʪʠʭ ʣʠʥʠʡ ʫʣʘʚʣʠʚʘʝʪʩʷ ʜʚʫʤʷ 

ʩʪʝʨʝʦʢʘʤʝʨʘʤʠ. ʇʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ɺʝʡʙʫʣʣʘ 

ʧʨʦʝʮʠʨʫʝʤʳʡ ʩʚʝʪ ʤʦʞʝʪ ʙʳʪʴ ʦʪʜʝʣʸʥ ʦʪ ʬʦʥʘ ʠ ʪʦʛʜʘ ʛʝʦʤʝʪʨʠʷ ʦʙʲʝʢʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʦʰʠʙʢʦʡ 0,7%. ʎʝʥʪʨʘʣʴʥʘʷ ʪʦʯʢʘ ʣʠʥʠʠ ʧʦʜʩʚʝʪʘ 

ʦʧʨʝʜʝʣʝʥʘ ʪʦʯʥʦ ʥʘ ʫʨʦʚʥʝ ʩʫʙʧʠʢʩʝʣʘ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʠʟʤʝʥʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ [23] ʧʨʠ ʧʦʤʦʱʠ ʃʉ Riegl VZ-1000 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʦ ʜʠʘʤʝʪʨʝ ʚʨʘʱʘʶʱʝʡʩʷ ʛʦʨʷʯʝʡ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʥʘʛʨʝʪʦʡ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 1000Áʉ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʩʦʩʪʘʚʠʣ 0,3 ʤ/ʩ, ʘ 

ʦh ʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʭʦʣʦʜʥʦʡ ʪʨʫʙʳ ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 2 ʤʤ ʠ ʥʝ ʙʦʣʝʝ 6 

ʤʤ ï ʜʣʷ ʛʦʨʷʯʝʡ. 

 

 

ʈʠʩ. 5 ï ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʦʣʴʮʘ 

 

ɺ ʩʪʘʪʴʝ [24] ʧʨʠ ʧʦʤʦʱʠ ʤʦʪʦʨʠʟʠʨʦʚʘʥʥʦʛʦ 2D-ʣʘʟʝʨʥʦʛʦ ʪʨʝʢʝʨʘ 

SICK LMS100 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʯʢʠ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʛʦʨʷʯʝʡ ʧʦʢʦʚʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʚʢʠ 950 ï 1200Áʉ). ʊʨʠʘʥʛʫʣʷʮʠʦʥʥʳʡ 

ɼʝʣʦʥʝ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 3D-ʠʟʦʙʨʘʞʝʥʠʷ. ʆʙʱʝʝ ʚʨʝʤʷ, 

ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʩʦʩʪʘʚʠʣʦ 15 ʩ (ʢʦʤʧʴʶʪʝʨ 2.66 GHz 

4-ʸʭ ʷʜʝʨʥʳʡ CPU, 4ɻɹ RAM), ʘ ʦʠhʙʢʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 2%, ʧʨʠ 

ʨʘʟʤʝʨʝ ʛʦʨʷʯʝʡ ʧʦʢʦʚʢʠ 3 ʤ.  
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ɺ ʩʪʘʪʴʝ [25] ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʩʠʩʪʝʤʘ XJTUDP ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʧʨʫʞʠʥʝʥʠʷ ʣʠʩʪʦʚʦʡ ʜʝʪʘʣʠ ʧʦʩʣʝ ʝ y ʰʪʘʤʧʦʚʢʠ. ɺʠʜʥʘ ʧʦʪʝʨʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ (ʧʨʫʞʠʥʝʥʠʝ) ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʨʝʜʥʝʝ ʧʨʫʞʠʥʝʥʠʝ ʚʳʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʦ +2,8 ʤʤ, ʘ 

ʩʨʝʜʥʝʝ ʧʨʞʠʥʝʥʠʝ ʥʠʞʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʦ ï 4,6 ʤʤ.  

ɺ ʩʪʘʪʴʝ [26] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʢʘʥʝʨʘ ATOS III Triple 

Scan ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ ʩ ʫʯʸʪʦʤ ʠʭ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʣʘʚʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʨʠʩʫʥʦʢ 7). ɹʳʣʘ ʧʨʠʤʝʥʝʥʘ 

ʫʧʨʦʱʸʥʥʘʷ ʤʦʜʝʣʴ ʅʘʷʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʕʣʣʝʥʨʠʜʝʨʦʤ [27, 28]. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʨʝʤʷ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʢʨʘʱʘʝʪʩʷ ʥʘ 50 ï 85%. 

 

 

ʈʠʩ. 6 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʫʞʠʥʝʥʠʷ ʣʠʩʪʦʚʦʡ ʜʝʪʘʣʠ ʧʦʩʣʝ ʰʪʘʤʧʦʚʢʠ (ʙ ï 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, 10-ʪʠ ʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ) 

 

ɺ ʩʪʘʪʴʷʭ [29ï32] ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʜʝʬʝʢʪʦʚ ʰʪʘʤʧʦʚʢʠ. ɹʳʣʘ 

ʧʨʠʤʝʥʝʥʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʨʫʢʘ ROMER Absolute ARM 7520si ʩ 
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ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʣʘʟʝʨʥʳʤ ʩʢʘʥʝʨʦʤ RS3 (ʪʦʯʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 0,053 

ʤʤ) ʢʦʤʧʘʥʠʠ Hexagon.  

 

 

ʈʠʩ. 7 ï ʈʝʟʫʣʴʪʘʪʳ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʧʝʨʝʯʠʥʳ 

 

 

ʈʠʩ. 8 ï ʈʝʟʫʣʴʪʘʪʳ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʥʦʰʝʥʥʦʛʦ ʰʪʘʤʧʦʚʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ: ʘ) ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 13 000 ʧʦʢʦʚʦʢ; ʙ) ʩʨʘʚʥʝʥʠʝ 

ʛʝʦʤʝʪʨʠʠ ʚʩʪʘʚʢʠ ʤʘʪʨʠʮʳ ʠ ʧʦʢʦʚʢʠ ʧʦʩʣʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ 

 

ʇʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʢʦʚʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ ʦʙʲʸʤʥʦʡ ʰʪʘʤʧʦʚʢʠ ʚ ʪʨʠ ʧʝʨʝʭʦʜʘ. ʀʭ ʟʥʘʯʝʥʠʷ 

ʩʦʩʪʘʚʠʣʠ: 250Áʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʩʪʨʫʤʝʥʪʘ, 1120Áʉ ï 1150Áʉ ï 
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ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʪʝʨʠʘʣʘ. ʆʩʫʱʝʩʪʚʣʷʣʩʷ ʚʳʙʦʨʦʯʥʳʡ ʢʦʥʪʨʦʣʴ, ʠʟʤʝʨʷʣʘʩʴ 

ʢʘʞʜʘʷ 1000-ʘʷ ʧʦʢʦʚʢʘ ʜʠʩʢʘ. ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʩʪʘ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʡ (ʨʠʩʫʥʦʢ 8 ï 13). 

 

 

ʈʠʩ. 9 ï ʉʨʘʚʥʝʥʠʝ ʩʢʘʥʦʚ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦʪʦʡ ʧʦʢʦʚʢʠ, ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ: ʘ) 2 000, ʙ) 4 000, ʚ) 6 

000, ʛ) 8 000, ʜ) 10 000, ʝ) 12 000, ʞ) 14 000 ʠ ʟ) 16 000 ʧʦʢʦʚʦʢ 

 

 

ʈʠʩ. 10 ïɻʨʘʬʠʢʠ ʦʙʲʸʤʥʦʛʦ ʠʟʥʦʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʧʦʢʦʚʦʢ 

 

ɺ ʩʪʘʪʴʝ [33] ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʦʤʝʨʥʫʶ (1D) ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʌʫʨʴʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʛʝʦʤʝʪʨʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɹʳʣʘ ʧʨʠʤʝʥʝʥʘ ʢʘʤʝʨʘ ʩ ʇɿʉ-ʤʘʪʨʠʮʝʡ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʦ ʠʟʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʩʲʸʤʢʠ (ʵʥʢʦʜʝʨ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ 

(ʨʠʩʫʥʦʢ 15). 
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ʈʠʩ. 11 ï ʉʨʘʚʥʝʥʠʝ ʩʢʘʥʦʚ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦʪʦʡ ʧʦʢʦʚʢʠ, ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ: ʘ) 1 000, ʙ) 2 000, ʚ) 

3 000, ʛ) 4 000, ʜ) 5 000, ʝ) 6 000, ʞ) 7 000 ʠ ʟ) 8 000 ʧʦʢʦʚʦʢ. 

 

 

ʈʠʩ. 12 ï ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʨʝʚʝʨʩʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʦʚʢʠ (ʘ) ʠ ʫʩʣʦʚʥʦʝ ʜʝʣʝʥʠʝ ʥʘ ʪʨʠ 

ʦʙʣʘʩʪʠ (ʙ) 

 

ʈʠʩ. 13 ï ɻʨʘʬʠʢʠ ʦʙʲʸʤʥʦʛʦ ʠʟʥʦʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʧʦʢʦʚʦʢ, ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʪʨʠ ʦʙʣʘʩʪʠ 
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ʈʠʩ. 14 ï ʈʘʟʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʦʙʣʘʩʪʠ: ʘ) ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ; ʙ) ʬʦʪʦʛʨʘʬʠʠ ʠʟʥʦʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

 

 

ʈʠʩ. 15 ï ʉʭʝʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʙʝʟ ʜʘʪʯʠʢʘ (ʜ) ʠ 

ʩ ʜʘʪʯʠʢʦʤ (ʝ) ʩʢʦʨʦʩʪʠ 

 

ɺ ʩʪʘʪʴʝ [34] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʦʩʪʘʪʦʯʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʬʶʟʝʣʷʞʝ ʩʘʤʦʣʝʪʘ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩ ʦʙʲʝʢʪʘʤʠ ʧʨʠ ʧʦʣʸʪʝ, ʥʘʧʨʠʤʝʨ, ʧʦʧʘʜʘʥʠʝ ʛʨʘʜʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ 
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ʧʘʥʝʣʝʡ ʩ ʩʦʪʦʚʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩʫʥʢʠ 16 ʠ 17). ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʨʫʢʠ FARO Edge 3D. 

ʇʨʠʤʝʥʝʥʠʝ ʩʢʘʥʝʨʘ ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ ʦʰʠʙʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ 5,5 ʨʘʟʘ. 

 

 

ʈʠʩ. 16 ï ʀʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʘ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ 

 

 

ʈʠʩ. 17 ï ʉʨʘʚʥʝʥʠʝ ʬʦʨʤ ʤʝʩʪ ʜʝʬʦʨʤʘʮʠʠ: 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ (ʚʚʝʨʭʫ), 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ (ʧʦ ʮʝʥʪʨʫ) ʠ ʨʫʯʥʦʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʳ ʚʤʷʪʠʥʳ ʧʦ ʩʨʝʜʥʝʤʫ ʜʠʘʤʝʪʨʫ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʬʠʛʫʨʳ (ʚʥʠʟʫ) 

 

ɺ ʩʪʘʪʴʝ [35] ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʣʝʪʫʯʝʛʦ (ʠʥʣʘʡʥ) ʢʦʥʪʨʦʣʷ 

ʧʦʢʦʚʦʢ ʢʦʨʧʫʩʘ ʰʘʨʥʠʨʘ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʛʦʨʷʯʝʡ 

ʦʙʲʸʤʥʦʡ ʰʪʘʤʧʦʚʢʠ (ʨʠʩʫʥʦʢ 18). ʉʢʘʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ. ʆʙʱʝʝ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ 
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ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʦʙʲʝʢʪʘ, ʩʦʩʪʘʚʠʣʦ 60 ʩ ʧʨʠ ʚʳʙʦʨʢʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʘʞʜʦʡ 

20 ʧʦʢʦʚʢʠ (ʧʝʨʠʦʜ ʩʢʘʥʠʨʦʚʘʥʠʷ). ʊʝʤʧ ʰʪʘʤʧʦʚʢʠ ʨʘʚʥʷʣʩʷ 20 ʰʪ/ʤʠʥ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʢʦʚʢʠ ʚ ʤʦʤʝʥʪ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 600Áʉ. 

 

 

ʈʠʩ. 18 ï ʇʨʦʚʝʜʝʥʠʝ ʣʝʪʫʯʝʛʦ (ʠʥʣʘʡʥ) ʢʦʥʪʨʦʣʷ ʛʦʨʷʯʝʡ ʧʦʢʦʚʢʠ 

 

ʇʨʠʤʝʥʷʣʩʷ ʣʘʟʝʨ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ 450 ʥʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʝ ʦʢʘʟʳʚʘʣʘ 

ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ 

ʥʘ ʧʨʦʚʝʨʢʫ ʛʝʦʤʝʪʨʠʠ, ʩʦʢʨʘʪʠʣʦʩʴ ʩ 20 ʤʠʥʫʪ ʜʦ 1 ʤʠʥʫʪʳ. ʂʨʦʤʝ ʵʪʦʛʦ 

ʠʟ-ʟʘ ʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʦʚʝʨʢʠ ʩʦʢʨʘʪʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʟʘʙʨʘʢʦʚʘʥʥʳʭ 

ʜʝʪʘʣʝʡ ʚ ʧʘʨʪʠʠ ʥʘ 95%. 

ɺ ʩʪʘʪʴʝ [36] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ Leica 

ScanStation2 (ʨʠʩʫʥʦʢ 19). ʀʟʤʝʨʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʢʦʚʦʢ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʭʦʣʦʜʥʦʤ ʠ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʷʭ. ʆʰʠʙʢʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 8 ʤʤ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʠʢʦʡ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʨʫʯʥʳʭ 

ʤʝʨʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ 33%. 

