
 

 

 

 
ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ 
 

ʌʘʢʫʣʴʪʝʪ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ  ̔ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ 
(ʧʦʚʥʘ ʥʘʟʚʘ ʬʘʢʫʣʴʪʝʪʫ ) 

ʂʘʬʝʜʨʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ  
(ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ) 

 

 

 

 

 

 

ʂɺɸʃɯʌɯʂɸʎɯʁʅɸ ʈʆɹʆʊɸ 
 

ʥʘ ʟʜʦʙʫʪʪʷ ʦʩʚʽʪʥʴʦʛʦ ʩʪʫʧʝʥʷ 

 

ʤʘʛʽʩʪʨ 
(ʥʘʟʚʘ ʦʩʚʽʪʥʴʦʛʦ ʩʪʫʧʝʥʷ) 

ʥʘ ʪʝʤʫ: ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ  

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ 

 

 

 

 

ɺʠʢʦʥʘʚ: ʩʪʫʜʝʥʪ VI ʢʫʨʩʫ, ʛʨʫʧʠ ʉɯʤ-62 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ  123 çʂʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷè 

 
(ʰʠʬʨ ʽ ʥʘʟʚʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ) 

   ʆʣʽʡʥʠʢ ʄ. ɭ. 
 (ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

 

ʂʝʨʽʚʥʠʢ   ʃʫʮʠʢ ʅ. ʉ. 
 (ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

ʅʦʨʤʦʢʦʥʪʨʦʣʴ 
  

ʊʠʰ ɭ. ɺ. 
 (ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ   ʆʩʫʭʽʚʩʴʢʘ ɻ. ʄ. 
 (ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

ʈʝʮʝʥʟʝʥʪ 
  

ɹʨʝʚʫʩ ɺ. ʄ. 
 (ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

 

 

 

 
ʊʝʨʥʦʧʽʣʴ 

2024  



 

 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ 
 

ʌʘʢʫʣʴʪʝʪ  ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ  ̔ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ 
 (ʧʦʚʥʘ ʥʘʟʚʘ ʬʘʢʫʣʴʪʝʪʫ) 

ʂʘʬʝʜʨʘ  ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ 
 (ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ) 

  

  ɿɸʊɺɽʈɼɾʋʖ 

  ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

    ʆʩʫʭʽʚʩʴʢʘ ɻ.ʄ. 
  (ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

  ç 11 è ʣʠʩʪʦʧʘʜʘ 2024 ʨ. 

 

ɿɸɺɼɸʅʅʗ 
ʅɸ ʂɺɸʃɯʌɯʂɸʎɯʁʅʋ ʈʆɹʆʊʋ 

 

ʥʘ ʟʜʦʙʫʪʪʷ ʦʩʚʽʪʥʴʦʛʦ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨ 
 (ʥʘʟʚʘ ʦʩʚʽʪʥʴʦʛʦ ʩʪʫʧʝʥʷ) 

ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ  123 çʂʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷè 
 (ʰʠʬʨ ʽ ʥʘʟʚʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ) 
ʩʪʫʜʝʥʪʫ ʆʣʽʡʥʠʢʫ ʄʠʭʘʡʣʫ ɭʚʛʝʥʦʚʠʯʫ 

 (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ) 

1. ʊʝʤʘ ʨʦʙʦʪʠ ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ 
 

 

 

ʂʝʨʽʚʥʠʢ ʨʦʙʦʪʠ ʃʫʮʠʢ ʅʘʜʽʷ ʉʪʝʧʘʥʽʚʥʘ, ʜʦʢʪ. ʬʽʣʦʩʦʬ. ʥʘʫʢ, ʜʦʮʝʥʪ 
 (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

ɿʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʨʝʢʪʦʨʘ ʚʽʜ ç 29 è ʣʠʩʪʦʧʘʜʘ 2024 ʨʦʢʫ ˉ 4/7-1144 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʟʘʚʝʨʰʝʥʦʾ ʨʦʙʦʪʠ 16.12.2024 ʨ. 

3. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʙʦʪʠ ʅʘʫʢʦʚʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ 

 

 

4. ɿʤʽʩʪ ʨʦʙʦʪʠ (ʧʝʨʝʣʽʢ ʧʠʪʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ) 

ɺʩʪʫʧ.  

1. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. 

2. ʄʝʪʦʜʠ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. 

3. ʈʝʘʣʽʟʘʮʽʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ. 

4. ʆʭʦʨʦʥʘ ʧʨʘʮʽ ʪʘ ʙʝʟʧʝʢʘ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ɺʠʩʥʦʚʢʠ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. 

5. ʇʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʟ ʪʦʯʥʠʤ ʟʘʟʥʘʯʝʥʥʷʤ ʦʙʦʚôʷʟʢʦʚʠʭ ʢʨʝʩʣʝʥʴ, ʩʣʘʡʜʽʚ) 

1. ɸʢʪʫʘʣʴʥʽʩʪʴ ʽ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ.  

2. ɿʘʚʜʘʥʥʷ, ʦʙôʻʢʪ ʽ ʧʨʝʜʤʝʪ, ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʽ ʧʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ.  

3. ɸʨʭʽʪʝʢʪʫʨʘ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. 

4. ʇʨʝʜʤʝʪʥʘ ʦʙʣʘʩʪʴ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ. 

5. ɹʣʦʢ-ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ  

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ. 

6. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʜʣʷ ʩʮʝʥʘʨʽʶ ˉ1. 

7. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʜʣʷ ʩʮʝʥʘʨʽʶ ˉ2. 

8. ɺʠʩʥʦʚʢʠ. 



 

 

6. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʨʦʙʦʪʠ 

ʈʦʟʜʽʣ ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ 

ʚʠʜʘʚ 

ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

ʆʭʦʨʦʥʘ ʧʨʘʮʽ ʆʩʫʭʽʚʩʴʢʘ ɻ.ʄ., ʟʘʚ.ʢʘʬ. ʂʉ 05.12.2024  

ɹʝʟʧʝʢʘ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ 

ʉʪʨʫʯʦʢ ɺ.ʉ., ʩʪ. ʚʠʢʣʘʜʘʯ ʢʘʬ. 

ʆʙʣʘʜʥʘʥʥʷ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

21.11.2024  

 

7. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ 11.11.2024 

 

ʂɸʃɽʅɼɸʈʅʀʁ ʇʃɸʅ 

ˉ 

ʟ/ʧ 
ʅʘʟʚʘ ʝʪʘʧʽʚ ʨʦʙʦʪʠ 

ʊʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ 

ʝʪʘʧʽʚ ʨʦʙʦʪʠ 
ʇʨʠʤʽʪʢʘ 

1 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʤʘʪʠʮʽ 

ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

20.11.2024ʨ. ï 

30.11.2024ʨ. 
ɺʠʢʦʥ. 

2 ʇʨʦʝʢʪʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ 

21.11.2024ʨ. ï 

23.11.2024ʨ 
ɺʠʢʦʥ. 

3 ʈʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ 
24.11.2024ʨ. ɺʠʢʦʥ. 

4 ʈʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʪʦʜʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ  
25.11.2024ʨ. ɺʠʢʦʥ. 

5 ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʪʦʜʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ 

26.11.2024ʨ. ï  

06.12.2024ʨ. 
ɺʠʢʦʥ. 

6 ʆʭʦʨʦʥʘ ʧʨʘʮʽ ʪʘ ʙʝʟʧʝʢʘ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 07.12.2024ʨ ɺʠʢʦʥ. 

