
 
 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ  

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ 

ɯʅʉʊʀʊʋʊ  ʽʤ. ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

ʅɸɺʏɸʃʔʅʆ-ʅɸʋʂʆɺʀʁ ʄɽʍɸʅɯʂʆ-ʄɸʐʀʅʆɹʋɼɯɺʅʀʁ ɯʅʉʊʀʊʋʊ 

ʂɸʌɽɼʈɸ ʂʆʅʉʊʈʋʖɺɸʅʅʗ ʄɸʐʀʅ 

  

ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ  

________ ʖʨʽʡ ɼɸʅʀʃʔʏɽʅʂʆ  
                                                                                                                                                                                        (ʧʽʜʧʠʩ)                                     (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ)  

ñ____ò _____________ 2025 ʨ.  

 

 

ɼʠʧʣʦʤʥʠʡ ʧʨʦʝʢʪ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨʘ 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ 

ʥʘ ʪʝʤʫ: çɺʠʩʦʢʦʬʦʨʤʘʪʥʠʡ 3D ʧʨʠʥʪʝʨè 

  

ɺʠʢʦʥʘʚ ʩʪʫʜʝʥʪ ʛʨʫʧʠ  ɯV ʢʫʨʩʫ, ʛʨʫʧʠ ʄɯ-11  

 
                            (ʧʽʜʧʠʩ)   

ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ  ɼʦʮʝʥʪ, ʢ.ʪ.ʥ. ʂʨʘʩʥʦʚʠʜ ɼ.ʆ.      

 (ʚʯʝʥʘ ʩʪʫʧʽʥʴ ʪʘ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ)    (ʧʽʜʧʠʩ)   

ʈɽʎɽʅɿɽʅʊ: 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʂʦʨʝʥʴʢʦʚ ɺ.ʄ. 

  

(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʘ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ)                         (ʧʽʜʧʠʩ) 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʴʦʤʫ ʜʠʧʣʦʤʥʦʤʫ ʧʨʦʝʢʪʽ 

ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 

ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

      ʉʪʫʜʝʥʪ _____________  
                   (ʧʽʜʧʠʩ)  

 

 

ʂʠʾʚ - 2025  

ʂʦʣʝʩʥʠʢ ɺʣʘʜʠʩʣʘʚ ʆʣʝʢʩʘʥʜʨʦʚʠʯ       

         ( ʧʨʽʟʚʠʱʝ ʽʤôʷ ʧʦ ʙʘʪʴʢʦʚʽ )   



 
 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʤʝʭʘʥʽʢʦ-

ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʽʥʩʪʠʪʫʪ ʂʘʬʝʜʨʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥ  

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʧʝʨʰʠʡ (ʙʘʢʘʣʘʚʨʩʴʢʠʡ)  

ʉʧʝʮʽʘʣʴʥʽʩʪʴ ï 131 çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè  

  

  

  

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʦʶ 

_______ ʖʨʽʡ ɼɸʅʀʃʔʏɽʅʂʆ 

ç___è_____________20__ ʨ. 

  

  

ɿɸɺɼɸʅʅʗ 

ʥʘ ʜʠʧʣʦʤʥʠʡ ʧʨʦʻʢʪ ʩʪʫʜʝʥʪʫ 

ʂʦʣʝʩʥʠʢ ɺʣʘʜʠʩʣʘʚ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

  

1. ʊʝʤʘ ʧʨʦʻʢʪʫ çɺʠʩʦʢʦʬʦʨʤʘʪʥʠʡ 3D ʧʨʠʥʪʝʨè, ʢʝʨʽʚʥʠʢ ʧʨʦʻʢʪʫ ʂʨʘʩʥʦʚʠʜ 

ɼʤʠʪʨʦ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʟʘʪʚʝʨʜʞʝʥʽ 1835-ʩ, 

ʚʽʜ 29.05.2025 ʨʦʢʫ. 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʧʨʦʻʢʪʫ 13.06.2025ʨ.  

3. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʧʨʦʻʢʪʫ: ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʾ ʟʦʥʠ ï 210 ʭ 230 ʭ 500 ʤʤ;  ʪʠʧ 

ʧʝʨʝʜʘʯʽ: ʦʩʽ X ʪʘ Y ï ʨʝʤʽʥʥʘ (GT2) ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʣʘʚʥʦʛʦ ʨʫʭʫ; ʚʽʩʴ Z ï 

ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʡ ʛʚʠʥʪ ʜʣʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʩʦʢʦʾ ʢʦʣʦʥʠ. ɼʚʠʛʫʥʠ: NEMA 17 

(ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʽ ʜʣʷ ʦʙʨʘʥʦʾ ʢʽʥʝʤʘʪʠʢʠ). ʐʚʠʜʢʽʩʪʴ ʜʨʫʢʫ: ʈʦʙʦʯʘ: 50ï100 

ʤʤ/ʩ; ʄʘʢʩʠʤʘʣʴʥʘ: 150ï200 ʤʤ/ʩ. 

4. ɿʤʽʩʪ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ: ʘʥʘʣʽʟ ʚʠʜʽʚ ʪʘ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ 3D ʧʨʠʥʪʝʨʽʚ; 

ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʩʢʦʬʦʨʤʘʪʥʦʛʦ 3D ʧʨʠʥʪʝʨʘ; ʧʨʦʝʢʪʫʚʘʥʥʷ 3D 

ʤʦʜʝʣʝʡ; ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʩʠʣʦʚʠʡ ʧʨʠʚʦʜ 

ʤʝʭʘʥʽʟʤʫ.  

5. ʇʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʦʙʦʚôʷʟʢʦʚʠʭ ʢʨʝʩʣʝʥʠʢʽʚ, 

ʧʣʘʢʘʪʽʚ, ʧʨʝʟʝʥʪʘʮʽʡ ʪʦʱʦ): 1. ʆʛʣʷʜ 3D ʧʨʠʥʪʝʨʽʚ; 2. ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʨʠʥʮʠʧ 

ʨʦʙʦʪʠ; 3. ʇʨʦʝʢʪʫʚʘʥʥʷ 3D ʤʦʜʝʣʝʡ; 4.ʈʦʟʨʘʭʫʥʢʠ; 5. ʂʨʝʩʣʝʥʠʢʠ ʪʘ 



 
 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ; 6. ʉʢʣʘʜʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ ʚʠʩʦʢʦʬʦʨʤʪʥʦʛʦ 3D 

ʧʨʠʥʪʝʨʘ.  

6. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ: 13.02.2025 ʨʦʢʫ. 

  

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ  

ˉ  
ʟ/ʧ  

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  ʜʠʧʣʦʤʥʦʛʦ 

ʧʨʦʻʢʪʫ  
ʊʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ  

ʝʪʘʧʽʚ ʧʨʦʻʢʪʫ  
ʇʨʠʤʽʪʢʘ  

1  
ʇʦʰʫʢ ʚʠʜʽʚ ʪʘ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ 3D 

ʧʨʠʥʪʝʨʽʚ   
20.03.2024    

2  
ʆʛʣʷʜ ʪʠʧʦʚʠʭ 3D ʧʨʠʥʪʝʨʽʚ ʪʘ ʾʭ 

ʢʦʥʩʪʨʫʢʮʽʡ  
12.04.2024    

3  ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʤʫ  18.04.2024    

4  ʇʨʦʝʢʪʫʚʘʥʥʷ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ   25.04.2024    

5  
ʈʦʟʨʘʭʫʥʦʢ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʤʫ    

08.05.2024    

6 
ʆʬʦʨʤʣʝʥʥʷ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ ʪʘ 

ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ  04.06.2025  
  

  

  

 ʉʪʫʜʝʥʪ   ɺʣʘʜʠʩʣʘʚ ʂʆʃɽʉʅʀʂ  

  

 ʂʝʨʽʚʥʠʢ  ɼʤʠʪʨʦ ʂʈɸʉʅʆɺʀɼ  

  

    

  



 
 

ʈɽʌɽʈɸʊ 

 

ʋ ʮʴʦʤʫ ʜʠʧʣʦʤʥʦʤʫ ʧʨʦʻʢʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D ʧʨʠʥʪʝʨʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʟʽ 

ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʧʨʦʻʢʪʫ ʻ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʨʫʢʫ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʽ ʟʥʘʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʢʫʪʦʚʠʤʠ ʥʘʭʠʣʘʤʠ, ʷʢʽ ʯʘʩʪʦ 

ʩʧʨʠʯʠʥʷʶʪʴ ʧʨʦʙʣʝʤʠ ʽʟ ʩʪʘʙʽʣʴʥʽʩʪʶ ʬʦʨʤʠ, ʪʦʯʥʽʩʪʶ ʪʘ ʷʢʽʩʪʶ ʧʦʚʝʨʭʥʽ. 

ʋ ʭʦʜʽ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʣʷ ʚʝʣʠʢʦʬʦʨʤʘʪʥʠʭ ʤʦʜʝʣʝʡ, ʨʦʟʛʣʷʥʫʪʦ ʦʙʤʝʞʝʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʨʽʰʝʥʴ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʜʨʫʢʫ. ɹʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʪʝʩʪʦʚʫ ʜʝʪʘʣʴ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʷʢʫ 

ʥʘʜʨʫʢʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ ʥʘʣʘʰʪʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʢʦʥʪʨʦʣʶ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʰʚʠʜʢʦʩʪʽ, ʚʠʩʦʪʠ ʰʘʨʫ ʪʘ ʧʽʜʪʨʠʤʦʢ. 

ʋ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚʠʩʦʢʦʬʦʨʤʘʪʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʽ 

ʟʙʽʣʴʰʝʥʦʶ ʚʽʩʩʶ Z ʜʦ 600 ʤʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʜʨʫʢʫ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ 

ʜʨʫʢʫ ʥʘ ʪʘʢʠʭ ʚʠʩʦʪʘʭ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ: 

ʚʠʢʦʨʠʩʪʘʥʦ ʘʣʶʤʽʥʽʻʚʽ ʧʨʦʬʽʣʽ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʨʦʟʧʽʨʢʘʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ, ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʪʫʞʥʽʰʽ ʛʚʠʥʪʠ T8 ʟ ʘʥʪʠʣʶʬʪʦʚʠʤʠ ʛʘʡʢʘʤʠ, ʘ 

ʪʘʢʦʞ ʦʧʪʠʤʽʟʦʚʘʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʽʙʨʘʮʽʡ. ʆʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʩʠʩʪʝʤʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʚʢʣʶʯʘʻ ʜʦʜʘʪʢʦʚʽ 

ʥʘʧʨʷʤʥʽ ʪʘ ʘʚʪʦʤʘʪʠʯʥʫ ʢʦʤʧʝʥʩʘʮʽʶ ʧʨʦʛʠʥʽʚ. ʎʽ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʜʦʩʷʛʪʠ 

ʩʪʘʙʽʣʴʥʦʾ ʷʢʦʩʪʽ ʜʨʫʢʫ ʥʘ ʚʩʽʡ ʨʦʙʦʯʽʡ ʚʠʩʦʪʽ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʨʫʭʦʤʠʭ 

ʝʣʝʤʝʥʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʦʨʧʫʩʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʙʦʣʦʥʦʢ ʯʠ ʽʥʰʠʭ 

ʩʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ ʽʟ ʥʝʩʪʘʥʜʘʨʪʥʦʶ ʛʝʦʤʝʪʨʽʻʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʩʦʢʦʬʦʨʤʘʪʥʠʡ 3D ʧʨʠʥʪʝʨ, 3D ʜʨʫʢ, ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽ 

ʜʝʪʘʣʽ, ʜʨʫʢ ʧʽʜ ʢʫʪʦʤ, ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ.  



 
 

ABSTRACT 

 

This thesis project explores the use of a large-format 3D printer for the 

production of large parts with complex geometries. The main goal of the project is to 

study the features of printing structures with significant dimensions and angular 

inclinations, which often cause problems with shape stability, accuracy, and surface 

quality. 

In the course of the work, we analysed modern methods of additive 

manufacturing for large-format models, considered the limitations of standard 

solutions, and proposed design and technological changes to improve print reliability. 

A test part with a complex geometry was modelled and printed using specially 

configured parameters: temperature, speed, layer height and support control. 

As part of the project, a large-format design with an extended Z-axis of up to 

600 mm was developed, which significantly expanded the ability to print large parts. 

Several key technical solutions were implemented to ensure stability and accuracy of 

printing at such heights: aluminium profiles with additional spacers to increase rigidity, 

more powerful T8 screws with anti-lift nuts, and optimised motor placement to reduce 

vibrations. Special attention was paid to the platform balancing system, which includes 

additional guides and automatic deflection compensation. These solutions have made 

it possible to achieve consistent print quality at all working heights without increasing 

the weight of moving parts. 

The proposed technical solutions can be used in industrial production, in 

particular in the manufacture of housing elements, shells or other complex parts with 

non-standard geometry. 

Keywords: high-format 3D printer, 3D printing, large-sized parts, printing at an 

angle, additive technologies. 
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ɺʉʊʋʇ 

 

           3D-ʧʨʠʥʪʝʨʠ ð ʮʝ ʩʫʯʘʩʥʝ ʽʥʞʝʥʝʨʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʫ ʩʬʝʨʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʟʚʦʣʷʶʯʠ ʩʪʚʦʨʶʚʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʪʘʣʽ ʟ ʥʝʩʪʘʥʜʘʨʪʥʦʶ ʛʝʦʤʝʪʨʽʻʶ. ɿʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʜʨʫʢʫʚʘʪʠ 

ʚʠʩʦʢʽ ʚʠʨʦʙʠ ʟʽ ʩʢʣʘʜʥʠʤʠ ʢʫʪʘʤʠ ʥʘʭʠʣʫ, ʪʘʢʠʤʠ ʷʢ ʥʘʚʠʩʘʥʥʷ ʯʠ ʧʽʜʚʽʩʥʽ 

ʝʣʝʤʝʥʪʠ, ʧʨʠʥʪʝʨʠ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʛʘʣʫʟʷʭ, ʜʝ ʥʝʦʙʭʽʜʥʝ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʙʝʟ ʧʦʪʨʝʙʠ ʚ 

ʪʨʘʜʠʮʽʡʥʠʭ ʬʦʨʤʘʭ ʯʠ ʦʙʨʦʙʮʽ. ʆʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʨʫʢʫ, ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʦʣʽʤʝʨʽʚ ʽ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʩʦʢʦʬʦʨʤʘʪʥʠʡ 3D-ʜʨʫʢ ʫʞʝ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, 

ʷʢ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʘʨʭʽʪʝʢʪʫʨʘ, ʧʨʦʤʠʩʣʦʚʠʡ ʜʠʟʘʡʥ, ʘʚʽʘʮʽʷ, 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ, ʢʽʥʦʽʥʜʫʩʪʨʽʷ ʪʘ ʥʘʡʚʘʞʣʠʚʽʰʝ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʪʘ 

ʨʽʟʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ɿʙʨʦʡʥʽ ʉʠʣʠ ʋʢʨʘʾʥʠ. ʋ ʚʠʨʦʙʥʠʮʪʚʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘʢʽ ʧʨʠʥʪʝʨʠ ʜʘʶʪʴ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʚʝʣʠʢʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʯʘʩʪʠʥʠ ʢʫʟʦʚʘ, ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʽʥʪʝʨôʻʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʧʨʘʮʶʚʘʪʠ ʟ ʛʝʦʤʝʪʨʠʯʥʦ ʩʢʣʘʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʮʽ 

ʧʨʠʥʪʝʨʠ ʪʘʢʦʞ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʢʚʽʟʠʪʫ, ʜʝʢʦʨʘʮʽʡ ʽ 

ʘʨʪ-ʦʙôʻʢʪʽʚ, ʜʝ ʽʥʰʽ ʤʝʪʦʜʠ ʙʫʣʠ ʙ ʪʝʭʥʽʯʥʦ ʘʙʦ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤʠ. 

ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʮʽʻʾ ʨʦʙʦʪʠ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʨʦʟʛʣʷʜʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʧʨʠʥʪʝʨʘ, ʡʦʛʦ ʧʝʨʝʚʘʛ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʽ ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʢʣʘʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʜʨʫʢʫ ʤʘʩʠʚʫ ʜʝʪʘʣʝʡ ʨʦʟʤʽʱʝʥʠʭ ʧʦ ʦʩʽ Z. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʛʣʠʙʰʝ 

ʟʨʦʟʫʤʽʪʠ ʧʦʪʝʥʮʽʘʣ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʣʝ ʡ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʫ ʩʬʝʨʽ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʦʛʦ 3D-ʜʨʫʢʫ. 
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1 3D ʇʈʀʅʊɽʈʀ ʊɸ ʉʌɽʈʀ ɿɸʉʊʆʉʋɺɸʅʅʗ 

 

3D ʧʨʠʥʪʝʨʠ ʟʘʨʘʟ ʟʙʽʣʴʰʫʶʪʴ ʩʚʽʡ ʚʧʣʠʚ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. 

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʩʘʤʝ ʪʫ ʚʘʨʽʘʮʽʶ ʜʝʪʘʣʽ ʯʠ 

ʥʘʧʨʠʢʣʘʜ ʽʤʧʣʘʥʪʫ ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʩʘʤʝ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ, ʪʘ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʷʢʠʭ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʙʫʜʝ ʚʠʪʨʘʯʝʥʦ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʯʘʩʫ 

ʘʙʦ ʞ ʜʘʥʠʡ ʚʠʨʽʙ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʛʦʪʦʚʠʪʠ ʥʝ ʤʦʞʣʠʚʦ. 

