
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ 

ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

ʄʝʭʘʥʽʢʦ-ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʽʥʩʪʠʪʫʪ 

ʂʘʬʝʜʨʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥ 

 
çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ʋɼʂ ______________ 

ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ: 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

________ ʖʨʽʡ ɼɸʅʀʃʔʏɽʅʂʆ 

ç___è_____________20__ ʨ. 

 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ 

ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ çɯʥʞʝʥʝʨʥʠʡ ʜʠʟʘʡʥè 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè 

ʥʘ ʪʝʤʫ: çɸʜʠʪʠʚʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʚʽʟʽʡʥʠʭ ʘʮʝʪʘʙʫʣʷʨʥʠʭ ʩʠʩʪʝʤè 

 

ɺʠʢʦʥʘʚ:  

ʩʪʫʜʝʥʪ Vɯ ʢʫʨʩʫ, ʛʨʫʧʠ ʄɯ-92ʤʧ  

ʊʨʦʷʥ ʇʘʚʣʦ ʇʘʚʣʦʚʠʯ  __________ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ:  

ʧʨʦʬʝʩʦʨ, ʜ.ʪ.ʥ., ʧʨʦʬ.,  

ʆʭʨʽʤʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ɸʥʘʪʦʣʽʡʦʚʠʯ __________ 

ʂʦʥʩʫʣʴʪʘʥʪ ʟ 

 __________ 

ʈʝʮʝʥʟʝʥʪ: 

 __________ 

 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ 

ʜʠʩʝʨʪʘʮʽʾ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ 

ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

 

ʉʪʫʜʝʥʪ _____________ 

 

 

 

ʂʠʾʚ ï 2020 ʨʦʢʫ 



ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʄʝʭʘʥʽʢʦ-ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʽʥʩʪʠʪʫʪ 

ʂʘʬʝʜʨʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥ 

 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʜʨʫʛʠʡ (ʤʘʛʽʩʪʝʨʩʴʢʠʡ) 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ ï 131 çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè 

ʆʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʘ ʧʨʦʛʨʘʤʘ çɯʥʞʝʥʝʨʥʠʡ ʜʠʟʘʡʥè 

 

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

_______ ʖʨʽʡ ɼɸʅʀʃʔʏɽʅʂʆ 

ç___è_____________20__ ʨ. 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

ʊʨʦʷʥʫ ʇʘʚʣʫ ʇʘʚʣʦʚʠʯʫ 

1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ çɸʜʠʪʠʚʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʚʽʟʽʡʥʠʭ ʘʮʝʪʘʙʫʣʷʨʥʠʭ ʩʠʩʪʝʤè, 

ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ ʆʭʨʽʤʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ, ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç03è ʣʠʩʪʦʧʘʜʘ 2020 ʨ. 

ˉ3205-ʉ. 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ  _______________________________  

3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʦʮʝʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʚʽʟʽʡʥʦʾ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʪʘ ʤʝʪʦʜʽʚ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

4. ɺʠʭʽʜʥʽ ʜʘʥʽ: ʚʠʨʽʙ ï ʘʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ. 

5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ:  

- ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ ʪʘ ʽʩʥʫʶʯʽ ʚʘʨʽʘʥʪʠ ʾʾ ʚʠʨʽʰʝʥʥʷ. 

- ʇʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʨʝʚʽʟʽʡʥʦʾ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ. 

- ʇʨʦʚʝʩʪʠ ʪʦʧʦʣʦʛʽʯʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ. 



- ʇʨʦʚʝʩʪʠ ʩʠʤʫʣʷʮʽʶ ʧʦʙʫʜʦʚʠ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 3D ʜʨʫʢʦʤ ʚ 

ʧʨʠʥʪʝʨʽ ʪʘ ʬʨʝʟʝʨʫʚʘʥʥʷʤ ʚ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. 

6. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ (ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ) ʤʘʪʝʨʽʘʣʫ: ʧʨʝʟʝʥʪʘʮʽʷ 

7. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ  

8. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ* 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ  

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ  

ʚʠʜʘʚ 

ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

    

9. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ  ç3è ʙʝʨʝʟʥʷ 2020 ʨ. 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 

ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʊʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ 

ʝʪʘʧʽʚ ʤʘʛʽʩʪʝʨʩʴʢʦʾ 

ʜʠʩʝʨʪʘʮʽʾ 

ʇʨʠʤʽʪʢʘ 

1 ɸʥʘʣʽʟ ʨʝʚʽʟʽʡʥʠʭ ʘʮʝʪʘʙʫʣʷʨʥʠʭ 

ʩʠʩʪʝʤ, ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʚʦʥʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʪʘ ʤʝʪʦʜʽʚ ʾʭ 

ʘʜʠʪʠʚʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

01.06.2020  

2 ʉʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ 

ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ, ʚʠʨʽʙ 

ʤʘʪʝʨʽʘʣʫ ʽʤʧʣʘʥʪʘʪʫ. 

01.08.2020  

3 ʊʦʧʦʣʦʛʽʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʝʥʜʦʧʨʦʪʝʟʫ. 

01.09.2020  

4 3ɼ ʜʨʫʢ ʽʤʧʣʘʥʪʘʪʫ, ʩʠʤʫʣʷʮʽʷ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ. 

15.10.2020  

5 Startup-ʧʨʦʻʢʪ ï ʜʨʫʢ ʤʝʜʠʯʥʠʭ 

ʽʤʧʣʘʥʪʘʪʽʚ ʚ ʋʢʨʘʾʥʽ. 

25.11.2020  

 

ʉʪʫʜʝʥʪ                                                                                       ʇʘʚʣʦ ʊʈʆʗʅ 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ                                                             ʆʣʝʢʩʘʥʜʨ ʆʍʈɯʄɽʅʂʆ  

                                                             
 



ɿʄɯʉʊ 

ɸʅʆʊɸʎɯʗ 

ɺʉʊʋʇ 

1. ɸʅɸʃɯɿ ʉʋʏɸʉʅʀʍ ɸʎɽʊɸɹʋʃʗʈʅʀʍ ʉʀʉʊɽʄ 

1.1. ɸʥʘʣʽʟ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʭʽʨʫʨʛʽʯʥʦʾ ʟʘʤʽʥʠ ʪʘʟʦʩʪʝʛʥʦʚʦʛʦ ʩʫʛʣʦʙʘ 

1.2. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʤʦʛʠ ʜʦ ʥʠʭ 

1.2.1. ɹʽʦʩʫʤʽʩʥʽʩʪʴ 

1.2.2. ɺʠʩʦʢʘ ʢʦʨʦʟʽʡʥʘ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 

1.2.3. ʄʝʪʘʣʝʚʽ ʙʽʦʤʝʜʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʾʭ ʦʙʤʝʞʝʥʥʷ 

1.2.4. ʇʦʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʥʜʦʧʨʦʪʝʟʫ 

1.3. ɸʜʠʪʠʚʥʽ ʤʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʥʜʦʧʨʦʪʝʟʽʚ 

1.3.1. Selective Laser Melting 

1.3.2. Electron Beam Melting 

1.3.3. ʇʽʜʪʨʠʤʢʠ ʧʨʠ 3D ʜʨʫʮʽ 

2. ʈʆɿʈʆɹʂɸ ʂʆʅʉʊʈʋʂʎɯɰ ɸʎɽʊɸɹʋʃʗʈʅʆɰ ʏɸʐʂʀ  

2.1. ʆʧʠʩ ʝʣʝʤʝʥʪʽʚ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

2.1.1. ɸʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ  

2.1.2. ʂʦʟʠʨʦʢ 

2.1.3. ʎʝʥʪʨʫʚʘʣʴʥʽ ʚʠʩʪʫʧʠ 

2.1.4. ʆʪʚʦʨʠ 

2.2. ʇʨʦʻʢʪʫʚʘʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʚ ʩʠʩʪʝʤʽ CAD  

2.3. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʽʤʧʣʘʥʪʘʪʫ  

3. ʊɽʍʅʆʃʆɻɯʏʅʀʁ ʈʆɿɼɯʃ 

3.1. ʊʦʧʦʣʦʛʽʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʝʥʜʦʧʨʦʪʝʟʫ 

3.2. ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

3.2.1. ʆʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

3.2.2. ʉʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʽʤʧʣʘʥʪʘʪʫ ʪʘ ʡʦʛʦ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ  

3.2.3. ɼʨʫʢ ʝʥʜʦʧʨʦʪʝʟʫ ʥʘ 3D ʧʨʠʥʪʝʨʽ 

3.3. ʇʦʩʪʦʙʨʦʙʢʘ ʽʤʧʣʘʥʪʘʪʫ 



3.4. ʉʠʤʫʣʷʮʽʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ  

3.5. ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

4. ʄɸʈʂɽʊʀʅɻʆɺʀʁ ɸʅɸʃɯɿ 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ ʊɸ ɯʅʊɽʈʅɽʊ ʈɽʉʋʈʉɯɺ 

ɼʆɼɸʊʂʀ 

  



ɸʅʆʊɸʎɯʗ 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 131 ï 

ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦ. ï ʂʠʾʚ, 2020. 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʘʜʠʪʠʚʥʠʤʠ ʪʘ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʜʣʷ 

ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ ʢʫʣʴʰʦʚʦʛʦ ʩʫʛʣʦʙʫ. ʈʦʟʨʦʙʣʝʥʦ 3D ʤʦʜʝʣʴ, ʨʦʙʦʯʠʡ 

ʢʨʝʩʣʝʥʠʢ ʽʤʧʣʘʥʪʘʪʫ, ʪʘ ʪʝʭʥʦʣʦʛʽʶ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɺʠʢʦʥʘʥʦ ʪʦʧʦʣʦʛʽʯʥʫ 

ʦʧʪʠʤʽʟʘʮʽʶ ʝʥʜʦʧʨʦʪʝʟʫ, ʩʠʤʫʣʷʮʽʶ ʜʨʫʢʫ ʚ 3D ʧʨʠʥʪʝʨʽ ʪʘ ʬʨʝʟʝʨʫʚʘʥʥʷ ʚ 

ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. ʇʨʦʚʝʜʝʥʦ ʤʘʨʢʝʪʠʥʛʦʚʠʡ ʘʥʘʣʽʟ 3D ʜʨʫʢʫ ʤʝʜʠʯʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ 

ʚ ʋʢʨʘʾʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʚʽʟʽʡʥʘ ʘʮʝʪʘʙʫʣʷʨʥʘ ʩʠʩʪʝʤʘ, ʘʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ, 

ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ, 3D ʜʨʫʢ, ʪʦʧʦʣʦʛʽʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ, ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʷ, 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʚʝʨʩʪʘʪ ʟ ʏʇʂ. 
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University of Ukraine çIgor Sikorsky Kyiv Polytechnic Instituteè. ï Kyiv, 2020. 

MSc thesis is devoted to the development of additive and traditional methods of 

acetabular cup production for hip arthroplasty. A 3D model, a working drawing of the 

implant, and the technology of its production have been developed. Topological 

optimization of the endoprosthesis, simulation of printing in a 3D printer and milling 

in a CNC machine are performed. The marketing analysis of 3D printing of medical 

implants in Ukraine is carried out. 

Key words: revision acetabular system, acetabular cup, endoprosthesis, 3D 

printing, topological optimization, osseointegration, manufacturing technology, CNC 

machine. 

 

  



ɺʉʊʋʇ 

 

ɽʥʜʦʧʨʦʪʝʟʠ ï ʤʝʭʘʥʽʯʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʙʫʜʫʯʠ ʽʤʧʣʘʥʪʦʚʘʥʠʤʠ ʚ ʦʨʛʘʥʽʟʤ 

ʣʶʜʠʥʠ ʟʘʤʽʥʶʶʪʴ ʚʽʜʩʫʪʥʽ ʘʙʦ ʧʦʰʢʦʜʞʝʥʽ ʦʨʛʘʥʠ ʽ ʯʘʩʪʠʥʠ ʪʽʣʘ.  

ʃʽʢʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʥʘʩʣʽʜʢʽʚ ʪʨʘʚʤ ʪʘʟʦʩʪʝʛʥʦʚʦʛʦ ʩʫʛʣʦʙʫ 

ʷʚʣʷʻʪʴʩʷ ʦʜʥʦʶ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʦʨʪʦʧʝʜʽʾ. ʉʝʨʝʜ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ 

ʦʩʪʝʦʘʨʪʨʦʟʫ ʤʘʡʞʝ 50% ʩʢʣʘʜʘʻ ʜʝʬʦʨʤʫʶʯʠʡ ʢʦʢʩʘʨʪʨʦʟ. ʅʘ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʜʝʬʦʨʤʫʶʯʠʡ ʢʦʢʩʘʨʪʨʦʟ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʽʩʪʦʪʥʠʭ ʧʦʨʫʰʝʥʴ 

ʬʫʥʢʮʽʾ ʩʫʛʣʦʙʫ ʪʘ ʜʦ ʟʥʘʯʥʠʭ ʦʙʤʝʞʝʥʴ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʧʘʮʽʻʥʪʽʚ. ɿʚôʷʟʘʥʘ ʟ 

ʮʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʩʪʽʡʢʘ ʫʪʨʘʪʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʢʣʘʜʘʻ ʜʦ 40%  ʚ ʩʪʨʫʢʪʫʨʽ 

ʟʘʛʘʣʴʥʦʾ ʽʥʚʘʣʽʜʥʦʩʪʽ [1].  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʜʥʦʶ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʾ 

ʦʨʪʦʧʝʜʽʾ ʷʚʣʷʻʪʴʩʷ ʣʽʢʫʚʘʥʥʷ ʦʩʪʝʦʘʨʪʨʦʟʫ ʪʘ ʢʦʢʩʘʨʪʨʦʟʫ ʷʢ ʡʦʛʦ ʯʘʩʪʦʾ ʧʨʦʷʚʠ. 

ɿʘʛʘʣʴʥʦʚʠʟʥʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʣʽʢʫʚʘʥʥʷ ʜʘʥʦʾ 

ʢʘʪʝʛʦʨʽʾ ʭʚʦʨʠʭ ʷʚʣʷʻʪʴʩʷ ʪʦʪʘʣʴʥʝ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʢʦʨʦʪʢʽ 

ʩʪʨʦʢʠ ʚʽʜʥʦʚʠʪʠ ʦʧʦʨʥʫ ʬʫʥʢʮʽʶ ʥʠʞʥʴʦʾ ʢʽʥʮʽʚʢʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʞʠʪʪʷ 

ʭʚʦʨʠʭ. ɸʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʯʝʨʝʟ ʱʦ ʧʝʨʝʜ 

ʦʨʪʦʧʝʜʘʤʠ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ï ʜʨʫʢʫʚʘʪʠ ʤʝʜʠʯʥʽ ʽʤʧʣʘʥʪʘʪʠ ʘʜʠʪʠʚʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʯʠ ʟʘʣʠʰʠʪʠʩʴ ʚʽʨʥʠʤ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʶ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʢʦʥʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʚʦʨʝʥʥʷ ʨʝʚʽʟʽʡʥʦʾ 

ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʘʜʠʪʠʚʥʠʤʠ ʪʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ ʪʘ ʽʩʥʫʶʯʽ ʚʘʨʽʘʥʪʠ ʾʾ ʚʠʨʽʰʝʥʥʷ. 

2. ʇʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʨʝʚʽʟʽʡʥʦʾ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ. 

3. ʇʨʦʚʝʩʪʠ ʪʦʧʦʣʦʛʽʯʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ. 

4. ʇʨʦʚʝʩʪʠ ʩʠʤʫʣʷʮʽʶ ʧʦʙʫʜʦʚʠ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 3D ʜʨʫʢʦʤ ʚ 

ʧʨʠʥʪʝʨʽ ʪʘ ʬʨʝʟʝʨʫʚʘʥʥʷʤ ʚ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. 



5. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ 

ʧʝʨʝʚʘʛʠ ʦʜʥʦʛʦ ʤʝʪʦʜʫ ʥʘʜ ʽʥʰʠʤ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʮʝʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʚʽʟʽʡʥʦʾ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʪʘ ʤʝʪʦʜʽʚ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ.ʈʝʚʽʟʽʡʥʘ ʘʮʝʪʘʙʫʣʷʨʥʘ ʩʠʩʪʝʤʘ, ʧʘʨʘʤʝʪʨʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʚʽʟʽʡʥʦʾ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ 

ʘʜʠʪʠʚʥʠʤʠ ʪʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

  



1. ɸʅɸʃɯɿ ʉʋʏɸʉʅʀʍ ɸʎɽʊɸɹʋʃʗʈʅʀʍ ʉʀʉʊɽʄ 

 

1.1. ɸʥʘʣʽʟ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʭʽʨʫʨʛʽʯʥʦʾ ʟʘʤʽʥʠ 

ʪʘʟʦʩʪʝʛʥʦʚʦʛʦ ʩʫʛʣʦʙʘ 

ʂʽʩʪʢʦʚʘ ʪʢʘʥʠʥʘ ï ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʪʠʧ ʟôʻʜʥʫʚʘʣʴʥʦʾ ʪʢʘʥʠʥʠ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʣʽʪʠʥ ʥʘ ʢʣʽʪʠʥʥʦʾ ʨʝʯʦʚʠʥʠ. ʇʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʠʥʘʤʽʯʥʫ 

ʧʦʣʽʤʦʨʬʥʫ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʧʨʦʪʷʛʦʤ ʞʠʪʪʷ ʣʶʜʠʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʚʘ 

ʚʟʷʻʤʦʧʦʚôʷʟʘʥʠʭ ʧʨʦʮʝʩʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʮʠʢʣ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʠ ï 

ʨʝʟʦʨʙʮʽʷ (ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʨʦʾ) ʽ ʦʩʪʝʦʛʝʥʝʟ (ʫʪʚʦʨʝʥʥʷ ʥʦʚʦʾ). 

ʂʽʩʪʢʠ ï ʛʦʣʦʚʥʠʡ ʝʣʝʤʝʥʪ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʣʶʜʠʥʠ. ɺʦʥʠ 

ʫʪʨʠʤʫʶʪʴ ʚʘʛʫ ʪʽʣʘ, ʧʨʦʪʠʩʪʦʷʪʴ ʤʝʭʘʥʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʚʠʢʦʥʫʶʪʴ ʨʫʭʠ 

ʪʘ ʟʘʭʠʱʘʶʪʴ ʚʥʫʪʨʽʰʥʽ ʦʨʛʘʥʠ ʪʽʣʘ ʣʶʜʠʥʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʢʽʩʪʢʠ ʪʘʢʦʞ ʚʘʞʣʠʚʽ 

ʜʣʷ ʦʙʤʽʥʫ ʢʘʣʴʮʽʶ ʪʘ ʛʝʥʝʨʫʚʘʥʥʷ ʢʣʽʪʠʥ ʢʨʦʚʽ. ʂʽʩʪʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʩʢʣʘʜʥʝ ʩʪʨʫʢʪʫʨʥʝ ʫʪʚʦʨʝʥʥʷ, ʚ ʷʢʝ, ʥʘʨʷʜʫ ʟ ʢʽʩʪʢʦʚʦʶ ʪʢʘʥʠʥʦʶ, ʚʭʦʜʷʪʴ 

ʢʽʩʪʢʦʚʠʡ ʤʦʟʦʢ, ʢʨʦʚʦʥʦʩʥʽ ʪʘ ʣʽʤʬʘʪʠʯʥʽ ʚʫʟʣʠ, ʦʢʽʩʪʷ, ʥʝʨʚʠ ʪʘ, ʚ ʨʷʜʫ 

ʚʠʧʘʜʢʽʚ, ʭʨʷʱʦʚʦʾ ʪʢʘʥʠʥʠ.  

ʋ ʜʦʨʦʩʣʦʾ ʣʶʜʠʥʠ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʤʦʨʬʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʠʧʠ ʢʽʩʪʢʠ: 

ʢʦʨʪʠʢʘʣʴʥʘ (ʱʽʣʴʥʘ ʘʙʦ ʢʦʤʧʘʢʪʥʘ) ʪʘ ʪʨʘʙʝʢʫʣʷʨʥʘ (ʛʫʙʯʘʩʪʘ ʘʙʦ ʩʧʦʥʛʽʦʟʥʘ) 

ʢʽʩʪʢʘ (ʨʠʩ.1.1). 

 

 

ʈʠʩ. 1.1 ï ʄʦʨʬʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʠʧʠ ʢʽʩʪʢʠ [2] 



ʂʦʨʪʠʢʘʣʴʥʘ ʢʽʩʪʢʘ ʩʢʣʘʜʘʻ ʟʦʚʥʽʰʥʶ ʯʘʩʪʠʥʫ ʚʩʽʭ ʩʢʝʣʝʪʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʆʩʥʦʚʥʦʶ ʩʪʨʫʢʪʫʨʥʦʶ ʦʜʠʥʠʮʝʶ ʢʦʤʧʘʢʪʥʦʾ ʢʽʩʪʢʠ ʷʚʣʷʻʪʴʩʷ ʦʩʪʝʦʥ, ʷʢʠʡ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʢʦʥʮʝʥʪʨʠʯʥʦ ʨʦʟʤʽʱʝʥʠʭ ʢʽʩʪʥʠʭ ʧʣʘʩʪʠʥʦʢ, ʷʢʽ 

ʤʘʶʪʴ ʬʦʨʤʫ ʮʠʣʽʥʜʨʽʚ. ɺ ʮʝʥʪʨʽ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʮʠʣʽʥʜʨʘ ʤʘʻʪʴʩʷ ʛʘʚʝʨʩʽʚ 

ʢʘʥʘʣ. ʄʽʞ ʦʩʪʝʦʥʘʤʠ ʨʦʟʤʽʱʝʥʽ ʚʩʪʘʚʥʽ ʢʽʩʪʥʽ ʧʣʘʩʪʠʥʢʠ. ɼʦ 80% ʩʢʝʣʝʪʫ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʪʠʢʘʣʴʥʦʾ ʢʽʩʪʢʠ [3]. 

ʊʨʘʙʝʢʫʣʷʨʥʘ ʢʽʩʪʢʘ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʤʽʩʮʷʭ ʧʨʠʢʨʽʧʣʝʥʥʷ ʩʫʭʦʞʠʣʴ ʜʦ 

ʜʦʚʛʠʭ ʪʨʫʙʯʘʩʪʠʭ ʢʽʩʪʦʢ, ʚ ʪʽʣʘʭ ʭʨʝʙʮʽʚ, ʝʧʽʬʽʟʘʭ ʪʨʫʙʯʘʩʪʠʭ ʢʽʩʪʦʢ, ʚ ʢʽʩʪʢʘʭ 

ʪʘʟʫ ʪʘ ʚ ʚʝʣʠʢʠʭ ʧʣʦʩʢʠʭ ʢʽʩʪʢʘʭ. ʊʨʘʙʝʢʫʣʷʨʥʘ ʢʽʩʪʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʙʽʣʴʰ 

ʤʝʥʰ ʛʫʩʪʝ ʧʝʨʝʧʣʝʪʽʥʥʷ ʟ ʪʚʝʨʜʠʭ ʧʝʨʝʢʣʘʜʠʥ ʪʘ ʧʣʘʩʪʠʥʦʢ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʪʘ 

ʬʦʨʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʧʨʘʚʣʝʥʥʷʭ, ʙʫʜʫʶʯʠ ʧʨʦʤʽʞʥʦʩʪʽ, 

ʥʘʯʝ ʚ ʛʫʙʢʠ, ʷʢʽ ʟʘʧʦʚʥʝʥʽ ʢʽʩʪʢʦʚʠʤ ʤʦʟʢʦʤ. ʊʨʘʙʝʢʫʣʷʨʥʘ ʢʽʩʪʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʤʝʭʘʥʽʯʥʫ ʧʽʜʪʨʠʤʢʫ ʪʽʣʘ, ʦʩʦʙʣʠʚʦ ʚ ʭʨʝʙʪʽ.  

ɺ ʩʫʯʘʩʥʽʡ ʦʨʪʦʧʝʜʽʾ ʦʜʥʦʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʻʪʴʩʷ ʣʽʢʫʚʘʥʥʷ 

ʭʚʦʨʦʙ ʪʘʟʦʩʪʝʛʥʦʚʦʛʦ ʩʫʛʣʦʙʫ, ʘ ʩʘʤʝ ʦʩʪʝʦʘʨʪʨʦʟʫ ʪʘ ʢʦʢʩʘʨʪʨʦʟʫ ʷʢ ʾʭ 

ʚʽʜʥʦʩʥʦ ʯʘʩʪʦʾ ʧʨʦʷʚʠ. ɼʣʷ ʾʭ ʣʽʢʫʚʘʥʥʷ ʥʘʡʢʨʘʱʠʤ ʤʝʪʦʜʦʤ ʚʚʘʞʘʻʪʴʩʷ 

ʟʘʛʘʣʴʥʝ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ ï ʧʦʚʥʘ ʟʘʤʽʥʘ ʭʚʦʨʦʛʦ ʩʫʛʣʦʙʘ ʥʘ ʘʮʝʪʘʙʫʣʷʨʥʫ 

ʩʠʩʪʝʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʤʽʥʽʤʘʣʴʥʽ ʩʪʨʦʢʠ ʚʽʜʥʦʚʠʪʠ ʬʫʥʢʮʽʾ ʧʦʰʢʦʜʞʝʥʠʭ 

ʢʽʥʮʽʚʦʢ. 

ɸʮʝʪʘʙʫʣʷʨʥʘ ʩʠʩʪʝʤʘ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ ʪʘʟʦʙʝʜʨʦʚʦʛʦ ʩʫʛʣʦʙʫ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʚʽʜʥʦʚʠʪʠ ʢʽʥʝʤʘʪʠʯʥʫ ʬʫʥʢʮʽʶ ʰʣʷʭʦʤ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʟʚôʷʟʘʥʠʭ ʟ ʧʝʨʚʠʥʥʠʤ ʪʘ ʨʝʚʽʟʽʡʥʠʤ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷʤ 

ʤʝʪʦʶ ʷʢʠʭ ʻ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʚʝʨʪʣʫʞʥʦʾ ʚʧʘʜʠʥʠ. 



 

ʈʠʩ. 1.2 ï ʈ̔ ʟʥʽ ʧʨʠʯʠʥʠ ʚʽʜʤʦʚʠ ʽʤʧʣʘʥʪʘʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʝʚʽʟʽʡʥʦʾ 

ʦʧʝʨʘʮʽʾ [3] 

ʈʦʟʨʽʟʥʷʶʪʴ ʧʝʨʚʠʥʥʝ ʪʘ ʨʝʚʽʟʽʡʥʝ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʷ. ʇʝʨʚʠʥʥʝ 

ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʧʝʨʰʦʤʫ (ʧʝʨʚʠʥʥʦʤʫ) ʣʽʢʫʚʘʥʥʽ 

ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʪʨʘʚʤ ʪʘʟʦʩʪʝʛʥʦʚʦʛʦ ʩʫʛʣʦʙʫ, ʢʦʣʠ ʽʤʧʣʘʥʪʘʪ ʧʦʤʽʱʘʻʪʴʩʷ 

ʥʘʧʨʷʤʫ ʚ ʚʝʨʪʣʫʞʥʫ ʟʘʧʘʜʠʥʫ. ʇʨʦʪʝ ʟ ʯʘʩʦʤ, ʟʥʦʩ ʚ ʧʘʨʘʭ ʪʝʨʪʷ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʚʠʚʽʣʴʥʝʥʥʶ ʯʘʩʪʠʥʦʢ ʚ ʥʘʚʢʦʣʠʰʥʽ ʪʢʘʥʠʥʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʪʢʘʥʠʥʥʽ ʨʝʘʢʮʽʾ, 

ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʦʛʨʝʩʫʚʘʥʥʷ ʦʩʪʝʦʣʽʟʫ ʚ ʧʝʨʠʧʨʦʪʝʟʥʠʭ ʜʽʣʷʥʢʘʭ ʢʽʩʪʢʠ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʘʩʝʧʪʠʯʥʦʛʦ ʨʦʟʭʠʪʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 



ʩʚʦʻʯʘʩʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʘʩʠʚʥʠʭ ʢʽʩʪʢʦʚʠʭ ʜʝʬʝʢʪʽʚ. 

ɺʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʧʝʨʠʘʮʝʪʘʙʫʣʷʨʥʽ ʧʝʨʝʣʦʤʠ, ʭʽʨʫʨʛʽʯʥʝ ʣʽʢʫʚʘʥʥʷ ʧʫʭʣʠʥ 

ʢʽʩʪʢʠ ʪʘ ʧʝʨʠʧʨʦʪʝʟʥʘ ʽʥʬʝʢʮʽʷ ʪʘʢʦʞ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʝʣʠʢʠʭ ʢʽʩʪʢʦʚʠʭ 

ʜʝʬʝʢʪʽʚ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʤʘʻ ʤʽʩʮʝ ʟʘʩʪʦʚʫʚʘʥʥʷ ʨʝʚʽʟʽʡʥʠʭ ʘʮʝʪʘʙʫʣʷʨʥʠʭ 

ʩʠʩʪʝʤ. 

ɸʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʘ - ʮʝ ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ ʧʦʤʽʱʘʻʪʴʩʷ ʚ ʚʝʨʪʣʫʞʥʫ 

ʟʘʧʘʜʠʥʫ ʪʘʟʦʚʦʾ ʢʽʩʪʢʠ (ʢʫʣʴʰʦʚʠʡ ʩʫʛʣʦʙ). ɺʧʝʨʰʝ ʘʮʝʪʘʙʫʣʷʨʥʽ ʯʘʰʽ ʟ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʩʫʚʘʪʠʩʴ ʥʘʧʨʠʢʽʥʮʽ 1970-ʭ. ʎʽ ʽʤʧʣʘʥʪʘʪʠ ʤʘʣʠ 

ʩʧʦʯʘʪʢʫ ʛʣʘʜʢʫ ʧʦʚʝʨʭʥʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʥʝ ʚʽʜʙʫʚʘʣʘʩʴ ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʷ 

(ʟʨʦʱʝʥʥʷ ʢʽʩʪʢʠ ʟ ʝʥʜʦʧʨʦʪʝʟʦʤ). ʂʣʽʥʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʥʝʚʪʽʰʥʽ. ʆʟʥʘʢʠ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʽʤʧʣʘʥʪʘʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫ 21% ʧʘʮʽʻʥʪʽʚ, ʪʘ ʫ 25% ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʚʽʜʭʠʣʝʥʥʷ ʫ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ [4].  

ʇʨʝʩʦʚʘʥʽ ʥʘʧʽʚʩʬʝʨʠʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ (ʜʨʫʛʝ ʧʦʢʦʣʽʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʠʭ 

ʯʘʰ), ʟ ʤʦʞʣʠʚʽʩʪʶ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʢʽʩʪʢʦʶ ʧʦʢʘʟʘʣʠ ʛʘʨʥʫ 

ʬʽʢʩʘʮʽʶ ʫ ʢʣʽʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʎʽ ʯʘʰʽ ʤʘʶʪʴ ʧʦʨʠʩʪʽ ʘʙʦ ʰʦʨʩʪʢʽ ʧʦʚʝʨʭʥʽ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʜʦʩʷʛʘʣʘʩʴ ʧʨʝʢʨʘʩʥʘ ʙʽʦʣʦʛʽʯʥʘ ʬʽʢʩʘʮʽʷ. ɼʦʜʘʚʘʥʥʷ ʪʦʥʢʦʛʦ ʰʘʨʫ 

ʢʝʨʘʤʽʢʠ ʜʦ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʱʝ ʙʽʣʴʰʝ ʧʦʢʨʘʱʫʚʘʣʠ ʬʽʢʩʘʮʽʶ ʢʽʩʪʢʠ. ɹʘʛʘʪʦ ʟ ʪʘʢʠʭ 

ʘʮʝʪʘʙʫʣʷʨʥʠʭ ʯʘʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʛʚʠʥʪʘʤʠ ʜʣʷ 

ʟʘʢʨʽʧʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʬʽʢʩʘʮʽʾ ʤʝʪʘʣʝʚʦʾ ʦʙʦʣʦʥʢʠ, ʧʨʦʪʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʣʠʰʝ ʫ ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʽʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. 

ʏʘʰʢʘ ʝʥʜʦʧʨʦʪʝʟʘ ʢʫʣʴʰʦʚʦʛʦ ʩʫʛʣʦʙʘ ʤʘʻ ʥʘʧʽʚʩʬʝʨʠʯʥʫ ʬʦʨʤʫ. ʇʽʩʣʷ 

ʦʙʨʦʙʢʠ ʚʝʨʪʣʶʞʥʦʾ ʟʘʧʘʜʠʥʠ ʩʧʝʮʽʘʣʴʥʠʤʠ ʬʨʝʟʘʤʠ ʯʘʰʢʘ ʢʨʽʧʠʪʴʩʷ ʚ 

ʚʝʨʪʣʶʞʥʽʡ ʟʘʧʘʜʠʥʽ ʮʝʤʝʥʪʥʠʤ ʘʙʦ ʙʝʟʮʝʤʝʥʪʥʠʤ ʩʧʦʩʦʙʦʤ. ɺʽʜʧʦʚʽʜʥʦ, 

ʯʘʰʢʠ ʙʫʚʘʶʪʴ ʮʝʤʝʥʪʥʽ ʽ ʙʝʟʮʝʤʝʥʪʥʽ. 

ɿʘ ʬʦʨʤʦʶ ʯʘʰʢʠ ʙʫʚʘʶʪʴ ʥʘʧʽʚʩʬʝʨʠʯʥʠʤʠ ʽ ʥʠʟʢɹʦʧʨʦʬʽʣʴʥʠʤʠ. 

ɺʽʜʨʽʟʥʷʻ ʾʭ ʨʦʟʤʽʨ - ʥʘʧʽʚʩʬʝʨʠʯʥʽ ʯʘʰʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʻʾ ʥʘʟʚʠ ʤʘʶʪʴ 

ʬʦʨʤʫ ʧʽʚʩʬʝʨʠ, ʘ ʥʠʟʴʢʦʧʨʦʬʽʣʴʥʽ - ʪʨʦʭʠ ʤʝʥʰʽ. ʅʠʟʴʢʦʧʨʦʬʽʣʴʥʽ ʯʘʰʢʠ 

ʜʘʶʪʴ ʚʝʣʠʢʫ ʘʤʧʣʽʪʫʜʫ ʨʫʭʽʚ, ʘʣʝ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʦʥʠ ʤʦʞʫʪʴ ʩʧʨʦʚʦʢʫʚʘʪʠ 

ʚʠʚʠʭ ʟʘ ʨʘʭʫʥʦʢ ʤʝʥʰʦʾ ʚʠʩʦʪʠ çʙʦʨʪʠʢʽʚè. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʤʝʥʰʠʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʚʠʭʫ, ʪʦʙʪʦ ʚʠʩʢʘʢʫʚʘʥʥʷ ʛʦʣʦʚʢʠ ʟ ʯʘʰʢʠ, ʧʦ ʾʾ ʢʨʘʷʭ ʽʥʦʜʽ 



ʨʦʙʣʷʪʴ ʟʙʽʣʴʰʝʥʥ ̫ʢʨʘʶ - ʢʦʟʠʨʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ ʤʦʞʝ 

ʩʪʘʪʠʩʷ ʚʠʚʠʭ. 

ʇʨʠʨʦʜʥʡ̔ ʩʫʛʣʦʙ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ: ʛʦʣʦʚʢʠ ʽ ʟʘʧʘʜʠʥʠ. 

ʇʽʜ ʯʘʩ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ ʢʫʣʴʰʦʚʦʛʦ ʩʫʛʣʦʙʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʰʪʫʯʥʦʛʦ 

ʩʫʛʣʦʙʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʦʪʠʨʠ ʢʦʤʧʦʥʝʥʪʠ. ʎʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ: 

ʘʮʝʪʘʙʫʣʷʨʥʠʡ ʢʦʤʧʦʥʝʥʪ (ʯʘʰʢʘ), ʧʣʘʩʪʠʢʦʚʠʡ ʚʢʣʘʜʠʰ, ʛʦʣʽʚʢʘ ʩʪʝʛʥʦʚʦʾ 

ʢʽʩʪʢʠ ʽ ʩʪʝʛʥʦʚʘ ʥʽʞʢʘ. 

ɸʮʝʪʘʙʫʣʷʨʥʠʡ ʢʦʤʧʦʥʝʥʪ (ʯʘʰʢʘ) - ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ ʩʪʚʦʨʠʪʴ ʥʦʚʫ 

ʢʫʣʴʰʦʚʫ ʟʘʧʘʜʠʥʫ (ʨʠʩ.1.3). ɿʘʟʚʠʯʘʡ ʮʝʡ ʢʦʤʧʦʥʝʥʪ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʤʝʪʘʣʫ, 

ʘʣʝ ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʢʝʨʘʤʽʢʘ ʘʙʦ ʢʦʤʙʽʥʘʮʽʷ ʢʝʨʘʤʽʢʠ ʪʘ ʤʝʪʘʣʫ. 

 

 

ʈʠʩ. 1.3 ï ɸʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ [4] 

ɸʮʝʪʘʙʫʣʷʨʥʠʡ ʚʢʣʘʜʠʰ - ʧʣʘʩʪʠʢʦʚʠʡ ʚʢʣʘʜʠʰ, ʷʢʠʡ ʱʽʣʴʥʦ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʘʮʝʪʘʙʫʣʷʨʥʠʡ ʢʦʤʧʦʥʝʥʪ ʽ ʜʦʟʚʦʣʷʻ ʛʦʣʽʚʮʽ ʩʪʝʛʥʦʚʦʾ ʢʽʩʪʢʠ 

ʣʝʛʢʦ ʢʦʚʟʘʪʠ ʚ ʥʴʦʤʫ (ʨʠʩ. 1.4). ɿʘʟʚʠʯʘʡ ʮʝʡ ʢʦʤʧʦʥʝʥʪ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ 

ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʤʽʮʥʦʛʦ ʧʣʘʩʪʠʢʫ. 

 



ʈʠʩ. 1.4 ï ɸʮʝʪʘʙʫʣʷʨʥʠʡ ʚʢʣʘʜʠʰ [4] 

ɻʦʣʦʚʢʘ ʩʪʝʛʥʦʚʦʾ ʢʽʩʪʢʠ - ʛʦʣʦʚʢʘ ʟʘ ʨʦʟʤʽʨʘʤʠ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʚʦʤʫ 

ʧʣʘʩʪʠʢʦʚʦʤʫ ʚʢʣʘʜʠʰʫ, ʽ ʧʨʠʢʨʽʧʣʶʻʪʴʩʷ ʜʦ ʩʪʝʛʥʦʚʦʾ ʥʽʞʢʠ (ʨʠʩ. 1.5). ɯʩʥʫʻ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ ʛʦʣʦʚʦʢ. ɻʦʣʦʚʢʠ ʤʦʞʫʪʴ 

ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʟ ʤʽʮʥʦʛʦ ʤʝʪʘʣʫ, ʧʣʘʩʪʠʢʫ, ʢʝʨʘʤʽʢʠ ʘʙʦ ʧʦʻʜʥʘʥʥʷ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʅʝʤʠʥʫʯʠʤ ʤʽʥʫʩʦʤ ʤʝʪʘʣʝʚʠʭ ʛʦʣʦʚʦʢ ʻ ʪʝ, ʱʦ ʧʨʠ ʪʝʨʪʽ ʚʦʥʠ 

ʧʦʩʪʫʧʦʚʦ ʟʥʦʰʫʶʪʴʩʷ, ʽ ʧʨʦʜʫʢʪʠ ʪʝʨʪʷ ʫ ʚʠʛʣʷʜʽ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʧʨʦʥʠʢʘʶʪʴ ʫ 

ʥʘʚʢʦʣʠʰʥʽ ʪʢʘʥʠʥʠ (ʤ'ʷʟʠ, ʟʚ'ʷʟʢʠ, ʢʽʩʪʢʠ) ʽ ʟ ʪʦʢʦʤ ʢʨʦʚʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʽʥʰʽ 

ʦʨʛʘʥʠ (ʥʠʨʢʠ, ʧʝʯʽʥʢʘ ʪʘ ʽʥ.). ʋ ʧʘʮʽʻʥʪʽʚ, ʷʢʠʤ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ ʢʫʣʴʰʦʚʦʛʦ ʩʫʛʣʦʙʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʣʝʚʠʭ ʛʦʣʦʚʦʢ ʽʦʥʠ 

ʤʝʪʘʣʽʚ ʚ ʢʨʦʚʽ ʚʠʷʚʣʷʶʪʴʩʷ ʟʘʚʞʜʠ, ʘʣʝ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʩʠʪʴ ʤʘʣʘ ʽ ʥʝ ʥʝʩʝ 

ʥʽʷʢʦʾ ʰʢʦʜʠ. ʆʜʥʘʢ ʧʨʦʩʦʯʫʚʘʥʥʷ ʦʪʦʯʫʶʯʠʭ ʪʘʟʦʩʪʝʛʥʦʚʠʡ ʩʫʛʣʦʙ ʤ'ʷʟʽʚ 

ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʙʣʝʤʫ. 

 

ʈʠʩ. 1.5 ï ɻʦʣʦʚʢʘ ʙʝʜʨʝʥʥʦʾ ʢʽʩʪʢʠ [4] 

ʉʪʝʛʥʦʚʘ ʥʽʞʢʘ ï ʥ̔ ʞʢʘ, ʷʢʘ ʧʨʠʢʨʽʧʣʶʻʪʴʩʷ ʜʦ ʛʦʣʽʚʢʠ ʽ ʟʘʙʝʟʧʝʯʫʻ ʦʧʦʨʫ 

ʥʦʚʦʛʦ ʩʫʛʣʦʙʘ (ʨʠʩ. 1.6). ɿʘʟʚʠʯʘʡ, ʤʝʪʘʣ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʥʽʞʢʘ, ʻ 

ʧʦʨʠʩʪʠʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠʨʦʜʥʽʡ ʢʽʩʪʢʠ ʧʨʦʨʦʩʪʘʪʠ ʽ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʟʥʦʚʫ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ (ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʷ). ʅʘ ʨʠʩ. 1.7 ʟʦʙʨʘʞʝʥʦ ʟʙʽʨʢʫ 

ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʢʨʽʧʣʝʥʥʷ ʜʦ ʢʫʣʴʰʦʚʦʾ ʚʧʘʜʠʥʠ. 



 

ʈʠʩ. 1.6 ï ʉʪʝʛʥʦʚʘ ʥʽʞʢʘ [4] 

 

ʈʠʩ. 1.7 ï ʉʪʝʛʥʦʚʠʡ ʽʤʧʣʘʥʪʘʪ [4] 

  



1.2. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʤʦʛʠ ʜʦ 

ʥʠʭ 

ɹʽʦʤʘʪʝʨʽʘʣʠ ï ʮʝ ʰʪʫʯʥʽ ʘʙʦ ʧʨʠʨʦʜʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʘʙʦ ʽʤʧʣʘʥʪʘʪʽʚ ʜʣʷ ʟʘʤʽʱʝʥʥʷ ʚʪʨʘʯʝʥʦʾ ʘʙʦ 

ʭʚʦʨʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʬʦʨʤʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ ʷʢ ʰʪʫʯʥʽ ʢʣʘʧʘʥʠ ʩʝʨʮʷ, 

ʤ̔ʧʣʘʥʪʘʪʠ, ʱʦ ʟʘʤʽʥʶʶʪʴ ʩʫʛʣʦʙʠ ʧʣʝʯʝʡ, ʣʽʢʪʽʚ, ʩʪʝʛʥʘ, ʟʫʙʦʱʝʣʝʧʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʦʱʦ. 

 

1.2.1. ɹʽʦʩʫʤʽʩʥʽʩʪʴ 

ʄʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʤʧʣʘʥʪʘʪʽʚ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʥʝʪʦʢʩʠʯʥʠʤʠ ʪʘ ʥʝ ʧʦʚʠʥʥʽ ʚʠʢʣʠʢʘʪʠ ʟʘʧʘʣʴʥʠʭ ʘʙʦ ʘʣʝʨʛʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚ 

ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ʋʩʧʽʭ ʙʽʦʤʘʪʝʨʽʘʣʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʘʢʮʽʾ 

ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ ʥʘ ʽʤʧʣʘʥʪʘʪ ʽ ʮʝ ʚʠʤʽʨʶʻʪʴʩʷ ʙʽʦʩʫʤʽʩʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ. 

ɼʚʦʤʘ ʛʦʣʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʽʦʩʫʤʽʩʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʻ ʨʝʘʢʮʽʷ 

ʦʨʛʘʥʽʟʤʫ ʥʘ ʩʘʤ ʤʘʪʝʨʽʘʣ ʪʘ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ ʦʨʛʘʥʽʟʤʫ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʙʽʦʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʘʢʮʽʾ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ  ʥʘʚʝʜʝʥʘ ʚ 

ʪʘʙʣʠʮʽ 1.1.  

ʊʘʙʣʠʮʷ 1.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʙʽʦʤʘʪʝʨʽʘʣʽʚ, ʦʩʥʦʚʘʥʘ ʥʘ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤʠ ʪʢʘʥʠʥʘʤʠ  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʇʨʠʟʥʘʯʝʥʥʷ ʇʨʠʢʣʘʜ ɽʬʝʢʪ 

ɹʽʦʪʦʣʝʨʘʥʪʥʽ 

ʤʘʪʝʨʽʘʣʠ 

ʋʪʚʦʨʝʥʥʷ ʪʦʥʢʠʭ 

ʩʧʦʣʫʯʥʦʪʢʘʥʠʥʥʠʭ 

ʢʘʧʩʫʣ (0,1 ï 10 

ʤʢʤ), ʷʢʽ ʥʝ 

ʧʨʠʣʷʛʘʶʪʴ ʜʦ 

ʧʦʚʝʨʭʥʽ 

ʽʤʧʣʘʥʪʘʪʫ. 

ʇʦʣʽʤʝʨʧʦʣʽʪʝʪʨʘ-

ʬʣʫʦʨʝʪʠʣʝʥ (PTFE), 

ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ, 

Ti, Co-Cr ʪʘ ʽʥ. 

ɺʽʜʪʦʨʛʥʝʥʥʷ 

ʽʤʧʣʘʥʪʘʪʫ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʰʢʦʜʞʝʥʥʷ 

ʝʥʜʦʧʨʦʪʝʟʫ. 

 

 



ɹʽʦʘʢʪʠʚʥʽ 

ʤʘʪʝʨʽʘʣʠ 

ʌʦʨʤʫʚʘʥʥʷ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ 

ʥʘʚʢʦʣʦ ʤʘʪʝʨʽʘʣʫ 

ʽʤʧʣʘʥʪʘʪʫ ʪʘ 

ʤʽʮʥʘ ʽʥʪʝʛʨʘʮʽʷ ʟ 

ʧʦʚʝʨʭʥʝʶ 

ʽʤʧʣʘʥʪʘʪʫ. 

ɹʽʦʩʢʣʦ, ʩʠʥʪʝʪʠʯʥʠʡ 

ʬʦʩʬʘʪ ʢʘʣʴʮʽʶ, 

ʚʢʣʶʯʘʶʯʠ 

ʛʽʜʨʦʢʩʠʣʘʧʘʪʠʪ 

(HAP). 

ʇʨʠʡʥʷʪʪʷ 

ʽʤʧʣʘʥʪʘʪʫ, ʱʦ 

ʚʝʜʝ ʜʦ ʫʩʧʽʭʫ 

ʽʤʧʣʘʥʪʘʮʽʾ. 

ɹʽʦʘʙʩʦʨʙʫʶʯʽ 

ʤʘʪʝʨʽʘʣʠ 

ɿʘʤʽʥʷʻʪʴʩʷ 

ʘʫʪʦʣʦʛʽʯʥʦʶ 

ʪʢʘʥʠʥʦʶ. 

ʇʦʣʽʤʦʣʦʯʥʘ ʢʠʩʣʦʪʘ 

ʪʘ ʧʦʣʽʛʣʽʢʦʣʝʚʽ 

ʧʦʣʽʤʝʨʠ ʪʘ 

ʦʙʨʦʙʣʝʥʽ ʢʽʩʪʢʦʚʽ 

ʪʨʘʥʩʧʣʘʥʪʘʪʠ, 

ʢʦʤʧʦʟʠʪʠ ʚʩʽʭ 

ʪʢʘʥʠʥʥʠʭ ʝʢʩʪʨʘʢʪʽʚ 

ʘʙʦ ʙʽʣʢʽʚ. 

ʇʨʠʡʥʷʪʪʷ 

ʽʤʧʣʘʥʪʘʪʫ, ʱʦ 

ʚʝʜʝ ʜʦ ʫʩʧʽʭʫ 

ʽʤʧʣʘʥʪʘʮʽʾ. 

 

ɹʽʦʘʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʻ ʚʢʨʘʡ ʙʘʞʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʧʨʠʯʠʥʷʶʪʴ 

ʚʠʩʦʢʫ ʽʥʪʝʛʨʘʮʽʶ ʟ ʥʘʚʢʦʣʠʰʥʽʤʠ ʢʽʩʪʢʦʚʠʤʠ ʪʢʘʥʠʥʘʤʠ, ʧʨʦʪʝ ʙʽʦʪʦʣʝʨʘʥʪʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʽʚ [3]. ʂʦʣʠ 

ʽʤʧʣʘʥʪʘʪʠ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʣʶʜʩʴʢʠʭ ʪʢʘʥʠʥ ʥʘ ʨʽʜʠʥ, ʤʽʞ ʦʨʛʘʥʽʟʤʦʤ 

ʧʘʮʽʻʥʪʘ ʪʘ ʤʘʪʝʨʽʘʣʦʤ ʽʤʧʣʘʥʪʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʽʣʴʢʘ ʨʝʘʢʮʽʡ, ʽ ʩʘʤʝ ʚʦʥʠ 

ʜʠʢʪʫʶʪʴ ʧʨʠʡʥʷʪʥʽʩʪʴ  ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʰʠʤ ʪʽʣʦʤ.  

 

1.2.2. ɺʠʩʦʢʘ ʢʦʨʦʟʽʡʥʘ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ʅʠʟʴʢʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʽʤʧʣʘʥʪʘʪʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʪʽʣʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʠʜʫ ʥʝʩʫʤʽʩʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʽʤʧʣʘʥʪʘʪʘʤʠ ʚ ʥʘʚʢʦʣʠʰʥʽ 

ʪʢʘʥʠʥʠ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʜʽʣʝʥʽ ʽʦʥʠ ʚʠʢʣʠʢʘʶʪʴ 

ʘʣʝʨʛʽʯʥʽ ʪʘ ʪʦʢʩʠʯʥʽ ʨʝʘʢʮʽʾ. ʊʝʨʤʽʥ ʩʣʫʞʙʠ ʤʘʪʝʨʽʘʣʫ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʡʦʛʦ ʩʪʠʨʘʥʥʷʤ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ. ʅʠʟʴʢʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʩʣʘʙʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜʭʦʜʠ, ʷʢʝ ʚʠʢʣʠʢʘʻ ʨʷʜ 



ʨʝʘʢʮʽʡ ʫ ʪʢʘʥʠʥʽ, ʚ ʷʢʽʡ ʚʦʥʠ ʦʩʽʜʘʶʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʽʤʧʣʘʥʪʘʪʽʚ ʟ 

ʚʠʩʦʢʦʶ ʢʦʨʦʟʽʡʥʦʶ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʤʘʻ ʧʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʝʥʜʦʧʨʦʪʝʟʫ ʚ ʪʽʣʽ ʣʶʜʠʥʠ. 

 

1.2.3. ʄʝʪʘʣʝʚʽ ʙʽʦʤʝʜʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʾʭ ʦʙʤʝʞʝʥʥʷ 

ʄʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʭʽʨʫʨʛʽʯʥʠʭ 

ʽʤʧʣʘʥʪʘʪʽʚ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ (ʨʠʩ. 1.8) ï ʥʝʨʞʘʚʽʶʯʫ ʩʪʘʣʴ 316L 

(ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʽʤʧʣʘʥʪʘʪʽʚ), ʩʧʣʘʚʠ ʭʨʦʤʫ-ʢʦʙʘʣʴʪʫ (Co-Cr), 

ʩʧʣʘʚʠ ʪʠʪʘʥʫ ʪʘ ʥʝʤʝʪʘʣʝʚʽ ʤʘʪʝʨʽʘʣʠ ï ʢʝʨʘʤʽʢʫ ʪʘ ʧʦʣʽʝʪʠʣʝʥ. 

 
                   ʘ)                                  ʙ)                                    ʚ) 

ʈʠʩ. 1.8 ï ʇʦʨʦʰʢʠ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ ʪʠʪʘʥʫ (ʘ), ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ (ʙ) ʪʘ 

ʢʦʙʘʣʴʪ-ʭʨʦʤʫ (ʚ) [5] 

 ʊʘʢʽ ʝʣʝʤʝʥʪʠ ʷʢ Ni, Cr ʪʘ Co ʚʠʜʽʣʷʶʪʴʩʷ ʽʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʪʘ ʩʧʣʘʚʽʚ 

ʢʦʙʘʣʴʪ-ʭʨʦʤʫ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. Ni 

ʜʫʞʝ ʪʦʢʩʠʯʥʠʡ, ʯʝʨʝʟ ʱʦ ʫ ʧʘʮʽʻʥʪʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʘʭʚʦʨʶʚʘʥʥʷ ʰʢʽʨʠ ï 

ʜʝʨʤʘʪʠʪ, ʘ ʩʧʣʘʚʠ ʩʪʘʣʽ ʪʘ Cr-Co ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʚʠʱʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʥʽʞ 

ʢʽʩʪʢʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʽʩʪʢʫ, 

ʯʝʨʝʟ ʱʦ ʚʠʥʠʢʘʻ ʨʝʟʦʨʙʮʽʷ ʢʽʩʪʢʠ, ʘ ʩʘʤ ʽʤʧʣʘʥʪʘʪ ʨʦʟʭʠʪʫʻʪʴʩʷ ʫʞʝ ʯʝʨʝʟ ʧʘʨʫ 

ʨʦʢʽʚ ʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʉʝʨʝʜ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʽʤʧʣʘʥʪʘʮʽʾ ʧʝʨʝʚʘʛʫ ʥʘʜʘʶʪʴ 

ʩʧʣʘʚʘʤ ʥʘ ʦʩʥʦʚʽ ʪʠʪʘʥʫ, ʟʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʡʦʛʦ ʯʫʜʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ 

ʷʢ ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ, ʚʠʩʦʢʘ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ, ʧʨʝʢʨʘʩʥʘ ʙʽʦʩʫʤʽʩʥʽʩʪʴ, ʥʠʟʴʢʠʡ 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʪʘ ʚʠʩʦʢʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʾ. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 110 ʜʦ 55 ɻʇʘ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʨʞʘʚʽʶʯʦʶ 

ʩʪʘʣʣʶ 316L (210 ɻʇʘ) ʪʘ ʩʧʣʘʚʦʤ ʭʨʦʤʫ-ʢʦʙʘʣʴʪʫ (240 ɻʇʘ). ʇʦʨʽʚʥʷʥʥʷ 

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʨʽʟʥʠʭ ʤʝʜʠʯʥʠʭ ʩʧʣʘʚʽʚ ʪʘ ʢʽʩʪʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.8. ʇʝʨʰʽ 



ʩʧʨʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʪʘʥʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʫ ʜʘʪʫʻʪʴʩʷ ʢʽʥʮʝʤ 

1930-ʭ ʨʦʢʽʚ, ʢʦʣʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʠʪʘʥ ʜʦʙʨʝ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʩʪʝʛʥʦʚʠʭ 

ʢʽʩʪʢʘʭ ʢʽʰʦʢ, ʷʢ ʽ ʽʤʧʣʘʥʪʘʪʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʪʘ ʚʽʪʘʣʽʫʤʫ 

(ʩʧʣʘʚ CoCrMo) [3].  