7 ʆʬʦʨʤʣʝʥʥʷ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ ʽ ʛʨʘʬʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

08.12.2024ʨ.- 

15.12.2024ʨ. 
ɺʠʢʦʥ. 

8 ʇʦʧʝʨʝʜʥʽʡ ʟʘʭʠʩʪ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘ 16.12.2024ʨ. ɺʠʢʦʥ. 

9 ɿʘʭʠʩʪ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘ 23.12.2024ʨ. ɺʠʢʦʥ. 

    

    

    

    

    

    

    

    

    

 
 

ʉʪʫʜʝʥʪ 
  

ʆʣʽʡʥʠʢ ʄ. ɭ. 

 (ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

 

ʂʝʨʽʚʥʠʢ ʨʦʙʦʪʠ 

 

 

 

ʃʫʮʠʢ ʅ. ʉ. 

 (ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 



3 
 

 

 

ɸʅʆʊɸʎɯʗ 

 

ʆʣʽʡʥʠʢ ʄ. ɭ. ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ: ʨʦʙʦʪʘ ʥʘ ʟʜʦʙʫʪʪʷ 

ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ: ʩʧʝʮ. 123 ð ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ / ʥʘʫʢ.ʢʝʨ. 

ʅ. ʉ. ʃʫʮʠʢ. ʊʝʨʥʦʧʽʣʴ: ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ, 2024. ð 70 ʩ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʙʝʟʧʽʣʦʪʥʘ ʜʦʩʪʘʚʢʘ, ʨʦʟʧʦʜʽʣ 

ʟʘʚʜʘʥʴ, ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ. 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ 

ʜʦʩʪʘʚʢʠ. ʈʦʙʦʪʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʽ ʙʝʟʧʽʣʦʪʥʦʾ 

ʜʦʩʪʘʚʢʠ, ʘ ʪʘʢʦʞ ʟʦʩʝʨʝʜʞʫʻ ʫʚʘʛʫ ʥʘ ʤʝʪʦʜʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ 

ʩʠʩʪʝʤʘʭ ʜʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʤʠ ʚ ʨʝʘʣʴʥʽʡ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤ ̔ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ, ʚʨʘʭʦʚʫʶʯʠ ʪʠʧʠ ʧʨʠʩʪʨʦʾʚ, ʾʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ 

ʨʦʙʦʯ ̔ʟʦʥʠ. 
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ANNOTATION 

 

Oliinyk M. Methods and tools for optimal task allocation in a computerized 

unmanned delivery system. Masterôs Graduation Thesis: speciality 123 ð ʉomputer 

engineering / supervisor N. Lutsyk. Ternopil: Ternopil Ivan Puluj National Technical 

University, 2024. ð 70 p. 

 

Keywords: computer system, unmanned delivery, task allocation, genetic 

algorithm. 

 

The qualification work is dedicated to the study of methods and tools for optimal 

task allocation in a computerized unmanned delivery system. The work includes an 

analysis of existing research in the field of unmanned delivery and focuses on methods 

of dynamic task allocation in systems that take various constraints into account. 

The results of this work can be applied to real computerized unmanned delivery 

systems. The developed method for optimal task allocation will significantly enhance 

the efficiency of unmanned delivery systems, considering the types of devices, their 

characteristics, and operational zones. 
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ʤʫʪʘʮʽʾ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʣʦʛʽʩʪʠʯʥʫ ʩʬʝʨʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʜʦʩʪʘʚʢʠ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ 

ʜʦʩʪʘʚʢʠ, ʱʦ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʨʦʥʽʚ ʽ ʥʘʟʝʤʥʠʭ ʨʦʙʦʪʽʚ. ɼʘʥʽ ʩʠʩʪʝʤʠ 

ʟʜʘʪʥʽ ʜʦʩʷʛʘʪʠ ʚʘʞʢʦʜʦʩʪʫʧʥʽ ʨʝʛʽʦʥʠ, ʤʽʥʽʤʽʟʫʶʯʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʣʶʜʩʴʢʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

ʈʠʥʦʢ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʜʝʤʦʥʩʪʨʫʻ ʩʪʘʙʽʣʴʥʠʡ ʨʽʩʪ, ʷʢʠʡ 

ʦʙʫʤʦʚʣʝʥʠʡ ʧʦʪʨʝʙʦʶ ʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʐʚʠʜʢʽʩʪʴ ʽ 

ʪʦʯʥʽʩʪʴ ʜʦʩʪʘʚʢʠ ʥʘʙʫʚʘʶʪʴ ʚʠʨʽʰʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, 

ʘ ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʧʨʠʚʝʨʪʘʶʪʴ ʫʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʩʝʨʝʜ 

ʜʦʩʣʽʜʥʠʢʽʚ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ, ʙʝʟʧʽʣʦʪʥʽ ʧʨʠʩʪʨʦʾ ʚʞʝ ʟʥʘʭʦʜʷʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, ʷʢ ʜʦʩʪʘʚʢʘ ʾʞʽ, ʤʝʜʠʢʘʤʝʥʪʽʚ, ʢʦʤʝʨʮʽʡʥʠʭ ʚʘʥʪʘʞʽʚ 

ʪʘ ʛʫʤʘʥʽʪʘʨʥʦʾ ʜʦʧʦʤʦʛʠ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʾʭʥʽʡ ʧʦʪʝʥʮʽʘʣ. 

ʆʜʥʘʢ, ʧʦʧʨʠ ʷʚʥʽ ʧʝʨʝʚʘʛʠ, ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʤʘʶʪʴ ʥʠʟʢʫ 

ʥʝʚʠʨʽʰʝʥʠʭ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʾʭʥʴʦʶ ʚʟʘʻʤʦʜʽʻʶ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪ  ʁʧʨʠʩʪʨʦʾʚ  ̔ʚʽʜʩʫʪʥʽʩʪ ʁʻʜʠʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʆʩʦʙʣʠʚʦ ʮʝ ʘʢʪʫʘʣʴʥʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʧʨʠʩʪʨʦʾʚ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ 

ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʠʧʠ ʙʝʟʧʽʣʦʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʾʭʥʽ ʨʦʙʦʯʽ ʟʦʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʻ ʢʣʶʯʦʚʠʤ 

ʢʨʦʢʦʤ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ 

ʜʦʩʪʘʚʢʠ. ɺʨʘʭʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʠʩʪʨʦʾʚ, ʾʭʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʨʦʙʦʯʠʭ ʟʦʥ 

ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʽʰʝ ʨʦʟʧʦʜʽʣʷʪʠ ʟʘʚʜʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 
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ʄʝʪʦʶ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ 

ʜʦʩʪʘʚʢʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭʥʴʦʛʦ ʪʠʧʫ ʪʘ ʨʦʙʦʯʠʭ ʟʦʥ. 

ɿʘʚʜʘʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ: 

- ʧʨʦʚʝʩʪʠ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯ ̔ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ; 

- ʨʦʟʨʦʙʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭʥʽʭ 

ʨʦʙʦʯʠʭ ʟʦʥ ʜʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʾʭ ʨʦʙʦʪʠ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʜʣʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʠʧʫ ʧʨʠʩʪʨʦʶ ʪʘ ʨʦʙʦʯʠʭ ʟʦʥ; 

- ʨʦʟʨʦʙʠʪʠ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʧʦʜʽʣʫ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ; 

- ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ 

ʜʣʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʴ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʝʥʦ ʾʾ ʦʙ'ʻʢʪ ʪʘ 

ʧʨʝʜʤʝʪ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʦʮʝʩ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʜʘʯ ʚ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ 

ʩʠʩʪʝʤʘʭ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʠʧʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʾʭʥʽʭ ʨʦʙʦʯʠʭ ʟʦʥ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʽʤʽʪʘʮʽʾ ʨʦʙʦʪʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʟ ʥʘʙʦʨʦʤ ʨʦʙʦʯʠʭ ʟʦʥ, ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʟʘʚʜʘʥʴ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʾʭʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʫ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ, ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʤʝʪʦʜʠ 



10 
 

 

 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʦʟʛʣʷʜʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʨʽʟʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʜʦʩʣʽʜʞʝʥʥʷ:  

1. ɺʧʝʨʰʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥ ̫ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭʥʽʭ ʨʦʙʦʯʠʭ ʟʦʥ ʜʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ 

ʾʭ ʨʦʙʦʪʠ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢʫ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚ ʨʝʘʣʴʥʽʡ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ, ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʠʧʽʚ ʧʨʠʩʪʨʦʾʚ, ʾʭʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʨʦʙʦʯʠʭ ʟʦʥ. 

ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʘʧʨʦʙʦʚʘʥʦ ʥʘ ʍII ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ 

ʇʫʣʶʷ çɯʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ, ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè, XɯII ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ çɸʢʪʫʘʣʴʥʽ ʟʘʜʘʯʽ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡè,  ʫ ʚʠʛʣʷʜʽ ʪʝʟ ʢʦʥʬʝʨʝʥʮʽʡ. 

1. ʃʫʮʠʢ ʅ. ʉ., ʆʣʽʡʥʠʢ ʄ. ɭ., ʄʫʜʨʠʡ ɯ. ɺ. ɸʥʘʣʽʟ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ɸʢʪʫʘʣʴʥʽ ʟʘʜʘʯʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ: ʇʨʘʮʽ XɯIɯ 

ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ. (ʊʝʨʥʦʧʽʣʴ, 11-12 ʛʨʫʜʥʷ 2024 ʨ.), ʊʝʨʥʦʧʽʣʴ, 2024. ʉ. 465. 

2. ʃʫʮʠʢ ʅ. ʉ., ʆʣʽʡʥʠʢ ʄ. ɭ., ʄʫʜʨʠʡ ɯ. ɺ. ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ, ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ: ʇʨʘʮʽ Xɯɯ ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ. 

(ʊʝʨʥʦʧʽʣʴ, 18-19 ʛʨʫʜʥʷ 2024 ʨ.), ʊʝʨʥʦʧʽʣʴ, 2024. ʉ. 141. 

ʉʪʨʫʢʪʫʨʘ ʨʦʙʦʪʠ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ ʪʘ 

ʛʨʘʬʽʯʥʦʾ ʯʘʩʪʠʥʠ. ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, 4 ʨʦʟʜʽʣʽʚ, 
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ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʫ (-ʽʚ). ʆʙʩʷʛ ʨʦʙʦʪʠ: 

ʧʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ï 70 ʘʨʢ. ʬʦʨʤʘʪʫ ɸ4, ʛʨʘʬʽʯʥʘ ʯʘʩʪʠʥʘ ï 8 ʘʨʢʫʰʽʚ 

ʬʦʨʤʘʪʫ ɸ1. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ɯʉʅʋʖʏʀʍ ʂʆʄʇôʖʊɽʈʀɿʆɺɸʅʀʍ ʉʀʉʊɽʄ ɹɽɿʇɯʃʆʊʅʆɰ 

ɼʆʉʊɸɺʂʀ 

 

1.1. ʂʦʤʧôʶʪʝʨʠʟʦʚʘʥ ̔ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ 

 

ʉʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʚʪʦʥʦʤʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʟ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʙʝʟ 

ʫʯʘʩʪʽ ʣʶʜʠʥʠ ʘʙʦ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʪʨʫʯʘʥʥʷʤ. ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʚʘʞʣʠʚʠʤ ʻ ʚʠʜʽʣʠʪʠ ʡʦʛʦ 

ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʦʙʨʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘʚʜʘʥʴ ʪʘ ʤʝʪʦʜʽʚ ʚʟʘʻʤʦʜʽʾ ʟ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ. 

ʅʘ ʨʠʩ. 1.1 ʟʦʙʨʘʞʝʥʘ ʟʘʛʘʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. 

 

 

ʈʠʩ. 1.1. ɿʘʛʘʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ 

 

ʋ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʢʣʽʻʥʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʨʠʩʪʫʚʘʮʴʢʠʤ ʜʦʜʘʪʢʦʤ, 

ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʩʧʨʦʱʝʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ ʩʠʩʪʝʤʦʶ. ʏʝʨʝʟ REST-API 

ʽʥʪʝʨʬʝʡʩ ʜʦʜʘʪʦʢ ʥʘʜʩʠʣʘʻ HTTPS-ʟʘʧʠʪʠ ʜʦ ʚʝʙ-ʩʝʨʚʝʨʘ, ʷʢʠʡ ʦʧʨʘʮʴʦʚʫʻ ʾʭ ʪʘ 

ʚʠʢʦʥʫʻ ʥʝʦʙʭʽʜʥʽ ʦʧʝʨʘʮʽʾ ʟ ʜʘʥʠʤʠ, ʚʢʣʶʯʘʶʯʠ ʦʧʝʨʘʮʽʾ ʯʠʪʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ, 

ʦʥʦʚʣʝʥʥʷ ʪʘ ʚʠʜʘʣʝʥʥʷ. ʋʩʽ ʜʽʾ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʨʦʙʦʪʠ ʽʟ ʩʠʩʪʝʤʦʶ, ʘ ʩʘʤʝ 

ʨʝʻʩʪʨʘʮʽʷ, ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʝʨʝʛʣʷʜʠ ʩʧʠʩʢʽʚ ʚʽʜʧʨʘʚʣʝʥʴ ʽ ʩʪʘʪʫʩʽʚ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʩʝʨʚʝʨʥʠʤ ʤʦʜʫʣʝʤ. 
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ʄʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ ʚʠʢʦʥʫʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʛʨʫʧʦʶ ʨʦʙʦʪʽʚ, ʘ ʩʘʤʝ ʨʦʟʨʘʭʦʚʫʻ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʚʨʘʭʦʚʫʶʯʠ ʪʨʘʬʽʢ, 

ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʨʦʙʦʪʽʚ. ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʟ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ MQTT ʫ ʬʦʨʤʘʪʽ ñPublisher-Subscriberò. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʩʝʨʚʝʨʫ ʪʘ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʶ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʦʙʤʽʥ 

ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʬʝʨʽ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

ɼʘʥʘ ʨʦʟʧʦʜʽʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʽʥʰʽ ʢʦʨʠʩʪʫʚʘʮʴʢʽ 

ʩʝʨʚʽʩʠ ʜʦ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ, ʱʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ.  

