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ʋɺʆɼ  

ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ ʩʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘ ʦʙʣʘʩʪ, 

ʚʢʣʶʯʚʘʱʘ ʨʦʙʦʪʠʢʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʦʚʝʢ-ʢʦʤʧʶʪʲʨ, ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʘʚʥʠ ʠ ʝʪʠʯʥʠ ʥʦʨʤʠ. ʆʪ ʥʘʫʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʟʥʘʯʠʪʝʣʝʥ ʥʘʧʨʝʜʲʢ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʚʠʩʦʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ.  ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠʤ ʝ ʨʝʟʫʣʪʘʪ ʦʪ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʜʦʩʪʠʞʝʥʠʷ ʚ ʢʦʤʫʥʠʢʘʮʠʠʪʝ, ʤʝʭʘʪʨʦʥʠʢʘʪʘ, ʢʠʙʝʨʬʠʟʠʯʥʠʪʝ ʩʠʩʪʝʤʠ, ʠʟʢʫʩʪʚʝʥʠʷ 

ʠʥʪʝʣʝʢʪ ʠ ʪ.ʥ., ʢʦʠʪʦ ʧʦʟʚʦʣʠʭʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʠ ʩʠʩʪʝʤʠ. 

ʄʥʦʛʦʮʝʣʝʚʠʷʪ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ ʝ ʫʥʠʚʝʨʩʘʣʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʩʠʩʪʝʤʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʘ ʠʟʧʲʣʥʷʚʘ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʟʘʜʘʯʠ ʠ ʫʩʣʫʛʠ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʠ ʩʬʝʨʠ, 

ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʩʝ ʫʧʨʘʚʣʷʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʦʪ ʯʦʚʝʢ - ʦʧʝʨʘʪʦʨ.  

ʉʲʩ ʩʚʦʷʪʘ ʘʜʘʧʪʠʚʥʦʩʪ, ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ ʠ ʛʲʚʢʘʚʦʩʪ 

ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ ʩ ʪʝʣʫʧʨʘʚʣʝʥʠʝ ʠʤʘʪ ʧʨʠʣʦʞʠʝ ʚ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʦʙʣʘʩʪʠ 

- ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʪʨʦʠʪʝʣʩʪʚʦ, ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ, ʪʝʣʝʤʝʜʠʮʠʥʘ ʠ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝ, 

ʦʙʨʘʟʦʚʘʥʠʝ, ʩʠʛʫʨʥʦʩʪ ʠ ʥʘʙʣʶʜʝʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʣʦʛʠʩʪʠʢʘ ʠ 

ʩʢʣʘʜʠʨʘʥʝ, ʝʥʝʨʛʠʝʥ ʩʝʢʪʦʨ, ʜʠʩʪʘʥʮʠʦʥʥʠ ʧʨʦʫʯʚʘʥʠʷ, ʚ ʪʦʚʘ ʯʠʩʣʦ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ 

ʢʦʩʤʦʩʘ ʠ ʦʢʝʘʥʠʪʝ, ʠʥʩʧʝʢʮʠʷ ʠ ʧʦʜʜʨʲʞʢʘ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ, ʦʧʘʩʥʠ ʩʨʝʜʠ ʠ ʟʘʩʝʛʥʘʪʠ 

ʦʪ ʙʝʜʩʪʚʠʷ ʨʘʡʦʥʠ, ʩʦʥʜʠʨʘʥʝ ʠ ʜʦʙʠʚ ʥʘ ʨʝʩʫʨʩʠ ʠ ʜʨ. 

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʪʝʤʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ 

ʈʦʙʦʪʠʢʘʪʘ ʠ ʚ ʯʘʩʪʥʦʩʪ ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʩʘ ʚʘʞʥʘ 

ʯʘʩʪ ʦʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʪʝ ʧʦʣʠʪʠʢʠ ʠ ʜʦʢʫʤʝʥʪʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʦʪʨʘʩʲʣ: 

Ăʆʙʱʝʩʪʚʦ 5.0ñ, Ăʀʥʜʫʩʪʨʠʷ 4.0ñ, Ăʀʥʜʫʩʪʨʠʷ 5.0ñ, ʇʈʆɻʈɸʄɸ 2030 ʥʘ ʆʆʅ, 

ʉʪʨʘʪʝʛʠʯʝʩʢʘ ʧʨʦʛʨʘʤʘ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʟʘ ʧʝʨʠʦʜʘ 2019-2024, Ă2030 ʎʠʬʨʦʚ 

ʢʦʤʧʘʩ: ʝʚʨʦʧʝʡʩʢʠʷʪ ʧʲʪ ʟʘ ʮʠʬʨʦʚʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝñ, "ɽʚʨʦʧʝʡʩʢʘ ʮʠʬʨʦʚʘ ʩʪʨʘʪʝʛʠʷ", 

"ɽʚʨʦʧʘ, ʧʨʠʛʦʜʝʥʘ ʟʘ ʮʠʬʨʦʚʘʪʘ ʝʨʘ", ʇʨʦʛʨʘʤʘ "ʍʦʨʠʟʦʥʪ ɽʚʨʦʧʘ", ɽʚʨʦʧʝʡʩʢʘʪʘ ʟʝʣʝʥʘ 

ʩʜʝʣʢʘ, ʇʣʘʥ ʟʘ ʜʝʡʩʪʚʠʝ ʟʘ ʢʨʲʛʦʚʘʪʘ ʠʢʦʥʦʤʠʢʘ ʥʘ ɽʉ. ʈʘʟʚʠʪʠʝʪʦ ʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ 

ʨʦʙʦʪʠʪʝ ʝ ʦʩʥʦʚʝʥ ʬʘʢʪʦʨ ʟʘ ʥʘʧʨʝʜʲʢʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʧʦʜʦʙʨʷʚʘʥʝʪʦ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ, 

ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʩʧʨʘʚʷʥʝʪʦ ʩ ʚʘʞʥʠ ʦʙʱʝʩʪʚʝʥʠ, ʠʢʦʥʦʤʠʯʝʩʢʠ ʠ 

ʝʢʦʣʦʛʠʯʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ. ʂʘʪʦ ʙʲʨʟʦʨʘʟʚʠʚʘʱʘ ʩʝ ʩʬʝʨʘ ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʪʝʣʝ-

ʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ ʱʝ ʠʤʘʪ ʚʩʝ ʧʦ-ʛʦʣʷʤʦ ʧʨʠʩʲʩʪʚʠʝ ʠ ʱʝ ʠʛʨʘʷʪ ʚʩʝ ʧʦ ʚʘʞʥʘ 

ʨʦʣʷ ʚ ʩʲʚʨʝʤʝʥʥʠʷ ʩʚʷʪ. ʊʦʚʘ ʧʦʩʪʘʚʷ ʩʲʱʝʩʪʚʝʥ ʘʢʮʝʥʪ ʚʲʨʭʫ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ 



с 
 

ʨʘʟʰʠʨʷʚʘʥʝʪʦ ʜʠʘʧʘʟʦʥʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ 

ʠ ʦʧʨʝʜʝʣʷ ʪʝʤʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʟʘ ʘʢʪʫʘʣʥʘ ʠ ʟʥʘʯʠʤʘ.  

ʆʙʝʢʪ ʠ ʧʨʝʜʤʝʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ 

ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʚ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʩʘ ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʪʝʣʝ-

ʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ. 

ʇʨʝʜʤʝʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʚ ʜʠʩʝʨʪʘʮʠʷʪʘ ʝ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʪʝ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ ʚ ʪʨʫʜʦʚʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʭʦʨʘʪʘ.  

ʎʝʣ ʠ ʟʘʜʘʯʠ  

ʎʝʣʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʝ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤ 

ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʫʩʣʦʚʠʷʪʘ ʥʘ ʨʘʙʦʪʘ ʠ ʧʦʜʧʦʤʘʛʘʥʝ ʪʨʫʜʦʚʘʪʘ ʜʝʡʥʦʩʪ ʥʘ 

ʭʦʨʘʪʘ ʚ ʨʘʟʣʠʯʥʠ ʨʘʙʦʪʥʠ ʩʨʝʜʠ, ʘ ʠʤʝʥʥʦ ʙʦʣʥʠʯʥʠ ʟʘʚʝʜʝʥʠʷ, ʩʢʣʘʜʦʚʠ ʧʦʤʝʱʝʥʠʷ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʦʙʝʢʪʠ, ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ, ʤʘʛʘʟʠʥʠ ʠ ʪʲʨʛʦʚʩʢʠ ʦʙʝʢʪʠ.  

ʇʦʩʪʠʛʘʥʝʪʦ ʥʘ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ ʝ ʩʚʲʨʟʘʥʦ ʩ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʩʣʝʜʥʠʪʝ ʢʦʥʢʨʝʪʥʠ 

ʟʘʜʘʯʠ: 

1. ɿʘʧʦʟʥʘʚʘʥʝ ʩ ʦʩʥʦʚʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʧʝʮʠʬʠʯʥʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ  

2. ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʝʭʘʥʠʯʥʠʷ ʜʠʟʘʡʥ ʥʘ ʨʦʙʦʪʘ: 

Å      ʋʥʠʚʝʨʩʘʣʥʘ ʤʦʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ  

Å      ʄʦʜʫʣ ʩ ʧʦʚʜʠʛʘʱʘ ʧʣʘʪʬʦʨʤʘ                                                               

Å      ʄʦʜʫʣ ʩ ʨʦʪʘʮʠʦʥʥʘ ʤʘʩʘ                                                                 

Å      ʇʦʯʠʩʪʚʘʱ ʤʦʜʫʣ                                                    

Å      ʄʦʜʫʣ ʩ ʥʦʞʠʯʝʩʪ ʧʦʜʝʤʥʠʢ                                                          

Å      ʄʦʜʫʣ ʩ ʘʥʪʨʦʧʦʤʦʨʬʝʥ ʨʦʙʦʪ Niryo                   

3. ʀʟʙʦʨ ʥʘ ʟʘʜʚʠʞʚʘʥʝ, ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ ʠ ʩʝʥʟʦʨʥʘ ʩʠʩʪʝʤʘ ʥʘ ʨʦʙʦʪʘ 

4. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʨʦʤʠʰʣʝʥ ʜʠʟʘʡʥ ʥʘ ʨʦʙʦʪʘ 

5. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʘʪʘ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʥʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ  

6. ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʨʝʞʠʤʠʪʝ ʥʘ ʨʦʙʦʪʘ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ 



т 
 

      Å      ɿʘʜʘʚʘʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʥʘ 

ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ 

      Å      ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʦʬʪʫʝʨ ʠ ʭʘʨʜʫʝʨ ʥʘ ʦʪʜʝʣʥʠʪʝ ʤʦʜʫʣʠ 

ʉʪʨʫʢʪʫʨʘ ʠ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ 

ʅʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠ ̫ʝ ʩʪʨʫʢʪʫʨʠʨʘʥʘ ʢʘʢʪʦ ʩʣʝʜʚʘ: 

ʋɺʆɼ: ʇʨʝʜʩʪʘʚʷ ʘʢʪʫʘʣʥʦʩʪʪʘ ʥʘ ʪʝʤʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ, ʦʙʝʢʪʘ, ʧʨʝʜʤʝʪʘ, 

ʮʝʣʪʘ ʠ ʟʘʜʘʯʠʪʝ 

ɻʃɸɺɸ 1: ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʦʩʥʦʚʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʤʝʭʘʥʠʢʘʪʘ ʠ ʜʠʟʘʡʥʘ ʥʘ 

ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ, ʚ ʪʦʚʘ ʯʠʩʣʦ ʩʧʝʮʠʬʠʯʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʠ 

ʩʠʩʪʝʤʠʪʝ ʥʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ, ʤʝʭʘʥʠʯʥʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʠ ʤʝʭʘʥʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ 

ʪʷʭʥʦʪʦ ʧʨʠʜʚʠʞʚʘʥʝ, ʜʠʟʘʡʥʲʪ ʠ ʝʨʛʦʥʦʤʠʷʪʘ ʥʘ ʨʦʙʦʪʠʪʝ, ʢʦʤʫʥʠʢʘʮʠʷ ʧʨʠ ʩʝʨʚʠʟʥʠʪʝ 

ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ. ʇʦʩʦʯʝʥʘ ʝ ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʯʦʚʝʢ-ʨʦʙʦʪ ʚ 

ʢʦʥʪʝʢʩʪʘ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ.  

ɻʃɸɺɸ 2: ɺ ɻʣʘʚʘ ʚʪʦʨʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʜʠʟʘʡʥʲʪ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʷ ʤʥʦʛʦʮʝʣʝʚʠ ʪʝʣʝ-

ʫʧʨʘʚʣʷʝʤ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ. ʇʦʜʨʦʙʥʦ ʩʘ ʦʧʠʩʘʥʠ ʤʝʭʘʥʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʨʦʙʦʪʘ, ʥʝʛʦʚʦʪʦ 

ʟʘʜʚʠʞʚʘʥʝ ʠ ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ, ʩʝʥʟʦʨʥʘʪʘ ʤʫ ʩʠʩʪʝʤʘ ʠ ʨʝʘʣʠʟʠʨʘʥʠʷ ʜʠʟʘʡʥ. 

ɻʃɸɺɸ 3: ɺ ɻʣʘʚʘ ʪʨʝʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ  ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ, ʢʘʪʦ ʟʘ 

ʚʩʝʢʠ ʨʝʞʠʤ ʠ ʠʟʙʨʘʥ ʤʦʜʫʣ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʦʪ ʜʦʢʪʦʨʘʥʪʘ ʘʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ, ʩʦʬʪʫʝʨ ʠ 

ʭʘʨʜʫʝʨ ʥʘ ʫʧʨʘʚʣʝʥʠʝ. ʈʘʟʛʣʝʜʘʥʦ ʝ ʜʠʩʪʘʥʮʠʦʥʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʘʪʘ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʥʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ. ʇʨʦʚʝʜʝʥʠ ʩʘ ʩʠʤʫʣʘʮʠʠ ʚ ʢʦʤʧʶʪʲʨʥʘ 

ʩʨʝʜʘ, ʥʘ ʙʘʟʘʪʘ ʥʘ ʢʦʠʪʦ ʩʘ ʚʝʨʠʬʠʮʠʨʘʥʠ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ.  

ʇʦʩʪʠʛʘʥʝʪʦ ʥʘ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ ʝ ʩʚʲʨʟʘʥʦ ʩ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʩʣʝʜʥʠʪʝ ʢʦʥʢʨʝʪʥʠ 

ʟʘʜʘʯʠ: 

1. ɿʘʧʦʟʥʘʚʘʥʝ ʩ ʦʩʥʦʚʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʧʝʮʠʬʠʯʥʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ  

2. ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʝʭʘʥʠʯʥʠʷ ʜʠʟʘʡʥ ʥʘ ʨʦʙʦʪʘ: 

Å      ʋʥʠʚʝʨʩʘʣʥʘ ʤʦʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ  

Å      ʄʦʜʫʣ ʩ ʧʦʚʜʠʛʘʱʘ ʧʣʘʪʬʦʨʤʘ                                                               

Å      ʄʦʜʫʣ ʩ ʨʦʪʘʮʠʦʥʥʘ ʤʘʩʘ                                                                 

Å      ʇʦʯʠʩʪʚʘʱ ʤʦʜʫʣ                                                    

Å      ʄʦʜʫʣ ʩ ʥʦʞʠʯʝʩʪ ʧʦʜʝʤʥʠʢ                                                          



у 
 

Å      ʄʦʜʫʣ ʩ ʘʥʪʨʦʧʦʤʦʨʬʝʥ ʨʦʙʦʪ ʅʠʨʴʦ                   

3. ʀʟʙʦʨ ʥʘ ʟʘʜʚʠʞʚʘʥʝ, ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ ʠ ʩʝʥʟʦʨʥʘ ʩʠʩʪʝʤʘ ʥʘ ʨʦʙʦʪʘ 

4. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʨʦʤʠʰʣʝʥ ʜʠʟʘʡʥ ʥʘ ʨʦʙʦʪʘ 

5. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʘʪʘ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʥʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ  

6. ʉʲʟʜʘʚʘʥʝ ʥʘ ʨʘʙʦʪʥʠ ʨʝʞʠʤʠ ʥʘ ʨʦʙʦʪʘ 

            Å     ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʘʣʛʦʨʠʪʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ 

            Å  ʉʲʩʪʘʚʷʥʝ ʠ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨʥʠ ʩʠʤʫʣʘʮʠʠ ʠ ʚʝʨʠʬʠʮʠʨʘʥʝ ʥʘ 

ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɻʃɸɺɸ I: ʊɽʆʈɽʊʀʏʅʀ ʆʉʅʆɺʀ 
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1.1 ʄʝʞʜʫʥʘʨʦʜʥʠ ʜʦʢʫʤʝʥʪʠ, ʧʨʦʛʨʘʤʠ ʠ ʧʦʣʠʪʠʢʠ ʠ ʤʷʩʪʦʪʦ ʥʘ ʨʦʙʦʪʠʢʘʪʘ ʠ 

ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʚ ʪʷʭ. 

ʅʷʢʦʠ ʦʪ ʚʦʜʝʱʠʪʝ ʢʦʥʮʝʧʮʠʠ ʠ ʧʦʣʠʪʠʢʠ ʠ ʢʦʨʝʩʧʦʥʜʠʨʘʱʠʪʝ ʩ ʪʷʭ ʧʣʘʥʦʚʝ, 

ʧʨʦʛʨʘʤʠ, ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦ ʠ ʛʣʦʙʘʣʥʦ ʥʠʚʦ, ʢʦʠʪʦ ʥʘʧʨʘʚʣʷʚʘʪ ʠ ʥʘʩʦʯʚʘʪ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʦʪʨʘʩʲʣ ʩʘ: Ăʆʙʱʝʩʪʚʦ 5.0ñ, Ăʀʥʜʫʩʪʨʠʷ 4.0ñ, Ăʀʥʜʫʩʪʨʠʷ 

5.0ñ, ʇʈʆɻʈɸʄɸ 2030 ʥʘ ʆʆʅ, ʉʪʨʘʪʝʛʠʯʝʩʢʘ ʧʨʦʛʨʘʤʘ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʟʘ 

ʧʝʨʠʦʜʘ 2019-2024, Ă2030 ʎʠʬʨʦʚ ʢʦʤʧʘʩ: ʝʚʨʦʧʝʡʩʢʠʷʪ ʧʲʪ ʟʘ ʮʠʬʨʦʚʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝñ, 

"ɽʚʨʦʧʝʡʩʢʘ ʮʠʬʨʦʚʘ ʩʪʨʘʪʝʛʠʷ", "ɽʚʨʦʧʘ, ʧʨʠʛʦʜʝʥʘ ʟʘ ʮʠʬʨʦʚʘʪʘ ʝʨʘ", ʇʨʦʛʨʘʤʘ 

"ʍʦʨʠʟʦʥʪ ɽʚʨʦʧʘ", ɽʚʨʦʧʝʡʩʢʘʪʘ ʟʝʣʝʥʘ ʩʜʝʣʢʘ, ʇʣʘʥ ʟʘ ʜʝʡʩʪʚʠʝ ʟʘ ʢʨʲʛʦʚʘʪʘ ʠʢʦʥʦʤʠʢʘ 

ʥʘ ɽʉ. 

1.1.1 Oʙʱʝʩʪʚʦ 5.0: 

ʆʙʱʝʩʪʚʦ 5.0 ʝ ʢʦʥʮʝʧʮʠʷ ʟʘ ʙʲʜʝʱʦʪʦ ʦʙʱʝʩʪʚʦ, ʧʲʨʚʦʥʘʯʘʣʥʦ ʧʨʝʜʣʦʞʝʥʘ ʦʪ 

ʷʧʦʥʩʢʦʪʦ ʧʨʘʚʠʪʝʣʩʪʚʦ ʧʨʝʟ 2016 ʛ. ʀʜʝʷʪʘ ʚʲʟʥʠʢʚʘ ʚ ʦʪʛʦʚʦʨ ʥʘ ʧʨʦʙʣʝʤʠʪʝ, ʧʨʝʜ ʢʦʠʪʦ ʝ 

ʠʟʧʨʘʚʝʥʦ ʷʧʦʥʩʢʦʪʦ ʦʙʱʝʩʪʚʦ, ʢʘʪʦ ʥʘʤʘʣʷʚʘʱʘ ʨʘʙʦʪʥʘ ʩʠʣʘ, ʟʘʩʪʘʨʷʚʘʱʦ ʥʘʩʝʣʝʥʠʝ ʠ 

ʥʘʤʘʣʷʚʘʱʘ ʨʘʞʜʘʝʤʦʩʪ. ʏʨʝʟ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʚʲʚ ʚʩʷʢʘ ʦʙʣʘʩʪ ʦʪ 

ʞʠʚʦʪʘ ʥʘ ʭʦʨʘʪʘ, ʆʙʱʝʩʪʚʦʪʦ 5.0 ʚʲʟʥʘʤʝʨʷʚʘ ʜʘ ʠʟʧʦʣʟʚʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʟʘ ʜʘ ʠʟʛʨʘʜʠ ʧʦ-

ʜʦʙʨʦ ʙʲʜʝʱʝ ʟʘ ʚʩʠʯʢʠ.[72] ʆʙʱʝʩʪʚʦ 5.0 ʝ ʢʦʥʮʝʧʮʠʷ, ʢʦʷʪʦ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʧʦʩʣʝʜʥʠʪʝ 

ʯʝʪʠʨʠ ʚʝʣʠʢʠ ʧʝʨʠʦʜʘ ʥʘ ʯʦʚʝʰʢʘʪʘ ʮʠʚʠʣʠʟʘʮʠʷ. ʇʲʨʚʠʷʪ ʧʝʨʠʦʜ ʝ ʝʧʦʭʘʪʘ ʥʘ ʣʦʚʘ ʠ 

ʩʲʙʠʨʘʯʝʩʪʚʦʪʦ, ʧʦʩʣʝʜʚʘʥʘ ʦʪ ʟʝʤʝʜʝʣʩʢʘʪʘ, ʠʥʜʫʩʪʨʠʘʣʥʘʪʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʝʧʦʭʘ. 

ʆʙʱʝʩʪʚʦ 5.0 ʝ ʟʘʤʠʩʣʝʥʦ ʢʘʪʦ ʩʣʝʜʚʘʱʘʪʘ ʬʘʟʘ ʥʘ ʯʦʚʝʰʢʘʪʘ ʮʠʚʠʣʠʟʘʮʠʷ, ʚ ʢʦʷʪʦ 

ʪʝʭʥʦʣʦʛʠʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʧʦ-ʫʩʪʦʡʯʠʚʦ ʠ ʝʬʝʢʪʠʚʥʦ ʦʙʱʝʩʪʚʦ. 

ʆʙʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʨʝʘʣʥʠʷ ʠ ʮʠʬʨʦʚʠʷ ʩʚʷʪ ʝ ʢʣʶʯʦʚ ʢʦʤʧʦʥʝʥʪ ʥʘ ʆʙʱʝʩʪʚʦ 5.0. ʊʦʚʘ ʝ 

ʚʲʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʤʦʜʝʨʥʠ ʪʝʭʥʦʣʦʛʠʠ ʢʘʪʦ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ 

ʠ ʨʦʙʦʪʠ. ʉʘʤʦʫʧʨʘʚʣʷʚʘʱʠʪʝ ʩʝ ʘʚʪʦʤʦʙʠʣʠ ʥʘʧʨʠʤʝʨ, ʢʦʠʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩʲʩ 

ʩʚʝʪʦʬʘʨʠʪʝ ʠ ʜʨʫʛʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʥʘ ʧʲʪʷ, ʩʘ ʧʨʠʤʝʨ ʟʘ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʬʠʟʠʯʝʩʢʠʪʝ 

ʠ ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. 

ɼʨʫʛʘ ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʆʙʱʝʩʪʚʦ 5.0 ʝ ʘʢʮʝʥʪʲʪ ʚʲʨʭʫ ʜʠʟʘʡʥʘ, ʦʨʠʝʥʪʠʨʘʥ 

ʢʲʤ ʯʦʚʝʢʘ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʪʝʭʥʦʣʦʛʠʠʪʝ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʜʘ ʦʪʛʦʚʘʨʷʪ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ 

ʥʘ ʭʦʨʘʪʘ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʧʦʜʦʙʨʷʚʘʪ ʢʘʯʝʩʪʚʦʪʦ ʠʤ ʥʘ ʞʠʚʦʪ. ʅʘʧʨʠʤʝʨ, ʩʲʟʜʘʚʘʪ ʩʝ 

ʨʦʙʦʪʠ, ʢʦʠʪʦ ʜʘ ʧʦʤʘʛʘʪ ʥʘ ʭʦʨʘʪʘ ʚ ʜʦʤʘʢʠʥʩʪʚʦʪʦ, ʛʨʠʞʠʪʝ ʟʘ ʜʝʮʘʪʘ ʠ ʚʲʟʨʘʩʪʥʠʪʝ ʭʦʨʘ. 
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ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʟʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʞʠʚʦʪʲʪ ʥʘ ʭʦʨʘʪʘ ʠ ʦʙʱʝʩʪʚʦʪʦ ʜʘ 

ʩʪʘʥʝ ʧʦ-ʧʨʠʦʙʱʘʚʘʱʦ. 

ʉʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ ʠ Ăʩʲʚʤʝʩʪʥʦʪʦ ʩʲʟʜʘʚʘʥʝñ ʩʲʱʦ ʩʘ ʢʣʶʯʦʚʠ ʝʣʝʤʝʥʪʠ ʚ ʆʙʱʝʩʪʚʦ 

5.0. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʭʦʨʘʪʘ, ʢʦʨʧʦʨʘʮʠʠʪʝ ʠ ʧʨʘʚʠʪʝʣʩʪʚʝʥʠʪʝ ʘʛʝʥʮʠʠ ʩʠ ʩʲʪʨʫʜʥʠʯʘʪ, ʟʘ 

ʜʘ ʨʘʟʨʘʙʦʪʚʘʪ ʠʥʦʚʘʪʠʚʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʪʦʢʠ ʠ ʫʩʣʫʛʠ, ʢʦʠʪʦ ʦʪʛʦʚʘʨʷʪ ʥʘ ʦʙʱʝʩʪʚʝʥʠʪʝ 

ʠʟʠʩʢʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʩʲʟʜʘʚʘʪ ʩʝ ʧʨʦʝʢʪʠ ʟʘ ʦʪʚʦʨʝʥʠ ʠʥʦʚʘʮʠʠ, ʢʦʠʪʦ ʥʘʩʲʨʯʘʚʘʪ 

ʩʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ ʤʝʞʜʫ ʩʪʘʨʪʠʨʘʱʠ ʬʠʨʤʠ, ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʠʥʩʪʠʪʫʮʠʠ. 

ʂʘʪʦ ʮʷʣʦ ʆʙʱʝʩʪʚʦ 5.0 ʝ ʚʠʟʠʷ ʟʘ ʪʝʭʥʦʣʦʛʠʯʥʦ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʦ, ʝʬʝʢʪʠʚʥʦ ʠ 

ʫʩʪʦʡʯʠʚʦ ʦʙʱʝʩʪʚʦ, ʢʦʝʪʦ ʠʟʧʦʣʟʚʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʙʲʜʝʱʝʪʦ ʥʘ ʚʩʠʯʢʠ.  

ʄʘʢʘʨ ʜʘ ʝ ʚʲʟʥʠʢʥʘʣʘ ʚ ʗʧʦʥʠʷ, ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʆʙʱʝʩʪʚʦ 5.0 ʝ ʧʨʠʣʦʞʠʤʘ ʟʘ ʩʪʨʘʥʠʪʝ ʧʦ 

ʩʚʝʪʘ, ʪʲʡ ʢʘʪʦ ʪʝ ʩʝ ʩʙʣʲʩʢʚʘʪ ʩʲʩ ʩʭʦʜʥʠ ʪʨʫʜʥʦʩʪʠ ʢʘʪʦ ʟʘʩʪʘʨʷʚʘʱʦ ʥʘʩʝʣʝʥʠʝ, 

ʥʘʤʘʣʷʚʘʱʘ ʨʘʞʜʘʝʤʦʩʪ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ. 

ʂʦʥʮʝʧʮʠʷʪʘ ʆʙʱʝʩʪʚʦ 5.0 ʧʦʜʯʝʨʪʘʚʘ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʦʩʦʙʝʥʦ ʥʘ ʨʦʙʦʪʠʢʘʪʘ, 

ʟʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʫʩʪʦʡʯʠʚʦ ʠ ʝʬʝʢʪʠʚʥʦ ʦʙʱʝʩʪʚʦ. ʈʦʙʦʪʠʪʝ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʟʘ 

ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʧʦʩʪʘʚʝʥʠʪʝ ʮʝʣʠ ʯʨʝʟ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʞʠʚʦʪ ʠ ʨʝʰʘʚʘʥʝ ʥʘ ʩʦʮʠʘʣʥʠ ʧʨʦʙʣʝʤʠ. ʆʩʥʦʚʥʠ ʦʙʣʘʩʪʠ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ 

ʨʦʙʦʪʠʪʝ ʚ  ʢʦʥʮʝʧʮʠʷ ʆʙʱʝʩʪʚʦ 5.0 ʩʘ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝ, ʧʨʦʤʠʰʣʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʝʣʩʢʦ 

ʩʪʦʧʘʥʩʪʚʦ, ʛʨʘʜʩʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʪʨʘ, ʦʙʨʘʟʦʚʘʥʠʝ. 

ʉʲʩ ʟʘʩʪʘʨʷʚʘʥʝʪʦ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʩʝ ʫʚʝʣʠʯʘʚʘ ʪʲʨʩʝʥʝʪʦ ʥʘ  ʚʲʟʤʦʞʥʠ ʨʝʰʝʥʠʷ ʟʘ 

ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʛʨʠʞʠ ʠ ʧʦʜʢʨʝʧʘ ʥʘ ʚʲʟʨʘʩʪʥʠʪʝ ʭʦʨʘ ʠ ʭʦʨʘʪʘ ʩ ʫʚʨʝʞʜʘʥʠʷ. ʈʦʙʦʪʠʪʝ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʚ ʝʬʠʢʘʩʝʥ ʧʦʤʦʱʥʠʢ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʟʘʜʘʯʠ ʢʘʪʦ ʭʨʘʥʝʥʝ, 

ʧʨʠʜʚʠʞʚʘʥʝ ʠ ʧʨʠʝʤ ʥʘ ʣʝʢʘʨʩʪʚʘ. ʊʝ ʤʦʛʘʪ ʩʲʱʦ ʪʘʢʘ ʜʘ ʦʩʠʛʫʨʷʪ ʢʦʤʧʘʥʠʷ ʠ ʝʤʦʮʠʦʥʘʣʥʘ 

ʧʦʜʢʨʝʧʘ ʥʘ ʭʦʨʘʪʘ, ʢʦʠʪʦ ʩʘ ʚ ʩʦʮʠʘʣʥʘ ʠʟʦʣʘʮʠʷ. ʈʦʙʦʪʠʪʝ ʤʦʛʘʪ ʜʘ ʩʘ ʠ ʯʘʩʪ ʦʪ 

ʧʨʦʚʝʞʜʘʥʠʪʝ ʤʝʜʠʮʠʥʩʢʠ ʛʨʠʞʠ, ʢʘʪʦ ʩʣʝʜʷʪ ʞʠʟʥʝʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ, ʜʘʚʘʪ ʣʝʢʘʨʩʪʚʘ ʠ 

ʧʦʜʧʦʤʘʛʘʪ ʨʝʭʘʙʠʣʠʪʘʮʠʷʪʘ. ʈʦʙʦʪʠʟʠʨʘʥʠʪʝ ʝʢʟʦʩʢʝʣʝʪʠ ʥʘʧʨʠʤʝʨ ʤʦʛʘʪ ʜʘ ʧʦʤʘʛʘʪ ʥʘ 

ʭʦʨʘʪʘ ʩ ʦʛʨʘʥʠʯʝʥʘ ʧʦʜʚʠʞʥʦʩʪ ʜʘ ʭʦʜʷʪ, ʢʘʪʦ ʧʨʝʤʘʭʚʘʪ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʨʲʯʥʘ ʧʦʤʦʱ 

ʦʪ ʩʪʨʘʥʘ ʥʘ ʜʨʫʛʠ ʭʦʨʘ. 

ʇʨʦʤʠʰʣʝʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʜʨʫʛʘ ʦʙʣʘʩʪ, ʚ ʢʦʷʪʦ ʩʝ ʧʨʝʜʚʠʞʜʘ ʨʦʙʦʪʠʪʝ ʜʘ ʠʛʨʘʷʪ 

ʩʲʱʝʩʪʚʝʥʘ ʨʦʣʷ. ʇʦʥʘʩʪʦʷʱʝʤ ʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʰʠʨʦʢʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʩʝ ʦʯʘʢʚʘ ʪʷʭʥʘʪʘ 

ʧʦʟʠʮʠʷ ʚ ʆʙʱʝʩʪʚʦ 5.0 ʜʘ ʩʝ ʨʘʟʰʠʨʠ. ʊʷʭʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ  ʝ ʩʚʲʨʟʘʥʦ ʩ ʠʟʚʲʨʰʚʘʥʝ ʥʘ 

ʧʦʚʪʘʨʷʱʠ ʩʝ ʠʣʠ ʦʧʘʩʥʠ ʦʧʝʨʘʮʠʠ, ʢʘʪʦ ʟʘʚʘʨʷʚʘʥʝ, ʙʦʷʜʠʩʚʘʥʝ, ʩʛʣʦʙʷʚʘʥʝ, 



мм 
 

ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʠ ʚʜʠʛʘʥʝ ʥʘ ʪʝʞʢʠ ʪʦʚʘʨʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʣʦʛʠʩʪʠʢʘʪʘ ʠ ʩʪʨʦʠʪʝʣʩʪʚʦʪʦ. 

ʆʩʚʝʥ ʪʦʚʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʨʘʙʦʪʷʪ ʜʝʥʦʥʦʱʥʦ, ʢʦʝʪʦ ʜʦʧʨʠʥʘʩʷ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ 

ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ. ɺʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʠʪʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʩʚʦʙʦʞʜʘʚʘ ʭʦʨʘʪʘ ʦʪ 

ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʤʦʥʦʪʦʥʥʠ, ʧʦʚʪʘʨʷʱʠ ʩʝ ʠʣʠ ʨʠʩʢʦʚʠ ʜʝʡʥʦʩʪʠ ʠ  ʧʦʟʚʦʣʷʚʘ ʪʝ  ʜʘ ʩʝ 

ʢʦʥʮʝʥʪʨʠʨʘʪ ʚʲʨʭʫ ʨʘʰʘʚʘʥʝʪʦ ʥʘ ʧʦ-ʩʣʦʞʥʠ ʠ ʪʚʦʨʯʝʩʢʠ ʟʘʜʘʯʠ.  

ʉʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʩʲʱʦ ʤʦʞʝ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʠ ʟʘ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ 

ʬʠʟʠʯʝʩʢʠ ʪʨʫʜ. ʈʦʙʦʪʠʪʝ-ʘʚʪʦʥʦʤʥʠ ʪʨʘʢʪʦʨʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʝʮʠʟʥʦ ʟʝʤʝʜʝʣʠʝ 

ʠ ʜʘ ʩʧʦʤʦʛʥʘʪ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʜʦʙʠʚʠʪʝ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʚ ʩʝʣʩʢʦʪʦ 

ʩʪʦʧʘʥʩʪʚʦ. ʉ ʙʝʟʧʠʣʦʪʥʠ ʩʘʤʦʣʝʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʢʫʣʪʫʨʠʪʝ ʟʘ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʥʘʧʘʜʝʥʠʷ ʦʪ ʥʘʩʝʢʦʤʠ ʠʣʠ ʥʝʜʦʩʪʠʛ ʥʘ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʠ ʟʘ 

ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʜʘʥʥʠ ʟʘ ʧʦ-ʮʝʣʝʥʘʩʦʯʝʥʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʪʦʨʦʚʝ ʠ ʧʝʩʪʠʮʠʜʠ. 

ʈʦʙʦʪʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʞʠʚʦʪ ʚ ʛʨʘʜʦʚʝʪʝ. 

ɸʚʪʦʥʦʤʥʠʪʝ ʘʚʪʦʤʦʙʠʣʠ ʠ ʜʨʦʥʦʚʝ ʥʘʧʨʠʤʝʨ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʪʨʘʥʩʧʦʨʪ, ʢʘʪʦ 

ʥʘʤʘʣʷʚʘʪ ʟʘʜʨʲʩʪʚʘʥʠʷʪʘ ʠ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ. ɺ ʆʙʱʝʩʪʚʦ 5.0 ʩʝ ʧʨʝʜʚʠʞʜʘ  

ʘʚʪʦʥʦʤʥʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʢʘʪʦ ʘʚʪʦʤʦʙʠʣʠ ʠ ʢʘʤʠʦʥʠ ʜʘ ʩʪʘʚʘʪ ʚʩʝ ʧʦ-

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ. ʊʝ ʤʦʛʘʪ ʜʘ ʩʧʦʤʦʛʥʘʪ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʘʜʨʲʩʪʚʘʥʠʷʪʘ ʧʦ ʧʲʪʠʱʘʪʘ, 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʨʘʟʭʦʜʠ. ɹʝʟʧʠʣʦʪʥʠʪʝ 

ʩʘʤʦʣʝʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʜʦʩʪʘʚʢʘ ʥʘ ʧʨʦʜʫʢʪʠ ʠ ʫʩʣʫʛʠ, ʢʘʪʦ ʥʘʤʘʣʷʚʘʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʯʦʚʝʰʢʠ ʪʨʫʜ ʠ ʩʚʝʞʜʘʪ ʜʦ ʤʠʥʠʤʫʤ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʨʘʟʭʦʜʠ. 

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʨʦʙʦʪʠ ʚ ʩʬʝʨʘʪʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʝ ʩʠʣʥʦ ʟʘʩʪʲʧʝʥʦ ʚ "ʆʙʱʝʩʪʚʦ 

5.0" , ʢʘʪʦ ʯʘʩʪ ʦʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʥʝʛʦʚʦʪʦ ʧʦʜʦʙʨʷʚʘʥʝ. ʇʨʝʜʚʠʞʜʘ ʩʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ 

ʨʦʙʦʪʠ ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘʪ ʢʲʤ ʨʘʟʣʠʯʥʠ ʩʪʠʣʦʚʝ ʥʘ ʫʯʝʥʝ, ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ 

ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ ʠ ʜʘ ʧʦʤʘʛʘʪ ʥʘ ʜʝʮʘ ʩ ʫʚʨʝʞʜʘʥʠʷ. ɽʜʠʥ ʨʦʙʦʪ-ʥʘʩʪʘʚʥʠʢ 

ʥʘʧʨʠʤʝʨ ʤʦʞʝ ʜʘ ʦʙʱʫʚʘ ʩ ʫʯʝʥʠʢ, ʢʘʪʦ ʤʫ ʧʨʝʜʣʘʛʘ ʢʦʤʝʥʪʘʨʠ ʠ ʥʘʩʦʢʠ ʟʘ ʨʘʙʦʪʘʪʘ ʤʫ. 

1.1.2. ʀʥʜʫʩʪʨʠʷ 4.0: 

ʊʝʨʤʠʥʲʪ "ʀʥʜʫʩʪʨʠʷ 4.0" ʩʝ ʦʪʥʘʩʷ ʜʦ ʯʝʪʚʲʨʪʘʪʘ ʠʥʜʫʩʪʨʠʘʣʥʘ ʨʝʚʦʣʶʮʠʷ, ʢʦʷʪʦ 

ʩʠʤʚʦʣʠʟʠʨʘ ʟʥʘʯʠʪʝʣʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʠʥʜʫʩʪʨʠʷ. [2] ʊʷ ʚʢʣʶʯʚʘ 

ʩʲʚʨʝʤʝʥʥʠ ʮʠʬʨʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʤʠʰʣʝʥʠʪʝ ʧʨʦʮʝʩʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʠʥʪʝʨʥʝʪ ʥʘ 

ʥʝʱʘʪʘ (IoT), ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ (AI) ʠ ʨʦʙʦʪʠʢʘ. ɽʜʥʘ ʦʪ ʦʩʥʦʚʥʠʪʝ ʮʝʣʠ ʥʘ ʀʥʜʫʩʪʨʠʷ 4.0 

ʝ ʜʘ ʩʝ ʠʟʛʨʘʜʠ ʧʦ-ʩʚʲʨʟʘʥʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʩʨʝʜʘ, ʢʦʷʪʦ ʜʘ ʤʦʞʝ ʜʘ 



мн 
 

ʨʝʘʛʠʨʘ ʙʲʨʟʦ ʥʘ ʧʨʦʤʝʥʷʱʠʪʝ ʩʝ ʥʫʞʜʠ ʥʘ ʢʣʠʝʥʪʠʪʝ ʠ ʧʘʟʘʨʥʘʪʘ ʩʠʪʫʘʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ, ʜʘ ʩʝ ʥʘʤʘʣʷʪ 

ʨʘʟʭʦʜʠʪʝ ʠ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʢʘʯʝʩʪʚʦʪʦ.  

ʈʦʙʦʪʠʢʘʪʘ ʝ ʚʘʞʝʥ ʢʦʤʧʦʥʝʥʪ ʥʘ ʀʥʜʫʩʪʨʠʷ 4.0, ʪʲʡ ʢʘʪʦ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʦʧʝʨʘʮʠʠ. ʇʦ-ʩʧʝʮʠʘʣʥʦ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ 

ʥʘʙʠʨʘʪ ʧʦʧʫʣʷʨʥʦʩʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʣʦʛʠʩʪʠʢʘʪʘ, ʪʲʡ ʢʘʪʦ ʧʨʝʜʦʩʪʘʚʷʪ ʛʲʚʢʘʚʘ ʠ 

ʤʘʱʘʙʠʨʫʝʤʘ ʘʣʪʝʨʥʘʪʠʚʘ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ ʥʘ ʦʧʝʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ. ʊʝ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʟʘ ʨʘʟʣʠʯʥʠ ʜʝʡʥʦʩʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʦʙʨʘʙʦʪʢʘ ʥʘ ʤʘʪʝʨʠʘʣʠ, ʩʛʣʦʙʷʚʘʥʝ ʠ 

ʧʨʦʚʝʨʢʘ. ʉʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʦʨʫʜʚʘʥʠ ʩ ʨʘʟʣʠʯʥʠ ʩʝʥʟʦʨʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʢʘʪʦ ʢʘʤʝʨʠ ʠ ʣʠʜʘʨ, ʢʦʠʪʦ ʠʤ ʧʦʤʘʛʘʪ ʜʘ ʩʝ ʦʨʠʝʥʪʠʨʘʪ ʠ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩʲʩ 

ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʛʠ ʩʨʝʜʘ. ɺ ʀʥʜʫʩʪʨʠʷ 4.0 ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʲʱʦ ʘʥʘʣʠʟ ʥʘ ʜʘʥʥʠ ʠ ʤʘʰʠʥʥʦ 

ʦʙʫʯʝʥʠʝ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʧʨʦʮʝʩʠ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ 

ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ. ɼʘʥʥʠʪʝ, ʧʨʠʜʦʙʠʪʠ ʦʪ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ, ʥʘʧʨʠʤʝʨ, ʤʦʛʘʪ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʤʦʜʝʣʠ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʧʨʦʮʝʩʠ, ʢʦʝʪʦ ʚʦʜʠ 

ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʪʝʟʠ ʪʝʭʥʦʣʦʛʠʠ 

ʀʥʜʫʩʪʨʠʷ 4.0 ʚʢʣʶʯʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʠʛʠʪʘʣʥʠ ʙʣʠʟʥʘʮʠ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ 

ʚʠʨʪʫʘʣʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʝʡʩʪʚʠʪʝʣʥʠ ʧʨʦʜʫʢʪʠ ʠʣʠ ʩʠʩʪʝʤʠ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ 

ʜʠʛʠʪʘʣʥʠ ʙʣʠʟʥʘʮʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʠʪʝ, 

ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʠ ʥʘʤʠʨʘʥʝ ʥʘ ʦʙʣʘʩʪʠ ʟʘ ʧʦʜʦʙʨʝʥʠʝ. 

ʇʦʥʷʪʠʝʪʦ "ʀʥʜʫʩʪʨʠʷ 4.0" ʝ ʪʷʩʥʦ ʩʚʲʨʟʘʥʦ ʩ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʠʥʜʫʩʪʨʠʷ, ʢʦʷʪʦ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʧʦʚʠʰʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ, ʜʘ ʥʘʤʘʣʠ 

ʨʘʟʭʦʜʠʪʝ ʠ ʜʘ ʧʦʜʦʙʨʠ ʢʘʯʝʩʪʚʦʪʦ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʮʠʬʨʦʚʠ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʝʜʚʠʞʜʘ ʩʝ 

ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ, ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ ʛʲʚʢʘʚʦ ʠ ʤʘʱʘʙʠʨʫʝʤʦ ʨʝʰʝʥʠʝ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʧʨʦʤʠʰʣʝʥʠ ʠ ʣʦʛʠʩʪʠʯʥʠ ʦʧʝʨʘʮʠʠ, ʜʘ ʠʛʨʘʷʪ ʛʦʣʷʤʘ ʨʦʣʷ ʚ ʪʘʟʠ ʨʝʚʦʣʶʮʠʷ. 

ʀʥʜʫʩʪʨʠʷ 4.0 ʦʙʭʚʘʱʘ ʧʨʦʤʷʥʘ ʥʘ ʧʘʨʘʜʠʛʤʘʪʘ ʢʲʤ ʠʥʪʝʣʠʛʝʥʪʥʠ ʦʧʝʨʘʮʠʠ, ʢʲʜʝʪʦ ʭʦʨʘʪʘ 

ʥʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʟʘʤʝʥʝʥʠ ʦʪ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʨʦʙʦʪʠʢʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʘ Ăʪʝʭʥʠʪʝ 

ʚʲʟʤʦʞʥʦʩʪʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʧʦʜʦʙʨʝʥʠ ʯʨʝʟ ʠʥʪʝʣʠʛʝʥʪʥʦ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ 

ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʠ ʨʝʰʝʥʠʷñ. ʊʦʚʘ ʱʝ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʧʨʦʮʝʩʠʪʝ ʜʘ ʧʦʩʪʠʛʥʘʪ ʧʦ-ʚʠʩʦʢʠ 

ʥʠʚʘ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪ, ʧʦʜʦʙʨʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʠ ʥʘʤʘʣʝʥʦ ʢʦʛʥʠʪʠʚʥʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ 

ʯʦʚʝʰʢʠʪʝ ʦʧʝʨʘʪʦʨʠ, ʢʦʠʪʦ ʩʘ ʦʩʥʦʚʥʠ ʩʲʩʪʘʚʢʠ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʠʪʝ ʪʝʭʥʦʣʦʛʠʯʥʠ 

ʠʥʪʝʨʬʝʡʩʠ ʚ ʀʥʜʫʩʪʨʠʷ 4.0. 



мо 
 

ʉʠʤʙʠʦʟʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʦʚʝʢʘ ʠ ʨʦʙʦʪʘ ʝ ʢʣʶʯʲʪ ʢʲʤ ʠʥʪʝʣʠʛʝʥʪʥʘʪʘ 

ʨʦʙʦʪʠʟʠʨʘʥʘ ʩʨʝʜʘ ʚ ʀʥʜʫʩʪʨʠʷ 4.0. ʀʥʪʝʣʠʛʝʥʪʥʠʪʝ ʨʦʙʦʪʠ ʠ ʩʲʚʤʝʩʪʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʝ ʠʥʪʝʛʨʠʨʘʪ, ʟʘ ʜʘ ʦʙʨʘʟʫʚʘʪ ʢʠʙʝʨʬʠʟʠʯʥʠ ʩʠʩʪʝʤʠ (CPS). ɺ ʧʫʙʣʠʢʘʮʠʷ Thoben et al. 

(2017)  ʩʝ ʧʦʩʦʯʚʘ:  

"ʈʦʙʦʪʠʟʠʨʘʥʠʪʝ ʢʠʙʝʨʬʠʟʠʯʥʠ ʩʠʩʪʝʤʠ ʤʦʛʘʪ ʜʘ ʧʦʟʚʦʣʷʪ ʪʘʢʦʚʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ 

ʤʝʞʜʫ ʭʦʨʘ ʠ ʨʦʙʦʪʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʜʠʥʘʤʠʯʥʦ ʧʣʘʥʠʨʘʥʝ ʥʘ ʟʘʜʘʯʠʪʝ, ʘʢʪʠʚʥʦ 

ʠʟʙʷʛʚʘʥʝ ʥʘ ʩʙʣʲʩʲʮʠ ʠ ʘʜʘʧʪʠʚʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʠʪʝ. ʍʦʨʘʪʘ ʩʘ ʯʘʩʪ ʦʪ ʜʠʟʘʡʥʘ ʥʘ 

ʢʠʙʝʨʬʠʟʠʯʥʠʪʝ ʩʠʩʪʝʤʠ, ʧʨʠ ʢʦʡʪʦ ʩʘ ʚʲʟʤʦʞʥʠ ʯʦʚʝʰʢʠ ʠʥʩʪʨʫʢʮʠʠ ʢʲʤ ʨʦʙʦʪʠʪʝ ʯʨʝʟ 

ʨʝʯ, ʟʥʘʮʠ ʠʣʠ ʞʝʩʪʦʚʝ ʥʘ ʨʲʮʝʪʝ ʧʦ ʚʨʝʤʝ ʥʘ ʩʲʚʤʝʩʪʥʘ ʨʘʙʦʪʘ ʧʦ ʤʘʥʠʧʫʣʠʨʘʥʝ, 

ʩʛʣʦʙʷʚʘʥʝ, ʦʧʘʢʦʚʘʥʝ, ʦʙʨʘʙʦʪʢʘ ʥʘ ʭʨʘʥʠ ʠʣʠ ʜʨʫʛʠ ʟʘʜʘʯʠ.". 

1.1.3. ʀʥʜʫʩʪʨʠʷ 5.0  

ʀʥʜʫʩʪʨʠʷ 5.0 ʝ ʩʨʘʚʥʠʪʝʣʥʦ ʥʦʚʘ ʢʦʥʮʝʧʮʠʷ, ʢʦʷʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʣʝʜʚʘʱʘʪʘ ʬʘʟʘ ʥʘ 

ʠʥʜʫʩʪʨʠʘʣʥʦʪʦ ʨʘʟʚʠʪʠʝ ʩʣʝʜ ʀʥʜʫʩʪʨʠʷ 4.0. ɺʠʞʜʘʥʝʪʦ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʟʘ 

ʦʬʦʨʤʷʥʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʷ 5.0 ʝ ʩʲʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ ʮʝʥʥʦʩʪʠ, ʦʨʠʝʥʪʠʨʘʥʠ ʢʲʤ ʯʦʚʝʢʘ, 

ʝʢʦʣʦʛʠʷʪʘ ʠ ʩʦʮʠʘʣʥʠ ʧʦʣʟʠ. ɼʦʢʘʪʦ ʀʥʜʫʩʪʨʠʷ 4.0 ʩʝ ʬʦʢʫʩʠʨʘ ʚʲʨʭʫ ʮʠʬʨʦʚʠʟʘʮʠʷʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʧʨʦʮʝʩʠ, ʀʥʜʫʩʪʨʠʷ 5.0 ʥʘʙʣʷʛʘ ʥʘ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʭʦʨʘ ʠ ʨʦʙʦʪʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷ ʧʨʦʮʝʩ, ʟʘ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʢʦʣʘʙʦʨʘʪʠʚʥʘ ʠ ʛʲʚʢʘʚʘ ʩʠʩʪʝʤʘ, ʚ ʯʠʡʪʦ ʮʝʥʪʲʨ 

ʝ ʯʦʚʝʢʘ. ʀʥʜʫʩʪʨʠʷ 5.0 ʝ ʥʝ ʩʘʤʦ ʠʩʪʦʨʠʯʝʩʢʦ ʧʨʦʜʲʣʞʝʥʠʝ ʠʣʠ ʘʣʪʝʨʥʘʪʠʚʘ ʥʘ ʤʦʜʝʣʘ 

ʀʥʜʫʩʪʨʠʷ 4.0. ʉʭʦʜʥʦ ʥʘ ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʆʙʱʝʩʪʚʦʪʦ 5.0 ʩʝ ʩʪʨʝʤʠ ʜʘ ʧʦʩʪʘʚʠ ʯʦʚʝʢʘ ʚ 

ʮʝʥʪʲʨʘ ʥʘ ʠʥʦʚʘʮʠʠʪʝ, ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ 

ʀʥʜʫʩʪʨʠʷ 4.0 ʩ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʪʝʛʨʘʮʠʷ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʞʠʚʦʪ, 

ʩʦʮʠʘʣʥʘʪʘ ʦʪʛʦʚʦʨʥʦʩʪ ʠ ʫʩʪʦʡʯʠʚʦʩʪʪʘ. ʊʘʟʠ ʥʦʚʘʪʦʨʩʢʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʩʧʦʜʝʣʷ ʥʷʢʦʠ ʮʝʣʠ 

ʩ ʎʝʣʠʪʝ ʟʘ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ ʥʘ ʆʆʅ.  

ʀʥʜʫʩʪʨʠʷ 5.0 ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʩʲʯʝʪʘʝ ʩʠʣʥʠʪʝ ʩʪʨʘʥʠ ʥʘ ʭʦʨʘʪʘ ʠ ʨʦʙʦʪʠʪʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷ ʧʨʦʮʝʩ. ʍʦʨʘʪʘ ʩʘ ʦʪʣʠʯʥʠ ʚ ʟʘʜʘʯʠʪʝ, ʢʦʠʪʦ ʠʟʠʩʢʚʘʪ ʪʚʦʨʯʝʩʪʚʦ, 

ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ ʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ, ʜʦʢʘʪʦ ʨʦʙʦʪʠʪʝ ʩʘ ʝʬʝʢʪʠʚʥʠ ʚ ʧʦʚʪʘʨʷʱʠʪʝ 

ʩʝ ʠ ʧʨʝʮʠʟʥʠ ʟʘʜʘʯʠ. ʏʨʝʟ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʭʦʨʘʪʘ ʠ ʨʦʙʦʪʠʪʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷ ʧʨʦʮʝʩ 

ʀʥʜʫʩʪʨʠʷ 5.0 ʤʦʞʝ ʜʘ ʩʲʟʜʘʜʝ ʧʦ-ʛʲʚʢʘʚʘ ʠ ʘʜʘʧʪʠʚʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʤʦʞʝ 

ʙʲʨʟʦ ʜʘ ʨʝʘʛʠʨʘ ʥʘ ʧʨʦʤʝʥʷʱʠʪʝ ʩʝ ʧʘʟʘʨʥʠ ʠʟʠʩʢʚʘʥʠʷ. 

  ʀʥʜʫʩʪʨʠʷ 5.0 ʩʲʱʦ ʪʘʢʘ ʧʦʜʯʝʨʪʘʚʘ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʠ ʝʢʦʣʦʛʠʯʥʘʪʘ 

ʦʪʛʦʚʦʨʥʦʩʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷ ʧʨʦʮʝʩ. ʏʨʝʟ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ 



мп 
 

ʠʟʪʦʯʥʠʮʠ ʠ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʠ ʝʤʠʩʠʠʪʝ, ʀʥʜʫʩʪʨʠʷ 5.0 ʤʦʞʝ ʜʘ ʩʲʟʜʘʜʝ ʧʦ-

ʫʩʪʦʡʯʠʚʘ ʠ ʝʢʦʣʦʛʠʯʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʩʠʩʪʝʤʘ. 

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʷ 5.0 ʱʝ ʠʟʠʩʢʚʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ 

ʢʦʣʘʙʦʨʘʪʠʚʥʠ ʨʦʙʦʪʠ, ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʠ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ (IoT). ʊʝʟʠ ʪʝʭʥʦʣʦʛʠʠ ʱʝ 

ʧʦʟʚʦʣʷʪ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʭʦʨʘ ʠ ʨʦʙʦʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷ ʧʨʦʮʝʩ ʠ ʱʝ ʜʘʜʘʪ ʚʲʟʤʦʞʥʦʩʪ 

ʟʘ ʧʦ-ʛʲʚʢʘʚʠ ʠ ʘʜʘʧʪʠʚʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʩʠʩʪʝʤʠ.  

1.1.4. ʋʤʥʠ ʛʨʘʜʦʚʝ: 

ʋʤʥʠʪʝ ʛʨʘʜʦʚʝ ʩʘ ʛʨʘʜʩʢʠ ʨʝʛʠʦʥʠ, ʚ ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʣʦʞʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʢʨʝʘʪʠʚʥʠ ʥʘʯʠʥʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʞʠʚʦʪ ʥʘ ʞʠʪʝʣʠʪʝ, ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ 

ʫʩʪʦʡʯʠʚʦʪʦ ʨʘʟʚʠʪʠʝ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʝʩʫʨʩʠʪʝ. ʋʤʥʠʪʝ ʛʨʘʜʦʚʝ ʩʝ 

ʠʟʛʨʘʞʜʘʪ ʯʨʝʟ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʮʠʬʨʦʚʠ ʠ ʬʠʟʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʟʘ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʝʬʝʢʪʠʚʥʘ ʠ ʩʚʲʨʟʘʥʘ ʛʨʘʜʩʢʘ ʩʨʝʜʘ. ɺ ʫʤʥʠʪʝ ʛʨʘʜʦʚʝ ʩʝ 

ʩʲʙʠʨʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʜʘʥʥʠ ʦʪ ʤʥʦʛʦ ʠʟʪʦʯʥʠʮʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʩʝʥʟʦʨʠ, ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʘʥʥʠ 

ʦʪ ʛʨʘʞʜʘʥʠʪʝ ʠ ʩʝ ʚʢʣʶʯʚʘʪ ʪʝʭʥʦʣʦʛʠʠ ʢʘʪʦ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ, ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʠ 

ʘʥʘʣʠʟ ʥʘ ʛʦʣʝʤʠ ʦʙʝʤʠ ʦʪ ʜʘʥʥʠ. ʊʝʟʠ ʜʘʥʥʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʛʨʘʜʩʢʠʪʝ 

ʦʧʝʨʘʮʠʠ, ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʝʩʫʨʩʠ ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʫʩʣʫʛʠʪʝ. ʀʥʪʝʣʠʛʝʥʪʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ 

ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʷ ʧʦʪʦʢ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʘʜʨʲʩʪʚʘʥʠʷʪʘ, ʩʘ ʝʜʠʥ ʦʪ ʧʨʠʤʝʨʠʪʝ 

ʟʘ ʧʨʦʛʨʘʤʘ ʟʘ ʫʤʝʥ ʛʨʘʜ. ʊʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʫʤʥʠʷ ʛʨʘʜ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ 

ʥʘ ʦʙʱʝʩʪʚʝʥʘʪʘ ʙʝʟʦʧʘʩʥʦʩʪ ʯʨʝʟ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ, 

ʩʧʦʩʦʙʥʠ ʜʘ ʦʪʢʨʠʚʘʪ ʠ ʨʝʘʛʠʨʘʪ ʥʘ ʩʲʙʠʪʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ.[10],[66] ʋʩʪʦʡʯʠʚʦʩʪʪʘ ʠ 

ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʨʝʩʫʨʩʠʪʝ ʩʘ ʢʣʶʯʦʚʠ ʧʨʠʦʨʠʪʝʪʠ ʚ ʠʥʪʝʣʠʛʝʥʪʥʠʪʝ ʛʨʘʜʦʚʝ. ʊʝʭʥʦʣʦʛʠʷʪʘ ʥʘ 

ʫʤʥʠʷ ʛʨʘʜ ʥʘʧʨʠʤʝʨ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ 

ʥʘ ʝʥʝʨʛʠʷ ʚ ʩʛʨʘʜʠʪʝ, ʢʘʢʪʦ ʠ ʟʘ ʧʦ-ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ. ʅʷʢʦʠ ʫʤʥʠ 

ʛʨʘʜʦʚʝ ʜʦʨʠ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʪ ʩ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ ʢʘʪʦ ʩʣʲʥʯʝʚʘ ʠ 

ʚʷʪʲʨʥʘ ʝʥʝʨʛʠʷ. ɽʚʨʦʧʝʡʩʢʠʷʪ ʩʲʶʟ ʝ ʩʲʟʜʘʣ ʤʥʦʛʦ ʧʨʦʛʨʘʤʠ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʨʘʟʚʠʪʠʝʪʦ 

ʥʘ ʫʤʥʠ ʛʨʘʜʦʚʝ, ʚʢʣʶʯʠʪʝʣʥʦ ʧʨʦʛʨʘʤʘʪʘ "ʍʦʨʠʟʦʥʪ 2020", ʢʦʷʪʦ ʬʠʥʘʥʩʠʨʘ ʥʘʫʯʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʠʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʫʤʥʠ ʛʨʘʜʦʚʝ. ʀʥʠʮʠʘʪʠʚʘʪʘ "ʋʤʥʠ 

ʛʨʘʜʦʚʝ ʠ ʦʙʱʥʦʩʪʠ" ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʩʲʟʜʘʜʝ ʤʨʝʞʘ ʦʪ ʫʤʥʠ ʛʨʘʜʦʚʝ ʚ 

ɽʚʨʦʧʘ, ʢʦʷʪʦ ʜʘ ʦʙʤʝʥʷ ʦʧʠʪ ʠ ʥʘʡ-ʜʦʙʨʠ ʧʨʘʢʪʠʢʠ ʧʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ 

ʠʥʠʮʠʘʪʠʚʠ ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʠ ʛʨʘʜʦʚʝ. 



мр 
 

ʉʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʠʤʘʪ ʧʦʪʝʥʮʠʘʣʘ ʜʘ ʠʛʨʘʷʪ ʨʝʰʘʚʘʱʘ ʨʦʣʷ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʫʤʥʠʪʝ 

ʛʨʘʜʦʚʝ. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʨʘʟʣʠʯʥʠ ʮʝʣʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʟʘ ʣʦʛʠʩʪʠʢʘ, ʫʩʣʫʛʠ 

ʟʘ ʜʦʩʪʘʚʢʘ ʠ ʜʝʡʥʦʩʪʠ ʧʦ ʧʦʜʜʨʲʞʢʘ. ʄʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ, ʥʘʧʨʠʤʝʨ, ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʟʘ ʜʦʩʪʘʚʢʘ ʥʘ ʧʨʦʜʫʢʪʠ ʠ ʢʦʥʩʫʤʘʪʠʚʠ ʚ ʮʝʣʠʷ ʛʨʘʜ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʩʚʝʞʜʘ ʜʦ 

ʤʠʥʠʤʫʤ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʤʘʩʦʚʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʠ ʧʨʦʠʟʪʠʯʘʱʠʪʝ ʦʪ ʪʦʚʘ 

ʟʘʜʨʲʩʪʚʘʥʠʷ. ʉʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʧʦʜʜʨʲʞʢʘ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʦʙʱʝʩʪʚʝʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʘʪʦ ʤʦʩʪʦʚʝ ʠ ʪʫʥʝʣʠ ʠ ʟʘ 

ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʫʣʠʮʠ ʠ ʦʙʱʝʩʪʚʝʥʠ ʤʝʩʪʘ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʧʦʤʦʛʥʝ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʭʦʜʠʪʝ 

ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʝʡʥʦʩʪʠʪʝ ʧʦ ʧʦʜʜʨʲʞʢʘ ʥʘ ʛʨʘʜʦʚʝʪʝ. ʆʩʚʝʥ ʪʦʚʘ 

ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʦʙʱʝʩʪʚʝʥʘʪʘ ʙʝʟʦʧʘʩʥʦʩʪ ʠ 

ʩʠʛʫʨʥʦʩʪ. ʅʘʧʨʠʤʝʨ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʟʘ ʩʠʛʫʨʥʦʩʪ, ʦʙʦʨʫʜʚʘʥʠ ʩ ʢʘʤʝʨʠ ʠ ʩʝʥʟʦʨʠ, ʤʦʛʘʪ 

ʜʘ ʧʘʪʨʫʣʠʨʘʪ ʥʘ ʦʙʱʝʩʪʚʝʥʠ ʤʝʩʪʘ ʠ ʜʘ ʪʲʨʩʷʪ ʧʦʜʦʟʨʠʪʝʣʥʠ ʜʝʡʥʦʩʪʠ ʠʣʠ ʚʲʟʤʦʞʥʠ 

ʨʠʩʢʦʚʝ ʟʘ ʩʠʛʫʨʥʦʩʪʪʘ. 

ʂʘʪʦ ʮʷʣʦ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʥʘ ʫʤʥʠʪʝ ʛʨʘʜʦʚʝ ʜʘ ʩʪʘʥʘʪ ʧʦ-

ʝʬʝʢʪʠʚʥʠ, ʫʩʪʦʡʯʠʚʠ ʠ ʫʜʦʙʥʠ ʟʘ ʞʠʚʝʝʥʝ, ʢʘʪʦ ʧʨʝʜʦʩʪʘʚʷʪ ʧʦʜʦʙʨʝʥʠ ʫʩʣʫʛʠ ʚ ʦʙʣʘʩʪʪʘ 

ʥʘ ʣʦʛʠʩʪʠʢʘʪʘ, ʧʦʜʜʨʲʞʢʘʪʘ ʠ ʩʠʛʫʨʥʦʩʪʪʘ. 

1.1.5. ʇʨʦʛʨʘʤʘ 2030 ʥʘ ʆʆʅ 

ʇʨʦʛʨʘʤʘ 2030 ʝ ʛʣʦʙʘʣʝʥ ʧʣʘʥ ʟʘ ʜʝʡʩʪʚʠʝ, ʧʨʠʝʪ ʦʪ ʆʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʦʙʝʜʠʥʝʥʠʪʝ 

ʥʘʮʠʠ (ʆʆʅ) ʧʨʝʟ 2015 ʛ. ʎʝʣʠʪʝ ʟʘ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʨʝʰʘʚʘʥʝ ʥʘ ʥʘʡ-

ʥʝʦʪʣʦʞʥʠʪʝ ʠʢʦʥʦʤʠʯʝʩʢʠ, ʩʦʮʠʘʣʥʠ ʠ ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ ʚ ʩʚʝʪʘ ʜʦ 2030 ʛ. ʇʨʦʛʨʘʤʘʪʘ 

ʜʦ 2030 ʛ. ʩʝ ʩʲʩʪʦʠ ʦʪ 17 ʚʟʘʠʤʦʩʚʲʨʟʘʥʠ ʮʝʣʠ ʠ 169 ʟʘʜʘʯʠ, ʢʦʠʪʦ ʩʝ ʦʯʘʢʚʘ ʜʘ ʙʲʜʘʪ 

ʠʟʧʲʣʥʝʥʠ ʦʪ ʧʨʘʚʠʪʝʣʩʪʚʘʪʘ, ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ, ʛʨʘʞʜʘʥʩʢʦʪʦ ʦʙʱʝʩʪʚʦ ʠ ʭʦʨʘʪʘ. ʉʨʝʜ 17-

ʪʝ ʮʝʣʠ ʟʘ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ ʩʘ ʙʝʜʥʦʩʪʪʘ, ʛʣʘʜʲʪ, ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ, ʦʙʨʘʟʦʚʘʥʠʝʪʦ, 

ʨʘʚʝʥʩʪʚʦʪʦ ʤʝʞʜʫ ʧʦʣʦʚʝʪʝ, ʯʠʩʪʘʪʘ ʚʦʜʘ ʠ ʢʘʥʘʣʠʟʘʮʠʷʪʘ, ʜʦʩʪʲʧʥʘʪʘ ʠ ʯʠʩʪʘ ʝʥʝʨʛʠʷ, 

ʜʦʩʪʦʡʥʠʷʪ ʪʨʫʜ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠʷʪ ʨʘʩʪʝʞ, ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ, ʠʥʦʚʘʮʠʠʪʝ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ, ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʥʝʨʘʚʝʥʩʪʚʘʪʘ, ʫʩʪʦʡʯʠʚʠʪʝ ʛʨʘʜʦʚʝ ʠ ʦʙʱʥʦʩʪʠ, 

ʦʪʛʦʚʦʨʥʦʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʜʝʡʩʪʚʠʷʪʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʢʣʠʤʘʪʘ, ʞʠʚʦʪʲʪ ʧʦʜ 

ʚʦʜʘʪʘ, ʞʠʚʦʪʲʪ ʥʘ ʟʝʤʷʪʘ, ʤʠʨʲʪ, ʩʧʨʘʚʝʜʣʠʚʦʩʪʪʘ ʠ ʩʠʣʥʠʪʝ ʠʥʩʪʠʪʫʮʠʠ, ʢʘʢʪʦ ʠ 

ʧʘʨʪʥʴʦʨʩʪʚʘʪʘ ʟʘ ʨʘʟʚʠʪʠʝ. 

ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ ʇʨʦʛʨʘʤʘ 2030, ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ 

ʥʘ ʮʝʣʠʪʝ ʟʘ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ ʧʦ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ. ʊʝ ʤʦʛʘʪ ʜʘ ʜʦʧʨʠʥʝʩʘʪ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ 



мс 
 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʜʠʩʪʨʠʙʫʮʠʷʪʘ ʥʘ ʭʨʘʥʠ, ʟʘ ʩʚʝʞʜʘʥʝ ʜʦ ʤʠʥʠʤʫʤ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʠ ʟʘ 

ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʪʨʘʥʩʧʦʨʪʘ ʠ ʣʦʛʠʩʪʠʢʘʪʘ. ʄʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʚ 

ʩʝʣʩʢʠ ʠʣʠ ʩʣʘʙʦ ʨʘʟʚʠʪʠ ʤʝʩʪʘ ʟʘ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʟʜʨʘʚʥʠ ʛʨʠʞʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʫʩʪʦʡʯʠʚʠ 

ʝʥʝʨʛʠʡʥʠ ʨʝʰʝʥʠʷ. ʆʩʚʝʥ ʪʦʚʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʜʦʧʨʠʥʝʩʘʪ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ ʛʨʘʜʦʚʝʪʝ ʠ ʦʙʱʥʦʩʪʠʪʝ ʯʨʝʟ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʪʨʘʥʩʧʦʨʪʘ ʠ ʣʦʛʠʩʪʠʢʘʪʘ, 

ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʠ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʛʨʘʜʩʢʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʉʲʱʦ 

ʪʘʢʘ ʤʦʛʘʪ ʜʘ ʥʘʩʲʨʯʘʚʘʪ ʦʪʛʦʚʦʨʥʦʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʘʪʦ ʧʨʘʚʷʪ ʧʨʦʮʝʩʠʪʝ ʚ 

ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ ʠ ʚʝʨʠʛʘʪʘ ʟʘ ʜʦʩʪʘʚʢʠ ʧʦ-ʝʬʝʢʪʠʚʥʠ ʠ ʫʩʪʦʡʯʠʚʠ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʪʝʟʠ 

ʧʨʠʤʝʨʠ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʠ ʜʨʫʛʠ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʘʪ ʜʘ ʧʦʜʧʦʤʦʛʥʘʪ 

ʧʨʷʢʦ ʠʣʠ ʢʦʩʚʝʥʦ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʤʥʦʛʦ ʦʪ ʜʨʫʛʠʪʝ ʮʝʣʠ ʟʘ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ. ʆʪ 

ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʦʙʘʯʝ ʝ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʚʥʝʜʨʷʚʘʥʝʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʩʝ ʫʧʨʘʚʣʷʚʘ 

ʦʪ ʫʩʪʦʡʯʠʚʠ ʠ ʝʪʠʯʥʠ ʩʪʘʥʜʘʨʪʠ, ʪʘʢʘ ʯʝ ʜʘ ʥʝ ʩʝ ʠʟʦʩʪʨʷʪ ʥʘʩʪʦʷʱʠʪʝ ʩʦʮʠʘʣʥʠ ʠ 

ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ.  

1.1.6. ʉʪʨʘʪʝʛʠʯʝʩʢʘ ʧʨʦʛʨʘʤʘ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʟʘ ʧʝʨʠʦʜʘ 2019-2024 

ʉʪʨʘʪʝʛʠʯʝʩʢʘʪʘ ʧʨʦʛʨʘʤʘ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʟʘ ʧʝʨʠʦʜʘ 2019-2024 ʝ 

ʦʨʛʘʥʠʟʠʨʘʥʘ ʦʢʦʣʦ ʧʝʪ ʦʩʥʦʚʥʠ ʧʨʠʦʨʠʪʝʪʘ: ɽʚʨʦʧʝʡʩʢʘ ʟʝʣʝʥʘ ʩʜʝʣʢʘ; ɽʚʨʦʧʘ, ʧʨʠʛʦʜʝʥʘ 

ʟʘ ʮʠʬʨʦʚʘʪʘ ʝʨʘ; ʀʢʦʥʦʤʠʢʘ, ʢʦʷʪʦ ʨʘʙʦʪʠ ʟʘ ʭʦʨʘʪʘ; ɽʜʥʘ ʧʦ-ʦʙʝʜʠʥʝʥʘ ʠ ʝʬʝʢʪʠʚʥʘ 

ɽʚʨʦʧʘ ʥʘ ʩʚʝʪʦʚʥʘʪʘ ʩʮʝʥʘ; ʅʘʩʲʨʯʘʚʘʥʝ ʥʘ ʝʚʨʦʧʝʡʩʢʠʪʝ ʮʝʥʥʦʩʪʠ ʠ ʧʨʘʚʘ. [39],[73],[74] 

ʏʨʝʟ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ, ʧʦʜʢʨʝʧʘ ʟʘ ʫʩʪʦʡʯʠʚ ʨʘʩʪʝʞ ʠ ʠʥʚʝʩʪʠʮʠʠ ʚ ʟʝʣʝʥʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʦʚʘʮʠʠ ʂʦʤʠʩʠʷʪʘ ʩʝ ʥʘʜʷʚʘ ʜʦ 2050 ʛ. ɽʚʨʦʧʘ ʜʘ ʩʪʘʥʝ ʧʲʨʚʠʷʪ ʚ ʩʚʝʪʘ 

ʢʦʥʪʠʥʝʥʪ ʩ ʥʝʫʪʨʘʣʝʥ ʢʣʠʤʘʪ. ʂʦʤʠʩʠʷʪʘ ʩʝ ʩʪʨʝʤʠ ʜʘ ʥʘʩʲʨʯʘʚʘ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʚʲʚ ʚʩʠʯʢʠ ʦʙʣʘʩʪʠ ʥʘ ʠʢʦʥʦʤʠʢʘʪʘ ʠ ʦʙʱʝʩʪʚʦʪʦ, ʚʢʣʶʯʠʪʝʣʥʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʝʜʠʥʥʘ ʨʘʤʢʘ 

ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʜʘʥʥʠʪʝ, ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ 

ʢʠʙʝʨʩʠʛʫʨʥʦʩʪʪʘ. ʎʝʣ ʥʘ ʂʦʤʠʩʠʷʪʘ ʝ ʜʘ ʥʘʧʨʘʚʠ ʝʚʨʦʧʝʡʩʢʘʪʘ ʠʢʦʥʦʤʠʢʘ ʧʦ-

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘ, ʧʦ-ʧʨʠʦʙʱʘʚʘʱʘ ʠ ʧʦ-ʩʧʨʘʚʝʜʣʠʚʘ, ʢʘʪʦ ʥʘʩʲʨʯʘʚʘ ʠʥʚʝʩʪʠʮʠʠʪʝ, 

ʠʥʦʚʘʮʠʠʪʝ ʠ ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦʪʦ ʠ ʩʲʱʝʚʨʝʤʝʥʥʦ ʛʘʨʘʥʪʠʨʘ ʩʦʮʠʘʣʥʘ ʠ ʝʢʦʣʦʛʠʯʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪ. ʂʦʤʠʩʠʷʪʘ ʩʝ ʩʪʨʝʤʠ ʜʘ ʥʘʩʲʨʯʠ ʝʜʥʘ ʧʦ-ʦʙʝʜʠʥʝʥʘ ʠ ʝʬʝʢʪʠʚʥʘ ɽʚʨʦʧʘ ʥʘ 

ʩʚʝʪʦʚʥʘʪʘ ʩʮʝʥʘ, ʢʘʪʦ ʧʦʜʢʨʝʧʷ ʤʥʦʛʦʩʪʨʘʥʥʠʪʝ ʦʪʥʦʰʝʥʠʷ, ʠʟʛʨʘʞʜʘ ʚʨʲʟʢʠ ʩʲʩ ʩʲʩʝʜʥʠʪʝ 

ʜʲʨʞʘʚʠ ʠ ʥʘʩʲʨʯʘʚʘ ʜʝʤʦʢʨʘʮʠʷʪʘ, ʧʨʘʚʘʪʘ ʥʘ ʯʦʚʝʢʘ ʠ ʚʲʨʭʦʚʝʥʩʪʚʦʪʦ ʥʘ ʟʘʢʦʥʘ. ʎʝʣ ʥʘ 

ʂʦʤʠʩʠʷʪʘ ʝ ʜʘ ʟʘʱʠʪʘʚʘ ʠ ʥʘʩʲʨʯʘʚʘ ʮʝʥʥʦʩʪʠʪʝ ʠ ʧʨʘʚʘʪʘ, ʫʩʪʘʥʦʚʝʥʠ ʚ ʫʯʨʝʜʠʪʝʣʥʠʪʝ 



мт 
 

ʜʦʛʦʚʦʨʠ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ, ʢʘʪʦ ʟʘʯʠʪʘʥʝʪʦ ʥʘ ʯʦʚʝʰʢʦʪʦ ʜʦʩʪʦʡʥʩʪʚʦ, ʩʚʦʙʦʜʘʪʘ, 

ʜʝʤʦʢʨʘʮʠʷʪʘ, ʨʘʚʝʥʩʪʚʦʪʦ, ʧʨʘʚʦʚʘʪʘ ʜʲʨʞʘʚʘ ʠ ʧʨʘʚʘʪʘ ʥʘ ʯʦʚʝʢʘ. 

1.1.7. "ɽʚʨʦʧʝʡʩʢʘ ʮʠʬʨʦʚʘ ʩʪʨʘʪʝʛʠʷ", "ɽʚʨʦʧʘ, ʧʨʠʛʦʜʝʥʘ ʟʘ ʮʠʬʨʦʚʘʪʘ ʝʨʘ", " 2030 

ʮʠʬʨʦʚ ʢʦʤʧʘʩ: ʝʚʨʦʧʝʡʩʢʠʷʪ ʧʲʪ ʟʘ ʮʠʬʨʦʚʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ"  

"2030 ʮʠʬʨʦʚ ʢʦʤʧʘʩ: ʝʚʨʦʧʝʡʩʢʠʷʪ ʧʲʪ ʟʘ ʮʠʬʨʦʚʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ"ʝ ʥʦʚʘ 

ʧʦʣʠʪʠʯʝʩʢʘ ʠʥʠʮʠʘʪʠʚʘ, ʢʦʷʪʦ ʙʝʰʝ ʣʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʧʨʝʟ ʤʘʨʪ 2021 ʛ. 

ɺ ʥʝʷ ʩʝ ʠʟʣʘʛʘ ʚʠʟʠʷʪʘ ʥʘ ɽʉ ʟʘ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʝʟ ʩʣʝʜʚʘʱʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ ʠ 

ʩʝ ʚʢʣʶʯʚʘʪ ʢʦʥʢʨʝʪʥʠ ʮʝʣʠ ʟʘ 2030 ʛ. ʂʦʤʧʘʩʲʪ ʝ ʠʟʛʨʘʜʝʥ ʚʲʨʭʫ ʯʝʪʠʨʠ ʩʪʲʣʙʘ: ʫʤʝʥʠʷ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʙʱʝʩʪʚʝʥʠ ʫʩʣʫʛʠ ʠ ʮʠʬʨʦʚʠʟʘʮʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʪʘ. Ăʎʠʬʨʦʚʠʷʪ ʢʦʤʧʘʩ 

ʟʘ 2030 ʛ.ñ ʝ ʢʣʶʯʦʚʘ ʧʦʣʠʪʠʯʝʩʢʘ ʠʥʠʮʠʘʪʠʚʘ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ, ʥʘʩʦʯʝʥʘ ʢʲʤ 

ʥʘʧʨʘʚʣʷʚʘʥʝ ʥʘ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ɽʉ ʧʨʝʟ ʩʣʝʜʚʘʱʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ. [75] 

ʀʥʠʮʠʘʪʠʚʘʪʘ ʦʯʝʨʪʘʚʘ ʥʘʙʦʨ ʦʪ ʘʤʙʠʮʠʦʟʥʠ ʮʝʣʠ ʠ ʧʨʠʦʨʠʪʝʪʠ ʟʘ ʮʠʬʨʦʚʘʪʘ ʠʢʦʥʦʤʠʢʘ ʠ 

ʮʠʬʨʦʚʦʪʦ ʦʙʱʝʩʪʚʦ ʥʘ ɽʉ, ʩ ʘʢʮʝʥʪ ʚʲʨʭʫ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʧʦ-ʫʩʪʦʡʯʠʚʦ, ʫʩʪʦʡʯʠʚʦ ʠ 

ʧʨʠʦʙʱʘʚʘʱʦ ʮʠʬʨʦʚʦ ʙʲʜʝʱʝ ʟʘ ʚʩʠʯʢʠ ʝʚʨʦʧʝʡʮʠ. 

"ɽʚʨʦʧʘ, ʧʨʠʛʦʜʝʥʘ ʟʘ ʮʠʬʨʦʚʘʪʘ ʝʨʘ" ʝ ʧʦ-h ʠʨʦʢʘ ʧʦʣʠʪʠʯʝʩʢʘ ʠʥʠʮʠʘʪʠʚʘ ʥʘ 

ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ, ʯʠʷʪʦ ʮʝʣ ʝ ʜʘ ʛʘʨʘʥʪʠʨʘ, ʯʝ ɽʚʨʦʧʘ ʤʦʞʝ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘ ʥʘʧʲʣʥʦ ʦʪ 

ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. ʊʷ ʚʢʣʶʯʚʘ ʨʝʜʠʮʘ ʦʙʣʘʩʪʠ ʥʘ ʧʦʣʠʪʠʢʘʪʘ, ʢʘʪʦ ʮʠʬʨʦʚʠ ʫʤʝʥʠʷ, 

ʮʠʬʨʦʚʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʮʠʬʨʦʚʠ ʦʙʱʝʩʪʚʝʥʠ ʫʩʣʫʛʠ, ʢʘʢʪʦ ʠ ʦʙʣʘʩʪʠ ʢʘʪʦ 

ʢʠʙʝʨʩʠʛʫʨʥʦʩʪ, ʟʘʱʠʪʘ ʥʘ ʜʘʥʥʠʪʝ ʠ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤʠʪʝ. ʀʥʠʮʠʘʪʠʚʘʪʘ 

ʙʝʰʝ ʩʪʘʨʪʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʧʨʝʟ 2019 ʛ. ʠ ʩʣʫʞʠ ʢʘʪʦ ʨʘʤʢʘ ʟʘ ʧʦʣʠʪʠʢʠʪʝ ʠ 

ʠʥʠʮʠʘʪʠʚʠʪʝ ʥʘ ɽʉ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. 

"ɽʚʨʦʧʝʡʩʢʘʪʘ ʮʠʬʨʦʚʘ ʩʪʨʘʪʝʛʠʷ", ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʝ ʢʦʥʢʨʝʪʝʥ ʧʦʣʠʪʠʯʝʩʢʠ 

ʜʦʢʫʤʝʥʪ, ʧʨʠʝʪ ʦʪ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʧʨʝʟ 2020 ʛ., ʚ ʢʦʡʪʦ ʩʝ ʦʧʨʝʜʝʣʷʪ ʚʠʟʠʷʪʘ ʠ 

ʧʨʠʦʨʠʪʝʪʠʪʝ ʥʘ ɽʉ ʟʘ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. ʉʪʨʘʪʝʛʠʷʪʘ ʦʯʝʨʪʘʚʘ ʥʘʙʦʨ ʦʪ ʜʝʡʩʪʚʠʷ 

ʠ ʤʝʨʢʠ, ʢʦʠʪʦ ʜʘ ʧʦʤʦʛʥʘʪ ʥʘ ɽʚʨʦʧʘ ʜʘ ʩʝ ʧʨʝʚʲʨʥʝ ʚ ʩʚʝʪʦʚʝʥ ʣʠʜʝʨ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʮʠʬʨʦʚʘʪʘ ʠʢʦʥʦʤʠʢʘ ʠ ʦʙʱʝʩʪʚʦ, ʩ ʘʢʮʝʥʪ ʚʲʨʭʫ ʦʙʣʘʩʪʠ ʢʘʪʦ ʜʘʥʥʠ, ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʠ 

ʢʠʙʝʨʩʠʛʫʨʥʦʩʪ. ʉʪʨʘʪʝʛʠʷʪʘ ʚʢʣʶʯʚʘ ʠ ʢʦʥʢʨʝʪʥʠ ʧʨʝʜʣʦʞʝʥʠʷ ʟʘ ʟʘʢʦʥʦʜʘʪʝʣʩʪʚʦ ʠ 

ʠʥʠʮʠʘʪʠʚʠ ʚ ʧʦʜʢʨʝʧʘ ʥʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʥʝʡʥʠʪʝ ʮʝʣʠ. 

ʂʘʢʪʦ "ɽʚʨʦʧʘ, ʧʨʠʛʦʜʝʥʘ ʟʘ ʮʠʬʨʦʚʘʪʘ ʝʨʘ", ʪʘʢʘ ʠ "ɽʚʨʦʧʝʡʩʢʘʪʘ ʮʠʬʨʦʚʘ 

ʩʪʨʘʪʝʛʠʷ" ʩʘ ʦʪ ʟʥʘʯʝʥʠʝ ʟʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʠ ʪʷʭʥʦʪʦ ʨʘʟʨʘʙʦʪʚʘʥʝ ʠ ʚʥʝʜʨʷʚʘʥʝ ʚ 

ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ. ʉʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʩʘ ʢʣʶʯʦʚʘ ʯʘʩʪ ʦʪ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʩʝ 



му 
 

ʦʯʘʢʚʘ ʪʝ ʜʘ ʠʛʨʘʷʪ ʚʩʝ ʧʦ-ʚʘʞʥʘ ʨʦʣʷ ʚ ʨʘʟʣʠʯʥʠ ʩʝʢʪʦʨʠ ʢʘʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʣʦʛʠʩʪʠʢʘʪʘ, 

ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ ʠ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʧʦʣʠʪʠʢʠʪʝ ʠ ʩʪʨʘʪʝʛʠʠʪʝ ʥʘ ɽʉ, 

ʥʘʩʦʯʝʥʠ ʢʲʤ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʝʨʦʷʪʥʦ ʱʝ ʦʢʘʞʘʪ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʚ ɽʚʨʦʧʘ. "ɽʚʨʦʧʝʡʩʢʘʪʘ ʩʪʨʘʪʝʛʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ" ʚʢʣʶʯʚʘ ʢʦʥʢʨʝʪʥʠ ʜʝʡʩʪʚʠʷ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʢʦʠʪʦ ʩʘ ʢʣʶʯʦʚʘ ʪʝʭʥʦʣʦʛʠʷ, 

ʧʦʟʚʦʣʷʚʘʱʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ. ʉʪʨʘʪʝʛʠʷʪʘ ʚʢʣʶʯʚʘ ʠ ʤʝʨʢʠ ʟʘ ʥʘʩʲʨʯʘʚʘʥʝ 

ʥʘ ʮʠʬʨʦʚʠʪʝ ʫʤʝʥʠʷ ʠ ʮʠʬʨʦʚʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʠʪʦ ʩʘ ʚʘʞʥʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ 

ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʚ ʨʘʟʣʠʯʥʠ ʩʝʢʪʦʨʠ. "ɽʚʨʦʧʘ, ʧʨʠʛʦʜʝʥʘ ʟʘ ʮʠʬʨʦʚʘʪʘ ʝʨʘ" 

ʚʢʣʶʯʚʘ ʧʦʣʠʪʠʢʠ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʮʠʬʨʦʚʠʪʝ ʫʤʝʥʠʷ ʠ ʮʠʬʨʦʚʘʪʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʠʪʦ ʩʘ ʦʪ ʟʥʘʯʝʥʠʝ ʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʤʦʙʠʣʥʠ 

ʨʦʙʦʪʠ. ʋʩʲʚʲʨʰʝʥʩʪʚʘʥʝʪʦ ʥʘ ʮʠʬʨʦʚʠʪʝ ʫʤʝʥʠʷ ʝ ʚʘʞʥʦ ʟʘ ʚʥʝʜʨʷʚʘʥʝʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ 

ʥʘ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ, ʪʲʡ ʢʘʪʦ ʦʧʝʨʘʪʦʨʠʪʝ ʪʨʷʙʚʘ ʜʘ ʧʨʠʪʝʞʘʚʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʪʝʭʥʠʯʝʩʢʠ 

ʧʦʟʥʘʥʠʷ ʠ ʦʧʠʪ, ʟʘ ʜʘ ʫʧʨʘʚʣʷʚʘʪ ʠ ʧʦʜʜʲʨʞʘʪ ʪʝʟʠ ʤʘʰʠʥʠ. ʇʦ ʧʦʜʦʙʝʥ ʥʘʯʠʥ ʮʠʬʨʦʚʘʪʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʚʠʩʦʢʦʩʢʦʨʦʩʪʥʠ ʤʨʝʞʠ ʠ 5G, ʝ ʚʘʞʥʘ ʟʘ ʨʘʟʛʨʲʱʘʥʝʪʦ ʠ 

ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʥʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ. "ɽʚʨʦʧʝʡʩʢʘʪʘ ʩʪʨʘʪʝʛʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʮʠʬʨʦʚʠʪʝ 

ʪʝʭʥʦʣʦʛʠʠ" ʚʢʣʶʯʚʘ ʢʦʥʢʨʝʪʥʠ ʜʝʡʩʪʚʠʷ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʢʦʠʪʦ ʩʘ ʢʣʶʯʦʚʘ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʚʘʱʘ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ. ʉʪʨʘʪʝʛʠʷʪʘ ʚʢʣʶʯʚʘ ʠ ʤʝʨʢʠ ʟʘ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ 

ʮʠʬʨʦʚʠʪʝ ʫʤʝʥʠʷ ʠ ʮʠʬʨʦʚʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʠʪʦ ʩʘ ʚʘʞʥʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ 

ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʩʝʚʠʟʥʠ ʨʦʙʦʪʠ ʚ ʨʘʟʣʠʯʥʠ ʩʝʢʪʦʨʠ. 

ʎʠʬʨʦʚʠʷʪ ʢʦʤʧʘʩ ʦʯʝʨʪʘʚʘ ʯʝʪʠʨʠ ʦʩʥʦʚʥʠ ʧʨʠʦʨʠʪʝʪʥʠ ʦʙʣʘʩʪʠ ʟʘ ʜʝʡʩʪʚʠʝ: 

- ʎʠʬʨʦʚʦ ʢʚʘʣʠʬʠʮʠʨʘʥʦ ʥʘʩʝʣʝʥʠʝ ʠ ʚʠʩʦʢʦʢʚʘʣʠʬʠʮʠʨʘʥʘ ʮʠʬʨʦʚʘ ʨʘʙʦʪʥʘ ʩʠʣʘ 

ʊʦʟʠ ʧʨʠʦʨʠʪʝʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʚʩʠʯʢʠ ʝʚʨʦʧʝʡʮʠ ʨʘʟʧʦʣʘʛʘʪ ʩ ʫʤʝʥʠʷʪʘ, ʢʦʠʪʦ 

ʩʘ ʠʤ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʧʲʣʥʦʮʝʥʥʦ ʫʯʘʩʪʠʝ ʚ ʮʠʬʨʦʚʘʪʘ ʠʢʦʥʦʤʠʢʘ ʠ ʦʙʱʝʩʪʚʦ. ʀʥʠʮʠʘʪʠʚʘʪʘ 

ʚʢʣʶʯʚʘ ʮʝʣʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʮʠʬʨʦʚʠʪʝ ʫʤʝʥʠʷ ʩʨʝʜ ʥʘʩʝʣʝʥʠʝʪʦ ʠ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʚʠʩʦʢʦʢʚʘʣʠʬʠʮʠʨʘʥʘ ʮʠʬʨʦʚʘ ʨʘʙʦʪʥʘ ʩʠʣʘ. 

- ʉʠʛʫʨʥʘ ʠ ʫʩʪʦʡʯʠʚʘ ʮʠʬʨʦʚʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ  

ʊʦʟʠ ʧʨʠʦʨʠʪʝʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʛʘʨʘʥʪʠʨʘ, ʯʝ ɽʉ ʨʘʟʧʦʣʘʛʘ ʩʲʩ ʩʠʛʫʨʥʘ ʠ ʫʩʪʦʡʯʠʚʘ ʮʠʬʨʦʚʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʧʦʜʜʲʨʞʘ ʥʘʨʘʩʪʚʘʱʦʪʦ ʪʲʨʩʝʥʝ ʥʘ ʮʠʬʨʦʚʠ ʫʩʣʫʛʠ. 



мф 
 

ʀʥʠʮʠʘʪʠʚʘʪʘ ʚʢʣʶʯʚʘ ʮʝʣʠ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʠʪʝ ʚ ʮʠʬʨʦʚʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʠ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʫʩʪʦʡʯʠʚʠ ʪʝʭʥʦʣʦʛʠʠ. 

- ʎʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʪʘ  

ʊʦʟʠ ʧʨʠʦʨʠʪʝʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʥʘʩʲʨʯʠ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʮʠʬʨʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʩʨʝʜ 

ʝʚʨʦʧʝʡʩʢʠʪʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʩ ʘʢʮʝʥʪ ʚʲʨʭʫ ʤʘʣʢʠʪʝ ʠ ʩʨʝʜʥʠʪʝ ʧʨʝʜʧʨʠʷʪʠʷ (ʄʉʇ). 

ʀʥʠʮʠʘʪʠʚʘʪʘ ʚʢʣʶʯʚʘ ʮʝʣʠ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʜʝʣʘ ʥʘ ʄʉʇ, ʠʟʧʦʣʟʚʘʱʠ ʮʠʬʨʦʚʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʠ ʟʘ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʮʠʬʨʦʚʠ ʝʢʦʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 

ʧʦʜʧʦʤʦʛʥʘʪ ʨʘʩʪʝʞʘ ʠʤ. 

- ʎʠʬʨʦʚʠ ʦʙʱʝʩʪʚʝʥʠ ʫʩʣʫʛʠ  

ʊʦʟʠ ʧʨʠʦʨʠʪʝʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʧʦʜʦʙʨʠ ʢʘʯʝʩʪʚʦʪʦ ʠ ʜʦʩʪʲʧʥʦʩʪʪʘ ʥʘ ʦʙʱʝʩʪʚʝʥʠʪʝ 

ʫʩʣʫʛʠ ʚ ʮʠʬʨʦʚʘʪʘ ʝʨʘ, ʢʘʪʦ ʩʝ ʬʦʢʫʩʠʨʘ ʚʲʨʭʫ ʥʘʩʲʨʯʘʚʘʥʝʪʦ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʮʠʬʨʦʚʠ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʜʦʩʪʲʧʘ ʥʘ ʛʨʘʞʜʘʥʠʪʝ ʜʦ ʠʥʬʦʨʤʘʮʠʷ ʠ ʫʩʣʫʛʠ. 

