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ɺʉʊʋʇ 

ʅʘʚʯʘʣʴʥʽ ʧʦʩʽʙʥʠʢʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʽʜʨʫʯʥʠʢʽʚ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʠʜʘʶʪʴʩʷ ʟʛʽʜʥʦ ʧʨʦʛʨʘʤ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ  ʽ ʤʽʩʪʠʪʴ ʤʘʪʝʨʽʘʣʠ,  ʚ 

ʦʩʥʦʚʥʦʤʫ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʽ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʨʦʙʽʪ  ʫ ʪʦʤʫ ʥʘʚʯʘʣʴʥʦʤʫ ʟʘʢʣʘʜʽ, ʫ ʷʢʦʤʫ ʧʨʘʮʶʻ ʘʚʪʦʨ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʽ 

ʥʘʚʯʘʣʴʥʽ ʧʦʩʽʙʥʠʢʠ [1,2,3], ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʦʨʠʛʽʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʽ 

ʤʘʪʝʨʽʘʣʠ ʤʽʞʚʫʟʽʚʩʴʢʠʭ ʩʪʫʜʝʥʪʩʴʢʠʭ ʦʣʽʤʧʽʘʜ ʟ ʦʜʥʦʡʤʝʥʥʠʭ ʥʘʚʯʘʣʴʥʠʭ 

ʜʠʩʮʠʧʣʽʥ  ʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʟʘ ʪʝʤʘʪʠʢʦʶ ʟ ʤʝʭʘʪʨʦʥʽʢʠ. 

ɺʝʜʫʯʦʶ ʢʘʬʝʜʨʦʶ ʟ ʤʝʭʘʪʨʦʥʠʮʽ ʥʘ ʋʢʨʘʾʥʽ ʻ ʢʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʾ 

ʛʽʜʨʦʘʝʨʦʤʝʭʘʥʽʢʠ ʽ ʤʝʭʘʥʦʪʨʦʥʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʥʘ 

ʷʢʦʾ ʱʦʨʽʯʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʤʽʞʚʫʟʽʚʩʴʢʘ ʩʪʫʜʝʥʪʩʴʢʘ ʦʣʽʤʧʽʘʜʘ 

çʄʝʭʘʪʨʦʥʽʢʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè ʧʽʜ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʧʨʦʬʝʩʦʨʘ ɻʫʙʘʨʝʚʘ ʆʣʝʢʩʘʥʜʨʘ ʇʘʚʣʦʚʠʯʘ.  

ɺ ʥʘʚʯʘʣʴʥʦʤʫ  ʧʦʩʽʙʥʠʢʫ ʨʦʟʛʣʷʥʫʪʠ ʧʠʪʘʥʥʷ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ 

ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʤʝʭʘʥʽʟʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ʤʘʰʠʥ ʽ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ çʄʝʭʘʪʨʦʥʽʢʘ ʚ ʛʘʣʫʟʝʚʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè 

ʤʽʩʪʠʪʴ ʧʨʦʛʨʘʤʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʝʥʠʡ ʥʘʚʯʘʣʴʥʦʾ ʽ ʨʦʙʦʯʽʡ 

ʧʨʦʛʨʘʤʘʤʠ ʜʠʩʮʠʧʣʽʥʠ çʄʝʭʘʪʨʦʥʽʢʘ ʚ ʛʘʣʫʟʝʚʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè 

ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʜʝʥʥʦʾ, ʟʘʦʯʥʦʾ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʾ ʬʦʨʤ ʥʘʚʯʘʥʥʷ ʟ ʛʘʣʫʟʽ ʟʥʘʥʴ 

çʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷè, ʩʧʝʮʽʘʣʴʥʦʩʪʽ çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè,  

çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè, ʩʪʫʧʝʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ  ï ʙʘʢʘʣʘʚʨ. ʄʘʪʝʨʽʘʣʠ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʉɸM-ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷè ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè ʟʘ 

ʦʩʚʽʪʥʴʦʶ ʧʨʦʛʨʘʤʦʶ çʆʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʦʙʫʪʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè ʩʪʫʧʝʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʤʘʛʽʩʪʨ. 

ɺ ʥʘʚʯʘʣʴʥʦʤʫ  ʧʦʩʽʙʥʠʢʫ ʨʦʟʛʣʷʥʫʪʠ ʧʨʠʥʮʠʧʠ ʦʙ'ʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʪʠʧʦʚʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ. ʈʦʟʛʣʷʥʫʪʽ ʉɸʇʈ-ʧʦʙʫʜʦʚʘ ʽ ʘʥʘʣʽʟ 

ʨʦʙʦʪʠ ʩʭʝʤ ʮʠʢʣʦʚʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʅʘʚʝʜʝʥʽ ʧʨʘʚʠʣʘ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʨʘʬʽʚ ʜʣʷ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʩ 

ɹɯʩʪʘʙʽʣʴʥʠʤ ʽ ʄʆʅʆʩʪʘʙʽʣʴʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʨʽʚʥʷʥʴ ʧʨʠʯʠʥʥʦ-ʩʧʘʜʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʜʦ 

ʩʢʣʘʜʘʥʥʷ ʩʭʝʤ ʢʝʨʫʚʘʥʥʷ ʙʝʟ ʢʦʥʪʨʦʣʝʨʘ ʽ ʟ ʢʦʥʪʨʦʣʝʨʦʤ.   ʅʘʚʝʜʝʥʽ 

ʧʨʠʢʣʘʜʠ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʘʬʽʚ, ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʧʨʠʯʠʥʥʦ-
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ʩʧʘʜʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʽ ʧʨʦʛʨʘʤ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ 

ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʨʦʝʢʪʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʽ ʪʝʢʩʪʠʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ ʚʘʞʽʣʴʥʠʤʠ ʽ ʢʫʣʘʯʢʦʚʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ. 

ɸʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʚʜʷʯʥʽʩʪʴ ʨʝʮʝʥʟʝʥʪʘʤ ʧʨʦʬʝʩʦʨʫ ʄ.ɭ. ʉʢʠʙʽ, 

ʧʨʦʬʝʩʦʨʫ ʆ.ʇ. ɻʫʙʘʨʝʚʫ ʽ ʧʨʦʬʝʩʦʨʫ ʄ.ɺ. ʗʢʠʤʯʫʢʫ ʟʘ ʟʨʦʙʣʝʥʽ 

ʟʘʫʚʘʞʝʥʥʷ ʽ ʜʦʧʦʚʥʝʥʥʷ ʪʘ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʧʽʚʧʨʘʮʶ ʧʦ ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʚ ʂʠʾʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ  

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʽ ʤʝʪʦʜʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʟ ʤʝʭʘʪʨʦʥʽʢʠ ʚ ʛʘʣʫʟʝʚʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʢʘʬʝʜʨʽ ʤʘʰʠʥ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʨʘʟ ʢʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʤʘʰʠʥ.  

1. ʉʊʈʋʂʊʋʈɸ ɯ ɽʃɽʄɽʅʊʀ ʄɽʍɸʊʈʆʅɯʂʀ  

 

1.1. ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ ʟ ʜʠʩʮʠʧʣʽʥʠ çʄʝʭʘʪʨʦʥʽʢʘ ʚ ʛʘʣʫʟʝʚʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè 

 

ʉʫʯʘʩʥʝ ʥʘʫʢʦʻʤʥʝ ʛʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚʘʭ ʤʝʭʘʥʽʢʠ, ʝʣʝʢʪʨʦʥʽʢʠ, ʧʨʠʢʣʘʜʥʦʤʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ  

ʪʘ ʤʘʪʝʤʘʪʠʢʠ. ɼʣʷ  ʽʥʞʝʥʝʨʘ-ʤʝʭʘʥʽʢʘ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʥʘʫʢ 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʟʘʣʠʰʢʫ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʭʝʤʦʶ ʥʘ ʨʠʩ.1, ʜʝ 

ʥʘʚʝʜʝʥʽ ʚʽʜʩʦʪʦʢ ʟʘʩʚʦʶʚʘʥʠʭ ʟʥʘʥʴ ʽ ʦʪʨʠʤʘʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ ʟ 

ʥʘʚʯʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʥʘʚʯʘʥʥʷ ʪʠʧʫ çSTEM-ʦʩʚʽʪʘè. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʷʤʠʭ ʽ 

ʟʚʦʨʦʪʥʽʭ ʟʚô̫ ʟʢʽʚ  ʧʨʠ STEM-ʦʩʚʽʪʽ, 

ʢ̫ ʦʩʥʦʚʠ ʥʘʚʯʘʥʥʷ ʟ ʜʠʩʮʠʧʣʽʥʠ 

çʄʝʭʘʪʨʦʥʽʢʘ ʚ ʛʘʣʫʟʝʚʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè 

 

 

 

 

STEM-ʦʩʚʽʪʘ ï ʘʙʨʝʚʽʘʪʫʨʘ ʘʥʛʣʽʡʩʴʢʠʭ ʩʣʽʚ çScience, Technology, 

Engineering, Mathematics (çʅʘʫʢʘ, ʊʝʭʥʦʣʦʛʽʷ, ɯʥʞʝʥʝʨʽʷ, ʄʘʪʝʤʘʪʠʢʘè), 

ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʨʘʮʽʾ. ʄʦʜʝʨʘʮʽʷ - ʮʝ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʚʯʘʥʥʷ 
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ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʪʨʘʪ ʯʘʩʫ ʽ ʟʫʩʠʣʴ, ʷʢʠʡ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʽʜʝʡ, 

ʜʫʤʦʢ, ʧʦʛʣʷʜʽʚ ʽ ʙʘʯʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʝʪʝʥʮʽʡ (ʟʥʘʥʴ, ʥʘʚʠʢʽʚ ʽ 

ʚʤʽʥʴ) ʩʪʫʜʝʥʪʘʤʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʨʘʮʽʾ ʣʝʢʪʦʨ-ʪʨʝʥʝʨ ʷʢ ʙʠ çʜʽʩʪʘʻè 

ʟ ʫʯʘʩʥʠʢʽʚ ʾʭ ʧʦʛʣʷʜʠ ʽ ʟ ʧʝʚʥʦʛʦ ʧʠʪʘʥʥʷ. ɺʘʞʣʠʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ 

ʤʦʜʝʨʘʮʽʾ ʻ ʚʽʟʫʘʣʽʟʘʮʽʷ ʥʘʚʯʘʥʥʷ ʽ ʥʘʚʯʘʥʥʷ ʟʘʩʦʙʘʤʠ ʤʦʪʦʨʠʢʠ (çʟʨʦʙʠ 

ʩʘʤ, ʩʚʦʾʤʠ ʨʫʢʘʤʠè), ̫ ʢ ʮʝ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 

ʄʝʪʘ ʚʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʄʝʭʘʪʨʦʥʽʢʘ ʚ ʛʘʣʫʟʝʚʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè ʻ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʝʪʝʥʮʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʤʽʥʴ ʽ ʥʘʚʠʯʦʢ 

(skills) ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ  ʧʦʙʫʜʦʚʠ, 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʦʝʢʪʫʚʘʥʥʽ (ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ) ʤʝʭʘʪʨʦʥʥʠʭ ʮʠʢʣʦʚʠʭ 

ʩʠʩʪʝʤ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʩʢʣʘʜʥʦʩʪʽ [2] ʪʘ ʾʭ ʟʙʦʨʢʠ ʽ ʥʘʣʘʜʢʠ ʫ ʩʢʣʘʜʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ ʚʧʝʨʰʝ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʪʨʦʥʽʢʠ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʤʝʭʘʥʽʟʤʽʚ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʠʩʮʠʧʣʽʥʠ çʄʝʭʘʪʨʦʥʽʢʘ ʚ ʛʘʣʫʟʝʚʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè ʻ ʬʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʞʝʥʝʨʽʚ-ʤʝʭʘʥʽʢʽʚ, ʷʢʽ 

ʚʦʣʦʜʽʶʪʴ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʟʥʘʥʴ ʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʷʢʽ  ʧʦʚôʷʟʘʥʽ ʟ ʢʦʤʧôʶʪʝʨʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ.  ʄʝʭʘʪʨʦʥʽʢʘ ʦʙôʻʜʥʫʻ ʤʝʭʘʥʽʢʫ, ʝʣʝʢʪʨʦʥʽʢʫ, ʧʥʝʤʦ- ʪʘ 

ʛʽʜʨʦʘʚʪʦʤʘʪʠʢʫ ʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ, ʚʙʫʜʦʚʘʥʠʭ ʚ ʤʝʭʘʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʘʰʠʥʘ ʛʘʣʫʟʽ. 

ɼʠʩʮʠʧʣʽʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʘʥʽʰʝ ʚʠʚʯʝʥʠʭ ʟʘʛʘʣʴʥʦʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʟʘʛʘʣʴʥʦ-ʽʥʞʝʥʝʨʥʠʭ ʜʠʩʮʠʧʣʽʥʘʭ ʽ ʻ ʙʘʟʦʚʦʶ ʧʨʠ ʚʠʚʯʝʥʥʽ ʩʪʫʜʝʥʪʘʤʠ 

ʥʘʩʪʫʧʥʠʭ ʧʨʦʬʝʩʽʡʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ ʩʧʝʮʽʘʣʴʥʦʩʪʽ: çʄʝʭʘʥʽʯʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʽ ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽè, çʇʨʦʝʢʪʫʚʘʥʥʷ ʰʚʝʡʥʠʭ 

ʤʘʰʠʥè, çʇʨʦʝʢʪʫʚʘʥʥʷ ʚôʷʟʘʣʴʥʠʭ (ʪʨʠʢʦʪʘʞʥʠʭ) ʤʘʰʠʥè, 

çʇʨʦʝʢʪʫʚʘʥʥʷ ʚʟʫʪʪʻʚʠʭ ʤʘʰʠʥè. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ: 

ʟʥʘʪʠ: ʤʦʞʣʠʚʦʩʪʽ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʢʣʦʚʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʛʘʣʫʟʝʡ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

(ʰʚʝʡʥʠʭ, ʚôʷʟʘʣʴʥʠʭ ʽ ʚʟʫʪʪʻʚʠʭ) ʪʘ ʘʧʘʨʘʪʽʚ ʧʦʙʫʪʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ;  

ʚʤʽʪʠ: ʩʢʣʘʜʘʪʠ ʽ ʥʘʣʘʛʦʜʞʫʚʘʪʠ ʩʭʝʤʠ ʧʥʝʚʤʦʘʚʪʦʤʘʪʠʢʠ ʽ ʧʥʝʤʦ- 

ʝʣʝʢʪʨʦʘʚʪʦʤʘʪʠʢʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ  ʛʘʣʫʟʽ. 
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1.2. ʉʪʨʫʢʪʫʨʘ ʽ ʤʽʩʮʝ ʤʝʭʘʪʨʦʥʽʢʠ ʫ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʠʨʽʰʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ: 

1 ʟʘʜʘʯʘ - ʟʘʜʘʯʘ ʤʝʭʘʥʽʢʠ  ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʧʨʦʱʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ 

ʧʨʦʩʪʦʨʦʚʠʭ ʽ ʙʘʛʘʪʦ ʚʘʞʽʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʤʝʭʘʪʨʦʥʽʢʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ  ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʧʘʤô̫ ʪʪʶ ̔ ç̔ ʥʪʝʣʝʢʪʦʤè; 

2 ʟʘʜʘʯʘ - ʟʘʜʘʯʘ ʝʣʝʢʪʨʦʥʽʢʠ  ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʠʚʯʝʥʥʷ ʥʘ ʟʘʩʘʜʘʭ 

ʦʙô̒ ʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ   ʤʝʪʦʜʘ ʛʨʘʬʽʚ  ̔  ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʷʤʠʭ ʽ ʟʚʦʨʦʪʥʠʭ ʟʚô̫ ʟʢʽʚ  ʚ  ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʘʥʘʣʘʭ  ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʢʦʤʘʥʜ ʢʝʨʫʚʘʥʥʷ, ʩʠʛʥʘʣʽʚ 

ʘʜʨʝʩʽʚ  ʽ ʠʠʛʥʘʣʽʚ ʜʘʥʠʭ ʚ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʭʝʤʘʭ ʟ ʢʦʥʪʨʦʣʝʨʦʤ; 

3 ʟʘʜʘʯʘ - ʟʘʜʘʯʘ ʽʥʬʦʨʤʘʪʠʢʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʟʥʘʥʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʨʦʟʢʨʠʪʪʷ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʟʚ'ʷʟʢʽʚ ʫ 

ʪʨʽʘʜʽ çʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ ï ʛʨʘʬ ʽ ʨʽʚʥʷʥʥʷ  ʧʨʠʯʠʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ 

ʟʚô̫ ʟʢʽʚ ʮʠʢʣʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ - ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨè. 

 

ɼʦ 50% ʨʠʥʢʦʚʦʾ ʚʘʨʪʦʩʪʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʢʣʘʜʘʻ çʟʘʣʽʟʦè ʤʘʰʠʥ ʽʟ ʞʦʨʩʪʢʦʶ 

ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè. ʑʝ 50% ʚʘʨʪʦʩʪʽ ʫ ʚʘʨʪʦʩʪʽ 

ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʩʢʣʘʜʘʻ ʚʙʫʜʦʚʘʥʽ ʚ çʟʘʣʽʟʦè 

ʝʣʝʢʪʨʦʥʥʽ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʛʥʫʯʢʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ  ʚʠʢʦʥʘʚʯʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʷʢʽ ʢʽʥʝʤʘʪʠʯʥʝ ʥʝ ʟ'ʻʜʥʘʥʽ ʟ 

ʛʦʣʦʚʥʠʤ ʚʘʣʦʤ ʤʘʰʠʥʠ. ʊʘʢʠʡ ʩʪʘʥ ʦʙʫʤʦʚʣʶʻ ʽ ʟʤʽʥʫ ʚʠʤʦʛ ʥʘ ʨʠʥʢʫ 

ʧʨʘʮʽ ʜʦ ʚʠʧʫʩʢʥʠʢʽʚ  ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè ʪʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʢʦʤʧʝʪʝʥʮʽʾ ʟ 

ʤʝʭʘʥʽʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ, ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ.  

ʄʽʩʮʝ ʤʝʭʘʪʨʦʥʽʢʠ ʫ ʩʪʨʫʢʪʫʨʽ ʜʠʥʘʤʽʢʠ ʨʦʟʚʠʪʢʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  

ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.1.1, ʜʝ ʧʨʠʡʥʷʪʽ 

ʥʘʩʪʫʧʥʽ ʩʢʦʨʦʯʝʥʥʷ:  

PC ï ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ (Personal Computer);  

WS ï ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ (Work Station);   

SC  ï ʩʫʧʝʨʢʦʤʧôʶʪʝʨʠ (Super Computer);   
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CS  ï ʢʣʘʩʪʝʨʥʽ ʩʠʩʪʝʤʠ (Cluster Systems). 

  

 
 

ʈʠʩ. 1.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʽ ʾʭ ʟʚôʷʟʦʢ ʟ ʤʝʭʘʪʨʦʥʠʢʦʶ 

 

ʇʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ  ï   ʫʩʧʘʜʢʦʚʫʶʪʴ, ʟ ʪʦʯʢʠ  ʟʦʨʫ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ,  ʢʦʥʪʨʦʣʝʨʠ ʘʙʦ  ʢʦʥʪʨʦʣʝʨʠ ʻ ʥʘʱʘʜʢʦʤ  

ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ (ʈʉ ï Personal Computer). ʇʨʠ ʮʴʦʤʫ ʤʘʻʪʴʩʷ 

ʥʘ ʫʚʘʟʽ ʦʜʥʦʧʨʦʮʝʩʦʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʢʦʥʪʨʦʣʝʨʘ ʬʽʨʤʠ ʚʠʨʦʙʥʠʢʘ ʘʙʦ 

ʦʜʥʦʧʨʦʮʝʩʦʨʥʽ ʩʠʩʪʝʤʠ PC ʥʘ ʧʣʘʪʬʦʨʤʽ Intel, AMD ʪʘ ʽʥʰʠʭ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ MS 

Windows ʪʘ ʽʥ.  

ʈʦʙʦʯʽ ʩʪʘʥʮʽʾ  ï  ʫʩʧʘʜʢʦʚʫʶʪʴ, ʟ ʪʦʯʢʠ  ʟʦʨʫ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ,  ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ  ʘʙʦ  ʧʝʨʩʦʥʘʣʴʥʽ 

ʢʦʤʧôʶʪʝʨʠ  ʻ ʥʘʱʘʜʢʦʤ  ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʡ (WS ï Work Station). ʇʨʠ ʮʴʦʤʫ 

ʈʉ ʤʦʞʫʪʴ ʤʘʪʠ ʜʝʢʽʣʴʢʘ ʧʨʦʮʝʩʦʨʽʚ ʟ  RISC-ʘʨʭʽʪʝʢʪʫʨʦʶ ʜʣʷ ʙʘʛʘʪʦ 

ʧʦʪʦʯʥʦʾ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ UNIX. ʂʦʥʪʨʦʣʝʨʠ ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʡ 

ʧʽʜʪʨʠʤʫʶʪʴ ʚʽʜʜʘʣʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʪʯʠʢʽʚ ʽ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚ ʛʘʣʫʟʽ. ʄʦʞʫʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʨʝʙʠ ʥʝʚʝʣʠʢʦʾ ʛʨʫʧʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʉʫʧʝʨʢʦʤʧôʶʪʝʨʠ  ï  ʫʩʧʘʜʢʦʚʫʶʪʴ, ʟ ʪʦʯʢʠ  ʟʦʨʫ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ,  ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ ʘʙʦ  ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ ʻ ʥʘʱʘʜʢʦʤ  

ʩʫʧʝʨʢʦʤʧôʶʪʝʨʽʚ (SC ï Super Computer). ʉʫʧʝʨʢʦʤʧôʶʪʝʨʠ  ʧʦʢʠ  ʤʘʶʪʴ 

ʝʢʟʦʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʨʘʟʦʚʽ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʤʫ, ʱʦ ʥʘʜʟʚʠʯʘʡʥʦ 

ʜʦʨʦʛʽ ʽ ʙʫʜʫʶʪʴʩʷ ʥʘ ʚʝʢʪʦʨʥʦ-ʢʦʥʚʝʻʨʥʦʾ  ʘʨʭʽʪʝʢʪʫʨʽ ʧʨʦʮʝʩʦʨʽʚ. ʊʘʢʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʧʨʦʮʝʩʦʨʽʚ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʥʚʝʻʨʥʫ ʦʨʛʘʥʽʟʘʮʽʶ 

ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʠ ʟ ʚʝʢʪʦʨʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʥʘʜ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ. 

ʂʣʘʩʪʝʨʥʽ ʩʠʩʪʝʤʠ  ï  ʮʝ ʜʝʰʝʚʘ ʘʣʴʪʝʨʥʘʪʠʚʘ  ʩʫʧʝʨʢʦʤʧôʶʪʝʨʘʤ,  

ʘ ʪʦʤʫ ʫʩʧʘʜʢʦʚʫʶʪʴ, ʟ ʪʦʯʢʠ  ʟʦʨʫ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ,  
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ʽ ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ, ʽ ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ  ʘʙʦ  ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ ʽ 

ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ ʻ ʥʘʱʘʜʢʦʤ  ʢʣʘʩʪʝʨʥʠʭ  ʩʠʩʪʝʤ (ʉS ï Cluster Systems). 

ʇʦʰʠʨʶʶʯʠ  ʜʫʤʢʫ ʘʚʪʦʨʽʚ [1] çʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʩʤʦʛʣʠ 

ʩʪʘʪʴ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʣʶʜʝʡ, ʥʦ ʠ ʜʣʷ ʤʘʰʠʥè  ʟ  ʥʘʚʝʜʝʥʦʾ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ  ʥʘ ʨʠʩ. 1.1 ʚʠʧʣʠʚʘʻ ʪʘʢʦʞ ʪʝ, ʱʦ ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ  (WS) 

ʩʪʘʶʪʴ çʨʦʙʦʯʠʤʠè ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʩʠʩʪʝʤ,  ʘ ʪʘʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʩʠʩʪʝʤʠ 

ʫʪʚʦʨʶʶʪʴ ʢʣʘʩʪʝʨʥʽ ʩʠʩʪʝʤʠ (ʉS).  

 

ʉʪʨʫʢʪʫʨʘ ʤʝʭʘʪʨʦʥʽʢʠ ʽ ʾʾ ʟʚô̫ ʟʦʢ ʟ ʽʥʞʝʥʝʨʥʠʤʠ ʧʦʥʷʪʪʷʤʠ ʽ 

ʜʠʩʮʠʧʣʽʥʘʤʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.2. 

 

 
 

ʈʠʩ. 1.2. ʉʪʨʫʢʪʫʨʘ ʤʝʭʘʪʨʦʥʽʢʠ ʽ ʟʚô̫ ʟʦʢ  ʜʠʩʮʠʧʣʽʥʠ ʟ  ʽʥʞʝʥʝʨʥʠʤʠ 

ʧʦʥʷʪʪʷʤʠ 

 

ʅʘ ʧʝʨʝʪʠʥʽ ʤʥʦʞʠʥ çʄʝʭʘʥʽʢʘè ʪʘ çɽʣʝʢʪʨʦʥʽʢʘè ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʥʦʞʠʥʘ CAM -ʪʝʭʥʦʣʦʛʽʡ (ʩʢʦʨʦʯʝʥʥʷ  ʚʽʜ ʘʥʛʣ. Computer-Aided 

Manufacturing - çɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦè) ï ʮʝ ʧʨʦʛʨʘʤʥʽ ʽ 

ʢʦʤʧôʶʪʝʨʥʽ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ  ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚ. CAM-

ʧʨʦʛʨʘʤʠ ʨʝʘʣʽʟʫʶʪʴ ʛʝʦʤʝʪʨʽʯʥʽ 3D-ʤʦʜʝʣʽ ʜʝʪʘʣʝʡ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʷʢʽ ʩʪʚʦʨʝʥʽ ʚ ʉɸD-ʧʨʦʛʨʘʤʘʭ ʜʣʷ ʾʭ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ        

ʉNC-ʤʘʰʠʥʘʭ,  CNC-ʚʝʨʩʪʘʪʽʚ ʘʙʦ ʥʘ 3D-ʧʨʠʥʪʝʨʘʭ. 

ʅʘ ʧʝʨʝʪʠʥʽ ʤʥʦʞʠʥ çɽʣʝʢʪʨʦʥʽʢʘè ʪʘ çɯʥʬʦʨʤʘʪʠʢʘè ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ PLC (Programmable Logic 

Controller). 
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       ʅʘ ʧʝʨʝʪʠʥʽ ʤʥʦʞʠʥ çɯʥʬʦʨʤʘʪʠʢʘè ʪʘ  çʄʝʭʘʥʽʢʘè ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʥʦʞʠʥʘ  CAD (Computer-Aided  Design - çʇʨʦʝʢʪʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɽʆʄè)  -   ʮʝ   ʩʢʦʨʦʯʝʥʥʷ    ʜʣʷ   ʧʦʟʥʘʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʗʢ ʧʨʘʚʠʣʦ, 

CAD-ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʜʠʟʘʡʥʫ ʽʥʞʝʥʝʨʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʦʬʦʨʤʣʝʥʥʷ ʧʨʦʝʢʪʥʦʾ 

(ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ) ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ɺʠʚʯʝʥʥʷ,  ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʦʪʨʠʤʘʥʥʷ ʉAD-ʢʦʤʧʝʪʝʥʮʽʡ ʧʦʚôʷʟʘʥʝ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ: çɯʥʬʦʨʤʘʪʠʢʘè, çɽʣʝʢʪʨʦʪʝʭʥʽʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ 

ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘè, çʆʩʥʦʚʠ ʘʚʪʦʤʘʪʠʢʠ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʤʘʰʠʥè, çʆʩʥʦʚʠ ʉɸʇʈ ʚ ʛʘʣʫʟʝʚʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè, çɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽè ʪʘ ʽʥʰʠʤʠ. 

ʅʘ ʧʝʨʝʪʠʥʽ ʤʥʦʞʠʥ çɽʣʝʢʪʨʦʥʽʢʘè ʽ çɯʥʬʦʨʤʘʪʠʢʘè ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʥʦʞʠʥʘ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ PLC (Programmable Logic 

Controller). 

 

PLC, ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ ʇʃʂ ï ʮʝ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʪʘʢʠʭ ʷʢ, 

ʰʚʝʡʥʽ, ʚôʷʟʘʣʴʥʽ, ʚʟʫʪʪʻʚʽ ʪʘ ʽʥʰʽ ʤʘʰʠʥʠ ʣʝʛʢʦʾ ʽ ʪʝʢʩʪʠʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʃʂ, ʮʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʢʦʤʧ'ʶʪʝʨ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʆʩʥʦʚʥʦʶ ʡʦʛʦ ʚʽʜʤʽʥʥʽʩʪʶ ʚʽʜ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ  ʻ ʥʘʷʚʥʽʩʪʴ ʧʦʨʪʽʚ ʚʚʦʜʫ (Input) ʜʣʷ ʜʘʪʯʠʢʽʚ ʽ  

ʧʦʨʪʽʚ ʚʠʚʦʜʫ (Output) ʜʣʷ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʽ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ: ʰʠʨʦʢʠʡ 

ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʩʦʢʘ ʚʦʣʦʛʽʩʪʴ, ʩʠʣʴʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʟʘʚʘʜʠ, 

ʚʽʙʨʘʮʽʾ ʽ  ʪ. ʧ. 

ɺʠʚʯʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʇʃʂ ʜʣʷ ʙʘʢʘʣʘʚʨʘ-ʤʝʭʘʥʽʢʘ ʧʦʚôʷʟʘʥʝ ʟ 

ʚʠʚʯʝʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʜʠʩʮʠʧʣʽʥ ʥʘʚʯʘʣʴʥʦʛʦ ʧʣʘʥʫ: çɯʥʬʦʨʤʘʪʠʢʘè, 

çɽʣʝʢʪʨʦʪʝʭʥʽʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘè, çʆʩʥʦʚʠ 

ʘʚʪʦʤʘʪʠʢʠ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʤʘʰʠʥè ʪʘ ʽʥʰʠʭ. 

 

ʆʙôʻʜʥʘʥʥʷ ʪʨʴʦʭ ʤʥʦʞʠʥ çʄʝʭʘʥʽʢʘè, çɽʣʝʢʪʨʦʥʽʢʘè ʪʘ 

çɯʥʬʦʨʤʘʪʠʢʘè (çʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷè) ʫʪʚʦʨʶʻ ʽʥʪʝʛʨʦʚʘʥʝ 

ʧʦʥʷʪʪʷ  ʽ  ʟʤʽʩʪ çʄʝʭʘʪʨʦʥʽʢʘè,  ʷʢʝ  ʧʦʟʥʘʯʝʥʦ  ʩʢʦʨʦʯʝʥʥʷʤ  çʄʊè     

ʥʘ ʨʠʩ. 1.2. 
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ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ 

ʧʝʨʩʦʥʘʣʴʥʠʡ  ʢʦʤʧôʶʪʝʨ ñʧʝʨʝʥʦʩʠʪʴʩʷò ʟ ʦʬʽʩʫ ʫ ʚʠʨʦʙʥʠʯʠʡ ʚ ʮʝʭ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʨʦʛʨʘʤʘʪʦʨ ʜʣʷ ʢʦʥʪʨʦʣʝʨʘ ʚʙʫʜʦʚʘʥʦʛʦ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʤʘʰʠʥʫ ʽ ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʦʾʭ ʧʦʨʪʽʚ ʚʚʦʜʫ/ʚʠʚʦʜʫ ʤʘʻ 

ʧʨʷʤʽ ʽ ʟʚʦʨʦʪʥʽ ʟʚôʷʟʢʠ ʟ ʜʘʪʯʠʢʘʤʠ ʽ ʚʠʢʦʥʘʚʯʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ.  

 

    ʈʝʘʣʽʟʘʮʽʾ ʉɸʄ-ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ  ʢʦʤʧôʶʪʝʨʥʝ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʘ ʙʣʦʢ-

ʩʭʝʤʘ ʷʢʦʛʦ  ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.3. ʅʘ ʩʭʝʤʽ ʥʘʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ ʉNC       

(c-̔ʻʥ-ʩʽ) çComputer Numerical Controlè ï ʮʝ ʘʥʛʣʦʤʦʚʥʝ ʩʢʦʨʦʯʝʥʘ ʥʘʟʚʘ 

ʚʝʨʩʪʘʪʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʟ ʏʇʂ (ʏʠʩʣʦʚʠʤ ʇʨʦʛʨʘʤʥʠʤ ʂʝʨʫʚʘʥʥʷʤ). ʇʦʰʠʨʝʥʘ ʩʢʦʨʦʯʝʥʘ ʥʘʟʚʘ 

ʏʇʋ (ʨʦʩ. - ʏʠʩʣʦʚʦʝ ʇʨʦʛʨʘʤʥʦʝ ʋʧʨʘʚʣʝʥʠʝ).  

 

 
 

ʈʠʩ. 1.3. ʋʟʘʛʘʣʴʥʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʢʦʤʧôʶʪʝʨʥʝ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

ʄʝʭʘʥʽʯʥʘ, ʪʝʭʥʦʣʦʛʽʯʥʘ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ, ʝʣʝʢʪʨʦʥʥʘ ʽ ʧʨʦʛʨʘʤʥʘ 

ʩʢʣʘʜʦʚʽ ʤʝʭʘʪʨʦʥʽʢʠ ʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ ʛʘʣʫʟʝʡ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.4, ʜʝ ʧʨʠʡʥʷʪʠ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ 

ʩʢʦʨʦʯʝʥʥʷ: 

 

   ʊʄ ï ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ; 
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   ʉʋ ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ; 

   ʇʈ ï ʧʨʦʤʠʩʣʦʚʠʡ ʨʦʙʦʪ;  

   ɽɼ ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 

ʏʇʂ ï ʯʠʩʣʦʚʝ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ; 

ʇʃʂ ï ʧʨʦʛʨʘʤʦʚʘʥʠʡ  ʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʣʝʨ; 

ɻɸʄ ï ʛʥʫʯʢʠʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʤʦʜʫʣʴ;  

ɻɸʃ ï ʛʥʫʯʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʣʽʥʽʷ;  

ɻɸɺ ï ʛʥʫʯʢʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦ; 

ʂɯʊ ʄʃʇ ï ʂʦʤôʶʪʝʨʥʦ-ɯʥʪʝʛʨʦʚʘʥʽ ʊʝʭʥʦʣʦʛʽʯʥʽ ʄʘʰʠʥʠ ʃʝʛʢʦʾ 

ʇʨʦʤʠʩʣʦʚʦʩʪʽ.  

 

 

 
 

ʈʠʩ. 1.4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʂʦʤôʶʪʝʨʥʦ-ɯʥʪʝʛʨʦʚʘʥʠʭ ʊʝʭʥʦʣʦʛʽʯʥʠʭ 

ʄʘʰʠʥ ʃʝʛʢʦʾ ʇʨʦʤʠʩʣʦʚʦʩʪʽ (ʂɯʊ ʄʃʇ) 

 

     ʂʦʤôʶʪʝʨʥʦ-ɯʥʪʝʛʨʦʚʘʥʽ ʊʝʭʥʦʣʦʛʽʯʥʽ ʄʘʰʠʥʠ ʃʝʛʢʦʾ 

ʇʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʶʪʴ ʚ ʩʪʨʫʢʪʫʨʽ  ʩʢʣʘʜʦʚʽ (çʟʘʣʽʟʦè ʪʘ ʪʝʢʩʪʠʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ï ʥʠʪʢʠ ʽ ʪʢʘʥʠʥʠ ʘʙʦ ʪʨʠʢʦʪʘʞ), ʷʢʽ ʣʶʜʠʥʘ ʙʘʯʠʪʴ ʩʚʦʾʤ ʟʦʨʦʤ 

ʽ ʩʢʣʘʜʦʚʽ ʤʽʢʨʦʩʭʝʤ (ʥʘʧʨʠʢʣʘʜ, ʨʝʛʽʩʪʨʠ, ʪʨʘʥʟʠʩʪʦʨʠ, ʨʝʟʠʩʪʦʨʠ ʪʘ ʽʥʰʽ), 

ʷʢʽ ʨʝʘʣʴʥʦ ʽʩʥʫʶʪʴ ʚ ʤʘʰʠʥʽ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʥʘ 
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ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪʘʭ, ʘʣʝ ʣʶʜʠʥʘ ʥʝ ʙʘʯʠʪʴ ʾʭ ʩʢʣʘʜʦʚʽ ʩʚʦʾʤ ʟʦʨʦʤ. ʅʝ 

ʙʘʯʠʪʴ ʩʚʦʾʤ ʟʦʨʦʤ ʣʶʜʠʥʘ ʪʘʢʦʞ ʽ ʤʘʰʠʥʥʽ ʢʦʜʠ ʧʨʦʛʨʘʤʥʦ-

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ʤʘʰʠʥ ʧʨʠ ʾʭ 

ʨʦʙʦʪʽ.  ɺʩʝ ʯʦʛʦ ʥʝ ʙʘʯʠʪʴ ʣʶʜʠʥʘ ʩʚʦʾʤ ʟʦʨʦʤ ʧʨʠ ʨʦʙʦʪʽ ʟ ʤʘʰʠʥʘʤʠ ʻ 

ʫʟʘʛʘʣʴʥʝʥʦʶ ʩʢʣʘʜʥʽʩʪʶ  ʢʦʤôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʤʘʰʠʥ ʽ ʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʚʠʛʦʪʦʚʣʝʥʥʽ, ʩʝʨʚʽʩʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʽ 

ʨʝʤʦʥʪʽ.  

    ɼʽʡʩʥʦ, ʣʶʜʠʥʘ ʙʘʯʠʪʴ ʟʦʨʦʤ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʘʩʦʙʽʚ 

ʜʣʷ ʟʦʨʫ ʣʘʥʢʠ ʤʝʭʘʥʽʟʤʽʚ, ʤʝʭʘʥʽʟʤʠ ʽ ʧʨʠʩʪʨʦʾ ʤʘʰʠʥʠ, ʪʦʙʪʦ ʚʩʝ, ʱʦ 

ʟʨʦʙʣʝʥʦ ʚ ʤʘʰʠʥʽ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʟ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʧʨʠʥʮʠʧʦʤ "ʜʝʪʘʣʴ - ʩʢʣʘʜʘʣʴʥʘ 

ʦʜʠʥʠʮʷ".  ʎʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʝʪʘʣʝʡ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽʟ ʟʘʛʦʪʽʚʦʢ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ  ʦʧʝʨʘʮʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘʢʠʭ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʦʧʝʨʘʮʽʡ ʨʦʟʜʽʣʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʦʧʝʨʘʮʽʾ ʨʽʟʘʥʥʷ), 

ʟôʻʜʥʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʟʚʘʨʶʚʘʥʥʷ, ʟʙʦʨʢʘ ʨʫʭʦʤʦʛʦ 

ʟ'ʻʜʥʘʥʥʷ ʪʘ ʽʥʰʽ) ʽ ʦʧʝʨʘʮʽʡ ʬʦʨʤʦ ʫʪʚʦʨʶʚʘʥʥʷ (ʦʧʝʨʘʮʽʾ ʬʦʨʤʫʚʘʥʥʷ).  

ɸʥʘʣʦʛʘʤʠ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʘʭ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʫ ʰʚʝʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʮʻ ʦʧʝʨʘʮʽʾ: 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʪʝʢʩʪʠʣʴʥʠʭ ʘʙʦ ʰʢʽʨʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʪʨʠʤʘʥʥʷ 

ʜʝʪʘʣʝʡ ʢʨʦʶ, ʟôʻʜʥʘʥʥʷ ʜʝʪʘʣʝʡ ʢʨʦʶ ʥʠʪʢʦʚʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʰʚʝʡʥʠʭ 

ʤʘʰʠʥʘʭ ʥʠʪʢʦʚʠʤ ʩʧʦʩʦʙʦʤ ʘʙʦ ʙʝʟʥʠʪʢʦʚʠʤ ʩʧʦʩʦʙʦʤ, ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʨʦʙʫ ʩʧʦʩʦʙʦʤ ʚʦʣʦʛʦ-ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʥʘ ʧʨʝʩʘʭ ʘʙʦ ʧʘʨʦ-ʤʘʥʝʢʝʥʘʭ.   

ʊʝ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʘʭ ʽ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʤʘʰʠʥʠ ʣʶʜʠʥʘ ʥʝ ʙʘʯʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʚʦʾʤ ʟʦʨʦʤ, ʘ 

ʨʦʟʫʤʽʻ ʧʨʦ ʾʭ ʨʦʙʦʪʫ ʧʦ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʫ -  ʥʘʧʨʠʢʣʘʜ, 

ʧʝʨʝʤʽʱʝʥʥʷʤʠ  ʪʝʭʥʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʽʜ  ʚʠʢʦʥʘʚʯʠʭ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ. ʇʨʠ ʮʴʦʤʫ çʜʝʪʘʣʷʤʠè ʻ ʘʪʦʤʠ, çp-nè ʽ çn-pè ʧʝʨʝʭʦʜʠ ʚ 

ʢʨʠʩʪʘʣʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʙʽʪʠ (ç1è ʽ ç0è) ʘʜʨʝʩʽʚ, ʢʦʤʘʥʜ ʽ 

ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʪʨʦʥʢ̔ʠ. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʥʠʟʫ-ʚʚʝʨʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʟ çʜʝʪʘʣʝʡè ʙʘʟʫʶʪʴʩʷ ʥʝ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ 

ʚʠʜʽʣʝʥʥʷ ʧʝʚʥʠʭ ʦʙ'ʻʤʽʚ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʧʨʠʧʫʩʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʬʽʟʠʯʥʦʾ ʬʦʨʤʠ ʚʠʨʦʙʫ, ʘ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ ʧʦʰʘʨʦʚʦʛʦ ʥʘʨʦʱʫʚʘʥʥʽ ʦʙ'ʻʢʪʽʚ 

ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʥʘʥʦ-, ʤʠʢʨʦ- ʽ ʤʘʢʨʦʨʽʚʥʷʭ 

ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʽ ʦʪʨʠʤʘʥʥʽ ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʪʨʽʙʥʦʾ ʬʦʨʤʠ ʜʝʪʘʣʽ.  

ʊʘʢʠʤʠ ʻ ʪʘʢʦʞ  ʨʝʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʥʠʟʫ-ʚʚʝʨʭ ʽ 

ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʽʜ ʥʝʧʨʦʟʦʨʠʭ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ ʤʘʰʠʥʥʠʭ ʢʦʜʽʚ ʢʦʤʘʥʜ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦ ʧʨʦʟʦʨʠʭ ʜʣʷ  ʣʶʜʩʴʢʦʛʦ ʦʢʘ ʤʝʭʘʥʽʯʥʠʭ 
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ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʨʫʭʽʚ (ʪʨʘʻʢʪʦʨʽʡ) ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʝʭʘʥʽʟʤʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʽ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʝʨʩʪʘʪʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

 

1.3. ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʽ ʟʚôʷʟʢʠ ʤʝʭʘʪʨʦʥʽʢʠ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ 

ʽ ʽʥʞʝʥʝʨʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ 

 

 ɿ ʨʠʩ. 1.2 ʚʠʧʣʠʚʘʶʪʴ ʥʘʩʪʫʧʥʽ ʟʚôʷʟʢʠ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ 

çʄʝʭʘʪʨʦʥʽʢʘ ʚ ʛʘʣʫʟʝʚʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè ʟ ʽʥʞʝʥʝʨʥʠʤʠ 

ʜʠʩʮʠʧʣʽʥʘʤʠ. 

ɿ CAM-ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʦʚôʷʟʘʥʝ ʥʘʫʢʦʚʦ ʽ ʚʠʨʦʙʥʠʯʝ ʧʦʥʷʪʪʷ 

çɸʚʪʦʤʘʪʠʢʘè, ʘ ʩʘʤʝ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʛʘʣʫʟʝʡ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʚʝʨʩʪʘʪʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ 

ʤʘʰʠʥ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʟʘʩʘʜʘʭ ʤʘʰʠʥ ʽ 

ʚʝʨʩʪʘʪʽʚ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʬʝʩʽʡʥʝ 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥʘʭ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʭ, ʷʢ çʆʩʥʦʚʠ ʈʂʊʄè, 

çʄʝʭʘʥʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷè, çʆʩʥʦʚʠ ʘʚʪʦʤʘʪʠʢʠ ʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʤʘʰʠʥè, çʉʭʝʤʦʪʝʭʥʽʯʥʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʘʰʠʥè ʪʘ ʽʥʰʠʭ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʧʘʨʘʪʘʭ ʘʙʦ ʟ ʜʦʧʦʤʦʛʦʶ ʘʧʘʨʘʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʨʦʬʝʩʽʡʥʝ ʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥʘʭ  çʇʨʦʮʝʩʠ ʽ ʘʧʘʨʘʪʠè ʪʘ ʽʥʰʠʭ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʘʰʠʥ ʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʤʘʪʝʤʘʪʠʢʘ, ʬʽʟʠʢʘ, ʭʽʤʽʷ, 

ʪʝʦʨʝʪʠʯʥʘ ʤʝʭʘʥʽʢʘ, ʦʧʽʨ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʦʨʽʷ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ, 

ʛ̔ ʜʨʘʚʣʽʢʘ, ʛʽʜʨʦ- ʪʘ ʧʥʝʚʤʦʧʨʠʚʦʜ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘ ʪʘ ʽʥʰʽ ʪʝʭʥʽʯʥʽ ʜʠʩʮʠʧʣʽʥʠ, ʷʢʽ ʚʠʚʯʘʶʪʴʩʷ ʟʘ 

ʥʘʚʯʘʣʴʥʠʤʠ ʧʣʘʥʘʤʠ ʛʘʣʫʟʽ ʟʥʘʥʴ çʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷè ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ  çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè ʪʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ çʇʨʠʢʣʘʜʥʘ 

ʤʝʭʘʥʽʢʘè ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ  ʩʪʫʧʝʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ 

çʆʩʚʽʪʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠè.  

ʄʝʭʘʪʨʦʥʽʢʘ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ CALS-ʪʝʭʥʦʣʦʛʽʷʤʠ. 

CALS-ʪʝʭʥʦʣʦʛʽʾ (Continuous Acquisition and L ife cycle Support) ï 

ʙʝʟʧʝʨʝʨʚʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ (ʢʦʤʧôʶʪʝʨʥʘ) ʧʽʜʪʨʠʤʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʚʠʨʦʙʽʚ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. CALS-ʪʝʭʥʦʣʦʛʽʾ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʉɸD/CAM/CAE ʧʽʜʩʠʩʪʝʤʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʮʠʢʣʫ ʨʦʟʨʦʙʢʠ, 

ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʠʭ ʚʠʨʦʙʽʚ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʇʦʰʠʨʝʥʘ ʩʢʦʨʦʯʝʥʘ ʥʘʟʚʘ ʫʢʨʘʾʥʦʤʦʚʥʦʛʦ ʧʦʥʷʪʪʷ CALS ï  ɯʇʇ 

(ɯʥʬʦʨʤʘʮʽʡʥʘ ʇ̔ ʜʪʨʠʤʢʘ ʇʨʦʮʝʩʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʽʚ).  
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ʈʦʟʚʠʪʦʢ CALS-ʪʝʭʥʦʣʦʛʽʡ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʦʷʚʦʶ, ʪʘʢ ʟʚʘʥʠʭ, 

ʚʽʨʪʫʘʣʴʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʚ ʷʢʠʭ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʡ ʟ 

ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʠʡ ʚ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ ʤʽʞ ʙʘʛʘʪʴʤʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ 

ʘʚʪʦʥʦʤʥʠʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ. ɼʦʩʷʛʥʝʥʥʷʤʠ CALS-ʪʝʭʥʦʣʦʛʽʡ ʻ ʣʝʛʢʽʩʪʴ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʝʨʝʜʦʚʠʭ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ, ʤʦʞʣʠʚʽʩʪʴ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ 

ʚʽʜʪʚʦʨʝʥʥʷ ʯʘʩʪʠʥ ʧʨʦʝʢʪʫ ʚ ʥʦʚʠʭ ʨʦʟʨʦʙʢʘʭ ʪʘ ʽʥʰʽ.  

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʘʰʠʥʠ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʤʝʭʘʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʭʘʥʽʯʥʦʛʦ ʤʦʜʫʣʷ, ʝʣʝʢʪʨʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʤʦʜʫʣʷ (ʧʨʠʚʦʜʘ), 

ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ ʽ ʤʦʜʫʣʷ ʞʠʚʣʝʥʥʷ. ʄʝʭʘʪʨʦʥʥʠʡ ʤʦʜʫʣʴ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʷʢ ʦʢʨʝʤʠʡ ʦʙôʻʢʪ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ 

(ʥʦʞʝʤ, ʚʘʞʝʣʝʤ, ʧʦʚʟʫʥʦʤ) ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʝʣʝʢʪʨʦ-, ʧʥʝʚʤʦ-, ʘʙʦ 

ʛʽʜʨʦʧʨʠʚʦʜʦʤ ʽ ʛʥʫʯʢʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ. ɺ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ 

ʤʝʭʘʪʨʦʥʥʠʡ ʤʦʜʫʣʴ ʢʽʥʝʤʘʪʠʯʥʝ  ʥʝ ʟôʻʜʥʘʥʠʡ ʟ ʛʦʣʦʚʥʠʤ ʚʘʣʦʤ, ʘ 

ʟôʻʜʥʘʥʠʡ ʟ ʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʫ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʽ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ. ɺʠʢʦʥʘʚʯʠʡ ʝʣʝʤʝʥʪ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ (ʩʝʨʚʦʜʚʠʛʫʥ, 

ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ, ʧʥʝʚʤʦʮʠʣʽʥʜʨ, ʛʽʜʨʦʮʠʣʽʥʜʨ) ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʤʽʱʫʻ ʟʘ 

ʧʨʦʛʨʘʤʥʠʤ ʮʠʢʣʦʤ ʚʝʜʝʥʽ ʣʘʥʢʠ ʤʝʭʘʥʽʟʤʽʚ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥʘʭ ʪʘʢʠʤʠ ʧʨʦʛʨʘʤʥʦ 

ʢʝʨʦʚʘʥʠʤʠ ʮʠʢʣʦʚʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʻ ʤʝʭʘʥʽʟʤ ʟʫʧʠʥʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ 

ʟ ʛʦʣʢʦʶ ʫ ʟʘʜʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʤʝʭʘʥʽʟʤ ʧʨʠʪʠʩʢʥʦʾ ʣʘʧʢʠ, ʤʝʭʘʥʽʟʤ 

ʨʝʚʝʨʩʫ ʟʫʙʯʘʩʪʦʾ ʨʝʡʢʠ, ʤʝʭʘʥʽʟʤ ʦʙʨʽʟʢʠ ʥʠʪʦʢ, ʤʝʭʘʥʽʟʤ 

ʜʚʦʢʦʦʨʜʠʥʘʪʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʙʦʨʜʶʨʥʦʾ ʨʘʤʠ (ʧôʷʣʝʮʴ) ʟ ʤʘʪʝʨʽʘʣʦʤ ʘʙʦ 

ʬʫʨʥʽʪʫʨʦʪʨʠʤʘʯʘ, ʤʝʭʘʥʽʟʤ ʟʘʪʠʩʢʘʥʥʷ ʢʽʥʮʷ ʦʙʨʽʟʘʥʦʾ ʥʠʪʢʠ ʪʘ ʽʥʰʽ 

ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʨʘʥʽʰʝ ʚʢʣʶʯʘʣʠʩʷ/ʚʠʤʠʢʘʣʠʩʷ ʦʧʝʨʘʪʦʨʦʤ ʚʨʫʯʥʫ ʘʙʦ 

ʚʠʢʦʥʫʚʘʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʞʦʨʩʪʢʠʭ ʙʘʛʘʪʦʢʨʦʢʦʚʠʭ ʢʫʣʘʯʢʽʚ-

ʧʨʦʛʨʘʤʦʥʦʩʽʾʚ. ʋ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʜʦ ʧʨʦʛʨʘʤʥʦ 

ʢʝʨʦʚʘʥʠʭ ʮʠʢʣʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʽʜʥʝʩʝʥʽ ʤʝʭʘʥʽʟʤʠ ʚôʷʟʘʥʥʷ, ʤʝʭʘʥʽʟʤʠ 

ʟʩʫʚʫ ʫʰʢʦʚʠʭ ʛʨʝʙʽʥʦʢ ʦʩʥʦʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ, ʤʝʭʘʥʽʟʤʠ ʟʩʫʚʫ 

ʛʦʣʦʯʥʠʮʴ (ʬʦʥʪʫʨ) ʧʣʦʩʢʦ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ, ʤʝʭʘʥʽʟʤʠ 

ʚʽʜʙʦʨʫ/ʜʦʜʘʚʘʥʥʷ ʛʦʣʦʢ, ʤʝʭʘʥʽʟʤʠ ʟʤʽʥʠ ʥʠʪʢʦʚʦʜʽʚ, ʤʝʭʘʥʽʟʤʠ ʢʫʣʽʨʥʠʭ 

ʢʣʠʥʽʚ ʜʣʷ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʧʝʪʝʣʴ, ʤʝʭʘʥʽʟʤʠ ʚʽʜʪʷʛʫʚʘʥʥʷ ʪʨʠʢʦʪʘʞʥʦʛʦ 

ʧʦʣʦʪʥʘ ʘʙʦ ʜʝʪʘʣʝʡ ʚʝʨʭʥʴʦʛʦ ʪʨʠʢʦʪʘʞʫ  ʧʨʠ ʚôʷʟʘʥʥʽ ʪʘ ʽʥʰʽ.  

ʊʘʢʦʞ ʧʨʠ ʧʽʜʛʦʪʦʚʢʠ ʽʥʞʝʥʝʨʽʚ-ʤʝʭʘʥʽʢʽʚ (ʙʘʢʘʣʘʚʨʽʚ ʽ ʤʘʛʽʩʪʨʽʚ) ʟʘ 

ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè, çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè 

(ʙʘʢʘʣʘʚʨʩʴʢʠʡ ʨʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ) ʪʘ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çɻʘʣʫʟʝʚʝ 
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ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ   ʟʘ ʦʩʚʽʪʥʴʦʶ ʧʨʦʛʨʘʤʦʶ 

çʆʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʦʙʫʪʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʠʩʮʠʧʣʽʥʠ  çʉɸʄ-ʪʝʭʥʦʣʦʛʽʾ 

ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷè (ʤʘʛʽʩʪʝʨʩʴʢʠʡ ʨʽʚʝʥʴ ʚʠʱʦʾ 

ʦʩʚʽʪʠ) ʜʦʮʽʣʴʥʦ ʚʠʚʯʝʥʥʷ ʪʠʧʦʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʦʙʫʜʦʚʠ 

ʤʝʭʘʪʨʦʥʥʠʭ ʽ ʨʦʙʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʟʘʩʘʜʘʭ ʙʶʜʞʝʪʥʠʭ ʽ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʜʨʘʡʚʝʨʽʚ ʜʣʷ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʦʰʠʨʝʥʠʭ ʥʘ 

ʧʨʘʢʪʠʮʽ ʢʦʥʪʨʦʣʝʨʽʚ Arduino  ʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Arduino -ʉ ʜʣʷ    

DIY -ʛʘʜʞʝʪʽʚ. DIY (ʚʠʤʦʚʣʷʻʪʴʩʷ çɼʽ-ɸʡ-ɺʘʡè) ʮʝ ʧʦʰʠʨʝʥʘ ʘʥʛʣʽʡʩʴʢʘ 

ʘʙʨʝʚʽʘʪʫʨʘ, ʷʢʘ ʻ ʩʢʦʨʦʯʝʥʥʷʤ ʚʽʜ çDo I t Yourselfè, ʪʦʙʪʦ çɿʨʦʙʠ ʮʝ ʩʘʤè. 

 

1.4. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʠʧʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʭʝʤ ʤʝʭʘʪʨʦʥʽʢʠ 

 

ɿʥʘʥʥʷ ʫʤʦʚʥʠʭ ʛʨʘʬʽʯʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʧʦʟʥʘʯʝʥʴ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤ 

ʤʝʭʘʪʨʦʥʽʢʠ ʧʦʚôʷʟʘʥʝ ʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʟʘʩʚʦʻʥʥʷʤ ʫʤʦʚʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ 

ʧʦʟʥʘʯʝʥʴ ʝʣʝʤʝʥʪʽʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤ (ʩʭʝʤʠ ʪʠʧʫ ʂ3), 

ʝʣʝʤʝʥʪʽʚ ʩʭʝʤ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ  (ʩʭʝʤʠ ʪʠʧʫ ɽ3), ʝʣʝʤʝʥʪʽʚ ʩʭʝʤ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ  (ʩʭʝʤʠ ʪʠʧʫ ʇ3), ʝʣʝʤʝʥʪʽʚ ʩʭʝʤ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʧʨʠʥʮʠʧʦʚʠʭ  (ʩʭʝʤʠ ʪʠʧʫ ɻ3) ʪʘ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʧʨʠʥʮʠʧʦʚʠʭ  (ʩʭʝʤʠ ʪʠʧʫ ʉ3). ɿʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ ʫʤʦʚʥʠʭ ʛʨʘʬʽʯʥʠʭ 

ʧʦʟʥʘʯʝʥʴ ʝʣʝʤʝʥʪʽʚ ʪʘʢʠʭ ʩʭʝʤ ʻ ʯʘʩʪʢʦʚʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʚʠʚʯʝʥʥʷ 

ʽʥʦʟʝʤʥʠʭ ʤʦʚ. ʅʘ ʤʦʚʽ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ ʝʣʝʤʝʥʪʽʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʤʦʞʥʘ ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ ʣʶʙʠʤ ʬʘʭʽʚʮʝʤ ʥʝ ʚʦʣʦʜʽʶʯʠ ʜʦʩʢʦʥʘʣʦ ʡʦʛʦ 

ʤʦʚʦʶ. ʎʷ ʜʫʤʢʘ ʘʚʪʦʨʘ ʤʘʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʛʨʘʬʽʯʥʠʭ 

ʧʦʟʥʘʯʝʥʴ ʦʧʮʽʡ ʧʨʠʤʽʪʠʚʽʚ ʦʙôʻʢʪʽʚ-ʝʣʝʤʝʥʪʽʚ ʽ  ʦʙôʻʢʪʽʚ-ʧʨʦʮʝʩʽʚ 

ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 3D-ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʩʫʯʘʩʥʦʾ ʧʘʨʘʜʠʛʤʽ     

(ʚʽʜ ʣʘʪʠʥʩʴʢʦʾ ʤʦʚʠ paradigma ð ʤʦʜʝʣʴ) ʦʙô̒ʢʪʥʦ-ʦʨʽʻʥʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ (OOP ï Object-Oriented Programming ) ʽ ʾʾ ʥʘʱʘʜʢʘ 

(ʩʧʘʜʢʦʻʤʮʷ) - ʤʦʜʝʣʴʥʝ-ʦʨʽʻʥʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ  (MBD - Model-Based 

Design). 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ  ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʪʨʦʥʽʢʠ ʥʘ ʩʭʝʤʘʭ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ ʥʘʩʪʫʧʥʠʤʠ ɼʝʨʞʘʚʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ (ɻʆʉʊʘʤʠ): 

1. ɻʆʉʊ 2.701-84. ʉʭʝʤʳ.  ɺʠʜʳ ʠ ʪʠʧʳ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʚʳʧʦʣʥʝʥʠʶ. 
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2. ɻʆʉʊ 2.781-96 ɽʉʂɼ. ʆʙʦʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ. 

ɸʧʧʘʨʘʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ, ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʨʠʙʦʨʳ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ. 

3.   ɻʆʉʊ 2.702-75 ɽʉʂɼ. ʇʨʘʚʠʣʘ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ. 

ʅʘ ʨʠʩ. 1.5é1.26 ʽ ʚ ʪʘʙʣʠʮʽ 1.1 ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʟʘ 

ɼʝʨʞʘʚʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ  ʧʦʰʠʨʝʥʠʭ ʪʠʧʦʚʠʭ ʝʣʝʤʝʥʪʽʚ  ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ.                                                                                                                                                                                                         

 

 

ʈʠʩ. 1.5. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ: a ï ʬʽʣʴʪʨ;        

ʙ ï ʬʽʣʴʪʨ ʟ ʨʫʯʥʠʤ ʩʢʠʜʘʥʥʷʤ ʢʦʥʜʝʥʩʘʪʫ; ʚ ï ʬʽʣʴʪʨ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ 

ʩʢʠʜʘʥʥʷʤ ʢʦʥʜʝʥʩʘʪʫ; ʛ ï ʨʝʛʫʣʷʪʦʨ ʪʠʩʢʫ ʟʽ  ʩʢʠʜʘʥʥʷʤ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʪʠʩʢʫ; ʜ ï ʤʘʩʪʠʣʦ ʨʦʟʧʠʣʶʚʘʯ; ʝ ïʤʘʩʪʠʣʦ ʨʦʟʧʠʣʶʚʘʯ;   ʞ ï ʢʣʘʧʘʥ 

ʤôʷʢʦʛʦ ʧʫʩʢʫ ʟ 50% ʪʠʩʢʫ ʧʨʠ ʚʢʣʶʯʝʥʥʽ  ʧʥʝʚʤʦ ʤʘʛʽʩʪʨʘʣʽ ʟ ʥʘʩʪʫʧʥʠʤ 

ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʩʪʨʠʙʢʦʤ ʜʦ 100% ʪʠʩʢʫ; ʟ ï ʤʦʜʫʣʴ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ 

(ʬʽʣʴʪʨ, ʨʝʛʫʣʷʪʦʨ ʪʠʩʢʫ, ʤʘʥʦʤʝʪʨ, ʤʘʩʪʠʣʦ ʨʦʟʧʠʣʶʚʘʯ) 

 

 

ʈʠʩ. 1.6. ʇʥʝʚʤʘʪʠʯʥʠʡ ʥʝʤʘʛʥʽʪʥʠʡ ʮʠʣʽʥʜʨ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʜʽʾ  ʙʝʟ 

ʜʝʤʧʬʫʚʘʥʥʷ ʧʦʨʰʥʷ  ʫ ʢʽʥʮʽ ʭʦʜʫ: ʘ ï ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʩʭʝʤʘʭ ʪʠʧʫ 

ʇ3;  ʙ ï ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʣʷ ʧʦʣʦʞʝʥʥʷ ʧʦʨʰʥʶ ʧʨʠ  ʧʦʜʘʯʽ ʪʠʩʢʫ ʚ 

ʰʪʦʢʦʚʫ ʢʘʤʝʨʫ; ʚ ï ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʣʷ ʧʦʣʦʞʝʥʥʷ ʧʦʨʰʥʶ ʧʨʠ  

ʧʦʜʘʯʽ ʪʠʩʢʫ ʫ ʙʝʟ ʰʪʦʢʦʚʫ ʢʘʤʝʨʫ ʮʠʣʽʥʜʨʫ 
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ʈʠʩ. 1.7. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʣʷ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʥʝʤʘʛʥʽʪʥʦʛʦ ʮʠʣʽʥʜʨʫ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʜʽʾ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ  

ʫ ʢʽʥʮʽ ʭʦʜʫ 

 

ʈʠʩ. 1.8. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʧʥʝʚʤʘʪʠʯʥʠʭ ʮʠʣʽʥʜʨʽʚ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʜʽʾ ʟ  

ʤʘʛʥʽʪʥʠʤ ʜʠʩʢʦʤ ʧʦʨʰʥʶ: ʘ ï ʟʽ ʟʚʦʨʦʪʥʦʶ ʧʨʫʞʠʥʦʶ; ʙ ï ʜʚʦʩʪʦʨʦʥʥʴʦʾ 

ʜʽʾ ʟ ʥʝʨʝʛʫʣʴʦʚʘʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ ʫ ʢʽʥʮʽ ʭʦʜʫ; ʚ ï ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʜʽʾ ʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ ʧʨʠ ʚʠʩʫʚʘʥʥʽ; ʛ ï ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʜʽʾ ʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ ʚ ʦʙʦʭ ʥʘʧʨʷʤʘʭ 

 

ʈʠʩ. 1.9. ɼʨʦʩʝʣʴ ʟʽ ʟʚʦʨʦʪʥʽʤ ʢʣʘʧʘʥʦʤ: ʘ ï ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʩʭʝʤʘʭ  

ʪʠʧʫ ʇ3; ʙ ï  ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʣʷ ʩʪʘʥʫ ʧʨʠ  ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ; ʚ  ï  ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʣʷ ʩʪʘʥʫ ʧʨʠ 

ʚʽʣʴʥʦʤʫ ʧʨʦʧʫʩʢʘʥʥʽ ʧʦʚʽʪʨʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ 
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 ʈʠʩ. 1.10. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʩʭʝʤʘʭ ʪʠʧʫ ʇ3 ʧʥʝʚʤʦʦʟʧʦʜʽʣʴʥʠʢʘ 

ʧôʷʪʠ ʣʽʥʽʡʥʦʛʦ ʜʚʦʧʦʟʠʮʽʡʥʠʡ (ʪʠʧ 5/2) ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ɹɯʩʪʘʙʽʣʴʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ 

                         

                                              ʘ                                                   ʙ  

 

ʚ 

ʈʠʩ. 1.11. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʽʚ ʧôʷʪʠ ʣʽʥʽʡʥʠʭ 

ʪʨʠʧʦʟʠʮʽʡʥʠʭ (ʪʠʧ 5/2) ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ: ʘ ï ɹɯʩʪʘʙʽʣʴʥʦʛʦ;     

ʙ ï ʄʆʅʆʩʪʘʙʽʣʴʥʦʛʦ; ʚ ï ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʜʣʷ ʜʚʦʭ ʧʦʣʦʞʝʥʴ 

ʟʦʣʦʪʥʠʢʘ ʧʨʠ ʧʥʝʚʤʘʪʠʯʥʦʤʫ ɹɯʩʪʘʙʽʣʴʥʦʤʫ ʢʝʨʫʚʘʥʥʽ 

 

ʈʠʩ. 1.12. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʧôʷʪʠ ʣʽʥʽʡʥʦʛʦ 

ʜʚʦʧʦʟʠʮʽʡʥʦʛʦ (ʪʠʧ 5/2)  ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʄʆʅʆʩʪʘʙʽʣʴʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ 

 

 

ʈʠʩ.  1.13. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʢʦʪʫʰʢʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʝʣʝ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʭʝʤʘʭ ʪʠʧʫ ɽ3 ʽ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʭʝʤʘʭ 

ʪʠʧʫ ʉ3 
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ʈʠʩ.  1.14. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦ 

ʨʦʟʽʤʢʥʝʥʦʛʦ ʢʦʥʪʘʢʪʫ ʨʝʣʝ ʽ ʛʝʨʢʦʥʫ 

(ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ) ʥʘ ʩʭʝʤʘʭ ʪʠʧʫ 

ʇ3, ʪʠʧʫ E3 ʽ ʪʠʧʫ C3 

 

ʈʠʩ. 1.15. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦ 

ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʘʢʪʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʨʝʣʝ 

 

ʈʠʩ. 1.16. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʨʝʣʝ ʯʘʩʫ ʽʟ 

ʟʘʪʨʠʤʢʦʶ ʩʧʨʘʮʶʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʥʘ 

ʟʘʤʠʢʘʥʥʷ (ʽʟ ʟʘʪʨʠʤʢʦʶ ʧʦ ʧʝʨʝʜʥʴʦʤʫ 

ʬʨʦʥʪʫ) ï ʢʦʥʪʘʢʪʠ ʨʝʣʝ ʩʧʨʘʮʶʶʪʴ 

ʪʽʣʴʢʠ ʧʽʩʣʷ ʪʦʛʦ ʷʢ ʥʘ ʨʝʣʝ ʯʘʩʫ ʙʫʜʝ 

ʧʦʜʘʚʘʪʠʩʷ ʩʪʨʫʤ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʯʘʩʫ 

ʽ ʨʦʟʽʤʢʥʫʪʴʩʷ ʦʜʨʘʟʫ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ 

ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʥʘ ʢʦʪʫʰʢʫ ʨʝʣʝ 

 

 

 

 

ʈʠʩ. 1.17. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʨʝʣʝ ʯʘʩʫ ʽʟ 

ʟʘʪʨʠʤʢʦʶ ʩʧʨʘʮʶʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʥʘ 

ʨʦʟʤʠʢʘʥʥʷ (ʽʟ ʟʘʪʨʠʤʢʦʶ ʧʦ ʟʘʜʥʴʦʤʫ 

ʬʨʦʥʪʫ) ï ʢʦʥʪʘʢʪʠ    ʨʝʣʝ ʟʘʤʢʥʫʪʴʩʷ 

ʦʜʨʘʟʫ ʧʽʩʣʷ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʥʘ ʨʝʣʝ, ʘ 

ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʨʝʣʝ 

ʢʦʥʪʘʢʪʠ ʨʝʣʝ ʙʫʜʫʪʴ ʟʘʤʢʥʝʥʠʤʠ 

ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʯʘʩʫ, ʧʽʩʣʷ ʯʦʛʦ 

ʨʦʟʽʤʢʥʫʪʴʩʷ 

 

ʈʠʩ. 1.18. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʩʦʣʝʥʦʾʜʫ) ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʣʦʪʥʠʢʘ (ʤʽʥʽ-ʧʦʨʰʥʷ) 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ 

 

ʈʠʩ. 1.19. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʜʘʪʯʠʢʘ 

ʧʦʣʦʞʝʥʥʷ (ʢʽʥʮʝʚʦʛʦ ʚʠʤʠʢʘʯʘ) ʟ 

ʨʦʣʠʢʦʤ  ʯʠ ʰʪʦʚʭʘʯʝʤ ʟ ʥʦʨʤʘʣʴʥʦ 

ʨʦʟʽʤʢʥʝʥʠʤ ʢʦʥʪʘʢʪʦʤ 
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    ʘ             ʙ 

ʈʠʩ. 1.20. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʢʥʦʧʢʠ ʟ   

ʥʦʨʤʘʣʴʥʦ ʨʦʟʽʤʢʥʝʥʠʤ ʢʦʥʪʘʢʪʦʤ  ʙʝʟ 

ʬʽʢʩʘʮʽʾ ʧʦʣʦʞʝʥʥʷ ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ (ʘ) ʽ   

ʟ ʬʽʢʩʘʮʽʻʶ (ʙ) ʧʦʣʦʞʝʥʥʷ ʫ ʥʘʪʠʩʥʦʤʫ 

ʩʪʘʥʽ 

 

                    ʘ           ʙ 

ʈʠʩ. 1.21. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʢʥʦʧʢʠ ʟ 

ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʠʤ ʢʦʥʪʘʢʪʦʤ ʙʝʟ 

ʬʽʢʩʘʮʽʾ ʧʦʣʦʞʝʥʥʷ (ʘ)   ʽ ʟ ʬʽʢʩʘʮʽʻʶ 

ʧʦʣʦʞʝʥʥʷ (ʙ) 

 

ʈʠʩ. 1.22.  ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʧʥʝʚʤʘʪʠʯʥʦʾ ʤʘʛʠʩʪʨʘʣʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

 

ʈʠʩ. 1.23. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣʘ 

ʞʠʚ-ʣʝʥʥʷ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʥʘ ʩʭʝʤʘʭ 

ʪʠʧʫ ɽ3 

 

 

ʈʠʩ. 1.24. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʥʝʚʤʘʪʠʯʥʠʭ ʩʭʝʤ (ʪʠʧ 

ʇ3) ʤʝʭʘʪʨʦʥʽʢʠ: ʘ ï ʢʣʘʧʘʥ ʜʣʷ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ "ɯ" (AND ï ʣʦʛʽʯʥʘ 

ʦʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʘʙʦ ʢʦʥôʶʥʢʮʽʷ); ʙ ï ʥʦʨʤʘʣʴʥʦ ʟʘʢʨʠʪʠʡ 

ʄʆʅʆʩʪʘʙʽʣʴʥʠʡ ʢʣʘʧʘʥ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ "ɯ"; ʚ ï ʢʣʘʧʘʥ 

ʜʣʷ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ "ɸɹʆ" (OR ï ʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ʩʢʣʘʜʘʥʥʷ ʘʙʦ 

ʜʠʟôʶʥʢʮʽʷ); ʛ ï ʥʦʨʤʘʣʴʥʦ ʚʽʜʨʠʪʠʡ ʄʆʅʆʩʪʘʙʽʣʴʥʠʡ ʢʣʘʧʘʥ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ "ɸɹʆ". 
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ʈʠʩ. 1.25. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ ʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʪʨʦʣʶ ʚ 

ʩʭʝʤʘʭ ʪʠʧʫ ʇ3: ʘ ï  ʪʫʤʙʣʝʨ ʙʝʟ ʬʽʢʩʘʮʽʾ ʧʦʣʦʞʝʥʥʷ;  ʙ ï ʪʫʤʙʣʝʨ ʟ 

ʬʽʢʩʘʮʽʻʶ ʧʦʣʦʞʝʥʥʷ; ʚ ï ʧʝʜʘʣʴ;  ʛ ï ʢʥʦʧʢʘ;  ʜ ï ʢʥʦʧʢʘ ʩ ʬʽʢʩʘʮʽʻʶ;        

ʝ ï ʧʥʝʚʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ; ʞ ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʢʝʨʫʚʘʥʥʷ;                           

ʟ ï ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ  ʟ ʨʫʯʥʠʤ ʜʫʙʣʶʚʘʥʥʷʤ ʚʢʣʶʯʝʥʥʷ;       

ʽ ï ʤʝʭʘʥʽʯʥʝ ʢʝʨʫʚʘʥʥʷ  ʟ ʨʦʣʠʢʦʚʠʤ ʰʪʦʚʭʘʯʝʤ;  ʢ ï ʤʝʭʘʥʽʯʥʝ ʢʝʨʫʚʘʥʥʷ  

ʟ ʨʦʣʠʢʦʚʠʤ ʰʪʦʚʭʘʯʝʤ-ʚʘʞʝʣʝʤ; ʣ ï ʧʦʚʝʨʥʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʥʝʚʤʘʪʠʯʥʦʾ ʧʨʫʞʠʥʠ; ʤ ï ʧʦʚʝʨʥʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʦʾ 

ʧʨʫʞʠʥʠ. 

 

    

ʈʠʩ. 1.26. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʽ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ  ʨʝʣʝ: ʘ ï ʩʪʘʥ ʨʝʣʝ, ʢʦʣʠ ʢʥʦʧʢʘ ʧʫʩʢ S1  ʥʝ ʥʘʪʠʩʥʝʥʘ, 

ʧʨʠ ʮʴʦʤʫ ʽʥʜʠʢʘʪʦʨʠ L1 ʪʘ L2 ʚʽʜʢʣʶʯʝʥʽ ʚʽʜ ʜʞʝʨʝʣʘ ʩʪʨʫʤʠ; ʙ ï ʩʪʘʥ 

ʨʝʣʝ, ʢʦʣʠ ʥʘʪʠʩʥʫʪʘ ʢʥʦʧʢʘ ʧʫʩʢ S1, ʧʨʠ ʮʴʦʤʫ ʽʥʜʠʢʘʪʦʨ L1 ʚʢʣʶʯʝʥʠʡ, 

ʽʥʜʠʢʘʪʦʨ L2 ï  ʚʠʤʢʥʝʥʠʡ. 

 

ɺ ʪʘʙʣʠʮʽ 1.1 ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ ʤʝʭʘʪʨʦʥʽʢʠ. 
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ʊʘʙʣʠʮʷ 1.1.   ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ ʤʝʭʘʪʨʦʥʽʢʠ    

ɻʨʘʬʽʯʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʅʘʟʚʘ ʊʝʢʩʪʦʚʝ ʧʦʟʥʘʯʝʥʥʷ 

 

 

ɸʥʘʣʦʛʦʚʘ ʤʽʢʨʦʩʭʝʤʘ 

ʪʘʡʤʝʨʘ NE555 

 

 

 

DA1ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 

ʪʘ ʥʘʟʚʘ ʢʦʥʪʘʢʪʽʚ; 

1é8 ï ʥʦʤʝʨʠ ʢʦʥʪʘʢʪʽʚ 

(ʚʠʚʦʜʠ) ʤʽʢʨʦʩʭʝʤʠ 

 

 

ʉʚʽʪʣʦʜʽʦʜ(LED ) 

ʩʚʽʪʣʦ-ʚʠʧʨʦ-

ʤʽʥʶʶʯʠʡ ʜʽʦʜ 

(L ight Emmiting Diode) 

ʅL1 ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 

ʪʘ ʥʘʧʠʩ ʢʦʣʽʨʫ ʩʚʽʪʣʘ, 

ʷʢʠʡ ʚʠʧʨʦʤʽʥʶʻ 

ʩʚʽʪʣʦʜʽʦʜ, 

ʥʘʧʨʠʢʣʘʜ, ʯʝʨʚʦʥʠʡ 

 

 

ʌʦʪʦʪʨʘʥʟʠʩʪʦʨ 

R1ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ; 

LDR07 ï 

ʪʠʧ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ 

 

 

ɺʠʧʨʷʤʥʠʡ ʜʽʦʜ VD1ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 

ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʩʭʝʤʽ 

 

 

ɹʽʧʦʣʷʨʥʠʡ 

ʪʨʘʥʟʠʩʪʦʨ ʪʠʧʫ NPN 

VT1ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ; 

2N2222 ï ʤʦʜʝʣʴ 

ʪʨʘʥʟʠʩʪʦʨʘ 

 

ʇʦʣʴʦʚʠʡ 

N-ʢʘʥʘʣʴʥʠʡ 

ʪʨʘʥʟʠʩʪʦʨ 

 

VT1ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ; 

BS170 ï ʤʦʜʝʣʴ 

ʪʨʘʥʟʠʩʪʦʨʘ; ʣʽʪʝʨʘ N 

ʧʦʟʥʘʯʘʻ, ʱʦ ʪʨʘʥʟʠʩʪʦʨ 

N-ʢʘʥʘʣʴʥʠʡ 
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ʄʦʪʦʨ (ʜʚʠʛʫʥ) 

ʇʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʄ1,  ʄï ʧʦʟʥʘʯʝʥʥʷ ʥʘ 

ʩʭʝʤʽ 

 

 

ʇʴʝʟʦʜʠʥʘʤʽʢ  

 

ɺɸ1ï  ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 

ʪʘ ʧʦʟʥʘʯʝʥʥʷ: 

ç+è ʧʦʟʠʪʠʚʥʠʡ ʚʠʚʽʜ, 

ç-è ʥʝʧʦʟʥʘʯʝʥʠʡ ʚʠʚʽʜ 

 

ʂʦʥʜʝʥʩʘʪʦʨ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʡ 

ʉ1 ï  ʧʦʟʥʘʯʝʥʥʷ ʥʘ 

ʩʭʝʤʽ; 

1 ʤʢʌ =ρÖρπʌ  

ʻʤʢʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ 

 

ʂʦʥʜʝʥʩʘʪʦʨ 

ʢʝʨʘʤʽʯʥʠʡ 

 

ʉ1 ï  ʧʦʟʥʘʯʝʥʥʷ ʥʘ 

ʩʭʝʤʽ; 

1 ʤʢʌ =ρÖρπʌ 

ʻʤʢʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ 

 

ʈʝʟʠʩʪʦʨ R1 ï  ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ; 

100 ʢʆʤ = ρÖρπ ʆʤ ï 

ʥʦʤʽʥʘʣʴʥʠʡ ʦʧʽʨ 

ʨʝʟʠʩʪʦʨʘ 

 

ɿʤʽʥʥʠʡ ʨʝʟʠʩʪʦʨ R1 ï  ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ; 

50 ʢʆʤ = υÖρπ ʆʤ  ï

ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʧʽʨ 

ʨʝʟʠʩʪʦʨʘ 

 

ʂʥʦʧʢʘ ʟ ʥʦʨʤʘʣʴʥʦ 

ʚʽʜʢʨʠʪʠʤ ʢʦʥʪʘʢʪʦʤ 

SA1ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 

ʚ ʩʭʝʤʽ 

 

ɼʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

 

G1- ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʚ 

ʩʭʝʤʽ ʜʣʷ ʥʘʧʨʫʛʽ 9ɺ; 

ç+è - ʧʦʣʷʨʥʽʩʪʴ 

 ʘʙʦ   

 

ʂʦʥʪʘʢʪʠ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʭʝʤ 

ʄʽʩʮʝ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ 

ʧʦʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣʘ 

ʩʪʨʫʤʫ 

 

 



 

24 

 

1.5. ʊʠʧʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʜʫʣʽ ʤʝʭʘʪʨʦʥʽʢʠ 

 

ʇʦʟʥʘʯʝʥʥʷ ʪʠʧʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʤʝʭʘʪʨʦʥʽʢʠ ʥʘ ʩʭʝʤʘʭ 

ʪʠʧʫ ʇ3 ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.27éʨʠʩ.1.30. ʗʢʱʦ ʚ ʩʭʝʤʽ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ɹɯʩʪʘʙʽʣʴʥʠʡ ʨʦʟʧʦʜʽʣʴʥʠʡ ʧʥʝʚʤʦʢʣʘʧʘʥ (ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢ), ʪʦ 

ʧʦʪʨʽʙʥʦ ʚʤʠʢʘʪʠ Y1 (ʧʨʷʤʘ ʢʦʤʘʥʜʘ) ʽ ʚʠʤʠʢʘʪʠ YN1(ʟʚʦʨʦʪʥʘ ʢʦʤʘʥʜʘ) 

ʘʙʦ ʚʤʠʢʘʪʠ YN1 ʽ ʚʠʤʠʢʘʪʠ Y1, ʪʦʙʪʦ ʧʦʪʨʽʙʥʦ ʢʝʨʫʚʘʪʠ ʜʚʦʤʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʤʠ (ʨʠʩ. 1.27),  ʘ ʷʢʱʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʄʆʅʆʩʪʘʙʽʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣʴʥʠʡ ʧʥʝʚʤʦʢʣʘʧʘʥ, ʪʦ ʚʤʠʢʘʪʠ ʽ ʚʠʤʠʢʘʪʠ ʧʦʪʨʽʙʥʦ ʦʜʠʥ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪ Y2 (ʨʠʩ. 1.28). 

 

ʇʦʰʠʨʝʥʘ ʩʢʦʨʦʯʝʥʘ ʥʘʟʚʘ ʪʠʧʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ï 

ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʧʥʝʚʤʦʧʨʠʚʦʜ ʘʙʦ ʛʽʜʨʦʧʨʠʚʦʜ ʧʦʪʨʝʙʫʻ ʥʘʩʪʫʧʥʦʛʦ 

ʫʪʦʯʥʝʥʥʷ, ʷʢʝ ʨʦʟʛʣʷʥʝʤʦ  ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʟʥʘʯʝʥʥʷ ʧʥʝʚʤʦʧʨʠʚʦʜʘ. 

ʇʥʝʚʤʦʧʨʠʚʦʜ ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: ʢʦʤʧʨʝʩʦʨʘ ʟ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʪʠʧʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʤʦʜʫʣʷ, 

ʟʘʩʦʙʽʚ ʢʦʤʫʪʘʮʽʾ  ̔ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʢʦʤʧʨʝʩʦʨʘ.  

 

ʊʠʧʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʥʝʚʤʘʪʠʯʥʠʡ ʤʦʜʫʣʴ ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʪʘʢʦʞ 

ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ (ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ); 

ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʘ (ʧʝʨʝʜʘʪʦʯʥʠʡ ʤʝʭʘʥʽʟʤ); ʮʠʢʣʦʚʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ (ʨʝʣʝʡʥʦʾ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ 

ʢʦʥʪʨʦʣʝʨʘ). ʇʨʠ ʮʴʦʤʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʥʘʚʯʠʤ ʤʝʭʘʥʽʟʤʦʤ 

(ʧʥʝʚʤʦʮʠʣʽʥʜʨʦʤ) ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʤʦʞʫʪʴ ʙʫʪʠ: 

 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦ ʧʦʣʦʞʝʥʥʶ ʰʪʦʢʘ ʘʙʦ ʧʦʨʰʥʷ; 

 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦ ʪʠʩʢʫ ʚ ʨʦʙʦʯʦʾ ʧʦʨʦʞʥʠʥʽ ʮʠʣʽʥʜʨʫ; 

 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦ ʯʘʩʫ ʚʠʩʪʦʶ ʧʦʨʰʥʷ (ʰʪʦʢʘ) ʚ ʢʨʘʡʥʽʭ 

ʧʦʣʦʞʝʥʥʷʭ. 
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ʈʠʩ. 1.27. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʪʠʧʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ ʥʘ ʩʭʝʤʘʭ ʪʠʧʫ ʇ3 

ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ ʪʘ  ɹɯʩʪʘʙʽʣʴʥʦʛʦ 

ʧʥʝʚʤʦʢʣʘʧʘʥʘ ʪʠʧʫ 4/2 ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ 

 

ʈʠʩ. 1.28. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʪʠʧʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ ʥʘ ʩʭʝʤʘʭ ʪʠʧʫ ʉ3 

ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ ʪʘ ʄʆʅʆ-

ʩʪʘʙʽʣʴʥʦʛʦ ʧʥʝʚʤʦʢʣʘʧʘʥʘ ʪʠʧʫ 

4/2 ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ 

 

ʈʠʩ. 1.29. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʪʠʧʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ ʥʘ ʩʭʝʤʘʭ ʪʠʧʫ ʉ3 

ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ ʪʘ ʄʆʅʆ-

ʩʪʘʙʽʣʴʥʦʛʦ ʧʽʣʦʪʥʦʛʦ 

ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʪʠʧʫ 4/2 ʟ 

ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ 

 

ʈʠʩ. 1.30. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʪʠʧʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ ʥʘ ʩʭʝʤʘʭ ʪʠʧʫ ʉ3 

ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ 

ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʪʘ  ɹɯ-ʩʪʘʙʽʣʴʥʦʛʦ 

ʛʽʜʨʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʪʠʧʫ 4/3 ʟ 

ʝʣʝʢʪʨʦ ʤʘʛʥʽʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ 
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ʈʠʩ. 1.31. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʝʷʢʠʭ ʪʠʧʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ ʤʝʭʘʪʨʦʥʽʢʠ 
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 ʅʘ ʨʠʩ. 1.32 ʥʘʚʝʜʝʥʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʟ 

ʪʠʧʦʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʝʭʘʪʨʦʥʽʢʠ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʤʝʭʘʪʨʦʥʥʠʭ ʽ ʨʦʙʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʠʧʫ ʉNC-ʚʝʨʩʪʘʪʽʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʉNʉ-ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʦʤʠʩʣʦʚʦʩʪʽ.  

