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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1 

ʆʉʅʆɺʀ ʇʈʆɻʈɸʄʋɺɸʅʅʗ ʅɸ ɺɽʈʉʊɸʊɸʍ ɿ ʏʀʉʃʆɺʀʄ ʇʈʆɻʈɸʄʅʀʄ 

ʂɽʈʋɺɸʅʅʗʄ (ʏʇʂ) 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʥʘʚʯʠʪʠʩʷ ʩʢʣʘʜʘʪʠ 

ʢʘʜʨʠ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ. 

ʆʙʣʘʜʥʘʥʥʷ, ʤʘʪʝʨʽʘʣʠ, ʽʥʩʪʨʫʤʝʥʪʠ ʽ ʟʘʛʦʪʦʚʢʠ: ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʤʦʜʝʣʽ 

çDYNAMYTE 2800è; ʪʦʢʘʨʥʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʤʦʜʝʣʽ çORAC MBC 84è.  

ʂʦʨʦʪʢʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʉʠʩʪʝʤʠ ʏʇʂ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʘ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʜʘʯʽ ʢʝʨʫʶʯʠʭ ʜʽʡ ʚʠʢʦʥʫʶʯʠʤ ʦʨʛʘʥʦʤ ʚʝʨʩʪʘʪʘ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʢʝʨʫʶʯʦʶ ʧʨʦʛʨʘʤʦʶ. ʉʪʘʥʜʘʨʪʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʦʤ ʟ ʏʇʂ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ɼʠʟʘʡʥʝʨ ʜʝʪʘʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ CAD/CAM ʧʨʦʛʨʘʤʠ 1. ʆʪʨʠʤʘʥʠʡ ʮʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ ʨʝʟʫʣʴʪʘʪ ï ʧʽʜʧʨʦʛʨʘʤʫ 2, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ G ï ʢʦʜʫ, ʧʝʨʝʜʘʻʪʴʩʷ ʫ 

ʢʦʥʪʨʦʣʝʨ ʚʝʨʩʪʘʪʘ 3. ʂʦʥʪʨʦʣʝʨ ʚʝʨʩʪʘʪʘ ʧʝʨʝʚʦʜʠʪʴ ʧʽʜʧʨʦʛʨʘʤʫ ʫ ʚʠʜ, ʷʢʠʡ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʨʽʞʫʯʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. ɺʽʩʽ ʚʝʨʩʪʘʪʘ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʨʫʭ ʚʽʜ ʩʝʨʚʦ ï ʘʙʦ ʰʘʛʦʚʠʭ 

ʜʚʠʛʫʥʽʚ. ɼʨʘʡʚʝʨʠ ʧʝʨʝʚʽʨʷʶʪʴ ʯʠ ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʽ ʽ ʜʦʧʫʩʪʠʤʽ ʚ ʯʘʩʽ ʩʠʛʥʘʣʠ, ʷʢʽ ʧʦʩʪʫʧʘʶʪʴ 

ʚʽʜ ʢʦʥʪʨʦʣʝʨʘ ʚʝʨʩʪʘʪʘ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʘʥʜʘʨʪʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʦʤ ʟ ʏʇʂ: 1 ï CAD/CAM ʧʨʦʛʨʘʤʘ; 2 ï 

ʧʽʜʧʨʦʛʨʘʤʘ; 3 ï ʢʦʥʪʨʦʣʝʨ; 4 ï ʚʝʨʩʪʘʪ. 

 

ʈʦʟʨʦʙʢʘ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ʂʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ (ʂʇ) ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʪʨʘʻʢʪʦʨʽʾ ʽʥʩʪʨʫʤʝʥʪʘ, ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ V  ʘʙʦ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ S, ʧʦʜʘʯʽ F, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʤʘʥʜʠ (ʟʤʽʥʥʘ 

ʽʥʩʪʨʫʤʝʥʪʘ, ʚʢʣʶʯʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʽʥʰ.). 

ʇʨʠ ʟʘʧʠʩʫ ʢʘʜʨʽʚ ʧʽʜ ʩʣʦʚʦʤ ʧʨʦʛʨʘʤʠ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʤʚʦʣʽʚ, ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʧʝʚʥʦʤʫ ʟʚ'ʷʟʢʫ ʷʢ ʻʜʠʥʝ ʮʽʣʝ. ɺʦʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʜʨʝʩʠ, ʧʦʟʥʘʯʝʥʦʛʦ ʣʽʪʝʨʦʶ, ʽ 

ʯʠʩʣʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʘʙʦ ʚʝʣʠʯʠʥʫ ʧʝʨʝʤʽʱʝʥʥʷ, ʘʙʦ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ, ʘʙʦ ʢʦʜ ʷʢʦʾʩʴ ʽʥʰʦʾ 

ʬʫʥʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʩʣʦʚʦ Y + 013345 ʦʟʥʘʯʘʻ ʥʘʩʪʫʧʥʝ, ʧʝʨʝʤʽʱʝʥʥʷ ʩʫʧʦʨʪʘ ʚʝʨʩʪʘʪʘ ʚ 



ʧʦʟʠʪʠʚʥʦʤʫ ʥʘʧʨʷʤʢʫ ʦʩʽ Y ʥʘ ʚʝʣʠʯʠʥʫ 13 345 ʽʤʧʫʣʴʩʽʚ, ʱʦ ʧʨʠ ʜʠʩʢʨʝʪʥʦʩʪʽ 0,01 ʤʤ/ʽʤʧ 

ʦʟʥʘʯʘʻ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ 133,45 ʤʤ. ʏʘʩʪʠʥʘ ʩʣʦʚʘ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʨʠʟʥʘʯʝʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʟʘ ʥʠʤ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʮʴʦʤʫ ʩʣʦʚʽ ʥʘʟʠʚʘʶʪʴ ʘʜʨʝʩʦʶ. ʌʨʘʟʫ ʩʢʣʘʜʘʶʪʴ ʢʽʣʴʢʘ 

ʩʣʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʦʙʨʦʙʢʫ ʧʝʚʥʦʾ ʜʽʣʷʥʢʠ ʟʘʛʦʪʦʚʢʠ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʝʦʤʝʪʨʠʯʥʽ 

ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʧʝʚʥʦʾ ʜʽʣʷʥʢʠ ʘʙʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʜʦʧʦʤʽʞʥʠʭ ʬʫʥʢʮʽʡ (ʧʦʯʘʪʦʢ ʧʨʦʛʨʘʤʠ, ʧʽʜʚʽʜ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʽʥʰ.). ʋ ʧʨʦʛʨʘʤʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʬʨʘʟ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʟʘʛʦʪʦʚʢʠ (ʜʝʪʘʣʽ). ʇʨʦʛʨʘʤʘ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʘ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʟʘ ʬʨʘʟʘʤʠ ʧʦʩʪʽʡʥʦʾ ʽ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ. ʌʨʘʟʠ ʧʦʩʪʽʡʥʦʾ ʜʦʚʞʠʥʠ 

ʥʘʟʠʚʘʶʪʴ ʢʘʜʨʘʤʠ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ ʽ ʥʝʩʫʪʴ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʾ ʥʘʟʠʚʘʶʪʴ ʢʘʜʨʦʤ ʧʨʦʛʨʘʤʠ. ʂʦʞʥʦʤʫ ʩʣʦʚʫ ʧʨʠ ʟʘʧʠʩʽ ʧʨʦʛʨʘʤʠ 

ʢʘʜʨʘʤʠ ʚʽʜʚʝʜʝʥʦ ʧʝʚʥʝ ʯʠʩʣʦ ʨʷʜʢʽʚ. 

ɿʘʧʠʩʠ ʬʨʘʟʘʤʠ ʟʽ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʪʨʴʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʘʜʨʝʩʥʠʤ, 

ʪʘʙʫʣʷʮʽʡʥʠʤ ʽ ʫʥʽʚʝʨʩʘʣʴʥʠʤ. ʇʨʠ ʟʘʧʠʩʽ ʘʜʨʝʩʥʠʤ ʩʧʦʩʦʙʦʤ ʢʦʞʥʝ ʩʣʦʚʦ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʙʫʢʚʠ, 

ʷʢʘ ʚʢʘʟʫʻ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʜʘʣʴʰʦʾ ʯʠʩʣʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʜʦʚʞʠʥʘ ʬʨʘʟ ʚʠʷʚʣʷʻʪʴʩʷ 

ʟʤʽʥʥʦʶ; ʦʜʥʫ ʬʨʘʟʫ ʚʽʜ ʽʥʰʦʾ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʙʫʢʚʦʶ ʅ (ʟʥʘʢ ʟʘʢʽʥʯʝʥʥʷ ʬʨʘʟʠ). ʗʢʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʙʫʣʷʮʽʡʥʠʡ ʩʧʦʩʽʙ ʟʘʧʠʩʫ, ʪʦ ʚʩʽ ʩʣʦʚʘ ʬʨʘʟʠ ʩʣʽʜʫʶʪʴ ʦʜʠʥ ʟʘ ʦʜʥʠʤ ʚ ʧʝʚʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʾʭ ʧʦʜʽʣʷʶʪʴ ʙʫʢʚʦʶ ʗ (ʟʥʘʢ ʪʘʙʫʣʷʮʽʾ, ʫʤʦʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʊɸɺ). ɺ 

ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʩʧʦʩʦʙʽ ʟʘʧʠʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʘʜʨʝʩʥʦʛʦ ʽ ʪʘʙʫʣʷʮʽʦʥʥʦʛʦ 

ʩʧʦʩʦʙʽʚ. 

ʊʦʤʫ ʦʩʥʦʚʥʠʤʠ ʝʪʘʧʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ʂʇ ʷʚʣʷʻʪʴʩʷ: 

¶ ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ (ʩʭʝʤʠ ʫʩʪʘʥʦʚʢʠ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʜʝʪʘʣʽ, ʩʭʝʤʠ ʦʙʨʦʙʢʠ, 
ʽʥʩʪʨʫʤʝʥʪ, ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ ï 20é30% ʪʨʫʜʦʚʠʪʨʘʪ); 

¶ ʈʦʟʨʘʭʫʥʦʢ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʛʝʦʤʝʪʨʠʯʥʦʾ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ (40é45%)); 

¶ ʂʦʜʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ï 20é25%. 

ɼʣ̫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʢʦʦʨʜʠʥʘʪ 

ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʪʨʘʻʢʪʦʨʽʾ ï ʪʘʢ ʥʘʟʚʘʥʠʭ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʚ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʥʘʧʨʘʚʣʝʥʥʷ ʘʙʦ/ʽ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʘ ʘʙʦ ʚʠʜʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʤʘʥʜʠ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʦʤʦʾ ʛʝʦʤʝʪʨʽʾ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʠ ʽʥʩʪʨʫʤʝʥʪʘ ï ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʚʝʨʰʠʥʠ ʬʨʝʟʠ ʘʙʦ ʮʝʥʪʨʘ ʩʢʨʫʛʣʝʥʥʷ, ʪʦʙʪʦ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʧʝʨʝʨʽʟʫ ʜʝʪʘʣʽ (ʨʠʩ. 

2). 

 
ʈʠʩʫʥʦʢ 2 ï ɻʝʦʤʝʪʨʽʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ɼʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʟʘʧʠʩ ʧʨʦʛʨʘʤʠ ʟʜʽʡʩʥʶʶʪʴ ʥʘ ʧʨʦʛʨʘʤʦʥʦʩʽʡ (ʧʝʨʬʦʩʪʨʽʯʢʘʭ, 

ʧʝʨʬʦʢʘʨʪʘʭ, ʤʘʛʥʽʪʥʠʭ ʩʪʨʽʯʢʘʭ). ɭʜʠʥʽ ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʚʝʨʩʪʘʪʽʚ ʧʨʘʚʠʣʘ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʂʇ ʥʘ ʥʦʩʽʾ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɻʆʉʊ 20999 ï 83 ʪʘ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ɯSʆ. 

ʂʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ï ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʘʜʨʽʚ (ʢʦʜʽʚ). ʂʦʞʥʘ ʩʪʨʽʯʢʘ 

ʧʨʦʛʨʘʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʜʨʦʤ. ʉʢʣʘʜ ʢʘʜʨʫ ï ʥʦʤʝʨ ʽ ʦʜʥʝ ʘʙʦ ʜʝʢʽʣʴʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʣʽʚ. 

ʉʪʨʫʢʪʫʨʘ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʢʘʜʨʫ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ ʏʇʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 



 
ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʘ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʢʘʜʨʫ 

 

ʅʘ ʧʦʯʘʪʢʫ ʽ ʚ ʢʽʥʮʽ ʧʨʦʛʨʘʤʠ ʩʪʘʚʠʪʴʩʷ ʟʥʘʢ ç%è. ʇʦ ʮʴʦʤʫ ʩʠʤʚʦʣʽ ʩʠʩʪʝʤʘ ʚʠʟʥʘʯʘʻ 

ʦʙʣʘʩʪʴ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʦʛʨʘʤʘ. ʇʦʪʽʤ ʡʜʝ ʟʘʛʦʣʦʚʦʢ ʧʨʦʛʨʘʤʠ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʙʫʢʚʦʶ çʆè 

ʘʙʦ ç:è ʟ ʥʘʩʪʫʧʥʠʤ ʥʦʤʝʨʦʤ (ʤʘʢʩʠʤʫʤ 4 ʮʠʬʨʠ). ʂʦʞʥʠʡ ʢʘʜʨ ʟʘʚʞʜʠ ʟʘʢʽʥʯʫʻʪʴʩʷ ʩʠʤʚʦʣʦʤ 

ç;è. ɿʘʢʽʥʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʻ ʢʦʤʘʥʜʠ ʄ2, ʄ30 ʘʙʦ ʄ99. ʋʤʦʚʥʦ ʟʘʧʠʩ ʬʦʨʤʘʪʫ ʢʝʨʫʶʯʦʾ 

ʧʨʦʛʨʘʤʠ ʧʦʢʘʟʫʻ, ʷʢ ʩʣʽʜ ʬʦʨʤʫʚʘʪʠ ʡʦʛʦ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʜʣʷ ʜʘʥʦʛʦ ʚʝʨʩʪʘʪʘ. 