ʂʣʘʩʠʯʥʠʡ 3D-ʜʨʫʢ ʟʘʟʚʠʯʘʡ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʢʦʤʧʘʢʪʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴʩʷ ʰʘʨʘʤʠ ʟ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢ-ʦʪ ʧʣʘʩʪʠʢ ʯʠ ʩʤʦʣʘ. ʁʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʩʚʽʪʥʽʭ ʧʦʪʨʝʙ, ʭʦʙʽ-ʤʦʜʝʣʶʚʘʥʥʷ, ʤʘʢʝʪʫʚʘʥʥʷ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʽʙʥʠʭ ʚʠʨʦʙʽʚ. 

ʋ ʚʠʧʘʜʢʫ ʟ ʚʠʩʦʢʦʬʦʨʤʘʪʥʠʤʠ ʧʨʠʥʪʝʨʘʤʠ ʤʦʚʘ ʡʜʝ ʚʞʝ ʧʨʦ ʽʥʞʝʥʝʨʥʠʡ 

ʨʽʚʝʥʴ ʜʨʫʢʫ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʠʭ, ʤʽʮʥʠʭ ʽ ʪʦʯʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ɺʠʩʦʢʦʬʦʨʤʘʪʥʠʡ 3D-ʜʨʫʢ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʘʢʠʭ 

ʛʘʣʫʟʷʭ, ʷʢ ʘʨʭʽʪʝʢʪʫʨʘ, ʪʨʘʥʩʧʦʨʪʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʧʨʦʤʠʩʣʦʚʠʡ ʜʠʟʘʡʥ, 

ʢʽʥʦʽʥʜʫʩʪʨʽʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ, ʜʝ ʧʦʪʨʽʙʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʜʝʪʘʣʝʡ. 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ 3D-ʧʨʠʥʪʝʨʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʚʜʷʢʠ 

ʩʚʦʾʤ ʪʝʭʥʽʯʥʠʤ ʧʝʨʝʚʘʛʘʤ: ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʜʨʫʢʫ, ʪʦʯʥʦʩʪʽ, ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʘʮʶʚʘʪʠ ʟ ʢʦʤʧʦʟʠʪʘʤʠ ʪʘ ʧʝʨʝʨʦʙʣʝʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʦʩʪʽ 

ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʚ ʦʜʠʥ ʝʪʘʧ ʙʝʟ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 

ɺʦʥʠ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʩʪʚʦʨʝʥʥʽ ʧʦʚʥʦʨʦʟʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʤʝʙʣʽʚ ʪʘ ʧʨʦʪʦʪʠʧʽʚ ʜʣʷ ʘʝʨʦʢʦʩʤʽʯʥʦʾ 

ʛʘʣʫʟʽ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʷ ʧʨʠʜʽʣʠʚ ʩʘʤʝ  ʪʠʧʫ ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʜʨʫʢʫ, ʷʢʠʡ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʥʝʩʪʘʥʜʘʨʪʥʠʤʠ ʢʫʪʘʤʠ ʘʙʦ 

ʜʣʷ ʜʨʫʢʫ ʤʘʩʠʚʫ ʜʝʪʘʣʝʡ ʟ ʨʦʟʤʽʱʝʥʥʷ ʧʦ ʦʩʽ Z, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʫ 

ʤʦʻʤʫ ʜʠʧʣʦʤʥʦʤʫ ʧʨʦʻʢʪʽ. ʊʘʢʠʡ ʜʨʫʢ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ ʥʝ ʣʠʰʝ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʘ ʡ ʩʪʘʙʽʣʴʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝʡ ʥʘʧʨʷʤʦʢ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʚ ʨʦʟʨʦʙʮʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʨʦʙʽʚ, ʛʥʫʯʢʠʭ ʦʙʦʣʦʥʦʢ, ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ. 

 

1.1 ʈʽʟʥʦʚʠʜʠ 3D-ʧʨʠʥʪʝʨʽʚ  

 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʦʚʠʜʽʚ 3D-ʧʨʠʥʪʝʨʽ. ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʧʨʠʥʪʝʨʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʚʜʘʥʴ, ʷʢʽ ʩʪʦʷʪʴ ʧʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ, 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʜʨʫʢʦʚʘʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʙʶʜʞʝʪʫ. 3D-ʧʨʠʥʪʝʨʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʦʙʫʜʦʚʠ ʦʙôʻʢʪʘ (ʥʘʧʨʠʢʣʘʜ, ʝʢʩʪʨʫʟʽʷ, ʣʘʟʝʨʥʝ 

ʩʧʽʢʘʥʥʷ, ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ), ʩʝʨʝʜʦʚʠʱʝʤ ʨʦʙʦʪʠ (ʧʣʘʩʪʠʢ, ʩʤʦʣʘ, ʤʝʪʘʣ, 

ʙʝʪʦʥ), ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʪʦʯʥʽʩʪʶ ʪʘ ʤʘʩʰʪʘʙʦʤ ʜʨʫʢʫ. ʇʨʠʥʪʝʨʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʘʩʪʽʣʴʥʠʤʠ ð ʜʣʷ ʜʦʤʘʰʥʴʦʛʦ ʘʙʦ ʥʘʚʯʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʙʦ ʞ 

ʧʨʦʤʠʩʣʦʚʠʤʠ ð ʟ ʨʦʟʰʠʨʝʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʜʣʷ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʯʠ 

ʜʨʫʢʫ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ.  

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 3D-ʧʨʠʥʪʝʨʽʚ. ʆʜʥʠʤʠ ʟ ʛʦʣʦʚʥʠʭ 

ʚʠʜʽʣʷʶʪʴ: ʪʝʭʥʦʣʦʛʽʷ ʜʨʫʢʫ ʪʘ ʪʠʧ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʦʙ'ʻʢʪʽʚ.  

 

1.1.1 ʊʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ  

 

ɭ ʙʘʛʘʪʦ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ, ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʧʦʩʦʙʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʦʙ'ʻʢʪʘ, ʪʦʯʥʽʩʪʶ, ʰʚʠʜʢʽʩʪʶ ʜʨʫʢʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɼʝʷʢʽ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʧʦʙʫʪʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʽʥʰʽ ð ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʠʞʯʝ ʨʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʟ ʥʠʭ: 

a) FDM (Fused Deposition Modeling) ð ʤʦʜʝʣʶʚʘʥʥʷ ʰʣʷʭʦʤ 

ʥʘʧʣʘʚʣʝʥʥʷ 
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 ɭ ʦʜʥʽʻʶ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʦʩʦʙʣʠʚʦ ʩʝʨʝʜ ʪʠʭ, ʭʪʦ ʥʝ 

ʧʨʦʬʝʩʽʦʥʘʣ. ʆʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʻ ʧʣʘʩʪʠʢʦʚʘ ʥʠʪʢʘ (ʬʽʣʘʤʝʥʪ), ʢʦʪʨʘ 

ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʪʘ ʚʠʜʘʚʣʶʻʪʴʩʷ ʯʝʨʝʟ ʝʢʩʪʨʫʜʝʨ, 

ʬʦʨʤʫʶʯʠ ʰʘʨʠ ʦʙôʻʢʪʘ. (ʨʠʩ. 1.1).  

ʈʠʩʫʥʦʢ 1.1 ï ʇʨʦʮʝʩ FDM ʜʨʫʢ [3] 

ʊʝʭʥʦʣʦʛʽʷ FDM ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʫ 3D-ʜʨʫʮʽ 

ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʯʠʩʣʝʥʥʠʤ ʧʝʨʝʚʘʛʘʤ. ɺʦʥʘ ʚʠʨʽʟʥʷʻʪʴʩʷ ʩʫʤʽʩʥʽʩʪʶ ʟ ʰʠʨʦʢʠʤ 

ʚʠʙʦʨʦʤ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ɼʦ ʪʦʛʦ ʞ, ʧʨʦʮʝʩ ʣʝʛʢʦ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʽʚ ï 

ʧʽʜʭʦʜʠʪʴ ʷʢ ʜʣʷ ʤʘʣʠʭ, ʪʘʢ ʽ ʚʝʣʠʢʠʭ ʜʝʪʘʣʝʡ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʦʤʫ ʯʘʩʫ ʜʨʫʢʫ. FDM ʪʘʢʦʞ ʧʨʠʚʘʙʣʶʻ 

ʝʢʦʥʦʤʽʯʥʽʩʪʶ: ʷʢ ʩʘʤʘ ʪʝʭʥʦʣʦʛʽʷ, ʪʘʢ ʽ ʚʠʪʨʘʪʥʽ ʤʘʪʝʨʽʘʣʠ (ʬʽʣʘʤʝʥʪʠ) 

ʜʦʩʪʫʧʥʽʰʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʑʝ ʦʜʥʠʤ ʟʥʘʯʥʠʤ ʧʣʶʩʦʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʯʠʥʥʠʭ ʦʧʦʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʙʝʟ ʟʫʩʠʣʴ ʚʠʜʘʣʷʶʪʴʩʷ ʚʦʜʦʶ, 

ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʜʫʨʫ ʧʽʩʣʷʦʙʨʦʙʢʠ [2]. 

ɺʪʽʤ, FDM ʤʘʻ ʽ ʥʝʜʦʣʽʢʠ. ɼʨʫʢ ʧʦʪʨʝʙʫʻ ʦʧʦʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʟʙʽʣʴʰʫʻ 

ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʫ, ʯʘʩʫ ʪʘ ʟʫʩʠʣʴ ʥʘ ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ, ʦʩʦʙʣʠʚʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʝʪʦʜʘʤʠ ʥʘ ʢʰʪʘʣʪ SLS. ʗʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟʘʣʠʰʘʻ ʙʘʞʘʪʠ ʢʨʘʱʦʛʦ ï ʚʦʥʘ ʯʘʩʪʦ 

ʻ ʰʦʨʩʪʢʦʶ ʽ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ. ʊʘʢʦʞ ʚʠʨʦʙʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʟʤʽʥʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʷʤʢʫ ʜʨʫʢʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 
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ʾʭʥʶ ʤʽʮʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, FDM-ʜʨʫʢ ʟʘʙʝʟʧʝʯʫʻ ʥʠʞʯʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʷʢ SLA ʯʠ DLP [2]. 

FDM ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʪʠʧʽʚ ʜʨʫʢʫ, ʘʜʞʝ ʤʘʻ ʜʦʚʦʣʽ ʰʚʠʜʢʽ 

ʪʝʨʤʽʥʠ ʜʨʫʢʫ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ 

ʜʝʪʘʣʝʡ [2]. 

b) SLA (Stereolithography) ï ʟʘʩʪʦʩʦʚʫʻ ʬʦʪʦʧʦʣʽʤʝʨʥʽ ʩʤʦʣʠ, ʷʢʽ 

ʪʚʝʨʜʥʫʪʴ ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʩʚʽʪʣʘ. 

ʈʠʩʫʥʦʢ 1.2 ï SLA 3D ʜʨʫʢ 

SLA-ʜʨʫʢ (ʨʠʩ. 1.2) ʤʘʻ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ 

ʨʦʟʤʽʨʽʚ ʽ ʟʜʘʪʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʛʣʘʜʢʽ ʧʦʚʝʨʭʥʽ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʽʜʝʘʣʴʥʠʤ ʜʣʷ ʩʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʝʩʪʝʪʠʯʥʦ ʧʨʠʚʘʙʣʠʚʠʭ ʧʨʦʪʦʪʠʧʽʚ. ʎʷ 

ʪʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʛʥʫʯʢʽʩʪʶ ʫ ʚʠʙʦʨʽ ʤʘʪʝʨʽʘʣʽʚ ʽ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʷʢ ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ ʤʘʣʠʭ, ʪʘʢ ʽ ʚʝʣʠʢʠʭ ʦʙôʻʢʪʽʚ. ɺʦʜʥʦʯʘʩ SLA-

ʜʨʫʢ ʤʘʻ ʽ ʩʚʦʾ ʥʝʜʦʣʽʢʠ: ʚʽʥ ʟʘʚʞʜʠ ʧʦʪʨʝʙʫʻ ʧʽʜʪʨʠʤʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ 

ʧʦʪʨʽʙʥʦ ʚʠʜʘʣʷʪʠ ʧʽʩʣʷ ʜʨʫʢʫ, ʥʘʜʨʫʢʦʚʘʥʽ ʜʝʪʘʣʽ ʻ ʢʨʠʭʢʠʤʠ, ʩʭʠʣʴʥʽ ʜʦ 

ʜʝʬʦʨʤʘʮʽʡ ʽ ʤʦʞʫʪʴ ʟ ʯʘʩʦʤ ʜʝʛʨʘʜʫʚʘʪʠ ʧʽʜ ʚʧʣʠʚʦʤ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ [4]. 

ʆʩʢʽʣʴʢʠ SLA ʟʜʘʪʥʠʡ ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʽ ʚʽʜʙʠʪʢʠ ʟ ʜʨʽʙʥʠʤʠ 

ʜʝʪʘʣʷʤʠ, ʚʽʥ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʽ ʤʦʜʝʣʝʡ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʛʘʣʫʟʝʡ. ʅʘʧʨʠʢʣʘʜ, ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʛʘʣʫʟʽ 
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ʤʝʜʠʮʠʥʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʯʘʩʪʠʥ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ, ʥʘʚʽʪʴ ʽʟ ʦʙʤʝʞʝʥʦʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʷʢ-ʦʪ ʟʫʙʥʽ ʬʽʢʩʘʪʦʨʠ. ʋ ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʾ ʻ ʡ ʽʥʰʽ, ʙʽʣʴʰ ʮʽʢʘʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʎʝ ʚʽʜʤʽʥʥʠʡ ʩʧʦʩʽʙ, ʥʘʧʨʠʢʣʘʜ, ʟʨʦʙʠʪʠ ʤʘʣʝʥʴʢʽ ʬʽʛʫʨʢʠ ʘʙʦ 

ʽʛʨʦʚʽ ʝʣʝʤʝʥʪʠ [4]. 

c) DLP (Digital Light Processing) ï ʩʭʦʞʘ ʥʘ SLA, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʮʠʬʨʦʚʠʡ ʧʨʦʝʢʪʦʨ ʩʚʽʪʣʘ ʟʘʤʽʩʪʴ ʣʘʟʝʨʘ. 

ʈʠʩʫʥʦʢ 1.3 ï ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ DLP ʜʨʫʢʫ 

DLP ʻ ʧʨʦʮʝʩʦʤ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʘʥʥʽ, ʜʝ ʟʚʠʯʘʡʥʝ 

ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʟʘʪʚʝʨʜʞʫʻ ʬʦʪʦʧʦʣʽʤʝʨʥʫ ʩʤʦʣʫ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʬʨʦʚʠʡ ʤʽʢʨʦʜʟʝʨʢʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ (DMD), ʦʩʥʘʱʝʥʠʡ 

ʯʠʩʣʝʥʥʠʤʠ ʢʨʠʭʽʪʥʠʤʠ ʜʟʝʨʢʘʣʘʤʠ, ʷʢʽ ʦʙʝʨʪʘʶʪʴʩʷ ʜʣʷ ʪʦʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʩʚʽʪʣʘ ʥʘ ʩʤʦʣʫ (ʨʠʩ. 1.3). DLP-ʧʨʠʥʪʝʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʩʦʢʦʜʝʪʘʣʽʟʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ ʽʟ ʚʠʥʷʪʢʦʚʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʛʣʘʜʢʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʚʠʧʝʨʝʜʞʘʶʯʠ ʙʘʛʘʪʦ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ [5]. 

ɼʘʣʽ ʧʝʨʝʛʣʷʥʝʤʦ ʩʪʠʩʣʠʡ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ ʪʝʭʥʦʣʦʛʽʾ 

DLP-ʜʨʫʢʫ. 

ʉʝʨʝʜ ʧʝʨʝʚʘʛ DLP-ʧʨʠʥʪʝʨʽʚ ï ʚʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʜʝʪʘʣʽʟʘʮʽʷ 

ʟʘʚʜʷʢʠ ʮʠʬʨʦʚʠʤ ʤʽʢʨʦʜʟʝʨʢʘʣʴʥʠʤ ʧʨʠʩʪʨʦʷʤ (DMD), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʪʦʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʽʚ. ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʪʚʝʨʜʽʥʥʶ ʚʩʴʦʛʦ ʰʘʨʫ ʩʤʦʣʠ. DLP-ʜʨʫʢ ʪʘʢʦʞ ʚʠʨʽʟʥʷʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ, ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʡ ʝʢʦʥʦʤʥʠʤ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. ʇʨʠʥʪʝʨʠ ʧʽʜʪʨʠʤʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʩʤʦʣ ʽʟ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʶ ʚ ʩʬʝʨʘʭ, ʜʝ ʚʘʞʣʠʚʽ ʞʦʨʩʪʢʽ ʜʦʧʫʩʢʠ, ʥʘʧʨʠʢʣʘʜ ʫ ʩʪʦʤʘʪʦʣʦʛʽʾ ʯʠ 

ʶʚʝʣʽʨʥʽʡ ʩʧʨʘʚʽ [5]. 