ɺ ʜʠʥʘʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʚʜʘʥʴ, ʱʦ ʩʪʦʷʪʴ ʧʝʨʝʜ ʢʦʤʧʘʥʽʻʶ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʥʪʘʞʫ, ʫʤʦʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʚʽʜ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʽʜʢʨʠʪʽʩʪʴ ʩʝʨʚʝʨʘ 

ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʰʽ ʩʠʩʪʝʤʠ, ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ, 

ʦʩʢʽʣʴʢʠ ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʽ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʎʝ ʜʦʟʚʦʣʷ ̒

ʦʙôʻʜʥʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ, ʱʦ 

ʩʧʨʠʷʻ ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʽʜʙʦʨʫ ʘʧʘʨʘʪʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ ʜʦʩʪʘʚʢʠ, 

ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

 

1.1.1. ʆʛʣʷʜ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ 

ʘʚʪʦʥʦʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʧʨʠʯʠʥʠʚ ʧʦʷʚʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʽʰʝʥʴ ï ʚʽʜ ʧʦʚʽʪʨʷʥʠʭ 

ʜʨʦʥʽʚ ʜʦ ʥʘʟʝʤʥʠʭ ʨʦʙʦʪʽʚ ʪʘ ʛʽʙʨʠʜʥʠʭ ʧʣʘʪʬʦʨʤ. ʂʦʞʝʥ ʟ ʮʠʭ ʪʠʧʽʚ ʤʘʻ ʩʚʦʾ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʜʦʩʪʘʚʢʠ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʟʘʩʦʙʦʤ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʻ ʧʦʚʽʪʨʷʥʽ ʜʨʦʥʠ, ʷʢʽ 

ʦʩʥʘʱʝʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ, ʩʠʩʪʝʤʦʶ GPS ʪʘ ʪʝʭʥʦʣʦʛʽʻʶ Lidar. ʅʘʡʢʨʘʱʝ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʜʦʩʪʘʚʢʠ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʚʘʥʪʘʞʽʚ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʽ ʘʙʦ 

ʛʫʩʪʦʥʘʩʝʣʝʥʽ ʨʘʡʦʥʠ. ʇʦʚʽʪʨʷʥʽ ʜʨʦʥʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʦʩʥʦʚʥʽ ʪʠʧʠ: 

ʢʚʘʜʨʦʢʦʧʪʝʨ (Quadcopter) ʪʘ ʙʝʟʧʽʣʦʪʥʠʢ ʟ ʥʝʨʫʭʦʤʠʤ ʢʨʠʣʦʤ (Fixed-wing drone).  
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ʂʚʘʜʨʦʢʦʧʪʝʨ (ʨʠʩ. 1.2) ï ʮʝ ʧʨʠʩʪʨʽʡ, ʨʫʭ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʚʽʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʥʝʩʫʯʠʭ ʛʚʠʥʪʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʦʯʢʦʚʦʾ ʜʦʩʪʘʚʢʠ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʠʭ ʘʙʦ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ 

ʨʘʡʦʥʘʭ. 

 

 

ʈʠʩ. 1.2. ɺʠʛʣʷʜ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

 

ɹʝʟʧʽʣʦʪʥʠʢ ʟ ʥʝʨʫʭʦʤʠʤ ʢʨʠʣʦʤ (ʨʠʩ. 1.3), ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʣʽʪ ʟʘʚʜʷʢʠ 

ʧʽʜʡʦʤʥʽʡ ʩʠʣʽ, ʷʢʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʬʦʨʤʫ ʢʨʠʣʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʫʭʫ 

ʚʧʝʨʝʜ ʽʟ ʚʠʟʥʘʯʝʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʎʝ ʧʽʜʚʠʱʫʻ ʾʭʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʘʪʠ ʙʽʣʴʰʦʛʦ ʨʘʜʽʫʩʘ ʜʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʘʤʠ. 

 

 

ʈʠʩ. 1.3. ɺʠʛʣʷʜ ʙʝʟʧʽʣʦʪʥʠʢʘ ʟ ʥʝʨʫʭʦʤʠʤ ʢʨʠʣʦʤ 
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ʅʘʟʝʤʥʽ ʨʦʙʦʪʠ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʧʦʚʽʪʨʷʥʠʤ ʜʨʦʥʘʤ ʜʣʷ ʜʦʩʪʘʚʢʠ. ʎʝ 

ʘʚʪʦʥʦʤʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʥʘ ʢʦʨʦʪʢʽ ʘʙʦ ʩʝʨʝʜʥʽ ʚʽʜʩʪʘʥʽ. 

ɺʦʥʠ ʦʩʥʘʱʝʥʽ ʢʦʣʝʩʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʧʝʨʝʩʫʚʘʪʠʩʷ ʪʨʦʪʫʘʨʘʤʠ, ʜʦʨʦʛʘʤʠ ʘʙʦ 

ʩʧʝʮʽʘʣʴʥʦ ʦʙʣʘʰʪʦʚʘʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʝʭʥʦʣʦʛʽʡ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, GPS ̔ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʽ ʨʦʙʦʪʠ ʟʜʘʪʥʽ ʩʘʤʦʩʪʽʡʥʦ 

ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʦʙʭʦʜʠʪʠ ʧʝʨʝʰʢʦʜʠ. 

 

 

ʈʠʩ. 1.4. ʈʦʙʦʪ-ʢʫʨôʻʨ Starship Technologies 

 

ɺʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʨʦʙʦʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʜʝʣʽ ʪʘ ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 

50 ʢʛ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʦʩʠʣʦʢ, ʧʨʦʜʫʢʪʽʚ ʽ ʤʝʜʠʢʘʤʝʥʪʽʚ 

ʥʘ ʢʦʨʦʪʢʽ ʚʽʜʩʪʘʥʽ.  

 

 

ʈʠʩ. 1.5. ʈʦʙʦʪ-ʢʫʨôʻʨ Clevon 1 
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ɿʘʚʜʷʢʠ ʞʠʚʣʝʥʥʶ ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʽʚ ʚʦʥʠ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʢʽʣʴʢʘ ʛʦʜʠʥ ʙʝʟ 

ʧʽʜʟʘʨʷʜʢʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʦʛʦʜʥʠʭ 

ʫʤʦʚ ʽ ʧʦʪʨʝʙʫ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʪʘʢʽ ʨʦʙʦʪʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʨʽʰʝʥʥʷʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʩʪʘʚʢʠ ʚ ʤʽʩʪʘʭ ʽ ʥʘ ʟʘʢʨʠʪʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

 

1.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʚʽʜʥʦʩʥʦ ʥʝʙʘʛʘʪʦ ʧʦʚʥʽʩʪʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʘʥʘʣʦʛʽʚ ʩʠʩʪʝʤ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ɹʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʩʝʨʚʽʩʽʚ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ 

ʝʪʘʧʽ ʪʝʩʪʫʚʘʥʥʷ ʘʙʦ ʨʦʟʨʦʙʢʠ, ʘʙʦ ʞ ʧʨʘʮʶʶʪʴ ʫ ʤʝʞʘʭ ʦʙʤʝʞʝʥʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʟʦʥ. ʆʢʨʽʤ ʪʦʛʦ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʮʠʭ ʨʽʰʝʥʴ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʜʦʩʪʘʚʢʫ çʦʩʪʘʥʥʴʦʾ 

ʤʠʣʽè, ʘ ʩʘʤʝ ʥʘ ʚʠʨʽʰʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʩʢʣʘʜʥʦʱʽʚ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʽʚ ʚʽʜ ʩʢʣʘʜʫ 

ʜʦ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʚʠʪʨʘʪʘʤʠ. ʎʝ ʚʽʜʢʨʠʚʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭʥʽ ʧʦʩʣʫʛʠ ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʧʦʪʨʝʙ. 

Zipline ð ʮʝ ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʧʨʦʻʢʪ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʽ 

ʜʦʩʪʘʚʢʦʶ ʚʘʥʪʘʞʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʪʨʷʥʠʭ ʜʨʦʥʽʚ [7]. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ 

ʢʦʤʧʘʥʽʾ ʻ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʜʦʩʪʘʚʢʠ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʽ ʨʘʡʦʥʠ. ɺʠʛʣʷʜ 

ʙʝʟʧʽʣʦʪʥʠʢʘ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1.6. 

 

 

ʈʠʩ. 1.6. ɹʝʟʧʽʣʦʪʥʠʢ Zipline [7] 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʦʩʣʫʛʠ Zipline ʜʦʩʪʫʧʥʽ ʚ ʗʧʦʥʽʾ ʪʘ ʉʐɸ.  

ɼʦ ʧʝʨʝʚʘʛ ʙʝʟʧʽʣʦʪʥʠʢʘ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ: ʚʠʩʦʢʫ h ʚʠʜʢʽʩʪʴ ʜʦʩʪʘʚʢʠ ʥʘ 

ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʟʘʚʜʷʢʠ ʤʦʙʽʣʴʥʦʩʪʽ ʙʝʟʧʽʣʦʪʥʠʢʽʚ (ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʜʨʦʥʘ 
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ð ʜʦ 112 ʢʤ/ʛʦʜ); ʘʚʪʦʥʦʤʥʽʩʪʴ ʧʦʣʴʦʪʽʚ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ; ʟʨʫʯʥʘ 

ʩʠʩʪʝʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʠʣʦʢ; ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʙʠʨʘʪʠ/ʜʦʩʪʘʚʣʷʪʠ ʧʦʩʠʣʢʠ ʫ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢ ̔ʟʦʥʠ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʦʙʤʝʞʝʥʫ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʜʨʦʥʘ (ʣʠʰʝ 3,6 

ʢʛ.) ʪʘ ʥ̔ ʰʝʚʠʡ ʭʘʨʘʢʪʝʨ ʧʦʩʣʫʛ, ʦʩʢʽʣʴʢʠ ʩʝʨʚʽʩ ʧʝʨʝʚʘʞʥʦ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ 

ʜʦʩʪʘʚʮʽ ʤʝʜʠʢʘʤʝʥʪʽʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʽʣʦʪʥʠʢʘ Zipline ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 

1.1. 

 

ʊʘʙʣʠʮʷ 1.1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʪʬʦʨʤʠ ʜʦʩʪʘʚʢʠ Zipline [7] 

ʉʧʨʷʤʫʚʘʥʥʷ ɼʦʩʪʘʚʢʘ ʜʦʜʦʤʫ 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʘʛʘ 2.7 - 3.6 ʢʛ. 

ʈʘʜʽʫʩ ʨʦʙʦʪʠ 16 ʢʤ. 

ʐʚʠʜʢʽʩʪʴ ʧʦʣʴʦʪʫ 112 ʢʤ/ʛʦʜ. 

ɼʽʣʷʥʢʘ ʜʦʩʪʘʚʢʠ ʅʝʚʝʣʠʢʽ ʜʽʣʷʥʢʠ: ʩʧʽʚʤʽʨʥʠʭ ʨʦʟʤʽʨʫ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʚʦʨʘ ʙʫʜʠʥʢʫ ʘʙʦ ʥʝʚʝʣʠʢʦʛʦ ʩʪʦʣʠʢʘ 

ʉʠʩʪʝʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʇʨʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʧʦʨʪʘʣʠ ʜʣʷ 

ʥʘʜʩʠʣʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʄʝʭʘʥʽʟʤ ʜʦʩʪʘʚʢʠ ʆʧʫʩʢʘʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ ʧʦʨʪʘʣ ʟ ʚʠʩʦʪʠ ʧʦʥʘʜ 90 ʤ. 

ʥʘʜ ʨʽʚʥʝʤ ʟʝʤʣʽ 

 

ʉʝʨʚʽʩ ʥʘʜʘʻ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʬʦʨʤʣʶʚʘʪʠ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʩʘʡʪʽ 

ʢʦʤʧʘʥʽʾ, ʘ ʪʘʢʦʞ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʨʦʮʝʩ ʜʦʩʪʘʚʢʠ ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʤʦʙʽʣʴʥʠʡ 

ʜʦʜʘʪʦʢ. Zipline ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʾʭʥʴʦʛʦ ʩʝʨʚʽʩʫ ʜʦʩʪʘʚʢʠ ʚ ʽʥʰʽ 

ʩʠʩʪʝʤʠ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʦʚʥʽʩʪʶ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʰʠʭ ʩʠʩʪʝʤʘʭ. 

Starship Technologies ð ɽʩʪʦʥʩʴʢʠʡ ʩʪʘʨʪʘʧ, ʟʘʩʥʦʚʘʥʠʡ ʫ 2014 ʨʦʮʽ, ʷʢʠʡ 

ʟʛʦʜʦʤ ʪʨʘʥʩʬʦʨʤʫʚʘʚʩʷ ʫ ʢʦʤʧʘʥʽʶ. ʁʦʛʦ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʜʦʩʪʘʚʢʠ çʦʩʪʘʥʥʴʦʾ ʤʠʣʽè ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʟʝʤʥʠʭ ʜʨʦʥʽʚ [8]. 
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ʉʝʨʚʽʩ ʚʞʝ ʚʧʨʦʚʘʜʞʝʥʠʡ ʪʘ ʘʢʪʠʚʥʦ ʧʨʘʮʶʻ ʚ ʪʘʢʠʭ ʤʽʩʪʘʭ, ʷʢ ʃʦʥʜʦʥ, 

ʊʘʣʣʽʥʥ, ɼʶʩʩʝʣʴʜʦʨʬ, ɻʘʤʙʫʨʛ, ɹʝʨʥ, ʘ ʪʘʢʦʞ ʫ ʢʽʣʴʢʦʭ ʤʽʩʪʘʭ ʉʐɸ, ʟʦʢʨʝʤʘ ʫ 

ɺʘʰʠʥʛʪʦʥʽ ʪʘ ʫ ʂʘʣʽʬʦʨʥʽ.ʾ 

ɼʦ ʧʝʨʝʚʘʛ ʩʝʨʚʽʩʫ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʧʦʚʥʫ ʘʚʪʦʥʦʤʥʽʩʪʴ ʨʦʙʦʪʽʚ ʢʫʨôʻʨʽʚ. ɺʦʥʠ 

ʟʜʘʪʥʽ ʩʘʤʦʩʪʽʡʥʦ ʧʝʨʝʩʫʚʘʪʠʩʴ ʧʦ ʪʨʦʪʫʘʨʘʤ ʪʘ ʦʤʠʥʘʪʠ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʝʨʝʰʢʦʜʠ. 

ɭʤʥʽʩʪʴ ʙʘʪʘʨʝʾ ʜʦʟʚʦʣʷʻ ʾʤ ʧʨʘʮʶʚʘʪʠ ʧʦʥʘʜ 12 ʛʦʜʠʥ ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ. ɺʩʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʘ-ʢʫʨôʻʨʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1.2. ʇʨʠʩʪʨʦʾ ʦʩʥʘʱʝʥʽ 

ʤʽʮʥʠʤʠ ʟʘʤʢʘʤʠ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʚʽʜʜʽʣʫ, ʷʢʠʡ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʢʦʨʠʩʪʫʚʘʯʫ ʷʢʠʡ ʚʚʝʜʝ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʜ ʙʝʟʧʝʢʠ. ɸ ʪʘʢʦʞ ʫ ʨʘʟʽ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʪʨʫʜʥʦʱʽʚ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʤ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʭʦʜʠʪʴ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʩʫʚʘʥʥʷ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 6,5 ʢʤ/ʛʦʜ, 

ʱʦ ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʽʰʦʭʦʜʘ. ʊʘ ʚʫʟʴʢʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ, ʦʩʢʽʣʴʢʠ 

ʧʨʦʻʢʪ ʦʨʽʻʥʪʦʚʘʥʠʡ ʚʠʢʣʶʯʥʦ ʥʘ ʜʦʩʪʘʚʢʫ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʚʘʛʦʶ ʜʦ 9 ʢʛ.  

 

ʊʘʙʣʠʮʷ 1.2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʪʬʦʨʤʠ ʜʦʩʪʘʚʢʠ Starship Technologies [9]. 

ɻʘʙʘʨʠʪʠ ʨʦʙʦʪʘ 697 x 569 x 571 ʤʤ 

ɿʘʛʘʣʴʥʘ ʚʘʛʘ 35 ʢʛ 

ɻʘʙʘʨʠʪʠ ʚʘʥʪʘʞʥʦʛʦ ʚʽʜʩʽʢʫ 400 Ĭ 320 Ĭ 340 ʤʤ 

ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 10 ʢʛ 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 6 ʢʤ/ʛʦʜ 

ɭʤʥʽʩʪʴ ʙʘʪʘʨʝʾ 1260 ɺʪ 

ʏʘʩ ʨʦʙʦʪʠ 12 ʛʦʜʠʥ ʾʟʜʠ 

ʉʝʥʩʦʨʠ ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʜʘʪʯʠʢʠ, 12 ʢʘʤʝʨ, ʨʘʜʘʨ, 

GPS, ʩʠʩʪʝʤʘ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʨʝʬʣʝʢʪʦʨʠ, 

ʩʪʝʨʝʦʩʢʦʧʽʯʥʽ ʢʘʤʝʨʠ 

ɼʠʩʪʘʥʮʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ɼʦ 60 ʤ 

FPS ʢʘʤʝʨʠ 2,000 ʢʘʜʨʽʚ ʥʘ ʩʝʢʫʥʜʫ 
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Starship Technologies ʤʘʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʤʦʙʽʣʴʥʠʡ ʟʘʩʪʦʩʫʥʦʢ, ʯʝʨʝʟ ʷʢʠʡ 

ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʬʦʨʤʣʷʪʠ ʟʘʤʦʚʣʝʥʥʷ, ʦʧʣʘʯʫʚʘʪʠ ʧʦʩʣʫʛʠ, ʚʽʜʩʪʝʞʫʚʘʪʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʜʨʦʥʘ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʽʥʰʽ ʦʧʝʨʘʮʽʾ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ ʱʦ ʜʘʥʠʡ 

ʩʝʨʚʽʩ ʧʨʠʜʽʣʠʚ ʚʝʣʠʢʫ ʫʚʘʛʫ ʜʦ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʽʟ ʽʥʰʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. ɸ 

ʪʘʢʦʞ ʥʘʜʘʶʪʴ ʧʦʚʥʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ, ʜʦʢʫʤʝʥʪʘʮʽʶ ʪʘ 

ʧʽʜʪʨʠʤʢʫ.  

Clevon ð ̔ ʥʥʦʚʘʮʽʡʥʘ ʢʦʤʧʘʥʽʷ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʟʘʩʦʙʽʚ ʙʝʟʧʽʣʦʪʥʦʾ 

ʜʦʩʪʘʚʢʠ. ʈʦʙʦʪ-ʢʫʨôʻʨ Clevon 1 ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʜʦʩʪʘʚʢʠ çʦʩʪʘʥʥʴʦʾ ʤʠʣʽè. ɼʘʥʠʡ ʧʨʠʩʪʨʽʡ ʽʥʪʝʛʨʦʚʘʥʠʡ ʚ ʩʠʩʪʝʤʽ ʣʦʛʽʩʪʠʢʠ DHL 

Express Estonia ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʜʦʩʪʘʚʢʠ. ʁʦʛʦ ʦʯʝʚʠʜʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʪʘ ʟʘʧʘʩ ʭʦʜʫ. ɺʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

Clevon 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 1.3. 

ʊʘʙʣʠʮʷ 1.3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʪʬʦʨʤʠ ʜʦʩʪʘʚʢʠ CLEVON 1 [10]. 

ʈʦʟʤʽʨʠ ʨʦʙʦʪʘ 2470 x 1150 x 1550 ʤʤ 

ɺʘʛʘ 530 ʢʛ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 100 ʢʛ 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 25 ʢʤ/ʛʦʜ 

ʄʘʢʩʠʤʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ 100 ʢʤ ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ 

ʉʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ 100% ʝʣʝʢʪʨʠʯʥʘ 

ʆʩʦʙʣʠʚʦʩʪʽ ʉʠʩʪʝʤʘ MultiBox ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʢʽʣʴʢʦʭ 

ʧʘʢʫʥʢʽʚ, ʩʠʩʪʝʤʘ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʰʢʦʜ 

ʉʝʥʩʦʨʠ GPS, ʨʘʜʘʨ, ʢʘʤʝʨʠ 

 

1.3. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ 

 

ʇʨʦʮʝʩ ʘʥʘʣʽʟʫ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʩʽʭ 

ʨʝʣʝʚʘʥʪʥʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʩʬʝʨʽ 

ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʴ ʮʽʻʾ ʛʘʣʫʟʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʚʠʟʥʘʯʠʪʠ ʧʦʪʦʯʥʽ ʪʝʥʜʝʥʮʽʾ, ʥʘʧʨʘʮʶʚʘʥʥʷ ʪʘ ʤʦʞʣʠʚʽ ʥʝʜʦʣʽʢʠ ʥʘʷʚʥʠʭ ʨʽʰʝʥʴ, 

ʷʢʽ ʩʪʘʥʫʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʝʣʠʢʘ ʫʚʘʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʪʘ ʤʝʪʦʜʘʤ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʥʠʤʠ. ʋ ʨʦʙʦʪʽ 

[11] ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ, ʧʨʠʩʚʷʯʝʥʦʾ ʤʝʪʦʜʘʤ ʜʦʩʪʘʚʢʠ ʥʘ 

ʦʩʥʦʚʽ ʜʨʦʥʽʚ, ʦʩʥʦʚʥʠʤ ʚʠʢʣʠʢʘʤ ʪʘ ʤʘʡʙʫʪʥʽʤ ʧʝʨʩʧʝʢʪʠʚʘʤ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʷʚʣʝʥʥʷ ʧʦʪʦʯʥʠʭ ʪʝʥʜʝʥʮʽʡ, ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʜʦʩʪʘʚʢʠ, ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ 

ʥʘʧʨʷʤʽʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʛʘʣʫʟʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʢʣʘʩʠʬʽʢʫʶʯʠ ʾʭ ʟʘ ʪʘʢʠʤʠ ʘʩʧʝʢʪʘʤʠ, ʷʢ ʟʘʜʘʯʽ 

ʢʦʤʽʚʦʷʞʝʨʘ (Traveling Salesman Problem), ʧʨʦʙʣʝʤʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ (Vehicle Routing Problem), ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʜʦʩʪʘʚʢʠ ʜʨʦʥʘʤʠ, 

ʦʧʪʠʤʽʟʘʮʽʷ ʜʨʦʥʽʚ ʪʘ ʧʨʦʙʣʝʤʠ çʦʩʪʘʥʥʴʦʾ ʤʠʣʽè ʚ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʪʘʢʠʭ ʷʢ ʮʽʣʦʯʠʩʝʣʴʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ 

ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʘʜʘʧʪʠʚʥʽ ʧʦʰʫʢʦʚʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ ʛʽʙʨʠʜʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʾ ʪʝʤʘʪʠʢʠ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʘʤ 

ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʠʭ ʩʠʩʪʝʤ. ɯʩʥʫʶʪʴ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ɦ ʦʜʦ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʪʨʫʜʥʦʱʽʚ [11], ʟʦʢʨʝʤʘ ʽʥʪʝʛʨʘʮʽ ̫h ʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʨʦʟʨʦʙʢʘ ʩʪʽʡʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ.  

ʋ ʨʦʙʦʪʽ [12] ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʫ 

ʩʠʩʪʝʤʘʭ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʨʦʥʽʚ ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʦʧʝʨʘʮʽʾ ʧʦʨʷʪʫʥʢʫ. ʆʩʥʦʚʥʘ 

ʫʚʘʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʜʚʦʭ ʧʽʜʭʦʜʘʭ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ, ʘ ʩʘʤʝ ʩʪʘʪʠʯʥʦʤʫ ʪʘ 

ʜʠʥʘʤʽʯʥʦʤʫ. ʇʨʦʚʝʜʝʥʦ ʾ ʭʥʽ ʧʦʨʽʚʥʷʥʥʷ ʟʘ ʢʣʶʯʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʩʘʤʝ 

ʛʥʫʯʢʦʩʪ̔, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪ̔ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʾʩʢʣʘʜʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʢʨʝʩʣʶʻ, ʱʦ ʩʪʘʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʭ 

ʩʮʝʥʘʨʽʷʭ ʽ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʥʘ ʧʦʯʘʪʢʫ ʤʽʩʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʝʬʝʢʪʠʚʥʠʡ ʚ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʫʤʦʚʘʭ, ʘʣʝ ʤʘʻ ʥʠʟʴʢʫ ʘʜʘʧʪʘʮʽʶ ʜʦ ʟʤʽʥ, ʪʘʢʠʭ ʷʢ ʧʦʷʚʘ ʥʦʚʠʭ 
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ʟʘʚʜʘʥʴ. ʅʘʪʦʤʽʩʪʴ, ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ, ʜʘʻ ʟʤʦʛʫ ʧʝʨʝʦʨʛʘʥʽʟʫʚʘʪʠ 

ʟʘʚʜʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʨʝʘʛʫʶʯʠ ʥʘ ʟʤʽʥʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʯʠ ʚ 

ʧʘʨʘʤʝʪʨʘʭ ʟʘʚʜʘʥʴ. ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʜʚʦʭ ʧʽʜʭʦʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 

ʪʘʙʣ. 1.4. 

 

ʊʘʙʣʠʮʷ 1.4 

ʈʽʟʥʠʮʷ ʤʽʞ ʩʪʘʪʠʯʥʠʤ ʪʘ ʜʠʥʘʤʽʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟʘʚʜʘʥʴ [12] 

ʇʘʨʘʤʝʪʨʠ 
ʉʪʘʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʟʘʚʜʘʥʴ 

ɼʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʟʘʚʜʘʥʴ 

ʈʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ɺʠʟʥʘʯʝʥʝ ʟʘʟʜʘʣʝʛʽʜʴ ɸʜʘʧʪʠʚʥʝ 

ɻʥʫʯʢʽʩʪʴ 
ʅʠʟʴʢʘ: ʟʘʚʜʘʥʥʷ ʥʝ 

ʤʦʞʫʪ ɹʧʝʨʝʧʨʠʟʥʘʯʘʪʠʩ ̫

ɺʠʩʦʢʘ: ʟʘʚʜʘʥʥʷ ʤʦʞʫʪʴ 

ʧʝʨʝʧʨʠʟʥʘʯʘʪʠʩ ̫

ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʅʠʟʴʢʘ ɺʠʩʦʢʘ 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ 

ʩʢʣʘʜʥʽʩʪʴ 
ʅʠʟʴʢʘ ɺʠʩʦʢʘ 

ʇʨʠʜʘʪʥʽʩʪʴ 
ʇʝʨʝʜʙʘʯʫʚʘʥʽ ʨʦʙʦʯʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʅʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʨʦʙʦʯʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʜʘʥʠʭ 
ɺ ʦʩʥʦʚʥʦʤʫ ʥʘ ʜʘʥʠʭ 

ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ 

ɿʘʣʝʞʠʪʴ ʚʽʜ ʜʘʥʠʭ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ɺʠʤʦʛʠ ʜʦ ʢʦʤʫʥʽʢʘʮʽʾ ʇʦʤʽʨʥʽ ɺʠʩʦʢ ̔

ʄʦʞʣʠʚʦʩʪʽ ɹʇʃɸ 
ɹʘʟʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ 

ʈʦʟʰʠʨʝʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ 

ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ 

ʄʦʞʣʠʚʝ ʥʝʧʦʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 

ʂʨʘʠɦʡ ʙʘʣʘʥʩ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɺ ʜʦʩʣʽʜʞʝʥʥ ̔ʫʟʘʛʘʣʴʥʝʥʦ, ʱʦ ʩʪʘʪʠʯʥʽ ʤʝʪʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ 

ʛʥʫʯʢʽʩʪʶ, ʧʨʦʩʪʦʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʦʙʤʝʞʝʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʜʘʧʪʫʚʘʪʠʩʴ ʜʦ ʟʤʽʥ. ʋ 

ʪʦʡ ʯʘʩ, ʷʢ ʜʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʚʠʩʦʢʦʶ ʘʜʘʧʪʠʚʥʽʩʪʶ, ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʧʝʨʝʦʨʛʘʥʽʟʘʮʽʾ ʟʘʚʜʘʥʴ ʪʘ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʨʝʩʫʨʩʽʚ.  
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ʋ ʨʦʙʦʪʽ [13] ʜʦʩʣʽʜʞʝʥʦ ʘʣʛʦʨʠʪʤʠ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ 

ʩʠʩʪʝʤ ̔ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʥʘʟʝʤʥʽ ʮʽʣʽ. ɺ 

ʦʩʥʦʚʥʦʤʫ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ 

ʚʠʨʽʰʫʶʪʴ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ (ʨʠʩ. 1.7). ɸʥʘʣʽʟ ʦʭʦʧʣʶʻ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʾʭʥʴʦʛʦ 

ʚʠʨʽʰʝʥʥʷ. 