 

 
 

ʈʠʩ. 1.32. ʅʘʟʚʘ ʽ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʪʠʧʦʚʠʭ ʝʣʝʤʝʥʪʘʤʠ ʤʝʭʘʪʨʦʥʽʢʠ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʝʭʘʪʨʦʥʥʠʭ ʽ ʨʦʙʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

 

 ʇʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʚ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʽ ʧʨʠʟʥʘʯʝʥʠʡ:  

ʜʣʷ ʩʪʚʦʨʝʥʥʷ 3D ʘʙʦ 2D CAM-ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ-ʚʠʨʦʙʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ʚ ʧʨʦʛʨʘʤʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ArtCAM, SolidCAM, CreoParametʢʰʩ 

(ʉAD/CAM) ʪʘ ʽʥʰʠʭ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʩʪʧʨʦʮʝʩʦʨʦʤ 

CNC-ʚʝʨʩʪʘʪʘ ʘʙʦ CNC-ʤʘʰʠʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ. ʇʦʩʪʧʨʦʮʝʩʦʨ ʚʨʘʭʫʚʫʝ ʚ 

ʩʪʚʦʨʝʥʥʦʾ ʉɸʄ-ʤʦʜʝʣʽ ʢʽʥʝʤʘʪʠʢʫ ʤʘʰʠʥ ʽ ʚʝʨʩʪʘʪʽʚ ʟ ʯʠʩʣʦʚʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʽ ʧʝʨʝʪʚʦʨʶʻ ʉAM-ʤʦʜʝʣʴ ʫ G-ʢʦʜʠ, M-ʢʦʜʠ ʪʘ ʫ 

ʽʥʰʽ ʢʦʜʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʭ ʪʨʘʝʢʪʦʨʽʡ ʽ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʦʙʦʯʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʬʨʝʟ, ʟʘʛʦʪʦʚʦʢ ʤʘʪʝʨʽʘʣʫ, ʢʘʨʝʪʢʠ, 

ʧʦʨʪʘʣʫ CNC-ʚʝʨʩʪʘʪʽʚ, ʧôʷʣʝʮʴ ʘʙʦ ʙʦʨʜʶʨʥʦʾ ʨʘʤʠ ʚʠʰʠʚʘʣʴʥʠʭ      

CNC-ʤʘʰʠʥ ʪʘ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʮʠʬʨʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ;  

ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʮʠʢʣʽʚ ʨʦʙʦʪʠ ʤʝʭʘʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ;  
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ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʪʘ ʜʠʟʘʡʥʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʟ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

 ʂʦʥʪʨʦʣʝʨ ʚ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ʽ 

ʪʦʤʫ ʡʦʛʦ ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ çʤʽʢʨʦʢʦʥʪʨʦʣʝʨè. ʂʦʥʪʨʦʣʝʨ ʤʘʻ ʩʧʨʦʱʝʥʫ 

ʩʪʨʫʢʪʫʨʫ ʤʽʥʽ-ɽʆʄ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʟ ʢʦʤʘʥʜʘʤʽ, ʦʧʝʨʘʥʜʤʠ ʽ 

ʦʧʝʨʘʪʦʨʘʤʠ ʧʨʦʛʨʘʤ, ʤʘʻ ʧʦʨʪʠ ʚʭʦʜʽʚ/ʚʠʭʦʜʽʚ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʘʪʯʠʢʽʚ,  

ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʽʥʰʽʭ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ. ʂʦʥʪʨʦʣʝʨ (ʧʣʘʪʘ 

ʢʦʥʪʨʦʣʝʨʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʥʽʚ ʽ ʢʣʝʤ (ʮʠʬʨʦʚʠʭ, ʘʥʘʣʦʛʦʚʠʭ, ʞʠʚʣʝʥʥʷ) 

ʩʪʠʢʫʻʪʴʩʷ ʟ ʜʨʘʡʚʝʨʦʤ/ʜʨʘʡʚʝʨʘʤʠ ʽ ʙʣʦʢʦʤ ʞʠʚʣʝʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦ USB-

ʢʘʙʝʣʷ ï ʟ ʢʦʤʧôʶʪʝʨʦʤ, ʘ ʟ ʜʦʧʦʤʦʛʦʶ ʰʠʣʜʘ ï ʟ ̔ʥʰʠʤ ʝʣʝʢʪʨʦʥʥʠʤ 

ʤʦʜʫʣʝʤ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʧʥʝʚʤʘʪʠʯʥʠʭ ʽ ʢʦʤʙʠʥʦʚʘʥʠʭ ʩʭʝʤʘʭ 

ʤʝʭʘʪʨʦʥʽʢʠ ʦʢʨʽʤ ʜʨʦʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʣʘʩʪʠʢʦʚʽ ʧʥʝʚʤʦʪʨʫʙʢʠ,  

ʟôʻʜʥʝʥʥʷ ʷʢʠʭ ʟ ʪʠʧʦʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʜʫʣʷʤʠ ʥʘ ʨʠʩ. 1.27éʨʠʩ. 

1.29 ʚʠʢʦʥʫʶʪʴʩʷ  ʟʘ ʜʦʧʦʤʦʛʦ ʬʽʪʽʥʛʽʚ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʥʘ ʨʠʩ. 1.30 

ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʦʰʣʘʥʛʽʚ ʽ hʪʫʮʝʨʽʚ. 

ɺʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʦʙʝʨʪʦʚʦʾ ʜʽʾ ʫ ʚʠʛʣʷʜʽ ʢʨʦʢʦʚʦʛʦ ʧʨʠʚʦʜʫ ʘʙʦ 

ʩʝʨʚʦʧʨʠʚʦʜʫ ʚ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʣʽʥʽʡʥʠʭ, ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʦʚʠʭ, ʦʙʝʨʪʦʚʠʭ ʘʙʦ ʢʦʣʠʚʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʝʜʝʥʦʾ ʣʘʥʢʠ ʚʘʞʽʣʴʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ ʽ ʚʝʨʩʪʘʪʘʭ. ɺʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ 

ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʦʾ ʜʽʾ ʫ ʚʠʛʣʷʜʽ ʛʽʜʨʦ- ʽ ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʽʚ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʤʠʢʘʥʥʷ/ʚʠʤʠʢʘʥʥʷ ʛʽʜʨʦ- ʧʥʝʚʤʦʮʠʣʽʥʜʨʽʚ ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɺʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʦʾ ʜʽʾ ʫ ʚʠʛʣʷʜʽ 

ʝʣʝʢʪʨʦʤʘʛʥʠʪʽʚ ʽ ʨʝʣʝ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʤʠʢʘʥʥʷ/ʚʠʤʠʢʘʥʥʷ ʥʘʛʨʽʚʘʯʽʚ, 

ʥʘʩʦʩʽʚ, ʢʣʘʧʘʥʽʚ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʨʽʚʥʷ ʨʽʜʠʥʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ, ʚôʷʟʢʦʩʪʽ ʪʘ ʽʥʰʠʭ ʥʝʝʣʝʢʪʨʠʯʥʠʭ 

ʬʽʟʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʧʘʨʘʪʘʭ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɼʨʘʡʚʝʨ. ʂʣʘʩʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʜʨʘʡʚʝʨʫ ï ʮʝ ʧʨʦʛʨʘʤʘ, ʱʦ ʫʧʨʘʚʣʷʻ 

ʨʦʙʦʪʦʶ ʢʦʥʪʨʦʣʝʨʘ.  ʇʦʰʠʨʝʥʘ ʥʘʟʚʘ çʜʨʘʡʚʝʨè ʚ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʽ ʮʝ 

ʪʘʢʦʞ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʩʧʦʣʫʯʝʥʥʷ ʢʦʥʪʨʦʣʝʨʘ ʟ ʚʠʢʦʥʘʚʯʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʽ, ʜʘʪʯʠʢʘʤʽ, ʮʠʬʨʦʚʠʤʠ ʜʽʩʧʣʝʷʤʠ ʧʫʣʴʪʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʽʥʰʽʤʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʽ ʪʘ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʤʝʭʘʪʨʦʥʽʢʠ ʪʘ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ɹʣʦʢʠ ʞʠʚʣʝʥʥʷ ʚ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʨʽʟʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ. ɼʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʝʨʚʠʥʥʽ ʽ ʚʪʦʨʠʥʥʽ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ. ɺ ʤʝʭʘʪʨʦʥʽʢʠ ʜʣʷ ʞʠʚʣʝʥʥʷ ʜʨʘʡʚʝʨʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʣʦʢʠ 

ʞʠʚʣʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʧʦʪʫʞʥʽʩʪ ɹ ʜʦ 600 ɺʘʪʪ ʽ ʙʽʣʴʰʝ ʚ 
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ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɼʣʷ ʨʦʙʦʪʠ 

ʣʦʛʽʢʠ ʜʨʘʡʚʝʨʘ ʥʘ ʨʠʩ.1.32 ʧʦʪʨʽʙʥʘ ʥʘʧʨʫʛʘ +5 V ʘʙʦ +3,3 V ʚʽʜ ʙʣʦʢʫ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʢʦʤʧôʶʪʝʨʘ ʪʘ ʦʢʨʝʤʠʡ ʙʣʦʢ ʞʠʚʣʝʥʥʷ +48V, 12A       

ʜʣʷ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʦʰʠʨʝʥʠʭ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ ʪʠʧʫ 

NEMA 17, NEMA 23 ʪʘ ʽʥ.  

ɺ ʪʘʙʣʠʮʽ 1.2 ʥʘʚʝʜʝʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ (ʩʠʤʚʦʣʠ) 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ  ʦʧʝʨʘʮʽʡ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʩʭʝʤʘʭ ʤʝʭʘʪʨʦʥʽʢʠ ʟʘ ʚʠʤʦʛʘʤʠ ʩʪʘʥʜʘʨʪʫ VDI 2860 (ʅʽʤʝʯʯʠʥʘ), ʘ ʚ 

ʪʘʙʣʠʮʽ 1.3 ï ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʽ ʩʪʘʥ ʩʠʛʥʘʣʽʚ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ  ʙʣʦʢ-

ʩʭʝʤ ʤʝʭʘʪʨʦʥʽʢʠ.    

VDI 2860 ï ʮʝ ʩʪʘʥʜʘʨʪ (Verband Deutscher Ingenieure ï ɸʩʦʮʽʘʮʽʷ 

ʥʽʤʝʮʴʢʠʭ ʽʥʞʝʥʝʨʽʚ), ʷʢʠʡ ʚʢʣʶʯʘʻ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ  ʥʘʩʪʫʧʥʠʭ 

ʦʩʥʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ  ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʮʠʢʣʫ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤʘʭ ʤʝʭʘʪʨʦʥʽʢʠ: 

ʦʩʥʦʚʥʽ ʩʠʤʚʦʣʠ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʦʙʨʦʙʢʠ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʧʝʨʝʚʽʨʢʠ;  

          ʩʠʤʚʦʣʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʫʥʢʮʽʡ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʡ ʨʦʟʜʽʣʝʥʥʷ, 

ʢʦʤʙʽʥʫʚʘʥʥʷ, ʧʦʚʦʨʦʪʫ, ʧʝʨʝʤʽʱʝʥʥʷ, ʫʪʨʠʤʘʥʥʷ, ʚʠʧʫʩʢʫ, 

ʪʝʩʪʫʚʘʥʥʷ;   

          ʩʠʤʚʦʣʠ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʟʙʝʨʽʛʘʥʥʷ 

(ʤʘʛʘʟʠʥ, ʙʫʥʢʝʨ, ʰʪʘʙʝʣʝʨ) ʪʘ  ʦʧʝʨʘʮʽʡ ʚʥʫʪʨʚʧʨʦʮʝʩʥʦʾ ʧʦʩʣʽʜʦʚʥʦʾ 

ʘʙʦ ʧʘʨʘʣʝʣʴʥʦʾ ʧʝʨʝʜʘʯʽ ʟʘʛʦʪʦʚʢʠ, ʜʝʪʘʣʽ ʘʙʦ ʬʫʨʥʽʪʫʨʠ.  

 

ʊʘʙʣʠʮʷ 1.2.      ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʜʫʣʽʚ ʤʝʭʘʪʨʦʥʽʢʠ   

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʌʫʥʢʮʽʾ ʘʙʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʦʧʝʨʘʮʽʡ ʚ 

ʮʠʢʣʝ 

ʇʨʠʢʣʘʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

 

ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ 

(ʦʩʥʦʚʥʠʡ ʩʠʤʚʦʣ) 

 

 

 

ʦʙʨʦʙʢʘ (ʦʩʥʦʚʥʠʡ 

ʩʠʤʚʦʣ) 

 

 

ʇʝʨʝʚʽʨʢʘ, ʢʦʥʪʨʦʣʴ 

(ʦʩʥʦʚʥʠʡ ʩʠʤʚʦʣ) 
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ʚʧʦʨʷʜʢʦʚʘʥʝ  

ʟʙʝʨʽʛʘʥʥʷ (ʤʘʛʘʟʠʥ) 

 

 

 ʯʘʩʪʢʦʚʦ 

ʚʧʦʨʷʜʢʦʚʘʥʝ 

ʟʙʝʨʽʛʘʥʥʷ  

 

ʙʝʟʣʘʜʥʝ 

ʟʙʝʨʽʛʘʥʥʷ (ʙʫʥʢʝʨ) 

 

 

ʨʦʟôʻʜʥʘʥʥʷ ʧʦʪʦʢʫ 

ʜʝʪʘʣʝʡ 

 

 

ʦʙôʻʜʥʘʥʥʷ ʧʦʪʦʢʫ 

ʜʝʪʘʣʝʡ 

 

 

ʧʝʨʝʛʦʨʦʜʞʫʚʘʥʥʷ 

ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 

  

 

ʜʦʜʘʚʘʥʥʷ 

ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 
 

 

ʨʦʟʧʦʜʽʣ ʧʦ 

n-ʜʝʪʘʣʝʡ 

  

 

ʨʦʟʧʦʜʽʣ ʧʦ 

n-ʜʝʪʘʣʝʡ ʽ 

ʧʝʨʝʤʽʱʫʚʘʪʠ ʥʘ 

ʥʘʩʪʫʧʥʫ ʧʦʟʠʮʽʶ 
 

 

ʩʦʨʪʠʨʫʚʘʪʠ ʜʝʪʘʣʝʡ    

ʧʦ ʨʦʟʤʽʨʫ 
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ʟʘʪʠʩʢʘʥʥʷ ʜʝʪʘʣʽ 

 

 

ʨʦʟʙʣʦʢʫʚʘʥʥʷ ʜʝʪʘʣʽ 

 

          

ʟʙʝʨʽʛʘʥʥʷ / ʟʙʝʨʽʛʘʥʥʷ 

ʙʝʟ ʜʽʾ ʩʠʣʠ 

          

 

ʧʦʚʦʨʦʪ ʜʝʪʘʣʽ 

 

 

ʧʝʨʝʥʝʩʝʥʥʷ ʜʝʪʘʣʽ ʟ ʾʾ 

ʧʦʚʦʨʦʪʦʤ 

 

 

ʨʫʭ, ʧʝʨʝʤʽʱʝʥʥʷ, 

  

 

 

 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 
 

 

ʩʦʨʪʫʚʘʥʥʷ ʜʝʪʘʣʝʡ, 

ʢʦʥʪʨʦʣʴ ʦʨʽʻʥʪʫʚʘʥʥʷ 

ʜʝʪʘʣʽ  

 

ʧʝʨʝʩʠʣʘʥʥʷ ʪʦʤʫ ʱʦʙ 

ʧʦʜʘʪʠ ʜʘʣʽ 

 

 

ʧʝʨʝʩʠʣʘʥʥʷ ʟ 

ʦʜʥʦʯʘʩʥʦʶ 

ʧʽʜʪʨʠʤʢʦʶ ʦʨʽʻʥʪʘʮʽʾ 

ʥʘ ʟʘʛʦʪʽʚʣʶ 
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ʦʧʝʨʘʮʽʷ ʪʝʩʪʫʚʘʥʥʷ  

 

ʦʧʝʨʘʮʽʾ ʟʤʽʥʠ ʬʦʨʤʠ 

(ʬʦʨʤʫʚʘʥʥʷ, ʨʽʟʘʥʥʷ) 

 

 

ʦʧʝʨʘʮʽʷ ʧʨʠʻʜʥʘʥʥʷ 

(ʩʢʣʘʜʘʥʥʷ) 

 

 

 

ʢʨʝʘʪʠʚʥʝ ʬʦʨʤʫʚʘʥʥʷ 

(3D-ʜʨʫʢ) 

 

 

ʦʧʝʨʘʮʽʾ ʧʦʢʨʠʪʪʷ, 

ʤʦʜʠʬʽʢʘʮʽʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ 

 

 

ʊʘʙʣʠʮʷ 1.3.       ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʽ ʩʪʘʥ ʩʠʛʥʘʣʽʚ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ  

ʙʣʦʢ-ʩʭʝʤ ʤʝʭʘʪʨʦʥʽʢʠ    

 

       ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ 1: 

1.ʗʢʽ ʟʚôʷʟʢʠ ʤʝʭʘʪʨʦʥʽʢʠ ʟ Computer-Aided Design ? 
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2. ʗʢʽ ʟʚôʷʟʢʠ ʤʝʭʘʪʨʦʥʽʢʠ ʟ Computer-Aided Management ? 

3. ʗʢʽ ʟʚôʷʟʢʠ ʤʝʭʘʪʨʦʥʽʢʠ ʟ Computer Numerical Control  ? 

4. ʗʢʽ ʟʚôʷʟʢʠ ʤʽʞ CAD ʽ ʉAM ʩʠʩʪʝʤʘʤʠ ? 

5. ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ ʚʽʜ ʤʝʭʘʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷ ? 

6. ʑʦ ʦʟʥʘʯʘʻ çProgrammable Logic Controllerè ? 

7. ʗʢʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʤʝʭʘʪʨʦʥʠʮʽ? 

8. ʗʢʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʤʝʭʘʪʨʦʥʠʮʽ? 

9. ɿ ʷʢʠʭ ʩʣʽʚ ʫʪʚʦʨʝʥʘ ʥʘʟʚʘ çʛʝʨʢʦʥè ʽ ʯʠʤ ʚʽʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʢʽʥʮʝʚʠʭ ʚʠʤʠʢʘʯʽʚ ʥʘ ʨʠʩ.1.27é1.30 ? 

10.ʗʢʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ, ʢʦʥʪʨʦʣʝʨʘ, 

ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʜʘʯ, ʜʨʘʡʚʝʨʘ ʪʘ ʙʣʦʢʽʚ ʞʠʚʣʝʥʥʷ ʚ 

ʤʝʭʘʪʨʦʥʥʠʭ ʽ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʧʨʠʩʪʨʦʷʭ CNC-ʤʘʰʠʥʘʭ ʽ  

CNC-ʚʝʨʩʪʘʪʘʭ ? 

11.ʑʦ ʧʦʟʥʘʯʘʶʪʴ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʤʝʭʘʪʨʦʥʽʢʠ ʽ ʫ ̫ʢʠʭ ʚʠʜʘʭ ʽ ʪʠʧʘʭ ʩʭʝʤ ʚʠʢʦʨʠʩʪʫʶʪʴʩʷ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ ? 

  

 
 

2.  ʉʀʉʊɽʄʀ ʂɽʈʋɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʄɸʐʀʅɸʄʀ 

ʃɽɻʂʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ  ɯ ɺɽʈʉʊɸʊɸʄʀ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

 

2.1.ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʘʰʠʥʘʤʠ ʽ 

ʚʝʨʩʪʘʪʘʤʠ 

  

ʈʦʟʨʽʟʥʷʶʪʴ ʞʦʨʩʪʢʽ ʽ ʛʥʫʯʢʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʤʘʰʠʥʘʤʠ ʽ ʚʝʨʩʪʘʪʘʤʠ. 

    1. ɾʦʨʩʪʢʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʘʤʠ: 

    1.1. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè; 
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    1.2. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʟ ʧʨʦʛʨʘʤʦʥʦʩʽʻʤ ʪʠʧʫ çʙʘʛʘʪʦʢʨʦʢʦʚʠʡ 

ʢʫʣʘʯʦʢè ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

2. ɻʥʫʯʢʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʘʤʠ - ʮʝ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟ 

ʢʦʥʪʨʦʣʝʨʦʤ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ 

ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ ʮʠʢʣʫ ʨʦʙʦʪʠ. ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʘʰʠʥʘʭ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ɻʥʫʯʢʽ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ; 

  2.1.ʏʠʩʣʦʚʝ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ. ʇʦʰʠʨʝʥʘ ʥʘʟʚʘ - ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ ʉNC (ʉʦmputer Numerical Control), ʘ ʤʘʰʠʥʠ ʽ ʚʝʨʩʪʘʪʠ ʟ 

ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ ʤʘʶʪʴ ʧʦʰʠʨʝʥʫ ʥʘʟʚʫ ʉNC-ʤʘʰʠʥʠ ʽ     

CNC-ʚʝʨʩʪʘʪʠ; 

  2.2.ʎʠʢʣʦʚʝ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ (ʎʇʂ). 

ɼʣʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʘʰʠʥʘʤʠ 

ʛʘʣʫʟʝʡ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʚʝʨʩʪʘʪʘʤʠ ʛʘʣʫʟʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ  

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ. 

 

 

 

ʈʠʩ. 2.1. ʉʭʝʤʘ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʩʥʦʚʥʠʭ 

ʧʦʥʷʪʠʡ ʚʟʘʻʤʦʜʽʡ ʫ ʩʠʩʪʝʤ:̔  çʣʶʜʠʥʘ 

ʦʧʝʨʘʪʦʨ (ʃʆ) - ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ (ʊʄ)è 

 

  

 

ʗʢʱʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʨʷʤʠʡ ʟʚôʷʟʦʢ ʪʦ ʮʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ  

ʢʝʨʫʚʘʥʥʷ  ʘʙʦ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʗʢʱʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʪʦ ʮʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʴ ʘʙʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ. ʗʢʱʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʽ ʧʨʷʤʠʡ ʟʚôʷʟʦʢ ʽ 

ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʪʦ ʮʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʘʙʦ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

  

 ɼʘʤʦ ʥʘʩʪʫʧʥʽ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʥʘʚʝʜʝʥʠʭ ʦʩʥʦʚʥʠʭ ʚʠʟʥʘʯʝʥʴ.  

 ɸʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ - ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʘʥʥʷ 

ʨʝʛʫʣʴʦʚʘʥʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʟ ʧʦʪʨʽʙʥʦʶ ʪʦʯʥʽʩʪʶ. 

ɼʦ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʽʜʥʦʩʷʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʝʩʘʭ ɺʊʆ ʰʚʝʡʥʠʭ ʚʠʨʦʙʽʚ ʽ ʩʫʰʠʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ 
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ʚʟʫʪʪʷ, ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʉʠʩʪʝʤʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʪʘʪʠʯʥʽ ʪʘ ʘʩʪʘʪʠʯʥʽ. 

 

ʉʪʘʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʪʘʢʽ, ʚ ʷʢʠʭ ʨʝʛʫʣʴʦʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʤʽʥʝʥʥʷʭ 

ʟʙʫʨʶʶʯʦʾ ʜʽʾ. 

 

ɸʩʪʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ 

ʧʨʠ ʟʤʽʥʝʥʥʷʭ ʟʙʫʨʶʶʯʦʾ ʜʽʾ. ʊʦʙʪʦ, ʘʩʪʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʽʥʥʠʭ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʙʝʟ ʧʦʭʠʙʢʠ, ʘ ʩʘʤʝ ʧʽʜʪʨʠʤʫʶʪʴ 

ʡʦʛʦ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ, ʘ ʩʪʘʪʠʯʥʽ ʩʠʩʪʝʤʠ - ʟ ʜʝʷʢʠʤ ʚʽʜʭʠʣʝʥʥʷʤ 

(ʧʦʭʠʙʢʦʶ). 

 

  ʉʣʽʜʢʫʶʯʽ ʩʠʩʪʝʤʠ - ʟʜʽʡʩʥʶʶʪʴ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʚʜʘʥʥʷ 

ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʯʘʩʽ ʟʘ ʟʘʢʦʥʦʤ, ʷʢʽʡ ʟʘʟʜʘʣʝʛʽʜʴ ʘʙʦ ʥʝʚʽʜʦʤʠʡ, 

ʘʙʦ ʚʽʜʦʤʠʡ ʪʽʣʴʢʠ ʚ ʤʠʪʪʻʚʠʡ ʯʘʩ. ɺʭʽʜʥʠʡ ʚʧʣʠʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚ 

ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ 

ʩʣʫʞʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʘʰʠʥʠ ʜʣʷ  ʟ'ʻʜʥʘʥʥʷ ʜʝʪʘʣʝʡ ʧʦ ʢʦʥʪʫʨʫ,  ʫ ʷʢʠʭ 

ʢʦʥʪʫʨ ʟʨʽʟʫ ʜʝʪʘʣʝʡ ʟ ʪʝʢʩʪʠʣʶ ʘʙʦ ʰʢʽʨʠ ʚʽʜʩʪʝʞʫʻʪʴʩʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʩʝʥʩʦʨʘʤʠ ʧʦʩʣʽʜʦʚʥʦ ʚ ʯʘʩʽ ʪʽʣʴʢʠ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʜʝʪʘʣʝʡ ʧʽʜ ʧʨʠʪʠʩʢʥʦʶ ʣʘʧʢʦʶ ʤʘʰʠʥʠ.  

 

   ʉʠʩʪʝʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ - ʟʜʽʡʩʥʶʶʪʴ ʟʤʽʥʫ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʚʝʣʠʯʠʥ ʚ ʯʘʩʽ ʟʘ ʟʘʢʦʥʘʤʠ, ʷʢʽ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ. ɼʦ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʚʽʜʥʦʩʷʪʴʩʷ, ʟʦʢʨʝʤʘ, ʩʠʩʪʝʤʠ CNC ʘʙʦ CNC-ʚʝʨʩʪʘʪʠ (ʚʝʨʩʪʘʪʠ      

ʟ CNC). 

 

 ɸʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ -  ʟʜʽʡʩʥʶʶʪʴ ʦʧʪʠʤʘʣʴʥʝ, ʟʘ ʟʘʜʘʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ, ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʯʥʠʤ ʩʪʘʥʦʤ ʦʙôʻʢʪʘ ʧʨʠ ʟʤʽʥʝʥʥʷʭ 

ʫʤʦʚ ʡʦʛʦ ʨʦʙʦʪʠ. ɼʦ ʢʣʘʩʫ ʘʜʘʧʪʠʚʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʩʠʩʪʝʤʠ, ʱʦ ʩʘʤʦ 

ʥʘʩʪʨʦʶʶʪʴʩʷ, ʩʘʤʦʦʨʛʘʥʽʟʫʶʪʴʩʷ, ʩʘʤʦʥʘʚʯʘʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ ʫ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

 

  ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤ ʨʦʙʦʪʦʤ ʻ ʙʘʛʘʪʦʨʽʚʥʝʚʦʶ. ɰʾ 

ʥʠʞʥʴʦʤʫ ʨʽʚʥʶ ʫ ʚʠʛʣʷʜʽ ʢʦʦʨʜʠʥʘʪʥʠʭ ʧʨʠʚʦʜʽʚ ʚʽʜʚʦʜʠʪʴʩʷ ʦʩʦʙʣʠʚʘ 

ʨʦʣʴ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʫʭʽʚ, ʱʦ ʟʘʜʘʶʪʴʩʷ. ʎʽ ʟʘʜʘʯʽ 

ʫʩʢʣʘʜʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʦʮʝʩʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʚʦʜʽʚ ʨʦʙʦʪʽʚ ʤʘʶʪʴ 

ʥʘʩʪʫʧʥʽ ʩʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

 ʧʦ-ʧʝʨʰʝ, ʩʪʘʪʠʯʥʘ ʽ ʜʠʥʘʤʽʯʥʘ ʩʢʣʘʜʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ 

ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʧʦʣʦʞʝʥʴ ʣʘʥʦʢ 

ʨʦʟʽʤʢʥʫʪʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʨʦʙʦʪʘ; 

 ʧʦ-ʜʨʫʛʝ, ʤʦʞʣʠʚʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʚ ʟʘʛʘʣʴʤʦʚʘʥʦʤʫ ʩʪʘʥʽ ʧʨʠ 

ʨʦʙʦʪʽ çʥʘ ʫʧʦʨè, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʘʛʨʽʚʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ; 

 ʧʦ-ʪʨʝʪʻ, ʜʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʨʦʙʦʪʽʚ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʽ ʚʠʤʦʛʠ, ʘ ʩʘʤʝ: ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʩʪʘʪʠʯʥʦʛʦ 

ʨʝʞʠʤʫ (ʙʝʟ ʧʝʨʝ ʨʝʛʫʣʶʚʘʥʥʷ) ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʜʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʩʭʚʘʪʫ 

ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʫʜʘʨʽʚ ʧʦ ʦʙʣʘʜʥʘʥʥʶ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ; ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʶ. 

 
 

 

   ʗʢ ʙʫʣʦ ʧʦʟʥʘʯʝʥʦ, ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʘʰʠʥʘʤʠ 

ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ  ʽ  ʚʝʨʩʪʘʪʘʤʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ  ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʮʠʢʣʦʚʝ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ (ʎʇʂ) ʽ ʯʠʩʣʦʚʝ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ 

(CNC). 

 
CNC 

 

   ʆʙ'ʻʢʪʠ ʟ ʎʇʂ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʧʨʦʛʨʘʤ ʽ ʢʦʥʪʨʦʣʝʨʘ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʮʠʢʣ ʽ ʨʝʞʠʤʠ ʦʙʨʦʙʢʠ ʦʙ'ʻʢʪʫ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤʠ 

ʧʨʠʚʦʜʘʤʠ  ʛʦʣʦʚʥʦʛʦ  ʨʫʭʫ  ʽ  ʧʦʜʘʯʽ  ʚʽʜ  ʰʣʷʭʦʚʠʭ  ʧʝʨʝʤʠʢʘʯʽʚ.     ʅʘ 

ʨʠʩ. 2.2 ʥʘʚʝʜʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʽʥʪʝʨʬʝʡʩʫ ʧʨʦʛʨʘʤʫʶʯʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 

ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʰʚʝʡʥʦʾ ʤʘʰʠʥʽ. 

 ʅʘʡʧʨʦʩʪʽʰʠʤ ʧʨʠʩʪʨʦʻʤ ʎʇʂ ʻ ʢʫʣʘʯʢʦʚʽ ʢʦʤʘʥʜʦ-ʘʧʘʨʘʪʠ, ʷʢʽ 

ʚʠʜʘʶʪʴ ʢʦʤʘʥʜʠ ʥʘ ʰʣʷʭʦʚʽ (ʢʽʥʮʝʚʽ) ʧʝʨʝʤʠʢʘʯʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʦʯʘʪʦʢ ʨʫʭʫ ʘʙʦ ʧʨʠʧʠʥʝʥʥʷ ʨʫʭʫ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ ʘʙʦ ʚʝʨʩʪʘʪʫ.  ʇʨʝʜʤʝʪʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ 

ʜʠʩʮʠʧʣʽʥʽ çʄʝʭʘʪʨʦʥʽʢʘ ʚ ʛʘʣʫʟʝʚʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè ʻ ʝʣʝʢʪʨʠʯʥʽ, 

ʧʥʝʚʤʘʪʠʯʥʽ, ʛʽʜʨʘʚʣʽʯʥʽ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʽ ï 

ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʽ/ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʽ ʩʠʩʪʝʤʠ ʎʇʂ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʚʝʨʩʪʘʪʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 
 

 

            ʆʙ'ʻʢʪʠ ʟ  ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (CNC-ʤʘʰʠʥʠ) 

ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʧʨʦʛʨʘʤ, ʱʦ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʨʝʩʣʝʥʥʷ 

ʜʝʪʘʣʽ, ʧʨʦ ʮʠʢʣ ʽ ʨʝʞʠʤʠ ʦʙʨʦʙʢʠ, ʧʨʦ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʽʥʩʪʨʫʤʝʥʪ, ʟʘʧʠʩʘʥʫ ʫ ʚʠʛʣʷʜʽ ʧʝʚʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 
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ʯʠʩʝʣ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʋ ʩʠʩʪʝʤʘʭ CNC ʥʘ 

ʚʩʴʦʤʫ ʰʣʷʭʫ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʛʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʘʞ ʜʦ ʾʾ ʧʝʨʝʜʘʯʽ ʨʦʙʦʯʠʤ 

ʦʨʛʘʥʘʤ ʚʝʨʩʪʘʪʘ  ʤʘʻʤʦ ʩʧʨʘʚʫ ʪʽʣʴʢʠ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ. 

 

 
 

ʈʠʩ. 2.2. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʫʶʯʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʚ ʙʣʦʢ-ʩʭʝʤʽ ʢʦʤʧôʶʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʦʾ ʰʚʝʡʥʦʾ ʤʘʰʠʥʽ ʟ ʮʠʬʨʦʚʠʤ ʢʝʨʫʚʘʥʥʷʤ 

 

CNC-ʤʘʰʠʥʠ  ʟʘ ʦʟʥʘʢʘʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘ:  

-  ʧʦʟʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ; 

-  ʢʦʥʪʫʨʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ; 

-  ʢʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ; 

-  ʫʥʽʚʝʨʩʘʣʴʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ; 

        ʉʠʩʪʝʤʠ CNC ʟʘ ʦʟʥʘʢʘʤʠ ʥʘʷʚʥʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

ʥʘ: 

- ʨʦʟʽʤʢʥʫʪʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ; 

- ʟʘʤʢʥʫʪʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

ɺ ʧʦʟʠʮʽʡʥʠʭ CNC-ʩʠʩʪʝʤʘʭ ʦʙʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʧʦʯʝʨʛʦʚʦʛʦ ʘʙʦ ʦʜʥʦʯʘʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚʝʨʩʪʘʪʘ ʟʘ  

ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ ʆX, ʆY, ʆZ. 

 

   ɺ ʢʦʥʪʫʨʥʠʭ CNC-ʩʠʩʪʝʤʘʭ ʦʙʨʦʙʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚʝʨʩʪʘʪʘ ʧʦ ʪʨʘʻʢʪʦʨʽʾ (ʟʘʟʚʠʯʘʡ ʢʨʠʚʦʣʽʥʽʡʥʦʾ) ʽ ʟ 

ʢʦʥʪʫʨʥʽʡ ʰʚʠʜʢʽʩʪʶ, ʟʘʜʘʥʠʤʠ ʧʨʦʛʨʘʤʦʶ. ʂʦʥʪʫʨʥʘ ʰʚʠʜʢʽʩʪʴ ʻ 

ʨʝʟʫʣʴʪʫʶʯʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚʝʨʩʪʘʪʘ, ʥʘʧʨʷʤʦʢ ʷʢʦʾ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʜʦʪʠʯʥʦʶ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʟʘʜʘʥʦʛʦ ʢʦʥʪʫʨʫ ʦʙʨʦʙʢʠ. 



 

38 

 

 ɼʦ CNC-ʤʘʰʠʥ ʚʽʜʥʦʩʷʪʴʩʷ ʚʠʰʠʚʘʣʴʥʽ ʘʚʪʦʤʘʪʠ ʽ ʰʚʝʡʥʦ-

ʚʠʰʠʚʘʣʴʥʽ ʤʘʰʠʥʠ, ʨʦʟʢʨʽʡʥʽ ʘʛʨʝʛʘʪʠ, ʧʨʠʥʪʝʨʠ, ʛʨʘʬʦʧʦʙʫʜʦʚʥʠʢʠ, 

ʜʽʛʠʪʘʡʟʝʨʠ, ʢʦʦʨʜʠʥʘʪʥʽ ʚʝʨʩʪʘʪʠ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ʪʘ ʽʥʰʽ. 

 

 
 

ʈʠʩ. 2.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʛʨʘʤʦʥʦʩʽʾʚ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʧʨʠʢʣʘʜʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

 ɼʦ ʥʝʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʘʰʠʥ ʟ ʎʇʂ ʚʽʜʥʦʩʷʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʤʘʰʠʥʠ ʽʟ ʞʦʨʩʪʢʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè. ɺʦʥʠ 

ʤʘʶʪʴ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʢʽʥʝʤʘʪʠʯʥʝ ʥʝ ʟ'ʻʜʥʘʥʽ ʟ ʛʦʣʦʚʥʠʤ ʚʘʣʦʤ  ̔ʨʦʙʦʪʫ 

ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʪʨʽʙʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʚ ʰʚʝʡʥʠʭ 

ʤʘʰʠʥʘʭ ʮʝ ʤʝʭʘʥʽʟʤ ʧʨʠʪʠʩʢʥʦʾ ʣʘʧʢʠ, ʷʢʠʡ ʢʽʥʝʤʘʪʠʯʥʝ ʟ'ʻʜʥʘʥʠʡ ʟ 

ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʪʷʛʫ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ, ʘ ʥʝ ʟ ʛʦʣʦʚʥʠʤ ʚʘʣʦʤ ʤʘʰʠʥʠ, 

ʤʝʭʘʥʽʟʤ ʨʝʚʝʨʩʫ (ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʟʘʢʨʽʧʦʢ ʧʦ ʢʽʥʮʷʤ ʰʚʘ ʥʘ ʤʘʰʠʥʘʭ ʯʦʚʥʠʢʦʚʦʛʦ ʩʪʽʙʢʘ), ʤʝʭʘʥʽʟʤ ʟʩʫʚʫ 

ʛʦʣʦʯʥʠʮʽ ʧʣʦʩʢʦʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ, ʤʝʭʘʥʽʟʤ ʟʩʫʚʫ ʛʨʝʙʽʥʦʢ 

ʦʩʥʦʚʦʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ, ʤʝʭʘʥʽʟʤ ʧʝʨʝʤʽʱʝʥʥʷ ʢʣʠʥʽʚ ʽ ʧʣʘʪʠʥ 

ʚ'ʷʟʘʣʴʥʠʭ ʤʘʰʠʥ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʛʨʫʧʘ ʚʽʜʙʦʨʫ ʪʨʠʢʦʪʘʞʥʠʭ ʛʦʣʦʢ 

ʤʝʭʘʥʽʟʤʫ ʚôʷʟʘʥʥʷ ʪʦʱʦ.  

ʊʝʭʥʦʣʦʛʽʯʥʽ CNC-ʤʘʰʠʥʠ ʤʘʶʪʴ ʧʦʰʠʨʝʥʫ ʥʘʟʚʫ çʤʘʰʠʥʠ ʟ 

ʝʣʝʢʪʨʦʥʥʠʤ ʢʝʨʫʚʘʥʥʷʤè ʘʙʦ çʤʘʰʠʥʠ ʟ ʮʠʬʨʦʚʠʤ ʢʝʨʫʚʘʥʥʷʤè. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʤʘʰʠʥʠ ʽʟ ʞʦʨʩʪʢʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʽ ʟ ʛʥʫʯʢʦʶ 

ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʤʘʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʞʦʨʩʪʢʽ ʽ ʛʥʫʯʢʽ ʧʨʦʛʨʘʤʦʥʦʩʽʾ  

(ʨʠʩ. 2.3). 

 



 

39 

 

 ɺ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʎʇʂ ʧʦʪʨʽʙʥʦ ʨʦʟʨʽʟʥʷʪʠ ɹɯʩʪʘʙʽʣɹʥʝ 

ʢʝʨʫʚʘʥʥʷ ʽ ʄʆʅʆʩʪʘʙʽʣʴʥʝ ʢʝʨʫʚʘʥʥʷ. 

ɹɯʩʪʘʙʽʣʴʥʝ ʢʝʨʫʚʘʥʥʷ - ʮʝ ʜʚʦʩʪʦʨʦʥʥʻ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɹɯʩʪʘʙʽʣʴʥʠʭ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ ʧʥʝʚʤʦʮʠʣʽʥʜʨʦʤ/ 

ʛʽʜʨʦʮʠʣʽʥʜʨʦʤ. ɺ ʘʣʛʦʨʠʪʤʽ ɹɯʩʪʘʙʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʫ ʷʚʥʦʤʫ ʚʠʜʽ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʚʽ ʢʦʤʘʥʜʠ: ʧʝʨʰʘ ʢʦʤʘʥʜʘ ʮʝ ʧʨʷʤʘ ʢʦʤʘʥʜʘ  ʽ ʜʨʫʛʘ 

ʢʦʤʘʥʜʘ ʮʝ ʟʚʦʨʦʪʥʘ ʢʦʤʘʥʜʘ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʠ ɹɯʩʪʘʙʽʣʴʥʦʛʦ 

ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʟʘʧʘʤôʷʪʘʶʪʴ ʦʩʪʘʥʥʶ ʢʦʤʘʥʜʫ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʪʦʤʫ 

ʞʝ ʩʪʘʥʽ, ʚ ʷʢʠʡ ʡʦʛʦ ʧʝʨʝʚʝʣʘ ʧʨʷʤʘ ʢʦʤʘʥʜʘ, ʥʘʧʨʠʢʣʘʜ SET=1 ʽ 

RESET=0 ʜʦ ʪʦʛʦ ʯʘʩʫ, ʧʦʢʠ ʥʽ ʟ'ʷʚʠʪʴʩʷ ʟʚʦʨʦʪʥʘ ʢʦʤʘʥʜʘ RESET=1 i 

SET=0. ɼʦ ʚʽʜʧʦʚʽʜʥʠʭ  ʧʦʨʪʽʚ ʚʠʭʦʜʽʚ çOutputè  ʢʦʥʪʨʦʣʝʨʘ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ Y1 ʽ YN1 ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʘ ʜʦ ʧʦʨʪʽʚ 

ʚʭʦʜʽʚ çInputè ʢʦʥʪʨʦʣʝʨʘ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʘʪʯʠʢʠ X1 i XN1 ʢʽʥʮʝʚʠʭ 

ʧʦʣʦʞʝʥʴ ʰʪʦʢʫ ʧʦʨʰʥʷ ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ ʪʘ ʢʥʦʧʢʠ Ὓ ʩʪʘʥʫ ʮʠʢʣʫ ʪʘ ʽʥʰʽ 

ʜʘʪʯʠʢʠ. 

ʄʆʅʆʩʪʘʙʽʣʴʥʝ ʢʝʨʫʚʘʥʥʷ - ʮʝ ʦʜʥʦʩʪʦʨʦʥʥʻ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʆʅʆʩʪʘʙʽʣʴʥʠʭ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ  ʚʠʢʦʥʘʚʯʽʤ ʤʝʭʘʥʽʟʤʦʤ, 

ʧʨʠ ʷʢʦʤʫ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʜʥʘ ʦʩʥʦʚʥʘ ʢʦʤʘʥʜʘ, ʘ ʥʝ ʜʚʽ 

ʢʦʤʘʥʜʠ (ʧʨʷʤʘ ʽ ʟʚʦʨʦʪʥʘ), ʷʢ ʧʨʠ ɹɯʩʪʘʙʽʣʴʥʦʤʫ ʢʝʨʫʚʘʥʥʽ. ʊʦʤʫ ʧʨʠ 

ʣʶʙʦʤʫ ʟʥʠʢʥʝʥʥʽ ʦʩʥʦʚʥʦʾ ʢʦʤʘʥʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʚʝʨʥʝʥʥʷ  ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ. ʉʠʛʥʘʣ ʢʦʥʪʨʦʣʶ 

ʧʦʣʦʞʝʥʥʷ ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʧʦʨʪʫ 

ʢʦʥʪʨʦʣʝʨʘ. ʊʦʤʫ, ʷʢʱʦ ʚ ʧʨʦʛʨʘʤʽ ʩʠʛʥʘʣ ʍ1=1  ʪʦʜʽ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ 

ʚʢʣʶʯʝʥʠʡ, ʷʢʱʦ X1=0 ï ʚʠʤʢʥʝʥʠʡ ʽ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʭʦʜʽ ʢʦʥʪʨʦʣʝʨʘ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʚʽʜʩʫʪʥʽʡ. 

 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ,  ʷʢ ʩʢʣʘʜʥʠʭ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʘʧʨʘʚʣʝʥʦ 

ʥʘ ʾʭ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ.  ʐʚʝʡʥʽ, ʚôʷʟʘʣʴʥʽ ʪʘ ʚʟʫʪʪʻʚʽ ʤʘʰʠʥ ʻ ʪʠʧʦʚʠʤʠ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɸʣʝ ʷʢʱʦ ʰʚʝʡʥʽ ʤʘʰʠʥʠ ʽ 

ʮʠʢʣʦʚʽ ʥʘʧʽʚʘʚʪʦʤʘʪʠ ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʞʦʨʩʪʢʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ 

çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè (ʪʠʧʫ çʈɺè), ʪʦ ʚʟʫʪʪʻʚʽ ʦʙʪʷʞʥʦ-ʟʘʪʷʞʥʽ ʤʘʰʠʥʠ ʽ 

ʚʠʨʫʙʘʣʴʥʽ ʧʨʝʩʠ ʟ ʛʽʜʨʦʧʨʠʚʦʜʦʤ ï ʮʠʢʣʦʚʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ. ɺôʷʟʘʣʴʥʽ 

ʤʘʰʠʥʠ ʤʘʶʪʴ ʽ ʞʦʨʩʪʢʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʈɺè (ʦʩʥʦʚʦʚôʷʟʘʣʴʥʽ 

ʤʘʰʠʥʠ),  ʽ  ʛʥʫʯʢʫ ʮʠʢʣʦʚʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʢʨʫʛʣʦʚôʷʟʘʣʴʥʽ ʽ 

ʧʣʦʩʢʦʚôʷʟʘʣʴʥʽ ʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ  ʧʘʥʯʽʰʥʽ ʤʘʰʠʥʠ-ʘʚʪʦʤʘʪʠ.   



 

40 

 

 ɺ ʤʘʰʠʥʘʭ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʮʽʣʴʦʚʽ ʤʝʭʘʥʽʟʤʠ ʟ 

ʦʨʪʦʛʦʥʘʣʴʥʦʶ ʽ ʧʘʨʘʣʝʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ ʪʘ ʟ ʜʝʢʽʣʴʢʦʤʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ  

ʧʨʠʚʦʜʘʤʠ ʥʘ ʟʘʩʘʜʘʭ ʢʨʦʢʦʚʠʭ ʘʙʦ ʚʝʥʪʠʣʴʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʠʚʦʜʽʚ  ʪʘ/ʘʙʦ  ʧʥʝʤʦ-/ʛʽʜʨʦʧʨʠʚʦʜʽʚ. ɺ ʰʚʝʡʥʦ-

ʚʠʰʠʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʽ ʫ ʚʠʰʠʚʘʣʴʥʠʭ ʘʚʪʦʤʘʪʘʭ ʤʘʰʠʥʘʭ ʟ ʯʠʩʣʦʚʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʘʞʽʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʟ 

ʦʨʪʦʛʦʥʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ, ʜʦ ʷʢʠʭ  ʚʽʜʥʦʩʷʪʴʩʷ 2D-ʤʝʭʘʥʽʟʤʠ  

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʘ ʜʦ ʤʝʭʘʥʽʟʤʽʚ ʟ ʧʘʨʘʣʝʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ 

ʚʽʜʥʦʩʷʪʴʩʷ ʽʥʰʽ ʤʝʭʘʥʽʟʤʠ ʮʠʭ ʤʘʰʠʥ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʧʨʠʚʦʜʘʤʠ  ʽ 

ʮʠʢʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʘ ʟʘʩʘʜʘʭ ʤʝʭʘʪʨʦʥʽʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʭʘʪʨʦʥʽʢʠ ʚ ʛʘʣʫʟʝʚʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʟ ʢʣʘʩʫ ʥʝʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚ 

ʢʣʘʩ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ. 

 

ʅʝʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʚhʝʡʥʘ ʤʘʰʠʥʘ ʯʦʚʥʠʢʦʚʦʛʦ ʩʪʽʙʢʘ ʮʝ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʟ ʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʷʢʦʾ ʻ ʫʟʛʦʜʞʝʥʝ ʟʘ ʮʠʢʣʦʛʨʘʤʦʶ ʨʦʙʦʪʠ ʧʝʨʝʧʣʝʪʝʥʥʷ 

ʚʝʨʭʥʴʦʾ (ʛʦʣʢʦʚʦʾ) ʽ ʥʠʞʥʴʦʾ (ʯʦʚʥʠʢʦʚʦʾ) ʥʠʪʦʢ ʚ ʧʘʢʝʪʽ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ 

ʫʪʚʦʨʝʥʥʽ ʩʪʽʙʢʽʚ, ʷʢʘ ʤʘʻ ʢʦʨʧʫʩ (ʛʦʣʦʚʢʫ ʤʘʰʠʥʠ) ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜ. ʇʨʠ 

ʮʴʦʤʫ ʢʦʨʧʫʩ ʤʘʰʠʥʠ ʩʢʣʘʜʝʥʠʡ ʟ ʨʫʢʘʚʘ ʽ ʧʣʘʪʬʦʨʤʠ, ʚ ʨʫʢʘʚʽ 

ʟʤʦʥʪʦʚʘʥʠʡ ʛʦʣʦʚʥʠʡ ʚʘʣ, ʤʝʭʘʥʽʟʤ ʛʦʣʢʠ, ʤʝʭʘʥʽʟʤ ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʘ, 

ʧʨʠʪʠʩʢʥʘ ʣʘʧʢʘ ʽ ʨʝʛʫʣʷʪʦʨ ʥʘʪʷʛʫ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ, ʥʘ ʧʣʘʪʬʦʨʤʽ 

ʟʘʢʨʽʧʣʝʥʘ ʛʦʣʢʦʚʘ ʧʣʘʩʪʠʥʘ, ʘ ʧʽʜ ʧʣʘʪʬʦʨʤʦʶ ʟʤʦʥʪʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ 

ʯʦʚʥʠʢʘ ʽ ʤʝʭʘʥʽʟʤ ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ ʟ ʨʝʛʫʣʷʪʦʨʦʤ ʜʦʚʞʠʥʠ ʩʪʽʙʢʘ ʽ ʨʝʚʝʨʩʫ 

ʤʘʪʝʨʽʘʣʫ. ɼʦ ʪʘʢʠʭ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚʽʜʥʝʩʝʥʘ ʙʽʣʴʰʽʩʪʴ ʥʝʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʰʚʝʡʥʠʭ 

ʤʘʰʠʥ, ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ ʷʢʠʭ çʰʚʝʡʥʽ ʤʘʰʠʥʠ ʯʦʚʥʠʢʦʚʦʛʦ ʩʪʽʙʢʘè 

ʪʘ çʰʚʝʡʥʽ ʤʘʰʠʥʠ ʣʘʥʮʶʛʦʚʦʛʦ ʩʪʽʙʢʘè. ʅʘ ʙʘʟʽ ʪʘʢʠʭ ʤʘʰʠʥ 

ʙʫʜʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʤʘʰʠʥʠ ʽ ʥʘʧʽʚʘʚʪʦʤʘʪʠ ʟ ʝʣʝʢʪʨʦʥʥʠʤ 

(ʢʦʤʧôʶʪʝʨʥʠʤ) ʢʝʨʫʚʘʥʥʷʤ. 

 

ʅʝʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʚhʝʡʥʘ ʤʘʰʠʥʘ ʣʘʥʮʶʛʦʚʦʛʦ ʩʪʽʙʢʘ ʮʝ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʟ ʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʷʢʦʾ ʻ ʫʟʛʦʜʞʝʥʝ ʟʘ ʮʠʢʣʦʛʨʘʤʦʶ ʨʦʙʦʪʠ ʧʝʨʝʧʣʝʪʝʥʥʷ 

ʩʠʩʪʝʤʠ ʛʦʣʢʦʚʠʭ (ʚʝʨʭʥʽʭ) ʥʠʪʦʢ ʽʟ ʩʠʩʪʝʤʦʶ ʥʠʪʦʢ ʧʝʪʝʣʴʥʠʢʽʚ (ʥʠʞʥʽʭ 

ʥʠʪʦʢ) ʧʽʜ ʤʘʪʝʨʽʘʣʦʤ, ʥʘʜ ʤʘʪʝʨʽʘʣʦʤ ʪʘ ʟʙʦʢʫ ʟʨʽʟʫ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʫʪʚʦʨʝʥʥʽ ʩʪʽʙʢʽʚ, ʷʢʘ ʤʘʻ ʢʦʨʧʫʩ (ʛʦʣʦʚʢʫ ʤʘʰʠʥʠ) ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜ. ʇʨʠ 
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ʮʴʦʤʫ ʢʦʨʧʫʩ ʤʘʰʠʥʠ ʩʢʣʘʜʝʥʠʡ ʟ ʨʫʢʘʚʘ ʽ ʧʣʘʪʬʦʨʤʠ, ʚ ʨʫʢʘʚʽ 

ʟʤʦʥʪʦʚʘʥʠʡ ʛʦʣʢʦʚʠʡ ʚʘʣ ʽ ʤʝʭʘʥʽʟʤ ʛʦʣʢʠ, ʥʠʪʢʦʧʦʜʘʪʯʠʢ, ʧʨʠʪʠʩʢʥʘ 

ʣʘʧʢʘ ʽ ʨʝʛʫʣʷʪʦʨ ʥʘʪʷʛʫ ʥʠʪʦʢ, ʥʘ ʧʣʘʪʬʦʨʤʽ ʟʘʢʨʽʧʣʝʥʘ ʛʦʣʢʦʚʘ ʧʣʘʩʪʠʥʘ, 

ʘ ʧʽʜ ʧʣʘʪʬʦʨʤʦʶ ʟʤʦʥʪʦʚʘʥʠʡ ʛʦʣʦʚʥʠʡ ʚʘʣ, ʤʝʭʘʥʽʟʤ(ʠ)  

ʧʝʪʝʣʴʥʠʢʘ(ʢʽʚ), ʥʠʪʢʦʧʦʜʘʪʯʠʢ ʽ ʤʝʭʘʥʽʟʤ ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ. ʅʘ ʙʘʟʽ ʤʘʰʠʥ 

ʣʘʥʮʶʛʦʚʦʛʦ ʩʪʽʙʢʘ ʙʫʜʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʤʘʰʠʥʠ ʽ ʥʘʧʽʚʘʚʪʦʤʘʪʠ ʟ 

ʝʣʝʢʪʨʦʥʥʠʤ (ʢʦʤʧôʶʪʝʨʥʠʤ) ʢʝʨʫʚʘʥʥʷʤ. 

 

ʗʢʱʦ ʪʘʢʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ 

ʦʩʥʘʱʝʥʽ ʤʝʭʘʪʨʦʥʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʜʫʣʷʤʠ ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ ʟ ʧʘʤôʷʪʪʶ ʥʘ ʧʨʠʥʮʠʧʽ ʞʦʨʩʪʢʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʣʦʛʽʢʠ, ʪʦʙʪʦ ʦʧʝʨʘʪʦʨ ʥʝ  ʤʦʞʝ ʚʪʨʫʯʘʪʠʩʷ ʚ  ʧʘʤôʷʪʴ 

ʤʘʰʠʥʠ (ʦʧʝʨʘʪʦʨ ʥʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʧʨʦʛʨʘʤʫ ʨʦʙʦʪʠ ʤʘʰʠʥʠ), ʪʦ 

ʥʝʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʰʚʝʡʥʽ ʤʘʰʠʥʠ ʧʝʨʝʭʦʜʷʪʴ ʚ ʢʣʘʩ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ. ʅʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʰʚʝʡʥʽ 

ʤʘʰʠʥʠ ʟʘʛʘʣʴʥʦʛʦ ʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʽ ʩʪʦʧ-ʤʦʪʦʨʦʤ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʰʚʝʡʥʽ ʥʘʧʽʚʘʚʪʦʤʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ  ʧʝʪʝʣʴ, ʜʣʷ ʦʙʨʦʙʢʠ 

ʦʙʪʘʯʥʠʭ ʢʠʰʝʥʴ ʚ ʨʘʤʢʫ, ʧʨʠʰʠʚʘʥʥʷ ʬʫʨʥʽʪʫʨʠ, ʟʰʠʚʘʥʥʷ ʜʝʪʘʣʝʡ ʧʦ 

ʢʦʥʪʫʨʫ ʪʘ ʽʥʰʽ ʮʝ ʝʣʝʢʪʨʦʥʥʽ ʰʚʝʡʥʽ ʤʘʰʠʥʠ ʽʟ ʞʦʨʩʪʢʦʶ ʣʦʛʽʢʦʶ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ.  

 

ʗʢʱʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʦʩʥʘʱʝʥʽ  

ʚʙʫʜʦʚʘʥʠʤ ʣʦʛʽʯʥʠʤ ʢʦʥʪʨʦʣʝʨʦʤ, ʱʦ ʤʘʻ ʘʨʭʽʪʝʢʪʫʨʫ ʢʦʤʧôʶʪʝʨʘ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʪʘ  ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ 

ʧʨʠʚʦʜʘʤʠ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ, ʢʨʦʢʦʚʠʭ ʘʙʦ ʚʝʥʪʠʣʴʥʠʭ ʩʝʨʚʦʧʨʠʚʦʜʘʭ 

ʧʦ ʩʠʛʥʘʣʘʤ ʜʘʪʯʠʢʽʚ ʮʽʣʴʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʘʰʠʥʠ ʽ ʧʨʠ ʮʴʦʤʫ ʦʧʝʨʘʪʦʨ 

ʤʦʞʝ ʚʪʨʫʯʘʪʠʩʷ ʚ  ʧʘʤôʷʪʴ ʤʘʰʠʥʠ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʛʥʫʯʢʦʾ ʟʤʽʥʠ 

ʧʨʦʛʨʘʤ ʡ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʤʘʰʠʥʠ, ʪʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʰʚʝʡʥʽ ʤʘʰʠʥʠ 

ʧʝʨʝʭʦʜʷʪʴ ʚ ʢʣʘʩ   ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʰʠʚʘʣʴʥʽ ʤʘʰʠʥʠ-ʘʚʪʦʤʘʪʠ, ʰʚʝʡʥʦ-ʚʠʰʠʚʘʣʴʥʽ ʤʘʰʠʥʠ ʪʘ 

ʽʥʰʽ ʤʘʰʠʥʠ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ  ï  ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ   

CNC-ʤʘʰʠʥʠ, ʷʢʽ  ʻ  ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʰʚʝʡʥʠʤʠ ʤʘʰʠʥʘʤʠ. 

 

ɺôʷʟʘʣʴʥʽ ʤʘʰʠʥʠ ʻ ʪʘʢʦʞ  ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ 

ʚôʷʟʘʣʴʥʠʤ ʘʙʦ ʢʫʣʽʨʥʠʤ ʩʧʦʩʦʙʦʤ ʟ ʧʝʨʝʧʣʝʪʝʥʠʭ ʧʝʪʝʣʴ ʟ ʪʝʢʩʪʠʣʴʥʦʾ 

ʧʨʷʞʽ ʟʘ ʧʝʚʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʤʝʭʘʥʽʯʥʦʾ 
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ʪʝʭʥʦʣʦʛʽʻʶ ʧʝʪʣʝ ʫʪʚʦʨʝʥʥʷ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʤʝʭʘʥʽʟʤʽʚ ʥʠʪʢʦʧʦʜʘʯʠ ʽ ʟʤʽʥʠ ʥʠʪʦʢ, ʤʝʭʘʥʽʟʤʽʚ ʚôʷʟʘʥʥʷ  

ʪʨʠʢʦʪʘʞʥʠʤʠ ʛʦʣʢʘʤʠ ʥʘ ʧʣʦʩʢʦʾ ʘʙʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʛʦʣʦʯʥʠʮʽ ʽ 

ʤʝʭʘʥʽʟʤʫ ʚʽʜʪʷʞʢʠ ʚʠʨʦʙʫ ʘʙʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. 

 

ʗʢʱʦ ʪʘʢʘ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʪʦ ʚʦʥʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ, ʘ 

ʩʘʤʝ  ʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʧʣʦʩʢʦʚôʷʟʘʣʴʥʫ ʤʘʰʠʥʫ-ʥʘʧʽʚʘʚʪʦʤʘʪ ʘʙʦ ʚ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʢʨʫʛʣʦʚôʷʟʘʣʴʥʫ ʤʘʰʠʥʫ-ʘʚʪʦʤʘʪ ʢʣʘʩʫ ʧʘʥʯʽʰʥʦ-

ʰʢʘʨʧʝʪʢʦʚʠʡ ʘʚʪʦʤʘʪ.   

 

ʗʢʱʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʧʣʦʩʢʘ ʚôʷʟʘʣʴʥʘ ʤʘʰʠʥʘ ʦʩʥʘʱʝʥʘ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʙʫʜʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷʤ 

ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʚʽʜʙʦʨʦʤ ʛʦʣʦʢ (ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʘʧʦʨʪʽʚ ʧʝʨʝʧʣʝʪʝʥʴ ʽ 

ʟʤʽʥʠ ʢʦʣʴʦʨʫ ʧʨʷʞʽ ʚ ʤʘʣʶʥʢʘʭ), ʤʘʻ ʧʘʤôʷʪʴ ʥʘ ʧʨʠʥʮʠʧʽ ʞʦʨʩʪʢʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʣʦʛʽʢʠ, ʪʦʙʪʦ ʦʧʝʨʘʪʦʨ ʥʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ 

ʧʘʤôʷʪʴ ʤʘʰʠʥʠ ʧʦʢʠ ʥʝ ʟʘʤʽʥʽʪʴ ʥʘ ʥʦʚʠʡ ʧʨʦʛʨʘʤʦʥʦʩʽʡ-

ʧʝʨʬʦʢʘʨʪʫ ʤʘʣʶʥʢʫ, ʪʦ ʪʘʢʠ ʤʘʰʠʥʠ ʧʝʨʝʭʦʜʷʪʴ ʚ ʢʣʘʩ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʣʦʩʢʦʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ. ʅʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʝʨʬʦʢʘʨʪʦʯʥʽ 

ʧʣʦʩʢʦʚô̫ ʟʘʣʴʥʽ ʤʘʰʠʥʠ ʤʦʜʝʣʽ Veritas KM-245P, ʤʦʜʝʣʽ ʂ-747 ʬʽʨʤʠ 

ʊʦʡʦʪʘ (ʗʧʦʥʽʷ) ʟ ʧʝʨʬʦʢʘʨʪʘʤʠ ʟ ʨʘʧʦʨʪʦʤ ʥʘ 12 ʛʦʣʦʢ,  ʧʝʨʬʦʢʘʨʪʦʯʥʽ 

ʧʣʦʩʢʦʚôʷʟʘʣʴʥʽ ʤʘʰʠʥʠ ʤʦʜʝʣʽ ʤʦʜʝʣʴ Silver Reed SK-280 (ʗʧʦʥʽʷ/ʂʠʪʘʡ) 

ʪʘ ʽʥʰʽ ʟ ʧʝʨʬʦʢʘʨʪʘʤʠ ʟ ʨʘʧʦʨʪʦʤ ʥʘ 24 ʛʦʣʢʠ ʻ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʧʣʦʩʢʦʚôʷʟʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ. 

 

ʗʢʱʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʧʣʦʩʢʘ ʚôʷʟʘʣʴʥʘ ʤʘʰʠʥʘ ʦʩʥʘʱʝʥʘ  

ʚʙʫʜʦʚʘʥʠʤ ʚʽʣʴʥʦ ʧʨʦʛʨʘʤʫʶʯʠʤ ʢʦʥʪʨʦʣʝʨʦʤ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʨʠʚʦʜʘʤʠ ʥʘ ʩʦʣʝʥʦʾʜʘʭ ʜʣʷ ʚʽʜʙʦʨʫ ʛʦʣʦʢ ʘʙʦ ʥʘ 

ʢʨʦʢʦʚʠʭ ʩʝʨʚʦʧʨʠʚʦʜʘʭ, ʜʣʷ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʧʦʚʦʨʦʪʫ ʢʣʠʥʽʚ ʤʝʭʘʥʽʟʤʫ 

ʚôʷʟʘʥʥʷ  ʟʘ ʧʨʦʛʨʘʤʦʶ ʱʦ ʟʘʜʘʻʪʴʩʷ ʟ ʢʣʘʚʽʰʥʦʛʦ ʧʫʣʴʪʘ ʪʘ ʜʠʩʧʣʝʻʤ ʘʙʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʯʝʨʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ, ʪʦʙʪʦ  

ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʚʪʨʫʯʘʪʠʩʷ ʚ  ʝʣʝʢʪʨʦʥʥʫ ʧʘʤôʷʪʴ 

ʤʘʰʠʥʠ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʛʥʫʯʢʦʾ ʟʤʽʥʠ ʧʨʦʛʨʘʤʠ (ʘʣʛʦʨʠʪʤʫ) ʨʦʙʦʪʠ 

ʤʘʰʠʥʠ,  ʪʦ ʪʘʢʠ ʚôʷʟʘʣʴʥʽ ʤʘʰʠʥʠ ʧʝʨʝʭʦʜʷʪʴ ʚ ʢʣʘʩ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʧʣʦʩʢʦʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ. ʅʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʦʙʫʪʦʚʽ 

ʧʣʦʩʢʦʚôʷʟʘʣʴʥʽ ʤʘʰʠʥʠ ʤʦʜʝʣʽ Brother KH-765i (ʗʧʦʥʽʷ), ʤʦʜʝʣʽ Silver 

Reed SK-860, ʤʦʜʝʣʽ Passap Electronic 6000 (ʐʚʝʡʮʘʨʽʷ), ʤʦʜʝʣʽ Veritas 
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KM-245C ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʧʣʦʩʢʦʚôʷʟʘʣʴʥʽ ʤʘʰʠʥʠ ʬʽʨʤʠ Shima Seiki 

(ʗʧʦʥʽʷ) ʽ ʬʽʨʤʠ Stoll (ʅʽʤʝʯʯʠʥʘ) ʪʘ ʽʥʰʽ ʻ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʤʠ 

ʧʣʦʩʢʦʚôʷʟʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ. 

 

ɺʩʽ ʚôʷʟʘʣʴʥʽ ʤʘʰʠʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ  ʢʫʣʽʨʥʽ, ʦʜʥʦʬʦʥʪʫʨʥʽ  ʽ 

ʜʚʦʬʦʥʪʫʨʥʽ, ʧʣʦʩʢʽ ʽ ʢʨʫʛʣʽ, ʦʢʨʽʤ ʦʩʥʦʚʦʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ ʤʘʶʪʴ 

ʤʝʭʘʥʽʟʤʠ ʚôʷʟʘʥʥʷ, ʷʢʽ ʟʘ ʧʨʠʡʥʷʪʦʶ ʚ ʊʄʄ ʪʝʨʤʽʥʦʣʦʛʽʻʶ ʻ 

ʢʫʣʘʯʢʦʚʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʟʽ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʠʤ ʨʫʭʦʤ ʰʪʦʚʭʘʯʘ. 

ʂʫʣʘʯʢʘʤʠ ʻ ʢʣʠʥʠ ʟʘʤʢʦʚʦʾ ʩʠʩʪʝʤʠ, ʘ ʰʪʦʚʭʘʯʘʤʠ ï ʪʨʠʢʦʪʘʞʥʽ ʛʦʣʢʠ. 

ʂʣʠʥʠ ʟʘʤʢʦʚʦʾ ʩʠʩʪʝʤʠ ʚôʷʟʘʣʴʥʦʾ ʢʘʨʝʪʢʠ, ʘ ʥʽ ʢʘʨʝʪʢʘ, ʷʢ ʧʦʤʠʣʢʦʚʦ 

ʥʘʚʝʜʝʥʦ ʚ ʜʝʷʢʠʭ ʚʠʜʘʥʥʷʭ,  ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʛʦʣʦʢ ʧʦ ʟʘʢʦʥʘʤ,  

ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʦʩʥʦʚʥʽ 9é11 ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʝʪʣʝ ʫʪʚʦʨʝʥʥʷ. ʅʘ 

ʟʘʩʘʜʘʭ ʤʝʭʘʥʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʠʡ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʦʚʠʡ ʨʫʭ ʪʨʠʢʦʪʘʞʥʠʭ ʛʦʣʦʢ ʟ ʯʘʩʪʦʪʦʶ ʨʫʭʫ ʢʘʨʝʪʢʠ ʚʧʨʘʚʦ-ʚʣʽʚʦ 

ʚʽʜʥʦʩʥʦ ʛʦʣʦʯʥʠʮʽ. ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʠ ʪʨʠʢʦʪʘʞʫ ʻ ʧʝʪʣʽ, 

ʥʘʢʠʜʠ ʽ ʧʨʦʪʷʞʢʠ, ʢʽʣʴʢʽʩʥʝ ʩʧʦʣʫʯʝʥʥʷ ʤʽʞ ʷʢʠʤʠ ʫʪʚʦʨʶʻ ʨʽʟʥʽ 

ʩʪʨʫʢʪʫʨʠ ʪʨʠʢʦʪʘʞʫ (ʨʽʟʥʽ ʪʨʠʢʦʪʘʞʥʽ ʧʝʨʝʧʣʝʪʝʥʥʷ) ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʩʦʙʦʶ ʩʠʩʪʝʤʠ ʥʠʪʢʦʧʦʜʘʯʠ, ʤʝʭʘʥʽʟʤʫ ʚôʷʟʘʥʥʷ ʽ ʩʠʩʪʝʤʠ ʚʽʜʪʷʛʫʚʘʥʥʷ 

ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʘʙʦ ʜʝʪʘʣʽ ʪʨʠʢʦʪʘʞʥʦʛʦ ʚʠʨʦʙʫ. 

 

ʂʦʤʧôʶʪʝʨʥʘ ʚôʷʟʘʣʴʥʘ ʤʘʰʠʥʘ ʤʦʜʝʣʽ  ʂʅ-965ʽ ɺrother (ʗʧʦʥʽʷ) ʻ 

ʪʠʧʦʚʦʶ ʜʚʦʬʦʥʪʫʨʥʦʶ ʧʣʦʩʢʦʚ'ʷʟʘʣʴʥʦʶ ʤʘʰʠʥʦʶ, ʫ ʷʢʠʡ ʟʘʢʣʘʜʝʥʽ 

ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʧʣʦʩʢʦʚ'ʷʟʘʣʴʥʠʭ  

ʤʘʰʠʥ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʣʦʩʢʦʚôʷʟʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʤʦʜʝʣʽ ʂʅ 965ʽ Brother (ʗʧʦʥʽʷ) ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.2.4. ʄʘʰʠʥʠ Brother 

ʤʘʶʪʴ ʛʦʣʦʯʥʠʮʶ  ʽ ʚôʷʟʘʣʴʥʫ ʢʘʨʝʪʢʫ, ʷʢʽ ʢʽʥʝʤʘʪʠʯʥʝ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʷʟʠʯʢʦʚʠʤʠ ʛʦʣʢʘʤʠ. 

ɿʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʚʽʜʙʽʨ ʛʦʣʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 16 ʨʝʣʝ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʤʽʥʽ ʩʦʣʝʥʦʾʜʽʚ) ʧʦ ʢʦʤʘʥʜʘʭ ʚʽʜ ʚʙʫʜʦʚʘʥʦʛʦ ʤʽʥʽ-

ʢʦʤʧôʶʪʝʨʘ (ʚʽʣʴʥʦ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ). 

ɿʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʚôʷʟʘʣʴʥʦʾ ʢʘʨʝʪʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ  ʟ ʨʝʜʫʢʪʦʨʦʤ.  

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʣʦʩʢʦʚôʷʟʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.4, ʜʝ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ:  

CPU ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ;  

ɽɼ ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʨʠʚʦʜʫ;  

ʂɿ ï ʢʘʨʝʪʢʘ ʟʘʜʥʷ (ʢʘʨʝʪʢʘ ʧʝʨʝʜʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʤʧôʶʪʝʨʘ);  
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ʂʇ ï ʢʘʨʝʪʢʘ ʧʝʨʝʜʥʷ (ʢʘʨʝʪʢʘ ʟʘʜʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʢʦʤʧôʶʪʝʨʘ);  

ʈɽʄ ï  ʨʝʣʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʤʽʥʽ-ʩʦʣʝʥʦʾʜʠ); 

ʇʂ ï ʧʝʨʝʜʘʯʘ ʢʦʥʽʯʥʘ;  

çBèï ʨʦʙʦʯʘ ʧʦʟʠʮʽʷ (ʈʇ) ʛʦʣʦʢ;  

çDè ï ʧʝʨʝʜʥʷ ʨʦʙʦʯʘ ʧʦʟʠʮʽʷ (çʇʈʇè) ʛʦʣʦʢ 

 

 
 

ʈʠʩ. 2.4. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʣʦʩʢʦ ʚôʷʟʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʤʦʜʝʣʽ ʂʅ 965ʽ Brother (ʗʧʦʥʽʷ) ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʚʽʜʙʦʨʦʤ ʛʦʣʦʢ 

 

ʂʦʤʙʽʥʦʚʘʥʘ ʩʭʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʣʦʩʢʦʚôʷʟʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.5, ʜʝ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʩʭʝʤʠ: 

   ɽɼ - ʝʣʝʢʪʨʦʜʚʠʛʫʥ  ʽ ʨʝʜʫʢʪʦʨ ʈ ï  ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʚôʷʟʘʣʴʥʦʾ ʢʘʨʝʪʢʠ; 

   S/S ï ʚʤʠʢʘʯ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚôʷʟʘʣʴʥʦʾ ʢʘʨʝʪʢʠ; 

ɺʊ ʽ ʅʊ ï  ʚʝʨʭʥʽʡ ʪʨʘʥʩʧʦʨʪʝʨ ʽ ʥʠʞʥʽʡ ʪʨʘʥʩʧʦʨʪʝʨ; 

ʂɿ ʽ ʂʇ, ɻɿ ʽ ɻʇ ï ʢʘʨʝʪʘ ʟʘʜʥʷ ʽ ʢʘʨʝʪʢʘ ʧʝʨʝʜʥʷ, ʛʦʣʦʯʥʠʮʷ ʟʘʜʥʷ ʽ 

ʛʦʣʦʯʥʠʮʷ ʧʝʨʝʜʥʷ; 

ʈɽʄ 1éʈɽʄ 16 ï ʰʽʩʪʥʘʜʮʷʪʴ (ʜʚʘ ʙʘʡʪʘ) ʈʝʣʝ ɽʣʝʢʪʨʦʄʘʛʥʽʪʥʠʭ 

(ʤʽʥʽ-ʩʦʣʝʥʦʾʜʽʚ, ʥʘʜʘʣʽ ʧʨʠʡʥʷʪʦ ʫʤʦʚʥʝ ʩʢʦʨʦʯʝʥʥʷ çʝʣʝʢʪʨʦʤʘʛʥʽʪʠè) ; 

ʂ1éʂ16 ï ʰʽʩʪʥʘʜʮʷʪʴ ʪʦʨʮʝʚʠʭ ʢʫʣʘʯʢʽʚ ʧʦ ʦʜʥʦʤʫ ʥʘ ʢʦʞʥʫ 

ʧʣʘʩʪʠʥʫ-ʩʝʣʝʢʪʦʨ ʛʦʣʦʢ; 
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CPU ï (Central Processing Unit) ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ; 

ɹɾ ï ʙʣʦʢ ʝʣʝʢʪʨʠʯʥʦʛʦ ʞʠʚʣʝʥʥʷ; 

1,2,7,8ï ʰʢʽʚʠ ʟ ʢʽʣʢʘʤʠ;  

3 -  ʚʝʜʫʯʘ ʧʨʫʞʥʘ ʟʘʱʽʧʢʘ ʛʦʣʦʚʥʦʾ ʢʘʨʝʪʢʠ (ʟʘʢʨʽʧʣʝʥʘ ʥʘ 

ʚʝʨʭʥʴʦʤʫ ʪʨʘʥʩʧʦʨʪʝʨʽ ɺʊ;   

4 ï ʚʝʜʝʥʘ ʟʘʱʽʧʢʘ, ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʢʘʨʝʪʮʽ;  

5 ï  ʪʨʠʤʘʯ-ʟʘʪʠʩʢʘʯ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʢʘʨʝʪʢʠ ʟʘʜʥʴʦʾ (ʜʦʜʘʪʢʦʚʦʾ) ʂɿ 

 ̔ʢʘʨʝʪʢʠ ʛʦʣʦʚʥʦʾ  ʂʇ;   

9  ï  ʢʦʥʽʯʥʽ ʧʝʨʝʜʘʯʽ ʚʝʨʭʥʴʦʛʦ ʽ ʥʠʞʥʴʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʽʚ; 

10 ï ʚʘʣ ʟ ʢʫʣʘʯʢʘʤʠ ʂ1éʂ16; 

11 ï ʢʦʨʦʤʠʩʣʦ ʜʣʷ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʧʣʘʩʪʠʥʠ-

ʩʝʣʝʢʪʦʨʘ ʛʦʣʦʢ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ ʚʽʜ ʨʝʣʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ; 

12 ï ʟʚʦʨʦʪʥʘ ʧʨʫʞʠʥʘ. 

 

ʇʽʩʣʷ ʟʘʧʨʘʚʣʝʥʥʷ ʤʘʰʠʥʠ ʧʨʷʞʝʶ ʽ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʧʨʦʛʨʘʤʠ 

ʚôʷʟʘʥʥʷ  ʨʠʩʫʥʢʘ ʥʘʪʠʩʢʘʥʥʷʤ ʢʣʘʚʽʰʽ S/S   ʚʢʣʶʯʘʻʪʴʩʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥ 

ɽɼ, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʜʫʢʪʦʨʘ ʈ ʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʠʚʦʜʦʤ (ʥʘ  

ʨʠʩ. 6.10 ʥʝ ʟʦʙʨʘʞʝʥʘ) ʧʝʨʝʪʚʦʨʶʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʨʦʪʦʨʘ ɽɼ  ʚ 

ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʚʝʨʭʥʴʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ɺʊ, ʘ ʜʘʣʽ ʮʝʡ ʨʫʭ 

ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʣʘʥʮʶʛʫ ʟʛʽʜʥʦ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ:  

 

 

 (2.0)            

 

 

ʉʪʨʽʯʢʠ ʪʨʘʥʩʧʦʨʪʝʨʽʚ ɺʊ ̔ ʅʊ  ʚʠʢʦʥʘʥʽ ʟʽ ʩʪʘʣʝʚʦʾ ʩʪʨʽʯʢʠ 

ʧʝʨʬʦʨʦʚʘʥʦʾ ʦʪʚʦʨʘʤʠ ʟ ʧʦʩʪʽʡʥʠʤ ʢʨʦʢʦʤ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ. ɺ ʮʽ ʦʪʚʦʨʠ 

ʚʭʦʜʷʪʴ ʢʽʣʢʠ ʰʢʽʚʽʚ 1,2,7,8. ʉʪʘʣʝʚʘ ʩʪʨʽʯʢʘ ʥʝ ʨʦʟʪʷʛʫʻʪʴʩʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʘʰʠʥʠ ʽ ʥʝ ʧʨʦʢʦʚʟʫʻ ʥʘ ʰʢʽʚʘʭ. ʉʪʘʣʠʡ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʩʪʨʽʯʦʢ 

ʦʙʦʭ ʪʨʘʥʩʧʦʨʪʝʨʽʚ ʽ ʚôʷʟʘʣʴʥʦʾ ʢʘʨʝʪʢʠ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʠʭ ʛʦʣʦʯʥʠʮʴ ɻɿ ʽ 

ɻʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʽʯʥʦʾ ʟʫʙʯʘʪʦʾ ʧʝʨʝʜʘʯʽ 9 ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʩʧʦʯʘʪʢʫ ʚ 

ʟʚʦʨʦʪʥʦ-ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʚʘʣʫ 10 ʽ ʪʦʨʮʝʚʠʭ ʢʫʣʘʯʢʽʚ ʂ1éʂ16, ʘ ʧʦʪʽʤ ʟʥʦʚʫ 

ʚ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ, ʘʣʝ ʚʞʝ ʦʩʪʘʥʥʴʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʚʠʨʘʟʽ (2.0), ʘ 

ʩʘʤʝ ʧʣʘʩʪʠʥ ï ʩʝʣʝʢʪʦʨʽʚ ʛʦʣʦʢ ʟ ʢʨʶʯʢʘʤʠ-ʟʘʭʚʘʪʘʤʠ ʛʦʣʦʢ (ʨʠʩ. 2.5) ʜʣʷ  

ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʟʫʧʠʥʝʥʥʷ ʛʦʣʦʢ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʛʦʣʢʦʚʦʤʫ ʧʘʟʫ ʛʦʣʦʚʥʦʾ 

(ʧʝʨʝʜʥʴʦʾ) ʛʦʣʦʯʥʠʮʽ (ʬʦʥʪʫʨʠ) ɻʇ. 
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ʂʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʚ ʤʘʰʠʥʠ ʜʦʨʽʚʥʶʻ ʰʽʩʪʥʘʜʮʷʪʽ, ʟ ʷʢʠʭ 8 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʩʣʫʞʘʪʴ ʜʣʷ ʚʽʜʙʦʨʫ ʛʦʣʦʢ ʧʨʠ ʨʫʩʽ ʢʘʨʝʪʢʠ ʟʣʽʚʘ ʥʘʧʨʘʚʦ ʽ 

8 ʩʣʫʞʘʪʴ ʜʣʷ ʚʽʜʙʦʨʫ ʛʦʣʦʢ ʧʨʠ ʨʫʩʽ ʢʘʨʝʪʢʠ ʩʧʨʘʚʘ ʥʘʣʽʚʦ. ʊʦʙʪʦ 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʦʙʨʘʥʘ ʪʘʢʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʚʦʤ ʙʘʡʪʘʤ (8ʭ2=16 

ʨʦʟʨʷʜʽʚ), ʧʦ ʦʜʥʦʤʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʦʟʨʷʜʽ ʦʜʥʦʛʦ ʙʘʡʪʫ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʠ  ʩʧʨʘʮʴʦʚʫʶʪʴ ʚʽʜ 8-ʨʦʟʨʷʜʥʦʛʦ ʢʦʜʫ ʧʨʠ ʨʫʩʽ ʢʘʨʝʪʢʠ 

ʚʧʨʘʚʦ ʽ ʚʣʽʚʦ. ʂʦʞʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪ (ʈɽʄ) ʤʦʞʝ ʙʫʪʠ ʟʥʝʩʪʨʫʤʣʝʥʠʤ ʽ 

ʚʠʢʣʶʯʝʥʠʤ (ʩʪʘʥ ç0è) ʘʙʦ ʚʢʣʶʯʝʥʠʤ (ʩʪʘʥ ç1è). ʊʦʤʫ ʧʨʠ ʚʦʩʴʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʭ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ 8-ʨʦʟʨʷʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ç0è ʽ ç1è ʜʣʷ ʚʢʣʶʯʝʥʥʷ/ʚʠʢʣʶʯʝʥʥʷ ʛʦʣʦʢ ʚ ʢʦʞʥʦʤʫ 

ʧʝʪʝʣʴʥʦʤʫ ʨʷʜʽ ʧʨʠ  ʚôʷʟʘʥʥʷ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʨʠʩʫʥʢʫ ʪʘ  

ʟʘʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʪʠʧʫ ʧʝʨʝʧʣʝʪʝʥʥʷ. ɺʩʴʦʛʦ 8-ʨʦʟʨʷʜʥʠʭ ʢʦʜʽʚ ʫ 

ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ʤʦʞʝ ʙʫʪʠ 25628= , ʱʦ ʙʽʣʴʰʝ ʯʠʩʣʘ 200 ï 

ʢʽʣʴʢʦʩʪʽ ʪʨʠʢʦʪʘʞʥʠʭ ʛʦʣʦʢ ʚ ʢʦʞʥʽʡ ʬʦʥʪʫʨʽ (ʛʦʣʦʯʥʠʮʽ) ʤʘʰʠʥʠ. 