ʀʥʠʮʠʘʪʠʚʘʪʘ ʚʢʣʶʯʚʘ ʮʝʣʠ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʮʠʬʨʦʚʠ ʦʙʱʝʩʪʚʝʥʠ ʫʩʣʫʛʠ 

ʠ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʦʧʝʨʘʪʠʚʥʦ ʩʲʚʤʝʩʪʠʤʠ ʮʠʬʨʦʚʠ ʩʠʩʪʝʤʠ ʚ ʮʝʣʠʷ 

ɽʚʨʦʧʝʡʩʢʠ ʩʲʶʟ. 

ʎʠʬʨʦʚʠʷʪ ʢʦʤʧʘʩ ʠʤʘ ʜʘʣʝʯʥʠ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʧʨʠʝʤʘʥʝʪʦ ʥʘ 

ʨʦʙʦʪʠʢʘʪʘ ʚ ɽʚʨʦʧʘ. ʇʨʦʛʨʘʤʘʪʘ ʤʦʞʝ ʜʘ ʩʧʦʤʦʛʥʝ ʟʘ ʛʘʨʘʥʪʠʨʘʥʝʪʦ ʥʘ ʜʦʩʪʘʪʲʯʝʥ ʙʨʦʡ 

ʢʘʜʨʠ, ʢʦʠʪʦ ʜʘ ʧʦʜʧʦʤʦʛʥʘʪ ʨʘʟʨʘʩʪʚʘʥʝʪʦ ʥʘ ʩʝʢʪʦʨʘ ʥʘ ʨʦʙʦʪʠʢʘʪʘ, ʢʘʪʦ ʥʘʙʣʝʛʥʝ ʥʘ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʮʠʬʨʦʚʠ ʫʤʝʥʠʷ ʠ ʚʠʩʦʢʦʢʚʘʣʠʬʠʮʠʨʘʥʘ ʮʠʬʨʦʚʘ ʨʘʙʦʪʥʘ ʩʠʣʘ. ʇʦ ʩʲʱʠʷ 

ʥʘʯʠʥ, ʢʘʪʦ ʥʘʩʲʨʯʘʚʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʙʝʟʦʧʘʩʥʘ ʠ ʜʲʣʛʦʩʨʦʯʥʘ ʮʠʬʨʦʚʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʧʨʦʝʢʪʲʪ ʤʦʞʝ ʜʘ ʥʘʩʲʨʯʠ ʘʪʤʦʩʬʝʨʘ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʘʱʘ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʠ ʠ ʜʨʫʛʠ 

ʮʠʬʨʦʚʠ ʪʝʭʥʦʣʦʛʠʠ. 

- ʎʠʬʨʦʚʠ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ 

ʇʘʥʜʝʤʠʷʪʘ COVID-19 ʜʝʤʦʥʩʪʨʠʨʘ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʜʛʦʪʚʠ ʧʦʯʚʘʪʘ ʟʘ ʰʠʨʦʢʦʪʦ ʧʨʠʣʘʛʘʥʝ 

ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʪʝʣʝʤʝʜʠʮʠʥʘ, ʜʠʩʪʘʥʮʠʦʥʥʠ ʛʨʠʞʠ ʠ ʨʦʙʦʪʠʢʘ ʟʘ ʟʘʱʠʪʘ ʥʘ 

ʤʝʜʠʮʠʥʩʢʠʷ ʧʝʨʩʦʥʘʣ ʠ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠʪʝ, ʢʦʠʪʦ ʧʦʣʫʯʘʚʘʪ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʣʝʯʝʥʠʝ ʫ ʜʦʤʘ. ɻʨʘʞʜʘʥʠʪʝ ʤʦʛʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʟʘ ʜʘ ʥʘʙʣʶʜʘʚʘʪ 

ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʩʠ ʩʲʩʪʦʷʥʠʝ, ʜʘ ʧʨʦʤʝʥʷʪ ʥʘʯʠʥʘ ʩʠ ʥʘ ʞʠʚʦʪ, ʜʘ ʥʘʩʲʨʯʘʚʘʪ ʥʝʟʘʚʠʩʠʤʠʷ 

ʞʠʚʦʪ, ʜʘ ʠʟʙʷʛʚʘʪ ʥʝʟʘʨʘʟʥʠ ʙʦʣʝʩʪʠ ʠ ʜʘ ʧʦʜʦʙʨʷʚʘʪ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʦʩʪʘʚʯʠʮʠʪʝ ʥʘ 

ʟʜʨʘʚʥʠ ʫʩʣʫʛʠ ʠ ʛʨʠʞʠ ʠ ʥʘ ʟʜʨʘʚʥʠʪʝ ʩʠʩʪʝʤʠ. ɻʨʘʞʜʘʥʠʪʝ ʱʝ ʠʟʧʦʣʟʚʘʪ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ 

ʠʤ ʧʦʤʘʛʘʪ ʜʘ ʧʨʦʜʲʣʞʘʪ ʘʢʪʠʚʥʠʷ ʩʠ ʧʨʦʬʝʩʠʦʥʘʣʝʥ ʞʠʚʦʪ ʩ ʥʘʧʨʝʜʚʘʥʝʪʦ ʥʘ ʚʲʟʨʘʩʪʪʘ, ʘ 
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ʟʜʨʘʚʥʠʪʝ ʩʧʝʮʠʘʣʠʩʪʠ ʠ ʙʦʣʥʦʛʣʝʜʘʯʠʪʝ ʱʝ ʤʦʛʘʪ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘʪ ʠʟʮʷʣʦ ʦʪ ʧʨʝʜʠʤʩʪʚʘʪʘ 

ʥʘ ʮʠʬʨʦʚʦ ʩʚʲʨʟʘʥʠʪʝ ʟʜʨʘʚʥʠ ʨʝʰʝʥʠʷ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʣʝʯʝʥʠʝ ʥʘ ʩʚʦʠʪʝ ʧʘʮʠʝʥʪʠ.  

- ʎʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʙʠʟʥʝʩʘ 

ɺʲʟʧʨʠʝʤʘʥʝʪʦ ʥʘ ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʘ ʢʨʠʪʠʯʥʦ ʚʘʞʥʦ ʟʘ ʤʥʦʛʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ 

ʚʨʝʤʝ ʥʘ ʝʧʠʜʝʤʠʷʪʘ COVID-19. ʇʦʚʝʯʝ ʦʪ ʧʨʦʩʪʦ ʧʦʤʦʱʥʠ ʩʨʝʜʩʪʚʘ, ʮʠʬʨʦʚʠʪʝ 

ʪʝʭʥʦʣʦʛʠʠ ʢʘʪʦ 5G, ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ, ʢʨʘʡʥʠ ʠʟʯʠʩʣʝʥʠʷ, ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʨʦʙʦʪʠʢʘ 

ʠ ʨʘʟʰʠʨʝʥʘ ʨʝʘʣʥʦʩʪ ʱʝ ʙʲʜʘʪ ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʥʦʚʠ ʧʨʦʜʫʢʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʧʨʦʮʝʩʠ ʠ 

ʙʠʟʥʝʩ ʤʦʜʝʣʠ ʚ ʠʢʦʥʦʤʠʢʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʜʦ 2030 ʛ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʧʨʝʜʣʦʞʝʥʠʷʪʘ ʥʘ 

ʂʦʤʠʩʠʷʪʘ ʟʘ ʮʠʬʨʦʚʠʷ ʝʜʠʥʝʥ ʧʘʟʘʨ ʠ ʩʪʨʘʪʝʛʠʠʪʝ "ʌʦʨʤʠʨʘʥʝ ʥʘ ʮʠʬʨʦʚʦʪʦ ʙʲʜʝʱʝ ʥʘ 

ɽʚʨʦʧʘ" ʱʝ ʫʩʢʦʨʷʪ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʪʘ ʠ ʱʝ ʦʩʠʛʫʨʷʪ ʩʧʨʘʚʝʜʣʠʚʘ 

ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘ ʮʠʬʨʦʚʘ ʠʢʦʥʦʤʠʢʘ. 

ʇʦʪʝʥʮʠʘʣʲʪ ʥʘ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʟʘ ʧʝʪ ʢʣʶʯʦʚʠ ʝʢʦʩʠʩʪʝʤʠ: 

- ʇʨʦʠʟʚʦʜʩʪʚʦ: ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ 5G ʩʚʲʨʟʘʥʦʩʪʪʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʚ ʟʘʚʦʜʠʪʝ ʱʝ ʙʲʜʘʪ ʦʱʝ ʧʦ-

ʩʚʲʨʟʘʥʠ ʠ ʱʝ ʩʲʙʠʨʘʪ ʠʥʜʫʩʪʨʠʘʣʥʠ ʜʘʥʥʠ. ʀʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʱʝ ʠʥʩʪʨʫʢʪʠʨʘ 

ʨʦʙʦʪʠʪʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʢʘʪʦ ʛʠ ʧʨʘʚʠ ʚʩʝ ʧʦ-ʢʦʦʧʝʨʘʪʠʚʥʠ, ʧʦʜʦʙʨʷʚʘʡʢʠ ʨʘʙʦʪʥʠʪʝ ʤʝʩʪʘ, 

ʙʝʟʦʧʘʩʥʦʩʪʪʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʠ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʨʘʙʦʪʥʠʮʠʪʝ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ 

ʮʠʬʨʦʚʠʪʝ ʙʣʠʟʥʘʮʠ, ʥʦʚʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠ 3D ʧʨʠʥʪʠʨʘʥʝʪʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʱʝ ʤʦʛʘʪ ʜʘ 

ʧʦʜʦʙʨʷʪ ʧʨʦʛʥʦʟʥʘʪʘ ʧʦʜʜʨʲʞʢʘ ʠ ʜʘ ʧʨʦʠʟʚʝʞʜʘʪ ʧʨʠ ʧʦʠʩʢʚʘʥʝ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʫʞʜʠʪʝ 

ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ, ʩ ʥʫʣʝʚʠ ʟʘʧʘʩʠ. 

- ɿʜʨʘʚʝʦʧʘʟʚʘʥʝ: ɺ̡ ʚʝʞʜʘʥʝʪʦ ʥʘ ʧʦʚʝʯʝ ʦʥʣʘʡʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʙʝʟʭʘʨʪʠʝʥʠ ʫʩʣʫʛʠ, 

ʝʣʝʢʪʨʦʥʥʦ ʧʨʝʜʘʚʘʥʝ ʠ ʜʦʩʪʲʧ ʜʦ ʜʘʥʥʠ ʚʤʝʩʪʦ ʭʘʨʪʠʝʥʠ ʟʘʧʠʩʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʤʦʞʝ ʜʘ 

ʜʦʚʝʜʝ ʜʦ ʧʦʣʟʠ ʚ ʨʘʟʤʝʨ ʜʦ 120 ʤʣʨʜ. ʝʚʨʦ ʛʦʜʠʰʥʦ ʚ ɽʚʨʦʧʘ. 

- ʉʪʨʦʠʪʝʣʩʪʚʦ: ʅʘʡ-ʥʠʩʢʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʦʪ ʚʩʠʯʢʠ ʦʩʥʦʚʥʠ ʩʝʢʪʦʨʠ 

ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 20 ʛʦʜʠʥʠ. 70% ʦʪ ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ ʚ ʩʪʨʦʠʪʝʣʩʪʚʦʪʦ ʧʦʩʦʯʚʘʪ ʥʦʚʠʪʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʮʠʬʨʦʚʠʟʘʮʠʷʪʘ ʢʘʪʦ ʜʚʠʛʘʪʝʣʠ ʥʘ ʧʨʦʤʝʥʠʪʝ ʚ ʩʝʢʪʦʨʘ. 

- ʉʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ: ʎʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʝʤʝʜʝʣʠʝʪʦ ʤʦʛʘʪ ʜʘ ʧʦʟʚʦʣʷʪ ʥʘ 

ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʷ ʩʝʢʪʦʨ ʜʘ ʧʨʦʠʟʚʝʞʜʘ ʧʦ-ʧʨʠʩʧʦʩʦʙʝʥʦ ʠ ʧʦ-ʝʬʝʢʪʠʚʥʦ, ʢʘʪʦ ʧʦ ʪʦʟʠ 

ʥʘʯʠʥ ʩʝ ʧʦʚʠʰʘʪ ʧʦʢʘʟʘʪʝʣʠʪʝ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪ ʥʘ ʩʝʢʪʦʨʘ. 

ʉʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʝ ʦʧʨʝʜʝʣʝʥʦ ʢʘʪʦ ʝʜʠʥ ʦʪ ʢʣʶʯʦʚʠʪʝ ʩʝʢʪʦʨʠ, ʚ ʢʦʡʪʦ ʮʠʬʨʦʚʠʪʝ 

ʨʝʰʝʥʠʷ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʠʪʝ ʝʤʠʩʠʠ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʠ 

ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʧʝʩʪʠʮʠʜʠ. 
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- ʄʦʙʠʣʥʦʩʪ: ʎʠʬʨʦʚʠʪʝ ʨʝʰʝʥʠʷ ʟʘ ʩʚʲʨʟʘʥʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ ʤʦʙʠʣʥʦʩʪ ʠʤʘʪ ʛʦʣʷʤ 

ʧʦʪʝʥʮʠʘʣ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʧʲʪʥʦʪʨʘʥʩʧʦʨʪʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ, ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ 

ʥʘ ʞʠʚʦʪ ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʝʭʥʠʷ ʝʢʦʣʦʛʠʯʝʥ ʦʪʧʝʯʘʪʲʢ. 

1.1.8. ʇʨʦʛʨʘʤʘ Ăʍʦʨʠʟʦʥʪ ɽʚʨʦʧʘñ 

ɺʘʞʥʘ ʠʥʠʮʠʘʪʠʚʘ ʝ "ʍʦʨʠʟʦʥʪ ɽʚʨʦʧʘ" - ʧʨʦʛʨʘʤʘʪʘ ʥʘ ɽʉ ʟʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ 

ʠʥʦʚʘʮʠʠ ʟʘ ʧʝʨʠʦʜʘ 2021-2027ʛ. [76] ʇʨʦʛʨʘʤʘʪʘ "ʍʦʨʠʟʦʥʪ ɽʚʨʦʧʘ" ʚʢʣʶʯʚʘ ʨʝʜʠʮʘ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʬʠʥʘʥʩʠʨʘʥʝ ʥʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʠʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʢʘʪʦ ʨʦʙʦʪʠʢʘʪʘ, 

ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ (IoT). ʂʘʪʦ ʧʦʜʢʨʝʧʷ ʘʚʘʥʛʘʨʜʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʚ 

ʪʝʟʠ ʦʙʣʘʩʪʠ, ɽʉ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʥʘʩʲʨʯʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʥʘʩʲʨʯʘʚʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ ʤʝʞʜʫ ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ, ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ 

ʠ ʜʨʫʛʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʩʪʨʘʥʠ. 

1.1.9. ɽʚʨʦʧʝʡʩʢʘ ʟʝʣʝʥʘ ʩʜʝʣʢʘ 

ɽʚʨʦʧʝʡʩʢʘʪʘ ʟʝʣʝʥʘ ʩʜʝʣʢʘ ʝ ʜʨʫʛ ʚʘʞʝʥ ʧʦʣʠʪʠʯʝʩʢʠ ʧʨʠʦʨʠʪʝʪ ʟʘ ɽʚʨʦʧʝʡʩʢʠʷ 

ʩʲʶʟ, ʩ ʨʝʜʠʮʘ ʠʥʠʮʠʘʪʠʚʠ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʫʩʪʦʡʯʠʚ ʠʢʦʥʦʤʠʯʝʩʢʠ ʨʘʩʪʝʞ ʠ 

ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ [11]. ʈʦʙʦʪʠʢʘʪʘ ʠ ʜʨʫʛʠ ʮʠʬʨʦʚʠ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʛʘʪ ʜʘ ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʟʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʪʝʟʠ ʮʝʣʠ, ʢʘʪʦ ʧʦʟʚʦʣʷʚʘʪ ʧʦ-ʝʬʝʢʪʠʚʥʦ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠʪʝ, ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʠ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʯʠʩʪʘ 

ʝʥʝʨʛʠʷ. ʅʘʧʨʠʤʝʨ, ʨʦʙʦʪʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʣʦʛʠʩʪʠʢʘʪʘ ʟʘ 

ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝʪʦ ʥʘ ʝʥʝʨʛʠʷ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʧʨʦʮʝʩʠ, ʢʘʪʦ 

ʩʲʱʝʚʨʝʤʝʥʥʦ ʧʦʜʦʙʨʷʚʘʪ ʫʩʣʦʚʠʷʪʘ ʥʘ ʪʨʫʜ ʥʘ ʩʣʫʞʠʪʝʣʠʪʝ. 

1.1.10. ʇʣʘʥ ʟʘ ʜʝʡʩʪʚʠʝ ʟʘ ʢʨʲʛʦʚʘʪʘ ʠʢʦʥʦʤʠʢʘ 

ʇʣʘʥʲʪ ʟʘ ʜʝʡʩʪʚʠʝ ʟʘ ʢʨʲʛʦʚʘʪʘ ʠʢʦʥʦʤʠʢʘ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʥʘʩʲʨʯʠ ʧʦ-ʝʬʝʢʪʠʚʥʦʪʦ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠʪʝ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ ʜʘ ʩʝ ʚʢʣʶʯʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʠʢʘ ʠ ʜʨʫʛʠ 

ʮʠʬʨʦʚʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʠ ʧʦʜʦʙʨʷʚʘʥʝ 

ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʝʩʫʨʩʠʪʝ. 

ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʪʝʟʠ ʧʦʣʠʪʠʢʠ ʠ ʠʥʠʮʠʘʪʠʚʠ ɽʉ ʩʲʱʦ ʪʘʢʘ ʨʘʟʨʘʙʦʪʚʘ ʨʘʟʧʦʨʝʜʙʠ ʠ 

ʥʘʩʦʢʠ, ʟʘ ʜʘ ʛʘʨʘʥʪʠʨʘ ʙʝʟʦʧʘʩʥʦʪʦ ʠ ʝʪʠʯʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʦʙʦʪʠʢʘʪʘ. ʅʘʧʨʠʤʝʨ, ʆʙʱʠʷʪ 

ʨʝʛʣʘʤʝʥʪ ʟʘ ʟʘʱʠʪʘ ʥʘ ʜʘʥʥʠʪʝ (ʆʈɿɼ) ʥʘ ɽʉ ʚʢʣʶʯʚʘ ʨʘʟʧʦʨʝʜʙʠ ʟʘ ʟʘʱʠʪʘ ʥʘ ʣʠʯʥʠʪʝ 

ʜʘʥʥʠ, ʢʦʠʪʦ ʩʘ ʦʪ ʟʥʘʯʝʥʠʝ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʠʢʘʪʘ ʠ ʜʨʫʛʠ 

ʮʠʬʨʦʚʠ ʪʝʭʥʦʣʦʛʠʠ. ɽʉ ʨʘʙʦʪʠ ʠ ʧʦ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʥʘʩʦʢʠ ʟʘ ʝʪʠʯʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 
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ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ʨʦʙʦʪʠʢʘʪʘ, ʢʦʠʪʦ ʠʤʘʪ ʟʘ ʮʝʣ ʜʘ ʛʘʨʘʥʪʠʨʘʪ, ʯʝ ʪʝʟʠ ʪʝʭʥʦʣʦʛʠʠ ʩʝ 

ʨʘʟʨʘʙʦʪʚʘʪ ʠ ʠʟʧʦʣʟʚʘʪ ʧʦ ʥʘʯʠʥ, ʢʦʡʪʦ ʝ ʙʝʟʦʧʘʩʝʥ, ʥʘʜʝʞʜʝʥ ʠ ʟʘʯʠʪʘ ʯʦʚʝʰʢʦʪʦ 

ʜʦʩʪʦʡʥʩʪʚʦ ʠ ʥʝʧʨʠʢʦʩʥʦʚʝʥʦʩʪʪʘ ʥʘ ʣʠʯʥʠʷ ʞʠʚʦʪ. 

ʊʘʢʘ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʢʦʥʮʝʧʮʠʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʠ ʧʦʣʠʪʠʢʠ, ʦʙʚʲʨʟʘʥʠ ʩ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ, 

ʚʘʣʠʜʠʨʘʪ ʘʢʪʫʘʣʥʦʩʪʪʘ ʥʘ ʪʝʤʘʪʘ ʠ ʥʫʞʜʘʪʘ ʦʪ ʠʤʧʣʝʤʝʥʪʘʮʠʠ ʠ ʧʦ-ʥʘʪʘʪʲʰʥʠ ʨʘʟʚʠʪʠʷ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ, 

ʧʨʦʠʟʪʠʯʘʱʘ ʦʪ ʪʝʭʥʠʪʝ ʚʲʟʤʦʞʥʠ ʧʨʦʷʚʣʝʥʠʷ ʠ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʥʘ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʠʟʙʨʦʝʥʠʪʝ ʩʬʝʨʠ, ʢʘʢʪʦ ʠ ʦʯʝʚʠʜʥʠʷʪ ʠʤ ʧʦʣʦʞʠʪʝʣʝʥ ʝʬʝʢʪ ʧʦʩʪʘʚʷʪ ʟʥʘʯʠʤ ʘʢʮʝʥʪ ʟʘ 

ʪʷʭʥʦʪʦ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʨʘʟʚʠʪʠʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʩ ʮʝʣ ʙʣʘʛʦʜʝʥʩʪʚʠʝʪʦ ʥʘ ʭʦʨʘʪʘ ʧʦ ʩʚʝʪʘ. 

ʅʘ ʙʘʟʘ ʥʘ ʫʧʦʤʝʥʘʪʠʪʝ ʧʦ-ʛʦʨʝ ʧʨʦʛʨʘʤʠ, ʢʘʢʪʦ ʠ ʥʘ ʤʥʦʛʦ ʜʨʫʛʠ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʝʜʘʪ ʢʘʪʦ 

ʦʙʦʙʱʝʥʠʝ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʦʪʨʘʩʣʠ, ʚ  ʢʦʠʪʦ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʠʤʘʪ ʧʨʠʣʦʞʝʥʠʝ ʠ ʧʦʣʝ 

ʟʘ ʧʦ-ʥʘʪʘʪʲʯʥʦ ʨʘʟʚʠʪʠʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ: 

1) ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʣʦʛʠʩʪʠʢʘ: 

Å ʆʙʨʘʙʦʪʢʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʠ ʚ ʟʘʚʦʜʠ ʠ ʩʢʣʘʜʦʚʝ 

Å ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʟʘʧʘʩʠʪʝ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠʪʝ 

Å ʉʛʣʦʙʷʚʘʥʝ ʠ ʨʘʟʛʣʦʙʷʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠ 

Å ʆʧʘʢʦʚʘʥʝ ʠ ʝʪʠʢʝʪʠʨʘʥʝ 

2) ʉʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ: 

Å ʅʘʙʣʶʜʝʥʠʝ ʥʘ ʢʫʣʪʫʨʠʪʝ ʠ ʧʨʠʙʠʨʘʥʝ ʥʘ ʨʝʢʦʣʪʘʪʘ 

Å ʂʦʥʪʨʦʣ ʥʘ ʚʨʝʜʠʪʝʣʠʪʝ ʠ ʧʣʝʚʝʣʠʪʝ 

Å ʅʘʧʦʷʚʘʥʝ ʠ ʥʘʪʦʨʷʚʘʥʝ 

Å ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʦʨʘʥʞʝʨʠʠ ʠ ʨʘʟʩʘʜʥʠʮʠ 

3) ɿʜʨʘʚʝʦʧʘʟʚʘʥʝ: 

Å ʅʘʙʣʶʜʝʥʠʝ ʠ ʧʦʤʦʱ ʥʘ ʧʘʮʠʝʥʪʠʪʝ 

Å ɼʦʩʪʘʚʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʣʝʢʘʨʩʪʚʘ 

Å ʇʦʯʠʩʪʚʘʥʝ ʠ ʜʝʟʠʥʬʝʢʮʠʷ ʥʘ ʧʦʤʝʱʝʥʠʷʪʘ 

Å ʇʦʜʧʦʤʘʛʘʥʝ ʥʘ ʭʦʨʘ ʩ ʫʚʨʝʞʜʘʥʠʷ ʠʣʠ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʧʨʠʜʚʠʞʚʘʥʝʪʦ 

4)ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʚʣʝʯʝʥʠʷ: 

Å ʀʥʪʝʨʘʢʪʠʚʥʠ ʝʢʩʧʦʥʘʪʠ ʚ ʤʫʟʝʠ ʠ ʪʝʤʘʪʠʯʥʠ ʧʘʨʢʦʚʝ 

Å ʆʙʨʘʟʦʚʘʪʝʣʥʠ ʨʦʙʦʪʠ ʟʘ ʧʨʝʧʦʜʘʚʘʥʝ ʥʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ STEM ʧʨʝʜʤʝʪʠ 

Å ʈʦʙʦʪʠʟʠʨʘʥʠ ʜʦʤʘʰʥʠ ʣʶʙʠʤʮʠ ʠ ʩʧʲʪʥʠʮʠ 
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5) ʉʪʨʦʠʪʝʣʩʪʚʦ ʠ ʤʠʥʥʦ ʜʝʣʦ: 

Å ʀʥʩʧʝʢʪʠʨʘʥʝ ʠ ʧʨʦʫʯʚʘʥʝ ʥʘ ʦʙʝʢʪʠ 

Å ʀʟʢʦʧʥʠ ʨʘʙʦʪʠ ʠ ʩʦʥʜʠʨʘʥʝ 

Å ʉʲʙʘʨʷʥʝ ʠ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʦʪʣʦʤʢʠ 

Å ʇʦʜʜʨʲʞʢʘ ʠ ʨʝʤʦʥʪ ʥʘ ʦʙʦʨʫʜʚʘʥʝ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

6) ʉʠʛʫʨʥʦʩʪ ʠ ʥʘʙʣʶʜʝʥʠʝ: 

Å ʇʘʪʨʫʣʠʨʘʥʝ ʠ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʦʙʱʝʩʪʚʝʥʠ ʤʝʩʪʘ 

Å ʆʪʢʨʠʚʘʥʝ ʠ ʜʦʢʣʘʜʚʘʥʝ ʥʘ ʟʘʧʣʘʭʠ ʟʘ ʩʠʛʫʨʥʦʩʪʪʘ 

Å ʀʟʜʠʨʚʘʪʝʣʥʠ ʠ ʩʧʘʩʠʪʝʣʥʠ ʦʧʝʨʘʮʠʠ ʚ ʦʧʘʩʥʘ ʩʨʝʜʘ 

Å ʀʥʩʧʝʢʮʠʷ ʥʘ ʢʨʠʪʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʪʨʲʙʦʧʨʦʚʦʜʠ ʠʣʠ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʠ 

7) ʅʘʙʣʶʜʝʥʠʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ: 

Å ʄʦʥʠʪʦʨʠʥʛ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʠ ʚʦʜʘʪʘ 

Å ʇʨʦʩʣʝʜʷʚʘʥʝ ʠ ʦʧʘʟʚʘʥʝ ʥʘ ʜʠʚʘʪʘ ʧʨʠʨʦʜʘ 

Å ʆʪʢʨʠʚʘʥʝ ʠ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʥʠʷ 

Å ʅʘʙʣʶʜʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ ʠ ʚʨʝʤʝʪʦ 

8) ʊʲʨʛʦʚʠʷ ʥʘ ʜʨʝʙʥʦ: 

Å ɿʘʨʝʞʜʘʥʝ ʥʘ ʨʘʬʪʦʚʝʪʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʠʥʚʝʥʪʘʨʘ ʚ ʤʘʛʘʟʠʥʠʪʝ 

Å ʆʙʩʣʫʞʚʘʥʝ ʥʘ ʢʣʠʝʥʪʠ ʠ ʧʦʜʜʨʲʞʢʘ ʚ ʤʦʣʦʚʝ ʠ ʪʲʨʛʦʚʩʢʠ ʮʝʥʪʨʦʚʝ 

Å ɼʦʩʪʘʚʢʘ ʥʘ ʩʪʦʢʠ ʠ ʧʘʢʝʪʠ ʜʦ ʢʣʠʝʥʪʠʪʝ 

9) ʍʦʪʝʣʠʝʨʩʪʚʦ: 

Å ʆʙʩʣʫʞʚʘʥʝ ʥʘ ʩʪʘʠ ʠ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʜʦʤʘ ʚ ʭʦʪʝʣʠ ʠ ʢʫʨʦʨʪʠ 

Å ʆʢʘʟʚʘʥʝ ʥʘ ʧʦʤʦʱ ʥʘ ʛʦʩʪʠ ʩ ʫʚʨʝʞʜʘʥʠʷ ʠʣʠ ʩ ʥʘʤʘʣʝʥʘ ʧʦʜʚʠʞʥʦʩʪ 

Å ʇʦʯʠʩʪʚʘʥʝ ʠ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʩʲʦʨʲʞʝʥʠʷ ʠ ʦʪʢʨʠʪʠ ʧʣʦʱʠ 

10)ʊʨʘʥʩʧʦʨʪ: 

Å ɸʚʪʦʥʦʤʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʩʧʦʜʝʣʝʥʦ ʧʲʪʫʚʘʥʝ ʠ ʦʙʱʝʩʪʚʝʥ ʪʨʘʥʩʧʦʨʪ 

Å ʈʦʙʦʪʠ ʟʘ ʜʦʩʪʘʚʢʘ ʥʘ ʧʘʢʝʪʠ ʠ ʭʨʘʥʠʪʝʣʥʠ ʩʪʦʢʠ ʥʘ ʧʦʩʣʝʜʥʘʪʘ ʤʠʣʷ 

Å ʀʥʩʧʝʢʮʠʷ ʠ ʧʦʜʜʨʲʞʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʘʪʦ ʧʲʪʠʱʘ, ʤʦʩʪʦʚʝ ʠ 

ʪʫʥʝʣʠ 

11) ɽʥʝʨʛʝʪʠʢʘ: 

Å ʀʥʩʧʝʢʮʠʷ ʠ ʧʦʜʜʨʲʞʢʘ ʥʘ ʥʝʬʪʦʧʨʦʚʦʜʠ ʠ ʛʘʟʦʧʨʦʚʦʜʠ ʠ ʨʘʬʠʥʝʨʠʠ 
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Å ʇʦʜʜʨʲʞʢʘ ʥʘ ʚʷʪʲʨʥʠ ʪʫʨʙʠʥʠ ʠ ʩʣʲʥʯʝʚʠ ʧʘʥʝʣʠ 

Å ʄʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣ ʥʘ ʝʣʝʢʪʨʦʧʨʝʥʦʩʥʠ ʤʨʝʞʠ ʠ ʧʦʜʩʪʘʥʮʠʠ 

12) ʇʨʘʚʦʧʨʠʣʘʛʘʥʝ ʠ ʦʙʱʝʩʪʚʝʥʘ ʙʝʟʦʧʘʩʥʦʩʪ: 

Å ʈʦʙʦʪʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʠ ʦʙʝʟʚʨʝʞʜʘʥʝ ʥʘ ʙʦʤʙʠ 

Å ʂʦʥʪʨʦʣ ʥʘ ʪʲʣʧʘʪʘ ʠ ʨʝʘʛʠʨʘʥʝ ʧʨʠ ʙʝʟʨʝʜʠʮʠ 

Å ʅʘʙʣʶʜʝʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʦʙʱʝʩʪʚʝʥʠ ʩʲʙʠʪʠʷ ʠ ʩʲʙʠʨʘʥʠʷ 

13)ʅʘʫʢʘ ʠ ʠʟʩʣʝʜʚʘʥʝ:  

Å ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʧʣʘʥʝʪʠ ʠ ʢʦʩʤʦʩʘ 

Å ʆʢʝʘʥʦʛʨʘʬʠʷ ʠ ʤʦʨʩʢʠ ʙʠʦʣʦʛʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ 

Å ɸʨʭʝʦʣʦʛʠʷ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʷ: ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʨʘʟʢʦʧʢʠ 

14)ʃʠʯʥʘ ʠ ʜʦʤʘʰʥʘ ʫʧʦʪʨʝʙʘ: 

Å ʈʦʙʦʪʠʟʠʨʘʥʠ ʘʩʠʩʪʝʥʪʠ ʟʘ ʚʲʟʨʘʩʪʥʠ ʭʦʨʘ ʠʣʠ ʭʦʨʘ ʩ ʫʚʨʝʞʜʘʥʠʷ 

Å ʈʦʙʦʪʠ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʠ ʧʦʜʜʨʲʞʢʘ ʥʘ ʜʦʤʘ 

Å ʋʩʪʨʦʡʩʪʚʘ ʟʘ ʣʠʯʝʥ ʪʨʘʥʩʧʦʨʪ 

15) ʈʝʘʛʠʨʘʥʝ ʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʧʨʠ ʙʝʜʩʪʚʠʷ: 

Å ʆʧʝʨʘʮʠʠ ʧʦ ʪʲʨʩʝʥʝ ʠ ʩʧʘʩʷʚʘʥʝ ʧʨʠ ʧʨʠʨʦʜʥʠ ʙʝʜʩʪʚʠʷ, ʢʘʪʦ ʟʝʤʝʪʨʝʩʝʥʠʷ, ʫʨʘʛʘʥʠ 

ʠ ʛʦʨʩʢʠ ʧʦʞʘʨʠ 

Å ʀʟʚʦʟʚʘʥʝ ʥʘ ʦʪʣʦʤʢʠ ʠ ʧʦʯʠʩʪʚʘʥʝ ʩʣʝʜ ʙʝʜʩʪʚʠʷ 

Å ʆʮʝʥʢʘ ʠ ʧʨʦʚʝʨʢʘ ʥʘ ʧʦʚʨʝʜʝʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʘʪʦ ʩʛʨʘʜʠ ʠ ʤʦʩʪʦʚʝ 

16) ɸʝʨʦʢʦʩʤʠʯʝʩʢʘ ʜʝʡʥʦʩʪ: 

Å ʉʛʣʦʙʷʚʘʥʝ ʠ ʧʦʜʜʨʲʞʢʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʢʦʨʘʙʠ ʠ ʩʧʲʪʥʠʮʠ 

Å ʀʥʩʧʝʢʮʠʷ ʠ ʧʦʜʜʨʲʞʢʘ ʥʘ ʚʲʟʜʫʭʦʧʣʘʚʘʪʝʣʥʠ ʩʨʝʜʩʪʚʘ ʠ ʣʝʪʠʱʘ 

Å ʀʟʩʣʝʜʚʘʥʝ ʠ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʥʘ ʜʨʫʛʠ ʧʣʘʥʝʪʠ ʠ ʥʝʙʝʩʥʠ ʪʝʣʘ 

17)ɺʦʝʥʥʦ ʜʝʣʦ ʠ ʦʪʙʨʘʥʘ: 

Å ʈʘʟʫʟʥʘʚʘʥʝ ʠ ʥʘʙʣʶʜʝʥʠʝ ʚ ʟʦʥʠʪʝ ʥʘ ʙʦʡʥʠʪʝ ʜʝʡʩʪʚʠʷ 

Å ʆʧʝʨʘʮʠʠ ʧʦ ʦʙʝʟʚʨʝʞʜʘʥʝ ʥʘ ʙʦʝʧʨʠʧʘʩʠ ʠ ʨʘʟʤʠʥʠʨʘʥʝ (EOD - Explosive Ordnance 

Disposal) 

Å ʇʨʝʚʦʟ ʥʘ ʪʦʚʘʨʠ ʠ ʣʦʛʠʩʪʠʢʘ ʚ ʦʪʜʘʣʝʯʝʥʠ ʨʘʡʦʥʠ 

18)ʉʧʦʨʪ ʠ ʨʘʟʚʣʝʯʝʥʠʷ: 

Å ɸʚʪʦʥʦʤʥʠ ʢʘʤʝʨʠ ʟʘ ʩʧʦʨʪʥʠ ʧʨʝʜʘʚʘʥʠʷ ʠ ʩʲʙʠʪʠʷ ʥʘ ʞʠʚʦ 

Å ʈʦʙʦʪʠʟʠʨʘʥʠ ʠʟʧʲʣʥʠʪʝʣʠ ʚ ʪʝʘʪʨʘʣʥʠ ʠ ʨʘʟʚʣʝʢʘʪʝʣʥʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
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Å ʆʩʚʝʪʣʝʥʠʝ ʠ ʦʟʚʫʯʘʚʘʥʝ ʧʨʠ ʢʦʥʮʝʨʪʠ ʠ ʩʲʙʠʪʠʷ 

19)ʍʨʘʥʠ ʠ ʥʘʧʠʪʢʠ: 

Å ɻʦʪʚʝʥʝ ʠ ʧʨʠʛʦʪʚʷʥʝ ʥʘ ʭʨʘʥʘ ʚ ʨʝʩʪʦʨʘʥʪʠ ʠ ʪʲʨʛʦʚʩʢʠ ʢʫʭʥʠ 

Å ɸʚʪʦʥʦʤʥʘ ʜʦʩʪʘʚʢʘ ʥʘ ʭʨʘʥʠ ʠ ʥʘʧʠʪʢʠ ʥʘ ʩʪʘʜʠʦʥʠ ʠ ʘʨʝʥʠ 

Å ʇʨʠʙʠʨʘʥʝ ʥʘ ʨʝʢʦʣʪʘʪʘ ʠ ʧʨʝʨʘʙʦʪʢʘ ʥʘ ʢʫʣʪʫʨʠ ʚ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʠ 

ʬʝʨʤʝʨʩʪʚʦʪʦ 

20) ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ: 

Å ʇʦʤʦʱʥʠ ʨʦʙʦʪʠ ʟʘ ʫʯʝʥʠʮʠ ʩ ʫʚʨʝʞʜʘʥʠʷ ʠʣʠ ʩʧʝʮʠʘʣʥʠ ʥʫʞʜʠ 

Å ʃʘʙʦʨʘʪʦʨʥʠ ʠ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʘʩʠʩʪʝʥʪʠ ʟʘ ʥʘʫʯʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ 

Å ɸʚʪʦʤʘʪʠʟʠʨʘʥʠ ʥʘʩʪʘʚʥʠʮʠ ʠ ʘʩʠʩʪʝʥʪʠ ʟʘ ʦʥʣʘʡʥ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʧʣʘʪʬʦʨʤʠ 

1.2 ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ 

ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ ʩ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ ʩʘ ʨʦʙʦʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ, 

ʧʨʦʝʢʪʠʨʘʥʠ ʜʘ ʙʲʜʘʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʢʦʥʪʨʦʣʠʨʘʥʠ ʦʪ ʯʦʚʝʢ-ʦʧʝʨʘʪʦʨ ʠ ʩʧʦʩʦʙʥʠ ʜʘ 

ʠʟʧʲʣʥʷʚʘʪ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʟʘʜʘʯʠ ʠ ʬʫʥʢʮʠʠ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʠ ʠʥʜʫʩʪʨʠʠ. ʊʝʟʠ 

ʨʦʙʦʪʠ ʩʘ ʦʙʦʨʫʜʚʘʥʠ ʩ ʰʠʨʦʢ ʥʘʙʦʨ ʦʪ ʩʝʥʟʦʨʠ ʠ ʢʘʤʝʨʠ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʦʧʝʨʘʪʦʨʘ ʜʘ 

ʛʠ ʥʘʙʣʶʜʘʚʘʪ ʠ ʫʧʨʘʚʣʷʚʘʪ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʟʘʜʘʯʠ ʚ ʨʘʟʣʠʯʥʠ ʩʨʝʜʠ ʦʪ 

ʜʠʩʪʘʥʮʠʷ. ʉʝʨʚʠʟʥʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʦʙʦʨʫʜʚʘʥʠ ʩ ʤʘʥʠʧʫʣʘʪʦʨʠ 

ʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʦʙʦʨʫʜʚʘʥʝ, ʢʦʝʪʦ ʠʤ ʧʦʟʚʦʣʷʚʘ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʟʘʜʘʯʠ ʢʘʪʦ ʠʥʩʧʝʢʮʠʷ, 

ʧʦʯʠʩʪʚʘʥʝ, ʧʦʜʜʨʲʞʢʘ ʠ ʜʨ. ʊʝʟʠ ʨʦʙʦʪʠ ʩʘ ʛʲʚʢʘʚʠ, ʘʜʘʧʪʠʚʥʠ ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʦʪ 

ʨʘʟʩʪʦʷʥʠʝ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʧʦʜʭʦʜʷʱʠ ʟʘ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʧʨʠʣʦʞʝʥʠʷ, ʢʲʜʝʪʦ ʩʝ ʠʟʠʩʢʚʘ 

ʯʦʚʝʰʢʘ ʥʘʤʝʩʘ, ʜʠʩʪʘʥʮʠʦʥʥʘ ʨʘʙʦʪʘ ʠʣʠ ʘʜʘʧʪʠʚʥʦʩʪ. ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʯʝʩʪʦ ʤʦʛʘʪ 

ʜʘ ʟʘʤʝʥʷʪ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʤʥʦʞʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʨʦʙʦʪʠ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʧʦ-

ʨʝʥʪʘʙʠʣʥʠ. ʊʘʟʠ ʛʲʚʢʘʚʦʩʪ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʩʧʝʩʪʷʪ ʢʘʢʪʦ ʧʲʨʚʦʥʘʯʘʣʥʠ ʠʥʚʝʩʪʠʮʠʠ, ʪʘʢʘ ʠ 

ʨʘʟʭʦʜʠ ʟʘ ʧʦʜʜʨʲʞʢʘ. ʊʝʟʠ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘʪ ʢʲʤ ʧʨʦʤʝʥʷʱʠʪʝ ʩʝ ʩʨʝʜʠ ʠ ʟʘʜʘʯʠ 

ʟʘ ʠʟʧʲʣʥʝʥʠʝ, ʥʘʤʘʣʷʚʘʡʢʠ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʦʩʪʦʷʥʥʦ ʧʨʝʢʦʥʬʠʛʫʨʠʨʘʥʝ ʠʣʠ 

ʟʘʢʫʧʫʚʘʥʝ ʥʘ ʥʦʚʦ ʦʙʦʨʫʜʚʘʥʝ. ʊʷʭʥʘʪʘ ʘʜʘʧʪʠʚʥʦʩʪ ʝ ʦʩʦʙʝʥʦ ʮʝʥʥʘ ʚ ʠʥʜʫʩʪʨʠʠ ʩ 

ʜʠʥʘʤʠʯʥʠ ʠ ʨʘʟʚʠʚʘʱʠ ʩʝ ʥʫʞʜʠ. ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʟʘʜʘʯʠ ʚ 

ʦʧʘʩʥʘ ʠʣʠ ʥʝʜʦʩʪʲʧʥʠ ʩʨʝʜʘ, ʥʘʤʘʣʷʚʘʡʢʠ ʨʠʩʢʘ ʟʘ ʭʦʨʘʪʘ. ʊʦʚʘ ʚʢʣʶʯʚʘ ʜʝʡʥʦʩʪʠ ʚ 

ʠʥʜʫʩʪʨʠʠ ʢʘʪʦ ʷʜʨʝʥʘ ʝʥʝʨʛʠʷ, ʤʠʥʥʦ ʜʝʣʦ ʠ ʪʲʨʩʝʥʝ ʠ ʩʧʘʩʷʚʘʥʝ. ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ 

ʤʦʛʘʪ ʜʘ ʨʘʙʦʪʷʪ ʥʝʧʨʝʢʲʩʥʘʪʦ ʠ ʧʨʝʮʠʟʥʦ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦʚʠʰʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʚ 

ʨʘʟʣʠʯʥʠ ʩʝʢʪʦʨʠ. ʊʝ ʤʦʛʘʪ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʟʘʜʘʯʠ ʧʦ-ʙʲʨʟʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʦʪ ʭʦʨʘʪʘ, 
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ʥʘʤʘʣʷʚʘʡʢʠ ʛʨʝʰʢʠʪʝ ʠ ʧʨʝʩʪʦʠʪʝ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʨʦʙʦʪʠʪʝ 

ʧʨʝʜʣʘʛʘʪ ʚʠʩʦʢʘ ʧʨʝʮʠʟʥʦʩʪ, ʢʦʝʪʦ ʝ ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʟʘ ʩʬʝʨʠ, ʢʲʜʝʪʦ ʪʦʯʥʦʩʪʪʘ ʠ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʝ ʦʪ ʧʲʨʚʦʩʪʝʧʝʥʥʦ ʟʥʘʯʝʥʠʝ, ʢʘʪʦ ʘʚʪʦʤʦʙʠʣʦʩʪʨʦʝʥʝʪʦ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʦʥʠʢʘ. ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ ʩ ʤʦʜʫʣʥʠ 

ʢʦʤʧʦʥʝʥʪʠ, ʢʦʝʪʦ ʫʣʝʩʥʷʚʘ ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʝʪʦ ʠʤ ʟʘ ʢʦʥʢʨʝʪʥʠ ʟʘʜʘʯʠ. ʊʘʟʠ ʩʧʦʩʦʙʥʦʩʪ ʟʘ 

ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʝ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʠʥʜʫʩʪʨʠʠ ʩ ʫʥʠʢʘʣʥʠ ʠʣʠ ʨʘʟʚʠʚʘʱʠ ʩʝ 

ʠʟʠʩʢʚʘʥʠʷ. ɺ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʧʨʦʫʯʚʘʥʠʷ ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʩʘ ʥʝʟʘʤʝʥʠʤʠ ʟʘ 

ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʩʲʙʠʨʘʥʝ ʥʘ ʜʘʥʥʠ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʨʝʜʠ, ʢʦʠʪʦ ʩʘ ʥʝʜʦʩʪʲʧʥʠ 

ʟʘ ʭʦʨʘʪʘ. ʊʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʦʙʣʘʩʪʠ ʢʘʪʦ ʧʣʘʥʝʪʘʨʥʦ ʧʨʦʫʯʚʘʥʝ, ʜʲʣʙʦʢʦʚʦʜʥʠ ʠʟʩʣʝʜʚʘʥʠʷ 

ʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʚʩʝ ʧʦʚʝʯʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ 

ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ. ʊʷʭʥʘʪʘ ʘʜʘʧʪʠʚʥʦʩʪ ʠʤ ʧʦʟʚʦʣʷʚʘ ʜʘ ʧʦʤʘʛʘʪ ʩ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ 

ʤʝʜʠʮʠʥʩʢʠ ʧʨʦʮʝʜʫʨʠ. ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʠʥʩʧʝʢʪʠʨʘʥʝ ʠ 

ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʪ ʧʲʨʚʦʩʪʝʧʝʥʥʦ ʟʥʘʯʝʥʠʝ, ʢʘʪʦ ʤʦʩʪʦʚʝ, ʪʨʲʙʦʧʨʦʚʦʜʠ ʠ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʠ ʠ ʜʨ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʠʥʜʫʩʪʨʠʷ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʟʘ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ 

ʤʦʛʘʪ ʜʘ ʠʛʨʘʷʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʀʥʜʫʩʪʨʠʷ 4.0, ʢʦʷʪʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʤʦʜʝʨʥʠ 

ʪʝʭʥʦʣʦʛʠʠ ʢʘʪʦ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʨʦʙʦʪʠʢʘ ʠ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ (IoT) ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷ 

ʧʨʦʮʝʩ. ʊʲʡ ʢʘʪʦ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠʪʝ ʚ ʪʘʟʠ ʦʙʣʘʩʪ ʧʨʦʜʲʣʞʘʚʘʪ, ʩʝ ʦʯʘʢʚʘ 

ʜʘ ʩʝ ʧʦʷʚʷʪ ʦʱʝ ʧʦ-ʠʥʦʚʘʪʠʚʥʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʚʩʝ ʧʦ-h ʠʨʦʢʦ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʪʝʟʠ 

ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʠ ʨʦʙʦʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ. 

1.3 ʆʩʥʦʚʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ  

ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʠʤʘʪ ʤʦʜʫʣʝʥ ʜʠʟʘʡʥ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ 

ʣʝʩʥʦ ʜʘ ʜʦʙʘʚʷʪ ʠʣʠ ʧʨʝʤʘʭʚʘʪ ʢʦʤʧʦʥʝʥʪʠ. ʊʘʟʠ ʤʦʜʫʣʥʦʩʪ ʧʦʟʚʦʣʷʚʘ ʥʘ ʨʦʙʦʪʘ ʜʘ ʙʲʜʝ 

ʧʝʨʩʦʥʘʣʠʟʠʨʘʥ ʟʘ ʢʦʥʢʨʝʪʥʠ ʟʘʜʘʯʠ ʠ ʧʨʘʚʠ ʲʧʛʨʝʡʜʠʪʝ ʠʣʠ ʘʜʘʧʪʘʮʠʠʪʝ ʧʦ-ʣʝʩʥʠ. 

ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʩʘ ʦʙʦʨʫʜʚʘʥʠ ʩ ʨʘʟʥʦʦʙʨʘʟʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʤʘʥʠʧʫʣʘʮʠʷ, ʢʘʪʦ 

ʨʦʙʦʪʠʟʠʨʘʥʠ ʨʲʮʝ ʩ ʤʥʦʞʝʩʪʚʦ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ ʠ ʘʜʘʧʪʠʚʥʠ ʭʚʘʱʘʯʠ. ʇʦʩʨʝʜʩʪʚʦʤ ʪʘʟʠ 

ʛʲʚʢʘʚʦʩʪ ʪʝ ʤʦʛʘʪ ʜʘ ʙʦʨʘʚʷʪ ʩ ʨʘʟʣʠʯʥʠ ʦʙʝʢʪʠ ʠ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʨʘʟʥʦʨʦʜʥʠ ʟʘʜʘʯʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʝʜʚʠʜʝʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ, ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʨʘʟʣʠʯʥʠ 

ʩʠʩʪʝʤʠ ʟʘ ʤʦʙʠʣʥʦʩʪ, ʚʢʣʶʯʠʪʝʣʥʦ ʢʦʣʝʣʘ, ʧʠʩʪʠ, ʢʨʘʢʘ, ʚʲʟʜʫʰʥʠ ʚʲʟʤʦʞʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ 

ʜʨʦʥʦʚʝ) ʠʣʠ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʪʷʭ. ʀʟʙʦʨʲʪ ʥʘ ʤʦʙʠʣʥʦʩʪ ʟʘʚʠʩʠ ʦʪ ʪʝʨʝʥʘ ʠ ʟʘʜʘʯʠʪʝ, ʩ ʢʦʠʪʦ 

ʨʦʙʦʪʲʪ ʱʝ ʩʝ ʩʙʣʲʩʢʘ. ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʚʢʣʶʯʚʘʪ ʨʘʟʥʦʦʙʨʘʟʥʠ ʩʝʥʟʦʨʠ ʟʘ 

ʚʲʟʧʨʠʷʪʠʝ, ʥʘʚʠʛʘʮʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʆʙʱʠʪʝ ʩʝʥʟʦʨʠ ʚʢʣʶʯʚʘʪ 
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ʢʘʤʝʨʠ, LiDAR, ʫʣʪʨʘʟʚʫʢʦʚʠ ʩʝʥʟʦʨʠ, ʪʘʢʪʠʣʥʠ ʩʝʥʟʦʨʠ ʠ ʠʥʬʨʘʯʝʨʚʝʥʠ ʩʝʥʟʦʨʠ. 

ɹʝʟʦʧʘʩʥʦʩʪʪʘ ʝ ʦʪ ʧʲʨʚʦʩʪʝʧʝʥʥʦ ʟʥʘʯʝʥʠʝ, ʦʩʦʙʝʥʦ ʢʦʛʘʪʦ ʨʦʙʦʪʠʪʝ ʨʘʙʦʪʷʪ ʟʘʝʜʥʦ ʩ 

ʭʦʨʘʪʘ. ʄʝʭʘʥʠʟʤʠʪʝ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ ʢʘʪʦ ʦʪʢʨʠʚʘʥʝ ʥʘ ʩʙʣʲʩʲʢ, ʙʫʪʦʥʠ ʟʘ ʘʚʘʨʠʡʥʦ ʩʧʠʨʘʥʝ 

ʠ ʩʠʩʪʝʤʠ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ ʧʨʠ ʦʪʢʘʟ ʩʘ ʠʥʪʝʛʨʠʨʘʥʠ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʧʨʦʠʟʰʝʩʪʚʠʷ. 

ʊʝʟʠ ʨʦʙʦʪʠ ʯʝʩʪʦ ʩʝ ʦʪʣʠʯʘʚʘʪ ʩ ʨʘʟʣʠʯʥʠ ʥʠʚʘ ʥʘ ʘʚʪʦʥʦʤʥʦʩʪ, ʢʦʝʪʦ ʠʤ ʧʦʟʚʦʣʷʚʘ ʜʘ 

ʨʘʙʦʪʷʪ ʩ ʤʠʥʠʤʘʣʥʘ ʯʦʚʝʰʢʘ ʥʘʤʝʩʘ. ʋʩʲʚʲʨʰʝʥʩʪʚʘʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʟʘ ʥʘʚʠʛʘʮʠʷ, 

ʠʟʙʷʛʚʘʥʝ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʪʷʭʥʘʪʘ ʘʚʪʦʥʦʤʥʦʩʪ. 

ʋʜʦʙʥʠʪʝ ʟʘ ʧʦʪʨʝʙʠʪʝʣʷ ʠʥʪʝʨʬʝʡʩʠ ʠ ʠʥʪʫʠʪʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʩʘ ʦʪ 

ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʝʬʝʢʪʠʚʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʦʚʝʢ ʠ ʨʦʙʦʪ. ʊʝ ʤʦʛʘʪ ʜʘ 

ʚʢʣʶʯʚʘʪ ʬʠʟʠʯʝʩʢʠ ʢʦʥʪʨʦʣʥʠ ʧʘʥʝʣʠ, ʩʝʥʟʦʨʥʠ ʝʢʨʘʥʠ, ʠʥʪʝʨʬʝʡʩʠ ʟʘ ʚʠʨʪʫʘʣʥʘ ʨʝʘʣʥʦʩʪ 

ʠʣʠ ʜʦʨʠ ʠʥʪʝʨʬʝʡʩʠ ʥʘ ʝʩʪʝʩʪʚʝʥ ʝʟʠʢ ʟʘ ʦʪʜʘʣʝʯʝʥʘ ʨʘʙʦʪʘ. ɽʥʝʨʛʠʡʥʦ ʝʬʝʢʪʠʚʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ, ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ ʠ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʙʘʪʝʨʠʠ ʩʘ 

ʠʥʪʝʛʨʠʨʘʥʠ, ʟʘ ʜʘ ʦʧʪʠʤʠʟʠʨʘʪ ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʝʥʝʨʛʠʷ ʥʘ ʨʦʙʦʪʘ. ʊʦʚʘ ʩʧʦʤʘʛʘ ʟʘ 

ʫʜʲʣʞʘʚʘʥʝ ʥʘ ʨʘʙʦʪʥʦʪʦ ʚʨʝʤʝ, ʦʩʦʙʝʥʦ ʚ ʦʪʜʘʣʝʯʝʥʠ ʠʣʠ ʘʚʪʦʥʦʤʥʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʨʦʙʦʪʠ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ ʜʘ ʠʟʜʲʨʞʘʪ ʥʘ ʪʝʞʢʠ ʫʩʣʦʚʠʷ ʠ ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʩʨʦʢ 

ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ. ʊʦʚʘ ʠʟʠʩʢʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʘʪʝʨʠʘʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ ʧʦʜʦʙʨʷʚʘʪ 

ʠʟʜʨʲʞʣʠʚʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ, ʥʝʛʦʚʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʘʪʤʦʩʬʝʨʥʠ ʚʣʠʷʥʠʷ ʠ ʘʙʩʦʨʙʮʠʷʪʘ ʥʘ 

ʫʜʘʨʠ. ʄʥʦʛʦʮʝʣʝʚʠʪʝ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ ʨʘʟʧʦʣʘʛʘʪ ʩ ʨʘʟʰʠʨʝʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ 

ʚʲʟʤʦʞʥʦʩʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ Wi-Fi, ʢʣʝʪʲʯʥʘ ʠ ʩʘʪʝʣʠʪʥʘ ʩʚʲʨʟʘʥʦʩʪ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʠʪʦ ʩʝ 

ʧʦʩʪʠʛʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʙʣʶʜʝʥʠʝ, ʢʦʥʪʨʦʣ ʠ ʧʨʝʜʘʚʘʥʝ ʥʘ ʜʘʥʥʠ. ɺ ʥʷʢʦʠ ʧʨʠʣʦʞʝʥʠʷ ʪʝ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʛʨʫʧʠ ʠʣʠ ʨʦʷʮʠ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʤʘʱʘʙʠʨʫʝʤʦʩʪ ʠ 

ʨʝʟʝʨʚʠʨʘʥʦʩʪ. ʊʦʚʘ ʝ ʦʩʦʙʝʥʦ ʮʝʥʥʦ ʚ ʩʠʪʫʘʮʠʠ ʢʘʪʦ ʪʲʨʩʝʥʝ ʠ ʩʧʘʩʷʚʘʥʝ, ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ 

ʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʨʦʙʦʪʘ ʩʣʝʜʚʘ ʜʘ ʫʣʝʩʥʷʚʘʪ ʜʦʩʪʲʧʘ 

ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʠ ʧʦʜʜʨʲʞʢʘʪʘ ʤʫ, ʚʢʣʶʯʠʪʝʣʥʦ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʠʟʠʩʢʚʘʪ 

ʧʝʨʠʦʜʠʯʥʘ ʧʨʦʚʝʨʢʘ, ʨʝʤʦʥʪ ʠʣʠ ʧʦʜʤʷʥʘ.  

ʅʦʚ ʘʩʧʝʢʪ, ʩʚʲʨʟʘʥ ʩ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʨʦʙʦʪʠ ʠ ʚ ʯʘʩʪ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʪʝ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ ʝ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ AI ʩ ʮʝʣ  ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʪʷʭʥʘʪʘ ʘʜʘʧʪʠʚʥʦʩʪ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ. AI ʧʦʟʚʦʣʷʚʘ ʥʘ ʨʦʙʦʪʠʪʝ ʜʘ ʩʝ ʫʯʘʪ ʦʪ ʦʧʠʪʘ ʠ ʜʘ 

ʧʦʜʦʙʨʷʚʘʪ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʩʠ ʩ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ. 

1.4 ʉʠʩʪʝʤʠ ʥʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ 

ʆʩʥʦʚʠʪʝ ʩʠʩʪʝʤʠ, ʦʪ ʢʦʠʪʦ ʩʝ ʩʲʩʪʦʷʪ  ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʩʘ: 
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- ɽʣʝʢʪʨʠʯʝʩʢʘ ʩʠʩʪʝʤʘ 

 ɿʘʭʨʘʥʚʘʱʘʪʘ ʩʠʩʪʝʤʘ ʝ ʚʘʞʝʥ ʢʦʤʧʦʥʝʥʪ ʥʘ ʨʦʙʦʪʘ, ʪʲʡ ʢʘʪʦ ʦʩʠʛʫʨʷʚʘ ʝʥʝʨʛʠʷʪʘ, 

ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʚʩʠʯʢʠ ʦʩʪʘʥʘʣʠ ʧʦʜʩʠʩʪʝʤʠ. ʀʟʙʦʨʲʪ ʥʘ ʠʟʪʦʯʥʠʢ ʥʘ 

ʟʘʭʨʘʥʚʘʥʝ ʟʘʚʠʩʠ ʦʪ ʢʦʥʢʨʝʪʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʠ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʨʦʙʦʪʘ. ʅʘʧʨʠʤʝʨ ʨʦʙʦʪ, 

ʟʘʭʨʘʥʚʘʥ ʦʪ ʙʘʪʝʨʠʷ, ʤʦʞʝ ʜʘ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʟʘʢʨʠʪʦ ʩ ʢʨʘʪʢʦ ʚʨʝʤʝ ʥʘ 

ʨʘʙʦʪʘ, ʜʦʢʘʪʦ ʨʦʙʦʪ, ʟʘʭʨʘʥʚʘʥ ʦʪ ʛʦʨʠʚʥʘ ʢʣʝʪʢʘ, ʤʦʞʝ ʜʘ ʝ ʧʦ-ʧʦʜʭʦʜʷʱ ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ 

ʦʪʢʨʠʪʦ, ʢʦʠʪʦ ʠʟʠʩʢʚʘʪ ʧʦ-ʜʲʣʛʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ. ʉʠʩʪʝʤʘʪʘ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʟʘʭʨʘʥʚʘʥʝʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʨʦʝʢʪʠʨʘʥʘ ʪʘʢʘ, ʯʝ ʜʘ ʦʩʠʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʠ 

ʪʦʢ ʥʘ ʚʩʷʢʘ ʧʦʜʩʠʩʪʝʤʘ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʦʩʠʛʫʨʷʚʘ ʙʝʟʦʧʘʩʥʦʩʪ ʠ ʥʘʜʝʞʜʥʦʩʪ. 

- ʉʠʩʪʝʤʘ ʟʘ ʧʨʠʜʚʠʞʚʘʥʝ 

 ʉʠʩʪʝʤʘʪʘ ʟʘ ʧʨʠʜʚʠʞʚʘʥʝ ʝ ʦʪʛʦʚʦʨʥʘ ʟʘ ʧʨʠʜʚʠʞʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʘ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 

ʀʟʙʦʨʲʪ ʥʘ ʤʝʭʘʥʠʟʲʤ ʟʘ ʧʨʠʜʚʠʞʚʘʥʝ ʟʘʚʠʩʠ ʦʪ ʚʠʜʘ ʥʘ ʪʝʨʝʥʘ ʠ ʧʨʝʧʷʪʩʪʚʠʷʪʘ, ʢʦʠʪʦ 

ʨʦʙʦʪʲʪ ʱʝ ʩʨʝʱʥʝ. ʈʦʙʦʪʠʪʝ ʥʘ ʢʦʣʝʣʘ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʟʘʢʨʠʪʦ 

ʚʲʨʭʫ ʛʣʘʜʢʠ ʧʦʜʦʚʝ, ʜʦʢʘʪʦ ʨʦʙʦʪʠʪʝ ʥʘ ʛʲʩʝʥʠʯʥʠ ʢʦʣʝʣʘ ʩʘ ʧʦ-ʧʦʜʭʦʜʷʱʠ ʟʘ ʚʲʥʰʥʠ 

ʩʨʝʜʠ ʩ ʥʝʨʘʚʝʥ ʪʝʨʝʥ. ɼʚʠʛʘʪʝʣʠʪʝ ʠʣʠ ʟʘʜʚʠʞʚʘʱʠʪʝ ʤʝʭʘʥʠʟʤʠ, ʢʦʠʪʦ ʟʘʜʚʠʞʚʘʪ 

ʜʚʠʞʝʥʠʝʪʦ, ʪʨʷʙʚʘ ʜʘ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʤʦʱʥʠ, ʟʘ ʜʘ ʧʨʠʜʚʠʞʘʪ ʨʦʙʦʪʘ, ʠ ʩʲʱʝʚʨʝʤʝʥʥʦ ʜʘ ʩʘ 

ʝʬʝʢʪʠʚʥʠ, ʟʘ ʜʘ ʧʝʩʪʷʪ ʝʥʝʨʛʠʷ. 

- ʅʘʚʠʛʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ 

 ʅʘʚʠʛʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʦʪʛʦʚʦʨʥʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʠ ʦʨʠʝʥʪʘʮʠʷʪʘ 

ʥʘ ʨʦʙʦʪʘ ʩʧʨʷʤʦ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʩʝʥʟʦʨʠ, 

ʚʢʣʶʯʠʪʝʣʥʦ GPS, ʠʥʝʨʮʠʦʥʥʠ ʩʝʥʟʦʨʠ ʠ ʚʠʟʫʘʣʥʘ ʦʜʦʤʝʪʨʠʷ. ɸʣʛʦʨʠʪʤʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ 

ʣʦʢʘʣʠʟʘʮʠʷ ʠ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ, ʪʨʷʙʚʘ ʜʘ ʩʘ ʥʘʜʝʞʜʥʠ ʠ ʪʦʯʥʠ, ʟʘ ʜʘ ʤʦʛʘʪ ʨʦʙʦʪʲʪ ʜʘ ʩʝ 

ʜʚʠʞʠ ʙʝʟʦʧʘʩʥʦ ʠ ʝʬʝʢʪʠʚʥʦ. ɺ ʩʠʩʪʝʤʠʪʝ ʟʘ ʥʘʚʠʛʘʮʠʷʪʘ ʚʩʝ ʧʦʚʝʯʝ ʥʘʚʣʠʟʘ ʠʟʢʫʩʪʚʝʥʠʷ 

ʠʥʪʝʣʝʢʪ ʢʘʪʦ ʨʝʰʝʥʠʝ. 

- ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ 

 ʂʦʤʫʥʠʢʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʦʪʛʦʚʦʨʥʘ ʟʘ ʧʨʝʜʘʚʘʥʝʪʦ ʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠ ʠ ʢʦʤʘʥʜʠ 

ʤʝʞʜʫ ʨʦʙʦʪʘ ʠ ʥʝʛʦʚʠʪʝ ʦʧʝʨʘʪʦʨʠ ʠʣʠ ʜʨʫʛʠ ʩʠʩʪʝʤʠ. ʊʷ ʤʦʞʝ ʜʘ ʚʢʣʶʯʚʘ ʙʝʟʞʠʯʥʠ 

ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʢʘʪʦ Wi-Fi, Bluetooth ʠʣʠ ʢʣʝʪʲʯʥʠ ʤʨʝʞʠ ʟʘ ʜʘʥʥʠ. 

ʂʦʤʫʥʠʢʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʨʦʝʢʪʠʨʘʥʘ ʪʘʢʘ, ʯʝ ʜʘ ʛʘʨʘʥʪʠʨʘ ʥʘʜʝʞʜʥʦʩʪ ʠ 

ʩʠʛʫʨʥʦʩʪ, ʢʘʢʪʦ ʠ ʜʘ ʤʠʥʠʤʠʟʠʨʘ ʟʘʢʲʩʥʝʥʠʝʪʦ, ʟʘ ʜʘ ʧʦʟʚʦʣʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʚ 

ʨʝʘʣʥʦ ʚʨʝʤʝ. 



нф 
 

- ʉʠʩʪʝʤʘ ʟʘ ʦʧʝʨʠʨʘʥʝ 

 ʉʠʩʪʝʤʘʪʘ ʟʘ ʦʧʝʨʠʨʘʥʝ ʝ ʦʪʛʦʚʦʨʥʘ ʟʘ ʪʦʚʘ ʨʦʙʦʪʲʪ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʢʘʪʦ 

ʥʘʧʨʠʤʝʨ ʜʘ ʚʟʝʤʘ ʠ ʧʨʝʤʝʩʪʚʘ ʧʨʝʜʤʝʪʠ ʠʣʠ ʜʘ ʠʟʧʲʣʥʷʚʘ ʜʨʫʛʠ ʟʘʜʘʯʠ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʧʦʩʪʠʛʥʘʪʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʦʙʦʨʫʜʚʘʥʝ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʨʦʙʦʪʠʟʠʨʘʥʠ 

ʨʲʮʝ, ʭʚʘʱʘʯʠ ʠʣʠ ʩʝʥʟʦʨʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʪʝʛʣʦʪʦ ʠ ʨʘʟʤʝʨʲʪ ʥʘ ʦʙʝʢʪʠʪʝ, ʢʦʠʪʦ ʱʝ ʩʝ ʤʘʥʠʧʫʣʠʨʘʪ, ʢʘʢʪʦ ʠ 

ʧʨʝʮʠʟʥʦʩʪʪʘ ʠ ʪʦʯʥʦʩʪʪʘ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʟʘʜʘʯʘʪʘ. 

- ʉʝʥʟʦʨʥʘ ʩʠʩʪʝʤʘ 

 ʉʝʥʟʦʨʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʦʪʛʦʚʦʨʥʘ ʟʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʥʘ ʨʦʙʦʪʘ ʠ 

ʧʨʝʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʜʘʥʥʠ ʟʘ ʥʘʚʠʛʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ. ʊʷ ʤʦʞʝ ʜʘ ʚʢʣʶʯʚʘ ʢʘʤʝʨʠ, ʣʠʜʘʨ, 

ʫʣʪʨʘʟʚʫʢʦʚʠ ʩʝʥʟʦʨʠ ʠʣʠ ʜʨʫʛʠ ʚʠʜʦʚʝ ʩʝʥʟʦʨʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʦʥʢʨʝʪʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ. 

ʉʝʥʟʦʨʠʪʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʙʨʘʥʠ ʠ ʨʘʟʧʦʣʦʞʝʥʠ ʪʘʢʘ, ʯʝ ʜʘ ʦʩʠʛʫʨʷʚʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ 

ʜʘʥʥʠ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʩʘ ʟʜʨʘʚʠ ʠ ʥʘʜʝʞʜʥʠ. 

- ʂʦʤʧʶʪʲʨʥʘ ʩʠʩʪʝʤʘ 

ʂʦʤʧʶʪʲʨʥʘʪʘ ʩʠʩʪʝʤʘ ʦʪʛʦʚʘʨʷ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʩʦʬʪʫʝʨʘ ʠ ʘʣʛʦʨʠʪʤʠʪʝ ʥʘ ʨʦʙʦʪʘ, 

ʢʘʢʪʦ ʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝʪʦ ʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʜʘʥʥʠ. ʊʷ ʤʦʞʝ ʜʘ ʚʢʣʶʯʚʘ ʚʛʨʘʜʝʥʠ ʧʨʦʮʝʩʦʨʠ ʠ 

ʧʘʤʝʪ, ʢʘʢʪʦ ʠ ʙʘʟʠʨʘʥʠ ʚ ʦʙʣʘʢʘ ʠʟʯʠʩʣʠʪʝʣʥʠ ʨʝʩʫʨʩʠ ʟʘ ʧʦ-ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʂʦʤʧʶʪʲʨʥʘʪʘ ʩʠʩʪʝʤʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʨʦʝʢʪʠʨʘʥʘ ʪʘʢʘ, ʯʝ ʜʘ ʦʩʠʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʘʪʘ 

ʠʟʯʠʩʣʠʪʝʣʥʘ ʤʦʱʥʦʩʪ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʝ ʝʥʝʨʛʠʡʥʦ ʝʬʝʢʪʠʚʥʘ, ʟʘ ʜʘ ʧʝʩʪʠ ʝʥʝʨʛʠʷ. 

- ʉʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ 

 ʉʠʩʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʝ ʦʪʛʦʚʦʨʥʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʢʦʤʘʥʜʠʪʝ ʥʘ ʨʦʙʦʪʘ ʠ ʧʦʟʚʦʣʷʚʘ 

ʫʧʨʘʚʣʝʥʠʝʪʦ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʦʪ ʦʧʝʨʘʪʦʨʘ ʠʣʠ ʜʨʫʛʠ ʩʠʩʪʝʤʠ. ʊʷ ʤʦʞʝ ʜʘ ʚʢʣʶʯʚʘ 

ʢʦʥʪʨʦʣʥʠ ʮʠʢʣʠ ʩ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʣʘʥʠʨʘʥʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʠ ʩʣʝʜʚʘʥʝ ʥʘ 

ʧʲʪʷ. ʉʠʩʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʨʦʝʢʪʠʨʘʥʘ ʪʘʢʘ, ʯʝ ʜʘ ʛʘʨʘʥʪʠʨʘ ʙʝʟʦʧʘʩʥʦʩʪ 

ʠ ʩʪʘʙʠʣʥʦʩʪ, ʢʘʢʪʦ ʠ ʜʘ ʦʩʠʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʟʘ ʢʦʥʢʨʝʪʥʦʪʦ 

ʧʨʠʣʦʞʝʥʠʝ. 

- ʉʠʩʪʝʤʘ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ 

ʉʠʩʪʝʤʘʪʘ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ ʝ ʦʪʛʦʚʦʨʥʘ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ ʠ ʥʘ ʚʩʠʯʢʠ 

ʦʧʝʨʘʪʦʨʠ ʠʣʠ ʩʪʨʘʥʠʯʥʠ ʣʠʮʘ. ʊʷ ʤʦʞʝ ʜʘ ʚʢʣʶʯʚʘ ʙʫʪʦʥʠ ʟʘ ʘʚʘʨʠʡʥʦ ʩʧʠʨʘʥʝ, ʩʠʩʪʝʤʠ ʟʘ 

ʦʪʢʨʠʚʘʥʝ ʠ ʠʟʙʷʛʚʘʥʝ ʥʘ ʩʙʣʲʩʲʮʠ ʠʣʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ ʧʨʠ ʧʦʚʨʝʜʘ, ʢʘʪʦ 

ʥʘʧʨʠʤʝʨ ʨʝʟʝʨʚʥʠ ʠʟʪʦʯʥʠʮʠ ʥʘ ʟʘʭʨʘʥʚʘʥʝ ʠʣʠ ʜʫʙʣʠʨʘʱʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. 



ол 
 

ʉʠʩʪʝʤʘʪʘ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʨʦʝʢʪʠʨʘʥʘ ʪʘʢʘ, ʯʝ ʜʘ ʩʚʝʜʝ ʜʦ ʤʠʥʠʤʫʤ ʨʠʩʢʘ 

ʦʪ ʟʣʦʧʦʣʫʢʠ ʠʣʠ ʥʝʠʟʧʨʘʚʥʦʩʪʠ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʨʦʙʦʪʘ ʜʘ ʠʟʧʲʣʥʷʚʘ 

ʝʬʝʢʪʠʚʥʦ ʧʨʝʜʚʠʜʝʥʠʪʝ ʟʘʜʘʯʠ. 

1.5 ʄʝʭʘʥʠʯʥʘ ʩʲʚʤʝʩʪʠʤʦʩʪ 

ʄʝʭʘʥʠʯʥʘʪʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʝ ʩʲʱʝʩʪʚʝʥ ʘʩʧʝʢʪ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʤʦʜʫʣʥʠ 

ʨʦʙʦʪʠ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʤʦʜʫʣʠ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʠ. ʊʷ ʩʝ ʦʪʥʘʩʷ ʜʦ ʩʲʚʤʝʩʪʠʤʦʩʪʪʘ 

ʤʝʞʜʫ ʤʝʭʘʥʠʯʥʠʪʝ ʯʘʩʪʠ ʥʘ ʨʦʙʦʪʘ ʠ ʤʦʜʫʣʠʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʠʢʨʝʧʝʥʠ ʠʣʠ 

ʦʪʢʘʯʝʥʠ. ʆʩʥʦʚʥʠʪʝ ʘʩʧʝʢʪʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʩʘ : ʩʲʚʤʝʩʪʠʤʦʩʪ ʥʘ 

ʨʘʟʤʝʨʠʪʝ, ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʠʥʪʝʨʬʝʡʩʠ, ʟʜʨʘʚʠʥʘ ʠ ʥʦʩʠʤʦʩʪ, ʦʙʩʣʫʞʚʘʥʝ.  

ʄʝʭʘʥʠʯʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʫʥʠʚʝʨʩʘʣʥʘʪʘ ʤʦʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ ʠ ʤʦʜʫʣʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʘ 

ʩʲʚʤʝʩʪʠʤʠ. ʊʦʚʘ ʚʢʣʶʯʚʘ ʨʘʟʤʝʨʠʪʝ ʥʘ ʤʦʥʪʘʞʥʠʪʝ ʪʦʯʢʠ, ʬʦʨʤʘʪʘ ʥʘ ʤʦʜʫʣʠʪʝ ʠ ʪʝʭʥʠʷ 

ʦʙʝʤ. ʄʝʭʘʥʠʯʥʘʪʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʠʟʠʩʢʚʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʠʥʪʝʨʬʝʡʩʠ, 

ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʙʲʨʟʦ ʠ ʣʝʩʥʦ ʧʨʠʢʘʯʚʘʥʝ ʠ ʦʪʢʘʯʘʥʝ ʥʘ ʤʦʜʫʣʠʪʝ. ʊʝʟʠ ʠʥʪʝʨʬʝʡʩʠ ʤʦʛʘʪ 

ʜʘ ʙʲʜʘʪ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʤʝʭʘʥʠʟʤʠ ʟʘ ʟʘʢʣʶʯʚʘʥʝ, ʢʦʥʝʢʪʦʨʠ ʠʣʠ ʜʨʫʛʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ 

ʛʘʨʘʥʪʠʨʘʪ ʩʪʘʙʠʣʥʦʩʪ ʠ ʩʠʛʫʨʥʦʩʪ. ʄʝʭʘʥʠʯʥʠʪʝ ʯʘʩʪʠ ʥʘ ʨʦʙʦʪʘ ʠ ʤʦʜʫʣʠʪʝ ʪʨʷʙʚʘ ʜʘ 

ʙʲʜʘʪ ʧʨʦʝʢʪʠʨʘʥʠ ʜʘ ʠʟʜʲʨʞʘʪ ʚʠʙʨʘʮʠʠ, ʥʘʪʦʚʘʨʚʘʥʝ ʠ ʫʜʘʨʠ ʧʨʠ ʨʘʙʦʪʘ. ɿʜʨʘʚʘʪʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʛʘʨʘʥʪʠʨʘ ʥʘʜʝʞʜʥʦʩʪ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʇʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʩʝ 

ʦʪʯʠʪʘ ʠ ʫʜʦʙʩʪʚʦʪʦ ʥʘ ʦʙʩʣʫʞʚʘʥʝ ʠ ʧʦʜʜʨʲʞʢʘ ʥʘ ʨʦʙʦʪʘ. ʄʦʜʫʣʠʪʝ ʪʨʷʙʚʘ ʜʘ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʟʘʤʝʥʷʥʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʩʣʦʞʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʠʣʠ ʜʝʤʦʥʪʘʞ ʥʘ ʮʷʣʘʪʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʨʦʙʦʪʘ. 

1.6 ʄʝʭʘʥʠʯʥʠ ʩʠʩʪʝʤʠ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʧʨʠʜʚʠʞʚʘʥʝ ʥʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ  

ʄʦʙʠʣʥʦʩʪʪʘ ʝ ʦʩʥʦʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ. ʊʷ ʝ 

ʚʘʞʝʥ ʧʘʨʘʤʝʪʲʨ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʷ ʚ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʤʥʦʛʦʮʝʣʝʚʠ ʨʦʙʦʪ. 

ʀʟʚʝʜʝʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʤʝʭʘʥʠʯʥʘʪʘ ʯʘʩʪ ʥʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʝ ʥʘʧʨʘʚʝʥʦ ʥʘ ʙʘʟʘ ʥʘ 

ʦʙʦʙʱʝʥʠʷʪʘ ʥʘʧʨʘʚʝʥʠ ʦʪ ʘʚʪʦʨʠʪʝ ʥʘ [16] ʠ [42]. 

1.6.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʢʦʣʝʩʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ 

ʇʨʠ ʦʙʩʲʞʜʘʥʝʪʦ ʥʘ ʘʩʧʝʢʪʠ, ʩʚʲʨʟʘʥʠ ʩ ʤʝʭʘʥʠʢʘʪʘ ʥʘ ʢʦʣʝʩʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ 

(WMR - Wheeled Mobile Robots), ʩʣʝʜʚʘ ʜʘ ʦʙʲʨʥʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʥʷʢʦʠ ʢʣʶʯʦʚʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

Å ɹʨʦʡ ʥʘ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ ʚ ʫʧʨʘʚʣʝʥʠʝʪʦ 

Å ʇʦʜʚʠʞʥʦʩʪ 



ом 
 

Å ʄʘʥʝʚʨʝʥʦʩʪ 

Å ʉʪʘʙʠʣʥʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝʪʦ 

Å Kʦʦʨʜʠʥʘʪʥʦ ʧʨʝʩʤʷʪʘʥʝ (dead reckoning)  

Å ʉʣʦʞʥʦʩʪ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ 

Å ʉʨʝʜʘ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ 

ʆʪ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʝ ʙʨʦʷʪ ʥʘ ʪʝʭʥʠʪʝ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ 

(DoFs). ʊʦʚʘ ʩʘ ʥʝʟʘʚʠʩʠʤʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʦʧʨʝʜʝʣʷʱʠ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ ʤʝʭʘʥʠʯʥʘʪʘ 

ʩʠʩʪʝʤʘ. ʉʨʝʱʘʪ ʩʝ ʠ ʧʦʥʷʪʠʷʪʘ ʧʨʝʜʩʪʘʚʠʪʝʣʥʠ DoFs (ʩʚʲʨʟʘʥʠ ʩ ʙʨʦʷ ʥʘ ʢʦʦʨʜʠʥʘʪʠʪʝ) ʠ 

ʢʦʥʪʨʦʣʥʠ DoFs (ʦʪʨʘʟʷʚʘʱʠ ʙʨʦʷ ʥʘ ʠʟʧʲʣʥʠʪʝʣʥʠʪʝ ʤʝʭʘʥʠʟʤʠ). ʈʦʙʦʪʠʪʝ, ʧʨʠ ʢʦʠʪʦ 

ʙʨʦʷʪ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠʪʝ DoFs ʝ ʧʦ-ʤʘʣʲʢ ʦʪ ʧʨʝʜʩʪʘʚʠʪʝʣʥʠʪʝ DoFs, ʩʝ ʥʘʨʠʯʘʪ 

ʥʝʜʦʩʪʘʪʲʯʥʦ ʟʘʜʝʡʩʪʚʘʥʠ, ʘ ʧʨʠ ʪʝʟʠ ʩ ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ï ʧʨʝʢʘʣʝʥʦ ʟʘʜʝʡʩʪʚʘʥʠ. 

ʄʦʙʠʣʥʦʩʪʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ ʜʘ ʩʝ ʜʚʠʞʠ ʩ ʦʧʨʝʜʝʣʝʥʠ 

ʧʘʨʘʤʝʪʨʠ ʚ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ ʥʘ ʩʨʝʜʘʪʘ, ʩ ʦʛʣʝʜ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʥʘ ʩʘʤʠʷ ʨʦʙʦʪ. ɿʘ ʜʘ ʩʝ 

ʦʧʨʝʜʝʣʠ ʧʦʜʚʠʞʥʦʩʪʪʘ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʜʚʠʞʝʥʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʚʲʨʭʫ ʨʘʟʣʠʯʥʠ ʧʦ 

ʩʚʦʡʩʪʚʘ ʠ ʥʘʢʣʦʥʠ ʪʝʨʝʥʠ. ʉʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ ʜʘ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʧʨʝʧʷʪʩʪʚʠʷ ʚ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʩ ʨʘʟʣʠʯʥʘ ʬʦʨʤʘ ʠ ʚʠʩʦʯʠʥʘ, ʩʲʱʦ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. 

ʇʦʜʚʠʞʥʦʩʪʪʘ ʚʲʨʭʫ ʢʦʥʢʨʝʪʝʥ ʪʝʨʝʥ ʟʘʚʠʩʠ ʦʪ ʨʝʜʠʮʘ ʬʘʢʪʦʨʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʛʝʦʤʝʪʨʠʷʪʘ 

ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʜʚʠʞʝʥʠʝ, ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ ʮʝʥʪʲʨʘ ʥʘ ʪʝʞʝʩʪʪʘ, ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʢʦʣʝʣʘʪʘ 

(ʢʘʪʦ ʩʮʝʧʣʝʥʠʝ, ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʪʲʨʢʘʣʷʥʝ, ʧʣʦʱ ʥʘ ʢʦʥʪʘʢʪ ʩʲʩ ʟʝʤʷʪʘ), ʦʛʨʘʥʠʯʝʥʠʷʪʘ, 

ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʟʘʜʚʠʞʚʘʥʠʷʪʘ (ʢʘʪʦ ʤʦʱʥʦʩʪ, ʤʘʢʩʠʤʘʣʥʘ ʩʢʦʨʦʩʪ ʥʘ 

ʚʲʨʪʝʥʝ, ʤʘʢʩʠʤʘʣʝʥ ʚʲʨʪʷʱ ʤʦʤʝʥʪ), ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʙʘʪʝʨʠʷʪʘ (ʢʘʪʦ ʤʘʢʩʠʤʘʣʝʥ ʪʦʢ ʥʘ 

ʥʝʧʨʝʢʲʩʥʘʪ ʨʘʟʨʷʜ) ʠ ʜʨʫʛʠ. ʇʦʨʘʜʠ ʪʝʟʠ ʧʨʠʯʠʥʠ ʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʥʦ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 

ʦʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʧʦʜʚʠʞʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ ʙʝʟ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʠ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ɼʦʙʨʘʪʘ ʤʦʙʠʣʥʦʩʪ ʥʘ ʨʦʙʦʪʘ ʩʝ ʧʨʦʷʚʷʚʘ ʚ ʩʧʦʩʦʙʥʦʩʪʪʘ ʤʫ 

ʫʩʧʝʰʥʦ ʜʘ ʧʨʝʦʜʦʣʷʚʘ ʧʨʝʧʷʪʩʪʚʠʷ ʩ ʚʠʩʦʯʠʥʘ, ʙʣʠʟʢʘ ʜʦ ʨʘʜʠʫʩʘ ʥʘ ʟʘʜʚʠʞʚʘʱʠʪʝ ʢʦʣʝʣʘ. 

ʊʦʚʘ ʚʘʞʠ ʢʘʢʪʦ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘʧʨʝʜ, ʪʘʢʘ ʠ ʥʘʟʘʜ, ʢʘʢʪʦ ʠ ʧʨʠ ʜʚʠʞʝʥʠʝ ʧʦ ʥʘʢʣʦʥʝʥʘ 

ʧʦʚʲʨʭʥʦʩʪ ʩ ʚʠʩʦʢ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʨʠʝʥʝ ʤʝʞʜʫ ʢʦʣʝʣʘʪʘ ʠ ʟʝʤʷʪʘ. 

ʄʘʥʝʚʨʝʥʦʩʪʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ ʜʘ ʧʨʦʤʝʥʷ ʧʦʩʦʢʘʪʘ ʩʠ ʥʘ 

ʜʚʠʞʝʥʠʝ. ɿʥʘʯʠʪʝʣʥʘ ʝ ʚ ʜʚʠʞʝʥʠʝ ʚ ʦʛʨʘʥʠʯʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʲʜʝʪʦ ʨʦʙʦʪʲʪ ʪʨʷʙʚʘ ʜʘ 

ʤʦʞʝ ʜʘ ʩʝ ʚʲʨʪʠ ʥʘ ʤʷʩʪʦ. ʈʦʙʦʪʲʪ ʝ ʩ ʜʦʙʨʘ ʤʘʥʝʚʨʝʥʦʩʪ, ʘʢʦ ʤʦʞʝ ʜʘ ʠʟʧʲʣʥʷʚʘ ʢʘʢʪʦ 

ʣʠʥʝʡʥʦ ʜʚʠʞʝʥʠʝ ʚʲʚ ʚʩʷʢʘ ʧʦʩʦʢʘ, ʪʘʢʘ ʠ ʚʲʨʪʷʱʦ ʩʝ ʜʚʠʞʝʥʠʝ. ɸʢʦ ʨʦʙʦʪʲʪ ʤʦʞʝ ʠʣʠ ʜʘ 



он 
 

ʩʝ ʚʲʨʪʠ ʥʘ ʤʷʩʪʦ ʠ ʜʘ ʠʟʚʲʨʰʚʘ ʣʠʥʝʡʥʦ ʜʚʠʞʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʝʢʫʱʘʪʘ ʧʦʟʘ, ʠʣʠ ʜʘ 

ʟʘʚʠʚʘ ʩ ʦʧʨʝʜʝʣʝʥ ʨʘʜʠʫʩ, ʠʣʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʚʲʨʪʠ ʥʘ ʤʷʩʪʦ ʠ ʤʦʞʝ ʜʘ ʠʟʚʲʨʰʚʘ ʣʠʥʝʡʥʦ 

ʜʚʠʞʝʥʠʝ ʚʲʚ ʚʩʷʢʘ ʧʦʩʦʢʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʢʫʱʘʪʘ ʧʦʟʘ, ʪʦʡ ʩʝ ʩʯʠʪʘ ʟʘ ʩ ʤʘʥʝʚʨʝʥʦʩʪ. 

ʉʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʧʨʠ ʢʦʣʝʩʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʩʝ ʠʟʤʝʨʚʘ ʯʨʝʟ 

ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʠʤ ʥʘ ʥʝʨʘʚʥʦʩʪʠ ʥʘ ʪʝʨʝʥʘ ʧʦ ʚʨʝʤʝ ʥʘ ʜʚʠʞʝʥʠʝ. ʃʦʰʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʩʝ 

ʧʨʦʷʚʷʚʘ, ʢʦʛʘʪʦ ʨʦʙʦʪʲʪ ʛʫʙʠ ʢʦʥʪʘʢʪ ʥʘ ʝʜʥʦ ʦʪ ʟʘʜʚʠʞʚʘʱʠʪʝ ʢʦʣʝʣʘ ʩʲʩ ʟʝʤʷʪʘ ʠ ʥʝʚʦʣʥʦ 

ʧʨʦʤʝʥʷ ʧʦʩʦʢʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ. ʉʨʝʜʥʘ ʩʪʘʙʠʣʥʦʩʪ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʦʪ ʤʘʣʢʘ ʧʨʦʤʷʥʘ ʚ 

ʧʦʩʦʢʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʩʣʝʜ ʟʘʛʫʙʘʪʘ ʥʘ ʢʦʥʪʘʢʪ, ʘ ʜʦʙʨʘ ʩʪʘʙʠʣʥʦʩʪ ʩʝ ʠʟʨʘʟʷʚʘ ʯʨʝʟ 

ʥʝʟʥʘʯʠʪʝʣʥʠ ʚʣʠʷʥʠʷ ʦʪ ʪʝʟʠ ʩʲʙʠʪʠʷ. 

Kʦʨʜʠʥʘʪʥʦʪʦ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʧʨʝʚʦʟʥʦʪʦ ʩʨʝʜʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʝʛʦʚʘʪʘ ʩʧʦʩʦʙʥʦʩʪ 

ʜʘ ʦʧʨʝʜʝʣʷ ʧʦʣʦʞʝʥʠʝʪʦ ʩʠ, ʙʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʩʢʦʨʦʩʪʪʘ, ʧʦʩʦʢʘʪʘ ʠ ʚʨʝʤʝʪʦ ʥʘ ʜʚʠʞʝʥʠʝ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʝʜʠʰʥʠʪʝ ʠʟʯʠʩʣʝʥʠʷ. ɺ ʩʣʫʯʘʷ ʥʘ ʢʦʣʝʩʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ, ʪʦʚʘ 

ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʦʜʦʤʝʪʨʠʷʪʘ ʥʘ ʨʦʙʦʪʘ. ʆʪ ʤʝʭʘʥʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʚʨʲʟʢʘʪʘ ʩ 

ʢʦʦʨʜʠʥʘʪʥʦʪʦ ʧʨʝʩʤʷʪʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʲʛʣʦʚʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʚʲʨʪʝʥʝ ʠ ʲʛʲʣ 

ʥʘ ʟʘʚʲʨʪʘʥʝ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʤʝʨʚʘʪ ʪʦʯʥʦ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʜʚʠʞʝʥʠʝ 

ʥʘ ʤʦʙʠʣʥʘʪʘ ʧʣʘʪʬʦʨʤʘ ʥʘ ʨʦʙʦʪʘ. 

ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʢʦʣʝʩʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʝ ʩʣʦʞʝʥ ʧʨʦʮʝʩ, ʢʦʡʪʦ ʚʢʣʶʯʚʘ 

ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʤʝʭʘʥʠʯʥʠ ʠ ʢʦʥʪʨʦʣʥʠ ʩʠʩʪʝʤʠ, ʢʘʪʦ ʩʝ ʚʟʝʤʝ ʧʨʝʜʚʠʜ ʙʨʦʷʪ ʥʘ 

ʫʧʨʘʚʣʷʚʘʥʠʪʝ ʟʘʜʚʠʞʚʘʥʠʷ. ʉʣʦʞʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʧʨʝʜʠ ʚʩʠʯʢʦ ʦʪ ʙʨʦʷ ʥʘ 

ʟʘʜʚʠʞʚʘʥʠʷʪʘ ʚ ʩʠʩʪʝʤʘʪʘ ʟʘ ʧʨʠʜʚʠʞʚʘʥʝ. 

ʉʨʝʜʘʪʘ, ʚ ʢʦʷʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʨʦʙʦʪʲʪ, ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʥʝʛʦʚʘʪʘ ʩʣʦʞʥʦʩʪ. ʊʷ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʚʲʪʨʝʰʥʘ ʠʣʠ ʚʲʥʰʥʘ. 

1.6.2. ɺʠʜʦʚʝ ʢʦʣʝʣʘ ʥʘ ʢʦʣʝʩʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ 

ʆʙʠʢʥʦʚʝʥʦ ʢʦʣʝʣʘʪʘ ʥʘ ʢʦʣʝʩʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʟʘʜʚʠʞʚʘʥʠ ʠ 

ʥʝʟʘʜʚʠʞʚʘʥʠ, ʢʘʢʪʦ ʠ ʥʘ ʫʧʨʘʚʣʷʝʤʠ ʠ ʥʝʫʧʨʘʚʣʷʝʤʠ. 

ʋʧʨʘʚʣʷʝʤʦ ʢʦʣʝʣʦ ʝ ʪʘʢʦʚʘ, ʯʠʷʪʦ ʧʦʩʦʢʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʷ ʦʪʥʦʩʥʦ ʰʘʩʠʪʦ, ʠʟʧʦʣʟʚʘʡʢʠ 

ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʥʝʫʧʨʘʚʣʷʝʤʦʪʦ ʢʦʣʝʣʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʚʲʨʪʠ ʠʣʠ ʪʦʚʘ 

ʚʲʨʪʝʥʝ ʥʝ ʟʘʚʠʩʠ ʦʪ ʫʧʨʘʚʣʝʥʠʝ, ʘ ʝ ʨʝʟʫʣʪʘʪ ʦʪ ʚʲʥʰʥʠ ʩʠʣʠ. 