 

ʈʠʩ. 1.9 ï ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʪʘ ʣʶʜʩʴʢʦʾ 

ʢʽʩʪʢʠ [3] 

 

ʊʠʪʘʥ ɺʊ6 (ʟʘʨʫʙʽʞʥʠʡ ʘʥʘʣʦʛ ASTM Ti-6Al-4V) ʤʘʻ ʯʫʜʦʚʫ ʨʝʧʫʪʘʮʽʶ 

ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʙʽʦʩʫʤʽʩʥʦʩʪʽ, ʧʨʦʪʝ ʜʦʚʛʦʪʨʠʚʘʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚ ʧʘʨʘʭ ʪʝʨʪʷ ʚʠʢʣʠʢʘʻ ʟʘʥʝʧʦʢʦʻʥʥʷ ʯʝʨʝʟ ʚʠʚʽʣʴʥʝʥʥʷ ʘʣʶʤʽʥʽʶ ʪʘ 

ʚʘʥʘʜʽʶ ʟʽ ʩʧʣʘʚʫ. ɺʠʚʽʣʴʥʝʥʽ ʽʦʥʠ ʘʣʶʤʽʥʽʶ ʪʘ ʚʘʥʘʜʽʶ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʫ 

ʧʘʮʽʻʥʪʘ ʧʨʦʙʣʝʤʠ ʟʽ ʟʜʦʨʦʚôʷʤ, ʪʘʢʽ ʷʢ ʭʚʦʨʦʙʘ ɸʣʴʮʛʝʡʤʝʨʘ ʪʘ ʥʝʡʨʦʧʘʪʽʷ. 

ɺʠʥʘʡʜʝʥʥʷ ʧʦʣʽʝʪʠʣʝʥʫ ʟ ʧʦʧʝʨʝʯʥʠʤʠ ʟʚôʷʟʢʘʤʠ (cross-link), ʷʢʠʡ 

ʥʘʙʘʛʘʪʦ ʩʪʽʡʢʽʰʠʡ ʜʦ ʟʨʦʰʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʧʦʣʽʤʝʨʘʤʠ, ʟʨʦʙʠʣʦ 

ʮʽʣʠʡ ʧʨʦʨʠʚ ʫ ʧʦʢʨʘʱʝʥʥʽ ʷʢʦʩʪʝʡ ʧʘʨʠ ʪʝʨʪʷ ʤʝʪʘʣ-ʧʦʣʽʝʪʠʣʝʥ. 

ʆʩʢʽʣʴʢʠ ʪʠʪʘʥ ʤʘʻ ʥʠʟʴʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʝʨʪʷ (ʦʜʥʫ ʟ ʥʘʡʥʠʞʯʠʭ ʩʝʨʝʜ 

ʽʥʰʠʭ ʙʽʦʩʫʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ), ʧʝʨʝʚʘʛʫ ʚʽʜʜʘʶʪʴ ʽʥʰʠʤ ʤʘʪʝʨʽʘʣʘʤ, ʫ ʷʢʠʭ ʮʝʡ 

ʥʝʜʦʣʽʢ ʚʽʜʩʫʪʥʽʡ ʘʙʦ ʤʝʥʰ ʚʠʨʘʞʝʥʠʡ. ʇʨʦʪʝ, ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 



ʪʦʡ ʬʘʢʪ, ʱʦ ʥʝʨʞʘʚʽʶʯʽ ʩʪʘʣʽ ʤʽʩʪʷʪʴ ʥʽʢʝʣʴ ʪʘ ʭʨʦʤ, ʷʢʽ ʤʦʞʫʪʴ ʣʝʛʢʦ ʚʠʭʦʜʠʪʠ 

ʟ ʽʤʧʣʘʥʪʘʪʫ ʚʠʛʣʷʜʽ ʜʫʞʝ ʪʦʢʩʠʯʥʠʭ ʽʦʥʽʚ. ʊʝ ʞ ʩʘʤʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʽ ʧʨʦ ʩʧʣʘʚ 

ʢʦʙʘʣʴʪ-ʭʨʦʤʫ. ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʥʽʢʝʣʴ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ 

ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʘʭ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʚ ʦʨʪʦʧʝʜʽʾ.  

ʊʠʪʘʥ ʤʘʻ ʥʠʟʴʢʫ ʤʽʮʥʽʩʪʴ ʥʘ ʟʩʫʚ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʤʝʥʰ ʙʘʞʘʥʠʤ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʽʩʪʢʦʚʠʭ ʛʚʠʥʪʽʚ, ʧʣʘʩʪʠʥ ʪʘ ʧʦʜʽʙʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ. ʊʘʢʦʞ 

ʜʘʥʠʡ ʤʘʪʝʨʽʘʣ ʩʭʠʣʴʥʠʡ ʜʦ ʩʠʣʴʥʦʛʦ ʟʥʦʩʫ, ʢʦʣʠ ʚʽʥ ʢʦʥʪʘʢʪʫʻ ʤʽʞ ʩʦʙʦʶ ʘʙʦ 

ʽʥʰʠʤʠ ʤʝʪʘʣʘʤʠ (ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʢʦʥʪʘʢʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʢʣʘʜʠʰʽ). ʉʧʣʘʚʠ 

ʥʘ ʦʩʥʦʚʽ ʪʠʪʘʥʫ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʩʤʽʪʪʷ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʧʘʣʴʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʙʽʣʴ ʪʘ 

ʨʦʟʭʠʪʫʚʘʥʥʷ ʽʤʧʣʘʥʪʘʪʽʚ ʚʥʘʩʣʽʜʦʢ ʦʩʪʝʦʣʽʟʫ. ɿʘʚʜʷʢʠ ʚʠʱʝʟʘʟʥʘʯʝʥʠʤ 

ʦʙʤʝʞʝʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʤʧʣʘʥʪʘʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʥʠʭ, ʪʘ ʫ 

ʷʢʠʭ ʥʘʷʚʥʘ ʧʘʨʘ ʪʝʨʪʷ, ʦʙʤʝʞʝʥʠʡ 15-20 ʨʦʢʘʤʠ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʥ ʧʦʪʨʝʙʫʻ ʟʘʤʽʥʠ. 

 

1.2.4. ʇʦʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʥʜʦʧʨʦʪʝʟʫ 

ʂʦʤʧʦʥʝʥʪʠ ʝʥʜʦʧʨʦʪʝʟʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʤʽʮʥʦʛʦ ʧʣʘʩʪʠʢʫ, 

ʢʝʨʘʤʽʢʠ ʘʙʦ ʤʝʪʘʣʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʩʪʝʛʥʦʚʘ ʥʽʞʢʘ ʚʠʢʦʥʘʥʘ ʟ ʪʠʪʘʥʫ, 

ʪʠʪʘʥ-ʢʦʙʘʣʴʪʦʚʦʛʦ ʘʙʦ ʢʦʙʘʣʴʪ-ʭʨʦʤʦʚʦʛʦ ʩʧʣʘʚʫ ʘʙʦ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ. 

ɻʦʣʦʚʢʘ, ʚʢʣʘʜʠʰ ʽ ʯʘʰʢʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʤʝʪʘʣʫ, ʧʣʘʩʪʠʢʫ ʘʙʦ 

ʢʝʨʘʤʽʢʠ, ʘʙʦ ʟ ʧʦʻʜʥʘʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʤʘʪʝʨʽʘʣʽʚ. ʄʘʪʝʨʽʘʣʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʤʽʮʥʠʤʠ, ʘʣʝ ʛʥʫʯʢʠʤʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʫʭʣʠʚʽʩʪʴ. ʂʦʤʧʦʥʝʥʪʠ ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʽʦʩʫʤʽʩʥʽ 

(ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʢʦʥʪʘʢʪʫ ʟ ʦʨʛʘʥʽʟʤʦʤ ʣʶʜʠʥʠ, ʱʦ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʨʝʘʢʮʽʾ ʧʨʠ 

ʢʦʥʪʘʢʪʽ). 

ʉʪʘʥʜʘʨʪʥʽ ʧʦʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ [6]: 

ʄʝʪʘʣ-ʤʝʪʘʣ - ʯʘʰʢʘ ʽ ʛʦʣʦʚʢʘ ʚʠʢʦʥʘʥʽ ʟ ʤʝʪʘʣʫ. ʄʝʪʘʣ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʠʪʘʥʦʚʠʤ, ʢʦʙʘʣʴʪ-ʭʨʦʤʦʚʠʤ ʩʧʣʘʚʦʤ ʘʙʦ ʟʤʽʰʘʥʠʤ ʩʧʣʘʚʦʤ ʥʘ 

ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ.  

ʇʦʣʽʝʪʠʣʝʥ ʽ ʤʝʪʘʣ-ʧʦʣʽʝʪʠʣʝʥ - ʧʦʣʽʝʪʠʣʝʥ ʮʝ ʚʠʩʦʢʦʷʢʽʩʥʠʡ ʧʣʘʩʪʠʢ. 

ɿʘʟʚʠʯʘʡ ʟ ʥʴʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʘʮʝʪʘʙʫʣʷʨʥʦʛʦ ʚʢʣʘʜʠʰ ʽ ʽʥʦʜʽ ʯʘʰʢʫ. ʋ ʨʘʟʽ, 



ʢʦʣʠ ʯʘʰʢʘ ʚʢʣʘʜʠʰ ʧʣʘʩʪʠʢʦʚʠʡ, ʘ ʛʦʣʦʚʢʘ ʤʝʪʘʣʝʚʘ, ʪʦ ʮʝ ʧʦʻʜʥʘʥʥʷ 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʝʪʘʣ-ʧʦʣʽʝʪʠʣʝʥ.  

ʂʝʨʘʤʽʢʘ-ʤʝʪʘʣ, ʢʝʨʘʤʽʢʘ-ʧʦʣʽʝʪʠʣʝʥ, ʢʝʨʘʤʽʢʘ-ʢʝʨʘʤʽʢʘ - ʢʝʨʘʤʽʯʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʝʥʜʦʧʨʦʪʝʟʽʚ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʦʩʠʪʴ ʨʽʜʢʦ, ʽ ʮʝʡ ʤʘʪʝʨʽʘʣ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʚʩʽʤʘ ʭʽʨʫʨʛʘʤʠ. ʂʝʨʘʤʽʢʘ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʪʘʣʝʚʠʤʠ ʘʙʦ ʧʣʘʩʪʠʢʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʘʣʝʨʛʽʾ 

ʥʘ ʤʝʪʘʣ. ʍʦʯʘ ʢʝʨʘʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʦʩʠʪʴ ʤʽʮʥʽ, ʽʩʪʦʨʠʯʥʦ ʚʦʥʠ ʟʘʚʞʜʠ ʙʫʣʠ 

ʙʽʣʴʰ ʢʨʠʭʢʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʘʣʝʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʎʝ, ʦʜʥʘʢ, ʟʘʨʘʟ 

ʟʤʽʥʶʻʪʴʩʷ. ʉʴʦʛʦʜʥʽ ʻ ʜʘʥʽ, ʱʦ ʢʝʨʘʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟʜʘʪʥʽ ʩʣʫʞʠʪʠ ʜʦʚʰʝ 

ʢʝʨʘʤʽʯʥʠʭ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ 6 ʚʠʜʽʚ ʧʦʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʦʙʨʘʞʝʥʽ 

ʥʘ ʨʠʩ. 1.10. ɼʣʷ ʪʠʭ ʧʘʮʽʻʥʪʽʚ, ʫ ʢʦʛʦ ʻ ʘʣʝʨʛʽʷ ʥʘ ʤʝʪʘʣʠ, ʪʠʪʘʥʦʚʠʡ ʩʧʣʘʚ ʻ 

ʥʘʡʙʽʣʴʰ ʤ'ʷʢʠʤ ʚʘʨʽʘʥʪʦʤ ʟ ʥʘʡʤʝʥʰʠʤ (ʯʘʩʪʦ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʚʠʷʚʣʝʥʥʶ) 

ʚʤʽʩʪʦʤ ʥʽʢʝʣʶ. ɯʩʥʫʶʪʴ ʚʘʨʽʘʥʪʠ ʝʥʜʦʧʨʦʪʝʟʽʚ, ʚʠʢʦʥʘʥʽ ʟʦʚʩʽʤ ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʣʫ. 

 

 

ʈʠʩ. 1.10.1 ï ʉʪʘʥʜʘʨʪʥʠʡ 

ʧʨʦʪʝʟ ʟ ʤʝʪʘʣʝʚʦʶ ʛʦʣʦʚʢʦʶ 

ʪʘ ʘʮʝʪʘʙʫʣʷʨʥʦʶ ʯʘʰʢʦʶ ʟ 

ʧʣʘʩʪʠʢʦʚʠʤ ʚʢʣʘʜʠʰʝʤ 

 

 

ʈʠʩ. 1.10.2 ï ʉʪʘʥʜʘʨʪʥʠʡ ʧʨʦʪʝʟ 

ʟ ʢʝʨʘʤʽʯʥʦʶ ʛʦʣʦʚʢʦʶ ʪʘ 

ʘʮʝʪʘʙʫʣʷʨʥʦʶ ʯʘʰʢʦʶ ʟ 

ʧʣʘʩʪʠʢʦʚʠʤ ʚʢʣʘʜʠʰʝʤ 

 

 

 

ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 1.10 

  



 

ʈʠʩ. 1.10.3 ï ʉʪʘʥʜʘʨʪʥʠʡ 

ʧʨʦʪʝʟ ʟ ʢʝʨʘʤʽʯʥʦʶ ʛʦʣʦʚʢʦʶ 

ʪʘ ʢʝʨʘʤʽʯʥʦʶ ʚʩʪʘʚʢʦʶ ʫ 

ʘʮʝʪʘʙʫʣʷʨʥʽʡ ʯʘʰʽ 

 

 

 

ʈʠʩ. 1.10.5 ï ʉʪʘʥʜʘʨʪʥʠʡ 

ʧʨʦʪʝʟ ʟ ʤʝʪʘʣʝʚʦʶ ʛʦʣʦʚʢʦʶ 

ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʶ ʤʝʪʘʣʝʚʦʶ 

ʘʮʝʪʘʙʫʣʷʨʥʦʶ ʯʘʰʢʦʶ 

 

ʈʠʩ. 1.10.4. ï ʉʪʘʥʜʘʨʪʥʠʡ 

ʧʨʦʪʝʟ ʟ ʢʝʨʘʤʽʯʥʦʶ ʛʦʣʦʚʢʦʶ 

ʪʘ ʘʮʝʪʘʙʫʣʷʨʥʦʶ ʯʘʰʢʦʶ ʽʟ 

ʚʢʣʘʜʠʰʝʤ ʟ ʤʝʪʘʣʫ 

 

 

 

ʈʠʩ. 1.10.6 ï ʇʦʚʪʦʨʥʝ 

ʧʦʢʨʠʪʪʷ: ʤʝʪʘʣʝʚʠʡ ʢʦʚʧʘʯʦʢ 

ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʚʽʜʧʦʚʽʜʥʘ 

ʤʝʪʘʣʝʚʘ ʘʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ 

 

ʈʠʩ. 1.10 ï ʇʦʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʘʨʫ ʪʝʨʪʷ 

 

 

 

 

 

 

 

 

 



ʊʘʙʣʠʮʷ 1.2. ʇʦʨʽʚʥʷʥʥʷ ʧʘʨ ʪʝʨʪʷ ʝʥʜʦʧʨʦʪʝʟʽʚ ʪʘʟʦʩʪʝʛʥʦʚʦʛʦ ʩʫʛʣʦʙʘ 

 

 ʇʣʶʩʠ ʄʽʥʫʩʠ 

ʄʝʪʘʣ-

ʧʦʣʽʝʪʠʣʝʥ 

- ʅʽʟɹʢʘ ʮʽʥʘ; 

- ʊʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʦʚʞʫʶʪʴ ʜʦʩʢʦʥʘʣʦ 

ʨʦʟʚʠʚʘʪʠʩʷ; 

- ʉʘʤʠʡ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʚʘʨʽʘʥʪ ʧʘʨʠ 

ʪʝʨʪʷ. 

- ʋʣʴʪʨʘʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ 

ʧʦʣʽʝʪʠʣʝʥ ʧʦʢʘʟʫʻ  ʙʽʣʴʰ ʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʯʠʤ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʝʪʠʣʝʥ. 

- ɼʦʧʫʩʢʘʻ ʰʠʨʦʢʠʡ ʢʫʪ ʥʘʭʠʣʫ 

ʯʘʰʢʠ. 

- ɻʦʣʦʚʢʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʜʽʘʤʝʪʨ 

- ʜʦ 32 ʤʤ. 

- ɺʽʜʥʦʩʥʦ ʣʝʛʢʦ 

ʩʪʠʨʘʶʪʴʩʷ. 

- ʇʨʦʜʫʢʪʠ ʪʝʨʪʷ ʧʦʤʽʨʥʦ 

ʪʦʢʩʠʯʥʽ. 

 

ʄʝʪʘʣ-

ʤʝʪʘʣ 

- ɿʥʦʩʦʩʪʽʡʢʠʡ; 

- ʄʦʞʣʠʚʠʡ ʛʦʣʦʚʥʠʡ ʜʽʘʤʝʪʨ - 

36 ʽ ʙʽʣʴʰʝ ʤʤ (ʙʽʣʴʰʘ ʘʤʧʣʽʪʫʜʘ 

ʨʫʭʫ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ); 

- ʉʧʣʘʚʠ ʧʨʦʜʦʚʞʫʶʪʴ 

ʜʦʚʝʨʰʫʚʘʪʠʩʷ 

- ɺʠʩʦʢʘ ʮʽʥʘ; 

- ʆʩʥʦʚʥʠʡ ʤʽʥʫʩ - ʚʠʩʦʢʘ 

ʣʦʢʘʣʴʥʘ ʪʦʢʩʠʯʥʽʩʪʴ 

ʧʨʦʜʫʢʪʽʚ ʪʝʨʪʷ; 

- ʇʘʨʘ ʯʫʪʣʠʚʘ ʜʦ 

ʦʨʽʻʥʪʘʮʽʾ ʯʘʰʢʠ - ʥʘʭʠʣ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 50 

ʛʨʘʜʫʩʽʚ. 

 

ʂʝʨʘʤʽʢʘ-

ʢʝʨʘʤʽʢʘ 

- ʅʘʜʟʚʠʯʘʡʥʦ ʟʥʦʩʦʩʪʽʡʢʠʡ; 

- ɻʦʣʦʚʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʚʝʣʠʢʠʡ 

ʜʽʘʤʝʪʨ; 

- ʇʨʦʜʫʢʪʠ ʪʝʨʪʷ ʥʝʪʦʢʩʠʯʥʽ 

- ɼʫʞʝ ʜʦʨʦʛʦ; 

- ʄʦʞʝ ʩʢʨʠʧʽʪʠ; 

- ʄʦʞʝ ʨʦʟʢʦʣʦʪʠʩʷ 

 



1.3. ɸʜʠʪʠʚʥʽ ʤʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʥʜʦʧʨʦʪʝʟʽʚ 

ʄʝʪʦʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʜʝ ʚʽʥ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ, ʪʘ ʥʘʩʢʽʣʴʢʠ ʩʢʣʘʜʥʫ ʬʦʨʤʫ ʚʽʥ ʤʘʻ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʩʝʨʽʡʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʘʛʫ ʥʘʜʘʶʪʴ 

ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʘʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ï ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ, ʬʨʝʟʝʨʫʚʘʥʥʷ ʪʘ 

ʰʪʘʤʧʫʚʘʥʥʷ, ʘ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʝʥʜʦʧʨʦʪʝʟʽʚ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ 

ʘʜʠʪʠʚʥʠʤ ʤʝʪʦʜʘʤ. ʇʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ ʜʦʩʠʪʴ ʯʘʩʪʦ ʪʨʘʧʣʷʻʪʴʩʷ ʪʘʢ, ʱʦ ʩʝʨʽʡʥʽ 

ʽʤʧʣʘʥʪʘʪʠ ʤʘʶʪʴ ʜʫʞʝ ʩʢʣʘʜʥʫ ʬʦʨʤʫ, ʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʢʦʥʘʣʴʥʦ 

ʚʠʛʦʪʦʚʣʝʥʽ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʤʧʣʘʥʪʘʪʫ ʢʨʘʱʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʤʝʪʦʜʠ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʦʩʦʙʣʠʚʦ ʤʝʪʦʜʠ EBM ʪʘ SLM.  

 

1.3.1. Selective Laser Melting   

ʉʝʣʝʢʪʠʚʥʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ (SLM) - ʮʝ ʽʥʦʚʘʮʽʡʥʠʡ ʤʝʪʦʜ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʤʧʘʥʽʻʶ EOS GmbH, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʘʟʝʨʠ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʬʽʟʠʯʥʠʭ ʦʙ'̒ ʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ SLM 

ʩʪʚʦʨʶʶʪʴ ʷʢ ʪʦʯʥʽ ʤʝʪʘʣʝʚʽ ʜʝʪʘʣʽ ʜʣʷ ʨʦʙʦʪʠ ʫ ʚʫʟʣʘʭ ʪʘ ʘʛʨʝʛʘʪʘʭ, ʪʘʢ ʽ 

ʥʝʨʦʟʙʽʨʣʠʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʤʽʥʷʶʪʴ ʩʚʦʶ ʛʝʦʤʝʪʨʽʶ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʘʥʠʡ ʧʨʦʮʝʩ ʫʩʧʽʰʥʦ ʟʘʤʽʥʶʻ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢ ʷʢ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʧʦ ʪʝʭʥʦʣʦʛʽʾ SLM, ʯʘʩʪʦ 

ʧʝʨʝʚʝʨʰʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. 

ʇʝʨʝʚʘʛʠ [7]: 

¶ ɺʠʨʦʙʥʠʮʪʚʦ ʚʠʨʦʙʽʚ ʟ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʟ ʚʥʫʪʨʽʰʥʽʤʠ 

ʧʦʣʦʩʪʷʤʠ ʪʘ ʢʘʥʘʣʘʤʠ ʢʦʥʬʦʨʤʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ; 

¶ ʄʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʙʝʟ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʩʦʢʦʚʘʨʪʽʩʥʦʾ ʦʩʥʘʩʪʢʠ; 

¶ ʇʦʙʫʜʦʚʘ ʚʠʨʦʙʽʚ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʦʨʦʞʥʠʥʘʤʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʩʘ ʚʠʨʦʙʫ. 

¶ ɽʢʦʥʦʤʽʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ. 



ʊʝʭʥʦʣʦʛʽʷ ʚʠʙʽʨʢʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʦʙ'ʻʢʪʽʚ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʯʘʩʪʦ ʟ ʪʦʥʢʠʤʠ ʩʪʽʥʢʘʤʠ ʪʘ 

ʧʦʨʦʞʥʠʥʘʤʠ. ʄʦʞʣʠʚʽʩʪʴ ʢʦʤʙʽʥʫʚʘʥʥʷ ʛʦʤʦʛʝʥʥʠʭ ʪʘ ʧʦʨʠʩʪʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʦʜʥʦʤʫ ʦʙ'ʻʢʪʽ ʢʦʨʠʩʥʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʽʤʧʣʘʥʪʽʚ ï ʥʘʧʨʠʢʣʘʜ, ʘʮʝʪʘʙʫʣʷʨʥʠʭ 

ʯʘʰʦʢ ʪʘ ʽʥʰʠʭ ʦʨʪʦʧʝʜʠʯʥʠʭ ʽʤʧʣʘʥʪʽʚ ʟ ʧʦʨʠʩʪʦʶ ʧʦʚʝʨʭʥʝʶ, ʷʢʘ ʩʧʨʠʷʻ 

ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʾ (ʟʨʦʱʫʚʘʥʥʶ ʽʤʧʣʘʥʪʫ ʟ ʢʽʩʪʥʦʶ ʪʢʘʥʠʥʦʶ). ʂʨʽʤ ʪʦʛʦ, SLM 

ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ, ʜʦʟʚʦʣʷʶʯʠ ʩʪʚʦʨʶʚʘʪʠ 

ʚʠʩʦʢʦʤʽʮʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʦ ʛʝʦʤʝʪʨʠʯʥʽʡ ʩʢʣʘʜʥʦʩʪʽ  ʥʝʤʦʞʣʠʚʦ 

ʜʦʩʷʛʪʠ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʭʘʥʽʯʥʠʤ ʤʝʪʦʜʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʦʙʨʦʙʢʠ (ʨʽʟʘʥʥʷ, 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʪʦʱʦ). ʗʢʽʩʪʴ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʥʘʩʪʽʣʴʢʠ ʚʠʩʦʢʘ, ʱʦ ʤʝʭʘʥʽʯʥʘ 

ʦʙʨʦʙʢʘ ʛʦʪʦʚʠʭ ʤʦʜʝʣʝʡ ʤʘʡʞʝ ʥʝ ʧʦʪʨʽʙʥʘ. SLM ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʩʧʝʮʠʬʽʮʽ 

ʷʚʣʷʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʙʝʟʚʽʜʭʦʜʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʘʜʞʝ 97-99% ʥʝʟʘʜʽʷʥʦʛʦ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʧʦʨʦʰʢʫ ʧʽʩʣʷ ʧʨʦʩʽʶʚʘʥʥʷ ʧʨʠʛʦʜʥʽ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 3-

9% ʤʘʪʝʨʽʘʣʫ, ʟʘʜʽʷʥʦʛʦ ʥʘ ʧʦʙʫʜʦʚʫ ʧʽʜʪʨʠʤʦʢ, ʫʪʠʣʽʟʫʻʪʴʩʷ ʨʘʟʦʤ ʟ 

ʥʝʢʦʥʜʠʮʽʡʥʠʤ ʥʝʩʧʣʘʚʣʝʥʠʤ ʧʦʨʦʰʢʦʤ, ʷʢʠʡ ʥʝ ʧʨʦʡʰʦʚ ʦʧʝʨʘʮʽʶ 

ʧʨʦʩʽʶʚʘʥʥʷ. 

ʉʘʤ ʧʨʦʮʝʩ ʜʨʫʢʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʨʦʟʜʽʣʝʥʥʷ ʮʠʬʨʦʚʦʾ 3D-ʤʦʜʝʣʽ ʚʠʨʦʙʫ ʥʘ 

ʰʘʨʠ, ʪʦʚʱʠʥʦʶ 20-100ʤʢʤ, ʢʦʞʝʟ ʟ ʷʢʠʭ ʷʚʣʷʻʪʴʩʷ 2-D ʟʦʙʨʘʞʝʥʥʷʤ ʰʘʨʫ 

ʚʠʨʦʙʫ. ʂʦʨʥʝʚʠʤ ʩʪʘʥʜʘʨʪʥʠʤ ʬʦʨʤʘʪʦʤ ʜʝʪʘʣʽ ʻ STL-ʬʘʡʣ, ʷʢʠʡ ʧʦʩʪʫʧʘʻ ʚ 

ʩʧʝʮʽʘʣʴʥʝ ʤʘʰʠʥʥʝ ʇʆ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʽ ʾʾ ʚʠʤʽʨʶʚʘʥʥʷ ʟ 

ʪʝʭʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʤʘʰʠʥʠ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʟʘʧʫʩʢʘʻʪʴʩʷ ʚʠʨʦʙʥʠʯʠʡ ʮʠʢʣ ʧʦʙʫʜʦʚʠ 

ʚʠʨʦʙʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʮʠʢʣʽʚ ʧʦʙʫʜʦʚʠ ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʚʠʨʦʙʫ. 

ʎʠʢʣ ʧʦʙʫʜʦʚʠ ʰʘʨʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʠʧʦʚʠʭ ʦʧʝʨʘʮʽʡ: 

1. ʅʘʥʝʩʝʥʥʷ ʰʘʨʫ ʧʦʨʦʰʢʫ ʟʘʜʘʥʦʾ ʪʦʚʱʠʥʠ (20-100ʤʢʤ) ʥʘ ʧʣʠʪʫ 

ʧʦʙʫʜʦʚʠ, ʟʘʢʨʽʧʣʝʥʫ ʥʘ ʧʽʜʽʛʨʽʚʘʻʤʽʡ ʧʣʘʪʬʦʨʤʽ ʧʦʙʫʜʦʚʠ. 