ɺʦʜʥʦʯʘʩ DLP-ʜʨʫʢ ʤʘʻ ʽ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ɺʽʥ ʧʽʜʪʨʠʤʫʻ ʤʝʥʰʠʡ ʚʠʙʽʨ 

ʤʘʪʝʨʽʘʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʥʘʧʨʠʢʣʘʜ FFF, ʘ ʦʙʩʷʛ ʜʨʫʢʫ 

ʟʘʟʚʠʯʘʡ ʥʝʚʝʣʠʢʠʡ, ʱʦ ʦʙʤʝʞʫʻ ʨʦʟʤʽʨʠ ʚʠʨʦʙʽʚ. ʗʢʽʩʪʴ ʜʨʫʢʫ ʩʠʣʴʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʤʦʣʠ, ʷʢʽ ʤʦʞʫʪʴ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʤʽʮʥʦʩʪʽ ʘʙʦ 

ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʤʦʣʠ ʯʘʩʪʦ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʽ 

ʚʠʤʘʛʘʶʪʴ ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ ʯʝʨʝʟ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʚʽʪʣʘ ʡ ʢʠʩʥʶ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʦʮʝʩ ʧʽʩʣʷʦʙʨʦʙʢʠ ʤʦʞʝ ʙʫʪʠ ʜʦʚʦʣʽ ʙʨʫʜʥʠʤ ʽ ʧʦʪʨʝʙʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʯʠʥʥʠʢʽʚ [5]. 

ɼʝʪʘʣʽ ʦʪʨʠʤʘʥʽ ʜʘʥʠʤ ʪʠʧʦʤ ʜʨʫʢʫ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʥʘʩʪʫʧʥʠʭ ʩʬʝʨʘʭ: ʶʚʝʣʽʨʥʽ ʚʠʨʦʙʠ, ʤʝʜʠʯʥʘ ʩʬʝʨʘ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʣʝʢʮʽʡʥʠʭ 

ʬʽʛʫʨʦʢ ʪʘ ʜʨʫʢ ʧʨʦʪʦʪʠʧʽʚ ʨʽʟʥʠʭ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

d) SLS (Selective Laser Sintering) ð ʩʝʣʝʢʪʠʚʥʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ  

ʈʠʩʫʥʦʢ 1.4 ï ʇʨʠʥʮʠʧ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʧʽʜ ʯʘʩ SLS ʜʨʫʢʫ 

ɺʠʢʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙô̒ ʢʪʽʚ ʽʟ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ (ʪʘʙʣʠʮʷ 1.1):  

ʊʘʙʣʠʮʷ 1.1 ï ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ SLS ʜʫʨʫʢʫ[6] 
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SLS-ʜʨʫʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ (ʤʽʮʥʽ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʜʝʪʘʣʽ ʙʝʟ ʧʽʜʪʨʠʤʦʢ), ʫ ʘʚʪʦ- ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ (ʢʦʨʧʫʩʠ, 

ʧʦʚʽʪʨʦʚʦʜʠ, ʢʨʽʧʣʝʥʥʷ), ʚ ʘʚʽʘ- ʪʘ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ (ʣʝʛʢʽ, ʩʢʣʘʜʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʟ ʪʝʭʥʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ), ʫ ʤʝʜʠʮʠʥʽ (ʦʨʪʝʟʠ, ʽʤʧʣʘʥʪʠ, ʭʽʨʫʨʛʽʯʥʽ ʰʘʙʣʦʥʠ), ʜʣʷ 

ʩʧʦʞʠʚʯʠʭ ʪʦʚʘʨʽʚ (ʚʟʫʪʪʷ, ʦʢʫʣʷʨʠ, ʜʠʟʘʡʥʝʨʩʴʢʽ ʚʠʨʦʙʠ), ʘ ʪʘʢʦʞ ʫ 

ʇɽʈɽɺɸɻʀ ʅɽɼʆʃɯʂʀ 

ʉʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ: ɿʘ ʜʦʧʦʤʦʛʦʶ SLS 

ʤʦʞʥʘ ʜʨʫʢʫʚʘʪʠ ʢʽʣʴʢʘ ʧʣʘʩʪʠʢʦʚʠʭ 

ʧʨʝʜʤʝʪʽʚ ʚʦʜʥʦʯʘʩ. ʎʝ ʜʦʟʚʦʣʷʻ HLH 

Rapid ʚʠʛʦʪʦʚʣʷʪʠ ʢʽʣʴʢʘ ʩʝʨʽʡ ʜʝʪʘʣʝʡ 

ʦʜʥʦʯʘʩʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʤ ʚʠʢʦʥʫʚʘʪʠ 

ʚʝʣʠʢʽ ʟʘʤʦʚʣʝʥʥʷ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ [6]. 

ʉʭʠʣʴʥʽʩʪʴ ʜʦ ʫʩʘʜʢʠ ʪʘ ʜʝʬʦʨʤʘʮʽʾ: 

ʂʦʤʧʦʥʝʥʪʠ SLS, ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʽ, 

ʧʣʦʩʢʽ ʧʦʚʝʨʭʥʽ ʯʘʩʪʽʰʝ ʩʪʠʩʢʘʶʪʴʩʷ 

ʪʘ ʜʝʬʦʨʤʫʶʪʴʩʷ ʯʝʨʝʟ ʚʠʩʦʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʜʨʫʢʫ 

[6]. 

ɹʽʣʴʰʘ ʩʚʦʙʦʜʘ ʜʠʟʘʡʥʫ: SLS-ʜʨʫʢ ʥʝ 

ʧʦʪʨʝʙʫʻ ʦʧʦʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʜʦʜʘʪʢʦʚʫ ʩʚʦʙʦʜʫ ʥʘ 

ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ [6]. 

ɿʝʨʥʠʩʪʘ ʧʦʚʝʨʭʥʷ: ɼʝʪʘʣʽ, 

ʥʘʜʨʫʢʦʚʘʥʽ SLS, ʚʠʭʦʜʷʪʴ ʟʝʨʥʠʩʪʠʤʠ 

ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʾ ʧʦʩʪʦʙʨʦʙʢʠ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʢʦʰʪʦʚʥʠʤ [6]. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʜʝʪʘʣʽ: SLS-ʜʝʪʘʣʽ ʤʘʶʪʴ 

ʛʘʨʥʽ ʽʟʦʪʨʦʧʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ 

ʨʦʙʠʪʴ ʾʭ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʪʘ ʜʝʪʘʣʝʡ 

ʢʽʥʮʝʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [6]. 

ʆʙʤʝʞʝʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ: ɺʠʙʽʨ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 3D-ʜʨʫʢʫ SLS 

ʦʙʤʝʞʝʥʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʪʘʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʷʢ SLA ʪʘ FDM [6]. 

ʇʦʨʦʰʦʢ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʜʨʫʢʫ ʙʣʠʟʴʢʦ 70% 

ʧʦʨʦʰʢʫ, ʱʦ ʟʘʣʠʰʠʚʩʷ, ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʧʦʚʪʦʨʥʦ (ʪʦʙʪʦ 

ʧʝʨʝʨʦʙʣʷʪʠ) [6]. 
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ʤʘʣʦʩʝʨʽʡʥʦʤʫ ʪʘ ʢʘʩʪʦʤʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ (ʜʦ ~1000 ʰʪ ʙʝʟ ʧʦʪʨʝʙʠ ʚ ʧʨʝʩ-

ʬʦʨʤʘʭ). 

e) DMLS (Direct Metal Laser Sintering) ï ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʟ ʤʝʪʘʣʝʚʠʭ 

ʧʦʨʦʰʢʽʚ. 

ʈʠʩʫʥʦʢ 1.5 ï ʇʨʠʥʮʠʧ ʜʽʾ DMLS ʜʨʫʢʫ [7] 

DMLS (ʧʨʷʤʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʫ) ð ʮʝ ʘʜʠʪʠʚʥʠʡ ʤʝʪʦʜ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɺʽʥ ʩʪʚʦʨʶʻ ʜʝʪʘʣʽ ʘʜʠʪʠʚʥʦ ʰʣʷʭʦʤ ʩʧʽʢʘʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ 

ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ, ʱʦʙ ʩʧʣʘʚʠʪʠ ʾʭ ʨʘʟʦʤ ʣʦʢʘʣʴʥʦ. ʗʢ ʽ ʚ ʧʨʦʮʝʩʽ SLS, ʚʘʰʘ 

ʤʝʪʘʣʝʚʘ ʜʝʪʘʣʴ ʙʫʜʝ ʩʪʚʦʨʝʥʘ ʰʘʨ ʟʘ ʰʘʨʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʘʰʦʾ 3D-ʤʦʜʝʣʽ. 

ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʽʢʘʥʥʷ. ʇʦʣʽʘʤʽʜ ʧʦʪʨʽʙʥʦ ʩʧʝʢʘʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ 160 ʜʦ 200 ʛʨʘʜʫʩʽʚ, ʢʦʣʠ ʤʝʪʘʣ ʧʣʘʚʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʨʠʙʣʠʟʥʦ ʚʽʜ 1510 ʜʦ 1600 ʛʨʘʜʫʩʽʚ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʪʨʽʙʝʥ ʧʦʪʫʞʥʽʰʠʡ ʣʘʟʝʨ. ʇʝʨʰ ʟʘ ʚʩʝ, ʚʘʣʠʢ ʥʘʥʝʩʝ ʰʘʨ 

ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ, ʧʦʪʽʤ ʣʘʟʝʨ ʩʧʽʢʘʻ ʧʦʨʦʰʦʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 3D-ʬʘʡʣʫ, ʽ 

ʙʫʜʽʚʝʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʦʧʫʩʪʠʪʴʩʷ ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʥʦʚʦʛʦ ʰʘʨʫ ʧʦʨʦʰʢʫé 

ʇʨʦʮʝʩ ʧʦʚʪʦʨʶʚʘʪʠʤʝʪʴʩʷ ʜʦ ʙʘʞʘʥʦʾ ʯʘʩʪʠʥʠ ʩʪʚʦʨʶʻʪʴʩʷ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʤʝʪʘʣʝʚʘ ʯʘʩʪʠʥʘ ʧʦʚʠʥʥʘ ʦʭʦʣʦʥʫʪʠ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʾʾ ʚʠʪʷʛʪʠ. ʗʢʱʦ ʜʣʷ 

ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʠʥʠ ʧʦʪʨʽʙʥʽ ʦʧʦʨʠ, ʮʽ ʦʧʦʨʠ ʙʫʜʝ ʚʠʜʘʣʝʥʦ ʚʨʫʯʥʫ [7, 8].  
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ʊʝʭʥʦʣʦʛʽʷ DMLS (Direct Metal Laser Sintering) ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ (ʨʠʩ. 

1.5). ɺʦʥʘ ʧʽʜʪʨʠʤʫʻ ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ, ʚʢʣʶʯʘʶʯʠ DMLS ʪʘ 

SLM, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʤʽʮʥʽ ʪʘ ʥʘʜʽʡʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʜʝʪʘʣʽ ʟ 

ʚʠʩʦʢʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. DMLS ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʥʽʢʘʣʴʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʟʘʣʠʰʢʠ ʤʘʪʝʨʽʘʣʫ ʤʦʞʥʘ ʧʝʨʝʨʦʙʣʷʪʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʪʦʨʥʦ, ʱʦ ʟʥʠʞʫʻ ʚʽʜʭʦʜʠ [8]. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʥʘʣʝʞʘʪʴ ʦʙʤʝʞʝʥʽ ʦʙôʻʤʠ ʟʙʽʨʢʠ ï ʟʘʟʚʠʯʘʡ ʜʦ 280 ʭ 280 ʭ 

280 ʤʤ, ʱʦ ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʚʠʨʦʙʽʚ. ʊʘʢʦʞ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʜʦʨʦʞʯʘ ʟʘ 

3D-ʜʨʫʢ ʧʣʘʩʪʠʢʦʤ ʯʝʨʝʟ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʥʘʜʨʫʢʦʚʘʥʽ ʜʝʪʘʣʽ ʤʦʞʫʪʴ ʤʘʪʠ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʽʥʦʜʽ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʶ 

ʤʽʮʥʽʩʪʴ ʽ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ [8]. 

ʄʘʶʪʴ ʚʝʣʠʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʜʠʯʥʽʡ ʩʬʝʨʽ. 

ɺʠʛʦʪʦʚʣʷʶʪʴʩʷ ʙʽʦʩʫʤʽʩʥʽ ʧʨʦʪʝʟʠ ʷʢʽ ʟʘʚʜʷʢʠ ʧʦʨʠʩʪʽʡ ʧʨʠʨʦʜʽ ʜʝʪʘʣʝʡ DMLS 

ʜʦʟʚʦʣʷʶʪʴ ʢʽʩʪʢʘʤ ʚʨʦʩʪʘʪʠʩʷ ʚ ʥʠʭ, ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʶʯʠ ʩʪʨʫʢʪʫʨʫ.  

 

1.1.2 ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʪʠʧʦʤ ʤʘʪʝʨʽʘʣʫ 

 

ʋʩʧʽʰʥʽʩʪʴ 3D-ʜʨʫʢʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɺʽʜ ʥʴʦʛʦ ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʰʝ ʤʝʭʘʥʽʯʥʽ ʪʘ ʪʝʨʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʚʠʨʦʙʫ, ʘʣʝ ʡ ʪʝʭʥʦʣʦʛʽʷ ʜʨʫʢʫ, ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʚʘʨʪʽʩʪʴ ʪʘ 

ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʘʪʝʨʽʘʣʽʚ ð ʚʽʜ ʧʨʦʩʪʠʭ ʪʝʨʤʦʧʣʘʩʪʽʚ ʜʦ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ ʪʘ ʬʦʪʦʯʫʪʣʠʚʠʭ ʩʤʦʣ. 

ʄʘʪʝʨʽʘʣʠ ʜʣʷ 3D-ʜʨʫʢʫ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʢʽʣʴʢʦʤʘ ʦʟʥʘʢʘʤʠ, ʧʨʦʪʝ 

ʦʩʥʦʚʥʦʶ ʻ ʪʠʧ ʬʽʟʠʯʥʦʾ ʬʦʨʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʜʨʫʢʫ, ʜʣʷ ʷʢʦʾ ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ. 

ʂʦʞʥʘ ʛʨʫʧʘ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ ʪʘ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʽʚ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ 

ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʤʘʪʝʨʽʘʣʦʤ ʪʘ ʾʭ ʢʦʨʦʪʢʠʡ ʦʧʠʩ: 



18 

1) ʊʝʨʤʦʧʣʘʩʪʠ (ʜʣʷ FDM/FFF-ʧʨʠʥʪʝʨʽʚ) 

ʎʝ ʥʠʪʢʦʧʦʜʽʙʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʧʣʘʚʣʷʪʴʩʷ ʪʘ ʝʢʩʪʨʫʜʫʶʪʴʩʷ ʯʝʨʝʟ ʥʘʛʨʽʪʝ 

ʩʦʧʣʦ. ɺʦʥʠ ʣʝʛʢʦ ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ, ʤʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʽ ʧʽʜʭʦʜʷʪʴ 

ʷʢ ʜʣʷ ʭʦʙʽ-ʜʨʫʢʫ, ʪʘʢ ʽ ʜʣʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʨʦʙʽʚ. 

o PLA (ʧʦʣʽʣʘʢʪʠʜ) ï ʙ̔ ʦʩʫʤʽʩʥʠʡ, ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ, ʥʝ 

ʧʦʪʨʝʙʫʻ ʧʽʜʽʛʨʽʪʦʾ ʧʣʘʪʬʦʨʤʠ. ʇʨʦʪʝ ʣʘʤʢʠʡ, ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʚʠʨʦʙʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

o ABS ï ʫʜʘʨʦʩʪʽʡʢʠʡ, ʚʠʪʨʠʤʫʻ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ~100ÁC. ʇʦʪʨʝʙʫʻ 

ʟʘʢʨʠʪʦʾ ʢʘʤʝʨʠ ʪʘ ʚʝʥʪʠʣʷʮʽʾ ʯʝʨʝʟ ʚʠʜʽʣʝʥʥʷ ʧʘʨʽʚ. 

o PETG ï ʤʽʮʥʠʡ, ʛʥʫʯʢʽʰʠʡ ʟʘ PLA, ʥʝ ʪʘʢʠʡ ʣʘʤʢʠʡ ʷʢ ABS. ɼʦʙʨʝ 

ʪʨʠʤʘʻ ʬʦʨʤʫ, ʚʦʜʦʩʪʽʡʢʠʡ, ʣʝʛʰʝ ʜʨʫʢʫʻʪʴʩʷ ʥʽʞ ABS. 

o Nylon (PA) ï ʜʫʞʝ ʤʽʮʥʠʡ, ʛʥʫʯʢʠʡ, ʟʥʦʩʦʩʪʽʡʢʠʡ. ʇʦʛʣʠʥʘʻ ʚʦʣʦʛʫ ʟ 

ʧʦʚʽʪʨʷ, ʪʦʤʫ ʧʦʪʨʝʙʫʻ ʩʫʰʢʠ ʧʝʨʝʜ ʜʨʫʢʦʤ. 

o TPU/TPE ï ʛʥʫʯʢʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʤʦʨʪʠʟʘʪʦʨʽʚ, 

ʧʨʦʢʣʘʜʦʢ, ʫʱʽʣʴʥʝʥʴ. ɺʠʤʘʛʘʶʪʴ ʧʦʚʽʣʴʥʦʛʦ ʜʨʫʢʫ ʯʝʨʝʟ 

ʝʣʘʩʪʠʯʥʽʩʪʴ. 

2) ʌʦʪʦʧʦʣʽʤʝʨʠ (ʜʣʷ SLA, DLP, LCD, MJ) 

ʈʽʜʢʽ ʩʤʦʣʠ, ʱʦ ʪʚʝʨʜʽʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʩʚʽʪʣʘ ʘʙʦ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʜʝʪʘʣʽʟʘʮʽʶ. ɺʦʥʠ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʢʽʣʴʢʘ ʚʠʜʽʚ: ʩʪʘʥʜʘʨʪʥʽ ʩʤʦʣʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ, ʘʣʝ 

ʻ ʜʦʩʠʪʴ ʢʨʠʭʢʠʤʠ; ʽʥʞʝʥʝʨʥʽ ʩʤʦʣʠ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʮʥʦʩʪʽ, 

ʞʦʨʩʪʢʦʩʪʽ ʘʙʦ ʛʥʫʯʢʦʩʪʽ; ʩʪʦʤʘʪʦʣʦʛʽʯʥʽ ʩʤʦʣʠ, ʷʢʽ ʻ ʙʽʦʩʫʤʽʩʥʠʤʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʟʦʢʨʝʤʘ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʦʥʦʢ; ʶʚʝʣʽʨʥʽ ʩʤʦʣʠ, ʱʦ 

ʚʽʜʤʽʥʥʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʣʠʚʘʨʥʠʭ ʬʦʨʤ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʧʦʚʥʽʩʪʶ 

ʟʛʦʨʘʪʠ ʙʝʟ ʟʘʣʠʰʢʫ. 

3) ʇʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ (ʜʣʷ SLS, DMLS, SLM) 

ʄʘʪʝʨʽʘʣʠ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ, ʷʢʽ ʩʧʽʢʘʶʪʴʩʷ ʣʘʟʝʨʦʤ.  

o ʇʦʣ̔ʤʝʨʠ (SLS) ï ʥʘʡʯʘʩʪʽʰʝ ʥʝʡʣʦʥ (PA11, PA12), ʟ ʜʦʙʘʚʢʘʤʠ 

ʩʢʣʦʚʦʣʦʢʥʘ ʘʙʦ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ.  
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o ʄʝʪʘʣʠ (DMLS/SLM) ï ʪʠʪʘʥ, ʘʣʶʤʽʥʽʡ, ʥʝʨʞʘʚʽʡʢʘ, ʽʥʢʦʥʝʣʴ, ʤʽʜʴ, 

ʙʨʦʥʟʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʚʽʘʮʽʾ, ʤʝʜʠʮʠʥʠ, ʽʥʩʪʨʫʤʝʥʪʽʚ.  

o ʂʝʨʘʤʽʢʘ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʜʠʮʠʥʽ ʪʘ ʣʘʙʦʨʘʪʦʨʽʷʭ, ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʪʝʨʤʦ- ʽ ʙʽʦʩʪʽʡʢʽʩʪʴ. 

4) ʂʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ (ʟ ʘʨʤʫʚʘʥʥʷʤ) 

ʎʝ ʪʝʨʤʦʧʣʘʩʪʠ (PLA, PETG, Nylon) ʟ ʜʦʜʘʚʘʥʥʷʤ ʘʨʤʫʶʯʠʭ ʚʦʣʦʢʦʥ ð 

ʚʫʛʣʝʮʝʚʠʭ, ʩʢʣʷʥʠʭ ʘʙʦ ʢʝʚʣʘʨʦʚʠʭ. ʊʘʢʝ ʧʽʜʩʠʣʝʥʥʷ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʻ 

ʞʦʨʩʪʢʽʩʪʴ, ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʽ ʟʥʠʞʫʻ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

o ɺʫʛʣʝʮʝʚʝ ʚʦʣʦʢʥʦ ï ʣʝʛʢʝ ʡ ʜʫʞʝ ʞʦʨʩʪʢʝ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʢʨʠʭʢʠʤ. 

o ʉʢʣʦʚʦʣʦʢʥʦ ï ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʽʩʪʴ ʽ ʧʝʚʥʫ ʝʣʘʩʪʠʯʥʽʩʪʴ. 

o ʂʝʚʣʘʨ ï ʜʦʜʘʻ ʛʥʫʯʢʦʩʪʽ ʡ ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ. 

ʏʝʨʝʟ ʚʠʩʦʢʫ ʘʙʨʘʟʠʚʥʽʩʪʴ ʚʦʣʦʢʦʥ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʛʘʨʪʦʚʘʥʽ 

ʘʙʦ ʨʫʙʽʥʦʚʽ ʩʦʧʣʘ. ɺʦʥʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, ʷʢ 

ʜʨʦʥʦʙʫʜʫʚʘʥʥʷ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ, ʜʝ ʢʣʶʯʦʚʠʤʠ ʻ 

ʤʽʮʥʽʩʪʴ ʽ ʤʽʥʽʤʘʣʴʥʘ ʚʘʛʘ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ 3D-ʧʨʠʥʪʝʨʽʚ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʜʨʫʢʫ ʪʘ ʪʠʧʦʤ ʤʘʪʝʨʽʘʣʫ 

ʜʦʧʦʤʘʛʘʻ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʦʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ. ʊʝʭʥʦʣʦʛʽʷ FDM ʻ ʥʘʡʙʽʣʴʰ 

ʧʨʦʩʪʦʶ ʽ ʜʦʩʪʫʧʥʦʶ, ʪʦʜʽ ʷʢ SLA ʪʘ DLP ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʘ SLS ʽ 

DMLS ʛʘʨʘʥʪʫʶʪʴ ʧʨʦʤʠʩʣʦʚʠʡ ʨʽʚʝʥʴ ʤʽʮʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ. ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ 

ʤʘʪʝʨʽʘʣʫ ʪʘʢʦʞ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʘʜʞʝ ʩʘʤʝ ʚʽʥ ʚʠʟʥʘʯʘʻ ʪʘʢʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʤʽʮʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʽ ʥʘʚʽʪʴ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ. 

 

1.2 ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʴ 3D ʧʨʠʥʪʝʨʽʚ 

 

3D-ʧʨʠʥʪʝʨʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʛʘʣʫʟʷʭ ð ʚʽʜ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʡ ʤʝʜʠʮʠʥʠ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʧʦʙʫʪʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʝʤʦ ʢʣʶʯʦʚʽ ʥʘʧʨʷʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 3D-ʜʨʫʢʫ, ʟʦʢʨʝʤʘ ʚ 

ʽʥʞʝʥʝʨʽʾ, ʘ ʪʘʢʦʞ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ, ʜʝ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ. 
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1.2.1 3D ʧʨʠʥʪʝʨʠ ʚ ʽʥʞʝʥʝʨʽʾ  

 

ɸʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʰʚʠʜʢʦ ʥʘʙʫʚʘʻ ʧʝʨʝʚʘʛʠ ʚ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ 3D-ʜʨʫʢʫ ʽʥʞʝʥʝʨʠ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟʜʘʪʥʽ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʚʜʘʥʴ ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʪʦʯʥʽʩʪʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ: [9] 

Á ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʜʝʪʘʣʝʡ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʚʢʣʶʯʘʶʯʠ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʽ ʪʝʩʪʦʚʠʭ ʟʨʘʟʢʽʚ.; 

Á ʄʦʜʝʨʥʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ; 

Á ʈʝʤʦʥʪ ʽ ʟʘʤʽʥʘ ʥʝʩʧʨʘʚʥʠʭ ʜʝʪʘʣʝʡ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ 3D-ʜʨʫʢʫ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʘʙʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʘʻ ʟʤʦʛʫ 

ʚʠʛʦʪʦʚʣʷʪʠ ʚʠʨʦʙʠ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʠʪʨʘʪ ʽ ʯʘʩʫ [9]. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʟʜʘʪʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʢʨʽʤ 

ʮʴʦʛʦ, 3D-ʜʨʫʢ ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ: ʛʦʪʦʚʠʡ ʚʠʨʽʙ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʚʩʴʦʛʦ ʟʘ ʢʽʣʴʢʘ ʛʦʜʠʥ, ʪʦʜʽ ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ 

ʪʠʞʥʽʚ ʯʠ ʥʘʚʽʪʴ ʤʽʩʷʮʽʚ. ɿʘʚʜʷʢʠ ʪʦʯʥʦʤʫ ʚʽʜʪʚʦʨʝʥʥʶ CAD-ʤʦʜʝʣʽ ʨʠʟʠʢʠ 

ʧʦʤʠʣʦʢ ʯʝʨʝʟ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʟʚʦʜʷʪʴʩʷ ʜʦ ʤʽʥʽʤʫʤʫ. ɻʦʪʦʚʽ ʜʝʪʘʣʽ, 

ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D-ʧʨʠʥʪʝʨʘ, ʚʠʨʽʟʥʷʶʪʴʩʷ ʢʨʘʱʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʪʘʢʠʤʠ ʷʢ ʟʥʠʞʝʥʘ ʚʘʛʘ, ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ. ɼʦ ʪʦʛʦ ʞ ʽʥʞʝʥʝʨʠ 

ʦʪʨʠʤʫʶʪʴ ʟʤʦʛʫ ʚʧʣʠʚʘʪʠ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ, 

ʟʤʽʰʫʶʯʠ, ʥʘʧʨʠʢʣʘʜ, ʨʽʟʥʽ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ [9]. 
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3D-ʜʨʫʢ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʘʩʧʝʢʪʘʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

(ʨʠʩ. 1.6). ʁʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʤʘʡʙʫʪʥʽʭ ʜʝʪʘʣʝʡ, 

ʢʦʨʧʫʩʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʚʠʩʦʢʦʪʦʯʥʠʭ ʣʠʚʘʨʥʠʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ ʧʦʚʥʽʩʪʶ ʛʦʪʦʚʠʭ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʜʝʪʘʣʽ ʤʝʭʘʥʽʟʤʽʚ, ʢʦʤʧʦʥʝʥʪʠ ʜʚʠʛʫʥʽʚ, 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʨʝʤʦʥʪʥʽ ʯʘʩʪʠʥʠ. ɿʘʚʜʷʢʠ ʮʠʤ ʬʫʥʢʮʽʷʤ ʘʜʠʪʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʩʧʨʠʷʶʯʠ 

ʟʥʘʯʥʦʤʫ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ [9]. 

ʈʠʩʫʥʦʢ 1.6 ï ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 3D-ʜʨʫʢʫ ʚ ʽʥʞʝʥʝʨʽʾ(ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʪʦʪʠʧʽʚ) 

 

1.2.2 ɯʥʰʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ  3D ʧʨʠʥʪʝʨʽʚ 

 

3D ʧʨʠʥʝʪʨʠ ʤʘʶʪʴ ʥʝ ʘʙʠ ʷʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʥʝ ʣʠʰʝ ʫ ʽʥʞʝʥʝʨʽʾ, ʘʣʝ ʪʘʢʦʞ 

ʽ ʫ ʽʥʰʠʭ ʩʬʝʨʘʭ. ʆʜʥʠʤʠ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʻ:  

1. ʄʝʜʠʮʠʥʘ ï ɺʽʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʧʨʦʪʝʟʽʚ ʽ 

ʽʤʧʣʘʥʪʘʪʽʚ ʜʦ ʜʨʫʢʫ ʤʦʜʝʣʝʡ ʦʨʛʘʥʽʚ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʩʢʣʘʜʥʠʭ 

ʭʽʨʫʨʛʽʯʥʠʭ ʚʪʨʫʯʘʥʴ ð ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʟʥʘʯʥʦ ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ 

ʞʠʪʪʷ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ. ʆʩʦʙʣʠʚʦ 

ʚʨʘʞʘʶʯʠʤʠ ʻ ʜʦʩʷʛʥʝʥʥʷ ʫ ʩʬʝʨʽ ʙʽʦʜʨʫʢʫ, ʜʝ ʥʘʫʢʦʚʮʽ ʚʝʜʫʪʴ 
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ʨʦʙʦʪʫ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʣʶʜʩʴʢʠʭ ʪʢʘʥʠʥ ʽ ʦʨʛʘʥʽʚ.. 

[10] 

2. ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ ï ɿʨʦʩʪʘʻ ʧʦʧʫʣʷʨʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʨʫʢʫ ʮʽʣʠʭ ʙʫʜʠʥʢʽʚ, ʘ ʪʘʢʦʞ ʜʘʻ ʯʫʜʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʤʘʢʝʪʠ ʙʫʜʽʚʝʣʴ ʪʘ ʢʚʘʨʪʘʣʽʚ ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫ ʘʙʦ ʥʘ 

ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʙʫʜʫʚʘʥʥʷ. 

3. ʆʩʚʽʪʘ ï ɼʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʘʪʠ ʩʢʣʘʜʥʽ ʥʘʫʢʦʚʽ ʢʦʥʮʝʧʮʽʾ, ʘʥʘʪʦʤʽʾ 

ʪʘ ʽʩʪʦʨʠʯʥʽ ʘʨʪʝʬʘʢʪʠ ʥʝ ʣʠʰʝ ʥʘ ʪʝʦʨʽʾ ʘʣʝ ʽ ʜʘʻ ʟʤʦʛʫ ʬʽʟʠʯʥʦ 

ʨʦʟʛʣʝʜʽʪʠ ʧʨʝʜʤʝʪ ʚʠʚʯʝʥʥʷ.  

4. ɸʝʨʦʢʦʩʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ - ɺ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʩʬʝʨʽ 3D-ʜʨʫʢ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʝʛʢʠʭ ʽ ʚʦʜʥʦʯʘʩ ʤʽʮʥʠʭ ʜʝʪʘʣʝʡ 

ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. ʎʝ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʘʛʠ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, 

ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʧʘʣʴʥʦʛʦ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. [10] 

5. ʄʦʜʘ - ɼʠʟʘʡʥʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʶ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʫʥʽʢʘʣʴʥʠʭ ʘʢʩʝʩʫʘʨʽʚ, ʚʟʫʪʪʷ ʪʘ ʥʘʚʽʪʴ ʧʦʚʥʦʮʽʥʥʠʭ ʢʦʣʝʢʮʽʡ ʦʜʷʛʫ. 

[10] 

6. ʍʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ï ʐʝʬ-ʢʫʭʘʨʽ ʝʢʩʧʝʨʠʤʝʥʪʫʶʪʴ ʟ  ʜʨʫʢʦʤ 

ʰʦʢʦʣʘʜʫ. ʎʝ ʜʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʢʦʨʘʮʽʡ 

.  

1.3 ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ 3D-ʧʨʠʥʪʝʨʘ 

 

3D-ʧʨʠʥʪʝʨ, ʱʦ ʧʨʘʮʶʻ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ FDM (Fused Deposition Modeling), 

ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚʘʨʽʘʥʪʽʚ ʩʝʨʝʜ ʥʘʩʪʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʁʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ ʽ ʝʣʝʢʪʨʦʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʦʪʦʯʥʝ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʽʚ ʯʝʨʝʟ ʧʦʩʪʫʧʦʚʝ 

ʧʦʰʘʨʦʚʝ ʝʢʩʪʨʫʜʫʚʘʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [11]. 

ʂʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ: 

1) ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʜʨʫʢʫ (Print Bed) ð ʆʩʥʦʚʦʶ, ʥʘ ʷʢʽʡ ʬʦʨʤʫʻʪʴʩʷ 

ʦʙ'ʻʢʪ, ʟʘʟʚʠʯʘʡ ʩʣʫʛʫʻ ʧʣʘʪʬʦʨʤʘ ʟ ʥʘʛʨʽʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ 
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ʟʘʧʦʙʽʛʘʻ ʜʝʬʦʨʤʘʮʽʾ ʤʦʜʝʣʝʡ. ɺʦʥʘ ʪʘʢʦʞ ʧʦʢʨʠʚʘʻʪʴʩʷ 

ʩʧʝʮʽʘʣʴʥʠʤ ʰʘʨʦʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʘʜʛʝʟʽʾ ʧʝʨʰʦʛʦ ʰʘʨʫ [11]. 

2) ɽʢʩʪʨʫʜʝʨ ð ʂʣʶʯʦʚʠʡ ʚʫʟʦʣ 3D-ʧʨʠʥʪʝʨʘ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʧʦʜʘʯʽ ʬʽʣʘʤʝʥʪʫ, ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʝʢʩʪʨʫʟʽʾ ʯʝʨʝʟ ʩʦʧʣʦ ʥʘ 

ʧʣʘʪʬʦʨʤʫ, ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʟʦʥ. ʇʝʨʰʘ ð ʮʝ ʭʦʣʦʜʥʘ 

ʟʦʥʘ ʘʙʦ ʤʝʭʘʥʽʟʤ ʧʦʜʘʯʽ, ʜʨʫʛʘ ð ʛʘʨʷʯʘ ʟʦʥʘ, ʚʽʜʦʤʘ ʷʢ hot end, ʜʝ 

ʤʘʪʝʨʽʘʣ ʧʣʘʚʠʪʴʩʷ ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ. ɿʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʝʢʩʪʨʫʜʝʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʪʠʧʠ: Direct Drive ʪʘ 

Bowden. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʪʦʨ ʧʦʜʘʯʽ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʛʘʨʷʯʽʡ ʯʘʩʪʠʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʨʦʙʦʪʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʥʫʯʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʜʨʫʛʦʤʫ 

ʚʘʨʽʘʥʪʽ ʬʽʣʘʤʝʥʪ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʜʦ ʛʘʨʷʯʦʾ ʯʘʩʪʠʥʠ ʯʝʨʝʟ 

ʪʝʬʣʦʥʦʚʫ ʪʨʫʙʢʫ, ʘ ʤʦʪʦʨ ʟʥʘʭʦʜʠʪʴʩʷ ʦʢʨʝʤʦ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʚʘʛʫ ʨʫʭʦʤʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʜʨʫʢʫ [11]. 

3) ʌʽʣʘʤʝʥʪ ð ɺʠʪʨʘʪʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʜʘʻʪʴʩʷ ʟ ʢʦʪʫʰʢʠ, ʧʨʠʯʦʤʫ 

ʩʪʘʥʜʘʨʪʥʠʡ ʜʽʘʤʝʪʨ ʩʢʣʘʜʘʻ 1,75 ʤʤ. ɼʣʷ ʜʨʫʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʩʝʨʝʜ ʷʢʠʭ PLA, ABS, PETG ʪʘ ʽʥʰʽ. 

4) ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ð ʈʫʭ ʝʢʩʪʨʫʜʝʨʘ ʪʘ 

ʧʣʘʪʬʦʨʤʠ ʚʟʜʦʚʞ ʦʩʝʡ X, Y ʽ Z ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ ʽ ʥʘʧʨʘʚʣʷʶʯʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʰʘʨʫ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʪʦʯʥʦʩʪʽ [11]. 

5) ʇʣʘʪʘ ʫʧʨʘʚʣʽʥʥʷ (ʢʦʥʪʨʦʣʝʨ) ð ɽʣʝʢʪʨʦʥʥʠʡ ʤʦʜʫʣʴ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠʥʪʝʨʘ, ʦʙʨʦʙʣʷʶʯʠ 

ʢʦʤʘʥʜʠ ʟ G-ʢʦʜʫ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʨʽʟʘʥʥʷ 3D-

ʤʦʜʝʣʽ ʚ ʩʣʘʡʩʝʨʽ [11]. 

6) ʉʠʩʪʝʤʘ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʣʘʪʬʦʨʤʠ ð ʇʦʪʨʽʙʥʘ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 

ʦʜʥʘʢʦʚʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʦʧʣʦʤ ʽ ʧʦʚʝʨʭʥʝʶ ʥʘ ʚʩʽʡ ʧʣʦʱʠʥʽ ʜʨʫʢʫ. 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʨʫʯʥʦʛʦ, ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ [11]. 
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ʇʨʠʥʮʠʧ ʜʽʾ FDM-ʧʨʠʥʪʝʨʘ ʧʦʣʷʛʘʻ ʫ ʧʦʝʪʘʧʥʦʤʫ ʩʪʚʦʨʝʥʥʽ ʦʙôʻʢʪʘ: 

ʥʘʛʨʽʪʠʡ ʬʽʣʘʤʝʥʪ ʧʨʦʰʪʦʚʭʫʻʪʴʩʷ ʯʝʨʝʟ ʝʢʩʪʨʫʜʝʨ, ʧʣʘʚʠʪʴʩʷ ʽ ʚʽʜʢʣʘʜʘʻʪʴʩʷ 

ʰʘʨʘʤʠ ʟʛʽʜʥʦ ʟ ʮʠʬʨʦʚʦʶ 3D-ʤʦʜʝʣʣʶ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʞʥʦʛʦ ʰʘʨʫ 

ʧʣʘʪʬʦʨʤʘ ʦʧʫʩʢʘʻʪʴʩʷ (ʘʙʦ ʝʢʩʪʨʫʜʝʨ ʧʽʜʥʽʤʘʻʪʴʩʷ) ʥʘ ʪʦʚʱʠʥʫ ʰʘʨʫ, ʽ ʧʨʦʮʝʩ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʟʘʚʝʨʰʝʥʦʾ ʤʦʜʝʣʽ.  

ʈʠʩʫʥʦʢ 1.7 ï ɹʘʟʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ 3D ʧʨʠʥʪʝʨʘ [12]   

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʪʠʧʠ 3D-ʜʨʫʢʫ, ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʯʘʩʥʠʭ 3D-ʧʨʠʥʪʝʨʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʢʦʞʝʥ ʤʝʪʦʜ ʜʨʫʢʫ (FDM, SLA, SLS ʪʦʱʦ) ʤʘʻ 

ʫʥʽʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʬʝʨʫ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ï ʚʽʜ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʠʥʪʝʨʽʚ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ, ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʝ 

ʨʽʰʝʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʙʘʣʘʥʩ ʤʽʞ ʪʦʯʥʽʩʪʶ, 

ʰʚʠʜʢʽʩʪʶ, ʚʘʨʪʽʩʪʶ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 3D-ʜʨʫʢʫ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. 
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2. ʇʈʆɽʂʊʋɺɸʅʅʗ 3D ʄʆɼɽʃɽʁ 

 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʦʙʫʜʦʚʠ 3D-ʤʦʜʝʣʽ ʤʘʡʙʫʪʥʴʦʛʦ ʧʨʠʥʪʝʨʘ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ 3D-ʜʨʫʢʫ, ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʘʛ  ̔ ʥʝʜʦʣʽʢʽʚ ʢʦʞʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɿʦʢʨʝʤʘ, ʙʫʣʠ 

ʨʦʟʛʣʷʥʫʪʽ ʪʘʢʽ ʧʦʰʠʨʝʥʽ ʤʝʪʦʜʠ, ʷʢ FDM (Fused Deposition Modeling), SLA 

(Stereolithography), SLS (Selective Laser Sintering) ʪʘ ʽʥʰʽ.  

ʋ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʦʮʽʥʝʥʦ ʪʝʭʥʽʯʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʘʩʧʝʢʪʠ ʢʦʞʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʩʧʝʮʠʬʽʢʫ ʤʘʡʙʫʪʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʶ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʩʧʨʦʻʢʪʦʚʘʥʦʛʦ ʧʨʠʥʪʝʨʘ ʻ ʜʨʫʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʪʘ 

ʜʝʪʘʣʝʡ, ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʧʣʘʩʪʠʢʫ PETG. ʎʝʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʭʦʨʦʰʽ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʽ ʭʽʤʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʘ ʪʘʢʦʞ ʜʦʙʨʝ 

ʚʟʘʻʤʦʜʽʻ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ FDM. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ 

ʢʣʘʩʠʯʥʫ ʢʦʥʩʪʨʫʢʮʽʶ FDM-ʧʨʠʥʪʝʨʘ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʧʨʦʩʪʦʪʦʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʜʦʩʪʫʧʥʽʩʪʶ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʥʘʣʘʰʪʫʚʘʥʴ. ʆʙʨʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʠʡ ʧʨʦʮʝʩ 

ʝʢʩʪʨʫʟʽʾ, ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʜʨʫʢʫ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ 3D-ʤʦʜʝʣʽ ʧʨʠʥʪʝʨʘ, 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʾʾ ʦʩʥʦʚʥʽ ʚʫʟʣʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ, ʘ ʪʘʢʦʞ ʚʢʘʟʘʥʦ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʨʫʢʫ, ʟʦʢʨʝʤʘ, ʩʠʣʦʚʽʡ ʨʘʤʽ, 

ʩʠʩʪʝʤʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʦʩʷʭ, ʤʝʭʘʥʽʟʤʫ ʝʢʩʪʨʫʟʽʾ ʪʘ ʧʣʘʪʬʦʨʤʽ ʜʣʷ ʜʨʫʢʫ. 

ʉʪʚʦʨʝʥʘ 3D-ʤʦʜʝʣʴ ʩʣʫʛʫʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʪʦʪʠʧʫ ʧʨʠʩʪʨʦʶ. 

ʅʘ ʦʩʥʦʚʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʦʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ 3D-ʧʨʠʥʪʝʨʘ. 
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ʂʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʽʰʝʥʴ: 

¶ ʈʦʙʦʯʘ ʟʦʥʘ: 210 Ĭ 230 Ĭ 500 ʤʤ (X, Y, Z). 

¶ ʊʠʧ ʧʝʨʝʜʘʯʽ: ʆʩʽ X ʪʘ Y ï ʨʝʤʽʥʥʘ (GT2) ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʣʘʚʥʦʛʦ 

ʨʫʭʫ; ɺʽʩʴ Z ï ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʡ ʛʚʠʥʪ ʜʣʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʩʦʢʦʾ ʢʦʣʦʥʠ. 

¶ ɼʚʠʛʫʥʠ: NEMA 17 (ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʽ ʜʣʷ ʦʙʨʘʥʦʾ ʢʽʥʝʤʘʪʠʢʠ). 

¶ ʐʚʠʜʢʽʩʪʴ ʜʨʫʢʫ: ʈʦʙʦʯʘ: 50ï100 ʤʤ/ʩ; ʄʘʢʩʠʤʘʣʴʥʘ: 150ï200 ʤʤ/ʩ. 

¶ ʆʙʨʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ: CoreXY ï ʯʝʨʝʟ ʥʠʟʴʢʫ ʽʥʝʨʮʽʶ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ, 

ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

ɼʘʣʽ ʧʝʨʝʡʜʝʤʦ ʜʦ ʧʦʝʪʘʧʥʦʛʦ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʥʪʝʨʘ ʥʘ ʦʩʥʦʚʽ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʉʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Autodesk 

Inventor 2024. 

 

2.1 ʈʦʟʨʦʙʢʘ ʨʘʤʠ ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʧʨʠʥʝʪʨʘ 

ʈʠʩʫʥʦʢ 2.1 ï ʈʘʤʘ ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʧʨʠʥʪʝʨʘ 
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ʈʦʟʧʦʯʥʝʤʦ ʟ ʨʦʟʤʽʱʝʥʥʷ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʘʤʠ, ʘ ʩʘʤʝ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ 

ʚʝʨʩʪʘʪʥʦʛʦ ʧʨʦʬʽʣʶ 20ʭ20 (ʨʠʩ. 2.1). 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʙʘʣʦʢ (ʨʠʩ.2.2), ʷʢʽ 

ʟʙʽʣʴʰʘʪʴ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʩʪʚʦʨʷʪʴ ʥʝʦʙʭʽʜʥʽ ʪʦʯʢʠ ʢʨʽʧʣʝʥʥʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʤʦʥʪʘʞʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ. ʎʽ ʝʣʝʤʝʥʪʠ 

ʛʨʘʪʠʤʫʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʩʽʻʾ ʩʪʨʫʢʪʫʨʠ ʧʽʜ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʈʦʟʤʽʱʝʥʥʷ ʙʘʣʦʢ ʜʣʷ ʤʽʮʥʦʩʪʽ 
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ɼʣʷ ʢʨʽʧʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʢʫʪʥʠʢʠ (ʨʠʩ. 2.3 ʘ) 

ʪʘ ʤʦʥʪʘʞʥʽ ʧʣʘʩʪʠʥʠ (ʨʠʩ. 2.3 ʙ), ʷʢʽ ʬʽʢʩʫʚʘʪʠʤʝʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʽʚ ʄ5 

ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʊ-ʧʦʜʽʙʥʠʤʠ ʧʘʟʦʚʠʤ ʩʫʭʘʨʝʤ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʝ 

ʨʝʛʫʣʴʦʚʘʥʝ ʢʨʽʧʣʝʥʥʷ. 

ʈʠʩʫʥʦʢ 2.3 ï ʂʨʦʥʪʝʡʥʠ  

ʈʠʩʫʥʦʢ 2.4 ï ʂʦʥʩʪʨʫʢʮʽʷ ʨʘʤʠ ʚ ʟʙʦʨʽ 

  

ʘ ï ʢʫʪʥʠʢ ʙ ï ʤʦʥʪʘʞʥʘ ʧʣʘʩʪʠʥʘ 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʝʨʪʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʩʪʘʣʝʚʫ ʧʣʘʩʪʠʥʫ ʪʦʚʱʠʥʦʶ 10ʤʤ, ʷʢʫ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʪʠʤʝ 

ʦʩʥʦʚʠ ʧʨʠʥʪʝʨʘ (ʨʠʩ. 2.5). 

ʈʠʩʫʥʦʢ 2.5 ï ʉʪʘʣʝʚʘ ʧʣʘʩʪʠʥʘ ʦʩʥʦʚʠ 

 

2.2 ʈʦʟʤʽʱʝʥʥʷ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʪʘ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ 

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʧʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʨʦʙʢʠ 3D-ʤʦʜʝʣʽ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ 

ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʧʨʠʥʪʝʨʘ. 

 

2.2.1ʉʠʣʦʚʠʡ ʧʨʠʚʦʜ ʧʦ ʦʩʷʤ X ʪʘ Y 

 

ʈʦʟʨʦʙʢʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʦʯʥʝʤʦ ʟ ʪʦʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʥʘʧʨʷʤʥʠʭ ʚʘʣʽʚ (ʨʠʩ.2.6), ʷʢʽ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʨʝʪʦʢ ʪʘ 

ʧʝʨʝʜʘʯʽ ʦʙʝʨʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜ ʜʚʠʛʫʥʽʚ ʯʝʨʝʟ ʰʢʽʚʥʫ ʩʠʩʪʝʤʫ. ʇʦʣʽʨʦʚʘʥʽ 

ʩʪʘʣʝʚʽ ʚʘʣʠ ʜʽʘʤʝʪʨʦʤ 8 ʤʤ ʙʫʜʫʪʴ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʽ ʚ ʘʣʶʤʽʥʽʻʚʠʭ 

ʢʨʦʥʰʪʝʡʥʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʧʽʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ 

ʤʽʥʽʤʘʣʴʥʠʡ ʣʶʬʪ ʽ ʤʘʢʩʠʤʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ.  

ʈʠʩʫʥʦʢ 2.6 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʥʘʧʨʷʤʥʠʭ ʚʘʣʽʚ 
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ʇʘʨʘʣʝʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʚʘʣʽʚ ʫʟʜʦʚʞ ʦʩʝʡ X ʪʘ Y ʟ ʜʦʪʨʠʤʘʥʥʷʤ 

ʩʧʽʚʚʽʩʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʢʘʨʝʪʢʘʤ ʟ ʣʽʥʽʡʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ ʧʝʨʝʤʽʱʘʪʠʩʴ ʙʝʟ 

ʟʘʢʣʠʥʶʚʘʥʴ. ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʤʽʱʝʥʥʷ ʰʢʽʚʽʚ ʟ ʟʫʙʯʘʩʪʠʤʠ ʨʝʤʝʥʷʤʠ GT2 

(ʨʠʩ. 2.7). ɺʦʥʠ ʟʘʙʝʟʧʝʯʘʪʴ ʩʠʥʭʨʦʥʥʫ ʧʝʨʝʜʘʯʫ ʦʙʝʨʪʘʥʥʷ ʚʽʜ ʢʨʦʢʦʚʠʭ 

ʜʚʠʛʫʥʽʚ ʜʦ ʨʫʭʦʤʠʭ ʚʫʟʣʽʚ.  

ʈʠʩʫʥʦʢ 2.7 ï ʈʦʟʤʽʱʝʥʥʷ ʰʢʽʚʽʚ ʪʘ ʨʝʤʝʥʽʚ GT2 

ɿʘʢʨʽʧʣʶʻʤʦ ʢʘʨʝʪʢʠ ʥʘ ʥʘʧʨʷʤʥʠʭ ʚʘʣʘʭ ʪʘ ʟô̒ ʜʥʘʻʤʦ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʘʣʽʚ (ʨʠʩ.2.8), ʷʢʽ ʟʛʦʜʦʤ ʙʫʜʫʪʴ ʫʪʨʠʤʫʚʘʪʠ ʝʢʩʪʨʫʜʝʨ ʪʘ ʨʦʙʦʯʫ ʛʦʣʦʚʫ. 

ʂʘʨʝʪʢʠ ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʚʘʣʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʢʨʽʧʣʝʥʴ. ʊʘʢʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʨʝʛʫʣʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. 

ʈʠʩʫʥʦʢ 2.8 ï ʈʦʟʤʽʱʝʥʥʷ ʢʘʨʝʪʦʢ 
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ʌʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʚʩʪʘʥʦʚʣʶʻʤʦ ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠ NEMA 17, ʷʢʽ ʯʝʨʝʟ 

ʨʝʤʽʥʥʫ ʧʝʨʝʜʘʯʫ ʧʨʠʚʦʜʠʪʠʤʫʪʴ ʩʠʩʪʝʤʫ ʚ ʨʫʭ (ʨʠʩ. 2.9). ɼʚʠʛʫʥʠ ʥʘʜʽʡʥʦ 

ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʨʘʤʠ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʢʨʽʧʣʝʥʥʷʭ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʪʷʛʫ 

ʨʝʤʝʥʷ. ʇʽʩʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʦʥʪʨʦʣʝʨʘ ʚʦʥʠ ʟʘʙʝʟʧʝʯʘʪʴ ʪʦʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʢʘʨʝʪʦʢ ʧʦ ʦʩʷʭ X ʪʘ Y, ʟʘʚʝʨʰʫʶʯʠ ʟʙʽʨʢʫ ʦʩʥʦʚʥʦʾ ʤʝʭʘʥʽʢʠ ʧʨʠʥʪʝʨʘ. 

ʈʠʩʫʥʦʢ 2.9 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ 

 

2.2.2ʉʠʣʦʚʠʡ ʧʨʠʚʦʜ ʧʦ ʚʽʩʽ Z 

 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʧʦ ʚʽʩʽ Z, ʷʢʠʡ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʧʣʘʪʬʦʨʠ, ʷʢʘ ʙʫʜʝ ʧʽʜʽʡʤʘʪʠʩʷ ʥʘ ʚʠʩʦʪʫ 500ʤʤ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʥʘʧʨʘʤʥʽ ʚʘʣʠ 

ʜʽʘʤʝʪʨʦʤ 12ʤʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʯʦʪʠʨʠ ʚʘʣʠ, ʷʢʽ ʨʦʟʤʽʱʘʻʤʦ ʟ ʜʚʦʭ 

ʩʪʦʨʽʥ. ɿʘʢʨʽʧʣʝʥʥʷ ʚʘʣʽʚ, ʚʽʜʙʫʚʘʻʪʴʷʩ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʥʮʝʚʠʭ ʦʧʦʨ ʚʘʣʽʚ (ʨʠʩ. 