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʢʦʚʳʚʘʪʴ ʧʦʢʦʚʢʠ, ʚʳʷʚʣʷʷ ʜʝʬʝʢʪʳ ʧʨʝʞʜʝ, ʯʝʤ 

ʧʦʢʦʚʢʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʣʝʜʫʶʱʫʶ ʦʧʝʨʘʮʠʶ ʦʙʨʘʙʦʪʢʠ. 

ɼʨʫʛʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʝ 2D- ʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʪʨʘʞʝʥʳ ʚ ʩʪʘʪʴʷʭ [37ï50] ʠ ʦʪʨʘʞʘʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʠʤʦʩʪʠ 
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ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʣʝʪʫʯʝʛʦ ʠ ʧʝʨʝʜʚʠʞʥʦʛʦ (ʩʢʦʣʴʟʷʱʝʛʦ) ʪʠʧʦʚ 

ʢʦʥʪʨʦʣʷ [5, 6]. 

 

 

ʈʠʩ. 19 ï ʃʝʪʫʯʝʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʙʦʣʴʰʦʡ ʧʦʢʦʚʢʠ 
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ɻʣʘʚʘ 2. ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʳ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

2.1 ʉʠʩʪʝʤʳ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ʉʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦ ʟʘʷʚʣʝʥʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʪʝʭʥʠʢʠ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

20. ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ ʪʘʢʞʝ ʦʪʥʦʩʷʪ ʢ 

ʩʨʝʜʩʪʚʘʤ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚʦʟʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʥʘ ʠ ʪʘʢʠʭ ʤʘʰʠʥʘʭ, ʥʦ ʟʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ. ɹʝʩʢʦʥʪʘʢʪʥʳʝ ʩʢʘʥʝʨʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʦʨʪʘʪʠʚʥʳʤʠ, ʥʝ ʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʂʀʄ ʷʚʣʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʚʳʩʦʢʦʪʦʯʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʥʪʘʢʪʥʳʝ ʩʢʘʥʝʨʳ ʧʦʜʭʦʜʷʪ ʜʣʷ ʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ 

ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʩʢʘʥʝʨʳ ï ʜʣʷ ʤʷʛʢʠʭ, ʧʦʣʫʪʚʸʨʜʳʭ ʠ ʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʧʦ ʨʘʟʥʳʤ ʧʨʠʟʥʘʢʘʤ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ 

ʚ ʨʘʟʥʳʭ ʦʪʢʨʳʪʳʭ ʨʘʙʦʪʘʭ: ʩʪʘʪʴʷʭ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ ʠ ʥʘ ʩʘʡʪʘʭ, 

ʘ ʪʘʢʞʝ ʚ ʢʥʠʛʘʭ [13, 52ï60]. 

ʈʫʯʥʦʡ 3D ʩʢʘʥʝʨ ZScanner 700 (ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʩʢʘʥʝʨ) ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʦʙʣʘʢʦ ʪʦʯʝʢ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʫʪʸʤ ʦʙʭʦʜʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ 360Á. ʇʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʝʮʠʨʫʝʪʩʷ ʧʝʨʝʢʨʝʩʪʠʝ ʜʚʫʤʷ 

ʣʠʥʝʡʥʳʤʠ ʣʘʟʝʨʘʤʠ (ʢʣʘʩʩ 1). ʏʘʩʪʦʪʘ ʧʦʣʫʯʝʥʠʷ ʪʨʸʭʤʝʨʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ 15 ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʩʝʢʫʥʜʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʧʦʣʠʛʦʥʘʣʴʥʫʶ 3D-ʤʦʜʝʣʴ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. 

ʆʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ GOM ATOS II (ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʩʢʘʥʝʨ) ʨʘʙʦʪʘʝʪ 

ʥʘ ʧʨʠʥʮʠʧʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʚʝʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʨʪʘʪʠʚʥʳʭ, 

ʨʫʯʥʳʭ ʩʢʘʥʝʨʦʚ ʦʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʰʪʘʪʠʚʝ, ʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ 

ʚʨʘʱʘʝʪʩʷ ʥʘ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʤ ʧʦʚʦʨʦʪʥʦʤ ʩʪʦʣʠʢʝ. 

ʄʦʙʠʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʠʣʠ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʨʫʢʘ FARO EDGE (ʢʦʥʪʘʢʪʥʦ-ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʩʢʘʥʝʨ) ʩʦʯʝʪʘʝʪ ʚʳʩʦʢʫʶ 

ʤʦʙʠʣʴʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ 
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ʮʝʥʝ ʠ ʤʘʣʦʤ ʚʝʩʝ. ʋʣʫʯʰʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʘʣʘʥʩʠʨʘ ʠ ʧʨʘʚʠʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʩʘ ʵʣʝʤʝʥʪʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʨʫʢʠ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʦʨʫ 

ʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʝʝ. 

 

 

ʈʠʩʫʥʦʢ 20. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʨʝʜʩʪʚ ʩʢʘʥʠʨʦʚʘʥʠʷ: ʘ) ʧʦ ʩʧʦʩʦʙʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʲʝʢʪʦʤ (ʢʦʥʪʘʢʪʥʳʡ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʡ) ʠ ʙ) ʧʦ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ [51] 

 

ʇʦʤʠʤʦ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ 

ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ, ʠʤʝʶʪʩʷ ʜʘʪʯʠʢʠ ʩʜʚʠʛʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʘʚʠʣʴʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʂʀʄ. ɺ ʩʠʩʪʝʤʫ ʚʩʪʨʦʝʥ ʩʝʥʩʦʨʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʠʥʪʫʠʪʠʚʥʦ ʧʨʦʩʪʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, 
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ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʥʝʩʣʦʞʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʫʪʙʫʢʘ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʂ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʨʫʢʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 3D-ʩʢʘʥʝʨʘ ʣʘʟʝʨʥʦʛʦ 

ʪʠʧʘ. 

ʂʦʤʧʘʢʪʥʳʝ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ TESA MICRO-

HITE (ʢʦʥʪʘʢʪʥʳʡ ʩʢʘʥʝʨ) ʠʤʝʶʪ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʆʥʘ 

ʟʘʥʠʤʘʝʪ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʧʦʨʪʘʪʠʚʥʳʤ ʩʢʘʥʝʨʦʤ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʂʀʄ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʂʀʄ-750 (ʢʦʥʪʘʢʪʥʳʡ ʩʢʘʥʝʨ) ʢʦʤʧʘʥʠʠ ʆʆʆ çʃʘʧʠʢè 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʟʘ ʩʯʸʪ ʰʝʩʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩʦʛʣʘʩʦʚʘʥʦ ʫʧʨʘʚʣʷʝʤʳʭ ʦʩʝʡ ʧʝʨʝʤʝʱʝʥʠʷ. ɾʸʩʪʢʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠ ʚ 5 ʨʘʟ. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʜʝʣʝʥʘ 

ʦʪ ʩʠʣʦʚʦʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚ ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ 

ʠʤʝʶʪ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʘʮʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ: ʙʝʟʤʘʨʢʝʨʥʳʡ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʠʚʷʟʢʘ ʢ ʪʦʯʢʘʤ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʜʸʪʩʷ ʣʠʙʦ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʣʠʙʦ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʢʩʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʤʘʨʢʝʨʥʳʡ, ʪʨʝʙʫʶʱʠʡ ʫʩʪʘʥʦʚʢʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʦʪʨʘʞʘʶʱʠʭ ʤʘʨʢʝʨʦʚ. 

ʋʩʪʨʦʡʩʪʚʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʪʨʠ 

ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʝʣʢʠʭ ʦʙʲʝʢʪʦʚ (ʩ ʨʘʟʤʝʨʦʤ ʜʦ 1 000 

ʤʤ), ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʨʝʜʥʠʭ ʦʙʲʝʢʪʦʚ (ʩ ʨʘʟʤʝʨʦʤ ʦʪ 1 000 ʤʤ ʜʦ 10 000 

ʤʤ) ʠ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ (ʩ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 10 000 ʤʤ). 

ʊʘʢʦʝ ʜʝʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʧʦʣʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʥʦʚ, ʥʝʦʙʭʦʜʠʤʦʝ ʚʳʧʦʣʥʠʪʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ 

ʧʦʩʪʘʚʣʷʝʤʦʤ ʚʤʝʩʪʝ ʩ ʩʠʩʪʝʤʦʡ ʩʢʘʥʠʨʦʚʘʥʠʷ ʇʆ ʧʦʟʚʦʣʷʝʪ ʩʰʠʚʘʪʴ 

ʦʪʜʝʣʴʥʳʝ ʩʢʘʥʳ ʜʦ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ. ʏʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʥʦʚ, 

ʪʝʤ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʫʞʥʦ ʟʘʪʨʘʪʠʪʴ ʥʘ ʠʭ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʇʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩʨʝʜʥʠʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʦʟʜʘʶʪ ʦʧʦʨʥʫʶ ʩʝʪʴ ʧʨʠ ʧʦʤʦʱʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʧʦʟʠʮʠʦʥʠʨʫʶʪ ʧʦʣʫʯʝʥʥʳʝ ʦʪʜʝʣʴʥʳʝ ʩʢʘʥʳ. ʇʨʠ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪ ʣʘʟʝʨʥʳʝ ʪʨʝʢʝʨʳ, ʢʦʪʦʨʳʝ 

ʩʣʝʜʷʪ ʟʘ ʧʝʨʝʤʝʱʝʥʠʝʤ ʨʫʯʥʦʛʦ, ʧʦʨʪʘʪʠʚʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʦʢʘʟʘʥʳ ʩʠʩʪʝʤʳ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ 

ʩʢʘʥʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ʊʘʢʞʝ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦʤʠʤʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʢʘʥʦʚ ʜʣʷ 

ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʩʰʠʚʢʠ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʦʪʨʘʞʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʩʷʪ ʩʧʝʮʠʘʣʴʥʳʡ 

ʤʘʪʠʨʫʶʱʠʡ ʩʧʨʝʡ, ʥʘʧʨʠʤʝʨ, ʧʨʦʷʚʠʪʝʣʴ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ 

ʧʝʥʝʪʨʘʥʪʘ ʧʨʠ ʥʝʨʘʟʨʫʰʘʶʱʝʤ ʩʧʦʩʦʙʝ ʢʦʥʪʨʦʣʝ ʥʘʣʠʯʠʷ ʪʨʝʱʠʥ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ, 

ʧʦʪʦʯʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʊʘʢʞʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʠʣʷ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʢʨʳʚʘʪʴ ʢʘʞʜʫʶ ʜʝʪʘʣʴ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʘʢʪʦʤ ʰʪʘʤʧʦʚʢʠ, ʩʚʘʨʢʠ ʠ ʩʙʦʨʢʠ ʣʠʩʪʦʚʳʭ ʢʫʟʦʚʥʳʭ 

ʜʝʪʘʣʝʡ. 

ɺ ʇʨʠʣʦʞʝʥʠʠ 1 ʧʦʢʘʟʘʥʳ ʚʠʜʳ ʢʦʤʧʣʝʢʪʫʶʱʠʭ (ʦʪʨʘʞʘʶʱʠʝ 

ʤʘʨʢʝʨʳ ʠ ʙʘʣʢʠ, ʤʘʪʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ), ʧʦʚʳʰʘʶʱʠʝ ʢʘʯʝʩʪʚʦ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʫʶʱʠʭ ʩʠʩʪʝʤ. ɺ ʇʨʠʣʦʞʝʥʠʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʛʘʙʘʨʠʪʥʳʤ ʨʘʟʤʝʨʘʤ ʦʙʲʝʢʪʦʚ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. 

 

2.2 3D-ʩʢʘʥʝʨ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʚʝʪʘ 

 

ʊʝʭʥʠʢʘ ʜʣʷ 3D-cʢʘʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʬʬʝʢʪʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ 

(ʦʪʨʘʞʝʥʠʝ, ʜʠʬʨʘʢʮʠʷ, ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʠ ʜʠʩʧʝʨʩʠʷ ʩʚʝʪʘ, ʬʦʢʫʩʠʨʦʚʢʘ 



34 

ʣʫʯʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʣʠʥʟʳ ʧʨʦʝʢʪʦʨʘ ʠ ʢʘʤʝʨ) ʠ ʪʝʦʨʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ʇɿʄ- ʠ ʂʄʆʇ-ʤʘʪʨʠʮʳ). ʀʟ ʪʝʦʨʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʬʦʨʤʝ, ʧʦʣʦʞʝʥʠʶ ʠ ʨʘʟʤʝʨʘʤ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʧʦʣʫʯʘʶʪ ʧʦ ʜʚʫʤ ʩʥʠʤʢʘʤ, ʩʜʝʣʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʪʦʯʝʢ 

ʧʨʦʩʪʨʘʥʩʪʚʘ [123]. 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʚʝʪʘ (ʉʉʇ) 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʘʟʝʨʥʦʛʦ ʤʝʪʦʜʘ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʃʉ) ʠ ʷʚʣʷʝʪʩʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ (ʌɻʄ). ɺʤʝʩʪʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʟʦʨʦʚ. ʇʦʜʘʶʱʠʡ ʥʘ 

ʢʨʠʚʦʣʠʥʝʡʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʫʟʦʨ ʠʩʢʘʞʘʝʪʩʷ. ʆʪʨʘʞʸʥʥʳʡ ʩʚʝʪ ʧʦʧʘʜʘʝʪ 

ʥʘ ʦʜʥʫ (ʤʦʥʦʢʘʤʝʨʘ) ʠʣʠ ʜʚʝ (ʩʪʝʨʝʦʢʘʤʝʨʳ) ʢʘʤʝʨʳ ʠ ʤʝʪʦʜʦʤ 

ʪʨʠʘʥʛʫʣʷʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ. (ʨʠʩʫʥʢʠ 21 ʠ 22). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʃʉ, ʚ ʉʉʇ ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʚʘʪ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʯʝʢ, ʯʝʤ ʤʦʞʝʪ ʟʘʭʚʘʪʠʪʴ ʧʨʦʩʪʦʡ ʣʠʥʝʡʥʳʡ 

ʣʘʟʝʨ. ʅʦ ʪʘʢ ʢʘʢ ʯʘʩʪʦʪʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʣʘʟʝʨʘ) ʚʳʰʝ, 

ʯʝʤ ʫ ʣʘʤʧʦʚʦʛʦ ʧʨʦʝʢʪʦʨʘ ʠʣʠ ʧʨʦʝʢʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʩʚʝʪʦʜʠʦʜʥʦʤ 

ʤʦʜʫʣʝ (DLP), ʪʦ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʠʜʝʥʪʠʯʥʦ. 

