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ʚ ʦʙʨʦʙʥʽʡ ʩʠʩʪʝʤʽ ʪʘ ʥʘʜʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 
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ʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ 

ʧʨʦʡʰʣʠ ʧʨʘʢʪʠʯʥʫ ʘʧʨʦʙʘʮʽʶ.  
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ʇʦʷʚʘ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʟʦʙʦʚôʷʟʘʥʘ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʫ ʨʽʟʥʠʭ ʦʙʣʘʩ-

ʪʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʧʦʚôʷʟʘʥʠʤ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʟʽ 

ʩʢʣʘʜʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢʠʭ ʥʘ ʟʚʠʯʘʡʥʦʤʫ ʚʝʨʩʪʘʪʥʦʤʫ ʦʙʣʘ-

ʜʥʘʥʥʽ ʘʙʦ ʥʝʤʦʞʣʠʚʝ, ʘʙʦ ʥʘʜʟʚʠʯʘʡʥʦ ʫʩʢʣʘʜʥʝʥʝ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʚʝʨʩ-

ʪʘʪʽʚ ʟ ʏʇʋ ï ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʩʢʣʘʜʥʽ ʚʽʜʥʦʩʥʽ ʨʫʭʠ ʬʦʨ-

ʤʦʫʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʜʝʪʘʣʽ.  

ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʫʧʨʘʚʣʷʶʯʠʭ ʧʨʦʛʨʘʤ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʣʠʩʴ ʪʘʢ ʟʚʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʘʨʪʠ, ʪʦʙʪʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤ 

ʚʽʜʙʫʚʘʣʦʩʷ ʫ çʨʫʯʥʦʤʫè ʨʝʞʠʤʽ. ʆʩʥʦʚʥʠʤ ʥʦʩʽʻʤ ʧʨʦʛʨʘʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʙʫʣʠ ʧʝʨʬʦʨʦʚʘʥʽ ʩʪʨʽʯʢʠ. ʇʦʩʪʫʧʦʚʦ ʚʝʨʩʪʘʪʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟ ʏʇʋ, 

ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʽ ʧʨʠʚʦʜʠ ʫʜʦʩʢʦʥʘʣʶʚʘʣʠʩʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʦʚʽ ʤʦʞ-

ʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʦʙʨʦʙʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʫʩʢʣʘʜʥʶʚʘʣʠʩʴ ʟʘʜʘ-

ʯʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʨʦʟʰʠʨʶʚʘʣʘʩʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʜʝʪʘʣʝʡ, ʟʙʽʣʴʰʫʚʘʣʘʩʷ 

ʩʢʣʘʜʥʽʩʪʴ ʾʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ. ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʧʨʠʚʦʜʠʣʘ ʜʦ ʩʪʨʽʤʢʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ ʫʧʨʘʚʣʷʶʯʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʧʨʠ ʟʘʧʠʩʽ ʥʘ ʧʝʨ-

ʬʦʩʪʨʽʯʢʠ ʫʪʚʦʨʶʚʘʣʦ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ. ʏʘʩʪʢʦʚʝ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʧʦʣʷʛʘʣʦ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʮʠʢʣʽʚ, ʜʝ ʦʜʥʠʤ ʨʷʜʢʦʤ ʤʦʞʥʘ ʙʫʣʦ 

ʟʘʧʠʩʘʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʭ ʨʫʭʽʚ. ʇʨʦʪʝ, ʩʢʦʨʦ-

ʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʚʝʣʦ ʜʦ ʚʪʨʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʫʧʨʘʚʣʷʪʠ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ 

ʚʩʝʨʝʜʠʥʽ ʮʠʢʣʫ, ʭʦʯʘ ʜʝʷʢʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʣʠʰʠʣʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʧʦʩʪʽʡʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʜʽʘʤʝʪʨʫ ʦʙʨʦʙʢʠ ʩʪʫʧʽʥʯʘʩʪʦʾ ʜʝʪʘʣʽ ʥʘ ʪʦʢʘʨ-

ʥʦʤʫ ʚʝʨʩʪʘʪʽ. ʆʜʥʘʢ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʦʚʥʦʮʽʥʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʤʦʚʘ ʽʜʝ ʧʨʦ ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʶ.  

ʉʫʪʪʻʚʝ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʚʜʘʥʴ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʧʨʠʚʝʣʦ ʜʦ 

ʧʦʷʚʠ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ CAM (Computer Aided 

Manufacturing). ʇʝʨʰʠʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʙʫʣʠ ʧʨʦʛʨʘʤʽʩʪʠ ʽ ʬʘ-

ʭʽʚʮʽ ʟ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʪʦʤʫ ʱʦ ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʭ ʨʫʭʽʚ, ʪʦʙʪʦ ʚʽʜʪ-

ʚʦʨʝʥʥʷ ʬʦʨʤʠ ʜʝʪʘʣʽ, ʦʪʨʠʤʘʥʦʾ ʟ CAD ʩʠʩʪʝʤʠ (Computer Aided Design). 

ɿʦʚʩʽʤ ʥʝ ʙʨʘʣʦʩʷ ʜʦ ʫʚʘʛʠ, ʱʦ ʪʘʢʝ ʚʽʜʪʚʦʨʝʥʥʷ ʟʘʚʞʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʫ-

ʞʥʽʡ ʦʙʨʦʙʣʷʶʯʽʡ ʩʠʩʪʝʤʽ (ʆʉ) ʟ ʧʝʚʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ. ʇʨʠʟʥʘʯʝʥʥʷ 
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ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ (ʰʚʠʜʢʦʩʪʽ, ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʽ ʧʦʜʘʯʽ) ʧʦʚʥʽʩʪʶ ʚʽʜʜʘʥʦ ʥʘ 

ʨʦʟʩʫʜ ʪʝʭʥʦʣʦʛʘ-ʧʨʦʛʨʘʤʽʩʪʘ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʦʯʝʚʠʜʥʫ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽʩʪʴ 

ʫʤʦʚ ʨʽʟʘʥʥʷ ʟʘ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʶ ʪʨʘʻʢʪʦʨʽʻʶ. ʊʨʘʜʠʮʽʡʥʦ ʟʙʝʨʝʛʣʘʩʷ ʪʝʥ-

ʜʝʥʮʽʷ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʧʨʦʛʨʘʤʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʢʣʽʚ 

ʦʙʨʦʙʢʠ, ʷʢ ̔ʚʞʝ ʥʘʟʠʚʘʣʠʩʷ çʩʪʨʘʪʝʛʽʷʤʠè.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʧʦʷʚʫ ʥʦʚʠʭ ʟʘʩʦʙʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʫʧʨʘʚʣʷʶʯʠʭ ʧʨʦʛʨʘʤ, ʥʦʚʠʭ ʥʦʩʽʾʚ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ flash-ʧʘʤôʷʪʽ, ʧʦʪʫ-

ʞʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʫ ʚʝʨʩʪʘʪʥʠʭ ʩʠʩʪʝʤʘʭ ʏʇʋ, ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʧʨʦʛʨʘʤ ʟʘʣʠʰʠʣʠʩʷ ʥʝʟʤʽʥʥʠʤʠ. ɺ ʥʦʚʠʭ ʫʤʦʚʘʭ ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝ-

ʞʝʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʧʨʘʚʣʷʶʯʽʡ ʧʨʦʛʨʘʤʽ, ʨʦʟʚʠʪ-

ʢʫ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚ ʟʘʤʢʥʝʥʽʡ ʊʆʉ ʪʘʢʠʡ ʩʪʘʥ ʨʝʯʝʡ ʩʪʘʻ ʘʥʘʭ-

ʨʦʥʽʟʤʦʤ, ʱʦ ʩʪʨʠʤʫʻ ʧʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫ-

ʯʘʩʥʦʛʦ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʏʇʋ.  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʠʭ ʧʨʦʛʨʘʤ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʮʠʢʣʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʢʘʤʠ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥ-

ʥʷ ʟ ʏʇʋ ʽ ʥʘʜʘʻʪʴʩʷ ʚ ʽʥʩʪʨʫʢʮʽʷʭ ʦʧʝʨʘʪʦʨʘ-ʧʨʦʛʨʘʤʽʩʪʘ. ʇʨʦʪʝ, ʚʽʜʤʦʚʘ ʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʉɸʄ ʩʠʩʪʝʤ ʟʘʚʞʜʠ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʙʦ ʟʘ ʽʥʩʪʨʫʢʮʽʻʶ ʦʧʝʨʘʪʦʨʘ-ʧʨʦʛʨʘʤʽʩʪʘ ʧʨʦʛʨʘ-

ʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʪʽʡʮʽ ʚʝʨʩʪʘʪʫ, ʷʢʠʡ ʚ ʮʝʡ ʯʘʩ ʥʝ ʚʠ-

ʢʦʥʫʻ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʝʨʩ-

ʪʘʪʽʚ ʟ ʏʇʋ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʥʘʧʨʷʤʽ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ 

CAD/CAM ʩʠʩʪʝʤ, ʘ ʾʭ ʘʣʛʦʨʠʪʤʠ ʤʘʶʪʴ ʧʨʦʝʢʪʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚʽʜʪʚʦʨʝʥʥʷ 

ʬʦʨʤʠ ʜʝʪʘʣʽ, ʘ ʡ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʨʝʞʠʤ ʨʽʟʘʥʥʷ, ʫʨʘʭʦʚʫʶʯʠ ʟʤʽʥʥʽ ʫʤʦʚʠ 

ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʟ̔ ʟʘʛʦʪʦʚʢʠ, ʥʘʷʚʥʽʩʪʴ ʧʨʫʞʥʦʾ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʽ ʫ 

ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʝʩʴ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ.  

ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʧʨʫʞʥʽʡ ʦʙʨʦʙʥʽʡ ʩʠʩʪʝʤʽ ʽ ʟʘʚʞʜʠ ʩʫ-

ʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʽʙʨʘʮʽʻʶ. ʉʘʤʝ ʚʽʙʨʘʮʽʾ (chatter) ʻ ʦʩʥʦʚʥʠʤ ʩʪʨʠʤʫʶʯʠʤ ʬʘ-

ʢʪʦʨʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʘʥʥʷʤ. ʉʝʨʝʜ ʚʽ-

ʜʦʤʠʭ ʤʝʪʦʜʽʚ ʫʩʫʥʝʥʥʷ ʚʽʙʨʘʮʽʡ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʙʽʨ ʨʝʞʠʤʫ 

ʨʽʟʘʥʥʷ ʟʘ ʜʽʘʛʨʘʤʦʶ ʩʪʘʣʦʩʪʽ (Stability Lobes Diagram), ʦʩʢʽʣʴʢʠ ʮʝʡ ʤʝʪʦʜ ʥʝ 

ʚʠʤʘʛʘʻ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʽ ʣʝʛʢʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʚʝʨʩʪʘʪʽ 

ʟ ʏʇʂ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʽʙʨʘʮʽʡ ʫ ʚʠʛʣʷʜʽ ʨʝʛʝʥʝʨʘʪʠ-

ʚʥʠʭ ʘʚʪʦʢʦʣʠʚʘʥʴ ʻ ʦʙʨʦʙʣʝʥʥʷ ʧʦ ʩʣʽʜʫ. ɼʣʷ ʩʢʣʘʜʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦ-

ʜʝʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚ ʟʘʤʢʥʝʥʽʡ ʦʙʨʦʙʥʽʡ ʩʠʩʪʝʤʽ 
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ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʟʘ ʧʨʫʞʥʠʤ ʟʩʫʚʦʤ ʽ ʟ ʧʦʟʠʪʠʚʥʠʤ ʟʚʦʨʦʪ-

ʥʽʤ ʟʚôʷʟʢʦʤ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ʘʨʛʫʤʝʥʪʫ ʟʘʧʽʟʥʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʘʩʪʦʪʥʦ-

ʯʘʩʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʦ ʥʦʚʠʡ ʢʨʠʪʝʨʽʡ ʩʪʘʣʦ-

ʩʪʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʪʘʰʫʚʘʥʥʽ ʜʽʘʛʨʘʤʠ ʅʘʡʢʚʽʩʪʘ ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ ʧʣʦ-

ʱʠʥʽ. ʊʘʢʠʡ ʢʨʠʪʝʨʽʡ ʩʪʘʣʦʩʪʽ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ) ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʘʚ-

ʪʦʤʘʪʠʟʫʚʘʪʠ ʧʦʙʫʜʦʚʫ ʜʽʘʛʨʘʤʠ ʩʪʘʣʦʩʪʽ.  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ ʦʙ-

ʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ʅʘʚʝʜʝʥʦ ʨʝ-

ʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʬʫʥʢʮʽʾ ʽʤʧʫʣʴʩʥʦʛʦ ʚʽʜ-

ʛʫʢʫ ʧʽʩʣʷ ʾʾ ʦʙʨʦʙʢʠ ʰʚʠʜʢʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʌʫʨ'ʻ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʝʨʝʚʽʨʦʢ ʧʽʜ ʯʘʩ ʪʦʢʘʨʥʦʾ ʪʘ ʬʨʝʟʝʨʥʦʾ ʦʙʨʦ-

ʙʢʠ ʧʦʚʥʽʩʪʶ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʢʝʨʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʤʠ 

ʷʚʠʱʘʤʠ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ. 

ɺʠʨʽʰʝʥʥʶ ʪʘʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠʩʚʷʯʝʥʘ ʮʷ ʢʥʠʛʘ. 

ɺʠʢʣʘʜʝʥʽ ʤʝʪʦʜʠ, ʘʣʛʦʨʠʪʤʠ, ʧʨʦʮʝʜʫʨʠ ʽ ʧʽʜʭʦʜʠ, ʙʝʟʧʝʨʝʯʥʦ, ʥʝ ʻ ʚʠʯʝʨʧ-

ʥʠʤʠ ʽ ʻʜʠʥʦ ʤʦʞʣʠʚʠʤʠ. ʆʜʥʘʢ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʧʨʷʤ ʚʠʨʽʰʝʥʥʷ ʩʣʽʜ 

ʚʚʘʞʘʪʠ ʪʘʢʠʤ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦ-

ʙʣʝʤ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʉɸʄ ʩʠʩʪʝʤ ʟ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɸʚʪʦʨ ʚʧʝʚʥʝ-

ʥʠʡ, ʱʦ ʬʘʭʽʚʮʽ-ʥʘʫʢʦʚʮʽ ʪʘ ʽʥʞʝʥʝʨʠ, ʷʢʽ ʦʟʥʘʡʦʤʠʣʠʩʷ ʟ ʚʠʢʣʘʜʝʥʠʤ ʫ ʢʥʠ-

ʟʽ ʤʘʪʝʨʽʘʣʦʤ, ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʚʠʨʽʰʫʚʘʪʠʤʫʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʟʘʜʘʯʽ ʫʧʨʘʚ-

ʣ̔ ʥʥʷ ʧʨʦʮʝʩʘʤʠ ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ, ʚʧʝʚʥʝʥʦ ʧʨʦʩʫʚʘʪʠʤʫʪʴʩʷ 

ʚ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʩʤʽʣʠʚʦ ʟʥʘʭʦʜʠʪʠʤʫʪʴ ʥʦʚʽ ʽʜʝʾ ʽ ʚʪʽʣʶʚʘʪʠʤʫʪʴ 

ʾʭ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʠʥʮʠʧʘʤʠ ʜʽʘʣʝʢʪʠʯʥʦʛʦ ʧʟ̔ʥʘʥʥʷ ʩʚʽʪʫ, ʞʦʜʥʝ ʟ 

ʨʦʟʛʣʷʥʫʪʠʭ ʧʠʪʘʥʴ ʥʝ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʦʩʪʘʪʦʯʥʦ ʚʠʨʽʰʝʥʠʤ, ʘ ʣʠʰʝ ʧʨʝʜ-

ʩʪʘʚʣʷʻ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʧʨʘʢʪʠʯʥʦʾ ʥʘʫʢʠ ʫ ʙʘʯʝʥʥʽ ʘʚʪʦʨʘ. ʅʘʨʘʟʽ ʚʝʨʩʪʘʪʠ ʟ 

ʏʇʂ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʘʰʠʥʫ, ʷʢʘ ʫʧʨʘʚʣʷʻʪʴʩʷ ʮʠʬʨʦʶ, ʥʘʜʘʶʪʴ ʰʠʨʦʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʊʦʤʫ ʮʷ ʢʥʠʛʘ ʙʫʜʝ 

ʢʦʨʠʩʥʦʶ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʥʘʫʢʦʚʮʽʚ, ʷʢʽ ʧʨʘʛʥʫʪʴ ʨʦʟʚʠʚʘʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ ʪʘʢ ʽ ʚ ʧʨʘʢʪʠʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. 

ɸʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʱʠʨʫ ʧʦʜʷʢʫ ʚʩʽʤ ʥʘʫʢʦʚʮʷʤ, ʢʦʣʝʛʘʤ, ʘʩʧʽʨʘʥʪʘʤ, 

ʷʢʽ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʦʟʨʦʙʢʘʭ ʽ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʪʘ ʯʠʡ ʚʢʣʘʜ 

ʟʘʬʽʢʩʦʚʘʥʠʡ ʚ ʧʦʩʠʣʘʥʥʷʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʩʧʽʣʴʥʽ ʧʫʙʣʽʢʘʮʽʾ. 
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1.1. ʎʽʣʽ ʽ ʟʘʚʜʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʨʽʟʘʥʥʷ 

ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʢʝʨʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ 

ʚ ʡʦʛʦ ʢʣʘʩʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʥʘ ʷʢʠʡ ʜʽʶʪʴ ʨʽʟʥʽ ʟʙʫʨʶʶʯʽ ʚʧʣʠʚʠ (ʨʠʩ. 1.1). 

ʄʝʪʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʻ ʦʪʨʠʤʘʥʥʷ ʧʨʠʜʘʪʥʦʾ ʜʝʪʘʣʽ 

(ʧʦʚʝʨʭʥʽ) ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʘʙʦ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ.  

 

ʇʨʦʮʝʩ 

ʨ̔ʟʘʥʥ̫ 

 

ʋʧʨʘʚʣʥ̔ʥ̫ 
 

ʄʝʪʘ 

 

ɿʙʫʨʝʥʥ ̫

 

ʈʠʩ. 1.1. ʂʝʨʦʚʘʥʠʡ ʦʙ'ʻʢʪ 

ʇʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʚʝʨʩʪʘʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʧʨʫʞʥʽʡ 

ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʙʨʦʙʥʽʡ ʩʠʩʪʝʤʽ (ʊʆʉ), ʥʘ ʷʢʫ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʙʫ-

ʨʝʥʥʷ, ʱʦ ʟʘʚʘʞʘʶʪʴ ʜʦʩʷʛʥʝʥʥʶ ʤʝʪʠ ʫʧʨʘʚʣʽʥʥʷ. ʅʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʟʘ ʥʘʷʚʥʦ  ʁʤʦʜʝʣʣ  ʁʧʨʦʮʝʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ 

ʙʽʣʴʰʽʩʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʟʙʫʨʝʥʴ, ʘʙʦ ʭʦʯ ʙ ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʽ ʟ ʥʠʭ. ɼʘʣʽ, ʧʨʠ 

ʚʠʙʦʨʽ ʫʧʨʘʚʣʽʥʴ, ʷʢʠʤʠ ʥʘʡʯʘʩʪʽʰʝ ʻ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʟʘʩʪʦʩʦʚʫ-

ʶʪʴ ʜʚʘ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ ʧʽʜʭʦʜʠ. ʇʝʨʰʠʡ ʧʝʨʝʜʙʘʯʘʻ ʚʠʙʽʨ ʧʦʩʪʽʡʥʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ, ʷʢʽ ʧʨʠʟʥʘʯʘʶʪʴ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦʙ ʧʨʠ ʷʢ-

ʥʘʡʛʽʨʰʦʤʫ ʧʦʻʜʥʘʥʥʽ ʟʙʫʨʝʥʴ ʦʪʨʠʤʘʪʠ ʧʨʠʜʘʪʥʫ ʜʝʪʘʣʴ. ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʧʦ-

ʣʷʛʘʻ ʚ ʧʝʨʤʘʥʝʥʪʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʨʝʞʠʤʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʜʦʤʠʭ ʧʨʠʥʮʠʧʽʚ 
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ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʚ ʜʘʥʠʡ ʯʘʩ ʤʦʞʥʘ ʩʤʽʣʠʚʦ ʚʚʘ-

ʞʘʪʠ ʘʥʘʭʨʦʥʽʟʤʦʤ [1]. 

ʆʪʞʝ, ʧʝʨʰʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʥʘ ʧʨʘʢʪʠʮʽ ʟʘ-

ʚʜʷʢʠ ʩʚʦʾʡ ʧʨʦʩʪʦʪʽ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʚʪʨʘʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ʇʨʠʯʦʤʫ ʚʪʨʘʪʠ ʙʫʜʫʪʴ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʜʽʘʧʘʟʦʥ ʢʦʣʠʚʘʥʥʷ ʟʙʫʨʝʥʴ ʽ 

ʯʠʤ ʩʠʣʴʥʽʰʝ ʾʭ ʚʧʣʠʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʙʨʦʙʮʽ 

ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʤʽʥʦʶ ʫʤʦʚ ʦʙʨʦʙʢʠ ʧʦ 

ʢʦʥʪʫʨʫ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ, ʮʽ ʚʪʨʘʪʠ ʜʦʩʷʛʘʶʪʴ 200-300% ʦʩʥʦʚʥʦʛʦ ʯʘʩʫ. ʊʦʤʫ, 

ʧʨʠ ʚʠʙʦʨʽ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʨʘʟʦʤ ʽʟ ʟʘʚʜʘʥʥʷʤ ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʴʦʛʦ 

ʧʨʦʮʝʩʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʢʦʤʧʝʥʩʘʮʽʾ ʘʙʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʙʫʨʝʥʴ, 

ʷʢʽ ʜʽʶʪʴ ʥʘ ʩʠʩʪʝʤʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʟʠʪʠ ʧʨʦʮʝʩ ʜʦ ʩʪʘʮʽ-

ʦʥʘʨʥʦʛʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʽ ʜʚʘ ʟʘʚʜʘʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʘʥʽ, ʦʩʢʽʣʴʢʠ ʟʙʫʨʝʥʥʷ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʫʧʨʘʚʣʽʥʴ, 

ʘ ʪʘʢʦʞ ʟʘʢʦʥʠ ʘʙʦ ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʷ, ʥʘʡʩʠʣʴʥʽʰʝ ʮʽ ʟʙʫʨʝʥʥʷ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ ʦʙʨʦʙ-

ʮʽ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʢʦʣʠ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʟʙʫʨʶʶʯʠʭ ʯʠʥʥʠʢʽʚ, ʘ ʩʘʤʝ: 

ʟʤʽʥʽ ʧʨʠʧʫʩʢʫ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ, ʽʥ-

ʩʪʨʫʤʝʥʪʫ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ, ʜʦʜʘʶʪʴʩʷ ʟʙʫʨʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ̔ʩʢʣʘʜʥʠʤ ʚʽʜʥʦʩ-

ʥʠʤ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʠʤ ʨʫʭʦʤ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʟʘʛʦʪʦʚʢʠ ʽ ʙʝʟʧʝʨʝʨʚʥʦʶ 

ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ ʧʨʠʧʫʩʢʫ, ʱʦ ʟʨʽʟʫʻʪʴʩʷ.  

ʗʢ ʽʣʶʩʪʨʘʮʽʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʴ ʧʨʠ ʢʦʥ-

ʪʫʨʥʽʡ ʦʙʨʦʙʮʽ ʙʫʜʴ-ʷʢʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ ʤʘʻ ʧʦʯʘʪʢʦʚʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ 

ʧʦʚʝʨʭʥʶ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʘ. ʅʘ ʨʠʩ. 1.2, ʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪ-

ʚʦʨʝʥʥʷ ʨʽʟʘʥʥʷʤ ʢʦʥʪʫʨʫ 1 ʜʝʪʘʣʽ (ʇ ï ʧʦʯʘʪʦʢ, ʂ ï ʢʽʥʝʮʴ ʢʦʥʪʫʨʫ), ʢʦʣʠ 

ʟʘʛʦʪʦʚʢʘ ʤʘʻ ʘʙʩʦʣʶʪʥʦ ʝʢʚʽʜʠʩʪʘʥʪʥʠʡ ʧʨʠʧʫʩʢ (ʣʽʥʽʷ 2). ɺʠʭʦʜʷʯʠ ʟ ʛʝʦ-

ʤʝʪʨʠʯʥʠʭ ʫʤʦʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʮʝʥʪʨ ʽʥʩʪʨʫʤʝʥʪʫ ʨʫʭʘʻʪʴʩʷ ʟʘ ʝʢʚʽʜʠʩʪʘ-

ʥʪʦ  ʁ3 ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʗʩʥʦ, ʱʦ ʫʤʦʚʠ ʩʠʣʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫ-

ʤʝʥʪʫ ʽ ʟʘʛʦʪʦʚʢʠ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʰʘʨʫ ʧʨʠʧʫʩʢʫ, ʱʦ ʟʨʽʟʫʻʪʴ-

ʩʷ, ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʜʫʛʠ ʨʽʟʘʥʥʷ ɸɺ, ʜʦʚʞʠʥʘ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʷʢʦʾ ʧʨʠ ʨʽʟʥʠʭ 

ʧʦʣʦʞʝʥʥʷʭ ʽʥʩʪʨʫʤʝʥʪʫ ʽʩʪʦʪʥʦ ʨʦʟʨʽʟʥʷʻʪʴʩʷ. ʊʦʤʫ ʚʝʢʪʦʨ F ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʪʘʢʦʞ ʟʤʽʥʶʻ ʩʚʦʶ ʚʝʣʠʯʠʥʫ ʽ ʥʘʧʨʷʤ ʚ ʧʣʦʱʠʥʽ YOX. ɺʝʢʪʦʨ ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʥʘ ʨʠʩ. 1.2, ʘ ʟʦʙʨʘʞʝʥʠʡ ʚ ʧʨʠʧʫʱʝʥʥʽ ʨʫʭʫ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦ  ʁʟ ʧʦʩʪʽʡʥʦʶ 

ʧʦʜʘʯʝʶ fʝ. 

ɺʽʜʦʤʦ, ʱʦ ʤʘʡʞʝ ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʦʙʨʦʙʢʠ ʛʦʣʦʚʥʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ ʚʠ-

ʟʥʘʯʘʻ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ Q (MRR ï Material 
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Removal Rate) ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʜʫʛʠ ʨʽʟʘʥʥʷ. 

ʅʘ ʨʠʩ. 1.2, ʙ ʧʦʢʘʟʘʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʮʴʦʛʦ ʥʘʡʚʘʞʣʠʚʽʰʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʦ-

ʮʝʩʫ ʨʽʟʘʥʥʷ ʧʦ ʨʦʟʛʦʨʪʮʽ ʜʦʚʞʠʥʠ ʝʢʚʽʜʠʩʪʘʥʪʠ. ɺʠʜʥʦ, ʱʦ ʧʨʦʮʝʩ ʻ ʢʚʘʟʽʩ-

ʪʘʮʽʦʥʘʨʥʠʤ, ʽ ʮʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʨʠʚʝʜʝ ʜʦ ʽʩʪʦʪʥʦʾ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦʙ-

ʣʝʥʽʡ ʧʦʚʝʨʭʥʽ ʟʘ ʾʾ ʜʦʚʞʠʥʦʶ (ʰʦʨʩʪʢʽʩʪʴ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦ-

ʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʦʱʦ). ʆʩʢʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʟʘʣʝ-

ʞʠʪʴ ʪʘʢʦʞ ʽ ʚʽʜ ʧʦʜʘʯʽ fʝ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦ  ʁʮʝʥʪʨʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʟ'ʷʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʟʘ ʨʘʭʫʥʦʢ 

ʫʧʨʘʚʣʽʥʥʷ ʮʽʻʶ ʧʦʜʘʯʝʶ. ʇʝʨʝʜʙʘʯʫʚʘʥʠʡ ʟʘʢʦʥ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ fʝ ʟʘ 

ʝʢʚʽʜʠʩʪʘʥʪʦ  ʁʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.2, ʙ. ɺʽʥ ʚʠʧʣʠʚʘʻ 

ʟ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʫʤʦʚ ʢʦʥʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʜʦ ʫʤʦʚ ʦʙʨʦʙʢʠ ʧʦʚʝ-

ʨʭʥʽ ʧʦʩʪʽʡʥʦʾ ʢʨʠʚʠʟʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʥʘ 

ʚʩʽʭ ʜʽʣʴʥʠʮʷʭ ʢʦʥʪʫʨʫ ʙʫʜʝ ʦʜʥʘʢʦʚʦʶ. 
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ʚ)      ʛ) 
ʈʠʩ. 1.2. ʋʧʨʘʚʣʽʥʥʷ ʧʨʠ ʢʦʥʪʫʨʥʽʡ ʦʙʨʦʙʮʽ  

 

ʊʝʧʝʨ ʥʘʩʪʫʧʘʻ ʯʝʨʛʘ ʚʠʢʦʥʘʥʥʷ ʛʦʣʦʚʥʦʾ ʤʝʪʠ ʫʧʨʘʚʣʽʥʥʷ: ʤʽʥʽʤʽʟʫʚʘ-

ʪʠ ʯʘʩ ʦʙʨʦʙʢʠ. ʊʫʪ, ʙʝʟʫʤʦʚʥʦ, ʧʦʚʠʥʥʝ ʚʠʨʽʰʫʚʘʪʠʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʙʘʞʘʥʦ ʚ ʪʘʢʦʤʫ ʬʦʨʤʫʣʶʚʘʥʥʽ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ ʾʾ ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʦʶ. 
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ʅʘʧʨʠʢʣʘʜ: ʚʠʙʨʘʪʠ ʪʘʢʠʡ ʨʽʚʝʥʴ ʟʤʽʥʠ ʧʦʜʘʯʽ fʝ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦ  ʁ(ʪʦʙʪʦ ʾʾ 

çʩʝʨʝʜʥʶè ʚʝʣʠʯʠʥʫ fʦ), ʱʦʙ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʜʦʚʦʣʴʥʷ-

ʣʠʩʷ ʚʩʽ ʫʤʦʚʠ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘ ʨʠʩ. 1.2, ʚ ʧʦʟʥʘʯʝ-

ʥʠʡ ʤʦʞʣʠʚʠʡ ʤʝʪʦʜ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʦʪʨʠ-

ʤʘʥʦʛʦ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ fʝ ʚ ʧʦʣʦʞʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʝ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʨʽʚʥʶ çʩʝʨʝʜʥʴʦʾè ʧʦʜʘʯʽ fʦ. ʆʧʪʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ çʩʝʨʝʜʥʴʦʾè ʧʦʜʘʯʽ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʩʪʘʥʜʘʨʪʥʦʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢ ʜʣʷ 

ʧʦʚʝʨʭʥʽ ʧʦʩʪʽʡʥʦʾ ʢʨʠʚʠʟʥʠ. 

ʇʨʦʪʝ ʪʘʢʝ ʫʧʨʘʚʣʽʥʥʷ, ʭʦʯʘ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʫʤʦʚ ʨʽʟʘʥʥʷ 

ʧʦ ʢʦʥʪʫʨʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘ ʧʨʠʡʥʷʪʠʤ ʢʨʠʪʝʨʽʻʤ (ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ 

ʦʙʨʦʙʢʠ), ʘʣʝ ʥʝ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʩʠʣʫ ʨʽʟʘʥʥʷ ʟ ʧʨʠʯʠʥʠ ʨʽʟʥʦʛʦ 

ʚʧʣʠʚʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ Q ʽ ʧʦʜʘʯʽ ʥʘ ʩʠʣʦʚʽ ʽ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ. 

ʂʨʽʤ ʪʦʛʦ, ʚʟʘʛʘʣʽ ʥʝ ʩʣʽʜ ʯʝʢʘʪʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʢʣʘʜʦʚʠʭ Fx ʽ Fy ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʭʦʯ ʙʠ ʫʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʥʘʧʨʷʤʫ ʚʝʢʪʦʨʘ ʩʠʣʠ ʚ ʧʣʦʱʠʥʽ XOY (ʨʠʩ. 1.2, ʛ).  

ʅʘ ʜʦʜʘʪʦʢ, ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʥʦʾ ʊʆʉ ʧʦ ʨʽʟʥʠʭ ʥʘʧʨʷʤʘʭ ʟʘʚʞʜʠ ʨʽʟʥʽ ʽ 

ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʚʠʢʣʠʢʘʥʽ ʩʢʣʘʜʦʚʠʤʠ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʪʘʢʦʞ ʙʫʜʫʪʴ ʨʽʟʥʠ-

ʤʠ. ʅʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʭʠʙʢʠ d ʦʙʨʦʙʢʠ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʥʦʨʤʘʣʣ  ʁʜʦ ʢʦ-

ʥʪʫʨʫ, ʮʽ ʧʨʫʞʥʽ ʟʩʫʚʠ ʚʧʣʠʚʘʶʪʴ ʧʦ-ʨʽʟʥʦʤʫ. ɺʩʝ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜ-

ʥʦʩʪʽ ʚʚʦʜʠʪʠ ʪʨʝʪʶ ʜʽʶ, ʱʦ ʫʧʨʘʚʣʷʻ, ʫ ʚʠʛʣʷʜʽ ʢʦʨʝʢʮʽʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʮʝʥʪʨʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʘ ʚʞʝ ʥʝ ʙʫʜʝ ʝʢʚʽʜʠʩʪʘʥʪʥʦʶ.  

ʈʦʟʛʣʷʥʫʪʠʡ ʧʨʠʢʣʘʜ ʧʝʨʝʢʦʥʣʠʚʦ ʧʦʢʘʟʫʻ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʴ, 

ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʧʦʚʠʥʥʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʥʘʩʪʫʧ-

ʥʽʡ ʩʪʨʦʛʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1. ʉʪʘʙʽʣʽʟʘʮʽʷ ʫʤʦʚ ʨʽʟʘʥʥʷ. 

2. ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. 

3. ʂʦʨʝʢʮʽʷ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʪʨʘʻʢʪʦʨʽʾ. 

ɿʚʠʯʘʡʥʦ, ʥʘ ʧʦʯʘʪʢʫ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦ-

ʚʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʫʧʨʘʚʣʷʶʯʽ ʚʧʣʠʚʠ, ʷʢʽ ʥʘʡʩʠʣʴʥʽʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʽ 

ʣʝʛʢʦ ʟʤʽʥʶʶʪʴʩʷ. ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʠʜʽʚ ʦʙʨʦʙʢʠ ʪʘʢʠʤ ʫʧʨʘʚʣʽʥ-

ʥʷʤ ʻ ʧʦʜʘʯʘ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦ .ʁ 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʝ ʜʣʷ ʚʩʽʭ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʚʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʧʫʥʢ-

ʪʠ ʦʙʦʚ'ʷʟʢʦʚʽ ʜʦ ʚʠʢʦʥʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʙʨʦʙʮʽ ʛʣʘʜʢʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʜʝʪʘʣʽ ʪʦʯʽʥʥʷʤ ʧʨʠ ʝʚʽʜʠʩʪʘʥʪʥʦʤʫ ʧʨʠʧʫʩʢʫ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʫʤʦʚ ʨʽʟʘʥʥʷ ʧʦ 

ʭʦʜʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʘʙʝʟʧʝʯʝʥʘ ʩʘʤʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʜʝʪʘʣʽ ʽ ʩʧʦʩʦʙʦʤ 
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ʦʙʨʦʙʢʠ. ʇʨʦʪʝ, ʤʦʞʥʘ ʟ ʫʧʝʚʥʝʥʽʩʪʶ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʚʘ ʧʦʜʘʣʴʰʠʭ ʧʫʥ-

ʢʪʠ ʦʙʦʚ'ʷʟʢʦʚʽ ʟʘʚʞʜʠ. 

ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʷ, ʥʘʡʜʦʮʽʣʴʥʽʰʝ ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ ʫʧʨʘʚ-

ʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ, ʦʩʢʽʣʴʢʠ ʥʘ ʥʠʭ ʦʩʥʦʚʥʠʡ ʯʘʩ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʽʟʘʥʥʷ, ʚʝʣʠʢʘ ʚʘʨʪʽʩʪʴ ʦʩʥʦʚʥʦʛʦ ʯʘʩʫ ʦʙʨʦ-

ʙʢʠ, ʻ ʰʠʨʦʢʽ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʠʭ ʟʘʢʦʥʽʚ ʫʧʨʘʚ-

ʣʽʥʥʷ ʽ, ʚʨʝʰʪʽ-ʨʝʰʪ, ʩʘʤʝ ʥʘ ʮʠʭ ʚʝʨʩʪʘʪʘʭ ʥʘʡʯʘʩʪʽʰʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʪʫʨ-

ʥʘ ʦʙʨʦʙʢʘ ʽ ʦʙʨʦʙʢʘ ʩʢʣʘʜʥʠʭ 3-D ʧʦʚʝʨʭʦʥʴ. ɺʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʧʨʠ ʤʽʥʽʤʘʣʴ-

ʥʠʭ ʚʠʪʨʘʪʘʭ ʥʘ ʘʚʪʦʤʘʪʠʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʛʨʘʰ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʙʘʛʘʪʦʩʝʨʽʡʥʦʤʫ ʽ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽ-

ʜʥʠʤ ʙʫʜʝ ʪʘʢʦʞ ʦʩʥʘʱʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʝʨʩʪʘʪʽʚ ʩʠʩʪʝ-

ʤʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ ʻ ʦʧʝʨʘʮʽʾ ʦʙ-

ʨʦʙʢʠ 3-D ʧʦʚʝʨʭʦʥʴ. ɼʽʡʩʥʦ, ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʦʾ 3-D ʧʦʚʝʨʭʥʽ ʽʩʪʦʪʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʦʮʝʩʽʚ ʢʦʥʪʫʨʥʦʾ ʦʙʨʦʙʢʠ (2-D) ʽ ʪʠʤ ʙʽʣʴʰʝ ʚʽʜ ʦʙʨʦʙʢʠ 

ʧʦʚʝʨʭʦʥʴ ʧʦʩʪʽʡʥʦʾ ʢʨʠʚʠʟʥʠ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʩʢʣʘʜʥʠʭ ʪʨʘʻ-

ʢʪʦʨʽʷʭ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʨʫʭʽʚ, ʬʦʨʤʽ ʧʦʯʘʪʢʦʚʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦ-

ʚʝʨʭʥʽ, ʬʦʨʤʽ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʽʚʢʠ ï ʪʦʙʪʦ ʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʫʤʦ-

ʚʘʭ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʽʩʪʦʪʥʘ ʟʤʽʥʘ ʚʝʢʪʦʨʘ Q ʛʝʦʤʝʪʨʠ-

ʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ ʧʨʠʧʫʩʢʫ (ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ), ʱʦ ʟʨʽʟʫʻʪʴʩʷ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʽʣʴʥʠʮʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ 

ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ. 

ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʜʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʦʾ 3-D 

ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʝ ʙʝʟʧʝʨʝʨʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʜʝʩʪʘʙʽʣʽ-

ʟʫʶʯʦʾ ʜʽʾ ʧʦʟʥʘʯʝʥʠʭ ʟʙʫʨʝʥʴ. ʆʩʢʽʣʴʢʠ ʪʘʢʝ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʝ ʚʠʢʦʥʫʚʘ-

ʪʠʩʷ ʫ ʬʫʥʢʮʽʾ ʚʝʜʫʯʦʾ ʢʦʦʨʜʠʥʘʪʠ ʦʙʨʦʙʢʠ, ʪʦʙʪʦ ʙʫʪʠ ñʰʚʠʜʢʠʤò, ʫ ʷʢʦʩʪʽ 

ʫʧʨʘʚʣʽʥʴ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʽ, ʟʤʘʱʫʚʘʣʴʥʦ-ʦʭʦʣʦʜʞʫʶʯʝ ʪʝʭʥʦʣʦʛʽʯ-

ʥʝ ʩʝʨʝʜʦʚʠʱʝ (ɿʆʊʉ), ʘʙʦ ʤʘʪʝʨʽʘʣ ʽʥʩʪʨʫʤʝʥʪʫ. ɼʽʡʩʥʦ, ʷʢʫ ʙ ʤʘʨʢʫ ʽʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʘʙʦ ɿʆʊʉ ʥʝ ʚʠʙʠʨʘʪʠ, ʫʩʫʥʫʪʠ ʘʙʦ ʢʦʤʧʝʥʩʫʚʘ-

ʪʠ ʜʽʶ ʛʦʣʦʚʥʦʛʦ ʜʝʩʪʘʙʽʣʽʟʫʶʯʦʛʦ ʯʠʥʥʠʢʘ ï ʚʝʢʪʦʨʘ Q ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʰʘʨʫ ʧʨʠʧʫʩʢʫ, ʱʦ ʟʨʽʟʫʻʪʴʩʷ, ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ, ʥʝ ʚʜʘʩʪʴʩʷ. ʅʘʚʧʘʢʠ, ʷʢ ʫʧʨʘʚʣʽʥʥʷ, ʧʽʜʭʦʜʷʪʴ ʧʦʜʘʯʘ ʬʦʨʤʦʫʪʚʦ-

ʨʶʚʘʣʴʥʦʛʦ ʨʫʭʫ, ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʘ ʧʨʠ ʙʘʛʘʪʦʧʨʦʭʽʜʥʽʡ ʦʙʨʦʙʮʽ ʽ ʧʦʧʝʨʝ-

ʯʥʘ ʧʦʜʘʯʘ (ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ).  
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ʋ ʤʝʪʘʣʦʦʙʨʦʙʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʚʘ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ 

ʾʭ ʢʦʤʙʽʥʘʮʽʾ: ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʦʤʠʣʢʦʶ ʽ ʟʘ ʟʙʫʨʝʥʥʷʤ. ʋʧʨʘʚʣʽʥʥʷ ʟʘ ʧʦʤʠʣ-

ʢʦʶ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʟ 

ʟʚʦʨʦʪʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ ʽ ʤʦʜʝʨʥʽʟʘʮʽʶ ʫʩʪʘʪʢʫʚʘʥʥʷ [2]. ʋʧʨʘʚʣʽʥʥʷ ʟʘ ʟʙʫ-

ʨʝʥʥʷʤ ʚʠʤʘʛʘʻ ʪʦʯʥʦʛʦ ʟʥʘʥʥʷ ʘʜʝʢʚʘʪʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʽ 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ ʙʝʟ ʙʫʜʴ-ʷʢʦʾ ʡʦʛʦ ʤʦʜʝʨʥʽʟʘʮʽʾ. 

ʇʨʠʯʦʤʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʠʭ 3-D ʧʦʚʝʨ-

ʭʦʥʴ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʷ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʛʦʣʦʚʥʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʟʙʫʨʝʥʥʷ ʪʘʢ ʯʠ ʽʥ-

ʘʢʰʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʛʝʦʤʝʪʨʠʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʧʦʯʘʪʢʦʚʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦ-

ʚʝʨʭʥʽ ʽ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʚʠ-

ʟʥʘʯʝʥʽ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʟʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯ-

ʥʦʾ ʤʦʜʝʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʦʙʨʦʙʢʠ (ʪʦ-

ʯʽʥʥʷ, ʬʨʝʟʝʨʫʚʘʥʥʷ, ʰʣʽʬʫʚʘʥʥʷ) ʮʷ ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦ-

ʧʦʚʥʝʥʘ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʚʠʩʦʢʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ, ʦʙʦʚ'ʷʟʢʦʚʠʤ ʻ ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ, ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʥʦʰʫʚʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʟʙʫʨʝʥʥʷʤ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʟʘʢʦʥʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʦʛʦ ʨʫʭʫ, ʢʦʨʝʢʮʽʾ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦ-

ʫʪʚʦʨʝʥʥʷ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʧʨʦʭʦʜʽ, ʘ ʧʨʠ ʙʘʛʘʪʦʧʨʦʭʽʜʥʽʡ ʦʙʨʦʙʮʽ ï ʱʝ ʽ ʨʦʟ-

ʨʘʭʫʥʦʢ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʧʨʠʧʫʩʢʫ, ʱʦ ʟʨʽʟʫʻʪʴʩʷ, ʧʦ ʨʦʙʦʯʠʭ ʭʦʜʘʭ. ʈʦʟʨʘ-

ʭʫʥʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʨʽʦʨ-

ʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʝʪʘʧʽʚ: ʩʪʘʙʽʣʽʟʘ-

ʮʽʷ ï ʦʧʪʠʤʽʟʘʮʽʷ ï ʢʦʨʝʢʮʽʷ. 

ʉʪʘʙʽʣʽʟʘʮʽʷ ʧʨʠʧʫʩʢʘʻ ʫʧʨʘʚʣʽʥʥʷ ʰʚʠʜʢʽʩʪʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʰʣʷ-

ʭʦʤ ʦʜʥʦʯʘʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʦʛʦ ʨʫʭʫ ʫ ʥʘʧʨʷʤʽ 

ʧʦʪʦʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʦʙʨʦʙʢʠ ʽ ʧʦʧʝʨʝʯʥʦʶ ʧʦʜʘʯʝʶ ʧʨʠ ʙʘʛʘʪʦʧʨʦʭʽʜʥʽʡ 

ʦʙʨʦʙʮʽ. ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʜʣʷ ʪʠʭ ʚʠʜʽʚ ʦʙʨʦʙʢʠ, ʜʝ ʩʘʤʦʶ ʩʭʝʤʦʶ ʟʨʽʟʫ-

ʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʟʘʙʝʟʧʝʯʝʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʘʙʦ ʪʘʤ, ʜʝ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʞʠʤʽʚ 

ʨʽʟʘʥʥʷ ʥʝ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʤʦʞʥʘ ʦʙʽʡʪʠʩʷ ʙʝʟ 

ʧʝʨʰʦʛʦ ʝʪʘʧʫ. ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ. ʇʽʩʣʷ, ʧʨʠ ʤʦ-

ʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʽʟ ʟʥʘʡʜʝʥʠʤ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʽʥʥʷ ʰʚʠ-

ʜʢʽʩʪʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʚʠʢʦʥʫʶʪʴ ʨʦʟʨʘʭʫʥʦʢ ʢʦʨʝʢʮʽʾ. ʂʦʨʝʢʮʽʷ ʪʨʘʻʢʪʦʨʽʾ 

ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʦʛʦ ʨʫʭʫ ʦʟʥʘʯʘʻ ʟʤʽʥʫ ʪʨʘʻʢʪʦʨʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʛʝʦʤʝʪʨʠʯ-

ʥʦʶ ʝʢʚʽʜʠʩʪʘʥʪʦʶ ʽ ʦʩʦʙʣʠʚʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʊʆʉ ʟ ʧʦʥʠʞʝʥʦʶ ʘʙʦ ʽʩ-

ʪʦʪʥʦ ʟʤʽʥʥʦʶ ʫ ʥʘʧʨʷʤʽ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʞʦʨʩʪʢʽʩʪʶ.  
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ʇʦʧʝʨʝʜʥʽ ʧʨʘʢʪʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʪʘʢʦʤʫ ʫʧʨʘʚʣʽʥ-

ʥʽ ʚʜʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ ʪʽʣʴʢʠ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ 3-D ʧʦʚʝʨʭʥʽ 

ʥʘ ʚʩʽʭ ʜʽʣʴʥʠʮʷʭ, ʘʣʝ ʽ ʾʾ ʥʝʦʙʭʽʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʯʘʩʽ ʦʙʨʦʙʢʠ.  

ʆʪʞʝ, ʙʝʟ ʩʫʤʥʽʚʫ, ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʽ ʘʢʪʫʘʣʴʥʦʶ. ɺʘʥʘ ʤʘʻ ʚʠʨʽʰʫʚʘʪʠʩʴ ʚ ʉɸʄ ʩʠʩʪʝʤʽ 

ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʝʨʰʠʭ ʜʚʦʭ ʫʤʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦ-

ʮʝʩʫ ʦʙʨʦʙʣʝʥʥʷ: ʩʪʘʙʽʣʽʟʘʮʽʾ ʽ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʨʦʪʝ, ʩʣʽʜ ʥʝ ʟʘʙʫʚʘʪʠ, ʱʦ ʧʨʦʝ-

ʢʪʫʚʘʥʥʷ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʭ ʪʨʘʻʢʪʦʨʽʡ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʝʞ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʙʫʜʝ ʩʧʦʩʪʝ-

ʨʽʛʘʪʠʩʷ ʽ ʥʘʜʘʣʽ, ʦʩʢʽʣʴʢʠ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʢʽʥʝʤʘʪʠʯʥʽ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦ-

ʨʝʥʥʷ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ ʚʝʨʩʪʘʪʫ ʟ ʏʇʋ, 

ʥʘʧʨʠʢʣʘʜ, ʛʝʢʩʘʧʦʜʽʙʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʚ ʷʢʠʭ ʚʠʛʽʜʥʦ ʦʙʨʦʙʣʷʪʠ ʪʫ 

ʯʠ ʽʥʰʫ ʧʦʚʝʨʭʥʶ, ʘ çʫʥʽʚʝʨʩʘʣʴʥʽè ʉɸʄ ʩʠʩʪʝʤʠ ʥʝ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ʉʘʤʝ ʟ ʮʴʦʛʦ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʚʠʢʣʘʜʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚ ʥʘʩʪʫʧʥʽʡ ʛʣʘʚʽ. 

 

1.2. ʆʩʥʦʚʥ ̔ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʥ̔ʥ̫  ʧʨʦʮʝʩʦʤ ʨʟ̔ʘʥʥ̫ 

ʇʽʜ ʫʧʨʘʚʣʽʥʥʷʤ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʩʝʥʩʽ, ʨʦʟʫʤʽʶʪʴ ʚʧʣʠʚ ʥʘ ʩʠʩʪʝʤʫ ʟ ʤʝ-

ʪʦʶ ʟʤʽʥʠ ʾʾ ʩʪʘʥʫ ʚ ʙʘʞʘʥʦʤʫ ʥʘʧʨʷʤʽ. ʋʧʨʘʚʣʽʥʥʷ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʪʘʻ ʚʩʝ 

ʙʽʣʴʰ ʚʘʞʢʦ  ʁʩʧʨʘʚʦʶ, ʪʦʤʫ ʯʘʩʪʦ ʛʦʚʦʨʷʪʴ ʧʨʦ ʤʠʩʪʝʮʪʚʦ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʝ 

ʦʜʥʦʯʘʩʥʦ ʻ ʥʘʫʢʦʶ. ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʪʝʭʥʽʮʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʻ ʢʝʨʦʚʘʥʠʤʠ, ʪʦʙʪʦ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʧʣʠʚʫ ʥʘ ʩʠʩʪʝʤʫ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ, ʷʢ ʤʽʥʽʤʫʤ, ʟʥʘʡʪʠ ʚʧʣʠʚ, ʷʢʠʡ 

ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʥʘ ʤʝʪʫ ʫʧʨʘʚʣʽʥʥʷ. ʆʩʢʽʣʴʢʠ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʯʝʨʝʟ ʩʠʩʪʝʤʫ, ʱʦ ʤʘʻ ʧʝʚʥ ̔ʬʽʟʠʯʥ ̔ʚʣʘʩʪʠʚʦʩʪ ̔ʟʘ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽ-

ʦʥʫʚʘʥʥʷ ʪʘ ʚʧʣʠʚʠ, ʱʦ ʟʙʫʨʶʶʪʴ, ʙʫʜʴ-ʷʢʝ ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʪʘ-

ʢʠʡ ʣʘʥʮʶʛ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʽ ʢʦʤʧʝʥʩʫʚʘʪʠ ʜʽʶ ʟʙʫʨʝʥʴ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʚʩʽ ʚʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʟʘ ʦʜʥʽʻʶ, ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʦʟʥʘʢʦʶ ï ʥʘ ʧʽʜʩ-

ʪʘʚʽ ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚʧʣʠʚ, ʱʦ ʫʧʨʘʚʣʷʻ. ʁʜʝʪʴʩʷ ʧʨʦ ʯʘʩʦʚʠʡ 

ʬʘʢʪʦʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʦʤʝʥʪ ʥʘʜʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦ-
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ʣʷʻ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ: ʟʘ ʘʧʨʽʦʨʥʦʶ, ʧʦʪʦʯʥʦʶ ʘʙʦ 

ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. 

ɹʫʜʴ-ʷʢʠʡ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʜʽʾ ʟʙʫʨʝʥʴ, ʷʢʽ ʧʦʜʽ-

ʣʷʶʪʴʩʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʜʽʾ ʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ ʚʠʧʘʜʢʦʚʽ, ʧʨʠʯʦʤʫ ʧʠʪʦʤʘ ʚʘ-

ʛʘ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʟʥʘʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɿʘʚʞʜʠ 

ʜʫʞʝ ʚʘʞʣʠʚʦ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʟʘʣʝʞʥʦ ʚʽʜ 

ʮʴʦʛʦ ʧʨʠʡʥʷʪʠ ʧʨʘʚʠʣʴʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʛʦ ʤʝʪʦʜʫ ʫʧʨʘʚ-

ʣʽʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʷʢʘ ʟʘʚʞʜʠ ʧʨʝʜ-

ʩʪʘʚʣʷʻ ʡʦʛʦ ʟ ʧʝʚʥʠʤ ʩʪʫʧʝʥʝʤ ʘʜʝʢʚʘʪʥʦʩʪʽ, ʧʦʚʠʥʥʘ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʨʘʭʦʚʫ-

ʚʘʪʠʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɸʋ). 

ɿ ʪʘʢʠʭ ʧʨʠʯʠʥ ʧʨʠʡʥʷʪʪʷ ʚʽʨʥʦʛʦ ʨʽʰʝʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ, ʫʧʨʘʚʣʽʥʥʷ ʷʢʠʤʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʠ-

ʡʥʷʪʪʷʤ ʨʽʰʝʥʴ ʟʘ ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ï ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʫʪ ʧʽʜ 

ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʨʦʟʫʤʽʪʠʤʝʤʦ ʧʨʦʮʝʩ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʦʜʝʣʽ ʨʝʘ-

ʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʫʪʦʯʥʝʥʥʷ ʬʫʥʢʮʽʦ-

ʥʫʚʘʥʥʷ ʉɸʋ, ʷʢʘ ʡʦʛʦ ʨʝʘʣʽʟʫʻ. 

ʍʽʜ ʥʘʩʪʫʧʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʟʨʫʯʥʦ ʧʦʷʩʥʠʪʠ ʥʘ ʚʠʨʽʰʝʥʥʽ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʛʦ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʟʘʚʜʘʥʥʷ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙ-

ʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʾʾ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʨʽʰʝʥʥʷ ʪʨʝʪʴʦʾ ʟʘʜʘʯʽ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ, ʷʢʘ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʟʜʽʣʽ 1.1. 

ʗʢ ʚʽʜʦʤʦ, ʧʦʭʠʙʢʘ ʦʙʨʦʙʢʠ ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʪʠ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ ʩʢʣʘʜʦ-

ʚʽ ï ʩʠʩʪʝʤʘʪʠʯʥʫ ʪʘ ʚʠʧʘʜʢʦʚʫ, ʷʢʽ ʨʝʘʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. 

ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʤʦʜʝʣʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʜʚʽ ʢʦʤʧʦʥʝʥʪʠ ʧʦʭʠʙʢʠ, ʱʦ ʤʘʶʪʴ ʧʨʠʥ-

ʮʠʧʦʚʦ ʨʽʟʥʠʡ ʭʘʨʘʢʪʝʨ ï ʦʜʥʫ ʩʠʩʪʝʤʘʪʠʯʥʫ, ʽʥʰʫ ʚʠʧʘʜʢʦʚʫ. ʉʣʽʜ ʦʯʽʢʫʚʘ-

ʪʠ, ʱʦ ʚʧʣʠʚ ʥʘ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʙʫʜʝ ʘʥʘʣʦʛʽʯʥʠʤ. 

ʗʢ ʢʝʨʦʚʘʥʠʡ ʦʙ'ʻʢʪ ʟʨʫʯʥʦ ʚʠʙʨʘʪʠ ʧʨʦʮʝʩ ʧʦʟʜʦʚʞʥʴʦʛʦ ʪʦʯʥ̔ʥʷ, 

ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʧʨʦʱʝʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʭʝʤʦʶ, ʱʦ ʚʽ-

ʜʦʙʨʘʞʘʻ, ʦʜʥʘʢ, ʥʘʡʚʘʞʣʠʚʽʰʫ ʚʣʘʩʪʠʚʽʩʪʴ ʊʆʉ ï ʾʾ ʟʘʤʢʥʫʪʽʩʪʴ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʨʠʥʮʠʧʫ ʢʦʨʝʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʪʨʘʻʢʪʦʨʽʾ ʜʦʩʪʘʪʥʴʦ ʨʦʟʛʣʷʥʫʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʦʜʥʽʻ ʁʢʦʦʨʜʠʥʘʪʦ  ʁï ʟʘ ʟʘʜʘʥʦ  ʁʛʣʠʙʠʥʦ  ʁHʟ ʨʽʟʘʥʥʷ (ʨʠʩ. 

1.3). ʊʫʪ Wʝʧʩ ï ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ, Wʧʨ ï 

ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. 
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ʈʠʩ. 1.3. ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʪʦʯ̔ʥʥ̫ 

ʊʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʘʢʪʠʯʥʦʶ ʛʣʠʙʠʥʦʶ Hʬ ʨʽʟʘʥʥʷ, ʱʦ 

ʚʭʦʜʠʪʴ ʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ, ʷʢʘ, ʚ ʥʘʡʙʽʣʴʰ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ, 

ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʝʥʘ ʟʘ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 1.3): 
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ʜʝ dH ï ʚʠʧʘʜʢʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʤʽʨʫ ʟʘʛʦʪʦʚʢʠ ʚʽʜ ʥʦʤʽʥʘʣʫ, d ï ʧʨʫʞʥʠʡ 

ʟʩʫʚ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ, Fz, Fxy, Fy ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ, ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʘ ʪʘ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ, f ï ʧʦʚʟʜʦʚʞʥʷ ʧʦʜʘʯʘ, V ï 

ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, CPz, xp, yp, np ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪ ʪʘ ʧʦʢʘʟʥʠʢʠ ʩʪʫʧʝʥʷ, 

j ï ʛʦʣʦʚʥʠʡ ʢʫʪ ʫ ʧʣʘʥʽ ʨʽʟʮʷ, ky ï ʞʦʨʩʪʢʽʩʪʴ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʧʨʫʞʥʦʾ ʩʠʩʪʝ-

ʤʠ (ɽʇʉ) ʚ ʥʘʧʨʷʤʢʫ ʢʦʦʨʜʠʥʘʪʠ Y. 

ʉʠʩʪʝʤʘʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʟʤʽʥʥʦʶ ʧʝʨʝʜʘʪʥʦʶ ʬʫʥʢʮʽ-

ʻʶ Wʝʧʩ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʪʘ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦ-

ʦʨʜʠʥʘʪʠ ʦʙʨʦʙʢʠ, ʪʦʙʪʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʟʘʛʦʪʦʚʢʠ. ɺʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ Wʝʧʩ ʧʨʠ ʟʘʢʨʽʧʣʝʥʥʽ ʚ ʧʘʪʨʦʥʽ ʪʘ ʚ ʧʘʪʨʦʥʽ ʪʘ ʟʘʜʥʴʦ-

ʤʫ ʮʝʥʪʨʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [3]. 

ɺʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʦʶ dH ʜʽʘʤʝʪʨʘ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʟʘ-

ʟʚʠʯʘʡ ʧʽʜʢʦʨʷʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʩʘ. ʇʘʨʘʤʝʪʨʠ ʟʘʢʦ-

ʥʫ ʨʦʟʧʦʜʽʣʫ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʜʽʘʤʝʪʨʘ ʟʘʛʦʪʦʚʢʠ, ʪʘʢ ʽ ʚʽʜ ʢʚʘʣʪ̔ʝʪʫ ʪʦʯʥʦʩʪʽ 

[4]. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʦʧʫʩʢ ʥʘ ʟʘʛʦʪʦʚʢʫ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʪʦʯʥ̔ʥʽ ʧʨʠʟʥʘʯʘ-

ʻʪʴʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ, ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ M ʪʘ ʜʠʩʧʝʨʩʽʷ s2
 ʨʦʟ-

ʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (ʫ ʤʤ): 
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=+= s  (1.2) 

ʜʝ ʘ ï ʙʝʟʨʦʟʤ̔ʨʥʠʡ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʣʷ ʟʘʜʘʥʦʛʦ ʢʚʘʣʪ̔ʝʪʫ, Di ï ʩʝ-

ʨʝʜʥ̒ ʛʝʦʤʝʪʨʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʽʥʪʝʨʚʘʣʫ ʥʦʤ̔ʥʘʣʴʥʠʭ ʚʝ-

ʣʠʯʠʥ ʨʦʟʤʽʨ̔ʚ. 

1.2.1. ʋʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮ̔ ʻʶ 

ʋʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʜ-

ʙʘʯʫʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ. ɸʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʨʦʮʝʩ 

ʦʙʨʦʙʢʠ ʤʽʩʪʠʪʴʩʷ ʚ ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢʮʽʷʭ Wʧʨ ʪʘ Wʝʧʩ, ʷʢʽ ʙʫʣʠ ʧʦʧʝʨʝʜʥʴʦ 

ʜʝʪʝʨʤʽʥʦʚʘʥʽ (1.1). ʎʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʝʦʤʝʪ-

ʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʫʤʦʚʘʤʠ ʨʽʟʘʥʥʷ, ʛʝʦʤʝʪʨʽʻʶ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʞʦʨʩʪʢʽʩʪʶ ɽʇʉ, ʘ ʪʘʢʦʞ ʽʥʰʠʤʠ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝ-

ʪʨʘʤʠ. ʑʦʜʦ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʦʮʝʩʫ, ʷʢʘ ʚʠʟʥʘʯʘʪʠʤʝ ʟʘʛʘʣʴʥʫ ʩʪʦʭʘ-

ʩʪʠʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʦ ʟʘʟʜʘʣʝʛʽʜʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʣʠʰʝ ʾʾ ʧʘʨʘʤʝʪ-

ʨʠ (1.2) ʟʘ ʫʤʦʚʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 

ʉʫʪʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʦʷʩʥʶʻʪʴʩʷ ʩʭʝʤʦʶ 

ʨʠʩ. 1.3 ʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʥʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʘʤʢʥʫʪʽʡ ʊʆʉ, ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʜʙʘʯʫʚʘʥʫ ʤʦʜʠʬʽʢʘʮʽʶ 

ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢʮʽʡ Wʧʨ ʽ Wʝʧʩ ʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘʜʘʥʫ ʛʣʠʙʠʥʫ Hʟ1 ʨʽʟʘʥʥʷ ʷʢ 

ʬʫʥʢʮʽʶ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ ʪʘʢ, ʱʦʙ ʧʨʠ ʨʽʟʘʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʷ ʟʙʽʛ 

ʬʘʢʪʠʯʥʦʾ Hʬ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʟ ʪʝʦʨʝʪʠʯʥʦ ʟʘʜʘʥʦʶ ʛʣʠʙʠʥʦʶ Hʟ ʨʽʟʘʥʥʷ. ɿʽ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ (ʨʠʩ. 1.3), ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ, ʤʘʻʤʦ: 

.
1

1
1

ʵʫʩʧʨ

ʟʬ
WW

HH
+

=  (1.3) 

ʋʧʨʘʚʣʥ̔ʥ ̫ʜʦʩ̫ʛʘʻʪʴʩʷ ʚʚʝʜʝʥʥʷʤ ʚ ʢʘʥʘʣ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʨʝʢʪʫʶʯʦʛʦ 

ʝʣʝʤʝʥʪʫ ʟ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ Wʢ : 

.
1 ʢʟʟ

WHH =  (1.4) 

ʇ̔ʩʣ̫ ʧ̔ʜʩʪʘʥʦʚʢʠ (1.4) ʚ (1.3), ʦʪʨʠʤʘʻʤʦ: 

.
1

ʵʫʩʧʨ

ʢ

ʟʬ
WW

W
HH
+

=  (1.5) 

ɿʘ ʤʝʪʦʜʦʤ, ʚ ʨʝʟʫʣʴʪʘʪ ̔ʢʦʨʝʢʮʽʾ ʥʝʦʙʭʜ̔ʥʦ ʟʘʙʝʟʧʝʯʠʪʠ Hʬ = Hʟ. ɿ ʚʠ-

ʨʘʟʫ (1.5) ʷʩʥʦ, ʦɦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʥʝʦʙʭʜ̔ʥʦ ʧʨʠʡʥʷʪʠ: 
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.1
ʵʫʩʧʨʢ

WWW +=  (1.6) 

ʉʘʤʝ ʪʘʢʘ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽ̫  ʚʽʜʧʦʚʽʜʘʻ ʟô̒ ʜʥʘʥʥʶ ʝʣʝʤʝʥʪʚ̔, ɦʦ 

ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 1.4.  

 

WʧʨWʝʧʩ 

Hʟ 

Wʧʨ Wʝʧʩ 

Wʢ 

Fy 

Hʬ 

dH 

ʊʆʉ 

d 

Hʟ1 

 

ʈʠʩ. 1.4. ʉʭʝʤʘ ʫʧʨʘʚʣʥ̔ʥ̫  ʟʘ ʘʧʨ̔ʦʨʥʦ ʁ ʥ̔ʬʦʨʤʘʮʽʻʶ 

ʂʦʨʠʢʪʫʶʯʠʡ ʝʣʝʤʝʥʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ 

ʧʨʦʛʨʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʜʘʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʨʽʟʮʷ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʢʦʦʨʜʠʥʘ-

ʪʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʘʢʠʡ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʽʤʧʝʨʘʪʠʚʥʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʻ ʨʦʟʽʤʢʥʫʪʦʶ ʽ ʪʦʤʫ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʦʯʥʦʩʪʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝ-

ʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ Wʧʨ ʤʦʞʝ ʙʫʪʠ ʟʘʤʽʥʝʥʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʟʘʣʝ-

ʞʥʦʩʪʽ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʪʦʯʥʽʰʝ ʾʾ ʩʢʣʘʜʦʚʦʾ Fy, ʚʽʜ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ: 

.
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ʬ
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ʆʩʪʘʪʦʯʥʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (1.1) ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫ-

ʥʢʮʽʷ Wʧʨ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

( )j21

65,0

tg

k
kW H

ʧʨ

+
= , (1.8) 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʢʮʽʾ ʘʧʨʽʦʨʥʦʾ ʤʦʜʝʣʽ, ʚʚʝʜʝʥʠʡ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʽʜʭʠ-

ʣʝʥʴ ʚʽʜ ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʘ ʧʦʭʠʙʦʢ, ʷʢʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥ-

ʥʽ ʣʽʥʝʘʨʠʟʘʮʽʾ.  

ʆʪʞʝ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʪʦʯʥʽʩʪʶ ʧʦʟʜʦʚʞʥʴʦʛʦ ʪʦʯʽʥʥʷ 

ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘʢʦʥ ʫʧʨʘʚʣʽʥʥʷ ʟʘʜʘʥʦʶ ʛʣʠʙʠ-

ʥʦʶ ʨʽʟʘʥʥʷ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʧʨʠ ʪʘʢʦʤʫ ʩʧʨʦʱʝʥʦʤʫ ʧʦʜʘʥʥʽ ʟʘʚʜʘʥʥʷ ʜʣʷ ʫʩ-

ʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ k ʢʦʨʝʢʮʽʾ. ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʙʽʣʴʰ ʩʢʣʘʜʥʘ ʽ ʤʽʩʪʠʪʴ ʚʢʣʶʯʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ 

ʜʘʥʠʭ, ʙʝʟ ʧʨʦʮʝʜʫʨʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʛʘʨʘʥ-

ʪʫʚʘʪʠʩʷ ʥʝ ʤʦʞʝ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝ-

ʥʦ ʧʨʠʢʣʘʜʥʫ ʧʨʦʛʨʘʤʫ, ʽʥʪʝʨʬʝʡʩ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.5. ɯʥʩʪʨʫʢʮʽʾ 

ʪʘ ʧʦʷʩʥʝʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʦʶ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ ʜʦʜʘʪʢʦʚʦʤʫ ʽʥʪʝʨʬʝʡʩʽ 

ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ Help. 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʦʶ ʩʧʦʯʘʪʢʫ ʚʠʙʠʨʘʻʪʴʩʷ ʩʧʦʩʽʙ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦ-

ʪʦʚʢʠ, ʘ ʧʦʪʽʤ ʚʚʦʜʷʪʴʩʷ ʚʠʭʽʜʥʽ ʜʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʽ ʚʽʢʦʥʮʷ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʟʘʜʘ-

ʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ ʫ ʧʘʨʪʽʾ. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

k ʢʦʨʝʢʮʽʾ ʘʧʨʽʦʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʥʘʪʠʩʢʘʻʪʴʩʷ ʢʥʦʧʢʘ çʇʨʦʮʝʩè. 
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ʈʠʩ. 1.5. ɻʦʣʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ  ʧʨʦʛʨʘʤʠ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʪʦʯʥʽʩʪʶ ʦʙʨʦʙʢʠ ʟʘ ʘʧʨʦ̔ʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ 

ɸʥʽʤʘʮʽʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʽʥʪʝʨʬʝʡʩʫ, 

ʜʝ 1 ï ʟʘʛʦʪʦʚʢʘ, 2 ï ʧʘʪʨʦʥ, 3 ï ʩʫʧʦʨʪ ʽʟ ʨʽʟʮʝʤ, j ï ʛʦʣʦʚʥʠʡ ʢʫʪ ʨʽʟʮʷ ʫ 

ʧʣʘʥʽ. ʇʨʠʯʦʤʫ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʙʫʜʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʘʜʝʢʚʘʪʥʦ 
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ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʫ ʛʦʣʦʚʥʦʛʦ ʢʫʪʘ ʚ ʧʣʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʽʢʥʽ ʽʥʪʝʨʬʝʡʩʫ. ʇʽʩ-

ʣʷ ʦʙʨʦʙʢʠ ʢʦʞʥʦʾ ʟʘʛʦʪʦʚʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʤʽʨʫ 

ʧʦ ʧʦʟʜʦʚʞʥʽʡ ʢʦʦʨʜʠʥʘʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ 4. ʇʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʚ 

ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʧʨʠʧʠʥʝʥʦ ï ʢʥʦʧʢʘ çʇʘʫʟʘè, ʘ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʚʫ ʥʘ-

ʪʠʩʥʫʪʠ ʢʥʦʧʢʫ çʇʨʦʮʝʩè. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ ʨʝʻʩʪʨʫʶʯʦʤʫ ʧʨʠʣʘʜʽ ʫ 

ʚʠʛʣʷʜʽ ʟʘʜʘʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʦʾ ʧʦ ʘʧʨʽʦʨʥʽʡ ʟʘʣʝʞʥʦʩʪʽ (1.9) ï 

ʣʽʥʽʷ 5 ʪʘ ʚʽʜʭʠʣʝʥʥʷ ï ʣʽʥʽʷ 6. ɻʨʘʬʽʢ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʜʝʪʘʣʽ ʜʦ 

ʜʝʪʘʣʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʫʭʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʊʦʤʫ ʯʘʩʪʠʥʘ ʣʽʥʽʾ 6 

(ʜʦʚʞʠʥʘ ʜʝʪʘʣʽ ʚʽʜ 0 ʜʦ 40ʤʤ) ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʝʨʝʜʥʴʦʾ ʜʝʪʘʣʽ, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ 

ʣʽʥʽʾ 6 (ʜʦʚʞʠʥʘ ʜʝʪʘʣʽ ʚʽʜ 40 ʜʦ 100ʤʤ) ï ʚʠʤʽʨʶʚʘʥʥʷ ʱʦʡʥʦ ʦʙʨʦʙʣʝʥʦʾ 

ʜʝʪʘʣʽ.  

ɺʽʜʧʦʚʽʜʥʦ ʩʭʦʜʠʥʢʘ ʥʘ ʣʽʥʽʾ 6 ʟ'ʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʜʽʶ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘ-

ʜʦʚʦʾ (ʜʠʚʠʩʴ ʟʘʣʝʞʥʽʩʪʴ (1.2)). ɻʨʘʬʽʯʥʝ ʧʦʣʝ ʨʝʻʩʪʨʫʶʯʦʛʦ ʧʨʠʣʘʜʫ ʜʦʟʚʦ-

ʣʷʻ ʨʦʙʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʜʽʣʴʥʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʢʨʠʚʠʭ. 

ʅʘ ʨʠʩ. 1.6 ʧʦʢʘʟʘʥʠʡ ʫ ʟʙʽʣʴʰʝʥʦʤʫ ʤʘʩʰʪʘʙʽ ʛʨʘʬʽʢ ʟʤʽʥʠ ʟʘʜʘʥʦʾ 

ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ï ʘʚʪʦʤʘʪʠʯʥʦ ʩʬʦʨʤʦʚʘʥʠʡ ʟʘʢʦʥ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʚʽʜʧʦʚʽ-

ʜʘʻ ʚʠʭʽʜʥʠʤ ʜʘʥʠʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʥʘ ʽʥʪʝʨʬʝʡʩʽ. ʄʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ ʩʭʦ-

ʞʽʩʪʴ ʟ ʧʨʫʞʥʦʶ ʣʽʥʽʻʶ ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʽʧʣʝʥʦʛʦ ʩʪʨʠʞʥʷ, ʱʦ ʮʽʣʢʦʤ ʧʨʠʨʦʜ-

ʥʦ, ʦʩʢʽʣʴʢʠ ʚ ʟʘʣʝʞʥʽʩʪʴ (1.9) ʚʭʦʜʠʪʴ ʞʦʨʩʪʢʽʩʪʴ ky, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʫ ʬʫʥʢ-

ʮʽʾ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ x. 

 

 

ʈʠʩ. 1.6. ɿʘʢʦʥ ʫʧʨʘʚʣʥ̔ʥ̫  ʛʣʠʙʠʥʦʁ ʨ̔ʟʘʥʥ̫  ʟʘ ʘʧʨ̔ʦʨʥʦ ʁ ʥ̔ʬʦʨʤʘʮʽʻʶ 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʨʦʙʢʠ ʟʘʜʘʥʦʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʫ ʛʨʘʬʽ-

ʯʥʦʤʫ ʧʦʣʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ "ʈʝʟʫʣʴʪʘʪʠ". ʅʘ ʜʦʜʘʪʢʦʚʦʤʫ 

ʽʥʪʝʨʬʝʡʩʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʛʽʩʪʦʛʨʘʤʠ ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʦʢ ʽ ʜʝʪʘʣʝʡ, ʷʢʽ ʤʦʞʫʪʴ 
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ʚʠʙʠʨʘʪʠʩʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʘʧʠʩʘʤʠ ʚ ʥʠʞʥʴʦʤʫ ʣʽʚʦʤʫ ʢʫʪʽ ʽʥʪʝʨʬʝʡʩʫ, ʘ 

ʪʘʢʦʞ ʾʭ ʝʤʧʽʨʠʯʥʘ ʜʠʩʧʝʨʩʽʷ ʽ ʮʝʥʪʨ ʛʨʫʧʫʚʘʥʥʷ (ʨʠʩ. 1.7). 

  

 

ʈʠʩ. 1.7. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ  

ʦʙʨʦʙʢʠ ʚʠʤʽʨʷʥʦʾ ʪʦʯʥʦʩʪ ̔ʧʨʠ  

ʤ̔̔ʪʘʮ̔ʡʥʦʤʫ ʤʦʜʝʣʚʁʘʥʥ ̔ʧʨʦʮʝʩʫ 

ʫʧʨʘʚʣʥ̔ʥ̫  ʟʘ ʘʧʨ̔ʦʨʥʦ ʁ ʥ̔ʬʦʨʤʘʮʽʻʶ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʜʥʦ, ʱʦ ʛʽʩʪʦʛʨʘʤʠ (ʦʩʦʙʣʠʚʦ 

ʛʽʩʪʦʛʨʘʤʘ ʜʽʘʤʝʪʨʽʚ ʟʘʛʦʪʽʚʣʽ) ʥʝ ʩʭʦʞʽ ʥʘ ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʡ 

ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ. ʎʝ ʚʠʢʣʠʢʘʥʝ ʥʝʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ 

ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ï ʨʦʟʤʽʨ ʧʘʨʪʽʾ ï ʣʠʰʝ 50 ʜʝʪʘʣʝʡ. ʆʜʥʘʢ, ʥʘʚʽʪʴ ʟʘ 

ʪʘʢʦʾ ʾʭ ʢʽʣʴʢʦʩʪʽ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʢʦʝʬʽʮʽ-

ʻʥʪʦʤ kʫʪ ʫʪʦʯʥʝʥʥʷ ʦʧʝʨʘʮʽʾ: 

ʜʝʪʟʘʛʫʪ SSk /= , (1.10) 

ʜʝ Sʟʘʛ, Sʜʝʪ ï ʝʤʧʽʨʠʯʥʘ ʜʠʩʧʝʨʩʽʷ ʜʽʘʤʝʪʨʽʚ ʟʘʛʦʪʦʚʦʢ ʪʘ ʜʝʪʘʣʝʡ ʚʽʜʧʦʚʽʜʥʦ. 

