
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ 

ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

ʄʝʭʘʥʽʢʦ-ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʽʥʩʪʠʪʫʪ 

ʂʘʬʝʜʨʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥ 

 

ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ: 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʦʶ 

________ ʖʨʽʡ ɼɸʅʀʃʔʏɽʅʂʆ 

ç___è_____________20__ ʨ. 

 

 

 

 

ɼʠʧʣʦʤʥʠʡ ʧʨʦʻʢʪ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨʘ 

ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ çɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʝʪʘʣʝʡè 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ 133 çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè 

ʥʘ ʪʝʤʫ: çɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘè 

 

ɺʠʢʦʥʘʚ (-ʣʘ):  

ʩʪʫʜʝʥʪ (-ʢʘ) IV ʢʫʨʩʫ, ʛʨʫʧʠ ʄɯ-71 

ʇʦʭʠʣʶʢ ʆʣʝʢʩʘʥʜʨ ɸʥʜʨʽʡʦʚʠʯ  __________ 

ʂʝʨʽʚʥʠʢ:  

ɼʦʮʝʥʪ, ʢ.ʪ.ʥ. 

ɼʞʫʣʽʡ ɼʤʠʪʨʦ ʖʨʽʡʦʚʠʯ __________ 

ʈʝʮʝʥʟʝʥʪ: 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʇɻʄ, ʄʄɯ 

ʉʝʤʽʥʩʴʢʘ ʅʘʪʘʣʽʷ ɺʘʣʝʨʽʾʚʥʘ 

 __________ 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʴʦʤʫ ʜʠʧʣʦʤʥʦʤʫ 

ʧʨʦʻʢʪʽ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

ʉʪʫʜʝʥʪ (-ʢʘ) _____________ 

 

ʂʠʾʚ ï 2021 ʨʦʢʫ  



 
 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʄʝʭʘʥʽʢʦ-ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʽʥʩʪʠʪʫʪ 

ʂʘʬʝʜʨʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥ 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʧʝʨʰʠʡ (ʙʘʢʘʣʘʚʨʩʴʢʠʡ) 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ ï 133 çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè 

ʆʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʘ ʧʨʦʛʨʘʤʘ çɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʝʪʘʣʝʡè 

 

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʦʶ 

_______ ʖʨʽʡ ɼɸʅʀʃʔʏɽʅʂʆ 

ç___è_____________20__ ʨ. 

 

 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʜʠʧʣʦʤʥʠʡ ʧʨʦʻʢʪ ʩʪʫʜʝʥʪʫ 

ʇʦʭʠʣʶʢ ʆʣʝʢʩʘʥʜʨ ɸʥʜʨʽʡʦʚʠʯ 

 

1. ʊʝʤʘ ʧʨʦʻʢʪʫ çɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘè, ʢʝʨʽʚʥʠʢ 

ʧʨʦʻʢʪʫ ɼʞʫʣʽʡ ɼʤʠʪʨʦ ʖʨʽʡʦʚʠʯ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç___è_________ 20__ ʨ. ˉ_____ 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʧʨʦʻʢʪʫ  _______________________________  

3. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʧʨʦʻʢʪʫ: 

- ʦʙʨʦʙʣʶʚʘʥʘ ʧʦʚʝʨʭʥʷ: ʤʘʪʝʨʽʘʣ ï ʉʪʘʣʴ 40ʍ; ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ: ʜʦʚʞʠʥʘ ʜʝʪʘʣʽ 400 ʤʤ, ʩʭʽʜʯʘʩʪʘ ʧʦʚʝʨʭʥʷ ʟ ʜʽʘʤʝʪʨʘʤʠ 184, 180, 

160, 140, 130 ʤʤ, ʪʦʯʥʽʩʪʴ H7, ʜʦʧʫʩʢ ʩʧʽʚʚʽʩʥʦʩʪʽ 0,01 ʤʤ; 

- ʽʥʩʪʨʫʤʝʥʪ: ɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ; 

4. ɿʤʽʩʪ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ: ʘʥʘʣʽʟ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʩʠʥʪʝʟ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ, ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ 

ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʩʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ, ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʩʫʧʦʨʪʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʘʨʪʨʠʜʞʘ, ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ ï ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʧʨʠ ʨʦʙʦʪʽ ʽʥʩʪʨʫʤʝʥʪʫ. 



 
 

5. ʇʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: ɸʥʘʣʽʟ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʩʠʥʪʝʟ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ, ʩʢʣʘʜʦʚʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʢʦʥʩʪʨʫʢʮʽʷ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʘʟʽʚ, ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʢʨʠʰʢʠ, ʘʥʘʣʽʟ 

ʥʘʧʨʫʞʝʥʦ ï ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. 

6. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ   

 

 

 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 

ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʻʢʪʫ 

ʊʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ  

ʝʪʘʧʽʚ ʧʨʦʻʢʪʫ 
ʇʨʠʤʽʪʢʘ 

1 ɸʥʘʣʽʟ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʩʠʥʪʝʟ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ 

17.03.2021  

2 ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʘʜʘʧʪʠʚʥʦʾ 

ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ 

07.04.2021  

3 ʉʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ 

ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ  

21.04.2021  

4 ʉʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ 

28.04.2021  

5 ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʩʫʧʦʨʪʘ 

ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʘʨʪʨʠʜʞʘ 

05.05.2021  

6 ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ ï ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 13.05.2021  

    

    

    

 

 

ʉʪʫʜʝʥʪ  ʆʣʝʢʩʘʥʜʨ ʇʆʍʀʃʖʂ 

 

ʂʝʨʽʚʥʠʢ ɼʤʠʪʨʦ ɼɾʋʃɯʁ 

 



 
 

"ɿɸʊɺɽʈɼɾʋʖ" 

 

_________________ 

ʖʨʽʡ ɼɸʅʀʃʔʏɽʅʂʆ 

"___"______"20__ ʨ. 

 

ʊɽʍʅɯʏʅɽ ɿɸɺɼɸʅʅʗ ɼʆ ʇʈʆɽʂʊʋ 

ʊʝʤʘ 

ʧʨʦʝʢʪʫ 

 

 

 

ɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ 

ɿʤʽʩʪ 

ʧʨʦʝʢʪʫ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʜʣʷ 

ʦʙʨʦʙʣʝʥʥʷ ʟʘʢʨʠʪʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ. 

ɸʥʘʣʽʟ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʩʠʥʪʝʟ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ, ʨʦʟʨʦʙʢʘ 

ʢʦʥʩʪʨʫʢʮʽʾ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʩʪʚʦʨʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ 

ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʩʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ, ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʩʫʧʦʨʪʘ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʘʨʪʨʠʜʞʘ, ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ ï ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. 

ʊʝʭʥʽʯʥʽ 

ʫʤʦʚʠ ʜʦ 

ʧʨʦʝʢʪʫ 

 

 

ʆʙʨʦʙʣʶʚʘʥʘ ʧʦʚʝʨʭʥʷ: 

ʄʘʪʝʨʽʘʣ ï ʉʪʘʣʴ 40ʍ; 

ʈʦʟʤʽʨʠ ï ʜʦʚʞʠʥʘ ʜʝʪʘʣʽ 400 ʤʤ, ʩʭʽʜʯʘʩʪʘ ʧʦʚʝʨʭʥʷ ʟ ʦʪʚʦʨʘʤʠ 

ʜʽʘʤʝʪʨʘʤʠ 184,180,160,140,130 ʤʤ; 

ʊʦʯʥʽʩʪʴ ï H7, ʜʦʧʫʩʢ ʩʧʽʚʚʽʩʥʦʩʪʽ 0,01 ʤʤ 

 

ʉʧʦʩʽʙ ʧʽʜʚʝʜʝʥʥʷ ɿʆʈ ï ʚʥʫʪʨʽʰʥʻ ʧʽʜʚʝʜʝʥʥʷ; 

ʂʽʣʴʢʽʩʪʴ ʨʽʟʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ï 2. 

ʆʩʦʙʣʠʚʽ 

ʚʠʤʦʛʠ 

 

 

 

 

 

 



 
 

ʃʀʉʊ ɿʄɯʉʊ ɯʃʖʉʊʈɸʊʀɺʅʆɻʆ ʄɸʊɽʈɯɸʃʋ 

ʉʇ 

 

 

 

 

 

 

1. ʉʧʦʩʦʙʠ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʪʘ ʛʘʙʘʨʠʪʥʠʭ 

ʜʝʪʘʣʝʡ. 

2. ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʟʘʢʨʠʪʠʭ ʧʦʚʝʨʭʦʥʴ 
ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ, ʩʠʥʪʝʟ ʢʦʥʩʪʨʫʢʮʽʾ ʘʜʘʧʪʠʚʥʦʾ 

ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ 

ʆʇ 

 

 

 

 

 

 

1) ʈʦʙʦʯʽ ʢʨʝʩʣʝʥʥʷ ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʴ 

2) ʉʢʣʘʜʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ 

3) ʉʭʝʤʘ ʩʢʣʘʜʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ 

4) 3D ʤʦʜʝʣʽ ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʴ 

 

ʊʉ 

 

 

 

 

 

 

ɽʩʢʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ 

 

ʂʉ 

 

 

 

 

 

 

1) ʉʢʣʘʜʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʩʫʧʦʨʪʘ ʜʣʷ 
ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʘʨʪʨʠʜʞʘ 

2) 3D ʤʦʜʝʣʴ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʥʴʦʤʫ ʩʫʧʦʨʪʦʤ 

ʉʉ 

 

 

 

 

 

 

ʈʦʟʨʦʙʢʘ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ 

ɼʉ 

 

 

 

 

ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ ï ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʉʪʫʜʝʥʪ  ʇʦʭʠʣʶʢ ʆ.ɸ. 

ʂʝʨʽʚʥʠʢ  ɼʞʫʣʽʡ ɼ.ʖ. 

ʜʘʪʘ "__"______"20__ ʨ 

ʜʘʪʘ "__"______"20__ ʨ 
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ʉʇ ï ʩʪʘʥ ʧʠʪʘʥʥʷ 

ʆʇ ï ʦʙ'ʻʢʪ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʊʉ ï ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʢʣʘʜʦʚʘ 
 

 

ʂʉ ï ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʘ ʩʢʣʘʜʦʚʘ 

ʉʉ ï ʩʧʝʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ 

ɼʉ ï ʜʦʩʣʽʜʥʠʮʴʢʘ ʩʢʣʘʜʦʚʘ 



 
 

ɸʥʦʪʘʮʽʷ 

ʄʝʪʦʶ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʘʜʘʧʪʠʚʥʦʾ 

ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ. 

ɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ 

ʛʘʙʘʨʠʪʥʽ ʢʦʨʧʫʩʥʽ ʜʝʪʘʣʽ, ʜʦʚʞʠʥʦʶ ʜʦ 2000 ʤʤ ʪʘ ʧʦʚʝʨʭʥʽ ʜʦ ʷʢʠʭ ʚʘʞʢʦ 

ʜʽʩʪʘʪʠʩʴ ʟʚʠʯʘʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʘʙʦ ʞ ʜʦʩʪʫʧ ʻ ʪʽʣʴʢʠ ʯʝʨʝʟ ʦʪʚʽʨ, ʪʘʢʦʞ 

ʮʝ ʜʝʪʘʣʽ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʤʽʥʽʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʧʽʚʚʽʩʥʦʩʪʽ. ɼʘʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʛʘʙʘʨʠʪʥʠʭ ʚʝʨʩʪʘʪʘʭ ʪʠʧʫ HBM 

(Horizontal Boring Mill ). 

ɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ, 

ʤʦʜʫʣʶ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ, ʢʨʠʰʢʠ, ʩʫʧʦʨʪʘ, ʟʤʽʥʥʦʛʦ ʢʘʨʪʨʠʜʞʫ, ʚʘʣʫ ʧʦʜʘʯʽ, 

ʚʘʣʫ ʨʦʙʦʯʦʛʦ, ʚʩʪʘʚʢʠ ʜʣʷ ɿʆʈ, ʨʝʣʴʩʠ ʤʦʜʫʣʶ, ʨʝʣʴʩʠ ʢʨʠʰʢʠ, ʛʚʠʥʪʘ ʄ8 

ʜʣʷ ʟô̒ ʜʥʘʥʥʷ ʚʘʣʽʚ ʪʘ ʙʘʟʫʶʯʠʭ ʧʣʘʩʪʠʥ. ʊʘʢʦʞ ʧʨʠʩʫʪʥʽ ʩʪʘʥʜʘʨʪʥʽ ʚʠʨʦʙʠ, 

ʪʘʢʽ ʷʢ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʢʦʥʫʩ SK50, h ʪʠʬʪʠ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʫ 

ʚʝʨʩʪʘʪʽ, ʨʽʟʘʣʴʥʽ ʧʣʘʩʪʠʥʠ ʪʘ ʛʚʠʥʪʠ ʄ6 ʪʘ ʄ8 ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʙʨʦʙʣʶʚʘʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʨʽʚʥʷʪʠ ʽʩʥʫʶʯʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʘʜʘʧʪʠʚʥʠʭ ʤʦʜʫʣʴʥʠʭ ʨʦʟʪʦʯʫʚʘʣʴʥʠʭ ʛʦʣʦʚʦʢ; 

2. ʆʙʨʘʪʠ ʤʘʪʝʨʽʘʣʠ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʩʪʚʦʨʠʪʠ 

3D ï ʤʦʜʝʣʽ; 

3. ʉʪʚʦʨʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʣʝʢʪʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʨʦʟʨʘʭʫʚʘʪʠ ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ; 

4. ʇʽʜʽʙʨʘʪʠ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʩʠʣʫ ʟʘʪʠʩʢʫ ʡ ʧʦʭʠʙʢʫ ʧʨʠʩʪʦʩʫʚʘʥʥʷ; 

5. ʉʪʚʦʨʠʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʽ ʟ 

ʏʇʂ; 

6. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʽʥʩʪʨʫʤʝʥʪ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʨʦʙʦʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʜʘʧʪʠʚʥʘ, ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ, ʟʘʢʨʠʪʽ ʧʦʚʝʨʭʥʽ, 

ʨʦʟʪʦʯʫʚʘʥʥʷ ʢʦʨʧʫʩʽʚ, ʤʦʜʫʣʴ, ʩʫʧʦʨʪ, ʢʘʨʪʨʠʜʞ. 



 
 

Summary 

The objective of the diploma project was to develop the adaptive modular 

boring tool. 

The adaptive modular boring tool allows to process dimensional case details, 

up to 2 m long and surfaces which are difficult to reach by the common tool, or 

access is only through an aperture, also it is the details demanding the minimum 

deviation from alignment. This tool is usually used on dimensional machines such 

as HBM (Horizontal Boring Mill), but can also be used on other machines where 

there is a coordinate of the feed axis of the spindle. 

The adaptive modular boring tool consists of a housing, a working part module, 

a cover, a caliper, a replaceable cartridge, a feed shaft, a working shaft, an insert for 

ZOR, module rails, cover rails, an M8 screw for connecting shafts and base plates. 

There are also standard products, such as the SK50 tool cone, machine tool pins, 

cutting inserts and M6 and M8 screws of various lengths. 

In order to perform the task, we must solve the following tasks: 

1. Analyze the treated surfaces and compare the existing designs of adaptive 

modular boring tools; 

2. Choose the materials of the tool components and create 3D - models; 

3. Create a technological process for the manufacture of components and 

calculate the cutting modes; 

4. Choose a device for making tools and calculate the clamping force and error 

of the device; 

5. Create a control program for the manufacture of parts on a CNC machine; 

6. Analyze the stresses acting on the tool during its operation. 

Key words: adaptive, boring head, closed surfaces, boring of cases, module, 

support, cartridge
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ɺʉʊʋʇ 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʩʪʘʻ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ï ʜʝʪʘʣʽ ʩʪʘʶʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʪʘ ʜʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʡ ʽʥʩʪʨʫʤʝʥʪ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʤʦʞʝ ʙʫʪʠ ʚʘʣʠ ʣʽʪʘʢʘ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʦʣʝʛʰʠʪʠ, 

ʨʦʟʪʦʯʫʶʯʠ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ, ʜʦʩʪʫʧ ʜʦ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ ʯʝʨʝʟ ʦʪʚʽʨ 

ʘʙʦ ʞ ʙʣʦʢ ʮʠʣʽʥʜʨʽʚ ʜʚʠʛʫʥʘ, ʚ ʷʢʦʤʫ ʧʦʪʨʽʙʥʦ ʚʠʪʨʠʤʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʧʽʚʚʽʩʥʦʩʪʽ. 

ʇʽʜʧʨʠʻʤʩʪʚʘ ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʪʦʤʫ, ʱʦʙ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʩʚʦʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ, ʩʘʤʝ ʪʦʤʫ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʩʘʤʝ ʪʦʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʤ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ, ʷʢ ʟʘʢʨʠʪʽ ʧʦʚʝʨʭʥʽ ʪʘʢ ʽ ʛʘʙʘʨʠʪʥʽ 

ʢʦʨʧʫʩʥʽ ʜʝʪʘʣʽ, ʨʦʟʤʽʨʦʤ ʜʦ 2 ʤ. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʽʥʩʪʨʫʤʝʥʪ ʻ ʤʦʜʫʣʴʥʠʤ, 

ʡʦʛʦ ʤʦʞʥʘ ʣʝʛʢʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ 

ʟʤʽʥʥʽ ʩʫʧʦʨʪʠ ʪʘ ʢʘʨʪʨʠʜʞʽ ʜʦʟʚʦʣʷʶʪʴ ʦʙʨʦʙʣʷʪʠ ʧʦʚʝʨʭʥʽ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ, 

ʚʠʪʨʠʤʫʶʯʠ ʨʦʟʤʽʨ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʜʦʧʫʩʢʫ ʩʧʽʚʚʽʩʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʤʦʞʥʘ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʠʪʠ ʯʘʩ ʥʘ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʥʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ 

ʻ ʚʝʣʠʢʠʤ ʧʣʶʩʦʤ ʚ ʥʘʰ ʯʘʩ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʧʦʪʨʽʙʥʦ: ʨʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ, 

ʦʙʨʘʪʠ ʤʘʪʝʨʽʘʣʠ ʢʦʨʧʫʩʫ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʪʘ 

ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʧʦʨʪʘ, ʟʤʽʥʥʦʛʦ ʢʘʨʪʨʠʜʞʫ ʪʘ ʨʽʟʘʣʴʥʠʭ 

ʧʣʘʩʪʠʥ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘʜʦʚʠʭ 

ʜʝʪʘʣʝʡ, ʨʦʟʨʦʙʠʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ. 
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1 ɸʅɸʃɯɿ ʆɹʈʆɹʃʖɺɸʅʆɰ ʇʆɺɽʈʍʅɯ ʊɸ ʉʀʅʊɽɿ 

ʂʆʅʉʊʈʋʂʎɯɰ ɯʅʉʊʈʋʄɽʅʊʋ 

 

1.1 ɸʥʘʣʽʟ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 

ɺ ʛʘʣʫʟʝʚʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʻ ʧʦʪʨʝʙʘ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʢʨʫʛʣʠʭ ʦʪʚʦʨʽʚ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ, ʬʦʨʤʠ ʪʘ ʟ ʨʽʟʥʠʤʠ ʧʦ ʪʦʯʥʦʩʪʽ ʪʘ ʯʠʩʪʦʪʽ 

ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʥʷʤʠ. ʆʪʚʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʛʣʫʭʠʤʠ ʽ ʥʘʩʢʨʽʟʥʠʤʠ, 

ʢʦʥʽʯʥʠʤʠ, ʮʠʣʽʥʜʨʠʯʥʠʤʠ, ʩʪʫʧʽʥʯʘʪʠʤʠ, ʪʘ ʟ ʢʘʥʘʚʢʘʤʠ( ʜʣʷ ʢʽʣʝʮʴ 

ʩʪʦʧʦʨʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ) ʽ ʪ.ʜ. ʆʙʨʦʙʢʘ ʪʘʢʠʭ ʨʽʟʥʠʭ ʬʦʨʤ ʧʦʪʨʝʙʫʻ ʨʽʟʥʠʭ 

ʧʽʜʭʦʜʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʰʠʨʦʢʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʧʨʠʩʪʦʩʫʚʘʥʴ [1].  

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ 

ʥʘ ʚʝʨʩʪʘʪʘʭ ʩʚʝʨʜʣʠʣʴʥʦ-ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʨʫʧʠ ʷʚʣʷʶʪʴʩʷ[1]:  

Å ʉʚʝʨʜʣʽʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʯʠ ʢʽʥʮʝʚʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʽʚ ʚ ʩʫʮʽʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʽ;  

Å ɿʝʥʢʝʨʫʚʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʦʪʚʦʨʽʚ, ʪʘ ʧʽʜ-

ʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʬʦʨʤʠ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʩʚʝʨʜʣʝʥʠʭ ʦʪʚʦʨʽʚ. 

ɼʦ ʟʝʥʢʝʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʟʝʥʢʽʚʢʠ ʪʘ ʮʝʢʦʚʢʠ ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʙʨʦʙʣʝʥʥʷ 

ʢʦʥʽʯʥʠʭ ʪʘ ʩʪʫʧʽʥʯʘʪʠʭ ʧʦʚʝʨʭʦʥʴ ʦʪʚʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʱʦ ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʦʪʚʦʨʽʚ, ʧʨʠʭʦʚʘʥʠʭ ʢʨʽʧʣʝʥʴ, ʙʦʣʪʽʚ ʯʠ ʛʘʡʦʢ;  

Å ʈʦʟʪʦʯʫʚʘʥʥʷ - ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ ʚ ʩʦʙʽ ʧʝʨʝʭʦʜʠ, ʬʘʩʢʠ ʪʘ ʢʘʥʘʚʢʠ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ 

ʩʢʣʘʜʥʠʭ ʬʦʨʤ. ʈʦʟʪʦʯʫʚʘʥʥʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʪʦʯʥʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʪʚʦʨʽʚ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ ʪʘ ʦʪʚʦʨʽʚ ʟ ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʪʦʢʘʨʥʠʭ ʪʘ ʨʦʟʪʦʯʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ.  

Å ʈʦʟʛʦʨʪʘʥʥʷ - ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʯʠ ʢʦʥʽʯʥʠʭ ʦʪʚʦʨʽʚ. ʊʦʯʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦ-

ʣʝʟʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʚʝʨʪʢʘ. ʈʦʟʛʦʨʪʢʘ - ʮʝ ʨʽʟʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʥʠʭ ʬʦʨʤ 
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ʦʪʚʦʨʽʚ ʪʘ ʥʘʜʘʥʥʷ ʾ ʤ ʪʦʯʥʦʩʪʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ. ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʚʝʨʪʢʠ 

ʮʝ ʬʽʥʽʰʥʝ ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʫ ʧʽʩʣʷ ʩʚʝʨʜʣʽʥʥʷ, ʨʦʟʪʦʯʫʚʘʥʥʷ ʯʠ 

ʟʝʥʢʝʨʫʚʘʥʥʷ.  

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʩʫʯʘʩʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʪʦʤʫ 

ʯʘʩʪʽʰʝ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ, ʱʦ ʤʘʶʪʴ ʟʘʢʨʠʪʽ ʧʦʚʝʨʭʥʽ 

ʘʙʦ ʞ ʧʦʪʨʽʙʥʘ ʜʫʞʝ ʚʠʩʦʢʘ ʾʭ ʪʦʯʥʽʩʪʴ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʤʦʞʫʪʴ 

ʙʫʪʠ ʙʣʦʢʠ ʮʠʣʽʥʜʨʽʚ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʨʠʩ. 1.1), ʚ 

ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ - ʚʘʣʠ ʜʣʷ ʪʫʨʙʽʥ ʘʙʦ ʞ ʰʘʩʽ ʣʽʪʘʢʽʚ (ʨʠʩ. 1.2), 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʣʝʤʝʥʪʠ ʚ ʥʘʬʪʦʛʘʟʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʨʠʩ. 1.3). 

 

ʈʠʩʫʥʦʢ 1.1 - ɹʣʦʢ ʮʠʣʽʥʜʨʽʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʚʠʛʫʥʘ [17] 

 

ʈʠʩʫʥʦʢ 1.2 - ɺʘʣ ʪʫʨʙʽʥʠ ʣʽʪʘʢʘ [6] 
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ʈʠʩʫʥʦʢ 1.3 - ʇʝʨʝʭʽʜʥʠʡ ʝʣʝʤʝʥʪ ʚ ʥʘʬʪʦʛʘʟʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [5] 

 

ɼʝʪʘʣʽ ʚ ʥʘʚʝʜʝʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʽ 

ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʪʦʤʫ ʟʚʠʯʘʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʾʭ ʦʙʨʦʙʠʪʠ ʥʝ ʪʘʢ ʣʝʛʢʦ ʽ ʮʝ 

ʜʦʩʠʪʴ ʜʦʚʛʠʡ ʧʨʦʮʝʩ, ʪʘʢ ʷʢ ʧʦʪʨʽʙʥʦ ʜʝʢʽʣʴʢʘ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦʙ ʦʙʨʦʙʠʪʠ 

ʧʦʚʝʨʭʥʶ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ. 

ʇʦʚʝʨʭʥʷ, ʱʦ ʙʫʜʝ ʦʙʨʦʙʣʷʪʠʩʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʚʝʨʭʥʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʙʫʜʝ 

ʦʙʨʦʙʣʷʪʠ ʟ ʜʚʦʭ ʩʪʦʨʽʥ, ʟ ʜʚʦʭ ʫʩʪʘʥʦʚʽʚ, ʷʢʱʦ ʚʠʢʦʥʫʚʘʪʠ ʦʙʨʦʙʢʫ 

ʟʚʠʯʘʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʧʦʚʝʨʭʥʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.4 

 

ʈʠʩʫʥʦʢ 1.4 - ʇʨʠʢʣʘʜ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 
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ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ: 

ʄʘʪʝʨʽʘʣ ʜʝʪʘʣʽ - ʉʪʘʣʴ 40ʭ. 

ɼʦʚʞʠʥʘ ʜʝʪʘʣʽ - 400 ʤʤ. 

ɼʽʘʤʝʪʨ ʦʪʚʦʨʫ ʯʝʨʝʟ ʷʢʠʡ ʙʫʜʝ ʟʘʭʦʜʠʪʠ ʽʥʩʪʨʫʤʝʥʪ - 126 ʤʤ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʦʪʨʠʤʘʪʠ - 184 ʤʤ. 

ɽʩʢʽʟ ʟʘʛʦʪʦʚʢʘ ʟ ʦʪʚʦʨʦʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ.1.5. 

 

ʈʠʩʫʥʦʢ 1.5 ï ɽʩʢʽʟ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

 

ɽʩʢʽʟ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.6 

 

ʈʠʩʫʥʦʢ 1.6 ï ɽʩʢʽʟ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʝʥʦʾ ʟʘʛʦʪʦʚʢʠ 
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1.2  ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʘ 

ʊʘʢ ʷʢ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʙʨʦʙʣʝʥʽ ʟʘʢʨʠʪʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʙʫʣʦ ʦʙʨʘʥʦ ʤʦʜʫʣʴʥʫ ʨʦʟʪʦʯʫʚʘʣʴʥʫ 

ʛʦʣʦʚʢʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʙʨʘʪʠ ʙʽʣʴʰ ʧʽʜʭʦʜʷʱʫ ʢʦʥʩʪʨʫʢʮʽʶ ʽʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʞʝ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʨʦʟʪʦʯʫʚʘʣʴʥʠʭ ʛʦʣʦʚʦʢ ʟʘ 

ʨʽʟʥʠʤʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤʠ ʜʞʝʨʝʣʘʤʠ. 

ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʢʦʤʧʘʥʽʾ BGTB 

ɼʘʥʘ ʤʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʩʪʚʦʨʝʥʘ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʟʘʢʨʠʪʠʭ 

ʧʦʚʝʨʭʦʥʴ ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ. ɿʘ ʨʘʭʫʥʦʢ ʤʦʜʫʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʦʪʨʽʙʥʫ ʜʦʚʞʠʥʫ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʧʦʪʨʽʙʝʥ ʩʧʝʮʽʘʣʴʥʠʡ ʢʝʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

(ʨʠʩ.1.7) [2]. 

 

ʈʠʩʫʥʦʢ 1.7 ï ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ BGTB 

[2] 

 

ʈʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʷʢ ʤʦʜʫʣʴʥʘ ʩʠʩʪʝʤʘ [2]: 

 - ɿʙʽʨʢʘ ʥʘʙʦʨʽʚ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʪʘ ʨʽʟʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʜʽʘʤʝʪʨʘ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʝʪʘʣʝʡ 

 -  ɯʜʝʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʚ ʦʪʚʦʨʽ ʟʘ ʨʘʭʫʥʦʢ ʥʘʙʦʨ̔ ʚ ʨʦʟʰʠʨʶʚʘʯʽʚ (ʨʠʩ.1.8) 

 -  ʇʨʦʩʪʘ ʟʘʤʽʥʘ ʢʘʨʪʨʠʜʞʘ  

 -  ɻʥʫʯʢʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 
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ʈʠʩʫʥʦʢ 1.8 ï ɿʙʽʨ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ BGTB [2] 

 

ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʢʦʤʧʘʥʽʾ ColonialTool 

ʂʦʤʧʘʥʽʷ ColonialTool ʩʪʚʦʨʠʣʘ ʚʣʘʩʥʫ ʤʦʜʫʣʴʥʫ ʨʦʟʪʦʯʫʚʘʣʴʥʫ ʛʦʣʦʚʢʫ 

ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʽʚ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʜʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʝ 

ʤʦʞʝ ʦʙʨʦʙʣʷʪʠ ʛʘʙʘʨʠʪʥʽ ʜʝʪʘʣʽ, ʪʘʢ ʷʢ ʤʦʜʫʣʽ ʟ ʷʢʠʭ ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴʩʷ ʡʦʤʫ ʮʴʦʛʦ ʟʨʦʙʠʪʠ (ʨʠʩ.1.9). ɸʣʝ ʪʘʢʦʞ ʻ ʤʦʜʠʬʽʢʘʮʽʷ ʜʘʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʽʚ ʙʣʦʢʫ ʮʠʣʽʥʜʨʽʚ ʜʚʠʛʫʥʘ (ʨʠʩ.1.10) [3]. 

 

ʈʠʩʫʥʦʢ 1.9 ï ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ColonialTool [3] 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ [3]: 

-ɿʤʽʥʥʽ ʚʩʪʘʚʢʠ ʜʣʷ ʧʣʘʩʪʠʥ 

-ʐʚʠʜʢʘ ʟʤʽʥʘ ʪʦʨʮʝʚʦʾ ʯʘʩʪʠʥʠ 
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-ʉʫʤʽʩʥʠʡ ʟ ʫʩʽʤʘ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʩʚʝʨʜʣʠʣʴʥʠʤʠ ʚʝʨʩʪʘʪʘʤʠ 

-ʇʦʜʘʯʘ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʯʝʨʝʟ ʰʧʠʥʜʝʣʴ 

-ɾʦʨʩʪʢʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʇʝʨʝʚʘʛʠ [3]:  

-ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ 

-ɿʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

-ʇ̔ ʜʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽʥʩʪʨʫʤʝʥʪʫ 

-ʅʝ ʧʦʪʨʽʙʥʦ ʟʘʪʦʯʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪ  

-ʆʙ'ʻʜʥʘʥʥʷ ʦʧʝʨʘʮʽʡ 

-ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ 

 

ʈʠʩʫʥʦʢ 1.10 ï ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ColonialTool ʜʣʷ 

ʦʙʨʦʙʣʝʥʥʷ ʙʣʦʢʫ ʮʠʣʽʥʜʨʽʚ ʜʚʠʛʫʥʘ [3] 

 

ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʢʦʤʧʘʥʽʾ Mapal 

ʂʦʤʧʘʥʽʷ Mapal ʧʨʦʧʦʥʫʻ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʤʦʜʫʣʴʥʽ ʨʦʟʪʦʯʫʚʘʣʴʥʽ 

ʛʦʣʦʚʢʠ (ʨʠʩ. 1.11). ɼʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʤʦʞʝ ʧʨʠʚʦʜʠʪʠʩʴ ʚ ʨʦʙʦʪʫ ʷʢ ʰʪʦʢʦʤ 

ʪʘʢ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʩʢʫ ʧʦʜʘʯʽ ɿʆʈ, ʰʚʠʜʢʦʩʪʽ ʰʧʠʥʜʝʣʷ, ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ 

ʘʙʦ ʢʦʥʪʘʢʪʥʦʾ ʟʫʧʠʥʢʠ [4]. 