2.10).  
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ʈʠʩʫʥʦʢ 2.10 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʥʘʧʨʷʤʥʠʭ ʚʘʣʽʚ ʚʽʩʽ Z 

ɼʘʣʽ ʧʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʤʽʱʝʥʥʷ ʐɺʇ (ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʭ ʛʚʠʥʪʽʚ), ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʨʫʭ ʧʣʘʪʬʦʨʤʠ (ʨʠʩ. 2.12). ʇʨʠʚʦʜʠʪʠ ʚ ʜʽʶ 

ʛʚʠʥʪʠ ʙʫʜʝʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ NEMA17. ɿô̒ ʜʥʫʚʘʪʠ ʛʚʠʥʪ ʪʘ 

ʜʚʠʛʫʥ ʙʫʜʝʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʥʫʯʢʦʾ ʤʫʬʪʠ (ʨʠʩ. 2.11). 

ʈʠʩʫʥʦʢ 2.11 ï ɻʥʫʯʢʘ ʤʫʬʪʘ 5ʭ8ʤʤ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ [15]  
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ʈʠʩʫʥʦʢ 2.12 ï ʊʨʘʧʝʮʝʾʜʘʣʴʥʽ ʛʚʠʥʪʠ 

 

2.3 ɺʠʙʽʨ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ 

 

ɼʣʷ ʧʨʠʥʪʝʨʘ ʙʫʣʦ ʦʙʨʘʥʦ ʝʢʩʪʨʫʜʝʨ ʟ ʧʨʠʥʪʝʨʘ Ultimaker 2 (ʨʠʩ. 2.13), ʷʢ 

ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʥʘʰʦʛʦ ʧʨʦʝʢʪʫ. ʎʷ ʧʝʨʝʚʽʨʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʜʽʡʥʫ ʧʨʷʤʫ ʧʦʜʘʯʫ ʬʽʣʘʤʝʥʪʫ, ʤʽʥʽʤʽʟʫʶʯʠ ʨʠʟʠʢ ʟʘʢʣʠʥʶʚʘʥʥʷ, ʪʘ ʦʩʥʘʱʝʥʘ 

ʷʢʽʩʥʠʤ ʥʘʛʨʽʚʘʣʴʥʠʤ ʙʣʦʢʦʤ ʟ ʪʦʯʥʠʤ ʩʦʧʣʦʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʦʪʦʚʦʛʦ ʚʫʟʣʘ 

ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʩʢʣʘʜʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʣʘʩʪʠʢʽʚ. ʂʦʤʧʘʢʪʥʽʩʪʴ ʪʘ ʧʨʦʜʫʤʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʝʢʩʪʨʫʜʝʨʘ 

ʩʧʨʦʱʫʶʪʴ ʡʦʛʦ ʽʥʪʝʛʨʘʮʽʶ ʚ ʥʘʰʫ ʩʠʩʪʝʤʫ.  

ʈʠʩʫʥʦʢ 2.13 ï ɽʢʩʪʨʫʜʝʨ  
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2.4 ʇʨʦʝʢʪʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ 

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʩʪʚʦʨʶʻʤʦ ʨʦʙʦʯʫ ʧʣʘʪʬʦʨʤʫ, ʷʢʘ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ 

ʧʣʠʪʠ ʟ ʥʘʛʨʽʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘ ʩʧʝʮʽʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ ʜʣʷ ʜʨʫʢʫ. ʆʩʥʦʚʘ 

ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʩʽʡ ʧʣʦʱʽ, ʘ ʚʙʫʜʦʚʘʥʠʡ 

ʥʘʛʨʽʚʘʯ ʧʽʜʪʨʠʤʫʻ ʦʧʪʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʚʝʨʭʥʷ 

ʧʣʘʪʬʦʨʤʠ ʧʦʢʨʠʚʘʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤ ʩʢʣʦʤ, ʱʦ ʧʦʢʨʘʱʫʻ ʘʜʛʝʟʽʶ ʤʘʪʝʨʽʘʣʫ ʧʽʜ 

ʯʘʩ ʜʨʫʢʫ ʪʘ ʩʧʨʦʱʫʻ ʟʥʷʪʪʷ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ.  

ʈʦʟʧʦʯʥʝʤʦ ʟʽ ʩʪʚʦʨʝʥʥʷ ʦʩʥʦʚʠ(ʨʠʩ. 2.14), ʥʘ ʷʢʽʡ ʙʫʜʝʤʦ ʟʘʢʨʽʧʣʶʚʘʪʠ 

ʚʩʽ ʝʣʝʤʝʥʪʠ. 

ʈʠʩʫʥʦʢ 2.14 ï ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ 

ʈʦʟʤʽʩʪʠʤʦ ʥʘ ʧʣʘʪʬʦʨʤʽ ʛʘʡʢʫ ʭʦʜʦʚʦʛʦ ʛʚʠʥʪʘ (ʨʠʩ. 2.15), ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʾ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʧʦ ʦʩʽ Z. ɸ ʪʘʢʦʞ ʣʽʥʽʡʥʽ 

ʧʽʜʰʠʧʥʠʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʨʫʭ ʧʦ ʥʘʧʨʷʤʥʠʭ ʦʧʦʨʘʭ. 

ʈʠʩʫʥʦʢ 2.15 ï ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ 



35 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʤʽʱʝʥʥʷ ʥʘʛʨʽʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʦʛʦ 

ʩʪʦʣʫ (ʨʠʩ. 2.16). ɼʣʷ ʪʦʯʥʦʾ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʣʘʪʬʦʨʤʘ ʢʨʽʧʠʪʴʩʷ ʜʦ ʤʝʭʘʥʽʟʤʫ ʦʩʽ 

Z ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʨʫʞʠʥ ʘʙʦ ʛʚʠʥʪʠ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʚʽʜʢʘʣʽʙʨʫʚʘʪʠ ʾ ʾ 

ʜʦ ʽʜʝʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʛʘʨʘʥʪʫʻ ʩʪʘʙʽʣʴʥʠʡ 

ʜʨʫʢ ʪʘ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʢʽʥʮʝʚʠʭ ʚʠʨʦʙʽʚ.  

ʈʠʩʫʥʦʢ 2.16 ï ʈʦʙʦʯʘ ʧʣʘʪʬʦʨʤʘ ʚ ʟʙʦʨʽ 

 

2.5 ɽʣʝʤʝʥʪʠ ʢʦʨʧʫʩʫ 

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʙʫʜʝ ʨʦʟʨʦʙʢʘ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʥʝ ʣʠʰʝ 

ʚʠʢʦʥʫʚʘʪʠʤʫʪʴ ʬʫʥʢʮʽʾ ʟʘʭʠʩʪʫ ʝʣʝʤʝʥʪʽʚ ʧʨʠʥʪʝʨʫ. ɸ ʽ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ  ʟʘ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʝʩʪʝʪʠʢʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʂʦʥʩʪʨʫʢʮʽʷ ʧʘʥʝʣʝʡ ʻ ʪʘʢʦʶ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʠʡ ʜʝʤʦʥʪʘʞ ʜʣʷ ʟʨʫʯʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʫʟʣʽʚ ʧʨʠʚʦʜʫ.   

ʈʦʟʧʦʯʥʝʤʦ ʟʽ ʩʪʚʦʨʝʥʥʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ. ʗʢʘ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʥʝ 

ʣʠʰʝ ʢʨʠʰʢʠ, ʘ ʪʘʢʦʞ ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʩʪʚʦʨʶʻʤʦ ʩʫʮʽʣʴʥʫ ʧʣʘʩʪʠʥʫ, ʧʦ ʛʘʙʘʨʠʪʘʤ 3D-ʧʨʠʥʪʝʨʘ. 

ɼʘʣʽ ʧʝʨʝʡʜʝʤʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʦʪʚʦʨʽʚ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʪʚʽʨ 

ʷʢʠʡ ʙʫʜʝ ʜʘʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʤʝʭʘʥʽʟʤʫ ʧʨʠʥʪʝʨʘ (ʨʠʩ. 2.17): 
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ʈʠʩʫʥʦʢ 2.17 ï ɽʩʢʽʟ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʪʚʦʨʽʚ 

ɺʠʢʦʥʫʻʤʦ ʦʧʝʨʘʮʽʶ ʚʠʜʘʚʣʶʚʘʥʥʷ, ʪʘ ʦʪʨʠʤʫʻʤʦ ʛʦʪʦʚʫ ʜʝʪʘʣʴ (ʨʠʩ. 2.18 

ʘ,ʙ). 

  

ʘ ï ʦʧʝʨʘʮʽʷ ʚʠʜʘʚʣʶʚʘʥʥʷ ʙ ï ʛʦʪʦʚʘ ʜʝʪʘʣʴ 

ʈʠʩʫʥʦʢ 2.18 ï ʆʧʝʨʘʮʽʷ ʚʠʜʘʚʣʶʚʘʥʥʷ ʪʘ ʛʦʪʦʚʘ ʜʝʪʘʣʴ 
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ɺʠʢʦʥʫʻʤʦ ʨʦʟʤʽʱʝʥʥʷ ʢʨʠʰʢʠ ʥʘ ʛʦʪʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 2.19) 

ʈʠʩʫʥʦʢ 2.19 ï ɿʘʢʨʽʧʣʝʥʥʷ ʢʨʠʰʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ 

ʊʘʢʠʤʠ ʞ ʤʝʪʦʜʘʤʠ ʚʠʢʦʥʫʻʤʦ ʨʦʟʨʦʙʢʫ ʥʠʞʥʽʭ ʧʘʥʝʣʝʡ, ʪʘ ʟʘʢʨʽʧʣʶʻʤʦ 

ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʽʩʮʷʭ (ʨʠʩ. 2.20) 

ʈʠʩʫʥʦʢ 2.20 ï ɿʘʢʨʽʧʣʝʥʥʷ ʥʠʞʥʽʭ ʝʣʝʤʝʥʪʽʚ ʢʦʨʧʫʩʫ 
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ɼʣʷ ʢʨʘʱʦʛʦ ʟʘʭʠʱʝʥʥʷ ʧʨʦʩʪʦʨʫ ʜʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʤʝʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʣʘʪ ʪʘ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʝʨʫʚʘʥʥʷ 3D-

ʧʨʠʥʪʝʨʦʤ. ʉʪʚʦʨʶʻʤʦ ʟʘʭʠʩʥʫ ʧʘʥʝʣʴ ʟ ʪʝʭʥʽʯʥʠʤʠ ʦʪʚʦʨʘʤʠ (ʨʠʩ. 2.21).  

ʈʠʩʫʥʦʢ 2.21 ï ʈʦʟʤʽʱʝʥʥʷ ʟʘʭʠʩʥʦʾ ʧʘʥʝʣʽ 

 

2.5.1 ɿʘʢʨʽʧʣʝʥʥʷ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 

 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʙʦʯʦʾ ʟʦʥʠ ʚʠʢʦʨʠʩʪʘʥʦ ʯʦʪʠʨʠ ʢʫʣʝʨʠ 

Gdstime 6010 12V (ʨʠʩ. 2.22), ʷʢʽ ʧʦʧʘʨʥʦ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʜʦʜʘʪʢʦʚʠʭ ʙʘʣʢʘʭ 

ʞʦʨʩʪʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʭ ʢʨʦʥʰʪʝʡʥʽʚ. ʊʘʢʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʫ ʮʠʨʢʫʣʷʮʽʶ ʧʦʚʽʪʨʷ ʥʘʚʢʦʣʦ ʜʨʫʢʫʚʘʥʦʾ 

ʜʝʪʘʣʽ, ʨʽʚʥʦʤʽʨʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʚʩʽʻʾ ʨʦʙʦʯʦʾ ʟʦʥʠ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ, ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʶʯʠ ʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ.  

ʈʠʩʫʥʦʢ 2.22 ï ʂʫʣʝʨ Gdstime 6010 12V [13] 
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ʅʘ ʨʠʩʫʥʢʫ 2.23 ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʢʨʦʥʰʪʝʡʥ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʱʝʥʥʷ ʢʫʣʝʨʘ 

ʫ ʥʴʦʤʫ. 

ʈʠʩʫʥʦʢ 2.23 ï ʂʨʦʥʰʪʝʡʥ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʢʫʣʝʨʘ 

ʉʪʚʦʨʠʚʰʠ ʢʨʦʥʰʪʝʡʥ, ʧʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʤʽʱʝʥʥʷ ʢʫʣʝʨʽʚ ʥʘ ʨʘʤʽ ʧʨʠʥʪʨʘ 

(ʨʠʩ. 2.24) 

ʈʠʩʫʥʦʢ 2.24 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʫʣʝʨʽʚ 

  

ʘ ï ʢʨʦʥʰʪʝʡʥ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʙ ï ʨʦʟʤʽʱʝʥʥʷ ʢʫʣʝʨʘ  ʚ ʢʨʦʥʰʪʝʡʥʽ 



40 

2.5.2 ʈʦʟʤʽʱʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 

 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʚʠʩʦʢʦʬʦʨʤʘʪʥʠʤ 3D-ʧʨʠʥʪʝʨʦʤ, ʡʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʪʘ 

ʟʘʧʫʩʢʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʜʨʫʢʫ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʨʘʬʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ LCD12864 RAMPS (ʨʠʩ. 2.25).  

ʈʠʩʫʥʦʢ 2.25 ï ɻʨʘʬʽʯʥʠʡ ʢʦʥʪʨʦʣʝʨ LCD12864 RAMPS 

ɼʣʷ ʡʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʢʦʨʧʫʩʽ ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʧʨʠʥʝʪʨʘ, ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʢʨʦʥʰʪʝʡʥ (ʨʠʩ. 2.26) 

ʈʠʩʫʥʦʢ 2.25 ï ʂʨʦʥʰʪʝʡʥ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 
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ʊʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʽʚ ʽ ʊ-ʧʦʜʽʙʥʠʭ ʧʘʟʦʚʠʭ ʛʘʡʦʢ ʨʦʟʪʘʰʦʚʫʻʤʦ 

ʢʦʥʪʨʦʣʝʨ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 2.27) 

ʈʠʩʫʥʦʢ 2.27 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 

 

2.6 ɿʘʚʝʨʰʝʥʥʷ ʨʦʟʨʦʙʢʠ 3D-ʤʦʜʝʣʽ ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʧʨʠʥʪʝʨʘ  

 

ɿʘʚʝʨʰʫʶʯʠ ʩʪʚʦʨʝʥʥʷ ʟʙʽʨʥʦʾ ʤʦʜʝʣʽ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʽʙʨʘʮʽʡ ʪʘ ʰʫʤʫ 

ʚʩʪʘʥʦʚʣʶʻʤʦ ʛʫʤʦʚʽ ʥʽʞʢʠ (ʨʠʩ. 2.28), ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʟʘʭʠʱʘʶʪʴ ʧʦʚʝʨʭʥʶ ʚʽʜ 

ʧʦʜʨʷʧʠʥ ʽ ʟʘʧʦʙʽʛʘʶʪʴ ʢʦʚʟʘʥʥʶ ʧʨʠʥʪʝʨʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ.  

ʈʠʩʫʥʦʢ 2.28 ï ʈʦʟʤʽʱʝʥʥʷ ʛʫʤʦʚʠʭ ʥʽʞʦʢ 
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ɯ ʚ ʬʽʥʘʣʽ ʦʪʨʠʤʫʻʤʦ ʛʦʪʦʚʫ 3D-ʤʦʜʝʣʴ ʚʠʩʢʦʬʦʨʤʘʪʥʦʛʦ ʧʨʠʥʪʝʨʘ 

(ʨʠʩ.2.29), ʟʛʽʜʥʦ ʟʘʜʘʥʠʭ ʪʘ ʦʙʨʘʥʠʭ ʥʘʤʠ ʚ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʯʘʩʪʠʥʽ ʧʘʨʘʤʝʪʨʘʤ.  

ʈʠʩʫʥʦʢ 2.29 ï ɺʠʩʦʢʦʬʦʨʤʘʪʥʠʡ 3D-ʧʨʠʥʪʝʨ 

 

2.7  ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʟʙʽʨʢʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʘʨʘʣʝʣʴʥʽʩʪʴ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʩʪʴ ʧʨʠ ʩʢʣʘʜʘʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡ ʨʘʤʠ ʪʘ ʩʠʣʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʝʨʝʣʽʯʝʥʽ ʥʠʞʯʝ 
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ʚʢʘʟʽʚʢʠ. ɼʣʷ ʷʢʽʩʥʦʾ ʟʙʽʨʢʠ ʥʘʤ ʧʦʪʨʽʙʥʦ ʤʘʪʠ: ʣʘʟʝʨʥʠʡ ʨʽʚʝʥʴ, ʢʫʪʦʤʽʨ, 

ʤʽʢʨʦʤʝʪʨ, ʤʦʥʪʘʞʥʽ ʢʫʪʥʠʢʠ 90Á, ʨʝʛʫʣʶʶʯʽ ʧʣʘʩʪʠʥʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʦʢ.  

ʈʦʟʧʦʯʠʥʘʪʠ ʧʦʪʨʽʙʥʦ ʟ ʚʠʢʣʘʜʝʥʥʷ ʧʨʦʬʽʣʽʚ ʥʘ ʨʽʚʥʽʡ ʧʦʚʝʨʭʥʽ, ʯʫʜʦʚʦ 

ʙʫʜʝ, ʷʢʱʦ ʻ ʩʪʽʣ ʟ ʣʽʥʽʡʢʦʶ. ʇʦʪʨʽʙʥʦ ʩʢʨʽʧʠʪʠ ʤʽʞ ʩʦʙʦʶ ʘʣʶʤʽʥʽʻʚʠʡ ʧʨʦʬʽʣʴ, 

ʘʣʝ ʥʝ ʟʘʪʷʛʫʚʘʪʠ ʜʦ ʢʽʥʮʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʨʽʚʥʷ, ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ 

ʧʨʦʬʽʣʽ ʨʦʟʤʽʱʝʥʦ ʧʨʘʚʠʣʴʥʦ. ɼʘʣʽ ʤʦʞʝʤʦ ʩʢʨʽʧʣʶʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʤʽʮʥʦ, ʪʘ 

ʜʦʜʘʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ ʬʽʢʩʘʮʽʾ. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦʩʪʽ ʥʘʧʨʷʤʥʠʭ ʦʩʝʡ XY. 