ʆʩʢʽʣʴʢʠ ʥʘ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ ʢʨʽʤ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʚʧʣʠʚʘʻ ʜʝʪʝ-

ʨʤʽʥʦʚʘʥʘ ʩʢʣʘʜʦʚʘ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʫʪʦʯʥʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʽʚ ʜʝʪʘʣʝʡ ʦʢʨʝʤʦ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ 
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ʜʽʘʤʝʪʨʠ ʜʝʪʘʣʝʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʧʨʦʛʨʘʤʽ ʘʚʪʦʤʘʪʠʯʥʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦ-

ʩʦʙʫ ʾʾ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ ʚʝʨʩʪʘʪʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʠʭ ʝʢʩʧʝ-

ʨʠʤʝʥʪʽʚ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʤʝʪʦʜʫ ʥʘ ʚʠʧʘʜʢʦʚʫ ʽ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʩʢʣʘʜʦʚʽ ʧʦʭʠ-

ʙʢʠ ʦʙʨʦʙʢʠ ʦʢʨʝʤʦ ʽ ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ k ʢʦʨʝʢ-

ʮʽʾ ʘʧʨʽʦʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʮʽʥʶʚʘʪʠ ʦʩʣʘʙʣʝʥʥʷ ʜʽʾ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʟʘ ʢʦʝ-

ʬʽʮʽʻʥʪʦʤ ʫʪʦʯʥʝʥʥʷ ʦʧʝʨʘʮʽʾ (1.10), ʘ ʢʦʤʧʝʥʩʘʮʽʶ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ï ʟʘ ʮʝʥʪʨʘʤʠ ʛʨʫʧʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʽ. 

ʏʠʤ ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫʪʦʯʥʝʥʥʷ ï ʪʠʤ ʚʠʱʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʘ ʟʙʽʛ 

ʮʝʥʪʨʽʚ ʛʨʫʧʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʽ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʢʦʤʧʝʥʩʘʮʽʶ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ. 

ʊʘʢʽ ʽʤʽʪʘʮʽʡʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʦʙʨʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ k ʢʦʨʝʢʮʽʾ ʘʧʨʽʦʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʾʭ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʽ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʬʽʢʘʭ ʥʘ ʨʠʩ.1.8. 
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ʈʠʩ. 1.8. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʪʦʯʥʝʥʥʷ ʪʘ ʮʝʥʪʨʽʚ ʛʨʫʧʫʚʘʥʥʷ  

ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʢʮʽʾ ʘʧʨʽʦʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ: ky1, M1 ï ʢʦʝʬʽʮʽʻʥʪ 

ʫʪʦʯʥʝʥʥʷ ʪʘ ʮʝʥʪʨ ʛʨʫʧʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ, ky2, M2 ï ʢʦʝʬʽʮʽʻʥʪ ʫʪʦʯʥʝʥʥʷ ʪʘ 

ʮʝʥʪʨ ʛʨʫʧʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʽʚ ʜʝʪʘʣʝʡ 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʢʮʽʾ 

k=1,15 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʛ ʮʝʥʪʨʽʚ ʛʨʫʧʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʤʽʥʽʤʘʣʴʥʦ-

ʛʦ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʚʥʫ ʣʽʢʚʽʜʘʮʽʶ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦ-

ʚʦʾ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ, ʷʢʘ ʙʫʣʘ ʩʧʨʦʚʦʢʦʚʘʥʘ ʢʦʥʩʦʣʴʥʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ ʟʘʛʦ-

ʪʦʚʢʠ. ʆʪʞʝ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʽʤʽʪʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʦʧʪʠ-
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ʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʢʮʽʾ, ʷʢʠʡ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʘʧʨʽʦʨʥʠʭ ʜʘʥʠʭ. 

ʆʜʥʘʢ, ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʧʨʠ ʮʴʦʤʫ ʧʦʩʣʘʙʣʝʥʘ ʚʩʴʦʛʦ ʚ 22,5 ʨʘʟʠ, 

ʦɦ ̔ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʢʚʘʣʪ̔ʝʪ ʪʦʯʥʦʩʪ ̔ʦʙʨʦʙʣʝʥʠʭ ʧʨʠ ʪʘʢʦʤʫ ʤʝʪʦʜ ̔ʫʧʨʘʚ-

ʣ̔ʥʥ̫  ʜʝʪʘʣʝʡ. 

 

1.2.2. ʄʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʦʪʦʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ 

ʄʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʦʪʦʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʤʘʥʝʥʪʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʭʦʜʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ. ʗʢʱʦ ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʘʙʦ ʬʘʢʪʠʯʥʦʾ ʛʣʠʙʠ-

ʥʠ ʨʽʟʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʽʩʮʽ ʦʙʨʦʙʢʠ, ʪʦ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʉɸʋ, ʷʢʘ 

ʢʦʨʠʛʫʻ ʪʝʦʨʝʪʠʯʥʫ (ʟʘʜʘʥʫ) ʛʣʠʙʠʥʫ Hʟ ʨʽʟʘʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ 

ʾʾ ʟ ʬʘʢʪʠʯʥʦʶ Hʬ ʛʣʠʙʠʥʦʶ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʢʘʥʘʣʘʤʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ: 

dHʟ= Hʟ-Hʬ. ʊʘʢʘ ʉɸʋ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʝʨʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ ʧʦʧʝʨʝʯʥʦʾ ʧʦʜʘʯʽ 

(Wʉɸʋ) ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ʅʘ ʨʠʩ.1.9. ʥʘʚʝʜʝʥʦ 

ʩʭʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʥʘʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʧʦ ʢʘʥʘʣʫ ʧʦʟʜʦ-

ʚʞʥʴʦʾ ʧʦʜʘʯʽ ʫʩʧʽʰʥʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ ʨʽʟʥʦʤʫ ʤʝʪʘʣʦʦʙʨʦʙʥʦʤʫ ʦʙʣʘ-

ʜʥʘʥʥʽ ʚʯʝʥʠʤʠ ʰʢʦʣʠ ɹ. ʉ. ɹʘʣʘʢʰʠʥʘ ʽ ʧʝʨʝʢʦʥʣʠʚʦ ʜʦʚʝʣʠ ʩʚʦʶ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ [5, 6]. 
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ʈʠʩ. 1.9. ʉʭʝʤʘ ʫʧʨʘʚʣʥ̔ʥ̫  ʟʘ ʧʦʪʦʯʥʦʶ ʥ̔ʬʦʨʤʘʮʽʻʶ 

ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚ ʟʘʤʢʥʝʥʽʡ ʊʆʉ, ʷʢ ʽ ʨʘʥʽʰʝ, ʩʧʨʦʱʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʝʣʝʤʝʥʪʘʤʠ, ʚʠʜʽʣʝʥʠʤʠ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ. ʉʠʩʪʝʤʘ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʽʷʢʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʝʨʦʚʘʥʠʡ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ, ʧʨʦ-

ʪʝ ʜʣʷ ʚʠʙʦʨʫ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʽʡʢʫ ʽ ʷʢʽʩʥʫ ʨʦʙʦʪʫ, ʥʝʦʙʭʽʜ-

ʥʽ ʜʝʷʢʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʙ'ʻʢʪʘ. ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʩʠʩ-

ʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʟʘ ʷʢʦʶ ʧʨʦʚʦʜʷʪʴ ʨʦʟʨʘʭʫʥʦʢ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʝʨʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ, ʤʘʻ ʚʠʛʣʷʜ: 
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ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʉɸʋ ʫ ʥʘʡʙʽʣʴʰ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʧʝʨʽʦʜʠʯʥʦʶ ʣʘʥʢʦʶ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ: 

1+
=

sT

k
W

ʉɸʋ

ʉɸʋ

ʉɸʋ
, (1.12) 

ʜʝ kʉɸʋ, Tʉɸʋ ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʝʨʝʜʘʯ ̔  ̔ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʉɸʋ, s ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ. 

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʉɸʋ ʥʝ ʪʽʣʴʢʠ ʟʘ ʩʪʘʣʽʩʪʶ, ʘ ʡ ʟʘ ʰʚʠ-

ʜʢʦʜʽʻʶ, ʱʦʙ ʚʦʥʘ ʥʝ ʙʫʣʘ ʬʘʢʪʦʨʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺʠʭʦʜʷʯʠ 

ʽʟ ʩʫʪʪʻʚʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʜʽʾ ʟʙʫʨʝʥʴ, 

ʱʦ ʤʘʶʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʧʨʦʙʣʝʤʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʾʾ ʧʘʨʘ-

ʤʝʪʨʽʚ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʟʘ ʚʽʜʦʤʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʩ-

ʪʽʡʥʦʾ ʯʘʩʫ ʉɸʋ ʥʝʦʙʭʽʜʥʦ, ʷʢ ʤʽʥʽʤʫʤ, ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʾʾ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʧʦʧʝʨʝ-

ʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʜʦʮʽʣʴʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʢʣʘʜʥʫ 

ʧʨʦʛʨʘʤʫ, ʽʥʪʝʨʬʝʡʩ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.10.  
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ʈʠʩ. 1.10. ɻʦʣʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ  

ʤʦʜʝʣʶʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʦʯʥʽʩʪʶ ʦʙʨʦʙʢʠ ʧʦʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 
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ɺʠʭʽʜʥʽ ʜʘʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʧʦʧʝʨʝʜʥʴʦʾ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʧʦʨʽʚʥʷʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ. ɯʥʩʪʨʫʢʮʽʾ ʪʘ ʧʦʷʩʥʝʥʥʷ 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʦʶ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ ʜʦʜʘʪʢʦʚʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʧʨʠ ʥʘʪʠʩ-

ʢʘʥʥʽ ʢʥʦʧʢʠ Help. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʽʥʪʝʨʬʝʡʩʽʚ ʟʘ ʨʠʩ. 1.10 ʽ ʨʠʩ. 1.5 ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʜʝʷʢʽ 

ʚʽʜʤʽʥʥʦʩʪʽ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʫʧʨʘʚʣʽʥʥʷ: ʧʦ-ʧʝʨʰʝ, ʟʘʜʘʻʪʴ-

ʩʷ ʥʝ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʘ ʥʝʦʙʭʽʜʥʠʡ ʜʽʘʤʝʪʨ ʜʝʪʘʣʽ, ʦʩʢʽʣʴʢʠ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥ-

ʥʷ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʩʘʤʦʶ ʩʠʩʪʝʤʦʶ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶ-

ʚʘʥʴ, ʧʦ-ʜʨʫʛʝ, ʟ'ʷʚʠʣʦʩʷ ʚʽʢʦʥʮʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʉɸʋ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʙʫʣʠʩʷ ʟʤʽʥʠ ʽ ʚ ʘʥʽʤʘʮʽʡʥʦʤʫ ʚʽʢʥʽ. ɼʝʪʘʣʴ 1 ʪʘʢʦʞ 

ʟʘʢʨʽʧʣʝʥʘ ʚ ʧʘʪʨʦʥʽ 2, ʧʨʦʪʝ ʩʫʧʦʨʪ 3 ʨʫʭʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠ-

ʩʪʨʦʻʤ 4, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʩʠʛʥʘʣ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʜʣʷ ʧʦʨʽʚʥʶʶʯʦʛʦ ʧʨʠ-

ʩʪʨʦʶ 5. 

ʋ ʚʽʢʥʽ ʨʝʻʩʪʨʫʶʯʦʛʦ ʧʨʠʣʘʜʫ ʚʠʜʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ-

ʭʠʣʝʥʥʷ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ ï ʣʽʥʽʷ 6 ʽ ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʊʆʉ ï ʣʽʥʽʷ 7. ɺʠʜʥʦ, 

ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʶʯʫ ʧʨʫʞʥʫ ʜʝʬʦʨʤʘʮʽʶ, ʷʢʘ, ʧʨʠʨʦʜʥʦ, ʚʠʢʣʠʢʘʥʘ 

ʩʠʣʦʶ ʨʽʟʘʥʥʷ, ʚʽʜʭʠʣʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ ʤʘʡʞʝ ʧʦʩʪʽʡʥʦ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠ-

ʪʠ ʚʧʣʠʚ ʤʝʪʦʜʫ ʥʘ ʚʠʧʘʜʢʦʚʫ ʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ 

ʦʢʨʝʤʦ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʉɸʋ. ɼʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽ ʞ ʢʨʠ-

ʪʝʨʽʾ, ʱʦ ʡ ʫ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ. 

ʊʘʢʽ ʽʤʽʪʘʮʽʡʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʦʙʨʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ kʉɸʋ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʧʦʙʫʜʦʚʘʥʦ 

ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ ʥʘ ʨʠʩ. 1.11. ʇʦʟʥʘʯʝʥʥʷ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 1.11 ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʧʦʟʥʘʯʝʥʥʷʤʠ ʨʠʩ. 1.8. ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ (1.11), ʩʣʽʜ ʦʯʽʢʫ-

ʚʘʪʠ ʚʪʨʘʪʫ ʩʪʘʣʦʩʪʽ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʽ ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʩʪʘʪʠʩʪʠʯʥʘ ʯʘ-

ʩʪʠʥʘ ʧʨʦʛʨʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʥʝ ʙʫʜʝ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʜʘʯʽ ʉɸʋ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʫʪʦʯʥʝʥʥʷ ʦʧʝʨʘʮʽʾ ʪʘ 

ʥʘʙʣʠʞʝʥʥʷ ʮʝʥʪʨʫ ʛʨʫʧʫʚʘʥʥʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ. ʇʨʠʯʦʤʫ ʪʘʢʘ ʪʝʥ-

ʜʝʥʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʷʢ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ, ʪʘʢ ʽ ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʜʝ-

ʪʘʣʽ, ʷʢʽ ʟʙʽʛʘʶʪʴʩʷ. ʆʜʥʘʢ ʟʘ ʛʨʘʥʠʮʝʶ kʉɸʋ=60 ʚʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʪʨʘ-



ɻʃɸɺɸ 1 ʆʉʅʆɺʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇʈʆʎɽʉɸʄ ʈɯɿɸʅʅʗ 

 

27 

ʯʘʻ ʩʪʘʣʽʩʪʴ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʽʜʭʠʣʝʥʥʽ ʨʦʟʤʽʨʽʚ ʥʘ ʟʥʘʯʥʽ (ʧʦʨʷʜʢʫ ʜʝʢʽ-

ʣʴʢʦʭ ʤʽʣʽʤʝʪʨʽʚ) ʚʝʣʠʯʠʥʠ. 
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ʈʠʩ. 1.11. ɻʨʘʬʢ̔ʠ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ̔ʚ ʫʪʦʯʥʝʥʥ̫  ̔ ʮʝʥʪʨʚ̔ ʛʨʫʧʫʚʘʥʥ̫  ʨʦʟʤ̔ʨ̔ʚ 

ʜʝʪʘʣʝʡ ʚʽʜ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʘ kʉɸʋ ʧʝʨʝʜʘʯ ̔ʉɸʋ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʠʭʽʜʥʦʾ 

ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ kʉɸʋ=60, ʱʦ ʜʘʻ ʢʦʝʬʽʮʽʻʥʪ ʫʪʦʯʥʝʥʥʷ kʫʪ=62 

ʪʘ ʟʙʽʛ ʮʝʥʪʨʽʚ ʛʨʫʧʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʽ. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʚʥʫ ʣʽʢʚʽʜʘʮʽʶ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ 

(ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ 0,045ʤʤ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʢʦʤʧʝʥʩʦʚʘʥʘ ʧʨʦʩʪʠʤ 

ʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷʤ), ʽ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʪʝʪʫ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʣʝʥʠʭ ʟʘ 

ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʜʝʪʘʣʝʡ (ʧʦʨʽʚʥʷʡʪʝ ʟ ʧʦʧʝʨʝʜʥʽʤ). 

 

1.2.3. ʄʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʦʩʪʝʨʦ̔ʨʥʦ ʁ ʥ̔ʬʦʨʤʘʮʽʻʶ 

ʄʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʪʦʯʥʽʩʪʶ ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚʞʝ ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʦʤ ʦʙʨʦʙʢʠ ʥʘʩʪʫʧʥʦʾ ʜʝʪʘʣʽ, ʪʦʙʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʧʝʚʥʠʤ ʟʘʧʽʟʥʝʥʥʷʤ 

ʥʘ ʦʜʠʥ ʮʠʢʣ (ʨʠʩ. 1.12). 
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ʈʠʩ. 1.12. ʉʭʝʤʘ ʫʧʨʘʚʣʥ̔ʥ̫  ʟʘ ʘʧʦʩʪʝʨʦ̔ʨʥʦ ʁ ʥ̔ʬʦʨʤʘʮʽʻʶ 
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ʅʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʟʘ ʨʠʩ. 1.12 ʧʨʠʡʥʷʪʽ ʪʽ ʞ ʧʦʟʥʘʯʝʥʥʷ, ʱʦ ʡ ʨʘʥʽ-

ʰʝ, ʘ ʟʘʧʽʟʥʝʥʥʷ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ be
-ts
, ʜʝ b ï ʢʦʝʬʽ-

ʮʽʻʥʪ ʢʦʨʝʢʮʽʾ, t ï ʯʘʩ ʮʠʢʣʫ ʦʙʨʦʙʢʠ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʦʜʥʽʻʾ ʜʝʪʘʣʽ, s ï ʦʧʝʨʘ-

ʪʦʨ ʃʘʧʣʘʩʘ. ʊʘʢʠʡ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʷʢ ʫ ʨʝʞʠʤʽ "ʨʫʯ-

ʥʦʛʦ" ʫʧʨʘʚʣʽʥʥʷ, ʪʘʢ ʽ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ʆʩʪʘʥʥʻ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦ-

ʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ, ʷʢʠʡ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʤʽʨʶʻ ʦʙʨʦʙʣʝʥʫ ʜʝʪʘʣʴ ʪʘ ʧʝʨʝʜʘʻ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʚʝʨʩʪʘʪ ʟ ʏʇʋ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʨʝʢʮʽʾ ʧʦʟʠʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ 

ʚʝʣʠʯʠʥʫ ʦʯʽʢʫʚʘʥʦʾ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʥʘʩʪʫʧʥʦʾ ʜʝʪʘʣʽ. 

ʂʦʨʝʢʮʽʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘ ʧʝʚʥʫ ʧʦʩʪʽʡʥʫ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʥʝ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʧʦʪʦʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʦʙʨʦʙʢʠ ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘʢʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʠʡ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʚʽʜʦʤʠʡ ʧʽʜ ʥʘʟʚʦʶ ʘʚʪʦʧʽʜʥʘʣʘʛʦ-

ʜʞʝʥʥʷ, ʷʢʘ ʧʨʠʧʫʩʢʘʻ ʘʚʪʦʤʘʪʠʯʥʫ ʢʦʨʝʢʮʽʶ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ 

ʢʦʨʠʛʫʚʘʪʠ ʥʝ ʧʦʣʦʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʷʢ ʧʦʩʪʽʡʥʫ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʧʦʪʦʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʘ ʪʨʘʻʢʪʦʨʽʶ ʚʽʜʥʦʩʥʦʛʦ ʬʦʨʤʦʪʚʦʨʯʦʛʦ ʨʫʭʫ. ʊʘ-

ʢʠʤ ʯʠʥʦʤ, ʡʜʝʪʴʩʷ ʧʨʦ ʢʦʨʝʢʮʽʶ ʬʫʥʢʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ, ʷʢʘ ʟʘʜʘ-

ʻʪʴʩʷ ʽ ʥʦʤʝʨʠ ʮʠʢʣʫ ʦʙʨʦʙʢʠ ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ. 

ʆʩʢʽʣʴʢʠ ʧʝʨʝʜʘʪʥʽ ʬʫʥʢʮʽʾ Wʧʨ ʽ Wʝʧʩ ʧʨʠ ʦʙʨʦʙʮʽ (ʟʦʢʨʝʤʘ ʧʝʨʝʜʘʚʘ-

ʣʴʥʘ ʬʫʥʢʮʽʷ Wʝʧʩ) ʟʤʽʥʶʶʪʴʩʷ, ʮʷ ʢʦʨʝʢʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʝʟʧʝʨʝʨʚʥʦʶ ʽ 

ʦʭʦʧʣʶʚʘʪʠ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʦʦʨʜʠʥʘʪʠ, ʱʦ ʟʘʜʘʻ. ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʨʦʮʝʩʫ ʚʥʦʩʷʪʴ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʫ ʚʽʜʦʤʠʡ ʤʝʪʦʜ ʘʚʪʦʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷ, ʷʢʠʡ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʧʨʦʩʪʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʊʦʤʫ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʨʝʢʮʽʾ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ 

ʘʚʪʦ ʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷ, ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʘ 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ ʬʫʥʢʮʽʾ ʢʦʦʨʜʠʥʘʪʠ ʭ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ: 

),(*)(
1

xbHxH
nn -

=  (1.13) 

ʜʝ Hn(x) ï ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʘ ʬʫʥʢʮʽ̫  ʚ n-ʦʤʫ ʮʠʢʣ;̔ b ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʥʘʣʘʛʦ-

ʜʞʝʥʥʷ; H*n-1(x) ï ʬʫʥʢʮʽʷ ʚʽʜʭʠʣʝʥʥʷ ʢʦʥʪʫʨʫ ʜʝʪʘʣ,̔ ɦ ʦ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʚ n-

1 ʮʠʢʣ.̔ 

ʆʩʢʽʣʴʢʠ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ b ʢʦʨʝʢʮʽʾ, ʷʢʠʤ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ ʪʦʯʥʽʩʪʴ ʤʝ-

ʪʦʜʫ, ʪʘʢ ʽ ʰʚʠʜʢʽʩʪʴ ʩʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʫʪ ʪʘʢʦʞ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʤʝ-

ʪʦʜʘʭ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʟʘ ʤʝʪʦʜʦʤ ʩʧʨʦʱʝʥʦʾ ʦʮʽʥʢʠ 

ʟʛʽʜʥʦ ʟ ʤʦʜʝʣʣʶ: 



ɻʃɸɺɸ 1 ʆʉʅʆɺʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇʈʆʎɽʉɸʄ ʈɯɿɸʅʅʗ 

 

29 

îí

î
ì

ë

=

-= ä
-

=

).()(*

,)(*)()(*

11

1

1

xHxH

xHbxxHxH
n

j
jnn  (1.14) 

ɺʠʢʦʥʫʶʯʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʥʘʙʦʨʫ ʟʥʘ-

ʯʝʥʴ Hn(x) , ʧʨʠ ʪʦʤʫ ʩʘʤʦʤʫ ʟʥʘʯʝʥʥʽ ʟʘʜʘʶʯʦʾ ʢʦʦʨʜʠʥʘʪʠ x, ʘʣʝ ʜʣʷ ʨʽʟʥʠʭ 

b, ʦʙʯʠʩʣʶʶʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ b ʩʝʨʝʜʥʻ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʤʽʨʽʚ H̀*  ʽ 
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ʇʽʩʣʷ ʮʴʦʛʦ ʮʠʢʣ ʦʙʯʠʩʣʝʥʴ ʧʦʚʪʦʨʶʶʪʴ ʜʣʷ ʽʥʰʠʭ ʟʥʘʯʝʥʴ x ʟ ʚʠʙʨʘ-

ʥʠʤ ʢʨʦʢʦʤ ʟʤʽʥʠ ʢʦʦʨʜʠʥʘʪʠ, ʱʦ ʟʘʜʘʻ, ʧʦ ʚʩʽʡ ʦʙʣʘʩʪʽ ʾʾ ʟʤʽʥʠ ʟʛʽʜʥʦ ʟ ʧʨʠ-

ʡʥʷʪʦʶ ʩʭʝʤʦʶ ʦʙʨʦʙʢʠ, ʘʙʦ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʽ 

ʜʽʣɹʥʠʮʽ ʜʝʪʘʣʽ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʞʦʨʩʪʢʠʤʠ ʜʦʧʫʩʢʘʤʠ ʽ ʥʘʡʙʽʣʴʰ ʥʘʧʨʫ-

ʞʝʥʠʤʠ ʫʤʦʚʘʤʠ ʦʙʨʦʙʢʠ. ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ b ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʝʢʩʪʨʝʤʫʤʦʤ ʟʘʣʝʞʥʦʩʪʝʡ (1.15). 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʢʣʘʜʥʫ 

ʧʨʦʛʨʘʤʫ, ʽʥʪʝʨʬʝʡʩ ʷʢʦʾ ʫ ʩʪʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʨʝʢʮʽʾ ʨʦʟʤʽʨʫ ʥʘ ʧʦʩʪʽʡʥʫ 

ʚʝʣʠʯʠʥʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.13. ɺʠʭʽʜʥʽ ʜʘʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʧʦ-

ʧʝʨʝʜʥʽʭ ʩʝʨʽʡ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ 

ʫʧʨʘʚʣʽʥʥʷ. ɯʥʩʪʨʫʢʮʽʾ ʪʘ ʧʦʷʩʥʝʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʦʶ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ 

ʜʦʜʘʪʢʦʚʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ Help. 

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʛʨʘʬʽʢʦʤ ʫ ʚʽʢʥʽ ʨʝʻʩʪʨʘʮʽʡʥʦʛʦ ʧʨʠ-

ʣʘʜʫ. ʃʽʥʽʻʶ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʧʝʨʰʦʾ ʜʝʪʘʣʽ ʟʘ-

ʧʣʘʥʦʚʘʥʦʾ ʧʘʨʪʽʾ (ʚʦʥʘ ʜʦʨʽʚʥʶʻ ʟʘʜʘʥʽʡ ʥʘ ̔ʥʪʝʨʬʝʡʩʽ 1,5ʤʤ). ʇʽʩʣʷ ʚʠʤʽ-

ʨʶʚʘʥʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ, ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʜʨʫ-

ʛʦʾ ʜʝʪʘʣʽ ʙʫʣʘ ʘʚʪʦʤʘʪʠʯʥʦ ʩʢʦʨʠʛʦʚʘʥʘ ï ʣʽʥʽʷ 2. ʊʘʢʽ ʢʦʨʝʢʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʢʦʞʥʦʾ ʜʝʪʘʣʽ. 

ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʽʜ-

ʥʘʣʘʛʦʜʞʝʥʥʷ (ʜʠʚʠʩʷ ʚʽʢʥʦ çʇʽʜʥʘʣʘʛʦʜʞʝʥʥʷè ʥʘ ʨʠʩ. 1.13). ʈʝʟʫʣʴʪʘʪʠ, 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ, ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʙ'ʻʢʪʠʚʥʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʫ ʚʽʜ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʭʽʜʥʠʤ ʙʝʟ ʫʧʨʘʚʣʽʥʥʷ. ʆʪʨʠʤʘʥʦ ʪʘʢʽ 

ʨʝʟʫʣʴʪʘʪʠ: ʢʦʝʬʽʮʽʻʥʪ ʫʪʦʯʥʝʥʥʷ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʜʽʘʤʝʪʨʦʤ ʜʝʪʘʣʝʡ 
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kyʪ1=19,4; ʟʘ ʤʽʥʽʤʘʣʴʥʠʤ ʜʽʘʤʝʪʨʦʤ kyʪ2=27,7; ʮʝʥʪʨʠ ʛʨʫʧʫʚʘʥʥʷ ʨʦʟʤʽʨʽʚ 

M1=27,098ʤʤ ʪʘ M2=27,069ʤʤ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʝʬʽʮʽʻʥʪʘ b ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʫʧʨʘʚ-

ʣʽʥʥʷ ʘʧʦʩʪʝʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʝʢʮʽʾ ʨʦʟʤʽʨʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʽ 

ʽʤʽʪʘʮʽʡʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ. ʇʨʠʯʦʤʫ ʪʫʪ, ʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʦʤʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ, ʜʦ ʫʚʘʛʠ ʙʨʘʣʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʣʠʰʝ ʟʘ ʜʚʦʭ 

ʟʥʘʯʝʥʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ x (ʜʠʚʠʩʷ ʟʘʣʝʞʥʦʩʪʽ (1.14)-(1.15)) 

x=lʜ=100ʤʤ ï ʥʘ ʢʽʥʮʽ ʜʝʪʘʣʽ (ʜʽʘʤʝʪʨ ʜʝʪʘʣʽ max) ʪʘ x= 0 ʙʽʣʷ ʰʧʠʥʜʝʣʷ (ʜʽ-

ʘʤʝʪʨ ʜʝʪʘʣʽ min).  

ɺʨʘʭʦʚʫʶʯʠ ʩʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʟ ʘʧʦʩʪʝʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʨʦʛʨʘʤʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʘ 

ʜʝʱʦ ʤʦʜʠʬʽʢʦʚʘʥʘ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʣʶʯʝʥʥʷ ʧʝʨʰʦʾ 

ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʦʙʨʦʙʣʷʣʘʩʷ ʙʝʟ ʢʦʨʝʢʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠ-

ʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.14. 

  

1 2 

 

ʈʠʩ. 1.13. ɻʦʣʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʫʧʨʘʚʣʽʥʥʷ ʪʦʯʥʽʩʪʶ ʦʙʨʦʙʢʠ ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ 

b ʢʦʨʝʢʮʽʾ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ b=1 ʤʦʞʝ 
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ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʟʘ ʝʢʩʪʨʝʤʫʤʦʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʪʦʯʥʝʥʥʷ ʦʧʝʨʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ 

ʢʦʝʬʽʮʽʻʥʪʠ ʫʪʦʯʥʝʥʥʷ ʦʧʝʨʘʮʽʾ ʩʪʘʥʦʚʣʷʪʴ kyʪ1=15,9 ʽ kyʪ2=19,0, ʱʦ ʥʘʙʘʛʘ-

ʪʦ ʤʝʥʰʝ, ʥʽʞ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʙʝʟ ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʦʜʥʦʟʥʘʯʥʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʩʧʨʦʤʦʞʥʽʩʪʴ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʱʦʜʦ ʟʤʝʥ-

ʰʝʥʥʷ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 1.14. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ b=0,8:  

ʘ) ï ʚʩ̔ ʜʝʪʘʣ ̔ʧʘʨʪʽ,ʾ ʙ) ï ʙʝʟ ʧʝʨʰʦʾ ʜʝʪʘʣ ̔ʧʘʨʪʽʾ 
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ʈʠʩ. 1.15. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʪʦʯʥʝʥʥʷ ʽ ʮʝʥʪʨʽʚ ʛʨʫʧʫʚʘʥʥʷ ʨʦʟʤʽʨʽʚ 

ʜʝʪʘʣʝʡ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ b ʢʦʨʝʢʮʽʾ ʨʦʟʤʽʨʫ 

ʊʠʤ ʥʝ ʤʝʥʰ, ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʨʦʟʤʽʨʫ ʥʘ ʢʽʥʮʽ ʜʝʪʘʣʽ 

M1=27,017ʤʤ, ʘ ʙʽʣʷ ʰʧʠʥʜʝʣʷ M2=27,015ʤʤ, ʪʦʙʪʦ ʤʝʪʘ ʢʦʨʝʢʮʽʾ ʨʦʟʤʽʨʫ ʟʘ 

ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʜʦʩʷʛʥʫʪʘ, ʦʩʢʽʣʴʢʠ Mʩʨ=27,016ʤʤ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦ-

ʝʬʽʮʽʻʥʪʘ b ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʥʠʞʫʻʪʴʩʷ, ʭʦʯʘ ʮʝʥʪʨʠ ʛʨʫʧʫʚʘʥʥʷ ʨʦʟʤʽʨʽʚ 

ʤʘʡʞʝ ʟʙʝʨʽʛʘʶʪʴ ʟʥʘʯʝʥʥʷ, ʘ ʧʨʠ b>2 ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʪʨʘʯʘʻ ʩʪʘʣʽʩʪʴ. 
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ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʛʨʘʤ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʪʘ ʩʘʤʽ ʩʠʩ-

ʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʤʽʨʫ ʫ ʬʫʥʢʮʽʾ 

ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ ʟʘʣʝʞʥʦ (1.13) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʟʘ ʬʦʨʤʫʣʘʤʠ (1.14) ʪʘ (1.15). ʆʜʥʘʢ ʪʫʪ ʪʘʢʦʞ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ b ʢʦʨʝʢʮʽʾ, ʷʢʠʡ ʚ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ ʤʦ-

ʞʝ ʙʫʪʠ ʬʫʥʢʮʽʻʶ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ x. ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ (ʨʠʩ.1.16) 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʟ 

ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʽʨʶʚʘʥʴ ʜʝʪʘʣʽ ʬʫʥʢʮʽʾ ʧʦʟʜʦʚʞʥʴʦʾ 

ʢʦʦʨʜʠʥʘʪʠ (ʏʇʋ). 

 

ʈʠʩ. 1.16. ɻʦʣʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ 

ʅʘ ʨʠʩ.1.16 ʟʘʬʽʢʩʦʚʘʥʠʡ ʤʦʤʝʥʪ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʧʝʨʰʦʾ 

ʜʝʪʘʣʽ ʟʘʧʣʘʥʦʚʘʥʦʾ ʧʘʨʪʽʾ. ɺʠʜʥʦ, ʱʦ ʟʘʢʦʥ ʟʤʽʥʠ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʜʣʷ ʦʙʨʦ-

ʙʢʠ ʜʨʫʛʦʾ ʜʝʪʘʣʽ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʧʨʠʣʘʜʽ, ʱʦ ʨʝʻʩʪʨʫʻ, ʤʘʡʞʝ ʧʦʚʪʦʨʶʻ ʟʘʢʦʥ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʨʠʩ.1.6, ʭʦʯʘ ʥʽʷʢʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʥʝ ʙʫʣʦ. ʊʘʢʠʡ ʟʘʢʦʥ ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʣʝ-

ʞʥʦ ʜʦ (1.13) ʪʘ ʫʪʦʯʥʶʻʪʴʩʷ ʚʽʜ ʜʝʪʘʣʽ ʜʦ ʜʝʪʘʣʽ. 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤ̔̔ʪʘʮ̔ʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʚ̔ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʢ̔ʠ ʦʩʥʦʚ-

ʥʠʭ ʧʘʨʘʤʝʪʨʚ̔ ʪʦʯʥʦʩʪ ̔ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʝʨhʦʾ ʜʝʪʘʣ ̔ʧʘʨʪʽʾ (ʨʠʩ. 1.17).  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥ-

ʥʷ ʢʦʝʬʽʮʽʻʥʪʘ b=0,8 ʟʘ ʝʢʩʪʨʝʤʫʤʦʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʪʦʯʥʝʥʥʷ ʦʧʝʨʘʮʽʾ. ʇʨʠ 

ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʽ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ: ʢʦʝʬʽʮʽʻʥʪʠ ʫʪʦʯʥʝʥʥʷ ʦʧʝʨʘʮʽʾ kyʪ1=17,2 

ʪʘ kyʪ2=17,4, ʮʝʥʪʨʠ ʛʨʫʧʫʚʘʥʥʷ M1=27,001ʤʤ ʪʘ M2=26,999ʤʤ. ʇʨʠ ʟʙʽʣʴ-

ʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ b ʪʦʯʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʧʨʠ b>2 ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʚʪʨʘʯʘʻ ʩʪʘʣʽʩʪʴ. 
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ʈʠʩ. 1.17. ɻʨʘʬ̔ʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ̔ʚ ʫʪʦʯʥʝʥʥ̫  ̔ ʮʝʥʪʨʚ̔ ʛʨʫʧʫʚʘʥʥ̫  ʨʦʟʤ̔ʨ̔ʚ 

ʜʝʪʘʣʝʡ ʚʽʜ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʘ b ʢʦʨʝʢʮʽʾ ʏʇʋ 

ʅʘ ʨʠʩ. 1.18 ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʡ ʧʨʦʮʝʩ ʚʪʨʘʪʠ ʩʪʘʣʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚ-

ʣʽʥʥʷ ï ʨʦʟʤʽʨʠ ʜʝʪʘʣʝʡ ʛʨʫʧʫʶʪʴʩʷ ʚ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʚʽʜ ʥʦʤʽʥʘʣʫ, ʪʦʙʪʦ 

ʧʨʦʮʝʩ ʧʦʯʠʥʘʻ ʨʦʟʭʦʜʠʪʠʩʷ.  

ɹʝʟʫʤʦʚʥʦ, ʪʘʢʽ ʢʦʣʽʟʽʾ ʧʨʘʢʪʠʯʥʦ ʤʦʞʫʪʴ ʩʪʘʪʠʩʷ ʣʠʰʝ ʟ ʦʨʛʘʥʽʟʘʮʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ. ɺ ʘʚʪʦʤʘʪʠʟʦʚʘ-

ʥʽʡ ʩʠʩʪʝʤʽ ʽʥʞʝʥʝʨ-ʪʝʭʥʦʣʦʛ ʟʘʚʞʜʠ ʤʦʞʝ ʧʨʘʚʠʣʴʥʦ ʦʮʽʥʠʪʠ ʪʝʥʜʝʥʮʽʶ, ʱʦ 

ʫʪʚʦʨʠʣʘʩʷ, ʽ ʧʨʠʡʥʷʪʠ ʧʨʘʚʠʣʴʥʝ ʨʽʰʝʥʥʷ. ʊʠʤ ʥʝ ʤʝʥʰ, ʪʝʦʨʝʪʠʯʥʦ ʟʥʘʭʦ-

ʜʷʪʴ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʨʦ ʤʦʞʣʠʚʫ ʥʝʩʪʘʣʽʩʪʴ ʩʠʩʪʝʤ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ. 
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ʈʠʩ. 1.18. ɻʽʩʪʦʛʨʘʤʘ ʨʦʟʤʽʨʽʚ ʧʨʠ b=2 (ʫʧʨʘʚʣʽʥʥʷ ʏʇʋ) 

 

1.2.4. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʨʫʯʥʦ ʩʢʦ-

ʨʠʩʪʘʪʠʩʷ ʨʦʟʧʦʜʽʣʦʤ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʟʘ ʜʦʚʞʠʥʦʶ (ʨʠʩ. 1.19). 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʦʯʥʦʩʪʽ ʦʙ-

ʨʦʙʢʠ ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʣʽʥʽʷ 1 ʥʘ ʨʠʩ. 1.19): ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦ-

ʟʤʽʨʫ ʜʝʪʘʣʽ s2
=5,591, ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʛʦ s2

=3,915, ʮʝʥʪʨʠ ʛʨʫʧʫʚʘʥʥʷ 

M1=27,098ʤʤ ʪʘ M2=27,06ʤʤ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʡʢʨʘʱʠʤ, ʟ ʧʦʛʣʷʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ, ʚʠʷʚʠʚʩʷ, ʷʢ ʽ 

ʦʯʽʢʫʚʘʣʦʩʷ, ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʦʪʦʯʥʦ ʁʽʥʬʦʨʤʘʮʽʻ.ʁ ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʧʦ-

ʚʥʫ ʢʦʤʧʝʥʩʘʮʽʶ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ ʽ ʥʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʫʪʦʯʥʝʥʥʷ ʦʧʝʨʘʮʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʦʾ 

ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ. 

ʊʘʢ, ʧʨʠ kʉɸʋ=60 ʜʠʩʧʝʨʩʽʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ (ʣʽʥʽʷ 2 

ʥʘ ʨʠʩ.1.30, ʘ) s2
=1,696, ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʛʦ s2

=1,713, ʮʝʥʪʨʠ ʛʨʫʧʫʚʘʥʥʷ 

M1=27,046ʤʤ ʪʘ M2=27,045ʤʤ ʚʽʜʧʦʚʽʜʥʦ. ʆʜʥʘʢ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦ-

ʜʫ ʥʝʦʙʭʽʜʥʘ ʉɸʋ, ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ ʨʦʟʤʽʨʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʽʩ-

ʮʽ ʦʙʨʦʙʢʠ. ʊʘʢʽ ʪʝʭʥʽʯʥʽ ʦʙʩʪʘʚʠʥʠ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘ-

ʮʽʶ, ʦʜʥʘʢ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʙʝʟʧʝʨʝʯʥʦ, ʧʨʦʙʣʝʤʫ ʙʫʜʝ ʚʠʨʽʰʝʥʦ. 

ʄʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʻ ʜʝ-

ʪʝʨʤʽʥʦʚʘʥʫ ʩʢʣʘʜʦʚʫ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ (ʟʚʠʯʘʡʥʦ, ʧʨʠ ʘʜʝʢʚʘʪʥʽʡ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʫ) ʽ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻ ʚʧʣʠʚ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ (ʣʽʥʽʷ 2 ʥʘ ʨʠʩ. 1.19, 
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ʙ). ʇʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʢʦʨʝʢʮʽʾ ʘʧʨʽʦʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ k=1,15 ʜʠʩʧʝʨʩʽʷ ʜʣʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ s2
=4,533, ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʛʦ s2

=4,152, ʮʝʥʪʨʠ ʛʨʫ-

ʧʫʚʘʥʥʷ M1=27,001ʤʤ ʪʘ M2=27,002ʤʤ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝʡ ʤʝʪʦʜ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʠʪʦʤʘ ʚʘʛʘ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʫ ʟʘʛʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʻ ʟʥʘʯʥʦʶ. ɼʦ ʪʘʢʠʭ ʧʨʦʮʝ-

ʩʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʤʘʡʞʝ ʚʩʽ ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʢʦʣʠ ʜʦ 

ʟʤʽʥʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ɽʇʉ ʜʦʜʘʻʪʴʩʷ ʩʫʪʪʻʚʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʝʨʝʜʘʚʘ-

ʣʴʥʦʾ ʬʫʥʢʮʽʾ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ [2]. ʇʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʩʚʽʜʯʠʪʴ, ʱʦ ʫ ʪʘʢʠʭ 

ʧʨʦʮʝʩʘʭ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʩʢʣʘʜʦʚʘ ʧʝʨʝʚʠʱʫʻ ʚʠʧʘʜʢʦʚʫ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ. ɽʬʝʢ-

ʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʢʣʘʜʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʊʆʉ ʽ ɽʇʉ. 

 

ʋʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʢʦʨʝʢʮʽʾ ʟʘ-

ʜʘʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ (ʘʚʪʦʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷ) ʚʽʜ ʜʝʪʘʣʽ ʜʦ ʜʝʪʘʣʽ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʧʦʚʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʪʝʭʥʽʯʥʦ ʧʨʦʩʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ, ʘʣʝ ʤʘʻ ʥʘʡʛʽʨʰʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʽ. ɼʠʩʧʝʨʩʽʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʦʙʨʦʙʢʦʶ ʙʝʟ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʩʪʘʥʦʚʠʪʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʢʦʨʝʢʮʽʾ k=1 ʜʣʷ ʤʘʢ-
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ʈʠʩ. 1.19. ʎʝʥʪʨʠ ʛʨʫʧʫʚʘʥʥʷ ʪʘ ʨʦʟʩʽʶ-

ʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʟʘ ʜʦʚʞʠʥʦʶ ʜʝʪʘʣʽ: ʘ) 1 - 

ʙʝʟ ʫʧʨʘʚʣʽʥʥʷ, 2 - ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʦʪʦʯʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ kʉɸʋ=60, 3 - ʫʧʨʘʚʣʽʥʥʷ ʟʘ 

ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʠ ʢʦʨʝʢʮʽʾ 

ʨʦʟʤʽʨʫ k=1; ʙ) 1 - ʙʝʟ ʫʧʨʘʚʣʽʥʥʷ, 2 - 

ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ 

k=1,15; ʚ) 1 - ʙʝʟ ʫʧʨʘʚʣʽʥʥʷ, 2 - ʫʧʨʘʚʣʽʥʥʷ 

ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʠ ʢʦʨʝʢ-

ʮʽʾ ʏʇʂ k=0,8  
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ʩʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ s2
=6,587, ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ᷃

2
=5,516 (ʣʽʥʽʷ 3 ʥʘ 

ʨʠʩ. 1.19, ʘ). 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʠ 

ʫʨʘʭʫʚʘʥʥʽ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʦʚʟʜʦʚʞʥʴʦʶ ʢʦʦʨʜʠʥʘʪʦʶ ʥʝʦʙʭʽʜʥʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʪʘ ʦʨʛʘʥʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢ, ʱʦʙ 

ʚʠʤʽʨʶʚʘʪʠ ʢʦʦʨʜʠʥʘʪʫ ʢʦʞʥʦʛʦ ʦʙʨʦʙʣʝʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʧʝʚʥʠʤ ʢʨʦʢʦʤ, 

ʧʨʠʯʦʤʫ ʚʠʤʽʨ ʙʘʞʘʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘ ʪʽʻʶ ʞ ʩʭʝʤʦʶ, ʱʦ ʽ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʽ. 

ʎʽ ʥʘʜʪʦ ʪʨʫʜʦʤʽʩʪʢʽ ʦʧʝʨʘʮʽʾ ʤʦʞʥʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦ-

ʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ (ʂɯʄ), ʦʩʥʘʱʝʥʠʭ ʩʠʩʪʝʤʘʤʠ ʏʇʂ. ʇʨʠ ʦʙʨʦʙʮʽ 

ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʢʦʥʪʨʦʣʴ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʝʨʩʪʘʪʽ, 

ʜʝ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʜʝʪʘʣʴ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ On Machine Verification (OMV). 

ʋʧʨʘʚʣʽʥʥʷʤ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʘ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʩʽ ʩʠʩʪʝʤʘʪʠʯʥʽ 

ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ, ʧʨʦʪʝ ʥʝʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ ʚʠʧʘʜʢʦʚʽ ʩʢʣʘʜʦʚʽ. ʊʘʢʠʡ ʚʠ-

ʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ (ʣʽʥʽʷ 2 ʥʘ 

ʨʠʩ. 1.19, ʚ): ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʢʦʨʝʢʮʽʾ k=0,8 ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ-

ʛʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ ᷃
2
=5,743, ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ♬

2
=5,666, ʮʝʥʪʨʠ ʛʨʫʧʫʚʘʥʥʷ 

M1=27,00ʤʤ ʪʘ M2=26,999ʤʤ ʚʽʜʧʦʚʽʜʥʦ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢʽ 

ʚʠʩʥʦʚʢʠ: 

V ʅʘʡʢʨʘʱʠʤ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʻ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʟʘ 

ʧʦʪʦʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʫ ʢʦʤʧʝʥʩʘʮʽʶ ʜʝʪʝʨʤʽʥʦ-

ʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʪʘ ʥʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫʪʦʯʥʝʥʥʷ 

ʦʧʝʨʘʮʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘ-

ʜʦʚʦʾ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ. ʆʜʥʘʢ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʘ 

ʉɸʋ, ʷʢʘ ʤʘʻ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʨʦʟʤʽʨʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʤʽʩʮʽ 

ʦʙʨʦʙʢʠ. 

V ʄʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʠ ʘʜʝʢʚʘʪʥʽʡ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʫ ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʻ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʩʢʣʘʜʦʚʫ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ 

ʪʘ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʠʧʘʜʢʦʚʫ ʩʢʣʘʜʦʚʫ. ʎʝʡ ʤʝʪʦʜ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʩʢʣʘʜʦʚʘ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʙʘʣʘʥʩʽ ʧʦʭʠʙʢʠ ʧʨʝʚʘʣʶʻ. 

V ʋʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʢʦʨʝʢʮʽʾ ʨʦʟ-

ʤʽʨʫ (ʘʚʪʦʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷ), ʪʝʭʥʽʯʥʦ ʧʨʦʩʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ, ʧʨʦʪʝ ʤʘʻ 

ʥʘʡʛʽʨʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʽ. 
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V ʋʧʨʘʚʣʽʥʥʷʤ ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʽʜ ʯʘʩ ʢʦʨʝʢʮʽʾ ʏʇʋ ʤʦ-

ʞʥʘ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʩʽ ʩʠʩʪʝʤʘʪʠʯʥʽ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ, ʧʨʦʪʝ ʥʝʤʦʞʣʠ-

ʚʦ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ. 

V ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʥʝʦʙʭʽʜʥʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʨʩʪʘʪ ʟ ʏʇʋ ʪʘ ʦʨʛʘʥʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʢʣʶʯʝʥʥʷʤ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ (ʂɯʄ). ʋ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʦʙʨʦʙʮʽ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʢʦʥʪʨʦʣʴ ʤʦʞʥʘ ʦʨ-

ʛʘʥʽʟʫʚʘʪʠ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʝʨʩʪʘʪʽ. 

 

1.3. ʂʦʤʙʥ̔ʦʚʘʥ ̔ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʥ̔ʥ̫ 

ɸʥʘʣʽʟ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ, ʨʽʟʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ (ʩʪʘʙʽʣʽʟʘʮʽʷ ï ʦʧʪʠʤʽʟʘʮʽʷ ï ʢʦʨʝʢʮʽʷ), ʧʦ-

ʢʘʟʫʻ, ʱʦ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʦʮʽʣʴʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ. 

ʊʘʢʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ 

ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʫʚʘʥʥʷ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦ-

ʥʘʥʥʷ ʚʽʜʨʘʟʫ ʜʚʦʭ ʝʪʘʧʽʚ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʘʢʽ, ʚ ʧʝʚʥʦʤʫ ʩʝʥʩʽ, ʫʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘ-

ʶʪʴ ʧʦʥʷʪʪʶ çʜʚʘ ʚ ʦʜʥʦʤʫè. 

ʋʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʨʽʟʘʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʎʝʡ ʤʝʪʦʜ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘ ʚʘʛʦʤʦʛʦ ʚʧʣʠʚʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ 

ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ, ʟʦʢʨʝʤʘ, ʢʦʥʪʫʨ-

ʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ. ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʟʚ'ʷʟʢʫ ʤʽʞ ʟʙʫʨʝʥʥʷ-

ʤʠ, ʢʝʨʫʶʯʠʤʠ ʚʧʣʠʚʘʤʠ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ, ʪʦʙʪʦ ʥʘ ʟʘʟʜʘʣʝ-

ʛʽʜʴ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʷʭ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ Wʧʨx ʪʘ ʝʢʚʽʚʘ-

ʣʝʥʪʥʦʾ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ Wʝʧʩx ʚ ʥʘʧʨʷʤʢʫ ʢʝʨʦʚʘʥʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

ʗʢ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʫʜʴ-ʷʢʠʡ ʧʘʨʘʤʝʪʨ ʨʝʞʠʤʫ ʨʽ-

ʟʘʥʥʷ (ʘʙʦ ʢʽʣʴʢʘ ʧʘʨʘʤʝʪʨʽʚ), ʷʢʠʡ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʥʘ ʟʙʫʨʝʥʥʷ, ʘ ʪʨʘʻʢ-

ʪʦʨʽʶ ʬʦʨʤʦʪʚʦʨʯʦʛʦ ʨʫʭʫ ʥʝ ʢʦʨʠʛʫʶʪʴ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʤ ʫʥʽʚʝʨʩʘʣʴʥʠʤ 

ʚʧʣʠʚʦʤ, ʱʦ ʫʧʨʘʚʣʷʻ, ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʦʙʨʦʙʢʠ ʻ ʧʦʜʘʯʘ, ʪʦʙʪʦ ʰʚʠʜʢʽʩʪʴ 

ʧʦʰʠʨʝʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʤʽʥʽ-

ʤʫʤ ʟ ʜʚʦʤʘ ʚʭʦʜʘʤʠ: ʧʦ ʚʝʢʪʦʨʫ ʚʽʜʥʦʩʥʦʛʦ ʬʦʨʤʦʪʚʦʨʯʦʛʦ ʨʫʭʫ xʪ, ʟʘʜʘʥʠʤ 
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ʙʝʟ ʢʦʨʝʢʮʽʾ ʪʘ ʧʦ ʚʧʣʠʚʫ ʢʝʨʫʶʯʦʛʦ f (ʨʠʩ.1.20). ʆʪʞʝ, ʩʠʣʦʚʠʡ ʬʘʢʪʦʨ, ʱʦ 

ʟʙʫʨʶʻ, ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʥʘ ʢʝʨʦʚʘʥʫ ʢʦʦʨʜʠʥʘʪʫ x, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

fWxWF ʧʨfʬʧʨxx +=  (1.16) 

 

1/Wʝʧʩx           

 

dx0                                                                              f 

Wʧʨx                         1/Wʧʨf      

 Wʧʨf 

Wʧʨx 

   xʪ                                               xʬ                             Fx 

           Wʧʨx 

         d x 

           Wʝʧʩx 
 

 

ʈʠʩ. 1.20. ʉʭʝʤʘ ʫʧʨʘʚʣʥ̔ʥ̫  ʜʣʷ ʩʪʘʙʣ̔̔ʟʘʮ̔ʾ ʫʤʦʚ ʦʙʨʦʙʣʝʥʥʷ 

ʎʽʣʢʦʤ ʷʩʥʦ, ʱʦ ʟʥʘʡʪʠ ʪʘʢʠʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ f, ʧʨʠ ʷʢʦʤʫ ʚʽʜʭʠ-

ʣʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ xʬ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʾ xʪ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ ʥʘ 

ʚʩʽʭ ʜʽʣʴʥʠʮʷʭ ʢʦʥʪʫʨʫ ʥʝʤʦʞʣʠʚʦ. ʆʜʥʘʢ ʮʽʣʢʦʤ ʨʝʘʣʴʥʦ ʟʨʦʙʠʪʠ ʮʝ ʚʽʜʭʠ-

ʣʝʥʥʷ ʧʦʩʪʽʡʥʠʤ ʧʦ ʚʩʴʦʤʫ ʢʦʥʪʫʨʫ, ʘ ʧʽʩʣʷ ʮʴʦʛʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʧʦʩʪʽʡʥʠʤ 

ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ. ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʤʘʪʠʯʥʦ ʫʩʫ-

ʚʘʻʪʴʩʷ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ, ʱʦ ʜʝʩʪʘʙʽʣʽʟʫʶʪʴ, ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʢʠ. ʗʢʠʤ ʞʝ ʤʘʻ 

ʙʫʪʠ ʟʘʢʦʥ ʫʧʨʘʚʣʽʥʥʷ f ʫ ʮʴʦʤʫ ʤʝʪʦʜʽ? 

ɿ ̔ʩʭʝʤʠ ʨʠʩ. 1.20 ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʦʯʝʚʠʜʥ ̔ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ, ʨʘʟʦʤ ʟ 

(1.16), ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ: 

í
ì
ë

-=

=

.

,

xxx

WFx

ʪʬ

ʵʧʩxx

d

d
 (1.17) 

ɺʠʢʣʶʯʠʚ ʟ ʨʽʚʥʷʥʴ (1.16)  ̔(1.17) ʧʨʦʤʽʞʥʽ ʟʤʽʥʥʽ, ʦʪʨʠʤʘʻʤʦ: 
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ʉʬʦʨʤʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ 

ʉɸʋ (ʜʠʚʠʩʴ ʨʠʩ. 1.20) ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʝʨʝʜʘʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʈʦʟʨʘʭʫʥʦʢ 

ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ f ʟʘʣʝʞʥʦ ʚʽʜ (1.18) ʧʨʦʚʦʜʷʪʴ ʫ ʬʫʥʢʮʽʾ ʟʘʜʘʶʯʦʾ ʢʦʦʨʜʠ-

ʥʘʪʠ x, ʚʠʭʦʜʷʯʠ ʟ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʜʝʬʦʨʤʘʮʽʾ dx =  dx0 = const. ʉʪʘʙʽʣʽʟʘ-



ɻʃɸɺɸ 1 ʆʉʅʆɺʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇʈʆʎɽʉɸʄ ʈɯɿɸʅʅʗ 

 

39 

ʮʽʷ ʜʝʬʦʨʤʘʮʽʾ ʫ ʬʫʥʢʮʽʾ ʢʦʦʨʜʠʥʘʪʠ, ʱʦ ʟʘʜʘʻ, ʦʟʥʘʯʘʻ ʪʘʢʦʞ ʽ ʩʪʘʙʽʣʽʟʘʮʽʶ 

ʫʤʦʚ ʦʙʨʦʙʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʦʜʥʘʢʦʚʫ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʚʩʽʭ 

ʜʽʣɹʥʠʮ̫ʭ. 

ʏʝʨʝʟ ʩʫʪʪʻʚʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢ-

ʮʽʡ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʟʘʣʝʞʥʽʩʪʴ (1.18), ʨʦʟʨʘʭʫʥʢʠ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʘ ʥʘ ʝʪʘʧʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʜʝʣʶ-

ʚʘʥʥʷʤ ʧʨʦʮʝʩʫ ʟʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ. 

ʋʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʨʽʟʘʥʥʷ ʟʘ ʧʦʪʦʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʄʝʪʦʜ ʧʝʨʝʜ-

ʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʉɸʋ, ʟʘʤʢʥʝʥʦʾ ʯʝʨʝʟ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʶʯʦʾ ʟʘ 

ʧʨʠʥʮʠʧʦʤ çʟʚʝʜʝʥʥʷ ʙʘʣʘʥʩʫè, ʪʦʙʪʦ ʟʘ ʧʦʤʠʣʢʦ.ʁ ʉʘʤʝ ʪʘʢʠʡ ʤʝʪʦʜ, ʫ ʜʝ-

ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʉɸʋ ʜʣʷ ʜʝʷʢʠʭ 

ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ [7]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʛʘʣʴʥʠʡ 

ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʽʥʥʷ, ʮʝʡ ʤʝʪʦʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ ʤʝʪʦʜʫ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʻʢʪʦʨʽʻʶ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʦʛʦ ʨʫʭʫ ʟʘ ʧʦʪʦʯʥʦʶ ʽʥʬʦʨʤʘʮʽ-

ʻʶ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ ʤʝʪʦʜʫ (ʨʠʩ. 1.21), ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦ-

ʮʝʩʫ, ʟʦʢʨʝʤʘ, ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʚʧʣʠʚʘʶʪʴ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʯʝʨʝʟ ʨʝʞʠʤ ʨʽ-

ʟʘʥʥʷ. 

 

   x0                         f 

Wʩʧf                           Wʧʨf 

 

    xʦʩ                     xʪ              xʬ                             Fx 

    Wʧʨx 

  d x 

      Wʟʟ                                 Wʝʧʩx 

 
 

 
ʈʠʩ. 1.21. ʉʭʝʤʘ ʫʧʨʘʚʣʥ̔ʥ̫  ʨʝʞʠʤʦʤ ʦʙʨʦʙʢʠ ʟʘ ʧʦʪʦʯʥʦʶ ʥ̔ʬʦʨʤʘʮʽʻʶ 

ʇʨʠ ʮʴʦʤʫ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʶ ʤʝʪʫ ʫʧʨʘʚʣʽʥʥʷ ʚʠʙʠʨʘʶʪʴ ʙʫʜʴ-ʷʢʠʡ ʧʘ-

ʨʘʤʝʪʨ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʷʢʠʡ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʽ ʽʥʪʝʛʨʫʻ ʚ ʩʦʙʽ ʤʘʢʩʠʤʫʤ ʽʥ-

ʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ, ʟʘʟʚʠʯʘʡ, ʩʠʣʦʚʠʡ ʯʠʥʥʠʢ, ʷʢʠʡ ʚʠʤʽʨʶʻʪʴʩʷ 

ʯʝʨʝʟ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʠ. 

ʋ ʉɸʋ ʚʭʦʜʠʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ Wʟʟ ʽ ʩʝʨ-

ʚʦʧʨʠʚʽʜ ʧʦʜʘʯʽ Wʩʧ. ʇʨʠ ʧʦʩʪʽʡʥʦʤʫ ʩʠʛʥʘʣʽ x0 ʥʘ ʚʭʦʜʽ ʉɸʋ ʬʫʥʢʮʽʦʥʫʻ ʷʢ 

ʩʠʩʪʝʤʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʝʬʦʨʤʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ f. ʉɸʋ ʻ ʟʘ-
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ʤʢʥʫʪʦʶ ʽ ʧʨʠ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʩʪʘʣʦʩʪʽ. ɼʣʷ 

ʮʴʦʛʦ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʟʘʛʘʣʴʥʦʶ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ: 

.
1
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WWWWWWW

WWWW
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=  (1.42) 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʤʝʪʦʜ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ, 

ʘʣʝ ʽ ʡ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʴ-ʷʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ʚ ʮʠʢʣʽ 

ʦʙʨʦʙʢʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʫʨʽʟʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʩʠʩʪʝʤʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ-

ʦʙʭʽʜʥʠʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʝʨʝʯʥʦʶ ʫʨʽʟʥʦʶ ʧʦʜʘʯʝʶ ʫ ʬʫʥʢʮʽʾ ʢʦʦʨ-

ʜʠʥʘʪʠ ʧʨʠʧʫʩʢʫ, ʱʦ ʟʘʣʠʰʠʚʩʷ. ɼʣʷ ʮʴʦʛʦ ʚ ʉɸʋ ʤʘʻ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʠʡ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʚʠʤʽʨ ʬʘʢʪʠʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʫ ʥʘʧʨʷʤʢʫ ʚʨʽʟʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩ-

ʪʘʥʠʡ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʛʨʘʤʥʠʡ ʙʣʦʢ, ʫ ʷʢʦʤʫ ʟʘʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ. 

ʋʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʨʽʟʘʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʪʘ ʢʦʨʝʢʮʽʻʶ ʝʢʚʽʜʠʩʪʘʥʪʠ 

ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʋ ʨʘʟʽ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʪʦʚʽʨʥʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥ-

ʬʦʨʤʘʮʽʾ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʝ ʧʦʣʷʛʘʻ ʫ ʪʦ-

ʤʫ, ʱʦ ʪʨʘʻʢʪʦʨʽʷ ʚʽʜʥʦʩʥʦʛʦ ʬʦʨʤʦʪʚʦʨʯʦʛʦ ʨʫʭʫ ʢʦʨʠʛʫʻʪʴʩʷ ʟʘ ʘʧʦʩʪʝʨʽʦ-

ʨʥʦʁ ʽʥʬʦʨʤʘʮʽʻ  ʁ(ʨʠʩ. 1.22).  
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ʈʠʩ. 1.22. ʂʦʤʙʥ̔ʦʚʘʥʝ ʫʧʨʘʚʣʥ̔ʥ ̫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʦʩʪʝʨʦ̔ʨʥʦ ʾ ʥ̔ʬʦʨʤʘʮʽʾ 

ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ (ʛʨʫʧʘ ʝʣʝʤʝʥʪʽʚ 1) ʟʘ 

ʟʙʫʨʝʥʥʷʤ ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ ʨʠʩ. 1.20 ʪʘ ʢʦʨʝʢʮʽʾ ʪʨʘʻʢʪʦʨʽʾ ʟʘ ʜʝʱʦ ʟʤʽʥʝʥʠʤ 

ʤʝʪʦʜʦʤ ʨʠʩ. 1.12. ɿʤʽʥʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʛʨʫ-

ʧʦʶ ʝʣʝʤʝʥʪʽʚ 2, ʚʠʢʦʥʫʶʪʴʩʷ ʣʠʰʝ ʦʜʠʥ ʨʘʟ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ 

ʦʙʨʦʙʣʝʥʦʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʙʨʦʙʮʽ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʧʦ ʢʘʥʘʣʫ 

ʧʦʜʘʯʽ f ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʝʚʥʦʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ, ʚʠʢʦʥʫʶʪʴ ʢʦʥʪ-
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ʨʦʣʴ ʥʘʩʪʫʧʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. ʄʝʪʦʶ ʻ ʧʦʙʫʜʦʚʘ ʩʝʨʝʜ-

ʥʴʦʩʪʘʪʠʩʪʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʬʫʥʢʮʽʾ ʚʽʜ ʟʘʜʘʶʯʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷ-

ʻʪʴʩʷ ʷʢ ʬʫʥʢʮʽʷ, ʱʦ ʦʛʠʥʘʻ ʮʝʥʪʨʠ ʛʨʫʧʫʚʘʥʥʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʽʚ ʧʦʚʝʨʭʥʽ ʧʨʠ 

ʚʠʙʨʘʥʦʤʫ ʢʨʦʮʽ ʟʤʽʥʠ ʢʦʦʨʜʠʥʘʪʠ, ʱʦ ʟʘʜʘʻ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʪʝʦʨʝʪʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʨʝʢʮʽʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ. ɿʘ ʪʘʢʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʛʨʫʧʘ ʝʣʝʤʝʥʪʽʚ 2 ʬʘʢʪʠʯʥʦ ʥʝ ʚʭʦʜʠʪʴ ʫ ʉɸʋ. 

ɹʽʣʴʰ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʻ ʉɸʋ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʝʣʝʤʝʥʪʠ 

ʛʨʫʧʠ 2, ʟʘʚʜʷʢʠ ʯʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʽʡʥʘ ʢʦʨʝʢʮʽʷ, ʷʢʘ ʫʩʫʚʘʻ ʨʽʟʥʦʤʘʥʽʪ-

ʥʽ ʪʨʝʥʜʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʛʥʫʯʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʽʜʥʦʩʥʠʤ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʤ ʨʫʭʦʤ. ɼʣʷ ʧʝʨʰʦʾ ʦʙʨʦʙ-

ʣʝʥʦʾ ʜʝʪʘʣʽ ʬʫʥʢʮʽʦʥʫʻ ʪʽʣʴʢʠ ʪʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ, ʷʢʘ ʢʦʤʧʝʥʩʫʻ ʬʘʢʪʦʨʠ, 

ʱʦ ʜʝʩʪʘʙʽʣʽʟʫʶʪʴ, ʫʧʨʘʚʣʽʥʥʷʤ ʟ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʥʘʩʪʫʧʥʠʭ ʜʝʪʘ-

ʣʝʡ ʚʢʣʶʯʘʻʪʴʩʷ ʜʨʫʛʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʥʫʻ ʘʚʪʦʤʘʪʠʯʥʫ ʢʦʨʝʢʮʽʶ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʜʝʪʘʣʽ. 

ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʙʫʜʝ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʢʦʤʧʝʥʩʦʚʘʥʘ ʟʘ ʨʘʭʫʥʦʢ ʨʦʙʦʪʠ ʧʝʨʰʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ, ʢʦʝʬʽʮʽʻʥʪ ʥʘʣʘʛʦ-

ʜʞʝʥʥʷ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʧʦʩʪʽʡʥʠʤ ʽ ʨʽʚʥʠʤ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ (~0.8). 

ɺʠʤʽʨʶʚʘʥʥʷ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʤʦʞʫʪʴ 

ʧʨʦʚʦʜʠʪʠʩʷ ʟʘ ʨʦʟʛʣʷʥʫʪʠʤʠ ʚʠʱʝ ʤʝʪʦʜʠʢʘʤʠ ʽʟ ʩʚʦʻʯʘʩʥʦʶ ʧʝʨʝʜʘʯʝʶ ʽʥ-

ʬʦʨʤʘʮʽʾ. ʆʨʛʘʥʽʟʘʮʽʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʷʢ ʻʜʠʥʦʾ 

ʉɸʋ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʽ ʤʦʞʝ ʙʫʪʠ ʜʦʮʽʣʴʥʦʶ ʜʣʷ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʠʭ ʽ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʤʘʣʦʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ʉʪʘʙʽʣʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʟʘ ʧʦʪʦʯʥʦʶ ʪʘ ʢʦʨʝʢʮʽʷ ʝʢʚʽʜʠʩʪʘʥʪʠ ʟʘ 

ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʧʨʘʢʪʠʯʥʦ ʩʢʣʘʜʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʙʝʟʧʦʩʝʨʝ-

ʜʥʴʦ ʥʘ ʚʝʨʩʪʘʪʽ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʦʪʦʯʥʦʁ  

ʽʥʬʦʨʤʘʮʽʻ ʁ(ʜʠʚʠʩʴ ʨʠʩ. 1.9). ʇʨʦʩʪʽʰʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʪʦʜ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ 

ʦʙʨʦʙʢʠ ʢʦʥʪʨʦʣʶ ʟʙʫʨʝʥʴ ï ʩʠʣʠ ʯʠ ʤʦʤʝʥʪʫ ʨʽʟʘʥʥʷ. ɰʭ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ 

ʚʠʤʽʨʶʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʪʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʦʨʛʘʥʽʟʫʚʘʪʠ ʉɸʋ, ʤʝʪʦʶ ʷʢʦʾ 

ʙʫʜʝ ʩʪʘʙʽʣʽʟʘʮʽʷ ʮʠʭ ʟʙʫʨʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʛʫʣʶʶ-

ʯʠʤʠ ʚʧʣʠʚʘʤʠ. 

ɸʥʘʣʽʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʉɸʋ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʙʽʣʽ-

ʟʘʮʽʷ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ, ʚʠʢʣʠʢʘʥʦʾ ʧʨʫʞʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ, 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ Wʝʧʩ ʙʫʜʝ ʽʥ-

ʚʘʨʽʘʥʪʥʦʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʦʨʜʠʥʘʪʠ, ʱʦ ʟʘʜʘʻ. ʅʘʩʧʨʘʚʜʽ ʮʷ ʫʤʦʚʘ 
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ʤʘʡʞʝ ʥʢ̔ʦʣʠ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ʊʦʤʫ ʩʪʘʙʽʣʽʟʘʮʽʷ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʟʙʫ-

ʨʶʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʩʠʩʪʝʤʘʪʠʯʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ. 

ʆʩʴ ʯʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ʜʦʙʨʝ ʩʝʙʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʥʘ ʧʨʦʩʪʠʭ ʦʧʝʨʘʮʽʷʭ, ʜʦʮʽʣʴʥʦʶ ʻ ʡʦʛʦ ʢʦʤʙʽʥʘʮʽʷ ʟ ʢʦʨʝʢ-

ʮʽʻʶ ʪʨʘʻʢʪʦʨʽʾ (ʝʢʚʽʜʠʩʪʘʥʪʠ) ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝ-

ʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ Wʢ (ʨʠʩ. 1.23). 

 

 x0                                f 

Wʩʧf                                   Wʧʨf 

 

    xʦʩ      xʪ                        xʟ          xʬ                             Fx 

   Wʢ                                  Wʧʨx 

         d x 

   Wʟʟ                                 Wʝʧʩx 

 
 

 
ʈʠʩ. 1.23. ʂʦʤʙʥ̔ʦʚʘʥʝ ʫʧʨʘʚʣʥ̔ʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʨ̔ʦʨʥʦ ʾ ʥ̔ʬʦʨʤʘʮʽʾ 

ʊʚʦʨʯʝ ʩʧʨʠʡʥʷʪʪʷ ʦʩʥʦʚʥʠʭ ʽʜʝʡ, ʚʠʢʣʘʜʝʥʠʭ ʚʠʱʝ, ʜʦʧʦʤʦʞʝ ʫ ʧʨʘʢ-

ʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʢʦʥʩʪʨʫʶʚʘʪʠ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʽ ʩʭʝʤʠ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʫʩʧʽʭʫ. 

 

1.4. ʂʦʨʝʢʮʽʷ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʪʨʘʻʢʪʦʨʽʾ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʘ-

ʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʗʢ ʚʽʜʦʤʦ, ʧʦʭʠʙʢʘ ʦʙʨʦʙʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘ-

ʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʩʢʣʘʜʦʚʘ ʚʽʜ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ (ʊʆʉ) ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦʩʷʛʘʻ 90% ʟʘʛʘʣʴʥʦʾ ʧʦʭʠʙʢʠ. ɿ 

ʧʦʷʚʦʶ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯ-

ʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʥʠʢʣʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 

ʦʙʨʦʙʢʠ ʟʘ ʘʧʨʽʦʨʥʦʶ, ʧʦʪʦʯʥʦʶ ʪʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ [3]. ʆʩʢʽʣʴ-

ʢʠ ʧʦʭʠʙʢʘ, ʚʠʢʣʠʢʘʥʘ ʧʨʫʞʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʊʆʉ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʩʧʦʩʦʙʫ ʫʩʪʘʥʦʚʢʠ ʜʝʪʘʣʽ, ʞʦʨʩʪʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʚʝʨʩʪʘʪʘ, ʷʢʽ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ ʘʧʨʽʦʨʽ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʚʠʤʽ-

ʨʶʚʘʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʽʩʮʽ ʦʙʨʦʙʢʠ ʜʣʷ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʦʪʦʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʤ ʤʝʪʦ-

ʜʦʤ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʩʣʽʜ ʚʠʟʥʘʪʠ ʤʝʪʦʜ 
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ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʆʜʥʘʢ, ʮʝʡ ʤʝʪʦʜ ʧʨʘʢʪʠʯʥʦ ʤʘʡʞʝ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʠʢ ʪʘ ʘʣʛʦʨʠʪʤʽʚ. ʊʦʤʫ 

ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʢʦʤʧʝʥ-

ʩʘʮʽʾ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʧʨʦʛʨʘʤʽ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʻ ʘʢʪʫʘʣʴ-

ʥʦʶ. 

1.4.1. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʦʢʘʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʢʦʨʝʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʶʶ-

ʯʦʾ ʪʨʘʻʢʪʦʨʽʾ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʦʢ, ʩʧʨʠʯʠʥʝʥʠʭ ʧʨʫʞʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷ-

ʤʠ ʊʆʉ. ɿʛʽʜʥʦ ʟ ʨʦʙʦʯʦʶ ʛʽʧʦʪʝʟʦʶ, ʧʦʢʣʘʜʝʥʦʶ ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʫ, ʚ ʧʦʭʠʙʮʽ 

ʦʙʨʦʙʢʠ ʤʽʩʪʠʪʴʩʷ ʚʩʷ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʢʦʨʝʢʮʽʾ ʽʥʬʦʨʤʘʮʽʷ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʻ 

ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʪʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʧʨʠ ʩʧʝʮʽʘʣʴʥʽʡ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ ʚʞʝ ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣʽ.  

ɿ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʨʝʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ 

ʪʨʘʻʢʪʦʨʽʾ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʚʘ ʧʽʜʭʦʜʠ. ʇʝʨʰʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥ-

ʥʽ ʩʢʦʨʠʛʦʚʘʥʦʾ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʥʘʩʪʫʧʥʦʾ ʜʝʪʘʣʽ ʪʘ ʤʦʞʝ ʟʘ-

ʩʪʦʩʦʚʫʚʘʪʠʩʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [8]. ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʚʝʩʴ ʧʨʠʧʫʩʢ ʥʘ ʦʙʨʦʙʢʫ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʚʽ ʨʽʚʥʽ ʯʘʩʪʠʥʠ, ʧʽʩʣʷ 

ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʟ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʧʨʠʧʫʩʢʫ, ʚʠʤʽ-

ʨʶʶʪʴ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʦʦʨʜʠʥʘʪʠ (ʥʘʧʨʠʢʣʘʜ, ʜʽʘʤʝʪʨʘ) 

ʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʚʠʢʦʥʫʶʪʴ ʦʙʨʦʙʢʫ ʥʘ ʜʨʫʛʦʤʫ 

ʧʨʦʭʦʜʽ ʟʘ ʩʢʦʨʠʛʦʚʘʥʦʶ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʶ ʪʨʘʻʢʪʦʨʽʻʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʨʝ-

ʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʦʙʨʦʙʮʽ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ 

ʜʝʪʘʣʝʡ ʫ ʦʜʠʥʠʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʢʦʣʠ ʚʪʨʘʪʠ ʯʘʩʫ ʥʘ ʚʠʤʽʨʠ ʮʽʣʢʦʤ ʚʠ-

ʧʨʘʚʜʘʥʽ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘʢʠʭ ʚʠʤʽʨʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ 

ʙʝʟ ʟʥʷʪʪʷ ʜʝʪʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ OMV (On Machine Verification) 

[9, 10]. 

ʉʫʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʽʣʶʩʪʨʫʻʪʴʩʷ ʥʘ ʨʠʩ. 1.24, ʜʝ ʟʘʛʦʪʦʚʢʘ 

ʨʘʜʽʫʩʦʤ Rɿ ʦʙʨʦʙʣʷʻʪʴʩʷ ʜʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ ʨʘʜʽʫʩʦʤ Rʜ ʟʘ ʜʚʘ ʧʨʦʭʦʜʠ. ɿʘʜʘ-

ʥʘ ʫ ʧʨʦʛʨʘʤʽ ʏʇʋ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʧʦʟʥʘʯʝʥʘ Hɿ1, ʧʨʠ 

ʮʴʦʤʫ ʨʽʟʝʮʴ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʧʦʣʦʞʝʥʥʷ, ʧʦʟʥʘʯʝʥʝ 1', ʘ, ʚ ʩʠʣʫ ʧʨʫʞʥʠʭ ʜʝ-

ʬʦʨʤʘʮʽʡ ʧʨʠ ʦʙʨʦʙʮʽ, ʚʽʥ ʟʘʡʤʘʻ ʧʦʣʦʞʝʥʥʷ, ʧʦʟʥʘʯʝʥʝ 1 ʽ ʬʘʢʪʠʯʥʘ ʛʣʠʙʠ-

ʥʘ Hʌ1 ʨʽʟʘʥʥʷ ʚʽʜʨʽʟʥʷʪʠʤʝʪʴʩʷ ʚʽʜ ʟʘʜʘʥʦʾ. ʂʦʨʝʢʮʽʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʟʘʜʘʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ Hɿ2 ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ 

ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ. 
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ʈʠʩ. 1.24. ʉʭʝʤʘ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʟʘ ʜʚʘ ʧʨʦʭʦʜʠ 

ʆʙʨʦʙʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʟʘʤʢʥʫʪʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʙʨʦʙʥʽʡ ʩʠʩʪʝʤʽ 

(ʊʆʉ), ʷʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʨʦʙʢʠ ʚ ʜʚʘ ʧʨʦʭʦʜʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʩʭʝʤʘʤʠ, ʧʦʢʘʟʘʥʠʤʠ ʥʘ ʨʠʩ. 1.25. 

ɿʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʧʝʨʝʪʚʦ-

ʨʝʥʥʷ, ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

ʦʩPɿ

ʌ

kkH

H

/1

1

1

1

+
= ,     (1.43) 

ʜʝ Hʬ1 ʽ Hɿ1 ï ʬʘʢʪʠʯʥʘ ʽ ʟʘʜʘʥʘ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ, kP ï ʢʦʝ-

ʬʽʮʽʻʥʪ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʽʜ ʛʣʠʙʠʥʠ, kʦʩ ï ʧʨʠʚʝʜʝʥʘ 

ʞʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ. 
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ʘ)     ʙ) 

ʈʠʩ. 1.25. ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʊʆʉ: ʘ) ï ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ, ʙ) ï ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʚʽʜʦʤʦʾ ʟʘʜʘʥʦʾ ʛʣʠʙʠʥʠ ʪʘ 

ʚʠʤʽʨʷʥʦʾ ʬʘʢʪʠʯʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ (ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʟʘʜʘʥʦʾ ʛʣʠ-

ʙʠʥʠ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʛʦ ʜʽʘʤʝʪʨʘ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʚʽʜ ʪʝʦʨʝ-

ʪʠʯʥʦʛʦ): 

111 d-= ɿʬ HH ,      (1.44) 
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ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ (Rʜ ʥʘ ʨʠʩ. 1.24) ʥʝʦʙʭʽʜʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʪʘʢʫ ʛʣʠʙʠʥʫ ʨʽʟʘʥʥʷ ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ, ʱʦʙ 112 d+= ɿʌ HH . ɿʽ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʊʆʉ ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ ʤʘʻʤʦ: 
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= .     (1.46) 

ɿʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʊʆʉ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʬʦʨ-

ʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʭʠʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ (1.45):  

1

11
1

1 k

kHɿ

+
=d .      (1.47) 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (1.44) ʽ (1.47) ʚ (1.46) ʽ ʥʝʩʢʣʘʜʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ  ʧʝ-

ʨʝʪʚʦʨʝʥʴ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʜʘʥʦʾ ʛʣʠʙʠʥʠ ʨʽ-

ʟʘʥʥʷ ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ: 
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1 ,    (1.48) 

ʜʝ kC=k2oc/k1oc ï ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ ʊʆʉ ʜʨʫʛʦʛʦ ʧʨʦʭʦʜʝ.  

ʇʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʥʘ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʞʦʨʩʪʢʽʩʪʴ ʊʆʉ ʟʤʽʥʶʻʪʴ-

ʩʷ ʬʫʥʢʮʽʾ ʢʦʦʨʜʠʥʘʪʠ X ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʫʩʪʘʥʦʚʢʠ ʟʘʛʦʪʦʚʢʠ ʽ ʾʾ ʧʨʫ-

ʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʩʭʝʤʦʶ ʟʘ ʨʠʩ. 1.26 ʪʘ ʤʝʪʦʜʠʢʦʶ, ʚʠʢʣʘʜʝʥʦʶ ʚ [2]. 

ʌʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʷʢ ʟʚʦʨʦʪʥʦʾ ʚʝʣʠʯʠʥʠ 

ʧʦʜʘʪʣʠʚʦʩʪʽ ʧʦ ʢʦʦʨʜʠʥʘʪʽ X ʤʘʻ ʚʠʛʣʷʜ: 

4321

2 3

aaaa

EJkkkl
k ʟYʩYʰYʜ

y
+++

= ,     (1.49) 

ʜʝ a1=(lʜ-x)
2
kʩYkʟY3EJ; a2=x

2
kʰYkʩY3EJ; a3=lʜ

2
kʰYkʟY3EJ; a4=x

2
(lʜ-x)

2
lʜkʰYkʩYkʟY     

ʇʨʠʚʝʜʝʥʘ ʞʦʨʩʪʢʽʩʪʴ ʧʦ ʢʦʦʨʜʠʥʘʪʽ Z ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ, ʘʣʝ ʟʤʽʥʶʶʪʴʩʷ ʽʥʜʝʢʩʠ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʞʦʨʩʪʢʦʩʪʷʭ ʫ ʬʦʨ-

ʤʫʣʘʭ (1.49). ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʣʝʞʥʦʩʪʽ (1.49) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ EJ: 

( )423125 ʜREJ p= .    (1.50) 



ɻʃɸɺɸ 1 ʆʉʅʆɺʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇʈʆʎɽʉɸʄ ʈɯɿɸʅʅʗ 

 

46 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

kʟZ 

k Zh 

kʩZ 

kʩY 

k Yh 

kʟY 
lY 

lZ 

m 

Y 

Z X 

 
ʈʠʩ. 1.26. ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʊʆʉ  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʣʝʞʥʽʩʪʴ (1.49), ʟʘ ʷʢʦʶ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʢʦʨʠʛʦʚʘʥʘ 

ʧʨʦʛʨʘʤʘ ʢʝʨʫʚʘʥʥʷ ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ, ʥʘʚʽʪʴ ʜʣʷ ʧʨʦʩʪʠʭ ʬʦʨʤ ʜʝʪʘʣʝʡ 

(ʥʘʧʨʠʢʣʘʜ, ʮʠʣʽʥʜʨ) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʶ, ʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʝʨʫʶʯʦʾ 

ʧʨʦʛʨʘʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧôʶʪʝʨʥʫ ʧʽʜʛʦʪʦʚʢʫ ʜʘʥʠʭ.  

ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʘʧʦʩʪʝ-

ʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʧʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʤʦʜʝ-

ʣʶʚʘʪʠ ʚʩʽ ʝʪʘʧʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ ʥʘʚʝʜʝʥʠʭ ʞʦ-

ʨʩʪʢʦʩʪʝʡ ʊʆʉ ʪʘ ʜʦʧʦʚʥʝʥʦ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʡʦʛʦ ʟʘʤʢʥʫʪʦʩʪʽ [2]: 

( )

( )î
î
î
î

í

î
î
î
î

ì

ë

-+=

=

+=

=

=

--=

ʜzzʜz

yyy

xyy

zxy

npyp

ʌPz

zɿʌ

RkPR

kF

FF

FF

VfHCF

HH

22

22

xp

y

/

/

tan1/

6,0

d

d

j

dd

,    (1.51) 



ɻʃɸɺɸ 1 ʆʉʅʆɺʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇʈʆʎɽʉɸʄ ʈɯɿɸʅʅʗ 

 

47 

ʜʝ Fz, Fxy, Fy ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʽ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥ-

ʥʷ, ű ï ʛʦʣʦʚʥʠʡ ʢʫʪ ʫ ʧʣʘʥʽ ʽʥʩʪʨʫʤʝʥʪʫ, CP, xp, yp, np ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪ 

ʽ ʧʦʢʘʟʥʠʢʠ ʩʪʫʧʝʥʷ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ, ŭy, ŭz ï ʧʨʫʞʥʽ ʜʝ-

ʬʦʨʤʘʮʽʾ ʊʆʉ ʫ ʥʘʧʨʷʤʢʫ ʦʩʝʡ Y ʽ Z ʚʽʜʧʦʚʽʜʥʦ.  

ʋ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ 1 ʽʥʪʝʨʬʝʡʩʫ ʧʨʦʛʨʘʤʠ (ʨʠʩ. 1.27) ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʘʥʽʤʘʮʽʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʝʪʘʧʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʣʽʚʦʤʫ ʢʫʪʽ 

ʚʛʦʨʽ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ, ʘ ʫ ʚʽʢʥʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ 2 ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ: H31, del1 ï ʟʘʜʘʥʘ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʽ ʧʨʫ-

ʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ, H32, del2 ï ʟʘʜʘʥʘ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʽ 

ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʪʦʢʘʨʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʜʣʷ ʪʦʢʘʨʥʦʛʦ ʨʽʟʮʷ ʟ ʛʦʣʦʚʥʠʤ ʢʫʪʦʤ ʚ ʧʣʘʥʽ 45
0
 ʽ 

ʨʘʜʽʫʩʦʤ ʦʢʨʫʛʣʝʥʥʷ 0,8 ʤʤ. 

ʅʘ ʨʠʩ. 1.27 ʧʦʢʘʟʘʥʠʡ ʝʪʘʧ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ, ʜʝ ʣʽʥʽʻʶ 3 

ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʟʘʜʘʥʦʾ ʛʣʠʙʠʥʠ Hɿ1 ʨʽʟʘʥʥʷ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ (ʧʦʩʪʽʡʥʘ ʚʝʣʠ-

ʯʠʥʘ ï ʧʨʘʚʘ ʰʢʘʣʘ), ʘ ʣʽʥʽʻʶ 4 ï ʟʤʽʥʘ ʧʦʭʠʙʢʠ, ʚʠʢʣʠʢʘʥʦʾ ʧʨʫʞʥʠʤʠ ʜʝʬʦ-

ʨʤʘʮʽʷʤʠ ʊʆʉ (ʣʽʚʘ ʰʢʘʣʘ).  
  

3 
4 

1 

2 

Z 

X 

 
ʈʠʩ. 1.27. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʚʠʢʦʥʫʻʪʴ-

ʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʜʽʘʤʝʪʨʘ ʟ ʚʠʙʨʘʥʠʤ ʢʨʦʢʦʤ (ʨʠʩ. 1.28). ʂʨʦʢ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʚʽʢʥʽ ʽʥʪʝʨʬʝʡʩʫ 1, ʘ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʧʦʢʘʟʘʥʽ 

ʢʚʘʜʨʘʪʘʤʠ 2 ʥʘ ʣʽʥʽʾ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʆʪʨʠʤʘʥʠʡ ʤʘʩʠʚ ʜʘʥʠʭ ʦʙʨʦʙʣʷ-

ʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʧʣʘʡʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ 
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ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʤʘʩʠʚ ʜʘʥʠʭ, ʱʦ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪʴ ʬʦʨʤʫ ʧʨʫʞʥʠʭ ʚʽʜʭʠʣʝʥʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʨʦʢʫ ʚʠʤʽʨʽʚ. 
  

2 

1 

 
ʈʠʩ. 1.28. ɯʥʪʝʨʬʝʡʩ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ  

ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʅʘʨʝʰʪʽ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʘʩʠʚ ʟʥʘʯʝʥʴ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʪʨʘʻʢʪʦʨʽʾ ʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʚʠʱʝ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʨʫʛʦʛʦ ʧʨʦʭʦʜʫ (ʨʠʩ. 1.29).  
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2 
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ʈʠʩ. 1.29. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʫ ʚʽʢʥʽ ʦʩʮʠʣʦʛʨʘʬʘ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʛʨʘʬʽʢʠ: 

ʣʽʥʽʷ 1 ï ʟʘʜʘʥʘ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʣʽʥʽʷ 2 ï ʟʘʜʘʥʘ ʥʘ ʜʨʫ-

ʛʦʤʫ ʧʨʦʭʦʜʽ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʣʽʥʽʷ 3 ï ʧʦʭʠʙʢʘ ʦʙʨʦʙʢʠ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ 

ʟ ʚʽʜʤʽʪʢʘʤʠ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ, ʣʽʥʽʷ 4 ï ʧʦʭʠʙʢʘ ʦʙʨʦʙʢʠ. ʗʢ ʚʠʜʥʦ ʟ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʫʩʫ-

ʥʫʪʠ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ, ʚʠʢʣʠʢʘʥʫ ʧʨʫʞʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʊʆʉ. 

1.4.2. ʄʝʪʦʜʠʢʘ ʢʦʨʝʢʮʽʾ ʟʘ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ  

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʚʠʱʝ ʤʝʪʦʜ ʫʧʨʘʚʣʷʥʥʷ ʢʦʨʝʢʮʽʻʶ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ 

ʪʨʘʻʢʪʦʨʽʾ ʟʘ ʘʧʦʩʪʝʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʚʠʤʘʛʘʻ ʧʦʧʝʨʝʜʥʴʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ, ʷʢ ʤʽʥʽʤʫʤ ʚʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩ-

ʪʝʡ ʰʧʠʥʜʝʣʷ, ʩʫʧʦʨʪʘ ʽ ʟʘʜʥʴʦʛʦ ʮʝʥʪʨʫ. ʇʨʦʪʝ, ʟʘ ʨʦʙʦʯʦʶ ʛʽʧʦʪʝʟʦʶ, ʚʩʽ 

ʜʘʥʽ ʧʨʦ ʦʙʨʦʙʥʫ ʩʠʩʪʝʤʫ ʤʽʩʪʷʪʴʩʷ ʚ ʜʝʪʘʣʽ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠ-

ʟʥʘʯʝʥʽ ʟ ʜʘʥʠʭ ʧʨʦ ʚʠʤʽʨʷʥʫ ʾʾ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ. ʆʪʞʝ, ʥʠʞʯʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʤʝʪʦʜʠʢʘ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʜʝʢʣʘʨʦʚʘʥʽʡ ʨʦʙʦʯʽʡ ʛʽʧʦʪʝʟʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʰʧʠʥʜʝʣʷ, ʟʘʜʥʴʦʛʦ ʮʝʥʪʨʫ ʪʘ ʩʫʧʦʨʪʘ, 

ʧʨʠ ʚʽʜʦʤʽʡ ʞʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʨʠ ʫʤʦʚʠ. ɺʽ-

ʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (1.49) ʞʦʨʩʪʢʽʩʪʴ ʊʆʉ ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ Y: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʦ ʩʠʩʪʝʤʫ ʟ ʪʨʴʦʭ ʨʽʚʥʷʥʴ ʟ ʪʨʴʦʤʘ ʥʝʚʽʜʦʤʠʤʠ, 

ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɿ ʨʽʚʥʷʥʥʷ (1.52) ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʞʦʨʩʪʢʽʩʪʴ ʩʫʧʦʨʪʘ: 
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ʊʝʧʝʨ ʟ ʨʽʚʥʷʥʥʷ (1.53) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ (1.55) ʤʦʞʥʘ ʟʥʘʡʪʠ ʞʦʨʩʪ-

ʢʽʩʪʴ ʰʧʠʥʜʝʣʷ: 
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ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʘʣʝʞʥʦʩʪʝʡ (1.55) ʪʘ (1.56) ʚ ʨʽʚʥʷʥʥʷ (1.54) ʤʦʞʥʘ 
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ʋʩʽ ʞʦʨʩʪʢʦʩʪʽ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ (1.57) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʜʝʪʘʣʽ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʪʘ ʜʝʷʢʦʾ ʘʧʨʽʦʨ-

ʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʮʝʩ, ʘ ʩʘʤʝ, ʤʘʪʝʨʽʘʣ ʜʝʪʘʣʽ, ʛʝʦʤʝʪʨʽʶ ʽʥʩʪʨʫʤʝʥʪʫ 

ʪʦʱʦ. ʊʘʢʽ ʘʧʨʽʦʨʥʽ ʜʘʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʤʦʜʝʣʽ ʫʪʚʦʨʝʥʥʷ ʧʦʭʠʙʢʠ ʧʨʠ ʦʙʨʦ-

ʙʣʝʥʥʽ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʟʘʜʘʥʠʤ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʩʠʣʫ ʨʽʟʘʥʥʷ ʪʘ ʾʾ ʩʢʣʘʜʦʚʽ. ɼʣʷ ʮʴʦʛʦ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ 

ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʾ ʊʆʉ ʫ ʭʘʨʘʢʪʝʨʥʠʭ ʤʽʩʮʷʭ: 

ʫ ʰʧʠʥʜʝʣʷ, ʚ ʩʝʨʝʜʠʥʽ ʟʘʛʦʪʦʚʢʠ ʪʘ ʫ ʟʘʜʥʴʦʛʦ ʮʝʥʪʨʫ. 

ɼʘʣʽ, ʪʘʢʽ ʜʘʥʽ ʤʘʶʪʴ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʫ ʪʝʢʩʪʦʚʦʤʫ ʬʘʡʣʽ ʟʘ ʬʦʨʤʦʶ, ʱʦ 

ʚʠʤʘʛʘʻʪʴʩʷ ʜʣʷ ʚʚʝʜʝʥʥʷ ʫ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʫ ʧʨʦʛʨʘʤʫ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ 

ʜʘʥʦʤʫ ʬʘʡʣʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ, ʟʨʦʙʣʝʥʽ ʟ ʧʝʚʥʠʤ ʢʨʦʢʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʝ-

ʬʦʨʤʘʮʽʷʤ ʫ ʰʧʠʥʜʝʣʷ, ʚ ʩʝʨʝʜʠʥʽ ʟʘʛʦʪʦʚʢʠ ʪʘ ʫ ʟʘʜʥʴʦʛʦ ʮʝʥʪʨʫ ʜʣʷ ʚʠʢʦ-

ʥʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʷʢʦʩʪʽ ʟʘʛʦʪʦʚʦʢ ʙʫʣʦ 

ʚʟʷʪʦ ʧʨʦʢʘʪ, ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʠʡ ʜʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ: D=20 ʤʤ, L= 

130 ʤʤ. ɺ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʷʤʠʡ ʧʨʦʭʽʜʥʠʡ ʨʽʟʝʮʴ ʟ 

ʛʦʣʦʚʥʠʤ ʢʫʪʦʤ ʫ ʧʣʘʥʽ ű = 45Á ʽ ʨʘʜʽʫʩʦʤ ʦʢʨʫʛʣʝʥʥʷ r=0,8 ʤʤ (ʨʠʩ. 1.30). 

 

 

 Lʟ 

D 

   

 ű=45Á  

 r=0,8 ʤʤ  
 

 

ʈʠʩ. 1.30. ɿʘʛʦʪʦʚʢʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪ 

ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʦʢ: ʉʪʘʣʴ 45 ɻʆʉʊ 1050-74; ʨʝʞʠʤ ʨʽʟʘʥʥʷ: ʛʣʠʙʠʥʘ 

2,0ʤʤ, ʧʦʜʘʯʘ f=0,25ʤʤ/ʦʙ., ʰʚʠʜʢʽʩʪʴ v=70,00ʤ/ʭʚ. ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʄʆʈ.  



ɻʃɸɺɸ 1 ʆʉʅʆɺʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇʈʆʎɽʉɸʄ ʈɯɿɸʅʅʗ 

 

51 

ʇʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʚʠʢʦʥʫʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʜʽʘʤʝʪ-

ʨʫ ʟ ʢʨʦʢʦʤ 10 ʤʤ ʽ ʩʪʚʦʨʶʻʪʴʩʷ ʬʘʡʣ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦ-

ʛʨʘʤʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ (ʨʠʩ. 1.31). 

 

ʈʠʩ. 1.31. ʌʘʡʣ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ 

ʊʝʧʝʨ ʪʘʢʠʡ ʬʘʡʣ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʫ ʧʨʦʛʨʘʤʫ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ (ʨʠʩ.1.32) ʽ ʥʘʪʠʩʢʘʻʪʴʩʷ ʢʥʦʧʢʘ çʧʨʦʮʝʩè. ɺ ʧʨʦʛʨʘ-

ʤʽ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʤʠ ʜʘʥʠʤʠ ʚʠʢʦʥʫʻʪʴʩʷ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʜʠ-

ʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʚʠʱʝ ʤʘʪʝʤʘʪʠʯʥʦʶ 

ʤʦʜʝʣʣʶ ʽ ʧʨʦʝʢʪʫʻʪʴʩʷ ʬʘʡʣ ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ. 
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ʈʠʩ. 1.32. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʘʡʣʫ ʫʧʨʘʚʣʽʥʥʷ 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʚʽʢʥʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ 

ʟôʷʚʣʷʶʪʴʩʷ ʛʨʘʬʽʢʠ ʜʝʬʦʨʤʘʮʽʡ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ (ʣʽʥʽʷ 1 ï ʧʨʘʚʘ ʰʢʘʣʘ) 

ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʛʣʠʙʠʥʽ ʨʽʟʘʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ (ʣʽʥʽʷ 2 ï ʣʽʚʘ ʰʢʘʣʘ). ʊʘʢʽ 

ʛʨʘʬʽʢʠ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ. ɻʨʘʬʽʢʠ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʟʘ 

ʩʢʦʨʠʛʦʚʘʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ ʧʦʟʥʘʯʝʥʠʡ ʣʽʥʽʻʶ 3 ï ʧʨʘʚʘ ʰʢʘʣʘ, ʘ ʧʨʦʛʥʦʟʦʚʘ-

ʥʘ ʧʦʭʠʙʢʘ ʧʦʟʥʘʯʝʥʘ ʣʽʥʽʻʶ 4 ï ʣʽʚʘ ʰʢʘʣʘ.  

ʆʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʟʘ ʜʚʘ ʧʨʦʭʦʜʠ (ʨʠʩ. 1.33).  

 
ʈʠʩ. 1.33. ʈʦʙʦʯʘ ʟʦʥʘ ʚʝʨʩʪʘʪʫ SL 20 HAAS ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ɿʘ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ (ʨʠʩ. 1.34), ʷʢʠʡ ʧʦʢʘʟʫʻ ʚʽ-

ʜʭʠʣʝʥʥʷ ʬʦʨʤʠ ʜʝʪʘʣʽ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʧʽʩʣʷ ʜʨʫʛʦʛʦ ʧʨʦʭʦʜʫ ʧʨʠ 

ʦʙʨʦʙʣʝʥʽ ʟʘʛʦʪʦʚʢʠ ʙʝʟ ʢʦʨʝʢʮʽʾ ʪʨʘʻʢʪʦʨʽʾ (ʣʽʥʽʷ 1) ʽ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦ-

ʜʠʢʦʶ (ʣʽʥʽʷ 2). 
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ʂʦʦʨʜʠʥʘʪʘ Z. ʤʤ 
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ʈʠʩ. 1.34. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʜʝʪʘʣʽ ʧʝʨʝʢʦʥʣʠʚʦ ʜʦʚʦʜʷʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟ-

ʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. ʇʨʦʪʝ, ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʠʩ. 1.32 ʧʦʢʘʟʫʶʪʴ ʜʝʷʢʫ ʨʦʟʙʽʞ-

ʥʽʩʪʴ ʟ ʪʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʚʠʢʣʠʢʘʥʝ ʥʝ ʧʦʚʥʦʶ ʚʽʜʧʦʚʽʜʥʽ-

ʩʪʶ ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʧʨʦʛʨʘʤʽ ʘʧʨʽʦʨʥʠʭ ʜʘʥʠʭ ʧʨʦ ʦʙʨʦʙʥʫ ʩʠʩʪʝʤʫ ʽ ʧʨʦʮʝʩ 

ʨʽʟʘʥʥʷ. ʊʦʤʫ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʦ-

ʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʧʨʠ ʟʙʝʨʝʞʝʥʥʷ ʨʦʙʦʯʦʾ ʛʽʧʦʪʝʟʠ, ʱʦ ʙʫʣʘ ʧʦʢʣʘʜʝʥʘ ʚ 

ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʽʚ.  

ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʦʙʨʦʙʢʫ, ʷʢ ʤʽʥʽʤʫʤ ʫ ʜʚʘ ʧʨʦʭʦ-

ʜʠ, ʟ ʧʨʦʤʽʞʥʠʤ ʢʦʥʪʨʦʣʝʤ ʨʝʟʫʣʴʪʘʪʽʚ, ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʮʽʣʴʥʦ ʧʨʠ ʚʠ-

ʛʦʪʦʚʣʝʥʥʽ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ, ʜʝ ʥʝʤʠʥʫʯʽ ʚʪʨʘʪʠ 

ʯʘʩʫ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʚʠʛʨʘʰʝʤ ʚ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʈʦʟʨʦʙ-

ʣʝʥʠʡ ʤʝʪʦʜ ʪʘ ʧʨʠʥʮʠʧʠ ʩʢʣʘʜʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦ-

ʨʠʩʪʘʥʽ ʽ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʨʠ ʬʨʝʟʝʨʫ-

ʚʘʥʥʽ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ. 

1.4.3. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʥʪʫʨʥʦʛʦ  

ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʌʨʝʟʝʨʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜʞʫ-

ʻʪʴʩʷ ʟʤʽʥʦʶ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ ʨʽʟʘʥʥʷ ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦ-

ʨʝʥʥʷ, ʥʘʚʽʪʴ ʟ ʘʙʩʦʣʶʪʥʦ ʝʢʚʽʜʠʩʪʘʥʪʥʠʤ ʧʨʠʧʫʩʢʦʤ. ʊʘʢʽ ʟʤʽʥʠ ʧʨʦʚʦʢʫʶʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ, ʩʧʨʠʯʠʥʝʥʦʾ ʧʨʫʞʥʠʤʠ ʧʨʦʛʠʥʘʤʠ ʪʝʭʥʦʣʦʛʽ-

ʯʥʦʾ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʜʽʻʶ ʟʤʽʥʥʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʨʝ-

ʞʠʤʫ ʨʽʟʘʥʥʷ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʥʝʞʦʨʩ-

ʪʢʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʚʘʞʥʦ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ 

ʘʚʽʘʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ [11]. 

ʌʨʝʟʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʝʨʫ-

ʶʯʠʭ ʧʨʦʛʨʘʤ, ʨʦʟʨʦʙʣʝʥʠʭ ʫ CAM-ʩʠʩʪʝʤʘʭ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʷʢʠʭ 

ʩʪʚʦʨʶʻ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ, ʚʠʭʦʜʷʯʠ ʣʠʰʝ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚ ʚʟʘʻ-

ʤʦʜʽʾ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʜʝʪʘʣʣʶ. ʊʽ ʩʘʤʽ CAM-ʩʠʩʪʝʤʠ, ʷʢʽ ʨʝʢʣʘʤʫʶʪʴ 

çʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʦʙʨʦʙʢʫè [12], ʨʦʟʨʦʙʣʷʶʪʴ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʟ ʢʝʨʫʚʘʥʥʷʤ 

ʧʦʜʘʯʝʶ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʨʘʻʢʪʦʨʽʾ ʮʝʥʪʨʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʘʧʠʩʘʥʦʾ ʚ G-

ʢʦʜʘʭ, ʘʣʝ ʨʽʟʘʥʥʷ, ʷʢʝ ʚʠʢʣʠʢʘʻ ʧʨʫʞʥʽ ʟʩʫʚʠ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʥʝ ʫʨʘʭʦʚʫ-

ʻʪʴʩʷ, ʪʦʤʫ ʪʘʢʠʡ ʢʦʥʪʨʦʣʴ ʥʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʪʘ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʧʦ ʚʩʴʦʤʫ ʢʦʥʪʫʨʫ [13].  
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ʂʨʽʤ ʪʦʛʦ, ʥʘʚʽʪʴ ʧʨʠ ʧʦʚʥʽʡ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʽʟʘʥʥʷ ʟʘ ʡʦʛʦ ʦʩʥʦʚʥʦʶ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʦʶ MRR (Material Removal Rate) ʥʝ ʚʜʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦ-

ʤʽʨʥʫ ʧʦʭʠʙʢʫ ʧʦ ʢʦʥʪʫʨʫ, ʦʩʢʽʣʴʢʠ ʚʝʢʪʦʨ ʩʠʣʠ ʨʽʟʘʥʥʷ ʟʤʽʥʶʻ ʩʚʦʶ ʦʨʽʻʥ-

ʪʘʮʽʶ, ʘ ʞʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʜʥʘʢʦʚʘ ʧʦ ʨʽʟʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʦʩʷʭ. 

ʌʨʝʟʝʨʫʚʘʥʥʷ ʢʨʫʛʣʠʭ ʢʫʪʽʚ ʧʨʠ ʦʙʨʦʙʮʽ ʢʠʰʝʥʴʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʰʠ-

ʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [14]. ʅʘʜʽʡʥʽ ʢʽʣʴʢʽʩʥʽ 

ʧʨʦʛʥʦʟʠ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚ ʦʧʝʨʘʮʽʷʭ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʽʜ ʢʫʪʦʤ ʻ ʚʘ-

ʞʣʠʚʠʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʧʦʪʫʞʥʦʩʪʽ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʤʠʣʦʢ ʘʙʦ 

ʚʽʜʭʠʣʝʥʴ ʦʙʨʦʙʣʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʙʨʘʮʽʾ ʪʘ ʚʠʤʦʛ ʜʦ ʤʽʮ-

ʥʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ.  

ʇʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʜʝʪʘʣʝʡ ʟ ʤʘʣʦʶ ʞʦʨʩʪʢʽʩʪʶ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ 

ʪʽʣʴʢʠ ʤʦʞʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʫ ʚʠʛʣʷʜʽ ʚʽʙʨʘʮʽʡ, ʘʣʝ ʡ ʩʪʘʪʠʯʥʝ ʚʽʜ-

ʭʠʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣʠ ʨʽʟʘʥʥʷ [15]. ɼʦʩʣʽ-

ʜʞʝʥʥʷ ʧʦʭʠʙʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʘʙʦ ʧʦʭʠʙʢʠ ʛʝʦʤʝʪʨʽʾ ʜʝʪʘʣʽ, ʷʢʽ ʚʠ-

ʥʠʢʘʶʪʴ ʯʝʨʝʟ ʚʠʤʫʰʝʥʽ ʚʽʙʨʘʮʽʾ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜ ʯʘʩ ʩʪʘʙʽʣʴʥʦʛʦ 

ʬʨʝʟʝʨʫʚʘʥʥʷ [16], ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʝʷʢʽ ʘʥʘʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ. ʆʜʥʘʢ, ʚ ʨʦʙʦʪʽ 

ʥʝʤʘʻ ʢʦʥʢʨʝʪʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʘʙʦ ʧʨʘʢʪʠʯʥʠʭ ʜʽʡ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʽʜʭʠʣʝʥʴ ʢʦʥʪʫʨʫ ʧʨʠ ʧʝʨʠʬʝʨʽʡʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ. 

ɿ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʢʦʥʪʫʨʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʶ ʤʦ-

ʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʩʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ ʩʠʣʠ 

ʨʽʟʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [17]. ʊʘʢʽ ʤʦʜʝʣʽ ʧʦʚ'ʷʟʫʶʪʴ ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʪʘ ʡʦʛʦ 

ʩʢʣʘʜʦʚʽ ʟʽ ʩʢʣʘʜʦʚʠʤʠ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʧʝ-

ʨʝʚʽʨʢʦʶ. ʇʦʭʠʙʢʘ ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ, ʦʙʨʦʙʣʝʥʦʾ ʧʝʨʠʬʝʨʽʡʥʠʤ ʬʨʝʟʝʨʫʚʘʥ-

ʥʷʤ, ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʘʪʠʯʥʦʾ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʯʘʩʪʠʥ. ʉʪʘʪʠʯʥʠʡ ʧʨʦʛʠʥ, ʚʠ-

ʢʣʠʢʘʥʠʡ ʥʦʨʤʘʣʴʥʦʶ ʩʠʣʦʶ ʥʘ ʚʽʣʴʥʦʤʫ ʢʽʥʮʽ ʢʽʥʮʝʚʦʾ ʬʨʝʟʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʚ ʷʢʠʭ ʟʘʩʪʦʩʦʚʘʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʩʠʣʠ 

ʨʽʟʘʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʩʪʘʪʠʯʥʠʡ ʧʨʦʛʠʥ ʫ ʦʩʴʦʚʽʡ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʨʦʟʨʘʭʦʚʫʻʪʴ-

ʩʷ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʧʨʦʛʠʥʽʚ, ʩʪʚʦʨʝʥʠʭ ʫʩʽʤʘ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʩʠʣʘʤʠ ʥʘ ʢʽʥʮʝ-

ʚʽʡ ʬʨʝʟʽ. ʇʨʦʪʝ ʟʘʤʢʥʫʪʽʩʪʴ ʜʠʥʘʤʽʯʥʦʾ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʷʭ, ʭʦʯʘ ʪʘʢʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʜʠ-

ʥʘʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ.  

ʇʨʠ ʯʦʨʥʦʚʠʭ 2,5D ʬʨʝʟʝʨʥʠʭ ʦʧʝʨʘʮʽʷʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʤʦʞʥʘ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥ-

ʩʪʨʫʤʝʥʪ [18, 19]. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʨʽʚʥʦʤʽʨʥʝ ʥʘʚʘʥʪʘ-
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ʞʝʥʥʷ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʘʢ ʽ ʥʘ ʯʘʩ ʦʙʨʦ-

ʙʢʠ. ʅʘ ʞʘʣʴ, ʟʚʠʯʘʡʥʽ ʢʦʥʪʫʨʥʦ-ʧʘʨʘʣʝʣʴʥʽ ʪʨʘʻʢʪʦʨʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʥʝ ʤʦ-

ʞʫʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʩʪʨʫʤʝʥʪ.  

ʅʘ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʪʝʭʥʦʣʦʛʽʶ 

ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʢʠ ʚʽʜ ʧʨʫʞʥʠʭ ʧʨʦʛʠʥʽʚ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʙʨʦʙʥʽʡ ʩʠʩʪʝʤʽ 

ʰʣʷʭʦʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ɿʘ ʨʦʟʨʦʙʣʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟʜʽʡʩʥʶʶʪʴ 

ʧʝʨʰʠʡ ʧʨʦʭʽʜ ʦʙʨʦʙʢʠ ʧʝʨʰʦʾ ʟʘʛʦʪʦʚʢʠ, ʘʙʦ ʧʦʣʦʚʠʥʠ ʧʨʠʧʫʩʢʫ ʦʜʥʽʻʾ ʟʘ-

ʛʦʪʦʚʢʠ, ʘ ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʥʘ ʜʨʫʛʠʡ ʧʨʦʭʽʜ ʘʙʦ ʦʙʨʦʙʢʫ 

ʥʘʩʪʫʧʥʦʾ ʟʘʛʦʪʦʚʢʠ ʟʜʽʡʩʥʶʶʪʴ ʰʣʷʭʦʤ ʢʦʨʠʛʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʟʘ ʧʝ-

ʨʝʜʘʪʥʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʨʦʙʣʝ-

ʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʥʠʭ ʟʩʫʚʽʚ ʟʘ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʤʢʥʝʥʦʩʪʽ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʝʨʩʪʘʪʘ. 

1.4.4. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʧʦʭʠʙʢʠ 

ʇʨʦʮʝʩ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʫʞʥʽʡ ʩʠʩʪʝʤʽ ʦʙʨʦ-

ʙʢʠ, ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʜʽʻʶ ʩʠʣʦʚʦʛʦ ʟʙʫʨʝʥʥʷ, ʱʦ ʧʨʦʚʦʢʫʻ ʚʠʥʠʢʥʝʥʥʷ 

ʧʨʫʞʥʠʭ ʟʩʫʚʽʚ ʧʦ ʦʩʷʭ ʢʦʦʨʜʠʥʘʪ ŭx ʽ ŭy (ʨʠʩ. 1.35).  

 

ʈʠʩ. 1.35. ʉʭʝʤʘ ʜʽʾ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʆʪʞʝ, ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʦʯʘʪʢʦʚʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʬʨʝ-

ʟʠ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʫʞʥʦʛʦ ʟʩʫʚʫ ʟ ʧʦʣʦʞʝʥʥʷ 1, ʷʢʝ ʟʘʜʘʥʦ ʢʝ-

ʨʫʶʯʦʶ ʧʨʦʛʨʘʤʦʶ, ʫ ʧʦʣʦʞʝʥʥʷ 2, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʾʾ ʬʘʢʪʠʯʥʦʤʫ ʨʦʟʪʘʰʫ-

ʚʘʥʥʶ. ʊʘʢʽ ʟʨʫʰʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ Fx ʽ Fy ʩʠʣʠ ʨʽʟʘʥʥʷ, ʷʢʽ 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʫ ʩʠʣʠ ʨʽ-

ʟʘʥʥʷ ʥʘ ʨʠʩ. 1.35:  
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,     (1.58) 

ʜʝ F ï ʩʠʣʘ ʨʽʟʘʥʥʷ ʥʘ ʟʫʙʽ ʬʨʝʟʠ, Ŭ ï ʢʫʪ ʥʘʭʠʣʫ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ, ű ï ʢʫʪ ʜʫʛʠ 

ʨʽʟʘʥʥʷ, ɔ ï ʢʫʪ ʤʽʞ ʪʘʥʛʝʥʮʽʘʣʴʥʦʶ Ft ʽ ʨʘʜʽʘʣʴʥʦʶ Fr ʩʢʣʘʜʦʚʠʤʠ ʩʠʣʠ ʨʽ-

ʟʘʥʥʷ.  

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʩʠʣʘ ʨʽʟʘʥʥʷ F ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʩʢʣʘʜʦʚʠʤʠ:  

22

rt FFF += .      (1.59) 

ʊʘʢʽ ʩʢʣʘʜʦʚʽ ʪʘʢʦʞ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʫʪʘ ʜʫʛʠ ʨʽʟʘʥʥʷ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʝʤʧʽʨʠʯʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [8]:  
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,      (1.60) 

ʜʝ kFt, kFr ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, b ï ʰʠʨʠʥʘ 

ʬʨʝʟʝʨʫʚʘʥʥʷ, h(ű) ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʧʨʠʧʫʩʢʫ, ʟʨʽʟʘʥʦʛʦ ʟʫʙʦʤ ʬʨʝʟʠ. 

ɼʦʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʻ ʧʦʩʪʽʡʥʠʤʠ ʜʣʷ ʧʘʨʠ ʽʥ-

ʩʪʨʫʤʝʥʪ-ʟʘʛʦʪʦʚʢʘ, ʽ ʾʭ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʘʙʦ ʤʝʭʘʥʽʯʥʦ ʟ ʚʠʧʨʦʙʫʚʘʥʴ ʬʨʝʟʝ-

ʨʫʚʘʥʥʷʤ, ʘʙʦ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʚʽʜʥʠʢʽʚ [20]. 

ɼʣʷ ʚʠʧʘʜʢʫ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʜʝ ʜʫʛʘ ʨʽʟʘʥʥʷ ʤʦʞʝ ʟʤʽʥʶʚʘ-

ʪʠʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʥʝʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʨʫʞʢʠ, ʷʢʘ ʻ ʘʥʘʣʦʛʦʤ ʰʚʠʜʢʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

(MRR) ʷʢ:  
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,     (1.61) 

ʜʝ ft ï ʧʦʜʘʯʘ ʥʘ ʟʫʙ ʬʨʝʟʠ.  

ɯʥʪʝʛʨʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʧʨʦʛʨʘʤʽ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʯʠʩʝʣʴʥʦ ʥʘ ʢʦʞʥʦ-

ʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ:  
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ʜʝ xA, yA, xB, yB ï ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʦʚʦʾ ʪʘ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ ʜʫʛʠ ʨʽʟʘʥʥʷ ʥʘ ʧʦ-

ʪʦʯʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ, Ox, Oy ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʨʽʟʮʷ.  

ʇʨʦʮʝʜʫʨʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ɸ ʧʦʯʘʪʢʫ ʽ ʪʦʯʢʠ ɺ ʢʽʥʮʷ ʜʫʛʠ 

ʨʽʟʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ ʽ 

ʚʠʭʽʜʥʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʬʨʝʟʠ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʩʠʚ ʜʘʥʠʭ ʢʦʦʨʜʠʥʘʪ ʟʘʛʦʪʦʚʢʠ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ 

ʪʨʴʦʭ ʯʘʩʪʠʥ. ʇʝʨʰʘ ʜʝʪʘʣʴ - ʮʝ ʚʞʝ ʦʙʨʦʙʣʝʥʘ ʧʦʚʝʨʭʥʷ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʪʠ-

ʤʝ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ. ɼʨʫʛʘ ʯʘʩʪʠʥʘ - ʮʝ ʜʫʛʘ ʨʽʟʘʥʥʷ, ʱʦ ʥʘʣʝʞʠʪʴ ʧʦʯʘʪʢʦʚʽʡ 

ʧʦʚʝʨʭʥʽ ʬʨʝʟʠ, ʘ ʪʨʝʪʷ - ʥʝʦʙʨʦʙʣʝʥʘ ʧʦʚʝʨʭʥʷ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘ-

ʩʪʫʧʥʦʛʦ ʢʨʦʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʽ ʦʧʝʨʘʮʽʾ ʧʦʚʪʦʨʶʶʪʴʩʷ. ʆʪʞʝ, ʥʘ ʢʦʞʥʦʤʫ 

ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʦʥʪʫʨ 

ʜʝʪʘʣʽ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʪʦʚʱʠʥʠ ʨʽʟʘʥʥʷ h(ű) ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʟʘʤʢʥʫʪʽʩʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 

1.36). ɿʘ ʮʽʻʶ ʩʭʝʤʦʶ ʧʦʙʫʜʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝ-

ʩʫ ʚʠʜʘʣʝʥʥʷ ʧʨʠʧʫʩʢʫ ʧʽʜ ʯʘʩ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ [21]. 

 
ʈʠʩ. 1.36. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ 

ɼʘʣʽ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʪʦʚʱʠʥʠ ʨʽʟʘʥʥʷ ʨʦʟʨʘʭʦʚʫʶʪʴ ʩʢʣʘʜʦʚʽ 

ʩʠʣʠ ʨʽʟʘʥʥʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (1.60) ʽ ʚʠʟʥʘʯʘʶʪʴ ʩʠʣʫ ʨʽʟʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ 

(1.59). ɿʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʙʣʦʮʽ G ʟʘ ʩʭʝʤʦʶ ʨʠʩ. 1.35 ʥʘ ʢʦʤ-

ʧʦʥʝʥʪʠ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠ ʧʨʫʞʥʽ ʟʩʫʚʠ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʽ ʷʢʽ ʯʝʨʝʟ ʟʘ-

ʤʢʥʫʪʽʩʪʴ ʩʠʩʪʝʤʠ ʟʤʽʥʶʚʘʪʠʤʫʪʴ ʢʦʦʨʜʠʥʘʪʠ Oxc ʽ Oyc ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥ-

ʥʷ ʟʘ ʢʦʤʘʥʜʦʶ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ.  

ʇʨʫʞʥʘ ʩʠʩʪʝʤʘ ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ ʨʠʩ. 1.36 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʦʤʘ ʞʦʨʩʪ-

ʢʦʩʪʷʤʠ kx ʽ ky ʧʦ ʦʩʷʭ ʢʦʦʨʜʠʥʘʪ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ. ʉʣʽʜ ʟʘ-

ʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʤʦʜʝʣʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ ʰʣʷʭʦʤ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʷ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʢʫʪʘ ʥʘʭʠʣʫ ʨʽʞʫʯʦʛʦ ʟʫʙʘ 

ʬʨʝʟʠ ʚʟʜʦʚʞ ʚʽʩʽ Z ʚʝʣʠʯʠʥʘ ʩʠʣʠ ʨʽʟʘʥʥʷ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʦʦʨʜʠʥʘʪʠ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʬʨʝʟʠ.  

1.4.5. ʊʝʭʥʦʣʦʛʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʦʛʦ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ, ʷʢʽ 

ʩʢʣʘʜʘʪʠʤʫʪʴ ʘʧʦʩʪʝʨʽʦʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʘʣʛʦʨʠʪʤʽ ʚʠʟʥʘʯʝʥʥʷ ʩʢʦʨʠʛʦʚʘʥʦʾ 

ʪʨʘʻʢʪʦʨʽʾ ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ, ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʥʘʪʠ ʜʝʢʽʣʴʢʘ ʧʝʨʝʚʽʨʦʢ ʟʘ 

ʩʭʝʤʘʤʠ ʨʠʩ. 1.37. ʅʘ ʨʠʩ. 1.37 ʣʽʥʽʷʤʠ 1 ʧʦʟʥʘʯʝʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʢʦʥʪʫʨ, ʣʽ-
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ʥʽʷʤʠ 2 ï ʬʘʢʪʠʯʥʦ ʦʙʨʦʙʣʝʥʠʡ, ʘ ʣʽʥʽʷʤʠ 3 ï ʢʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ ʟ ʝʢʚʽʜʠʩʪʘʥ-

ʪʥʠʤ ʧʨʠʧʫʩʢʦʤ h ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ. 

 

ʘ)    ʙ) 

ʈʠʩ. 1.37. ʉʭʝʤʘ ʢʦʥʪʨʦʣʶ ʦʙʨʦʙʣʝʥʦʛʦ ʢʦʥʪʫʨʫ: 

ʘ) ï ʧʝʨʝʨʽʟʠ ʟʙʽʛʘʶʪʴʩʷ ʟ ʥʘʧʨʷʤʢʘʤʠ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ; ʙ) ï ʜʽʣʷʥʢʘ ʟ ʫʭʠʣʦʤ  

ʗʢʱʦ ʚʩʽ ʧʨʷʤʦʣʽʥʽʡʥʽ ʜʽʣʷʥʢʠ ʢʦʥʪʫʨʫ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʥʘʧʨʷʤʢʘʤʠ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʚʝʨʩʪʘʪʘ (ʨʠʩ. 1.36, ʘ), ʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠ-

ʙʦʢ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʥʘʧʨʷʤʢʦʤ ʩʪʨʽʣʦʢ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʤʽ-

ʩʮʽ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ:  

( )acx xxh --=d ,   ( )acy yyh --=d ,    (1.63) 

ʜʝ xc, yc ï ʢʦʦʨʜʠʥʘʪʠ ʟʘ ʢʝʨʫʶʯʦʶ ʧʨʦʛʨʘʤʦʶ; xa, ya ï ʬʘʢʪʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʦʙʨʦʙʣʝʥʦʛʦ ʢʦʥʪʫʨʫ.  

ʗʢʱʦ ʚ ʦʙʨʦʙʣʝʥʦʤʫ ʢʦʥʪʫʨʽ ʻ ʜʽʣʷʥʢʘ ʟ ʧʝʚʥʠʤ ʥʘʭʠʣʦʤ ʜʦ ʦʩʽ ʢʦʦʨʜʠ-

ʥʘʪ, ʪʦ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʥʘʪʠ ʦʜʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʩʪʨʽʣʢʠ, ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʦ ʢʦʥʪʫʨʫ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʫʪ Ŭ ʥʘʭʠʣʫ ʧʝʨʝʨʽʟʫ, ʚʠʟʥʘʯʝʥʠʡ ʟ ʢʝ-

ʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ:  

( )( )acx xxhCos ---= apd 2/ ,  ( )( )acx xxhSin ---= apd 2/ . (1.64) 

ɺʠʤʽʨʶʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʝʨʩʪʘʪʽ, ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʯʠ ʪʝʭʥʦʣʦʛʽʶ OMV (On Machine Verification) ʟʚʠʯʘʡʥʠʤ ʪʨʠʢʦʦʨʜʠʥʘ-

ʪʥʠʤ ʱʫʧʦʤ Renishaw [22].  

ʇʝʨʝʜ ʚʠʤʽʨʶʚʘʥʥʷʤ, ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʦʥʜʘ ʥʘ ʤʘʰʠʥʫ, ʡʦʛʦ ʥʝʦʙ-

ʭʽʜʥʦ ʚʽʜʢʘʣʽʙʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʢʨʦʩʫ ʨʘʜʽʫʩʘ ʢʫʣʽ ʚʝʢʪʦʨʥʦʛʦ ʜʘʪʯʠʢʘ 

O9804. ɿʦʥʜ ʧʦʤʽʱʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʢʽʣʴʮʷ ʥʘ ʧʝʚʥʽʡ ʚʠʩʦʪʽ ʧʦ 

ʢʦʦʨʜʠʥʘʪʽ Z ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʤʘʢʨʦʮʠʢʣ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʮʠʢʣʫ ʚʠʟʥʘʯʝʥʠʡ 
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ʨʘʜʽʫʩ ʢʫʣʴʢʠ ʟʦʥʜʘ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʅʘʡʚʘʞʯʝ ʚʠʤʽʨʶʚʘʪʠ ʢʦʥʪʫʨ ʟ ʥʘʭʠʣʦʤ ʜʦ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ ʚʝʨʩʪʘʪʘ. ɼʣʷ ʮʴʦʛʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʮʠʢʣ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.38. 

 
ʈʠʩ. 1.38. ʉʭʝʤʘ ʧʝʨʝʤʽʱʝʥʴ ʧʝʨʝʚʽʨʦʢ ʧʦʭʠʣʦʾ ʧʦʚʝʨʭʥʽ 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʘʥʜʠ ʮʠʢʣʫ.  

1. T01M06 ɺʠʙʽʨ ʟʦʥʜʘ.  

2. G54X-40.Y20. ɿʘʧʫʩʢ ʩʘʡʪʫ.  

3. G43H1Z100. ɸʢʪʠʚʘʮʽʷ ʟʤʽʱʝʥʥʷ 1, ʧʝʨʝʭʽʜ ʜʦ 100 ʤʤ (3,94 ʜʶʡʤʘ).  

4. G65P9832 ʆʙʝʨʪʘʥʥʷ ʟʦʥʜʘ (ʚʢʣʶʯʘʻ M19) ʘʙʦ M19 ʜʣʷ ʦʨʽʻʥʪʘʮʽʾ ʰʧʠ-

ʥʜʝʣʷ ʥʘʚʢʦʣʦ ʦʩʽ.  

5. G65P9810Z-8.F3000 ɿʘʭʠʱʝʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʨʫʭʫ ʚ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦ-

ʞʝʥʥʷ.  

6. G65P9821A45.D50.T10 ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ.  

7. G65P9810Z100. ɿʘʭʠʱʝʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ.  

8. G65P9833 ʇʦʚʝʨʥʝʥʥʷ ʜʘʪʯʠʢʘ (ʷʢʱʦ ʻ).  

9. G28Z100. ʇʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ.  

ɼʘʥʽ ʧʨʦ ʧʦʭʠʙʢʠ ʢʦʥʪʫʨʫ, ʚʠʟʥʘʯʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʥʦʚʣʷʪʴ ʘʧʦʩʪʝ-

ʨʽʦʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ, ʷʢʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ. 

1.4.6. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʜʘʣʝʥʥʷ ʧʨʠʧʫʩʢʫ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʦʨʠʛʦʚʘʥʦʾ 

 ʪʨʘʻʢʪʦʨʽʾ  

ʉʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʫ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʧʨʽ-

ʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ. ʗʢ ʧʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʩʢʦʨʠʛʦ-

ʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʦʙʨʘʥʦ ʬʨʘʛʤʝʥʪ ʢʦʥʪʫʨʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʷʤʠʭ ʽ 

ʩʧʨʷʞʝʥʦʾ ʜʫʛʠ ʢʦʣʘ. ʎʝʡ ʢʦʥʪʫʨ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʰʠʨʝʥʠʡ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘ-
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ʣʝʡ ʟ ʢʠʰʝʥʷʤʠ ʚ ʘʚʽʘʮʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʩʪʚʦʨʝʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚ G-ʢʦʜʘʭ ʜʣʷ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ. 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭ ʬʨʝʟʠ ʘʥʽʤʫʻʪʴʩʷ ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ, ʘ 

ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʩʠʥʭʨʦʥʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʚʽʨʪʫʘʣʴʥʦ-

ʛʦ ʦʩʮʠʣʦʛʨʘʬʘ. ʅʘ ʨʠʩ. 1.39 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʪʫʨ-

ʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʜʝʪʘʣʽ ʉʪʘʣʴ 40 ʬʨʝʟʦʶ ʈ6ʄ5 Ï20ʤʤ, ʯʠʩʣʦ ʟʫʙʽʚ 6, ʝʢʚʽ-

ʜʠʩʪʘʥʪʥʠʡ ʧʨʠʧʫʩʢ 3 ʤʤ, ʪʦʚʱʠʥʘ ʬʨʝʟʝʨʫʚʘʥʥʷ 10 ʤʤ. ʈʝʞʠʤ ʨʽʟʘʥʥʷ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ 

ʩʠʤʫʣʷʮʽʾ: ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ ʬʨʝʟʠ ʩʪʘʥʦʚʠʪʴ 1500 ʦʙ/ʭʚ, ʧʦʜʘʯʘ 400 

ʤʤ/ʭʚ. ʉʠʥʭʨʦʥʥʦ ʟ ʨʫʭʦʤ ʬʨʝʟʠ ʫ ʚʽʢʥʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ ʚʽʜʦʙʨʘ-

ʞʘʶʪʴʩʷ ʦʩʮʠʣʦʛʨʘʤʠ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ï ʣʽʥʽʷ 1, ʜʫʛʠ ʨʽʟʘʥʥʷ ï ʣʽʥʽʷ 2 

ʽ ʧʦʜʘʯʽ ï ʣʽʥʽʷ 3. 

 
ʈʠʩ. 1.39. ʉʪʘʥ ʽʥʪʝʨʬʝʡʩʫ ʧʨʦʛʨʘʤʠ ʥʘʧʨʠʢʽʥʮʽ ʤʦʜʝʣʶʚʘʥʥʷ 
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ɺʠʜʥʦ, ʱʦ ʧʨʦʮʝʩ ʬʨʝʟʝʨʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʫʤʦʚ ʨʽʟʘʥʥʷ 

ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ ʥʘ ʜʽʣʷʥʮʽ, ʫʪʚʦʨʝʥʽʡ ʜʫʛʦʶ ʢʦʣʘ: ʜʫʛʘ ʨʽʟʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʜʦ 80 ʛʨʘʜʫʩʽʚ, ʘ ʩʝʨʝʜʥʻ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʜʦʩʷʛʘʻ 400 ʅ, ʪʦʜʽ ʷʢ ʥʘ ʧʨʷʤʠʭ ʜʽ-

ʣʷʥʢʘʭ ʜʫʛʘ ʨʽʟʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 45 ʛʨʘʜʫʩʽʚ, ʘ ʩʝʨʝʜʥʷ ʩʠʣʘ ʨʽʟʘʥʥʷ ï 150 ʅ. 

ʆʪʞʝ, ʪʘʢʠʡ ʧʨʦʮʝʩ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʚʽʜʧʦʚʽʜʥʫ ʨʝʘʢʮʽʶ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʦʙ-

ʨʦʙʢʠ, ʷʢʘ ʚʠʟʥʘʯʘʪʠʤʝ ʧʦʭʠʙʢʠ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʫʨʫ. 

ʊʘʢʽ ʞ ʟʤʽʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʚʽʢʥʽ ʜʨʫʛʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ 

(ʨʠʩ. 1.40). ʄʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʟʫʤʦʚʣʝʥʽ 

ʥʠʤʠ ʧʨʫʞʥʽ ʟʩʫʚʠ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʚʟʜʦʚʞ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. 

 
ʈʠʩ. 1.40. ʉʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʽ ʧʨʫʞʥʽ ʟʩʫʚʠ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ 

ʉʢʣʘʜʦʚʘ Fy (ʣʽʥʽʷ 1) ʚʠʢʣʠʢʘʻ ʟʩʫʚ ʧʦ ʢʦʦʨʜʠʥʘʪʽ Y (ʣʽʥʽʷ 2), ʘ ʩʢʣʘʜʦ-

ʚʘ Fx (ʣʽʥʽʷ 3) ʚʠʢʣʠʢʘʻ ʟʩʫʚ ʧʦ ʢʦʦʨʜʠʥʘʪʽ X (ʣʽʥʽʷ 4). ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʽʡ-

ʥʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ ʥʘ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʢʘʭ ʢʦʥʪʫʨʫ (ʨʠʩ. 1.39) ʟʤʽʥʶʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽ ʩʢʣʘʜʦʚʽ ʪʘ ʨʝʘʢʮʽʾ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 1.40). ʄʦʜʝʣʶʚʘʥʥʷ ʚʽʜ-

ʙʫʚʘʻʪʴʩʷ ʜʣʷ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʟ ʚʚʝʜʝʥʠʤʠ ʚ ʤʦʜʝʣʴ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʣʽʥʝʘʨʠ-

ʟʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʛʦʪʦʚʢʠ ʟʽ 

ʩʪʘʣʽ 40 ʽ ʚʠʟʥʘʯʝʥʦʾ ʨʘʥʽʰʝ ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʧʦ ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʦʩʷʭ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʪʘʢʽ ʜʘʥʽ ʻ ʘʧʨʽʦʨʥʠʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʜʣʷ ʽʜʝ-

ʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦʾ ʢʝʨʫʶʯʦʾ ʧʘʨʘ-

ʜʠʛʤʠ ʢʦʨʝʢʮʽʾ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʜʘʣʴʰʠʭ ʧʨʦʮʝʜʫʨʘʭ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʢʦʤʙʽʥʘʮʽʻʶ ʧʨʦʮʝʜʫʨ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʦʩʪʝʨʽ-

ʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʟʛʽʜʥʦ ʟ ʘʧʨʽʦʨʥʦʶ ʽʥ-

ʬʦʨʤʘʮʽʻʶ.  

ʊʨʘʻʢʪʦʨʽʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʆʜʥʘʢ, 

ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʽʾ, ʧʦʜʘʣʴʰʠʡ ʨʦʟʛʣʷʜ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ 

ʣʠʰʝ ʧʦ ʦʜʥʽʡ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʢʦʦʨʜʠʥʘʪʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʩʧʨʘ-
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ʚʝʜʣʠʚʽ ʽ ʜʣʷ ʜʨʫʛʦʾ ʢʦʦʨʜʠʥʘʪʠ. ʆʪʞʝ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ 

xa ʧʦ ʢʦʦʨʜʠʥʘʪʽ X ʜʦʨʽʚʥʶʚʘʣʘ ʟʘʜʘʥʽʡ xc, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠʥʮʠʧ ʤʝ-

ʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1.41.  

 
ʈʠʩ. 1.41. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ɺʝʣʠʯʠʥʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ MSx ʫ ʤʽʩʮʽ ʧʝʨʝʚʽʨ-

ʢʠ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʷʢ: 

MSx

MSx

x

x

cc +
=

1

d
    (1.65) 

ʗʢʱʦ ʚʟʷʪʠ ʟʘ ʯʘʩʪʠʥʫ ʩʭʝʤʠ, ʚʠʜʽʣʝʥʫ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ, ʟʘʜʘʥʝ ʟʥʘ-

ʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪʠ xcc=xc ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʝʨʝʚʽʨʦʯʥʠʭ ʩʭʝʤ ʚʠʤʽʨʶʚʘʥʴ 

(ʜʠʚʠʩʴ ʨʠʩ. 1.37), ʪʦ:  

xc

x

x
MSx

d

d

-
= .     (1.66) 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʦʙʨʦʙʮʽ ʨʫʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦ-

ʦʨʜʠʥʘʪ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʨʘʻʢʪʦʨʽʶ ʮʝʥʪʨʫ ʬʨʝʟʠ (ʫ ʟʚʦʨʦʪʥʽʡ ʩʭʝʤʽ), ʪʦ ʧʨʠ 

ʮʠʬʨʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘʢʠʡ ʧʨʦʮʝʩ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʤʘʩʠʚʫ ʜʘʥʠʭ ʟʘ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʟ ʧʝʚʥʠʤ ʢʨʦʢʦʤ. ʊʦʤʫ ʧʝʨʝʜʘʪʥʽ ʬʫʥʢʮʽʾ ʚ ʟʘʛʘ-

ʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʩʠʚʘʤʠ. ʂʨʽʤ ʪʦ-

ʛʦ, ʚʨʘʭʦʚʫʶʯʠ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʪʘ ʬʦʨʤʫʣʫ (1.60) ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʦʚʠʭ ʟʙʫʨʝʥʴ, ʤʘʩʠʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ MSxc[i]  ʜʣʷ ʢʦʨʝʢ-

ʮʽʾ ʪʨʘʻʢʪʦʨʽʾ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ:  

][][ iMSxkiMSxc =  ,    (1.67) 

ʜʝ k[i]  ï ʤʘʩʠʚ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ.  

ʊʘʢʠʡ ʤʘʩʠʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʟʘʯʝʧʣʝʥʥʷʤ ʟʘʛʦʪʦʚʢʠ ʽ ʬʨʝʟʠ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ű ʽ ʧʣʦʱʘ, ʷʢʘ ʻ ʘʥʘʣʦʛʦʤ ʰʚʠʜʢʦʩʪʽ 

ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ï ʦʙôʻʤʫ ʚʠʜʘʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʪʞʝ:  

[] */][ sqisqik = ,      (1.68) 
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ʜʝ sq* ï ʧʣʦʱʘ ʥʝʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʨʫʞʢʠ ʟʫʙʦʤ ʬʨʝʟʠ ʚ ʤʽʩʮʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʝʨʝʚʽʨʦʯʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤ, sq[i] ï ʤʘʩʠʚ ʧʣʦʱ, ʚʠʟʥʘʯʝʥʠʡ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʧʦ ʚʩʽʡ ʪʨʘʻʢʪʦʨʽʾ.  

ʇʦʜʽʙʥʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʜʫʪʴ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʽ ʜʣʷ ʢʦʦʨʜʠʥʘʪʠ Y. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ ʚʠʢʦʥʫʻʪʴ-

ʩʷ ʯʠʩʝʣʴʥʦ ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ ʨʠʩ. 1.41 ʟʘ ʬʦʨʤʫʣʘʤʠ: 

[] []( )[]
[] []( )[]í
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ë

+=
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iyiMSyiy

ixiMSxix

cccc

cccc
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1
.     (1.69) 

ʂʨʦʢ ʨʦʟʨʘʭʫʥʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ ʦʙʨʦʙʣʝʥʦʛʦ ʢʦʥ-

ʪʫʨʫ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʦʢʫ ʚʠʭʽʜʥʠʭ ʤʘʩʠʚʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʩʪʽʡʮʽ ʚʝʨ-

ʩʪʘʪʘ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ.  

ʋ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʢʦʨʠʛʦʚʘʥʦʾ ʧʨʦʛʨʘʤʠ ʙʘʞʘʥʦ ʧʨʦʝʢʪʫ-

ʚʘʪʠ ʧʨʦʛʨʘʤʫ ʢʝʨʫʚʘʥʥʷ ʩʢʦʨʠʛʦʚʘʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ ʚ G-ʢʦʜʘʭ. ɼʣʷ ʮʴʦʛʦ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʨʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʘʩʠʚʫ ʜʘ-

ʥʠʭ ʫ ʚʠʛʣʷʜʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʨʠʤʽʪʠʚʽʚ ï ʧʨʷʤʦʾ ʣʽʥʽʾ, ʜʫʛʠ ʢʦʣʘ ʘʙʦ ʫ ʚʠʛʣʷʜʽ 

ʩʧʣʘʡʥʽʚ. ɼʘʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʢʦʨʝʢʮʽʾ ʪʨʘʻʢʪʦʨʽʾ ʚ ʛʨʘʬʽʯʥʽʡ ʬʦʨʤʽ 

ʦʪʨʠʤʫʶʪʴ ʚ ʧʨʦʛʨʘʤʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʢʽʥʮʽ ʮʠʢʣʫ.  

ʅʘ ʨʠʩ. 1.42 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʬʨʘʛʤʝʥʪ ʪʨʘʻʢʪʦʨʽʡ, ʚʠʜʽʣʝʥʠʭ ʧʫʥʢʪʠʨ-

ʥʠʤ ʢʚʘʜʨʘʪʦʤ ʥʘ ʨʠʩ. 1.39.  

 

ʈʠʩ. 1.42. ʌʨʘʛʤʝʥʪʠ ʪʨʘʻʢʪʦʨʽʡ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ ʧʨʠ ʽʤʽʪʘʮʽʡʥʽʡ 

ʦʙʨʦʙʮʽ ʟʘ ʦʨʠʛʽʥʘʣʴʥʦʶ ʢʝʨʫʶʯʦʶ ʧʨʦʛʨʘʤʦʶ 
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ʆʙʨʦʙʣʝʥʠʡ ʢʦʥʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʽʥʽʻʶ 1, ʘ ʪʝʦʨʝʪʠʯʥʠʡ ʢʦʥʪʫʨ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʽʥʽʻʶ 2. ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ, ʷʢʫ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʧʦ ʥʦʨ-

ʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ, ʩʪʘʥʦʚʠʪʴ 0,3 ʤʤ. ʃʽʥʽʻʶ 3 ʧʦʟʥʘʯʝʥʦ ʛʝʦʤʝʪʨʠʯʥʫ ʝʢʚʽʜʠʩ-

ʪʘʥʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʤʽʱʝʥʥʶ, ʟʘʜʘʥʦʤʫ ʚ ʢʝʨʫʶʯʽʡ ʧʨʦʛʨʘʤʽ, ʘ ʣʽʥʽʻʶ 4 

ï ʬʘʢʪʠʯʥʘ ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ, ʷʢʘ ʩʧʦʪʚʦʨʝʥʘ ʧʨʫʞʥʠʤʠ ʧʨʦʛʠʥʘʤʠ ʩʠʩʪʝʤʠ 

ʦʙʨʦʙʢʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʮʝʜʫʨ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣ-

ʛʦʨʠʪʤʫ (1.67) ï (1.69) ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʘʩʠʚʠ ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.42 ʣʽʥʽʻʶ 5. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʢʦ-

ʥʪʫʨʫ ʧʦ ʩʢʦʨʠʛʦʚʘʥʽʡ ʪʨʘʻʢʪʦʨʽʾ ʙʫʜʝ ʢʦʤʧʝʥʩʦʚʘʥʦ ʧʦʭʠʙʢʫ, ʩʧʨʠʯʠʥʝʥʫ 

ʧʨʫʞʥʠʤʠ ʟʩʫʚʘʤʠ. 

ʊʦʤʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʧʨʦʛʨʘʤʘ ʥʝ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʣʘ ʜʘʥʽ, ʷʢʽ ʚʘʞʢʦ ʚʠʤʽʨʷʪʠ ʥʘ ʨʝʘʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ (ʞʦʨʩʪʢʽʩʪʴ ʧʦ ʢʦ-

ʦʨʜʠʥʘʪʥʠʭ ʦʩʷʭ) ʽ ʜʘʥʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʦʛʽʯʥʦʶ ʧʨʦʛʨʘʤʦʶ 

ʙʫʣʦ ʚʠʢʦʥʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ ʪʦʛʦ ʞ ʢʦʥʪʫʨʫ, ʘʣʝ ʟ ʢʦ-

ʥʪʨʦʣʝʤ ʩʢʦʨʠʛʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʮʠʬʨʦʚʠʤ ʩʧʦʩʦʙʦʤ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ (ʨʠʩ. 1.43).  

 

0.09mm 

1 
2 

3 

4 

 

ʈʠʩ. 1.43. ʌʨʘʛʤʝʥʪʠ ʪʨʘʻʢʪʦʨʽʡ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ  

ʧʨʠ ʽʤʽʪʘʮʽʡʥʽʡ ʦʙʨʦʙʮʽ ʟʘ ʩʢʦʨʠʛʦʚʘʥʦʶ ʢʝʨʫʶʯʦʶ ʧʨʦʛʨʘʤʦʶ 
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ʋʩʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ, ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʣʠ ʟʙʝʨʝʞʝʥʽ ʜʣʷ ʝʪʘʧʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʠʧʨʘʚʣʝʥʦʾ ʪʨʘʻʢʪʦʨʽʾ. ʋ ʧʨʦʛʨʘʤʽ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʛʣʷʜʽ ʪʨʘʻʢʪʦʨʽʡ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦ-

ʜʫ: ʦʙʨʦʙʣʝʥʠʡ ʢʦʥʪʫʨ (ʣʽʥʽʷ 1) ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤ ʢʦʥʪʫ-

ʨʦʤ (ʣʽʥʽʷ 2). ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ, ʚʠʤʽʨʷʥʘ ʥʦʨʤʘʣʣʶ, ʩʪʘʥʦʚʠʪʴ 0,09 ʤʤ. 

ʈʝʘʣʴʥʘ ʪʨʘʻʢʪʦʨʽʷ ʮʝʥʪʨʫ ʬʨʝʟʠ (ʣʽʥʽʷ 3), ʢʝʨʦʚʘʥʘ ʥʘʣʘʰʪʦʚʘʥʦʶ ʧʨʦʛʨʘ-

ʤʦʶ, ʪʘʢʦʞ ʤʘʡʞʝ ʟʙʽʛʘʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʦʶ ʝʢʚʽʜʠʩʪʘʥʪʦʶ (ʣʽʥʽʷ 4). ʊʘʢʠʤ 

ʯʠʥʦʤ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʧʦ ʧʦʭʠʙʮʽ ʚʽʜ ʧʨʫʞʥʠʭ ʧʨʦʛʠʥʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʙʽʣʴʰ ʥʽʞ ʫ 3 ʨʘʟʠ. 

 

 

 

ʃʽʪʝʨʘʪʫʨʘ ʜʦ ʨʦʟʜʽʣʫ 1  

 

1. ʇʝʪʨʘʢʦʚ ʖ.ɺ. ʈʦʟʚʠʪʦʢ ʉɸʄ-ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ 

ʏʇʂ. ʂʠʾʚ, ʉʽʯʢʘʨ, 2011, 221 ʩ. https://discovery.kpi.ua/Record/000270992   

2. ʇʝʪʨʘʢʦʚ ʖ.ɺ. ɸʚʪʦʤʘʪʠʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʘʥʥʷʤ. ʂʠʾʚ : 

ʋʢʨʅɼɯɸʊ, 2004. 384 ʩ https://tm-mmi.kpi.ua/studentam/virtual-lab/avtomatichne-upravlinnja-

procesami-obrobki-materialiv-rizannjam   

3. ʇʝʪʨʘʢʦʚ ʖ. ɺ. ʄʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʨʽʟʘʥʥʷ. ɺʽʩʥʠʢ ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʜʝʨʞʘʚ-

ʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ : ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. 2017. ˉ 2(2). ʉ. 124-134. 

http://nbuv.gov.ua/UJRN/Vzhdtu_2017_2(2)__24  

4. ɾʝʣʻʟʥʘ ɸ.ʆ., ʂʠʨʠʣʦʚʠʯ ɺ.ɸ. ʆʩʥʦʚʠ ʚʟʘʻʤʦʟʘʤʽʥʥʦʩʪʽ, ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ ʪʝʭʥʽʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ. ɾʠʪʦʤʠʨ: ɾɯʊɯ, 2002. 616ʩ. https://mybook.biz.ua/ua/materialoznavstvo-

tehnichni-nauki/osnovi-vzaemozaminnosti-standartizacii-ta-tehnichnih-vimiryuvan/  

5. J. V. Abellan, F. Romero, H. R. Siller, A. Estruch and C. Vila Adaptive Control Optimization 

of Cutting Parameters for High Quality Machining Operations based on Neural Networks and 

Search Algorithms Advances in Robotics, Automation and Control 

https://www.researchgate.net/publication/221786413 

6. Atsushi Matsubara and Soichi Ibaraki Monitoring and Control of Cutting Forces in Machining 

Processes: A Review. Int. J. of Automation Technology Vol.3 No.4, 2009. 

https://doi.org/10.20965/ijat.2009.p0445  

7. Xiaolei Li*, Wei Li and Xuerui Chen Optimization of machining parameters based on 

VERICUT three-axis milling. Journal of Physics: Conference Series 1824 (2021) 012011 

https://doi.org/10.1088/1742-6596/1824/1/012011   

https://discovery.kpi.ua/Record/000270992
https://tm-mmi.kpi.ua/studentam/virtual-lab/avtomatichne-upravlinnja-procesami-obrobki-materialiv-rizannjam
https://tm-mmi.kpi.ua/studentam/virtual-lab/avtomatichne-upravlinnja-procesami-obrobki-materialiv-rizannjam
http://nbuv.gov.ua/UJRN/Vzhdtu_2017_2(2)__24
https://mybook.biz.ua/ua/materialoznavstvo-tehnichni-nauki/osnovi-vzaemozaminnosti-standartizacii-ta-tehnichnih-vimiryuvan/
https://mybook.biz.ua/ua/materialoznavstvo-tehnichni-nauki/osnovi-vzaemozaminnosti-standartizacii-ta-tehnichnih-vimiryuvan/
https://www.researchgate.net/publication/221786413
https://doi.org/10.20965/ijat.2009.p0445
https://doi.org/10.1088/1742-6596/1824/1/012011


ɻʃɸɺɸ 1 ʆʉʅʆɺʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇʈʆʎɽʉɸʄ ʈɯɿɸʅʅʗ 

 

66 

8. ʇʝʪʨʘʢʦʚ ʖ.ɺ., ʂʦʚʘʣʴʯʫʢ ɼ.ʇ. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʘʭ ʩ 

ʏʇʋ: ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè. ʉʝʨiʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ˉ2 (68). 2013.-ʩ.134-138. 

https://core.ac.uk/download/pdf/47233706.pdf  

9. Renishaw. Inspection plus software for HAAS machining center Programming manual H-

2000-6222-0A-B ï 2008 

https://www.haascnc.com/content/dam/haascnc/en/service/manual/probe/english---renishaw-

inspection-plus---programming-manual---2008.pdf 

10. Acosta D. et al. Machine tool verification according to machine configuration. Procedia 

Engineering 63 ( 2013 ) 700 ï 709. https://doi.org/10.1016/j.proeng.2013.08.262 

11. Petrakov Y. V., Romanov Y. S., Ensuring accuracy of contour milling on CNC machines 

Mech. Adv. Technol. Vol. 7, No. 1, 2023, ʨʨ. 51ï60  https://doi.org/10.20535/2521-

1943.2023.7.1.276162 

12. Solid CAM. The Leaders in integrated CAM // https://www.solidcam.com/ru/imachining/ 

13. Petrakov, Y. V., Myhovych, ɸ. V. (2020). IMachining technology analysis for contour 

milling. Mechanics and Advanced Technologies, 2 (89). doi: https://doi.org/10.20535/2521-

1943.2020.89.202065   

14. Xiong Han, Limin Tang Precise prediction of forces in milling circular corners / International 

Journal of Machine Tools and Manufacture Volume 88, January 2015, Pages 184-193 / 

https://doi.org/10.1016/j.ijmachtools.2014.09.004 

15. Yang Y, Zhang WH, Ma YC, et al. Chatter prediction for the peripheral milling of thin-

walled workpieces with curved surfaces. International Journal of Machine Tools and 

Manufacture. 2016;109:36-48. https://doi.org/10.1016/j.ijmachtools.2016.07.002  

16. Schmitz T. L., Mann B. P. Closed-form solutions for surface location error in milling 

International Journal of Machine Tools & Manufacture 46 (2006) 1369ï1377 doi: 

https://doi.org/10.1016/j.ijmachtools.2005.10.007   

17. Altintas Y., Manufacturing Automation. Metal Cutting Mechanics, Machine Tool Vibrations, 

and CNC Design 2nd edition, Cambridge University Press, 2012. 

https://doi.org/10.1017/CBO9780511843723   

18. Jacso A., Szalay T. Optimizing the numerical algorithm in Fast Constant Engagement 

Offsetting Method for generating 2.5D milling tool paths The International Journal of Advanced 

Manufacturing Technology (2020) 108: 2285ï2300 https://doi.org/10.1007/s00170-020-05452-1  

19. Changqing Liu Yingguang Li Weiming Shen A real time machining error compensation 

method based on dynamic features for cutting force induced elastic deformation in flank milling 

Machining Science and Technology  An International Journal Volume 22, 2018 ï Issue 5  

https://doi.org/10.1080/10910344.2017.1402933 

20. Machining handbook - 2-part (EN) https://www.hoffmann-group.com/GB/en/houk/know-

how/machining-handbook/e/61245/ 

21 Petrakov, Y., Korenkov, V., Myhovych, A. (2022). Technology for programming contour 

milling on a CNC machine. Eastern-European Journal of Enterprise Technologies, 2 (1 (116)), 

55ï61. doi: https://doi.org/10.15587/1729-4061.2022.255389 

https://core.ac.uk/download/pdf/47233706.pdf
https://www.haascnc.com/content/dam/haascnc/en/service/manual/probe/english---renishaw-inspection-plus---programming-manual---2008.pdf
https://www.haascnc.com/content/dam/haascnc/en/service/manual/probe/english---renishaw-inspection-plus---programming-manual---2008.pdf
https://doi.org/10.1016/j.proeng.2013.08.262
https://doi.org/10.20535/2521-1943.2023.7.1.276162
https://doi.org/10.20535/2521-1943.2023.7.1.276162
https://www.solidcam.com/ru/imachining/
https://doi.org/10.20535/2521-1943.2020.89.202065
https://doi.org/10.20535/2521-1943.2020.89.202065
https://doi.org/10.1016/j.ijmachtools.2014.09.004
http://dx.doi.org/10.1016%2Fj.ijmachtools.2016.07.002
https://doi.org/10.1016/j.ijmachtools.2005.10.007
https://doi.org/10.1017/CBO9780511843723%20%20%0d
https://doi.org/10.1007/s00170-020-05452-1%20%0d
https://doi.org/10.1080/10910344.2017.1402933
https://www.hoffmann-group.com/GB/en/houk/know-how/machining-handbook/e/61245/
https://www.hoffmann-group.com/GB/en/houk/know-how/machining-handbook/e/61245/
https://doi.org/10.15587/1729-4061.2022.255389


ɻʃɸɺɸ 1 ʆʉʅʆɺʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇʈʆʎɽʉɸʄ ʈɯɿɸʅʅʗ 

 

67 

22. Renishaw. Inspection plus software for HAAS machining center Programming manual H-

2000-6222-0A-B ï 2008 

https://www.haascnc.com/content/dam/haascnc/en/service/manual/probe/english---renishaw-

inspection-plus---programming-manual---2008.pdf 

ʀʩʪʦʯʥʠʢʦʘ 22, ʠʣʶʩʪʘʮʠʡ 43 ʪʘʙʣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.haascnc.com/content/dam/haascnc/en/service/manual/probe/english---renishaw-inspection-plus---programming-manual---2008.pdf
https://www.haascnc.com/content/dam/haascnc/en/service/manual/probe/english---renishaw-inspection-plus---programming-manual---2008.pdf


ɻʃɸɺɸ 2 ʆʇʊʀʄɯɿɸʎɯʗ ɯ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʈɯɿɸʅʅʗ 

 

68 

 

 

ʈʦʟʜʽʣ 2 

ʄʆɼɽʃʖɺɸʅʅʗ ɯ ʆʇʊʀʄɯɿɸʎɯʗ 

ʇʈʆʎɽʉɯɺ ʈɯɿɸʅʅʗ 

 

 

2.1. ʋʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʢʦʥʫ 

ʟʤʽʥʠ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʩʧʦʩʦʙʫ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʝʨʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʤ ʻ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ. ʄʘʪʝʤʘʪʠʯ-

ʥʘ ʤʦʜʝʣʴ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ʽ ʧʨʝʜʩʪʘʚʣʷ-

ʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʟʚ'ʷʟʫʶʪʴ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʚʝʣʠʯʠʥʠ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʘʻ ʘʜʝʢʚʘʪʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ 

ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚ ʧʨʫʞʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʙʨʦʙʥʽʡ ʩʠʩʪʝʤʽ (ʊʆʉ) ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʢʦʥʢʨʝʪʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʮʽʣʝʡ ʫʧʨʘʚʣʽʥʥʷ. 

ʉʪʨʫʢʪʫʨʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ 

ʫ ʙʽʢ ʧʦʛʣʠʙʣʝʥʥʷ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ, ʧʨʦʪʝ ʧʦʯʠʥʘʪʠ ʨʝʢʦ-

ʤʝʥʜʫʻʪʴʩʷ ʟ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʫʷʚʣʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʫʷʚʣʝʥʥʷ ʧʨʫʞʥʦʾ 

ʊʆʉ ʷʢ ʩʪʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʘʞʘʥʦʾ ʘʜʝʢʚʘʪʥʦʩʪʽ, ʤʦʜʝʣʴ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʘʩ ʜʠʥʘʤʽʯʥʦʾ ʤʦ-

ʜʝʣʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʧʦʨʷʜʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʆʪʞʝ, ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ 

ʙʫʜʴ-ʷʢʦʾ ʧʦʚʝʨʭʥʽ ʨʽʟʘʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2.1. 