2. ʉʢʘʥʫʚʘʥʥʷ ʧʨʦʤʝʥʝʤ ʣʘʟʝʨʫ ʧʝʨʝʨʽʟʫ ʰʘʨʫ ʚʠʨʦʙʫ (2-D ʟʦʙʨʘʞʝʥʥʷ 

ʧʝʨʝʨʽʟʫ ʚʠʨʦʙʫ). 

3. ʆʧʫʩʢʘʥʥʷ ʧʣʘʪʬʦʨʤʠ ʥʘ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʨʽʚʥʘ ʪʦʚʱʠʥʽ ʰʘʨʫ 

ʧʦʙʫʜʦʚʠ. 



ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʚʠʨʦʙʽʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʘʤʝʨʽ SLM ʤʘʰʠʥʠ, ʟʘʧʦʚʥʝʥʽʡ 

ʽʥʝʨʪʥʠʤ ʛʘʟʦʤ (ʘʟʦʪ ʘʙʦ ʘʨʛʦʥ), ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʡʦʛʦ ʧʦʪʦʮʽ. ʆʩʥʦʚʥʘ ʚʪʨʘʪʘ 

ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʯʘʣʽ ʨʦʙʦʪʠ, ʧʨʠ ʧʨʦʜʫʚʮʽ ʢʘʤʽʨʠ ʧʦʙʫʜʦʚʠ, ʢʦʣʠ 

ʟ ʥʝʾ ʧʦʚʥʽʩʪʶ ʚʠʜʘʣʷʻʪʴʩʷ ʧʦʚʽʪʨʷ (ʜʦʧʫʩʪʠʤʘ ʢʽʣʴʢʽʩʪʴ ʢʠʩʥʶ ʤʝʥʰʝ 0,15%). 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʚʠʨʽʙ, ʨʘʟʦʤ ʟ ʧʣʠʪʦʶ, ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʢʘʤʝʨʠ SLM ʤʘʰʠʥʠ, 

ʧʽʩʣʷ ʯʦʛʦ ʚʠʨʽʙ ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʽʜ ʧʣʠʪʠ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ. ɺʽʜ ʧʦʙʫʜʦʚʘʥʦʛʦ 

ʚʠʨʦʙʫ ʚʠʜʘʣʷʶʪʴʩʷ ʧʽʜʪʨʠʤʢʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʽʥʽʰʥʘ ʦʙʨʦʙʢʘ.  

ʇʨʘʢʪʠʯʥʦ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʠʩʥʶ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʦʢʩʠʜʘʮʽʾ 

ʚʠʪʨʘʯʘʻʤʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʣʠʚʦ ʜʨʫʢʫʚʘʪʠ ʪʘʢʠʤ ʤʘʪʝʨʽʘʣʦʤ ʷʢ 

ʪʠʪʘʥ. 

 

1.3.2. Electron Beam Melting  

ɽʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ ʧʣʘʚʣʝʥʥʷ (EBM) - ʤʝʪʦʜ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʦʩʥʦʚʘʥʠʡ ʥʘ ʩʧʽʢʘʥʥʽ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʫʯʢʘʤʠ ʚʠʩʦʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ, ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʦʩʣʽʜʦʚʥʠʭ ʰʘʨʽʚ, ʷʢʽ 

ʧʦʚʪʦʨʶʶʪʴ ʢʦʥʪʫʨ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ. ɼʘʥʫ ʪʝʭʥʦʣʦʛʽʶ ʚʚʘʞʘʶʪʴ ʥʘʡʙʽʣʴʰ 

ʟʘʚʝʨʰʝʥʦʶ ʩʝʨʝʜ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ 3D ʜʨʫʢʫ. ʇʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ʤʘʻ ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʧʦʙʫʜʦʚʠ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʽ 

ʝʣʝʢʪʨʦʥʥʦʛʦ, ʘ ʥʝ ʝʣʝʢʪʦʤʝʭʘʥʽʯʥʦʛʦ, ʚʽʜʭʠʣʝʥʥʷ ʧʫʯʢʽʚ. ʇʝʨʚʦʧʨʦʭʦʜʮʝʤ ʪʘ 

ʣʽʜʝʨʦʤ ʚ ʚʠʨʦʙʥʠʮʪʚʽ ʘʧʘʨʘʪʽʚ ɽɺʄ ʷʚʣʷʻʪʴʩʷ ʰʚʝʜʩʴʢʠʡ ʢʦʥʮʝʨʥ Acram [8].  

ʇʦ ʤʽʮʥʦʩʪʽ ʩʪʚʦʨʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ ʧʣʘʚʣʝʥʥʷ 

ʧʝʨʝʚʝʨʰʫʻ ʥʘʚʽʪʴ SLM ʪʝʭʥʦʣʦʛʽʾ, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʘʶʯʠ ʾʭ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ. 

ʅʝʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʚ ʪʝʭʥʽʯʥʦʤʫ ʧʣʘʥʽ ɽɺʄ ʽ ʩʪʦʾʪʴ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʟ ʽʥʰʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ, ʷʢʽʩʪʴ ʧʦʙʫʜʦʚʘʥʠʭ ʜʝʪʘʣʝʡ ʧʽʜʥʽʤʘʻ ʾʾ ʥʘ ʩʪʫʧʽʥʴ ʚʠʱʝ. 

ɽʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ ʧʣʘʚʣʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʬʦʥʦʚʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʢʽ ʜʦʩʷʛʘʶʪʴ ʧʦʨʷʜʢʫ 700-1000 ʛʨʘʜʫʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʜʝʪʘʣʽ, ʷʢʽ ʥʝ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʟʘʣʠʰʢʦʚʠʭ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʻ 

ʯʝʨʝʟ ʛʨʘʜʽʻʪ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʦʭʦʣʦʜʞʝʥʠʤʠ ʪʘ ʛʘʨʷʯʠʤʠ ʰʘʨʘʤʠ. ʂʨʽʤ ʪʦʛʦ, 

ʧʦʚʥʝ ʨʦʟʧʣʘʚʣʝʥʥʷ ʚʠʪʨʘʪʥʦʛʦ ʧʦʨʦʰʢʫ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʤʦʥʦʣʽʪʥʽ ʚʠʨʦʙʠ, 



ʟʘʚʜʷʢʠ ʯʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʽʜʧʘʣʫ. 

ɼʦ ʧʝʨʝʚʘʛ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

- ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʠʭ ʜʟʝʨʢʘʣ, ʷʢʽ 

ʢʦʨʝʢʪʫʶʪʴ ʪʨʘʝʢʪʦʨʽʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʡ 

ʧʨʦʤʽʥʴ ʤʦʞʝ ʨʦʟʩʽʶʚʘʪʠʩʴ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʛʨʽʚʘʪʠ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʙʝʟ 

ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʣʘʟʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ SLM ʤʘʰʠʥʘʭ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʚʠʩʦʢʦʾ 

ʰʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʫʯʢʘ, ʱʦ ʨʘʟʦʤ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʡʦʛʦ ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʐʚʠʜʢʽʩʪʴ ʧʣʘʚʣʝʥʥʷ: 80 ʩʤ3/ʛʦʜ, ʤʽʥʽʤʘʣʴʥʘ 

ʪʦʚʱʠʥʘ ʰʘʨʫ: 0,05ʤʤ, ʪʦʯʥʽʩʪʴ: +/- 0,2 ʤʤ ʥʘ ʜʦʚʞʠʥʽ 100 ʤʤ; 

-  ɺʽʜʩʫʪʥʽʡ ʝʬʝʢʪ ʫʩʘʜʢʠ ʽ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʚʠʨʦʙʫ; 

-  ʄʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝʢʽʣʴʢʦʭ ʚʠʨʦʙʽʚ ʦʜʥʦʯʘʩʥʦ; 

-  ʅʝ ʧʦʪʨʝʙʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ. 

ʅʝʜʦʣʽʢʘʤʠ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʻ: 

-  ɺ ʜʘʥʠʡ ʤʦʤʝʥʪ ɽɺʄ ʦʙʤʝʞʝʥʘ ʪʦʯʥʽʩʪʶ 0,2 ʤʤ, ʯʝʨʝʟ ʨʦʟʤʽʨʠ ʝʣʝʢʪʨʦ-

ʥʥʦʛʦ ʧʫʯʢʘ, ʷʢʠʡ ʩʢʣʘʜʘʻ 0,2 ï 1,0 ʤʤ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʝʣʠʢʦʾ ʰʦʨʩʪʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ. 

- ʅʘʷʚʥʽʩʪʴ ʥʝʙʝʟʧʝʯʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʤʝʪʘʣʫ ʝʣʝʢʪʨʦʥʘʤʠ. ʋ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʧʦʪʨʽʙʥʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʦʛʣʠʥʘʣʴʥʝ ʧʦʢʨʠʪʪʷ. 

ʆʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ɽɺʄ: 

- ʄʝʜʠʮʠʥʘ. 3D ʜʨʫʢ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʪʠʪʘʥʦʚʽ ʪʘ ʢʦʙʘʣʴʪʦʚʽ ʧʨʦʪʝʟʠ ʽ 

ʽʤʧʣʘʥʪʠ, ʷʢʽ ʤʘʶʪʴ ʧʨʝʢʨʘʩʥʦʶ ʙʽʦʩʫʤʽʩʥʽʩʪʶ ʟ ʣʶʜʩʴʢʠʤ ʦʨʛʘʥʽʟʤʦʤ. 

- ɸʝʨʦʢʦʩʤʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ. ɼʝʪʘʣʽ, ʚʠʛʦʪʦʚʣʝʥʽ ʜʘʥʠʤ ʤʝʪʦʜʦʤ, ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʨʝʘʢʪʠʚʥʠʭ ʽ ʨʘʢʝʪʥʠʭ ʜʚʠʛʫʥʽʚ, ʘ ʪʘʢʦʞ ʥʝʩʫʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʯʫʜʦʚʠʤʠ ʤʽʮʥʽʩʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʚʘʟʽ. 

- ɺʠʛʦʪʦʚʣʝʥʥʷ ʥʝʚʝʣʠʢʠʭ ʩʝʨʽʡ ʜʝʪʘʣʝʡ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʝʩ-ʬʦʨʤ, ʟʘʛʦʪʦʚʦʢ, ʚʩʪʘʚʦʢ  ʪʦʱʦ. 



- ʐʚʠʜʢʝ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʥʷ ʤʦʜʝʣʝʡ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʚ ʢʦʨʦʪʢʽ 

ʩʨʦʢʠ ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʣʘʥʫʚʘʥʥʷ. 

 

1.3.3. ʇʽʜʪʨʠʤʢʠ ʧʨʠ 3D ʜʨʫʢʫ 

ʇʽʜʪʨʠʤʢʘ ï ʮʝ ʜʦʤʦʤʽʞʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 3D ʜʨʫʮʽ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʙʫʜʦʚʠ. ɹʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʪʨʠʤʦʢ ʥʝʤʦʞʣʠʚʘ ʪʨʠʚʠʤʽʨʥʠʡ ʜʨʫʢ ʜʝʪʘʣʝʡ ʟ ʚʝʣʠʢʠʤʠ 

ʧʦʨʦʞʥʠʥʘʤʠ, ʟʚʠʩʘʶʯʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ, ʩʢʣʘʜʥʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ, ʪʦʥʢʠʤʠ 

ʩʪʘʥʢʘʤʠ ʘʙʦ ʧʝʨʝʢʨʠʪʪʷʤʠ ʪʘ ʽʥʰʠʤʠ ʩʢʣʘʜʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʇʽʜʪʨʠʤʢʘ 

ʩʣʫʞʠʪʴ ʪʠʤʯʘʩʦʚʠʤ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʜʨʫʢʫʻʤʦʛʦ ʚʠʨʦʙʫ ʪʘ ʚʠʢʦʥʫʻ ʨʦʣʴ 

ʨʘʜʽʘʪʦʨʘ, ʷʢʠʡ ʚʽʜʚʦʜʠʪʴ ʪʝʧʣʦ ʚʽʜ ʚʠʨʦʜʫ [9]. ʇʦʰʘʨʦʚʘ ʧʦʙʫʜʦʚʘ ʨʦʟʫʤʽʻ ʧʽʜ 

ʩʦʙʦʶ ʧʦʙʫʜʦʚʫ ʥʘʩʪʫʧʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʧʝʨʝʜʥʽʡ, ʘ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʽʜ ʰʘʨʦʤ ʚ 

ʷʢʦʤʫʩʴ ʤʽʩʮʽ ʢʦʥʩʪʨʫʢʮʽʻʶ ʦʧʦʨʘ ʥʝ ʧʝʨʝʜʙʘʯʝʥʘ ï ʚ ʩʠʣʫ ʚʩʪʫʧʘʻ ʧʽʜʪʨʠʤʢʘ.  

ʇʨʠ ʜʨʫʮʽ ʤʝʪʘʣʝʚʠʤʠ ʧʦʨʦʰʢʘʤʠ, ʧʽʜʪʨʠʤʢʠ ʙʫʜʫʶʪʴʩʷ ʟ ʪʦʛʦ ʞ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʡ ʤʦʜʝʣʴ. ɺʠʜʘʣʷʶʪʴʩʷ ʜʘʥʽ ʧʽʜʪʨʠʤʢʠ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ï 

ʤʘʪʝʨʽʘʣ ʚʽʜʣʦʤʫʻʪʴʩʷ, ʚʽʜʧʠʣʶʻʪʴʩʷ ʘʙʦ ʟʯʠʱʘʻʪʴʩʷ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʣʝʛʰʠʪʠ 

ʚʠʜʘʣʝʥʥʷ ʪʘ ʟʥʠʟʠʪʠ ʚʪʨʘʪʫ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʽʜʪʨʠʤʢʘ ʙʫʜʫʻʪʴʩʷ ʙʽʣʴʰ 

ʨʦʟʨʽʜʞʝʥʦ ʧʦʨʽʚʥʷʥʦ ʟ ʩʘʤʠʤ ʦʙ'ʻʢʪʦʤ. ɺʦʥʘ ʤʘʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰʫ ʱʽʣʴʥʽʩʪʴ ʽ 

ʤʽʮʥʽʩʪʴ, ʜʦʩʪʘʪʥʶ ʣʠʰʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʪʨʠʤʘʪʠ ʚʘʛʫ ʜʨʫʢʫʻʤʦʛʦ ʚʠʨʦʙʫ.  

ʅʝ ʚʩʽ ʟʚʠʩʠ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʪʨʠʤʦʢ. ɿʘʛʘʣʴʥʝ ʧʨʘʢʪʠʯʥʝ 

ʧʨʘʚʠʣʦ: ʷʢʱʦ ʟʚʠʩ ʥʘʭʠʣʷʻʪʴʩʷ ʧʽʜ ʢʫʪʦʤ ʤʝʥʰʝ 45 ʛʨʘʜʫʩʽʚ ʚʽʜ ʚʝʨʪʠʢʘʣʽ, ʪʦ 

ʤʦʞʥʘ ʜʨʫʢʫʚʘʪʠ ʤʦʜʝʣʴ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʪʨʠʤʢʠ. 

ʇʨʠ ʜʨʫʮʽ ʧʨʠʥʪʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʫʞʝ ʥʝʚʝʣʠʢʝ ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʟʤʽʱʝʥʥʷ ʤʽʞ ʰʘʨʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʘʨ ʥʝ ʫʢʣʘʜʫʻʪʴʩʷ ʽʜʝʘʣʴʥʦ ʧʦʚʝʨʭ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʰʘʨʫ, ʘ ʩʢʣʘʜʫʻʪʴʩʷ ʟ ʥʝʚʝʣʠʢʠʤ ʟʤʽʱʝʥʥʷʤ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ 

ʜʨʫʢʫʚʘʪʠ ʟʚʽʩʠ, ʷʢʽ ʥʝ ʩʠʣʴʥʦ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʚʝʨʪʠʢʘʣʽ, ʽ ʚʩʝ, ʱʦ ʤʝʥʰʝ 45 

ʛʨʘʜʫʩʽʚ ʙʫʜʝ ʧʽʜʪʨʠʤʫʚʘʪʠʩʴ ʧʦʧʝʨʝʜʥʽʤʠ ʰʘʨʘʤʠ. 

ʅʘ ʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʢʘʭ ʟ ʚʝʣʠʢʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʥʘʡʜʦʮʽʣʴʥʽʰʠʤ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʽʯʥʠʭ ʧʽʜʪʨʠʤʦʢ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʩʪʨʫʢʪʽʨʽ ʜʘʥʠʡ ʪʠʧ ʧʽʜʪʨʠʤʦʢ 

ʜʦʙʨʝ ʩʧʨʠʷʻ ʚʠʥʠʢʥʝʥʥʶ ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʝʚʥʠʭ ʜʽʣʷʥʢʘʭ ʪʘ ʢʨʘʱʝ ʚʽʜʚʦʜʠʪʴ 



ʪʝʧʣʦ ʚʽʜ ʜʝʪʘʣʽ, ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʧʽʜʪʨʠʤʢʘʤʠ. ʇʨʦʪʝ ʥʘ ʧʦʙʫʜʦʚʫ 

ʜʘʥʦʛʦ ʪʠʧʫ ʧʽʜʪʨʠʤʦʢ ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʠ ʧʝʚʥʠʭ 

ʫʤʦʚʘʭ ʙʫʜʝ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʛʽʜʥʦ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʜ̔ʪʨʠʤʦʢ ʜʣʷ 3D ʜʨʫʢʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

1. ɿʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʫ ʤʘʪʝʨʽʘʣʫ 

ʇʽʜʪʨʠʤʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʯʘʩʪʠʥʘ ʟ 

ʷʢʦʛʦ ʧʽʩʣʷ ʧʝʨʝʨʦʙʢʠ ʫʪʠʣʽʟʫʻʪʴʩʷ. 

2. ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʜʨʫʢʫ 

ʋ ʟʚ'ʷʟʢʫ ʟ ʙʽʣʴʰʠʤ ʦʙ'ʻʤʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ 

ʯʘʩ ʜʨʫʢʫ ʚʠʨʦʙʫ. 

3. ɼʦʜʘʪʢʦʚʘ ʧʦʩʪʦʙʨʦʙʢʘ ʤʦʜʝʣʽ 

ʇʽʜʪʨʠʤʢʠ ʥʝ ʻ ʯʘʩʪʠʥʦʶ ʤʦʜʝʣʽ, ʪʦʤʫ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʜʨʫʢʫ ʚʠʥʠʢʘʻ 

ʜʦʜʘʪʢʦʚʘ ʟʘʜʘʯʘ ï ʚʠʜʘʣʠʪʠ ʣʠʰʥʽ ʩʪʨʫʢʪʫʨʠ ʜʦ ʪʦʛʦ, ʷʢ ʤʦʜʝʣʴ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

4. ʈʠʟʠʢ ʧʦʰʢʦʜʞʝʥʥʷ ʤʦʜʝʣʽ 

ʉʪʨʫʢʪʫʨʠ ʧʽʜʪʨʠʤʦʢ ʪʦʨʢʘʶʪʴʩʷ ʽ ʯʘʩʪʦ ʟ'ʻʜʥʫʶʪʴʩʷ ʟ ʩʪʽʥʢʘʤʠ ʤʦʜʝʣʽ. 

ʗʢʱʦ ʥʝʦʙʝʨʝʞʥʦ ʚʠʜʘʣʷʪʠ ʩʪʨʫʢʪʫʨʠ ʧʽʜʪʨʠʤʦʢ, ʪʦ ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʚʝʭʥʽ ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʚʠʨʦʙʫ. ɺ ʥʘʡʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ ï ʯʘʩʪʠʥʘ 

ʤʦʜʝʣʽ ʤʦʞʝ ʟʣʘʤʘʪʠʩʴ ʨʘʟʦʤ ʟ ʧʽʜʪʨʠʤʢʦʶ. 

ʇʫʜʩʫʤʫʚʘʚʰʠ ʚʩʽ ʨʠʟʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʪʨʠʤʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ, ʪʘ ʜʦʙʘʚʣʷʪʠ ʾʭ ʣʠʰʝ ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ. 

  



2. ʈʆɿʈʆɹʂɸ ʂʆʅʉʊʈʋʂʎɯɰ ɸʎɽʊɸɹʋʃʗʈʅʆɰ ʏɸʐʂʀ 

 

2.1. ʆʧʠʩ ʝʣʝʤʝʥʪʽʚ ʘʮʝʪʘʙʫʣʷʨʥʦʭ ʯʘʰʢʠ 

ɸʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ ʜʣʷ ʨʝʚʽʟʽʡʥʦʛʦ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ (ʨʠʩ. 2.1): ʯʘʰʢʘ, ʢʦʟʠʨʦʢ, ʙʦʙʠʰʢʠ (ʚʠʩʪʫʧʠ) ʫ ʚʥʫʪʨʽʰʥʽʡ 

ʯʘʩʪʠʥʽ ʽʤʧʣʘʥʪʘʪʫ, ʦʪʚʦʨʠ ʜʣʷ ʛʚʠʥʪʽʚ ʪʘ ʽʤʧʘʢʪʦʨʘ. 

 

ʈʠʩ. 2.1 ï ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ: ʯʘʰʢʘ (ʘ),  

ʢʦʟʠʨʦʢ (ʙ), ʙʦʙʠʰʢʠ (ʚ), ʦʪʚʦʨʠ ʜʣʷ ʛʚʠʥʪʽʚ (ʛ) ʪʘ ʽʤʧʘʢʪʦʨʘ (ʜ) 

 

2.1.1. ɸʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ 

ɸʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ ï ʝʣʝʤʝʥʪ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʨʦʣʴ ʥʦʚʦʾ ʢʫʣʴʰʦʚʦʾ 

ʟʘʧʘʜʠʥʠ. ʎʝʡ ʢʦʤʧʦʥʝʥʪ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʢʽʩʪʢʫ ʪʘʟʘ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʟʨʦʙʣʝʥʽ 

ʥʝʦʙʭʽʜʥʽ ʦʙʧʠʣʝʥʥʷ ʽ ʦʙʨʦʙʢʘ ʢʽʩʪʢʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʧʘʜʠʥʠ.  ʌʽʢʩʘʮʽʷ ʢʦʨʧʫʩʫ 

ʚ ʚʝʨʪʣʫʞʥʽʡ ʟʘʧʘʜʠʥʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʫ ʪʫʛʦʾ ʧʦʩʘʜʢʠ çʧʨʝʩ-ʬʽʪè ʽ 

ʥʘʩʪʫʧʥʦʾ ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʾ. 

ʆʩʪʝʦʽʥʪʝʛʨʘʮʽʷ ï ʧʨʦʮʝʩ ʟʨʦʱʫʚʘʥʥʷ ʢʽʩʪʢʦʚʠʭ ʪʢʘʥʠʥ ʪʘ ʽʤʧʣʘʥʪʘʪʫ. 

ʅʝʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʧʦʚʝʨʭʥʽ ʽʤʧʣʘʥʪʘʪʫ ʟ ʩʫʩʽʜʥʴʦʶ ʢʽʩʪʢʦʶ ʪʘ ʽʥʰʠʤʠ 

ʪʢʘʥʠʥʘʤʠ ʚʥʘʩʣʽʜʦʢ ʤʽʢʨʦʨʫʭʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʩʣʘʙʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʽʚ. ʗʢ 

ʥʘʩʣʽʜʦʢ, ʷʢʱʦ ʽʤʧʣʘʥʪʘʪ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʽʥʪʝʛʨʦʚʘʥʠʡ ʟ ʢʽʩʪʢʦʶ ï ʤʽʞ 

ʢʽʩʪʢʦʶ ʪʘ ʝʥʜʦʧʨʦʪʝʟʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʬʽʙʨʦʟʥʘ ʪʢʘʥʠʥʘ [10].  

ɼʣʷ ʢʨʘʱʦʾ ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʾ ʧʨʠ ʧʦʙʫʜʦʚʽ ʝʥʜʦʧʨʦʪʝʟʫ ʡʦʛʦ ʧʦʚʝʨʭʥʶ 

ʨʦʙʣʷʪʴ ʧʦʨʠʩʪʦʶ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʧʦʢʨʘʱʫʻʪʴʩʷ ʟʨʦʱʫʚʘʥʥʷ ʽʤʧʣʘʥʪʘʪʫ ʪʘ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ʉʘʤʝ ʪʦʤʫ ʢʦʨʧʫʩ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʚʠʛʦʪʦʚʣʝʥʠʡ ʫ 



ʚʠʛʣʷʜʽ ʩʽʪʢʠ ï ʮʝ ʩʪʚʦʨʶʻ ʝʬʝʢʪ ʰʦʨʩʪʢʦʩʪʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʧʦʣʽʧʰʫʻʪʴʩʷ ʧʨʦʮʝʩ 

ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʾ.  

ʂʦʥʩʪʨʫʢʮʽʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʩʽʪʢʠ ʪʘ ʛʝʦʤʝʪʨʽʷ ʾʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.2., ʜʝ: ʘ ï ʜʦʚʞʠʥʘ ʢʦʤʽʨʢʠ, b ï ʛʣʠʙʠʥʘ, ʜʝ ʩ ï ʚʠʩʦʪʘ, d ï 

ʜʽʘʤʝʪʨ ʧʨʫʪʢʘ 

 

ʈʠʩ. 2.2 ï ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʛʝʦʤʝʪʨʽʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ [11] 

 

ʉʘʤʝ ʚʽʜ ʚʠʙʦʨʫ ʨʦʟʤʽʨʽʚ ʩʪʨʫʢʪʫʨʥʦʾ ʦʜʠʥʠʮʽ ʩʽʪʢʠ ʟʘʣʝʞʠʪʴ, ʥʘʩʢʽʣʴʢʠ 

ʜʦʙʨʝ ʙʫʜʝ ʟʨʦʱʫʚʘʪʠʩʴ ʢʽʩʪʢʘ ʪʘ ʽʤʧʣʘʥʪʘʪ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʦʟʤʽʨʫ ʧʦʨ ʥʘ 

ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʶ, ʷʢʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʪʚʘʨʠʥʘʭ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʩʪʨʫʢʪʫʨʠ ʟ 

ʨʦʟʤʽʨʘʤʠ ʧʦʨ ʚʽʜ 100 ʤʢʤ ʜʦ 700 ʤʢʤ ʪʘ ʧʦʨʠʩʪʽʩʪʶ 49,54% ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ  

ʧʨʦʮʝʩʫ ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʾ [11]. ʊʘʢʦʞ ʪʘʢʠʡ ʪʠʧ ʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʽʤʽʪʫʚʘʪʠ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʥʘʪʫʨʘʣʴʥʦʾ ʢʽʩʪʢʠ, ʧʦʢʨʘʱʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʽʤʧʣʘʥʪʘʪʫ ʧʝʨʝʜʘʚʘʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘʭʠʱʘʻ ʚʽʜ ʙʣʦʢʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

2.1.2. ʂʦʟʠʨʦʢ 

ʇʽʜ ʜʽʻʶ ʧʘʨ ʪʝʨʪʷ, ʱʦ ʥʘʷʚʥʽ ʚ ʢʫʣʴʰʦʚʠʭ ʝʥʜʦʧʨʦʪʝʟʘʭ, ʽʟ ʪʠʪʘʥʦʚʠʭ 

ʩʧʣʘʚʽʚ ʚʠʜʽʣʷʶʪʴʩʷ ʪʦʢʩʠʯʥʽ ʽʦʥʠ ʘʣʶʤʽʥʽʶ ʪʘ ʚʘʥʘʜʽʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʚʠʥʝʥʥʷ ʤʝʪʘʣʦʟʫ, ʷʢʠʡ ʚʝʜʝ ʨʫʡʥʫʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʥʘʚʢʦʣʦ 

ʽʤʧʣʘʥʪʘʪʫ ʪʘ ʡʦʛʦ ʥʘʩʪʫʧʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʨʦʟʭʠʪʫʚʘʥʥʷ. ʂʨʽʧʣʝʥʥʷ 

ʟʚʠʯʘʡʥʠʭ ʯʘʰʦʢ ʜʦ ʪʘʢʦʾ ʢʽʩʪʢʠ ʩʪʘʥʦʚʠʪʴʩʷ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʠʤ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ, ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʧʝʨʝʜʙʘʯʝʥʦ 

ʢʦʟʠʨʦʢ ï ʝʣʝʤʝʥʪ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʯʘʰʢʘ ʙʫʜʝ ʢʨʽʧʠʪʠʩʴ ʛʚʠʥʪʘʤʠ ʜʦ 



ʢʣʫʙʦʚʦʾ ʢʽʩʪʢʠ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʘʩʣʫʛʦʚʫʶʪʴ ʟʽʨʢʦʧʦʜʽʙʥʽ ʢʨʽʧʠʣʴʥʽ ʦʪʚʦʨʠ ʥʘ 

ʢʦʟʠʨʢʫ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʢʨʽʧʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʫ ʜʦ ʢʽʩʪʢʠ ʩʪʘʻ ʥʝʨʦʟôʻʤʥʠʤ. 