ʇʨʠ ʨʘʙʦʪʝ ʚ ʤʦʥʦʭʨʦʤʥʦʤ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʘʠʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʚ ʮʚʝʪʥʦʤ ʨʝʞʠʤʝ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʦʤ ʩ ʦʜʥʦʡ ʜʣʠʥʳ ʮʚʝʪʦʚʦʡ ʚʦʣʥʳ ʥʘ ʜʨʫʛʫʶ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʫʘʨʘ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ. ʇʦʵʪʦʤʫ 

ʤʦʥʦʭʨʦʤʥʳʡ ʨʝʞʠʤ ʠʣʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ ʛʨʘʜʘʮʠʷʭ ʩʝʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʞʝʣʘʪʝʣʴʥʳʤ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʢʘʣʠʙʨʦʚʢʫ 

ʩʢʘʥʝʨʘ, ʥʘʥʝʩʪʠ ʤʘʪʠʨʫʶʱʠʡ ʩʧʨʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʨʦʚʥʳʤ ʩʣʦʝʤ ʠ ʨʘʟʤʝʩʪʠʪʴ ʝʛʦ ʥʘ ʧʦʚʦʨʦʪʥʦʤ ʩʪʦʣʠʢʝ, ʨʘʟʤʝʩʪʠʪʴ ʤʝʪʢʠ-

ʤʘʨʢʝʨʳ, ʚʳʢʣʶʯʠʪʴ ʩʚʝʪ. ʉʫʱʝʩʪʚʫʝʪ ʚʘʨʠʘʥʪ ʙʝʟʤʘʨʢʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʝʪ ʤʘʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʥʷʶʪ ʩʢʘʥʝʨʳ ʩ ʩʠʥʠʤ ʩʚʝʪʦʤ, ʚʤʝʩʪʦ ʙʝʣʦʛʦ. ʆʥ ʧʦʟʚʦʣʷʝʪ 
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ʩʢʘʥʠʨʦʚʘʪʴ ʜʘʞʝ ʧʨʠ ʜʥʝʚʥʦʤ ʦʩʚʝʱʝʥʠʠ ʦʙʲʝʢʪʘ [63, 64]. ɺ ʇʨʠʣʦʞʝʥʠʠ 

3 ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ 3D-ʩʢʘʥʝʨʘ RangeVision [65] ʠ ʩʨʘʚʥʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠʤʝʥʸʥʥʳʭ ʚ ʨʘʙʦʪʝ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʈʘʟʨʝʰʝʥʠʝ ʧʨʠ ʃʉ ʟʘʜʘʸʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (1), ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ 

ʧʨʠ ʉʉʇ ʨʘʟʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝʤ ʢʘʤʝʨ. 

 

180
( ) ,

1.41
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j q
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D D =      (1) 

ʛʜʝ s ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʲʝʢʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ ʜʘʣʴʥʦʤʝʨʘ ʠʣʠ ʣʘʟʝʨʘ; d ï 

ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʤʦʥʠʪʦʨʝ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ; ű ʠ ɗ ï ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʦʩʷʤ X ʠ Y, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʢʘʥʝʨʘ, ʝʛʦ 

ʪʦʯʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

 

 

ʈʠʩ. 21 ï ʉʭʝʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʜʩʚʝʪʢʠ [60]. 
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ʀ ʚ ʩʣʫʯʘʝ ʉʉʇ, ʠʚ ʩʣʫʯʘʝ ʃʉ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʧʦ ʪʨʸʤ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʩʬʝʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʫʛʣʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘʣʠ), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 

ʜʝʢʘʨʪʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠʟʚʝʩʪʥʳʤʠ ʬʦʨʤʫʣʘʤʠ (2). 

 

cos sin

sin sin ,

cos

X R

Y R

Z R

j q

j q

q

=

=

=

û
î
ü
îý

     (2) 

ʛʜʝ x, y ʠ z ï ʢʦʥʝʯʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚʝʢʪʦʨʘ ʨʘʩʩʪʦʷʥʠʷ r ʜʦ ʦʙʲʝʢʪʘ; j 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʫʛʦʣ; q ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʫʛʦʣ. 

 

 

ʘ)                                                  ʙ)                                              ʚ) 

ʈʠʩ. 22 ï ʇʨʠʤʝʨʳ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʝʮʠʨʫʝʤʳʭ ʫʟʦʨʦʚ ʚ ʚʠʜʝ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʣʠʥʠʡ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ, ʧʦʣʫʯʘʝʤʳʭ ʢʘʢ: a) ʨʠʩʫʥʦʢ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʧʦʣʦʩ. ʙ) ʥʘʣʦʞʝʥʠʝ ʜʚʫʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʧʦʣʦʩ ʥʘ 

ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ. ʚ) ʧʨʦʝʢʮʠʷ ʧʦʣʦʩ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ 

 

2.3 ʇʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ɻʦʚʦʨʷ ʦ ʨʘʟʥʳʭ ʚʠʜʘʭ ʠ ʧʨʠʤʝʥʝʥʠʷʭ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʥʝʯʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝʪ ʛʦʪʦʚʘʷ ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʠʣʠ ʩʝʪʦʯʥʘʷ 3D-ʤʦʜʝʣʴ (ʇɻʉ ï 

ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʩʝʪʢʘ), ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʙʲʝʜʠʥʸʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʤʘʩʩʠʚʘ 

ʪʦʯʝʢ. ʉʘʤ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 3D-ʤʦʜʝʣʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ. 
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ʇʝʨʚʘʷ ʯʘʩʪʴ ï ʩʦʙʩʪʚʝʥʥʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ, ʧʦʣʫʯʝʥʠʝ ʦʙʣʘʢʘ 

ʪʦʯʝʢ, ʨʘʙʦʪʘ ʩʦ ʩʢʘʥʝʨʦʤ. ɺʪʦʨʘʷ ʯʘʩʪʴ ï ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʧʦ 

ʧʦʣʫʯʝʥʥʦʤʫ ʩʢʘʥʫ, ʨʘʙʦʪʘ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʇʆ (ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠ ʩʰʠʚʢʘ ʩʢʘʥʦʚ, ʩʦʟʜʘʥʠʝ ʇɻʉ ʠʣʠ ʧʦʣʠʛʦʥʠʟʘʮʠʷ, ʠʩʧʨʘʚʣʝʥʠʝ ʇɻʉ) [66ï

69]. ɺ ʩʣʫʯʘʝ ʮʚʝʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʥʘʣʦʞʝʥʠʝ ʪʝʢʩʪʫʨʳ 

(ʨʠʩʫʥʦʢ 23). 

ʀʪʦʛʦʚʳʡ ʬʘʡʣ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʬʦʨʤʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ (stl, txt, csv, odt, xls). ʇʦʣʠʛʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʘ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʦʛʨʘʤʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʊ-ʌʣʝʢʩ, ʂʦʤʧʘʩ, Inventor, SolidWorks, SolidEdge), ʧʦʵʪʦʤʫ 

ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʤʦʜʝʣʴ ʠʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʦʛʨʘʤʤʘʤʠ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (Rhinoceros, Z-Brush, 

Blender). 

 

 

ʈʠʩ. 23 ï ʕʪʘʧʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 3D-ʤʦʜʝʣʠ [72] 

 

2.4 ʊʦʯʥʦʩʪʴ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

 

ʇʨʦʮʝʩʩ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 3D-ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʳʤ. ʊʦʯʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦʡ 3D-ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʘʰʠʥʳ, ʥʦ ʠ ʦʪ 

ʦʧʝʨʘʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʤʘʰʠʥʝ ʠ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʇʆ. 
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ɺʦ-ʧʝʨʚʳʭ, ʪʨʝʙʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʢʘʥʦʚ. ʉʘʤʳʤ ʪʦʯʥʳʤ 

ʩʧʦʩʦʙʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʪʦʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʲʝʢʪ ʧʦʣʥʦʩʪʴʶ ʧʦʧʘʜʘʝʪ ʚ 

ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʩʦʚʤʝʱʝʥʠʝ ʩʢʘʥʦʚ ʧʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʤʘʨʢʝʨʘʤ, ʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ 

ʚʨʫʯʥʫʶ (ʇʨʠʣʦʞʝʥʠʝ 1). ɼʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝʢʪʦʚ ʚʦʟʤʦʞʥʦ ʩʦʚʤʝʱʝʥʠʝ ʧʦ 

ʤʘʨʢʝʨʘʤ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʌɻʄ [71, 72]. 

ʀʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʩʪʠ (çʊʦʯʥʦʩʪʴ (accuracy) ï ʩʪʝʧʝʥʴ 

ʙʣʠʟʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ ʢ ʧʨʠʥʷʪʦʤʫ ʦʧʦʨʥʦʤʫ ʟʥʘʯʝʥʠʶè) ʧʦ ɻʆʉʊ 

ʈ ʀʉʆ 5725-1-2002 [62] ʚ ʨʘʙʦʪʝ [61] ʙ ʣrʦ ʧʨʦʚʝʜʝʥʦ ʩʣʝʜʫʶʱʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ 

ʧʦʨʪʘʪʠʚʥʦʛʦ, ʨʫʯʥʦʛʦ 3D-ʩʢʘʥʝʨʘ Creaform MetraScan. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

çʦʙʲʝʤʥʘʷ ʪʦʯʥʦʩʪʴè [61]. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʙʘʟʦʚʘʷ ʪʦʯʢʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʢʘʥʠʨʫʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʦʪʢʣʦʥʠʪʴʩʷ ʦʪ ʵʪʦʡ ʪʦʯʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʥʝ ʙʦʣʝʝ ʯʝʤ 

ʫʢʘʟʘʥʥʦʝ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢ ʜʣʷ ʩʢʘʥʝʨʘ Creaform 

MetraScan ʦʙʲʸʤʥʘʷ ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0,085 ʤʤ ʠʣʠ 85 ʤʢʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʜʠʘʤʝʪʨ ʩʬʝʨʳ, ʦʧʠʩʘʥʥʦʡ ʚʦʢʨʫʛ ʙʘʟʦʚʦʡ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ Å85 ʤʢʤ, ʪ.ʝ. ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʫʜʫʪ ʦʪʢʣʦʥʷʪʴʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʙʘʟʦʚʦʡ ʪʦʯʢʠ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʧʦ ʨʘʜʠʫʩʫ ʩʬʝʨʳ ʥʝ ʙʦʣʝʝ, 

ʯʝʤ ʥʘ R = 42,5 ʤʢʤ. ʕʪʠ ʩʣʦʚʘ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 21). ɼʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʯʝʥʠʷ ʦʙʲʸʤʥʦʡ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʵʪʘʣʦʥʥʦʡ ʤʝʨʳ, ʢʘʣʠʙʨʦʚʘʥʥʦʡ 

ʧʨʠ ʧʦʤʦʱʠ ʂʀʄ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʜʚʝ ʩʬʝʨʳ, ʜʠʘʤʝʪʨʦʤ D1 ʠ D2, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L1 = 647,730 ʤʤ. ɺ ʪʘʙʣʠʮʝ 2 ʙʳʣʠ ʚʥʝʩʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʝʨʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ çLè ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʦʨʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ Creaform HandyProb ʠ ʚʳʯʠʩʣʝʥʥʦ 

ʦʪʢʣʦʥʝʥʠʝ (D). 
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ʈʠʩ. 24 ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʘ ʦʙʲʝʢʪʝ 

 

ʊʘʙʣʠʮʝ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ çLè ʵʪʘʣʦʥʥʦʡ ʤʝʨ r

ʇʘʨʘʤʝʪʨ 
ʈʘʩʩʪʦʷʥʠʝ çLè, 

MetraScan, ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ çLè, 

HandyProb, ʤʤ 
D1, ʤʤ D2, ʤʤ 

L1 647,719 520,666 38,112 38,110 

L 647,730 520,658 38,119 38,121 

D 0,011 0,008 0,007 0,011 

 

ɺʠʜʥʦ, ʯʪʦ ʟʘʷʚʣʝʥʥʘʷ ʦʙʲʸʤʥʘʷ ʪʦʯʥʦʩʪʴ ʩʦʙʣʶʜʝʥʘ. ɹʝʩʢʦʥʪʘʢʪʥʳʝ 

ʩʠʩʪʝʤʳ ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʩʧʦʩʦʙʘ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʟʜʝʣʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʢ ʥʠʤ 

ʧʨʦʷʚʣʷʶʪ ʥʘ ʪʝʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʛʜʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʦʪʦʪʠʧʳ ʙʫʜʫʱʠʭ 

ʠʟʜʝʣʠʡ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʝ ʚʦʰʝʜʰʠʭ ʧʦʢʘ ʚ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʇʨʠʤʝʥʷʷ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʨʘʟʤʝʨʦʚ ʫʩʢʦʨʷʝʪʩʷ 

ʟʘ ʩʯʸʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʷʝʤʳʭ ʪʦʯʝʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʩʪʘʥʫʪ ʙʳʪʴ ʪʦʯʝʯʥʳʤʠ ʠ ʙʫʜʫʪ ʥʦʩʠʪʴ 