ʄʝʪʦʶ ʧʨʦʮʝʩʫ ʻ ʜʦʩʷʛʥʝʥʥʷ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʠʤʘʛʘʶʪʴʩʷ 

ï ʥʝʦʙʭʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ (ʚʢʣʶʯʘʶʯʠ ʤʘʢʨʦ- ʽ 

ʤʽʢʨʦʛʝʦʤʝʪʨʽʶ) ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʘ ʤʽ-

ʥʽʤʘʣʴʥʠʡ ʯʘʩ ʘʙʦ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʢʩʠʤʘʣʴʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʙʦ ʤʽʥʽʤʘʣʴʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʦʚʠʥʥʽ ʜʦʩʷʛʘʪʠʩʷ ʧʨʠ ʙʝʟʫʤʦʚ-

ʥʦʤʫ ʟʘʜʦʚʦʣʝʥʥʽ ʦʙʤʝʞʝʥʥʷʤ, ʚʠʨʘʞʝʥʠʤ ʯʝʨʝʟ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʚʠʭʽʜʥʽ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʝ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʧʨʠ ʨʦʟʚ`ʷʟʘʥʥʽ ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʦʧ-

ʪʠʤʽʟʘʮʽʾ. ɿ ʪʘʢʠʭ ʧʦʟʠʮʽʡ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʷʢ ʦʙ'ʻʢʪ, ʱʦ 

ʫʧʨʘʚʣʷʻʪʴʩʷ (ʦʙʚʝʜʝʥʠʡ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ ʥʘ ʨʠʩ. 2.1), ʽ ʥʘ ʷʢʠʡ ʜʽʶʪʴ ʨʽʟ-

ʥʦʤʘʥʽʪʥʽ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ (ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʭʽʜʥʠʤʠ ʩʪʨʽʣʢʘʤʠ ʥʘ ʨʠʩ. 2.1).  
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ʈʠʩ. 2.1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ 

ɺʩʽ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʪʽ, ʱʦ ʫʧʨʘʚʣʷʶʪʴʩʷ ʽ ʪʽ, ʱʦ ʟʙʫ-

ʨʶʶʪʴ. ɼʦ ʪʠʭ, ʱʦ ʫʧʨʘʚʣʷʶʪʴʩʷ, ʚʽʜʥʦʩʷʪʴʩʷ ʚʧʣʠʚʠ, ʷʢʽ ʤʦʞʥʘ ʮʽʣʝʩʧʨʷʤʦ-

ʚʘʥʦ ʚʘʨʽʶʚʘʪʠ ʫ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ: ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʟʤʘʱʫʚʘʣʴʥʦ-

ʦʭʦʣʦʜʞʫʚʘʣʴʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ (ɿʆʊʉ), ʤʘʪʝʨʽʘʣ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʦ-

ʜʘʯʘ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʛʦ ʨʫʭʫ, ʧʦʧʝʨʝʯʥʘ ʧʦʜʘʯʘ (ʧʨʠ ʙʘʛʘʪʦ ʧʨʦʭʽʜʥʽʡ ʦʙ-

ʨʦʙʮʽ) ʽ ʜʦ ʜʝʷʢʦʾ ʩʪʫʧʝʥʽ ʬʦʨʤʦʫʪʚʦʨʶʶʯʘ ʪʨʘʻʢʪʦʨʽʷ. ʊʘʢʽ ʚʭʽʜʥʽ ʚʧʣʠʚʠ ʷʢ 

ʚʠʭʽʜʥʘ ʧʦʚʝʨʭʥʷ ʟʘʛʦʪʦʚʢʠ, ʚʠʭʽʜʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʚʝʨʭʥʷ, ʤʘʪʝʨʽʘʣ ʜʝ-

ʪʘʣʽ, ʻ ʟʘʜʘʥʠʤʠ ʽ ʚʠʩʪʫʧʘʶʪʴ ʫ ʨʦʣʽ ʟʙʫʨʝʥʴ.  

ɺʩʽ ʟʙʫʨʝʥʥʷ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʜʽʾ ï ʥʘ ʚʠʧʘʜʢʦʚʽ ʽ ʩʠʩʪʝ-

ʤʘʪʠʯʥʽ, ʪʦʙʪʦ ʪʘʢʽ, ʱʦ ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ; ʟʘ ʰʚʠʜʢʽʩʪʶ ʜʽʾ ï ʥʘ ʰʚʠʜʢʽ ʽ 

ʧʦʚʽʣʴʥʽ; ʟʘ ʩʧʦʩʦʙʦʤ ʜʽʾ ï ʥʘ ʤʦʥʦʪʦʥʥʽ ʽ ʧʝʨʽʦʜʠʯʥʽ. ʐʚʠʜʢʽʩʪʴ ʤʦʜʠʬʽʢʘʮʽʾ 

ʟʙʫʨʝʥʴ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʟʥʘʯʝʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʽ ʦʮʽʥʶʻʪʴʩʷ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʩʥʦʚʥʠʤ ʯʘʩʦʤ ʦʙʨʦʙʢʠ ʽ ʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙ-

ʨʦʙʥʦʾ ʩʠʩʪʝʤʠ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴ-

ʢʦʭ ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ ʽ ʻ ʟʘʤʢʥʝʥʦʶ (ʽʟ ʟʚʦʨʦʪʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ) ʚ ʫʩʽʭ ʚʽʜʥʦ-

ʰʝʥʥʷʭ. ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʰʘʨʫ ʧʨʠʧʫʩʢʫ, ʷʢʠʡ ʟʨʽʟʫ̒ ʪʴʩʷ, ʻ ʪʘʢʠʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩ. ʊʘʢʽ ʧʘʨʘ-

ʤʝʪʨʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʪʦʯʥʦʾ ʬʦʨʤʠ ʟʘʛʦʪʦʚʢʠ, ʬʘʢʪʠʯʥʦʾ ʬʦʨʤʠ ʽʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʬʘʢʪʠʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʛʦ ʨʫʭʫ, ʱʦ ʽ ʚʠʟʥʘ-
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ʯʘʻ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʟʘʛʦʪʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʛʝʦʤʝʪʨʠʯ-

ʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʚʠʣʫʯʝʥʥʷʤ ʯʘʩʪʠʥʠ ʧʨʠʧʫʩʢʫ ʽ ʬʦʨʤʫʻʪʴʩʷ ʦʙʨʦʙʣʝʥʘ ʧʦʚʝʨ-

ʭʥʷ ʘ ʪʘʢʦʞ ʾʾ ʤʘʢʨʦʛʝʦʤʝʪʨʽʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʧʘʨʘ-

ʤʝʪʨʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʣʠʥ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʻ ʧʣʦʱʘ ʥʝʜʝʬʦʨʤʦʚʘʥʦʾ 

ʩʪʨʫʞʢʠ S, ʷʢʘ ʚʠʨʘʞʘʻ ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ ʰʘʨʫ ʧʨʠʧʫʩʢʫ, ʷʢʠʡ ʟʨʽʟʫ̒ ʪʴʩʷ 

(ʨʠʩ. 2.1). ʊʘʢʠʡ ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʷʢ ʜʣʷ ʩʠʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ, ʪʘʢ ʽ ʜʣʷ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʉʠʣʦʚʘ ʚʟʘʻʤʦʜʽʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʠʤ ʙʣʦʢʦʤ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ. ʇʨʠʯʦʤʫ, ʦʩʢʽ-

ʣʴʢʠ ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ ʰʘʨʫ, ʱʦ ʟʨʽʟʫ̒ ʪʴʩʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʤ 

ʨʫʭʦʤ, ʷʢʠʡ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ, ʪʦ ʥʘ ʚʠʭʦʜʽ 

ʙʣʦʢʫ ʜʽʻ ʩʠʣʘ ʨʽʟʘʥʥʷ F ʷʢ ʚʝʢʪʦʨ, ʧʨʠʚ'ʷʟʘʥʠʡ ʜʦ ʮʽʻʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ (ʰʦʨʩʪʢʽʩʪʴ, ʭʘʨʘʢʪʝʨ ʽ ʚʝʣʠʯʠ-

ʥʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʦʱʦ). ʊʦʤʫ ʙʣʦʢ, ʷʢʠʡ 

ʧʨʝʜʩʪʘʚʣʷʻ ʮʝʡ ʧʨʦʮʝʩ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ, ʟʚ'ʷʟʘʥʠʡ ʽʟ ʙʘʛʘʪʴʤʘ ʚʧʣʠ-

ʚʘʤʠ, ʱʦ ʟʙʫʨʶʶʪʴ ʽ ʱʦ ʫʧʨʘʚʣʷʶʪʴ.  

ʋʩʽ ʪʨʠ ʦʩʥʦʚʥʠʭ ʙʣʦʢʠ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ ʬʦʨʤʫʶʪʴ ʧʨʷʤʠʡ ʢʘ-

ʥʘʣ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʷʢ ʦʙ'ʻʢʪʫ, ʱʦ ʫʧʨʘʚʣʷʻʪʴʩʷ. ʆʢʨʽʤ ʮʴʦʛʦ ʢʘʥʘʣʫ ʽʩʥʫʶʪʴ 

ʜʝʢʽʣʴʢʘ ʢʘʥʘʣʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʱʦ, ʷʢ ʟʘʚʞʜʠ, ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʫ ʩʪʨʫʢʪʫʨʽ ʦʙ'ʻʢʪʫ, ʱʦ ʫʧʨʘʚʣʷʻʪʴʩʷ.  

ʇʝʨʝʜʫʩʽʤ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʧʨʫʞʥʽʡ ʊʆʉ (ʥʘ ʩʭʝʤʽ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʙʣʦʢʦʤ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ï ɽʇʉ), ʥʘ ʷʢʫ ʚʧʣʠʚʘʻ ʷʢ 

ʩʠʣʘ ʨʽʟʘʥʥʷ (ʩʠʣʦʚʝ ʟʙʫʨʝʥʥʷ), ʪʘʢ ʽ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʡ ʨʫʭ, ʱʦ ʚʠʢʦʥʫʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʫʟʣʠ ʊʆʉ (ʢʽʥʝʤʘʪʠʯʥʝ ʟʙʫʨʝʥʥʷ). ʋ ʨʝʟʫʣʴʪʘʪʽ ʚ ʊʆʉ ʚʠʥʠʢʘ-

ʶʪʴ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʢʨʠʚʣʶʶʪʴ ʟʘʜʘʥʫ ʪʨʘʻʢʪʦʨʽʶ ʬʦʨʤʦʫʪʚʦʨʶʶ-

ʯʦʛʦ ʨʫʭʫ, ʘ ʦʪʞʝ ʽ ʧʦʨʫʰʫʻʪʴʩʷ ʟʘʜʘʥʝ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʽ 

ʟʘʛʦʪʦʚʢʠ, ʜʘʣʽ ʟʤʽʥʶʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʰʘʨʫ, ʷʢʠʡ ʟʨʽʟʫ̒ ʪʴʩʷ ʽ ʜʘʣʽ ï ʟʤʽʥʶ-

ʻʪʴʩʷ ʩʠʣʘ ʨʽʟʘʥʥʷ. 

ʎʝʡ ʟʚ'ʷʟʦʢ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʩʭʝʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʧʨʠ-

ʩʪʨʦʶ ʇʇ3. ʂʨʽʤ ʪʦʛʦ, ʰʚʠʜʢʽʩʪʴ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʧʣʠʚʘʻ ʥʘ ʟʘʜʘʥʫ ʚʝ-

ʣʠʯʠʥʫ ʧʦʜʘʯʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʝ ʥʘ ʩʭʝʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝ-

ʨʘʪʦʨʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ (ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ) s ʽ  ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʇʇ4. ɿʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʤʦʜʠʬʽʢʘʮʽʶ ʩʠʣʠ ʨʽʟʘʥʥʷ (ʟʘ-

ʪʫʧʣʝʥʥʷ ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ, ʯʘʩʪʢʦʚʘ ʚʪʨʘʪʘ ʨʽʟʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ) ʪʘʢ ʽ ʥʘ ʤʦ-
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ʜʠʬʽʢʘʮʽʶ ʬʦʨʤʠ ʚʠʭʽʜʥʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʝ ʥʘ 

ʩʭʝʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʇʇ2. 

ʇʨʠ ʙʘʛʘʪʦʧʨʦʭʽʜʥʽʡ ʦʙʨʦʙʮʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʱʝ ʦʜʠʥ ʟʚʦʨʦʪ-

ʥʠʡ ʟʚ'ʷʟʦʢ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʬʦʨʤʠ ʟʘʛʦʪʦʚʢʠ ʚʽʜ ʧʨʦʭʦʜʫ ʜʦ ʧʨʦʭʦʜʫ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʮʝʡ ʟʚ'ʷʟʦʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʟʘʧʽʟʥʶʶʯʦʛʦ 

ʘʨʛʫʤʝʥʪʫ e
-ts
, ʜʝ t ï ʯʘʩ ʦʜʥʦʛʦ ʧʨʦʭʦʜʫ, ʘ s - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ʽ ʧʦʨʽʚʥʷʣʴ-

ʥʦʛʦ ʧʨʠʩʪʨʦʶ ʇʇ1. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʘ ʟʘʛʦʪʦʚʢʠ, ʽʥʩʪʨʫʤʝʥʪʫ, ʬʦʨʤʦʫʪʚʦʨʶʶ-

ʯʠʡ ʨʫʭ ʽ ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʨʫʞʥʘ ʩʠʩʪʝʤʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʪʨʴʦʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʘ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʡ ʨʫʭ ʤʦʞʝ ʤʘʪʠ ʜʦ ʧ`ʷʪʠ ʢʦʦʨʜʠʥʘʪ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʨʠ ʪʘʢʦʤʫ ʫʷʚʣʝʥʥʽ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʣʦʢʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʭʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ 

ʟʚ'ʷʟʢʽʚ ʧʦʤʽʞ ʥʠʤʠ. ʄʦʜʝʣʽ ʙʣʦʢʽʚ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ɽʇʉ ʦʧʠʩʫ-

ʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ, ʩʢʣʘʜʝʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʷʚʠʱ, ʘ ʙʣʦʢʠ ʩʠʣʦʚʦʾ ʚʟʘ-

ʻʤʦʜʽʾ, ʟʥʦʰʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʦʧʠʩʫʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʠʤʠ ʝʤʧʽʨʠʯ-

ʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʤʦʜʝʣʽ ʟʘʚ-

ʞʜʠ ʩʭʠʣʴʥʽ ʜʦ ʚʠʧʘʜʢʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʧʨʠʟʥʘʯʝʥʠʭ ʚʝʣʠʯʠʥ ʽ ʪʦʤʫ ʚʩʽ ʤʦ-

ʜʝʣʽ, ʟʘ ʚʝʣʠʢʠʤ ʨʘʭʫʥʢʦʤ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʪʦʭʘʩʪʠʯʥʠʤʠ. ʆʜʥʘʢ ʦʙʣʽʢ ʚʠʧʘʜ-

ʢʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʧʨʠʥʮʠʧʦʚʦ ʥʝ ʟʤʽʥʶʻ ʩʪʨʫʢʪʫʨʫ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʫʟʘʛʘʣʴʥʝ-

ʥʦʾ ʤʦʜʝʣʽ ʽ ʥʝ ʚʥʦʩʠʪʴ ʟʤʽʥ ʜʦ ʘʥʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʷʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʫ ʚʩʪʫʧʽ, ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʻ ʩʫʪ-

ʪʻʚʦ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʤ ʽ ʙʝʟʫʤʦʚʥʦ ʧʦʪʨʝʙʫʻ ʫʧʨʘʚʣʽʥʥʷ, ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʯʘʩ-

ʪʠʥʘ ʤʦʜʝʣʽ ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ ʩʠʣʴʥʽʰʘ ʟʘ ʚʠʧʘʜʢʦʚʫ. ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʣʘ-

ʜʝʥʥ̔ ʟʜʝʙʽʣʴʰʦʛʦ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʝ 

ʫʷʚʣʝʥʥʷ. 

 

2.2. ʌʦʨʤʫʚʘʥʥ ̫ ʦhʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥ ̔ʧʨʠ ʣʝʟʦʚ̔ ʡ ʦʙʨʦʙʮʽ 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʟʤʽʩʪ ʙʣʦʢʫ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʥʽʞ 

ʙʣʦʢʫ ʩʠʣʦʚʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʦʙʨʦʙʢʠ. ɼʣʷ ʣʝʟʦ-

ʚʠʭ ʚʠʜʽʚ ʦʙʨʦʙʢʠ ʦʩʥʦʚʥʠʤ ʻ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʦʙʨʦʙʣʝ-

ʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʜʣʷ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʥʝ ʤʦʞʥʘ ʽʛʥʦʨʫʚʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʟʘ-

ʣʠʰʢʦʚʠʭ ʥʘʧʨʫʛ, ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ. ʊʦʤʫ ʤʘʪʝʤʘ-
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ʪʠʯʥʘ ʤʦʜʝʣʴ ʫʪʚʦʨʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʻ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴ-

ʥʦʶ ʯʘʩʪʠʥʦʶ ʙʣʦʢʫ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʦʧʠʩ ʰʦʨʩʪʢʦʩʪʽ, ʻ ʾʾ ʥʝʨʝʛʫʣʷʨʥʽʩʪʴ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʬʽʟʠʯʥʠʭ ʦʩʦʙʣʠ-

ʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ʉʘʤʝ ʪʦʤʫ ʜʣʷ ʤʘʪʝ-

ʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʦ-

ʨʝʪʠʢʦ-ʡʤʦʚʽʨʥʽʩʪʥʽ ʤʝʪʦʜʠ. ʊʠʤ ʥʝ ʤʝʥʰ, ʥʘʡʯʘʩʪʽʰʝ ʰʦʨʩʪʢʽʩʪʴ ʨʦʟʛʣʷʜʘ-

ʻʪʴʩʷ ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʦʜʥʘʢʦʚʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʪʘ ʬʦʨʤʦʶ ʥʝʨʽʚ-

ʥʦʩʪʝʡ. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʽ ʟ ʘʥʘʣʽʟʫ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʦʙʨʦ-

ʙʢʠ ʪʘ ʬʦʨʤʠ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʽʥʩʪʨʫʤʝʥʪʫ [1, 2, 3]. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʫ ʪʘʢʦʤʫ 

ʧʦʜʘʥʥʽ ʚʧʣʠʚ ʚʩʽʭ ʚʠʧʘʜʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ ʮʽʣʢʦʤ ʽʛʥʦʨʫʻʪʴʩʷ, ʱʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʜʽʡʩʥʦʩʪʽ [4]. ʊʦʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʰʦʨʩʪ-

ʢʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ. ʊʘʢʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʫʩʽ ʥʝʜʦʣʽʢʠ, ʧʨʠʪʘ-

ʤʘʥʥʽ ʝʤʧʽʨʠʯʥʠʤ ʟʘʣʝʞʥʦʩʪʷʤ ʽ, ʢʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʧʦʚʥʽʩʪʶ ʥʽʚʝʣʶʶʪʴ ʚʧʣʠʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʦʨʩʪʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʪʨʘ-

ʯʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʘʢʫ ʩʪʨʫʢʪʫʨʫ. 

ʇʦʜʽʣ ʧʨʠʯʠʥ ʫʪʚʦʨʝʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʜʚʽ ʛʨʫʧʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʤ-

ʧʦʟʠʮʽʡʥʦʾ ʤʦʜʝʣʽ ʰʦʨʩʪʢʦʩʪʽ: ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʧʝʨʽʦʜʠʯʥʘ ʦʩʥʦʚʘ ʪʘ ʚʠʧʘʜʢʦ-

ʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʥʝʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʪʘ ʫʤʦʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚ ʤʦʜʝʣʽ ʤʦʞʝ ʧʨʝʚʘʣʶʚʘʪʠ ʪʘ ʯʠ ʽʥʰʘ ʩʢʣʘʜʦʚʘ. 

ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʩʢʽʣʴʢʠ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʻ ʥʘʩʣʽʜʢʦʤ 

ʯʠʩʣʝʥʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʽ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʶ ʤʽʨʦʶ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ, ʪʦ ʨʦʟʧʦʜʽʣ ʦʨʜʠʥʘʪ ʮʽʻʾ ʩʢʣʘʜʦ-

ʚʦʾ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʧʨʦʬʽʣʴ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨ-

ʭʥʽ ʜʝʪʘʣʽ ʷʢ ʩʫʤʫ ʚʩʽʭ ʚʠʧʘʜʢʦʚʠʭ ʚʽʜʭʠʣʝʥʴ, ʥʘʢʣʘʜʝʥʫ ʥʘ ʽʜʝʘʣʴʥʠʡ, ʛʝʦʤʝ-

ʪʨʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʡ ʧʨʦʬʽʣʴ. ʗʢ ʥʘʩʣʽʜʦʢ, ʧʨʦʬʽʣʴ ʰʦʨʩʪʢʦʩʪʽ ʤʘʪʠʤʝ ʽʤʦ-

ʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʷʢʠʡ ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʢʣʘʜʥʠʭ ʩʪʦʭʘʩʪʠʯ-

ʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʊʆʉ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ. 

ʊʦʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʧʨʦʬʽ-

ʣʶ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ ʩʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʽʜʝʘ-

ʣʴʥʠʡ ʧʨʦʬʽʣʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ʋ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʤʦʜʝʣʷʭ ʰʦʨʩʪʢʦʩʪʽ 

[3] ʚʠʩʦʪʘ ʛʨʝʙʽʥʮʷ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨ Rz, ʷʢʠʡ, ʫ ʩʚʦʶ 
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ʯʝʨʛʫ, ʢʦʨʝʣʶʻʪʴʩʷ ʟ ʛʦʣʦʚʥʦ  ʁʛʘʨʤʦʥʽʢʦ  ʁʨʦʟʢʣʘʜʘʥʥʷ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ ʚ 

ʨʷʜ ʌʫʨ'ʻ. 

ɿ ʘʥʘʣʽʟʫ ʬʦʨʤʫʚʘʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʰʦʨʩʪʢʦʩʪʽ (ʨʠʩ. 2.2) ʚʠʜʥʦ, 

ʱʦ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʧʦʟʜʦʚʞʥʴʦʾ ʧʦʜʘʯʽ, ʚʽʥ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ ʯʦʪʠʨʤʘ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ. ʇʦʟʜʦʚʞʥʷ ʧʦʜʘʯʘ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ ʧʦʜʘʯ ̔ʥʘ ʦʙʦʨʦʪ ʟʘʛʦʪʦʚ-

ʢʠ ʧʨʠ ʪʦʢʘʨʥʽʡ ʦʙʨʦʙʮʽ, ʧʦʜʘʯʽ ʥʘ ʟʫʙ ʧʨʠ ʪʦʨʮʝʚʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ ʪʦʱʦ. 

 fʦʙ 
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ʈʠʩ. 2.2. ʋʪʚʦʨʝʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʬʽʣʁ  ʦhʨʩʪʢʦʩʪʽ 

 

ɺʝʨʰʠʥʘ ʛʨʝʙʽʥʮʷ ʧʨʦʬʽʣʶ (ʪʦʯʢʘ ɸ ʥʘ ʨʠʩ. 2.2) ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ 

ʧʝʨʝʪʠʥʦʤ ʜʚʦʭ ʜʫʛ ʦʢʨʫʛʣʝʥʥʷ ʚʝʨʰʠʥʠ ʨʽʟʮʷ (ʨʠʩ. 2.2, ʘ), ʧʝʨʝʪʠʥʦʤ ʧʨʷ-

ʤʦʣʽʥʽʡʥʦʾ ʜʦʧʦʤʽʞʥʦʾ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʟ ʜʫʛʦʶ ʦʢʨʫʛʣʝʥʥʷ (ʨʠʩ. 2.2, ʙ), ʧʝ-

ʨʝʪʠʥʦʤ ʦʢʨʫʛʣʝʥʥʷ ʟ ʛʦʣʦʚʥʦʶ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ (ʨʠʩ. 2.2, ʚ) ʽ, ʟʨʝʰʪʦʶ, 

ʧʝʨʝʪʠʥʦʤ ʜʚʦʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ ï ʛʦʣʦʚʥʦʾ ʪʘ ʜʦʧʦʤʽʞʥʦʾ 

(ʨʠʩ. 2.2, ʛ). 

ɼʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʝʥʽ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ [2]. ʊʠʤ ʥʝ ʤʝʥʰ, ʥʝʚʽʜʦʤʽʩʪʴ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʥʘ ʝʪʘʧʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʨʦʙʠʪʴ ʪʘʢʫ ʤʝʪʦʜʠʢʫ ʥʝʜʦʩʪʘʪ-

ʥʴʦ ʝʬʝʢʪʠʚʥʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʪʘʢ ʷʢ ʩʘʤʝ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘ-

ʯʠʪʠ ʧʦʟʜʦʚʞʥʶ ʧʦʜʘʯʫ, ʜʦʧʫʩʪʠʤʫ ʧʦ ʰʦʨʩʪʢʦʩʪʽ, ʪʦʜʽ ʷʢ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ 

ʚʭʦʜʠʪʴ ʷʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʪʘʢ ʽ ʫ ʬʦʨʤʫʣʠ ʚʠ-

ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʛʨʝʙʽʥʮʷ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʦʾ ʤʝʪʦʜʠʢʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴ-

ʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʰʦʨʩʪ-
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ʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ɿʘʧʨʦ-

ʧʦʥʦʚʘʥʠʡ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʝʪʝʨ-

ʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʜʠʩʢʨʝʪʥʫ 

ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ. 

ʇʦʙʫʜʦʚʫ ʘʣʛʦʨʠʪʤʫ ʟʨʫʯʥʦ ʨʦʟʛʣʷʥʫʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʭʝʤʠ ʨʠʩ. 

2.3. ɺʽʥ ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʘʪʠ ʜʠʩʢʨʝʪʥʫ ʤʦʜʝʣʴ z=f(x) ʟ ʚʠʙʨʘʥʠʤ ʢʨʦʢʦʤ ʟʤʽʥʠ 

ʘʨʛʫʤʝʥʪʫ x ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʧʘʜʢʫ ʫʪʚʦʨʝʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʽ ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʧʨʦʮʝʜʫʨ. 
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ʈʠʩ. 2.3. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʬʽʣʁ  ʦhʨʩʪʢʦʩʪʽ 

 

ʉʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ ʘʨʛʫʤʝʥʪʫ, ʧʨʠ ʷʢʦʤʫ 

ʽʜʝʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʬʦʨʤʫʻʪʴʩʷ ʜʫʛʦʶ ʢʦʣʘ. ɿ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʩʭʝʤʠ ʨʠʩ. 2.3 ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ: 

).(),(
1

jj rSindfrSinac ==  (2.1) 

ʅʘ ʪʘʢʦʤʫ ʜ̔ʘʧʘʟʦʥ ̔ʟʤʽʥʠ ʘʨʛʫʤʝʥʪʫ ʜ̔ʝʘʣʴʥʠʡ ʧʨʦʬ̔ʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʟʘʣʝʞʥʽʩʪʶ, ɦ ʦ ʦʧʠʩʫʻ ʢʦʣʦ: 

.22 xrrz --=  (2.2) 

ʊʝʧʝʨ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʨʽʚʥʷʥʥʷ ʜʚʦʭ ʧʨʷʤʠʭ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽ-

ʞʫʯʠʤʠ ʢʨʦʤʢʘʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠ ʽʜʝʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʰʦʨʩ-

ʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ. 

ʇʨʷʤʘ, ʫʪʚʦʨʝʥʘ ʜʦʧʦʤʽʞʥʦʶ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞ-

ʥʽʩʪʶ: 

( ) ),(
1
jtgabxz Ö-=  (2.3) 

ʜʝ ( )2/
1
jtgrab Ö= . 
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ʇʨʷʤʘ, ʱʦ ʫʪʚʦʨʝʥʘ ʛʦʣʦʚʥʦʶ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦ,ʁ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝ-

ʞʥʽʩʪʶ: 

( ) ),(jtgxefz Ö-=  (2.4) 

ʜʝ ( )2/jtgref Ö= . 

ʗʢʱʦ ʧʦʯʘʪʦʢ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʟʙʽʛʘʻʪʴʩʷ ʟ ʪʦʯʢʦ ʁa, ʪʦ ʘʣʛʦʨʠʪʤ 

ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟʘ ʩʭʝʤʦ  ʁʨʠʩ. 2.4. 

 

x<ab 

z1=(2.4) 

ʪʘʢ ʥ̔ 

z1=(2.5) 

x<fʦʙ-ef 
ʪʘʢ ʥ̔ 

z2=(2.6) z2=(2.4) 

z1>z2 

z(x)=z1 

ʪʘʢ ʥ̔ 

z(x)=z2 

 

ʈʠʩ. 2.4. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ 

ʇʨʠʥʮʠʧ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʦʷʩʥʶʻʪʴʩʷ ʩʭʝʤʦʶ ʨʠʩ. 2.4, ʜʝ 

ʜʣʷ ʘʨʛʫʤʝʥʪʫ x ʧʦʢʘʟʘʥʽ ʚʝʣʠʯʠʥʠ z1 ʽ z2. ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʚʠʙʨʘʥʠʤ 

ʢʨʦʢʦʤ ʟʤʽʥʠ ʘʨʛʫʤʝʥʪʫ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʘʨʛʫʤʝʥʪ ʥʝ ʙʫʜʝ ʙʽʣʴʰʝ fʦʙ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʽ ʫʪʚʦʨʶʻʪʴʩʷ ʤʘʩʠʚ ʜʘʥʠʭ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʬʨʘʛʤʝʥʪ ʽʜʝʘʣʴʥʦʛʦ 

ʧʨʦʬʽʣʶ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʪʦʙʪʦ. ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʢʦʤʧʦʟʠʮʽʡ-

ʥʦʾ ʤʦʜʝʣʽ. 

ʊʝʧʝʨ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ: ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʘʢʦʥʫ. ʋʪʚʦʨʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʻʪʴ-

ʩʷ ʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʢʦʣʠ ʽʜʝʘʣʴʥʠʡ ʧʨʦʬʽʣʴ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʨʽʞʫʯʠʤʠ 

ʢʨʘʡʢʘʤʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʥʘʢʣʘʜʘʶʪʴʩʷ ʨʽʟʥʽ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ. 
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ʊʘʢʽ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʟʘ ʾʭ ʧʨʠʨʦʜʦʶ ʥʘ: 

ü ʚʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ ʨʽʞʫʯʠʭ ʢʨʦʤʦʢ ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜ ʾʭ ʛʝʦʤʝʪʨʠʯ-

ʥʠʭ ʦʙʨʘʟʽʚ (ʧʨʷʤʘ, ʜʫʛʘ ʢʦʣʘ) ʚʥʘʩʣʽʜʦʢ ʷʢ ʰʦʨʩʪʢʦʩʪʽ ʧʝʨʚʠʥ-

ʥʦʛʦ ʟʘʪʦʯʫʚʘʥʥʷ, ʪʘʢ ʽ ʟʥʦʰʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ; 

ü ʚʽʜʭʠʣʝʥʥʷ ʫʪʚʦʨʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚʥʘʩʣʽʜʦʢ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʽʚʣʽ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʫʞʥʠʭ ʪʘ 

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ; 

ü ʚʽʜʭʠʣʝʥʥʷ ʫʪʚʦʨʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚʥʘʩʣʽʜʦʢ ʚʽʙʨʘʮʽʡ ʊʆʉ ʧʽʜ 

ʯʘʩ ʨʽʟʘʥʥʷ; 

ü ʚʽʜʭʠʣʝʥʥʷ ʫʪʚʦʨʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚʥʘʩʣʽʜʦʢ ʥʝʩʪʘʙʽʣʴʥʦʛʦ 

ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʥʘʨʦʩʪʫ. 

ʗʢ ʩʚʽʜʯʠʪʴ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠ-

ʞʝʥʥʽ ʚʩʽ ʚʠʧʘʜʢʦʚʽ ʩʢʣʘʜʦʚʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦ-

ʜʽʣʫ, ʜʣʷ ʷʢʦʛʦ ʜʦʩʪʘʪʥʽʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʮʝʥʪʨ ʛʨʫʧʫʚʘʥʥʷ ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜ-

ʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ [4]. 

ʑʦ ʞ ʜʦ ʚʧʣʠʚʫ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʚʠʧʘʜʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ, ʜʣʷ ʡʦʛʦ ʦʮʽ-

ʥʮʽ ʜʦʮʽʣʴʥʦ ʩʧʠʨʘʪʠʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʬʽʣʦʛʨʘʤ ʧʦ-

ʚʝʨʭʦʥʴ, ʦʙʨʦʙʣʝʥʠʭ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ [4]. ɺʠʥʷʪʢʦʤ, ʫ ʧʝʚʥʦʤʫ ʩʝʥʩʽ, ʻ ʚʠʧʘʜ-

ʢʦʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʦʙʫʤʦʚʣʝʥʘ ʢʦʣʠʚʘʥʥʷʤʠ ʊʆʉ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ. ʊʘʢʘ ʢʦʤʧʦ-

ʥʝʥʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʚʠʧʘʜʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʪʠʤ, ʱʦ ʾʾ ʟʤʽʥʘ ʬʽʢʩʫ-

ʻʪʴʩʷ ʥʘ ʧʨʦʬʽʣʦʛʨʘʤʽ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘ-

ʣʽ, ʟ ʧʝʨʽʦʜʦʤ, ʨʽʚʥʠʤ ʯʘʩʫ ʦʙʦʨʦʪʫ ʜʝʪʘʣʽ, ʘ ʬʦʨʤʫʻʪʴʩʷ ʚʦʥʘ ʚ ʥʘʧʨʷʤʢʫ ʚʝ-

ʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. 

ɺ ʫʟʘʛʘʣʴʥʝʥʽʡ ʢʦʤʧʦʟʠʮʽʡʥʽʡ ʤʦʜʝʣʽ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ 

ʧʝʨʽʦʜʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʚʠʧʘʜʢʦʚʦʾ ʥʦʨʤʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʱʽʣʴʥʽʩʪʴ ʨʦʟ-

ʧʦʜʽʣʫ ʦʩʪʘʥʥʴʦʾ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʘʛʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ g, ʚʝʣʠ-

ʯʠʥʘ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1. ʇʨʠ g = 0 ʧʨʦʬʽʣʴ ʤʽʩʪʠʪʴ ʪʽʣʴ-

ʢʠ ʧʝʨʽʦʜʠʯʥʫ ʩʢʣʘʜʦʚʫ, ʧʨʠ g = 1 ï ʨʝʘʣʽʟʘʮʽʶ ʚʠʧʘʜʢʦʚʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʧʨʦʮʝʩʫ. ɺʝʣʠʯʠʥʘ g ʥʝʩʝ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʽʟʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦ-

ʮʝʩʫ ʦʙʨʦʙʢʠ. ʋ ʨʦʙʦʪʽ [2] ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʚʽʜʦʤʦʩʪʽ, ʧʽʜʪʚʝʨʜʞʝʥʽ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦ-

ʬʽʣʶ ʧʦʚʝʨʭʥʽ ʧʨʠ ʪʦʯʥ̔ʥʽ. ɿʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷ ʚʠʧʘʜʢʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʫ ʧʨʦʬʽ-

ʣʦʛʨʘʤʽ ʚʽʜ ʨʝʞʠʤʫ ʧʨʠ ʪʦʯʥ̔ʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ ʯʦʨʥʦʚʦʛʦ ʜʦ ʯʠʩʪʦʚʦʛʦ ʦʙ-

ʨʦʙʣʝʥʥʷ: ʯʦʨʥʦʚʝ - g = 0,15...0,31; ʥʘʧʽʚʯʠʩʪʦʚʠʡ - g = 0,31 ... 0,62; ʯʠʩʪʦʚʝ - 
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g = 0,62 ... 0,80. ʊʘʢʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦ-

ʚʘ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ ʷʚʠʱ (ʥʘʨʦʩʪʦʫʪʚʦʨʝʥʥʷ, ʩʢʦʣʶʚʘʥʥʷ, ʚʠʨʠ-

ʚʘʥʥʷ), ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʧʨʠ ʯʠʩʪʦʚʠʭ ʨʝ-

ʞʠʤʘʭ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʈʽʚʝʥʴ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʙʨʦʙ-

ʣʷʻʪʴʩʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʙʨʦʙʮʽ ʩʪʘʣʽ g = 0,85, ʧʨʠ 

ʦʙʨʦʙʮʽ ʯʘʚʫʥʫ g = 0,72, ʧʨʠ ʦʙʨʦʙʮʽ ʙʨʦʥʟʠ g = 0,60 ʪʘ ʧʨʠ ʦʙʨʦʙʮʽ ʣʘʪʫʥʽ g 

= 0,30. ɺʠʷʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ, 

ʧʨʠ ʦʙʨʦʙʮʽ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʩʢʦʣʶʚʘʥʥʷ (ʯʘʚʫʥ, ʙʨʦʥʟʘ) ʘʙʦ ʚʠʨʠʚʘʥʥʷ 

(ʩʪʘʣʴ), ʩʪʚʦʨʶʻʪʴʩʷ ʰʦʨʩʪʢʽʩʪʴ ʟ ʚʝʣʠʢʠʤ ʨʽʚʥʝʤ g ʽ ʥʘʚʧʘʢʠ, ʥʘ ʧʦʚʝʨʭʥʽ 

ʤ'ʷʢʠʭ, ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʝ ʢʦʥʪʫʨ ʽʥʩʪʨʫʤʝʥʪʫ ʢʦʧʽʶʻʪʴʩʷ ʤʘʡʞʝ ʙʝʟ 

ʩʧʦʪʚʦʨʝʥʴ, ʨʽʚʝʥʴ g ʤʘʣʠʡ, ʘ ʫ ʧʨʦʬʽʣʦʛʨʘʤʽ ʰʦʨʩʪʢʦʩʪʽ ʧʨʝʚʘʣʶʻ ʧʝʨʽʦʜʠʯ-

ʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʩʢʣʘʜʦʚʘ. 

ʆʜʥʘʢ, ʟʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʯʥʠʭ ʷʚʠʱ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʨʽʚʥʽ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʚʠʥʥʽ ʢʦʨʠʛʫʚʘʪʠʩʷ 

ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. ʊʘʢʘ ʢʦʨʝʢʮʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽʩʥʫʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʥʘʨʦʩʪʦʫʪʚʦʨʝʥʥʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. ʊʘʢ, ʧʨʠ ʪʦʯʥ̔ʥʽ ʩʪʘʣʽ ʪʘʢʘ ʟʘʣʝʞ-

ʥʽʩʪʴ ʤʘʻ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.5. 
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ʈʠʩ. 2.5. ɿʘʣʝʞʥʽʩʪʴ g ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨ̔ʟʘʥʥ̫ :  

1 - ʚʫʛʣʝʮʝʚʽ ʪʘ ʣʝʛʦʚʘʥʽ ʩʪʘʣʽ, 2 - ʞʘʨʦʩʪʽʡʢʽ ʪʘ ʥʝʨʞʘʚʽʶʯʽ ʩʧʣʘʚʠ,  

3 - ʢʨʠʭʢʽ ʤʘʪʝʨʽʘʣʠ, 4 - ʣʝʛʢʽ ʩʧʣʘʚʠ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟ ʘʜʘʧʪʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ [1, 2, 4] ʜʦ ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʧʨʠʡʥʷʪʦ ʨʽʚʝʥʴ ʚʘʛʦʚʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ g ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ. ʅʘʚʝʜʝʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʚ'ʷ-
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ʟʘʥʠʡ ʟ ʥʘʨʦʩʪʦʫʪʚʦʨʝʥʥʷʤ ʧʨʠ ʨʽʟʘʥʥʽ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʪʘ 

ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʧʝʨʣʽʪʥʦ-ʬʝʨʠʪʥʦʛʦ ʢʣʘʩʫ (ʣʽʥʽʷ 1 ʥʘ ʨʠʩ. 2.5) ʫ ʟʦʥʽ ʤʘʣʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʨʽʟʘʥʥʷ (V = 5..10 ʤ/ʭʚ) ʥʘʨʦʩʪʦʫʪʚʦʨʝʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʧʨʠ V 

= 20..30 ʤ/ʭʚ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʨʦʩʪʦʫʪʚʦʨʝʥʥʷ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʽ-

ʟʘʥʥʷ ʥʘʨʽʩʪ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʟʘ ʛʨʘʥʠʮʝʶ 80 ʤ/ʭʚ ʚʽʥ ʚʽʜʩʫʪʥʽʡ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʨʠ ʪʦʢʘʨʥʽʡ ʦʙʨʦʙʮʽ ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʧʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ, ʤʘʪʝʤʘʪʠʯʥʝ ʷʜʨʦ ʷʢʦʾ ʩʢʣʘʜʘʶʪʴ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʚʠʱʝ ʘʣʛʦʨʠʪʤ ʪʘ ʟʘʣʝʞʥʦʩʪʽ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝ-

ʞʠʤʫ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ (ʨʠʩ. 2.6). ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ Help ʟ'ʷʚʣʷʻʪʴʩʷ ʜʦ-

ʜʘʪʢʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʟ ʽʥʩʪʨʫʢʮʽʷʤʠ ʪʘ ʧʦʷʩʥʝʥʥʷʤʠ ʜʦ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʦʶ. 

ʇʨʦʛʨʘʤʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʨʩʪʘʪʘ ʟ ʏʇʋ, ʪʦʤʫ ʟʘʜʘʻʪʴʩʷ ʭʚʠʣʠʥʥʘ 

ʧʦʟʜʦʚʞʥʷ ʧʦʜʘʯʘ. ʋ ʚʽʢʥʽ 1 ʚʠʙʠʨʘʻʪʴʩʷ ʤʘʪʝʨʽʘʣ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ (ʽʟ ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʠʩʢʫ) ʽ ʥʘʪʠʩʢʘʻʪʴʩʷ ʢʥʦʧʢʘ çʄʦʜʝʣʶʚʘʥʥʷè. ʋ ʛʨʘʬʽʯʥʦʤʫ 

ʚʽʢʥʽ 2 ʟ'ʷʚʣʷʻʪʴʩʷ ʧʨʦʬʽʣʴ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʽ ʧʦʚʝʨʭ-

ʥʽ, ʘ ʧʨʦʛʥʦʟ ʰʦʨʩʪʢʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʧʘʜʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ 

(ʚʽʢʥʦ 3 ʥʘ ʨʠʩ. 2.6) 

 

1 

2 
3 

 

ʈʠʩ. 2.6. ɯʥʪʝʨʬʝʡʩ ʧʨʠʢʣʘʜʥʦ ʾʧʨʦʛʨʘʤʠ 

ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʪʘ ʬʦʨʤʫ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʯʘʩ-

ʪʠʥʠ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʻʜʥʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʽʟʮʷ ʪʘ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟ ʰʦʨʩʪʢʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʡʥʷ-
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ʪʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʤʦʜʝʣʽ. ʇʨʦʛʨʘʤʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʪʝʭʥʦʣʦʛʽʯ-

ʥʽʡ ʧʽʜʛʦʪʦʚʮʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʙ-

ʤʝʞʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʧʦʜʘʯʽ ʧʦ ʰʦʨʩʪʢʦʩʪʽ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽ-

ʟʘʮʽʾ. 

2.3. ʆʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ 

ʆʧʪʠʤʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʪʘʢʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʨʽ-

ʟʘʥʥʷ, ʷʢʠʡ ʫ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʫʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʤʽ-

ʥʽʤʫʤ ʩʦʙʽʚʘʨʪʦʩʪʽ) ʧʨʠ ʟʘʜʦʚʦʣʝʥʥʽ ʚʩʽʤ ʫʤʦʚʘʤ ʦʙʤʝʞʝʥʴ. ʋ ʪʘʢʦʤʫ ʨʦʟʫ-

ʤʽʥʥʽ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʦʶ ʽ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚ`ʷʟʘʥʘ ʢʣʘʩʠʯ-

ʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʦʙʪʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʦʧ-

ʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʽʚ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ.  

ʆʜʥʘʢ, ʥʘ ʧʨʘʢʪʠʮʽ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʞʦʜʝʥ ʟ 

ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ. ʎʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦʶ 

ʤʦʜʠʬʽʢʘʮʽʻʶ ʷʢ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ, ʪʘʢ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʾ ʊʆʉ. ʅʘʧʨʠ-

ʢʣʘʜ, ʧʨʠ ʪʦʯʽʥʥʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ ʧʨʠ-

ʧʫʩʢʫ, ʪʚʝʨʜʦʩʪʽ, ʟʦʥʘ ʦʙʨʦʙʢʠ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚʟʜʦʚʞ ʟʘʛʦʪʦʚʢʠ, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʪʦʯʢʘ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ ʚ ʧʨʫʞʥʽʡ ʊʆʉ ʪʘ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘ-

ʮʽʾ, ʟ ʪʝʯʽʻʶ ʯʘʩʫ ʟʥʦʰʫʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʥʠ ʨʽʟʘʥʥʷ, ʚʝʨʩʪʘʪʫ ʪʦʱʦ. ʊʦʤʫ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʨʦʮʝʩʫ ʜʣʷ ʧʽʜʪ-

ʨʠʤʘʥʥʷ ʡʦʛʦ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʥʝʦʙʭʽʜʥʦ ʙʝʟ-

ʧʝʨʝʨʚʥʦ ʚʠʟʥʘʯʘʪʠ ʥʦʚʽ ʦʧʪʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʚʧʣʠʚʽʚ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ ʽ ʜʽʷ-

ʪʠ ʥʠʤʠ ʥʘ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʝʨʤʘʥʝʥʪʥʠʤ, 

ʫʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʥʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ ʽ ʚʠʢʦʥʫʚʘʪʠʩʴ ʘʚʪʦʤʘʪʠʯʥʦ. ɼʣʷ ʟʘʜʦʚʦ-

ʣʝʥʥʷ ʪʘʢʠʤ ʚʠʤʦʛʘʤ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʪʴ ʉɸʋ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ ʧʦʜʘʯʝʶ, 

ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ, ʘ ʽʥʢʦʣʠ ʽ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʪʨʫʜʥʦʱʽ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʩʪʦʾ ʟʘʤʢʥʝʥʦʾ ʉɸʋ ʟʫʤʦʚʣʝʥʽ ʧʨʠʥʮʠʧʦʚʦʶ ʥʝʤʦʞʣʠʚʽʩʪʶ ʩʪʚʦʨʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʠ ʩʦʙʽʚʘʨʪʦʩʪʽ ʱʦʙ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʡʦʛʦ ʫ ʷʢʦʩʪʽ ʧʨʠʣʘʜʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚ`ʷʟʢʫ. ʊʦʤʫ ʦʧʪʠʤʘʣʴʥʦ ʫʧʨʘʚʣʷʪʠ ʧʨʦ-

ʮʝʩʦʤ ʨʽʟʘʥʥʷ ʤʦʞʥʘ ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʜʦʧʦʤʽʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʚ'ʷʟʘ-

ʥʠʭ ʟ ʥʝʦʙʭʽʜʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦ-

ʜʝʣʣʶ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʤ ʜʦʧʦʤʽʞʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʮʝʩʫ ʻ ʧʦʪʫʞʥʽʩʪʴ ʨʽ-

ʟʘʥʥʷ. ɯʥʢʦʣʠ ʉɸʋ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʢʣʶʯʘʻ ʜʦ ʩʝʙʝ ʜʦʜʘʪʢʦʚʽ ʢʘ-
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ʥʘʣʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ: ʪʝʤʧʠ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʝʤʧʝ-

ʨʘʪʫʨʫ ʟʦʥʠ ʨʽʟʘʥʥʷ, ʪʦʱʦ. 

ʅʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚ-

ʣʽʥʥʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ, ʪʦʤʫ ʱʦ: 

V ʧʦ-ʧʝʨʰʝ, ʩʘʤʝ ʪʫʪ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜʯʫʪʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʝʨʩʪʘʪʦ-ʭʚʠʣʠʥʘ ʻ ʢʦʰʪʦʚʥʦʶ ʽ ʚʥʘʩʣʽʜʦʢ ʘʚʪʦ-

ʤʘʪʠʟʘʮʽʾ ʜʦʧʦʤʽʞʥʠʭ ʨʫʭʽʚ ʚʽʜʩʦʪʦʢ ʯʘʩʫ ʦʙʨʦʙʢʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʪʝʭʥʦ-

ʣʦʛʽʯʥʦʤʫ ʯʘʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʟʙʽʣʴʰʫʻʪʴʩʷ; 

V ʧʦ-ʜʨʫʛʝ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʦʩʥʘʱʝʥʦʩʪʽ ʪʘʢʠʭ ʚʝʨʩʪʘʪʽʚ ʷʢ ʟʘʩʦʙʘʤʠ ʦʙ-

ʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘʢ ʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʨʠʚʦʜʘʤʠ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʽ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʭ ʨʫʭʽʚ, ʩʧʨʦʱʫʻʪʴʩʷ ʨʝʘʣʽʟʘ-

ʮʽʷ ʚʽʜʧʦʚʽʜʥʦʾ ʉɸʋ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʉɸʋ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʨʝʘʣʽ-

ʟʦʚʘʥʘ ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ. ɺʟʘʛʘʣʽ, ʜʣʷ ʦʮʽʥʢʠ ʟʙʫʨʝʥʴ ʪʘ ʦʜʝʨʞʘʥʥʷ ʽʥ-

ʬʦʨʤʘʮʽʾ ʧʨʦ ʬʘʢʪʠʯʥʠʡ ʭʽʜ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚ ʉɸʋ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥ-

ʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʦʩʥʦʚʘʥʽ ʥʘ ʥʝʧʨʷʤʦʤʫ ʚʠʤʽʨʶ-

ʚʘʥʥʽ ʧʨʠʧʫʩʢʫ [5], ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʥʠ ʨʽʟʘʥʥʷ [6, 7], ʪʝʤʧʽʚ ʟʥʦʰʫʚʘʥʥʷ ʽʥ-

ʩʪʨʫʤʝʥʪʫ [8]. ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʉɸʋ ʻ ʤʝʪʦʜ, ʱʦ ʦʮʽ-

ʥʶʻ ʧʨʦʮʝʩ ʟʘ ʧʦʪʦʯʥʠʤ ʟʥʘʯʝʥʥʷ ʧʝʨʝʪʠʥʫ ʰʘʨʫ ʧʨʠʧʫʩʢʫ, ʱʦ ʟʨʽʟʫ̒ ʪʴʩʷ.  

ʊʦʤʫ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɸʋ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʦ 

ʤʘʪʠ ʥʘʩʪʫʧʥʫ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 2.7). ʇʝʨʚʠʥʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʭʽʜ ʧʨʦʮʝʩʫ ʨʽ-

ʟʘʥʥʷ, ʢʨʽʤ ʢʦʥʩʪʘʥʪ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʨʘʥʽʰʝ, ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʤʦʜʫʣʶ ʨʦʟʨʘʭʫʥ-

ʢʫ ʧʦʪʦʯʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ, ʷʢʠʡ ʟʚ`ʷʟʘʥʠʡ ʟ ʧʨʦʛʨʘʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʦ-

ʫʪʚʦʨʶʶʯʠʤʠ ʨʫʭʘʤʠ. ɼʘʣʽ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʧʪʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʚʧʣʠʚʽʚ, ʱʦ 

ʫʧʨʘʚʣʷʶʪʴ (ʥʘʧʨʠʢʣʘʜ, ʧʦʜʘʯʽ ʽ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ). ɺʠʟʥʘʯʝʥʽ ʚʝʣʠʯʠʥʠ ʧʦ-

ʩʪʫʧʘʶʪʴ ʥʘ ʤʦʜʫʣʴ ʧʨʦʛʨʘʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʚʠʨʦʙʣʷʻ ʢʦʤʘʥʜʠ ʜʣʷ ʚʽʜ-

ʧʦʚʽʜʥʠʭ ʧʨʠʚʦʜʽʚ ʚʝʨʩʪʘʪʘ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʦʶ ʙʫʜʴ-ʷʢʦʾ ʉɸʋ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʻ 

ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʱʦ ʟʚ'ʷʟʫʻ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʟ 

ʢʝʨʫʶʯʠʤ ʚʧʣʠʚʦʤ ï ʧʦʜʘʯʝʶ ʽ ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ [9]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚ'ʷ-

ʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʟʥʘʭʦʜʷʪʴ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʫʤ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ ʤʽʥʽʤʫʤ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʠ ʙʝʟʫʤʦʚʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛ 

ʦʙʤʝʞʝʥʴ ʟʘ ʷʢʽʩʪʶ ʦʙʨʦʙʢʠ. ʂʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ (ʧʨʦʜʫ-

ʢʪʠʚʥʽʩʪʴ ʯʠ ʩʦʙʽʚʘʨʪʽʩʪʴ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʨʠʪʝʨʽʡ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ. 

ʏʘʩʪʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʘʚʠʪʴʩʷ ʪʘʢʝ ʟʘʚʜʘʥʥʷ - ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ ʤʽʥʽʤʘʣʴʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʩʪʽʡʢʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʪʘ-

ʧʦʤ ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ, ʢʣʘʩʠʯʥʦʤʫ ʧʽʜʭʦ-

ʜʽ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʫʜʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʽ ʥʝʨʽʚʥʦʩʪʝʡ, 

ʱʦ ʚʠʨʘʞʘʶʪʴ ʟʚ'ʷʟʢʠ ʤʽʞ ʫʧʨʘʚʣʷʶʯʠʤʠ ʚʧʣʠʚʘʤʠ, ʦʙʤʝʞʝʥʥʷʤʠ ʽ ʧʨʠʡʥʷ-

ʪʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʝʡ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ. 

ɼʣʷ ʚʠʧʘʜʢʫ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʟ 

ʧʦʩʪʽʡʥʦʶ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ ʧʨʠʧʫʩʢʫ ʥʘ ʦʙʨʦʙʢʫ (ʽʜʝʘʣʴʥʠʡ 

ʚʠʧʘʜʦʢ), ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʙʫʜʝ ʦʧʪʠʤʘʣʴʥʠʤ ʧʨʠ ʪʘʢʦʤʫ ʧʦʻʜʥʘʥʥʽ ʧʦʜʘʯʽ ʽ 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʢʦʣʠ ʦʩʥʦʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʯʘʩ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ. ʊʘʢʝ 

ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʟʥʘʭʦʜʷʪʴ, ʚʽʜʰʫʢʫʶʯʠ ʪʘʢʽ ʥʝʚʽʜ`ʻʤʥʽ ʟʥʘʯʝʥʥʷ ʫʧʨʘʚ-

ʣʷʶʯʠʭ ʚʧʣʠʚʽʚ (ʧʦʜʘʯʽ f ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ n ʰʧʠʥʜʝʣʷ) ʧʨʠ ʟʘʜʦʚʦʣʝʥʥʽ 

ʚʩʽʤ ʦʙʤʝʞʝʥʥʷʤ, ʱʦ ʜʦʩʪʘʚʣʷʶʪʴ ʤʽʥʽʤʫʤ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ - ʪʝʭʥʦ-

ʣʦʛʽʯʥʦʤʫ ʯʘʩʫ to. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʪʦʯʽʥʥʷ ʦʧʪʠʤʽ-

ʟʘʮʽʡʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʥʘʩʪʫʧʥʦʶ ʩʠʩʪʝʤʦʶ ʨʽʚ-

ʥʷʥʴ ʽ ʥʝʨʽʚʥʦʩʪʝʡ. 

ɿʚ'ʷʟʦʢ ʤʽʞ ʫʧʨʘʚʣʽʥʥʷʤʠ f ʽ n ʪʘ ʧʝʨʽʦʜʦʤ T ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʨʽʞʫʯʫ ʩʧʨʦʤʦʞʥʽʩʪʴ, ʦʜʝʨʞʫʶʪʴ ʟʘ ʚʽʜʦʤʦʶ ʟ ʪʝʦʨʽʾ ʨʽʟʘʥ-

ʥʷ ʟʘʣʝʞʥʽʩʪʶ:  
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ʆʩʢʽʣʴʢʠ ʚʩʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʻ ʝʤʧʽʨʠ-

ʯʥʠʤʠ, ʩʣʽʜ ʥʝ ʟʘʙʫʚʘʪʠ ʧʨʦ ʨʦʟʤʽʨʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʦ ʥʠʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ. 

ʊʨʘʜʠʮʽʡʥʦ ʮʽ ʨʦʟʤʽʨʥʦʩʪʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʉɯ ʨʦʟʤʽʨʥʦʩʪʷʤ. ʊʘʢ, ʫ ʟʘʣʝʞʥʦʩ-

ʪʽ (2.5) ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ï n (ʦʙ/ʭʚ), ʧʦʜʘʯʘ ï f (ʤʤ/ʦʙ), ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ï H 

(ʤʤ), ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ï T (ʭʚ), ʜʽʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ ï D (ʤʤ). 

ʇʦʪʫʞʥʽʩʪʴ ʨʽʟʘʥʥʷ Pp (ʢɺʪ): 
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ʜʝ Pʩʪ ï ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʝʨʩʪʘʪʫ ʫ ʢɺʪ, h ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ, Cp, 

kp, xp, yp ï ʢʦʝʬʽʮʽʻʥʪʠ ʽ ʧʦʢʘʟʥʠʢʠ ʝʤʧʽʨʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʽʜ 

ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ.  

ʇʦʜʘʯʘ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦʶ ʰʦʨʩʪʢʽʩʪʶ ʦʙʨʦʙʢʠ, ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʧʦ ʘʣʛʦʨʠʪʤʫ, ʧʦʙʫʜʦʚʘʥʦʤʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ 

(ʜʠʚʠʩʴ ʨʦʟʜʽʣ 2.2). ɸʣʛʦʨʠʪʤ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʪʘʢ, ʱʦ ʚʠʢʦʥʫʻ ʨʦʟʨʘʭʫʥʦʢ 

ʧʘʨʘʤʝʪʨʘ Rz ʚ ʮʠʢʣʽ, ʧʦʯʠʥʘʶʯʠ ʟ ʥʘʡʤʝʥʰʦʾ ʧʦʜʘʯʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝ-

ʭʘʥʽʟʤʦʤ ʧʦʜʘʯ ʚʝʨʩʪʘʪʘ. ʇʦʪʽʤ, ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʚʠʙʨʘʥʠʤ 

ʤʘʣʠʤ ʢʨʦʢʦʤ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʧʘʨʘʤʝʪʨ Rz ʥʝ ʩʪʘʥʝ ʨʽʚʥʠʤ ʟʘʜʘʥʦʤʫ ʚ ʧʦʯʘ-

ʪʢʦʚʠʭ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ. ʎʷ ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʽ ʽ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʜʦʧʫʩʪʠʤʘ. ɸʣ-

ʛʦʨʠʪʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʨʘʥʽʰʝ, ʚʨʘʭʦʚʫʻ ʪʽʣʴʢʠ ʜʝʪʝʨʤʽʥʦʚʘʥʫ 

ʩʢʣʘʜʦʚʫ ʚʠʩʦʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ, ʪʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ, ʱʦ 

ʜʦʧʫʩʢʘʻʪʴʩʷ, ʟʤʝʥʰʝʥʝ ʥʘ 25%. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʤʝʞʝʥʥʷ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ 

ʥʘ ʧʦʚʟʜʦʚʞʥʶ ʧʦʜʘʯʫ (ʤʤ/ʦʙ): 

[ ] .
ʜʦʧzRff ¢ ,     (2.7) 

ʜʝ [f Rz]ʜʦʧ ï ʜʦʧʫʩʪʠʤʘ ʧʦʜʘʯʘ, ʧʨʠ ʷʢʽʡ ʧʘʨʘʤʝʪʨ Rz ʰʦʨʩʪʢʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘʜʘʥʦʤʫ. 

ʅʘʩʪʫʧʥʝ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʧʦʚʟʜʦʚʞʥʶ ʧʦʜʘʯʫ, ʦʙʠʨʘ-

ʻʪʴʩʷ ʟ ʫʤʦʚ ʤʽʮʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʊʆʉ. ʅʘʧʨʠʢʣʘʜ, ʧʦʜʘʯʘ ʟʘ ʤʘʢʩʠʤʘʣʴ-

ʥʦʶ ʩʠʣʦʶ Fʧ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʚʦʜ ʧʦʜʘʯʽ ʚʝʨʩʪʘʪʫ, ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ 

ʟʘ ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 
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ʇʦʜʘʯʘ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ, ʚʠʙʠʨʘʻʪʴʩʷ ʷʢ ʥʘʡʤʝʥʰʘ ʟ ʧʦʜʘʯ, ʱʦ ʨʦʟʨʘ-

ʭʦʚʘʥʽ ʟʘ ʤʽʮʥʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʫ [f I]ʜʦʧ ʘʙʦ ʪʷʛʣʦʚʦʶ ʩʠʣʦʶ ʤʝʭʘʥʽʟʤʫ ʧʦʜʘʯ 

ʚʝʨʩʪʘʪʫ [f p]ʜʦʧ: 

[] [] }.,min{
ʜʦʧIʜʦʧP fff ¢     (2.8) 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʤʝʪʘʣʦ-

ʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʫ: 

ʜʽʘʧʘʟʦʥ ʧʦʚʟʜʦʚʞʥʽʭ ʧʦʜʘʯ: 

,maxmin fff ¢¢       (2.9) 

ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ:  

.maxmin nnn ¢¢      (2.10) 

ɺ ʷʢʦʩʪʽ ʦʮʽʥʥʦʾ ʬʫʥʢʮʽʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʠʡʤʘʶʪʴ 

max,­nf       (2.11) 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ  to = L/nf ­ min (ʜʝ L - ʜʦʚʞʠʥʘ 

ʦʙʨʦʙʢʠ). 

ʆʜʝʨʞʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (2.5 ï 2.11) ʩʢʣʘʜʘʻ ʷʜʨʦ ʧʨʠʢʣʘʜʥʦʾ 

ʧʨʦʛʨʘʤʠ, ʽʥʪʝʨʬʝʡʩ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.8. 

ʉʧʨʘʚʘ ʚʥʠʟʫ ʥʘ ʨʠʩ. 2.8 ʫ ʢʦʦʨʜʠʥʘʪʘʭ ñʧʦʜʘʯʘ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷò 

ʧʦʙʫʜʦʚʘʥʘ ʦʙʣʘʩʪʴ D ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʽ 

ʧʦʜʘʯʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʥʘ ʽʥʪʝʨʬʝʡʩʽ ʚʠʭʽʜʥʠʤ ʜʘʥʠʤ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ. ʎʷ ʦʙʣʘʩʪʴ ʫʪʚʦʨʝʥʘ ʧʝʨʝʪʠʥʦʤ ʥʘʩʪʫʧʥʠʭ ʦʙʤʝʞʝʥʴ: 1- ʤʽʥʽʤʘʣʴʥʘ 

ʧʦʜʘʯʘ, 3 ï ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, 5 ï ʤʽʥʽʤʘʣʴʥʘ ʧʦʜʘʯʘ ʟʘ 

ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʥʽ, 7 ï ʦʙʤʝʞʝʥʥʷ ʟʘ ʩʪʽʡʢʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʫ, 8 ï ʦʙʤʝʞʝʥ-

ʥʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʚʝʨʩʪʘʪʫ. ʃʽʥʽʷ 9 ʚʽʜʦʙʨʘʞʘʻ ʦʮʽʥʥʫ ʬʫʥʢʮʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʽ ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʣʝʞʥʦʩʪʽ (2.11). ʊʘʢʠʤ ʯʠ-

ʥʦʤ, ʦʧʪʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʦʨʜʠʥʘʪʘʤ ʚʝʨ-

ʰʠʥʠ ɸ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ. 

ʆʙʤʝʞʝʥʥʷ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʶ ʩʠʣʦʶ ʘʙʦ ʤʦʤʝʥ-

ʪʦʤ ʨʽʟʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʚʠʭʦ-

ʜʷʯʠ ʟ ʫʤʦʚ ʤʽʮʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʯʠ ʤʝʭʘʥʽʟʤʫ ʧʦʜʘʯ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩ-
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ʪʘʪʫ (ʣʽʥʽʷ 6 ʥʘ ʨʠʩ. 2.8) ʪʘ ʦʙʤʝʞʝʥʥʷ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʷ ʽ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʦʜʘʯʝʶ (ʣʽʥʽʾ 4 ʽ 2 ʚʽʜʧʦʚʽʜʥʦ) ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢ, 

ʱʦ ʥʝ ʫʪʚʦʨʶʶʪʴ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ. ʇʨʦʪʝ, ʟʽ ʟʤʽ-

ʥʦʶ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʦʮʝʩʫ ʽ, ʟʦʢʨʝʤʘ, ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ, ʦʙʤʝʞʝʥʥʷ ʤʦʞʫʪʴ 

ʤʽʥʷʪʠʩʷ ʤʽʩʮʷʤʠ. ɺʽʜʧʦʚʽʜʥʦ ʚʝʨʰʠʥʘ ɸ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝ-

ʞʠʤʫ ʨʽʟʘʥʥʷ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʧʝʨʝʪʠʥʦʤ ʨʽʟʥʠʭ ʦʙʤʝʞʝʥʴ. 
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ʈʠʩ. 2.8. ɯʥʪʝʨʬʝʡʩ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʪʦʯʽʥʥʷ 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʦʩʥʦʚʫ ʤʦʜʫʣʶ ñʦʧʪʠʤʽʟʘʮʽʡʥʘ 

ʤʦʜʝʣʴò ʉɸʋ ʦʧʪʠʤʽʟʘʮʽʾ (ʜʠʚʠʩʴ ʨʠʩ. 2.7). ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʜʦʧʦʚʥʝʥʘ ʧʨʦʮʝʜʫʨʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʝʨʰʠʥʠ ɸ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʦʩʥʦʚʫ ʤʦʜʫʣʶ ñʦʧʪʠʤʽʟʘʮʽʡʥʘ 

ʤʦʜʝʣʴò ʉɸʋ ʦʧʪʠʤʽʟʘʮʽʾ (ʜʠʚ. ʨʠʩ. 2.7). ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʜʦʧʦʚʥʝʥʘ ʧʨʦʮʝʜʫʨʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʝʨʰʠʥʠ ɸ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʤʘʻ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʝ 

ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʥʘ ʯʦʨʥʦʚʠʭ ʧʨʦʭʦʜʘʭ.  

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʾ ʧʨʦʮʝʜʫʨʠ ʧʦʷʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦ-

ʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʪʦʯʽʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʟ 

ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʚʽʜ ʛʣʠʙʠʥʠ 
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ʨʽʟʘʥʥʷ. ʅʘ ʨʠʩ. 2.9 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʪʘʥ ʦʙʣʘʩʪʽ D ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦ-

ʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʽ ʧʦʚʟʜʦʚʞʥʴʦʾ ʧʦʜʘʯʽ. 

 

ʘ)    ʙ) 

ʈʠʩ. 2.9. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ: 

ʘ) ï ʧʨʠ ʛʣʠʙʠʥʽ ʨʽʟʘʥʥʷ 1ʤʤ, ʙ) ï ʧʨʠ ʛʣʠʙʠʥʽ ʨʽʟʘʥʥʷ 4ʤʤ 

 

ʅʘ ʨʠʩ. 2.9 ʧʨʠʡʥʷʪʽ ʪʽ ʞ ʩʘʤʽ ʧʦʟʥʘʯʝʥʥʷ, ʱʦ ʽ ʥʘ ʨʠʩ. 2.8: ʣʽʥʽʷ1 ʽ 2- 

ʦʙʤʝʞʝʥʥʷ ʟʘ ʤʽʥʽʤʘʣʴʥʦʶ ʽ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʦʜʘʯʝʶ, ʣʽʥʽʷ 3 ʽ 4 ï ʦʙʤʝʞʝʥʥʷ 

ʟʘ ʤʽʥʽʤʘʣʴʥʦʶ ʽ ʤʘʢʩʠʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʣʽʥʽʷ 5 ï ʦʙ-

ʤʝʞʝʥʥʷ ʧʦʜʘʯʽ ʟʘ ʟʘʜʘʥʦʶ ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʥʽ, ʣʽʥʽʷ 6 ï ʦʙʤʝʞʝʥʥʷ ʧʦʜʘʯʽ 

ʟʘ ʜʦʧʫʩʪʠʤʦʶ ʩʠʣʦʶ ʤʝʭʘʥʽʟʤʫ ʧʦʜʘʯʽ ʧʨʠʚʦʜʘ ʚʝʨʩʪʘʪʘ, ʣʽʥʽʷ 7 ï ʦʙʤʝʞʝʥ-

ʥʷ ʟʘ ʩʪʽʡʢʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʣʽʥʽʷ 8 ï ʦʙʤʝʞʝʥʥʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʚʝʨʩʪʘʪʫ. ʃʽ-

ʥʽʷ 9 ʚʽʜʦʙʨʘʞʘʻ ʦʮʽʥʥʫ ʬʫʥʢʮʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩ-

ʪʶ. ɺʠʜʥʦ, ʱʦ ʽʟ ʟʤʽʥʦʶ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʚʝʨʰʠʥʘ ɸ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʦʤʫ (ʟʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ) ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʝʨʝʪʠʥʦʤ ʨʽʟʥʠʭ ʦʙʤʝʞʝʥʴ. ʊʘʢ, ʧʨʠ ʛʣʠʙʠʥʽ ʨʽʟʘʥʥʷ 1ʤʤ ʮʷ 

ʚʝʨʰʠʥʘ ʫʪʚʦʨʝʥʘ ʦʙʤʝʞʝʥʥʷʤʠ ʟʘ ʩʪʽʡʢʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʟʘ ʥʝʦʙʭʽʜʥʦʶ 

ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʥʽ, ʘ ʧʨʠ ʛʣʠʙʠʥʽ 4ʤʤ ï ʦʙʤʝʞʝʥʥʷʤʠ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʨʽ-

ʟʘʥʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʶ ʩʠʣʦʶ ʧʨʠʚʦʜʘ ʧʦʜʘʯʽ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʨʦ-

ʟʙʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʠ ʟ ʦʙʨʘʥʠʤ ʢʨʦʢʦʤ ʽ ʚʠʢʦʥʫʶʪʴ ʜʦʩʣʽʜʠ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʧʝʚʥʦʾ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ, ʷʢʘ ʤʘʪʠʤʝ ʝʢʩʪʨʝ-

ʤʫʤ. ʐʚʠʜʢʽʩʪʴ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ (Material Removal Rate) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

.HfMRR ʦʧʪ=     (2.12) 
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ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʪʠʤʘ-

ʣʴʥʦʤʫ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥʘʭ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʜʣʷ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ, ʷʢʽ ʚʚʝʜʝʥʽ ʫ ʚʽʢʥʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʨʠʩ. 2.8 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʫ ʪʘʙʣʠʮʽ 2.1. 

ʊʘʙʣʠʮʷ 2.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

 ̄
H, 

ʤʤ 

nʦʧʪ, 

ʦʙ/ʭʚ 

fʦʙ, 

ʤʤ/ʦʙ 

Nʨʽʟ , 

ʢɺʪ 
Pz,ʅ 

fʦʧʪ, 

ʤʤ/ʭʚ 

MRR, 

ʤʤ
2
/ʭʚ 

1 0,5 1168 0,455 3,10 1015 531,4 265,7 

2 1,0 1056 0,455 5,20 1894 480,5 480,5 

3 1,5 992 0,455 7,09 2729 451,4 677,1 

4 2,0 808 0,457 7,51 3549 369,3 738,6 

5 2,5 664 0,453 7,48 4305 300,8 752,0 

6 3,0 632 0,397 7,60 4594 250,9 752,7 

7 3,5 624 0,329 7,49 4587 205,3 718,6 

8 4,0 624 0,282 7,54 4612 176,0 704,0 

9 4,5 624 0,243 7,48 4578 151,6 682,2 

10 5,0 624 0,215 7,50 4591 134,2 670,8 

 

ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʣʝʞ-

ʥʦʩʪʝʡ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.10 ʽ ʨʠʩ. 2.11. ɿ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʟʘʢʦʥʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʟʘ ʷʢʠʤʠ ʜʦ-

ʩʷʛʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ. 

 

 

 

ʈʠʩ. 2.10. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ 

 ʚʽʜ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ 
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ʈʠʩ. 2.11. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʚʽʜ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ 

ɿ ʪʘʙʣʠʮʽ 2.1 ʚʠʜʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ (MRR) ʤʘʻ ʝʢʩ-

ʪʨʝʤʫʤ, ʟʘ ʷʢʠʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʛʣʠʙʠʥʫ ʨʽʟʘʥʥʷ ʥʘ ʯʦʨʥʦʚʠʭ 

ʧʨʦʭʦʜʘʭ (ʩʪʨʽʣʢʘ ʥʘ ʨʠʩ. 2.12). ʆʪʞʝ, ʟʘ ʛʦʣʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʯʦʨʥʦʚʝ ʦʙʨʦʙʣʝʥʥʷ ʟ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ 2,75ʤʤ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ, ʘ ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʧʨʠ ʛʣʠʙʠʥʽ 

ʨʽʟʘʥʥʷ ʤʝʥʰʝ ʟʘ 0,5ʤʤ ʤʘʢʩʠʤʫʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ MRR ʽ ʧʦʚʟʜʦʚʞʥʴʦʶ 

ʧʦʜʘʯʝʶ ʩʧʽʚʧʘʜʘʶʪʴ. 

  
ʈʠʩ. 2.12 ɻʨʘʬʽʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

 

2.4. ʆʧʪʠʤʽʟʘʮʽʷ ʪʦʢʘʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʪʫʧʽʥʯʘʪʠʭ ʚʘʣʽʚ 

ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ 

ʗʢ ʚʞʝ ʟʛʘʜʫʚʘʣʦʩʷ ʚ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ, ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʣʝʥʥʷ ʨʟ̔ʘʥʥʷʤ, ʟʦʢʨʝʤʘ ʪʦʢʘʨʥʠʭ, ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʪʘ ʧʨʦ-
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ʝʢʪʫʚʘʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ CAM-ʩʠʩʪʝʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʽʥʪʝʛʨʦʚʘʥʽ CAD-

ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʷʢ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʪʘʢ ʽ ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ.  

ɻʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʽʜʦʤʠʭ ʧʘʢʝʪʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʩʦʣʽʜʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʪʘʢʠʡ 

ʩʧʦʩʽʙ. ɺʠʙʨʘʚʰʠ ʷʢʫʩʴ ʛʣʠʙʠʥʫ ʨʽʟʘʥʥʷ ʥʘ ʯʦʨʥʦʚʠʭ ʧʨʦʭʦʜʘʭ ʽ ʩʭʝʤʫ ʟʨʽʟʫ-

ʚʘʥʥʷ ʧʨʠʧʫʩʢʫ, ʪʝʭʥʦʣʦʛ ʦʪʨʠʤʫʻ ʨʦʟʨʘʭʫʥʦʢ ʪʨʘʻʢʪʦʨʽʡ ʽʥʩʪʨʫʤʝʥʪʫ (ʢʦʦʨ-

ʜʠʥʘʪʠ Z ʽ X), ʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ, çʟʘʰʠʪʠʭè ʚ ʧʘʢʝʪʽ ʧʦʩʪʧʨʦʮʝʩʦʨʘ, 

ʧʨʦʮʝʜʫʨ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʮʠʢʣʽʚ (ʟʨʽʟʘʥʥʷ ʩʪʫʧʝʥʽʚ, ʬʘʩʢʠ, ʢʘʥʘʚʢʠ ʪʦʱʦ) 

ʦʪʨʠʤʫʻ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ.  

ʆʜʥʘʢ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʽʜ ʥʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʠʟʥʘʯʠʪʠ ʱʝ ʪʘʢʽ ʩʢʣʘʜʦʚʽ 

ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʷʢ ʧʦʜʘʯʘ ʽ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ. ʊʫʪ ʪʝʭʥʦʣʦʛ ʤʦʞʝ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʜʝʷʢʠʤʠ ʚʙʫʜʦʚʘʥʠʤʠ ʦʧʮʽʷʤʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʩʪʽʡʥʘ ʰʚʠʜʢʽʩʪʴ 

ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʣʝʥʥ̔ ʪʦʨʮʽʚ, ʘʣʝ, ʚ ʮʽʣʦʤʫ, ʡʦʛʦ ʚʠʙʽʨ ʥʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

CAM-ʩʠʩʪʝʤʦʶ, ʘ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʜʦʚʽʜʥʠʢʠ, ʚʣʘʩʥʠʡ ʜʦʩʚʽʜ ʘʙʦ ʨʝʢʦʤʝʥʜʘ-

ʮʽʾ ʨʦʟʨʦʙʥʠʢʽʚ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʅʘ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʤʦʜʫʣʴ ʦʧʪʠʤʽ-

ʟʘʮʽʾ ʪʦʢʘʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʪʫʧʽʥʯʘʪʠʭ ʚʘʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʽʟʘʮʽʶ  

ʧʨʦʮʝʩʫ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʫʤʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʙʝʟʫʤʦʚʥʦʤʫ ʜʦʪʨʠ-

ʤʘʥʥʽ ʚʩʽʭ ʚʠʤʦʛ ʟʘ ʷʢʽʩʪʶ ʦʙʨʦʙʣʝʥʥʷ. 

ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʽʜʭʦʜʫ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʦʛʨʘ-

ʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʩʪʘʪʦʤ ʟ ʏʇʋ, ʘ ʪʦʯʥʽʰʝ, ʧʨʦʤʽʞʥʠʡ ʬʘʡʣ, ʱʦ ʤʽʩʪʠʪʴ ʽʥ-

ʬʦʨʤʘʮʽʶ ʧʨʦ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ ʪʘ ʽʥʰʫ ʜʦʧʦʤʽʞ-

ʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʩʪʚʦʨʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʭʦʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦ-

ʙʢʠ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ. ʇʨʠʯʦʤʫ ʨʦʟʨʘʭʦʚʘʥʽ ʪʨʘʻʢʪʦʨʽʾ ʯʦʨʥʦʚʠʭ ʧʨʦʭʦʜʽʚ ʽ ʨʝ-

ʞʠʤ ʨʽʟʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠ ʟʘʜʦʚʦʣʝʥʥʽ ʚʠ-

ʤʦʛ ʦʙʤʝʞʝʥʴ ʧʦ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʨʩʪʘʪʘ, 

ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ.  