 

2.1.3. ʎʝʥʪʨʫʚʘʣʴʥʽ ʚʠʩʪʫʧʠ 

ʇʨʠ ʨʦʟʤʽʱʝʥʥʽ ʧʦʣʽʝʪʠʣʝʥʦʚʦʛʦ ʚʢʣʘʜʠʰʫ ʫ ʘʮʝʪʘʙʫʣʷʨʥʽʡ ʯʘʰʮʽ, ʤʽʞ 

ʥʠʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʤʘʥʪʽʶ ʟ ʢʽʩʪʢʦʚʦʛʦ ʮʝʤʝʥʪʫ ʪʦʚʱʠʥʦʶ 2 ʤʤ. ʇʨʠ ʮʴʦʤʫ, 

ʚʢʣʘʜʠʰ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ ʟʮʝʥʪʨʫʚʘʪʠ. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʜʘʥʦʛʦ ʝʪʘʧʫ ʫ 

ʚʥʫʪʨʽʰʥʽʡ ʯʘʩʪʠʥʫ ʯʘʰʢʠ ʧʝʨʝʜʙʘʯʝʥʽ ʚʠʩʪʫʧʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʮʝʥʪʨʫʚʘʥʥʷ 

ʟʥʘʯʥʦ ʩʧʨʦʱʫʻʪʴʩʷ ï ʜʦʩʪʘʪʥʴʦ ʨʦʟʤʽʩʪʠʪʠ ʚʢʣʘʜʠʰ ʚʧʨʠʪʫʣ ʜʦ ʙʦʙʠʰʦʢ.  

 

2.1.4. ʆʪʚʦʨʠ 

ʇʦ ʙʦʢʘʭ ʫ ʯʘʰʮʽ ʧʝʨʝʜʙʘʯʝʥʽ ʦʪʚʦʨʠ ʜʣʷ ʾʾ ʢʨʽʧʣʝʥʥʷ ʜʦ ʪʘʟʦʚʦʾ ʢʽʩʪʢʠ 

ʛʚʠʥʪʘʤʠ. ɻʚʠʥʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʪʦʛʦ ʞ ʩʧʣʘʚʫ, ʱʦ ʽ ʽʤʧʣʘʥʪʘʪ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʚʠʥʠʢʥʝʥʥʷ ʢʦʨʦʟʽʾ. ʎʝʥʪʨʘʣʴʥʠʡ ʦʪʚʽʨ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʷ ʽʤʧʘʢʪʦʨʫ, 

ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ ʢʽʩʪʢʦʚʦʾ ʤʘʩʠ ʤʽʞ ʢʽʩʪʢʦʶ ʥʘ 

ʝʥʜʦʧʨʦʪʝʟʦʤ. 

 

2.2. ʇʨʦʻʢʪʫʚʘʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʚ ʩʠʩʪʝʤʽ CAD 

ɼʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʫ Fusion 

360.  ɽʪʘʧʠ ʧʦʙʫʜʦʚʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.3. 

 

 

ʈʠʩ. 2.3.1 ï ʇʦʯʠʥʘʻʤʦ ʧʦʙʫʜʦʚʫ ʽʟ ʝʩʢʽʟʫ ʧʨʦʬʽʣʶ ʩʬʝʨʠ. ɼʘʣʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ çSphereè, ʙʫʜʫʻʤʦ ʩʬʝʨʫ ʜʽʘʤʝʪʨʦʤ 54 ʤʤ 



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 2.3 

 

 

ʈʠʩ. 2.3.2 ï ʂʦʧʽʶʻʤʦ ʩʬʝʨʫ ʢʦʤʘʥʜʦʶ çMove/Copyè ʽʟ ʤʦʜʠʬʽʢʘʪʦʨʦʤ 

çCreate copyè ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʧʦʙʫʜʦʚʠ ʙʦʙʠʰʦʢ 

 

 

ʈʠʩ. 2.3.3 ï ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ çShellè ʨʦʙʠʤʦ ʩʬʝʨʫ ʧʫʩʪʫ ʚʩʝʨʝʜʠʥʽ, 

ʟʘʣʠʰʘʻʤʦ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ 4,5 ʤʤ ʜʣʷ ʙʦʙʠʰʦʢ ʪʘ 3 ʤʤ ʜʣʷ ʧʦʢʨʠʪʪʷ 

ʚʽʜʧʦʚʽʜʥʦ 

 

  



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 2.3 

 

ʈʠʩ. 2.3.4 ï ʉʪʚʦʨʶʻʤʦ ʝʩʢʽʟ ʧʦ ʷʢʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ çExtrudeè 

ʪʘ ʤʦʜʠʬʽʢʘʪʦʨʘ Intersect ʩʪʚʦʨʶʻʤʦ ʟʘʛʦʪʦʚʢʫ ʙʦʙʠʰʢʠ ß16 ʤʤ ʪʘ ß12 ʤʤ 

ʪʘ ʧʦʟʠʮʽʦʥʫʻʤʦ ʾʭ 

 

 

ʈʠʩ. 2.3.5 ï ʂʦʤʘʥʜʦʶ çMirrorè ʚʽʜʜʟʝʨʢʘʣʶʻʤʦ ʦʪʨʠʤʘʥʽ ʝʣʝʤʝʥʪʠ. ʅʘ 

ʚʽʜʧʦʚʽʜʥʽʡ ʚʠʩʦʪʽ ʙʫʜʫʻʤʦ ʰʣʷʭ ʧʦ ʷʢʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ 

çSweepè ʧʦʯʠʥʘʻʤʦ ʨʦʙʠʪʠ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ 

  



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 2.3 

 

ʈʠʩ. 2.3.6 ï ɹʫʜʫʻʤʦ ʝʩʢʽʟ ʧʦ ʷʢʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ çExtrudeè 

ʙʫʜʫʻʤʦ ʢʦʟʠʨʦʢ ʽʤʧʣʘʥʪʘʪʫ 

 

 

ʈʠʩ. 2.3.7 ï ɹʫʜʫʻʤʦ ʢʦʨʧʫʩ ʯʘʰʢʠ ʥʘʰʦʛʦ ʽʤʧʣʘʥʪʘʪʫ. ɼʣʷ ʮʴʦʛʦ 

ʢʦʤʘʥʜʦʶ çSplit bodyè ʨʦʟʨʽʟʘʻʤʦ ʨʘʥʽʰʝ ʩʪʚʦʨʝʥʫ ʜʨʫʛʫ ʩʬʝʨʫ ʥʘʚʧʽʣ ʪʘ 

ʦʙôʻʜʥʫʻʤʦ ʟ ʢʦʟʠʨʢʦʤ ʢʦʤʘʥʜʦʶ çCombineè 

  



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 2.3 

 

 

ʈʠʩ. 2.3.8 ï ɹʫʜʫʻʤʦ ʝʩʢʽʟ ʧʦ ʷʢʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ çExtrudeè ʪʘ 

çChamferè ʩʪʚʦʨʶʻʤʦ ʟʽʨʢʦʧʦʜʽʙʥʽ ʦʪʚʦʨʠ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʫ ʜʦ 

ʢʣʫʙʦʚʦʾ ʢʽʩʪʢʠ. ʂʦʤʘʥʜʦʶ çMove/Copyè ʨʦʟʤʥʦʞʫʻʤʦ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʽ 

ʦʪʚʦʨʠ ʪʘ ʦʙôʻʜʥʫʻʤʦ ʚ ʦʜʥʝ ʪʚʝʨʜʝ ʪʽʣʦ 

  

 

ʈʠʩ. 2.3.9 ï ʇʝʨʝʨʦʙʣʶʻʤʦ ʧʽʚʩʬʝʨʫ ʧʽʜ ʢʘʨʢʘʩ ʽʤʧʣʘʥʪʘʪʫ. ɼʣʷ ʮʴʦʛʦ 

ʙʫʜʫʻʤʦ ʚʽʜʧʦʚʽʜʥʠʡ ʝʩʢʽʟ ʪʘ ʧʨʦʻʢʪʫʻʤʦ ʡʦʛʦ ʥʘ ʧʽʚʩʬʝʨʫ çProject to 

surfaceè. 

  



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 2.3 

 

 

ʈʠʩ. 2.3.10 ï ʆʧʝʨʘʮʽʻʶ çSplit faceè ʨʦʙʠʤʦ ʨʦʟʜʽʣʷʻʤʦ ʢʦʨʧʫʩ ʚʽʜʥʦʩʥʦ 

ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʦʥʴ ʥʘ 2 ʯʘʩʪʠʥʠ. ʆʜʥʫ ʟ ʯʘʩʪʠʥ 

ʟôʻʜʥʫʻʤʦ ʟ ʢʦʟʠʨʢʦʤ 

 

 

ʈʠʩ. 2.3.11 ï ʆʪʨʠʤʫʻʤʦ ʢʦʨʧʫʩ ʪʘ ʢʦʟʠʨʦʢ ʽʤʧʣʘʥʪʘʪʘ 

  



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 2.3 

 

ʈʠʩ. 2.3.12 ï ɹʫʜʫʻʤʦ ʦʪʚʦʨʠ ʚ ʢʘʨʢʘʩʽ ʽʤʧʣʘʥʪʘʪʫ. ʆʧʝʨʘʮʽʻʶ çExtruteè 

ʚʠʜʘʚʣʶʻʤʦ ʦʪʚʦʨʠ ʥʘ ʚʝʨʰʠʥʽ ʪʘ ʙʦʢʘʭ. 

 

 

ʈʠʩ. 2.3.13 ï ʅʘʨʽʟʘʻʤʦ ʨʽʟʴʙʫ ʫ ʩʪʚʦʨʝʥʠʭ ʦʪʚʦʨʘʭ ʦʧʝʨʘʮʽʻʶ çThreadè 

  



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 2.3 

 

ʈʠʩ. 2.3.14 ï ɹʫʜʫʻʤʦ ʬʘʩʢʠ ʦʧʝʨʘʮʽʻʶ çFilletè 

 

 

ʈʠʩ. 2.3.15 ï ʂʦʤʘʥʜʦʶ çCombineè ʦʙôʻʜʥʫʻʤʦ ʩʪʚʦʨʝʥʽ ʪʚʝʨʜʽ ʪʽʣʘ 

ʢʘʨʢʘʩʫ ʪʘ ʢʦʟʠʨʢʘ. 

  



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 2.3 

 

ʈʠʩ. 2.3.16 ï ɿʦʙʨʘʞʝʥʥʷ ʛʦʪʦʚʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

ʈʠʩ. 2.3 ï ɽʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

 

2.3. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʽʤʧʣʘʥʪʘʪʫ  

ɺ ʩʫʯʘʩʥʽʡ ʦʨʪʦʧʝʜʠʯʥʽʡ ʭʽʨʫʨʛʽʾ ʧʨʠ ʚʠʙʦʨʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʽʤʧʣʘʥʪʘʪʫ 

ʧʝʨʝʚʘʛʫ ʥʘʜʘʶʪʴ ʪʠʪʘʥʦʚʠʤ ʤʝʜʠʯʥʠʤ ʩʧʣʘʚʘʤ, ʩʧʣʘʚʫ ʢʦʙʘʣʴʪ-ʭʨʦʤʫ ʪʘ 

ʥʝʨʞʘʚʽʶʯʽʡ ʩʪʘʣʽ. ʇʨʦʪʝ, ʷʢ ʟʛʘʜʫʚʘʣʦʩʴ ʨʘʥʽʰʝ, ʟ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʪʘ ʩʧʣʘʚʽʚ 

ʢʦʙʘʣʴʪ-ʭʨʦʤʫ ʚʠʜʽʣʷʶʪʴʩʷ ʪʦʢʩʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʩʧʣʠʚʘʶʪʴ ʥʘ 

ʥʘʚʢʦʣʠʰʥʽ ʪʢʘʥʠʥʠ, ʚʠʢʣʠʢʘʶʪʴ ʭʚʦʨʦʙʠ ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʤʽʪʪʷ. 

ʂʦʤʝʨʮʽʡʥʦ, ʯʠʩʪʠʡ ʊʽ ʪʘ Ti-6Al-4V (ʘʥʘʣʦʛ ɺʊ6) ̒  ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ 

ʪʠʪʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʽʤʧʣʘʥʪʘʮʽʾ. ʄʽʮʥʽʩʪʴ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʜʫʞʝ 

ʙʣʠʟʴʢʘ ʜʦ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, ʘ ʡʦʛʦ ʤʘʩʘ ʥʘ 55% ʤʝʥʰʘ ʥʽʞ ʫ ʩʪʘʣʽ [3], ʩʘʤʝ 

ʪʦʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ ʧʝʨʝʚʝʨʰʫʶʪʴ ʙʫʜʴ-ʷʢʠʡ 

ʽʥʰʠʡ ʽʤʧʣʘʥʪʘʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ. 

 



 

ʈʠʩ. 2.4. ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʽʦʤʝʜʠʯʥʠʭ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ 

 

ʄʝʭʘʥʽʯʥʽ, ʟʥʦʩʦʩʪʽʡʢʽ ʪʘ ʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʜʠʢʪʫʶʪʴʩʷ ʡʦʛʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ. ʊʠʪʘʥʦʚʽ ʩʧʣʘʚʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʚ ʪʦʤʫ 

ʩʝʥʩʽ, ʱʦ ʤʦʞʣʠʚʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʾ ʩʧʣʘʚʽʚ 

ʪʘ ʾʭ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʎʝ ʨʦʙʠʪʴ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ ʚʠʩʦʢʦʧʨʠʜʘʪʥʠʤʠ ʜʣʷ 

ʘʜʘʧʪʘʮʽʾ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ. 

ʄʘʪʝʨʽʘʣʦʤ ʧʦʣʽʝʪʠʣʝʥʦʚʦʛʦ ʚʢʣʘʜʠʰʘ ʟʘʜʘʥʦ ʧʦʣʽʤʝʨ çʭʽʨʫʣʝʥè ʟ 

ʧʦʧʝʨʝʯʥʠʤʠ ʟʚôʷʟʢʘʤʠ (ʥʘʜʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʝʪʠʣʝʥ).  

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʦʙʨʘʥʦ ʤʘʪʝʨʽʘʣ ɺʊ6 (ʟʘʨʫʙʽʞʥʠʡ 

ʘʥʘʣʦʛ ASTM Ti-6Al-4V). ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘ 

ʡʦʛʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʦʙʨʘʞʝʥʦ ʚ ʪʘʙʣ. 2.1 ʪʘ ʪʘʙʣ. 2.2 ʚʽʜʧʦʚʽʜʥʦ. 

 

ʊʘʙʣ. 2.1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʫ ʪʠʪʘʥʫ ɺʊ6 [12] 

Ti Al  V Fe O C N H Y ʜʦʤ. 

ʦʩʥʦʚʘ 5.3 ï 6.8 3.5 ï 5.3 0.6 0.2 0.1 0.05 0.015 0.005 0.30 

 

 

ʊʘʙʣʠʮʷ 2.2. ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʫ ʪʠʪʘʥʫ ɺʊ6 [13] 

ɻʫʩʪʠʥʘ, 

ʢʛ/ʤ3 

ʄʽʮʥʽʩʪʴ ʥʘ 

ʨʦʟʨʠʚ, ʄʇʘ 

ʄʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ, ɻʇʘ 

ʂʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ 

ʥʘ ʨʦʟʪʷʛʫ ů, ʄʇʘ 

4505 1076 Ñ 6 112 0,3 400 



ɼʦ ʧʝʨʝʚʘʛ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ6 ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

- ʤʽʮʥʽʩʪʴ; 

- ʣʝʛʢʽʩʪʴ; 

- ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ; 

- ʥʝʪʦʢʩʠʯʥʽʩʪʴ; 

- ʙʽʦʩʫʤʽʩʥʽʩʪʴ; 

- ʜʦʚʛʦʚʽʯʥʽʩʪʴ; 

- ʥʝ ʜʽʘʤʘʛʥʝʪʠʢ; 

- ʛʥʫʯʢʽʩʪʴ ʪʘ ʝʣʘʩʪʠʯʥʽʩʪʴ, ʷʢʽ ʥʘʙʣʠʞʝʥʽ ʜʦ ʣʶʜʩʴʢʦʾ ʢʽʩʪʢʠ. 

ɼʚʽ ʥʘʡʙʽʣʴʰʽ ʧʝʨʝʚʘʛʠ ʪʠʪʘʥʫ ï ʮʝ ʡʦʛʦ ʚʝʣʠʢʝ ʚʽʜʥʦʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʜʦ 

ʚʘʛʠ ʪʘ ʡʦʛʦ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ. ɼʘʥʠʡ ʤʝʪʘʣ ʷʚʣʷʻʪʴʩʷ ʦʜʥʠʤ ʟ ʻʜʠʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʜʘʪʥʠʭ ʜʦ ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʾ, ʘ ʟʘʚʜʷʢʠ ʥʝʬʝʨʦʤʘʛʥʽʪʥʽʡ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʘʮʽʻʥʪʠ ʤʦʞʫʪʴ ʙʝʟʧʝʯʥʦ ʦʙʩʪʝʞʫʚʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʈʊ [14].   

  



3. ʊɽʍʅʆʃʆɻɯʏʅʀʁ ʈʆɿɼɯʃ 

 

3.1. ʊʦʧʦʣʦʛʽʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʝʥʜʦʧʨʦʪʝʟʫ 

ʇʽʜ ʪʦʧʦʣʦʛʽʯʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ ʚʠʨʦʙʫ ʨʦʟʫʤʽʶʪʴ ʟʤʽʥʫ ʡʦʛʦ ʬʦʨʤʠ ʟ 

ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʝʟ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʜʝʪʘʣʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʫ. ɼʘʥʠʡ ʤʝʪʦʜ ʚʠʜʘʣʷʻ 

ʤʘʪʝʨʽʘʣ ʟ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʚʠʨʦʙʫ, ʱʦʙ ʜʦʩʷʛʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ 

ʜʠʟʘʡʥʫ, ʧʨʠ ʮʴʦʤʫ ʟʦʚʩʽʤ ʥʝ ʜʙʘʶʯʠ ʧʨʦ ʝʩʪʝʪʠʢʫ, ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʯʠ ʙʫʜʴ-

ʷʢʽ ʽʥʰʽ ʟʚʠʯʥʽ ʜʠʟʘʡʥʝʨʩʴʢʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʜʠʟʘʡʥʽ.  

ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʥʘʣʽʟ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʤʦʜʝʣʽ, ʷʢʘ ʙʫʜʝ 

ʦʧʪʠʤʽʟʫʚʘʪʠʩʴ. ɸʥʘʣʽʟʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʻ ʥʘ ʢʦʞʝʥ ʝʣʝʤʝʥʪ, ʽ ʪʽ 

ʝʣʝʤʝʥʪʠ, ʷʢʽ ʥʝ ʩʧʨʠʡʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ï ʚʠʜʘʣʷʶʪʴʩʷ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʫʣʴ çShape optimizationè ʧʨʦʛʨʘʤʠ Fusion 360 (ʨʠʩ. 3.1), ʝʪʘʧʠ 

ʷʢʦʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.2. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʫʣʴʰʦʚʠʡ ʩʫʛʣʦʙ ʜʫʻ ʧʽʜ ʧʝʚʥʠʤʠ 

ʢʫʪʘʤʠ, ʤʝʞʽ ʷʢʠʭ ʚʢʘʟʘʥʦ ʚ [15]: 

-  ʂʫʪ ʜʦ ʛʦʨʠʟʦʥʪʫ ï 45Á; 

-  ɸʥʪʠʚʝʨʩʽʷ - 10Á; 

 

 

ʈʠʩ. 3.1 ï ʄʦʜʫʣʴ çShape optimizationè ʧʨʦʛʨʘʤʠ Fusion 360 



 

ʈʠʩ. 3.2.1 ï ɺʠʙʠʨʘʻʤʦ ʤʘʪʝʨʽʘʣ, ʟ ʷʢʦʛʦ ʟʨʦʙʣʝʥʘ ʜʝʪʘʣʴ. ɼʣʷ ʜʘʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʠʙʨʘʥʦ Titanium 6Al 4V 

 

 

ʈʠʩ. 3.2.2 ï Constraints ï Structural Constraints - ʦʙʠʨʘʻʤʦ ʝʣʝʤʝʥʪʠ, ʷʢʽ 

ʙʫʜʫʪʴ ʬʽʢʩʦʚʘʥʽ ʚ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʙʠʨʘʻʤʦ 

ʢʨʽʧʠʣʴʥʽ ʦʪʚʦʨʠ, ʷʢʽ ʙʫʜʫʪʴ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʤʠ 

 

 

ʈʠʩ. 3.2.3 ï Loads - Structural Loads - ʧʨʠʢʣʘʜʘʻʤʦ ʩʠʣʫ ʜʦ ʚʠʟʥʘʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʤʧʣʘʥʪʘʪ, ʨʽʚʥʝ 100 ʢʛ 



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 3.2 

 

 

ʈʠʩ. 3.2.4 ï Shape Optimization ï Preserve Region - ʦʙʠʨʘʻʤʦ ʜʽʣʷʥʢʠ, ʷʢʽ 

ʥʝ ʧʦʚʠʥʥʽ ʧʨʠʡʤʘʪʠ ʫʯʘʩʪʽ ʚ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʫ. ʆʙʠʨʘʻʤʦ 

ʮʠʣʽʥʜʨʠʯʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʧʦʚʝʨʭʥ ʁʜʦ ʷʢʦʾ ʙʫʣʦ ʧʨʠʢʣʘʜʝʥʦ ʩʠʣʫ 

 

 

ʈʠʩ. 3.2.5 ï Shape Optimization - Shape Optimization Criteria - 

ʚʩʪʘʥʦʚʣʶʻʤʦ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦ ʤʘʩʽ 50%. 

 

 

ʈʠʩ. 3.2.6 ï ʈʝʟʫʣʴʪʘʪ ʧʨʦʚʝʜʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʠ 

ʈʠʩ. 3.2 ï ɽʪʘʧʠ ʪʦʧʦʣʦʛʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ  



ʇʽʩʣʷ ʧʨʦʨʘʭʫʥʢʫ ʬʦʨʤʠ ʟʘʣʠʰʘʻʤʦ ʪʽʣʴʢʠ ʯʘʩʪʠʥʫ, ʷʢʘ ʩʧʨʠʡʤʘʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʧʦʚʟʫʥʢʘ ʩʧʨʘʚʘ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʷʢʽ ʤʝʞʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʝ ʧʦʢʘʟʫʚʘʪʠ ʥʘ ʤʦʜʝʣʽ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʜʫʻʤʦ 

ʥʦʚʫ ʤʦʜʝʣʴ, ʷʢʘ ʙʫʜʝ ʤʘʪʠ ʟʤʝʥʰʝʥʫ ʤʘʩʫ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʪʠʤʝʪʴʩʷ 

ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 3.3). 

 

 

ʈʠʩ. 3.3 ï ʄʦʜʝʣʴ ʟ ʦʧʪʠʤʽʟʦʚʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʦʧʪʠʤʽʟʦʚʘʥʫ ʜʝʪʘʣʴ, ʷʢʘ ʤʦʛʣʘ ʧʦʚʥʽʩʪʶ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʯʽ ʚʠʭʽʜʥʦʾ, ʧʨʠ ʮʴʦʤʫ ʤʘʶʯʠ ʤʝʥʰʫ ʤʘʩʫ. ʄʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʤʽʥʠʣʘʩʴ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ ʧʨʦʚʝʜʝʥʦ ʩʠʤʫʣʷʮʽʶ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʽʟʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʞʝ ʚʠʪʨʠʤʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 3.4). 



 

ʈʠʩ. 3.4 ï ʇʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʥʘ ʤʽʮʥʽʩʪʴ 

 

ɿʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʚʘʛʠ ʙʫʣʦ ʟʤʝʥʰʝʥʦ ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʥʘʯʥʦ ʟʤʝʰʫʻ ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʘʥʦʛʦ ʚʠʨʦʙʫ. 

 

3.2. ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

 

3.2.1. ʆʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ʉʪʚʦʨʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʽʤʧʣʘʥʪʘʪʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ï ʡʦʛʦ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠ ʟʘʤʽʥʽ. ɺ ʦʨʪʦʧʝʜʽʾ 

ʜʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʥʜʦʧʨʦʪʝʟʫ ʦʪʨʠʤʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʂʊ 

(ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ) ʘʙʦ ʄʈʊ (ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ) [16]. 

ʂʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ ï ʮʝ ʦʜʠʥ ʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʨʽʟʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʩʫʪʥʽʡ ʢʦʥʪʘʢʪ ʟ ʧʦʚʝʨʭʥʝʶ ʰʢʽʨʠ ʣʶʜʠʥʠ. ɺ ʦʩʥʦʚʽ 

ʤʝʪʦʜʫ ʂʊ ʣʝʞʠʪʴ ʜʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ. ɸʧʘʨʘʪ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ 

ʣʶʜʠʥʠ ʽ ʨʦʙʠʪʴ ʜʝʢʽʣʴʢʘ ʟʥʽʤʢʽʚ, ʷʢʽ ʧʦʪʽʤ ʦʙʨʦʙʣʶʶʪʴʩʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʪʘ 

ʨʦʟʰʠʬʨʦʚʫʶʪʴʩʷ ʣʽʢʘʨʝʤ. ʂʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʂʊ) ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ, ʜʠʭʘʣʴʥʠʭ ʪʘ ʢʽʩʪʢʦʚʠʭ ʩʠʩʪʝʤ ʣʶʜʠʥʠ. 

ʅʘʡʯʘʩʪʽʰʝ ʂʊ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʦʯʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʪʨʘʚʤʠ. 

ʄʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ ï ʮʝ ʜʽʘʛʥʦʩʪʠʢʘ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ ʽ 

ʪʢʘʥʠʥ ʣʶʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʜʝʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. ʇʨʠʩʪʨʽʡ ʄʈʊ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʽ ʟʦʙʨʘʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʯʘʩʪʠʥʠ ʪʽʣʘ, ʘ ʪʘʢʦʞ ʚʩʽ 



ʟʤʽʥʠ, ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʚ ʥʴʦʤʫ. ɼʘʥʝ ʦʙʩʪʝʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʟ ʮʽʣʣʶ ʚʠʷʚʣʝʥʥʷ 

ʧʘʪʦʣʦʛʽʡ ʚ ʦʨʛʘʥʘʭ ʤʘʣʦʛʦ ʪʘʟʫ, ʟʘʭʚʦʨʶʚʘʥʴ ʢʨʦʚʦʥʦʩʥʦʾ ʪʘ ʢʽʩʪʢʦʚʦʾ ʩʠʩʪʝʤ 

ʣʶʜʠʥʠ. 

ʄʥʦʞʠʥʫ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʂʊ/ʄʈʊ, ʘʥʘʣʽʟʫʶʪʴ, 

ʦʯʠʱʫʶʪʴ ʚʽʜ ʰʫʤʫ ʪʘ ʩʝʛʤʝʥʪʫʶʪʴ, ʧʽʩʣʷ ʯʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʚʦʨʶʶʪʴ ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʾ 

ʢʽʩʪʢʠ (ʨʠʩ. 3.5). ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʙʫʜʫʶʪʴ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʽʩʪʢʠ (ʨʠʩ. 3.6). ʇʦʜʘʣʴʰʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʤʧʣʘʥʪʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʘʤʝ ʟ ʮʽʻʶ ʤʦʜʝʣʣʶ. 