ʇʝʨʝʜ ʢʦʜʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʥʫʶʪʴ ʫʤʦʚʥʦ ʟʘʧʠʩ ʢʘʜʨʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ 

ʣʽʪʝʨʥʽ, ʛʨʘʬʽʯʥʽ ʽ ʮʠʬʨʦʚʽ ʩʠʤʚʦʣʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʂʦʜʦʚʽ ʩʠʤʚʦʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʂʇ 

ʉʠʤʚʦʣ ɿʥʘʯʝʥʥʷ 

ɸ ʂʫʪ ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʚʽʩʽ X 

ɺ ʂʫʪ ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʚʽʩʽ Y 

ʉ ʂʫʪ ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʚʽʩʽ Z 

D ɼʨʫʛʘ ʬʫʥʢʮʽʷ ʽʥʩʪʨʫʤʝʥʪʘ 

ɽ ɼʨʫʛʘ ʬʫʥʢʮʽʷ ʧʦʜʘʯʽ 

F ʇʝʨʰʘ ʬʫʥʢʮʽʷ ʧʦʜʘʯʽ 

G ʇʽʜʛʦʪʦʚʯʘ ʬʫʥʢʮʽʷ 

H ʅʝ ʚʠʟʥʘʯʝʥʦ 

I  ʇʘʨʘʤʝʪʨ ʽʥʪʝʨʧʦʣʷʮʽʾ ʘʙʦ ʢʨʦʢ ʨʽʟʴʙʠ ʧʘʨʘʣʝʣʴʥʦ ʚʽʩʽ X 

J ʇʘʨʘʤʝʪʨ ʽʥʪʝʨʧʦʣʷʮʽʾ ʘʙʦ ʢʨʦʢ ʨʽʟʴʙʠ ʧʘʨʘʣʝʣʴʥʦ ʚʽʩʽ Y 

K ʇʘʨʘʤʝʪʨ ʽʥʪʝʨʧʦʣʷʮʽʾ ʘʙʦ ʢʨʦʢ ʨʽʟʴʙʠ ʧʘʨʘʣʝʣʴʥʦ ʚʽʩʽ Z 

L ʅʝ ʚʠʟʥʘʯʝʥʦ 

M ɼʦʧʦʤʽʞʥʘ ʬʫʥʢʮʽʷ 

N ʅʦʤʝʨ ʢʘʜʨʫ 

O ʅʝ ʚʠʟʥʘʯʝʥʦ 

ʈ ʊʨʝʪʠʥʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʩʽ X 

Q ʊʨʝʪʠʥʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʤʽʱʝʥʴ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʩʽ Y 

R 
ʇʝʨʝʤʽʱʝʥʥʷ ʥʘ ʰʚʠʜʢʦʤʫ ʭʦʜʫ ʧʦ ʦʩʽ Z ʘʙʦ ʪʨʝʪʠʥʥʘ ʜʦʚʞʠʥʘ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʩʽ Z 

S ʌʫʥʢʮʽʷ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ 

T ʇʝʨʰʘ ʬʫʥʢʮʽʷ ʽʥʩʪʨʫʤʝʥʪʫ 

U ɺʪʦʨʠʥʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʩʽ X 

V ɺʪʦʨʠʥʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʩʽ Y 

W ɺʪʦʨʠʥʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʩʽ Z 

X ʇʝʨʚʠʥʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʩʽ X 



Y ʇʝʨʚʠʥʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʩʽ Y 

Z ʇʝʨʚʠʥʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʩʽ Z 

ɻʊ ʊʘʙʫʣʷʮʽʷ 

ʇʉ ʂʽʥʝʮʴ ʢʘʜʨʫ 

% ʇʦʯʘʪʦʢ ʧʨʦʛʨʘʤʠ 

( ʂʨʫʛʣʘ ʜʫʞʢʘ ʣʽʚʘ 

) ʂʨʫʛʣʘ ʜʫʞʢʘ ʧʨʘʚʘ 

+ ʇʣʶʩ 

- ʄʽʥʫʩ 

. ʂʨʘʧʢʘ 

; ʇʨʦʧʫʩʢ ʢʘʜʨʫ 

: ɻʦʣʦʚʥʠʡ ʢʘʜʨ 

 

ʈʦʟʤʽʨʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʜʘʶʪʴʩʷ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ X,Y,Z (U,V,W,P,Q,R) ï ʣʽʥʽʡʥʽ; I,J,K ï 

ʢʨʫʛʦʚʽ; A,B,C(D,E) ï ʢʫʪʦʚʽ . ʏʠʩʣʘ ʧʽʩʣʷ ʘʜʨʝʩʽʚ ʟʘʜʘʶʪʴ ʘʙʦ ʘʙʩʦʣʶʪʥʽ ʨʦʟʤʽʨʠ, ʘʙʦ ʧʨʠʨʽʩʪ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʧʽʜʛʦʪʦʚʯʠʭ ʬʫʥʢʮʽʡ. ɿʥʘʯʝʥʥʷ I,J,K ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʟʘʜʘʥʥʷ ʜʫʛʠ. 

ʆʧʠʩʠ ʤʽʩʪʷʪʴ ʧʨʦʪʦʪʠʧʠ ʢʦʤʘʥʜ ʥʘʧʠʩʘʥʽ ʽʥʰʠʤ ʰʨʠʬʪʦʤ. ʋ ʧʨʦʪʦʪʠʧʘʭ ʢʦʤʘʥʜ, ʪʠʣʴʜʘ (~) 

ʦʟʥʘʯʘʻ ʨʝʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ʗʢ ʦʧʠʩʘʥʦ ʨʘʥʽʰʝ, ʨʝʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ (1) ʷʚʥʠʤ ʯʠʩʣʦʤ, 

ʥʘʧʨʠʢʣʘʜ 4,4, (2) ʚʠʨʘʟʦʤ, ʥʘʧʨʠʢʣʘʜ [2+2,4], (3) ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ, ʥʘʧʨʠʢʣʘʜ # 88, ʘʙʦ (4) 

ʟʥʘʯʝʥʥʷʤ ʦʜʠʥʠʯʥʦʾ ʬʫʥʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ ACOS [ 0]. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʷʢʱʦ ʜʘʥʦ ʥʘʟʚʫ ʦʩʽ (ʙʫʜʴ-ʷʢʠʡ ʟ ʥʠʭ X ~, Y ~, Z ~, ɺ ~, ʉ ~, U ~, V ~, 

W ~), ʪʦ ʚʦʥʦ ʧʦʟʥʘʯʘʻ ʪʦʯʢʫ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʦʤʝʨʠ ʦʩʝʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʘʢʪʠʚʥʦʾ ʚ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʢʦʦʨʜʠʥʘʪʥʽʡ ʩʠʩʪʝʤʽ, ʷʢʱʦ ʪʽʣʴʢʠ ʥʝ ʦʧʠʩʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ. ʊʘʤ ʜʝ ʥʘʟʚʠ ʦʩʝʡ ʥʝʦʙʦʚ'ʷʟʢʦʚʽ, ʙʫʜʴ-ʷʢʽ ʧʨʠʧʫʱʝʥʥʷ ʦʩʽ ʙʫʜʫʪʴ ʤʘʪʠ ʾʭ ʧʦʪʦʯʥʽ 

ʟʥʘʯʝʥʥʷ. ɹʫʜʴ-ʷʢʽ ʧʨʝʜʤʝʪʠ ʚ ʧʨʦʪʦʪʠʧʘʭ ʢʦʤʘʥʜ ʥʝ ʷʚʥʦ ʦʧʠʩʘʥʠʭ ʷʢ ʥʝʦʙʦʚ'ʷʟʢʦʚʽ ʧʦʪʨʽʙʥʽ. 

ʗʢʱʦ ʧʦʪʨʽʙʥʠʡ ʧʨʝʜʤʝʪ ʧʨʦʧʫʱʝʥʦ, ʪʦ ʮʝ ʧʦʤʠʣʢʘ. 

U, V ʽ W ʮʝ ʩʠʥʦʥʽʤʠ, ɸ, B ʽ C. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟ U, B ʟ V ʽ ʪ.ʜ. ʙʫʜʝ ʧʦʤʠʣʢʦʶ (ʷʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɸ ʜʚʽʯʽ ʥʘ ʨʷʜʢʫ). ʋ ʜʦʢʣʘʜʥʦʤʫ ʦʧʠʩʽ ʢʦʜʽʚ U, V ʽ W ʥʝ ʷʚʥʦ ʟʛʘʜʫʶʪʴʩʷ ʢʦʞʝʥ 

ʨʘʟ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ɸ, ɺ ʘʙʦ ʉ. 

ʋ ʧʨʦʪʦʪʠʧʘʭ, ʟʥʘʯʝʥʥʷ ʥʘʩʪʫʧʥʽ ʟʘ ʣʽʪʝʨʘʤʠ ʯʘʩʪʦ ʜʘʶʪʴʩʷ ʷʢ ʷʚʥʽ ʯʠʩʣʘ. 

ʗʢʱʦ ʥʝ ʚʢʘʟʘʥʦ ʽʥʰʝ, ʷʚʥʽ ʯʠʩʣʘ ʤʦʞʫʪʴ ʙʫʪʠ ʜʽʡʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʅʘʧʨʠʢʣʘʜ G10 L2 

ʤʦʞʝ ʙʫʪʠ ʨʽʚʥʦʟʥʘʯʥʦ ʟʘʤʽʥʝʥʦ G[2*5] L[1+1]. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 100 ʜʦʨʽʚʥʶʻ 2, ʪʦ 

G10 L # 100 ʙʫʜʝ ʦʟʥʘʯʘʪʠ ʪʝ ʞ ʩʘʤʝ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʷʢʽ ʥʝ ʷʚʥʠʡ ʯʠʩʣʘ ʷʢ ʪʽʣʴʢʠ 

ʱʦ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʠʢʣʘʜʽ ʨʽʜʢʦ ʙʫʚʘʻ ʢʦʨʠʩʥʠʤ. 

ʗʢʱʦ ʚ ʧʨʦʪʦʪʠʧʽ ʥʘʧʠʩʘʥʦ L ~, ʪʦ ʥʘʡʯʘʩʪʽʰʝ "~" ʙʫʜʝ ʩʧʨʠʡʥʷʪʦ ʷʢ "L ʯʠʩʣʦ". ɺʽʜʧʦʚʽʜʥʦ 

"~" ʚ ʅ ~ ʤʦʞʥʘ ʥʘʟʚʘʪʠ "ʅ ʯʠʩʣʦʤ" ʽ ʪʘʢ ʜʘʣʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ ʣʽʪʝʨʠ. 

ʗʢʱʦ ʬʘʢʪʦʨ ʰʢʘʣʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʚʽʩʽ ʪʦ ʚʽʥ ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʟʥʘʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʶʪʴ X, Y, Z, A / U, B / V, C / W ʚʠʨʘʟʽʚ ʽ ʜʦ ʥʘʣʝʞʘʪʴ I, J, K ʘʙʦ R ʚʠʨʘʟʘʤʠ ʢʦʣʠ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ʆʧʠʩ ʩʪʨʫʢʪʫʨʠ ʢʘʜʨʫ 

ʇʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʢʘʜʨʫ:: = Nʭʭ, ʜʝ xx ï ʮʽʣʝ ʜʝʩʷʪʢʦʚʝ ʯʠʩʣʦ. 

ʇʽʜʛʦʪʦʚʯʘ ʬʫʥʢʮʽʷ:: Gxx. 

ɺʩʽ ʧʽʜʛʦʪʦʚʯʽ ʬʫʥʢʮʽʾ (G-ʢʦʜʠ) ʨʦʟʙʠʪʽ ʥʘ 9 ʛʨʫʧ: 

ɻʨʫʧʘ I: G00 ï ʧʦʟʠʮʽʶʚʘʥʥʷ (ʰʚʠʜʢʠʡ ʭʽʜ ʚ ʪʦʯʢʫ);  

G01 ï ʣʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ;  

G02, G03 ï ʢʨʫʛʦʚʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʚ ʧʨʷʤʦʤʫ ʘʙʦ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʘʭ; 

ɻʨʫʧʘ II: G17é G19 ï ʚʠʙʽʨ ʧʣʦʱʠʥʠ ʢʨʫʛʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ (XY, ZX, YZ); 

ɻʨʫʧʘ III: G40é G52 ï ʢʦʨʝʢʮʽʷ ʥʘ ʜʽʘʤʝʪʨ ʘʙʦ ʨʘʜʽʫʩ ʽʥʩʪʨʫʤʝʥʪʘ; 

ɻʨʫʧʘ IV: G53é G59 ï ʢʦʨʝʢʮʽʷ ʥʘ ʜʦʚʞʠʥʫ ʘʙʦ ʧʦʣʦʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ; 

ɻʨʫʧʘ V: G560é G62 ï ʪʦʯʥʝ ʪʘ ʰʚʠʜʢʝ ʧʦʟʠʮʽʶʚʘʥʥʷ; 



ɻʨʫʧʘ VI: G80é G89 ï ʩʪʘʥʜʘʨʪʥʽ ʮʠʢʣʠ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ; 

ɻʨʫʧʘ VII: G90 ï ʚʽʜʨʘʭʫʥʦʢ ʚ ʘʙʩʦʣʶʪʥʠʭ ʨʦʟʤʽʨʘʭ; G91 ï ʚʽʜʨʘʭʫʥʦʢ ʚ ʧʨʠʨʦʱʝʥʥʷʭ; G92 ï 

ʫʩʪʘʥʦʚʢʘ çʧʣʘʚʘʶʯʦʛʦ ʥʫʣʷè; 

ɻʨʫʧʘ VIII: G94, G95 ï ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʜʘʯʽ (ʤʤ/ʭʚ, ʤʤ/ʦʙ); 

ɻʨʫʧʘ IX: G96, G97 ï ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ (ʤ/ʭʚ, ʦʙ/ʭʚ).  

ɺ ʢʘʜʨʽ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ ʧʽʜʛʦʪʦʚʯʠʭ ʬʫʥʢʮʽʡ, ʘʣʝ ʽʟ ʨʽʟʥʠʭ ʛʨʫʧ. ʌʫʥʢʮʽʷ ʜʽʻ ʜʦ ʪʠʭ ʧʽʨ, 

ʧʦʢʠ ʥʝ ʙʫʜʝ ʚʽʜʤʽʥʝʥʘ ʽʥʰʦʶ ʬʫʥʢʮʽʻʶ ʽʟ ʪʽʻʾ ʞ ʛʨʫʧʠ. ɺ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ G-ʢʦʜʠ. 