 

ʇʨʠ  7 ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʭ ʢʽʣʴʢʦʩʪʽ ʜʚʽʡʢʦʚʠʭ ʢʦʜʽʚ ʙʫʣʘ ʙ ʥʝʜʦʩʪʘʪʥʷ 

ʜʣʷ ʚʢʣʶʯʝʥʥʷ/ʚʠʢʣʶʯʝʥʥʷ 200 ʛʦʣʦʢ ʤʘʰʠʥʠ, ʦʩʢʽʣʴʢʠ ς ρςχ<  ςππ 

ʛʦʣʦʢ ʚ ʛʦʣʦʯʥʠʮʽ.   

 

ɿʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ (2.0) ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʫ ʢʨʶʯʢʠ-ʟʘʭʚʘʪʠ  

ʧʣʘʩʪʠʥ ï ʩʝʣʝʢʪʦʨʽʚ ʛʦʣʦʢ (ʨʠʩ. 2.5) ʟʫʧʠʥʷʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʪʨʠʢʦʪʘʞʥʽ 

ʛʦʣʢʠ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʧʨʠʪʠʩʢʘʥʥʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʦʣʢʦʚʦʛʦ ʧʘʟʘ ʛʦʣʦʚʥʦʾ 

(ʧʝʨʝʜʥʴʦʾ) ʛʦʣʦʯʥʠʮʽ ɻʇ. 
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ʈʠʩ. 2.5. ʂʦʤʙʽʥʦʚʘʥʘ ʩʭʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʣʦʩʢʦ ʚôʷʟʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʤʦʜʝʣʽ ʂʅ-965ʽ Brother (ʗʧʦʥʽʷ): ʘ ï ʟôʻʜʥʘʥʥʷ ʚôʷʟʘʣʴʥʦʾ ʢʘʨʝʪʢʠ ʟ 

ʤʝʭʘʥʽʟʤʦʤ ʩʝʣʝʢʮʽʾ ʛʦʣʦʢ; ʙ ï ʨʦʟʛʦʨʥʫʪʘ ʩʭʝʤʘ ʦʜʥʦʛʦ ʟ ʰʽʩʪʥʘʜʮʷʪʠ 

ʤʝʭʘʥʽʟʤʽʚ ʩʝʣʝʢʮʽʾ ʛʦʣʦʢ 

 

2.2. ɾʦʨʩʪʢʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʮʠʢʣʦʤ (1ŸN1)Țn ʟ ʧʨʦʛʨʘʤʦʥʦʩʽʻʤ 

ʪʠʧʫ çʙʘʛʘʪʦʢʨʦʢʦʚʠʡ ʢʫʣʘʯʦʢè ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

ɾʦʨʩʪʢʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʘʤʠ  ʮʝ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʪʠʧʫ  çʈʦʟʧʦʜʽʣʴʥʠʡ ɺʘʣè (ʪʠʧʫ ʈɺ) ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʘʰʠʥʘʤʠ, ʫ ʷʢʠʡ ʟʘʢʦʥ 

ʨʫʭʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʝʭʘʥʽʟʤʽʚ ʟʘʜʘʻʪʴʩʷ ʧʨʦʛʨʘʤʦ ʥʦʩʽʷʤʠ, ʷʢʽ ʻ ʚʝʜʫʯʠʤʠ 

ʣʘʥʢʘʤʠ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʦʰʠʧʫ ʘʙʦ ʝʢʩʮʝʥʪʨʠʢʫ, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʛʦʣʦʚʥʦʤʫ 

ʚʘʣʽ ʽ ʷʢʽ ʟʘʜʘʶʪʴ ʧʨʦʛʨʘʤʫ ʨʦʙʦʪʠ (ʬʫʥʢʮʽʶ ʧʦʣʦʞʝʥʥʷ) ʟʘ ʮʠʢʣ  ɦ ʦ 

ʜʦʨʽʚʥʶʻʪʴʩʷ 1 ʦʙʦʨʦʪʫ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ.  ɹʘʛʘʪʦ ʮʠʢʣʦʚʽ ʞʦʨʩʪʢʽ ʧʨʦʛʨʘʤʦʥʦʩʽʾ 

ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʢʨʦʢʦʚʠʭ ʢʫʣʘʯʢʽʚ (ʢʦʧʽʨʥʠʭ ʜʠʩʢʽʚ) ʟʤʦʥʪʦʚʘʥʽ ʥʘ 
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ʜʦʜʘʪʢʦʚʦʤʫ ʚʘʣʽ, ʷʢʠʡ ʢʽʥʝʤʘʪʠʯʥʝ ʟ'ʻʜʥʘʥʠʡ ʟ ʛʦʣʦʚʥʠʤ ʚʘʣʦʤ 

ʧʝʨʝʜʘʪʦʯʥʠʤ  ʚʽʜʥʦʰʝʥʥʷʤ. ɼʣʷ ʟʤʽʥʠ ʧʨʦʛʨʘʤʠ ʨʦʙʦʪʠ ʢʨʠʚʦʰʠʧʘ ʽ 

ʝʢʩʮʝʥʪʨʠʢʘ ʧʦʪʨʽʙʥʘ ʚʽʜʢʨʫʪʢʘ ʜʣʷ ʧʦʩʣʘʙʣʝʥʥʷ ʢʨʽʧʣʝʥʥʷ ʽ ʥʘʩʪʫʧʥʦʛʦ ʡʦʛʦ 

ʧʦʚʦʨʦʪʫ ʥʘ ʧʝʚʥʠʡ ʢʫʪ ʚʽʜʥʦʩʥʦ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʚ ʥʦʚʝ ʧʦʣʦʞʝʥʥʽ. ɼʣʷ ʟʤʽʥʠ 

ʧʨʦʛʨʘʤʠ ʧʦʪʨʽʙʥʦ ʘʙʦ ʧʝʨʝʢʣʶʯʠʪʠ ʤʝʭʘʥʽʟʤ ʥʘ ʨʦʙʦʪʫ ʩ ʽʥʰʠʤ 

ʢʫʣʘʯʢʦʤ,  ʘʙʦ ʟʘʤʽʥʠʪʠ ʧʨʦʛʨʘʤʦʥʦʩʽʡ ʥʘ ʧʨʦʛʨʘʤʦʥʦʩʽʡ ʟ ʽʥʰʦʶ ʧʨʦʛʨʘʤʦʶ.   

ɺ ʣʽʪʝʨʘʪʫʨʽ, ʷʢʘ ʧʨʠʩʚʷʯʝʥʘ ʧʨʦʝʢʪʫʚʘʥʥʶ ʰʚʝʡʥʠʭ ʤʘʰʠʥ-

ʥʘʧʽʘʚʪʦʤʘʪʽʚ  ʢʫʣʘʯʢʦʚʽ ʧʨʦʛʨʘʤʦʥʦʩʽʾ  (çʢʦʧʽʨʠè) ʮʠʢʣʦʚʠʭ ʰʚʝʡʥʠʭ 

ʤʘʰʠʥ-ʥʘʧʽʚʘʚʪʦʤʘʪʽʚ ʧʦ ʩʫʪʽ ʩʧʨʘʚʠ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. ʅʘʤʘʛʘʥʥʷ ʜʝʷʢʠʭ 

ʘʚʪʦʨʽʚ ʧʦʜʘʪʠ ʤʝʪʦʜʠʢʫ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʠʭ 

çʟʘʛʘʣʴʥʦ-ʽʥʞʝʥʝʨʥʠʭè ʤʝʪʦʜʽʚ ʻ ʚʢʨʘʡ ʧʦʤʠʣʢʦʚʠʤʠ. ʋ ʟʘʛʘʣʴʥʦ-

ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʫʣʘʯʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʮʽ ʫʥʽʢʘʣʴʥʽ 

ʢʫʣʘʯʢʠ, ʾʭ ʩʪʨʫʢʪʫʨʘ, ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʦʩʦʙʫ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʞ ʥʝ 

ʟʥʘʡʰʣʠ ʚʽʜʦʙʨʘʞʝʥʥʷ. ɺ ʨʦʙʦʪʽ [10] ʘʚʪʦʨʠ ʟʘʧʨʦʚʘʜʠʣʠ ʪʝʨʤʽʥʠ: 

çʙʘʛʘʪʦʢʨʦʢʦʚʽè ʪʘ çʢʨʦʢʦʚʽ-ʩʪʫʧʽʥʯʘʩʪʽè ʢʫʣʘʯʢʠ, ʱʦʙ ʚʽʜʦʢʨʝʤʠʪʠ ʮʽ 

ʦʩʦʙʣʠʚʽ ʢʫʣʘʯʢʠ-ʧʨʦʛʨʘʤʦʥʦʩʽʾ ʚʽʜ ʟʚʠʯʘʡʥʠʭ - ʦʜʥʦ ʢʨʦʢʦʚʠʭ.  

ɹʘʛʘʪʦʢʨʦʢʦʚʽ ʪʘ ʢʨʦʢʦʚʽ-ʩʪʫʧʽʥʯʘʩʪʽ ʢʫʣʘʯʢʦʚʽ ʧʨʦʛʨʘʤʦʥʦʩʽʾ 

ʰʚʝʡʥʠʭ ʤʘʰʠʥ-ʥʘʧʽʚʘʚʪʦʤʘʪʽʚ ʤʽʩʪʷʪʴ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʬʘʟʦʚʠʭ ʢʫʪʽʚ-

ʢʨʦʢʽʚ ʢʦʞʝʥ ʟ ʷʢʠʭ, ʷʢ ʦʢʨʝʤʠʡ ʢʫʣʘʯʦʢ, ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʦʤʠʩʣʦʚʦʤʫ 

ʰʪʦʚʭʘʯʫ ʨʫʭ ʪʠʧʫ çʚʠʩʪʽʡ-ʧʝʨʝʤʽʱʝʥʥʷ-ʚʠʩʪʽʡè ʘʙʦ çʚʠʩʪʽʡ-

ʧʝʨʝʤʽʱʝʥʥʷè - ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʚʽʜʣʽʢʫ ʬʘʟ-ʢʨʦʢʽʚ (ʨʠʩ. 2.6). 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʬʘʟʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ‏ Ὑ Ὑ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘ ʆ ʦʙʝʨʪʘʥʥʷ ʧʨʦʛʨʘʤʦʽʥʦʩʽʷ ʩʪʫʧʝʥʯʘʪʦ ï 

ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʽʚ ʾʭ ʦʩʥʦʚʥʦʛʦ ʢʦʣʘ Ὑ ʪʘ ʨʽʟʥʫ ʚʝʣʠʯʠʥʫ 

ʬʘʟʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ‏, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʨʘʧʦʨʪʦʤ ʩʪʨʦʯʢʠ ʾʾ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʩʪʽʙʢʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʩʪʨʦʯʢʫ.   

ɺ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʦʙʫʜʦʚʠ ʧʨʦʬʽʣʶ ʙʘʛʘʪʦʢʨʦʢʦʚʠʭ ʪʘ ʢʨʦʢʦʚʠʭ-

ʩʪʫʧʽʥʯʘʪʠʭ ʢʫʣʘʯʢʦʚʠʭ ʧʨʦʛʨʘʤʦʥʦʩʽʾʚ ʧʦʢʣʘʜʝʥʘ ʟʦʚʩʽʤ ʽʥʰʘ ʥʽʞ ʟʘʟʚʠʯʘʡ 

ʢʦʥʮʝʧʮʽʷ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʩʦʙʣʠʚʠʡ, ʫʥʽʢʘʣʴʥʠʡ ʩʧʦʩʽʙ ʪʘ 

ʘʣʛʦʨʠʪʤ ʾʭ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʢʫʣʘʯʢʦʚʠʭ ʧʨʦʛʨʘʤʦʥʦʩʽʾʚ ʧʦʯʠʥʘʶʪʴʩʷ ʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ (ʚʠʙʦʨʫ) 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʪʨʽʘʜʫ ʧʘʨʘʤʝʪʨʽʚ                

Ὠ ςὶ ”, ʱʦ ʚʠʟʥʘʯʘʻ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: ʜʽʘʤʝʪʨʘ ʨʦʣʠʢʘ Ὠ ʢʦʨʦʤʠʩʣʦʚʦʛʦ 

ʰʪʦʚʭʘʯʘ;  ʨʘʜʽʫʩʽʚ ὶ ï ʜʫʛ ʦʢʨʫʞʥʦʩʪʝʡ ʮʝʥʪʨʦʚʦʛʦ ʧʨʦʬʽʣʶ;  ʨʘʜʽʫʩʽʚ ” ï ʜʫʛ 

ʦʢʨʫʞʥʦʩʪʝʡ ʝʢʚʽʜʠʩʪʘʥʪ, ʱʦ ʦʢʨʝʩʣʶʶʪʴ ʨʦʙʦʯʠʡ ʧʨʦʬʽʣʴ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ 

ʬʘʟʠ ʨʫʭʫ ʧʨʦʛʨʘʤʦʽʥʦʩʽʷ. ʋʩʚʽʜʦʤʣʝʥʠʡ ʚʠʙʽʨ ʟʥʘʯʝʥʥʷ ʪʨʽʘʜʠ ʧʘʨʘʤʝʪʨʽʚ 

ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʥʥʷ ʚʧʣʠʚʫ ʾʾ ʚʝʣʠʯʠʥʠ ʥʘ ʛʘʙʘʨʠʪʠ ʢʦʧʽʨʥʦʛʦ ʜʠʩʢʘ, ʷʢ 
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ʩʧʝʮʠʬʽʯʥʦʛʦ ʚʠʙʦʨʫ ʤʝʭʘʥʽʟʤʫ ʪʘ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʡ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʨʘʤʦ- ʥʦʩʽʷ, ʷʢ ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʤʝʭʘʥʽʟʤʫ ʢʦʣʠʚʘʥʥʷ ʛʦʣʢʠ 

ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ.  

ɿ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ (ʨʠʩ. 2.6,a) ʚʠʧʣʠʚʘʶʪʴ ʟʘʣʝʞʥʦʩʪʽ: 

‏ Ὑ Ὑ Ὠρ ὧέί— Ƞ     Ὠ                            (2.1)  

                                                       

ʪʘ         ̨ ὃ Ὑ Ὑ ὶ
Ͻ
                                                         (2.2) 

ʜʝ — - 
ʧʨʠʡʥʷʪʘ ʚʝʣʠʯʠʥʘ ʥʦʤʽʥʘʣʴʥʦʛʦ ʢʫʪʘ ʪʠʩʢʫ —, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʢʨʫʪʠʟʥʫ ʮʝʥʪʨʦʚʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʚʠʟʥʘʯʘʻ ʧʨʠʨʦʱʝʥʥʷ ‏ Ὑ Ὑ   ʨʘʜʽʫʩʘ  

Ὑ ʦʩʥʦʚʥʦʛʦ ʢʦʣʘ. ʆʩʢʽʣʴʢʠ ʢʫʪ ʪʠʩʢʫ — ʟʚʠʯʘʡʥʦ ʥʝ ʙʝʨʫʪʴ ʙʽʣʴʰʠʤ ʟʘ 

τυ̏ ʪʦ ‏ Ὠρ ὧέί— πȟσὨ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʟʥʘʯʝʥʴ Ὠ ʪʘ ʢʫʪʘ — 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʛʦʣʦʚʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʫʣʘʯʢʘ ‏. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ — σπ   ‏ πȟρς Ὠ,   ́  ʧʨʠ — ςπ   ‏ πȟπφ Ὠ.   

 

ʘ 

 

ʙ                                                                             ʚ 

ʈʠʩ. 2.6. ʉʭʝʤʘ (ʘ) ʪʠʧʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʢʫʪʘ ï ʢʨʦʢʫ ʢʫʣʘʯʢʦʚʦʛʦ 

ʧʨʦʛʨʘʤʦʥʦʩʽʷ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʽ ʟʘʤʽʥʷʶʯʠ ʤʝʭʘʥʽʟʤʠ:  ʙ  -  ʤʝʭʘʥʽʟʤ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʫʚʽʛʥʫʪʦʾ ʯʘʩʪʠʥʽ çʘʉè  ʧʨʦʬʽʣʶ  çʘʉbè  ʧʨʦʛʨʘʤʦʥʦʩʽʷ;       

ʚ - ʤʝʭʘʥʽʟʤ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʦʧʫʢʣʦʾ ʯʘʩʪʠʥʠ ʧʨʦʬʽʣʶ çʉbè ʧʨʦʬʽʣʶ çʘʉbè 

ʧʨʦʛʨʘʤʦʥʦʩʽʷ 
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ɿʘʣʝʞʥʽʩʪʴ ‏, ʪʘ Ὑ ʚʽʜ Ὠ,  — ʪʘ ʟʥʘʯʝʥʥʷ • • τȟ  • φ  ʧʨʠ 

• ψ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.7. 

ʑʦ ʜʦ ʧʘʨʘʤʝʪʨʽʚ Ὑ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʛʘʙʘʨʠʪ ʢʦʧʽʨʫ                      

Ὀ ςὙ ὶ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʴ Ὠ ʽ — ʪʘ 

ʟʤʝʥʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʬʘʟʠ ʨʫʭʫ •, ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʾ 

ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ. 

            ɿʘʣʝʞʥʦʩʪʽ (2.1), (2.2) ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʜʽʘʛʨʘʤʽ (ʨʠʩ. 2.7) ʩʚʽʜʯʘʪʴ, 

ʱʦ ʟʥʘʯʝʥʥʷ ‏ ςȟπȣσȟυ ̍ .̍, ʥʝʦʙʭʽʜʥʽ ʜʣʷ  ʰʚʝʡʥʠʭ  ʤʘʰʠʥ-

ʥʘʧʽʚʘʚʪʦʤʘʪʽʚ,  ʧʨʠ ʧʦʨʽʚʥʷʥʦ  ʥʝʚʝʣʠʢʠʭ            ʛʘʙʘʨʠʪʘʭ           ʢʦʧʽʨʫ, 

 Ὑ χυȣψπ ̍ ȟ̍   Ὀ ρχυ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʧʨʠ ʚʝʣʠʯʠʥʽ                   

Ὠ ρρȣρσ ̍ .̍, ʪʘ ʢʫʪʽ ʪʠʩʢʫ — ʙʣʠʟʴʢʦʤʫ ʜʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ 

—ή τυ. ʃʠʰʝ ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʥʷʭ Ὠ ʽ —, ʪʘ, ʜʦʜʘʪʢʦʚʦ, ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʝʨʝʜʘʪʢʦʚʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ̨ πȟχȣπȟτ,  ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

(ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʘʙʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʦʣʠʚʘʥʥʷ ʛʦʣʢʠ, ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʩʪʽʙʢʠ ʜʦʚʞʠʥʦʶ ὸ τȣψ ̍ ,̍ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʘʢʨʽʧʦʢ, ʧʨʠʰʠʚʘʥʥʷ ʬʫʨʥʽʪʫʨʠ ʽ ʪʘʢʝ ʽʥʰʝ.  

ɺʦʯʝʚʠʜʴ ʧʨʠʡʥʷʪʝ ʫ ʧʨʘʢʪʠʮʽ ʰʚʝʡʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ 

ʪʨʽʘʜʠ Ὠ ςὶ ” ρς ̍  ̍ ʻ ʮʽʣʢʦʤ ʦʙʛʨʫʥʪʦʚʘʥʠʤ ʽ ʨʘʮʽʦʥʘʣʴʥʠʤ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʫʣʘʯʢʦʚʠʭ ʧʨʦʛʨʘʤʦʥʦʩʽʾʚ, 

ʷʢʘ ʚ ʫʩʽʭ ʾʾ ʘʩʧʝʢʪʘʭ ʫʜʦʩʢʦʥʘʣʶʚʘʣʘʩʷ ʥʘ ʧʨʦʪʷʟʽ ʙʘʛʘʪʴʦʭ ʜʝʩʷʪʠʨʽʯʴ, 

ʟʦʨʽʻʥʪʦʚʘʥʘ ʩʘʤʝ ʥʘ ʮʶ ʚʝʣʠʯʠʥʫ, ʟʤʽʥʶʚʘʪʠ ʾʾ, ʙʝʟ ʚʘʞʣʠʚʠʭ ʥʘ ʪʝ 

ʧʨʠʯʠʥ ʥʝʜʦʮʽʣʴʥʦ. 

 

ɺʠʙʽʨ ʚʝʣʠʯʠʥʠ ʪʨʽʘʜʠ ʧʘʨʘʤʝʪʨʽʚ ʚ ʾʾ ʦʨʛʘʥʽʯʥʦʤʫ ʟʚôʷʟʢʫ ʟʽ 

ʟʥʘʯʝʥʥʷʤ ʢʫʪʘ ʪʠʩʢʫ — ʽ ʚʝʣʠʯʠʥʦʶ ‏ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 

ʫʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʰʦʾ ʚʠʟʥʘʯʘʣʴʥʦʾ ʬʘʟʠ-ʢʨʦʢʫ ʢʫʣʘʯʢʦʚʦʛʦ 

ʧʨʦʛʨʘʤʦʽʥʦʩʽʷ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʨʠʡʥʷʪʠʭ ʟʥʘʯʝʥʥʷʭ: 

Ὠ ςὶ ” ρς ̍ Ƞ̍             ‏ σ ̍ Ƞ̍ • φᶼρχȠ ʟ ʪʝʦʨʝʤʠ ʢʦʩʠʥʫʩʽʚ 

ʚʠʟʥʘʯʘʶʪʴ ʜʦʚʞʠʥʫ ʨʘʜʽʫʩʫ  Ὑ  Ὑ   ʦʩʥʦʚʥʦʛʦ ʢʦʣʘ ʮʝʥʪʨʦʚʦʛʦ 

ʧʨʦʬʽʣʶ. 

 

Ὀ  Ὑ φ  Ὑ σ  Ὑ φ  Ὑ σ ςὧέί •̑             ςȢσ    

    

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʚʠʨʘʟ (2.3) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ ʢʚʘʜʨʘʪʥʦʛʦ ʨʽʚʥʷʥʥʷ 
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Ὑשׂ ὦὙ ὅ π,            

שׂ   ̆ ̅ πȟπρςπςȠ     

ὦ πȟπσφπφȠ       ὧ φσȟςρφ 

ʈʠʩ. 2.7.  ɿʘʣʝʞʥʽʩʪʴ d ʪʘR  

ʚʽʜ  ʟʥʘʯʝʥʥʷ d  ʧʨʠ ʨʽʟʥʦʾ 

ʚʝʣʠʯʠʥʽ ʢʫʪʘ ʪʠʩʢʫ ɗ : 1, 2, 

3, 4 ï )(dd , ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠ 
045,40,35,30=q ;  5, 6, 7, 8 ï 

ʟʘʣʝʞʥʽʩʪʴ  )(dR  ʚʽʜʧʦʚʽʜʥʦ, 

ʧʨʠ 045,40,35,30=q  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ, ʬʦʨʤʫʣʫ ʨʽʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ  

 Ὑ
Ѝ

      ʦʜʝʨʞʫʻʤʦ: 

 

Ὑ
πȟπσφπφЍπȟππρστπȟπρςπφσȟςρφ

πȟπςτπτ
χρȟπσφχρ ̍  ̍

 

              ʇʦʪʽʤ ʚʠʟʥʘʯʘʶʪʴ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʬʽʣʶ:   Ὑ  Ὑ ‏

χτȠ  Ὑ  Ὑ ὶ χχ ̍ Ƞ̍  ὃὄ Ὠ ρς ̍ ȟ̍” Ὠ ρς ̍ Ȣ̍ 

 

             ʂʦʞʥʫ ʬʘʟʫ-ʢʨʦʢ ʙʘʛʘʪʦʢʨʦʢʦʚʦʛʦ ʘʙʦ ʢʨʦʢʦʚʦʛʦ-ʩʪʫʧʽʥʯʘʩʪʦʛʦ 

ʧʨʦʛʨʘʤʦʥʦʩʽʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʦʢʨʝʤʠʡ ʤʝʭʘʥʽʟʤ ʽʟ ʚʠʱʦʶ IV ʢʣʘʩʫ) 

ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ, ʷʢʫ ʫʪʚʦʨʶʻ ʨʦʣʠʢ Ὠ ʢʦʨʦʤʠʩʣʦʚʦʛʦ ʰʪʦʚʭʘʯʘ  ὕὅ ʟ 

ʧʘʟʦʤ. ʆʩʢʽʣʴʢʠ (ʨʠʩ. 2.6) ʮʝʥʪʨʦʚʠʡ ʧʨʦʬʽʣʴ ʧʘʟʘ ʦʢʨʝʩʣʝʥʦ ʜʚʦʤʘ 

ʦʜʥʘʢʦʚʠʤʠ ʜʫʛʘʤʠ ʨʘʜʽʫʩʘ ὶ ʦʢʨʫʞʥʦʩʪʽ Ὠ ʟ ʮʝʥʪʨʽʚ ὃ ʪʘ ὄ ʪʦ ʪʘʢʠʡ 

ʢʫʣʘʯʢʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ, ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʜʚʦʤʘ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʚʘʞʽʣʴʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ. ʂʦʞʥʠʡ ʟ ʜʚʦʭ ʯʘʩʪʠʥ 

ʮʝʥʪʨʦʚʦʛʦ ʧʨʦʬʽʣʶ (ʨʠʩ.2.6) ʫʚʽʛʥʫʪʦʾ ׂשὅ, ʪʘ ʦʧʫʢʣʦʾ ὅὦ, ʱʦ ʦʢʨʝʩʣʝʥʽ 

ʜʫʛʘʤʠ ʦʢʨʫʞʥʦʩʪʽ ὶ φ ̍ .̍ ɿ ʪʦʯʦʢ ὃ ʪʘ ὄ, ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ 

ʟʘʤʽʥʶʶʯʠʡ ʤʝʭʘʥʽʟʤ. ɼʣʷ ʯʘʩʪʠʥʠ ʧʨʦʬʽʣʶ ׂשὅ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʟʘʤʽʶʶʯʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʻ ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʨʦʤʠʩʣʦʚʠʡ ʯʦʪʠʨʠʣʘʥʢʦʚʠʢ ὕὃὅὕ 

(ʨʠʩ.2.6,a) ʟ ʧʘʨʘʤʝʪʨʘʤʠ: ὕὃ  ὶ χχ ̍ Ƞ̍ ὃὅ Љ φ ̍ Ƞ̍  ὅὕ

υπȣχπ ̍ Ȣ̍ ɼʣʷ ʯʘʩʪʠʥʠ ὅὦ ʮʝʥʪʨʦʚʦʛʦ ʧʨʦʬʽʣʶ, ʝʢʚʽʚʘʣʝʥʪʥʠʤ 

ʟʘʤʽʥʶʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʻ ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʨʦʤʠʩʣʦʚʠʡ ʯʦʪʠʨʠʣʘʥʢʦʚʠʢ 
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ὕὄὅὕ (ʨʠʩ.2.6,ʙ) ʟ ʧʘʨʘʤʝʪʨʘʤʠ: ὕὄ  ὶ φψ ̍ ȟ̍ὄὅ  Љ

φ ̍ Ƞ̍ ὅὕ υπȣχπ ̍ Ȣ̍ 

ʆʩʢʽʣʴʢʠ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʙʽʨ ʚʝʣʠʯʠʥʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ‏ ̍ ,̍ ʱʦ ʻ ʭʦʨʜʦʶ ʜʫʛʠ, ʷʢʫ ʦʢʨʝʩʣʶʻ ʮʝʥʪʨ ʨʦʣʠʢʘ ʪʘ 

ʬʫʥʢʮʽʶ ʧʦʣʦʞʝʥʥʷ ‏ Ὢ•  ʜʦʮʽʣʴʥʦ ʚʠʨʘʞʘʪʠ ʩʘʤʝ ʭʦʨʜʦʶ, ʤʘʶʯʠ ʥʘ 

ʫʚʘʟʽ, ʱʦ ʧʨʠ ʟʚʠʯʘʡʥʠʭ ʟʥʘʯʝʥʥʷʭ ʜʦʚʞʠʥʠ ʢʦʨʦʤʠʩʣʦʚʦʛʦ ʰʪʦʚʭʘʯʘ 

ὒ υπȣχπ ̍  ̍ ʪʘ ʭʦʨʜʘʭ ‏ ςȣσ ̍  ̍ ʜʦʚʞʠʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʜʫʛ, ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʥʘʚʽʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ “ σȟρτρυω, ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʴʰʦʶ, 

ʘʙʦ ʦʜʥʘʢʦʚʦʶ ʟ ʜʦʚʞʠʥʦʶ ʾʭ ʭʦʨʜ. 

       ʊʦʤʫ ʦʜʝʨʞʘʥʽ, ʟʘʤʽʥʶʶʯʠ ʤʝʭʘʥʽʟʤ ʜʦʮʽʣʴʥʦ ʚʚʘʞʘʪʠ ʮʝʥʪʨʘʣʴʥʠʤʠ 

ʢʦʨʦʤʠʩʣʦʚʦ-ʧʦʚʟʫʥʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ. 

ɺ ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʝʥʩʽ ʤʝʭʘʥʽʟʤ  ςȢφȟ́ ʻ ʘʥʘʣʦʛʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʰʘʪʫʥʦʤ ʩʧʨʷʤʦʚʘʥʠʤ ʚʥʠʟ. ɺʽʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ  

‗
ὶ

Љ

χχ

φ
ρςȢψσσ  

ʽ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʚ ʤʝʞʘʭ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʫ ʥʘ ʢʫʪ π̏ • • Ȣ 

        ɿʘʤʽʥʶʶʯʠʡ ʤʝʭʘʥʽʟʤ 2.6,ʙ ʻ ʘʥʘʣʦʛʦʤ çʦʙʝʨʥʝʥʦʛʦè ʢʨʠʚʦʰʠʧʥʦ-

ʧʦʚʟʫʥʦʛʦ ʤʝʭʘʥʽʟʤʫ [15] ʟ ʰʘʪʫʥʦʤ ʩʧʨʷʤʦʚʘʥʠʤ ʚʚʝʨʭ. ɺʽʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ  

‗
ὶ

Љ

φψ

φ
ρρȢσσσ  

ʽ ʻ ʝʢʚʽʚʘʣʝʥʪ ʚ ʤʝʞʘʭ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʫ ʥʘ ʢʫʪ π̏ • • .  

ɿ ʫʤʦʚʠ ʚʠʢʣʶʯʝʥʥʷ ʞʦʨʩʪʢʠʭ ʫʜʘʨʽʚ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʚ ʢʽʥʮʽ ʨʫʭʫ 

ʢʦʨʦʤʠʩʣʦʚʦʛʦ ʰʪʦʚʭʘʯʘ ʮʝʥʪʨ ὃ ʜʫʛʠ ὶ ʦʢʨʫʞʥʦʩʪʽ ʨʦʟʪʘʰʦʚʘʥʝ (ʨʠʩ. 2.6)  

ʥʘ ʧʨʷʤʽʡ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʠ ὕ ʪʘa, ʚʽʜʧʦʚʽʜʥʦ, ʮʝʥʪʨ ὄ ʜʨʫʛʦʾ 

ʜʫʛʠ ὶ ʦʢʨʫʞʥʦʩʪʽ ʨʦʟʪʘʰʦʚʘʥʦ ʥʘ ʧʨʷʤʽʡ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ὕ ʪʘ 

ʪʦʯʢʫ ὦ. ʋʤʦʚʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʩʫʪʥʽʩʪʴ ʞʦʨʩʪʢʦʛʦ ʫʜʘʨʫ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʚʽʜ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʫʭʫ ʥʘ ʫʚʽʛʥʫʪʦʾ ʯʘʩʪʠʥʠ ׂשὅ ʮʝʥʪʨʦʚʦʛʦ ʧʨʦʬʽʣʶ ʜʦ 

ʫʧʦʚʽʣʴʥʝʥʦʛʦ ʨʫʭʫ ʥʘ ʦʧʫʢʣʦʾ ὅὦ ʡʦʛʦ ʯʘʩʪʠʥʽ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʪʦʯʢʠ ὅʩʧʨʷʞʝʥʥʷ ʜʫʛ ʚʩʝʨʝʜʠʥʽ ʚʽʜʨʽʟʢʘ ὃὄ ὨȢ  

ʇʨʠ ʮʴʦʤʫ ʢʫʪʠ ʦʙʝʨʪʘʥʥʷ ʢʫʣʘʯʢʘ •  ʪʘ  • , ʥʝʦʙʭʽʜʥʽ, ʟʦʢʨʝʤʘ, 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʡ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʟʘʤʽʥʶʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, 

ʚʠʷʚʣʷʶʪʴʩʷ ʨʽʟʥʠʤʠ. ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ὕὅ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ὅ 
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ʧʝʨʝʛʠʥʫ ʮʝʥʪʨʦʚʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʧʦʜʽʣʷʻ ʬʘʟʫ ʨʫʭʫ •  ʥʘ ʜʚʘ ʥʝʨʽʚʥʠʭ 

ʢʫʪʠ - • ȟ  •  ʚʠʟʥʘʯʘʶʪʴ ʟ ʪʝʦʨʝʤʠ ʢʦʩʠʥʫʩʽʚ: 

  

ὕὅ ὕὃ ὃὧ ςὕὃϽὃὅϽὧέί‌χςȟσω  

 

ʜʝ   ὧέί‌
˛ˍ ˍˏ ˛ˏ

Ͻ̨ Ͻ̱̱ ˏ
πȟχψτρ   ̔       ‌ ὥὶὧὧέί πȟχψτρσψЈςς 

 

ʢʫʪ                       ʒ ὥὶὧὧέί 
˛ˍ ˛˞ ˍ˞

˛Ͻ̨̱ ˞
ὥὶὧὧέίπȟωωψφχςЈυχ 

ʢʫʪ                     •  •  • φЈρχ ςЈυχ σЈςπ                       ʘʙʦ 

      ʒ ὥὶὧὧέί 
Ͻ

ὥὶὧὧέίπȟωωψσσЈςπ,  

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʤʽʥʶʶʯʠʡ ʤʝʭʘʥʽʟʤ ςȢφȟ̂ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤ 

ʢʫʣʘʯʢʦʚʦʤʫ ʚ ʤʝʞʘʭ ʧʦʚʦʨʦʪʫ ʢʦʨʦʤʠʩʣʘ  ὶ χχ ̍ ,̍ ʥʘ ʢʫʪ ˛ •

ςЈυχ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʦʨʦʪʫ ʢʫʣaʯʢʘ ʥʘ ʢʫʪ π • ςЈυχ. 

ɿʘʤʽʥʶʶʯʠʡ ʤʝʭʘʥʽʟʤ ςȢφȟ̃ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʢʫʣʘʯʢʦʚʦʤʫ ʚ ʤʝʞʘʭ 

ʧʦʚʦʨʦʪʫ ʢʦʨʦʤʠʩʣʘ ὶ φψ ̍  ̍ ʥʘ ʢʫʪ π • σЈςπ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʚʦʨʦʪʫ ʢʫʣʯʢʘ ʚʽʜ • ςЈυχ ʜʦ • •  • φЈρχȢ 

ʌʫʥʢʮʽʶ ʧʦʣʦʞʝʥʥʷ ‏ Ὢ•  ʤʝʭʘʥʽʟʤʫ σׂש ʚʠʟʥʘʯʘʶʪʴ ʟ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʡʦʛʦ ʣʘʥʦʢ: 

 

‏ ὅὅ ὕὅ ὕὅȟ 
ʜʝ   ὕὅ ὕὃ ὃὅ  ὶὧέί• Љὧέί‍Ƞ 

 

ὕὅ  ὶ Љȟ        ʟʚʽʜʢʠ 

‏ Љρ ὧέί‍  ὶρ ὧέί • Љὧέί• Ƞ 

 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ     ‗
Љ
   ( Љ    ), ʦʪʨʠʤʘʻʤʦ: 

 

‏  ὶ ρ ὧέί‍ ρ ὧέί•                                      (2.4)  

                                                   

ɺʨʘʭʦʚʫʶʯʠ  ʟʘʣʝʞʥʽʩʪʴ  ςȢτ ʪʘ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʫ ʪʦʪʦʞʥʽʩʪʴ 

ὧέί‍ ρ ίὭὲ‍         ʦʜʝʨʞʫʶʪʴ  
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‏
ρ

‗
ρ ρ ‗ίὭὲ• ρ ὧέί•  

 

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʬʫʥʢʮʽʶ ʧʦʣʦʞʝʥʥʷ (2.4) ʦʜʝʨʞʫʶʪʴ ʚʠʨʘʟʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ: 

 

      ὠ ὶ•‫ὧέί ὸὫ‍ ίὭὲ•                              (2.5)   

                                                                      

‌ ὶ‫ ίὭὲ• ὸὫ‍ ‗ ὧέί•                 (2.6)  

  

        ʋ ʚʠʨʘʟʘʭ (2.4)é(2.6),            ὄ ὥὶὧίὭὲ‗ίὭὲ• ȟ 

                   ʜʝ            ‗
Љ

ρςȟψσ/ 

 

        ɿ  ʨʠʩ. ςȢφȟ̂ ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʢʮʽʶ ʧʦʣʦʞʝʥʥʷ ʟʘʤʽʥʶʶʯʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʢʦʨʦʤʠʩʣʘ ὶ φψ ̍  ̍ʚ ʤʝʞʘʭ ʢʫʪʘ π̏ • σ̏ςπ. 

ɿ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ‏ ὅὅ ὕὅ ὕὅ,  

  ̅  ̆ ὕὅ  ὶ Љ 

                               ὕὅ ὕὄ ὄὅ  ὶὧέί• Љὧέί‍ 

ŭ2 Љρ  ὧέί‍  ὶρ  ὧέί• Ȣ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ      ‗
Љ
   ( Љ ) 

 

‏ ὶ ρ ὧέί‍ ρ ὧέί•                               (2.7)  

 

  ʋʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ (2.7) ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʫ 

ʪʦʪʦʞʥʽʩʪʴ ὧέί‍ ρ ίὭὲ‍   ʽ ʜʠʬʝʨʝʥʮʽʶʶʯʠ ʬʫʥʢʮʽʶ ʧʦʣʦʞʝʥʥʷ 

(2.7) ʦʜʝʨʞʫʶʪʴ ʥʘʩʪʫʧʥʽ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ: 

ὠ ὶ•‫ὧέί ὸὫ‍ ίὭὲ•                               (2.8)  

 

שׂ ὶ‫ ίὭὲ• ὸὫ‍ ‗ ὧέί•                     (2.9) 
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ʈʠʩ. 2.8. ʂʽʥʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʭʫ ʰʪʦʚʭʘʯʘ ʢʫʣʘʯʢʦʚʦʛʦ 

ʧʨʦʛʨʘʤʦʥʦʩʽʷ: 1 ï ʧʝʨʝʤʽʱʝʥʥʷ; 2 ï ʰʚʠʜʢʽʩʪʴ; 3 ï   ʧʨʠʩʢʦʨʝʥʥʷ 

 

       ʋ ʚʠʨʘʟʘʭ (2.7)é(2.9)   ʢʫʪ ‍ ÁÒÃÓÉÎ ‗ίὭὲ•       ʜʝ ‗ ρρȟσσ.        

       ʇʦ ʚʠʨʘʟʘʤ (2.4)é(2.6) ʦʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ, 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʝʥʦʾ ʣʘʥʢʠ ʤʝʭʘʥʽʟʤʫ  (ʨʠʩ.ςȢφȟ̂) ʧʨʠ ʧʦʚʦʨʦʪʽ ʚʝʜʫʯʦʾ 

ʣʘʥʢʠ ʥʘ ʢʫʪ, • π̏σπȟρ̏ππȟρ̏σπȟς̏ππȟς̏σπ ȟς̏υχ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʚʽʛʥʫʪʦʾ ʯʘʩʪʠʥʠ ʘʉ ʧʨʦʬʽʣʶ ʘʉb ʧʨʦʛʨʘʤʦʥʦʩʽʷ. ʇʦ 

ʚʠʨʘʟʘʤ (2.7)é(2.9) ʦʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ (ʟ ʢʨʘʡʥʴʦʛʦ 

ʚʝʨʭʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ) ʚʝʜʝʥʦʾ ʣʘʥʢʠ ʤʝʭʘʥʽʟʤʫ (ʨʠʩ.ςȢφȟ̃) ʧʨʠ ʧʦʚʦʨʦʪʽ 

ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʥʘ ʢʫʪ • π̏σπȟρ̏φπȟρ̏σπȟς̏ππȟς̏σπ ȟσ̏ππȟσ̏ςπ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʫʢʣʦʾ ʯʘʩʪʠʥʠ ʧʨʦʬʽʣʶ ʉb ʧʨʦʬʽʣʶ ʘʉb 

ʧʨʦʛʨʘʤʦʥʦʩʽʷ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʦ: ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ 

ὲ ςππ ̖̃Ƞ ʧʝʨʝʜʘʪʢʦʚʝ ʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʛʦʣʦʚʥʠʤ ʚʘʣʦʤ ʽ  

ʧʨʦʛʨʘʤʦʥʦʩʽʻʤ ּב τς; Ὠ ςὶ ” ρς ̍ Ƞ̍ • φρχȠ •

ςυχȠ • σςπȢ ʇʦ ʦʜʝʨʞʘʥʠʤ ʜʘʥʠʤ ʧʦʙʫʜʦʚʘʥʘ ʢʽʥʝʤʘʪʠʯʥʘ ʜʽʘʛʨʘʤʘ 

ʪʠʧʦʚʦʾ ʬʘʟʠ-ʢʨʦʢʫ ʢʫʣʘʯʢʦʚʦʛʦ ʧʨʦʛʨʘʤʦʥʦʩʽʷ ʰʚʝʡʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 2.8). 
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʠʪʠ ʧʝʨʰʦʨʷʜʥʝ ʚʘʞʣʠʚʝ 

ʧʠʪʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʫʣʘʯʢʦʚʠʭ ʧʨʦʛʨʘʤʦʥʦʩʽʾʚ, ʱʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʮʽʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʘʟʠ ʨʫʭʫ •  ʪʘ ʬʘʟʠ ʚʠʩʪʦʶ •̃, ʧʨʠ ʚʽʜʦʤʦʤʫ, 

ʟʥʘʯʝʥʥʽ ʚʽʜʦʤʦʛʦ ʢʫʪʘ • Ȣ   ɺʽʜʦʤʦ, ʱʦ ʫ ʰʚʝʡʥʠʭ ʤʘʰʠʥʘʭ ʢʫʪ ʧʦʚʦʨʦʪʫ 

ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʫ ʧʝʨʽʦʜ ʨʫʭʫ ʚʽʩʪʨʷ ʛʦʣʢʠ çʥʘʜ ʤʘʪʝʨʽʘʣʦʤè ʪʘ ʢʫʪ ʡʦʛʦ 

ʧʦʚʦʨʦʪʫ ʧʨʠ ʨʫʩʽ ʛʦʣʢʠ çʚ ʤʘʪʝʨʽʘʣʽè ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ. ɿ ʮʴʦʛʦ 

ʚʠʧʣʠʚʘʻ ʬʦʨʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʘʟʠ ʨʫʭʫ ʪʘ ʬʘʟʠ ʚʠʩʪʦʶ - 

•̑  •̃. ʌʫʥʢʮʽʾ ʧʦʣʦʞʝʥʥʷ (2.4) ʽ (2.7) ʪʘ ʜʽʘʛʨʘʤʘ (ʨʠʩ.2.8) ʩʚʽʜʯʘʪʴ, ʱʦ 

ʥʘ ʧʦʯʘʪʢʫ ʽ ʚ ʢʽʥʮʽ ʬʘʟʠ ʨʫʭʫ, ʧʨʠ ʧʦʚʦʨʦʪʽ ʚʝʜʫʯʠʭ ʣʘʥʦʢ  ὶ ʪʘ  ὶ ʥʘ ʢʫʪ 

ῳ• ρ̏ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʤʘʣʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʝʜʫʯʦʾ ʣʘʥʢʠ - 

ῳ‏ πȟρπȣπȟρτ ̍ .̍ 

ʋʨʘʭʦʚʫʶʯʠ ʧʝʨʝʜʘʪʢʦʚʽ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ             

̨ πȟχȣπȟτ ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʤʽʱʝʥʥʶ ʤʘʪʝʨʽʘʣʫ (ʘʙʦ ʛʦʣʢʠ) ʥʘ ʚʝʣʠʯʠʥʫ 

ῳὸ ῳ̨‏ πȟςυȣπȟυ ̍̍ϳ Ȣ ʊʘʢʽ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʧʝʨʽʦʜ ʚʠʩʪʦʶ ʚʚʘʞʘʶʪʴʩʷ 

ʜʦʧʫʩʪʠʤʠʤʠ, ʪʦʤʫ ʮʽ ʜʚʽ ʯʘʩʪʠʥʠ  ʬʘʟʠ ʨʫʭʫ ς ῳ• ʫʤʦʚʥʦ ʚʽʜʥʦʩʷʪʴ ʜʦ 

ʬʘʟʠ ʚʠʩʪʦʶ, ʟʙʽʣʴʰʫʶʯʠ, ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʨʘʭʫʥʢʦʚʫ ʚʝʣʠʯʠʥʫ ʬʘʟʠ ʨʫʭʫ 

ʜʦ ʚʝʣʠʯʠʥʠ: 

•̑ πȟυ •̕ ς ῳ• τ̏ρχ  ς̏ φ̏ρχ 

           ʎʝʡ ʧʨʠʡʦʤ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʦʣʽʧʰʠʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʧʽʨʫ ʪʘ ʤʝʭʘʥʽʟʤʽʚ,
 
ʚ ʷʢʠʭ ʚʽʥ ʩʣʫʞʠʪʴ ʚʝʜʫʯʦʶ ʣʘʥʢʦʶ. 

ʋ ʨʘʟʽ ʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʨʠʡʦʤʫ - ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʦʨʤʘʣʴʥʦ-

ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ •̑, ʥʘʧʨʠʢʣʘʜ, • τ̏ρχ ʧʘʨʘʤʝʪʨʠ  Ὑ,  Ὑ , Ὀ̋ 

ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʽ ʜʦʩʷʛʥʫʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʟʥʘʯʝʥʴ: Ὑ ρπτȟὙ

ρρπȟὈ̋ ςτπ. ʐʚʠʜʢʽʩʪʴ ὠ , ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ (2.5) ʟʙʽʣʴʰʠʪʴʩʷ ʜʦ 

πȟςφ ̍Ⱦ̒ ̆.̋, ʧʨʠʩʢʦʨʝʥʥʷ ʟʛʽʜʥʦ ʟ (2.6) ʩʪʘʻ ʚʜʚʽʯʽ ʙʽʣʴʰʠʤ                     

שׂ τπ ̍Ⱦ̒ ̆ Ȣ̋ 

ɺʦʯʝʚʠʜʴ ʧʨʠʡʦʤ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

ʬʘʟʠ ʨʫʭʫ ʜʦ ʟʥʘʯʝʥʴ, ʱʦ  ʩʪʘʥʦʚʠʪʴ 65é70% ʚʽʜ ʚʝʣʠʯʠʥʠ ʬʘʟʦʚʦʛʦ ʢʫʪʘ 

ï ʘʙʦ ʚ ςȟυȣςȟχ ʨʘʟʠ ʙʽʣʴʰʠʤʠ ʟʘ ʬʘʟʫ ʚʠʩʪʦʶ, ʻ ʱʝ ʦʜʥʽʻʶ ʟ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʦʩʦʙʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʛʘʪʦʢʨʦʢʦʚʠʭ ʢʫʣʘʯʢʽʚ-

ʧʨʦʛʨʘʤʦʥʦʩʽʾʚ ʰʚʝʡʥʠʭ ʤʘʰʠʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʦʜʝʨʞʘʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʜʽʘʛʨʘʤʠ 

ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʦʙôʻʢʪʠʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʽʥʝʤʘʪʠʯʥʽ ʡ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʛʘʪʦʢʨʦʢʦʚʠʭ ʢʫʣʘʯʢʦʚʠʭ ʧʨʦʛʨʘʤʦʥʦʩʽʾʚ. ɼʽʘʛʨʘʤʘ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ‏ Ὢ•̑ ȟ‏ Ὢ•̑ , ʥʘ ʧʦʯʘʪʢʫ ʽ ʚ 

ʢʽʥʮʽ  ʧʣʘʚʥʦ ʩʧʦʣʫʯʝʥʘ ʟ ʜʫʛʘʤʠ ʦʢʨʫʞʥʦʩʪʝʡ Ὑ  ȟὙ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
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ʥʫʣʴʦʚʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʘʣʝ ʚ ʪʦʯʮʽ ʧʝʨʝʛʠʥʫ ʛʨʘʬʽʢʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʪʦʯʢʦʶ (ʩʧʨʷʞʝʥʥʷ ʜʫʛ ʮʝʥʪʨʦʚʦʛʦ ʧʨʦʬʽʣʶ, ʥʘ ʜʽʘʛʨʘʤʽ ) 

ὠ• ʫʪʚʦʨʶʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʝ ʟʘʛʦʩʪʨʝʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʫʻ ʤʠʪʪʻʚʫ ʟʤʽʥʫ 

ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ, ʜʽʘʛʨʘʤʘ ʧʨʠʩʢʦʨʝʥʥʷ ׂש•  

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʨʠʚʘʤʠ (ʩʪʨʠʙʢʘʤʠ) ʫ ʪʦʯʢʘʭ ʩʧʨʷʞʝʥʥʷ ʨʽʟʥʠʭ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʘʙʦ ʚʝʣʠʯʠʥʽ ʜʫʛ ʦʢʨʫʞʥʦʩʪʝʡ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʮʝʥʪʨʦʚʠʡ 

ʧʨʦʬʽʣʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʥʘʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʢʫʣʘʯʢʦʚʦʛʦ ʧʨʦʛʨʘʤʦʥʦʩʽʷ ʥʝ ʻ ʙʝʟʜʦʛʘʥʥʦʶ, ʘʣʝ ʟʚʘʞʘʶʯʠ ʥʘ ʨʝʘʣʴʥʽ 

ʜʫʞʝ ʤʘʣʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʨʠʙʢʽʚ ʧʨʠʩʢʦʨʝʥʥʷ ὠ

πȟρω ̍Ⱦ̒ ̆ȟׂ̋ש ςπ ̍Ⱦ̒ ̆ ,̋ ʱʦ ʻ ʚʢʨʘʡ ʥʝʟʥʘʯʥʠʤʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʽ ʨʦʙʦʪʦ ʟʜʘʪʥʦʩʪʽ  ʢʨʦʢʦʚʠʭ ʢʫʣʘʯʢʦʚʠʭ-

ʧʨʦʛʨʘʤʦʥʦʩʽʾʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʾʭ ʚ ʰʚʝʡʥʠʭ ʤʘʰʠʥʘʭ. 

ɹʽʣʴʰʽʩʪʴ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʰʚʝʡʥʠʭ ʤʘʰʠʥ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ 

ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʧʨʠʩʢʦʨʝʥʴ. ʊʘʢ ʤʝʭʘʥʽʟʤ ʛʦʣʢʠ ʪʽʻʾ ʞ 

ʤʘʰʠʥʠ 220ʢʣ ʆɿʐʄ ʚʠʢʦʥʫʻ ʩʚʦʾ ʬʫʥʢʮʽʾ ʧʨʠ ὠ τ ̍Ⱦ̒  ̨  ׂש

φτυ ̍Ⱦ̒ ̆̋ , ʱʦ ʚ ʜʚʘʜʮʷʪʴ ʪʘ ʚ ʪʨʠʜʮʷʪʴ ʨʘʟʽʚ ʙʽʣʴʰʽ ʥʽʞ ʟʥʘʯʝʥʥʷ ὠ ʪʘ ׂש, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʝʭʘʥʽʟʤ ʟ ʢʨʦʢʦʚʠʤ ʧʨʦʛʨʘʤʦʽʥʦʩʽʻʤ. 

ɼʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʽʟ ʞʦʨʩʪʢʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʟ 

ʧʨʦʛʨʘʤʦʥʦʩʽʻʤ ʪʠʧʫ çʙʘʛʘʪʦʢʨʦʢʦʚʠʡ ʢʫʣʘʯʦʢè ʚʽʜʥʦʩʷʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ 

ʚʩʽ ʮʠʢʣʦʚʽ ʰʚʝʡʥʽ ʥʘʧʽʚʘʚʪʦʤʘʪʠ ʜʣʷ ʧʨʠʰʠʚʘʥʥʷ ʬʫʨʥʽʪʫʨʠ ʽ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʝʪʝʣʴ ʽ ʟʘʢʨʽʧʦʢ ʥʘ ʦʜʷʟʽ, ʧʣʦʩʢʦʚôʷʟʘʣʴʥʽ ʥʘʧʽʚʘʚʪʦʤʘʪʠ 

ʪʠʧʫ ʇɺʂ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʛʨʫʧʦʶ ʤʝʭʘʥʽʟʤʫ ʜʦʜʘʚʘʥʥʷ ʛʦʣʦʢ ʽ ʤʝʭʘʥʽʟʤ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʟʙʘʚʢʠ ʧʝʪʝʣʴ, ʘ ʪʘʢʦʞ ʢʫʣʘʯʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟʩʫʚʫ ʟʘʜʥʴʦʾ  

ʛʦʣʦʯʥʠʮʽ ʪʘ ʽʥʰʽ. 

 

2.3. ɻʥʫʯʢʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚ ʦʙʣʘʜʥʘʥʥʽ ʛʘʣʫʟʽ ʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ 

 

2.3.1. ʊʝʭʥʦʣʦʛʽʯʥʽ ʤʘʰʠʥʠ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ  ʟ  ʤʝʭʘʪʨʦʥʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ 

 

ʅʘ ʨʠʩ. 2.9 ʫ ʚʠʛʣʷʜʽ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʰʚʝʡʥʠʭ (ʤʝʭʘʪʨʦʥʥʠʭ) ʤʘʰʠʥʘʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ 

(ʝʣʝʢʪʨʦʥʥʦʛʦ) ʢʝʨʫʚʘʥʥʷʤ. 
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ʈʠʩ. 2.9. ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʪʨʦʥʽʢʠ ʚ ʰʚʝʡʥʠʭ ʤʘʰʠʥʘʭ: ʘ ï ʽʟ 

ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ ʘʜʨʝʩʽʚ (ɸ) ʽ ʜʘʥʠʭ (ɼ) ʪʘ ʦʢʨʝʤʦʶ ʰʠʥʦʶ ʩʠʛʥʘʣʽʚ 

ʢʝʨʫʚʘʥʥʷ  (ʋ); ʙ ï ʟ ʦʢʨʝʤʠʤʠ ʰʠʥʘʤʠ ɸ, ɼ ʽ ʋ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ; ʚ ï ʽʟ 

ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ ɸ, ɼ ʽ ʉʂ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ  

 

ɺ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

(ʇʂʄ) ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ ʎʇʂ ʽ ʏʇʂ.  
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 ʊʘʙʣʠʮʷ 2.1                               ʇʂʄ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ 

 

ʅʘ ʨʠʩ.2.10 ʥʘʚʝʜʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʰʚʝʡʥʦ-ʚʠʰʠʚʘʣʴʥʦʾ     

CNC-ʤʘʰʠʥʠ, ʜʝ ʧʨʠʡʥʷʪʠ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

MCU ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ; 

 ɼɾ  ï ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ;                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

         ʋɺɺ  ï  ʫʩʪʨʽʡ ʚʚʦʜʫ/ʚʠʚʦʜʫ;  

   ɽʂ ï ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʫʪʘʪʦʨ;  

 ɼʐ ï ʜʝʰʠʬʨʘʪʦʨ ʢʦʤʘʥʜ;  

ɹʇʇ ï ʙʫʬʝʨʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ;  

ɹɽʌ ï ʙʣʦʢ ʝʣʝʢʪʨʦʥʥʦʛʦ ʬʦʨʩʫʚʘʥʥʷ;  

ʂɼʭ, ʂɼy ï   ʢʨʦʢʦʚʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ. 

 

ʄʽʢʨʦʥʪʨʦʣʝʨ - ʮʻ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ ʟʘ ʘʨʭʽʪʝʢʪʫʨʦʶ 

ʢʦʤʧôʶʪʝʨʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʦʨʽʝʥʪʦʚʘʥʠʡ 

ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ, ʘ ʩʘʤʝ ï  ʛʥʫʯʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ, 

ʚʝʨʩʪʘʪʽʚ ʪʘ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ.  

ʄʽʢʨʦʧʨʦʮʝʩʦʨʥʽ (ʝʣʝʢʪʨʦʥʥʽ) ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ  ʮʝ ʢʦʥʪʨʦʣʝʨʠ, ʷʢʽ 

ʚʙʫʜʦʚʘʥʽ ʫ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʘʰʠʥʠ ʜʣʷ  ʤʝʭʘʥʽʟʤʽʚ,  ʱʦ ʢʽʥʝʤʘʪʠʯʥʝ ʥʝ 

ʟôʻʜʥʘʥʽ ʟ ʛʦʣʦʚʥʠʤ ʚʘʣʦʤ ʽ ʷʢʽ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʻ ʤʽʥʽ ʢʦʤʧôʶʪʝʨʦʤ, ʷʢʠʡ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ. ʂʦʤʧôʶʪʝʨʠ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʜʘʯ (ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʘʭʫʥʢʽʚ, 

ʦʧʪʠʤʽʟʘʮʽʾ, ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʽʥʰʠʭ).  ɯ ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ ʪʘʢʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʠ ï ʢʦʤʧôʶʪʝʨʥʽ ʰʚʝʡʥʽ ʤʘʰʠʥʠ, 

ʢʦʤʧôʶʪʝʨʥʽ ʚóʷʟʘʣʴʥʽ ʤʘʰʠʥʠ ʪʦʱʦ ʚʠʧʣʠʚʘʻ ʟ ʧʨʠʥʮʠʧʫ ʫʟʘʛʘʣʴʥʝʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨ ʧʦʙʫʜʦʚʠ ʢʦʥʪʨʦʣʝʨʘ ʽ ʢʦʤʧôʶʪʝʨʘ. ɸʣʝ ʚ ʪʘʢʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʜʣʷ ʜʝʷʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʘʙʦ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʞʦʨʩʪʢʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ  ʪʠʧʫ çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè.  

 

                                                                                                                                                                                                                                                                                                                                                        

 

ʈʠʩ. 2.10. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʰʚʝʡʥʦ-ʚʠʰʠʚʘʣʴʥʦʾ CNC-ʤʘʰʠʥʠ  

 

2.3.2. ʇʨʠʢʣʘʜ ʮʠʢʣʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʘʤʠ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

 

ʅʘ ʨʠʩ. 2.11 ʥʘʚʝʜʝʥʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʪʨʦʥʽʢʠ: 

1A1, 2A1 i 3A1 ï ʚʠʢʦʥʘʚʯʽ ʧʥʝʚʤʦʮʠʣʽʥʜʨʠ; 

          1B1 i 1B2, 2B1 ʽ 2B2, 3B1 i 3B2 ï ʜʘʪʯʠʢʠ ʢʨʘʡʥʽʭ ʧʦʣʦʞʝʥʴ; 

B4 i B5 ï ʜʘʪʯʠʢʠ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʜʝʪʘʣʝʡ ʥʘ ʧʦʟʠʮʽʾ   

ʩʚʝʨʜʣʝʥʥʷ  ʽ  ʥʘ ʧʦʟʠʮʽʾ ʟʝʥʢʫʚʘʥʥʷ/ 

  

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʘʥʘʣʽʟʫ ʮʠʢʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ: ɼʝʪʘʣʽ 

ʜʦʩʪʘʚʣʷʶʪʴʩʷ ʩʪʨʽʯʢʦʶ ʢʦʥʚʝʻʨʘ ʥʘ ʩʪʘʥʮʽʶ ʟ ʜʚʦʤʘ ʧʦʩʪʘʤʠ ʜʣʷ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ. ʗʢ ʪʽʣʴʢʠ ʜʝʪʘʣʽ ʜʦʩʷʛʘʶʪʴ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ, 
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ʚʢʣʶʯʘʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʩʚʝʨʜʣʝʥʥʷ ʽ ʟʝʥʢʫʚʘʥʥʷ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʮʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʧʥʝʤʦ ʮʠʣʽʥʜʨʠ 1ɸ1 ʽ  2ɸ1. ʂʦʥʚʝʻʨ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʦʜʥʽʻʶ ʨʦʙʦʯʦʶ ʧʦʟʠʮʽʻʶ ʷʢ ʪʨʝʪʽʡ ʮʠʣʽʥʜʨ ɿɸ1. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʜʝʪʘʣʝʡ ʧʨʠ ʩʚʝʨʜʣʝʥʥʽ ʽ ʟʝʥʢʫʚʘʥʥʽ 

ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʜʘʪʯʠʢʠ ɺ4 ʽ ɺ5. ɻʣʠʙʠʥʘ ʩʚʝʨʜʣʝʥʥʷ ʬʽʢʩʫʻʪʴʩʷ ʜʘʪʯʠʢʘʤʠ 

ʢʽʥʮʝʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 1ɺ2 ʽ 2ɺ2. ʇʦʯʘʪʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʮʠʣʽʥʜʨʘ ʢʦʥʚʝʻʨʘ, 

ʩʚʝʨʜʣʘ ʽ ʨʦʟʛʦʨʪʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʘʪʯʠʢʘʤʠ 1ɺ1, 2ɺ1 ʽ 3ɺ1. 

 

 
 

ʈʠʩ. 2.11. ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʢʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ (ʎʇʂ)  

ʚ ʩʚʝʨʜʣʠʣʴʥʦ-ʬʨʝʟʝʨʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʽ 

 

        ɺʠʩʫʥʝʥʥʷ ʰʪʦʢʘ ʮʠʣʽʥʜʨʘ ʢʦʥʚʝʻʨʘ ʬʽʢʩʫʻ ʜʘʪʯʠʢ ɿɺ2. ʉʠʩʪʝʤʘ ʥʝ 

ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʨʫʭʫ ʧʽʜ ʩʚʝʨʜʣʦʤ ʽ ʨʦʟʛʦʨʪʢʦʶ ʟʘʚʞʜʠ 

ʟʥʘʭʦʜʠʪʠʤʫʪʴʩʷ ʜʝʪʘʣʽ. ʊʦʤʫ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʩʪʫʧʥʦʾ ʜʝʪʘʣʽ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʨʠʣʘʜ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʫʧʠʥʝʥʠʡ. ʂʦʣʠ ʦʜʥʦʯʘʩʥʦ ʚʽʜʩʫʪʥʽ ʦʙʠʜʚʽ ʜʝʪʘʣʽ, 

ʞʦʜʝʥ ʟ ʧʨʠʣʘʜʽʚ ʥʝ ʧʦʚʠʥʝʥ ʚʢʣʶʯʠʪʠʩʷ. 

 

2.3.3. ʏʠʩʣʦʚʝ-ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʘʤʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ          

          (ʉNC-ʚʝʨʩʪʘʪʘʤʠ)  

               

ɺʝʨʩʪʘʪʠ ʟ  ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʧʦ ʚʠʜʫ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴ ʥʘ ʚʝʨʩʪʘʪʠ ʟ ʩʠʩʪʝʤʘʤʠ ʮʠʢʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ (ʎʇʂ) ʠ ʚʝʨʩʪʘʪʠ ʟ ʩʠʩʪʝʤʘʤʠ ʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ (ʏʇʂ ï ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ ʉNC). ɺ ʩʠʩʪʝʤʘʭ ʎʇʂ ʧʨʦʛʨʘʤʫʻʪʴʩʷ 
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ʮʠʢʣ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʫ, ʘ ʚʝʣʠʯʠʥʠ ʨʦʙʦʯʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʘ ʩʘʤʝ ʛʝʦʤʝʪʨʠʯʥʘ 

ʽʥʬʦʨʤʘʮʽʷ, ʟʘʜʘʻʪʴʩʷ ʩʧʨʦʱʝʥʦ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʫʧʦʨʦʚ (ʢʽʥʮʝʚʠʭ ʧʝʨʝʤʠʢʘʯʽʚ). ʋ CNC-ʚʝʨʩʪʘʪʘʭ ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʽ 

ʛʝʦʤʝʪʨʠʯʥʘ, ʽ ʪʝʭʥʦʣʦʛʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ. 

CNC-ʩʠʩʪʝʤʘ - ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʤʝʪʦʜʽʚ ʽ 

ʟʘʩʦʙʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ CNC-ʚʝʨʩʪʘʪʦʤ ʩʚʦʾʭ ʬʫʥʢʮʽʡ, ʷʢʘ  

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʜʘʯʽ ʢʝʨʫʶʯʠʭ ʢʦʤʘʥʜ ʚʠʢʦʥʘʚʯʠʤ ʤʝʭʘʥʽʟʤʘʤ ʚʝʨʩʪʘʪʽʚ 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʦʛʨʘʤʦʶ ʢʝʨʫʚʘʥʥʷ ʽ ʥʘʩʘʤʧʝʨʝʜ ʢʦʤʘʥʜ ʢʝʨʫʚʘʥʥʷ 

ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʘʤ, ʚʝʥʪʠʣʴʥʠʤ ʜʚʠʛʫʥʘʤ ʘʙʦ ʩʝʨʚʦʧʨʠʚʦʜʫ. 

ʏʠʩʣʦʚʝ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ  (CNC) ð  ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʤ 

ʦʙôʻʢʪʦʤ, ʧʨʠ ʷʢʦʤʫ ʧʨʦʛʨʘʤʫ ʟʘʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʯʠʩʣʦʚʦʾ 

(ʜʠʩʢʨʝʪʥʦʾ) ʽʥʬʦʨʤʘʮʽʾ. ʂʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʮʠʢʣʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʘʙʦ ʧʨʦʩʪʦ ʢʦʥʪʨʦʣʝʨʽʚ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʉNC-ʚʝʨʩʪʘʪʦʤ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.12. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʨʝʩʣʝʥʠʢ ʜʝʪʘʣʽ, ʷʢʘ ʧʽʜʣʷʛʘʻ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʮʽ ʥʘ CNC-

ʚʝʨʩʪʘʪʽ, ʦʜʥʦʯʘʩʥʦ ʥʘʜʭʦʜʠʪʴ ʚ ʤʦʜʫʣʴ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʛʨʘʤʠ (ʄʇʇ) ʽ 

ʤʦʜʫʣʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ (ʄʊʇ). ʆʩʪʘʥʥʽʡ ʟʘʙʝʟʧʝʯʫʻ ʄʇʇ 

ʜʘʥʠʤʠ ʧʨʦ ʨʦʟʨʦʙʣʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʪʘ ʽʥ. ʅʘ 

ʟʘʩʘʜʘʭ  ʜʘʥʠʭ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʧʨʦʛʨʘʤʘ ʢʝʨʫʚʘʥʥʷ. ʅʘʣʘʜʯʠʢ ʚʩʪʘʥʦʚʣʶʻ 

ʥʘ ʚʝʨʩʪʘʪ  ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʨʦʙʦʯʽ ʽʥʩʪʨʫʤʝʥʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʄʊʇ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʪʘ  ʟʥʷʪʪʷ  ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʚʨʫʯʥʫ ʦʧʝʨʘʪʦʨʦʤ ʘʙʦ ʚʠʢʦʥʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʠʤ 

ʤʘʥʽʧʫʣʷʪʦʨʦʤ.  

ʌʫʥʢʮʽʾ ʄʇʇ ʽ ʄʊʇ ʚ ʩʫʯʘʩʥʠʭ CNC-ʚʝʨʩʪʘʪʘʭ  ʚʠʢʦʥʫʻ 

ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʥʘ ʷʢʦʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʧʨʦʛʨʘʤʘ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ 

ʧʦʪʽʤ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʧʘʤôʷʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ CNC-ʚʝʨʩʪʘʪʘ.  ʎʽʣʴʦʚʽ 

ʤʝʭʘʥʽʟʤʠ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʧʨʠʚʦʜʦʤ ʥʘ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʘʭ (ʂɼ) 

ʨʝʘʣʽʟʫʶʪʴ ʦʩʥʦʚʥʽ ʽ ʜʦʧʦʤʽʞʥʽ ʨʫʭʠ ʮʠʢʣʫ ʦʙʨʦʙʢʠ ʜʝʪʘʣʽ. ɼʘʪʯʠʢʠ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ (ɼʟʟ) ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʘʢʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ, 

ʧʝʨʝʤʽʱʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʨʦʟʤʽʨ ʦʙʨʦʙʣʝʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ  

ʢʦʥʪʨʦʣʶʶʪʴ ʬʘʢʪʠʯʥʫ ʚʝʣʠʯʠʥʫ ʢʦʦʨʜʠʥʘʪʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʩʪʦʣʫ 

ʚʝʨʩʪʘʪʫ, ʩʫʧʦʨʪʫ, ʰʧʠʥʜʝʣʶ  ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʮʠʢʣʫ 

ʨʦʙʦʪʠ CNC-ʚʝʨʩʪʘʪʫ. 

ʇʨʦʮʝʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʢʝʨʫʶʯʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ 

ʏʇʂ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʠʭ CAD/CAM-ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʟ ʜʚʦʭ ʝʪʘʧʽʚ:    

- ʛʝʦʤʝʪʨʠʯʥʝ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʪʘʣʽ ʚ CAD-ʩʠʩʪʝʤʽ; 
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- ʚʠʙʽʨ ʨʦʟʤʽʨʽʚ ʽ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ, ʚʠʙʽʨ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽ 

ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ,  ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚ     

G-ʢʦʜʘʭ ʫ ʉɸʄ-ʩʠʩʪʝʤʽ ʟ ʧʦʜʘʣʴʰʦʶ ʪʨʘʥʩʣʷʮʽʻʶ ʯʝʨʝʟ ʧʦʩʪʧʨʦʮʝʩʦʨ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʝʨʩʪʘʪʘ. 

CNC-ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʜʦʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ 

ʧʨʦʛʨʘʤʦʥʦʩʽʷ, ʩʧʦʩʦʙʫ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʤʝʪʦʜʫ ʾʾ ʧʝʨʝʜʘʯʽ ʚ 

ʩʠʩʪʝʤʫ CNC. ʇʨʠʩʪʨʽʡ CNC ʨʦʟʤʽʱʫʶʪʴ ʧʦʨʫʯ ʟ ʚʝʨʩʪʘʪʦʤ (ʚ ʦʜʥʦʤʫ ʘʙʦ 

ʜʚʦʭ ʰʘʬʘʭ) ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʝʨʩʪʘʪʽ (ʚ ʧʽʜʚʽʩʥʠʭ ʘʙʦ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʫʣʴʪʘʭ ʢʝʨʫʚʘʥʥʷ). ɼʚʠʛʫʥʠ ʧʨʠʚʦʜʽʚ ʧʦʜʘʯ CNC-ʚʝʨʩʪʘʪʽʚ, ʱʦ ʤʘʶʪʴ 

ʩʧʝʮʽʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ CNC-ʩʠʩʪʝʤʠ. 

 

 
 

ʈʠʩ. 2.12. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ CNC-ʚʝʨʩʪʘʪʘ, ʜʝ Mʇʇ - ʤʦʜʫʣʴ ʧʽʜʛʦʪʦʚʢʠ  

G-ʢʦʜʽʚ,  ʄʊʇ - ʤʦʜʫʣʴ ʧʽʜʛʦʪʦʚʢʠ M-ʢʦʜʽʚ 

  

 ɺʩʽ ʜʘʥʽ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʢʠ ʥʘ ʚʝʨʩʪʘʪʽ ʤʽʩʪʠʪʴ ʜʚʘ 

ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʾ ï ʛʝʦʤʝʪʨʠʯʥʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʫ. ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ - 

ʢʦʦʨʜʠʥʘʪʠ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʽʥʬʦʨʤʘʮʽʷ - ʜʘʥʽ ʧʨʦ ʰʚʠʜʢʽʩʪʴ, ʧʦʜʘʯʽ, ʪʠʧ ʽ ʥʦʤʝʨ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ.  

       ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʪʝʭʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ CNC-ʩʠʩʪʝʤ ʻ ʾʾ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʘʙʦ ʜʠʩʢʨʝʪʥʽʩʪʴ, ʘ ʩʘʤʝ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʚʝʣʠʯʠʥʘ 

ʣʽʥʽʡʥʦʛʦ ʽ ʢʫʪʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʝʨʩʪʘʪʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʦʜʥʦʤʫ ʢʝʨʫʶʯʦʤʫ ʽʤʧʫʣʴʩʫ, ʷʢʠʡ ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʉNC-ʤʘʰʠʥ ʽ CNC-ʚʝʨʩʪʘʪʽʚ. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ CNC-ʩʠʩʪʝʤ 

ʤʘʶʪɹ ʜʠʩʢʨʝʪʥʽʩʪʴ 0,01 ʤʤ/ʽʤʧʫʣʴʩ ʽ ʻ ʧʨʠʢʣʘʜʠ 0,001 ʤʤ/ʽʤʧʫʣʴʩ. 
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           ʇʨʦʛʨʘʤʦʚʘʥʽ ʢʦʥʪʨʦʣʝʨʠ - ʮʻ ʧʨʠʩʪʨʦʾ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʘʚʪʦʤʘʪʠʢʦʶ ʚʝʨʩʪʘʪʫ ʘʙʦ ʤʘʰʠʥʠ ʽ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʤʦʜʫʣʴʥʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʧʘʤôʷʪʽ, ʧʦʨʪʽʚ 

ʚʚʦʜʫ/ʚʠʚʦʜʫ (Input/Output) ʪʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ.  

            ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʢʦʥʪʨʦʣʝʨʘ -  ʉʈU ʦʧʠʪʫʻ ʧʦʨʪʠ ʚʚʦʜʫ/ʚʠʚʦʜʫ 

ʯʝʨʝʟ ʟʘʛʘʣʴʥʫ ʰʠʥʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ (0/1) ʽ 

ʜʘʪʯʠʢʽʚ ʘʥʘʣʽʟʫʶʪʴʩʷ ʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦʤʫ 

ʩʪʘʥʫ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽ ʜʘʪʯʠʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩʦʨ ʚʠʢʦʥʫʻ ʘʨʠʬʤʝʪʠʯʥʽ 

ʽ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʥʘ ʜʘʥʠʤʠ  ʽ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʜʘʻʪʴʩʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʨʪ, ʜʦ ʷʢʦʛʦ ʬʽʟʠʯʥʦ ʧʽʜʢʣʶʯʝʥʦ ʟʦʚʥʽʰʥʽ ʚʠʢʦʥʘʚʯʽ 

ʤʝʭʘʥʽʟʤʠ ʽ ʜʘʪʯʠʢʠ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʚʝʨʩʪʘʪʫ (ʪʦʢʘʨʥʦʛʦ, ʬʨʝʟʝʨʥʦʛʦ, 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ, ʪʘ ʽʥ.)  ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʽ ʧʝʚʥʦʾ ʛʘʣʫʟʽ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʰʚʝʡʥʦʾ, ʪʨʠʢʦʪʘʞʥʦʾ, ʚʟʫʪʪʻʚʦʾ ʪʘ ʽʥ.).  

ɺ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʢʦʥʪʨʦʣʝʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʠ ʪʠʧʠ ʧʘʤôʷʪʽ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ  ʧʨʦʛʨʘʤʠ ʜʽʡ ʟ ʘʨʠʬʤʝʪʠʯʥʠʤʠ ʽ ʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʟ 

ʜʘʥʠʤʠ ʧʨʦ ʩʪʘʥ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ (0/1) ʽ ʜʘʪʯʠʢʽʚ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ 

ʚʝʨʩʪʘʪʫ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ: 

¶ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʫ ʧʝʨʝʧʨʦʛʨʘʤʦʚʘʥʫ ʧʘʤôʷʪʴ; 

¶ ʦʧʝʨʘʪʠʚʥʫ ʧʘʤôʷʪʴ (ʆɿʋ) ʟ ʚʽʣʴʥʠʤ ʜʦʩʪʫʧʦʤ;  

¶ ʝʣʝʢʪʨʠʯʥʦ ʧʝʨʝʧʨʦʛʨʘʤʦʚʘʥʫ ʪʠʧʫ çʬʣʝʰ-ʧʘʤôʷʪʴè. 

 

ʇʨʦʛʨʘʤʦʚʘʥʠʡ  ʢʦʥʪʨʦʣʝʨ ʤʘʻ ʩʠʩʪʝʤʫ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʤʠʣʦʢ ʧʨʠ 

ʨʦʙʦʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ: 

¶ ʧʦʨʪʽʚ ʚʚʦʜʫ/ʚʠʚʦʜʫ;  

¶ ʧʨʦʮʝʩʦʨʘ; 

¶ ʧʘʤôʷʪʽ; 

¶ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ; 

¶ ʰʠʥ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʟʚôʷʟʢʽʚ.   

ʇʨʦʛʨʘʤʦʥʦʩʽʡ ʤʦʞʝ ʤʘʪʠ ʷʢ ʛʝʦʤʝʪʨʠʯʥʫ, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʽʥʬʦʨʤʘʮʽʶ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʮʠʢʣ 

ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʫ, ʘ ʛʝʦʤʝʪʨʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ  ʧʦʚôʷʟʘʥʘ ʟ ʬʦʨʤʦʶ, 

ʨʦʟʤʽʨʘʤʠ ʦʙʨʦʙʣʷʻʤʦʾ ʟʘʛʦʪʦʚʢʠ ʽ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʾʭ ʚʟʘʻʤʥʠʤ 

ʧʦʣʦʞʝʥʥʷʤ ʧʦ ʪʨʴʦʤ ʢʦʦʨʜʠʥʘʪʘʤ.  

 

ʂʣʘʩʠʬʽʢʘʮʽʷ C N C-ʩʠʩʪʝʤ. ʉʠʩʪʝʤʠ CNC 

ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ:  
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- ʧʦ ʨʽʚʥʶ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ; 

ʧʦ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ; 

- ʧʦ ʯʠʩʣʫ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ : ʥʝʟʘʤʢʥʝʥʽ, ʟʘʤʢʥʝʥʽ, ʘʜʘʧʪʠʚʥʽ (ʱʦ 

ʩʘʤʽ  ʧʨʠʩʪʦʩʫʶʪʴʩʷ); 

- ʧʦ ʧʨʠʥʮʠʧʫ ʟʘʚʜʘʥʥʷ ʧʨʦʛʨʘʤʠ (ʚ ʜʝʢʦʜʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ, ʪʦʙʪʦ  ʚ 

ʘʙʩʦʣʶʪʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʘʙʦ ʚ ʧʨʠʨʦʱʝʥʥʷʭ ʢʦʦʨʜʠʥʘʪ ʦʪ ɽʆʄ); 

- ʧʦ ʪʠʧʫ  ʧʨʠʚʦʜʘ (ʩʪʫʧʽʥʯʘʩʪʠʡ, ʨʝʛʫʣʴʦʚʘʥʠʡ, ʩʣʽʜʢʫʶʯʠʡ, 

ʢʨʦʢʦʚʠʡ); 

- ʧʦ ʯʠʩʣʫ ʦʜʥʦʯʘʩʥʦ ʢʝʨʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ; 

- ʧʦ ʩʧʦʩʦʙʫ ʧʽʜʛʦʪʦʚʢʠ ʽ ʚʚʦʜʫ   ʧʨʦʛʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʦʤ. 

 

ʇʦ ʨʽʚʥʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ 

ʩʠʩʪʝʤʠ CNC ʽ CNC-ʚʝʨʩʪʘʪʠ ʧʦʜʽʣʷʶʪʴʩʷ  ʥʘ ʥʘʩʪʫʧʥʽ  ʨʽʚʥʽ: 

 

NC*  ï ʩʠʩʪʝʤʠ ʟ ʧʦ ʢʘʜʨʦʚʠʤ ʯʠʪʘʥʥʷʤ ʧʝʨʬʦʣʝʥʪʠ ʥʘ ʧʨʦʪʷʟʽ ʮʠʢʣʫ 

ʦʙʨʦʙʢʠ ʢʦʞʥʽʡ ʟʘʛʦʪʦʚʢʠ (* ï ʧʦʧʝʨʝʜʥʽ ʧʦʢʦʣʽʥʥʷ ʚʝʨʩʪʘʪʽʚ);  

SNC*  ï ʩʠʩʪʝʤʠ ʟ ʦʜʥʦʢʨʘʪʥʠʤ ʯʠʪʘʥʥʷʤ ʧʝʨʬʦʣʝʥʪʠ ʧʝʨʝʜ 

ʦʙʨʦʙʢʦʶ ʧʘʨʪʽʾ ʦʜʥʘʢʦʚʠʭ ʟʘʛʦʪʦʚʦʢ;  

CNC (ʉʦmputer Numericʘl Conrol) ï ʏʇʂ (ʩʠʩʪʝʤʠ ʟ  ʏʠʩʣʦʚʠʤ 

ʇʨʦʛʨʘʤʥʠʤ ʂʝʨʫʚʘʥʥʷʤ); 

DNC ï ʩʠʩʪʝʤʠ ʏʇʂ ʛʨʫʧʘʤʠ ʚʝʨʩʪʘʪʽʚ ʚʽʜ ʦʜʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ    

(ʤʽʥʽ-ɽʆʄ);  

HNC ï ʦʧʝʨʘʪʠʚʥʽ ʩʠʩʪʝʤʠ ʟ ʨʫʯʥʠʤ ʥʘʙʦʨʦʤ ʧʨʦʛʨʘʤ ʚ G-ʢʦʜʘʭ ʽ ʚ 

M-ʢʦʜʘʭ ʥʘ ʧʫʣʴʪʝ ʢʝʨʫʚʘʥʥʷ. 

 

        ɿʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ CNC-ʩʠʩʪʝʤʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʥʘʩʪʫʧʥʽ ʯʦʪʠʨʠ ʚʠʜʠ: 

          CNC-ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʡʥʽ (ʮʠʢʣʦʚʽ); 

CNC-ʩʠʩʪʝʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʷʤʦʢʫʪʥʝ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ;  

CNC-ʩʠʩʪʝʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʷʤʦʣʽʥʽʡʥʝ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ; 

CNC-ʩʠʩʪʝʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʨʠʚʦʣʽʥʽʡʥʝ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

 

ʇʦʟʠʮʽʡʥʽ CNC-ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʦʪʦʯʥʝ ʢʦʦʨʜʠʥʘʪʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ (ʈʆ) ʚʝʨʩʪʘʪʫ ʟʘ ʧʨʦʛʨʘʤʦʶ ʧʦʟʠʮʽʶ ʟʘ 

ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ. ʇʦ ʢʦʞʥʦʾ ʢʦʦʨʜʠʥʘʪʥʦʾ ʦʩʽ ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʪʽʣʴʢʠ 

ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʘ ʪʨʘʻʢʪʦʨʽʷ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʦʾ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʈʆ ʤʽʞ ʧʦʟʠʮʽʷʤʠ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ, 
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ʘ ʧʽʜʭʽʜ ʜʦ ʟʘʜʘʥʦʾ ʧʦʟʠʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʦʛʨʘʤʥʦ ʟ ʤʽʥʽʤʘʣʴʥʦʾ 

(çʧʦʚʟʫʯʦʾè) ʰʚʠʜʢʽʩʪʶ. ʊʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʽʜʭʦʜʫ ʈʆ ʜʦ ʟʘʜʘʥʦʾ ʧʦʟʠʮʽʾ ʟʘʚʞʜʠ ʟ ʦʜʥʦʾ ʩʪʦʨʦʥʠ (ʥʘʧʨʠʢʣʘʜ, ʟʣʽʚʘ 

ʥʘʧʨʘʚʦ). ʇʦʟʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ CNC ʦʩʥʘʱʘʶʪʴ ʩʚʝʨʜʣʠʣʴʥʽ ʪʘ 

ʢʦʦʨʜʠʥʘʪʦ-ʨʦʟʪʦʯʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ. 

CNC-ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʷʤʦʢʫʪʥʝ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʜʦʟʚʦʣʷʶʪʴ ʫʧʨʘʚʣʷʪʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʈʆ 

ʚʝʨʩʪʘʪʫ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ. ʈʆ ʚʝʨʩʪʘʪʫ ʧʨʦʛʨʘʤʥʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ 

ʢʦʦʨʜʠʥʘʪʥʠʤ ʦʩʷʤ ʧʦʯʝʨʛʦʚʦ, ʪʦʤʫ ʪʨʘʻʢʪʦʨʽʷ ʽʥʩʪʨʫʤʝʥʪʫ ʤʘʻ 

ʩʪʫʧʽʥʯʘʪʠʡ ʚʠʛʣʷʜ, ʘ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʮʽʻʾ ʪʨʘʻʢʪʦʨʽʾ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʧʘʨʘʣʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪʥʠʤ ʦʩʷʭ. ʑʦʙ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʈʆ ʟ 

ʦʜʥʽʻʾ ʧʦʟʠʮʽʾ ʚ ʽʥʰʫ, ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʦʯʘʩʥʠʡ ʨʫʭ ʧʦ 

ʜʚʦʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʇʨʠ ʛʨʫʙʦʤʫ ʧʦʟʠʮʽʦʥʫʚʘʥʥʽ ʧʽʜʭʽʜ ʈʆ ʜʦ ʟʘʜʘʥʦʾ 

ʧʦʟʠʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʩʪʦʨʽʥ, ʘ ʧʨʠ ʪʦʯʥʦʤʫ ʧʦʟʠʮʽʦʥʫʚʘʥʥʽ - 

ʟʘʚʞʜʠ ʟ ʦʜʥʦʛʦ ʙʦʢʫ. ʏʠʩʣʦ ʢʝʨʫʶʯʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʜʦʩʷʛʘʻ 

5, ʘ ʯʠʩʣʦ ʦʜʥʦʯʘʩʥʦ ʢʝʨʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ - 4. ɿʘʟʥʘʯʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʦʩʥʘʱʫʶʪʴ ʪʦʢʘʨʥʽ, ʬʨʝʟʝʨʥʽ, ʨʦʟʪʦʯʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ. 