 

 

ʈʠʩ. 3.5 ï ʊʨʠʚʠʤʽʨʥʠʡ ʟʥʽʤʦʢ ʢʽʩʪʦʢ ʤʘʣʦʛʦ ʪʘʟʫ [17] 

 

  

ʈʠʩ. 3.6 ï ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʤʘʣʦʛʦ ʪʘʟʫ 

 

ʇʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʬʦʨʤʫʻʪʴʩʷ ʬʘʡʣ ʬʦʨʤʘʪʫ STL. 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ï ʢʦʨʝʢʮʽʷ ʥʝʜʦʣʽʢʽʚ ʤʦʜʝʣʽ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʘʭ, 

ʥʘʧʨʠʢʣʘʜ Autodesk Netfabb, ʧʽʩʣʷ ʯʦʛʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ 



ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʚ ʧʨʦʛʨʘʤʽ-ʩʣʘʡʩʝʨʽ ʩʪʚʦʨʶʻʪʴʩʷ G-ʢʦʜ, ʷʢʠʡ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ 

3D ʧʨʠʥʪʝʨ ʜʣʷ ʜʨʫʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʪʽʣʘ.  

 

3.2.2. ʉʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʽʤʧʣʘʥʪʘʪʫ ʪʘ ʡʦʛʦ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʟʘ ʜʦʧʦʤʦʛʦʶ CAD ʩʠʩʪʝʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʜʘʣʴʰʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʥʜʦʧʨʦʪʝʟʫ.  

ʇʝʨʝʜ ʜʨʫʢʦʤ ʽʤʧʣʘʥʪʘʪʫ ʟ ʤʝʪʘʣʫ ʤʘʻ ʤʽʩʮʝ ʧʨʦʮʝʩ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ. ʇʨʠ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʽ ʫ CAD  ʩʠʩʪʝʤʽ ʧʝʨʝʚʽʨʷʻʪʩɹʷ ʩʫʤʽʩʥʽʩʪʴ ʤʦʜʝʣʽ ʢʫʣʴʰʦʚʦʛʦ 

ʩʫʛʣʦʙʘ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʟʘʤʽʥʠ, ʟ ʩʪʚʦʨʝʥʦʶ ʤʦʜʝʣʣʶ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

(ʨʠʩ.3.7).  

 

  

ʈʠʩ. 3.7 ï ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ ʽʤʧʣʘʥʪʘʪʫ ʚ ʧʨʦʛʨʘʤʽ Fusion 360 

 

ʑʝ ʦʜʠʥ ʚʠʜ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ - ʝʥʜʦʧʨʦʪʝʟ ʜʨʫʢʫʻʪʴʩʷ ʟ ʧʣʘʩʪʠʢʫ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʡʦʛʦ ʩʫʤʽʩʥʦʩʪʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʥʘʜʨʫʢʦʚʘʥʽʡ ʤʦʜʝʣʽ ʧʦʰʢʦʜʞʝʥʦʾ 

ʢʽʩʪʢʠ. ɿʘʚʜʷʢʠ ʜʘʥʦʤʫ ʝʪʘʧʫ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʢʦʨʝʢʮʽʶ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽʤʧʣʘʥʪʘʪʫ, ʘʙʦ ʟʤʽʥʠʪʠ ʾʾ ʧʦʚʥʽʩʪʶ, ʱʦ ʟʘʩʪʨʘʭʦʚʫʻ ʚʽʜ ʜʨʫʢʫ 

ʥʝʧʽʜʭʦʜʷʱʦʛʦ ʽʤʧʣʘʥʪʘʪʫ ʟ ʜʦʨʦʛʦʛʦ ʪʠʪʘʥʫ ʪʘ ʟʘʡʚʠʭ ʚʠʪʨʘʪ. 

 

 

 



3.3.3. ɼʨʫʢ ʝʥʜʦʧʨʦʪʝʟʫ ʥʘ 3D ʧʨʠʥʪʝʨʽ 

ʇʝʨʝʜ ʜʨʫʢʦʤ ʽʤʧʣʘʥʪʘʪʫ ʧʦʪʨʽʙʥʦ ʟʤʽʥʠʪʠ ʩʪʨʫʢʪʫʨʫ ʡʦʛʦ ʢʦʨʧʫʩʫ ʥʘ 

ʩʽʪʯʘʩʪʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʫ Autodesk Netfabb ʽʟ ʟʨʫʯʥʠʤ ʤʦʜʫʣʝʤ 

Lattice Commander ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʽʪʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ. ɽʪʘʧʠ ʧʦʙʫʜʦʚʠ 

ʪʨʘʙʫʢʫʣʷʨʥʦʾ ʩʽʪʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.8. 

 

 

ʈʠʩ. 3.8.1 ï ɺʽʜʢʨʠʚʘʻʤʦ STEP-ʬʘʡʣ ʽʤʧʣʘʥʪʘʪʫ ʪʘ ʛʝʥʝʨʫʻʤʦ ʩʽʪʯʘʩʪʫ 

ʩʪʨʫʢʪʫʨʫ ʢʦʨʧʫʩʫ ʢʦʤʘʥʜʦʶ Modify ï Lattice Commander. ɺ ʚʽʢʥʽ ʥʘʣʘʰʪʫʚʘʥʴ 

ʩʽʪʢʠ ʚʠʙʠʨʘʻʤʦ ʦʢʪʘʛʦʥʘʣʴʥʫ ʬʦʨʤʫ ʪʦʧʦʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʩʽʪʢʠ ʪʘ ʟʘʜʘʻʤʦ 

ʡʦʛʦ ʥʝʦʙʭʽʜʥʽ ʨʦʟʤʽʨʠ 

 

 

ʈʠʩ. 3.8.2 ï ʇʽʩʣʷ ʟʘʜʘʥʥʷ ʨʦʟʤʽʨʽʚ, ʢʦʨʧʫʩ, ʷʢʠʡ ʧʽʜʜʘʻʪʴʩʷ ʤʦʜʠʬʽʢʘʮʽʾ, 

ʙʫʜʝ ʧʝʨʝʩʽʢʘʪʠ ʤʥʦʞʠʥʘ ʧʣʦʱʠʥ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʤʘʡʙʫʪʥʴʦʾ                        

ʩʽʪʢʠ 



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 3.8  

 

 

ʈʠʩ. 3.8.3 ï ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʢʦʨʧʫʩ ʟ 

ʩʽʪʯʘʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʠʡ ʟôʻʜʥʫʻʤʦ ʟ ʢʘʨʢʘʩʦʤ ʽʤʧʣʘʥʪʘʪʫ 

ʈʠʩ. 3.8 ï ɽʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʪʨʘʙʝʢʫʣʷʨʥʦʾ ʩʽʪʢʠ ʚ ʧʨʦʛʨʘʤʽ Autodesk 

Netfabb 

 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʩʽʪʢʠ ʚ Autodesk Netfabb, ʤʦʜʝʣʴ ʯʘʰʢʠ ʫ ʬʘʡʣʽ ʟ ʬʦʨʤʘʪʦʤ 

STL ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʫ ʧʨʦʛʨʘʤʫ-ʩʣʘʡʩʝʨ. ɺ ʜʘʥʽʡ ʧʨʦʛʨʘʤʽ ʜʝʪʘʣʴ ʛʦʪʫʻʪʴʩʷ ʜʦ 

3D ʜʨʫʢʫ -  ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʻ Ultimaker Cura ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʪʦʪʠʧʽʚ ʟ ʧʦʣʽʝʪʠʣʝʥʫ, ʪʘ Materialise Magics ʜʣʷ ʜʨʫʢʫ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʟ 

ʪʠʪʘʥʫ. 

ɼʣʷ ʩʠʤʫʣʷʮʽʾ 3D ʜʨʫʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘ Ultimaker Cura ʚʽʜ 

ʥʽʜʝʨʣʘʥʜʩʴʢʦʾ ʢʦʤʧʘʥʽʾ Ultimaker, ʪʘ Materialise Magics ʚʽʜ ʙʝʣʴʛʽʡʩʴʢʦʛʦ ʛʽʛʘʥʪʘ 

Materialise. ʆʩʦʙʣʠʚʽʩʪʶ ʦʩʪʘʥʥʴʦʾ ʻ ʧʦʚʥʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩ ʚʠʨʦʱʫʚʘʥʥʷ 

ʽʤʧʣʘʥʪʘʪʫ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʧʦʙʫʜʦʚʠ ʧʽʜʪʨʠʤʦʢ ʪʘ ʟʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʪʘ 

ʟʘʢʽʥʯʫʶʯʠ ʧʦʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʧʨʦʮʝʩʫ ʜʨʫʢʫ.  

ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʙʫʣʦ ʚʠʙʨʘʥʦ 

ʩʧʣʘʚ ɺʊ6. ʇʨʠʥʪʝʨ, ʥʘ ʷʢʦʤʫ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʧʦʙʫʜʦʚʘ - SLM 280 HL ʚʽʜ 

SLM Solution (ʨʠʩ. 3.9). 

SLM 280 2.0 ï ʚʜʦʩʢʦʥʘʣʝʥʘ ʚʝʨʩʽʷ ʫʩʪʘʥʦʚʢʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʜʠʥʠʯʥʦʛʦ ʽ 



ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʘʜʥʠʭ ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ, ʘʣʶʤʽʥʽʻʚʠʭ, ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ, ʪʠʪʘʥʫ, ʽʥʢʦʥʝʣʴ, 

ʢʦʙʘʣʴʪ-ʭʨʦʤʫ [18]. ɹʘʟʦʚʘ ʚʝʨʩʽʷ SLM 280 HL ʟ 400 ɺʪ ʣʘʟʝʨʦʤ ʦʧʮʽʦʥʘʣʴʥʦ 

ʤʦʞʝ ʦʩʥʘʱʫʚʘʪʠʩʷ ʜʦʜʘʪʢʦʚʠʤʠ 400-ʚʘʪʥʠʤ ʘʙʦ 1000-ʚʘʪʥʠʤ ʣʘʟʝʨʦʤ. ʇʨʦʮʝʩ 

ʧʦʙʫʜʦʚʠ ʚʠʨʦʙʽʚ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʽ ʥʝ ʚʠʤʘʛʘʻ ʧʨʠʩʫʪʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ 

ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʤʘʰʠʥʠ. SLM 280 2.0 ʦʩʥʘʱʝʥʘ ʩʠʩʪʝʤʦʶ ʧʦʞʝʞʦ-ʽ ʚʠʙʫʭʦʙʝʟʧʝʢʠ 

ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʧʨʠ ʧʦʙʫʜʦʚʽ ʚʠʨʦʙʽʚ ʟ ʨʝʘʢʪʠʚʥʠʭ ʧʦʨʦʰʢʽʚ ʢʣʘʩʫ D. 

 

ʈʠʩ. 3.9 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʥʪʝʨʫ SLM 280 HL 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʤʧʣʝʢʪʘʮʽʾ ʧʨʠʩʪʨʦʶ ʢʦʣʠʚʘʻʪʴʩʷ ʽ ʨʽʚʝʥʴ ʷʢʦʩʪʽ 

ʚʽʜʪʚʦʨʝʥʥʷ. ʈʦʟʨʦʙʥʠʢʠ ʧʨʦʧʦʥʫʶʪʴ ʪʨʠ ʚʘʨʽʘʥʪʠ ʢʦʥʬʽʛʫʨʘʮʽʾ 3D ʧʨʠʥʪʝʨʘ 

SLM 280 HL 

¶ ɿ ʦʜʥʠʤ ʣʘʟʝʨʦʤ, ʧʦʪʫʞʥʽʩʪʶ 400 ʘʙʦ 700 ɺʪ; 

¶ ɿ ʜʚʦʤʘ ʣʘʟʝʨʘʤʠ, ʧʦʪʫʞʥʽʩʪʶ 700 ʽ 1000 ɺʪ; 

¶ ɿ ʯʦʪʠʨʤʘ ʣʘʟʝʨʘʤʠ (ʜʚʘ ʣʘʟʝʨʘ ʧʦ 400 ɺʪ ʽ ʜʚʘ ʧʦ 700 ɺʪ). 

ʂʨʽʤ ʪʦʛʦ, ʚʽʜʢʨʠʪʘ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ SLM 280 HL 

ʜʦʧʫʩʢʘʻ ʙʝʟʣʽʯ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʚʽʜʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ. ɸ ʟʘ ʨʘʭʫʥʦʢ ʟʘʧʘʪʝʥʪʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ʩʢʦʨʦʯʫʻʪʴʩʷ ʚ ʨʘʟʠ. 



ʊʘʢʠʤ ʯʠʥʦʤ, 3D ʧʨʠʥʪʝʨ SLM 280 HL ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʦʢʨʝʤʠʭ ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʨʦʪʦʪʠʧʽʚ, ʢʽʥʮʝʚʠʭ ʚʠʨʦʙʽʚ ʽ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʦʛʦ ʧʨʠʥʪʝʨʘ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.1. 

ʊʘʙʣʠʮʷ 3.1. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʥʪʝʨʫ SLM 280 HL 

ʆʙʣʘʩʪʴ ʧʦʙʫʜʦʚʠ 280 x 280 x 365 ʤʤį 

ʆʧʪʠʯʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ  

(ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʢʦʥʥʠʭ ʣʘʟʝʨʽʚ) 

ʆʜʠʥ (1x 400 ɺʪ), ɼʚʘ (2x 400 ɺʪ), 

ʆʜʠʥ (1x 700 ɺʪ), ɼʚʘ (2x 700 ɺʪ), 

ʇʦʜʚʽʡʥʠʡ (1x 700 ɺʪ ʪʘ 1x 1000 ɺʪ) 

ʊʦʚʱʠʥʘ ʰʘʨʫ 20 ï 75 ʤʽʢʨʦʥ 

ʄʽʥ. ʨʦʟʤʽʨ ʜʨʫʢʦʚʘʥʦʛʦ ʦʙôʻʢʪʫ 150 ʤʽʢʨʦʥ 

ɼʽʘʤʝʪʨ ʬʦʢʫʩʫʚʘʥʥʷ ʧʨʦʤʝʥʷ 80 ï 115 ʤʽʢʨʦʥ 

ʐʚʠʜʢʽʩʪʴ ʝʢʩʧʦʥʫʚʘʥʥʷ 15 ʤ/ʩ 

ɺʠʪʨʘʪʘ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ ʧʨʠ 

ʧʦʙʫʜʦʚʽ Ar / N2 

2,5 ʣ / ʭʚ 

 

ɺʠʪʨʘʪʘ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ ʧʨʠ 

ʧʨʦʜʫʚʮʽ (ʧʦʯʘʪʦʢ ʨʦʙʦʪʠ) Ar / N2 

1700 ʣ 

 

ɺʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ISO 

8573-1 

18 ʣ / ʭʚ. ʧʨʠ 1,5 ʙʘʨ 

ʇʽʜʪʨʠʤʫʚʘʥʽ ʤʘʪʝʨʽʘʣʠ 

 

ʉʪʘʣʴ, ʘʣʶʤʽʥʽʡ, ʪʠʪʘʥ, ʢʦʙʘʣʴʪ-ʭʨʦʤ, 

ʥʽʢʝʣʴ 

ʐʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ɼʦ 55 ʩʤį/ʛʦʜ 

 

ʇʽʩʣʷ ʨʦʟʤʽʱʝʥʥʷ ʤʦʜʝʣʽ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʥʘ ʧʣʘʪʬʦʨʤʽ, ʟʘʜʘʻʤʦ 

ʧʨʠʥʪʝʨ, ʥʘ ʷʢʦʤʫ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʩʠʤʫʣʷʮʽʷ, ʤʘʪʝʨʽʘʣ ʚʠʨʦʙʫ ʪʘ ʥʝʦʙʭʽʜʥʽ 

ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʜʨʫʢʫ (ʨʠʩ. 3.10), ʧʽʩʣʷ ʯʦʛʦ ʙʫʜʫʻʤʦ ʧʽʜʪʨʠʤʢʠ. 

 



 

ʈʠʩ. 3.10 ï ɺ̔ ʢʥʦ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ ʚ Materialise Magics 

 

ʇʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠʥʪʝʨʫ ʪʘ ʤʘʪʝʨʽʘʣʫ ʜʨʫʢʫ  ʧʨʦʛʨʘʤʘ ʥʘʨʽʟʘʻ ʚʠʨʽʙ ʥʘ 

ʰʘʨʠ, ʛʝʥʝʨʫʻ ʨʝʟʫʣʴʪʘʪ ʜʨʫʢʫ, ʧʽʩʣʷ ʯʦʛʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʷʢ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ 

ʚʠʨʽʙ ʧʽʩʣʷ ʜʨʫʢʫ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʦʰʘʨʦʚʦʛʦ ʜʨʫʢʫ ʚʠʨʦʙʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʨʦʛʨʘʤʫ Ultimaker Cura. ʈʝʛʫʣʶʶʯʠ ʧʦʚʟʫʥʦʢ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ 

ʥʘʜʨʫʢʦʚʘʥʠʡ ʰʘʨ ʚʠʨʦʙʫ (ʨʠʩ. 3.11). 

 

  

ʈʠʩ. 3.11 ï ʉʠʤʫʣʷʮʽʷ ʜʨʫʢʫ ʧʨʦʪʦʪʠʧʫ ʚ Ultimaker Cura  



ʇʽʩʣʷ ʦʙʨʘʭʫʥʢʫ ʧʨʦʛʨʘʤʦʶ ʰʘʨʽʚ ʧʦʙʫʜʦʚʠ ʤʦʞʥʘ ʜʽʟʥʘʪʠʩʴ ʪʦʯʥʠʡ ʯʘʩ 

ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ (ʨʠʩ. 3.12). 

 

ʈʠʩ. 3.12 ï ɺ̔ ʢʥʦ ʟ ʦʮʽʥʢʦʶ ʯʘʩʫ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʙʫʜʦʚʫ 

 

ʇʝʨʝʜʙʘʯʝʥʦ, ʱʦ ʘʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ ʙʫʜʝ ʚʠʛʦʪʦʚʣʷʪʠʩʴ ʧʘʨʪʽʷʤʠ, ʪʦʙʪʦ 

ʩʝʨʽʡʥʦ, ʪʦʤʫ ʙʫʜʝ ʜʦʮʽʣʴʥʽʰʝ ʟʘʚʘʥʪʘʞʠʪʠ ʢʘʤʝʨʫ 3D ʧʨʠʥʪʝʨʫ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʜʝʪʘʣʝʡ. ʎʝ ʜʦʧʦʤʦʞʝ ʟʘʦʱʘʜʠʪʠ ʯʘʩ, ʟʘʪʨʘʯʫʚʘʥʠʡ ʥʘ ʦʙʩʣʫʛʫ 

ʧʨʠʥʪʝʨʘ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʥʠʟʷʪʴʩʷ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ. ʇʨʠʢʣʘʜ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʘʤʝʨʠ ʧʨʠʥʪʝʨʘ ʜʣʷ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.13. 

 

ʈʠʩ. 3.13 ï ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʥʪʝʨʘ ʧʨʠ ʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 



3.3. ʇʦʩʪʦʙʨʦʙʢʘ ʽʤʧʣʘʥʪʘʪʫ 

ʇʦʩʪʦʙʨʦʙʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʘʜʘʪʠ ʚʠʨʦʙʫ ʡʦʛʦ ʢʽʥʮʝʚʫ ʬʦʨʤʫ 

ʪʘ ʚʠʜʘʣʠʪʠ ʚʝʩʴ ʣʠʰʥʽʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʟʘʣʠʰʠʚʩʷ ʧʽʩʣʷ 3D ʜʨʫʢʫ. ɹʝʟ 

ʧʦʩʪʦʙʨʦʙʢʠ ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʤʧʣʘʥʪʘʪ ʥʝʤʦʞʣʠʚʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʟʘʤʽʥʠ ʢʫʣʴʰʦʚʦʛʦ ʩʫʛʣʦʙʫ. 

ʇʦʩʪʦʙʨʦʙʢʘ ʥʘʜʨʫʢʦʚʘʥʦʾ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʝʪʘʧʽʚ: 

- ʚʽʜʧʫʩʢ ʫ ʧʝʯʽ; 

- ʚʠʜʘʣʝʥʥʷ ʧʽʜʪʨʠʤʦʢ; 

- ʦʯʠʱʝʥʥʷ ʧʽʩʢʦʩʪʨʫʻʤ; 

- ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʽʚ; 

- ʥʘʨʽʟʘʥʥʷ ʨʽʟʴʙʠ; 

- ʰʣʽʬʫʚʘʥʥʷ; 

- ʦʯʠʱʝʥʥʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʚʘʥʥʽ. 

ʆʧʝʨʘʮʽʷ ʚʽʜʧʫʩʢʫ ï ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʩʧʣʘʚʫ ʪʠʪʘʥʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ 

ʥʘʛʨʽʚʘʥʥʽ ʽʤʧʣʘʥʪʘʪʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʠʞʯʦʾ ʟʘ ʢʨʠʪʠʯʥʫ ʪʦʯʢʫ, ʚʠʪʨʠʤʫʚʘʥʥʽ 

ʯʘʰʢʠ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʥʘʩʪʫʧʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʟ ʟʘʜʘʥʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʫʩʢʫ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ6 ʜʦʨʽʚʥʶʻ 600, ʯʘʩ ʚʠʪʨʠʤʫʚʘʥʥʷ 

ï 40 ʭʚʠʣʠʥ, ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʟʦʤ ʽʟ ʧʽʯʯʶ. ʎʽʣʣʶ ʚʽʜʧʫʩʢʫ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ, ʟʥʠʞʝʥʥʷ ʡʦʛʦ 

ʪʚʝʨʜʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ. 

ʇʽʩʣ ̫ ʦʧʝʨʘʮʽʾ ʚʽʜʧʫʩʢʫ ʥʘʜʨʫʢʦʚʘʥʠʡ ʽʤʧʣʘʥʪʘʪ ʚʠʜʘʣʷʻʪʴʩʷ ʚʽʜ 

ʧʣʘʪʬʦʨʤʠ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʤʝʭʘʥʽʯʥʝ ʚʠʜʘʣʝʥʥʷ ʧʽʜʪʨʠʤʦʢ, ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʧʨʦʩʪʦ ʚʽʜʧʠʣʷʶʪʴ. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʧʽʜʪʨʠʤʦʢ ʥʘʜʨʫʢʦʚʘʥʠʡ ʚʠʨʽʙ ʫʞʝ ʧʨʠʡʤʘʻ 

ʙʘʞʘʥʽ ʬʦʨʤʠ (ʨʠʩ. 3.14). 



   

ʈʠʩ. 3.14 ï ɺʠʛʣʷʜ ʚʠʨʦʙʫ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʧʽʜʪʨʠʤʦʢ 

 

ʅʘʩʪʫʧʥʦʶ ʦʧʝʨʘʮʽʻʶ ʻ ʦʯʠʱʝʥʥʷ ʚʠʨʦʙʫ ʧʽʩʢʦʩʪʨʫʻʤ ï 

ʘʙʨʘʟʠʚʦʩʪʨʫʡʥʠʤ ʘʧʘʨʘʪʦʤ, ʷʢʠʡ ʦʯʠʱʘʻ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʰʣʷʭʦʤ ʧʨʠʩʢʦʨʝʥʥʷ 

ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʝʥʝʨʛʽʻʶ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʦʯʠʱʝʥʥʶ ʟ 

ʧʦʚʝʨʭʦʥʴ ʽʤʧʣʘʥʪʘʪʫ ʚʠʜʘʣʷʶʪʴʩʷ ʟʘʫʩʝʥʠʮʽ, ʟʘʣʠʰʝʥʽ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ 

ʧʽʜʪʨʠʤʦʢ, ʘ ʟ ʩʽʪʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʨʧʫʩʫ ʚʠʜʘʣʷʶʪʴʩʷ ʯʘʩʪʠʥʢʠ, ʷʢʽ 

ʫʪʚʦʨʠʣʠʩʴ ʚʥʘʩʣʽʜʦʢ ʤʝʭʘʥʽʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʧʽʜʪʨʠʤʦʢ ʪʘ ʟʘʣʠʰʠʣʠʩʴ ʧʽʩʣʷ 

ʜʨʫʢʫ ʥʘ 3D ʧʨʠʥʪʝʨʽ.  

ʊʝʧʝʨ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʦʙʨʦʙʢʫ ʦʪʚʦʨʽʚ ʽʤʧʣʘʥʪʘʪʫ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʘ ʩʘʤʝ ï ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʷ ʪʘ ʥʘʨʽʟʘʥʥʷ ʨʽʟʴʙʠ. ʈʝʞʠʤʠ ʨʽʟʘʥʥʷ ʜʣʷ ʮʠʭ 

ʦʧʝʨʘʮʽʡ ʦʙʠʨʘʻʤʦ ʟʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡ [19]  

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʮʝʪʘʙʫʣʷʨʥʫ ʯʘʰʢʫ ʧʦʤʽʱʘʶʪʴ ʜʣʷ 

ʬʽʥʽʰʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫ ʚʘʥʥʫ. ɼʘʥʠʡ ʧʨʠʣʘʜ ʩʪʚʦʨʶʻ ʢʦʣʠʚʘʥʥʷ 

ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʫʪʚʦʨʶʻ ʚʘʢʫʫʤʥʽ ʙʫʣʴʙʘʰʢʠ. ɺʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʢʘʚʽʪʘʮʽʾ ï ʙʫʣʴʙʘʰʢʠ ʚʠʙʫʭʘʶʪʴ, ʫʪʚʦʨʶʶʯʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ 

ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʯʠʩʪʢʠ ʩʪʘʥʦʚʠʪʴ 80-100%, ʘ ʚʠʨʽʙ ʧʽʩʣʷ ʥʝʾ ʜʦʩʪʘʪʥʴʦ 

ʚʠʩʫʰʠʪʠ ʘʙʦ ʧʨʦʪʝʨʪʠ ʛʘʥʯʽʨʢʦʶ. 

  



3.3. ʉʠʤʫʣʷʮʽʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

ʉʪʚʦʨʶʻʤʦ 3D ʤʦʜʝʣʴ, ʟʘ ʷʢʦʶ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ ʽʟ ʟʘʛʦʪʦʚʢʠ ʙʫʜʝ 

ʚʠʛʦʪʦʚʣʝʥʦ ʘʮʝʪʘʙʫʣʷʨʥʫ ʯʘʰʢʫ (ʨʠʩ. 3.15). ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ ï ʪʠʪʘʥ ɺʊ6. 

 

ʈʠʩ. 3.15 ï 3D ʤʦʜʝʣʴ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

ɺ ʷʢʦʩʪʽ ʉɸʄ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʉɸʄ ʤʦʜʫʣʴ ʩʠʩʪʝʤʠ Autodesk 

Inventor, ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʨʘʤʠ ʜʣʷ ʏʇʂ ʥʘʚʝʜʝʥʽ ʥʘ    ʨʠʩ. 3.16. 