ʊʘʢʦʞ ʢʦʤʧʘʥʽʷ Mapal ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʣʘʩʥʫ ʨʦʟʨʦʙʢʫ Mapal Tooltronic ʜʣʷ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʦʤ [4]. 
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ʈʠʩʫʥʦʢ 1.11 ï ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʢʦʤʧʘʥʽʾ Mapal [4] 

 

ʉʧʦʩʦʙʠ ʚʠʚʝʜʝʥʥʷ ʩʫʧʦʨʪʘ (ʨʠʩ. 1.12) [4]: 

1. ɺʠʚʝʜʝʥʥʷ ʧʽʜ ʪʠʩʢʦʤ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ (ʨʠʩ. 1.13) 

ʊʠʩʢ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʨʝʛʫʣʶʻ ʘʢʪʠʚʘʮʽʶ ʩʫʧʦʨʪʘ ʘʙʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʩʪʘʚʦʢ.  

ʐʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʨʫʯʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʶʯʦʛʦ 

ʢʣʘʧʘʥʘ.  

ʉʫʧʦʨʪʠ ʘʙʦ ʚʩʪʘʚʢʠ ʧʦʚʝʨʪʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʚʥʫʪʨʽʰʥʴʦʾ ʧʨʫʞʠʥʠ. 

2. ɺʠʭʽʜ ʧʦ ʧʨʠʥʮʠʧʫ ʟʫʧʠʥʢʫ (ʨʠʩ. 1.14) 

ʇʨʠ ʮʴʦʤʫ ʧʨʠʥʮʠʧʽ ʢʦʥʪʘʢʪʥʘ ʤʫʬʪʘ ʢʦʥʪʘʢʪʫʻ ʟ ʧʨʠʩʪʦʩʫʚʘʥʥʷʤ ʘʙʦ 

ʟʘʛʦʪʦʚʢʦʶ. ʗʢ ʥʘʩʣʽʜʦʢ ʘʜʘʧʪʝʨ ʽʥʩʪʨʫʤʝʥʪʫ ʩʪʚʦʨʶʻ ʪʠʩʢ ʚ ʽʥʩʪʨʫʤʝʥʪʽ ʽ 

ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʟʘʪʚʦʨ. 

ʐʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʦʩʽ ʚʝʨʩʪʘʪʫ. 

ʉʫʧʦʨʪ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʶ ʧʨʫʞʠʥʦʶ. 
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3. ɺʠʭʽʜ ʯʝʨʝʟ ʚʽʩʴ U ʚʝʨʩʪʘʪʘ (ʨʠʩ. 1.15) 

ʉʫʧʦʨʪ ʘʢʪʠʚʫʻʪʴʩʷ ʧʦ ʦʩʽ U ʚʝʨʩʪʘʪʘ. 

ʐʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʩʽ U. ʗʢ ʧʨʘʚʠʣʦ, ʮʷ ʚʽʩʴ 

ʻ ʧʦʚʦʨʦʪʥʦʶ ʽ ʧʦʚʥʽʩʪʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʚʽʩʩʶ ʏʇʂ. 

4. ɺʠʭʽʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʨʞʥʷ (ʨʠʩ. 1.16) 

ʋ ʩʧʝʮʽʘʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ ʩʪʝʨʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 

ʧʨʠʚʝʜʝʥʥʷ ʚ ʨʫʭ ʩʫʧʦʨʪʘ ʘʙʦ ʨʦʟʤʽʱʝʥʥʷ ʚʩʪʘʚʦʢ.  

ʇʦʜʘʯʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʩʽ U. ʎʷ ʚʽʩʴ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʚʝʨʥʝʥʥʷ ʚ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ (ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʩʠʩʪʝʤʦʶ ʏʇʂ). 

 

ʈʠʩʫʥʦʢ 1.12 ï ʊʠʧʠ ʚʠʚʝʜʝʥʥʷ ʩʫʧʦʨʪʘ [4] 

 

 

ʈʠʩʫʥʦʢ 1.13 ï ʂʦʥʩʪʨʫʢʮʽʷ ʚʠʭʦʜʫ ʩʫʧʦʨʪʘ ʟʘ ʨʘʭʫʥʦʢ ʪʠʩʢʫ ʨʽʜʠʥʠ [4]: 

1 - ʐʧʠʥʜʝʣʴ; 2 - ʇʦʜʘʯʘ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ;  3 - ɼʽʘʬʨʘʛʤʘ;  4- ʄʘʩʣʷʥʠʡ 

ʨʝʟʝʨʚʫʘʨ; 5 - ʇʦʨʰʝʥʴ; 6 - ʇʨʫʞʠʥʘ; 7 - ʉʪʝʨʞʝʥʴ ʜʣʷ ʨʫʭʫ. 
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ʈʠʩʫʥʦʢ 1.14 ï ʂʦʥʩʪʨʫʢʮʽʷ ʚʠʭʦʜʫ ʧʦ ʧʨʠʥʮʠʧʫ ʟʫʧʠʥʢʠ [4]: 

1 - ʐʧʠʥʜʝʣʴ;  2 - ʇʦʜʘʯʘ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ;  3 - ʂʦʥʪʘʢʪʥʘ ʤʫʬʪʘ; 4 - ʇʨʫʞʠʥʘ; 

5 - ʂʨʽʧʣʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ 1.15 ï ʂʦʥʩʪʨʫʢʮʽʷ ʚʠʭʦʜʫ ʩʫʧʦʨʪʘ ʯʝʨʝʟ ʚʽʩʴ U ʚʝʨʩʪʘʪʘ [4]: 

1 - ʐʧʠʥʜʝʣʴ; 2 - ʃʽʥʽʡʥʘ ʘʙʦ ʦʙʝʨʪʦʚʘ ʦʧʝʨʘʮʽʷ ʧʦ ʦʩʽ U. 
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ʈʠʩʫʥʦʢ 1.16 ï ʂʦʥʩʪʨʫʢʮʽʷ ʚʠʭʦʜʫ ʩʫʧʦʨʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʨʞʥʷ [4]: 

1 - ʄʦʜʫʣʴ; 2 - ʉʪʝʨʞʝʥʴ. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʚʠʭʦʜʫ ʩʫʧʦʨʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʝʨʞʥʷ, ʚ ʷʢʦʤʫ ʙʫʜʝ ʦʪʚʽʨ ʜʣʷ ʧʦʜʘʯʽ ɿʆʈ ʪʘ ʜʣʷ ʚʠʚʝʜʝʥʥʷ 

ʩʫʧʦʨʪʘ ʙʫʣʦ ʦʙʨʘʥʦ ʚʝʨʪʠʢʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. 

 

ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʢʦʤʧʘʥʽʾ Cogsdill 

 

ʈʠʩʫʥʦʢ 1.17 ï ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʢʦʤʧʘʥʽʾ Cogsdill [5] 
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ʄʦʜʫʣʴʥʽ ʨʦʟʪʦʯʫʚʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ZX (MBT) ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʧʨʠ ʦʙʨʦʙʮʽ ʦʪʚʦʨʽʚ, ʦʪʚʦʨʽʚ ʟ ʨʽʟʥʠʭ ʩʪʦʨʽʥ, 

ʢʦʥʫʩʽʚ, ʨʽʟʴʙʣʝʥʥʷ ʪʘ ʩʢʣʘʜʥʠʭ ʢʦʥʪʫʨʽʚ ʚʩʝʨʝʜʠʥʽ ʜʝʪʘʣʝʡ ʫ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʜʽʘʤʝʪʨʽʚ. ʎʽ ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʦʧʦʥʫʶʪʴ ʥʘʡʚʠʱʽ ʜʦʩʪʫʧʥʽ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʜʦʩʪʫʧʥʘ ʫ ʚʝʨʩʽʷʭ ʟ ʦʜʥʠʤ ʩʫʧʦʨʪʦʤ 

(MBT-S) ʪʘ ʜʚʦʤʘ ʩʫʧʦʨʪʘʤʠ (MBT-T). ɺʩʽ ʽʥʩʪʨʫʤʝʥʪʠ MBT ʤʘʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦ ʧʦʧʝʨʝʯʥʦʛʦ ʚʠʥʦʩʫ 2:1 ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʋʥʽʢʘʣʴʥʘ ʤʦʜʫʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʙʠʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʚʞʠʥʠ ʪʘ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʝ ʪʽʣʴʢʠ ʰʚʠʜʢʠʤ ʪʘ ʧʨʦʩʪʠʤ, ʘʣʝ ʡ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʠʤ. ʃʽʥʽʡʢʫ MBT ʤʦʞʥʘ ʣʝʛʢʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʜʣʷ ʨʦʟʪʦʯʫʚʘʥʥʷ ʩʽʜʣʘ 

ʚʝʥʪʠʣʷ, ʩʢʣʘʜʥʠʭ ʢʦʥʪʫʨʽʚ ʘʙʦ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʨʦʟʰʠʨʝʥʠʤ ʦʭʦʧʣʝʥʥʷʤ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʧʦʜʦʚʞʫʚʘʯʽʚ ʪʘ ʥʘʧʨʘʚʣʷʶʯʠʭ ʦʧʦʨ - ʜʦʜʘʶʯʠ ʾʤ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ 

ʪʘ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ, ʦʜʥʦʯʘʩʥʦ ʧʦʟʙʘʚʣʷʶʯʠ ʧʦʪʨʝʙʠ ʚ ʜʦʜʘʪʢʦʚʠʭ 

ʽʥʩʪʨʫʤʝʥʪʘʭ. ɿʘʚʜʷʢʠ ʜʦʚʛʦʤʫ ʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʜʦʧʦʚʥʶʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʢʘʨʪʨʠʜʞʽʚ, ʚʦʥʠ ʤʦʞʫʪʴ ʦʭʦʧʣʶʚʘʪʠ ʱʝ ʙʽʣʴʰʠʡ 

ʜʽʘʧʘʟʦʥ ʜʽʘʤʝʪʨʽʚ - ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʽʥʷʪʠ ʩʫʧʦʨʪ ʽʥʩʪʨʫʤʝʥʪʫ ʘʙʦ ʟʥʽʤʘʪʠ 

ʛʦʣʦʚʢʫ ʟ ʚʝʨʩʪʘʪʘ. ɯʥʩʪʨʫʤʝʥʪʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽ 

ʨʦʟʪʦʯʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʚʧʝʨʝʜ ʽ ʥʘʟʘʜ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ, ʚʥʫʪʨʽʰʥʽʭ ʢʘʥʘʚʦʢ, 

ʪʦʨʮʽʚ ʪʘ ʩʢʣʘʜʥʠʭ ʢʦʥʪʫʨʽʚ. ʉʪʫʧʽʥʯʘʩʪʽ ʪʘ ʢʦʥʽʯʥʽ ʦʪʚʦʨʠ ʦʙʨʦʙʣʷʶʪʴʩʷ ʙʝʟ 

ʟʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʩʧʽʚʚʽʩʥʽʩʪʴ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘ: 

1) ɯʥʩʪʨʫʤʝʥʪʠ ʟ ʜʚʦʤʘ ʨʽʟʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʙʘʣʘʥʩʦʚʘʥʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʜʣʷ ʚʠʩʦʢʠʭ ʧʦʜʘʯ ʽ ʰʚʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʾ 

ʰʚʠʜʢʦʩʪʽ ʟʥʷʪʪʷ ʤʘʪʝʨʽʘʣʫ; 

2) ɺʥʫʪʨʽʰʥʷ ʧʦʜʘʯʘ ɿʆʈ ʯʝʨʝʟ ʽʥʩʪʨʫʤʝʥʪ ʚʭʦʜʠʪʴ ʚ ʩʪʘʥʜʘʨʪʥʫ 

ʢʦʤʧʣʝʢʪʘʮʽʶ; 

3) ʇʦʚʥʽʩʪʶ ʟʘʢʨʠʪʠʡ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ, ʩʪʨʫʞʢʘ ʥʝ ʟʤʦʞʝ ʧʦʪʨʘʧʠʪʠ 

ʚ ʩʝʨʝʜʠʥʫ; 
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4) ɺʥʫʪʨʽʰʥʡ̔ ʞʦʨʩʪʢʠʡ ʧʝʨʝʜʥʽʡ ʫʧʦʨ ʪʘ ʬʫʥʢʮʽʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʟʘʭʠʱʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪ ʫ ʚʠʧʘʜʢʫ ʟʙʦʶ. 

 

ʈʠʩʫʥʦʢ 1.18 ï ɺʩʪʘʚʥʽ ʢʘʨʪʨʠʜʞʽ ʽ ʥʘʧʨʘʚʣʷʶʯʽ [5] 

 

ʐʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʟʤʽʨʽʚ:  

ʂʦʞʝʥ ʽʥʩʪʨʫʤʝʥʪ ʤʘʻ ʜʦʚʛʠʡ ʭʽʜ ʩʫʧʦʨʪʘ, ʷʢʠʡ ʜʦʧʦʚʥʶʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʢʘʨʪʨʠʜʞʽʚ ʪʘ ʥʘʧʨʘʚʣʷʶʯʠʭ ʜʣʷ ʧʝʨʝʢʨʠʪʪʷ ʥʘʡʙʽʣʴʰ 

ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʽʘʤʝʪʨʽʚ. ʅʝ ʧʦʪʨʽʙʥʦ ʤʽʥʷʪʠ ʩʫʧʦʨʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʙʦ 

ʟʥʽʤʘʪʠ ʛʦʣʦʚʢʫ ʟ ʚʝʨʩʪʘʪʘ. 

ɯʥʰʽ ʩʧʝʮʽʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʨʪʨʠʜʞʽʚ ʪʘʢʦʞ ʜʦʩʪʫʧʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʩʫʧʦʨʪ ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 1.19 ï ʄʦʜʠʬʽʢʘʮʽʷ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ Gogsdill 

ʜʣʷ ʦʙʨʦʙʢʠ ʩʽʜʣʘ ʚʝʥʪʠʣʷ [6] 
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ʉʧʝʮʽʘʣʴʥʦ ʘʜʘʧʪʦʚʘʥʽ ʤʦʜʫʣʴʥʽ ʨʦʟʪʦʯʫʚʘʣʴʥʽ ʛʦʣʦʚʢʠ ʦʙʣʘʜʥʘʥʽ 

ʢʝʨʦʚʘʥʦʶ ʦʧʦʨʦʶ ʽʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʢʣʘʧʘʥʽʚ ʪʘ 

ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʟ ʟʙʽʣʴʰʝʥʠʤ ʨʘʜʽʫʩʦʤ ʜʽʾ [6]. 

ʈʦʟʰʠʨʝʥʽ ʪʘ ʧʽʜʪʨʠʤʫʚʘʥʽ ʤʦʜʫʣʴʥʽ ʨʦʟʪʦʯʫʚʘʣʴʥʽ ʛʦʣʦʚʢʠ ʟ ʜʦʚʛʠʤ 

ʚʠʣʴʦʪʦʤ ʪʘʢʦʞ ʤʘʶʪʴ ʥʘʟʚʫ Valve Seat Pocket Tool, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʨʦʙʢʠ 

ʧʦʨʦʞʥʠʥ ʘʙʦ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʚʩʝʨʝʜʠʥʽ ʛʣʠʙʦʢʠʭ 

ʦʪʚʦʨʽʚ(ʨʠʩ.1.20). Valve seat pocket tool ʦʩʥʘʱʝʥʠʡ ʥʘʧʨʘʚʣʷʶʯʠʤ ʚʘʣʦʤ, 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʪʦʨʮʽ ʢʨʠʰʢʠ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʥʘʧʨʘʚʣʷʶʯʦʾ 

ʮʘʥʛʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʚʩʝʨʝʜʠʥʽ ʦʪʚʦʨʫ ʜʣʷ ʪʦʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ. 

Valve seat pocket tool ʤʘʶʪʴ ʜʦʩʪʘʪʥʽʡ ʭʽʜ ʪʘ ʤʽʮʥʽʩʪʴ ʜʣʷ ʛʨʫʙʦʾ ʦʙʨʦʙʢʠ 

ʧʦʨʦʞʥʠʥʠ seat pocket ̔ ʟ ʧʦʧʝʨʝʜʥʴʦ ʧʣʘʢʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʪʦʡ ʩʘʤʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʬʽʥʽʰʥʦʾ ʦʙʨʦʢʠ ʢʘʨʤʘʥʘ ʟ ʽʥʢʦʥʝʣʷ ʧʽʩʣʷ 

ʧʣʘʢʫʚʘʥʥʷ. ʅʝʧʣʘʢʦʚʘʥʽ ʢʘʨʤʘʥʠ ʪʘʢʦʞ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ. 

 

ʈʠʩʫʥʦʢ 1.20 ï Valve seat pocket tool [6] 

 

ʄʦʜʠʬʽʢʘʮʽʷ Bottle Boring Tool [6] 

Bottle Boring - ʮʝ ʧʨʦʮʝʩ ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʚʥʫʪʨʽʰʥʻ ʧʨʦʬʽʣʶʚʘʥʥʷ ʘʙʦ 

ʨʦʟʪʦʯʫʚʘʥʥʷ ʢʘʤʝʨʠ, ʷʚʣʷʻ ʩʦʙʦʶ ʩʧʝʮʽʘʣʴʥʫ ʦʧʝʨʘʮʽʶ ʨʽʟʘʥʥʷ ʧʨʠ ʷʢʽʡ 

ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʨʦʟʰʠʨʶʻʪʴʩʷ ʘʙʦ ʩʪʠʩʢʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʽʩʥʫʶʯʦʛʦ 

ʦʪʚʦʨʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʫʨʘ ʚʩʝʨʝʜʠʥʽ ʟʘʛʦʪʦʚʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ 

ʩʢʣʘʜʥʽ ʚʥʫʪʨʽʰʥʽ ʬʦʨʤʠ, ʩʢʣʘʜʥʽ ʧʝʨʝʭʦʜʠ ʦʪʚʦʨʽʚ ʪʘ ʧʽʜʥʫʪʨʝʥʥʷ, ʱʦ ʟʥʠʞʫʻ 

ʟʘʛʘʣʴʥʫ ʚʘʛʫ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ 
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ʧʦʚʝʨʭʥʽ. ʎʽ ʝʣʝʤʝʥʪʠ ʟʘʟʚʠʯʘʡ ʜʫʞʝ ʚʝʣʠʢʽ ʘʙʦ ʜʫʞʝ ʩʢʣʘʜʥʽ ʜʣʷ 

ʦʜʥʦʪʦʯʢʦʚʠʭ ʨʦʟʪʦʯʥʠʭ ʦʧʨʘʚʦʢ. ɺʥʫʪʨʽʰʥʽʡ ʧʨʦʬʽʣʴ ʦʪʚʦʨʫ ʚʩʝʨʝʜʠʥʽ 

ʜʝʪʘʣʽ ʙʽʣʴʰʠʡ, ʥʽʞ ʜʽʘʤʝʪʨ ʚʭʦʜʫ ʯʠ ʚʠʭʦʜʫ, ʪʦʤʫ ʝʣʝʤʝʥʪʠ ʏʇʂ ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʢʦʦʨʜʠʥʘʮʽʾ ʜʝʢʽʣʴʢʦʭ ʦʩʝʡ ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʞʘʥʠʭ ʧʨʦʬʽʣʽʚ.  

ʄʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘʧʨʘʚʣʷʶʯʦʶ ʦʧʦʨʦʶ 

(ʨʠʩ. 1.21), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʙʦ ʦʙʝʨʪʦʚʠʡ ʥʘʧʨʘʚʣʷʶʯʠʡ ʚʫʟʦʣ ʟ 

ʫʱʽʣʴʥʶʶʯʠʤ ʢʽʣʴʮʝʤ, ʩʪʚʦʨʝʥʠʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʧʘʜʘʥʥʷ ɿʆʈ ʘʙʦ 

ʩʪʨʫʞʢʠ ʚ ʢʦʨʧʫʩ ʽʥʩʪʨʫʤʝʥʪʘ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʦʩʦʩʪʽʡʢʠʭ ʥʘʢʣʘʜʦʢ ʽʟ 

ʢʘʨʙʽʜʘ, ʦʙʠʜʚʘ ʚʠʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ ʙʝʟ ʚʽʙʨʘʮʽʾ ʟ ʯʫʜʦʚʦʶ ʷʢʽʩʪʶ 

ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ. ʎʽ ʢʦʣʦʜʢʠ/ ʧʽʣʦʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʦʩʫ ʧʨʠ 

ʮʴʦʤʫ ʥʝ ʨʫʡʥʫʶʪʴ ʦʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʝʪʘʣʽ. 

 

ʈʠʩʫʥʦʢ 1.21 ï ʆʙʨʦʙʢʘ ʩʽʜʣʘ ʚʝʥʪʠʣʷ [6] 

 

ɺʠʜʘʣʝʥʥʷ ʩʪʨʫʞʢʠ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʟʘʜʘʯʫ ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ ʢʘʤʝʨ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʥʘʩʢʨʽʟʥʦʛʦ ʦʪʚʦʨʫ ʩʪʨʫʞʢʫ ʤʦʞʥʘ ʧʨʦʩʪʦ ʚʠʤʠʪʠ ʟ ʦʪʚʦʨʫ 

ʰʧʠʥʜʝʣʝʤ ʟʘʛʦʪʦʚʢʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ ɿʆʈ. ʆʜʥʘʢ ʚ ʨʘʟʽ ʛʣʫʭʠʭ ʦʪʚʦʨʽʚ ʽ 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ 

ʘʙʦ ʪʠʪʘʥʫ, ʩʪʨʫʞʢʫ ʥʝʦʙʭʽʜʥʦ ʨʫʡʥʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɿʆʈ ʧʽʜ ʚʠʩʦʢʠʤ 

ʪʠʩʢʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʣʘʩʪʠʥʽ ʽ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʢʘʥʘʣʠ. 

ʈʦʟʪʦʯʫʚʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ Cogsdill ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʥ 

ISO ʚʩʝʨʝʜʠʥʽ ʢʘʨʪʨʠʜʞʽʚ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʥʘʧʨʘʚʣʷʶʯʠʭ ʜʣʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ 

ʛʥʫʯʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʤʘʨʢʠ ʧʣʘʩʪʠʥ. 

ʄʦʜʫʣʴʥʽ ʨʦʟʪʦʯʫʚʘʣʴʥʽ ʛʦʣʦʚʢʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʚʝʨʩʪʘʪʘʭ 

HBM, ʜʝ ʢʦʤʧʦʥʝʥʪʠ ʟʘʥʘʜʪʦ ʚʝʣʠʢʽ ʜʣʷ ʦʙʨʦʙʢʠ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ, ʦʜʥʘʢ 

ʮʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʛʣʠʙʦʢʦʛʦ 
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ʩʚʝʨʜʣʽʥʥʷ, ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʽ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʚʥʫʪʨʽʰʥʽʭ ʧʦʨʦʞʥʠʥ ʟʽ ʟʙʽʣʴʰʝʥʠʤ ʨʘʜʽʫʩʦʤ 

ʜʽʾ ʪʘ ʦʪʚʦʨʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʚʢʣʶʯʘʶʯʠ ʯʦʨʥʦʚʽ ʽ ʯʠʩʪʦʚʽ ʦʧʝʨʘʮʽʾ ʟʘ ʦʜʠʥ 

ʫʩʪʘʥʦʚ. 

 

ʈʠʩʫʥʦʢ 1.22 ï ʇʦʜʘʯʘ ɿʆʈ ʥʘ ʧʣʘʩʪʠʥʫ [5] 

 

ʄʦʜʫʣʴʥʠʡ ʜʠʟʘʡʥ ʪʘ ʢʦʥʩʪʨʫʢʮʽʷ: ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʽ ʣʝʛʢʦ ʨʝʛʫʣʶʚʘʪʠ 

ʜʦʚʞʠʥʫ ʽ ʢʦʥʬʽʛʫʨʘʮʽʶ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʯʠ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ     

(ʨʠʩ. 1.23). 

 

ʈʠʩʫʥʦʢ 1.23 ï ɿ'ʻʜʥʘʥʥʷ ʤʦʜʫʣʽʚ[5] 

 

ɼʝʷʢʽ ʨʦʟʤʽʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʟʽ ʟʙʽʣʴʰʝʥʠʤ 

ʨʘʜʽʫʩʦʤ ʜʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʽʣʦʪʥʦʾ ʧʽʜʪʨʠʤʢʠ. 
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ɺʠʩʥʦʚʦʢ 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʟʘʢʨʠʪʠʭ 

ʧʦʚʝʨʭʦʥʴ ʘʙʦ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʟʚʠʯʘʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟʘ ʜʚʘ 

ʫʩʪʘʥʦʚʠ - ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʦʙʨʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ 

ʛʦʣʦʚʢʠ ʧʦ ʪʠʧʫ ʢʦʤʧʘʥʽʾ Cogsdill. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʚʠʤʦʛ ʜʦ ʦʙʨʦʙʣʝʥʥʷ 

ʜʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʧʘʨʘʤʝʪʨʠ ʦʙʣʘʜʥʘʥʥʷ - ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʢʦʥʫʩ Haimer SK50, ʚʠʢʦʥʘʥʥʷ 2, ʟ 

ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʜʘʯʦʶ ɿʆʈ [10]. ʊʘʢʦʞ ʜʣʷ ʷʢʽʩʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʧʦʪʨʽʙʥʦ 

ʟʘʤʽʥʠʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʽʟʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʚʨʘʭʦʚʫʶʯʠ 

ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ - ʧʝʨʝʜʥʽʡ ʢʫʪ ʥʘ 15Á ʪʘ ʟʘʜʥʽʡ ʢʫʪ ʥʘ 7Á [12]. 

ʆʪʨʠʤʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ ʜʦʧʫʩʢʦʤ ʧʦ 7-ʤʫ  ʢʚʘʣʽʪʝʪʫ [5]. 

ɿʘ ʨʘʭʫʥʦʢ ʤʦʜʫʣʴʥʦʾ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʘ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ ʨʽʟʥʽ 

ʧʦʚʝʨʭʥʽ, ʧʨʠ ʮʴʦʤʫ ʚʩʝ ʱʦ ʥʝʦʙʭʽʜʥʦ - ʮʝ ʟʘʤʽʥʠʪʠ ʜʝʢʽʣʴʢʘ ʤʦʜʫʣʽʚ, ʱʦ 

ʨʦʙʠʪʴ ʽʥʩʪʨʫʤʝʥʪ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʥʽʞ ʘʥʘʣʦʛʠ [5]. 
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2 ʈʆɿʈʆɹʂɸ ʂʆʅʉʊʈʋʂʎɯɰ  ɸɼɸʇʊʀɺʅʆɰ 

ʄʆɼʋʃʔʅʆɰ ʈʆɿʊʆʏʋɺɸʃʔʅʆɰ ɻʆʃʆɺʂʀ 

 

2.1 ʄʘʪʝʨʽʘʣ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʄʘʪʝʨʽʘʣʦʤ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʙʫʣʦ ʦʙʨʘʥʦ ʪʚʝʨʜʠʡ ʩʧʣʘʚ ʊ14ʂ8. ɼʘʥʠʡ 

ʤʘʪʝʨʽʘʣ ʙʫʣʦ ʦʙʨʘʥʦ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʘʢʠʭ 

ʧʨʦʮʝʩʘʭ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ʷʢ [7]: 

¶ ʏʦʨʥʦʚʝ ʪʦʯʽʥʥʷ ʧʨʠ ʥʝʧʝʨʝʨʚʥʦʤʫ ʧʝʨʝʨʽʟʽ ʽ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʽʟʘʥʥʽ 

¶ ʅʘʧʽʚʯʠʩʪʦʚʝ ʪʦʯʽʥʥʷ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʽʟʘʥʥʽ 

¶ ʏʠʩʪʦʚʝ ʪʦʯʽʥʥʷ ʧʨʠ ʧʝʨʝʨʚʥʦʤʫ ʨʽʟʘʥʥʽ 

¶ ʅʘʨʽʟʫʚʘʥʥʷ ʨʽʟʴʙʠ ʦʙʝʨʪʦʚʠʤʠ ʛʦʣʦʚʢʘʤʠ ʪʘ ʪʦʢʘʨʥʠʤʠ ʨʽʟʮʷʤʠ 

¶ ʅʘʧʽʚʯʠʩʪʦʚʝ ʪʘ ʯʠʩʪʦʚʝ ʬʨʝʟʝʨʫʚʘʥʥʷ ʩʫʮʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

¶ ʈʦʟʪʦʯʫʚʘʥʥʷ, ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʷ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʚʫʛʣʝʮʝʚʠʭ 

ʽ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ 

¶ ʏʠʩʪʦʚʝ ʟʝʥʢʝʨʫʚʘʥʥʷ 

ʊʚʝʨʜʠʡ ʩʧʣʘʚ ʊ14ʂ8 ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʫʧʠ ʪʠʪʘʥʦʚʦʣʴʬʨʘʤʦʢʦʙʘʣʴʪʦʚʠʭ 

ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ (ʊʂ) ʷʢʽ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ: 

¶ ʂʦʙʘʣʴʪ  (Co) - ʥʝ ʧʝʨʝʚʠʱʫʻ 8% 

¶ ʂʘʨʙʽʜ ʪʠʪʘʥʫ (TiC) - ʥʝ ʧʝʨʝʚʠʱʫʻ 14% 

¶ ʂʘʨʙʽʜ ʚʦʣʴʬʨʘʤʫ (WC) - ʥʝ ʧʝʨʝʚʠʱʫʻ 78% 

ʌʽʟʠʢʦ - ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʊ14ʂ8 [8]: 

¶ ʇʦʨʽʛ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʛʠʥʽ - „ ρςχτ ̇˜ ́

¶ ʑʽʣʴʥʽʩʪʴ - ” ρρȟς ρρȟφ ̄Ⱦ̒  ̍

¶ ʊʚʝʨʜʽʩʪʴ - ὌὙὃ ψωȟυ 

¶ ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ - ‗ ρφȟχ
ˏ̓

Ͻ̍ᴈ
 

¶ ʄʦʜʫʣʴ ʖʥʛʘ - ˒ υςπ ː˜́ 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʘʥʘʣʦʛʠ ʟʘ ʢʦʨʜʦʥʦʤ [8]: 

¶ ʅʽʤʝʯʯʠʥʘ - HS123, HS410, HS420, HT02, HT03, HV510; 
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¶ ʐʚʝʮʽʷ - MC121; 

¶ ʋʛʦʨʱʠʥʘ - DA20; 

¶ ʇʦʣʴʱʘ - S20, S20S; 

¶ ʏʝʭʽʷ - S2, S20, S20CN, S20CNA. 