 

ʊʘʙʣʠʮʷ 2 ï ʇʽʜʛʦʪʦʚʯʽ ʬʫʥʢʮʽʾ (G-ʢʦʜʠ) 

ʇʦʟʥʘʯʝʥʥʷ ʆʧʠʩ 

G00 ʃʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʧʨʠ ʧʨʠʩʢʦʨʝʥʦʤʫ ʧʝʨʝʤʽʱʝʥʽ 

G01 ʃʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʟ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ 

G02 ʂʨʫʛʦʚʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʧʦ ʛʦʜʠʥʥʠʢʦʚʽʡ ʩʪʨʽʣʮʽ 

G03 ʂʨʫʛʦʚʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ 

G04 ɿʫʧʠʥʢʘ ʟ ʚʠʪʨʠʤʢʦʶ ʯʘʩʫ (ʩʚʝʨʜʣʽʥʥʷ). ʊʦʯʥʘ ʟʫʧʠʥʢʘ 

G05 ʂʨʫʛʦʚʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʟ ʚʠʭʦʜʦʤ ʥʘ ʢʨʫʛʦʚʫ ʪʨʘʻʢʪʦʨʽʶ ʧʦ ʜʦʪʠʯʥʽʡ 

G06 ɿʤʝʥʰʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ ʧʨʠʩʢʦʨʝʥʥʷ 

G07 ɺʽʜʤʽʥʘ ʟʤʝʥʰʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ ʧʨʠʩʢʦʨʝʥʥʷ 

G08 ʂʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʚ ʪʦʯʢʘʭ ʧʝʨʝʛʠʥʫ 

G09 ɺʽʜʤʽʥʘ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʚ ʪʦʯʢʘʭ ʧʝʨʝʛʠʥʫ 

G10 ɺʚʝʜʝʥʥʷ ʪʘʙʣʠʮʴ ʜʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʫ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ ʽ ʨʦʙʦʯʠʭ ʚʽʜʩʪʫʧʽʚ 

G11 ʃʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʚ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

G12 ʂʨʫʛʦʚʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʧʦ ʛʦʜʠʥʥʠʢʦʚʽʡ ʩʪʨʽʣʮʽ ʚ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

G13 ʂʨʫʛʦʚʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʽʡ ʩʪʨʽʣʮʽ ʚ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

G14 ʄʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʧʦ ʰʚʠʜʢʦʩʪʽ 

G15 ɺʠʭʽʜ ʚ ʧʦʣʷʨʥʠʡ ʨʝʞʠʤ 

G16 ɺʭʽʜ ʚ ʧʦʣʷʨʥʠʡ ʨʝʞʠʤ 

G17 ɺʠʙʽʨ ʧʣʦʱʠʥʠ X_Y 

G18 ɺʠʙʽʨ ʧʣʦʱʠʥʠ Z_X 

G19 ɺʠʙʽʨ ʧʣʦʱʠʥʠ Y_Z 

G20, 70 ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʶʡʤʽʚ 

G21, 71 ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʣʽʤʝʪʨʽʚ 

G22 ɸʢʪʠʚʘʮʽʷ ʦʩʝʡ 

G23 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ 

G24 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʙʝʟʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ 

G28 ʇʦʚʝʨʥʝʥʥʷ ʚ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ 

G28.1 ʂʘʣʽʙʨʦʚʘ ʦʩʝʡ 

G30 ʇʦʚʝʨʥʝʥʥʷ ʚ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ 

G31 ʇʨʷʤʝ ʜʦʩʣʽʜʞʝʥʥʷ 

G32 ʅʘʨʽʟʘʥʥʷ ʨʽʟʴʙʠ ʙʝʟ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʧʘʪʨʦʥʘ 

G34 ʆʢʨʫʛʣʝʥʥʷ ʜʚʦʭ ʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ 

G35 ɺʽʜʤʽʥʘ ʦʢʨʫʛʣʝʥʥʷ ʜʚʦʭ ʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ 

G36 ɺʽʜʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʭʠʣʝʥʥʷ, ʷʢʽ ʫʩʪʘʥʦʚʣʝʥʽ ʚ ʤʘʰʠʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

G37 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʧʦʣʶʩʘ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

G38 ɸʢʪʠʚʘʮʽʷ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʧʦʚʦʨʦʪʫ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

G39 ɺʽʜʤʽʥʘ ʬʫʥʢʮʽʾ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

G40 ʂʦʤʧʝʥʩʘʮʽʷ ʨʘʜʽʫʩʘ ʽʥʩʪʨʫʤʝʥʪʘ 

G41 ʂʦʤʧʝʥʩʘʮʽʷ ʨʘʜʽʫʩʘ ʽʥʩʪʨʫʤʝʥʪʘ 

G42 ʂʦʤʧʝʥʩʘʮʽʷ ʨʘʜʽʫʩʘ ʽʥʩʪʨʫʤʝʥʪʘ 



G43 ɺʽʜʩʪʫʧ ʜʦʚʞʠʥʠ ʽʥʩʪʨʫʤʝʥʪʘ 

G44 ɺʽʜʩʪʫʧ ʜʦʚʞʠʥʠ ʽʥʩʪʨʫʤʝʥʪʘ 

G49 ɺʽʜʩʪʫʧ ʜʦʚʞʠʥʠ ʽʥʩʪʨʫʤʝʥʪʘ 

G50, 51 ʌʘʢʪʦʨʠ ʰʢʘʣʠ 

G52 ʏʘʩʦʚʽ ʚʽʜʩʪʫʧʠ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

G53 ɺʽʜʤʽʥʘ ʟʤʽʱʝʥʥʷ ʥʫʣʷ (ʨʫʭ ʚ ʘʙʩʦʣʶʪʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) 

G54éG59 ɯʤʽʪʘʮʽʷ ʟʤʽʱʝʥʥʷ ʥʫʣʷ (ʚʠʙʽʨ ʨʦʙʦʯʠʭ ʚʽʜʩʪʫʧʽʚ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ) 

G60 ɿʤʽʱʝʥʥʷ ʢʦʥʪʫʨʫ ʚ ʤʝʞʘʭ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

G61 ɺʚʝʜʝʥʥʷ ʨʝʞʠʤʫ ʢʝʨʫʚʘʥʥʷ 

G62 ɺʜ̔ʤʽʥʘ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ 

G63 ʋʚʽʤʢʥʝʥʥʷ 100% ʚʽʜ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

G64 ɺʚʝʜʝʥʥʷ ʨʝʞʠʤʫ ʢʝʨʫʚʘʥʥʷ 

G65 ʇʨʠʚôʷʟʢʘ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʜʦ ʮʝʥʪʨʫ ʬʨʝʟʠ  

G66 ɸʢʪʠʚʘʮʽʷ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʷʢʘ ʟʘʜʘʥʘ ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ 

G67 ɺʽʜʤʽʥʘ ʟʤʽʱʝʥʥʷ ʢʦʥʪʫʨʫ ʚ ʢʦʦʨʜʠʥʘʪʥʽʡ ʩʠʩʪʝʤʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

G68, 69 ʆʙʝʨʪʘʥʥʷ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ 

G73 ʉʚʝʨʜʣʽʥʥʷ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ 

G74 ɺʠʭʽʜ ʚ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ 

G75 ʈʦʙʦʪʘ ʟ ʜʘʪʯʠʢʦʤ ʜʦʪʠʢʫ 

G76 ʇʝʨʝʤʽʱʝʥʥʷ ʚ ʪʦʯʢʫ ʟ ʘʙʩʦʣʶʪʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʢʘ  

G78 ɸʢʪʠʚʘʮʽʷ ʩʚʝʨʜʣʠʣʴʥʦʾ ʦʩʽ 

G79 ɼʝʟʘʢʪʠʚʘʮʽʷ ʦʜʥʽʻʾ ʩʚʝʨʜʣʠʣʴʥʦʾ ʦʩʽ ʘʙʦ ʚʩʽʭ ʚʽʜʨʘʟʫ 

G80 ɺʽʜʤʽʥʘ ʨʦʙʦʪʠ ʩʪʘʥʜʘʨʪʥʠʭ ʮʠʢʣʽʚ (ʚʽʜʤʽʥʘ ʤʦʜʘʣʴʥʦʛʦ ʨʫʭʫ) 

G81 ʎʠʢʣ ʩʚʝʨʜʣʽʥʥʷ ʽ ʯʠʩʪʦʚʦʛʦ ʨʦʟʪʦʯʫʚʘʥʥʷ ʮʝʥʪʨʘ ʦʪʚʦʨʫ 

G82 ʎʠʢʣ ʩʚʝʨʜʣʽʥʥʷ ʽ ʯʠʩʪʦʚʦʛʦ ʨʦʟʪʦʯʫʚʘʥʥʷ 

G83 ʉʪʘʥʜʘʨʪʥʠʡ ʮʠʢʣ ʛʣʠʙʦʢʦʛʦ ʩʚʝʨʜʣʽʥʥʷ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʚʠʚʦʜʦʤ ʩʚʝʨʜʣʘ ʽʟ 

ʦʪʚʦʨʫ 

G84 ʎʠʢʣ ʥʘʨʽʟʘʥʥʷ ʨʽʟʴʙʠ (ʟ ʢʦʤʧʝʥʩʫʶʯʠʤ ʧʘʪʨʦʥʦʤ (ʜʣʷ ʧʨʘʚʦʛʦ ʦʙʝʨʪʘʥʥʷ)) 

ʤʽʪʯʠʢʦʤ 

G85 ʎʠʢʣ ʩʚʝʨʜʣʽʥʥʷ ʪʘ ʨʦʟʩʚʝʨʜʣʝʥʥʷ  

G86 ʎʠʢʣ ʩʚʝʨʜʣʽʥʥʷ (ʨʦʟʪʦʯʫʚʘʥʥʷ) 

G87 ʎʠʢʣ ʜʣʷ ʦʙʝʨʥʝʥʦʛʦ (ʨʝʚʝʨʩʥʦʛʦ) ʩʚʝʨʜʣʽʥʥʷ 

G88, 89 ʎʠʢʣ ʩʚʝʨʜʣʽʥʥʷ (ʨʦʟʪʦʯʫʚʘʥʥʷ) 

G90 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʘʙʩʦʣʶʪʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

G91 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʚʽʜʥʦʩʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

G92 ɿʤʽʱʝʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʘʙʦ ʦʙʤʝʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ  

G93 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʢʘʜʨʫ 

G94 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʜʘʯʽ ʚ ʤʤ/ʭʚ 

G95 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʜʘʯʽ ʚ ʤʤ/ʦʙ 

G96 ʌʫʥʢʮʽʷ ʧʦʩʪʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ 

G97 ʌʫʥʢʮʽʷ ʧʦʩʪʽʡʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ 

G98 ʇʦʚʝʨʥʝʥʥʷ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ ʚ ʧʦʩʪʽʡʥʦʤʫ ʮʠʢʣʽ 

G99 ʇʦʚʝʨʥʝʥʥʷ ʜʦ ʪʦʯʢʠ R ʚ ʧʦʩʪʽʡʥʦʤʫ ʮʠʢʣʽ 

 

ʇʦʜʘʯʘ:: = Fxxx ʤʦʞʝ ʟʘʜʘʚʘʪʠʩʷ ʯʠʩʣʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʘʙʦ ʢʦʜʦʤ, ʨʦʟʤʽʨʥʽʩʪʴ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʫʩʪʘʥʦʚʢʦʶ G94 ʘʙʦ G95. ʄʦʞʣʠʚʝ ʟʘʜʘʥʥʷ ʷʢ ʨʝʟʫʣʴʪʫʶʯʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ, 

ʪʘʢ ʽ ʾʾ ʩʢʣʘʜʦʚʠʭ ʧʦ ʚʽʩʷʤ ʢʦʦʨʜʠʥʘʪ (ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʜʨʝʩʘ F,E,D). 



ʐʚʠʜʢʽʩʪʴ ʛʦʣʦʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʨʫʭʫ:: = Sxxx ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʯʠʩʣʦʚʠʤ ʟʥʘʯʝʥʥʷʤ 

ʘʙʦ ʢʦʜʦʤ, ʨʦʟʤʽʨʥʽʩʪʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ G96, G97. 

ʌʫʥʢʮʽʷ ʽʥʩʪʨʫʤʝʥʪʘ:: = Txxx ʩʣʫʞʠʪʴ ʜʣʷ ʚʢʘʟʽʚʢʠ ʥʦʤʝʨʘ ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʡʦʛʦ ʢʦʨʝʢʪʦʨʘ. 

ɿʚʠʯʘʡʥʦ ʧʝʨʰʽ 2 ʟʥʘʢʘ ï ˉ ʽʥʩʪʨʫʤʝʥʪʘ, ʜʨʫʛʽ 2 ï ˉ ʢʦʨʝʢʪʦʨʘ.  

ɼʦʧʦʤʽʞʥʘ ʬʫʥʢʮʽʷ:: = Mxx ʚʠʟʥʘʯʘʻ ʢʦʤʘʥʜʠ ʜʣʷ ʚʠʢʦʥʫʶʯʠʭ ʦʨʛʘʥʽʚ ʚʝʨʩʪʘʪʘ (ʪʘʙʣ. 3).  

 

ʊʘʙʣʠʮʷ 3 ï ɼʦʧʦʤʽʞʥʽ ʬʫʥʢʮʽʾ (M-ʢʦʜʠ) 

ʇʦʟʥʘʯʝʥʥʷ ʆʧʠʩ 

M0 ʇʨʦʛʨʘʤʫʶʯʘ ʟʫʧʠʥʢʘ  

M1 ɿʫʧʠʥʢʘ ʟʘ ʚʠʤʦʛʦʶ ʧʨʦʛʨʘʤʠ  

M2 ɿʫʧʠʥʢʘ ʂʇ, ʧʦʚʝʨʥʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ 

M3/4 ʂʦʥʪʨʦʣʴ ʰʧʠʥʜʝʣʷ (ʨʫʭ ʰʧʠʥʜʝʣʷ ʟʘ ʛʦʜʠʥ. ʩʪʨʽʣʢʦʶ/ʧʨʦʪʠ ʛʦʜʥ. ʩʪʨʽʣʢʠ) 

M5 ɿʫʧʠʥʢʘ ʰʧʠʥʜʝʣʷ  

M6 ɿʤʽʥʘ ʽʥʩʪʨʫʤʝʥʪʫ 

M7 ʋʚʽʤʢʥʝʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ (ʨʽʜʠʥʘ) 

M8 ʋʚʽʤʢʥʝʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ (ʧʦʚʽʪʨʷ) 

M9 ɺʠʤʢʥʝʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ  

M10, M11 ɿʘʪʠʩʥʝʥʥʷ /ʨʦʟʪʠʩʥʝʥʥʷ ʩʪʦʣʘ ʘʙʦ ʰʧʠʥʜʝʣʷ 

M30 ɿʘʢʽʥʯʝʥʥʷ ʧʨʦʛʨʘʤʠ 

M36, M38 ɺʠʙʽʨ ʜʽʘʧʘʟʦʥʫ ʧʦʜʘʯʽ ʘʙʦ ʰʚʠʜʢʦʩʪʽ ʽ ʽʥʰ.    