ʆʜʥʘʢ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʩʢʽʣʴʢʠ ʚ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʙʫʚ ʚʠ-

ʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠ-

ʤʫʤʫ ʢʨʠʪʝʨʽʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʪʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʦʪʝ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘʢʦʾ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʣʝʛʢʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʘ-

ʩʧʦʨʪʥʠʭ ʜʘʥʠʭ ʚʝʨʩʪʘʪʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ. 
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2.4.1. ʇ̔ʜʛʦʪʦʚʢʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥ̔ʬʦʨʤʘʮʽʾ 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʘʧʨʦʙʘʮʽʾ ʤʦʜʫʣʷ ʚʽʥ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽ-

ʯʥʫ ʧʽʜʛʦʪʦʚʢʫ ʚʽʜ ʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʽ ʪʘ ʟʘʛʦʪʦʚʢʠ ʜʦ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʥʘ 

ʚʝʨʩʪʘʪ ʟ ʏʇʋ. ɼʣʷ ʮʴʦʛʦ ʚ ʤʦʜʫʣʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʚʦʨʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʙʣʦʢ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʜʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʝʪʘʣʽ ʪʘ ʟʘʛʦʪʦʚʢʠ. ʊʘʢʠʡ ʙʣʦʢ 

ʟʘʙʝʟʧʝʯʝʥʠʡ ʦʢʨʝʤʠʤ ʽʥʪʝʨʬʝʡʩʦʤ (ʨʠʩ. 2.9), ʱʦ ʜʦʟʚʦʣʷʻ ʚʚʝʜʝʥʥʷ ʪʘ ʚʽʟʫʘ-

ʣʽʟʘʮʽʶ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ.  

 

ʈʠʩ. 2.9. ɯʥʪʝʨʬʝʡʩ ʚʚʝʜʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʋ ʣʽʚʦʤʫ ʢʫʪʽ ʽʥʪʝʨʬʝʡʩʫ ʟʘʜʘʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʝʪʘʣʽ ʧʦ 

ʜʽʣʷʥʢʘʭ, ʥʦʤʝʨ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʣʽʚʽʡ ʢʦʣʦʥʮʽ, ʧʨʘʚʦʨʫʯ ʚʠʙʠʨʘʻʪʴʩʷ ʚʠʜ 

ʟʘʛʦʪʦʚʢʠ ʪʘ ʚʚʦʜʷʪʴʩʷ ʾʾ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ. ʇʨʠʯʦʤʫ ʧʘʨʘʤʝʪʨʠ ʛʝʦʤʝʪʨʽʾ 

ʟʘʛʦʪʦʚʢʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʚʽʢʥʘ ʜʣʷ ʾʭ ʟʘʚʜʘʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʟʘʛʦʪʦʚʢʠ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ɿʘʛʦʪʦʚʢʠ ʟ ʧʦʢʦʚʢʠ ʘʙʦ ʣʠʪʽ ʟʘʛʦʪʦʚʢʠ ʤʘʶʪʴ ʬʦʨʤʫ, ʝʢʚʽʜʠ-

ʩʪʘʥʪʥʫ ʜʦ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ. ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʦʢ çɿʘʩʪʦʩʫʚʘʪʠè ʧʽʜ ʚʽʜ-
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ʧʦʚʽʜʥʠʤʠ ʚʽʢʥʘʤʠ ʟʦʙʨʘʞʝʥʥʷ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ ʪʘ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʽʜʦʚʥʦ ʟ'ʷʚ-

ʣʷʶʪʴʩʷ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ.  

ʅʘ ʨʠʩ. 2.13, ʘ ʧʦʢʘʟʘʥʘ ʟʘʛʦʪʦʚʢʘ ʟ ʧʨʫʪʢʘ, ʘ ʥʘ ʨʠʩ. 2.13, ʙ ï ʰʪʘʤʧʦ-

ʚʘʥʘ ʟʘʛʦʪʦʚʢʘ; ʮʠʬʨʘʤʠ 1, 2 ʪʘ 3 ʧʦʟʥʘʯʝʥʽ ʥʦʤʝʨʠ ʜʽʣʷʥʦʢ ʜʝʪʘʣʽ, ʘ ʮʠʬʨʦʶ 

4 ï ʢʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ.  

ʋ ʮʴʦʤʫ ʙʣʦʮʽ ʧʨʦʛʨʘʤʠ ʬʦʨʤʫʶʪʴʩʷ ʮʠʬʨʦʚʽ ʤʘʩʠʚʠ ʢʦʥʪʫʨʽʚ ʜʝʪʘʣʽ 

ʪʘ ʟʘʛʦʪʦʚʢʠ: ʥʦʤʝʨʠ ʪʦʯʦʢ ʜʝʪʘʣʽ P1ɼ ʜʦ Pnɼ, ʚʽʜ ʟʘʛʦʪʦʚʢʠ ʚʽʜ P1ɿ ʜʦ Pnɿ ʪʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʬʨʝʟʝʨʥʦ-ʮʝʥʪʨʫʚʘʣʴʥʦʾ ʦʧʝʨʘʮʽʾ. ʇʽʩʣʷ ʮʽʻʾ ʦʧʝ-

ʨʘʮʽʾ ʤʘʩʠʚ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ: ʧʝʨʰʘ ʪʦʯʢʘ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦ-

ʚʢʠ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʝʨʰʦʶ ʪʦʯʢʦʶ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ, ʘ ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʩʠʚʫ ʟʤʝʥ-

ʰʫʻʪʴʩʷ ʥʘ i ʪʦʯʦʢ (ʜʠʚ. ʨʠʩ. 2.9, ʚ, ʛ). 

ʋ ʮʴʦʤʫ ʙʣʦʮʽ ʧʨʦʛʨʘʤʠ ʬʦʨʤʫʶʪʴʩʷ ʮʠʬʨʦʚʽ ʤʘʩʠʚʠ ʢʦʥʪʫʨʽʚ ʜʝʪʘʣʽ 

ʪʘ ʟʘʛʦʪʦʚʢʠ: ʥʦʤʝʨʠ ʪʦʯʦʢ ʜʝʪʘʣʽ P1ɼ ʜʦ Pnɼ, ʚʽʜ ʟʘʛʦʪʦʚʢʠ ʚʽʜ P1ɿ ʜʦ Pnɿ ʪʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʬʨʝʟʝʨʥʦ-ʮʝʥʪʨʫʚʘʣʴʥʦʾ ʦʧʝʨʘʮʽʾ. ʇʽʩʣʷ ʮʽʻʾ ʦʧʝ-

ʨʘʮʽʾ ʤʘʩʠʚ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ: ʧʝʨʰʘ ʪʦʯʢʘ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦ-

ʚʢʠ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʝʨʰʦʶ ʪʦʯʢʦʶ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ, ʘ ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʩʠʚʫ ʟʤʝʥ-

ʰʫʻʪʴʩʷ ʥʘ i ʪʦʯʦʢ (ʜʠʚ. ʨʠʩ. 2.9, ʚ, ʛ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʝʦʤʝʪʨʠʯʥʽ ʦʙʨʘʟʠ ʽ ʚʽʜʧʦʚʽʜʥʽ ʤʦʜʝʣʽ ʢʦʥʪʫʨʽʚ ʜʝʪʘʣʽ ʽ 

ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʮʠʬʨʦʚʽ ʤʘʩʠʚʠ (ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ), ʱʦ ʟʘʙʝʟ-

ʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʯʠʩʝʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠ ʧʦ-

ʜʘʣʴʰʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

2.4.2. ʇ̔ʜʛʦʪʦʚʢʘ ʪʝʭʥʦʣʦʛʯ̔ʥʦʾ ʥ̔ʬʦʨʤʘʮʽʾ 

ʅʘʩʘʤʧʝʨʝʜ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʨʽʟʮʷ ʧʨʠ ʟʨʽʟʫʚʘʥʥʽ ʯʦ-

ʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʛʣʠ-

ʙʠʥʠ ʨʽʟʘʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ, 

ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ, ʧʦʜʘʥʠʭ ʫ ʨʦʟʜʽʣʽ 2.3. ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘ-

ʣʴʥʦʩʪʽ ʻ ʤʘʢʩʠʤʫʤ ʰʚʠʜʢʦʩʪʽ ʟʨʽʟʫʚʘʥʥʷ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ, ʱʦ ʦʮʽʥʶʻʪʴ-

ʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ MRR: 

max­=fnHMRR ,     (2.13) 

ʜʝ f ï ʧʦʜʘʯʘ (ʤʤ/ʦʙ), n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ (ʦʙ/ʭʚ), H ï ʛʣʠʙʠʥʘ 

ʨʽʟʘʥʥʷ (ʤʤ). 
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ʈʠʩ. 2.10. ɯʥʪʝʨʬʝʡʩ ʚʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʯ̔ʥʠʭ ʧʘʨʘʤʝʪʨʚ̔ 

ʗʢ ʜʦʚʝʣʠ ʧʨʦʚʝʜʝʥʽ ʫ ʨʦʟʜʽʣʽ 2.3 ʜʦʩʣʽʜʞʝʥʥʷ, ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʻʜʥʘʥʥʷ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʻ ʤʘʢʩʠʤʫʤ ʪʘʢʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʢʦʥʫʻ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ Ho ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʯʦʨʥʦʚʠʭ ʧʨʦʭʦʜʽʚ. ɼʘʣʽ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʭʦʜʽʚ: 
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min , (2.14) 

ʜʝ Dʟ ï ʜ̔ʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ, Dmin ï ʤ̔ʥ̔ʤʘʣʴʥʠʡ ʜ̔ʘʤʝʪʨ ʜʝʪʘʣʽ. 

ʌʦʨʤʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʡ̔ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʘ ʚʠʢʦʥʫ̒ ʪʴʩʷ ʢ̫ ʪʨʘ̒ ʢʪʦʨʽʾ ʝʢ-

ʚ̔ʜʠʩʪʘʥʪ ʜʦ ʢʦʥʪʫʨʫ ʜʝʪʘʣ.̔ ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʘ̔ʣʴʥʠʡ ʘʣʛʦ-

ʨʠʪʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʨʴʦʭ ʧʨʦʮʝʜʫʨ [2].  

ʇʝʨʰʘ ʨʦʟʨʘʭʦʚʫʻ ʛʝʦʤʝʪʨʠʯʥʫ ʝʢʚʽʜʠʩʪʘʥʪʫ ʜʦ ʚʩʽʭ ʜʽʣʷʥʦʢ ʢʦʥʪʫʨʫ 

ʜʝʪʘʣʽ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʦʛʦ ʜʚʦʚʠʤʽʨʥʦʛʦ ʤʘʩʠʚʫ. ɼʨʫʛʘ ʚʠʢʦʥʫʻ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʦʛʦ ʤʘʩʠʚʫ ʽ ʚʠʢʣʶʯʘʻ ʜʽʣʷʥʢʠ, ʱʦ ʚʟʘʻʤʥʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ (ʚʠʢʣʶ-

ʯʘʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ). ʊʨʝʪʷ ʧʨʦʮʝʜʫʨʘ ʜʦʜʘʻ ʚʽʜʩʫʪʥʽ ʤʘʩʠʚʠ ʜʣʷ ʦʩʦʙʣʠʚʠʭ 

ʪʦʯʦʢ ʢʦʥʪʫʨʫ (ʢʫʪʽʚ) ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʝʢʚʽʜʠʩʪʘʥʪʠ, ʟ ʜʦʙʫʜʦʚʫʚʘʥʥʷʤ ʪʨʘʻ-

ʢʪʦʨʽʾ ʨʫʭʫ ʥʘ ʢʫʪʘʭ ʢʦʥʪʫʨʫ ʧʦ ʜʫʟʽ ʢʦʣʘ. ɹʽʣʴʰʽʩʪʴ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʭ ʫ ʚʽʢʥʘʭ ʽʥʪʝʨʬʝʡʩʫ ʧʦ ʨʠʩ. 2.10 ʩʣʫʞʘʪʴ ʨʦʟʨʘʭʫʥʢʫ ʦʙʤʝʞʝʥʴ ʥʘ 

ʬʘʟʦʚʦʾ ʧʣʦʱʠʥʽ çʧʦʜʘʯʘ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷè ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘ-
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ʮʽʾ ʫ ʾʾ ʢʣʘʩʠʯʥʦʤʫ ʫʷʚʣʝʥʥʽ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʫ ʨʦʟʜʽʣʽ 2.3. ʆʙʤʝʞʝʥʥʷ ʧʦ-

ʜʘʯʽ ʟ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ, ʪʘʢʦʞ ʧʦʜʘʥʠʤ ʫ ʨʦʟʜʽʣʽ 2.3. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʙʫʣʘ ʜʝʱʦ ʪʨʘʥʩʬʦʨʤʦʚʘʥʘ ʟ ʤʝʪʦʶ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʧʨʘʢʪʠʯʥʠʭ ʫʤʦʚ. ʊʘʢ, ʷʢ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʥʘʢʣʘʜʘ-

ʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʦʟʨʘʭʦʚʘʥʫ ʦʧʪʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ 

ʥʘ ʯʦʨʥʦʚʠʭ ʧʨʦʭʦʜʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʛʣʠʙʠʥʘ 

ʨʽʟʘʥʥʷ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʬʽʨʤʠ-ʚʠʨʦʙʥʠʢʘ ʧʣʘʩʪʠʥ ʨʽʟʮʷ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʦʩʫ ʧʣʘʩʪʠʥʠ ʥʘ ʦʧʝʨʘʮʽʾ ʟʘʜʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ 

ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ, ʘ ʜʣʷ ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʟ 

ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʟʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʮʴʦʛʦ ʧʨʠʚʦʜʫ (ʜʠʚʠʩʴ ʚʽʜ-

ʧʦʚʽʜʥʽ ʚʽʢʥʘ ʥʘ ʨʠʩ. 2.10). 

2.4.3. ʄʦʜʝʣʚʁʘʥʥ ̫ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ 

ʇʨʦʜʦʚʞʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧ-

ʥʦʤʫ, ʦʩʥʦʚʥʦʤʫ, ʙʣʦʮʽ ʤʦʜʫʣʷ ʦʧʪʠʤʽʟʘʮʽʾ, ʜʝ ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ.  

ʅʘ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ 

ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʨʘʥʽʰʝ ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪ ʫ ʚʠʭʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʅʘ 

ʨʠʩ. 2.11, ʘ, ʙ ʧʦʟʠʮʽʷʤʠ 1 ʽ 2 ʧʦʟʥʘʯʝʥʽ ʟʘʛʦʪʦʚʢʘ (ʚʽʜʧʦʚʽʜʥʦ ʟ ʧʨʫʪʢʘ ʽ ʧʦʢʦ-

ʚʢʠ) ʪʘ ʽʥʩʪʨʫʤʝʥʪ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʽʟ ʟʘʟʜʘ-

ʣʝʛʽʜʴ ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ (0,1ʤʤ), ʧʝʨʝʜʙʘʯʘʻ ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʛʣʠʙʠʥʠ 

ʨʽʟʘʥʥʷ ʪʘ ʟʚʝʨʥʝʥʥʷ ʜʦ ʧʨʦʮʝʜʫʨ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ: ʚʠʟʥʘʯʝʥʥʷ 

ʟʥʘʯʝʥʴ ʧʦʜʘʯʽ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ.  

ʆʙʯʠʩʣʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦʶ 

ʧʨʦʮʝʜʫʨʦʶ ʧʦʨʽʚʥʷʥʥʷ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʧʦʪʦʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʽʟʮʷ ʪʘ 

ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʦʭʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʦʣʦʚʥʦʛʦ ʢʫʪʘ ʚ ʧʣʘʥʽ. ʈʽʟʝʮʴ ʚʠʢʦʥʫʻ ʨʫʭ ʪʨʘʻʢʪʦʨʽʷʤʠ, ʩʬʦʨʤʦʚʘʥʠʤʠ ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʘʭ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʧʨʦʤʽʞʥʠʡ ʬʘʡʣ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʤʽʩ-

ʪʠʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʦʨʤʦʫʪʚʦʨʶʶʯʽ ʪʨʘʻʢʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʨʦʟ-

ʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ, ʧʦʜʘʯʽ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʷ, ʦʪʨʠʤʘʥʽ ʟ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. ʈʝ-

ʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʝʚʥʦʤʫ ʤʘʩʰʪʘʙʽ ʚʠʚʦʜʷʪʴʩʷ ʫ ʚʽʢʥʦ ʘʥʽʤʘʮʽʾ ʙʣʦʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘ ʨʠʩ. 2.11 ʚ ʽ ʛ ʧʦʢʘʟʘʥʠʡ ʚʠʛʣʷʜ ʽʥʪʝʨʬʝʡʩʫ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥ-
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ʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʨʦʙʢʠ ʦʜʥʘʢʦʚʠʭ ʜʝʪʘʣʝʡ ʟ ʨʽʟʥʠʭ ʟʘʛʦʪʦʚʦʢ - ʧʨʫʪʢʘ ʽ ʧʦ-

ʢʦʚʢʠ ʚʽʜʧʦʚʽʜʥʦ. ɼʝʪʘʣʴ 1 ʥʘʙʫʚʘʻ ʟʘʜʘʥʫ ʩʧʦʯʘʪʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʦʨʤʫ, ʨʽ-

ʟʝʮʴ 2 ʟʘʡʤʘʻ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ, ʘ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʪʨʘʻʢʪʦʨʽʾ 

ʨʫʭʫ ʥʘ ʯʦʨʥʦʚʠʡ ʦʙʨʦʙʮʽ (ʣʽʥʽʾ 3) ʽ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ (ʣʽʥʽʷ 4). ʆʩʢʽʣʴʢʠ ʯʦʨ-

ʥʦʚʘ ʦʙʨʦʙʢʘ ʟʘʛʦʪʦʚʢʠ ʟ ʧʦʢʦʚʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʦʜʠʥ ʧʨʦʭʽʜ, ʪʨʘʻʢʪʦʨʽʾ 3 ʽ 4 

ʥʘ ʨʠʩ. 2.11, ʛ ʤʘʡʞʝ ʟʙʽʛʘʶʪʴʩʷ. 

ʈʠʩ. 2.11. ɯʥʪʝʨʬʝʡʩ ʤʦʜʝʣʁʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʣʝʥʥʷ 

ɹʣʦʢ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻ ʪʘʢʦʞ ʯʘʩ ʦʙʨʦʙʢʠ ʥʘ ʢʦʞʥʦʤʫ ʧʝʨʝʭʦʜʽ 

ʽ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʟʥʦʩ ʧʣʘʩʪʠʥʠ ʨʽʟʮʷ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʫ ʚʝʨʭʥʴʦʤʫ ʣʽʚʦʤʫ ʢʫʪʽ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ ʥʘ ʨʠʩ. 2.11, ʚ, ʛ. 

2.4.4. ʇʝʨʝʚ̔ʨʢʘ ʩʧʨʦʻʢʪʦʚʘʥʦʾ ʧʨʦʛʨʘʤʠ ʫʧʨʘʚʣʥ̔ʥ̫ 

ʄʦʜʫʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʚʽʟʫʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘ ʨʠʩ. 2.12 ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ (ʣʽʥʽʷ 

1) ʧʦʜʘʯʽ (ʣʽʥʽʷ 2) ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ (ʣʽʥʽʷ 3) ʜʣʷ ʯʦʨʥʦʚʦʛʦ ʧʝ-

ʨʝʭʦʜʫ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʽʟ ʧʨʫʪʢʘ (ʨʠʩ. 2.12, ʘ) ʪʘ ʰʪʘʤʧʦʚʢʠ (ʨʠʩ. 2.12, 
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ʙ). ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʥʘ ʯʠʩʪʦʚʦʤʫ ʧʨʦʭʦʜʽ ʜʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ 

ʦʜʥʘʢʦʚʽ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.12, (ʧʦʟʥʘʯʝʥʥʷ ʪʽ ʞ, ʱʦ ʽ ʥʘ ʨʠʩ. 2.12, ʘ ʽ ʙ). 

ʈʠʩ. 2.12. ɯʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʝʥʥ̫  ʨʝʟʫʣʴʪʘʪʚ̔ ʤʦʜʝʣʚʁʘʥʥ̫ 

ɸʚʪʦʤʘʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʦʜ-

ʥʘʢʦʚʠʭ ʜʝʪʘʣʝʡ, ʘʣʝ ʟ ʨʽʟʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʯʝʨʝʟ ʨʽʟʥʫ ʛʣʠʙʠʥʫ 

ʨʽʟʘʥʥʷ ʥʘ ʯʦʨʥʦʚʠʭ ʧʨʦʭʦʜʘʭ (ʜʠʚ. ʨʠʩ. 2.12. ʘ ʽ ʙ). ɺ ʮʽʣʦʤʫ ʤʦʞʥʘ ʚʽʜʟʥʘ-

ʯʠʪʠ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʨʽ-

ʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʘʙʽ-

ʣʽʟʘʮʽʾ ʫʤʦʚ ʦʙʨʦʙʢʠ: ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʧʦʜʘʯʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ - ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʇʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʧʦʢʘʟʘʣʘ ʥʝ-

ʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ 

ʚʝʨʩʪʘʪʘ. ʈʦʟʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʙʝʟ ʫʨʘʭʫʚʘʥ-

ʥʷ ʡʦʛʦ ʜʠʥʘʤʽʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʠʭ ʟʤʽʥ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʽʟʢʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʨʦʟʛʦʥʫ, ʱʦ ʥʝ ʟʜʘʪʥʽ ʚʠʢʦʥʘʪʠ ʧʨʠʚʽʜ 

ʚʝʨʩʪʘʪʫ. ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ. 2.12, ʛ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʟʙʽʣʴʰʝʥʦʤʫ ʤʘʩʰʪʘʙʽ 

ʟʦʥʫ 4 ʥʘ ʨʠʩ. 2.12, (ʚʠʜʽʣʝʥʘ ʧʫʥʢʪʠʨʦʤ), ʘʣʝ ʨʦʟʨʘʭʦʚʘʥʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 
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ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ, ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠ-

ʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʢʦʣʽʟʽʡ ʥʘ ʚʝʨʩʪʘʪʽ ʧʨʠ ʪʘʢʦʤʫ ʫʧʨʘʚʣʽʥʥʽ.  

ʊʦʤʫ, ʧʨʠʚʦʜ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʚʝʨʩʪʘʪʫ ʚ ʙʣʦʮ ̔ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʡ ʘʧʝʨʽʦʜʠʯʥʦʶ ʣʘʥʢʦʶ ʧʝʨhʦʛʦ ʧʦʨʷʜʢʫ: 

çø

ø

ø
dt

d
T ww
w

=+ , (2.15) 

ʜʝ T  hï ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʧʨʠʚʦʜʘ, wh  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, wʟ ï ʟʘʜʘʥʘ 

ʧʨʠ ʨʦʟʚô̫ ʟʘʥʥʽ ʟʘʜʘʯ ̔ʦʧʪʠʤʽʟʘʮʽʾ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.15) ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʯʠ-

ʩʝʣʴʥʫ ʧʨʦʮʝʜʫʨʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ 4-ʛʦ ʧʦʨʷʜʢʫ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʽ ʫ ʬʘʡʣʽ ʫʧʨʘʚʣʽʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʘ ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʯʘʩ-

ʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ wʟ, ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ wh, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷʤ ʨʽʚʥʷʥʥʷ (2.15). ʇʦʩʪʽʡʥʘ ʯʘʩʫ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʚʝʨʩʪʘʪʘ 

ʟʘʜʘʻʪʴʩʷ ʫ ʚʽʢʥʽ ʽʥʪʝʨʬʝʡʩʫ ʧʦ ʨʠʩ. 2.10 ʽ ʩʪʘʥʦʚʠʪʴ T =h0,03ʩ. ɻʨʘʬʽʢ ʦʪʨʠ-

ʤʘʥʦʛʦ ʪʘʢʠʤ ʯʠʥʦʤ ʫʧʨʘʚʣʽʥʥʷ (ʣʽʥʽʷ 3 ʥʘ ʨʠʩ. 2.12, ʚ) ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠ-

ʱʝʥʥʷ ʧʣʘʚʥʦʩʪʽ, ʘʜʘʧʪʘʮʽʶ ʜʦ ʨʝʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʚʦʜʫ ʚʝʨʩʪʘʪʘ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ. 

2.4.5. ʋʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ ʚ ʤʦʜʫʣ ̔ʦʧʪʠʤʟ̔ʘʮ̔ʾ 

ʆʩʢʽʣʴʢʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘ-

ʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʘʧʨʽʦʨʽ ʚʠʟʥʘʯʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʝ-

ʨʩʪʘʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʧʘʩʧʦʨʪʥʠʭ ʜʘʥʠʭ, ʽʥʩʪʨʫʤʝʥʪʘ ʪʦʱʦ, ʥʘ ʧʨʘʢʪʠʮʽ 

ʥʝ ʟʘʚʞʜʠ ʧʨʘʛʥʫʪʴ ʜʦ ʾʭ ʧʦʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ.  

ɿʚʠʯʘʡʥʦ, ʙʫʜʴ-ʷʢʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʦʟʨʘʭʦʚʘʥʠʭ ʫʧʨʘʚʣʽʥʴ ʥʝʤʠʥʫʯʝ 

ʧʨʠʟʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʜʥʘʢ ʫ ʟʚ'ʷʟʢʫ ʟ ʚʠʱʝ ʩʢʘʟʘʥʠʤ ʚʠʥʠʢʘʻ 

ʧʠʪʘʥʥʷ: ʯʠ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʨʝʞʠʤʦʤ, ʟʤʽʥʶʶʯʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʦʧʪʠʤʽʟʘʮʽʾ ʽ 

ʷʢʽ ʟʤʽʥʠ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʥʘʡʤʝʥʰʠʭ 

ʚʪʨʘʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ? ɼʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮʽ ʧʠʪʘʥʥʷ ʪʘ ʟ ʤʝʪʦʶ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʘʜʘʥʦʾ ʧʦʪʫ-

ʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʚʝʨʩʪʘʪʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʪʷʛʦʚʦʾ 

ʩʠʣʠ ʧʨʠʚʦʜʫ ʧʦʜʘʯʽ ʥʘ ʟʤʽʥʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʘ ʦʙʨʘʥʘ ʜʝʪʘʣʴ ʦʜʥʘʢʦʚʦʾ ʬʦʨʤʠ - 

ʚʘʣ ʟ ʦʜʥʠʤ ʱʘʙʣʝʤ Ï30ʤʤ ʜʦʚʞʠʥʦʶ 100ʤʤ ʽ ʷʢ ʟʘʛʦʪʦʚʢʘ - ʧʨʫʪʦʢ Ï50ʤʤ. 

ʇʨʦʚʦʜʠʣʠʩʴ ʦʜʥʦʬʘʢʪʦʨʥ ̔ʝʢʩʧʝʨʠʤʝʥʪʠ, ʢʦʣʠ ʟʤʽʥʶʚʘʣʦʩʷ ʣʠʰʝ ʦʜʠʥ ʧʘ-
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ʨʘʤʝʪʨ ʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʚʩʽʭ ʽʥʰʠʭ ʧʦʩʪʽʡʥʠʭ. ʇʨʠʡʥʷʪʽ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʘʨʽʶʶʪʴʩʷ, ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʧʘʩʧʦʨʪʥʽ ʜʘʥʽ ʚʝʨʩʪʘʪʘ SL10 

ʬʽʨʤʠ HAAS.  

ʋ ʧʝʨʰʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫ-

ʩʪʠʤʦʾ ʩʠʣʠ ʪʷʛʠ ʧʨʠʚʦʜʫ ʧʦʜʘʯʽ ʥʘ ʟʤʽʥʫ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʦʙʨʦʙʢʠ. ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ ʩʠʣʠ ʪʷʛʠ ʚʽʜ 1000ʅ ʜʦ 5000ʅ, ʬʽʢʩʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʜʘʯʽ, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʪʘ ʯʘʩʫ ʦʙʨʦʙʢʠ ʥʘ ʯʦʨʥʦ-

ʚʦʤʫ ʧʝʨʝʭʦʜʽ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʨʠʩ. 2.13. 
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ʈʠʩ. 2.13. ɻʨʘʬʢ̔ʠ ʟʘʣʝʞʥʦʩʪʝʡ ʨʝʞʠʤʫ ʨ̔ʟʘʥʥ̫  ̔ ʯʘʩʫ ʦʙʨʦʙʢʠ 

 ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʩʠʣʠ ʪʷʛʠ ʧʨʠʚʦʜʘ ʧʦʜʘʯ ̔

ʋ ʜʨʫʛʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞ-

ʥʦʩʪʽ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʥʘ ʪʽ ʩʘʤʽ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ (ʧʦ-

ʜʘʯʘ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ). ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ ʥʦʤʽʥʘ-

ʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʚʽʜ 2ʢɺʪ ʜʦ 6ʢɺʪ. ʋʩʽ ʯʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʦʪʨʠʤʘʥʽ ʟ ʛʨʘʬʽʢʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʧʨʦʝʢʪʦʚʘʥʠʭ 

ʫʧʨʘʚʣʽʥʴ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʜʝ ʚʙʫʜʦʚʘʥʠʡ ʢʦʤʧʦ-

ʥʝʥʪ Delphi Chart, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʫ ʙʫʜʴ-ʷʢʦʾ ʜʽ-

ʣʷʥʢʠ ʛʨʘʬʽʢʽʚ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʦʮʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʽʚ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ, ʟ 

ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʩʫʜʠʪʠ ʧʨʦ ʝʬʝ-

ʢʪʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʘʨʽʶʶʪʴʩʷ, ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʨʽ-

ʟʘʥʥʷ ʽ ʯʘʩ ʦʙʨʦʙʢʠ - ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʊʘʢ, ʧʨʠ ʟʤʽʥʽ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ 

ʪʷʛʦʚʦʾ ʩʠʣʠ ʧʨʠʚʦʜʫ ʧʦʜʘʯʽ ʥʝʟʤʽʥʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʦʜʘʯʘ (0,43 
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ʤʤ/ʦʙ), ʘ ʦʙʤʝʞʝʥʥʷ ʧʦ ʜʦʧʫʩʪʠʤʽʡ ʩʠʣʽ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʧʨʠʯʦʤʫ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʷ ʟʤʽʥʶʻʪʴʩʷ ʥʝʣʽʥʽʡʥʦ.  

ɿʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦ-

ʭʦʜʽʚ ʥʘ ʯʦʨʥʦʚʦʤʫ ʧʝʨʝʭʦʜʽ ʪʦʢʘʨʥʦʾ ʦʧʝʨʘʮʽʾ ʟ 2 ʧʨʠ P=5000H ʜʦ 7 ʧʨʠ 

P=1000ʅ, ʱʦ ʧʨʠʨʦʜʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʪʘ ʟʤʝʥʰʝʥ-

ʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʇʨʦʪʝ, ʥʝʣʽʥʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝ-

ʣʷ ʫ ʨʘʟʽ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʊʦʢʘʨʥʘ ʦʙʨʦʙʢʘ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʷʛʦʚʦʾ ʩʠʣʠ ʧʨʠʚʦʜʫ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ, ʚ 5 ʨʘʟʽʚ (ʟ 5000ʅ ʜʦ 

1000ʅ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʚʩʴʦʛʦ ʚ 1,43 ʨʘʟʠ (ʟ 1,4 ʭʚ ʜʦ 

2,0 ʭʚ). 
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ʈʠʩ. 2.14. ɻʨʘʬʢ̔ʠ ʟʘʣʝʞʥʦʩʪʝʡ ʨʝʞʠʤʫ ʨ̔ʟʘʥʥ̫  ̔ ʯʘʩʫ  

ʚʽʜ ʥʦʤ̔ʥʘʣʴʥʦ ʾʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ 

 

ɿʤʽʥʘ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʚʝʨʩʪʘʪʘ ʥʝ ʚʠ-

ʢʣʠʢʘʻ ʟʤʽʥʠ ʧʦʜʘʯʽ ʪʘ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʧʨʦʭʦʜʽʚ ʯʦʨʥʦʚʦʛʦ ʧʝʨʝ-

ʭʦʜʫ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʽ ʜʦʨʽʚʥʶʻ 2. ɸʜʘʧʪʘʮʽʷ ʜʦ ʦʙʤʝʞʝʥʥʷ, 

ʱʦ ʟʤʽʥʶʻʪʴʩʷ, ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ (ʜʠʚ. ʨʠʩ. 2.14, ʘ ʽ ʙ). ʇʨʠʯʦʤʫ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥ-

ʥʷ ʰʧʠʥʜʝʣʷ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ 

ʚʪʨʘʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʦʨʥʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ 2,93 ʨʘʟʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʧʨʘʚʣʽʥʥʷ ʟ ʤʝʪʦʶ çʧʦʤ'ʷʢʰʝʥʥʷè ʩʧʦʯʘʪʢʫ ʨʦʟʨʘʭʦʚʘ-

ʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥ-

ʰʝʥʥʷ ʩʠʣʠ ʪʷʛʠ ʧʨʠʚʦʜʫ ʧʦʜʘʯʽ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ, ʘ ʥʝ ʧʦʪʫʞʥʦʩʪʽ ʨʽʟʘʥʥʷ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚ G-ʢʦʜʘʭ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ 

ʧʦʩʪʧʨʦʮʝʩʦʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʩʬʦʨʤʫʚʘʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ, ʷʢʘ ʟʘ-

ʇʦʪʫʞʥʽʩʪʴ, ʢɺʪ 
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ʚʘʥʪʘʞʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʪʽʡʢʫ ʚʝʨʩʪʘʪʘ, ʘ ʚʽʟʫʘʣʴʥʦ ʦʮʽʥʠʪʠ ʧʨʘʚʠʣʴ-

ʥʽʩʪʴ ʾʾ ʚʠʢʦʥʘʥʥʷ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ. ɺʠʭʽʜʥʠʡ ʬʘʡʣ ʜʣʷ ʧʦʩʪʧʨʦʮʝʩʦʨʘ, ʱʦ 

ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʪʚʦʨʯʠʭ ʨʫʭʽʚ ʽ ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʙʫʚ 

ʩʧʨʦʻʢʪʦʚʘʥʠʡ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚ ʤʦʜʫʣʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʛʦ 

ʦʧʠʩʘʥʦ ʚʠʱʝ.  

2.4.6. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ  

ʉʪʽʡʢʽʩʪʴ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʽ ʚʠʟʥʘʯʘʻ ʦʜʥʝ ʟ ʦʙʤʝʞʝʥʴ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʧʨʠ 

ʢʣʘʩʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʜʘʯʽ [2, 10]. ʉʪʽʡʢʽʩʪʴ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʽ ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʾʾ ʚʝʣʠʯʠʥʠ ʘʧʨʽʦʨʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʽʥ-

ʩʪʨʫʤʝʥʪ ʬʫʥʢʮʽʦʥʫʚʘʪʠʤʝ ʟʘʜʘʥʠʡ ʯʘʩ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʨʝ-

ʞʠʤʽ ʨʽʟʘʥʥʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʪʦʢʘʨʥʽʡ ʦʙʨʦʙʮʽ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʦʧʪʠ-

ʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʽ ʧʦʜʘʯʽ 

(ʜʠʚʠʩʴ ʨʠʩ. 2.12. ʊʦʤʫ ʥʝʤʘʻ ʧʽʜʩʪʘʚ ʚʚʘʞʘʪʠ, ʱʦ ʬʘʢʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ ʨʽʞʫ-

ʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘʜʘʥʦʾ. ʆʜʥʘʢ ʙʝʟ ʟʥʘʥʥʷ ʬʘʢʪʠʯʥʦʾ ʚʝ-

ʣʠʯʠʥʠ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʪʨʝʙʫ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʽʥʩʪʨʫ-

ʤʝʥʪʽ.  

ʉʪʽʡʢʽʩʪʴ ʨʽʟʮʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʢ ʟʚʘʥʠʤʠ ʢʨʠʚʠʤʠ ʟʥʦʩʫ, ʱʦ ʚʽʜʦ-

ʙʨʘʞʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ çʟʥʦʩ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ - ʯʘʩ ʨʦʙʦʪʠè ʜʣʷ ʧʨʠʡʥʷʪʦʛʦ 

ʢʨʠʪʝʨʽʶ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʦʩʫ. ʂʨʠʚʽ ʟʥʦʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʚʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʤʘʪʝ-

ʨʽʘʣʫ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʟʘʛʦʪʽʚʣʽ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʟʨʘʭʫʥʢʫ ʬʘʢʪʠʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʨʽʟʮʷ ʧʨʠ 

ʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ ʨʽʟʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʧʨʦʽʣʶʩʪʨʦ-

ʚʘʥʦ ʥʘ ʨʠʩ. 2.15. ʅʘ ʛʨʘʬʽʢʫ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ ʧʦʟʥʘʯʝʥʦ ʜʦʧʫʩʪʠʤʠʡ ʟʘ 

ʪʝʭʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʟʥʦʩ [hʟ]ʜ ʨʽʟʮʷ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ. ʋ 

ʪʘʢʦʤʫ ʨʘʟʽ ʡʦʛʦ ʩʪʽʡʢʽʩʪʴ ʩʪʘʥʦʚʠʪʴ T1 ʭʚʠʣʠʥ, ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʨʝʞʠʤʽ ʨʽ-

ʟʘʥʥʷ.  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʽʥʩʪʨʫʤʝʥʪ ʧʨʘʮʶʻ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʨʝʞʠʤʽ ʨʽʟʘʥʥʷ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʣʽʥʝʘʨʠʟʦʚʘʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʥʦʩʫ ʽ ʩʪʽʡʢʽʩʪʴ T1 (ʣʽʥʽʷ 2 ʥʘ ʨʠʩ. 

2.15), ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʚʽʜ 0 ʜʦ t1. ʊʦʜʽ ʡʦʛʦ ʟʥʦʩ ʟʘ ʮʝʡ ʧʝʨʽʦʜ ʯʘʩʫ ʙʫʜʝ ʚʽʜʧʦ-

ʚʽʜʘʪʠ ʚʝʣʠʯʠʥʽ (hʟ)1. ʋ ʤʦʤʝʥʪ ʯʘʩʫ t1 ʚʽʜʙʫʣʘʩʷ ʟʤʽʥʘ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʽ ʚʽʜ-
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99 

ʧʦʚʽʜʥʦ ʜʦ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʚʦʾ ʟʥʦʩʫ (ʣʽʥʽʷ 3 ʥʘ ʨʠʩ. 2.15). ʊʘ-

ʢʦʤʫ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʚʞʝ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ T1. ʆʪʞʝ, ʧʦʜʘʣʴʰʠʡ 

ʟʥʦʩ ʨʽʟʮʷ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʦ ʣʽʥʽʾ 3, ʧʦʯʠʥʘʶʯʠ ʟ ʦʪʨʠʤʘʥʦʛʦ ʟʥʦʩʫ ʧʨʠ ʨʦ-

ʙʦʪʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʝʞʠʤʽ ʨʽʟʘʥʥʷ. ʇʨʘʮʶʶʯʠ ʟ ʥʦʚʠʤ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ t2 - t3 ʨʽʟʝʮʴ ʧʨʦʜʦʚʞʫʻ ʟʥʦʰʫʚʘʪʠʩʷ ʽ ʟʥʦʩʠʚʩʷ ʜʦ ʚʝʣʠʯʠʥʠ 

(hʟ)2. ʋ ʤʦʤʝʥʪ ʯʘʩʫ t3 ʟʥʦʚʫ ʚʽʜʙʫʣʘʩʷ ʟʤʽʥʘ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʽ ʟʥʦʰʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʩʪʽʡʢʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʞʝ ʣʽʥʽʻʶ 1 ʽ ʪ.ʜ. 

 

t 

0 

T2 T1 T3 

hʟ 

[hʟ]ʜ 

t1 t4 t2 t5 t3 t6 t7 

1 2 3 

(hʟ)1 

(hʟ)2 

(hʟ)3 

Tʬ 

4 

 
ʈʠʩ. 2.15. ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʥʦʩʫ ʧʨʠ ʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ ʨʽʟʘʥʥʷ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʪʨʠʚʘʻ ʜʦ ʥʘʩʪʘʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʥʦʩʫ ʨʽʟʮʷ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʜʦʧʫʩʪʠʤʦʤʫ [hʟ]ʜ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʘʢʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ ʨʽʟʮʷ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʷʢ ʩʫʤʘ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʨʦʙʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʽʟʘʥʥʷ: 

( )ä
=

--=
n

i
iiʬ ttT

1
1 ,     (2.16) 

ʜʝ ti - ʤʦʤʝʥʪʠ ʯʘʩʫ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, n - ʢʽʣʴʢʽʩʪʴ ʟʤʽʥ ʟʘ ʧʝʨʽʦʜ ʨʦʙʦʪʠ 

ʨʽʟʮʷ ʜʦ ʥʘʩʪʘʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʦʩʫ.  

ɼʣʷ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ ʚʠʷʚʠʣʦʩʷ, ʱʦ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ Tʬ ʭʚʠ-

ʣʠʥ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʽʦʜʫ ʩʪʽʡʢʦʩʪʽ ʨʽʟʮʷ ʟʘ ʞʦʜʥʦʛʦ ʟ ʪʨʴʦʭ ʚʠʢʦʨʠʩʪʘ-

ʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ (ʜʠʚ. ʨʠʩ. 2.15). ʎʝʡ ʬʘʢʪ ʱʝ ʨʘʟ ʜʦʚʦʜʠʪʴ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʫʧʨʘʚʣʽʥʥʽ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʽ ʟʘʣʝʞʥʽʩʪʴ (2.16) ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʚ ʨʘʤʢʘʭ ʩʪʚʦʨʝʥʦʛʦ ʤʦʜʫʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʪʦʢʘʨ-

ʥʦʾ ʦʙʨʦʙʢʠ. ʆʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ (ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠ-

ʥʜʝʣʷ ʪʘ ʧʦʜʘʯʘ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʜʣʷ ʬʘʢʪʠʯʥʦʾ 



ɻʃɸɺɸ 2 ʆʇʊʀʄɯɿɸʎɯʗ ɯ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʈɯɿɸʅʅʗ 

 

100 

ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘ ʨʦʟ-

ʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ [2]. ɼʘʣʽ, ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʦʧʪʠʤʘʣʴ-

ʥʠʤ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪʠ (no)i ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ: 

()
1000

ioi

i

nD
V
p
= ,     (2.17) 

ʜʝ Di ï ʧʦʪʦʯʥʠʡ ʜʽʘʤʝʪʨ ʦʙʨʦʙʢʠ.  

ʇʦʪʽʤ, ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʫʤʦʚ ʦʙʨʦʙʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦʯʥʦʤʫ 

ʢʨʦʢʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ: 

()

m
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x
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ø
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= ,    (2.18) 

ʜʝ Cv, kv, xv, yv, m ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʘ ʧʦʢʘʟʥʠʢʠ ʩʪʫʧʝʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦ-

ʯʥʠʤ ʫʤʦʚʘʤ ʦʙʨʦʙʢʠ, Hi ï ʧʦʪʦʯʥʘ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, (fo)i ï ʦʧʪʠʤʘʣʴʥʘ ʧʦʜʘ-

ʯʘ ʥʘ ʧʦʪʦʯʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʆʩʢʽʣʴʢʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʘ ʪʘʢʦʞ ʛʣʠʙʠʥʘ ʨʽ-

ʟʘʥʥʷ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ, ʟʘʣʝʞʥʽʩʪʴ (2.18) ʚʠʟʥʘʯʘʻ ʩʽʤʝʡʩʪʚʦ ʣʽʥʽʡ ʟʥʦʩʫ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʝʨʽʦʜʫ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ. ʂʦʝʬʽʮʽʻʥʪ 

ʥʘʭʠʣʫ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʢʨʠʚʠʭ ʟʥʦʩʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫ-

ʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ: 

() []
iʜʟiT Thk /= ,     (2.19) 

ʜʝ [hʟ]ʜ ï ʜʦʧʫʩʪʠʤʝ ʟʥʦʰʫʚʘʥʥʷ ʨʽʟʮʷ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ.  

ʆʪʞʝ, ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʦʰʫʚʘʥʥʷ ʨʽʟʮʷ ʟʘ ʦʜʠʥ ʢʨʦʢ d ʤʦʜʝʣʶʚʘʥʥʷ: 

( )
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ɿʘʛʘʣʴʥʠʡ ʟʥʦʩ ʨʽʟʮʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘʣʝʞʥʽʩʪʶ 

(2.20) ʝʣʝʤʝʥʪʘʨʥʠʭ ʟʥʦʩʽʚ ʨʽʟʮʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʤʦ-

ʜʫʣʽ ʦʧʪʠʤʽʟʘʮʽʾ CAM-ʩʠʩʪʝʤʠ ʷʢ ʦʢʨʝʤʘ ʧʨʦʮʝʜʫʨʘ, ʨʝʟʫʣʴʪʘʪʠ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʷʪ̒ʴʩʷ ʥʘ ʽʥʪʝʨʬʝʡʩʽ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 2.11). 

2.4.7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʘʧʨʦʙʘʮʽʷ ʤʦʜʫʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʪʠʧʦʚʫ ʜʝʪʘʣʴ ï ʩʪʫʧʽʥʯʘʩʪʠʡ 

ʚʘʣ, ʢʨʝʩʣʝʥʥʷ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.16. ʄʘʪʝʨʽʘʣ ʜʝʪʘʣʽ ï ʉʪʘʣʴ45, ʚ 

ʷʢʦʩʪʽ ʟʘʛʦʪʦʚʢʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʛʘʨʷʯʝʢʘʪʘʥʠʡ ʧʨʦʢʘʪ. 
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ʈʠʩ. 2.16. ʂʨʝʩʣʝʥʠʢ ʜʝʪʘʣ ̔  ̔ʟʘʛʦʪʦʚʢʠ 

ʆʙʨʦʙʢʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʥʘ ʚʝʨʩʪʘʪʽ SL10 ʬʽʨʤʠ HAAS, ʦʩʥʦʚʥʽ ʧʘʩʧʦʨʪ-

ʥʽ ʜʘʥʽ ʚʝʨʩʪʘʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʾ CAM-ʩʠʩʪʝʤʠ:  

V ʇʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʰʧʠʥʜʝʣʷ ï 6 ʢɺʪ;  

V ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʚʽʜ 100 ʦʙ/ʭʚ ʜʦ 6000 ʦʙ/ʭʚ, ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʙʝʟʩʪʫʧʽʥʯʘʩʪʝ;  

V ʇʦʜʘʯʘ, ʚʽʜ 0 ʤ/ʭʚ ʜʦ 30 ʤ/ʭʚ, ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʩʪʫʧʽʥʯʘʩʪʝ;  

V ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʩʠʣʘ ʥʘ ʧʨʠʚʦʜʽ ʧʦʜʘʯʽ ï 10,5 ʢʅ.  

ʏʦʨʥʦʚʘ ʪʘ ʯʠʩʪʦʚʘ ʦʙʨʦʙʢʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʨʽʟʮʝʤ ʟ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʧʣʘ-

ʩʪʠʥʦʶ CNMMG120408-M3 TP3000, ʱʦ ʟʘʛʘʣʦʤ ʚʽʜʧʦʚʽʜʘʻ ʽʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʦʤʫ ʪʚʝʨʜʦʤʫ ʩʧʣʘʚʫ ʊ5ʂ10. ʇʣʘʩʪʠʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʟʙʽʨʥʽʡ ʜʝʨʞʘʚʮʽ ʪʘ 

ʨʝʚʦʣʴʚʝʨʥʽʡ ʛʦʣʦʚʮʽ ʚʝʨʩʪʘʪʘ ʪʘʢ, ʱʦʙ ʾʾ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚ ʧʣʘʥʽ ʩʪʘ-

ʥʦʚʠʣʠ: ʛʦʣʦʚʥʠʡ ʢʫʪ j=95
0
, ʜʦʧʦʤʽʞʥʠʡ ʢʫʪ j1=50

0
, ʨʘʜʽʫʩ ʦʢʨʫʛʣʝʥʥʷ ʚʝ-

ʨʰʠʥʠ r=0,8ʤʤ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ ʫ ʷʢʦʩʪʽ 

ʙʘʟʦʚʦʾ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ ʧʨʠʡʥʷʪʠ CNC-ʧʨʦʛʨʘʤʫ, ʩʧʨʦʝʢʪʦʚʘʥʫ ʚ 

ʉɸʄ ʩʠʩʪʝʤʽ SolidCAM, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ (ʪʘʙʣʠʮʷ 2.2).  

ɺ ʧʨʦʛʨʘʤʽ ʜʣʷ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʮʠʢʣ ʟʨʽʟʫʚʘʥʥʷ 

ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ ʧʦʟʜʦʚʞʥʽʤʠ ʧʨʦʭʦʜʘʤʠ (G71), ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ (1,6ʤʤ), 

ʧʦʜʘʯʘ (0,2ʤʤ/ʦʙ) ʪʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ (2000ʦʙ/ʭʚ) ʦʙʨʘʥʽ ʪʝʭʥʦ-

ʣʦʛʦʤ-ʧʨʦʛʨʘʤʽʩʪʦʤ. ʇʨʠʯʦʤʫ ʚʠʙʽʨ ʟʜʽʡʩʥʶʚʘʚʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʢʦʧʠʯʝʥʦ-

ʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʜʦʩʚʽʜʫ, ʦʩʢʽʣʴʢʠ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ CAM-ʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʫʜʴ-ʷʢʠʭ ʘʚʪʦʤʘ-

ʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ.  
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ʊʘʙʣʠʮ ̫2.2 ï ɹʘʟʦʚʘ ʧʨʦʛʨʘʤʘ ʯʦʨʥʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

% 

O0054 (334) 

T 1212; 

G54 G50 S2000; 

G97 S2000 M03; 

G00 X50. Z0.5; 

G71 P1 Q2 D1.6 W0.2 V0.1 F0.2; 

N1 G00 X19.4; 

G01 X19.98 Z-0.5; 

Z-24; 

X33.4; 

X33.98 Z-24.5; 

Z-100; 

X45.7; 

Z-100.3 X45.95; 

Z-190; 

X49.5; 

N2 X50.1 Z-190.4; 

G00 X50 Z50; 

ɺ ʧʨʦʛʨʘʤʽ ʜʣʷ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʪʘʢʦʞ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʮʠʢʣ (G71), 

ʘʣʝ ʚ ʦʜʠʥ ʧʨʦʭʽʜ, ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʘʤ W ʽ V, ʟʘʧʠʩʘʥʠʤ ʫ 

ʧʨʦʛʨʘʤʽ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ ʽ ʚʠʟʥʘʯʘʣʴʥʠʤ ʚʽʜʧʦʚʽʜʥʦ ʟʘʣʠʰʝʥʠʡ ʥʘ ʯʠʩʪʦʚʫ 

ʦʙʨʦʙʢʫ ʧʨʠʧʫʩʢ ʧʦ ʦʩʷʭ Z ʽ X. ʇʦʜʘʯʘ (0,06ʤʤ/ʦʙ) ʽ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠ-

ʥʜʝʣʷ (2600 ʦʙ/ʭʚ.). ɿʘʟʥʘʯʠʤʦ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʫ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨ-

ʭʦʥʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʜʝʪʘʣʽ (ʜʠʚ. ʨʠʩ. 2.16), ʧʦʜʘʯʘ ʦʙʨʘʥʘ ʧʦʩʪʽʡʥʦʶ ʜʣʷ 

ʾʾ ʜʽʣʷʥʦʢ (ʪʘʙʣʠʮʷ 2.3). ʆʩʢʽʣʴʢʠ ʧʨʦʛʨʘʤʘ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʚʚʦʜʠʪʴʩʷ ʚ 

ʩʪʽʡʢʫ ʚʝʨʩʪʘʪʘ ʨʘʟʦʤ ʟ ʧʨʦʛʨʘʤʦʶ ʜʣʷ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜ-

ʥʦʤʫ ʙʣʦʮʽ ʟ ʥʝʶ, ʧʨʠ ʾʾ ʚʠʢʦʥʘʥʥʽ ʟʘʧʠʩʘʥʠʡ ʮʠʢʣ P-Q ʚʠʪʷʛʫʻʪʴʩʷ ʟ ʧʨʦʛʨʘ-

ʤʠ ʜʣʷ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ. 

ʊʘʙʣʠʮ ̫2.3 ï ɹʘʟʦʚʘ ʧʨʦʛʨʘʤʘ ʯʠʩʪʦʚʦ ʾʦʙʨʦʙʢʠ 

% 

O0055 (334) 

T202; 

G54 G50 S2600; 

G97 S2600 M03; 

G00 X21. Z0.0; 

G01 X-0.5 F0.06; 

G00 X50 Z0.5; 

G70 P1 Q2; 

G00 X50 Z50; 
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ʇʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʟʘ ʙʘʟʦʚʦʶ ʧʨʦʛʨʘʤʦʶ ʚʽʜʟʥʘʯʘʚʩʷ ʯʘʩ ʦʙʨʦʙʢʠ ʪʘ 

ʩʪʘʥ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʽʚ ʚʝʨʩʪʘʪʘ, ʚʝʩʴ ʧʨʦʮʝʩ ʬʽʢʩʫʚʘʚʩʷ ʥʘ 

ʚʽʜʝʦ (ʨʠʩ. 2.17). ʏʘʩ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ ʩʪʘʥʦʚʠʚ 2,5 ʭʚ, ʯʘʩ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ 

ï 1,28 ʭʚ. ʆʩʥʦʚʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʩʽʻʾ ʦʧʝʨʘʮʽʾ ʚʩʽʭ ʜʝʪʘʣʝʡ ʧʘʨʪʽʾ ʧʦʩʪʽʡʥʦ 

ʽ ʩʪʘʥʦʚʠʪʴ 3,85 ʭʚ.  

ʉʪʘʥ ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʢʘʟʫʻ ʟʤʽʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʩʽʭ ʧʨʠʚʦʜʽʚ ʧʨʦʪʷʛʦʤ 

ʮʠʢʣʫ. ɿʘʬʽʢʩʦʚʘʥʦ ʟʥʘʯʥʝ ʥʝʜʦʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ï ʧʨʠ 

ʯʦʨʥʦʚʽʡ ʦʙʨʦʙʮʽ ʥʘ ʜʽʣʷʥʢʘʭ ʨʽʟʘʥʥʷ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʥʘ ʦʩʪʘʥʥʽʭ ʧʨʦʭʦʜʘʭ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʦ 10%. ʇʨʠ ʯʠʩʪʦʚʽʡ 

ʦʙʨʦʙʮʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʜʝʪʘʣʽ ʚʙʠʨʘʻʪʴ-

ʩʷ ʫ 15%. 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 2.17. ʏʠʩʪʦʚʘ ʦʙʨʦʙʢʘ ʦʩʪʘʥʥɹ ʦʾ ʩʪʫʧʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʘʣʘ (ʘ), 

ʩʪʘʥ ʝʢʨʘʥʫ ʩʪ̔ʡʢʠ ʧʨʠ ʪʨʘʩʫʚʘʥʥʽ ʧʨʦʛʨʘʤʠ (ʙ) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʽʥʰʘ ʧʘʨʪʽʷ ʝʢ-

ʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ 

ʉɸʄ-ʩʠʩʪʝʤʠ. ʅʘ ʧʦʯʘʪʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʽʥʪʝʨʬʝʡʩʽ 

ʟʘʚʜʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʜʝʪʘʣʽ, ʫ ʚʽʢʥʘʭ ʟʘ-

ʚʜʘʥʥʷ ʜʽʘʤʝʪʨʽʚ ʱʘʙʣʽʚ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʚʘʣʫ ʥʝʦʙʭʽʜʥʦ ʟʘʧʨʦʚʘʜʠʪʠ ʩʝʨʝʜʥʽ 

(ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʧʫʩʢʫ) ʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ (ʜʠʚʠʩʴ ʨʠʩ. 2.9).  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʢʝʨʫʶʯʦʾ 

ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʚʥʝʩʝʥʦ ʪʘʢʽ ʟʤʽʥʠ: ʧʨʠʧʫʩʢ ʥʘ ʯʠʩʪʦʚʠʡ ʧʝʨʝʭʽʜ 0,3ʤʤ, ʤʘʢ-

ʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʩʠʣʘ ʧʨʠʚʦʜʫ ʧʦʜʘʯʽ 1500ʅ. ʇʽʩʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝ-

ʩʫ ʦʙʨʦʙʢʠ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʤʽʞʥʠʡ ʬʘʡʣ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ, ʧʽʩ-

ʣʷ ʡʦʛʦ ʧʝʨʝʚʽʨʢʠ, ʦʙʨʦʙʣʷʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʦʶ ʧʨʦʛʨʘʤʦʶ-

ʧʦʩʪʧʨʦʮʝʩʦʨʦʤ. ɸʚʪʦʤʘʪʠʯʥʦ ʩʧʨʦʻʢʪʦʚʘʥʘ ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʚ G-ʢʦʜʘʭ 
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ʜʣʷ ʯʠʩʪʦʚʦʾ ʫ ʪʘʙʣʠʮʽ 2.4. ʂʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ ʤʽʩʪʠʪʴ 

648 ʢʘʜʨʽʚ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʢʦʦʨʜʠʥʘʪ X ʽ Z, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ S ʽ 

ʧʦʜʘʯʽ F. ɺʩʷ ʧʨʦʛʨʘʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʩʴʦʛʦ ʜʚʘ ʦʧʝʨʘʪʦʨʠ G-ʢʦʜʽʚ: G00 

(ʧʨʠʩʢʦʨʝʥʝ ʧʝʨʝʤʽʱʝʥʥʷ) ʽ G01 (ʣʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ) ʚʝʨʩʪʘʪʘ. 

ʊʘʙʣʠʮ ̫2.4 ï ʇʨʦʛʨʘʤʘ ʯʠʩʪʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

% 

O5554(334) 

T 202; 

G54 G50 S6000; 

G97 S3801 M03; 

G00 X19.282 Z0.000; 

N1 G01 X19.282 Z0.000 S3801 M03 F0.132; 

N2 G01 X19.424 Z-0.071 S4364 M03 F0.132; 

N3 G01 X19.566 Z-0.142 S4761 M03 F0.132; 

N4 G01 X19.708 Z-0.213 S5073 M03 F0.132; 

N5 G01 X19.848 Z-0.283 S5312 M03 F0.132; 

N6 G01 X19.990 Z-0.354 S5507 M03 F0.132; 

N7 G01 X19.990 Z-0.454 S5647 M03 F0.132; 

N8 G01 X19.990 Z-23.854 S3491 M03 F0.132; 

N9 G01 X20.190 Z-23.859 S3071 M03 F0.132; 

N10 G01 X32.990 Z-23.859 S3813 M03 F0.080; 

N11 G01 X33.132 Z-23.930 S3849 M03 F0.080; 

N12 G01 X33.272 Z-24.000 S3871 M03 F0.080; 

N13 G01 X33.414 Z-24.071 S3881 M03 F0.080; 

N14 G01 X33.556 Z-24.142 S3889 M03 F0.080; 

N15 G01 X33.698 Z-24.213 S3916 M03 F0.080; 

N16 G01 X33.838 Z-24.283 S3949 M03 F0.080; 

N17 G01 X33.980 Z-24.354 S4001 M03 F0.080; 

N18 G01 X33.990 Z-24.454 S4041 M03 F0.080; 

N19 G01 X33.990 Z-99.854 S2622 M03 F0.080; 

N20 G01 X34.190 Z-99.859 S2369 M03 F0.080; 

N21 G01 X45.990 Z-99.859 S2317 M03 F0.162; 

N22 G01 X45.976 Z-189.859 S1261 M03 F0.162; 

N23 G00 X50. Z0.; 

% 

ʎʠʢʣ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʯʠʩʪʦʚʽʡ ʦʙʨʦʙʮʽ ʟʘʧʠʩʘʥʠʡ ʫ ʢʘʜʨʘʭ ʟ N1 

ʧʦ N22 ʚʢʣʶʯʥʦ ʽ ʤʽʩʪʠʪʴ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʟʦʚʦʾ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ) ʪʨʠ ʚʝ-

ʣʠʯʠʥʠ ʧʦʜʘʯʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʚʘʣʫ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ: 0,132ʤʤ/ʦʙ, 

0,080ʤʤ/ʦʙ, 0,162ʤʤ/ʦʙ. ʎʽ ʟʥʘʯʝʥʥʷ, ʪʘʢʦʞ ʷʢ ʽ ʚʝʣʠʯʠʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʷ, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟ-

ʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʟʚʠʯʘʡʥʦ ʚʨʘʭʦʚʫʶʪʴ ʨʽʟʥʫ ʰʦʨʩʪʢʽʩʪʴ ʩʪʫʧʝʥʽʚ 

ʚʘʣʫ, ʟʘʜʘʥʫ ʥʘ ʢʨʝʩʣʝʥʠʢʫ ʪʘ ʚʚʝʜʝʥʫ ʫ ʚʽʢʥʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 
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ʇʨʘʢʪʠʯʥʘ ʧʝʨʝʚʽʨʢʘ ʩʧʨʦʻʢʪʦʚʘʥʦʾ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚʠʢʦʥʫʚʘʣʘʩʷ ʥʘ 

ʚʝʨʩʪʘʪʽ SL10 ʬʽʨʤʠ HAAS. ʋʇ ʙʫʣʘ ʟʘʚʘʥʪʘʞʝʥʘ ʚ ʩʪʽʡʢʫ ʚʝʨʩʪʘʪʘ ʽ ʧʝʨʝʜ 

ʦʙʨʦʙʢʦʶ ʜʝʪʘʣʽ ʧʝʨʝʚʽʨʝʥʘ ʥʘ ʧʨʦʮʝʩʦʨʽ ʩʪʽʡʢʠ ʟ ʚʠʚʝʜʝʥʥʷʤ ʪʨʘʻʢʪʦʨʽʡ ʥʘ 

ʝʢʨʘʥ ʤʦʥʽʪʦʨʘ (ʨʠʩ. 2.18, ʘ). 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 2.18. ɸʧʨʦʙʘʮʽʷ ʥʘ ʚʝʨʩʪʘʪʽ SL10: 

ʘ) - ʩʪʘʥ ʝʢʨʘʥʫ ʩʪ̔ʡʢʠ, ʙ) ï ʦʙʨʦʙʣʝʥʘ ʜʝʪʘʣʴ 

ʆʪʨʠʤʘʥʽ ʥʘ ʝʢʨʘʥʽ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʪʚʦʨʯʦʛʦ ʨʫʭʫ ʥʘ ʯʦʨʥʦʚʦʤʫ ʪʘ 

ʯʠʩʪʦʚʦʤʫ ʧʝʨʝʭʦʜʘʭ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʶʚʘʥʥʷ (ʜʠʚ. 

ʨʠʩ. 2.18). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʻʢʪʦʨʽʡ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʘ ʯʦʨʥʦʚʦʤʫ ʧʝʨʝʭʦʜʽ 

ʧʦ ʙʘʟʦʚʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʫ, ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ 

ʨʫʩʽ ʽʥʩʪʨʫʤʝʥʪʫ ʝʢʚʽʜʠʩʪʘʥʪʥʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ. ʊʘʢʽ ʪʨʘʻʢʪʦʨʽʾ ʙʫʣʠ ʨʦʟʨʘ-

ʭʦʚʘʥʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʫ ʩʪʚʦʨʝʥʽʡ ʉɸʄ-ʩʠʩʪʝʤʽ. 

ʇʨʦʮʝʩ ʦʙʨʦʙʢʠ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʫ ʧʦʚʥʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ, ʯʘʩ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ ʩʪʘʥʦʚʠʚ 2,2 ʭʚ, ʯʘʩ ʯʠʩ-

ʪʦʚʦʾ ʦʙʨʦʙʢʠ ï 0,55 ʭʚ. ʆʩʥʦʚʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʩʽʻʾ ʦʧʝʨʘʮʽʾ ʚʩʽʤ ʜʝʪʘʣʝʡ 

ʧʘʨʪʽʾ ʧʦʩʪʽʡʥʦ ʽ ʩʪʘʥʦʚʠʪʴ 2,85 ʭʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝ-

ʥʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʧʨʦ-

ʮʝʩʦʤ ʫ 1,35 ʨʘʟʠ ʧʨʠ ʧʦʚʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ ʟʘ ʷʢʽʩʪʶ. 

 

2.5. ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʦʧʪʠʤʽʟʘʮʽʾ ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʇʝʨʠʬʝʨʽʡʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʽʥʮʝʚʠʤʠ ʬʨʝʟʘʤʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʘʥʥʷʤ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ. ʋ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘʢʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ 

ʏʇʂ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʽʜʛʦʪʦʚʢʠ ʫʧʨʘʚʣʷʶʯʠʭ ʧʨʦʛʨʘʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʉɸʄ-ʩʠʩʪʝʤ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ ʦʧʝʨʘʮʽʾ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʤʽʥʦʶ ʫʤʦʚ ʨʽʟʘʥʥʷ 

(ʥʘʚʽʪʴ ʧʨʠ ʝʢʚʽʜʠʩʪʘʥʪʥʦʤʫ ʧʨʠʧʫʩʢʫ) ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʻʜʠʥʦʶ ʘʣʴʪʝ-
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ʨʥʘʪʠʚʦʶ ʻ ʧʝʨʤʘʥʝʥʪʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜ-

ʥʦʛʦ ʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ [2, 9, 11, 12]. ʅʘʨʘʟʽ ʜʝʷʢʽ ʉɸʄ-ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ, 

Siemens NX, Esprit, Mastercam ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʠʭ ʧʨʦ-

ʛʨʘʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʾ ʦʧʮʽʾ çʦʧʪʠʤʽʟʘʮʽʷè. ʇʨʦʪʝ, ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʦʙʨʦʙʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʮʽʣʦʾ ʥʠʟʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʢʣʘʩʠʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʦʩʢʽʣʴʢʠ ʚ ʾʾ ʬʫʥʢ-

ʮʽʦʥʘʣ ʟʘʢʣʘʜʝʥʦ ʪʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʽʥʩʪʨʫʤʝʥʪ ʽ ʤʘʪʝʨʽʘʣ ʦʙʨʦʙʣʝʥʥʷ, 

ʪʦʜʽ ʷʢ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʱʝ ʡ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʷʢ ʧʦʪʫʞʥʽʩʪʴ ʚʝʨʩʪʘʪʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʽ ʜʝʪʘʣʽ, ʦʙʤʝʞʝʥʥʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ, ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʽ ʪʘʢʝ ʽʥʰʝ. ɸ ʪʦʤʫ ʚʠʙʨʘʥʠʡ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʨʝ-

ʞʠʤ ʦʙʨʦʙʣʝʥʥʷ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʚ ʢʣʘʩʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʨʦ-

ʩʪʦ ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʷʜʫ, ʘ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʥʠʞʫʻ ʪʝʦʨʝʪʠʯʥʦ 

ʤʦʞʣʠʚʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʝʨʩʪʘʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʏʇʂ.  

ɺ ʨʦʙʦʪʽ [13] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʧʨʘʚʣʷʪʠ ʧʨʦʮʝʩʦʤ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʬʨʝ-

ʟʝʨʫʚʘʥʥʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʟʜʘʪʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʧʦʪʫʞʥʽʩʪʴ ʨʽʟʘʥʥʷ ʥʘ ʟʘʜʘʥʦʤʫ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ, ʪʦʙʪʦ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ. 

ʊʫʪ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʘ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʢʦʾ ʚʝʣʠʯʠʥʠ ʧʦʪʫʞʥʦʩʪʽ 

ʨʽʟʘʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʦʧʪʠʤʽʟʘʮʽʶ, ʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʧʽʜʪʨʠʤʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʥʘ ʚʩʽʭ ʜʽʣʴʥʠʮʷʭ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ.  

ɿʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦ-

ʚʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʥʝʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠ-

ʤʫ ʨʽʟʘʥʥʷ ï ʧʦʚʟʜʦʚʞʥʴʦʾ ʧʦʜʘʯʽ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ï ʷʢʽ ʟʘ-

ʙʝʟʧʝʯʘʪʴ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʦʙʤʝʞʝʥʴ ʟʘ ʷʢʽʩʪʶ ʽ ʦʙʫʤʦʚʣʷʪʴ ʤʽʥʽʤʫʤ ʯʘʩʫ ʦʙ-

ʨʦʙʣʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʫ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʚʽʜʥʦ-

ʩʠʪʴʩʷ ʜʦ ʢʣʘʩʠʯʥʠʭ ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʱʦ ʥʝ ʤʘʶʪʴ ʧʨʠʥʮʠʧʦʚʠʭ ʪʨʫʜʥʦʱʽʚ ʫ ʨʦʟʚ`ʷʟʘʥʥʽ. ʇʨʦʪʝ ʚʠʟʥʘʯʝʥʥʷ ʩʠʩ-

ʪʝʤʠ ʦʙʤʝʞʝʥʴ ʪʘ ʩʪʚʦʨʝʥʥʷ ʜʽʡʦʚʦʛʦ, ʥʘʜʽʡʥʦʛʦ ʽ ʧʨʦʩʪʦʛʦ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʨʽʰʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʫ ʟʘʜʘʯʫ ʩʫʯʘʩʥʦʛʦ ʤʘʰʠ-

ʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʆʪʞʝ, ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦ-

ʮʝʩʫ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʱʦ ʟʚôʷʟʫʻ ʫʧʨʘʚʣʽʥʥʷ (ʧʦʜʘʯʫ ʽ ʯʘʩʪʦʪʫ 

ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʬʨʝʟʠ) ʟ ʦʙʤʝʞʝʥʥʷʤʠ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʧʨʦʮʝʩ ʪʝʭ-

ʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤʠ ʚʠʤʦʛʘʤʠ. ʉʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʽ 
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ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɸʋ) ʫ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʨʽʟʘʥʥʷ. 

 

2.5.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʪʘ-

ʧʦʤ ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ, ʢʣʘʩʠʯʥʦʤʫ ʧʽʜʭʦ-

ʜʽ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʫʜʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʽ ʥʝʨʽʚʥʦʩʪʝʡ, 

ʱʦ ʚʠʨʘʞʘʶʪʴ ʟʚôʷʟʢʠ ʤʽʞ ʫʧʨʘʚʣʷʶʯʠʤʠ ʚʧʣʠʚʘʤʠ, ʦʙʤʝʞʝʥʥʷʤʠ ʽ ʧʨʠʡʥʷ-

ʪʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʪʝʦʨʽʾ ʨʽʟʘʥ-

ʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʧʘʜʢʫ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʽʥʮʝʚʠʤʠ ʬʨʝ-

ʟʘʤʠ ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʪʫʧʥʦʶ 

ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ ʽ ʥʝʨʽʚʥʦʩʪʝʡ, ʱʦ ʚʠʨʘʞʘʶʪʴ ʦʩʥʦʚʥʽ ʦʙʤʝʞʝʥʥʷ ʯʝʨʝʟ 

ʩʢʣʘʜʦʚʽ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʷʢʠʤʠ ʫʧʨʘʚʣʷʶʪʴ. 

ɿʚôʷʟʦʢ ʤʽʞ ʫʧʨʘʚʣʽʥʥʷʤʠ fz (ʧʦʜʘʯʘ ʥʘ ʟʫʙ) ʽ n (ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʷ) ʪʘ ʧʝʨʽʦʜʦʤ T ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʨʽʟʘʣʴʥʫ 

ʩʧʨʦʤʦʞʥʽʩʪʴ, ʦʜʝʨʞʫʶʪʴ ʟʘ ʚʽʜʦʤʦʶ ʟ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ ʟʘʣʝʞʥʽʩʪʶ: 
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vvv

v

vvv

v

v

puxm

v

q

ʬv

puxm

ʬ

v

q

ʬvy

z
zBhT

kDC

zBHTD

kDC
nf

1
3181000

-

=¢
p

,    (2.12) 

ʜʝ Dʬ, z ï ʜʽʘʤʝʪʨ (ʤʤ) ʽ ʢʽʣʴʢʽʩʪʴ ʟʫʙʮʽʚ ʬʨʝʟʠ; H, B ï ʛʣʠʙʠʥʘ (ʤʤ) ʽ ʰʠʨʠʥʘ 

(ʤʤ) ʬʨʝʟʝʨʫʚʘʥʥʷ; T ï ʩʪʽʡʢʽʩʪʴ (ʭʚ.); Cv, kv, qv, m, xv, uv, pv ï ʢʦʝʬʽʮʽʻʥʪʠ ʽ 

ʧʦʢʘʟʥʠʢʠ ʩʪʫʧʝʥʷ ʝʤʧʽʨʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʠʢʣʘʜʥʽʡ 

ʧʨʦʛʨʘʤʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 2.5. 

ʊʘʙʣʠʮʷ 2.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʨʝʟʠ 

ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚ-

ʢʠ 

ʄʘʪʝʨʽʘʣ 

ʽʥʩʪʨʫʤʝʥʪʫ 
Cv qv xv yv uv pv mv 

1 2 3 4 5 6 7 8 9 

ʉʪʘʣʴ sʚ=750 ʄʇʘ ʊ15ʂ6 230 0,44 0,21 0,26 0,1 0,1 0,37 

ʉʪʘʣʴ sʚ=750 ʄʇʘ ʈ6ʄ6 50 0,45 0,5 0,5 0,1 0,1 0,33 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.5 

1 2 3 4 5 6 7 8 9 

ʏʘʚʫʥ ʅɺ 190 ɺʂ6 800 0,37 0,13 0,19 0,23 0,1 0,42 

ʏʘʚʫʥ ʅɺ 190 ʈ6ʄ5 60 0,7 0,5 0,4 0,3 0,3 0,25 

ɸʣʶʤʽʥʽʡ sʚ=200 

ʄʇʘ 

ʈ6ʄ5 200 0,4 0,3 0,2 0,1 0,1 0,33 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʤʝʞʝʥʥʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʨʽʟʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʝʨʰ ʟʘ 

ʚʩʝ ʟʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʦʢʨʫʞʥʦʾ Po ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʽʜ ʨʝʞʠʤʫ ʪʘ ʫʤʦʚ 

ʨʽʟʘʥʥʷ. ɼʦʮʽʣʴʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʤʝʪʦʜʠʢʦʶ, ʱʦ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚ [14] ʽ ˇʨʫʥ-

ʪʫʻʪʴʩʷ ʥʘ ʩʭʝʤʽ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ (ʨʠʩ. 2.9).  
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ʈʠʩ. 2.9. ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʨʽʟʘʥʥʷ 

ɿʫʙ ʬʨʝʟʠ ʨʫʭʘʻʪʴʩʷ ʟʘ ʧʦʚʝʨʭʥʝʶ ʨʽʟʘʥʥʷ, ʷʢʘ ʫ ʧʝʨʝʪʠʥʽ, ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦʤʫ ʚʽʩʽ ʬʨʝʟʠ, ʧʨʠʙʣʠʟʥʦ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʫʛʦʶ ED ¡Ç . ɼʣʷ ʚʠʟʥʘʯʝʥ-

ʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʫʪʘ qmax ʨʽʟʘʥʥʷ (ʟʘ ʜʫʛʦʶ DEÇ ) ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʟʘ-

ʣʝʞʥʽʩʪʶ: 
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arccos 1q ,                               (2.13) 

ʜʝ H ï ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, Rʬ ï ʨʘʜʽʫʩ ʬʨʝʟʠ. 

ʇʦʪʦʯʥʘ ʪʦʚʱʠʥʘ ʰʘʨʫ, ʱʦ ʟʨʽʟʫʻʪʴʩʷ, ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟ ʛʝʦʤʝʪʨʠ-

ʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʨʠʢʫʪʥʠʢʘ ɸʉɺ. ʗʢʱʦ, ʟ ʜʝʷʢʠʤ ʥʘʙʣʠʞʝʥʥʷʤ, ʚʚʘʞʘʪʠ 

æɸʉɺ ʧʨʷʤʦʢʫʪʥʠʤ, ʘ qºÏBAC , ʪʦ ʪʦʚʱʠʥʘ a ʰʘʨʫ, ʱʦ ʟʨʽʟʫʻʪʴʩʷ ʟʫʙʦʤ 

ʬʨʝʟʠ, ʜʦʨʽʚʥʶʻ: 
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qSinfa z= ,                                        (2.14) 

ʜʝ fz ï ʧʦʜʘʯʘ ʥʘ ʟʫʙ ʬʨʝʟʠ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʽʥʮʝʚʠʤʠ 

ʬʨʝʟʘʤʠ, ʨʦʟʨʦʙʣʝʥʫ ʚ [14], ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʢʨʫʞʥʫ ʩʢʣʘʜʦʚʫ ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʟʘ ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 
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sin ,      (2.15) 

ʜʝ ɺ ï ʰʠʨʠʥʘ ʨʽʟʘʥʥʷ, ʉʨ, k ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪ ʽ ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ, ʚʝʣʠ-

ʯʠʥʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʪʘʙʣʠʮʝʶ 2.6.  

 

ʊʘʙʣʠʮʷ 2.6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʢʨʫʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ 

ʨʽʟʘʥʥʷ 

 ̄ ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ Cp k 

1 ʉʪʘʣʴ sʚ=750 ʄʇʘ 1350 0,29 

2 ʏʘʚʫʥ ʅɺ190 770 0,33 

3 ɸʣʶʤʽʥʽʡ sʚ=200 ʄʇʘ 220 0,52 

 

ɼʦʚʝʜʝʥʦ [15], ʱʦ ʧʨʦʮʝʩ ʬʨʝʟʝʨʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʩʠʣʠ 

ʨʽʟʘʥʥʷ ʟʘ ʯʘʩʦʤ, ʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʯʠʩʝʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʤʘʢʩʠʤʘʣʴʥʫ, ʪʘʢ ʽ ʩʝʨʝʜʥʶ ʚʝʣʠʯʠʥʫ. ʊʦʤʫ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ 

ʦʢʨʫʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʟʘ ʥʝʦʙʭʽʜʥʦʶ 

ʩʠʣʦʶ ʧʦʚʟʜʦʚʞʥʴʦʾ ʧʦʜʘʯʽ, ʘ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʦʢʨʫʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽ-

ʟʘʥʥʷ ʚʠʟʥʘʯʘʪʠʤʝ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʽʟʘʥʥʷ ʽ ʬʦʨʤʫʻ ʦʙʤʝ-

ʞʝʥʥʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʛʦʣʦʚʥʦʛʦ ʧʨʠʚʦʜʫ ʚʝʨʩʪʘʪʘ: 
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ʜʝ Np ï ʧʦʪʫʞʥʽʩʪʴ ʨʽʟʘʥʥʷ ʫ ʢɺʪ, ʚʝʨʩʪN , h ï ʧʦʪʫʞʥʽʩʪʴ ʽ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩ-

ʥʦʾ ʜʽʾ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ. 

ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ [15], ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʤʝʞʝʥʴ ʟʘ ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨ-

ʭʥʽ ʧʨʠ ʧʝʨʠʬʝʨʽʡʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ ʜʦʩʪʦʚʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʘʙʦ ʥʝʜʦʩʪʘʪ-

ʥʴʦ, ʘʙʦ ʧʨʦʩʪʦ ʥʝʤʘʻ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʦʛʦ ʦʙʤʝʞʝʥʥʷ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʦʜ-

ʥʠʤ ʽʟ ʫʪʚʦʨʶʶʯʠʭ ʦʙʣʘʩʪʴ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ, ʚ 
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ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʜʦʮʽʣʴʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʟʘʛʘʣʴʥʠʤ ʧʽʜʭʦ-

ʜʦʤ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʦʟʠʪʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʽ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʠʭ. ɼʝʪʝʨʤʽʥʦʚʘʥʘ ʩʢʣʘʜʦ-

ʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʫʪʚʦʨʝʥʥʷ ʛʨʝʙʽʥʮʷ ʥʘ ʧʦʚʝʨ-

ʭʥʽ ʜʝʪʘʣʽ ʤʽʞ ʪʨʘʻʢʪʦʨʽʷʤʠ ʨʫʭʫ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʟʫʙʽʚ ʬʨʝʟʠ. ʋʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʢʦʞʥʠʡ ʟʫʙ ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʨʫʭ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʬʨʝʟʠ ʽ ʦʜʥʦʯʘʩʥʦʤʫ ʧʝʨʝ-

ʤʽʱʝʥʥʽ ʟʘ ʥʘʧʨʷʤʦʤ ʧʦʜʘʯʽ, ʪʦ ʪʨʘʻʢʪʦʨʽʶ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʜʦ ʢʚʘʟʽʪʨʦʭʦʾʜ. ʇʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ ʟʫʙ ʬʨʝʟʠ ʨʫʭʘʻʪʴʩʷ ʟʘ 

ʪʨʘʻʢʪʦʨʽʻʶ: 

( )

( )[ ]í
ì
ë

-=

°=

30cos1

6030sin

/ntRy

t/f/ntRx

ʬ

ʭʚʬ

p

p
,    (2.17) 

ʜʝ ʬR  ï ʨʘʜʽʫʩ ʬʨʝʟʠ (ʤʤ), n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʬʨʝʟʠ (ʤʤ/ʦʙ), fʭʚ ï ʭʚʠʣʠʥ-

ʥʘ ʧʦʜʘʯʘ (ʤʤ/ʭʚ), t ï ʯʘʩ (ʩ). ɿʥʘʢ ç+è ʧʨʠ ʧʦʧʫʪʥʦʤʫ, ʟʥʘʢ çïè ʧʨʠ ʟʫʩʪʨʽʯ-

ʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ. 

ʇʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘʢʘ ʪʨʘʻʢʪʦʨʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ ʟʘ ʟʘʣʝʞʥʦʩʪʷʤʠ: 

( ) ( )( ) ( )( )( )
( ) ( )( ) ( )( )( )îí

î
ì
ë

++-++=

+++++=

tRRfnRtRRfRRy

tRRfnRtRRfRRx

ʢʬʭʚʬʢʬʭʚʢʬ

ʢʬʭʚʬʢʬʭʚʢʬ

60/30/cos60/cos

60/30/sin60/sin

p

p
, 

(2.18) 

ʜʝ ʢR  ï ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ (ʤʤ). 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʩʦʪʠ ʪʘʢʦʛʦ ʛʨʝʙʽʥʮʷ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʧʨʠʢʣʘʜʥʘ ʧʨʦ-

ʛʨʘʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʧʨʠ ʧʝʨʠʬʝʨʽʡʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ ʷʢ ʧʣʦʩʢʠʭ, 

ʪʘʢ ʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʨʠʩ. 2.10), ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʱʝ 

ʟʘʣʝʞʥʦʩʪʷʭ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʾ ʧʨʦʛʨʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ ʟʙʽʣʴ-

ʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʟʫʙʮʽʚ ʬʨʝʟʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.10 , ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʚʠʩʦʪʫ ʛʨR  ʛʨʝʙʽʥʮʷ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ. ʇʨʠʯʦʤʫ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʟʫʙʮʽʚ ʦʜʨʘʟʫ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʪʨʘʻʢʪʦʨʽʾ ʷʢ ʜʣʷ 

ʟʫʩʪʨʽʯʥʦʛʦ (ʟʦʥʘ ɸ ʥʘ ʨʠʩ. 2.10), ʪʘʢ ʽ ʜʣʷ ʧʦʧʫʪʥʦʛʦ (ʟʦʥʘ ɺ ʥʘ ʨʠʩ. 2.10) 

ʬʨʝʟʝʨʫʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʩʦʪʘ ʛʨʝʙʽʥʮʷ ʧʨʠ ʽʥ-

ʰʠʭ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ ʬʨʝʟʝʨʫʚʘʥʥʷ: ʜʣʷ ʟʫʩʪʨʽʯʥʦʛʦ 
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ʬʨʝʟʝʨʫʚʘʥʥʷ ʚʦʥʘ ʟʘʚʞʜʠ ʤʝʥʰʘ ʥʽʞ ʜʣʷ ʧʦʧʫʪʥʦʛʦ, ʘ ʪʘʢʦʞ ʚʽʜ ʢʨʠʚʠʟʥʠ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ: ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʨʠʚʠʟʥʠ ʚʠʩʦʪʘ ʛʨʝʙʽʥʮʷ ʟʤʝʥʰʫʻʪʴʩʷ. 
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ʈʠʩ. 2.10. ɯʥʪʝʨʬʝʡʩʠ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʦʨʩʪʢʦʩʪʽ 

ɺ ʮʽʣʦʤʫ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʩʦʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʦʨʩʪʢʦʩʪʽ 

(ʚʠʩʦʪʘ ʛʨR  ʛʨʝʙʽʥʮʷ), ʷʢʘ ʚʠʥʠʢʘʻ ʚ ʥʘʩʣʽʜʦʢ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʬʨʝʟʠ ʟ 

ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʩʢʣʘʜʘʻ ʤʽ-

ʟʝʨʥʫ ʯʘʩʪʢʫ ʚʠʩʦʪʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʰʦʨʩʪʢʦʩʪʽ. ʊʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘ-

ʛʘʣʴʥʦʾ ʢʘʨʪʠʥʠ ʫʪʚʦʨʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʨʠ ʧʝʨʠʬʝʨʽʡʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ ʙʫ-

ʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʬʨʝʟʝʨʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟ̔ ʟʘʟʥʘʯʝ-

ʥʠʤʠ ʫ ʚʽʢʦʥʮʷʭ ʽʥʪʝʨʬʝʡʩʫ ʟʘ ʨʠʩ. 2.10 ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʬʨʝʟʠ (ʨʠʩ. 2.11).  

ʋʧʨʘʚʣʷʶʯʘ ʧʨʦʛʨʘʤʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʝʨʠʬʝʨʽʾ ʮʠʣʽ-

ʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʨʘʜʽʫʩʦʤ R=100ʤʤ ʟʘ ʰʽʩʪʴʤʘ ʩʝʢʪʦʨʘʤʠ (60
0
 ʢʦʞʥʠʡ) ʟ 

ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ 0,5ʤʤ, ʰʠʨʠʥʦʶ 10ʤʤ ʪʘ ʧʦʜʘʯʘʤʠ 300ʤʤ/ʭʚ, 200ʤʤ/ʭʚ ʽ 

100ʤʤ/ʭʚ ʚ ʟʫʩʪʨʽʯʥʦʤʫ ʽ ʧʦʧʫʪʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʥʘ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ ʮʠʣʽʥʜʨʘ.  
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ʈʠʩ. 2.11. ʌʨʝʟʝʨʫʚʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʽ VF3 HAAS 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʢʦʥʫʚʘʣʦʩʴ ʥʘ ʮʠʬʨʦ-

ʚʦʤʫ ʢʨʫʛʣʦʤʽʨʽ (ʨʠʩ. 2.12). 

 

ʈʠʩ. 2.12. ɺʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ 

ɼʣʷ ʦʙʨʦʙʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʧʨʠʢʣʘʜʥʘ ʧʨʦ-

ʛʨʘʤʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʚʠʟʥʘʯʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʧʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦ-

ʚʝʨʭʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʠʚʠʟʥʠ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʡ ʚʠʢʦʥʫʚʘʪʠ ʯʘʩʪʦʪ-

ʥʠʡ ʘʥʘʣʽʟ ʧʨʦʬʽʣʦʛʨʘʤʠ. ʅʘ ʨʠʩ. 2.13 ʧʦʢʘʟʘʥʠʡ ʩʪʘʥ ʽʥʪʝʨʬʝʡʩʫ ʧʨʠ ʜʦʩʣʽ-

ʜʞʝʥʥʽ ʧʨʦʬʽʣʦʛʨʘʬʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʬʨʝʟʝʨʫ-

ʚʘʥʥʽ ʟ ʧʦʜʘʯʝʶ 300ʤʤ/ʭʚ.  
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ʈʠʩ. 2.13. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʬʽʣʦʛʨʘʤʠ 

ʆʪʨʠʤʘʥʠʡ ʩʧʝʢʪʨ ʰʦʨʩʪʢʦʩʪʽ (ʨʠʩ. 2.14) ʧʦʢʘʟʫʻ, ʱʦ ʚʽʥ ʤʽʩʪʠʪʴ ʜʝʢʽ-

ʣʴʢʘ ʛʘʨʤʦʥʽʢ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʘʤʧʣʽʪʫʜʦʶ. 

 

8,  24,  32,  56 

 

ʈʠʩ. 2.14. ʉʧʝʢʪʨ ʧʨʦʬʽʣʦʛʨʘʤʠ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʮʠʭ ʛʘʨʤʦʥʽʢ ʟʨʫʯʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʝʨʝʜʙʘʯʝ-

ʥʦʶ ʚ ʧʨʦʛʨʘʤʽ ʦʧʮʽʻʶ ʚʠʢʣʶʯʝʥʥʷ ʚʩʽʭ ʚʠʙʨʘʥʠʭ ʛʘʨʤʦʥʽʢ, ʦʢʨʽʤ ʙʘʞʘʥʦʾ, ʟʽ 

ʩʧʝʢʪʨʫ ʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʚʠʭʽʜʥʽʡ ʧʨʦʬʽʣʦʛʨʘʤʽ ï ʥʘ ʨʠʩ. 2.15 

ʣʽʥʽʻʶ 1 ʧʦʟʥʘʯʝʥʘ ʚʠʭʽʜʥʘ ʧʨʦʬʽʣʦʛʨʘʤʘ, ʘ ʣʽʥʽʻʶ 2 ï ʛʘʨʤʦʥʽʢʘ ʩʧʝʢʪʨʫ. 

ʇʨʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽʡ ʧʦʜʘʯʽ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦʶ ʭʚ/ʤʤSʭʚ 300=  ʰʚʠʜʢʽʩʪʴ ʬV  

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʨʦʧʦʨʮʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

( ) ( ) ʭʚ/ʤʤ,/RR/RSV ʬʭʚʬ 2425418100100300 =+Ö=+= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʩʪʘʥʴ 2ʤʤ (ʜʠʚʠʩʴ ʨʠʩ. 2.15) ʙʫʜʝ ʧʨʦʡʜʝʥʘ ʟʘ 0,472ʩ ʽ 

ʟʘ ʮʝʡ ʯʘʩ ʚʽʜʙʫʣʦʩʷ 8 ʢʦʣʠʚʘʥʴ, ʘ, ʦʪʞʝ, ʯʘʩʪʦʪʘ 8-ʤʦʾ ʛʘʨʤʦʥʽʢʠ (ʨʠʩ. 2.15, 
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ʘ) ʜʦʨʽʚʥʶʻ 16,9ɻʮ, ʚʽʜʧʦʚʽʜʥʦ, ʯʘʩʪʦʪʘ 24-ʦʾ ʛʘʨʤʦʥʽʢʠ (ʨʠʩ. 2.15, ʙ) ʜʦʨʽʚ-

ʥʶʻ 50,7ɻʮ.  

 

1 

2 
2ʤʤ 

  ʘ) 

 

1 

2 2ʤʤ 
 ʙ) 

ʈʠʩ. 2.15. ɻʘʨʤʦʥʽʢʠ ʩʧʝʢʪʨʫ ʥʘ ʚʠʭʽʜʥʽʡ ʧʨʦʬʽʣʦʛʨʘʤʽ ʧʦʚʝʨʭʥʽ: 

ʘ) ï 8-ʤʘ ʛʘʨʤʦʥʽʢʘ, ʙ) ï 24-ʪʘ ʛʘʨʤʦʥʽʢʘ 

ɸʥʘʣʽʟ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ, ʷʢ ʜʣʷ ʫʤʦʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʘʢ ʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʨʝʞʠʤʽʚ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʜʝʪʝʨʤʽʥʦʚʘʥʘ 

ʩʢʣʘʜʦʚʘ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʤʦʜʝʣʽ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ (ʚʠʩʦʪʘ ʛʨR  ʛʨʝʙʽʥʮʷ) 

ʩʢʣʘʜʘʻ ʟʦʚʩʽʤ ʥʝʟʥʘʯʥʫ ʯʘʩʪʢʫ ʚʠʩʦʪʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʰʦʨʩʪʢʦʩʪʽ, ʘ ʚʠ-

ʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʧʨʝʚʘʣʶʻ. ʊʘʢ, ʜʣʷ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ (fz=0,1ʤʤ/ʟʫʙ, 

ʤʤDʬ 36= ) ʟʘ ʬʦʨʤʫʣʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʚʠʩʦʪʠ ʛʨʝʙʽʥʮʷ ʧʨʠ ʬʨʝ-

ʟʝʨʫʚʘʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʬʨʝʟʘʤʠ ʤʘʻʤʦ: 

( ) ( ) ʤʢʤ,/,D/SR ʬzʛʨ 070364104 22 =Ö== . 

ʇʨʠʙʣʠʟʥʦ ʪʘʢʽ ʞ ʨʝʟʫʣʴʪʘʪʠ ʜʘʻ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʠʢʣʘʜʥʽʡ ʧʨʦʛʨʘʤʽ, 

ʽʥʪʝʨʬʝʡʩ ʷʢʦʾ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.10. 

ʆʪʞʝ, ʩʧʝʢʪʨ ʧʨʦʬʽʣʦʛʨʘʤʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʮʽʣʢʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʆʉ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ ʨʽ-

ʟʘʥʥʷ, ʛʦʣʦʚʥʘ ʛʘʨʤʦʥʽʢʘ ʩʧʝʢʪʨʫ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʯʘʩʪʦʪʦʶ ʦʙʝ-
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ʨʪʘʥʥʷ ʬʨʝʟʠ ɻʮ//nz 5060650060 =Ö= . ʊʘʢʘ ʯʘʩʪʦʪʘ ʩʧʽʚʧʘʜʘʻ ʟ ʯʘʩʪʦʪʦʶ 

24-ʦʾ ʛʘʨʤʦʥʽʢʠ ʩʧʝʢʪʨʫ ʧʨʦʬʽʣʦʛʨʘʤʠ ʰʦʨʩʪʢʦʩʪʽ, ʜʦ ʪʦʛʦ ʞ ʚʩʽ ʦʩʥʦʚʥʽ ʛʘʨ-

ʤʦʥʽʢʠ ʩʧʝʢʪʨʫ (ʜʠʚʠʩʴ ʨʠʩ. 2.15) ʻ ʢʨʘʪʥʠʤʠ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ ʜʦʮʽʣʴʥʦ ʩʢʦʨʠʩʪʘ-

ʪʠʩʷ ʨʦʟʨʦʙʣʝʥʦʶ ʤʦʜʝʣʣʶ (2 - 4), ʷʢʘ ʚʪʽʣʝʥʘ ʚ ʧʨʠʢʣʘʜʥʽʡ ʧʨʦʛʨʘʤʽ (ʨʠʩ. 

2.16) ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʤʝʞ ʽʥʪʝʛʨʫʚʘʥʥʷ.  

 

1 

2 

 

ʈʠʩ. 2.16. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʋ ʚʽʢʦʥʮʷʭ ʟʣʽʚʘ ʚʚʝʜʝʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʟ ʤʝʥʶ, ʱʦ ʚʠʧʘʜʘʻ, ʦʙʨʘʥʠʡ ʤʘ-

ʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʚʠʚʦʜʷʪʴʩʷ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʫ ʚʽʢʥʽ çʆʩʮʠʣʦʛʨʘʬè ʟʘ ʢʫʪ ʦʙʝʨʪʘʥ-

ʥʷ ʬʨʝʟʠ, ʱʦ ʜʦʨʽʚʥʶʻ ʢʫʪʫ ʤʽʞ ʟʫʙʮʷʤʠ (60
0
). ʇʨʦʮʝʩ ʬʨʝʟʝʨʫʚʘʥʥʷ ʻ ʧʝʨʝ-

ʨʠʚʯʘʩʪʠʤ, ʦʢʨʫʞʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ (ʣʽʥʽʷ 1) ʜʦʩʷʛʘʻ 406,3ʅ, ʘ ʾʾ ʩʝʨʝ-

ʜʥʷ ʩʨP  ʚʝʣʠʯʠʥʘ (ʣʽʥʽʷ 2) ʩʢʣʘʜʘʻ 127,2ʅ (ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʤʦʞʣʠ-

ʚʝ ʟʘʚʜʷʢʠ ʦʧʮʽʾ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʛʨʘʬʽʯʥʦʤʫ ʧʦʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʩ-

ʮʠʣʦʛʨʘʬʘ).  

ʊʦʜʽ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ ʅ,P,P ʦr 516240 == , ʘ ʧʨʠ ʞʦʨʩʪ-

ʢʦʩʪʽ ʊʆʉ 20000ʅ/ʤʤ ʽ ʢʦʝʬʽʮʽʻʥʪʽ ʜʠʥʘʤʽʯʥʦʩʪʽ k=2,5 ʦʯʽʢʫʚʘʥʘ ʰʦʨʩʪʢʽʩʪʴ 

ʟʘ ʧʘʨʘʤʝʪʨʦʤ Rz ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʧʨʦʩʪʦʶ ʟʘʣʝʞʥʽʩʪʶ:  

ʤʤ,/,,C/kPRz r 020020000525162 =Ö== , 

ʱʦ ʚ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʤʽʨʽʚ (ʜʠʚʠʩʴ ʨʠʩ. 2.13). 
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ʅʘʩʪʫʧʥʝ ʦʙʤʝʞʝʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʟ ʫʤʦʚʠ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴ-

ʥʦ ʜʦʧʫʩʪʠʤʦʶ ʩʠʣʦʶ Pn, ʷʢʫ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʚʦʜ ʧʦʜʘʯʽ ʚʝʨʩʪʘʪʫ. ʆʩʢʽʣʴʢʠ 

ʦʢʨʫʞʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʨʠ ʧʝʨʠʬʝʨʽʡʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ ʩʧʨʠʡʤʘ-

ʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʚʦʜʦʤ ʧʦʚʟʜʦʚʞʥʴʦʾ ʧʦʜʘʯʽ, ʪʦ ʦʙʤʝʞʝʥʥʷ ʟʘ ʧʦʜʘ-

ʯʝʶ ʥʘ ʟʫʙ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʨʦʮʝʜʫʨʦʶ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʨʫʞʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʷʢʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʦʩʪʷʤʠ (2.13 ï 2.15). 

ʊʘʢʝ ʦʙʤʝʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʡʙʽʣʴʰ ʩʣʘʙʢʦʶ ʣʘʥʢʦʶ ʊʆʉ, ʷʢʦʶ, 

ʷʢ ʧʨʘʚʠʣʦ, ʻ ʽʥʩʪʨʫʤʝʥʪ. ʆʩʢʽʣʴʢʠ ʤʦʜʝʣʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʦʢʨʫʞ-

ʥʫ ʩʠʣʫ ʨʽʟʘʥʥʷ, ʤʦʞʣʠʚʘ ʧʝʨʝʚʽʨʢʘ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʤʽʮʥʽʩʪʴ. ʈʦʟʨʘʭʫʥʦʢ ʜʦ-

ʧʫʩʪʠʤʦʾ ʧʦʜʘʯʽ ʟʘ ʤʽʮʥʽʩʪʶ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʝʤʧʽʨʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, 

ʷʢʫ ʟʨʫʯʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʜʝʱʦ ʟʤʽʥʥʦʤʫ ʚʠʛʣʷʜʽ: 

[ ]
( ) 161
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22

215
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,
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ʬ
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HDlkBz

D
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+

= ,    (2.19) 

ʜʝ ʬD , z, l - ʜʽʘʤʝʪʨ, ʢʽʣʴʢʽʩʪʴ ʟʫʙʮʽʚ ʽ ʜʦʚʞʠʥʘ ʢʦʥʩʦʣʽ ʬʨʝʟʠ. ʂʦʝʬʽʮʽʻʥʪ C3 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʬʨʝʟʠ ʪʘ ʤʘʪʝʨʽʘ-

ʣʫ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ [s]=800 ʄʇʘ ʤʘʻʤʦ:  

V ʜʣʷ ʦʙʨʦʙʢʠ ʩʪʘʣʝʡ ʉ3 = 0.056, ke = 2.56; 

V ʜʣʷ ʦʙʨʦʙʢʠ ʣʝʛʢʠʭ ʩʧʣʘʚʽʚ ʉ3 = 0.36, ke = 1.44. 

ʋʨʘʭʦʚʫʶʯʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʬʘʟʦʚʽʡ ʧʣʦʱʠʥʽ çʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ï ʧʦʜʘʯʘ ʥʘ ʟʫʙè, ʦʙʤʝʞʝʥʥʷ ʟʘ ʰʚʠʜʢʦʩʪʷʤʠ ʧʦʜʘʯ ʤʘʻ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʨʦʟʤʽʨʥʦʩʪʽ: 

( )
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( )
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ʜʦʧz

ʭʚ ¢¢ ,    (2.20) 

ʜʝ fʭʚ ï ʭʚʠʣʠʥʥʘ ʧʦʜʘʯʘ (ʤʤ/ʭʚ). 

ɼʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ (ʦʙ/ʭʚ.) ʪʘʢʦʞ ʻ ʦʙʤʝʞʝʥʥʷʤ: 

maxmin nnn ¢¢ ,      (2.21) 

ɺ ʷʢʦʩʪʽ ʦʮʽʥʥʦʾ ʬʫʥʢʮʽʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʠʡʤʘʶʪʴ: 

max­= znff ,      (2.22) 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ min/ ­= zo nfLt  . 

ʆʜʝʨʞʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (2.12 ï 2.22), ʨʘʟʦʤ ʟ ʽʪʝʨʘʪʠʚʥʠʤ ʘʣʛʦ-

ʨʠʪʤʦʤ, ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ ʽ ʦʙʤʝʞʝʥʥʷ ʟʘ ʰʦʨʩʪ-



ɻʃɸɺɸ 2 ʆʇʊʀʄɯɿɸʎɯʗ ɯ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʈɯɿɸʅʅʗ 

 

117 

ʢʽʩʪʶ, ʩʢʣʘʜʘʻ ʷʜʨʦ ʩʪʚʦʨʝʥʦʾ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʧʨʠ ʧʝʨʠʬʝʨʽʡʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ, ʽʥʪʝʨʬʝʡʩ 

ʷʢʦʾ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.17.  
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ʈʠʩ. 2.17. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʚ ʛʨʘʬʽʯʥʦʤʫ ʧʦʣʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʬʘ-

ʟʦʚʠʡ ʧʨʦʩʪʽʨ n ï fz, ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ çɿʘʩʪʦʩʫʚʘʪʠ ʜʘʥʽè ʟôʷʚʣʷʶʪʴʩʷ 

ʣʽʥʽʾ ʦʙʤʝʞʝʥʴ: ʣʽʥʽʷ 1 ʽ 2 ï ʦʙʤʝʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ 

ʧʦʜʘʯ, ʣʽʥʽʾ 3 ʽ 4 ï ʦʙʤʝʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʦʙʝ-

ʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʣʽʥʽʷ 5 ï ʦʙʤʝʞʝʥʥʷ ʟʘ ʰʦʨʩʪʢʽʩʪʶ, ʣʽʥʽʷ 6 ï ʦʙʤʝʞʝʥʥʷ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʩʠʣʦʶ ʧʦʜʘʯʽ ʚʝʨʩʪʘʪʫ, ʣʽʥʽʷ 7 ï ʦʙʤʝʞʝʥʥʷ ʟʘ ʩʪʽʡʢʽʩʪʶ ʬʨʝ-

ʟʠ, ʣʽʥʽʷ 8 ï ʦʙʤʝʞʝʥʥʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ. ʆʙʣʘʩʪʴ D ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦ-

ʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʽ ʧʦʜʘʯʽ ʥʘ ʟʫʙ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʥʘ ʽʥʪʝ-

ʨʬʝʡʩʽ ʚʠʭʽʜʥʠʤ ʜʘʥʠʤ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʫʪʚʦʨʝʥʘ ʧʝʨʝʪʠʥʦʤ ʦʙʤʝʞʝʥʴ ʟʘ 

ʩʪʽʡʢʽʩʪʶ ʽ ʰʦʨʩʪʢʽʩʪʶ, ʘ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʣʽʥʽʻʶ 9, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘʣʝʞʥʦʩʪʽ (2.22) ʧʨʠ ʪʦʨʢʘʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʜʘʣʝʥʦʾ ʚʽʜ ʧʦʯʘʪ-

ʢʫ ʢʦʦʨʜʠʥʘʪ ʪʦʯʮʽ ɸ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ.  
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ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʧʝʨʠʬʝʨʽʡʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʢʦʥʪʫʨʥʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ. ʅʘ ʨʠʩ. 2.18 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴ-

ʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʾ ʧʨʦ-

ʛʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʛʣʠʙʠʥ ʨʽʟʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1ʤʤ ʜʦ 3 ʤʤ (ʟʘ ʚʝʨʪʠʢʘʣʴ-

ʥʦʶ ʚʽʩʩʶ: ʯʘʩʪʦʪʘ n ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ (ʦʙ/ʭʚ), ʧʦʜʘʯʘ S (ʤʤ/ʭʚ), ʧʦʪʫʞ-

ʥʽʩʪʴ N ʨʽʟʘʥʥʷ (ɺʪ)).  

 

ʈʠʩ. 2.18. ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ 

ɺʠʜʥʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʟʤʽʥʶʚʘʪʠ ʧʦʜʘʯʫ, ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʽ ʧʦʪʫʞʥʽʩʪʴ ʨʽ-

ʟʘʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚ ʥʝʟʥʘʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʆʪʞʝ, ʧʽʜʪʨʠʤʢʘ ʩʪʘʙʽʣʴʥʦʾ ʧʦʪʫ-

ʞʥʦʩʪʽ ʨʽʟʘʥʥʷ ʚ ʉɸʋ ʟʘ ʨʘʭʫʥʦʢ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ 

ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʢʚʘʟʽʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʽʟʘʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʦʨʫʰʝʥʴ ʦʙʤʝʞʝʥʴ ʧʨʠ ʟʤʽʥʽ ʫʤʦʚ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʙʘʞʘʥʦ ʥʘ ʚʭʦʜʽ ʉɸʋ ʧʨʠʟʥʘʯʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʧʦʪʫʞ-

ʥʦʩʪʽ ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʬʨʝʟʠ ʟʘ ʦʯʽʢʫʚʘʥʠʤ ʜʽʘ-

ʧʘʟʦʥʦʤ ʟʤʽʥʠ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ. 
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ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʪʘʢʦʞ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʦʩʥʦʚʫ ʤʦʜʫʣʶ 

çʦʧʪʠʤʽʟʘʮʽʡʥʘ ʤʦʜʝʣʴè ʉɸʇʈ ʊʇ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦ-

ʙʢʠ ʥʘ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ.  
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ɻʣʘʚʘ 3 

ʉʊɸɹɯʃɯɿɸʎɯʗ ʋʄʆɺ ʈɯɿɸʅʅʗ 

 

 

3.1. ʇʨʦʙʣʝʤʠ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʉʫʯʘʩʥʝ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʝ ʤʘʰʠʥʦʙʫʜʽʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʝʤʦʞʣʠʚʦ 

ʫʷʚʠʪʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ, ʷʢʽ ʣʝʛʢʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ 

ʛʥʫʯʢʽʩʪʴ, ʰʚʠʜʢʠʡ ʧʝʨʝʭʽʜ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʰʦʾ ʜʝʪʘʣʽ. ʂʨʽʤ ʪʦʛʦ, ʧʦʩʪʽʡ-

ʥʝ ʫʩʢʣʘʜʥʝʥʥʷ ʬʦʨʤʠ ʜʝʪʘʣʝʡ, ʚʠʢʣʠʢʘʥʝ ʧʨʘʛʥʝʥʥʷʤ ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʧʽʜʚʠ-

ʱʠʪʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʫ ʤʘʰʠʥʽ, ʨʦʙʠʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʥʘ 

ʟʚʠʯʘʡʥʦʤʫ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʧʨʦʩʪʦ ʥʝʤʦʞʣʠʚʠʤ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʽʜʛʦʪʦʚʢʘ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʫ ʩʚʦʻʤʫ ʨʦ-

ʟʚʠʪʢʫ ʧʨʦʡʰʣʘ ʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʨʽʚʥʝʤ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʥʦʾ ʪʝʭʥʽʢʠ ʽ ʩʢʣʘʜʥʽʩʪʶ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ.  

ɯʩʪʦʪʥʝ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʚʜʘʥʴ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʧʨʠʟʚʝʣʦ ʜʦ 

ʧʦʷʚʠ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ CAM (Computer Aided 

Manufacturing). ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʬʦʨʤʦʪʚʦʨʯʠʭ ʨʫʭʽʚ, ʪʦʙʪʦ. ʦʪʨʠʤʘʥʥʷ ʬʦʨʤʠ ʜʝʪʘ-

ʣʽ, ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʫ ʩʠʩʪʝʤʽ CAD (Computer Aided Design). ɸʚʪʦʤʘʪʠʯʥʦ 

ʩʧʨʦʝʢʪʦʚʘʥʘ ʫʧʨʘʚʣʷʶʯʘ ʧʨʦʛʨʘʤʘ ʚ ʙʽʣʴʰʦʩʪʽ ʉɸʄ-ʩʠʩʪʝʤ ʥʝ ʧʝʨʝʜʙʘʯʘʻ 

ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ (ʰʚʠʜʢʦʩʪʽ, ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʪʘ ʧʦʜʘʯʽ), ʘ ʟʘʣʠ-

ʰʘʻ ʪʘʢʝ ʚʘʞʣʠʚʝ ʟʘʚʜʘʥʥʷ ʥʘ ʨʦʟʩʫʜ ʪʝʭʥʦʣʦʛʘ-ʧʨʦʛʨʘʤʽʩʪʘ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘ-

ʨʪʥʠʭ ʮʠʢʣʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʠʨʦʙʥʠʢʘʤʠ ʤʝʪʘʣʦʦʙʨʦʙʥʠʭ ʚʝʨʩʪʘʪʽʚ 

ʟ ʏʇʋ ʽ ʧʦʜʘʻʪʴʩʷ ʚ ʽʥʩʪʨʫʢʮʽʷʭ ʦʧʝʨʘʪʦʨʘ-ʧʨʦʛʨʘʤʽʩʪʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ, ʥʘ 

ʞʘʣʴ, ʪʘʢʦʞ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʨʽ-

ʟʘʥʥʷ. 

ʇʨʘʢʪʠʢʘ ʦʙʨʦʙʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʟʤʽʥʘ ʫʤʦʚ ʨʽ-

ʟʘʥʥʷ ʚʟʜʦʚʞ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʧʝʚʥʽ ʢʦʥʬʣʽʢʪʠ, ʚʠʨʽʰʝʥʥʷ 

ʷʢʠʭ ʥʘ ʧʨʘʢʪʠʮʽ ʧʦʣʷʛʘʣʦ ʫ ʧʨʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʜʣʷ ʥʘʡʩʢʣʘʜʥʽʰʦʾ 

ʜʽʣʴʥʠʮʽ ʟʽ ʚʩʽʻʾ ʪʨʘʻʢʪʦʨʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʜʘʪʥʽʩʪʴ ʚʝʨʩʪʘʪʫ ʟ ʏʇʂ ʧʦʩʪʽʡʥʦ 
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ʟʤʽʥʶʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚʟʘʛʘʣʽ, 

ʱʦ ʧʨʠʚʦʜʠʣʦ ʜʦ ʟʥʘʯʥʦʾ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʫʥʫʪʽ ʢʦʤʧʘʥʽʾ ʥʘ ʨʠʥʢʫ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʧʦʥʫʶʪʴ 

ʉɸʄ-ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ, ʱʦ ʫʧʨʘʚʣʷʻ, ʧʨʠ ʦʙʨʦʙʮʽ 

ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʬʨʝʟʝʨʫʚʘʥʥʷʤ ʚʝʜʝʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʷʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ (SolidCAM, Siemens NX). ʊʘʢʽ ʩʠʩʪʝʤʠ ʧʦʻʜʥʫʶʪʴʩʷ 

ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ iMachining, ʱʦ ʦʟʥʘʯʘʻ çʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʦʙʨʦʙʢʘè. ʉʪʚʝʨ-

ʜʞʫʻʪʴʩʷ, ʱʦ ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ ʫʤʦʚ ʦʙʨʦʙʢʠ ʪʘ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ [1]. ʇʨʦʪʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʘʙʽʣʽʟʘʮʽʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ, ʷʢʝ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ 

ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ [2]. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ ʨʽ-

ʟʘʥʥʷ ʚʟʘʛʘʣʽ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʤʝʥʰʠʪʠ ʜʽʘʧʘʟʦʥ ʥʝʚʠʟʥʘ-

ʯʝʥʦʩʪʽ ʧʨʠ ʫʨʘʭʫʚʘʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʢʨʝʪʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙ-

ʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʦʜʥʦʛʦ ʟ ʚʦʩʴʤʠ ʤʦʞʣʠʚʠʭ ʨʽʚʥʽʚ, ʱʦ ʘʜʘʧʪʫʻ ʨʦʟʨʘʭʫ-

ʥʢʦʚʫ ʦʙʨʦʙʢʫ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ. ʉʘʤʝ ʪʘʢ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʣʘʪʠ ʩʪʘʥʜʘʨʪʥʽ 

ʧʨʦʙʣʝʤʠ ʽʟ ʞʦʨʩʪʢʽʩʪʶ ʰʧʠʥʜʝʣʷ, ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ, ʫʥʠʢʘʪʠ ʥʘʜʤʽ-

ʨʥʦʾ ʚʽʙʨʘʮʽʾ [3]. ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ iMachining ʜʦʟʚʦʣʷʻ ʧʽ-

ʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʭʦʯʘ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʢʦʨʠʩʪʘʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫ-

ʚʘʥʥʷ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ, ʘ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ 

ʫʤʦʚ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʊʘʢʦʞ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʢʦʤʧʘ-

ʥʽʷ Delcam (Autodesk) ʧʨʦʧʦʥʫʻ ʩʪʨʘʪʝʛʽʶ Vortex, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʠʪʴ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʪʨʦʭʦʾʜʘʣʴʥʠʭ ʪʨʘʻʢʪʦʨʽʡ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ʬʨʝʟʠ ʽʟ ʟʘʛʦʪʦʚʢʦʶ [4]. ʉʪʚʝʨʜʞʫʻʪʴʩʷ, 

ʱʦ ʪʘʢʝ ʫʧʨʘʚʣʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʭʦʯʘ ʟ ʬʽʟʠʢʠ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚʽʜʦʤʦ, ʱʦ ʤʽʞ ʩʠʣʦʶ ʨʽʟʘʥʥʷ ʪʘ ʢʫʪʦʤ ʨʽʟʘʥʥʷ ʥʝʤʘʻ ʧʨʷʤʦʾ 

ʧʨʦʧʦʨʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʪʦʤʫ ʩʪʘʙʽʣʽʟʘʮʽʷ ʢʫʪʘ ʨʽʟʘʥʥʷ ʥʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ï ʩʠʣʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʥʠʢʘʶʪʴ ʩʫʪʪʻʚʽ ʧʨʦ-

ʙʣʝʤʠ ʟ ʚʠʢʦʥʘʥʥʷʤ ʟʘʧʣʘʥʦʚʘʥʠʭ ʪʨʘʻʢʪʦʨʽʡ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩ-

ʥʽʡ ʦʙʨʦʙʮʽ (HSM). ʊʦʤʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʜʦʜʘʪʢʦʚʫ ʧʨʦʛʨʘʤʫ ʧʽʜ ʥʘʟʚʦʶ 

Machine DNA Profiler [4], ʷʢʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʢʦʥʢ-

ʨʝʪʥʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ 



ɻʃɸɺɸ 3 ʉʊɸɹɯʃɯɿɸʎɯʗ ʇʈʆʎɽʉɯɺ ʈɯɿɸʅʅʗ 

 

123 

ʫʧʨʘʚʣʽʥʥʷ. ɺʩʝ ʮʝ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘ-

ʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ɸʢʪʫʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʬʨʝʟʝʨʫʚʘʥʥʷʤ ʩʢʣʘʜʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʘʩʥʦʚʘ-

ʥʠʭ ʥʘ ʘʥʘʣʽʟʽ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʟʘʛʦʪʦʚʢʦʶ ʫ ʟʦʥʽ ʨʽ-

ʟʘʥʥʷ [5]. ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫʻ ʪʘ ʨʦʟʨʘʭʦʚʫʻ ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥ-

ʥʷ ʤʘʪʝʨʽʘʣʫ (MRR), ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʩʠʣʘ ʨʽʟʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽ-

ʟʠʯʥʦʾ ʤʦʜʝʣʽ. ɿʛʦʜʦʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ 

ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʧʨʘʚʣʽʥʥʷ ʩʠʣʦʶ ʨʽʟʘʥʥʷ ʟʘ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʢʨʠ-

ʪʝʨʽʻʤ çʝʪʘʣʦʥʥʦʾè ʩʠʣʠ ʨʽʟʘʥʥʷ, ʱʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʥʘ ʚʩʽʭ ʜʽʣʴ-

ʥʠʮʷʭ ʢʦʥʪʫʨʫ ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ. ʆʜʥʘʢ ʘʣʛʦʨʠʪʤ, ʷʢ ʽ ʚ ʧʦʧʝ-

ʨʝʜʥʽʭ ʨʦʙʦʪʘʭ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʥʝ ʜʦ-

ʟʚʦʣʷʻ ʘʜʝʢʚʘʪʥʦ ʫʨʘʭʦʚʫʚʘʪʠ ʩʘʤ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʫ ʟʦʙʨʘʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʫ ʨʘʟʽ ʩʢʣʘʜʥʠʭ ʪʨʘʻʢʪʦʨʽʡ ʽʥ-

ʩʪʨʫʤʝʥʪʫ ʥʝʤʦʞʣʠʚʦ ʜʘʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʫ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

[6]. ɯʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ʅʘʡʙʽʣʴʰʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʦʮʽʥʢʠ ʬʘʢʪʠʯʥʦʾ ʩʠʪʫʘʮʽʾ ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ ʜʦ-

ʩʷʛʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʟʘʛʦʪʦʚʢʦʶ. ʇʨʦʧʦʥʫʶʪʴʩʷ 

ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʻʢʪʦʨʽʷʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʘ ʢʨʠʪʝʨʽʻʤ ʧʽʜʪʨʠʤʢʠ ʢʫʪʘ ʟʘʯʝʧʣʝʥʥʷ ʥʘ ʟʘʜʘʥʦʤʫ çʝʪʘʣʦʥʥʦ-

ʤʫè ʨʽʚʥʽ [7]. ʊʠʤ ʥʝ ʤʝʥʰ, ʮʽ ʨʽʰʝʥʥʷ ʘʥʘʣʦʛʽʯʥʽ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʘʤ ʛʝ-

ʥʝʨʘʮʽʾ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʛʝʦʤʝʪʨʠ-

ʯʥʠʭ ʤʽʨʢʫʚʘʥʥʷʭ ʽ ʥʝ ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ, ʱʦ ʤʘʶʪʴ ʤʽ-

ʩʮʝ ʧʨʠ ʢʦʥʪʫʨʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʙʘʞʘʥʫ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʫʩʽ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ, ʧʦʜʘʯʘ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʦʙʨʘʥʽ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ. ɼʣʷ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦʪʨʽʙʝʥ ʤʠʪʪʻʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʛʝʦʤʝʪʨʽʾ ʟʘʯʝʧʣʝʥʥʷ ʬʨʝʟʠ ʽʟ 

ʟʘʛʦʪʦʚʢʦʶ (Cutter Workpiece Engagement ï CWE). ɿʘʯʝʧʣʝʥʥʷ ʬʨʝʟʠ ʽʟ ʟʘʛʦ-

ʪʦʚʢʦʶ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜʦʙʨʘʞʘʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʭʦʜʫ/ʚʠʭʦʜʫ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ 
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ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ, ʽ ʮʝ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʠʤʦʛ ʜʣʷ ʧʨʦʛʥʦʟʫ-

ʚʘʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ [8]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ CWE. ʇʝʨʰʠʡ 

ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʠʩʢʨʝʪʥʫ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʨʠ ʦʨʪʦʛʦʥʘ-

ʣʴʥʽ ʧʦʣʷ ʜʝʢʩʝʣʷ, ʘ ʜʨʫʛʠʡ ʤʝʪʦʜ ʷʚʣʷʻ ʩʦʙʦʶ ʤʦʜʝʣʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʚʝʨ-

ʜʦʪʽʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʯʥʦʛʦ ʷʜʨʘ Parasolid. ʆʯʝʚʠ-

ʜʥʦ, ʱʦ ʪʘʢʽ ʤʝʪʦʜʠ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʪʨʠ- ʪʘ ʧ'ʷʪʠʦʩʴʦʚʦʛʦ ʬʨʝʟʝ-

ʨʫʚʘʥʥʷ ʩʬʝʨʠʯʥʠʤʠ ʬʨʝʟʘʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚʠʤʘʛʘʻ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʬʨʝʟʠ ʽʟ ʟʘʛʦʪʦʚʢʦʶ ʯʝʨʝʟ ʜʠʩʢʨʝʪʥʽ ʽʥʪʝʨʚʘʣʠ 

ʚʟʜʦʚʞ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧ'ʷʪʴ ʩʠʩʪʝʤ: ʪʚʝʨʜʦʪʽʣʴʥʽ, ʢʘʨʢʘʩʥʽ ʤʦʜʝʣʽ, ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʚʦʢʩʝʣʽʚ, ʪʦʯʢʦ-

ʚʽ ʤʦʜʝʣʽ ʪʘ ʘʥʘʣʽʪʠʯʥʽ. ɺʠʙʽʨ ʤʦʜʝʣʝʡ ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʤʦʛ ʜʦ ʯʘ-

ʩʫ ʨʦʟʨʘʭʫʥʢʫ [9]. ʑʦʙ ʚʠʢʦʥʘʪʠ ʚʠʤʦʛʫ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, ʚʩʽ ʧʦʚ'ʷʟʘʥʽ ʛʝʦʤʝ-

ʪʨʽʾ ʧʨʦʧʦʥʫʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʷʢ ʪʨʠʢʫʪʥʽ ʩʽʪʢʠ [10]. ʆʙʯʠʩʣʝʥʥʷ ʧʝʨʝʪʠʥʫ 

ʪʨʠʢʫʪʥʠʢ-ʪʨʠʢʫʪʥʠʢ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʦʩʪʠʤ ʤʝʪʦʜʦʤ ʨʝʘʣʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ ʦʧʝ-

ʨʘʮʽʡ ʚʽʜʥʽʤʘʥʥʷ ʤʽʞ ʤʦʜʝʣʷʤʠ ʩʽʪʢʠ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʟʘʛʦʪʦʚʢʠ. ɸʥʘʣʽʟ ʧʦʢʘ-

ʟʫʻ, ʱʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʽʥʮʝʚʦʾ ʬʨʝʟʠ ʽʟ ʟʘʛʦʪʦʚʢʦʶ ʧʨʠ 2,5D 

ʢʦʥʪʫʨʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ ʪʦʯʢʦʚʽ 

ʤʦʜʝʣʽ [11]. 

ɿʘʛʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʜʘʯʝʶ, ʻ ʤʦʜʝʣʴ ʰʚʠʜʢʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ (MRR). ʋ ʧʽʜʭʦʜʽ, ʟʘʩʥʦ-

ʚʘʥʦʤʫ ʥʘ MRR, ʢʦʣʠ ʧʦʜʘʯʘ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʩʝʨʝʜʥʽʡ ʘʙʦ ʤʠʪʪʻʚʽʡ 

ʦʙ'ʻʤʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʠʜʘʣʝʥʥʷ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʤʝʭʘʥʽʢʫ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʩʝʨʝʜʥʽʭ ʘʙʦ ʤʠʪʪʻʚʠʭ ʟʫʩʠʣʴ ʦʙʨʦʙʢʠ ʥʘ ʟʘ-

ʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ [12]. 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʧʨʦ-

ʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʽʜʛʦʪʦʚʢʠ ʢʝʨʫʶʯʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʘʚ-

ʪʦʤʘʪʠʯʥʦ ʚʠʨʽʰʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʝ ʟʘʚʜʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʘʻʢʪʦ-

ʨʽʡ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʘ ʡ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ. ɺʠʜʘʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʜʥʦʢʨʠʪʝ-

ʨʽʘʣʴʥʫ ʟʘʜʘʯʫ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ MRR ʜʦ ʤʘʢʩʠʤʫʤʫ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʩʽʭ 

ʦʙʤʝʞʝʥʴ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ. ʇʨʠ ʮʴʦʤʫ MRR ʪʘ ʚʩʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʮʝʩʫ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
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3.2. ɸʥʘʣʽʟ iMachining ʪʝʭʥʦʣʦʛʽʡ 

ʈʦʟʫʤʽʶʯʠ ʧʨʘʢʪʠʯʥʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ, ʧʨʦ-

ʚʽʜʥʽ ʬʽʨʤʠ ʥʘ ʨʠʥʢʫ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʯʘʣʠ ʧʨʦʧʦʥʫʚʘʪʠ ʧʨʦʛʨʘʤʥʽ 

ʧʨʦʜʫʢʪʠ, ʷʢʽ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʥʽʙʠʪʦ ʟʜʘʪʥʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʦʧʪʠʤʘ-

ʣʴʥʠʡ ʨʝʞʠʤ ʨʽʟʘʥʥʷ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘʡʧʦʰʠʨʝʥʽʰʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʟʠʚʘʻʪʴʩʷ iMachining, 

ʱʦ ʦʟʥʘʯʘʻ ç̔ ʥʪʝʣʝʢʪʫʘʣʴʥʘ ʦʙʨʦʙʢʘè. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤ-

ʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ SolidCAM ʽ Siemens NX. ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ SolidCAM ð 

ʻʜʠʥʘ CAM-ʩʠʩʪʝʤʘ, ʷʢʽʡ ʥʝ ʧʦʪʨʽʙʥʦ ñʚʠʛʘʜʫʚʘʪʠò ʯʠ ñʚʠʙʠʨʘʪʠò ʨʝʞʠʤ ʨʽ-

ʟʘʥʥʷ. ʋʥʽʢʘʣʴʥʽ ʪʨʘʻʢʪʦʨʽʾ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʦʭʦʾʜʘʣʴʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʪʝʭʥʦʣʦʛʽʷ Vortex) ʬʦʨʤʫʶʪʴ ʩʢʣʘʜʥʽ ʧʦʣʽʤʦʨʬʥʽ ʩʧʽʨʘʣʽ, ʱʦ ʥʽʙʠʪʦ ʤʘʢʩʠʤʽ-

ʟʫʻ ʯʘʩ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʜʝʪʘʣʣʶ ʪʘ ʩʢʦʨʦʯʫʻ ʯʘʩ ʧʨʦʩʪʦʶ [5]. ʂʨʽʤ ʪʦ-

ʛʦ, ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʘʡʩʪʝʨ-ʤʦʜʫʣʴ iMachining ʘʚʪʦʤʘʪʠʯ-

ʥʦ ʦʧʪʠʤʽʟʫʻ ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ, ʧʨʦʮʝʩʫ ʨʽ-

ʟʘʥʥʷ ʪʘ ʚʝʨʩʪʘʪʘ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʤʝʥʰʠʪʠ ʜʽʘʧʘʟʦʥ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʨʦʟʛ-

ʣʷʜʽ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʢʨʝʪʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʚʠʙʦʨʫ 

ʦʜʥʦʛʦ ʟ 8 ʤʦʞʣʠʚʠʭ ʨʽʚʥʽʚ, ʱʦ ʘʜʘʧʪʫʻ ʢʦʥʩʪʨʫʢʮʽʶ ʦʙʨʦʙʢʠ ʜʦ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʦʜʦʣʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʧʨʦʙʣʝʤʠ ʟ ʞʦʨʩʪʢʽʩ-

ʪʶ ʰʧʠʥʜʝʣʷ, ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʘʜʤʽʨʥʦʾ ʚʽʙʨʘʮʽʾ [6].  

ɼʝʷʢʽ ʽʟ ʟʘʷʚʣʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ iMachining ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦ-

ʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʦʙʨʦʙʢʠ ʪʝʩʪʦʚʦʛʦ ʟʨʘʟʢʘ, 

ʢʦʥʪʫʨ ʷʢʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʷʤʠʭ ʽ ʜʫʛʠ ʢʦʣʘ. ʆʩʢʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʷ (ʷʢ ʽ 

ʚʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ) ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʧʨʽʦʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʫʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʣʷʛʘʣʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ [8]. ʄʦʜʝʣʶʚʘʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦ-

ʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ ï ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ (MRR). 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʙʥʘ ʚʝʨʩʽʷ Solid 

CAM with iMachining [9], ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʨʦʟʨʦʙʣʝʥʦ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ 1 ʬʨʝʟʦʶ 2 (ʨʠʩ. 3.1, ʘ) ʪʘ ʙʫʣʠ ʩʧʨʦʻʢʪʦʚʘʥʽ ʚ̔ -

ʜʧʦʚʽʜʥʽ G-ʢʦʜʠ (ʨʠʩ. 3.1, ʙ). 
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a)      b) 

ʈʠʩ. 3.1. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ iMachining Solid CAM:  

a) ï ʽʥʪʝʨʬʝʡʩ ʩʠʤʫʣʷʮʽʾ; b) ï G-ʢʦʜ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ 

 

ɹʫʣʠ ʦʙʨʘʥʽ ʥʘʩʪʫʧʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ: ʟʘʛʦʪʦʚʢʘ ï ʤʘʪʝʨʽʘʣ ʉʪʘʣʴ30, ʨʘʜʽʫʩ 

ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ 25ʤʤ, ʧʨʠʧʫʩʢ 1,5ʤʤ, ʪʦʚʱʠʥʘ 10ʤʤ, ʪʦʨʮʝʚʘ ʬʨʝʟʘ 

Ï30ʤʤ, 6 ʟʫʙʽʚ, ʥʘʭʠʣ ʣʝʟʘ 30
0
, ʤʘʪʝʨʽʘʣ A20 ï ʪʚʝʨʜʦʩʧʣʘʚʥʠʡ. ɺʩʽ ʧʦʜʘʣʴʰʽ 

ʨʦʙʦʪʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. 

ɸʥʘʣʽʟ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʨʦʙʣʝʥʦʛʦ G-ʢʦʜʫ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʧʦʢʘʟʫʻ, 

ʱʦ ʩʠʩʪʝʤʘ ʚʠʙʨʘʣʘ ʨʝʞʠʤ HSM. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʩʪʘʥʦʚʠʪʴ 

1559 ʦʙ/ʭʚ, ʧʦʜʘʯʘ ʥʘ ʧʣʘʥʦʚʠʭ ʧʝʨʝʨʽʟʘʭ 2053 ʤʤ/ʭʚ (ʜʠʚ. ʢʘʜʨʠ 128 ʽ 138), ʘ 

ʧʨʠ ʦʙʨʦʙʮʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʜʘʯʘ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 922,59 ʤʤ/ʭʚ ʽ 

927,48 ʤʤ/ʭʚ. ʇʨʠ ʮʴʦʤʫ ʧʦʯʘʪʦʢ ʟʤʽʥʠ ʧʦʜʘʯʽ ʚʽʜʧʦʚʽʜʘʻ ʢʦʦʨʜʠʥʘʪʽ ʬʦʨʤʦ-

ʫʪʚʦʨʶʶʯʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʢʦʣʠ ʮʝʥʪʨ ʬʨʝʟʠ ʚʭʦʜʠʪʴ ʚ ʜʫʛʫ ʢʦʣʘ, ʘ ʢʽʥʝʮʴ ʟʤʽʥʠ 

ï ʪʦʯʮʽ ʚʠʭʦʜʫ ʟ ʜʫʛʠ ʪʨʘʻʢʪʦʨʽʾ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ ʧʨʠʥʮʠʧʫ ʩʪʘ-

ʙʽʣʽʟʘʮʽʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʰʚʠʜʢʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ (MRR) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʝʣʴʥʦ ʫ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʽʡ 

ʧʨʦʛʨʘʤʽ, ʽʥʪʝʨʬʝʡʩ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.2. 
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ʈʠʩ. 3.2. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ɺʭʽʜʥʽ ʜʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʢʘʟʘʥʽ ʚ ʣʽʚʠʭ ʙʽʯʥʠʭ ʚʽʢʥʘʭ, ʪʦʯʥʦ ʚʽʜʧʦʚʽ-

ʜʘʶʪʴ ʚʭʽʜʥʠʤ ʜʘʥʠʤ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʧʽʜ-

ʛʦʪʦʚʢʠ ʧʨʦʛʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʚ Solid CAM. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚ ʛʨʘʬʽʯʥʦʤʫ 

ʚʽʢʥʽ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʨʫʭ ʬʨʝʟʠ 1, ʷʢʘ ʚʠʜʘʣʷʻ ʧʨʠʧʫʩʢ 2 ʥʘ ʟʘʛʦʪʦʚʮʽ 3. ɿʘʚʜʷ-

ʢʠ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʪʠʥʫ ʮʠʬʨʦʚʦʛʦ ʤʘʩʠʚʫ ʢʦʥʪʫʨʫ 

ʟʘʛʦʪʦʚʢʠ ʪʘ ʬʨʝʟʠ [8] ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʦʯʢʠ 

ʧʦʯʘʪʢʫ (ʪʦʯʢʘ ɸ) ʪʘ ʢʽʥʮʷ (ʪʦʯʢʘ ɺ) ʜʫʛʠ ʨʽʟʘʥʥʷ. 

ʅʘ ʚʽʨʪʫʘʣʴʥʦʤʫ ʦʩʮʠʣʦʛʨʘʬʽ ʟôʷʚʣʷʶʪʴʩʷ ʛʨʘʬʽʢʠ ʧʦʜʘʯʽ ï ʣʽʥʽʷ 4, ʢʫʪʘ 

ʨʽʟʘʥʥʷ ï ʣʽʥʽʷ 5 ʪʘ ʦʢʨʫʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ï ʣʽʥʽʷ 6. ʂʫʪ ʨʽʟʘʥʥʷ ʽ 

ʧʦʜʘʯʫ ʚʠʤʽʨʶʶʪʴ ʟʘ ʣʽʚʦʶ ʚʽʩʩʶ (ʜʣʷ ʧʦʜʘʯʽ ʰʢʘʣʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 10 ʨʘʟʽʚ), 

ʘ ʦʢʨʫʞʥʫ ʩʢʣʘʜʦʚʫ ʩʠʣʠ ʨʽʟʘʥʥʷ ï ʟʘ ʧʨʘʚʦ  ʁʚʽʩʩʶ. ʋʩʽ ʛʨʘʬʽʢʠ ʧʨʠʚôʷʟʘʥʽ 

ʜʦ ʨʫʭʫ ʬʨʝʟʠ ʟʘ ʪʨʘʻʢʪʦʨʽʻ  ʁï ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ ʦʩʮʠʣʦʛʨʘʬʘ. 
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ʆʢʨʫʞʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʝʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʬʫʥʢʮʽʦʥʫʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʚʦʭ ʚʢʣʘʜʝʥʠʭ ʮʠʢʣʽʚ. ʋ ʚʥʫʪʨʽ-

ʰʥʴʦʤʫ ʮʠʢʣʽ ʝʣʝʤʝʥʪʘʨʥʘ ʧʣʦʱʘ ʨʽʟʘʥʥʷ ŭsi ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽʡ ʜʽʣʴ-

ʥʠʮʽ ʨʽʞʫʯʦʛʦ ʟʫʙʘ ʬʨʝʟʠ: 

ʬʰ

i
i

zn

Sinf
s

dj
d min= ,     (3.1) 

ʜʝ fmin ï ʧʦʜʘʯʘ (ʤʤ/ʭʚ), ŭűi ï ʢʫʪ ʨʽʟʘʥʥʷ ʚ ʤʽʩʮʽ ʟʫʙʘ, n  hï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʷ (ʦʙ/ʭʚ), zʬ ï ʢʽʣʴʢʽʩʪʴ ʟʫʙʽʚ ʬʨʝʟʠ. 

ʇʝʨʝʭʽʜ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʮʠʢʣʫ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʤʘ-

ʪʠʯʥʦ ʟʘ ʫʤʦʚʦʶ: 

ʨi adj< ,      (3.2) 

ʜʝ Ŭʨ ï ʢʫʪ ʨʽʟʘʥʥʷ, ʘ ʝʣʝʤʝʥʪʘʨʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ʚ ʦʢʨʝʤʽʡ ʜʽʣʴʥʠʮʽ ʟʫʙʘ ʨʦʟ-

ʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) mʩi Rih /tanbadj -=  ,    (3.3) 

ʜʝ h ï ʢʨʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʰʠʨʠʥʽ B ʬʨʝʟʝʨʫʚʘʥʥʷ, ɓ ï ʢʫʪ ʥʘʭʠʣʫ ʢʘʥʘʚʢʠ 

ʬʨʝʟʠ, Rʬ ï ʨʘʜʽʫʩ ʬʨʝʟʠ, i ï ʥʦʤʝʨ ʽʪʝʨʘʮʽʾ ʚ ʮʠʢʣʽ (ki¢¢0  ), ʜʝ k = B/h. 

ʆʢʨʫʞʥʫ ʩʢʣʘʜʦʚʫ ʩʠʣʠ ʨʽʟʘʥʥʷ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫ-

ʣʦʶ [10, 11]: 

( )
a

dä
=

=
k

i
iPo sCF

0

,     (3.4) 

ʜʝ CP, Ŭ ï ʝʤʧʽʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽ ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʷ. 

ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʘʣʛʦʨʠʪʤʫ ʚ ʧʨʦʛʨʘʤʽ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘ-

ʯʝʥʥʷ çʤʠʪʪʻʚʦʛʦè ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʟʫʙʽ ʬʨʝʟʠ (ʨʠʩ. 3.3, ʘ). 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘʢʦʾ ʦʩʮʠʣʦʛʨʘʤʠ ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ ʚ ʽʥʪʝʨʬʝʡʩʽ ʻ 

ʩʧʝʮʽʘʣʴʥʘ ʦʧʮʽʷ ï çOscilloscope 2è (ʜʠʚʠʩʴ ʨʠʩ. 3.2).  

ʂʨʽʤ ʪʦʛʦ, ʩʪʚʦʨʝʥʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢ ʟ 

ʧʦʩʪʽʡʥʦʶ ʧʦʜʘʯʝʶ, ʪʘʢ ʽ ʟ ʧʦʜʘʯʝʶ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ 

ʢʝʨʫʚʘʥʥʷ. ɿʘʢʦʥ ʢʝʨʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʢʦʣʠ ʚ ʽʥʪʝʨʬʝʡʩʽ ʧʨʦʛʨʘʤʠ ʚʠʙʨʘʥʦ ʦʧʮʽʶ çWith controlè. 

ʅʘ ʨʠʩ. 3.3, ʙ ʧʦʢʘʟʘʥʦ ʽʥʪʝʛʨʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʦʩ-

ʪʽʡʥʽʡ ʧʦʜʘʯʽ 700 ʤʤ/ʭʚ ʫ ʚʠʛʣʷʜʽ ʦʩʮʠʣʦʛʨʘʤ: ʣʽʥʽʷ 1 ï ʧʦʜʘʯʘ, ʣʽʥʽʷ 2 ï ʢʫʪ 

ʨʽʟʘʥʥʷ, ʣʽʥʽʷ 3 ï ʦʢʨʫʞʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ. 
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Cutting square 

Force 

  

ʘ) 

 

1 

2 3 

plane plane cylinder 

 
ʙ) 

ʈʠʩ. 3.3. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʧʦʜʘʯʽ: 

a) ï ʦʩʮʠʣʦʛʨʘʤʠ ʫ ʯʘʩʽ, ʙ) ï ʽʥʪʝʛʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʮʠʢʣ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʤʽʥʠ ʫʤʦʚ ʨʽʟʘʥʥʷ, ʷʢʽ ʧʨʦʚʦʢʫʶʪʴ ʚʽʜʧʦʚʽ-

ʜʥʫ ʨʝʘʢʮʽʶ ʩʠʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝ ʟʙʽʛʘʶʪʴʩʷ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʦʙʣʠ-

ʚʦʩʪʷʤʠ, ʟʘ ʷʢʠʤʠ ʧʨʦʝʢʪʫʻʪʴʩʷ ʢʝʨʫʶʯʠʡ ʬʘʡʣ ʫ ʪʝʭʥʦʣʦʛʽʾ iMachining. ɿʤʽ-

ʥʘ ʫʤʦʚ ʦʙʨʦʙʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʮʝʥʪʨ ʬʨʝʟʠ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʟʥʘʯʥʦ ʨʘʥʽ-

ʰʝ ʪʦʯʦʢ ʩʧʦʣʫʯʝʥʥʷ ʜʫʛʠ ʪʨʘʻʢʪʦʨʽʾ ʟ ʣʽʥʽʷʤʠ (ʨʠʩ. 3.3, ʙ). ɯ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ 

ʧʨʦʛʨʘʤʠ ʢʝʨʫʚʘʥʥʷ iMachining ʫ G-ʢʦʜʘʭ (ʜʠʚʠʩʴ ʨʠʩ. 3.1, ʙ), ʩʘʤʝ ʮʽ ʪʦʯʢʠ 

ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ ʦʧʦʨʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʜʘʯʽ. 

ʇʽʩʣʷ ʟʙʝʨʝʞʝʥʥʷ ʬʘʡʣʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʦʶ: 

()
()

a

d

1

0

ö
ö

÷

õ

æ
æ

ç

å
=

lFC

F
lf

P

,     (3.5) 

ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʢʦʥ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ ʫ ʬʫʥʢʮʽʾ ʧʝʨʝʤʽʱʝʥʥʷ l ʧʦ ʪʨʘʻʢʪʦʨʽʾ, 

ʱʦ ʩʪʘʙʽʣʽʟʫʻ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʟʘ ʩʠʣʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.4, ʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʪʽ ʞ ʧʦʟ-

ʥʘʯʝʥʥʷ, ʱʦ ʡ ʥʘ ʨʠʩ. 3.3, ʙ. ʋ ʬʦʨʤʫʣʽ (3.5) F0 ð ʧʨʠʡʥʷʪʝ ʟʥʘʯʝʥʥʷ ʦʢʨʫʞ-

ʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ, ʘ F(l) ð ʮʠʬʨʦʚʠʡ 

ʤʘʩʠʚ ʟʤʽʥ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

 

1 

2 3 

 

ʈʠʩ. 3.4. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʧʦʜʘʯʝʶ 

ʗʢ ʽ ʦʯʽʢʫʚʘʣʦʩʷ, ʨʦʟʨʦʙʣʝʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʫ ʩʪʘʙʽʣʽʟʘʮʽʶ 

ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʫ ʧʨʠ 420 ʅ ʟʘ ʚʝʣʠʯʠʥʦʶ ʦʢʨʫʞʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʩʠʣʠ ʨʽʟʘʥʥʷ, ʭʦʯʘ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʘ ʨʽʟʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʠʤ ʞʝ, ʷʢ ʽ ʚ ʧʦ-

ʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʛʨʘʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʚ G-

ʢʦʜʘʭ (ʜʠʚʠʩʴ ʨʠʩ. 3.1, ʙ) ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʘʥʘʣʦʛʽʯʥʠʡ ʟʘ ʬʦʨʤʘʪʦʤ 

ʬʘʡʣ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ. ʊʘʢʠʡ ʬʘʡʣ ʙʫʚ ʘʚʪʦʤʘʪʠʯʥʦ ʩʬʦʨʤʦʚʘʥʠʡ ʤʦʜʫ-

ʣʝʤ iMachining ʧʨʦʛʨʘʤʠ SolidCAM. . 

ʇʨʦʛʨʘʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʩʪʨʠʙʢʦʧʦʜʽʙʥʝ ʟʥʠʞʝʥʥʷ ʧʦʜʘʯʽ ʚ 

ʢʘʜʨʽ 134 (ʜʠʚ. ʨʠʩ. 3.1, ʙ) ʟ 2053 ʤʤ/ʭʚ ʜʦ 922 ʤʤ/ʭʚ, ʘ ʧʦʪʽʤ ʪʘʢʦʞ ʩʪʫʧʽʥʯʘ-

ʩʪʝ ʟʙʽʣʴʰʝʥʥʷ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʠʚʦʜʠ ʚʝʨʩʪʘʪʫ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢʽ ʢʦ-

ʤʘʥʜʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʾʭ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢ-

ʪʠʯʥʦʾ ʟʤʽʥʠ ʧʦʜʘʯʽ ʥʘ ʚʝʨʩʪʘʪʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʤʦʜʝʣʴ ʩʝʨʚʦʧʨʠʚʦʜʫ ʫ 

ʚʠʛʣʷʜʽ ʘʧʝʨʽʦʜʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ: 

()
1+

=
Ts

k
sW ,     (3.6) 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ, T ï ʧʦʩʪʽʡʥʘ ʯʘʩʫ, s ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ. 

ʈʝʘʢʮʽʷ ʪʘʢʦʛʦ ʧʨʠʚʦʜʫ ʥʘ ʩʪʫʧʽʥʯʘʩʪʠʡ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʝʨʝʭʽʜʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʤʽʥʠ ʧʦʜʘʯʽ f(t): 
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() ö
ö
÷

õ
æ
æ
ç

å
-D=

-
T

t

eftf 1 ,     (3.7) 

ʜʝ ȹf ï ʩʪʨʠʙʦʢ ʧʦʜʘʯʽ. ʇʝʨʝʤʽʱʝʥʥʷ ʟʘ ʪʨʘʻʢʪʦʨʽʻ  ʁʬʦʨʤʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴ-

ʩʷ ʽʥʪʝʛʨʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

() ()ñ= dttftL .     (3.8) 

ʉʧʽʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʴ (3.7) ʽ (3.8) ʜʘʻ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ ʫ ʬʫʥʢʮʽʾ ʢʦʦʨʜʠʥʘʪʠ ʧʝʨʝʤʽʱʝʥʥʷ l ʟʘ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦ  ʁʪʨʘʻʢʪʦʨʽ-

ʻ.ʁ ʈʦʟʚ'ʷʟʦʢ ʟʨʫʯʥʦ ʚʠʢʦʥʫʚʘʪʠ ʯʠʩʝʣʴʥʦ; ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.5.  

 

1 

5p mm 

 

ʈʠʩ. 3.5. ɻʨʘʬʽʢ ʬʘʢʪʠʯʥʦʾ ʟʤʽʥʠ ʧʦʜʘʯʽ 

ʉʪʫʧʽʥʯʘʩʪʘ ʟʤʽʥʘ ʧʦʜʘʯʽ ʚ ʢʝʨʫʶʯʦʤʫ ʬʘʡʣʽ G-ʢʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦ-

ʯʢʘʭ ɸ ʽ ɺ, ʘ ʬʘʢʪʠʯʥʘ ʟʤʽʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʧʨʠʚʦʜʫ ʧʨʠ ʊ = 0,03 ʩ 

ʧʦʟʥʘʯʝʥʘ ʮʠʬʨʦʶ 1. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʪʚʦʨʝʥʽʡ ʧʨʦʛʨʘʤʽ ʟ ʮʠʤ 

ʢʝʨʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6, ʜʝ ʧʨʠʡʥʷʪʦ ʦʜʥʘʢʦʚʽ ʜʦ ʨʠʩ. 3.4 ʧʦʟʥʘʯʝʥ-

ʥʷ ʛʨʘʬʽʢʽʚ. 

 

1 

2 

3 

 

ʈʠʩ. 3.6. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʟʘ iMachining 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʝ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʽ-

ʟʘʥʥʷ: ʫ ʤʽʩʮʷʭ, ʦʙʚʝʜʝʥʠʭ ʝʣʽʧʩʘʤʠ ʥʘ ʨʠʩ. 3.6, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʫʪʪʻʚʽ ʟʤʽ-

ʥʠ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ ʤʦʞʝ ʩʧʨʦʚʦʢʫʚʘʪʠ ʧʦʷʚʫ ʚʽʜʧʦʚʽ-

ʜʥʠʭ ʚʽʙʨʘʮʽʡ ʥʘ ʬʦʨʤʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʧʨʠʡʥʷʪʦʶ ʩʪʨʘ-

ʪʝʛʽʻʶ, ʷʢʘ ʧʦʚôʷʟʫʻ ʦʯʽʢʫʚʘʥʽ ʟʤʽʥʠ ʫʤʦʚ ʨʽʟʘʥʥʷ ʟʽ ʰʣʷʭʦʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʭʦʯʘ, ʷʢ ʧʦʢʘʟʫʻ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʪʠʤʫʪʴʩʷ ʥʘʙʘʛʘʪʦ ʨʘʥʽʰʝ ʽ 

ʟʘʢʽʥʯʘʪʴʩʷ ʧʽʟʥʽʰʝ, ʱʦ ʚʠʤʘʛʘʻ ʚʽʜʧʦʚʽʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ iMachining ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʄʦʜʫʣʴ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʦʝʢʪʫʻ ʫʧʨʘʚ-

ʣʽʥʥʷ ʧʦʜʘʯʝʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʝʦʤʝʪʨʠʯʥʽ ʢʨʠʪʝʨʽʾ, ʧʦʚôʷʟʘʥʽ ʟ ʪʨʘʻʢʪʦʨʽ-

ʻʶ ʨʫʭʫ ʮʝʥʪʨʫ ʬʨʝʟʠ. ʇʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʜʘʧʪʫʚʘʪʠ 

ʨʦʟʨʘʭʫʥʦʢ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʞʦʨʩʪʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩ-

ʪʝʤʠ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʦʜʥʦʛʦ ʟ ʨʽʚʥʽʚ ʟ ʧʦʜʘʣʴʰʦʶ ʧʝʨʝʚʽʨʢʦʶ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʥʘ ʧʨʘʢʪʠʮʽ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʪʝʩʪʦʚʦʾ 

ʜʝʪʘʣʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʭʽʜ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ iMachining, ʥʝ ʩʪʘʙʽʣʽʟʫʻ ʧʨʦʮʝʩ 

ʨʽʟʘʥʥʷ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʩʪʘʙʽʣʽʟʘʮʽʶ ʟʘ ʦʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ï ʚhʠʜʢʽʩʪ ʁʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ (MRR). ʊʘʢʘ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʘ ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʯʠʩʝ-

ʣʴʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

 

3.3. ʊʝʭʥʦʣʦʛʽʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ  

ʆʧʝʨʘʮʽʾ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʟʤʽ-

ʥʦʶ ʫʤʦʚ ʨʽʟʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʊʘʢʽ ʦʧʝʨʘʮʽʾ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʚʝʨʩ-

ʪʘʪʽ ʟ ʏʇʂ ʟʘ ʫʧʨʘʚʣʷʶʯʦʶ ʧʨʦʛʨʘʤʦʶ, ʨʦʟʨʦʙʣʝʥʦʶ ʚ ʉɸʄ-ʩʠʩʪʝʤʽ. ʇʝʨʝ-

ʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʉɸʄ-ʩʠʩʪʝʤ ʥʝ ʥʘʜʘʻ ʦʧʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʨʝ-

ʞʠʤʫ ʨʽʟʘʥʥʷ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʽ ʧʦʜʘʣʴʰʦʾ ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʾ. ɸ ʪʽ 

ʉɸʄ-ʩʠʩʪʝʤʠ, ʱʦ ʧʦʯʘʣʠ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ, ʥʘʧʨʠʢʣʘʜ 

iMachining, ʥʝ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʟ ʧʨʠʯʠʥ, 

ʱʦ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ.  

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʶʪʴʩʷ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʝʨʫʶ-

ʯʦʾ ʧʨʦʛʨʘʤʠ ʢʦʥʪʫʨʥʦʛʦ 2,5D ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʰʚʠʜʢʦʩʪʽ ʚʠʜʘ-

ʣʝʥʥʷ ʧʨʠʧʫʩʢʫ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚ-
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ʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï ʨʦʟʨʦʙʠʪʠ ʧʨʦʮʝʜʫʨʫ ʧʝʨʝʪʚʦʨʝʥʥʷ G-ʢʦʜʽʚ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʫ ʜʚʦʚʠ-

ʤʽʨʥʽ ʮʠʬʨʦʚʽ ʤʘʩʠʚʠ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʭ ʨʫʭʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʘʩʪʦʩʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʦʢʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʣʝʟʘ ʬʨʝʟʠ ʽʟ ʟʘʛʦʪʦʚʢʦʶ ʚ ʟʦʥʽ 

ʨʽʟʘʥʥʷ ʧʨʠ ʢʦʥʪʫʨʥʦʤʫ 2,5D ʬʨʝʟʝʨʫʚʘʥʥʷ;  

ï ʨʦʟʨʦʙʠʪʠ ʧʨʦʮʝʜʫʨʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʬʨʝʟʠ ʪʘ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʨʫʩʽ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʪʨʘʻʢʪʦʨʽʾ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʬʘʡʣʫ ʟʤʽʥʠ MRR ʪʘ ʚʠʟʥʘ-

ʯʠʪʠ ʟʘʢʦʥ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʨʝʞʠʤʫ ʨʽʟʘʥ-

ʥʷ ʟʘ ʢʦʥʪʫʨʦʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʤʫ ʨʽʚʥʽ; 

ï ʩʪʚʦʨʠʪʠ ʤʦʜʫʣʴ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʫ G-ʢʦʜʘʭ ʟ ʢʝʨʫ-

ʚʘʥʥʷʤ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ; 

ï ʚʪʽʣʠʪʠ ʚʩʽ ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʮʝʜʫʨʠ ʚ ʧʘʢʝʪʽ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʽ ʧʝʨʝʚʽ-

ʨʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʷʢʠʡ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʚ ʟʦʥʽ ʚʟʘʻʤʦʜʽʾ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ ʬʨʝʟʠ ʽ ʟʘʛʦʪʦʚʢʠ, ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʨʦ-

ʙʦʯʘ ʛʽʧʦʪʝʟʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝ-

ʜʥʴʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ. 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʰ ʟʘ ʚʩʝ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʪʝʦʨʝ-

ʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʬʨʝʟʠ ʽ ʟʘʛʦʪʦʚʢʠ ʟ ʚʠʟʥʘ-

ʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʽ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʦʙʢʠ ʙʫʣʠ 

ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʩʪʚʦʨʝʥʦʛʦ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚ-

ʪʦʤʘʪʠʟʘʮʽʾ ʚʩʽʭ ʝʪʘʧʽʚ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɹʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ 

ʤʦʜʝʣʝʡ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʭ ʪʨʘʻʢʪʦʨʽʡ. ɸʜʝʢʚʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽ-

ʰʝʥʴ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ.  

ʂʦʥʪʫʨʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ ʟʘ ʩʧʨʦʻʢʪʦʚʘ-

ʥʦʶ ʚ ʙʫʜʴ-ʷʢʽʡ ʉɸʄ-ʩʠʩʪʝʤʽ ʧʨʦʛʨʘʤʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʝ ʙʫʪʠ ʫʧʨʘʚʣʷʶʯʘ ʧʨʦʛʨʘʤʘ ʚ G-ʢʦʜʘʭ. ʆʩʥʦ-

ʚʦʶ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʦʚʦʾ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ ʢʦʥʪʫʨʥʦʛʦ 2,5D ʬʨʝʟʝʨʫʚʘʥ-

ʥʷ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʰʚʠʜʢʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʧʨʠʧʫʩʢʫ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʻ 

ʮʠʬʨʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʬʨʝʟʠ ʪʘ ʟʘʛʦʪʦʚʢʠ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ. ʊʦʤʫ ʚʠ-
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ʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ, ʟʘʧʠʩʘʥʦʾ ʚ G-ʢʦʜʘʭ ʚʠʭʽʜʥʦʾ 

ʧʨʦʛʨʘʤʠ ʫ ʚʠʛʣʷʜʽ ʜʚʦʚʠʤʽʨʥʠʭ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʪʘʢʝ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ. 