2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ 

ʈʽʟʘʣʴʥʘ ʧʣʘʩʪʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ [11]: 

¶ ʇʝʨʝʜʥʷ ʧʦʚʝʨʭʥʷ - ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʚʝʨʭʥʶ ʷʢʘ ʢʦʥʪʘʢʪʫʻ ʟ ʟʨʽʟʘʥʠʤ 

ʰʘʨʦʤ ʪʘ ʧʦ ʷʢʽʡ ʩʭʦʜʠʪʴ ʩʪʨʫʞʢʘ 

¶ ɿʘʜʥʷ ʧʦʚʝʨʭʥʷ - ʧʦʚʝʨʭʥʷ ʷʢʘ ʢʦʥʪʘʢʪʫʻ ʟ ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʢʠ 

ʇʦʚʝʨʭʥʽ ʜʽʣʷʪʴʩʷ ʥʘ [11]: 

¶ ɻʦʣʦʚʥʘ - ʢʦʥʪʘʢʪʫʻ ʟ ʧʦʚʝʨʭʥʝʶ ʨʽʟʘʥʥʷ 

¶ ɼʦʧʦʤʽʞʥʘ - ʢʦʥʪʘʢʪʫʻ ʟ ʚʞʝ ʦʙʨʦʙʣʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʢʠ 

ʇʨʠ ʧʝʨʝʪʠʥʽ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʧʦʚʝʨʭʦʥʴ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʘʣʴʥʽ ʢʨʦʤʢʠ, 

ʷʢʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʶ ʫʯʘʩʪʽ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʙʫʚʘʶʪʴ ʛʦʣʦʚʥʠʤʠ ʽ 

ʜʦʧʦʤʽʞʥʠʤʠ. ʈʽʟʘʣʴʥʘ ʢʨʦʤʢʘ, ʱʦ ʟʜʽʡʩʥʶʻ ʦʩʥʦʚʥʫ ʨʦʙʦʪʫ ʨʽʟʘʥʥʷ 

ʥʘʟʠʚʘʻʪʴʩʷ ʛʦʣʦʚʥʦʶ. ɯʥʰʽ ʢʨʦʤʢʠ, ʱʦ ʟʘʯʠʱʘʶʪʴ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʜʦʧʦʤʽʞʥʠʤʠ [11]. 

ʊʦʯʢʘ ʧʝʨʝʪʠʥʫ ʜʦʧʦʤʽʞʥʠʭ ʪʘ ʛʦʣʦʚʥʠʭ ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʝʨʰʠʥʦʶ [11]. 

ʌʦʨʤʘ ʪʘ ʢʫʪʠ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ 

ʆʙʠʨʘʪʠ ʪʚʝʨʜʦʩʧʣʘʚʥʫ ʧʣʘʩʪʠʥʫ ʧʦʪʨʽʙʥʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ 

ʬʘʢʪʦʨʽʚ [12]: 

¶ ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʦʙʨʦʙʠʪʠ 

¶ ɺʠʜ ʦʙʨʦʙʢʠ: ʯʦʨʥʦʚʘ, ʥʘʧʽʚʯʠʩʪʦʚʘ, ʯʠʩʪʦʚʘ ʘʙʦ ʬʽʥʽʰʥʘ 

¶ ʈʦʟʤʽʨ, ʨʘʜʽʫʩ ʪʘ ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʧʣʘʩʪʠʥʠ 

¶ ʌʦʨʤʘ ʽ ʤʘʨʢʘ ʧʣʘʩʪʠʥʠ 

ɺʽʜ ʚʠʙʦʨʫ ʢʫʪʽʚ ʧʣʘʩʪʥʠ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ [11]: 

¶ ʉʠʣʘ ʨʽʟʘʥʥʷ 

¶ ʇʦʪʫʞʥʽʩʪʴ ʚʝʨʩʪʘʪʘ 
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¶ ʗʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʝʥʥʷ  

ʗʢʱʦ ʢʫʪʠ ʙʫʜʫʪʴ ʦʙʨʘʥʽ ʧʨʘʚʠʣʴʥʦ, ʪʦ ʩʘʤʘ ʧʣʘʩʪʠʥʘ ʙʫʜʝ ʙʽʣʴʰ 

ʜʦʚʛʦʚʽʯʥʦʶ ʪʘ ʟʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʙʽʣʴʰ ʚʘʞʢʠʭ ʫʤʦʚʘʭ [11]. 

ʇʦʚʥʘ ʛʝʦʤʝʪʨʽʷ ʨʽʟʮʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ ʛʦʣʦʚʥʠʤʠ ʪʘ 

ʜʦʧʦʤʽʞʥʠʤʠ ʢʫʪʘʤʠ [11]: 

ɻʦʣʦʚʥʽ ʢʫʪʠ 

¶ ‌ - ʟʘʜʥʽʡ ʢʫʪ 

¶ ‍ - ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ 

¶ ‎ - ʧʝʨʝʜʥʽʡ ʢʫʪ 

ɼʦʧʦʤʽʞʥʽ ʢʫʪʠ 

¶ ‌ - ʜʦʧʦʤʽʞʥʠʡ ʟʘʜʥʽʡ ʢʫʪ 

¶ •  - ʛʦʣʦʚʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ 

¶ •  - ʜʦʧʦʤʽʞʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ 

¶ ‐   -  ʢʫʪ ʧʨʠ ʚʝʨʰʠʥʽ 

ɼʣʷ ʜʘʥʦʾ ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʙʫʣʦ ʦʙʨʘʥʦ ʪʘʢʽ ʢʫʪʠ 

(ʨʠʩ.2.1) [20]: 

¶ ‌ χЈ 

¶ ‎ ρυЈ 

¶ ‐ ψπЈ 

ɼʘʥʘ ʧʣʘʩʪʠʥʘ ʚʠʢʦʥʘʥʘ ʟ ʟʥʦʩʦʩʪʽʡʢʠʤ ʧʦʢʨʠʪʪʷʤ ʟʘ ʤʝʪʦʜʦʤ PVD 

(Physical Vapor Deposition). 

ʄʘʨʢʫʚʘʥʥʷ ʧʣʘʩʪʠʥʠ  - CCMG 16 06 08-PR 4425 [20]. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʊʚʝʨʜʦʩʧʣʘʚʥʘ ʧʣʘʩʪʠʥʘ [20] 
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2.3 ʂʦʥʩʪʨʫʢʮʽʷ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʈʽʟʘʣʴʥʘ ʯʘʩʪʠʥʘ ʤʦʜʫʣʴʥʦʾ ʨʽʟʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʧʦʨʪʘ, 

ʢʘʨʪʨʠʜʞʘ ʪʘ ʧʣʘʩʪʠʥʠ, ʘʙʦ ʧʣʘʩʪʠʥ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʽʟʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ. 

ɺʝʩʴ ʤʝʭʘʥʽʟʤ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʟʘ ʨʘʭʫʥʦʢ ʚʘʣʘ, ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ 

ʢʦʦʨʜʠʥʘʪʦʶ W ʥʘ ʚʝʨʩʪʘʪʽ HBM (Horizontal Boring Mill ). 

ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʢʦʦʨʜʠʥʘʪʠ W ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʚʘʣ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʧʨʠʚʦʜʠʪʴ ʚ ʨʫʭ ʩʫʧʦʨʪ, ʥʘ ʷʢʦʤʫ ʻ ʧʘʟ, ʟ ʷʢʠʤ ʚʦʥʠ ʧʦʻʜʥʘʥʽ. 

ʈʦʟʨʘʭʫʻʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʚʠʩʦʪʫ ʥʘ ʷʢʫ ʤʦʞʝ ʚʠʡʪʠ ʩʫʧʦʨʪ: 

ὰ υτϽὸὫσπЈ σς ̍̍ ςȢρ 

ʆʪʞʝ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʦʙʨʦʙʢʠ: 

ὒ ρςυφτ ρψω ̍̍ ςȢς 

ʉʫʧʦʨʪ ʧʽʜʽʡʤʘʻʪʴʩʷ ʚʚʝʨʭ ʧʦ ʨʝʣʴʩʘʭ, ʪʠʤ ʩʘʤʠʤ ʟʤʽʥʶʻʪʴʩʷ ʜʽʘʤʝʪʨ 

ʨʽʟʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʫʧʦʨʪ 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʂʘʨʪʨʠʜʞ 
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ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʚʽʜ 

 

ɼʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʩʠʪʴ ʟʨʫʯʥʘ, ʪʘʢ ʷʢ ʤʦʞʥʘ ʣʝʛʢʦ ʟʤʽʥʶʚʘʪʠ ʢʘʨʪʨʠʜʞʽ 

ʪʘ ʩʫʧʦʨʪʘ ʜʣʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʦʙʨʦʙʢʠ. ʊʘʢʦʞ ʤʦʞʥʘ ʟʘʤʽʥʶʚʘʪʠ ʥʘ ʩʫʧʦʨʪ ʜʣʷ 

ʰʣʽʬʫʚʘʥʥʷ, ʪʠʤ ʩʘʤʠʤ ʧʨʠʰʚʠʜʰʫʶʯʠ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʽ ʥʝ ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠ ʥʘ ʧʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ. 

 

2.4 ʂʦʥʩʪʨʫʢʮʽʷ ʭʚʦʩʪʦʚʠʢʘ 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʢʦʥʫʩʦʤ ʻ ʢʦʥʫʩ 7:24. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʟʤʽʥʦʶ ʽʥʩʪʨʫʤʝʥʪʘ. 

ISO-ʢʦʥʫʩʠ 7:24 ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʘ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ISO 7388. 

ɼʣʷ ʜʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʦʙʨʘʥʦ ʥʽʤʝʮʴʢʠʡ ʚʘʨʽʘʥʪ ʢʦʥʫʩʘ ʪʠʧʫ SK. 

 

ʈʠʩʫʥʦʢ 2.5 ï ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʢʦʥʫʩ Haimer SK50, ʚʠʢʦʥʘʥʥʷ 2, ʟ 

ʚʥʫʪʨʥʽʰʥʴʦʶ ʧʦʜʘʯʦʶ ɿʆʈ [9] 
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ʈʠʩʫʥʦʢ 2.6 ï ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʢʦʥʫʩ SK50 ʚ ʨʦʟʨʽʟʽ [10] 

 

ɼʘʥʠʡ ʚʘʨʽʘʥʪ ʙʫʣʦ ʦʙʨʘʥʦ, ʪʘʢ ʷʢ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʢʦʥʫʩʽ Haimer 

SK50 ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʦʜʫ ɿʆʈ. 

 

2.5 ɽʪʘʧʠ ʧʦʙʫʜʦʚʠ 3D- ʤʦʜʝʣʽ ʽʥʩʪʨʫʤʝʥʪʘ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ 3D ʤʦʜʝʣʴ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥ ̔ CAD ʧʨʦʛʨʘʤʠ ʪʘ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʩʪʚʦʨʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ. 

ʑʦʙ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʽʥʩʪʨʫʤʝʥʪʘ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʦʩʥʦʚʥʽ ʪʘ ʙʘʟʦʚʽ ʧʨʦʮʝʩ 3D ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

Autodesk Inventor. 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ 3D ʤʦʜʝʣʽ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠʩʴ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ: 

¶ ʉʪʚʦʨʝʥʥʷ ʢʦʨʧʫʩʫ  

¶ ʉʪʚʦʨʝʥʥʷ ʤʦʜʫʣʶ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ  

¶ ʉʪʚʦʨʝʥʥʷ ʢʨʠʰʢʠ  

¶ ʉʪʚʦʨʝʥʥʷ ʢʦʥʫʩʘ ISO SK50 

¶ ʉʪʚʦʨʝʥʥʷ ʨʦʙʦʯʦʛʦ ʚʘʣʫ ʟʽ ʩʢʦʩʦʤ 

¶ ʉʪʚʦʨʝʥʥʷ ʚʘʣʫ ʧʦʜʘʯʽ 



34 
 

¶ ʉʪʚʦʨʝʥʥʷ ʨʝʣʴʩʠ ʤʦʜʫʣʷ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 

¶ ʉʪʚʦʨʝʥʥʷ ʨʝʣʴʩʠ ʢʨʠʰʢʠ 

¶ ʉʪʚʦʨʝʥʥʷ ʩʫʧʦʨʪʘ  

¶ ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʨʠʜʞʘ 

¶ ʉʪʚʦʨʝʥʥʷ ʧʣʘʩʪʠʥʠ 

¶ ʉʪʚʦʨʝʥʥʷ ʚʩʪʘʚʢʠ ʜʣʷ ʧʦʜʘʯʽ ɿʆʈ 

¶ ʉʪʚʦʨʝʥʥʷ ʟʘʞʠʤʥʠʭ ʧʣʘʩʪʠʥ 

¶ ʉʪʚʦʨʝʥʥʷ ʢʨʽʧʠʣʴʥʠʭ ʰʪʽʬʪʽʚ 

 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʢʦʨʧʫʩʘ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʢʦʨʧʫʩʫ ʪʘ ʦʙʝʨʪʘʻʤʦ ʥʘʚʢʦʣʦ ʦʩʽ 

2. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʽʚ ʧʽʜ ʰʪʠʬʪ ʪʘ ʨʦʙʠʤʦ ʦʪʚʦʨʠ 

3. ʉʪʚʦʨʶʻʤʦ ʧʣʦʱʠʥʫ ʥʘ ʜʽʘʤʝʪʨʽ 125 ʤʤ, ʥʘ ʷʢʽʡ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʫ 

ʧʽʜ ʟʘʞʠʤʥʫ ʧʣʘʩʪʠʥʫ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

4. ʉʪʚʦʨʶʻʤʦ ʦʪʚʽʨ ʥʘ ʜʥʽ ʧʘʟʘ 

5. ʉʪʚʦʨʶʻʤʦ ʨʽʟʴʙʫ ʥʘ ʦʪʚʦʨʽ 

6. ɺʽʜʟʝʨʢʘʣʶʻʤʦ ʧʘʟ ʪʘ ʦʪʚʽʨ ʟ ʨʽʟʴʙʦʶ 

7. ʉʪʚʦʨʶʻʤʦ ʧʣʦʱʠʥʫ ʥʘ ʜʽʘʤʝʪʨʽ 100 ʤʤ, ʥʘ ʷʢʽʡ ʩʪʚʦʨʶʻʤʦ ʦʪʚʽʨ ʟ 

ʨʽʟʴʙʦʶ 

8. ʈʦʙʠʤʦ ʢʨʫʛʦʚʠʡ ʤʘʩʠʚ 3ʭ ʦʪʚʦʨʽʚ 

9. ʅʘ ʧʣʦʱʠʥʽ ʧ.7, ʩʪʚʦʨʶʻʤʦ ʱʝ ʦʜʠʥ ʦʪʚʽʨ ʟ ʨʽʟʴʙʦʶ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ 

ʚʘʣʽʚ 
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ʈʠʩʫʥʦʢ 2.7 ï 3D ʤʦʜʝʣʴ ʢʦʨʧʫʩʫ 

 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʦʜʫʣʶ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʦʚʝʨʭʥʽ ʤʦʜʫʣʷ ʪʘ ʦʙʝʨʪʘʻʤʦ ʥʘʚʢʦʣʦ ʦʩʽ 

2. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʜʘʚʣʶʻʤʦ ʥʘ ʚʩʶ ʜʦʚʞʠʥʫ 

3. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʽʚ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʢʨʠʰʢʠ ʪʘ ʨʦʙʠʤʦ ʨʽʟʴʙʦʚʽ 

ʦʪʚʦʨʠ 

4. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʽʚ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʨʝʣʴʩʠ ʪʘ ʨʦʙʠʤʦ ʨʽʟʴʙʦʚʽ 

ʦʪʚʦʨʠ 

5. ʉʪʚʦʨʶʻʤʦ ʧʣʦʱʠʥʫ ʥʘ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʽʡ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʘ ʜʣʷ 

ʧʨʠʞʠʤʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

6. ɺʽʜʟʝʢʨʢʘʣʶʻʤʦ ʧʘʟ 

7. ʉʪʚʦʨʶʻʤʦ ʧʣʦʱʠʥʫ ʥʘ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʽʡ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʫ, 

ʩʪʚʦʨʶʻʤʦ ʨʽʟʴʙʦʚʠʡ ʦʪʚʽʨ 

8. ʈʦʙʠʤʦ ʢʨʫʛʦʚʠʡ ʤʘʩʠʚ ʟ 3ʭ ʦʪʚʦʨʽʚ 

9. ʅʘ ʧʣʦʱʠʥʽ ʧ.7 ʩʪʚʦʨʶʻʤʦ ʱʝ ʦʜʠʥ ʦʪʚʽʨ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʚʘʣʽʚ 
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ʈʠʩʫʥʦʢ 2.8 ï 3D ʤʦʜʝʣʴ ʤʦʜʫʣʷ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 

 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʢʨʠʰʢʠ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʢʨʠʰʢʠ ʪʘ ʦʙʝʨʪʘʻʤʦ ʥʘʚʢʦʣʦ ʦʩʽ 

2. ʉʪʚʦʨʶʻʤʦ ʧʣʦʱʠʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʰʢʠ, ʥʘ ʷʢʽʡ ʩʪʚʦʨʶʻʤʦ ʧʘʟ ʪʘ 

ʚʠʜʘʚʣʶʻʤʦ ʥʘ ʚʩʶ ʜʦʚʞʠʥʫ 

3. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʥʘ ʪʦʨʮʽ ʢʨʠʰʢʠ, ʩʪʚʦʨʶʻʤʦ ʦʪʚʦʨʠ ʧʦ ʝʩʢʽʟʫ 

4. ɿ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʩʪʚʦʨʶʻʤʦ 2 ʨʽʟʴʙʦʚʠʭ ʦʪʚʦʨʠ ʧʽʜ ʢʨʽʧʣʝʥʥʷ 

ʨʝʣʴʩʠ 

 

ʈʠʩʫʥʦʢ 2.9 ï 3D ʤʦʜʝʣʴ ʢʨʠʰʢʠ 
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ʉʪʚʦʨʝʥʥʷ ʢʦʥʫʩʘ ISO SK50 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʢʦʥʫʩʘ ʪʘ ʦʙʝʨʪʘʻʤʦ ʥʘʚʢʦʣʦ ʦʩʽ 

2. ʉʪʚʦʨʶʻʤʦ ʧʘʟ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

3. ɺʽʜʟʝʨʢʘʣʶʻʤʦ ʧʘʟ 

 

ʈʠʩʫʥʦʢ 2.10 ï 3D ʤʦʜʝʣʴ ʢʦʥʫʩʘ ISO SK50 

 

ʉʪʚʦʨʝʥʥʷ ʚʘʣʘ ʟʽ ʩʢʦʩʦʤ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʚʘʣʘ ʪʘ ʦʙʝʨʪʘʻʤʦ ʥʘʚʢʦʣʦ ʦʩʽ 

2. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʥʘ ʪʦʨʮʽ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʘ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

3. ʅʘ ʚʠʜʘʚʣʝʥʦʤʫ ʝʣʝʤʝʥʪʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʩʢʦʩʫ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

4. ʉʪʚʦʨʶʻʤʦ ʧʣʦʱʠʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ, ʥʘ ʷʢʦʤʫ 

ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʫ ʪʘ ʩʪʚʦʨʶʻʤʦ ʨʽʟʴʙʦʚʠʡ ʦʪʚʽʨ ʥʘ ʚʩʶ ʜʦʚʞʠʥʫ 

 

ʈʠʩʫʥʦʢ 2.11 ï 3D ʤʦʜʝʣʴ ʚʘʣʫ 
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ʉʪʚʦʨʝʥʥʷ ʚʘʣʫ ʧʦʜʘʯʽ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʚʘʣʫ ʪʘ ʦʙʝʨʪʘʻʤʦ ʥʘʚʢʦʣʦ ʦʩʽ 

2. ʅʘ ʤʝʥʰʦʤʫ ʜʽʘʤʝʪʨʽ ʩʪʚʦʨʶʻʤʦ ʧʣʦʱʠʥʫ, ʥʘ ʷʢʽʡ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ 

ʦʪʚʦʨʫ ʪʘ ʩʪʚʦʨʶʻʤʦ ʨʽʟʴʙʦʚʠʡ ʦʪʚʽʨ 

 

ʈʠʩʫʥʦʢ 2.12 ï 3D ʤʦʜʝʣʴ ʚʘʣʫ 

 

ʉʪʚʦʨʝʥʥʷ ʨʝʣʴʩʠ ʤʦʜʫʣʷ  

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʨʝʣʴʩʠ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

2. ʅʘ ʧʦʚʝʨʭʥʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʘ ʜʣʷ ʩʫʧʦʨʪʘ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

3. ʅʘ ʧʦʚʝʨʭʥʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʘ ʜʣʷ ʨʫʭʫ ʚʘʣʘ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

4. ʅʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʮʠʣʽʥʜʨʘ ʟ ʦʪʚʦʨʦʤ ʪʘ 

ʚʠʜʘʚʣʶʻʤʦ ʡʦʛʦ 

5. ʉʪʚʦʨʶʻʤʦ 2 ʦʪʚʦʨʠ ʜʣʷ ʧʦʜʘʯʽ ɿʆʈ 

6. ʅʘ ʧʦʚʝʨʭʥʽ ʧʘʟʘ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʫ ʪʘ ʩʪʚʦʨʶʻʤʦ 2 ʦʪʚʦʨʠ 

 

ʈʠʩʫʥʦʢ 2.13 ï 3D ʤʦʜʝʣʴ ʨʝʣʴʩʠ 
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ʉʪʚʦʨʝʥʥʷ ʨʝʣʴʩʠ ʢʨʠʰʢʠ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʨʝʣʴʩʠ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

2. ʅʘ ʧʦʚʝʨʭʥʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʘ ʜʣʷ ʩʫʧʦʨʪʘ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

3. ʅʘ ʧʦʚʝʨʭʥʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʘ ʜʣʷ ʨʫʭʫ ʚʘʣʘ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

4. ʅʘ ʧʦʚʝʨʭʥʽ ʧʘʟʘ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʫ ʪʘ ʩʪʚʦʨʶʻʤʦ 2 ʦʪʚʦʨʠ 

 

ʈʠʩʫʥʦʢ 2.14 ï 3D ʤʦʜʝʣʴ ʨʝʣʴʩʠ 

 

ʉʪʚʦʨʝʥʥʷ ʩʫʧʦʨʪʘ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʪʘ ʚʠʜʘʚʣʶʻʤʦ  

2. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʚʠʩʪʫʧʘ ʥʘ ʚʫʞʯʽʡ ʙʽʯʥʽʡ ʩʪʦʨʦʥʽ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

3. ɺʽʜʟʝʨʢʘʣʶʻʤʦ ʚʠʩʪʫʧ 

4. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʘ ʥʘ ʪʦʨʮʽ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

5. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʫ ʥʘ ʪʦʨʮʽ ʪʘ ʨʦʙʠʤʦ ʨʽʟʴʙʦʚʠʡ ʦʪʚʽʨ 

6. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʘ ʥʘ ʰʠʨʰʽʡ ʙʽʯʥʽʡ ʩʪʦʨʦʥʽ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

7. ʉʪʚʦʨʶʻʤʦ ʬʘʩʢʠ ʥʘ ʥʠʞʥʴʦʤʫ ʪʦʨʮʽ 

 

ʈʠʩʫʥʦʢ 2.15 ï 3D ʤʦʜʝʣʴ ʩʫʧʦʨʪʘ 
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ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʨʠʜʞʘ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

2. ʅʘ ʪʦʨʮʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʚʠʩʪʫʧʘ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

3. ʅʘ ʙʽʯʥʽʡ ʩʪʦʨʦʥʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ 2ʦʭ ʧʘʟʽʚ ʧʽʜ ʤʘʡʙʫʪʥʽ ʧʣʘʩʪʠʥʠ 

4. ʅʘ ʧʘʟʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʫ ʧʽʜ ʧʣʘʩʪʠʥʫ ʪʘ ʚʠʜʘʚʣʶʻʤʦ ʡʦʛʦ 

5. ɺʽʜʟʝʨʢʘʣʶʻʤʦ ʦʪʚʽʨ 

6. ʅʘ ʚʝʨʭʥʴʦʤʫ ʪʦʨʮʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʩʢʦʩʫ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

7. ʅʘ ʚʝʨʭʥʴʦʤʫ ʪʦʨʮʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʣʦʱʠʥʠ ʜʣʷ ʧʦʩʘʜʢʠ ʛʚʠʥʪʘ ʪʘ 

ʚʠʜʘʚʣʶʻʤʦ 

8. ʅʘ ʧʣʦʱʠʥʽ ʩʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʫ ʪʘ ʨʦʙʠʤʦ ʨʽʟʴʙʦʚʠʡ ʦʪʚʽʨ ʥʘ ʚʩʶ 

ʜʦʚʞʠʥʫ 

 

ʈʠʩʫʥʦʢ 2.16 ï 3D ʤʦʜʝʣʴ ʢʘʨʪʨʠʜʞʘ 

 

ʉʪʚʦʨʝʥʥʷ ʧʣʘʩʪʠʥʠ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʣʘʩʪʠʥʠ ʪʘ ʚʠʜʘʚʣʶʻʤʦ ʡʦʛʦ 

2. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʩʪʨʫʞʢʦʣʦʤʥʠʭ ʢʘʥʘʚʦʢ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

3. ʉʪʚʦʨʶʻʤʦ ʦʪʚʽʨ 

 

ʈʠʩʫʥʦʢ 2.17 ï 3D ʤʦʜʝʣʴ ʧʣʘʩʪʠʥʠ 
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ʉʪʚʦʨʝʥʥʷ ʚʩʪʘʚʢʠ ʜʣʷ ʧʦʜʘʯʽ ɿʆʈ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʚʩʪʘʚʢʠ ʪʘ ʚʠʜʘʚʣʶʻʤʦ  

2. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʘʟʘ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

3. ʉʪʚʦʨʶʻʤʦ ʮʝʥʪʨʘʣʴʥʠʡ ʦʪʚʽʨ  

4. ʉʪʚʦʨʶʻʤʦ 2 ʦʪʚʦʨʠ ʥʘ ʧʦʚʝʨʭʥʽ 

 

ʈʠʩʫʥʦʢ 2.18 ï ɺʩʪʘʚʢʘ ʜʣʷ ʧʦʜʘʯʽ ɿʆʈ 

 

ʉʪʚʦʨʝʥʥʷ ʟʘʞʠʤʥʠʭ ʧʣʘʩʪʠʥʦʢ 

1. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʣʘʩʪʠʥʢʠ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 

2. ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʦʪʚʦʨʫ ʪʘ ʨʦʙʠʤʦ ʨʽʟʴʙʦʚʠʡ ʦʪʚʽʨ 

 

ʈʠʩʫʥʦʢ 2.19 ï 3D ʤʦʜʝʣʴ ʧʣʘʩʪʠʥʢʠ 

 

ʉʪʚʦʨʝʥʥʷ ʢʨʽʧʠʣʴʥʦʛʦ ʰʪʠʬʪʘ 

1 ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʪʘ ʚʠʜʘʚʣʶʻʤʦ  

2 ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʥʘʧʽʚʢʦʣʘ ʥʘ ʮʠʣʽʥʜʨʽ ʪʘ ʚʠʜʘʚʣʶʻʤʦ 
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ʈʠʩʫʥʦʢ 2.20 ï 3D ʤʦʜʝʣʴ ʰʪʠʬʪʘ 

 

2.6  ʉʢʣʘʜʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʩʪʚʦʨʠʪʠ ʩʭʝʤʫ ʩʢʣʘʜʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ 

ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʚʠʢʦʨʠʩʪʘʻʤʦ CAD ʟʘʙʝʟʧʝʯʝʥʥʷ Autodesk Inventor ʪʘ 

ʧʝʨʝʡʜʝʤʦ ʚ ʚʢʣʘʜʢʫ çʉʭʝʤʘè. 

ʉʭʝʤʘ ʩʢʣʘʜʘʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.21. 

 

ʈʠʩʫʥʦʢ 2.21 ï ʉʭʝʤʘ ʩʢʣʘʜʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ 

ʛʦʣʦʚʢʠ 

1 ï ʂʦʨʧʫʩ; 2 ï ʄʦʜʫʣʴ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ; 3 ï ʂʨʠʰʢʘ; 4 ï ʉʫʧʦʨʪ; 5 ï ʂʘʨʪʨʠʜʞ; 6 ï 

ɺʘʣ ʧʦʜʘʯʽ; 7 ï ɺʘʣ ʨʦʙʦʯʠʡ; 8 ï ɺʩʪʘʚʢʘ ʜʣʷ ɿʆʈ; 9 ï ʈʝʣʴʩʘ ʤʦʜʫʣʷ; 10 ï ʈʝʣʴʩʘ 

ʢʨʠʰʢʠ; 11 ï ɻʚʠʥʪ ʄ8; 12 ï ʇʣʘʩʪʠʥʘ ʙʘʟʫʶʯʘ; 13 ï ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʢʦʥʫʩ SK50; 

14 ï ʐʪʠʬʪ; 15 ï ʇʣʘʩʪʠʥʘ CCMG 16 06 08-PR 4425; 16 ï ɻʚʠʥʪ ʄ6ʭ14; 17 ï ɻʚʠʥʪ 

ʄ8ʭ30; 18 ï ɻʚʠʥʪ ʄ8ʭ30; 19 ï ɻʚʠʥʪ ʄ6ʭ18; 20 ï ɻʚʠʥʪ ʄ8ʭ16; 21 ï ɻʚʠʥʪ ʄ8ʭ80. 
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2.7  ʉʪʚʦʨʝʥʥʷ ʢʨʝʩʣʝʥʴ 

 ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʙʫʣʠ ʩʪʚʦʨʝʥʽ 3D-ʤʦʜʝʣʽ ʩʪʘʣʦ ʤʦʞʣʠʚʝ ʩʪʚʦʨʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʩʢʣʘʜʘʣʴʥʦʛʦ ʢʨʝʩʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ 

ʢʨʝʩʣʝʥʴ ʟʘʩʪʦʩʦʚʘʥʦ CAD ʟʘʙʝʟʧʝʯʝʥʥʷ Autodesk Inventor.  

ʊʘʢ ʷʢ ʚ ʜʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʽ, ʚʩʝ ʱʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʮʝ ʧʝʨʝʡʪʠ ʚ ʚʢʣʘʜʢʫ "ʂʨʝʩʣʝʥʥʷ ʟ ʜʝʪʘʣʽ/ʟʙʽʨʢʠ" ʪʘ ʚʩʪʘʚʠʪʠ 

ʚʠʜʠ ʟ 3D-ʤʦʜʝʣʝʡ ʨʘʥʽʰʝ ʟʧʨʦʝʢʪʦʚʘʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʦʬʦʨʤʠʪʠ ʟʘ 

ʩʪʘʥʜʘʨʪʘʤʠ. 

ʉʢʣʘʜʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.22. 

 

ʈʠʩʫʥʦʢ 2.22 ï ʉʢʣʘʜʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ 
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3 ʉʊɺʆʈɽʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ ɼʃʗ 

ɺʀɻʆʊʆɺʃɽʅʅʗ ɸɼɸʇʊʀɺʅʆɰ ʄʆɼʋʃʔʅʆɰ 

ʈʆɿʊʆʏʋɺɸʃʔʅʆɰ ɻʆʃʆɺʂʀ 

 

3.1 ɺʠʙʽʨ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʘ 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʘ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʉʪʘʣʴ 40ʍ ʜʽʘʤʝʪʨʦʤ 310 ʤʤ ʜʦʚʞʠʥʦʶ 1000 ʤʤ ʟʛʽʜʥʦ 

ɼʉʊʋ 7806-2015. 

ʄʘʨʢʘ ʉʪʘʣʴ 40ʭ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ. 

ʂʦʥʩʪʨʫʢʮʽʡʥʫ ʣʝʛʦʚʘʥʫ ʩʪʘʣʴ ʤʘʨʢʠ 40ʍ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʜʝʪʘʣʝʡ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘʢ ʷʢ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʴʦʛʦ ʤʝʪʘʣʫ ʻ ʪʚʝʨʜʽʩʪʴ, ʪʦʙʪʦ ʟʜʘʪʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʦʧʽʨ 

ʙʽʣʴʰ ʪʚʝʨʜʠʤ ʤʘʪʝʨʽʘʣʘʤ [13]. 