M47 ɿʘʧʫʱʝʥʠʡ ʧʦʚʪʦʨʥʦ ʚʽʜ ʧʝʨʰʦʾ ʣʽʥʽʾ 

M48 ɺʽʜʢʠʥʫʪʠ ʢʦʥʪʨʦʣʴ ʧʦʜʘʯʽ ʪʘ ʰʚʠʜʢʦʩʪʽ 

M49 ʇʝʨʝʚʠʟʥʘʯʠʪʠ ʘʙʦ ʚʽʜʢʠʥʫʪʠ ʢʦʥʪʨʦʣʴ ʧʦʜʘʯʽ ʪʘ ʰʚʠʜʢʦʩʪʽ 

M98 ɺʚʝʜʝʥʥʷ ʧʽʜʧʨʦʛʨʘʤʠ 

M99 ɺʠʭʽʜ ʽʟ ʧʽʜʧʨʦʛʨʘʤʠ 

 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʦʪʠ: 

¶ ʇʦʷʩʥʝʥʥʷ ʚʠʢʣʘʜʘʯʝʤ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ Mach3; 

¶ ɼʝʤʦʥʩʪʨʘʮʽʷ ʽʥʞʝʥʝʨʦʤ ʽʥʪʝʨʬʝʡʩʫ ʩʠʩʪʝʤʠ Mach3 ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʚ ʥʽʡ; 

¶ ʈʦʟʰʠʬʨʫʚʘʪʠ ʢʘʜʨ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʟʛʽʜʥʦ ʟ ʚʘʨʽʘʥʪʦʤ ʟʘʚʜʘʥʥʷ. 

ɿʘʧʠʪʘʥʥʷ 

1. ʗʢʽ ʩʢʣʘʜʦʚʽ ʩʪʘʥʜʘʨʪʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ ʟ ʏʇʂ? 

2. ʗʢʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʧʽʜʛʦʪʦʚʢʠ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ? 

3. ʗʢʽ ʩʢʣʘʜʦʚʽ ʢʘʜʨʘ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ? 

ɿʤʽʩʪ ʟʚʽʪʫ 

ɿʚʽʪ ʧʦ ʨʦʙʦʪʽ ʧʦʚʠʥʝʥ ʤʘʪʠ: ʥʦʤʝʨ, ʥʘʟʚʫ ʪʘ ʤʝʪʫ ʨʦʙʦʪʠ; ʢʦʨʦʪʢʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ, ʦʧʠʩ 

ʢʘʜʨʫ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʟʛʽʜʥʦ ʚʘʨʽʘʥʪʫ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʧʨʠʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ ˉ1. 

ɼʦʜʘʪʦʢ ˉ1 

ˉ ʚʘʨ. ɿʘʚʜʘʥʥʷ 

1 N01G94G21G01X40Y20F100 

2 N02G94G20G01X1Y2Z-1F300S1200 

3 N03G95G21G01X55Y15Z-10F0.1 

4 N04G95G20G01X4Y3Z-2F0.05S1000 

5 N05G95G71G02X10Y15R20Z5F200 

6 N06G95G70G02X1Y2R3Z1 F0.05 

7 N07G90G21G00X0Y20Z-30S800 

8 N08G90G20G17G03X2Y3R2Z-1.5 F0.2 



9 N09G94G21G01X50Y60M7 

10 N10G95G70G01X3Z-3 F0.05 

11 N11G94G21G00X15Y45T2 

12 N12G94G90G21G17G02X100Y80I50J-15F100 

13 N13G94G90G21G17G03X100Y80I-15J50S600 

14 N14G21G17G02X50Y50J-50S1100 

15 N15G21G17G03X40I20M6 

16 N16G20G17G02I3F0.1 

17 N17G91G20G17G03X1Y0Z-0.2I-1J0F0.05 

18 N18G94G21G01X0Y50Z-40F100S900 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ2 

ɹʋɼʆɺɸ ʊɸ ʆʉʆɹʃʀɺʆʉʊɯ ʂɽʈʋɺɸʅʅʗ ʌʈɽɿɽʈʅʆɻʆ ɺɽʈʉʊɸʊɸ ɿ 

ʏʀʉʃʆɺʀʄ ʇʈʆɻʈɸʄʅʀʄ ʂɽʈʋɺɸʅʅʗʄ (ʏʇʂ) 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ ʦʩʥʦʚʥʽ ʚʫʟʣʠ ʽ ʧʨʠʥʮʠʧʠ ʢʝʨʫʚʘʥʥʷ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ. 

ʆʙʣʘʜʥʘʥʥʷ, ʤʘʪʝʨʽʘʣʠ, ʽʥʩʪʨʫʤʝʥʪʠ ʽ ʟʘʛʦʪʦʚʢʠ: ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʤʦʜʝʣʽ 

çDYNAMYTE  2800è ʪʘ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʜʣʠʣʴʥʠʡ ʚʝʨʩʪʘʪ çSyil X3è; ʨʽʟʥʽ ʪʠʧʠ ʬʨʝʟ ʪʘ ʧʨʠʩʪʨʦʾʚ.  

ʂʦʨʦʪʢʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʇʨʠʟʥʘʯʝʥʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʧʣʦʩʢʠʭ ʽ ʬʘʩʦʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʛʦʪʦʚʦʢ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. 

ʂʦʥʩʪʨʫʢʮʽʾ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʧʦʜʽʙʥʽ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʘ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʩʪʘʥʥʽʭ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʧʨʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ.  

ʌʨʝʟʝʨʥʽ ʚʝʨʩʪʘʪʠ ʧʦ ʨʦʟʤʽʱʝʥʥʶ ʰʧʠʥʜʝʣʷ ï ʚʝʨʪʠʢʘʣʴʥʽ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ, ʧʦ ʢʽʣʴʢʦʩʪʽ 

ʢʝʨʫʶʯʠʭ ʦʩʝʡ 1é5 (ʢʝʨʫʶʯʽ ʢʦʦʨʜʠʥʘʪʠ); ʧʦ ʪʠʧʫ ʩʪʦʣʘ ʟ ʥʝʨʫʭʦʤʠʤ ʽ ʨʫʭʦʤʠʤ ʩʪʦʣʦʤ. 

ʇʨʦʛʨʘʤʥʦ ʢʝʨʫʶʯʠʡ ʧʨʠʚʽʜ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʤʦʞʝ ʤʘʪʠ ʧʨʠʩʪʨʦʾ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ, ʘ ʤʽʥʽʬʨʝʟʝʨʥʽ ʚʝʨʩʪʘʪʠ ʧʨʠʩʪʨʦʾ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ. ʈʦʙʦʪʠ ʤʘʶʪʴ ʪʨʠ ʘʙʦ 

ʯʦʪʠʨʠ ʩʪʫʧʝʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʤʦʞʫʪʴ ʬʫʥʢʮʽʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ ʘʙʦ ʚ ʩʠʩʪʝʤʽ ɻɺʉ ʽ ʟʙʽʨʥʠʭ 

ʩʪʝʥʜʽʚ, ʘ ʪʘʢʦʞ ʦʩʥʘʱʫʚʘʪʠʩʴ ʩʠʩʪʝʤʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʟʦʨʫ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʽ ʚʫʟʣʠ ʚʝʨʪʠʢʘʣʴʥʦ - ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ: 1 ï ʩʪ̔ʣ; 2 ï ʩʪʘʥʠʥʘ; 

3 ï ʨʦʙʦʯʠʡ ʩʪʽʣ; 4,5,6 ï ʢʨʦʢʦʚʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ; 7,8,9 ï ʧʦʣʦʟʢʠ ʜʣʷ ʧʦʚʟʜʦʚʞʥʴʦʛʦ, 

ʧʦʧʝʨʝʯʥʦʛʦ ʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ; 10 ï ʣʝʱʘʪʘ; 11 ï ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 12 ï ʧʫʣʴʪ 

ʢʝʨʫʚʘʥʥʷ; 13 ï ɽʆʄ 

 

ʌʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʤʘʻ ʥʘʩʪʫʧʥʽ ʚʫʟʣʠ (ʨʠʩ. 1): 

1. ʉʪʘʥʠʥʘ. ɹʫʚʘʻ 2-ʭ ʚʠʜʽʚ ï ʣʠʪʘ ʪʘ ʟʚʘʨʥʘ. ʇʝʨʰʠʡ ʚʠʜ ʤʘʻ ʧʝʨʝʚʘʛʠ ʽʟ ʟʘ ʚʝʣʠʢʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʽ ʢʨʘʱʦʾ ʜʝʤʬʽʨʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʚʘʨʶʚʘʥʥʷʤ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ 

ʩʢʣʘʜʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ ʧʦʜʝʢʫʜʠ ʥʝʦʙʭʽʜʥʦ. 



2. ʅʘʧʨʘʚʣʷʶʯʽ. ɯʩʥʫʶʪʴ ʣʽʥʽʡʥʽ ʥʘʧʨʘʚʣʷʶʯʽ (ʨʠʩ. 2) ʽ ʥʘʧʨʘʚʣʷʶʯʽ ʢʦʚʟʘʥʥʷ. ɼʨʫʛʠʡ ʚʠʜ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʚʞʜʠ ʚ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʄʘʻ ʚʝʣʠʢʫ ʞʦʨʩʪʢʽʩʪʴ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʜʣʷ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ, ʘʣʝ ʜʘʥʠʡ ʪʠʧ ʥʘʧʨʘʚʣʷʶʯʠʭ ʤʘʻ ʪʝʨʪʷ 

ʢʦʚʟʘʥʥʷ, ʷʢʝ ʷʚʣʷʻʪʴʩʷ ʧʨʠʯʠʥʦʶ ʥʠʟʴʢʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ ʚʫʟʣʽʚ ʚʝʨʩʪʘʪʘ (ʜʦ 

10 ʤ/ʭʚ.) ʽ ʤʝʥʰʫ ʪʦʯʥʽʩʪʴ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʃʽʥʽʡʥʽ ʥʘʧʨʘʚʣʷʶʯʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ (ʜʦ 100 ʤ/ʭʚ.) ʽ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʯʠʤ 

ʥʘʧʨʘʚʣʷʶʯʽ ʢʦʚʟʘʥʥʷ. ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʪʠʧʫ ʻ ʥʠʟʴʢʘ ʞʦʨʩʪʢʽʩʪʴ, ʘʣʝ ʾʭ ʤʦʞʥʘ ʥʽʚʝʣʶʚʘʪʠ, 

ʟʙʽʣʴʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʭ ʥʘʧʨʘʚʣʷʶʯʠʭ. 

 
ʈʠʩʫʥʦʢ 2 ï ʃʽʥʽʡʥʽ ʥʘʧʨʘʚʣʷʶʯʽ 

 

3. ʐʧʠʥʜʝʣʴ ï ʮʝ ʦʜʠʥ ʽʟ ʩʘʤʠʭ ʛʦʣʦʚʥʠʭ ʚʫʟʣʽʚ ʚʝʨʩʪʘʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʦʣʦʚʥʠʡ ʨʫʭ 

ʨʽʟʘʥʥʷ. ʇʝʨʰʠʡ ʚʠʜ ï ʰʧʠʥʜʝʣʴ ʫʩʪʘʥʦʚʣʝʥʦ ʦʢʨʝʤʦ ʚʽʜ ʧʨʠʚʦʜʫ ʽ ʦʙʝʨʪʘʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ ʘʙʦ ʥʘʧʨʷʤʫ ʯʝʨʝʟ ʤʫʬʪʫ. ʐʧʠʥʜʝʣʴ ʤʦʞʝ ʤʘʪʠ ʷʢ ʧʽʜʰʠʧʥʠʢʠ 

ʢʦʯʝʥʥʷ, ʪʘʢ ʽ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʘʙʦ ʛʽʜʨʦʩʪʘʪʠʯʥʽ ʧʽʜʰʠʧʥʠʢʠ. ɼʨʫʛʠʡ ʚʠʜ ï ʰʧʠʥʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʜʦ ʷʢʦʛʦ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪ. ʇʝʨʰʘ ʨʽʟʥʦʚʠʜʥʽʩʪʴ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʽ ʟʥʘʯʥʦ ʜʝʰʝʚʰʘ ʫ ʚʠʛʦʪʦʚʣʝʥʽ. ɰʾ ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʷʚʣʷʻʪʴʩʷ ʥʝʚʠʩʦʢʘ 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ (ʜʦ 15000 ʦʙ/ʭʚ.). ɼʣʷ ʙʘʛʘʪʴʦʭ ʦʧʝʨʘʮʽʡ ʮʝʡ ʥʝʜʦʣʽʢ ʥʝ ʷʚʣʷʻʪʴʩʷ ʩʫʪʪʻʚʠʤ, 

ʧʨʦʪʝ ʧʨʠ ʦʙʨʦʙʮʽ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʰʪʘʤʧʽʚ ʘʙʦ ʧʨʝʩ-ʬʦʨʤ ʥʝʦʙʭʽʜʥʘ ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ. ɼʨʫʛʠʡ ʪʠʧ ʰʧʠʥʜʝʣʽʚ ʤʦʞʝ ʨʦʟʚʠʚʘʪʠ ʙʽʣʴʰʝ 100000 ʦʙ/ʭʚ.. 