ʧʦʣʝʚʦʡ ʭʘʨʘʢʪʝʨ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʘʤʝʨ, ʢʦʪʦʨʳʝ ʙʳ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʟʚʦʣʷʣʠ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ ʤʘʢʨʦʤʦʜʝʣʠ (ʩʚʳʰʝ 1 

ʤʝʪʨʘ), ʤʝʟʦʤʦʜʝʣʠ (ʤʝʥʝʝ 1 ʤʝʪʨʘ) ʠ ʤʠʢʨʦʤʦʜʝʣʠ (ʤʝʥʝʝ 1 ʤʤ) ʦʙʲʝʢʪʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʠʟʦʰʣʦ ʨʘʟʜʝʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
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çʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷè ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʠ (ʩʠʩʪʝʤʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʠʣʠ 2D-ʩʢʘʥʝʨʳ), ʦʙʣʘʜʘʶʱʠʝ 

ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʠ ʦʙʲʸʤʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʠ (ʣʘʟʝʨʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ 3D-ʩʢʘʥʝʨʳ) ʩ ʥʝʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʩʢʘʥʝʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʦʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʚ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʢʦʥʪʨʦʣʴ ʨʘʟʤʝʨʦʚ ʜʝʪʘʣʠ ʚ/ʥʘ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 25ʘ). 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʚʩʝʡ ʜʝʪʘʣʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʛʦʥʘʣʴʥʦʡ 3D-ʤʦʜʝʣʠ/ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 

25ʙ). ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʟʤʝʨʦʚ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʜʝʪʘʣʠ ʚ ʩʣʫʯʘʝ 2D-

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩ ʯʝʨʪʝʞʦʤ (ʰʘʛ 5, ʨʠʩ. 25ʘ), ʘ ʚ ʩʣʫʯʘʝ 

3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʴʶ (ʨʠʩ. 25ʙ). ʇʨʠʯʸʤ ʯʝʨʪʸʞ ʠ 

ʪʚʝʨʜʦʪʝʣʴʥʘʷ 3D-ʤʦʜʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʦ ʚʥʝʰʥʠʭ CAD-ʧʨʦʛʨʘʤʤʘʭ. 

ʀʥʦʛʜʘ ʧʨʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʠ ʙʦʣʴʰʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ, ʩʦʟʜʘʚʘʪʴ ʦʧʦʨʥʫʶ ʩʝʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʪʦʨʦʡ ʧʦʟʠʮʠʦʥʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʩʢʘʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʫʟʦʚʦʚ (ʤʘʢʨʦʤʦʜʝʣʴ). ʀ, ʥʘʦʙʦʨʦʪ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʜʝʬʝʢʪʦʚ ʥʘ ʜʝʪʘʣʠ. ʅʘʧʨʠʤʝʨ, ʧʦʣʠʤʝʨʥʳʡ ʧʨʦʪʦʪʠʧ ʰʘʪʫʥʘ, 

ʥʘʧʝʯʘʪʘʥʥʳʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ FFF, ʠʤʝʶʱʠʡ ʥʘ ʪʝʣʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʪʨʝʱʠʥʳ (ʤʠʢʨʦʤʦʜʝʣʴ, ʨʠʩʫʥʦʢ 26) [4, 5]. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ, ʥʘʧʨʠʤʝʨ, ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʦʥʥʳʝ ʤʝʪʢʠ ʥʘ ʜʝʪʘʣʷʭ (ʨʠʩʫʥʦʢ 27) ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ ʩʦʚʤʝʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ 

(ʩʢʘʥʦʚ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʚʘ ʥʘʙʦʨʘ ʪʦʯʝʢ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʝʪ ʙʦʣʴʰʦʡ ʦʙʲʝʢʪ, ʘ ʜʨʫʛʦʡ ï ʥʝʙʦʣʴʰʫʶ ʦʙʣʘʩʪʴ ʥʘ ʥʸʤ; ʚ 

ʧʦʩʣʝʜʩʪʚʠʝ ʦʙʝ ʦʙʣʘʩʪʠ ʩʦʚʤʝʱʘʶʪʩʷ ʚʤʝʩʪʝ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʸʪʩʷ 

ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʩʝʪʢʘ (stl-ʤʦʜʝʣʴ). 
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ʘ) 

ʙ) 

ʈʠʩ. 25 ï ʇʨʠʤʝʨʳ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʘ ï 2D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʝʪʘʣʠ ʧʦʩʣʝ 

ʯʠʩʪʦʚʦʡ ʚʳʨʫʙʢʠ ʩʠʩʪʝʤʦʡ Stemmer Imaging, ʮʠʬʨʘʤʠ ʫʢʘʟʘʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʝʪʘʣʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʝʪʨʠʠ [75]; 

ʙ ï 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ ʨʝʛʫʣʠʨʫʝʤʦʡ ʰʝʩʪʝʨʥʠ ɻʈʄ 

ʩʠʩʪʝʤʦʡ RangeVision, ʨʘʙʦʪʘʶʱʝʡ ʧʦ ʧʨʠʥʮʠʧʫ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʧʦʜʩʚʝʪʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 27ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʪʘʣʴ çʂʨʦʥʰʪʝʡʥ ʢʨʝʧʣʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷè, ʥʘ ʨʠʩʫʥʢʝ 27ʙ ï ʝʸ ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ. ɺ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʘʤʝʨʳ 9 ʤʤ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʢʪʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʘʷ ʤʝʪʢʘ ʧʦʣʫʯʘʝʪʩʷ ʨʘʩʧʣʳʚʯʘʪʦʡ ʠ 

ʧʣʦʭʦ ʯʠʪʘʝʤʦʡ (ʨʠʩʫʥʢʝ 27ʚ). 
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 ʘ)  ʙ) 

 ʚ) 

ʈʠʩ. 26 ï ʇʨʠʤʝʨ ʦʧʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ: ʘ ï 

ʠʩʭʦʜʥʳʡ ʦʙʲʝʢʪ; ʙ ï ʧʦʣʫʯʝʥʥʳʝ ʩʢʘʥʳ ʣʝʚʦʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʚ ï 

ʪʨʝʱʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʪʦʪʠʧʘ, ʜʣʠʥʘ ʪʨʝʱʠʥʳ ˉ1 ʩʦʩʪʘʚʣʷʝʪ 0,91 

ʤʤ [73, 74] 

 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʙʲʝʢʪʠʚʘ 25 ʤʤ ʢʘʯʝʩʪʚʦ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʡ 

ʤʝʪʢʠ ʚʦʟʨʘʩʪʘʝʪ (ʨʠʩʫʥʢʝ 27ʛ). ʊʘʢʘʷ ʚʠʨʪʫʘʣʴʥʦ ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʧʦʟʥʘʥʘ ʯʝʣʦʚʝʢʦʤ ʠʣʠ ʢʘʤʝʨʦʡ, ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʝʪʘʣʠ 

ʩ ʵʪʘʣʦʥʦʤ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ) ʠʟʜʝʣʠʡ. ʅʘ ʨʠʩʫʥʢʝ 27ʜ, 27ʝ ʠ 27ʞ 

ʧʦʢʘʟʘʥʳ ʜʝʪʘʣʴ çʂʨʦʥʰʪʝʡʥ ʧʨʘʚʦʡ ʦʧʦʨʳ ʜʚʠʛʘʪʝʣʷè, ʝʸ ʧʦʣʠʛʦʥʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʘʷ ʤʘʨʢʠʨʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʦʯʥʦʩʪʴ (ʧʦʛʨʝʰʥʦʩʪʴ, ʦʰʠʙʢʘ) ʧʦʣʫʯʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʦʡ ʢʦʧʠʠ ʦʙʲʝʢʪʘ (DS), ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʤʠʢʨʦʤʝʪʨʘʭ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʘ ʧʨʦʩʪʦʡ ʩʫʤʤʦʡ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ 14. 

 

3 ʧ 3 c 3 ʤ ʉʇʆ ʉʇʊ ʅʉ ʆʉ ʆʉʆ ʇʇʆ ɺʆʆ ʇʈ( ) ( ) ( )D D DS - - -D =D +D +D = D +D + D +D +D + D +D +D (3) 

 

ʛʜʝ D3D-ʧ ï ʧʦʛʨʝʰʥʦʩʪʴ 3D-ʧʝʯʘʪʠ; D3D-ʩ ï ʧʦʛʨʝʰʥʦʩʪʴ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ; 

D3D-ʤ ï ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʩʦʟʜʘʥʠʷ stl-
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ʤʦʜʝʣʠ ʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ; Dʉʇʆ ï ʩʫʱʝʩʪʚʫʶʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʦʙʲʝʢʪ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; Dʉʇʊ ï 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʭʥʦʣʦʛʠʝʡ 3D-ʧʝʯʘʪʠ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 3D-ʧʝʯʘʪʠ; Dʅʉ ï 

ʧʦʛʨʝʰʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʩʢʘʥʝʨʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʣʠʙʨʦʚʢʠ; 

Dʆʉ ï ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʚʧʘʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʘʥʝʨʘ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ; Dʆʉʆ ï 

ʧʦʛʨʝʰʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

(ʮʚʝʪ ʠ ʪʝʢʩʪʫʨʘ ʤʘʪʝʨʠʘʣʘ, ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʠ ʨʘʩʩʝʠʚʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʪ.ʜ.); Dʇʇʆ ï ʧʦʛʨʝʰʥʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 

(ʧʦʣʠʛʦʥʠʟʘʮʠʷ ʤʦʜʝʣʠ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʘʨʪʝ ʦʪʢʣʦʥʝʥʠʡ ʨʘʟʤʝʨʦʚ; Dɺʆʆ 

ï ʧʦʛʨʝʰʥʦʩʪʴ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʲʝʢʪʘ ʥʘ ʢʦʤʧʴʶʪʝʨʝ (ʩʛʣʘʞʠʚʘʥʠʝ, 

ʧʝʨʝʨʘʟʙʠʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ.ʜ.), ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʘʨʪʝ ʦʪʢʣʦʥʝʥʠʡ 

ʨʘʟʤʝʨʦʚ; Dʇʈ ï ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʤʝʨʦʚ ʚ ʇʆ ʢʣʘʩʩʘ CAI, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ 

(CAI) ʠ ʧʦʩʪʨʦʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʨʪʳ ʦʪʢʣʦʥʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ (ʂʆɻʈ) ʦʪ ʵʪʘʣʦʥʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʷʤʳʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʚ CAD-ʧʨʦʛʨʘʤʤʝ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, GOM Inspect, 

VXinspect, PowerINSPECT, Geomagic Qualify, Inspire Hexagon, 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʙʦ ʚ ʚʠʜʝ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʣʠʙʦ ʚ ʚʠʜʝ stl-ʤʦʜʝʣʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʇʣʘʪʦʥʦʚʳ ʪʝʣʘ: 

ʜʦʜʝʢʘʵʜʨ ʠ ʠʢʦʩʘʵʜʨ. ʇʨʦʪʦʪʠʧ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ 3D-ʧʝʯʘʪʠ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ FFF ʠʟ ɸɹʉ-ʧʣʘʩʪʠʢʘ (ʧʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 1,06 ʛ/ʩʤ3). ʆʧʪʠʯʝʩʢʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʦʧʪʠʯʝʩʢʦʤ ʩʢʘʥʝʨʝ RangeVision Spectrum ʩ ʜʚʫʤʷ ʢʘʤʝʨʘʤʠ ʩʦ ʩʲʸʤʥʳʤʠ 

ʦʙʲʝʢʪʠʚʘʤʠ, ʨʘʙʦʪʘʶʱʝʤ ʧʦ ʧʨʠʥʮʠʧʫ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʚʝʪʘ. 
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ʊʦʯʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 20 ï 200 ʤʢʤ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ 

ʦʙʲʝʢʪʠʚ 25 ʤʤ (ʥʘʠʤʝʥʴʰʘʷ ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ).  

 

 

ʈʠʩ. 27 ï ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʡ ʤʝʪʢʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʝʪʘʣʝʡ 

 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 3D-ʧʨʠʥʪʝʨʘ ʠ 3D-ʩʢʘʥʝʨʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʪʝʣʘ, ʛʝʦʤʝʪʨʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʘʩʴ 3D-ʤʦʜʝʣʷʤʠ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ CAD-ʧʨʦʛʨʘʤʤʝ (ʪʘʙʣʠʮʘ 3, ʨʠʩ. 28). ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʪʝʣ ʧʦʩʣʝ 3D-ʧʝʯʘʪʠ ʦʮʝʥʠʚʘʣʠʩʴ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʯʝʪʳʨʸʭ 

ʯʝʨʪʸʞʥʳʭ ʨʘʟʤʝʨʦʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ stl-ʤʦʜʝʣʠ ʚ ʇʆ GOM 

Inspect (CAI), ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʢʘʨʪʳ ʦʪʢʣʦʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʦʪ ʵʪʘʣʦʥʥʦʡ CAD-ʛʝʦʤʝʪʨʠʠ ʧʦ 

ʚʩʝʤʫ ʦʙʲʸʤʫ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ 3D-ʧʝʯʘʪʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ FDM/FFF ʚʳʜʘʚʣʠʚʘʝʤʳʡ 

ʯʝʨʝʟ ʩʦʧʣʦ ʵʢʩʪʨʫʜʝʨʘ ʬʠʣʘʤʝʥʪ ʧʨʠʦʙʨʝʪʘʝʪ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʬʦʨʤʫ 
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ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʧʨʦʬʠʣʴ ʚ ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʢʨʦʧʦʚʝʨʭʥʦʩʪʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʤʠʢʨʦʩʢʦʧʝ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦ 300ʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʚʠʜʝ ʜʝʬʝʢʪʦʚ (ʨʠʩʫʥʦʢ 29). 