 

 

ʈʠʩ. 3.16.1 ï ɼʦʜʘʻʤʦ ʧʨʠʧʫʩʢʠ ʥʘ ʦʙʨʦʙʢʫ 

 

 

 

 

 



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 3.16 

 

ʈʠʩ. 3.16.2 ï ʉʪʚʦʨʶʻʤʦ setup, ʟʘʛʦʪʦʚʢʘ - ʧʦ ʧʘʨʘʤʝʪʨʘʭ ʜʝʪʘʣʽ, 

ʢʦʨʜʠʥʘʪʠ ʚʠʩʪʘʚʣʷʻʤ ʧʦ ʤʘʡʙʫʪʥʽʡ ʙʘʟʽ 

 

 

ʈʠʩ. 3.16.3 ï ʇʽʩʣʷ ʧʝʨʝʙʘʟʫʚʘʥʥʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ. ʅʫʣʴ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʮʝʥʨʫ ʙʘʟʠ 

 

 

ʈʠʩ. 3.16.4 ï ɻʦʪʫʻʤʦ ʙʘʟʫ 



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 4.2 

 

ʈʠʩ. 3.16.5 ï ɹʝʟ ʧʝʨʝʫʩʪʘʥʦʚʢʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʭʠʙʢʠ ʙʘʟʫʚʘʥʥʷ ʽ 

ʟʝʢʦʥʦʤʠʪʠ ʯʘʩ ʚʽʜʬʨʝʟʝʨʦʚʫʻʤʦ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʯʘʰʢʠ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʬʨʝʟʫ ʟʽ ʩʬʝʨʠʯʥʠʤ ʢʽʥʮʝʚʠʢʦʤ 

 

 

ʈʠʩ. 3.16.6 ï ʂʦʞʥʘ ʦʧʝʨʘʮʽʷ ʧʽʩʣʷ ʟʥʷʪʪʷ ʦʩʥʦʚʥʦʛʦ ʧʨʠʧʫʩʢʫ ʧʝʨʝʜʙʘʯʘʻ 

ʱʝ ʢʽʣʴʢʘ ʧʨʦʭʦʜʽʚ ʪʦʥʢʦʛʦ ʪʦʯʽʥʥʷ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʷʢʽʩʥʦʾ ʙʘʟʠ 

 

 

ʈʠʩ. 3.16.7 ï ʇʽʩʣʷ ʧʽʜʛʦʪʦʚʢʠ ʙʘʟʠ ʽ ʦʙʨʦʙʢʠ ʚʩʽʭ ʧʦʚʝʨʭʦʥʴ 

ʧʝʨʝʚʩʪʘʥʦʚʣʶʻʤʦ ʟʘʛʦʪʦʚʢʫ ʽʥʰʠʤ ʙʦʢʦʤ ʚ ʮʘʥʛʦʚʠʡ ʟʘʞʠʤ 



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 3.16 

 

ʈʠʩ. 3.16.8 ï ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʦʪʨʠʤʫʻʤʦ ʤʘʰʠʥʥʠʡ ʯʘʩ 2:17:27, ʛʦʪʦʚʫ 

ʙʘʟʫ ʽ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʩʬʝʨʠ ʧʽʩʣʷ ʪʦʥʢʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ 

 

 

ʈʠʩ. 3.16.9 ï ʆʙʠʨʘʻʤʦ ʬʨʝʟʫ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʽʚ 

 

 

ʈʠʩ. 3.16.10 ï ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ 



ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 3.16 

  

ʈʠʩ. 3.16.11 ï ʏʘʩʪʠʥʘ ʦʪʨʠʤʘʥʦʾ  ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʏʇʂ ʚ G ʢʦʜʘʭ 

ʈʠʩ. 3.16 ï ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʨʘʤʠ ʜʣʷ ʏʇʂ  

 

4.2. ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

ʅʘʚʝʜʝʤʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ 

ʘʜʠʪʠʚʥʠʤʠ ʪʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʜʠʪʠʚʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ (ɸɺ): 

- ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ; 

- ʩʪʚʦʨʝʥʥʷ G-ʢʦʜʫ; 

- ʜʨʫʢ ʚ ʚʠʨʦʙʫ ʚ ʢʘʤʝʨʽ 3D ʧʨʠʥʪʝʨʫ; 

- ʪʝʨʤʽʯʥʠʡ ʚʽʜʧʫʩʢ; 

- ʚʠʜʘʣʝʥʥʷ ʧʽʜʪʨʠʤʦʢ; 

- ʦʯʠʱʝʥʥʷ ʧʽʩʢʦʩʪʨʫʻʤ; 

- ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʷ ʦʪʚʦʨʽʚ; 

- ʥʘʨʽʟʘʥʥʷ ʨʽʟʴʙʠ; 



- ʦʯʠʱʝʥʥʷ ʘ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʚʘʥʥʽ. 

ʅʘ ʚʠʭʦʜʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʘʮʝʪʘʙʫʣʷʨʥʫ ʯʘʰʢʫ ʤʘʩʦʶ 60 ʛʨʘʤ. 

 

 ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ: 

- ʟʘʛʦʪʦʚʢʘ ï ʚʠʣʠʚʦʢ; 

- ʬʨʝʟʝʨʫʚʘʥʥʷ ʙʘʟʠ; 

- ʬʨʝʟʝʨʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʯʘʰʢʠ ʪʘ ʢʦʟʠʨʢʘ; 

- ʢʨʽʧʣʝʥʥʷ ʚ ʮʘʥʟʽ ; 

- ʬʨʝʟʝʨʫʚʘʥʥʷ ʦʪʚʦʨʽʚ ʚ ʯʘʰʮʽ; 

- ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʣʦʱʠʥʠ ʢʦʟʠʨʢʘ; 

- ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʯʘʰʢʠ; 

- ʚʽʜʨʽʟʘʥʥʷ; 

- ʚʽʙʨʦʘʙʨʘʟʠʚʥʘ ʦʙʨʦʙʢʘ; 

- ʥʘʨʽʟʘʥʥʷ ʙʦʙʠʰʦʢ; 

- ʥʘʨʽʟʘʥʥʷ ʨʽʟʴʙʠ ʚ ʙʦʙʠʰʢʘʭ; 

- ʥʘʛʨʽʚʘʥʥʷ ʜʝʪʘʣʽ; 

- ʧʨʝʩʫʚʘʥʥʷ ʙʦʙʠʰʦʢ ʚ ʦʪʚʦʨʠ ʯʘʰʢʠ; 

- ʪʠʪʘʥʦʚʦ-ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ. 

ʅʘ ʚʠʭʦʜʽ ʦʪʨʠʤʫʻʤʦ ʘʮʝʪʘʙʫʣʷʨʥʫ ʯʘʰʢʫ, ʚʠʛʦʪʦʚʣʝʥʫ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʘʛʘ ʚʠʨʦʙʫ ï 71 ʛʨʘʤ. 

ɸʮʝʪʘʙʫʣʷʨʥʘ ʯʘʰʢʘ ʤʘʻ ʩʢʣʘʜʥʫ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ, ʯʝʨʝʟ ʱʦ ʦʙʨʦʙʢʘ 

ʥʘʚʽʪʴ ʥʘ 5-ʦʩʴʦʚʦʤʫ ʚʝʨʩʪʘʪʽ ʩʪʘʻ ʥʝʤʦʞʣʠʚʦʶ. ʏʝʨʝʟ ʮʝ, ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ï ʢʦʤʧʣʝʢʩʥʝ, ʯʘʰʢʘ ʪʘ ʙʦʙʠʰʢʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʦʢʨʝʤʦ, ʧʽʩʣʷ ʯʦʛʦ ʟôʻʜʥʫʶʪʴʩʷ ʟ ʥʘʪʷʛʦʤ. ɼʣʷ ʧʦʙʫʜʦʚʠ 

ʰʪʫʯʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜʙʘʯʝʥʦ ʜʦʜʘʪʢʦʚʫ ʦʧʝʨʘʮʽʶ ï ʪʠʪʘʥʦʚʦ-

ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʷ ʽʤʧʣʘʥʪʘʪʘ ʟ 

ʢʽʩʪʢʦʚʦʶ ʪʢʘʥʠʥʦʶ. 

 



ɺʠʩʥʦʚʢʠ. ʇʦʨʽʚʥʷʚʰʠ ʜʚʘ ʤʝʪʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʘʜʠʪʠʚʥʝ ʪʘ ʪʨʘʜʠʮʽʡʥʝ, 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ɸɺ ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ ʧʦʢʘʟʫʻ ʩʝʙʝ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʝʥʜʦʧʨʦʪʝʟʽʚ ï ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʻ ʚ ʨʘʟʠ ʧʨʦʩʪʽʰʠʤ. ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʙʫʜʦʚʠ ʩʽʪʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ï ʚʠʨʦʙʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ ɸɺ ʥʘʙʘʛʘʪʦ ʣʝʛʰʽ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʨʦʙʘʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʟʥʘʯʥʦ ʤʝʥʰʝ ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʦʙʫʜʦʚʫ ʽʤʧʣʘʥʪʘʪʫ, ʘ ʟʜʘʪʥʽʩʪʴ 

ʽʤʧʣʘʥʪʘʪʫ ʜʦ ʦʩʪʝʦʽʥʪʝʛʨʘʮʽʾ ʟʨʦʩʪʘʻ. ʂʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ 

ʘʜʠʪʠʚʥʦʤʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʘ, ʥʽʞ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ 

ʚʠʛʦʪʦʚʣʝʥʥʽ, ʪʦʙʪʦ ʽ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʡ. ʇʽʜʪʨʠʤʢʠ, ʱʦ 

ʚʽʜʨʽʟʘʶʪʴʩʷ ʚʽʜ ʜʝʪʘʣʽ ʤʦʞʥʘ ʧʽʩʣʷ ʧʝʨʝʨʦʙʢʠ ʤʦʞʥʘ ʟʥʦʚʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʜʨʫʢʫ, ʱʦ ʨʦʙʠʪʴ ɸɺ ï ʙʝʟʚʽʜʭʦʜʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

 

 

  



4. ʄɸʈʂɽʊʀʅɻʆɺʀʁ ɸʅɸʃɯɿ 

 

4.1. ʄʘʨʢʝʪʠʥʛʦʚʠʡ ʘʥʘʣʽʟ 

ʂʽʣʴʢʽʩʪʴ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʴ ʢʫʣʴʰʦʚʦʛʦ ʩʫʛʣʦʙʘ ʟʨʦʩʪʘʻ ʱʦʨʦʢʫ ʚ ʮʽʣʦʤʫ 

ʩʚʽʪʽ. ɺ 2010 ʨʦʮʽ ʢʽʣʴʢʽʩʪʴ ʧʝʨʚʠʥʥʠʭ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʴ ʫ ʩʚʽʪʽ ʩʷʛʥʫʣʘ 253 ʪʠʩ. 

ʥʘ ʨʽʢ, ʨʝʚʽʟʽʡʥʠʭ ï 48 ʪʠʩ. ʪʘ ʧʨʦʜʦʚʞʫʻ ʧʦʩʪʽʡʥʦ ʨʦʩʪʠ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʫʞʝ ʚ 

2030 ʨʦʮʽ ʮʽ ʮʠʬʨʠ ʟʨʦʩʪʫʪʴ ʜʦ 572 ʪʠʩ. ʧʝʨʚʠʥʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ 97 ʪʠʩ. ʜʣʷ 

ʨʝʚʽʟʽʡʥʠʭ ʚʽʜʧʦʚʽʜʥʦ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʪʘ ʨʝʚʽʟʽʡʥʠʭ ʚ ʋʢʨʘʾʥʽ 

ʩʪʘʥʦʚʠʪʴ 10:1, ʪʘ ʧʨʠʙʣʠʟʥʦ 5:1 ʚ ʢʨʘʾʥʘʭ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ. ɺ ʪʘʙʣʠʮʽ 4.1 

ʧʦʢʘʟʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʨʝʚʽʟʽʡʥʦʛʦ ʪʘ ʩʢʣʘʜʥʦʛʦ ʧʨʦʪʝʟʫʚʘʥʥʷ 

ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʟʘ ʨʽʢ.  

ʊʘʙʣʠʮʷ 4.1 ï ʢʽʣʴʢʽʩʪʴ ʨʝʚʽʟʽʡʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʟʘ ʨʽʢ 

ʅʘʟʚʘ 

ʦʧʝʨʘʪʠʚ-

ʥʦʛʦ 

ʚʪʨʫʯʘʥʥʷ 

ʉʝʨʽʡ-

ʥʽʩʪʴ 

ʚʠʨʦʙ-

ʥʠʮʪʚʘ 

ʅʘʟʚʘ 

ʚʠʨʦʙʫ 

ʉʝʨʝʜ-

ʥʷ ʚʘʛʘ, 

ʛʨ 

ʇʦ-

ʪʨʝʙʘ 

ʚ ʨʽʢ 

ʈʝʘʣʴʥʘ 

ʢʽʣ-ʪʴ 

ʦʧʝʨʘʮʽʡ 

ʚ ʨʽʢ 

ʈʝʘʣʽ-

ʟʦʚʘʥʘ 

ʧʦʪʨʝ-

ʙʘ 

ɺʘʛʘ 

ʚ ʨʽʢ, 

ʛʨ 

ʈʝʚʽʟʽʡʥʝ 

ʝʥʜʦʧʨʦʪʝ-

ʟʫʚʘʥʥʷ 

ʪʘʟʦʩʪʝʛʥʦʚ

ʦʛʦ ʩʫʛʣʦʙʫ 

ʊʘʢ ʈʝʚʽʟʽʡʥʘ 

ʟʘʧʘʜʠʥʘ 

250  

 

4000 

 

 

500 

 

 

13% 

 

 

275 

ʪʠʩ. 

ʊʘʢ ʈʝʚʽʟʽʡʥʘ 

ʥʽʞʢʘ 

250 

ʉʢʣʘʜʥʝ 

ʧʨʦʪʝʟʫʚʘʥ-

ʥʷ ʪʘ 

ʦʩʪʝʦʩʠʥʪʝʟ 

ʅ ̔ ɯʥʜʠʚʽʜʫ-

ʘʣʴʥʽ 

ʽʤʧʣʘʥʪʘʪ

ʠ 

300 1000 15 2% 4500 

 

ɼʦʩ̔ ʚ ʋʢʨʘʾʥʽ ʥʝʤʘʻ ʥʽ ʦʜʥʦʾ ʬʽʨʤʠ, ʷʢʘ ʟʘʡʤʘʻʪʴʩʷ ʜʨʫʢʦʤ ʤʝʪʘʣʝʚʠʭ 

ʤʝʜʠʯʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ, ʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʩʽʭ ʝʥʜʦʧʨʦʪʝʟʽʚ ʚʠʢʦʥʫʚʘʣʦʩʴ 

ʽʥʦʟʝʤʥʠʤʠ ʬʽʨʤʘʤʠ, ʯʝʨʝʟ ʱʦ ʮʽʥʠ ʥʘ ʥʠʭ ʙʫʣʠ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʝʥʽ.  



ʈʝʘʣʽʟʦʚʘʥʘ ʧʦʪʨʝʙʘ ʚ ʨʝʘʣʽʟʦʚʘʥʦʤʫ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʽ ʩʢʣʘʜʘʻ ʣʠʰʝ 13%, 

ʱʦ ʩʧʨʠʯʠʥʝʥʦ ʚʝʣʠʢʦʶ ʚʘʨʪʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʫ ï ʥʘʩʝʣʝʥʥʷ ʥʝ 

ʩʧʨʦʤʦʞʥʝ ʟʘʧʣʘʪʠʪʠ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʫ ʩʫʤʫ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʘʮʝʪʘʙʫʣʷʨʥʦʾ 

ʯʘʰʢʠ ʟʽ ʩʧʣʘʚʫ ʪʠʪʘʥʫ ɺʊ6 ʟʘ ʢʦʨʜʦʥʦʤ ʢʦʰʪʫʻ ʘʞ 1500 ʜʦʣʘʨʽʚ (42 500 ʛʨʥ).  

ʆʧʠʰʝʤʦ ʟʤʽʩʪ ʽʜʝʾ, ʤʦʞʣʠʚʽ ʥʘʧʨʷʤʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʚʠʛʦʜʫ ʤʘʡʙʫʪʥʽʤ 

ʩʧʦʞʠʚʘʯʘʤ (ʪʘʙʣ. 4.2) [20]. 

 

ʊʘʙʣʠʮʷ 4.2 ï ʦʧʠʩ ʽʜʝʾ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

ɿʤʽʩʪ ʽʜʝʾ ʅʘʧʨʷʤʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺʠʛʦʜʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʜʘʥʦʛʦ 

ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ ï 

ʧʦʯʘʪʦʢ ʜʨʫʢʫ 

ʤʝʜʠʯʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʽʤʧʣʘʥʪʘʪʽʚ ʚ 

ʋʢʨʘʾʥʽ  

ʆʨʪʦʧʝʜʠʯʥʘ ʭʽʨʫʨʛʽʷ, 

ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ 

ʈʝʘʣʽʟʘʮʽʷ ʜʘʥʦʾ ʽʜʝʾ 

ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʽʤʧʣʘʥʪʘʪʠ, ʥʘʙʘʛʘʪʦ ʜʝʰʝʚʰʽ 

ʟʘ ʝʥʜʦʧʨʦʪʝʟʠ, ʚʠʛʦʪʦʚʣʝʥʽ 

ʟʘ ʢʦʨʜʦʥʦʤ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʚʦʥʠ ʩʪʘʥʫʪʴ ʜʦʩʪʫʧʥʽʰʽ ʜʣʷ 

ʙʣ̔ʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ. 

 

ʊʝʧʝʨ ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʝʨʝʚʘʛ ʽʜʝʾ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʧʦʟʠʮʽʷʤʠ ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʥʢʫʨʝʥʪʽʚ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʱʝ 

ʥʝʤʘʻ ʬʽʨʤ, ʷʢʽ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʜʨʫʮʽ ʤʝʜʠʯʥʠʭ ʤʝʪʘʣʝʚʠʭ ʽʤʧʣʘʥʪʘʪʽʚ, ʪʦʤʫ 

ʧʦʨʽʚʥʶʚʘʪʠ ʙʫʜʝʤʦ ʟ ʽʥʦʟʝʤʥʠʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ, ʷʢʽ ʧʦʩʪʘʯʘʶʪʴ ʩʚʦʾ 

ʝʥʜʦʧʨʦʪʝʟʠ. ɼʨʫʢʦʚʘʥʽ ʚʠʨʦʙʠ ʚ ʤʦʻʤʫ ʧʨʦʻʢʪʽ ʥʝ ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʴ ʧʦ ʷʢʦʩʪʽ 

ʽʤʧʣʘʥʪʘʪʽʚ ʢʦʥʢʫʨʝʥʪʽʚ, ʧʨʦʪʝ ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʫ ʧʝʨʝʚʘʛʫ ʚ ʮʽʥʽ. 

ɺʠʟʥʘʯʠʤʦ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʤʘʶʪʴ ʛʽʨʰʽ (W), ʘʥʘʣʦʛʽʯʥʽ (N) ʪʘ ʩʠʣʴʥʽʰʽ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʪʝʥʮʽʡʥʠʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ (ʪʘʙʣ. 4.3). 

 

 

 

 



ʊʘʙʣʠʮʷ 4.3 ï ʚʠʟʥʘʯʝʥʥʷ ʩʣʘʙʰʠʭ, ʥʝʡʪʨʘʣʴʥʠʭ ʪʘ ʩʠʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʜʝʾ ʧʨʦʻʢʪʫ 

 

ˉ 

ʊʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ 

(ʧʦʪʝʥʮʽʡʥʽ) ʪʦʚʘʨʠ ʢʦʥʢʫʨʝʥʪʽʚ  

W 

 

 

N 

 

S ʄʽʡ 

ʧʨʦʝʢʪ 

ʂʦʥʢʫ-

ʨʝʥʪ 1 

ʂʦʥʢʫ-

ʨʝʥʪ 2 

ʂʦʥʢʫʨʝʥʪ 3 

1 ɺʘʨʪʽʩʪʴ ɼʨʫʢʫʚʘʥ-

ʥʷ ʝʥʜʦ-

ʧʨʦʪʝʟʽʚ ʚ 

ʋʢʨʘʾʥʽ 

Biomet 

(ʉʐɸ) 

Waldemar 

Link 

Mathys 

(ʐʚʝʡʮʘʨʽʷ) 

- - + 

2 ʗʢʽʩʪʴ - + - 

3 ʃʦʛʽʩʪʠʢʘ - - + 

4 ʊʝʭʥʽʯʥʽ 

ʦʙʤʝʞʝʥʥʷ 

+ - - 

 

ʑʦʙ ʩʧʣʘʥʫʚʘʪʠ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʧʨʦʻʢʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʫ 

ʨʠʥʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʪʨʝʙ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʪʘ ʧʨʦʧʦʟʠʮʽʡ ʧʨʦʝʢʪʽʚ 

ʢʦʥʢʫʨʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʨʠʥʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʻʢʪʫ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʨʠʥʢʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʨʠʥʢʦʚʽ ʟʘʛʨʦʟʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʞʘʪʠ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ (ʪʘʙʣ. 4.4). 

 

ʊʘʙʣʠʮʷ 4.4 ï ʇʦʧʝʨʝʜʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʠʥʢʫ 

ˉ ʇʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʨʠʥʢʫ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

1 ʂʽʣʴʢʽʩʪʴ ʛʦʣʦʚʥʠʭ 

ʛʨʘʚʮʽʚ 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʢʦʥʢʫʨʝʥʪʠ ʚ ʩʬʝʨʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʜʠʯʥʠʭ ʝʥʜʦʧʨʦʪʝʟʽʚ ʚʽʜʩʫʪʥʽ, 

ʧʨʦʪʝ ʥʘʷʚʥʘ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʦʟʝʤʥʠʭ 

ʛʨʘʚʮʽʚ 

2 ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʧʨʦʜʘʞ, ʛʨʥ/ʫʤ.ʦʜ 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʧʨʦʜʘʞ ʽʤʧʣʘʥʪʘʪʽʚ ʜʣʷ 

ʨʝʚʽʟʽʡʥʠʭ ʦʧʝʨʘʮʽʡ ʩʢʣʘʜʘʻ 500 ʦʜ. ʚ ʨʽʢ, ʱʦ ʻ 

ʣʠʰʝ 13% ʚʽʜ ʧʦʪʨʝʙʠ. ɺʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʘʮʝʪʘʙʫʣʷʨʥʦʾ ʯʘʰʢʠ ʥʘ ʢʦʨʜʦʥʦʤ - 1500$ 

(42 500 ʛʨʥ) 



3 ɼʠʥʘʤʽʢʘ ʨʠʥʢʫ (ʷʢʽʩʥʘ 

ʦʮʽʥʢʘ) 

ɿʨʦʩʪʘʻ 

4 ʅʘʷʚʥʽʩʪʴ ʦʙʤʝʞʝʥʴ ʜʣʷ 

ʚʭʦʜʫ 

ɺʘʞʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ ʥʘ ʜʦʟʚʽʣ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʜʠʯʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ, 

5 ʉʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ ʜʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ 

ʩʝʨʪʠʬʽʢʘʮʽʾ 

ɺʠʤʦʛʠ ʜʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʘ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ, ʚʠʤʦʛʠ ʜʦ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ 

 

ɺʠʟʥʘʯʠʤʦ ʧʦʪʝʥʮʽʡʥʽ ʛʨʫʧʠ ʢʣʽʻʥʪʽʚ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘ ʩʬʦʨʤʫʻʤʦ 

ʦʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʚʠʤʦʛ ʜʦ ʪʦʚʘʨʫ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ (ʪʘʙʣ. 4.5). 

 

ʊʘʙʣ. 4.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

ˉ ʇʦʪʨʝʙʘ, ʱʦ 

ʬʦʨʤʫʻ ʨʠʥʦʢ 

ʎʽʣʴʦʚʘ ʘʫʜʠʪʦʨʽʷ ɺʽʜʤʽʥʥʦʩʪʽ ʫ 

ʧʦʚʝʜʽʥʮʽ ʨʽʟʥʠʭ 

ʧʦʪʝʥʮʽʡʥʠʭ ʛʨʫʧ 

ʢʣʽʻʥʪʽʚ 

ɺʠʤʦʛʠ 

ʩʧʦʞʠʚʘʯʽʚ ʜʦ 

ʪʦʚʘʨʫ 

1 ʇʦʪʨʝʙʘ ʚ 

ʤʝʜʠʯʥʠʭ 

ʽʤʧʣʘʥʪʘʪʘʭ ʟʘ 

ʜʦʩʪʫʧʥʦʶ 

ʮʽʥʦʶ 

ʎʝʥʪʨʠ 

ʪʨʘʚʤʘʪʦʣʦʛʽʾ, 

ʦʨʪʦʧʝʜʽʾ ʪʘ 

ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ, 

ʧʨʦʬʽʣʴʦʚʘʥʽ 

ʣʽʢʘʨʥʽ ʽʥʩʪʠʪʫʪʽʚ 

ɺʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ 

ʜʨʫʢʫ ʪʘ ʷʢʦʩʪʽ 

ʽʤʧʣʘʥʪʘʪʫ, 

ʰʚʠʜʢʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʛʦʪʦʚʦʛʦ 

ʝʥʜʦʧʨʦʪʝʟʫ ʟ 

ʤʦʤʝʥʪʫ 

ʟʘʤʦʚʣʝʥʥʷ 

ɼʦ ʧʨʦʜʫʢʮʽʾ: 

ʪʦʯʥʽʩʪʴ, 

ʷʢʽʩʪʴ, 

ʜʦʩʪʫʧʥʘ ʮʽʥʘ 

ɼʦ ʢʦʤʧʘʥʽʾ-

ʧʦʩʪʘʯʘʣʴʥʠʢʘ: 

ʛʘʨʘʥʪʽʷ, 

ʰʚʠʜʢʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. 

2 ʊʝʨʤʽʥʦʚʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʤʧʣʘʥʪʘʪʫ 

 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ ʜʦʨʝʯʥʦ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʽʟ ʨʠʥʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʪʘʙʣ. 4.6 ʪʘ 4.7) 

 

 



ʊʘʙʣʠʮʷ 4.6 ï ʌʘʢʪʦʨʠ ʟʘʛʨʦʟ 

ˉ ʌʘʢʪʦʨ ɿʤʽʩʪ ʟʘʛʨʦʟʠ ʄʦʞʣʠʚʘ ʨʝʘʢʮʽʷ ʢʦʤʧʘʥʽʾ 

1 ʌʽʥʘʥʩʦʚʽ ʟʘʛʨʦʟʠ ʅʝʩʚʦʻʯʘʩʥʽ ʦʧʣʘʪʠ, 

ʩʢʘʯʢʠ ʚʘʣʶʪ, ʧʨʦʙʣʝʤʠ 

ʚ ʝʢʦʥʦʤʽʮʽ ʢʨʘʾʥʠ 

ʇʣʘʥʫʚʘʥʥʷ ʚʠʪʨʘʪ, 

ʬʦʨʤʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ 

ʨʝʟʝʨʚʽʚ 

2 ʄʘʢʨʦʝʢʦʥʦʤʽʯʥʽ 

ʢʨʠʟʠ 

ʇʽʜ ʯʘʩ ʢʨʠʟʠ 

ʟʥʠʞʫʻʪʴʩʷ ʧʦʢʫʧʥʘ 

ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʥʘʩʝʣʝʥʥʷ, ʨʦʩʪʝ ʨʽʚʝʥʴ 

ʽʥʬʣʷʮʽʷ 

ʇʣʘʥʫʚʘʥʥʷ ʚʠʪʨʘʪ, 

ʬʦʨʤʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ 

ʨʝʟʝʨʚʽʚ 

3 ʈʝʘʣʽʟʘʮʽʷ  ɺʘʞʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʤʝʜʠʯʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ  

ʆʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ  

4 ʉʣʘʙʘ ʚʽʜʦʤʽʩʪʴ ʥʘ 

ʨʠʥʢʫ 

ɺʠʭʽʜ ʥʘ ʨʠʥʦʢ ʥʦʚʦʛʦ 

ʛʨʘʚʮʷ, ʧʨʦ ʷʢʦʛʦ ʥʽʯʦʛʦ 

ʥʝ ʚʽʜʦʤʦ ʚ ʧʝʨʰʠʡ ʯʘʩ 

ʥʝ ʤʘʪʠʤʝ ʜʦʚʽʨʠ 

ʩʧʦʞʠʚʘʯʽʚ 

ʈʦʟʰʠʨʝʥʥʷ ʨʝʢʣʘʤʠ, 

ʘʥʘʣʽʟ ʚʽʜʛʫʢʽʚ ʚʽʜ 

ʩʧʦʞʠʚʘʯʽʚ 

 

ʊʘʙʣʠʮʷ 4.7 ï ʌʘʢʪʦʨʠ ʤʦʞʣʠʚʦʩʪʝʡ  

ˉ ʌʘʢʪʦʨ ɿʤʽʩʪ ʤʦʞʣʠʚʦʩʪʽ ʄʦʞʣʠʚʘ ʨʝʘʢʮʽʷ ʢʦʤʧʘʥʽʾ 

1 ɺʽʜʤʽʥʥʘ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʚʽʜʤʽʥʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ 

ʾʾ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ 

ʚʘʨʪʦʩʪʽ ʙʫʜʝ ʨʦʩʪʠ 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ 

ʋʪʨʠʤʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʦʾ ʮʽʥʠ ʥʘ ʪʦʚʘʨ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʦʪʨʠʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫ 



2 ʈʦʟʰʠʨʝʥʥʷ 

ʨʠʥʢʫ 

ʈʦʟʰʠʨʝʥʥʷ ʨʠʥʢʫ ʧʦ 

ʩʚʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ɿʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʟʙʽʣʴʰʝʥʥʷ 

ʨʽʚʥʷ ʽʥʚʝʩʪʠʮʽʡ 

3 ɺʠʭʽʜ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʡ 

ʨʠʥʦʢ 

ʈʦʟʰʠʨʝʥʥʷ ʨʠʥʢʫ ʟʘ 

ʤʝʞʽ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʽ 

ɿʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʟʙʽʣʴʰʝʥʥʷ 

ʨʽʚʥʷ ʽʥʚʝʩʪʠʮʽʡ 

 

ɿʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʧʨʠʥʮʠʧʦʚʦʾ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʥʘ                      

ʨʠʥʢʫ (ʪʘʙʣ. 4.8). 