ʉʢʣʘʜ ʩʪʘʣʽ 40ʍ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ 7806-2015: 

¶ C (ʚʫʛʣʝʮʴ) - 0,36-0,44%; 

¶ Si (ʩʠʣʽʮʽʡ) - 0,17-0,37%; 

¶ Mn (ʤʘʥʛʘʥ) - 0,5-0,8% 

¶ Ni (ʥʽʢʝʣʴ) - πȟσ%; 

¶ Cr (ʭʨʦʤ) - 0,8-1,1%; 

¶ Cu (ʢʫʧʨʫʤ) - πȟσ%; 

¶ P (ʬʦʩʬʦʨ) - πȟπσυ%; 

¶ S (ʩʫʣʴʬʫʨ) - πȟπσυ%; 

ʊʘʢʦʞ ʷʢ ʘʥʘʣʦʛʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʩʪʘʣʽ ʷʢ [13]: 

¶ ʉʪʘʣʴ 45ʍ; 

¶ ʉʪʘʣʴ 38ʍɸ; 

¶ ʉʪʘʣʴ 40ʍʅ; 

¶ ʉʪʘʣʴ 40ʍʉ; 

ʗʢʱʦ ʙʨʘʪʠ ʟʘʢʦʨʜʦʥʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʦ ʽʩʥʫʶʪʴ ʪʘʢʽ ʘʥʘʣʦʛʠ [13]: 

¶ ʉʐɸ - 5135,5140,5140ʅ,5140RH,G51350,G51400,H51350,H51400; 
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¶ ʗʧʦʥʽʷ - SCr435, SCr435H, SCr440, SCr440H; 

¶ ɭʚʨʦʩʦʶʟ - 37Cr4, 37Cr4KD, 41Cr4, 41Cr4KD,41CrS4; 

¶ ʂʠʪʘʡ - 35Cr, 38CrA, 40Cr, 40CrA, 40CrH, 45Cr, 45CrH, ML38CrA, 

ML40Cr; 

¶ ʐʚʝʮʽʷ - 2245; 

¶ ʇʦʣʴʱʘ - 38ʅɸ,40ʅ; 

¶ ʈʫʤʫʥʽʷ - 40Cr10, 40Cr10q; 

¶ ʏʝʭʽʷ - 14140; 

¶ ɸʚʩʪʨʘʣʽʷ - 5132H,5140; 

3.2 ɹʘʟʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ɹʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ: ʢʦʨʧʫʩʘ, ʤʦʜʫʣʷ, 

ʢʨʠʰʢʠ, ʩʫʧʦʨʪʘ. 

ʊʘʙʣʠʮʷ 3.1 - ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʘ 

005 ɿʘʛʦʪʽʚʝʣʴʥʘ ʦʧʝʨʘʮʽʷ 

ɺʽʜʨʽʟʘʪʠ ʟʘʛʦʪʦʚʢʫ 

010 ɹʘʛʘʪʦʮʽʣʴʦʚʘ ʦʧʝʨʘʮʽʷ 

ʇʽʜʨʽʟʘʪʠ ʪʦʨʝʮʴ, ʨʦʟʪʦʯʠʪʠ ʦʪʚʽʨ, ʪʦʯʠʪʠ ʧʦʚʝʨʭʥʶ, ʬʨʝʟʝʨʫʚʘʪʠ 

ʧʘʟ, ʩʚʝʨʜʣʠʪʠ ʦʪʚʦʨʠ 

015 ʊʦʢʘʨʥʘ ʦʧʝʨʘʮʽʷ 

ʇʽʜʨʽʟʘʪʠ ʪʦʨʝʮʴ, ʨʦʟʪʦʯʠʪʠ ʦʪʚʽʨ, ʪʦʯʠʪʠ ʧʦʚʝʨʭʥʶ, ʩʚʝʨʜʣʠʪʠ 4 

ʦʪʚʦʨʠ, ʨʦʟʚʝʨʥʫʪʠ 4 ʦʪʚʦʨʠ ʪʘ ʟʝʥʢʫʚʘʪʠ 

020 ʊʝʨʤʽʯʥʘ ʦʧʝʨʘʮʽʷ 

025 ʂʨʫʛʣʦʰʽʬʫʚʘʣʴʥʘ ʦʧʝʨʘʮʽʷ 

030 ɺʥʫʪʨʽʰʥʴʦʰʣʽʬʫʚʘʣʴʥʘ ʦʧʝʨʘʮʽʷ 

035 ʇʦʥʦʚʣʝʥʥʷ ʨʽʟʴʙʠ 

040 ʄʘʨʢʫʚʘʪʠ 

 

ʊʘʙʣʠʮʷ 3.2 - ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʫʣʷ 

005 ɿʘʛʦʪʽʚʝʣʴʥʘ ʦʧʝʨʘʮʽʷ 

ɺʽʜʨʽʟʘʪʠ ʟʘʛʦʪʦʚʢʫ 

010 ɹʘʛʘʪʦʮʽʣʴʦʚʘ ʦʧʝʨʘʮʽʷ 
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ʇʽʜʨʽʟʘʪʠ ʪʦʨʝʮʴ, ʨʦʟʪʦʯʠʪʠ ʦʪʚʽʨ, ʪʦʯʠʪʠ ʧʦʚʝʨʭʥʶ, ʬʨʝʟʝʨʫʚʘʪʠ 2 

ʧʘʟʘ, ʩʚʝʨʜʣʠʪʠ 6 ʦʪʚʦʨʽʚ ʪʘ ʥʘʨʽʟʘʪʠ ʨʽʟʴʙʫ ʄ8, ʩʚʝʨʜʣʠʪʠ 2 ʦʪʚʦʨʠ ʪʘ 

ʥʘʨʽʟʘʪʠ ʨʽʟʴʙʫ ʄ6, ʩʚʝʨʜʣʠʪʠ 2 ʦʪʚʦʨʠ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ 

015 ɹʘʛʘʪʦʮʽʣʴʦʚʘ ʦʧʝʨʘʮʽʷ 

ʈʦʟʪʦʯʠʪʠ ʦʪʚʽʨ, ʪʦʯʠʪʠ ʧʦʚʝʨʭʥʶ, ʬʨʝʟʝʨʫʚʘʪʠ 2 ʧʘʟʘ, ʩʚʝʨʜʠʣʠʪʠ 4 

ʦʪʚʦʨʠ, ʨʦʟʬʨʝʟʝʨʫʚʘʪʠ 4 ʦʪʚʦʨʠ, ʥʘʨʽʟʘʪʠ ʨʽʟʴʙʫ ʄ8 

020 ʊʝʨʤʽʯʥʘ ʦʧʝʨʘʮʽʷ 

025 ʂʨʫʛʣʦʰʽʬʫʚʘʣʴʥʘ ʦʧʝʨʘʮʽʷ 

030 ɺʥʫʪʨʽʰʥʴʦʰʣʽʬʫʚʘʣʴʥʘ ʦʧʝʨʘʮʽʷ 

035 ʇʦʥʦʚʣʝʥʥʷ ʨʽʟʴʙʠ 

040 ʄʘʨʢʫʚʘʪʠ 

 

ʊʘʙʣʠʮʷ 3.3 - ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʠʰʢʠ 

005 ɿʘʛʦʪʽʚʝʣʴʥʘ ʦʧʝʨʘʮʽʷ 

ɺʽʜʨʽʟʘʪʠ ʟʘʛʦʪʦʚʢʫ 

010 ɹʘʛʘʪʦʮʽʣʴʦʚʘ ʦʧʝʨʘʮʽʷ 

ʇʽʜʨʽʟʘʪʠ ʪʦʨʝʮʴ, ʨʦʟʪʦʯʠʪʠ ʦʪʚʽʨ, ʚʠʪʦʯʠʪʠ ʢʘʥʘʚʢʠ, ʪʦʯʠʪʠ 

ʧʦʚʝʨʭʥʶ, ʧʨʦʩʚʝʨʜʣʠʪʠ 2 ʦʪʚʦʨʠ, ʥʘʨʽʟʘʪʠ ʨʽʟʴʙʫ, ʬʨʝʟʝʨʫʚʘʪʠ 2 ʧʘʟʘ 

015 ɹʘʛʘʪʦʮʽʣʴʦʚʘ ʦʧʝʨʘʮʽʷ 

ʇʽʜʨʽʟʘʪʠ ʪʦʨʝʮʴ, ʪʦʯʠʪʠ ʧʦʚʝʨʭʥʶ, ʧʨʦʩʚʝʨʜʣʠʪʠ 6 ʦʪʚʦʨʽʚ, 

ʨʦʟʬʨʝʟʝʨʫʚʘʪʠ 3 ʦʪʚʦʨʠ 

020 ʊʝʨʤʽʯʥʘ ʦʧʝʨʘʮʽʷ 

025 ʂʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʘ ʦʧʝʨʘʮʽʷ 

030 ɺʥʫʪʨʽʰʥʴʦʰʣʽʬʫʚʘʣʴʥʘ 

035 ʇʦʥʦʚʣʝʥʥʷ ʨʽʟʴʙʠ 

040 ʄʘʨʢʫʚʘʪʠ 

 

ʊʘʙʣʠʮʷ 3.4 - ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʧʦʨʪʘ 

005 ɿʘʛʦʪʽʚʝʣʴʥʘ ʦʧʝʨʘʮʽʷ 

ɺʽʜʨʽʟʘʪʠ ʟʘʛʦʪʦʚʢʫ 

010 ʌʨʝʟʝʨʥʘ ʦʧʝʨʘʮʽʷ 

ʌʨʝʟʝʨʫʻʤʦ ʟʘʛʦʪʦʚʢʫ ʧʦ ʧʣʦʱʠʥʘʭ ʚ ʨʦʟʤʽʨ 

015 ʌʨʝʟʝʨʥʘ ʦʧʝʨʘʮʽʷ 
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ʌʨʝʟʝʨʫʻʤʦ ʚʠʩʪʫʧ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ ʪʘ ʬʨʝʟʝʨʫʻʤʦ 2ʽ ʬʘʩʢʠ 

020 ʌʨʝʟʝʨʥʘ ʦʧʝʨʘʮʽʷ 

ʌʨʝʟʝʨʫʻʤʦ ʚʠʩʪʫʧ ʟ ʽʥʰʦʾ ʩʪʦʨʦʥʠ 

025 ʌʨʝʟʝʨʥʘ ʦʧʝʨʘʮʽʷ 

ʌʨʝʟʝʨʫʻʤʦ ʧʘʟ 

030 ʌʨʝʟʝʨʥʘ ʦʧʝʨʘʮʽʷ 

ʌʨʝʟʝʨʫʻʤʦ ʧʘʟʠ ʥʘ ʪʦʨʮʽ, ʩʚʝʨʜʣʠʤʦ ʦʪʚʽʨ, ʥʘʨʽʟʘʻʤʦ ʨʽʟʴʙʫ 

035 ʊʝʨʤʽʯʥʘ ʦʧʝʨʘʮʽʷ 

040 ʐʣʽʬʫʚʘʣʴʥʘ ʦʧʝʨʘʮʽʷ 

ʐʣʽʬʫʻʤʦ ʧʘʟ ʪʘ ʚʠʩʪʫʧʠ 

045 ʐʣʽʬʫʚʘʣʴʥʘ ʦʧʝʨʘʮʽʷ 

ʐʣʽʬʫʻʤʦ ʚʠʩʪʫʧʠ 

050 ʇʦʥʦʚʣʝʥʥʷ ʨʽʟʴʙʠ 

 

3.3 ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʘ 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʘ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. 

ʊʘʙʣʠʮʷ 3.5 - ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʢʦʨʧʫʩʘ 

 ̄ ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʦʧʝʨʘʮʽʾ 

ɽʩʢʽʟ ʦʧʝʨʘʮʽʾ ɺʝʨʩʪʘʪ, 

ʽʥʩʪʨʫʤʝʥʪ 

ʇʨʠʩʪʦʩʫʚʘʥʥ

 ̫

005 ɿʘʛʦʪʽʚʝʣʴʥʘ 

ʦʧʝʨʘʮʽʷ 

ɺʽʜʨʽʟʘʥʥʷ 

ʟʘʛʦʪʦʚʢʠ 

 

Pilous ARG 

330 S.A.F. 

 

 

010 ɹʘʛʘʪʦʮʽʣʴʦʚʘ 

ʦʧʝʨʘʮʽʷ 

1. ʊʦʢʘʨʥʘ 

ʦʙʨʦʙʢʘ ʪʦʨʮʷ  

2. ʎʝʥʪʨʫʚ

ʘʪʠ  

3. ʉʚʝʨʜʣʠ

ʪʠ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 25 

ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 300 

ʤʤ 

 

ɺʝʨʩʪʘʪ: 

DOOSAN 

PUMA 

SMX2600; 
ʎʝʥʪʨʫʚʘʣʴ

ʥʝ ʩʚʝʨʜʣʦ 

ʜʽʘʤʝʪʨʦʤ 

10 ʤʤ 

ʈ6ʄ5 

ɻʆʉʊ 

14952-75 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 
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4. ʉʚʝʨʜʣʠ

ʪʠ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 30 

ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 300 

ʤʤ 

5. ʉʚʝʨʜʣʠ

ʪʠ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 58 

ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 300 

ʤʤ 

6. ʈʦʟʪʦʯʠ

ʪʠ ʦʪʚʽʨ ʟ 

ʜʽʘʤʝʪʨʘ 58 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

φπȟ  ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 300 

ʤʤ 

7. ʈʦʟʪʦʯʠ

ʪʠ ʦʪʚʽʨ ʟ 

ʜʽʘʤʝʪʨʘ 60 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

φψȟ  ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 120 

ʤʤ 

8. ʊʦʯʠʪʠ ʟ 

ʜʽʘʤʝʪʨʘ 310 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

155 ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 440 

ʤʤ ʟ ʬʘʩʢʦʶ 

15 ʤʤ 

9. ʊʦʯʠʪʠ ʟ 

ʜʽʘʤʝʪʨʘ 155 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

ρςυȢ ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 275 

ʤʤ ʟ ʬʘʩʢʦʶ 

15 ʤʤ. 

10. ʊʦʯʠʪʠ ʟ 
ʜʽʘʤʝʪʨʘ 125 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

ρππȢ ʤʤ ʥʘ 

 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

25 ʤʤ 

KTIP250R1

2SS32M 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ  

30 ʤʤ 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

58 ʤʤ 

ʈʦʟʪʦʯʥʠʡ 

ʧʨʦʭʽʜʥʠʡ 

ʨʽʟʝʮʴ 

Kennametal 

A10SSCLC

L2 

ʈʽʟʝʮʴ 

ʧʨʦʭʽʜʥʠʡ 

Kennametal 

SWLCR202

0K06 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

ɼʽʘʤʝʪʨʦʤ 

8 ʤʤ 

H1TE4SE0

800N016H

AM 

ʉʚʝʨʜʣʦ 

Kennametal 

GoDrill 

ɼʽʘʤʝʪʨʦʤ 

6,8 ʤʤ 

B042A0680

0CPG 

ʉʚʝʨʜʣʦ 

Kennametal 

GoDrill 
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ʜʦʚʞʠʥʫ 60 

ʤʤ ʟ ʬʘʩʢʦʶ 4 

ʤʤ 

11. ʅʘ 
ʜʽʘʤʝʪʨʽ 125 

ʤʤ ʟ ʪʦʨʮʷ  

ʬʨʝʟʝʨʫʻʤʦ 2ʘ 

ʧʘʟʠ 15ʭ20ʭ10 

ʤʤ 

12. ʎʝʥʪʨʫʻ
ʤʦ ʦʪʚʽʨ ʥʘ 

ʜʽʘʤʝʪʨʽ 100 

ʤʤ ʥʘ ʚʽʜʩʪʘʥʽ 

20 ʤʤ ʚʽʜ 

ʪʦʨʮʷ  

13. ʎʝʥʪʨʫʻ
ʤʦ 3 ʦʪʚʦʨʠ ʥʘ 

ʜʽʘʤʝʪʨʽ 100 

ʤʤ ʥʘ ʚʽʜʩʪʘʥʽ 

35 ʤʤ ʚʽʜ 

ʪʦʨʮʷ ʟ ʢʨʦʢʦʤ 

120Á 

14. ʎʝʥʪʨʫʻ
ʤʦ 2 ʦʪʚʦʨʠ ʚ 

ʧʘʟʘʭ ʥʘ 

ʚʽʜʩʪʘʥʽ 5 ʤʤ 

ʚʽʜ ʪʦʨʮʷ 

ʜʽʘʤʝʪʨʦʤ 125 

ʤʤ 

15. ʉʚʝʨʜʣʠ
ʤʦ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 6,8 

ʤʤ ʥʘ ʜʽʘʤʝʪʨʽ 

100 ʤʤ ʥʘ 

ʚʽʜʩʪʘʥʽ 20 ʤʤ 

ʚʽʜ ʪʦʨʮʷ 

16. ʉʚʝʨʜʣʠ
ʤʦ 3 ʦʪʚʦʨʠ 

ʜʽʘʤʝʪʨʦʤ 6,8 

ʤʤ ʥʘ ʜʽʘʤʝʪʨʽ 

100 ʤʤ ʥʘ 

ʚʽʜʩʪʘʥʽ 35 ʤʤ 

ʚʽʜ ʪʦʨʮʷ ʟ 

ʢʨʦʢʦʤ 120Á 

ɼʽʘʤʝʪʨʦʤ 

5 ʤʤ 

B042A0500

0CPG 

ʄʽʪʯʠʢ 

Kennametal 

ɼʣʷ 

ʥʘʨʽʟʘʥʥʷ 

ʨʽʟʴʙʠ 

ʄ8ʭ1,25 

T641M080

X125R6HX

-D1 

ʄʽʪʯʠʢ 

Kennametal 

ɼʣʷ 

ʥʘʨʽʟʘʥʥʷ 

ʨʽʟʴʙʠ 

ʄ6ʭ1 

T641M060

X100R6HX

-D1 
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17. ʉʚʝʨʜʣʠ
ʤʦ 2 ʦʪʚʦʨʠ  

ʜʽʘʤʝʪʨʦʤ 5 

ʤʤ ʥʘ ʜʥʽ ʧʘʟʘ 

ʥʘ ʚʽʜʩʪʘʥʽ 5 

ʤʤ ʚʽʜ ʪʦʨʮʷ 

ʜʽʘʤʝʪʨʦʤ 125 

ʤʤ ʥʘ ʛʣʠʙʠʥʫ 

9 ʤʤ 

18. ʅʘʨʽʟʘʻ
ʤʦ ʨʽʟʴʙʫ ʄ8 ʚ 

4ʭ ʦʪʚʦʨʘʭ ʥʘ 

ʜʽʘʤʝʪʨʽ 100 

ʤʤ 

19. ʅʘʨʽʟʘʻ
ʤʦ ʨʽʟʴʙʫ ʄ6 ʚ 

2ʦʭ ʦʪʚʦʨʘʭ ʥʘ 

ʜʥʽ ʧʘʟʘ ʥʘ 

ʛʣʫʙʠʥʫ 9 ʤʤ 

015 ʊʦʢʘʨʥʘ 

ʦʧʝʨʘʮʽʷ 

1. ʊʦʢʘʨʥʘ 

ʦʙʨʦʙʢʘ ʪʦʨʮʷ, 

ʪʦʯʠʤʦ ʚ 

ʨʦʟʤʽʨ 570 

2. ʎʝʥʪʨʫʻ

ʤʦ 

3. ʉʚʝʨʜʣʠ

ʤʦ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 25 

ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 270 

ʤʤ 

4. ʉʚʝʨʜʣʠ

ʤʦ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 30 

ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 270 

ʤʤ 

5. ʉʚʝʨʜʣʠ

ʤʦ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 58 

ʤʤ ʥʘ 

 

 

ɺʝʨʩʪʘʪ: 

DOOSAN 

PUMA 

SMX2600; 
ʎʝʥʪʨʫʚʘʣʴ

ʥʝ ʩʚʝʨʜʣʦ 

ʜʽʘʤʝʪʨʦʤ 

10 ʤʤ 

ʈ6ʄ5 

ɻʆʉʊ 

14952-75 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

25 ʤʤ 

KTIP250R1

2SS32M 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

30 ʤʤ 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

58 ʤʤ 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 
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ʜʦʚʞʠʥʫ 270 

ʤʤ 

6. ʈʦʟʪʦʯʫ

ʻʤʦ ʦʪʚʽʨ ʟ 

ʜʽʘʤʝʪʨʘ 58 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

φπȢ  ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 270 

ʤʤ 

7. ʈʦʟʪʦʯʫ

ʻʤʦ ʦʪʚʽʨ ʟ 

ʜʽʘʤʝʪʨʘ 60 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

155 ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 95 

ʤʤ ʟ ʨʘʜʽʫʩʦʤ 

3 ʤʤ 

8. ʊʦʯʠʪʠ ʟ 

ʜʽʘʤʝʪʨʘ 310 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

305 ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 130 

ʤʤ 

9. ʊʦʯʠʪʠ ʟ 

ʜʽʘʤʝʪʨʘ 305 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

195 ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 50 

ʤʤ. 

10. ʊʦʯʠʪʠ 
ʬʘʩʢʫ 5ʭ45 ʤʤ 

11. ʎʝʥʪʨʫʻ
ʤʦ 4 ʦʪʚʦʨʠ ʥʘ 

ʜʽʘʤʝʪʨʽ 240 

ʤʤ  

12. ʉʚʝʨʜʣʠ
ʤʦ 4 ʦʪʚʦʨʠ 

ʜʽʘʤʝʪʨʦʤ 24.7 

ʤʤ ʥʘ ʛʣʫʙʠʥʫ 

50 ʤʤ 

13. ʈʦʟʚʝʨʪʘ
ʻʤʦ 4 ʦʪʚʦʨʠ 

ʜʽʘʤʝʪʨʦʤ 25 

ʈʦʟʪʦʯʥʠʡ 

ʧʨʦʭʽʜʥʠʡ 

ʨʽʟʝʮʴ 

Kennametal 

A10SSCLC

L2 

ʈʽʟʝʮʴ 

ʧʨʦʭʽʜʥʠʡ 

Kennametal 

SWLCR202

0K06 

ʉʚʝʨʜʣʦ 

ʜʽʘʤʝʪʨʦʤ 

24,7 ʤʤ 

Kennametal 

KSEM0969

R10SS100 

ʏʠʩʪʦʚʘ 

ʨʦʟʪʦʯʥʘ 

ʛʦʣʦʚʢʘ 

ʜʽʘʤʝʪʨʦʤ 

25 ʤʤ 

391.37A/B 
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ʤʤ ʥʘ ʛʣʫʙʠʥʫ 

50 ʤʤ 

14. ʇʨʦʚʦʜʠ
ʤʦ ʦʙʨʦʙʢʫ 

ʬʘʩʢʠ 2ʭ45 ʤʤ 

ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʝʥʢʝʨʘ 

020 ʊʝʨʤʽʯʥʘ 

ʦʧʝʨʘʮʽʷ 

ʈʝʞʠʤʠ: 

ʊʝʤʧʝʨʘʪʫʨʘ: ψυπψχπЈὅ 

ʏʘʩ ʚʠʪʨʠʤʢʠ: 1-2 ʛʦʜʠʥʠ 

ɯʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ: 

χσπχυπЈὅ 

ʏʘʩ ʚʠʪʨʠʤʢʠ: 4-6 ʛʦʜʠʥ 

ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ: 

σπЈ˞Ⱦ̄ ̏̅. 

ʄʫʬʝʣʴʥʘ 

ʧʽʯ ʉʅʆʃ- 

2.4.2/11 ɯ2 

 

 

025 ʂʨʫʛʣʦʰʣʽʬʫʚ

ʘʣʴʥʘ 

ʦʧʝʨʘʮʽʷ 

 

ʂʨʫʛʣʦʰʣʽ

ʬʫʚʘʣʴʥʠʡ 

ʚʝʨʩʪʘʪ 

Fermat Bub 

E 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 

030 ɺʥʫʪʨʽʰʥʴʦʰ

ʣʽʬʫʚʘʣʴʥʘ 

ʦʧʝʨʘʮʽʷ 

 

ʂʨʫʛʣʦʰʣʽ

ʬʫʚʘʣʴʥʠʡ 

ʚʝʨʩʪʘʪ 

Fermat Bub 

E 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 

035 ʇʦʥʦʚʣʝʥʥʷ 

ʨʽʟʴʙʠ 

 ɺʝʨʩʪʘʪ: 

DOOSAN 

PUMA 

SMX2600; 
ʄʽʪʯʠʢ 

Kennametal 

 

040 ʄʘʨʢʫʚʘʪʠ  ʃʘʟʝʨʥʠʡ 

ʚʝʨʩʪʘʪ ʟ 

ʏʇʋ Trotec 

SpeedMark

er 1300 

ʇʦʚʦʨʦʪʥʘ 

ʚʽʩʴ Advercut 

K45L 
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3.4 ʈʦʟʨʘʭʫʥʦʢ ʧʨʠʧʫʩʢʽʚ ʥʘ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʠʧʫʩʢʽʚ ʧʨʦʚʦʜʠʪʠʤʝʪʴʩʷ ʜʣʷ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ 

ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ß125h7 ʤʤ.  

ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ ð ʩʪʘʣʴ 40ʍ ɼʉʊʋ 7806-2015.  

ʇʦʚʝʨʭʥʷ ß125 ʧʽʜʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʦʧʝʨʘʮʽʷʤ: ʯʦʨʥʦʚʦʤʫ ʽ ʯʠʩʪʦʚʦʤʫ 

ʪʦʯʽʥʥʶ. ɺ ʪʨʴʦʭʢʫʣʘʯʢʦʚʦʤʫ ʧʘʪʨʦʥʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʙʘʟʫʚʘʥʥʷ ʪʘ 

ʫʩʪʘʥʦʚʢʘ ʟʘʛʦʪʦʚʢʠ. 

ɺʝʣʠʯʠʥʘ ʧʦʭʠʙʢʠ ʮʝʥʪʨʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [17]:  

Ў πȢςυὝὨ ρ σȢρ 

ʜʝ Td=2000 ʤʢʤ - ʜʦʧʫʩʢ ʥʘ ʙʘʟʦʚʫ ʧʦʚʝʨʭʥʶ ß125 ʟʘ ɻʆʉʊ 2590. 

Ў πȢςυς ρ πȟυυ ̍̍ υυπ ̍̋̍  

ʊʦʯʽʥʥʷ ʯʦʨʥʦʚʝ (12 ʢʚʘʣʽʪʝʪ )  

ʗʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʨʠ ʯʦʨʥʦʚʦʤʫ ʪʦʯʽʥʥʽ ʟʘ [17, c.181]:  

Rz=63 ʤʢʤ, h=60 ʤʢʤ. 

ʇʽʩʣʷ ʯʦʨʥʦʚʦʛʦ ʪʦʯʽʥʥʷ, ʩʫʤʘʨʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [17, ʩ.189]:  

ɝ ˗ Ͻ̔ɝÙ σȢς 

ʜʝ ̠ώ  ï  ʢʦʝʬʽʮʽʻʥʪ ʫʪʦʯʥʝʥʥʷ;  

ɝώ ɀ ̒ ̔̍́̑̎̆ ̐̑̏̒̓̏̑̏̃̆ ̨̖̠̃̅̉̌̆̎̎ ̨̖̐̏̃̆̑̎ ̈́̄̏̓̏̃̋̉.  

ɼʣʷ ʯʦʨʥʦʚʦʛʦ ʪʦʯʽʥʥʷ ʟʘ [17, c.190] ʢʦʝʬʽʮʽʻʥʪ ʫʪʦʯʥʝʥʥʷ ʂώ=0,06.  

ʊʦʜʽ:  

ɝ ˗ Ͻ̔ɝÙ πȟπφϽυυπσσ ̍̋̍  

˜̤̑̉̊̍́̍̏ ȹ=33 ʤʢʤ. 

ʇʦʭʠʙʢʘ ʫʩʪʘʥʦʚʢʠ ʧʦ ʜʽʘʤʝʪʨʫ Ů=0, ʪʘʢ ʷʢ ʦʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʨʴʦʭʢʫʣʘʯʢʦʚʦʤʫ ʧʘʪʨʦʥʽ. 

ʊʦʯʽʥʥʷ ʯʠʩʪʦʚʝ (10 ʢʚʘʣʽʪʝʪ)  

ʗʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʨʠ ʯʠʩʪʦʚʦʤʫ ʪʦʯʽʥʥʽ ʟʘ [17, ʩ.181]:  

Rz=20 ʤʢʤ, h=30 ʤʢʤ. 

ɼʣʷ ʯʠʩʪʦʚʦʛʦ ʪʦʯʽʥʥʷ ʢʦʝʬʽʮʽʻʥʪ ʫʪʦʯʥʝʥʥʷ ώ̠ =0,04 [17, ʩ.190] .  
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ʆʪʞʝ ʦʪʨʠʤʘʻʤʦ:  

Ў ὑ ϽЎ πȟπτϽυυπςς ̍̋̍ σȢσ 

ɿʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʪʝʨʤʦʦʙʨʦʙʢʠ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ, ʙʫʜʫʪʴ 

ʜʦʜʘʪʢʦʚʽ ʧʨʦʩʪʦʨʦʚʽ ʚʽʜʭʠʣʝʥʥʷ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [17]:  

Ў
πȟππρϽὲϽὒ

πȟρὨ πȟσ
σȢτ 

ɼʝ n ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʪʝʨʤʦʦʙʨʦʙʢʠ: ʜʣʷ ʦʙôʻʤʥʦʛʦ 

ʛʘʨʪʫʚʘʥʥʷ  n=1 ; ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ n=0.5;  

L ï ʜʦʚʞʠʥʘ ʟʘʛʦʪʦʚʢʠ, ʤʤ,  

d ï ʜʽʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ, ʤʤ.  

ɼʣʷ ʥʘʰʠʭ ʜʘʥʠʭ, L=260 ʤʤ ʪʘ d=130 ʤʤ, ʪʘ n=1 ʤʘʪʠʤʝʤʦ:  

Ў
πȟππρϽὲϽὒ

πȟρὨ πȟσ

πȟππρϽρϽςφπ

πȟρϽρσππȟσ
πȟπρυ ̍̍  

ʊʦʜʽ ʩʫʤʘʨʥʝ ʚʽʜʭʠʣʝʥʥʷ:  

Ў Ў Ў ρυ ςς ςφȟφς ̍̋̍ σȢυ 

ʇʨʠʡʤʘʻʤʦ ɝ ςχ̍̋̍.  

ʐʣʽʬʫʚʘʥʥʷ (7 ʢʚʘʣʽʪʝʪ)  

ʗʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟʘ [17, ʩ. 181]:  

Rz=6.3 ʤʢʤ, h=12 ʤʢʤ. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʚʝʣʠʯʠʥʠ ʤʽʥʽʤʘʣʴʥʠʭ ʧʨʠʧʫʩʢʽʚ ʧʝʨʝʭʦʜʽʚ ʟʘ 

ʬʦʨʤʫʣʘʤʠ[17]: 

ςᾀ̘̏̑ ̎ ςὙᾀ Ὤ Ў ‐

ςρφπςππ υυπ ρψςπ̍̋̍ σȢφ

 

ςᾀ̘̉̒̓ ςὙᾀ Ὤ Ў ‐  

ςφσφπ σσ ρυφ̍̋̍ σȢχ 

ςᾀ̨̙̌ ̕ ςὙᾀ Ὤ Ў ‐  
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ςςπσπ ςχ χχ̍̋̍ σȢψ 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʚʥʦʩʠʤʦ ʚ ʪʘʙʣ. 3.6. 