 

ʊʘʙʣʠʮʘ 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʇʘʨʘʤʝʪʨ 
ɿʥʘʯʝʥʠʷ 

ʩʝʛʤʝʥʪ ʢʨʳʣʘ ʜʦʜʝʢʘʵʜʨ ʠʢʦʩʘʵʜʨ 

ʄʘʩʩʘ ʜʝʪʘʣʠ, ʢʛ 0,0580 0,0474 0,0508 

ʆʙʲʸʤ ʜʝʪʘʣʠ, ʤʤ3 44 021, 277 44 691,286 47 892,2 

 

ʇʦʚʝʨʭʥʦʩʪʴ ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʤʝʝʪ ʩʢʣʘʜʯʘʪʦʩʪʴ (ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʛʨʘʥʠ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʵʪʘʣʦʥʥʦʡ CAD-ʤʦʜʝʣʠ) ʠ 

ʚʦʣʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʸʙʨʘ ʠ ʚʝʨʰʠʥʳ ʠʤʝʶʪ ʨʘʜʠʫʩʳ ʩʢʨʫʛʣʝʥʠʷ. ʅʘ 

ʥʝʢʦʪʦʨʳʭ ʛʨʘʥʷʭ ʠʤʝʶʪʩʷ ʤʝʩʪʘ ʩʪʳʢʦʚ ʬʠʣʘʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʥʘ ʠʩʭʦʜʥʦʡ CAD-ʤʦʜʝʣʠ. ʉʢʣʘʜʯʘʪʦʩʪʴ ʠ ʩʪʳʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʰʠʙʢʘʤ 

3D-ʧʝʯʘʪʠ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʚʦʣʥʠʩʪʦʩʪʴ ʠ ʩʢʨʫʛʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 3D-ʧʝʯʘʪʠ. ʇʦ ʩʚʦʠʤ ʨʘʟʤʝʨʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʢʣʘʜʯʘʪʦʩʪʴ ʠ ʤʝʩʪʘ ʩʪʳʢʦʚ ʨʘʩʧʦʟʥʘʶʪʩʷ ʧʨʠ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʠ. ʆʜʥʘʢʦ, ʚʦʣʥʠʩʪʦʩʪʴ, ʧʨʠ ʰʘʛʝ 150 ï 250 ʤʢʤ, ʥʝ 

ʨʘʩʧʦʟʥʘʸʪʩʷ ʧʨʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ 

ʫʤʦʣʯʘʥʠʶ, ʘ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʠ ʩʛʣʘʞʠʚʘʝʪʩʷ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʤʝʨʦʚ stl-ʤʦʜʝʣʠ ʙʳʣʠ 

ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʵʪʘʣʦʥʥʳʝ ʠ ʧʦʣʠʛʦʥʘʣʴʥʳʝ 3D-ʤʦʜʝʣʠ, ʧʨʦʚʝʜʝʥʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ. ɻʣʦʙʘʣʴʥʳʝ ʦʰʠʙʢʠ ʩʦʚʧʘʜʝʥʠʷ ʧʨʠ 

ʚʳʨʘʚʥʠʚʘʥʠʠ ʤʦʜʝʣʝʡ ʧʦ ʤʝʪʦʜʫ best-fit  ʩʦʩʪʘʚʠʣʠ: 0,17 ʤʤ (ʜʦʜʝʢʘʵʜʨ) ʠ 

0,18 ʤʤ (ʠʢʦʩʘʵʜʨ). ɿʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʇʣʘʪʦʥʦʚʳʭ ʪʝʣ, ʫʢʘʟʘʥʥʳʝ ʥʘ 

ʯʝʨʪʝʞʘʭ (ʨʠʩ. 28ʙ), ʥʝ ʙʳʣʠ ʚʳʜʝʨʞʘʥʳ ʧʨʠ ʠʭ ʧʨʦʚʝʨʢʝ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

CAI, ʪʘʢ ʢʘʢ ʥʝ ʫʢʣʘʜʳʚʘʣʠʩʴ ʚ ʫʢʘʟʘʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 
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ʜʦʜʝʢʘʵʜʨ ʠʢʦʩʘʵʜʨ 

CAD stl CAD stl 

    

44 691,286 ʤʤ3 43 555,1 ʤʤ3 47 892,2 ʤʤ3 46 678,4 ʤʤ3 

ʘ) ʨʝʧʝʨʥʳʝ ʇʣʘʪʦʥʦʚʳ ʪʝʣʘ, ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʦʙʲʸʤʦʚ 

  

ʙ) ʠʩʭʦʜʥʳʝ ʯʝʨʪʝʞʠ ʇʣʘʪʦʥʦʚʳʭ ʪʝʣ 

    

 

ʇɼ °0,1 ʤʤ 

 

ʇɼ °0,5 ʤʤ 

 

ʇɼ °0,06 ʤʤ 

 

ʇɼ °0,5 ʤʤ 

ʚ) ʥʘʧʝʯʘʪʘʥʥʳʝ ʦʙʲʝʢʪʳ ʠ ʂʆɻʈ (ʟʥʘʯʝʥʠʷ ʠ ʛʦʜʥʦʩʪʴ ʧʦ ʇɼ) 

ʈʠʩ. 28 ï ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʨʘʟʤʝʨʦʚ ʵʪʘʣʦʥʥʳʭ ʦʙʲʝʢʪʦʚ [74] 
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ʈʘʟʤʝʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʦ 3 ï 5 

ʟʥʘʯʝʥʠʷʤ ʦʧʦʨʥʳʭ ʨʘʟʤʝʨʦʚ ɸ, ɹ, ɺ ʠ ɻ. ʃʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʠʤʝʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʝʨʪʝʞʥʳʭ ʨʘʟʤʝʨʦʚ, ʘ ʫʛʣʦʚʦʡ 

ʨʘʟʤʝʨ ï ʦʪʨʠʮʘʪʝʣʴʥʦʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4. 

 

 

ʈʠʩ. 29 ï ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʧʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 3D-

ʧʝʯʘʪʠ [74] 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʪʦʯʥʦʩʪʴ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ stl-ʤʦʜʝʣʝʡ ʧʦʚʳʰʘʝʪʩʷ ʠ DS ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʤʠʢʨʦʜʝʬʝʢʪʳ ʧʨʠ 3D-ʧʝʯʘʪʠ 

ʧʦʣʠʤʝʨʥʳʭ ʵʪʘʣʦʥʥʳʭ ʪʝʣ ʧʦ ʪʝʭʥʦʣʦʛʠʠ FFF ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʛʦ 
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ʚʣʠʷʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʘʢʨʦʨʘʟʤʝʨʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ DS  

ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʪʦʯʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɿʘʷʚʣʝʥʥʘʷ 

ʪʦʯʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 3D-ʩʢʘʥʝʨʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʢʦʩʚʝʥʥʦ, ʯʝʨʝʟ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʢʣʘʜʢʘʤʠ ʥʘ ʛʨʘʥʠ ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

ɹʦʣʝʝ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

 

ʊʘʙʣʠʮʘ 4. ʈʝʟʫʣʴʪʘʪʳ ʚʠʨʪʫʘʣʴʥʳʭ (ʢʦʤʧʴʶʪʝʨʥʳʭ) ʠʟʤʝʨʝʥʠʡ 

ʨʘʟʤʝʨʦʚ 

ʇʨʦʪʦʪʠʧ/ 

ʉʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ 

ʈʘʟʤʝʨʳ ɸ/ɹ/ɺ/ɻ, ʤʤ 

ʜʦʜʝʢʘʵʜʨ ʠʢʦʩʘʵʜʨ 

CAD CAI CAD CAI 

ɿʥʘʯʝʥʠʷ ʨʘʟʤʝʨʦʚ 
18/27,7/ 

40/108Á 

17,77/27,12/ 

39,77/108,53Á 

24,2/28/ 

47,6/53,2 

23,68/27,24/ 

46,59/52,49 

DS, ʤʤ ʠʣʠ Á +0,23/+0,58/+0,23/-0,53Á +0,52/+0,76/+1,01/+0,71 

DS, ʤʢʤ ʠʣʠ Á +230/+580/+230/-0,53Á +520/+760/+1 010/+710 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʘʭ ʵʪʘʣʦʥʥʳʭ ʪʝʣ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʦʰʠʙʢʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʚʟʷʪʘʷ ʧʦ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʥʘʠʙʦʣʴʰʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1,02 ʤʤ, ʘ ʫʛʣʦʚʦʛʦ ʨʘʟʤʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 0,53Á. ʇʦʠʩʢ 

ʦʪʢʣʦʥʝʥʠʡ ʧʦ ʂʆɻʈ ʩʣʝʜʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʧʦʣʥʷʪʴ ʣʦʢʘʣʴʥʦʡ ʧʨʦʚʝʨʢʦʡ 

ʨʘʟʤʝʨʦʚ. 
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ɻʣʘʚʘ 3. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ 

 

3.1 ɼʝʬʝʢʪʳ ʚ ʤʝʪʘʣʣʘʭ 

 

ɺʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʝʣʷʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʥʳʝ (ʛʨʘʥʠʮʳ ʟʸʨʝʥ), ʣʠʥʝʡʥʳʝ (ʜʠʩʣʦʢʘʮʠʠ ʢʨʘʝʚʳʝ ʠ 

ʚʠʥʪʦʚʳʝ) ʠ ʪʦʯʝʯʥʳʝ (ʘʪʦʤʳ ʧʨʠʤʝʩʝʡ, ʚʘʢʘʥʩʠʠ) (ʨʠʩʫʥʦʢ 30). ʆʜʥʘʢʦ, ʚ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʠʟ-ʟʘ 

ʥʘʟʚʘʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʘ ʠʟ-ʟʘ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʤʠʢʨʦʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ 

ʦʙʲʝʜʠʥʷʷʩʴ ʦʙʨʘʟʫʶʪ ʤʘʛʠʩʪʨʘʣʴʥʫʶ ʪʨʝʱʠʥʫ, ʧʦ ʢʦʪʦʨʦʡ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ. ʈʦʩʪ ʤʠʢʨʦʪʨʝʱʠʥ ʩʚʷʟʘʥ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʫʧʨʫʛʦʡ 

ʵʥʝʨʛʠʝʡ ʚ ʤʘʪʝʨʠʘʣʝ ʟʥʘʯʝʥʠʷ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ. 

ɼʝʬʝʢʪʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʤʘʪʝʨʠʘʣʝ ʚʩʝʛʜʘ.  

 

ʘ) 

 

ʙ) 

ʈʠʩ. 30 ï ɼʠʩʣʦʢʘʮʠʷ ʫʯʘʩʪʚʫʝʪ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʫʙʟʸʨʝʥ (ʘ), ʣʠʥʝʡʥʘʷ 

(ʙ) ʠ ʚʠʥʪʦʚʘʷ (ʚ) ʜʠʩʣʦʢʘʮʠʠ 

 ʚ) 

 

ʆʥʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ ʟʘʤʝʱʘʪʴʩʷ ʜʨʫʛʠʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ ʩʯʠʪʘʝʪʩʷ ʫʩʣʦʚʥʳʤ. ɼʠʩʣʦʢʘʮʠʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 
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ʜʝʬʝʢʪ ʫʧʘʢʦʚʢʠ (ʨʠʩʫʥʦʢ 31), ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʜʚʠʛʦʤ ʧʣʦʩʢʦʩʪʝʡ, ʨʘʚʥʳʤ 

ʧʦʣʦʚʠʥʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ. 

 

  

ʈʠʩ. 31 ï ɼʝʬʝʢʪ ʫʧʘʢʦʚʢʠ (ʩʣʝʚʘ) ʠ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʪʫʥʥʝʣʴʥʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ (TEM) (ʩʧʨʘʚʘ, [78]) 

 

ɺ ʚʠʥʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʷʭ ʜʦʤʠʥʠʨʫʶʪ ʩʜʚʠʛʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʚ 

ʢʨʘʝʚʳʭ ʜʠʩʣʦʢʘʮʠʷʭ ï ʩʜʚʠʛʦʚʳʝ ʠ ʧʨʦʜʦʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʅʘʧʨʘʚʣʝʥʠʝ 

ʠ ʚʝʣʠʯʠʥʫ ʩʤʝʱʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʦʧʨʝʜʝʣʷʝʪ ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ. 

 

3.2 ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʘʟʨʫʰʝʥʠʶ 

 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʦʙʨʘʙʦʪʢʠ ʥʘʢʘʧʣʠʚʘʶʪ ʥʘ 

ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʤʠʢʨʦʪʨʝʱʠʥ (ʨʠʩʫʥʦʢ 33). ʇʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʫʪʨʝʥʥʠʤ ʜʝʬʝʢʪʘʤ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʨʫʰʝʥʠʶ 

ʤʘʪʝʨʠʘʣʘ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ.  

ɺʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʨʘʟʤʝʨʫ, ʨʝʟʢʦʩʪʠ 

ʦʯʝʨʪʘʥʠʡ ʠ ʦʨʠʝʥʪʘʮʠʠ ʚʥʫʪʨʠ ʦʙʲʸʤʘ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʘ 

ʜʠʩʣʦʢʘʮʠʠ, ʧʨʦʙʝʛʘʷ ʧʦ ʦʙʲʸʤʫ ʤʝʪʘʣʣʘ, ʤʦʛʫʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʩʚʦʝʛʦ 

ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. ʊʘʢ ʢʘʢ ʧʦ ʪʝʦʨʠʠ ʜʠʩʣʦʢʘʮʠʡ ʦʥʠ ʚʳʭʦʜʷʪ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʧʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʳʭʦʜʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʠ ʨʘʟʤʝʨ ʩʢʨʳʪʳʭ, 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ. 
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ʈʠʩ. 32 ï ʇʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ 

 

ʅʘ ʨʠʩʫʥʢʝ 33 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʱʠʥʳ ʚʥʫʪʨʠ ʩʧʣʦʰʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʩʣʫʯʘʝ ʠʭ ʥʘʣʠʯʠʷ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʢ ʠʟʤʝʥʝʥʠʶ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʠʣʳ ʠ ʚʦʟʥʠʢʘʶʱʝʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʜʠʩʣʦʢʘʮʠʠ çʧʨʦʙʝʛʫʪè ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ 

ʤʘʪʝʨʠʘʣʘ, ʥʦ ʚʳʡʜʫʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʜʨʫʛʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʀʭ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʘʢʞʝ ʙʫʜʫʪ ʧʦʚʸʨʥʫʪʳ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʪʦʯʢʘʤ ʚʳʭʦʜʘ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʳʝ 

ʩʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʢʘʥʝʨ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʘʣʠʯʠʠ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ. 