ʆʪʞʝ, ʩʪʚʦʨʝʥʽ ʜʚʦʚʠʤʽʨʥʽ ʮʠʬʨʦʚʽ ʤʘʩʠʚʠ ʜʦʟʚʦʣʷʪʴ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ 

ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ ʫ ʚʠ-

ʛʣʷʜʽ ʚʦʢʩʝʣʴʥʦʾ 2D ʤʦʜʝʣʽ [12]. 

ʊʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʠʩʪʝʤ ʏʇʋ (ISO 

6983/DIN 66025) ʟʘʜʘʶʪʴʩʷ ʜʚʦʤʘ ʪʠʧʘʤʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ: ʚʽʜʨʽʟʦʢ 

ʧʨʷʤʦʾ ʪʘ ʜʫʛʘ ʢʦʣʘ. ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ 

ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʢʦʦʨʜʠʥʘʪ ʧʝʨʝʤʽʱʝʥʥʷ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ ʨʝʛʫʣʷʨʥʠʭ ʚʠʨʘʟʽʚ (regular expression) [13, 14]. ɼʣʷ ʧʦ-

ʰʫʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʷʜʦʢ-ʟʨʘʟʦʢ (pattern, çʰʘʙʣʦʥʦʤè, çʤʘʩʢʦʶè), ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʤʚʦʣʽʚ ʽ ʤʝʪʘʩʠʤʚʦʣʽʚ ʽ ʚʠʟʥʘʯʘʻ ʫʤʦʚʫ ʧʦʰʫʢʫ. ɼʣʷ ʤʘʥʽʧʫ-

ʣʷʮʽʡ ʟ ʪʝʢʩʪʦʤ ʜʦʜʘʪʢʦʚʦ ʟʘʜʘʻʪʴʩʷ ʨʷʜʦʢ ʟʘʤʽʥʠ, ʷʢʠʡ ʪʘʢʦʞ ʤʦʞʝ ʤʽʩʪʠʪʠ 

ʩʧʝʮʽʘʣʴʥʽ ʩʠʤʚʦʣʠ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʚ ʪʝʢʩʪʦʚʦʤʫ ʬʘʡʣʽ ʢʝʨʫʶʯʦʾ 

ʧʨʦʛʨʘʤʠ ʪʠʧ ʜʽʣʴʥʠʮʽ (G01 ï ʧʨʷʤʘ, G02, G03 ï ʜʫʛʘ ʢʦʣʘ) ʪʘ ʚʠʟʥʘʯʠʪʠ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʯʠʩʝʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʮʠʭ ʜʽʣʴʥʠʮʴ: ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ, ʘ 

ʜʣʷ ʜʫʛʠ ʢʦʣʘ ʱʝ ʡ ʨʘʜʽʫʩ ʽ ʮʝʥʪʨ. ʅʘʜʘʣʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʝʛʤʝʥʪʘʮʽʷ ʪʨʘʻʢ-

ʪʦʨʽʾ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʽʟ ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ. ʄʘ-

ʩʠʚʠ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʜʽʣʴʥʠʮʴ ʧʨʷʤʦʾ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʟʘʣʝʞʥʦʩʪʷʤʠ: 

[]
[]í

ì
ë

+=

+=

a

a

hiSinyiY

hiCosxiX

A

A
,   

AB

AB

xx

yy

-

-
=arctana ,    (3.9) 

ʜʝ xA, yA ï ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʫ, xB, yB ï ʢʦʦʨʜʠʥʘʪʠ ʢʽʥʮʷ ʜʽʣʴʥʠʮʽ, h ï ʢʨʦʢ 

ʨʦʟʨʘʭʫʥʢʫ, Ŭ ï ʢʫʪ ʥʘʭʠʣʫ ʜʽʣʴʥʠʮʽ.  

ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ ʫʤʦʚʠ ( ) ( )( )( )hyyxxroundi BABA /
22

max -+-= .  

ʗʢʱʦ ʝʣʝʤʝʥʪʦʤ ʪʨʘʻʢʪʦʨʽʾ ʻ ʜʫʛʘ, ʪʦ ʚ G-ʢʦʜʘʭ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚʦ-

ʥʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʆʜʥʘʢ, ʫ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ 

ʩʝʛʤʝʥʪʘʮʽʷ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪ xʉ, yʉ ʮʝʥʪʨʫ ʜʫ-

ʛʠ, ʨʘʜʽʫʩʘ R ʽ ʢʨʦʢʫ ŭ ʧʦ ʢʫʪʫ: 
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ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ ʫʤʦʚʠ 
ö
ö

÷

õ

æ
æ

ç

å
öö
÷

õ
ææ
ç

å
-

-

-
= dj /arctan 0max

CB

CB

xx

yy
roundi . 

ʌʫʥʢʮʽʷ ʩʝʛʤʝʥʪʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʨʦʙʦʯʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʦʩʢʽ-

ʣʴʢʠ ʧʨʠ ʭʦʣʦʩʪʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ ʨʽʟʘʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ʇʦʜʘʣʴʰʠʤ ʝʪʘʧʦʤ ʻ ʧʽʜʛʦʪʦʚʢʘ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ. 

ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʦʨʤʫʣʠ (3.9), (3.10), ʘʥʘʣʦʛʽʯʥʽ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʤ ʚʠʱʝ ʽʟ ʟʘʤʽʥʦʶ ʨʘʜʽʫʩʫ R ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʘ ʨʘʜʽʫʩ ʬʨʝʟʠ. 

ʎʠʬʨʦʚʽ ʤʘʩʠʚʠ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ ʬʦʨʤʫʶʪʴʩʷ ʟʘ ʮʠʬʨʦʚʠʤʠ ʤʘʩʠʚʘʤʠ ʪʨʘ-

ʻʢʪʦʨʽʾ ʣʠʰʝ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ. 

ʊʫʪ ʽ ʜʘʣʽ ʫʩʽ ʝʪʘʧʠ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʙʫʜʫʪʴ ʨʦʟʛʣʷ-

ʥʫʪʽ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʪʚʦʨʝʥʦʛʦ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʅʘ ʨʠʩ. 3.7, ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʬʦʨʤʫ-

ʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʬʨʝʟʠ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʢʦʥʪʫʨʫ, ʫʪʚʦʨʝʥʦʛʦ ʜʚʦʤʘ ʧʨʷʤʠʤʠ, 

ʩʧʨʷʞʝʥʠʤʠ ʜʫʛʦʶ ʢʦʣʘ. ɿʘʛʦʪʦʚʢʘ ʤʘʻ ʝʢʚʽʜʠʩʪʘʥʪʥʠʡ ʧʨʠʧʫʩʢ ʪʦʚʱʠʥʦʶ 

3ʤʤ. ʋ ʢʝʨʫʶʯʽʡ ʧʨʦʛʨʘʤʽ (ʨʠʩ. 3.7, ʙ) ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʜʽʣʴ-

ʥʠʮʴ ʪʨʘʻʢʪʦʨʽʾ ʮʝʥʪʨʫ ʬʨʝʟʠ ʧʨʠ ʨʽʟʘʥʥʽ ʪʘ ʨʝʞʠʤ ʨʽʟʘʥʥʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ 

[15] ʜʣʷ ʬʨʝʟʠ Ï20 ʤʤ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʟ ʧʨʠʧʫʩʢʦʤ 3 ʤʤ ʽ 

ʪʦʚʱʠʥʦʶ 10 ʤʤ: ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ 2000 rpm, ʧʦʜʘʯʘ 750 ʤʤ/ʭʚ. 

   

ʘ)         ʙ) 

ʈʠʩ. 3.7. ʂʦʥʪʫʨ ʜʝʪʘʣʽ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ: 

ʘ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ; ʙ ï ʪʝʢʩʪ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ 
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ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʘʜʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʦʙʨʦʙʢʠ ʥʘ ʜʚʦʤʽʨʥʽ ʮʠʬʨʦʚʽ ʤʘʩʠʚʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʧʨʦʛʨʘʤʽ (ʨʠʩ. 3.8) ʟʘ ʦʧʠʩʘʥʠʤ ʚʠʱʝ ʘʣʛʦʨʠʪʤʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ ʨʝʛʫʣʷʨʥʠʭ ʚʠʨʘʟʽʚ. 

 

 
 

ʈʠʩ. 3.8. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ 

ʋ ʧʨʦʛʨʘʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʢʠ çLoad file G-codeè, ʷʢʘ ʚʽʜʢʨʠʚʘʻ ʜʽʘ-

ʣʦʛʦʚʝ ʚʽʢʥʦ, ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚʠʭʽʜʥʠʡ ʬʘʡʣ ʢʝʨʫʶʯʦʾ NC-ʧʨʦʛʨʘʤʠ ʚ G-

ʢʦʜʘʭ (ʨʠʩ. 3.7, ʙ). ʇʦʪʽʤ ʚʠʙʠʨʘʻʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʢʨʦʢ ʮʠʬʨʦʚʦʛʦ ʤʘʩʠʚʫ, ʘ 

ʩʬʦʨʤʦʚʘʥʽ ʤʘʩʠʚʠ ʪʨʘʻʢʪʦʨʽʾ ʨʽʟʘʥʥʷ ʪʘ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʫ 

ʛʨʘʬʽʯʥʦʤʫ ʧʦʣʽ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʙʝʨʝʞʝʥʽ ʦʢʨʝʤʠʤ ʬʘʡʣʦʤ ʫ 

ʬʦʨʤʘʪʽ *.txt. 

ɺʩʽ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʪʘ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦ-

ʮʝʩʫ ʨʽʟʘʥʥʷ. ʋ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪ-

ʨʽʚ ʚʟʘʻʤʦʜʽʾ ʬʨʝʟʠ ʽ ʟʘʛʦʪʦʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʠ 

ʦʙʨʦʙʢʠ ʩʪʚʦʨʝʥʠʭ ʨʘʥʽʰʝ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [11]. 

ʇʝʨʰʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʫʻ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥ-

ʮʷ ʜʫʛʠ ʨʽʟʘʥʥʷ, ʘ ʜʨʫʛʠʡ ʧʝʨʝʙʫʜʦʚʫʻ ʚʠʭʽʜʥʽ ʮʠʬʨʦʚʽ ʤʘʩʠʚʠ ʢʦʥʪʫʨʫ ʟʘʛʦ-

ʪʦʚʢʠ ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʦ ʧʦʯʘʪʢʫ ʜʫʛʠ ʨʽʟʘʥʥʷ ʮʠʬʨʦʚʠʡ ʤʘʩʠʚ ʜʦ-

ʧʦʚʥʶʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʦʶ ʪʦʯʢʠ ʧʦʯʘʪʢʫ ʜʫʛʠ ʨʽʟʘʥʥʷ, ʜʘʣʽ ʩʣʽʜʫʶʪʴ ʢʦʦʨʜʠ-

ʥʘʪʠ ʪʦʯʦʢ ʜʫʛʠ ʨʽʟʘʥʥʷ ʜʦ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ ʽ ʜʘʣʽ ʚʠʭʽʜʥʠʡ ʤʘʩʠʚ ʟʘʛʦʪʦʚʢʠ. 

ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ ʥʦʤʝʨʠ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʫʛʘ ʨʽʟʘʥʥʷ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚ-

ʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʧʦʜʘʯʽ, ʘ ʢʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʥʪʫʨʫ, ʯʘʩʪʠʥʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ 

ʢʦʥʪʫʨʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʦʮʽʥʠʪʠ ʧʨʦʮʝʩ 

ʨʽʟʘʥʥʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʢʫʪʘ ʜʫʛʠ ʨʽʟʘʥʥʷ ű ʽ ʛʦʣʦʚʥʠʤ ʩʠʣʦʚʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤ. ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʻ ʫʨʠʚʯʘʩʪʠʤ, ʪʦ 

ʫʤʦʚʠ ʨʽʟʘʥʥʷ ʜʦʮʽʣʴʥʽʰʝ ʦʮʽʥʶʚʘʪʠ ʟʘ ʩʝʨʝʜʥʴʦʶ ʩʠʣʦʶ ʨʽʟʘʥʥʷ, ʱʦ ʢʦʨʝ-

ʣʶʻʪʴʩʷ ʟ MRR. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʢʠ ʤʠʪʪʻ-

ʚʠʭ ʟʥʘʯʝʥʴ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʾʾ ʩʢʣʘʜʦʚʠʭ [11]. 

ɺʠʟʥʘʯʝʥʥʷ MRR ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʘʥʘʣʽʟʫ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʬʨʝʟʠ ʪʘ ʟʘʛʦʪʦʚʢʠ ʷʢ ʧʣʦʱʘ ʬʽʛʫʨʠ A1B1A2B2, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʬʨʝʟʠ ʟʘ ʪʨʘʻʢʪʦʨʽʻʶ ʝʢʚʽʜʠʩʪʘʥʪʠ ʥʘ ʚʝʣʠʯʠ-

ʥʫ ʧʦʜʘʯʽ ft ʥʘ ʟʫʙ (ʨʠʩ. 3.9). ʆʯʝʚʠʜʥʦ, ʱʦ ʧʣʦʱʘ ʪʘʢʦʾ ʬʽʛʫʨʠ ʜʦʨʽʚʥʶʻ 

ʧʣʦʱʽ ʬʽʛʫʨʠ A1CDA2, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ ʨʽʟʥʠʮʷ ʧʣʦʱ ʩʝʢʪʦʨʽʚ: 

( )
22

22

2121

aa HRRR
SSS mcc

OCDAOACDAA

@
-=+= ,   (3.11) 

ʜʝ Rc ï ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʢʦʥʪʫʨʫ, Rm ï ʨʘʜʽʫʩ ʬʨʝʟʠ, H ï ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ. 

  

ʘ          ʙ 
ʈʠʩ. 3.9. ɺʟʘʻʤʦʜʽʷ ʬʨʝʟʠ ʪʘ ʟʘʛʦʪʦʚʢʠ:  

ʘ ï ʦʙʨʦʙʢʘ ʫʚʽʛʥʫʪʦʾ ʧʦʚʝʨʭʥʽ; ʙ ï ʦʙʨʦʙʢʘ ʦʧʫʢʣʦʾ ʧʦʚʝʨʭʥʽ 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ft <<Rm, ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʯʝʨʝʟ 

ʢʫʪ ʨʽʟʘʥʥʷ ű: ( )jCosRH m -= 1 , ʘ ʢʫʪ ʩʝʢʪʦʨʘ: ( )mct RRf @/=a . ʋ ʬʦʨʤʫʣʘʭ 

(3.11) ʟʥʘʢ ç - è ʜʣʷ ʫʚʽʛʥʫʪʦʛʦ ʢʦʥʪʫʨʫ, ʟʥʘʢ ç + è ʜʣʷ ʦʧʫʢʣʦʛʦ ʢʦʥʪʫʨʫ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʩʪʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʘʥʘʣʦʛ MRR, ʷʢʠʡ ʚʽʜ-

ʧʦʚʽʜʘʻ ʧʣʦʱʽ ʬʽʛʫʨʠ A1B1A2B2, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) ( )
( )mc

tmtmc
BABA

RR

fCosRfCosRR
SMRR

@

@

2

112
22

2211

jj --
==  (3.12) 

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʦʾ ʬʦʨʤʫʣʠ ʜʦʚʦʜʠʪʴ ʾʾ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ. ʋʩʽ ʧʘʨʘʤʝʪʨʠ, 

ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʝʾ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ 

ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ. 

ʂʫʪ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʬʫʥʢʮʽʦ-

ʥʫʚʘʥʥʽ ʧʝʨʰʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ ʨʘʥʽʰʝ ʩʪʚʦʨʝʥʠʭ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ: 

( ) ()
( ) ()

( ) ()
( ) ()

ieiB

ieiB

ieiA

ieiA

i
xx

yy

xx

yy

-

-
°

-

-
= arctanarctanj ,   (3.13) 

ʜʝ xe, ye ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʝʢʚʽʜʠʩʪʘʥʪʠ; ʟʥʘʢ ç+è ʧʨʠ xA<xe ʽ xB>xe, ʟʥʘʢ ç-è 

ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʢʦʥʪʫʨʽʚ ( )¤­cR , ʪʦʤʫ ʜʣʷ ʬʦʨʤʫʣʠ 

(3.12) 
2

1

2211 f

f
S BABA =  ʤʘʻʤʦ ¤­

¤­
1lim f

cR

 ʽ ¤­
¤­

2lim f
cR

. ʇʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʘ-

ʚʠʣʘ ʃʦʧʽʪʘʣʷ ʜʣʷ ʨʦʟʢʨʠʪʪʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ: 

( )tmBABA fCosRS j-= 1
2211

,    (3.14) 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʦʤʽʡ ʬʦʨʤʫʣʽ ʜʣʷ ʦʢʨʝʤʦʛʦ ʚʠʧʘʜʢʫ ʦʙʨʦʙʢʠ ʧʨʷʤʦʣʽʥʽʡʥʦʾ 

ʜʽʣʴʥʠʮʽ ʢʦʥʪʫʨʫ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʚ ʧʨʦʛʨʘʤʽ, ʨʦʟʨʦʙʣʝʥʽʡ ʚ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʨʠʩ. 3.10). 

ɼʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʩʪʷʪʴʩʷ ʫ ʬʘʡʣʽ, ʩʪʚʦʨʝʥʦʤʫ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʽ 

ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʫ ʟ ʽʥʪʝʨʬʝʡʩʫ. ʇʦʜʘʯʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʙʠʨʘ-

ʪʠ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʶ ʩʠʣʦʶ ʨʽʟʘʥʥʷ (550 ʅ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠ-

ʢʠ ʥʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʦʤʫ ʧʦʜʘʯʘ, ʷʢʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ 

ʦʙʨʦʙʢʠ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʦʥʴ, ʙʫʣʘ ʟʤʝʥʰʝʥʘ ʜʦ 450 ʤʤ/ʭʚ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ, ʩʠʥʭʨʦʥʥʦ ʟ ʘʥʽʤʘʮʽʻʶ ʧʨʦ-

ʮʝʩʫ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʽʥʪʝʨʬʝʡʩʫ, ʟ'ʷʚʣʷʶʪʴʩʷ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʮʝʩʫ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʩʪʚʦʨʝʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ. ʉʠʣʘ ʨʽʟʘʥʥʷ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʽʜʦʤʠʤʠ ʬʦʨʤʫʣʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʠʪʦʤʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ, 

ʘʙʦ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ [16], ʘ ʧʦʪʽʤ ʽʥʪʝʛʨʘʣʴʥʠʭ ʟʘʣʝʞ-
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ʥʦʩʪʝʡ [17]. ɻʨʘʬʽʢ ʟʤʽʥʠ ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʦʥ-

ʪʫʨʫ ʪʘʢʦʞ ʟôʷʚʣʷʻʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʫ. 

 

ʈʠʩ. 3.10. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʄʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʩʠʣʘ ʨʽʟʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʥʘʣʦʛʘ MRR, ʷʢʠʡ 

ʫ ʧʨʦʮʝʩʽ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʟʘ ʪʨʘʻʢʪʦʨʽʻʶ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʽʚʝʥʴ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʷʢʠʡ ʩʣʽʜ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠ-

ʤʦʤ ʨʽʟʘʥʥʷ. ɺʽʜʦʤʦ, ʱʦ ʬʽʨʤʠ-ʚʠʨʦʙʥʠʢʠ ʽʥʩʪʨʫʤʝʥʪʫ ʨʝʢʦʤʝʥʜʫʶʪʴ ʧʝʚ-

ʥʠʡ ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʬʨʝʟʝʨʫʚʘʥʥʷʤ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʘʨʢʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ [16]. 

ʂʦʥʪʫʨʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ MRR, ʪʦʤʫ ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʠʡ ʬʽʨʤʦʶ ʨʝʞʠʤ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ ʫʩʪʘʣʝʥʠʤ MRR ʥʝʦʙ-

ʭʽʜʥʦ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʥʘʡʛʽʨʰʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ ʧʨʠ ʢʦʥʪʫʨʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ. 

ʆʪʞʝ, ʧʦʜʘʯʫ ft ʥʘ ʟʫʙ ʬʨʝʟʠ ʩʣʽʜ ʟʤʝʥʰʠʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ftr: 

max

min

MRR

MRR
ff trt = ,      (3.15) 
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ʜʝ MRRmax, MRRmin ï ʤʘʢʩʠʤʘʣʴʥʘ ʽ ʤʽʥʽʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ MRR ʧʨʠ ʧʦʧʝʨʝ-

ʜʥʴʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ (3.12). 

ʇʨʘʢʪʠʢʘ ʜʦʚʦʜʠʪʴ, ʱʦ ʜʦʮʽʣʴʥʦ ʧʨʠʡʥʷʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʬʽʨʤʦʶ 

ʚʠʨʦʙʥʠʢʦʤ ʽʥʩʪʨʫʤʝʥʪʫ ʨʝʞʠʤ ʫ ʷʢʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ. ʊʦʜʽ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʧʨʠ ʨʫʩʽ ʟʘ ʚʩʽʤ ʢʦʥʪʫʨʦʤ ʚ ʬʫʥʢʮʽʾ ʰʣʷʭʫ 

l ʨʽʟʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʶʚʘʪʠ ʧʦʜʘʯʫ (mm/min) ʟʘ ʟʘʢʦʥʦʤ: 

()
()

W= n
lMRR

MRR
flf t

max
,     (3.16) 

ʜʝ MRR(l) ï ʚʝʣʠʯʠʥʘ MRR ʚ ʢʦʥʢʨʝʪʥʽʡ ʪʦʯʮʽ ʧʨʦʮʝʩʫ (3.12), n ï ʢʽʣʴʢʽʩʪʴ 

ʟʫʙʽʚ ʬʨʝʟʠ, ɋ ï ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ (rpm). 

ʇʨʦʮʝʩ ʦʙʨʦʙʣʝʥʥʷ ʟʘʢʽʥʯʫʻʪʴʩʷ ʟʘ 6,4ʩ ʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝ-

ʛʪʠ ʬʘʡʣ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʛʦʣʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ (MRR), ʟʘ 

ʷʢʦʶ ʦʮʽʥʶʻʪʴʩʷ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ. 

ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʬʨʝʟʝʨʫʚʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʧʨʦʛʨʘʤʦʶ, ʟʘʧʠʩʘʥʦʶ ʚ G-ʢʦʜʘʭ. ʇʨʦʪʝ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʦʪʨʠʤʘʥʦ ʤʘʩʠʚ 

ʜʘʥʠʭ ʧʦʜʘʯʽ, ʨʦʟʤʽʨ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʢʨʦʢʽʚ ʚʠʢʦʥʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʠʡ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʧʨʦʛʨʘʤʠ ʚ G-ʢʦʜʘʭ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʧʝʚʥʫ ʟʘʪʨʠʤʢʫ ʾʾ ʚʠʢʦʥʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ. ʊʦʤʫ ʙʫʣʦ ʧʨʠʡʥ-

ʷʪʦ ʨʽʰʝʥʥʷ ʜʠʩʢʨʝʪʠʟʫʚʘʪʠ ʦʪʨʠʤʘʥʠʡ ʤʘʩʠʚ ʟʘ ʧʦʯʘʪʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʽʥʪʝ-

ʨʚʘʣʫ ʟ ʧʨʠʚ'ʷʟʢʦʶ ʜʦ ʢʦʦʨʜʠʥʘʪ ʨʫʭʫ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦʶ. ʊʘʢʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ 

ʦʟʥʘʯʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʩʠʚʫ ʧʦʜʘʯʽ ʽʟ ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ ʤʘʩʠʚ ʟ ʦʙʨʘʥʦʶ ʚʝ-

ʣʠʯʠʥʦʶ ʧʦʨʦʛʘ ʩʭʦʜʠʥʢʠ ʟʤʽʥʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʢʩʪ ʚʠʭʽ-

ʜʥʦʾ ʧʨʦʛʨʘʤʠ ʟʽ ʟʤʽʥʦʶ ʨʝʧʝʨʥʠʭ ʪʦʯʦʢ ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʜʘʯʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʝʨʝʪʚʦʨʝʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʧʦʜʘʯʽ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʩʧʝʮʽʘʣʴʥʘ ʧʨʦʛʨʘʤʘ 

(ʨʠʩ.3.11), ʜʝ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ ʯʠʩʝʣʴ-

ʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʋ ʧʨʦʛʨʘʤʫ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʬʘʡʣ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ ʧʨʠ ʥʘ-

ʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ çProcessè ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.16). ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʻʪʴʩʷ ʮʠʬʨʦʚʠʡ ʤʘʩʠʚ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ, ʷʢʠʡ ʟʘ-

ʙʝʟʧʝʯʫʚʘʪʠʤʝ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ 

(ʨʠʩ. 3.11). ʉʧʨʦʝʢʪʦʚʘʥʠʡ ʟʘʢʦʥ ʫʧʨʘʚʣʽʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʜʠʩʢʨʝʪʥʫ ʬʫʥʢʮʽʷ, 

ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʷʢʦʾ ʜʦʨʽʚʥʶʻ ʢʨʦʢʫ ʧʝʨʚʠʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʬʨʦʚʠʭ 

ʤʘʩʠʚʽʚ, ʱʦ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ.  
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ʈʠʩ. 3.11. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʧʨʦʻʢʪʫʚʘʥʥʷ NC ʫʧʨʘʚʣʽʥʥʷ 

ɺʠʭʦʜʷʯʠ ʟ ʨʝʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʨʝʘʣʽʟʘʮʽʾ ʫʧʨʘʚʣʷʶʯʠʭ ʧʨʦʛʨʘʤ ʥʘ 

ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ, ʥʘ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʨʦʮʝʜʫʨʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʦʪʨʠʤʘʥʦʛʦ ʤʘʩʠʚʫ ʽʟ ʟʘʜʘʥʠʤ ʚʽʜʩʦʪʢʦʤ ʢʨʦʢʫ ʟʤʽ-

ʥʠ. ʊʘʢʠʡ ʘʣʛʦʨʠʪʤ ʟʘʢʣʘʜʝʥʠʡ ʚ ʧʨʠʢʣʘʜʥʫ ʧʨʦʛʨʘʤʫ, ʽʥʪʝʨʬʝʡʩ ʷʢʦʾ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.11. ʇʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʚʽʜʩʦʪʢʫ ʜʠʩʢʨʝʪʠʟʘ-

ʮʽʾ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦʜʘʯʝʶ. ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʫʻ ʟʤʽʥʫ ʮʠ-

ʬʨʦʚʦʛʦ ʤʘʩʠʚʫ ʧʦʜʘʯʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚ ʥʦʚʦʤʫ ʤʘʩʠʚʽ ʧʦʧʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʧʦʜʘʯʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʦʪʠ, ʜʦʢʠ ʾʾ ʚʝʣʠʯʠʥʘ ʥʝ ʧʝʨʝʚʠʱʠʪʴ ʟʘʜʘʥʦʾ ʦʙʨʘʥʠʤ 

ʢʨʦʢʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʝʣʠʯʠʥʠ. ʇʽʩʣʷ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʥʦʚʠʤ ʟʥʘʯʝʥ-

ʥʷʤ ʧʦʜʘʯʽ.  

ɺ ʧʨʦʛʨʘʤʽ ʙʫʣʦ ʦʙʨʘʥʦ ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʘ ʟʤʽʥʠ 10 %, ʘ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠ-

ʤʘʥʦʛʦ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʩʧʨʦʻʢʪʦʚʘʥʫ NC ʧʨʦʛʨʘʤʫ. ʅʦʚʘ 

ʢʝʨʫʶʯʘ NC-ʧʨʦʛʨʘʤʘ ʚ G-ʢʦʜʘʭ ʤʽʩʪʠʪʴ 20 ʢʘʜʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʚʝʣʠ-

ʯʠʥ ʧʦʜʘʯʽ ʥʘ ʚʩʽʭ ʜʽʣʴʥʠʮʷʭ ʰʣʷʭʫ ʬʨʝʟʝʨʫʚʘʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʧʨʦʻʢʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʚʦʨʝʥʦʾ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʧʨʦʛʨʘʤʽ ʧʝʨʝʜʙʘʯʝʥʦ 

ʦʧʮʽʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ (ʨʠʩ. 3.10: Control ñoff ï onò) ʫ ʚʠ-

ʛʣʷʜʽ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʟʤʽʥʠ ʧʦʜʘʯʽ ʦʪʨʠʤʘʥʦʛʦ ʨʘʥʽʰʝ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʟ 

ʧʨʠʚ'ʷʟʢʦʶ ʜʦ ʢʦʦʨʜʠʥʘʪ ʪʨʘʻʢʪʦʨʽʾ ʨʽʟʘʥʥʷ. 

ʅʘ ʨʠʩ. 3.12 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫ-

ʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʢʦʥʪʫʨʫ ʟ ʢʝʨʫʚʘʥʥʷʤ ʧʦʜʘʯʝʶ. ɺʠʜʥʦ, ʱʦ ʛʦʣʦʚʥʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ MRR ʽ ʩʠʣʘ ʨʽʟʘʥʥʷ ʟʤʽʥʠʣʠ ʩʚʽʡ ʭʘʨʘʢʪʝʨ, ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʧʨʠ ʬʨʝ-

ʟʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʫ ʟʤʝʥʰʠʚʩʷ ʽ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʩʠʣʘ ʨʽ-

ʟʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ. 
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ʂʦʣʠʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʦʙʫʤʦʚʣʝʥʽ ʩʪʫʧʽʥʯʘʩʪʦʶ ʟʤʽʥʦʶ 

ʧʦʜʘʯʽ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʧʨʦʻʢʪʦʚʘʥʽʡ ʢʝʨʫʶʯʽʡ NC ʧʨʦʛʨʘʤʽ. ʄʦʜʝʣʶʚʘʥ-

ʥʷ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʯʘʩ ʦʙʨʦʙʢʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʭʦʣʦʩʪʠʭ ʧʝʨʝʤʽʱʝʥʴ. 

ʌʨʝʟʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʫ ʟʘ ʚʠʭʽʜʥʦʶ ʢʝʨʫʶʯʦʶ ʧʨʦʛʨʘʤʦʶ ʩʪʘʥʦʚʠʪʴ 6,4 ʩ, ʘ 

ʟʘ ʥʦʚʦʶ ʧʨʦʛʨʘʤʦʶ 3,6 ʩ. 

 

ʈʠʩ. 3.12. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟ ʢʝʨʫʚʘʥʥʷʤ ʧʦʜʘʯʽ 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʛʦʪʦʚʢʠ ʢʝʨʫʶʯʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʢʦʥʪʫʨʥʦʛʦ 

2.5D ʬʨʝʟʝʨʫʚʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʢʝ-

ʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ ʟ ʤʝʪʦʶ ʡʦʛʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ. 

ʈʽʰʝʥʥʷ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʚʟʘʻ-

ʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʟʘʛʦʪʦʚʢʠ (CWE) ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ ʥʘ ʚʩʴʦʤʫ ʰʣʷʭʫ ʬʨʝʟʝ-

ʨʫʚʘʥʥʷ (ʨʠʩ. 3.10). ʉʘʤʝ ʪʦʤʫ ʪʘʢʝ ʨʽʰʝʥʥʷ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦ-

ʤʠʭ ʩʧʨʦʙ ʩʪʚʦʨʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ [18], ʱʦ ʽ ʟʘ-

ʙʝʟʧʝʯʫʻ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʦʢʣʘʜʝʥʘ ʚ ʦʩʥʦʚʫ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʘ ʤʘ-

ʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (3.12) ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ï ʰʚʠʜʢʦʩʪʽ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ (MRR), ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥ 

ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ (3.16), ʷʢʠʡ ʚʝʜʝ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʦ ʚʩʴʦ-

ʤʫ ʢʦʥʪʫʨʫ. 

ʊʝʭʥʦʣʦʛʽʷ ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʘʨʘʣʝʣʴʥʦ ʟ ʉɸʄ-ʩʠʩʪʝʤʘʤʠ ʽ ʧʽʜ-

ʪʨʠʤʫʻʪʴʩʷ ʩʪʚʦʨʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʱʦ ʟʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʤʦʞ-

ʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʫʧʨʘʚʣʷʶʯʘ NC-ʧʨʦʛʨʘʤʘ ʚ G-ʢʦʜʘʭ, ʱʦ ʩʪʚʦʨʝʥʘ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʉɸʄ-ʩʠʩʪʝʤʠ. ʊʘʢʘ ʧʨʦʛʨʘʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʥʘ ʜʚʦʤʽʨʥʽ ʮʠʬʨʦʚʽ ʤʘʩʠʚʠ ʢʦʦʨʜʠʥʘʪ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟ ʟʘ-

ʜʘʥʠʤ ʢʨʦʢʦʤ (ʨʠʩ. 3.8). ʉʘʤʝ ʪʘʢʽ ʤʘʩʠʚʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥ-

ʥʷ ʧʨʦʮʝʩʫ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʡʦʛʦ ʛʦʣʦʚʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï MRR. ɸ ʚʞʝ ʟʘ 
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ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʽʡ ʧʨʠʢʣʘʜʥʽʡ ʧʨʦʛʨʘʤʽ (ʨʠʩ. 

3.10) ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʦʝʢʪʫʻʪʴʩʷ NC-ʧʨʦʛʨʘʤʘ ʟʽ ʟʤʽʥʦʶ ʧʦʜʘʯʽ ʟʘ ʚʠʟʥʘʯʝʥʠʤ 

ʟʘʢʦʥʦʤ (3.16). 

ʄʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʚʠʥʥʦʶ ʧʨʦ-

ʛʨʘʤʦʶ ʫ G-ʢʦʜʘʭ (ʨʠʩ. 3.7, ʙ) ʧʝʨʝʢʦʥʣʠʚʦ ʜʦʚʝʣʦ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ï ʜʣʷ ʟʘ-

ʜʘʥʦʛʦ ʢʦʥʪʫʨʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʙʫʣʘ ʧʽʜʚʠʱʝʥʘ ʚ 1,7 ʨʘʟʠ. 

ʇʦʢʠ ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʪʨʠʤʫʻ ʢʦʥʪʫʨʥʫ 2,5D ʦʙʨʦʙʢʫ, ʦʜʥʘʢ ʟʘʢʣʘʜʝʥʽ 

ʧʨʠʥʮʠʧʠ ʜʦʟʚʦʣʷʶʪʴ ʩʧʦʜʽʚʘʪʠʩʷ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ 3D ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʢʽʥʮʝʚʠʤʠ 

ʬʨʝʟʘʤʠ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ. 

ʆʜʥʘʢ, ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʥʝʦʙʭʽʜʥʝ ʩʫʪʪʻʚʝ 

ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʙ'ʻʜʥʘʥʥʷ ʚʩʽʭ ʩʪʚʦʨʝʥʠʭ ʧʨʦ-

ʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʻʜʠʥʫ ʉɸʄ-ʩʠʩʪʝʤʫ, ʾʾ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʜʝʪʘʣʷʭ ʟ ʨʽʟʥʠʤʠ 

ʢʦʥʪʫʨʘʤʠ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ ʥʘ 3D ʦʙʨʦ-

ʙʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠ ʧʦʜʘʥʥʽ 3D ʧʦʚʝʨ-

ʭʥʽ ʷʢ ʜʚʦʭ 2D ʢʦʥʪʫʨʽʚ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʤʦʞʣʠʚʝ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

 

3.4. ʉʪʘʙʽʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ 
 

ʇʨʦʮʝʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʢʝʨʫʶʯʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ 

ʏʇʋ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʠʭ CAD/CAM-ʩʠʩʪʝʤ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʟ ʜʚʦʭ ʝʪʘʧʽʚ: ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʽ, ʟʘʛʦʪʦʚʢʠ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʟ ʥʘʩʪʫʧʥʦʶ ʪʨʘʥʩʣʷʮʽʻʶ ʯʝʨʝʟ ʧʦʩʪʧʨʦʮʝ-

ʩʦʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʝʨʩʪʘʪʘ. ʗʢ ʧʦʢʘʟʘʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ, ʩʪʚʦʨʝʥʘ ʪʘʢʠʤ ʯʠ-

ʥʦʤ ʧʨʦʛʨʘʤʘ ʚ G-ʢʦʜʘʭ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʪʨʴʦʭ ʛʦʣʦʚʥʠʭ ʚʠʤʦʛ ʷʢʽ 

ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ: 1) ʩʪʘʙʽʣʽʟʘʮʽʷ ʫʤʦʚ 

ʦʙʨʦʙʢʠ ʧʦ ʬʦʨʤʦʪʚʦʨʯʽʡ ʪʨʘʻʢʪʦʨʽʾ, 2) ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ, 3) ʢʦʨʝʢʮʽʷ 

ʬʦʨʤʦʪʚʦʨʯʦʾ ʪʨʘʻʢʪʦʨʽʾ [19]. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʜʝʪʘʣʝʡ, ʦʩʦʙʣʠʚʦ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʧʨʦʮʝʩ ʨʽ-

ʟʘʥʥʷ ʻ ʽʩʪʦʪʥʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʫʤʦʚ ʦʙʨʦʙʢʠ ʚʟʜʦʚʞ ʬʦʨ-

ʤʦʫʪʚʦʨʶʶʯʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʪʘʙʽʣʽʟʘʮʽʷ, ʷʢʘ ʤʘʻ ʚʠʢʦ-

ʥʫʚʘʪʠʩʷ ʰʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ. ʂʨʽʤ ʪʦʛʦ, ʚʩʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʧʨʠ ʧʨʦʝʢ-

ʪʫʚʘʥʥʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ (ʬʦʨʤʘ ʟʘʛʦʪʦʚʢʠ, ʜʝʪʘʣʽ, ʽʥʩʪʨʫʤʝʥʪ ʪʘ ʩʠʩʪʝʤʘ 



ɻʃɸɺɸ 3 ʉʊɸɹɯʃɯɿɸʎɯʗ ʇʈʆʎɽʉɯɺ ʈɯɿɸʅʅʗ 

 

144 

ʢʦʦʨʜʠʥʘʪ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ) ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʪʠ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʝ ʟʘ ʥʦʚʦʶ ʩʪʨʫʢʪʫʨʥʦ-

ʣʦʛʽʯʥʦ  ʁʩʭʝʤʦ  ʁʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ (ʋʇ) 

(ʨʠʩ. 3.13). ʇʨʦʝʢʪʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ ʽ ʚ ʪʨʘʜʠʮʽʡʥʦʤʫ ʚʘʨʽʘʥʪʽ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʾ CAD/CAM, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʬʘʡʣ ʫʧʨʘʚʣʽʥ-

ʥʷ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʷʢ ʧʨʦ ʢʦʦʨʜʠʥʘʪʠ ʬʦʨʤʦʪʚʦʨʯʦʛʦ ʨʫʭʫ, ʪʘʢ ʽ 

ʧʨʦ ʧʦʜʘʯʫ, ʪʦʙʪʦ. ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʬʦʨʤʦʪʚʦʨʯʦ  ʁʪʨʘʻʢʪʦʨʽʻ.ʁ 

ʇʨʠʯʦʤʫ ʦʩʢʽʣʴʢʠ ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʽ ʟʘʜʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʦʤ-

ʧʨʦʛʨʘʤʽʩʪʦʤ ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʚʽʜʫ, ʨʝʢʦʤʝʥʜʘʮʽʡ ʬʽʨʤʠ-ʚʠʨʦʙʥʠʢʘ ʽʥʩʪʨʫʤʝʥ-

ʪʫ ʘʙʦ ʜʦʚʽʜʥʠʢʽʚ, ʟʘʚʜʘʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʚʠʨʽʰʝʥʠʤ. 

ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʪʨʘʥʩʣʷʮʽʷ ʬʘʡʣʫ ʫʧʨʘʚʣʽʥʥʷ ʯʝʨʝʟ ʚʠʙʨʘʥʠʡ ʧʦʩʪʧ-

ʨʦʮʝʩʦʨ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʬʘʡʣ CLDATA ʚ G-ʢʦʜʠ ʪʘ ʧʝʨʝʜʘʯʘ ʢʝʨʫʶʯʦʾ 

ʧʨʦʛʨʘʤʠ ʥʘ ʚʝʨʩʪʘʪ ʟ ʏʇʋ. 

 

ʇʦʜʘʯʘ 

 

CAM ʩʠʩʪʝʤʘ 

ʄʦʜʝʣʶʚʘʥʥʷ 

ʚʠʜʘʣʝʥʥʷ 

ʧʨʠʧʫʩʢʫ 

ʌʘʡʣ 

ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʜʘʯʝ ʁ

 

ʄʦʜʫʣʴ 

ʫʟʛʦʜʞʝʥʥʷ ʅʦʚʘ ʋʇ ʚ G-ʢʦʜʘʭ 

ʌʘʡʣ ʫʧʨʘʚʣʥ̔ʥ̫  

CLDATA 

 

ʇʦʩʪʧʨʦʮʝʩʦʨ 
ʋʧʨʘʚʣʷʶʯʘ ʧʨʦʛʨʘʤʘ 

ʂʦʦʨʜʠʥʘʪʠ ʋʇ 

 

ʈʠʩ. 3.13. ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛ̔ʯʥʘ ʩʭʝʤʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʋʇ 

ʇʘʨʘʣʝʣʴʥʦ ʜʦ ʪʨʘʜʠʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʦʜʫ-

ʣʽ, ʧʝʨʰʠʤ ʟ ʷʢʠʭ ʻ ʤʦʜʫʣʴ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʜʘʣʝʥʥʷ ʧʨʠʧʫʩʢʫ. ʎʝʡ 

ʤʦʜʫʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʭʽʜʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ CAD-ʯʘʩʪʠʥʠ ʽʥʪʝʛ-

ʨʦʚʘʥʦʾ ʉɸʄ-ʩʠʩʪʝʤʠ ʽ ʟʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʶ ʧʨʦʮʝʜʫʨʦʶ ʚʠʢʦʥʫʻ ʤʦ-

ʜʝʣʶʚʘʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʰʘʨʫ 

ʧʨʠʧʫʩʢʫ (ʩʪʨʫʞʢʠ), ʱʦ ʟʨʽʟʫ̒ ʪʴʩʷ, ʚ 3D ʚʠʤʽʨʽ ʽ ʬʦʨʤʫʻʪʴʩʷ ʬʘʡʣ ʫʧʨʘʚʣʽʥ-

ʥʷ ʧʦʜʘʯʝʶ, ʷʢʠʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʬʦʨʤʦʫʪʚʦ-

ʨʶʶʯʦʶ ʪʨʘʻʢʪʦʨʽʻ.ʁ  

ʄʦʜʫʣʴ ʫʟʛʦʜʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʩʪʚʦʨʝʥʦʾ ʨʘʥʽʰʝ ʢʝ-

ʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚ G-ʢʦʜʘʭ, ʟʘʤʽʥʶʻ ʚ ʢʦʞʥʦʤʫ ʢʘʜʨʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ ʥʘ ʨʦʟʨʘʭʦʚʘʥʝ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘʢ, ʱʦʙ ʫʟʛʦʜʞʫʚʘʣʠ ʛʝʦ-

ʤʝʪʨʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʟ ʮʠʬʨʦʚʠʤ ʤʘʩʠʚʦʤ ʚʝʣʠʯʠʥ ʧʦʜʘ-
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ʯʽ, ʩʬʦʨʤʦʚʘʥʠʤ ʫ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʚʪʦʤʘʪʠʯʥʦ ʬʦʨʤʫ-

ʻʪʴʩʷ ʥʦʚʘ ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʚ G-ʢʦʜʘʭ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʨʝʞʠʤʫ 

ʨʽʟʘʥʥʷ ʟʘ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʶ ʪʨʘʻʢʪʦʨʽʻ .ʁ 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʘʧʨʦʙʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘ-

ʤʫʚʘʥʥʷ ʋʇ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʦʙʨʦʙʢʠ ʪʘʢʦʾ ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ, ʜʝ ʟʤʽʥʘ ʫʤʦʚ ʦʙʨʦʙʢʠ 

ʟʘ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʶ ʪʨʘʻʢʪʦʨʽʻ  ʁʻ ʦʯʝʚʠʜʥʦʶ ʽ ʟʥʘʯʥʦʶ. ʊʘʢʠʤ ʚʠʤʦʛʘʤ 

ʥʘʡʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ ʟ ʢʨʫʛʣʦʾ ʟʘʛʦʪʦʚʢʠ ʬʨʝʟʝʨʫ-

ʚʘʥʥʷʤ ʥʘ ʪʦʢʘʨʥʦʤʫ ʦʙʨʦʙʥʦʤʫ ʮʝʥʪʨʽ ʟ ʉ-ʚʽʩʩʶ (ʨʠʩ. 3.14). 

ʉʭʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ (ʨʠʩ. 3.14) ʧʝʨʝʜʙʘʯʘʻ ʦʙʨʦʙʢʫ ʰʝʩʪʠʛʨʘʥʥʠʢʘ 

1 ʬʨʝʟʦʶ 2 ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʟʘʛʦʪʦʚʢʠ 3 ʥʘʚʢʦʣʦ ʦʩʽ ʆ (ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝ-

ʣʷ) ï ʢʦʦʨʜʠʥʘʪʘ ʉ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʬʨʝʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ X. ʅʘ 

ʩʭʝʤʽ ʧʦʢʘʟʘʥʝ ʧʦʣʦʞʝʥʥʷ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʜʽʣɹʥʠʮʽ ʧʣʦʩʢʦʾ ʛʨʘʥʽ ʚ ʪʦʯʮʽ ɸ, ʘ 

ʟʘ ʟʚʝʨʥʝʥʦʶ ʩʭʝʤʦʶ ʬʨʝʟʘ 2 ʨʫʭʘʻʪʴʩʷ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦʶ 4. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʜʫʛʘ ʨʽʟʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʟʘʛʦʪʦʚʢʠ (ʧʦʨʽʚʥʷʡʪʝ ʜʫʛʫ ɸɺ ʽ ʜʫʛʫ ɸ1ɺ1 ʥʘ 

ʨʠʩ. 3.14) ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ ʚʩʽʭ ʧʘ-

ʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʨʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ. 
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ʈʠʩ. 3.14. ʉʭʝʤʘ ʬʨʝʟʝʨʫʚʘʥʥ̫  ʰʝʩʪʠʛʨʘʥʥʠʢʘ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ 

ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦ-

ʜʠʢʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʫʣʴ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʧʨʠ 

ʬʨʝʟʝʨʫʚʘʥʥʽ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʚʠʱʝ ʩʭʝʤʦʶ ʦʙʨʦʙʢʠ, ʽʥʪʝʨʬʝʡʩ ʷʢʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.15. 

ʋ ʚʽʜʧʦʚʽʜʥʽ ʚʽʢʥʘ (ʣʽʚʦʨʫʯ ʥʘ ʽʥʪʝʨʬʝʡʩʽ) ʚʚʦʜʷʪʴʩʷ ʚʠʭʽʜʥʽ ʜʘʥʽ ʧʨʦ-

ʮʝʩʫ ʦʙʨʦʙʢʠ ʽ ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ çʇʨʦʮʝʩè ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʫ ʚʠʛʣʷʜʽ ʘʥʽʤʘʮʽʾ ʚʠʚʦʜʷʪʴʩʷ ʫ ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ ʽ ʫ ʚʽʢʥʦ ʦʩ-
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ʮʠʣʦʛʨʘʬʘ (ʧʨʘʚʦʨʫʯ ʥʘ ʽʥʪʝʨʬʝʡʩʽ). ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʩʧʝʮʽʘʣʴ-

ʥʦ ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʷʢʠʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʠʭ ʧʨʦʮʝʜʫʨ, ʥʘ 

ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʚʠʟʥʘʯʘʻ ʪʦʚʱʠʥʫ ʟʨʽʟʘʥʦʛʦ ʟʫʙʦʤ ʬʨʝʟʠ ʰʘʨʫ ʧʨʠʧʫʩʢʫ ʽ ʨʦ-

ʟʨʘʭʦʚʫʻ ʦʢʨʫʞʥʫ ʩʠʣʫ ʨʽʟʘʥʥʷ. ɸʥʽʤʘʮʽʷ ʧʨʦʮʝʩʫ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʚʽʜʦ-

ʙʨʘʞʘʻ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʦʙʯʠʩʣʝʥʴ ʪʘ ʧʨʦʮʝʩʫ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ: ʟʘʛʦʪʦʚʢʘ 1 

ʚʟʘʻʤʦʜʽʻ ʟ ʬʨʝʟʦʶ 2, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ 3. 

 

 

1 3 

2 

5 4 

6 

 

ʈʠʩ. 3.15. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʜʘʣʝʥʥʷ ʧʨʠʧʫʩʢʫ 

ʅʘ ʝʢʨʘʥ ʦʩʮʠʣʦʛʨʘʬʘ ʚʠʚʦʜʷʪʴʩʷ ʦʩʮʠʣʦʛʨʘʤʠ ʪʦʚʱʠʥʠ ʨʽʟʘʥʥʷ (ʣʽʥʽʷ 

4) ʪʘ ʦʢʨʫʞʥʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ (ʣʽʥʽʷ 5). ʆʩʢʽʣʴʢʠ ʫʧʨʘʚʣʽʥʥʷʤ ʧʨʦʮʝʩʦʤ ʦʙʨʦʙ-

ʢʠ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ, 

ʚʠʢʣʠʢʘʥʫ ʡʦʛʦ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʥʝ ʨʝʘʣʴʥʦ, ʮʽʣʢʦʤ ʣʦʛʽʯʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʢʚʘʟʽʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʦʢʨʫʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʩʧʝʮʽʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʫʤʠ ʚʝʣʠʯʠʥ ʩʠʣʠ ʨʽʟʘʥʥʷ ʟʘ ʚʝʩʴ 

ʮʠʢʣ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʪʚʦʨʶʻ ʤʘʩʠʚ ʜʘʥʠʭ: 
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= ,     (3.17) 

ʜʝ k1, k2 ï ʥʦʤʝʨʘ ʤʘʩʠʚʫ ʥʘ ʧʦʯʘʪʢʫ  ̔ʚ ʢ̔ʥʮ̔ ʟʦʥʠ ʨʽʟʘʥʥ̫  ʦʜʥʠʤ ʟʫʙʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʮʠʢʣʫ ʦʙʨʦʙʢʠ, ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ 

çOkè ʫ ʚʽʢʥʽ çɻʨʘʬʽʢ ʩʠʣʠ ʨʽʟʘʥʥʷè, ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʽʥʪʝʨʧʦʣʚʁʘʥʥʷ 

ʯʠʩʣʦʚʦʛʦ ʤʘʩʠʚʫ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦ ʚʝʨʰʠʥʘʭ 

ʧʽʢʽʚ (ʣʽʥʽʷ 6 ʥʘ ʨʠʩ. 3.15), ʘ ʨʝʟʫʣʴʪʘʪ ʟʘ ʚʝʩʴ ʮʠʢʣ ʦʙʨʦʙʢʠ ʚʠʚʦʜʠʪʴʩʷ ʫ ʚʽʢ-

ʥʦ ʦʩʮʠʣʦʛʨʘʬʘ (ʨʠʩ. 3.16).  

 

ɺʨʽʟʘʥʥʷ ɿʘʚʝʨʰʝʥʥʷ 

ʎʠʢʣ 

 

ʈʠʩ. 3.16. ɯʥʪʝʨʧʦʣʴʦʚʘʥʠʡ ʛʨʘʬʽʢ ʬʘʡʣʫ ʫʧʨʘʚʣʽʥʥʷ 

ʊʘʢʠʡ ʽʥʪʝʨʧʦʣʦɹʚʘʥʠʡ ʯʠʩʣʦʚʠʡ ʤʘʩʠʚ ʽ ʧʨʝʜʩʪʘʚʣʷʪʠʤʝ ʚʠʭʽʜʥʠʡ 

ʬʘʡʣ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʫ ʬʦʨʤʘʪʽ *.txt. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ, ʟʛʽʜʥʦ ʟ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ (ʜʠʚʠʩʴ ʨʠʩ. 3.13), ʚʠʢʦʥʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ 

ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ʋ ʩʧʝʮʽʘ-

ʣʴʥʦ ʩʪʚʦʨʝʥʠʡ ʤʦʜʫʣʴ ʫʟʛʦʜʞʝʥʥʷ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʬʘʡʣ ʫʧʨʘʚʣʽʥʥʷ, ʘʚʪʦʤʘ-

ʪʠʯʥʦ ʩʧʨʦʻʢʪʦʚʘʥʠʡ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʭʽʜʥʠʡ ʬʘʡʣ ʢʝʨʫʶʯʦʾ ʧʨʦ-

ʛʨʘʤʠ, ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʄ ʩʠʩʪʝʤʠ (ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʉAM 

ʩʠʩʪʝʤʘ Mastercam ʨʠʩ. 3.17). 

ʉʪʨʫʢʪʫʨʘ ʮʠʭ ʬʘʡʣʽʚ ʨʽʟʥʠʪʴʩʷ: ʬʘʡʣ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʪʠʪʴ 139 ʨʷʜʢʽʚ 

(ʢʘʜʨʽʚ) ʽ ʚ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʟʘʧʠʩʘʥʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ (ʢʦʦʨʜʠʥʘʪʘ ʉ) 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʚʠʭʽʜʥʠʡ ï 560 ʨʷʜʢʽʚ (ʢʘʜʨʽʚ) ʪʘ ʚ ʢʦʞʥʦʤʫ ʨʷ-

ʜʢʫ ʟʘʧʠʩʘʥʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ (ʢʦʦʨʜʠʥʘʪʘ ʉ) ), ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʜʽʘ-

ʤʝʪʨ ʧʦ ʢʦʦʨʜʠʥʘʪʽ ʍ ʽ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ. ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ çʇʨʦʮʝʩè ʥʘ 

ʽʥʪʝʨʬʝʡʩʽ ʤʦʜʫʣʷ ʫʟʛʦʜʞʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠʚ'ʷʟʢʘ ʬʘʡʣʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦ 

ʚʠʭʽʜʥʦʛʦ ʬʘʡʣʫ ʟʘ ʢʫʪʦʚʦʶ ʢʦʦʨʜʠʥʘʪʦʶ, ʡʦʛʦ ʽʥʪʝʨʧʦʣʷʮʽʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ 

ʬʦʨʤʫʻʪʴʩʷ ʬʘʡʣ ʥʦʚʦʾ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ. 
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Simulation data 

139 

 13.920    3.2257 

 16.920    0.9998 

 19.800    0.6459 

........................ 

 383.220    2.2067 

 385.860    3.4432 

 388.500    6.7820 

 

 
 

 

 

New G-code 

560 

63.261    52.295    17.208 

62.309    52.655    17.208 

61.366    53.023    17.208 

60.432    53.399    34.416 

59.564    53.761    51.623 

58.700    54.133    68.831 

58.300    53.240    86.039 

ééééééééé 

61.459    -307.013    55.275 

62.396    -307.378    41.456 

63.343    -307.734    27.638 

64.222    -308.056    13.819 

G-code initial 

560 

63.261    52.295    27.1 

62.309    52.655    27.1 

61.366    53.023    27.1 

ééééééé.. 

62.396    -307.378    31.5 

63.343    -307.734    31.5 

64.222    -308.056    31.5 

ʈʠʩ. 3.17. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦ ʾʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ  

ʟʘ ʩʭʝʤʦʶ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʝʦʤʝʪʨʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚʠʭʽʜʥʦʛʦ ʬʘʡʣʫ 

ʧʦʚʥʽʩʪʶ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʪʘʢʦʞ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʡʦʛʦ ʧʝʨʚʽʩʥʘ ʩʪʨʫʢʪʫʨʘ, ʘ ʟʘʤʽʩʪʴ 

ʩʪʘʨʠʭ ʟʥʘʯʝʥʴ ʧʦʜʘʯʽ ʟʘʧʠʩʫʶʪʴʩʷ ʥʦʚʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʝ ʫʧʨʘʚ-

ʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʟʨʽʟʫʚʘʥʥʷ ʧʨʠʧʫʩʢʫ (ʧʦʨʽʚʥʷʡʪʝ ʬʘʡʣʠ ʚʠʭʽʜʥʠʡ ʽ ʥʦʚʦʾ ʋʇ 

ʥʘ ʨʠʩ. 3.17 ï ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ ʚ ʦʩʪʘʥʥʴʦʤʫ ʩʪʦʚʧʮʽ). ʄʦʜʫʣʴ ʫʟʛʦʜʞʝʥʥʷ ʪʘ-

ʢʦʞ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʦʝʢʪʫʻ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʚ G-ʢʦʜʘʭ, ʷʢʘ ʟʙʝʨʽʛʘʻ ʥʝʦʙ-

ʭʽʜʥʝ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ ʪʘ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʪʽʡʢʫ ʏʇʋ ʚʝʨ-

ʩʪʘʪʘ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʚʠʩʫʥʫʪʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʟʘ ʢʝʨʫʶʯʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʚ G-ʢʦʜʘʭ, ʘʚʪʦʤʘʪʠʯ-

ʥʦ ʩʧʨʦʝʢʪʦʚʘʥʠʤʠ ʽʥʪʝʛʨʦʚʘʥʠʤʠ CAD/CAM-ʩʠʩʪʝʤʘʤʠ Mastercam, Feature 

CAM-2011, ʟʘ ʽʥʩʪʨʫʢʮʽʷʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ HAAS ʜʣʷ ʚʝʨʩʪʘʪʘ [20], ʘ ʪʘʢʦʞ 

ʩʪʚʦʨʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʦʙʨʦʙʣʷ-

ʣʠʩʷ ʰʝʩʪʠʛʨʘʥʥʠʢʠ ʥʘ ʪʦʢʘʨʥʦʤʫ ʦʙʨʦʙʥʦʤʫ ʮʝʥʪʨʽ TL25 ʬʽʨʤʠ HAAS ʽʟ ʉ-

ʚʽʩʩʶ (ʨʠʩ. 3.18). 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʪʘʢʦʾ ʬʦʨʤʠ ʜʝʪʘʣʽ ʟ ʮʠʣʽʥʜʨʠʯʥʦʾ ʟʘ-

ʛʦʪʦʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʩʪʦʪʥʦʶ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʧʨʠʧʫʩʢʫ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʽʩʪʦʪʥʫ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪ ʜʦʟʚʦʣʠʪʴ ʜʘʪʠ ʦʩʪʘ-

ʪʦʯʥʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʧʠʪʘʥʥʷ: ʷʢ ʩʧʨʘʚʣʷʶʪʴʩʷ ʟ ʪʘʢʠʤ ʟʘʚʜʘʥʥʷʤ ʚʽʜʦʤʽ 

ʉɸʄ ʩʠʩʪʝʤʠ ʪʘ ʷʢʽ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʢʝʨʫʶʯ ̔ʧʨʦʛʨʘʤʠ, ʩʧʨʦʝʢ-

ʪʦʚʘʥ ̔ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? ɼʣʷ ʟʙʝ-

ʨʝʞʝʥʥʷ ʽʜʝʥʪʠʯʥʠʭ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʧʨʦʝʢ-
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ʪʫʚʘʥʥʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚʚʦʜʠʣʠʩʷ ʦʜʥʘʢʦʚʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

G-ʢʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʪʘʥʜʘʨʪʥʽ ʧʦʩʪʧʨʦʮʝʩʦʨʠ: ʜʣʷ Mastercam ï Fanuc 

4X MT_Lathe, ʘ ʜʣʷ Feature CAM-2011 ï 850TS millturn CNC. 

 

 

ʈʠʩ. 3.18. ʊʦʢʘʨʥʠʡ ʦʙʨʦʙʣʶʶʯʠʡ ʮʝʥʪʨ TL-25 ʬʽʨʤʠ HAAS 

 

    

ʘ)     ʙ) 

ʈʠʩ. 3.19. ʆʙʨʦʙʣʝʥʘ ʜʝʪʘʣʴ ʚ ʧʘʪʨʦʥʽ (ʘ) ʽ ʨʝʚʦʣʴʚʝʨʥʘ ʛʦʣʦʚʢʘ ʟ ʬʨʝʟʦʶ (ʙ) 

 

ʆʩʢʽʣʴʢʠ ʚ ʢʝʨʫʶʯʽʡ ʧʨʦʛʨʘʤʽ ʟʘʩʪʦʩʦʚʘʥʦ ʫʧʨʘʚʣʽʥʥʷ ʟʽ ʟʥʘʯʥʠʤ ʜʽʘ-

ʧʘʟʦʥʦʤ ʟʤʽʥʠ ʧʦʜʘʯʽ, ʱʦ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʨʦʙʣʝʤʠ (ʟʫʧʠʥʢʠ) ʧʨʠ ʧʦʩʣʽʜʦʚ-

ʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʢʘʜʨʽʚ, ʘ ʪʘʢʦʞ ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʨʘʥʩ-

ʣʷʮʽʾ ʧʦʩʪʧʨʦʮʝʩʦʨʦʤ, ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʚʽʨʢʠ ʬʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʧʨʦʛʨʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʝʨʩʪʘʪʽ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ.  

ɼʣʷ ʮʴʦʛʦ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʧʨʦʚʦʜʠʣʘʩʷ ʟʡʦʤʢʘ ʮʠʬʨʦʚʦʶ ʚʽʜʝʦʢʘʤʝ-

ʨʦʶ ʝʢʨʘʥʫ ʩʪʽʡʢʠ ʚʝʨʩʪʘʪʘ, ʜʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʧʨʦʛʨʘʤʘ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚ 
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G-ʢʦʜʘʭ (ʧʦʣʝ 1 ʥʘ ʨʠʩ. 3.20), ʧʦʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʦ ʦʩʽ X ʽ ʦʩʽ C, ʟʘʚʘʥʪʘ-

ʞʝʥʥʷ ʧʨʠʚʦʜʽʚ ʚʝʨʩʪʘʪʘ (ʧʦʣʝ 2 ʥʘ ʨʠʩ. 3.20) ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʫ ʬʨʝʟʠ 

(ʧʦʣʝ 3 ʥʘ ʨʠʩ. 3.20). 

 

 

1 

2 3 

 

ʈʠʩ. 3.20. ɺʠʜ ʝʢʨʘʥʫ ʤʦʥ̔ʪʦʨʘ ʩʪʡ̔ʢʠ ʚʝʨʩʪʘʪʫ TL25 ʬʨ̔ʤʠ HAAS  

ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʝʛʣʷʜʫ ʪʝʯʽʾ ʧʨʦʛʨʘʤʠ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʘ ʟ ʢʨʦʢʦʤ 

ʟʘ ʯʘʩʦʤ 0,5ʩ (ʚ ʨʝʞʠʤʽ Step) ʙʫʣʠ ʟʘʧʠʩʘʥʽ ʜʘʥʽ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠ-

ʥʘʪ ʢʝʨʦʚʘʥʠʭ ʦʩʝʡ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ. ɺʠʭʦʜʷʯʠ ʽʟ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʬʘʢʪʠʯʥʽ ʚʝʣʠʯʠʥʠ ʧʦʜʘʯ ʟʘ ʢʝʨʦ-

ʚʘʥʠʤʠ ʦʩʷʤʠ ʽ ʧʦʜʘʯʫ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦʶ. ʆʪʞʝ, ʟʘ ʩʢʣʘʜʦʚʠʤʠ ʧʦʜʘʯʽ ʧʦ ʦʩʷʭ 

ʚʝʨʩʪʘʪʘ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʜʘʯʫ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦ :ʁ 

 
22

cxe FFF += , (3.18) 

ʜʝ Fc = ʆɺĀwʩ  ï ʧʦʜʘʯʘ ʟʘ ʚʽʩʩʶ ʉ, Fx ï ʧʦʜʘʯʘ ʟʘ ʚʽʩʩʶ X. 

ɺʽʜʩʪʘʥʴ ʆɺ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʦ ʁʍ, ʘ ʢʫʪʦʚʫ hʚʠʜʢʽʩʪʴ wʩ ʦʙʝʨ-

ʪʘʥʥʷ ʟʘ ʢʦʦʨʜʠʥʘʪʦ  ʁʉ ʰʧʠʥʜʝʣʷ ʚʝʨʩʪʘʪʫ  ̔ʧʦʜʘʯʫ ʟʘ ʢʦʦʨʜʠʥʘʪʦ  ʁX ʟʨʫʯ-

ʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʨʝʢʫʨʝʥʪʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ: 

 ( )
t

cc ii

ic
d

w
-

= -1 ;   ( )
t

xx
F ii

ix
d

-
= -1 , (3.19) 

ʜʝ dt ï ʢʨʦʢ ʟʘ ʯʘʩʦʤ, ci, xi ï ʟʥʘʯʝʥʥ ̫ʢʫʪʘ C ʧʦʚʦʨʦʪʫ ʽ ʢʦʦʨʜʠʥʘʪʠ X ʚʽʜʧʦ-

ʚʽʜʥʦ. 
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ʅʘ ʨʠʩ. 3.21, ʘ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʽʥʪʝʨʬʝʡʩʫ ʧʦʢʘʟʘʥʽ ʧʦʩʣʽʜʦʚʥʽ ʧʦ-

ʣʦʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ 1, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʫʪʚʦʨʠʚʩʷ ʰʝʩʪʠʛʨʘʥʥʠʢ, ʝʢʚʽʜʠʩ-

ʪʘʥʪʘ 2 ʽ ʛʨʘʬʽʢ ʧʦʜʘʯʽ Fx ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ ʍ (ʣʽʥʽʷ 3). ʅʘ ʨʠʩ. 3.21, ʙ - ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʛʨʘʬʽʢʠ ʧʦʜʘʯʽ ʟʘ ʝʢʚʽʜʠʩʪʘʥʪʦʶ (ʣʽʥʽʷ 4) ʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʦʨ-

ʜʠʥʘʪʠ ʉ (ʣʽʥʽʷ 5), ʘ ʥʘ ʨʠʩ. 3.21, ʚ ï ʟʙʽʣʴʰʝʥʠʡ ʬʨʘʛʤʝʥʪ ɸ ʛʨʘʬʽʢʽʚ, ʱʦ ʚʽ-

ʜʧʦʚʽʜʘʻ ʦʙʨʦʙʣʝʥʥʶ ʦʜʥʽʻʾ ʛʨʘʥʽ ʰʝʩʪʠʛʨʘʥʥʠʢʘ.  
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ʚ) 
ʈʠʩ. 3.21. ɺʝʨʠʬʽʢʘʮʽʷ ʋʇ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʜʽʣʴʥʠʮʷʭ ʦʙʨʦʙʣʝʥʥʷ ʢʫʪʽʚ ʧʦʜʘʯʘ Fe ʟʘ ʝʢʚʽʜʠ-

ʩʪʘʥʪʦʶ (ʣʽʥʽʷ 4) ʽ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ wʩ (ʣʽʥʽʷ 5) ʟʙʽʣʴʰʫʶʪʴʩʷ, ʧʨʦʪʝ ʧʨʠ ʦʙ-

ʨʦʙʮʽ ʩʝʨʝʜʠʥʠ ʛʨʘʥʽ ʟʙʽʣʴʰʝʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʘ ʥʘʚʧʘʢʠ ʧʦʜʘʯʘ ʟʤʝʥʰʫ-

ʻʪʴʩʷ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʥʽʩʪʶ ʢʦʨʝʣʶʻʪʴʩʷ ʟ ʜʘʥʠʤʠ, ʱʦ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ: ʜʽʣʴʥʠʮʷ ʪʨʘʻʢʪʦʨʽʾ ʧʨʠ 

ʦʙʨʦʙʮʽ ʩʝʨʝʜʠʥʠ ʛʨʘʥʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ, ʘ 

ʦʪʞʝ ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʠʤʠ ʫʤʦʚʘʤʠ.  

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʷʛʥʫʪʦ ʧʽʜ 

ʯʘʩ ʦʙʨʦʙʢʠ ʟʘ ʧʨʦʛʨʘʤʦʶ, ʩʧʨʦʝʢʪʦʚʘʥʦʶ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ. ɺʦʥʘ 

ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʠ ʥʘʡʢʨʘʱʽʡ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʊʘʢ, ʥʘ ʧʦʚʝʨʭʥʽ, ʦʙʨʦʙʣʝʥʦʾ ʟʘ ʧʨʦʛʨʘʤʦʶ, ʩʧʨʦʝʢʪʦʚʘʥʦʶ ʚ ʽʥʪʝʛ-

ʨʦʚʘʥʽʡ CAD/CAM ʩʠʩʪʝʤʽ Mastercam (ʨʠʩ. 3.22, ʘ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʣʽʜʠ ʚʽ-
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ʜʪʠʩʢʘʥʥʷ ʬʨʝʟʠ ʚʥʘʩʣʽʜʦʢ ʥʘʜʤʽʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʰʦʨʩʪʢʽʩʪʴ (ʨʠʩ. 3.22, ʙ) 

ʟʥʘʯʥʦ ʛʽʨʰʘ, ʥʽʞ ʥʘ ʧʦʚʝʨʭʥʽ, ʦʙʨʦʙʣʝʥʦʾ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ.  

 

  ʘ) 

ʙ) 

ʈʠʩ. 3.22. ʇʦʚʝʨʭʥʽ, ʦʙʨʦʙʣʝʥʦʛʦ ʰʝʩʪʠʛʨʘʥʥʠʢʘ: 

ʘ) ï ʟʘ ʧʨʦʛʨʘʤʦʶ, ʩʧʨʦʝʢʪʦʚʘʥʦʶ ʚ CAM-ʩʠʩʪʝʤʽ Mastercam (ʣʽʚʦʨʫʯ),  

ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ (ʧʨʘʚʦʨʫʯ); ʙ) ï ʧʨʦʬʽʣʦʛʨʘʤʠ ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ 

 

3.5. ʄʦʜʝʣʶʚʘʥʥʷ ʪʦʢʘʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ɼʣʷ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘ ʪʦʢʘʨ-

ʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʝʨʫʶʯʽ ʧʨʦʛʨʘʤʠ, ʚ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫ-

ʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʮʠʢʣʠ ʚʠʜʘʣʝʥʥʷ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ [21, 22, 23]. ʅʝ ʟʚʘ-

ʞʘʶʯʠ ʥʘ ʟʨʫʯʥʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘʢʦʾ ʦʙʨʦʙʢʠ, ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʢʚʘ-

ʟʽʩʪʘʮʽʦʥʘʨʥʠʤʠ ʫʤʦʚʘʤʠ ʢʦʥʪʫʨʥʦʛʦ ʨʽʟʘʥʥʷ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ. ʇʨʠ ʦʙʨʦʙʮʽ ʪʘ-

ʢʠʭ ʜʝʪʘʣʝʡ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʧʨʘʛʥʫʪʠ ʜʦ ʚʠʢʦʥʘʥʥʷ ʪʨʴʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʜʽʡ: 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʽ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʢʦʨʝʢʮʽʾ 

ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʧʨʦʭʦʜʽ [19]. 
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ʆʜʥʘʢ, ʥʘʚʽʪʴ ʢʦʣʠ CAM-ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʧʨʦʛʨʘʤ ʫʧʨʘʚʣʽʥʥʷ ʏʇʂ, ʧʠʪʘʥʥʷ ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʪʘ ʡʦʛʦ ʦʧ-

ʪʠʤʽʟʘʮʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʨʦʚʽʜʥʽ ʢʦʤʧʘʥʽʾ ʥʘ 

ʨʠʥʢʫ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʯʘʣʠ ʧʨʦʧʦʥʫʚʘʪʠ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ, ʷʢ 

ʟʘʟʥʘʯʘʻʪʴʩʷ, ʟʜʘʪʥʽ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʽʟʘʥʥʷ. 

ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ, ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ, ʧʨʦʧʦʥʫʶʪʴ ʨʽʰʝʥʥʷ ʥʘ ʦʩ-

ʥʦʚʽ ʘʥʘʣʽʟʫ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʬʨʝʟʝʨʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʝ ʥʝ ʻ 

ʘʜʝʢʚʘʪʥʠʤ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʟʘʛʦʪʦʚʢʦʶ [3, 24], ʘ ʜʣʷ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙ-

ʢʠ ʜʦʩʽ ʥʝ ʽʩʥʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥ-

ʥʷ ʫ ʚʽʜʦʤʠʭ CAM ʩʠʩʪʝʤʘʭ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦ-

ʣʦʛʽʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʬʘʩʦʥ-

ʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ. 

ʇʽʜ ʯʘʩ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʦʢʘʨʥʠʭ ʢʦʥʪʫʨʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ 

ʏʇʂ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʮʠʢʣʠ ʯʦʨʥʦʚʦʛʦ ʦʙʨʦʙ-

ʣʝʥʥʷ G71, G72 ʽ G73, ʟʘ ʷʢʠʤʠ ʩʣʽʜʫʻ ʯʠʩʪʦʚʠʡ ʮʠʢʣ G70. ʅʘ ʨʠʩ. 3.23 ʧʦʢʘ-

ʟʘʥʠʡ ʧʨʠʢʣʘʜ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʮʠʢʣʫ Fanuc G71 ʜʣʷ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ 

ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ. 

 

ʈʠʩ. 3.23. ʎʠʢʣ Fanuc G71 

ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʦʙʨʦʙʢʠ ʢʦʥʪʫʨʫ ʚ ʮʠʢʣʽ ʧʦʟʙʘʚʣʷʻ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘ-

ʜʘʚʘʪʠ ʨʫʭ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʭʦʜʫ, ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʙʝʟʧʝʯʫʻ ʟʫʧʠʥʢʫ ʥʘ 

ʟʘʜʘʥʽʡ ʛʣʠʙʠʥʽ ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʧʨʠʧʫʩʢʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʘʢʦʚʽ ʪʨʘʻʢʪʦʨʽʾ 

ʟʚʦʨʦʪʥʠʭ ʭʦʣʦʩʪʠʭ ʭʦʜʽʚ. ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʮʠʢʣʫ ʻ ʛʝʦʤʝʪʨʠʯʥʽ ʜʘʥʽ 

ʦʙʨʦʙʣʝʥʦʛʦ ʢʦʥʪʫʨʫ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʽʟ ʟʘʜʘʥʦʶ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ. ɽʬʝʢʪʠʚ-

ʥʽʩʪʴ ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʪʨʠ ʩʢʣʘʜʦʚʽ: ʛʣʠ-

ʙʠʥʫ ʨʽʟʘʥʥʷ, ʧʦʜʘʯʫ ʽ ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ. ɺʩʽ ʮʽ ʧʘʨʘʤʝʪʨʠ ʥʝ ʧʨʦʧʦʥʫ-
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ʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʩʠʩʪʝʤʽ CAM, ʘ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʦʤ, ʱʦ ʯʘʩʪʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʠʣʦʢ ʽ ʚʪʨʘʪ. 

ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʧʨʠ ʢʦʥʪʫʨʥʽʡ ʦʙʨʦʙʮʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʫʤʦʚ 

ʨʽʟʘʥʥʷ ʥʘ ʧʨʦʭʦʜʘʭ, ʘ ʥʘ ʯʠʩʪʦʚʦʤʫ ʧʨʦʭʦʜʽ ʨʝʟʫʣʴʪʫʶʯʠʡ ʧʨʠʧʫʩʢ, ʱʦ 

ʫʪʚʦʨʠʚʩʷ, ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʟʤʽʥʠ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ [21]. ɺʩʝ ʮʝ ʟʤʫʰʫʻ ʧʦʩ-

ʪʽʡʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʟ ʤʝʪʦʶ ʡʦʛʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘ-

ʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʛʨʘʤʘ ʢʝʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʢʣʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʜʦʧʦʚʥʝʥʘ ʜʘʥʠʤʠ ʨʽʟʘʥʥʷ, ʷʢʽ ʜʦʩʷʛʘʶʪʴ ʮʠʭ ʮʽʣʝʡ. ʊʘʢʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʧʨʦ-

ʮʝʩʽʚ ʢʦʥʪʫʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʚʩʝ ʱʝ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʘʙʦ ʩʮʝ-

ʥʘʨʽʾʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʙ ʽ ʧʦʤʠʣʦʢ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʡ ʨʝʟʫʣʴ-

ʪʘʪ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ɺʽʜʦʤʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ 

ʚhʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ (MRR), ʷʢʠʡ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟʘ ʢʨʠʪʝʨʽʡ ʦʧ-

ʪʠʤʘʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ. ʇʨʦʪʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʰʫʢʘʪʠ ʥʝʦʙʭʽʜʥʫ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [25]. ʇʽʩʣʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝ-

ʥʪʽʚ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʘʢʽ ʷʢ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʟʨʘʟʢʽʚ ʽ MRR, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʽʩʥʫʶʯʠʤʠ ʬʦʨʤʫʣʘʤʠ. 

ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʥʘ MRR ʽ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ANOVA), ʘ ʚʟʘʻʤʦʜʽʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʪʘ-

ʢʦʞ ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʘʯʫʱʦʩʪʽ. ʉʧʨʦʙʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ ʟ 

ʢʽʣʴʢʦʤʘ ʮʽʣʷʤʠ, ʘ ʩʘʤʝ ʤʘʢʩʠʤʽʟʘʮʽʶ MRR ʽ ʤʽʥʽʤʽʟʘʮʽʶ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭ-

ʥʽ, ʚʘʞʢʦ ʚʚʘʞʘʪʠ ʝʬʝʢʪʠʚʥʦʶ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ, 

ʦʩʢʽʣʴʢʠ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʘʚʞʜʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʦ-

ʨʦʤ ʽ ʥʝʤʘʻ ʩʝʥʩʫ ʧʝʨʝʚʠʱʫʚʘʪʠ ʡʦʛʦ. ʊʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʰʦʨʩʪ-

ʢʦʩʪʽ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʙʤʝʞʝʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʟʙʫʨʝʥʥʷʤ ʦʙʨʦʙʣʝʥʥʷ ʬʘʩʦʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʻ ʩʫʪʪʻʚʘ ʟʤʽʥʘ 

ʫʤʦʚ ʨʽʟʘʥʥʷ ʟʘ ʪʨʘʻʢʪʦʨʽʻ  ʁʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ʊʦʤʫ ʧʝʨʰʦʨʷʜʥʝ ʟʥʘʯʝʥʥʷ 

ʤʘʻ ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʟʘ ʢʨʠʪʝʨʽʻʤ MRR. ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦ-

ʮʝʩʫ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ 

ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ: ʘʧʨʽʦʨʥʘ, ʧʦʪʦʯʥʘ ʘʙʦ ʘʧʦʩʪʝʨʦ̔ʨʥʘ [24]. ʂʝʨʫ-

ʚʘʥʥʷ ʧʦʪʦʯʥʦʶ ʘʙʦ ʘʧʦʩʪʝʨʦ̔ʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘ-

ʣʴʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʇʨʠ ʫʧʨʘʚʣʽʥʥʽ ʟʘ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʤʦʞʣʠʚʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʽ 

ʩʪʘʙʽʣʽʟʘʮʽʻʶ MRR, ʦʜʥʘʢ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ 

ʫʤʦʚʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʘ-

ʪʠ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ, ʪʘʢʽ ʷʢ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʧʦʜʘʯʘ ʪʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ [26]. ʇʨʦʪʝ ʪʘʢʠʡ ʧʽʜʭʽʜ, ʚʩʝ 

ʞ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʦʰʫʢ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʘʮʽʦ-

ʥʘʣʴʥʠʤ. ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʪʦʯʽʥʥʷ ʬʘʩʦʥʥʠʭ ʧʦ-

ʚʝʨʭʦʥʴ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʷʢʽ ʻ ʩʢʣʘʜʦʚʠʤʠ ʨʝʞʠʤʫ ʨʽʟʘʥ-

ʥʷ, ʤʦʞʣʠʚʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ.  

ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʭʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʟʘʛʦʪʦʚʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʨʠʤʽʪʠʚʽʚ, 

ʷʢʽ ʦʧʠʩʫʶʪʴ ʙʫʜʴ-ʷʢʫ ʧʦʚʝʨʭʥʶ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʜʽʘʤʝʪʨʦʤ ʽ ʢʫʪʦʤ ʥʘ-

ʭʠʣʫ ʜʦʪʠʯʥʦʾ ʜʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ[27]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʧʦʪʦʯʥʦʾ ʪʦʯʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʦʞʝʥʥʶ ʥʦʩʠʢʘ 

ʨʽʟʮʷ ʧʨʠ ʦʙʨʦʙʮʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʆʜʥʘʢ ʪʘʢʠʡ 

ʧʽʜʭʽʜ ʥʝ ʤʦʞʝ ʚʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʚʟʘʻʤʦʜʽʾ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʧʦ ʚʩʽʡ ʾʾ ʜʦʚ-

ʞʠʥʽ, ʱʦ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʡʦʛʦ ʘʜʝʢʚʘʪʥʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʙʣʝʤʘ ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʧʨʠ ʧʨʦʛʨʘʤʫ-

ʚʘʥʥʽ ʮʠʢʣʽʚ ʪʦʯʽʥʥʷ ʬʘʩʦʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ. ɼʣʷ ʚʠ-

ʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʩʪʘʥʜʘʨʪʥʠʭ ʮʠʢʣʽʚ ʪʦʯʽʥʥʷ ʬʘʩʦʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦ-

ʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʪʘ ʤʦʞʣʠʚʦʶ ʢʦʨʝʢʮʽʻʶ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʘ ʯʠ-

ʩʪʦʚʦʤʫ ʧʨʦʭʦʜʽ. 

3.5.1. ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʥʦʛʦ ʪʦʢʘʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ  

ɿʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʷʢ 

ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʘ ʟʘʜʘʯʘ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ max­=fSP , ʜʝ f ï ʧʦʜʘʯʘ, S 

ï ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ. ʈʦʟʚôʷʟʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʰʫʢʫ ʤʘʢʩʠʤʫʤʫ ʥʘ 

ʬʘʟʦʚʽʡ ʧʣʦʱʠʥʽ çʧʦʟʜʦʚʞʥʷ ʧʦʜʘʯʘ ï ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷè, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴ-

ʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʨʰʠʥʠ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʫʪʚʦʨʝʥʠʭ ʧʝʨʝʪʠʥʦʤ 

ʦʙʤʝʞʝʥʴ ʟʘ hʦʨʩʪʢʽʩʪʶ, ʩʪʽʡʢʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʦʪʫʞʥʽʩʪ ʁʘʙʦ ʩʠʣʦ  ʁʧʦ-

ʜʘʯʽ ʚʝʨʩʪʘʪʫ[19]. 

ʇʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʮʠʢʣʽʚ ʪʦʯʽʥʥʷ ʧʝʨʰʠʤ ʜʽʣʦʤ ʟʘʜʘʻʪʴʩʷ ʛʣʠʙʠʥʘ ʨʽ-

ʟʘʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʪʠʤʝ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʨʦʭʦʜʘʤʠ. ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ, ʪʘʢʠʡ ʚʘ-

ʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʫ ʟʘʜʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʦʤ-ʧʨʦʛʨʘʤʽʩʪʦʤ ʽʥʪʫʾʪʠʚʥʦ ʘʙʦ 
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ʤʝʪʦʜʦʤ ʧʨʦʙ ʽ ʧʦʤʠʣʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ ʥʝ-

ʧʨʠʧʫʩʪʠʤʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʚʘʞʣʠʚʦʾ ʧʨʦ-

ʙʣʝʤʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʦʰʫʢ ʦʧʪʠ-

ʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʧʨʠʧʫʩʢʫ max­= HfMRR opt , ʜʝ fopt ï ʦʧʪʠʤʘʣʴʥʘ ʧʦʜʘʯʘ, ʚʠʟʥʘʯʝʥʘ ʤʝʪʦ-

ʜʦʤ, ʦʧʠʩʘʥʠʤ ʫ ʨʦʟʜʽʣʽ 2.3. ɸʣʛʦʨʠʪʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʫ MRR ʟʘ ʫʤʦʚ 

ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʧʨʠ ʟʤʽʥʽ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʚʽʜ 0,1 ʤʤ ʜʦ 10 

ʤʤ ʟ ʢʨʦʢʦʤ 0,1 ʤʤ. ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ MRR, 

ʧʨʠʡʤʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʪʦʯʽʥʥʷ ʬʘʩʦʥʥʠʭ ʧʦʚʝʨ-

ʭʦʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ, ʜʝ ʯʠʩʝ-

ʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʛʦʪʦʚʢʫ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʢʦʥʪʫʨʽʚ ʟʘʛʦ-

ʪʦʚʢʠ fw(xi,zi), ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ fc(xi,zi) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ 

ʮʠʢʣʫ ʪʦʯʽʥʥʷ (G71, G72 ʘʙʦ G73), ʮʠʬʨʦʚʦʛʦ ʤʘʩʠʚʫ fp(xi, zi) ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʯʠʩʪʦʚʦʛʦ ʧʨʦʭʦʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʢʣʫ G70 ʛʦ-

ʪʫʻʪʴʩʷ ʮʠʬʨʦʚʠʡ ʤʘʩʠʚ fe(xi,zi), ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʡ ʚʽʜ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ. ʇʨʦʮʝʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʚôʷʟʘʥʥʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭ-

ʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʢʠ 1, ʷʢʘ ʟʘʜʘʥʘ ʪʚʽʨʥʦʶ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦ-

ʚʦʛʦ ʤʘʩʠʚʫ (ʨʠʩ. 3.24, ʘ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʟʘ 

ʩʧʝʮʽʘʣʴʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʥʦʚʠʡ ʤʘʩʠʚ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ ʽʟ ʟʘ-

ʜʘʥʠʤ ʢʨʦʢʦʤ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʮʠʬʨʦʚʠʤ ʤʘʩʠʚʦʤ (ʣʽʥʽʷ 2 ʥʘ ʨʠʩ. 3.24, 

ʘ). ʇʨʠ ʮʴʦʤʫ ʣʝʟʦ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʨʫʭʘʻʪʴʩʷ ʧʦ ʪʨʘʻʢʪʦʨʽʻʶ, ʱʦ ʧʦʟ-

ʥʘʯʝʥʘ ʣʽʥʽʻʶ 3. 

ʄʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʦ-

ʰʫʢʦʤ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ɸ ʧʝʨʝʪʠʥʫ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʢʦʥʪʫ-

ʨʦʤ ʟʘʛʦʪʦʚʢʠ (ʨʠʩ. 3.24, ʘ). ʊʫʪ ʢʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ (zw)j, (xw)j ʽ ʢʨʦʤʢʘ ʽʥʩʪʨʫ-

ʤʝʥʪʫ (zt)i, (xt)i ʧʨʝʜʩʪʘʚʣʝʥʽ ʮʠʬʨʦʚʠʤʠ ʤʘʩʠʚʘʤʠ, ʫʤʦʚʥʦ ʧʦʢʘʟʘʥʠʤʠ ʫ ʚʠ-

ʛʣʷʜʽ ʤʘʣʝʥʴʢʠʭ ʢʽʣ ʥʘ ʩʭʝʤʽ. ɸʣʛʦʨʠʪʤ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 3.24, ʙ, ʜʦʟʚʦʣʷʻ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʘʪʠ ʢʦʦʨʜʠʥʘʪʠ 

xp, zp ʥʦʚʦʛʦ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʽʟ ʟʘʜʘʥʠʤ 

ʢʨʦʢʦʤ (0,1 ʤʤ), ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʬʘʢʪʠʯʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʅ ʪʘ ʟʚʝ-
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ʨʥʝʥʥʷ ʜʦ ʧʨʦʮʝʜʫʨ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ: ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ 

ʧʦʜʘʯʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʰʧʠʥʜʝʣʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. ʈʦʟʨʘʭʫʥʦʢ ʬʘʢʪʠʯʥʦʾ ʛʣʠ-

ʙʠʥʠ ʨʽʟʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʩʧʝʮʽʘʣʴʥʦʶ ʧʨʦʮʝʜʫʨʦʶ ʧʦʨʽʚʥʷʥʥʷ ʮʠʬʨʦʚʠʭ 

ʤʘʩʠʚʽʚ ʧʦʪʦʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʢʨʦʤʢʠ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ, ʩʬʦʨ-

ʤʦʚʘʥʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʦʭʦʜʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʦʣʦʚʥʦʛʦ ʢʫʪʘ ʚ ʧʣʘʥʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ʧʨʦʮʝʜʫʨʦʶ, ʦʧʠʩʘʥʦʶ ʚ ʨʦʟʜʽʣʽ 

2.3, ʽ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʜʦʧʫʩʪʠʤʫ ʧʦʜʘʯʫ ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʰʦʨʩʪʢʦʩʪʽ Rz 

ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ. ɯʥʩʪʨʫʤʝʥʪ ʨʫʭʘʻʪʴʩʷ ʧʦ ʪʨʘʻʢʪʦʨʽʷʭ, ʩʬʦʨ-

ʤʦʚʘʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʘʭ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʤʦʜʫʣʷ. 
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a)      ʙ) 

ʈʠʩ. 3.24. ʉʭʝʤʘ (a) ̔  ʘʣʛʦʨʠʪʤ (ʙ) ʤʦʜʝʣʶʚʘʥʥʷ 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʨʦʟʨʘʭʫ-

ʚʘʪʠ ʛʣʠʙʠʥʫ ʨʽʟʘʥʥʷ H ʽ ʚʠʩʦʪʫ ʛʨʝʙʽʥʮʷ ʧʦʚʝʨʭʥʽ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʜʝʪʝʨ-

ʤʽʥʦʚʘʥʠʡ ʢʦʤʧʦʥʝʥʪ Rz ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫ-

ʚʘʪʠ MRR ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ: 

ʜʝ H ï ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, Rz ï ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ, Feedpr ï ʧʦʜʘʯʘ ʥʘ ʦʜʠʥ 

ʦʙʝʨʪ ʰʧʠʥʜʝʣʷ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʩʠʣʠ ʨʽʟʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ Fxz ʩʠʣʠ 

ʨʽʟʘʥʥʷ, ʧʦʣʦʞʝʥʥʷ ʷʢʦʾ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ X0Z ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʫʪʦʤ ʩʭʦ-

ʜʞʝʥʥʷ ʩʪʨʫʞʢʠ ɖ. ʄʦʜʫʣʴ ʮʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ: 

( ) prFeedRzHMRR 2/-= , (3.20) 

Fxz MRRkF = , (3.21) 
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ʜʝ kF ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʽʜ ʛʣʠʙʠʥʠ, ʦʩʢʽ-

ʣʴʢʠ ʧʨʠ ʦʙʨʦʙʮʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦʜʘʯʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥ-

ʥʽ ʮʠʢʣʽʚ, ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ. 

ʉʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʧʨʫʞʥʫ ʦʙʨʦʙʥʫ ʩʠʩʪʝʤʫ ʚ ʥʘʧʨʷʤ-

ʢʫ ʦʩʝʡ X ʽ Z, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʴ ʨʠʩ. 3.25: 

( ) ( )hjhj -=-= CosFFSinFF xzzxzx , , (3.22) 

ʜʝ ű ï ʛʦʣʦʚʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ. 

ʉʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʜʽʶʪʴ ʫ ʟʘʤʢʥʫʪʽʡ ʧʨʫʞʥʽʡ ʩʠʩʪʝʤʽ ʦʙʨʦʙʢʠ (ʨʠʩ. 

3.25) ʽ ʚʠʢʣʠʢʘʶʪʴ ʧʦʭʠʙʢʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʽʜ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘ ʥʦ-

ʨʤʘʣʣ  ʁʜʦ ʢʦʥʪʫʨʫ: 

,ʢzʢx CosSin adad +=D  (3.23) 

ʜʝ dx, dz ï ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʝʡ, ak ï ʢʫʪ 

ʥʘʭʠʣʫ ʢʦʥʪʫʨʫ. 
 

 

FZ 

FX 
FXZ 

X 

ksZ 

ksX 

Z 

kʩZ 

ktX 

j h 

ktsX 

ktsZ 

 

ʈʠʩ. 3.25. ʇʨʫʞʥʘ ʦʙʨʦʙʥʘ ʩʠʩʪʝʤʘ 

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦ-

ʙʥʦʾ ʩʠʩʪʝʤʠ ʽ ʞʦʨʩʪʢʦʩʪʽ ʟʘʛʦʪʦʚʢʠ ʧʨʫʞʥʫ ʩʠʩʪʝʤʫ ʚʝʨʩʪʘʪʘ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ 

X ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

ʢʦʣʠ ʟʘʛʦʪʦʚʢʘ ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʧʘʪʨʦʥʽ 
sXtX

sXtX
esX

kk

kk
W

+
= ,  

ʢʦʣʠ ʟʘʛʦʪʦʚʢʘ ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʧʘʪʨʦʥʽ ʽ ʟʘʜʥʴʦʤʫ ʮʝʥʪʨʽ 

(3.24) 
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.
tsXsXtX

tsXtXsX
esX

kkk

kkk
W

++

+
=  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ Z ʫ ʬʦʨʤʫʣʘʭ (3.24) ʚʽʜʧʦʚʽʜʥʽ ʧʦʢʘʟ-

ʥʠʢʠ ʟʤʽʥʶʶʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ: 

ʋʩʽ ʧʦʟʥʘʯʝʥʥʷ ʫ ʬʦʨʤʫʣʘʭ (3.24) ʽ (3.25) ʟʙʽʛʘʶʪʴʩʷ ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ ʥʘ 

ʨʠʩ. 3.25. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʘʤʢʥʫʪʽʡ ʧʨʫʞ-

ʥʽʡ ʦʙʨʦʙʣʷʶʯʽʡ ʩʠʩʪʝʤʽ (ʨʠʩ. 3.26), ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʡʦʛʦ ʤʦ-

ʜʝʣʶʚʘʥʥʽ. 

 

ʛʝʦʤʝʪʨʠʯʥʘ 

ʚʟʘʻʤʦʜʽʷ 

 

ʧʨʦʮʝʩ 

ʨʽʟʘʥʥʷ 

MRR 

xr 

zr 

dx 

dz 

Wx 

Wz 

Fxz 

Wesz 

Wesx 

zc 

xc 
Fx 

Fz 

 
ʈʠʩ. 3.26. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ 

3.5.2. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʢʣʽʚ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʢʝʨʫʶʯʦʾ 

ʧʨʦʛʨʘʤʠ ʏʇʂ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʧʨʠʢʣʘʜʥʫ ʧʨʦʛʨʘʤʫ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʦʩʥʦʚʥʘ ʢʦʥʮʝʧʮʽʷ ʫʧʨʘʚ-

ʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ, ʚʠʢʣʘʜʝʥʘ ʚʠʱʝ. ʆʙʨʦʙʣʶʚʘʥʠʡ ʢʦʥʪʫʨ 

ʜʝʪʘʣʽ ʪʘ ʟʘʛʦʪʦʚʢʠ ʟʘʜʘʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ ʚʝʨʰʠʥ ʧʝʨʝʨʽʟʽʚ ʫ ʪʘʙʣʠ-

ʮʷʭ çʂʦʥʪʫʨ ʜʝʪʘʣʽ ï Part contourè ʪʘ çʂʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ ï Workpiece contourè 

(ʨʠʩ. 3.27). ʋ ʛʨʘʬʽ çʌʦʨʤʘ ï Formè ʚʢʘʟʫʻʪʴʩʷ ʪʠʧ ʧʝʨʝʪʠʥʫ (1 ï ʧʨʷʤʘ, 2 ï 

ʜʫʛʘ ʦʢʨʫʞʥʦʩʪʽ). ʗʢʱʦ ʚʢʘʟʘʥʘ ʜʫʛʘ ʢʦʣʘ, ʪʦ ʚ ʩʪʦʚʧʮʽ çRè ʚʢʘʟʫʻʪʴʩʷ ʨʘʜʽ-

ʫʩ. ʋʩʽ ʮʽ ʜʘʥʽ ʤʽʩʪʷʪʴʩʷ ʚ ʢʨʝʩʣʝʥʠʢʫ ʘʙʦ ʚ ʪʝʢʩʪʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʨʦʟʨʦ-

ʙʣʝʥʦʾ ʚ ʙʫʜʴ-ʷʢʽʡ ʩʠʩʪʝʤʽ CAM. 

ɼʘʣʽ ʚʠʙʠʨʘʻʪʴʩʷ ʪʠʧ ʯʦʨʥʦʚʦʛʦ ʮʠʢʣʫ ʽ ʚʚʦʜʷʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘ-

ʤʝʪʨʠ ʧʨʦʮʝʩʫ. ɼʣʷ ʽʤʽʪʘʮʽʾ ʦʙʨʦʙʢʠ ʪʘʢʦʾ ʜʝʪʘʣʽ ʚʠʙʨʘʥʦ ʮʠʢʣ G71 ʽ ʥʘʩʪʫʧʥʽ 

./,/ esZzzesXxx WFWF == dd  (3.25) 
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ʧʘʨʘʤʝʪʨʠ: ʧʨʠʧʫʩʢ ʥʘ ʯʠʩʪʦʚʫ ʦʙʨʦʙʢʫ 0,5ʤʤ, Rz ʧʨʠ ʯʦʨʥʦʚʽʡ ʦʙʨʦʙʮʽ 

20mʤ, Rz ʧʨʠ ʯʠʩʪʦʚʦʤʫ ʦʙʨʦʙʣʝʥʥʽ 1mʤ, ʨʘʜʽʫʩ ʚʝʨʰʠʥʠ ʽʥʩʪʨʫʤʝʥʪʫ 0,5ʤʤ, 

ʢʫʪ ʚ ʧʣʘʥʽ 85 ʛʨʘʜʫʩʽʚ, ʟʘʜʥʽʡ ʢʫʪ 15 ʛʨʘʜʫʩʽʚ, ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ 20 ʭʚ. 

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʚ ʧʨʦʛʨʘʤʫ ʜʘʥʽ ʚʝʨʩʪʘʪʘ, ʥʘ ʷʢʦʤʫ ʙʫʜʝ ʦʙʨʦʙʣʷʪʠʩʷ 

ʜʝʪʘʣʴ: ʊʦʢʘʨʥʠʡ ʚʝʨʩʪʘʪ ʟ ʏʇʋ ST 20 HAAS (ʇʦʪʫʞʥʽʩʪʴ 14,9 ʢɺʪ, ʤʘʢʩ. 

ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ 4000 ʦʙ/ʭʚ, ʚʽʩʴ Z ʤʘʢʩ. ʧʦʜʘʯʘ ʤ/ʭʚ). ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥ-

ʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʜʘʥʽ ʞʦʨʩʪʢʦʩʪʽ ʰʧʠʥʜʝʣʷ ʽ ʩʫʧʦ-

ʨʪʘ ʧʦ ʦʩʷʭ X ʽ Z: ʰʧʠʥʜʝʣʴ 20000 ʅ/ʤʤ, ʨʝʚʦʣʴʚʝʨʥʘ ʛʦʣʦʚʢʘ 18000 ʅ/ʤʤ. 

 

straight line 

circular arc R=100mm 

 

ʈʠʩ. 3.27. ɻʦʣʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʙʝʨʝʪʴʩʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʜʝʬʦʨʤʘʮʽʷ ʪʝʭʥʦʣʦʛʽ-

ʯʥʦʾ ʩʠʩʪʝʤʠ, ʟʘ ʷʢʦʶ ʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʦʚʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʟʫʩʠʣʣʷ 

ʧʦʜʘʯʽ. ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʩʧʦʩʽʙ ʫʩʪʘʥʦʚʢʠ ʟʘʛʦʪʦʚʢʠ (ʇʘʪʨʦʥ ʘʙʦ ʇʘʪ-

ʨʦʥ ʽ ʎʝʥʪʨ), ʤʘʪʝʨʽʘʣ ʜʝʪʘʣʽ (ʉʪʘʣʴ 30) ʽ ʽʥʩʪʨʫʤʝʥʪ (ʊ5ʂ10). 

ʗʢ ʚʠʜʥʦ, ʢʦʤʧʦʥʝʥʪʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʥʝ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʫ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ, ʛʣʠʙʠʥʘ, ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʪʘ ʧʦʜʘʯʘ, ʜʦʧʫʩʪʠʤʽ ʜʣʷ ʟʘʜʘʥʦʾ ʰʦʨʩʪʢʦ-

ʩʪʽ ʧʨʠ ʯʦʨʥʦʚʽʡ ʦʙʨʦʙʮʽ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶ-
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ʚʘʥʥʷ ʟʛʽʜʥʦ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ [21]. ʂʽʣʴʢʽʩʪʴ ʯʦʨʥʦʚʠʭ ʧʨʦʭʦʜʽʚ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʜʝ xwmax ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ ʟʘʛʦʪʦʚʢʠ, xpmin ï ʤʽʥʽʤʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ 

ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ, Hf ï ʧʨʠʧʫʩʢ ʥʘ ʯʠʩʪʦʚʫ ʦʙʨʦʙʢʫ, Hr ï ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʧʨʠ 

ʯʦʨʥʦʚʽʡ ʦʙʨʦʙʮʽ.  

ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʛʨʫʙʠʭ ʧʨʦʭʦʜʽʚ ʤʘʻ ʙʫʪʠ ʮʽʣʠʤ ʯʠʩʣʦʤ, ʟʥʘʯʝʥʥʷ, 

ʟʥʘʡʜʝʥʝ ʚ ʘʣʛʦʨʠʪʤʘʭ, ʫʪʦʯʥʶʻʪʴʩʷ ʜʣʷ ʯʦʨʥʦʚʦʛʦ ʮʠʢʣʫ G71: 

ʊʦʤʫ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ (ʨʠʩ. 3.28, ʘ) ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʤʦʞʝ ʚʽʜʨʽʟʥʷ-

ʪʠʩʷ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʾ. 

 

Spindle speed 

Cutting depth 

Feed 

  

Spindle speed Cutting depth 

Feed 

 

a)      ʙ) 

ʈʠʩ. 3.28. ɽʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ:  

a) ʧʝʨʰʠʡ ʧʨʦʭʽʜ ʮʠʢʣʫ G71, ʙ) ʟʘʢʽʥʯʝʥʥʷ ʮʠʢʣʫ 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʮʠʢʣʫ ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ G71 ʟʘʛʦʪʦʚʢʘ ʤʘʻ ʬʦʨʤʫ, 

ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩ. 3.28, ʙ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʪʘʢʘ ʬʦʨʤʘ ʧʨʦʚʦʢʫʻ ʟʥʘʯʥʽ ʟʤʽʥʠ 

ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʥʘ ʯʠʩʪʦʚʦʤʫ ʮʠʢʣʽ G70 (ʨʠʩ. 3.29, ʘ) ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʨʝʘʢʮʽ-

ʻʶ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ. ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʜʫʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʣʠʢʘʻʪʴʩʷ 

ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʩʠʤʫʣʷʮʽʾ, ʪʘʢʽ ʚʘʨʽʘʮʽʾ ʚʠʢʣʠʢʘʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʨʝʘʢʮʽʶ ʦʧ-

ʪʠʤʽʟʘʮʽʡʥʦʛʦ ʤʦʜʫʣʷ ʫ ʚʠʛʣʷʜʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ. ʇʦʜʘ-

ʯʘ ʧʨʠ ʮʴʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴ-

( )[ ]rfpw HHxxtruncn /minmax --= , (3.26) 

( ) 1:,25.0minmax +=>-- nnthennHHxxif rfpw . (3.27) 
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ʩʷ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʢʦʥʪʫʨʫ ʛʦʪʦʚʦʾ 

ʜʝʪʘʣʽ ʧʦ ʚʩʴʦʤʫ ʢʦʥʪʫʨʫ. 

ʇʨʦʛʨʘʤʘ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʫ-

ʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʢʦʨʝʢʮʽʶ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʢʠ 

ʬʦʨʤʠ ʢʦʥʪʫʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʠʩ-

ʪʝʤʫ ʦʙʨʦʙʢʠ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʨʝʘʣʴʥʠʡ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʟʘ-

ʤʢʥʫʪʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ, ʩʧʝʮʽʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣʠ ʨʽʟʘʥ-

ʥʷ, ʩʢʣʘʜʦʚʠʭ ʽ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʢʦʥʫʻʪʴʩʷ 5 ʨʘʟʽʚ ʟ ʫʪʦʯʥʝʥʥʷʤ ʨʦʟ-

ʩ̔ ʶʚʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʂʦʨʝʢʮʽʷ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦ-

ʨʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ, ʦʧʠʩʘʥʠʤ ʫ [21]. 

 

Spindle speed 

Cutting depth 

Feed 

G70 G71 

  

Path G70 

Path G71 

machining contour 

corrected contour 

theorizing 

contour 

 

a)      ʙ) 

ʈʠʩ. 3.29. ɽʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ: 

ʘ) ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʢʣʫ G70, ʙ) ʪʨʘʻʢʪʦʨʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʢʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ 

 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʤʽʞʥʠʡ ʢʝʨʫʶʯʠʡ ʬʘʡʣ, ʱʦ ʤʽʩ-

ʪʠʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʦ-

ʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘ-

ʪʽ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. 

 

3.5.3. ʇʨʦʝʢʪʫʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ  

ʆʪʞʝ, ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʮʠʢʣʽʚ ʢʦʥʪʫʨʥʦʛʦ ʪʦʯʽʥʥʷ ʬʘʩʦʥʥʠʭ ʜʝʪʘʣʝʡ 

ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʮʠʢʣʽ ʧʨʦʮʝʩ ʨʽ-

ʟʘʥʥʷ ʻ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ 

ʟ ʤʝʪʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ, ʢʦʨʝʢʮʽʾ ʪʨʘʻʢʪʦʨʽʾ.  
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ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʮʠʢʣʫ ʦʙʨʦʙʢʠ ʻ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʷʢʘ ʧʦ-

ʚʠʥʥʘ ʚʠʟʥʘʯʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʫ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ çʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ ï ʧʦʜʘʯʘè, ʽʟ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʦʙʤʝʞʝʥʴ, ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ï ʧʦʜʘʯʽ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʷ ï ʧʽʜ ʯʘʩ ʪʦʯʽʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʛʨʘʤʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʝ ʟʘʜʘʯʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʯʠʩʝʣʴ-

ʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʢʦʥʪʨʦʣʴʥʠʭ ʬʘʡʣʽʚ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʝʥʘ ʚ 

G-ʢʦʜʘʭ. 

ʋ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʪʚʦʨʝʥʽʡ ʧʨʦʛʨʘʤʽ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʶʪʴ-

ʩʷ ʩʠʣʦʚʽ ʟʙʫʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʦʙʨʦʙʢʠ, ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʷʢ ʬʘʢʪʠʯʥʠʡ ʢʦʥʪʫʨ 

ʜʝʪʘʣʽ, ʪʘʢ ʽ ʢʦʨʝʢʮʽʷ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ. 

ʈʝʘʣʽʟʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʫ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ 

ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, 

ʥʘʷʚʥʦʩʪʽ ʦʧʮʽʾ Look Ahead, ʘʣʝ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʙʽʨ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʥʘ ʯʦʨ-

ʥʦʚʦʤʫ ʮʠʢʣʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ ʪʝʭ-

ʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ. 

 

3.6. ʉʪʘʙʽʣʽʟʘʮʽʷ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʻ ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ (MRR), ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʩʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ - ʩʠʣʫ, ʧʦʪʫʞʥʽʩʪʴ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʽʥ. ʊʦʤʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʜʦʮʽʣʴʥʦ ʦʮʽʥʶʚʘʪʠ ʩʘʤʝ ʟʘ ʮʽʻʶ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʦʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥ-

ʩʪʨʫʤʝʥʪʫ, ʪʘʢ ʽ ʚʽʜ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ. ɻʝʦʤʝʪʨʠʯʥʘ ʚʟʘʻʤʦʜʽʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʢʦʥʪʫʨʦʤ ʜʝʪʘʣʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘ ʽ, ʦʪʞʝ, ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ ʢʦʤʧʦ-

ʥʝʥʪʦʤ, ʘ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʥʘ ʚʝʩʪʠ ʟʘ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ, ʟʦʢʨʝʤʘ ʟʘ ʧʦʜʘʯʝʶ ʪʘ 

ʰʚʠʜʢʽʩʪʶ ʰʧʠʥʜʝʣʷ. ʆʪʞʝ, ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫ-

ʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʡʦʛʦ, ʢʝʨʫʶʯʠ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ, ʥʘ-

ʧʨʠʢʣʘʜ, ʧʦʜʘʯʝʶ, ʘ ʧʦʪʽʤ ʟʥʘʡʪʠ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʨʝʞʠʤʫ ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘ-

ʥʦ ʩʪʨʫʢʪʫʨʫ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʛʦʪʦʚʢʫ ʥʦʚʦʾ ʧʨʦʛʨʘʤʠ ʢʝʨʫʚʘʥ-

ʥʷ ʚ G-ʢʦʜʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʦʙʨʦʙʢʠ [28] (ʨʠʩ. 3.30).  
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ʈʠʩ. 3.30. ʉʪʨʫʢʪʫʨʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ʆʩʥʦʚʥʠʤ ʤʦʜʫʣʝʤ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʧʨʦʮʝʜʫʨʘ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʘ ʚʠ-

ʟʥʘʯʘʻ ʦʩʥʦʚʥʠʡ ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ï MRR. ɼʘʣʽ ʩʪʚʦʨʝʥʠʡ ʮʠʬʨʦʚʠʡ 

ʤʘʩʠʚ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʦʚʫ CNC-ʧʨʦʛʨʘʤʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦ-

ʝʢʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʜʘʯʽ ʪʘ (ʘʙʦ) ʰʚʠʜʢʦʩʪʽ ʰʧʠʥʜʝʣʷ.  

ʅʦʚʫ ʪʝʭʥʦʣʦʛʽʶ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʥʘ 

ʧʨʠʢʣʘʜʽ ʦʙʨʦʙʢʠ ʢʦʥʪʫʨʫ, ʱʦ ʤʽʩʪʠʪʴ ʫʩʽ ʤʦʞʣʠʚʽ ʜʽʣʷʥʢʠ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ 

ʧʨʷʤʠʤʠ, ʦʧʫʢʣʠʤʠ ʪʘ ʫʚʽʛʥʫʪʠʤʠ ʧʦʚʝʨʭʥʷʤʠ (ʨʠʩ. 3.31).  

 

ʈʠʩ. 3.31. ʂʦʥʪʫʨ ʜʝʪʘʣʽ 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʷ ʛʝʦʤʝʪʨʽʷ ʦʭʦʧʣʶʻ ʚʩʽ ʤʦʞʣʠʚʽ ʢʦʥʪʫʨʠ, ʦʩʢʽʣʴ-

ʢʠ ʧʨʠ ʩʢʣʘʜʥʠʭ ʪʨʘʻʢʪʦʨʽʷʭ ʦʙʨʦʙʢʠ ʚ ʙʽʣʴʰʦʩʪʽ ʩʠʩʪʝʤ CAM ʚʦʥʠ ʽʥʪʝʨʧʦ-

ʣʶʶʪʴʩʷ ʘʙʦ ʧʨʷʤʠʤʠ ʩʝʛʤʝʥʪʘʤʠ, ʘʙʦ ʜʫʛʘʤʠ ʦʢʨʫʞʥʦʩʪʝʡ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʦʯʘʪʢʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ ʻ ʤʦʜʝʣʴ ʜʝʪʘʣʽ, ʩʪʚʦʨʝʥʘ 

ʚ ʩʠʩʪʝʤʽ CAD/CAM. 

ɼʣʷ ʪʘʢʦʾ ʜʝʪʘʣʽ ʨʦʟʨʦʙʣʝʥʦ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʚ ʩʠʩʪʝʤʽ SolidCAM 

(ʨʠʩ. 3.32), ʷʢʘ ʤʽʩʪʠʪʴ ʢʦʤʘʥʜʠ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ (G01, 
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G02, G03), ʘ ʧʦʜʘʯʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ ʚʠʙʨʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥ-

ʜʘʮʽʡ ʢʦʤʧʘʥʽʾ ʱʦʜʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟʽ ʩʪʘʣʽ ʉʊ3 (ʪʚʝʨʜʽʩʪʴ 15 HRC) 

ʪʦʨʮʝʚʘ ʬʨʝʟʘ Ï12ʤʤ, ʈ6ʄ5, ʯʦʪʠʨʠ ʟʫʙʠ, ʩʧʽʨʘʣʴ 45Á. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʽʩʥʫʶʯʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʛʦʪʦʚʢʠ ʦʧʝʨʘʮʽʾ ʥʘ ʚʝʨʩʪʘʪʽ ʟ 

ʏʇʂ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʻ ʢʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʦʜʘʣʴʰʝ ʦʙʨʦ-

ʙʣʝʥʥ̫  ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ʊʦʤʫ ʪʘʢʽ ʜʘʥʽ, ʘ ʩʘʤʝ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʚ G-

ʢʦʜʘʭ, ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʷʢ ʚʠʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʦʾ 

ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʪʘʢʦʞ ʫ G-ʢʦʜʘʭ, ʱʦ ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʽʟʘʮʽʶ 

ʫʤʦʚ ʦʙʨʦʙʢʠ ʧʦ ʢʦʥʪʫʨʫ [12]. 

 

ʈʠʩ. 3.32. ɺʠʭʽʜʥʘ ʫʧʨʘʚʣʷʶʯʘ ʧʨʦʛʨʘʤʘ ʚ G-ʢʦʜʘʭ 

ʉʪʘʥʜʘʨʪʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʝʨ-

ʰʠʤ ʤʦʜʫʣʝʤ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʤʦʜʫʣʴ ʯʠʪʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʨʦʛʨʘʤʠ 

ʏʇʋ ʚ G-ʢʦʜʘʭ. çʉʣʦʚʘè ʪʘ ʩʠʤʚʦʣʠ ʨʦʟʧʽʟʥʘʶʪʴʩʷ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ: ʧʨʷʤʘ ʣʽʥʽʷ, ʜʫʛʘ ʢʦʣʘ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, 

ʜʫʛʘ ʢʦʣʘ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʪʨʠʙʫʪʘʤʠ, ʟʘʧʠʩʘʥʠ-

ʤʠ ʚ G-ʢʦʜʘʭ. ʎʽ ʜʘʥʽ ʨʘʟʦʤ ʟ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ, ʷʢ ʜʽʘ-

ʤʝʪʨ ʬʨʝʟʠ ʽ ʛʣʠʙʠʥʘ ʝʢʚʽʜʠʩʪʘʥʪʥʦʛʦ ʧʨʠʧʫʩʢʫ, ʚʭʦʜʷʪʴ ʚ ʧʨʦʮʝʜʫʨʫ ʨʦʟʨʘ-

ʭʫʥʢʫ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ, ʜʝʪʘʣʽ ʽ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ. 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʜʫʨ ʽ ʧʨʦʮʝʜʫʨʠ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽ ʟʘʛʦʪʦʚʢʦʶ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʮʠʬʨʦʚʽ ʤʘʩʠʚʠ ʪʨʘʻ-

ʢʪʦʨʽʡ. ʅʘ ʨʠʩ. 3.33 ʧʦʢʘʟʘʥʽ ʚʩʽ ʤʦʞʣʠʚʽ ʢʦʥʪʫʨʥʽ ʝʣʝʤʝʥʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʧʨʦʛʨʘʤʽ ʏʇʂ, ʜʝ ʜʣʷ ʢʦʤʧʘʢʪʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʩʽ ʪʨʠ ʚʠʧʘʜʢʠ ʧʦʢʘʟʘʥʽ ʚ 

ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʦʟʥʘʯʝʥʥʷʤʠ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʧʝʨʝʨ̔-

ʟʫ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜ G01, G02 ʘʙʦ G03 ʮʝʥʪʨ ʬʨʝʟʠ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʟ ʪʦ-

ʯʢʠ ɸ ʚ ʪʦʯʢʫ ɺ. ʄʘʩʠʚʠ ʧʨʷʤʠʭ ʜʽʣʷʥʦʢ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʟʘʣʝʞʥʦʩʪʷʤʠ: 
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=arctana ,        (3.28) 

ʜʝ xA, yA ï ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʫ, xB, yB ï ʢʦʦʨʜʠʥʘʪʠ ʢʽʥʮʷ ʜʽʣʷʥʢʠ, h ï ʢʨʦʢ ʨʦ-

ʟʨʘʭʫʥʢʫ, Ŭ ï ʢʫʪ ʥʘʭʠʣʫ ʜʽʣʷʥʢʠ.  

 

ʈʠʩ.3.33. ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʘʩʠʚʽʚ ʢʦʥʪʫʨʫ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʩʠʚʽʚ ʪʨʘʻʢʪʦʨʽʡ ʧʦ ʜʫʛʘʭ ʦʢʨʫʞʥʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ ʦʙ-

ʯʠʩʣʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ. ɿ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʥʘ ʨʠʩ. 3.33 ʢʦ-

ʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʜʫʛʠ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ (G02 ʠ G03): 
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ʜʝ xC=(xB+xA)/2; yC=(yA+yB)/2; ( )22 2/ABRCO -= , 

( ) ( )22

BABA yyxxAB -+-= , ʟʥʘʢ ñ+ò ʜʣʷ ʢʦʤʘʥʜʠ G02 ʟʥʘʢ ñ-ò ʜʣʷ ʢʦʤʘʥʜʠ 

G03, ŭ ï ʢʨʦʢ ʧʦ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʢʫʪʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘ-

ʯʝʥʥʷ ʪʦʯʦʢ ʚʭʦʜʫ ʪʘ ʚʠʭʦʜʫ ʧʦʯʘʪʢʦʚʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʟʮʷ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʘʛʦʪʦʚʢʦʶ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠ-

ʜʘʣʝʥʥʷ ʧʨʠʧʫʩʢʫ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʥʪʫʨʫ ʟʛʽʜʥʦ ʟ ʢʦʤʘʥʜʘʤʠ ʢʝʨʫʶʯʦʾ CNC-

ʧʨʦʛʨʘʤʠ, G-ʢʦʜʠ ʷʢʦʾ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ SolidCAM (ʨʠʩ. 3.32).  

3.6.1. ʄʦʜʝʣʶʚʘʥʥʷ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ, ʩʪʚʦʨʝʥʘ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʨʠʩ. 3.34).  

 

ʈʠʩ. 3.34. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ 

ʂʝʨʫʶʯʘ CNC-ʧʨʦʛʨʘʤʘ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʯʝʨʝʟ ʢʦʤʘʥʜʫ çɿʘʚʘʥʪʘʞʠʪʠ 

G-ʢʦʜʠè ʚ ʦʩʥʦʚʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ, ʧʽʩʣʷ ʯʦʛʦ ʽʥʽʮʽʶʻʪʴʩʷ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟ ʘʥʽʤʘʮʽʻʶ ʚʽʜʧʦʚʽʜʥʠʭ ʨʫʭʽʚ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ. ʎʠʬʨʦʚʽ ʤʘʩʠʚʠ ʢʦʥʪʫʨʽʚ 

ʜʝʪʘʣʽ (Xd, Yd) ʽ ʟʘʛʦʪʦʚʢʠ (Xw, Yw) ʧʨʦʝʢʪʫʶʪʴʩʷ ʷʢ ʝʢʚʽʜʠʩʪʘʥʪʥʽ:
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ʜʝ Rʬ ï ʨʘʜʽʫʩ ʬʨʝʟʠ, H - ʧʨʠʧʫʩʢ, Ŭi ï ʢʫʪ ʥʘʭʠʣʫ ʢʦʥʪʫʨʫ. 

ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʤʦʜʝʣʶʚʘʥʥʷ ʬʨʝʟʘ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨ-

ʤʫʚʘʥʥʷ ʢʦʥʪʫʨʫ, ʚʠʜʘʣʷʶʯʠ ʧʨʠʧʫʩʢ ʽʟ ʟʘʛʦʪʦʚʢʠ. ʅʘ ʪʨʘʻʢʪʦʨʽʾ ʢʨʫʞʝʯʢʘʤʠ 

ʧʦʟʥʘʯʝʥʽ ʪʦʯʢʠ ʟ'ʻʜʥʘʥʥʷ ʨʦʟʜʽʣʽʚ ʧʨʦʛʨʘʤʠ ʏʇʋ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ 

G-ʢʦʜʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ï ʨʦʟʨʘʭʫʥʢʫ MRR ʧʽʜ ʯʘʩ ʢʦʥʪʫʨʥʦ-

ʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ï ʚ ʦʩʥʦʚʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʣʘʜʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʟʘ-

ʯʝʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʽ ʬʨʝʟʠ (ʨʠʩ. 3.35). 

 

ʈʠʩ. 3.35. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʮʝʜʫʨʠ ʘʣʛʦʨʠʪʤʫ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ (i 

ï ʥʦʤʝʨ ʢʨʦʢʫ) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ Ri, ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ 

ʬʨʝʟʠ ʜʦ ʢʦʞʥʦʾ ʪʦʯʢʠ ʤʘʩʠʚʫ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ. ʂʦʣʠ k=0, ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ-

ʨʽʚʥʷʥʥʷ ʟ ʨʘʜʽʫʩʦʤ Rʬ ʬʨʝʟʠ, ʧʦʢʠ ʫʤʦʚʘ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ. ɺʠʢʦʥʘʥʥʷ ʟʘʜʘ-

ʥʦʾ ʫʤʦʚʠ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʻ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ S ï ʩʪʘʨʪ ʜʫʛʠ ʨʽʟʘʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ k=1 ʽ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʘʜʽʫʩʦʤ ʬʨʝʟʠ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʫʤʦʚʠ. ɺʠʢʦʥʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʻ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ɽ ï ʢ̔ -

ʥʝʮʴ ʜʫʛʠ ʨʽʟʘʥʥʷ. ɼʘʣʽ ʚ ʟʘʛʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʘʣʛʦʨʠʪʤʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʝ-

ʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ S ʽ E ʧʨʠʧʠʩʫʶʪʴʩʷ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ, 

ʷʢʠʡ ʫʪʚʦʨʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʨʽʟʘʥʥʷ ʰʘʨʫ ʧʨʠʧʫʩʢʫ (ʜʠʚ. ʨʠʩ. 3.34).  
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ʅʘʜʘʣʽ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʩʪʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʛʦʪʦʚʢʠ, ʾʾ ʢʦʥʪʫʨ ʥʘ ʢʦ-

ʞʥʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʘʶʪʴ ʣʽʥʽʻʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʨʦʙʣʝʥʦʛʦ 

ʢʦʥʪʫʨʫ, ʯʘʩʪʠʥʠ ʧʦʚʝʨʭʥʽ ʬʨʝʟʠ ʪʘ ʚʣʘʩʥʝ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ, ʦʙʨʦʙʣʝʥʦʾ ʚ 

ʧʦʧʝʨʝʜʥʽʡ ʧʨʦʭʽʜ. ʈʦʟʨʘʭʫʥʦʢ ʢʫʪʘ ʜʫʛʠ ʨʽʟʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) ( )
( ) ( )

( ) ( )
( ) ( )iiE

iiE

iiS

iiS

i
iXx

iYy

iXx

iYy

][

][
arctan

][

][
arctan

-

-
°

-

-
=a ,     (3.31) 

ʜʝ X[i], Y[i]  ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʝʢʚʽʜʠʩʪʘʥʪʠ; ʟʥʘʢ "+" ʢʦʣʠ xS<X[i]  ʽ xE>X[i] , 

ʟʥʘʢ "-"  ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

MRR ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ [12]: 

( )
nz

f
CosRMRR imi a-= 1 ,    (3.32) 

ʜʝ f ï ʧʦʜʘʯʘ (ʤʤ/ʭʚ), n ï ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ (ʦʙ/ʭʚ), z ï ʢʽʣʴʢʽʩʪʴ ʟʫʙʮ̔ ʚ 

ʬʨʝʟʠ. 

ʊʘʢʠʡ ʧ̔ʜʭ̔ʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʩʢʣʘʜʦʚʫ Fxy ʩʠʣʠ ʨʽ-

ʟʘʥʥʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ MRR: 

( )aMRRCF Fxy= ,     (3.33) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪ CF ʪʘ ʧʦʢʘʟʥʠʢ Ŭ ʩʪʫʧʝʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʧʨʝʜʩʪʘ-

ʚʣʝʥʦʶ ʚ ʨʦʙʦʪʽ [17].  

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘ ʚʽʨʪʫʘʣʴʥʦʤʫ ʦʩʮʠʣʦʛʨʘʬʽ ʟôʷʚʣʷʶʪʴʩʷ ʛʨʘʬʽʢʠ 

ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʧʦʜʘʯʽ 138 ʤʤ/ʭʚ ʽ ʰʚʠʜ-

ʢʦʩʪʽ ʬʨʝʟʠ 822 ʦʙ/ʭʚ, ʷʢʽ ʙʫʣʠ ʧʨʠʟʥʘʯʝʥʽ ʚ ʧʨʦʛʨʘʤʽ ʢʝʨʫʚʘʥʥʷ ʏʇʂ, ʩʧʨʦʝ-

ʢʪʦʚʘʥʦʾ SolidCAM (ʨʠʩ. 3.36). 

ɺʠʜʥʦ, ʱʦ ʧʨʦʮʝʩ ʻ ʟʥʘʯʥʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ: ʧʨʠ ʦʙʨʦʙʮʽ ʫʚʽʛʥʫʪʦʾ ʜʽ-

ʣʷʥʢʠ ʢʦʥʪʫʨʫ ʩʠʣʘ ʨʽʟʘʥʥʷ ʪʘ MRR ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ 2,4, ʘ ʧʨʠ ʦʙʨʦʙʮʽ ʦʧʫʢ-

ʣʦʾ ʯʘʩʪʠʥʠ ʢʦʥʪʫʨʫ ʟʤʝʥʰʫʶʪʴʩʷ ʚ 1,4 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʦʙʨʦʙʢʦʶ ʧʨʷʤʠʭ 

ʜʽʣʷʥʦʢ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʠʡ ʪʠʧ ʟʤʽʥʠ ʫʤʦʚ ʨʽʟʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʛʘʪʠʚʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʥʘ ʦʙʨʦʙʣʶʚʘʥʽʡ ʧʦʚʝʨʭʥʽ, ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʽʪʢʥʝʥʥʷ ʪʘ ʟʤʫʰʫʻ 

ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʟʤʝʥʰʫʚʘʪʠ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʢʦʥʪʫʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ.  
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ʈʠʩ. 3.36. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʯʝʚʠʜʥʦ, ʱʦ ʥʝʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʠ ʫʧʨʘʚʣʽʥʥʶ ʧʨʦʮʝʩʦʤ 

ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ MRR ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʢʦʥʪʫʨʫ. ɼʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ-

ʛʦ ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʫ ʧʨʦʛʨʘʤʫ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʠʬʨʦʚʠʡ 

ʬʘʡʣ, ʩʪʚʦʨʝʥʠʡ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʪʘ ʟʙʝʨʝʞʝʥʠʡ ʥʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧ-

ʢʠ çOkè ʫ ʧʦʣʽ çSaveè ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʨʠʩ. 3.36. 

3.6.2. ʇʨʦʻʢʪʫʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʾ ʧʨʦʛʨʘʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ  

ʅʘ ʨʠʩ. 3.37 ʧʦʢʘʟʘʥʦ ʬʨʘʛʤʝʥʪʠ ʬʘʡʣʫ, ʟʙʝʨʝʞʝʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ. ʌʘʡʣ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʧʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʢʨʦʢʦʤ 0,05 ʤʤ ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ, ʘ ʦʩʪʘʥʥʽʡ ʩʪʦʚ-

ʧʝʮʴ ʬʘʡʣʫ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ MRR, ʨʦʟʨʘʭʦʚʘʥʽ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ.  



ɻʃɸɺɸ 3 ʉʊɸɹɯʃɯɿɸʎɯʗ ʇʈʆʎɽʉɯɺ ʈɯɿɸʅʅʗ 

 

171 

 

ʈʠʩ. 3.37. ʌʘʡʣ ʨʝʟʫʣʴʪʘʪʚ̔ ʤʦʜʝʣʚʁʘʥʥ̫ 

ɼʣʷ ʘʜʘʧʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʜʦʚʽʜʢʦʚʠʭ ʜʘʥʠʭ [16] ʜʣʷ ʧʦ-

ʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʦʜʠʥʠʯʥʘ ʰʠʨʠʥʘ ʦʙʨʦʙʢʠ. ʊʘʢʠʤ ʯʠ-

ʥʦʤ, ʟʥʘʯʝʥʥʷ MRR, ʟʘʧʠʩʘʥʝ ʫ ʬʘʡʣʽ, ʫ 5 ʨʘʟʽʚ ʤʝʥʰʝ, ʥʽʞ MRR (ʰʠʨʠʥʘ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 5 ʤʤ), ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ ʧʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 3.36). 

ʎʝʡ ʬʘʡʣ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʧʦʯʘʪʢʦʚʠʡ ʫ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʽʡ ʧʨʦʛʨʘʤʽ 

ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʧʝʨʚʠʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʝʨʫʶʯʦʛʦ ʬʘʡʣʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴ-

ʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʦʾ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʏʇʂ ʫ G-ʢʦʜʘʭ. ɼʣʷ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʬʘʡʣʫ ʏʇʂ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʧʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ, ʽʥ-

ʪʝʨʬʝʡʩ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.38, ʱʦ ʛʘʨʘʥʪʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʧʦ ʚʩʴʦʤʫ ʢʦʥʪʫʨʫ.  

ʌʘʡʣ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʫ, ʚʠʙʠʨʘʻʪʴʩʷ ʚʽʜʩʦʪʦʢ 

ʚʠʙʽʨʢʠ, ʧʦʪʽʤ ʛʝʥʝʨʫʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʢʘʥʘʣʦʤ ʧʦʜʘʯʽ ʽ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝ 

ʙʫʪʠ ʟʙʝʨʝʞʝʥʠʡ ʷʢ ʮʠʬʨʦʚʠʡ ʬʘʡʣ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.38. ʋ 

ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʧʨʦʛʨʘʤʠ ʣʽʥʽʷ 1 ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʚʘʥʪʘʞʝʥʠʡ ʬʘʡʣ ʤʦʜʝʣʶ-

ʚʘʥʥʷ, ʘ ʣʽʥʽʷ 2 ʧʨʝʜʩʪʘʚʣʷʻ ʬʘʡʣ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʽʩʣʷ ʜʠʩʢʨʝʪʠ-

ʟʘʮ̔ʾ  ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʬʘʡʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʙʨʘʥʦʛʦ ʧʦʨʦʛʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

(10%) [28].  
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ʈʠʩ. 3.38. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʉʪʘʙʽʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟʘ ʢʨʠʪʝʨʽʻʤ MRR ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʝʨʫ-

ʚʘʥʥʷʤ ʧʦʜʘʯʝʶ, ʤʘʩʠʚ ʟʥʘʯʝʥʴ ʷʢʦʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚ ʪʦʯʮʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ 

ʬʦʨʤʫʣʦʶ:  

i

i
MRR

MRR
fcf max= ,     (3.34) 

ʜʝ fc ð ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ, ʚʠʟʥʘʯʝʥʘ ʚ ʦʨʠʛʽʥʘʣʴʥʽʡ ʧʨʦʛʨʘʤʽ ʫʧʨʘʚʣʽʥʥʷ 

ʏʇʂ, MRRmax ð ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ, MRRi ð ʧʦʪʦʯ-

ʥʝ ʟʥʘʯʝʥʥʷ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʉʪʨʫʢʪʫʨʘ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʬʘʡʣʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.39, ʜʝ ʥʘʚʝʜʝʥʦ ʢʦ-

ʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʧʝʨʝʤʠʢʘʥʥʷ (xe, ye) ʽ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ ʚ ʮʠʭ ʪʦʯʢʘʭ.  

 

ʈʠʩ. 3.39. ʉʪʨʫʢʪʫʨʘ ʩʧʨʦʢ̒ʪʦʚʘʥʦʛʦ ʬʘʡʣʫ ʫʧʨʘʚʣʥ̔ʥ̫ 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦʾ ʢʦʥʮʝʧʮʽʾ ʰʚʠʜʢʽʩʪʴ ʰʧʠʥʜʝʣʷ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ. ʂʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʧʝʨʝʤʠʢʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʧʦʨʦʛʫ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʋ ʨʦʟʨʘʭʦʚʘʥʦʤʫ ʤʘʩʠʚʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽ-

ʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ (ʚʦʥʠ ʚʠʜʽʣʝʥʽ ʝʣʽʧʩʘʤʠ ʥʘ ʨʠʩ. 3.39), ʷʢʽ ʢʦʨʝʣʶʶʪʴ 

ʟ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ MRR ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʂʦʣʠ ʧʨʦʛʨʘʤʘ ʬʫʥʢʮʽʦʥʫʻ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ MRR, ʟʘʧʠʩʘʥʝ ʫ ʟʘ-

ʚʘʥʪʘʞʝʥʦʤʫ ʬʘʡʣʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʯʥʦ ʟôʷʚʣʷʻʪʴʩʷ ʚ ʧʦʣʽ ʧʦʯʘʪʢʦʚʠʭ 

ʜʘʥʠʭ (ʚʽʢʥʦ ʽʥʪʝʨʬʝʡʩʫ ʚʠʜʽʣʝʥʦ ʝʣʽʧʩʦʤ ʥʘ ʨʠʩ. 3.38). ʎʶ ʚʝʣʠʯʠʥʫ ʤʦʞʥʘ 

ʟʤʽʥʠʪʠ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʦʶ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦ-

ʛʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʏʇʂ ʫ G-ʢʦʜʘʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʢʠ ʧʝʨʝʤʠ-

ʢʘʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟʘ ʢʨʠʪʝ-

ʨʽʻʤ MRR.  

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʽʟ ʢʝʨʫʚʘʥʥʷʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʨʦʟʨʦʙʥʠʢʘʤʠ çʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʨʦʙ-

ʢʠè (SolidCAM, Siemens NX), ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʚʦʨʝʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ. ʆʜʥʘʢ ʦʩʪʘʪʦʯʥʽ ʚʠʩʥʦʚʢʠ 

ʩʣʽʜ ʨʦʙʠʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝ-

ʩʫ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟ ʨʽʟʥʠʤʠ ʩʪʨʘʪʝʛʽʷ-

ʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʟʦʚʠʤ ʧʨʦʮʝʩʦʤ ʙʫʣʘ ʦʙʨʦʙʢʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ G-ʢʦʜʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʩʠʩʪʝʤʽ SolidCAM ʽ ʟ ʧʦʩʪʽʡʥʠʤ ʨʝ-

ʞʠʤʦʤ ʨʽʟʘʥʥʷ ʧʦ ʚʩʽʡ ʪʨʘʻʢʪʦʨʽʾ ʢʦʥʪʫʨʫ (ʜʠʚ. ʨʠʩ. 3.36). 

ʇʦ-ʧʝʨʰʝ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʮʽʥʶʚʘʪʠ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʢʦʥʪʫʨʫ ʟ 

ʫʧʨʘʚʣʽʥʥʷʤ ʧʦʜʘʯʝʶ ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʷʢʽ ʦʙôʻʜʥʘʥʽ ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ 

iMachining. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚ 

G-ʢʦʜʘʭ, ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʦʩʪʘʥʥʽʡ ʚʝʨʩʽʾ ʟ 2024 ʨʦʢʫ; ʯʘʩ ʦʙʨʦʙʢʠ ʙʫʚ ʟʘʬʽʢʩʦ-

ʚʘʥʠʡ ʷʢ 18,4 ʩ. ʋ ʧʦʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ (ʨʠʩ. 3.40) ʟʦʙʨʘʞʝʥʦ: ʦʩ-

ʮʠʣʦʛʨʘʤʠ ʟʤʽʥʠ ʧʦʜʘʯʽ ï ʣʽʥʽʷ 1, ʧʨʘʚʘ ʰʢʘʣʘ, ʣʽʥʽʾ 2 ʽ 3 ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʩ-

ʮʠʣʦʛʨʘʤʠ ʟʤʽʥʠ MRR (ʣʽʚʘ ʰʢʘʣʘ) ʪʘ ʩʠʣʠ ʨʽʟʘʥʥʷ (ʧʨʘʚʘ ʰʢʘʣʘ). ʐʚʠʜʢʽʩʪʴ 

ʰʧʠʥʜʝʣʷ ï ʨʷʜʦʢ 4 ï ʧʦʩʪʽʡʥʘ ʽ ʩʪʘʥʦʚʠʪʴ 822 ʦʙ/ʭʚ (ʧʨʘʚʘ ʰʢʘʣʘ).  

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʤʽʥʠʚʩʷ ʭʘʨʘʢʪʝʨ MRR ʽ ʩʠʣʠ ʨʽʟʘʥʥʷ; ʟʤʝʥʰʠʚʩʷ ʜʽʘʧʘ-

ʟʦʥ ʚʘʨʽʘʮʽʡ ʧʽʜ ʯʘʩ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ (ʧʦʨʽʚʥʷʡʪʝ ʟ ʨʠʩ. 3.36). ʆʜʥʘʢ 

ʧʨʠ ʚʨʽʟʘʥʥʽ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʢʦʥʪʫʨʫ ʽ ʧʨʠ ʚʠʭʦʜʽ ʟ ʦʧʫʢʣʦʾ ʜʽʣʷʥʢʠ ʧʨʦʮʝʩ 
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ʨʽʟʘʥʥʷ ʥʝ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ: MRR ʽ ʩʠʣʘ ʨʽʟʘʥʥʷ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʘʥʘʣʦʛʽʯ-

ʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʜʽʣʷʥʦʢ, ʦʧʠʩʘʥʠʭ ʧʨʷʤʠʤʠ.  

 

ʈʠʩ. 3.40. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ iMachining 

ʊʘʢʦʞ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʨʠ ʚʠʭʦʜʽ ʟ ʫʚʽʛ-

ʥʫʪʦʾ ʜʽʣʷʥʢʠ ʥʝ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘʷʚʣʝʥʽʡ ʢʦʥʮʝʧʮʽʾ ʩʪʘʙʽʣʽʟʘʮʽʾ. ʇʦʨʽʚ-

ʥʷʥʥʷ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʚʝʨʩʽʻʶ ʮʽʻʾ ʞ ʧʨʦʛʨʘʤʠ [3] ʧʦ-

ʢʘʟʫʻ, ʱʦ ʘʣʛʦʨʠʪʤ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʠʡ ʻ çʥʦʫ-ʭʘʫè ʢʦʤʧʘʥʽʾ, ʙʫʚ ʟʤʽʥʝʥʠʡ 

ʧʦʨʽʚʥʷʥʦ ʟ ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʚʝʨʩʽʷʤʠ, ʦʩʢʽʣʴʢʠ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠʟʚʦʜʠʚ ʜʦ ʟʥʘ-

ʯʥʠʭ ʚʽʜʭʠʣʝʥʴ. ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚʽʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ. ʋ ʧʦʧʝ-

ʨʝʜʥʴʦʤʫ ʚʘʨʽʘʥʪʽ ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʫʚʘʣʦʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʝʦʤʝʪʨʽʾ ʪʨʘʻʢʪʦʨʽʾ 

ʧʣʘʩʪʘ, ʟʘ ʢʨʠʪʝʨʽʻʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘʢ ʟʚʘʥʦʾ çʢʦʥʪʫʨʥʦʾ ʧʦʜʘʯʽè [2]. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʠʡ ʢʦʥʪʨʦʣʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʩʠʣʠ 

ʨʽʟʘʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʚʭʦʜʫ ʚ ʫʚʽʛʥʫʪʫ ʯʘʩʪʠʥʫ ʧʦʚʝʨʭʥʽ. ʄʘʙʫʪʴ, ʪʘʢʽ ʥʝʜʦʣʽʢʠ 

ʩʧʦʥʫʢʘʣʠ ʢʦʤʧʘʥʽʶ ʨʦʟʨʦʙʠʪʠ ʜʝʷʢʽ ʩʪʫʧʽʥʯʘʩʪʽ ʟʤʽʥʠ ʜʦ ʪʦʛʦ, ʷʢ ʬʨʝʟʘ ʟʘ-

ʡʜʝ ʚ ʪʘʢʽ ʟʦʥʠ (ʜʠʚʠʩʴ ʨʠʩ. 3.40). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʧʝʨʝʜʥʴʦ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫ-

ʚʘʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ çʨʦʟʫʤ-

ʥʦʛʦè ʫʧʨʘʚʣʽʥʥʷ ʚʩʝ ʱʝ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʜʘʣʝʥʥʷ 

ʧʨʠʧʫʩʢʫ ʪʘ ʥʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚʟʜʦʚʞ ʚʩʽʻʾ 

ʪʨʘʻʢʪʦʨʽʾ.  

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʧʦʯʘʪʢʫ ʥʝʦʙ-

ʭʽʜʥʦ ʩʧʨʦʝʢʪʫʚʘʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʏʇʋ ʚ G-ʢʦʜʘʭ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʟʜʽʡʩ-

ʥʶʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʧʨʦʛʨʘʤʽ, ʽʥʪʝʨʬʝʡʩ ʷʢʦʾ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.38 ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʮʠʬʨʦʚʠʡ ʬʘʡʣ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.39. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʨʫʯʥʦ ʚʽʜʨʘʟʫ ʦʮʽʥʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʟʘʚʘʥʪʘʞʫʶʯʠ ʩʪʚʦ-

ʨʝʥʠʡ G-ʢʦʜ, ʚʠʢʦʥʫʶʯʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʥʦʩʷʯʠ ʢʦʨʝʢʮʽʾ, ʷʢ ʟʘ ʢʦʦʨʜʠʥʘ-
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ʪʘʤʠ ʪʦʯʦʢ ʧʝʨʝʤʠʢʘʥʥʷ, ʪʘʢ ʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ï ʟʘ ʧʦʜʘʯʝʶ 

ʪʘ ʰʚʠʜʢʽʩʪʶ ʰʧʠʥʜʝʣʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟ ʢʝʨʫʚʘʥ-

ʥʷʤ ʧʦʜʘʯʝʶ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.41. ʇʦʟʥʘʯʝʥʥʷ 

ʦʩʮʠʣʦʛʨʘʤ ʧʨʦʮʝʩʫ ʪʘʢʽ ʞ, ʷʢ ʽ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʨʠʩʫʥʢʘʭ. ɺʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘ-

ʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʨʘʭʦʚʘʥʠʤ ʫ ʬʘʡʣʽ ʥʘ 

ʨʠʩ. 3.39 (ʦʙʚʝʜʝʥʦ ʝʣʽʧʩʘʤʠ). ʃʽʥʽʷ 1 ʧʨʝʜʩʪʘʚʣʷʻ ʨʦʟʨʦʙʣʝʥʠʡ ʟʘʢʦʥ ʢʝʨʫ-

ʚʘʥʥʷ ʧʦʜʘʯʝʶ, ʣʽʥʽʷ 2 ï MRR ʧʨʦʮʝʩʫ. ʌʣʫʢʪʫʘʮʽʾ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʮʝ-

ʩʫ ʚʠʢʣʠʢʘʥʽ ʩʪʫʧʽʥʯʘʩʪʦʶ ʟʤʽʥʦʶ ʧʦʜʘʯʽ, ʟʘʧʠʩʘʥʦʾ ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʧʨʦʛʨʘʤʽ 

ʢʝʨʫʚʘʥʥʷ ʏʇʋ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʦʢʫ ʜʠʩʢʨʝʪʥʦʩʪʽ, ʧʨʠʡʥʷʪʦʛʦ ʧʽʜ ʯʘʩ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʩʢʣʘʜʘʻ 14,6 ʩ. 

 

ʈʠʩ. 3.41. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ  

ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ 

ɿʤʝʥʰʝʥʥʷ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʪʝʦʨʝʪʠʯʥʦ ʧʨʠʟʚʝʜʝ ʜʦ ʙʽʣʴʰ ʧʣʘʚʥʠʭ 

ʟʤʽʥ ʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʽʩʥʫʻ ʨʠʟʠʢ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚ ʢʝʨʫʚʘʥʥʽ ʚʝʨʩʪʘʪʦʤ ʟ 

ʏʇʂ ʥʝʤʘʻ ʦʧʮʽʾ çlook aheadè. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʨʦʙʢʘ ʢʝʨʫʶʯʦʾ ʧʨʦ-

ʛʨʘʤʠ ʚ G-ʢʦʜʘʭ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʦʚôʷʟʘʥʘ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʦʙ-

ʯʠʩʣʝʥʥʷʤʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʧʝʨʝʤʠʢʘʥʥʷ. ʊʘʢʽ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʙ-

ʯʠʩʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʦʙʨʘʥʠʭ ʪʦʯʦʢ ʧʝʨʝʤʠʢʘʥʥʷ ʥʘ ʜʫʟʽ ʪʨʘʻʢ-

ʪʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʦʶ ʢʦʨʝʢʮʽʻʶ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

3.6.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʩʪʚʦʨʝʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʫ ʟʘʛʦʪʦʚʢʠ, ʫʪʚʦʨʝʥʦʛʦ ʧʨʷʤʠʤʠ, ʦʧʫ-

ʢʣʠʤʠ ʪʘ ʫʚʽʛʥʫʪʠʤʠ ʜʫʛʘʤʠ ʢʽʣ. ʊʘʢʘ ʬʦʨʤʘ ʢʦʥʪʫʨʫ ʦʭʦʧʣʶʻ ʚʩʽ ʤʦʞʣʠʚʽ 
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ʢʦʥʪʫʨʠ ʨʝʘʣʴʥʠʭ ʜʝʪʘʣʝʡ. ʌʨʝʟʝʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚ-

ʣʝʥʽʡ ʟʘʛʦʪʦʚʮʽ ʟ ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʤ ʧʨʠʧʫʩʢʦʤ ʧʦ ʚʩʴʦʤʫ ʢʦʥʪʫʨʫ, ʱʦ ʟʘʙʝʟʧʝ-

ʯʫʻ ʽʜʝʥʪʠʯʥʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ ʚ ʜʦʩʣʽʜʘʭ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʽʚ ʬʨʝʟʝʨʫʚʘʣʠ ʬʘʩʦʥʥʫ ʟʘʛʦʪʦʚʢʫ, ʚʩʪʘʥʦʚʣʝʥʫ ʥʘ ʜʠʥʘ-

ʤʦʤʝʪʨʠʯʥʦʤʫ ʩʪʦʣʽ (ʨʠʩ. 3.42).  

 

ʈʠʩ. 3.42. ʈʦʙʦʯʘ ʟʦʥʘ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʫ 

ɼʠʥʘʤʦʤʝʪʨ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʩʪʦʣʽ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ ʬʽʨʤʠ 

HAAS TM 0p ʽ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʧʽʜʩʠʣʶʚʘʯʽʚ ClipX. ʉʠʛʥʘʣʠ ʟ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʥʦʫʪʙʫʢ, ʜʝ ʦʙʨʦʙʣʷʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦʶ ʧʨʦʛʨʘʤʦʶ ʪʘ ʟʙʝʨʽʛʘ-

ʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʬʘʡʣʽʚ Excel. ɼʠʥʘʤʦʤʝʪʨ ʥʝ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʘʣʽʙʨʫ-

ʚʘʥʥʷ, ʪʦʤʫ ʩʠʛʥʘʣʠ, ʟʙʝʨʝʞʝʥʽ ʥʘ ʥʦʫʪʙʫʮʽ ʫ ʚʠʛʣʷʜʽ ʬʘʡʣʽʚ Excel, ʚʽʜʧʦʚʽ-

ʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʩʠʣʘʤ ʨʽʟʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʩʠʣʘ ʨʽʟʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟ MRR, ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʨʽʰʝʥʥʷ ʦʮʽʥʶʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟʘ ʩʝʨʝʜʥʴʦʶ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʠʣʠ ʨʽʟʘʥʥʷ. ʅʘ ʨʠʩ. 3.43 ʥʘʚʝʜʝʥʦ ʦʩʮʠʣʦʛʨʘʤʠ ʩʢʣʘʜʦʚʠʭ 

Fx ʽ Fy ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ ʟʘ ʧʨʦʛʨʘʤʦʶ, 

ʩʢʣʘʜʝʥʦʶ ʚ SolidCAM. ʇʦʤʽʪʥʘ ʟʥʘʯʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʢʣʘʜʦʚʠʭ, ʘ ʚ ʟʦʥʽ 

ʫʚʽʛʥʫʪʦʾ ʯʘʩʪʠʥʠ ʢʦʥʪʫʨʫ (ʚʠʜʽʣʝʥʘ ʧʨʷʤʦʢʫʪʥʠʢʦʤ ʥʘ ʨʠʩ. 3.43) ʦʩʮʠʣʦʛʨʘ-

ʤʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʤʘʣʫ ʰʠʨʠʥʫ ʟʘʛʦʪʦʚʢʠ (5 ʤʤ), ʥʝ ʜʦʩʷʛʘʶʪʴ ʥʫʣʷ. 
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ʈʠʩ. 3.43. ʆʩʮʠʣʦʛʨʘʤʠ ʩʢʣʘʜʦʚʠʭ Fx ʽ Fy ʩʠʣʠ ʨʽʟʘʥʥʷ  

ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʟʘ ʫʧʨʘʚʣʽʥʥʷʤ SolidCAM 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʜʫʛʠ ʨʽʟʘʥʥʷ ʥʘ ʪʘʢʽʡ ʜʽʣʷʥʮʽ, 

ʢʦʣʠ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʟʥʘʭʦʜʷʪʴʩʷ ʜʚʘ ʟʫʙʠ ʨʽʟʮʷ. ʇʦʚʥʠʡ ʮʠʢʣ ʦʙʨʦ-

ʙʢʠ ʩʪʘʥʦʚʠʪʴ 38 ʩ.  

ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.44. ɺʦʥʘ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʷ ʩʢʣʘʜʦʚʘ Fxy ʩʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) ( ) ( )22

avavav
FyFxFxy += ,    (3.35) 

ʜʝ (Fx)av, (Fy)av ï ʩʝʨʝʜʥʽ ʚʝʣʠʯʠʥʠ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ. 

 

 

ʈʠʩ. 3.44. ʉʝʨʝʜʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ  

ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʟʘ ʫʧʨʘʚʣʽʥʥʷʤ SolidCAM  

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʥʽʩʪʶ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʘʢʦ-

ʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʚʠʷʚʣʝʥʽ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 

3.36). ʇʨʠʨʦʜʥʦ, ʱʦ ʪʘʢʠʡ ʧʨʦʮʝʩ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʘʙʽʣʴʥʠʤ, ʱʦ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʡʦʛʦ ʩʪʘʙʽʣʽʟʘʮʽʾ. ʇʽʜ ʯʘʩ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ CNC CAM ʩʠʩʪʝʤʠ SolidCAM ʫ ʚʝʨʩʽʾ iMachining ʚʽʜ 

2024 ʨʦʢʫ ʪʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʦʛʽʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ (ʨʠʩ. 3.45).  

 a) 

 b) 

ʈʠʩ. 3.45. ʈʝʟʫʣʴʪʘʪʠ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘ ʫʧʨʘʚʣʽʥʥʷʤ iMahining (2024):  

a) ï ʦʩʮʠʣʦʛʨʘʤʠ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ;  

b) ï ʛʨʘʬʽʢ ʩʝʨʝʜʥʴʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʆʯʝʚʠʜʥʦ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙ-

ʨʦʙʢʠ (ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ 18 ʩ), ʥʝ ʚʜʘʣʦʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ ʧʦ ʚʩʴʦʤʫ ʢʦʥʪʫʨʫ. ʊʫʪ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʟʫʣʴʪʘ-

ʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ï ʧʦʨʽʚʥʷʡʪʝ ʟ ʨʠʩ. 3.40.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʫʾʪʠʚʥʦ, ʘ ʪʘʢʦʞ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʨʦʟʨʦʙʥʠʢʠ ʫʧʨʘʚʣʽʥʥʷ iMahining ʩʢʦʨʝʛʫʚʘʣʠ 

ʫʧʨʘʚʣʷʶʯʫ ʧʨʦʛʨʘʤʫ. ʇʨʦʪʝ, ʢʦʨʝʢʮʽʷ ʚʽʜʙʫʣʘʩʴ ʚʞʝ ʙʝʟ ʧʨʠʚôʷʟʢʠ ʜʦ ʪʨʘʻʢ-

ʪʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢ ʙʫʣʦ ʨʘʥʽʰʝ, ʘʣʝ ʽ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦ-

ʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ ʥʘ MRR ʧʨʦʮʝʩʫ. 

ʇʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʢʦʥʪʫʨʫ ʚ ʪʘʢʠʭ ʩʘʤʠʭ ʫʤʦʚʘʭ ʟʘ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʜʘʣʦʩʷ ʟʥʘʯʥʦ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʢʦʥʪʫʨʥʦʛʦ ʨʽʟʘʥʥʷ, ʟʘʙʝʟʧʝ-

ʯʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʪʘ ʩʢʦʨʦʪʠʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʜʦ 14 ʩ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʨʦʙʢʠ iMachining ʤʘʡʞʝ ʚ 1,3 ʨʘ-

ʟʠ (ʨʠʩ.3.46).  
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 a) 

 b) 

ʈʠʩ. 3.46. ʈʝʟʫʣʴʪʘʪʠ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ:  

a) ï ʦʩʮʠʣʦʛʨʘʤʠ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ;  

b) ï ʛʨʘʬʽʢ ʩʝʨʝʜʥʴʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚʜʘʣʦʩʷ ʟʥʘʯʥʦ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʢʦʥʪʫʨʥʦʛʦ ʨʽʟʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʪʘ ʩʢʦʨʦ-

ʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʜʦ 14 ʩ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʨʦʙʢʠ iMachining ʤʘʡʞʝ ʚ 

1,3 ʨʘʟʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʢʦʥʪʫʨʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʨʽʚʥʷʥ-

ʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 10, ʨʠʩ. 11) ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʦʩʮʠʣʦ-

ʛʨʘʤʘʤʠ (ʨʠʩ. 17, ʨʠʩ. 18) ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʷʢʫ ʽʥʝʨʪʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ï 

ʛʦʩʪʨʽ ʢʫʪʠ ʢʦʣʠʚʘʥʴ ʛʨʘʬʽʢʽʚ ʥʘ ʚʽʨʪʫʘʣʴʥʽ ʦʩʮʠʣʦʛʨʘʬʠ ʟʥʘʯʥʦ ʟʛʣʘʜʞʫʶʪʴ-

ʩʷ ʚ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʧʨʽʦ-

ʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʚʦʨʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ CNC-ʬʘʡʣʽʚ ʢʝʨʫʶʯʦʾ 

ʧʨʦʛʨʘʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ, ʷʢʽ ʧʨʦʧʦ-

ʥʫʶʪʴʩʷ ʢʦʤʧʘʥʽʷʤʠ ʧʽʜ ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ iMachining, ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩ-

ʪʦʚʫʻ ʫʟʘʛʘʣʴʥʝʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʮʝʩʫ - ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 
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ʧʨʦʮʝʩʫ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽ 

ʟʘʛʦʪʦʚʢʠ.  

ʈʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʽʜʛʦʪʦʚʢʠ ʢʝ-

ʨʫʶʯʠʭ ʧʨʦʛʨʘʤ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʠʭ ʬʘʡʣʽʚ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʢʝʨʫʚʘʪʠ ʧʨʦʮʝ-

ʩʦʤ ʯʝʨʝʟ ʢʘʥʘʣ ʧʦʜʘʯʽ, ʽ ʩʪʚʦʨʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠ-

ʪʠ ʪʘʢʫ ʧʨʦʙʣʝʤʫ. ʆʜʥʘʢ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʤʦʞʣʠʚʝ ʢʝʨʫʚʘʥʥʷ ʽ ʯʝʨʝʟ ʢʘʥʘʣ 

ʰʚʠʜʢʦʩʪʽ ʰʧʠʥʜʝʣʷ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʨʘʟʫ ʧʦ ʜʚʦʭ ʢʘʥʘʣʘʭ, ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʠʡ ʚʧʣʠʚ ʧʦʜʘʯʽ ʽ ʰʚʠʜʢʦʩʪʽ ʥʘ 

ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʰʦʨʩʪʢʽʩʪʴ. ʈʦʟʨʦʙʣʝʥʽ ʮʠʬʨʦʚʽ 

ʬʘʡʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʠʭ ʧʨʦʛʨʘʤ ʫ ʚʠʛʣʷʜʽ G-ʢʦʜʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʚʘʥʪʘʞʝʥʽ ʚ ʩʪʽʡʢʫ ʏʇʋ ʚʝʨʩʪʘʪʘ, ʱʦ ʟʘʙʝʟ-

ʧʝʯʫʻ ʧʨʘʢʪʠʯʥʫ ʧʨʠʜʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ. 
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