ɺʩʪʘʥʦʚʠʤʦ ʥʘʧʨʷʤʥʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʬʽʣʽʚ, ʚʠʢʦʥʘʻʤʦ ʰʘʙʣʦʥ-ʨʦʟʧʽʨʢʫ. ʊʘ 

ʚʠʩʪʘʚʠʚʰʠ ʥʘʧʨʷʤʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ ʚʠʤʽʨʷʻʤʦ ʾʭ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʧʨʦʬʽʣʷʤʠ. ɼʦʧʫʩʪʠʤʘ ʨʦʟʙʽʞʥʽʩʪʴ Ò 0.1 ʤʤ. ʋʧʝʚʥʠʚʰʠʩʴ ʫ ʚʽʨʥʦʩʪʽ 

ʨʦʟʤʽʱʝʥʥʷ, ʟʘʢʨʽʧʣʶʻʤʦ ʥʘʧʨʷʤʥʽ. 

ɿʘʙʝʟʧʝʯʠʤʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʩʪʴ ʟ ʚʽʩʩʶ Z. ɼʣʷ ʮʴʦʛʦ ʜʦ ʚʽʩʽ X ʧʨʠʻʜʥʘʻʤʦ 

ʧʦʧʝʨʝʯʥʠʡ ʧʨʦʬʽʣʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʮʝʟʽʡʥʦʛʦ ʢʫʪʥʠʢʘ 90Á. ɼʘʣʽ ʧʝʨʝʚʽʨʠʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʫʪʦʤʽʨ ʥʘʷʚʥʽʩʪʴ ʧʨʷʤʦʛʦ ʢʫʪʘ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ. ʗʢʱʦ ʢʫʪ 

ʜʝʩʴ ʚʽʜʭʠʣʷʻʪʴʩʷ, ʧʦʩʣʘʙʣʶʻʤʦ ʢʨʽʧʣʝʥʥʷ ʪʘ ʨʝʛʫʣʶʻʤʦ ʥʘʭʠʣ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʽʘʛʦʥʘʣʝʡ ʚʠʤʽʨʷʻʤʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʨʦʪʠʣʝʞʥʠʤʠ ʢʫʪʘʤʠ. 

ɼʣʷ ʜʦʚʞʠʥʠ 500ʤʤ, ʜʦʧʫʩʪʠʤʘ ʧʦʭʠʙʢʘ Ò 0.5 ʤʤ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʦʙʢʫ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ 

ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʧʨʠʥʪʝʨʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʪʨʝʙ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ 

ʨʘʥʽʰʝ. ʄʦʜʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʪʝʥʜʝʥʮʽʷʤ ʫ ʩʬʝʨʽ ʘʜʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʢʣʶʯʘʶʯʠ ʟʙʽʣʴʰʝʥʥʷ ʟʦʥʠ ʜʨʫʢʫ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʤʝʭʘʥʽʯʥʠʭ ʚʫʟʣʽʚ. ʇʽʜʩʫʤʢʦʤ ʨʦʙʦʪʠ ʚ ʨʦʟʜʽʣʽ ʩʪʘʚ ʧʨʦʝʢʪ 

ʧʨʠʥʪʝʨʘ, ʩʧʨʦʤʦʞʥʦʛʦ ʛʘʨʘʥʪʫʚʘʪʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʣʘʥʩʫ ʤʽʞ ʮʽʥʦʶ, ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʪʘ 
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ʷʢʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʘʙʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʨʝʙ.   
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3 ʈʆɿʈɸʍʋʅʆʂ ʉʀʃʆɺʆɻʆ ʇʈʀɺʆɼʋ ʄɽʍɸʅɯɿʄʋ 

 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʝʪʘʧʫ ʩʪʚʦʨʝʥʥʷ 3D-ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʥʪʝʨʘ, 

ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʟʜʽʡʩʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʦʮʽʥʢʠ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʯʘʩʪʠʥʘ ʤʘʻ 

ʥʘ ʤʝʪʽ ʧʝʨʝʚʽʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʘʪʝʨʽʘʣʽʚ, ʘ 

ʪʘʢʦʞ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʦʚʥʠʭ ʚʫʟʣʽʚ. 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ 3D-ʧʨʠʥʪʝʨ ʧʽʜʜʘʻʪʴʩʷ ʨʽʟʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ: ʩʪʘʪʠʯʥʠʤ, 

ʜʠʥʘʤʽʯʥʠʤ, ʚʽʙʨʘʮʽʡʥʠʤ, ʪʝʧʣʦʚʠʤ ʪʦʱʦ. ʊʦʤʫ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦ 

ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʦʙʨʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʘʪʴ ʩʪʘʙʽʣʴʥʫ ʡ ʪʦʯʥʫ ʨʦʙʦʪʫ 

ʧʨʠʩʪʨʦʶ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʮʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʪʠ 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʚʠʟʥʘʯʝʥʦ ʾʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʦ ʧʝʨʝʚʽʨʢʫ ʥʘ 

ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʨʦʛʠʥʽʚ ʽ ʢʦʣʠʚʘʥʴ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʙʫʜʝ 

ʧʨʠʜʽʣʝʥʦ ʧʨʠʚʦʜʥʠʤ ʝʣʝʤʝʥʪʘʤ, ʥʘʧʨʘʚʣʷʶʯʠʤ.  

ʆʢʨʽʤ ʪʦʛʦ, ʙʫʜʝ ʧʨʦʚʝʜʝʥʘ ʧʝʨʝʚʽʨʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙʨʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʟʦʢʨʝʤʘ, ʾʭ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʥʦʰʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ 

ʪʘ ʧʦʚʪʦʨʶʚʘʥʠʭ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʘʜʫʪʴ ʟʤʦʛʫ 

ʟʨʦʙʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʥʘʜʽʡʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ, ʟʘ 

ʧʦʪʨʝʙʠ, ʚʥʝʩʪʠ ʟʤʽʥʠ ʜʦ ʚʠʙʨʘʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʨʠʥʪʝʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʯʘʩʪʠʥʘ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʙʝʟʧʝʢʫ ʪʘ ʷʢʽʩʪʴ ʤʘʡʙʫʪʥʴʦʛʦ ʚʠʨʦʙʫ. 

 

3.1 ʈʦʟʨʘʭʫʥʦʢ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʧʦ ʦʩʷʤ X ʪʘ Y 

 

ʈʦʟʧʦʯʥʝʤʦ ʨʦʟʨʘʭʫʥʢʠ ʟ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʦʩʝʡ X ʪʘ Y (ʨʠʩ. 3.1). ʋ 

ʩʠʩʪʝʤʽ CoreXY ʨʫʭ ʧʦ ʦʩʷʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʚʦʤʘ ʜʚʠʛʫʥʘʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ 
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ʩʠʥʭʨʦʥʥʦ ʯʝʨʝʟ ʧʝʨʝʭʨʝʱʝʥʽ ʨʝʤʝʥʽ. ɼʣʷ ʧʝʨʝʜʘʯ ʦʙʠʨʘʻʤʦ ʨʝʤʽʥʴ GT2 ʟ 

ʢʨʦʢʦʤ ʟʫʙʮʽʚ 2ʤʤ. 

ʈʠʩʫʥʦʢ 3.1 ï ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ XY 

 

3.1.1 ʈʦʟʨʘʭʫʥʦʢ ʤʦʤʝʥʪʽʚ ʜʣʷ ʦʩʝʡ X ʪʘ Y 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʷʢʝ ʜʽʻ ʥʘ ʦʩʷʭ: 

¶ ʄʘʩʘ ʢʘʨʝʪʢʠ ʟ ʝʢʩʪʨʫʜʝʨʦʤ: 0.3 ʢʛ. 

¶ ʇʨʠʩʢʦʨʝʥʥʷ: 1000 ʤʤ/ʩĮ (1 ʤ/ʩĮ). 
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¶ ʉʠʣʘ ʽʥʝʨʮʽʾ: 

& άϽὥ 

Ὂ πȢσϽρ πȢσ Ὄ 

ɼʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ (ʪʝʨʪʷ ʚ ʥʘʧʨʷʤʥʠʭ, ʥʘʪʷʛ ʨʝʤʝʥʷ): ʂʂɼ å 0.9. 

ʃʽʥʽʡʥʠʡ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʦʙʝʨʪ ʜʚʠʛʫʥʘ: 

ὒ “ϽὈ 

ʜʝ Ὀ ï ʜʽʘʤʝʪʨ ʰʢʽʚʘ. 

ὒ “ϽρςȢχτ τπ ̍ Ⱦ̍̏  ̂

ʈʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʰʢʽʚʽ: 

ὓ̙ ̨̋̃ὊϽὶ 

ὓ̙ ̨̋̃πȢσϽπȟππφσχπȢππρωρ ὌϽ̍  

1.3. ʄʦʤʝʥʪ ʥʘ ʚʘʣʫ ʜʚʠʛʫʥʘ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʂʂɼ): 

ὓ̅ ̃

Ὕ̨̙̋̃

˗˗ˑ
 

ὓ̅ ̃

πȢππρωρ

πȢω
πȢππςρς ὌϽ̍  

1.4. ɿʘʧʘʩ ʤʽʮʥʦʩʪʽ (ʢʦʝʬʽʮʽʻʥʪ 3): 

ὲ πȢππςρςϽσ πȢππφσφ ὌϽ̍  

ʇʝʨʝʚʽʨʢʘ ʜʚʠʛʫʥʘ NEMA 17HS8401 ʧʦʢʘʟʘʣʘ, ʱʦ ʧʨʠ ʧʨʠʢʣʘʜʝʥʦʤʫ 

ʤʦʤʝʥʪʽ 0.00636 ʅĿʤ ʮʝ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 1.6% ʚʽʜ ʡʦʛʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 0.4 

ʅĿʤ. 

ɺʧʣʠʚ ʚʘʣʽʚ 8ɲ ʤʤ: 



48 

ɼʦʜʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʚʽʜ ʪʝʨʪʷ: 

Å ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ (ʧʦʣʽʤʝʨ-ʩʪʘʣʴ): ɛ å 0.1 [17] 

Å ʅʦʨʤʘʣʴʥʘ ʩʠʣʘ: ~2 ʅ 

ὓ̓ ̆̑ ‘ϽὊϽὶ  

ὓ̓ ̆̑ πȢρϽςϽπȢππτπȢπππψ ὌϽ̍  

ʉʫʤʘʨʥʠʡ ʤʦʤʝʥʪ: 

ὓ̒ ̔̍ πȢππφσφπȢπππψπȢππχρφ ὌϽ̍  

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʨʦʙʦʯʠʡ ʤʦʤʝʥʪ ʜʣʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʠʪʴ 0.00716 ʅĿʤ, 

ʱʦ ʜʦʨʽʚʥʶʻ ʣʠʰʝ 1.8% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ NEMA 

17HS8401 (0.4 ʅĿʤ), ʪʦʙʪʦ ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʟ ʜʫʞʝ ʥʠʟʴʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɼʦʜʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʩʧʨʠʯʠʥʝʥʠʡ ʦʙʝʨʪʘʥʥʷʤ ʚʘʣʽʚ ʜʽʘʤʝʪʨʦʤ 8 ʤʤ, 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 0.0008 ʅĿʤ, ʱʦ ʻ ʥʝʟʥʘʯʥʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʩʥʦʚʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɿʘʛʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʠʛʫʥ ʟʘʣʠʰʘʻʪʴʩʷ ʜʘʣʝʢʦ ʥʠʞʯʠʤ 

ʚʽʜ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʝʣʠʢʠʡ ʟʘʧʘʩ ʧʦ ʤʦʤʝʥʪʫ ʽ 

ʜʦʟʚʦʣʷʻ ʦʯʽʢʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʪʘ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʥʘʚʽʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʘʙʦ ʤʘʩʠ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ. 

 

3.1.2 ʈʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʦʩʝʡ X ʪʘ Y 3D-ʧʨʠʥʪʝʨʘ CoreXY 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʧʦ ʦʩʷʭ X ʪʘ Y ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʤʽʥʥʘ 

ʧʝʨʝʜʘʯʘ GT2 ʟʽ ʰʢʽʚʦʤ ʥʘ 20 ʟʫʙʽʚ (ʜʽʘʤʝʪʨ 12.74 ʤʤ) ʪʘ ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʦʤ 

NEMA 17HS8401 ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ 0.4 ʅĿʤ.  

ʇʝʨʝʤʽʱʝʥʥʷ ʟʘ 1 ʦʙʝʨʪ: 

ὒ “ϽὈ  

ὒ “ϽρςȢχτ τπ ̍ Ⱦ̍̏  ̂



49 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ (ʦʙʝʨʪʠ/ʩʝʢʫʥʜʫ): 

Å ɼʣʷ 200 ʤʤ/ʩ: 

ςππ

τπ
υ ̏ Ⱦ̂̒ 

Å ɼʣʷ 100 ʤʤ/ʩ: 

ρππ

τπ
ςȢυ ̏ Ⱦ̂̒ 

ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʢʨʦʢʽʚ (ʜʣʷ ʜʨʘʡʚʝʨʘ): 

Å ɼʣʷ 200 ʤʤ/ʩ: 

ψπϽςππρφπππ ː  ̗ρφ̋ː̗ 

Å ɼʣʷ 100 ʤʤ/ʩ: 

ψπϽρππψπππ ː  ̗ψ̋ː̗ 

ʊʠʧʦʚʽ ʜʨʘʡʚʝʨʠ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʪʘʢʽ ʷʢ TMC2209 ʘʙʦ A4988, 

ʧʽʜʪʨʠʤʫʶʪʴ ʯʘʩʪʦʪʫ ʢʨʦʢʽʚ ʫ ʤʝʞʘʭ 100ï250 ʢɻʮ, ʪʦʤʫ ʦʙʨʘʥʘ ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ 

16 ʢɻʮ ʻ ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʦʶ. ʇʨʠ ʤʽʢʨʦʰʘʛʫʚʘʥʥʽ 16x ʜʚʠʛʫʥʠ NEMA 17HS8401 

ʙʝʟ ʟʫʩʠʣʴ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦ 200 ʤʤ/ʩ. ʆʙʨʘʥʘ 

ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ CoreXY ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʤʝʥʽʚ GT2 ʪʘ ʰʢʽʚʽʚ ʥʘ 20 ʟʫʙʽʚ ʻ 

ʥʘʜʽʡʥʠʤ ʽ ʧʝʨʝʚʽʨʝʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʪʦʯʥʦʾ ʪʘ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʚ ʜʘʥʽʡ 

ʢʦʥʬʽʛʫʨʘʮʽʾ. 

 

3.1.3 ʈʦʟʨʘʭʫʥʦʢ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʚʘʣʽʚ ʜʽʘʤʝʪʨʦʤ 8 ʤʤ ʽʟ ʜʚʦʤʘ 

ʦʧʦʨʘʤʠ 

 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

ʄʘʪʝʨʽʘʣ: ʉʪʘʣʴ (ʤʦʜʫʣʴ ʖʥʛʘ % ςȢρϽρπ ˜ )́ [18] 
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ɺʘʛʘ ʢʘʨʝʪʢʠ ʟ ʝʢʩʪʨʫʜʝʨʦʤ: 0.3 ʢʛ 

ɼʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ [16] (ʧʨʠʩʢʦʨʝʥʥʷ 10 ʤ/ʩĮ): 

ή̅ ̉̎ άϽὥ πȢσϽρπ σ Ὄ  

ʉʫʤʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʠ): 

ή̒ ̔̍ ή̅ ̉̎ άϽὫ σ πȢσϽωȢψρ φ Ὄ  

ɺʠʢʦʥʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʛʠʥʫ ʚʘʣʘ: 

ʌʦʨʤʫʣʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʥʫ ʜʣʷ ʙʘʣʢʠ ʥʘ ʜʚʦʭ ʦʧʦʨʘʭ ʽʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʦʩʝʨʝʜʠʥʽ: 

ɿ
ὊϽὒ

τψϽὉϽὍ
 

ʜʝ  Ὅ
Ͻ ϽȢ

ςȢπρϽρπ ̍ ̍̏̍̆̎̓ ̨̨̗̩̎̆̑Ȣ  

ʇʽʜʩʪʘʚʣʷʻʤʦ ʟʥʘʯʝʥʥʷ: 

ɿ
φϽπȢτ

τψϽςȢρϽρπϽςȢπρϽρπ
πȢπππρω ̍ πȢρω ̍  ̍ 

ɺʠʩʥʦʚʦʢ: ʇʨʦʛʠʥ 0.19 ʤʤ ï ʜʦʧʫʩʪʠʤʠʡ ʜʣʷ 3D-ʜʨʫʢʫ ʟ ʪʦʯʥʽʩʪʶ 0.1 ʤʤ. 

2. ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʤʽʮʥʽʩʪʴ (ʤʘʢʩʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʚʠʛʠʥʫ) 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʤʽʮʥʽʩʪʴ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʧʦʯʥʝʤʦ ʟ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘ ʚʠʛʠʥ. 