 

 

ʈʠʩ. 33 ï ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʠ 
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ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʦ ʚʣʠʷʥʠʠ ʜʝʬʝʢʪʦʚ ʥʘ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʥʘ ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʤʦʞʥʦ ʥʘʡʪʠ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʶʱʠʝ [79ï84]. 

 

3.3 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

 

ʎʝʣʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʧʦʚʝʜʝʥʠʶ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 3D-ʧʝʯʘʪʠ FFF, ʠʤʝʶʱʠʭ 

ʚʥʫʪʨʝʥʥʶʶ ʥʝʩʧʣʦʰʥʦʩʪʴ, ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʜʝʬʦʨʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʩʠʣʦʚʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʧʦʣʥʝʥʠʷ, 

ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ 3D-

ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʯʝʩʢʦʛʦ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ-ʪʨʝʪʴʠʭ, ʩʦʧʦʩʪʘʚʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʨʦʮʝʥʪʦʤ ʥʝʩʧʣʦʰʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʠʭ ʧʦ ʪʘʢʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, ʢʦʪʦʨʳʡ 

ʙʳ ʵʪʫ ʥʝʩʧʣʦʰʥʦʩʪʴ ʠ ʩʦʟʜʘʚʘʣ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʧʨʦʢʘʪʢʘ, 

ʰʪʘʤʧʦʚʢʘ, ʣʠʪʴʸ, ʥʘʧʣʘʚʢʘ ʠ ʜʨʫʛʠʝ) ʥʝ ʧʦʟʚʦʣʷʶʪ ʵʪʦ ʩʜʝʣʘʪʴ. ʊʘʢʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʫʟʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 3D-

ʧʝʯʘʪʠ FFF (Fused Filament Modelling), ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʡ ʤʘʪʝʨʠʘʣ 

ʧʦʩʣʦʡʥʦ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʝʩʪʴ ʤʘʪʝʨʠʘʣ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʦ 

ʧʦʣʠʛʦʥʘʣʴʥʦʡ, ʦʙʦʣʦʯʢʦʚʦʡ ʤʦʜʝʣʠ. ɺʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ 

ʟʘʧʦʣʥʷʶʪ ʩ ʪʦʡ ʩʪʝʧʝʥʴʶ ʟʘʧʦʣʥʝʥʠʷ (ʉɿ), ʢʦʪʦʨʘʷ ʟʘʜʘʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ 

ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʝ (gcode). ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ 

ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʦʡ ʜʦʨʘʙʦʪʢʠ 

ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʟʮʘ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʦʢ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ 3D-ʧʨʠʥʪʝʨʘʭ ʙʶʜʞʝʪʥʦʛʦ 
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ʢʣʘʩʩʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʩʧʣʦʰʥʦʩʪʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʮʘ [95ï97]. ʅʘ 

ʨʠʩʫʥʢʝ 34ʘ ʧʦʢʘʟʘʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʠ 

3D-ʧʨʠʥʪʝʨ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʠʤʝʥʸʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ Picaso 

Designer. 

 

ʘ) ʙ) 

ʈʠʩ. 34 ï ʊʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ FFF (ʘ) ʠ 3D-ʧʨʠʥʪʝʨ Picaso Designer 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʨʸʭ ʠʩʧʳʪʘʥʠʡ: ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ, ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʠ ʫʩʪʘʣʦʩʪʥʘʷ 

ʧʨʦʯʥʦʩʪʴ (ʨʠʩʫʥʦʢ 35). ɺ ʪʘʙʣʠʮʝ 5 ʜʘʥʳ ʜʘʥʥʳʝ ʧʦ ʧʨʦʚʝʜʸʥʥʳʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ. 

 

ʊʘʙʣʠʮʘ 5. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ 

ɺʠʜ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʠʩʧʳʪʘʥʠʷ 

ɻʝʦʤʝʪʨʠʷ 

ʧʨʦʙʳ 

ʂʦ-ʚʦ ʦʙʨʘʟʮʦʚ/ 

ʠʩʧʳʪʘʥʠʡ 

ʄʦʜʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ 

ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ (ʆʉ) 
ɻʆʉʊ 4651-

2014 
18 ɸɹʉ- ʠ ʇʃɸ-

ʧʣʘʩʪʠʢʠ 

[98ï105] 
ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ 

(ʆʈ) 
ASTM D 638, 

ʪʠʧ IV 

432 

ʫʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ 12 ʇʃɸ-ʧʣʘʩʪʠʢ 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʣʦʩʢʦʩʪʥʦʩʪʴʶ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʟʘʜʘʯʠ. ʅʘʦʙʦʨʦʪ, 
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ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʜʣʷ ʦʜʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ ʥʝʙʦʣʴʰʦʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʦʜʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʣʦʩʢʦʩʪʠ ʧʝʯʘʪʠ ʠʟ-ʟʘ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʟʘʜʘʯʠ [106ï129]. 

 

 

ʈʠʩ. 35 ï ʆʙʨʘʟʮʳ ʥʘ ʩʞʘʪʠʝ (ʘ) ʠ ʨʘʩʪʷʞʝʥʠʝ (ʙ) 

 

3.3.1 ʂʘʯʝʩʪʚʦ 3D-ʧʝʯʘʪʠ ʠ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ 

 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʘʨʫʞʥʳʝ (ʨʠʩʫʥʦʢ 29) ʠ ʚʥʫʪʨʝʥʥʠʝ (ʨʠʩʫʥʦʢ 36). 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʚʠʜʠʤʦʡ, ʨʘʩʧʦʟʥʘʚʘʝʤʦʡ, ʥʦ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ, ʫʭʦʜʷʱʠʭ 

ʚʛʣʫʙʴ. ʅʘʨʫʞʥʳʝ ʜʝʬʝʢʪʳ ʠʤʝʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ, ʚʦʣʥʦʚʦʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 3D-ʤʦʜʝʣʠ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʦʙʣʘʩʪʠ 3D-ʧʝʯʘʪʠ ʠ ʥʘʣʠʯʠʷ ʥʘʢʣʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʬʠʣʴ ʩ ʟʘʢʨʫʛʣʸʥʥʳʤ (2) ʠ ʧʨʠʛʣʘʞʝʥʥʳʤ ʛʨʝʙʥʝʤ (4). 

ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʤʝʩʪʘ ʩʪʳʢʦʚʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʜʘʚʣʠʚʘʝʤʦʛʦ ʯʝʨʝʟ 

ʩʦʧʣʦ ʵʢʩʪʨʫʜʝʨʘ ʬʠʣʘʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʩʝʯʝʥʠʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʢʦʥʯʘʥʠʝʤ 

ʢʦʥʪʫʨʘ ʚ ʩʣʦʝ ʠ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʵʢʩʪʨʫʜʝʨʘ ʚ ʦʪʜʘʣʸʥʥʦʝ ʤʝʩʪʦ ʧʝʯʘʪʠ (5). 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʩʢʨʳʪʦʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʦʷʚʣʝʥʠʶ 

ʚʥʫʪʨʝʥʥʠʭ ʪʨʝʱʠʥ. ʇʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

Phenom XL ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʫʯʠʪʳʚʘʣʘʩʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʟʘ ʩʯʸʪ ʠʩʧʳʪʘʥʠʷ ʥʝ ʤʝʥʝʝ ʪʨʸʭ ʦʙʨʘʟʮʦʚ ʥʘ 
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ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʤʘʰʠʥʥʦʡ 

ʜʠʘʛʨʘʤʤʳ ʩʠʣʘ-ʭʦʜ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʦʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

 

ʘ) 

ʙ) 

ʈʠʩ. 36 ï ʆʰʠʙʢʠ ʧʨʠ 3D-ʧʝʯʘʪʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ FFF: ʘ ï ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ 

ʬʠʣʘʤʝʥʪʘʤʠ, ʙ ï ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʬʠʣʘʤʝʥʪʘ [76, 77]. 

 

ɺʩʝʛʦ ʚʳʜʝʣʝʥʦ ʪʨʠ ʚʠʜʘ: ʨʘʩʩʣʦʝʥʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʬʠʣʘʤʝʥʪʘʤʠ, ʥʝʧʣʦʪʥʦʝ ʧʨʠʣʝʛʘʥʠʝ ʬʠʣʘʤʝʥʪʦʚ ʚ ʧʝʨʝʤʳʯʢʘʭ-ʪʨʘʙʝʢʫʣʘʭ 

ʠ ʟʘʟʦʨʳ ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʩʣʦʷʤʠ 

ʟʘʧʦʣʥʝʥʠʷ. ɼʨʫʛʠʝ ʜʝʬʝʢʪʳ, ʙʦʣʴʰʝ ʦʪʨʘʞʘʶʱʠʝ ʩʦʩʪʦʷʥʠʝ, 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʦʩʪʘʪʦʯʥʦʤʫ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʦʤʫ ʚ ʤʝʪʘʣʣʘʭ, 

ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʬʠʣʘʤʝʥʪʘ ʠ ʧʦʷʚʣʝʥʠʶ çʧʦʜʞʘʪʳʭè 

ʬʠʣʘʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʬʠʣʘʤʝʥʪʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ. 
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3.3.2 ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ (ʕʆʉ) 

 

ʇʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ EU-100 

(ʨʠʩʫʥʦʢ 37) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʩʥʘʩʪʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʚʳʩʦʪʥʫʶ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʠ ʠʟʤʝʨʷʪʴ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ [85]. 

ʇʝʯʘʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ çʩʪʦʷè, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʙʦʪ ʥʘ ʵʪʘʧʝ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 38). ɺ 

ʪʘʙʣʠʮʝ 6 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʀʆʉ ʩ ʢʘʨʪʦʡ ʠʩʧʳʪʘʥʠʡ ʧʦ ʉɿ.  

 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʅʦʤʠʥʘʣʴʥʘʷ ʩʠʣʘ, ʄʅ 10 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ÁC 
23,5 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʪʨʘʚʝʨʩʳ, ʤʤ/ʩ 
1 

 

ʈʠʩ. 37 ï ʋʥʠʚʝʨʩʘʣʴʥʘʷ 

ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 39ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʕʆʉ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʚ ʪʦ 

ʚʨʝʤʷ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 39ʙ ʛʨʘʬʠʢʠ ʧʝʨʝʤʝʱʝʥʠʷ ï ʩʠʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʦ ʪʨʸʤ ʦʙʨʘʟʮʘʤ. ʅʘ ʨʠʩʫʥʢʝ 39ʚ ʧʦʢʘʟʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 18-ʪʠ ʦʙʨʘʟʮʦʚ. 
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ʆʙʨʘʟʝʮ \ ʇɿ: 25% 50% 100% 

ɸɹʉ    

ʇʃɸ    

ʈʠʩ. 38 ï ʆʙʨʘʟʮʳ ʥʘ ʩʞʘʪʠʝ ʩ ʨʘʟʥʦʡ ʉɿ. 

 

 

ʊʘʙʣʠʮʘ 6. ʈʝʟʫʣʴʪʘʪʳ ʕʆʉ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ 

(ʉɿ) 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʘ 

ʠʩʭʦʜʥʳʝ, 

ʤʤ 

ʢʦʥʝʯʥʳʝ, 

ʤʤ 

25% 50% 
100

% 
Hʠʩʨ. Dʠʩʨ. Hʢʩʨ. Dʢʩʨ. 