ʉʧʦʨʝʜ ʢʦʤʙʠʥʘʮʠʷʪʘ ʦʪ ʛʦʨʝʩʧʦʤʝʥʘʪʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝ ʨʘʟʛʨʘʥʠʯʘʚʘʪ ʩʣʝʜʥʠʪʝ 

ʚʠʜʦʚʝ ʢʦʣʝʣʘ: 

Å ʉʧʦʤʘʛʘʪʝʣʥʠ (castor wheels) - ʙʝʟ ʟʘʚʠʚʘʥʝ ʠ ʙʝʟ ʟʘʜʚʠʞʚʘʥʝ 



оо 
 

Å ʌʠʢʩʠʨʘʥʠ ʠ ʥʝʟʘʜʚʠʞʚʘʥʠ (ʩʚʦʙʦʜʥʠ ʢʦʣʝʣʘ) 

Å ʌʠʢʩʠʨʘʥʠ ʠ ʟʘʜʚʠʞʚʘʥʠ 

Å ɿʘʚʠʚʘʱʠ ʠ ʥʝʟʘʜʚʠʞʚʘʥʠ 

Å ɿʘʚʠʚʘʱʠ ʠ ʟʘʜʚʠʞʚʘʥʠ 

ʇʨʠ ʫʧʨʘʚʣʷʝʤʠʪʝ ʢʦʣʝʣʘ ʦʩʪʘ ʥʘ ʚʲʨʪʝʥʝ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʧʨʝʩʠʯʘ ʩ ʦʩʪʘ ʥʘ ʚʲʨʪʝʥʝ 

ʥʘ ʩʘʤʦʪʦ ʢʦʣʝʣʦ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʩʧʦʤʘʛʘʪʝʣʥʠʪʝ (castor wheels), ʯʠʠʪʦ ʦʩʠ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ 

ʠʟʚʝʩʪʥʦ ʨʘʟʩʪʦʷʥʠʝ ʝʜʥʘ ʦʪ ʜʨʫʛʘ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʥʘ ʩʧʦʤʘʛʘʪʝʣʥʠʪʝ ʢʦʣʝʣʘ ʜʘ ʩʝ ʚʲʨʪʷʪ 

ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʧʦʜ ʚʣʠʷʥʠʝʪʦ ʥʘ ʩʪʨʘʥʠʯʥʘ ʩʠʣʘ. ʆʩʦʙʝʥʦ ʠʥʪʝʨʝʩʥʠ ʩʘ ʤʝʢʘʥʫʤ (mecanum) 

ʢʦʣʝʣʘʪʘ (ʬʠʛʫʨʘ 1ʘ), ʩʲʱʦ ʥʘʨʠʯʘʥʠ ʰʚʝʜʩʢʠ ʠʣʠ ʚʩʝʩʪʨʘʥʥʠ ʢʦʣʝʣʘ, ʠ ʦʤʥʠʢʦʣʝʣʘ (ʬʠʛʫʨʘ 

1ʙ).  

                       ʘ)                  ʙ) 

  

 

ʌʠʛʫʨʘ 1.  ʄʝʢʘʥʫʤ ʢʦʣʝʣʦ 1(ʘ) ʠ ʜʚʦʡʥʦ ʦʤʥʠʢʦʣʝʣʦ 2(ʙ) 

ʄʝʢʘʥʫʤ ʢʦʣʝʣʘʪʘ ʩʝ ʦʪʣʠʯʘʚʘʪ ʩ ʥʝʟʘʚʠʩʠʤʦ ʚʲʨʪʝʥʝ ʥʘ ʨʦʣʢʠʪʝ ʥʘ ʦʢʨʲʞʥʦʩʪʪʘ ʠʤ ʧʦʜ 

ʲʛʲʣ ʦʪ 45Á ʩʧʨʷʤʦ ʦʩʪʘ ʥʘ ʚʲʨʪʝʥʝ. ʆʤʥʠʢʦʣʝʣʘʪʘ ʠʤʘʪ ʩʚʦʙʦʜʥʠ ʨʦʣʢʠ, ʯʠʠʪʦ ʦʩʠ ʥʘ 

ʚʲʨʪʝʥʝ ʦʙʨʘʟʫʚʘʪ 90Á ʩʧʨʷʤʦ ʦʩʪʘ ʥʘ ʚʲʨʪʝʥʝ ʠ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʜʚʦʡʥʠ ʢʦʣʝʣʘ. 

ʂʦʣʝʣʘʪʘ ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʷʪ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʠ ʪʨʷʙʚʘ ʜʘ ʦʪʛʦʚʘʨʷʪ ʥʘ 

ʩʣʝʜʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ: 

Å ɺʠʩʦʢʦ ʩʮʝʧʣʝʥʠʝ ʩ ʧʦʚʲʨʭʥʦʩʪʪʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʩʪʨʘʥʠʯʥʦ ʦʪʢʣʦʥʝʥʠʝ 

Å ɸʜʝʢʚʘʪʥʘ ʪʦʚʘʨʦʥʦʩʠʤʦʩʪ (ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʧʨʝʥʘʩʷʥʝ ʥʘ ʪʦʚʘʨʘ) 

Å ʉʧʦʩʦʙʥʦʩʪ ʟʘ ʧʦʪʠʩʢʘʥʝ ʥʘ ʚʠʙʨʘʮʠʠʪʝ ʠ ʫʜʘʨʠʪʝ 

Å ʅʠʩʢʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʪʲʨʢʘʣʷʥʝ 

Å ʊʨʘʡʥʦʩʪ (ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʠʟʥʦʩʚʘʥʝ ʠ ʫʜʘʨ) 

ɿʥʘʥʠʝ ʟʘ ʙʨʦʷ ʠ ʚʠʜʘ ʢʦʣʝʣʘ ʚ ʨʦʙʦʪʘ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ 

ʢʠʥʝʤʘʪʠʢʘʪʘ ʠ ʜʠʥʘʤʠʢʘʪʘ ʤʫ. 

ʆʙʣʘʩʪʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʢʦʣʝʩʥʠʪʝ ʨʦʙʦʪʠ ʩʝ ʬʦʢʫʩʠʨʘʪ ʚʲʨʭʫ ʩʮʝʧʣʝʥʠʝʪʦ ʠ 

ʩʪʘʙʠʣʥʦʩʪʪʘ, ʤʘʥʝʚʨʝʥʦʩʪʪʘ ʠ ʫʧʨʘʚʣʝʥʠʝʪʦ. ʉʪʘʙʠʣʥʦʩʪʪʘ ʦʙʠʢʥʦʚʝʥʦ ʥʝ ʝ ʧʨʦʙʣʝʤ ʧʨʠ 

ʢʦʣʝʩʥʠʪʝ ʨʦʙʦʪʠ, ʪʲʡ ʢʘʪʦ ʢʦʣʝʣʘʪʘ ʧʦʯʪʠ ʚʠʥʘʛʠ ʩʘ ʚ ʢʦʥʪʘʢʪ ʩʲʩ ʟʝʤʷʪʘ. ʊʨʠ ʢʦʣʝʣʘ ʩʘ 



оп 
 

ʜʦʩʪʘʪʲʯʥʠ ʟʘ ʛʘʨʘʥʪʠʨʘʥʝ ʥʘ ʩʪʘʙʠʣʝʥ ʙʘʣʘʥʩ, ʚʲʧʨʝʢʠ ʯʝ ʧʨʠ ʨʝʰʝʥʠʷ ʩ ʜʚʝ ʢʦʣʝʣʘ 

ʩʪʘʙʠʣʥʦʩʪʪʘ ʝ ʧʦ-ʧʨʦʙʣʝʤʘʪʠʯʥʘ. ʉ ʧʦʚʝʯʝ ʦʪ ʪʨʠ ʢʦʣʝʣʘ ʩʝ ʠʟʧʦʣʟʚʘ ʩʠʩʪʝʤʘ ʟʘ ʦʢʘʯʚʘʥʝ, 

ʟʘ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘ ʢʦʥʪʘʢʪʲʪ ʩʲʩ ʟʝʤʷʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʜʚʠʞʝʥʠʝ ʚ ʥʝʨʘʚʥʘ ʤʝʩʪʥʦʩʪ. 

ʈʘʟʧʦʣʦʞʝʥʠʝʪʦ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ ʢʦʣʝʣʘʪʘ ʩʲʱʦ ʩʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. 

ʅʝ ʩʲʱʝʩʪʚʫʚʘ ʫʥʠʚʝʨʩʘʣʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʷʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʦʙʨʷʚʘ 

ʤʘʥʝʚʨʝʥʦʩʪʪʘ, ʫʧʨʘʚʣʷʝʤʦʩʪʪʘ ʠ ʩʪʘʙʠʣʥʦʩʪʪʘ. ɺʩʷʢʘ ʦʙʣʘʩʪ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʤʦʙʠʣʥʠʪʝ 

ʨʦʙʦʪʠ ʠʤʘ ʩʦʙʩʪʚʝʥʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʜʠʟʘʡʥʘ ʥʘ ʨʦʙʦʪʘ. ʆʧʨʝʜʝʣʷʱʦ ʝ ʜʘ ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʙʨʦʷʪ ʠ ʚʠʜʲʪ ʥʘ ʢʦʣʝʣʘʪʘ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʚʩʝʢʠ ʨʦʙʦʪ. ɿʘʜʘʯʘʪʘ ʩʚʲʨʟʘʥʘ ʩ 

ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʩʝ ʩʚʝʞʜʘ ʜʦ ʠʟʙʦʨʘ ʥʘ ʥʘʡ-ʧʦʜʭʦʜʷʱʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ ʟʘʜʚʠʞʚʘʥʝ, ʢʘʪʦ 

ʩʝ ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʚʩʠʯʢʠ ʠʟʠʩʢʚʘʥʠʷ. 

1.6.3 ʂʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʢʦʣʝʩʥʠʪʝ ʨʦʙʦʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʙʨʦʷ ʥʘ ʢʦʣʝʣʘʪʘ  

ʈʦʙʦʪʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʚ ʨʘʟʣʠʯʥʠ ʢʘʪʝʛʦʨʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʙʨʦʷ 

ʥʘ ʢʦʣʝʣʘʪʘ, ʢʘʪʦ ʩʣʝʜʚʘ: 

 Å ʈʦʙʦʪʠ ʩ ʝʜʥʦ ʢʦʣʝʣʦ                                                                                                                            

ɽʜʥʦʢʦʣʝʩʥʠʪʝ ʨʦʙʦʪʠ ʨʘʟʧʦʣʘʛʘʪ ʩ ʝʜʥʦ ʬʠʢʩʠʨʘʥʦ ʠʣʠ ʩʪʘʥʜʘʨʪʥʦ ʢʦʣʝʣʦ. 

ʆʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʝʜʥʦʢʦʣʝʩʥʘʪʘ ʩʠʩʪʝʤʘ ʷ ʧʨʘʚʠ ʥʝʩʪʘʙʠʣʥʘ, ʠʟʠʩʢʚʘʱʘ ʩʲʯʝʪʘʥʦ 

ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʠ ʩʪʨʘʥʠʯʥʦ ʢʦʥʪʨʦʣʠʨʘʥʝ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʨʘʚʥʦʚʝʩʠʝ. 

 Å ʈʦʙʦʪʠ ʩ ʜʚʝ ʢʦʣʝʣʘ  

ʊʝʟʠ ʨʦʙʦʪʠ ʠʤʘʪ ʜʚʝ ʫʩʧʦʨʝʜʥʠ, ʩʪʘʥʜʘʨʪʥʠ ʢʦʣʝʣʘ, ʩʚʲʨʟʘʥʠ ʩ ʜʚʝʪʝ ʩʪʨʘʥʠ ʥʘ ʨʦʙʦʪʘ ʠ 

ʫʧʨʘʚʣʷʚʘʥʠ ʦʪ ʜʚʝ ʦʪʜʝʣʥʠ ʟʘʜʚʠʞʚʘʥʠʷ. ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʚʩʷʢʦ ʢʦʣʝʣʦ ʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘ ʟʝʤʷʪʘ ʠ ʯʝ ʢʦʥʪʘʢʪʲʪ ʤʝʞʜʫ ʢʦʣʝʣʘʪʘ ʠ ʟʝʤʷʪʘ ʝ ʙʝʟ ʭʣʲʟʛʘʥʝ ʠ ʯʠʩʪʦ ʪʲʨʢʘʣʷʥʝ. ʇʨʠʤʝʨ 

ʟʘ ʨʦʙʦʪ ʩ ʜʚʝ ʢʦʣʝʣʘ ʝ Roomba - ʨʦʙʦʪ-ʧʨʘʭʦʩʤʫʢʘʯʢʘ ʩ ʧʨʝʜʝʥ ʩʝʥʟʦʨ ʟʘ ʢʦʥʪʘʢʪ ʠ 

ʠʥʬʨʘʯʝʨʚʝʥ ʩʝʥʟʦʨ ʦʪʛʦʨʝ. ʉʲʱʦ ʪʘʢʘ, Segway ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʛʣʝʞʜʘʥ ʢʘʪʦ 

ʩʘʤʦʙʘʣʘʥʩʠʨʘʱ ʩʝ ʜʚʫʢʦʣʝʩʝʥ ʨʦʙʦʪ. 

 Å ʈʦʙʦʪʠ ʩ ʪʨʠ ʢʦʣʝʣʘ  

ʉʲʱʝʩʪʚʫʚʘʪ ʜʚʘ ʪʠʧʘ ʨʦʙʦʪʠ ʩ ʪʨʠ ʢʦʣʝʣʘ: ʩ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʫʧʨʘʚʣʝʥʠʝ (ʜʚʝ ʟʘʜʚʠʞʚʘʥʠ 

ʢʦʣʝʣʘ ʩ ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʚʦʙʦʜʥʦ ʚʲʨʪʷʱʦ ʩʝ ʢʦʣʝʣʦ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʨʘʚʥʦʚʝʩʠʝ) ʠ ʪʘʢʠʚʘ, 

ʧʨʠ ʢʦʠʪʦ ʜʚʝ ʢʦʣʝʣʘ ʩʘ ʟʘʜʚʠʞʚʘʥʠ ʦʪ ʝʜʠʥ ʠ ʩʲʱ ʤʝʭʘʥʠʟʲʤ, ʜʦʢʘʪʦ ʪʨʝʪʦʪʦ ʫʧʨʘʚʣʷʚʘ 

ʟʘʚʠʚʘʥʝʪʦ. 

 Å ʈʦʙʦʪʠ ʩ ʯʝʪʠʨʠ ʢʦʣʝʣʘ  



ор 
 

ʊʲʡ ʢʘʪʦ ʮʝʥʪʲʨʲʪ ʥʘ ʪʝʞʝʩʪʪʘ ʝ ʚ ʧʨʘʚʦʲʛʲʣʥʠʢʘ, ʦʙʨʘʟʫʚʘʥ ʦʪ ʯʝʪʠʨʠʪʝ ʢʦʣʝʣʘ, ʘ ʥʝ ʚ 

ʪʨʠʲʛʲʣʥʠʢʘ, ʪʝʟʠ ʨʦʙʦʪʠ ʩʘ ʧʦ-ʩʪʘʙʠʣʥʠ ʦʪ ʪʨʠʢʦʣʝʩʥʠʪʝ. ʂʦʣʝʣʘʪʘ ʤʦʛʘʪ ʜʘ ʩʘ 

ʦʨʠʝʥʪʠʨʘʥʠ ʜʠʬʝʨʝʥʮʠʨʘʥʦ (ʢʘʪʦ ʧʨʠ ʨʦʫʚʲʨʠʪʝ), ʟʘʜʚʠʞʚʘʥʠ ʧʦ ʜʚʝ (ʢʘʪʦ ʧʨʠ ʪʘʥʢʦʚʝʪʝ) 

ʠʣʠ ʧʦʜʦʙʥʠ ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ. ʈʦʙʦʪʠ, ʧʦʜʦʙʥʠ ʥʘ ʘʚʪʦʤʦʙʠʣʠ, ʩʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ 

ʚ ʪʨʘʥʩʧʦʨʪʘ, ʣʦʛʠʩʪʠʢʘʪʘ ʠ ʭʨʘʥʠʪʝʣʥʘʪʘ ʠʥʜʫʩʪʨʠʷ. 

 Å ʈʦʙʦʪʠ ʩ ʧʝʪ ʢʦʣʝʣʘ  

ʊʝʟʠ ʨʦʙʦʪʠ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʥʝʨʘʚʥʠ ʪʝʨʝʥʠ, ʢʘʪʦ ʫʚʝʣʠʯʘʚʘʪ ʢʦʥʪʘʢʪʘ 

ʠ ʩʪʘʙʠʣʥʦʩʪʪʘ. ʀʤʘ ʘʩʠʤʝʪʨʠʯʥʠ ʧʨʦʪʦʪʠʧʠ ʩ ʧʝʪ ʢʦʣʝʣʘ (WMR) ʩ ʧʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʨʝʦʜʦʣʷʚʘʪ ʨʘʟʣʠʯʥʠ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʩʢʣʦʥʦʚʝ. ʀʟʩʣʝʜʚʘʥʝ 

ʝ ʥʘʧʨʘʚʝʥʦ ʟʘ ʧʣʲʟʛʘʥʝʪʦ ʥʘ ʧʝʪʢʦʣʝʩʝʥ ʤʦʙʠʣʝʥ ʨʦʙʦʪ ʧʨʠ ʜʚʠʞʝʥʠʝ ʧʦ ʥʝʨʘʚʝʥ ʪʝʨʝʥ, 

ʢʘʪʦ ʩʘ ʠʟʚʝʜʝʥʠ ʠʟʚʦʜʠ ʦʪʥʦʩʥʦ ʢʦʥʪʘʢʪʥʘʪʘ ʪʦʯʢʘ ʥʘ ʢʦʣʝʣʦʪʦ, ʚʠʩʦʯʠʥʘʪʘ ʥʘ 

ʧʨʝʧʷʪʩʪʚʠʝʪʦ ʠ ʲʛʲʣʘ ʥʘ ʟʘʚʲʨʪʘʥʝ.  

Å ʈʦʙʦʪʠ ʩ ʰʝʩʪ ʠʣʠ ʧʦʚʝʯʝ ʢʦʣʝʣʘ  

ʊʝʟʠ ʨʦʙʦʪʠ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʥʝʨʘʚʝʥ ʪʝʨʝʥ ʠ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩʲʩ ʩʣʦʞʥʘ ʢʦʥʩʪʨʫʢʮʠʷ. 

ʈʦʙʦʪʠʪʝ ʩ ʰʝʩʪ ʢʦʣʝʣʘ ʚʢʣʶʯʚʘʪ Sojourner ʦʪ ʤʠʩʠʷʪʘ Mars Pathfinder ʧʨʝʟ 1997 ʛ., Spirit ʠ 

Opportunity ʧʨʝʟ 2004 ʛ. ʠ Curiosity ʧʨʝʟ 2012 ʛ. ʊʝ ʨʘʟʧʦʣʘʛʘʪ ʩʲʩ ʩʠʩʪʝʤʘ ʟʘ ʦʢʘʯʚʘʥʝ, ʢʦʷʪʦ 

ʧʦʜʜʲʨʞʘ ʢʦʥʪʘʢʪʘ ʥʘ ʚʩʠʯʢʠ ʰʝʩʪ ʢʦʣʝʣʘ ʩʲʩ ʟʝʤʷʪʘ, ʢʦʝʪʦ ʠʤ ʧʦʤʘʛʘ ʧʨʠ ʜʚʠʞʝʥʠʝ ʚʲʨʭʫ 

ʭʲʣʤʦʚʝ ʠ ʧʷʩʲʯʥʠ ʪʝʨʝʥʠ. 

1.6.4. ʂʠʥʝʤʘʪʠʯʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʢʦʣʝʩʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ  

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʦʣʝʣʘʪʘ ʠ ʚʠʜʦʚʝʪʝ ʢʦʣʝʣʘ, ʢʦʣʝʩʥʠʪʝ ʤʦʙʠʣʥʠ 

ʨʦʙʦʪʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʚ ʩʣʝʜʥʠʪʝ ʢʠʥʝʤʘʪʠʯʥʠ ʩʪʨʫʢʪʫʨʠ:  

Å ɼʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʝ  

Å ʇʣʲʟʛʘʱʠ  

Å ʊʠʧ "ʘʚʪʦʤʦʙʠʣ"  

Å ɺʩʝʧʦʩʦʯʥʦ (Mecanum ʟʘʜʚʠʞʚʘʥʝ, ʭʦʣʦʥʦʤʠʯʥʦ ʟʘʜʚʠʞʚʘʥʝ)  

Å ʊʠʧ "ʨʦʫʚʲʨ" (ʨʦʙʦʪʠ ʩ ʤʥʦʞʝʩʪʚʦ ʟʘʜʚʠʞʚʘʥʠ ʠ ʫʧʨʘʚʣʷʚʘʥʠ ʢʦʣʝʣʘ)  

Å ʉʠʥʭʨʦʥʥʦ ʟʘʜʚʠʞʚʘʥʝ 

 ʈʦʙʦʪʠʪʝ ʩ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʝ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʩ ʜʚʝ ʬʠʢʩʠʨʘʥʠ ʠ ʜʠʬʝʨʝʥʮʠʘʣʥʦ 

ʟʘʜʚʠʞʚʘʥʠ ʢʦʣʝʣʘ. ʊʝ ʩʝ ʦʪʣʠʯʘʚʘʪ ʩ ʤʝʭʘʥʠʯʥʘ ʧʨʦʩʪʦʪʘ ʠ ʩʘ ʧʦ-ʝʚʪʠʥʠ. ʊʦʚʘ ʛʠ ʧʨʘʚʠ 

ʩʨʝʜʥʦ ʤʘʥʝʚʨʝʥʠ, ʩʧʦʩʦʙʥʠ ʜʘ ʩʝ ʚʲʨʪʷʪ ʥʘ ʤʷʩʪʦ ʟʘ ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʧʦʩʦʢʘʪʘ. ʆʙʘʯʝ ʪʝ ʩʘ 

ʧʦʜʘʪʣʠʚʠ ʥʘ ʥʝʧʨʝʜʚʠʜʝʥʠ ʧʨʦʤʝʥʠ ʚ ʜʚʠʞʝʥʠʝʪʦ ʧʦʨʘʜʠ ʥʝʨʘʚʥʦʩʪʠ ʥʘ ʪʝʨʝʥʘ ʠ ʨʘʟʣʠʯʥʦ 



ос 
 

ʩʮʝʧʣʝʥʠʝ ʥʘ ʢʦʣʝʣʘʪʘ ʩ ʧʦʚʲʨʭʥʦʩʪʪʘ. ʊʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʯʝʩʪʦ ʚ ʟʘʪʚʦʨʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʘʪʦ 

ʩʪʘʠ. ɼʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʜʚʝ, ʪʨʠ, ʯʝʪʠʨʠ ʠʣʠ ʜʦʨʠ ʰʝʩʪ 

ʢʦʣʝʣʘ. ɼʚʫʢʦʣʝʩʥʠʪʝ ʨʦʙʦʪʠ ʩ ʜʦʧʲʣʥʠʪʝʣʝʥ ʧʦʜʜʲʨʞʘʱ ʝʣʝʤʝʥʪ ʩʘ ʩʪʘʙʠʣʥʠ, ʧʦʜʭʦʜʷʱʠ 

ʢʘʢʪʦ ʟʘ ʚʲʪʨʝʰʥʦ, ʪʘʢʘ ʠ ʟʘ ʚʲʥʰʥʦ ʠʟʧʦʣʟʚʘʥʝ, ʥʦ ʧʦʜʜʲʨʞʘʱʠʷʪ ʝʣʝʤʝʥʪ ʤʦʞʝ ʜʘ ʧʨʠʯʠʥʠ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʠʣʠ, ʚʣʠʷʝʱʠ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʠ ʢʦʦʨʜʠʥʘʪʥʦʪʦ ʧʨʝʩʤʷʪʘʥʝ. ʇʨʠ 

ʪʨʠʢʦʣʝʩʥʠʪʝ ʨʦʙʦʪʠ ʩ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʝ ʩʝ ʧʨʠʣʘʛʘʪ ʜʚʝ ʜʠʬʝʨʝʥʮʠʘʣʥʦ 

ʟʘʜʚʠʞʚʘʥʠ ʢʦʣʝʣʘ ʠ ʝʜʥʦ ʩʧʦʤʘʛʘʪʝʣʥʦ ʢʦʣʝʣʦ. (ʬʠʛ.2) 

 

ʌʠʛʫʨʘ 2. ʂʠʥʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʪʨʠʢʦʣʝʩʝʥ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥ ʨʦʙʦʪ 

ʉ ʜʚʝ ʥʝʟʘʚʠʩʠʤʦ ʟʘʜʚʠʞʚʘʥʠ ʢʦʣʝʣʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʨʘʚʥʠʪʝʣʥʦ ʜʦʙʨʘ ʤʘʥʝʚʨʝʥʦʩʪ 

ʠ ʥʝʟʥʘʯʠʪʝʣʥʦ ʧʨʠʧʣʲʟʚʘʥʝ ʥʘ ʢʦʣʝʣʘʪʘ ʧʨʠ ʜʚʠʞʝʥʠʝ ʧʦ ʨʘʚʝʥ ʪʝʨʝʥ. ʈʦʙʦʪʲʪ ʤʦʞʝ ʜʘ 

ʧʨʝʦʜʦʣʝʝ ʠ ʧʦ-ʪʨʫʜʥʠ ʧʦʣʝʚʠ ʧʨʝʧʷʪʩʪʚʠʷ, ʘʢʦ ʜʚʠʞʝʥʠʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʧʦʩʦʢʘ ʥʘ 

ʟʘʜʚʠʞʚʘʥʠʪʝ ʢʦʣʝʣʘ. ʊʘʢʠʚʘ ʨʝʰʝʥʠʷ ʦʙʘʯʝ ʩʘ ʥʘʡ-ʧʦʜʭʦʜʷʱʠ ʟʘ ʟʘʢʨʠʪʦ.ʇʨʠ 

ʝʪʠʨʠʢʦʣʝʩʥʠʪʝ ʠ ʰʝʩʪʢʦʣʝʩʥʠʪʝ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʠ ʨʦʙʦʪʠ ʦʩʚʝʥ ʜʚʝ 

ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʠ ʢʦʣʝʣʘ ʩʝ ʜʦʙʘʚʷʪ ʠ ʜʚʝ ʠʣʠ ʯʝʪʠʨʠ ʩʧʦʤʘʛʘʪʝʣʥʠ ʢʦʣʝʣʘ.  ʇʨʠ 

ʪʘʢʠʚʘ ʨʝʰʝʥʠʷ ʥʝʨʘʚʥʘʪʘ ʦʩʥʦʚʘ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʜʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʚ ʥʝʧʨʝʜʚʠʜʝʥʘ 

ʧʦʩʦʢʘ. ʇʦʨʘʜʠ ʪʦʚʘ ʪʘʢʠʚʘ ʨʦʙʦʪʠ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʧʨʝʜʠʤʥʦ ʟʘ ʜʚʠʞʝʥʠʝ ʚ ʟʘʢʨʠʪʠ 

ʧʦʤʝʱʝʥʠʷ. 

1.6.5 ʇʣʲʟʛʘʱʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ 

ʊʦʟʠ ʚʠʜ ʨʦʙʦʪʠ ʩʝ ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʢʘʪʦ ʧʣʲʟʛʘʱʠ ʩʝ, ʟʘʱʦʪʦ ʧʦ ʚʨʝʤʝ ʥʘ ʟʘʚʠʚʘʥʝ ʠ 

ʨʦʪʘʮʠʷ ʥʘ ʤʷʩʪʦ ʚʠʥʘʛʠ ʚʲʟʥʠʢʚʘ ʩʪʨʘʥʠʯʥʦ ʧʨʠʧʣʲʟʚʘʥʝ ʥʘ ʢʦʣʝʣʘʪʘ. ʈʦʙʦʪʠʪʝ ʚ ʪʘʟʠ 

ʢʘʪʝʛʦʨʠʷ ʨʘʟʧʦʣʘʛʘʪ ʩ ʢʦʣʝʣʘ, ʢʦʠʪʦ ʩʘ ʩʪʘʮʠʦʥʘʨʥʠ ʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʪʦ ʥʝʧʦʜʚʠʞʥʠ. 

ʊʦʚʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʩʥʦʚʝʥ ʥʝʜʦʩʪʘʪʲʢ ʥʘ ʪʦʟʠ ʪʠʧ ʪʨʘʥʩʧʦʨʪʥʠ ʩʨʝʜʩʪʚʘ ʧʦʨʘʜʠ ʥʠʩʢʘʪʘ ʠʤ 

ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʫʚʝʣʠʯʝʥʘʪʘ ʠʟʥʦʩʚʘʝʤʦʩʪ ʥʘ ʢʦʣʝʣʘʪʘ (ʛʫʤʠʪʝ), ʢʘʢʪʦ ʠ 

ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʚʲʨʭʫ ʪʝʨʝʥʘ. ʆʙʠʢʥʦʚʝʥʦ ʚʢʣʶʯʚʘʪ 4- ʠʣʠ 6-ʢʦʣʝʩʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠ. 



от 
 

 

ʌʠʛʫʨʘ 3. ʇʣʲʟʛʘʱ ʤʦʙʠʣʝʥ ʨʦʙʦʪ 

ʊʦʟʠ ʚʠʜ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʦʙʠʢʥʦʚʝʥʦ ʠʤʘʪ ʧʨʦʩʪ ʠ ʢʦʤʧʘʢʪʝʥ ʜʠʟʘʡʥ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ 

ʩʨʘʚʥʠʪʝʣʥʦ ʝʚʪʠʥʠ. ʀʟʷʚʷʚʘʪ ʩʝ ʩ ʜʦʙʨʘ ʤʦʙʠʣʥʦʩʪ ʠ ʩʨʝʜʥʘ ʤʘʥʝʚʨʝʥʦʩʪ. ʉʲʱʦ ʪʘʢʘ, 

ʨʘʟʧʦʣʘʛʘʪ ʩ ʜʦʙʨʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʨʦʙʦʪʠʪʝ ʦʪ ʪʦʟʠ ʪʠʧ ʥʝ 

ʧʨʦʤʝʥʷʪ ʧʦʩʦʢʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʟʥʘʯʠʪʝʣʥʦ ʠ ʥʝʧʨʝʜʥʘʤʝʨʝʥʦ ʚ ʥʝʨʘʚʝʥ ʪʝʨʝʥ. ɿʘʪʦʚʘ ʯʝʩʪʦ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʥʘ ʦʪʢʨʠʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʦ ʩʘ ʧʦʜʭʦʜʷʱʠ ʠ ʟʘ ʟʘʪʚʦʨʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʪʦ 

ʩʪʘʠ, ʦʩʦʙʝʥʦ ʯʝʪʠʨʠʢʦʣʝʩʥʠʪʝ ʚʘʨʠʘʥʪʠ. ʇʨʠ ʧʣʲʟʛʘʱʠʪʝ ʨʦʙʦʪʠ ʚʩʠʯʢʠ ʢʦʣʝʣʘ ʩʝ 

ʟʘʜʚʠʞʚʘʪ ʥʝʟʘʚʠʩʠʤʦ ʠʣʠ ʢʦʣʝʣʘʪʘ ʦʪ ʚʩʷʢʘ ʩʪʨʘʥʘ ʥʘ ʧʨʝʚʦʟʥʦʪʦ ʩʨʝʜʩʪʚʦ ʩʝ ʟʘʜʚʠʞʚʘʪ ʦʪ 

ʝʜʠʥ ʜʚʠʛʘʪʝʣ. ɺ ʧʲʨʚʠʷ ʩʣʫʯʘʡ, ʪʦʟʠ ʚʠʜ ʨʦʙʦʪʠ ʩʘ ʩʚʨʲʭʟʘʜʚʠʞʚʘʥʠ (overactuated) ʧʦʨʘʜʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʦʚʝʯʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʥʠ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ. ɺʲʚ ʚʪʦʨʠʷ ʩʣʫʯʘʡ, 

ʜʚʠʞʝʥʠʝʪʦ ʦʪ ʚʩʷʢʘ ʩʪʨʘʥʘ ʥʘ ʨʦʙʦʪʘ ʩʝ ʧʨʝʜʘʚʘ ʢʲʤ ʦʪʜʝʣʥʠ ʢʦʣʝʣʘ ʯʨʝʟ ʟʲʙʥʠ ʢʦʣʝʣʘ, 

ʚʝʨʠʛʠ ʠʣʠ ʯʨʝʟ ʧʨʝʜʘʚʘʪʝʣʝʥ ʤʝʭʘʥʠʟʲʤ ʢʲʤ ʦʩʪʘʥʘʣʠʪʝ ʢʦʣʝʣʘ. ʈʦʙʦʪʠʪʝ ʩ ʧʣʲʟʛʘʱʦ ʩʝ 

ʫʧʨʘʚʣʝʥʠʝ ʩʘ ʩʣʦʞʥʠ ʦʙʝʢʪʠ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ. ʇʦʨʘʜʠ 

ʧʨʠʧʣʲʟʚʘʥʝʪʦ ʥʘ ʢʦʣʝʣʘʪʘ, ʚʲʟʥʠʢʚʘʱʦ ʧʦ ʚʨʝʤʝ ʥʘ ʟʘʚʲʨʪʘʥʝ ʠ ʚʲʨʪʝʥʝ ʥʘ ʨʦʙʦʪʘ ʥʘ ʤʷʩʪʦ, 

ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʥʝ ʤʦʞʝ ʠʟʨʠʯʥʦ ʜʘ ʩʝ ʨʝʰʘʪ ʧʨʝʜʥʠ ʠ ʦʙʨʘʪʥʠ ʢʠʥʝʤʘʪʠʯʥʠ ʧʨʦʙʣʝʤʠ. 

ʇʦʨʘʜʠ ʩʲʱʘʪʘ ʧʨʠʯʠʥʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʜʠʥʘʤʠʯʥʠ ʤʦʜʝʣʠ ʥʘ ʪʝʟʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʩʝ 

ʷʚʷʚʘ ʧʦ-ʩʣʦʞʥʦ. ʆʩʦʙʝʥʦ ʩʣʦʞʝʥ ʝ ʩʣʫʯʘʷʪ, ʢʦʛʘʪʦ ʨʦʙʦʪʲʪ ʩʝ ʚʲʨʪʠ ʥʘ ʤʷʩʪʦ ʚʲʨʭʫ 

ʜʝʬʦʨʤʠʨʫʝʤʘ ʦʩʥʦʚʘ. ʊʦʟʠ ʪʠʧ ʫʧʨʘʚʣʝʥʠʝ ʠʟʠʩʢʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʟʜʨʘʚʠ ʤʝʭʘʥʠʟʤʠ ʟʘ 

ʩʚʲʨʟʚʘʥʝ ʥʘ ʢʦʣʝʣʘʪʘ ʢʲʤ ʧʦʜʚʠʞʥʘʪʘ ʧʣʘʪʬʦʨʤʘ ʧʦʨʘʜʠ ʚʠʩʦʢʠʪʝ ʩʪʨʘʥʠʯʥʠ ʩʠʣʠ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʚʲʟʥʠʢʥʘʪ. ʂʦʥʪʨʦʣʲʪ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʪʦʟʠ ʪʠʧ ʨʦʙʦʪʠ, ʧʦʨʘʜʠ ʣʦʰʦ ʢʦʦʨʜʠʥʘʪʥʦ 

ʧʨʝʩʤʷʪʘʥʝ, ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʩʘʤʦ ʯʨʝʟ ʪʝʭʥʠʯʝʩʢʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʪʦ ʚʲʨʪʝʥʝʪʦ ʥʘ 

ʢʦʣʝʣʦʪʦ. ʇʨʠ ʯʝʪʠʨʠʢʦʣʝʩʥʠʪʝ ʨʦʙʦʪʠ ʩ ʧʣʲʟʛʘʱʦ ʩʝ ʫʧʨʘʚʣʝʥʠʝ ʚʩʠʯʢʠ ʢʦʣʝʣʘ ʩʝ 

ʟʘʜʚʠʞʚʘʪ ʥʝʟʘʚʠʩʠʤʦ ʠʣʠ ʚ ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ ʥʝʟʘʚʠʩʠʤʦ ʟʘʜʚʠʞʚʘʥʠ ʩʘ ʩʘʤʦ ʜʚʝ ʢʦʣʝʣʘ, ʧʦ 



оу 
 

ʝʜʥʦ ʦʪ ʚʩʷʢʘ ʩʪʨʘʥʘ, ʘ ʟʘʜʚʠʞʚʘʥʝʪʦ ʩʝ ʧʨʝʜʘʚʘ ʥʘ ʜʨʫʛʠʪʝ ʢʦʣʝʣʘ ʦʪ ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʘʥʘ ʯʨʝʟ 

ʟʲʙʝʥ ʨʝʤʲʢ. 

 

ʌʠʛʫʨʘ 4. ʂʠʥʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʯʝʪʠʨʠʢʦʣʝʩʝʥ ʧʣʲʟʛʘʱ ʨʦʙʦʪ 

ɿʘ ʰʝʩʪʢʦʣʝʩʥʠʪʝ ʧʣʲʟʛʘʱʠ ʨʦʙʦʪʠ ʥʘʡ-ʪʠʧʠʯʥʦʪʦ ʝ ʥʝʟʘʚʠʩʠʤʦʪʦ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʚʩʠʯʢʠ 

ʢʦʣʝʣʘ ʠʣʠ ʩʝ ʠʟʧʦʣʟʚʘ ʝʜʠʥ ʜʚʠʛʘʪʝʣ ʟʘ ʚʩʷʢʘ ʩʪʨʘʥʘ ʥʘ ʨʦʙʦʪʘ ʠ ʩʣʝʜ ʪʦʚʘ ʟʘʜʚʠʞʚʘʥʝʪʦ ʩʝ 

ʧʨʝʜʘʚʘ ʥʘ ʢʦʣʝʣʘʪʘ ʯʨʝʟ ʟʲʙʥʠ ʢʦʣʝʣʘ ʠʣʠ ʚʝʨʠʛʠ. ʇʨʠ ʥʝʟʘʚʠʩʠʤʦʪʦ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʚʩʷʢʦ 

ʢʦʣʝʣʦ ʦʪ ʜʘʜʝʥʘ ʩʪʨʘʥʘ ʥʘ ʨʦʙʦʪʘ ʩʝ ʫʧʨʘʚʣʷʚʘ ʩ ʫʧʨʘʚʣʷʚʘʱ ʩʠʛʥʘʣ ʩ ʝʜʥʘ ʠ ʩʲʱʘ ʩʪʦʡʥʦʩʪ. 

ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʪʦʚʘ ʨʝʰʝʥʠʝ ʝ, ʯʝ ʲʛʣʦʚʠʪʝ ʩʢʦʨʦʩʪʠ ʥʘ ʚʲʨʪʝʥʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʢʦʣʝʣʘ ʩʝ 

ʨʘʟʣʠʯʘʚʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʫʩʣʦʚʠʷʪʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʢʦʣʝʣʘʪʘ ʩʲʩ ʟʝʤʷʪʘ. 

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ʢʦʣʝʣʘ ʥʘʤʘʣʷʚʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʠʣʠʪʝ, ʫʧʨʘʞʥʷʚʘʥʠ ʚʲʨʭʫ 

ʟʝʤʷʪʘ ʦʪ ʝʜʥʦ ʢʦʣʝʣʦ, ʠ ʫʚʝʣʠʯʘʚʘ ʤʦʙʠʣʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ ʚʲʨʭʫ ʜʝʬʦʨʤʠʨʫʝʤ ʪʝʨʝʥ. ɺ 

ʨʝʰʝʥʠʷʪʘ ʩ ʰʝʩʪ ʢʦʣʝʣʘ ʯʝʩʪʦ ʩʝ ʚʲʚʝʞʜʘʪ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʜʘ ʛʘʨʘʥʪʠʨʘʪ ʥʝʧʨʝʢʲʩʥʘʪ 

ʢʦʥʪʘʢʪ ʥʘ ʚʩʠʯʢʠ ʢʦʣʝʣʘ ʩʲʩ ʟʝʤʷʪʘ. 

1.6.6 ʄʦʙʠʣʥʠ ʨʦʙʦʪʠ ʪʠʧ "ʘʚʪʦʤʦʙʠʣ" 

ʊʝʟʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʩ ʢʦʣʝʣʘ ʨʘʟʧʦʣʘʛʘʪ ʩ ʢʠʥʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʧʦʜʦʙʥʘ ʥʘ ʪʘʟʠ 

ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ. ʆʩʥʦʚʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʝʟʠ ʘʚʪʦʤʦʙʠʣʦʧʦʜʦʙʥʠ ʨʦʙʦʪʠ 

ʦʙʠʢʥʦʚʝʥʦ ʚʢʣʶʯʚʘʪ ʦʛʨʘʥʠʯʝʥ ʨʘʜʠʫʩ ʥʘ ʟʘʚʠʚʘʥʝ ʟʘ ʟʘʚʠʚʘʱʠʪʝ ʢʦʣʝʣʘ, ʢʦʝʪʦ 

ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʚʲʨʪʝʥʝ ʥʘ ʨʦʙʦʪʘ ʥʘ ʤʷʩʪʦ. ʇʦʨʘʜʠ ʪʦʟʠ ʬʘʢʪ ʪʘʢʠʚʘ 

ʨʝʰʝʥʠʷ ʩʝ ʧʨʝʜʧʦʯʠʪʘʪ ʧʨʝʜʠʤʥʦ ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʪʢʨʠʪʦ. ʂʘʢʪʦ ʧʨʠ ʘʚʪʦʤʦʙʠʣʠʪʝ, ʪʝʟʠ 

ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʪ ʜʠʬʝʨʝʥʮʠʘʣʝʥ ʤʝʭʘʥʠʟʲʤ ʟʘ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʢʦʣʝʣʘʪʘ. ʅʘʡ-

ʯʝʩʪʠʪʝ ʨʦʙʦʪʠʟʠʨʘʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʚ ʪʘʟʠ ʢʘʪʝʛʦʨʠʷ ʠʤʘʪ ʩʲʱʘʪʘ ʢʠʥʝʤʘʪʠʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʢʘʪʦ ʘʚʪʦʤʦʙʠʣʠʪʝ, ʪ.ʝ. ʩ ʯʝʪʠʨʠ ʢʦʣʝʣʘ, ʦʪ ʢʦʠʪʦ ʜʚʝ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʟʘʚʠʚʘʥʝ. 

ɿʘʜʚʠʞʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʩʪʘʚʘ ʦʪ ʧʨʝʜʥʠʪʝ, ʟʘʜʥʠʪʝ ʠʣʠ ʚʩʠʯʢʠ ʢʦʣʝʣʘ. ɿʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʢʦʣʝʣʘʪʘ ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ɸʢʝʨʤʘʥʦʚ ʤʝʭʘʥʠʟʲʤ, ʘ ʟʘʜʚʠʞʚʘʥʝʪʦ ʥʘ ʢʦʣʝʣʘʪʘ ʩʝ ʨʝʛʫʣʠʨʘ 
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ʯʨʝʟ ʜʠʬʝʨʝʥʮʠʘʣʝʥ ʤʝʭʘʥʠʟʲʤ. ʇʨʠ ʨʝʰʝʥʠʷ ʩ ʜʚʘ ʜʚʠʛʘʪʝʣʷ ʟʘ ʥʝʟʘʚʠʩʠʤʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʲʛʣʠʪʝ ʥʘ ʟʘʚʠʚʘʥʝ ʥʘ ʫʧʨʘʚʣʷʝʤʠʪʝ ʢʦʣʝʣʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚʤʝʩʪʦ ɸʢʝʨʤʘʥʦʚʠʷ 

ʤʝʭʘʥʠʟʲʤ. ʊʦʚʘ ʝ ʤʝʭʘʥʠʯʥʦ ʧʦ-ʧʨʦʩʪʦ ʨʝʰʝʥʠʝ ʦʪ ɸʢʝʨʤʘʥʦʚʠʷ ʤʝʭʘʥʠʟʲʤ ʠ ʝ 

ʧʨʝʜʧʦʯʠʪʘʥʦ, ʦʩʦʙʝʥʦ ʧʨʠ ʨʦʙʦʪʠ ʩ ʦʛʨʘʥʠʯʝʥʠ ʨʘʟʤʝʨʠ. 

ʈʦʙʦʪʠʪʝ ʩ ʢʠʥʝʤʘʪʠʢʘ, ʘʥʘʣʦʛʠʯʥʘ ʥʘ ʪʘʟʠ ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ, ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʨʝʰʝʥʠʷ ʩʲʩ 

ʩʨʝʜʥʘ ʩʣʦʞʥʦʩʪ.  

 

                                          

 ʌʠʛʫʨʘ 5. ʂʠʥʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ                          ʌʠʛʫʨʘ 6. ʂʦʣʝʩʝʥ ʤʦʙʠʣʝʥ ʨʦʙʦʪ  

 ʯʝʪʠʨʠʢʦʣʝʩʝʥ ʨʦʙʦʪ ʪʠʧ Ăʘʚʪʦʤʦʙʠʣñ                                 ʪʠʧ Ăʘʚʪʦʤʦʙʠʣñ 

ʇʦʨʘʜʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʠʟʚʝʩʪʥʠ ʠ ʜʦʢʘʟʘʥʠ ʘʚʪʦʤʦʙʠʣʥʠ ʢʦʥʮʝʧʮʠʠ, ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ 

ʪʦʟʠ ʪʠʧ ʨʦʙʦʪʠ ʥʝ ʧʨʝʜʠʟʚʠʢʚʘ ʟʥʘʯʠʪʝʣʥʠ ʪʨʫʜʥʦʩʪʠ. ʉʲʱʦ ʪʘʢʘ, ʢʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʘ 

ʪʠʧʘ ʟʘʜʚʠʞʚʘʥʠʷ - ʝʜʥʦ ʟʘ ʟʘʚʠʚʘʥʝ ʠ ʜʨʫʛʦ ʟʘ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʢʦʣʝʣʘʪʘ, ʪʦʟʠ ʚʠʜ ʨʝʰʝʥʠʝ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʦʩʪʘ ʠʢʦʥʦʤʠʯʥʦ. ʊʘʢʠʚʘ ʨʦʙʦʪʠ ʩʘ ʦʩʥʦʚʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʘʛʨʘʨʥʘʪʘ 

ʩʬʝʨʘ. 

1.6.7 ɺʩʝʧʦʩʦʯʥʠ ʢʦʣʝʩʥʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ 

ɼʨʫʛʘ ʢʘʪʝʛʦʨʠʷ ʢʦʣʝʩʥʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʩʘ ʚʩʝʧʦʩʦʯʥʠʪʝ ʨʦʙʦʪʠ, ʥʘʨʠʯʘʥʠ ʩʲʱʦ 

ʭʦʣʦʥʦʤʥʠ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʨʦʙʦʪʲʪ ʤʦʞʝ ʜʘ ʩʝ ʜʚʠʞʠ ʥʝʟʘʚʠʩʠʤʦ ʚ ʥʘʧʨʝʜ ʠ ʥʘʟʘʜ, 

ʦʪʩʪʨʘʥʠ ʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʜʘ ʩʝ ʚʲʨʪʠ ʦʢʦʣʦ ʚʝʨʪʠʢʘʣʥʘ ʦʩ. ʊʦʟʠ ʚʠʜ ʤʘʥʝʚʨʝʥʦʩʪ ʩʝ ʧʦʩʪʠʛʘ 

ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʢʘʥʫʤ ʢʦʣʝʣʘ ʠʣʠ ʦʤʥʠʢʦʣʝʣʘ. ɺʩʝʧʦʩʦʯʥʠʪʝ ʢʦʣʝʣʘ ʩʘ ʤʝʭʘʥʠʯʥʦ 

ʩʣʦʞʥʠ ʩʧʨʷʤʦ ʜʨʫʛʠ ʜʠʟʘʡʥʠ ʥʘ ʢʦʣʝʣʘ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʧʦ-ʩʢʲʧʠ. ɺ ʪʦʟʠ ʪʠʧ ʨʦʙʦʪʠ ʚʩʠʯʢʠ 

ʢʦʣʝʣʘ ʩʝ ʟʘʜʚʠʞʚʘʪ ʠ ʫʧʨʘʚʣʷʚʘʪ ʥʝʟʘʚʠʩʠʤʦ, ʢʦʝʪʦ ʧʨʘʚʠ ʧʦ-ʩʣʦʞʥʦ ʨʝʰʘʚʘʥʝʪʦ ʥʘ 

ʢʠʥʝʤʘʪʠʯʥʠ ʧʨʦʙʣʝʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʥʦ, ʢʦʥʪʨʦʣʘ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʤʦʙʠʣʥʘʪʘ ʧʣʘʪʬʦʨʤʘ. 

ɺʩʝʧʦʩʦʯʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʩʘ ʠʟʚʝʩʪʥʠ ʩ ʤʥʦʛʦ ʜʦʙʨʘʪʘ ʩʠ ʤʘʥʝʚʨʝʥʦʩʪ - ʪʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʚʲʨʪʷʪ ʥʘ ʤʷʩʪʦ ʠ ʜʘ ʩʝ ʜʚʠʞʘʪ ʚʲʚ ʚʩʷʢʘ ʧʦʩʦʢʘ ʝʜʥʦʚʨʝʤʝʥʥʦ. ʊʝ ʦʙʘʯʝ ʥʝ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ 
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ʩʪʘʙʠʣʥʠ ʧʨʠ ʜʚʠʞʝʥʠʝ, ʪʲʡ ʢʘʪʦ ʪʷʭʥʦʪʦ ʜʚʠʞʝʥʠʝ ʟʘʚʠʩʠ ʢʨʠʪʠʯʥʦ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʩʷʢʦ 

ʢʦʣʝʣʦ. ɸʢʦ ʝʜʥʦ ʢʦʣʝʣʦ ʟʘʛʫʙʠ ʢʦʥʪʘʢʪ ʩʲʩ ʟʝʤʷʪʘ, ʨʦʙʦʪʲʪ ʩʝ ʜʚʠʞʠ ʚ ʥʝʧʨʝʜʥʘʤʝʨʝʥʘ 

ʧʦʩʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʪʝʟʠ ʨʦʙʦʪʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʥʘ ʨʘʚʝʥ ʪʝʨʝʥ. ɺʩʝ ʦʱʝ ʦʙʘʯʝ ʪʝ 

ʠʤʘʪ ʧʦ-ʥʠʩʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʦʪ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʠʪʝ, ʘʚʪʦʤʦʙʠʣʦʧʦʜʦʙʥʠ, 

ʨʦʫʚʲʨ ʨʦʙʦʪʠ ʠ ʩʠʥʭʨʦʥʥʦ ʟʘʜʚʠʞʚʘʥʠʪʝ, ʥʦ ʩʘ ʧʦ-ʜʦʙʨʠ ʦʪ ʧʣʲʟʛʘʱʦ ʩʝ ʫʧʨʘʚʣʝʥʠʝ. ɿʘ ʜʘ 

ʩʝ ʦʩʠʛʫʨʠ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝʪʦ, ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʪʝʟʠ ʨʦʙʦʪʠ ʥʝ 

ʪʨʷʙʚʘ ʜʘ ʩʝ ʙʘʟʠʨʘ ʩʘʤʦ ʥʘ ʪʷʭʥʘʪʘ ʦʜʦʤʝʪʨʠʷ. ʊʝʟʠ ʨʝʰʝʥʠʷ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʨʠʣʦʞʝʥʠʷ 

ʚ ʟʘʢʨʠʪʠ ʧʦʤʝʱʝʥʠʷ, ʥʦ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʥʘ ʦʪʢʨʠʪʦ ʧʦʨʘʜʠ ʟʘʛʫʙʘʪʘ ʥʘ ʚʩʝʧʦʩʦʯʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʢʦʣʝʣʘʪʘ ʚ ʩʣʫʯʘʡ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ ʨʦʣʢʘʪʘ, ʥʘʧʨʠʤʝʨ ʦʪ ʧʷʩʲʢ, ʢʘʣ ʠʣʠ 

ʩʥʷʛ. 

ʂʠʥʝʤʘʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʨʦʙʦʪʘ ʩ ʦʤʥʠʢʦʣʝʣʘ ʩʝ ʥʘʨʠʯʘ ʭʦʣʦʥʦʤʥʦ ʟʘʜʚʠʞʚʘʥʝ, ʜʦʢʘʪʦ 

ʪʘʟʠ ʩ ʤʝʢʘʥʫʤ ʢʦʣʝʣʘ - ʤʝʢʘʥʫʤ ʟʘʜʚʠʞʚʘʥʝ.                                                                                  

ʇʨʠ ʭʦʣʦʥʦʤʥʦʪʦ ʟʘʜʚʠʞʚʘʥʝ ʢʦʣʝʣʘʪʘ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʪʘʢʘ, ʯʝ ʪʝʭʥʠʪʝ ʦʩʠ ʥʘ ʚʲʨʪʝʥʝ ʩʝ 

ʧʨʝʩʠʯʘʪ ʚ ʝʜʥʘ ʪʦʯʢʘ. ʈʦʙʦʪʠʪʝ ʩ ʭʦʣʦʥʦʤʥʦ ʟʘʜʚʠʞʚʘʥʝ ʦʙʠʢʥʦʚʝʥʦ ʠʤʘʪ ʪʨʠ ʠʣʠ ʨʷʜʢʦ 

ʯʝʪʠʨʠ ʢʦʣʝʣʘ. 

 

                                                     

      ʌʠʛʫʨʘ 7. ʂʠʥʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ               ʌʠʛʫʨʘ 8. ʂʠʥʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʪʨʠʢʦʣʝʩʝʥ ʨʦʙʦʪ ʩ ʭʦʣʦʥʦʤʥʦ ʟʘʜʚʠʞʚʘʥʝ          ʯʝʪʠʨʠʢʦʣʝʩʝʥ ʨʦʙʦʪ ʩ ʤʝʢʘʥʫʤ ʟʘʜʚʠʞʚʘʥʝ 

 

ʈʦʙʦʪʠʪʝ ʩ ʤʝʢʘʥʫʤ ʢʦʣʝʣʘ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʯʝʪʠʨʠʢʦʣʝʩʥʠ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 

ʢʦʣʝʣʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʲʱʦʪʦ ʢʘʪʦ ʧʨʠ ʨʦʙʦʪʠʪʝ ʩ ʧʣʲʟʛʘʱʦ ʫʧʨʘʚʣʝʥʠʝ, ʪ.ʝ. ʦʩʠʪʝ ʥʘ 

ʚʲʨʪʝʥʝ ʥʘ ʢʦʣʝʣʘʪʘ ʩʘ ʫʩʧʦʨʝʜʥʠ ʝʜʥʘ ʥʘ ʜʨʫʛʘ. ʂʘʢʪʦ ʯʝʪʠʨʠʢʦʣʝʩʥʠʪʝ ʭʦʣʦʥʦʤʠʯʥʠ, ʪʘʢʘ 

ʠ Mecanum ʚʦʜʷʪ ʜʦ ʧʨʝʢʦʤʝʨʥʦ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʧʨʝʚʦʟʥʠʪʝ ʩʨʝʜʩʪʚʘ, ʪʲʡ ʢʘʪʦ ʠʟʧʦʣʟʚʘʪ 

ʯʝʪʠʨʠ ʟʘʜʚʠʞʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʪʘ ʟʘ ʧʨʠʜʚʠʞʚʘʥʝ. 

1.6.8 ʄʦʙʠʣʥʠ ʨʦʙʦʪʠ ʪʠʧ ʨʦʫʚʲʨ 
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ʄʦʙʠʣʥʠʪʝ ʢʦʣʝʩʥʠ ʨʦʙʦʪʠ ʦʪ ʪʠʧ ʨʦʫʚʲʨ ʨʘʟʧʦʣʘʛʘʪ ʩ ʛʦʣʷʤ ʙʨʦʡ ʜʚʠʛʘʪʝʣʠ ʟʘ 

ʟʘʜʚʠʞʚʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʣʘʪʘ, ʢʦʝʪʦ ʛʠ ʢʣʘʩʠʬʠʮʠʨʘ ʢʘʪʦ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʩʲʩ 

ʩʠʣʥʦ ʩʚʨʲʭʟʘʜʚʠʞʚʘʥʝ. ʊʝ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʥʘʡ-ʩʣʦʞʥʠʪʝ ʠ ʩʲʦʪʚʝʪʥʦ, ʩʢʲʧʠ ʤʦʙʠʣʥʠ 

ʨʦʙʦʪʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʪʝ ʨʘʟʧʦʣʘʛʘʪ ʩ ʠʟʢʣʶʯʠʪʝʣʥʠ ʢʠʥʝʤʘʪʠʯʥʠ ʠ ʜʠʥʘʤʠʯʥʠ ʩʚʦʡʩʪʚʘ.  

 

ʌʠʛʫʨʘ 9. ʂʠʥʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʯʝʪʠʨʠʢʦʣʝʩʝʥ ʨʦʙʦʪ ʪʠʧ ʨʦʫʚʲʨ 

ʅʘʡ-ʚʘʞʥʦʪʦ ʝ, ʯʝ ʪʝ ʧʨʝʜʣʘʛʘʪ ʥʘʡ-ʜʦʙʨʘ ʤʦʙʠʣʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʤʦʙʠʣʥʠ 

ʨʦʙʦʪʠ (WMR). ɿʘʨʘʜʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʥʝʟʘʚʠʩʠʤʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʞʝʩʪʚʦ ʢʦʣʝʣʘ, 

ʨʦʫʚʲʨʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʚʲʨʪʷʪ ʥʘ ʤʷʩʪʦ ʠ ʜʘ ʩʝ ʜʚʠʞʘʪ ʚʲʚ ʚʩʷʢʘ ʧʦʩʦʢʘ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʤʘʥʝʚʨʝʥʠ. ʆʩʚʝʥ ʪʦʚʘ, ʪʝ ʩʝ ʦʪʣʠʯʘʚʘʪ ʩ ʜʦʙʨʦ ʢʦʦʨʜʠʥʘʪʥʦ ʧʨʝʩʤʷʪʘʥʝ, 

ʧʦʟʚʦʣʷʚʘʡʢʠ ʜʚʠʞʝʥʠʝ ʩ ʤʠʥʠʤʘʣʥʠ ʧʨʠʧʣʲʟʚʘʥʠʷ ʥʘ ʢʦʣʝʣʘʪʘ. ʇʦʨʘʜʠ ʩʲʦʙʨʘʞʝʥʠʷ ʟʘ 

ʙʝʟʦʧʘʩʥʦʩʪ ʠ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʧʨʠʧʣʲʟʚʘʥʝ ʠ ʧʦʪʲʚʘʥʝ ʚ ʤʝʢʠ ʪʝʨʝʥʠ, ʨʦʫʚʲʨʠʪʝ ʯʝʩʪʦ 

ʩʝ ʜʚʠʞʘʪ ʩ ʥʠʩʢʘ ʩʢʦʨʦʩʪ. 

ʈʦʫʚʲʨʠʪʝ ʦʙʠʯʘʡʥʦ ʩʘ ʩ ʰʝʩʪ ʢʦʣʝʣʘ, ʢʦʠʪʦ ʩʝ ʟʘʜʚʠʞʚʘʪ ʠ ʫʧʨʘʚʣʷʚʘʪ ʥʝʟʘʚʠʩʠʤʦ ʠʣʠ ʩʘʤʦ 

ʚʲʥʰʥʠʪʝ ʢʦʣʝʣʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ. ɿʘ ʟʘʜʚʠʞʚʘʥʝʪʦ ʥʘ ʢʦʣʝʣʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʠʛʘʪʝʣʠ ʩ 

ʜʠʨʝʢʪʥʦ ʟʘʜʚʠʞʚʘʥʝ, ʢʦʠʪʦ ʩʝ ʧʦʩʪʘʚʷʪ ʚ ʛʣʘʚʠʥʠʪʝ ʥʘ ʢʦʣʝʣʘʪʘ.  

                                           

ʌʠʛʫʨʘ10. ʇʨʠʤʝʨ ʟʘ ʤʘʨʩʦʭʦʜ ʪʠʧ WMR         ʌʠʛʫʨʘ 11. ʏʝʪʠʨʠʢʦʣʝʩʝʥ ʨʦʫʚʲʨ ʪʠʧ WMR           

                           Curiosity                                                                        AZIMUT 
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ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣʥʦ ʨʘʤʦ ʠ ʬʘʢʪʘ, ʯʝ ʢʦʣʝʣʘʪʘ ʯʝʩʪʦ ʩʝ 

ʟʘʜʚʠʞʚʘʪ ʠ ʫʧʨʘʚʣʷʚʘʪ. ʈʦʫʚʲʨʠʪʝ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʦʪʢʨʠʪʠ ʧʨʠʣʦʞʝʥʠʷ, ʥʦ ʧʦʨʘʜʠ 

ʪʝʭʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʪʦ ʜʦʙʨʘ ʤʘʥʝʚʨʝʥʦʩʪ ʠ ʥʘʜʝʞʜʥʦʩʪ, ʚ ʩʣʫʯʘʡ ʥʘ ʧʦ-ʤʘʣʢʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʠ ʚ ʟʘʢʨʠʪʠ ʩʨʝʜʠ. ɺʲʟʤʦʞʥʦ ʝ ʩʲʱʦ ʪʘʢʘ ʜʘ ʩʝ 

ʩʨʝʱʥʘʪ ʨʦʙʦʪʠ ʦʪ ʪʠʧ ʨʦʫʚʲʨ ʩ ʯʝʪʠʨʠ ʢʦʣʝʣʘ, ʢʘʪʦ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷʪ ʨʦʙʦʪ AZIMUT, 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʟʘʢʨʠʪʠ ʧʨʠʣʦʞʝʥʠʷ. 

1.7 ɼʠʟʘʡʥ, ʝʨʛʦʥʦʤʠʷ ʠ ʥʦʨʤʘʪʠʚʥʠ ʠʟʠʩʢʚʘʥʠʷ 

ʂʘʪʦ ʤʝʜʠʘʪʦʨ ʜʠʟʘʡʥʲʪ ʠʛʨʘʝ ʩʲʱʝʩʪʚʝʥʘ ʨʦʣʷ ʚ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʫʩʧʝʰʥʘ 

ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʯʦʚʝʢʘ ʠ ʨʦʙʦʪʘ. ʊʦʡ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʥʦʚʘ ʩʧʝʮʠʬʠʯʥʦ ʟʚʝʥʦ, ʙʝʟ ʢʦʝʪʦ 

ʚʲʟʧʨʠʝʤʘʥʝʪʦ, ʘ ʦʪ ʪʘʤ ʠ ʧʦʜʭʦʜʲʪ ʥʘ ʯʦʚʝʢʘ ʩʧʨʷʤʦ ʨʦʙʦʪʘ ʙʠ ʙʠʣ ʨʘʟʣʠʯʝʥ. ɼʠʟʘʡʥʲʪ ʝ 

ʦʪʛʦʚʦʨʝʥ ʟʘ ʪʘʟʠ ʫʩʧʝʰʥʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʜʘʚʘʱʘ ʧʦʣʦʞʠʪʝʣʝʥ ʨʝʟʫʣʪʘʪ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ, ʩʨʘʙʦʪʚʘʥʝʪʦ, ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʠ ʧʦʜʭʦʞʜʘʥʝʪʦ ʢʲʤ ʨʦʙʦʪʘ, ʢʘʢʪʦ ʠ 

ʥʝʛʦʚʦʪʦ ʧʨʠʝʤʘʥʝ. ɼʠʟʘʡʥʲʪ ʥʘ ʨʦʙʦʪʠ ʝ ʦʪʛʦʚʦʨʥʘ ʟʘʜʘʯʘ, ʩ ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʠ, ʢʦʠʪʦ 

ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʩʲʦʙʨʘʟʝʥʠ, ʠʤʘʡʢʠ ʧʨʝʜʚʠʜ ʩʠʪʫʘʮʠʷʪʘ, ʚ ʢʦʷʪʦ ʨʦʙʦʪʘ ʱʝ ʙʲʜʝ ʧʦʩʪʘʚʝʥ, 

ʟʘ ʜʘ ʤʦʞʝ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʯʦʚʝʢ - ʨʦʙʦʪ ʜʘ ʙʲʜʝ ʦʩʲʱʝʩʪʚʝʥʘ ʧʨʘʚʠʣʥʦ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ 

ʦʙʲʨʥʝ ʚʥʠʤʘʥʠʝ ʥʘ ʬʘʢʪʦʨʠ ʢʘʪʦ ʝʤʦʮʠʦʥʘʣʥʘʪʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ, ʚʲʟʨʘʩʪʪʘ, ʩʦʮʠʘʣʥʠʪʝ 

ʢʦʤʧʝʪʝʥʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʠʥʜʠʚʠʜʘ ʜʘ ʚʲʟʧʨʠʝʤʘ. ʉʲʱʝʩʪʚʝʥʠ ʩʘ ʠ ʬʠʟʠʯʝʩʢʦ 

ʩʲʩʪʦʷʥʠʝ, ʟʘʝʤʘʥʘ ʧʦʟʠʮʠʷ ʚ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘʪʘ ʩʨʝʜʘ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ 

ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ, ʬʦʨʤʠʪʝ, ʦʪʜʝʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, ʠʟʛʨʘʞʜʘʱʠ ʮʷʣʦʩʪʥʘʪʘ ʚʠʟʠʷ, ʮʚʝʪʦʚʠʪʝ 

ʨʝʰʝʥʠʷ. ʀʟʥʠʢʚʘ ʚʲʧʨʦʩʲʪ ʢʘʢʚʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʧʦʪʨʝʙʠʪʝʣʷ ʦʢʘʟʚʘ ʜʠʟʘʡʥʘ ʥʘ ʨʦʙʦʪʘ. 

ɿʘ ʫʥʠʬʠʮʠʨʘʥʝ ʠ ʧʦʣʘʛʘʥʝ ʥʘ ʦʩʥʦʚʠʪʝ ʥʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʚ ʜʠʟʘʡʥʘ ʥʘ ʨʦʙʦʪʠ, ʩʝ ʚʠʟʠʨʘʪ 

ʝʨʛʦʥʦʤʠʯʥʠ ʠʟʠʩʢʚʘʥʠʷ, ʧʩʠʭʦʣʦʛʠʯʥʠ ʘʩʧʝʢʪʠ ʥʘ ʬʦʨʤʠʪʝ ʠ ʮʚʝʪʦʚʝʪʝ, ʪʷʭʥʦʪʦ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʠ ʧʦʨʦʜʝʥʠʪʝ ʥʘ ʪʘʟʠ ʙʘʟʘ ʝʤʦʮʠʠ ʠ ʜʝʡʩʪʚʠʷ ʥʘ 

ʧʦʪʨʝʙʠʪʝʣʷ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʠʟʚʝʞʜʘʪ Ăʬʦʨʤʫʣʠò, ʢʦʠʪʦ ʜʘ ʛʘʨʘʥʪʠʨʘʪ ʫʩʧʝʰʥʘʪʘ 

ʢʦʤʫʥʠʢʘʮʠʷ ʠ ʧʨʠʝʤʘʥʝ ʥʘ ʨʦʙʦʪʘ.  

1.7.1ʌʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʠ ʩʠʣʫʝʪʥʘ ʮʷʣʦʩʪ 

  ʌʦʨʤʠʪʝ, ʠʟʛʨʘʞʜʘʱʠ ʜʠʟʘʡʥʘ ʥʘ ʨʦʙʦʪʠʪʝ, ʩʘ ʩʲʧʦʜʯʠʥʝʥʠ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʧʘʨʘʤʝʪʨʠ. ʆʪ ʠʟʙʦʨʘ ʥʘ ʨʝʰʝʥʠʷ ʩʣʝʜʚʘ ʜʘ ʩʝ ʧʦʣʫʯʘʚʘ ʟʘʚʲʨʰʝʥ ʮʷʣʦʩʪʝʥ ʦʙʣʠʢ ʥʘ ʨʦʙʦʪʘ, 

ʢʦʡʪʦ ʩʲʙʠʨʘ ʚ ʩʝʙʝ ʩʠ ʦʪʜʝʣʥʠ ʝʣʝʤʝʥʪʠ ʠ ʛʠ ʩʚʲʨʟʚʘ ʣʦʛʠʯʝʩʢʠ ʠ ʝʩʪʝʪʠʯʝʩʢʠ. ʊʨʷʙʚʘ ʜʘ 

ʩʝ ʚʟʝʤʝ ʧʦʜ ʚʥʠʤʘʥʠʝ ʩʣʦʞʥʦʩʪʪʘ ʥʘ ʬʦʨʤʠʪʝ, ʪʲʡ ʢʘʪʦ ʥʘ ʙʘʟʘʪʘ ʥʘ ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʠ 

ʧʨʦʩʪʦʪʘʪʘ, ʩʲʦʪʚʝʪʥʦ ʩʣʦʞʥʦʩʪʪʘ ʥʘ ʬʦʨʤʘʪʘ ʩʲʟʜʘʚʘ ʮʷʣʦʩʪʥʦʪʦ ʚʲʟʧʨʠʷʪʠʝ ʟʘ ʨʦʙʦʪʘ ʠ 



по 
 

ʦʩʝʟʘʝʤʦʩʪʪʘ ʥʘ ʥʝʛʦʚʦʪʦ ʧʨʠʩʲʩʪʚʠʝ. ʈʘʟʣʠʯʥʠʪʝ ʚʲʟʧʨʠʷʪʠʷ ʤʦʛʘʪ ʜʘ ʧʦʨʦʜʷʪ ʨʘʟʣʠʯʥʠ ʧʦ 

ʭʘʨʘʢʪʝʨ ʝʤʦʮʠʠ ʫ ʧʦʪʨʝʙʠʪʝʣʷ, ʢʘʢʪʦ ʧʨʝʜʨʘʟʧʦʣʘʛʘʱʠ ʢʲʤ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʪʘʢʘ 

ʠ ʥʝʛʘʪʠʚʥʠ ʪʘʢʠʚʘ, ʩʲʟʜʘʚʘʱʠ ʧʨʝʛʨʘʜʠ ʚ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ ʨʦʙʦʪ ʠ ʯʦʚʝʢ [79]. 

ʇʦʜʚʠʞʥʠʪʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘʱʠ ʩ ʧʦʪʨʝʙʠʪʝʣʷ ʝʣʝʤʝʥʪʠ ʩʣʝʜʚʘ ʜʘ ʙʲʜʘʪ ʙʘʣʘʥʩʠʨʘʥʠ ʚ 

ʮʷʣʦʩʪʥʘʪʘ ʬʠʛʫʨʘ ʧʦ ʥʘʯʠʥ, ʟʘʧʘʟʚʘʱ ʦʧʪʠʯʝʩʢʠʷ ʙʘʣʘʥʩ ʠ ʭʘʨʤʦʥʠʷʪʘ ʥʘ ʬʦʨʤʘʪʘ, ʩ 

ʠʟʙʷʛʚʘʥʝ ʥʘ ʤʥʦʞʝʩʪʚʦ ʩʘʤʦʩʪʦʷʪʝʣʥʠ ʝʣʝʤʝʥʪʠ, ʢʦʠʪʦ ʙʠʭʘ ʟʘʪʨʫʜʥʠʣʠ ʮʷʣʦʩʪʥʦʪʦ 

ʧʨʠʩʲʩʪʚʠʝ ʠ ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʨʦʙʦʪʘ. ɽʣʝʤʝʥʪʠʪʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʠʟʛʨʘʞʜʘʱʠ 

ʤʝʭʘʥʠʯʥʘʪʘ ʠ ʝʣʝʢʪʨʦʥʥʘ ʯʘʩʪ ʥʘ ʨʦʙʦʪʘ ʩʣʝʜʚʘ ʜʘ ʙʲʜʘʪ ʠʥʪʝʛʨʠʨʘʥʠ ʦʪ ʜʠʟʘʡʥʘ ʧʦ ʥʘʯʠʥ, 

ʢʦʡʪʦ ʥʝ ʚʲʟʧʨʝʧʷʪʩʪʚʘ ʦʧʪʠʤʘʣʥʦʪʦ ʠ ʧʨʘʚʠʣʥʦʪʦ ʠʤ ʬʫʥʢʮʠʦʥʠʨʘʥʝ. ʅʘʧʨʠʤʝʨ: ʨʘʟʣʠʯʥʠ 

ʚʠʜʦʚʝ ʩʝʥʟʦʨʠ, ʟʘ ʯʠʝʪʦ ʧʨʘʚʠʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʩʝ ʠʟʠʩʢʚʘ ʧʦʩʪʘʚʷʥʝʪʦ ʠʤ ʥʘ ʚʠʜʠʤʠ ʤʝʩʪʘ. 

ʊʷʭʥʦʪʦ ʚʢʣʶʯʚʘʥʝ ʚ ʜʠʟʘʡʥʘ ʥʘ ʨʦʙʦʪʘ ʩʣʝʜʚʘ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʪʘʢʘ, ʯʝ ʜʘ ʙʲʜʘʪ 

ʭʘʨʤʦʥʠʟʠʨʘʥʠ ʩ ʦʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʥʘ ʢʦʨʧʫʩʘ ʥʘ ʨʦʙʦʪʘ - ʚ ʦʧʪʠʯʝʩʢʘ ʮʷʣʦʩʪ, ʩʧʘʟʚʘʡʢʠ ʩʝ 

ʣʦʛʠʯʝʩʢʠʪʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘ ʧʨʦʧʦʨʮʠʷʪʘ ʠ ʢʦʤʧʦʟʠʮʠʷʪʘ. ɼʠʟʘʡʥʲʪ ʤʦʞʝ ʜʘ ʧʦʟʚʦʣʠ ʥʘ 

ʧʦʪʨʝʙʠʪʝʣʷ ʜʘ Ăʥʘʜʥʠʢʥʝò ʚ ʤʘʰʠʥʥʘʪʘ ʩʲʱʥʦʩʪ ʥʘ ʨʦʙʦʪʘ, ʩ ʢʦʡʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʘ. 

ʆʪʢʨʠʪʠʷʪ ʜʠʟʘʡʥ ʠʤʘ ʟʘ ʮʝʣ ʥʝʜʚʫʩʤʠʩʣʝʥʦ ʜʘ ʧʦʢʘʞʝ ʩʲʱʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ, ʘ ʠʤʝʥʥʦ - 

ʦʙʩʣʫʞʚʘʱʘ ʤʘʰʠʥʘ, ʢʦʷʪʦ ʮʝʣʠ ʜʘ ʧʦʤʘʛʘ, ʘ ʜʦʨʠ ʜʘ ʙʲʜʝ ʠ ʙʝʟʤʲʣʚʝʥ ʜʨʫʛʘʨ - ʧʦʤʦʱʥʠʢ. 

ʈʝʟʫʣʪʘʪʲʪ, ʢʦʡʪʦ ʩʝ ʮʝʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʢʦʚʘ ʨʝʰʝʥʠʝ ʙʠ ʙʠʣ ʜʠʟʘʡʥ, ʧʨʝʜʧʘʟʚʘʱ ʬʠʥʠʪʝ 

ʤʝʭʘʥʠʯʥʠ ʠ ʝʣʝʢʪʨʦʥʥʠ ʯʘʩʪʠ ʚ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ.  

ɸʩʦʮʠʘʮʠʷʪʘ ʥʘ ʬʠʛʫʨʘʪʘ ʥʘ ʨʦʙʦʪʘ ʩ ʧʨʝʜʤʝʪʠ, ʢʦʠʪʦ ʩʘ ʯʘʩʪ ʟʘʦʙʠʢʘʣʷʱʘʪʘ 

ʧʦʪʨʝʙʠʪʝʣʷ ʩʨʝʜʘ, ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʣʟʚʘʥʘ ʢʘʪʦ ʯʘʩʪ ʦʪ ʫʩʧʝʰʥʦʪʦ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ 

ʧʨʠʝʤʩʪʚʝʥʦʩʪ. ɿʘʜʘʯʘʪʘ ʥʘ ʜʠʟʘʡʥʲʪ ʚ ʨʦʣʷʪʘ ʩʠ ʥʘ ʤʝʜʠʘʪʦʨ ʝ ʜʘ ʦʩʲʱʝʩʪʚʷʚʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʨʦʙʦʪʘ. ʎʝʣʪʘ ʝ ʧʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʝʜʥʘ ʦʪ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʪʝ ʧʨʝʛʨʘʜʠ, ʩʪʦʷʱʠ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣ ʠ ʨʦʙʦʪ ʚ ʪʷʭʥʘʪʘ ʫʩʧʝʰʥʘ 

ʢʦʤʫʥʠʢʘʮʠʷ. ʈʝʰʝʥʠʝʪʦ ʥʘ ʜʠʟʘʡʥʘ - ʯʘʩʪʠʯʥʘ ʧʨʝʧʨʘʪʢʘ ʢʲʤ ʬʦʨʤʠ ʘʥʘʣʦʛʠʯʥʠ ʥʘ ʧʦʟʥʘʪʠ 

ʧʨʝʜʤʝʪʠ, ʥʝ ʦʪʭʚʲʨʣʷ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʜʦʩʪʘʪʲʯʥʦ ʩʲʚʨʝʤʝʥʥʘ ʚʠʟʠʷ, ʘ ʪʦʯʥʦ ʦʙʨʘʪʥʦʪʦ 

- ʟʘ ʜʦʙʨʦ ʨʝʰʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʩʯʠʪʘ ʪʦʚʘ, ʢʦʝʪʦ ʧʨʘʚʠ ʚʨʲʟʢʘ ʩ ʢʣʘʩʠʢʘʪʘ ʠ ʥʠ ʧʨʝʥʘʩʷ ʚ 

ʙʲʜʝʱʝʪʦ ʢʲʤ ʚʠʟʠʷ, ʧʨʝʦʜʦʣʷʣʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʪʘ ʙʘʨʠʝʨʘ. ʆʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʝ 

ʨʝʘʣʠʟʠʨʘʥʘʪʘ ʦʪ ʜʠʟʘʡʥʘ ʬʦʨʤʘ ʥʘ ʨʦʙʦʪʘ, ʪʘʢʘ ʜʘ ʩʲʯʝʪʘʚʘ ʦʪʜʝʣʥʠʪʝ ʠʟʠʩʢʫʝʤʠ ʠ 

ʠʟʛʨʘʞʜʘʱʠ ʚʠʟʠʷʪʘ ʧʘʨʘʤʝʪʨʠ, ʯʝ ʜʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʝʤʘʭʥʘʪʘ ʙʘʨʠʝʨʘʪʘ ʥʘ ʩʪʨʘʭ ʦʪ 

ʬʠʟʠʯʝʩʢʠ ʢʦʥʪʘʢʪ ʦʱʝ ʥʘ ʥʠʚʦ ʥʘ ʥʝʧʨʝʜʫʙʝʜʝʥ ʧʦʪʨʝʙʠʪʝʣ. ʊʫʢ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, 

ʯʝ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʠʤʘʪ ʧʦ-ʛʦʣʷʤʘ ʩʢʣʦʥʥʦʩʪ ʢʲʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʦʙʦʪʠ, ʢʦʠʪʦ ʠʤʘʪ 
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ʭʫʤʘʥʦʠʜʦʧʦʜʦʙʝʥ ʜʠʟʘʡʥ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʜʠʟʘʡʥ ʨʝʰʝʥʠʷ, ʢʦʠʪʦ 

ʠʤʧʣʝʤʝʥʪʠʨʘʪ ʦʙʣʠ, ʦʨʛʘʥʠʯʥʠ ʠ ʦʙʪʝʢʘʝʤʠ ʬʦʨʤʠ, ʢʦʠʪʦ ʥʷʤʘʪ ʘʛʨʝʩʠʚʝʥ ʭʘʨʘʢʪʝʨ, 

ʧʦʩʪʘʚʷʱ ʧʩʠʭʦʣʦʛʠʯʝʩʢʘ ʙʘʨʠʝʨʘ ʚ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ ʧʦʣʟʚʘʪʝʣ ʠ ʤʘʰʠʥʘ. ʊʦʟʠ ʠʟʙʦʨ 

ʠʤʘ ʠ ʯʠʩʪʦ ʬʫʥʢʮʠʦʥʘʣʝʥ ʭʘʨʘʢʪʝʨ - ʚ ʩʣʫʯʘʡ ʥʘ ʧʘʜʘʥʝ ʥʘ ʨʦʙʦʪa, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʦʙʣʠʪʝ 

ʩʠ ʬʦʨʤʠ ʩʝ ʧʨʝʤʘʭʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʦʪ ʥʘʨʘʥʷʚʘʥʠʷ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ [3]Φ  

ʆʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʜʠʟʘʡʥʲʪ ʩ ʦʙʣʠ, ʦʨʛʘʥʠʯʥʠ ʬʦʨʤʠ ʠʤʘ ʚʘʞʥʘ ʨʦʣʷ, 

ʪʲʡ ʢʘʪʦ ʪʦʚʘ ʥʘ ʧʦʜʩʲʟʥʘʪʝʣʥʦ ʥʠʚʦ ʢʘʨʘ ʧʦʪʨʝʙʠʪʝʣʷ ʜʘ ʨʘʟʙʝʨʝ ʧʦʩʣʘʥʠʝʪʦ, ʠʜʚʘʱʦ ʦʪ 

ʚʠʟʠʷʪʘ, ʘ ʠʤʝʥʥʦ- Ăɼʦʢʦʩʥʠ ʤʝ. ɸʟ ʩʲʤ ʙʝʟʦʧʘʩʝʥ. ʊʫʢ ʩʲʤ ʜʘ ʪʠ ʧʦʤʘʛʘʤ.ò / ʅʘ ʙʘʟʘʪʘ ʥʘ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʘ ʠʟʚʘʜʢʘ ʛʣʘʩʷʱʘ, ʯʝ ʢʨʲʛʣʠʪʝ ʬʦʨʤʠ ʠ ʫʤʘʣʝʥʠʪʝ ʪʘʢʠʚʘ ʩʝ ʚʲʟʧʨʠʝʤʘʪ ʦʪ 

ʤʦʟʲʢʘ ʢʘʪʦ ʙʝʟʦʧʘʩʥʠ/.  

ʉʲʱʦ ʪʘʢʘ ʦʙʪʝʢʘʝʤʦʩʪʪʘ ʥʘ ʬʦʨʤʠʪʝ, ʨʝʘʣʠʟʠʨʘʥʠ ʚ ʨʦʙʦʪʘ, ʧʦʟʚʦʣʷʚʘ ʝʣʝʤʝʥʪʠ ʦʪ 

ʫʩʪʨʦʡʩʪʚʦʪʦ, ʢʦʠʪʦ ʩʘ ʚʠʜʠʤʠ /ʤʘʥʠʧʫʣʘʪʦʨ, ʪʘʙʣʝʪ ʠ ʜʨ. / ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʜʘ ʙʲʜʘʪ ʚ 

ʜʠʨʝʢʪʝʥ ʢʦʥʪʘʢʪ ʩ ʧʦʪʨʝʙʠʪʝʣʷ, ʜʘ ʙʲʜʘʪ ʚʢʣʶʯʝʥʠ ʚ ʮʝʣʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ, ʥʝʥʘʨʫʰʘʚʘʡʢʠ 

ʦʧʪʠʯʝʩʢʠʷ ʙʘʣʘʥʩ. ɼʦʧʨʠʥʘʩʷʪ ʟʘ ʥʝʛʦʚʘʪʘ ʜʦʙʨʝ ʙʘʣʘʥʩʠʨʘʥʘ ʩʲʚʨʝʤʝʥʥʘ ʚʠʟʠʷ, 

ʧʨʝʜʨʘʟʧʦʣʘʛʘʱʘ ʧʦʪʨʝʙʠʪʝʣʷ ʢʲʤ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʦʙʦʪʘ - ʙʝʟ ʧʨʝʜʨʘʟʩʲʜʲʮʠ ʠ 

ʦʧʘʩʝʥʠʷ ʦʪ ʬʠʟʠʯʝʩʢʠʷ ʢʦʥʪʘʢʪ.  

1.7.2 ɽʨʛʦʥʦʤʠʯʥʦ-ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠ ʢʨʠʪʝʨʠʠ  

ɺʘʞʝʥ ʢʨʠʪʝʨʠʡ ʟʘ ʝʨʛʦʥʦʤʠʯʥʦʩʪ ʥʘ ʜʠʟʘʡʥʘ ʝ ʤʘʢʩʠʤʘʣʥʦ ʫʣʝʩʥʝʥʠʷ ʥʘʯʠʥ ʥʘ 

ʝʢʩʧʣʦʘʪʘʮʠʷ, ʧʨʠ ʢʦʡʪʦ ʩ ʤʠʥʠʤʘʣʥʦ ʫʩʠʣʠʝ ʧʦʪʨʝʙʠʪʝʣʷ ʦʧʝʨʠʨʘ ʩ ʨʦʙʦʪʘ. ʈʘʟʤʝʨʠ ʢʘʪʦ 

ʚʠʩʦʯʠʥʘ, ʰʠʨʦʯʠʥʘ, ʦʙʝʤ ʠ ʜʨ. ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʘʪ ʩʲʦʙʨʘʟʝʥʠ ʩ ʦʩʥʦʚʥʠʪʝ ʝʨʛʦʥʦʤʠʯʥʠ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʟʘ ʨʘʟʤʝʨʠ ʥʘ ʦʩʥʦʚʥʠ ʙʠʪʦʚʠ ʝʣʝʤʝʥʪʠ ʚ ʞʠʟʥʝʥʘʪʘ ʩʨʝʜʘ /ʚʨʘʪʠ, ʢʫʭʥʝʥʩʢʠ 

ʤʘʩʠ, ʩʪʦʣʦʚʝ ʠ ʪ.ʥ./. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ʠʥʪʝʛʨʠʨʘʥ ʚ ʨʦʙʦʪʘ ʤʘʥʠʧʫʣʘʪʦʨ ʠʣʠ ʜʨʫʛʦ ʩʭʦʜʥʦ 

ʫʩʪʨʦʡʩʪʚʦ ʚ ʜʠʨʝʢʪʝʥ ʢʦʥʪʘʢʪ ʩ ʧʦʪʨʝʙʠʪʝʣʷ, ʪʦ ʙʠ ʩʣʝʜʚʘʣʦ ʜʘ ʩʝ ʧʦʟʠʮʠʦʥʠʨʘ ʧʦ ʥʘʯʠʥ, 

ʧʦʟʚʦʣʷʚʘʱ ʚʟʘʠʤʦʜʝʡʩʪʠʝ ʠ ʝʢʩʧʣʦʘʪʘʮʠʷ ʦʪ ʭʦʨʘ ʚ ʠʟʧʨʘʚʝʥʦ, ʩʝʜʥʘʣʦ ʧʦʣʦʞʝʥʠʝ, ʢʘʢʪʦ ʠ 

ʩ ʥʠʩʢʦ ʠʣʠ ʚʠʩʦʢʦ ʧʦʩʪʘʚʝʥʠ ʧʨʝʜʤʝʪʠ ʚ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʞʠʟʥʝʥʘ ʩʨʝʜʘ [78].  ʆʪʜʝʣʥʠʪʝ 

ʝʣʝʤʝʥʪʠ, ʠʟʛʨʘʞʜʘʱʠ ʮʷʣʦʩʪʥʘʪʘ ʚʠʟʠʷ ʥʘ ʧʦʜʦʙʝʥ ʨʦʙʦʪ ʩʣʝʜʚʘ ʜʘ ʙʲʜʘʪ ʪʘʢʘ ʧʦʤʝʩʪʝʥʠ ʚ 

ʜʠʟʘʡʥ-ʨʝʰʝʥʠʝʪʦ, ʯʝ ʜʘ ʧʦʟʚʦʣʷʚʘʪ ʦʧʪʠʤʘʣʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʜʠʥʘʤʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʩ 

ʧʦʪʨʝʙʠʪʝʣʷ [3],[80]. 

1.7.3 ʎʚʝʪʦʚʠ ʧʦʜʭʦʜʠ  

ʎʚʝʪʦʚʘʪʘ ʚʘʨʠʘʪʠʚʥʦʩʪ ʝ ʩʲʱʝʩʪʚʝʥ ʧʨʦʮʝʩ ʦʪ ʠʟʛʨʘʞʜʘʥʝʥʝ ʥʘ ʜʠʟʘʡʥʘ. ʎʚʝʪʦʚʘʪʘ 

ʨʝʘʣʠʟʘʮʠʷ ʚʘʨʠʨʘ ʧʦʨʘʜʠ ʨʘʟʣʠʯʥʦʪʦ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʮʚʝʪʦʚʝʪʝ, ʢʦʝʪʦ 
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ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʩʲʦʪʥʝʩʝʥʦ ʢʲʤ ʚʲʟʨʘʩʪʪʘ ʥʘ ʯʦʚʝʢʘ, ʧʦʣʘ ʤʫ, ʥʝʛʦʚʠʷ ʟʜʨʘʚʝʥ, ʩʦʮʠʘʣʝʥ ʠ 

ʠʢʦʥʦʤʠʯʝʩʢʠ ʩʪʘʪʫʩ. [60] ʏʝʨʚʝʥ ʮʚʷʪ ï ʧʨʝʜʠʟʚʠʢʚʘ ʫʩʝʱʘʥʝ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʘʢʪʠʚʠʟʠʨʘ ʚʩʠʯʢʠ ʬʫʥʢʮʠʠ ʥʘ ʦʨʛʘʥʠʟʤʘ; ʟʘ ʢʨʘʪʢʦ ʚʨʝʤʝ ʫʚʝʣʠʯʘʚʘ 

ʤʫʩʢʫʣʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ, ʧʦʚʠʰʘʚʘ ʢʨʲʚʥʦʪʦ ʥʘʣʷʛʘʥʝ, ʫʩʢʦʨʷʚʘ ʜʠʰʘʥʝʪʦ (ʚʲʟʜʝʡʩʪʚʠʝʪʦ 

ʥʘ ʮʚʝʪʘ ʚʲʨʭʫ ʚʝʛʝʪʘʪʠʚʥʘʪʘ ʥʝʨʚʥʘ ʩʠʩʪʝʤʘ). ʊʦʡ ʩʝ ʩʚʲʨʟʚʘ ʩ ʚʲʣʥʝʥʠʝ, ʙʝʟʧʦʢʦʡʩʪʚʦ, 

ʫʩʠʣʚʘ ʥʝʨʚʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ, ʧʦʚʠʰʘʚʘ ʥʠʚʦʪʦ ʥʘ ʪʨʝʚʦʞʥʦʩ.; ɾʲʣʪ ʮʚʷʪ ï ʪʦʥʠʟʠʨʘ, 

ʦʙʦʜʨʷʚʘ, ʟʘʛʨʷʚʘ, ʫʚʝʣʠʯʘʚʘ ʤʫʩʢʫʣʥʘʪʘ ʘʢʪʠʚʥʦʩʪ; ʩʪʠʤʫʣʠʨʘ ʜʝʡʥʦʩʪʪʘ ʥʘ ʎʅʉ; ɿʝʣʝʥ 

ʮʚʷʪ ï ʧʦʥʠʞʘʚʘ ʢʨʲʚʥʦʪʦ ʥʘʣʷʛʘʥʝ ʠ ʨʘʟʰʠʨʷʚʘ ʢʘʧʠʣʷʨʠʪʝ, ʫʩʧʦʢʦʷʚʘ, ʩʥʝʤʘ 

ʥʘʧʨʝʞʝʥʠʝʪʦ; ʉʠʥ ʮʚʷʪ ï ʟʘʙʘʚʷ ʩʲʨʜʝʯʥʘ ʘʢʪʠʚʥʦʩʪ, ʜʝʡʩʪʚʘ ʫʩʧʦʢʦʷʚʘʱʦ, ʫʩʧʦʢʦʷʚʘʱʦʪʦ 

ʜʝʡʩʪʚʠʝ ʤʦʞʝ ʜʘ ʧʨʝʤʠʥʝ ʚ ʜʝʧʨʝʩʠʷ;  ʉʠʚ ʮʚʷʪ - ʩʠʚʦʪʦ ʥʝ ʫʩʧʦʢʦʷʚʘ, ʥʦ ʠ ʥʝ ʚʲʟʙʫʞʜʘ, 

ʩʲʟʜʘʚʘ ʠ ʚʲʪʨʝʰʥʘ ʩʪʘʙʠʣʥʦʩʪ, ʯʘʩʪʠʯʥʦ ʠʟʦʣʠʨʘʥʝ ʦʪ ʚʲʥʰʥʠ ʚʲʟʜʝʡʩʪʚʠʷ. ʉʠʚʦʪʦ ʥʘ 

ʧʨʝʜʠʟʚʠʢʚʘ ʧʨʝʫʤʦʨʘ ʠʣʠ ʚʲʥʰʥʦ ʥʘʧʨʝʞʝʥʠʝ, Ăʥʦ ʠ ʥʦʩʠ ʩʲʩ ʩʝʙʝ ʩʠ ʦʪʩʲʩʪʚʠʝ ʥʘ 

ʩʲʧʨʝʞʠʚʷʚʘʥʝñ. ɼʝʡʩʪʚʠʝʪʦ ʥʘ ʦʨʘʥʞʝʚʠʷ ʮʚʷʪ ʧʨʝʜʠʟʚʠʢʚʘ ʚʲʟʙʫʞʜʘʥʝ, ʥʝ ʪʦʣʢʦʚʘ ʩʠʣʥʦ 

ʢʘʪʦ ʯʝʨʚʝʥʦʪʦ ʠ ʟʘʪʦʚʘ ʩʝ ʧʨʝʜʧʦʯʠʪʘ. ʉʲʟʜʘʚʘ ʫʩʝʱʘʥʝ ʟʘ ʙʣʘʛʦʧʦʣʫʯʠʝ ʠ ʚʝʩʝʣʠʝ. ʆʢʘʟʚʘ 

ʩʠʣʥʦ ʩʪʠʤʫʣʠʨʘʱʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʯʫʚʩʪʚʘʪʘ. ʇʨʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʚʲʟʧʨʠʝʤʘʥʝ ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʷʚʠ ʫʤʦʨʘ ʠ ʜʘʞʝ ʩʚʝʪʦʚʲʨʪʝʞ. ʃʝʢʦʪʦ ʫʩʢʦʨʝʥʠʝ ʥʘ ʢʨʲʚʦʦʙʨʲʱʝʥʠʝʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʥʘ ʢʨʲʚʥʦʪʦ ʥʘʣʷʛʘʥʝ. ʅʝʟʥʘʯʠʪʝʣʥʦ ʫʯʝʩʪʷʚʘ ʧʫʣʩʘ ʠ ʜʠʰʘʥʝʪʦ. ɾʲʣʪʠʷ 

ʮʚʷʪ ʧʨʝʜʠʟʚʠʢʚʘ ʘʥʘʣʦʛʠʯʥʦ, ʥʦ ʧʦ-ʩʣʘʙʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʨʘʥʞʝʚʦʪʦ ʚʲʨʭʫ 

ʧʫʣʩʘ ʠ ʜʠʰʘʥʝʪʦ. ʇʨʠ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʥʝʨʚʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʯʦʚʝʢʘ ʟʝʣʝʥʠʷʪ ʮʚʷʪ 

ʧʨʦʷʚʷʚʘ ʤʝʞʜʠʥʥʠ ʩʚʦʡʩʪʚʘ ʤʝʞʜʫ ʪʦʧʣʠʪʝ ʠ ʩʪʫʜʝʥʠʪʝ ʮʚʝʪʦʚʝ. ʅʦʨʤʘʣʠʟʠʨʘ ʢʨʲʚʥʦʪʦ ʠ 

ʚʲʪʨʝʦʯʥʦʪʦ ʥʘʣʷʛʘʥʝ, ʧʦʜʦʙʨʷʚʘ ʦʩʪʨʦʪʘʪʘ ʥʘ ʟʨʝʥʠʝʪʦ. ʅʘʤʘʣʷʚʘ ʨʘʟʤʝʨʠʪʝ ʥʘ ʩʣʷʧʦʪʦ 

ʧʝʪʥʦ ʥʘ ʨʝʪʠʥʘʪʘ. ɺʦʜʠ ʜʦ ʥʦʨʤʘʣʠʟʠʨʘʥʝ ʥʘ ʜʠʰʘʥʝʪʦ ʠ ʧʫʣʩʘ, ʫʚʝʣʠʯʘʚʘ 

ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʠʟʜʠʰʚʘʥʝʪʦ (ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʧʣʠʪʝ ʮʚʝʪʦʚʝ), ʥʘʤʘʣʷʚʘ ʩʢʦʨʦʩʪʪʘ ʥʘ 

ʤʫʩʢʫʣʥʘʪʘ ʨʝʘʢʮʠʷ, ʫʚʝʣʠʯʘʚʘ ʣʝʢʦ, ʥʦ ʪʨʘʡʥʦ ʫʤʩʪʚʝʥʘʪʘ ʜʝʡʥʦʩʪ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ. 