 

ʊʘʙʣʠʮʷ 4.8 ï ʘʥʘʣʽʟ ʢʦʥʢʫʨʝʥʮʽʾ ʟʘ ʄ. ʇʦʨʪʝʨʦʤ 

ʉʢʣʘʜʦʚʽ     

ʘʥʘʣʽʟʫ 

ʇʨʷʤʽ 

ʢʦʥʢʫʨʝʥʪʠ ʚ 

ʛʘʣʫʟʽ 

ʇʦʪʝʥʮʽʡʥʽ 

ʢʦʥʢʫʨʝʥʪʠ 

ʇʦʩʪʘ-

ʯʘʣʴʥʠʢʠ 

ʂʣʽʻʥʪʠ ʊʦʚʘʨʠ-

ʟʘʤʽʥʥʠʢʠ 

ɯʥʦʟʝʤʥʽ 

ʚʠʨʦʙʥʠʢʠ 

ʤʝʜʠʯʥʠʭ 

ʝʥʜʦʧʨʦʪʝ-

ʟʽʚ 

ʂʦʤʧʘʥʽʾ, 

ʷʢʽ 

ʟʘʡʤʘʶʪʴʩʷ 

ʧʝʨʝʧʨʦʜʘ-

ʞʝʤ 

ʽʤʧʣʘʥʪʘʪʽʚ 

ɺʠʨʦʙʥʠʢ 

ʧʦʨʦʰʢʫ 

ʪʠʪʘʥʦʚʦʛʦ 

ʩʧʣʘʚʫ 

ɺʊ6 ʜʣʷ 

ʜʨʫʢʫ 

ɿʙʽʣʴʰʝʥʥʷ 

ʤʦʞʣʠʚʦʩ-

ʪʝʡ 

ɽʥʜʦʧʨʦ-

ʪʝʟʠ 

ʽʥʦʟʝʤʥʠʭ 

ʢʦʥʢʫʨʝʥ-

ʪʽʚ 

  ɺʠʩʥʦʚʢʠ ɺʠʛʦʪʦʚʣʝʥ-

ʥʷ ʷʢʽʩʥʠʭ 

ʽʤʧʣʘʥʪʘʪʽʚ, 

ʟʘ ʤʽʥʽʤʘʣʴʥʽ 

ʩʨʦʢʠ 

ɺʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʘ 

ʮʽʥʘ ʪʘ 

ʚʠʩʦʢʘ 

ʷʢʽʩʪʴ 

ʜʦʟʚʦʣʠʪʴ 

ʰʚʠʜʢʦ 

ʚʠʡʪʠ ʥʘ 

ʨʠʥʦʢ 

ʎʽʥʘ ʟʘ 

ʧʦʨʦʰʦʢ 

ʜʨʫʢʦʚʘ-

ʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

ʥʘʧʨʷʤʫ 

ʚʧʣʠʚʘʻ ʥʘ 

ʢʽʥʮʝʚʫ 

ʮʽʥʫ 

ʽʤʧʣʘʥʪʘʪʫ 

ɸʥʘʣʽʟ 

ʚʽʜʛʫʢʽʚ ʚʽʜ 

ʩʧʦʞʠʚʘʯʽʚ 

ʜʦʟʚʦʣʠʪʴ 

ʧʦʢʨʘʱʠʪʠ 

ʧʨʦʜʫʢʮʽʶ 

ʪʘ ʚʧʣʠʚ ʥʘ 

ʨʠʥʦʢ 

ʅʝʦʙʭʽʜ-

ʥʽʩʪʴ 

ʚʠʥʘʡʜʝʥ-

ʥʷ ʩʚʦʻʾ 

ʨʦʜʟʠʥʢʠ ʚ 

ʧʨʦʜʫʢʮʽʾ 

ʧʝʨʝʜ 

ʧʦʯʘʪʢʦʤ 

ʟʘʧʫʩʢʫ 

ʧʨʦʻʢʪʫ 



 

 

ɺʠʟʥʘʯʠʤʦ ʪʘ ʦʙˇʨʫʥʪʫʻʤʦ ʧʝʨʝʣʽʢ ʬʘʢʪʦʨʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ  

(ʪʘʙʣ. 4.9). 

 

ʊʘʙʣʠʮʷ 4.9 ï ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ˉ ʌʘʢʪʦʨ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ 

1 ʗʢʽʩʪʴ  ɺʠʩʦʢʘ ʷʢʽʩʪʴ ʜʨʫʢʦʚʘʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ, ʷʢʘ ʥʝ 

ʧʦʩʪʫʧʘʻʪʴʩʷ ʷʢʦʩʪʽ ʽʥʦʟʝʤʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʩʪʘʙʽʣʴʥʦ ʫʪʨʠʤʫʚʘʪʠ ʤʽʩʮʝ ʥʘ 

ʨʠʥʢʫ. 

2 ɺʘʨʪʽʩʪʴ ʅʝʚʠʩʦʢʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʦʟʝʤʥʠʤʠ 

ʢʦʥʢʫʨʝʥʪʘʤʠ, ʮʽʥʘ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ ʩʪʘʥʝ ʜʦʩʪʫʧʥʽʰʠʤ ʜʣʷ 

ʙʽʣʴʰʦʛʦ ʢʦʣʘ ʩʧʦʞʠʚʘʯʽʚ, ʽ ʨʝʘʣʽʟʦʚʘʥʘ 

ʧʦʪʨʝʙʘ ʚ ʧʝʨʚʠʥʥʽʡ ʪʘ ʨʝʚʽʟʽʡʥʽʡ ʦʧʝʨʘʮʽʷʭ 

ʟʥʘʯʥʦ ʟʨʦʩʪʝ. 

3 ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʡ 

ɿʘʚʜʷʢʠ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʫ, ʤʦʞʥʘ ʙʫʜʝ 

ʩʪʚʦʨʶʚʘʪʠ ʥʝ ʣʠʰʝ ʩʝʨʽʡʥʽ ʚʠʨʦʙʠ, ʘ ʡ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʽʤʧʣʘʥʪʘʪʠ, ʟʘʤʦʚʣʝʥʽ 

ʦʨʪʦʧʝʜʠʯʥʠʤʠ ʮʝʥʪʨʘʤʠ. 

4 ʃʦʛʽʩʪʠʢʘ ɿʘʚʜʷʢʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ ʚ ʋʢʨʘʾʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʣʦʛʽʩʪʠʢʠ ʥʘʙʘʛʘʪʦ ʨʦʟʰʠʨʷʪʴʩʷ, 

ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʨʠʰʚʠʜʰʠʪʴ ʦʪʨʠʤʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʩʧʦʞʠʚʘʯʘʤʠ. 

 

ɿʘ ʚʠʟʥʘʯʝʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ (ʪʘʙʣ. 4.9) ʧʨʦʘʥʘʣʽ-

ʟʫʻʤʦ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ (ʪʘʙʣ. 4.10). 

  



ʊʘʙʣʠʮʷ 4.10 ï ʇʦʨʽʚʥʷʥʥʷ ʩʠʣʴʥʠʭ ʪʘ ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ ʧʨʦʻʢʪʫ 

ˉ ʌʘʢʪʦʨ ʢʦʥʢʫʨʝʥʪʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ 

ɹʘʣʠ 1-20 ʈʝʡʪʠʥʛ ʪʦʚʘʨʽʚ ʢʦʥʢʫʨʝʥʪʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʰʠʤ 

-3 -2 -1 0 +1 +2 +3 

1 ʗʢʽʩʪʴ 10    +    

2 ɺʘʨʪʽʩʪʴ 20 +       

3 ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʡ 

10    +    

4 ʃʦʛʽʩʪʠʢʘ 18 +       

 

ʉʢʣʘʜʝʤʦ SWOT-ʘʥʘʣʽʟ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʣʘʙʢʠʭ ʪʘ ʩʠʣʴʥʠʭ ʩʪʦʨʽʥ 

ʧʨʦʻʢʪʫ, ʡʦʛʦ ʨʠʥʢʦʚʠʭ ʟʘʛʨʦʟ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ,  (ʪʘʙʣ. 4.11). 

 

ʊʘʙʣʠʮʷ 4.11 ï SWOT-ʘʥʘʣʽʟ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

ʉʠʣʴʥʽ ʩʪʦʨʦʥʠ: ʮʽʥʘ, ʷʢʽʩʪʴ, 

ʣʦʛʽʩʪʠʢʘ, ʢʦʥʢʫʨʝʥʪʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʉʣʘʙʢʽ ʩʪʦʨʦʥʠ: ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, 

ʚʘʞʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʄʦʞʣʠʚʦʩʪʽ: ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, 

ʨʦʟʰʠʨʝʥʥʷ ʨʠʥʢʫ, ʚʠʭʽʜ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʡ ʨʠʥʦʢ 

ɿʘʛʨʦʟʠ: ʬ̔ ʥʘʥʩʦʚʽ ʟʘʛʨʦʟʠ, 

ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʽ ʢʨʠʟʠ, ʨʝʘʣʽʟʘʮʽʷ, 

ʩʣʘʙʘ ʚʽʜʦʤʽʩʪʴ ʥʘ ʨʠʥʢʫ 

 

 

ʊʝʧʝʨ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʨʠʥʢʦʚʫ ʩʪʨʘʪʝʛʽʶ ʧʨʦʻʢʪʫ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʟʥʘʯʠʤʦ ʩʪʨʘʪʝʛʽʾ ʦʭʦʧʣʝʥʥʷ ʨʠʥʢʫ ʪʘ ʦʧʠʰʝʤʦ ʮʽʣʴʦʚʫ ʛʨʫʧʠ ʧʦʪʝʥʮʽʡʥʠʭ 

ʩʧʦʞʠʚʘʯʽʚ (ʪʘʙʣ. 4.12). 

 

 

 

 

 

 

 



ʊʘʙʣʠʮʷ 4.12 ï ɺʠʙʽʨ ʮʽʣʴʦʚʠʭ ʛʨʫʧ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ 

ˉ ʆʧʠʩ ʧʨʦʬʽʣʶ 

ʮʽʣʴʦʚʦʾ ʛʨʫʧʠ 

ʧʦʪʝʥʮʽʡʥʠʭ 

ʢʣʽʻʥʪʽʚ 

ɻʦʪʦʚʥʽʩʪʴ 

ʩʧʦʞʠʚʘʯʽʚ 

ʧʨʠʡʥʷʪʠ 

ʛʦʪʦʚʠʡ 

ʧʨʦʜʫʢʪ 

ʆʨʽʻʥʪʦʚʘʥʠʡ 

ʧʦʧʠʪ ʚ ʤʝʞʘʭ 

ʮʽʣʴʦʚʦʾ ʛʨʫʧʠ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʢʦʥʢʫʨʝʥʮʽʾ ʚ 

ʩʝʛʤʝʥʪʽ 

ʇʨʦʩʪʦʪʘ 

ʚʭʦʜʫ ʚ 

ʩʝʛʤʝʥʪ 

1 ʎʝʥʪʨʠ 

ʪʨʘʚʤʘʪʦʣʦʛʽʾ, 

ʦʨʪʦʧʝʜʽʾ ʪʘ 

ʝʥʜʦʧʨʦʪʝʟʫ-

ʚʘʥʥʷ 

90% 1000 ʦʜ/ʨʽʢ 10% 80% 

 

ʑʦʙ ʧʨʘʮʶʚʘʪʠ ʘ ʦʙʨʘʥʦʤʫ ʩʝʛʤʝʥʪʽ ʨʠʥʢʫ ʧʦʪʨʽʙʥʦ ʩʬʦʨʤʫʚʘʪʠ 

ʩʪʨʘʛʝʥʽʶ ʨʦʟʚʠʪʢʫ ʧʨʦʻʢʪʫ (ʪʘʙʣ. 4.13). 

 

ʊʘʙʣʠʮʷ 4.13 ï ɺʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ 

ˉ ʆʙʨʘʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʨʦʟʚʠʪʢʫ 

ʧʨʦʻʢʪʫ 

ʉʪʨʘʪʝʛʽʷ 

ʦʭʦʧʣʝʥʥʷ 

ʨʠʥʢʫ 

ʂʣʶʯʦʚʽ ʢʦʥʢʫʨʝʥʪʦ 

ʩʧʨʦʤʦʞʥʽ ʧʦʟʠʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ 

ɹʘʟʦʚʘ 

ʩʪʨʘʪʝʛʽʷ 

ʨʦʟʚʠʪʢʫ 

1 ɺʠʛʦʪʦʚʣʝʥʥʷ 

ʭʽʨʫʨʛʽʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ  

ɺʠʙʽʨʢʦʚʠʡ 

ʨʦʟʧʦʜʽʣ  

ʗʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ, ʮʽʥʘ  ʄʘʨʢʝʪʠʥʛʦʚʘ 

ʘʢʪʠʚʽʟʘʮʽʷ 

 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ï ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ (ʪʘʙʣ. 4.14), 

ʪʦʙʪʦ ʩʧʦʩʦʙʫ ʜʽʡ ʧʨʦʻʢʪʫ ʚ ʙʦʨʦʪʴʙʽ ʟ ʢʦʥʢʫʨʝʥʪʘʤʠ. ɼʘʥʠʡ ʩʧʦʩʽʙ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʧʨʦʥʠʢʥʝʥʥʽ ʚ ʥʦʚʽ ʨʠʥʢʠ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ. 

 

 



ʊʘʙʣʠʮʷ 4.14 ï ɺʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ  

ˉ ʏʠ ʻ ʧʨʦʝʢʪ 

"ʧʝʨʰʦʧʨʦʭʽʜʮʝʤ" 

ʥʘ ʨʠʥʢʫ ʋʢʨʘʾʥʠ? 

ʏʠ ʙʫʜʝ ʢʦʤʧʘʥʽʷ 

ʰʫʢʘʪʠ ʥʦʚʠʭ 

ʩʧʦʞʠʚʘʯʽʚ ʘʙʦ 

ʟʘʙʠʨʘʪʠ ʽʩʥʫʶʯʠʭ 

ʢʦʥʢʫʨʝʥʪʽʚ? 

ʏʠ ʙʫʜʝ ʢʦʤʧʘʥʽʷ 

ʢʦʧʽʶʚʘʪʠ 

ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʦʚʘʨʫ 

ʢʦʥʢʫʨʝʥʪʘ 

ʉʪʨʘʪʝʛʽʷ 

ʢʦʥʢʫʨʝʥʪʥʦʾ 

ʧʦʚʝʜʽʥʢʠ 

1 ʊʘʢ  ʊʘʢ  ʊʘʢ  ʇʘʮʽʻʥʪʠʚʥʘ 

(ʥʽʛʽʻʚʘ) 

 

ʅʘ ʦʩʥʦʚʽ ʚʠʤʦʛ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʪʘ ʜʦ ʧʨʦʜʫʢʪʫ, 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʩʪʨʘʪʝʛʽʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʨʠʥʢʦʚʦʾ 

ʧʦʟʠʮʽʾ ʧʨʦʻʢʪʫ (ʪʘʙʣ. 4.15). ɿʘ ʜʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʘʩʦʮʽʘʮʽʡ ʩʧʦʞʠʚʘʯʽ ʤʘʶʪʴ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʨʦʻʢʪ ʥʘ ʨʠʥʢʫ. 

 

ʊʘʙʣʠʮʷ 4.15 ï ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ˉ ɺʠʤʦʛʠ ʜʦ 

ʪʦʚʘʨʫ 

ʮʽʣʴʦʚʦʾ 

ʘʫʜʠʪʦʨʽʾ 

ɹʘʟʦʚʘ ʩʪʨʘʪʝʛʽʷ 

ʨʦʟʚʠʪʢʫ 

ʂʣʶʯʦʚʽ 

ʢʦʥʢʫʨʝʥʪʦ-

ʩʧʨʦʤʦʞʥʽ 

ʧʦʟʠʮʽʾ ʚʣʘʩʥʦʛʦ 

startup-ʧʨʦʻʢʪʫ 

ɺʠʙʽʨ ʘʩʦʮʽʘʮʽʡ, 

ʷʢʽ ʤʘʶʪʴ 

ʩʬʦʨʤʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩʥʫ 

ʧʦʟʠʮʽʶ ʚʣʘʩʥʦʛʦ 

ʧʨʦʝʢʪʫ 

1 ʗʢʽʩʪʴ ʉʪʨʘʪʝʛʽʷ 

ʢʦʥʮʝʪʨʦʚʘʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ 

+ +- 

2 ɺʘʨʪʽʩʪʴ + + 

3 ʃʦʛʽʩʪʠʢʘ + + 

4 ʐʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʚʠʙʦʨʫ 

+ + 

5 ʇʦʧʫʣʷʨʥʽʩʪʴ 

ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ 

- - 

  

ʇʽʜʩʫʤʦʚʫʻʤʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʢʫʨʝʥʪʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʦʚʘʨʫ ʪʘ ʬʦʨʤʫʻʤʦ ʡʦʛʦ ʤʘʨʢʝʪʠʥʛʦʚʫ ʢʦʥʮʝʧʮʽʶ (ʪʘʙʣ. 4.16). 



ʊʘʙʣʠʮʷ 4.16 ï ɺʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʢʦʥʮʝʧʮʽʾ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʪʦʚʘʨʫ 

ˉ ʇʦʪʨʝʙʘ ɺʠʛʦʜʘ, ʷʢʫ ʧʨʦʧʦʥʫʻ ʪʦʚʘʨ ʂʣʶʯʦʚʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ 

ʢʦʥʢʫʨʝʥʪʘʤʠ 

1 ʗʢʽʩʪʴ ʗʢʽʩʪʴ ʟʛʽʜʥʦ ʤʽʞʥʘʨʦʜʥʠʤ 

ʥʦʨʤʘʤ 

ʉʝʨʪʠʬʽʢʦʚʘʥʘ ʷʢʽʩʪʴ, ʷʢʘ 

ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʷʢʦʩʪʽ 

ʪʦʚʘʨʽʚ ʢʦʥʢʫʨʝʥʪʽʚ 

2 ɺʘʨʪʽʩʪʴ ʎʽʥʘ ʟʘ ʝʥʜʦʧʨʦʪʝʟʠ, ʷʢʘ ʙʫʜʝ 

ʥʘʙʘʛʘʪʦ ʥʠʞʯʘ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʥʦʟʝʤʥʠʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ, 

ʱʦ ʽʤʧʦʨʪʫʶʪʴ ʩʚʦʾ ʪʦʚʘʨʠ 

ɿʥʠʞʫʻʪʴʩʷ ʚʘʨʪʽʩʪʴ 

ʣʦʛʽʩʪʠʢʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʮʽʥʘ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ 

3 ʃʦʛʽʩʪʠʢʘ ɺʠʨʦʙʥʠʮʪʚʦ ʙʫʜʝ 

ʚʽʜʙʫʚʘʪʠʩʴ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʟʥʠʞʫʻʪʴʩʷ ʮʽʥʘ ʣʦʛʽʩʪʠʢʠ, ʘ 

ʪʦʤʫ ʽ ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʪʦʚʘʨʫ ʟʘʤʦʚʥʠʢʦʤ 

ʅʘʙʘʛʘʪʦ ʤʝʥʰʘ ʮʽʥʘ 

ʣʦʛʽʩʪʠʢʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʚʘʨʪʽʩʪʴ 

ʩʘʤʦʛʦ ʪʦʚʘʨʫ 

 

ʇʦʪʝʥʮʽʡʥʠʡ ʪʦʚʘʨ ʙʫʜʝ ʟʘʭʠʱʝʥʦ ʚʽʜ ʢʦʧʽʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʪʝʥʪʽʚ.  

ɺʠʟʥʘʯʠʤʦ ʮʽʥʦʚʽ ʤʝʞʽ, ʷʢʠʤʠ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʴ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʮʽʥʠ ʥʘ ʧʦʪʝʥʮʽʡʥʠʡ ʪʦʚʘʨ (ʪʘʙʣ. 4.17). ɼʣʷ ʧʨʠʢʣʘʜʫ ʦʙʨʘʥʦ ʘʮʝʪʘʙʫʣʷʨʥʫ 

ʯʘʰʢʫ ʜʣʷ ʨʝʚʽʟʽʡʥʦʾ ʦʧʝʨʘʮʽʾ.  

 

ʊʘʙʣʠʮʷ 4.17 ï ɺʠʟʥʘʯʝʥʥʷ ʤʝʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʽʥʠ 

ˉ ʈʽʚʝʥʴ ʮʽʥ ʥʘ 

ʪʦʚʘʨʠ-ʟʘʤʽʥʥʠʢʠ 

ʈʚ̔ʝʥʴ ʮʽʥ 

ʥʘ ʪʦʚʘʨʠ 

ʘʥʘʣʦʛʠ 

ʈʽʚʝʥʴ ʜʦʭʦʜʽʚ 

ʮʽʣʴʦʚʦʾ ʛʨʫʧʠ 

ɺʝʨʭʥʷ ʪʘ ʥʠʞʥʷ ʤʝʞʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʽʥʠ ʥʘ 

ʪʦʚʘʨ 

1 40 000 ʛʨʥ 42 500 ʛʨʥ - 25 000 ï 30 000 

 

 



ɺʠʟʥʘʯʠʤʦ ʦʧʪʠʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʟʙʫʪʫ ʪʦʚʘʨʫ, ʚ ʤʝʞʘʭ ʷʢʦʛʦ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷ (ʪʘʙʣ. 4.18). 

 

ʊʘʙʣʠʮʷ 4.18 ï ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʙʫʪʫ 

ˉ ʉʧʝʮʠʬʽʢʘ 

ʟʘʢʫʧʽʚʝʣʴʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʮʽʣʴʦʚʠʭ 

ʢʣʽʻʥʪʽʚ 

ʌʫʥʢʮʽʾ ʟʙʫʪʫ, ʷʢʽ 

ʤʘʻ ʚʠʢʦʥʫʚʘʪʠ 

ʧʦʩʪʘʯʘʣʴʥʠʢ 

ʪʦʚʘʨʫ 

ɻʣʠʙʠʥʘ 

ʢʘʥʘʣʫ ʟʙʫʪʫ 

ʆʧʪʠʤʘʣʴʥʘ 

ʩʠʩʪʝʤʘ ʟʙʫʪʫ 

1 ɿʚʠʯʥʘ ʢʫʧʽʚʝʣʴʥʘ 

ʧʦʚʝʜʽʥʢʘ 

ʇʨʦʜʘʞ ʧʨʦʜʫʢʮʽʾ ʅʫʣʴʦʚʠʡ 

ʢʘʥʘʣ 

ʇʨʷʤʠʡ ʟʙʫʪ 

 

ʆʩʪʘʥʥʷ ʩʢʣʘʜʦʚʘ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʧʨʦʛʨʘʤʠ ï ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʮʽʾ 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ (ʪʘʙʣ. 4.19). ɺʦʥʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʘʥʫ 

ʦʩʥʦʚʫ ʜʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ  ʪʘ ʩʧʝʮʠʬʽʢʫ ʧʦʚʝʜʽʥʢʠ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ. 

 

ʊʘʙʣ. 4.19 ï ʂʦʥʮʝʥʮʽʷ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ˉ ʉʧʝʮʠʬʽʢʘ 

ʧʦʚʝʜʽʥʢʠ 

ʮʽʣʴʦʚʠʭ 

ʢʣʽʻʥʪʽʚ 

ʂʘʥʘʣʠ 

ʢʦʤʫʥʽʢʘʮʽʡ, 

ʷʢʠʤʠ 

ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʢʣʽʻʥʪʠ 

ʂʣʶʯʦʚʽ 

ʧʦʟʠʮʽʾ, ʦʙʨʘʥʽ 

ʜʣʷ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ɿʘʚʜʘʥʥʷ 

ʨʝʢʣʘʤʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʂʦʥʮʝʧʮʽʷ 

ʨʝʢʣʘʤʥʦʛʦ 

ʟʚʝʨʥʝʥʥʷ 

1 ɺʠʤʦʛʠ ʜʦ 

ʷʢʦʩʪʽ ʪʘ 

ʚʘʨʪʦʩʪʽ 

ʪʦʚʘʨʫ, 

ʰʚʠʜʢʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ 

ʪʦʚʘʨʫ 

ʏʘʪʠ, ʚʝʙ-

ʩʘʡʪʠ, 

ʚʠʩʪʘʚʢʠ, 

ʧʨʷʤʽ 

ʟʚʝʨʥʝʥʥʷ 

ʗʢʽʩʪʴ, 

ʚʘʨʪʽʩʪʴ, 

ʣʦʛʽʩʪʠʢʘ 

ɼʦʥʝʩʪʠ ʜʦ 

ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʩʧʦʞʠʚʘʯʘ 

ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʪʦʚʘʨ, 

ʧʝʨʝʢʦʥʘʪʠ 

ʡʦʛʦ ʚ ʷʢʦʩʪʽ 

ʪʦʚʘʨʫ 

çʈʫʭʘʻʤʦʩʴ 

ʚ ʤʘʡʙʫʪʥʻ 

ʨʘʟʦʤ!è 

  



ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ startup-ʧʨʦʻʢʪʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʨʠʥʦʢ ʛʦʪʦʚʠʡ ʧʨʠʡʥʷʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʝʥʜʦʧʨʦʪʝʟʠ. ʈʝʘʣʽʟʦʚʘʥʘ ʧʦʪʨʝʙʘ ʚ 

ʽʤʧʣʘʥʪʘʪʘʭ ʩʢʣʘʜʘʻ ʣʠʰʝ 12% ʚʽʜ ʧʦʪʨʝʙʠ, ʱʦ ʜʘʻ ʩʝʥʩ ʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ. 

ɿʘʚʜʷʢʠ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʥʢʫʨʝʥʪʽʚ ʤʦʞʥʘ ʰʚʠʜʢʦ ʨʦʟʰʠʨʠʪʠ ʤʝʞʽ ʨʠʥʢʫ, ʘ ʯʝʨʝʟ 

ʤʘʣʽ ʟʘʪʨʘʪʠ ʥʘ ʣʦʛʽʩʪʠʢʫ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʮʽʥʢʠ, ʮʽʥʠ ʟʘ ʦʜʠʥʠʮʶ ʪʦʚʘʨʫ ʙʫʜʫʪʴ 

ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʦʟʝʤʥʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʇʨʦʻʢʪ ʜʫʞʝ ʩʢʣʘʜʥʠʡ ʚ 

ʨʝʘʣʽʟʘʮʽʾ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʜʠʯʥʠʭ 

ʚʠʨʦʙʽʚ, ʧʨʦʪʝ ʷʢ ʪʽʣʴʢʠ ʮʝʡ ʨʫʙʽʞ ʙʫʜʝ ʧʦʜʦʣʘʥʦ ï ʨʠʥʦʢ ʟ ʨʘʜʽʩʪʶ ʟʫʩʪʨʽʥʝ 

ʧʨʦʜʫʢʮʽʶ.   



ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ ʊɸ ɯʅʊɽʈʅɽʊ ʈɽʉʋʈʉɯɺ 
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