4. ʇʨʠʚʦʜʠ ʧʦʜʘʯ. ɺʠʩʦʢʦʤʦʤʝʥʪʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ, ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʨʦʪʦʨʘ ʷʢʠʭ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʣʽʥʽʡʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ ʚʫʟʣʽʚ ʚʝʨʩʪʘʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʘʨʠʢʦ-ʛʚʠʥʪʦʚʠʭ 

ʧʘʨ (ʐɺɻ) (ʨʠʩ. 3). ʇʣʠʥʥʝ ʧʦʣʦʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʫʛʦʚʠʭ ʜʘʪʯʠʢʽʚ ʥʘ 

ʧʨʠʚʦʜʽ, ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʠʭ ʜʘʪʯʠʢʽʚ (ʣʽʥʽʡʦʢ), ʨʦʟʤʽʱʝʥʠʭ ʧʦʚʟʜʦʚʞ ʥʘʧʨʘʚʣʷʶʯʠʭ. 

ʃʽʥʽʡʥʽ ʜʚʠʛʫʥʠ ï ʦʩʦʙʣʠʚʠʡ ʚʠʜ ʜʚʠʛʫʥʽʚ, ʫ ʷʢʠʭ ʨʦʪʦʨ ʽ ʩʪʘʪʦʨ ʨʦʟʤʽʱʝʥʽ ʧʦʚʟʜʦʚʞ 

ʥʘʧʨʘʚʣʷʶʯʠʭ, ʘ ʧʣʠʥʥʝ ʧʦʣʦʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʦʢ. ʆʩʪʘʥʥʽ ʤʘʶʪʴ 

ʟʥʘʯʥʦ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʣʶʯʝʥʥʷ ʐɺɻ ï ʣʘʥʮʶʛʘ, ʷʢʠʡ ʚʥʦʩʠʪʴ ʧʦʭʠʙʢʠ 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʤʽʥʥʽ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. ʇʨʦʪʝ ʣʽʥʽʡʥʽ ʜʚʠʛʫʥʠ ʱʝ ʜʦʩʠʪʴ ʜʦʨʦʛʽ ʽ ʩʢʣʘʜʥʽ ʚ 

ʚʠʛʦʪʦʚʣʝʥʽ. ɸʣʝ ʤʘʡʙʫʪʥʻ ʟʘ ʥʠʤʠ. 

5. ʉʠʩʪʝʤʘ ʏʇʂ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʏʇʂ, ʷʢʽ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ 

ʥʝʜʦʣʽʢʠ. ʉʘʤʠʤʠ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ï ʮʝ Fanus (ʨʠʩ. 4) ʽ Siemens, ʜʣʷ ʚʠʩʦʢʦʪʦʯʥʠʭ 

ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ Mach3. 

 



 
         ʈʠʩʫʥʦʢ 3 ï ʐʘʨʠʢʦ-ʛʚʠʥʪʦʚʠʡ ʤʝʭʘʥʽʟʤ    ʈʠʩʫʥʦʢ 4 ï ʩʠʩʪʝʤʘ ʏʇʂ Fanus 

 

6. ʄʘʛʘʟʠʥ ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʊʠʧ çɿʦʥʪʠʢè (ʨʠʩ. 5) ï ʽʥʩʪʨʫʤʝʥʪʠ ʨʦʟʤʽʱʝʥʽ ʚʝʨʪʠʢʘʣʴʥʦ. ɿʘ 

ʢʦʞʥʠʤ ʢʘʨʤʘʥʦʤ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʦ ʩʚʽʡ ʥʦʤʝʨ. ʅʝʜʦʨʦʛʠʡ, ʘʣʝ ʧʦʚʽʣʴʥʠʡ (ʯʘʩ ʟʤʽʥʠ 8-15 ʩ). 

ʊʠʧ çʈʫʢʘè (ʨʠʩ. 6) ï ʽʥʩʪʨʫʤʝʥʪʠ ʨʦʟʤʽʱʝʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʄʘʥʽʧʫʣʷʪʦʨ ʚʩʪʘʥʦʚʣʷʻ ʽʥʩʪʨʫʤʝʥʪ 

ʚ ʥʘʡʙʣʠʞʯʫ ʯʘʨʫʥʢʫ. ʄʦʞʣʠʚʠʡ çʧʦʧʝʨʝʜʥʽʡ ʚʠʙʽʨè, ʢʦʣʠ ʤʘʛʘʟʠʥ ʦʙʝʨʪʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ 

ʨʦʙʦʪʦʶ ʚʝʨʩʪʘʪʘ. ʎʝ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʟʤʝʥʰʫʻ ʯʘʩ ʟʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʘ (2-5 ʩ). ʊʘʢʦʞ ʽʩʥʫʻ ʮʽʣʠʡ 

ʨʷʜ ʽʥʰʠʭ ʩʠʩʪʝʤ ʟʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʘ. 

 

 
     ʈʠʩʫʥʦʢ 5 ï ʊʠʧ çɿʦʥʪʠʢè                                          ʈʠʩʫʥʦʢ 6 ï ʊʠʧ çʈʫʢʘè 

 

ɺ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʧʨʦʛʨʘʤʦʥʦʩʽʷ, ʥʘ ʷʢʠʡ ʚ ʯʠʩʣʦʚʦʤʫ ʚʠʜʽ 

ʟʘʥʝʩʝʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʽ ʪʝʭʥʦʣʦʛʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ. 

ʉʠʩʪʝʤʠ ʏʇʂ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʘ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʜʘʯʽ ʢʝʨʫʶʯʠʭ ʜʽʡ ʚʠʢʦʥʫʶʯʠʤ ʦʨʛʘʥʦʤ ʚʝʨʩʪʘʪʘ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʢʝʨʫʶʯʦʶ ʧʨʦʛʨʘʤʦʶ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʏʇʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7.  

 



 
ʈʠʩʫʥʦʢ 7 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʏʇʂ 

 

ʂʨʝʩʣʝʥʥʷ ʜʝʪʘʣʽ (ʂɼ) ʦʜʥʦʯʘʩʥʦ ʚʚʦʜʠʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʛʨʘʤʠ (ʉʇʇ) ʽ 

ʩʠʩʪʝʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ (ʉʊʇ). ʉʊʇ ʟʘʙʝʟʧʝʯʫʻ ʉʇʇ ʜʘʥʠʤʠ ʧʨʦ ʨʦʟʨʦʙʣʷʻʤʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ ʪʘ ʽʥʰ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʢʝʨʫʶʯʘ 

ʧʨʦʛʨʘʤʘ (ʂʇ). ʅʘʣʘʜʯʠʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʚʝʨʩʪʘʪ ʧʨʠʩʪʨʦʾ, ʨʽʞʫʯʽ ʽʥʩʪʨʫʤʝʥʪʠ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʉʊʇ. ɸ ʫʩʪʘʥʦʚʢʫ ʟʘʛʦʪʦʚʢʠ ʽ ʟʥʷʪʪʷ ʛʦʣʦʚʥʦʾ ʜʝʪʘʣʽ ʟʜʽʡʩʥʶʻ 

ʦʧʝʨʘʪʦʨ. 

ɿʯʠʪʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ɿʇ) ʟʯʠʪʫʶ ʽʥʬʦʨʤʘʮʽʶ ʟ ʧʨʦʛʨʘʤʦʥʦʩʽʷ. ɯʥʬʦʨʤʘʮʽʷ ʧʦʩʪʫʧʘʻ ʚ 

ʧʨʠʩʪʨʽʡ ʏʇʂ, ʷʢʠʡ ʚʠʜʘʻ ʫʧʨʘʚʣʷʶʯʽ ʢʦʤʘʥʜʠ ʥʘ ʮʽʣʴʦʚʽ ʤʝʭʘʥʽʟʤʠ (ʎʄ) ʚʝʨʩʪʘʪʘ, ʟʜʽʡʩʥʶʶʯʽ 

ʦʩʥʦʚʥʽ ʽ ʜʦʧʦʤʽʞʥʽ ʨʫʭʠ ʮʠʢʣʫ ʦʙʨʦʙʢʠ. ɼʆʉʠ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ (ʬʘʢʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ, 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʢʦʥʫʶʯʠʭ ʚʫʟʣʽʚ, ʬʘʢʪʠʯʥʠʡ ʨʦʟʤʽʨ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʝʧʣʦʚʽ ʽ 

ʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʽʥʰ.) ʢʦʥʪʨʦʣʶʶʪʴ ʚʝʣʠʯʠʥʫ ʧʝʨʝʤʽʱʝʥʥʷ ʮʽʣʴʦʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ (ʎʄ). 

ɺʝʨʩʪʘʪ ʤʘʻ ʜʝʢʽʣʴʢʘ ʮʽʣʴʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʠʛʫʥ, ʷʢʠʡ 

ʷʚʣʷʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʧʝʨʝʜʘʯʘ ʷʢʦʛʦ ʩʣʫʞʠʪʴ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʽ ʾʾ ʧʝʨʝʜʘʯʫ ʚʽʜ 

ʜʚʠʛʫʥʘ ʜʦ ʚʠʢʦʥʫʶʯʦʛʦ ʦʨʛʘʥʘ (ʩʪʽʣ, ʩʘʣʘʟʢʠ, ʩʫʧʦʨʪ, ʰʧʠʥʜʝʣʴ ʪʘ ʽʥʰ.), ʘ ʪʘʢʦʞ ʢʦʦʨʜʠʥʘʪʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ. 

ʉʠʩʪʝʤʘ ʏʇʂ ʤʦʞʝ ʚʠʜʦʟʤʽʥʶʚʘʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʧʨʦʛʨʘʤʦʥʦʩʽʷ, ʩʧʦʩʦʙʫ 

ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʝʨʫʶʯʽʡ ʧʨʦʛʨʘʤʽ (ʂʇ) ʽ ʤʝʪʦʜʘ ʾʾ ʧʝʨʝʜʘʯʽ ʚ ʩʠʩʪʝʤʫ ʏʇʂ. ʇʨʠʩʪʨʽʡ 

ʏʇʂ ʨʦʟʤʽʱʫʶʪʴ ʨʷʜʦʤ ʟ ʚʝʨʩʪʘʪʦʤ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʝʨʩʪʘʪʽ. ɼʚʠʛʫʥʠ ʧʨʠʚʦʜʽʚ ʧʦʜʘʯ 

ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʤʘʶʪʴ ʩʧʝʮʽʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʧʨʘʮʶʶʯʠ ʟ ʢʦʥʢʨʝʪʥʠʤ ʧʨʠʩʪʨʦʻʤ ʽ ʷʚʣʷʶʪʴʩʷ 

ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʏʇʂ. 

ɺʩʽ ʜʘʥʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʢʠ ʥʘ ʚʝʨʩʪʘʪʽ ʏʇʂ ʦʪʨʠʤʫʻ ʚʽʜ ʂʇ, ʷʢʘ ʤʘʻ ʜʚʘ ʚʠʜʠ 

ʽʥʬʦʨʤʘʮʽʾ ï ʛʝʦʤʝʪʨʠʯʥʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʫ. 

ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ: ʢʦʦʨʜʠʥʘʪʠ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʘ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʽʥʬʦʨʤʘʮʽʾ: ʜʘʥʽ ʧʨʦ ʰʚʠʜʢʽʩʪʴ, ʧʦʜʘʯʫ, ʥʦʤʝʨ ʽʥʩʪʨʫʤʝʥʪʘ. ʂʇ ʟʘʧʠʩʫʶʪʴ ʥʘ 

ʧʨʦʛʨʘʤʦʥʦʩʽʡ. 

ɺʘʞʣʠʚʦʶ ʪʝʭʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʠʩʪʝʤ ʏʇʂ ʻ ʾʾ ʜʦʟʚʽʣʴʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʘʙʦ 

ʜʠʩʢʨʝʪʥʽʩʪʴ, ʪʦʙʪʦ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʚʝʣʠʯʠʥʘ ʣʽʥʽʡʥʦʛʦ ʽ ʢʫʪʦʚʦʛʦ ʭʦʜʘ ʚʠʢʦʥʫʶʯʦʛʦ 



ʤʝʭʘʥʽʟʤʫ ʚʝʨʩʪʘʪʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʫʧʨʘʚʣʷʶʯʦʤʫ ʽʤʧʫʣʴʩʫ, ʪʦʙʪʦ ʢʦʥʪʨʦʣʴʦʚʘʥʘ ʚ 

ʧʨʦʮʝʩʽ ʫʧʨʘʚʣʽʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʏʇʂ ʤʘʶʪʴ ʜʠʩʢʨʝʪʥʽʩʪʴ 0.01 ʤʤ/ʽʤʧʫʣʴʩ. 

ɺʧʨʦʚʘʜʞʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʩʠʩʪʝʤʠ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ 0.001 ʤʤ/ʽʤʧʫʣʴʩ. 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤ ʏʇʂ 

ʉʠʩʪʝʤʠ ʏʇʂ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʧʦ ʪʘʢʠʤ ʦʟʥʘʢʘʤ: 

¶ ʧʦ ʨʽʚʥʶ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ; 

¶ ʧʦ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ; 

¶ ʧʦ ʯʠʩʣʫ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ (ʥʝʟʘʤʢʥʫʪʽ, ʟʘʤʢʥʫʪʽ, ʘʜʘʧʪʠʚʥʽ); 

¶ ʧʦ ʧʨʠʥʮʠʧʫ ʟʘʜʘʥʥʷ ʧʨʦʛʨʘʤ (ʚ ʘʙʩʦʣʶʪʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʘʙʦ ʚ ʧʨʠʨʦʱʝʥʠʭ ʚʽʜ ɽʆʄ); 

¶ ʧʦ ʧʨʠʥʮʠʧʫ ʧʨʠʚʦʜʘ (ʩʪʫʧʽʥʯʘʩʪʠʡ, ʢʦʨʝʛʫʶʯʠʡ, ʚʽʜʩʣʽʜʢʦʚʫʶʯʠʡ-ʢʨʦʢʦʚʠʡ); 

¶ ʧʦ ʯʠʩʣʫ ʦʜʥʦʯʘʩʥʦ ʢʝʨʫʶʯʠʭ ʢʦʦʨʜʠʥʘʪ; 

¶ ʧʦ ʩʧʦʩʦʙʫ ʧʽʜʛʦʪʦʚʢʠ ʽ ʚʚʦʜʫ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ. 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʦʪʠ: 

¶ ʇʦʷʩʥʝʥʥʷ ʚʠʢʣʘʜʘʯʝʤ ʙʫʜʦʚʠ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʬʨʝʟʝʨʥʠʤ ʚʝʨʩʪʘʪʦʤ ʟ ʏʇʂ; 

¶ ɼʝʤʦʥʩʪʨʘʮʽʷ ʽʥʞʝʥʝʨʦʤ ʨʦʙʦʪʠ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ. 