ɹʣʘʛʦʧʨʠʷʪʩʪʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʥʠʤʘʥʠʝʪʦ. ʇʨʠ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʥʠʷ ʮʚʷʪ 

ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʠʟʜʠʰʚʘʥʝʪʦ ʩʝ ʫʚʝʣʠʯʘʚʘ, ʧʫʣʩʲʪ ʩʪʘʚʘ ʧʦ-ʙʘʚʝʥ ʠ ʦʪʩʣʘʙʚʘ, ʧʦʯʪʠ 

ʠʟʯʝʟʚʘ ʯʫʚʩʪʚʦʪʦ ʟʘ ʙʦʣʢʘ. ʉʠʥʴʦʪʦ ʥʘʤʘʣʷʚʘ ʤʫʩʢʫʣʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ. ʀʥʪʝʨʝʩʥʦʪʦ ʧʨʠ 

ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʚʠʦʣʝʪʦʚʠʷ ʮʚʷʪ ʚʲʨʭʫ ʯʦʚʝʢʘ ʝ, ʯʝ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘʡ- ʚʠʩʦʢʘ 

(ʦʪ ʚʩʠʯʢʠ ʩʪʫʜʝʥʠ ʮʚʝʪʦʚʝ) ʩʪʝʧʝʥ ʥʘ ʟʘʙʘʚʝʥʦ ʜʠʰʘʥʝ, ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʤʫ ʠ 

ʫʚʝʣʠʯʘʚʘʥʝ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʠʟʜʠʰʘʥʝʪʦ, ʟʘʙʘʚʷʥʝ ʠ ʦʪʩʣʘʙʚʘʥʝ ʥʘ ʧʫʣʩʘ (ʜʘʞʝ ʧʨʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʠʦʣʝʪʦʚʠʷʪ ʮʚʷʪ ʧʦʥʠʞʘʚʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʧʦʚʝʯʝ, 
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ʦʪʢʦʣʢʦʪʦ ʧʲʣʥʘʪʘ ʪʲʤʥʠʥʘ), ʤʘʢʩʠʤʘʣʥʦ ʟʘʙʘʚʷʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʠʟʯʠʩʣʠʪʝʣʥʠ ʜʝʡʩʪʚʠʷ, ʘ 

ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ - ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʚʠʦʣʝʪʦʚʦʪʦ ʚʲʨʭʫ ʩʲʨʮʝʪʦ, ʙʝʣʠʪʝ ʜʨʦʙʦʚʝ ʠ 

ʢʨʲʚʦʥʦʩʥʠʪʝ ʩʲʜʦʚʝ ʚʦʜʠ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʷʭʥʘʪʘ ʠʟʜʨʲʞʣʠʚʦʩʪ . 

1.8 ʂʦʤʫʥʠʢʘʮʠʷ ʧʨʠ ʩʝʨʚʠʟʥʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ.  

Tʝʣʝ-ʫʧʨʘʚʣʷʝʤʠʪʝ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ ʩʝ ʦʯʝʨʪʘʚʘʪ ʢʘʪʦ ʙʝʟʮʝʥʥʠ ʧʦʤʦʱʥʠʮʠ ʚ 

ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʟʘʙʝʣʝʞʠʪʝʣʥʠʷ ʥʘʧʨʝʜʲʢ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ. ʊʝʭʥʠʪʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʚ ʨʘʟʣʠʯʥʠ ʩʬʝʨʠ ʠ ʩʠʪʫʘʮʠʠ ʢʘʪʦ 

ʟʜʨʘʚʝʦʧʘʟʚʘʥʝ, ʥʘʙʣʶʜʝʥʠʝ, ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ, ʧʨʦʫʯʚʘʥʝ ʠ ʨʝʘʛʠʨʘʥʝ ʧʨʠ ʙʝʜʩʪʚʠʷ ʠ 

ʜʨʫʛʠ ʛʠ ʧʨʘʚʠ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪ. ʊʝʟʠ ʨʦʙʦʪʠ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʦʪʜʘʣʝʯʝʥʠʪʝ 

ʦʧʝʨʘʪʦʨʠ ʜʘ ʢʦʥʪʨʦʣʠʨʘʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʨʦʙʦʪʠʟʠʨʘʥʠ ʧʣʘʪʬʦʨʤʠ, ʢʦʝʪʦ ʜʘʚʘ 

ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʥʘʚʠʛʘʮʠʷ ʚ ʧʨʝʜʠʟʚʠʢʘʪʝʣʥʠ ʩʨʝʜʠ, ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʜʝʣʠʢʘʪʥʠ ʟʘʜʘʯʠ ʠ 

ʩʲʙʠʨʘʥʝ ʥʘ ʢʨʠʪʠʯʥʠ ʜʘʥʥʠ. ʂʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ ʠʛʨʘʷʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ 

ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ, ʢʘʪʦ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʜʘ ʠʟʜʘʚʘʪ ʢʦʤʘʥʜʠ, ʜʘ ʧʦʣʫʯʘʚʘʪ ʦʙʨʘʪʥʘ 

ʚʨʲʟʢʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʠ ʜʘ ʠʤʘʪ ʜʦʩʪʲʧ ʜʦ ʞʠʟʥʝʥʦʚʘʞʥʘ ʠʥʬʦʨʤʘʮʠʷ.  

ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʧʦʜ ʪʝʨʤʠʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʩʝ ʨʘʟʙʠʨʘ ʥʘʯʠʥʘ ʥʘ 

ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʘ ʠ ʨʦʙʦʪʘ ʧʨʠ ʧʨʝʥʦʩʘ ʠ ʦʙʤʝʥʘ ʥʘ ʜʘʥʥʠ. 

ʂʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʨʦʙʦʪʠʪʝ ʜʘ ʩʧʦʜʝʣʷʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʚʦʠʪʝ 

ʟʘʜʘʯʠ, ʧʦʟʠʮʠʠ ʠ ʥʘʙʣʶʜʝʥʠʷ, ʟʘ ʜʘ ʨʘʙʦʪʷʪ ʝʬʝʢʪʠʚʥʦ ʟʘʝʜʥʦ. ʆʪʜʘʣʝʯʝʥʠʷʪ ʜʦʩʪʲʧ ʜʦ 

ʨʦʙʦʪʠ ʯʨʝʟ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ ʧʦʟʚʦʣʷʚʘ ʥʘʙʣʶʜʝʥʠʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʥʘ ʪʷʭʥʦʪʦ 

ʩʲʩʪʦʷʥʠʝ, ʠʟʚʲʨʰʚʘʥʠʪʝ ʜʝʡʩʪʚʠʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʠ ʜʠʘʛʥʦʩʪʠʢʘ, ʢʦʠʪʦ ʩʘ ʦʪ ʨʝʰʘʚʘʱʦ 

ʟʥʘʯʝʥʠʝ ʟʘ ʪʷʭʥʘʪʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʠ ʧʦʜʜʨʲʞʢʘ. 

ʈʦʙʦʪʠʪʝ ʧʦʣʫʯʘʚʘʪ ʢʦʤʘʥʜʠ ʦʪ ʦʧʝʨʘʪʦʨʘ ʧʨʝʟ ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʯʨʝʟ 

ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʚʨʲʟʢʠ ʠ ʧʨʝʜʘʚʘʪ ʜʘʥʥʠ ʦʪ ʩʝʥʟʦʨʥʠʪʝ ʩʠʩʪʝʤʠ ʦʙʨʘʪʥʦ ʢʲʤ 

ʧʦʪʨʝʙʠʪʝʣʩʢʠʷʪ ʠʥʪʲʨʬʝʡʩ ʥʘ ʦʧʝʨʘʪʦʨʘ, ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ. 

ʊʝʟʠ ʩʠʩʪʝʤʠ ʦʪʛʦʚʘʨʷʪ ʟʘ ʦʙʤʝʥʘ ʥʘ ʜʘʥʥʠ, ʢʦʥʪʨʦʣʘ ʠ ʢʦʦʨʜʠʥʘʮʠʷʪʘ, ʧʦʟʚʦʣʷʚʘʡʢʠ ʥʘ 

ʨʦʙʦʪʠʪʝ ʜʘ ʨʘʙʦʪʷʪ ʝʬʝʢʪʠʚʥʦ ʚ ʨʘʟʣʠʯʥʠ ʩʨʝʜʠ ʠ ʩʠʪʫʘʮʠʠ. ɻʣʘʚʥʦ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ 

ʚʨʲʟʢʠ ʩʝ ʜʝʣʷʪ ʥʘ ʢʘʙʝʣʥʠ ʠ ʙʝʟʞʠʯʥʠ.  

1.8.1 ɹʝʟʞʠʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ  

Å Wi-Fi (802.11)  

Wi-Fi ʝ ʙʝʟʞʠʯʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʷʪʦ ʨʘʙʦʪʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʙʝʟʞʠʯʥʠ ʣʦʢʘʣʥʠ 

ʤʨʝʞʠ (WLAN). ʇʦʨʘʜʠ ʰʠʨʦʢʦʪʦ ʠ ʠʥʪʝʛʨʠʨʘʥʝ ʚ ʟʘʢʨʠʪʠ ʩʨʝʜʠ ʠ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʨʘʙʦʪʘ 
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ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʩʝ ʝ ʧʦʣʦʞʠʣʘ ʦʩʥʦʚʘʪʘ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝʪʦ ʠ ʚ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ 

ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ. ʉʲʱʝʩʪʚʫʚʘʱʠʪʝ Wi-Fi ʤʨʝʞʠ ʠʟʛʨʘʜʝʥʠ ʚ ʜʘʜʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʨʦʙʦʪʠʪʝ ʙʝʟʧʨʦʙʣʝʤʥʦ ʜʘ ʩʝ ʩʚʲʨʟʚʘʪ ʢʲʤ ʪʷʭ, ʟʘ ʜʘ ʦʙʤʝʥʷʪ ʜʘʥʥʠ ʠ ʜʘ 

ʧʦʣʫʯʘʚʘʪ ʢʦʤʘʥʜʠ ʦʪ ʦʪʜʘʣʝʯʝʥʠ ʦʧʝʨʘʪʦʨʠ ʠʣʠ ʮʝʥʪʨʘʣʥʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. ʊʦʚʘ 

ʠʛʨʘʝ ʨʝʰʘʚʘʱʘ ʨʦʣʷ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʠ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ ʚ 

ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ. ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʚʘʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ, Wi-Fi 

ʦʩʠʛʫʨʷʚʘ ʙʝʟʞʠʯʥʘ ʚʨʲʟʢʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠ ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʜʘ 

ʢʦʤʫʥʠʢʠʨʘʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʨʦʙʦʪʘ ʧʨʝʟ ʣʦʢʘʣʥʘʪʘ ʤʨʝʞʘ. ʇʨʠ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʩ 

ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠ ʙʝʟ ʦʩʝʟʘʝʤʠ ʟʘʙʘʚʷʥʠʷ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. Wi-

Fi ʪʝʭʥʦʣʦʛʠʷʪʘ ʧʦʟʚʦʣʷʚʘ ʢʦʥʪʨʦʣ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʧʨʝʜʦʩʪʘʚʘʡʢʠ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʠʟʧʨʘʱʘʪ ʢʦʥʪʨʦʣʥʠ ʢʦʤʘʥʜʠ (ʥʘʧʨ. ʜʚʠʞʝʥʠʝ, ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʟʘʜʘʯʘ) ʢʲʤ 

ʨʦʙʦʪʘ ʩ ʤʠʥʠʤʘʣʥʦ ʟʘʙʘʚʷʥʝ, ʢʘʢʪʦ ʠ ʧʨʝʜʣʘʛʘ ʜʚʫʧʦʩʦʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ 

ʥʘ ʨʦʙʦʪʘ ʠ ʦʧʝʨʘʪʦʨʘ ʜʘ ʦʙʤʝʥʷʪ ʠʥʬʦʨʤʘʮʠʷ ʝʜʥʦʚʨʝʤʝʥʥʦ. ʊʘʢʘ ʦʧʝʨʘʪʦʨʠʪʝ ʧʦʣʫʯʘʚʘʪ 

ʥʘʚʨʝʤʝʥʥʘʪʘ ʩʠʪʫʘʮʠʦʥʥʘʪʘ ʦʩʚʝʜʦʤʝʥʦʩʪ ʠ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʩʪʲʧʚʘʱʘ ʦʪ ʨʦʙʦʪʘ, 

ʥʝʦʙʭʦʜʠʤʘʪʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ ʧʨʠ ʜʠʥʘʤʠʯʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ  

ʧʨʦʤʝʥʷʱʘʪʘ ʩʝ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ Wi-Fi ʧʦʟʚʦʣʷʚʘ ʧʨʝʜʘʚʘʥʝ ʥʘ 

ʜʘʥʥʠʪʝ ʦʪ ʩʝʥʟʦʨʠ ʠ ʦʧʝʨʘʪʠʚʥʠ ʨʝʛʠʩʪʨʘʮʠʦʥʥʠ ʬʘʡʣʦʚʝ ʢʲʤ ʦʙʣʘʯʥʦ ʙʘʟʠʨʘʥʠ 

ʧʣʘʪʬʦʨʤʠ. ʊʝʟʠ ʜʘʥʥʠ ʤʦʛʘʪ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘʪ, ʘʥʘʣʠʟʠʨʘʪ ʠ ʠʟʧʦʣʟʚʘʪ ʟʘ ʦʮʝʥʢʘ ʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ, ʦʪʢʨʠʚʘʥʝ ʥʘ ʘʥʦʤʘʣʠʠ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʤʦʙʠʣʥʠʷʪ ʨʦʙʦʪ. 

ɺʲʧʨʝʢʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ Wi-Fi, ʢʦʠʪʦ ʧʨʝʜʦʩʪʘʚʷ ʚ ʩʬʝʨʘʪʘ ʥʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʤʦʙʠʣʥʠ 

ʨʦʙʦʪʠ, ʪʷ ʩʲʱʦ ʪʘʢʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʧʨʝʜʝʣʝʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ 

ʩʲʦʙʨʘʟʝʥʠ ʧʨʠ ʥʝʡʥʘʪʘ ʠʤʧʣʝʤʝʥʪʘʮʠʷ. Wi-Fi ʩʠʛʥʘʣʠʪʝ ʠʤʘʪ ʦʛʨʘʥʠʯʝʥ ʦʙʭʚʘʪ ʠ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʧʦʚʣʠʷʥʠ ʦʪ ʬʠʟʠʯʝʩʢʠ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʩʤʫʱʝʥʠʷ ʦʪ ʜʨʫʛʠ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʪʝʱʠ ʥʘ 

ʩʲʱʠʪʝ ʯʝʩʪʦʪʥʠ ʣʝʥʪʠ. ʆʩʥʦʚʥʠʪʝ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʩʘ ʦʪʛʦʚʘʨʷʱʠ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʥʘ Wi-Fi ʤʨʝʞʠʪʝ ʩʘ: ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʩʢʦʨʦʩʪ (bandwidth), ʪʲʡ ʢʘʪʦ ʛʦʣʷʤʦ 

ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʠ ʚ ʩʝʢʫʥʜʘ ʤʦʛʘʪ ʜʘ ʚʟʝʤʘʪ ʟʥʘʯʠʪʝʣʥʦ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʪʘʟʠ ʩʢʦʨʦʩʪ 

(bandwidth), ʢʦʷʪʦ ʝ ʣʠʤʠʪʠʨʘʥʘ, ʢʦʝʪʦ ʜʘ ʧʦʚʣʠʷʝ ʥʝʛʘʪʠʚʥʦ ʥʘ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ 

ʪʝʣʝʤʝʪʨʠʷʪʘ ʦʪ ʨʘʟʣʠʯʥʠʪʝ ʩʝʥʟʦʨʠ. ɿʘ ʪʦʚʘ ʟʘʜʝʣʷʥʝʪʦ ʥʘ ʛʦʣʷʤ ʩʢʦʨʦʩʪʝʥ ʤʨʝʞʦʚʠ 

ʢʘʧʘʮʠʪʝʪ ʝ ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʟʘ ʙʲʨʟʦʪʦ ʧʨʝʜʘʚʘʥʝ ʥʘ ʜʘʥʥʠ. ɼʨʫʛ ʬʘʢʪʦʨ ʝ 

ʣʘʪʝʥʪʥʦʩʪʪʘ. ɺʲʧʨʝʢʠ, ʯʝ ʥʦʚʠʪʝ WI-FI ʩʪʘʥʜʘʨʪʠ ʧʨʝʜʣʘʛʘʪ ʥʠʩʢʘ ʣʘʪʝʥʪʥʦʩʪ 

ʧʨʝʪʦʚʘʨʚʘʥʠʷʪʘ ʚ ʤʨʝʞʘʪʘ ʠʣʠ ʩʤʫʰʝʥʠʷ ʦʪ ʜʨʫʛʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ 



пу 
 

ʟʘʙʘʚʷʥʠʷ. ʇʦʨʘʜʠ ʪʦʚʘ ʧʨʠ ʧʨʠʣʦʞʝʥʠʷʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʱʝ ʩʝ ʦʪʯʠʪʘ ʚʘʨʠʷʮʠʠ ʚ 

ʣʘʪʝʥʪʥʦʩʪʪʘ. ɿʘ ʢʨʠʪʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʟʝʤʘʪʘ ʤʝʨʢʠ ʟʘ ʨʝʟʝʨʚʠʨʘʥʝ ʠ 

ʤʝʭʘʥʠʟʤʠ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʦʪʢʘʟ. ʊʦʟʠ ʪʝʨʤʠʥ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʝʨʠ ʚ ʘʥʛʣʠʡʩʢʠʷʪ ʝʟʠʢ 

ʢʘʪʦ ʨʝʜʲʥʜʲʥʩʠ (redundancy). ʏʝʩʪʠ ʤʝʪʦʜʠ ʟʘ ʨʝʟʝʨʚʠʨʘʥʝ ʥʘ ʝʜʥʘ ʤʨʝʞʘ ʩʘ ʜʦʙʘʚʷʥʝʪʦ ʥʘ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʨʝʟʝʨʚʥʠ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ ʨʫʪʝʨ, ʩʫʠʯ (swtich) ʠ ʜʨ., ʢʦʡʪʦ ʜʘ ʠʛʨʘʷʪ ʨʦʣʷʪʘ ʥʘ 

ʨʝʟʝʨʚʘ, ʢʘʪʦ ʪʘʢʘ ʥʷʢʦʡ ʦʪ ʫʩʪʨʦʡʩʪʚʘʪʘ ʚ ʤʨʝʞʘʪʘ ʩʘ ʚʟʘʠʤʦʟʘʤʝʥʠʤʠ. ʊʨʷʙʚʘ ʜʘ ʩʝ 

ʧʦʜʯʝʨʪʘʝ ʩʲʱʦ ʪʘʢʘ, ʯʝ Wi-Fi ʤʨʝʞʠʪʝ ʧʦʜʜʲʨʞʘʪ ʨʘʟʣʠʯʥʠ ʧʨʦʪʦʢʦʣʠ ʟʘ ʩʠʛʫʨʥʦʩʪ, ʢʘʪʦ 

WPA3 (Wi-Fi ʟʘʱʠʪʝʥ ʜʦʩʪʲʧ 3) ʠ WPA2, ʟʘ ʟʘʱʠʪʘ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʥʝʦʪʦʨʠʟʠʨʘʥ ʜʦʩʪʲʧ ʠ 

ʧʦʜʩʣʫʰʚʘʥʝ. 

ɿʘʨʘʜʠ ʰʠʨʦʢʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʚ ʛʨʘʜʩʢʠʪʝ ʩʨʝʜʠ ʪʷ ʥʘʤʠʨʘ 

ʜʦʙʨʦ ʧʨʠʣʦʞʝʥʠʝ ʧʨʠ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʟʘ ʜʦʤʘʰʥʘ ʩʨʝʜʘ, ʠʥʜʫʩʪʨʠʘʣʥʘʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʠ ʤʥʦʛʦ ʜʨʫʛʠ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠ ʢʦʠʪʦ ʨʦʙʦʪʠʪʝ ʨʘʙʦʪʷʪ ʥʘ ʟʘʢʨʠʪʦ. ʆʩʚʝʥ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ 

ʤʝʞʜʫ ʨʦʙʦʪʘ ʠ ʦʧʝʨʘʪʦʨʘ ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʲʩʪʦʷʥʠʪʝʪʦ ʥʘ ʨʦʙʦʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʫ ʩ 

ʟʘʦʙʢʨʘʞʘʚʘʱʘʪʘ ʩʨʝʜʘ Wi-Fi ʤʨʝʞʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʩʠʩʪʝʤʠ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘʥʝ, 

ʣʦʢʘʣʠʟʠʨʘʥʝ ʠ ʥʘʚʠʛʠʨʘʥʝ ʧʨʠ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ. ʊʝ ʱʝ ʙʲʜʘʪ ʨʘʟʛʣʝʜʘʥʠ ʧʦ-ʧʦʜʨʦʙʥʦ ʚ 

ʪʦʯʢʘʪʘ ʨʘʟʛʣʝʞʜʘʱʘ ʣʦʢʘʣʠʟʘʮʠʷʪʘ ʠ ʥʘʚʠʛʘʮʠʷʪʘ ʥʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʚ ʨʘʟʣʠʯʥʠʪʝ 

ʨʝʞʠʤʠ ʥʘ ʫʧʨʘʚʣʝʥʠʝ. 

Å Bluetooth  

Bluetooth ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʥʘ ʢʲʩʠ ʨʘʟʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʦʙʦʪʠ ʠ 

ʧʝʨʠʬʝʨʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʪʦ ʩʝʥʟʦʨʠ ʠʣʠ ʩʤʘʨʪʬʦʥʠ. Bluetooth ʧʦʟʚʦʣʷʚʘ ʜʚʫʧʦʩʦʯʥʘ 

ʢʦʤʫʥʠʢʘʮʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʨʦʙʦʪʘ ʜʘ ʠʟʧʨʘʱʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʠ 

ʪʝʣʝʤʝʪʨʠʯʥʠ ʜʘʥʥʠ ʦʙʨʘʪʥʦ ʢʲʤ ʫʩʪʨʦʡʩʪʚʦʪʦ ʥʘ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʥʘʙʣʶʜʘʚʘʥʝ ʠʣʠ ʟʘʜʘʚʘʥʝ 

ʥʘ ʢʦʤʘʥʜʠ ʦʪ ʩʪʨʘʥʘ ʥʘ ʦʧʝʨʘʪʦʨʘ. ʊʘʟʠ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʤʦʞʝ ʜʘ ʚʢʣʶʯʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʨʦʙʦʪʘ, ʦʪʯʠʪʘʥʠʷ ʦʪ ʨʘʟʣʠʯʥʠʪʝ ʩʝʥʟʦʨʠ, ʥʠʚʦʪʦ ʥʘ ʙʘʪʝʨʠʷʪʘ ʠ ʜʨ. 

ʊʘʢʘ ʦʧʝʨʘʪʦʨʲʪ ʩʣʝʜʠ ʟʘ ʜʝʡʩʪʚʠʷ ʠ ʠʟʤʝʥʝʥʠʷʪʘ ʚ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʩʨʝʜʘ ʥʘ ʨʦʙʦʪʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʩ ʦʙʢʨʲʞʝʥʠʝʪʦ ʤʫ ʠ ʧʦʟʚʦʣʷʚʘ ʥʘ 

ʦʧʝʨʘʪʦʨʘ ʜʘ ʚʟʝʤʘ ʠʥʬʦʨʤʠʨʘʥʠ ʨʝʰʝʥʠʷ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʧʦʩʪʲʧʠʣʠʪʝ ʜʘʥʥʠ. 

Bluetooth ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʦʙʠʢʥʦʚʝʥʦ ʨʘʙʦʪʠ ʚ ʦʛʨʘʥʠʯʝʥ ʦʙʭʚʘʪ, ʢʦʠʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʢʣʘʩʘ ʥʘ Bluetooth (ʢʣʘʩ 1, ʢʣʘʩ 2 ʠʣʠ ʢʣʘʩ 3), ʢʘʪʦ ʫʩʪʨʦʡʩʪʚʘʪʘ ʦʪ ʢʣʘʩ 1 ʠʤʘʪ ʥʘʡ-ʜʲʣʲʛ 

ʦʙʭʚʘʪ ʜʦ 100 ʤʝʪʨʘ. ʊʦʚʘ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʦʙʭʚʘʪʘ ʧʦʨʘʞʜʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʧʝʨʘʪʦʨʲʪ ʜʘ 

ʙʲʜʝ ʚ ʦʧʨʝʜʝʣʝʥʘ ʙʣʠʟʦʩʪ ʜʦ ʨʦʙʦʪʘ ʩ ʮʝʣ ʧʦʜʜʨʲʞʢʘ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʠ ʢʦʥʪʨʦʣʘ. 
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Bluetooth ʪʝʭʥʦʣʦʛʠʷʪʘ ʝ ʠʟʚʝʩʪʥʘ ʩʲʩ ʩʚʦʷʪʘ ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ, ʦʩʦʙʝʥʦ ʧʨʠ 

ʚʥʝʜʨʷʚʘʥʝ ʥʘ Bluetooth Low Energy (BLE). ʊʘʟʠ ʥʠʩʢʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʝʥʝʨʛʠʷ ʝ ʦʪ 

ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ, ʪʲʡ ʢʘʪʦ ʧʦʤʘʛʘ ʜʘ ʩʝ ʟʘʧʘʟʠ ʞʠʚʦʪʘ ʥʘ ʙʘʪʝʨʠʷʪʘ 

ʥʘ ʨʦʙʦʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʠ ʩʝʩʠʠ ʟʘ ʪʝʣʝʦʧʝʨʘʮʠʷ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ 

Bluetooth ʪʝʭʥʦʣʦʛʠʷʪʘ ʝ ʰʠʨʦʢʦ ʧʦʜʜʲʨʞʘʥʘ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʦʩʠʛʫʨʷʚʘʱʘ 

ʩʲʚʤʝʩʪʠʤʦʩʪ ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʣʘʪʬʦʨʤʠ. ʆʧʝʨʘʪʦʨʠʪʝ ʥʘ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʩ ʠʥʪʝʛʨʠʨʘʥʘ Bluetooth ʪʝʭʥʦʣʦʛʠʷ ʤʦʛʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ 

ʩʚʦʠʪʝ ʩʤʘʨʪʬʦʥʠ ʠʣʠ ʪʘʙʣʝʪʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠʣʠ ʦʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ, 

ʟʘ ʜʘ ʢʦʥʪʨʦʣʠʨʘʪ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʨʦʙʦʪʠ. ʊʘʢʘ ʛʦʨʝʫʧʦʤʝʥʪʘʪʦʪʦ ʠʟʣʦʞʝʥʠʝ ʥʘ 

ʪʝʭʥʦʣʦʛʠʷʪʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʥʝʡʥʦʪʦ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʚ ʤʥʦʞʝʩʪʚʦ ʩʨʝʜʠ ʢʘʪʦ: 

- ʆʙʨʘʟʦʚʘʪʝʣʥʘ ʨʦʙʦʪʠʢʘ ʟʘ ʟʘʧʦʟʥʘʚʘʥʝ ʥʘ ʫʯʝʥʠʮʠ ʩ ʦʩʥʦʚʠʪʝ ʥʘ ʨʦʙʦʪʠʢʘʪʝ, 

ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ.  

- ʇʨʦʫʯʚʘʥʝ, ʠʟʩʣʝʜʚʘʥʝ ʠ ʥʘʙʣʶʜʝʥʠʝ ʚ ʪʨʫʜʥʦʜʦʩʪʲʧʥʠ ʠʣʠ ʦʧʘʩʥʠ ʩʨʝʜʠ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ 

ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʧʨʠ ʨʦʙʦʪʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʩ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʠʛʫʨʥʦʩʪʪʘ, 

ʧʨʝʜʦʩʪʘʚʷʡʢʠ ʚʠʜʝʦ ʝʤʠʩʠʠ ʥʘ ʞʠʚʦ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ. 

- ʇʨʠ ʨʦʙʦʪʠʪʝ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʠʣʠ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʜʦʤʘʰʥʘʪʘ ʩʨʝʜʘ, ʢʘʪʦ ʪʦʚʘ ʧʦʟʚʦʣʷʚʘ ʥʘ 

ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʜʘ ʤʦʛʘʪ ʜʘ ʢʦʥʪʨʦʣʠʨʘʪ ʪʝʟʠ ʨʦʙʦʪʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʚʦʠʪʝ ʩʤʘʨʪʬʦʥʠ ʠʣʠ 

ʪʘʙʣʝʪʠ.  

- ʅʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʠ ʨʘʟʚʦʡʥʘ ʜʝʡʥʦʩʪ: ʀʟʩʣʝʜʦʚʘʪʝʣʠʪʝ ʠ ʨʘʟʨʘʙʦʪʯʠʮʠʪʝ ʤʦʛʘʪ ʜʘ 

ʠʟʧʦʣʟʚʘʪ ʨʦʙʦʪʠ, ʢʦʥʪʨʦʣʠʨʘʥʠ ʦʪ Bluetooth, ʢʘʪʦ ʧʣʘʪʬʦʨʤʠ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʥʦʚʠ 

ʘʣʛʦʨʠʪʤʠ, ʩʝʥʟʦʨʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ.  

ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ Bluetooth ʪʝʭʥʦʣʦʛʠʷʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʘʢʪʠʚʥʦ ʢʘʪʦ ʤʝʪʦʜ ʟʘ 

ʣʦʢʘʣʠʟʘʮʠʷ ʠ ʥʘʚʠʛʘʮʠʷ ʧʨʠ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʚ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ. [8]  

1.8.2 ʉʘʪʝʣʠʪʥʘ ʢʦʤʫʥʠʢʘʮʠʷ 

ʉʲʩ ʩʘʪʝʣʠʪʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʷ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠʷʪ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʫʧʨʘʚʣʷʚʘʥ ʠ ʩʣʝʜʝʥ ʜʦʨʠ ʥʘ ʦʪʜʘʣʝʯʝʥʠ ʤʝʩʪʘ, ʢʲʜʝʪʦ ʥʷʤʘ ʥʘʣʠʯʠʝ ʥʘ ʩʪʘʥʜʘʨʪʥʠ ʤʦʙʠʣʥʠ 

ʠʣʠ Wi-Fi ʤʨʝʞʠ. ʉʘʪʝʣʠʪʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ ʧʨʝʜʦʩʪʘʚʷʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʛʣʦʙʘʣʥʘ 

ʩʚʲʨʟʘʥʦʩʪ ʟʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʧʦʟʚʦʣʷʚʘʪ ʦʧʝʨʘʮʠʠ 

ʚ ʦʪʜʘʣʝʯʝʥʠ ʠ ʚʨʘʞʜʝʙʥʠ ʩʨʝʜʠ. ʇʦʩʨʝʜʩʪʚʦʤ ʛʣʦʙʘʣʥʦ ʧʦʢʨʠʪʠʝ, ʢʦʝʪʦ ʦʩʠʛʫʨʷʚʘʪ ʥʘ ʪʝʣʝ-

ʫʧʨʘʚʣʷʝʤʠʪʝ ʨʦʙʦʪʠ ʩʝ ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʨʘʙʦʪʷʪ ʚ ʤʦʨʩʢʠ ʠʣʠ ʧʦ ʜʨʫʛ ʥʘʯʠʥ 

ʥʝʜʦʩʪʲʧʥʠ ʨʘʡʦʥʠ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʨʦʙʦʪʠʪʝ ʤʦʛʘʪ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʟʘʜʘʯʠ ʚ ʨʘʡʦʥʠ, ʟʘʩʝʛʥʘʪʠ 
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ʦʪ ʙʝʜʩʪʚʠʷ, ʩ ʥʝʧʨʝʢʲʩʥʘʪʘ ʚʨʲʟʢʘ. ʉʘʪʝʣʠʪʥʠʪʝ ʚʨʲʟʢʠ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʜʘ ʫʧʨʘʚʣʷʚʘʪ ʨʦʙʦʪʠʪʝ ʦʪ 

ʚʩʷʢʘ ʪʦʯʢʘ ʥʘ ʧʣʘʥʝʪʘʪʘ. ʆʧʝʨʘʪʦʨʠʪʝ ʧʦʣʫʯʘʚʘʪ ʘʢʪʫʘʣʠʟʘʮʠʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ 

ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʦʪ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠ ʦʪ ʩʝʥʟʦʨʠʪʝ ʥʘ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʨʦʙʦʪʠ. 

ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʨʦʙʦʪʠʪʝ, ʦʙʦʨʫʜʚʘʥʠ ʩ ʢʘʤʝʨʠ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ 

ʤʦʛʘʪ ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʚʠʜʝʦ ʧʨʝʜʘʚʘʥʝ ʥʘ ʞʠʚʦ, ʢʦʝʪʦ ʜʘ ʜʘʜʝ ʥʘ ʦʧʝʨʘʪʦʨʘ 

ʥʝʦʙʭʦʜʠʤʘʪʘ ʦʩʚʝʜʦʤʝʥʦʩʪ ʟʘ ʩʠʪʫʘʮʠʷʪʘ, ʚ ʢʦʷʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʨʦʙʦʪʘ ʢʲʤ ʜʘʜʝʥʠʷʪ 

ʤʦʤʝʥʪ. 

ʇʨʠ ʤʦʙʠʣʥʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ ʩʘʪʝʣʠʪʥʠʪʝ GPS ʩʠʩʪʝʤʠ ʧʨʝʜʦʩʪʘʚʷʪ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʪʦʯʥʦ  ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʠ ʥʘʚʠʛʘʮʠʷ. ɼʘʥʥʠʪʝ ʦʪ GPS ʦʩʠʛʫʨʷʚʘʪ ʪʦʯʥʦ 

ʜʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʤʫ, ʜʦʨʠ ʚ ʦʪʜʘʣʝʯʝʥʠ ʨʘʡʦʥʠ. 

ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʨʝʤʝʪʦ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʠʪʝ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ 

ʫʩʣʦʚʠʷ, ʤʦʛʘʪ ʜʘ ʦʪʩʣʘʙʷʪ ʩʘʪʝʣʠʪʥʠʪʝ ʩʠʛʥʘʣʠ ʠ ʜʘ ʧʦʚʣʠʷʷʪ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʢʦʤʫʥʠʢʘʮʠʷʪʘ.  

ɺ [71] ʧʨʝʜʩʪʘʚʷʪ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤ ʤʦʙʠʣʝʥ ʨʦʙʦʪ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ 

ʦʧʝʨʘʮʠʠ ʟʘ ʪʲʨʩʝʥʝ ʠ ʩʧʘʩʷʚʘʥʝ. ɺ ʨʦʙʦʪʘ ʩʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʨʘʟʣʠʯʥʠ ʩʝʥʟʦʨʠ, GPS, RFID 

ʠ ʜʨ. ʈʦʙʦʪʲʪ ʤʦʞʝ ʜʘ ʥʘʙʣʶʜʘʚʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʜʘ ʦʩʠʛʫʨʷʚʘ ʟʘʩʥʝʤʘʥʝ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʜʘ ʦʪʢʨʠʚʘ ʩʲʙʠʪʠʷ, ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ ʠʥʪʝʨʝʩ, ʠ ʜʘ ʧʨʝʭʚʲʨʣʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʧʦʟʠʮʠʷ, ʩʲʩʪʦʷʥʠʝ ʠ ʩʲʙʠʪʠʝ. ɺ ʩʪʘʪʠʷʪʘ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʧʨʠʥʮʠʧʲʪ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʩʠʩʪʝʤʘʪʘ, ʤʝʪʦʜʠʪʝ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʠ ʘʣʛʦʨʠʪʲʤʲʪ ʟʘ ʪʲʨʩʝʥʝ ʠ ʟʘʜʚʠʞʚʘʱʠʷʪ ʤʝʭʘʥʠʟʲʤ. 

ɺ ʩʪʘʪʠʷʪʘ ʩʝ ʦʙʩʲʞʜʘ, ʯʝ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʟʘ ʨʦʙʦʪʠʪʝ ʟʘ ʪʲʨʩʝʥʝ ʠ ʩʧʘʩʷʚʘʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʦʩʠʛʫʨʝʥʘ ʯʨʝʟ ʩʘʪʝʣʠʪʥʠ, ʢʣʝʪʲʯʥʠ ʠʣʠ ʢʦʤʙʠʥʘʮʠʷ ʩ ʜʨʫʛʠ ʤʝʪʦʜʠ ʢʘʪʦ ʥʘʧʨʠʤʝʨ 

ʢʣʝʪʲʯʥʠ. ɸʚʪʦʨʠʪʝ ʩʲʱʦ ʪʘʢʘ ʩʧʦʤʝʥʘʚʘʚ, ʯʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ GPS ʠʤʘ ʟʘʪʨʫʜʥʝʥʠʷ 

ʧʨʠ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʥʘʜʝʞʜʥʠ ʧʦʟʠʮʠʠ ʧʨʠ ʣʦʰʠ ʫʩʣʦʚʠʷ ʥʘ ʩʠʛʥʘʣʘ, ʘ GPRS ʧʨʝʟ GSM 

ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʠʟʣʠʰʲʢ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʟʘ ʨʦʙʦʪʠ ʟʘ ʪʲʨʩʝʥʝ ʠ 

ʩʧʘʩʷʚʘʥʝ.  

ɺ [61] ʘʚʪʦʨʠʪʝ ʥʘ ʥʘʫʯʥʠʷ ʜʦʢʣʘʜ ʦʧʠʩʚʘʪ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ 

ʩʠʩʪʝʤʘ ʠ ʤʝʪʦʜ ʟʘ ʥʘʚʠʛʘʮʠʷ ʥʘ ʦʪʢʨʠʪʦ, ʙʘʟʠʨʘʥ ʥʘ ʛʣʦʙʘʣʥʘʪʘ ʥʘʚʠʛʘʮʠʦʥʥʘ ʩʧʲʪʥʠʢʦʚʘ 

ʩʠʩʪʝʤʘ (GNSS) ʢʘʢʪʦ ʠ ʥʝʡʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʫʯʘʩʪʠʝʪʦ ʚ ʩʲʩʪʝʟʘʥʠʝʪʦ ʟʘ ʥʘʚʠʛʘʮʠʦʥʥʦ 

ʥʘ ʘʚʪʦʥʦʤʥʦ ʤʦʙʠʣʥʦ ʨʦʙʦʪʠ, ʥʘʨʝʯʝʥʦ Tsukuba Challenge, ʧʨʦʚʝʜʝʥʦ ʚ ʎʫʢʫʙʘ, ʗʧʦʥʠʷ, 



рм 
 

ʧʨʝʟ 2011 ʠ 2012 ʛ. ʊʝ ʧʨʝʜʣʘʛʘʪ ʤʝʪʦʜ, ʢʦʡʪʦ ʚʢʣʶʯʚʘ GNSS ʧʦʟʠʮʠʦʥʠʨʘʥʝ, IR ʢʘʤʝʨʘ ʠ 

ʤʝʪʦʜ ʟʘ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ GNSS ʠ DR ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʘʟʰʠʨʝʥ ʂʘʣʤʘʥ ʬʠʣʪʲʨ. ʇʨʝʜʣʦʞʝʥʠʷʪ 

ʤʝʪʦʜ ʩʝ ʦʮʝʥʷʚʘ ʚ ʜʝʡʩʪʚʠʪʝʣʥʠ ʠʟʧʠʪʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠ ʚ ʩʨʝʜʘʪʘ ʥʘ Tsukuba Challenge, ʘ 

ʘʚʪʦʨʠʪʝ ʟʘʢʣʶʯʘʚʘʪ, ʯʝ ʪʦʡ ʝ ʦʩʲʱʝʩʪʚʠʤ ʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʥʝʧʨʝʢʲʩʥʘʪʦ ʦʮʝʥʷʚʘʥʝ ʥʘ 

ʧʦʟʠʮʠʠʪʝ ʥʘ ʨʦʙʦʪʠʪʝ ʥʘʜʝʞʜʥʦ ʚ ʫʩʣʦʚʠʷ ʥʘ ʚʲʥʰʥʘ ʩʨʝʜʘ. ʉʪʘʪʠʷʪʘ ʩʲʱʦ ʪʘʢʘ ʦʙʩʲʞʜʘ 

ʩʚʲʨʟʘʥʘʪʘ ʨʘʙʦʪʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʥʘʚʠʛʘʮʠʦʥʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʚʲʚ ʚʲʥʰʥʘ 

ʩʨʝʜʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʩʲʚʧʘʜʝʥʠʝ ʩ 2D / 3D ʢʘʨʪʘ ʠ ʣʘʟʝʨʥʠ ʩʢʝʥʝʨʠ, ʠ ʠʜʝʥʪʠʬʠʮʠʨʘ 

ʦʩʪʘʚʘʱʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ GNSS-ʙʘʟʠʨʘʥʠ ʤʝʪʦʜʠ ʟʘ ʘʚʪʦʥʦʤʥʘ 

ʥʘʚʠʛʘʮʠʷ ʦʪ ʨʦʙʦʪʠ. ɺ ʜʦʢʫʤʝʥʪʘ ʩʝ ʦʙʩʲʞʜʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʛʣʦʙʘʣʥʠ ʥʘʚʠʛʘʮʠʦʥʥʠ 

ʩʧʲʪʥʠʢʦʚʠ ʩʠʩʪʝʤʠ (GNSS), ʢʘʢʪʦ ʠ GPS ʟʘ ʦʮʝʥʢʘ ʥʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʚʲʚ 

ʚʲʥʰʥʘ ʩʨʝʜʘ. 

1.8.3 ʂʣʝʪʲʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ 

  ʂʣʝʪʲʯʥʠʪʝ ʤʨʝʞʠ, ʠ ʥʘʡ-ʚʝʯʝ 4G ʠ 5G ʪʝʭʥʦʣʦʛʠʠʪʝ, ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʰʠʨʦʢ 

ʩʧʝʢʪʲʨ ʦʪ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ. ʂʣʝʪʲʯʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ ʩʘ 

ʠʟʛʨʘʜʝʥʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʤʨʝʞʘ ʦʪ ʚʟʘʠʤʦʩʚʲʨʟʘʥʠ ʙʘʟʦʚʠ ʩʪʘʥʮʠʠ, ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ ʧʦʢʨʠʪʠʝ 

ʥʘʜ ʜʘʜʝʥʠ ʛʝʦʛʨʘʬʩʢʠ ʨʘʡʦʥʠ, ʥʘʨʝʯʝʥʠ ʢʣʝʪʢʠ. ʈʦʙʦʪʠʪʝ ʤʦʛʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʢʣʝʪʲʯʥʠ 

ʤʨʝʞʠ, ʟʘ ʜʘ ʢʦʤʫʥʠʢʠʨʘʪ ʥʘ ʧʦ-ʛʦʣʝʤʠ ʨʘʟʩʪʦʷʥʠʷ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʧʦʜʭʦʜʷʱʠ ʟʘ 

ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʙʣʶʜʝʥʠʝ ʠ ʢʦʥʪʨʦʣ. ʊʝʭʥʦʣʦʛʠʷʪʘ ʧʦʜʜʲʨʞʘ ʜʚʫʧʦʩʦʯʥʘ 

ʢʦʤʫʥʠʢʘʮʠʷ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʨʦʙʦʪʘ ʠ ʦʧʝʨʘʪʦʨʘ ʜʘ ʦʙʤʝʥʷʪ ʩʲʦʙʱʝʥʠʷ ʠ ʜʘʥʥʠ 

ʝʜʥʦʚʨʝʤʝʥʥʦ. ʈʦʙʦʪʠ, ʦʙʦʨʫʜʚʘʥʠ ʩ ʢʘʤʝʨʠ ʠ ʩʝʥʟʦʨʠ, ʤʦʛʘʪ ʜʘ ʧʨʝʜʘʚʘʪ ʚʠʜʝʦ  ʥʘ ʞʠʚʦ ʥʘ 

ʦʧʝʨʘʪʦʨʠʪʝ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʥʘ ʦʧʝʨʘʪʦʨʘ ʜʘ ʦʩʲʱʝʩʪʚʷʚʘ ʥʝʧʨʝʢʲʩʥʘʪʦ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʥʘʙʣʶʜʝʥʠʝ ʠ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʷ ʤʦʙʠʣʝʥ ʨʦʙʦʪ. ʉʢʦʨʦʩʪʪʘ ʥʘ ʧʨʝʜʘʚʘʥʝ ʥʘ 

ʜʘʥʥʠ ʚʘʨʠʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʨʝʞʘʪʘ (3G, 4G, 5G). ʉʲʱʦ ʪʘʢʘ ʢʣʝʪʲʯʥʠʪʝ ʤʨʝʞʠ 

ʧʨʝʜʦʩʪʘʚʷʪ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʜʘ ʠʤʘʪ ʜʦʩʪʲʧ ʜʦ ʠʥʪʝʨʥʝʪ ʠ ʦʥʣʘʡʥ ʫʩʣʫʛʠ. 

ʂʣʝʪʲʯʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʷ ʧʦʟʚʦʣʷʚʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʦʙʤʝʥ ʥʘ ʜʘʥʥʠ, ʢʦʥʪʨʦʣ, ʥʘʙʣʶʜʝʥʠʝ 

ʠ ʧʨʝʮʠʟʥʦ ʫʧʨʘʚʣʝʥʠʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʊʝʟʠ ʚʲʟʤʦʞʥʦʩʪʠ ʩʘ ʜʘʣʠ ʦʩʥʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʷʪʘ 

ʜʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʚ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ.  

ɽʜʠʥ ʦʪ ʥʘʡ-ʟʘʙʝʣʝʞʠʪʝʣʥʠʪʝ ʧʨʠʥʦʩʠ ʥʘ ʢʣʝʪʲʯʥʠʪʝ ʤʨʝʞʠ, ʦʩʦʙʝʥʦ ʥʘ 5G, ʝ 

ʜʨʘʩʪʠʯʥʦʪʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʣʘʪʝʥʪʥʦʩʪʪʘ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʫʧʨʘʚʣʝʥʠʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʙʝʟ 

ʥʘ ʧʨʘʢʪʠʢʘ ʜʘ ʠʤʘ ʟʘʙʘʚʷʥʝ. ʊʦʚʘ ʝ ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠ ʢʦʠʪʦ 

ʧʨʝʮʠʟʥʦʩʪʪʘ ʝ ʦʪ ʧʲʨʚʦʩʪʝʧʝʥʥʦ ʟʥʘʯʝʥʠʝ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ  ʨʝʘʢʮʠʷ ʧʨʠ ʙʝʜʩʪʚʠʷ. 
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ɿʥʘʯʠʪʝʣʥʦʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʯʝʩʪʦʪʥʘʪʘ ʣʝʥʪʘ, ʧʨʝʜʣʘʛʘʥʦ ʦʪ 4G ʠ 5G ʤʨʝʞʠʪʝ, ʧʦʜʦʙʨʷʚʘ 

ʦʩʝʟʘʝʤʦ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʠʪʝ. ʈʦʙʦʪʠʪʝ, ʦʙʦʨʫʜʚʘʥʠ ʩ ʢʘʤʝʨʠ ʩ ʚʠʩʦʢʘ ʨʘʟʜʝʣʠʪʝʣʥʘ 

ʩʧʦʩʦʙʥʦʩʪ, LIDAR ʠ ʜʨʫʛʠ ʩʝʥʟʦʨʠ, ʤʦʛʘʪ ʜʘ ʧʨʝʜʘʚʘʪ ʦʛʨʦʤʥʠ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ. ʊʘʢʘ ʦʧʝʨʘʪʦʨʠʪʝ ʧʦʣʫʯʘʚʘʪ ʧʦʜʨʦʙʥʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ ʦʪ 

ʩʝʥʟʦʨʠʪʝ ʥʘ ʨʦʙʦʪʘ, ʢʦʝʪʦ ʧʦʜʦʙʨʷʚʘ ʩʠʪʫʘʮʠʦʥʥʘʪʘ ʦʩʚʝʜʦʤʝʥʦʩʪ ʠ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 4G ʤʨʝʞʠʪʝ ʩ ʥʠʩʢʘ ʣʘʪʝʥʪʥʦʩʪ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʜʘ 

ʫʧʨʘʚʣʷʚʘʪ ʨʦʙʦʪʠ ʩ ʤʠʥʠʤʘʣʥʦ ʟʘʙʘʚʷʥʝ. ʊʝʣʝ-ʫʧʨʘʚʣʷʝʤʠʪʝ ʨʦʙʦʪʠ ʯʝʩʪʦ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʚ 

ʜʠʥʘʤʠʯʥʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʘ ʩʨʝʜʘ, ʘ 4G ʤʨʝʞʠʪʝ ʦʩʠʛʫʨʷʚʘʪ ʥʝʦʙʭʦʜʠʤʘʪʘ ʤʦʙʠʣʥʦʩʪ ʠ 

ʧʦʢʨʠʪʠʝ. ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ 5G, ʧʝʪʦʪʦ ʧʦʢʦʣʝʥʠʝ ʤʦʙʠʣʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʦʪ 

ʩʚʦʷ ʩʪʨʘʥʘ ʧʦʩʪʘʚʷ ʥʘʯʘʣʦʪʦ ʥʘ ʝʨʘ ʥʘ ʙʝʟʧʨʝʮʝʜʝʥʪʥʘ ʩʚʲʨʟʘʥʦʩʪ, ʩʢʦʨʦʩʪ ʠ ʥʘʜʝʞʜʥʦʩʪ. 

ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʤʦʙʠʣʥʠʪʝ ʤʨʝʞʠ ʠ ʥʘʡ-ʚʝʯʝ ʥʘ 4G ʠ 5G ʩʝ ʧʦʷʚʷʚʘʪ 

ʥʦʚʠ ʚʲʟʤʦʞʥʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ. ʇʨʠʤʝʨ ʟʘ ʪʦʚʘ ʝ ʨʝʘʣʠʟʠʨʘʥʘʪʘ ʚ [18] 

ʨʘʟʨʘʙʦʪʢʘʪʘ ʥʘ ʤʦʙʠʣʝʥ ʨʦʙʦʪ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʘ ʧʦʤʘʛʘ ʥʘ ʭʦʨʘ ʩʲʩ ʟʨʠʪʝʣʥʠ ʫʚʨʝʞʜʘʥʠʷ ʚ 

ʥʘʚʠʛʘʮʠʷʪʘ ʠʤ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʈʦʙʦʪʲʪ ʠʟʧʦʣʟʚʘ ʩʦʥʘʨ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ ʠ 

ʢʘʤʝʨʘ ʥʘ ʩʤʘʨʪʬʦʥ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʠ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷʪʘ. ʈʝʘʣʠʟʠʨʘʥʘʪʘ 

ʩʠʩʪʝʤʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʨʠʜʨʫʞʘʚʘʥʝ ʥʘ ʣʠʮʘʪʘ ʩ ʫʚʨʝʜʝʥʦ 

ʟʨʝʥʠʝ, ʧʦ ʚʨʝʤʝ ʥʘ ʪʷʭʥʘʪʘ ʥʘʚʠʛʘʮʠʷ ʠ ʧʨʠʜʚʠʞʚʘʥʝ, ʠ ʠʤ ʧʨʝʜʦʩʪʘʚʷ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʧʦʤʦʱ ʯʨʝʟ ʛʣʘʩʦʚʠ ʦʙʘʞʜʘʥʠʷ ʚ ʩʣʫʯʘʡ ʥʘ ʦʪʢʨʠʪʠ ʥʘ ʫʣʠʮʘʪʘ ʧʨʦʙʣʝʤʠ, ʚʲʟʧʨʝʧʷʪʩʚʘʱʠ 

ʧʨʠʜʚʠʞʚʘʥʝʪo. 

ɸʚʪʦʨʠʪʝ ʥʘ ʥʘʫʯʥʠʷ ʜʦʢʣʘʜ [7] ʘʥʘʣʠʟʠʨʘʪ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ 

4G ʤʦʙʠʣʥʠʪʝ ʚʨʲʟʢʠ ʟʘ ʜʘʥʥʠ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʪʝʣʝʤʝʪʨʠʯʥʠ ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʢʲʤ 

ʤʦʙʠʣʥʠ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʨʦʙʦʪʠ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʠʟʩʣʝʜʚʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ 

ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʨʦʙʦʪʠ ʠ ʦʯʝʨʪʘʚʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʘʥʘʣʠʟʘ. ɼʦʢʫʤʝʥʪʲʪ ʧʨʝʜʦʩʪʘʚʷ ʧʦʜʨʦʙʥʦʩʪʠ ʟʘ ʭʘʨʜʫʝʨʥʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ, 

ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʪʝʩʪʦʚʝʪʝ, ʠ ʨʘʟʣʠʯʥʠʪʝ ʙʝʟʞʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʨʘʚʥʝʥʠ ʚ ʪʘʙʣʠʮʘ 1 ʦʪ 

ʥʘʫʯʥʠʷʪ ʜʦʢʣʘʜ. ʉʪʘʪʠʷʪʘ ʨʘʟʛʣʝʞʜʘ ʧʨʝʜʠʤʩʪʚʘʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʦʙʠʣʝʥ ʠʥʪʝʨʥʝʪ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʠ ʠ ʩʨʘʚʥʷʚʘ ʨʘʟʣʠʯʥʠ ʙʝʟʞʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ. ʉʣʝʜ ʧʨʦʚʝʜʝʥʠʪʝ ʦʪ 

ʥʘʫʯʥʠʷ ʢʦʣʝʢʪʠʚ ʥʘ ʜʦʢʣʘʜʘ ʪʝʩʪʦʚʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ 4G ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʧʨʝʜʘʚʘ ʜʘʥʥʠ ʚ 

ʨʝʘʣʥʦ ʚʨʝʤʝ ʩ ʚʠʩʦʢʠ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʯʝʩʪʦʪʥʘ ʣʝʥʪʘ. ʉʪʘʪʠʷʪʘ ʩʲʱʦ ʪʘʢʘ ʧʨʝʜʦʩʪʘʚʷ 

ʧʨʝʧʦʨʲʢʠ ʟʘ ʧʦ-ʩʠʛʫʨʥʦ ʠ ʪʦʯʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʮʝʩʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʘʟʣʠʯʥʠ VPN ʠʣʠ 

ʜʨʫʛʠ ʩʠʛʫʨʥʠ ʚʨʲʟʢʠ.  
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1.8.4 ʂʘʙʝʣʥʘ ʢʦʤʫʥʠʢʘʮʠʷ  

ɺ ʥʷʢʦʠ ʩʣʫʯʘʠ ʧʨʠ ʩʝʨʚʠʟʥʠʪʝ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʙʝʣʥʘ ʚʨʲʟʢʘ ʟʘ ʚʠʩʦʢʦʩʢʦʨʦʩʪʥʘ ʠ ʥʘʜʝʞʜʥʘ ʢʦʤʫʥʠʢʘʮʠʷ, 

ʢʦʛʘʪʦ ʜʨʫʛʠ ʨʝʰʝʥʠʷ ʥʝ ʩʘ ʧʨʠʣʦʞʠʤʠ ʟʘ ʜʘʜʝʥʘʪʘ ʩʠʪʫʘʮʠʷ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʷʩʥʦ 

ʠʟʨʘʟʝʥʦ ʧʨʠ ʩʠʪʫʘʮʠʠ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʝʢʩʪʨʝʤʥʠ ʠ ʘʚʘʨʠʠʥʠ ʩʶʞʝʪʠ. ʂʘʢʪʦ ʧʦʩʦʯʚʘʪ 

ʘʚʪʦʨʠʪʝ ʚ [36] ʧʨʠ ʙʝʜʩʪʚʠʷʪʘ ʚ ʶʞʥʘʪʘ ʯʘʩʪ ʥʘ ʗʧʦʥʠʷ , ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʟʝʤʝʪʨʝʩʝʥʠʷ ʠ 

ʪʩʫʥʘʤʠ ʧʨʝʟ 2011 ʛʦʜʠʥʘ ʩʲʱʦ ʩʝ ʧʦʚʨʝʞʜʘ ʠ ɸɽʎ "ʌʫʢʫʰʠʤʘ ɼʘʠʠʯʠ", ʢʦʝʪʦ ʚʦʜʠ ʜʦ 

ʘʚʘʨʠʠ ʠ ʠʟʧʫʩʢʘʥʝ ʥʘ ʨʘʜʠʦʘʢʪʠʚʥʠ ʤʘʪʝʨʠʘʣʠ. ʇʨʠ ʠʟʚʲʥʨʝʜʥʘʪʘ ʩʠʪʫʘʮʠʷ ʩʝ ʥʘʣʘʛʘ ʜʘ 

ʙʲʜʘʪ ʠʟʤʝʨʝʥʠ ʥʠʚʘʪʘ ʥʘ ʨʘʜʠʘʮʠʷ ʩʣʝʜ ʥʘʥʝʩʝʥʠʪʝ ʧʦ ɸɽʎ-ʘ ʱʝʪʠ. ɿʘʨʘʜʠ ʥʠʚʘʪʘ ʥʘ 

ʨʘʜʠʘʮʠʷ ʟʦʥʘʪʘ ʝ ʪʚʲʨʜʝ ʦʧʘʩʥʘ, ʢʦʝʪʦ ʧʦʨʘʞʜʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʟʧʦʣʟʚʘ ʤʦʙʠʣʥʘ 

ʨʦʙʦʪʠʟʠʨʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʪʘʢʠʚʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʤʠʩʠʠ, ʚʤʝʩʪʦ ʭʦʨʘ. ̡ ʚʤʝʩʪʥʘ 

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʛʨʫʧʘ ʥʘ ʘʚʪʦʨʠʪʝ ʥʘ ʜʦʢʣʘʜʘ ʩ ʧʦʜʢʨʝʧʘʪʘ ʥʘ ʆʨʛʘʥʠʟʘʮʠʷ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʥʦʚʠ ʝʥʝʨʛʠʡʥʠ ʠ ʠʥʜʫʩʪʨʠʘʣʥʠ ʪʝʭʥʦʣʦʛʠʠ -NEDO, ʠʟʩʣʝʜʚʘ ʠ ʨʘʟʨʘʙʦʪʚʘ ʚʝʨʠʞʥʠ 

ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʩʧʘʩʠʪʝʣʥʠʪʝ ʝʢʠʧʠ ʚ ʤʠʩʠʠ ʟʘ ʪʲʨʩʝʥʝ ʠ ʩʧʘʩʷʚʘʥʝ ʚ 

ʦʧʘʩʥʠ ʩʨʝʜʠ.  " ɺ ʧʨʦʝʢʪʘ ʥʘ NEDO ʨʘʟʨʘʙʦʪʠʭʤʝ ʭʠʙʨʠʜʥʘ ʤʨʝʞʘ, ʢʦʷʪʦ ʚʢʣʶʯʚʘʰʝ 

ʢʘʙʝʣʥʘ ʤʨʝʞʘ ʠ ʙʝʟʞʠʯʥʘ ʤʨʝʞʘ ʟʘ ʪʝʣʝ-ʨʘʙʦʪʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʨʦʙʦʪʠ ʥʘ ʰʠʨʦʢʘ ʧʣʦʱ . ɺ 

ʪʘʟʠ ʤʠʩʠʷ ʮʝʣʝʚʘʪʘ ʟʦʥʘ ʥʝ ʙʝʰʝ ʤʥʦʛʦ ʛʦʣʷʤʘ. ʉʛʨʘʜʠʪʝ ʥʘ ʨʝʘʢʪʦʨʘ ʦʙʘʯʝ ʩʲʜʲʨʞʘʪ ʤʥʦʛʦ 

ʜʝʙʝʣʠ ʙʝʪʦʥʥʠ ʩʪʝʥʠ, ʢʦʠʪʦ ʙʣʦʢʠʨʘʪ ʛʘʤʘ ʣʲʯʠʪʝ, ʢʦʝʪʦ ʧʨʘʚʠ ʤʥʦʛʦ ʚʝʨʦʷʪʥʦ ʪʝ ʜʘ 

ʙʣʦʢʠʨʘʪ ʨʘʜʠʦʢʦʤʫʥʠʢʘʮʠʷʪʘ. ɽʪʦ ʟʘʱʦ ʙʝʰʝ ʥʝʦʙʭʦʜʠʤʘ ʢʘʙʝʣʥʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʟʘ ʜʘ ʩʝ 

ʧʦʜʜʲʨʞʘ ʥʘʜʝʞʜʥʦʩʪʪʘ ʚ ʪʘʟʠ ʤʠʩʠʷñ.  ʉʲʱʦ ʪʘʢʘ ʘʚʪʦʨʠʪʝ ʚ [37] ʘʢʮʝʥʪʠʨʘʪ ʚʲʨʭʫ ʪʦʚʘ, ʯʝ 

Ăʂʘʙʝʣʥʠʪʝ ʠ ʙʝʟʞʠʯʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʨʘʙʦʪʘ ʩ ʤʦʙʠʣʥʠ 

ʨʦʙʦʪʠ ʚ ʟʘʪʚʦʨʝʥʠ, ʟʘʩʝʛʥʘʪʠ ʦʪ ʙʝʜʩʪʚʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʌʠʟʠʯʝʩʢʦʪʦ ʧʨʝʢʲʩʚʘʥʝ ʥʘ 

ʚʨʲʟʢʘʪʘ ʠ ʟʘʧʣʠʪʘʥʝʪʦ ʥʘ ʢʘʙʝʣʠʪʝ ʠ ʜʝʩʪʘʙʠʣʠʟʠʨʘʥʝʪʦ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ 

ʧʨʠ ʙʝʟʞʠʯʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ ʦʙʘʯʝ ʩʘ ʧʨʦʙʣʝʤʠ, ʢʦʠʪʦ ʚʲʟʧʨʝʧʷʪʩʪʚʘʪ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ 

ʤʫʣʪʠʨʦʙʦʪʥʘ ʩʠʩʪʝʤʘ ʚ ʟʘʪʚʦʨʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘñ. 

1.8.4 ʅʷʢʦʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʧʨʦʪʦʢʦʣʠ 

TCP/IP: ʇʨʦʪʦʢʦʣʲʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʝʜʘʚʘʥʝʪʦ/ʀʥʪʝʨʥʝʪ ʧʨʦʪʦʢʦʣ (TCP/IP) ʝ ʦʩʥʦʚʘʪʘ 

ʥʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʚ ʠʥʪʝʨʥʝʪ ʠ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘʥʠ ʚ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʤʦʙʠʣʥʠ 

ʨʦʙʦʪʠ, ʟʘ ʜʘ ʧʦʟʚʦʣʷʪ ʢʦʤʫʥʠʢʘʮʠʷ ʠ ʦʙʤʝʥ ʥʘ ʜʘʥʥʠ, ʦʩʦʙʝʥʦ ʚ ROS (ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ 

ʟʘ ʨʦʙʦʪʠ) ʩʨʝʜʠ. TCP / IP ʦʩʠʛʫʨʷʚʘ ʥʘʜʝʞʜʝʥ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥ ʥʘʯʠʥ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ 

ʜʘʥʥʠ ʤʝʞʜʫ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʷ ʨʦʙʦʪ ʠ ʦʪʜʘʣʝʯʝʥʠʷ ʦʧʝʨʘʪʦʨ ʠʣʠ ʢʦʥʪʨʦʣʥʘ ʩʪʘʥʮʠʷ. ʊʦʚʘ ʝ 
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ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ, ʟʘ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʢʦʤʘʥʜʠʪʝ ʦʪ ʦʧʝʨʘʪʦʨʘ ʩʝ ʧʨʠʝʤʘʪ ʪʦʯʥʦ ʦʪ 

ʨʦʙʦʪʘ ʠ ʯʝ ʜʘʥʥʠʪʝ ʦʪ ʩʝʥʟʦʨʘ ʠʣʠ ʚʠʜʝʦʪʦ ʦʪ ʨʦʙʦʪʘ ʩʝ ʧʨʝʜʘʚʘʪ ʥʘʜʝʞʜʥʦ ʦʙʨʘʪʥʦ ʥʘ 

ʦʧʝʨʘʪʦʨʘ. TCP ʨʘʟʙʠʚʘ ʜʘʥʥʠʪʝ ʚ ʧʘʢʝʪʠ ʟʘ ʧʨʝʜʘʚʘʥʝ ʧʦ ʤʨʝʞʘʪʘ. ɺʩʝʢʠ ʧʘʢʝʪ ʩʲʜʲʨʞʘ 

ʯʘʩʪ ʦʪ ʜʘʥʥʠʪʝ ʟʘʝʜʥʦ ʩ ʘʜʨʝʩʠʨʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ. ʊʦʚʘ ʧʦʤʘʛʘ ʟʘ ʝʬʝʢʪʠʚʝʥ ʪʨʘʥʩʬʝʨ ʥʘ 

ʜʘʥʥʠ ʠ ʧʦʚʪʦʨʥʦ ʩʛʣʦʙʷʚʘʥʝ ʚ ʧʦʣʫʯʘʚʘʱʠʷ ʢʨʘʡ. ʇʨʦʪʦʢʦʣʲʪ ʚʢʣʶʯʚʘ ʤʝʭʘʥʠʟʤʠ ʟʘ 

ʧʨʦʚʝʨʢʘ ʥʘ ʛʨʝʰʢʠ, ʟʘ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʮʝʣʦʩʪʪʘ ʥʘ ʜʘʥʥʠʪʝ. ɸʢʦ ʜʘʜʝʥ ʧʘʢʝʪ ʙʲʜʝ ʟʘʛʫʙʝʥ 

ʠʣʠ ʧʦʚʨʝʜʝʥ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʝʜʘʚʘʥʝʪʦ, TCP ɦ ʝ ʛʦ ʧʨʝʧʨʝʜʘʜʝ ʦʪʥʦʚʦ, ʢʘʪʦ ʛʘʨʘʥʪʠʨʘ, ʯʝ 

ʜʘʥʥʠʪʝ ʩʘ ʧʦʣʫʯʝʥʠ ʪʦʯʥʦ. ʊʦʚʘ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ, ʢʲʜʝʪʦ ʜʦʨʠ 

ʤʘʣʢʠ ʛʨʝʰʢʠ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʟʥʘʯʠʪʝʣʥʠ ʧʦʩʣʝʜʠʮʠ. ʇʨʠ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʤʦʙʠʣʥʠ 

ʨʦʙʦʪʠ ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʧʨʘʚʠʣʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʢʦʤʘʥʜʠ ʠ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʝ ʦʪ 

ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʟʘ ʙʝʟʦʧʘʩʥʘʪʘ ʠ ʝʬʝʢʪʠʚʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ. ʇʦʩʨʝʜʩʪʚʦʤ TCP ʩʝ 

ʛʘʨʘʥʪʠʨʘ, ʯʝ ʧʘʢʝʪʠʪʝ ʩ ʜʘʥʥʠ ʩʝ ʜʦʩʪʘʚʷʪ ʚ ʨʝʜʘ, ʚ ʢʦʡʪʦ ʩʘ ʠʟʧʨʘʪʝʥʠ. ʉʲʱʦ ʪʘʢʘ TCP 

ʠʟʧʦʣʟʚʘ ʤʝʭʘʥʠʟʤʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʧʦʪʦʢʘ, ʟʘ ʜʘ ʧʨʝʜʦʪʚʨʘʪʠ ʧʨʝʪʦʚʘʨʚʘʥʝʪʦ ʩ ʜʘʥʥʠ. ʊʦʡ 

ʛʘʨʘʥʪʠʨʘ, ʯʝ ʜʘʥʥʠʪʝ ʩʝ ʠʟʧʨʘʱʘʪ ʩʲʩ ʩʢʦʨʦʩʪ, ʢʦʷʪʦ ʧʦʣʫʯʘʚʘʱʠʷʪ ʢʨʘʡ ʤʦʞʝ ʜʘ ʦʙʨʘʙʦʪʠ. 

ʊʦʚʘ ʝ ʚʘʞʥʦ ʧʨʠ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʧʨʝʪʦʚʘʨʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʘ ʠʣʠ 

ʢʦʥʪʨʦʣʥʘʪʘ ʩʪʘʥʮʠʷ ʥʘ ʦʧʝʨʘʪʦʨʘ. 

ʀʥʪʝʨʥʝʪ ʧʨʦʪʦʢʦʣʲʪ (IP) ʝ ʦʪʛʦʚʦʨʝʥ ʟʘ ʘʜʨʝʩʠʨʘʥʝʪʦ ʠ ʤʘʨʰʨʫʪʠʟʠʨʘʥʝʪʦ ʥʘ ʧʘʢʝʪʠʪʝ 

ʜʘʥʥʠ ʜʦ ʪʝʭʥʠʪʝ ʮʝʣʝʚʠ ʜʝʩʪʠʥʘʮʠʠ (IP ʘʜʨʝʩʠʨʘʥʝ). ɺ ʩʣʫʯʘʷ ʥʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ 

ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʚʩʝʢʠ ʨʦʙʦʪ ʠ ʢʦʥʪʨʦʣʥʘ ʩʪʘʥʮʠʷ ʠʤʘ ʫʥʠʢʘʣʝʥ IP ʘʜʨʝʩ. ʊʦʚʘ ʘʜʨʝʩʠʨʘʥʝ 

ʧʦʟʚʦʣʷʚʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʨʝʟ ʣʦʢʘʣʥʠ ʤʨʝʞʠ ʠʣʠ ʠʥʪʝʨʥʝʪ. ʇʨʠ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. 

TCP/IP ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘʝʜʥʦ ʩ ʨʘʟʣʠʯʥʠ ʧʨʦʪʦʢʦʣʠ ʟʘ ʩʠʛʫʨʥʦʩʪ (ʥʘʧʨ. VPN, 

ʢʨʠʧʪʠʨʘʥʝ) ʟʘ ʟʘʱʠʪʘ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʢʘʥʘʣʠ ʤʝʞʜʫ ʨʦʙʦʪʘ ʠ ʦʧʝʨʘʪʦʨʘ, 

ʧʨʝʜʦʪʚʨʘʪʷʚʘʡʢʠ ʥʝʦʪʦʨʠʟʠʨʘʥ ʜʦʩʪʲʧ ʠʣʠ ʧʨʠʭʚʘʱʘʥʝ ʥʘ ʜʘʥʥʠ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, 

ʯʝ ʚʲʧʨʝʢʠ ʯʝ TCP/IP ʧʨʝʜʦʩʪʘʚʷ ʥʘʜʝʞʜʥʦʩʪ ʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʢʦʨʝʢʮʠʷ ʥʘ ʛʨʝʰʢʠ, 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʤʫ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʷʢʘʢʚʘ ʟʘʙʘʚʷʥʝ ʚ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠ ʧʦʨʘʜʠ 

ʧʨʦʮʝʩʠʪʝ ʥʘ ʧʘʢʝʪʠʨʘʥʝ ʠ ʧʨʦʚʝʨʢʘ ʥʘ ʛʨʝʰʢʠ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʨʠʪʠʯʥʦ ʚ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʩʠʩʪʝʤʠ, ʦʩʦʙʝʥʦ ʚ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʠʪʦ ʠʟʠʩʢʚʘʪ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ ʢʦʥʪʨʦʣ. 

ʉ TCP/IP ʩʝ ʦʩʠʛʫʨʷʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʪʜʘʣʝʯʝʥ ʜʦʩʪʲʧ ʜʦ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʨʦʙʦʪʠ ʦʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷʢʦ ʤʷʩʪʦ ʩ ʠʥʪʝʨʥʝʪ ʚʨʲʟʢʘ. ʊʘʟʠ ʚʲʟʤʦʞʥʦʩʪ ʝ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʥʘʯʝʥʠʝ 

ʟʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʥʘ ʢʦʠʪʦ ʩʘ ʩʧʦʩʦʙʥʠ ʩʝʨʚʠʟʥʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ. 
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MQTT (Message Queuing Telemetry Transport)  

MQTT, ʠʣʠ Message Queuing Telemetry Transport, ʝ ʦʣʝʢʦʪʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ ʠ 

ʘʙʦʥʠʨʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʷ (publish/ subscribe), ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʝʬʝʢʪʠʚʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘ, ʦʩʦʙʝʥʦ ʚ ʩʮʝʥʘʨʠʠ, ʧʨʠ ʢʦʠʪʦ ʯʝʩʪʦʪʥʘʪʘ ʣʝʥʪʘ ʤʦʞʝ ʜʘ ʝ ʦʛʨʘʥʠʯʝʥʘ, ʘ 

ʫʩʣʦʚʠʷʪʘ ʥʘ ʤʨʝʞʘʪʘ - ʥʝʥʘʜʝʞʜʥʠ. ʊʦʡ ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʧʨʠʣʦʞʝʥʠʷʪʘ ʥʘ IoT (ʠʥʪʝʨʥʝʪ 

ʥʘ ʥʝʱʘʪʘ), ʥʦ ʝ ʤʥʦʛʦ ʧʨʠʣʦʞʠʤ ʠ ʟʘ ʤʦʙʠʣʥʠ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ ʢʘʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ 

ʨʦʙʦʪʠʪʝ ʜʘ ʠʟʧʨʘʱʘʪ ʠ ʧʦʣʫʯʘʚʘʪ ʜʘʥʥʠ ʝʬʝʢʪʠʚʥʦ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ MQTT: 

Å ʄʦʜʝʣ ʧʫʙʣʠʢʫʚʘʡ-ʘʙʦʥʠʨʘʡ (ʘʥʛʣ. publish- subscribe model): MQTT ʩʣʝʜʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʟʘ 

ʧʫʙʣʠʢʫʚʘʥʝ-ʘʙʦʥʠʨʘʥʝ, ʢʲʜʝʪʦ ʫʩʪʨʦʡʩʪʚʘʪʘ (ʠʣʠ ʢʣʠʝʥʪʠʪʝ) ʤʦʛʘʪ ʜʘ ʧʫʙʣʠʢʫʚʘʪ 

ʩʲʦʙʱʝʥʠʷ ʜʦ ʢʦʥʢʨʝʪʥʠ "ʪʝʤʠ", ʘ ʜʨʫʛʠ ʫʩʪʨʦʡʩʪʚʘ ʩʝ ʘʙʦʥʠʨʘʪ ʢʲʤ ʪʝʟʠ ʪʝʤʠ, ʟʘ ʜʘ 

ʧʦʣʫʯʠʪʝ ʩʲʦʙʱʝʥʠʷʪʘ. ʊʦʟʠ ʤʦʜʝʣ ʧʦʟʚʦʣʷʚʘ ʝʬʝʢʪʠʚʥʦ ʢʦʤʫʥʠʢʘʮʠʷ ʝʜʠʥ-ʢʲʤ-ʤʥʦʛʦ ʠ 

ʤʥʦʛʦ-ʢʲʤ-ʝʜʠʥ. 

Å QoS (ʢʘʯʝʩʪʚʦ ʥʘ ʫʩʣʫʛʘʪʘ) ʥʠʚʘ: MQTT ʦʩʠʛʫʨʷʚʘ ʨʘʟʣʠʯʥʠ ʥʠʚʘ ʥʘ QoS, ʟʘ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ 

ʥʘʜʝʞʜʥʦʩʪ ʥʘ ʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʩʲʦʙʱʝʥʠʷ. ʊʝʟʠ ʥʠʚʘ ʚʘʨʠʨʘʪ ʦʪ 0 (ʅʘʡ-ʤʥʦʛʦ ʚʝʜʥʲʞ, ʙʝʟ 

ʛʘʨʘʥʮʠʷ) ʜʦ 2 (ʊʦʯʥʦ ʚʝʜʥʲʞ, ʛʘʨʘʥʪʠʨʘʥʦ). 

Å ɿʘʧʘʟʝʥʠ ʩʲʦʙʱʝʥʠʷ: MQTT ʧʦʟʚʦʣʷʚʘ ʥʘ ʙʨʦʢʝʨʘ ʜʘ ʟʘʧʘʟʠ ʧʦʩʣʝʜʥʦʪʦ ʩʲʦʙʱʝʥʠʝ, 

ʠʟʧʨʘʪʝʥʦ ʧʦ ʜʘʜʝʥʘ ʪʝʤʘ. ʂʦʛʘʪʦ ʥʦʚ ʘʙʦʥʘʪ ʩʝ ʧʨʠʩʲʝʜʠʥʠ, ʪʦʡ ʚʝʜʥʘʛʘ ʧʦʣʫʯʘʚʘ ʥʘʡ-

ʥʦʚʦʪʦ ʩʲʦʙʱʝʥʠʝ ʥʘ ʟʘʧʘʟʝʥʘ ʪʝʤʘ. 

Å LWT ( ʘʙʨʠʚʠʝʪʫʨʘ ʦʪ ʘʥʛʣ. last will and testament): ʇʦʟʚʦʣʷʚʘ ʥʘ ʢʣʠʝʥʪʠʪʝ ʜʘ ʧʦʩʦʯʘʪ 

ʩʲʦʙʱʝʥʠʝ, ʢʦʝʪʦ ʙʨʦʢʝʨʲʪ ʱʝ ʧʫʙʣʠʢʫʚʘ ʦʪ ʪʷʭʥʦ ʠʤʝ, ʘʢʦ ʢʣʠʝʥʪʲʪ ʥʝʦʯʘʢʚʘʥʦ ʧʨʝʢʲʩʥʝ 

ʚʨʲʟʢʘʪʘ. ʊʦʚʘ ʝ ʧʦʣʝʟʥʦ ʪʲʡ ʢʘʪʦ ʱʝ ʧʦʟʚʦʣʷʚʘ ʥʘ ʨʦʙʦʪʘ ʜʘ ʧʨʝʤʠʥʝ ʚ ʦʬʣʘʡʥ ʨʝʞʠʤ. 

Å MQTT ʝ ʧʨʦʝʢʪʠʨʘʥ ʧʦ ʥʘʯʠʥ, ʢʦʠʪʦ ʛʦ ʧʨʘʚʠ ʧʦʜʭʦʜʷʱ ʟʘ ʫʩʪʨʦʡʩʪʚʘ ʩ ʦʛʨʘʥʠʯʝʥʠ 

ʨʝʩʫʨʩʠ. 

Å ɽʬʝʢʪʠʚʝʥ ʪʨʘʥʩʬʝʨ ʥʘ ʜʘʥʥʠ: MQTT ʠʟʧʦʣʟʚʘ ʜʚʦʠʯʝʥ ʬʦʨʤʘʪ ʥʘ ʩʲʦʙʱʝʥʠʷʪʘ, ʢʦʡʪʦ ʝ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʝʥ ʟʘ ʧʨʝʥʦʩ ʥʘ ʜʘʥʥʠ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʠʜʝʘʣʝʥ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʩʝʥʟʦʨʥʠ ʜʘʥʥʠ 

ʠʣʠ ʢʦʥʪʨʦʣʥʠ ʢʦʤʘʥʜʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

Å ʇʨʝʜʘʚʘʥʝ ʥʘ ʩʝʥʟʦʨʥʠ ʜʘʥʥʠ: ʈʦʙʦʪʠʪʝ, ʦʙʦʨʫʜʚʘʥʠ ʩʲʩ ʩʝʥʟʦʨʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʢʘʤʝʨʠ, 

LIDAR ʠʣʠ ʩʝʥʟʦʨʠ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʤʦʛʘʪ ʜʘ ʧʫʙʣʠʢʫʚʘʪ ʜʘʥʥʠ ʚ ʪʝʤʠ ʥʘ MQTT. ʊʝʟʠ 
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ʧʦʢʘʟʘʥʠʷ ʥʘ ʩʝʥʟʦʨʠʪʝ, ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʘʢʪʫʘʣʠʟʘʮʠʠ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʜʘʚʘʪ 

ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʥʘ ʮʝʥʪʨʘʣʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʥʘ ʦʪʜʘʣʝʯʝʥ ʦʧʝʨʘʪʦʨ. 

Å ʂʦʤʘʥʜʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ: MQTT ʧʦʟʚʦʣʷʚʘ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʢʦʤʘʥʜʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʦʪ 

ʮʝʥʪʨʘʣʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʦʪ ʦʪʜʘʣʝʯʝʥ ʦʧʝʨʘʪʦʨ ʢʲʤ ʨʦʙʦʪʘ. ʂʦʤʘʥʜʠ ʟʘ 

ʜʚʠʞʝʥʠʝ, ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʟʘʜʘʯʠ ʠʣʠ ʜʨʫʛʠ ʜʝʡʩʪʚʠʷ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʫʙʣʠʢʫʚʘʥʠ ʚ ʪʝʤʠ ʥʘ 

MQTT, ʘ ʨʦʙʦʪʲʪ ʩʝ ʘʙʦʥʠʨʘ ʟʘ ʪʝʟʠ ʪʝʤʠ, ʟʘ ʜʘ ʧʦʣʫʯʘʚʘ ʠ ʠʟʧʲʣʥʷʚʘ ʢʦʤʘʥʜʠʪʝ. 

Å ɸʢʪʫʘʣʠʟʘʮʠʠ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ: ʊʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʧʫʙʣʠʢʫʚʘʪ 

ʘʢʪʫʘʣʠʟʘʮʠʠ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʠ ʪʝʣʝʤʝʪʨʠʯʥʠ ʜʘʥʥʠ ʚ ʪʝʤʠ ʥʘ MQTT. ʄʦʞʝ ʜʘ ʩʝ ʧʨʝʜʘʚʘ 

ʠʥʬʦʨʤʘʮʠʷ ʢʘʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʙʘʪʝʨʠʷʪʘ, ʩʲʩʪʦʷʥʠʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠʣʠ ʜʘʥʥʠ ʟʘ ʣʦʢʘʣʠʟʘʮʠʷ, 

ʟʘ ʜʘ ʤʦʞʝ ʮʝʥʪʨʘʣʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʦʧʝʨʘʪʦʨʲʪ ʜʘ ʥʘʙʣʶʜʘʚʘʪ ʩʲʩʪʦʷʥʠʝʪʦ 

ʥʘ ʨʦʙʦʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

Å ʂʘʯʝʩʪʚʦ ʥʘ ʫʩʣʫʛʘʪʘ (QoS): ʅʠʚʘʪʘ ʥʘ QoS ʥʘ MQTT ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʙʠʨʘʪ ʚʲʟ ʦʩʥʦʚʘ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʥʘ ʟʘʜʘʯʘʪʘ ʟʘ ʪʝʣʝʦʧʝʨʘʮʠʷ. ʅʘʧʨʠʤʝʨ ʜʘʥʥʠʪʝ ʦʪ ʩʝʥʟʦʨʠ ʤʦʛʘʪ 

ʜʘ ʩʝ ʧʨʝʜʘʚʘʪ ʩ QoS 0 ʟʘ ʥʠʩʢʘ ʣʘʪʝʥʪʥʦʩʪ, ʜʦʢʘʪʦ ʢʨʠʪʠʯʥʠʪʝ ʢʦʤʘʥʜʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʤʦʛʘʪ 

ʜʘ ʠʟʧʦʣʟʚʘʪ QoS 1 ʟʘ ʛʘʨʘʥʪʠʨʘʥʘ ʜʦʩʪʘʚʢʘ. 

Å ʅʠʩʢʠ ʨʝʞʠʡʥʠ ʨʘʟʭʦʜʠ: ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ MQTT ʠ ʥʠʩʢʠʪʝ ʨʝʞʠʡʥʠ ʨʘʟʭʦʜʠ ʩʘ 

ʧʨʝʜʠʤʩʪʚʦ ʧʨʠ ʩʮʝʥʘʨʠʠ, ʧʨʠ ʢʦʠʪʦ ʰʠʨʦʯʠʥʘʪʘ ʥʘ ʯʝʩʪʦʪʥʘʪʘ ʣʝʥʪʘ ʤʦʞʝ ʜʘ ʝ ʦʛʨʘʥʠʯʝʥʘ 

ʠʣʠ ʧʨʠ ʢʦʠʪʦ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʩʚʝʜʝ ʜʦ ʤʠʥʠʤʫʤ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʚʲʨʭʫ 

ʨʝʩʫʨʩʠʪʝ ʥʘ ʨʦʙʦʪʘ. 

Å ʀʥʪʝʛʨʘʮʠʷ ʩʲʩ ʩʦʬʪʫʝʨʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʘ: MQTT ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʥʪʝʛʨʠʨʘʥ ʚ 

ʩʦʬʪʫʝʨʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʠʣʠ ʚ ʤʝʞʜʠʥʥʠʷ ʩʦʬʪʫʝʨ, ʢʦʝʪʦ ʤʫ ʧʦʟʚʦʣʷʚʘ ʜʘ 

ʢʦʤʫʥʠʢʠʨʘ ʙʝʟʧʨʦʙʣʝʤʥʦ ʩ ʜʨʫʛʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʠ ʚ ʨʘʙʦʪʥʘʪʘ ʤʫ ʩʨʝʜʘ. 

WebSockets 

WebSocket ʝ ʤʦʱʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʢʦʡʪʦ ʧʨʝʜʣʘʛʘ ʜʚʫʧʦʩʦʯʝʥ ʠ ʧʲʣʥʦʜʫʧʣʝʢʩʝʥ 

ʦʙʤʝʥ ʥʘ ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʤʝʞʜʫ ʢʣʠʝʥʪʠ ʠ ʩʲʨʚʲʨʠ ʯʨʝʟ ʝʜʥʘ-ʝʜʠʥʩʪʚʝʥʘ ʜʲʣʛʦʪʨʘʡʥʘ 

ʚʨʲʟʢʘ. ɺ ʦʙʣʘʩʪʪʘ ʥʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ, ʧʦʟʚʦʣʷʚʘ ʙʝʟʧʨʦʙʣʝʤʥʘ, 

ʥʠʩʢʦʟʘʢʲʩʥʠʪʝʣʥʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʠʪʝ ʠʣʠ ʮʝʥʪʨʘʣʥʠʪʝ 

ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʪʜʘʣʝʯʝʥʠʪʝ ʨʦʙʦʪʠʟʠʨʘʥʠ ʧʣʘʪʬʦʨʤʠ.  

WebSocket ʧʦʟʚʦʣʷʚʘ ʝʜʥʦʚʨʝʤʝʥʥʘ ʜʚʫʧʦʩʦʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʠ (ʥʘʧʨʠʤʝʨ 

ʦʪʜʘʣʝʯʝʥʠ ʦʧʝʨʘʪʦʨʠ) ʠ ʩʲʨʚʲʨʠ (ʨʦʙʦʪʠ ʠʣʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ). ʊʦʡ ʧʦʜʜʲʨʞʘ 

ʧʲʣʥʦʜʫʧʣʝʢʩʥʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʜʚʝʪʝ ʩʪʨʘʥʠ ʤʦʛʘʪ ʜʘ ʠʟʧʨʘʱʘʪ ʠ ʜʘ 



рт 
 

ʧʦʣʫʯʘʚʘʪ ʜʘʥʥʠ ʥʝʟʘʚʠʩʠʤʦ ʠ ʝʜʥʦʚʨʝʤʝʥʥʦ. WebSocket ʦʩʠʛʫʨʷʚʘ ʢʦʤʫʥʠʢʘʮʠʷ ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ ʩ ʥʠʩʢʘ ʣʘʪʝʥʪʥʦʩʪ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʝ ʧʨʠ ʤʦʙʠʣʥʠʪʝ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠ 

ʨʦʙʦʪʠ, ʪʲʡ ʢʘʪʦ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʠʪʝ ʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʝ ʙʝʟ 

ʟʘʙʝʣʝʞʠʤʠ ʟʘʢʲʩʥʝʥʠʷ.  ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʜʘ ʤʦʛʘʪ ʜʘ ʠʟʧʨʘʱʘʪ ʥʘ ʨʦʙʦʪʘ 

ʢʦʤʘʥʜʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ (ʥʘʧʨ. ʟʘʚʜʠʞʚʘʥʝ, ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ) ʠ ʨʦʙʦʪʲʪ ʜʘ ʤʦʞʝ ʜʘ 

ʨʝʘʛʠʨʘ ʥʝʟʘʙʘʚʥʦ ʥʘ ʪʝʟʠ  ʢʦʤʘʥʜʠ. ʉʲʱʦ ʪʘʢʘ WebSocket ʧʦʟʚʦʣʷʚʘ ʚʠʜʝʦ ʠ ʘʫʜʠʦ 

ʧʨʝʜʘʚʘʥʝ ʥʘ ʞʠʚʦ ʦʪ ʢʘʤʝʨʠʪʝ ʠ ʤʠʢʨʦʬʦʥʠʪʝ ʥʘ ʨʦʙʦʪʘ ʢʲʤ ʠʥʪʝʨʬʝʡʩʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʦʧʝʨʘʪʦʨʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʝʪʦ ʦʧʝʨʘʪʦʨʘ ʧʦʣʫʯʘʚʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʦʩʚʝʜʦʤʝʥʦʩʪ, ʟʘ ʜʘ ʤʦʞʝ 

ʜʘ ʟʘʜʘʚʘ ʧʦ-ʩʣʝʜʚʘʱʠ ʢʦʤʘʥʜʠ. ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʥʘ WebSocket ʜʘ ʙʲʜʝ 

ʢʦʥʬʠʛʫʨʠʨʘʥ ʜʘ ʠʟʧʦʣʟʚʘ ʟʘʱʠʪʝʥʠ ʚʨʲʟʢʠ (wss://), ʢʘʪʦ ʢʨʠʧʪʠʨʘ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠ, ʟʘ 

ʜʘ ʟʘʱʠʪʠ ʯʫʚʩʪʚʠʪʝʣʥʘ   ʠʥʬʦʨʤʘʮʠʷ.  ʄʦʛʘʪ ʜʘ ʩʝ ʧʨʠʣʦʞʘʪ ʤʝʨʢʠ ʟʘ ʩʠʛʫʨʥʦʩʪ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʫʜʦʩʪʦʚʝʨʷʚʘʥʝ ʠ ʦʪʦʨʠʟʘʮʠʷ, ʟʘ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʩʘʤʦ ʦʪʦʨʠʟʠʨʘʥʠ 

ʦʧʝʨʘʪʦʨʠ ʤʦʛʘʪ ʜʘ ʫʧʨʘʚʣʷʚʘʪ ʨʦʙʦʪʘ. 

1.9 ʊʝʣʝ-ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ 

ʇʦʩʨʝʜʩʪʚʦʤ ʪʝʣʝ-ʫʧʨʘʚʣʝʥʠʝʪʦ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʨʘʟʰʠʨʷʚʘʪ ʩʚʦʠʪʝ ʩʨʝʜʠ ʥʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʠʤʘʪ. ʅʷʢʦʣʢʦ ʚʘʞʥʠ ʘʩʧʝʢʪʘ ʥʘ 

ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ ʩʘ: ʪʠʧ, ʨʝʞʠʤ, ʥʠʚʦ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ 

ʪʝʣʝ-ʫʧʨʘʚʣʝʥʠʝʪʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʜʠʩʪʘʥʮʠʦʥʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʜʚʠʞʝʥʠʷʪʘ ʠ ʜʝʡʩʪʚʠʷʪʘ ʥʘ 

ʨʦʙʦʪʘ ʦʪ ʦʧʝʨʘʪʦʨ-ʯʦʚʝʢ ʩ ʧʦʤʦʱʪʘ ʥʘ ʠʥʪʝʨʬʝʡʩ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. ʊʦʟʠ ʪʠʧ ʫʧʨʘʚʣʝʥʠʝ ʯʝʩʪʦ 

ʩʝ ʠʟʧʦʣʟʚʘ, ʢʦʛʘʪʦ ʨʦʙʦʪʲʪ ʪʨʷʙʚʘ ʜʘ ʠʟʧʲʣʥʷʚʘ ʟʘʜʘʯʠ ʚ ʩʨʝʜʘ, ʢʦʷʪʦ ʝ ʪʨʫʜʥʘ ʟʘ ʥʘʚʠʛʘʮʠʷ 

ʥʘ ʘʚʪʦʥʦʤʥʠʪʝ ʩʠʩʪʝʤʠ, ʠʣʠ ʢʦʛʘʪʦ ʟʘʜʘʯʘʪʘ ʠʟʠʩʢʚʘ ʯʦʚʝʰʢʘ ʧʨʝʮʝʥʢʘ ʠ ʚʟʝʤʘʥʝ ʥʘ 

ʨʝʰʝʥʠʷ. 

ʊʠʧʲʪ ʥʘ ʠʟʧʦʣʟʚʘʥʘʪʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʟʘʚʠʩʠ ʦʪ ʥʠʚʦʪʦ ʥʘ ʢʦʥʪʨʦʣ, ʠʟʠʩʢʚʘʥʦ ʦʪ 

ʦʧʝʨʘʪʦʨʘ. ʅʘʧʲʣʥʦ ʨʲʯʥʘʪʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʚʢʣʶʯʚʘ ʧʨʷʢ ʢʦʥʪʨʦʣ ʥʘ ʜʚʠʞʝʥʠʷʪʘ ʠ 

ʜʝʡʩʪʚʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʦʪ ʩʪʨʘʥʘ ʥʘ ʦʧʝʨʘʪʦʨʘ, ʜʦʢʘʪʦ ʧʦʣʫʘʚʪʦʥʦʤʥʘʪʘ ʪʝʣʝʦʧʝʨʘʮʠʷ 

ʦʩʠʛʫʨʷʚʘ ʥʠʚʦ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʢʦʝʪʦ ʧʦʜʧʦʤʘʛʘ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ 

ʜʝʡʩʪʚʠʷʪʘ ʥʘ ʨʦʙʦʪʘ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʚʢʣʶʯʚʘ ʬʫʥʢʮʠʠ ʢʘʪʦ ʠʟʙʷʛʚʘʥʝ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ ʠ 

ʧʣʘʥʠʨʘʥʝ ʥʘ ʧʲʪʷ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʨʦʙʦʪʘ ʜʘ ʩʝ ʦʨʠʝʥʪʠʨʘ ʧʦ-ʝʬʝʢʪʠʚʥʦ ʚ ʦʢʦʣʥʘʪʘ 

ʩʨʝʜʘ. 