1_1_25%_ABS 

A
B

S
 

ʭ   29,5 24,7 19,0 27,9 

2_2_25%_ABS ʭ   29,6 24,9 19,5 27,9 

3_3_25%_ABS ʭ   29,5 24,7 19,5 28,4 

4_1_50%_ABS  x  29,9 24,8 21,4 27,3 

5_2_50%_ABS  x  29,8 24,8 22,9 27,1 

6_3_50%_ABS  x  29,7 24,7 18,2 29,5 

7_1_100%_ABS   x 29,6 24,8 18,2 30,5 

8_2_100%_ABS   x 29,9 24,7 16,9 31,8 

9_3_100%_ABS   x 29,8 24,8 20,1 29,0 
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10_1_25%_PLA 

P
L
A

 

x   29,9 24,8 18,4 27,6 

11_2_25%_PLA x   29,9 24,8 17,6 27,8 

12_3_25%_PLA x   29,8 24,8 16,6 28,8 

13_1_50%_PLA  x  29,9 24,8 17,3 29,5 

14_2_50%_PLA  x  29,9 24,8 17,3 30,6 

15_3_50%_PLA  x  29,9 24,8 18,8 28,9 

16_1_100%_PLA   x 29,9 24,9 17,1 30,8 

17_2_100%_PLA   x 29,9 24,8 17,0 33,5 

18_3_100%_PLA   x 29,9 24,8 18,6 30,1 

 

ʘ) 

ʙ) 
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ʚ) 

ʈʠʩ. 39 ï ʈʝʟʫʣʴʪʘʪʳ ʕʆʉ 

 

3.3.3 ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ (ʕʆʈ) 

 

ʆʙʨʘʟʮʳ ʧʝʯʘʪʘʣʠʩʴ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʨʘʟʥʳʤʠ ʮʚʝʪʦʚʳʤʠ ʧʠʛʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʣʠʷʥʠʷ ʥʝ ʦʢʘʟʳʚʘʶʪ. ʇʨʦʙʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʤʦʞʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʢʘʢ ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʝʯʘʪʠ ʠʣʠ ʋʇ, ʪʘʢ ʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʵʢʩʪʨʫʜʝʨʘ ʠʣʠ 

ʅʇ (ʨʠʩʫʥʦʢ 40). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʘʰʠʥʘ 

Walter+Bai LFM-L ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʩʠʣʦʡ 10 ʢʅ (ʨʠʩʫʥʦʢ 41ʘ ʠ 41ʙ). ʆʙʨʘʟʮʳ 

ʤʘʨʢʠʨʦʚʘʣʠʩʴ ʠ ʠʩʧʳʪʳʚʘʣʠʩʴ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʩʯʸʪ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ, 

ʚʳʟʚʘʥʥʦʡ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʰʠʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʧʝʨʝʤʝʱʝʥʠʝ-ʩʠʣʘ ʚ ʚʠʜʝ ʢʘʨʪʠʥʢʠ. ʅʘ ʨʠʩʫʥʢʝ 42 ʧʦʢʘʟʘʥʦ ʩʦʚʤʝʱʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʯʝʪʳʨʸʭ ʦʙʨʘʟʮʦʚ. 
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ʈʠʩ. 40 ï 

ʆʨʠʝʥʪʘʮʠʷ 

ʦʙʨʘʟʮʦʚ ʧʨʠ 3D-

ʧʝʯʘʪʠ 
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 ʘ)  ʙ) 

 ʚ) 

ʈʠʩ. 41 ï ʀʩʧʳʪʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʕʆʈ 

 

 

ʈʠʩ. 42 ï ʇʨʠʤʝʨʳ ʧʦʣʫʯʘʝʤʳʭ ʤʘʰʠʥʥʳʭ ʜʠʘʛʨʘʤʤ ʩʠʣʘ-ʭʦʜ 
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3.3.4 ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ (ʕʋʇ) 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Walter + Bai 

LFM-L ʥʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʩʠʣʦʡ 10 ʢʅ (ʨʠʩʫʥʦʢ 43ʘ) ʧʦ 

ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʮʠʢʣʫ ʥʘʛʨʫʞʝʥʠʷ (ʨʠʩʫʥʦʢ 43ʙ). 

 

  

ʘ) 

ʙ) 

ʈʠʩ. 43 ï ʆʙʱʠʡ ʚʠʜ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ (ʘ) ʠ ʛʨʘʬʠʢ ʥʘʛʨʫʞʝʥʠʷ (ʙ) 
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ʈʠʩ. 44 ï ʅʝʢʦʪʦʨʳʝ ʦʙʨʘʟʮʳ ʜʦ ʠ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ 

 

 

ʈʠʩ. 45 ï ʉʪʦʣʙʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦ ʅʇ 
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ʈʠʩ. 46 ï ʉʪʦʣʙʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦ ʋʇ 

 

ɺʠʜʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʙʣʠʞʝ ʢ ʦʙʣʘʩʪʠ 

ʟʘʭʚʘʪʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ (ʨʠʩʫʥʦʢ 44). ʊʘʢʞʝ ʦʪʯʸʪʣʠʚʦ 

ʨʘʟʣʠʯʠʤʳ ʨʘʟʣʠʯʠʷ ʚ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʤʝʩʪʘʭ ʨʘʟʨʫʰʝʥʠʡ (ʨʦʚʥʳʡ ʩʨʝʟ ʠ 

ʨʘʟʨʫʰʝʥʠʝ ʩ ʚʳʩʪʫʧʘʤʠ). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʨʫʰʝʥʠʝ. ʊʘʢʞʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

3D-ʧʝʯʘʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʩʪʦʣʘ (XOY). ʅʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʚʳʜʝʨʞʘʣʠ 

ʦʙʨʘʟʮʳ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʅʇ 2 ʠ 6 (ʨʠʩʫʥʦʢ 45), ʘ ʪʘʢʞʝ ʋʇ 30Á-60Á (ʨʠʩʫʥʦʢ 

46). 

 

3.3.5 ʆʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʉɿ ʠ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʟʮʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ ʧʦ ʫʨʘʚʥʝʥʠʷʤ 4 ï 7. ʇʦʩʢʦʣʴʢʫ 
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ʦʧʨʝʜʝʣʠʪʴ ʠʪʦʛʦʚʫʶ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʦʙʨʘʟʮʘ ʧʦʩʣʝ 

ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʜʝʬʦʨʤʘʮʠʷ ʠ ʨʘʟʨʫʰʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʧʝʨʝʤʳʯʝʢ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʝ ʫʯʠʪʳʚʘʝʤʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʦ ʨʘʩʯʸʪ 

ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ (ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

(A = pD2) ʠ ʛʘʥʪʝʣʝʦʙʨʘʟʥʦʛʦ (A = ab), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʥʠʞʥʝʝ 

ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʚʝʨʭʥʝʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʩʞʘʪʠʠ. 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʛʦ 

ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʆʕɼ ʢ ʤʘʩʩʝ ʦʙʨʘʟʮʘ (c) ʧʦ 

ʫʨʘʚʥʝʥʠʶ 13. ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʦʮʝʥʠʚʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʘʣʠ ʩ ʠʟʚʝʩʪʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʤʘʩʩʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʚʥʝʰʥʝʡ ʨʘʙʦʪʝ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ. 

 

*

ʤɟ ɟ ,ʦʙʨ ʦʙʨ ʦʙʨm V ʉɿ V= =      (4) 

 

2

ʤ ʤɟ ˊ H, ɟ ,ʩʞ ʨʘʩʪ

ʦʙʨ ʦʙʨm Cɿ D m Cɿ abl= =     (5) 

 

ʤ ʤ
ʩʞ ʨʘʩʪ2

ɟ H ɟ
ů ,ů ,

ˊ ʩʞ ʨʘʩʪ

F F Fʉɿ F F Fʉɿ l

A D m A ab m
= = = = = =   (6) 

 

ɢ ,
ʆʕɼ

m
=       (7) 

ʛʜʝ mʦʙʨ ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʛ; r* - ʧʣʦʪʥʦʩʪʴ ʷʯʝʠʩʪʦʛʦ ʦʙʨʘʟʮʘ, ʙʝʟ ʫʯʸʪʘ 

ʤʠʢʨʦʧʦʨ, ʛ/ʤʤ3; ʉɿ ï ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʦʙʨʘʟʮʘ; rʤ ï ʧʣʦʪʥʦʩʪʴ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ, ʛ/ʤʤ3; Vʦʙʨ ï ʦʙʲʸʤ ʦʙʨʘʟʮʘ, ʤʤ
3; H ï 

ʠʩʭʦʜʥʘʷ ʚʳʩʦʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ, ʤʤ; l ï ʜʝʬʦʨʤʠʨʫʝʤʘʷ ʜʣʠʥʘ 

ʛʘʥʪʝʣʝʦʙʨʘʟʥʦʛʦ ʦʙʨʘʟʮʘ, ʤʤ; c ï ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʝ (ʋʕʇ), ɼʞ/ʛ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʚʳʙʨʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʟʤʝʨʦʚ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ 
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ʜʣʷ ʤʝʪʘʣʣʦʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦʜ 45Á ʠ ʤʝʩʪʘ 

ʫʪʦʥʝʥʠʡ. ɺ ʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʟʨʫʰʝʥʠʷʤ, ʧʨʦʭʦʜʷʱʠʤ 

ʚʥʫʪʨʠ ʥʝʩʧʣʦʰʥʦʛʦ ʦʙʨʘʟʮʘ ʦʮʝʥʠʪʴ ʦʙʱʫʶ ʜʝʬʦʨʤʘʮʠʶ ʦʢʘʟʳʚʘʝʪʩʷ 

ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʧʦ 

ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʧʦʛʣʦʱʘʝʤʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʋʕʇʉ) ʦʙʨʘʟʮʘ, ʷʚʣʷʶʱʝʡʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʢ ʤʘʩʩʝ ʦʙʨʘʟʮʘ (c). ɺ ʦʪʢʨʳʪʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʙr ʣʠ ʥʘʡʜʝʥʳ ʛʨʘʬʠʢʠ ʧʝʨʝʤʝʱʝʥʠʷ ï ʭʦʜ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ ʋʕʇʉ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʧʦʣʠʤʝʨʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. 

 

 ʘ) 

ʈʠʩ. 47 ï ʆʩʨʝʜʥʸʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ: ʘ) 

ʧʦʩʪʨʦʝʥʠʝ ʤʘʰʠʥʥʳʭ 

ʜʠʘʛʨʘʤʤ ʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ ʧʦ 

ʛʨʘʬʠʯʝʩʢʦʤʫ 

ʠʟʦʙʨʘʞʝʥʠʶ 

(ɸɹʉ, ʉɿ = 0,5, ʅʇ 1-

0Á); ʙ) ʧʦʩʪʨʦʝʥʠʝ 

ʤʘʰʠʥʥʳʭ ʜʠʘʛʨʘʤʤ ʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʬʘʡʣʘ ʩ ʚʳʛʨʫʟʢʦʡ  

ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ 

(ʇʃɸ, ʉɿ = 0,5). 

 ʙ) 
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ɻʨʘʬʠʢʠ ʩʠʣʘ ï ʭʦʜ ʜʣʷ ʀʆʈ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤ 

ʊ-ʌʣʝʢʩ ʠ Excel. ʊʘʢ ʢʘʢ ʛʨʘʬʠʢʠ ʚʳʛʨʫʞʘʣʠʩʴ ʚ ʚʠʜʝ ʢʘʨʪʠʥʢʠ, ʪʦ ʜʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʧʨʠʤʝʥʷʣʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ. 

ʉʥʘʯʘʣʘ ʢʘʨʪʠʥʢʘ ʟʘʛʨʫʞʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʫ ʊ-ʌʣʝʢʩ ʠ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʢʦʦʨʜʠʥʘʪʳ ʥʝ ʤʝʥʝʝ 50 ʪʦʯʝʢ. 

ɼʘʣʝʝ, ʢʦʦʨʜʠʥʘʪʳ ʟʘʛʨʫʞʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʫ Excel ʠ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 6-ʦʛʦ 

ʧʦʨʷʜʢʘ. ɼʘʣʝʝ ʤʝʪʦʜʦʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʧʦ ʤʘʩʩʠʚʫ ʪʦʯʝʢ ʠ ʤʝʪʦʜʦʤ 

ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʧʣʦʱʘʜʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ (ʆʕɼ). ɼʣʷ 

ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʠ ʩʚʷʟʠ ʩʦ ʉɿ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʦʪʥʦʰʝʥʠʝ 

ʋʕʇʉ. ʅʘ ʨʠʩʫʥʢʝ 48 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʕʆʉ ʠ ʕʆʈ. 

ɼʠʘʛʨʘʤʤʘ ʥʘ ʨʠʩʫʥʢʝ 48ʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ, ʪʘʢ ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʦʙʨʘʟʮʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʤʦʜʝʣʴʥʦʛʦ 

(ʧʦʣʠʤʝʨʥʦʛʦ) ʤʘʪʝʨʠʘʣʘ ʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʦʙʨʘʟʮʘʤ. 

ʋʨʘʚʥʝʥʠʝʤ ʧʝʨʝʭʦʜʷ ʷʚʣʷʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ 

ï ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʝ ʤʘʪʝʨʠʘʣʘ: 

ln ,A m Bc= +       (8) 

ʛʜʝ mʦʙʨ ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʛ; c ï ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʝ (ʋʕʇ), ɼʞ/ʛ; ɸ 

ʠ B ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʦʛʥʫʪʦʩʪʠ 

ʬʫʥʢʮʠʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʦʰʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [86]. ʊʦʛʜʘ ʧʦʜʩʯʠʪʳʚʘʷ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʷ 

ʩʧʣʦʰʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʝʩʧʣʦʰʥʦʛʦ 

ʦʙʨʘʟʮʘ, ʥʘʥʝʩʸʤ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʘʩʩʘ ʦʙʨʘʟʮʘ ï ʫʜʝʣʴʥʦʝ 

ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʝ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ 

ʛʨʘʬʠʢʝ ʫʨʘʚʥʝʥʠʷ 8. 
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 ʘ) ʙ) 

 ʚ) 

ʈʠʩ. 48 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʋʕʇʉ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʤʦʜʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ/ʪʝʢʫʯʝʩʪʠ) ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ 8. 

ʌʘʢʪʠʯʝʩʢʠ, ʩʢʘʥʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʪʩʷ ʚ ʵʪʦʡ ʤʝʪʦʜʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʜʝʬʦʨʤʘʮʠʠ (ʇʨʠʣʦʞʝʥʠʝ 4), ʥʘ ʢʦʪʦʨʫʶ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʦʙʨʘʟʮʘ, ʪʘʢ ʠ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ɻʣʘʚʘ 4. ʇʨʠʤʝʨʳ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ stl-

ʤʦʜʝʣʝʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

RangeVision, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ ʉʇ. ʂʨʘʪʢʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ 

ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 7. 