ʊʘʙʣʠʮʷ 3.6 - ʈʦʟʨʘʭʫʥʦʢ ʧʨʠʧʫʩʢʽʚ ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʨʦʟʤʽʨʽʚ 

ʊ
ʝ
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ʥ
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ʾ
 

ʽ
 

ʧ
ʝ
ʨ
ʝ
ʭ
ʦ
ʜ
ʠ
 
ʦ
ʙ
ʨ
ʦ
ʙ
ʢ
ʠ

 ʧ
ʦ
ʚ
ʝ
ʨ
ʭ
ʥ
ʽ

 ɽʣʝʤʝʥʪʠ ʧʨʠʧʫʩʢʫ 
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ʡ
 

ʧ
ʨ
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ʧ
ʫ
ʩ
ʢ
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ᾀ
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ʦ
ʚ
ʣ
ʝ
ʥ
ʥ
ʷ
 

Ὅ
Ὕȟ

ʤ
ʢ
ʤ 

 

ʇʨʠʡʥʷʪʽ 

ʨʦʟʤʽʨʠ ʜʣʷ 

ʧʝʨʝʭʦʜʫ, ʤʤ 

ʆʪʨʠʤʘʥʽ 

ʛʨʘʥʠʯʥʽ 

ʟʥʘʯʝʥʥʷ 

ʧʨʠʧʫʩʢʽʚ, 

 ʤʢʤ 

Ὑᾀ Ὤ Ў ‐ Ὠ  

Ὀ  

Ὠ  

Ὀ  

ςᾀ  ςᾀ  

ɿ
ʘ
ʛ
ʦ
ʪ
ʦ
ʚ
ʢ
ʘ
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ʐ
ʣ
ʽ
ʬ
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ʚ
ʘ
ʥ
ʥ
ʷ

 

6,3 12  - 77 125 77 125,04 125 77 100 

 

ɺʠʢʦʥʘʻʤʦ ʧʝʨʝʚʽʨʢʫ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  

ςᾀ ςᾀ σωχπςπτχρωςσ ̍̋̍ σȢρς 

ὍὝ̈́ ̄ὍὝ̅̆ ̓ ςπππχχ ρωςσ ̍̋̍  

ʊʘʢ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʴ ʩʧʽʚʧʘʜʘʶʪʴ, ʦʪʞʝ ʨʦʟʨʘʭʫʥʢʠ ʟʨʦʙʣʝʥʦ 

ʧʨʘʚʠʣʴʥʦ.  
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3.5 ʈʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʘ 

ʈʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʥʘ ʦʧʝʨʘʮʽʶ 015. 

ʊʦʢʘʨʥʘ ʦʧʝʨʘʮʽʷ 

ʉʚʝʨʜʣʠʤʦ ʦʪʚʽʨ Ï25 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 270 ʤʤ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ɺʝʨʩʪʘʪ:DOOSAN PUMA SMX2600; 

ɯʥʩʪʨʫʤʝʥʪ - ʉʚʝʨʜʣʦ Kennametal ʜʽʘʤʝʪʨʦʤ 25 ʤʤ 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 270 ʤʤ 

ʇʦʜʘʯʘ s=0,27...0,51 ʤʤ/ʦʙ [22] 

ʆʙʠʨʘʻʤʦ s=0.4 ʤʤ/ʦʙ. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [14]: 

ὠ
ὅὈ

Ὕ ί
ὑ σȢω 

ὅ ωȟψ ; ή πȢτ ; ώ πȢυ ; ά πȢςπ (ʪʘʙʣ.28 [14]); 

Ὕ ςυ ̖  ̃(ʪʘʙʣ.30 [14]).  

ɿʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [14]: 

ὑ ὑ Ͻὑ Ͻὑ σȢρπ 

ɿʥʘʭʦʜʠʤʦ ʢʦʝʬ ὑ  [14]: 

ὑ ὑ
χυπ

„̃
πȢψ
χυπ

ωψπ

ȟ

πȢφςψ σȢρρ 

ὑ ρ (ʪʘʙʣ.6 [14]); 

ὑ ρ (ʪʘʙʣ.31 [14]). 

ὑ πȢφςψϽρϽρ πȢφςψ 

ὠ
ωȟψϽςυȢ

ςυȢϽπȢτȢ
ϽπȢφςψ

συȟυρ

ρȟωϽπȟφσς
Ͻπȟφςψρψȟυχ ̍Ⱦ̖  ̃

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ [14]: 

ὲ
ρπππϽὠ

“ϽὈ

ρπππϽρψȟυχ

σȢρτϽςυ
ςσφȟυφ ̖̃ σȢρς 

ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ [14]: 

ὓ̋ ̑ ρπὅὈίὑ σȢρσ 



57 
 

ὅ πȢπστυ; ή ς; ώ πȢψ; ὑ πȢχυ (ʪʘʙʣ.32 [14]). 

ὓ̋ ̑ ρπϽπȢπστυϽςυϽπȢτ
ȢϽπȢχυ πȟστυϽφςυϽπȟτψϽπȟχυ χχȟφω ̊Ͻ̍  

ʆʩʴʦʚʘ ʩʠʣʘ [14]: 

ὖ ρπὅὈίὑ σȢρτ 

ὅ φψ; ή ρ; ώ πȢχ (ʪʘʙʣ.32 [14]) 

ὑ πȢχυ 

ὖ ρπϽφψϽςυϽπȢτȢϽπȢχυ φψπϽςυϽπȟυςφϽπȢχυ φχπφȟυ ̊ 

ʇʦʪʫʞʥʽʩʪʴ 

ὔ
ὓ̋ ὲ̑

ωχυπ

χχȟφωϽςσφȟυφ

ωχυπ
ρȟψψ ̋ˏ̓ σȢρυ 

ʏʦʨʥʦʚʝ ʨʦʟʪʦʯʫʚʘʥʥʷ ʦʪʚʦʨʫ Ï59.6 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 270 ʤʤ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ɺʝʨʩʪʘʪ DOOSAN PUMA SMX2600; 

ɯʥʩʪʨʫʤʝʥʪ - ʈʦʟʪʦʯʥʠʡ ʧʨʦʭʽʜʥʠʡ ʨʽʟʝʮʴ Kennametal A-SCLC 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 17.3 ʤʤ 

ʇʦʜʘʯʘ s=0,4...7 ʤʤ/ʦʙ [22] 

ʆʙʠʨʘʻʤʦ s=0.6 ʤʤ/ʦʙ. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [14]: 

ὠ
ὅ

Ὕ ὸί
ὑ 

ὅ συπȟὼ πȟρυȟώ πȟσυȟά πȟς; (ʪʘʙʣ. 17 [14]) 

T - ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʨʽʟʮʷ, T = 60 ʭʚ; 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʬʘʢʪʠʯʥʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ: 

ὑ ὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ σȢρφ 

ὑ Ͻὑ Ͻὑ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ; 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʪʘʙʣ. 1 [14]), 

ὑ ὑ
χυπ

„̃
ρϽ
χυπ

ωψπ
πȟχφ 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ, 
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ὑ πȟω (ʪʘʙʣ. 5 [14]); 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʘʪʝʨʽʘʣ ʽʥʩʪʨʫʤʝʥʪʘ, 

ὑ ρ (ʪʘʙʣ. 6 [14]); 

ὑ πȟχφϽπȟωϽρ πȟφψ 

ὠ
συπ

φπȢϽρχȢσȢ ϽπȢφȢ
ϽπȢφψ

συπ

ςȢςφϽρȢυσσϽπȢψσφ
ϽπȢφψ ψςȢρχρ

̍

̖̃
 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ [14]: 

ὲ
ρπππϽὠ

“ϽὈ

ρπππϽψς

σȢρτϽυωȢφ
τσψȢρφυ̖̃  

ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ Pz [14]: 

ὖ ρπϽὅϽὸϽὛ Ͻὠ Ͻὑ  

ὅ σππȟὼ πȟρȟώ πȟχυȟὲ πȟρυ; (ʪʘʙʣ. 22 [14]) 

ὖ ρπϽσππϽρχȢσȢϽπȢφȢ ϽψςȢ Ͻρ υςυφȢυς Ὄ 

ʇʦʪʫʞʥʽʩʪʴ ʟʘʪʨʘʯʫʚʘʥʘ ʥʘ ʪʦʯʽʥʥʷ [14]: 

ὔ
ὖϽὠ

ρπππϽφπ

υςυφȢυςϽψς

φππππ
χȢρψσ ̋ˏ̓ 

ʈʦʟʨʘʭʫʻʤʦ ʦʩʥʦʚʥʠʡ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʜʝʪʘʣʽ [14]: 

Ὕ
ὒ

ὲϽὛ

ςχπ

τσψϽπȢφ
ρȢπςχ ̖  ̃

ʏʦʨʥʦʚʝ ʨʦʟʪʦʯʫʚʘʥʥʷ ʦʪʚʦʨʫ Ï154,6 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 95 ʤʤ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ɺʝʨʩʪʘʪ DOOSAN PUMA SMX2600; 

ɯʥʩʪʨʫʤʝʥʪ - ʈʦʟʪʦʯʥʠʡ ʧʨʦʭʽʜʥʠʡ ʨʽʟʝʮʴ Kennametal A-SCLC 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 47,3 ʤʤ 

ʇʦʜʘʯʘ s=0,4...7 ʤʤ/ʦʙ [22] 

ʆʙʠʨʘʻʤʦ s=0.6 ʤʤ/ʦʙ. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [14]: 

ὠ
ὅ

Ὕ ὸί
ὑ 

ὅ συπȟὼ πȟρυȟώ πȟσυȟά πȟς; (ʪʘʙʣ. 17 [14]) 

T - ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʨʽʟʮʷ, T = 60 ʭʚ; 
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ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʬʘʢʪʠʯʥʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ: 

ὑ ὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ  

ὑ Ͻὑ Ͻὑ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ; 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʪʘʙʣ. 1 [14]), 

ὑ ὑ
χυπ

„̃
ρϽ
χυπ

ωψπ
πȟχφ 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ, 

ὑ πȟω (ʪʘʙʣ. 5 [14]); 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʘʪʝʨʽʘʣ ʽʥʩʪʨʫʤʝʥʪʘ, 

ὑ ρ (ʪʘʙʣ. 6 [14]); 

ὑ πȟχφϽπȟωϽρ πȟφψ 

ὠ
συπ

φπȢϽτχȢσȢ ϽπȢφȢ
ϽπȢφψ

συπ

ςȢςφϽρȢχψσϽπȢψσφ
ϽπȢφψ χπȟφτ

̍

̖̃
 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ [14]: 

ὲ
ρπππϽὠ

“ϽὈ

ρπππϽχρ

σȢρτϽρυτȟφ
ρτφȟυς ̖̃ 

ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ Pz [14]: 

ὖ ρπϽὅϽὸϽὛ Ͻὠ Ͻὑ  

ὅ σππȟὼ πȟρȟώ πȟχυȟὲ πȟρυ; (ʪʘʙʣ. 22 [14]) 

ὖ ρπϽσππϽτχȟσȢϽπȢφȢ ϽχρȢ Ͻρ υφφχȟχσ Ὄ 

ʇʦʪʫʞʥʽʩʪʴ ʟʘʪʨʘʯʫʚʘʥʘ ʥʘ ʪʦʯʽʥʥʷ [14]: 

ὔ
ὖϽὠ

ρπππϽφπ

υφφχȟχσϽχρ

φππππ
φȟχπφ ̋ˏ̓ 

ʈʦʟʨʘʭʫʻʤʦ ʦʩʥʦʚʥʠʡ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʜʝʪʘʣʽ [14]: 

Ὕ
ὒ

ὲϽὛ

ωυ

ρτφȟυςϽπȢφ
ρȢπψ ̖  ̃

ʊʦʯʽʥʥʷ Ï304,8 ʤʤ ʥʘ ʜʦʚʞʠʥʫ 130 ʤʤ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ɺʝʨʩʪʘʪ DOOSAN PUMA SMX2600; 
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ɯʥʩʪʨʫʤʝʥʪ - ʈʽʟʝʮʴ ʧʨʦʭʽʜʥʠʡ Kennametal 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ -  2,6 ʤʤ 

ʇʦʜʘʯʘ s=0,2 ʤʤ/ʦʙ [22] 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [14]: 

ὠ
ὅ

Ὕ ὸί
ὑ 

ὅ τςπȟὼ πȟρυȟώ πȟςȟά πȟς; (ʪʘʙʣ. 17 [14]) 

T - ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʨʽʟʮʷ, T = 60 ʭʚ; 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʬʘʢʪʠʯʥʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ: 

ὑ ὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ  

ὑ Ͻὑ Ͻὑ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ; 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʪʘʙʣ. 1 [14]), 

ὑ ὑ
χυπ

„̃
ρϽ
χυπ

ωψπ
πȟχφ 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ, 

ὑ πȟω (ʪʘʙʣ. 5 [14]); 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʘʪʝʨʽʘʣ ʽʥʩʪʨʫʤʝʥʪʘ, 

ὑ ρ (ʪʘʙʣ. 6 [14]); 

ὑ πȟχφϽπȟωϽρ πȟφψ 

ὠ
τςπ

φπȢϽςȟφȢ ϽπȢςȢ
ϽπȢφψ

τςπ

ςȢςφϽρȟρυϽπȟχςτ
ϽπȢφψ ρυρȟχχ

̍

̖̃
 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ [14]: 

ὲ
ρπππϽὠ

“ϽὈ

ρπππϽρυς

σȢρτϽσπτȟψ
ρυψȟψ ̖̃ 

ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ Pz [14]: 

ὖ ρπϽὅϽὸϽὛ Ͻὠ Ͻὑ  

ὅ σππȟὼ πȟρȟώ πȟχυȟὲ πȟρυ; (ʪʘʙʣ. 22 [14]) 

ὖ ρπϽσππϽςȟφȢϽπȢςȢ ϽρυςȢ Ͻρ τφσȟχτ Ὄ 

ʇʦʪʫʞʥʽʩʪʴ ʟʘʪʨʘʯʫʚʘʥʘ ʥʘ ʪʦʯʽʥʥʷ [14]: 
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ὔ
ὖϽὠ

ρπππϽφπ

τφτϽρυς

φππππ
ρȟρχ ̋ˏ̓ 

ʈʦʟʨʘʭʫʻʤʦ ʦʩʥʦʚʥʠʡ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʜʝʪʘʣʽ [14]: 

Ὕ
ὒ

ὲϽὛ

ρσπ

ρυωϽπȟς
τȟπψ ̖  ̃

ʉʚʝʨʜʣʠʤʦ ʦʪʚʽʨ Ï24,7 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 50 ʤʤ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ɺʝʨʩʪʘʪ:DOOSAN PUMA SMX2600; 

ɯʥʩʪʨʫʤʝʥʪ - ʉʚʝʨʜʣʦ Kennametal ʜʽʘʤʝʪʨʦʤ 24,7 ʤʤ 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 50 ʤʤ 

ʇʦʜʘʯʘ s=0,27...0,51 ʤʤ/ʦʙ [22] 

ʆʙʠʨʘʻʤʦ s=0.4 ʤʤ/ʦʙ. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [14]: 

ὠ
ὅὈ

Ὕ ί
ὑ σȢρχ 

ὅ ωȟψ ; ή πȢτ ; ώ πȢυ ; ά πȢςπ (ʪʘʙʣ.28 [14]); 

Ὕ ςυ ̖  ̃(ʪʘʙʣ.30 [14]).  

ɿʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [14]: 

ὑ ὑ Ͻὑ Ͻὑ  

ɿʥʘʭʦʜʠʤʦ ʢʦʝʬ ὑ  [14]: 

ὑ ὑ
χυπ

„̃
πȢψ
χυπ

ωψπ
ȟ πȢφςψ 

ὑ ρ (ʪʘʙʣ.6 [14]); 

ὑ ρ (ʪʘʙʣ.31 [14]). 

ὑ πȢφςψϽρϽρ πȢφςψ 

ὠ
ωȟψϽςτȟχȢ

ςυȢϽπȢτȢ
ϽπȢφςψ

συȟστ

ρȟωϽπȟφσς
Ͻπȟφςψρψȟτψ ̍Ⱦ̖  ̃

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ [14]: 

ὲ
ρπππϽὠ

“ϽὈ

ρπππϽρψȟτψ

σȢρτϽςτȟχ
ςσψȟσ ̖̃ 

ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ [14]: 



62 
 

ὓ̋ ̑ ρπὅὈίὑ  

ὅ πȢπστυ; ή ς; ώ πȢψ; ὑ πȢχυ (ʪʘʙʣ.32 [14]). 

ὓ̋ ̑ ρπϽπȢπστυϽςτȟχϽπȢτ
ȢϽπȢχυ πȟστυϽφρπȟπωϽπȟτψϽπȟχυ

χυȟχχ ̊Ͻ̍  

ʆʩʴʦʚʘ ʩʠʣʘ [14]: 

ὖ ρπὅὈίὑ σȢρψ 

ὅ φψ; ή ρ; ώ πȢχ (ʪʘʙʣ.32 [14]) 

ὑ πȢχυ 

ὖ ρπϽφψϽςτȟχϽπȢτȢϽπȢχυ φψπϽςτȟχϽπȟυςφϽπȢχυ φφςφȟπς ̊ 

ʇʦʪʫʞʥʽʩʪʴ [14]: 

ὔ
ὓ̋ ὲ̑

ωχυπ

χυȟχχϽςσψȟσ

ωχυπ
ρȟψυ ̋ˏ̓ 

ʏʠʩʪʦʚʝ ʨʦʟʪʦʯʫʚʘʥʥʷ ʦʪʚʦʨʫ Ï25 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 50 ʤʤ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ɺʝʨʩʪʘʪ DOOSAN PUMA SMX2600; 

ɯʥʩʪʨʫʤʝʥʪ - ʏʠʩʪʦʚʘ ʨʦʟʪʦʯʥʘ ʛʦʣʦʚʢʘ ʜʽʘʤʝʪʨʦʤ 25 ʤʤ Sandvik 

391.37A/B 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 50 ʤʤ 

ʇʦʜʘʯʘ s=0,25 ʤʤ/ʦʙ - ʟʛʽʜʥʦ ʪʘʙʣʠʮʽ ʥʘ ʦʬ. ʩʘʡʪʽ. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [14]: 

ὠ
ὅ

Ὕ ὸί
ὑ 

ὅ τςπȟὼ πȟρυȟώ πȟςȟά πȟς; (ʪʘʙʣ. 17 [14]) 

T - ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʨʽʟʮʷ, T = 60 ʭʚ; 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʬʘʢʪʠʯʥʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ: 

ὑ ὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ  

ὑ Ͻὑ Ͻὑ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ; 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʪʘʙʣ. 1 [14]), 
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ὑ ὑ
χυπ

„̃
ρϽ
χυπ

ωψπ
πȟχφ 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ, 

ὑ πȟω (ʪʘʙʣ. 5 [14]); 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʘʪʝʨʽʘʣ ʽʥʩʪʨʫʤʝʥʪʘ, 

ὑ ρ (ʪʘʙʣ. 6 [14]); 

ὑ πȟχφϽπȟωϽρ πȟφψ 

ὠ
τςπ

φπȢϽυπȢ ϽπȢςυȢ
ϽπȢφψ

τςπ

ςȢςφϽρȢχωψϽπȢχυχ
ϽπȢφψ ωςȢψτ

̍

̖̃
 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ [14]: 

ὲ
ρπππϽὠ

“ϽὈ

ρπππϽωςȢψτ

σȢρτϽςυ
ρρψςȢφχ ̖̃ 

ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ Pz [14]: 

ὖ ρπϽὅϽὸϽὛ Ͻὠ Ͻὑ  

ὅ σππȟὼ πȟρȟώ πȟχυȟὲ πȟρυ; (ʪʘʙʣ. 22 [14]) 

ὖ ρπϽσππϽυπȢϽπȢςυȢ ϽωςȢψτȢ Ͻρ χως Ὄ 

ʇʦʪʫʞʥʽʩʪʴ ʟʘʪʨʘʯʫʚʘʥʘ ʥʘ ʪʦʯʽʥʥʷ [14]: 

ὔ
ὖϽὠ

ρπππϽφπ

χωςϽωςȢψτ

φππππ
ρȢςς ̋ˏ̓ 

ʈʦʟʨʘʭʫʻʤʦ ʦʩʥʦʚʥʠʡ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʜʝʪʘʣʽ [14]: 

Ὕ
ὒ

ὲϽὛ

υπ

ρρψσϽπȟςυ
πȢρφ ̖  ̃

 

3.6 ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʫʣʷ 

ʊʘʙʣʠʮʷ 3.7 ï ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʫʣʷ 

 ̄ ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʦʧʝʨʘʮʽʾ 

ɽʩʢʽʟ ʦʧʝʨʘʮʽʾ ɺʝʨʩʪʘʪ, 

ʽʥʩʪʨʫʤʝʥʪ 

ʇʨʠʩʪʦʩʫʚʘʥʥ

 ̫

005 ɿʘʛʦʪʽʚʝʣʴʥʘ 

ʦʧʝʨʘʮʽʷ 

ɺʽʜʨʽʟʘʥʥʷ 

ʟʘʛʦʪʦʚʢʠ 

 

Pilous ARG 

330 S.A.F. 
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010 ɹʘʛʘʪʦʮʽʣʴʦʚʘ 

ʦʧʝʨʘʮʽʷ 

1. ʊʦʢʘʨʥʘ 

ʦʙʨʦʙʢʘ ʪʦʨʮʷ  

2. ʎʝʥʪʨʫʚ

ʘʪʠ 

3. ʉʚʝʨʜʣʠ

ʪʠ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 25 

ʤʤ ʥʘ ʚʩʶ 

ʜʦʚʞʠʥʫ  

4. ʉʚʝʨʜʣʠ

ʤʦ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 30 

ʤʤ ʥʘ ʚʩʶ 

ʜʦʚʞʠʥʫ 

5. ʉʚʝʨʜʣʠ

ʤʦ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 58 

ʤʤ ʥʘ ʚʩʶ 

ʜʦʚʞʠʥʫ 

6. ʈʦʟʪʦʯʠ

ʪʠ ʦʪʚʽʨ ʟ 

ʜʽʘʤʝʪʨʘ 58 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

ψπȢ  ʤʤ ʥʘ 

ʚʩʶ ʜʦʚʞʠʥʫ 

7. ʊʦʯʠʪʠ ʟ 

ʜʽʘʤʝʪʨʘ 130 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

ρςυȟ ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 200 

ʤʤ 

8. ʊʦʯʠʪʠ ʟ 

ʜʽʘʤʝʪʨʘ 125 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

ρρπȟ ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 20 

ʤʤ 

9. ʌʨʝʟʝʨʫ

ʚʘʪʠ 2 ʧʘʟʠ 

84ʭ40 ʤʤ 

10. ʏʠʩʪʦʚʝ 
ʬʨʝʟʝʨʫʚʘʥʥʷ 

 

 

ɺʝʨʩʪʘʪ: 

DOOSAN 

PUMA 

SMX2600; 
ʎʝʥʪʨʫʚʘʣʴ

ʥʝ ʩʚʝʨʜʣʦ 

ʜʽʘʤʝʪʨʦʤ 

5 ʤʤ ʈ6ʄ5 

ɻʆʉʊ 

14952-75 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

25 ʤʤ 

KTIP250R1

2SS32M 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

30 ʤʤ 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

58 ʤʤ 

ʈʦʟʪʦʯʥʠʡ 

ʧʨʦʭʽʜʥʠʡ 

ʨʽʟʝʮʴ 

Kennametal 

A10SSCLC

L2 

ʈʽʟʝʮʴ 

ʧʨʦʭʽʜʥʠʡ 

Kennametal 

SWLCR202

0K06 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

ʜʽʘʤʝʪʨʦʤ 

20 ʤʤ 

Kennametal 

4CH2000D

D038A 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 



65 
 

2ʭ ʧʘʟʽʚ 

ʬʨʝʟʦʶ 

ʜʽʘʤʝʪʨʦʤ 4 

ʤʤ  

11. ʎʝʥʪʨʫʚ
ʘʪʠ 8 ʦʪʚʦʨʽʚ 

ʜʽʘʤʝʪʨʦʤ ʧʦ 

ʜʽʘʤʝʪʨʫ 92 

ʤʤ 

12. `ʉʚʝʨʜʣ
ʠʪʠ 6 ʦʪʚʦʨʽʚ 

ʜʽʘʤʝʪʨʦʤ 6,8 

ʤʤ ʥʘ ʛʣʫʙʠʥʫ 

28 ʤʤ 

13. ʉʚʝʨʜʣʠ
ʪʠ 2 ʦʪʚʦʨʠ 

ʜʽʘʤʝʪʨʦʤ 5 

ʤʤ ʥʘ ʛʣʫʙʠʥʫ 

25 ʤʤ. 

14. ʅʘʨʽʟʘʪʠ 
ʨʽʟʴʙʫ 

ʄ8ʭ1,25 ʥʘ 6ʠ 

ʦʪʚʦʨʘʭ 

15. ʅʘʨʽʟʘʪʠ 
ʨʽʟʴʙʫ ʄ8ʭ1 

ʥʘ 2ʦʭ ʦʪʚʦʨʘʭ 

ʜʽʘʤʝʪʨʦʤ 

4 ʤʤ 

Kennametal 

4CH40400

ML019A 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

6,8 ʤʤ 

B272Z0680

0HPG 

ʉʚʝʨʜʣʦ 

Kennametal 

GoDrill 

ɼʽʘʤʝʪʨʦʤ 

5 ʤʤ 

B042A0500

0CPG 

ʄʽʪʯʠʢ 

Kennametal 

ɼʣʷ 

ʥʘʨʽʟʘʥʥʷ 

ʨʽʟʴʙʠ 

ʄ6ʭ1 

T641M060

X100R6HX

-D1 

ʄʽʪʯʠʢ  

Kennametal 

M8x1.25 

T620M080

X125R6HX

-D1 

015 ɹʘʛʘʪʦʮʽʣʴʦʚʘ 

ʦʧʝʨʘʮʽʷ 

1. ʊʦʢʘʨʥʘ 

ʦʙʨʦʙʢʘ ʪʦʨʮʷ, 

ʪʦʯʠʤʦ ʚ 

ʨʦʟʤʽʨ 

2. ʈʦʟʪʦʯʠ

ʪʠ ʟ ʜʽʘʤʝʪʨʘ 

80 ʤʤ ʥʘ 

ρππȟ ʤʤ ʥʘ 

ʛʣʫʙʠʥʫ 64 ʤʤ 

 

ɺʝʨʩʪʘʪ: 

DOOSAN 

PUMA 

SMX2600; 
ʈʦʟʪʦʯʥʠʡ 

ʧʨʦʭʽʜʥʠʡ 

ʨʽʟʝʮʴ 

Kennametal 

A10SSCLC

L2 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 
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3. ʈʦʟʪʦʯʠ

ʪʠ ʟ ʜʽʘʤʝʪʨʘ 

100 ʤʤ ʥʘ 102 

ʤʤ ʥʘ ʛʣʫʙʠʥʽ 

64 ʤʤ, 

ʰʠʨʠʥʦʶ 4 ʤʤ 

4. ʊʦʯʠʪʠ ʟ 

ʜʽʘʤʝʪʨʘ 130 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

ρςυȟ ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 80 

ʤʤ 

5. ʌʨʝʟʝʨʫ

ʚʘʪʠ 2 ʧʘʟʠ 

20x15x10ʤʤ 

6. ʎʝʥʪʨʫʚ

ʘʪʠ 4 ʦʪʚʦʨʠ (3 

ʦʪʚʦʨʠ ʥʘ 

ʚʽʜʩʪʘʥʽ 25 ʤʤ 

ʚʽʜ ʪʦʨʮʷ ʟ 

ʢʨʦʢʦʤ 120Á, 1 

ʦʪʚʽʨ ʥʘ 

ʚʽʜʩʪʘʥʽ 45 

ʤʤ) 

7. ʉʚʝʨʜʣʠ

ʪʠ 4 ʦʪʚʦʨʠ 

ʜʽʘʤʝʪʨʦʤ 6,8 

ʤʤ 

8. ʈʦʟʬʨʝʟ

ʝʨʫʚʘʪʠ 4 

ʦʪʚʦʨʠ 

ʜʽʘʤʝʪʨʦʤ 13 

ʤʤ ʥʘ ʛʣʫʙʠʥʫ 

8 ʤʤ 

9. ʅʘʨʽʟʘʪʠ 

ʨʽʟʴʙʫ 

ʄ8ʭ1,25 

 
 

 

 

ʈʦʟʪʦʯʥʠʡ 

ʨʽʟʝʮʴ 

Kennametal 

A20RA4E

ML0207M 

ʈʽʟʝʮʴ 

ʧʨʦʭʽʜʥʠʡ 

Kennametal 

SWLCR202

0K06 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

ʜʽʘʤʝʪʨʦʤ 

8 ʤʤ 

Kennametal 

ABDE1000

A3AS 

ʎʝʥʪʨʫʚʘʣʴ

ʥʝ ʩʚʝʨʜʣʦ 

ʜʽʘʤʝʪʨʦʤ 

5 ʤʤ ʈ6ʄ5 

ɻʆʉʊ 

14952-75 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

6,8 ʤʤ 

B272Z0680

0HPG 

ʄʽʪʯʠʢ  

Kennametal 

M8x1.25 

T620M080

X125R6HX

-D1 

 



67 
 

020 ʊʝʨʤʽʯʥʘ 

ʦʧʝʨʘʮʽʷ 

ʈʝʞʠʤʠ: 

ʊʝʤʧʝʨʘʪʫʨʘ: ψυπ
ψχπЈὅ 

ʏʘʩ ʚʠʪʨʠʤʢʠ: 1-2 ʛʦʜʠʥʠ 

ɯʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ: 

χσπχυπЈὅ 
ʏʘʩ ʚʠʪʨʠʤʢʠ: 4-6 ʛʦʜʠʥ 

ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ: 

σπЈ˞Ⱦ̄ ̏̅. 

ʄʫʬʝʣʴʥʘ 

ʧʽʯ ʉʅʆʃ- 

2.4.2/11 ɯ2 

 

 

 

025 ʂʨʫʛʣʦʰʣʽʬʫʚ

ʘʣʴʥʘ ʦʧʝʨʘʮʽʷ 

 
 

ʐʣʽʬʫ-

ʚʘʣʴʥʠʡ 

ʚʝʨʩʪʘʪ 

Fermat Bub 

E 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 

030 ɺʥʫʪʨʽʰʥʴʦʰ

ʣʽʬʫʚʘʣʴʥʘ 

ʦʧʝʨʘʮʽʷ 

 

ʐʣʽʬʫ-

ʚʘʣʴʥʠʡ 

ʚʝʨʩʪʘʪ 

Fermat Bub 

E 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 

035 ʇʦʥʦʚʣʝʥʥʷ 

ʨʽʟʴʙʠ 

 ɺʝʨʩʪʘʪ: 

DOOSAN 

PUMA 

SMX2600; 
ɼʣʷ 

ʥʘʨʽʟʘʥʥʷ 

ʨʽʟʴʙʠ 

ʄ6ʭ1 

ʄʽʪʯʠʢ  

Kennametal 

M8x1.25 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 

040 ʄʘʨʢʫʚʘʪʠ  ʃʘʟʝʨʥʠʡ 

ʚʝʨʩʪʘʪ ʟ 

ʏʇʋ Trotec 

SpeedMark

er 1300 

ʇʦʚʦʨʦʪʥʘ 

ʚʽʩʴ Advercut 

K45L 
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3.7 ʈʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʫʣʷ 

ʈʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʥʘ ʦʧʝʨʘʮʽʶ 015. 

ɹʘʛʘʪʦʮʽʣʴʦʚʘ ʦʧʝʨʘʮʽʷ 

ʏʦʨʥʦʚʝ ʨʦʟʪʦʯʫʚʘʥʥʷ ʦʪʚʦʨʫ Ï99,6 ʤʤ ʥʘ ʜʦʚʞʠʥʫ 64 ʤʤ 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ɺʝʨʩʪʘʪ:DOOSAN PUMA SMX2600; 

ɯʥʩʪʨʫʤʝʥʪ - ʈʦʟʪʦʯʥʠʡ ʧʨʦʭʽʜʥʠʡ ʨʽʟʝʮʴ Kennametal A-SCLC 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 9,8 ʤʤ 

ʇʦʜʘʯʘ s=0,4...7 ʤʤ/ʦʙ [22] 

ʆʙʠʨʘʻʤʦ s=0.6 ʤʤ/ʦʙ. 