ʀʟʧʦʣʟʚʘʥʠʷʪ ʨʝʞʠʤ ʥʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʦʧʨʝʜʝʣʷ ʥʠʚʦʪʦ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʯʦʚʝʢʘ-ʦʧʝʨʘʪʦʨ ʠ ʨʦʙʦʪʘ. ʇʨʠ ʢʦʥʪʨʦʣʠʨʘʥʘʪʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʦʧʝʨʘʪʦʨʲʪ ʜʘʚʘ ʫʢʘʟʘʥʠʷ ʥʘ 
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ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʨʦʙʦʪʘ, ʜʦʢʘʪʦ ʧʨʠ ʧʦʣʫʢʦʥʪʨʦʣʠʨʘʥʘʪʘ ʘʚʪʦʥʦʤʥʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʨʦʙʦʪʲʪ 

ʤʦʞʝ ʜʘ ʠʟʧʲʣʥʷʚʘ ʥʷʢʦʠ ʟʘʜʘʯʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦ, ʢʘʪʦ ʚʩʝ ʦʱʝ ʝ ʢʦʥʪʨʦʣʠʨʘʥ ʦʪ ʦʧʝʨʘʪʦʨʘ. 

ʇʨʠ ʧʦʣʫʘʚʪʦʥʦʤʥʘʪʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʨʦʙʦʪʲʪ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʠʟʧʲʣʥʷʚʘ ʧʦʚʝʯʝʪʦ ʟʘʜʘʯʠ 

ʩʘʤʦʩʪʦʷʪʝʣʥʦ, ʥʦ ʦʧʝʨʘʪʦʨʲʪ ʚʩʝ ʦʱʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʝʩʚʘ, ʢʦʛʘʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ. ʀ ʥʘʢʨʘʷ, 

ʧʨʠ ʥʘʧʲʣʥʦ ʘʚʪʦʥʦʤʥʘʪʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʨʦʙʦʪʲʪ ʨʘʙʦʪʠ ʥʘʧʲʣʥʦ ʘʚʪʦʥʦʤʥʦ, ʙʝʟ ʜʘ ʠʤʘ 

ʥʫʞʜʘ ʦʪ ʯʦʚʝʰʢʘ ʥʘʤʝʩʘ. 

ʅʠʚʦʪʦ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʠ ʪʝʣʝʦʧʝʨʘʮʠʷʪʘ ʩʝ ʦʪʥʘʩʷ ʜʦ ʩʪʝʧʝʥʪʘ, ʚ ʢʦʷʪʦ ʨʦʙʦʪʲʪ 

ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʨʘʙʦʪʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʙʝʟ ʯʦʚʝʰʢʘ ʥʘʤʝʩʘ. ʇʨʠ ʥʘʧʲʣʥʦ ʨʲʯʥʘʪʘ 

ʪʝʣʝʦʧʝʨʘʮʠʷ ʨʦʙʦʪʲʪ ʝ ʠʟʮʷʣʦ ʟʘʚʠʩʠʤ ʦʪ ʦʧʝʨʘʪʦʨʘ ʟʘ ʥʘʩʦʯʚʘʥʝ ʠ ʢʦʥʪʨʦʣ. ʇʨʠ 

ʧʦʣʫʘʚʪʦʥʦʤʥʘʪʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʨʦʙʦʪʲʪ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʠʟʧʲʣʥʷʚʘ ʥʷʢʦʠ ʟʘʜʘʯʠ 

ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʦʧʝʨʘʪʦʨʘ, ʘ ʧʨʠ ʥʘʧʲʣʥʦ ʘʚʪʦʥʦʤʥʘʪʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʨʦʙʦʪʲʪ ʝ 

ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʨʘʙʦʪʠ ʥʘʧʲʣʥʦ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʙʝʟ ʯʦʚʝʰʢʘ ʥʘʤʝʩʘ. ʈʦʙʦʪʠʟʠʨʘʥʘʪʘ 

ʧʣʘʪʬʦʨʤʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʩʦʯʝʥʘ ʢʘʪʦ ʘʚʪʦʥʦʤʝʥ ʨʦʙʦʪ ʠʣʠ ʪʝʣʝʫʧʨʘʚʣʷʝʤ ʨʦʙʦʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʪʝʧʝʥʪʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʧʝʨʘʪʦʨʘ. ʆʪ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʝ 

ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʥʘ ʘʚʪʦʨʠʪʝ ʚ [45] ʢʦʠʪʦ ʦʙʷʩʥʷʪ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝʪʦ ʥʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤ ʨʦʙʦʪ 

ʦʪ ʘʚʪʦʥʦʤʝʥ, ʜʦʢʘʟʚʘʡʢʠ, ʯʝ ʚʩʲʱʥʦʩʪ ʠʤʘ ʥʝʱʦ ʢʘʪʦ ʢʦʥʪʠʥʫʫʤ.  

ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʪʝʣʝ-ʫʧʨʘʚʣʝʥʠʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ 

ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ ʠ ʥʘʩʦʯʚʘʥʝ ʥʘ ʨʦʙʦʪʠ. ʏʨʝʟ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʝʟʠ ʤʝʪʦʜʠ ʥʘ 

ʭʦʨʘʪʘ ʩʝ ʧʦʟʚʦʣʷʚʘ ʜʘ ʨʘʟʰʠʨʷʪ ʦʙʭʚʘʪʘ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʩʠ ʦʪʚʲʜ ʬʠʟʠʯʝʩʢʠʪʝ ʩʠ 

ʦʛʨʘʥʠʯʝʥʠʷ. ʀʤʘ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʤʝʪʦʜʠ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʪʝʣʝʦʧʝʨʘʮʠʷ ʚ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ. 

ɺʩʝʢʠ ʤʝʪʦʜ ʠʤʘ ʩʚʦʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʧʨʝʜʠʤʩʪʚʘ ʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ, ʜʦʧʨʠʥʘʩʷʡʢʠ ʟʘ 

ʨʘʟʥʦʦʙʨʘʟʥʠʷ ʩʧʝʢʪʲʨ ʦʪ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʪʝʣʝ-ʫʧʨʘʚʣʝʥʠʝ. 

ʀʤʘ ʥʷʢʦʣʢʦ ʩʪʘʥʜʘʨʪʥʠ ʤʝʪʦʜʘ ʟʘ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ, ʢʦʠʪʦ ʩʘ ʜʦʙʨʝ ʧʨʦʫʯʝʥʠ ʠ 

ʨʘʟʨʘʙʦʪʝʥʠ. ʊʦʚʘ ʩʘ:  

Å ʋʧʨʘʚʣʝʥʠʝ, ʙʘʟʠʨʘʥʦ ʥʘ ʜʞʦʡʩʪʠʢ 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʨʘʜʠʮʠʦʥʥʠ ʬʠʟʠʯʝʩʢʠ ʠʣʠ ʚʠʨʪʫʘʣʥʠ ʜʞʦʡʩʪʠʮʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ 

ʨʦʙʦʪʠʟʠʨʘʥʠ ʜʚʠʞʝʥʠʷ ʝ ʦʩʦʙʝʥʦ ʧʦʣʝʟʥʦ ʟʘ ʥʘʟʝʤʥʠ ʨʦʙʦʪʠ ʚ ʢʦʥʪʨʦʣʠʨʘʥʘ ʩʨʝʜʘ. [58] 

Å      ʋʧʨʘʚʣʝʥʠʝ, ʙʘʟʠʨʘʥʦ ʥʘ ʞʝʩʪʦʚʝ 

ʇʦʟʚʦʣʷʚʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʜʘ ʥʘʩʦʯʚʘʪ ʨʦʙʦʪʠʪʝ ʯʨʝʟ ʞʝʩʪʦʚʝ, ʫʣʝʩʥʷʚʘʡʢʠ ʠʥʪʫʠʪʠʚʥʦʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʢʦʤʫʥʠʢʘʮʠʷ. [67] 

Å       Haptic Feedback Control 
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ʀʥʪʝʛʨʠʨʘʥʝ ʥʘ ʭʘʧʪʠʯʥʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ 

ʜʘ ʫʩʝʱʘʪ ʠ ʢʦʥʪʨʦʣʠʨʘʪ ʨʦʙʦʪʠʟʠʨʘʥʠ ʜʚʠʞʝʥʠʷ, ʦʩʠʛʫʨʷʚʘʡʢʠ ʧʨʝʮʠʟʥʦʩʪ ʧʨʠ ʟʘʜʘʯʠ ʢʘʪʦ 

ʭʠʨʫʨʛʠʯʥʠ ʧʨʦʮʝʜʫʨʠ. [57]  

Å     ɼʦʙʘʚʝʥʘ ʨʝʘʣʥʦʩʪ (AR) ʠ ʚʠʨʪʫʘʣʥʘ ʨʝʘʣʥʦʩʪ (VR) 

ʇʦʪʘʧʷʥʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʚʲʚ ʚʠʨʪʫʘʣʥʘ ʩʨʝʜʘ, ʢʲʜʝʪʦ ʪʝ ʤʦʛʘʪ ʜʘ ʢʦʥʪʨʦʣʠʨʘʪ ʨʦʙʦʪʠ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʠʥʪʫʠʪʠʚʥʠ ʞʝʩʪʦʚʝ ʠʣʠ ʢʦʤʘʥʜʠ. [33]  

Å      ɻʣʘʩʦʚ ʢʦʥʪʨʦʣ ʥʘ ʢʦʤʘʥʜʠʪʝ 

ʇʦʟʚʦʣʷʚʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʜʘ ʥʘʚʠʛʠʨʘʪ ʨʦʙʦʪʠ ʠ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʛʣʘʩʦʚʠ ʢʦʤʘʥʜʠ, ʧʦʜʭʦʜʷʱʠ ʟʘ ʩʮʝʥʘʨʠʠ, ʧʨʠ ʢʦʠʪʦ ʢʦʥʪʨʦʣʲʪ ʩʲʩ ʩʚʦʙʦʜʥʠ ʨʲʮʝ ʝ ʦʪ 

ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. [4] 

ʆʩʚʝʥ ʩʧʦʤʝʥʘʪʦʪʦ ʧʦ-ʛʦʨʝ, ʠʤʘ ʤʥʦʛʦ ʧʦʚʝʯʝ ʤʝʪʦʜʠ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ ʚ 

ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ, ʢʘʪʦ ʪʝʟʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʤʦʟʲʯʥʦ-ʢʦʤʧʶʪʲʨʝʥ ʠʥʪʝʨʬʝʡʩ ʠ ʠʟʢʫʩʪʚʝʥ 

ʠʥʪʝʣʝʢʪ [65]. ʊʝʟʠ ʤʝʪʦʜʠ ʦʙʘʯʝ ʩʘ ʤʥʦʛʦ ʩʣʦʞʥʠ, ʩʢʲʧʠ ʠ ʩʝ ʥʫʞʜʘʷʪ ʦʪ ʧʦ-ʥʘʪʘʪʲʰʥʦ 

ʨʘʟʚʠʪʠʝ ʠ ʠʟʫʯʘʚʘʥʝ [14], [30]. 

1.10 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʦʚʝʢ-ʨʦʙʦʪ ʚ ʢʦʥʪʝʢʩʪʘ ʥʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʥʠ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ 

ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʯʦʚʝʢ-ʨʦʙʦʪ (HRI) ʝ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘ ʨʘʟʚʠʚʘʱʘ ʩʝ ʦʙʣʘʩʪ, 

ʯʠʷʪʦ ʮʝʣ ʝ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʙʝʟʦʧʘʩʥʦ, ʧʨʦʜʫʢʪʠʚʥʦ ʠ ʙʝʟʧʨʦʙʣʝʤʥʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ 

ʤʝʞʜʫ ʭʦʨʘʪʘ  ʠ ʨʦʙʦʪʠʪʝ. ʊʝʨʤʠʥʲʪ ʦʙʭʚʘʱʘ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʘʩʧʝʢʪʠ, ʚ ʪʦʚʘ ʯʠʩʣʦ 

ʬʠʟʠʯʝʩʢʦ, ʢʦʛʥʠʪʠʚʥʦ ʠ ʝʤʦʮʠʦʥʘʣʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʠ ʢʦʤʫʥʠʢʘʮʠʷ, 

ʩʠʛʫʨʥʦʩʪ ʠ ʜʦʚʝʨʠʝ, ʝʪʠʯʥʠ ʠ ʩʦʮʠʘʣʥʠ ʩʲʦʙʨʘʞʝʥʠʷ, ʜʠʟʘʡʥ ʥʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠʷ 

ʠʥʪʝʨʬʝʡʩ, ʤʝʭʘʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʝʨʛʦʥʦʤʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʠʟʘʡʥʘ ʠ ʪ.ʥ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʯʦʚʝʢ-ʨʦʙʦʪ ʚ ʢʦʥʪʝʢʩʪʘ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʪʝ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠ 

ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ ʝ ʨʝʰʘʚʘʱ ʘʩʧʝʢʪ ʧʨʠ ʪʷʭʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ, ʪʲʡ ʢʘʪʦ ʧʨʷʢʦ ʚʣʠʷʝ ʚʲʨʭʫ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ, ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʠ ʠʟʧʦʣʟʚʘʝʤʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ. ɺ ʩʣʫʯʘʠʪʝ, ʧʨʠ ʢʦʠʪʦ ʭʦʨʘʪʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦ ʢʦʥʪʨʦʣʠʨʘʪ ʠ ʩʠ ʩʲʪʨʫʜʥʠʯʘʪ ʩ  ʨʦʙʦʪʠʪʝ, ʝʬʝʢʪʠʚʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʯʦʚʝʢ-ʨʦʙʦʪ ʩʪʘʚʘ ʦʱʝ ʧʦ-ʚʘʞʥʦ. ʅʝʛʦʚʦʪʦ ʧʦʩʪʠʛʘʥʝ ʧʦʜʦʙʨʷʚʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ ʜʘ 

ʠʟʧʲʣʥʷʚʘ ʩʣʦʞʥʠ ʟʘʜʘʯʠ, ʫʚʝʣʠʯʘʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʦʧʝʨʘʪʦʨʘ ʠ ʛʘʨʘʥʪʠʨʘ 

ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʦʧʝʨʘʮʠʠʪʝ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʥʘ ʧʨʠʣʦʞʝʥʠʝ, ʚʘʨʠʨʘʱʠ ʦʪ 

ʟʜʨʘʚʝʦʧʘʟʚʘʥʝ ʠ ʩʧʘʩʠʪʝʣʥʠ ʦʧʝʨʘʮʠʠ ʧʨʠ ʙʝʜʩʪʚʠʷ ʠ ʘʚʘʨʠʠ ʜʦ ʠʥʜʫʩʪʨʠʘʣʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʢʦʩʤʦʩʘ ʠ ʚʦʜʥʠʪʝ ʜʲʣʙʠʥʠ.  
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ɻʣʘʚʥʠʪʝ ʥʘʩʦʢʠ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʦʚʝʢ-ʨʦʙʦʪ ʩʘ ʩʚʲʨʟʘʥʠ ʩ:  

Å      ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʠʥʪʫʠʪʠʚʥʠ ʠʥʪʝʨʬʝʡʩʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʠʪʦ ʩʘ ʫʜʦʙʥʠ ʟʘ ʦʧʝʨʘʪʦʨʘ ʠ 

ʠʟʠʩʢʚʘʪ ʤʠʥʠʤʘʣʥʦ ʫʩʠʣʠʝ. ʀʥʪʝʨʬʝʡʩʲʪ ʪʨʷʙʚʘ ʜʘ ʧʦʟʚʦʣʷʚʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʣʝʩʥʦ ʜʘ 

ʢʦʤʘʥʜʚʘʪ ʜʚʠʞʝʥʠʷʪʘ, ʜʝʡʩʪʚʠʷʪʘ ʠ ʩʝʥʟʦʨʠʪʝ ʥʘ ʨʦʙʦʪʘ ʠ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʝʨʩʦʥʘʣʠʟʠʨʘ ʢʲʤ 

ʧʨʝʜʧʦʯʠʪʘʥʠʷʪʘ ʠ ʥʠʚʘʪʘ ʥʘ ʫʤʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʦʧʝʨʘʪʦʨʠ. ɼʠʟʘʡʥʲʪ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ 

ʩʪʘʥʮʠʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʝ ʝʨʛʦʥʦʤʠʯʝʥ ʠ ʜʘ  ʦʩʠʛʫʨʷʚʘ  ʢʦʤʬʦʨʪ ʥʘ ʦʧʝʨʘʪʦʨʘ ʧʦ ʚʨʝʤʝ ʥʘ 

ʧʨʦʜʲʣʞʠʪʝʣʥʠ ʩʝʩʠʠ ʟʘ ʪʝʣʝʦʧʝʨʘʮʠʷ. 

Å     ʅʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʛʥʠʪʠʚʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʦʧʝʨʘʪʦʨʘ ʯʨʝʟ ʚʲʚʝʞʜʘʥʝ ʥʘ ʩʧʦʜʝʣʝʥʠ 

ʨʝʞʠʤʠ ʥʘ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʠ ʢʦʠʪʦ ʨʦʙʦʪʘ ʘʚʪʦʥʦʤʥʦ ʧʦʜʧʦʤʘʛʘ ʥʘʚʠʛʘʮʠʷʪʘ ʠ ʠʟʙʷʛʚʘʥʝʪʦ 

ʥʘ ʧʨʝʧʷʜʩʪʚʠʷ.  

Å     ʇʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ, ʚʢʣʶʯʠʪʝʣʥʦ ʚʠʜʝʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʞʠʚʦ ʦʪ ʢʘʤʝʨʠʪʝ ʥʘ ʨʦʙʦʪʘ, ʜʘʥʥʠ ʦʪ ʩʝʥʟʦʨʠ ʠ ʘʢʪʫʘʣʠʟʘʮʠʠ ʥʘ 

ʩʲʩʪʦʷʥʠʝʪʦ, ʭʠʧʪʠʯʥʠ ʦʙʨʘʪʥʠ ʚʨʲʟʢʠ. ʊʦʚʘ ʟʘʩʠʣʚʘ ʫʩʝʱʘʥʝʪʦ ʥʘ ʦʧʝʨʘʪʦʨʘ ʟʘ ʜʦʧʠʨ ʠ 

ʢʦʥʪʨʦʣ ʠ ʧʦʚʠʰʘʚʘ ʦʩʚʝʜʦʤʝʥʦʩʪʪʘ ʟʘ ʩʠʪʫʘʮʠʷʪʘ. HRI ʚʢʣʶʯʚʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʙʘʣʘʥʩʘ ʥʘ 

ʢʦʥʪʨʦʣʘ ʤʝʞʜʫ ʭʦʨʘʪʘ ʠ ʨʦʙʦʪʠʪʝ. ɺ ʥʷʢʦʠ ʩʮʝʥʘʨʠʠ ʭʦʨʘʪʘ ʠʤʘʪ ʧʲʣʝʥ ʢʦʥʪʨʦʣ, ʜʦʢʘʪʦ ʚ 

ʜʨʫʛʠ ʨʦʙʦʪʠʪʝ ʨʘʙʦʪʷʪ ʘʚʪʦʥʦʤʥʦ. 

Å    ʇʨʠʣʘʛʘʥʝ ʥʘ ʤʝʭʘʥʠʟʤʠ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ, ʚʢʣʶʯʠʪʝʣʥʦ ʙʫʪʦʥʠ ʟʘ ʘʚʘʨʠʡʥʦ ʩʧʠʨʘʥʝ ʠ 

ʩʠʩʪʝʤʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ, ʟʘ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʢʘʢʪʦ ʥʘ ʦʧʝʨʘʪʦʨʘ, 

ʪʘʢʘ ʠ ʥʘ ʨʦʙʦʪʘ. ʂʦʛʘʪʦ ʭʦʨʘʪʘ ʠ ʨʦʙʦʪʠʪʝ ʨʘʙʦʪʷʪ ʟʘʝʜʥʦ ʧʦ ʟʘʜʘʯʠ, ʤʝʭʘʥʠʟʤʠʪʝ ʟʘ 

ʢʦʦʨʜʠʥʘʮʠʷ ʠ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʩʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪ. 

Å     ɺʥʝʜʨʷʚʘʥʝ ʥʘ ʢʨʠʧʪʠʨʘʥʝ ʠ ʢʦʥʪʨʦʣ ʥʘ ʜʦʩʪʲʧʘ, ʦʩʦʙʝʥʦ ʚ ʩʣʫʯʠʪʝ ʧʨʠ ʢʦʠʪʦ ʨʦʙʦʪʲʪ 

ʫʣʘʚʷ ʯʫʚʩʪʚʠʪʝʣʥʠ ʜʘʥʥʠ ʠʣʠ ʨʘʙʦʪʠ ʚ ʩʧʝʮʠʘʣʥʘ ʩʨʝʜʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷʪʘ ʯʦʚʝʢ-ʨʦʙʦʪ 

ʤʦʛʘʪ ʜʘ ʚʘʨʠʨʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʫʣʪʫʨʥʠʪʝ ʥʦʨʤʠ ʠ ʩʦʮʠʘʣʥʠʷ ʢʦʥʪʝʢʩʪ. ʈʘʟʙʠʨʘʥʝʪʦ ʥʘ 

ʪʝʟʠ ʬʘʢʪʦʨʠ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʫʩʧʝʰʥʦʪʦ ʚʥʝʜʨʷʚʘʥʝ. 

Å      ʆʪʛʦʚʦʨʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʦʙʦʪʠʪʝ ʚ ʢʦʥʪʝʢʩʪʘ ʥʘ ʝʪʠʯʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ 

ʯʦʚʝʢ-ʨʦʙʦʪ, ʢʘʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʨʦʙʦʪʘ, ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʠ ʦʪʯʝʪʥʦʩʪ. ʀʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 

ʜʦʚʝʨʠʝ ʤʝʞʜʫ ʭʦʨʘʪʘ ʠ ʨʦʙʦʪʠʪʝ ʝ ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ. ʆʪ ʝʜʥʘ ʩʪʨʘʥʘ ʥʘʜʝʞʜʥʘʪʘ 

ʨʘʙʦʪʘ, ʧʨʦʟʨʘʯʥʦʩʪʪʘ ʠ ʧʨʝʜʚʠʜʠʤʦʩʪʪʘ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʧʦʩʪʠʛʘʥʝ 

ʥʘ ʪʘʢʦʚʘ ʜʦʚʝʨʠʝ. ʆʪ ʜʨʫʛʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʜʦʚʝʨʠʝ ʝ ʚʘʞʥʦ ʭʦʨʘʪʘ  ʜʘ ʚʷʨʚʘʪ, ʯʝ ʨʦʙʦʪʲʪ 

ʱʝ ʠʟʧʲʣʥʷʚʘ ʟʘʜʘʯʠʪʝ ʥʘʜʝʞʜʥʦ ʠ ʙʝʟʦʧʘʩʥʦ. 



см 
 

ʀʟʚʦʜʠ ʢʲʤ ɻʃɸɺɸ I: 

1. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʥʘʧʨʘʚʝʥʠʷ ʦʙʟʦʨ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʪʝ ʧʦʣʠʪʠʢʠ ʠ ʜʦʢʫʤʝʥʪʠ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʩʝʢʪʦʨ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʟʘʢʣʶʯʝʥʠʝ, ʯʝ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ 

ʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʩʝʨʚʠʟʥʠ ʨʦʙʦʪʠ ʝ ʥʝʦʙʭʦʜʠʤʦʩʪ. 

2. ɺ ɻʃɸɺɸ I ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʢʣʶʯʦʚʠʪʝ ʘʩʧʝʢʪʠ, ʥʘ ʙʘʟʘʪʘ ʥʘ ʢʦʠʪʦ ʝ ʨʘʟʨʘʙʦʪʝʥ 

ʤʥʦʛʦʮʝʣʝʚʠʷ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ ʚ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ. ɺʲʟ 

ʦʩʥʦʚʘ ʥʘ ʪʘʢʘ ʥʘʧʨʘʚʝʥʘʪʘ ʪʝʦʨʝʪʠʯʥʘ ʦʙʦʩʥʦʚʢʘ ʩʝ ʠʟʚʝʞʜʘʪ ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ: 

-  ʅʘ ʙʘʟʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʨʦʙʦʪʲʪ ʱʝ ʠʟʚʲʨʰʚʘ, ʩʲʦʪʥʝʩʝʥʦ ʢʲʤ 

ʩʨʝʜʠʪʝ, ʟʘ ʢʦʠʪʦ ʝ ʧʨʝʜʚʠʜʝʥ, ʚ ʤʥʦʛʦʮʝʣʝʚʠʷ ʪʝʣʝʫʧʨʘʚʣʷʝʤ ʨʦʙʦʪ ʱʝ ʙʲʜʝ 

ʠʥʪʝʛʨʠʨʘʥʦ ʜʠʨʝʢʪʥʦ ʠ ʧʦʣʫʘʚʪʦʥʦʤʥʦ ʪʝʣʝ-ʫʧʨʘʚʣʝʥʠʝ. 

- ʑʝ ʩʝ ʨʝʘʣʠʟʠʨʘ ʫʥʠʚʝʨʩʘʣʥʘ ʯʝʪʠʨʠʢʦʣʝʩʥʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ ʩ 

ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʝ, ʢʦʷʪʦ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʙʲʜʝʱʘʪʘ ʠʥʪʝʛʨʘʮʠʷ, ʟʘ ʢʦʷʪʦ ʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʤʥʦʛʦʮʝʣʝʚʠʷ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ.  

- ʄʦʜʫʣʠʪʝ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʷ ʤʥʦʛʦʮʝʣʝʚʠ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ ʱʝ ʩʝ ʟʘʤʝʥʷʪ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʮʷʣʦʩʪʝʥ ʜʝʤʦʥʪʘʞ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʩʣʦʞʥʠ ʠʥʩʪʨʫʤʝʥʪʠ. 

- ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʨʦʙʦʪ ʱʝ ʙʲʜʝ ʢʦʥʩʨʫʠʨʘʥ ʧʦ ʥʘʯʠʥ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʠʥʪʝʛʨʘʮʠʷʪʘ 

ʤʫ ʚ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʩʨʝʜʠ. ʂʦʥʩʪʨʫʢʮʠʷʪʘ ʠ ʜʠʟʘʡʥʘ ʩʣʝʜʚʘ ʜʘ ʙʲʜʘʪ ʩʲʦʙʨʘʟʝʥʠ ʩ 

ʦʩʥʦʚʥʠ ʝʨʛʦʥʦʤʠʯʥʠ ʠʟʠʩʢʚʘʥʠʷ ʥʝ ʩʘʤʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʠ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʪʘ ʥʘ ʠʟʜʝʣʠʝʪʦ, ʥʦ ʠ ʪʘʢʠʚʘ ʩʲʦʪʥʝʩʝʥʠ ʢʲʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ 

ʯʦʚʝʢ-ʨʦʙʦʪ ʠ ʦʙʝʢʪʠʪʝ, ʥʘʤʠʨʘʱʠ ʩʝ ʚ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʨʦʙʦʪʘ ʩʨʝʜʘ. 

 

  



сн 
 

ɻʃɸɺɸ II: ɼʀɿɸʁʅ ʅɸ ʄʅʆɻʆʎɽʃɽɺʀ ʊɽʃɽ-ʋʇʈɸɺʃʗɽʄ ʄʆɹʀʃɽʅ ʈʆɹʆʊ 

2.1 ʄʝʭʘʥʠʯʝʥ ʜʠʟʘʡʥ 

2.1.1 ʋʥʠʚʝʨʩʘʣʥʘ ʤʦʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ 

ʋʥʠʚʝʨʩʘʣʥʘʪʘ ʧʣʘʪʬʦʨʤʘ (ʬʠʛʫʨʘ 12) ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʣʝʩʥʦ 

ʤʦʥʪʠʨʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʤʦʜʫʣʠ, ʢʦʠʪʦ ʧʦʩʪʘʚʝʥʠ ʥʘ ʨʦʙʦʪʘ ʜʘ ʧʦʟʚʦʣʷʚʘʪ  

ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʟʘʜʘʯʠ ʚ ʨʘʟʣʠʯʥʠ ʩʨʝʜʠ ʠ ʜʘ ʨʘʟʰʠʨʷʪ ʥʝʛʦʚʠʪʝ 

ʬʫʥʢʮʠʦʥʘʣʥʠ ʚʲʟʤʦʞʥʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʦʜʫʣʘ, ʢʦʡʪʦ ʩʝ ʩʚʲʨʟʚʘ ʢʲʤ ʧʣʘʪʬʦʨʤʘʪʘ ʪʷ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʩ ʜʚʝ, ʪʨʠ ʠʣʠ ʯʝʪʠʨʠ ʧʣʦʯʠ. ʊʝ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʦʪ  ʧʦʣʠʝʪʠʣʝʥ ʩ ʚʠʩʦʢʘ 

ʧʣʲʪʥʦʩʪ (HDPE). ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʚʩʷʢʘ ʦʪ ʧʣʦʯʠʪʝ ʝ 9,5 ʤʤ, ʘ ʢʨʘʡʥʠʪʝ ʪʦʯʢʠ ʟʘ ʚʩʷʢʘ ʧʣʦʯʘ 

ʦʧʠʩʚʘʪ ʢʨʲʛ ʩ ʜʠʘʤʝʪʲʨ 450 ʤʤ. ɺʩʷʢʘ ʦʪ ʧʣʦʯʠʪʝ ʩʝ ʬʠʢʩʠʨʘ ʢʲʤ ʩʣʝʜʚʘʱʘʪʘ ʧʣʦʯʘ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʛʨʫʧʘ ʦʪ ʯʝʪʠʨʠ ʧʨʲʪʘ, ʩ ʜʠʘʤʝʪʲʨ 12,5 ʤʤ ʥʘ ʚʩʝʢʠ ʦʪ ʧʨʲʪʠʪʝ. 

 

    

ʌʠʛʫʨʘ12. 3D ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʨʦʝʢʪʠʨʘʥʘʪʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ 

ʈʘʟʩʪʦʷʥʠʝʪʦ, ʢʦʝʪʦ ʧʨʲʪʠʪʝ ʦʩʠʛʫʨʷʚʘʪ ʤʝʞʜʫ ʧʣʦʯʠʪʝ, ʝ ʢʘʢʪʦ ʩʣʝʜʚʘ: 152 ʤʤ ʤʝʞʜʫ 

ʧʲʨʚʘʪʘ ʠ ʚʪʦʨʘʪʘ ʠ 127,5 ʤʤ ʤʝʞʜʫ ʚʪʦʨʘʪʘ ʠ ʪʨʝʪʘʪʘ, ʢʘʪʦ ʧʣʦʯʠʪʝ ʩʝ ʥʦʤʝʨʠʨʘʪ ʧʦ ʨʝʜ, 

ʟʘʧʦʯʚʘʡʢʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʝ ʧʦʩʪʘʚʝʥ ʨʦʙʦʪʲʪ. ʇʦʜ ʧʲʨʚʘʪʘ ʧʣʦʯʘ ʝ 

ʨʘʟʧʦʣʦʞʝʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʧʣʦʯʘ ʩ ʨʘʟʤʝʨʠ 336,6 ʤʤ ʭ 177,8 ʤʤ ʩ ʜʝʙʝʣʠʥʘ 9,5 ʤʤ. 

ʈʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʧʣʦʯʘ ʠ ʧʲʨʚʘʪʘ ʧʣʦʯʘ ʝ 78 ʤʤ, ʠʟʤʝʨʝʥʦ ʦʪ ʜʦʣʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ. 

ɺʠʩʦʯʠʥʘʪʘ, ʠʟʤʝʨʝʥʘ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʝ ʧʦʩʪʘʚʝʥ ʨʦʙʦʪʲʪ, ʜʦ ʚʲʨʭʘ ʥʘ ʧʲʨʚʘʪʘ 

ʧʣʦʯʘ ʝ 106 ʤʤ. ɺ ʧʲʨʚʘʪʘ ʠ ʚʪʦʨʘʪʘ ʧʣʦʯʘ ʩʝ ʧʨʘʚʠ ʨʘʟʨʝʟ ʩ ʨʘʟʤʝʨʠ 165 ʤʤ ʭ 38 ʤʤ ʚʲʥʰʥʦ, 

ʜʦʧʠʨʘʪʝʣʥʦ ʢʲʤ ʚʩʷʢʘ ʦʪ ʧʣʦʯʠʪʝ. ʈʘʟʨʝʟʲʪ ʚ ʧʲʨʚʘʪʘ ʧʣʦʯʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʦʩʪʘʚʷʥʝ ʥʘ 

ʟʘʜʚʠʞʚʘʱʠʪʝ ʢʦʣʝʣʘ ʚ ʜʦʧʲʣʥʠʪʝʣʥʘ ʧʦ-ʤʘʣʢʘ ʧʣʦʯʘ, ʧʨʠʢʨʝʧʝʥʘ  ʧʦʜ ʧʲʨʚʘʪʘ ʧʣʦʯʘ, 

ʚʲʨʭʫ ʢʦʷʪʦ ʩʘ ʤʦʥʪʠʨʘʥʠ ʝʣʝʢʪʨʠʯʝʩʢʠʪʝ ʜʚʠʛʘʪʝʣʠ ʥʘ ʟʘʜʚʠʞʚʘʱʠʪʝ ʢʦʣʝʣʘ, ʢʘʢʪʦ ʠ 

ʟʘʜʚʠʞʚʘʱʘʪʘ ʙʘʪʝʨʠʷ.  



со 
 

ʇʣʘʪʬʦʨʤʘʪʘ ʝ ʦʙʦʨʫʜʚʘʥʘ ʩ ʯʝʪʠʨʠ ʢʦʣʝʣʘ ʟʘ ʧʨʠʜʚʠʞʚʘʥʝ ʥʘ ʨʦʙʦʪʘ: ʜʚʝ ʜʠʬʝʨʝʥʮʠʘʣʥʦ 

ʟʘʜʚʠʞʚʘʥʠ ʢʦʣʝʣʘ ʩ ʜʠʘʤʝʪʲʨ 155 mm ʠ ʜʚʝ ʧʦʤʦʱʥʠ ʢʦʣʝʣʘ, ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʧʨʝʜʥʠʷ ʠ 

ʟʘʜʥʠʷ ʢʨʘʡ, ʩ ʜʠʘʤʝʪʲʨ 76 ʤʤ. ʂʦʣʝʣʘʪʘ ʩʘ ʧʨʠʢʨʝʧʝʥʠ ʢʲʤ ʦʩ ʩ ʜʠʘʤʝʪʲʨ 12,75 ʤʤ. 

ʂʦʥʩʪʨʫʠʨʘʥʘʪʘ ʧʣʘʪʬʦʨʤʘ ʝ ʩ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʝ, ʢʦʝʪʦ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʜʚʠʞʝʥʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʯʨʝʟ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʨʪʝʥʝ ʥʘ ʜʚʝʪʝ 

ʢʦʣʝʣʘ. ɼʚʝʪʝ ʟʘʜʚʠʞʚʘʱʠ ʢʦʣʝʣʘ, ʢʘʢʪʦ ʠ ʙʘʪʝʨʠʷʪʘ, ʢʦʷʪʦ ʛʠ ʟʘʭʨʘʥʚʘ, ʠ ʢʦʣʝʣʘʪʘ ʩʘ 

ʧʨʠʢʨʝʧʝʥʠ ʧʦʜ ʧʲʨʚʘʪʘ ʧʣʦʯʘ. ɿʘʜʚʠʞʚʘʱʠʪʝ ʢʦʣʝʣʘ ʩʝ ʟʘʜʚʠʞʚʘʪ ʦʪ ʜʚʘ ʯʝʪʢʦʚʠ ʤʦʪʦʨʘ ʩ 

ʤʦʱʥʦʩʪ 96 W ʚʩʝʢʠ, ʩ ʯʝʨʚʷʯʥʘ ʧʨʝʜʘʚʢʘ, ʨʘʙʦʪʝʱʠ ʧʨʠ ʥʘʧʨʝʞʝʥʠʝ 12V, ʦʙʦʨʫʜʚʘʥʠ ʩ 36-

ʧʦʟʠʮʠʦʥʥʠ ʜʠʩʢʦʚʠ ʝʥʢʦʜʝʨʠ. ʄʦʪʦʨʥʠʷʪ ʚʲʟʝʣ ʛʝʥʝʨʠʨʘ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 85 ʠʥʯʘ/Lbs 

ʚʲʨʪʷʱ ʤʦʤʝʥʪ. ɺʲʨʭʫ ʛʦʨʥʘʪʘ ʧʣʦʯʘ ʩʘ ʤʦʥʪʠʨʘʥʠ ʢʘʤʝʨʘ ʠ LIDAR, ʯʨʝʟ ʢʦʠʪʦ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ.  

ɼʦʧʲʣʥʠʪʝʣʥʠ ʩʝʥʟʦʨʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʩʘ ʧʦʩʪʘʚʝʥʠ ʥʘ ʜʦʣʥʘʪʘ ʧʣʦʯʘ. 

ʈʘʟʤʝʨʠʪʝ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ ʩʘ ʩʲʦʙʨʘʟʝʥʠ ʩʲʩ ʩʨʝʜʠʪʝ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠʪʝ, ʟʘ ʢʦʠʪʦ ʝ 

ʧʨʝʜʚʠʜʝʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ. ɿʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ 3D ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ 

ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʦʬʪʫʝʨʠ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ï SolidWorks ʠ Fusion 360. 

2.1.2 ʄʦʜʫʣʠ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ 

2.1.2.1 ʄʦʜʫʣ ʩ ʧʦʚʜʠʛʘʱʘ ʧʣʘʪʬʦʨʤʘ 

ʏʨʝʟ ʪʦʟʠ ʤʦʜʫʣ ʨʦʙʦʪʲʪ ʤʦʞʝ ʠʟʚʲʨʰʚʘ ʜʦʩʪʘʚʢʘ ʠ ʩʢʣʘʜʠʨʘʥʝ ʥʘ ʩʪʦʢʠ ʚ ʤʘʛʘʟʠʥʠ 

ʠ ʩʢʣʘʜʦʚʝ. ɿʘ ʮʝʣʠʪʝ ʥʘ ʧʦʚʜʠʛʘʥʝʪʦ ʥʘ ʦʧʘʢʦʚʘʥʠ ʜʦʩʪʘʚʢʠ ʩʝ ʜʦʙʘʚʷ 4-ʪʘ ʧʣʦʯʘ ʢʲʤ 

ʛʦʨʥʘʪʘ ʧʣʦʯʘ ʥʘ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ. ɿʘ ʮʝʣʠʪʝ ʥʘ ʧʦʚʜʠʛʘʥʝʪʦ ʥʘ 

ʦʧʘʢʦʚʘʥʠ ʜʦʩʪʘʚʢʠ ʩʝ ʜʦʙʘʚʷ 4-ʪʘ ʧʣʦʯʘ ʢʲʤ ʛʦʨʥʘʪʘ ʧʣʦʯʘ ʥʘ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪʠʟʠʨʘʥʘ 

ʧʣʘʪʬʦʨʤʘ. ʏʝʪʚʲʨʪʘʪʘ ʧʣʦʯʘ ʝ ʤʦʥʪʠʨʘʥʘ ʚʲʨʭʫ ʯʝʪʠʨʠ ʣʠʥʝʡʥʠ ʤʦʪʦʨʘ ʯʨʝʟ 8 L-ʦʙʨʘʟʥʠ 

ʧʨʦʬʠʣʘ - ʧʦ 2 ʟʘ ʚʩʝʢʠ ʣʠʥʝʝʥ ʜʚʠʛʘʪʝʣ. ʃʠʥʝʡʥʠʪʝ ʟʘʜʚʠʞʚʘʱʠ ʤʝʭʘʥʠʟʤʠ ʩʘ ʩʚʲʨʟʘʥʠ 

ʢʲʤ 3-ʪʘ ʧʣʘʪʬʦʨʤʘ ʥʘ ʨʦʙʦʪʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʧʝʮʠʘʣʥʦ ʧʨʦʝʢʪʠʨʘʥʠ ʩʣʦʪʦʚʝ, ʢʦʠʪʦ ʩʘ 

ʬʠʢʩʠʨʘʥʠ ʚʲʨʭʫ 3-ʪʘ ʧʣʘʪʬʦʨʤʘ ʯʨʝʟ ʙʦʣʪʦʚʘ ʚʨʲʟʢʘ. ʈʘʟʤʝʨʠʪʝ ʥʘ ʩʣʦʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ 

ʣʠʥʝʡʥʠʷ ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ, ʩʘ 80mm x 46mm x 45mm (ʜʲʣʞʠʥʘ / ʰʠʨʠʥʘ / ʚʠʩʦʯʠʥʘ). 

ʅʘʧʨʘʚʝʥʘ ʝ ʜʦʧʲʣʥʠʪʝʣʥʘ ʩʢʦʩʷʚʘʥʝ ʦʪ ʩʣʦʪʘ ʜʦ 3-ʪʘ ʧʣʦʯʘ, ʢʦʮʝʥʪʨʠʯʥʘ ʢʲʤ ʧʣʦʯʘʪʘ, ʟʘ 

ʧʦ-ʥʘʪʘʪʲʰʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʩʣʦʪʘ. ʇʨʦʝʢʪʠʨʘʥ ʝ ʢʘʥʘʣ ʩ ʰʠʨʠʥʘ 18,4 ʤʤ ʠ ʚʠʩʦʯʠʥʘ 18 ʤʤ, 

ʚ ʢʦʡʪʦ ʝ ʧʦʩʪʘʚʝʥʘ ʜʦʣʥʘʪʘ ʯʘʩʪ ʥʘ ʟʘʜʚʠʞʚʘʱʠʷ ʤʝʭʘʥʠʟʲʤ, ʢʘʢʪʦ ʠ ʦʪʚʦʨ ʚ ʜʦʣʥʘʪʘ ʯʘʩʪ 

ʥʘ ʩʣʦʪʘ ʩ ʜʠʘʤʝʪʲʨ 12,5 ʤʤ, ʠʟʧʦʣʟʚʘʥ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʢʲʤ 3-ʪʘ ʧʣʦʯʘ ʯʨʝʟ ʙʦʣʪʦʚʘ ʚʨʲʟʢʘ.  



сп 
 

                                           

         ʌʠʛʫʨʘ 13. ʇʨʦʝʢʪʠʨʘʥʠʪʝ ʩʣʦʪʦʚʝ ʟʘ                 ʌʠʛʫʨʘ 14. ɿʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ  

          ʣʠʥʝʡʥʠʪʝ ʟʘʜʚʠʞʚʘʱʠ ʤʝʭʘʥʠʟʤʠ                            ʥʘ ʧʦʚʜʠʛʘʱʘʪʘ  ʧʣʘʪʬʦʨʤʘ   

ʆʪ ʜʚʝʪʝ ʩʪʨʘʥʠ ʥʘ ʩʣʦʪʘ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ ʦʪʚʦʨʠ ʩ ʨʘʟʤʝʨʠ 6 ʤʤ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʬʠʢʩʠʨʘʥʝ ʥʘ ʣʠʥʝʡʥʠʷ ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ ʥʘ ʤʷʩʪʦ. ʆʩʚʝʥ ʪʦʚʘ ʚ ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʩʣʦʪʘ 

ʝ ʥʘʧʨʘʚʝʥ ʨʘʟʨʝʟ ʩ ʨʘʟʤʝʨʠ 40mm x 12mm, ʧʨʝʟ ʢʦʡʪʦ ʧʨʝʤʠʥʘʚʘ ʟʘʭʨʘʥʚʘʱʠʷʪ ʢʘʙʝʣ ʥʘ 

ʟʘʜʚʠʞʚʘʱʠʪʝ ʤʝʭʘʥʠʟʤʠ. 

ʃʠʥʝʡʥʠʷʪ ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ, ʠʟʧʦʣʟʚʘʥ ʚ ʨʘʟʨʘʙʦʪʢʘʪʘ, ʝ 12 ʚʦʣʪʘ ʩ 90 ʢʛ 

ʤʘʢʩʠʤʘʣʥʘ ʪʦʚʘʨʦʥʦʩʠʤʦʩʪ. ɿʘʜʚʠʞʚʘʱʠʷʪ ʤʝʭʘʥʠʟʲʤ ʠʟʧʦʣʟʚʘ ʧʦʪʝʥʮʠʦʤʝʪʲʨ ʟʘ ʦʙʨʘʪʥʘ 

ʚʨʲʟʢʘ. ʈʘʟʤʝʨʠʪʝ ʥʘ ʟʘʜʚʠʞʚʘʱʠʷ ʤʝʭʘʥʠʟʲʤ [81] ʩʲʩ ʩʛʲʩʪʝʥʘ ʜʲʣʞʠʥʘ ʩʘ 75 x 40 x 258. 

ʍʦʜʲʪ ʥʘ ʟʘʜʚʠʞʚʘʱʠʷ ʤʝʭʘʥʠʟʲʤ ʝ 100 ʤʤ. ɺ ʜʦʣʥʘʪʘ ʠ ʛʦʨʥʘʪʘ ʯʘʩʪ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ 6 ʤʤ 

ʦʪʚʦʨʠ, ʧʨʝʟ ʢʦʠʪʦ ʩʝ ʟʘʢʨʝʧʚʘ. L-ʦʙʨʘʟʥʠʪʝ ʧʨʦʬʠʣʠ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʟʘʜʚʠʞʚʘʱʠʷ 

ʤʝʭʘʥʠʟʲʤ ʢʲʤ 4-ʪʘ ʧʣʦʯʘ ʩʘ 20mm x 20mm x 25mm ʩ ʜʝʙʝʣʠʥʘ ʥʘ ʩʪʝʥʘʪʘ 2 mm. 

2.1.2.2 ʄʦʜʫʣ ʩ ʨʦʪʘʮʠʦʥʥʘ ʤʘʩʘ 

ɺʲʨʪʷʱʘʪʘ ʩʝ ʤʘʩʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʜʚʝ ʦʙʱʠ ʯʘʩʪʠ - ʦʩʥʦʚʥʦ ʪʷʣʦ, ʚ ʢʦʝʪʦ ʩʘ ʧʦʩʪʘʚʝʥʠ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʟʘʜʚʠʞʚʘʥʝ ʠ ʨʦʪʘʮʠʦʥʝʥ ʜʠʩʢ ʩ ʧʨʦʨʝʟʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠ.  

                                                           

ʌʠʛʫʨʘ15. ʈʦʪʘʮʠʦʥʥʘ ʤʘʩʘ ʠ ʥʘʯʠʥ                       ʌʠʛʫʨʘ16. ʈʘʤʢʘʪʘ ʟʘ ʬʠʢʩʠʨʘʥʝ ʥʘ 

ʥʘ ʟʘʭʚʘʱʘʥʝ ʢʲʤ ʧʣʦʯʘʪʘ ʥʘ ʨʦʙʦʪʘ                      ʨʦʪʘʮʠʦʥʥʘʪʘ ʤʘʩʘ- ʜʝʪʘʡʣʠ ɸ ʠ ɹ 



ср 
 

ʇʨʦʝʢʪʠʨʘʥʠʷʪ ʤʦʜʫʣ ʩʝ ʟʘʢʨʝʧʚʘ ʢʲʤ ʨʦʙʦʪʘ ʯʨʝʟ ʨʘʤʢʘ, ʢʦʷʪʦ ʩʝ ʤʦʥʪʠʨʘ ʢʲʤ ʛʦʨʥʘʪʘ 

ʧʣʦʯʘ.  ʂʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʨʘʤʢʘʪʘ ʩʝ ʩʲʩʪʦʠ ʩʝ ʦʪ ʜʚʝ ʜʚʦʡʢʠ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʧʦ-ʣʝʩʥʦ 

ʤʦʥʪʠʨʘʥʝ ʢʲʤ ʦʩʥʦʚʥʦʪʦ ʪʷʣʦ ʥʘ ʚʲʨʪʷʱʘʪʘ ʩʝ ʤʘʩʘ. ʆʩʥʦʚʥʦʪʦ ʪʷʣʦ ʝ ʩ ʨʘʟʤʝʨʠ 177ʤʤ ʭ 

177ʤʤ ʭ 65ʤʤ /ʰʠʨʠʥʘ ʭ ʜʲʣʞʠʥʘ ʭ ʚʠʩʦʯʠʥʘ/. ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʠʟʧʦʣʟʚʘʥʘʪʘ ʣʘʤʘʨʠʥʘ ʝ 2 

ʤʤ. ʇʨʠʢʨʝʧʝʥʠ ʢʲʤ ʜʲʥʦʪʦ ʤʫ, ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ 6 ʤʤ ʦʪ ʚʩʝʢʠ ʦʪ ʲʛʣʠʪʝ, ʩʘ ʧʦʩʪʘʚʝʥʠ 4 

ʛʫʤʝʥʠ ʢʨʘʯʝʪʘ ʩ ʜʠʘʤʝʪʲʨ 20 ʤʤ ʠ ʚʠʩʦʯʠʥʘ 11 ʤʤ ʟʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʩʪʘʙʠʣʥʦʩʪ. ʄʝʞʜʫ 

ʦʩʥʦʚʥʦʪʦ ʪʷʣʦ ʠ ʚʲʨʪʷʱʠʷ ʩʝ ʜʠʩʢ ʧʨʝʜʘʚʢʘʪʘ ʟʘ ʚʲʨʪʝʣʠʚʦ ʜʚʠʞʝʥʠʝ ʝ ʨʘʟʧʦʣʦʞʝʥʘ 

ʚʲʥʰʥʦ, ʢʘʪʦ ʛʦʣʝʤʠʪʝ ʠ ʤʘʣʢʠʪʝ ʟʲʙʥʠ ʢʦʣʝʣʘ ʩʘ ʩʲʩ ʩʲʦʪʚʝʪʥʠ ʜʠʘʤʝʪʨʠ ʦʪ 85 ʤʤ ʠ 13 ʤʤ. 

ʈʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʜʲʥʦʪʦ ʥʘ ʚʲʨʪʷʱʠʷ ʩʝ ʜʠʩʢ ʠ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʦʩʥʦʚʥʦʪʦ ʪʷʣʦ ʝ 35 ʤʤ. 

ɼʠʘʤʝʪʲʨʲʪ ʥʘ ʚʲʨʪʷʱʠʷ ʩʝ ʜʠʩʢ ʝ 450 ʤʤ. ɺ ʮʝʥʪʲʨʘ ʥʘ ʚʲʨʪʷʱʠʷ ʩʝ ʜʠʩʢ ʝ ʧʦʩʪʘʚʝʥ 

ʧʨʘʚʠʣʝʥ ʦʩʤʦʲʛʲʣʥʠʢ ʩʲʩ ʩʪʨʘʥʘ 50 ʤʤ. ɺʩʝʢʠ ʦʪ 8-ʪʝ ʩʣʦʪʘ, ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ 45 ʛʨʘʜʫʩʘ 

ʝʜʠʥ ʦʪ ʜʨʫʛ, ʠʤʘ ʚʲʥʰʥʘ ʜʲʣʞʠʥʘ ʥʘ ʩʚʦʜʘ 225 ʤʤ ʠ ʜʲʣʞʠʥʘ, ʠʟʤʝʨʝʥʘ ʦʪ ʮʝʥʪʲʨʘ ʥʘ 

ʘʨʢʘʪʘ ʜʦ ʩʲʦʪʚʝʪʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʦʩʤʦʲʛʲʣʥʠʢʘ ʦʪ 164,6 ʤʤ. ʉʣʦʪʦʚʝʪʝ ʩʲʱʦ ʩʘ ʠʟʨʘʙʦʪʝʥʠ 

ʦʪ ʣʘʤʘʨʠʥʘ ʩ ʜʝʙʝʣʠʥʘ ʥʘ ʣʠʩʪʘ 1,5 ʤʤ. ɺʠʩʦʯʠʥʘʪʘ ʥʘ ʚʩʝʢʠ ʩʣʦʪ ʝ 90 ʤʤ.  

ʈʘʤʢʘʪʘ ʟʘ ʤʦʥʪʠʨʘʥʝ ʥʘ ʚʲʨʪʷʱʘʪʘ ʩʝ ʤʘʩʘ ʢʲʤ ʛʦʨʥʘʪʘ ʧʣʦʯʘ ʥʘ ʨʦʙʦʪʘ ʝ ʠʟʛʨʘʜʝʥʘ ʩ 

ʧʦʤʦʱʪʘ ʥʘ 3D ʧʨʠʥʪʝʨ. ʉʲʩʪʦʠ ʩʝ ʦʪ ʜʚʝ ʜʚʦʡʢʠ ʠʜʝʥʪʠʯʥʠ ʝʣʝʤʝʥʪʠ: ʯʘʩʪ ɸ ʠ ʯʘʩʪ ɹ, 

ʢʦʠʪʦ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘ 17 ʠ ʬʠʛʫʨʘ 18. ɼʚʘʪʘ ʝʣʝʤʝʥʪʘ ʩʝ ʧʣʲʟʛʘʪ ʝʜʠʥ ʚ ʜʨʫʛ. 

 

                            

             ʌʠʛʫʨʘ 17. ɼʝʪʘʡʣ ɸ                                       ʌʠʛʫʨʘ 18. ɼʝʪʘʡʣ ɹ 

 

ʏʘʩʪ ɸ ʠʤʘ U-ʦʙʨʘʟʝʥ ʧʨʦʬʠʣ. ʈʘʤʢʘʪʘ, ʬʠʢʩʠʨʘʱʘ ʚʲʨʪʷʱʘʪʘ ʩʝ ʤʘʩʘ, ʝ ʧʨʠʢʨʝʧʝʥʘ ʢʲʤ 

ʛʦʨʥʘʪʘ ʧʣʦʯʘ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʚʘʪʘ U-ʦʙʨʘʟʥʠ ʧʨʦʬʠʣʘ, ʯʠʠʪʦ ʚʲʪʨʝʰʥʠ 

ʩʪʨʘʥʠ ʩʘ ʜʦʧʠʨʘʪʝʣʥʠ ʢʲʤ ʦʪʚʦʨʠʪʝ, ʚ ʢʦʠʪʦ ʚʣʠʟʘʪ. ʏʘʩʪ ɹ ʚʣʠʟʘ ʚ ʩʧʝʮʠʘʣʥʦ 

ʧʨʦʝʢʪʠʨʘʥʠʪʝ ʢʘʥʘʣʠ ʥʘ ʯʘʩʪ ɸ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʟʘʪʷʛʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʠʪʝ ʯʘʩʪʠ ʠ 

ʩʛʣʦʙʷʚʘ ʨʘʤʢʘʪʘ. ɼʝʪʘʡʣ ɸ ʝ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʊ-ʦʙʨʘʟʝʥ ʧʨʦʬʠʣ, ʢʦʡʪʦ ʩʝ ʧʦʩʪʘʚʷ ʚ 
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ʦʩʥʦʚʥʦʪʦ ʪʷʣʦ ʥʘ ʚʲʨʪʷʱʘʪʘ ʩʝ ʤʘʩʘ ʠ U-ʦʙʨʘʟʝʥ ʧʨʦʬʠʣ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʢʲʤ ʛʦʨʥʘʪʘ ʧʣʦʯʘ. 

ʊ-ʦʙʨʘʟʥʘʪʘ ʯʘʩʪ ʠʤʘ ʩʣʝʜʥʠʪʝ ʨʘʟʤʝʨʠ: 213ʤʤ ʭ 20ʤʤ ʭ 35ʤʤ. ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʧʨʦʬʠʣʘ ʝ 5 

ʤʤ. U-ʦʙʨʘʟʥʘʪʘ ʯʘʩʪ ʠʤʘ ʨʘʜʠʫʩ 17,5 ʤʤ ʚ ʯʘʩʪʪʘ, ʜʦʧʠʨʘʪʝʣʥʘ ʢʲʤ ʦʪʚʦʨʘ ʠ ʦʙʱʘ ʰʠʨʠʥʘ 

28,5 ʤʤ. ʂʘʥʘʣʠʪʝ ʟʘ ʩʛʣʦʙʷʚʘʥʝ ʥʘ ʨʘʤʢʘʪʘ ʩʘ 15ʤʤ ʭ 6,5ʤʤ.ɼʝʪʘʡʣ ɹ ʠʤʘ ʩʣʝʜʥʠʪʝ ʨʘʟʤʝʨʠ, 

ʦʧʠʩʘʥʠ ʦʪ ʢʨʘʡʥʠʪʝ ʤʫ ʪʦʯʢʠ: 187 ʭ 16,5 ʭ 30 ʤʤ /ʜʲʣʞʠʥʘ ʭ ʰʠʨʠʥʘ ʭ ʚʠʩʦʯʠʥʘ/. ʊʨʠ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʨʝʙʨʘ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ ʦʪ ʚʲʪʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʜʝʪʘʡʣʘ, ʟʘ ʜʘ ʧʦʜʜʲʨʞʘʪ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʭʦʨʠʟʦʥʪʘʣʥʦʪʦ ʬʠʢʩʠʨʘʥʝ ʥʘ ʚʲʨʪʷʱʘʪʘ ʩʝ ʤʘʩʘ. ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʧʨʦʬʠʣʘ ʥʘ 

ʯʘʩʪʪʘ ʝ 3 ʤʤ, ʘ ʟʘ ʦʨʝʙʨʝʥʠʪʝ ʯʘʩʪʠ ʩ ʜʦʧʲʣʥʠʪʝʣʥʘ ʦʧʦʨʘ ʝ 6 ʤʤ. ʏʨʝʟ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ 

ʪʘʢʘʚʘ 3D ʦʪʧʝʯʘʪʘʥʘ ʨʘʤʢʘ, ʠ ʚ ʜʚʘʪʘ ʩʣʫʯʘʷ ʥʘ ʥʝʡʥʘʪʘ ʨʘʙʦʪʘ ʠ ʜʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪʘ, ʩʝ 

ʧʦʩʪʠʛʘ ʞʝʣʘʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʬʠʢʩʠʨʘʥʝ ʥʘ ʚʲʨʪʷʱʘʪʘ ʩʝ ʤʘʩʘ. 

ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ ʩʲʩ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ 

ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʧʦʜʦʙʝʥ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʠ -  SolidWorks ʠ Fusion 360. 

2.1.2.3 ʇʦʯʠʩʪʚʘʱ ʤʦʜʫʣ  

ʄʦʜʫʣʲʪ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʩʝ ʩʲʩʪʦʠ ʦʪ ʥʷʢʦʣʢʦ ʦʪʜʝʣʥʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 

ʨʘʙʦʪʷʪ ʝʜʥʦʚʨʝʤʝʥʥʦ ʠʣʠ ʥʝʟʘʚʠʩʠʤʦ. ʇʲʨʚʘʪʘ ʩʠʩʪʝʤʘ ʝ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʜʚʝ ʝʜʥʘʢʚʠ 

ʚʲʨʪʷʱʠ ʩʝ ʯʝʪʢʠ [84], ʩʚʲʨʟʘʥʠ ʩ ʤʝʭʘʥʠʟʲʤ, ʢʦʡʪʦ ʠʤ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʩʧʫʩʢʘʪ ʠʣʠ ʧʦʚʜʠʛʘʪ 

ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʦʚʘ ʜʘʣʠ ʨʦʙʦʪʲʪ ʩʘʤʦ ʩʝ ʜʚʠʞʠ ʠʣʠ ʝ ʚ ʨʝʞʠʤ ʥʘ ʧʦʯʠʩʪʚʘʥʝ. ɺʪʦʨʘ 

ʩʧʦʤʘʛʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ʝ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʧʨʝʥʦʩʠʤ ʨʝʟʝʨʚʦʘʨ ʩ ʨʝʟʝʨʚʦʘʨʥʘ ʧʦʤʧʘ, ʢʦʷʪʦ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪ ʠʟʧʫʩʢʘ ʧʦʯʠʩʪʚʘʱ ʧʨʝʧʘʨʘʪ ʠʣʠ ʚʦʜʘ ʧʨʝʟ ʜʶʟʠ [85][86], ʨʘʟʧʦʣʦʞʝʥʠ ʧʨʝʜ 

ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʝʪʢʠ. ɼʨʫʛʘʪʘ ʧʦʜʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʜʦʧʨʠʥʘʩʷ ʟʘ ʧʨʦʮʝʩʘ ʥʘ ʭʠʛʠʝʥʠʟʠʨʘʥʝ 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʨʝʛʫʣʠʨʫʝʤʘ ʛʫʤʝʥʘ ʯʝʪʢʘ, ʢʦʷʪʦ ʧʦʜʦʙʥʦ ʥʘ ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʝʪʢʠ ʩʝ ʜʚʠʞʠ 

ʚʝʨʪʠʢʘʣʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʣʠʥʝʝʥ ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ, ʠ ʚʪʦʨʘ UV ʣʘʤʧʘ ʩʘ ʤʦʥʪʠʨʘʥʠ 

ʢʲʤ ʨʝʟʝʨʚʦʘʨʘ, ʚ ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʨʦʙʦʪʘ 

ʄʝʭʘʥʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʩ ʚʲʨʪʷʱʠ ʩʝ ʯʝʪʢʠ (ʬʠʛ. 19) ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʪʘʢʘ, ʯʝ ʜʘ 

ʦʩʠʛʫʨʷʚʘ ʢʦʥʪʘʢʪ ʩ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʢʦʷʪʦ ʩʝ ʧʦʯʠʩʪʚʘ ʧʦ ʚʩʷʢʦ ʚʨʝʤʝ, ʢʦʛʘʪʦ ʝ ʘʢʪʠʚʥʘ ʠ 

ʨʦʙʦʪʲʪ ʠʟʚʲʨʰʚʘ ʧʨʦʮʝʩʘ ʥʘ ʭʠʛʠʝʥʠʟʠʨʘʥʝ . ɺ ʥʘʡ-ʥʠʩʢʦ ʧʦʣʦʞʝʥʠʝ, ʢʦʛʘʪʦ ʯʝʪʢʠʪʝ ʩʘ 

ʘʢʪʠʚʥʠ, ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʦʩʠʛʫʨʷʚʘ ʜʦʩʪʘʪʲʯʥʦ ʥʘʣʷʛʘʥʝ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ 

ʧʨʦʮʝʜʫʨʘ. ɸʢʪʠʚʠʨʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʠʟʧʫʩʢʘʥʝ ʥʘ ʧʨʝʧʘʨʘʪʘ ʩʝ ʠʟʚʲʨʰʚʘ ʦʪ ʦʧʝʨʘʪʦʨ 

ʠ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʚʠʜʘ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ, ʢʦʝʪʦ ʩʝ ʭʠʛʠʝʥʠʟʠʨʘ. ʆʙʨʘʪʥʘʪʘ ʚʨʲʟʢʘ ʚ ʪʦʟʠ 

ʩʣʫʯʘʡ ʩʝ ʙʘʟʠʨʘ ʥʘ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ ʠ ʤʦʥʪʠʨʘʥʘʪʘ ʢʘʤʝʨʘ. ʅʘ ʛʦʨʥʘʪʘ ʧʣʦʯʘ 

ʨʦʙʦʪʲʪ ʝ ʦʙʦʨʫʜʚʘʥ ʩ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ UV ʣʘʤʧʘ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʘʪʦʛʝʥʠ ʚ 
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ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʢʦʷʪʦ ʥʝ ʝ ʚ ʢʦʥʪʘʢʪ ʩ ʯʝʪʢʠʪʝ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʷ ʤʦʜʫʣ. ʈʝʛʫʣʠʨʫʝʤʘ ʛʫʤʝʥʘ 

ʯʝʪʢʘ, ʢʦʷʪʦ ʧʦʜʦʙʥʦ ʥʘ ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʝʪʢʠ ʩʝ ʜʚʠʞʠ ʚʝʨʪʠʢʘʣʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʣʠʥʝʝʥ 

ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ, ʠ ʚʪʦʨʘ UV ʣʘʤʧʘ ʩʘ ʤʦʥʪʠʨʘʥʠ ʢʲʤ ʨʝʟʝʨʚʦʘʨʘ, ʚ ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ 

ʨʦʙʦʪʘ. 

 

 

ʌʠʛʫʨʘ 19. 1- ʢʘʧʘʢ ʥʘ ʯʝʪʢʘʪʘ, 2- ʧʦʯʠʩʪʚʘʱ ʜʠʩʢ, 3- ʜʶʟʘ ʟʘ ʧʨʝʧʘʨʘʪ, 4- ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʧʦʚʜʠʛʘʱʠ ʨʘʤʝʥʘ, 5- ʝʣʝʢʪʨʠʯʝʩʢʠ ʤʦʪʦʨ, 6- ʣʠʥʝʝʥ ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ 

ɻʫʤʝʥʘʪʘ ʯʝʪʢʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʙʫʪʚʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʠʷ ʧʨʝʧʘʨʘʪ ʦʪ ʧʦʯʠʩʪʚʘʥʘʪʘ ʩ 

ʚʲʨʪʷʱʠ ʩʝ ʯʝʪʢʠ ʧʦʚʲʨʭʥʦʩʪ. ɼʦʧʲʣʥʠʪʝʣʥʘʪʘ ʚʪʦʨʘ UV ʣʘʤʧʘ ʝ ʥʘʩʦʯʝʥʘ ʜʠʨʝʢʪʥʦ ʢʲʤ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʧʦʜʘ, ʢʦʡʪʦ ʨʦʙʦʪʲʪ ʧʦʯʠʩʪʚʘ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʧʦʩʣʝʜʥʘ 

ʪʝʭʥʦʣʦʛʠʯʥʘ ʦʧʝʨʘʮʠʷ ʚ ʧʨʦʮʝʩʘ ʥʘ ʩʘʥʠʨʘʥʝ. 

ʉʠʩʪʝʤʘʪʘ ʩ ʨʦʪʘʮʠʦʥʥʠ ʯʝʪʢʠ ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʣʝʜʥʠʪʝ ʥʷʢʦʣʢʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʲʨʚʠʷʪ 

ʢʦʤʧʦʥʝʥʪ ʝ ʧʦʯʠʩʪʚʘʱʠʷʪ ʜʠʩʢ ʩ ʜʠʘʤʝʪʲʨ 250 ʤʤ. ɺʲʨʭʫ ʥʝʛʦ ʩʝ ʧʦʩʪʘʚʷ ʢʘʧʘʢʘ ʥʘ ʯʝʪʢʘʪʘ 

ʩ ʜʠʘʤʝʪʲʨ 270 ʤʤ. ʆʪ ʢʘʧʘʢʘ ʥʘ ʯʝʪʢʘʪʘ ʩʝ ʝʢʩʪʨʫʜʠʨʘ ʧʦʣʫʢʨʲʛ ʩ ʚʠʩʦʯʠʥʘ 55 ʤʤ, ʢʦʡʪʦ ʝ 

ʦʙʲʨʥʘʪ ʢʲʤ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ, ʟʘ ʜʘ ʧʨʝʜʧʘʟʠ ʨʦʙʦʪʘ ʦʪ ʟʘʤʲʨʩʷʚʘʥʝ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ ʥʘ 

ʨʦʪʘʮʠʦʥʥʘʪʘ ʯʝʪʢʘ. ɺ ʧʨʝʜʥʠʷ ʢʨʘʡ ʥʘ ʢʘʧʘʢʘ ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʜʶʟʘ, ʧʨʝʟ ʢʦʷʪʦ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪ ʩʝ ʠʟʧʫʩʢʘ ʧʨʝʧʘʨʘʪʘ ʦʪ ʨʝʟʝʨʚʦʘʨʘ. ɺ ʮʝʥʪʲʨʘ ʥʘ ʢʘʧʘʢʘ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ 

ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʪ ʠ ʧʣʘʥʢʠʪʝ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʯʝʪʢʠʪʝ ʢʲʤ ʧʦʚʜʠʛʘʱʠʪʝ ʨʘʤʝʥʘ. ɿʘ 

ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣ ʝ ʠʟʙʨʘʥ 12V ʩ ʨʝʜʫʢʪʦʨ ʥʘ ʩʢʦʨʦʩʪʪʘ ʩ ʤʦʱʥʦʩʪ 150 ʦʙ./ʤʠʥ. ʇʦʚʜʠʛʘʥʝʪʦ 

ʠ ʩʧʫʩʢʘʥʝʪʦ ʥʘ ʯʝʪʢʘʪʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʚʝ ʧʦʚʜʠʛʘʱʠ ʨʘʤʝʥʘ, ʩʚʲʨʟʘʥʠ ʩ 

ʣʦʩʪ, ʦʙʨʘʟʫʚʘʱ ʢʦʙʠʣʠʮʘ, ʟʘʢʨʝʧʝʥʘ ʢʲʤ ʣʠʥʝʝʥ ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ. ɸʢʪʫʘʪʦʨʲʪ ʩʝ 

ʬʠʢʩʠʨʘ ʩ ʜʲʨʞʘʯ ʠ ʩʝ ʧʦʩʪʘʚʷ ʤʝʞʜʫ ʩʝʥʟʦʨʠʪʝ ʠ ʙʘʪʝʨʠʷʪʘ ʥʘ ʧʲʨʚʘʪʘ ʧʣʘʪʬʦʨʤʘ. 

ʇʨʠ ʧʦʯʠʩʪʚʘʥʝ ʩ ʯʝʪʢʠ ʧʦʩʦʢʘʪʘ ʠʤ ʥʘ ʚʲʨʪʝʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʪʦʚʘ ʢʦʷ ʩʪʨʘʥʘ ʥʘ 

ʨʦʙʦʪʘ ʝ ʧʦ-ʙʣʠʟʦ ʜʦ ʩʪʝʥʘ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ. ʇʦʯʠʩʪʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʦʪ ʙʣʠʟʢʘʪʘ ʢʲʤ 
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ʜʘʣʝʯʥʘʪʘ ʩʪʝʥʘ , ʪ.ʝ. ʯʝʪʢʠʪʝ ʠʟʙʫʪʚʘʪ ʦʪʧʘʜʲʮʠʪʝ ʥʘʩʪʨʘʥʠ, ʩʣʝʜ ʢʦʝʪʦ ʨʦʙʦʪʲʪ ʩʝ ʜʚʠʞʠ ʚ 

ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ ʠ ʚʲʨʪʝʥʝʪʦ ʥʘ ʯʝʪʢʠʪʝ ʩʝ ʧʨʦʤʝʥʷ. ʊʦʚʘ ʧʨʦʜʲʣʞʘʚʘ, ʜʦʢʘʪʦ ʩʪʠʛʥʝ ʜʦ 

ʜʨʫʛʠʷ ʢʨʘʡ ʥʘ ʩʪʘʷʪʘ. ʇʨʠʥʮʠʧʲʪ ʝ ʠʣʶʩʪʨʠʨʘʥ ʥʘ ʬʠʛʫʨʘ 20.  

 

ʌʠʛʫʨʘ 20. ʇʨʠʥʮʠʧ ʥʘ ʚʲʨʪʝʥʝ ʥʘ ʧʦʯʠʩʪʚʘʱʠʪʝ ʯʝʪʢʠ ʠ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ ʚ 

ʩʪʘʷʪʘ, ʧʦʜʣʦʞʝʥʘ ʥʘ ʧʦʯʠʩʪʚʘʱʘ ʧʨʦʮʝʜʫʨʘ 

ʇʦ ʚʨʝʤʝ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ ʯʝʪʢʠʪʝ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʟʘ 

ʪʚʲʨʜʠ ʧʦʚʲʨʭʥʦʩʪʠ. ɼʚʠʞʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ ʥʘ ʢʦʤʧʣʝʢʩʘ ʠ ʠʟʧʲʣʥʝʥʠʝʪʦ 

ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʦʧʝʨʘʮʠʠ ʥʘ ʭʠʛʠʝʥʥʠʷ ʤʦʜʫʣ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘʪ ʢʘʢʪʦ ʥʘ ʙʘʟʘʪʘ ʥʘ 

ʚʲʪʨʝʰʥʘ ʥʘʚʠʛʘʮʠʷ, ʪʘʢʘ ʠ ʥʘ ʪʝʣʝ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ. 

ɺʪʦʨʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʭʠʛʠʝʥʥʠʷ ʤʦʜʫʣ ʩʝ ʩʲʩʪʦʠ ʦʪ ʨʝʟʝʨʚʦʘʨ ʟʘ ʧʨʝʧʘʨʘʪ ʠ ʧʦʤʧʘ ʟʘ 

ʨʝʟʝʨʚʦʘʨ, ʢʦʠʪʦ ʩʝ ʘʢʪʠʚʠʨʘʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ . ʀʟʙʨʘʥʘʪʘ ʧʦʤʧʘ ʟʘ ʨʝʟʝʨʚʦʘʨ ʝ 12V ʩ 

ʤʘʢʩʠʤʘʣʝʥ ʜʝʙʠʪ ʦʪ 5 l/min, ʢʦʷʪʦ ʝ ʤʦʥʪʠʨʘʥʘ ʥʘ ʪʨʝʪʘʪʘ ʧʣʦʯʘ. ʈʝʟʝʨʚʦʘʨʲʪ ʟʘ ʧʨʝʧʘʨʘʪ 

ʩʝ ʧʦʩʪʘʚʷ ʥʘ ʜʦʣʥʘʪʘ ʧʣʦʯʘ. ɿʘʢʨʝʧʚʘ ʩʝ ʢʲʤ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʯʨʝʟ 4 ʧʣʘʩʪʠʥʠ ʩ ʦʪʚʦʨʠ, 

ʢʦʠʪʦ ʚʣʠʟʘʪ ʚ ʧʨʲʪʠʪʝ ʤʝʞʜʫ ʧʲʨʚʘʪʘ ʠ ʚʪʦʨʘʪʘ ʧʣʘʩʪʠʥʘ. 

ʉʠʩʪʝʤʘʪʘ ʩ  ʨʦʪʘʮʠʦʥʥʘʪʘ ʯʝʪʢʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʣʝʜʥʠʪʝ ʥʷʢʦʣʢʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʲʨʚʠʷʪ 

ʢʦʤʧʦʥʝʥʪ ʝ ʜʠʩʢʲʪ ʩ ʧʦʯʠʩʪʚʘʱʠʪʝ ʧʝʨʘ. ɼʠʩʢʲʪ ʝ ʩ ʜʠʘʤʝʪʲʨ 250ʤʤ ʠ 5ʤʤ ʜʝʙʝʣʠʥʘ ʥʘ 

ʧʣʦʯʘʪʘ, ʢʘʪʦ ʦʙʱʘʪʘ ʚʠʩʦʯʠʥʘ ʝ 105ʤʤ. ɺ ʮʝʥʪʲʨʘ ʥʘ ʜʠʩʢʘ ʝ ʝʢʩʪʨʫʜʠʨʘʥʘ ʚʪʫʣʢʘ ʩ 

ʜʠʘʤʝʪʲʨ 9ʤʤ ʠ ʚʠʩʦʯʠʥʘ 15, ʢʦʷʪʦ ʩʝ ʤʦʥʪʠʨʘ ʢʲʤ ʬʣʘʥʝʮʘ, ʧʨʝʜʘʚʘʱ ʚʲʨʪʝʣʠʚʦʪʦ 

ʜʚʠʞʝʥʠʝ ʦʪ ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʘ ʙʦʣʪʘ ʄ3 ʤʠʥʘʚʘʱ ʥʘʧʨʝʯʥʦ ʧʨʝʟ 

ʩʛʣʦʙʢʘʪʘ (ʬʠʛ. 22.). ʉʚʲʨʟʚʘʱʠʷʪ ʯʝʪʢʘʪʘ ʩ ʝʣʝʢʪʨʦʚʜʠʛʘʪʝʣʷ ʬʣʘʥʝʮ ʝ ʩ ʜʲʣʞʠʥʘ 55ʤʤ. 

ʄʘʣʢʠʷʪ  ʜʠʘʤʝʪʲʨ ʝ 15ʤʤ, ʘ ʛʦʣʝʤʠʷʪ, ʢʦʠʪʦ ʣʷʛʘ ʚʲʨʭʫ ʣʘʛʝʨ ʠ ʛʦ ʧʦʢʨʠʚʘ ʢʘʪʦ ʢʘʧʘʢ  ʩ 

ʜʠʘʤʝʪʲʨ 21ʤʤ. ʏʘʩʪʘ ʢʦʷʪʦ ʝ ʚʲʨʭʫ ʣʘʛʝʨʘ ʝ ʩ ʜʝʙʝʣʠʥʘ 4ʤʤ. ɿʘ ʣʘʛʝʨ ʝ ʠʟʙʨʘʥ ʠʛʣʝʥ ʣʘʛʝʨ 

ʩ ʚʲʪʨʝʰʝʥ ʜʠʘʤʝʪʲʨ 15ʤʤ, ʚʲʥʰʝʥ 21ʤʤ ʠ ʜʝʙʝʣʠʥʘ 22ʤʤ, ʢʦʡʪʦ ʩʝ ʧʦʩʪʘʚʷ ʚ ʧʨʦʝʢʪʠʨʘʥʦ 

ʟʘ ʮʝʣʪʘ ʛʥʝʟʜʦ ʧʦʤʝʩʪʝʥʦ ʚ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʢʘʧʘʢʘ. ʂʘʧʘʢʲʪ ʥʘ ʯʝʪʢʘʪʘ ʝ ʩ ʜʠʘʤʝʪʲʨ 
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270ʤʤ ʠ ʜʝʙʝʣʠʥʘ 5ʤʤ. ɽʢʩʪʨʫʜʠʨʘʥʘ ʝ ʧʦʣʫʦʢʨʲʞʥʦʩʪʪʘ ʦʪ ʢʘʧʘʢʘ ʩ ʜʲʣʞʠʥʘ 55ʤʤ, ʢʦʷʪʦ 

ʝ ʩ ʣʠʮʝ ʢʲʤ ʤʦʙʠʣʥʠʷʪ ʨʦʙʦʪ, ʩ ʮʝʣ ʧʨʝʜʧʘʟʚʘʥʝ ʥʘ ʨʦʙʦʪʘ ʦʪ ʟʘʤʲʨʩʷʚʘʥʝ ʧʨʠ ʨʘʙʦʪʘ ʥʘ 

ʨʦʪʘʮʠʦʥʥʘʪʘ ʯʝʪʢʘ. 

 

                        

   ʌʠʛʫʨʘ 21. ʉʛʣʦʙʢʘ ʥʘ ʨʦʪʘʮʠʦʥʥʘ                      ʌʠʛʫʨʘ 22. ʈʘʟʨʝʟ ʥʘ ʨʦʪʘʮʠʦʥʥʘʪʘ   

                            ʯʝʪʢʘ                                                                            ʯʝʪʢʘ 

ɺ ʮʝʥʪʲʨʘ ʥʘ ʢʘʧʘʢʘ ʧʦʤʝʩʪʝʥʦ ʮʠʣʠʥʜʨʠʯʥʦ ʪʷʣʦ ʩ ʚʲʥʰʝʥ ʠ ʚʲʪʨʝʰʝʥ ʜʠʘʤʝʪʲʨ 

ʩʲʦʪʚʝʪʥʦ 60 ʠ 21ʤʤ, ʠ ʚʠʩʦʯʠʥʘ 26ʤʤ. ʂʲʤ ʛʦʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʮʠʣʠʥʜʨʠʯʥʦʪʦ ʪʷʣʦ ʩʘ 

ʢʦʥʩʪʨʫʠʨʘʥʠ 4 ʛʥʝʟʜʘ ʩ ʨʘʟʤʝʨʠ 8ʤʤ ʭ 8ʤʤ ʭ 9ʤʤ. ɺ ʛʥʝʟʜʘʪʘ ʩʘ ʧʦʤʝʩʪʝʥʠ ʦʪʚʦʨʠ ʩ 

ʜʲʣʞʠʥʘ 30ʤʤ ʟʘ ʙʦʣʪʦʚʝ ʄ3, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʠʪʦ ʩʝ ʤʦʥʪʠʨʘ ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɿʘ 

ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣ [87] ʝ ʠʟʙʨʘʥ 12V ʩ ʨʝʜʫʢʪʦʨ ʩ 150 ʦʙ./ʤʠʥ. ɿʘʭʚʘʱʘʥʝʪʦ ʥʘ ʨʦʪʘʮʠʦʥʠʪʝ 

ʯʝʪʢʠ ʢʲʤ ʧʦʚʜʠʛʘʱʦʪʦ ʨʘʤʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʧʣʘʥʢʠ ʩ ʨʘʟʤʝʨʠ 60ʤʤ ʭ 65ʤʤ ʭ 7,5ʤʤ, 

ʥʘ ʦʪʩʪʦʡ 115ʤʤ ʝʜʥʘ ʦʪ ʜʨʫʛʘ, ʚ ʢʦʠʪʦ ʩʘ ʧʦʤʝʩʪʝʥʠ ʦʪʚʦʨʠ ʩ ʜʠʘʤʝʪʲʨ 10ʤʤ. ʉʧʨʷʤʦ ʪʦʚʘ 

ʜʘʣʠ ʨʦʪʘʮʠʦʥʥʘʪʘ ʯʝʪʢʘ ʩʝ ʟʘʭʚʘʱʘ ʦʪ ʣʷʚʘʪʘ ʠʣʠ ʜʷʩʥʘ ʩʪʨʘʥʘ ʩʝ ʧʦʣʟʚʘ ʩʲʦʪʚʝʪʥʘʪʘ 

ʩʢʨʝʧʠʪʝʣʥʘ ʧʣʘʥʢʘ. 

                 

ʌʠʛʫʨʘ 23. ʉʪʨʘʥʠʯʝʥ ʠʟʛʣʝʜ ʥʘ ʨʦʙʦʪʘ           ʌʠʛʫʨʘ 24. ʉʛʣʦʙʢʘ ʥʘ ʤʦʜʫʣ ʩ ʨʦʪʘʮʠʦʥʥʠ  

   ʩʲʩ ʩʧʫʩʥʘʪʘ ʨʦʪʘʮʠʦʥʥʘ ʯʝʪʢʘ                  ʯʝʪʢʠ ʤʦʥʪʠʨʘʥʠ ʢʲʤ ʧʦʚʜʠʛʘʱʠʷ ʤʝʭʘʥʠʟʲʤ 



тл 
 

ɺʜʠʛʘʥʝʪʦ ʠ ʩʧʫʩʢʘʥʝʪʦ ʥʘ ʯʝʪʢʘʪʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʝ ʧʦʚʜʠʛʘʱʠ ʨʘʤʝʥʘ (ʬʠʛ. 

23.), ʩʚʲʨʟʘʥʠ ʧʦʩʨʝʜʩʪʚʦʤ ʣʦʩʪ ʦʙʨʘʟʫʚʘʡʢʠ ʢʦʙʠʣʠʮʘ, ʟʘʭʚʘʥʘʪʠ ʢʲʤ ʣʠʥʝʝʥ ʘʢʪʫʘʪʦʨ. 

ɸʢʪʫʘʪʦʨʲʪ[88] ʝ ʬʠʢʩʠʨʘʥ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʥʦ ʧʨʦʝʢʪʠʨʘʥʘ ʧʣʘʥʢʘ-ʜʲʨʞʘʯ (ʬʠʛ.25), 

ʢʘʪʦ ʝ ʧʦʤʝʩʪʝʥ ʤʝʞʜʫ ʩʝʥʟʦʨʠʪʝ ʠ ʙʘʪʝʨʠʷʪʘ ʥʘ ʧʲʨʚʘʪʘ ʧʣʘʪʬʦʨʤʘ. ʈʘʤʝʥʘʪʘ ʩʘ ʠʟʛʨʘʜʝʥʠ 

ʦʪ 30ʤʤ ʭ 10ʤʤ ʭ 1,5ʤʤ ʧʨʦʬʠʣʠ. ʈʘʤʝʥʘʪʘ ʩʘ ʩʢʨʝʧʝʥʠ ʢʲʤ ʣʠʥʝʡʥʠ ʧʣʲʩʛʘʱʠ ʣʘʛʝʨʠ, 

ʢʦʠʪʦ ʩʘ ʤʦʥʪʠʨʘʥʠ ʢʲʤ ʧʨʝʜʥʠʪʝ ʜʚʘ ʧʨʲʪʘ ( ʬʠʛ.24). ɿʘ ʜʘ ʦʩʲʱʝʩʪʚʠ ʯʝʪʢʘʪʘ ʢʦʥʪʘʢʪ ʩ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʙʫʪʘʣʦʪʦ ʥʘ ʣʠʥʝʡʥʠʷʪ ʘʢʪʫʘʪʦʨ ʜʘ ʜʦʩʪʠʛʥʝ 

ʢʨʘʡʥʦ ʜʦʣʥʦ ʧʦʣʦʞʝʥʠʝ. ɺ ʪʘʟʠ ʧʦʟʠʮʠʷ ʘʢʪʫʘʪʦʨʲʪ ʝ ʥʘ 113,5 ʤʤ ʦʪ ʧʣʦʯʘʪʘ ʩʯʠʪʘʥʦ ʦʪ 

ʦʪʚʦʨʘ ʚ ʙʫʪʘʣʦʪʦ. ʇʨʠ ʧʦʚʜʠʛʘʥʝ ʚ ʢʨʘʡʥʦ ʛʦʨʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʙʫʪʘʣʦʪʦ ʩʝ ʟʘʜʘʚʘ 30ʤʤ 

ʭʦʜ. ʊʘʢʘ ʩʝ ʦʩʠʛʫʨʷʚʘ ʜʦʩʪʘʪʲʯʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʟʘ ʜʘ ʤʦʞʝ ʨʦʙʦʪʲʪ ʜʘ ʩʝ ʧʨʠʜʚʠʞʚʘ ʙʝʟ ʜʘ 

ʟʘʢʘʯʘʪ ʧʝʨʘʪʘ ʥʘ ʯʝʪʢʘʪʘ ʢʦʛʘʪʦ ʨʝʞʠʤʲʪ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʥʝ ʝ ʘʢʪʠʚʝʥ.  

ʂʲʤ ʧʦʯʠʩʪʚʘʱʘʪʘ ʨʦʪʘʮʠʦʥʥʘ ʯʝʪʢʘ ʝ ʜʦʙʘʚʝʥʘ ʩʧʦʤʘʛʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʤʧʘ[89] ʠ ʨʝʟʝʨʚʦʘʨ, ʢʦʷʪʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ ʜʘ ʩʝ ʚʢʣʶʯʚʘ ( ʬʠʛ.26ʘ ʠ ʬʠʛ.26ʙ).  

               

ʌʠʛʫʨʘ 25. ɼʲʨʞʘʯ ʟʘ       ʌʠʛʫʨʘ 26ʘ. ʈʝʟʝʨʚʦʘʨ ʟʘ ʚʦʜʘ,     ʌʠʛʫʨʘ 26ʙ. ʈʝʟʝʨʚʦʘʨ ʟʘ ʚʦʜʘ 

    ʣʠʥʝʝʥ ʘʢʪʫʘʪʦʨ          ʤʦʥʪʠʨʘʥ ʢʲʤ ʨʦʙʦʪ ʧʣʘʪʬʦʨʤʘʪʘ 

ɿʘ ʧʦʤʧʘ ʝ ʠʟʙʨʘʥʘ 12V ʩ ʤʘʢʩʠʤʘʣʝʥ ʜʝʙʠʪ ʦʪ 5ʣ/ʤʠʥ. ʇʦʤʧʘʪʘ ʩʝ ʤʦʥʪʠʨʘ ʥʘ ʪʨʝʪʘʪʘ ʧʣʦʯʘ 

ʧʦʩʨʝʜʩʪʚʦʤ 4 ʄ3 ʙʦʣʪʘ. ʈʝʟʝʨʚʦʘʨʲʪ ʟʘ ʚʦʜʘ ʝ ʩ ʚʲʪʨʝʰʥʘ ʩʪʨʘʥʘ ʢʦʮʝʥʪʨʠʯʥʘ ʠ ʨʘʚʥʘ ʥʘ 

ʧʣʦʯʠʪʝ ʥʘ ʤʦʙʠʣʥʠʷʪ ʨʦʙʦʪ, ʢʘʪʦ ʢʨʘʡʥʠʪʝ ʪʦʯʢʠ ʦʧʠʩʚʘʪ ʦʢʨʲʞʥʦʩʪ ʩ ʜʠʘʤʝʪʲʨ 600ʤʤ. 

ɺʠʩʦʯʠʥʘʪʘ ʥʘ ʨʝʟʝʨʚʦʘʨʘ ʝ 170ʤʤ ʢʘʪʦ ʥʘ 30ʤʤ ʦʪ ʦʩʥʦʚʘʪʘ ʩʘ ʟʘʚʘʨʝʥʠ 4 ʧʣʘʥʢʠ ʩ ʦʪʚʦʨʠ, 

ʢʦʠʪʦ ʚʣʠʟʘʪ ʚ ʧʨʲʪʦʚʝʪʝ ʤʝʞʫ ʧʲʨʚʘʪʘ ʠ ʚʪʦʨʘ ʧʣʦʯʠ ʠ ʪʘʢʘ ʛʦ ʩʢʨʝʧʷʪ ʢʲʤ ʮʷʣʘʪʘ ʤʦʙʠʣʥʘ 

ʧʣʘʪʬʦʨʤʘ. ɺ ʟʘʜʥʘʪʘ ʩʠ ʯʘʩʪ ʨʝʟʝʨʚʦʘʨʘ ʠʤʘ ʝʣʝʤʝʥʪ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʡʪʦ ʩʝ ʟʘʢʘʯʘ ʢʘʧʘʢʘ 

ʥʘ ʨʝʟʝʨʚʦʘʨʘ.  

2.1.2.4 ʄʦʜʫʣ ʩ ʥʦʞʠʯʝʩʪ ʧʦʜʝʤʥʠʢ 

ʅʦʞʦʯʝʩʪʠʷʪ ʧʦʜʝʤʥʠʢ ʝ ʠʟʛʨʘʜʝʥ ʦʪ ʜʚʝ ʨʘʤʢʦʚʠ ʢʦʥʩʪʨʫʢʮʠʠ/ frame structures/ - ʨʘʤʘ ɸ ʠ 

ʨʘʤʘ ɹ, ʩ ʠʜʝʥʪʠʯʥʠ ʚʲʥʰʥʠ ʨʘʟʤʝʨʠ ʠ ʧʨʦʬʠʣʠ ʠʟʛʨʘʞʜʘʱʠ ʛʠ, ʢʘʪʦ ʢʲʤ ʪʷʭ ʩʘ ʬʠʢʩʠʨʘʥʠ 
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ʜʨʫʛʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʮʷʣʦʩʪʥʘʪʘ ʩʛʣʦʙʢʘ.  

      

   ʌʠʛʫʨʘ 27. ʉʛʣʦʙʢʘ ʥʘ ʥʦʞʠʯʝʩʪ                           ʌʠʛʫʨʘ 28. ʀʟʛʣʝʜ ʥʘ  ʤʝʭʘʥʠʟʤʘ ʩ    

                       ʧʦʜʝʤʥʠʢ                                           ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ  ʥʦʞʠʯʝʩʪʠʷ ʧʦʜʝʤʥʠʢ   

ʇʨʦʬʠʣʠʪʝ ʧʦʣʟʚʘʥʠ ʟʘ ʚʲʥʰʥʠʪʝ ʨʘʤʢʠ ʩʘ 20ʤʤ ʭ30ʤʤ ʭ2ʤʤ. ʈʘʤʢʠʪʝ ʩʘ ʩ ʨʘʟʤʝʨʠ 400ʤʤ 

ʭ 240ʤʤ ʢʘʪʦ ʲʛʣʠʪʝ ʠʤ ʩʘ ʩʢʦʩʝʥʠ ʩ ʮʝʣ ʨʘʤʘʪʘ ʜʘ ʙʲʜʝ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʙʣʠʟʢʦ ʧʦ ʢʦʥʪʫʨʘ ʥʘ 

ʧʣʦʯʘʪʘ ʥʘ ʨʦʙʦʪʘ. ɺ ʩʛʲʥʘʪʦ ʧʦʣʦʞʝʥʠʝ ʥʦʞʠʯʝʩʪʠʷ ʧʦʚʜʠʛʘʯ ʝ ʥʘ 60ʤʤ ʚʠʩʦʯʠʥʘ ʦʪ 

ʧʣʘʪʬʦʨʤʘʪʘ ʥʘ ʨʦʙʦʪʘ, ʢʲʤ ʢʦʷʪʦ ʝ ʤʦʥʪʠʨʘʥ, ʘ ʚ ʤʘʢʩʠʤʘʣʥʦ ʧʦʚʜʠʛʥʘʪʦ ʧʦʯʪʠ 172ʤʤ. 

ʈʘʤʘ ɸ ʩʝ ʟʘʭʚʘʱʘ ʢʲʤ ʛʦʨʥʘʪʘ ʧʣʦʯʘ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʧʦʩʨʝʜʩʪʚʦʤ 4 ʛ-ʦʙʨʘʟʥʠ ʧʨʦʬʠʣʘ 

ʩ ʨʘʟʤʝʨʠ 25ʭ 35 ʭ 3, ʢʘʪʦ ʚʩʝʢʠ ʦʪ 4-ʪʝ ʧʨʦʬʠʣʘ ʩʝ ʟʘʭʚʘʱʘ ʩ ʧʦ 3 ʙʦʣʪʘ ʄ6. 

ʀʜʝʥʪʠʯʥʦ ʠ ʟʘ ʜʚʝʪʝ ʨʘʤʠ ʚ ʝʜʠʥʠʷ ʢʨʘʡ ʥʘ ʚʩʷʢʘ ʦʪ ʪʷʭ ʚ ʧʨʦʬʠʣʠʪʝ ʩʘ ʬʨʝʟʦʚʘʥʠ ʢʘʥʘʣʠ, 

ʚ ʢʦʡʪʦ ʩʝ ʧʦʤʝʩʪʚʘ ʣʘʛʝʨʥʠʪʝ ʪʝʣʘ ʠ ʦʩʠʪʝ, ʟʘ ʢʦʠʪʦ ʩʘ ʟʘʭʚʘʥʘʪʠ ʩʲʦʪʚʝʪʥʠʪʝ ʜʚʝ ʧʣʲʟʛʘʱʠ 

ʨʘʤʝʥʘ ʟʘ ʧʦʚʜʠʛʘʥʝ ʥʘ ʨʘʤʘ ɹ, ʘ ʚ ʜʨʫʛʠʷ ʢʨʘʡ ʩʘ ʨʘʟʧʨʦʙʠʪʠ ʦʪʚʦʨʠ ʩ ʜʠʘʤʝʪʲʨ 15ʤʤ. 

ɼʲʣʞʠʥʘʪʘ ʥʘ ʬʨʝʟʦʚʘʥʠʷ ʢʘʥʘʣ ʝ 70ʤʤ, ʚ ʢʦʡʪʦ ʝ ʥʘʙʠʪ ʠʛʣʝʥ ʣʘʛʝʨ ʩ ʚʲʥʰʝʥ ʠ ʚʲʪʨʝʰʝʥ 

ʜʠʘʤʝʪʲʨ ʩʲʦʪʚʝʪʥʦ 21ʤʤ ʠ 15ʤʤ. ɺ ʜʨʫʛʠʷ ʢʨʘʡ ʥʘ ʨʘʤʘ ɸ, ʚʲʪʨʝʰʥʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ, ʝ 

ʟʘʭʚʘʥʘʪ ʣʠʥʝʡʥʠʷ ʘʢʪʫʘʪʦʨ [90]. ɹʫʪʘʣʦʪʦ ʥʘ ʘʢʪʫʘʪʦʨʘ ʝ ʩ ʜʠʘʤʝʪʲʨ 12ʤʤ ʠ ʭʦʜ 100ʤʤ. 