CNC-ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʷʤʦʣʽʥʽʡʥʝ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ (ʧʽʜ 

ʣʶʙʠʤ ʢʫʪʦʤ ʜʦ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ ʚʝʨʩʪʘʪʽʚ), ʫʧʨʘʚʣʷʶʪʴ ʨʫʭʦʤ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʨʽʟʘʥʥʽ ʦʜʥʦʯʘʩʥʦ ʟʘ ʜʚʦʤʘ ʢʦʦʨʜʠʥʘʪʥʠʤʠ ʦʩʷʤʠ (0X ʽ 

0Y).  ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʦʢʦʦʨʜʠʥʘʪʥʠʡ ʽʥʪʝʨʧʦʣʷʪʦʨ 

ʢʝʨʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʚʽʜʨʘʟʫ ʥʘ ʜʚʘ ʧʨʠʚʦʜʘ ʧʦʜʘʯ. ɿʘʛʘʣʴʥʝ ʯʠʩʣʦ 

ʢʝʨʫʶʯʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 2é5. ɿʘʟʥʘʯʝʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʰʠʨʦʢʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ (ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʷʤʦʢʫʪʥʠʤʠ) ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʩʥʘʱʝʥʥʷ ʪʦʢʘʨʥʠʭ, ʬʨʝʟʝʨʥʠʭ, ʨʦʟʪʦʯʫʚʘʣʴʥʠʭ ʽ ʽʥʰʠʭ ʚʝʨʩʪʘʪʽʚ. 

CNC-ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʨʠʚʦʣʽʥʽʡʥʝ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʜʦʟʚʦʣʷʶʪʴ ʫʧʨʘʚʣʷʪʠ ʦʙʨʦʙʢʦʶ ʧʣʦʩʢʠʭ ʽ ʦʙ'ʻʤʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʤʽʩʪʷʪʴ 

ʜʽʣʷʥʢʫ ʟʽ ʩʢʣʘʜʥʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʦʥʪʫʨʘʤʠ. 

ʂʦʥʪʫʨʥʽ CNC-ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʷʤʦʢʫʪʥʝ ʽ ʢʨʠʚʦʣʽʥʽʡʥʝ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ.  

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʙʘʛʘʪʦʮʽʣʴʦʚʽ 

ʩʚʝʨʜʣʠʣʴʥʦ-ʬʨʝʟʝʨʥʦ-ʨʦʟʪʦʯʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ ʦʩʥʘʱʫʶʪʴ ʢʦʥʪʫʨʥʝ-

ʧʦʟʠʮʽʡʥʠʤʠ CNC-ʩʠʩʪʝʤʘʤʠ ʽ ʚʦʥʠ ʧʝʨʝʭʦʜʷʪʴ ʚ ʢʣʘʩ CNC-ʚʝʨʩʪʘʪʽʚ.  

ʇʦ ʯʠʩʣʫ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ CNC-ʩʠʩʪʝʤʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʨʦʟʽʤʢʥʝʥʽ, ʟʘʤʢʥʫʪʽ  ʽ ʘʜʘʧʪʠʚʥʽ. 

ʈʦʟʽʤʢʥʝʥʽ CNC-ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʦʜʥʦʛʦ ʧʦʪʦʢʫ 

ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʧʨʠʩʪʨʦʶ, ʱʦ ʟʯʠʪʫʻ ʜʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʝʨʩʪʘʪʫ. ɺ 
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ʨʦʟʽʤʢʥʝʥʦʾ ʩʠʩʪʝʤʽ ʥʝʤʘ ʜʘʪʯʠʢʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ i ʪʦʤʫ ʚʽʜʩʫʪʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʽʡʩʥʝ ʧʦʣʦʞʝʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ ʚʝʨʩʪʘʪʫ. 

ɿʘʤʢʥʫʪʽ CNC-ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʚʦʤʘ ʧʦʪʦʢʘʤʠ 

ʽʥʬʦʨʤʘʮʽʾ - ʚʽʜ ʧʨʠʩʪʨʦʶ, ʱʦ ʟʯʠʪʫʻ ʽ ʚʽʜ ʜʘʪʯʠʢʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ʋ 

ʮʠʭ ʩʠʩʪʝʤʘʭ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʟʘʜʘʥʠʤ ʽ ʜʽʡʩʥʠʤ ʚʝʣʠʯʠʥʘʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ ʫʩʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ. 

ɸʜʘʧʪʠʚʥʽ CNC-ʩʠʩʪʝʤʠ - ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʛʫʚʘʪʠ ʧʨʦʛʨʘʤʫ ʦʙʨʦʙʢʠ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʩʠʛʥʘʣʘʤʠ:  

ʚʽʜ ʧʨʠʩʪʨʦʶ, ʱʦ ʟʯʠʪʫʻ ʽʥʬʦʨʤʘʮʽʶ;  

ʚʽʜ ʜʘʪʯʠʢʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ;  

ʚʽʜ ʜʘʪʯʠʢʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʚʝʨʩʪʘʪʽ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴ ʧʨʦʮʝʩ 

ʦʙʨʦʙʢʠ ʟʘ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʟʥʦʩ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ;  

ʟʤʽʥʘ ʩʠʣ ʨʽʟʘʥʥʷ ʽ ʩʠʣ ʪʝʨʪʷ;  

ʟʤʽʥʘ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ, ʷʢʘ ʦʙʨʦʙʣʷʻʪʴʩʷ;   

ʢʦʣʠʚʘʥʥʷ ʽ ʚʽʙʨʘʮʽʾ ʩʪʘʥʽʥʠ ʽʟ-ʟʘ ʥʝʜʦʩʪʘʪʥʴʦʾ ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ   

çʚʝʨʩʪʘʪ-ʟʘʛʦʪʦʚʢʘè.  

 

2.3.4. ɯʥʪʝʛʨʫʚʘʥʥʷ ʩʠʩʪʝʤ ʮʠʢʣʦʚʦʛʦ ʤʝʭʘʪʨʦʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʫ  

ʩʝʨʝʜʦʚʠʱʝ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè 

 

ʆʙôʻʜʥʘʥʥʷ ʞʦʨʩʪʢʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè ̔ 

ʛʥʫʯʢʦʾ ʩʠʩʪʝʤʘ ʮʠʢʣʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʧʝʨʝʚʘʛʠ çʤʝʭʘʥʽʢʠè ʽ ʦʜʥʦʯʘʩʥʦ 

ʨʦʟʰʠʨʠʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ çʟʘʣʽʟʘè.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ  ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ  

(ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ) ʢʦʥʩʪʨʫʢʪʦʨʫ-

ʨʦʟʨʦʙʥʠʢʫ (designer-developer) ʧʦʪʨʽʙʥʦ ʦʙʠʨʘʪʠ ʽ ʩʢʣʘʜʘʪʠ, ʷʢ çʧʘʟʣè 

ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ ʟ ʥʘʩʪʫʧʥʠʭ ʩʢʣʘʜʦʚʠʭ: 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ (ʊ) ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ  ʧʨʠʟʥʘʯʝʥʥʷʤ 

ʤʘʰʠʥʠ; ʤʝʭʘʥʽʯʥʦʾ (ʄ) ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʢʽʥʝʤʘʪʠʯʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʤʝʭʘʥʽʟʤʽʚ ʤʘʰʠʥʠ ʪʘ ʪʝʭʥʦʣʦʛʽʻʶ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ; 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ (EM ) ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʧʦʤ ʧʨʠʚʦʜʫ 

ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʽ ʟ ʪʠʧʦʤ ʧʨʠʚʦʜʫ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ; ʝʣʝʢʪʨʦʥʥʦʾ (ɽ) ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʧʦʤ ʢʦʥʪʨʦʣʝʨʘ; 
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ʽʥʬʦʨʤʘʮʽʡʥʦʾ (ʧʨʦʛʨʘʤʥʦʾ) (ɯ) ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʽ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘ. ʇʝʨʰʽ ʜʚʽ ʩʢʣʘʜʦʚʽ ʻ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʰʠʥ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʘ 

ʦʩʪʘʥʥʽ ʪʨʠ ʩʢʣʘʜʦʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙôʻʜʥʘʥʽ ʚ ʝʥʝʨʛʦ  ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʩʢʣʘʜʦʚʫ (ɽʥɯ). ʊʝʭʥʦʣʦʛʽʯʥʘ ʽ ʤʝʭʘʥʽʯʥʘ ʩʢʣʘʜʦʚʽ ʻ ʦʙʦʚôʷʟʢʦʚʽ ʜʣʷ ʙʫʜʦʚʠ 

ʙʫʜʴ ʷʢʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʘʙʦ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ ʛʘʣʫʟʽ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʰʠʥ ʙʘʟʫʶʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʜʠʩʮʠʧʣʽʥʘʭ - ʊʄʄ, ʦʧʽʨ ʤʘʪʝʨʽʘʣʽʚ, ʜʝʪʘʣʽ ʤʘʰʠʥ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ ʪʘ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʉɸɽ/ʉɸD/ʉɸʄ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʟʥʘʯʝʥʠʭ ʩʢʣʘʜʦʚʠʭ ʤʝʭʘʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. ɸʣʝ ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ ʧʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ ʟ 

ʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʜʣʷ ʷʢʦʾ ʻ ʤʫʩʢʫʣʴʥʘ ʩʠʣʘ ʣʶʜʠʥʠ, 

ʢʝʨʫʚʘʥʥʷ (ʧʨʷʤʽ ʟʚôʷʟʢʠ) ʽ ʢʦʥʪʨʦʣʴ (ʟʚʦʨʦʪʥʽ ʟʚôʷʟʢʠ) ʟʘ ʨʦʙʦʪʦʶ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ʤʘʰʠʥ ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʢʦʞ ʟʘ ʣʶʜʠʥʦʶ-ʦʧʝʨʘʪʦʨʦʤ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʙʫʪʦʚʽ ʰʚʝʡʥʽ ʤʘʰʠʥʠ ʟ ʨʫʯʥʠʤ/ʥʦʞʥʠʤ ʧʨʠʚʦʜʦʤ, 

ʧʣʦʩʢʦʚóʷʟʘʣʴʥʽ ʤʘʰʠʥʠ ʟ ʧʝʨʝʤʽʱʝʥʥʷʤ ʢʘʨʝʪʦʢ ʚʨʫʯʥʫ ʤʘʶʪʴ ʪʽʣʴʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʽ ʤʝʭʘʥʽʯʥʫ ʩʢʣʘʜʦʚʽ ʫ ʩʚʦʻʾ ʩʪʨʫʢʪʫʨʽ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ɽʄ- 

ʩʢʣʘʜʦʚʦʾ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʛʽʜʨʦʧʨʠʚʦʜʫ ʘʙʦ ʧʥʝʚʤʦʧʨʠʚʦʜʫ 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʤʘʰʠʥʫ ʟ ʞʦʨʩʪʢʦʶ ʩʠʩʪʝʤʦʶ 

ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʈɺè. ɼʦʜʘʚʘʥʥʽ  ʝʣʝʢʪʨʦʥʥʦʾ ʽ  ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʠʭ 

ʧʝʨʝʪʚʦʨʶʻ ʪʝʭʥʦʣʦʛʽʯʥʫ ʤʘʰʠʥʫ ʚ ʤʘʰʠʥʫ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ, ʫ ʷʢʽʡ ʦʙôʻʜʥʘʥʽ ʞʦʨʩʪʢʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʨʦʟʧʦʜʽʣʴʥʠʡ 

ʚʘʣè ʽ ʛʥʫʯʢʘ ʮʠʢʣʦʚʘ (ʤʝʭʘʪʨʦʥʥʘ) ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʭ ʩʢʣʘʜʦʚʠʭ ʜʦʮʽʣʴʥʦ ʥʘʜʘʪʠ ʥʘʩʪʫʧʥʽ ʥʦʚʽ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʘʟʚ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

      ɺ ʩʫʯʘʩʥʦʾ ʰʚʝʡʥʦʾ ʤʘʰʠʥʽ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤ ʛʦʣʢʠ, 

ʤʝʭʘʥʽʟʤ ʯʦʚʥʠʢʘ ʽ ʤʝʭʘʥʽʟʤ ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʘ ʟʘʣʠʰʘʶʪʴʩʷ ʽʟ ʞʦʨʩʪʢʦʶ 

ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʈɺè ʪʦʤʫ, ʱʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ 

ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʥʘʚʝʜʝʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʽʞ 

ʩʦʙʦʶ, ʥʠʪʢʘʤʠ ʽ ʤʘʪʝʨʽʘʣʦʤ, ʜʝʪʘʣʽ ʟ ʷʢʦʛʦ ʟôʻʜʥʫʶʪʴʩʷ ʥʠʪʢʦʚʠʤ ʰʚʦʤ.  

       ʅʘʧʨʠʢʣʘʜ, ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʥʦʩʠʢʘ ʯʦʚʥʘ ʘʙʦ ʧʝʪʝʣʴʥʠʢʘ ʟ ʧʝʪʣʝʶ-

ʥʘʧʫʩʢʦʤ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ ʧʨʠ  6000 ʦʙʝʨʪʘʭ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʩʢʣʘʜʘʻ ʤʝʥʰʝ 1 

ʤʩ. ʊʦʤʫ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʰʠʥʠ  ʤʦʞʝ ʙʫʪʠ ʪʘʢʘ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʯʽʪʢʘ ʚʟʘʻʤʦʜʽʷ ʚ ʬʫʥʢʮʽʾ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ 

ʤʝʪʘʣʝʚʠʭ ʧʝʪʣʝ ʫʪʚʦʨʶʶʯʠʭ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ (ʛʦʣʢʠ, ʯʦʚʥʠʢʘ ʘʙʦ 

ʧʝʪʝʣʴʥʠʢʘ ʪʘ ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʘ ʘʙʦ ʥʠʪʢʦʧʦʜʘʪʯʠʢʘ) ʟ  ʰʚʝʡʥʠʤʠ ʥʠʪʢʘʤʠ 

ʧʨʠ ʧʝʪʣʝ ʫʪʚʦʨʶʚʘʥʥʽ ʥʠʪʢʦʚʠʭ ʩʪʽʙʢʽʚ. ʊʘʢʘ ʞʦʨʩʪʢʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ 
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ʚʟʘʻʤʦʜʽʾ ʧʝʪʣʝ ʫʪʚʦʨʶʶʯʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʰʚʝʡʥʦʾ ʤʘʰʠʥʠ  ʤʽʞ ʩʦʙʦʶ, 

ʥʠʪʢʘʤʠ ʽ ʤʘʪʝʨʽʘʣʦʤ ʟ ʪʝʢʩʪʠʣʶ, ʪʨʠʢʦʪʘʞʫ ʘʙʦ ʰʢʽʨʠ ʟʘʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʢʣʦʛʨʘʤʠ ʨʦʙʦʪʠ ʤʘʰʠʥʠ [15]. ɿ ʮʽʻʶ ʧʨʦʝʢʪʥʦʾ 

ʚʠʤʦʛʠ ʚʠʧʣʠʚʘʶʪʴ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ, ʜʦʧʫʩʢʘʤ ʥʘ ʨʦʟʤʽʨʠ 

ʜʝʪʘʣʝʡ  ʽ ʧʦʩʘʜʢʘʤ ʜʣʷ ʨʫʭʦʤʠʭ ʜʝʪʘʣʝʡ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ. 

         

 
 

ʈʠʩ. 2.13. ɹʣʦʢ-ʩʭʝʤʠ ʝʪʘʧʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʩʪʝʤ ʮʠʢʣʦʚʦʛʦ ʤʝʭʘʪʨʦʥʥʦʛʦ   

ʢʝʨʫʚʘʥʥʷ  ʫ  ʩʝʨʝʜʦʚʠʱʝ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè 

 

ʅʘ ʨʠʩ. 2.13 ʥʘʚʝʜʝʥʽ ʽʩʥʫʶʯʠ ʽ ʧʦʪʝʥʮʽʘʣʴʥʝ ʤʦʞʣʠʚʽ ʩʪʨʫʢʪʫʨʥʽ 

ʢʦʤʧʦʥʦʚʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʽ ʪʝʢʩʪʠʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ, ʤʝʭʘʥʽʯʥʦʾ ʽ  ʝʥʝʨʛʦ-ʽʥʬʦʨʤʘʮʽʡʥʽʡ  (ɽʥɯ) 

ʩʢʣʘʜʦʚʠʭ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʅʘʚʝʜʝʥʠʤ ʥʘ ʨʠʩ.2.13 ʝʪʘʧʘʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʘʰʠʥ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʽ ʜʠʩʢʨʝʪʥʦ-ʣʦʛʽʯʥʽ ʨʽʚʥʷʥʥʷ ʦʙʨʘʥʦʛʦ ʢʣʘʩʫ 

ʦʙôʻʢʪʽʚ ʟʘ ʪʝʦʨʽʻʶ ʤʥʦʞʠʥ: 

 

ʊʄ := ʍ = ʊ Ẕ ʄ = { Ø : Ø  ɴT Ẕ  Ø  ɴ M }                     (2.10)  

                                                                                              

ʊʄ := ʍ =ʊ Ẕ ʄ Ẕ ɽʄ  = { Ø : Ø  ɴT Ẕ  Ø  ɴ M Ẕ  Ø  ɴ ɽM }     (2.11) 

                                                            

ʊʄ := ʍ =ʊ Ẕ ʄ Ẕ ɽʄ  = { Ø : Ø  ɴT Ẕ  Ø  ɴ M Ẕ  Ø  ɴ ɽM  Ẕ  Ø  ɴ ɽ }    

(2.12)      

                                   

ʊʄ := ʍ=ʊ Ẕ ʄ Ẕ ɽʄ ={ Ø: Ø  ɴT Ẕ  Øɴ  M Ẕ  Ø  ɴɽM Ẕ  Ø  ɴ ɽ Ẕ  Ø ɯɴ}  

(2.14)       

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʤʥʦʞʠʥʘ   

(ʊʄ := ʍ), ʷʢʘ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʽʜʤʥʦʞʠʥ ï ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʢʣʘʜʦʚʠʭ  ɽʣʝʤʝʥʪʘʤʠ Ø  ʤʥʦʞʠʥʠ ʊʄ := ʍ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʜʫʣʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ: ʪʝʭʥʦʣʦʛʽʯʥʦʾ  (ʊ), 
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ʤʝʭʘʥʽʯʥʦʾ  (ʄ), ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ  (EM), ʝʣʝʢʪʨʦʥʥʦʾ (ɽ)  ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

(ɯ). ʇʝʨʝʪʠʥʠ ʮʠʭ ʧʽʜʤʥʦʞʠʥ ʥʘ ʜʽʘʛʨʘʤʽ  ʫʪʚʦʨʶʶʪʴ ʚ ʧʣʦʱʠʥʽ 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʥʦʞʠʥʠ, ʚʽʜʧʦʚʽʜʥʦ, ʜʚʦʣʠʩʪʥʠʢ, ʪʨʠʣʠʩʥʠʢ, ʯʦʪʠʨʠʣʠʩʪʠʢ 

ʪʘ ʧôʷʪʠʣʠʩʥʠʢ ʟ ʨʽʟʥʠʤʠ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ  ʨʽʟʥʦʾ ʚʘʨʪʦʩʪʽ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʫʣʽʚ ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ  ʘʙʦ 

ʫʤʦʚʥʦʶ ʨʽʟʥʦʶ ʚʘʛʦʶ ʟʥʘʯʫʱʦʩʪʽ ʤʦʜʫʣʽʚ ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ 

ʛʘʣʫʟʽ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʮʠʢʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ  

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʘʰʠʥʘʤʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ ʘʣʛʦʨʠʪʤʫ ʧʨʦʝʢʪʫʚʘʥʥʷ: 

 

        1. ɺʠʢʦʥʘʪʠ ʜʝʢʦʤʧʦʟʠʮʽʶ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʩʢʣʘʜʦʚʽ. 

         2. ʆʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ (ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ, 

ʝʣʝʢʪʨʦʤʘʰʠʥʥʽ, ʧʥʝʚʤʘʪʠʯʥʦʾ ʘʙʦ ʛʽʜʨʘʚʣʽʯʥʦʾ ʜʽʾ), ʜʘʪʯʠʢʠ ʽ ʇʃʂ).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

3. ʉʢʣʘʩʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʛʨʘʬʠ. 

4. ʉʢʣʘʩʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʚʢʣʶʯʝʥʥʷ/ʚʠʤʢʥʝʥʥʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʨʠʚʦʜʽʚ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʘ ʩʘʤʝ ʧʨʦʛʨʘʤʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʧʘʨʘʤʝʪʨʽʚ ʪʘʡʤʝʨʫ/ʪʘʡʤʝʨʽʚ ʽ ʨʘʭʽʚʥʠʢʘ/ʨʘʭʽʚʥʠʢʽʚ.  

5. ʉʢʣʘʩʪʠ ʧʨʦʛʨʘʤʫ ʢʝʨʫʚʘʥʥʷ  ʥʘ ʦʜʥʽʡ ʟ 5 ʤʦʚ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ IEC 61131-3 ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ. 

6. ʇʽʜʢʣʶʯʠʪʠ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʽ ʜʘʪʯʠʢʠ ʜʦ ʧʦʨʪʽʚ Input/Output 

(ʧʦʨʪʠ ʚʚʦʜʫ/ʚʠʚʦʜʫ) ʧʨʦʛʨʘʤʫʶʯʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ (PLC). 

7. ʇʨʦʛʨʘʤʫ ʧʦ ʧ.5 ʢʦʤʧʽʣʶʚʘʪʠ ʽ ʧʝʨʝʥʝʩʪʠ ʚ ʧʘʤôʷʪʴ PLC. 

8.ɺʠʢʦʥʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʘʨʠ çʪʝʭʥʦʣʦʛʽʯʥʘ 

ʤʘʰʠʥʘ (ʊʄ) - ʧʨʦʛʨʘʤʦʚʘʥʠʡ  ʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʝʨ (PLC)è 

 

 

              ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʑʦ ʚʠʟʥʘʯʘʻ ʢʦʤʘʥʜʠ SET Y1,  RESET YN1, RESET 

Y1 ʽ ʢʦʤʘʥʜʘ SET YN1? 

2. ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʮʠʢʣʦʚʝ ɹɯʩʪʘʙʽʣʴʥʝ ʢʝʨʫʚʘʥʥʷ 

ʧʨʠʚʦʜʦʤ ʚʽʜ ʮʠʢʣʦʚʦʛʦ ʄʆʅʆʩʪʘʙʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʠʚʦʜʦʤ ? 
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       3. ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ NC-ʤʘʰʠʥʘ ʚʽʜ CNC-ʚʝʨʩʪʘʪʘ ? 

       4. ʑʦ ʦʟʥʘʯʘʻ ʧʦʰʠʨʝʥʽ ʩʢʦʨʦʯʝʥʥʷ NC, SNC, CNC, DNC, HNC ?  

5. ʗʢʽ ʯʝʨʛʦʚʽʩʪʴ ʝʪʘʧʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʢʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʘʰʠʥʘʤʠ ? 

6. ʗʢʽ ʟʚôʷʟʢʠ ʤʽʞ ʝʪʘʧʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ  ʮʠʢʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʘʰʠʥʘʤʠ ? 

7. ʗʢʽ ʨʽʟʥʠʮʷ ʤʽʞ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʶ ʤʘʰʠʥʦʶ ʽ ʤʘʰʠʥʦʶ ʟ 

ʝʣʝʢʪʨʦʥʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ? 

8. ʑʦ ʪʘʢʝ ʝʥʝʨʛʝʪʠʯʥʘ ʽ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʢʣʘʜʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʤʘʰʠʥʠ ? 

 

  3. ʆɹôɭʂʊʅʆ-ʆʈɯɭʅʊʆɺɸʅʀʁ ɸʅɸʃɯɿ ɯ ʉʀʅʊɽɿ 

ʄɽʍɸʊʈʆʅʅʀʍ ʉʀʉʊɽʄ 

 

 3.1. ɺʩʪʫʧ ʚ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʘʰʠʥ ʽ ʚʝʨʩʪʘʪʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘ ʟʘʩʘʜʘʭ ʤʝʭʘʪʨʦʥʽʢʠ 

 

 ɿ ʧʦʷʚʦʶ ʥʦʚʦʾ ʽʜʝʦʣʦʛʽʾ (ʧʘʨʘʜʠʛʤʠ) ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟôʷʚʠʣʠʩʷ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ 

ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. ʅʘ ʾʭ ʙʘʟʽ ʩʪʚʦʨʝʥʽ ʩʫʯʘʩʥʽ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʉɸʇʈ 

ʜʣʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (CAD-ʩʠʩʪʝʤʠ) ʽ ʚʽʟʫʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ  (Visual - ʩʠʩʪʝʤʠ). ʇʝʨʝʥʦʩ ʽʜʝʦʣʦʛʽʾ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ  [22]é[24] ʽ ʦʩʥʦʚ ʧʦʙʫʜʦʚʠ  ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʉɸʇʈ 

ʥʘ ʪʨʘʜʠʮʽʡʥʽ ʦʙʣʘʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ  ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤ ʟ ʢʦʤʧôʶʪʝʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʻ ʥʝ ʧʨʦʩʪʠʤ ʾʭ ʜʦʧʦʚʥʝʥʥʷʤ, ʘ 

ʚʠʤʘʛʘʻ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʟʘʜʘʯ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢ ʥʘ ʩʪʘʜʽʾ ʧʦʩʪʘʥʦʚʠ 

ʧʨʦʙʣʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʪʘʢ ʽ ʥʘ ʚʩʽʭ ʥʘʩʪʫʧʥʠʭ ʩʪʘʜʽʷʭ ʨʝʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʘ ʟʘʚʝʨʰʘʣʴʥʽʡ ʩʪʘʜʽʾ ʧʨʠ ʚʠʙʦʨʽ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʨʽʰʝʥʥʷ. ʆʙ'ʻʢʪʥʦ-ʆʨʽʻʥʪʦʚʘʥʝ ʇʨʦʝʢʪʫʚʘʥʥʷ 

(ʆʆʇ) ʘʙʦ ʆʙ'ʻʢʪʥʦ-ʆʨʽʻʥʪʦʚʘʥʝ ʄʦʜʝʣʶʚʘʥʥʷ (ʆʆʄ) - ʮʝ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ (ʢʦʤʧ'ʶʪʝʨʥʝ) ʧʨʦʝʢʪʫʚʘʥʥʷ (ʧʨʦʛʨʘʤʫʚʘʥʥʷ) ʥʘ ʟʘʩʘʜʘʭ 

ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ: ʜʝʢʦʤʧʦʟʠʮʽʾ, ʽʥʢʘʧʩʫʣʷʮʽʾ, ʧʦʣʽʤʦʨʬʽʟʤʫ, 

ʩʧʘʜʢʫʚʘʥʥʷ ʽ ʧʨʠʥʮʠʧ ʜʝʣʝʛʫʚʘʥʥʷ.  

 ʆʙ'ʻʢʪ ï ʮʝ ʩʘʤʦʩʪʽʡʥʠʡ ʝʣʝʤʝʥʪ (ʧʨʠʤʽʨʥʠʢ) ʜʝʢʦʤʧʦʟʦʚʘʥʦʾ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʤʦʜʝʣʴ ʷʢʦʛʦ ʦʧʠʩʫʻʪʴʩʷ  ʧ ʦ ʣ ʝ ʤ   ʽ   ʤ ʝ 

ʪ ʦ ʜ ʦ ʤ  ʘʙʦ  ʦ ʙô ʻ ʢ ʪ    ʮʝ  ʩʫʢʫʧʥʽʩʪʴ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʭ ʧʦʣʽʚ ʽ ʤʝʪʦʜʽʚ. 

ʂʦʞʥʠʡ ʦʙôʻʢʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʤʠ ʚ 
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ʪʝʨʤʽʥʘʭ ʽ ʧʦʥʷʪʪʷʭ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʽ ʧʦʩʣʽʜʫʶʯʦʛʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

ʂʦʤʘʥʜʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (ʫ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʘʭ)  

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʟʘʻʤʦʜʽʾ ʦʙôʻʢʪʽʚ ʽ ʧʦ ʩʫʪʽ ʮʻ  ʻ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʠʩʪʝʤʠ. ɿʤʽʩʪ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

(ʆʆʇ), ʘ ʩʘʤʝ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʩʠʥʪʝʟʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʭʽʜʥʽ ʧʦʥʷʪʪʷʭ, ʱʦ ʟʘʧʦʟʠʯʝʥʽ ʟ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʽ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ 

ʧʨʠʥʮʠʧʠ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ:  

ʧʨʠʥʮʠʧ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʢʣʘʩʠ ʽ ʦʙôʻʢʪʠ;  

ʧʨʠʥʮʠʧ ʽʥʢʘʧʩʫʣʷʮʽʾ;   

ʧʨʠʥʮʠʧ ʫʩʧʘʜʢʫʚʘʥʥʷ;   

ʧʨʠʥʮʠʧ ʧʦʣʽʤʦʨʬʽʟʤʫ;   

ʧʨʠʥʮʠʧ ʜʝʣʝʛʫʚʘʥʥʷ ʦʙô̒ʢʪʫ ʦʙʦʚôʷʟʢʽʚ ʽʥʰʦʛʦ ʦʙôʻʢʪʘ ʩʠʩʪʝʤʠ.  

ʇʨʠʥʮʠʧ ʽʥʢʘʧʩʫʣʷʮʽʾ  ʮʝ ʦʙôʻʜʥʘʥʥʷ  ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ 

ʦʙ'ʻʢʪʽʚ ʨʽʟʥʠʭ ʙʘʟʦʚʠʭ ʢʣʘʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ ʽ ʨʽʟʥʽ 

ʥʝʟʘʣʝʞʥʽ ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ. ɼ̔ ʘʛʨʘʤʘ ʦʙôʻʢʪʽʚ ï ʮʝ ʛʨʘʬʽʯʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʽʥʢʘʧʩʫʣʷʮʽʾ ʦʙôʻʢʪʽʚ. ʇʨʠʥʮʠʧ ʫʩʧʘʜʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ  

ʜʦʟʚʦʣʷʻ ʨʽʟʥʠʤ ʦʙôʻʢʪʘʤ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʽ ʽ ʪʽ ʞ ʤʝʪʦʜʠ 

(ʘʣʛʦʨʠʪʤʠ), ʘ ʧʨʠʥʮʠʧ ʧʦʣʽʤʦʨʬʽʟʤʫ ï ʤʦʜʠʬʽʢʫʚʘʪʠ ʤʝʪʦʜʠ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ (ʧʦʣʽʚ).   

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤ çʤʝʭʘʥʽʢʘè (ʨʠʩ. 1.2) ʫʩʧʘʜʢʦʚʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʙʘʟʦʚʦʛʦ 

ʢʣʘʩʫ ʦʙôʻʢʪ-ʤʝʭʘʥʽʟʤ ʪʘ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʦʙôʻʢʪ-ʨʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ  

(ʨʠʩ. 3.2 ʽ ʨʠʩ. 3.4), çʝʣʝʢʪʨʦʥʽʢʘè ʫʩʧʘʜʢʦʚʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʦʙôʻʢʪ-ʤʝʭʘʪʨʦʥʽʢʘ (ʨʠʩ. 3.6). ɹʘʟʦʚʽ ʢʣʘʩʠ ʦʙôʻʢʪ-

ʤʝʭʘʥʽʟʤ ʪʘ ʦʙôʻʢʪ-ʨʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ  ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ ʙʘʟʦʚʠʤ ʢʣʘʩʦʤ ʦʙôʻʢʪ-ʩʠʨʦʚʠʥʘ ʪʘ ʟ ʙʘʟʦʚʠʤ 

ʢʣʘʩʦʤ ʦʙôʻʢʪ-ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ. 

 

ʇʦʪʨʽʙʥʦ ʨʦʟʨʽʟʥʷʪʠ ʥʘʩʪʫʧʥʽ ʜʚʽ ʪʦʧʦʣʦʛʽʾ  ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʘʙʦ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: 

       1 ï  ʪʦʧʦʣʦʛʽʶ  ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ; 

        2 ï ʪʦʧʦʣʦʛʽʶ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʟʘʩʘʜʘʭ ʤʝʭʘʪʨʦʥʽʢʠ ʽ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 



 

73 

 

ʇʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʘʰʠʥ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʽʩʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʥʦʾ ʮʠʢʣʦʛʨʘʤʠ ʨʦʙʦʪʠ ʤʘʰʠʥʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʽʣʴʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘ ʢʣʘʩʠʯʥʠʤʠ ʟʘʢʦʥʘʤʠ 

ʪʝʦʨʽʾ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ ʪʘ ʟʘʢʦʥʽʚ  ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ. ʇʨʠ ʮʴʦʤʫ ʚ 

ʪʝʭʥʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘ ʤʘʰʠʥʫ ʟʘʚʦʜ-ʚʠʨʦʙʥʠʢ ʟʘʢʣʘʜʘʻ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʤʘʰʠʥʦʶ ʘʣʝ ʷʢʽ ʥʝ ʟʘʢʣʘʜʝʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ çʟʘʣʽʟʘè ʽ 

ʷʢʽ ʻ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʥʝ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ.   

ɿʤʽʩʪ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʘʰʠʥ ʣʝʛʢʦʾ ʽ ʪʝʢʩʪʠʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙʠ 

ʩʧʨʦʝʢʪʫʚʘʪʠ ʮʽʣʴʦʚʽ ʤʝʭʘʥʽʟʤʠ ʤʘʰʠʥʠ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʘʤʦʩʪʽʡʥʽ 

ʝʣʝʤʝʥʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʧʦʯʘʪʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʪʘ ʤʝʪʨʠʯʥʠʡ 

(ʛʝʦʤʝʪʨʠʯʥʠʡ) ʩʠʥʪʝʟ ʤʝʭʘʥʽʟʤʫ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʝʭʘʥʽʟʤʫ (ʚʠʜ ʽ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ) ʪʘ ʟ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷʤ ʣʘʥʦʢ ʽ ʤʝʭʘʥʽʟʤʽʚ ʤʘʰʠʥ (ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥ ʣʘʥʦʢ, 

ʢʦʦʨʜʠʥʘʪ ʩʪʦʷʢʽʚ).  ʇʦʪʽʤ ʧʨʠ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʬʫʥʢʮʽʾ ʧʦʣʦʞʝʥʴ, ʰʚʠʜʢʦʩʪʝʡ ʽ ʧʨʠʩʢʦʨʝʥʴ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɯ ʜʘʣʽ 

ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʽ ʩʠʥʪʝʟʽ ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʟʤʽʨʽʚ ʽ 

ʬʦʨʤʠ ʣʘʥʦʢ, ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʝʘʢʮʽʾ) ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʽ ʧʨʠʚʝʜʝʥʠʡ 

ʜʦ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷʤ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥʠ.    ʅʘʧʨʠʢʣʘʜ, ʱʦʙ ʩʧʨʦʝʢʪʫʚʘʪʠ 

ʪʨʠʢʦʪʘʞʥʫ ʤʘʰʠʥʫ ʜʦʩʪʘʪʥʴʦ ʩʧʨʦʝʢʪʫʚʘʪʠ ʾʾ ʮʽʣʴʦʚʽ ʤʝʭʘʥʽʟʤʠ: ʤʝʭʘʥʽʟʤ 

ʥʠʪʢʦʧʦʜʘʯʠ, ʤʝʭʘʥʽʟʤ ʚôʷʟʘʥʥʷ (ʤʝʭʘʥʽʟʤ ʧʝʪʣʝ ʫʪʚʦʨʶʚʘʥʥʷ),  ʤʝʭʘʥʽʟʤ 

ʚʽʜʙʦʨʫ ʛʦʣʦʢ, ʤʝʭʘʥʽʟʤ ʪʦʚʘʨʦ ʚʽʜʚʦʜʫ ʪʘ ʽʥʰʽ. ʎʽ ʤʝʭʘʥʽʟʤʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʨʽʟʥʫ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ ï ʤʝʭʘʥʽʯʥʫ (ʜʣʷ ʧʝʪʣʝʫʪʚʦʨʝʥʥʷ), 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ (ʜʣʷ ʧʨʠʚʦʜʫ ʽ ʟʘʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʚôʷʟʘʥʥʷ), 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ (ʜʣʷ ʚʽʜʙʦʨʫ ʛʦʣʦʢ ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʩʝʣʝʢʪʦʨʦʤ), 

ʝʣʝʢʪʨʦʥʥʫ (ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʘʧʦʨʪʫ, ʢʦʣʴʦʨʫ ʬʨʘʛʤʝʥʪʽʚ ʤʘʣʶʥʢʫ 

ʞʘʢʘʨʜʫ, ʽʥʪʘʨʩʽʾ ʪʘ ʽʥʰʠʭ ʧʝʨʝʧʣʝʪʝʥʴ), ʧʥʝʚʤʘʪʠʯʥʫ (ʜʣʷ ʪʦʚʘʨʦ ʚʽʜʚʦʜʫ 

ʧʦʣʦʪʥʘ), ʦʧʪʠʯʥʫ (ʜʣʷ ʢʦʥʪʨʦʣʶ ʽ ʩʠʛʥʘʣʽʟʘʮʽʾ ʦʙʨʠʚʫ ʥʠʪʦʢ, ʧʨʷʞʽ) ʪʘ 

ʽʥʰʽ. ʇʨʘʚʠʣʴʥʽ ʢʦʤʘʥʜʠ ʜʣʷ  ʮʽʣʴʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ-ʘʚʪʦʤʘʪʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʯʽʪʢʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʽʚ ʷʢ ʤʽʞ ʩʦʙʦʶ, ʪʘʢ ʽ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʙôʻʢʪʘ ʦʙʨʦʙʢʠ ʥʘ ʚʩʽʡ ʪʨʘʩʽ ʥʠʪʦʢ (ʧʨʷʞʽ) ʜʦ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ (ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʘʙʦ ʪʨʠʢʦʪʘʞʥʦʛʦ ʚʠʨʦʙʫ). ʊʦʤʫ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʢʣʦʛʨʘʤʠ 

ʨʦʙʦʪʠ ʤʘʰʠʥʠ. ʇʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ 

(ʰʚʝʡʥʠʭ ʤʘʰʠʥ, ʪʢʘʮʴʢʠʭ ʚʝʨʩʪʘʪʽʚ)  ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʘ ʦʙʨʦʙʢʠ (ʥʠʪʢʠ 

ʘʙʦ ʥʠʪʦʢ) ʚʨʘʭʦʚʫʶʪʴʩʷ, ʷʢ ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ ʽ ʮʽ ʬʘʢʪʦʨʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʥʘ ʯʘʩ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʘʰʠʥʠ. ʊʦʧʦʣʦʛʽʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʰʚʝʡʥʠʭ ʤʘʰʠʥ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.1, ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ ï ʥʘ 

ʨʠʩ. 3.3 ̔  ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ï ʥʘ   ʨʠʩ. 3.5. 

ɿʤʽʩʪ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʽ ʪʝʢʩʪʠʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʩʧʨʦʝʢʪʫʚʘʪʠ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ ʟ 

ʤʝʭʘʪʨʦʥʥʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ. ʇʨʠ ʪʘʢʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʛʘʣʫʟʝʡ 

ʰʚʝʡʥʦʛʦ, ʪʨʠʢʦʪʘʞʥʦʛʦ  ̔ʚʟʫʪʪʻʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚ ʧʦʪʨʽʙʥʦ  ʨʦʟʛʣʷʜʘʪʠ, ʷʢ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ ʚʨʘʭʫʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʦʙôʻʢʪ-

ʩʠʨʦʚʠʥʘ ʟ ʧʽʜʢʣʘʩʘʤʠ ʦʙôʻʢʪ-ʥʠʪʢʠ, ʦʙôʻʢʪ-ʪʢʘʥʠʥʘ, ʦʙôʻʢʪ-ʪʨʠʢʦʪʘʞ, ʷʢʽ ʻ 

ʩʢʣʘʜʦʚʠʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʰʚʝʡʥʠʭ ʽ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ (ʨʠʩ. 3.2 ʽ ʨʠʩ. 3.4). 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʢʽʨʠ ʽ ʰʢʽʨʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ        

3D-ʬʦʨʤʠ ʟʘʛʦʪʦʚʦʢ ʚʟʫʪʪʷ ʥʘ ʦʙʪʷʛʫʚʘʣʴʥʦ-ʟʘʪʷʛʫʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ 

ʙʘʟʦʚʠʡ ʢʣʘʩ ʦʙôʻʢʪ-ʩʠʨʦʚʠʥʘ ʤʽʩʪʠʪʴ ʧʽʜʢʣʘʩ ʦʙôʻʢʪ-ʰʢʽʨʘ (ʨʠʩ. 3.2). 

ʎʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ  ʻ ʥʝ ʬʫʥʢʮʽʷ ʧʦʣʦʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ,  

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʤʘʰʠʥʠ,  ʷʢ ʧʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʘ 

ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ï 

ʨʝʟʫʣʴʪʘʪʫ  ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ ʥʠʪʢʦʚʦʛʦ ʰʚʘ ʫ ʚʠʨʦʙʽ 

ʚʠʛʦʪʦʚʣʝʥʦʤʫ ʥʘ ʰʚʝʡʥʦʾ ʤʘʰʠʥʽ,  ʪʠʧ ʧʝʨʝʧʣʝʪʝʥʥʷ ʪʘ/ʘʙʦ ʬʦʨʤʘ 

ʪʝʢʩʪʠʣʴʥʠʭ ʚʠʨʦʙʽʚ, ʚʠʨʦʙʣʝʥʠʭ ʥʘ ʚôʷʟʘʣʴʥʠʭ (ʪʨʠʢʦʪʘʞʥʠʭ) ʤʘʰʠʥʘʭ,  

ʬʦʨʤʘ ʜʝʪʘʣʝʡ, ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʟʫʪʪʷ.  

 ʗʢʦʤʫ ʞʝ ʤʝʪʦʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ? ʄʝʪʦʜʠ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʨʠʩ. 3.1, ʨʠʩ. 3.3 ʪʘ ʨʠʩ. 

3.5), ʮʽʣʣʶ ʷʢʠʭ ʻ ʮʽʣʴʦʚʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʘʰʠʥ ʨʦʟʨʦʙʣʝʥʽ ʢʨʘʱʝ ʽ ʯʘʩʪʦ ʟʘʣʠʰʘʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʠʤʠ.  ɸʣʝ ʟ 

ʧʦʷʚʦʶ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʧʽʜʭʦʜʫ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ   ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʟʨʦʙʦʢ ʽ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʤʝʪʦʜʽʚ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-
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ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

3D-ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ  ʤʝʭʘʪʨʦʥʽʢʠ.  

ʅʘ ʨʠʩ. 3.1 ʥʘʚʝʜʝʥʘ  ʩʭʝʤʘ ʪʦʧʦʣʦʛʽʾ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ. 

 

 

 

ʈʠʩ. 3.1. ʊʦʧʦʣʦʛʽʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʥʝʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ 

 

 ɯʩʥʫʶʯʽ ʉɸʇʈ-ʦʜʷʛʫ, ʉɸʇʈ-ʪʨʠʢʦʪʘʞʫ, ʉɸʇʈ-ʚʟʫʪʪʷ ʥʝ ʤʽʩʪʷʪʴ 

ʙʘʟʦʚʠʭ ʢʣʘʩʽʚ ʦʙôʻʢʪ-ʤʝʭʘʥʽʟʤ,   ʦʙôʻʢʪ-ʨʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʦʙôʻʢʪ-

ʤʝʭʘʪʨʦʥʽʢʘ.  

ɼʣʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ       

CNC-ʤʘʰʠʥ (ʤʘʰʠʥ ʟ ʏʇʂ - ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ) ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʉɸʄ-ʪʝʭʥʦʣʦʛʽʾ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʠʧʫ 

ArtCAM , DelCAM , SolidCɸʄ ʪʘ ʽʥʰʠʭ ʩʠʩʪʝʤ 3D-ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʧʨʦʮʝʩʦʨʽʚ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴ 

ʢʽʥʝʤʘʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ CNC-ʚʝʨʩʪʘʪʫ ʬʽʨʤ ʚʠʨʦʙʥʠʢʽʚ 

ʩʚʽʪʦʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʉʘʤʽ ʚʝʨʩʪʘʪʠ ʪʘʢʦʞ ʧʨʦʝʢʪʫʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 3D-ʤʦʜʝʣʶʚʘʥʥʷ. 

ʎʝ  ʩʪʦʩʫʻʪʴʩʷ ʽ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʘʛʘʪʦʛʦʣʢʦʚʠʭ ʚʠʰʠʚʘʣʴʥʠʭ ʘʚʪʦʤʘʪʽʚ, 
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ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʽ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ, ʨʦʟʢʨʽʡʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟ ʏʇʂ 

ʪʘ ʽʥ. 

ʅʘ ʨʠʩ. 3.2 ʥʘʚʝʜʝʥʘ  ʩʭʝʤʘ ʪʦʧʦʣʦʛʽʾ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʰʚʝʡʥʠʭ ʤʘʰʠʥ, ʷʢ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ ʤʝʭʘʪʨʦʥʽʢʠ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ (ʨʠʩ. 3.6), ʪʦ ʝʪʘʧʠ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʨʠʩ. 3.5) ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ 

ʧʝʨʝʭʦʜʷʪʴ ʚ ʩʪʘʜʽʶ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ  ʘʥʘʣʽʟʫ (ʆʆɸ) - ʧʝʨʰʘ ʩʪʘʜʽʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ.. ʈʦʟʨʦʙʢʘ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʠ 

ʢʝʨʫʚʘʥʥʷ ʥʘ ʟʘʩʘʜʘʭ  ʨʽʚʥʷʥʴ ʧʨʠʯʠʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʮʝ ʩʪʘʜʽʷ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ (ʆʆʉ) - ʜʨʫʛʘ ʩʪʘʜʽʷ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʩʪʘʜʽʾ ʆʆʉ  ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʽ/ʘʙʦ ʦʧʪʠʤʽʟʘʮʽʷ ʢʽʥʝʤʘʪʠʢʠ ʽ ʜʠʥʘʤʽʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ. 

ʆʆɸ ʧʝʨʝʜʙʘʯʘʻ  ʤʘʪʝʤʘʪʠʯʥʠʡ ʽ ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʦʧʠʩ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʘ  

ʆʆʉ ï ʨʝʘʣʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʫ ʦʙôʻʢʪʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ. 

 

         ɺ ʢʣʘʩʠʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʽ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʝʭʘʥʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ  ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʽ 

ʪʝʢʩʪʠʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʆʆʇ ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʟʤʽʩʪ 

ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ.   

ɺ ʨʦʙʦʪʽ [25] ʥʘ ʦʩʥʦʚʽ  ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʨʦʙʣʝʥʽ 

ʥʘʫʢʦʚʽ ʦʩʥʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʚ 

ʪʝʢʩʪʠʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʧʨʠʢʣʘʜʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʪʨʠʢʦʪʘʞʥʠʭ ʤʘʰʠʥ. ɼʣʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʨʠʢʦʪʘʞʫ, ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʘʥʦʚʘʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʥʝʟʘʣʝʞʥʘ 

ʢʦʦʨʜʠʥʘʪʘ (ʜʽʣʷʥʢʘ ʥʠʪʢʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ) ʜʣʷ ʙʘʟʦʚʦʛʦ 

ʦʙôʻʢʪʫïʥʠʪʢʠ.  ɼʣʷ ʦʙôʻʢʪʫïʥʠʪʢʠ ʨʦʟʨʦʙʣʝʥʘ ʦʨʠʛʽʥʘʣʴʥʝ D-ʢʦʜʫʚʘʥʥʷ,  
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ʈʠʩ. 3.2. ʊʦʧʦʣʦʛʽʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ, ʷʢ ʤʝʭʘʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ ʤʝʭʘʪʨʦʥʽʢʠ 

 

ʷʢʝ ʰʠʨʦʢʦ ʧʨʦʽʣʶʩʪʨʦʚʘʥʝ ʽ ʫʟʘʛʘʣʴʥʝʥʝ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʘʭ 

ʤʝʭʘʥʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʪʨʠʢʦʪʘʞʥʠʭ ʧʝʨʝʧʣʝʪʝʥʴ, 

ʧʝʨʝʧʣʝʪʝʥʴ ʥʠʪʦʢ ʦʩʥʦʚʠ  ̔ ʫʪʢʘ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʪʢʘʥʠʥ ʽ ʧʝʨʝʧʣʝʪʝʥʴ 

ʛʦʣʢʦʚʦʾ ʽ ʯʦʚʥʠʢʦʚʦʾ ʥʠʪʦʢ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʤʘʰʠʥʥʠʭ ʟʠʛʟʘʛ ʩʪʽʙʢʽʚ.  ʇʨʠ 

ʮʴʦʤʫ ʧʦʢʘʟʘʥʦ ʤʽʩʮʝ D-ʢʦʜʫʚʘʥʥʷ ʩʝʨʝʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚ 

ʩʠʩʪʝʤʘʭ ʢʦʜʫʚʘʥʥʷ ʪʨʠʢʦʪʘʞʫ ʚ ʉɸʇʈ ʪʨʠʢʦʪʘʞʫ. ʉʭʝʤʘ ʪʦʧʦʣʦʛʽʾ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 3.3. 

 

ʉʭʝʤʘ ʪʦʧʦʣʦʛʽʾ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ, ʷʢ ʤʝʭʘʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.4. 

  

ʅʘ ʨʠʩ. 3.5 ʥʘʚʝʜʝʥʘ  ʩʭʝʤʘ ʪʦʧʦʣʦʛʽʾ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ. 
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ʈʠʩ. 3.3. ʊʦʧʦʣʦʛʽʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ  

ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ  

    

 

ʈʠʩ. 3.4. ʊʦʧʦʣʦʛʽʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ, ʷʢ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ  
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ʈʠʩ. 3.5. ʊʦʧʦʣʦʛʽʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷʤ 

ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ 

 

ɼʣʷ ʥʝʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʘ ʩʘʤʝ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʪʨʠʢʦʪʘʞʥʠʭ 

ʤʘʰʠʥ ʚ ʷʢʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʰʫ ʪʠʧʦʚʫ 

ʫʟʘʛʘʣʴʥʝʥʘ ʢʦʦʨʜʠʥʘʪʘ ï ʨʝʘʢʮʽʶ ʘʙʦ ʚʽʜʢʣʠʢ ʪʠʧʦʚʦʛʦ ʨʦʙʦʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ ï ʪʨʠʢʦʪʘʞʥʦʾ ʛʦʣʢʠ ʟʘ ʚʠʟʥʘʯʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʪʨʠʢʦʪʘʞʫ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʘʥʜ 

ʜʣʷ ʪʨʠʢʦʪʘʞʥʠʭ ʦʙôʻʢʪ-ʛʦʣʢʘ: ʇïʥʠʪʢʘ (ʢʦʤʘʥʜʘ ʧʨʦʢʣʘʜʘʥʥʷ ʥʠʪʢʠ ʥʘ 

ʛʦʣʢʠ),         ʉïʥʠʪʢʘ (ʢʦʤʘʥʜʘ ʩʢʠʜʘʥʥʷ ʥʠʪʢʠ), ʆïʥʠʪʢʘ (ʢʦʤʘʥʜʘ ʦʙʨʠʚ 

ʥʠʪʢʠ). ʎʽ ʢʦʤʘʥʜʠ ʪʘ ʽʥʰʽ ʢʦʤʘʥʜʠ ʦʙôʻʢʪʽʚ ʫ ʘʥʛʣʦʤʦʚʥʦʤʫ ʟʘʧʠʩʫ 

ʩʪʘʶʪʴ ʤʝʪʦʜʘʤʠ ʩʚʦʾʭ ʦʙôʻʢʪʽʚ, ʘ ʧʦʪʽʤ ʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʤʝʪʦʜʽʚ ʚ 

ʙʣʦʢʘʭ ʧʨʦʛʨʘʤʠ, ʟʘʧʠʩʘʥʠʡ ʚ ʚʽʜʧʦʚʽʜʥʦʤʫ ʢʦʜʽ. ʅʘ ʦʩʥʦʚʽ ʦʙ'ʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʥʘʥʝ ʘʥʘʣʽʪʠʯʥʝ ʫʷʚʣʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʜʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʫʷʚʣʝʥʥʷ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ, ʬʦʨʤʫʣ ʽ ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʷʢ ʩʫʢʫʧʥʽʩʪʴ 

çʦʙôʻʢʪʽʚ-ʧʨʠʤʽʪʠʚʽʚè (ʢʨʘʧʢʠ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʩʢʘʣʷʨʥʦʾ 

ʬʫʥʢʮʽʾ, ʧʦʣʽʥʦʤʘ) ʥʝʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʟʽ ʩʚʦʾʤʠ ʧʦʣʷʤʠ ʽ ʤʝʪʦʜʘʤʠ. 
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ʅʘ ʨʠʩ. 3.6 ʥʘʚʝʜʝʥʘ  ʩʭʝʤʘ ʪʦʧʦʣʦʛʽʾ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ. 

 

 
 

ʈʠʩ. 3.6. ʊʦʧʦʣʦʛʽʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ 

 

ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʟʘʩʘʜʘʭ ʤʝʭʘʪʨʦʥʽʢʠ 

 

ʂʣʘʩ ï ʮʝ ʙʝʟʣʽʯ ʦʙôʻʢʪʽʚ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʟʘʛʘʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʽ ʧʦʚʝʜʽʥʢʦʶ, ʷʢʽ ʤʘʶʪʴ ʘʙʦ ʥʝ ʤʘʶʪʴ ʟʘʛʘʣʴʥʦʛʦ ʧʨʝʜʢʫ.   

ɺ ʙʘʟʦʚʦʤʫ ʢʣʘʩʽ  ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴ ʤʝʭʘʥʽʯʥʫ ʪʝʭʥʦʣʦʛʽʶ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʣʝʛʢʦʾ ʽ ʪʝʢʩʪʠʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʘʱʘʜʢʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʝʜʢʫ ʜʣʷ ʰʚʝʡʥʠʭ, ʚʟʫʪʪʻʚʠʭ ʽ 
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ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʰʠʥ ʻ ʦʙôʻʢʪ-ʤʝʭʘʥʽʟʤ, ʦʙôʻʢʪ-ʣʘʥʢʘ ʽ ʦʙôʻʢʪ-ʨʦʙʦʯʠʡ 

ʽʥʩʪʨʫʤʝʥʪ. ɼʣʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʝʜʢʫ ʚ ʙʘʟʦʚʦʤʫ ʢʣʘʩʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ 

(ʩʠʨʦʚʠʥʠ) ʥʘʱʘʜʢʘʤʠ-ʦʙôʻʢʪʘʤʠ ʟ ʦʙʣʽʢʦʤ ʧʨʠʥʮʠʧʫ ʩʧʘʜʢʦʚʦʩʪʽ ʻ 

ʦʙôʻʢʪïʥʠʪʢʘ, ʦʙôʻʢʪ-ʪʢʘʥʠʥʘ (ʪʨʠʢʦʪʘʞ, ʩʪʽʙʢʠ, ʩʪʨʽʯʢʠ, ʰʚʠ), ʦʙôʻʢʪ-

ʰʢʽʨʘ (ʰʢʽʨʦʧʦʜʽʙʥʽ ʤʘʪʝʨʽʘʣʠ ʘʙʦ ʜʝʪʘʣʽ ʽʟ ʥʠʭ). ɺ ʙʘʟʦʚʠʡ ʢʣʘʩ 

ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʤʘʰʠʥʠ ʫ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ ʚʭʦʜʷʪʴ ʦʙôʻʢʪïʜʘʪʯʠʢ, 

ʦʙôʻʢʪ-ʚʠʢʦʥʫʶʯʠʡ ʤʝʭʘʥʽʟʤ, ʦʙôʻʢʪïʢʦʥʪʨʦʣʝʨ ʪʘ ʽʥʰʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 

ʤʝʭʘʪʨʦʥʽʢʠ. ʅʘʚʝʜʝʥʽ ʙʘʟʦʚʽ ʢʣʘʩʠ ʦʙôʻʢʪʽʚ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ, 

ʨʽʟʥʦʛʦ ʧʨʠʥʮʠʧʫ ʜʽʾ ʽ ʟ ʨʽʟʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʥʝ 

ʤʘʶʪʴ ʟʘʛʘʣʴʥʦʛʦ ʧʨʝʜʢʘ ʜʣʷ ʮʽʣʴʦʚʠʭ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ, ʷʢ ʥʘʜʢʣʘʩʫ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʆʆʇ. 

ʆʙôʻʢʪ ï ʮʝ ʩʘʤʦʩʪʽʡʥʠʡ ʝʣʝʤʝʥʪ ʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽʡ 

ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ  ʦʙôʻʢʪ  ʤʘʻ  ʧʝʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʙʦʚôʷʟʢʠ, ʷʢʽ 

ʚʽʜ ʜʝʣʝʛʫʻ ʽʥʰʦʤʫ ʦʙôʻʢʪʫ,  ʷʢʽʡ ʟ ʥʠʤ ʧʦʚôʷʟʘʥʠʡ ʢʽʥʝʤʘʪʠʯʥʠʤʠ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʩʪʨʫʢʪʫʨʥʠʤʠ ʘʙʦ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʟʚôʷʟʢʘʤʠ.  

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʘʰʠʥʠ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʮʝ ʤʝʭʘʪʨʦʥʥʽ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʘʶʪʴ ʯʦʪʠʨʠ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʽ: 

ʤʝʭʘʥʽʯʥʫ, ʝʥʝʨʛʝʪʠʯʥʫ, ʽʥʬʦʨʤʘʮʽʡʥʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʫ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʤʝʭʘʪʨʦʥʥʠʭ ʮʠʢʣʦʚʠʭ ʩʠʩʪʝʤ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʝʨʰʠʤ ʪʨʴʦʤ 

ʩʢʣʘʜʦʚʠʤ, ʘ ʮʽʣʴʦʚʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʦʟʘ ʫʚʘʛʦʶ. ɿʘʜʘʯʝʶ ʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʤʘʰʠʥ ʻ ʷʢ ʨʘʟ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʪʨʽʙʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʣʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ ʘʙʦ ʧʨʠʩʪʨʦʶ ʜʦ 

ʤʘʰʠʥʠ ʟ ʤʝʪʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʧʦʤʽʞʥʠʭ ʘʙʦ ʦʩʥʦʚʥʠʭ ʮʠʢʣʦʚʠʭ ʨʦʙʽʪ 

ʥʘ ʟʘʩʘʜʘʭ ʤʝʭʘʪʨʦʥʽʢʠ. 

 

ʆʆʇ ʬʦʨʤʘʣʴʥʦ ʥʝ ʚʠʢʣʶʯʘʶʯʠ ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʥʘ ʷʢʠʭ ʚʽʜʨʦʙʣʷʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʘ ʜʦʢʫʤʝʥʪʘʮʽʷ, 

ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʠʭ ʘʙʦ 

ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʘʣʛʦʨʠʪʤʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʽ ʧʨʦʛʨʘʤʥʦ ʟʚôʷʟʘʥʠʭ ʟ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʤ ʘʥʘʣʽʟʦʤ (ʆʆɸ) ʽ  ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤ ʩʠʥʪʝʟʦʤ (ʆʆʉ) 

ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʧʨʦʝʢʪʫʚʘʥʥʷʤ.  
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ʆʆɸ ʟʚôʷʟʘʥʠʡ ʟ ʧʦʙʫʜʦʚʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ (ʛʝʦʤʝʪʨʠʯʥʠʭ, 

ʣʦʛʽʯʥʠʭ, ʩʪʨʫʢʪʫʨʥʠʭ, ʝʤʧʽʨʠʯʥʠʭ, ʘʣʛʦʨʠʪʤʽʯʥʠʭ) ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʽʘʛʨʘʤʠ ʢʣʘʩʽʚ, ʜʽʘʛʨʘʤʠ ʦʙôʻʢʪʽʚ, ʜʽʘʛʨʘʤʠ ʚʟʘʻʤʦʜʽʾ 

ʦʙôʻʢʪʽʚ ʽ ʽʥʰʠʭ ʛʨʘʬʽʯʥʠʭ ʜʽʘʛʨʘʤ, ʚʽʜʦʤʠʭ ʷʢ çʥʦʪʘʮʽʷ ɹʫʯʘè [22]. ʇʨʦʪʝ, 

ñʥʦʪʘʮʽʷ ɹʫʯʘò ʚʠʤʘʛʘʻ ʫʪʦʯʥʝʥʥʷ ʚ ʜʦʜʘʪʢʘʭ ʜʦ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

 ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ, ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ, 

ʦʩʥʦʚʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʘʙʩʪʨʘʢʪʥʦʛʦ (ʚʽʨʪʫʘʣʴʥʦʛʦ) ʦʙôʻʢʪʫ=ʨʦʙʦʯʠʡ 

ʽʥʩʪʨʫʤʝʥʪ  ʻ ʧʦʜʘʣʴʰʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʽ ʪʦʤʫ ʧʦʪʨʽʙʥʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ 

ʦʩʥʦʚʥʠʭ ʡʦʛʦ ʜʽʡ, ʬʽʢʩʫʶʯʠʭ ʧʦʣʝʤ ʦʙôʻʢʪʫ=ʨʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʘ ʩʘʤʝ 

ʧʠʪʘʥʥʷʤ ʩʪʘʥʫ - çʫʚʽʤʢʥʝʥʠʡè, çʚʠʤʢʥʫʪʠʡè? ɺʽʜʧʦʚʽʜʴ ʥʘ ʮʝ ʧʠʪʘʥʥʷ 

ʜʘʶʪʴ ʜʽʾ, ʷʢʽ ʟʚôʷʟʘʥʽ ʟ ʤʝʪʦʜʦʤ ʦʙôʻʢʪʫ, ʘ ʩʘʤʝ  ʥʘʩʪʫʧʥʽ  ʯʦʪʠʨʠ ʜʽʾ, ʷʢʽ 

ʟʚôʷʟʘʥʽ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʤʝʪʦʜʫ ʜʣʷ ʮʴʦʛʦ ʦʙôʻʢʪʫ: ʢʦʥʩʪʨʫʢʪʦʨ (Init) , 

ʜʝʩʪʨʫʢʪʦʨ (Destr), ʚʩʪʘʥʦʚʠʪʠ (Set), ʦʪʨʠʤʘʪʠ (Get), ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʥʷ 

ʚ ʘʢʪʠʚʥʦʤʫ ʘʙʦ ʧʘʩʠʚʥʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙôʻʢʪ=ʨʦʙʦʯʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʤʘʰʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʥʘʜʘʻʤʦ ʘʙʩʪʨʘʢʪʥʦʤʫ ʨʦʙʦʯʦʤʫ 

ʽʥʩʪʨʫʤʝʥʪʫ ʽʜʝʥʪʠʬʽʢʘʪʦʨ Tool=object. ʊʦʜʽ ʫʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʜʣʷ 

ʪʘʢʦʛʦ ʦʙôʻʢʪʫ=ʨʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ ʤʘʡʤʦ  ʥʘʩʪʫʧʥʫ ʪʠʧʦʚʫ ʩʪʨʫʢʪʫʨʫ ʽ 

ʚʠʛʣʷʜʽ ʬʨʘʛʤʝʥʪʫ  ʧʨʦʛʨʘʤʠ: 

ʆʙ¡̒ʢʪ: 

        Tool=object ;           {ʦʙ¡̒ʢʪʥʠʡ ʪʠʧ} 

ʇʦʣʝ: 

        Active: Boolean ;    {ʣʦʛʽʯʥʘ ʫʤʦʚʘ ʩʪʘʥʫ ʦʙ¡̒ʢʪʘ} 

ʄʝʪʦʜʠ: 

   Init;                          {ʢʦʥʩʪʨʫʢʪʦʨ ʦʙ¡̒ʢʪʫ, ʷʢʠʡ ï ʽʥʽʮʽʘʣʽʟʫʻ ʚʠʭʽʜʥʽ   

                                   ʜʘʥʽ  ʧʨʦ ʦʙ¡̒ʢʪ=ʨʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ}            

  Destr;               {ʜʝʩʪʨʫʢʪʦʨ ʦʙ¡̒ʢʪʫ  -  ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʣʠʢʘʻ 

ʢʦʤʘʥʜʫ, ʷʢʘ ʟʚʽʣʴʥʷʻ ʧʘʤôʷʪʴ, ʚʠʜʽʣʝʥʫ ʧʽʜ ʦʙôʻʢʪ ʽ ʧʽʜʪʚʝʨʜʞʫʻ 

ʚʠʢʦʥʘʥʥʷ (done - ʟʨʦʙʣʝʥʦ). ɺ ʨʷʜʢʫ ʧʨʦʛʨʘʤʠ ʜʝʩʪʨʫʢʪʦʨ ʚʢʘʟʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʩʧʦʣʫʯʝʥʥʷ ʟʥʘʢʫ Ăʪʠʣʴʜʘò ~ ʟʘ ʷʢʠʤ ʡʜʝ ʽʤ¡̫ ʢʣʘʩʫ} 

 

SetState;       {ʚʩʪʘʥʦʚʣʶʻ ʩʪʘʥ ʫʚʽʤʢʥʝʥʠʡ/ʚʠʤʢʥʫʪʠʡ ʘʙʦ 

ʘʢʪʠʚʝʥ/ʧʘʩʠʚʝʥ ʨʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ} 

 

         InsTF: Boolean;      {ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ Install ʊrue or False - ʽʥʩʪʘʣʶʚʘʪʠ 

ʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ: ʷʢʱʦ InsTF=ʊrue (ʽʩʪʠʥʘ), ʪʦ ʨʦʙʦʯʠʡ 
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ʦʨʛʘʥ ʫʚʽʤʢʥʝʥʠʡ (ʘʢʪʠʚʥʠʡ ʩʪʘʥ) ʽ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʚʭʽʜʥʽ ʢʦʤʘʥʜʠ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʽʘʛʨʘʤʦʶ ʚʟʘʻʤʦʜʽʾ ʦʙ¡̒ʢʪʽʚ ʽʥʘʢʰʝ InsTF=False ʽ ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʘʙʦ ʦʙʽʨʚʘʥʘ ʥʠʪʢʘ, ʘʙʦ ʧʦʰʢʦʜʞʝʥʘ ʛʦʣʢʘ, ʘʙʦ ʤʘʰʠʥʘ ʥʝ 

ʧʨʘʮʶʻ} 

 

ʅʘʧʨʠʢʣʘʜ, ʧʦʣʝʤ ʜʣʷ ʘʙʩʪʨʘʢʪʥʦʛʦ ʦʙôʻʢʪ=ʣʘʥʢʘ  ʻ ʧʦʩʪʽʡʥʽ 

ʚʠʭʽʜʥʽ ʜʘʥʽ ʪʘʢʽ, ʷʢ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʣʘʥʢʠ ʪʘ ʾʾ ʽʥʝʨʮʽʡʥʽ ʽ ʧʨʫʞʥʦ-

ʜʠʩʠʧʘʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ. ɼʣʷ ʦʙôʻʢʪ=ʥʠʪʢʘ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ 

ʦʙôʻʢʪ=ʩʠʨʦʚʠʥʘ (ʨʠʩ.3.2 ʽ ʨʠʩ.3.4) ʧʦʣʝʤ ʻ ʪʝʢʩ, ʥʦʤʝʨ ʥʠʪʢʠ, ʤʽʮʥʽʩʪʴ, 

ʢʨʫʪʢʘ, ʯʠʩʣʦ ʩʢʣʘʜʝʥʴ, ʨʷʜʦʢ D-ʢʦʜʫ. ʇʦʣʝʤ ʜʣʷ ʘʙʩʪʨʘʢʪʥʦʛʦ 

ʦʙôʻʢʪ=ʪʢʘʥʠʥʘ ʦʜʷʛʫ ʻ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʞʦʨʩʪʢʦʩʪʽ ʪʢʘʥʠʥʠ 

ʧʨʠ ʟʛʠʥʽ, ʨʘʧʦʨʪ ʪʘ ʽʥʰʽ.  

ɼʣʷ ʦʙôʻʢʪʽʚ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʦʙôʻʢʪ=ʢʦʥʪʨʦʣʝʨ ʢʣʘʩʫ ʧʦʣʷʤʠ  ʻ ʪʠʧ 

ʽ ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʢʦʥʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʢʦʦʨʜʠʥʘʪʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʢʨʘʡʥʽʭ ʧʦʣʦʞʝʥʴ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʘʰʠʥʠ. 

ʄʝʪʦʜʦʤ ʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʮʠʭ ʦʙôʻʢʪʽʚ 

çʫʚʽʤʢʥʝʥʠʡè/çʚʠʤʢʥʫʪʠʡè. ɿʘʧʠʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʦʧʠʪʫʚʘʥʥʽ ʚʭʽʜʥʠʭ 

ʧʦʨʪʽʚ (Input) ʽ ʚʠʭʽʜʥʠʭ ʧʦʨʪʽʚ (Output) ʧʨʦʛʨʘʤʫʶʯʦʛʦ ʢʦʥʪʨʦʣʝʨʘ.  

ʉʘʤ ʢʦʥʪʨʦʣʝʨ ʧʨʠ ʆʆʇ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘʜʘʻʪʴʩʷ ʷʢ ʧʽʜʢʣʘʩ ʦʙôʻʢʪ=ʢʦʥʪʨʦʣʝʨ ʙʘʟʦʚʦʛʦ 

ʢʣʘʩʫ ʦʙôʻʢʪ=ʤʝʭʘʪʨʦʥʽʢʘ (ʨʠʩ. 3.6). ɸ ʩʘʤʝ ʷʢ ʝʣʝʤʝʥʪ ʘʛʨʝʛʘʪʫ ʥʘ 

ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʽʟ ʧʨʠʥʮʠʧʽʚ ʘʛʨʝʛʘʮʽʾ ʧʨʠ ʧʦʙʫʜʦʚʽ ʽʻʨʘʨʭʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ 

ʘʙʩʪʨʘʢʪʥʠʭ ʦʙôʻʢʪʽʚ. ɼʣʷ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʚʠʤʘʛʘʻʪʴʩʷ ʬʦʨʤʘʣʽʟʘʮʽʷ 

ʦʧʠʩʫʚʘʥʥʷ ʩʚʦʾʭ ʧʦʣʽʚ ʽ ʤʝʪʦʜʽʚ. ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʘʥʘʣʽʟ ʜʦʮʽʣʴʥʦ 

ʧʦʯʠʥʘʪʠ ʟ ʧʦʙʫʜʦʚʠ ʮʽʣʴʦʚʠʭ ʛʨʘʬʽʯʥʠʭ ʜʽʘʛʨʘʤ, ʷʢʽ ʜʘʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ 

ʦʙôʻʢʪ=ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ. 

          ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʚʽʜʦʤʠʤʠ (ʽʥʽʮʽʘʣʽʟʦʚʘʥʠʤʠ) ʘʨʛʫʤʝʥʪʘʤʠ ï ʧʦʣʝʤ 

ʘʙʦ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʫ ʧʨʘʮʶʻ ʩʚʽʡ (ʪʘʢʦʞ ʽʥʽʮʽʘʣʽʟʦʚʘʥʠʡ) 

ʤʝʪʦʜ, ʷʢʠʡ ʡ ʻ ʨʝʘʢʮʽʻʶ ʥʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʜʝʨʞʫʚʘʯʘ ʽ ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ 

ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʨʠʡʥʷʪʦʛʦ ʟʘʧʠʪʫ. ʆʪʞʝ, ʧʨʠ  ʆɹôɭʂʊʅʆ-

ʆʈɯɭʅʊʆɺɸʅʆʄʋ ʇʈʆɽʂʊʋɺɸʅʅɯ (ʤʦʜʝʣʶʚʘʥʥʽ) ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʦʩʥʦʚʥʠʤʠ ʧʨʠʤʽʪʠʚʘʤʠ ʻ ʆɹôɭʂʊ, 

ʇʆʃɽ (ʘʨʛʫʤʝʥʪʫ ʘʙʦ ʚʭʽʜʥʽ ʜʘʥʽ) ʽ ʄɽʊʆɼ (ʩʧʦʩʽʙ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʦʙʦʚôʷʟʢʠ ʦʙôʻʢʪʫ, ʷʢʠʡ ʧʨʠʡʥʷʚ ʟʘʧʠʪ). ʊʫʪ ʟʘʧʠʪ, 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʦʙʦʚôʷʟʢʠ ʮʝ ʬʦʨʤʘʣʴʥʽ ʧʦʥʷʪʪʷ. 
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      ɼʘʣʽ  ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʦʧʠʩʫʚʘʥʥʷ ʪʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʤʝʭʘʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʜʝʣʝʛʫʻ ʦʙôʻʢʪʘʤ ʨʽʟʥʠʭ ʙʘʟʦʚʠʭ ʢʣʘʩʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ çʨʦʙʦʯʽ ʽʥʩʪʨʫʤʝʥʪʠè ʽ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ çʪʝʢʩʪʠʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠè, ʪʦʙʪʦ ʦʧʠʩʘʪʠ ʾʭ ʬʦʨʤʘʣʴʥʽ ʦʙʦʚôʷʟʢʠ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ 

ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʆʆɸ ʽ ʛʨʘʬʽʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʮʽ ʦʙʦʚôʷʟʢʠ 

ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ. 

  

 3.2. ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

 

ʗʢ ʙʫʣʦ ʧʽʜʢʨʝʩʣʝʥʦ ʦʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ  ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ (ʧʨʦʛʨʘʤʫʚʘʥʥʷ)  ʻ çʧʨʠʥʮʠʧ ʜʝʢʦʤʧʦʟʠʮʽʾè, 

çʧʨʠʥʮʠʧ ʽʥʢʘʧʩʫʣʷʮʽʾè, çʧʨʠʥʮʠʧ ʫʩʧʘʜʢʫʚʘʥʥʷè 

(ʨʦʩ. ʧʨʠʥʮʠʧ ʥʘʩʣʝʜʦʚʘʥʠʷ), çʧʨʠʥʮʠʧ ʧʦʣʽʤʦʨʬʽʟʤʫè ʽ 

çʧʨʠʥʮʠʧ ʜʝʣʝʛʫʚʘʥʥʷè, ʷʢʽ  ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʟʘʩʘʜʘʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

 

ʇʨʠʥʮʠʧ ʜʝʢʦʤʧʦʟʠʮʽʾ  ï ʮʝ ʦʜʠʥ ʟ ʧʨʠʥʮʠʧʽʚ ʦʙ'ʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʆʆʇ) , ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʩʢʣʘʜʥʘ ʤʝʭʘʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʘʙʦ ʩʠʩʪʝʤʫ ʽʥʰʦʾ ʧʨʠʨʦʜʠ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʦʙ'ʻʢʪʠ. 

ʇʨʠ ʮʴʦʤʫ ʦʙ'ʻʢʪ ʮʝ ʩʘʤʦʩʪʽʡʥʠʡ ʝʣʝʤʝʥʪ ʧʨʦʝʢʪʫʻʤʦʾ ʩʠʩʪʝʤʠ ʟ ʧʝʚʥʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʙʚ'ʷʟʢʘʤʠ. ʆʙ'ʻʢʪ ʫʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʟʤʽʩʪʽ  ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʭ ʧʦʣʽʚ  ̔ʤʝʪʦʜʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʆʇʇ 

 

ʇʨʠʥʮʠʧ  ʽʥʢʘʧʩʫʣʷʮʽʾ  ï  ʮʝ ʦʙ'ʻʜʥʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚ ʦʜʥʦ ʮʽʣʝ ʧʦʣʷ (ʜʘʥʠʭ ʧʨʦ ʦʙôʻʢʪ) ʽ ʤʝʪʦʜʫ (ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʮʠʭ 

ʜʘʥʠʭ). ʇʨʠ ʽʥʢʘʧʩʫʣʷʮʽʾ ʧʦʣʷ, ʷʢ ʙʠ ʚʢʣʘʜʝʥʽ ʚ ʩʚʽʡ ʤʝʪʦʜ ʽ, ʮʝʡ ʧʨʠʥʮʠʧ 

ʆʇʇ ʜʦʟʚʦʣʷʻ ʧʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠ ʦʢʨʝʤʽ 

ʙʣʦʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ, ʥʝ ʪʦʨʢʘʶʯʠ ʚʝʩʴ ʙʘʟʦʚʠʡ ʢʣʘʩ ʦʙ'ʻʢʪʽʚ. 

 

ʇʨʠʥʮʠʧ  ʧʦʣʽʤʦʨʬʽʟʤʫ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʦʛʨʘʤʥʠʭ ʦʙ'ʻʢʪʽʚ-

ʥʘʱʘʜʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʦʙ'ʻʢʪʘ-ʧʨʝʜʢʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʦʙ'ʻʢʪʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʜʥʽʡ ʽ ʪʽʻʾ  ʟʘʜʘʯʽ ʆʆʇ.  ʆʙ'ʻʢʪ, ʷʢʽʡ 

ʧʦʟʥʘʯʝʥʠʡ ʧʦʣʽʤʦʨʬʥʠʤ ʽʤ'ʷʤ (ʟʤʽʥʥʦʾ), ʤʦʞʝ ʙʫʪʠ ʦʙ'ʻʢʪʦʤ ʽʥʰʠʭ 

ʙʘʟʦʚʠʭ ʢʣʘʩʽʚ ʽ ʤʦʞʝ ʧʦ ʩʚʦʻʤʫ ʨʝʘʛʫʚʘʪʠ ʥʘ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʥʘʙʽʨ ʦʧʝʨʘʮʽʡ.  

 

ʇʨʠʥʮʠʧ ʩʧʘʜʢʫʚʘʥʥʷ (ʧʦʰʠʨʝʥʘ  ʥʘʟʚʘ "ʇʨʠʥʮʠʧ ʥʘʩʣʝʜʦʚʘʥʠʷ") 
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ïʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʦʛʨʘʤʥʠʭ ʢʣʘʩʽʚ ʽ ʧʨʦʛʨʘʤʥʠʭ ʦʙ'ʻʢʪʽʚ ʧʦʨʦʜʞʫʚʘʪʠ 

ʩʚʦʾʭ  ʧʨʦʛʨʘʤʥʠʭ ʥʘʱʘʜʢʽʚ. ʇʨʠ ʦʜʠʥʦʯʥʦʤʫ ʩʧʘʜʢʫʚʘʥʥʽ ʦʜʠʥ ʢʣʘʩ ʘʙʦ 

ʦʙ'ʻʢʪ ʟʘʩʪʦʩʦʚʫʻ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʚʝʜʽʥʢʫ ʽʥʰʦʛʦ ʢʣʘʩʫ ʪʘ ʦʙ'ʻʢʪʫ, ʘ  ʧʨʠ 

ʢʽʣʴʢʽʩʥʦʤʫ ʩʧʘʜʢʫʚʘʥʥʽ - ʟʘʩʪʦʩʦʚʫʻ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʚʝʜʽʥʢʫ ʽʥʰʠʭ ʢʣʘʩʽʚ 

ʪʘ ʦʙ'ʻʢʪʽʚ. 

 

ʇʨʠʥʮʠʧ ʜʝʣʝʛʫʚʘʥʥʷ ï ʮʝ ʜʝʣʝʛʫʚʘʥʥʷ ʦʙ'ʻʢʪʫ ʧʦʚʥʦʚʘʞʝʥʴ   

ʽʥʰʦʛʦ ʦʙ'ʻʢʪʫ ʩʠʩʪʝʤʠ, ʢʦʣʠ ʦʜʠʥ ʦʙôʻʢʪ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʦʧʝʨʘʮʽʶ, 

ʧʝʨʝʜʦʨʫʯʘʻ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʘʙʦ ʨʝʘʣʽʟʘʮʽʶ ʩʚʦʻʾ ʧʦʚʝʜʽʥʢʠ 

ʽʥʰʦʤʫ ʦʙôʻʢʪʫ. ʊʘʢʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʢʣʘʩʽʚ, ʙʝʟ 

ʢʣʘʩʽʚ, ʜʦʟʚʦʣʷʻ ʜʦʤʦʛʪʠʩʷ ʩʧʽʣʴʥʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʽʚ ʚ ʩʠʩʪʝʤʽ ʙʝʟ 

ʧʨʠʥʮʠʧʫ ʩʧʘʜʢʦʻʤʩʪʚʘ. ʗʢʱʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʟʘʩʥʦʚʘʥʝ 

ʥʘ ʜʝʣʝʛʫʚʘʥʥʽ ʧʦʚʥʦʚʘʞʝʥʴ   ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʙôʻʢʪʘʤ, ʪʦʜʽ ʢʣʘʩʽʚ ʥʝʤʘʻ. ɼʽʘʛʨʘʤʘ ʢʣʘʩʽʚ ï ʛʨʘʬʽʯʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʛʝʥʝʘʣʦʛʽʯʥʦʛʦ ʜʝʨʝʚʘ (ʛʨʘʬʘ) ʙʘʟʦʚʠʭ ʢʣʘʩʽʚ 

ʦʙôʻʢʪʽʚ. 

 

  ʆʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʝ ʩʫʯʘʩʥʘ ʢʦʤʧôʶʪʝʨʥʘ 

ʽʜʝʦʣʦʛʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʘ 

ʟʘʧʦʟʠʯʝʥʘ ʟ ʽʜʝʦʣʦʛʽʾ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʤʦʚ ʥʘ ʟʘʩʘʜʘʭ ʥʘʩʪʫʧʥʠʭ ʧʝʨʝʭʦʜʽʚ: ʧʨʦʮʝʜʫʨʠ Ÿ 

ʤʦʜʫʣʽ Ÿ ʘʙʩʪʨʘʢʪʥʽ ʪʠʧʠ ʜʘʥʠʭ Ÿ ʦʙôʻʢʪʠ. 

ʇʨʦʮʝʜʫʨʠ ïʜʦʟʚʦʣʷʶʪʴ ʩʢʦʥʮʝʥʪʨʫʚʘʪʠ ʚʦʜʥʦʤʫ ʤʽʩʮʽ ʨʦʙʦʪʫ 

(ʟʘʧʠʩʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ), ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʙʘʛʘʪʦʢʨʘʪʥʦ, ʘ ʧʦʪʽʤ 

ʙʘʛʘʪʦʢʨʘʪʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ (ʰʘʙʣʦʥ), ʟʘʤʽʩʪʴ ʪʦʛʦ 

ʱʦʙ ʡʦʛʦ ʧʠʩʘʪʠ ʟʥʦʚʫ ʽ ʟʥʦʚʫ (ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʮʝ ʨʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ 

ʧʨʦʛʨʘʤʠ ʥʘ ʦʜʥʦʾ ʟ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ). 

ʄʦʜʫʣʽ (ʧʨʦʛʨʘʤʥʽ) ï ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʜʽʣʠʪʠ ʜʘʥʽ (ʧʦʣʷ) ʽ ʤʝʪʦʜʠ 

(ʘʣʛʦʨʠʪʤʠ) ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ: ʚʽʜʢʨʠʪʽ (public), ʷʢʽ ʜʦʩʪʫʧʥʽ ʪʽʣʴʢʠ ʟʟʦʚʥʽ 

ʤʦʜʫʣʷ ʽ ʟʘʢʨʠʪʽ (private), ʷʢʽ ʜʦʩʪʫʧʥʽ ʪʽʣʴʢʠ ʚʩʝʨʝʜʠʥʽ ʤʦʜʫʣʷ. ʇʨʦʛʨʘʤʥʽ 

ʤʦʜʫʣʽ ʨʽʰʘʶʪʴ ʧʨʦʙʣʝʤʫ ʤʘʩʢʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʟʥʘʯʠʪʴ ʾʾ ʮʽʣʽʩʥʦʩʪʽ. 