V=74 ʤ/ʭʚ [22] 

ʏʦʨʥʦʚʝ ʦʙʪʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʦʜʫʣʷ Ï125,4 ʤʤ ʥʘ ʜʦʚʞʠʥʫ 80 ʤʤ 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ʚʝʨʩʪʘʪ DOOSAN PUMA SMX2600 

ɯʥʩʪʨʫʤʝʥʪ - ʈʽʟʝʮʴ ʧʨʦʭʽʜʥʠʡ Kennametal SWLCR2020K06 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 2,3 ʤʤ 

ʇʦʜʘʯʘ - S=0,8...1,3 ʤʤ/ʦʙ  [22] 

ʇʨʠʡʤʘʻʤʦ - S=1 ʤʤ/ʦʙ. 

V=79 ʤ/ʭʚ [22] 

ʌʨʝʟʝʨʫʚʘʥʥʷ ʧʘʟʽʚ ʥʘ ʪʦʨʮʽ 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ʚʝʨʩʪʘʪ DOOSAN PUMA SMX2600 

ɯʥʩʪʨʫʤʝʥʪ - ʢʽʥʮʝʚʘ ʬʨʝʟʘ Kennametal Harvi ʜʽʘʤʝʪʨʦʤ 8 ʤʤ 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 10 ʤʤ 

ʇʦʜʘʯʘ - 0.049 ʤʤ/ʟʫʙ [22] 

V=110 ʤ/ʭʚ [22] 

ʉʚʝʨʜʣʠʤʦ 4ʠ ʦʪʚʦʨʠ Ï6,8 ʥʘ ʛʣʠʙʠʥʫ 12,5 ʤʤ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ʚʝʨʩʪʘʪ DOOSAN PUMA SMX2600 

ɯʥʩʪʨʫʤʝʥʪ - ʩʚʝʨʜʣʦ Kennametal GoDrill ʜʽʘʤʝʪʨʦʤ 6.8 ʤʤ 
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ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 12,5 ʤʤ 

ʇʦʜʘʯʘ s=0.12..0.22 ʤʤ/ʦʙ [22] 

ʆʙʠʨʘʻʤʦ s=0.2 ʤʤ/ʦʙ. 

V=75 ʤ/ʭʚ [22] 

ʈʦʟʬʨʝʟʝʨʦʚʫʚʘʥʥʷ ʦʪʚʦʨʽʚ Ï13 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 8 ʤʤ 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ʚʝʨʩʪʘʪ DOOSAN PUMA SMX2600 

ɯʥʩʪʨʫʤʝʥʪ - ʢʽʥʮʝʚʘ ʬʨʝʟʘ Kennametal Harvi ʜʽʘʤʝʪʨʦʤ 8 ʤʤ 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 8 ʤʤ 

ʇʦʜʘʯʘ ʥʘ ʟʫʙ- 0.049 ʤʤ  [22] 

V=110 ʤ/ʭʚ [22] 

 

3.8 ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʠʰʢʠ 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʠʰʢʠ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. 

ʊʘʙʣʠʮʷ 3.8 - ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʠʰʢʠ 

 ̄ ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʦʧʝʨʘʮʽʾ 

ɽʩʢʽʟ ʦʧʝʨʘʮʽʾ ɺʝʨʩʪʘʪ, 

ʽʥʩʪʨʫʤʝʥʪ 

ʇʨʠʩʪʦʩʫʚʘʥʥʷ 

005 ɿʘʛʦʪʽʚʝʣʴʥʘ 

ʦʧʝʨʘʮʽʷ 

ɺʽʜʨʽʟʘʥʥʷ 

ʟʘʛʦʪʦʚʢʠ 

 

Pilous ARG 

330 S.A.F. 

 

010 ɹʘʛʘʪʦʮʽʣʴʦʚʘ 

ʦʧʝʨʘʮʽʷ 

1. ʊʦʢʘʨʥʘ 

ʦʙʨʦʙʢʘ ʪʦʨʮʷ  

2. ʎʝʥʪʨʫʻ

ʤʦ 

3. ʉʚʝʨʜ-

ʣʠʪʠ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 25  

ɺʝʨʩʪʘʪ: 

DOOSAN 

PUMA 

SMX2600; 
ʎʝʥʪʨʫʚʘʣʴ

ʥʝ ʩʚʝʨʜʣʦ 

ʜʽʘʤʝʪʨʦʤ 

5 ʤʤ ʈ6ʄ5 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 
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ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 60 

ʤʤ 

4. ʉʚʝʨʜ-

ʣʠʪʠ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 30 

ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 60 

ʤʤ 

5. ʉʚʝʨʜ-

ʣʠʪʠ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 58 

ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 60 

ʤʤ 

6. ʈʦʟʪʦʯʠ-

ʪʠ ʦʪʚʽʨ ʟ 

ʜʽʘʤʝʪʨʘ 58 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

φπȟ  ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 60 

ʤʤ 

7. ʈʦʟʪʦʯʠ-

ʪʠ ʦʪʚʽʨ ʟ 

ʜʽʘʤʝʪʨʘ 80 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

ρρπȟ ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 24 

ʤʤ 

8. ʇʨʦʪʦ-

ʯʠʪʠ ʢʘʥʘʚʢʫ 

ʜʽʘʤʝʪʨʦʤ 112 

ʤʤ ʥʘ ʜʦʚʞʠʥʽ 

24 ʤʤ 

ʰʠʨʠʥʦʶ 4 ʤʤ 

9. ʇʨʦʪʦ-

ʯʠʪʠ ʢʘʥʘʚʢʫ 

ʜʽʘʤʝʪʨʦʤ 82 

ʤʤ ʥʘ ʜʦʚʞʠʥʽ 

60 ʤʤ ʥʘ 

ʰʠʨʠʥʫ 4 ʤʤ 

10. ʎʝʥʪʨʫ-

ʚʘʪʠ 2 ʦʪʚʦʨʠ 

 

ɻʆʉʊ 

14952-75 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

25 ʤʤ 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

30 ʤʤ 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

58 ʤʤ 

ʈʦʟʪʦʯʥʠʡ 

ʧʨʦʭʽʜʥʠʡ 

ʨʽʟʝʮʴ 

Kennametal 

A10SSCLC

L2 

ʈʦʟʪʦʯʥʠʡ 

ʨʽʟʝʮʴ 

Kennametal 

A20RA4EM

L0207M 

ʉʚʝʨʜʣʦ 

Kennametal 

ʜʽʘʤʝʪʨʦʤ 

5 ʤʤ 

B052A0500

0CPG 

ʄʽʪʯʠʢ  

Kennametal 

ɼʣʷ ʨʽʟʴʙʠ 

ʄ6ʭ1 

T351M060X

100R6HX-

D1 

ʈʽʟʝʮʴ 

ʧʨʦʭʽʜʥʠʡ 

Kennametal 

SWLCR202

0K06 
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ʥʘ ʜʽʘʤʝʪʨʽ 92 

ʤʤ 

11. ʉʚʝʨʜ-

ʣʠʪʠ 2 ʦʪʚʦʨʠ 

ʜʽʘʤʝʪʨʦʤ 5 

ʤʤ ʥʘ ʛʣʫʙʠʥʫ 

11 ʤʤ ʥʘ 

ʜʽʘʤʝʪʨʽ 92 ʤʤ 

12. ʅʘʨʽʟʘʻ

ʤʦ ʨʽʟʴʙʫ ʄ6 

ʤʽʪʯʠʢʦʤ  

13. ʊʦʯʠʪʠ ʟ 

ʜʽʘʤʝʪʨʘ 130 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

ρςυȟ ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 45 

ʤʤ 

14. ʌʨʝʟʝ-

ʨʫʚʘʪʠ 2 ʧʘʟʠ 

40ʭ10 ʤʤ 

15. ʏʠʩʪʦʚʝ 

ʬʨʝʟʝʨʫʚʘʥʥʷ 

2ʭ ʧʘʟʽʚ 

ʬʨʝʟʦʶ 

ʤʝʥʰʦʛʦ 

ʜʽʘʤʝʪʨʘ 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

ɼʽʘʤʝʪʨʦʤ 

20 ʤʤ 

4CH2000D

D038A 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

ɼʽʘʤʝʪʨʦʤ 

2 ʤʤ 

F3AH0200A

WS30 

015 ɹʘʛʘʪʦʮʽʣʴʦʚʘ 

ʦʧʝʨʘʮʽʷ 

1. ʊʦʢʘʨʥʘ 

ʦʙʨʦʙʢʘ ʪʦʨʮʷ 

2. ʊʦʯʠʪʠ ʟ 

ʜʽʘʤʝʪʨʘ 130 

ʤʤ ʥʘ ʜʽʘʤʝʪʨ 

ρςυȟ ʤʤ ʥʘ 

ʜʦʚʞʠʥʫ 35 

ʤʤ ʟ ʬʘʩʢʦʶ 

2ʭ45 ʥʘ ʪʦʨʮʽ 

3. ʎʝʥʪʨʫ-

ʚʘʪʠ 6 ʦʪʚʦʨʽʚ 

ʥʘ ʜʽʘʤʝʪʨʽ 92 

ʤʤ 

4. ʉʚʝʨʜ-

ʣʠʪʠ 6 ʦʪʚʦʨʽʚ 

ʜʽʘʤʝʪʨʦʤ 8 

 

ɺʝʨʩʪʘʪ: 

DOOSAN 

PUMA 

SMX2600;
ʈʽʟʝʮʴ 

ʧʨʦʭʽʜʥʠʡ 

Kennametal 

SWLCR202

0K06 

ʎʝʥʪʨʫʚʘʣʴ

ʥʝ ʩʚʝʨʜʣʦ 

ʜʽʘʤʝʪʨʦʤ 

5 ʤʤ ʈ6ʄ5 

ɻʆʉʊ 

14952-75 

ʉʚʝʨʜʣʦ 

Kennametal 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 
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ʤʤ ʥʘ ʚʩʶ 

ʜʦʚʞʠʥʫ  

5. ʈʦʟʬʨʝ-

ʟʝʨʫʚʘʪʠ 6 

ʦʪʚʦʨʽʚ 

ʜʽʘʤʝʪʨʦʤ 13 

ʤʤ ʥʘ ʛʣʠʙʠʥʫ 

8 ʤʤ 

 

ɼʽʘʤʝʪʨʦʤ 

8 ʤʤ 

B053A0800

0CPG 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

ɼʽʘʤʝʪʨʦʤ 

8 ʤʤ 

H1TE4SE12

00N026HB

M  

020 ʊʝʨʤʽʯʥʘ 

ʦʧʝʨʘʮʽʷ 

ʈʝʞʠʤʠ: 

ʊʝʤʧʝʨʘʪʫʨʘ: ψυπψχπЈὅ 

ʏʘʩ ʚʠʪʨʠʤʢʠ: 1-2 ʛʦʜʠʥʠ 

ɯʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ: 

χσπχυπЈὅ 

ʏʘʩ ʚʠʪʨʠʤʢʠ: 4-6 ʛʦʜʠʥ 

ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ: 

σπЈ˞Ⱦ̄ ̏̅. 

ʄʫʬʝʣʴʥʘ 

ʧʽʯ ʉʅʆʃ- 

2.4.2/11 ɯ2 

 

 

025 ʂʨʫʛʣʦʰʣʽʬʫ-

ʚʘʣʴʥʘ ʦʧʝʨʘ-

ʮʽʷ 

 
 

ʐʣʽʬʫ-

ʚʘʣʴʥʠʡ 

ʚʝʨʩʪʘʪ 

Fermat Bub 

E 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 

030 ɺʥʫʪʨʽʰʥʴʦ-

ʰʣʽʬʫʚʘʣʴʥʘ 

ʦʧʝʨʘʮʽʷ 

 
 

ʐʣʽʬʫ-

ʚʘʣʴʥʠʡ 

ʚʝʨʩʪʘʪ 

Fermat Bub 

E 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 
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035 ʇʦʥʦʚʣʝʥʥʷ 

ʨʽʟʴʙʠ 

 ɺʝʨʩʪʘʪ: 

DOOSAN 

PUMA 

SMX2600; 
ʄʽʪʯʠʢ  

Kennametal 

ɼʣʷ ʨʽʟʴʙʠ 

ʄ6ʭ1 

T351M060X

100R6HX-

D1 

ʊʨʠʢʫʣʘʯʢʦʚʠʡ 

ʧʘʪʨʦʥ 

040 ʄʘʨʢʫʚʘʪʠ  ʃʘʟʝʨʥʠʡ 

ʚʝʨʩʪʘʪ ʟ 

ʏʇʋ Trotec 

SpeedMark

er 1300 

ʇʦʚʦʨʦʪʥʘ ʚʽʩʴ 

Advercut K45L 

 

3.9 ʈʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʠʰʢʠ 

ʈʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʥʘ ʦʧʝʨʘʮʽʶ 015. 

ʊʦʢʘʨʥʘ 

ʏʦʨʥʦʚʝ ʦʙʪʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʨʠʰʢʠ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ʚʝʨʩʪʘʪ DOOSAN PUMA SMX2600 

ɯʥʩʪʨʫʤʝʥʪ - ʈʽʟʝʮʴ ʧʨʦʭʽʜʥʠʡ Kennametal SWLCR2020K06 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 2,3 ʤʤ 

ʇʦʜʘʯʘ - S=0,8...1,3 ʤʤ/ʦʙ [22] 

ʇʨʠʡʤʘʻʤʦ - S=1 ʤʤ/ʦʙ [22] 

V=79 ʤ/ʭʚ [22] 

ʉʚʝʨʜʣʠʤʦ 6 ʦʪʚʦʨʽʚ Ï8 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 56 ʤʤ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ʚʝʨʩʪʘʪ DOOSAN PUMA SMX2600 

ɯʥʩʪʨʫʤʝʥʪ - ʩʚʝʨʜʣʦ Kennametal GoDrill ʜʽʘʤʝʪʨʦʤ 8 ʤʤ 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 56 ʤʤ 

ʇʦʜʘʯʘ s=0.12..0.22 ʤʤ/ʦʙ [22] 

ʆʙʠʨʘʻʤʦ s=0.2 ʤʤ/ʦʙ 
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V=70 ʤ/ʭʚ [22] 

ʈʦʟʬʨʝʟʝʨʦʚʫʚʘʥʥʷ ʦʪʚʦʨʽʚ Ï13 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 8 ʤʤ 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ʚʝʨʩʪʘʪ DOOSAN PUMA SMX2600 

ɯʥʩʪʨʫʤʝʥʪ - ʢʽʥʮʝʚʘ ʬʨʝʟʘ Kennametal Harvi ʜʽʘʤʝʪʨʦʤ 8 ʤʤ 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 8 ʤʤ 

ʇʦʜʘʯʘ ʥʘ ʟʫʙ- 0.049 ʤʤ [22] 

V=110 ʤ/ʭʚ [22] 

 

3.10  ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʧʦʨʪʘ 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʧʦʨʪʘ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. 

ʊʘʙʣʠʮʷ 3.9 - ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʧʦʨʪʘ 

 ̄ ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʦʧʝʨʘʮʽʾ 

ɽʩʢʽʟ ʦʧʝʨʘʮʽʾ ɺʝʨʩʪʘʪ, 

ʽʥʩʪʨʫʤʝʥʪ 

ʇʨʠʩʪʦʩʫʚʘʥʥ

 ̫

005 ɺʽʜʨʽʟʘʥʥʷ 

ʟʘʛʦʪʦʚʢʠ 

 

Pilous ARG 

330 S.A.F. 

 

 

010 ʌʨʝʟʝʨʫʻʤʦ 

ʟʘʛʦʪʦʚʢʫ ʚ 

ʨʦʟʤʽʨ ʧʦ 6ʠ 

ʧʣʦʱʠʥʘʭ, 

ʚʠʪʨʠʤʫʶʯʠ 

ʨʦʟʤʽʨʠ 

 

 

 

ɺʝʨʩʪʘʪ: 

HAAS VF-

1; 

ʌʨʝʟʘ 

Kennametal 

50A03RS45

SE14E 

 

ʅʘʩʪʽʣʴʥʝ 

ʬʨʝʟʝʨʥʝ 

ʟʘʞʠʤʥʝ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

Tormach 
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015 1.ʌʨʝʟʝʨʫʻʤʦ 

ʚʠʩʪʫʧ 

υ ȟ ρ̖υ
ȟ 

ʤʤ 

2.ʌʨʝʟʝʨʫʻʤʦ 

2ʽ ʬʘʩʢʠ 5ʭ45 

 

 

ɺʝʨʩʪʘʪ: 

HAAS VF-

1; 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

H1TE4CH0

800R016H

AM 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

UGDE1400

A5BRD 

ʅʘʩʪʽʣʴʥʝ 

ʬʨʝʟʝʨʥʝ 

ʟʘʞʠʤʥʝ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

Tormach 

020 ʌʨʝʟʝʨʫʻʤʦ 

ʚʠʩʪʫʧ ʟ ʽʥʰʦʾ 

ʩʪʦʨʦʥʠ, 

ʚʠʪʨʠʤʫʶʯʠ 

ʨʦʟʤʽʨ 

υτȟʤʤ 

 

 

ɺʝʨʩʪʘʪ: 

HAAS VF-

1; 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

H1TE4CH0

800R016H

AM 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

UGDE1400

A5BRD 

 

ʅʘʩʪʽʣʴʥʝ 

ʬʨʝʟʝʨʥʝ 

ʟʘʞʠʤʥʝ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

Tormach 

025 ʌʨʝʟʝʨʫʻʤʦ 

ʧʘʟ ʥʘ ʚʽʜʩʪʘʥʽ 

77,5 ʤʤ, 

ʚʠʪʨʠʤʫʶʯʠ 

ʨʦʟʤʽʨ

ρπȟ̖ υ ȟ 

ʤʤ 
 

 

ɺʝʨʩʪʘʪ: 

HAAS VF-

1; 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

H1TE4CH0

800R016H

AM 

ʅʘʩʪʽʣʴʥʝ 

ʬʨʝʟʝʨʥʝ 

ʟʘʞʠʤʥʝ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

Tormach 
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030 1 ʌʨʝʟʝʨʫ

ʻʤʦ ʧʘʟʠ ʥʘ 

ʪʦʨʮʽ, ʚʠʪʨʠ-

ʤʫʶʯʠ ʨʦʟʤʽ-

ʨʠ 

ρυȟ̖ υ ȟ 

ʤʤ ʪʘ 

ρτȟ̖ υ ȟ 

2 ʎʝʥʪʨʫʻ

ʤʦ ʦʪʚʽʨ 

3 ʉʚʝʨʜʣʠ

ʤʦ ʦʪʚʽʨ 

ʜʽʘʤʝʪʨʦʤ 

6,8ʤʤ ʥʘ 

ʛʣʠʙʠʥʫ 18 ʤʤ 

4 ʅʘʨʽʟʘ-

ʻʤʦ ʨʽʟʴʙʫ 

ʤʽʪʯʠʢʦʤ ʄ8 

 

 

 
 

ɺʝʨʩʪʘʪ: 

HAAS VF-

1; 

ʌʨʝʟʘ 

ʢʽʥʮʝʚʘ 

Kennametal 

H1TE4CH0

800R016H

AM 

ʉʚʝʨʜʣʦ 

ʜʽʘʤʝʪʨʦʤ 

6,8 

Kennametal 

B041A0680

0CPG 

ʄʽʪʯʠʢ 

M8x1,25 

Kennametal 

KHSST090

56 

ʅʘʩʪʽʣʴʥʝ 

ʬʨʝʟʝʨʥʝ 

ʟʘʞʠʤʥʝ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

Tormach 

040 ʊʝʨʤʽʯʥʘ 

ʦʧʝʨʘʮʽʷ 

ʈʝʞʠʤʠ: 

ʊʝʤʧʝʨʘʪʫʨʘ: ψυπ
ψχπЈὅ 

ʏʘʩ ʚʠʪʨʠʤʢʠ: 1-2 ʛʦʜʠʥʠ 

ɯʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ: 

χσπχυπЈὅ 
ʏʘʩ ʚʠʪʨʠʤʢʠ: 4-6 ʛʦʜʠʥ 

ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ: 

σπЈ˞Ⱦ̄ ̏̅. 

ʄʫʬʝʣʴʥʘ 

ʧʽʯ ʉʅʆʃ- 

2.4.2/11 ɯ2 
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045 

ʐʣʽʬʫʚʘʥʥʷ 

1.ʐʣʽʬʫʻʤʦ 

ʧʘʟ ʚ ʨʦʟʤʽʨ 

2.ʐʣʽʬʫʻʤʦ 

ʚʠʩʪʫʧʠ ʚ 

ʨʦʟʤʽʨ 

 

 

ʐʣʽʬʫ-

ʚʘʣʴʥʠʡ 

ʚʝʨʩʪʘʪ 

Profimat 

RT 

ʅʘʩʪʽʣʴʥʝ 

ʬʨʝʟʝʨʥʝ 

ʟʘʞʠʤʥʝ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

Tormach 

050 ʐʣʽʬʫʚʘʥʥʷ 

ʐʣʽʬʫʻʤʦ 

ʚʠʩʪʫʧʠ ʚ ʨʦʟ-

ʤʽʨ 

 

 

ʐʣʽʬʫ-

ʚʘʣʴʥʠʡ 

ʚʝʨʩʪʘʪ 

Profimat 

RT 

ʅʘʩʪʽʣʴʥʝ 

ʬʨʝʟʝʨʥʝ 

ʟʘʞʠʤʥʝ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

Tormach 

055 ʇʦʥʦʚʣʝʥʥʷ 

ʨʽʟʴʙʠ 

 ɺʝʨʩʪʘʪ: 

HAAS VF-

1; 

ʄʽʪʯʠʢ 

M8x1,25 

Kennametal 

KHSST090

56 

 

ʅʘʩʪʽʣʴʥʝ 

ʬʨʝʟʝʨʥʝ 

ʟʘʞʠʤʥʝ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

Tormach 
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3.11  ʈʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʧʦʨʪʘ 

ʆʧʝʨʘʮʽʷ 030 . 

ʌʨʝʟʝʨʫʚʘʥʥʷ ʧʘʟʽʚ ʥʘ ʪʦʨʮʽ 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ʚʝʨʩʪʘʪ HAAS VF-1 

ɯʥʩʪʨʫʤʝʥʪ - ʢʽʥʮʝʚʘ ʬʨʝʟʘ Kennametal Harvi ʜʽʘʤʝʪʨʦʤ 8 ʤʤ 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 5 ʤʤ 

ʇʦʜʘʯʘ ʥʘ ʟʫʙ- 0.049 ʤʤ [22] 

V=110 ʤ/ʭʚ [22] 

ʉʚʝʨʜʣʠʤʦ ʦʪʚʽʨ Ï6,8 ʥʘ ʛʣʠʙʠʥʫ 18 ʤʤ. 

ʄʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ 

ʋʩʪʘʪʢʫʚʘʥʥʷ - ʚʝʨʩʪʘʪ HAAS VF-1 

ɯʥʩʪʨʫʤʝʥʪ - ʩʚʝʨʜʣʦ Kennametal GoDrill ʜʽʘʤʝʪʨʦʤ 6.8 ʤʤ 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ - 18 ʤʤ 

ʇʦʜʘʯʘ s=0.12..0.22 ʤʤ/ʦʙ [22] 

ʆʙʠʨʘʻʤʦ s=0.2 ʤʤ/ʦʙ. 

V=74 ʤ/ʭʚ [22] 
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4 ʉʊɺʆʈɽʅʅʗ ʂɽʈʋʖʏʆɰ ʇʈʆɻʈɸʄʀ ɼʃʗ ʆɹʈʆɹʃɽʅʅʗ 

ɼɽʊɸʃɽʁ ʅɸ ɺɽʈʉʊɸʊɯ ɿ ʏʇʂ 

 

4.1. ʆʙʨʘʥʥʷ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʛʦʪʦʚʠʪʠ ʤʦʜʫʣʴʥʫ ʨʦʟʪʦʯʫʚʘʣʴʥʫ ʛʦʣʦʚʢʫ ʥʝʦʙʭʽʜʥʦ 

ʦʙʨʘʪʠ ʥʝʦʙʭʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʜʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ 2 

ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ. ʇʝʨʰʠʡ ʚʝʨʩʪʘʪ ʙʫʣʦ ʦʙʨʘʥʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ 

ʪʠʧʫ ʪʽʣʦ ʦʙʝʨʪʘʥʥʷ - ʮʝ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʫʚʘʣʴʥʠʡ ʚʝʨʩʪʘʪ ʬʽʨʤʠ DOOSAN 

cʝʨʽʾ PUMA SMX2600S. ɺʝʨʩʪʘʪ ʤʘʻ ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʈʦʙʦʯʘ ʟʦʥʘ [15]: 

¶ ʈʦʟʤʽʨ ʧʘʪʨʦʥʘ - 10 ʜʶʡʤʽʚ; 

¶ ʄʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʦʙʨʦʙʣʝʥʥʷ - 660 ʤʤ; 

¶ ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʦʙʨʦʙʣʝʥʥʷ - 1540 ʤʤ. 

ʇʝʨʝʤʽʱʝʥʥʷ [15]: 

¶ ɺʽʩʴ ʍ - 630 ʤʤ; 

¶ ɺʽʩʴ Y - 300 ʤʤ; 

¶ ɺʽʩʴ Z - 1585 ʤʤ; 

¶ ɺʽʩʴ ɸ - 1605 ʤʤ; 

¶ ɺʽʩʴ B - 240Á(Ñ120Á). 

ʇʦʜʘʯʘ [15]: 

¶ ɺʽʩʴ ʍ - 48 ʤ/ʭʚ; 

¶ ɺʽʩʴ Y - 36 ʤ/ʭʚ; 

¶ ɺʽʩʴ Z - 48 ʤ/ʭʚ; 

¶ ɺʽʩʴ ɸ - 30 ʤ/ʭʚ; 

¶ ɺʽʩʴ B - 40 ʦʙ/ʭʚ 

ʇʨʘʚʠʡ ʰʧʠʥʜʝʣʴ [15]: 

¶ ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ - 26/22 ʢɺʪ; 

¶ ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ - 4000 ʦʙ/ʭʚ; 

¶ ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ - 700 ʅ*ʤ. 
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ʃʽʚʠʡ ʰʧʠʥʜʝʣʴ [15]: 

¶ ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ - 26/22 ʢɺʪ; 

¶ ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ - 4000 ʦʙ/ʭʚ; 

¶ ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ - 700 ʅ*ʤ. 

ɼʘʥʠʡ ʚʝʨʩʪʘʪ ʙʫʣʦ ʦʙʨʘʥʦ ʯʝʨʝʟ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʦʩʝʡ, ʱʦ ʜʦʧʦʤʦʛʘʻ 

ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʦʧʝʨʘʮʽʡ ʟʘ ʦʜʠʥ 

ʫʩʪʘʥʦʚ. ʆʢʨʽʤ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ, ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʬʨʝʟʝʨʥʘ ʦʙʨʦʙʢʘ ʪʘʢ ʷʢ 

ʻ ʬʨʝʟʝʨʫʚʘʣʴʥʠʡ ʰʧʠʥʜʝʣʴ. ʊʘʢʦʞ ʚʝʣʠʢʠʤ ʧʣʶʩʦʤ ʻ ʚʝʣʠʢʘ ʨʦʙʦʯʘ ʟʦʥʘ, ʱʦ 

ʜʦʧʦʤʦʛʘʻ ʦʙʨʦʙʣʷʪʠ ʙʽʣʴʰ ʛʘʙʘʨʠʪʥʽ ʜʝʪʘʣʽ [15]. 

 

ʈʠʩʫʥʦʢ 4.1 ï ɺʝʨʩʪʘʪ ʟ ʏʇʂ DOOSAN PUMA SMX2600S [15] 

 

ɼʨʫʛʠʡ ʚʝʨʩʪʘʪ ʷʢʠʡ ʙʫʣʦ ʦʙʨʘʥʦ - ʮʝ ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ HAAS VF-1. ɼʘʥʠʡ 

ʚʝʨʩʪʘʪ ʙʫʣʦ ʦʙʨʘʥʦ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʩʫʧʦʨʪʘ, ʪʘʢ ʷʢ ʥʘ ʩʪʦʣʽ ʤʦʞʥʘ ʟʘʢʨʽʧʠʪʠ ʩʫʧʦʨʪ 

ʚ ʣʝʱʘʪʘʭ.  

ɺʝʨʩʪʘʪ ʤʘʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [16]: 

ʈʦʙʦʯʘ ʟʦʥʘ: 

¶ ɼʦʚʞʠʥʘ - 660 ʤʤ; 

¶ ʐʠʨʠʥʘ - 356 ʤʤ. 

ʇʝʨʝʤʽʱʝʥʥʷ: 

¶ ɺʽʩʴ ʍ - 508 ʤʤ; 

¶ ɺʽʩʴ Y - 406 ʤʤ; 
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¶ ɺʽʩʴ Z - 508 ʤʤ. 

ʇʦʜʘʯʽ: 

¶ ʈʽʟʘʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʛʣʫʙʠʥʫ - 16,5 ʤ/ʭʚ; 

¶ ʇʨʠʩʢʦʨʝʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʚʽʩʽ X - 25,4 ʤ/ʭʚ; 

¶ ʇʨʠʩʢʦʨʝʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʚʽʩʽ Y - 25,4 ʤ/ʭʚ; 

¶ ʐʚʠʜʢʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʚʽʩʽ Z - 25,4 ʤ/ʭʚ; 

ʐʧʠʥʜʝʣʴ: 

¶ ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ - 22,4 ʢɺʪ; 

¶ ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ - 8100 ʦʙ/ʭʚ; 

¶ ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ - 122 ʅ*ʤ. 

 

ʈʠʩʫʥʦʢ 4.2 ï ɺʝʨʩʪʘʪ ʟ ʏʇʂ Haas VF-1 [16] 

 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʠʭ ʚʝʨʩʪʘʪʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʯʠʩʣʦʚʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ. ʅʘ ʩʴʦʛʦʜʥʽ ʙʽʣʴʰʽʩʪʴ ʚʝʨʩʪʘʪʽʚ ʦʩʥʘʱʝʥʽ 
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ʪʘʢʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʪʦʤʫ ʜʣʷ ʪʦʛʦ ʱʦʙ ʢʝʨʫʚʘʪʠ ʜʘʥʠʤʠ ʚʝʨʩʪʘʪʘʤʠ ʥʝʦʙʭʽʜʥʦ 

ʥʘʧʠʩʘʪʠ ʢʦʜ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʧʝʨʝʥʝʩʪʠ ʢʦʜ ʥʘ ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʘ. 

 

4.2. ʉʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʚʝʨʩʪʘʪ ʟ ʏʇʂ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ 

ʜʝʪʘʣʝʡ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ CAM ʤʦʜʫʣʝʤ. ʉʘʤʝ ʪʘʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʧʫʩʢʘʻ ʢʦʤʧʘʥʽʷ 

Autodesk, ʘ ʩʘʤʝ ʦʙʨʘʥʝ ʥʘʤʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Autodesk Fusion 360. ɼʘʥʘ 

ʧʨʦʛʨʘʤʘ ʤʘʻ ʦʙ'ʻʤʥʫ ʙʘʟʫ ʪʘ ʙʽʙʣʽʦʪʝʢʫ, ʜʝ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ 

ʚʝʨʩʪʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʣʘʰʪʫʚʘʪʠ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ ʟʘ ʷʢʦʶ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʪʝ 

ʯʠ ʽʥʰʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʂʝʨʫʶʯʽ ʧʨʦʛʨʘʤʠ ʙʫʜʫʪʴ ʩʪʚʦʨʝʥʽ ʜʣʷ ʪʘʢʠʭ ʜʝʪʘʣʝʡ:  

¶ ʂʦʨʧʫʩ 

¶ ʄʦʜʫʣʴ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 

¶ ʂʨʠʰʢʠ 

¶ ʉʫʧʦʨʪ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʛʦʪʦʚʠʪʠ ʢʦʨʧʫʩ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʽʟʘʥʫ 

ʮʠʣʽʥʜʨʠʯʥʫ ʟʘʛʦʪʦʚʢʫ ʨʦʟʤʽʨʦʤ 580ʭ310 ʤʤ. ʆʙʨʦʙʢʘ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʢʦʤʧʘʥʽʾ DOOSAN. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʛʦʪʦʚʠʪʠ ʤʦʜʫʣʴ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʪʘ ʢʨʠʰʢʫ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʨʽʟʘʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʟʘʛʦʪʦʚʢʠ ʨʦʟʤʽʨʘʤʠ  290ʭ130 ʤʤ ʪʘ 90ʭ130 ʤʤ 

ʚʽʜʧʦʚʽʜʥʦ. ʆʙʨʦʙʢʘ ʪʘʢʦʞ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʦʢʘʨʥʦ-

ʬʨʝʟʝʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʢʦʤʧʘʥʽʾ DOOSAN. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʫʧʦʨʪʘ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʽʟʘʥʫ 

ʢʚʘʜʨʘʪʥʫ ʟʘʛʦʪʦʚʢʫ ʨʦʟʤʽʨʦʤ 68ʭ68ʭ100 ʤʤ. ʆʙʨʦʙʢʘ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʬʨʝʟʝʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʢʦʤʧʘʥʽʾ HAAS. 