ʃʠʥʝʡʥʠʷ ʘʢʪʫʘʪʦʨ ʝ ʟʘʢʨʝʧʝʥ ʢʲʤ ʜʚʘ ʧʨʦʬʠʣʘ- 20ʤʤ ʭ 30ʤʤ ʩ ʜʲʣʞʠʥʘ 50ʤʤ, ʢʘʪʦ ʮʝʥʪʲʨʘ 

ʥʘ ʟʘʭʚʘʱʘʥʝ ʝ ʥʘ 13ʤʤ ʦʪ ʧʣʦʯʘʪʘ ʥʘ ʨʦʙʦʪʘ ʪ.ʝ. ʧʦʜ ʮʝʥʪʨʘʣʥʘʪʘ ʦʩ ʥʘ ʧʨʦʬʠʣʠʪʝ, ʟʘ ʜʘ ʩʝ 

ʛʘʨʘʥʪʠʨʘ ʧʦ-ʛʦʣʷʤʦ ʩʢʦʩʝʥʠʝ ʧʨʠ ʧʨʠʙʨʘʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʥʦʞʠʮʠʪʝ. ʂʲʤ ʨʘʤʘ ɹ ʥʘʧʨʝʯʥʦ 

ʧʦ ʩʨʝʜʘʪʘ ʝ ʟʘʚʘʨʝʥ ʜʦʧʲʣʥʠʪʝʣʝʥ ʧʨʦʬʠʣ, ʢʦʡʪʦ ʜʘ ʧʦʚʠʰʠ ʟʜʨʘʚʠʥʘʪʘ ʠ ʷʢʦʩʪʪʘ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʧʨʠ ʧʦʚʜʠʛʘʥʝ ʥʘ ʪʦʚʘʨʠ. ɺ ʛʦʨʥʘʪʘ ʯʘʩʪ ʚʲʨʭʫ ʨʘʤʘ ɹ ʝ ʟʘʚʘʨʝʥ ʣʠʩʪʦʚ 

ʤʘʪʝʨʠʘʣ ʩʲʩ ʩʲʱʘʪʘ ʬʦʨʤʘ ʠ ʜʝʙʝʣʠʥʘ ʥʘ ʣʠʩʪʘ 3ʤʤ, ʥʘ ʢʦʡʪʦ ʜʘ ʙʲʜʘʪ ʧʦʣʘʛʘʥʠ ʨʘʟʣʠʯʥʠʪʝ 

ʧʨʦʜʫʢʪʠ. ʇʦʚʜʠʛʘʱʠʪʝ ʨʘʤʝʥʘ ʩʘ ʩ ʨʘʟʤʝʨʠ 235ʤʤ ʭ 30ʤʤ ʭ 4ʤʤ ʩʲʩ ʟʘʢʨʲʛʣʝʥʠʝ ʥʘ ʨʲʙʘ 

R8. ɺʲʚ ʚʩʷʢʦ ʦʪ ʨʘʤʝʥʘʪʘ ʩʘ ʨʘʟʧʨʦʙʠʪʠ 3 ʦʪʚʦʨʘ ʩ ʜʠʘʤʝʪʲʨ 15ʤʤ- ʝʜʠʥ ʮʝʥʪʨʘʣʥʦ ʠ ʜʚʘ 
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ʚʲʚ ʚʩʝʢʠ ʦʪ ʢʨʘʠʱʘʪʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 214.80 ʤʤ ʝʜʠʥ ʦʪ ʜʨʫʛ. ʂʲʤ ʜʚʝ ʦʪ ʨʘʤʝʥʘʪʘ ʝ ʟʘʚʘʨʝʥ 

ʧʨʦʬʠʣ 20ʤʤ ʭ 20ʤʤ, ʢʲʤ ʢʦʡʪʦ ʩʝ ʟʘʢʨʝʧʷ ʙʫʪʘʣʦʪʦ ʥʘ ʣʠʥʝʡʥʠʷ ʘʢʪʫʘʪʦʨ. ɺʲʨʭʫ ʛʦʨʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʢʦʥʪʘʢʪʫʚʘʱʘ ʩ ʧʦʚʜʠʛʘʥʠʪʝ ʦʪ ʨʦʙʦʪʘ ʠʟʜʝʣʠʷ, ʩʘ ʧʦʩʪʘʚʝʥʠ ʩʝʥʟʦʨʠ [91] ʟʘ 

ʪʝʞʝʩʪ, ʢʦʠʪʦ ʜʘ ʧʨʝʜʧʘʟʚʘʪ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʦʪ ʧʨʝʪʦʚʘʨʚʘʥʝ 

2.1.2.5 ʄʦʜʫʣ ʩ ʘʥʪʨʦʧʦʤʦʨʬʝʥ ʨʦʙʦʪ ʅʠʨʴʦ    

ɿʘ ʮʝʣʠʪʝ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʷ ʦʙʩʣʫʞʚʘʱ ʨʦʙʦʪ ʙʝʰʝ ʠʟʙʨʘʥ ʘʥʪʨʦʧʦʤʦʨʬʥʠʷʪ ʨʦʙʦʪ Niryo One 

[92] ʩʲʩ ʩʣʝʜʥʘʪʘ ʩʧʝʮʠʬʠʢʘʮʠʷ: 6-ʦʩʝʥ ʨʦʙʦʪ ʩ ʰʝʩʪ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ. ʈʘʟʤʝʨʠʪʝ ʥʘ 

ʜʲʣʞʠʥʠʪʝ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʩʲʩʪʘʚʣʷʚʘʱʠ ʢʦʥʩʪʨʫʢʮʠʷʪʘ, ʩʘ ʢʘʢʪʦ ʩʣʝʜʚʘ: ʦʩʥʦʚʘ - 103 ʤʤ, 

ʨʘʤʦ - 80 ʤʤ, ʧʲʨʚʘ ʬʫʛʘ - 210 ʤʤ, ʚʪʦʨʘ ʩʪʘʚʘ - 180 ʤʤ. 

                                                        

ʌʠʛʫʨʘ 29. ɸʥʪʨʦʧʦʤʦʨʬʝʥ ʨʦʙʦʪ Niryo One  ʌʠʛʫʨʘ 30. ʉʪʘʚʠʪʝ ʥʘ ʨʦʙʦʪʘ 

ɺ ʟʘʜʥʠʷ ʧʘʥʝʣ ʥʘ Niryo One ʩʘ ʧʦʤʝʩʪʝʥʠ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʠ ʬʠʟʠʯʝʩʢʠ ʠʥʪʝʨʬʝʡʩʠ: 

Å  ɻʦʨʝʥ ʙʫʪʦʥ;                                                   Å  ʀʟʭʦʜ ʟʘ ʧʨʝʚʢʣʶʯʚʘʪʝʣ 12 V; 

Å  LED;                                                                 Å  ʂʦʥʝʢʪʦʨ Dynamixel XL-320; 

Å  4 ʙʨʦʷ USB ʧʦʨʪ;                                            Å  ʂʦʥʝʢʪʦʨ Dynamixel XL-430; 

Å  GPIO ʧʘʥʝʣ (ʆʙʱʦ 6 ʮʠʬʨʦʚʠ ʱʠʬʪʘ);       Å  ʇʨʝʚʢʣʶʯʚʘʪʝʣ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ; 

Å  ʉʲʝʜʠʥʠʪʝʣ ʥʘ ʟʘʭʨʘʥʚʘʱʠʷ ʘʜʘʧʪʝʨ.          Å CAN ʰʠʥʥʘ ʚʨʲʟʢʘ ʟʘ Niryo Steppers;   

Å  Ethernet ʧʦʨʪ ʥʘ Raspberry Pi 3B;         ʈʦʙʦʪʲʪ ʪʝʞʠ 3,3 ʢʛ. ɺʲʟʤʦʞʥʠʷʪ ʤʘʢʩʠʤʘʣʝʥ ʦʙʩʝʛ 

ʩ ʤʦʥʪʠʨʘʥ ʭʚʘʱʘʯ ʝ ʜʦ 440 ʤʤ. ɺ ʜʦʣʥʘʪʘ ʯʘʩʪ ʥʘ Niryo One ʩʘ ʧʦʩʪʘʚʝʥʠ 4 ʚʝʥʜʫʟʠ ʠ ʛʫʤʝʥʠ 

ʢʨʘʯʝʪʘ, ʧʨʝʟ ʢʦʠʪʦ ʝ ʩʚʲʨʟʘʥ ʢʲʤ ʩʧʝʮʠʬʠʯʥʘ ʨʘʙʦʪʥʘ ʧʦʚʲʨʭʥʦʩʪ. ʄʘʢʩʠʤʘʣʥʠʷʪ ʲʛʲʣ ʥʘ 

ʚʲʨʪʝʥʝ ʟʘ ʚʩʷʢʘ ʦʪ ʩʪʘʚʠʪʝ ʝ ʢʘʢʪʦ ʩʣʝʜʚʘ: J1: -175 Á ʜʦ 175 Á, J2: -90 Á ʜʦ 36.7 Á, J3: -80 Á ʜʦ 

90 °, J4: -175 Á ʜʦ 175 Á, J5: ʦʪ -100 Á ʜʦ 110 Á, J6: ʦʪ -147.5 Á ʜʦ 147.5. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 

ʩʪʘʚʠʪʝ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛ.30. 
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ʌʠʛʫʨʘ 31. ʇʨʠʥʮʠʧʲʪ ʥʘ ʟʘʢʨʝʧʚʘʥʝ               ʌʠʛʫʨʘ 32. ɼʲʨʞʘʯ ʟʘ ʬʠʢʩʠʨʘʥʝ Niryo One 

ʥʘ Niryo One ʢʲʤ ʛʦʨʥʘʪʘ ʧʣʘʪʬʦʨʤʘ 

 ɼʲʨʞʘʯʲʪ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʠ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ, ʥʝʦʙʭʦʜʠʤʘ 

ʟʘ Niryo One ʝ ʢʦʤʙʠʥʘʮʠʷ ʦʪ U-ʦʙʨʘʟʝʥ ʧʨʦʬʠʣ, ʢʦʡʪʦ ʚʣʠʟʘ ʚ ʦʪʚʦʨ ʚ ʛʦʨʥʘʪʘ ʧʣʦʯʘ, ʠ L-

ʦʙʨʘʟʝʥ ʧʨʦʬʠʣ, ʯʠʷʪʦ ʛʦʨʥʘ ʯʘʩʪ ʝ ʢʦʨʘʜʠʘʣʥʘ ʠ ʚ ʢʦʥʪʘʢʪ ʩ ʦʩʥʦʚʘʪʘ ʧʨʠ ʩʲʝʜʠʥʝʥʠʝ J1, 

ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʨʦʙʦʪʲʪ ʩʝ ʬʠʢʩʠʨʘ ʚ ʩʪʘʙʠʣʥʦ ʧʦʣʦʞʝʥʠʝ (ʬʠʛ.32). ɼʲʨʞʘʯʲʪ ʩʝ 

ʤʦʥʪʠʨʘ ʢʲʤ ʧʣʦʯʘʪʘ ʯʨʝʟ ʥʝʡʥʘʪʘ U-ʦʙʨʘʟʥʘ ʯʘʩʪ, ʢʦʷʪʦ ʩʝ ʟʘʪʷʛʘ ʩ M5, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 

ʧʨʠʥʮʠʧʲʪ ʥʘ ʤʝʥʛʝʤʝʪʦ. ʈʘʟʤʝʨʠʪʝ ʥʘ U-ʦʙʨʘʟʥʘʪʘ ʯʘʩʪ ʩʘ 23,5 ʤʤ ʭ 25 ʤʤ /ʰʠʨʠʥʘ ʭ 

ʜʲʣʞʠʥʘ/ ʠ ʜʝʙʝʣʠʥʘ 7 ʤʤ. ɻ-ʦʙʨʘʟʥʠʷʪ ʧʨʦʬʠʣ ʝ ʩʲʩ ʩʣʝʜʥʠʪʝ ʨʘʟʤʝʨʠ: 71ʤʤ ʭ 32ʤʤ ʭ 

22,5ʤʤ /ʚʠʩʦʯʠʥʘ ʭ ʜʲʣʞʠʥʘ ʭ ʰʠʨʠʥʘ/ ʠ 7ʤʤ ʜʝʙʝʣʠʥʘ. ʏʨʝʟ ʧʨʦʝʢʪʠʨʘʥʠʷ ʜʲʨʞʘʯ ʚ 

ʢʦʤʙʠʥʘʮʠʷ ʩʲʩ ʩʤʫʢʘʪʝʣʥʠʪʝ ʚʝʥʜʫʟʠ ʠ ʛʫʤʝʥʠʪʝ ʢʨʘʯʝʪʘ ʥʘ ʘʥʪʨʦʧʦʤʦʨʬʥʠʷ ʨʦʙʦʪ ʩʝ 

ʛʘʨʘʥʪʠʨʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ. 

    2.2 ɿʘʜʚʠʞʚʘʥʝ ʠ ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ 

ɺ ʜʥʝʰʥʦ ʚʨʝʤʝ ʩʲʱʝʩʪʚʫʚʘʪ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʢʦʣʝʣʘ ʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠʟʠʨʘʥʠ 

ʧʣʘʪʬʦʨʤʠ ʩʧʦʨʝʜ ʪʷʭʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʚʲʟʤʦʞʥʦʩʪʠ ʠ ʥʘʯʠʥ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝ. ʇʨʠ 

ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʩʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʟʘʜʚʠʞʚʘʥʠʪʝ[40], ʠʟʧʦʣʟʚʘʥʠ 

ʚ ʩʬʝʨʠ ʢʘʪʦ ʫʯʝʙʥʘʪʘ ʨʦʙʦʪʠʢʘ,  ʨʘʟʣʠʯʥʠ ʩʢʣʘʜʦʚʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʟʘ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ, 

ʩʦʨʪʠʨʘʥʝ, ʨʦʙʦʪʠʪʝ ʧʦʤʦʱʥʠʮʠ ʠ ʜʨ. ɼʨʫʛ ʤʥʦʛʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥ ʪʠʧ ʧʣʘʪʬʦʨʤʘ, ʢʦʷʪʦ  ʩʝ 

ʧʨʠʣʘʛʘ ʧʨʝʜʠʤʥʦ ʚ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʟʘ ʪʨʘʥʩʧʦʨʪ ʠ ʜʦʩʪʘʚʢʘ ʝ ʢʚʘʜʨʘʪʠʯʥʘʪʘ ʩ ʯʝʪʠʨʠ 

ʢʦʣʝʣʘ [29].  ʂʦʤʙʠʥʠʨʘʥʠ ʩʲʩ ʩʧʝʮʠʘʣʥʠ ʢʦʣʝʣʘ ʢʘʪʦ ʦʤʥʠ ʢʦʣʝʣʘʪʘ [31] ʠʣʠ ʤʝʢʘʥʠʤ 

ʢʦʣʝʣʘ [63], ʪʦʟʠ ʪʠʧ ʧʣʘʪʬʦʨʤʠ ʤʦʛʘʪ ʜʘ ʧʨʝʜʣʦʞʘʪ ʤʥʦʛʦ ʜʦʙʨʘ ʫʩʪʦʡʯʠʚʦʩʪ ʠ ʤʘʥʝʚʨʝʥʦʩʪ 

[44]. ʅʘ ʛʦʣʷʤ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʠʥʪʝʨʝʩ ʩʘ ʧʦʜʣʦʞʝʥʠ ʠ ʭʦʜʝʱʠ/ʢʨʘʯʝʱʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ, 

ʢʦʠʪʦ ʠʤʠʪʠʨʘʪ ʭʦʜʝʥʝ ʥʘ 4 ʢʨʘʢʘ ʠʣʠ ʥʘ 2 ʢʨʘʢʘ [41]. ʇʨʠ ʠʟʙʦʨʘ ʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ 

ʤʦʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʦʙʨʘʟʠ ʥʝʡʥʦʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ, ʪʝʨʝʥʘ ʚʲʨʭʫ ʢʦʡʪʦ ʱʝ 
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ʩʝ ʜʚʠʞʠ, ʚʠʜʘ ʥʘ ʟʘʜʚʠʞʚʘʥʝʪʦ, ʢʘʢʪʦ ʠ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʩʧʝʮʠʬʠʯʥʠ ʬʫʥʢʮʠʠ (ʥʘʧʨʠʤʝʨ 

ʤʘʥʝʚʨʝʥʦʩʪ, ʩʧʝʮʠʬʠʯʥʠ ʜʚʠʞʝʥʠʷ), ʘʢʦ ʠʤʘ ʪʘʢʠʚʘ. ɼʨʫʛʠ ʚʘʞʥʠ ʧʨʦʙʣʝʤʠ ʧʨʠ ʤʦʙʠʣʥʠʪʝ 

ʧʣʘʪʬʦʨʤʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʨʝʰʘʚʘʥʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʘʥʠʷ [20], ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ʦʜʦʤʝʪʨʠʷʪʘ ʧʨʠ ʜʚʠʞʝʥʠʝ, ʢʘʢʪʦ ʠ ʪʦʚʘʨʦʥʦʩʠʤʦʩʪ.  

ʀʟʧʲʣʥʠʪʝʣʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʩʘ ʦʥʝʟʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʦʩʠʛʫʨʷʚʘʪ 

ʤʦʙʠʣʥʦʩʪʪʘ ʠ ʰʠʨʦʢʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʥʘ ʤʦʜʫʣʥʠʷ ʨʦʙʦʪ. ʌʫʥʢʮʠʠʪʝ ʧʦ ʟʘʜʚʠʞʚʘʥʝ 

ʢʘʢʪʦ ʥʘ ʮʝʣʠʷʪ ʨʦʙʦʪ, ʪʘʢʘ ʠ ʥʘ ʦʪʜʝʣʥʠ ʥʝʛʦʚʠ ʯʘʩʪʠ/ʩʪʘʚʠ, ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʩʝʥʟʦʨʠ 

ʟʘ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʪʷʭʥʘʪʘ ʨʘʙʦʪʘ, ʧʨʝʤʝʩʪʚʘʥʝ ʠ ʟʘʜʲʨʞʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʦʙʝʢʪʠ, 

ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʚʲʨʪʝʣʠʚʦ ʠʣʠ ʧʦʩʪʲʧʘʪʝʣʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʠʩʪʘʚʢʠ, ʥʝʦʙʭʦʜʠʤʠ 

ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʬʫʥʢʮʠʠ, ʩʝ ʦʩʲʱʝʩʪʚʷʚʘʪ ʦʪ ʢʨʘʡʥʠ ʠʟʧʲʣʥʠʪʝʣʥʠ ʩʠʩʪʝʤʠ 

ʢʘʪʦ ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʨʘʟʣʠʯʥʠ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʧʨʠʩʪʘʚʢʠ, ʧʠʝʟʦʝʣʝʢʪʨʠʯʥʠ ʩʠʩʪʝʤʠ ʠ 

ʜʨ. ʀʟʙʨʘʥʘʪʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ  ʝ ʦʪ ʪʠʧʘ ʩ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʫʧʨʘʚʣʝʥʠʝ [49]. 

ʊʦʟʠ ʪʠʧ ʧʣʘʪʬʦʨʤʠ ʠʤʘʪ ʜʚʘ ʤʦʪʦʨʘ, ʨʘʟʧʦʣʦʞʝʥʠ ʦʪ ʣʷʚʘʪʘ ʠ ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ, ʢʦʠʪʦ 

ʟʘʜʚʠʞʚʘʪ ʥʝʟʘʚʠʩʠʤʦ ʝʜʠʥ ʦʪ ʜʨʫʛ ʜʚʝʪʝ ʩʪʨʘʥʠʯʥʠ ʢʦʣʝʣʘ. ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʪʘʙʠʣʥʦʩʪ ʥʘ 

ʧʣʘʪʬʦʨʤʘʪʘ ʠʟʧʦʣʟʚʘʤʝ ʜʚʝ ʧʦʤʦʱʥʠ ʢʦʣʝʣʘ ʦʪʧʨʝʜ ʠ ʦʪʟʘʜ. ʊʦʚʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʢʦʣʝʣʘʪʘ 

ʧʦʟʚʦʣʷʚʘ ʚʲʨʪʝʥʝ ʥʘ ʤʷʩʪʦ, ʥʦ ʧʨʠ ʥʝʨʘʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʛʫʙʠ ʢʦʥʪʘʢʪ ʤʝʞʜʫ 

ʥʷʢʦʝ ʢʦʣʝʣʦ ʠ ʟʝʤʷʪʘ.  

 

ʌʠʛʫʨʘ 33. ɼʚʠʞʝʥʠʝ ʥʘ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦ-ʧʣʘʪʬʦʨʤʘ 

Å     ɼʚʠʞʝʥʠʝ ʥʘ ʜʚʝʪʝ ʟʘʜʚʠʞʚʘʥʠ ʢʦʣʝʣʘ ʥʘʧʨʝʜ - ʧʦʩʪʠʛʘ ʜʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʥʘʧʨʝʜ. 

Å     ɼʚʠʞʝʥʠʝ ʥʘ ʜʚʝʪʝ ʟʘʜʚʠʞʚʘʥʠ ʢʦʣʝʣʘ ʥʘʟʘʜ - ʧʦʩʪʠʛʘ ʜʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʥʘʟʘʜ. 

Å    ɼʚʠʞʝʥʠʝ ʝ ʥʘ ʝʜʥʦʪʦ ʢʦʣʝʣʦ ʥʘʧʨʝʜ, ʘ ʜʨʫʛʦʪʦ ʥʘʟʘʜ - ʧʦʩʪʠʛʘ ʟʘʚʲʨʪʘʥʝ ʥʘ ʨʦʙʦʪʘ ʚ 

ʤʘʣʲʢ ʢʨʲʛ, ʯʠʡʪʦ ʮʝʥʪʲʨ ʩʝ ʥʘʤʠʨʘ ʤʝʞʜʫ ʜʚʝʪʝ ʟʘʜʚʠʞʚʘʥʠ ʢʦʣʝʣʘ. 
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Å     ɼʚʠʞʝʥʠʝ ʥʘ ʝʜʥʦ ʢʦʣʝʣʦ ʧʦ-ʙʘʚʥʦ ʦʪ ʜʨʫʛʦʪʦ - ʧʦʩʪʠʛʘ ʟʘʚʲʨʪʘʥʠʷ ʥʘ ʨʦʙʦʪʘ ʚ ʧʦʩʦʢʘʪʘ 

ʥʘ ʧʦ-ʙʘʚʥʦʪʦ ʢʦʣʝʣʦ. ʂʦʣʢʦ ʙʲʨʟʦ ʩʝ ʟʘʚʲʨʪʘ ʟʘʚʠʩʠ ʦʪ ʪʦʚʘ ʢʦʣʢʦ ʛʦʣʷʤʘ ʝ ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ 

ʜʚʝʪʝ ʩʢʦʨʦʩʪʠ 

ʋʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʜʠʬʝʨʝʥʮʠʘʣʥʘ ʤʦʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ ʝ ʩʣʦʞʥʦ, ʧʦʥʝʞʝ ʩʝ ʠʟʠʩʢʚʘ 

ʢʦʦʨʜʠʥʘʮʠʷ ʠ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʜʚʝ ʦʪʜʝʣʥʦ ʟʘʜʚʠʞʚʘʥʠ ʢʦʣʝʣʘ [50]. 

   2.3 ʉʝʥʟʦʨʥʘ ʩʠʩʪʝʤʘ   

ʉʝʥʟʦʨʥʠʪʝ ʩʠʩʪʝʤʠ ʩʘ ʢʨʠʪʠʯʥʦ ʚʘʞʥʘ ʯʘʩʪ ʦʪ ʚʩʝʢʠ ʧʨʦʝʢʪ ʟʘ ʤʦʙʠʣʝʥ ʨʦʙʦʪ. ʊʝ ʩʧʦʤʘʛʘʪ 

ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʬʫʥʢʮʠʠ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ï ʩʣʝʜʝʥʝ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʦʪʦ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʨʦʙʦʪʘ, ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʪʨʘʝʢʪʦʨʠʷ, ʦʪʢʨʠʚʘʥʝ 

ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ, ʙʝʟʦʧʘʩʥʦʩʪ ʥʘ ʨʦʙʦʪʘ ʠ ʭʦʨʘʪʘ, ʨʘʙʦʪʝʱʠ ʩ ʥʝʛʦ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʦʩʥʦʚʥʘʪʘ 

ʩʠ ʬʫʥʢʮʠʷ ʩʝʥʟʦʨʠʪʝ, ʢʦʠʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʚ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ, ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ 

ʥʷʢʦʣʢʦ ʢʘʪʝʛʦʨʠʠ. 

Å ʊʘʢʪʠʣʥʠ ʩʝʥʟʦʨʠ: 

ʊʝʟʠ ʩʝʥʟʦʨʠ ʨʝʘʛʠʨʘʪ ʧʨʠ ʬʠʟʠʯʝʩʢʦ ʩʲʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ ʪʚʲʨʜʦ ʧʨʝʧʷʪʩʪʚʠʝ. ʄʦʥʪʠʨʘʪ ʚ 

ʧʦʪʝʥʮʠʘʣʥʠ ʢʦʥʪʘʢʪʥʠ ʟʦʥʠ ʥʘ ʨʦʙʦʪʘ, ʦʙʠʢʥʦʚʝʥʦ ʧʨʠ ʙʫʬʝʨʠʪʝ ʟʘ ʧʨʝʜʧʘʟʚʘʥʝ ʧʨʠ 

ʩʙʣʲʩʲʢ [48]. ʆʙʠʢʥʦʚʝʥʦ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʩ ʤʝʭʘʥʠʯʥʠ ʤʠʢʨʦʧʨʝʚʢʣʶʯʚʘʪʝʣʠ, ʨʝʘʛʠʨʘʱʠ ʥʘ 

ʥʘʪʠʩʢ.  

Å ʉʝʥʟʦʨʠ ʟʘ ʙʣʠʟʦʩʪ : 

ʈʝʘʛʠʨʘʪ ʧʨʠ ʧʨʠʙʣʠʞʘʚʘʥʝ ʜʦ ʦʙʝʢʪ ʠʣʠ ʧʨʝʧʷʪʩʪʚʠʝ. ʄʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʝʘʣʠʟʠʨʘʥʠ ʥʘ ʙʘʟʘʪʘ 

ʥʘ ʠʥʬʨʘʯʝʨʚʝʥʠ ʧʨʠʝʤʥʦ-ʧʨʝʜʘʚʘʪʝʣʠ, ʫʣʪʨʘʟʚʫʢʦʚʠ ʝʭʦʣʦʢʘʪʦʨʠ ʠʣʠ ʣʘʟʝʨʥʠ ʜʘʣʝʢʦʤʝʨʠ 

[68]. ʀ ʚ ʪʨʠʪʝ ʩʣʫʯʘʷ ʧʦ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣ ʤʦʞʝ ʜʘ ʩʝ ʩʲʜʠ ʟʘ ʙʣʠʟʦʩʪʪʘ ʥʘ 

ʦʙʝʢʪʘ.  

Å ʉʝʥʟʦʨʠ ʟʘ ʫʩʢʦʨʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ 

IMU ʩʘ ʩʝʥʟʦʨʠ, ʢʦʠʪʦ ʢʦʤʙʠʥʠʨʘʪ ʘʢʩʝʣʝʨʦʤʝʪʨʠ ʠ ʞʠʨʦʩʢʦʧʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʣʠʥʝʡʥʦʪʦ 

ʫʩʢʦʨʝʥʠʝ ʠ ʲʛʣʦʚʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʦʙʝʢʪʘ. ʏʨʝʟ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ IMU ʤʦʛʘʪ ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʨʠʝʥʪʘʮʠʷʪʘ ʥʘ ʦʙʝʢʪʘ ʠ ʧʨʦʤʝʥʠʪʝ ʚ ʩʢʦʨʦʩʪʪʘ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʘʢʲʚ ʪʠʧ 

ʩʝʥʟʦʨʠ ʜʦʧʨʠʥʘʩ ̫ʟʘ ʧʣʘʚʥʦʪʦ ʜʚʠʞʝʥʠʝ ʥʘ ʤʦʙʠʣʥʘʪʘ ʧʣʘʪʬʦʨʤʘ ʥʘ ʨʦʙʦʪʘ, ʩʲʱʦ ʠ ʟʘ 

ʪʷʭʥʘʪʘ ʧʨʝʮʠʟʥʘ ʨʘʙʦʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʟʠʮʠʦʥʠʨʘʥʝ. IMU ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ 

ʨʦʙʦʪʠʢʘʪʘ ʟʘ ʤʲʨʪʚʘ ʩʤʝʪʢʘ, ʪʝʭʥʠʢʘ, ʢʦʷʪʦ ʦʮʝʥʷʚʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʚʲʟ ʦʩʥʦʚʘ ʥʘ 

ʥʘʯʘʣʥʦʪʦ ʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʩʢʦʨʦʩʪʪʘ. IMU ʦʙʠʢʥʦʚʝʥʦ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʨʦʙʦʪʠʢʘʪʘ ʟʘ dead reckoning, ʪʝʭʥʠʢʘ, ʢʦʷʪʦ ʦʮʝʥʷʚʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʚʲʟ 



тс 
 

ʦʩʥʦʚʘ ʥʘ ʥʘʯʘʣʥʦʪʦ ʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʩʢʦʨʦʩʪʪʘ. ʊʝ ʯʝʩʪʦ 

ʩʝ ʠʥʪʝʛʨʠʨʘʪ ʩ ʜʨʫʛʠ ʩʝʥʟʦʨʠ, ʢʘʪʦ ʝʥʢʦʜʝʨʠ ʥʘ ʢʦʣʝʣʘ ʠ ʣʠʜʘʨ, ʟʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʪʦʯʥʦʩʪʪʘ 

ʥʘ ʥʘʚʠʛʘʮʠʷʪʘ. IMU ʩʘ ʩʨʘʚʥʠʪʝʣʥʦ ʢʦʤʧʘʢʪʥʠ ʠ ʣʝʢʠ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʧʦʜʭʦʜʷʱʠ ʟʘ 

ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ. ʊʝ ʦʩʠʛʫʨʷʚʘʪ ʥʝʧʨʝʢʲʩʥʘʪʠ ʠʟʤʝʨʚʘʥʠʷ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ IMU ʩʪʨʘʜʘʪ ʦʪ 

ʢʫʤʫʣʘʪʠʚʥʠ ʛʨʝʰʢʠ ʩ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʦʪʢʣʦʥʝʥʠʝ ʚ ʦʮʝʥʢʘʪʘ 

ʥʘ ʧʦʟʠʮʠʷʪʘ. ʊʦʚʘ ʦʪʢʣʦʥʝʥʠʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʦʨʠʛʠʨʘʥʦ ʯʨʝʟ ʪʝʭʥʠʢʠ ʟʘ ʩʣʠʚʘʥʝ ʥʘ ʩʝʥʟʦʨʠ 

(sensor fusion), ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ IMU ʜʘʥʥʠ ʩ ʜʨʫʛʠ ʩʝʥʟʦʨʠ ʢʘʪʦ ʝʥʢʦʜʝʨʠ ʥʘ 

ʢʦʣʝʣʘ ʠʣʠ ʣʠʜʘʨ. 

Å    ʃʘʟʝʨʝʥ ʩʢʝʥʝʨ(LIDAR): 

Lidar (Light Detection and Ranging) ʝ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʷʪʦ ʠʟʧʦʣʟʚʘ ʣʘʟʝʨ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ 

ʨʘʟʩʪʦʷʥʠʷ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʦʜʨʦʙʥʠ ʢʘʨʪʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʃʠʜʘʨʥʠʪʝ ʩʝʥʟʦʨʠ ʠʟʣʲʯʚʘʪ 

ʣʘʟʝʨʥʠ ʠʤʧʫʣʩʠ ʠ ʠʟʤʝʨʚʘʪ ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʠʤʧʫʣʩʠʪʝ ʜʘ ʩʝ ʚʲʨʥʘʪ ʩʣʝʜ ʦʪʩʢʘʯʘʥʝ 

ʥʘ ʦʙʝʢʪʠ. Lidar ʩʝ ʠʟʧʦʣʟʚʘ ʰʠʨʦʢʦ ʚ ʘʚʪʦʥʦʤʥʘʪʘ ʥʘʚʠʛʘʮʠʷ ʟʘ ʨʦʙʦʪʠ ʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ. 

ʊʦʡ ʦʩʠʛʫʨʷʚʘ ʜʘʥʥʠ ʩ ʚʠʩʦʢʘ ʨʘʟʜʝʣʠʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ ʟʘʦʙʠʢʘʣʷʱʘʪʘ 

ʩʨʝʜʘ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʦʪʢʨʠʚʘʥʝ ʠ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ. ʈʦʙʦʪʠʪʝ, ʦʙʦʨʫʜʚʘʥʠ ʩ 

ʣʠʜʘʨ, ʤʦʛʘʪ ʜʘ ʩʲʟʜʘʚʘʪ ʧʦʜʨʦʙʥʠ ʢʘʨʪʠ ʥʘ ʩʚʦʷʪʘ ʩʨʝʜʘ ʠ ʜʘ ʛʠ ʠʟʧʦʣʟʚʘʪ ʩ ʪʝʭʥʠʢʘʪʘʟʘ ʟʘ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʣʦʢʘʣʠʟʠʨʘʥʝ ʠ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ (SLAM). ʃʠʜʘʨʥʠʪʝ ʩʝʥʟʦʨʠ ʧʨʝʜʣʘʛʘʪ 

ʚʠʩʦʢʘ ʧʨʝʮʠʟʥʦʩʪ ʠ ʪʦʯʥʦʩʪ ʧʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷ ʜʦ ʦʙʝʢʪʠ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʮʝʥʥʠ 

ʟʘ ʠʟʙʷʛʚʘʥʝ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʥʘʚʠʛʘʮʠʷ ʚ ʩʣʦʞʥʘ ʩʨʝʜʘ. ʊʝ ʦʩʠʛʫʨʷʚʘʪ 360-ʛʨʘʜʫʩʦʚʦ 

ʧʦʢʨʠʪʠʝ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʨʦʙʦʪʠʪʝ ʜʘ ʚʲʟʧʨʠʝʤʘʪ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʛʠ ʩʨʝʜʘ ʦʪ ʚʩʠʯʢʠ 

ʲʛʣʠ. ʃʠʜʘʨʥʠʪʝ ʩʝʥʟʦʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʨʘʚʥʠʪʝʣʥʦ ʩʢʲʧʠ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʦʛʨʘʥʠʯʘʚʘʱ ʬʘʢʪʦʨ ʟʘ ʥʷʢʦʠ ʨʦʙʦʪʠʟʠʨʘʥʠ ʧʨʠʣʦʞʝʥʠʷ. ʊʝ ʩʘ ʯʫʚʩʪʚʠʪʝʣʥʠ ʢʲʤ ʫʩʣʦʚʠʷʪʘ 

ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʢʘʪʦ ʜʲʞʜ, ʤʲʛʣʘ ʠ ʧʨʘʭ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʦʚʣʠʷʷʪ ʥʘ ʪʷʭʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ. 

Å     ɺʠʟʫʘʣʥʦ ʙʘʟʠʨʘʥʠ ʩʠʩʪʝʤʠ: 

ʉʠʩʪʝʤʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʟʨʝʥʠʝʪʦ, ʠʟʧʦʣʟʚʘʪ ʢʘʤʝʨʠ ʠ ʪʝʭʥʠʢʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʟʘ ʜʘ ʚʲʟʧʨʠʝʤʘʪ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʩʨʝʜʘ ʥʘ ʨʦʙʦʪʘ. ʊʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʟʘʜʘʯʠ ʢʘʪʦ 

ʦʪʢʨʠʚʘʥʝ ʥʘ ʦʙʝʢʪʠ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʠ ʥʘʚʠʛʘʮʠʷ. ɺʠʟʫʘʣʥʦ ʙʘʟʠʨʘʥʠʪʝ ʩʠʩʪʝʤʠ, ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʚ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʨʦʙʦʪʠʟʠʨʘʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʚʢʣʶʯʠʪʝʣʥʦ ʘʚʪʦʥʦʤʥʠ ʜʨʦʥʦʚʝ, ʤʦʙʠʣʥʠ 

ʨʦʙʦʪʠ ʠ ʜʦʨʠ ʭʫʤʘʥʦʠʜʥʠ ʨʦʙʦʪʠ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʥʘʯʠʥʘ ʥʘ ʪʷʭʥʦʪʦ ʦʧʝʨʠʨʘʥʝ ʪʝ ʤʦʛʘʪ 

ʜʘ ʙʲʜʘʪ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʧʨʠ ʨʦʙʦʪʠ, ʯʠʡʪʦ ʟʘʜʘʯʠ, ʢʦʠʪʦ ʠʟʠʩʢʚʘʪ ʦʪʢʨʠʚʘʥʝ ʠ 
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ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʚʟʝʤʘʥʝ ʠ ʧʦʩʪʘʚʷʥʝ ʥʘ ʦʙʝʢʪʠ ʚ ʣʦʛʠʩʪʠʯʥʘ ʠʣʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʩʨʝʜʘ, ʠʣʠ ʧʨʠ ʩʧʘʩʠʪʝʣʥʠ ʦʧʝʨʘʮʠʠ. ʂʘʤʝʨʠʪʝ ʩʘ ʫʥʠʚʝʨʩʘʣʥʠ ʩʝʥʟʦʨʠ, 

ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ ʙʦʛʘʪʘ ʚʠʟʫʘʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʉʠʩʪʝʤʠʪʝ ʩ 

ʠʥʪʝʛʨʠʨʘʥʠ ʢʘʤʝʨʠ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʥʘ ʤʦʙʠʣʥʠ ʪʝʣʝʫʧʨʘʚʣʷʝʤʠ ʨʦʙʦʪʠ ʜʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʤʥʦʛʦ ʧʦ- ʦʩʚʝʜʦʤʝʥʦ ʩ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʨʦʙʦʪʘ ʩʨʝʜʘ ʥʘ ʙʘʟʘ ʥʘ  ʚʠʜʝʦ 

ʥʘʙʣʶʜʝʥʠʝ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝʪʦ ʥʘ ʪʘʢʠʚʘ ʩʠʩʪʝʤʠ ʠʟʠʩʢʚʘ 

ʟʥʘʯʠʪʝʣʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʤʦʱ ʟʘ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

Å      ɽʥʢʦʜʝʨʠ ʥʘ ʢʦʣʝʣʘʪʘ 

ɽʥʢʦʜʝʨʠʪʝ ʥʘ ʢʦʣʝʣʘʪʘ ʩʘ ʩʝʥʟʦʨʠ, ʧʨʠʢʨʝʧʝʥʠ ʢʲʤ ʦʩʠʪʝ ʥʘ ʢʦʣʝʣʘʪʘ ʥʘ ʨʦʙʦʪʘ. ʊʝ ʠʟʤʝʨʚʘʪ 

ʚʲʨʪʝʥʝʪʦ ʥʘ ʢʦʣʝʣʘʪʘ ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʦʮʝʥʢʘ ʥʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʠ ʠʟʤʠʥʘʪʦʪʦ 

ʨʘʟʩʪʦʷʥʠʝ. ʀʤʧʣʝʤʝʥʪʠʨʘʥʝʪʦ ʥʘ ʝʥʢʦʜʝʨʠʪʝ ʚ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ, ʯʝʩʪʦ ʩʝ ʦʙʚʲʨʟʚʘ ʚ 

ʢʦʤʙʠʥʘʮʠʷ ʟʘʝʜʥʦ ʩ ʜʨʫʛʠ ʩʝʥʟʦʨʠ, ʢʘʪʦ IMU ʠʣʠ lidar, ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʪʦʯʥʦʩʪʪʘ ʥʘ 

ʥʘʚʠʛʘʮʠʷʪʘ . ʇʦʨʘʜʠ ʧʨʠʥʮʠʧʲʪ ʩʠ ʥʘ ʨʘʙʦʪʘ ʝʥʢʦʜʝʨʠ ʩʘ ʩʨʘʚʥʠʪʝʣʥʦ ʧʨʦʩʪʠ ʠ ʨʝʥʪʘʙʠʣʥʠ 

ʩʝʥʟʦʨʠ. ʊʝ ʧʨʝʜʦʩʪʘʚʷʪ ʪʦʯʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʢʦʣʝʣʘʪʘ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘ ʟʘ ʣʦʢʘʣʠʟʘʮʠʷ, ʙʘʟʠʨʘʥʘ ʥʘ ʦʜʦʤʝʪʨʠʷ. ʇʨʠ ʧʨʠʧʣʲʟʚʘʥʝ, ʦʩʦʙʝʥʦ ʥʘ ʥʝʨʘʚʝʥ ʠʣʠ 

ʭʣʲʟʛʘʚ ʪʝʨʝʥ, ʤʦʞʝ ʜʘ ʩʝ ʜʦʚʝʜʝ ʜʦ ʛʨʝʰʢʠ ʚ ʦʮʝʥʢʘʪʘ ʥʘ ʧʦʟʠʮʠʷʪʘ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʩ 

ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ ʜʘʥʥʠʪʝ ʟʘ ʝʥʢʦʜʝʨʘ ʥʘ ʢʦʣʝʣʘʪʘ ʤʦʛʘʪ ʜʘ ʥʘʪʨʫʧʚʘʪ ʛʨʝʰʢʠ, ʢʦʝʪʦ ʥʘʣʘʛʘ 

ʧʝʨʠʦʜʠʯʥʦ ʢʘʣʠʙʨʠʨʘʥʝ ʠʣʠ ʢʦʨʝʢʮʠʷ. 

Å    ʋʣʪʨʘʟʚʫʢʦʚʠ ʩʝʥʟʦʨʠ 

ʋʣʪʨʘʟʚʫʢʦʚʠʪʝ ʩʝʥʟʦʨʠ ʠʟʧʦʣʟʚʘʪ ʟʚʫʢʦʚʠ ʚʲʣʥʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʦʙʝʢʪʠʪʝ. 

ʊʝ ʠʟʣʲʯʚʘʪ ʫʣʪʨʘʟʚʫʢʦʚʠ ʠʤʧʫʣʩʠ ʠ ʠʟʤʝʨʚʘʪ ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʟʚʫʢʦʚʠʪʝ ʚʲʣʥʠ ʜʘ 

ʩʝ ʚʲʨʥʘʪ ʦʙʨʘʪʥʦ, ʩʣʝʜ ʢʘʪʦ ʫʜʘʨʷʪ ʦʙʝʢʪ. ʋʣʪʨʘʟʚʫʢʦʚʠʪʝ ʩʝʥʟʦʨʠ ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʦʪʢʨʠʚʘʥʝ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ ʦʪ ʙʣʠʟʢʦ ʨʘʟʩʪʦʷʥʠʝ ʠ ʠʟʙʷʛʚʘʥʝ ʥʘ ʩʙʣʲʩʲʮʠ ʚʲʚ ʚʲʪʨʝʰʥʘ ʠ 

ʚʲʥʰʥʘ ʩʨʝʜʘ. ʋʣʪʨʘʟʚʫʢʦʚʠʪʝ ʩʝʥʟʦʨʠ ʩʘ ʜʦʩʪʲʧʥʠ ʠ ʣʝʩʥʠ ʟʘ ʠʥʪʝʛʨʠʨʘʥʝ ʚ ʨʦʙʦʪʠʟʠʨʘʥʠ 

ʩʠʩʪʝʤʠ.ʊʝ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʦʙʝʢʪʠ ʥʘ ʢʲʩʠ ʜʦ ʩʨʝʜʥʠ ʨʘʟʩʪʦʷʥʠʷ. ʇʦʨʘʜʠ ʪʦʚʘ 

ʦʩʚʝʥ ʚ ʧʨʦʬʝʩʠʦʥʘʣʥʠʪʝ ʨʦʙʦʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ ʝ ʩʘ ʯʝʩʪʦ ʩʨʝʱʘʥʠ ʚ ʢʦʤʧʣʝʢʪʠʪʝ ʟʘ 

ʨʦʙʦʪʠʢʘ ʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʧʣʘʪʬʦʨʤʠ ʟʘ ʦʩʥʦʚʥʠ ʥʘʚʠʛʘʮʠʦʥʥʠ ʟʘʜʘʯʠ. ʋʣʪʨʘʟʚʫʢʦʚʠʪʝ 

ʩʝʥʟʦʨʠ ʠʤʘʪ ʦʛʨʘʥʠʯʝʥ ʦʙʭʚʘʪ ʠ ʪʦʯʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʣʠʜʘʨʥʠʪʝ ʠʣʠ ʚʠʟʫʘʣʥʠʪʝ ʩʠʩʪʝʤʠ. 

ʀʟʙʦʨʲʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʩʝʥʟʦʨʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʥʘʧʨʘʚʝʥ ʚʲʟ ʦʩʥʦʚʘ  ʠʟʠʩʢʚʘʥʠʷʪʘ 

ʥʘ ʩʨʝʜʠʪʝ, ʟʘ ʢʦʠʪʦ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʨʦʙʦʪʘ. ʀ ʪʲʡ ʢʘʪʦ ʪʝʟʠ ʩʨʝʜʠ ʩʘ ʨʘʟʥʦʨʦʜʥʠ ʝ ʨʘʟʨʘʙʦʪʝʥ 

ʫʥʠʚʝʨʩʘʣʝʥ ʚʘʨʠʘʥʪ, ʩ ʢʦʡʪʦ ʜʘ ʩʝ ʫʜʦʚʣʝʪʚʦʨʷʚʘʪ ʨʘʟʣʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʘ. 
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2.4 ʇʨʦʤʠʰʣʝʥ ʜʠʟʘʡʥ ʥʘ ʨʦʙʦʪʘ 

2.4.1 ʆʩʥʦʚʥʠ ʧʦʣʦʞʝʥʠʷ  

ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʠʥʜʫʩʪʨʠʘʣʥʠ ̫ʜʠʟʘʡʥ, ʩʲʦʪʥʝʩʝʥ ʢʲʤ ʤʥʦʛʦʮʝʣʝʚʠ ʪʝʣʝ-

ʫʧʨʘʚʣʷʝʤ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ, ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʨʘʟʨʝʰʠ ʢʦʥʢʨʝʪʥʠ ʧʨʦʙʣʝʤʠ, ʩʚʲʨʟʘʥʠ ʩ ʚʠʟʠʷʪʘ 

ʥʘ ʪʘʢʲʚ ʪʠʧ ʨʦʙʦʪʠ ʢʘʪʦ ʨʘʟʛʣʝʞʜʘ ʜʚʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ. ɽʜʥʘʪʘ ʝ ʜʠʟʘʡʥʲʪ ʜʘ ʙʲʜʝ 

ʬʫʥʢʮʠʦʥʘʣʝʥ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʜʲʨʞʘʥ. ɺʪʦʨʘʪʘ ʝ ʚʲʥʰʥʠʷʪ ʚʠʜ ʜʘ ʙʲʜʝ ʣʝʩʝʥ ʟʘ ʨʘʟʙʠʨʘʥʝ, 

ʜʦʢʘʪʦ ʠʟʛʣʝʞʜʘ ʝʩʪʝʪʠʯʝʩʢʠ ʜʦʙʨʝ ʠ ʩʝ ʚʧʠʩʚʘ ʚ ʩʨʝʜʘʪʘ, ʚ ʢʦʷʪʦ ʦʧʝʨʠʨʘ. ɼʚʝʪʝ ʯʘʩʪʠ- 

ʧʨʘʢʪʠʯʝʩʢʘʪʘ ʠ ʝʩʪʝʪʠʯʝʩʢʘʪʘ, ʧʨʠʜʘʚʘʪ ʟʘʚʲʨʰʝʥ ʠ ʮʷʣʦʩʪʝʥ ʚʲʥʰʝʥ ʚʠʜ. ɼʠʟʘʡʥʲʪ ʥʘ 

ʨʦʙʦʪʘ ʪʨʷʙʚʘ ʩʘʤ ʜʘ ʧʦʜʩʢʘʟʚʘ ʟʘ ʢʘʢʚʦ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʠ ʢʘʢʚʠ ʩʘ ʥʝʛʦʚʠʪʝ ʬʫʥʢʮʠʠ. ɺ 

ʧʨʦʮʝʩʘ ʥʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʜʠʟʘʡʥʘ ʥʘ ʨʦʙʦʪʘ ʝ ʩʣʝʜʚʘʥʘ ʤʝʪʦʜʠʢʘ ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ 

ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʧʨʦʜʫʢʪʘ. ʇʨʦʮʝʩʲʪ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʚʢʣʶʯʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʩʣʝʜʥʠʪʝ ʜʝʡʥʦʩʪʠ: ʠʟʛʦʪʚʷʥʝ ʥʘ ʢʦʥʮʝʧʮʠʷ, ʠʟʛʦʪʚʷʥʝ ʥʘ ʯʝʨʪʝʞ ʩʲʩ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʥʘ 

ʠʟʜʝʣʠʝʪʦ, ʩʲʟʜʘʚʘʥʝ ʥʘ ʪʨʠʠʟʤʝʨʝʥ ʤʦʜʝʣ, ʧʨʠʥʪʠʨʘʥʝ ʥʘ ʠʟʜʝʣʠʝʪʦ ʩ ʧʦʤʦʱʪʘ ʥʘ 3D 

ʧʨʠʥʪʝʨ. ɼʠʟʘʡʥʲʪ ʩʝ ʩʪʨʝʤʠ ʜʘ ʧʦʩʪʠʛʥʝ ʙʘʣʘʥʩ ʚʲʚ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝʪʦ ʤʝʞʜʫ 

ʠʥʜʫʩʪʨʠʘʣʝʥ ʠ ʦʨʛʘʥʠʯʝʥ ʚʲʥʰʝʥ ʚʠʜ.  

ɼʠʟʘʡʥʲʪ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ ʙʠ ʩʣʝʜʚʘʣʦ ʜʘ ʙʲʜʝ ʤʘʢʩʠʤʘʣʥʦ ʠʟʯʠʩʪʝʥ 

ʠ ʥʝʫʪʨʘʣʝʥ, ʢʦʠʪʦ ʜʘ ʩʝ ʚʧʠʩʚʘ ʚ ʨʘʙʦʪʥʘʪʘ ʩʨʝʜʘ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦ ʚʠʜ ʩʲʦʨʲʞʝʥʠ.̫ 

ʂʦʥʩʪʨʫʢʮʠʷʪʘ ʠʟʛʨʘʞʜʘʱʘ ʚʲʥʰʥʠʷ ʚʠʜ ʥʘ ʨʦʙʦʪʘ ʝ ʩʝʛʤʝʥʪʠʨʘʥʘ ʥʘ ʦʪʜʝʣʥʠ ʧʘʥʝʣʠ ʧʨʠ 

ʥʝʡʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʧʨʷʤʦ ʢʦʥʢʨʝʪʥʠʷ ʩʝʛʤʝʥʪ ʠʟʛʨʘʞʜʘʱ 

ʧʣʘʩʪʠʢʘʪʘ ʥʘ ʜʠʟʘʡʥʘ ʩʘ ʧʦʤʝʩʪʝʥʠ ʢʦʥʢʨʝʪʥʠ ʘʢʮʝʥʪʠ, ʢʦʠʪʦ ʢʦʨʝʩʧʦʥʜʠʨʘʪ ʩ 

ʜʚʠʛʘʪʝʣʥʠʪʝ ʟʚʝʥʘ, ʩʝʥʟʦʨʠʪʝ ʠ ʤʦʜʫʣʠʪʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ. ɻʨʘʬʠʯʥʠʪʝ ʣʠʥʠʠ, 

ʠʟʦʙʨʘʟʝʥʠ ʦʢʦʣʦ ʦʪʚʦʨʠʪʝ ʥʘ ʫʣʪʨʘʟʚʫʢʦʚʠʪʝ ʩʝʥʟʦʨʠ ʩʣʫʞʘʪ ʢʘʪʦ ʘʢʮʝʥʪ ʟʘ ʪʷʭʥʦʪʦ 

ʫʪʠʣʠʪʘʨʥʦ ʧʦʤʝʩʪʚʘʥʝ ʚ ʜʠʟʘʡʥʘ. ɺ ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʝ ʧʦʟʠʮʠʦʥʠʨʘʥ ʦʪʚʦʨ ʩ 

ʢʘʧʘʢ, ʢʦʡʪʦ ʧʨʝʜʦʩʪʘʚʷ ʜʦʩʪʲʧʘ ʜʦ ʙʫʢʩʘʪʘ ʟʘ ʟʘʨʝʞʜʘʥʝ ʥʘ ʨʦʙʦʪʘ ʢʘʢʪʦ ʠ ʟʘ ʠʟʛʣʝʜ ʢʲʤ 

ʜʠʩʧʣʝʷ ʧʦʢʘʟʚʘʱ ʧʨʦʮʝʥʪʘ ʟʘʨʷʜ ʥʘ ʙʘʪʝʨʠʷʪʘ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʚʠʟʠʷʪʘ ʠ 

ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ ʬʦʨʤʠʪʝ ʥʘ ʧʣʘʩʪʠʢʘʪʘ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʧʦ ʥʘʯʠʥ, 

ʢʦʡʪʦ ʜʘ ʛʘʨʘʥʪʠʨʘ ʤʘʢʩʠʤʘʣʥʘ ʚʲʟʤʦʞʥʘ ʟʘʱʠʪʝʥʦʩʪ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʧʦʤʝʩʪʝʥʠ ʚʲʚ 

ʚʲʪʨʝʰʥʦʩʪʪʘ, ʦʪ ʪʚʲʨʜʠ ʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ, ʢʦʝʪʦ ʜʘ ʧʦʜʩʠʛʫʨʠ ʧʨʘʚʠʣʥʦʪʦ ʤʫ 

ʬʫʥʢʮʠʦʥʠʨʘʥʝ. ʉʝʛʤʝʥʪʠʨʘʥʝʪʦ ʧʦʟʚʦʣʷʚʘ ʣʝʩʝʥ ʜʦʩʪʲʧ ʜʦ ʢʦʤʧʦʥʝʥʪʠʪʝ ʚʲʚ 

ʚʲʪʨʝʰʥʦʩʪʪʘ ʢʘʪʦ ʫʣʝʩʥʷʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʜʨʲʞʢʘʪʘ ʥʘ ʨʦʙʦʪʘ.   

 



тф 
 

2.4.2 ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʤʘʪʝʨʠʘʣʠʟʘʮʠʷ  

ʈʝʘʣʠʟʠʨʘʥʠʷʪ ʜʠʟʘʡʥ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʧʨʝʜʦʩʪʘʚʠ ʫʜʦʙʩʪʚʦ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʷ ʠ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪ ʦʪ ʦʧʝʨʘʪʦʨʠʪʝ. ʂʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ ʝ 

ʩʲʩʪʘʚʝʥʘ ʦʪ ʪʨʠ ʦʩʥʦʚʥʠ ʧʣʦʯʠ, ʢʲʤ ʢʦʠʪʦ ʩʘ ʤʦʥʪʠʨʘʥʠ ʟʘʜʚʠʞʚʘʱʠ ʢʦʣʝʣʘ, ʫʧʨʘʚʣʷʚʘʱ 

ʢʦʤʧʶʪʲʨ, ʩʝʥʟʦʨʠ, ʜʠʟʘʡʥ ʧʘʥʝʣʠʪʝ ʠ ʜʨ. ɺʩʝʢʠ ʦʪ ʧʘʥʝʣʠʪʝ ʝ ʧʨʦʝʢʪʠʨʘʥ ʜʘ ʩʝ ʟʘʭʚʘʱʘ 

ʣʝʩʥʦ, ʙʲʨʟʦ ʠ ʥʘʜʝʞʥʦ ʢʲʤ ʜʨʫʛʠʪʝ ʧʘʥʝʣʠ ʠ ʢʲʤ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪ 

ʧʣʘʪʬʦʨʤʘ. 

ʇʨʠ ʤʘʪʝʨʠʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʜʠʟʘʡʥ ʧʘʥʝʣʠʪʝ ʦʪ 3D ʧʨʠʥʪʝʨʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʠʟʙʨʘʥ 

ʤʘʪʝʨʠʘʣ, ʢʦʡʪʦ ʜʘ ʠʤʘ ʜʦʩʪʘʪʲʯʥʘ ʛʲʚʢʘʚʦʩʪ ʟʘʨʘʜʠ ʝʩʪʝʩʪʚʦʪʦ ʥʘ ʧʨʝʜʚʠʜʝʥʠʪʝ 

ʦʧʝʨʘʮʠʦʥʥʠ ʟʘ ʨʦʙʦʪʘ ʩʨʝʜʠ. ʄʘʪʝʨʠʘʣʠʪʝ PETG ʠ PLA ʩʘ ʥʝʧʦʜʭʦʜʷʱʠ ʟʘ ʧʦʜʦʙʝʥ ʚʠʜ 

ʢʦʥʩʪʨʫʢʮʠʷ, ʧʦʨʘʜʠ ʪʝʭʥʠʪʝ ʬʠʟʠʯʝʩʢʠ ʢʘʯʝʩʪʚʘ, ʢʦʠʪʦ ʛʠ ʧʨʘʚʠ ʧʦ-ʣʝʩʥʦ ʯʫʧʣʠʚʠ ʟʘ 

ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʠʨʘʥʦʪʦ ʠʟʜʝʣʠʝ. ʉ ʮʝʣ ʧʦʜʩʠʛʫʨʷʚʘʥʝ ʥʘ ʨʦʙʦʪʘ ʚ ʩʣʫʯʘʡ ʥʘ ʚʲʥʰʝʥ ʫʜʘʨ 

ʟʘ ʤʘʪʝʨʠʘʣ ʝ ʠʟʙʨʘʥ ABS. ʊʘʢʘ ʠʟʛʨʘʜʝʥʠʪʝ ʧʣʦʩʢʦʩʪʠ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʙʲʜʘʪ ʧʦʜʣʦʞʝʥʠ ʥʘ 

ʩʪʨʝʩ ʠ ʜʝʬʦʨʤʘʮʠʷ ʙʝʟ ʜʘ ʩʝ ʩʯʫʧʷʪ. ʇʘʥʝʣʠʪʝ ʩʘ ʟʘʧʲʣʥʝʥʠ ʥʘ 100% ʧʨʠ 3D ʧʨʠʥʪʠʨʘʥʝʪʦ, 

ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʤʘʢʩʠʤʘʣʥʘ ʷʢʦʩʪ ʥʘ ʠʟʜʝʣʠʝʪʦ. ʊʝʭʥʦʣʦʛʠʯʥʠʪʝ ʩʪʲʧʢʠ, ʢʦʠʪʦ ʩʣʝʜʚʘʪ 

ʩʣʝʜ 3D ʧʨʠʥʪʠʨʘʥʝʪʦ ʥʘ ʠʟʜʝʣʠʝʪʦ ʩʘ:  

 - ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʧʦʜʜʲʨʞʘʱʠʪʝ ʜʦʧʲʣʥʠʪʝʣʥʠ ʢʦʥʩʪʨʫʢʮʠʠ; 

 - ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʠʪʝ ʟʘ ʟʘʣʝʧʚʘʥʝ;  

 - ʧʦʣʘʛʘʥʝ ʠ ʟʘʣʝʧʚʘʥʝ ʥʘ ʛʨʘʬʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ, ʢʦʠʪʦ ʩʝ ʧʦʣʟʚʘʪ ʟʘ ʘʢʮʝʥʪʠʨʘʥʝ, ʧʦ 

ʣʠʮʝʚʠʪʝ ʯʘʩʪʠ ʥʘ ʧʘʥʝʣʠʪʝ.  

2.4.3. ʉʠʣʫʝʪ ʠ ʯʝʪʠʤʦʩʪ  

ʉʠʣʫʝʪʘ ʥʘ ʨʦʙʦʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʝ ʠʟʯʠʩʪʝʥ ʠ ʨʘʟʙʠʨʘʝʤ. ʅʝʛʦʚʘʪʘ ʦʩʥʦʚʥʘ 

ʬʫʥʢʮʠʷ ʝ ʜʘ ʧʨʝʜʦʩʪʘʚʷ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʣʝʩʝʥ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʩʠʣʫʝʪ. ɺʠʟʠʷʪʘ ʪʨʷʙʚʘ ʜʘ 

ʙʲʜʝ ʫʥʠʚʝʨʩʘʣʥʦ ʧʨʠʣʦʞʠʤʘ ʢʲʤ ʨʘʟʣʠʯʥʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠ ʩʨʝʜʠ. ɼʠʟʘʡʥʲʪ ʥʘ 

ʤʥʦʛʦʮʝʣʝʚʠ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʧʨʝʜʦʩʪʘʚʷ ʚʩʠʯʢʘʪʘ ʥʫʞʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʙʝʟ ʜʘ ʩʲʜʲʨʞʘ ʠʟʣʠʰʥʠ ʝʣʝʤʝʥʪʠ ʠ ʟʨʠʪʝʣʥʦ ʜʘ 

ʟʘʪʦʨʤʦʟʷʚʘ. ɻʨʘʬʠʯʥʠ ʣʠʥʠʠ, ʘʢʮʝʥʪʠʨʘʱʠ ʢʦʥʢʨʝʪʥʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʟʦʥʘ ʩʘ ʧʦʤʝʩʪʝʥʠ 

ʚ ʜʠʟʘʡʥʘ ʥʘ ʨʦʙʦʪʘ ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʪʘʢʠʚʘ, ʢʦʠʪʦ ʦʯʝʨʪʘʚʘʪ ʫʣʪʨʘʟʚʫʢʦʚʠʪʝ ʩʝʥʟʦʨʠʪʝ 

2.4.4. ʈʝʰʝʥʠʷ ʠ ʤʝʪʦʜʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʘ  

ʈʦʙʦʪʲʪ ʩʝ ʦʨʠʝʥʪʠʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʯʨʝʟ ʢʘʤʝʨʘ, ʣʘʟʝʨʝʥ ʩʢʝʥʝʨ ʠ ʫʣʪʨʘʟʚʫʢʦʚʠ 

ʩʝʥʟʦʨʠ. ɼʠʟʘʡʥʲʪ ʝ ʪʘʢʘ ʧʨʠʛʦʜʝʥ, ʯʝ ʜʘ ʧʦʟʚʦʣʷʚʘ ʤʘʢʩʠʤʘʣʥʘ ʩʚʦʙʦʜʘ ʧʨʠ ʜʚʠʞʝʥʠʝ. 



ул 
 

ʇʨʦʝʢʪʠʨʘʥʠʪʝ ʜʠʟʘʡʥ ʧʘʥʝʣʠ ʠʟʧʲʢʚʘʪ ʩʘ ʩʲʦʙʨʘʟʝʥʠ ʩ ʥʘʯʠʥʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʥʘ 

ʦʪʜʝʣʥʠʪʝ ʤʦʜʫʣʠ ʠ ʝʣʝʢʪʨʦʥʥʠ ʢʦʤʧʦʥʝʥʪʠ ʠʟʛʨʘʞʜʘʱʠ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ. ʇʦʩʨʝʜʩʪʚʦʤ 

3D ʧʨʠʥʪʝʨ ʪʝʭʥʦʣʦʛʠʷʪʘ ʩʝ ʧʦʟʚʦʣʷʚʘ ʥʘ ʧʘʥʝʣʠʪʝ ʜʘ ʙʲʜʘʪ ʜʦʩʪʘʪʲʯʥʦ ʣʝʢʠ, ʥʦ ʠ ʟʜʨʘʚʠ. 

ɼʠʟʘʡʥ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʧʦʟʦʚʣʷʚʘ ʠʤʧʣʝʤʥʝʪʠʨʘʥʝʪʦ ʥʘ ʦʪʜʝʣʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʤʦʜʫʣʠ 

ʢʲʤ ʤʝʭʘʥʠʯʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʪʦ ʥʝʚʲʟʧʨʝʧʷʪʩʪʚʘʪ ʥʘʜʝʞʜʥʦʪʦ ʠ ʟʜʨʘʚʦ ʟʘʭʚʘʱʘʥʝ ʥʘ 

ʦʪʜʝʣʥʠʪʝ ʤʦʜʫʣʠ ʢʲʤ ʨʝʘʣʠʟʠʨʘʥʘʪʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪ ʧʣʘʪʬʦʨʤʘ.  

 

ʀʟʚʦʜʠ ʢʲʤ ɻʃɸɺɸ II 

- ʉ ʪʘʢʘ ʧʨʦʝʢʪʠʨʘʥʠʪʝ ʫʥʠʚʝʨʩʘʣʥʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ ʠ ʤʦʜʫʣʠ ʩʝ ʧʦʩʪʠʛʘ ʤʥʦʛʦʮʝʣʝʚʠʷ 

ʭʘʨʘʢʪʝʨ ʥʘ ʨʦʙʦʪʘ 

- ʀʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʧʦ ʝʩʪʝʩʪʚʦ ʟʘʜʘʯʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʨʦʙʦʪʲʪ 

ʧʨʝʜʦʩʪʘʚʷ, ʦʪʛʦʚʘʨʷʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʜʘʚʘʪ ʨʝʰʝʥʠʷ ʥʘ ʧʨʦʙʣʝʤʠ ʥʘ ʨʘʟʥʦʨʦʜʥʠʪʝ 

ʩʨʝʜʠ, ʚ ʢʦʠʪʦ ʨʦʙʦʪʲʪ ʱʝ ʩʝ ʠʥʪʝʛʨʠʨʘ. 

 - ʊʝʥʜʝʥʮʠʷʪʘ ʟʘ ʤʦʜʫʣʥʦʩʪ ʧʨʠ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʧʦʟʚʦʣʷʚʘ ʨʘʟʨʘʙʦʪʝʥʘʪʘ ʫʥʠʚʝʨʩʘʣʥʘ 

ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ ʠ ʤʦʜʫʣʠ ʜʘ ʙʲʜʝ ʚʥʝʜʨʝʥʠ ʚ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʩʬʝʨʠ ʢʘʪʦ ʧʨʝʜʦʩʪʘʚʷ ʣʝʩʥʦ 

ʘʜʘʧʪʠʨʫʝʤʦ, ʛʲʚʢʘʚʦ ʠ ʮʝʥʦʚʦʦʨʠʝʥʪʠʨʘʥʦ ʨʝʰʝʥʠʝ. 
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ɻʃɸɺɸ III: ʋʇʈɸɺʃɽʅʀɽ ʅɸ ʄʅʆɻʆʎɽʃɽɺʀʗ ʉɽʈɺʀɿɽʅ ʈʆɹʆʊ 

3.1 ʊʝʣʝ-ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʥʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʯʨʝʟ 

ʫʝʙ ʙʘʟʠʨʘʥ ʛʨʘʬʠʯʝʥ ʠʥʪʝʨʬʝʡʩ, ʧʦʩʨʝʜʩʪʚʦʤ MQTT ʠ ʫʝʙ ʩʦʢʝʪʠ  

3.1.1 WebSocket 

  Web-Socket [64] ʝ ʢʦʤʧʶʪʲʨʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ 

ʧʲʣʥʦʜʫʧʣʝʢʩʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʢʘʥʘʣʠ ʧʨʝʟ ʝʜʥʘ TCP ʚʨʲʟʢʘ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʧʦʪʦʢ ʦʪ 

ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʤʝʞʜʫ ʫʝʙ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʲʨʚʲʨʠ. ʊʦʚʘ ʝ API ʩʪʘʥʜʘʨʪ, ʢʦʡʪʦ ʝ 

ʩʧʝʮʠʘʣʥʦ ʨʘʟʨʘʙʦʪʝʥ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ ʫʝʙ ʧʨʠʣʦʞʝʥʠʷʪʘ. 

WebSocket ʨʘʙʦʪʠ ʥʘ ʥʠʚʦ 7 ʦʪ ʤʦʜʝʣʘ OSI. ɿʘ ʨʘʟʣʠʢʘ ʦʪ HTTP, WebSocket ʧʦʟʚʦʣʷʚʘ 

ʥʝʧʨʝʢʲʩʥʘʪʘ ʜʚʫʧʦʩʦʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʘ ʠ ʩʲʨʚʲʨʘ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʧʦ-

ʝʬʝʢʪʠʚʝʥ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ɿʘʛʣʘʚʠʝʪʦ Upgrade ʩʝ ʠʟʧʦʣʟʚʘ ʦʪ 

WebSocket handshake ʟʘ ʧʨʝʚʢʣʶʯʚʘʥʝ ʦʪ ʧʨʦʪʦʢʦʣʘ HTTP ʢʲʤ ʧʨʦʪʦʢʦʣʘ WebSocket, ʟʘ ʜʘ 

ʩʝ ʦʩʠʛʫʨʠ ʦʧʝʨʘʪʠʚʥʘ ʩʲʚʤʝʩʪʠʤʦʩʪ. ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʣʫʜʫʧʣʝʢʩʥʠʪʝ ʚʘʨʠʘʥʪʠ ʢʘʪʦ HTTP 

polling (ʘʥʢʝʪʠʨʘʥʝ) ʧʨʦʪʦʢʦʣʲʪ WebSocket ʫʣʝʩʥʷʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʫʝʙ ʙʨʘʫʟʲʨʘ 

(ʠʣʠ ʜʨʫʛʦ ʢʣʠʝʥʪʩʢʦ ʧʨʠʣʦʞʝʥʠʝ) ʠ ʫʝʙ ʩʲʨʚʲʨʘ ʩ ʧʦ-ʤʘʣʢʦ ʨʝʞʠʡʥʠ ʨʘʟʭʦʜʠ, ʢʘʪʦ 

ʧʦʟʚʦʣʷʚʘ ʧʦʪʦʢ ʦʪ ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʦʪ ʠ ʢʲʤ ʩʲʨʚʲʨʘ. 

3.1.2 ʈʲʢʦʭʚʘʪʢʘ ʥʘ ʧʨʦʪʦʢʦʣʘ 

 ɺʨʲʟʢʠʪʝ WebSocket ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʯʨʝʟ ʧʨʦʮʝʩ ʥʘ ʨʲʢʦʩʪʠʩʢʘʥʝ ʤʝʞʜʫ ʢʣʠʝʥʪʘ ʠ 

ʩʲʨʚʲʨʘ. ʂʣʠʝʥʪʲʪ ʧʦʜʘʚʘ ʟʘʷʚʢʘ ʟʘ WebSocket handshake, ʘ ʩʲʨʚʲʨʲʪ ʦʪʛʦʚʘʨʷ ʩ ʦʪʛʦʚʦʨ ʥʘ 

WebSocket handshake, ʟʘ ʜʘ ʟʘʧʦʯʥʝ WebSocket ʚʨʲʟʢʘ. ɿʘʧʦʯʚʘʡʢʠ ʩ HTTP ʟʘʷʚʢʘ/ʦʪʛʦʚʦʨ, 

handshake ʧʦʟʚʦʣʷʚʘ ʥʘ ʩʲʨʚʲʨʠʪʝ ʜʘ ʫʧʨʘʚʣʷʚʘʪ ʢʘʢʪʦ HTTP, ʪʘʢʘ ʠ WebSocket ʚʨʲʟʢʠ ʥʘ 

ʝʜʠʥ ʠ ʩʲʱʠ ʧʦʨʪ. ʇʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʜʚʫʧʦʩʦʯʝʥ 

ʜʚʦʠʯʝʥ ʧʨʦʪʦʢʦʣ, ʢʦʡʪʦ ʥʝ ʩʣʝʜʚʘ ʧʨʦʪʦʢʦʣʘ HTTP. ʉʲʨʚʲʨʲʪ ʦʪʛʦʚʘʨʷ ʩ ʭʝʰ ʥʘ ʢʣʶʯʘ ʚ 

ʟʘʛʣʘʚʠʝʪʦ Sec-WebSocket-Accept, ʩʣʝʜ ʢʘʪʦ ʧʦʣʫʯʠ ʦʪ ʢʣʠʝʥʪʘ ʟʘʛʣʘʚʠʝ Sec-WebSocket-

Key, ʢʦʝʪʦ ʩʲʜʲʨʞʘ ʩʣʫʯʘʡʥʠ ʙʘʡʪʦʚʝ, ʢʦʜʠʨʘʥʠ ʧʦ base64, ʩ ʮʝʣ ʥʘʜʛʨʘʞʜʘʥʝ ʥʘ ʟʘʛʣʘʚʠʷʪʘ. 

ʊʦʚʘ ʩʝ ʧʨʘʚʠ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʧʦʚʪʦʨʥʦʪʦ ʠʟʧʨʘʱʘʥʝ ʥʘ ʧʨʝʜʠʰʥʘ WebSocket ʜʠʩʢʫʩʠʷ ʦʪ 

ʢʝʰʠʨʘʱʦ ʧʨʦʢʩʠ. ʌʠʢʩʠʨʘʥʠʷʪ ʪʝʢʩʪ ʩʝ ʭʝʰʠʨʘ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʘʣʛʦʨʠʪʲʤʲʪ ʟʘ ʭʝʰʠʨʘʥʝ 

SHA-1 ʠ ʢʦʜʠʨʘʥʝ base64, ʘ ʩʪʦʡʥʦʩʪʪʘ ʦʪ ʟʘʛʣʘʚʠʝʪʦ Sec-WebSocket-Key ʩʝ ʜʦʧʲʣʚʘ ʩ 

UUID. 

3.1.3 MQTT 

  MQTT (Message Queuing Telemetry Transport) [13][54] ʝ ʧʨʦʪʦʢʦʣ ʟʘ 



ун 
 

ʧʫʙʣʠʢʫʚʘʥʝ/ʧʦʜʧʠʩʚʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʷ, ʢʦʡʪʦ ʝ ʨʘʟʨʘʙʦʪʝʥ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʨʝʜʠ ʩ ʥʠʩʢʘ ʯʝʩʪʦʪʥʘ ʣʝʥʪʘ ʠ ʚʠʩʦʢʘ ʣʘʪʝʥʪʥʦʩʪ. ʇʨʦʪʦʢʦʣʲʪ ʝ ʧʨʦʝʢʪʠʨʘʥ 

ʪʘʢʘ, ʯʝ ʜʘ ʤʠʥʠʤʠʟʠʨʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʰʠʨʦʯʠʥʘʪʘ ʥʘ ʯʝʩʪʦʪʥʘʪʘ ʣʝʥʪʘ ʥʘ ʤʨʝʞʘʪʘ ʠ 

ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʫʩʪʨʦʡʩʪʚʘʪʘ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʠʜʝʘʣʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʫʩʪʨʦʡʩʪʚʘʪʘ 

ʦʪ IoT. MQTT ʧʦʟʚʦʣʷʚʘ ʥʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʜʘ ʢʦʤʫʥʠʢʠʨʘʪ ʘʩʠʥʭʨʦʥʥʦ ʠ ʧʦ ʨʘʟʧʨʝʜʝʣʝʥ 

ʥʘʯʠʥ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʫʩʪʨʦʡʩʪʚʘʪʘ ʤʦʛʘʪ ʜʘ ʠʟʧʨʘʱʘʪ ʠ ʧʦʣʫʯʘʚʘʪ ʩʲʦʙʱʝʥʠʷ, ʙʝʟ ʜʘ 

ʠʤʘʪ ʜʠʨʝʢʪʥʘ ʚʨʲʟʢʘ ʧʦʤʝʞʜʫ ʩʠ. ʇʨʦʪʦʢʦʣʲʪ ʠʟʧʦʣʟʚʘ ʤʦʜʝʣʘ Publish-Subscribe, ʧʨʠ ʢʦʡʪʦ 

ʢʣʠʝʥʪʠʪʝ ʧʫʙʣʠʢʫʚʘʪ ʩʲʦʙʱʝʥʠʷ ʚ ʪʝʤʠ, ʘ ʜʨʫʛʠ ʢʣʠʝʥʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʘʙʦʥʠʨʘʪ ʟʘ ʪʝʟʠ ʪʝʤʠ, 

ʟʘ ʜʘ ʧʦʣʫʯʘʚʘʪ ʩʲʦʙʱʝʥʠʷʪʘ. MQTT ʝ ʩʠʣʥʦ ʤʘʱʘʙʠʨʫʝʤ ʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʧʦʜʜʨʲʞʢʘ ʥʘ ʛʦʣʷʤ ʙʨʦʡ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʩʲʨʚʲʨʲʪ ʤʦʞʝ ʜʘ ʦʙʨʘʙʦʪʚʘ ʤʥʦʞʝʩʪʚʦ 

ʝʜʥʦʚʨʝʤʝʥʥʠ ʚʨʲʟʢʠ. ɿʘ ʧʨʝʥʦʩʘ ʥʘ ʜʘʥʥʠ MQTT ʧʨʝʜʦʩʪʘʚʷ ʪʨʠ ʥʠʚʘ ʥʘ ʢʘʯʝʩʪʚʦ ʥʘ 

ʫʩʣʫʛʠʪʝ (QoS), ʢʦʠʪʦ ʦʧʨʝʜʝʣʷʪ ʥʠʚʦʪʦ ʥʘ ʩʠʛʫʨʥʦʩʪ ʧʨʠ ʧʨʝʥʦʩʘ ʥʘ ʜʘʥʥʠ.  

ǒ QoS 0 - ʥʘʡ-ʤʥʦʛʦ ʚʝʜʥʲʞ.  

ʀʟʧʨʘʱʘ ʩʝ ʝʜʥʦʢʨʘʪʥʦ, ʙʝʟ ʜʘ ʩʝ ʯʘʢʘ ʦʪʛʦʚʦʨ, ʩʲʱʦʪʦ ʦʩʠʛʫʨʷʚʘʥʝ ʢʘʪʦ TCP. 

ǒ QoS 1 - ʧʦʥʝ ʚʝʜʥʲʞ. 

ɻʘʨʘʥʪʠʨʘ ʧʦʥʝ ʝʜʥʘ ʜʦʩʪʘʚʢʘ, ʠʟʧʦʣʟʚʘ ʩʲʦʙʱʝʥʠʝ ʟʘ ʧʦʪʚʲʨʞʜʝʥʠʝ. 

ǒ QoS 2 - ʪʦʯʥʦ ʚʝʜʥʲʞ. 

ʆʩʠʛʫʨʷʚʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ ʩʘʤʦ ʚʝʜʥʲʞ, ʠʟʧʦʣʟʚʘ ʩʝ ʯʝʪʠʨʠʢʦʤʧʦʥʝʥʪʥʦ 

ʨʲʢʦʩʪʠʩʢʘʥʝ. 

 

ʌʠʛʫʨʘ 34. ʉʨʘʚʥʝʥʠʝ ʥʘ MQTT ʠ WebSocket 

3.1.4 ɹʨʦʢʝʨ ʥʘ MQTT 

  ɹʨʦʢʝʨʲʪ ʥʘ MQTT ʝ ʩʦʬʪʫʝʨ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʩʪʘʨʪʠʨʘ ʥʘ ʢʦʤʧʶʪʲʨ, ʣʦʢʘʣʥʦ ʠʣʠ 

ʚ ʦʙʣʘʢʘ. ʊʦʡ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʲʟʜʘʜʝʥ ʦʪ ʩʘʤʠʷ ʧʦʪʨʝʙʠʪʝʣ ʠʣʠ ʧʨʝʜʦʩʪʘʚʝʥ ʦʪ ʪʨʝʪʘ ʩʪʨʘʥʘ, 



уо 
 

ʢʘʪʦ ʥʘʧʨʠʤʝʨ Mosquitto, EMQX ʠ HiveMQ. ʅʘʣʠʯʥʠ ʩʘ ʢʘʢʪʦ ʩʦʙʩʪʚʝʥʠʯʝʩʢʠ ʚʝʨʩʠʠ, ʪʘʢʘ 

ʠ ʚʝʨʩʠʠ ʩ ʦʪʚʦʨʝʥ ʢʦʜ. ɹʨʦʢʝʨʲʪ ʜʝʡʩʪʚʘ ʢʘʪʦ ʧʦʱʝʥʩʢʘ ʩʪʘʥʮʠʷ ʟʘ ʩʲʦʙʱʝʥʠʷ. ɺʤʝʩʪʦ ʜʘ 

ʠʟʧʦʣʟʚʘʪ ʜʠʨʝʢʪʥʠʷ ʘʜʨʝʩ ʟʘ ʚʨʲʟʢʘ ʥʘ ʧʦʣʫʯʘʪʝʣʷ, ʢʣʠʝʥʪʠʪʝ ʥʘ MQTT ʠʟʧʦʣʟʚʘʪ ʨʝʜʘ 

"ʊʝʤʘ". ɸʙʦʥʘʪʠʪʝ ʧʦʣʫʯʘʚʘʪ ʚʩʠʯʢʠ ʩʲʦʙʱʝʥʠʷ, ʧʫʙʣʠʢʫʚʘʥʠ ʢʲʤ ʪʘʟʠ ʪʝʤʘ, ʚ ʪʷʭʥʘʪʘ 

ʮʷʣʦʩʪ. ɽʜʠʥ ʢʣʠʝʥʪ ʤʦʞʝ ʜʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘ ʧʨʠ ʥʷʢʦʣʢʦ ʙʨʦʢʝʨʘ, ʟʘ ʜʘ ʩʝ ʘʙʦʥʠʨʘ ʟʘ 

ʨʘʟʣʠʯʥʠ ʪʝʤʠ, ʘ ʥʷʢʦʣʢʦ ʢʣʠʝʥʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʘʙʦʥʠʨʘʪ ʟʘ ʝʜʥʘ ʠ ʩʲʱʘ ʪʝʤʘ ʦʪ ʝʜʠʥ ʙʨʦʢʝʨ 

(ʚʲʟʤʦʞʥʦʩʪʠ "ʤʥʦʛʦ ʢʲʤ ʝʜʥʦ" ʠ "ʝʜʥʦ ʢʲʤ ʤʥʦʛʦ"). ʂʣʠʝʥʪʠʪʝ ʤʦʛʘʪ ʢʘʢʪʦ ʜʘ ʧʫʙʣʠʢʫʚʘʪ, 

ʪʘʢʘ ʠ ʜʘ ʩʝ ʘʙʦʥʠʨʘʪ ʟʘ ʜʘʥʥʠ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʜʘ ʧʫʙʣʠʢʫʚʘʪ ʜʘʥʥʠ ʦʪ 

ʩʝʥʟʦʨʠ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʤʦʛʘʪ ʜʘ ʧʦʣʫʯʘʚʘʪ ʜʘʥʥʠ ʟʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʣʠ ʢʦʤʘʥʜʠ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ, ʢʦʝʪʦ ʧʨʘʚʠ MQTT ʜʚʫʧʦʩʦʯʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ. ʂʣʠʝʥʪʩʢʠʪʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʲʨʚʲʨʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʩʝ ʦʪʜʝʣʷʪ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʥʘ ʙʨʦʢʝʨ 

ʥʘ MQTT. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʢʣʠʝʥʪʠʪʝ ʩʝ ʧʘʟʠ ʚ ʪʘʡʥʘ ʝʜʠʥ ʦʪ ʜʨʫʛ. 

ʉʦʬʪʫʝʨʲʪ ʥʘ ʙʨʦʢʝʨʘ ʠ ʢʣʠʝʥʪʠʪʝ ʤʦʛʘʪ ʜʘ ʧʨʝʤʠʥʘʪ ʥʝʟʘʙʘʚʥʦ ʢʲʤ ʠʟʣʠʰʝʥ/ʘʚʪʦʤʘʪʠʯʝʥ 

ʨʝʟʝʨʚʝʥ ʙʨʦʢʝʨ ʚ ʩʣʫʯʘʡ ʥʘ ʧʦʚʨʝʜʘ. ʌʫʥʢʮʠʷʪʘ, ʠʟʚʝʩʪʥʘ ʢʘʪʦ "ʧʦʩʪʦʷʥʥʠ ʩʝʩʠʠ", 

ʧʦʟʚʦʣʷʚʘ ʥʘ ʙʨʦʢʝʨʘ ʜʘ ʩʣʝʜʠ ʚʩʠʯʢʠ ʜʘʥʥʠ ʟʘ ʩʝʩʠʠʪʝ, ʜʦʢʘʪʦ ʫʩʪʨʦʡʩʪʚʦʪʦ ʝ ʚʢʣʶʯʝʥʦ ʠ 

ʠʟʢʣʶʯʝʥʦ. ʊʦʛʘʚʘ ʙʨʦʢʝʨʲʪ ʱʝ ʩʣʝʜʠ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʚʨʲʟʢʘʪʘ ʥʘ ʚʩʝʢʠ ʢʣʠʝʥʪ, ʪʝʤʠʪʝ, 

ʟʘ ʢʦʠʪʦ ʚʩʝʢʠ ʢʣʠʝʥʪ ʩʝ ʝ ʘʙʦʥʠʨʘʣ, ʠ ʚʩʠʯʢʠ ʩʲʦʙʱʝʥʠʷ ʟʘ ʪʝʤʠ ʩ QoS ʦʪ 1 ʠʣʠ 2. 

3.1.5 ʀʟʧʦʣʟʚʘʥʝ ʥʘ MQTT ʧʨʝʟ WebSockets  

ɽʬʠʢʘʩʥʦʩʪʪʘ ʥʘ MQTT ʩʝ ʜʲʣʞʠ ʥʘ ʥʝʛʦʚʠʷ ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʧʦʜʭʦʜ, ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ 

ʤʝʭʘʥʠʟʤʘ publish/subscribe ʠ ʨʘʙʦʪʠ ʝʬʝʢʪʠʚʥʦ ʜʦʨʠ ʚ ʩʮʝʥʘʨʠʠ, ʧʨʠ ʢʦʠʪʦ ʤʨʝʞʦʚʘʪʘ 

ʩʚʲʨʟʘʥʦʩʪ ʝ ʥʝʩʪʘʙʠʣʥʘ, ʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʠʤʘʪ ʦʛʨʘʥʠʯʝʥʠ ʨʝʩʫʨʩʠ. ʇʨʝʜʘʚʘʥʝʪʦ ʥʘ 

ʩʲʦʙʱʝʥʠʷʪʘ MQTT ʩʝ ʫʣʝʩʥʷʚʘ ʯʨʝʟ ʢʘʧʩʫʣʠʨʘʥʝ ʥʘ WebSocket ʨʘʤʢʠ, ʢʦʠʪʦ ʩʣʝʜ ʪʦʚʘ ʩʝ 

ʧʨʝʜʘʚʘʪ ʧʦ ʤʨʝʞʘʪʘ. ɿʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ WebSockets, ʢʦʷʪʦ ʠʟʧʦʣʟʚʘ MQTT, ʝ ʦʪ ʨʝʰʘʚʘʱʦ 

ʟʥʘʯʝʥʠʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʙʨʦʢʝʨ ʥʘ MQTT, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʦʙʨʘʙʦʪʚʘ ʤʝʩʪʥʠ WebSockets. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ WebSockets ʚ ʪʨʘʥʩʧʦʨʪʥʘʪʘ ʤʝʪʦʜʦʣʦʛʠʷ ʥʘ MQTT ʦʩʠʛʫʨʷʚʘ ʥʘʜʝʞʜʥʘ, 

ʧʦʜʨʝʜʝʥʘ ʠ ʜʚʫʧʦʩʦʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʢʦʝʪʦ ʷ ʧʨʘʚʠ ʠʜʝʘʣʝʥ ʠʟʙʦʨ. WebSockets ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʝʭʚʲʨʣʷʥʝ ʥʘ ʮʝʣʠ MQTT ʩʲʦʙʱʝʥʠʷ, ʚʢʣʶʯʚʘʱʠ ʢʘʢʪʦ ʟʘʛʣʘʚʠʷ, ʪʘʢʘ ʠ 

ʧʦʣʝʟʝʥ ʪʦʚʘʨ, ʩʘʤʦ ʩ ʜʚʘ ʙʘʡʪʘ ʨʝʞʠʡʥʠ. ʊʘʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʟʘʝʜʥʦ ʩ ʥʘʤʘʣʝʥʘʪʘ 

ʰʠʨʦʯʠʥʘ ʥʘ ʯʝʩʪʦʪʥʘʪʘ ʣʝʥʪʘ ʠ ʣʘʪʝʥʪʥʦʩʪ, ʧʨʘʚʠ WebSockets ʠʟʛʦʜʝʥ ʠʟʙʦʨ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ HTTP ʟʘʷʚʢʠ, ʢʦʠʪʦ ʠʟʠʩʢʚʘʪ ʘʥʢʝʪʠʨʘʥʝ ʥʘ ʩʲʨʚʲʨʘ. ʊʲʡ ʢʘʪʦ 

ʩʚʝʞʜʘʥʝʪʦ ʜʦ ʤʠʥʠʤʫʤ ʥʘ ʨʝʞʠʡʥʠʪʝ ʨʘʟʭʦʜʠ ʝ ʢʨʠʪʠʯʝʥ ʧʨʠʥʮʠʧ ʥʘ ʦʧʝʨʘʪʠʚʥʘʪʘ 



уп 
 

ʬʠʣʦʩʦʬʠʷ ʥʘ MQTT, ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ WebSockets ʩʲʦʪʚʝʪʩʪʚʘ ʜʦʙʨʝ ʥʘ ʪʘʟʠ ʮʝʣ. 

ɿʘʤʝʩʪʚʘʥʝʪʦ ʥʘ ʨʦʜʥʠʷ ʢʣʠʝʥʪ ʥʘ MQTT ʩ ʙʨʘʫʟʲʨ, ʢʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ MQTT ʧʨʝʟ 

WebSockets, ʟʘʧʘʟʚʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʧʨʦʪʦʢʦʣʘ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʧʨʠʣʦʞʠʤʦ ʨʝʰʝʥʠʝ ʟʘ 

ʘʚʪʦʤʘʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ. ɿʘ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʪʦʟʠ ʩʮʝʥʘʨʠʡ ʦʙʘʯʝ, ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ 

ʠʟʧʲʣʥʝʥʠ ʜʚʝ ʧʨʝʜʧʦʩʪʘʚʢʠ. ʇʲʨʚʦ, ʠʟʧʦʣʟʚʘʥʠʷʪ ʙʨʦʢʝʨ ʥʘ MQTT ʪʨʷʙʚʘ ʜʘ ʧʦʜʜʲʨʞʘ 

MQTT ʧʨʝʟ WebSockets, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʦʛʨʘʥʠʯʠ ʠʟʙʦʨʘ ʥʘ ʥʘʣʠʯʥʠ ʙʨʦʢʝʨʠ. ɺʪʦʨʦ, ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ JavaScript ʙʠʙʣʠʦʪʝʢʘ, ʢʦʷʪʦ ʫʣʝʩʥʷʚʘ MQTT ʧʦ WebSockets. 

ʉʣʝʜ ʢʘʪʦ ʙʲʜʘʪ ʠʟʧʲʣʥʝʥʠ ʥʝʦʙʭʦʜʠʤʠʪʝ ʫʩʣʦʚʠʷ, ʧʲʣʥʠʷʪ ʥʘʙʦʨ ʦʪ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

ʥʘ MQTT ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʦʩʪʲʧʝʥ ʩ ʧʦʤʦʱʪʘ ʥʘ ʙʨʘʫʟʲʨʠ ʢʘʪʦ ʢʣʠʝʥʪʠ, ʢʦʝʪʦ ʫʣʝʩʥʷʚʘ 

ʧʫʙʣʠʢʫʚʘʥʝʪʦ ʥʘ ʩʲʦʙʱʝʥʠʷ ʠ ʘʙʦʥʠʨʘʥʝʪʦ ʟʘ ʪʝʤʠ. ʊʝʟʠ ʬʫʥʢʮʠʠ ʚʢʣʶʯʚʘʪ ʩʪʘʥʜʘʨʪʥʠʪʝ 

WebSocket ʠʟʪʣʘʩʢʚʘʥʠʷ, ʢʘʢʪʦ ʠ ʩʣʝʜʥʦʪʦ: 

Å   ʉʝʤʘʥʪʠʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʫʩʣʫʛʘʪʘ (QoS), ʢʦʷʪʦ ʛʘʨʘʥʪʠʨʘ ʜʦʩʪʘʚʢʘʪʘ ʠʣʠ ʧʨʠʩʪʠʛʘʥʝʪʦ 

ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ ʧʦʥʝ ʚʝʜʥʲʞ ʠʣʠ ʪʦʯʥʦ ʚʝʜʥʲʞ, ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʲʨ; 

Å  ɿʘʧʘʟʝʥʠ ʩʲʦʙʱʝʥʠʷ, ʢʦʠʪʦ ʩʝ ʜʦʩʪʘʚʷʪ ʥʝʟʘʙʘʚʥʦ ʧʨʠ ʘʙʦʥʠʨʘʥʝ ʥʘ ʢʣʠʝʥʪʠ ʟʘ ʦʧʨʝʜʝʣʝʥʠ 

ʪʝʤʠ; 

Å ʇʦʩʪʦʷʥʥʠ ʘʙʦʥʘʤʝʥʪʠ ʟʘ ʩʝʩʠʠ, ʢʦʠʪʦ ʝʣʠʤʠʥʠʨʘʪ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʦʚʪʦʨʥʦ 

ʘʙʦʥʠʨʘʥʝ ʚ ʩʣʫʯʘʡ ʥʘ ʟʘʛʫʙʘ ʥʘ ʚʨʲʟʢʘ; 

Å    ɿʘʚʝʱʘʥʠʝ, ʢʦʝʪʦ ʧʨʝʜʘʚʘ ʩʲʦʙʱʝʥʠʝ ʥʘ ʜʨʫʛʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʣʠʮʘ ʚ ʦʪʛʦʚʦʨ ʥʘ ʚʥʝʟʘʧʥʦ 

ʧʨʝʢʲʩʚʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʢʣʠʝʥʪʠ. 

ʇʨʝʚʨʲʱʘʥʝʪʦ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʙʨʘʫʟʲʨʠ ʚ MQTT ʫʩʪʨʦʡʩʪʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘ 

ʧʨʘʢʪʠʯʥʦʩʪʪʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʩʠʩʪʝʤʠ, ʢʘʪʦ ʧʦʟʚʦʣʷʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʦʤʠʰʣʝʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʣʠ IoT ʩʠʩʪʝʤʠ ʯʨʝʟ ʙʨʘʫʟʲʨʘ ʥʘ ʚʩʷʢʦ ʤʦʙʠʣʥʦ ʫʩʪʨʦʡʩʪʚʦ. 