ʌʦʨʤʫʣʘ ʥʘʧʨʫʛʠ ʚʠʛʠʥʫ: 

ʎ
ὓϽώ

Ὅ
 

ʜʝ  ὓ ï ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ; 

 ώ = d/2 = 0.004ʤï ʚʽʜʩʪʘʥʴ ʜʦ ʢʨʘʡʥʴʦʛʦ ʚʦʣʦʢʥʘ. 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʟʥʘʯʝʥʥʷ: 
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ʎ
πȢφϽπȢππτ

ςȢπρϽρπ
ρρȢωτ ̇˜ ́

ʇʦʨʽʚʥʷʥʥʷ ʟ ʜʦʧʫʩʪʠʤʠʤʠ ʥʘʧʨʫʛʘʤʠ: 

ɼʣʷ ʩʪʘʣʽ 45 [ů] å 120ï150 ʄʇʘ [18] 

ɼʣʷ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ 12ʍ18ʅ10ʊ [ů] å 200 ʄʇʘ [18] 

ʄʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ  ʥʘʧʨʫʛʘ 11.94 ʄʇʘ ʟʥʘʯʥʦ ʥʠʞʯʘ ʟʘ 

ʜʦʧʫʩʪʠʤʫ, ʦʪʞʝ ʚʘʣ ʥʝ ʟʣʘʤʘʻʪʴʩʷ. 

 

 3.2 ʈʦʟʨʘʭʫʥʦʢ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʧʦ ʦʩʽ Z 

 

ʇʨʠʚʦʜ ʦʩʽ Z  ̒ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʝʨʪʠʢʘʣʴʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʜʨʫʢʫ. ɺʽʜ ʥʴʦʛʦ ʟʘʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʪʘ ʧʦʰʘʨʦʚʝ 

ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʢʪʘ. ɼʘʥʠʡ ʨʦʟʜʽʣ ʟʦʩʝʨʝʜʠʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʠʚʽʜ. ɹʫʜʝ ʟʜʽʡʩʥʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʟʫʩʠʣʴ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʫʭʫ 

ʧʣʘʪʬʦʨʤʠ, ʚʨʘʭʦʚʫʶʯʠ ʾʾ ʚʣʘʩʥʫ ʚʘʛʫ, ʚʘʛʫ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʠʣʫ 

ʪʝʨʪʷ. 

1) ʈʦʟʨʘʭʫʻʤʦ ʩʠʣʫ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʽʜʡʦʤʫ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʜʨʫʢʫ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʝʤʦ, ʱʦ ʤʘʩʘ ʧʣʘʪʬʦʨʤʠ ʟ ʜʝʪʘʣʣʶ ʜʦʨʽʚʥʶʻ 3 ʢʛ. 

Ὂ  ά ϽὫ  Ὂ̠̓̆̑̓ 

Ὂ σ ϽωȢψρς σρȢτσ ̊ 

ʊʘʢ ʷʢ ʚ ʦʙôʻʢʪʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʜʚʘ ʛʚʠʥʪʠ ʜʣʷ ʨʫʭʫ ʧʦ ʦʩʽ Z, ʤʘʻʤʦ: 

Ὂ  
σρȢτσ

ς
ρυȢχς ̊ 

ʦʪʞʝ, ʥʘ ʦʜʠʥ ʛʚʠʥʪ ʧʨʠʧʘʜʘʻ ʩʠʣʘ 15.72 H  

2) ʈʦʟʨʘʭʫʻʤʦ ʤʦʤʝʥʪ ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʛʚʠʥʪʘ.  

ɼʣʷ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʛʦ ʛʚʠʥʪʘ ʤʦʤʝʥʪ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ: 

-  
Ὂ Ͻὴ

ς“ Ͻ ʂ
 

ʜʝ Ὂ ï ʩʠʣʘ ʥʘ ʛʚʠʥʪ; 
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ὴ = 2ʤʤ = 0.002 ʤ ï ʢʨʦʢ ʛʚʠʥʪʘ; 

ʂ = 0.3 ï ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ [17]. 

-  
ρυȢχς ϽπȢππς

ς“ Ͻ πȢσ
πȢπρτσ

˚

̍
 

ɼʣʷ ʦʩʽ Z ʥʘʰʦʛʦ 3D-ʧʨʠʥʪʝʨʘ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʜʚʘ ʜʚʠʛʫʥʠ NEMA 17 

HS8401. ʂʂɼ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʛʦ ʛʚʠʥʪʘ T8ʭ2 ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 30 % (0,3). 

ʆʪʞʝ, ʥʘʚʽʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʚʠʥʪʘ ʢʦʞʝʥ ʤʦʪʦʨ ʟʜʘʪʝʥ ʩʪʚʦʨʠʪʠ 

ʜʦ 40 ʅĿʩʤ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʪʦʜʽ ʷʢ ʥʝʦʙʭʽʜʥʠʡ ʤʦʤʝʥʪ ʜʣʷ ʧʽʜʡʦʤʫ ʦʩʽ Z 

ʩʪʘʥʦʚʠʪʴ 0,0143 ʅĿʤ (1,43 ʅĿʩʤ). ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʤʘʡʞʝ ʚ 10 ʨʘʟʽʚ ʙʽʣʴʰʠʡ ʟʘʧʘʩ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʛʘʨʘʥʪʦʚʘʥʫ ʩʪʘʙʽʣʴʥʫ ʷʢʽʩʪʴ ʨʦʙʦʪʠ. 

3) ɺʠʢʦʥʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ: 

ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ 600-1000 ʦʙ/ʭʚ (ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʨʘʡʚʝʨʘ). ʈʦʟʨʘʭʫʡʤʦ ʩʠʣʫ ʧʽʜʡʦʤʫ:  

ὺ ὖẗὲ 

ὲ ̏̂̆̑̓̉ ̅̃̉̄̔̎́ (ʜʣʷ ʥʘʰʦʛʦ ʚʘʨʽʘʥʪʫ ʚʽʟʴʤʝʤʦ 300 ʦʙ/ʭʚ = 5 ʦʙ/ʩ)  

ὺ ςẗυ ρπ ̍ Ⱦ̍̒ 

ɼʣʷ ʥʘʰʦʾ ʨʦʙʦʯʦʾ ʟʦʥʠ 500ʤʤ, ʯʘʩ ʧʽʜʡʦʤʫ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ:  

ὸ
υππ

ρπ
υπ ὧ 

4) ʇʨʦʚʝʜʝʤʦ ʧʝʨʝʚʽʨʢʫ ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʭ ʛʚʠʥʪʽʚ ʥʘ ʚʠʛʠʥ: 

ɼʣʷ ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʛʦ ʛʚʠʥʪʘ ʜʽʘʤʝʪʨʦʤ:  

Ὂ̋̑  
“ ϽὉϽὍ

ὒ
 

ʜʝ E ï ʤʦʜʫʣʴ ʖʥʛʘ ʩʪʘʣʽ = 200 ɻʇʘ [18] 

I ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ  

Ὅ
“ ϽὨ

φτ
 
“ ϽπȢππψ

φτ
ςȢπρ Ͻρπ  ̍  
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ὒ = 0.6 ʤ 

ʂʨʠʪʠʯʥʘ ʩʠʣʘ:  

Ὂ̋̑
“ ϽςππϽρπϽςȢπρϽρπ

πȢφ
ρρπς ̊ 

ɿʘʧʘʩ ʤʽʮʥʦʩʪʽ:  

ρρπς

ρυȢχς
χπ ̂ ̨̝̙̌ ̨̎ ̝̇̅̏̒̓́̓̎̏ 

ɺʠʢʦʥʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ ʥʘʧʨʷʤʥʠʭ ʚʘʣʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʧʨʦʛʠʥ, ʱʦʙ 

ʫʧʝʚʥʠʪʠʩʴ, ʱʦ ʚʦʥʠ ʚʠʪʨʠʤʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʘʣ 

ʟʘʢʨʽʧʣʝʥʦ ʥʘ ʢʽʥʮʷʭ. 

1) ʈʦʟʧʦʯʥʝʤʦ ʟ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʪʠʩʢ:  

Ὂ̒̓̉̒ ̋
άϽὫ

τ
  
σϽωȢψρ

τ
 χȢσφ Ὄ 

ʅʘʧʨʫʛʘ ʩʪʠʩʢʫ:  

„  
Ὂ̒̓̉̒̋
ὃ
  

χȢσφ

“Ͻ
πȢπρς
τ

 πȢπφυ ̇˜ ́ 

ɼʦʧʫʩʪʠʤʘ ʥʘʧʨʫʛʘ:  

„  „ φππ ̇˜ ́

ʆʪʞʝ ʤʦʞʝʤʦ ʧʨʠʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘʧʨʫʛʘ ʤʽʟʝʨʥʦ ʤʘʣʘ. 

2) ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʚʠʛʠʥ:  

ʂʨʠʪʠʯʥʘ ʩʠʣʘ ʟʘ ɽʡʣʝʨʦʤ ʜʣʷ ʩʪʝʨʞʥʷ ʟ ʰʘʨʥʽʨʥʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ (K=1): 

Ὂ̋̑
“ ϽὉϽὍ

ὑϽὒ
 

¶ ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ: 

Ὅ
“ϽὨ

φτ

“ϽπȢπρς

φτ
ρȢπςϽρπ ̍  
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ʂʨʠʪʠʯʥʘ ʩʠʣʘ: 

Ὂ̋̑
“ ϽςρπϽρπϽρȢπςϽρπ

ρϽπȢχ
τσςȢφ ̊ 

ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ ʩʪʽʡʢʦʩʪʽ:  

ὲ̒ ̓

Ὂ̋̑

Ὂ̒̓̉̒̋

τσςȢφ

χȢσφ
υψȢψ 

ʅʘʧʨʷʤʥʽ ʚʘʣʠ, ʻ ʩʪʽʡʢʠʤʠ ʜʦ ʧʨʦʛʠʥʫ. 

3) ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʧʦʧʝʨʝʯʥʠʡ ʧʨʦʛʠʥ. ʇʨʠʡʤʝʤʦ, ʱʦ ʜʽʻ ʙʽʯʥʘ 

ʩʠʣʘ ʯʝʨʝʟ ʧʝʨʝʢʽʩ 1ʅ: 

Ὢ  
Ὂ Ͻ ὒ

τψ ϽὉ ϽὍ
 

ʜʝ: 

¶ Ὅ  
 Ͻ
 ρπρχȢψψ ̍̍ ρȢπς Ͻ ρπ̍  

Ὢ  
ρ Ͻ πȢχ

τψ Ͻςρπ ϽρπϽρȢπςϽ ρπ
πȢπσσ̍̍ 

ʇʨʦʛʠʥ <0.1 ʤʤ, ʱʦ ʻ ʜʦʧʫʩʪʠʤʠʤ ʟʥʘʯʝʥʥʷʤ. 

4) ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʥʷ ʚ ʟʛʠʥʽ. ʌʦʨʤʫʣʘ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ: 

ὓ  
Ὂ Ͻ ὒ

τ

χȢσφ ϽπȢχ

τ
ρȢςψψ ̊Ⱦ̍  

ʄʦʤʝʥʪ ʦʧʦʨʫ: 

ὡ  
“Ὠ

σς
  
“ Ͻρς

σς
ρφωȢφυ ̍̍ ρȢφωφυ Ͻ ρπ̍  

„  
ὓ

ὡ
  

ρȢςψψ

ρȢφωφυ Ͻ ρπ
 χȢυω ̇˜ ́

ʇʦʨʽʚʥʷʻʤʦ ʟ ʜʦʧʫʩʪʠʤʠʤ:  

„̅ ̏̐  σππ˙˜́  
χȢφ

σππ
 ςȢυϷ ̨̃ ̅̍̆̇ ̨̨̨̗̍̎̏̒̓ 
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ʄʦʞʝʤʦ ʧʨʠʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʜʘʥʠʭ ʚʘʣʽʚ ʥʘʤ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʪʘ ʟʘʧʦʙʽʛʘʥʥʶ ʧʨʦʛʠʥʫ ʫ ʥʘʰʦʤʫ ʧʨʠʥʪʝʨʽ.  

 

3.3 ʈʦʟʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ  

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 3D-ʧʨʠʥʪʝʨʘ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ʜʨʫʢʫ, 

ʨʦʟʤʽʩʪʠʤʦ ʜʦʜʘʪʢʦʚʽ ʢʫʣʝʨʠ. ɺʠʢʦʥʘʻʤʦ ʥʘʩʪʫʧʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʜʣʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʠʧʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʦʪʨʽʙʥʠʭ ʢʫʣʝʨʽʚ.  

ʇʦʯʥʝʤʦ ʟ ʨʦʟʨʘʭʫʥʢʫ ʦʙô̒ ʤʫ ʢʘʤʝʨʠ ʜʨʫʢʫ: 

ςρπϽςσπϽυππςτρυπ ̒̍ ςτȢρυ ̌ 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʨʦʟʨʘʭʫʻʤʦ ʦʙô̒ ʤ ʚʩʴʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ: 

συπϽσχπϽφππχχχππ ̒̍ χψ ̌ 

ɼʣʷ ʷʢʽʩʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʥʦʨʤʦʶ ʧʦʪʨʽʙʥʦ 6 ï 10 ʧʦʚʥʠʭ ʦʙʤʽʥʽʚ 

ʧʦʚʽʪʨʷ ʟʘ ʭʚʠʣʠʥʫ.  ɺʠʢʦʥʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ: 

υτϽπȢπσυσρȢω Ὢὸ 

ɼʣʷ 10 ʦʙʤʽʥʽʚ ʧʦʚʽʪʨʷ/ʭʚ:  

ρȢωϽρπ ρω #&- 

ʅʘ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʧʨʠʥʪʝʨʘ 

ʟʘʧʣʘʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 4 ʚʝʥʪʠʣʷʪʦʨʠ Gdstime 6010 12V[13]. ɼʘʥʠʡ ʢʫʣʝʨ ʤʘʻ 

ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ  ͯςρȢψ CFM. ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ, ʪʘ ʧʝʨʝʚʽʨʠʤʦ ʯʠ ʚʦʥʠ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʘʰʽ ʧʦʪʨʝʙʠ:  

τϽςρȢψ #&-ψχȢς #&- 

ʆʪʞʝ, ʤʦʞʝʤʦ ʧʨʠʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʜʘʥʽ ʚʝʥʪʠʣʷʪʦʨʠ ʤʦʞʫʪʴ ʚʠʜʘʚʘʪʠ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ ʧʦʚʽʪʨʦʦʙʤʽʥ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʠ ʮʽʣʢʦʤ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʘʰʽ ʧʦʪʨʝʙʠ, ʽ ʜʘʶʪʴ ʥʘʤ ʟʘʧʘʩ ʥʘ ʚʠʧʘʜʦʢ ʜʨʫʢʫ ʧʣʘʩʪʠʢʦʤ 

PTEG, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʟʘʢʨʠʪʦʾ ʢʘʤʝʨʠ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʚʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ 

ʤʝʭʘʥʽʟʤʫ ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D-ʧʨʠʥʪʝʨʘ. ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʣʶʯʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʣʦ 

ʦʮʽʥʢʫ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʽʜʪʚʝʨʜʠʪʠ ʾʭʥʶ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɿʥʘʯʥʫ ʫʚʘʛʫ 

ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʷʢʦʾ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʽʜʪʨʠʤʮʽ ʩʪʘʙʽʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʧʽʜ ʯʘʩ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʥʪʝʨʘ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʣʫʛʫʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʛʘʨʘʥʪʫʶʪʴ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ɺʀʉʅʆɺʂʀ 

ʋ ʮʽʡ ʜʠʧʣʦʤʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʫ ʚʠʩʦʢʦʬʦʨʤʘʪʥʦʛʦ 3D ʧʨʠʥʪʝʨʘ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʚʽʩʩʶ Z. ʆʩʥʦʚʥʘ ʫʚʘʛʘ 

ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʧʨʦʝʢʪʫʚʘʥʥʶ ʢʦʥʩʪʨʫʢʮʽʾ, ʨʦʟʨʘʭʫʥʢʘʤ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ ʪʘ 

ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 3D ʜʨʫʢʫ. ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 3D-ʤʦʜʝʣʴ 

ʧʨʠʥʪʝʨʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʜ 

ʚʠʛʦʪʦʚʣʝʥʥʷʤ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʙʫʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ 

ʧʨʠʥʪʝʨʘ ʧʨʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʝʥʽʡ ʚʠʩʦʪʽ ʜʨʫʢʫ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʽʜʽʙʨʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʤʝʭʘʥʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʩʠʣʦʚʽ 

ʧʨʠʩʪʨʦʾ, ʟʦʢʨʝʤʘ ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠ ʪʘ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ. ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ 

ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ ʪʝʥʜʝʥʮʽʾ ʫ ʨʦʟʚʠʪʢʫ ʚʠʩʦʢʦʬʦʨʤʘʪʥʠʭ 3D 

ʧʨʠʥʪʝʨʽʚ ʪʘ ʚʨʘʭʫʚʘʪʠ ʜʦʩʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʨʘʢʪʠʯʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʚʢʣʶʯʘʣʘ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʚʫʟʣʽʚ ʪʘ ʦʮʽʥʢʫ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʧʨʦʝʢʪ, ʷʢʠʡ 

ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʧʨʘʚʠʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʧʦʻʜʥʘʥʠʡ ʟ ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 3D ʜʨʫʢʫ, ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ. ʎʷ ʨʦʟʨʦʙʢʘ ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ 

ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʽ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʦʛʦ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʩʧʨʠʷʶʯʠ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʜʠʧʣʦʤʥʘ ʨʦʙʦʪʘ ʧʽʜʪʚʝʨʜʠʣʘ, ʱʦ ʚʠʩʦʢʦʬʦʨʤʘʪʥʽ 3D 

ʧʨʠʥʪʝʨʠ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʚʽʩʩʶ Z ʤʘʶʪʴ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ, ʘ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʽʥʞʝʥʝʨʽʾ, ʜʠʟʘʡʥʫ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ.  
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