ɸʙʩʪʨʘʢʪʥʽ ʪʠʧʠ ʜʘʥʠʭ ï ʜʦʟʚʦʣʷʶʪʴ ʛʝʥʝʨʫʚʘʪʠ ʜʝʢʽʣʴʢʘ 

ʝʢʟʝʤʧʣʷʨʽʚ ʘʙʩʪʨʘʢʪʥʦʛʦ ʪʠʧʫ ʜʘʥʠʭ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤ ʽʟ ʞʦʨʩʪʢʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ 

çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè ʽ ʩʠʩʪʝʤ ʽʟ ʮʠʢʣʦʚʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ, ʱʦ 

ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʨʦʟʛʣʷʥʝʤʦ ʦʙôʻʢʪʥʦ - ʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʦʪʨʠʤʘʥʽ ʧʽʩʣʷ ʾʭ ʜʝʢʦʤʧʦʟʠʮʽʾ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. 
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 3.3. ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʤʘʰʠʥ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʯʦʚʥʠʢʦʚʠʭ ʩʪʽʙʢʽʚ ʢʣʘʩʫ 300 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʯʦʚʥʠʢʦʚʦʛʦ ʩʪʽʙʢʘ ʚ ʢʦʞʥʽʡ ʰʚʝʡʥʽʡ ʤʘʰʠʥʽ ʻ 

ʥʘʩʪʫʧʥʽ ʪʠʧʦʚʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ: ʛʦʣʢʘ, ʯʦʚʥʠʢ, ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯ, 

ʟʫʙʯʘʪʘ ʨʝʡʢʘ, ʧʨʠʪʠʩʢʥʘ ʣʘʧʢʘ, ʛʦʣʢʦʚʘ ʧʣʘʩʪʠʥʘ, ʨʝʛʫʣʷʪʦʨ ʥʘʪʷʛʫ 

ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ, ʨʝʛʫʣʷʪʦʨ ʥʘʪʷʛʫ ʯʦʚʥʠʢʦʚʦʾ ʥʠʪʢʠ, ʨʝʛʫʣʷʪʦʨ ʜʦʚʞʠʥʠ 

ʩʪʽʙʢʘ ʽ ʚʘʞʽʣʴ ʨʝʚʝʨʩʫ ʤʘʪʝʨʽʘʣʫ. ʇʝʨʰʽ ʯʦʪʠʨʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʪʽʙʢʦʫʪʚʦʨʶʶʯʠʭ ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʮʠʢʣʦʛʨʘʤʠ ʨʦʙʦʪʠ ʤʘʰʠʥʠ, ʪʦʤʫ ʱʦ ʾʭ ʧʦʣʦʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ. ɯʥʰʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʯʦʚʥʠʢʦʚʠʭ 

ʩʪʽʙʢʽʚ ʽ ʰʚʽʚ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʾʭ ʧʦʣʦʞʝʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʪʦʤʫ ʱʦ ʚʽʜʩʫʪʥʽ ʢʽʥʝʤʘʪʠʯʥʽ 

ʟʚôʷʟʢʠ ʟ ʛʦʣʦʚʥʠʤ ʚʘʣʦʤ. 

 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʛʦʣʢʠ ʻ:  

- ʧʨʦʢʦʣʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ; 

- ʧʨʦʚʝʜʝʥʥʷ ʢʨʽʟʴ ʤʘʪʝʨʽʘʣʠ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ; 

- ʫʪʚʦʨʝʥʥʷ ʧʝʪʣʽ-ʥʘʧʫʩʢʫ; 

- ʜ ʝ ʣ ʝ ʛ ʫ ʚ ʘ ʥ ʥ ʷ   (ʧʝʨʝʜʘʯʘ)  ʟʛʽʜʥʦ ʟ ʮʠʢʣʦʛʨʘʤʦʶ ʨʦʙʦʪʠ 

ʤʘʰʠʥʠ ʚʠʢʦʥʘʥʠʭ  ʦʙʦʚôʷʟʢʽʚ ʯʦʚʥʠʢʫ, ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʫ ʽ ʟʫʙʯʘʪʦʾ ʨʝʡʮʽ. 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʯʦʚʥʠʢʘ ʻ: 

- ʟʘʭʦʧʣʝʥʥʷ ʧʝʪʣʽ-ʥʘʧʫʩʢʫ; 

- ʨʦʟʰʠʨʝʥʥʷ ʧʝʪʣʽ-ʥʘʧʫʩʢʫ; 

- ʦʙʚʝʜʝʥʥʷ ʧʝʪʣʽ-ʥʘʧʫʩʢʫ ʥʘʚʢʦʣʦ ʰʧʫʣʝ ʪʨʠʤʘʯʘ ʟʽ ʰʧʫʣʴʢʦʶ ʟ 

ʯʦʚʥʠʢʦʚʦʶ ʥʠʪʢʦʶ ʽ ʰʧʫʣʴʥʠʤ ʢʦʚʧʘʯʢʦʤ; 

- ʫʪʨʠʤʘʥʥʷ ʭʚʦʩʪʦʚʠʢʦʤ ʥʘʢʣʘʜʥʦʾ ʧʣʘʩʪʠʥʠ ʩʢʠʥʫʪʦʾ ʟ ʥʦʩʠʢʘ 

ʯʦʚʥʠʢʘ ʧʝʪʣʽ;  

- ʧʝʨʝʧʣʝʪʝʥʥʷ ʛʦʣʢʦʚʦʾ ʽ ʯʦʚʥʠʢʦʚʦʾ ʥʠʪʦʢ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʫʟʣʠʢʘ; 

- ʜ ʝ ʣ ʝ ʛ ʫ ʚ ʘ ʥ ʥ ʷ   (ʧʝʨʝʜʘʯʘ)  ʟʛʽʜʥʦ ʟ ʮʠʢʣʦʛʨʘʤʦʶ ʨʦʙʦʪʠ 

ʤʘʰʠʥʠ ʚʠʢʦʥʘʥʠʭ  ʦʙʦʚôʷʟʢʽʚ ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʫ ʽ ʟʫʙʯʘʪʦʾ ʨʝʡʮʽ. 

 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʘ ʻ: 

- ʧʦʜʘʯʘ ʥʠʪʢʠ ʛʦʣʮʽ ʧʨʠ ʾʾ ʨʫʩʽ ʚ ʤʘʪʝʨʽʘʣʽ ʜʦ ʤʦʤʝʥʪʫ ʫʪʚʦʨʝʥʥʷ 

ʧʝʪʣʽ-ʥʘʧʫʩʢʫ; 

- ʧʦʜʘʯʘ ʥʠʪʢʠ ʯʦʚʥʠʢʫ ʚʽʜ ʤʦʤʝʥʪʫ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʠʢʦʤ ʧʝʪʣʽ-

ʥʘʧʫʩʢʫ ʜʦ ʤʦʤʝʥʪʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʝʪʣʽ-ʥʘʧʫʩʢʫ; 
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- ʚʠʙʠʨʘʥʥʷ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ ʽʟ ʯʦʚʥʠʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʽ ʟʤʦʪʫʚʘʥʥʷ 

ʯʦʚʥʠʢʦʚʦʾ ʥʠʪʢʠ ʟʽ ʰʧʫʣʴʢʠ; 

- ʟʘʪʷʛʫʚʘʥʥʷ ʩʪʽʙʢʘ ʽ ʟʤʦʪʫʚʘʥʥʷ ʛʦʣʢʦʚʦʾ ʥʠʪʢʫ ʟ ʙʦʙʽʥʠ ʘʙʦ 

ʢʦʪʫʰʢʠ; 

- ʜ ʝ ʣ ʝ ʛ ʫ ʚ ʘ ʥ ʥ ʷ   (ʧʝʨʝʜʘʯʘ)  ʟʛʽʜʥʦ ʟ ʮʠʢʣʦʛʨʘʤʦʶ ʨʦʙʦʪʠ 

ʤʘʰʠʥʠ ʚʠʢʦʥʘʥʠʭ  ʦʙʦʚôʷʟʢʽʚ ʟʫʙʯʘʪʦʾ ʨʝʡʮʽ. 

 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ ʻ: 

          - ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʟʘʜʘʥʫ ʜʦʚʞʠʥʫ ʩʪʽʙʢʘ ʽʟ ʟʫʧʠʥʢʦʶ ʧʨʠ 

ʟʥʘʭʦʜʞʝʥʥʽ ʛʦʣʢʠ ʚ ʤʘʪʝʨʽʘʣʽ; 

 - ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʚʞʠʥʠ ʩʪʽʙʢʘ; 

- ʨʝʚʝʨʩ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʢʨʽʧʦʢ ʥʘ ʧʦʯʘʪʢʫ ʽ ʚ  ʢʽʥʮʽ ʰʚʘ; 

- ʜ ʝ ʣ ʝ ʛ ʫ ʚ ʘ ʥ ʥ ʷ   (ʧʝʨʝʜʘʯʘ)  ʟʛʽʜʥʦ ʟ ʮʠʢʣʦʛʨʘʤʦʶ ʨʦʙʦʪʠ 

ʤʘʰʠʥʠ ʚʠʢʦʥʘʥʠʭ  ʦʙʦʚôʷʟʢʽʚ ʛʦʣʮʽ, ʧʨʠʪʠʩʢʥʦʾ ʣʘʧʢʠ ʛʦʣʢʦʚʦʾ ʧʣʘʩʪʠʥʠ. 

 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʧʨʠʪʠʩʢʥʦʾ ʣʘʧʢʠ ʻ: 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ ʚ ʩʠʩʪʝʤʽ: ʟʫʙʯʘʪʘ ʨʝʡʢʘ ï 

ʤʘʪʝʨʽʘʣ ï ʧʽʜʦʰʚʘ ʧʨʠʪʠʩʢʥʦʾ ʣʘʧʢʠ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʤʘʪʝʨʽʘʣʫ ʥʘ ʟʘʜʘʥʫ 

ʜʦʚʞʠʥʫ ʩʪʽʙʢʘ ʽ ʚ ʩʠʩʪʝʤʽ:  ʟʫʙʯʘʪʘ ʨʝʡʢʘ ï ʤʘʪʝʨʽʘʣ ï ʛʦʣʢʦʚʘ ʧʣʘʩʪʠʥʘ 

ʧʨʠ ʚʠʩʪʦʶ ʤʘʪʝʨʽʘʣʫ;                                   

- ʜ ʝ ʣ ʝ ʛ ʫ ʚ ʘ ʥ ʥ ʷ   (ʧʝʨʝʜʘʯʘ) ʬʫʥʢʮʽʡ ʧʝʜʘʣʽ ʬʨʠʢʮʽʦʥʫ ʽ 

ʛʦʣʦʚʥʦʤʫ ʚʘʣʫ ʥʘ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ ʰʠʪʪʷ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʧʨʠʪʠʩʢʥʦʾ 

ʣʘʧʢʠ ʚ ʥʠʞʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ; 

- ʚʪʠʩʥʝʥʥʷ ʤʽʢʨʦ ʦʙôʻʤʫ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ 

ʥʘ ʬʘʟʽ ʧʝʨʝʤʽʱʝʥʥʷ (ʚʦʣʦʯʽʥʥʷ) ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʛʦʣʢʠ ʥʘʜ 

ʤʘʪʝʨʽʘʣʦʤ; 

-  ʜ ʝ ʣ ʝ ʛ ʫ ʚ ʘ ʥ ʥ ʷ   (ʧʝʨʝʜʘʯʘ) ʬʫʥʢʮʽʡ ʛʦʣʦʚʥʦʤʫ ʚʘʣʫ, ʘ ʟʥʘʯʠʪʴ 

ʚʩʽʤ ʩʪʽʙʢʦʫʪʚʦʨʶʶʯʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʘʤ ʥʘ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʰʠʪʪʷ 

ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʧʨʠʪʠʩʢʥʦʾ ʣʘʧʢʠ ʚ ʚʝʨʭʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ. 

 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʛʦʣʢʦʚʦʾ ʧʣʘʩʪʠʥʠ ʻ: 

- ʫʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʧʨʠʪʠʩʢʥʦʶ ʣʘʧʢʦʶ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ 

ʛʦʣʢʠ ʥʘʜ ʤʘʪʝʨʽʘʣʦʤ ʽ ʚ ʤʘʪʝʨʽʘʣʽ ʽ ʥʘʷʚʥʦʩʪʽ ʚ ʛʦʣʢʦʚʦʾ ʧʣʘʩʪʠʥʽ ʢʨʫʛʣʦʛʦ 

ʦʪʚʦʨʫ, ʩʢʨʽʟʴ ʮʝʥʪʨ ʷʢʦʛʦ   ʧʨʦʭʦʜʠʪʴ ʚʽʩʴ ʛʦʣʢʠ; 

- ʨʦʟʜʽʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʚʝʨʰʠʥ ʟʫʙʮʽʚ ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ ʥʘ ʨʦʙʦʯʫ ʽ 

ʭʦʣʦʩʪʫ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʚ ʛʦʣʢʦʚʦʾ ʧʣʘʩʪʠʥʽ ʧʦʜʦʚʞʥʽʭ ʧʨʦʨʽʟʽʚ ʜʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ; 
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- ʜ ʝ ʣ ʝ ʛ ʫ ʚ ʘ ʥ ʥ ʷ   (ʧʝʨʝʜʘʯʘ) ʧʨʠʪʠʩʢʥʦʾ ʣʘʧʢʠ ʽ ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ 

ʥʝʦʙʭʽʜʥʦʾ ʫʤʦʚʠ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʛʦʣʢʠ ʥʘʜ 

ʤʘʪʝʨʽʘʣʦʤ ʽ ʫʤʦʚʠ ʚʠʩʪʦʶ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʛʦʣʢʠ ʚ ʤʘʪʝʨʽʘʣʽ. 

 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʨʝʛʫʣʷʪʦʨʘ ʥʘʪʷʛʫ 

ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ, ʨʝʛʫʣʷʪʦʨʫ ʥʘʪʷʛʫ ʯʦʚʥʠʢʦʚʦʾ ʥʠʪʢʠ, ʨʝʛʫʣʷʪʦʨʫ ʜʦʚʞʠʥʠ 

ʩʪʽʙʢʘ ʽ ʚʘʞʝʣʷ ʨʝʚʝʨʩʫ ʤʘʪʝʨʽʘʣʫ ʚʠʧʣʠʚʘʶʪʴ ʟ ʾʭ ʥʘʟʚʠ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʯʦʚʥʠʢʦʚʦʛʦ ʩʪʽʙʢʘ ʥʘ ʨʽʟʥʠʭ 

ʰʚʝʡʥʠʭ ʤʘʰʠʥʘʭ, ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʦʧʝʨʘʮʽʡ, ʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʻ ʧʦʜʽʙʥʠʤʠ, ʘ ʩʧʦʩʦʙʠ ʫʪʚʦʨʝʥʥʷ ʩʪʽʙʢʘ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ. 

ʇʝʨʝʧʣʝʪʝʥʥʷ ʥʠʪʦʢ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʯʦʚʥʠʢʦʚʦʛʦ ʩʪʽʙʢʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʠʚʥʦʛʦ ʘʙʦ ʦʙʝʨʪʦʚʦʛʦ ʯʦʚʥʠʢʘ.  

          ɺ ʰʚʝʡʥʦʤʫ, ʪʨʠʢʦʪʘʞʥʦʤʫ ʽ ʚʟʫʪʪʻʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʘʭ ʧʝʨʝʚʘʞʘʻ 

ʤʝʭʘʥʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʫʪʚʦʨʝʥʥʷ ʩʪʽʙʢʽʚ, ʷʢʘ ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʠ 

ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʽʟʽ ʤʘʻ ʥʘ ʚʭʦʜʽ ʪʨʠ ʘʙʦ ʯʦʪʠʨʠ çʽʥʛʨʝʜʽʻʥʪʘè - ʰʚʝʡʥʽ 

ʥʠʪʢʠ, ʰʚʝʡʥʫ ʤʘʰʠʥʫ ʽ ʪʝʢʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʘʙʦ ʰʚʝʡʥʽ ʥʠʪʢʠ, 

ʬʫʨʥʽʪʫʨʫ, ʰʚʝʡʥʫ ʤʘʰʠʥʫ ʽ ʪʝʢʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ. ʅʘ ʚʠʭʦʜʽ ʤʝʭʘʥʽʯʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʫʪʚʦʨʝʥʥʷ ʩʪʽʙʢʽʚ - ʨʝʟʫʣʴʪʘʪ ʨʝʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɿ 

ʢʦʞʥʠʤ ʚʠʢʦʥʘʥʠʤ ʤʘʰʠʥʥʠʤ ʮʠʢʣʦʤ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʤʽʞ 

çʽʥʛʨʝʜʽʻʥʪʘʤʠè ʽ ʨʝʟʫʣʴʪʘʪʦʤ ʤʝʭʘʥʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɯ ʢʦʣʠ ʮʷ ʨʽʟʥʠʮʷ 

ʜʦʨʽʚʥʶʻʪʴʩʷ ʥʫʣʶ, ʪʦʜʽ ʦʪʨʠʤʫʻʪʴʩʷ ʥʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ, ʟ 

ʥʦʚʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʽ ʥʦʚʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

   

3.4.ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ 

 

 ʈʦʟʛʣʷʥʝʤʦ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ ʝʣʝʤʝʥʪʽʚ ʮʠʢʣʦʚʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ ʟʘʩʘʜʘʭ ʄʆʅʆʩʪʘʙʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʦʤ ʥʘ ʧʨʠʢʣʘʜʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʦʙʦʚôʷʟʢʽʚ ʪʠʧʦʚʦʾ  

ʧʘʨʠ   ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʪʨʦʥʽʢʠ  çʧʥʝʤʦ- , ʛʽʜʨʦʮʠʣʽʥʜʨè  ï  çʧʥʝʤʦ, - ʛʽʜʨʦ 

ʨʦʟʧʦʜʽʣʴʥʠʢè: 

 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ 

(ʛʽʜʨʦʮʠʣʽʥʜʨʫ) ï ʧʝʨʝʤʥʦʞʠʪʠ ʪʠʩʢ p ʫ ʙʝʟ ʰʪʦʢʦʚʽʡ ʢʘʤʝʨʽ ʥʘ ʧʣʦʱʫ S 

ʧʦʨʰʥʷ ʽ ʜʝʣʝʛʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʛʣʷʜʽ ʩʠʣʠ  Ὂ ὴÖ Ὓ  ʥʘ ʰʪʦʢ ʧʦʨʰʥʶ.  
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 ʆʙôʻʢʪʥʦ ʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ ʟʦʣʦʪʥʠʢʘ 

ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ï ʦʪʨʠʤʘʪʠ ʨʫʭ ʚʽʜ ʤʘʣʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ  

ʨʫʭʫ ʷʢʦʨʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ   ʽ ʧʝʨʝʪʚʦʨʠʪʠ ʮʶ ʩʠʣʫ ʚ ʟʥʘʯʫʱʫ ʩʠʣʫ 

 Ὂ ὴÖ Ὓ ʨʫʭʫ ʧʦʨʰʥʶ.  

 

ʆʙôʻʢʪʥʦ ʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ï 

ʦʪʨʠʤʘʪʠ ʢʦʤʘʥʜʫ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʽ ʚʠʢʦʥʘʪʠ  ʨʫʭ ʧʦʨʰʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʢʣʘʧʘʥ ʜʝʣʝʛʫʻ      ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ  (ʛʽʜʨʦʮʠʣʽʥʜʨʫ)   ʟʥʘʢ   ʤʥʦʞʝʥʥʷ   

ʜʣʷ  ʚʠʨʘʟʫ  Ὂ ὴÖ Ὓ.  ʗʢʱʦ ʢʣʘʧʘʥ ʚʢʣʶʯʝʥʠʡ ï ʪʠʩʢ ʽ ʧʣʦʱʘ  

ʧʝʨʝʤʥʦʞʫʶʪʴʩʷ, ʷʢʱʦ ʢʣʘʧʘʥ ʚʠʤʢʥʝʥʠʡ ï ʜʦʙʫʪʦʢ ʜʦʨʽʚʥʶʻʪʴʩʷ ʥʫʣʶ.  

 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 

ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʘ  ï ʩʧʨʠʡʥʷʪʠ ʢʦʤʘʥʜʫ ʥʘ ʚʢʣʶʯʝʥʥʷ/ʚʠʤʢʥʝʥʥʷ  ʚʽʜ 

ʢʽʥʮʝʚʠʭ ʚʠʤʠʢʘʯʽʚ ʘʙʦ ʚʽʜ ʢʥʦʧʢʠ  çStartè ʥʘ ʚʭʦʜʽ ʜʣʷ  ʤʥʦʞʝʥʥʷ 

ʤʘʛʥʽʪʥʦʾ ʧʦʩʪʽʡʥʦʾ m
ː̎

̍

̋Ȫ̍

̒Ö̱ Ö̍
, ʢʚʘʜʨʘʪʫ ʩʠʣʠ ʩʪʨʫʤʠ  I  ˍ , 

ʢʚʘʜʨʘʪʫ ʢʽʣʴʢʽʩʪʽ ʚʠʪʢʽʚ w ʢʦʪʫʰʢʠ, ʢʚʘʜʨʘʪʫ ʧʣʦʱʽ Ὓ ̍  ʧʝʨʝʪʠʥʫ 

ʩʝʨʜʝʯʥʠʢʘ  ʽ  ʜʽʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʥʘ ςὰ, ʜʝ ὰ̒ ï  ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ 

ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʝʣʝʛʫʻʪʴʩʷ   

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ=object ʫ  ʚʠʛʣʷʜʽ  ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ  ʩʠʣʠ  Ὂ

mὍÖ ύὛ Ⱦςὰ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʣʦʪʥʠʢʘ ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢʘ. 

 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ ʰʪʦʢʫ ʧʦʨʰʥʷ ï ʚʢʣʶʯʠʪʠ 

ʩʠʛʥʘʣ ʩʪʘʥʫ  (ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʰʪʦʢ ʟʘʙʝʟʧʝʯʫʻ ʢʽʥʝʤʘʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʟ 

ʧʝʨʝʜʘʪʦʯʥʠʤ ʤʝʭʘʥʽʟʤʦʤ)  ʽ  ʜʝʣʝʛʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʽʥʮʝʚʦʛʦ ʚʠʤʠʢʘʯʘ (ʛʝʨʢʦʥʘ ʘʙʦ ʽʥʰʦʛʦ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʥʷ) ʢʦʥʪʨʦʣʝʨʫ  ʽ  

ʚʝʜʝʥʦʾ ʣʘʥʮʽ ʧʝʨʝʜʘʪʦʯʥʦʤʫ ʤʝʭʘʥʽʟʤʫ. 

 

3.5. ʇʨʠʢʣʘʜ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ 

 

          ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʤʘʰʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʽʘʛʨʘʤʦʶ (ʮʠʢʣʦʛʨʘʤʦʶ, ʩʠʥʭʨʦʛʨʘʤʦʶ ʘʙʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʟʥʘʢʦʚʦʶ ʤʦʜʝʣʣʶ) ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ, ʥʠʪʢʘʤʠ ʽ 

ʤʘʪʝʨʽʘʣʦʤ ʟʘ 1 ʮʠʢʣ ʫʪʚʦʨʝʥʥʷ ʩʪʽʙʢʘ. ʅʘ ʨʠʩ. 3.7 ʥʘ ʧʨʠʢʣʘʜʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ (ʰʚʝʡʥʦʾ ʤʘʰʠʥʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʯʦʚʥʠʢʦʚʦʛʦ ʩʪʽʙʢʘ) ʥʘʚʝʜʝʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ  ʜʽʘʛʨʘʤʘ ʚʟʘʻʤʦʜʽʾ 

ʦʙôʻʢʪʽʚ ʜʚʦʭ ʙʘʟʦʚʠʭ ʢʣʘʩʽʚ:   
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ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʦʙôʻʢʪ=ʨʦʙʦʯʽ ʽʥʩʪʨʫʤʝʥʪʠ (Tool=object); 

ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʦʙôʻʢʪ=ʩʠʨʦʚʠʥʘ  (RawMaterial=object).  

 

ʎʽ ʙʘʟʦʚʽ ʢʣʘʩʠ ʥʝ ʤʘʶʪʴ ʟʘʛʘʣʴʥʦʛʦ ʧʨʝʜʢʘ. ɹʘʟʦʚʠʡ ʢʣʘʩ 

ʦʙôʻʢʪ=ʢʦʥʪʨʦʣʝʨ ʥʘ ʜʽʘʛʨʘʤʽ ʚʟʘʻʤʦʜʽʾ  ʦʙ'ʻʢʪʽʚ ʥʝ ʟʦʙʨʘʞʝʥʠʡ.  

ɼʽʘʛʨʘʤʘ ʚʟʘʻʤʦʜʽʾ  ʦʙ'ʻʢʪʽʚ ʮʝ  ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʠʥʘʥʥʷ 

ʙʘʟʦʚʠʭ ʢʣʘʩʽʚ ʦʙôʻʢʪʽʚ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʘʙʦ ʤʘʶʪʴ ʟʘʛʘʣʴʥʦʛʦ ʧʨʝʜʢʘ. ʇʨʠ 

ʮʴʦʤʫ ʧʝʨʝʪʠʥʠ ʦʙôʻʢʪʽʚ ʦʙʫʤʦʚʣʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ 

ʤʘʰʠʥʠ ʽ ʧʦʨʷʜʢʦʤ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. 

ʊʦʙʪʦ ʪʘʢʘ ʚʟʘʻʤʦʜʽʷ ʦʙôʻʢʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ 

ʤʘʰʠʥʠ ʽ ʧʦʨʷʜʢʦʤ ʚʟʘʻʤʦʜʽʾ çʦʙ¡̒ʪ=ʨʦʙʦʯʽ ʽʥʩʪʨʫʤʝʥʪʠè ʽ çʦʙ¡̒ʢʪ 

=ʥʘʧʽʚʬʘʙʨʠʢʘʪʠè ʤʽʞ ʩʦʙʦʶ ʟʘ ʦʜʠʥ ʮʠʢʣ ʚʠʢʦʥʘʥʥʷ ʦʜʥʦʛʦ ʩʪʽʙʢʘ. ʇʦ 

ʘʥʘʣʦʛʽʾ ʙʫʜʫʶʪʴʩʷ  ʜʽʘʛʨʘʤʘ ʚʟʘʻʤʦʜʽʾ ʦʙôʻʢʪʽʚ ʽ ʜʣʷ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʘʰʠʥ (ʜʣʷ ʨʦʟʢʨʦʶ, ʧʦʰʠʪʪʷ, ʚôʷʟʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ), ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ 

ʤʝʭʘʥʽʯʥʫ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʷʛʫ, ʚʟʫʪʪʷ ʽ ʽʥʰʠʭ ʚʠʨʦʙʽʚ ʘʙʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʽʟ ʤʘʪʝʨʽʘʣʽʚ ʣʝʛʢʦʾ ʽ ʪʝʢʩʪʠʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʉʬʦʨʤʫʣʶʻʤʦ ʦʩʥʦʚʥʽ ʦʙʦʚôʷʟʢʠ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʦʙôʻʢʪʽʚ ʪʨʴʦʭ ʙʘʟʦʚʠʭ ʢʣʘʩʽʚ ʊʦʦl=object, RawMaterial=object  ̔

Link=object . 

 ʌʦʨʤʘʣʽʟʦʚʘʥʠʤʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ 

ʜʝʣʝʛʦʚʘʥʠʤʠ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ 

Object=ʨʦʙʦʯʽ ʽʥʩʪʨʫʤʝʥʪʠ (ʨʠʩ. 3.2) ʘʙʦ Tool=object {ʦʙôʻʢʪʥʠʡ ʪʠʧ} ʻ 

ʥʘʩʪʫʧʥʽ ʚʢʘʟʽʚʢʠ-ʢʦʤʘʥʜʠ:  

1. Object=ʛʦʣʢʘ ʘʙʦ Needle=object ï ʧʨʦʚʝʩʪʠ ʛʦʣʢʦʚʫ ʥʠʪʢʫ (ʦʙôʻʢʪ 

ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʩʢʨʽʟʴ ʧʘʢʝʪ ʟʰʠʚʘʻʤʠʭ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʽ ʫʪʚʦʨʠʪʠ ʧʝʪʣʶ-ʥʘʧʫʩʢ.  

2. Object=ʯʦʚʥʠʢ ʘʙʦ Chuttle=object ï ʟʘʭʦʧʠʪʠ ʧʝʪʣʶ-ʥʘʧʫʩʢ, 

ʧʝʨʝʧʣʝʩʪʠ ʤʽʞ ʩʦʙʦʶ ʛʦʣʢʦʚʫ ʥʠʪʢʫ, ʷʢʘ ʧʦʜʘʥʘ ʛʦʣʢʦʶ ʽ ʯʦʚʥʠʢʦʚʦʶ 

ʥʠʪʢʫ (ʦʙôʻʢʪ ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʥʘ ʰʧʫʣʴʮʽ ʯʦʚʥʠʢʘ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʚʫʟʣʠʢʘ ʧʝʨʝʧʣʝʪʝʥʥʷ ʜʚʦʭ ʥʠʪʦʢ. 

3. Object=ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯ ʘʙʦ AttractThread=object  ï ʧʦʜʘʪʠ 

ʥʠʪʢʫ ʛʦʣʮʽ ʜʣʷ ʫʪʚʦʨʝʥʥʷ i-ʛʦ ʩʪʽʙʢʘ, ʧʦʪʽʤ ʯʦʚʥʠʢʫ, ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ 

ʦʙʚʝʜʝʥʦʾ  ʥʘʚʢʦʣʦ ʰʧʫʣʴʢʦ ʜʝʨʞʘʪʝʣʷ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ ʜʦ ʨʦʟʤʽʨʫ ʚʫʟʣʠʢʘ, 

ʟʘʪʷʛʥʫʪʠ ʫʪʚʦʨʝʥʠʡ ʚʫʟʣʠʢ ʚ ʩʝʨʝʜʠʥʫ ʧʘʢʝʪʫ ʟʰʠʚʘʻʤʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʦʙôʻʢʪ ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʽ ʟʤʦʪʘʪʠ ʟ ʢʦʪʫʰʢʠ ʛʦʣʢʦʚʫ ʥʠʪʢʫ 

ʜʦʚʞʠʥʦʶ, ʷʢʘ ʜʦʨʽʚʥʷʻ ʜʦʚʞʠʥʽ ʥʠʪʢʠ ʟʘʨʦʙʣʝʥʠʡ ʚ -̔ʠʡ ʩʪʽʙʦʢ  
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4. Object=ʟʫʙʯʘʩʪʘ ʨʝʡʢʘ ʘʙʦ BottomFoot=object  ï ʩʣʽʜʢʫʻ ʟʘ 

ʧʦʣʦʞʝʥʥʷʤ ʚʽʩʪʨʷ ʛʦʣʢʠ (ʦʙôʻʢʪ ʮʴʦʛʦ ʞ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʚʽʜʥʦʩʥʦ 

ʚʝʨʭʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʘʢʝʪʫ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʡ ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ 

ʧʨʠʪʠʩʢʥʦʶ ʣʘʧʢʦʶ (ʦʙôʻʢʪ ʮʴʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʽ ʛʦʣʢʦʚʦʶ ʧʣʘʩʪʠʥʦʶ 

(ʦʙôʻʢʪ ʮʴʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʪʘ ʧʝʨʝʤʽʩʪʠʪʠ ʟʰʠʚʘʻʤʠ ʤʘʪʝʨʽʘʣʠ ʥʘ 

ʟʘʜʘʥʫ ʜʦʚʞʠʥʫ ʩʪʽʙʢʘ ʽʟ ʥʠʪʦʢ, ʢʦʣʠ ʚʽʩʪʨʷ ʛʦʣʢʠ ʚʠʡʜʝ ʟ ʤʘʪʝʨʽʘʣʫ 

(ʦʙôʻʢʪʫ ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ).     

5. Object=ʧʨʠʪʠʩʢʥʘ ʣʘʧʢʘ ʘʙʦ PresserFoot=object ï ʧʨʠ ʘʢʪʠʚʥʦʤʫ 

ʨʦʙʦʯʦʤʫ ʧʨʦʮʝʩʽ ʧʦʩʪʽʡʥʦ ʚʟʘʻʤʦʜʽʻ ʪʽʣʴʢʠ ʟ ʦʙôʻʢʪʦʤ ʩʫʤʽʞʥʦʛʦ ʢʣʘʩʫ 

Cloth=object.  

6. Object=ʛʦʣʢʦʚʘ ʧʣʘʩʪʠʥʘ ʘʙʦ PlateNeedle=object ï ʚʠʢʦʥʫʻ ʨʦʣʴ 

ʧʦʩʝʨʝʜʥʠʢʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʪʘʢʦʞ ʧʦʩʪʽʡʥʦ ʚʟʘʻʤʦʜʽʻ 

ʪʽʣʴʢʠ ʟ ʦʙôʻʢʪʦʤ ʩʫʤʽʞʥʦʛʦ ʢʣʘʩʫ Cloth=object ʽ ʧʝʨʽʦʜʠʯʥʦ ʟ  

BottomFoot=object  ʩʚʦʛʦ ʢʣʘʩʫ. 

7.Object=ʨʝʛʫʣʷʪʦʨ ʥʘʪʷʛʫ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ ʘʙʦ SensorThread=object 

ï ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʜʘʪʯʠʢʘ ʥʘʪʷʛʫʚʘʥʥʷ ʥʠʪʦʢ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʧʘʩʠʚʥʦʤʫ ʩʪʘʥʽ (ʫʚʽʤʢʥʝʥʠʡ) ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. ɺʽʥ 

ʧʝʨʝʭʦʜʠʪʴ  ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʘʢʪʠʚʥʠʡ ʩʪʘʥ, ʘ ʩʘʤʝ ʥʝ ʟʘʪʠʩʢʫʻ ʛʦʣʢʦʚʫ 

ʥʠʪʢʫ ʩʧʦʞʠʪʫ ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʝʤ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʥʘʩʪʫʧʥʦʛʦ ʩʪʽʙʢʘ ʜʦ 

ʤʦʤʝʥʪʫ ʦʪʨʠʤʘʥʥʷ ʢʦʤʘʥʜʠ ʚʽʜ ʚʫʟʣʠʢʘ ʽʟ ʥʠʪʦʢ ʽ ʤʘʪʝʨʽʘʣʫ (ʦʙôʻʢʪʽʚ 

ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʧʨʠ ʢʫʪʽ ʧʦʚʦʨʦʪʫ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʢʦʣʠ 

ʮʝʡ ʚʫʟʣʠʢ ʧʨʠʧʠʥʷʻ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʚʝʨʪʠʢʘʣʽ ʽ ʟʫʧʠʥʠʪʠʩʷ ʚ ʩʝʨʝʜʠʥʽ 

ʧʘʢʝʪʫ ʜʝʪʘʣʝʡ ʟ ʪʝʢʩʪʠʣʶ.  
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ʈʠʩ. 3.7. ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ  ʜʽʘʛʨʘʤʘ ʚʟʘʻʤʦʜʽʾ ʦʙǋʻʢʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʤʘʰʠʥʠ ʥʘ ʧʨʠʢʣʘʜʽ ʯʦʚʥʠʢʦʚʦʾ ʰʚʝʡʥʦʾ ʤʘʰʠʥʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʟ ʞʦʨʩʪʢʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʪʠʧʫ çʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣè  

 

ʌʦʨʤʘʣʽʟʦʚʘʥʠʤʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ 

ʜʝʣʝʛʦʚʘʥʠʤʠ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ 

Object=ʩʠʨʦʚʠʥʘ (ʨʠʩ.3.2) ʘʙʦ RawMaterial=object; {ʦʙôʻʢʪʥʠʡ ʪʠʧ} ʻ 

ʥʘʩʪʫʧʥʽ: 

 

1. Object=ʥʠʪʢʘ ʧʦʨʦʜʞʫʻ Object=ʛʦʣʢʦʚʘ ʥʠʪʢʘ ʘʙʦ 

ThreadNeedle=object ʪʘ Object=ʯʦʚʥʠʢʦʚʘ ʥʠʪʢʘ ʘʙʦ 

ThreadChuttle=object. 

 

ThreadNeedle=object ï ʟ ʧʦʟʠʮʽʾ ʦʙǋʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʮʝʡ 

ʦʙôʻʢʪ, ʷʢ ʽ ʽʥʰʽ ʦʙôʻʢʪʠ ʮʴʦʛʦ ʢʣʘʩʫ ʻ ʧʝʨʝʜʘʪʦʯʥʠʤʠ ʣʘʥʢʘʤʠ ʤʽʞ 

ʦʙôʻʢʪʘʤʠ ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ Tool=object. ɻʦʣʢʦʚʘ ʥʠʪʢʘ ʻ 

ʧʨʫʞʥʦʶ ʣʘʥʢʦʶ, ʷʢʘ ʚʢʘʟʽʚʢʦʶ-ʢʦʤʘʥʜʦʶ (1) ʧʝʨʝʜʘʻ ʜʣʷ   Needle=object 

ʢʦʤʘʥʜʫ  ʧʨʦʚʝʩʪʠ ʧʝʪʣʶ ʩʢʨʽʟʴ ʤʘʪʝʨʽʘʣ, ʘ ʜʣʷ Chuttle=object ʚʢʘʟʽʚʢʦʶ-

ʢʦʤʘʥʜʦʶ (2) ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ ʧʦ ʧʦʣʦʞʝʥʥʶ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʦ ʩʚʦʻʾ 

ʚʟʘʻʤʦʜʽʾ ʟ ʥʦʩʠʢʦʤ ʯʦʚʥʠʢʘ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʛʦʣʢʠ ʽʟ ʢʨʘʡʥʴʦʛʦ ʥʠʞʥʴʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ  S0 = const. 

ʎʷ ʚʢʘʟʽʚʢʘ-ʢʦʤʘʥʜʘ  (2) ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʨʽʘʣʫ, ʚ 

ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʛʦʣʢʘ ʟʘ ʨʘʭʫʥʦʢ    ʨʽʟʥʦʩʪʽ ʩʠʣʠ ʪʝʨʪʷ ʤʽʞ ʤʘʪʝʨʽʘʣʦʤ ʽ 

ʪʽʻʾ ʜʽʣʷʥʢʠ ʥʠʪʢʠ, ʷʢʘ ʧʨʠʭʦʚʘʥʘ  ʚ ʜʦʚʛʦʤʫ  ʞʦʣʦʙʢʫ ʛʦʣʢʠ ʽ ʩʠʣʠ ʪʝʨʪʷ 

ʜʽʣʷʥʢʠ ʥʠʪʢʠ ʟ ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ ʛʦʣʢʠ ʮʽʻʾ ʞ ʥʠʪʢʠ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ  ʤʘʪʝʨʽʘʣʽ.  

ɺʢʘʟʽʚʢʫ-ʢʦʤʘʥʜʫ (3) ʛʦʣʢʦʚʘ ʥʠʪʢʘ ʧʝʨʝʜʘʻ ʜʣʷ   

AttractThread=object  ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʜʦʚʞʠʥʽ ʨʦʟʰʠʨʝʥʦʾ 

ʧʝʪʣʽ-ʥʘʧʫʩʢʘ ʽ ʚʪʷʛʫʚʘʥʥʽ ʚʫʟʣʠʢʘ ʧʝʨʝʧʣʝʪʝʥʥʷ ʽʟ ʜʚʦʭ ʥʠʪʦʢ ʚ ʤʘʪʝʨʽʘʣ.  

ɺʢʘʟʽʚʢʘ-ʢʦʤʘʥʜʘ (4) ʬʦʨʤʫʻʪʴʩʷ ʜʣʷ SensorThread=object ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʯʽ ʥʠʪʢʠ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʩʪʽʙʢʘ. 

ɼʣʷ ThreadChuttle=object ʩʠʩʪʝʤʦʶ ʜʝʣʝʛʦʚʘʥʽ ʦʙʦʚôʷʟʢʠ 

ʯʦʚʥʠʢʦʚʦʾ ʥʠʪʢʠ, ʷʢʽ  ʽʥʢʘʧʩʫʣʴʦʚʘʥʽ ʚ ʦʙʦʚôʷʟʢʘʭ  ThreadNeedle=object 

ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʚʫʟʣʠʢʘ ʽʟ ʜʚʦʭ ʥʠʪʦʢ.     

 

2. Object=ʪʢʘʥʠʥʘ ʘʙʦ Cloth=object ï ʻ ʧʨʫʞʥʽʤ ʧʝʨʝʜʘʪʦʯʥʦʶ 

ʣʘʥʢʦʶ ʤʽʞ PresserFoot=object ʽ PlateNeedle=object, ʪʦʙʪʦ ʻ 
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ʧʝʨʝʜʘʪʦʯʥʦʶ ʣʘʥʢʦʶ ʜʚʦʤʘ ʦʙôʻʢʪʘʤʠ ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ. ɰʾ 

ʦʙʦʚôʷʟʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʜʣʷ ʩʠʩʪʝʤʠ ʫ ʩʧʠʩʢʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʥʘʩʪʫʧʥʠʭ ʚʢʘʟʽʚʦʢ (ʢʦʤʘʥʜ) ʛʦʣʮʽ, ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʫ, ʟʫʙʯʘʩʪʽʡ ʨʝʡʢʠ ʽ 

ʨʝʛʫʣʷʪʦʨʫ ʥʘʪʷʛʫʚʘʥʥʷ ʛʦʣʢʦʚʽʡ ʥʠʪʢʠ: 

 ɺʢʘʟʽʚʢʘ-ʢʦʤʘʥʜʘ (1) ʛʦʣʢʠ ï ʧʨʦʚʝʜʠ ʩʢʨʽʟʴ ʤʝʥʝ ʛʦʣʢʦʚʫ ʥʠʪʢʫ ʫ 

ʚʠʛʣʷʜʽ ʩʠʤʝʪʨʠʯʥʦʾ ʧʝʪʣʽ ʽ ʢʦʣʠ ʦʙʠʜʚʽ ʛʽʣʢʠ ʧʝʪʣʽ ʜʦʩʷʛʥʫʪʴ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʜʦʚʞʠʥʽ, ʪʦʜʽ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ ʥʠʪʢʠ ʧʦʪʨʽʙʥʦ ʧʨʠʟʫʧʠʥʠʩʴ 

ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʝʪʣʽ-ʥʘʧʫʩʢʘ.   

ɺʢʘʟʽʚʢʘ-ʢʦʤʘʥʜʘ (2) ʜʣʷ ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʘ  ʽʥʢʘʧʩʫʣʴʦʚʘʥʘ ʚ 

AttractThread=object .  

ɺʢʘʟʽʚʢʘ-ʢʦʤʘʥʜʘ (3) ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ ï ʧʝʨʝʤʽʱʫʡ Cloth=object ʥʘ 

ʟʘʜʘʥʫ ʜʦʚʞʠʥʫ ʩʪʽʙʢʘ, ʪʘʢ ʷʢ ʛʦʣʢʘ ʚʞʝ ʚʠʡʰʣʘ ʽʟ ʤʘʪʝʨʽʘʣʫ ʽ ʡʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʶ ʚʧʝʨʝʜ ʥʽʱʦ ʥʝ ʧʝʨʝʰʢʦʜʞʘʻ.  

ɺʢʘʟʽʚʢʘ-ʢʦʤʘʥʜʘ (4) ʜʣʷ  SensorThread=object ï ʚʫʟʣʠʢ ʽʟ ʜʚʦʭ 

ʥʠʪʦʢ ʚʞʝ ʚʪʷʛʥʫʪʠʡ ʫʩʝʨʝʜʠʥʫ Cloth=object ʽ ʷʢʱʦ ʟʘʨʘʟ ʥʝ ʙʫʜʝ 

ʦʩʣʘʙʣʝʥʘ ʥʘʪʷʛʫʚʘʥʥʷ ThreadNeedle=object, ʪʦʜʽ ʥʝ ʽʟ ʯʦʛʦ ʙʫʜʝ 

ʦʪʨʠʤʫʚʘʪʠ ʥʘʩʪʫʧʥʠʡ ʩʪʽʙʦʢ ʘʙʦ ʛʦʣʢʦʚʘ ʥʠʪʢʘ ʦʙʽʨʚʝʪʴʩʷ, ʯʦʤʫ 

ʧʨʠʩʚʦʻʥʦ ʧʘʩʠʚʥʠʡ ʩʪʘʥ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ.   

ʌʦʨʤʘʣʽʟʦʚʘʥʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʠ, ʷʢʽ ʜʝʣʝʛʦʚʘʥʽ 

ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʙʘʟʦʚʦʤʫ ʢʣʘʩʫ ʆbject=ʤʝʭʘʥʽʟʤ ʘʙʦ  

Mechanism=object (ʨʠʩ. 3.2) ʜʣʷ ʆbject=ʣʘʥʢʘ ʘʙʦ Link=object; {ʦʙ¡̒ʢʪʥʠʡ 

ʪʠʧ} ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ, ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʦʜʥʽʻʾ ʟ ʪʠʧʦʚʠʭ 

ʣʘʥʦʢ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʾ ʣʘʥʢʠ 

ʚʠʙʠʨʘʻʤʦ ʰʘʪʫʥ Connecting=object ʽ ʟ ʧʦʟʠʮʽʾ çʰʘʪʫʥʥʦʩʪʽè ʨʦʟʛʣʷʥʝʤʦ 

ʽʥʰʽ ʪʠʧʦʚʽ ʚʝʜʫʯʽ ʧʝʨʝʜʘʪʦʯʥʽ ʽ ʚʝʜʝʥʽ ʣʘʥʢʠ ʚʘʞʽʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ,  ʷʢ 

ʦʙôʻʢʪʠ ʱʦ ʽʥʢʘʧʩʫʣʴʦʚʘʥʽ ʚ Link=object.  ɿʤʽʩʪ çʰʘʪʫʥʥʦʩʪʽè  ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʙʫʜʴ-ʷʢʘ ʣʘʥʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʥʘ ʧʣʦʱʠʥʽ ʜʚʦʤʘ ʪʦʯʢʘʤʠ, 

ʚʽʜʨʽʟʢʘʤʠ ʧʨʷʤʦʾ ʟʘʜʘʥʦʾ ʜʦʚʞʠʥʠ       L = const ʽ ʢʫʪʦʤ j
0  ʚ ʧʨʠʡʥʷʪʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʢʨʠʚʦʰʠʧʫ (Crank=object) ʽ ʝʢʩʮʝʥʪʨʠʢʘ 

(Eccentrik=object) ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʢʦʚʦ ʚʢʘʟʘʪʠ, ʱʦ ʦʜʥʘ ʪʦʯʢʘ ʟ ʟʘʜʘʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʻ ʩʪʽʡʢʦʶ (Bearing=object) ʽ ʟʤʽʥʘ ʢʫʪʘ  j
i ² 360

0
, ʜʣʷ 

ʢʫʣʘʯʢʽʚ (Wobbler=object) - ʪʝʞ ʩʘʤʝ, ʪʽʣʴʢʠ Lçonst. ɼʣʷ ʢʦʨʦʤʠʩʣʘ 

(Rocker=object), ʷʢ ʜʣʷ ʢʨʠʚʦʰʠʧʫ ʪʽʣʴʢʠ ji < 360
0  

. 

ʇʨʠ ʮʴʦʤʫ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʟ ʧʦʟʠʮʽʾ ʘʣʛʦʨʠʪʤʫ 

ʦʙʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʝʣʝʛʫʻ ʦʙôʝʢʪʘʤ Crank=object, 
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Crank=object (ʢʨʠʚʦʰʠʧ), Eccentrik=object (ʝʢʩʮʝʥʪʨʠʢ )  ̔ Cam=object 

(ʢʫʣʘʯʦʢ) ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʦʙʦʚôʷʟʢʽʚ.  

ʂʨʠʚʦʰʠʧ, ʝʢʩʮʝʥʪʨʠʢ, ʢʫʣʘʯʦʢ, ʢʦʨʦʤʠʩʣʦ ʚ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ 

ʤʘʶʪʴ ʟʘʜʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ (l = const ), ʢʦʦʨʜʠʥʘʪʠ ʩʪʽʡʢʽ (x0 ʪʘ y0) ʽ 

ʧʦʯʘʪʢʦʚʠʡ ʢʫʪ j  ʧʦʣʦʞʝʥʥʷ. ɼʣʷ ʚʝʜʫʯʦʾ ʣʘʥʢʠ  ʢʫʪ ʧʦʚʦʨʦʪʫ ʟʘʜʘʻʪʴʩʷ 

ʚ ʧʨʠʨʦʱʝʥʥʷʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚ  ʚʽʜʢʣʘʜʝʥʦʤʫ 

ʨʽʰʝʥʥʽ. ʊʘʢʽ ʣʘʥʢʠ ʧʦʚʠʥʥʽ ʛʝʥʝʨʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ 

ʚʠʢʦʥʘʥʦʤʫ ʮʠʢʣʽ (ʦʙʦʨʦʪʽ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ) ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʠ ʮʴʦʤʫ 

ʨʦʙʦʪʘ ʮʽʣʴʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʛʦʣʢʠ, ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʘ, ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ 

ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʧʨʦ  ʥʦʚʽ  ʢʦʦʨʜʠʥʘʪʠ  xi ʽ yi  ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʢʦʦʨʜʠʥʘʪ ʦʩʽ ʧʘʣʴʮʷ ʢʨʠʚʦʰʠʧʫ ʘʙʦ ʦʩʽ ʨʦʣʠʢʘ ʪʦʚʢʘʯʘ 

ʢʫʣʘʯʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʷʢʽ    ʫʪʚʦʨʶʶʪʴ   ʦʙʝʨʪʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ 5 

ʢʣʘʩʫ ʟ ʧʝʨʰʦʶ ʛʦʣʦʚʢʦʶ ʰʘʪʫʥʘ, ʘʙʦ ʟ ʧʦʚʝʨʭʥʝʶ ʢʫʣʘʯʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʫʟʘʛʘʣʴʥʝʥʦʾ ʢʦʦʨʜʠʥʘʪʠ j
░ 
ï ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʾ ʣʘʥʢʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʦʙʦʚôʷʟʢʠ ʙʫʜʴ-ʷʢʦʛʦ ʽʟ ʧʝʨʝʣʽʯʝʥʠʭ ʣʘʥʦʢ ʻ ʛʝʥʝʨʫʚʘʥʥʷ ʜʚʦʭ 

ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʚ ʧʨʦʝʢʮʽʷʭ ʥʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ ʽ ʟʤʽʱʝʥʠʭ ʧʦ ʬʘʟʽ ʥʘ 

ˊ/2 :   xi  = L cosj
░      ̔      yi  = L sinj

░ 
.  

ʂʨʠʚʦʰʠʧ, ʝʢʩʮʝʥʪʨʠʢ, ʢʫʣʘʯʦʢ, ʢʦʨʦʤʠʩʣʦ ʚ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ 

ʤʘʶʪʴ ʟʘʜʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ (l = const ), ʢʦʦʨʜʠʥʘʪʠ ʩʪʽʡʢʽ (x0 ʪʘ y0) ʽ  

ʇʝʨʰʘ ʛʦʣʽʚʢʘ ʰʘʪʫʥʘ ʩʧʨʠʡʤʘʻ ʮʽ ʢʦʦʨʜʠʥʘʪʠ ʙʝʟ ʟʤʽʥ, ʷʢʱʦ ʥʝ  

ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʥʦʩ ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʘʙʦ ʡʦʛʦ ʧʦʩʝʨʝʜʥʠʢʘ (ʥʘʧʨʠʢʣʘʜ, ʧʘʣʴʮʷ 

ʢʨʠʚʦʰʠʧʫ) ʽ ʷʢʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʦʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʠ ʥʽ ʷʢ 

ʚʽʜʢʣʘʜʝʥʽ ʨʽʰʝʥʥʷ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɼʨʫʛʽʡ ʛʦʣʽʚʮʽ ʰʘʪʫʥʘ 

(ʜʨʫʛʘ ʢʨʘʡʥʷ ʪʦʯʢʘ ʚʽʜʨʽʟʢʫ ʧʨʷʤʦʾ ʧʦʩʪʽʡʥʦʾ ʜʦʚʞʠʥʠ) ʚ 4-ʭ-ʣʘʥʢʦʚʠʭ 

ʪʠʧʦʚʠʭ ʚʘʞʽʣʴʥʠʭ ʤʝʭʘʥʽʟʤʘʭ ʩʠʩʪʝʤʦʶ ʜʝʣʝʛʫʶʪʴʩʷ ʬʫʥʢʮʽʷ ʧʦʣʦʞʝʥʥʷ 

ʧʝʨʰʦʾ ʛʦʣʽʚʢʠ ʰʘʪʫʥʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʽʥʝʤʘʪʠʯʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʢʦʥʩʪʘʥʪʠ l
►

■
 .  ʎʽʻʾ ʪʦʯʢʠ ʰʘʪʫʥʘ ʘʙʦ ʮʝʥʪʨʫ ʤʘʩ ʜʝʣʝʛʫʻʪʴʩʷ    

ʦʙʦʚôʷʟʢʠ  ʧʝʨʰʦʾ   ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ. ɺ 5-ʪʠ ʣʘʥʢʦʚʠʭ ʚʘʞʽʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ  

ʟ ʜʚʦʤʘ ʚʝʜʫʯʠʤʠ ʣʘʥʢʘʤʠ ʜʨʫʛʦʾ ʪʦʯʢʠ ʧʝʨʰʦʛʦ ʰʘʪʫʥʘ ʽ ʜʨʫʛʦʾ ʪʦʯʢʠ 

ʜʨʫʛʦʛʦ ʰʘʪʫʥʘ ʜʝʣʝʛʫʶʪʴʩʷ ʬʫʥʢʮʽʾ ʧʦʣʦʞʝʥʥʷ ʜʚʦʭ ʚʝʜʫʯʠʭ ʣʘʥʦʢ. 

ʐʘʪʫʥ ʤʦʞʝ ʤʘʪʠ ʜʦʜʘʪʢʦʚʽ ʚʽʜʨʦʩʪʢʠ (ʧʦʚʦʜʢʠ),  ʫʪʚʦʨʶʶʯʠ ʘʙʦ           

3ʭ-ʧʦʚʦʜʢʦʚʫ ʛʨʫʧʫ ɸʩʩʫʨʘ, ʘʙʦ ʫʪʚʦʨʶʶʯʽ, ʥʘʧʨʠʢʣʘʜ, ʚʽʯʢʦ 

ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʘ, ʷʢʝ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʪʨʘʻʢʪʦʨʽʾ - ʰʘʪʫʥʥʽʡ ʢʨʠʚʽʡ.  

ʅʘ ʦʩʥʦʚʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʶ ʤʝʭʘʥʽʟʤʽʚ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʜʨʫʛʦʾ ʛʦʣʽʚʢʠ ʰʘʪʫʥʘ, ʰʘʪʫʥ ʜʝʣʝʛʫʻ ʩʚʦʾ ʬʫʥʢʮʽʾ ʧʦʣʦʞʝʥʥʷ 
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ʚ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʦʤʫ ʨʫʩʽ ʚʩʽʤ ʢʽʥʝʤʘʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʚ ʷʢʽ ʚʭʦʜʠʪʴ ʮʝʡ 

ʰʘʪʫʥ ʽ ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʜʣʷ ʮʴʦʛʦ ʰʘʪʫʥʘ ʧʝʨʰʫ ʽ ʜʨʫʛʫ ʧʝʨʝʜʘʪʦʯʥʽ 

ʬʫʥʢʮʽʾ.  ʊʦʤʫ ʰʚʠʜʢʦʩʪʽ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘʢʠʭ ʰʘʪʫʥʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʠʥʭʨʦʥʥʠʤ ʽ ʦʜʥʦʯʘʩʥʠʤ ʦʧʠʩʦʤ  i ʪʘ  i+n ʧʦʣʦʞʝʥʴ ʚʩʽʭ ʽʥʰʠʭ ʚʝʜʝʥʠʭ 

ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ object=ʤʝʪʦʜ  ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ. ʊʘʢʠʡ 

ʦʧʠʩ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʘʨʛʫʤʝʥʪʠ ʷʢʠʭ 

ʽʥʢʘʧʩʫʣʴʦʚʘʥʽ ʚ ʮʝʡ ʞʝ ʦʙ¡̒ʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ.       

 ʂʦʤʘʥʜʠ , ʷʢ ʨʝʘʢʮʽʾ ʥʘ ʦʩʥʦʚʥʽ ʦʙʦʚôʷʟʢʠ  ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ 

ʣʘʥʦʢ ʮʽʣʴʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʙʫʜʫʪʴ ʨʝʘʣʽʟʦʚʘʥʽ, ʷʢʱʦ ʽ 

ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʜʣʷ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʫʜʝ ʪʘʢʦʞ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʦʙ¡̒ʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʦʙ¡̒ʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ. 

  ɿʘ ʘʥʘʣʦʛʽʻʶ ʦʙʦʚôʷʟʢʘʤʠ ʧʦʚʟʫʥʘ (Slider=object), ʢʘʤʝʥʶ ʢʫʣʽʩʠ 

(Slot=object), ʧʦʨʰʥʶ ʮʠʣʽʥʜʨʫ, ʛʦʣʢʦʚʦʜʫ ʽ ʽʥʰʠʭ ʣʘʥʦʢ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ 

ʧʦʩʪʫʧʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ 5ʛʦ ʢʣʘʩʫ, ʟ ʥʘʟʚʦʶ ʚʘʞʽʣʴ  (Arm=object) 

ʘʙʦ ʧʦʚʦʜʦʢ (Tang=object) ʚ ʢʣʘʩʽ ʦʙôʻʢʪʽʚ Tool=object - ʻ ʧʦʚʽʜʦʤʣʝʥʥʷ  

ʢʦʦʨʜʠʥʘʪ ʜʚʦʭ ʪʦʯʦʢ, ʟôʻʜʥʘʥʠʭ ʚʽʜʨʽʟʢʦʤ ʧʨʷʤʦʾ (ʥʘʧʨʘʚʣʷʶʯʦʾ), ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʥʝʨʫʭʦʤʦʶ ʘʙʦ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜʥʦʩʥʦ ʦʜʥʽʻʾ ʽʟ ʪʦʯʦʢ 

ʥʘʧʨʘʚʣʷʶʯʦʾ. 

 

3.6. ʇʨʠʢʣʘʜ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʤʝʭʘʪʨʦʥʥʠʭ 

ʮʠʢʣʦʚʠʭ ʩʠʩʪʝʤ 

 

ʇʽʩʣʷ ʜʝʢʦʤʧʦʟʠʮʽʾ ʮʠʢʣʦʚʦʾ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ 

ʦʙʦʚôʷʟʢʠ ʝʣʝʤʝʥʪʽʚ ʽ ʬʫʥʢʮʽʾ ʜʝʣʝʛʫʚʘʥʥʷ (ʧʝʨʝʜʘʯʽ) ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʦʙʦʚ'ʷʟʢʽʚ ʥʘʩʪʫʧʥʦʤʫ ʩʫʤʽʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʮʠʢʣʦʚʦʾ ʩʠʩʪʝʤʠ.  

     ʈʦʟʛʣʷʥʝʤʦ ʤʝʭʘʪʨʦʥʥʫ ʩʠʩʪʝʤʫ ʧʦʰʪʫʯʥʦʛʦ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʛʥʫʯʢʠʭ 

ʜʝʪʘʣʝʡ ʥʠʟʫ ʚʟʫʪʪʷ ʟʽ ʩʪʦʩʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʟʫʪʪʻʚʠʭ ʤʘʰʠʥ. ʈʦʙʦʯʠʡ 

ʧʨʦʮʝʩ ʨʝʘʣʽʟʫʻʪʴʩʷ ɹɯʩʪʘʙʽʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʜʚʦʤʘ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʘʤʠ ʜʚʦʩʪʦʨʦʥʥʽʡ ʜʽʾ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʧʣʦʱʠʥʘʭ. 

     ɿʤʝʥʰʝʥʥʷ ʩʠʣ  ʟʯʝʧʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚ ʩʪʦʩʽ ʧʨʠ ʧʦʰʪʫʯʥʦʤʫ                    

ʾʭ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʟʽ ʩʪʦʧʠ ʟʥʠʟʫ ʫ ʤʘʛʘʟʠʥʥʦʤʫ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʤʫ 

ʧʨʠʩʪʨʦʶ (ʄɿʇ) ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʫʣʴʩʫ ʩʠʣʠ (ʫʜʘʨʫ) ʧʦ 

ʥʠʞʥʴʦʾ ʜʝʪʘʣʽ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʛʨʘʬʫ ç ρO σO ρ O ςO σ O ς è 

(ʨʠʩ.3.8) ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ/ʚʠʢʣʶʯʝʥʥʷ ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ 1 (ʨʠʩ.3.9)  ʽʤʧʫʣʴʩ 
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ʩʠʣʠ ʜʽʻ ʥʘ ʩʪʦʩ ʜʝʪʘʣʝʡ ʟʥʠʟʫ, ʦʜʥʦʯʘʩʥʦ ʧʨʦʛʨʘʤʥʦ ʚʢʣʶʯʘʻʪʴʩʷ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨ 2, ʷʢʽʡ  ʧʨʦʩʫʚʘʻ ʥʠʞʥʶ ʜʝʪʘʣʴ ʫ ʚʘʣʢʠ  3 ʽ 4 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʦʜʫʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ 

ʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ: 

 

Ὤ ὒ,                                                          (3.1) 

 

 ʜʝ   Ὤ ï ʚʝʣʠʯʠʥʘ ʭʦʜʫ ʰʪʦʢʫ ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ 2; 

       ὒ ï  ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʨʮʝʤ ʥʠʞʥʴʦʾ ʜʝʪʘʣʽ ʚ ʩʪʦʩʽ ʽ ʚʘʣʠʢʘʤʠ 3 ʽ 4.    

. 

ɯʟ ʧʨʦʛʨʘʤʥʦʶ ʟʘʪʨʠʤʢʦʶ ʯʘʩʫ 1 ʩʝʢʫʥʜʘ  ʧʥʝʚʤʦʮʠʣʽʥʜʨ 2 

ʚʠʤʠʢʘʻʪʴʩʷ ʽ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ. ʅʘʷʚʥʽʩʪʴ ʜʝʪʘʣʝʡ ʚ ʄɿʇ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʢʽʥʮʝʚʠʤ  ʚʠʤʠʢʘʯʝʤ ï ʥʦʨʤʘʣʴʥʦ ʚʽʜʢʨʠʪʠʤ ʢʦʥʪʘʢʪʦʤ 

ʢʥʦʧʢʠ ʽʤʽʪʘʮʽʾ  Ὓ .   

 ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʛʨʘʬ ç ρO σO ρ O ςO σ O ς è ʽ ʪʘʙʣʠʮʷ 

ʣʦʛʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.3.8, ʘ ʢʦʤʙʽʥʦʚʘʥʘ ʩʭʝʤʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.9,  ʜʝ 

ʧʨʠʡʥʷʪʽ  ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʦʙʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʥʽʯʥʦʾ ʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʢʣʘʜʦʚʠʭ ʮʠʢʣʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ: 

 

 
ʈʠʩ. 3.8. ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʛʨʘʬ ʽ ʪʘʙʣʠʮʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ: 

1 ʽ 2 ï ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ; 3 ï ʧʨʦʛʨʘʤʥʠʡ ʝʣʝʤʝʥʪ ʧʘʤôʷʪʽ  

 

 ʅʘ ʨʠʩ. 3.9 ʧʨʠʡʥʷʪʠ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ: 

 1 ï  ʧʥʝʚʤʦʮʠʣʽʥʜʨ ʟ ɹɯʩʪʘʙʽʣʴʥʠʤ ʢʝʨʫʚʘʥʥʷ ( ὣρȟὣρ ) ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʫʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ ʩʠʣʠ;   

 2 ï ʧʥʝʚʤʦʮʠʣʽʥʜʨ ʟ ɹɯʩʪʘʙʽʣʴʥʠʤ ʢʝʨʫʚʘʥʥʷ ( ὣςȟὣς ) ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʚʠʚʝʜʝʥʥʷ ʥʠʞʥʴʦʾ ʜʝʪʘʣʽ ʩʪʦʩʫ ʽ ʧʦʜʘʚʘʥʥʷ ʾʾ ʫ ʚʘʣʠʢʠ 3 ʽ 4; 
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 3  ï ʧʨʠʪʠʩʢʥʠʡ  ʚʘʣʠʢ;  

 4 ï ʪʨʘʥʩʧʦʨʪʫʶʯʠʡ ʚʘʣʠʢ;  

 5 ï ʤʘʛʘʟʠʥʥʠʡ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ;  

 6 ï ʜʝʪʘʣʽ ʥʠʟʫ ʚʟʫʪʪʷ;                                       

 7 ï ʧʝʨʰʠʡ ɹɯʩʪʘʙʽʣʴʥʠʡ  ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢ (ʪʠʧ 5/2) ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ;  

 8 ï ʢʽʥʮʝʚʠʡ ʚʠʤʠʢʘʯ ὢ ʢʦʥʪʨʦʣʶ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʫ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ 1 (ʇʎ1); 

 9 ï  ʢʽʥʮʝʚʠʡ ʚʠʤʠʢʘʯ ὢ  ʢʦʥʪʨʦʣʶ ʢʽʥʮʝʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʫ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ ʇʎ1; 

 10  ï ʜʨʫʛʠʡ ɹɯʩʪʘʙʽʣʴʥʠʡ  ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢ (ʪʠʧ 5/2) ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ;  

 11 ï ʢʽʥʮʝʚʠʡ ʚʠʤʠʢʘʯ ὢ  ʢʦʥʪʨʦʣʶ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʫ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ 2 (ʇʎ2) ; 

 12 ï ʢʽʥʮʝʚʠʡ ʚʠʤʠʢʘʯ ὢ  ʢʦʥʪʨʦʣʶ ʢʽʥʮʝʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʫ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ ʇʎ2;  

 13 ï ʜʨʦʩʝʣʴ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʫʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ. 

  
 

ʈʠʩ. 3.9. ʂʦʤʙʽʥʦʚʘʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 
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ʈʠʩ. 3.10. ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ (ʘ, ʙ) ʽ ʧʥʝʚʤʘʪʠʯʥʽ (ʚ) ʤʦʜʫʣʽ ʩʭʝʤ  

ɹɯʩʪʘʙʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʘʛʘʟʠʥʥʠʤ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʻʤ 

ʚʟʫʪʪʻʚʠʭ ʤʘʰʠʥ  

 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ɹɯʩʪʘʙʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʨʠʩ.3.9  ʚ ʪʘʙʣʠʮʽ 3.1 

ʥʘʚʝʜʝʥʽ ʟʚʝʜʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽ ʩʠʤʚʦʣʴʥʽ ʽʤʝʥʘ ʦʙʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʤʦʜʫʣʽʚ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ.                                                   

 

 ʊʘʙʣʠʮʷ 3.1    ʉʠʤʚʦʣʴʥʽ ʽʤʝʥʘ  ʝʣʝʤʝʥʪʽʚ ʤʦʜʫʣʽʚ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ                                      

ʋʜʘʨʥʠʡ ʽʤʧʫʣʴʩ ʩʠʣʠ ʧʦ 

ʜʝʪʘʣʷʤ ʩʪʦʩʫ  ʟʥʠʟʫ 

ɺʠʚʝʜʝʥʥʷ ʥʠʞʥʴʦʾ ʜʝʪʘʣʽ 

ʩʪʦʩʫ 

ɽʣʝʤʝʥʪʠ 

ʇʥʝʚʤʦ-

ʮʠʣʽʥʜʨ 

1 

ɽʣʝʤʝʥʪ 

ʢʝʨʫʚʘʥʥʷ 

ʂʦʥʪ-

ʨʦʣʴ 

ʰʪʦʢʫ 

ʇʥʝʚʤ

ʦʮʠʣʽʥ

ʜʨ 2 

ɽʣʝʤʝʥʪ 

ʢʝʨʫʚʘʥʥʷ 

ʂʦʥʪ-

ʨʦʣʴ 

ʰʪʦʢʫ 

ʇʘʤô

ʷʪʽ 

ɿʘʪʨ

ʠʤʢʠ 

ʯʘʩʫ 

 

ʂʥʦʧʢʠ 

ʉʭʝʤʘ ʢʦʤʙʽʥʦʚʘʥʘ (ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʽʢʠ)  

ʅʘʯʘʣʴ 

ʥʝ ʧʦ-

ʣʦʞʝʥʥ

ʷ  ï 

ʰʪʦʢ 

ʚʪʷʛʥʫ-

ʪʠʡ. 

ʇʥʝʚʤʦʢʣ

ʘʧʘʥ  5/2     

ʟ ɹɯ-

ʩʪʘʙʽʣʴʥʠ

ʤ 

ʝʣʝʢʪʨʦʤʘ

ʛ-ʥʽʪʥʠʤ 

ʢʝʨʫʚʘʥʥʷ

ʤ 

Y1 ʪʘ YN1 

ʂʽʥʮʝʚ

ʽ  

ʚʠʤʠʢ

ʘʯʽ  

(XN1) 

ʪʘ 

(X1) 

ʅʘʯʘʣʴ 

ʥʝ ʧʦ-

ʣʦʞʝʥʥ

ʷ  ï 

ʰʪʦʢ 

ʚʪʷʛʥʫ-

ʪʠʡ. 

ʇʥʝʚʤʦʢʣ

ʘʧʘʥ  5/2    

ʟ ɹɯ- 

ʩʪʘʙʽʣʴʥʠ

ʤ 

ʝʣʝʢʪʨʦʤʘ

ʛʥʽʪʥʠʤ 

ʢʝʨʫʚʘʥʥʷ

ʤ 

Y2 ʪʘ YN2 

ʂʽʥʮʝʚ

ʽ  

ʚʠʤʠʢ

ʘʯʽ  

(XN2) 

ʪʘ 

(X2) 

ɼʦʜʘ

ʪʢʦʚʝ 

ʨʝʣʝ 

ʟ 

ʧʨʽʦʨ

ʠʪʝʪʦ

ʤ ʥʘ 

ʚʠʤʠ

ʢʘʥʥ

 ̫

(3) 

ʈʝʣʝ 

ʯʘʩʫ  

(ʊ1) 

Sst 

ʚʤʠʢʘʥ

-ʥʷ 

ʩʠʩʪʝʤ

ʠ; 

Sʽm 

iʤʽʪʘʮʽʷ 

ʥʘʷʚʥʦ

ʩʪʽ 

ʜʝʪʘʣʝʡ 

ʚ  ʄɿʋ 
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 ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʦʨʰʥʽ ʽ ʰʪʦʢʠ ʧʥʝʚʤʦʮʠʣʽʥʜʨʽʚ 1 ʽ 2 

ʚʪʷʛʥʫʪʠ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ç ρO σO ρ O ςO σ O ς è ʚ ʮʠʢʣʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ  ʛʨʘʬʫ  ʫʪʚʦʨʝʥʘ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʝʣʝʤʝʥʪʫ ʧʘʤôʷʪʽ 3 

(ʨʠʩ.3.8), ʷʢʽʡ ʜʦʜʘʪʢʦʚʦ ʚʚʝʜʝʥʠʡ ʜʣʷ ʫʩʫʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʫ ʟʚôʷʟʢʫ ʟ ʽʩʥʫʚʘʥʥʷʤ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʛʨʘʬʽ ʜʚʦʭ ʧʽʜʛʨʘʬʽʚ  

ʨʦʟʜʽʣʝʥʠʭ ʣʽʥʽʻʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ (ʰʪʨʠʭ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʥʘ ʨʠʩ. 3.8).  

 ʉʢʣʘʜʘʻʤʦ ʥʘʩʪʫʧʥʽ ʣʦʛʽʯʥʽ ʚʠʨʘʟʠ ʧʨʠʯʠʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ 

ʜʣʷ ʢʦʤʘʥʜ ʢʝʨʫʚʘʥʥʷ,  ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʬʨʘʛʤʝʥʪʦʤ 

ʧʨʦʛʨʘʤʠ ʜʣʷ ʢʦʥʪʨʦʣʝʨʘ ʽ ʢʦʤʝʥʪʘʨʝʤ ʜʦ ʥʴʦʛʦ:  

  

ʇʨʦʛʨʘʤʘ ɹɯʩʪʘʙʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʚʘʨʽʘʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘ: 

                                                9ᵺ8Ͻ8Ͻ8ÓÔϽ8ÉÍ;                                  (3.2)                                    

 

IF     ʍN2        ó ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ(2) 

   AND XN3           

   AND Sst  

   AND Sim)  

THEN    SET   Y1  ó ʪʦʜʽ ʚʢʣʶʯʠʪʠ ʧʨʷʤʫ ʢʦʤʘʥʜʫ ʜʣʷ 

ʇʎ1     

    

RESET YN1      ó ʚʠʤʢʥʫʪʠ ʟʚʦʨʦʪʥʫ ʢʦʤʘʥʜʫ ʜʣʷ ʇʎ1 

 9 ᵺ8;                       (3.3)                                                                                                     

IF  X3           ó ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (3)                                                                                       

THEN SET YN1     ó ʪʦʜʽ ʚʢʣʶʯʠʪʠ ʟʚʦʨʦʪʥʫ ʢʦʤʘʥʜʫ ʜʣʷ 

ʇʎ1 

   RESET  Y1     ó ʚʠʤʢʥʫʪʠ ʧʨʷʤʫ ʢʦʤʘʥʜʫ ʜʣʷ ʇʎ1 

9ᵺ8Ͻ8 ;                                              (3.4)                                                                                  

IF XN1 AND X3    ó ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (4) 

THEN SET   Y2    ó ʪʦʜʽ ʚʢʣʶʯʠʪʠ ʧʨʷʤʫ ʢʦʤʘʥʜʫ ʜʣʷ ʇʎ 

2 

    RESET YN2    ó ʚʠʤʢʥʫʪʠ ʟʚʦʨʦʪʥʫ ʢʦʤʘʥʜʫ ʜʣʷ ʇʎ2  

ὣ ᵺὢ ;                                                     (3.5)                                                                                               

IF  XN3          ó ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (5)                                                     

THEN SET  YN2    ó ʪʦʜʽ ʚʢʣʶʯʠʪʠ ʟʚʦʨʦʪʥʫ ʢʦʤʘʥʜʫ ʜʣʷ 

ʇʎ2     
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     RESET Y2    ó ʚʠʤʢʥʫʪʠ ʧʨʷʤʫ ʢʦʤʘʥʜʫ ʜʣʷ  ʇʎ2 

ὣᵺὢ;                                                      (3.6)                                                                                               

IF   X1            ó ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (6)                                                     

THEN SET X3        ó ʪʦʜʽ ʚʢʣʶʯʠʪʠ ʧʨʘʧʦʨ ʚʢʣʶʯʝʥʦʛʦ                                                    

                ó ʩʪʘʥʫ ʝʣʝʤʝʥʪʘ  ʧʘʤôʷʪʽ 3 (ʨʠʩ.3.8)                                                                    

RESET XN3          ó ʚʠʤʢʥʫʪʠ ʧʨʘʧʦʨ ʚʠʢʣʶʯʝʥʦʛʦ 

ʩʪʘʥʫ  

                ó ʝʣʝʤʝʥʪʘ ʧʘʤôʷʪʽ ʟʘʪʨʠʤʢʠ ʯʘʩʫ 1 ʩ                                                       

RESET XT1          ó ʚʠʤʢʥʫʪʠ ʧʨʘʧʦʨ ʧʦʢʨʠʪʪʷ ʪʘʡʤʝʨʘ 

ʊ1 

 

IF N XT1 AND X2    ó ʷʢʱʦ ʧʨʘʧʦʨ ʧʦʢʨʠʪʪʷ ʪʘʡʤʝʨʘ   

               ó ʘʢʪʠʚʥʠʡ ʪʘ ʢʦʥʪʘʢʪ ʢʽʥʮʝʚʦʛʦ  

               ó ʚʠʤʠʢʘʯʘ ʍ2 ʟʘʤʢʥʝʥʠʡ (X2=1)              

THEN SET T1        ó ʪʦʜʽ ʚʢʣʶʯʠʪʠ ʪʘʡʤʝʨ T1   

    WITH 1s        ó ʽʟ ʟʘʪʨʠʤʢʦʶ ʯʘʩʫ 1 ʩ 

SET XT1            ó ʚʢʣʶʯʠʪʠ ʧʨʘʧʦʨ ʧʦʢʨʠʪʪʷ ʪʘʡʤʝʨʘ 

ʊ1 

RESET X3           ó ʚʠʤʢʥʫʪʠ ʧʨʘʧʦʨ  ʚʢʣʶʯʝʥʦʛʦ 

ʩʪʘʥʫ                                                                                    

                   ó ʝʣʝʤʝʥʪʘ  ʧʘʤôʷʪʽ 3    

ὣ ᵺὢ ;                                                        (3.7)                                                                                               

IF NT1 AND XT1     ó ʷʢʱʦ ʪʘʡʤʝʨ ʟʘʢʽʥʯʠʚ ʨʦʙʦʪʫ 

(ʊ1=0)                                                                                              

                   ó ʽ ʧʨʘʧʦʨ ʧʦʢʨʠʪʪʷ ʪʘʡʤʝʨʘ  

(XT1=0)                                                                                   

THEN SET ʍN3       ó ʪʦʜʽ ʚʢʣʶʯʠʪʠ ʧʨʘʧʦʨ ʚʠʤʢʥʫʪʦʛʦ                                                                                    

                   ó ʩʪʘʥʫ ʝʣʝʤʝʥʪʘ ʧʘʤôʷʪʽ  3 

  

 

 ɼʣʷ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʘʥʜ (3.2)é(3.7) ʚ ʪʘʙʣʠʮʽ 4.2 ʥʘʚʝʜʝʥʽ 

ʘʙʩʦʣʶʪʥʽ ʪʘ ʩʠʤʚʦʣʴʥʽ ʽʤʝʥʘ ʦʧʝʨʘʥʜʽʚ ʩʠʩʪʝʤʠ  ʮʠʢʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ. 

ʅʘ ʨʠʩ. 3.11 ʥʘʚʝʜʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ɹʽʩʪʘʙʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʻʤ ʚʟʫʪʪʻʚʠʭ ʤʘʰʠʥ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘ. 
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ʊʘʙʣʠʮʷ 4.2                                                      AllocationList                       

ʊʠʧ ɸʙʩʦʣʶʪʥʝ ʽʤ'ʷ 

(Abs) 

ʉʠʤʚʦʣʴʥʝ ʽʤ'ʷ 

(Sʽmb) 

ʂʦʤʝʥʪʘʨ 

Output O0.0 Y1 ʂʦʪʫʰʢʘ ʩʦʣʝʥʦʾʜʘ Y1 ʧʽʜ 

ʩʪʨʫʤʦʤ (YN1=0) 

Output O0.1 YN1 ʂʦʪʫʰʢʘ ʩʦʣʝʥʦʾʜʘ YN1 ʧʽʜ 

ʩʪʨʫʤʦʤ (Y1=0) 

Output O0.2 Y2 ʂʦʪʫʰʢʘ ʩʦʣʝʥʦʾʜʘ Y2 ʧʽʜ 

ʩʪʨʫʤʦʤ (YN2=0) 

Output O0.3 YN2 ʂʦʪʫʰʢʘ ʩʦʣʝʥʦʾʜʘ YN2 ʧʽʜ 

ʩʪʨʫʤʦʤ (Y2=0) 

Input I0.0 XN1 ʐʪʦʢ ʧʨʠʚʦʜʫ 1 ʚʥʠʟʫ  

Input I0.1 X1 ʐʪʦʢ ʧʨʠʚʦʜʫ 1 ʚʚʝʨʭʫ 

(ʫʜʘʨ) 

Input I0.2 XN2 ʐʪʦʢ ʧʨʠʚʦʜʫ 2  ʚʪʷʛʥʫʪʠʡ 

Input I0.3 X2 ʐʪʦʢ ʧʨʠʚʦʜʫ 2  ʚʠʩʫʥʫʪʠʡ 

(ʟʩʫʚ ʥʠʞʥʴʦʾ ʜʝʪʘʣʽ ʚʽʜ 

ʩʪʦʩʫ) 

Input I0.4 Sst ʉʠʛʥʘʣ ʚʤʠʢʘʥʥʷ ʩʠʩʪʝʤʠ 

(ʢʥʦʧʢʘ Start) 

 

Input 

 

I0.5 

 

Sim 

ʉʠʛʥʘʣ ʽʤʽʪʘʮʽʾ ʥʘʷʚʥʦʩʪʽ 

ʜʝʪʘʣʝʡ ʚ ʄɿʋ(ʥʦʨʤʘʣʴʥʦ 

ʚʽʜʢʨʠʪʠʡ  ʢʦʥʪʘʢʪ Sim) 

Flag F0.0 XN3 ʇʨʘʧʦʨ ʚʠʤʢʥʫʪʦʛʦ ʝʣʝʤʝʥʪʘ 

ʧʘʤôʷʪʽ 3 

Flag F0.1 X3 ʇʨʘʧʦʨ ʚʢʣʶʯʝʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʧʘʤôʷʪʽ 3 

Flag F0.2 XT1 ʇʨʘʧʦʨ ʧʦʢʨʠʪʪʷ 

ʪʘʡʤʝʨʘ(ʟʘʧʦʙʽʛʘʻ 

ʧʦʚʪʦʨʥʦʤʫ ʚʤʠʢʘʥʥʶ) 

Flag FX1 ʊ1 ʊʘʡʤʝʨ 
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ʈʠʩ. 3.11. ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ɹʽʩʪʘʙʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʻʤ ʚʟʫʪʪʻʚʠʭ ʤʘʰʠʥ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʨʦʣʝʨʘ 

 

 ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʄɿʇ ʜʝʪʘʣʷʤʠ ʥʠʟʫ ʚʟʫʪʪʷ ἦἱἵ =1) ʽ 

ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ ʩʪʘʨʪʫ (ἦἻἼ = 1)  ʧʨʠ ʟʘʤʢʥʝʥʦʤʫ ʢʦʥʪʘʢʪʽ  ἦ  ʽ 

ʚʠʤʢʥʝʥʦʤʫ ʝʣʝʤʝʥʪʽ ʧʘʤôʷʪʽ ἦ  ʧʦʯʠʥʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʮʠʢʣ ʨʦʙʦʪʠ 

ɸɿʇ: 

 ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʷʤʘ ʢʦʤʘʥʜʘ  ὣḊὣρ = 1 ʧʨʠ ʷʢʠʡ ʰʪʦʢ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ 1 (ʇʎ1) ʰʚʠʜʢʦ ʚʠʩʫʚʘʻʪʴʩʷ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʜʘʨ ʰʪʦʢʦʤ 

ʧʦ ʩʪʦʩʫ ʜʝʪʘʣʝʡ ʟʥʠʟʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʩʠʛʥʘʣ ʢʦʥʪʨʦʣʶ  ὢḊὢρ = 1 

ʜʨʫʛʦʛʦ ʢʨʘʡʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʫ; 

 ʚʤʠʢʘʻʪʴʩʷ ʝʣʝʤʝʥʪ ʧʘʤôʷʪʽ ὢḊὢσ ρ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʦʨʦʪʥʘ 

ʢʦʤʘʥʜʘ   ὣḊὣὔρ ρ. ʐʪʦʢ ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ 1 ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʧʦʯʘʪʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ʽ ʩʠʛʥʘʣ ʢʦʥʪʨʦʣʶ  ʧʝʨʰʦʛʦ ʢʨʘʡʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʫ 

ὢḊὢὔρ ρ; 

 ʧʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʷʤʘ ʢʦʤʘʥʜʘ ὣḊὣς ρ ʽ ʰʪʦʢ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ 2 (ʇʎ2)  ʚʠʩʫʚʘʻʪʴʩʷ ʟ ʧʝʨʰʦʛʦ ʢʨʘʡʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ. 

ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʚʘʥʥʷ ʥʠʞʥʴʦʾ ʜʝʪʘʣʽ ʟʽ ʩʪʦʩʫ ʫ ʚʘʣʢʠ 3 ʽ 4 ɸɿʇ ʽ ʩʠʛʥʘʣ 

ʢʦʥʪʨʦʣʶ  ʜʨʫʛʦʛʦ ʢʨʘʡʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʫ  ὢḊὢς =1. ɺʤʠʢʘʻʪʴʩʷ 

ʪʘʡʤʝʨ (ʊ1) ʽʟ ʟʘʪʨʠʤʢʦʶ ʯʘʩʫ  ʥʘ 1 ʩʝʢʫʥʜʫ; 

 ʚʠʤʠʢʘʻʪʴʩʷ ʝʣʝʤʝʥʪ ʧʘʤôʷʪʽ ὢ ρ  ʽ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʪʘʡʤʝʨ; 

 ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʦʨʦʪʥʘ ʢʦʤʘʥʜʘ   ὣḊὣὔς ρ ʽ ʰʪʦʢ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʫ 2  ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ, ʘ ʩʠʛʥʘʣ 

ʢʦʥʪʨʦʣʶ  ʧʝʨʰʦʛʦ ʢʨʘʡʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʫ ὢ Ḋὢὔς ρ . 
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 ʗʢʱʦ ʢʥʦʧʢʘ ʬʽʢʩʘʮʽʻʶ  ʙʫʣʘ ʥʘʪʠʩʥʫʪʘ (ἦἻἼ = 1) ʽ ʚ ʄɿʇ ʻ ʜʝʪʘʣ, 

ʪʦ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ  ʽ ʧʦʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʜʝʪʘʣʴ ʥʠʟʫ ʚʟʫʪʪʷ. ʗʢʱʦ  

ἦἱἵπ, ʪʦʜʽ ʥʘʩʪʫʧʥʠʡ ʮʠʢʣ ʥʝ ʧʦʯʠʥʘʻʪʴʩʷ ʽ ʮʻ ʻ ʩʠʛʥʘʣʦʤ ʥʘ 

ʧʦʧʦʚʥʝʥʥʷ ʄɿʋ ʜʝʪʘʣʷʤʠ. ʗʢʱʦ ʧʦʚʪʦʨʥʦ ʥʘʪʠʩʥʫʪʠ ʥʘ ʢʥʦʧʢʫ ʟ 

ʬʽʢʩʘʮʽʻʶ  (ἦἻἼ = 0), ʪʦʜʽ ʩʠʩʪʝʤʘ ʜʦʧʨʘʮʶʻ ʮʠʢʣ ʽ ʟʫʧʠʥʷʻʪʴʩʷ. 

  

 

 

       ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ  3. 

 

      1.ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʘʥʘʣʽʟ ʚʽʜ  

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ? 

       2. ʗʢʽ ʦʙôʻʢʪʠ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ Tool=object 

ʧʽʜʣʷʛʘʶʪʴ ʨʦʟʛʣʷʜʫ ʧʨʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʘʥʘʣʽʟʽ ʢʨʘʻ ʦʙʤʝʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ? 