 

ʌʠʛʫʨʘ 35 MQTT ʧʨʝʟ Web-socket ʚʨʲʟʢʠ [17] 

3.1.6 ʈʝʘʣʠʟʘʮʠʷ ʥʘ MQTT ʧʨʝʟ WebSocket ʚ JavaScript 

ɺ ʪʘʟʠ ʨʘʟʨʘʙʦʪʢʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʠʥʪʝʨʬʝʡʩ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʦʙʠʣʝʥ ʨʦʙʦʪ ʩ 2 ʢʦʣʝʣʘ ʩ 



ур 
 

ʧʦʩʪʦʷʥʥʦʪʦʢʦʚ ʜʚʠʛʘʪʝʣ ʩ ʧʦʤʦʱʪʘ ʥʘ MQTT.js ʠ WebSockets. [45][70] ʀʥʪʝʨʬʝʡʩʲʪ 

ʚʢʣʶʯʚʘ ʪʝʢʩʪʦʚʦ ʧʦʣʝ ʟʘ ʠʟʙʦʨ ʥʘ ʪʝʤʘ, ʧʣʲʟʛʘʯ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʠ ʯʝʪʠʨʠ ʙʫʪʦʥʘ 

ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʩʦʢʘʪʘ. ʊʝʤʘʪʘ, ʠʟʙʨʘʥʘ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ, ʝ ʢʘʥʘʣʲʪ, ʯʨʝʟ ʢʦʡʪʦ 

ʠʥʪʝʨʬʝʡʩʲʪ ʧʫʙʣʠʢʫʚʘ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʩʢʦʨʦʩʪʪʘ ʠ ʜʚʠʞʝʥʠʝʪʦ. 

 

 

ʌʠʛʫʨʘ 36. ʀʣʶʩʪʨʘʮʠʷ ʥʘ ʮʷʣʦʩʪʥʠʷ ʧʨʦʮʝʩ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʝʣʝʤʝʥʪʠʪʝ 

ʉʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʩʝ ʟʘʜʘʚʘ ʯʨʝʟ ʩʲʙʠʪʠʝʪʦ "ʇʨʦʤʷʥʘ" ʥʘ JavaScript, ʢʦʝʪʦ ʚʟʝʤʘ 

ʩʪʦʡʥʦʩʪʪʘ ʦʪ ʧʦʣʝʪʦ ʥʘ ʧʣʲʟʛʘʯʘ ʠ ʟʘʜʝʡʩʪʚʘ POST ʟʘʷʚʢʘ, ʥʘʩʦʯʝʥʘ ʢʲʤ ʤʘʨʰʨʫʪʘ 

"ʠʟʜʘʪʝʣ". ʀʟʧʨʘʱʘ ʩʝ JSON ʦʙʝʢʪ, ʢʦʡʪʦ ʩʲʜʲʨʞʘ ʠʤʝʪʦ ʥʘ ʪʝʤʘʪʘ ʠ ʩʲʦʙʱʝʥʠʝ, ʢʦʝʪʦ ʝ 

ʮʝʣʦʯʠʩʣʝʥʘ ʩʪʦʡʥʦʩʪ, ʦʧʨʝʜʝʣʷʱʘ ʩʢʦʨʦʩʪʪʘ. ʇʦ ʩʲʱʠʷ ʥʘʯʠʥ ʧʦʩʦʢʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʩʝ 

ʦʧʨʝʜʝʣʷ ʦʪ ʝʜʠʥ ʦʪ ʯʝʪʠʨʠʪʝ ʙʫʪʦʥʘ, ʚʩʝʢʠ ʦʪ ʢʦʠʪʦ ʝ ʦʙʦʟʥʘʯʝʥ ʩ ʨʘʟʣʠʯʥʘ ʩʪʨʝʣʢʘ, 

ʫʢʘʟʚʘʱʘ ʞʝʣʘʥʘʪʘ ʧʦʩʦʢʘ. ɺʩʝʢʠ ʙʫʪʦʥ ʩʲʜʲʨʞʘ ʢʦʤʘʥʜʘ ʩ ʰʘʙʣʦʥ ʟʘ ʥʝʦʙʭʦʜʠʤʦʪʦ 

ʜʚʠʞʝʥʠʝ ʥʘ ʜʚʠʛʘʪʝʣʷ ʚ ʜʘʜʝʥʘʪʘ ʧʦʩʦʢʘ. ʂʦʛʘʪʦ ʩʝ ʥʘʪʠʩʥʝ ʝʜʠʥ ʦʪ ʙʫʪʦʥʠʪʝ, ʧʨʠ 

ʩʲʙʠʪʠʝʪʦ "MouseDown" ʩʝ ʠʟʧʨʘʱʘ POST ʟʘʷʚʢʘ ʢʲʤ ʠʟʙʨʘʥʘʪʘ ʪʝʤʘ. ʉʣʝʜ ʢʘʪʦ ʙʫʪʦʥʲʪ 

ʙʲʜʝ ʦʩʚʦʙʦʜʝʥ ʩʝ ʟʘʜʝʡʩʪʚʘ ʩʲʙʠʪʠʝʪʦ "MouseUp", ʢʦʝʪʦ ʠʟʧʨʘʱʘ ʢʦʤʘʥʜʘ ʟʘ ʩʧʠʨʘʥʝ ʥʘ 

ʜʚʠʛʘʪʝʣʠʪʝ ʠ ʚ ʦʪʛʦʚʦʨ ʫʩʪʨʦʡʩʪʚʦʪʦ ʩʧʠʨʘ ʜʘ ʩʝ ʜʚʠʞʠ. ʌʠʛʫʨʘ 37 ʠʣʶʩʪʨʠʨʘ ʩʲʟʜʘʜʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ ʟʘ ʧʨʦʛʨʘʤʘʪʘ. ʀʥʪʝʨʬʝʡʩʲʪ  ʧʦʟʚʦʣʷʚʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʜʘ 

ʫʧʨʘʚʣʷʚʘʪ ʩʢʦʨʦʩʪʪʘ ʠ ʧʦʩʦʢʘʪʘ ʥʘ ʨʦʙʦʪʘ. ʊʝʤʘʪʘ, ʠʟʙʨʘʥʘ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ, ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʩʢʦʨʦʩʪʪʘ ʠ ʜʚʠʞʝʥʠʝʪʦ. ʈʦʙʦʪʲʪ ʩʝ ʘʙʦʥʠʨʘ ʟʘ ʘ ʪʝʤʘʪʘ ʠ 

ʧʦʣʫʯʘʚʘ ʩʪʦʡʥʦʩʪʠʪʝ, ʠʟʧʨʘʪʝʥʠ ʦʪ ʠʥʪʝʨʬʝʡʩʘ. ʂʘʪʦ ʧʨʦʪʦʢʦʣ ʟʘ ʠʟʧʨʘʱʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʷ 

ʩʝ ʠʟʧʦʣʟʚʘ MQTT, ʘ WebSockets ʦʩʠʛʫʨʷʚʘ ʜʚʫʧʦʩʦʯʝʥ ʢʘʥʘʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ 

ʠʥʪʝʨʬʝʡʩʘ ʠ ʨʦʙʦʪʘ. 

 



ус 
 

                                               

ʌʠʛʫʨʘ 37. ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʧʦʪʨʝʙʠʪʝʣʩʢʠ                         ʌʠʛʫʨʘ 38. ɼʚʠʞʝʥʠʝ ʥʘ  

                              ʠʥʪʝʨʬʝʡʩ                                                               ʢʦʣʝʣʘʪʘ       

ʌʠʛʫʨʘ 38 ʠʣʶʩʪʨʠʨʘ ʢʘʢ ʢʦʣʝʣʘʪʘ ʥʘ ʜʚʠʛʘʪʝʣʷ ʩʝ ʜʚʠʞʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʘʪʠʩʥʘʪʠʷ 

ʙʫʪʦʥ. ʅʘʪʠʩʢʘʥʝʪʦ ʥʘ ʙʫʪʦʥʘ "ʥʘʛʦʨʝ" ʢʘʨʘ ʜʚʝʪʝ ʢʦʣʝʣʘ ʜʘ ʩʝ ʚʲʨʪʷʪ ʥʘʧʨʝʜ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ 

ʢʦʝʪʦ ʨʦʙʦʪʲʪ ʩʝ ʜʚʠʞʠ ʥʘʧʨʝʜ. ʅʘʪʠʩʢʘʥʝʪʦ ʥʘ ʙʫʪʦʥʘ "ʥʘʜʦʣʫ" ʢʘʨʘ ʜʚʝʪʝ ʢʦʣʝʣʘ ʜʘ ʩʝ 

ʚʲʨʪʷʪ ʚ ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʨʦʙʦʪʲʪ ʩʝ ʜʚʠʞʠ ʥʘʟʘʜ. ʅʘʪʠʩʢʘʥʝʪʦ ʥʘ ʙʫʪʦʥʘ 

"ʥʘʣʷʚʦ" ʢʘʨʘ ʜʷʩʥʦʪʦ ʢʦʣʝʣʦ ʜʘ ʩʝ ʚʲʨʪʠ ʥʘʧʨʝʜ, ʜʦʢʘʪʦ ʣʷʚʦʪʦ ʢʦʣʝʣʦ ʩʝ ʚʲʨʪʠ ʥʘʟʘʜ, ʚ 

ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʨʦʙʦʪʲʪ ʟʘʚʠʚʘ ʥʘʣʷʚʦ. ʀ ʦʙʨʘʪʥʦʪʦ, ʥʘʪʠʩʢʘʥʝʪʦ ʥʘ ʙʫʪʦʥʘ "ʜʷʩʥʦ" ʢʘʨʘ 

ʣʷʚʦʪʦ ʢʦʣʝʣʦ ʜʘ ʩʝ ʚʲʨʪʠ ʥʘʧʨʝʜ, ʜʦʢʘʪʦ ʜʷʩʥʦʪʦ ʩʝ ʚʲʨʪʠ ʥʘʟʘʜ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʨʦʙʦʪʲʪ 

ʟʘʚʠʚʘ ʥʘʜʷʩʥʦ [44]. 

ɹʣʦʢ-ʩʭʝʤʘʪʘ (ʬʠʛ.39) ʠʣʶʩʪʨʠʨʘ ʦʩʥʦʚʥʠʪʝ ʩʪʲʧʢʠ, ʩʚʲʨʟʘʥʠ ʩ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʤʦʙʠʣʝʥ 

ʨʦʙʦʪ ʯʨʝʟ ʧʨʝʜʦʩʪʘʚʝʥʠʷ ʠʥʪʝʨʬʝʡʩ, ʚʢʣʶʯʠʪʝʣʥʦ ʟʘʜʘʚʘʥʝ ʥʘ ʪʝʤʘ, ʨʝʛʫʣʠʨʘʥʝ ʥʘ 

ʩʢʦʨʦʩʪʪʘ, ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʩʦʢʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ, ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠ ʠ ʜʝʡʩʪʚʠʝ 

ʚʲʨʭʫ ʪʝʟʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʣʘʪʘ ʥʘ ʨʦʙʦʪʘ. 

ʂʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘ 40, ʩʣʝʜ ʩʪʘʨʪʠʨʘʥʝʪʦ ʥʘ ʨʦʙʦʪʘ ʢʦʥʪʨʦʣʝʨʲʪ ʘʚʪʦʤʘʪʠʯʥʦ 

ʫʩʪʘʥʦʚʷʚʘ ʚʨʲʟʢʘ ʩ MQTT ʙʨʦʢʝʨʘ. ʉʣʝʜ ʢʘʪʦ ʩʝ ʩʚʲʨʞʝ, ʢʦʛʘʪʦ ʩʝ ʧʦʣʫʯʠ ʩʲʦʙʱʝʥʠʝ ʟʘ 

ʘʙʦʥʠʨʘʥʘ ʪʝʤʘ ʦʪ ʙʨʦʢʝʨʘ, ʩʝ ʠʟʧʲʣʥʷʚʘ ʦʧʨʝʜʝʣʝʥʘʪʘ ʬʫʥʢʮʠʷ Callback. ɺ ʨʝʟʫʣʪʘʪ ʥʘ 

ʧʦʣʫʯʝʥʠʪʝ ʚʭʦʜʥʠ ʜʘʥʥʠ ʩʝ ʠʟʧʨʘʱʘ ʢʦʤʘʥʜʘ, ʟʘ ʜʘ ʩʝ ʠʟʧʲʣʥʠ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʜʚʠʛʘʪʝʣʷ, 

ʢʘʢʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ. ɼʝʡʩʪʚʠʷ ʢʘʪʦ ʩʚʲʨʟʚʘʥʝ ʩ ʙʨʦʢʝʨ, ʘʙʦʥʠʨʘʥʝ ʟʘ ʪʝʤʘ ʠ ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ 

ʩʲʦʙʱʝʥʠʷ ʩʝ ʟʘʧʠʩʚʘʪ ʠ ʧʦʢʘʟʚʘʪ ʚ ʢʦʥʟʦʣʘ. 



ут 
 

                 

 ʌʠʛʫʨʘ 39. ʈʘʙʦʪʝʥ ʧʦʪʦʢ ʥʘ ʧʨʦʮʝʩʘ                     ʌʠʛʫʨʘ 40. ɼʠʘʛʨʘʤʘ ʥʘ ʬʲʨʤʫʝʨʘ 

ʅʘ ʬʠʛʫʨʘ 41 ʩʘ ʧʦʢʘʟʘʥʠ ʜʥʝʚʥʠʮʠʪʝ ʟʘ ʘʙʦʥʠʨʘʥʝ ʟʘ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʘ, ʥʘʪʠʩʢʘʥʝ ʥʘ 

ʙʫʪʦʥʘ "Forward" (ʇʨʝʜʘʡ ʥʘʧʨʝʜ) ʠ ʧʫʩʢʘʥʝʪʦ ʤʫ ʩʣʝʜ ʥʷʢʦʣʢʦ ʩʝʢʫʥʜʠ. ʇʦʢʘʟʚʘ ʩʝ ʠ 

ʚʨʝʤʝʪʦ ʥʘ ʜʝʡʩʪʚʠʝʪʦ. 

 

ʌʠʛʫʨʘ 41. ʈʝʛʠʩʪʲʨ ʥʘ ʢʦʥʟʦʣʘʪʘ 

3.2 ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ ʚ ʨʝʞʠʤ ʟʘ ʜʦʩʪʘʚʷʥʝ ʥʘ ʣʝʢʘʨʩʪʚʘ  

 
ʌʠʛʫʨʘ 42. ʀʟʛʣʝʜ ʥʘ ʨʦʪʘʮʠʦʥʥʠʷʪ ʤʦʜʫʣ ʩʢʨʝʧʝʥ ʢʲʤ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ 



уу 
 

ʈʦʪʘʮʠʦʥʥʘʪʘ ʤʘʩʘ ʝ ʤʦʜʫʣ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʤʦʥʪʠʨʘ ʢʲʤ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ ʩ 

ʪʝʣʝ-ʫʧʨʘʚʣʝʥʠʝ (ʬʠʛ. 42) ʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʘʞʝʥ ʢʦʤʧʦʥʝʥʪ ʟʘ ʜʠʩʪʨʠʙʫʮʠʷ ʥʘ ʧʨʝʜʤʝʪʠ 

ʢʘʪʦ ʣʝʢʘʨʩʪʚʘ ʟʘ ʨʘʟʣʠʯʥʠ ʧʘʮʠʝʥʪʠ ʩʲʦʪʥʝʩʝʥʠ ʢʲʤ ʜʘʜʝʥʘʪʘ ʙʦʣʥʠʯʥʘ ʩʪʘʷ. 

3.2.1 ɸʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ 

ʈʘʟʨʦʙʦʪʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ ʚ ʨʝʞʠʤ ʜʦʩʪʘʚʷʥʝ ʥʘ ʣʝʢʘʨʩʪʚʘ ʝ ʧʨʝʜʩʪʘʚʝʥ 

ʥʘʛʣʝʜʥʦ ʥʘ ʬʠʛʫʨʘ 43  ʠ  ʚʢʣʶʯʚʘ ʩʣʝʜʥʘʪʘ ʩʪʲʧʢʠ: 

¶ ʀʥʩʪʘʣʘʮʠʷ ʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʤʦʜʫʣʘ:  

ʉʣʝʜ ʫʩʧʝʰʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʥʘ ʨʦʪʘʮʠʦʥʥʘʪʘ ʤʘʩʘ ʢʲʤ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ ʠ 

ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ, ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʦʜʫʣʘ ʩʝ ʩʪʘʨʪʠʨʘ. 

¶ ɿʘʨʝʞʜʘʥʝ ʥʘ ʧʨʝʜʤʝʪʠ:  

ʆʧʝʨʘʪʦʨʲʪ ʧʦʩʪʘʚʷ ʣʝʢʘʨʩʪʚʘʪʘ ʠʣʠ ʜʨʫʛʠʪʝ ʧʨʝʜʤʝʪʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʧʨʝʥʝʩʝʥʠ ʠ 

ʨʘʟʧʨʝʜʝʣʝʥʠ, ʚ ʦʪʜʝʣʥʠʪʝ ʩʣʦʪʦʚʝ ʥʘ ʨʦʪʘʮʠʦʥʥʘʪʘ ʤʘʩʘ. 

¶ ʀʟʙʦʨ ʥʘ ʨʝʞʠʤ:  

ʀʥʪʝʨʬʝʡʩʲʪ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʙʦʨ ʥʘ ʨʘʟʣʠʯʥʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ, 

ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʮʝʣʠʪʝ ʥʘ ʦʧʝʨʘʮʠʷʪʘ. ʅʘʧʨʠʤʝʨ, ʦʧʝʨʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʠʟʙʝʨʝ ʘʚʪʦʤʘʪʠʯʝʥ 

ʨʝʞʠʤ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʨʝʜʤʝʪʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʠʣʠ 

ʨʲʯʝʥ ʨʝʞʠʤ, ʢʲʜʝʪʦ ʦʧʝʨʘʪʦʨʲʪ ʠʤʘ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʧʨʦʮʝʩʘ. 

¶ ʉʪʘʨʪʠʨʘʥʝ ʥʘ ʨʘʙʦʪʥʠʷ ʮʠʢʲʣ:  

ʉʣʝʜ ʢʘʪʦ ʦʧʝʨʘʪʦʨʲʪ ʠʟʙʝʨʝ ʞʝʣʘʥʠʷ ʨʝʞʠʤ, ʪʦʡ ʩʪʘʨʪʠʨʘ ʨʘʙʦʪʥʠʷ ʮʠʢʲʣ ʯʨʝʟ ʥʘʪʠʩʢʘʥʝ 

ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʙʫʪʦʥ ʚ ʧʨʦʛʨʘʤʘʪʘ.   

¶ ʈʦʪʘʮʠʷ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝ:  

ʅʘʯʠʥʲʪ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʪʘʮʠʦʥʥʘʪʘ ʤʘʩʘ ʝ ʜʘ ʩʝ ʚʲʨʪʠ, ʜʦʢʘʪʦ ʠʟʙʨʘʥʠʪʝ ʧʨʝʜʤʝʪʠ ʚ ʜʘʜʝʥʠʷ 

ʩʣʦʪ ʜʦʩʪʠʛʥʘʪ ʧʨʝʜ ʨʦʙʦʪʘ. ʅʘ ʙʘʟʘ ʥʘ ʝʥʢʦʜʝʨ ʩʝ ʟʥʘʝ ʟʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʜʘʜʝʥʠʷʪ ʩʣʦʪ.  

ʇʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʲʪ ʩʝ ʟʘʧʘʟʚʘ ʚ ʢʦʡ ʩʣʦʪ ʦʙʝʢʪʠʪʝ ʟʘ ʢʦʷ ʩʪʘʷ ʠ ʢʦʡ ʧʘʮʠʝʥʪ ʩʘ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠ. 

¶ ʇʦʜʘʚʘʥʝ ʥʘ ʧʨʝʜʤʝʪʠʪʝ:  

ʈʦʙʦʪʲʪ ʩʝ ʧʨʠʜʚʠʞʚʘ ʢʲʤ ʧʘʮʠʝʥʪʘ ʠʣʠ ʤʷʩʪʦʪʦ, ʢʲʜʝʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʧʨʝʜʦʩʪʘʚʝʥʠ 

ʧʨʝʜʤʝʪʠʪʝ. ʈʦʪʘʮʠʦʥʥʘʪʘ ʤʘʩʘ ʧʦʜʘʚʘ ʧʨʝʜʤʝʪʠʪʝ. ʉʣʝʜ ʢʘʪʦ ʧʘʮʠʝʥʪʘ ʚʟʝʤʝ ʭʘʧʯʝʪʘʪʘ ʩʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʤʝʨʘʪʘ ʥʘ ʪʝʣʝ-ʫʧʨʘʚʣʷʝʤʠʷ ʨʦʙʦʪ ʦʧʝʨʘʪʦʨʘ ʚʘʣʠʜʠʨʘ, ʯʝ ʭʘʧʯʝʪʘʪʘ ʩʘ 

ʚʟʝʪʠ. 

¶ ʇʦʚʪʦʨʝʥʠʝ ʥʘ ʧʨʦʮʝʩʘ: 



уф 
 

ɸʢʦ ʠʤʘ ʧʦʚʝʯʝ ʩʣʦʪʦʚʝ ʟʘ ʜʘʜʝʥʠʷ ʧʘʮʠʝʥʪ ʩʣʝʜ ʧʨʝʜʘʚʘʥʝ ʥʘ ʧʨʝʜʤʝʪʘ, ʨʦʪʘʮʠʦʥʥʘʪʘ ʤʘʩʘ 

ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʩʝ ʚʲʨʪʠ ʠ ʧʦʜʘʚʘ ʩʣʝʜʚʘʱʠʷ ʧʨʝʜʤʝʪ, ʜʦʢʘʪʦ ʥʝ ʙʲʜʘʪ ʨʘʟʧʨʝʜʝʣʝʥʠ ʚʩʠʯʢʠ 

ʧʨʝʜʤʝʪʠ ʟʘʯʠʩʣʝʥʠ ʢʲʤ ʜʘʜʝʥʘʪʘ ʩʪʘʷ ʠ ʧʘʮʠʝʥʪ. 

¶ ɿʘʚʲʨʰʚʘʥʝ ʥʘ ʨʘʙʦʪʥʠʷ ʮʠʢʲʣ: 

ʉʣʝʜ ʢʘʪʦ ʚʩʠʯʢʠ ʧʨʝʜʤʝʪʠ ʙʲʜʘʪ ʫʩʧʝʰʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ, ʧʨʦʛʨʘʤʘʪʘ ʠʟʚʝʞʜʘ ʩʲʦʙʱʝʥʠʝ ʟʘ 

ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʦʧʝʨʘʮʠʷʪʘ. ʆʧʝʨʘʪʦʨʲʪ ʟʘʜʘʚʘ ʧʨʝʜʚʠʞʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʘ ʢʲʤ ʩʣʝʜʚʘʱʦʪʦ 

ʤʷʩʪʦ ʥʘ ʙʘʟʘ ʥʘ ʧʦʣʫ-ʘʚʪʦʥʦʤʥʦ ʪʝʣʝ-ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʜʠʨʝʢʪʥʦ ʛʦ ʥʘʚʠʛʠʨʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʠʨʝʢʪʥʦ ʪʝʣʝ-ʫʧʨʘʚʣʝʥʠʝ 

¶ ʀʟʢʣʶʯʚʘʥʝ ʥʘ ʤʦʜʫʣʘ: 

ʆʧʝʨʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʠʟʢʣʶʯʠ ʤʦʜʫʣʘ ʩʣʝʜ ʫʩʧʝʰʥʦʪʦ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʨʘʙʦʪʥʠʷ ʮʠʢʲʣ.    

            

ʌʠʛʫʨʘ 43. ɹʣʦʢ ʩʭʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ          ʌʠʛʫʨʘ 44. ʉʭʝʤʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, 

                       ʥʘ ʤʦʜʫʣʘ                                              ʠʟʛʨʘʞʜʘʱʠ ʜʠʩʪʨʠʙʫʪʦʨʥʠʷ ʤʦʜʫʣ 

3.2.2. ʉʠʤʫʣʘʮʠʷ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʚʝʨʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ ʠ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ʨʘʙʦʪʘ 

ʉʠʤʫʣʘʮʠʦʥʥʘʪʘ ʧʦʩʪʘʥʦʚʢʘ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʚʝʨʠʬʠʮʠʨʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʠ ʧʦʚʝʜʝʥʠʝʪʦ 

ʥʘ ʤʦʜʫʣʘ. ʉʠʤʫʣʘʮʠʷʪʘ ʝ ʠʟʚʲʨʰʝʥʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʥʷʢʦʣʢʦ ʩʦʬʪʫʝʨʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʪʷʭʥʦʪʦ  

ʧʘʨʘʣʝʥʦ ʠ ʩʠʥʭʨʦʥʠʟʠʨʘʥʦ ʠʟʧʲʣʥʝʥʠʝ. ɺ ʩʠʤʫʣʘʮʠʷʪʘ ʩʘ ʦʙʚʲʨʟʘʥʠ ʩʣʝʜʥʠʪʝ ʩʦʬʪʫʝʨʠ: 

¶ SolidWorks-CAD: ʉʦʬʪʫʝʨ, ʠʟʧʦʣʟʚʘʥ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘʪʘ ʠ 

ʤʦʜʫʣʘ 
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¶ Proteus 8.16: ʉʦʬʪʫʝʨ ʟʘ ʝʣʝʢʪʨʦʥʥʦ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ (EDA/ ECAD). 

Proteus ʧʦʟʚʦʣʷʚʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʭʝʤʠ, ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʧʝʯʘʪʥʠ ʧʣʘʪʢʠ ʠ ʜʨ. 

ʀʟʧʦʣʟʚʘʥ ʝ ʚ ʥʘʩʪʦʷʱʘʪʘ ʩʠʤʫʣʘʮʠʷ, ʪʴʡ ʢʘʪʦ ʧʨʝʜʦʩʪʘʚʷ ʤʦʱʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ 

ʧʨʠ ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʣʘʛʘʥʝ ʥʘ hex ʬʘʡʣʦʚʝ ʢʲʤ 

ʚʝʯʝ ʠʟʛʨʘʜʝʥʠ ʩʭʝʤʠ. 

¶ Arduino IDE: ʉʨʝʜʘ, ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʥʘʧʠʩʚʘʥʝʪʦ ʥʘ ʢʦʜʘ, ʦʥʘʛʣʝʜʷʚʘʱ ʘʣʛʦʨʠʪʲʤʘ 

¶ HHD Softwareôs Virtual Serial Port Tools: ʇʨʝʜʩʪʘʚʣʷʚʘ ʮʷʣʦʩʪʝʥ ʥʘʙʦʨ ʦʪ ʩʦʬʪʫʝʨʥʠ 

ʠʥʩʪʨʫʤʝʥʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʝʤʫʣʘʮʠʷ ʥʘ ʚʠʨʪʫʘʣʥʠ ʩʝʨʠʡʥʠ 

ʧʦʨʪʦʚʝ. ʇʦʩʨʝʜʩʪʚʦʤ ʠʥʩʪʨʫʤʝʥʪʠʪʝ ʟʘ ʚʠʨʪʫʘʣʝʥ ʩʝʨʠʝʥ ʧʦʨʪ ʤʦʞʝ ʜʘ ʩʝ ʩʲʟʜʘʚʘʪ 

ʚʠʨʪʫʘʣʥʠ ʩʝʨʠʡʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʨʲʟʢʠ, ʢʦʠʪʦ ʥʘʧʲʣʥʦ ʧʦʜʨʘʞʘʚʘʪ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʥʘ ʭʘʨʜʫʝʨʥʠʪʝ ʬʠʟʠʯʝʩʢʠ ʫʩʪʨʦʡʩʪʚʘ. 

¶ Blender 3D- ʉʦʬʪʫʝʨ ʟʘ 3D ʤʦʜʝʣʠʨʘʥʝ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʧʠʩʘʥʝ ʥʘ ʩʢʨʠʧʪʦʚʝ 

ʧʦʩʨʝʜʩʪʚʦʤ Python API. ʇʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʢʦʤʫʥʠʢʠʨʘʥʝ ʩ Proteus. 

ʇʲʨʚʘ ʩʪʲʧʢʘ ʝ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʦʜʘ ʚ Arduino IDE. ɿʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʩʠʤʫʣʘʮʠʷʪʘ ʚ 

ʢʦʜʘ ʩʝ ʚʲʚʝʞʜʘ BlendixSerial.h ʙʠʙʣʠʦʪʝʢʘʪʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ 

ʩʠʤʫʣʘʮʠʷʪʘ ʥʘ ʭʘʨʜʫʝʨʘ ʚ Proteus ʩ 3D ʩʨʝʜʘʪʘ ʥʘ Blender 3D, ʚ ʢʦʷʪʦ ʝ ʧʦʩʪʘʚʝʥ 

ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ. 

 

ʌʠʛʫʨʘ 45: ɺ̡ ʚʝʜʝʥʘʪʘ BlendixSerial.h ʙʠʙʣʠʦʪʝʢʘ ʚ ʩʲʟʜʘʜʝʥʠʷ ʚ Arduino IDE ʢʦʜ 

ɿʘ ʨʲʯʝʥ ʨʝʞʠʤ ʚʲʚ ʚʠʨʪʫʘʣʥʠʷ ʪʝʨʤʠʥʘʣ ʥʘ Proteus ʩʝ ʚʲʚʝʞʜʘ 0, ʘ ʟʘ ʘʚʪʦʥʦʤʝʥ ʨʝʞʠʤ 

ʧʨʠ ʜʠʩʪʨʠʙʫʮʠʷ ʩʝ ʚʲʚʝʞʜʘ 1. 
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ɺʩʝʢʠ ʦʪ ʩʣʦʪʦʚʝ, ʢʦʠʪʦ ʩʝ ʟʘʨʝʞʜʘʪ ʦʪ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʜʠʩʪʨʠʙʫʮʠʷ ʥʘ ʣʝʢʘʨʩʪʚʘ ʦʪʛʦʚʘʨʷ ʥʘ 

ʢʦʥʢʨʝʪʝʥ ʲʛʲʣ ʥʘ ʙʘʟʘ ʥʘ ʙʨʦʷ ʥʘ ʩʣʦʪʦʚʝʪʝ, ʢʦʠʪʦ ʩʘ ʥʘ ʨʦʪʘʮʠʦʥʥʠʷ ʜʠʩʢ. ʌʠʛʫʨʘ 46 

ʦʥʘʛʣʝʜʷʚʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʲʛʲʣʘ, ʢʦʨʝʩʧʦʥʜʠʨʘʱ ʩ ʢʦʥʢʨʝʪʥʠʷ ʩʣʦʪ. 

 

ʌʠʛʫʨʘ 46:ʉʪʦʡʥʦʩʪʠ ʥʘ ʲʛʲʣʘ ʥʘ ʩʣʦʪʦʚʝʪʝ 

ɺʪʦʨʘ ʩʪʲʧʢʘ ʩʣʝʜ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʚ ʩʨʝʜʘʪʘ ʥʘ Arduino IDE ʝ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 

ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʥʝʡʥʦʪʦ ʦʢʘʙʝʣʷʚʘʥʝ ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus. ɿʘ ʪʘʟʠ ʮʝʣ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʙʠʙʣʠʦʪʝʢʠʪʝ ʥʘ Proteus, ʚ ʢʦʠʪʦ ʠʤʘ ʛʦʪʦʚʠ ʢʦʤʧʦʥʝʥʪʠ - ʤʦʪʦʨʠ, ʩʝʥʟʦʨʠ, ʢʦʥʪʨʦʣʝʨʠ ʠ ʪ.ʥ. 

ʅʘ ʬʠʛʫʨʘ 47 ʝ ʧʦʢʘʟʘʥʘ ʩʲʟʜʘʜʝʥʘʪʘ  ʭʘʨʜʫʝʨʥʘ ʩʭʝʤʘ, ʩʚʲʨʟʚʘʱʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, 

ʠʟʛʨʘʞʜʘʱʠ ʤʦʜʫʣʘ ʢʘʢʪʦ ʠ ʚʠʨʪʫʘʣʝʥ ʪʝʨʤʠʥʘʣ ʟʘ ʚʲʚʝʞʜʘʥʝ ʠ ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ. 

 

ʌʠʛʫʨʘ 47:ʍʘʨʜʝʫʨʥʘ ʩʭʝʤʘ ʥʘ ʤʦʜʫʣʘ ʟʘ ʜʠʩʪʨʠʙʫʮʠʷ ʥʘ ʣʝʢʘʨʩʪʚʘ 
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ʉʣʝʜ ʢʘʪʦ ʚʩʠʯʢʠ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʩʚʲʨʟʘʥʠ ʧʨʘʚʠʣʥʦ ʠ ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ, ʠʟʛʨʘʞʘʱʘ 

ʤʦʜʫʣʘ ʝ ʛʦʪʦʚʘ ʩʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʜʘ ʩʝ ʟʘʨʝʜʠ ʧʨʦʛʨʘʤʘʪʘ ʥʘʧʠʩʘʥʘ ʚ Arduino IDE ʚ 

ʩʨʝʜʘʪʘ ʥʘ Proteus, ʢʲʜʝʪʦ ʠʟʚʲʨʰʚʘʤʝ ʩʠʤʫʣʘʮʠʷʪʘ. ɿʘʨʝʞʜʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʩʪʘʚʘ ʢʘʪʦ 

ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus  ʚʲʨʭʫ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ʩʝ ʥʘʪʠʩʥʝ ʩ ʜʝʩʝʥ ʙʫʪʦʥ. ɺ ʨʝʟʫʣʪʘʪ ʠʟʣʠʟʘ 

ʤʝʥʶʪʦ Edit Component, ʧʨʝʟ ʢʦʝʪʦ ʟʘʨʝʞʜʘʤʝ ʘʨʜʫʠʥʦ ʬʘʡʣʘ. 

 

ʌʠʛʫʨʘ 48: ɿʘʨʝʞʜʘʥʝ ʥʘ  ʧʨʦʛʨʘʤʘʪʘ ʥʘʧʠʩʘʥʘ ʚ Arduino IDE ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus 

ʉʣʝʜʚʘʱʘ ʩʪʲʧʢʘ ʝ ʦʪʚʘʨʷʥʝʪʦ ʥʘ 3D ʤʦʜʝʣʘ ʥʘ ʨʦʙʦʪʘ ʚ 3D ʩʨʝʜʘʪʘ ʥʘ Blender. ɿʘ ʜʘ ʤʦʞʝ 

ʜʘ ʩʝ ʜʚʠʞʠ ʤʦʜʝʣʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʘʥ ʦʪ ʥʘʩ ʥʘʯʠʥ ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʯʘʩʪʠ ʚ Solidworks 

ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʝʢʩʧʦʨʪʠʨʘʥʠ ʦʪʜʝʣʥʦ ʠ ʘʩʝʤʙʣʠʨʘʥʠ ʥʘ ʥʦʚʦ ʚ ʩʨʝʜʘʪʘ ʥʘ Blender 3D ʢʲʜʝʪʦ 

ʩʝ ʟʘʜʘʚʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʦʛʨʘʥʠʯʝʥʠʷ ʢʲʤ 3D ʦʙʝʢʪʠʪʝ ʠ ʩʝ ʨʠʛʚʘʪ ʦʙʝʢʪʠʪʝ, ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ 

ʫʧʨʘʚʣʷʚʘʥʠ ʦʪ ʧʨʦʛʨʘʤʘʪʘ ʠ ʱʝ ʩʝ ʜʚʠʞʘʪ ʧʦ  ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʠʥ.  

ʉʪʲʧʢʠʪʝ ʥʘ ʨʠʛʚʘʥʝ, ʟʘ ʜʘ ʤʦʞʝ ʤʦʜʝʣʘ ʜʘ ʩʝ ʜʚʠʞʠ ʧʦ ʦʧʨʝʜʝʣʝʥʘ  ʪʨʘʝʢʪʦʨʠʷ ʥʘ ʙʘʟʘ ʥʘ 

ʫʧʨʘʚʣʷʚʘʱʘʪʘ ʧʨʦʛʨʘʤʘ , ʢʦʷʪʦ ʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚ ʩʠʤʫʣʘʮʠʷʪʘ Proteus ʩʘ ʩʣʝʜʥʠʪʝ: 

 

ʌʠʛʫʨʘ 49 ʄʝʥʶ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʢʝʣʝʪʥʘ ʩʪʨʫʢʪʫʨʘ ( Ăʘʨʤʘʪʫʨʘñ) 
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ɺ ʦʙʝʢʪʝʥ ʨʝʞʠʤ ʩʝ ʩʲʟʜʘʚʘ Ăʘʨʤʘʪʫʨʘñ( ʩʢʝʣʝʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʢʦʷʪʦ ʫʧʨʘʚʣʷʚʘ ʜʘʜʝʥ 3D 

ʦʙʝʢʪ). 

 

ʌʠʛʫʨʘ 50 ɻʝʥʝʨʠʨʘʥʘʪʘ ʘʨʤʘʪʫʨʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 3D ʦʙʝʢʪʘ 

ʉʣʝʜ ʢʘʪʦ ʩʝ ʩʲʟʜʘʜʝ ʘʨʤʘʪʫʨʘʪʘ, ʪʷ ʩʝ ʧʨʝʤʝʩʪʚʘ ʥʘ ʤʷʩʪʦʪʦ, ʥʘ ʢʦʝʪʦ ʠʩʢʘʤʝ ʜʘ ʩʝ 

ʦʩʲʱʝʩʪʚʠ ʜʚʠʞʝʥʠʝʪʦ ʠ ʩʝ ʧʦʩʪʘʚʷ ʢʲʤ ʮʷʣʦʩʪʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʤʦʜʝʣʘ, ʢʦʡʪʦ ʞʝʣʘʝʤ 

ʜʘ ʙʲʜʝ ʨʠʛʥʘʪ. ï ʌʠʛʫʨʘ 50 ʠ ʬʠʛʫʨʘ 51 

 

ʌʠʛʫʨʘ 51 ʇʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ ʘʨʤʘʪʫʨʘʪʘ ʚ 3D ʦʙʝʢʪʘ 
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ɺ ʦʙʝʢʪʝʥ ʨʝʞʠʤ, ʩʣʝʜ ʢʘʪʦ ʩʝ ʠʟʙʝʨʝ ʞʝʣʘʥʠʷ ʤʦʜʝʣ,  ʘʨʤʘʪʫʨʘʪʘ  ʩʝ ʧʨʝʚʢʣʶʯʚʘ ʚ ʨʝʞʠʤ 

ʥʘ ʧʦʟʘ ( ʬʠʛʫʨʘ 52). ʉʣʝʜʚʘ ʠʟʙʦʨ ʥʘ ʢʦʩʪ, ʢʦʷʪʦ ʜʘ ʙʲʜʝ ʨʠʛʥʘʪʘ, ʪ.ʝ. ʩʢʨʝʧʝʥʘ ʢʲʤ ʤʦʜʝʣʘ  

(ʬʠʛʫʨʘ53). ʀ ʥʘʢʨʘʷ ʩʝ ʥʘʪʠʩʢʘ ctrl + p ʠ ʩʝ ʠʟʙʠʨʘ "ʢʦʩʪ"(ʬʠʛʫʨʘ54 ) 

     

             ʌʠʛʫʨʘ 52                                       ʌʠʛʫʨʘ 53                                       ʌʠʛʫʨʘ 54 

ʀʟʙʦʨʘ ʥʘ ʤʝʥʶ ʧʦʟʘ ʀʟʙʦʨ ʥʘ ʢʦʩʪ, ʢʦʷʪʦ ʜʘ ʙʲʜʝ ʨʠʛʥʘʪʘ ʄʝʥʶ ʟʘ ʠʟʙʦʨ ʥʘ  

                 Ăʢʦʩʪñ 

 

ʉʣʝʜ ʨʠʛʚʘʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʜʦʙʘʚʷʤʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʢʲʤ Blender BlendixSerial. ɹʠʙʣʠʦʪʝʢʘʪʘ 

BlendixSerial ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʜʘ ʨʘʙʦʪʠ ʟʘʝʜʥʦ ʩ ʜʦʙʘʚʢʘʪʘ blendixserial ʚ Blender. ʊʦ ʧʦʟʚʦʣʷʚʘ 

ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʦʙʝʢʪʠ ʚ Blender ʯʨʝʟ ʩʝʨʠʡʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʩ Arduino ʠʣʠ ʜʨʫʛʠ 

ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʠ. 

ʏʨʝʟ ʝʤʫʣʠʨʘʥʝʪʦ ʥʘ COM ʧʦʨʪʦʚʝʪʝ ʦʪ HHD Softwareôs Virtual Serial Port Tools ʟʘʝʜʥʦ ʩ 

BlendixSerial ʟʘʧʦʯʚʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus ʠ 3D 

ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ ʩ ʧʨʠʢʘʯʝʥ ʤʦʜʫʣ ʚ Blender  

 

ʌʠʛʫʨʘ 55 : ɽʤʫʣʠʨʘʥʝʪʦ ʥʘ COM ʧʦʨʪʦʚʝʪʝ 
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ʉʪʘʨʪʠʨʘʤʝ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus. (ʬʠʛʫʨʘ 56 ). ʇʦʩʨʝʜʩʪʚʦʤ ʚʠʨʪʫʘʣʥʠʷʪ ʪʝʨʤʠʥʘʣ ʩʝ 

ʚʠʟʫʘʣʠʟʠʨʘ ʩʪʘʨʪʠʨʘʥʘʪʘ ʧʨʦʛʨʘʤʘ, ʢʦʷʪʦ ʝ ʥʘʧʠʩʘʥʘ ʚ Arduino ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚ Proteus 

ʯʨʝʟ ʛʝʥʝʨʠʨʘʥʠʷ hex ʬʘʡʣ. ʊʝʨʤʠʥʘʣʲʪ ʠʟʯʘʢʚʘ ʜʘ ʚʲʚʝʜʝʤ 0 ʠʣʠ 1 ʟʘ ʨʲʯʝʥ ʠʣʠ ʘʚʪʦʥʦʤʝʥ 

ʨʝʞʠʤ ʥʘ ʜʠʩʪʠʙʫʮʠʷ. 

 

ʌʠʛʫʨʘ 56 ʉʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ  

ɿʘ ʜʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʧʨʦʤʝʥʠʪʝ ʚ 3D ʤʦʜʝʣʘ ʥʘ ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ ʚ ʧʘʜʘʱʦʪʦ ʤʝʥʶ ʥʘ 

BlendixSerial ʟʘʜʲʣʞʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʤʝ ʥʘʪʠʩʥʘʣʠ Connect Serial ʠ Start Movement, ʢʘʢʪʦ 

ʠ ʜʘ ʩʤʝ ʧʦʩʦʯʠʣʠ ʝʤʫʣʠʨʘʥʠʷ ʧʦʨʪ, ʢʦʝʪʦ ʝ ʦʥʘʛʣʝʜʝʥʦ ʥʘ ʬʠʛʫʨʠ57, 58 ʠ 59.       

 

ʌʠʛʫʨʘ 57: ʀʟʙʦʨ ʥʘ COM ʧʦʨʪ ʚ Blender 
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ʌʠʛʫʨʘ 58:                                                               ʌʠʛʫʨʘ 59: 

BlendixSerial ʧʨʝʜʠ ʩʪʘʨʪʠʨʘʥʝ    BlendixSerial ʩʣʝʜ ʩʪʘʨʪʠʨʘʥʝ 

 

ʉʣʝʜ ʢʘʪʦ ʚʲʚʝʜʝʤ 1 ʠ ʩʪʘʨʪʠʨʘʤʝ ʘʚʪʦʥʦʤʥʦʪʦ ʨʘʟʧʨʝʜʝʣʷʥʝ ʧʨʦʛʨʘʤʘʪʘ ʠʟʯʘʢʚʘ 

ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʘ ʦʪ ʩʣʦʪʦʚʝ ʩʲʩ ʟʘʨʝʜʝʥʠ ʚ ʪʷʭ ʣʝʢʘʨʩʪʚʘ, ʢʦʠʪʦ ʩʘ ʟʘ 

ʧʘʮʠʝʥʪʘ, ʢʲʤ ʢʦʡʪʦ ʦʧʝʨʘʪʦʨʘ ʠʟʧʨʘʱʘ ʨʦʙʦʪʘ. / ʦʥʘʛʣʝʜʝʥʦ ʥʘ ʬʠʛʫʨʘʪʘ 60/.  

 

ʌʠʛʫʨʘ 60 ʉʠʥʭʨʦʥʠʟʠʨʘʥʠʪʝ ʩʨʝʜʠ ʥʘ Proteus ʠ Blender 

ʅʘ ʬʠʛʫʨʘʪʘ 61 ʝ ʧʦʢʘʟʘʥ ʘʚʪʦʥʦʤʥʠʷʪ ʨʝʞʠʤ ʥʘ ʜʠʩʪʨʠʙʫʮʠʷ ʟʘ 3 ʩʣʦʪʘ. ʉʣʝʜ ʢʘʪʦ ʩʤʝ 

ʚʲʚʝʣʠ ʥʦʤʝʨʘ ʥʘ ʩʣʦʪʦʚʝʪʝ, ʚ ʢʦʠʪʦ ʩʤʝ ʩʣʦʞʠʣʠ ʣʝʢʘʨʩʪʚʘʪʘ, ʧʨʦʛʨʘʤʘʪʘ ʛʠ ʠʟʧʲʣʥʷʚʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ. ʅʘ ʚʠʨʪʫʘʣʥʠʷ ʪʝʨʤʠʥʘʣ ʝ ʧʦʢʘʟʘʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʪʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 3ʪʠ , 

6ʪʠ ʠ 1ʚʠ ʩʣʦʪ ʢʘʪʦ ʩʣʝʜ ʚʩʷʢʦ ʟʘʚʲʨʪʘʥʝ ʜʦ ʩʲʦʪʚʝʪʥʠʷ ʩʣʦʪ ʪʝʨʤʠʥʘʣʘ ʠʟʧʠʩʚʘ, ʯʝ 

ʜʚʠʞʝʥʠʝʪʦ ʝ ʫʩʧʝʰʥʦ/ ʟʘʚʲʨʰʝʥʦ. 45 ʛʨʘʜʫʩʘ ʦʪʛʦʚʘʨʷ ʥʘ ʧʲʨʚʠ ʩʣʦʪ ʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʚʠʜʷʥ 
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ʢʘʢʪʦ ʥʘ ʪʝʨʤʠʥʘʣʘ ʦʪ ʣʷʚʘʪʘ ʯʘʩʪ ʥʘ ʩʢʨʠʡʥʰʦʪʘ ʪʘʢʘ ʠ ʦʪʜʷʩʥʘʪʘ ʩʪʨʘʥʘ ʚ 3D ʩʨʝʜʘʪʘ ʥʘ 

ʙʣʝʥʜʲʨ ʚ ʦʪʢʣʶʯʝʥʘʪʘ ʧʦ z ʨʦʪʘʮʠʷ ʥʘ ʦʙʝʢʪʘ. 

 

ʌʠʛʫʨʘ 61: ɸʚʪʦʥʦʤʝʥ ʨʝʞʠʤ ʥʘ ʜʠʩʪʨʠʙʫʮʠʷ ʟʘ 3 ʩʣʦʪʘ 

ɺ ʨʲʯʝʥ ʨʝʞʠʤ ( ʢʦʠʪʦ ʩʝ ʘʢʪʠʚʠʨʘ ʧʨʠ ʚʲʚʝʞʜʘʥʝ ʥʘ 0 ʚ ʪʝʨʤʠʥʘʣʘ) ʝ ʚʲʚʝʜʝʥ ʩʣʦʪʘ , ʢʦʡʪʦ 

ʠʩʢʘʤʝ ʜʘ ʟʘʚʲʨʪʠʤ ʚ ʧʨʝʜʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʨʦʙʦʪʘ , ʟʘ ʜʘ ʤʦʞʝ ʧʘʮʠʝʥʪʘ ʜʘ ʠʤʘ ʜʦʩʪʲʧ ʜʦ ʥʝʛʦ 

. ʅʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʬʠʛ. ʝ ʚʲʚʝʜʝʥ ʩʣʦʪ 7, ʢʦʡʪʦ ʦʪʛʦʚʘʨʷ ʥʘ 315 ʛʨʘʜʫʩʘ , ʢʦʠʪʦ ʩʘ 

ʚʠʟʫʘʣʠʟʠʨʘʥʠ ʚʲʚ ʚʠʨʪʫʘʣʥʠʷ ʪʝʨʤʠʥʘʣ ʠ ʚ ʤʝʥʶʪʦ, ʦʪʛʦʚʘʨʷʱʦ ʟʘ ʨʦʪʘʮʠʷ ʥʘ 

ʜʠʩʪʨʠʙʫʪʦʨʥʘʪʘ ʤʘʩʘ ʚ 3D ʩʨʝʜʘʪʘ ʥʘ ʙʣʝʥʜʲʨ. ʉʣʝʜ ʢʘʪʦ ʜʚʠʞʝʥʠʝʪʦ ʝ ʫʩʧʝʰʥʦ ʟʘʚʲʨʰʝʥʦ 

ʪʝʨʤʠʥʘʣʲʪ ʦʯʘʢʚʘ ʩʣʝʜʚʘʱʦʪʦ ʚʲʚʝʞʜʘʥʝ ʟʘ ʨʝʞʠʤ ʠ ʩʣʝʜ ʪʦʚʘ ʟʘ ʥʦʤʝʨ ʥʘ ʩʣʦʪʘ. 

 

ʌʠʛʫʨʘ 62: ʈ̡ ʯʝʥ ʨʝʞʠʤ ʜʠʩʪʨʠʙʫʮʠʷ 
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3.3 ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ ʚ ʨʝʞʠʤ ʥʘ ʦʙʭʦʜ, ʥʘʙʣʶʜʝʥʠʝ, ʦʭʨʘʥʘ ʠ 

ʩʠʛʥʘʣʠʟʘʮʠʷ  

ʄʦʜʫʣʲʪ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʭʨʘʥʘ ʝ ʚʘʞʝʥ ʢʦʤʧʦʥʝʥʪ ʥʘ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ 

ʩ ʪʝʣʝ-ʫʧʨʘʚʣʝʥʠʝ, ʢʦʡʪʦ ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʦʧʝʨʘʪʦʨʲʪ ʜʘ ʠʟʙʠʨʘ ʤʝʞʜʫ ʨʝʞʠʤ ʥʘ 

ʥʘʙʣʶʜʝʥʠʝ, ʨʝʞʠʤ ʥʘ ʟʘʧʠʩ ʥʘ ʚʠʜʝʦ ʠʣʠ ʩʥʠʤʢʠ, ʠ ʨʝʞʠʤ ʥʘ ʘʢʪʠʚʥʘ ʦʭʨʘʥʘ. 

 
ʌʠʛʫʨʘ 63. ʄʦʙʠʣʥʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ ʩ ʤʦʥʪʠʨʘʥ ʤʦʜʫʣ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʭʨʘʥʘ 

ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ ʚ ʨʝʞʠʤ ʥʘ ʦʙʭʦʜ, ʥʘʙʣʶʜʝʥʠʝ, ʦʭʨʘʥʘ ʠ 

ʩʠʛʥʘʣʠʟʘʮʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘʛʣʝʜʥʦ ʥʘ ʬʠʛʫʨʘ 64, ʘ ʥʘ ʬʠʛʫʨʘ 65 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʩʥʦʚʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ, ʢʦʠʪʦ ʠʟʛʨʘʞʜʘʪ ʤʦʜʫʣʘ.   

                               

ʌʠʛʫʨʘ 64. ɹʣʦʢ ʩʭʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ           ʌʠʛʫʨʘ 65. ʉʭʝʤʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ 

              ʥʘ ʤʦʜʫʣʘ                                                 ʠʟʛʨʘʞʜʘʱʠ ʤʦʜʫʣʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ 

ɸʣʛʦʨʠʪʲʤʲʪ ʥʘ ʨʘʙʦʪʘ   ʚʢʣʶʯʚʘ ʩʣʝʜʥʘʪʘ ʩʪʲʧʢʠ: 
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Å ʀʥʩʪʘʣʘʮʠʷ ʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʤʦʜʫʣʘ: 

ʄʦʜʫʣʲʪ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʭʨʘʥʘ ʩʲʜʲʨʞʘ ʚʛʨʘʜʝʥʘ ʢʘʤʝʨʘ, ʢʦʷʪʦ ʝ ʤʦʥʪʠʨʘʥʘ ʥʘ ʥʘʡ-

ʛʦʨʥʘʪʘ ʧʣʦʯʘ ʥʘ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪ ʧʣʘʪʬʦʨʤʘ. ʉʣʝʜ ʫʩʧʝʰʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʥʘ ʤʦʜʫʣʘ ʠ 

ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ, ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʦʜʫʣʘ ʩʝ ʩʪʘʨʪʠʨʘ. 

Å ʀʟʙʦʨ ʥʘ ʨʝʞʠʤ:  

ʀʥʪʝʨʬʝʡʩʲʪ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʙʦʨ ʥʘ ʨʘʟʣʠʯʥʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ. 

ʆʧʝʨʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʠʟʙʝʨʝ ʤʝʞʜʫ ʨʝʞʠʤ ʥʘ ʥʘʙʣʶʜʝʥʠʝ, ʨʝʞʠʤ ʥʘ ʟʘʧʠʩ ʥʘ ʚʠʜʝʦ ʠʣʠ 

ʩʥʠʤʢʠ, ʠ ʨʝʞʠʤ ʥʘ ʘʢʪʠʚʥʘ ʦʭʨʘʥʘ. 

Å ʉʪʘʨʪʠʨʘʥʝ ʥʘ ʨʘʙʦʪʥʠʷ ʮʠʢʲʣ:  

ʉʣʝʜ ʢʘʪʦ ʦʧʝʨʘʪʦʨʲʪ ʠʟʙʝʨʝ ʞʝʣʘʥʠʷ ʨʝʞʠʤ, ʪʦʡ ʩʪʘʨʪʠʨʘ ʨʘʙʦʪʥʠʷ ʮʠʢʲʣ ʯʨʝʟ ʥʘʪʠʩʢʘʥʝ 

ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʙʫʪʦʥ ʚ ʧʨʦʛʨʘʤʘʪʘ.  

Å ʅʘʙʣʶʜʝʥʠʝ ʠ ʟʘʧʠʩ: 

ʂʘʤʝʨʘʪʘ ʥʘ ʤʦʜʫʣʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʭʨʘʥʘ ʟʘʧʦʯʚʘ ʜʘ ʠʟʣʲʯʚʘ ʚʠʜʝʦ ʩʠʛʥʘʣ, ʢʦʡʪʦ ʤʦʞʝ 

ʜʘ ʙʲʜʝ ʥʘʙʣʶʜʘʚʘʥ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʦʪ ʦʧʝʨʘʪʦʨʘ. ɺ ʨʝʞʠʤ ʥʘ ʟʘʧʠʩ, ʧʨʦʛʨʘʤʘʪʘ ʤʦʞʝ ʜʘ 

ʟʘʧʦʯʥʝ ʟʘʧʠʩ ʥʘ ʚʠʜʝʦ ʠʣʠ ʩʥʠʤʢʠ, ʢʦʠʪʦ ʩʝ ʟʘʧʘʟʚʘʪ ʟʘ ʙʲʜʝʱʘ ʫʧʦʪʨʝʙʘ. 

Å ɼʠʩʪʘʥʮʠʨʘʥʦ ʫʧʨʘʚʣʝʥʠʝ: 

ʆʧʝʨʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʫʧʨʘʚʣʷʚʘ ʥʘʢʣʦʥʘ ʠ ʟʘʚʲʨʪʘʥʝʪʦ ʥʘ ʢʘʤʝʨʘʪʘ ʯʨʝʟ ʠʥʪʝʨʬʝʡʩʘ ʥʘ 

ʧʨʦʛʨʘʤʘʪʘ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʥʘ ʦʧʝʨʘʪʦʨʘ ʜʘ ʥʘʩʦʯʠ ʢʘʤʝʨʘʪʘ ʢʲʤ ʢʦʥʢʨʝʪʥʠ ʦʙʝʢʪʠ ʠʣʠ 

ʦʙʣʘʩʪʠ. 

Å ɸʢʪʠʚʥʘ ʦʭʨʘʥʘ:  

ɺ ʨʝʞʠʤ ʥʘ ʘʢʪʠʚʥʘ ʦʭʨʘʥʘ, ʨʦʙʦʪʲʪ ʤʦʞʝ ʜʘ ʠʟʧʦʣʟʚʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʝʥʟʦʨʠ ʠʣʠ ʘʣʛʦʨʠʪʤʠ 

ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʜʚʠʞʝʥʠʝ ʠʣʠ ʥʝʧʨʘʚʦʤʝʨʥʠ ʜʝʡʥʦʩʪʠ ʚ ʟʦʥʘʪʘ ʥʘ ʥʘʙʣʶʜʝʥʠʝ. ʇʨʠ ʟʘʩʠʯʘʥʝ 

ʥʘ ʥʝʧʨʘʚʦʤʝʨʥʠ ʜʝʡʥʦʩʪʠ, ʤʦʜʫʣʲʪ ʤʦʞʝ ʜʘ ʧʨʝʜʦʩʪʘʚʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʥʘ ʦʧʝʨʘʪʦʨʘ ʠ ʜʘ 

ʟʘʧʦʯʥʝ ʟʘʧʠʩ ʥʘ ʠʥʮʠʜʝʥʪʘ. 

Å ɿʘʚʲʨʰʚʘʥʝ ʥʘ ʨʘʙʦʪʥʠʷ ʮʠʢʲʣ: 

ʉʣʝʜ ʢʘʪʦ ʦʧʝʨʘʪʦʨʲʪ ʧʨʠʢʣʶʯʠ ʩ ʥʘʙʣʶʜʝʥʠʝʪʦ ʠʣʠ ʟʘʧʠʩʘ ʩʝ ʠʟʚʝʞʜʘ ʩʲʦʙʱʝʥʠʝ ʟʘ 

ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʦʧʝʨʘʮʠʷʪʘ.  

Å ʀʟʢʣʶʯʚʘʥʝ ʥʘ ʤʦʜʫʣʘ: 

ʆʧʝʨʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʠʟʢʣʶʯʠ ʤʦʜʫʣʘ ʩʣʝʜ ʫʩʧʝʰʥʦʪʦ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʨʘʙʦʪʥʠʷ ʮʠʢʲʣ. ʊʦʟʠ 

ʤʦʜʫʣ ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʭʨʘʥʘ ʥʘ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ ʠ ʩʠʪʫʘʮʠʠ, ʢʘʪʦ 

ʧʨʝʜʦʩʪʘʚʷ ʨʝʘʣʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʪʦʨʘ ʠʣʠ ʟʘʧʠʩʚʘ ʚʘʞʥʠ ʜʘʥʥʠ ʟʘ ʙʲʜʝʱʘ ʫʧʦʪʨʝʙʘ. 



млл 
 

3.4 ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ ʚ ʨʝʞʠʤ ʟʘ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʠ ʠʟʜʠʛʘʥʝ ʥʘ 

ʪʦʚʘʨʠ ʯʨʝʟ ʥʦʞʠʯʝʩʪ ʧʦʜʝʤʥʠʢ  

ʆʙʱʠʷʪ ʚʠʜ ʥʘ ʨʦʙʦʪʘ ʚ ʨʝʞʠʤ ʟʘ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʠ ʠʟʜʠʛʘʥʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʥʦʞʠʯʝʩʪ ʧʦʜʝʤʥʠʢ ʝ ʧʦʢʘʟʘʥ ʥʘ ʬʠʛʫʨʘ 66. 

 

 

ʌʠʛʫʨʘ 66. ʆʙʱ ʚʠʜ ʥʘ ʨʦʙʦʪʘ ʩ ʤʦʥʪʠʨʘʥ ʢʲʤ ʥʝʛʦ ʤʦʜʫʣ ʩ ʥʦʞʠʯʝʩʪ ʧʦʜʝʤʥʠʢ 

3.4.1 ɸʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ 

ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʬʠʛʫʨʘ 67 ʠ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʩʪʲʧʢʠ: 

Å ɿʘʧʦʯʚʘ ʩʝ ʩ ʠʥʩʪʘʣʘʮʠʷ ʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʤʦʜʫʣʘ. ʉʣʝʜ ʢʘʪʦ ʦʧʝʨʘʪʦʨʲʪ ʧʨʠʚʝʜʝ 

ʧʣʘʪʬʦʨʤʘʪʘ ʚ ʨʘʙʦʪʝʥ ʨʝʞʠʤ ʠ ʚʢʣʶʯʠ ʟʘʭʨʘʥʚʘʥʝʪʦ, ʧʨʦʛʨʘʤʘʪʘ ʩʝ ʩʪʘʨʪʠʨʘ ʠ 

ʢʦʥʪʨʦʣʝʨʲʪ ʧʦʜʘʚʘ ʩʠʛʥʘʣ ʢʲʤ ʜʨʘʡʚʝʨʘ ʥʘ ʣʠʥʝʡʥʠʷ ʤʦʪʦʨ (ʘʢʪʫʘʪʦʨʘ).  

Å ɸʢʦ ʧʦʚʜʠʛʘʱʘʪʘ ʧʣʘʪʬʦʨʤʘ ʥʝ ʝ ʥʘ ʩʪʘʨʪʦʚʘʪʘ ʩʠ ʧʦʟʠʮʠʷ ʣʠʥʝʡʥʠʷ ʜʚʠʛʘʪʝʣ 

ʟʘʧʦʯʚʘ ʜʘ ʩʚʘʣʷ ʨʘʤʝʥʘʪʘ, ʚʲʨʭʫ ʢʦʠʪʦ ʝ ʧʨʠʢʨʝʧʝʥʘ ʧʦʚʜʠʛʘʱʘʪʘ ʧʣʘʪʬʦʨʤʘ. ʉʣʝʜ 

ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʘʟʠ ʧʨʦʮʝʜʫʨʘ ʧʣʘʪʬʦʨʤʘʪʘ ʩʝ ʥʘʤʠʨʘ ʚ ʨʝʞʠʤ Ăʦʯʘʢʚʘʥʝñ, ʜʦ ʧʦʜʘʚʘʥʝ ʥʘ 

ʢʦʤʘʥʜʘ ʦʪ ʦʧʝʨʘʪʦʨʘ. ʊʘʟʠ ʧʨʦʮʝʜʫʨʘ ʩʝ ʥʘʣʘʛʘ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʠ ʚ ʩʣʫʯʘʡ, ʯʝ ʧʣʘʪʬʦʨʤʘʪʘ 

ʝ ʧʨʝʢʲʩʥʘʣʘ ʨʘʙʦʪʘʪʘ ʩʠ ʘʚʘʨʠʡʥʦ ʠ ʧʦʚʜʠʛʘʱʘʪʘ ʧʣʘʪʬʦʨʤʘ ʝ ʦʩʪʘʥʘʣʘ ʚ ʨʘʙʦʪʥʦ 

ʧʦʣʦʞʝʥʠʝ. 

Å ʂʦʛʘʪʦ ʨʦʙʦʪʲʪ ʧʦʣʫʯʠ ʢʦʤʘʥʜʘ Ăʧʦʚʜʠʛʥʠ ʪʦʚʘʨʘñ, ʢʦʥʪʨʦʣʝʨʘ ʧʦʜʘʚʘ ʩʠʛʥʘʣ ʢʲʤ 

ʜʨʘʡʚʝʨʘ ʥʘ ʣʠʥʝʡʥʠʷ ʤʦʪʦʨ. ʄʦʪʦʨʲʪ ʟʘʧʦʯʚʘ ʜʘ ʧʦʚʜʠʛʘ ʨʘʤʝʥʘʪʘ, ʚʲʨʭʫ ʢʦʠʪʦ ʝ 

ʤʦʥʪʠʨʘʥʘ ʧʦʚʜʠʛʘʱʘʪʘ ʧʣʘʪʬʦʨʤʘ, ʜʦʢʘʪʦ ʜʘʪʯʠʢʘ ʟʘ ʪʝʞʝʩʪ ʥʝ ʜʦʢʦʩʥʝ ʪʦʚʘʨʘ. ʊʦʡ ʦʪʯʠʪʘ 

ʪʝʞʝʩʪʪʘ ʥʘ ʪʦʚʘʨʘ ʠ ʘʢʦ ʪʦʡ ʥʘʜʚʠʰʘʚʘ ʥʦʨʤʘʪʘ, ʧʨʦʛʨʘʤʘʪʘ ʦʪʯʠʪʘ ʛʨʝʰʢʘ Ăɺʥʠʤʘʥʠʝ, 

ʧʨʠʚʠʰʝʥʦ ʪʝʛʣʦ!ñ ʊʦʛʘʚʘ ʤʝʭʘʥʠʟʤʲʪ ʚʨʲʱʘ ʧʦʚʜʠʛʘʱʘʪʘ ʧʣʘʨʬʦʨʤʘ ʚ ʨʝʞʠʤ Ăʦʯʘʢʚʘʥʝñ.  

Å ʂʦʛʘʪʦ ʧʨʦʛʨʘʤʘʪʘ ʧʦʣʫʯʠ ʢʦʤʘʥʜʘ Ăʧʦʚʜʠʛʥʠ ʪʦʚʘʨʘñ ʠ ʜʘʪʯʠʢʘ ʟʘ ʪʝʞʝʩʪ ʦʪʯʝʪʝ 

ʪʝʞʝʩʪ ʚ ʥʦʨʤʘʪʘ, ʤʝʭʘʥʠʟʤʲʪ ʧʦʚʜʠʛʘ ʪʦʚʘʨʘ ʜʦ ʟʘʜʘʥʝʥʘʪʘ ʚʠʩʦʯʠʥʘ ʠ ʨʦʙʦʪʲʪ ʤʦʞʝ ʜʘ 

ʧʨʠʩʪʲʧʠ ʢʲʤ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʥʘ ʪʦʚʘʨʘ. 



млм 
 

                     

ʌʠʛʫʨʘ 67. ɹʣʦʢ ʩʭʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ            ʌʠʛʫʨʘ 68. ʉʭʝʤʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ 

                          ʥʘ ʤʦʜʫʣʘ                                                     ʠʟʛʨʘʞʜʘʱʠ ʧʦʚʜʠʛʘʱʠʷ ʤʦʜʫʣ 

ʅʘ ʬʠʛʫʨʘ 68 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʧʦʚʜʠʛʘʱʠʷ ʨʦʙʦʪ. ʇʦʚʜʠʛʘʱʠʷʪ ʤʦʜʫʣ 

ʩʝ ʟʘʭʨʘʥʚʘ ʦʪ Li-ion ʘʢʫʤʫʣʘʪʦʨʝʥ ʙʣʦʢ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ 3 ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʚʲʨʟʘʥʠ ʢʣʝʪʢʠ ʩ 

ʥʘʧʨʝʞʝʥʠʝ 3,7V ʠ ʤʘʢʩʠʤʘʣʝʥ ʪʦʢ 5ɸ.  

3.4.2. ʉʠʤʫʣʘʮʠʷ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʚʝʨʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ ʠ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ʨʘʙʦʪʘ 

ʏʨʝʟ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʧʦʩʪʘʥʦʚʢʘ ʩʝ ʚʝʨʠʬʠʮʠʨʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʠ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ 

ʤʦʜʫʣʘ. ʉʠʤʫʣʘʮʠʷʪʘ ʝ ʠʟʚʲʨʰʝʥʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʥʷʢʦʣʢʦ ʩʦʬʪʫʝʨʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʪʷʭʥʦʪʦ  

ʧʘʨʘʣʝʥʦ ʠ ʩʠʥʭʨʦʥʠʟʠʨʘʥʦ ʠʟʧʲʣʥʝʥʠʝ. ɺ ʩʠʤʫʣʘʮʠʷʪʘ ʩʘ ʦʙʚʲʨʟʘʥʠ ʩʣʝʜʥʠʪʝ ʩʦʬʪʫʝʨʠ: 

¶ SolidWorks-CAD 

¶ Proteus 8.16 

¶ Arduino IDE 

¶ HHD Softwareôs Virtual Serial Port Tools  

¶ Blender 3D. 

 

ʇʲʨʚʘ ʩʪʲʧʢʘ ʝ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʦʜʘ ʚ Arduino IDE. ɿʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʩʠʤʫʣʘʮʠʷʪʘ ʚ 

ʢʦʜʘ ʩʝ ʚʲʚʝʞʜʘ BlendixSerial.h ʙʠʙʣʠʦʪʝʢʘʪʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ 
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ʩʠʤʫʣʘʮʠʷʪʘ ʥʘ ʭʘʨʜʫʝʨʘ ʚ Proteus ʩ 3D ʩʨʝʜʘʪʘ ʥʘ Blender 3D, ʚ ʢʦʷʪʦ ʝ ʧʦʩʪʘʚʝʥ 

ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ. 

 

ʌʠʛʫʨʘ 69: ʉ̡ ʟʜʘʚʘʥʝ ʥʘ ʢʦʜʘ ʚ Arduino IDE 

ɺ ʢʦʜʘ ʩʘ ʧʨʝʜʦʩʪʘʚʝʥʠ 2 ʦʧʮʠʠ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ, ʪʘʢʘʚʘ ʟʘ ʧʦʚʜʠʛʘʥʝ ʥʘ ʥʦʞʠʯʝʩʪʠʷ ʥʦʩʘʯ ʠ 

ʪʘʢʘʚʘ ʟʘ ʩʚʘʣʷʥʝ. 

 

ʌʠʛʫʨʘ 70: ʍʘʨʜʫʝʨʥʘ ʩʭʝʤʘ ʚ Proteus 

ɺʪʦʨʘ ʩʪʲʧʢʘ ʩʣʝʜ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʚ ʩʨʝʜʘʪʘ ʥʘ Arduino IDE ʝ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 

ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʥʝʡʥʦʪʦ ʦʢʘʙʝʣʷʚʘʥʝ ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus. ɿʘ ʪʘʟʠ ʮʝʣ ʩʝ ʠʟʧʦʣʟʚʘʪ 



мло 
 

ʙʠʙʣʠʦʪʝʢʠʪʝ ʥʘ Proteus, ʚ ʢʦʠʪʦ ʠʤʘ ʛʦʪʦʚʠ ʢʦʤʧʦʥʝʥʪʠ - ʤʦʪʦʨʠ, ʩʝʥʟʦʨʠ, ʢʦʥʪʨʦʣʝʨʠ ʠ ʪ.ʥ. 

ʅʘ ʬʠʛʫʨʘ ʝ ʧʦʢʘʟʘʥʘ ʩʲʟʜʘʜʝʥʘʪʘ  ʭʘʨʜʫʝʨʥʘ ʩʭʝʤʘ, ʩʚʲʨʟʚʘʱʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʠʟʛʨʘʞʜʘʱʠ 

ʤʦʜʫʣʘ ʢʘʢʪʦ ʠ ʚʠʨʪʫʘʣʝʥ ʪʝʨʤʠʥʘʣ ʟʘ ʚʲʚʝʞʜʘʥʝ ʠ ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ. 

ʉʣʝʜ ʢʘʪʦ ʚʩʠʯʢʠ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʩʚʲʨʟʘʥʠ ʧʨʘʚʠʣʥʦ ʠ ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ, ʠʟʛʨʘʞʘʱʘ 

ʤʦʜʫʣʘ ʝ ʛʦʪʦʚʘ ʩʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʜʘ ʩʝ ʟʘʨʝʜʠ ʧʨʦʛʨʘʤʘʪʘ ʥʘʧʠʩʘʥʘ ʚ Arduino IDE ʚ 

ʩʨʝʜʘʪʘ ʥʘ Proteus,ʢʲʜʝʪʦ ʠʟʚʲʨʰʚʘʤʝ ʩʠʤʫʣʘʮʠʷʪʘ. ɿʘʨʝʞʜʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʩʪʘʚʘ ʢʘʪʦ ʚ 

ʩʨʝʜʘʪʘ ʥʘ Proteus  ʚʲʨʭʫ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ʩʝ ʥʘʪʠʩʥʝ ʩ ʜʝʩʝʥ ʙʫʪʦʥ. ɺ ʨʝʟʫʣʪʘʪ ʠʟʣʠʟʘ 

ʤʝʥʶʪʦ Edit Component, ʧʨʝʟ ʢʦʝʪʦ ʟʘʨʝʞʜʘʤʝ Arduino ʬʘʡʣʘ. 

 

ʌʠʛʫʨʘ 71: ɿʘʨʝʞʜʘʥʝ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʥʘʧʠʩʘʥʘ ʚ Arduino IDE ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus 

ʉʣʝʜʚʘʱʘ ʩʪʲʧʢʘ ʝ ʦʪʚʘʨʷʥʝʪʦ ʥʘ 3D ʤʦʜʝʣʘ ʥʘ ʨʦʙʦʪʘ ʚ 3D ʩʨʝʜʘʪʘ ʥʘ Blender. ɿʘ ʜʘ ʤʦʞʝ 

ʜʘ ʩʝ ʜʚʠʞʠ ʤʦʜʝʣʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʘʥ ʦʪ ʥʘʩ ʥʘʯʠʥ ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʯʘʩʪʠ ʚ Solidworks 

ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʝʢʩʧʦʨʪʠʨʘʥʠ ʦʪʜʝʣʥʦ ʠ ʘʩʝʤʙʣʠʨʘʥʠ ʥʘ ʥʦʚʦ ʚ ʩʨʝʜʘʪʘ ʥʘ Blender 3D ʢʲʜʝʪʦ 

ʩʝ ʟʘʜʘʚʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʦʛʨʘʥʠʯʝʥʠʷ ʢʲʤ 3D ʦʙʝʢʪʠʪʝ ʠ ʩʝ ʨʠʛʚʘʪ ʦʙʝʢʪʠʪʝ, ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ 

ʫʧʨʘʚʣʷʚʘʥʠ ʦʪ ʧʨʦʛʨʘʤʘʪʘ ʠ ʱʝ ʩʝ ʜʚʠʞʘʪ ʧʦ  ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʠʥ. 

ʉʪʲʧʢʠʪʝ ʥʘ ʨʠʛʚʘʥʝ, ʟʘ ʜʘ ʤʦʞʝ ʤʦʜʝʣʘ ʜʘ ʩʝ ʜʚʠʞʠ ʧʦ ʦʧʨʝʜʝʣʝʥʘ  ʪʨʘʝʢʪʦʨʠʷ ʥʘ ʙʘʟʘ ʥʘ 

ʫʧʨʘʚʣʷʚʘʱʘʪʘ ʧʨʦʛʨʘʤʘ , ʢʦʷʪʦ ʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚ ʩʠʤʫʣʘʮʠʷʪʘ Proteus ʩʘ ʩʣʝʜʥʠʪʝ: 



млп 
 

                 
  ʌʠʛʫʨʘ 72                                      ʌʠʛʫʨʘ73                                                   ʌʠʛʫʨʘ 74 

ʄʝʥʶ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ        ɻʝʥʝʨʠʨʘʥʘʪʘ ʘʨʤʘʪʫʨʘ      ʇʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ ʘʨʤʘʪʫʨʘʪʘ ʚ 3D  

ʩʢʝʣʝʪʥʘ ʩʪʨʫʢʪʫʨʘ        ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 3D ʦʙʝʢʪʘ          ʦʙʝʢʪʘ 
 

ɺ ʦʙʝʢʪʝʥ ʨʝʞʠʤ ʩʝ ʩʲʟʜʘʚʘ Ăʘʨʤʘʪʫʨʘñ( ʩʢʝʣʝʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʢʦʷʪʦ ʫʧʨʘʚʣʷʚʘ ʜʘʜʝʥ 3D 

ʦʙʝʢʪ).ʉʣʝʜ ʢʘʪʦ ʩʝ ʩʲʟʜʘʜʝ ʘʨʤʘʪʫʨʘʪʘ, ʪʷ ʩʝ ʧʨʝʤʝʩʪʚʘ ʥʘ ʤʷʩʪʦʪʦ, ʥʘ ʢʦʝʪʦ ʠʩʢʘʤʝ ʜʘ ʩʝ 

ʦʩʲʱʝʩʪʚʠ ʜʚʠʞʝʥʠʝʪʦ ʠ ʩʝ ʧʦʩʪʘʚʷ ʢʲʤ ʮʷʣʦʩʪʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʤʦʜʝʣʘ, ʢʦʡʪʦ ʞʝʣʘʝʤ 

ʜʘ ʙʲʜʝ ʨʠʛʥʘʪ. (ʬʠʛ. 72,ʬʠʛ.73 ʠ ʬʠʛ.74) 

ɺ ʦʙʝʢʪʝʥ ʨʝʞʠʤ, ʩʣʝʜ ʢʘʪʦ ʩʝ ʠʟʙʝʨʝ ʞʝʣʘʥʠʷ ʤʦʜʝʣ,  ʘʨʤʘʪʫʨʘʪʘ  ʩʝ ʧʨʝʚʢʣʶʯʚʘ ʚ ʨʝʞʠʤ 

ʥʘ ʧʦʟʘ ( ʬʠʛʫʨʘ 75 ). ʉʣʝʜʚʘ ʠʟʙʦʨ ʥʘ ʢʦʩʪ, ʢʦʷʪʦ ʜʘ ʙʲʜʝ ʨʠʛʥʘʪʘ, ʪ.ʝ. ʩʢʨʝʧʝʥʘ ʢʲʤ ʤʦʜʝʣʘ  

(ʬʠʛʫʨʘ 76). ʀ ʥʘʢʨʘʷ ʩʝ ʥʘʪʠʩʢʘ ctrl + p ʠ ʩʝ ʠʟʙʠʨʘ "ʢʦʩʪ"(ʬʠʛʫʨʘ 77 ) 

     

ʌʠʛʫʨʘ 75                                              ʌʠʛʫʨʘ 76                                         ʌʠʛʫʨʘ 77 

ʀʟʙʦʨʘ ʥʘ ʤʝʥʶ ʧʦʟʘ ʀʟʙʦʨ ʥʘ ʢʦʩʪ, ʢʦʷʪʦ ʜʘ ʙʲʜʝ ʨʠʛʥʘʪʘ ʄʝʥʶ ʟʘ ʠʟʙʦʨ ʥʘ  

                 Ăʢʦʩʪñ 

 

ʉʣʝʜ ʨʠʛʚʘʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʜʦʙʘʚʷʤʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʢʲʤ Blender BlendixSerial. ɹʠʙʣʠʦʪʝʢʘʪʘ 

BlendixSerial ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʜʘ ʨʘʙʦʪʠ ʟʘʝʜʥʦ ʩ ʜʦʙʘʚʢʘʪʘ blendixserial ʚ Blender. ʊʦ ʧʦʟʚʦʣʷʚʘ 

ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʦʙʝʢʪʠ ʚ Blender ʯʨʝʟ ʩʝʨʠʡʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʩ Arduino ʠʣʠ ʜʨʫʛʠ 

ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʠ. 



млр 
 

ʏʨʝʟ ʝʤʫʣʠʨʘʥʝʪʦ ʥʘ COM ʧʦʨʪʦʚʝʪʝ ʦʪ HHD Softwareôs Virtual Serial Port Tools ʟʘʝʜʥʦ ʩ 

BlendixSerial ʟʘʧʦʯʚʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus ʠ 3D 

ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ ʩ ʧʨʠʢʘʯʝʥ ʤʦʜʫʣ ʚ Blender 

 

ʌʠʛʫʨʘ 78: ɽʤʫʣʠʨʘʥʝʪʦ ʥʘ COM ʧʦʨʪʦʚʝʪʝ 

ʉʪʘʨʪʠʨʘʤʝ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus (ʬʠʛʫʨʘ79). ʇʦʩʨʝʜʩʪʚʦʤ ʚʠʨʪʫʘʣʥʠʷʪ ʪʝʨʤʠʥʘʣ ʩʝ 

ʚʠʟʫʘʣʠʟʠʨʘ ʩʪʘʨʪʠʨʘʥʘʪʘ ʧʨʦʛʨʘʤʘ, ʢʦʷʪʦ ʝ ʥʘʧʠʩʘʥʘ ʚ Arduino ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚ Proteus 

ʯʨʝʟ ʛʝʥʝʨʠʨʘʥʠʷ hex ʬʘʡʣ. ʊʝʨʤʠʥʘʣʲʪ ʠʟʯʘʢʚʘ ʜʘ ʚʲʚʝʜʝʤ 1 ʠʣʠ 2 ʟʘ ʩʚʘʣʷʥʝ ʠʣʠ ʧʦʚʜʠʛʘʥʝ 

ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ. 

 

ʌʠʛʫʨʘ 79: ʉʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus ʠ ʠʟʙʦʨ ʥʘ COM ʧʦʨʪ ʚ Blender 



млс 
 

ɿʘ ʜʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʧʨʦʤʝʥʠʪʝ ʚ 3D ʤʦʜʝʣʘ ʥʘ ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ ʚ ʧʘʜʘʱʦʪʦ ʤʝʥʶ ʥʘ 

BlendixSerial ʟʘʜʲʣʞʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʤʝ ʥʘʪʠʩʥʘʣʠ Connect Serial ʠ Start Movement, ʢʘʢʪʦ 

ʠ ʜʘ ʩʤʝ ʧʦʩʦʯʠʣʠ ʝʤʫʣʠʨʘʥʠʷ ʧʦʨʪ, ʢʦʝʪʦ ʝ ʦʥʘʛʣʝʜʝʥʦ ʥʘ ʬʠʛʫʨʘ 80 ʠ ʬʠʛʫʨʘ 81: 

                     
ʌʠʛʫʨʘ 80                                                                            ʌʠʛʫʨʘ 81 

BlendixSerial ʧʨʝʜʠ ʩʪʘʨʪʠʨʘʥʝ    BlendixSerial ʩʣʝʜ ʩʪʘʨʪʠʨʘʥʝ 
 

 

ʌʠʛʫʨʘ82:ʉʪʘʨʪʦʚʘ ʧʦʟʠʮʠʷ, ʠʟʯʘʢʚʘʱʘ ʚʲʚʝʞʜʘʥʝʪʦ ʚ ʪʝʨʤʠʥʘʣʘ 



млт 
 

 

ʌʠʛʫʨʘ83: ʈʦʙʦʪʲʪ ʩ ʧʦʚʜʠʛʥʘʪ ʥʦʞʠʯʝʩʪ ʧʦʜʝʤʥʠʢ 

ʅʘ ʬʠʛʫʨʠʪʝ 83 ʠ ʬʠʛʫʨʘ 85 ʧʦ-ʛʦʨʝ ʩʘ ʠʟʦʙʨʘʟʝʥʠ ʜʚʝʪʝ ʚʲʟʤʦʞʥʠ ʧʦʟʠʮʠʠ ʥʘ ʨʦʙʦʪʘ, ʘ 

ʠʤʝʥʥʦ ʩʚʘʣʝʥʘ ʠ ʧʦʚʜʠʛʥʘʪʘ ʧʣʘʪʬʦʨʤʘ. ʇʨʠ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ ʜʦʧʫʩʪʠʤʦʪʦ ʪʝʛʣʦ, 

ʧʦʪʨʝʙʠʪʝʣʷʪ ʧʦʣʫʯʘʚʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʯʝ ʪʦʚʘʨʘ ʧʦʩʪʘʚʝʥ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ ʝ ʧʨʝʢʘʣʝʥʦ 

ʤʥʦʛʦ ʠ ʧʨʦʛʨʘʤʘʪʘ ʚʨʝʤʝʥʥʦ ʧʨʝʢʨʘʪʷʚʘ ʬʫʥʢʮʠʷʪʘ ʩʠ ʜʦ ʦʪʥʝʤʘʥʝ ʥʘ ʠʟʣʠʰʥʠʷ ʪʦʚʘʨ ï 

ʬʠʛʫʨʘ 84. 

 

ʌʠʛʫʨʘ84: ʇʨʝʢʨʘʪʝʥʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʜʦ ʦʪʥʝʤʘʥʝ ʥʘ ʠʟʣʠʰʥʠʷ ʪʦʚʘʨ 



млу 
 

ʉʣʝʜ ʢʘʪʦ ʜʚʠʞʝʥʠʝʪʦ ʝ ʫʩʧʝʰʥʦ ʟʘʚʲʨʰʝʥʦ ʪʝʨʤʠʥʘʣʲʪ ʦʯʘʢʚʘ ʩʣʝʜʚʘʱʦʪʦ ʚʲʚʝʞʜʘʥʝ ʥʘ 

ʢʦʤʘʥʜʘ ʧʨʠ ʥʫʞʜʘ ʦʪ  ʧʦʪʨʝʙʠʪʝʣʷ. 

 

ʌʠʛʫʨʘ85: ʉʠʤʫʣʘʮʠʷʪʘ ʚ ʦʯʘʢʚʘʥʝ ʥʘ ʩʣʝʜʚʘʱʘʪʘ ʢʦʤʘʥʜʘ 

3.5 ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ ʚ ʨʝʞʠʤ ʟʘ ʩʢʣʘʜʠʨʘʥʝ ʠ ʜʦʩʪʘʚʢʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʚʜʠʛʘʱʘ ʧʣʘʪʬʦʨʤʘ   

ʆʙʱʠʷʪ ʚʠʜ ʥʘ ʨʦʙʦʪʘ ʚ ʨʝʞʠʤ ʚ ʨʝʞʠʤ ʟʘ ʩʢʣʘʜʠʨʘʥʝ ʠ/ʠʣʠ ʜʦʩʪʘʚʢʘ ʥʘ ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʠʷ 

ʝ ʧʦʢʘʟʘʥ ʥʘ ʬʠʛʫʨʘ 86.  

 

ʌʠʛʫʨʘ 86: ʈʦʙʦʪ ʩ ʤʦʥʪʠʨʘʥ ʤʦʜʫʣ ʩ ʧʦʚʜʠʛʘʱʘ ʧʣʘʪʬʦʨʤʘ 

 ʟʘ ʜʦʩʪʘʚʢʘ ʥʘ ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʠʷ 

3.5.1 ɸʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ 

ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ ʚ ʨʝʞʠʤ ʟʘ ʜʦʩʪʘʚʢʘ ʥʘ ʧʨʦʜʫʢʮʠʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʫʣ ʩ ʧʦʚʜʠʛʘʱʘ ʧʣʘʪʬʦʨʤʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʬʠʛʫʨʘ 87. ʇʦʜʦʙʥʦ ʥʘ 

ʥʦʞʠʯʝʩʪʠʷ ʧʦʜʝʤʥʠʢ ʤʦʜʫʣʲʪ ʩ ʧʦʚʜʠʛʘʱʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʩʢʣʘʜʠʨʘʥʝ ʠ ʜʦʩʪʘʚʢʘ ʧʨʝʤʠʥʘʚʘ 

ʧʨʝʟ ʩʲʱʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʩʪʲʧʢʠ. 



млф 
 

                   

ʌʠʛʫʨʘ 87. ɹʣʦʢ ʩʭʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ          ʌʠʛʫʨʘ 88.  ʉʭʝʤʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, 

       ʥʘ ʤʦʜʫʣʘ                                                                     ʠʟʛʨʘʞʜʘʱʠ ʤʦʜʫʣʘ 

ʅʘ ʬʠʛʫʨʘ 88 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʤʦʜʫʣʘ. ʉʝʨʚʠʟʥʠʷʪ ʨʦʙʦʪ ʚ ʨʝʞʠʤ ʟʘ 

ʩʢʣʘʜʠʨʘʥʝ ʠ/ʠʣʠ ʜʦʩʪʘʚʢʘ ʥʘ ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʠʷ ʚʢʣʶʯʚʘ ʜʠʬʝʨʝʥʮʠʘʣʥʘ ʤʦʙʠʣʥʘ 

ʧʣʘʪʬʦʨʤʘ, ʠʥʜʫʩʪʨʠʘʣʝʥ ʢʦʤʧʶʪʲʨ ʠ ʢʦʥʪʨʦʣʝʨʠ, ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʥʘ ʟʘʜʚʠʞʚʘʱʘ ʩʠʩʪʝʤʘ 

(ʧʦʩʪʦʷʥʥʦ ʪʦʢʦʚʠ ʜʚʠʛʘʪʝʣʠ ʩ ʨʝʜʫʢʪʦʨʠ ʠ ʝʥʢʦʜʝʨʠ), 12V LiPo ʘʢʫʤʫʣʘʪʦʨʥʘ ʙʘʪʝʨʠʷ ʠ 

ʩʝʥʟʦʨʥʘ ʩʠʩʪʝʤʘ. ʀʟʧʦʣʟʚʘʥʠʷʪ ʣʠʥʝʝʥ ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ ʝ 12 ʚʦʣʪʘ ʩ ʤʘʢʩʠʤʘʣʥʘ 

ʪʦʚʘʨʦʥʦʩʠʤʦʩʪ 90 ʢʛ. 

3.5.2. ʉʠʤʫʣʘʮʠʷ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʚʝʨʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ ʠ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ʨʘʙʦʪʘ 

ɺʝʨʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ ʠ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ʨʘʙʦʪʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʯʨʝʟ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ 

ʢʦʤʧʶʪʲʨʥʘ ʩʠʤʫʣʘʮʠʷ, ʟʘ ʢʦʷʪʦ ʩʝ ʠʟʚʲʨʰʠ ʧʘʨʘʣʝʣʥʦ ʠ ʩʠʥʭʨʦʥʠʟʠʨʘʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʩʣʝʜʥʠʪʝ ʩʦʬʪʫʝʨʠ: 

Å SolidWorks-CAD 

Å Proteus 8.16 

Å Arduino IDE 

Å HHD Softwareôs Virtual Serial Port Tools  

Å Blender 3D 

ʇʲʨʚʘ ʩʪʲʧʢʘ ʝ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʦʜʘ ʚ Arduino IDE. ɿʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʩʠʤʫʣʘʮʠʷʪʘ ʚ 



ммл 
 

ʢʦʜʘ ʩʝ ʚʲʚʝʞʜʘ BlendixSerial.h ʙʠʙʣʠʦʪʝʢʘʪʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ 

ʩʠʤʫʣʘʮʠʷʪʘ ʥʘ ʭʘʨʜʫʝʨʘ ʚ Proteus ʩ 3D ʩʨʝʜʘʪʘ ʥʘ Blender 3D, ʚ ʢʦʷʪʦ ʝ ʧʦʩʪʘʚʝʥ 

ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ. 

ʇʨʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʯʘʩʪ ʚ Proteus ʚʲʚ ʚʠʨʪʫʘʣʥʠʷ ʪʝʨʤʠʥʘʣ ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ 

ʦʧʝʨʘʪʦʨʘ ʠʟʙʠʨʘ ʚʠʜʘ ʦʧʝʨʘʮʠʷ/ʜʚʠʞʝʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ/:  

1- ʟʘ ʩʚʘʣʷʥʝ  

2- ʟʘ ʚʜʠʛʘʥʝ  

ɺ ʧʨʦʛʨʘʤʘʪʘ ʧʨʠ ʧʨʝʚʠʰʘʚʘʥʝ ʥʘ ʣʠʤʠʪʘ ʥʘ ʪʝʛʣʦ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʧʦʝʤʝ ʧʣʘʪʬʦʨʤʘʪʘ 

ʪʝʨʤʠʥʘʣʲʪ ʚʨʲʱʘ ʩʲʦʙʱʝʥʠʝ ñToo heavy!ò ʠ ʥʝ ʧʦʟʚʦʣʷʚʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʦʧʝʨʘʮʠʷʪʘ ʜʦ 

ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʢʠʣʦʛʨʘʤʠʪʝ ʚ ʜʦʧʫʩʪʠʤʠʪʝ ʩʪʦʡʥʦʩʪʠ. 

 

ʌʠʛʫʨʘ 89: ʉ̡ ʟʜʘʜʝʥʘʪʘ ʧʨʦʛʨʘʤʘ ʚ ʩʨʝʜʘʪʘ ʥʘ Arduino IDE 

ɺʪʦʨʘ ʩʪʲʧʢʘ ʩʣʝʜ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʚ ʩʨʝʜʘʪʘ ʥʘ Arduino IDE ʝ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 

ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʥʝʡʥʦʪʦ ʦʢʘʙʝʣʷʚʘʥʝ ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus. ɿʘ ʪʘʟʠ ʮʝʣ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʙʠʙʣʠʦʪʝʢʠʪʝ ʥʘ Proteus, ʚ ʢʦʠʪʦ ʠʤʘ ʛʦʪʦʚʠ ʢʦʤʧʦʥʝʥʪʠ - ʤʦʪʦʨʠ, ʩʝʥʟʦʨʠ, ʢʦʥʪʨʦʣʝʨʠ ʠ ʪ.ʥ. 

ʅʘ ʬʠʛʫʨʘ 90 ʝ ʧʦʢʘʟʘʥʘ ʩʲʟʜʘʜʝʥʘʪʘ  ʭʘʨʜʫʝʨʥʘ ʩʭʝʤʘ, ʩʚʲʨʟʚʘʱʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, 

ʠʟʛʨʘʞʜʘʱʠ ʤʦʜʫʣʘ ʢʘʢʪʦ ʠ ʚʠʨʪʫʘʣʝʥ ʪʝʨʤʠʥʘʣ ʟʘ ʚʲʚʝʞʜʘʥʝ ʠ ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ. 



ммм 
 

 

ʌʠʛʫʨʘ 90: ʍʘʨʜʫʝʨʥʘ ʩʭʝʤʘ 

ʉʣʝʜ ʢʘʪʦ ʚʩʠʯʢʠ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʩʚʲʨʟʘʥʠ ʧʨʘʚʠʣʥʦ ʠ ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ, ʠʟʛʨʘʞʘʱʘ 

ʤʦʜʫʣʘ ʝ ʛʦʪʦʚʘ ʩʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʜʘ ʩʝ ʟʘʨʝʜʠ ʧʨʦʛʨʘʤʘʪʘ ʥʘʧʠʩʘʥʘ ʚ Arduino IDE ʚ 

ʩʨʝʜʘʪʘ ʥʘ Proteus, ʢʲʜʝʪʦ ʠʟʚʲʨʰʚʘʤʝ ʩʠʤʫʣʘʮʠʷʪʘ. ɿʘʨʝʞʜʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʩʪʘʚʘ ʢʘʪʦ 

ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus  ʚʲʨʭʫ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ʩʝ ʥʘʪʠʩʥʝ ʩ ʜʝʩʝʥ ʙʫʪʦʥ. ɺ ʨʝʟʫʣʪʘʪ ʠʟʣʠʟʘ 

ʤʝʥʶʪʦ Edit Component, ʧʨʝʟ ʢʦʝʪʦ ʟʘʨʝʞʜʘʤʝ Arduino ʬʘʡʣʘ. 

 

ʌʠʛʫʨʘ 91:ɿʘʨʝʞʜʘʥʝ ʥʘ Arduino ʧʨʦʛʨʘʤʘʪʘ ʚ ʩʨʝʜʘʪʘ ʥʘ  Proteus 

ʉʣʝʜʚʘʱʘ ʩʪʲʧʢʘ ʝ ʦʪʚʘʨʷʥʝʪʦ ʥʘ 3D ʤʦʜʝʣʘ ʥʘ ʨʦʙʦʪʘ ʚ 3D ʩʨʝʜʘʪʘ ʥʘ Blender. ɿʘ ʜʘ ʤʦʞʝ 

ʜʘ ʩʝ ʜʚʠʞʠ ʤʦʜʝʣʲʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʘʥ ʦʪ ʥʘʩ ʥʘʯʠʥ ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʯʘʩʪʠ ʚ Solidworks 

ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʝʢʩʧʦʨʪʠʨʘʥʠ ʦʪʜʝʣʥʦ ʠ ʘʩʝʤʙʣʠʨʘʥʠ ʥʘ ʥʦʚʦ ʚ ʩʨʝʜʘʪʘ ʥʘ Blender 3D ʢʲʜʝʪʦ 



ммн 
 

ʩʝ ʟʘʜʘʚʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʦʛʨʘʥʠʯʝʥʠʷ ʢʲʤ 3D ʦʙʝʢʪʠʪʝ ʠ ʩʝ ʨʠʛʚʘʪ ʦʙʝʢʪʠʪʝ, ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ 

ʫʧʨʘʚʣʷʚʘʥʠ ʦʪ ʧʨʦʛʨʘʤʘʪʘ ʠ ʱʝ ʩʝ ʜʚʠʞʘʪ ʧʦ  ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʠʥ.  