ʑʦʙ ʧʦʯʘʪʠ ʩʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʥʘʤ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʡʪʠ ʚ Autodesk 

Fusion 360, ʪʘ ʚʠʙʨʘʪʠ ʤʦʜʫʣʴ Manufacture. 



83 
 

 

ʈʠʩʫʥʦʢ 4.3 - ʄʦʜʫʣʴ Manufacture Fusion 360 

 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʧʝʨʝʡʰʣʠ ʫ ʤʦʜʫʣʴ, ʩʪʚʦʨʶʻʤʦ ʥʦʚʠʡ ʫʩʪʘʥʦʚ, ʚ ʷʢʦʤʫ ʚʢʘʟʫʻʤʦ 

ʪʠʧ ʦʙʨʦʙʣʝʥʥʷ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʦʙʠʨʘʻʤʦ ʪʦʢʘʨʥʝ ʦʙʨʦʙʣʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ 4.4 - ʉʪʚʦʨʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʦʙʨʘʥʥʷ ʪʠʧʫ ʦʙʨʦʙʣʝʥʥʷ 

 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʥʘʣʘʰʪʫʚʘʣʠ ʜʝʪʘʣʴ, ʦʙʠʨʘʻʤʦ ʦʧʝʨʘʮʽʾ, ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ: 

1. ʊʦʯʽʥʥʷ ʪʦʨʮʷ ʢʨʠʰʢʠ ʚ ʨʦʟʤʽʨ 80 ʤʤ (ʨʠʩ. 4.5) 
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ʈʠʩʫʥʦʢ 4.5 ï ʊʦʯʽʥʥʷ ʪʦʨʮʷ ʢʨʠʰʢʠ 

2. ʊʦʯʽʥʥʷ ʧʨʦʬʽʣʶ ʢʨʠʰʢʠ ʪʘ ʬʘʩʢʠ (ʨʠʩ. 4.6) 

 

ʈʠʩʫʥʦʢ 4.6 ï ʊʦʯʽʥʥʷ ʧʨʦʬʽʣʶ ʢʨʠʰʢʠ ʪʘ ʬʘʩʢʠ 

 

3. ʏʠʩʪʦʚʝ ʪʦʯʽʥʥʷ ʢʨʠʰʢʠ (ʨʠʩ. 4.7) 

 

ʈʠʩʫʥʦʢ 4.7 ï ʏʠʩʪʦʚʝ ʪʦʯʽʥʥʷ ʢʨʠʰʢʠ 
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4. ʎʝʥʪʨʫʚʘʥʥʷ ʦʪʚʦʨʽʚ ʥʘ ʪʦʨʮʽ (ʨʠʩ. 4.8) 

 

ʈʠʩʫʥʦʢ 4.8 ï ʎʝʥʪʨʫʚʘʥʥʷ ʦʪʚʦʨʽʚ ʥʘ ʪʦʨʮʽ 

 

5. ʉʚʝʨʜʣʽʥʥʷ ʦʪʚʦʨʽʚ (ʨʠʩ. 4.9) 

 

ʈʠʩʫʥʦʢ 4.9 ï ʉʚʝʨʜʣʽʥʥʷ ʦʪʚʦʨʽʚ 

 

6. ʈʦʟʬʨʝʟʝʨʦʚʫʻʤʦ ʦʪʚʦʨʠ (ʨʠʩ. 4.10) 

 

ʈʠʩʫʥʦʢ 4.10 ï ʈʦʟʬʨʝʟʝʨʦʚʫʻʤʦ ʦʪʚʦʨʠ 

 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʙʫʣʠ ʥʘʣʘʰʪʦʚʘʥʽ ʦʧʝʨʘʮʽʾ, ʩʪʚʦʨʶʻʤʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʮʝʩʦʨ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ DOOSAN PUMA SMX2600. 

ʇʦʚʥʠʡ ʪʝʢʩʪ ʧʨʦʛʨʘʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʦʜʘʪʢʫ ɸ. 
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5 ʇʈʀʉʊʆʉʋɺɸʅʅʗ ɼʃʗ ʌʈɽɿɽʈʋɺɸʅʅʗ ʉʋʇʆʈʊɸ ɼʃʗ 

ɺʉʊɸʅʆɺʃɽʅʅʗ ʂɸʈʊʈʀɼɾɸ 

 

5.1 ɺʠʙʽʨ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʩʫʧʦʨʪʘ  

ʇʨʝʮʠʟʽʡʥʽ ʣʝʱʘʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʦʩʥʘʱʝʥʥʷ ʜʣʷ 

ʩʚʝʨʜʣʠʣʴʥʠʭ ʪʘ ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ (ʨʠʩ.5.1) [18].  

ʃʝʱʘʪʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʙʘʟʫʚʘʥʥʷ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʘʙʦ ʜʝʪʘʣʝʡ 

ʪʠʧʫ ʦʙʝʨʪʘʥʥʷ ʘʙʦ ʧʣʘʩʢʠʭ ʧʦʚʝʨʭʦʥʴ. ʎʝʡ ʚʠʜ ʣʝʱʘʪ ʤʘʻ ʽʜʝʘʣʴʥʦ 

ʚʽʜʰʣʽʬʦʚʘʥʫ ʧʦʚʝʨʭʥʶ ʧʨʠʞʠʤʥʠʭ ʛʫʙʦʢ ʪʘ ʧʣʘʚʥʠʡ ʭʽʜ ʬʽʢʩʫʶʯʦʛʦ 

ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʝʨʝʞʥʝ ʪʘ ʪʦʯʥʝ ʟʘʢʨʽʧʣʝʥʥʷ 

ʥʘʚʽʪʴ ʤʽʥʽʘʪʶʨʥʠʭ ʜʝʪʘʣʝʡ [18]. 

ɼʦ ʧʝʨʝʚʘʛ ʜʘʥʠʭ ʣʝʱʘʪ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ [18]: 

¶ ʰʚʠʜʢʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʝʱʘʪ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ; 

¶ 100% ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʥʝʦʙʭʽʜʥʦʾ ʧʣʦʱʠʥʠ; 

¶ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʜʝʪʘʣʽ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʝ ʾʾ 

ʟʤʽʱʝʥʥʷ; 

¶ ʥʘʧʨʘʚʣʷʶʯʽ ʧʽʜʚʠʱʝʥʦʾ ʪʚʝʨʜʦʩʪʽ; 

¶ ʧʦʩʪʽʡʥʝ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ, ʙʝʟ ʧʦʩʣʘʙʣʝʥʥʷ; 

¶ ʧʽʜʚʠʱʝʥʥʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 5.1 ï ʇʨʝʮʠʟʽʡʥʽ ʣʝʱʘʪʘ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʩʫʧʦʨʪʦʤ ʥʘ ʥʠʭ 
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ʃʝʱʘʪʘ ʩʢʣʘʜʘʶʪʴʩʷ (ʨʠʩ. 5.1) ʟ ʢʦʨʧʫʩʫ 1, ʥʝʨʫʭʦʤʠʭ ʛʫʙʦʢ 2, ʨʫʭʦʤʠʭ 

ʛʫʙʦʢ  3 ʪʘ ʟʘʞʠʤʥʦʛʦ ʛʚʠʥʪʘ 4.  

ʇʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʣʝʱʘʪ ʥʘ ʚʝʨʩʪʘʪ ï ʾʭ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʪʨʽʙʥʦ 

ʧʨʦʪʝʨʪʠ, ʘʙʠ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ ʙʘʟʫʚʘʥʥʷ. 

ʅʘ (ʨʠʩ. 5.2) ʟʦʙʨʘʞʝʥʦ 3D ï ʤʦʜʝʣʴ ʣʝʱʘʪ ʽʟ ʟʘʪʠʩʥʫʪʠʤ ʚ ʥʠʭ ʩʫʧʦʨʪʦʤ. 

 

ʈʠʩʫʥʦʢ 5.2 ï ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʩʫʧʦʨʪʘ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʘʨʪʨʠʜʞʘ 

 

5.2 ʈʦʟʨʘʭʫʥʦʢ ʩʠʣ ʟʘʪʠʩʢʫ ʚ ʣʝʱʘʪʘʭ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ, ʾʾ ʥʝ ʚʠʪʷʛʥʫʣʦ ʟ ʣʝʱʘʪ, 

ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʩʠʣʫ ʟʘʪʠʩʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ [21]: 

ὡ Ὧ
ὖ ὦ ὥὪ ὖᾀ

ὥὪ ὦὪᾀ
υȢρ 

ɼʝ W ï ʩʠʣʘ ʟʘʪʠʩʢʫ ʨʫʭʦʤʦʾ ʛʫʙʢʠ; 

ὖ  ʪʘ ὖ  ï ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ,  ὖ πȟτὖ ρρχωȢφψ ̊  ʪʘ ὖ

ςωτωȟς ̊; 

Ὢ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʛʫʙʦʢ, ʜʣʷ ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʦʥʴ 

Ὢ πȟςυ [21]; 

k ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ, k=1,5 [21]; 

ᾀ ï ʚʠʩʦʪʘ ʚʠʩʪʫʧʫ ʟʘʛʦʪʦʚʢʠ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʛʫʙʦʢ; 

Z ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʥʝʨʫʭʦʤʦʾ ʛʫʙʢʠ ʜʦ ʮʝʥʪʨʫ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ 

ʨʫʭʦʤʦʾ ʛʫʙʢʠ; 
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ὥ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʛʫʙʢʠ ʜʦ ʧʣʦʱʠʥʠ ʙʘʟʫʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ; 

ὦ ï ʰʠʨʠʥʘ ʤʽʞ ʛʫʙʢʘʤʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʽʡ ʟʘʛʦʪʦʚʮʽ. 

ʉʠʣʘ ʜʣʷ ʟʘʪʠʩʢʫ ʣʝʱʘʪ: 

ὡ ρȟυϽ
ςωτωȟςϽφτστϽπȟςυ ρρχωȟφψϽφ

στϽπȟςυ φτϽπȟςυρχ
ωȟτσ ̋  ̊

 

5.3 ʈʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʢʠ ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʛʦʪʦʚʢʠ/ʜʝʪʘʣʽ ʚ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ 

ʧʦʭʠʙʢʘ, ʷʢʫ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ [21]: 

‐̐̑ Ὕ Ὧ˟ Ὧ Ͻ‐̂ ‐̈ ‐̃̒̓ ‐̈̎ ‐̐̆̑ Ὧ Ͻ‫ υȢς 

ɼʝ ʊ ï ʜʦʧʫʩʢ ʥʘ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʥʽ, ʜʣʷ ʨʦʟʤʽʨʫ 15ʅ9, ʊ=43 ʤʢʤ; 

Ὧ  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʩʽʷʥʥʷ ʚʽʜ ʟʘʢʦʥʫ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, Ὧ ρȟς [21]; 

Ὧ  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʙʘʟʫʚʘʥʥʷ ʧʨʠ ʨʦʙʦʪʽ 

ʥʘ ʥʘʣʘʰʪʦʚʘʥʠʭ ʚʝʨʩʪʘʪʘʭ, Ὧ πȟψȣπȟψυ [21]; 

Ὧ  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʘʩʪʠʥʫ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʚ ʩʫʤʘʨʥʽʡ 

ʧʦʭʠʙʮʽ, ʩʧʨʠʯʠʥʝʥʦʾ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, Ὧ

πȟφȣπȟψ [21]; 

,ï ʩʝʨʝʜʥʷ ʝʢʦʥʦʤʽʯʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ‫ ‫ τσ ̍̋;̍ 

‐̂  ï ʧʦʭʠʙʢʘ ʙʘʟʫʚʘʥʥʷ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ‐̂ π, ʪʘʢ ʷʢ ʚʽʜʩʫʪʥʻ 

ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦ ʜʦʩʷʛʥʫʪʦʛʦ ʧʦʣʦʞʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ; 

‐̈ ï ʧʦʭʠʙʢʘ ʟʘʢʨʽʧʣʝʥʥʷ, ‐̈ πȟπυ [21]; 

‐̃̒̓ ï ʧʦʭʠʙʢʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʽ [21]: 

‐̃̒̓

άί

ὰ

φτϽπȟπχ

ρπυ
πȟπτς ̍  ̍

ɼʝ m ï ʰʠʨʠʥʘ ʜʝʪʘʣʽ; s ï ʥʘʡʙʽʣʴʰʠʡ ʟʘʟʦʨ ʤʽʞ ʥʘʧʨʘʚʣʷʶʯʠʤʠ 

ʰʧʦʥʢʘʤʠ ʚʝʨʩʪʘʪʘ ʪʘ ʧʘʟʦʤ ʚʝʨʩʪʘʪʘ; ὰ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʧʦʥʢʘʤʠ. 

‐̐̆ ̑ï ʧʦʭʠʙʢʘ ʚʽʜ ʧʝʨʝʢʦʩʫ, ‐̐̆̑ π, ʪʘʢ ʷʢ ʚ ʧʨʠʩʪʦʩʫʚʘʥʽ ʚʽʜʩʫʪʥʽ 

ʥʘʧʨʘʚʣʷʶʯʽ ʝʣʝʤʝʥʪʠ; 
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‐̈  ̎ï ʧʦʭʠʙʢʘ ʟʥʦʩʫ, ‐̈̎ ‍ὔ πȟππςϽυππππȟπρ ʤʤ; 

ʇʦʭʠʙʢʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʙʫʜʝ ʨʽʚʥʘ [21]: 

‐̐̑ πȟπτσρȟς πȟψϽπ πȟπυ πȟπτςπȟπρ π πȟφϽπȟπτσ

πȟπρς ̍  ̍
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6 ɸʅɸʃɯɿ ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ 

ʇʈʀ ʈʆɹʆʊɯ ɯʅʉʊʈʋʄɽʅʊʋ 

 

6.1 ɺʠʟʥʘʯʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʇʨʠ ʦʙʨʦʙʣʝʥʥʽ ʟʘʛʦʪʦʚʢʠ/ʜʝʪʘʣʽ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʚʠʥʠʢʘʶʪʴ ʩʠʣʠ ʨʽʟʘʥʥʷ 

(ʩʠʣʠ ʪʠʩʢʫ ʽ ʩʠʣʠ ʪʝʨʪʷ), ʷʢʽ ʜʽʶʪʴ ʥʘ ʨʽʟʘʣʴʥʫ ʯʘʩʪʠʥʫ. ɺʩʽ ʩʠʣʠ ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʦʜʥʽʻʾ, ʨʽʚʥʦʜʽʶʯʦʾ  ʩʠʣʠ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʢʣʘʜʦʚʽ ʨʽʚʥʦʜʽʶʯʦʾ ʩʠʣʠ, ʷʢʽ ʜʽʶʪʴ ʧʦ 

ʪʨʴʦʭ ʦʩʷʭ: 

ὖ ï ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʜʽʻ ʚ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ; 

ὖ ï ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʜʽʻ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; 

ὖ  ï ʦʩʴʦʚʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʜʽʻ ʚʟʜʦʚʞ ʦʩʽ ʍ, ʧʘʨʘʣʝʣʴʥʦ ʜʦ 

ʟʘʛʦʪʦʚʢʠ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʷʢ ʥʘ ʽʥʩʪʨʫʤʝʥʪ ʚʧʣʠʚʘʶʪʴ ʩʠʣʠ ʨʽʟʘʥʥʷ, 

ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʉɸʇʈ 

Autodesk Inventor. 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʨʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʚʠʧʘʜʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ: 

1. ɼʝʬʦʨʤʘʮʽʶ ʨʦʟʪʷʛʫʚʘʥʥʷ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ; 

2. ɿʘʛʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ; 

3. ɼʝʬʦʨʤʘʮʽʷ ʟʩʫʚʫ ʤʦʜʫʣʴʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʩʠʣʠ ʨʽʟʘʥʥʷ: 

ʆʧʝʨʘʮʽʷ ï ʨʦʟʪʦʯʫʚʘʣʴʥʘ 

ʏʠʩʪʦʚʝ ʨʦʟʪʦʯʫʚʘʥʥʷ ʜʝʪʘʣʽ; 

ʄʘʪʝʨʽʘʣ ï ʉʪʘʣʴ 40ʍ; 

ʆʙʣʘʜʥʘʥʥʷ ï HBM 110-30T; 

ɯʥʩʪʨʫʤʝʥʪ ï ɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ; 

ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, t ï 1,5ʤʤ [5]; 

ʇʦʜʘʯʘ, S ï 0,2 ʤʤ/ʦʙ [5]. 
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ʈʦʟʨʘʭʦʚʫʻʤʦ ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [14]: 

ὠ
ὅ

Ὕ ὸί
ὑ 

ὅ τςπȟὼ πȟρυȟώ πȟςȟά πȟς; (ʪʘʙʣ. 17 [14]) 

T - ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʨʽʟʮʷ, T = 60 ʭʚ; 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʬʘʢʪʠʯʥʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ [14]: 

ὑ ὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ Ͻὑ  

ὑ Ͻὑ Ͻὑ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ; 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ(ʪʘʙʣ. 1 [14]), 

ὑ ὑ
χυπ

„̃
ρϽ
χυπ

χππ

ȟ

ρȢπς 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ, 

ὑ πȟω (ʪʘʙʣ. 5 [14]); 

ὑ  ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʘʪʝʨʽʘʣ ʽʥʩʪʨʫʤʝʥʪʘ, 

ὑ ρ (ʪʘʙʣ. 6 [14]); 

ὑ ρȢπςϽπȟωϽρ πȢως 

ὠ
τςπ

φπȢϽρȢυȢ ϽπȢςȢ
ϽπȢως

τςπ

ςȢςφϽρȢπφϽπȟχςτ
ϽπȢως ςςςȟχψ

̍

̖̃
 

ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ Pz [14]: 

ὖ ρπϽὅϽὸϽὛ Ͻὠ Ͻὑ  

ὅ σππȟὼ πȟρȟώ πȟχυȟὲ πȟρυ; (ʪʘʙʣ. 22 [14]) 

ὖ ρπϽσππϽρȢυȢϽπȢςȢ ϽςςςȢχψȢ Ͻρ τρτȢρω ̊ 

ɺʠʟʥʘʯʠʤʦ ʨʘʜʽʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʩʠʣʠ ʨʽʟʘʥʥʷ ὖ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ 

[21]: 

ὖ πȟςυȣπȟυϽὖ 

ὖ πȟυϽτρτȟρω ςπχȟπωυ ̊ 

ɺʠʟʥʘʯʠʤʦ ʦʩʴʦʚʫ ʩʢʣʘʜʦʚʫ ʩʠʣʠ ʨʽʟʘʥʥʷ ὖ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ 

[21]: 

ὖ πȟρȣπȟςυϽὖ 
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ὖ πȟςυϽτρτȟρω ρπσȟυτ ̊ 

 

6.2 ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Autodesk Inventor ʪʘ ʩʝʨʝʜʦʚʠʱʝ çɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʴè. 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʜʘʥʦ ʘʥʘʣʽʟʫ ʙʫʣʠ: 

¶ ʄʘʪʝʨʽʘʣ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ï ʪʚʝʨʜʠʡ ʩʧʣʘʚ ʊ14ʂ8; 

¶ ʄʘʪʝʨʽʘʣ ʢʦʨʧʫʩʫ ï ʩʪʘʣʴ 40ʍ; 

¶ ʉʠʣʠ ʨʽʟʘʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʚ ʧ.6.1: ὖ τρτȟρω ̊, ὖ ρπσȟυτ ̊, ὖ

ςπχȟπωυ ̊ 

¶ ʇʣʘʩʪʠʥʘ 1 ʪʘ ʧʣʘʩʪʠʥʘ 2 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ: 

ʇʣʘʩʪʠʥʘ 1 (ʨʠʩ. 6.1) 

ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ὖ τρτȟρω ̊ 

¶ ʅʘʧʨʫʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ: max - 3094 MPa, min ï 0 MPa; 

¶ ɼʝʬʦʨʤʘʮʽʷ ʟʩʫʚʫ: max ï 0,003989 ʤʤ; min ï 0 ʤʤ; 

¶ ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ: max ï 15, min ï 1,85. 

ʈʘʜʽʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ὖ ςπχȟπωυ ̊ 

¶ ʅʘʧʨʫʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ: max ï 983,4 MPa, min ï 0 MPa; 

¶ ɼʝʬʦʨʤʘʮʽʷ ʟʩʫʚʫ: max ï 0,006503 ʤʤ; min ï 0 ʤʤ; 

¶ ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ: max ï 15, min ï 0,12. 

ʆʩʴʦʚʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ὖ ρπσȟυτ ̊ 

¶ ʅʘʧʨʫʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ: max ï 737,6 MPa, min ï 0 MPa; 

¶ ɼʝʬʦʨʤʘʮʽʷ ʟʩʫʚʫ: max ï 0,012 ʤʤ; min ï 0 ʤʤ; 

¶ ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ: max ï 15, min ï 0,24. 
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ʈʠʩʫʥʦʢ  6.1 ï ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʴ ï ʧʣʘʩʪʠʥʘ 1 

 

ʇʣʘʩʪʠʥʘ 2 (ʨʠʩ. 6.2) 

ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ὖ τρτȟρω ̊ 

¶ ʅʘʧʨʫʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ: max - 2815 MPa, min ï 0 MPa; 

¶ ɼʝʬʦʨʤʘʮʽʷ ʟʩʫʚʫ: max ï 0,024 ʤʤ; min ï 0 ʤʤ; 

¶ ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ: max ï 15, min ï 0,11. 

ʈʘʜʽʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ὖ ςπχȟπωυ ̊ 

¶ ʅʘʧʨʫʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ: max ï 832,1 MPa, min ï 0 MPa; 

¶ ɼʝʬʦʨʤʘʮʽʷ ʟʩʫʚʫ: max ï 0,0084 ʤʤ; min ï 0 ʤʤ; 

¶ ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ: max ï 15, min ï 0,08. 

ʆʩʴʦʚʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ὖ ρπσȟυτ ̊ 

¶ ʅʘʧʨʫʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ: max ï 760,6 MPa, min ï 0 MPa; 

¶ ɼʝʬʦʨʤʘʮʽʷ ʟʩʫʚʫ: max ï 0,0054 ʤʤ; min ï 0 ʤʤ; 

¶ ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ: max ï 15, min ï 0,05. 
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ʈʠʩʫʥʦʢ 6.2 ï ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʴ ï ʧʣʘʩʪʠʥʘ 2 

 

ʆʪʞʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʴ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʚʩʝ ʤʘʪʝʨʽʘʣʠ ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜʽʙʨʘʥʽ ʚʽʨʥʦ, ʪʘ ʽʥʩʪʨʫʤʝʥʪ 

ʚʠʪʨʠʤʫʻ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ɼʦʜʘʪʦʢ ɸ 

ʂʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʢʨʠʰʢʠ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ 

% 

O1001 

G21 

M110 

M24 

 

N1(FACE1)  

G0 G28 G53 B0. (SUB SPINDLE RETURN)  

G28 U0. V0.  

G28 W0.  

M90 

G54 

G99 G18 M34  

G50 S600  

T0700  

M8 

G97 S179 M3 P11  

G0 Z5.  

X160. Y0.  

G96 S90 M3 P11  

Z- 0.586  

X140.  

G1 X132.828 F0.4  

X130. Z - 2.  

X- 1.6  

X1.228 Z - 0.586  

G0 X140.  

Z- 2.586  

G1 X132.828  

X130. Z - 4.  

X- 1.6  

X1.228 Z - 2.586  

G0 X140.  

Z- 3.586  

G1 X132.828  

X130. Z - 5.  

X- 1.6  

X1.228 Z - 3.586  

G0 X160.  

Z5.  

G97 S179 M3 P11  

 

(PROFILE ROUGHING2)  

G97 S191 M3 P11  

G0 Z5.  

X150. Y0.  

G96 S90 M3 P11  

Z- 4.4  

X127.6  

G1 Z - 41.8 F0.4  

X130.  

X132. Z - 40.8  

G0 Z - 4.4  
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X125.2  

G1 Z - 7.427  

Z- 41.8  

X127.6  

X129.6 Z - 40.8  

G0 Z - 4.4  

X123.007  

G1 Z - 6.331  

X125.2 Z - 7.427  

X127.2 Z - 6.427  

G0 Z - 4.4  

X122.014  

G1 X120.814  

Z- 5.234  

X123.007 Z - 6.331  

X125.007 Z - 5.331  

G0 X131.2  

Z- 4.4  

X150.  

Z5.  

G97 S191 M3 P11  

 

(PROFILE FINISHING1)  

G97 S191 M3 P11  

G0 Z5.  

X150. Y0.  

G96 S90 M3 P11  

Z- 3.234  

X121.875  

G1 X120.531 F0.4  

Z- 5.234  

X125. Z - 7.469  

Z- 41.187  

X127.828 Z - 42.602  

X129.  

G0 X150.  

Z5.  

G97 S191 M3 P11  

M9 

G28 U0. V0.  

G28 W0.  

M110 

M1 

 

N2(DRILL1)  

G0 G28 G53 B0. (SUB SPINDLE RETURN)  

G28 U0. V0.  

G28 W0.  

M5 P11  

M90 

G54 

G98 G17 M35  

G0 G28 H0.  

T0101  

M8 

G97 S300 M3 P12  

G0 Z15.  

X92. Y0. C135.  
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G80 

G0 Z5.  

G83 C135. Z - 7. R - 5. F45. M89  

C90. M89  

C45. M89  

C- 45. M89  

C- 90. M89  

C- 135. M89  

G80 

G0 Z15.  

M5 P12  

M90 

M9 

G28 U0. V0.  

G28 W0.  

M110 

M1 

 

N3(DRILL2)  

G0 G28 G53 B0. (SUB SPINDLE RETURN)  

G28 U0. V0.  

G28 W0.  

M90 

G54 

G98 G17 M35  

G0 G28 H0.  

T1010  

M8 

G97 S600 M3 P12  

G0 Z15.  

X92. Y0. C135.  

G0 Z5.  

G83 C135. Z - 61. R - 13. F252. M89  

C90. M89  

C45. M89  

C- 45.  M89 

C- 90. M89  

C- 135. M89  

G80 

G0 Z15.  

M5 P12  

M90 

M9 

G28 U0. V0.  

G28 W0.  

M110 

M1 

 

N4(BORE1) 

G0 G28 G53 B0. (SUB SPINDLE RETURN)  

G28 U0. V0.  

G28 W0.  

M90 

G54 

G98 G18 M35  

G0 G28 H0.  

T1111  

M8 
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G97 S577 M3 P12  

G0 Z15.  

X90.163 Y0.  

C0.  

G12.1  

G1 X63.454 C32.027 F1500.  

Z- 3.  

Z- 4.2 F138.53  

C32.02 Z - 4.304  

C32. Z - 4.407  

C31.966 Z - 4.506  

C31.92 Z - 4.6  

C31.862 Z - 4.687  

C31.793 Z - 4.766  

C31.714 Z - 4.835  

C31.627 Z - 4.893  

C31.533 Z - 4.939  

C31.434 Z - 4.973  

C31.331 Z - 4.993  

C31.227 Z - 5.  

C30.827  

G3 X65.054 C30.027 I0.8 J0.  

X69.384 C33.777 Z - 5.333 I0. J2.5  

X60.724 Z - 5.667 I - 2.165 J - 1.25  

X65.054 C30.027 Z - 6. I2.165 J - 1.25  

X69.384 C33.777 Z - 6.333 I0. J2.5  

X60.724 Z - 6.667 I - 2.165 J - 1.25  

X65.054 C30.027 Z - 7. I2.165 J - 1.25  

X69.384 C33.777 Z - 7.333 I0. J2.5  

X60.724 Z - 7.667 I - 2.165 J - 1.25  

X65.054 C30.027 Z - 8. I2.165 J - 1.25  

X69.384 C33.777 Z - 8.333 I0. J2.5  

X60.724 Z - 8.667 I - 2.165 J - 1.25  

X65.054 C30.027 Z - 9. I2.165 J - 1.25  

X69.384 C33.777 Z - 9.333 I0. J2.5  

X60.724 Z - 9.667 I - 2.165 J - 1.25  

X65.054 C30.027 Z - 10. I2.165 J - 1.25  

X69.384 C33.777 Z - 10.333  I0. J2.5  

X60.724 Z - 10.667 I - 2.165 J - 1.25  

X65.054 C30.027 Z - 11. I2.165 J - 1.25  

X69.384 C33.777 Z - 11.333 I0. J2.5  

X60.724 Z - 11.667 I - 2.165 J - 1.25  

X65.054 C30.027 Z - 12. I2.165 J - 1.25  

X69.384 C33.777 Z - 12.333 I0. J2.5  

X60.724 Z - 12.667 I - 2.165 J - 1.25  

X65.054 C3 0.027 Z - 13. I2.165 J - 1.25  

X69.384 C33.777 I0. J2.5  

X60.724 I - 2.165 J - 1.25  

X65.054 C30.027 I2.165 J - 1.25  

X66.654 C30.827 I0. J0.8  

G1 C31.227  

C31.331 Z - 12.993  

C31.434 Z - 12.973  

C31.533 Z - 12.939  

C31.627 Z - 12.893  

C31.714 Z - 12.835  

C31.793 Z - 12.766  

C31.862 Z- 12.687  
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C31.92 Z - 12.6  

C31.966 Z - 12.506  

C32. Z - 12.407  

C32.02 Z - 12.304  

C32.027 Z - 12.2  

Z5. F1500.  

X- 1.6 C45.5  

Z- 3.  

Z- 4.2 F138.53  

C45.493 Z - 4.304  

C45.473 Z - 4.407  

C45.439 Z - 4.506  

C45.393 Z - 4.6  

C45.335 Z - 4.687  

C45.266 Z - 4.766  

C45.187 Z - 4.835  

C45.1 Z - 4.893  

C45.006 Z - 4.939  

C44.907 Z - 4.973  

C44.804 Z - 4.993  

C44.7 Z - 5.  

C44.3  

G3 X0. C43.5 I0.8 J0.  