       3. ʗʢʽ ʦʙôʻʢʪʠ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ Tool=object 

ʧʽʜʣʷʛʘʶʪʴ ʨʦʟʛʣʷʜʫ ʧʨʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʘʥʘʣʽʟʽ ʧʣʦʩʢʦ ʚôʷʟʘʣʴʥʦʾ  

ʤʘʰʠʥʠ ʪʠʧʫ ʇɺʂ ? 

      4. ʗʢʽ ʦʙôʻʢʪʠ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʩʠʨʦʚʠʥʘ RawMaterial=object  ʧʽʜʣʷʛʘʶʪʴ 

ʨʦʟʛʣʷʜʫ ʧʨʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʘʥʘʣʽʟʽ ʤʘʰʠʥ ʯʦʚʥʠʢʦʚʦʛʦ ʩʪʽʙʢʘ ?  

      5. ʗʢʽ ʦʙôʻʢʪʠ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʩʠʨʦʚʠʥʘ RawMaterial=object  ʧʽʜʣʷʛʘʶʪʴ 

ʨʦʟʛʣʷʜʫ ʧʨʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʘʥʘʣʽʟʽ ʦʩʥʦʚʦʚôʷʟʘʣʴʥʦʾ ʤʘʰʠʥʠ ? 

      6. ʗʢʽ ʦʙôʻʢʪʠ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʩʠʨʦʚʠʥʘ Link=object  ʧʽʜʣʷʛʘʶʪʴ ʨʦʟʛʣʷʜʫ 

ʧʨʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʘʥʘʣʽʟʽ ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʠʩʣʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʥʠʪʢʦʧʨʠʷʛʫʚʘʯʘ ? 

  7. ʗʢʽʡ ʟʤʽʩʪ ʤʘʶʪʴ ʢʦʤʘʥʜʠ SET YN2   ʽ   ʢʦʤʘʥʜ  RESET Y1 ? 
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4. ʇʈʆɻʈɸʄʆɺɸʅɯ ɺʀʂʆʅɸɺʏɯ ʄɽʍɸʅɯɿʄʀ ʆɹɽʈʊʆɺʆɰ ɼɯɰ  

ʄɽʍɸʊʈʆʅʅʀʍ ɯ ʈʆɹʆʊʆʊɽʍʅɯʏʅʀʍ ʉʀʉʊɽʄ 

 

4.1. ʉʪʨʫʢʪʫʨʘ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʝʭʘʪʨʦʥʽʢʠ ʥʘ ʟʘʩʘʜʘʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

 

ʄʘʰʠʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʝʭʘʥʽʟʤʫ ʪʠʤ, ʱʦ ʤʘʰʠʥʘ,  ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜ. ʗʢʱʦ ʤʝʭʘʥʽʟʤ ʤʘʻ  ʧʨʠʚʦʜ, ʪʦʜʽ ʪʘʢʠʡ ʤʝʭʘʥʽʟʤ ʤʘʻ ʥʘʟʚʫ 

çʤʝʭʘʥʽʟʤ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʧʨʠʚʦʜʦʤè, ʘ ʚ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ ʤʘʻ ʥʘʟʚʫ çʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʡ 

ʤʝʭʘʥʽʟʤè. 

ɺ ʥʝʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ 

ʞʦʨʩʪʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ  ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʥʘ ʟʘʩʘʜʘʭ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟ ʨʝʜʫʢʪʦʨʦʤ (ʚôʷʟʘʣʴʥʽ ʤʘʰʠʥʠ) ʽ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟ ʤʫʬʪʦʶ ʟʯʝʧʣʝʥʥʷ Clutch Motor (ʜʚʠʛʫʥ 

ʟʯʝʧʣʝʥʥʷ). ɺʽʜʦʤʦ, ʱʦ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽ ʢʦʪʫʰʢʠ ʩʪʘʪʦʨʘ 

(ʧʘʨʠ ʧʦʣʶʩʽʚ) ʟʤʽʱʝʥʽ ʧʦ ʬʘʟʽ ʥʘ ʢʫʪ ρςπ ʽ ʪʦʤʫ ʩʪʚʦʨʶʶʪʴ ʦʙʝʨʪʦʚʠʡ 

ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʯʘʩʪʦʪʦʶ n: 

 

ὲ
Ͻ 

   [ʦʙ/ʭʚ], 

 

ʜʝ   f = 50 ɻʮ ï ʯʘʩʪʦʪʘ ʞʠʚʣʝʥʥʷ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ; 

      p ï ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ ʩʪʘʪʦʨʘ. 

  

ʏʘʩʪʦʪʘ ὲ  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʚʟʘʥʥʷ ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ɿʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʤʦʞʥʘ, ʷʢʱʦ ʟʤʽʥʶʚʘʪʠ ʚ ʯʠʩʝʣʴʥʠʢʫ f ʘʙʦ ʚ ʟʥʘʤʝʥʥʠʢʫ p . ɺ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ ʜʣʷ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʦʪʨʽʙʥʝ 

ʜʦʜʘʪʢʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʘ ʫ 

ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʝʥʽ 

ʟʘʪʨʘʪʠ ʜʨʦʪʫ ʟ ʤʝʜʽ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʦʪʫʰʦʢ ʩʪʘʪʦʨʘ ʽ ʟʘʩʦʙʽʚ 

ʾʭ ʧʝʨʝʢʣʶʯʝʥʥʷ ʧʨʠ ʧʫʩʢʝ ʽ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ. 

ɺ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ ʽ ʚʝʨʩʪʘʪʘʭ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟ ʛʥʫʯʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
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ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʦʾ ʜʽʾ ʘʙʦ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ 

ʦʙʝʨʪʦʚʦʾ ʜʽʾ (ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ). 

 ɼʦ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʠʭ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʦʚʦʾ ʜʽʾ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ ʛʘʣʫʟʽ ʽ 

ʚʝʨʩʪʘʪʘʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ: 

¶ ʧʥʝʚʤʦʮʠʣʽʥʜʨʠ ʽ ʛʽʜʨʦʮʠʣʽʥʜʨʠ; 

¶ ʣʽʥʽʡʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ; 

¶ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʟ ʧʝʨʝʜʘʪʦʯʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʪʘ ʽʥʰʽ. 

ɺ ʩʠʩʪʝʤʘʭ ʤʝʭʘʪʨʦʥʽʢʠ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʦʾ ʜʽʾ 

ʘʙʦ ʦʙʝʨʪʦʚʦʾ ʜʽʾ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʧʦʨʪʽʚ çOutputè (ʧʦʨʪʽʚ ʚʠʭʦʜʽʚ) 

ʧʨʦʛʨʘʤʫʝʤʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ CNC-ʚʝʨʩʪʘʪʫ ʘʙʦ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ ʟ ʧʨʷʤʠʤ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ (ʘʥʛʣ. Direct Drive Motor)  ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ ʛʥʫʯʢʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʝʨʝʜʘʪʦʯʥʠʭ ʚʘʞʽʣʴʥʠʭ  ʤʝʭʘʥʽʟʤʽʚ . ʗʢʱʦ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚʘʞʽʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʚʠʢʦʥʘʚʯʠʤ ʤʝʭʘʥʽʟʤʦʤ 

ʦʙʝʨʪʦʚʦʾ ʜʽʾ ʥʘ ʟʘʩʘʜʘʭ ʢʨʦʢʦʚʦʛʦ/ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʫʥʘ (Stepper Motor) ʯʠ 

ʩʝʨʚʦʜʚʠʛʫʥʫ (Servo Motor) ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʽ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ 

ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʦʾ ʜʽʾ,  ʪʦʜʽ ʪʘʢʽ ʚʘʞʽʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʭʦʜʷʪʴ ʚ ʢʣʘʩ  

çʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚè. ʉʫʯʘʩʥʘ ʥʘʟʚʘ ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ  

çʤʝʭʘʥʽʟʤʠ ʟ ʽʥʪʝʣʝʢʪʦʤè ̔ ʚʦʥʠ ʻ ʦʩʥʦʚʦʶ ʨʦʙʦʪʦʪʝʭʥʽʢʠ.  

ʈʦʟʨʦʙʢʘ (ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ) ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ  ʟ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʜʦʟʚʦʣʷʻ 

ʙʘʛʘʪʦʣʘʥʢʦʚʠʡ ʚʘʞʽʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʤʽʥʠʪʠ ʥʘ  4-

ʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʧʨʠʚʦʜʦʤ. ʇʨʠ 

ʮʴʦʤʫ ʬʫʥʢʮʽʷ ʧʦʣʦʞʝʥʥʷ ʚʝʜʝʥʦʾ ʣʘʥʢʠ ʟ ʦʜʥʦʾ ʘʙʦ ʜʝʢʽʣʴʢʘ ʟʫʧʠʥʢʘʤʠ  

ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ (ʦʜʠʥ ʮʠʢʣ) ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʩʦʙʘʤʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ɼʦʮʽʣʴʥʽʩʪʴ ʪʘʢʦʾ ʟʘʤʽʥʘ 

ʚʽʜʥʦʩʠʪʴʩʷ ʷʢ ʜʦ ʧʣʦʩʢʠʭ, ʪʘʢ ʽ ʜʦ ʧʨʦʩʪʦʨʦʚʠʭ ʚʘʞʽʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʘ 

ʪʘʢʦʞ ʜʦ ʙʽʣʴʰʦʩʪʽ ʦʜʥʦ ʢʨʦʢʦʚʠʭ ʽ ʙʘʛʘʪʦʢʨʦʢʦʚʠʭ ʢʫʣʘʯʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɽʣʝʢʪʨʦʧʨʠʚʦʜ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʘʰʠʥ ʚʢʣʶʯʘʻ ʩʫʢʫʧʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ 

ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: 

1 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; 
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2 ï ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʦ ʛʦʣʦʚʥʦʛʦ 

ʚʘʣʫ ʤʘʰʠʥʠ. ʎʝ ʨʝʜʫʢʪʦʨʠ, ʤʫʬʪʠ, ʧʘʩʦʚʽ ʪʘ ʽʥʰʽ ʛʥʫʯʢʽ ʽ ʣʘʥʮʶʛʦʚʽ 

ʧʝʨʝʜʘʯʽ. ʗʢʱʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʥʘʧʨʷʤʫ ʟôʻʜʥʘʥʠʡ ʟ ʛʦʣʦʚʥʠʤ ʚʘʣʦʤ 

ʤʘʰʠʥʠ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʽ ʪʦʜʽ ʪʘʢʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʤʘʻ 

ʥʘʟʚʫ çʧʨʷʤʠʡ ʧʨʠʚʦʜè ʽ  ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ ʤʘʻ ʥʘʟʚʫ, ʥʘʧʨʠʢʣʘʜ 

çh ʚʝʡʥʘ ʤʘʰʠʥʘ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤè, çʧʨʘʣʴʥʘ ʤʘʰʠʥʘ ʟ ʧʨʷʤʠʤ 

ʧʨʠʚʦʜʦʤè ʪʦʱʦ; 

3 ï ʟʘʩʦʙʽʚ ʢʦʤʫʪʘʮʽʾ .  ʎʝ ʢʥʦʧʢʠ ʧʫʩʢ/ʩʪʦʧ, ʢʽʥʮʝʚʽ ʚʠʤʠʢʘʯʽ, 

ʜʘʪʯʠʢʠ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʜʣʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ,  ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʜʣʷ ʟʘʭʠʩʪʫ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʢʦʨʦʪʢʠʭ ʟʘʤʢʥʝʥʴ, ʧʝʨʝʛʨʽʚʫ. 

ɼʦ ʧʦʰʠʨʝʥʠʭ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʦʙʝʨʪʦʚʦʾ ʜʽʾ, ʷʢʽ ʩʧʦʣʫʯʘʶʪʴʩʷ ʟ 

ʢʦʥʪʨʦʣʝʨʦʤ ʻ ʥʘʩʪʫʧʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ: 

¶ ʧʨʠʚʦʜ ʟ ʘʩʠʥʭʨʦʥʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ  ʽ  ʯʘʩʪʦʪʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ 

(ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ 

ʨʦʪʦʨʦʤ ʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ); 

¶ ʧʨʠʚʦʜ ʟ ʢʦʣʝʢʪʦʨʥʠʤʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʤʘʻ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ); 

¶ ʢʨʦʢʦʚʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ (ʤʘʻ ʜʨʘʡʚʝʨ ʮʠʬʨʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʙʝʟ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ); 

¶ ʩʝʨʚʦʧʨʠʚʦʜ (ʤʘʻ ʜʨʘʡʚʝʨ ʢʝʨʫʚʘʥʥʷ ʽ ʜʘʪʯʠʢ ʜʣʷ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ). 

 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʦʾ ʜʽʾ 

ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʪʘʢʦʞ ʤʘʶʪʴ ʪʨʠ ʩʢʣʘʜʦʚʠʭ: 

1 ï ʧʥʝʚʤʦʮʠʣʽʥʜʨ (ʛʽʜʨʦʮʠʣʽʥʜʨ);  

2 ï ʟʘʩʦʙʠ ʧʝʨʝʜʘʯʽ (ʧʥʝʚʤʦʨʦʟʧʦʜʽʣʴʥʠʢ/ʛʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢ); 

3 ï ʟʘʩʦʙʠ ʢʦʤʫʪʘʮʽʾ (ʢʽʥʮʝʚʽ ʚʠʤʠʢʘʯʽ, ʩʝʥʩʦʨʠ ʽ ʽʥʰʽ ʟʘʩʦʙʠ  

ʩʠʛʥʘʣʽʟʘʮʽʾ ʩʪʘʥʫ ʚʢʣʶʯʝʥʦ/ʚʠʤʠʢʥʝʤʦ).  

      

ʇʨʠʚʦʜʠ ʟ ʘʩʠʥʭʨʦʥʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʟ ʯʘʩʪʦʪʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ï ʮʝ ʩʠʩʪʝʤʘ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʷʤʦʾ ʜʽʾ (ʙʝʟ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ), ʘ ʩʘʤʝ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ (ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʤʘʣʘ ʚʘʨʪʽʩʪʴ ʟʨʦʙʠʣʠ ʪʘʢʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʩʘʤʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʥʝʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ) ʽ ʙʣʦʢʘ 

ʢʝʨʫʚʘʥʥʷ ʯʘʩʪʦʪʦʶ 3-ʬʘʟʥʦʛʦ ʞʠʚʣʝʥʥʷ (ʨʠʩ. 4.1,ʘ). 

 



 

108 

 

ʋ ʨʦʟʽʤʢʥʝʥʦʾ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʙʝʟ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ (ʘʙʦ ʥʘʚʘʥʪʘʞʝʥʥʷʤ) ʽ ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʘʭ 

ʟʤʽʥʠ ʦʜʥʦʛʦ ʟ ʧʘʨʘʤʝʪʨʽʚ (ʥʘʧʨʠʢʣʘʜ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʽ, ʩʪʨʫʤʫ, 

ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ) ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʟʤʽʥʶʻʪʴʩʷ.  

  

 ʋ ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ (ʨʠʩ. 4.1,ʙ) ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʢʦʥʫʻʪʴʩʷ ʾʭ ʘʚʪʦʤʘʪʠʯʥʘ ʢʦʨʝʢʮʽʷ (ʢʦʤʧʝʥʩʘʮʽʷ) ʧʦ ʢʘʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʽ ʟʘʧʨʦʛʨʘʤʦʚʘʥʘ ʢʦʥʪʨʦʣʝʨʦʤ ʬʫʥʢʮʽʷ ʨʦʙʦʪʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

 

 
ʈʠʩ. 4.1. ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʝʭʘʪʨʦʥʽʢʠ: ʘ ï ʧʨʷʤʦʾ 

ʜʽʾ (ʨʦʟʽʤʢʥʝʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ);  ʙ ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʟʽ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ (ʟʘʤʢʥʝʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ) 

  

 ʇʨʠʚʦʜʠ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ 

çʢʦʣʝʢʪʦʨʥʽ ʜʚʠʛʫʥʠè) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʘʰʠʥʘʭ ʽ ʘʧʘʨʘʪʘʭ, ʚ ʷʢʠʭ 

ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʢʦʣʠ 

ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ. 

 ʇʨʠʚʦʜʠ ʟ ʢʨʦʢʦʚʠʤʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚ CNC-ʤʘʰʠʥʘʭ (ʤʘʰʠʥʘʭ ʟ ʏʇʂ ï ʏʠʩʣʦʚʠʤ ʇʨʦʛʨʘʤʥʠʤ ʂʝʨʫʚʘʥʥʷʤ), 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʣʦʩʢʦ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥʘʭ, ʨʦʟʢʨʽʡʥʠʭ ʘʛʨʝʛʘʪʘʭ ʟ ʏʇʂ  ʽ ʚ 

ʤʝʪʘʣʦʦʙʨʦʙʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ.    ʂʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʮʝ ʮʠʬʨʦʚʠʡ 

ʙʝʟʢʦʣʝʢʪʦʨʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ 

ʝʣʝʢʪʨʠʯʥʽ ʽʤʧʫʣʴʩʠ ʚ ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ ʨʦʪʦʨʘ ʢʨʦʢʘʤʠ. ʂʦʞʥʠʡ ʽʤʧʫʣʴʩ 

ʚʽʜʧʦʚʽʜʘʶ ʧʝʚʥʦʤʫ ʢʫʪʫ ʧʦʚʦʨʦʪʫ (ʦʜʥʦʤʫ ʢʨʦʢʫ) ʚʘʣʫ ʨʦʪʦʨʘ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ʂʨʦʢʦʚʽ ʜʚʠʛʫʥʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʚʽʜ ʜʘʪʯʠʢʘ ʍʦʣʣʘ 

ʜʣʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ ʤʘʶʪʴ ʥʘʟʚʫ ʚʝʥʪʠʣʴʥʽ ʜʚʠʛʫʥʠ. 

 ʉʝʨʚʦʧʨʠʚʦʜʠ ʻ ʧʨʦʛʨʘʤʫʻʤʠʤʠ ʧʨʠʚʦʜʘʤʠ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʟʘʩʘʜʘʭ ʙʝʟʢʦʣʝʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʫʤʫ (ʨʠʩ.4.2) ʘʙʦ ʥʘ ʟʘʩʘʜʘʭ 

ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ.  ʉʝʨʚʦʜʚʠʛʫʥʠ ʤʘʪʁʴ ʩʪʨʫʢʪʫʨʫ ʧʦ 
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ʩʭʝʤʽ ʥʘ ʨʠʩ. 4.1,ʙ , ʜʝ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʚʠʢʦʥʫʻ ʜʘʪʯʠʢ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʫ ʚʠʛʣʷʜʽ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʥʢʦʜʝʨʘ ʘʙʦ  ʨʝʟʦʣʴʚʝʨʘ. ʈʝʟʦʣʴʚʝʨ ʮʝ 

ʦʙʝʨʪʦʚʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʷʢʠʡ ʤʘʻ ʦʜʥʫ ʨʫʭʦʤʫ ʢʦʪʫʰʢʘ ʟʘʢʨʽʧʣʝʥʫ ʥʘ 

ʚʘʣʫ ʨʦʪʦʨʘ ʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʘ ʜʚʽ ʥʝʨʫʭʦʤʠʭ ʢʦʪʫʰʢʠ 

(ʦʙʤʦʪʢʠ)  ʟʩʫʥʫʪʠ ʧʦ ʬʘʟʽ ʥʘ ʢʫʪ ˊ/2.  

 

 
ʈʠʩ. 4.2. ʇʨʠʢʣʘʜʠ ʤʦʥʪʘʞʥʦʾ ʩʭʝʤʠ (ʘ), ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ 

(ʙ) ʽ ʜʨʫʢʦʚʘʥʦʾ ʩʭʝʤʠ (ʚ), ʧʦʙʫʜʦʚʘʥʠʭ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

Fritzing  ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʩʝʨʚʦʧʨʠʚʦʜʦʤ SG-90 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʨʦʣʝʨʘ 

Arduino  UNO ʪʘ ʧʦʪʝʥʮʽʦʤʝʪʨʘ  

 

ʉʝʨʚʦʧʨʠʚʦʜ ʥʘ ʟʘʩʘʜʘʭ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʻ ʪʘʢʦʞ ʧʦʰʠʨʝʥʠʤ 

ʧʨʠʚʦʜʦʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ CNC-ʚʝʨʩʪʘʪʽʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʪʦʤʫ ʱʦ ʚʽʥ ʧʨʦʛʨʘʤʥʦ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʶʙʦʾ 

ʬʫʥʢʮʽʾ ʧʦʣʦʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ 

ʞʦʨʩʪʢʦʛʦ ʙʘʛʘʪʦʢʨʦʢʦʚʦʛʦ ʢʫʣʘʯʢʘ ʮʠʢʣʦʚʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ-

ʥʘʧʽʚʘʚʪʦʤʘʪʽʚ. ʊʦʜʽ ʪʘʢʠʡ ʙʘʛʘʪʦʢʨʦʢʦʚʠʡ ʞʦʨʩʪʢʠʡ ʧʨʦʛʨʘʤʦʥʦʩʽʡ  ʩʪʘʻ 

ʛʥʫʯʢʠʤ  ʧʨʦʛʨʘʤʦʥʦʩʽʝʤ ʽ ʙʫʜʝ ʤʘʪʠ ʥʘʟʚʫ çʝʣʝʢʪʨʦʥʥʠʡ ʢʫʣʘʯʦʢè. 

ʉʝʨʚʦʧʨʠʚʦʜ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʧʨʠʚʦʜʥʦʛʦ 

ʤʦʤʝʥʪʫ ʧʦ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʤʫ ʟʘʢʦʥʫ ʘʙʦ ʧʦʚʝʨʪʘʪʠ ʚʝʜʝʥʫ ʣʘʥʢʫ ʥʘ 

ʧʦʪʨʽʙʥʠʡ ʢʫʪ ʟʘ ʩʪʨʽʣʢʦʶ ʛʦʜʠʥʥʠʢʘ ʘʙʦ ʧʨʦʪʠ.  
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ʂʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʰʚʝʡʥʽ ʤʘʰʠʥʠ ʽ ʤʘʰʠʥʠ-ʘʚʪʦʤʘʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʱʦ ʤʘʻ ʨʽʟʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ (ʤʦʜʠʬʽʢʘʮʽʾ ʄ1, ʄ2, ʄ3, M4) ʽ ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ  ʤʝʭʘʪʨʦʥʽʢʠ : 

ʄʦʜʠʬʽʢʘʮʽʷ ʄ1 ï çɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʥʘ ʙʘʟʽ           

ɿx-ʬʘʟʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘè(ʪʠʧ  Stop Motor) ʱʦ ʤʘʻ ʥʘʩʪʫʧʥʽ 

ʫʪʚʦʨʶʶʯʠ ʩʢʣʘʜʦʚʽ: 

 1.1 ï ɿx-ʬʘʟʥʠʡ  ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ; 

 1.2 ï ʜʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʤʫʬʪʠ (ʨʫʭʫ ʽ ʛʘʣʴʤʫʚʘʥʥʷ); 

 1.3 ï ʜʘʪʯʠʢʽ ʢʫʪʘ ʧʦʚʦʨʦʪʫ, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ 

ʤʘʰʠʥʠ ʽ ʜʘʪʯʠʢ ʢʫʪʘ ʧʦʚʦʨʦʪʫ  ʧʝʜʘʣʽ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʧʝʜʘʣʴ ʥʦʩʢʦʤ ʪʘ 

ʧôʷʪʢʦʶ ʥʦʛʠ; 

 1.4 ï ʢʦʥʪʨʦʣʝʨ ʟ ʜʨʘʡʚʝʨʘʤʠ; 

 1.5 ï ʙʣʦʢ  ʞʠʚʣʝʥʥʷ.  

ʄʦʜʠʬʽʢʘʮʽʷ ʄ2 ï çɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʰʚʝʡʥʠʭ 

ʤʘʰʠʥ ʥʘ ʙʘʟʽ ʢʨʦʢʦʚʦʛʦ  ʜʚʠʛʫʥʘè, ʱʦ ʤʘʻ ʥʘʩʪʫʧʥʽ ʫʪʚʦʨʶʶʯʠ ʩʢʣʘʜʦʚʽ: 

  2.1 ï ʢʨʦʢʦʚʠʡ  ʜʚʠʛʫʥ (Stepper Motor), ʘ ʩʘʤʝ ʙʝʟʢʦʣʝʢʪʦʨʥʠʡ 

ʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

  2.2 ï ʢʦʥʪʨʦʣʝʨ ʟ ʮʠʬʨʦʚʦʾ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ. 

  2.3 ï ʙʣʦʢ  ʞʠʚʣʝʥʥʷ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ.  

ʄʦʜʠʬʽʢʘʮʽʷ ʄ3 ï çɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʰʚʝʡʥʠʭ 

ʤʘʰʠʥ ʥʘ ʙʘʟʽ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʫʥʘè, ʱʦ ʤʘʻ ʥʘʩʪʫʧʥʽ ʫʪʚʦʨʶʶʯʠ 

ʩʢʣʘʜʦʚʽ: 

3.1 ï ʚʝʥʪʠʣʴʥʠʡ ʜʚʠʛʫʥ (ʪʠʧ BLDC ï Brush Less Direct-Current), ʘ 

ʩʘʤʝ çʙʝʟʢʦʣʝʢʪʦʨʥʠʡ (ʙʝʟ ʱʽʪʦʢ) ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫè ʟʽ ʟʚʦʨʦʪʥʽʤ 

ʟʚôʷʟʢʦʤ;  

3.2 ï ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʘʙʦ  ʫ ʚʠʛʣʷʜʽ  ʪʨʴʦʭ ʜʘʪʯʠʢʽʚ ʍʦʣʣʘ, ʷʢʽ 

ʟʤʽʱʝʥʽ ʧʦ ʬʘʟʽ ʥʘ ʢʫʪ 120
0
 ʜʣʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʽ ʩʭʝʤʦʶ ʢʝʨʫʚʘʥʥʷ;  

3.3 ï ʢʦʥʪʨʦʣʝʨ ʽ ʜʨʘʡʚʝʨ ʟ ʚʝʥʪʠʣʴʥʠʤʠ (ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ) 

ʢʣʶʯʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʢʦʪʫʰʦʢ ʩʪʘʪʦʨʘ ʧʦ ʩʠʛʥʘʣʘʤ  

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʚʽʜ ʜʘʪʯʠʢʽʚ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ;  

3.4 ï ʙʣʦʢ  ʞʠʚʣʝʥʥʷ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ.  

ʄʦʜʠʬʽʢʘʮʽʷ ʄ4 ï çʇʨʷʤʠʡ ʩʝʨʚʦʧʨʠʚʦʜ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ 

ʤʘʰʠʥ ʥʘ ʟʘʩʘʜʘʭ ʩʝʨʚʦʧʨʚʦʜʫè ʘʙʦ çʧʨʷʤʠʡ ʧʨʠʚʦʜ ʪʠʧʫ DD ï Direct 

Driveè. ɺ ʪʘʢʦʤʫ ʧʨʠʚʦʜʽ ʚʽʜʩʫʪʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʩʦʚʠʭ ʽ ʽʥʰʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʜʘʯ. ɯ ʪʦʤʫ ʧʨʠʚʦʜ  ʟʯʝʧʣʝʥʥʷ ʪʠʧʫ ʉlutch Motor ʜʣʷ 
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ʥʝʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ ʽ ʧʨʠʚʦʜ ʟʯʝʧʣʝʥʥʷ ʪʠʧʫ Efka Vario 

Stop  ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʤʫʬʪʘʤʠ ʟʯʝʧʣʝʥʥʷ ʽ ʛʘʣʴʤʫʚʘʥʥʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ ʚʩʝ ʙʽʣʴʰʝ ʟʘʤʽʥʶʻʪʴʩʷ ʩʝʨʚʦʧʨʠʚʦʜʦʤ, 

ʨʦʪʦʨ ʷʢʦʛʦ ʟʤʦʥʪʦʚʘʥʠʡ ʥʘ ʪʦʨʮʽ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ, ʘ ʩʪʘʪʦʨ ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ 

ʢʦʨʧʫʩʽ ʰʚʝʡʥʦʾ ʤʘʰʠʥʠ.  

 

ɺ ʢʦʤʧôʶʪʝʨʥʠʭ ʚʠʰʠʚʘʣʴʥʠʭ ʘʚʪʦʤʘʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʠʥ 

ʜʚʠʛʫʥ ʤʦʜʠʬʽʢʘʮʽʾ ʄ4 (ʪʠʧʫ DD) ʪʘ 5 ʜʚʠʛʫʥʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʄ2 (ʪʠʧʫ 

Stepper Motor) ʜʣʷ 2D-ʤʝʭʘʥʽʟʤʫ ʧô̫ ʣʝʮʴ, ʜʣʷ ʢʘʨʝʪʢʠ ʟ ʛʦʣʢʦʚʦʜʘʤʠ i 

ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʘʤʠ ʪʘ ʜʣʷ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʦʙʨʽʟʢʠ ʥʠʪʦʢ 

ʽ ʟʘʪʠʩʢʘʥʥʷ ʢʽʥʮʽʚ ʦʙʨʽʟʘʥʠʭ ʥʠʪʦʢ. ɺ ʢʦʤʧôʶʪʝʨʥʠʭ ʰʚʝʡʥʦ-

ʚʠʰʠʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʠʥ ʜʚʠʛʫʥ ʤʦʜʠʬʽʢʘʮʽʾ ʄ3 

(BLDC) ʽ ʯʦʪʠʨʠ ʜʚʠʛʫʥʘ ʤʦʜʠʬʽʢʘʮʽʾ ʄ2 (Stepper Motor). ɺ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʥʘʧʽʚʘʚʪʦʤʘʪʘʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʪʝʣʴ, ʟʘʢʨʽʧʦʢ ʪʘ ʜʣʷ ʧʨʠʰʠʚʘʥʥʷ 

ˇʫʜʟʠʢʽʚ ʘʙʦ ʽʥʰʦʾ ʬʫʨʥʽʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʠʥ ʜʚʠʛʫʥ ʤʦʜʠʬʽʢʘʮʽʾ 

ʄ3 (BLDC) ʽ ʜʚʘ ʜʚʠʛʫʥʘ ʤʦʜʠʬʽʢʘʮʽʾ ʄ2 (Stepper Motor). ɺ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʧʦʙʫʪʦʚʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥʘʭ ʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʘʰʠʥʘʭ ʜʣʷ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ, ʪʨʠ ʜʚʠʛʫʥʘ ʤʦʜʠʬʽʢʘʮʽʾ ʄ2 (Stepper  

Motor). 

 

4.2. ʂʨʦʢʦʚʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ  ̔  ʉNʉ-ʚʝʨʩʪʘʪʽʚ 

 

ʆʜʥʦʦʩʥʽ ʘʙʦ oʜʥʦʢʦʨʜʠʥʘʪʥʽ ʤʦʜʫʣʽ ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟ 

ʧʨʦʛʨʘʤʦʚʘʥʠʤʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʨʫʭʘʤʠ ʚʝʜʝʥʦʾ ʣʘʥʢʠ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ CNC-ʚʝʨʩʪʘʪʘʭ ʽ ʚ CNC-ʤʘʰʠʥʘʭ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ʊʘʢʠ ʤʘʥʽʧʫʣʷʪʦʨʠ ʤʘʶʪʴ ʢʨʦʢʦʚʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ 

ʧʝʨʝʜʘʯ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʧʨʦʛʨʘʤʦʚʘʥʽ ʟʚʦʨʦʪʥʦ-ʦʙʝʨʪʦʚʽ ʨʫʭʠ ʨʦʪʦʨʘ 

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʫ ʣʽʥʽʡʥʽ ʨʫʭʠ ʧʦ ʦʜʥʦʾ ʦʩʽ 3D-ʢʦʦʨʜʠʥʘʪ. ɺ ʩʪʨʫʢʪʫʨʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ CNC-ʤʘhʠʥʠ ʘʙʦ CNC-ʚʝʨʩʪʘʪʘ  ʻ ʜʚʘ ʦʜʥʦʦʩʥʠʭ ʤʦʜʫʣʷ 

ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʽ ʪʦʤʫ  ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʽ ʨʫʭʠ ʢʘʨʝʪʢʠ (ʧôʷʣʝʮʴ) 

ʘʙʦ ʩʪʦʣʝʰʥʠʮʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦ ʚʽʩʷʤ ʆʍ ʽ OY ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʽ. 

ʗʢʱʦ ʚ ʩʪʨʫʢʪʫʨʽ ʚʝʨʩʪʘʪʫ ʻ ʪʨʠ ʤʦʜʫʣʷ ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʪʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ 3ʭ-ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʚʝʨʩʪʘʪʫ CNC ʽ ʪʘʢ ʜʘʣʽ ʜʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʝʨʩʪʘʪʽʚ ʽ ʦʙʨʦʙʣʷʶʯʠʭ ʮʝʥʪʨʽʚ ʜʦ 5-ʪʠ ʽ               

6-ʢʦʦʨʜʠʥʘʪʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ.  
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ʅʘʧʨʠʢʣʘʜ, ʪʠʧʦʚʠʡ ʢʨʦʢʦʚʠʡ ʧʨʠʚʦʜ ʤʝʭʘʥʽʟʤʫ ʟʩʫʚʫ ʛʦʣʦʯʥʠʮʽ 

(ʬʦʥʪʫʨʠ) ʟ ʢʫʣʴʢʦ-ʛʚʠʥʪʦʚʦʶ ʧʝʨʝʜʘʯʝʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʣʦʩʢʦ ʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥʘʭ Stoll (ʅʽʤʝʯʯʠʥʘ), ShimaSeiko 

(ʗʧʦʥʽʷ) ʪʘ ʽʥʰʠʭ  

ʋ CNC-ʚʝʨʩʪʘʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʦʦʩʥʽ ʤʘʥʽʧʫʣʷʨʠ ʟ ʢʫʣʴʢʦ-

ʛʚʠʥʪʦʚʦʶ ʧʝʨʝʜʘʯʝʶ ʜʣʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟʘʛʦʪʦʚʢʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ, ʬʨʝʟ ʧʦ ʪʨʴʦʤ, ʯʦʪʠʨʴʦʤ ʘʙʦ ʧôʷʪʠ ʦʩʷʤ 

ʢʦʦʨʜʠʥʘʪ.  

ʇʨʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʘʰʠʥ 

ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ  ʽ ʉNʉ-ʚʝʨʩʪʘʪʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘ ʟʘʩʘʜʘʭ 

ʢʨʦʢʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ  ʽ ʩʝʨʚʦʧʨʠʚʦʜʫ ʧʦʪʨʽʙʥʘ ʤʘʪʠ ʫʷʚʫ ʧʨʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘʢʠʭ 

ʧʨʦʛʨʘʤʫʻʤʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ʇʨʠ ʧʽʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʽʚ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʧʦʩʘʜʘʭ ʽʥʞʝʥʝʨʘ-ʤʝʭʘʥʽʢʘ 

ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʏʀ ʆɹʆɺôʗɿʂʆɺʆ ɿʅɸʊʀ  ʄʆɺʀ 

ʇʈʆɻʈɸʄʋɺɸʅʅʗ, ʑʆɹ ʇʈʆɻʈɸʄʋɺɸʊʀ ʂʆʅʊʈʆʃɽʈʀ ʥʘ ʟʘʩʘʜʘʭ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʢʨʦʢʦʚʠʤ ʧʨʠʚʦʜʦʤ ʽ ʩʝʨʚʦʧʨʠʚʦʜʦʤ. 

ɺʽʜʧʦʚʽʜʴ ʪʫʪ ʤʦʞʝ ʙʫʪʠ ʥʘʩʪʫʧʥʘ. ɯʩʥʫʶʪʴ ʩʝʨʝʜʦʚʠʱʘ  ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ ʧʨʦʛʨʘʤʫʝʤʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʬʽʨʤ  

Siemens, ABB, Schneider Electric, ʆɺɽʅ ʪʘ ʽʥ.  ɸʣʝ ʚʩʽ ʮʽ ʩʝʨʝʜʦʚʠʱʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʠʚ'ʷʟʘʥʽ ʜʦ ʢʦʥʪʨʦʣʝʨʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ ʽ ʜʦ 

ʧʝʚʥʦʛʦ ʚʠʨʦʙʥʠʢʘ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. 

ʇʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʧʣʘʪʠ Arduino ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ ʩʪʫʜʝʥʪʘʤʠ-ʤʝʭʘʥʽʢʘʤʠ. ʎʽ ʧʣʘʪʠ 

ʧʨʦʛʨʘʤʫʶʪʴʩʷ ʥʘ ʩʧʨʦʱʝʥʦʾ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

Arduino C. ɼʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ ʟʘʧʨʦʰʫʶʪʴʩʷ ʧʨʦʬʝʩʽʡʥʽ 

ʧʨʦʛʨʘʤʽʩʪʠ. ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ ʙʝʟ ʟʥʘʥʥʷ ʦʩʥʦʚ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Arduino C  ʧʦʰʠʨʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ FLProg - ʩʠʩʪʝʤʠ 

ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʣʘʪ Arduino. ɺʩʽ ʢʦʥʪʨʦʣʝʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʤʘʰʠʥ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʘʡʚʝʨʽʚ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʜʘʪʯʠʢʠʚ ʽ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʦʾ 

ʪʘ ʦʙʝʨʪʦʚʦʾ ʜʽʾ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɼʣʷ ʨʦʙʦʪʠ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ 

ʧʨʦʛʨʘʤʘ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʾʾ ʚ ʢʦʥʪʨʦʣʝʨ ʢʦʤʧʽʣʶʻʪʴʩʷ.      

ʂʦʤʧʽʣʷʮʽʷ  ʮʝ çʧʝʨʝʢʣʘʜè ʧʨʦʛʨʘʤʦʶ-ʢʦʤʧʽʣʷʪʦʨʦʤ  ʟ ʤʦʚʠ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʷʢʫ ʩʢʣʘʣʘ ʽ ʟʘʚʘʥʪʘʞʠʣʘ ʚ ʢʦʤʧ'ʶʪʝʨ ʣʶʜʠʥʘ ʥʘ ʤʦʚʫ 

ʤʘʰʠʥʥʠʭ ʢʦʜʽʚ (ʥʫʣʽʚ ʽ ʦʜʠʥʠʮʴ), ʷʢʫ ʨʦʟʫʤʽʻ ʢʦʤʧ'ʶʪʝʨ.  
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ɯʥʞʝʥʝʨʫ-ʤʝʭʘʥʽʢʫ  ʅɽ ʆɹʆɺôʗɿʂʆɺʆ ɿʅɸʊʀ  ʄʆɺʀ 

ʇʈʆɻʈɸʄʋɺɸʅʅʗ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʑʆɹ ʇʈʆɻʈɸʄʋɺɸʊʀ ʂʆʅʊʈʆʃɽʈʀ 

ʥʘ ʟʘʩʘʜʘʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ʇʨʦʛʨʘʤʘ FLProg ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʧʨʦʰʠʚʢʠ ʜʣʷ ʧʣʘʪ Arduino (ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘ) ʥʘ ʛʨʘʬʽʯʥʦʾ ʤʦʚʽ 

FBD (Function Block Diagram ï ʤʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ)  ʘʙʦ  ʥʘ 

ʛʨʘʬʽʯʥʦʾ ʤʦʚʽ LD (Ledder Diagram ï ʤʦʚʘ ʨʝʣʝʡʥʠʭ ʩʭʝʤ) ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʉoDeSys 

(Controller  Development  System)  ʤʽʞʥʘʨʦʜʥʦʛʦ  ʩʪʘʥʜʘʨʪʫ       ʄɽʂ 31131-3. 

ʂʨʦʢʦʚʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ  ʽ ʩʝʨʚʦʧʨʠʚʦʜ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʉNC-

ʤʘʰʠʥ ʛʘʣʫʟʽ, CNC-ʚʝʨʩʪʘʪʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʽ 

ʤʝʭʘʪʨʦʥʥʠʭ ʟʘʩʦʙʘʭ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ  ʙʫʜʫʻʪʴʩʷ 

ʥʘ ʟʘʩʘʜʘʭ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ (ʂɼ). ʂʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʮʝ ʙʝʟʢʦʣʝʢʪʦʨʥʠʡ 

ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʢʦʪʫʰʢʠ ʥʘ ʩʪʘʪʦʨʽ ʽ ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ 

ʥʘ ʟʫʙʯʘʩʪʦʤʫ ʨʦʪʦʨʽ. ɯ ʪʦʤʫ ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ  çʢʨʦʢʦʚʽ 

ʜʚʠʛʫʥʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠè. ɿʘ ʩʧʦʩʦʙʦʤ ʞʠʚʣʝʥʥʷ ʢʦʪʫʰʦʢ ʥʘ ʩʪʘʪʦʨʽ 

ʥʘ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʥʘʩʪʫʧʥʽ: ʂɼ çʙʽʧʦʣʷʨʥʽ ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠè, 

ʱʦ ʤʘʶʪʴ ʧʦ ʜʚʽ ʢʦʪʫʰʢʠ ʥʘ ʢʦʞʥʫ ʬʘʟʫ ʪʘ çʫʥʽʧʦʣʷʨʥʽ (ʦʜʥʦ ʧʦʣʷʨʥʽ) 

ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠè, ʱʦ ʤʘʶʪʴ ʧʦ ʦʜʥʦʾ ʢʦʪʫʰʢʠ ʥʘ ʢʦʞʥʫ ʬʘʟʫ. ʇʝʨʝʤʠʢʘʥʥʷ 

ʢʦʪʫʰʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʧʨʦʛʨʘʤʦʶ ʢʦʥʪʨʦʣʝʨʘ ʥʘ ʟʘʩʘʜʘʭ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʇʨʠ ʽʤʧʫʣʴʩʥʦʤʫ ʟʙʫʜʞʝʥʥʷ (ʧʝʨʝʤʠʢʘʥʥʽ) ʢʦʪʫʰʦʢ ʢʨʦʢ ʟʘ 

ʢʨʦʢʦʤ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚʝʢʪʦʨ ʟʘʛʘʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʢʦʪʫʰʦʢ ʩʪʘʪʦʨʘ ʽ  ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ 

ʨʦʪʦʨʘ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟʤʽʥʥʦʛʦ ʘʙʦ ʢʦʣʝʢʪʦʨʥʠʭ 

ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠ ʫʧʨʘʚʣʷʶʪʴʩʷ ʮʠʬʨʦʚʠʤʠ 

ʽʤʧʫʣʴʩʘʤʠ. ɯʤʧʫʣʴʩʥʠʡ ʢʦʜ ʥʘ ʚʠʭʦʜʽ ʧʨʦʛʨʘʤʫʻʤʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʤʘʣʠʡ ʢʫʪ (ʢʨʦʢ) ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ. ʗʢ ʽ ʚʩʽ ʜʚʠʛʫʥʠ, 

ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟʽ ʩʪʘʪʦʨʘ ʽ ʨʦʪʦʨʘ. ʅʘ ʨʠʩ. 4.1,ʘ ʥʘʚʝʜʝʥʘ 

ʩʧʨʦʱʝʥʘ ʩʭʝʤʘ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ. ʅʘ ʨʦʪʦʨʽ ʚʩʪʘʥʦʚʣʝʥʽ ʧʦʩʪʽʡʥʽ 

ʤʘʛʥʽʪʠ, ʘ ʜʦ ʩʢʣʘʜʫ ʩʪʘʪʦʨʘ ʚʭʦʜʷʪʴ 4 ʢʦʪʫʰʢʠ (ʦʙʤʦʪʢʠ) ʦʙʤʦʪʢʠ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʢʦʣʫ ʧʽʜ ʢʫʪʦʤ 90Á.  

  ɺʽʜʤʽʥʥʦʩʪʽ ʚ ʩʧʦʩʦʙʘʭ ʧʽʜʢʣʶʯʝʥʥʷ ʦʙʤʦʪʦʢ ʚʠʟʥʘʯʘʶʪʴ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ. ʅʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʨʷʜʢʦʤ, ʚ ʷʢʦʤʫ ʟôʻʜʥʘʥʽ ʢʦʪʫʰʢʠ ʤʽʞ ʩʦʙʦʶ.  

ʊʀʇʀ ʂʈʆʂʆɺʀʍ ɼɺʀɻʋʅɯɺ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠ, ʷʢʽ ʧʦʢʣʘʜʝʥʽ ʚ 

ʦʩʥʦʚʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʨʦʢʦʚʦʛʦ ʧʨʠʚʦʜʫ (ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ + ʧʝʨʝʜʘʯʘ + 
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ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ) ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ  ʽ ʚʝʨʩʪʘʪʽʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʂʈʆʂʆɺʀʁ ɼɺʀɻʋʅ ɿ ʇʆʉʊɯʁʅʀʄ ʄɸɻʅɯʊʆʄ (ʨʠʩ. 4.3). ʈʦʪʦʨ 

ʪʘʢʦʛʦ ʜʚʠʛʫʥʘ ʤʽʩʪʠʪʴ ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ ʫ ʬʦʨʤʽ ʜʠʩʢʘ ʟ ʜʚʦʤʘ ʘʙʦ 

ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʣʶʩʽʚ. ʂʦʪʫʰʢʠ ʽʟ ʩʝʨʜʝʯʥʠʢʘʤʠ ʩʪʘʪʦʨʘ ʫʪʚʦʨʶʶʪʴ 

ʧʦ ʢʦʣʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ, ʷʢʽ ʧʨʠ ʞʠʚʣʝʥʥʽ ʾʭ ʽʤʧʫʣʴʩʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʩʠʛʥʘʣʘʤʠ ʧʨʠʪʷʛʫʚʘʪʠ ʪʘ/ʘʙʦ ʚʽʜʰʪʦʚʭʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʪʠʣʝʞʥʽ 

ʧʦʣʶʩʠ (ʟʫʙʮʽ) ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ ʥʘ ʨʦʪʦʨʽ ʽ ʩʪʚʦʨʶʚʘʪʠ ʪʠʤ ʩʘʤʠʤ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ. ʅʘ ʨʠʩ. 4.3 ʥʘʚʝʜʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʢʨʦʢʦʚʦʾ ʜʚʠʛʫʥʘ 

ʟ ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ. 

 

                                         
 ʘ                                                                    ʙ 

ʈʠʩ. 4.3. ʇʨʠʥʮʠʧʦʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ: ʘ ï ʟ 

ʨʦʪʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ; ʙ -  ʟ ʨʦʪʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʟʫʙʯʘʩʪʦʛʦ 

ʜʠʩʢʘ ʟ ʤʘʛʥʽʪʥʦ ʤôʷʢʦʛʦ ʤʝʪʘʣʫ ʙʝʟ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ 

  

ʂʈʆʂʆɺʀʁ ɼɺʀɻʋʅ ɿɯ ɿʄɯʅʅʀʄ ʄɸɻʅɯʊʅʀʄ ʆʇʆʈʆʄ 

(ʨʠʩ. 4.3,ʙ). ʋ ʜʚʠʛʫʥʽʚ ʮʴʦʛʦ ʪʠʧʫ ʥʘ ʨʦʪʦʨʽ ʥʝʤʘʻ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ. 

ɿʘʤʽʩʪʴ ʮʴʦʛʦ, ʨʦʪʦʨ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ  ʤʘʛʥʽʪʥʦ ʤôʷʢʦʛʦ ʤʝʪʘʣʫ ʫ 

ʚʠʛʣʷʜʽ ʰʝʩʪʝʨʽʥʢʠ. ʉʪʘʪʦʨ ʤʘʻ ʙʽʣʴʰʝ ʯʦʪʠʨʴʦʭ ʦʙʤʦʪʦʢ. ʆʙʤʦʪʢʠ 

ʞʠʚʣʷʪʴʩʷ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʧʘʨʘʭ ʽ ʧʨʠʪʷʛʫʶʪʴ ʨʦʪʦʨ. ɺʽʜʩʫʪʥʽʩʪʴ 

ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, 

ʚʽʥ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ. ɸʣʝ ʫ ʮʠʭ ʜʚʠʛʫʥʽʚ ʥʝʤʘʻ ʩʪʦʧʦʚʦʛʦ 

(ʫʪʨʠʤʫʶʯʦʛʦ) ʤʦʤʝʥʪʫ. ʉʪʦʧ-ʤʦʤʝʥʪ  ʮʝ ʤʦʤʝʥʪ, ʱʦ ʦʙʝʨʪʘʻ ʨʦʪʦʨ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʪʨʫʤʫ ʚ ʢʦʪʫʰʢʘʭ  ʘʣʝ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʫ ʚ 

ʢʦʪʫʰʢʘʭ  ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ ʨʦʪʦʨʘ ʩʪʦʧʦʨʷʪʴʩʷ ʚʟʘʻʤʦʜʽʻʶ ʟ  

ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʩʝʨʜʝʯʥʠʢʘʤʠ ʩʪʘʪʦʨʘ. ʉʪʦʧ-ʤʦʤʝʥʪ  ʤʦʞʥʘ ʚʽʜʯʫʪʠ 

ʷʢʱʦ ʩʧʨʦʙʫʚʘʪʠ ʧʦʚʝʨʥʫʪʠ ʨʫʢʦʶ ʚʽʜʢʣʶʯʝʥʠʡ ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʟ 

ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ. ɺʠ ʚʽʜʯʫʻʪʝ ʧʦʤʽʪʥʽ ʢʣʘʮʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʜʚʠʛʫʥʘ. ʅʘʩʧʨʘʚʜʽ ʪʝ, ʱʦ ʚʠ ʚʽʜʯʫʻʪʝ ʽ ʙʫʜʝ ʬʽʢʩʫʶʯʠʤ ʤʦʤʝʥʪʦʤ, 

ʷʢʠʡ ʧʨʠʪʷʛʫʻ ʤʘʛʥʽʪʠ ʜʦ çʟʘʣʽʟʘè ʩʪʘʪʦʨʘ.  ʂʨʦʢʦʚʽ ʜʚʠʛʫʥʠ ʟʽ ʟʤʽʥʥʠʤ 
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ʤʘʛʥʽʪʥʠʤ ʦʧʦʨʦʤ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʢʨʦʢ, ʱʦ ʣʝʞʠʪʴ ʚ ʜʽʘʧʘʟʦʥʽ  

5Áé15Á. 

ɻɯɹʈʀɼʅʀʁ ʂʈʆʂʆɺʀʁ ɼɺʀɻʋʅ (ʨʠʩ. 4.4). ʅʘʟʚʫ çʛʽʙʨʠʜʥʠʡè 

ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʦʪʨʠʤʘʚ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʽʥ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʦʢʦʚʠʭ 

ʜʚʠʛʫʥʽʚ ʟ ʧʝʨʝʤʽʥʥʠʤ ʤʘʛʥʽʪʥʠʤ ʦʧʦʨʦʤ (ʨʠʩ. 4.4).       

ɻʽʙʨʠʜʥʽ ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠ ʤʘʶʪʴ ʚʠʩʦʢʽʡ ʫʪʨʠʤʫʶʯʠʡ ʽ ʜʠʥʘʤʽʯʥʠʡ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪʠ, ʘ ʪʘʢʦʞ  ʤʘʣʫ ʚʝʣʠʯʠʥʫ ʢʨʦʢʫ, ʱʦ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 

0.9é5 ʛʨʘʜʫʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ ʚʝʜʝʥʠʭ 

ʣʘʥʦʢ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʽ ʚʝʨʩʪʘʪʽʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʎʝʡ ʪʠʧ ʜʚʠʛʫʥʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʉNʉ-

ʚʝʨʩʪʘʪʘʭ, ʨʦʙʦʪʘʭ ʽ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʷʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʛʘʣʫʟʽ.  

       ʇʦʰʠʨʝʥʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʛʽʙʨʠʜʥʠʡ ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ  

ʟ 8-ʶ ʦʙʤʦʪʢʘʤʠ (4-ʤʘ ʧʘʨʘʤʠ), ʷʢʠʡ ʚʠʢʦʥʫʻ 200 ʢʨʦʢʽʚ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ. 

ʈʦʪʦʨ ʪʘʢʦʛʦ ʛʽʙʨʠʜʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʤʘʻ 50 ʧʦʟʠʪʠʚʥʠʭ ʽ 50 

ʥʝʛʘʪʠʚʥʠʭ ʟʫʙʮʽʚ-ʧʦʣʶʩʽʚ. ʏʝʨʝʟ ʪʝ, ʱʦ ʪʘʢʠʡ ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ ʚʘʞʢʦ 

ʟʨʦʙʠʪʠ, ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʦʨʠʛʽʥʘʣʴʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ. ʈʦʪʦʨ ʤʽʩʪʠʪʴ ʜʚʘ 

ʦʢʨʝʤʠʭ 50-ʟʫʙʯʘʩʪʠʭ ʜʠʩʢʘ (ʨʠʩ.4.4,ʘ). ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʮʠʣʽʥʜʨʠʯʥʠʡ ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ. ʇʝʨʰʠʡ 

ʟʫʙʯʘʩʪʠʡ ʜʠʩʢ ʟʘʢʨʽʧʣʝʥʠʡ ʟ ʧʦʟʠʪʠʚʥʠʤ ʧʦʣʶʩʦʤ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ, ʘ 

ʜʨʫʛʠʡ ʟʫʙʯʘʩʪʠʡ ʜʠʩʢ ʟʘʢʨʽʧʣʝʥʠʡ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ ʧʦʣʶʩʽʚ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʽʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʠʥ ʜʠʩʢ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʧʦʣʶʩ (S) ʥʘ ʩʚʦʾʭ         

50 ʟʫʙʮʷʭ, ʘ ʜʨʫʛʠʡ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʧʦʣʶc (N) ʥʘ ʩʚʦʾʭ 50 ʟʫʙʮʷʭ. ʇʨʠ 

ʮʴʦʤʫ ʟʫʙʮʽ ʦʜʥʦʛʦ ʜʠʩʢʫ  ʟʤʽʱʝʥʽ ʥʘ 1 ʟʫʙ ʚʽʜʥʦʩʥʦ ʟʫʙʮʽʚ ʜʨʫʛʦʛʦ ʜʠʩʢʫ. 

ɯ ʪʦʤʫ ʟʘʧʘʜʠʥʠ ʟʫʙʮʽʚ ʥʘ ʦʜʥʦʤʫ ʜʠʩʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʨʦʪʠ ʚʝʨʰʠʥ ʟʫʙʮʽʚ 

ʥʘ ʜʨʫʛʦʤʫ ʜʠʩʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʦʪʨʠʤʘʥʦ 

ʨʦʪʦʨ ʽʟ 100 ʟʫʙʮʷʤʠ, ʜʝ ʢʦʞʥʠʡ ʟʫʙ ʮʝ ʧʦʣʶʩʠ (S) ʽ (N)  ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʽʪʫ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʩʝʨʝʜʠʥʽ ʟʫʙʯʘʩʪʠʭ ʜʚʦʭ ʜʠʩʢʽʚ ʽ ʮʽ ʧʦʣʶʩʠ 

(S) ʽ (N)  ʟʫʙʮʽʚ ʨʦʪʦʨʘ ʯʝʨʛʫʶʪʴʩʷ ʧʦ ʢʦʣʫ (ʨʠʩ. 4.4,ʙ).   
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ʈʠʩ. 4.4.  ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʨʦʪʦʨʘ ʛʽʙʨʽʜʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ (ʘ), 

ʟʙʽʛ ʚʝʢʪʦʨʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʫʙʮʽʚ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʨʦʪʦʨʘ ʟ ʚʝʢʪʦʨʦʤ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʚ ʩʪʘʪʦʨʘ ʚ ʧʦʯʘʪʢʦʚʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʨʦʪʦʨʘ (ʙ, ʚ) ʪʘ ʩʪʽʡʢʘ ʤʘʛʥʽʪʥʘ ʨʽʚʥʦʚʘʛʘ ʨʦʪʦʨʘ ʯʝʨʝʟ ʦʜʠʥ 

ʢʨʦʢ (ʛ) 

 

ʅʘ ʨʠʩ. 4.4,ʚ ʢʦʪʫʰʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʩʪʘʪʦʨʽ ʧʽʜ ʢʫʪʦʤ ʚ 60Á, ʘʣʝ 

ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʝʨʰʘ ʧʘʨʘ - ʮʝ ʩʘʤʘ ʚʝʨʭʥʷ ʽ ʩʘʤʘ ʥʠʞʥʷ ʢʦʪʫʰʢʠ, 

ʪʦʜʽ ʜʨʫʛʘ ʧʘʨʘ ʟʤʽʱʝʥʘ ʧʽʜ ʢʫʪʦʤ 60Á  + 5Á (ʨʠʩ. 4.4,ʛ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʧʝʨʰʦʾ, ʽ ʪʨʝʪʷ ʟʤʽʱʝʥʘ ʥʘ 60 + 5 Á ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʨʫʛʦʾ. ʎʷ ʢʫʪʦʚʘ 

ʨʽʟʥʠʮʷ ʽ ʻ ʧʨʠʯʠʥʦʶ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. ʈʝʞʠʤʠ ʢʝʨʫʚʘʥʥʷ ʟ ʧʦʚʥʠʤ ʽ 

ʧʦʣʦʚʠʥʥʠʤ ʢʨʦʢʦʤ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ  ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ.  

 

ʅʘ ʨʠʩ. 4.5,ʘ  ʟʦʙʨʘʞʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 2-ʬʘʟʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ, 

ʷʢʠʡ ʤʘʻ 6 ʟʫʙʮʽʚ ʨʦʪʦʨʘ (ʢʨʦʢ ρυ ʧʨʠ ʧʦʚʥʦʢʨʦʢʦʚʦʤʫ ʨʝʞʠʤʽ 

ʢʝʨʫʚʘʥʥʷ), ʘ ʥʘ ʨʠʩ 4.5,ʙ ï 50 ʟʫʙʮʽʚ ʨʦʪʦʨʘ (ʢʨʦʢ ρȟψ ʧʨʠ 

ʧʦʚʥʦʢʨʦʢʦʚʦʤʫ ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ).  

 ʂʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʧʦʙʫʜʦʚʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʜʝʷʢʽ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟʘ ʥʝʧʦʣʘʜʢʠ, ʷʢʱʦ ʥʝ ʟʥʘʪʠ ʾʭ ʧʨʠʯʠʥʠ. 

ʊʘʢʽ ʧʨʠʚʦʜʠ ʯʘʩʪʦ ʥʘʛʨʽʚʘʶʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʧʨʠʚʦʜʠ ʽʥʰʠʭ ʪʠʧʽʚ ʪʦʤʫ, ʱʦ 

ʯʝʨʝʟ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟʘʚʞʜʠ, ʥʘʚʽʪʴ ʢʦʣʠ ʨʦʪʦʨ 

ʥʝʨʫʭʦʤʠʡ ʧʨʦʭʦʜʠʪʴ ʧʦʚʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʪʘʢ ʟʚʘʥʠʡ 

çʫʪʨʠʤʫʶʯʠʡ ʤʦʤʝʥʪè. ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʩʪʚʦʨʝʥʠʡ ʜʚʠʛʫʥʦʤ ʧʦʚʠʥʝʥ 

ʧʦʜʦʣʘʪʠ ʫʪʨʠʤʫʶʯʠʡ ʤʦʤʝʥʪ ʽ ʙʫʪʠ ʙʽʣʴʰʝ ʤʦʤʝʥʪʫ ʟ ʙʦʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʨʦʢʦʚʦʛʦ ʧʨʠʚʦʜʫ ʟ ʙʦʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ.  ʆʩʪʘʥʥʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʚʘʣʫ ʨʦʪʦʨʘ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 
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ʤʘʰʠʥʠ, ʤʦʤʝʥʪʽʚ ʦʧʦʨʫ ʚʽʜ ʩʠʣ ʪʝʨʪʷ ʪʘ ʤʦʤʝʥʪʽʚ ʚʽʜ ʩʠʣ ʢʦʨʠʩʥʦʛʦ 

ʦʧʦʨʫ ʧʨʠ ʦʙʨʦʙʮʽ ʤʘʪʝʨʽʘʣʽʚ ʨʦʙʦʯʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ. ʂʦʪʫʰʢʠ ʢʨʦʢʦʚʠʭ 

ʜʚʠʛʫʥʽʚ ʤʘʶʪʴ ʽʟʦʣʷʮʽʶ ʢʣʘʩʫ çʅè. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʦʢ 

ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʜʦ ρςπ. ʅʘʛʨʽʚʘʥʥʷ ʢʦʨʧʫʩʫ ʩʪʘʪʦʨʘ ʜʦ  ψπ ʮʝ 

ʥʦʨʤʘʣʴʥʝ ʷʚʠʱʝ.  

 

             
                                          ʘ                                                ʙ 

ʈʠʩ. 4.5. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ: ʘ ï 24 ʢʨʦʢʽʚ ʥʘ 1 ʦʙʦʨʦʪ 

ʨʦʪʦʨʘ ʟ 6 ʟʫʙʮʷʤʠ (ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ);  ʙ ï 200 ʢʨʦʢʽʚ ʥʘ 1 ʦʙʦʨʦʪ 

ʨʦʪʦʨʘ ʟ 50 ʟʫʙʮʷʤʠ (ʛʽʙʨʠʜʥʠʡ)  

 

ʂʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʥʝ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʡʦʤʫ ʧʦʪʨʽʙʝʥ ʧʨʦʪʠʜʽʶʯʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, 

ʷʢʠʡ ʙʫʜʝ ʥʝ ʤʝʥʰʝ ʥʽʞ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ. ɹʝʟ ʪʘʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʚ ʨʦʟʥʦʩ.  

ʇʨʠ ʚʢʣʶʯʝʥʥʽ ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʤʦʞʝ ʩʤʠʢʥʫʪʠʩʴ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʪʠʤ, ʱʦ ʚʽʥ ʤʘʻ ʬʽʢʩʦʚʘʥʝ ʯʠʩʣʦ ʧʦʣʦʞʝʥʴ (ʢʨʦʢʽʚ) ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ ʨʦʪʦʨʘ. 

ɺ ʢʨʦʢʦʚʦʤʫ ʜʚʠʛʫʥʽ ʩʝʨʽʷ ʝʣʝʢʪʨʠʯʥʠʭ  ʽʤʧʫʣʴʩʽʚ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʦ ʢʨʦʢʘʤ ʟʘ ʩʪʨʽʣʢʦʶ ʛʦʜʠʥʥʠʢʘ ʘʙʦ ʧʨʦʪʠ ʩʪʨʽʣʢʠ 

ʛʦʜʠʥʥʠʢʘ. ʆʜʠʥ ʢʦʜ ʩʝʨʽʾ  ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʦʨʦʪ 

ʨʦʪʦʨʘ ʥʘ ʦʜʠʥ ʧʝʚʥʠʡ ʢʫʪ (ʦʜʠʥ ʢʨʦʢ) ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʘʩʪʫʧʥʦʾ 

ʬʦʨʤʫʣʦʶ: 

 

1 ʢʨʦʢ = 
Ͻ̋ ̨̝̝̌̋̒̓ ́̕Ͻ̈̋ ̨̨̝̝̌̋̒̓ ̨̗̈̔̂̃ ̑̏̓̏̑́
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ʅʘʧʨʠʢʣʘʜ, ʜʣʷ  ʢʨʦʢʦʚʦʛʦ  ʜʚʠʛʫʥʘ ʥʘ    ʨʠʩ. 4.3,ʘ   ʦʜʠʥ    ʢʨʦʢ   

ʩʢʣʘʜʘʻ  (σφπȾςϽςϽφ ) = ρυ, ʘ ʜʣʷ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʨʠʩ. 4.3,ʙ ʦʜʠʥ 

ʢʨʦʢ ʩʢʣʘʜʘʻ  (σφπȾςϽτϽυπ = πȟω =  υτȾ. 

 ʇʽʜʢʣʶʯʝʥʥʷ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ ʧʦʪʨʽʙʥʘ ʚʠʢʦʥʫʚʘʪʠ ʝʢʨʘʥʦʚʘʥʠʤʠ 

ʢʘʙʝʣʷʤʠ ʟʽ ʩʢʨʫʯʝʥʠʤʠ ʧʨʦʚʦʜʘʤʠ (ʞʠʣʘʤʠ)  ʪʠʧʫ ʢʨʫʯʝʥʘ ʧʘʨʘ (ʨʦʩ. 

ʚʠʪʘʷ ʧʘʨʘ). ɽʢʨʘʥ ʢʘʙʝʣʶ ʧʦʪʨʽʙʥʘ ʟʘʟʝʤʣʶʚʘʪʠ ʟ ʦʙʦʭ ʢʽʥʮʽʚ. 

ɽʢʨʘʥʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜ, ʘ ʪʘʢʦʞ ʾʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʩʠʩʪʝʤʦʶ 

ʢʝʨʫʚʘʥʥʷ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ  ʧʦʷʩʥʶʻʪʴʩʷ ʩʭʝʤʘʤʠ ʥʘ ʨʠʩ. 4.6. ʂʦʞʥʘ ʬʘʟʘ 

ʟʙʫʜʞʝʥʥʷ ʤʘʻ ʜʚʽ ʧʦʣʶʩʥʽ ʢʦʪʫʰʢʠ ʥʘ ʩʪʘʪʦʨʽ, ʷʢʽ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʦ 

ʥʠʤ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ ʧʦʟʠʪʠʚʥʦʾ ʘʙʦ ʥʝʛʘʪʠʚʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ʩʪʚʦʨʶʻ 

ʨʽʟʥʦʡʤʝʥʥʽ ʧʦʣʶʩʘ ʥʘ ʩʪʘʪʦʨʽ.  

ɺʩʽ ʢʨʦʢʦʚʽ ʧʨʠʚʦʜʠ ʤʘʶʪʴ ʨʦʟʛʣʷʥʫʪʠʡ ʧʨʠʥʮʠʧ ʜʽʾ. ɺʽʜʤʽʥʥʦʩʪʽ  

ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ ʫ ʜʚʠʛʫʥʘ  ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʣʶʩʽʚ ʩʪʘʪʦʨʘ ʽ ʟʫʙʮʽʚ 

ʨʦʪʦʨʘ ʨʦʪʦʨ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʨʦʙʠʪʴ ʙʽʣʴʰʝ ʢʨʦʢʽʚ ʘʣʝ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ. 

ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʪʨʫʤʫ ʧʦ ʢʦʪʫʰʢʘʤ 1-2 (ʨʠʩ. 4.6,ʘ) ʧʝʨʰʦʾ ʬʘʟʠ 

ʟʙʫʜʞʝʥʥʷ  ʚʽʜʧʦʚʽʜʥʽ ʧʦʣʶʩʘ ʩʪʘʪʦʨʘ ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ ʽ ʧʨʠʪʷʛʘʶʪʴ ʟʫʙʮʽ 

ʨʦʪʦʨʘ ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʣʷʨʥʦʩʪʽ. ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʢʦʪʫʰʦʢ 1-2 ʽ 3-4 ʜʚʦʭ 

ʬʘʟ ʟʙʫʜʞʝʥʥʷ (ʨʠʩ. 4.6,ʙ) ʨʦʪʦʨ ʧʦʚʝʨʪʘʻʪʴʩʷ ʱʝ ʥʘ ʢʫʪ ρυ. ɼʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʢʣʶʯʝʥʥʷ ʢʦʪʫʰʦʢ 1-2 ʧʝʨʰʦʾ  ʬʘʟʠ, ʘ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʜʢʣʶʯʝʥʠʤʠ ʪʽʣʴʢʠ ʢʦʪʫʰʢʠ 3-4 ʽ ʪʦʤʫ ʨʦʪʦʨ ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʱʝ ʥʘ ʢʫʪ ρυ(ʨʠʩ. (ʨʠʩ. 4.6,ʚ). ɸ ʜʘʣʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʝʨʝʢʣʶʯʝʥʥʷ 

ʢʦʪʫʰʦʢ: 3-4 ʪʘ 2-1,    2-1,  2-1  ʪʘ  4-3 ʽ ʪʘʢ ʜʘʣʽ.  ɼʣʷ ʧʦʚʥʦʛʦ ʦʜʥʦʛʦ 

ʦʙʦʨʦʪ ʨʦʪʦʨʘ ʟʘ ʩʪʨʽʣʢʦʶ ʛʦʜʠʥʥʠʢʘ ʥʘ ʨʠʩ. 4.4 ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʥʘʚʝʩʪʠ 24  

ʧʦʣʦʞʝʥʥʷ (ρυÖ ςτ σφπ). ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʪʘ 2ʭ-ʬʘʟʥʦʛʦ ʢʨʦʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ (ʨʠʩ. 4.6) ʚ ʥʘʚʧʽʣ ʢʨʦʢʦʚʦʤʫ ʨʝʞʠʤʽ (ʨʠʩ. 4.7,ʙ)  ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

 

1-2 (ʨʠʩ. 4.6,ʘ ï ʧʝʨʰʠʡ ʢʨʦʢ) Ÿ 1-2,  3-4 (ʨʠʩ. 4.6,ʙ ï ʜʨʫʛʠʡ ʢʨʦʢ) 

Ÿ 3-4 (ʨʠʩ. 4.6,ʚ ï ʪʨʝʪʽʡ ʢʨʦʢ) Ÿ3-4, 2-1 (ʨʠʩ. 4.6,ʛ ï ʯʝʪʚʝʨʪʠʡ ʢʨʦʢ) Ÿ  

2-1 (ʨʠʩ. 4.6,ʜ ï ʧôʷʪʠʡ ʢʨʦʢ) Ÿ 2-1, 4-3 (ʨʠʩ. 4.6,ʝ ï ʰʦʩʪʠʡ ʢʨʦʢ) ʽ ʪʘʢ 

ʜʘʣʽ.  

                        

ɼʣʷ 3-ʬʘʟʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟ 4 ʟʫʙʮʷʤʠ ʨʦʪʦʨʘ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ 

ʟʘ 1 ʦʙʝʨʪ ʨʦʪʦʨʘ  ʩʢʣʘʜʘʻ 24, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

2Ā(ʯʠʩʣʦ ʬʘʟ = 3)Ā(ʯʠʩʣʦ ʟʫʙʮʽʚ ʨʦʪʦʨʘ = 4) = 2Ā3Ā4 =24.  
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ʈʠʩ. 4.6. ʉʭʝʤʠ ʜʣʷ 6 ʢʨʦʢʽʚ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʷʢʠʡ ʤʘʻ 4 ʢʦʪʫʰʢʠ ʥʘ 

ʩʪʘʪʦʨʽ  ʪʘ 6 ʟʫʙʮʽʚ ʥʘ ʨʦʪʦʨʽ, ʫʪʚʦʨʝʥʠʭ ʪʨʴʦʤʘ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ 

 

 

                                   ʘ                                                   ʙ 

ʈʠʩ. 4.7. ɼʽʘʛʨʘʤʠ ʧʦʜʘʯʽ ʽʤʧʫʣʴʩʽʚ ʥʘ ʦʙʤʦʪʢʠ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ:             

ʘ ï ʧʦʚʥʦ ʢʨʦʢʦʚʠʡ ʨʝʞʠʤ ʢʝʨʫʚʘʥʥʷ; ʙ ï ʥʘʚʧʽʣ ʢʨʦʢʦʚʠʡ ʨʝʞʠʤ ʢʝʨʫʚʘʥʥʷ 

 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ ʥʘ 1 ʢʨʦʢ ʩʢʣʘʜʘʻ     ρυ. 

ɼʣʷ ʜʚʦʬʘʟʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟ 6 ʟʫʙʮʷʤʠ ʨʦʪʦʨʘ ʢʽʣʴʢʽʩʪʴ 

ʢʨʦʢʽʚ ʟʘ 1 ʦʙʦʨʦʪ ʨʦʪʦʨʘ  ʩʢʣʘʜʘʻ ʪʘʢʦʞ 24 ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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2Ā(ʯʠʩʣʦ ʬʘʟ = 2)Ā(ʯʠʩʣʦ ʟʫʙʮʽʚ ʨʦʪʦʨʘ = 6) = 2Ā2Ā6 = 24. ʂʫʪ ʧʦʚʦʨʦʪʫ 

ʨʦʪʦʨʘ ʥʘ 1 ʢʨʦʢ ʩʢʣʘʜʘʻ    =ρυ. 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʦʪʦʶ ʝʣʝʢʪʨʠʯʥʠʭ 

ʽʤʧʫʣʴʩʽʚ, ʪʦʙʪʦ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʢʣʶʯʝʥʴ ʦʙʤʦʪʦʢ ʟʙʫʜʞʝʥʥʷ. 

 

ʈɽɾʀʄʀ ʈʆɹʆʊʀ ʂʈʆʂʆɺʀʍ ɼɺʀɻʋʅɯɺ. 

 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʯʦʪʠʨʠ ʚʘʨʽʘʥʪʘ ʨʝʞʠʤʽʚ ʧʦʜʘʯʽ 

ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ  ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ 

ʢʦʪʫʰʢʠ (ʦʙʤʦʪʢʠ) ʩʪʘʪʦʨʘ ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʫ ʚʠʛʣʷʜʽ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʽʪʫ. 

 

ʇʆʃʅʆ ʂʈʆʂʆɺʀʁ ʈɽɾʀʄ ʂɽʈʋɺɸʅʅʗ (ʨʠʩ. 4.8 ʽ ʨʠʩ. 4.9). ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʨʝʞʠʤʫ, ʥʘʧʨʫʛʘ ʥʘ ʦʙʤʦʪʢʠ ʧʦʜʘʻʪʴʩʷ ʧʦʧʘʨʥʦ. ɿʘʣʝʞʥʦ 

ʚʽʜ ʩʧʦʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ ʦʙʤʦʪʦʢ (ʧʦʩʣʽʜʦʚʥʦ ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ). ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʜʚʠʛʫʥ ʙʫʜʝ ʚʠʜʘʚʘʪʠ 100% ʥʦʤʽʥʘʣʴʥʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. 

 

 
 

     ʈʠʩ. 4.8. ʇʦʚʥʦ ʢʨʦʢʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʙʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ 

(ʚʘʨʽʘʥʪ 1): ʘ ï ʞʠʚʣʝʥʥʷ  ʢʦʪʫʰʢʠ A ʜʣʷ ʢʨʦʢʫ 1; ʙ ï ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ 

(ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ) ʜʣʷ ʯʦʪʠʨʴʦʭ  ʪʘʢʪʽʚ (ʯʦʪʠʨʠ ʢʨʦʢʫ)  ɸ Ÿ ʉ Ÿ B Ÿ D  

ʧʨʦʛʨʘʤʥʦʛʦ ʧʦʯʝʨʛʦʚʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ   ʧʦ ʦʜʥʽʡ ʬʘʟʽ  ʩʪʘʪʦʨʘ  ʜʣʷ ʦʜʥʦʛʦ 

ʮʠʢʣʫ ʦʙʦʨʦʪʫ ʨʦʪʦʨʘ 
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      ʈʠʩ. 4.9. ʇʦʚʥʦ ʢʨʦʢʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʙʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ 

(ʚʘʨʽʘʥʪ 2): ʘ ï ʞʠʚʣʝʥʥʷ  ʢʦʪʫʰʦʢ A ʪʘ ʉ ʜʣʷ ʢʨʦʢʘ 1; ʙ ï ʧʦʣʦʞʝʥʥʷ 

ʨʦʪʦʨʘ (ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ) ʜʣʷ ʯʦʪʠʨʴʦʭ  ʪʘʢʪʽʚ (ʯʦʪʠʨʠ ʢʨʦʢʫ) ɸʉ Ÿ ʉɺ 

Ÿ BD Ÿ DA ʧʨʦʛʨʘʤʥʦʛʦ ʧʦʯʝʨʛʦʚʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ  ʧʦ ʜʚʽ ʬʘʟʠ ʩʪʘʪʦʨʘ  

ʜʣʷ ʦʜʥʦʛʦ ʮʠʢʣʫ ʦʙʦʨʦʪʫ ʨʦʪʦʨʘ 

 

ʅɸɺʇɯʃ ʂʈʆʂʆɺʀʁ ʈɽɾʀʄ (ʨʠʩ. 4.10). ʅʝ ʟʤʽʥʶʶʯʠ ʧʨʠ ʥʽʯʦʛʦ 

ʚ çʟʘʣʽʟʽè ʜʚʠʛʫʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʜʚʦʻʥʦʾ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʘʣʫ 

ʨʦʪʦʨʘ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʚʥʦ ʢʨʦʢʦʚʠʤ ʨʝʞʠʤʘʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʥʘʚʧʽʣ ʢʨʦʢʦʚʠʡ ʨʝʞʠʤ ʢʝʨʫʚʘʥʥʷ ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʦʤ (ʚʘʨʽʘʥʪ 3). ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʨʝʞʠʤʫ ʦʜʥʘ ʧʘʨʘ ʦʙʤʦʪʦʢ  ʘʙʦ ʜʚʽ ʧʘʨʠ ʦʙʤʦʪʦʢ 

ʧʨʦʛʨʘʤʥʦ ʦʪʨʠʤʫʶʪʴ ʞʠʚʣʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʽ ʪʦʤʫ ʨʦʪʦʨ ʧʦʚʝʨʥʝʪʴʩʷ ʥʘ 

ʧʦʣʦʚʠʥʫ ʢʨʦʢ ʧʦʨʽʚʥʷʥʦ ʟ ʚʘʨʽʘʥʪʘʤ 1 ʚʘʨʽʘʥʪʦʤ 2  ʧʦʚʥʦ ʢʨʦʢʦʚʠʭ 

ʨʝʞʠʤʽʚ ʢʝʨʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʚʠʢʦʥʫʻ ʧʦʜʚʽʡʥʫ 

ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʥʘ ʦʙʦʨʦʪ, ʱʦ ʦʟʥʘʯʘʻ ʧʦʜʚʽʡʥʫ ʪʦʯʥʽʩʪʴ ʜʣʷ ʩʠʩʪʝʤʠ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ʅʘʚʧʽʣ ʢʨʦʢʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʙʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ 

(ʚʘʨʽʘʥʪ 3) ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ.4.10, ʜʝ ʟʦʙʨʘʞʝʥʽ  ʧʦʣʦʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʽʪʫ ʨʦʪʦʨʘ ʽ 8 ʪʘʢʪʽʚ ɸB Ÿ ɸB+CD Ÿ ʉD Ÿ ʉD+BA  Ÿ BA Ÿ 

BA+DC Ÿ DC Ÿ DC+DA ʧʨʦʛʨʘʤʥʦʛʦ  ʧʦʯʝʨʛʦʚʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ   ʬʘʟ 

ʩʪʘʪʦʨʘ  ʜʣʷ ʦʜʥʦʛʦ ʮʠʢʣʫ ʦʙʦʨʦʪʫ ʨʦʪʦʨʘ. 
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      ʈʠʩ. 4.10.  ʅʘʚʧʽʣ ʢʨʦʢʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʙʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ (ʚʘʨʽʘʥʪ 3) ʧʦʣʦʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ ʨʦʪʦʨʘ ʜʣʷ 8 ʪʘʢʪʽʚ (8 

ʢʨʦʢʽʚ) ʧʨʦʛʨʘʤʥʦʛʦ ʧʦʯʝʨʛʦʚʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ  ʧʦ ʜʚʽ ʬʘʟʠ ʩʪʘʪʦʨʘ  ʜʣʷ 

ʦʜʥʦʛʦ ʮʠʢʣʫ ʦʙʦʨʦʪʫ ʨʦʪʦʨʘ 

 

ʈɽɾʀʄ ʄɯʂʈʆʂʈʆʂɸ (ʨʠʩ. 4.11). ɼʣʷ ʧʽʜʚʠʰʝʥʥʷ ʨʽʚʥʷ ʧʣʘʚʥʦʩʪʽ 

ʭʦʜʫ  ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ ʢʨʽʤ ʥʘʚʧʽʣ ʢʨʦʢʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤ̔ ʢʨʦʢʨʦʢʦʚʠʡ ʨʝʞʠʤ (ʚʘʨʽʘʥʪ 4) ʽ ʨʝʞʠʤ ʐɯʄ 

ʨʝʛʫʣʶʚʘʥʥʷ. ɯʜʝʷ ʤʽʢʨʦʢʨʦʢʫ ʧʦʣʷʛʘʻ ʚ ʧʦʜʘʯʽ ʥʘ ʦʙʤʦʪʢʠ ʜʚʠʛʫʥʘ 

ʞʠʚʣʝʥʥʷ ʥʝ ʽʤʧʫʣʴʩʘʤʠ, ʘ ʮʠʬʨʦʚʠʤ ʩʠʛʥʘʣʦʤ (ʨʠʩ.4.11,ʘ), ʷʢʠʡ ʟʘ ʩʚʦʻʶ 

ʬʦʨʤʦʶ ʥʘʛʘʜʫʻ ʩʠʥʫʩʦʾʜʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʛʣʘʜʢʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʪʦʨʘ ʧʨʠ  ʧʝʨʝʭʦʜʘʭ ʚʽʜ ʦʜʥʦʛʦ ʢʨʦʢʫ ʜʦ ʥʘʩʪʫʧʥʦʛʦ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʢʨʦʢʦʚʦʛʦ ʨʝʞʠʤʫ ʢʝʨʫʚʘʥʥʷ ʚ  

ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʉNʉ-ʚʝʨʩʪʘʪʘʭ (ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ). ʂʨʽʤ ʮʴʦʛʦ 

ʟʥʘʯʥʦ ʟʥʽʞʫʶʪʴʩʷ ʢʨʦʢʦʚʽ ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʚ ʩʠʩʪʝʤʽ 

çʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ï ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘè.  

ʅʘ ʨʠʩ.4.11 ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʣʫʧʝʨʽʦʜʘ ʩʠʥʫʩʦʾʜʠ 

ʮʠʬʨʦʚʠʤ ʩʠʛʥʘʣʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʎʇ (ɸʥʘʣʦʛʦ-ʎʠʬʦʚʦʛʦ-

ʇʝʨʝʪʚʦʨʶʚʘʯʘ) ʢʦʥʪʨʦʣʝʨʘ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ: 
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   ʈʠʩ. 4.11.  ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ  

ʜʣʷ ʨʝʞʠʤʫ ʤʽʢʨʦʢʨʦʢʫ ʟ ʨʽʟʥʠʤ ʜʦʟʚʦʣʦʤ (ʘ, ʙ) ʽ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʞʠʚʣʝʥʥʷ ʢʦʪʫʰʦʢ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ (ʚ) 

 

ɺ ʰʚʝʡʥʠʭ ʮʠʢʣʦʚʠʭ ʥʘʧʽʚʘʚʪʦʤʘʪʘʭ, ʚ ʰʚʝʡʥʦ-ʚʠʰʠʚʘʣʴʥʠʭ 

ʤʘʰʠʥʘʭ ʽ ʚʠʰʠʚʘʣʴʥʠʭ CNC-ʘʚʪʦʤʘʪʘʭ ʽʟ ʟʫʙʯʘʩʪʝ-ʧʘʩʦʚʦʶ ʧʝʨʝʜʘʯʝʶ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʘ ʦʜʥʦʦʩʥʠʭ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʘ (ʇʂʄ) 

ʣʽʥʽʡʥʠʭ  ʧʝʨʝʤʽʱʝʥʴ ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ OX ʽ OY ʽʟ ʟʘʪʠʩʥʫʪʠʤ ʚ ʧôʷʣʴʮʷʭ 

ʯʠ ʢʘʩʝʪʽ ʪʝʢʩʪʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚʽʜʥʦʩʥʦ ʛʦʣʢʠ, ʯʦʚʥʠʢʘ ʽ ʧʨʠʪʠʩʢʥʦʾ 

ʣʘʧʢʠ. 

         ʉʫʤʘʨʥʘ ʧʦʜʘʪʣʠʚʽʩʪʴ ʽ ʟʥʘʯʝʥʥʷ ʤʘʩʘ-ʽʥʝʨʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʭ ʇʂʄ  ʪʨʘʚʝʨʩʠ □̓
ᶻ  ʙʽʣʴʰʝ 

ʘʥʘʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʇʂʄ ʢʘʨʝʪʢʠ □̋
ᶻ. ɿʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʤʦʤʝʥʪʘʤʠ 

ʢʨʦʢʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ ˙̠ ˑ  s ʽ ̠̇ ˑ  ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʦʛʨʘʤʥʦ. ʊʠʧʦʚʠʡ 

ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ˙̠ ˑ  s ʽ ̇˗ˑ    ʇʂʄ ʮʠʢʣʦʚʦʾ ʰʚʝʡʥʦʾ             

CNC-ʤʘʰʠʥʠ,  ʪʘʙʣʠʮʽ ʜʚʽʡʢʦʚʦ-ʚʽʩʽʤʢʦʚʠʭ ʢʦʜʽʚ ç2èïç8è  ʽ ʜʝʩʷʪʢʦʚʠʭ 

ʢʦʜʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.12.  ɼʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʧʨʦʛʨʘʤʥʦʾ ʢʦʤʫʪʘʮʽʾ 

ʢʨʦʢʦʚʠʭ ʧʨʠʚʦʜʠʚ ʂɼ-ʍ ʽ ʂɼ-Y (3-ʬʘʟʥʠʭ ʟ 6 ʢʦʪʫʰʢʘʤʠ ʟʙʫʜʞʝʥʥʷ ʥʘ 

ʩʪʘʪʦʨʽ ʧʨʠ 12-ʪʘʢʪʥʦʾ ʢʦʤʫʪʘʮʽʾ) ʜʣʷ ʘʣʛʦʨʠʪʤʫ (ʨʠʩ. 4.12,ʘ) ʧʨʠʡʥʷʪʠ 

ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

 N=12  ï ʯʠʩʣʦ ʪʘʢʪʽʚ ʢʦʤʫʪʘʮʽʾ ʂɼ-ʍ ʽ ʂɼ-Y;  

     ░́ ï ʪʘʙʣʠʮʷ (ʨʠʩ. 4.12,ʙ ʽ ʨʠʩ. 4.12,ʚ) ʢʦʜʽʚ ʢʦʤʫʪʘʮʽʾ, ʜʝ  Ὥ ρȟὲ  

ï ʥʦʤʝʨ ʢʦʤʫʪʘʮʽʾ; 

           ●░, ◐░ ï ʯʠʩʣʦ ʪʘʢʪʽʚ ʢʦʤʫʪʘʮʽʾ ʚ ʢʨʦʢʘʭ ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ʧʨʦʛʨʘʤʫʻʤʦʾ ʜʦʚʞʠʥʠ ʤʘʰʠʥʥʠʭ ʩʪʽʙʢʽʚ; 

         ʊ, H, K ï ʧʨʦʤʽʞʥʽ ʧʦʩʪʽʡʥʽ. 