ʉʪʲʧʢʠʪʝ ʥʘ ʨʠʛʚʘʥʝ, ʟʘ ʜʘ ʤʦʞʝ ʤʦʜʝʣʲʪ ʜʘ ʩʝ ʜʚʠʞʠ ʧʦ ʦʧʨʝʜʝʣʝʥʘ  ʪʨʘʝʢʪʦʨʠʷ ʥʘ ʙʘʟʘ ʥʘ 

ʫʧʨʘʚʣʷʚʘʱʘʪʘ ʧʨʦʛʨʘʤʘ , ʢʦʷʪʦ ʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚ ʩʠʤʫʣʘʮʠʷʪʘ Proteus ʩʘ ʩʣʝʜʥʠʪʝ: 

        
            ʌʠʛʫʨʘ 92                                        ʬʠʛʫʨʘ 93                                  ʬʠʛʫʨʘ 94 

ʄʝʥʶ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ                  ɻʝʥʝʨʠʨʘʥʘʪʘ ʘʨʤʘʪʫʨʘ                  ʇʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ  

ʩʢʝʣʝʪʥʘ ʩʪʨʫʢʪʫʨʘ                 ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 3D ʦʙʝʢʪʘ         ʘʨʤʘʪʫʨʘʪʘ ʚ 3D ʦʙʝʢʪʘ 

 

ɺ ʦʙʝʢʪʝʥ ʨʝʞʠʤ ʩʝ ʩʲʟʜʘʚʘ Ăʘʨʤʘʪʫʨʘñ( ʩʢʝʣʝʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʢʦʷʪʦ ʫʧʨʘʚʣʷʚʘ ʜʘʜʝʥ 3D 

ʦʙʝʢʪ) ( ʬʠʛ. 92). ʉʣʝʜ ʢʘʪʦ ʩʝ ʩʲʟʜʘʜʝ ʘʨʤʘʪʫʨʘʪʘ, ʪʷ ʩʝ ʧʨʝʤʝʩʪʚʘ ʥʘ ʤʷʩʪʦʪʦ, ʥʘ ʢʦʝʪʦ 

ʠʩʢʘʤʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʜʚʠʞʝʥʠʝʪʦ ʠ ʩʝ ʧʦʩʪʘʚʷ ʢʲʤ ʮʷʣʦʩʪʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʤʦʜʝʣʘ, 

ʢʦʡʪʦ ʞʝʣʘʝʤ ʜʘ ʙʲʜʝ ʨʠʛʥʘʪ. (ʬʠʛ. 93 ʠ ʬʠʛ.94). ɺ ʦʙʝʢʪʝʥ ʨʝʞʠʤ, ʩʣʝʜ ʢʘʪʦ ʩʝ ʠʟʙʝʨʝ 

ʞʝʣʘʥʠʷ ʤʦʜʝʣ,  ʘʨʤʘʪʫʨʘʪʘ  ʩʝ ʧʨʝʚʢʣʶʯʚʘ ʚ ʨʝʞʠʤ ʥʘ ʧʦʟʘ ( ʬʠʛʫʨʘ 95 ). ʉʣʝʜʚʘ ʠʟʙʦʨ ʥʘ 

ʢʦʩʪ, ʢʦʷʪʦ ʜʘ ʙʲʜʝ ʨʠʛʥʘʪʘ, ʪ.ʝ. ʩʢʨʝʧʝʥʘ ʢʲʤ ʤʦʜʝʣʘ  (ʬʠʛʫʨʘ 96). ʀ ʥʘʢʨʘʷ ʩʝ ʥʘʪʠʩʢʘ ctrl 

+ p ʠ ʩʝ ʠʟʙʠʨʘ "ʢʦʩʪ"(ʬʠʛʫʨʘ 97 ) 

                                  
               ʌʠʛʫʨʘ  95                    ʬʠʛʫʨʘ 96                                ʬʠʛʫʨʘ  97 

ʀʟʙʦʨʘ ʥʘ ʤʝʥʶ ʧʦʟʘ ʀʟʙʦʨ ʥʘ ʢʦʩʪ, ʢʦʷʪʦ ʜʘ   ʄʝʥʶ ʟʘ ʠʟʙʦʨ ʥʘ  

          ʙʲʜʝ ʨʠʛʥʘʪʘ            Ăʢʦʩʪñ 

 

ʉʣʝʜ ʨʠʛʚʘʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʜʦʙʘʚʷʤʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʢʲʤ Blender BlendixSerial. ɹʠʙʣʠʦʪʝʢʘʪʘ 

BlendixSerial ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʜʘ ʨʘʙʦʪʠ ʟʘʝʜʥʦ ʩ ʜʦʙʘʚʢʘʪʘ blendixserial ʚ Blender. ʊʦ ʧʦʟʚʦʣʷʚʘ 



ммо 
 

ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʦʙʝʢʪʠ ʚ Blender ʯʨʝʟ ʩʝʨʠʡʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʩ Arduino ʠʣʠ ʜʨʫʛʠ 

ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʠ. 

ʏʨʝʟ ʝʤʫʣʠʨʘʥʝʪʦ ʥʘ COM ʧʦʨʪʦʚʝʪʝ ʦʪ HHD Softwareôs Virtual Serial Port Tools ʟʘʝʜʥʦ ʩ 

BlendixSerial ʟʘʧʦʯʚʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus ʠ 3D 

ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ ʩ ʧʨʠʢʘʯʝʥ ʤʦʜʫʣ ʚ Blender  

 

ʌʠʛʫʨʘ 98: Eʤʫʣʠʨʘʥʝ ʥʘ COM ʧʦʨʪʦʚʝʪʝ 

ʉʪʘʨʪʠʨʘʤʝ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus. ʇʦʩʨʝʜʩʪʚʦʤ ʚʠʨʪʫʘʣʥʠʷ ʪʝʨʤʠʥʘʣ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ 

ʩʪʘʨʪʠʨʘʥʘʪʘ ʧʨʦʛʨʘʤʘ, ʢʦʷʪʦ ʝ ʥʘʧʠʩʘʥʘ ʚ Arduino ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚ Proteus ʯʨʝʟ 

ʛʝʥʝʨʠʨʘʥʠʷ hex ʬʘʡʣ. ʊʝʨʤʠʥʘʣʘ ʠʟʯʘʢʚʘ ʜʘ ʚʲʚʝʜʝʤ 1 ʠʣʠ 2 ʟʘ ʩʚʘʣʷʥʝ ʠʣʠ ʠʟʜʠʛʘʥʝ ʥʘ 

ʧʦʚʜʠʛʘʱʘ ʧʣʘʪʬʦʨʤʘ. 

 

ʌʠʛʫʨʘ 99:ʉʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ ʦʪ Proteus 



ммп 
 

ɿʘ ʜʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʧʨʦʤʝʥʠʪʝ ʚ 3D ʤʦʜʝʣʘ ʥʘ ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ ʚ ʧʘʜʘʱʦʪʦ ʤʝʥʶ ʥʘ 

BlendixSerial ʟʘʜʲʣʞʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʤʝ ʥʘʪʠʩʥʘʣʠ Connect Serial ʠ Start Movement, ʢʘʢʪʦ 

ʠ ʜʘ ʩʤʝ ʧʦʩʦʯʠʣʠ ʝʤʫʣʠʨʘʥʠʷ ʧʦʨʪ. ï (ʬʠʛʫʨʘ 100, ʬʠʛʫʨʘ 101, ʬʠʛʫʨʘ 102) 

                            
                  ʌʠʛʫʨʘ  100                                ʬʠʛʫʨʘ  101                            ʬʠʛʫʨʘ 102 

       ʀʟʙʦʨ ʥʘ COM ʧʦʨʪ ʚ        BlendixSerial   BlendixSerial  

        ʩʨʝʜʘʪʘ ʥʘ Blender               ʧʨʝʜʠ ʩʪʘʨʪʠʨʘʥʝ         ʩʣʝʜ ʩʪʘʨʪʠʨʘʥʝ 

ʏʨʝʟ ʚʲʚʝʞʜʘʥʝ ʥʘ Ă2ñ  ʚʲʚ ʚʠʨʪʫʘʣʝʥ ʪʝʨʤʠʥʘʣ ʧʦʟʠʮʠʷʪʘ ʥʘ ʧʦʚʜʠʛʘʱʘʪʘ ʧʣʘʪʬʦʨʤʘ ʩʝ 

ʠʟʜʠʛʘ ʥʘʛʦʨʝ ʧʦ Z axis (ʚ ʩʣʫʯʘʡʪʝ ʢʦʛʘʪʦ  ʦʪʯʝʪʝʥʘʪʘ ʪʝʞʝʩʪ ʝ ʧʦʜ 70% ʦʪ ʜʦʧʦʩʪʠʤʘʪʘ). 

ʉʣʝʜ ʢʘʪʦ ʜʚʠʞʝʥʠʝʪʦ ʝ ʫʩʧʝʰʥʦ ʟʘʚʲʨʰʝʥʦ ʪʝʨʤʠʥʘʣʲʪ ʦʯʘʢʚʘ ʩʣʝʜʚʘʱʦʪʦ ʚʲʚʝʞʜʘʥʝ. ʅʘ  

ʬʠʛʫʨʘ 103 ʠ ʬʠʛʫʨʘ 104 ʝ ʧʦʢʘʟʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʟʫʘʣʠʟʠʨʘʥʝʪʦ ʚʲʚ ʚʠʨʪʫʘʣʥʠʷ ʪʝʨʤʠʥʘʣ 

ʥʘ ʩʠʪʫʘʮʠʷ, ʚ ʢʦʷʪʦ ʪʝʞʝʩʪʪʘ ʝ ʥʘʜ ʜʦʧʫʩʪʠʤʦʪʦ ʠ ʦʧʝʨʘʮʠʷʪʘ ʥʝ ʝ ʜʦʧʫʩʥʘʪʘ ʠ ʩʣʝʜʚʘʱʘʪʘ 

ʩʠʪʫʘʮʠʷ, ʚ ʢʦʷʪʦ ʪʝʞʝʩʪʪʘ ʝ ʚ ʟʘʜʘʜʝʥʠʪʝ ʜʦʧʫʩʪʠʤʠ ʩʪʦʡʥʦʩʪʠ ʠ ʜʚʠʞʝʥʠʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ.  

 
ʌʠʛʫʨʘ103 ʉʠʪʫʘʮʠʷ, ʚ ʢʦʷʪʦ ʪʝʞʝʩʪʪʘ ʝ ʥʘʜ ʜʦʧʫʩʪʠʤʦʪʦ ʠ ʦʧʝʨʘʮʠʷʪʘ ʥʝ ʝ ʜʦʧʫʩʥʘʪʘ 



ммр 
 

 

ʌʠʛʫʨʘ 104 ɼʚʠʞʝʥʠʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ- ʪʝʞʝʩʪʪʘ ʝ ʚ ʟʘʜʘʜʝʥʠʪʝ ʜʦʧʫʩʪʠʤʠ ʩʪʦʡʥʦʩʪʠ   

ʏʨʝʟ ʚʲʚʝʞʜʘʥʝ ʥʘ Ă1ñ ʚʲʚ ʚʠʨʪʫʘʣʥʠʷ ʪʝʨʤʠʥʘʣ ʧʦʟʠʮʠʷʪʘ ʥʘ ʧʦʚʜʠʛʘʱʘʪʘ ʧʣʘʪʬʦʨʤʘ ʩʝ 

ʚʨʲʱʘ ʚ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʩʠ ʧʦʟʠʮʠʷ.  ʉʣʝʜ ʢʘʪʦ ʜʚʠʞʝʥʠʝʪʦ ʝ ʫʩʧʝʰʥʦ ʟʘʚʲʨʰʝʥʦ 

ʪʝʨʤʠʥʘʣʲʪ ʦʯʘʢʚʘ ʩʣʝʜʚʘʱʦʪʦ ʚʲʚʝʞʜʘʥʝ (ʬʠʛ. 105) 

 

ʌʠʛʫʨʘ 105 ʊʝʨʤʠʥʘʣʲʪ ʚ ʦʯʘʢʚʘʥʝ ʩʣʝʜʚʘʱʦʪʦ ʚʲʚʝʞʜʘʥʝ 

3.6 ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʦʪ ʚ ʨʝʞʠʤ ʥʘ ʧʦʯʠʩʪʚʘʥʝ  

ʆʙʱʠʷʪ ʚʠʜ ʥʘ ʨʦʙʦʪʘ ʩʲʩ ʩʚʲʨʟʘʥ ʢʲʤ ʫʥʠʚʝʨʩʘʣʥʘʪʘ ʤʦʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ ʤʦʜʫʣ ʟʘ 

ʧʦʯʠʩʪʚʘʥʝ ʝ ʧʦʢʘʟʘʥ ʥʘ ʬʠʛʫʨʘ 106. 



ммс 
 

  

ʌʠʛʫʨʘ 106. ʆʙʱ ʚʠʜ ʥʘ ʨʦʙʦʪʘ ʩ ʤʦʥʪʠʨʘʥ ʭʠʛʠʝʥʠʟʠʨʘʱ ʤʦʜʫʣ 

ʇʣʘʪʬʦʨʤʘʪʘ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ, ʢʲʤ ʢʦʷʪʦ ʝ ʤʦʥʪʠʨʘʥ ʨʘʟʨʘʙʦʪʝʥʠʷʪ ʭʠʛʠʝʥʝʥ ʤʦʜʫʣ, ʩʝ 

ʩʲʩʪʦʠ ʦʪ 3 HDPE ʧʣʦʯʠ ʩ ʜʝʙʝʣʠʥʘ 9,5 mm ʠ ʜʠʘʤʝʪʲʨ 450 mm. ɺʠʩʦʯʠʥʘʪʘ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ 

ʥʘ ʨʦʙʦʪʘ ʝ 397 ʤʤ. ɺʩʷʢʘ ʦʪ ʧʣʦʯʠʪʝ ʝ ʟʘʢʨʝʧʝʥʘ ʩ 4 ʧʨʲʪʘ ʩ ʜʝʙʝʣʠʥʘ 12 mm ʚʩʷʢʘ. ɿʘ 

ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ ʢʲʤ ʧʣʘʪʬʦʨʤʘʪʘ ʩʘ ʤʦʥʪʠʨʘʥʠ 4 ʢʦʣʝʣʘ - 2 ʜʠʬʝʨʝʥʮʠʘʣʥʦ 

ʟʘʜʚʠʞʚʘʥʠ ʩ ʜʠʘʤʝʪʲʨ 155 ʤʤ ʠ 2 ʢʦʣʝʣʘ, ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʧʨʝʜʥʠʷ ʠ ʟʘʜʥʠʷ ʢʨʘʡ. 

ɼʚʠʛʘʪʝʣʠʪʝ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʩʘ 12 V, 96 W, ʦʙʦʨʫʜʚʘʥʠ ʩ ʝʥʢʦʜʝʨʠ. ʇʨʝʜ 

ʨʦʙʦʪʘ ʝ ʧʦʩʪʘʚʝʥʘ ʢʘʤʝʨʘ, ʯʨʝʟ ʢʦʷʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʪʝʣʝʦʧʝʨʘʮʠʷʪʘ. ʈʦʙʦʪʲʪ ʝ ʦʙʦʨʫʜʚʘʥ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʩ ʜʚʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠ UV ʣʘʤʧʠ (ʬʠʛ.107).  

 

ʌʠʛʫʨʘ 107: 1- ʨʝʟʝʨʚʦʘʨ ʟʘ ʧʨʝʧʘʨʘʪ ʩ ʢʘʧʘʢ, 2- ʧʦʤʧʘ ʟʘ ʨʝʟʝʨʚʦʘʨ, 3- ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ 

UV ʣʘʤʧʘ ʟʘ ʭʠʛʠʝʥʠʟʠʨʘʥʝ ʥʘ ʦʢʦʣʥʦʩʪʠʪʝ , 4- ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ UV ʣʘʤʧʘ ʟʘ 

ʭʠʛʠʝʥʠʟʠʨʘʥʝ ʥʘ ʧʦʜʘ , 5- ʟʘʜʥʘ ʨʝʛʫʣʠʨʫʝʤʘ ʯʝʪʢʘ, 6- ʣʠʥʝʝʥ ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ ʟʘ 

ʧʨʝʤʝʩʪʚʘʥʝ ʥʘ ʟʘʜʝʥ ʙʨʩʫʭ, 7- ʢʘʤʝʨʘ ʟʘ ʪʝʣʝʦʧʝʨʘʮʠʷ 

ʇʲʨʚʘʪʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ UV ʣʘʤʧʘ, ʤʦʥʪʠʨʘʥʘ ʥʘ ʪʨʝʪʘʪʘ ʛʦʨʥʘ ʧʣʦʯʘ, ʝ ʩ ʮʝʣ ʜʝʟʠʥʬʝʢʮʠʷ 

ʥʘ ʧʦʚʲʨʭʥʦʩʪʠ, ʢʦʠʪʦ ʥʝ ʩʘ ʚ ʢʦʥʪʘʢʪ ʩ ʧʦʯʠʩʪʚʘʱʠʪʝ ʯʝʪʢʠ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʢʘʢʪʦ ʠ 

ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠ ʧʘʪʦʛʝʥʠ ʚʲʚ ʚʲʟʜʫʭʘ. ɺʪʦʨʘʪʘ UV ʣʘʤʧʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʚ 

ʟʘʜʥʠʷ ʢʨʘʡ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ, ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʧʦʩʣʝʜʥʘ ʪʝʭʥʦʣʦʛʠʯʥʘ ʦʧʝʨʘʮʠʷ, ʥʘʥʝʩʝʥʘ 



ммт 
 

ʚʲʨʭʫ ʚʝʯʝ ʧʦʯʠʩʪʝʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ, ʩʣʝʜ ʢʘʪʦ ʧʦʩʪʘʚʝʥʘʪʘ ʜʦ ʥʝʷ ʛʫʤʝʥʘ ʯʝʪʢʘ ʝ 

ʠʟʪʣʘʩʢʘʣʘ ʦʩʪʘʪʲʯʥʠʷ ʧʨʝʧʘʨʘʪ ʦʪ ʪʨʝʪʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʇʦʚʜʠʛʘʥʝʪʦ ʠ ʩʧʫʩʢʘʥʝʪʦ ʥʘ 

ʛʫʤʝʥʘʪʘ ʯʝʪʢʘ, ʢʘʢʪʦ ʠ ʥʘ ʨʦʪʘʮʠʦʥʥʠʪʝ ʯʝʪʢʠ ʠ ʪʷʭʥʦʪʦ ʘʢʪʠʚʠʨʘʥʝ ʟʘʚʠʩʠ ʦʪ ʠʟʙʨʘʥʘʪʘ 

ʪʝʭʥʦʣʦʛʠʯʥʘ ʦʧʝʨʘʮʠʷ, ʢʦʷʪʦ ʱʝ ʠʟʧʲʣʥʷʚʘ ʨʘʟʨʘʙʦʪʝʥʠʷʪ ʨʦʙʦʪ ʩ ʭʠʛʠʝʥʝʥ ʤʦʜʫʣ ʠ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘʪ ʯʨʝʟ ʦʪʜʝʣʝʥ ʢʦʥʪʨʦʣʝʨ, ʩʚʲʨʟʘʥ ʢʲʤ ʛʣʘʚʥʠʷ ʢʦʤʧʶʪʲʨ ʥʘ ʨʦʙʦʪʘ . 

3.6.1 ɸʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ 

ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʘ ʨʘʙʦʪʘ  ʚ ʨʝʞʠʤ ʥʘ ʧʦʯʠʩʪʚʘʥʝ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʬʠʛʫʨʘ 108  

                        

ʌʠʛʫʨʘ 108: ɹʣʦʢʦʚʘ ʩʭʝʤʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ    ʌʠʛʫʨʘ109 : ʍʘʨʜʫʝʨʥʘ ʩʠʩʪʝʤʘ ʥʘ ʭʠʛʠʝʥʥʠʷ  

                              ʟʘ ʫʧʨʘʚʣʝʥʠʝ                                                                      ʤʦʜʫʣ 

ɸʣʛʦʨʠʪʲʤʲʪ ʥʘ ʨʘʙʦʪʘ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʩʪʲʧʢʠ: 

Å ɿʘʧʦʯʚʘ ʩʝ ʩ ʠʥʩʪʘʣʘʮʠʷ ʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʤʦʜʫʣʘ. ʉʣʝʜ ʢʘʪʦ ʦʧʝʨʘʪʦʨʲʪ ʝ ʠʥʩʪʘʣʠʨʘʣ 

ʧʦʯʠʩʪʚʘʱʠʷ ʤʦʜʫʣ ʠ ʝ ʚʲʚʝʣ ʧʣʘʪʬʦʨʤʘʪʘ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ (ʚʢʣʶʯʚʘʥʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ), 

ʧʨʦʛʨʘʤʘʪʘ ʩʝ ʩʪʘʨʪʠʨʘ ʠ ʢʦʥʪʨʦʣʝʨʲʪ ʠʟʧʨʘʱʘ ʩʠʛʥʘʣ ʜʦ ʟʘʜʚʠʞʚʘʱʠʷ ʤʝʭʘʥʠʟʲʤ. ʄʦʪʦʨʲʪ 

ʟʘʧʦʯʚʘ ʜʘ ʧʦʚʜʠʛʘ ʢʦʥʩʪʫʢʮʠʷʪʘ, ʥʘ ʢʦʷʪʦ ʩʘ ʧʨʠʢʨʝʧʝʥʠ ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʝʪʢʠ, ʜʦʢʘʪʦ ʩʝ 

ʜʦʩʪʠʛʥʝ ʲʛʲʣʲʪ, ʟʘʜʘʜʝʥ ʦʪ ʧʨʦʛʨʘʤʘʪʘ. ʉʣʝʜ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʘʟʠ ʧʨʦʮʝʜʫʨʘ, ʧʣʘʪʬʦʨʤʘʪʘ 

ʝ ʚ ʨʝʞʠʤ "ʚ ʛʦʪʦʚʥʦʩʪ", ʜʦʢʘʪʦ ʥʝ ʙʲʜʝ ʠʟʜʘʜʝʥʘ ʢʦʤʘʥʜʘ ʦʪ ʦʧʝʨʘʪʦʨʘ. ʊʘʟʠ ʧʨʦʮʝʜʫʨʘ 

ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʠ ʚ ʩʣʫʯʘʡ, ʯʝ ʧʣʘʪʬʦʨʤʘʪʘ ʝ ʧʨʝʢʲʩʥʘʣʘ ʨʘʙʦʪʘʪʘ ʩʠ ʧʨʠ ʘʚʘʨʠʡʥʘ 



мму 
 

ʩʠʪʫʘʮʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʷʪʘ, ʥʦʩʝʱʘ ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʝʪʢʠ, ʝ ʦʩʪʘʥʘʣʘ ʚ ʨʘʙʦʪʥʦ ʧʦʣʦʞʝʥʠʝ. 

Å  ʂʦʛʘʪʦ ʧʨʦʛʨʘʤʘʪʘ ʧʦʣʫʯʠ ʢʦʤʘʥʜʘʪʘ "ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʧʦʯʠʩʪʚʘʥʝʪʦ", ʢʦʥʪʨʦʣʝʨʲʪ ʠʟʧʨʘʱʘ 

ʩʠʛʥʘʣ ʜʦ ʜʨʘʡʚʝʨʘ [93] ʥʘ ʜʚʠʛʘʪʝʣʷ. ɿʘʜʚʠʞʚʘʱʠʷʪ ʤʝʭʘʥʠʟʲʤ ʟʘʧʦʯʚʘ ʜʘ ʩʧʫʩʢʘ ʨʘʤʦʪʦ, 

ʥʘ ʢʦʝʪʦ ʩʘ ʤʦʥʪʠʨʘʥʠ ʚʲʨʪʷʱʠʪʝ ʩʝ ʜʚʠʛʘʪʝʣʠ, ʜʦʢʘʪʦ ʯʝʪʢʠʪʝ ʜʦʢʦʩʥʘʪ ʨʘʙʦʪʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ. ʉʣʝʜ ʢʘʪʦ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʝ ʩʧʫʩʥʘʪʘ, ʢʦʥʪʨʦʣʝʨʲʪ ʠʟʧʨʘʱʘ ʩʠʛʥʘʣ ʜʦ 

ʜʨʘʡʚʝʨʠʪʝ ʥʘ ʜʚʠʛʘʪʝʣʠʪʝ, ʟʘʜʚʠʞʚʘʱʠ ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʝʪʢʠ. ʊʝ ʩʝ ʟʘʜʚʠʞʚʘʪ, ʢʘʪʦ ʜʦʩʪʠʛʘʪ 

ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʠ ʩʢʦʨʦʩʪ ʟʘ 5 ʩʝʢʫʥʜʠ. ʊʦʚʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʥʘʪʦʚʘʨʚʘʥʝ, ʢʦʝʪʦ ʙʠ ʩʝ 

ʧʦʣʫʯʠʣʦ ʦʪ ʚʥʝʟʘʧʥʦʪʦ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʜʚʠʛʘʪʝʣʠʪʝ. 

Å   ʂʦʛʘʪʦ ʧʨʦʛʨʘʤʘʪʘ ʧʦʣʫʯʠ ʢʦʤʘʥʜʘʪʘ "ʟʘʧʦʯʥʝʪʝ ʧʦʯʠʩʪʚʘʥʝʪʦ ʩ ʚʦʜʘ", ʘʢʦ ʧʣʘʪʬʦʨʤʘʪʘ 

ʝ ʙʠʣʘ ʚ ʨʝʞʠʤ "ʠʟʯʘʢʚʘʥʝ", ʧʨʦʮʝʜʫʨʘʪʘ ʚ ʩʪʲʧʢʘ 2 ʩʝ ʧʦʚʪʘʨʷ ʠ ʩʣʝʜ ʢʘʪʦ ʜʚʠʛʘʪʝʣʠʪʝ, 

ʟʘʜʚʠʞʚʘʱʠ ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʝʪʢʠ, ʜʦʩʪʠʛʥʘʪ ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʠ ʩʢʦʨʦʩʪ, ʢʦʥʪʨʦʣʝʨʲʪ ʠʟʧʨʘʱʘ 

ʩʠʛʥʘʣ ʜʦ ʜʨʘʡʚʝʨʘ ʥʘ ʜʚʠʛʘʪʝʣʷ ʥʘ  ʧʦʤʧʘʪʘ ʥʘ ʨʝʟʝʨʚʦʘʨʘ. 

Å   ɸʢʦ ʧʣʘʪʬʦʨʤʘʪʘ ʝ ʙʠʣʘ ʚ ʨʝʞʠʤ "ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʧʦʯʠʩʪʚʘʥʝʪʦ", ʢʦʛʘʪʦ ʝ ʙʠʣʘ ʜʘʜʝʥʘ 

ʢʦʤʘʥʜʘʪʘ "ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʧʦʯʠʩʪʚʘʥʝʪʦ ʥʘ ʚʦʜʘʪʘ", ʢʦʥʪʨʦʣʝʨʲʪ ʜʠʨʝʢʪʥʦ ʠʟʧʨʘʱʘ ʩʠʛʥʘʣ  

ʩʘʤʦ ʥʘ ʜʨʘʡʚʝʨʘ ʥʘ ʜʚʠʛʘʪʝʣʷ, ʫʧʨʘʚʣʷʚʘʱ ʚʦʜʥʘʪʘ ʧʦʤʧʘ. 

Å  ʂʦʛʘʪʦ ʧʨʦʛʨʘʤʘʪʘ ʧʦʣʫʯʠ ʢʦʤʘʥʜʘʪʘ "ʟʘʧʦʯʥʝʪʝ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʧʦʜʘ ʩ UV ʣʘʤʧʘ", 

ʢʦʥʪʨʦʣʝʨʲʪ ʠʟʧʨʘʱʘ ʩʠʛʥʘʣ ʜʦ ʜʨʘʡʚʝʨʘ ʥʘ ʣʠʥʝʡʥʠʷ ʤʦʪʦʨ. ʄʦʪʦʨʲʪ ʟʘʧʦʯʚʘ ʩʧʫʩʢʘ 

ʨʘʤʦʪʦ, ʢʲʤ ʢʦʝʪʦ ʝ ʤʦʥʪʠʨʘʥʘ ʯʝʪʢʘ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʧʦʜʘ ʠ UV ʣʘʤʧʘ.  ʉʣʝʜ ʢʘʪʦ ʨʘʤʦʪʦ 

ʩʝ ʩʧʫʩʥʝ ʥʘ ʧʦʜʘ, ʩʝ ʠʟʧʨʘʱʘ ʩʠʛʥʘʣ ʢʲʤ ʨʝʣʝʪʦ, ʟʘʭʨʘʥʚʘʱʦ UV ʣʘʤʧʘʪʘ. 

Å  ʇʨʠ ʠʟʜʘʚʘʥʝ ʥʘ ʢʦʤʘʥʜʘʪʘ "ɿʘʧʦʯʥʝʪʝ ʧʦʯʠʩʪʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʩ UV ʣʘʤʧʘ", 

ʢʦʥʪʨʦʣʝʨʲʪ ʠʟʧʨʘʱʘ ʩʠʛʥʘʣ ʢʲʤ ʨʝʣʝʡʥʦʪʦ ʟʘʭʨʘʥʚʘʥʝ, ʢʦʥʪʨʦʣʠʨʘʱʦ UV ʣʘʤʧʘʪʘ, 

ʧʦʯʠʩʪʚʘʱʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 

Å    ʇʨʠ ʢʦʤʘʥʜʘʪʘ "ʢʨʘʡ ʥʘ ʧʦʯʠʩʪʚʘʥʝʪʦ" ʢʦʥʪʨʦʣʝʨʲʪ ʧʦʜʘʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʣʝʜʥʠʪʝ 

ʩʠʛʥʘʣʠ:  

-  ʩʠʛʥʘʣ ʢʲʤ ʚʦʜʘʯʘ ʥʘ ʜʚʠʛʘʪʝʣʷ, ʟʘʜʚʠʞʚʘʱ ʧʦʤʧʘʪʘ ʥʘ ʨʝʟʝʨʚʦʘʨʘ ʟʘ ʩʧʠʨʘʥʝ ʥʘ ʨʘʙʦʪʘ,  

- ʩʠʛʥʘʣ ʢʲʤ ʜʨʘʡʚʝʨʠʪʝ ʥʘ ʜʚʠʛʘʪʝʣʠʪʝ, ʟʘʜʚʠʞʚʘʱʠ ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʝʪʢʠ ʟʘ ʩʧʠʨʘʥʝ ʥʘ 

ʨʘʙʦʪʘʪʘ,  

-  ʩʠʛʥʘʣ ʢʲʤ ʜʨʘʡʚʝʨʘ ʥʘ ʣʠʥʝʡʥʠʷ ʤʦʪʦʨ ʜʘ ʚʜʠʛʥʝ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʜʦ ʦʧʨʝʜʝʣʝʥʘʪʘ 

ʧʦʟʠʮʠʷʘ, ʟʘʜʘʜʝʥʘ ʦʪ ʧʨʦʛʨʘʤʘʪʘ,  

 - ʩʠʛʥʘʣ ʢʲʤ ʜʨʘʡʚʝʨʘ ʥʘ ʣʠʥʝʡʥʠʷ ʤʦʪʦʨ ʟʘ ʧʦʚʜʠʛʘʥʝ ʥʘ ʟʘʜʥʘʪʘ ʯʝʪʢʘ ʠ ʢʦʤʘʥʜʘ ʟʘ 

ʠʟʢʣʶʯʚʘʥʝ ʥʘ UV ʣʘʤʧʘʪʘ ʟʘ ʭʠʛʠʝʥʘ ʥʘ ʧʦʜʘ ʠ ʮʝʥʪʨʘʣʥʘʪʘ UV ʣʘʤʧʘ, ʧʦʯʠʩʪʚʘʱʘ 
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ʦʢʦʣʥʦʩʪʠʪʝ ʚ ʩʪʘʷʪʘ.  

ʉʣʝʜ ʪʘʟʠ ʢʦʤʘʥʜʘ ʧʣʘʪʬʦʨʤʘʪʘ ʦʪʥʦʚʦ ʱʝ ʙʲʜʝ ʚ ʨʝʞʠʤ ʥʘ ʛʦʪʦʚʥʦʩʪ ʠ ʟʘʭʨʘʥʚʘʥʝʪʦ ʤʦʞʝ 

ʜʘ ʙʲʜʝ ʧʨʝʢʲʩʥʘʪʦ. 

ʅʘ ʬʠʛʫʨʘ 109 ʝ ʧʨʝʜʩʘʚʝʥʘ ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʧʦʯʠʩʪʚʘʱʠʷ ʤʦʜʫʣ. ʇʦʯʠʩʪʚʘʱʠʷʪ 

ʤʦʜʫʣ ʩʝ ʟʘʭʨʘʥʚʘ ʦʪ ʣʠʪʠʝʚʦ-ʡʦʥʥʘ ʙʘʪʝʨʠʷ, ʩʲʩʪʦʷʱʘ ʩʝ ʦʪ 3 ʩʝʨʠʡʥʦ ʩʚʲʨʟʘʥʠ ʢʣʝʪʢʠ ʩ 

ʥʘʧʨʝʞʝʥʠʝ 3.7V ʠ ʤʘʢʩʠʤʘʣʝʥ ʪʦʢ 5A. 

3.6.2 ʊʝʣʝʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʷ ʤʦʜʫʣ ʟʘ ʧʦʯʠʩʪʚʘʥʝ 

ʋʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʧʦʯʠʩʪʚʘʱʠʷ ʤʦʜʫʣ ʝ ʜʦʙʘʚʝʥʦ ʢʲʤ ʫʝʙ-ʙʘʟʠʨʘʥʠʷ ʛʨʘʬʠʯʝʥ ʠʥʪʝʨʬʝʡʩ ʟʘ 

ʪʝʣʝʦʧʝʨʘʮʠʷ ʥʘ ʨʦʙʦʪʘ. ɺʨʲʟʢʘʪʘ ʤʝʞʜʫ ʨʦʙʦʪʘ ʠ ʧʦʪʨʝʙʠʪʝʣʷ ʝ ʯʨʝʟ Wi-Fi. ʇʦʪʨʝʙʠʪʝʣʷʪ 

ʤʦʞʝ ʜʘ ʠʟʧʦʣʟʚʘ ʤʦʙʠʣʥʦ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʣʘʧʪʦʧ- ʝʜʠʥʩʪʚʝʥʦʪʦ ʫʩʣʦʚʠʝ ʝ ʜʘ ʩʝ ʩʚʲʨʞʝ ʩ 

ʤʨʝʞʘʪʘ ʥʘ ʨʦʙʦʪʘ ʠ ʜʘ ʠʤʘ ʫʝʙ ʙʨʘʫʟʲʨ. ʊʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʪʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʫʝʙ ʩʦʢʝʪʘ. ʊʝ ʧʨʝʜʘʚʘʪ ʜʘʥʥʠ ʦʪ ʨʦʙʦʪʘ ʢʲʤ ʦʧʝʨʘʪʦʨʘ ʠ ʦʙʨʘʪʥʦ. 

ʂʲʤ ʠʥʪʝʨʬʝʡʩʘ ʩʘ ʜʦʙʘʚʝʥʠ ʙʫʪʦʥʠ ʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʫʣʠ ʠ 

ʦʧʝʨʘʮʠʠʪʝ, ʢʦʠʪʦ ʠʟʧʲʣʥʷʚʘʪ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʪʝʣʝʦʧʝʨʘʮʠʷʪʘ ʦʧʝʨʘʪʦʨʲʪ ʟʘʜʘʚʘ ʩʲʟʜʘʚʘʥʝʪʦ 

ʥʘ ʢʘʨʪʘ ʠ ʟʘʧʘʟʚʘʥʝʪʦ ʥʘ ʢʘʨʪʘʪʘ ʥʘ ʪʝʢʫʱʘʪʘ ʩʪʘʷ, ʘ ʩʧʦʨʝʜ ʩʠʪʫʘʮʠʷʪʘ, ʢʦʷʪʦ ʥʘʙʣʶʜʘʚʘ ʚ 

ʩʪʘʷʪʘ, ʟʘʜʘʚʘ ʢʦʠ ʩʠʩʪʝʤʠ ʜʘ ʩʝ ʚʢʣʶʯʘʪ, ʢʦʛʘʪʦ ʨʦʙʦʪʲʪ ʷ ʧʦʯʠʩʪʚʘ. ʆʩʚʝʥ ʪʦʚʘ ʧʦ ʚʩʷʢʦ 

ʚʨʝʤʝ ʦʧʝʨʘʪʦʨʲʪ ʠʤʘ ʜʦʩʪʲʧ ʜʦ ʨʦʙʦʪʘ ʠ ʦʧʮʠʷʪʘ ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ. 

ʌʫʥʢʮʠʠʪʝ ʟʘ ʧʦʯʠʩʪʚʘʥʝ, ʚʛʨʘʜʝʥʠ ʚ ʛʨʘʬʠʯʥʠʷ ʠʥʪʝʨʬʝʡʩ, ʩʘ ʩʣʝʜʥʠʪʝ: 

Å    ʉʲʟʜʘʚʘʥʝ ʥʘ ʢʘʨʪʘ: ʦʧʝʨʘʪʦʨʲʪ ʨʲʯʥʦ ʨʘʟʭʦʞʜʘ ʨʦʙʦʪʘ ʠʟ ʩʪʘʷʪʘ, ʜʦʢʘʪʦ ʩʝ ʩʲʟʜʘʜʝ ʧʲʣʥʘ 

ʢʘʨʪʘ. ʉʣʝʜ ʪʦʚʘ ʚʩʷʢʘ ʧʨʦʮʝʜʫʨʘ ʠʟʧʦʣʟʚʘ ʥʘʧʨʘʚʝʥʘʪʘ ʢʘʨʪʘ [16]. ʀʟʧʦʣʟʚʘ ʩʝ ʘʣʛʦʨʠʪʲʤ 

ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʢʘʥʠʨʘʥʝ ʥʘ ʢʘʨʪʘʪʘ, ʟʘ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʧʨʦʮʝʜʫʨʠʪʝ ʟʘ ʧʦʯʠʩʪʚʘʥʝ 

ʩʝ ʠʟʚʲʨʰʚʘʪ ʥʘʚʩʷʢʲʜʝ  

Å    ɿʘʧʦʯʥʝʪʝ ʜʘ ʧʦʯʠʩʪʚʘʪʝ ʩʘʤʦ ʩ ʯʝʪʢʠ 

Å    ɿʘʧʦʯʥʝʪʝ ʧʦʯʠʩʪʚʘʥʝ ʩ ʯʝʪʢʠ ʠ ʧʨʲʩʢʘʥʝ ʩ ʧʨʝʧʘʨʘʪ 

Å   ɺʢʣʶʯʚʘʥʝ ʠ ʘʢʪʠʚʠʨʘʥʝ ʥʘ ʜʝʟʠʥʬʝʢʮʠʨʘʱʘʪʘ ʧʦʜʩʠʩʪʝʤʘ ʩ UV ʣʘʤʧʠ. ʊʲʡ ʢʘʪʦ ʠʤʘ 

ʦʧʘʩʥʦʩʪ ʟʘ ʭʦʨʘʪʘ ʠ ʞʠʚʦʪʥʠʪʝ ʧʦ ʚʨʝʤʝ ʥʘ ʪʘʟʠ ʧʨʦʮʝʜʫʨʘ, ʧʨʝʜʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʣʘʤʧʠʪʝ 

ʩʝ ʘʢʪʠʚʠʨʘ ʘʣʛʦʨʠʪʲʤ ʟʘ ʟʘʱʠʪʘ ʦʪ ʨʘʜʠʘʮʠʷ. ɺ ʪʦʟʠ ʨʝʞʠʤ ʨʦʙʦʪʲʪ ʟʘʩʠʯʘ ʧʨʠʩʲʩʪʚʠʝʪʦ 

ʥʘ ʭʦʨʘ ʠʣʠ ʞʠʚʦʪʥʠ. ɸʢʦ ʪʘʢʠʚʘ ʙʲʜʘʪ ʦʪʢʨʠʪʠ, UV ʣʘʤʧʠʪʝ ʩʝ ʠʟʢʣʶʯʚʘʪ ʠ ʩʠʛʥʘʣʠʟʠʨʘʪ 

ʚ ʛʨʘʬʠʯʥʠʷ ʠʥʪʝʨʬʝʡʩ ʥʘ ʦʧʝʨʘʪʦʨʘ. ɿʘ ʧʦ-ʜʦʙʨʦ ʚʲʟʧʨʠʷʪʠʝ ʨʦʙʦʪʲʪ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ 

ʨʘʟʧʦʟʥʘʚʘ ʤʘʨʢʝʨʠ ʠ ʜʨʫʛʠ ʦʙʝʢʪʠ [17]. 

Å    ʇʦʯʠʩʪʚʘʥʝ ʚʢʣʶʯʠʪʝʣʥʦ ʚʩʠʯʢʠ ʩʠʩʪʝʤʠ /ʯʝʪʢʠ, ʤʠʝʥʝ, UV ʣʘʤʧʠ/ ʥʘ ʩʘʥʠʪʘʨʥʠʷ ʤʦʜʫʣ: 
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ɺ ʪʦʟʠ ʨʝʞʠʤ ʩʝ ʘʢʪʠʚʠʨʘʪ ʚʩʠʯʢʠ ʩʠʩʪʝʤʠ ʥʘ ʧʦʯʠʩʪʚʘʱʠʷ ʤʦʜʫʣ, ʢʘʢʪʦ ʠ ʚʩʠʯʢʠ 

ʘʣʛʦʨʠʪʤʠ. 

ʆʙʨʘʪʥʘʪʘ ʚʨʲʟʢʘ ʦʪ ʨʦʙʦʪʘ ʢʲʤ ʦʧʝʨʘʪʦʨʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʯʨʝʟ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʜʘʥʥʠ ʦʪ 

ʩʝʥʟʦʨʠʪʝ ʠ ʫʩʪʨʦʡʩʪʚʘʪʘ ʥʘ ʨʦʙʦʪʘ. ʆʧʝʨʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʩʣʝʜʠ ʚʠʜʝʦ ʧʦʪʦʢʘ ʦʪ ʢʘʤʝʨʘʪʘ ʥʘ 

ʨʦʙʦʪʘ, ʜʘ ʧʨʦʩʣʝʜʷʚʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ ʩʧʦʨʝʜ ʥʘʚʠʛʘʮʠʦʥʥʘʪʘ ʢʘʨʪʘ, ʜʘ ʚʠʜʠ 

ʜʘʣʠ ʠʤʘ ʟʘʜʘʜʝʥʘ ʦʧʝʨʘʮʠʷ ʠ ʜʦ ʢʘʢʚʘ ʩʪʝʧʝʥ ʪʷ ʝ ʟʘʚʲʨʰʝʥʘ. ʂʦʛʘʪʦ ʚʲʟʥʠʢʥʝ ʧʨʦʙʣʝʤ ʧʨʠ 

ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʦʧʝʨʘʮʠʷ ʠʣʠ ʚʲʟʥʠʢʥʝ ʥʝʠʟʧʨʘʚʥʦʩʪ, ʪʦʡ ʩʲʱʦ ʩʝ ʩʲʦʙʱʘʚʘ ʥʘ ʦʧʝʨʘʪʦʨʘ. 

ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠʪʝ ʦʧʝʨʘʮʠʠ, ʢʲʤ ʛʨʘʬʠʯʥʠʷ ʠʥʪʝʨʬʝʡʩ ʩʘ ʜʦʙʘʚʝʥʠ 

ʙʫʪʦʥʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʤʦʜʫʣʠʪʝ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʦʧʝʨʘʪʦʨʲʪ ʤʦʞʝ 

ʜʘ ʠʟʧʦʣʟʚʘ ʨʦʙʦʪʘ ʚ ʨʝʞʠʤ ʥʘ ʨʲʯʥʘ ʪʝʣʝʦʧʝʨʘʮʠʷ, ʟʘ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʠ ʠ ʜʨ.  

3.6.3. ʉʠʤʫʣʘʮʠʷ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʚʝʨʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ ʠ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ʨʘʙʦʪʘ 

ɿʘ ʚʝʨʠʬʠʮʠʨʘʥʝ ʥʘ ʤʦʜʫʣʘ ʠ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ʨʘʙʦʪʘ ʩʝ ʩʲʩʪʘʚʠ ʠ ʨʝʘʣʠʟʠʨʘ 

ʢʦʤʧʶʪʲʨʥʘ ʩʠʤʫʣʘʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʥʭʨʦʥʠʟʠʨʘʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʩʣʝʜʥʠʪʝ ʩʦʬʪʫʝʨʠ: 

Å SolidWorks-CAD 

Å Proteus 8.16 

Å Arduino IDE 

Å HHD Softwareôs Virtual Serial Port Tools  

Å Blender 3D 

ʇʲʨʚʘʪʘ ʩʪʲʧʢʘ ʝ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʦʜʘ ʚ Arduino IDE. ɿʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʩʠʤʫʣʘʮʠʷʪʘ 

ʚ ʢʦʜʘ ʩʝ ʚʲʚʝʞʜʘ BlendixSerial.h ʙʠʙʣʠʦʪʝʢʘʪʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ 

ʩʠʤʫʣʘʮʠʷʪʘ ʥʘ ʭʘʨʜʫʝʨʘ ʚ Proteus ʩ 3D ʩʨʝʜʘʪʘ ʥʘ Blender 3D, ʚ ʢʦʷʪʦ ʝ ʧʦʩʪʘʚʝʥ 

ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ. 

ʇʨʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʯʘʩʪ ʚ Proteus ʚʲʚ ʚʠʨʪʫʘʣʥʠʷ ʪʝʨʤʠʥʘʣ ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ 

ʦʧʝʨʘʪʦʨʲʪ ʠʟʙʠʨʘ ʢʦʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ʧʦʯʠʩʪʚʘʱʠʷ ʤʦʜʫʣ ʜʘ ʘʢʪʠʚʠʨʘ. ɺ ʧʨʦʛʨʘʤʘʪʘ 

ʩʘ ʟʘʣʦʞʝʥʠ 4 ʨʝʞʠʤʘ, ʢʦʠʪʦ ʩʝ ʚʲʚʝʞʜʘʪ ʩ ʮʠʬʨʘ ʚ ʪʝʨʤʠʥʘʣʘ:  

1- ʥʘʯʘʣʦ ʥʘ ʧʦʯʠʩʪʚʘʥʝʪʦ ( ʟʘʧʦʯʚʘ ʜʘ ʧʦʯʠʩʪʚʘ ʩ ʯʝʪʢʠ ʩʣʝʜ ʢʘʪʦ ʨʘʤʝʥʥʘʪʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʙʲʜʝ ʩʚʘʣʝʥʘ );  

2- UV ʧʦʯʠʩʪʚʘʥʝ (ʧʦʯʠʩʪʚʘʥʝ ʩ ʯʝʪʢʘʪʘ, ʧʦʟʠʮʠʦʥʠʨʘʥʘ ʚ ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʨʦʙʦʪʘ ʟʘʝʜʥʦ 

ʩ UV ʣʘʤʧʘʪʘ ʧʨʠʢʘʯʝʥʘ ʢʲʤ ʥʝʷ);  

3- ʧʦʯʠʩʪʚʘʥʝ ʩ ʚʦʜʘ ( ʩʪʘʨʪʠʨʘ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʧʦʤʧʘ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʩ ʚʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʶʟʠʪʝ, ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʚ ʧʨʝʜʥʘʪʘ ʯʘʩʪ ʥʘ ʨʦʪʘʮʠʦʥʥʠʪʝ ʯʝʪʢʠ);  
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4- ʨʝʞʠʤ UV ʣʘʤʧʘ ( ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʦʢʦʣʦʥʘʪʘ ʩʨʝʜʘ ʧʦʩʨʝʜʩʪʚʦʤ UV ʣʘʤʧʘʪʘ ʤʦʥʪʠʨʘʥʘ 

ʚʲʨʭʫ ʥʘʡ-ʛʦʨʥʘʪʘ ʧʣʦʯʘ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ)  

 

ʌʠʛʫʨʘ 110: ʉ̡ ʟʜʘʚʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʚ ʩʨʝʜʘʪʘ ʥʘ Arduino IDE 

ɺʪʦʨʘ ʩʪʲʧʢʘ ʩʣʝʜ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʚ ʩʨʝʜʘʪʘ ʥʘ Arduino IDE ʝ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 

ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʥʝʡʥʦʪʦ ʦʢʘʙʝʣʷʚʘʥʝ ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus. ɿʘ ʪʘʟʠ ʮʝʣ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʙʠʙʣʠʦʪʝʢʠʪʝ ʥʘ Proteus, ʚ ʢʦʠʪʦ ʠʤʘ ʛʦʪʦʚʠ ʢʦʤʧʦʥʝʥʪʠ - ʤʦʪʦʨʠ, ʩʝʥʟʦʨʠ, ʢʦʥʪʨʦʣʝʨʠ ʠ ʪ.ʥ. 

ʅʘ ʬʠʛʫʨʘ 111 ʝ ʧʦʢʘʟʘʥʘ ʩʲʟʜʘʜʝʥʘʪʘ  ʭʘʨʜʫʝʨʥʘ ʩʭʝʤʘ, ʩʚʲʨʟʚʘʱʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, 

ʠʟʛʨʘʞʜʘʱʠ ʤʦʜʫʣʘ ʢʘʢʪʦ ʠ ʚʠʨʪʫʘʣʝʥ ʪʝʨʤʠʥʘʣ ʟʘ ʚʲʚʝʞʜʘʥʝ ʠ ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ. 
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ʌʠʛʫʨʘ 111: ʍʘʨʜʫʝʨʥʘ ʩʭʝʤʘ ʥʘ ʧʦʯʠʩʪʚʘʱʠʷ ʤʦʜʫʣ 

ʉʣʝʜ ʢʘʪʦ ʚʩʠʯʢʠ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʩʚʲʨʟʘʥʠ ʧʨʘʚʠʣʥʦ ʠ ʭʘʨʜʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ, ʠʟʛʨʘʞʘʱʘ 

ʤʦʜʫʣʘ ʝ ʛʦʪʦʚʘ ʩʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʜʘ ʩʝ ʟʘʨʝʜʠ ʧʨʦʛʨʘʤʘʪʘ ʥʘʧʠʩʘʥʘ ʚ Arduino IDE ʚ 

ʩʨʝʜʘʪʘ ʥʘ Proteus, ʢʲʜʝʪʦ ʠʟʚʲʨʰʚʘʤʝ ʩʠʤʫʣʘʮʠʷʪʘ. ɿʘʨʝʞʜʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʩʪʘʚʘ ʢʘʪʦ 

ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus  ʚʲʨʭʫ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ʩʝ ʥʘʪʠʩʥʝ ʩ ʜʝʩʝʥ ʙʫʪʦʥ. ɺ ʨʝʟʫʣʪʘʪ ʠʟʣʠʟʘ 

ʤʝʥʶʪʦ Edit Component, ʧʨʝʟ ʢʦʝʪʦ ʟʘʨʝʞʜʘʤʝ Arduino ʬʘʡʣʘ. 

 

ʌʠʛʫʨʘ 112: ɿʘʨʝʞʜʘʥʝʪʦ ʥʘ Arduino ʬʘʡʣʘ  ʚ ʩʨʝʜʘʪʘ ʥʘ Proteus 

ʉʣʝʜʚʘʱʘ ʩʪʲʧʢʘ ʝ ʦʪʚʘʨʷʥʝʪʦ ʥʘ 3D ʤʦʜʝʣʘ ʥʘ ʨʦʙʦʪʘ ʚ 3D ʩʨʝʜʘʪʘ ʥʘ Blender. ɿʘ ʜʘ ʤʦʞʝ 

ʜʘ ʩʝ ʜʚʠʞʠ ʤʦʜʝʣʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʘʥ ʦʪ ʥʘʩ ʥʘʯʠʥ ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʯʘʩʪʠ ʚ Solidworks 



мно 
 

ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʝʢʩʧʦʨʪʠʨʘʥʠ ʦʪʜʝʣʥʦ ʠ ʘʩʝʤʙʣʠʨʘʥʠ ʥʘ ʥʦʚʦ ʚ ʩʨʝʜʘʪʘ ʥʘ Blender 3D ʢʲʜʝʪʦ 

ʩʝ ʟʘʜʘʚʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʦʛʨʘʥʠʯʝʥʠʷ ʢʲʤ 3D ʦʙʝʢʪʠʪʝ ʠ ʩʝ ʨʠʛʚʘʪ ʦʙʝʢʪʠʪʝ, ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ 

ʫʧʨʘʚʣʷʚʘʥʠ ʦʪ ʧʨʦʛʨʘʤʘʪʘ ʠ ʱʝ ʩʝ ʜʚʠʞʘʪ ʧʦ  ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʠʥ.  

ʉʪʲʧʢʠʪʝ ʥʘ ʨʠʛʚʘʥʝ, ʟʘ ʜʘ ʤʦʞʝ ʤʦʜʝʣʲʪ ʜʘ ʩʝ ʜʚʠʞʠ ʧʦ ʦʧʨʝʜʝʣʝʥʘ  ʪʨʘʝʢʪʦʨʠʷ ʥʘ ʙʘʟʘ ʥʘ 

ʫʧʨʘʚʣʷʚʘʱʘʪʘ ʧʨʦʛʨʘʤʘ , ʢʦʷʪʦ ʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚ ʩʠʤʫʣʘʮʠʷʪʘ Proteus ʩʘ ʩʣʝʜʥʠʪʝ: 

       
     ʌʠʛʫʨʘ 113                                        ʌʠʛʫʨʘ 114                            ʌʠʛʫʨʘ 115 

ʄʝʥʶ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ                  ɻʝʥʝʨʠʨʘʥʘʪʘ ʘʨʤʘʪʫʨʘ                  ʇʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ  

ʩʢʝʣʝʪʥʘ ʩʪʨʫʢʪʫʨʘ                 ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 3D ʦʙʝʢʪʘ         ʘʨʤʘʪʫʨʘʪʘ ʚ 3D ʦʙʝʢʪʘ 

 

ɺ ʦʙʝʢʪʝʥ ʨʝʞʠʤ ʩʝ ʩʲʟʜʘʚʘ Ăʘʨʤʘʪʫʨʘñ( ʩʢʝʣʝʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʢʦʷʪʦ ʫʧʨʘʚʣʷʚʘ ʜʘʜʝʥ 3D 

ʦʙʝʢʪ). ï ʬʠʛ.113. ʉʣʝʜ ʢʘʪʦ ʩʝ ʩʲʟʜʘʜʝ ʘʨʤʘʪʫʨʘʪʘ, ʪʷ ʩʝ ʧʨʝʤʝʩʪʚʘ ʥʘ ʤʷʩʪʦʪʦ, ʥʘ ʢʦʝʪʦ 

ʠʩʢʘʤʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʜʚʠʞʝʥʠʝʪʦ ʠ ʩʝ ʧʦʩʪʘʚʷ ʢʲʤ ʮʷʣʦʩʪʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʤʦʜʝʣʘ, 

ʢʦʡʪʦ ʞʝʣʘʝʤ ʜʘ ʙʲʜʝ ʨʠʛʥʘʪ. ï ʬʠʛ.114 ʠ ʬʠʛ.115. ɺ ʦʙʝʢʪʝʥ ʨʝʞʠʤ, ʩʣʝʜ ʢʘʪʦ ʩʝ ʠʟʙʝʨʝ 

ʞʝʣʘʥʠʷ ʤʦʜʝʣ,  ʘʨʤʘʪʫʨʘʪʘ  ʩʝ ʧʨʝʚʢʣʶʯʚʘ ʚ ʨʝʞʠʤ ʥʘ ʧʦʟʘ ( ʬʠʛʫʨʘ 116 ). ʉʣʝʜʚʘ ʠʟʙʦʨ ʥʘ 

ʢʦʩʪ, ʢʦʷʪʦ ʜʘ ʙʲʜʝ ʨʠʛʥʘʪʘ, ʪ.ʝ. ʩʢʨʝʧʝʥʘ ʢʲʤ ʤʦʜʝʣʘ  (ʬʠʛʫʨʘ 117 ). ʀ ʥʘʢʨʘʷ ʩʝ ʥʘʪʠʩʢʘ ctrl 

+ p ʠ ʩʝ ʠʟʙʠʨʘ "ʢʦʩʪ"(ʬʠʛʫʨʘ 118 ) 

                                                                          
               ʌʠʛʫʨʘ 116                                          ʬʠʛʫʨʘ 117                            ʬʠʛʫʨʘ 118 

ʀʟʙʦʨʘ ʥʘ ʤʝʥʶ ʧʦʟʘ ʀʟʙʦʨ ʥʘ ʢʦʩʪ, ʢʦʷʪʦ ʜʘ   ʄʝʥʶ ʟʘ ʠʟʙʦʨ ʥʘ  

           ʙʲʜʝ ʨʠʛʥʘʪʘ            Ăʢʦʩʪñ 

 

ʉʣʝʜ ʨʠʛʚʘʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʜʦʙʘʚʷʤʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʢʲʤ Blender BlendixSerial. ɹʠʙʣʠʦʪʝʢʘʪʘ 

BlendixSerial ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʜʘ ʨʘʙʦʪʠ ʟʘʝʜʥʦ ʩ ʜʦʙʘʚʢʘʪʘ blendixserial ʚ Blender. ʊʦ ʧʦʟʚʦʣʷʚʘ 
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ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʦʙʝʢʪʠ ʚ Blender ʯʨʝʟ ʩʝʨʠʡʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʩ Arduino ʠʣʠ ʜʨʫʛʠ 

ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʠ. 

ʏʨʝʟ ʝʤʫʣʠʨʘʥʝʪʦ ʥʘ COM ʧʦʨʪʦʚʝʪʝ ʦʪ HHD Softwareôs Virtual Serial Port Tools ʟʘʝʜʥʦ ʩ 

BlendixSerial ʟʘʧʦʯʚʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus ʠ 3D 

ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ ʩ ʧʨʠʢʘʯʝʥ ʤʦʜʫʣ ʚ Blender  

 

ʌʠʛʫʨʘ 119: ɽʤʫʣʠʨʘʥʝ ʥʘ COM ʧʦʨʪʦʚʝʪʝ 

ʉʪʘʨʪʠʨʘʤʝ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus. ʇʦʩʨʝʜʩʪʚʦʤ ʚʠʨʪʫʘʣʥʠʷʪ ʪʝʨʤʠʥʘʣ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ 

ʩʪʘʨʪʠʨʘʥʘʪʘ ʧʨʦʛʨʘʤʘ, ʢʦʷʪʦ ʝ ʥʘʧʠʩʘʥʘ ʚ Arduino ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚ Proteus ʯʨʝʟ 

ʛʝʥʝʨʠʨʘʥʠʷ hex ʬʘʡʣ. ʊʝʨʤʠʥʘʣʲʪ ʠʟʧʠʩʚʘ, ʯʝ ʧʨʦʮʝʜʫʨʘʪʘ ʝ ʟʘʧʦʯʥʘʣʘ ʠ ʠʟʯʘʢʚʘ ʜʘ 

ʚʲʚʝʜʝʤ ʨʝʞʠʤʘ ʥʘ ʧʦʯʠʩʪʚʘʥʝ, ʢʦʡʪʦ ʠʩʢʘʤʝ ʜʘ ʩʪʘʨʪʠʨʘʤʝ.  

 

ʌʠʛʫʨʘ 120: ʉʪʘʨʪʠʨʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ ʚ Proteus 
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ɺʲʟʤʦʞʥʠʪʝ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʩʘ:  

1- ʥʘʯʘʣʦ ʥʘ ʧʦʯʠʩʪʚʘʥʝʪʦ  

2- UV ʧʦʯʠʩʪʚʘʥʝ  

3- ʧʦʯʠʩʪʚʘʥʝ ʩ ʚʦʜʘ  

4- ʨʝʞʠʤ UV ʣʘʤʧʘ  

ʇʨʝʜʠ ʟʘʧʦʯʚʘʥʝ ʥʘ ʧʨʦʛʨʘʤʘʪʘ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʘʣʛʦʨʠʪʲʤʘ ʟʘ ʧʦʯʠʩʪʚʘʥʝ, ʨʘʤʝʥʘʪʘ, ʥʘ 

ʢʦʠʪʦ ʩʘ ʤʦʥʪʠʨʘʥʠ ʧʦʯʠʩʪʚʘʱʠʪʝ ʯʝʪʢʠ ʩʝ ʚʜʠʛʘʪ ʘʚʪʦʤʘʪʠʯʥʦ.(ʬʠʛ.121) ʉʣʝʜ ʚʲʚʝʞʜʘʥʝ ʥʘ 

ʢʦʤʘʥʜʘ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʚ ʪʝʨʤʠʥʘʣʘ, ʪʝ ʩʝ ʩʧʫʩʢʘʪ ʜʦ ʢʨʘʡʥʦ ʜʦʣʥʦ ʧʦʣʦʞʝʥʠʝ, ʚ ʢʦʝʪʦ ʝ 

ʧʨʝʜʚʠʜʝʥʦ ʜʘ ʟʘʧʦʯʥʝ ʨʦʪʘʮʠʷʪʘ ʥʘ ʯʝʪʢʠʪʝ ʠ ʧʦʯʠʩʪʚʘʥʝʪʦ ʥʘ ʙʘʟʘ ʥʘ ʠʟʚʲʨʰʝʥ 

ʛʝʦʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ ʚ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʠʟʜʝʣʠʝʪʦ.(ʬʠʛ.122) 

        
ʌʠʛʫʨʘ 121 ʈʘʤʝʥʘʪʘ ʩ ʯʝʪʢʠʪʝ ʚ                           ʌʠʛʫʨʘ 122 ʈʘʤʝʥʘʪʘ ʠ ʯʝʪʢʠʪʝ ʚ 

ʧʦʚʜʠʛʥʘʪʦ ʩʲʩʪʦʷʥʠʝ    ʩʧʫʩʥʘʪʦ ʧʦʣʦʞʝʥʠʝ 

ɿʘ ʜʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʧʨʦʤʝʥʠʪʝ ʚ 3D ʤʦʜʝʣʘ ʥʘ ʢʦʥʩʪʨʫʠʨʘʥʠʷ ʨʦʙʦʪ ʚ ʧʘʜʘʱʦʪʦ ʤʝʥʶ ʥʘ 

BlendixSerial ʟʘʜʲʣʞʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʤʝ ʥʘʪʠʩʥʘʣʠ Connect Serial ʠ Start Movement, ʢʘʢʪʦ 

ʠ ʜʘ ʩʤʝ ʧʦʩʦʯʠʣʠ ʝʤʫʣʠʨʘʥʠʷ ʧʦʨʪ. ï (ʬʠʛ.123, ʬʠʛ.124, ʬʠʛ.125) 

 

ʌʠʛʫʨʘ 123 ʀʟʙʦʨ ʥʘ COM ʧʦʨʪ ʚ ʩʨʝʜʘʪʘ ʥʘ Blender 



мнс 
 

                               
                                      ʌʠʛʫʨʘ 124                                       ʌʠʛʫʨʘ 125 

BlendixSerial ʧʨʝʜʠ ʩʪʘʨʪʠʨʘʥʝ  BlendixSerialʩʣʝʜ ʩʪʘʨʪʠʨʘʥʝ 

 

ʉʣʝʜ ʢʘʪʦ ʚʲʚʝʜʝʤ 1 ʠ ʩʪʘʨʪʠʨʘʤʝ ʧʦʯʠʩʪʚʘʥʝʪʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʜʥʠʪʝ ʯʝʪʢʠ, ʨʘʤʝʥʥʘʪʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʩʝ ʩʤʲʢʚʘ ʠ ʟʘʧʦʯʚʘ ʚʲʨʪʝʥʝʪʦ ʥʘ ʯʝʪʢʠʪʝ. ʊʝʨʤʠʥʘʣʲʪ ʚʠʟʫʘʣʠʟʠʨʘ 

ʧʨʝʤʝʩʪʚʘʥʝʪʦ ʥʘ ʨʘʤʝʥʘʪʘ ʠ ʠʟʧʠʩʚʘ , ʯʝ ʜʝʡʩʪʚʠʝʪʦ ʝ ʫʩʧʝʰʥʦ ʠʟʚʲʨʰʝʥʦ. ʇʨʝʤʝʩʪʚʘʥʝʪʦ 

ʝ ʚʠʟʫʘʣʠʟʠʨʘʥʦ ʠ ʚ ʤʝʥʶʪʦ ʚ Blender, ʧʦʢʘʟʚʘʱʦ ʧʨʝʤʝʩʪʚʘʥʝʪʦ ʚʲʚ ʚʠʩʦʯʠʥʘ. ʉʣʝʜ ʢʦʝʪʦ 

ʩʝ ʦʯʘʢʚʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʩʣʝʜʚʘʱʘ ʢʦʤʘʥʜʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ. (ʌʠʛ. 126) 

 

ʌʠʛʫʨʘ 126 ʀʟʧʲʣʥʝʥʠʷʪ ʨʝʞʠʤ ʚ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʩʨʝʜʘ ʠ ʦʯʘʢʚʘʥʝ ʥʘ ʩʣʝʜʚʘʱʘ ʢʦʤʘʥʜʘ 

ʀʟʦʙʨʘʞʝʥʠʝʪʦ ʥʘ ʬʠʛʫʨʘʪʘ 127 ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʨʝʞʠʤʘ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʩ 

ʯʝʪʢʘʪʘ, ʧʦʟʠʮʠʦʥʠʨʘʥʘ ʚ ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʨʦʙʦʪʘ ʠ ʘʢʪʠʚʠʨʘʥʘʪʘ UV ʣʘʤʧʘ. ɺ 

ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʯʘʩʪ ʥʘ Proteus ʣʘʤʧʘʪʘ, ʩʲʦʪʚʝʪʩʪʚʘʱʘ ʥʘ UV ʣʘʤʧʘʪʘ ʚ 3D ʤʦʜʝʣʘ ʩʝ  

ʚʢʣʶʯʚʘ ʥʘ ʙʘʟʘ ʥʘ ʢʦʜʘ, ʘ ʚʠʟʫʘʣʠʟʘʮʠʷʪʘ ʥʘ ʠʟʤʝʥʝʥʠʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʧʨʦʤʷʥʘ ʥʘ 

ʮʚʝʪʘ. 



мнт 
 

 

ʌʠʛʫʨʘ 127 ʉʪʘʨʪʠʨʘʥʝ ʥʘ ʧʦʯʠʩʪʚʘʥʝ ʩ ʯʝʪʢʘ ʠ ʋɺ ʣʘʤʧʘ ʚ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʩʨʝʜʘ 

ɺʲʚʝʞʜʘʥʝʪʦ ʚʲʚ ʚʠʨʪʫʘʣʥʠʷ ʪʝʨʤʠʥʘʣ ʥʘ Proteus ʨʝʞʠʤʘ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ 

ʧʦʩʨʝʜʩʪʚʦʤ UV ʣʘʤʧʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʢʘʪʦ ʩʲʦʪʚʝʪʩʪʚʘʱʘ ʣʘʤʧʘ ʚ ʩʠʤʫʣʘʮʠʷʪʘ, ʤʦʥʪʠʨʘʥʘ 

ʥʘ ʥʘʡ-ʛʦʨʥʘʪʘ ʧʣʦʯʘ ʚ Blender 3D ʧʨʦʤʝʥʷ ʮʚʝʪʘ ʩʠ. ɺ ʩʣʫʯʘʷ ʥʘ ʧʦʯʠʩʪʚʘʥʝʪʦ ʩ ʚʦʜʘ ʩʝ 

ʘʢʪʠʚʠʨʘ ʜʘʜʝʥʠʷ ʜʚʠʛʘʪʝʣ ʦʪʛʦʚʘʨʷʱ ʟʘ ʦʥʘʛʣʝʜʘʚʘʥʝʪʦ ʥʘ ʧʦʤʧʘʪʘ ʚ ʩʨʝʜʘʪʘ ʥʘ 

Proteus.(128) 

                  

ʌʠʛʫʨʘ 128: ɸʢʪʠʚʠʨʘʥʠʷʪ ʨʝʞʠʤ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʦʢʦʣʦʥʘʪʘ ʩʨʝʜʘ ʚ ʩʠʤʫʣʘʮʠʷʪʘ 

3.7 ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠʷ ʨʦʙʘʪ ʩ ʧʨʠʢʨʝʧʝʥ ʤʦʜʫʣ ʩ ʘʥʪʨʦʧʦʤʦʨʬʝʥ ʨʦʙʦʪ 

 ɿʘ ʦʧʝʨʘʮʠʠ, ʠʟʠʩʢʚʘʱʠ ʦʧʨʝʜʝʣʝʥʦ ʥʠʚʦ ʥʘ ʧʨʝʮʠʟʥʦʩʪ, ʢʲʤ ʧʣʘʪʬʦʨʤʘʪʘ ʥʘ ʤʦʙʠʣʥʠʷ 

ʨʦʙʦʪ ʝ ʧʨʠʢʨʝʧʝʥ ʤʦʜʫʣ ʩ ʘʥʪʨʦʧʦʤʦʨʬʝʥ ʨʦʙʦʪ. 



мну 
 

 

ʌʠʛʫʨʘ 129. ʄʦʜʫʣʲʪ ʩ ʧʨʠʢʨʝʧʝʥʠʷ Niryo One ʢʲʤ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ 

3.7.1 ʉʦʬʪʫʝʨ ʟʘ ʫʧʨʘʚʣʝʥʠʝ 

ɿʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʘʥʪʨʦʧʦʤʦʨʬʥʠʷ ʨʦʙʦʪ ʩʝ ʠʟʧʦʣʟʚʘ ʫʧʨʘʚʣʷʚʘʱʠʷ ʩʦʬʪʫʝʨ Niryo 

One Studio [94], ʨʘʙʦʪʝʱ ʧʦʜ ʨʘʟʣʠʯʥʠ ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ (Windows, MacOS, Linux). 

ʉʦʬʪʫʝʨʲʪ, ʧʦʢʘʟʘʥ ʥʘ ʬʠʛʫʨʘ 59 ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʥʘʩʪʨʦʡʢʘ ʥʘ ʨʦʙʦʪʘ, ʧʨʝʤʝʩʪʚʘʥʝ ʥʘ ʨʦʙʦʪʘ, 

ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʢʦʤʘʥʜʠ ʠ ʜʨ.  

a) ʃʷʚʦʪʦ ʤʝʥʶ ʥʘ ʧʨʦʟʦʨʝʮʘ ʥʘ ʩʦʬʪʫʝʨʘ ʨʘʟʧʦʣʘʛʘ ʩʲʩ ʩʣʝʜʥʠʪʝ ʧʘʥʝʣʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ 

ʥʘ ʨʦʙʦʪʘ:  

Å ʅʠʨʠʦ ʙʣʦʢʦʚʝ;  

Å ɿʘʧʘʟʝʥʠ ʧʦʟʠʮʠʠ;  

Å ɿʘʧʘʟʝʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ (ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʘʨʪʠʨʘʥʝ);  

Å ʅʘʩʪʨʦʡʢʠ (Wi-Fi, Raspberry Pi, ʚʝʨʩʠʠ ʥʘ ʩʦʬʪʫʝʨʘ);  

Å ʂʘʣʠʙʨʠʨʘʥʝ;  

Å ʉʲʩʪʦʷʥʠʝ ʥʘ ʭʘʨʜʫʝʨʘ; ʆʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʛʨʝʰʢʠ ʠ ʨʝʛʠʩʪʨʘʮʠʦʥʥʠ ʬʘʡʣʦʚʝ. 

 

ʌʠʛʫʨʘ 130. ʇʨʦʟʦʨʝʮ ʥʘ ʩʦʬʪʫʝʨʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ Niryo One 

 

ʙ)ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʘ  

ʇʨʠ ʧʨʠʩʪʲʧʚʘʥʝ ʢʲʤ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ, ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʝʥʦ 



мнф 
 

ʢʘʣʠʙʨʠʨʘʥʝ, ʩʣʝʜ ʢʦʝʪʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʜʠʢʠʨʘʱ LED ʩʚʝʪʦʜʠʦʜ (ʟʝʣʝʥ ʠʣʠ ʩʠʥ) ʩʝ 

ʦʪʯʠʪʘ, ʯʝ ʨʦʙʦʪʲʪ ʝ ʫʩʧʝʰʥʦ ʩʪʘʨʪʠʨʘʥ. ʉʦʬʪʫʝʨʲʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʘʥʪʨʦʧʦʤʦʨʬʥʠʷʪ 

ʨʦʙʦʪ Niryo One Studio, ʠʤʘ ʩʝʢʮʠʷ, ʧʨʝʜʦʩʪʘʚʷʱʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʨʦʙʦʪʘ ʠ ʩʲʜʲʨʞʘ 

ʨʝʞʠʤʘ ʥʘ ʦʙʫʯʝʥʠʝ, ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘ 60. 

 

ʌʠʛʫʨʘ 131. ʇʦʩʪʦʷʥʥʘ ʜʷʩʥʘ ʩʝʢʮʠʷ ʚ ʧʨʦʟʦʨʝʮʘ ʥʘ ʩʦʬʪʫʝʨʘ 

¶       ʉʦʬʪʫʝʨʘ ʧʨʝʜʦʩʪʘʚʷ 3D ʠʟʛʣʝʜ ʥʘ ʨʦʙʦʪʘ. 3D ʠʟʛʣʝʜʲʪ ʧʦʤʘʛʘ ʟʘ ʦʪʯʠʪʘʥʝʪʦ ʜʘʣʠ ʝ 

ʥʘʧʨʘʚʝʥʦ ʧʨʘʚʠʣʥʦ ʨʲʯʥʦʪʦ/ʘʚʪʦʤʘʪʠʯʥʦʪʦ ʢʘʣʠʙʨʠʨʘʥʝ. ʇʨʠ ʨʘʟʣʠʢʘ ʚʲʚ ʬʠʟʠʯʝʩʢʠʪʝ 

ʧʦʟʠʮʠʠ ʥʘ ʨʦʙʦʪʘ ʠ ʪʦʚʘ ʢʦʝʪʦ ʩʝ ʚʠʞʜʘ ʥʘ ʝʢʨʘʥʘ ʩʝ ʥʘʣʘʛʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʘʚʪʦʤʘʪʠʯʥʦʪʦ 

ʢʘʣʠʙʨʠʨʘʥʝ ʦʪʥʦʚʦ.  

¶    ʇʨʠ ʘʢʪʠʚʠʨʘʥʝ ʥʘ ʙʫʪʦʥ Ăʨʝʞʠʤ ʥʘ ʦʙʫʯʝʥʠʝñ ʩʝ ʜʝʘʢʪʠʚʠʨʘ ʚʲʨʪʷʱʠʷ ʤʦʤʝʥʪ ʥʘ ʚʩʠʯʢʠ 

ʜʚʠʛʘʪʝʣʠ. ʂʦʛʘʪʦ ʨʦʙʦʪʲʪ ʝ ʚ Ăʨʝʞʠʤ ʥʘ ʦʙʫʯʝʥʠʝñ, ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʝʤʝʩʪʚʘʥ ʩʚʦʙʦʜʥʦ. 

ʂʦʛʘʪʦ ʨʝʞʠʤʲʪ ʥʘ ʦʙʫʯʝʥʠʝ ʝ ʠʟʢʣʶʯʝʥ, ʚʩʠʯʢʠ ʜʚʠʛʘʪʝʣʠ ʩʝ ʘʢʪʠʚʠʨʘʪ ʠ ʨʦʙʦʪʘ ʥʝ ʤʦʞʝ 

ʜʘ ʩʝ ʜʚʠʞʠ ʩʚʦʙʦʜʥʦ. ʂʦʛʘʪʦ ʨʝʞʠʤʲʪ ʥʘ ʦʙʫʯʝʥʠʝ ʝ ʠʟʢʣʶʯʝʥ, ʚʩʠʯʢʠ ʜʚʠʛʘʪʝʣʠ ʩʝ 

ʘʢʪʠʚʠʨʘʪ ʠ ʨʦʙʦʪʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʜʚʠʞʠ ʩʚʦʙʦʜʥʦ  

¶     ʇʦ ʚʩʷʢʦ ʚʨʝʤʝ ʧʨʠ ʘʢʪʠʚʠʨʘʥʝ ʥʘ Ăʩʪʦʧñ ʙʫʪʦʥʘ ʩʝ ʩʧʠʨʘ ʪʝʢʫʱʘʪʘ ʧʨʦʛʨʘʤʘ ʥʘ ʨʦʙʦʪʘ. 

¶     ʊʝʢʫʱʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʩʪʘʚʠʪʝ (J1-J6). 

¶      ʊʝʢʫʱʘ ʧʦʟʠʮʠʷ ʠ ʦʨʠʝʥʪʘʮʠʷ ʥʘ TCP (Tool Center Point ï ʮʝʥʪʲʨʘ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠʷ 

ʭʚʘʱʘʯ - ʜʠʩʧʝʥʩʲʨ).  

¶      ɹʫʪʦʥ Ăʟʘʧʘʟʚʘʥʝ ʥʘ ʪʝʢʫʱʘʪʘ ʧʦʟʠʮʠʷñ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʟʘʧʘʟʠ ʪʝʢʫʱʘʪʘ ʧʦʟʠʮʠʷ, ʩʣʝʜ 



мол 
 

ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦʚʪʦʨʥʦ ʧʦ-ʢʲʩʥʦ.  

¶      ʊʝʢʫʱʘ ʤʘʢʩʠʤʘʣʥʘ ʩʢʦʨʦʩʪ ʥʘ ʩʪʘʚʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʠ ʧʦ ʚʩʷʢʦ ʚʨʝʤʝ (0-100%). 

¶      ʊʝʢʫʱʦ ʠʟʙʨʘʥ ʠʥʩʪʨʫʤʝʥʪ. C. ɿʘʜʚʠʞʚʘʥʝ ʥʘ ʨʦʙʦʪʘ ɺ ʢʦʤʘʥʜʥʠʷ ʧʘʥʝʣ ʥʘ 

ʫʧʨʘʚʣʷʚʘʱʠʷ ʨʦʙʦʪʘ ʩʦʬʪʫʝʨ ʠʤʘ 3 ʨʘʟʜʝʣʘ. ɺ ʨʘʟʜʝʣʘ ĂArm commandñ [94] ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʙʠʨʘ ʜʝʡʩʪʚʠʝ ʦʪ ʨʘʟʜʝʣʘ Ăʩʪʘʚʠñ ʠʣʠ ʨʘʟʜʝʣʘ Ăʧʦʟʘñ. ʈʘʟʜʝʣʲʪ Ăʩʪʘʚʠñ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ 

ʧʨʝʤʝʩʪʚʘ ʚʩʷʢʦ ʩʪʘʚʘ ʥʝʟʘʚʠʩʠʤʦ. ʈʘʟʜʝʣʲʪ Ăʧʦʟʘñ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʧʨʝʤʝʩʪʠ ʧʦʟʠʮʠʷʪʘ ʥʘ  

TCP ʩʧʨʷʤʦ ʥʘʯʘʣʥʠʪʝ x, y, z ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʨʦʙʦʪʘ.  

 

ʌʠʛʫʨʘ 132. Arm command ʨʘʟʜʝʣ ʚ ʫʧʨʘʚʣʷʚʘʱʠʷ ʩʦʬʪʫʝʨ 

 

ɿʘ ʜʘ ʩʝ ʠʟʧʲʣʥʠ ʢʦʤʘʥʜʘ, ʩʝ ʩʣʝʜʚʘ ʩʣʝʜʥʘʪʘ ʧʨʦʮʝʜʫʨʘ:  

Å     ʅʘʪʠʩʢʘʥʝ ʥʘ ʙʫʪʦʥʘ Ăʟʘʜʘʚʘʥʝ ʥʘ ʪʝʢʫʱʘ ʧʦʟʠʮʠʷñ. ʂʦʤʘʥʜʘʪʘ ʱʝ ʥʘʩʪʨʦʠ ʦʩʠʪʝ, 

ʧʦʟʠʮʠʷʪʘ ʠ ʦʨʠʝʥʪʘʮʠʷʪʘ ʢʲʤ ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʨʦʙʦʪʘ. ʊʦʚʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʧʦʩʣʝʜʚʘʱʘ ʧʨʦʤʷʥʘ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʦʪ ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ (ʥʘʧʨ. ʧʨʠ ʞʝʣʘʥʠʝ ʜʘ ʩʝ 

ʧʨʝʤʝʩʪʠ ʩʘʤʦ ʦʩ 5 ʠʣʠ ʜʘ ʩʝ ʧʨʝʤʝʩʪʠ TCP ʧʦ ʦʩʪʘ ʠ ʜʘ ʩʝ ʟʘʧʘʟʠ ʩʲʱʘʪʘ ʦʨʠʝʥʪʘʮʠʷ). 

Å      ʄʦʜʠʬʠʮʠʨʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʪʘʚʠʪʝ ʠʣʠ ʧʦʟʘ (ʧʦʟʠʮʠʷ + ʦʨʠʝʥʪʘʮʠʷ).  

Å    ʅʘʪʠʩʢʘʥʝ ʚʲʨʭʫ ʙʫʪʦʥʘ ĂMove Jointsñ ʠʣʠ ĂMove Poseñ, ʟʘ ʜʘ ʩʝ ʠʟʧʲʣʥʠ ʢʦʤʘʥʜʘʪʘ ʟʘ 

ʧʨʝʤʝʩʪʚʘʥʝ.  

Å      ʉʣʝʜ ʢʘʪʦ ʢʦʤʘʥʜʘʪʘ ʙʲʜʝ ʠʟʧʲʣʥʝʥʘ, ʩʝ ʧʦʣʫʯʘʚʘ ʠʟʚʝʩʪʠʝ ʚ ʜʦʣʥʘʪʘ ʯʘʩʪ ʥʘ ʝʢʨʘʥʘ.  

Å      ʇʦ ʚʩʷʢʦ ʚʨʝʤʝ ʠʤʘ ʦʧʮʠʷ ʜʘ ʩʝ ʦʪʤʝʥʠ ʪʝʢʫʱʦʪʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʢʦʤʘʥʜʘʪʘ, ʢʘʪʦ ʩʝ 

ʢʣʠʢʥʝ ʚʲʨʭʫ ʙʫʪʦʥʘ Ăʉʪʦʧñ. ɼʦʢʘʪʦ ʩʝ ʠʟʧʲʣʥʷʚʘ ʪʝʢʫʱʘ ʢʦʤʘʥʜʘ ʟʘ ʧʨʝʤʝʩʪʚʘʥʝ ʥʝ ʤʦʞʝ 

ʜʘ ʩʝ ʠʟʧʲʣʥʷʚʘ ʥʦʚʘ ʢʦʤʘʥʜʘ. ʇʨʠ ʞʝʣʘʥʠʝ ʜʘ ʩʝ ʩʪʘʨʪʠʨʘ ʥʦʚʘ ʢʦʤʘʥʜʘ, ʧʲʨʚʦ ʪʨʷʙʚʘ ʜʘ 

ʩʝ ʩʧʨʝ ʧʨʝʜʠʰʥʘʪʘ. ʀʤʘ ʚʲʟʤʦʞʥʦʩʪ ʩʲʱʦ ʜʘ ʩʝ ʠʟʙʝʨʝ ʧʦʟʠʮʠʷ, ʢʦʷʪʦ ʧʨʝʜʠ ʪʦʚʘ ʝ ʙʠʣʘ 

ʟʘʧʘʟʝʥʘ ʩ ʧʦʣʝʪʦ ʟʘ ʠʟʙʦʨ Ăʠʟʙʦʨ ʥʘ ʟʘʧʘʟʝʥʘ ʧʦʟʠʮʠʷñ, ʢʘʪʦ ʪʘʢʘ ʩʝ ʟʘʤʝʩʪʚʘʪ ʧʲʨʚʘʪʘ ʠ 



мом 
 

ʚʪʦʨʘʪʘ ʩʪʲʧʢʠ  

 

 

ʀʟʚʦʜʠ ʢʲʤ ɻʃɸɺɸ 3: 

-ʅʘ ʙʘʟʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʠʪʝ ʫʥʠʚʝʨʩʘʣʥʘ ʨʦʙʦʪ-ʧʣʘʪʬʦʨʤʘ ʠ ʰʝʩʪ ʦʪʜʝʣʥʠ ʤʦʜʫʣʘ / ʛʣʘʚʘ 2/, 

ʚ  ʛʣʘʚʘ 3 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʫʧʨʘʚʣʝʥʠʷʪʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʫʣʠ, ʪʝʭʥʠʷ ʥʘʯʠʥ ʥʘ ʜʝʡʩʪʚʠʝ, 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʧʦʪʝʥʮʠʘʣʥʘ ʩʨʝʜʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝ.  

-ʇʦʩʨʝʜʩʚʦʤ ʦʧʠʩʘʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʠ ʨʝʞʠʤʠ ʥʘ ʨʦʙʦʪʘ ʩʝ ʧʦʩʪʠʛʘ ʟʘʜʘʜʝʥʠʷ ʤʥʦʛʦʮʝʣʝʚʠ 

ʭʘʨʘʢʪʝʨ ʥʘ ʨʦʙʦʪʘ ʠ ʪʲʨʩʝʥʘʪʘ ʘʜʘʧʪʠʨʫʝʤʦʩʪ, ʛʲʚʢʘʚʦʩʪ ʠ  ʮʝʥʦʚʘ ʩʲʦʙʨʘʟʝʥʦʩʪ. 

- ʉʲʩʪʘʚʝʥʠʪʝ ʠ ʠʟʚʲʨʰʝʥʠ ʢʦʤʧʣʝʢʩʥʠ ʩʠʤʫʣʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʨʘʙʦʪʥʠ ʨʝʞʠʤʠ ʠ ʤʦʜʫʣʠ 

ʥʘ ʨʦʙʦʪʘ ʚʝʨʠʬʠʮʠʨʘʪ ʩʲʩʪʘʚʝʥʠʪʝ ʦʪ ʜʦʢʪʦʨʘʥʪʘ ʘʣʛʦʨʠʪʤʠ ʢʘʢʪʦ ʠ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ 

ʠ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʦ ʩʦʬʪʫʝʨʠ ʠ ʭʘʨʜʫʝʨʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



мон 
 

ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʤʥʦʛʦʮʝʣʝʚʠ ʪʝʣʝ-

ʫʧʨʘʚʣʷʝʤ ʩʝʨʚʠʟʝʥ ʨʦʙʦʪ, ʯʨʝʟ ʢʦʡʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʩʲʱʝʩʪʚʝʥʠ ʦʙʭʦʜ, ʥʘʙʣʶʜʝʥʠʝ, 

ʦʭʨʘʥʘ ʠ ʩʠʛʥʘʣʠʟʘʮʠʷ ʥʘ ʦʙʝʢʪʠ, ʧʦʯʠʩʪʚʘʥʝ ʠ ʭʠʛʠʝʥʠʟʠʨʘʥʝ ʥʘ ʧʦʤʝʱʝʥʠʷ, ʧʦʚʜʠʛʘʥʝ ʠ 

ʧʨʝʥʘʩʷʥʝ ʥʘ ʪʦʚʘʨʠ, ʜʠʩʪʨʠʙʫʮʠʷ ʥʘ ʣʝʢʘʨʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʠ ʩʢʣʘʜʠʨʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠ, 

ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʤʘʥʠʧʫʣʘʮʠʦʥʥʠ ʦʧʝʨʘʮʠʠ ʩ ʝʣʝʤʝʥʪʠ.  

ʋʩʪʨʦʡʩʪʚʦʪʦ ʥʘ ʨʦʙʦʪʘ ʚʢʣʶʯʚʘ ʫʥʠʚʝʨʩʘʣʥʘ ʤʦʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ ʠ ʰʝʩʪ ʤʦʜʫʣʘ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʠʪʦ ʨʦʙʦʪʘ ʠʟʚʲʨʰʚʘ ʥʘʧʲʣʥʦ ʨʘʟʣʠʯʥʠ ʧʦ ʝʩʪʝʩʪʚʦ ʠ ʥʘʯʠʥ ʥʘ ʠʟʧʲʣʥʝʥʠʝ 

ʜʝʡʥʦʩʪʠ ʠ ʦʧʝʨʘʮʠʠ. ʇʨʠʥʮʠʧʲʪ ʤʫ ʥʘ ʨʘʙʦʪʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝʪʦ. 

ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʤʥʦʛʦʮʝʣʝʚʠ ʪʝʣʝ-ʫʧʨʘʚʣʷʤ ʨʦʙʦʪ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʝ ʚ ʥʘʧʲʣʥʦ 

ʨʘʟʣʠʯʥʠ ʨʘʙʦʪʥʠ ʩʨʝʜʠ ï ʟʜʨʘʚʥʠ ʟʘʚʝʜʝʥʠʷ, ʪʲʨʛʦʚʩʢʠ ʚʝʨʠʛʠ, ʩʢʣʘʜʦʚʠ ʧʦʤʝʱʝʥʠʷ, 

ʞʠʚʦʪʥʦʚʲʜʥʠ ʬʝʨʤʠ ʢʘʪʦ ʨʘʟʰʠʨʷʚʘ ʜʠʘʧʘʟʦʥʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʠ 

ʜʦʧʨʠʥʘʩʷ ʟʘ ʪʷʭʥʦʪʦ ʨʘʟʚʠʪʠʝ ʠ ʰʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ. ʊʦʡ ʝ ʯʘʩʪ ʦʪ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʠʪʦ ʚʩʝ ʧʦʚʝʯʝ ʱʝ ʩʝ ʧʦʜʦʙʨʷʚʘʪ ʫʩʣʦʚʠʷʪʘ ʥʘ ʨʘʙʦʪʘ ʠ ʱʝ ʩʝ ʦʙʣʝʢʯʘʚʘ 

ʪʨʫʜʦʚʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʭʦʨʘʪʘ. 

ɿʘ ʚ ʙʲʜʝʱʝ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʧʨʝʜʩʪʘʚʝʥʠʷ ʚ ʜʠʩʝʨʪʘʮʠʷʪʘ ʩʝʨʚʠʟʝʥ 

ʨʦʙʦʪ ʱʝ ʙʲʜʘʪ ʧʨʦʜʲʣʞʝʥʠ ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʱʝ ʩʝ ʨʝʘʣʠʟʠʨʘ ʬʠʟʠʯʝʩʢʠ ʤʦʜʝʣ ʥʘ ʨʦʙʦʪʘ ʠ ʱʝ 

ʩʝ ʚʝʨʠʬʠʮʠʨʘ ʚ ʨʝʘʣʥʠ ʫʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʘ. 

 

 

 

 

 

 

 

 

 

 

 

 



моо 
 

ʇʈʀʅʆʉʀ 

 

Å ʇʨʦʫʯʝʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʩʘ ʦʩʥʦʚʥʠ ʤʝʞʜʫʥʘʨʦʜʥʠ ʜʦʢʫʤʝʥʪʠ, ʧʨʦʛʨʘʤʠ ʠ 

ʧʦʣʠʪʠʢʠ, ʩʚʲʨʟʘʥʠ ʩ ʛʣʦʙʘʣʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʚ ʢʦʥʪʝʢʩʪʘ ʥʘ ʨʦʙʦʪʠʢʘʪʘ ʠ ʩʝʨʚʠʟʥʠʪʝ ʨʦʙʦʪʠ ʚ 

ʪʷʭ. 

Å ɿʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʨʝʞʠʤʠʪʝ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʧʦʣʟʚʘʥʠʷ ʤʦʜʫʣ, 

ʝ ʨʘʟʨʘʙʦʪʝʥ ʘʣʛʦʨʠʪʲʤ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʝ ʦʧʠʩʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʪʷʭ. 

Å ʆʙʚʲʨʟʘʥʠ ʩʘ 4 ʩʦʬʪʫʝʨʘ π Proteus 8.16, Arduino, HHD Softwareôs Virtual Serial Port 

Tools ʠ Blender 3D  ʟʘ ʩʠʥʭʨʦʥʠʟʠʨʘʥʦ ʧʨʝʜʘʚʘʥʝ ʥʘ ʜʘʥʥʠ ʤʝʞʜʫ ʪʷʭ. 

Å            ʅʘ ʙʘʟʘʪʘ ʥʘ ʧʘʨʘʣʝʣʥʦʪʦ, ʩʲʚʤʝʩʪʥʦ ʠ ʩʠʥʭʨʦʥʠʟʠʨʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʝʪʪʝ ʩʦʬʪʫʝʨʘ 

(Proteus 8.16, SolidWorks, Arduino IDE , HHD Softwareôs Virtual Serial Port Tools ʠ Blender 3D) 

ʩʘ ʩʲʩʪʘʚʝʥʠ ʠ ʨʝʘʣʠʟʠʨʘʥʠ ʩʠʤʫʣʘʮʠʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʠʪʦ ʩʘ ʚʝʨʠʬʠʮʠʨʘʥʠ ʩʲʩʪʘʚʝʥʠʪʝ ʦʪ 

ʜʦʢʪʦʨʘʥʪʘ ʘʣʛʦʨʠʪʤʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ ʚ ʨʘʟʣʠʯʥʠʪʝ ʤʫ ʨʝʞʠʤʠ. 

Å ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʤʦʙʠʣʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʧʦ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʤʦʜʫʣʠ. 

Å ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʰʝʩʪ ʦʪʜʝʣʥʠ ʤʦʜʫʣʘ, ʩ ʨʘʟʣʠʯʥʠ ʬʫʥʢʮʠʠ, ʜʠʟʘʡʥ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʠʪʦ ʨʦʙʦʪʲʪ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʚ ʨʘʟʥʦʨʦʜʥʠ ʩʨʝʜʠ ʠ ʜʘ ʠʟʚʲʨʰʚʘ ʥʘʧʲʣʥʦ 

ʨʘʟʣʠʯʥʠ ʧʦ ʝʩʪʝʩʪʚʦ ʠ ʥʘʯʠʥ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʜʝʡʥʦʩʪʠ ʠ ʦʧʝʨʘʮʠʠ.   

Å ʈʘʟʨʘʙʦʪʝʥʦ ʝ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʥʘ ʤʦʙʠʣʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ 

ʧʣʘʪʬʦʨʤʘ ʯʨʝʟ ʫʝʙ ʙʘʟʠʨʘʥ ʛʨʘʬʠʯʝʥ ʠʥʪʝʨʬʝʡʩ, ʧʦʩʨʝʜʩʪʚʦʤ MQTT ʠ ʫʝʙ ʩʦʢʝʪʠ. 
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