ɿʘʧʠʪʘʥʥʷ 

1. ʗʢʽ ʚʫʟʣʠ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ? 

2. ʗʢʽ ʪʠʧʠ ʤʘʛʘʟʠʥʽʚ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ? 

3. ʗʢʽ ʩʢʣʘʜʦʚʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʩʠʩʪʝʤʠ ʏʇʂ? 

ɿʤʽʩʪ ʟʚʽʪʫ 

ɿʚʽʪ ʧʦ ʨʦʙʦʪʽ ʧʦʚʠʥʝʥ ʤʘʪʠ: ʥʦʤʝʨ, ʥʘʟʚʫ ʪʘ ʤʝʪʫ ʨʦʙʦʪʠ; ʢʦʨʦʪʢʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ, 

ʦʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʫ, 

ʧʨʠʚʝʩʪʠ ʚʚʝʜʝʥʠʡ ʢʘʜʨ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʟʛʽʜʥʦ ʚʘʨʽʘʥʪʫ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʧʨʠʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ 

ˉ1. 

ɼʦʜʘʪʦʢ ˉ1 

ˉ ʚʘʨ. ɿʘʚʜʘʥʥʷ 

1 N01G94G21G01X40Y20F100 

2 N02G94G20G01X1Y2Z-1F300S1200 

3 N03G95G21G01X55Y15Z-10F0.1 

4 N04G95G20G01X4Y3Z-2F0.05S1000 

5 N05G95G71G02X10Y15R20Z5F200 

6 N06G95G70G02X1Y2R3Z1 F0.05 

7 N07G90G21G00X0Y20Z-30S800 

8 N08G90G20G17G03X2Y3R2Z-1.5 F0.2 

9 N09G94G21G01X50Y60M7 

10 N10G95G70G01X3Z-3 F0.05 

11 N11G94G21G00X15Y45T2 

12 N12G94G90G21G17G02X100Y80I50J-15F100 

13 N13G94G90G21G17G03X100Y80I-15J50S600 

14 N14G21G17G02X50Y50J-50S1100 

15 N15G21G17G03X40I20M6 

16 N16G20G17G02I3F0.1 

17 N17G91G20G17G03X1Y0Z-0.2I-1J0F0.05 

18 N18G94G21G01X0Y50Z-40F100S900 

 



ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ3 

ɹʋɼʆɺɸ ʊɸ ʆʉʆɹʃʀɺʆʉʊɯ ʂɽʈʋɺɸʅʅʗ ʊʆʂɸʈʅʆɻʆ ɺɽʈʉʊɸʊɸ ɿ 

ʏʀʉʃʆɺʀʄ ʇʈʆɻʈɸʄʅʀʄ ʂɽʈʋɺɸʅʅʗʄ (ʏʇʂ) 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ ʦʩʥʦʚʥʽ ʚʫʟʣʠ ʽ ʧʨʠʥʮʠʧʠ ʢʝʨʫʚʘʥʥʷ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ. 

ʆʙʣʘʜʥʘʥʥʷ, ʤʘʪʝʨʽʘʣʠ, ʽʥʩʪʨʫʤʝʥʪʠ ʽ ʟʘʛʦʪʦʚʢʠ: ʪʦʢʘʨʥʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʤʦʜʝʣʽ 

çORAC MBC 84è; ʨʽʟʥʽ ʪʠʧʠ ʽʥʩʪʨʫʤʝʥʪʽʚ (ʨʽʟʮʽ, ʩʚʝʨʜʣʘ, ʟʝʥʢʝʨʠ, ʨʦʟʚʝʨʪʢʠ); ʧʨʠʩʪʨʦʾ (ʧʘʪʨʦʥʠ 

ï 3-ʭ,  4-ʭ ʢʫʣʘʯʢʦʚʽ, ʧʦʚʦʜʢʦʚʽ ʧʘʪʨʦʥʠ, ʮʝʥʪʨʠ, ʣʶʥʝʪʠ); ʧʨʠʩʪʨʦʾ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʂʦʨʦʪʢʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʊʦʢʘʨʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʋ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʽ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʠʭ 

ʟʘʛʦʪʦʚʦʢ ʜʝʪʘʣʝʡ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ. ʊʦʢʘʨʥʽ ʚʝʨʩʪʘʪʠ ʩʢʣʘʜʘʶʪʴ ʥʘʡʟʥʘʯʥʽʰʫ ʛʨʫʧʫ ʧʦ 

ʥʦʤʝʥʢʣʘʪʫʨʽ ʚ ʧʘʨʢʫ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ. ʅʘ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʚʠʢʦʥʫʶʪʴ ʪʨʘʜʠʮʽʡʥʠʡ 

ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ: ʪʦʯʽʥʥʷ, ʚʽʜʨʽʟʢʫ, ʩʚʝʨʜʣʽʥʥʷ, ʥʘʨʽʟʫʚʘʥʥʷ ʨʽʟʴʙʠ ʽ ʽʥ.. 

ʋ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʽ ʩʝʨʝʜʥʴʦʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟ ʯʘʩʪʦʶ ʟʤʽʥʦʶ ʚʠʛʦʪʦʚʣʝʥʠʭ ʚʠʨʦʙʽʚ 

ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ. ɺʝʨʩʪʘʪ ʟ ʏʇʂ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʟʘʻʤʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʜʝʪʘʣʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦ ʢʦʤʘʥʜʘʤ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ (ʢʫʣʘʯʢʽʚ, ʰʘʙʣʦʥʽʚ, ʢʦʧʽʨʽʚ). 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʥʘʩʪʫʧʥʽ: ʧʨʦʩʪʦʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʫ ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʡ ʤʽʢʨʦʧʨʠʩʪʨʽʡ ɽʆʄ; ʚʠʩʦʢʽ ʨʝʞʠʤʠ 

ʦʙʨʦʙʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʝʨʩʪʘʪʘ; ʚʠʢʣʶʯʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʨʫʯʥʠʭ 

ʨʦʟʤʽʯʘʣʴʥʠʭ ʽ ʧʨʠʛʦʥʦʯʥʠʭ ʨʦʙʽʪ; ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ 

ʜʦʧʦʤʽʞʥʦʛʦ ʽ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʦʙʨʦʙʢʠ; ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʽʜʝʥʪʠʯʥʦʩʪʽ ʜʝʪʘʣʝʡ; 

ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʣʘ ʧʝʨʝʫʩʪʘʥʦʚʣʝʥʴ ʜʝʪʘʣʝʡ ʧʨʠ ʦʙʨʦʙʮʽ ʪʘ ʪʝʨʤʽʥʽʚ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇɽ ʣʝʞʘʪʴ ʪʘʢʽ ʦʟʥʘʢʠ: 

¶ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʽ ʰʧʠʥʜʝʣʷ (ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʽ ʚʝʨʪʠʢʘʣʴʥʽ ʚʝʨʩʪʘʪʠ); 

¶ ʯʠʩʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʨʦʙʦʪʽ ʽʥʩʪʨʫʤʝʥʪʽʚ (ʦʜʥʦ - ʽ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʚʝʨʩʪʘʪʠ); 

¶ ʩʧʦʩʦʙʠ ʾʭ ʟʘʢʨʽʧʣʝʥʥʷ (ʥʘ ʩʫʧʦʨʪʽ, ʚ ʨʝʚʦʣʴʚʝʨʥʽʡ ʛʦʣʦʚʮʽ, ʫ ʤʘʛʘʟʠʥʽ ʽʥʩʪʨʫʤʝʥʪʽʚ); 

¶ ʚʠʜ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ (ʮʝʥʪʨʦʚʽ, ʧʘʪʨʦʥʥʽ, ʧʘʪʨʦʥʦ-ʮʝʥʪʨʦʚʽ, ʢʘʨʫʩʝʣʴʥʽ, ʧʨʫʪʢʦʚʽ ʚʝʨʩʪʘʪʠ); 

¶ ʩʪʫʧʽʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ (ʥʘʧʽʚʘʚʪʦʤʘʪʠ ʽ ʘʚʪʦʤʘʪʠ). 

ʊʦʢʘʨʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ (ʨʠʩ. 1) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʦʨʛʘʥʽʯʥʝ ʩʧʦʣʫʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʨʦʟʤʽʨʥʦʾ ʦʙʨʦʙʢʠ ʟ ʢʝʨʫʶʯʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʤʘʰʠʥʦʶ. ɿʘʤʽʥʘ ʨʫʯʥʦʛʦ 
ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʨʩʪʘʪʽʚ ʏʇʂ, ʨʦʙʦʪʘ ʷʢʠʭ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ 

ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ɽʆʄ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʜʝʪʘʣʝʡ. 

ʉʫʪʴ ʩʠʩʪʝʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʤʠ ʚʝʨʩʪʘʪʘʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤʠʤʠ ʚʫʟʣʘʤʠ ʚʝʨʩʪʘʪʘ ʟʘʤʽʥʶʶʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ.   

ʂʝʨʫʶʪʴ ʮʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʽʡʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ. ɿʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʚʝʨʩʪʘʪʠ ʟ ʮʠʢʣʦʚʠʤ (ʎʇʂ) ʪʘ ʯʠʩʣʦʚʠʤ (ʏʇʂ) ʢʝʨʫʚʘʥʥʷʤ. 

ʇʨʦʛʨʘʤʘ ʎʇʂ ʟʘʜʘʻʪʴʩʷ ʧʝʚʥʠʤ ʥʘʙʦʨʦʤ ʢʦʤʫʪʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʰʪʝʢʝʨʽʚ, ʧʝʨʝʤʠʢʘʯʽʚ 

ʥʘ ʧʘʥʝʣʽ ʫʧʦʨʽʚ), ʷʢʽ ʚʽʜʢʣʶʯʘʶʪʴ ʧʦʜʘʯʫ ʩʫʧʦʨʪʘ, ʩʪʦʣʘ, ʧʦʚʟʫʥʽʚ. ɺʦʥʠ ʧʨʦʩʪʽ ʡ ʚʽʜʥʦʩʥʦ 

ʜʝʰʝʚʽ, ʘʣʝ ʥʘʣʘʛʦʜʞʝʥʥʷ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ ʜʦʩʠʪʴ ʪʨʠʚʘʣʝ. 



 
 

 

 

 

 
 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʊʦʢʘʨʥʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʤʦʜʝʣʽ ORAC MBC 84: 1 ï ʩʪʘʥʠʥʘ; 2 ï ʧʝʨʝʜʥʷ ʙʘʙʢʘ; 3 ï 

ʪʨʴʦʭʢʫʣʘʯʢʦʚʠʡ ʧʘʪʨʦʥ; 4 ï ʟʘʜʥʷ ʙʘʙʢʘ;  5 ï ʧʦʣʦʟʢʠ ʧʦʚʟʜʦʚʞʥʽ; 6 ï ʧʦʣʦʟʢʠ ʧʦʧʝʨʝʯʥʽ; 7 ï 

ʨʽʟʮʝʫʪʨʠʤʫʚʘʯ;  8 ï ʧʘʥʝʣʴ ʢʝʨʫʚʘʥʥʷ; 9 ï ɽʆʄ 

 

ʂʦʥʩʪʨʫʢʮʽʾ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʽ ʾʭ ʨʽʟʥʦʚʠʜʠ ʚʠʟʥʘʯʘʶʪʴ ʚʠʜʦʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʠʧʦʤ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʪʦʯʥʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʊʦʢʘʨʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʨʦʙʢʠ 

ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʟʘʛʦʪʦʚʦʢ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ. ʊʦʢʘʨʥʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʤʘʻ ʪʘʢʽ 

ʚʫʟʣʠ ʽ ʤʝʭʘʥʽʟʤʠ (ʨʠʩ. 1): ʩʪʘʥʠʥʘ 1, ʧʝʨʝʜʥʷ ʙʘʙʢʘ 2, ʜʝ ʨʦʟʤʽʰʝʥʘ ʢʦʨʦʙʢʘ ʰʚʠʜʢʦʩʪʝʡ ʟ 

ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ. ʅʘ ʢʽʥʮʽ ʰʧʠʥʜʝʣʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʧʨʠʩʪʨʦʾ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ; ʟʘʜʥʷ ʙʘʙʢʘ 4 ï ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʜʨʫʛʦʛʦ ʢʽʥʮʷ ʟʘʛʦʪʦʚʢʠ, 

ʷʢʱʦ ʚʦʥʘ ʜʦʚʛʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ï ʩʚʝʨʜʣʘ, ʟʝʥʢʝʨʘ, ʨʦʟʚʝʨʪʢʠ ʜʣʷ 

ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ; ʩʫʧʦʨʪ (ʨʽʟʮʝʫʪʨʠʤʫʚʘʯ) 7 ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʨʽʟʮʽʚ ʽ ʥʘʜʘʥʥʷ ʾʤ ʧʦʧʝʨʝʯʥʦʾ 

ʧʦʜʘʯʽ (ʚʽʩʴ x) ʚʽʜ ʦʢʨʝʤʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ; ʭʦʜʦʚʠʡ ʛʚʠʥʪ ï ʜʣʷ ʥʘʜʘʥʥʷ ʨʽʞʫʯʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ï ʨʽʟʮʷʤ ʧʦʚʟʜʦʚʞʥʴʦʾ ʧʦʜʘʯʽ (ʚʽʩʴ z); ʩʠʩʪʝʤʘ ʟʤʘʱʫʚʘʥʥʷ, ʝʣʝʢʪʨʦʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʢʝʨʫʚʘʥʥʷ. 

ʂʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʝʣʝʢʪʨʦʥʥʦ ï ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ɽʆʄ) 9, ʘʙʦ ʚʽʜ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʩʪʨʦʶ ʨʦʟʤʽʱʝʥʦʛʦ ʫ ʚʝʨʩʪʘʪʽ. 

ɺ ʥʦʤʝʥʢʣʘʪʫʨʽ ʧʘʨʢʫ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ï ʦʜʥʘ ʽʟ ʟʥʘʯʥʠʭ ʛʨʫʧ. ʅʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ 

ʚʠʢʦʥʫʶʪʴ ʪʨʘʜʠʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʦʧʝʨʘʮʽʡ: ʪʦʯʽʥʥʷ, ʚʽʜʨʽʟʫʚʘʥʥʷ, ʩʚʝʨʜʣʫʚʘʥʥʷ, ʥʘʨʽʟʘʥʥʷ 

ʨʽʟʴʙʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʴʙʦʚʠʭ ʨʽʟʮʽʚ ʪʘ ʽʥʰ. 