ʅʘʧʨʷʤ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʂɼ ʟʘ ʩʪʨʽʣʢʦʶ ʛʦʜʠʥʥʠʢʘ ʧʨʦʛʨʘʤʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʧʦʢʨʦʢʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ   ́  é́   ʰʦʩʪʽ 

ʢʦʪʫʰʦʢ ʩʪʘʪʦʨʘ ʯʝʨʝʟ ʦʜʥʫ-ʜʚʽ ʢʦʪʫʰʢʠ ʜʣʷ ʢʘʨʝʪʢʠ ʟ ʤʝʥʰʦʶ 

ʧʨʠʚʝʜʝʥʦʶ ʤʘʩʦʶ □̋
ᶻ:  

 
ʪʘ ʯʝʨʝʟ ʜʚʽ-ʪʨʠ ʢʦʪʫʰʢʠ ʜʣʷ ʪʨʘʚʝʨʩʠ ʟ ʙʽʣʴʰʦʶ ʧʨʠʚʝʜʝʥʦʶ ʤʘʩʦʶ □̓

ᶻ : 
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░́ ʂ ʦ ʜ 

ç2è - ç8è ç10è 

ὥ 110 000 60 

ὥ 111 000 70 

ὥ 011 000 30 

ὥ 011 100 34 

ὥ 001 100 14 

ὥ 001 110 16 

ὥ 000 110  6 

ὥ 000 111 7 

ὥ 000 011 3 

ὥ  100 011 43 

ὥ  100 001 41 

ὥ  110 001 61 
 

    ́░ ʂ ʦ ʜ 

ç2è - ç8è ç10è 

ὥ 100 000 40 

ὥ 110 000 60 

ὥ 010 000 20 

ὥ 011 000 30 

ὥ 001 000 10 

ὥ 001 100 14 

ὥ 000 100 4 

ὥ 000 110 6 

ὥ 000 010 2 

ὥ  000 011 3 

ὥ  000 001 1 

ὥ  100 001 41 

                                 ʙ                                  ʚ 

ʈʠʩ. 4.12. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ (ʨʠʩ. ʘ) ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʨʘʤʫʻʤʠʭ 

ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ˙̠ ˑ  s ʽ ̠̇ ˑ  ʇʂʄ ʜʚʦʢʦʦʨʜʠʥʘʪʥʠʭ ʰʚʝʡʥʠʭ 

CNC-ʤʘʰʠʥʠ; ʪʘʙʣʠʮʷ ʢʦʜʽʚ ʪʘʢʪʦʚʦʾ ʢʦʤʫʪʘʮʽʾ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ  ʂɼ-ʍ 

(ʨʠʩ. ʙ)  ʪʘʙʣʠʮʷ ʢʦʜʽʚ ʪʘʢʪʦʚʦʾ ʢʦʤʫʪʘʮʽʾ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ  ʂɼ-ʋ (ʨʠʩ. ʚ) 
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 ʅʘʧʨʷʤ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʂɼ ʧʨʦʪʠ ʩʪʨʽʣʢʠ ʛʦʜʠʥʥʠʢʘ 

ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʧʦʢʨʦʢʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ   ́  

é  ́  ʰʦʩʪʽ ʢʦʪʫʰʦʢ ʩʪʘʪʦʨʘ ʯʝʨʝʟ ʦʜʥʫ-ʜʚʽ ʢʦʪʫʰʢʠ ʜʣʷ ʢʘʨʝʪʢʠ ʟ 

ʤʝʥʰʦʶ ʧʨʠʚʝʜʝʥʦʶ ʤʘʩʦʶ □̋
ᶻ : 

 
ʪʘ ʯʝʨʝʟ ʜʚʽ-ʪʨʠ ʢʦʪʫʰʢʠ ʜʣʷ ʪʨʘʚʝʨʩʠ ʟ ʙʽʣʴʰʦʶ ʧʨʠʚʝʜʝʥʦʶ ʤʘʩʦʶ □̓

ᶻ : 

 
ʇʨʦʛʨʘʤʫʝʤʠʡ ʢʦʥʪʨʦʣʝʨ, ʜʨʘʡʚʝʨ, ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʽ  ʙʣʦʢ ʞʠʚʣʝʥʥʷ  

ʮʝ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʢʨʦʢʦʚʦʛʦ ʧʨʠʚʦʜʫ. ʇʦʩʣʽʜʦʚʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʧʦʩʪʫʧʘʶʪʴ ʧʨʦʛʨʘʤʥʦ ʚʽʜ ʢʦʥʪʨʦʣʝʨʘ ʜʦ ʜʨʘʡʚʝʨʘ ʢʨʦʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ ʚ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʟ ʜʝʷʢʠʤ ʟʩʫʚʦʤ ʚ ʯʘʩʽ ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʢʪʦʨ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʩʪʘʪʦʨʘ. ʇʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ ʩʪʘʪʦʨʘ ʩʪʚʦʨʶʶʪʴ ʩʚʽʡ ʚʝʢʪʦʨ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʂʦʣʠ ʚʝʢʪʦʨ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʩʪʘʪʦʨʘ ʩʧʽʚʧʘʜʘʻ ʟ 

ʚʝʢʪʦʨʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʨʦʪʦʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʢʪʦʨ ʩʧʽʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʩʠʩʪʝʤʠ çʩʪʘʪʦʨ ï ʨʦʪʦʨè ʽ ʨʦʪʦʨ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʦʜʠʥ ʢʨʦʢ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʐɯM-ʨʝʛʫʣʶʚʘʥʥʷ ʰʧʘʨʫʚʘʪʽʩʪʶ ʽʤʧʫʣʴʩʽʚ ʢʦʥʪʨʦʣʝʨ ʨʝʛʫʣʶʻ 

ʰʚʠʜʢʽʩʪʴ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʽ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ / ʥʘʚʧʽʣ ʢʨʦʢʽʚ ʘʙʦ 

ʤʽʢʨʦʢʨʦʢʽʚ ʜʚʠʛʫʥʘ, ʘ ʟʥʘʯʠʪʴ ʽ ʬʫʥʢʮʽʾ ʧʦʣʦʞʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʽ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʝʥʦʾ ʣʘʥʢʠ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʤʘʰʠʥʠ.   

ʇʨʦʧʫʩʢ ʽʤʧʫʣʴʩʽʚ (ʢʨʦʢʽʚ) ʧʨʠ ʨʦʙʦʪʽ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʤʦʞʝ ʙʫʪʠ ʷʢ 

ʟ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʯʠʥ, ʥʘʧʨʠʢʣʘʜ ʟʘ ʨʘʭʫʥʦʢ ʨʝʟʦʥʘʥʩʥʠʭ ʢʦʣʠʚʘʥʴ ʚ 

ʤʝʭʘʥʽʯʥʠʭ ʟôʻʜʥʘʥʥʷʭ ʤʽʞ ʧʨʠʚʦʜʦʤ ʽ ʟʦʚʥʽʰʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʪʘʢʦʞ 

ʧʦ ʧʨʠʯʠʥʽ ʟʙʦʶ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʥʥʠʭ ʯʘʩʪʠʥ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦ 

ʧʨʠʯʠʥʽ ʚʽʜʩʫʪʥʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʚ ʩʪʨʫʢʪʫʨʽ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ. ɺʠʙʽʨ 

ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ ʘʙʦ ʜʣʷ ʤʝʭʘʥʽʟʤʫ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟʘʥʠʞʝʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘʢʦʞ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʦʧʫʩʢʫ ʤʝʭʘʥʽʯʥʦʛʦ ʢʨʦʢʫ ʪʦʤʫ, ʱʦ 

ʪʘʢʠʡ ʜʚʠʛʫʥ ʥʝ ʤʦʞʝ ʧʦʜʦʣʘʪʠ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʧʨʠʩʢʦʨʝʥʥʽ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ. 

       ʗʢʱʦ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʧʽʜʢʣʶʯʝʥʦ ʘʙʦ ʤʘʣʝ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʨʦʟʥʦʩ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ (ʙʽʧʦʣʷʨʥʠʡ ʘʙʦ ʫʥʽʧʦʣʷʨʥʠʡ) ʽ ʩʧʦʩʦʙʫ 

(ʩʭʝʤʠ) ʧʽʜʢʣʶʯʝʥʥʷ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʜʨʘʡʚʝʨʠ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʦʰʠʨʝʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ɸrduino UNO (ʨʠʩ. 4.2,a) ʥʘ ʨʠʩ. 

4.13,ʘ  ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʫʥʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ (4 
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ʚʠʭʦʜʠ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʭʝʤʠ ULN2003 ʦʜʥʦʡʤʝʥʥʦʛʦ ʜʨʘʡʚʝʨʘ, ʘ ʥʘ ʨʠʩ. 

4.13,ʙ  ï  ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʙʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ (4 ʚʠʭʦʜʠ) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʭʝʤʠ SN754410NE ʦʜʥʦʡʤʝʥʥʦʛʦ ʜʨʘʡʚʝʨʘ. 

 

    
                          ʘ                                                                     ʙ 

ʈʠʩ. 4.13. ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʫʥʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ:                   

ʘ ï ʫʥʽʧʦʣʷʨʥʦʛʦ (Unipolar Stepper  Motor): ʙ ï ʙʽʧʦʣʷʨʥʦʛʦ  (Biipolar 

Stepper  Motor ) 

 

4.3. ʇʣʘʪʬʦʨʤʘ ʽ ʢʦʥʪʨʦʣʝʨ Arduino  UNO 

 

 ʋ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʘʻ ʧʝʨʝʚʘʛʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʪʠ ʢʦʥʪʨʦʣʝʨʘ 

Arduino  UNO, ʷʢʘ ʤʽʩʪʠʮʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ATmega 328 (32 - 32 ʂʙʘʡʪ 

ʬʣʝʰ-ʧʘʤô̫ ʪʴ. 8 ï 8-ʨʦʟʨʷʜʥʠʡ)  ʇʦʰʠʨʝʥʽ ʪʘʢʦʞ ʤʦʜʝʣʽ ʧʣʘʪʠ 

ʢʦʥʪʨʦʣʝʨʽʚ  (ʨʠʩ.4.14)  ɸrduino Nano (ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʤʘʢʝʪʥʦʾ ʧʣʘʪ)̔  

ʽ ɸrduino Mega ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ATmega 2560,  ʱʦ ʤʘʻ 54 ʮʠʬʦʚʠʭ 

ʧʽʥʽʚ ʧʨʦʪʠ 14 ʫ Arduino UNO ʽ 16 ʘʥʘʣʦʛʦʚʠʭ ʧʽʥʽʚ ʧʨʦʪʠ 6 ʫ Arduino UNO 

ʪʘ 4 COM-ʧʦʨʪʽʚ ʧʨʦʪʠ ʦʜʥʦʛʦ ʫ Arduino UNO. 

  

 
ʈʠʩ. 4.14.  ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʥʪʨʦʣʝʨʽʚ ɸrduino Nano (a) ʽ ɸrduino  

Mega (ʙ) 
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ʂʦʥʪʨʦʣʝʨʠ Arduino   (ʨʠʩ.4.15,ʘ) ʥʝ ʤʘʶʪʴ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʘ 

ʧʨʘʮʶʶʪʴ ʟ  ʽʥʪʝʛʨʦʚʘʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ Arduino  IDE ,  ʫ ʷʢʦʤʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʜʫʚʘʥʥʷ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʝʢʪʽʚ ʜʣʷ ʢʦʥʪʨʦʣʝʨʽʚ Arduinʦ ʽ 

ʡʦʛʦ ʙʘʛʘʪʴʦʭ ʢʣʦʥʽʚ. ʇʦʰʠʨʝʥʠʡ ʪʘʢʦʞ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʘʜʝʢʚʘʪʥʠʡ 

ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʚʘʨʽʘʥʪ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ Arduinʦ 

ʚʽʜʦʤʠʡ ʧʽʜ ʥʘʟʚʦʶ MariaMole  IDE  

ʎʠʬʨʦʚʽ ʤʝʭʘʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʘʰʠʥʘʤʠ ʽ ʚʝʨʩʪʘʪʘʤʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤʤʫʻʤʠʭ 

ʢʦʥʪʨʦʣʝʨʽʚ ʘʙʦ ʧʨʦʩʪʘ ʢʦʥʪʨʦʣʝʨʽʚ. ʂʦʥʪʨʦʣʝʨ ʟʘ ʘʨʭʽʪʝʢʪʫʨʦʶ ʩʭʦʞʠʡ ʥʘ 

ʤʽʢʨʦʢʦʤʧôʶʪʝʨ, ʱʦ ʤʽʩʪʠʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ (MCU). ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ 

MCU (M icroController Unit) ʮʝ ʧʨʦʛʨʘʤʫʻʤʘ ʙʘʛʘʪʦ ʢʣʝʤʥʘ ʽʥʪʝʛʨʘʣʴʥʘ 

ʩʭʝʤʘ, ʷʢʘ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʢʦʤʘʥʜʠ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʘʤôʷʪʽ. 

ʂʦʥʪʨʦʣʝʨʠ ʧʨʘʮʶʶʪʴ ʟ ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ ʤʝʭʘʪʨʦʥʽʢʠ ʽ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ  

ʤʝʭʘʥʽʟʤʽʚ ʽ ʘʧʘʨʘʪʽʚ, ʨʝʘʣʽʟʫʶʯʠʭ ʤʝʭʘʥʽʯʥʽ ʽ ʭʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ.  ʄʽʥʽ-

ʢʦʤʧôʶʪʝʨʠ (ʥʘʧʨʠʢʣʘʜ, Raspberry Pi) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʪʨʦʣʝʨʽʚ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ  ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʨʦʟʨʘʭʫʥʢʽʚ, 

ʤʦʜʝʣʶʚʘʥʥʷ,   ʧʨʦʛʥʦʟʫʚʘʥʥʷ,   ʦʧʪʠʤʽʟʘʮʽʾ  ʪʦʱʦ)   ʽ  ʜʣʷ  ʮʴʦʛʦ  ʤʽʩʪʷʪʴ  
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ʈʠʩ. 4.15. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʥʪʨʦʣʝʨʘ Arduino UNO (ʨʠʩ. ʘ),  ʩʭʝʤʘ ʧʨʠʥʮʠʧʦʚʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʚôʷʟʢʫ ʢʦʥʪʨʦʣʝʨʘ ʟ ʢʦʤʧʽʣʷʪʦʨʦʤ ʧʨʠ ʢʦʤʧʽʣʷʮʽʾ ʧʨʦʛʨʘʤ (ʨʠʩ. ʙ) ʪʘ 

ʬʨʘʛʤʝʥʪ ʤʝʥʶ (ʨʠʩ. ʚ) 

 

ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ CPU (Central Processing Unit), ʦʧʝʨʘʪʠʚʥʫ ʧʘʤôʷʪʴ 

(ʆɿʋ), ʧʘʤôʷʪʴ ʧʨʦʛʨʘʤ (Flash-ʧʘʤóʷʪʴ)ʽ ʟʦʚʥʽʰʥʽ (ʧʝʨʠʬʝʨʽʡʥʽ) ʧʨʠʩʪʨʦʾ 

ʫ ʚʠʛʣʷʜʽ ʜʠʩʧʣʝʶ, ʢʣʘʚʽʘʪʫʨʠ, ʧʨʠʥʪʝʨʘ ʪʘ ʽʥʰʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʦʩʥʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʤʘʡʙʫʪʥʽʭ 

ʽʥʞʝʥʝʨʽʚ-ʤʝʭʘʥʽʢʽʚ ʜʦʮʽʣʴʥʦ ʧʦʯʠʥʘʪʠ ʟ ʦʪʨʠʤʘʥʥʷʤ ʢʦʤʧʝʪʝʥʮʽʡ ʟ 

ʨʦʙʦʪʠ ʧʦʰʠʨʝʥʦʾ ʧʣʘʪʬʦʨʤʠ Arduinʦ IDE.   

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʥʪʨʦʣʝʨʘ 

Arduino UNO ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.15,ʘ.  
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ʂʦʥʪʨʦʣʝʨʠ ʥʝ ʨʦʟʫʤʽʶʪʴ ʧʨʦʛʨʘʤʠ ʥʘ ʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʨʽʚʥʽ. 

ʇʦʪʨʽʙʥʘ ʢʦʤʧʽʣʷʮʽʷ ʪʘʢʠʭ ʧʨʦʛʨʘʤʠ. ʂʦʤʧʽʣʷʮʽʷ ʮʝ ʧʝʨʝʢʣʘʜ ʟ ʤʦʚʠ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʥʘʧʨʠʢʣʘʜ ʟ ʤʦʚʠ Arduino -ʉ ʥʘ ʤʦʚʫ, ʷʢʫ ʨʦʟʫʤʽʻ 

ʢʦʥʪʨʦʣʝʨ (ʘʙʦ ʢʦʤʧôʶʪʝʨ) ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʤʠʣʦʢ  ʜʣʷ  ʨʝʜʘʛʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʠ. ʇʽʩʣʷ ʢʦʤʧʽʣʷʮʽʾ ʢʦʥʪʨʦʣʝʨ ʦʪʨʠʤʫʻ ʧʨʦʛʨʘʤʫ ʚ ʤʘʰʠʥʥʠʭ 

ʢʦʜʘʭ ʘʙʦ ʤʦʚʫ ʥʫʣʽʚ ʽ ʦʜʠʥʠʮʴ. ʈʦʙʦʪʘ ʢʦʤʧʽʣʷʪʦʨʘ  ʜʣʷ ʧʨʦʛʨʘʤ ʥʘ ʤʦʚʽ 

Arduino-ʉ ʜʣʷ ʢʦʥʪʨʦʣʝʨʽʚ ʩʝʨʽʾ Arduinʦ ʥʘʦʯʥʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.15,ʙ. 

ɼʣʷ ʢʦʤʧʽʣʷʮʽʷ ʧʨʦʛʨʘʤʠ ʪʨʝʙʘ ʥʘʪʠʩʥʫʪʠ ʫ ʤʝʥʶ ʦʜʥʫ ʟ ʜʚʦʭ 

ʢʥʦʧʦʢ (ʨʠʩ. 4.15, ʚ). ʇʽʩʣʷ ʢʦʤʧʽʣʷʮʽʾ ʧʨʦʛʨʘʤʠ ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʧʦʣʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ (ʩʪʘʪʫʩ ʢʦʤʧʽʣʷʮʽʾ) ʟʥʠʟʫ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʠ ʧʨʦʛʨʘʤʠ ʧʨʠ ʢʦʤʧʽʣʷʮʽʾ (ʧʝʨʰʘ ʟʣʽʚʘ ʢʥʦʧʢʘ ʥʘ 

ʨʠʩ. 4.15,ʚ) ʘʙʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʜʣʷ ʢʦʤʧʽʣʷʮʽʾ 

(ʜʨʫʛʘ ʟʣʽʚʘ ʢʥʦʧʢʘ). ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ ʫ ʧʨʦʛʨʘʤʽ ʜʫʙʣʶʻʪʴʩʷ 

ʨʦʞʝʚʠʤ ʨʷʜʢʦʤ, ʷʢʠʡ ʧʽʜʩʚʽʯʫʻʪʴʩʷ  ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʷʜʢʫ ʪʝʢʩʪʫ 

ʧʨʦʛʨʘʤʠ. ʇʦʰʠʨʝʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦʤʠʣʦʢ çʥʝ ʧʨʘʚʠʣʴʥʠʡ ʩʠʥʪʘʢʩʠʩè 

(bad syntax), ʥʘʧʨʠʢʣʘʜ, ʚ ʢʽʥʮʽ ʦʧʝʨʘʥʜʫ ʧʨʦʧʫʱʝʥʘ ʪʦʯʢʘ ʟ ʢʨʘʧʢʦʶ ʘʙʦ ʚ 

ʧʨʦʛʨʘʤʽ ʻ ʥʝʧʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʬʽʛʫʨʥʠʭ ʜʫʞʦʢ ʪʘ ʽʥʰʽ. ʗʢʱʦ ʻ ʜʝʢʽʣʴʢʘ 

ʩʠʥʪʘʢʩʠʯʥʠʭ ʧʦʤʠʣʦʢ ʫ ʪʝʢʩʪʽ ʧʨʦʛʨʘʤʠ, ʪʦ ʚʦʥʠ ʤʦʞʫʪʴ ʧʦʭʦʜʠʪʠ ʚʽʜ 

ʧʦʧʝʨʝʜʥʽʭ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʩʧʦʯʘʪʢʫ ʚʠʧʨʘʚʠʪʠ ʧʝʨʰʫ ʧʦʤʠʣʢʫ ʩʠʥʪʘʢʩʠʩʫ 

ʽ  ʧʝʨʝʢʦʤʧʽʣʶʚʘʪʠ ʧʨʦʛʨʘʤʫ. ʇʨʠ ʮʴʦʤʫ ʽʥʰʽ ʧʦʤʠʣʢʠ ʤʦʞʫʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʠʢʥʫʪʠ.  

   ʇʨʠ ʚʠʚʯʝʥʥʽ ʧʣʘʪʬʦʨʤʠ Arduino ʧʦʪʨʽʙʥʽ ʪʨʠ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʘ: 

¶ ʦʩʥʦʚʥʘ ʧʣʘʪʘ Arduino, ʥʘʧʨʠʢʣʘʜ, Arduino UNO ; 

¶ ʧʣʘʪʠ ʽ ʤʦʜʫʣʽ ʨʦʟʰʠʨʝʥʥʷ (ʜʨʘʡʚʝʨʠ, ʰʠʣʜʠ, ʜʘʪʯʠʢʠ, ʜʚʠʛʫʥʠ, ʨʝʣʝ 

ʪʘ ʽʥʰʽ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʽ ʧʨʠʩʪʨʦʾʚ ʤʝʭʘʪʨʦʥʽʢʠ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʠ 

ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ); 

¶ ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ Arduino  IDE  (Integrated 

Development Environment) ï ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʘ 

ʩʣʫʞʠʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽ ʢʦʤʧʽʣʷʮʽʾ ʧʨʦʛʨʘʤ. 

 

           ʇʣʘʪʘ ʢʦʥʪʨʦʣʝʨʘ Arduino UNO, ʷʢ ʽ ʚ ʙʽʣʴʰʽʩʪʴ ʽʥʰʠʭ ʧʣʘʪ 

ʢʦʥʪʨʦʣʝʨʽʚ ʨʦʜʠʥʠ Arduino (ʨʠʩ.4.16) ʧʦʙʫʜʦʚʘʥʽ  ʥʘ ʟʘʩʘʜʘʭ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ɸtmel. ʉʘʤʝ  ʧʣʘʪʘ ʢʦʥʪʨʦʣʝʨʘ Arduino UNO (ʨʠʩ.4.15,ʘ) 

ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʟʘʩʘʜʘʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega 328  (8-ʙʽʪʦʚʠʡ AVR  

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, 32 ʢʽʣʦʙʘʡʪʘ ʬʣʝʰ-ʧʘʤôʷʪʴ). ʎʝʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʚʠʢʦʥʫʻ 

ʫʚʝʩʴ ʩʢʦʤʧʽʣʴʦʚʘʥʠʡ ʢʦʜ ʧʨʦʛʨʘʤʠ ʥʘ ʤʦʚʽ Arduino -ʉ ̔ ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ 

ʥʘʩʪʫʧʥʠʭ ʪʨʴʦʭ ʩʣʦʪʽʚ (ʛʨʫʧ) ʧʽʥʽʚ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʩʠʛʥʘʣʽʚ 
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ʚʚʦʜʫ/ʚʠʚʦʜʫ ʽ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ.  ʅʘ ʧʣʘʪʽ ʚʩʽ ʮʽ ʧʦʨʪʠ ʚʠʚʝʜʝʥʽ ʥʘ 

ʧʽʥʠ (ʰʪʠʨʢʦʚʽ ʢʦʥʪʘʢʪʠ). 

ʇʝʨʰʘ ʛʨʫʧʘ ʧʽʥʽʚ ʮʝ 14 ʮʠʬʨʦʚʠʭ (0é13) ʧʽʥʽʚ ʚʚʦʜʫ/ʚʠʚʦʜʫ, ʟ ʷʢʠʭ 

ʦʜʥʦʯʘʩʥʦ ʧʽʥʠ 3, 5, 6, 9, 10 ̔ 11 ʟ ʧʦʟʥʘʯʢʦʶ   ~   ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʩʭʝʤʘʭ ʤʝʭʘʪʨʦʥʚʢʠ ʜʣʷ ʐɯM (PWM) ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʨʦʛʨʘʤʥʦ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʟ ʮʠʬʨʦʚʠʭ ʫ ʧʩʝʚʜʦ-ʮʠʬʨʦʚʽ. 15ʠʡ ʧʽʥ ʮʽʻʡ ʛʨʫʧʠ ʮʝ ʧʽʥ  

AREF  ʜʣʷ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʘʥʘʣʦʛʦʚʠʭ ʚʭʦʜʽʚ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʰʠʥ  ʽ ʜʣʷ 

ʰʠʥ ʧʦʩʣʽʜʦʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ (̨̙̎ ̉̓̉̐ ̔ἓἍ ̓  ̙́̉̎ ̉̓̉̐ ̔ἡἜἓ).  

ɼʨʫʛʘ ʛʨʫʧʘ ʧʽʥʽʚ ʮʝ 6 ʘʥʘʣʦʛʦʚʠʭ ʧʽʥʽʚ, ʷʢʽ ʟô̒ ʜʥʘʥʽ ʟ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, ʚʙʫʜʦʚʘʥʠʤ ʫ ʧʣʘʪʫ Arduino.   

ʊʨʝʪʷ ʛʨʫʧʘ ʧʽʥʽʚ ʮʝ ʧʽʥʠ ʞʠʚʣʝʥʥʷ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ. 

ʂʦʥʪʨʦʣʝʨ ʤʽʩʪʠʪʴ  ʢʚʘʨʮʦʚʠʡ ʨʝʟʦʥʘʪʦʨ ʥʘ 16 ʄɻʮ. ʂʥʦʧʢʦʶ 

ʩʢʠʜʘʥʥʷ RESET ʤʦʞʥʘ ʧʝʨʝʟʘʧʫʩʪʠʪʠ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ. ʉʚʽʪʣʦʜʽʦʜ L  

ʮʝ ʩʚʽʪʣʦʜʽʦʜ ʥʘʣʘʛʦʜʞʝʥʥʷ (Debug), ʷʢʠʡ ʜʦʟʚʦʣʷʻ  ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʢʦʥʪʨʦʣʝʨʘ.  

       ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʚʠʩʦʢʦ ʰʚʠʜʢʽʩʥʦʾ 

ʨʦʙʦʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟ ʥʠʟʴʢʦ ʰʚʠʜʢʽʩʥʦʾ ʨʦʙʦʪʦʶ ʧʨʠʩʪʨʦʾʚ  ʧʝʨʠʬʝʨʽʾ 

ʚ ʢʦʥʪʨʦʣʝʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʧʦʰʠʨʝʥʽ ʩʪʘʥʜʘʨʪʠ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ.  

         ἓἍ (I I C, ʚʽʜ ʘʥʛʣ. Inter Integrated Circuit) ð ʩʪʘʥʜʘʨʪ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʫ ʚʠʛʣʷʜʽ  ʧʦʩʣʽʜʦʚʥʦʾ ʘʩʠʤʝʪʨʠʯʥʦʾ ʰʠʥʠ ʜʣʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʽʥʪʝʛʨʘʣʴʥʠʤʠ 

ʤʽʢʨʦʩʭʝʤʘʤʠ ʚʩʝʨʝʜʠʥʽ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʝ ʜʚʦʜʨʦʪʦʚʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʽ ʜʚʦʥʘʧʨʘʚʣʝʥʽ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ (SDA ʽ SCL) 

ʜʣʷ ʚʥʫʪʨʠʩʭʝʤʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʧʝʨʠʬʝʨʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ. 

         ἡἜἓ ʘʙʦ SPI bus  (Serial Peripheral Interfaceð ʉʝʨʽʡʥʠʡ ʇʝʨʠʬʝʨʽʡʥʠʡ 

ɯʥʪʝʨʬʝʡʩ ʘʙʦ ʰʠʥʘ SPI) ʮʝ ʪʝʞ ʩʪʘʥʜʘʨʪ ʘʣʝ ʜʣʷ ʩʠʥʭʨʦʥʥʦʾ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ. ʇʦʰʠʨʝʥʘ ʥʘʟʚʘ ʧʦʩʣʽʜʦʚʥʠʡ ʯʦʪʠʨʴʦʭ ʧʨʦʚʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ 

4ʭ ʩʠʛʥʘʣʽʚ: MOSI ï ʧʽʥ 11 (Master-ʧʝʨʝʜʘʪʯʠʢ Out Slave-ʧʨʠʡʤʘʯ In); 

MISO ï ʧʽʥ 12  (Master In Slave Out); SCLK  (Serial CLocK ) ï ʧʽʥ 13;       

CS ï ʧʽʥ 10 (Chip Select).  CS  ð  ʩʠʛʥʘʣ ʧʦʯʘʪʢʫ/ʟʘʚʝʨʰʝʥʥʷ ʩʝʘʥʩʫ 

ʟʚ'ʷʟʢʫ (ʚʠʙʦʨʫ ʚʝʜʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʝʨʝʜʘʯʽ/ʯʠʪʘʥʥʷ ʜʘʥʠʭ. ʇʦ 

ʟʘʚʝʨʰʝʥʥʽ ʦʙʤʽʥʫ ʜʘʥʠʭ CS ʤʘʻ ʙʫʪʠ ʟʥʷʪʠʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʠʡʤʘʯʫ 

ʜʘʥʠʭ ʚʠʡʪʠ ʟ ʨʝʞʠʤʫ ʯʠʪʘʥʥʷ/ʟʘʧʠʩʫ ʪʘ ʧʝʨʝʡʪʠ ʜʦ ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ.  ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʝʜʝʥʠʭ ʧʽʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚ'ʷʟʦʢ SPI, ʜʣʷ ʯʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʙʣʽʦʪʝʢʘ SPI. 
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        ʇʨʦʛʨʘʤʠ (ʩʢʝʪʯʽ) ʢʦʥʪʨʦʣʝʨʘ Arduino UNO ʤʦʞʫʪʴ ʙʫʪʠ  ʟʘʚʘʥʪʘʞʝʥʽ 

ʯʝʨʝʟ ʧʽʥʠ ʽʥʪʝʨʬʝʡʩʫ ɯʉSP (ʨʠʩ. 4.15,ʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ        

USB-ASP AVR-ʧʨʦʛʨʘʤʘʪʦʨʘ (ʥʘ ʩʭʝʤʝ ʥʝ ʟʦʙʨʘʞʝʥʠʡ). ɸʣʝ ʚʘʞʣʠʚʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʢʦʥʪʨʦʣʝʨʽʚ Arduino ʻ ʪʝ, ʱʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ  ATmega 328  ʚʠʢʦʥʫʻʪʴʩʷ ʯʝʨʝʟ           

USB-ʧʦʨʪ, ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʛʨʘʤʘʪʦʨʘ.  

        ɼʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʢʝʪʯʫ (ʧʨʦʛʨʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ) ʬʫʥʢʮʽʶ 

ʧʨʦʛʨʘʤʘʪʦʨʘ ʚʠʢʦʥʫʻ ʈʉ ʽ ʟʘʚʘʥʪʘʞʫʚʘʯ Arduino. ɿʘʚʘʥʪʘʞʫʚʘʯ  

ʟʘʚʘʥʪʘʞʫʻ ʧʨʦʛʨʘʤʫ ʧʦ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʘʩʠʥʭʨʦʥʥʦʤʫ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʽʥʪʝʨʬʝʡʩʫ UART  (Universal Asynchronous Receiver/Transmitter) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʠʭ ʧʽʥʽʚ  ʧʝʨʰʦʾ ʛʨʫʧʠ   0 (RX) ʽ 1 (TX). ʇʨʠ ʮʴʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ  ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʙʘʡʪʠ ʜʘʥʠʭ ʚ ʧʦʩʣʽʜʦʚʥʠʡ 

ʙʽʪ-ʧʦʪʦʢʠ.  

ɿʘʚʘʥʪʘʞʫʚʘʯ ʮʝ ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ, ʷʢʠʡ ʟʘʧʠʩʘʥʠʡ ʫ 

ʟʘʨʝʟʝʨʚʦʚʘʥʫ ʜʽʣʷʥʢʫ ʧʘʤôʷʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʥʘ ʟʘʚʦʜʽ-ʚʠʨʦʙʥʠʢʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ɺʽʜʨʘʟʫ ʧʽʩʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʧʣʘʪʠ Arduino ʟʘʧʫʩʢʘʻʪʴʩʷ 

ʟʘʚʘʥʪʘʞʫʚʘʯ ʽ ʷʢʱʦ ʚ ʮʝʡ ʯʘʩ ʟʘʚʘʥʪʘʞʫʚʘʯ ʦʪʨʠʤʫʻ ʢʦʤʘʥʜʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʽʜ IDE ʧʦ ʽʥʪʝʨʬʝʡʩʫ UART, ʪʦ ʚʽʥ ʟʘʚʘʥʪʘʞʫʻ ʧʨʦʛʨʘʤʫ 

ʫ ʚʽʣʴʥʫ ʜʽʣʷʥʢʫ ʧʘʤôʷʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʗʢʱʦ ʪʘʢʘ ʢʦʤʘʥʜʘ ʥʝ 

ʥʘʜʭʦʜʠʪʴ, ʪʦʜʽ ʟʘʧʫʩʢʘʻʪʴʩʷ ʦʩʪʘʥʥʷ ʧʨʦʛʨʘʤʘ, ʷʢʘ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʧʘʤôʷʪʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Arduino.ʅʘ ʧʣʘʪʽ Arduino UNO ʦʢʨʽʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ATmega 328  ʻ ʜʦʜʘʪʢʦʚʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ATmega 16U2 (ʨʠʩ. 4.15,ʘ), 

ʷʢʠʡ ʩʣʫʞʠʪʴ ʜʣʷ ʩʧʦʣʫʯʝʥʥʷ ʘʙʦ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ ʽʥʪʝʨʬʝʡʩʫ ʤʽʞ            

USB-ʢʘʙʝʣʝʤ ʽ ʢʦʥʪʘʢʪʘʤʠ ʧʦʩʣʽʜʦʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ UART ʽ ʪʦʤʫ ʤʘʻ ʱʝ 

ʥʘʟʚʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ USB.  

     ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʷ ʢʘʙʝʣʝʤ USB-B ʨʦʟôʻʤʫ ʧʣʘʪʠ Arduino UNO ʜʦ USB-

A ʨʦʟôʻʤʫ ʈʉ (ʥʘ ʨʠʩ. 4.15,a ʥʝ ʟʦʙʨʘʞʝʥʠʡ) ʟʘʛʦʨʷʻʪʴʩʷ LED-ʩʚʽʪʣʦʜʽʦʜ 

ON ʽ ʧʦʯʠʥʘʻ ʙʣʠʤʘʪʠ LED-ʩʚʽʪʣʦʜʽʦʜ L, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʧʽʥʫ 13 

ʧʣʘʪʠ Arduino UNO. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʢʦʥʪʨʦʣʝʨʘ, ʥʘʧʨʠʢʣʘʜ, Arduino UNO, ʪʘ ʡʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ USB-ʢʘʙʝʣʝʤ ʜʦ ʢʦʤʧôʶʪʝʨʘ  ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ Arduino IDE 

(IDE  ï Integrated Drive Environment  ï  ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ) 

ʜʦʮʽʣʴʥʦ ʧʨʠʩʪʫʧʘʪʠ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʨʦʙʦʪʠ ʟʽ ʩʢʝʪʯʘʤʠ 

Arduino ʫ ʥʘʩʪʫʧʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1.ɺ ʤʝʥʶ çɯʥʩʪʨʫʤʝʥʪʠè  ʩʧʦʯʘʪʢʫ ʚʽʜʢʨʠʪʠ ʽ ʘʢʪʠʚʽʟʫʚʘʪʠ ʚʢʣʘʜʢʫ 

çʇʣʘʪʘè  Ÿ  çArduino UNOè (ʨʠʩ. 4.16), ʘ ʧʦʪʽʤ ʦʙʨʘʪʠ ʽ ʘʢʪʠʚʽʟʫʚʘʪʠ ʚ 

ʮʴʦʤʫ ʤʝʥʶ ʚʢʣʘʜʢʫ çʇʦʨʪè - çʉʆʄ3è, ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʘ ʘʙʦ ʪʨʝʙʘ 
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ʧʽʜʢʣʶʯʠʪʠ ʧʣʘʪʫ Arduino UNO. ɺ ʤʝʥʝʜʞʝʨʽ ʧʣʘʪ ʥʘʚʝʜʝʥʽ ʽʩʥʫʶʯʽ ʪʠʧʫ 

ʢʦʥʪʨʦʣʝʨʽʚ ʟ ʢʣʶʯʝʚʠʤ ʩʣʦʚʦʤ çArduinoè. 

2.ɺʽʜʢʨʠʪʠ  ʤʝʥʶ çʌʘʡʣè Ÿ çʇʨʠʢʣʘʜʠè (ʨʠʩ. 4.17) ʽ ʘʢʪʠʚʽʟʫʚʘʪʠ 

ʚʢʣʘʜʢʫ ʧʦʪʨʽʙʥʦʛʦ ʩʢʝʪʯʫ, ʥʘʧʨʠʢʣʘʜ, ʚʢʣʘʜʢʫ ʧʽʜʢʣʶʯʝʥʥʷ ʩʢʝʪʯʫ 

Stepper (ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ) ï stepper oneRevolution (ʧʨʦʛʨʘʤʘ ï çʆʜʠʥ 

ʦʙʦʨʦʪ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘè). 

  3. ɺʽʜʢʨʠʪʠ  ʤʝʥʶ çʉʢʝʪʯè Ÿ çʇʽʜʢʣʶʯʠʪʠ ʙʽʙʣʽʦʪʝʢʫè    ʽ 

ʘʢʪʠʚʽʟʫʚʘʪʠ  ʚʢʣʘʜʢʫ ʙʽʙʣʽʦʪʝʢʠ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʦʛʨʘʤʠ Stepper       

(ʨʠʩ. 4.18).   

          ɹʽʙʣʽʦʪʝʢʘ ʮʝ ʥʘʙʽʨ ʬʫʥʢʮʽʡ (ʢʦʜʽʚ), ʷʢʽ ʩʧʨʦʱʫʶʪʴ ʨʦʙʦʪʫ ʟ 

ʮʽʣʴʦʚʠʤ ʩʢʝʪʯʝʤ ʽ ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʤʘʥʜʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʦʚʥʽʰʥʽʤʠ 

ʧʨʠʩʪʨʦʷʤʠ (ʤʦʜʫʣʷʤʠ ʜʨʘʡʚʝʨʽʚ, ʜʚʠʛʫʥʘʤʠ,  ʜʘʪʯʠʢʘʤʠ, LCD-ʝʢʨʘʥʘʤʠ 

ʪʦʱʦ). ʅʘʧʨʠʢʣʘʜ, ʚʙʫʜʦʚʘʥʘ ʙʽʙʣʽʦʪʝʢʘ Stepper ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʢʨʦʢʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ, ʘ ʙʽʙʣʽʦʪʝʢʘ  Servo ï ʽʟ 

ʩʝʨʚʦʜʚʠʛʫʥʘʤʠ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʜʦʜʘʪʢʦʚʠʭ ʙʽʙʣʽʦʪʝʢ, ʷʢʽ ʤʦʞʥʘ ʟʘʚʘʥʪʘʞʠʪʠ 

ʟ ɯʥʪʝʨʥʝʪʫ ʽ ʧʦʪʽʤ ʾʭ ʚʩʪʘʥʦʚʠʪʠ 

4. ʇʝʨʝʚʽʨʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʣʘʪʠ ʧʨʠ ʧʝʨʰʦʤʫ ʚʢʣʶʯʝʥʥʽ ʤʦʞʥʘ 

ʟʘ ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

 4.1. ʆʙʨʘʪʠ ʚ ʤʝʥʶ çʌʘʡʣè Ÿ çʇʨʠʢʣʘʜʠè Ÿ ç01.Basicsè       

(ʨʠʩ. 4.16) ʩʢʝʪʯ çBlinkè (çɹʣʠʤʘʪʠè): 

4.2.ʗʢʱʦ ʫ ʥʘʚʝʜʝʥʦʤʫ ʩʢʝʪʯʽ ʟʤʝʥʰʠʪʠ ʧʝʨʰʫ ʧʘʫʟʫ  ʧʨʠ ʚʤʠʢʘʥʥʽ 

LɽD-ʩʚʽʪʣʦʜʽʦʜʫ, ʥʘʧʨʠʢʣʘʜ,   delay(500), ʘ   ʜʨʫʛʫ ʧʘʫʟʫ  ʟʙʽʣʴʰʠʪʠ 

ʧʨʠ ʚʠʤʠʢʘʥʥʽ LɽD-ʩʚʽʪʣʦʜʽʦʜʫ, ʥʘʧʨʠʢʣʘʜ,   delay(3000) ʽ ʱʝ ʨʘʟ 

ʢʦʤʧʽʣʶʚʘʪʠ ʧʨʦʛʨʘʤʫ, ʪʦʜʽ LɽD-ʩʚʽʪʣʦʜʽʦʜ ʧʦʚʠʥʝʥ ʙʣʠʤʘʪʠ ʟ ʨʽʟʥʠʤʠ 

ʧʘʫʟʘʤʠ ʧʨʠ ʚʠʩʦʢʦʤʫ ʽ ʥʠʟʴʢʦʤʫ ʨʽʚʥʷʭ ʩʠʛʥʘʣʫ HIGH:=ç1è ʽ LOW:= ç0è.  

4.3. ʗʢʱʦ ʚ ʥʠʞʥʽʡ ʯʝʨʚʦʥʦʾ ʩʪʨʽʯʢʠ ʝʢʨʘʥʫ ʧʽʩʣʷ ʢʦʤʧʽʣʷʮʽʾ ʩʢʝʪʯʫ ʻ 

ʩʚʽʜʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ ʟʘʚʘʥʪʘʞʫʚʘʯʘ ʽ ʪʦʜʽ ʚʠʢʦʥʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ 

ʧʦ ʧ.4.2 ʽ ʤʦʞʥʘ ʨʫʭʘʪʠʩʷ ʜʘʣʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ. 

 

ɹʽʣʴʰʽʩʪʴ ʧʣʘʪ Arduino ʤʘʶʪʴ ʙʦʨʪʦʚʠʡ ʩʚʽʪʣʦʜʽʦʜ, ʷʢʠʡ  

ʧʨʠʢʨʽʧʣʝʥʠʡ ʜʦ ʮʠʬʨʦʚʦʛʦ ʧʽʥʫ (ʰʧʠʣʴʢʠ) 13 .     ʇʽʩʣʷ       ʢʦʤʧʽʣʷʮʽʾ  

 ʧʨʦʛʨʘʤʘ çBlinkè ʚʠʢʦʥʫʻ ʮʠʢʣ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʘʫʟʘʤʠ  ʚʤʠʢʘʥʥʷ ʽ 

ʚʠʤʠʢʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʫ LED.    
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ʈʠʩ. 4.16.  ʇʨʠʢʣʘʜ ʧʽʜʢʣʶʯʝʥʥʷ  ʧʣʘʪʠ Arduino UNO  ʽ ʾʾ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʧʦʪʨʽʙʥʦʛʦ ʉʆʄ-ʧʦʨʪʫ ʽ ʤʝʥʝʜʞʝʨ ʧʣʘʪ  ʢʦʥʪʨʦʣʝʨʽʚ ʨʦʜʠʥʠ Arduino 
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ʘ 
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ʈʠʩ. 4.17.  ʇʨʠʢʣʘʜ ʧʽʜʢʣʶʯʝʥʥʷ ʩʢʝʪʯʽʚ: ʘ ï ɺutton (ʢʥʦʧʢʘ); ʙ ï    Stepper 

(ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ) ï stepper oneRevolution (ʦʜʠʥ ʦʙʦʨʦʪ ʢʨʦʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ) 
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                           ʈʠʩ. 4.18.  ʇʨʠʢʣʘʜ ʧʽʜʢʣʶʯʝʥʥʷ ʙʽʙʣʽʦʪʝʢʠ Stepper 
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ʉʪʨʦʢʽ ʩʢʝʪʯʽʚ (ʧʨʦʛʨʘʤ)  ʤʘʶʪʴ  ʚʠʛʣʷʜ ʟ ʥʘʩʪʫʧʥʠʤʠ ʢʦʤʝʥʪʘʨʷʤʠ 

ʜʚʦʭ ʚʠʛʣʷʜʽʚ  /***é***/     ʘʙʦ        // . 

void setup() {       

/***  void setup  ()  ʮʝ ʬʫʥʢʮʽʷ   ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʝʟ ʘʨʛʫʤʝʥʪʽʚ ʽ ʪʦʤʫ 

ʤʘʻ ʥʘʟʚʫ  void  (ʧʦʨʦʞʥʷ), ʷʢʘ ʟʘʧʫʩʢʘʻʪʴʩʷ ʦʜʠʥ ʨʘʟ, ʢʦʣʠ ʥʘʪʠʩʢʘʻʪʴʩʷ  

ʢʥʦʧʢʘ ʩʢʠʜʘʥʥʷ RESEʊ ʥʘ ʧʣʘʪʽ ʪʘ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʞʠʚʣʝʥʥʷ ʧʣʘʪʠ  ***/ 
   pinMode(LED BUILTIN, OUTPUT);  

}  

 /***  pinMode  ʮʝ ʬʫʥʢʮʽʷ (ʘʨʛʫʤʝʥʪʠ ʚ ʜʫʞʢʘʭ), ʷʢʘ  ʽʥʽʮʽʘʣʽʟʫʻ 

ʮʠʬʨʦʚʠʡ PIN-ʢʦʜ 13 ʜʣʷ ʚʙʫʜʦʚʘʥʦʛʦ ʚ ʧʣʘʪʫ ʩʚʽʪʣʦʜʽʦʜʫ, ʘ ʩʘʤʝ   LED  

BUILTIN  (ʉɺɯʊʃʆɼɯʆɼ ɺɹʋɼʆɺɸʅʀʁ), ʷʢ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ (OUTPUT) 

***/                                 

void loop(){  

/*** void loop() ʮʝ ʬʫʥʢʮʽʷ ʮʠʢʣʫ ʙʝʟ ʘʨʛʫʤʝʥʪʽʚ ʽ ʪʦʤʫ ʤʘʻ ʥʘʟʚʫ  

void  (ʧʦʨʦʞʥʷ), ʷʢʘ  ʟʘʧʫʩʢʘʻʪʴʩʷ ʙʘʛʘʪʦ ʨʘʟʽʚ ***/ 

    digitalWrite(LED BUILTIN, HIGH);    

  /*** ʬʫʥʢʮʽʷ ʚʩʝʨʝʜʠʥʽ ʮʠʢʣʫ loop  ï ʫʚʽʤʢʥʫʪʠ ʉɺɯʊʃʆɼɯʆɼ 

ɺɹʋɼʆɺɸʅʀʁ,  ʜʘʶʯʠ  ʡʦʤʫ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ HIGH 5V ***/  

         delay(1000);        //  ʬʫʥʢʮʽʷ ʧʘʫʟʠ ï ʘʨʛʫʤʝʥʪ  1000 ʤʩ = 1 ʩʝʢʫʥʜʘ 

         digitalWrite(LED_BUILTIN, LOW);     

/*** ʬʫʥʢʮʽʷ ʚʩʝʨʝʜʠʥʽ ʮʠʢʣʫ loop  ï ʚʠʤʢʥʫʪʠ ʉɺɯʊʃʆɼɯʆɼ 

ɺɹʋɼʆɺɸʅʀʁ,  ʜʘʶʯʠ  ʡʦʤʫ ʥʠʟʴʢʠʡ  ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ LOW 0V ***/  

         delay(1000);       // ʬʫʥʢʮʽʷ ʧʘʫʟʠ ï ʘʨʛʫʤʝʥʪ  1000 ʤʩ = 1 ʩʝʢʫʥʜʘ 

}  

 

4.4. ʉʧʦʣʫʯʝʥʥʷ ʽ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʢʨʦʢʦʚʠʤ ʧʨʠʚʦʜʦʤ ʥʘ 

ʧʣʘʪʬʦʨʤʽ Arduino 

 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʭʘʪʨʦʥʠʮʽ ʽ ʚ ʨʦʙʦʪʦʪʝʭʥʽʮʽ ʦʪʨʠʤʘʣʠ 

ʜʨʘʡʚʝʨʠ ʥʘ ʤʽʢʨʦʩʭʝʤʘʭ ULN2003,  L293D  ʪʘ   L298N. ɼʨʘʡʚʝʨ L293D 

ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʟʜʚʦʻʥʦʛʦ ʰʠʣʜʫ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʚʦʤʘ 

ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ DC ʟ ʨʝʜʫʢʪʦʨʦʤ ʪʘ ʜʚʦʤʘ 5 ʚʦʣʴʪʦʚʠʤʠ ʢʨʦʢʦʚʠʤʠ 

ʜʚʠʛʫʥʘʤʠ.  

 

ʐʠʣʜʠ ï ʮʝ  ʧʣʘʪʠ (ʤʦʜʫʣʽ) ʨʦʟʰʠʨʝʥʥʷ, ʷʢʽ ʩʪʠʢʫʻʪʴʩʷ ʟ ʧʣʘʪʦʶ 

Arduino, ʷʢ ʙʫʪʝʨʙʨʦʜ. ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʰʠʣʜʠ ʧʨʘʮʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʙʽʙʣʽʦʪʝʢ. ɹʽʙʣʽʦʪʝʢʠ  ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʟʚôʷʟʢʫ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʬʫʥʢʮʽʷʤʠ ʰʠʣʜʽʚ ʽ ʚʦʥʠ ʤʦʞʫʪʴ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʽʥʪʝʨʬʝʡʩ ʟ ʨʽʟʥʠʤʠ 

ʟʦʚʥʽʰʥʽʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɹʽʙʣʽʦʪʝʢʘ ʮʝ ʟʙʽʨʥʠʢ ʧʽʜʧʨʦʛʨʘʤ ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

 

ɼʨʘʡʚʝʨ ULN2003 (ʨʠʩ. 19,ʘ) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʢʦʥʪʨʦʣʝʨʘ Arduino  UNO ʦʜʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ. 

 

ɼʨʘʡʚʝʨ L298N (ʨʠʩ. 19,ʙ) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʚʦʭ 

ʩʝʨʚʦʜʚʠʛʫʥʽʚ ʘʙʦ ʦʜʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ. 

 

ɼʨʘʡʚʝʨ L298N (ʨʠʩ. 19,ʚ) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʝʨʫʚʘʪʠ ʜʚʦʤʘ 

ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ  ʽ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 

2ɸ ʥʘ ʢʦʞʝʥ ʜʚʠʛʫʥ, ʘ ʷʢʱʦ ʟʘʜʽʷʪʠ ʧʘʨʘʣʝʣʴʥʝ ʚʢʣʶʯʝʥʥʷ ʜʚʦʭ ʜʨʘʡʚʝʨʽʚ 

ʜʣʷ ʦʜʥʦʛʦ ʜʚʠʛʫʥʘ, ʪʦ ʤʦʞʥʘ ʧʽʜʥʷʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʜʦ 4ɸ. 

 

 
                                 ʘ 

 
                            
                         ʙ       
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ʈʠʩ. 4.19. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʦʰʠʨʝʥʠʭ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʜʨʘʡʚʝʨʽʚ:           

ʘ ï ʜʨʘʡʚʝʨ ULN2003 ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʦʜʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ;                     

ʙ ï ʜʨʘʡʚʝʨ ʟ  ʨʘʜʽʘʪʦʨʦʤ ʦʭʦʣʦʜʞʝʥʥʷ   ʤʽʢʨʦʩʭʝʤʠ L298N ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʚʦʭ ʩʝʨʚʦʜʚʠʛʫʥʽʚ ʘʙʦ ʦʜʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ; ʚ ï ʰʠʣʜ ʜʨʘʡʚʝʨʘ L293D 

ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʚʦʭ ʩʝʨʚʦʜʚʠʛʫʥʽʚ Servo1 i Servo2,  ʜʚʦʭ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ 

ʘʙʦ ʯʦʪʠʨʴʦʭ ʜʚʠʛʫʥʽʚ ʄ1éʄ4 ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; ʛ ï ʧʨʠʢʣʘʜ ʧʽʜʢʣʶʯʝʥʥʷ 

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʘʡʚʝʨʘ L298N ʜʦ ʧʣʘʪʠ Arduino UNO  ʽ 

ʟʦʚʥʽʰʥʴʦʤʫ ʜʞʝʨʝʣʫ ʞʠʚʣʝʥʥʷ 9V 

 

ʇʨʠʢʣʘʜ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʧʽʥʽʚ ʧʣʘʪʠ Arduino UNO ʧʽʥʽʚ ʪʘ ʢʣʝʤ 

ʨʦʟôʻʤʫ ʤʦʜʫʣʷ ʜʨʘʡʚʝʨʘ  ULN2003  ʪʘ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ (Step Motor) 

ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 4.1. 

 

ʄʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʜʦ ʢʦʥʪʨʦʣʝʨʘ Arduino 

UNO ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.20 . 
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ʈʠʩ. 4.20. ʄʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʣʦʛʽʢʠ 

ʢʦʥʪʨʦʣʝʨʘ Arduino UNO  ʚʽʜ ʈʉ ʪʘ ʜʦ ʜʨʘʡʚʝʨʽʚ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʽ 

 

ʇʨʠʢʣʘʜ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʧʽʥʽʚ ʧʣʘʪʠ Arduino UNO ʧʽʥʽʚ ʪʘ ʢʣʝʤ 

ʨʦʟôʻʤʫ ʤʦʜʫʣʷ ʜʨʘʡʚʝʨʘ  ULN2003  ʪʘ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ (Step Motor) 

ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 4.1. 

 

        ʊʘʙʣʠʮʷ 4.1.                            ʉʧʦʣʫʯʝʥʥʷ  ʧʽʥʽʚ ʜʦ ʨʠʩ. 4.19 ʽ ʨʠʩ. 4.20 

ʄʦʜʫʣʽ ɼʨʦʪʠ ʈʦʟ'ʻʤ  Stepper 

28BYJ-48 

1 

ʉʠ- 

ʥʠʡ 

(ʉ) 

2 

ʈʦʞʝ- 

ʚʠʡ 

(ʈ) 

3 

ɾʦʚ- 

ʪʠʡ 

(ɾ) 

4 

ʆʨʘʥ- 

ʞʦʚʠʡ 

ʆ 

 

ʏʦʨ- 

ʥʠʡ 

 

 

ʏʝʨʚʦ 

ʥʠʡ 

(ʏ) 

1 

ʉ 

2 

ʈ 

3 

ɾ 

4 

ʆ 

5 

ʏ 

Arduino 

UNO 

11 10 9 8 GND Vin 

 

- - - - - 

ɼʨʘʡʚʝʨʘ  

ULN2003   

IN1 IN2 IN3 IN4 ç-è +5é12V A B C D E 

Step 

Motor  

- - - - - - 1 2 3 4 5 
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ʇʨʠʢʣʘʜ  ʩʧʦʣʫʯʝʥʥʷ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟ ʜʨʘʡʚʝʨʦʤ ULN2003,  

ʢʦʥʪʨʦʣʝʨʦʤ Arduino UNO ʪʘ ʟ ʧʝʨʩʦʥʘʣʴʥʠʤ ʢʦʤʧôʶʪʝʨʦʤ ʈʉ ʥʘʚʝʜʝʥʠʡ 

ʥʘ ʨʠʩ. 4.21. 

ɺ ʧʨʦʛʨʘʤʘʭ ʥʘ ʤʦʚʽ Arduino -C  (ʨʠʩ.4.22 ʽ ʨʠʩ.4.23)  ʜʣʷ ʥʘʚʧʽʣ 

ʢʨʦʢʦʚʦʛʦ ʨʝʞʠʤʫ ʢʦʤʫʪʘʮʽʾ ʫʥʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ 28BYJ-48 ʫ 

ʬʫʥʢʮʽʾ ʮʠʢʣʫ void  loop () ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ  ʚʠʭʦʜʽʚ çOUTPUTè, ʷʢʽ 

ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʚʠʚʦʜʽʚ (ʧʽʥʠ) 2, 3, 4 ʪʘ 5 ʢʦʥʪʨʦʣʝʨʘ ʧʦʟʥʘʯʝʥʥʽ  ʥʘʩʪʫʧʥʽ 

ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ:   

 

 LOW  (ʣʸʡ) ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 0V:= ç0è; 

 HIGH (ʭʘʡ) ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ +5V:= ç1è. 

 

ʂʨʦʢʦʚʠʡ ʜʚʠʛʫʥ 28BYJ-48 ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʘʻ 4 ʦʙʤʦʪʢʠ ʥʘ 

ʩʪʘʪʦʨʽ ʽ 8 ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʥʘ ʨʦʪʦʨʽ, ʨʝʜʫʢʪʦʨ  ʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʙʦʪʦʪʝʭʥʽʮʽ, DIY -ʧʨʠʩʪʨʦʷʭ (ʚʽʜ ʘʥʛʣ. Do I t Yourself 

- ʟʨʦʙʠ ʮʝ ʩʘʤ).  

 

ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ 28BYJ-48: 

Å ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ: 5 ɺʦʣʴʪ (ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ) 

Å ʢʽʣʴʢʽʩʪʴ ʬʘʟ: 4 

Å ʢʽʣʴʢʽʩʪʴ ʟʫʙʮʽʚ (ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʥʘ ʨʦʪʦʨʽ): 8 

Å ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ: ὲȢ ςÖ τ Ö ψ 64 

Å ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦ ʢʨʦʢʽʚ ʫ ʧʽʚ ʢʨʦʢʦʚʦʤʫ ʨʝʞʠʤʽ: ὲȢ φτÖ φτ4096 

Å ʢʨʦʢ: ‌ 5.625 ʛʨʘʜʫʩʽʚ 

Å ʥʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ: 100 ɻʮ 

Å ʥʦʤʽʥʘʣʴʥʠʡ ʦʧʽʨ ʦʙʤʦʪʦʢ (ʧʨʠ 25 ɻʨʘʜʫʩʘʭ): 50 ʆʤ 

Å ʯʘʩʪʦʪʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ): 600 ɻʮ 

Å ʯʘʩʪʦʪʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ): 1000 ɻʮ 

 

ɼʨʘʡʚʝʨ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʷʢ ʟ 5V ʜʚʠʛʫʥʘʤʠ 

ʪʘʢ ʽ ʟ 12V ʜʚʠʛʫʥʘʤʠ. ʅʘ ʨʠʩ. 4.22 ʥʘʚʝʜʝʥʠʡ sketch_step 02 ʥʘʚʧʽʣ 

ʢʨʦʢʦʚʦʛʦ ʨʝʞʠʤʫ ʢʦʤʫʪʘʮʽʾ ʫʥʽʧʦʣʷʨʥʦʛʦ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ  #incluide <Stepper.h> Arduino, ʘ ʥʘ ʨʠʩ. 4.23 ï 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ. 
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ʈʠʩ. 4.21.  ʉʭʝʤʘ ʩʧʦʣʫʯʝʥʥʷ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ 28BYJ-48 ʟ   ʜʨʘʡʚʝʨʦʤ 

ULN2003 ʽ ʢʦʥʪʨʦʣʝʨʦʤ Arduino UNO 

 

ʊʫʪ ʽ  ʜʘʣʽ ʚ ʧʨʦʛʨʘʤʘʭ ʥʘʚʝʜʝʥʽ ʧʨʠʡʥʷʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʫʤʦʚʥʽ 

ʧʦʟʥʘʯʝʥʥʷ ʤʦʚʠ Arduino C : 

          sketch  ï ʩʢʝʪʯ ʮʝ ʧʦʰʠʨʝʥʘ ʥʘʟʚʘ ʧʨʦʛʨʘʤ; 

#incluuide <Stepper.h> ï ʮʝ ʜʠʨʝʢʪʠʚʘ çʟʘʩʪʦʩʫʚʘʪʠ (ʚʢʣʶʯʠʪʠ)è 

ʙʽʙʣʽʦʪʝʢʫ <ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ> ; 

 

//  ʦʜʥʦ ʩʪʨʽʯʢʦʚʠʡ ʢʦʤʝʥʪʘʨ ʘʙʦ  /***  ʙʘʛʘʪʦ ʩʪʨʽʯʢʦʚʽ ʢʦʤʝʥʪʘʨʽ 

***/   (ʥʘ ʨʠʩ. 4.22 ʢʦʤʝʥʪʘʨʽ  ʥʽ ʥʘʚʝʜʝʥʽ); 

{ é } ï ʬʽʛʫʨʥʽ ʩʢʦʙʢʠ  ʚʠʜʽʣʷʶʪʴ ʬʨʘʛʤʝʥʪ ʢʦʜʫ ʜʣʷ ʢʦʤʧʽʣʷʪʦʨʘ. 

ɹʣʦʢ ʢʦʜʫ ʟʘʚʞʜʠ ʚʽʜʢʨʠʚʘʻʪʴʩʷ  ʩʠʤʚʦʣʦʤ { ʽ ʟʘʚʝʨʰʫʻʪʴʩʷ ʩʠʤʚʦʣʦʤ }. 

ʄʽʞ ʬʽʛʫʨʥʠʭ ʩʢʦʙʦʢ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʢʦʤʘʥʜʠ ; 
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; ï ʢʨʘʧʢʘ ʟ ʢʦʤʦʶ ʟʘʚʝʨʰʫʻ ʢʦʤʘʥʜʫ. ʗʢʱʦ ʪʘʢʠʡ ʩʠʤʚʦʣ 

ʧʨʦʧʫʱʝʥʠʡ, ʢʦʤʧʽʣʷʪʦʨ Arduino ʚʠʜʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ ʚ 

ʧʨʦʛʨʘʤʽ ; 

 

 

ʈʠʩ. 4.22.  Sketch_step02 ʥʘʚʧʽʣ ʢʨʦʢʦʚʦʛʦ ʨʝʞʠʤʫ ʢʦʤʫʪʘʮʽʾ ʫʥʽʧʦʣʷʨʥʦʛʦ 

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ  #incluide <Stepper.h> 

Arduino ( IN1 = 2 , IN2  = 3 ,  IN3 = 4, IN4 = 5  ï ʥʦʤʝʨʠ ʧʽʥʽʚ 

ʧʣʘʪʠ ʢʦʥʪʨʦʣʝʨʘ Arduino, ʜʦ ʷʢʠʭ ʧʽʜʢʣʶʯʝʥʽ  ʚʽʜʧʦʚʽʜʥʽ ʚʭʦʜʠ (INput) 

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ) ; 

  

ʊʀʇʀ ʅɸʁɹɯʃʔʐ ʇʆʐʀʈɽʅʀʍ ɿʄɯʅʅʀʍ: 

int  ï ʮʝ ʟʤʽʥʥʘ ʪʠʧʫ çintegerè ʮʽʣʝ ʯʠʩʣʦ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʙʘʡʪʽʚ (16 ʙʽʪ) ʽ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ -32 768  ʜʦ +32 768 

σς χφψ , ʥʘʧʨʠʢʣʘʜ: int ledPin = 13 ;  ( ʮʝ ʩʚʽʪʣʦʜʽʦʜ LED, 

ʷʢʠʡ ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʮʠʬʨʦʚʦʛʦ ʚʠʚʦʜʫ (ʧʽʥʫ) 13);    

byte  ï ʮʝ ʟʤʽʥʥʘ ʪʠʧʫ çʙʘʡʪè = 8 ʙʽʪ, ʘ ʪʦʤʫ ʪʘʢʘ ʟʤʽʥʥʘ ʤʦʞʝ 

ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 255; 
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bool en  ï ʮʝ ʙʫʣʝʚʘ (ʣʦʛʽʯʥʘ) ʟʤʽʥʥʘ, ʷʢʘ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʜʚʘ ʩʪʘʥʫ: 

true  (ʽʩʪʠʥʘ) ʘʙʦ false  (ʨʦʩ. ʣʦʞʴ) ʽ ʟʘʡʤʘʻ ʚ ʧʘʤôʷʪʽ 1 ʙʘʡʪ. ɿʥʘʯʝʥʥʷ 

true  ʚʽʜʧʦʚʽʜʘʻ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ, ʘ false  ï ʮʝ ʥʝ ʣʦʛʽʯʥʠʡ ʥʫʣʴ, ʷʢ ʯʘʩʪʦ 

ʧʨʠʧʫʩʢʘʶʪʴ, ʘ ʩʪʘʥ ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ  ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ;  

char  ï ʮʝ ʩʠʤʚʦʣʴʥʘ ʟʤʽʥʥʘ. ʆʜʠʥ ʩʠʤʚʦʣ ʧʦʟʥʘʯʘʻʪʴʩʷ ʚ ʦʜʠʥʘʨʥʠʭ 

ʣʘʧʢʘʭ (ʘʧʦʩʪʨʦʬʘʭ), ʷʢʱʦ ʜʝʢʽʣʴʢʘ ʩʠʤʚʦʣʽʚ ï ʚ ʧʦʜʚʽʡʥʠʭ ʣʘʧʢʘʭ, 

ʥʘʧʨʠʢʣʘʜ: char MeineName = ñBò; (ʩʠʤʚʦʣ ɺ ʦʪʨʠʤʫʻ ʥʦʤʝʨ 66 ʟ 

ʥʘʙʦʨʫ ʩʠʤʚʦʣʽʚ ʩʪʘʥʜʘʨʪʫ A S C I I ʯʠʩʣʦ 66  - ʨʦʟʤʽʨ ʦʜʠʥ ʙʘʡʪ) ;  

float ï ʮʝ ʟʤʽʥʥʘ ʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶ ʽ ʧʦʪʨʝʙʫʻ ʚ ʧʘʤôʷʪʽ 4 ʙʘʡʪʘ 

(32 ʙʽʪʘ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʟʽ ʟʥʘʢʦʤ).  

ʇʦʰʠʨʝʥʽ ʬʫʥʢʮʽʾ, ʢʦʤʘʥʜʠ,  ʜʠʨʝʢʪʠʚ  ʪʘ ʦʧʝʨʘʪʦʨʽʚ: 

void setup ()   ï ʮʝ  ʬʫʥʢʮʽʷ ʢʦʜʫ ʦʜʥʦʨʘʟʦʚʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʘ 

ʩʘʤʝ ʚʚʝʜʝʥʥʷ ʦʛʦʣʦʰʝʥʠʭ ʚʠʱʝ ʚ ʩʢʝʪʯʽ ʟʤʽʥʥʠʭ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʽʣʴʢʠ  ʦʜʠʥ ʨʘʟ ; 

void loop ()  ï ʮʝ ʬʫʥʢʮʽʷ ʦʩʥʦʚʥʦʛʦ ʢʦʜʫ, ʱʦʙ ʟʘʧʫʩʪʠʪʠ ʮʠʢʣ 

ʨʦʙʦʪʠ ʩʢʝʪʯʫ, ʥʘʧʨʠʢʣʘʜ,  ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʢʽʣʴʢʘ ʨʘʟʽʚ ; 

       myStepper.step (stepsRepRevolution)  ï ʮʝ ʢʦʜ ʢʦʤʘʥʜʠ  ʜʣʷ 

ʚʢʣʶʯʝʥʥʷ  32 ʢʨʦʢʽʚ ʨʦʙʦʪʠ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʩʪʨʽʣʢʦʶ ʛʦʜʠʥʥʠʢʘ 

(ʨʠʩ.4.20) ; 

   myStepper.step ( ïstepsRepRevolution)  ï ʮʝ ʢʦʜ ʢʦʤʘʥʜʠ  

ʜʣʷ ʚʢʣʶʯʝʥʥʷ  32 ʢʨʦʢʽʚ ʨʦʙʦʪʠ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʧʨʦʪʠ ʩʪʨʽʣʢʠ 

ʛʦʜʠʥʥʠʢʘ ʘʙʦ ʢʦʤʘʥʜʘ ʨʝʚʝʨʩʫ ʜʚʠʛʫʥʘ (ʨʠʩ.4.20) ; 

delay (100)  ï ʮʝ ʢʦʜ ʢʦʤʘʥʜʠ ʧʝʨʝʨʠʚʘʥʥʷ (ʟʘʪʨʠʤʢʠ) ʥʘ 100 ʤʩ 

(0,1 ʩʝʢʫʥʜʠ) ; 

#define (ʚʠʟʥʘʯʘʪʠ) ï ʜʠʨʝʢʪʠʚʘ ʧʨʝʧʨʦʮʝʩʦʨʘ, ʷʢʘ ʟʘʧʫʩʢʘʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʜ ʢʦʤʧʽʣʷʮʽʻʶ  ʥʘʩʪʫʧʥʦʛʦ ʢʦʜʫ ʧʨʦʛʨʘʤʠ. ʎʝ ʥʽʙʠ 

ʤʘʣʝʥʴʢʠʡ ʢʦʤʧʽʣʷʪʦʨ, ʷʢʠʡ  ʟʘʟʜʘʣʝʛʽʜʴ ʧʝʨʝʪʚʦʨʶʻ  ʢʦʤʘʥʜʫ #define ʚ 

ʢʦʥʩʪʘʥʪʠ.  

# ʮʝ ʟʥʘʢ ʜ̔ʝʟ.  ʇʝʨʝʜ ʢʦʤʘʥʜʦʶ ʚʽʥ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʷ ʷʢ ʙʠ 

ʤʘʣʝʥʴʢʦʛʦ ʢʦʤʧʽʣʷʪʦʨ, ʷʢʠʡ  ʟʘʟʜʘʣʝʛʽʜʴ ʧʝʨʝʪʚʦʨʶʻ  ʢʦʤʘʥʜʫ, ʥʘʧʨʠʢʣʘʜ  

define (ʚʠʟʥʘʯʠʪʠ) ʚ ʢʦʥʩʪʘʥʪʠ.  

++  ʮʝ  ʧʦʰʠʨʝʥʠʡ ʦʧʝʨʘʪʦʨ ʜʣʷ  ʽ ʥ ʢ ʨ ʝ ʤ ʝ ʥ ʪ ʘ,  ʘ ʩʘʤʝ 

ʟʙʽʣʴʰʝʥʥʷ ʟʤʽʥʥʦʾ çi è  ʥʘ ʦʜʠʥʠʮʶ, ʥʘʧʨʠʢʣʘʜ, ++ i  ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʢʨʦʢʽʚ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʥʘ 1 ʧʨʠ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ 

ʤʦʜʫʣʷʮʽʾ (ʐɯʄ) ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ; 

 



 

144 

 

 

ʈʠʩ. 4.23. ʇʨʠʢʣʘʜ ʪʘʙʣʠʮʽ ʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ ʜʣʷ sketch _step01   ʥʘʚʧʽʣ 

ʢʨʦʢʦʚʦʛʦ ʨʝʞʠʤʫ ʢʦʤʫʪʘʮʽʾ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟ ʜʨʘʡʚʝʨʦʤ ʥʘ ʨʠʩ. 4.21  

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ  
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--  ʮʝ  ʧʦʰʠʨʝʥʠʡ ʦʧʝʨʘʪʦʨ ʜʣʷ  ʜ ʝ ʢ ʨ ʝ ʤ ʝ ʥ ʪ ʘ,  ʘ ʩʘʤʝ ʟʤʝʥʰʝʥʥʷ 

ʟʤʽʥʥʦʾ çi è  ʥʘ ʦʜʠʥʠʮʶ, ʥʘʧʨʠʢʣʘʜ, - - i  ʧʦʟʥʘʯʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʨʦʢʽʚ 

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʥʘ 1 ʧʨʠ ʐɯʄ-ʨʝʛʫʣʶʚʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʢʨʦʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ. 

==  ʦʧʝʨʘʪʦʨ ʜʦʨʽʚʥʷʥʥʷ (ʜʦʨʽʚʥʶʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ: A == B  ); 

!=   ʦʧʝʨʘʪʦʨ ʥʝ ʜʦʨʽʚʥʷʥʥʷ (ʥʝ ʜʦʨʽʚʥʶʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ: A != B  ).  

ʇʦʚʥʠʡ ʧʝʨʝʣʽʢ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ, ʦʧʝʨʘʪʦʨʽʚ, ʜʠʨʝʢʪʠʚ, ʮʠʢʣʽʚ, 

ʬʫʥʢʮʽʡ, ʢʦʤʘʥʜ ʽ ʧʨʦʮʝʜʫʨ ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ ʤʘʥʫʘʣʽ ʜʦ ʤʦʚʠ Arduino C, ʘ 

ʜʝʷʢʽ ʟ ʥʠʭ ʙʫʜʫʪʴ ʜʘʣʽ ʧʦʷʩʥʶʚʘʪʠʩʷ ʚ ʢʦʤʝʥʪʘʨʷʭ ʧʨʦʛʨʘʤ.  

ɺʩʷ ʩʠʤʚʦʣʽʢʘ ʢʦʤʘʥʜ, ʦʧʝʨʘʪʦʨʽʚ ʽ ʦʧʝʨʘʥʜʽʚ, ʬʫʥʢʮʽʡ ʽ ʧʨʦʮʝʜʫʨ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʘʙʣʠʮʽ ʢʦʜʽʚ ASCII  (American Standard Code 

for Information Interchange -  ɸʤʝʨʠʢʘʥʩʴʢʠʡ ʉʪʘʥʜʘʨʪʥʠʡ ʂʦʜ ʜʣʷ ʆʙʤʽʥʫ 

ɯʥʬʦʨʤʘʮʽʻʶ). 

          ɼʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘʚʝʜʝʥʠʡ ʱʝ ʦʜʠʥ ʧʨʠʢʣʘʜ ʩʢʝʪʯʫ ʜʣʷ 

ʥʘʚʧʽʣ ʢʝʨʫʚʘʥʥʷ ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʦʤ 28BYJ-48 ʟ ʢʦʤʝʥʪʘʨʷʤʠ, ʟʤʽʥʝʥʠʤʠ 

ʥʦʤʝʨʘʤʠ  ʰʪʠʨʢʦʚʠʭ ʢʦʥʪʘʢʪʽʚ (ʧʽʥʽʚ) ʽ ʟʤʽʥʝʥʦʶ ʪʘʙʣʠʮʝʶ ʢʦʤʫʪʘʮʽʾ 

ʦʙʤʦʪʦʢ: 

 

/***  ʆʛʦʣʦʰʝʥʥʷ ʟʤʽʥʥʦʾ ʪʠʧʫ n̔teger  ʟ  ʽʤôʷʤ   motorPin1 ʜʣʷ ʧʽʥʫ 

12   ʢʦʥʪʨʦʣʝʨʘ Arduino   UNO ʦʟʥʘʯʘʻ, ʱʦ ʱʦ ʮʝʡ ʧʽʥ  ʟôʻʜʥʘʥʠʡ  

ʜʨʦʪʦʤ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ  (Pin1) ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ  ***/ 

 

int motorPin1 = 12;  

 

/*** ʆʛʦʣʦʰʝʥʥʷ ʟʤʽʥʥʦʾ ʪʠʧʫ n̔teger  ʟ  ʽʤôʷʤ   motorPin2 ʜʣʷ ʧʽʥʫ 

11   ʢʦʥʪʨʦʣʝʨʘ  Arduino UNO ʟôʻʜʥʘʥʠʡ ʟ ʜʨʦʪʦʤ ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ (Pin2) 

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ  ***/  

 

int motorPin2 = 11   

 

/*** ʆʛʦʣʦʰʝʥʥʷ ʟʤʽʥʥʦʾ ʪʠʧʫ n̔teger ʟ  ʽʤôʷʤ   motorPin3 ʜʣʷ ʧʽʥʫ 10   

ʢʦʥʪʨʦʣʝʨʘ  Arduino UNO ʟôʻʜʥʘʥʠʡ ʟ ʜʨʦʪʦʤ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ  (Pin3)  

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ  ***/  

int motorPin3 = 10  
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/*** ʆʛʦʣʦʰʝʥʥʷ ʟʤʽʥʥʦʾ ʪʠʧʫ n̔teger ʟ  ʽʤôʷʤ   motorPin4 ʜʣʷ ʧʽʥʫ 9  

ʢʦʥʪʨʦʣʝʨʘ  Arduino UNO ʟôʻʜʥʘʥʠʡ ʟ ʜʨʦʪʦʤ ʧʦʤʘʨʘʥʯʝʚʦʛʦ ʢʦʣʴʦʨʫ  

(Pin4)  ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ  ***/  

int motorPin4 = 9;  

/***  ʆʛʦʣʦʰʝʥʥʷ ʟʤʽʥʥʦʾ ʪʠʧʫ  integer ,  ʱʦ ʤʘʻ ʽʤôʷ  motorSpeed   ʜʣʷ 

ʟʘʪʨʠʤʢʠ (delay)  ʯʘʩʫ 5 ʤʩ ʤʽʞ ʢʦʤʫʪʘʮʽʷʤʠ ʢʦʪʫʰʦʢ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ.  ʇʨʠ  ʮʴʦʤʫ ʜʨʦʪ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ  ʢʨʦʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ  ʟôʻʜʥʘʥʠʡ  ʟ ʧʽʥʦʤ GND  (ɿɽʄʃʗ  ʘʙʦ VCC  ʮʝ 0V)  ʢʦʥʪʨʦʣʝʨʘ  

Arduino UNO  ***/                                                                              

int motorSpeed = 5;  

void setup ()  

{ 

/***  ʂʦʤʘʥʜʠ  pinMode -   ʨʝʞʠʤʫ ʦʜʥʦʨʘʟʦʚʦʛʦ ʦʛʦʣʦʰʝʥʥʷ ʚʠʚʦʜʽʚ 

(ʧʽʥʽʚ) ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚ ʷʢʦʩʪʽ ʚʠʭʦʜʽʚ OUTPUT ***/  

  pinMode (motorPin1, OUTPUT);  

  pinMode (motorPin2, OUTPUT);  

  pinMode (motorPin3, OUTPUT);  

  pinMode (motorPin4, OUTPUT);  

  Serial.begin (9600);  

} 

/*** ʥʘʜʘʣʽ ʩʪʫʜʝʥʪʘʤ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ ʥʘʜʘʪʠ ʧʦ ʩʪʨʦʢʦʚʽ 

ʢʦʤʝʥʪʘʨʽ ʜʣʷ  ʢʨʦʢʽʚ 1é8 ʧʨʠ  ʦʙʝʨʪʘʥʥʷ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʩʪʨʽʣʢʦʶ 

ʛʦʜʠʥʥʠʢʘ ***/  

void loop ()  

{ 

   // ʢʨʦʢ 1 (ʢʦʜ 1-0-0-0) 

  digitalWrite (motorPin4, HIGH);  

  digitalWrite (motorPin3, LOW);  

  digitalWrite (motorPin2, LOW);  

  digitalWrite (motorPin1, LOW);  

   delay(motorSpeed);  

   // ʢʨʦʢ 2 (ʢʦʜ 1-1-0-0) 

  digitalWrite (motorPin4, HIGH);  

  digitalWrite (motorPin3, HIGH);  

  digitalWrite (motorPin2, LOW);  

  digitalWrite (motorPin1, LOW);  

   delay(motorSpeed);  
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   // ʢʨʦʢ 3 (ʢʦʜ 0-1-0-0) 

  digitalWrite (motorPin4, LOW);  

  digitalWrite (motorPin3, HIGH);  

  digitalWrite (motorPin2, LOW);  

  digitalWrite (motorPin1, LOW);  

   delay(motorSpeed);  

   // ʢʨʦʢ 4 (ʢʦʜ 0-1-1-0) 

  digitalWrite (motorPin4, LOW);  

  digitalWrite (motorPin3, HIGH);  

  digitalWrite (motorPin2, HIGH);  

  digitalWrite (motorPin1, LOW);  

   delay(motorSpeed);  

   // ʢʨʦʢ 5 (ʢʦʜ 0-0-1-0) 

  digitalWrite (motorPin4, LOW);  

  digitalWrite (motorPin3, LOW);  

  digitalWrite (motorPin2, HIGH);  

  digitalWrite (motorPin1, LOW);  

   delay(motorSpeed);  

   // ʢʨʦʢ 6 (ʢʦʜ 0-0-1-1) 

  digitalWrite (motorPin4, LOW);  

  digitalWrite (motorPin3, LOW);  

  digitalWrite (motorPin2, HIGH);  

  digitalWrite (motorPin1, HIGH);  

   delay (motorSpeed);  

   // ʢʨʦʢ 7 (ʢʦʜ 0-0-0-1) 

  digitalWrite (motorPin4, LOW);  

  digitalWrite (motorPin3, LOW );  

  digitalWrite (motorPin2, LOW);  

  digitalWrite (motorPin1, HIGH);  

   delay (motorSpeed);  

   // ʢʨʦʢ 8 (ʢʦʜ 1-0-0-1) 

  digitalWrite (motorPin4, HIGH);  

  digitalWrite (motorPin3, LOW);  

  digitalWrite (motorPin2, LOW);  

  digitalWrite (motorPin1, HIGH);  

   delay(motorSpeed);  

} 
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4.5. ʉʧʦʣʫʯʝʥʥʷ ʽ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ ʪʘ ʜʚʠʛʫʥʘʤʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯʄ  ʽ ʢʦʥʪʨʦʣʝʨʘ Arduino UNO 

 

        ɺ ʜʝʷʢʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʤʝʭʘʪʨʦʥʽʢʠ ʽ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʧʦʪʨʽʙʥʦ ʧʦʚʝʨʪʘʪʠ ʚʝʜʝʥʫ ʣʘʥʢʫ ʥʘ ʧʝʚʥʠʡ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʫʪ 

ʧʦʚʦʨʦʪʫ. ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʘʙʦ ʜʚʘ 

ʩʝʨʚʦʧʨʠʚʦʜʘ ʽʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ  ʤʦʜʫʣʷʮʽʻʶ, ʧʨʠʢʣʘʜ ʷʢʦʾ 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ.4.24. ʇʨʠ ʮʴʦʤʫ ʰʠʨʠʥʘ ʽʤʧʫʣʴʩʫ  ʟʤʽʥʶʻʪʴʩʷ   ʚʽʜ 1 ʤʩ 

ʜʦ 2 ʤʩ ʯʝʨʝʟ ʢʦʞʥʽ 20 ʤʩ (50 ɻʮ). ʊʦʙʪʦ ʧʨʠ ʧʝʨʽʦʜʽ ʊ = 20 ʤʩ = const 

ʯʘʩʦʚʘ ʰʠʨʠʥʘ ʽʤʧʫʣʴʩʫ  ὸ̨̍̐ ʽ ʰʠʨʠʥʘ ʧʘʫʟʠ  ὸ̐́̔̈̉ ʟʤʽʥʶʶʪʴʩʷ  ʘʣʝ  

ʟʘʚʞʜʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ:    ╣ ◄̨̍̐ ◄̐́̔̈ ╬̉▫▪▼◄ . 

 

   
 

ʈʠʩ. 4.24. ʌʦʨʤʘ ʩʠʛʥʘʣʽʚ ʐɯʄ (PWM) ʢʝʨʫʚʘʥʥʷ ʩʝʨʚʦʧʨʠʚʦʜʦʤ ʟʽ 

ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʥʘ ʧʣʘʪʬʦʨʤʽ Arduino UNO 

 

           ʇʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ ʩʝʨʚʦʧʨʠʚʦʜʫ ʚʠʤʽʨʶʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤ 

ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ ʧʨʠʩʪʨʦʶ ʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʣʘʪʫ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʨʦʣʝʨʘ 

Arduino, ʷʢʠʡ ʧʨʦʛʨʘʤʥʦ ʢʦʨʠʛʫʻ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʦʪʨʠʤʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ. 
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ʗʢ ʙʫʣʦ ʧʽʜʢʨʝʩʣʝʥʦ ʥʘ ʧʦʯʘʪʢʫ ʨʦʟʜʽʣʫ ʩʝʨʚʦʧʨʠʚʦʜ ï ʮʝ ʧʨʠʚʦʜ ʟ 

ʢʝʨʫʚʘʥʥʷʤ ʯʝʨʝʟ ʥʝʛʘʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʢʝʨʫʚʘʪʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʫʭʫ. ʉʝʨʚʦʧʨʠʚʦʜ ʤʘʶʪʴ ʪʨʠ ʢʦʥʪʘʢʪʥʽ ʚʠʚʦʜʠ 

(ʜʨʦʪʠ): ʞʠʚʣʝʥʥʷ (ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ), GND (ʟʝʤʣʷ) ï  ʢʦʨʠʯʥʝʚʦʛʦ ʘʙʦ 

ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʽ ʩʠʛʥʘʣʴʥʠʡ ʚʭʽʜ ï ʜʨʦʪ ʙʽʣʦʛʦ ʘʙʦ ʦʨʘʥʞʝʚʦʛʦ ʢʦʣʴʦʨʫ. 

ʂʝʨʫʚʘʥʥʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʩʠʛʥʘʣʴʥʦʾ ʣʽʥʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʪʨʠʚʘʣʽʩʪʴ ʷʢʠʭ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ. ʋ 

ʩʝʨʚʦʧʨʠʚʦʜʘʭ ʧʦʜʘʯʘ ʽʤʧʫʣʴʩʫ ʪʨʠʚʘʣʽʩʪʶ 1 ʤʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʩʪʘʥʦʚʢʠ 

ʩʝʨʚʦʧʨʠʚʦʜʫ ʚ ʧʦʣʦʞʝʥʥʷ 0, ʽʤʧʫʣʴʩ ʪʨʠʚʘʣʽʩʪʶ 1,25 ʤʩ ʚʩʪʘʥʦʚʣʶʻ 

ʩʝʨʚʦʧʨʠʚʦʜ ʚ ʧʦʣʦʞʝʥʥʷ 45 ʛʨʘʜ, 1.5 ʤʩ - 90 ʛʨʘʜ, 2 ʤʩ - 180 ʛʨʘʜ. ʇʽʩʣʷ 

ʪʦʛʦ ʷʢ ʽʤʧʫʣʴʩ ʧʦʜʘʥʠʡ, ʚʘʣ ʩʝʨʚʦʧʨʠʚʦʜʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʧʝʚʥʽʡ 

ʧʦʟʠʮʽʾ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʤ ʜʦ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ. 

ʊʝʩʪʦʚʘ ʧʨʦʛʨʘʤʘ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʽ ʥʘʧʨʷʤʦʤ ʦʙʝʨʪʘʥʥʷ ʜʚʦʭ 

ʩʝʨʚʦʜʚʠʛʫʥʽʚ (ʨʠʩ.4.25,ʘ) ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

#include<Servo.h> //ʜʠʨʝʢʪʠʚʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʙʣʽʦʪʝʢ ʩʝʨʚʦʜʚʠʛʫʥʽʚ 

  

Servo myServo1;  //ʉʪʚʦʨʠʪʠ ʦʙ'ʻʢʪ  myServo1  ʜʣʷ  ʩʝʨʚʦʧʨʠʚʦʜʘ 1 

Servo myServo2;  // ʉʪʚʦʨʠʪʠ ʦʙ'ʻʢʪ  myServo2  ʜʣʷ   ʩʝʨʚʦʧʨʠʚʦʜʘ 2 

int potpin1 = 0;       //ɸʥʘʣʦʛʦʚʠʡ ʧʽʥ ˉ0 ʜʣʷ ʧʦʪʝʥʮʽʦʤʝʪʨʘ 1 

int potpin2 = 1;       //ɸʥʘʣʦʛʦʚʠʡ ʧʽʥ ˉ1 ʜʣʷ ʧʦʪʝʥʮʽʦʤʝʪʨʘ 2 

int val1;              //ɿʤʽʥʥʘ 1 ʜʣʷ ʯʠʪʘʥʥʷ ʟʥʘʯʝʥʥʷ ʟ ʧʽʥʫ ˉ0 

int val2;              //ɿʤʽʥʥʘ 2 ʜʣʷ ʯʠʪʘʥʥʷ ʟʥʘʯʝʥʥʷ ʟ ʧʽʥʫ ˉ2 

void setup() {  

  myServo1.attach(9); //ʇʽʜʢʣʶʯʝʥʥʷ Servo1 ʥʘ ʮʠʬʨʦʚʠʡ ʨʽn ˉ9  

  myServo2.attach(10); //ʇʽʜʢʣʶʯʝʥʥʷ Servo2 ʥʘ ʮʠʬʨʦʚʠʡ ʨʽn ˉ10 

}   

void loop()  {  

  val1 = analogRead(potpin1);        

                                         //ɿʯʠʪʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʽʜ 0 ʜʦ 1023 ʧʦʪʝʥʮʽʦʤʝʪʨʘ 1  

val1 = map(val1, 0, 1023, 0, 179);  

                                        //ʄʘʩʰʪʘʙʫʚʘʥʥʷ  ʧʦʪʝʥʮʽʦʤʝʪʨʘ 1, ʱʦʙ      

                                        //ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 179 ʜʣʷ Servo1 

  myServo1.write(val1);    

                                 //ɺʩʪʘʥʦʚʣʝʥʥʷ Servo1 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʘʯʝʥʴ ʤʘʩʰʪʘʙʫ  

  delay(15);  //ɿʘʪʨʠʤʢʘ 15 ʤʩ   
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 val2 = analogRead(potpin2);   

                                        //ɿʯʠʪʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʽʜ 0 ʜʦ 1023 ʧʦʪʝʥʮʽʦʤʝʪʨʘ 2  

 val2 = map(val2, 0, 1023, 0, 179);   

                                          //ʄʘʩʰʪʘʙʫʚʘʥʥʷ  ʧʦʪʝʥʮʽʦʤʝʪʨʘ 2, ʱʦʙ      

                                          //ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 179 ʜʦ Servo2 

  myServo2.write(val2);    

                                 //ɺʩʪʘʥʦʚʣʝʥʥʷ Servo1 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʘʯʝʥʴ ʤʘʩʰʪʘʙʫ  

 delay(15);   //ɿʘʪʨʠʤʢʘ 15 ʤʩ   

} 

 

ɿʯʠʪʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʽʜ 0 ʜʦ 1023 ʧʦʪʝʥʮʽʦʤʝʪʨʽʚ ʧʨʦʛʨʘʤʥʦ 

ʧʽʜʢʣʶʯʘʻʤʠʭ  ʜʦ ʘʥʘʣʦʛʦʚʠʭ ʧʽʥʽʚ ʚʙʫʜʦʚʘʥʦʛʦ (ʚʥʫʪʨʽʰʥʴʦʛʦ) ɸʎʇ 

(ADC - Analog Digital Converter) ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɸʥʘʣʦʛʦ-

ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 10-ʨʦʟʨʷʜʥʠʡ (ς ρπςτȢ ɯ ʪʦʤʫ ʡʦʛʦ ʢʨʦʢ 

ʟʤʽʥʠ Ὗ  ʧʨʠ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʽ 5V ʜʦʨʽʚʥʶʻʪʴʩʷ ʟʥʘʯʝʥʥʶ ʘʥʘʣʦʛʦʚʦʾ  

ʥʘʧʨʫʟʽ ʥʘ ʚʠʭʦʜʽ ʢʦʥʪʨʦʣʝʨʘ Arduino, ʷʢʝ ʜʦʨʽʚʥʶʻʪʴʩʷ 

5V/1024=0.00488V=4.88 mV. ʇʨʠ ʟʯʠʪʫʚʘʥʥʽ ʟʥʘʯʝʥʴ ʟ ʘʥʘʣʦʛʦʚʠʭ ʧʽʥʽʚ 

ʧʦʪʝʥʮʽʦʤʝʪʨʽʚ ʚʽʜ 0 ʜʦ 179 ʥʘʧʨʫʛʘ ʥʘ ʦʙʤʦʪʢʘʭ ʩʝʨʚʦʜʚʠʛʫʥʽʚ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ   0V ʜʦ 4.88mV*179 = 873.52 mV = 0.87 V, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʢʫʪʫ 

ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ Servo1 ʽ Servo2. 

 

ʌʫʥʢʮʽʾ analogRead(potpin1)  ̔ analogRead(potpin2) 

ʟʯʠʪʫʶʪʴ ʟʥʘʯʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʚʭʦʜʽʚ ʧʦʪʝʥʮʽʦʤʝʪʨʽʚ  ʟ ʨʦʟʨʽʰʝʥʥʷʤ 10 ʙʽʪ 

ʽ ʚʩʪʘʥʦʚʣʶʻ ʟʤʽʥʥʫ value ʨʽʚʥʦʾ 179 = 0.87 ʚʦʣʴʪ. ɸʥʘʣʦʛʦʚʽ ʧʽʥʠ 0é5,  

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʠʬʨʦʚʠʭ 0é13, ʥʝ ʧʦʪʨʽʙʥʦ ʦʛʦʣʦʰʫʚʘʪʠ, ʷʢ ʚʭʦʜʠ ʥʘ 

ʧʦʯʘʪʢʫ ʧʨʦʛʨʘʤʠ. 

 ʂʝʨʫʚʘʥʥʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʥʠʭ 

ʨʝʟʠʩʪʦʨʽʚ. ʈʽʟʢʽʩʪʴ ʧʦʚʦʨʦʪʫ, ʷʢ ʽ ʪʦʯʥʽʩʪʴ ʽ ʢʫʪ ʧʦʚʦʨʦʪʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʥʦʤʽʥʘʣʽʚ ʧʦʪʝʥʮʽʦʤʝʪʨʽʚ. ʄʦʥʪʘʞʥʘ ʩʭʝʤʠ ʟ ʤʘʢʝʪʥʦʶ (ʙʝʟ ʧʘʷʣʴʥʦʶ) 

ʧʣʘʪʦʶ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.4.25. 

ɼʝʪʘʣʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʙʠʨʘʥʥʷ: ʧʣʘʪʘ Arduino UNO, ʘʙʦ ɸrduino 

Nano, ʘʙʦ ɸrduino Mega,  ʘʙʦ ʽʥʰʘ; ʜʚʘ ʩʝʨʚʦʧʨʠʚʦʜʫ Micro Servo SG 90; 

ʜʚʘ ʧʦʪʝʥʮʽʦʤʝʪʨʘ (ʟʤʽʥʥʽ ʨʝʟʠʩʪʦʨʠ); ʤʘʢʝʪʥʘ ʧʣʘʪʘ (Bread Board), 

ʩʧʦʣʫʯʥʽ ʜʨʦʪʠ-ʧʝʨʝʤʠʯʢʠ çʤʘʪʠ-ʪʘʪʦè. 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʜʚʦʭ ʩʝʨʚʦʧʨʠʚʦʜʽʚ SG90 ʟʨʫʯʥʘ ʧʣʘʪʬʦʨʤʘʫ ʚʠʛʣʷʜʽ  

2D-ʢʨʦʥʰʪʝʡʥʫ ʪʠʧʫ  2-Axis FPV ʜʣʷ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 
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ʧʦʣʦʞʝʥʥʷʤʠ ʜʘʪʯʠʢʽʚ ʘʙʦ ʢʘʤʝʨʠ, ʢʦʥʪʨʦʣʴ ʥʘʜ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ Arduino UNO ʪʘ ʽʥʰʠʭ ʢʦʥʪʨʦʣʝʨʽʚ Arduino.  

ʄʦʥʪʘʞʥʘ ʩʭʝʤʘ  ʥʝʧʨʷʤʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʜʨʘʡʚʝʨʦʤ ʜʚʦʤʘ ʜʚʠʛʫʥʘʤʠ 

D1 ʽ D2 ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.26, ʷʢʘ ʤʽʩʪʠʪʴ ʧʣʘʪʫ Arduino 

UNO ʽ ʜʨʘʡʚʝʨ ʥʘ ʤʽʢʨʦʩʭʝʤʽ L298N.  

ɺ ʩʭʝʤʽ ʥʘ ʨʠʩ. 4.26 ʥʘʚʝʜʝʥʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ ʧʽʥʽʚ:            

VCC  ï ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʽʚ; +5ɺ  ï ʥʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ; GND ï ʟʝʤʣʷ (GrouND); IN1, IN2, IN3, IN4  ï  ʚʭʦʜʠ (INput) 

ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ; OUT1, OUT2 ï ʚʠʭʽʜ (OUTput) ʧʝʨʰʦʛʦ ʜʚʠʛʫʥʘ 

D1; OUT3, OUT4 ï  ʚʠʭʽʜ ʜʨʫʛʦʛʦ (OUTput) ʜʚʠʛʫʥʘ D2; 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 4.25. ʄʦʥʪʘʞʥʘ ʩʭʝʤʘ (ʘ) ʟ ʤʘʢʝʪʥʦʶ ʧʣʘʪʦʶ ʪʘ ʜʚʦʤʘ 

ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ SG90 (ʙ)  ʟ ʚʙʫʜʦʚʘʥʠʤ ʨʝʜʫʢʪʦʨʦʤ ʽ ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʧʨʷʤʦʛʦ ʨʫʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʧʦʪʝʥʮʽʦʤʝʪʨʽʚ 1 ʽ 2  (ʩʝʨʚʦʧʨʠʚʦʜʠ ʽ ʧʦʪʝʥʮʽʦʤʝʪʨʠ ʧʦʟʥʘʯʝʥʽ ʷʢ ʫ 

ʥʘʚʝʜʝʥʦʾ) 

 
ʘ 

 
ʈʠʩ. 4.26. ʇʨʠʢʣʘʜ ʤʦʥʪʘʞʥʦʾ ʩʭʝʤʠ  ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʦʥʪʨʦʣʝʨʘ Arduino 

UNO ʜʨʘʡʚʝʨʘ ʥʘ ʤʽʢʨʦʩʭʝʤʽ L298N ʥʝʧʨʷʤʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʚʦʤʘ ʜʚʠʛʫʥʘʤʠ 

D1 ʽ D2 ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ: ʘ ï  ʙʝʟ ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ; ʙ ï ʟ 

ʧʽʜʢʣʶʯʝʥʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʽ ʬʨʘʛʤʝʥʪʦʤ ʧʣʘʪʠ ʢʦʥʪʨʦʣʝʨʘ 
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ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ (ʐɯʄ) ʜʦʟʚʦʣʷʻ ʧʣʘʚʥʦ 

ʟʤʽʥʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ. ɼʣʷ ʐɯʄ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʠʡ ʚʭʽʜ ʧʦʪʨʽʙʥʦ ʧʦʜʘʪʠ ʣʦʛʽʯʥʫ ç1è. ʅʘ ʷʢʠʡ ʩʘʤʝ ʚʭʽʜ IN1 

ʘʙʦ IN2 ʧʦʜʘʥʝ  ʩʠʛʥʘʣ ʐɯʄ, ʘʙʦ ʥʘʧʨʷʤ ʦʙʝʨʪʘʥʥʷ - ʨʽʟʥʠʮʽ ʥʝ ʤʘʻ. 

ʊʝʞ ʩʘʤʝ ʩʧʨʘʚʝʜʣʠʚʦ ʽ ʜʣʷ ʚʭʦʜʽʚ IN3, IN4. 

SW ï ʧʝʨʝʤʠʢʘʯ ʞʠʚʣʝʥʥʷ ʣʦʛʽʯʥʦʾ ʯʘʩʪʠʥʠ ʤʽʢʨʦʩʭʝʤʠ ʜʨʘʡʚʝʨʘ.     

ʗʢʱʦ SW ʚʢʣʶʯʝʥʠʡ ï ʞʠʚʣʝʥʥʷ ʣʦʛʽʯʥʦʾ ʯʘʩʪʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ. ʇʨʠ ʚʠʤʢʥʝʥʦʤʫ S1 ʞʠʚʣʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ. 

 

ɼʣʷ ʞʠʚʣʝʥʥʷ ʣʦʛʽʯʥʦʾ ʯʘʩʪʠʥʠ ʩʭʝʤʠ ʥʝʦʙʭʽʜʥʦ ʥʘʪʠʩʥʫʪʠ 

ʢʥʦʧʢʫ SW (ʨʠʩ.4.25,ʘ) ʘʙʦ ʚʩʪʘʚʠʪʠ ʧʝʨʝʤʠʯʢʫ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ 

ʤʦʜʫʣʷ). ʗʢʱʦ ʞ ʥʘ ʤʦʜʫʣʽ ʥʝ ʧʝʨʝʜʙʘʯʝʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʝʣʝʢʪʨʠʯʥʦʾ 

ʥʘʧʨʫʛʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ +5ʄ, ʪʦ ʜʦʜʘʪʢʦʚʦ ʥʝʦʙʭʽʜʥʦ ʟ'ʻʜʥʘʪʠ ʚʠʭʽʜ +5V 

ʚʽʜ ʧʣʘʪʠ Arduino ʜʦ ʚʭʦʜʫ +5V ʜʨʘʡʚʝʨʘ. 

ʄʽʢʨʦʩʭʝʤʘ L298N ʷʚʣʷʻ ʩʦʙʦʶ ʟʜʚʦʻʥʠʡ ʤʦʩʪʦʚʠʡ ʜʨʘʡʚʝʨ 

ʜʚʠʛʫʥʽʚ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʚʦʤʘ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ DC ʘʙʦ 

ʦʜʥʠʤ ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʦʤ. ʎʷ ʤʽʢʨʦʩʭʝʤʘ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʦʙʦʪʦʪʝʭʥʽʮʽ. ʆʜʥʘ ʤʽʢʨʦʩʭʝʤʘ L298N ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 2ɸ ʥʘ ʢʦʞʝʥ ʜʚʠʛʫʥ, ʘ ʷʢʱʦ ʟʘʜʽʷʪʠ 

ʧʘʨʘʣʝʣʴʥʝ ʚʢʣʶʯʝʥʥʷ ʜʣʷ ʦʜʥʦʛʦ ʜʚʠʛʫʥʘ, ʪʦ ʤʦʞʥʘ ʧʽʜʥʷʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʜʦ 4ɸ. 

ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ (ʐɯʄ) ʜʦʟʚʦʣʷʻ ʧʣʘʚʥʦ ʟʤʽʥʶʚʘʪʠ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ. ɼʣʷ ʐɯʄ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʚʭʽʜ 

ʧʦʪʨʽʙʥʦ ʧʦʜʘʪʠ ʣʦʛʽʯʥʫ ç1è. ʅʘ ʷʢʠʡ ʩʘʤʝ ʚʭʽʜ IN1 ʘʙʦ IN2 ʧʦʜʘʥʠʡ  

ʩʠʛʥʘʣ ʐɯʄ, ʘʙʦ ʥʘʧʨʷʤ ʦʙʝʨʪʘʥʥʷ - ʨʽʟʥʠʮʽ ʥʝ ʤʘʻ. ʊʝʞ ʩʘʤʝ 

ʩʧʨʘʚʝʜʣʠʚʦ ʽ ʜʣʷ ʚʭʦʜʽʚ IN3, IN4. 

          ʗʢ ʚʠʧʣʠʚʘʻ ʟʽ ʩʭʝʤʠ ʥʘ ʨʠʩ. 4.26,ʘ ʟ ʜʨʘʡʚʝʨʦʤ L298N ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʚʦʭ ʜʚʠʛʫʥʽʚ D1 i D2 ʧʽʥʠ ɯN1 ʽ  IN4 ʜʨʘʡʚʝʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʟʘ ʩʪʨʽʣʢʦʶ 

ʛʦʜʠʥʥʠʢʘ ʘʙʦ ʧʨʦʪʠ, ʘ ʧʽʥʠ  IN2 ʽ IN4 - ʜʣʷ ʐɯʄ-ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ 

ʩʝʨʚʦʜʚʠʛʫʥʽʚ.                                                                                                                                                                                                       

 

ʊʝʩʪʦʚʘ ʧʨʦʛʨʘʤʘ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʽ ʥʘʧʨʷʤʦʤ ʦʙʝʨʪʘʥʥʷ ʜʚʦʭ 

ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʨʠʩ.4.26) ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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#define D1 2          //ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ D1 

#define M1 3          //ʚʠʟʥʘʯʠʪʠ ʐɯʄ-ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ D1  

#define D2 4          //ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ D2  

#define M2 5          //ʚʠʟʥʘʯʠʪʠ ʐɯʄ-ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ D2  

// #define ʮʝ ʚʽʜʧʦʚʽʜʥʽ ʜʠʨʝʢʪʠʚʠ çʟʘʩʪʦʩʫʚʘʪʠ (ʚʢʣʶʯʠʪʠ)è ʜʣʷ 

//ʧʨʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʪʘ ʐɯʄ-ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ 

//ʚʽʜʧʦʚʽʜʥʠʭ ʜʚʠʛʫʥʽʚ 

 

bool direction = 0;     //ʧʦʪʦʯʥʠʡ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ  

int value;              //ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʐɯʄ  

void setup()            //ʚʠʢʦʥʘʪʠ ʦʜʠʥ ʨʘʟ ʧʨʠ ʟʘʧʫʩʢʝ 

 { 

 pinMode(D1,OUTPUT);    //ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʦʨʪʫ ʜʣʷ D1,  ʷʢ ɺʀʍɯɼ  

 pinMode(D2,OUTPUT);    //ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʦʨʪʫ ʜʣʷ D2, ʷʢ ɺʀʍɯɼ  

 }  

void loop()             //ʚʠʢʦʥʘʪʠ ʮʠʢʣʠ ʜʣʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

 { 

 for(value = 0; value = 255; value+=1)  

 digitalWrite(D1, direction);      //ʅʘʧʨʷʤ ʦʙʝʨʪʘʥʥʷ D1 

  

 digitalWrite(D2, direction);      //ʅʘʧʨʷʤ ʦʙʝʨʪʘʥʥʷ D2 

 

 analogWrite(M1, value);           //ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ D1 

 

 analogWrite(M2, value);           //ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ D2 

 

   delay(20);                      // ɿʘʪʨʠʤʢʘ 20 ʤʩ 

 direction=direction^1; //ɯʥʚʝʨʪʫʻʤʦ ʟʥʘʯʝʥʥʷ, ʱʦʙ ʫ ʥʘʩʪʫʧʥʦʤʫ   

                                             //ʮʠʢʣʽ ʦʙʝʨʪʘʪʠʩʷ ʚ ʽʥʰʫ ʩʪʦʨʦʥʫ        

  }    

      

 ʉʝʨʚʦʧʨʠʚʦʜ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʟʘʩʘʜʘʭ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʤʘʻ ʥʘʟʚʫ 

ç̔ ʥʪʝʛʨʦʚʘʥʠʡ ʩʝʨʚʦʧʨʠʚʦʜè ʪʠʧ ʉʇʂ (ʩʝʨʚʦʧʨʠʚʦʜ ʢʨʦʢʦʚʠʡ). ʇʦʙʫʜʦʚʘ 

ʩʪʨʫʢʪʫʨʠ ʪʘʢʦʛʦ ʩʝʨʚʦʧʨʠʚʦʜʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.27.  

         ɯʥʪʝʛʨʦʚʘʥʠʡ ʩʝʨʚʦʧʨʠʚʦʜ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʙʘʟʽ ʛʽʙʨʠʜʥʦʛʦ ʢʨʦʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʝʟ ʢʨʦʢʦʚʝ (ʚʝʢʪʦʨʥʝ) ʢʝʨʫʚʘʥʥʷ ʥʘ 
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ʦʩʥʦʚʽ ʘʜʘʧʪʦʚʘʥʦʛʦ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʢʨʦʢʦʚʠʭ ʧʨʠʚʦʜʽʚ. ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʦʙʦʪʘ ʉʇʐ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ   

çʄʦʪʦMʘʩʪʝʨè 

 
ʈʠʩ. 4.27. ʉʢʣʘʜʦʚʽ ʫʪʚʦʨʝʥʥʷ  ʩʪʨʫʢʪʫʨʠ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʝʨʚʦʧʨʠʚʦʜʫ  

 

4.6. ɺʽʟʫʘʣʴʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ FLProg  ʜʣʷ ʧʣʘʪʬʦʨʤʠ ɸrduino 

 

           ɼʣʷ ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʽ 

ʚʝʨʩʪʘʪʽʚ ʟ ʮʠʬʨʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ  ʢʝʨʫʚʘʥʥʷ ʢʨʦʢʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ ʪʘ  

ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ   ʤʘʡʙʫʪʥʽʤ ʽʥʞʝʥʝʨʘʤ-ʤʝʭʘʥʽʢʘʤ ʧʦʪʨʽʙʝʥ ʩʧʨʦʱʝʥʠʡ  

ʚʭʽʜ ʚ ʪʘʢʽ ʤʝʭʘʪʨʦʥʥʽ ʩʠʩʪʝʤʠ.  ʅʘʚʯʘʥʥʷ ʧʨʦʛʨʘʤʫʚʘʥʥʶ ʜʦʮʽʣʴʥʦ 

ʧʦʯʠʥʘʪʠ ʟ ʚʠʚʯʝʥʥʷ ʩʠʩʪʝʤ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʆʜʥʦʾ ʟ 

ʧʦʰʠʨʝʥʠʭ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʧʨʦʛʨʘʤʘ FLProg (ʨʠʩ. 4.26) ʜʣʷ 

ʢʦʥʪʨʦʣʝʨʽʚ ʥʘ ʧʣʘʪʬʦʨʤʽ Arduino. 

            ʅʘ ʨʠʩ. 4.28,ʘ ʽ ʨʠʩ. 4.28,ʙ ʥʘʚʝʜʝʥʽ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʦʧʮʽʡ: 

çʨʦʩ. ɿʘʱʠʪʘ ʦʪ ʜʨʝʙʝʟʛʘè (ɿʘʭʠʩʪ ʚʽʜ ʙʨʷʟʢʦʪʫ) ʪʘ çʨʦʩ. ɺʢʣʶʯʠʪʴ 

ʧʦʜʪʷʛʠʚʘʶʱʠʡ ʨʝʟʠʩʪʦʨè (ɺʢʣʶʯʠʪʠ ʧʽʜʪʷʛʘʶʯʠʡ ʨʝʟʠʩʪʦʨ), ʤʝʪʘ ʽ ʟʤʽʩʪ 

ʷʢʠʭ ʥʘʩʪʫʧʥʠʡ.  

  

            ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ (ʧʝʨʝʰʢʦʜʘ ʩʪʽʡʢʦʩʪʽ) 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ ʩʭʝʤʘʭ ʤʝʭʘʪʨʦʥʽʢʠ ʟ ʢʦʥʪʨʦʣʝʨʦʤ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʽʜʪʷʛʫʶʯʠʡ ʨʝʟʠʩʪʦʨ 1 ʢʆʤ, ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʦʷʩʥʶʻʪʴʩʷ ʩʭʝʤʘʤʠ ʥʘ 

ʨʠʩ.4.29.  ʅʘ ʨʠʩ. 4.29,ʘ  ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʧʽʜʪʷʛʫʚʘʥʥʷ ʨʝʟʠʩʪʦʨʦʤ R1 ʜʦ 

ʚʭʦʜʫ 1 ʤʽʢʨʦʩʭʝʤʠ ʣʦʛʽʯʥʦʛʦ ç0è, ʘ ʩʘʤʝ GNDè (ʟʝʤʣʽ) ʧʨʠ ʥʝʥʘʪʠʩʥʫʪʦʾ                                                                                                                                                                                                                      
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ʢʥʦʧʢʠ S1 (ʧʦʰʠʨʝʥʘ ʘʥʛʣʦʤʦʚʥʘ ʥʘʟʚʘ  çpull downè ï ʪʷʛʥʫʪʠ ʚʥʠʟ), ʘ ʥʘ 

ʨʠʩ. 4.29,ʙ  ï  ʨʝʟʠʩʪʦʨ R2 ʧʽʜʪʷʛʫʻ  ʥʘ ʚʭʽʜ 1 ʤʽʢʨʦʩʭʝʤʠ ʣʦʛʽʯʥʫ ç1è  ʧʨʠ 

ʥʝʥʘʪʠʩʥʫʪʦʾ ʢʥʦʧʢʠ S1(ʧʦʰʠʨʝʥʘ ʘʥʛʣʦʤʦʚʥʘ ʥʘʟʚʘ  çpull  upè ï ʪʛ̫ʥʫʪʠ 

ʚʛʦʨʫ). ʅʘ ʩʭʝʤʘ ʨʠʩ. 4.29,ʚ ʽ ʨʠʩ. 4.29,ʛ  ʢʥʦʧʢʘ S1 ʫʤʦʚʥʦ ʷʢ ʙʠ ʚʠʩʠʪʴ ʫ 

ʧʦʚʽʪʨʽ ʽ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ 1 ʤʽʢʨʦʩʭʝʤʠ ʤʦʞʝ ʙʫʪʠ ʥʝʚʠʟʥʘʯʝʥʠʤ, 

ʥʘʧʨʠʢʣʘʜ,  ʧʨʠ ʧʦʷʚʽ  ʚʠʧʘʜʢʦʚʠʭ  ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʙʫʜʞʝʥʴ  

ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʭʠʙʥʝ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ  ʤʽʢʨʦʩʭʝʤʠ ʚʽʜ 

ʩʠʛʥʘʣʽʚ ʤʽʞ ç0è ʽ ç1è ʧʨʠ ʥʝʥʘʪʠʩʥʫʪʦʾ ʢʥʦʧʢʠ S1. 

 

ʅʘ ʨʠʩ. 4.28 ʥʘʚʝʜʝʥʽ ʬʨʘʛʤʝʥʪʠ ʨʦʙʦʯʦʛʦ ʧʦʣʷ  ʧʨʦʝʢʪʫ ʜʣʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚ ʧʨʦʛʨʘʤʽ FLProg ʥʘ ʤʦʚʽ FBD ʜʣʷ 

ʥʘʩʪʫʧʥʦʾ ʢʦʤʧʽʣʷʮʽʾ ʧʨʦʛʨʘʤʠ ʥʘ ʤʦʚʽ ɸrduino_ʉ. 

 

ʇʨʦʛʨʘʤʘ FLProg ʧʨʘʮʶʻ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ Windows, Linux-32 ʘʙʦ Linux-64. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʛʦ ʧʨʦʝʢʪʫ 

ʩʧʦʯʘʪʢʫ ʪʨʝʙʘ ʚʠʙʨʘʪʠ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (FBD ʘʙʦ LD), ʥʘ ʷʢʽʡ ʚʠ 

ʙʫʜʝʪʝ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʝʢʪ, ʽ ʢʦʥʪʨʦʣʝʨ, ʥʘ ʷʢʦʤʫ ʮʝʡ ʧʨʦʝʢʪ ʙʫʜʝ 

ʨʝʘʣʽʟʦʚʘʥʠʡ. 

 

ɼʨʝʙʝʟʛ ʢʦʥʪʘʢʪʽʚ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʥʦʧʢʠ. 

ɺʩʢ̫ʠʡ ʨʘʟ ʧʨʠ ʾʾ ʥʘʪʠʩʢʘʥʥʽ ʽ ʚʽʜʧʫʩʢʘʥʥʽ ʩʠʛʥʘʣ ʧʨʠʡʤʘʻ ʥʠʟʴʢʠʡ ʘʙʦ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝ ʚʽʜʨʘʟʫ, ʘ ʧʦʩʪʫʧʦʚʦ, ʱʦ ʚʠʢʣʠʢʘʻ ʢʦʣʠʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ, 

ʪʦʙʪʦ ʜʨʝʙʝʟʛ ʢʦʥʪʘʢʪʫ. ʂʦʥʪʨʦʣʝʨ ʧʨʘʮʶʻ ʥʘʩʪʽʣʴʢʠ ʰʚʠʜʢʦ, ʱʦ ʙʨʷʟʢʽʪ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ "0" ʽ "1". 
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ʈʠʩ. 4.28.  ʌʨʘʛʤʝʥʪʠ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʤʫʪʘʮʽʾ ʜʚʦʭ ʢʥʦʧʦʢ 

ʧʫʩʢ ʟ ʽʥʚʝʨʩʽʻʶ ʚ ʧʨʦʛʨʘʤʽ FLProg ʥʘ ʤʦʚʽ FBD : ʘ ï  ʚʚʝʜʝʥʥʷ ʟʤʽʥʥʠʭ;    

ʙ ï  ʧʝʨʝʪʷʛʫʚʘʥʥʷ  ʟʤʽʥʥʠʭ ʥʘ ʨʦʙʦʯʝ ʧʦʣʝ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ 

ʙʣʦʢʠ(ʧʣʘʪʠ) ʽ ʤʝʥʶ ʙʣʦʢʽʚ (ʧʣʘʪ) ï ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʠ 

FLProg;  ʚ ï ʢʥʦʧʢʘ ʢʦʤʧʽʣʷʮʽʾ ʧʨʦʛʨʘʤʠ FLProg ; ʛ -  ʧʦʚʽʜʦʤʣʝʥʥʷ  ʧʨʦ 

ʟʘʚʝʨʰʝʥʥʷ ʚʜʘʣʦʾ  ʢʦʤʧʽʣʷʮʽʶ ʧʨʦʛʨʘʤʠ Arduino 
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ʇʨʠ ʘʢʪʠʚʽʟʘʮʽʾ ʦʧʮʽʡ çɿʘʱʠʪʘ ʦʪ ʜʨʝʙʝʟʛʘè ʽ çɺʢʣʶʯʠʪʴ 

ʧʦʜʪʷʛʠʚʘʶʱʠʡ ʨʝʟʠʩʪʦʨè (ʨʠʩ. 4.29) ʧʽʜʪʷʛʫʶʯʠʡ ʨʝʟʠʩʪʦʨ ʽ ʜʨʝʙʝʟʛ 

ʢʦʥʪʘʢʪʽʚ ʫʩʫʚʘʶʪʴʩʷ ʧʨʦʛʨʘʤʥʦ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʢʦʥʪʨʦʣʝʨʘ Arduino. 

   

 
 

ʈʠʩ. 4.29.  ɽʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ ʟ ʧʽʜʪʷʛʫʶʯʠʤ ʨʝʟʠʩʪʦʨʦʤ R1 (ʨʠʩ.ʘ - pull 

down ʽ ʨʠʩ.ʙ - pull up) ʽ ʙʝʟ ʧʽʜʪʷʛʫʶʯʦʛʦ ʨʝʟʠʩʪʦʨʘ (ʨʠʩ.ʚ ʽ ʨʠʩ.ʛ) 

          

ʇʨʦʝʢʪ ʚ FLProg ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʧʣʘʪ (ʽʢʦʥʦʢ), ʥʘ ʢʦʞʥʽʡ ʟ ʷʢʠʭ 

ʟʽʙʨʘʥʠʡ ʟʘʢʽʥʯʝʥʠʡ ʤʦʜʫʣʴ ʟʘʛʘʣʴʥʦʾ ʩʭʝʤʠ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʞʥʘ 

ʧʣʘʪʘ ʤʘʻ ʥʘʡʤʝʥʫʚʘʥʥʷ ʽ ʢʦʤʝʥʪʘʨʽ. ʌʨʘʛʤʝʥʪʠ ʚʠʛʣʷʜʫ ʚʽʢʦʥ ʧʨʦʛʨʘʤʠ 

FLProg ʧʨʠ ʨʦʙʦʪʽ ʚ ʨʝʞʠʤʽ ʤʦʚʠ FBD ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4.30, ʘ ʧʨʠʢʣʘʜ 

ʧʨʦʛʨʘʤʠ  ʥʘ ʤʦʚʽ ɸrduino_ʉ  ʧʽʩʣʷ ʢʦʤʧʽʣʷʮʽʾ ʧʨʦʛʨʘʤʠ FLProg ʥʘ ʤʦʚʽ 

FBD ʥʘʚʝʜʝʥʠʡ ʥʘ  ʨʠʩ. 4.31.   
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ʈʠʩ. 4.30.  ʌʨʘʛʤʝʥʪʠ ʨʦʙʦʯʦʛʦ ʧʦʣʷ  ʧʨʦʝʢʪʫ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚ ʧʨʦʛʨʘʤʽ FLProg ʥʘ ʤʦʚʽ FBD ʜʣʷ ʥʘʩʪʫʧʥʦʾ 

ʢʦʤʧʽʣʷʮʽʾ ʧʨʦʛʨʘʤʠ ʥʘ ʤʦʚʽ ɸrduino ʉ 
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ʈʠʩ. 4.31.  ʇʨʦʛʨʘʤʘ  ʥʘ ʤʦʚʽ ɸrduino_ʉ  ʧʽʩʣʷ ʢʦʤʧʽʣʷʮʽʾ ʧʨʦʛʨʘʤʠ 

FLProg ʥʘ ʤʦʚʽ FBD 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʭ ʪʦʯʥʠʭ ʧʦʣʦʞʝʥʴ (ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ) ʽ 

ʰʚʠʜʢʦʩʪʝʡ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʘʰʠʥʘʭ ʽ ʉNʉ-ʚʝʨʩʪʘʪʢʘʭ ʘʙʦ ʟʫʧʠʥʝʥʥʷ ʚʝʜʝʥʦʾ ʣʘʥʢʠ ʫ ʧʨʦʛʨʘʤʥʦ 

ʢʝʨʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʘʭ ʚ  ʤʝʭʘʪʨʦʥʥʠʭ ʽ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟ 

ʮʠʬʨʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʟ ʧʣʘʪʬʦʨʤʘʤʠ Arduino 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʝʨʚʦʧʨʠʚʦʜ ʟ ʨʝʜʫʢʪʦʨʦʤ, ʥʘʧʨʠʢʣʘʜ,  ʪʠʧʫ 

ʄicro Servo  SG90. ɼʚʘ ʪʘʢʠʭ ʩʝʨʚʦʧʨʠʚʦʜʘ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʰʠʣʜʦʤ 

ʜʨʘʡʚʝʨʘ L293D (ʨʠʩ.4.19,ʚ) ʥʘ  ʧʣʘʪʽ Arduino UNO. 

ʉʝʨʚʦʧʨʠʚʦʜ (Servo) ʮʝ ʨʝʛʫʣʶʻʤʠʡ ʧʨʠʚʦʜ ʥʘ ʟʘʩʘʜʘʭ 

ʙʝʟʢʦʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʠ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʥʘ 

ʚʘʣʫ ʨʦʪʦʨʘ ʜʘʪʯʠʢ ʟʚʦʨʦʪʥʦʛʦ ʟʚóʷʟʢʫ ʢʫʪʘ ʧʦʚʦʨʦʪʫ (ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, 

ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʫʩʠʣʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʦʢʫ ʤʘʰʠʥʠ), 

ʥʘʧʨʠʢʣʘʜ,  ʫ ʚʠʛʣʷʜʽ ʝʥʢʦʜʝʨʘ ʪʘ ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ ʜʣʷ 
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ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʨʦʪʦʨʘ.   

ʄicro Servo  SG90 ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ ʤʽʥʽ-ʨʝʜʫʢʪʦʨ, ʜʚʘ ʚʠʚʦʜʠ (+5V ʽ 

GND)  ʜʣʷ ʞʠʚʣʝʥʥʷ ʥʘʧʨʫʛʦʶ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ ʦʜʠʥ ï ʜʣʷ ʟʘʚʜʘʥʥʷ 

ʟʥʘʯʝʥʥʷ ʧʦʟʠʮʽʾ (ʢʫʪʘ ʧʦʚʦʨʦʪʫ).  ʆʙʝʨʪʘʥʥʷ ʩʝʨʚʦʧʨʠʚʦʜʫ ʟʘʜʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜ 1 ʜʦ 2ʭ ʤʩ ʯʝʨʝʟ ʢʦʞʥʽ 20 

ʤʩ . ɼʦʩʷʛʥʫʪʝ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ ʩʝʨʚʦʧʨʠʚʦʜʫ ʚʠʤʽʨʶʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʭ 

ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ ʧʨʠʩʪʨʦʶ ʽ ʧʦʚʝʨʪʘʻ ʮʝ ʟʥʘʯʝʥʥʷ ʧʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʚ 

ʧʣʘʪʫ ʫʧʨʘʚʣʽʥʥʷ. ɿʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʢʦʨʝʢʪʫʻ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʪʨʠʤʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ. 

 

4.7. ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ (ʐɯʄ) ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʜʚʠʛʫʥʽʚ ʤʝʭʘʪʨʦʥʽʢʠ 

 

ɺ ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʽ ʧʦʰʠʨʝʥʘ ʩʢʦʨʦʯʝʥʘ ʥʘʟʚʘ ʐɯʄ - ʐʠʨʦʪʥʘ 

ɯʤʧʫʣʴʩʥʘ ʄʦʜʫʣʷʮʽʷ (ʘʥʛʣ. PWM  ï ʈulse Width Modulation), ʷʢʘ 

ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ Arduino UNO  ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʽ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʟ ʩʝʨʚʦʧʨʠʚʦʜʦʤ.  

 

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʐɯʄ-ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʨʦʢʦʚʦʛʦ 

ʧʨʠʚʦʜʫ ʽ ʩʝʨʚʦʧʨʠʚʦʜʫ ʥʘ ʟʘʩʘʜʘʭ  ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʻ ʰʧʘʨʫʚʘʪʽʩʪʴ 

ʐɯʄ-ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʟʘʜʘʻʪʴʩʷ ʧʨʦʛʨʘʤʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:    

 

ʗʢ ʟʤʽʥʶʻʪʴʩʷ ʬʦʨʤʘ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʩʝʨʚʦʧʨʠʚʦʜʫ 

ʧʨʠ ʨʽʟʥʦʾ ʰʧʘʨʫʚʘʪʦʩʪʽ  ʐɯʄ-ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ  ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 4.32.  

 

ʐʧʘʨʫʚʘʪʽʩʪʴ (ʨʦʩ. ʩʢʚʘʞʥʦʩʪʴ) ʩʠʛʥʘʣʫ (S) -  ʮʝ ʚʽʜʥʦʰʝʥʥʷ 

ʧʝʨʽʦʜʫ ʩʠʛʥʘʣʫ T ʜʦ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ t1 

 

╢
╣

◄
 

 

ʅʘ ʚʠʭʦʜʽ ʦʪʨʠʤʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʘ ʥʘʧʨʫʛʘ, ʷʢʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʣʦʱʽ 

ʧʽʜ ʽʤʧʫʣʴʩʦʤ. ɼʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʧʦʪʨʽʙʥʦ ʧʨʦʛʨʘʤʥʦ ʟʤʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʐɯʄ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʽʟ 

ʰʧʘʨʫʚʘʪʦʩʪʽ  ʽʤʧʫʣʴʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʘ ʝʣʝʢʪʨʠʯʥʘ 
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ʥʘʧʨʫʛʘ ʜʣʷ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʚʠʭʦʜʽʚ ʐ ɯ ʄ ʢʦʥʪʨʦʣʝʨʘ ʚʠʢʦʥʘʚʯʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʦʙʝʨʪʦʚʦʾ ʘʙʦ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʦʾ ʜʽʾ. 

 

 

 
ʈʠʩ. 4.32. ʌʦʨʤʘ ʩʠʛʥʘʣʽʚ ʐɯʄ (PWM) ʧʨʠ ʨʽʟʥʦʾ ʰʧʘʨʫʚʘʪʦʩʪʽ ʽʤʧʫʣʴʩʽʚ 
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ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 4.32 ʧʨʠ  ʐɯʄ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʘʢʦʚʦʶ, ʘ ʟʤʽʥʶʻʪʴʩʷ ʣʠʰʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʩʠʛʥʘʣʫ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ (t1: U=5V)  ʪʘ ʩʠʛʥʘʣʫ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ              

(t2=T-t1:= U=0V). 

ʈʦʟʛʣʷʥʝʤʦ ʽ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʩʧʨʦʱʝʥʠʡ ʩʢʝʪʯ ʜʣʷ ʐɯʄ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʽʥʥʷ ʦʜʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʫ ʥʘ ʧʣʘʪʬʦʨʤʽ 

Arduino UNO. ʉʚʽʪʣʦʜʽʦʜ ʚ ʧʦʰʠʨʝʥʦʤʫ ʧʦʟʥʘʯʝʥʥʽ LED  (ʘʥʛʣ. Leith 

Emissions Diode) ʮʝ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʦʧʪʠʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʥʽ ʩʢʨʽʟʴ ʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʾ ʩʪʨʫʤʠ ʚ 

ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʽʜʢʣʶʯʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʧʦʣʷʨʥʦʩʪʽ (+5V  ʘʥʦʜ ï ʝʣʝʢʪʨʦʜ ʙʽʣʴʰʦʾ ʜʦʚʞʠʥʠ ʥʽʞ ʝʣʝʢʪʨʦʜ ʢʘʪʦʜʫ, 

çʤʽʥʫʩè ï ʢʘʪʦʜ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʠʩʪʦʨʘ. ʇʨʷʤʘ ʥʘʧʨʫʛʘ ʜʣʷ LED ʟ 

ʜʽʘʤʝʪʨʦʤ ʣʽʥʟʠ 5 ʤʤ ʩʪʘʥʦʚʠʪʴ 2V ʽ ʥʦʤʽʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ 20 ʤɸ 

(0.02ɸ). ɺʚʘʞʘʻʤʦ, ʱʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʧʣʘʪʠ Arduino 

UNO ʩʪʘʥʦʚʠʪʴ 5V. ʑʦʙ ʟʘʜʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʩʪʨʫʤ ʚ 20 ʤɸ,  ʦʙʯʠʩʣʶʻʤʦ 

ʚʝʣʠʯʠʥʫ ʦʧʦʨʫ R: 

 

Ὑ
Ὗ

Ὅ

υὠ ςὠ

πȢπςὃ
ρυπ ̨  ̍

 

ɿʥʘʯʠʪʴ, ʨʝʟʠʩʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʠʙʣʠʟʥʦ ʪʘʢʦʛʦ ʘʙʦ ʙʽʣʴʰʦʛʦ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʦʧʦʨʫ. ɼʣʷ ʩʢʣʘʜʘʥʥʷ ʤʦʥʪʘʞʥʦʾ  ʩʭʝʤʠ ʧʦʪʨʽʙʥʽ: ʧʣʘʪʘ 

Arduino UNO ʟ ʢʘʙʝʣʝʤ USB, ʤʘʢʝʪʥʘ ʧʣʘʪʘ ʙʝʟ ʧʘʷʣʴʥʘ,  LED, ʨʝʟʠʩʪʦʨ ʥʘ 

150é220 ʆʤ, 2 ʧʝʨʝʤʠʯʢʠ (ʤʘʤʘ-ʤʘʤʘ), ʧʝʨʝʭʽʜʥʠʢ ʢʨʦʥʘ-ʨʦʟôʻʤ 

ʞʠʚʣʝʥʥʷ ʽ ʟʦʚʥʽʰʥʻ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ +7Vé+9V ʘʙʦ ʙʘʪʘʨʝʡʢʘ ʂʨʦʥʘ   

ʥʘ 9V). 

ʉʢʝʪʯ (ʧʨʦʛʨʘʤʘ) ʜʣʷ ʐɯʄ ʨʝʛʫʣʶʚʘʥʥʷʤ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʽʥʥʷ 

ʩʚʽʪʣʦʜʽʦʜʫ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

const int LED=6;  

void setup ()  

{  

pinMode(LED, OUTPUT);  

}  

void loop()  

{  
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  for (int i<256; /*** ʇʝʨʰʠʡ ʮʠʢʣ ʐɯʄ-ʟʙʽʣʴʰʝʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ ʜʣʷ ʟʤʽʥʥʦʾ int  LED ʧʨʠ i=0; i=i+1 , ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʐɯʄ-ʧʽʥʫ 6 ʧʣʘʪʠ Arduino UNO ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ i<256 ***/  

 {  

 analogWrite(LED, i);  

 delay(10);  

 }  

 for (int i=255; i>=0; i=i - 1)  /*** ɼʨʫʛʠʡ ʮʠʢʣ ʐɯʄ-

ʟʤʝʥʰʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʜʣʷ ʟʤʽʥʥʦʾ int  LED ʧʨʠ i=255; i=i - 1, ʷʢʠʡ 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʐɯʄ-ʧʽʥʫ 6 ʧʣʘʪʠ Arduino UNO ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ 

i>=0 ***/  

 {  

 analogWrite(LED, i);  

 delay(10);  

 }    

}  

 

ɺ ʧʨʦʛʨʘʤʽ ʤʽʞ i-ʪʠʤʠ ʐɯʄ-ʧʝʨʝʤʠʢʘʥʥʷʤʠ LED ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ 

ʩʢʣʘʜʘʻ 10 ʤʩ delay(10), ʱʦ ʤʝʥʰʝ ʯʘʩʫ ʘʜʘʧʪʘʮʽʾ ʦʯʝʡ ʣʶʜʠʥʠ ʜʦ 

ʚʠʤʢʥʝʥʦʛʦ ʩʪʘʥʫ ʩʚʽʪʣʦʜʽʦʜʫ ʽ ʪʦʤʫ ʟʤʽʥʘ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʫ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʣʶʜʠʥʦʶ ʷʢ ʙʝʟʧʝʨʝʨʚʥʝ ʟʤʽʥʘ ʥʘʨʦʩʪʘʥʥʷ ʪʘ ʩʧʘʜʫ 

ʷʩʢʨʘʚʦʩʪʽ. ʎʠʢʣʦʚʽ ʟʤʽʥʠ ʥʘʧʨʫʛʽ ʥʘ ʩʚʽʪʣʦʜʽʦʜʽ ʥʘ ʢʦʞʥʦʤʫ ʐɯʄ-ʢʨʦʮʽ 

ʩʢʣʘʜʘʻ ʚʝʣʠʯʠʥʫ 2V/256=0.0078V=7.8mV.  

ʂʦʤʘʥʜʫ analogWrite(LED, i) ʤʘʻ ʧʦʷʩʥʝʥʥʷ, ʷʢʝ ʧʦʚôʷʟʘʥʝ ʟ 

ʨʠʩ. 4.24. ʇʨʠ  ʟʙʽʣʴʰʝʥʥʽ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʣʦʜʽʦʜʫ LED ʐɯʄ-ʟʥʘʯʝʥʥʽ i=0 

ʰʧʘʨʫʚʘʪʽʩʪʴ  ʽʤʧʫʣʴʩʽʚ S=0 ʽ ʩʠʛʥʘʣ ʤʘʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ (LOW ), 

ʪʦʙʪʦ Uʚʠʭ=0V (ʨʠʩ. 4.32,ʘ) ʽ ʩʚʽʪʣʦʜʽʦʜ ʚʠʤʢʥʝʥʠʡ. 

 

 ʇʨʠ ʐɯʄ-ʟʥʘʯʝʥʥʽ i=64 ʰʧʘʨʫʚʘʪʽʩʪʴ  ʽʤʧʫʣʴʩʽʚ S=4 ʽ  ʩʠʛʥʘʣ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʥʘʧʨʫʛʠ +5V (HIGH) ʥʘ ʧʨʦʪʷʟʽ 25% ʯʘʩʫ 

ʧʦʚʥʦʛʦ ʧʝʨʽʦʜʫ ʊ, ʪʦʙʪʦ Uʚʠʭ=5V/4=1.25V (ʨʠʩ. 4.32,ʙ) ʽ ʟôʷʚʣʷʻʪʴʩʷ 

ʩʣʘʙʢʘ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʫ LED.  

 

ʇʨʠ ʐɯʄ-ʟʥʘʯʝʥʥʽ i=128 ʰʧʘʨʫʚʘʪʽʩʪʴ  ʽʤʧʫʣʴʩʽʚ S=2 ʽ  ʩʠʛʥʘʣ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʥʘʧʨʫʛʠ +5V (HIGH) ʥʘ ʧʨʦʪʷʟʽ 50% ʯʘʩʫ 

ʧʦʚʥʦʛʦ ʧʝʨʽʦʜʫ ʊ, ʪʦʙʪʦ Uʚʠʭ=5V/2=2.5V (ʨʠʩ. 4.32,ʚ) ʽ ʷʩʢʨʘʚʽʩʪʴ 

ʩʚʽʪʣʦʜʽʦʜʫ LED ʟʙʽʣʴʰʫʻʪʴʩʷ. 
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ʇʨʠ ʐɯʄ-ʟʥʘʯʝʥʥʽ i=192 ʰʧʘʨʫʚʘʪʽʩʪʴ  ʽʤʧʫʣʴʩʽʚ S=1.33  ʽ  ʩʠʛʥʘʣ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʥʘʧʨʫʛʠ +5V (HIGH) ʥʘ ʧʨʦʪʷʟʽ 75% ʯʘʩʫ 

ʧʦʚʥʦʛʦ ʧʝʨʽʦʜʫ ʊ, ʪʦʙʪʦ Uʚʠʭ=5V/1.33=3.76V (ʨʠʩ. 4.32,ʛ) ʽ ʷʩʢʨʘʚʽʩʪʴ 

ʩʚ̔ʪʣʦʜʽʦʜʫ LED ʱʝ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʇʨʠ  ʐɯʄ-ʟʥʘʯʝʥʥʽ i=256 ʰʧʘʨʫʚʘʪʽʩʪʴ  ʽʤʧʫʣʴʩʽʚ ʚʽʜʩʫʪʥʷ ʽ 

ʩʠʛʥʘʣ ʤʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ (HIGN), ʪʦʙʪʦ Uʚʠʭ=5V (ʨʠʩ. 4.32,ʜ) ʽ 

ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʫ LED ʤʘʢʩʠʤʘʣʴʥʘ. 

ʇʨʠ  ʟʤʝʥʰʝʥʥʽ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʣʦʜʽʦʜʫ LED ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦ 

ʥʫʣʷ ʐɯʄ-ʟʥʘʯʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʚʽʜ i=255 ʜʦ ʽ=0  ̔ ʨʠʩ. 

4.32 ʪʨʝʙʘ ʨʦʟʛʣʷʜʘʪʠ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʨʠʩ.4.32,ʜ ʜʦ ʨʠʩ. 4.32,ʘ.  

ʐɯʄ-ʩʠʛʥʘʣʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽ ʙʝʟ ʢʦʥʪʨʦʣʝʨʘ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʰʠʨʝʥʦʾ ʤʽʢʨʦʩʭʝʤʠ NE555 (ʨʠʩ.4.33) ʘʙʦ ʤʦʜʫʣʷ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʪʘʡʤʝʨʘ  NE555 (ʨʠʩ. 4.34). 

       ʅʘ ʨʠʩ. 4.33 ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʣʝʢʪʨʠʯʥʫ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ                      

ʐ ɯ ʄ-ʛʝʥʝʨʘʪʦʨʘ ʜʚʠʛʫʥʘ M  ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʤʽʢʨʦʩʭʝʤʽ NE555, ʘ ʥʘ 

ʨʠʩ. 4.34 ï ʥʘ ʙʘʟʽ ʤʦʜʫʣʷ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʪʘʡʤʝʨʘ  NE555. 

 

 

 
 

ʈʠʩ. 4.33. ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʐɯʄ-ʨʝʛʫʣʷʪʦʨʘ ʦʙʦʨʦʪʽʚ ʜʚʠʛʫʥʘ ʄ ʥʘ 

ʤʽʢʨʦʩʭʝʤʽ ʪʘʡʤʝʨʘ NE555 
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 ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʐɯʄ-ʨʝʛʫʣʷʪʦʨʘ ʦʙʦʨʦʪʽʚ ʜʚʠʛʫʥʘ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʥʝʩʪʘʙʽʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʘʡʤʝʨʘ NE555 ï ʧʦʩʪʽʡʥʘ ʛʝʥʝʨʘʮʽʷ ʽʤʧʫʣʴʩʽʚ 

ʥʘ ʚʠʭʦʜʽ. ʈʝʟʠʩʪʦʨʠ R2 ʪʘ R3 ʽ ʢʦʥʜʝʥʩʘʪʦʨ ʉ2 ʨʝʛʫʣʶʶʪʴ ʰʧʘʨʫʚʘʪʽʩʪʴ  

ʽʤʧʫʣʴʩʽʚ. ɿʤʽʥʥʠʡ ʨʝʟʠʩʪʦʨ R3 ʨʝʛʫʣʶʻ ʪʨʠʚʘʣʽʩʪʴ ʩʠʛʥʘʣʫ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

(HIGH). ɼʽʦʜʠ VD1 ʽ VD2 ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʢʦʥʜʝʥʩʘʪʦʨ ʉ2, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜʥʫ ʯʘʩʪʦʪʫ, ʧʦʩʪʽʡʥʦ ʧʝʨʝʟʘʨʷʜʞʘʻʪʴʩʷ ʯʝʨʝʟ ʨʽʟʥʽ ʧʣʝʯʽ 

ʟʤʽʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R3. ɿʘʨʷʜʞʘʻʪʴʩʷ ʮʝʡ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦ ʣʘʥʮʶʛʫ ç+è 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʨʝʟʠʩʪʦʨ R2, ʜʽʦʜ VD2 ʽ ʧʨʘʚʝ ʧʣʝʯʝ ʟʤʽʥʥʦʛʦ 

ʨʝʟʠʩʪʦʨʘ.  ʈʦʟʨʷʜʞʘʻʪʴʩʷ ʢʦʥʜʝʥʩʘʪʦʨ ʉ2  ʧʦ ʣʘʥʮʶʛʫ - ʣʽʚʝ ʧʣʝʯʝ 

ʟʤʽʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ, ʜʽʦʜ VD1 ʪʘ ʢʦʥʪʘʢʪ ˉ7 ʤʽʢʨʦʩʭʝʤʠ DA1. ʇʨʘʚʝ ʽ ʣʝʚʝ 

ʧʣʝʯʝ ʟʤʽʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʤʘʶʪʴ ʨʽʟʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʽ ʪʦʤʫ ʧʦ ʨʽʟʥʦʤʫ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʘʩ ʟʘʨʷʜʫ ʽ ʨʦʟʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʰʧʘʨʫʚʘʪʦʩʪʽ   ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ, ʷʢʠʤ ʢʝʨʫʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʄ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ.  

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʦʰʠʨʝʥʦʛʦ ʚ ʤʝʭʘʪʨʦʥʠʮʽ ʤʦʜʫʣʷ ʛʝʥʝʨʘʪʦʨʘ      

ʥʘ ʙʘʟʽ ʪʘʡʤʝʨʘ  NE555 ʽ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʥʘʚʝʜʝʥʽ       

ʥʘ ʨʠʩ. 4.34. 

 

 

 

ʈʠʩ. 4.34. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʦʜʫʣʷ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʪʘʡʤʝʨʘ  NE555 (ʘ) 

ʽ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ (ʙ) ʤʦʜʫʣʷ 
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 ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ 4: 

 

1. ʅʘʜʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ CNC-ʤʘʰʠʥ. 

2. ʑʦ ʪʘʢʝ Clutch Motor ʽ ʷʢ ʨʝʛʫʣʶʻʪʴʩʷ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʰʚʝʡʥʦʾ ʤʘʰʠʥʠ ? 

3. ʗʢʽ ʨʽʟʥʠʮʷ ʤʽʞ Clutch Motor ʽ ʩʝʨʚʦʧʨʠʚʦʜʦʤ 

ʰʚʝʡʥʠʭ ʤʘʰʠʥ ? 

4. ʑʦ ʪʘʢʝ ʧʦʪʫʞʥʽʩʪʴ ʢʨʦʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ʷʢ ʚʦʥʘ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ? 

5. ʑʦ ʪʘʢʝ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ ʽ ʷʢʽ ʧʘʨʘʤʝʪʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ  ʚʠʙʽʨ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ ʘʙʦ ʚʝʨʩʪʘʪʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ? 

  6. ʗʢʽ ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠ, ʷʢʽ ʨʝʞʠʤʠ ʽʭ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʩʭʝʤʘʭ ʤʝʭʘʪʨʦʥʽʢʠ ʽ ʷʢʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʢʨʦʢʦʚʦʛʦ ʧʨʠʚʦʜʫ?  

7. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʨʚʦʧʨʠʚʦʜʦʤ ʽ ʩʝʨʚʦʜʚʠʛʫʥʦʤ ? 

8. ʑʦ ʪʘʢʝ ʢʦʤʧʽʣʷʮʽʷ ʽ ʷʢ ʚʦʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ Arduino IDE ? 

9. ʑʦ ʧʦʟʥʘʯʘʻ ʩʢʦʨʦʯʝʥʘ ʥʘʟʚʘ PWM ʽ ʷʢʽ ʧʽʥʠ Arduino UNO  

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ PWM ? 

10. ʗʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʰʧʘʨʫʚʘʪʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ? 

11. ɼʣʷ ʯʦʛʦ ʽ ʷʢ ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʐɯʄ ? 

   12. ʗʢʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʣʘʪʬʦʨʤʠ Arduino ? 

   13.ʗʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʱʦ ʪʘʢʝ ʢʦʤʧʽʣʷʮʽʷ 

ʧʨʠʚʝʩʪʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ ?  

   14.ʏʝʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʚʽʜ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ? 

  15.ʑʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʘʢʪʠʚʽʟʘʮʽʾ ʤʝʥʶ çɯʥʩʪʨʫʤʝʥʪʠè, ʤʝʥʶ 

çʌʘʡʣè ʽ   ʤʝʥʶ çʉʢʝʪʯè  ? 
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ʇʨʠʢʣʘʜʠ ʪʝʩʪʦʚʠʭ ʧʠʪʘʥʴ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʥʘʥʴ ʧʦ ʨʦʟʜʽʣʫ 4 : 

 

          ʊʝʩʪ 1. ɺʠʙʝʨʽʪʴ ʧʦʤʠʣʢʦʚʝ ʪʚʝʨʜʞʝʥʥʷ: 

Å ʧʘʷʣʴʥʽ ʧʘʨʠ ʜʨʘʪʫʶʪʴ ʽ ʾʭ ʥʝ ʧʦʚʠʥʥʽ ʚʜʠʭʘʪʠ ; 

Å ʧʘʷʣʴʥʽ ʧʘʨʠ ʤʽʩʪʷʪʴ ʩʚʠʥʝʮʴ ; 

Å ʧʘʷʣʴʥʽ ʧʘʨʠ ʤʽʩʪʷʪʴ ʬʣʶʩ, ʷʢʠʡ ʻ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟ ʜʝʨʝʚʠʥʥʦʾ 

ʩʤʦʣʠ ; 

Å ʧʘʡʢʘ ʧʦʚʠʥʥʘ ʧʨʦʚʦʜʠʪʠʩʷ ʚ ʚʝʥʪʠʣʴʦʚʘʥʦʾ ʟʦʥʽ. 

 ʇʨʘʚʠʣʴʥʦ. ʉʚʠʥʝʮʴ ʤʘʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʥʷ, ʥʽʞ ʤʦʞʝ ʜʦʩʷʛʪʠ ʚʘʰ ʧʘʷʣʴʥʠʢ. ɸʣʝ ʧʘʨʠ ʧʘʡʢʽʚ ʽ ʨʘʥʽʰʝ ʻ 

ʥʝʟʥʘʯʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ, ʽ ʚʧʣʠʚ ʤʘʻ ʙʫʪʠ ʦʙʤʝʞʝʥʘ. 

 

ʊʝʩʪ 2. 

ʇʽʥʠ ʥʘ ʧʣʘʪʽ Arduino Uno ʟ ʥʘʧʠʩʦʤ Digital  0é13 : 

Å ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ ; 

Å ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʷʢ ʚʠʭʦʜʠ ; 

Å ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʚʭʦʜʠ ʘʙʦ ʚʠʭʦʜʠ ; 

Å ʚʩʽ ʟʜʘʪʥʽ ʜʦ PWM. 

 ʇʨʘʚʠʣʴʥʦ.  ʄʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʚʭʦʜʠ ʘʙʦ ʚʠʭʦʜʠ. ɼʣʷ 

PWM  (ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ) ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ 

ʢʦʥʪʘʢʪʠ 3, 5, 6, 9, 10 ʽ 11 (ʧʦʟʥʘʯʝʥʽ ʥʘ ʧʣʘʪʽ ʢʦʥʪʨʦʣʝʨʘ ʩʠʤʚʦʣʦʤ ~ ). 

 

ʊʝʩʪ 3. 

ʑʦ ʨʦʙʠʪʴ ʬʫʥʢʮʽʷ çvoid loop() è ? 

Å ʥʘʟʘʚʞʜʠ ʟʘ ʮʠʢʣʶʻ ʚʘʰ ʢʦʜ ; 

Å ʧʦʨʽʚʥʶʻ ʦʜʥʝ ʟʥʘʯʝʥʥʷ ʟ ʽʥʰʠʤ ; 

Å ʯʝʢʘʻ ʚʚʝʜʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ; 

Å ʧʦʚʪʦʨʶʻ ʬʨʘʛʤʝʥʪ ʢʦʜʫ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ ʜʦ ʚʠʤʢʥʝʥʥʷ 

ʢʦʥʪʨʦʣʝʨʘ. 

 ʇʨʘʚʠʣʴʥʦ. ʇʦʚʪʦʨʶʻ ʬʨʘʛʤʝʥʪ ʢʦʜʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ ʜʦ ʚʠʤʢʥʝʥʥʷ 

ʢʦʥʪʨʦʣʝʨʘ. 

 

ʊʝʩʪ 4. 

ɺʠ ʭʦʯʝʪʝ ʩʪʚʦʨʠʪʠ ʧʨʦʝʢʪ ʟʽ ʩʪʨʽʯʢʦʶ ʩʚʽʪʣʦʜʽʦʜʽʚ  25 ʰʪʫʢ 

NeoPixels ʟ ʧʦʣʦʚʠʥʦʶ ʷʩʢʨʘʚʦʩʪʽ. ʗʢʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʚʠ ʧʦʚʠʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ? 

Å USB-ʧʦʨʪ ʢʦʤʧ'ʶʪʝʨʘ 
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Å ɸʢʫʤʫʣʷʪʦʨ 500 mAh ʘʙʦ ʘʜʘʧʪʝʨ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

Å 1.5 A ʘʢʫʤʫʣʷʪʦʨ ʘʙʦ ʘʜʘʧʪʝʨ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

 ʇʨʘʚʠʣʴʥʦ. 1.5 A ʘʢʫʤʫʣʷʪʦʨ ʘʙʦ ʘʜʘʧʪʝʨ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʪʦʤʫ ʱʦ 

ʢʦʞʝʥ ʩʚʽʪʣʦʜʽʦʜ ʩʧʦʞʠʚʘʻ 40 ʤɸ (ʧʦʣʦʚʠʥʘ ʚʽʜ ʤʘʢʩ. 80 mɸ  ʜʣʷ 

ʩʚʽʪʣʦʜʽʦʜʽʚ ʪʠʧʫ RGBW NeoPixel) ʽ ʚʘʤ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʷʢ ʤʽʥʽʤʫʤ 

(40ʭ25=1000 ʤAh), ʧʣʶʩ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʘʙʦ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʘʢʪʠʚʥʽ 

ʢʦʤʧʦʥʝʥʪʠ. 

  

5. ʈʆɿʈɸʍʋʅʆʂ ʄɽʍɸʊʈʆʅʅʀʍ ʄʆɼʋʃɯɺ ʇʈʆɻʈɸʄʆɺɸʅʀʍ 

ʇɽʈɽʄɯʑɽʅʔ ɿ ʂʈʆʂʆɺʀʄ ʇʈʀɺʆɼʆʄ 

 

 ʈʦʟʨʘʭʫʥʦʢ ʤʦʜʫʣʽʚ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ CNC-ʤʘʰʠʥ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʉNʉ-ʚʝʨʩʪʘʪʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʮʝ, ʥʘʩʘʤʧʝʨʝʜ, 

ʨʦʟʨʘʭʫʥʦʢ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʢʨʦʢʦʚʦʛʦ ʧʨʠʚʦʜʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʩʘ-

ʽʥʝʨʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʩʠʣ ʪʝʨʪʷ ʟ ʙʦʢʫ ʦʙôʻʢʪʽʚ ʧʨʦʛʨʘʤʦʚʘʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʙʦʨʦʤ ʜʨʘʡʚʝʨʽʚ ʜʣʷ ʦʙʨʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʠʚʦʜʫ ʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ/ʘʙʦ 

ʟʘʛʦʪʦʚʢʠ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʘʪʝʨʽʘʣʽʚ ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ .  

 

5.1. ʈʦʟʨʘʭʫʥʦʢ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ  

ʟ ʪʨʦʩʦʚʦʾ ʧʝʨʝʜʘʯʝʶ   

 

 
 

ʈʠʩ. 5.1. ʂʽʥʝʤʘʪʠʯʥʘ 3D-ʩʭʝʤʘ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟ  

ʪʨʦʩʦʚʦʾ ʧʝʨʝʜʘʯʝʶ 

 

ɺ ʤʦʜʫʣʽ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟ ʪʨʦʩʦʚʦʾ ʧʝʨʝʜʘʯʝʶ (ʨʠʩ. 

5.1.) ʥʘ ʚʘʣʫ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʂɼ ʟʘʢʨʽʧʣʝʥʠʡ ʰʢʽʚ 1 ʨʘʜʽʫʩʦʤ Ὑ ʽ 

ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ J. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʝʚʘʛʦʤʦʛʦ ʽ ʥʝʨʦʟʪʷʞʥʦʛʦ ʪʨʦʩʫ ʫ 
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ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʽ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʢʘʨʝʪʢʘ 3 ʤʘʩʦʶ m ʪʘ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ f.  

ɿʘʚʜʘʥʥʷ 1. ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʥʝʦʙʭʽʜʥʦʛʦ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ˙̋  ̅ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ ʜʦ ʰʢʽʚʘ 1, 

ʱʦʙ ʡʦʛʦ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʨʽʚʥʶʚʘʣʦʩʷ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ Ů ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʨʝʪʢʠ ʽʟ ʰʚʠʜʢʽʩʪʶ V.   

 

ʇʦʟʥʘʯʝʥʥʷ, ʷʢʽ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ:  

            Ὑ  Ὑ = R ï ʨʘʜʽʫʩ ʰʢʽʚʽʚ, ʤ; 

          ά  ά ά ï ʤʘʩʘ  ʰʢʽʚʽʚ 1 ʽ 2, ʢʛ; 

           J1   J2   J ï  ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ   ʰʢʽʚʽʚ,  ʢʛÖ̍ ; 

          ά  ï ʤʘʩʘ ʢʘʨʝʪʢʠ, ʢʛ; 

               g = 9,8 ʤ/ ̒ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʨʫʭʫ ; 

               Ů ï ʥʝʦʙʭʽʜʥʝ ʧʨʠʩʢʦʨʝʥʥʷ , 1/ ̒;  

            V ï ʰʚʠʜʢʽʩʪʴ ʢʘʨʝʪʢʠ, ʤ/ʩ ;      

              f ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʘʨʝʪʢʠ ʧʦ ʥʘʧʨʘʚʣʷʶʯʦʾ ;  

            ű ï ʢʫʪʦʚʠʡ ʢʨʦʢ ʜʚʠʛʫʥʘ, ʛʨʘʜʫʩʠ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʞʠʤʫ 

ʜʨʦʙʣʝʥʥʷ   ʢʨʦʢʫ) ;  

                ɜ  ï  ʯʘʩʪʦʪʘ ʢʨʦʢʽʚ ʜʚʠʛʫʥʘ 1/c; 

             ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, 1/c. 

 

1.1. ɺʠʟʥʘʯʘʻʤʦ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʩʠʩʪʝʤʠ:  

 

E = 
 
 (ά + 2Ö J  +  Jʢʜ ‫

  =  0,5 Jʧʨ ‫   ,              (5.1) 

 

                   ʜʝ  J  mὙ   ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʦʜʥʦʛʦ ʰʢʽʚʘ ; 

                                    Jʢʜ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ; 

      Jʧʨ = ά  Ὑ+ 2 J + Jʢʜ  ï ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ. 

 

1.2. ɺʠʟʥʘʯʘʻʤʦ ʧʦʭʽʜʥʫ ʟʘ ʯʘʩʦʤ ʚʽʜ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ  

 

 = Jʧʨ ÖɤÖ Ů .                                                  (5.2)  

                                                                                 

1.3. ɺʠʟʥʘʯʘʻʤʦ ʧʦʪʫʞʥʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʚ ʩʠʩʪʝʤʽ:  
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               1.3.1. ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣʠ ʚʘʛʠ ʢʘʨʝʪʢʠ :  Pmg= - ά g V . 

 

               1.3.2. ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣʠ ʪʝʨʪʷ: Pʪʨ = - FʪʨV, 

 

                         ʜʝ    Fʪʨ = ά g f ï ʩʠʣʘ ʪʝʨʪʷ. 

 

              1.3.3. ʇʦʪʫʞʥʽʩʪʴ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ:            PM = ˙̋ ɤ̅ . 

             ʉʫʤʫ ʧʦʪʫʞʥʦʩʪʽ ʚʩʽʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʚʠʨʘʟʦʤ: 

 

×Pi = ˙̋ ɤ̅ - (ά g V + FʪʨV)                                      (5.3) 

          ̔  ʚʨʘʭʫʶʯʠ, ʱʦ V = ɤÖR ʦʪʨʠʤʫʻʤʦ:  

 

×Pi = (˙̋  ̅- (ά  R + Fʪʨ R))ɤ                                    (5.4) 

 

1.4. ʇʦʭʽʜʥʘ ʚʽʜ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʯʘʩʦʤ   ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʪʫʞʥʽʩʪʶ ʚʩʽʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ×Pi , ʪʦʤʫ ʤʦʞʥʘ ʧʨʠʨʽʚʥʷʪʠ ʧʨʘʚʽ ʯʘʩʪʠʥʠ 

ʚʠʨʘʟʽʚ (5.2) ʽ (5.4): 

 

Jʧʨ Ö ɤÖ Ů = [˙̋  ̅- (άÖgÖR + FʪʨÖR)]Ö ɤ .                                    (5.5) 

 

1.5. ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ɤ ʽ ʯʘʩʪʦʪʘ ɜ ʚʽʜʧʨʘʮʶʚʘʥʥʷ  ʢʨʦʢʽʚ ʜʚʠʛʫʥʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ: 

 

ɤ = 
Ö 

,                                                      (5.6) 

            ʜʝ H =  ï ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ (ʤʽʢʨʦʢʨʦʢʽʚ) ʦʜʥʦʛʦ ʦʙʦʨʦʪʫ ʨʦʪʦʨʘ 

ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ.  

 

ɿ ʚʠʨʘʟʫ (5.5) ʦʪʨʠʤʫʻʤʦ ʚʝʣʠʯʠʥʫ ʤʦʤʝʥʪʫ ˙̋  ̅, ʷʢʠʡ ʧʦʪʨʽʙʥʦ 

ʧʨʠʢʣʘʩʪʠ ʜʦ ʰʢʽʚʘ 1, ʱʦʙ ʡʦʛʦ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʨʽʚʥʶʚʘʣʦʩʴ Ů: 

 

˙̋ =̅JʧʨÖŮ+(άÖg+Fʪʨ )ÖR= άÖὙ+2 J+ Jʢʜ ) Ů+(άÖg+Fʪʨ)ÖR.         (5.7)        

 

        ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʨʝʪʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷ (5.6): 
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V = ɤÖR =  
ÖÖ

                                             (5.8) 

 

ʏʘʩʪʦʪʘ ɜ ʢʨʦʢʽʚ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʨʝʪʢʠ ʽʟ ʰʚʠʜʢʽʩʪʶ V 

 

ɜ = 
Ö

Ö
                                                        (5.9) 

  

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʢʨʦʮʽ ű = πȟω  ʽ  H = 400 ʢʨʦʢʽʚ ʦʜʠʥ ʦʙʦʨʦʪ   ɜ =   
Ö

Ö
  . 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ  (5.8) ʽ (5.9) ʨʦʪʦʨ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʷʢʠʡ ʧʦʯʠʥʘʻ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʢʨʦʢʽʚ ʟ ʯʘʩʪʦʪʦʶ ɜ ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʨʫʭʘʻʪʴʩʷ ʟ 

ʧʨʠʩʢʦʨʝʥʥʷʤ: 

 

Ů = ɜÖɤ = 
 Ö ̊

  =  
Ö 

Ö 
                                             (5.10) 

 

ʅʝʦʙʭʽʜʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ (5.7) ʥʘ ʚʘʣʫ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʷʢʠʡ 

ʟʤʦʞʝ ʧʝʨʝʤʽʱʫʚʘʪʠ  ʚʘʥʪʘʞ ʽʟ ʰʚʠʜʢʽʩʪʶ V ʚʠʟʥʘʯʘʻʤʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʨʘʟʫ (5.10) ʟʘ ʬʦʨʤʫʣʦʶ (5.11) ʘʙʦ ʟʘ ʬʦʨʤʫʣʦʶ (5.12): 

 

˙̋  ̅=  ά  Ὑ+ 2 J + Jʢʜ ) 
 Ö ̊

  + (ά g + Fʪʨ)ÖR              (5.11) 

 

 

   ̇ ̋  ̅=  ά  Ὑ+ 2 J + Jʢʜ ) 
Ö 

Ö 
 + (ά g + Fʪʨ)ÖR             (5.12) 
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5.2. ʈʦʟʨʘʭʫʥʦʢ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟ̔ 

ʟʫʙʯʘʩʪʘ-ʧʘʩʦʚʦʶ ʧʝʨʝʜʘʯʝʶ ʚ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʽ 

 

ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟ̔ 

ʟʫʙʯʘʩʪʘ-ʧʘʩʦʚʦʶ ʧʝʨʝʜʘʯʝʶ (ʨʠʩ.5.2.) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦ, ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ ʷʢʦʛʦ ʟʤʦʥʪʦʚʘʥʠʡ 

ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ 1 ʟ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ  J1. ɿʫʙʯʘʩʪʝ-ʧʘʩʦʚʘ ʧʝʨʝʜʘʯ 4 

ʢʽʥʝʤʘʪʠʯʥʝ ʟôʻʜʥʫʻ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ 1  ʽʟ ʟʫʙʯʘʩʪʠʤ ʢʦʣʝʩʦʤ 2 ʟ 

ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ  J2. ʅʘ ʦʜʥʦʾ ʛʽʣʮʽ ʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ ʟʘʢʨʽʧʣʝʥʘ ʢʘʨʝʪʢʘ 

3 ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʦʚʠʭ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʤʽʞ 

ʟʫʙʯʘʩʪʠʤʠ ʢʦʣʝʩʘʤʠ. ʂʽʥʮʝʚʽ ʚʠʤʠʢʘʯʽ ʢʨʘʡʥʽʭ ʧʦʣʦʞʝʥʴ ʢʘʨʝʪʢʠ ʽʟ 

ʟʘʛʦʪʦʚʢʦʶ ʘʙʦ ʢʘʨʝʪʢʠ ʫ ʚʠʛʣʷʜʽ ʧôʷʣʝʮʴ ʟ ʪʝʢʩʪʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʥʘ 

ʩʭʝʤʽ ʥʝ ʟʦʙʨʘʞʝʥʽ. ʄʦʤʝʥʪ ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʄʪʨ. 

ɿʘʚʜʘʥʥʷ 2. ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ˙̋  ̅ʢʨʦʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ ʜʦ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ 1 ʱʦʙ ʡʦʛʦ ʢʫʪʦʚʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʨʽʚʥʶʚʘʣʦʩʴ Ů . 

 

 
 

ʈʠʩ. 5.2. ʂʽʥʝʤʘʪʠʯʥʘ 3D-ʩʭʝʤʘ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ʢʘʨʝʪʢʠ 3 ʽʟ  ʟʫʙʯʘʩʪʝ-ʧʘʩʦʚʦʶ ʧʝʨʝʜʘʯʝʶ  

 

  ʇʦʟʥʘʯʝʥʥʷ, ʷʢʽ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ:  

  r  ï ʨʘʜʽʫʩ ʟʦʚʥʽʰʥʽʡ  ʟʫʙʯʘʩʪʠʭ ʢʦʣʝʩ 1 ʽ 2 ; 

  ὶ ï ʨʘʜʽʫʩ ʚʥʫʪʨʽʰʥʽʡ ʟʫʙʯʘʩʪʠʭ ʢʦʣʝʩ 1 ʽ 2 ;  

  L ï ʪʦʚʱʠʥʘ ʟʫʙʯʘʩʪʠʭ ʢʦʣʝʩ ; 

           m1 = m2 ï ʤʘʩʘ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ; 

 m3 ï ʤʘʩʘ ʢʘʨʝʪʢʠ ; 

          J1=J2=J= 0,5 ά̈ ὶ̋ ὶ ) ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ; 

        Jʢʜ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ ʜʚʠʛʫʥʘ;  

            ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ.   
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       2.1. ɺʠʟʥʘʯʘʻʤʦ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʩʠʩʪʝʤʠ:  

 

E = 0,5 (Jʢʜ + J1  + J2  +
 ) ʖ  ,                                  (5.13) 

 

        ʜʝ    J1  ʪʘ J2  - ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʟʫʙʯʘʩʪʠʭ ʢʦʣʝʩ 1 ʽ 2 ; 

                       Jʢʜ - ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ; 

  

       2.2. ɺʠʟʥʘʯʘʻʤʦ ʧʦʭʽʜʥʫ ʚʽʜ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʯʘʩʦʤ:  

 

 = (Jʢʜ + J1  + J2Ö ) ÖɤÖŮ  +  ά  ÖὠÖÁ                           (5.14) 

 

       2.3. ʇʦʪʫʞʥʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʚ ʩʠʩʪʝʤʽ:  

  

    ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʧʦʜʦʣʘʥʥʷ ʤʦʤʝʥʪʫ ʚʽʜ ʩʠʣʠ ʪʝʨʪʷ: Pʪʨ = ʄʪʨ Öɤ . 

 

    ʇʦʪʫʞʥʽʩʪʴ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ:    PM =  ̇ ̋Ö̅ ɤ . 

 

              ʉʫʤʫ ʧʦʪʫʞʥʦʩʪʽ ʚʩʽʭ ʩʠʣ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʚʠʨʘʟʦʤ: 

 

×Pi = (̇ ̋  ̅- ʄʪʨ)Öɤ                                              (5.15) 

 

       2.4. ʇʦʭʽʜʥʘ ʚʽʜ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʯʘʩʦʤ   ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʪʫʞʥʽʩʪʶ ʚʩʽʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ×Pi , ʪʦʤʫ ʤʦʞʥʘ ʧʨʠʨʽʚʥʷʪʠ ʧʨʘʚʽ ʯʘʩʪʠʥʠ 

ʚʠʨʘʟʽʚ (5.14) ʪʘ (5.15): 

 

(Jʢʜ+ 2 J) ɤÖŮ  +  ά  ÖὠÖÁ =  (˙̋  ̅- ʄʪʨ) ɤ.                     (5.16)                                                                                                                            

 

ɿ ʚʠʨʘʟʫ (5.16) ʚʠʟʥʘʯʘʻʤʦ ʚʝʣʠʯʠʥʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʢʨʦʢʦʚʦʛʦ 

ʜʚʠʛʫʥʘ: 

 

˙̋  ̅= (Jʢʜ +2 J) Ů  + 
ÖÖ      

w
 + ʄʪʨ                                         (5.17) 
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5.3. ʈʦʟʨʘʭʫʥʦʢ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟ 

ʨʝʡʢʦʚʦʶ ʧʝʨʝʜʘʯʝʶ ʚ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʽ 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5.3. ʂʽʥʝʤʘʪʠʯʥʘ 3D-ʩʭʝʤʘ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟ  

ʨʝʡʢʦʚʦʶ ʧʝʨʝʜʘʯʝʶ 

 

ʄʦʜʫʣʴ ʤʽʩʪʠʪʴ ʢʨʦʢʦʚʠʡ ʧʨʠʚʦʜ ʽʟ ʟʫʙʯʘʩʪʝ-ʧʘʩʦʚʦʶ ʧʝʨʝʜʘʯʝʶ ʽ 

ʨʝʡʢʦʚʫ ʧʝʨʝʜʘʯʫ.  ʅʘ ʚʘʣʫ ʜʚʠʛʫʥʘ (ʨʠʩ. 5.3) ʟʘʢʨʽʧʣʝʥʘ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ 1, 

ʷʢʝ ʟʫʙʯʘʩʪʝ-ʧʘʩʦʚʦʶ ʧʝʨʝʜʘʯʝʶ ʧʝʨʝʜʘʻ ʨʫʭ ʟʫʙʯʘʩʪʦʤʫ ʢʦʣʝʩʫ 2 ʽ 

ʰʝʩʪʝʨʥʽ 3 ʟʫʙʯʘʩʪʦʾ ʨʝʡʢʠ 4. ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʚ ʨʝʡʢʦʚʽʡ ʧʝʨʝʜʘʯʽ  Ὢ̓  ̑.  

 

ɿʘʚʜʘʥʥʷ 3. ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ˙̋ ,̅ ʷʢʠʡ 

ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ ʜʦ ʰʝʩʪʝʨʥʽ, ʱʦʙ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʟʫʙʯʘʩʪʦʾ ʨʝʡʢʠ 

ʙʫʣʦ ʨʽʚʥʦ ʘ.   

 

ʇʦʟʥʘʯʝʥʥʷ, ʷʢʽ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ:  

Ὑ  i Ὑ  ï ʨʘʜʽʫʩ ʟʫʙʯʘʩʪʠʭ ʢʦʣʝʩ 1 ʽ 2, ʤ ; 

m1  ʽ J1   ʪʘ  m2 J2 ï ʤʘʩʘ ʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʫʙʯʘʩʪʠʭ ʢʦʣʝʩ,  ʢʛ, ʢʛÖ̍ ; 

Ὑ  ï ʨʘʜʽʫʩ ʰʝʩʪʝʨʥʽ 3, ʤ ; 

m3 , J3  ï ʤʘʩʘ ʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʰʝʩʪʝʨʥʽ,  ʢʛ, ʢʛÖ̍ ; 

m4 , J4 ï ʤʘʩʘ ʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʫʙʯʘʩʪʦʾ ʨʝʡʢʠ,  ʢʛ, ʢʛÖ̍  ; 

 Jʢʜ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʢʛÖ̍ ; 

  F ï ʪʷʛʥʫʯʝ ʢʘʨʝʪʢʫ ʟʫʩʠʣʣʷ, H ;  

  L ï ʜʦʚʞʠʥʘ ʟʫʙʯʘʩʪʦʾ ʨʝʡʢʠ, ʤ ;  

   ̔  ï ʧʝʨʝʜʘʪʦʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ; 

  g = 9,81 ʤ/̒ȟ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʨʫʭʫ ;   

 