 

ʊʘʙʣʠʮʘ 7. ʊʝʭʥʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ 3D-ʩʢʘʥʝʨʦʚ RangeVision  

ʄʦʜʝʣʴ 
ʆʙʣʘʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʤʤ 

ʈʘʟʤʝʨ 

ʦʙʲʝʢʪʘ, ʤʤ 

ʊʦʯʥʦʩʪʴ 

3D-ʪʦʯʢʠ 

3D-

ʨʘʟʨʝʰʝʥʠʝ 

Premium 
ʤʘʢʩ. 450ʭ150ʭ400 

ʤʠʥ. 66ʭ50ʭ50 
1 ï 3 000 0,03 ï 0,16 0,043 ï 0,35 

Spectrum 
ʤʘʢʩ. 520ʭ390ʭ390 

ʤʠʥ. 133ʭ100ʭ100 
10 ï 3 000 0,04 ï 0,12 0,072 ï 0,26 

 

4.1 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ 200 ʤʤ ʜʦ 30 ʤʤ 

 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʤʝʥʥʳʭ ʦʙʲʝʢʪʠʚʦʚ-ʢʘʤʝʨ: ʧʦ ʙʦʣʴʰʦʤʫ ʧʦʣʶ (ʢʘʤʝʨʳ 9 ʤʤ), ʧʦ ʤʘʣʦʤʫ 

ʧʦʣʶ (ʢʘʤʝʨʳ 25 ʤʤ) ʠ ʩʦʚʤʝʱʸʥʥʦʝ (ʩʥʘʯʘʣʘ ʢʘʤʝʨʳ 9 ʤʤ, ʟʘʪʝʤ ʢʘʤʝʨʳ 

25 ʤʤ). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 6 ʠʟʜʝʣʠʡ: 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʠʟʜʝʣʠʷ (ʄɸʐ), ʦʙʨʘʟʮʳ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ (ʄʀ), ʩʫʚʝʥʠʨʥʘʷ (ʉʇ) ʠ ʛʨʘʞʜʘʥʩʢʘʷ (ɻʈ) ʧʨʦʜʫʢʮʠʠ. 

ʇʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʚʳʙʨʘʥʥʳʤ ʠʟʜʝʣʠʷʤ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 8. 

ʂʘʞʜʦʝ ʠʟ ʚʳʙʨʘʥʥʳʭ ʠʟʜʝʣʠʡ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠ ʧʦʩʪʘʥʦʚʢʫ ʫʥʠʢʘʣʴʥʦʡ ʟʘʜʘʯʠ ʜʣʷ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ 9). ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ, 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʚʰʠʝ ʚʳʩʦʢʠʝ ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʠ/ʠʣʠ ʧʦʛʣʦʱʘʪʝʣʴʥʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʝʪʘ, ʧʦʢʨʳʚʘʣʠ ʧʨʦʷʚʠʪʝʣʝʤ (ʜʣʷ ʜʝʬʝʢʪʦʩʢʦʧʠʠ), 
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ʦʙʨʘʟʫʶʱʠʡ ʧʣʸʥʢʫ ʙʝʣʦʛʦ ʮʚʝʪʘ ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ. ɼʣʷ ʉʇ-2 ʥʘʥʝʩʝʥʠʝ 

ʧʨʦʷʚʠʪʝʣʷ ʥʝ ʪʨʝʙʦʚʘʣʦʩʴ. 

 

ʊʘʙʣʠʮʘ 8. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʜʝʣʠʷʤ 

ˉ ʅʘʟʚʘʥʠʝ ʄʘʨʢʠʨʦʚʢʘ ʆʧʠʩʘʥʠʝ 

1 
ʈʳʯʘʛ ʚʳʢʣʶʯʝʥʠʷ 

ʩʮʝʧʣʝʥʠʷ ʘ/ʤ ɺɸɿ-21010 
ʄɸʐ-1 

ʩʪʘʣʴ, ʣʠʩʪʦʚʘʷ 

ʰʪʘʤʧʦʚʢʘ, 

ʣʘʢʦʢʨʘʩʦʯʥʦʝ ʧʦʢʨʳʪʠʝ 

2 
ʂʨʦʥʰʪʝʡʥ ʘ/ʤ ɺɸɿ-2105 

ʛʝʥʝʨʘʪʦʨʘ ʊɿɸ 
ʄɸʐ-2 

ʩʪʘʣʴʥʦʝ ʣʠʪʴʸ, ʙʝʟ 

ʧʦʢʨʳʪʠʷ 

3 
ʄʝʪʘʣʣʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʠʟ 

ʧʨʦʚʦʣʦʢʠ Å 1,5 ʤʤ 
ʄɸʐ-5 ʩʪʘʣʴ, ʭʦʣʦʜʥʘʷ ʥʘʚʠʚʢʘ 

4 ɼʚʝʨʥʦʡ ʢʣʶʯ ɻʈ-1 
ʣʘʪʫʥʴ, ʭʦʣʦʜʥʘʷ 

ʦʙʲʸʤʥʘʷ ʰʪʘʤʧʦʚʢʘ 

5 ʇʘʤʷʪʥʳʝ ʤʝʜʘʣʠ ʉʇ-1 ʣʘʪʫʥʴ, ʯʝʢʘʥʢʘ 

6 ɹʨʝʣʦʢ ʉʇ-2 ʇɺʍ, ʣʠʪʴʸ ʚ ʬʦʨʤʫ 

 

ʊʘʙʣʠʮʘ 9. ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʜʝʣʠʡ 

ʄʘʨʢʠʨʦʚʢʘ ʆʩʦʙʝʥʥʦʩʪʠ 

ʄɸʐ-1 
ʣʠʩʪʦʚʘʷ ʜʝʪʘʣʴ, ʪʦʣʱʠʥʘ ʣʠʩʪʘ 2 ʤʤ, ʩʦʩʪʘʚʥʘʷ ʜʝʪʘʣʴ, 

ʦʪʚʝʨʩʪʠʷ ʠ ʟʘʢʣʸʧʢʠ, ʮʠʬʨʦʚʘʷ ʤʘʨʢʠʨʦʚʢʘ 

ʄɸʐ-2 
ʦʙʲʸʤʥʘʷ ʜʝʪʘʣʴ, ʨʸʙʨʘ ʞʸʩʪʢʦʩʪʠ, ʦʪʚʝʨʩʪʠʷ, ʮʠʬʨʦʚʘʷ ʠ 

ʙʫʢʚʝʥʥʘʷ ʤʘʨʢʠʨʦʚʢʠ 

ʄɸʐ-5 ʧʨʦʚʦʣʦʢʘ, ʠʟʛʠʙʳ, ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʢʦʥʮʦʚ 

ɻʈ-1 
ʦʙʲʸʤʥʘʷ ʜʝʪʘʣʴ, ʦʪʚʝʨʩʪʠʝ, ʙʦʨʦʜʢʘ ʠ ʢʦʨʦʥʢʘ, ʙʫʢʚʝʥʥʘʷ 

ʤʘʨʢʠʨʦʚʢʘ 

ʉʇ-1 ʣʠʩʪʦʚʦʝ ʠʟʜʝʣʠʝ, ʨʝʣʴʝʬ ʤʘʣʦʡ ʚʳʩʦʪʳ 

ʉʇ-2 ʥʝʙʦʣʴʰʘʷ ʚʳʩʦʪʘ, ʥʝ ʤʦʥʦʭʨʦʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʥʘʜʧʠʩʠ 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʮʠʬʨʦʚʦʡ ʠ ʙʫʢʚʝʥʥʦʡ ʤʘʨʢʠʨʦʚʢʘʤ 

ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʠʢʘ ʩʦʚʤʝʱʸʥʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʢʦʪʦʨʦʡ ʩʥʘʯʘʣʘ 

ʧʨʦʚʦʜʠʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʙʦʣʴʰʦʤʫ ʧʦʣʶ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʨʫʧʥʳʝ 

ʵʣʝʤʝʥʪʳ ʛʝʦʤʝʪʨʠʠ, ʘ ʟʘʪʝʤ ʧʦ ʤʘʣʦʤʫ ʧʦʣʶ, ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʵʪʘʧʝ ʦʙʲʝʜʠʥʝʥʠʷ ʆʊ ʚ 

ʧʝʨʚʳʡ ʥʘʙʦʨ ʆʊ ʜʦʙʘʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʥʘʙʦʨ ʆʊ ʠ ʜʘʣʝʝ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ 

stl-ʤʦʜʝʣʴ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʟʤʝʨ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʘʟʤʝʨʫ 

ʚʩʝʡ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʘʣʦʤʫ ʧʦʣʶ 

(ʨʠʩʫʥʢʠ 50 ï 53). ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʣʢʠʭ ʜʝʬʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʜʝʣʠʡ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʦʩʪʘʚʣʝʥʥʳʤ ʢ ʟʘʜʘʯʘʤ. ɼʘʪʯʠʢʠ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʩʠʩʪʝʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʮʚʝʪ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʮʚʝʪʥʳʝ stl-ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 53ʚ). 

 

 

ʈʠʩ. 49 ï ʀʟʜʝʣʠʷ ʄɸʐ-1 (ʚʚʝʨʭʫ) ʠ ʄɸʐ-2 (ʚʥʠʟʫ): ʘ ï ʠʩʭʦʜʥʦʝ 

ʠʟʜʝʣʠʝ; ʙ ï stl-ʤʦʜʝʣʴ; ʚ ï ʫʪʦʯʥʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʦʙʣʘʩʪʠ. 

 

ʇʦʤʠʤʦ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʩ ʫʯʸʪʦʤ ʮʚʝʪʘ ʠ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʤʘʢʨʦʫʨʦʚʝʥʴ, ʚʠʜʠʤʳʡ ʛʣʘʟʦʤ ʯʝʣʦʚʝʢʘ). 
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ʈʠʩ. 50 ï ʀʟʜʝʣʠʝ ʄɸʐ-5: ʘ ï 

ʠʩʭʦʜʥʦʝ ʠʟʜʝʣʠʝ; 

ʙ ï stl-ʤʦʜʝʣʴ. 

ʈʠʩ. 51 ï ʀʟʜʝʣʠʝ ɻʈ-1: ʘ ï 

ʠʩʭʦʜʥʦʝ ʠʟʜʝʣʠʝ, ʧʦʢʨʳʪʦʝ ʙʝʣʳʤ 

ʧʨʦʷʚʠʪʝʣʝʤ; ʙ, ʚ ï stl-ʤʦʜʝʣʴ 

ʣʠʮʝʚʦʡ ʠ ʦʙʦʨʦʪʥʦʡ ʩʪʦʨʦʥ ʢʣʶʯʘ; 

ʛ ï ʫʚʝʣʠʯʝʥʥʘʷ ʥʘʜʧʠʩʴ ʥʘ ʛʦʣʦʚʢʝ 

ʢʣʶʯʘ. 

 

  

ʈʠʩ. 52 ï ʀʟʜʝʣʠʝ ʉʇ-1: ʘ, ʙ ï 

ʠʩʭʦʜʥʳʝ ʛʝʦʤʝʪʨʠʠ; 

ʚ, ʛ ï stl-ʤʦʜʝʣʠ. 

ʈʠʩ. 53 ï ʀʟʜʝʣʠʝ ʉʇ-2: ʘ ï 

ʠʩʭʦʜʥʦʝ ʠʟʜʝʣʠʝ; 

ʙ ï stl-ʤʦʜʝʣʴ; ʚ ï ʥʘʥʝʩʝʥʠʝ 

ʮʚʝʪʥʦʡ ʪʝʢʩʪʫʨʳ. 

 

ʅʘʥʝʩʝʥʠʝ ʙʝʣʦʛʦ ʧʨʦʷʚʠʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʠ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʚʳʩʦʢʠʤʠ ʦʪʨʘʞʘʪʝʣʴʥʳʤʠ ʠ/ʠʣʠ ʧʦʛʣʦʱʘʪʝʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ. 

ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʆʊ stl-ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 
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ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʩʯʸʪʥʳʭ ʟʘʜʘʯ [87]. 

 

4.2 ʇʨʠʥʮʠʧ ʩʦʚʤʝʱʸʥʥʦʛʦ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 54 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ 

ʩʦʚʤʝʱʸʥʥʦʤʫ ʧʨʠʥʮʠʧʫ. ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʤʝʪʢʠ ʠʤʝʶʪ ʫʟʥʘʚʘʝʤʳʡ 

ʨʝʣʴʝʬ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦ ʢʘʯʝʩʪʚʝ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ. 

ʉʨʘʚʥʝʥʠʝ ʚʳʩʦʪʳ ʨʝʣʴʝʬʘ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʤʝʪʦʢ ʧʦʢʘʟʘʣʦ, ʯʪʦ ~80% 

ʚʩʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʯʝʪʳʨʸʤ ʜʝʪʘʣʷʤ ʥʘʭʦʜʷʪʩʷ 

ʚ ʧʦʣʝ ʜʦʧʫʩʢʘ °0,05 ʤʤ (ʨʠʩʫʥʦʢ 55). 

 

 

 

 

ʈʠʩ. 54 ï ʈʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ 
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ʈʠʩ. 55 ï ʉʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʚ CAI 

 

4.3. 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʧʨʦʪʦʪʠʧʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ 

ʪʦʥʢʦʩʪʝʥʥʘʷ ʜʝʪʘʣʴ çʉʝʛʤʝʥʪ ʢʨʳʣʘè, ʪʨʸʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 56. ʇʨʦʪʦʪʠʧ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ 3D-ʧʝʯʘʪʠ 

ʧʦ ʪʝʭʥʦʣʦʛʠʠ FFF ʠʟ ɸɹʉ-ʧʣʘʩʪʠʢʘ (ʧʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 1,06 ʛ/ʩʤ3). ʆʧʪʠʯʝʩʢʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʦʧʪʠʯʝʩʢʦʤ ʩʢʘʥʝʨʝ RangeVision Spectrum ʩ ʜʚʫʤʷ ʢʘʤʝʨʘʤʠ, ʨʘʙʦʪʘʶʱʝʤ 

ʧʦ ʧʨʠʥʮʠʧʫ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʚʝʪʘ. 

 

 

ʈʠʩ. 56 ï ʇʨʦʪʦʪʠʧ çʉʝʛʤʝʥʪ ʢʨʳʣʘè (ʩʣʝʚʘ) ʠ ʝʛʦ ʨʘʟʨʝʟ ʩ ʫʢʘʟʘʥʠʝʤ 

ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ ʚʥʝʰʥʝʡ ʩʪʝʥʢʠ (ʩʧʨʘʚʘ [74] 










































































