ʆʟʥʘʢʠ ʟʛʽʜʥʦ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ: 

¶ ʨʦʟʤʽʱʝʥʥʷ ʚʽʩʽ ʰʧʠʥʜʝʣʷ (ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʽ ʚʝʨʪʠʢʘʣʴʥʽ); 

ʯʠʩʣʦ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ (ʦʜʥʦ ï ʽ ʙʘʛʘʪʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʚʝʨʩʪʘʪʠ); 

¶ ʩʧʦʩʦʙʠ ʾʭ ʟʘʢʨʽʧʣʝʥʥʷ (ʥʘ ʩʫʧʦʨʪʽ, ʚ ʨʝʚʦʣʴʚʝʨʥʽʡ ʛʦʣʦʚʮʽ, ʚ ʤʘʛʘʟʠʥʽ ʽʥʩʪʨʫʤʝʥʪʽʚ); 

¶ ʚʠʜ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ (ʮʝʥʪʨʦʚʽ, ʧʘʪʨʦʥʥʽ, ʧʘʪʨʦʥʦ ï ʮʝʥʪʨʦʚʽ, ʢʘʨʫʩʝʣʴʥʽ, ʧʨʫʪʢʦʚʽ 

ʚʝʨʩʪʘʪʠ); 

¶ ʩʪʫʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ (ʥʘʧʽʚʘʚʪʦʤʘʪʠ, ʘʚʪʦʤʘʪʠ).   

ʎʝʥʪʨʦʚʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ï ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʠʧʫ ʚʘʣʽʚ ʟ ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ ʽ 

ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʢʦʥʪʫʨʘʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʥʘʨʽʟʘʥʥʷ ʨʽʟʴʙʠ ʨʽʟʮʝʤ ʧʦ ʧʨʦʛʨʘʤʽ. 

ʇʘʪʨʦʥʽ ï ʜʣʷ ʦʙʪʦʯʫʚʘʥʥʷ, ʩʚʝʨʜʣʫʚʘʥʥʷ, ʨʦʟʚʝʨʪʫʚʘʥʥʷ, ʟʝʥʢʝʨʫʚʘʥʥʷ, ʮʝʢʫʚʘʥʥʷ, 

ʥʘʨʽʟʘʥʥʷ ʨʽʟʴʙʠ ʤʽʪʯʠʢʘʤʠ ʫ ʚʽʩʪʦʚʠʭ ʦʪʚʦʨʘʭ ʜʝʪʘʣʝʡ ʪʠʧʫ ʬʣʘʥʝʮʴ, ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʢʨʠʰʦʢ. 

ʄʦʞʣʠʚʝ ʥʘʨʽʟʘʥʥʷ ʨʽʟʮʝʤ ʚʥʫʪʨʽʰʥʴʦʾ ʽ ʟʦʚʥʽʰʥʴʦʾ ʨʽʟʴʙʠ ʨʽʟʮʝʤ ʧʦ ʧʨʦʛʨʘʤʽ. 



ʇʘʪʨʦʥʥʦ ï ʮʝʥʪʨʦʚʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ï ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʽ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʨʦʙʢʠ ʨʽʟʥʠʭ 

ʩʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʽ ʤʘʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʦʢʘʨʥʠʭ ʮʝʥʪʨʦʚʠʭ ʽ 

ʧʘʪʨʦʥʥʠʭ ʚʝʨʩʪʘʪʽʚ. 

ʂʘʨʫʩʝʣʴʥʽ ï ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʩʢʣʘʜʥʠʭ ʢʦʨʧʫʩʽʚ. 

ʊʦʢʘʨʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ʤʘʶʪʴ ʨʝʚʦʣʴʚʝʨʥʽ ʛʦʣʦʚʢʠ ʘʙʦ ʤʘʛʘʟʠʥʠ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʈʝʚʦʣʴʚʝʨʥʽ 

ʛʦʣʦʚʢʠ ʙʫʚʘʶʪʴ 4-ʭ, 6-ʪʠ ̔ 12-ʪʠ - ʧʦʟʠʮʽʡʥʽ, ʧʨʠʯʦʤʫ ʥʘ ʢʦʞʥʽʡ ʧʦʟʠʮʽʾ ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʧʦ 2 ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʽ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʨʦʙʢʠ. ɺʽʩʴ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʢʠ ʤʦʞʝ 

ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ʚʽʩʽ ʰʧʠʥʜʝʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʥʝʾ ʘʙʦ ʧʽʜ ʢʫʪʦʤ. 

ʇʨʠ ʫʩʪʘʥʦʚʮʽ ʪʘ ʚʝʨʩʪʘʪʽ 2-ʭ ʨʝʚʦʣʴʚʝʨʥʠʭ ʛʦʣʦʚʦʢ ï ʚ ʦʜʥʽʡ ʽʟ ʥʠʭ ʟʘʢʨʽʧʣʶʶʪʴ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʦʙʨʦʙʢʠ, ʘ ʚ ʜʨʫʛʽʡ ï ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʨʦʙʢʠ. ʊʘʢʽ ʛʦʣʦʚʢʠ ʤʦʞʫʪʴ 

ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʩʧʽʚʚʽʩʥʦ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ, ʘʙʦ ʤʘʪʠ ʨʽʟʥʝ ʨʦʟʤʽʱʝʥʥʷ ʦʩʝʡ. ɼʣʷ ʽʥʜʝʢʩʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʣʦʩʢʦ ʟʫʙʯʘʩʪʽ ʪʦʨʮʝʚʽ ʤʫʬʪʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʞʦʨʩʪʢʽʩʪʴ. 

ɺ ʧʘʟʠ ʨʝʚʦʣʴʚʝʨʥʠʭ ʛʦʣʦʚʦʢ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʟʘʻʤʦʟʘʤʽʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʙʣʦʢʠ, ʷʢʽ 

ʥʘʣʘʛʦʜʞʫʶʪʴ ʥʘ ʨʦʟʤʽʨ ʧʦʟʘ ʚʝʨʩʪʘʪʦʤ.  

ʇʦʜʘʯʘ ʄʆʈ ʚ ʟʦʥʫ ʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʢʘʥʘʣ ʚ ʢʦʨʧʫʩʽ ʨʽʟʴʙʦʚʠʭ ʙʣʦʢʽʚ. 

ɼʣʷ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʦʜʥʽʻʾ ʟʘʛʦʪʦʚʢʠ ʥʝʦʙʭʽʜʥʦ ʥʝ ʙʽʣʴʰʝ 10 ʽʥʩʪʨʫʤʝʥʪʽʚ. ɼʣʷ ʚʘʞʢʦ 

ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʥʩʪʨʫʤʝʥʪʠ ʤʘʶʪʴ ʤʘʣʫ ʩʪʽʡʢʽʩʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʥʰʝ 10 

ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ɿʘ ʢʽʣʴʢʽʩʪʶ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʠ ʏʇʂ ʧʦʜʽʣʷʶʪʴ ʥʘ ʨʦʟʽʤʢʥʫʪʽ, ʟʘʤʢʥʫʪʽ ʽ 

ʩʘʤʦʥʘʩʪʨʦʶʚʘʣʴʥʽ (ʘʜʘʧʪʠʚʥʽ). ɺ ʨʦʟʽʤʢʥʝʥʠʭ ʩʠʩʪʝʤʘʭ ʦʜʠʥ ʧʦʪʽʢ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʧʨʦʛʨʘʤʠ ʜʦ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ, ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʛʦ ʥʝ ʢʦʥʪʨʦʣʶʻʪʴʩʷ, ʪʦʙʪʦ ʥʝʤʘʻ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ʋ 

ʟʘʤʢʥʝʥʠʭ ʩʠʩʪʝʤʘʭ ʢʨʽʤ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʧʨʦʛʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʻ ʱʝ ʧʦʪʽʢ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʘʚʘʯʽʚ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʚʝʨʩʪʘʪʽʚ ʻ ʧʨʠʚʦʜʠ 

ʧʦʜʘʯ, ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʨʦʢʦʚʽ ʪʘ ʩʣʽʜʢʫʶʯʽ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʧʨʠʚʦʜʘ ʚ ʨʦʟʽʤʢʥʫʪʠʭ 

ʩʠʩʪʝʤʘʭ ʟ ʏʇʂ ʻ ʢʨʦʢʦʚʠʡ ʧʨʠʚʽʜ. ʆʩʦʙʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʮʴʦʛʦ ʧʨʠʚʦʜʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʷʢʱʦ ʥʘ ʦʙʤʦʪʢʫ ʡʦʛʦ ʩʪʘʪʦʨʘ ʧʦʧʘʜʘʻ ʦʜʠʥ ʽʤʧʫʣʴʩ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʪʦ ʷʢʽʨ 

ʧʦʚʝʨʥʝʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʠʡ ʢʫʪ ʚʠʟʥʘʯʝʥʦʾ ʚʝʣʠʯʠʥʠ. ʋ ʪʘʢʦʤʫ ʧʨʠʚʦʜʽ ʽʤʧʫʣʴʩʠ ʧʨʦʛʨʘʤʠ 

ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ. ʂʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʧʽʜʚʝʜʝʥʠʭ ʜʦ ʧʨʠʚʦʜʘ, 

ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʧʝʨʝʤʽʱʝʥʥʷ, ʘ ʾʭ ʯʘʩʪʦʪʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ. ʋ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʧʨʠʚʽʜ 

ʧʨʠʚʦʜʠʪʴ ʫ ʨʫʭ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʚʝʨʩʪʘʪʘ ʯʝʨʝʟ ʧʝʨʝʜʘʯʫ ʛʚʠʥʪ-ʛʘʡʢʘ ʢʦʯʝʥʥʷ, ʧʘʩʦʚʘ ʧʝʨʝʜʘʯʘ 

ʛʚʠʥʪ-ʛʘʡʢʘ ʢʦʯʝʥʥʷ. ʋ ʮʠʭ ʧʝʨʝʜʘʯʘʭ ʧʨʦʬʽʣʴ ʭʦʜʦʚʦʛʦ ʛʚʠʥʪʘ ʽ ʛʘʡʢʠ ʥʘʧʽʚʢʨʫʛʣʠʡ, ʢʽʣʴʢʘ 

ʚʠʪʢʽʚ ʢʘʥʘʚʦʢ ʛʚʠʥʪʘ ʽ ʛʘʡʢʠ ʱʽʣʴʥʦ ʟʘʧʦʚʥʝʥʽ ʢʫʣʴʢʘʤʠ. ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʪʘʢʦʾ ʧʘʨʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʝʨʪʷ ʢʦʯʝʥʥʷ, ʘ ʥʝ ʢʦʚʟʘʥʥʷ, ʷʢ ʫ ʟʚʠʯʘʡʥʠʭ ʛʚʠʥʪʦʚʠʭ ʧʘʨʘʭ. 

ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ 

ʇʦ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʩʠʩʪʝʤʠ ʏʇʂ ʧʦʜʽʣʷʶʪʴ 

ʥʘ 4 ʛʨʫʧʠ: 

¶ ʧʦʟʠʮʽʡʥʽ, ʚ ʷʢʠʭ ʟʘʜʘʶʪʴ ʪʽʣʴʢʠ ʢʦʦʨʜʠʥʘʪʠ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ ʧʦʣʦʞʝʥʥʷ ʚʠʢʦʥʫʶʯʠʭ ʦʨʛʘʥʽʚ 

ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ ʚʠʟʥʘʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ; 

¶ ʢʦʥʪʫʨʥʽ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʽ, ʢʝʨʫʶʯʠʭ ʨʫʭʘʤʠ ʚʠʢʦʥʫʶʯʦʛʦ ʦʨʛʘʥʘ ʧʦ ʟʘʜʘʥʽʡ ʢʨʠʚʦʣʽʥʽʡʥʽʡ 

ʪʨʘʻʢʪʦʨʽʾ; 

¶ ʫʥʽʚʝʨʩʘʣʴʥʽ (ʢʦʤʙʽʥʦʚʘʥʽ), ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢ ʧʝʨʝʤʽʱʝʥʴ ʧʨʠ 

ʧʦʟʠʮʽʶʚʘʥʥʽ, ʪʘʢ ʽ ʨʫʭ ʚʠʢʦʥʫʶʯʠʭ ʦʨʛʘʥʽʚ ʧʦ ʪʨʘʻʢʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ï ʚʠʚʘʥʪʘʞʝʥʥʷ ʟʘʛʦʪʦʚʦʢ; 

¶ ʙʘʛʘʪʦʢʦʥʪʫʨʥʽ ʩʠʩʪʝʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʜʥʦʯʘʩʥʝ ʘʙʦ ʧʦʩʣʽʜʦʚʥʝ ʢʝʨʫʚʘʥʥʷ ʬʫʥʢʮʽʶʚʘʥʥʷʤ 

ʨʷʜʫ ʚʫʟʣʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ ʚʝʨʩʪʘʪʘ.  

ʇʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʏʇʂ ʧʝʨʰʦʾ ʛʨʫʧʠ ʷʚʣʷʶʪʴʩʷ ʩʚʝʨʜʣʠʣʴʥʽ, ʨʦʟʪʦʯʥʽ ʽ 

ʢʦʦʨʜʠʥʘʪʥʦ ï ʨʦʟʪʦʯʥʽ ʚʝʨʩʪʘʪʠ. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʩʣʫʛʫʶʪʴ ʩʠʩʪʝʤʠ ʏʇʂ ʨʽʟʥʠʭ ʪʦʢʘʨʥʠʭ, 

ʬʨʝʟʝʨʥʠʭ ʽ ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ. ɼʦ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʩʠʩʪʝʤʠ ʏʇʂ ʨʽʟʥʠʭ 

ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʪʦʢʘʨʥʠʭ ʽ ʩʚʝʨʜʣʠʣʴʥʦ ï ʨʦʟʪʦʯʥʠʭ ʚʝʨʩʪʘʪʽʚ. ɼʦ ʯʝʪʚʝʨʪʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʙʝʟ 



ʮʝʥʪʨʦʚʽ ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ, ʚ ʷʢʠʭ ʚʽʜ ʩʠʩʪʝʤʠ ʏʇʂ ʢʝʨʫʶʪʴ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤ 

ʧʨʘʚʢʠ, ʧʦʜʘʯʽ ʙʘʙʦʢ ʪʘ ʽʥʰ. ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʧʦʟʠʮʽʡʥʽ, ʢʦʥʪʫʨʥʽ, ʢʦʤʙʽʥʦʚʘʥʽ ʽ ʙʘʛʘʪʦʢʦʥʪʫʨʥʽ 

ʮʠʢʣʠ ʢʝʨʫʚʘʥʥʷ. 

ɺ ʤʦʜʝʣʷʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʙʘʚʣʷʻʪʴʩʷ ʙʫʢʚʘ ʌ ʟ 

ʮʠʬʨʦʶ: 

¶ ʌ1 ï ʚʝʨʩʪʘʪʠ ʟ ʮʠʬʨʦʚʦʶ ʽʥʜʝʢʩʘʮʽʻʶ ʽ ʧʦʧʝʨʝʜʥʽʤ ʥʘʙʦʨʦʤ ʢʦʦʨʜʠʥʘʪ; 

¶ ʌ2 ï ʚʝʨʩʪʘʪʠ ʟ ʧʦʟʠʮʽʡʥʠʤʠ ʽ ʧʨʷʤʦʢʫʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʏʇʂ; 

¶ ʌ3 ï ʚʝʨʩʪʘʪʠ ʟ ʢʦʥʪʫʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʏʇʂ; 

¶ ʌ4 ï ʚʝʨʩʪʘʪʠ ʟ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʏʇʂ ʜʣʷ ʧʦʟʠʮʽʡʥʦʾ ʽ ʢʦʥʪʫʨʥʦʾ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʮʠʢʣʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʏʇʂ ʚ ʧʦʟʥʘʯʝʥʽ ʤʦʜʝʣʽ ʚʚʝʜʝʤʦ ʽʥʜʝʢʩ çʎè, ʘ ʟ 

ʦʧʝʨʘʪʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʽʥʜʝʢʩ ï çʊè. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʦʙʣʘʜʥʘʥʥʷ ʟ ʏʇʂ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʚʠʛʦʪʦʚʣʷʻʤʦʾ 

ʜʝʪʘʣʽ ʽ ʩʝʨʽʡʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʏʠʤ ʤʝʥʰʘ ʩʝʨʽʡʥʽʩʪʴ, ʪʠʤ ʙʽʣʴʰʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʛʥʫʯʢʽʩʪʴ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʝʨʩʪʘʪ. 

ɺ ʩʫʯʘʩʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪ ʟ ʟʤʽʥʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ: 

¶ ʉʫʪʪʻʚʦ ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʣʶʯʝʥʥʷ ʡʦʛʦ ʧʨʠʚôʷʟʢʠ ʽ 
ʚʠʩʪʘʚʣʝʥʥʷ ʧʦ ʚʠʩʦʪʽ ʮʝʥʪʨʽʚ; 

¶ ʄʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʽʜʙʦʨʫ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʧʣʘʩʪʠʥ ʟ ʽʥʰʦʶ ʛʝʦʤʝʪʨʽʻʶ; 

¶ ʉʪʘʙʽʣʴʥʝ ʦʪʨʠʤʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʧʨʠ ʽʥʰʠʭ ʫʤʦʚʘʭ; 

¶ ʅʘʜʽʡʥʝ ʜʨʽʙʥʝʥʥʷ ʩʪʨʫʞʢʠ; 

¶ ɺʽʜʢʠʜʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʟʘʪʦʯʮʽ ʽʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʠʥʮʠʧ ʨʦʟʨʦʙʢʠ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ʈʦʟʨʦʙʢʘ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʩʪʘʥʜʘʨʪʥʠʭ ʙʣʦʢʽʚ ʦʙʨʦʙʢʠ. ɹʣʦʢ ʦʙʨʦʙʢʠ ï ʮʝ ʬʨʘʛʤʝʥʪ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʦʜʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʥʘ ʦʜʥʽʡ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʦʚʝʨʭʥʷʭ. ʅʘʧʨʠʢʣʘʜ: 

¶ ʇʽʜʨʽʟʢʘ ʪʦʨʮʷ; 

¶ ɿʦʚʥʽʰʥʷ ʯʦʨʥʦʚʘ ʦʙʨʦʙʢʘ; 

¶ ɿʦʚʥʽʰʥʷ ʯʠʩʪʦʚʘ ʦʙʨʦʙʢʘ; 

¶ ʎʝʥʪʨʫʚʘʥʥʷ; 

¶ ʉʚʝʨʜʣʽʥʥʷ; 

¶ ʅʘʨ̔ʟʘʥʥʷ ʨʽʟʴʙʠ ʤʽʪʯʠʢʦʤ; 

¶ ʅʘʨʽʟʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʽʟʴʙʠ ʨʽʟʮʝʤ; 

¶ ɺʽʜʨʽʟʢʘ ʽ ʽʥʰ.. 

ʂʦʞʥʠʡ ʙʣʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 

¶ ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʟʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʫ; 

¶ ʇʽʜʭʽʜ ʜʦ ʢʦʥʪʨʦʣʴʥʦʾ ʪʦʯʢʠ; 

¶ ʆʙʨʦʙʢʠ; 

¶ ʆʙʭʽʜ ʚ ʪʦʯʢʫ ʟʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʫ.  

ɺʩʽ ʙʣʦʢʠ ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʬʘʡʣʽʚ ʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʫʜʴ-ʷʢʽʡ ʟʨʫʯʥʽʡ ʧʘʧʮʽ. ʗʢʱʦ 

ʚʘʞʢʦ ʨʦʟʨʦʙʠʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʟ ʣʠʩʪʘ ʢʨʝʩʣʝʥʥʷ, ʪʦ ʤʦʞʥʘ ʩʧʦʯʘʪʢʫ ʟʘʧʠʩʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʣʦʢʽʚ ʦʙʨʦʙʢʠ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʟ ʚʢʘʟʘʥʠʤ ʚ ʥʽʡ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʟ ʚʠʙʨʘʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ: 

¶ ʄʘʶʪʴ ʨʦʟʰʠʨʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠ ʟʙʝʨʝʞʝʥʽ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚ ʨʦʙʦʪʽ. 

¶ ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 
ʞʦʨʩʪʢʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʟʚʠʯʘʡʥʦʶ. 



¶ ʇʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʩʧʨʠʷʻ ï ʚʠʣʫʯʝʥʥʷ ʟʘʟʦʨʽʚ ʚ ʧʝʨʝʜʘʪʦʯʥʠʭ ʤʝʭʘʥʽʟʤʘʭ ʧʨʠʚʦʜʽʚ, 

ʟʥʠʞʝʥʥʷ ʪʝʨʪʷ ʚ ʥʘʧʨʘʚʣʷʶʯʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʝʨʩʪʘʪʘ.  

¶ ʎʠʬʨʦʚʽ ʧʨʠʚʦʜʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʘʙʦ 
ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ, ʩʝʨʚʦʧʨʠʚʦʜʠ ʽ ʧʨʠʩʪʨʦʾ ʛʦʣʦʚʥʦʛʦ 

ʧʫʩʢʫ ʽ ʨʝʚʝʨʩʘ ʷʚʣʷʻʪʴʩʷ ʦʢʨʝʤʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʙʣʦʢʘʤʠ ʢʝʨʫʚʘʥʥʷ. 

¶ ʐʧʠʥʜʝʣʽ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʦʯʥʠʤʠ, ʞʦʨʩʪʢʠʤʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ 
ʰʠʡʦʢ, ʧʦʩʘʜʦʯʥʠʭ ʽ ʙʘʟʦʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʂʦʥʩʪʨʫʢʮʽʷ ʰʧʠʥʜʝʣʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʽʟ ï ʟʘ 

ʚʙʫʜʦʚʘʥʠʭ ʚ ʥʴʦʛʦ ʧʨʠʩʪʨʦʾʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʪʠʩʥʝʥʥʷ ʽ ʟʘʪʠʩʥʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʜʘʪʯʠʢʽʚ. 

¶ ʈʦʟʰʠʨʝʥʥʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʤʦʞʣʠʚʝ ʧʨʠ ʩʪʠʨʘʥʥʽ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʪʦʢʘʨʥʠʤʠ ʽ ʬʨʝʟʝʨʥʠʤʠ ʚʝʨʩʪʘʪʘʤʠ, ʜʦʙʘʚʮʽ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʩʚʝʨʜʣʽʥʥʷ, ʪʘ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʘ ʟ ʨʘʭʫʥʦʢ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʧʦʚʦʨʦʪʫ ʰʧʠʥʜʝʣʷ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʤʦʞʣʠʚʝ ʨʽʟʴʙʘ ʥʘʨʽʟʘʥʥʷ ʥʝ ʩʧʽʚʚʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʛʦʪʦʚʦʢ. 

 

ʇʨʠʢʣʘʜ ʩʢʣʘʜʘʥʥʷ ʧʨʦʛʨʘʤʠ ʜʝʪʘʣʽ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ 

Mach3 ʧʨʠʚʝʜʝʥʠʡ ʚ ʜʦʜʘʪʢʫ ˉ1. 

ɼʦʜʘʪʦʢ ˉ1 

ɼʝʪʘʣʴ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2, ʙ. 

 
 ʘ ʙ 

ʈʠʩʫʥʦʢ 2 ï ɺʠʭʽʜʥʘ ʟʘʛʦʪʦʚʢʘ (ʘ) ʪʘ ʜʝʪʘʣʴ (ʙ) 

 

ʅʘʤʠ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʠʡ ʽʥʩʪʨʫʤʝʥʪ: 

ʊ1 ï ʧʽʜʨʽʟʥʠʡ ʚʽʜʽʛʥʫʪʠʡ ʨʽʟʝʮʴ ʜʣʷ ʩʪʘʥʢʘ ʟ ʏʇʋ; 

ʊ2 ï ʧʨʦʭʽʜʥʠʡ ʚʽʜʽʛʥʫʪʠʡ ʨʽʟʝʮʴ ʜʣʷ ʩʪʘʥʢʘ ʟ ʏʇʋ; 

ʊ3 ï ʢʘʥʘʚʢʦʚʠʡ ʨʽʟʝʮʴ ʜʣʷ ʩʪʘʥʢʘ ʟ ʏʇʋ. 

ʆʙʨʦʙʢʫ ʜʝʪʘʣʽ ʟʜʽʡʩʥʶʻʤʦ: ʚ ʘʙʩʦʣʶʪʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩʪʘʥʢʘ (G90); ʚ ʦʜʠʥʠʮʷʭ ʜʦʚʞʠʥʠ, 

ʤʤ (G21); ʧʦʜʘʯʝʶ ʧʝʨʝʤʽʱʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʚ  ʤʤ/ʦʙ (G95); ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ 

(G96); ʚ ʧʣʦʱʠʥʽ Z_X (G18); ); M1 ï ʟʫʧʠʥʢʘ ʧʨʦʛʨʘʤʠ ʟʘ ʚʠʤʦʛʦʶ, M6 ï ʘʚʪʦʤʘʪʠʯʥʘ ʟʤʽʥʘ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

ʇʨʦʛʨʘʤʘ ʪʦʯʽʥʥʷ 

ʋʩʪʘʥʦʚ ɸ 

 



 
N1 G90 G21 X0 Z0 G95 G96 G18 T1 M6 

N2 G0 X45 Z125 F0.45 S185 

N3 G0 X32 Z106 

N4 G1 X0 Z106 

N5 G0 X45 Z125 M1 T2 M6 

N6 G0 X30 Z106 

N7 G1 X30 Z51 

N8 G0 X45 Z51 

N9 G0 X45 Z125 

 
N10 G0 X25 Z106 

N11 G1 X25 Z80 

N12 G1 X30 Z80 

N13 G0 X45 Z80  

N14 G0 X45 Z125 M1 T3 M6 

N15 G0 X45 Z90  

N16 G1 X22 Z90 

N17 G0 X30 Z90 

N18 G0 X45 Z125 M1 T1 M6 

ʋʩʪʘʥʦʚ ɹ 

 



 
N19 G0 X32 Z105 

N20 G1 X0  Z105 

N21 G0 X45 Z125 M1 T2 M6 

N22 G0 X22 Z105 

N23 G1 X22 Z55 

N24 G1 X30 Z55 

N25 G0 X45 Z55 

N26 G0 X45 Z125 

N27 M30 

 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʦʪʠ: 

¶ ʇʦʷʩʥʝʥʥʷ ʚʠʢʣʘʜʘʯʝʤ ʙʫʜʦʚʠ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʪʦʢʘʨʥʠʤ ʚʝʨʩʪʘʪʦʤ ʟ ʏʇʂ; 

¶ ɼʝʤʦʥʩʪʨʘʮʽʷ ʽʥʞʝʥʝʨʦʤ ʨʦʙʦʪʠ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ. 

ɿʘʧʠʪʘʥʥʷ 

4. ʗʢʽ ʦʩʥʦʚʥʽ ʚʫʟʣʠ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ? 

5. ʑʦ ʪʘʢʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʙʣʦʢ ʦʙʨʦʙʢʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ? 

6. ʗʢ ʦʙʤʝʞʠʪʠ ʨʫʭʠ ʧʦ ʚʽʩʷʤ X ʽ Z ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ? 

ɿʤʽʩʪ ʟʚʽʪʫ 

ɿʚʽʪ ʧʦ ʨʦʙʦʪʽ ʧʦʚʠʥʝʥ ʤʘʪʠ: ʥʦʤʝʨ, ʥʘʟʚʫ ʪʘ ʤʝʪʫ ʨʦʙʦʪʠ; ʢʦʨʦʪʢʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ, 

ʧʨʠʚʝʩʪʠ ʧʨʦʛʨʘʤʫ ʜʣʷ 2-ʭ ʧʝʨʝʭʦʜʽʚ ʪʦʯʽʥʥʷ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ ʟʛʽʜʥʦ ʚʘʨʽʘʥʪʫ 

ʟʘʚʜʘʥʥʷ, ʷʢʽ ʧʨʠʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ ˉ2. 

ɼʦʜʘʪʦʢ ˉ2 

 

 
 



 
 

 
 

 