X4.33 C47.25 Z - 5.333 I0. J2.5  

X- 4.33 Z - 5.667 I - 2.165 J - 1.25  

X0. C43.5 Z - 6. I2.165 J - 1.25  

X4.33 C47.25 Z - 6.333 I0. J2.5  

X- 4.33 Z - 6.667 I - 2.165 J - 1.25  

X0. C43.5 Z - 7. I2.165 J - 1.25  

X4.33 C47.25 Z - 7.333 I0. J2.5  

X- 4.33 Z - 7.667 I - 2.165 J - 1.25  

X0. C43.5 Z - 8. I2.165 J - 1.25  

X4.33 C47.25 Z - 8.333 I0. J2.5  

X- 4.33 Z - 8.667 I - 2.165 J - 1.25  

X0. C43.5 Z - 9. I2.165 J - 1.25  

X4.33 C47.25 Z - 9.333 I0. J2.5  

X- 4.33 Z - 9.667 I - 2.165 J - 1.25  

X0. C43.5 Z - 10. I2.165 J - 1.25  

X4.33 C47.25 Z - 10.333 I0. J2.5  

X- 4.33 Z - 10.667 I - 2.165 J - 1.25  

X0. C43.5 Z - 11. I2.165 J - 1.25  

X4.33 C47.25 Z - 11.333 I0. J2.5  

X- 4.33 Z - 11.667 I - 2.165 J - 1.25  

X0. C43.5 Z - 12. I2.165 J - 1.25  

X4.33 C47.25 Z - 12.333 I0. J2.5  

X- 4.33 Z - 12.667  I - 2.165 J - 1.25  

X0. C43.5 Z - 13. I2.165 J - 1.25  

X4.33 C47.25 I0. J2.5  

X- 4.33 I - 2.165 J - 1.25  

X0. C43.5 I2.165 J - 1.25  

X1.6 C44.3 I0. J0.8  

G1 C44.7  

C44.804 Z - 12.993  

C44.907 Z - 12.973  

C45.006 Z - 12.939  

C45.1 Z - 12.893  

C45.187 Z - 12.835  

C45.266 Z - 12.766  
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C45.335 Z- 12.687  

C45.393 Z - 12.6  

C45.439 Z - 12.506  

C45.473 Z - 12.407  

C45.493 Z - 12.304  

C45.5 Z - 12.2  

Z5. F1500.  

X- 66.654 C32.027  

Z- 3.  

Z- 4.2 F138.53  

C32.02 Z - 4.304  

C32. Z - 4.407  

C31.966 Z - 4.506  

C31.92 Z - 4.6  

C31.862 Z - 4.687  

C31.793 Z - 4.766  

C31.714 Z - 4.835  

C31.627 Z - 4.893  

C31.533 Z - 4.939  

C31.434 Z - 4.973  

C31.331 Z - 4.993  

C31.227 Z - 5.  

C30.827  

G3 X- 65.054 C30.027 I0.8 J0.  

X- 60.724 C33.777 Z - 5.333 I0. J2.5  

X- 69.384 Z - 5.667 I - 2.165 J - 1.25  

X- 65.054 C30.027 Z - 6. I2.165 J - 1.25  

X- 60.724 C33.777 Z - 6.333 I0. J2.5  

X- 69.384 Z - 6.667 I - 2.1 65 J - 1.25  

X- 65.054 C30.027 Z - 7. I2.165 J - 1.25  

X- 60.724 C33.777 Z - 7.333 I0. J2.5  

X- 69.384 Z - 7.667 I - 2.165 J - 1.25  

X- 65.054 C30.027 Z - 8. I2.165 J - 1.25  

X- 60.724 C33.777 Z - 8.333 I0. J2.5  

X- 69.384 Z - 8.667 I - 2.165 J - 1.25  

X- 65.054 C30.027 Z - 9. I2.165 J - 1.25  

X- 60.724 C33.777 Z - 9.333 I0. J2.5  

X- 69.384 Z - 9.667 I - 2.165 J - 1.25  

X- 65.054 C30.027 Z - 10. I2.165 J - 1.25  

X- 60.724 C33.777 Z - 10.333 I0. J2.5  

X- 69.384 Z - 10.667 I - 2.165 J - 1.25  

X- 65.054 C30.027 Z - 11. I2.165 J - 1.25  

X- 60.724 C33.777 Z - 11.333 I0. J2.5  

X- 69.384 Z - 11.667 I - 2.165 J - 1.25  

X- 65.054 C30.027 Z - 12. I2.165 J - 1.25  

X- 60.724 C33.777 Z - 12.333 I0. J2.5  

X- 69.384 Z - 12.667 I - 2.165 J - 1.25  

X- 65.054 C30.027 Z - 13. I2.165 J - 1.25  

X- 60.724 C33.777 I0. J2.5  

X- 69.384 I - 2.165 J - 1.25  

X- 65.054 C30.027 I2.165 J - 1.25  

X- 63.454 C30.827 I0. J0.8  

G1 C31.227  

C31.331 Z - 12.993  

C31.434 Z - 12.973  

C31.533 Z - 12.939  

C31.627 Z - 12.893  

C31.714 Z - 12.835  
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C31.793 Z - 12.766  

C31.862 Z - 12.687  

C31.92 Z - 12.6  

C31.966 Z - 12.506  

C32. Z - 12.407  

C32.02 Z - 12.304  

C32.027 Z - 12.2  

Z5. F1500.  

X- 66.654 C - 33.027  

Z- 3.  

Z- 4.2 F138.53  

C- 33.034 Z - 4.304  

C- 33.054 Z - 4.407  

C- 33.088 Z - 4.506  

C- 33.134 Z - 4.6  

C- 33.192 Z - 4.687  

C- 33.261 Z - 4.766  

C- 33.34 Z - 4.835  

C- 33.427 Z - 4.893  

C- 33.521 Z - 4.939  

C- 33.62 Z - 4.973  

C- 33.722 Z - 4.993  

C- 33.827 Z - 5.  

C- 34.227  

G3 X- 65.054 C - 35.027 I0.8 J0.  

X- 60.724 C - 31.277 Z - 5.333 I0. J2.5  

X- 69.384 Z - 5.667 I - 2.165 J - 1.25  

X- 65.054 C - 35.027 Z - 6. I2.165 J - 1.25  

X- 60.724 C - 31.277 Z - 6.333 I0. J2.5  

X- 69.384 Z - 6.667 I - 2.165 J - 1.25  

X- 65.054 C - 35.027 Z - 7. I2.165 J - 1.25  

X- 60.724 C - 31.277 Z - 7.333 I0. J2.5  

X- 69.384 Z - 7. 667 I - 2.165 J - 1.25  

X- 65.054 C - 35.027 Z - 8. I2.165 J - 1.25  

X- 60.724 C - 31.277 Z - 8.333 I0. J2.5  

X- 69.384 Z - 8.667 I - 2.165 J - 1.25  

X- 65.054 C - 35.027 Z - 9. I2.165 J - 1.25  

X- 60.724 C - 31.277 Z - 9.333 I0. J2.5  

X- 69.384 Z - 9.667 I - 2.165 J - 1.25  

X- 65.054 C - 35.027 Z - 10. I2.16 5 J - 1.25  

X- 60.724 C - 31.277 Z - 10.333 I0. J2.5  

X- 69.384 Z - 10.667 I - 2.165 J - 1.25  

X- 65.054 C - 35.027 Z - 11. I2.165 J - 1.25  

X- 60.724 C - 31.277 Z - 11.333 I0. J2.5  

X- 69.384 Z - 11.667 I - 2.165 J - 1.25  

X- 65.054 C - 35.027 Z - 12. I2.165 J - 1.25  

X- 60.724 C - 31.277 Z - 12.333 I0. J2.5  

X- 69.384 Z - 12.667 I - 2.165 J - 1.25  

X- 65.054 C - 35.027 Z - 13. I2.165 J - 1.25  

X- 60.724 C - 31.277 I0. J2.5  

X- 69.384 I - 2.165 J - 1.25  

X- 65.054 C - 35.027 I2.165 J - 1.25  

X- 63.454 C - 34.227 I0. J0.8  

G1 C- 33.827  

C- 33.722 Z - 12.993  

C- 33.62 Z - 12.973  

C- 33.521 Z - 12.939  

C- 33. 427 Z - 12.893  
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C- 33.34 Z - 12.835  

C- 33.261 Z - 12.766  

C- 33.192 Z - 12.687  

C- 33.134 Z - 12.6  

C- 33.088 Z - 12.506  

C- 33.054 Z - 12.407  

C- 33.034 Z - 12.304  

C- 33.027 Z - 12.2  

Z5. F1500.  

X- 1.6 C - 46.5  

Z- 3.  

Z- 4.2 F138.53  

C- 46.507 Z - 4.304  

C- 46.527 Z - 4.407  

C- 46.561 Z - 4.506  

C- 46.607 Z- 4.6  

C- 46.665 Z - 4.687  

C- 46.734 Z - 4.766  

C- 46.813 Z - 4.835  

C- 46.9 Z - 4.893  

C- 46.994 Z - 4.939  

C- 47.093 Z - 4.973  

C- 47.196 Z - 4.993  

C- 47.3 Z - 5.  

C- 47.7  

G3 X0. C - 48.5 I0.8 J0.  

X4.33 C - 44.75 Z - 5.333 I0. J2.5  

X- 4.33 Z - 5.667 I - 2.165 J - 1.25  

X0. C - 48.5 Z - 6. I2.165 J - 1.25  

X4.33 C - 44.75 Z - 6.333 I0. J2.5  

X- 4.33 Z - 6.667 I - 2.165 J - 1.25  

X0. C - 48.5 Z - 7. I2.165 J - 1.25  

X4.33 C - 44.75 Z - 7.333 I0. J2.5  

X- 4.33 Z - 7.667 I - 2.165 J - 1.25  

X0. C - 48.5 Z - 8. I2.165 J - 1.25  

X4.33 C - 44.75 Z - 8.333 I0. J2.5  

X- 4.33 Z - 8.667 I - 2.165 J - 1.25  

X0. C - 48.5 Z - 9. I2.165 J - 1.25  

X4.33 C - 44.75 Z - 9.333 I0. J2.5  

X- 4.33 Z - 9.667 I - 2.165 J - 1.25  

X0. C - 48.5 Z - 10. I2.165 J - 1.25  

X4.33 C - 44.75 Z - 10.333 I0. J2.5  

X- 4.33 Z - 10.667 I - 2.165 J - 1.25  

X0. C - 48.5 Z - 11. I2.165 J - 1.25  

X4.33 C - 44.75 Z - 11.333 I0. J2.5  

X- 4.33 Z - 11.667 I - 2.165 J - 1.25  

X0. C - 48.5 Z - 12. I2.165 J - 1.25  

X4.33 C - 44.75 Z - 12.333 I0. J2.5  

X- 4.33 Z - 12.667 I - 2.165 J - 1.25  

X0. C - 48.5 Z - 13. I2.165 J - 1.25  

X4.33 C - 44.75 I0. J2.5  

X- 4.33 I - 2.165 J - 1.25  

X0. C - 48.5 I2.165 J - 1.25  

X1.6 C - 47.7 I0. J0.8  

G1 C- 47.3  

C- 47.196 Z- 12.993  

C- 47.093 Z - 12.973  

C- 46.994 Z - 12.939  
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C- 46.9 Z - 12.893  

C- 46.813 Z - 12.835  

C- 46.734 Z - 12.766  

C- 46.665 Z - 12.687  

C- 46.607 Z - 12.6  

C- 46.561 Z - 12.506  

C- 46.527 Z - 12.407  

C- 46.507 Z - 12.304  

C- 46.5 Z - 12.2  

Z5. F1500.  

X63.454 C - 33.027  

Z- 3.  

Z- 4.2 F138.53  

C- 33.034 Z- 4.304  

C- 33.054 Z - 4.407  

C- 33.088 Z - 4.506  

C- 33.134 Z - 4.6  

C- 33.192 Z - 4.687  

C- 33.261 Z - 4.766  

C- 33.34 Z - 4.835  

C- 33.427 Z - 4.893  

C- 33.521 Z - 4.939  

C- 33.62 Z - 4.973  

C- 33.722 Z - 4.993  

C- 33.827 Z - 5.  

C- 34.227  

G3 X65.054 C - 35.027 I0.8 J0.  

X69.384 C - 31.277 Z - 5.333 I0. J 2.5  

X60.724 Z - 5.667 I - 2.165 J - 1.25  

X65.054 C - 35.027 Z - 6. I2.165 J - 1.25  

X69.384 C - 31.277 Z - 6.333 I0. J2.5  

X60.724 Z - 6.667 I - 2.165 J - 1.25  

X65.054 C - 35.027 Z - 7. I2.165 J - 1.25  

X69.384 C - 31.277 Z - 7.333 I0. J2.5  

X60.724 Z - 7.667 I - 2.165 J - 1.25  

X65.054 C - 35.027 Z - 8. I2.165 J - 1.25  

X69.384 C - 31.277 Z - 8.333 I0. J2.5  

X60.724 Z - 8.667 I - 2.165 J - 1.25  

X65.054 C - 35.027 Z - 9. I2.165 J - 1.25  

X69.384 C - 31.277 Z - 9.333 I0. J2.5  

X60.724 Z - 9.667 I - 2.165 J - 1.25  

X65.054 C - 35.027 Z - 10. I2.165 J - 1.25  

X69.384 C - 31.277 Z - 10.333 I0. J2.5  

X60.724 Z - 10.667 I - 2.165 J - 1.25  

X65.054 C - 35.027 Z - 11. I2.165 J - 1.25  

X69.384 C - 31.277 Z - 11.333 I0. J2.5  

X60.724 Z - 11.667 I - 2.165 J - 1.25  

X65.054 C - 35.027 Z - 12. I2.165 J - 1.25  

X69.384 C - 31.277 Z - 12.333 I0. J2.5  

X60.724 Z - 12.667 I - 2.165 J - 1.25  

X65.054 C - 35.027  Z- 13. I2.165 J - 1.25  

X69.384 C - 31.277 I0. J2.5  

X60.724 I - 2.165 J - 1.25  

X65.054 C - 35.027 I2.165 J - 1.25  

X66.654 C - 34.227 I0. J0.8  

G1 C- 33.827  

C- 33.722 Z - 12.993  

C- 33.62 Z - 12.973  
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C- 33.521 Z - 12.939  

C- 33.427 Z - 12.893  

C- 33.34 Z - 12.835  

C- 33.261 Z - 12.766  

C- 33.192 Z - 12.687  

C- 33.134 Z - 12.6  

C- 33.088 Z - 12.506  

C- 33.054 Z - 12.407  

C- 33.034 Z - 12.304  

C- 33.027 Z - 12.2  

Z15. F1500.  

G13.1  

M5 P12  

M9 

 

M25 

G0 G28 U0. V0.  

G28 W0.  

G0 G28 G53 B0. (SUB SPINDLE RETURN)  

M35 

G28 H0.  

M89 

M34 

G54 M80 

M111  

M30 

% 
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ɼʦʜʘʪʦʢ ɹ 

ʂʘʨʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʢʨʠʰʢʠ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ 
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ɼʦʜʘʪʦʢ ɺ 
ʊʝʭʥʦʣʦʛʽʯʥʽ ʢʘʨʪʠ 

          ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 005 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ɿʘʛʦʪʽʚʝʣʴʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  130x90  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʉʪʨʽʯʢʦʚʠʡ ʚʝʨʩʪʘʪ Pilous ARG 330 

S.A.F. 

 
1,70     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 ʃʝʱʘʪʘ ʧʨʝʮʠʟʽʡʥʽ Tormach         

05          

06          

ʆ07 ɺʽʜʨʽʟʘʪʠ ʟʘʛʦʪʦʚʢʫ, ʚʠʪʨʠʤʫʶʯʠ ʨʦʟʤʽʨ 80 ʤʤ.         

ʊ08 392190 ï ʇʠʣʘ ʩʪʨʽʯʢʦʚʘ; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-200-0.01        

ʈ09   80 90 0,4 1 0,06 250 1,5 

10          

11          

12          

ʆʂ  
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ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 010 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʊʦʢʘʨʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  130x90  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 396110 ï ʧʘʪʨʦʥ ʪʨʠʢʫʣʘʯʢʦʚʠʡ         

05          

06          

ʆ07 1. ʇʽʜʨʽʟʘʥʥʷ ʪʦʨʮʷ 130*         

ʊ08 392190 ï ʨʽʟʝʮʴ ʧʨʦʭʽʜʥʠʡ ʚʽʜʽʛʥʫʪʠʡ Kennametal SWLCR2020K06; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ09   130 5 1 1 1 230 90 

10          

11          

ʆ12 2. ʎʝʥʪʨʫʚʘʥʥʷ         

ʊ13 391290 ï ʎʝʥʪʨʫʚʘʣʴʥʝ ʩʚʝʨʜʣʦ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ ʈ6ʄ5          

ʈ14   130 2 2 1 0,15 325 18 

15          

16          

ʆʂ  
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ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 010 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʊʦʢʘʨʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  130x85  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 2.ʉʚʝʨʜʣʠʪʠ ʦʪʚʽʨ 25 ʤʤ ʥʘ L=60 ʤʤ         

ʊ04 391290 ï ʉʚʝʨʜʣʦ Kennametal ʜʽʘʤʝʪʨʦʤ 25 ʤʤ; 393311 - ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ05   25 60 20  0,42 600 25 

06          

07          

ʆ08 3.ʈʦʟʪʦʯʠʪʠ ʦʪʚʽʨ ʜʦ 80 ʤʤ ʥʘ L=60 ʤʤ    

ʊ09 392190 ï ʈʦʟʪʦʯʥʠʡ ʨʽʟʝʮʴ Kennametal A10SSCLCL2; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ10   80 60 0,5  0,2 1200 80 

11          

12          

ʆ13 4.ʈʦʟʪʦʯʠʪʠ ʦʪʚʽʨ ʜʦ 110 ʤʤ ʥʘ L=24 ʤʤ         

ʊ14 392190 ï ʈʦʟʪʦʯʥʠʡ ʨʽʟʝʮʴ Kennametal A10SSCLCL2; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ15   110 24 0,5  0,2 1200 80 

16          

ʆʂ  
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ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 010 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʊʦʢʘʨʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  130x85  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 5.ʇʨʦʪʦʯʠʪʠ ʢʘʥʘʚʢʫ 112 ʤʤ ʥʘ L=24 ʤʤ, ʰʠʨʠʥʦʶ 4 ʤʤ         

ʊ04 392190 ï ʈʦʟʪʦʯʥʠʡ ʨʽʟʝʮʴ Kennametal A20RA4EML0207M; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ05   112 4 0,5  0,2 1200 80 

06          

07          

ʆ08 6.ʇʨʦʪʦʯʠʪʠ ʢʘʥʘʚʢʫ 82 ʤʤ ʥʘ L=60 ʤʤ, ʰʠʨʠʥʦʶ 4 ʤʤ    

ʊ09 392190 ï ʈʦʟʪʦʯʥʠʡ ʨʽʟʝʮʴ Kennametal A20RA4EML0207M; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ10   82 4 0,5  0,2 1200 80 

11          

12          

13          

14      

15          

16          

ʆʂ  
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          ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 010 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʉʚʝʨʜʣʠʣʴʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  130x85  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʩ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 396110 ï ʧʘʪʨʦʥ ʪʨʠʢʫʣʘʯʢʦʚʠʡ         

05          

06          

ʆ07 1. ʎʝʥʪʨʫʚʘʥʥʷ 2ʦʭ ʦʪʚʦʨʽʚ         

ʊ08 391290 ï ʎʝʥʪʨʫʚʘʣʴʥʝ ʩʚʝʨʜʣʦ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ ʈ6ʄ5        

ʈ09   92 2 2  0,15 325 18 

10          

11          

ʆ12 2.ʉʚʝʨʜʣʠʪʠ 2 ʦʪʚʦʨʠ 5 ʤʤ ʥʘ L=11 ʤʤ         

ʊ13 391290 ï ʉʚʝʨʜʣʦ Kennametal ʜʽʘʤʝʪʨʦʤ 5 ʤʤ B052A05000CPG      

ʈ14   92 11 5,5  0,42 600 25 

15          

16          

ʆʂ  
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ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 010 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʉʚʝʨʜʣʠʣʴʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  130x85  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʩ 

02          

ʆ03 3. ʅʘʨʽʟʘʪʠ ʨʽʟʴʙʫ ʄ6 ʥʘ L=11         

ʊ04 391391 ï ʄʽʪʯʠʢ Kennametal ʜʣʷ ʨʽʟʴʙʠ ʄ6ʭ1 T351M060X100R6HX-D1       

05   92 11 11   1061 20 

06          

07          

08        

09          

10          

11          

12          

13       

14          

15          

16          

ʆʂ  
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ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 010 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʊʦʢʘʨʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  130x85  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 396110 ï ʧʘʪʨʦʥ ʪʨʠʢʫʣʘʯʢʦʚʠʡ         

05          

06          

ʆ07 1. ʊʦʯʠʪʠ 125 ʤʤ ʥʘ L=45 ʤʤ         

ʊ08 392190 ï ʨʽʟʝʮʴ ʧʨʦʭʽʜʥʠʡ ʚʽʜʽʛʥʫʪʠʡ Kennametal SWLCR2020K06; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ09   125 5 1 1 0,4 325 120 

10          

11          

12          

13          

14          

15          

16          

ʆʂ  
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          ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 010 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʌʨʝʟʝʨʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  125x85  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʟʫʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 396110 ï ʧʘʪʨʦʥ ʪʨʠʢʫʣʘʯʢʦʚʠʡ         

05          

06          

ʆ07 1. ʌʨʝʟʝʨʫʚʘʪʠ 2 ʧʘʟʠ 40ʭ10 ʤʤ         

ʊ08 391890 ï ʌʨʝʟʘ ʢʽʥʮʝʚʘ Kennametal ʜʽʘʤʝʪʨʦʤ 20 ʤʤ 4CH2000DD038A; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ09   125 40ʭ10 4  0,08 1500 130 

10          

11          

ʆ12 2. ʏʠʩʪʦʚʝ ʬʨʝʟʝʨʫʚʘʥʥʷ 2ʭ ʧʘʟʽʚ 40ʭ10 ʤʤ         

ʊ13 391890 ï ʌʨʝʟʘ ʢʽʥʮʝʚʘ Kennametal ʜʽʘʤʝʪʨʦʤ 2 ʤʤ F3AH0200AWS30; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ14   125 40ʭ10 4  0,08 2000 160 

15          

16          

ʆʂ  
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          ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 015 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʊʦʢʘʨʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  130x85  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 396110 ï ʧʘʪʨʦʥ ʪʨʠʢʫʣʘʯʢʦʚʠʡ         

05          

06          

ʆ07 1. ʇʽʜʨʽʟʘʥʥʷ ʪʦʨʮʷ 130*         

ʊ08 392190 ï ʨʽʟʝʮʴ ʧʨʦʭʽʜʥʠʡ ʚʽʜʽʛʥʫʪʠʡ Kennametal SWLCR2020K06; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ09   130 5 1,2 1 0,8 230 90 

10          

11          

ʆ12 2. ʊʦʯʠʪʠ 125 ʤʤ ʥʘ L=35 ʤʤ ʟ ʧʽʜʨʽʟʢʦʶ ʬʘʩʢʠ 2ʭ45ę         

ʊ13 392190 ï ʨʽʟʝʮʴ ʧʨʦʭʽʜʥʠʡ ʚʽʜʽʛʥʫʪʠʡ Kennametal SWLCR2020K06; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ14   125 35 1,2  0,8 230 90 

15          

16          

ʆʂ  
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ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 015 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʉʚʝʨʜʣʠʣʴʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  125x80  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 396110 ï ʧʘʪʨʦʥ ʪʨʠʢʫʣʘʯʢʦʚʠʡ         

05          

06          

ʆ07 1. ʎʝʥʪʨʫʚʘʥʥʷ 6ʠ ʦʪʚʦʨʽʚ         

ʊ08 391290 ï ʎʝʥʪʨʫʚʘʣʴʥʝ ʩʚʝʨʜʣʦ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ ʈ6ʄ5        

ʈ09   92 1 1  0,15 300 18 

10          

11          

ʆ12 2.ʉʚʝʨʜʣʠʪʠ 6 ʦʪʚʦʨʽʚ 8 ʤʤ ʥʘ L=56 ʤʤ         

ʊ13 391290 ï ʉʚʝʨʜʣʦ Kennametal ʜʽʘʤʝʪʨʦʤ 8 ʤʤ B053A08000CPG      

ʈ14   92 56 10  0,42 660 17 

15          

16          

ʆʂ  
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          ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 015 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʌʨʝʟʝʨʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  125x80  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ 

DOOSAN PUMA SMX2600 

 
     

 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʟʫʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 396110 ï ʧʘʪʨʦʥ ʪʨʠʢʫʣʘʯʢʦʚʠʡ         

05          

06          

ʆ07 1. ʌʨʝʟʝʨʫʚʘʪʠ 6 ʦʪʚʦʨʽʚ 13 ʤʤ ʥʘ L=8 ʤʤ         

ʊ08 391890 ï ʌʨʝʟʘ ʢʽʥʮʝʚʘ Kennametal ʜʽʘʤʝʪʨʦʤ 8 ʤʤ H1TE4SE1200N026HBM; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01    

ʈ09   92 8 2  0,08 577 15 

10          

11          

ʆ12          

ʊ13      

ʈ14          

15          

16          

ʆʂ  
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          ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 025 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ʂʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  125x80  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʐʣʽʬʫʚʘʣʴʥʠʡ ʚʝʨʩʪʘʪ Fermat Bub E 
 

     
 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 396110 ï ʧʘʪʨʦʥ ʪʨʠʢʫʣʘʯʢʦʚʠʡ         

05          

06          

ʆ07 1. ʐʣʽʬʫʚʘʪʠ ʧʦʚʝʨʭʥʶ 125h7 ʥʘ L=80 ʤʤ         

ʊ08 392190 ï ʢʨʫʛ ʘʙʨʘʟʠʚʥʠʡ ʇʇ; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01    

ʈ09   125 80 0,02 1 0,02 283 33 

10          

11          

ʆ12          

ʊ13      

ʈ14          

15          

16          

ʆʂ  

           



122 
 

ɻʆʉʊ 3.1404-86         ʌʦʨʤʘ 3 

               

ɼʫʙʣ.               

ɺʟʘʤʽʥ.               

ʇʽʜʧʠʩ          ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 2 1 

ʈʦʟʨʦʙʠʚ ʇ ʦ ʭ ʠ ʣ ʶ ʢ  ʆ . ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
 

389216 

20146 
ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ 

 030 

ʅ. ʢʦʥʪʨ.      

ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ʄʘʪʝʨʽʘʣ ʊʚʝʨʜʽʩʪʴ ʆɺ ʄɼ ʇʨʦʬʽʣʴ ʽ ʨʦʟʤʽʨʠ ʄɿ ʂʦoʜ 

ɺʥʫʪʨʽʰʥʴʦʰʣʽʬʫʚʘʣʴʥʘ ʉʪʘʣʴ 40ʍ ɻʆʉʊ 1050-88 40é45HRC ʢʛ  125x80  1 

ʆʙʣʘʜʥʘʥʥʷ  ʇʦʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʊʦ ʊʜ ʊʧ.ʟ ʊʰʪ. ɿʆʈ 

ʐʣʽʬʫʚʘʣʴʥʠʡ ʚʝʨʩʪʘʪ Fermat Bub E 
 

     
 

 ʈ  ʇʅ Dʘʙʦ ɺ L t i s n v 

01   ʤʤ ʤʤ ʤʤ  ʤʤ/ʦʙ ʦʙ/ʭʚ ʤ/ʭʚ 

02          

ʆ03 ɺʩʪʘʥʦʚʠʪʠ ʜʝʪʘʣʴ,ʟʘʢʨʽʧʠʪʠ,ʟʥʷʪʠ         

ʊ04 396110 ï ʧʘʪʨʦʥ ʪʨʠʢʫʣʘʯʢʦʚʠʡ         

05          

06          

ʆ07 1. ʐʣʽʬʫʚʘʪʠ ʧʦʚʝʨʭʥʶ 80H7 ʥʘ L=60 ʤʤ         

ʊ08 392190 ï ʢʨʫʛ ʘʙʨʘʟʠʚʥʠʡ ʇʇ; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01    

ʈ09   80 60 0,02 1 0,02 283 33 

10          

11          

ʆ12 2. ʐʣʽʬʫʚʘʪʠ ʧʦʚʝʨʭʥʶ 110H7 ʥʘ L=20 ʤʤ         

ʊ13 392190 ï ʢʨʫʛ ʘʙʨʘʟʠʚʥʠʡ ʇʇ; 393311 ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-ɯ-150-0.01     

ʈ14   110 20 0,02 1 0,02 283 33 

15          

16          

ʆʂ  
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ɻʆʉʊ 3.1105-84     ʌʦʨʤʘ 7 

     
 

     

ɼʫʙʣ.    

 

      

ɺʟʘʤʽʥ.              

ʇʽʜʧʠʩ         ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 1 1 

ʈʦʟʨʦʙʠʚ ʇʦʭʠʣʶʢ ʆ.ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
  ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ  005 

ʅ. ʢʦʥʪʨ.    

 

ʂɽ  
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      ɻʆʉʊ 3.1105-84     ʌʦʨʤʘ 7 

     
 

     

ɼʫʙʣ.    

 

      

ɺʟʘʤʽʥ.              

ʇʽʜʧʠʩ         ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 1 1 

ʈʦʟʨʦʙʠʚ ʇʦʭʠʣʶʢ ʆ.ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
  ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ  010 

ʅ. ʢʦʥʪʨ.    

 

ʂɽ  
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      ɻʆʉʊ 3.1105-84     ʌʦʨʤʘ 7 

     
 

     

ɼʫʙʣ.    

 

      

ɺʟʘʤʽʥ.              

ʇʽʜʧʠʩ         ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 1 1 

ʈʦʟʨʦʙʠʚ ʇʦʭʠʣʶʢ ʆ.ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
  ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ  010 

ʅ. ʢʦʥʪʨ.    

 

ʂɽ  
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      ɻʆʉʊ 3.1105-84     ʌʦʨʤʘ 7 

     
 

     

ɼʫʙʣ.    

 

      

ɺʟʘʤʽʥ.              

ʇʽʜʧʠʩ         ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 1 1 

ʈʦʟʨʦʙʠʚ ʇʦʭʠʣʶʢ ʆ.ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
  ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ  010 

ʅ. ʢʦʥʪʨ.    

 

ʂɽ  

 



127 
 

      ɻʆʉʊ 3.1105-84     ʌʦʨʤʘ 7 

     
 

     

ɼʫʙʣ.    

 

      

ɺʟʘʤʽʥ.              

ʇʽʜʧʠʩ         ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 1 1 

ʈʦʟʨʦʙʠʚ ʇʦʭʠʣʶʢ ʆ.ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
  ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ  015 

ʅ. ʢʦʥʪʨ.    

 

ʂɽ  

 



128 
 

      ɻʆʉʊ 3.1105-84     ʌʦʨʤʘ 7 

     
 

     

ɼʫʙʣ.    

 

      

ɺʟʘʤʽʥ.              

ʇʽʜʧʠʩ         ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 1 1 

ʈʦʟʨʦʙʠʚ ʇʦʭʠʣʶʢ ʆ.ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
  ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ  015 

ʅ. ʢʦʥʪʨ.    

 

ʂɽ  
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      ɻʆʉʊ 3.1105-84     ʌʦʨʤʘ 7 

     
 

     

ɼʫʙʣ.    

 

      

ɺʟʘʤʽʥ.              

ʇʽʜʧʠʩ         ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 1 1 

ʈʦʟʨʦʙʠʚ ʇʦʭʠʣʶʢ ʆ.ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
  ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ  015 

ʅ. ʢʦʥʪʨ.    

 

ʂɽ  

 



130 
 

      ɻʆʉʊ 3.1105-84     ʌʦʨʤʘ 7 

     
 

     

ɼʫʙʣ.    

 

      

ɺʟʘʤʽʥ.              

ʇʽʜʧʠʩ         ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 1 1 

ʈʦʟʨʦʙʠʚ ʇʦʭʠʣʶʢ ʆ.ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
  ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ  025 

ʅ. ʢʦʥʪʨ.    

 

ʂɽ  



131 
 

      ɻʆʉʊ 3.1105-84     ʌʦʨʤʘ 7 

     
 

     

ɼʫʙʣ.    

 

      

ɺʟʘʤʽʥ.              

ʇʽʜʧʠʩ         ɿʤ ɸʨ ˉʜʦʢ. ʇʽʜʧʠʩ ɼʘʪʘ 

 1 1 

ʈʦʟʨʦʙʠʚ ʇʦʭʠʣʶʢ ʆ.ɸ.   
ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 
  ʇʝʨʝʚʽʨʠʚ ɼʞʫʣʽʡ ɼ.ʖ.   

    

    
ʂʨʠʰʢʘ ɼʇ  030 

ʅ. ʢʦʥʪʨ.    

 

ʂɽ  
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ɼʦʜʘʪʦʢ ɻ 

ʃʠʩʪʠ 
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ɼʦʜʘʪʦʢ ɼ 

ʉʧʝʮʠʬʽʢʘʮʽʾ 
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