 

 

ʈʠʩ. 1.7. ʇʨʦʙʣʝʤʘ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʚʜʘʥʴ [13] 

 

ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʻ NP-ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ 

ʚʠʤʘʛʘʻ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʧʦʨʽʚʥʷʥʥʶ ʧʦʧʫʣʷʨʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ (ʪʘʙʣ. 1.5), ʪʘʢʠʤ ʷʢ 

ʘʫʢʮʽʦʥʥʽ ʘʣʛʦʨʠʪʤʠ, ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʨʠʥʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, 

ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʶ (PSO) ʪʘ ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. 

 

ʊʘʙʣʠʮʷ 1.5 

ʇʦʨʽʚʥʷʥʥʷ ʧʦʰʠʨʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ [13] 

ɸʣʛʦʨʠʪʤ 
ɼʠʥʘʤʽ-

ʯʥʽʩʪʴ 
ʉʪʽʡʢʽʩʪʴ 

ʊʦʣʝʨʘʥʪʥʽʩʪʴ 

ʜʦ ʟʙʦʾʚ 

ʊʦʯ-

ʥʽʩʪʴ 

ʄʘʩʰʪʘʙ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʐʚʠʜʢʽ

ʩʪʴ 

ɸʫʢʮʽʦʥʥʠʡ 

ʘʣʛʦʨʠʪʤ  
ʉ ʉ ʉ ʇ ɺ ʐ 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ 1.5 

ɸʣʛʦʨʠʪʤ 
ɼʠʥʘʤʽ-

ʯʥʽʩʪʴ 
ʉʪʽʡʢʽʩʪʴ 

ʊʦʣʝʨʘʥʪʥʽʩʪʴ 

ʜʦ ʟʙʦʾʚ 

ʊʦʯ-

ʥʽʩʪʴ 

ʄʘʩʰʪʘʙ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʐʚʠʜʢʽʩ

ʪ ɹ

ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪ 

ʘʣʛʦʨʠʪʤ (CNP) 
ʉ ʉ ʉ ʇ ʇ ʐ 

ɻʝʥʝʪʠʯʥʠʡ 

ʘʣʛʦʨʠʪʤ (GA) 
ʉ ʉ ʉ ʇ ʇ ʐ 

ʄʝʪʦʜ ʨʦʶ 

ʯʘʩʪʠʥʦʢ (PSO) 
ʉ ʉ ʇ ʇ ɺ ʐ 

ʂʣʘʩʪʝʨʥʠʡ 

ʘʣʛʦʨʠʪʤ 
ʉ ʉʣ ʇ ʉʣ ʇ ʐ 

ʇʨʠʤʽʪʢʘ: ʉ- ʩʠʣʴʥʠʡ; ʇ- ʧʦʤʽʨʥʠʡ; ʉʣ-ʩʣʘʙʢʠʡ; ɺ- ʚʝʣʠʢʠʡ; ʐ- ʰʚʠʜʢʠʡ. 

 

ʊʘʙʣʠʮʷ 1.5 ʜʝʤʦʥʩʪʨʫʻ ʨʽʟʥʠʮʶ ʚ ʾʭʥʽʡ ʜʠʥʘʤʽʯʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʽʜʤʦʚ, 

ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʢʣʘʩʪʝʨʥʽ ʘʣʛʦʨʠʪʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʘʣʝ ʦʙʤʝʞʝʥʦʶ ʪʦʯʥʽʩʪʶ, ʪʦʜʽ ʷʢ 

ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʰʚʠʜʢʦʩʪʽ. 

ʋ ʩʪʘʪʪʽ [14] ʩʧʨʦʝʢʪʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʩʠʩʪʝʤʫ ʘʚʪʦʥʦʤʥʦʾ ʥʘʚʽʛʘʮʽʾ ʜʣʷ 

ʜʨʦʥʽʚ, ʦʨʽʻʥʪʦʚʘʥʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʪʦʯʥʦʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, 

ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʛʦ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʩʥʦʚʥʫ ʧʨʦʙʣʝʤʫ, ʷʢʫ 

ʚʠʨʽʰʫʻ ʜʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʜʦʩʷʛʥʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʡ ʪʦʯʥʦʛʦ ʧʨʠʟʝʤʣʝʥʥʷ ʜʨʦʥʽʚ, 

ʜʝ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ GPS ʚʠʷʚʣʷʶʪʴʩʷ ʥʝ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʤʠ ʯʝʨʝʟ ʚʧʣʠʚ 

ʟʘʚʘʜ ʽ ʦʙʤʝʞʝʥʽʩʪʴ ʩʠʛʥʘʣʫ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.8. 

 

 

ʈʠʩ. 1.8. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʜʫʣʷʤʠ ʂʉ [14] 
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ʉʠʩʪʝʤʘ ʥʘʚʽʛʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʜʘʥʠʭ ʟ ʩʝʥʩʦʨʽʚ GPS, ʽʥʝʨʮʽʡʥʦʛʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ (IMU), ʙʘʨʦʤʝʪʨʘ ʪʘ ʢʘʤʝʨʠ. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʚʩʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʨʦʥʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.9. 

 

 

ʈʠʩ. 1.9. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʜʨʦʥʘ [14] 

 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʰʠʨʝʥʠʡ ʬʽʣʴʪʨ 

ʂʘʣʤʘʥʘ (EKF), ʱʦ ʽʥʪʝʛʨʫʻ ʜʘʥʽ ʚʽʜ ʩʝʥʩʦʨʽʚ ʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ 

ʧʨʠʟʝʤʣʝʥʥʷ ʜʦ 12 ʩʤ, ʪʦʜʽ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ GPS ʜʘʻ ʧʦʭʠʙʢʫ ʧʦʥʘʜ 1 ʤʝʪʨ. 

 

 

ʈʠʩ. 1.10. ɻʨʘʬʽʢ 3D ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʜʨʦʥʘ ʧʽʜ ʯʘʩ ʧʨʠʟʝʤʣʝʥʥʷ [14] 
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ʋʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʦʤ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʽʩʪʴ ʨʫʭʫ ʜʨʦʥʘ ʽ ʡʦʛʦ ʪʦʯʥʝ ʩʣʽʜʫʚʘʥʥʷ ʟʘʧʣʘʥʦʚʘʥʦʤʫ 

ʤʘʨʰʨʫʪʫ (ʜʠʚ. ʨʠʩ. 1.10). 

 

1.4. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʘʨʭʽʪʝʢʪʫʨʫ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʪʦʜʠ ʚʟʘʻʤʦʜʽʾ ʟ ʙʝʟʧʽʣʦʪʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʾʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʦʮʽʥʝʥʦ ʩʧʨʦʤʦʞʥʽʩʪʴ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʧʠʩʘʥʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ 

ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʪʘ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ.  

ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʠʧʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʩʪʨʦʾʚ. 
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʀ ɼʀʅɸʄɯʏʅʆɻʆ ʈʆɿʇʆɼɯʃʋ ɿɸɺɼɸʅʔ ɺ 

ʂʆʄʇôʖʊɽʈʀɿʆɺɸʅʀʍ ʉʀʉʊɽʄɸʍ ɹɽɿʇɯʃʆʊʅʆɰ ɼʆʉʊɸɺʂʀ 

 

2.1.  ɸʣʛʦʨʠʪʤʠ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ 

 

ʆʩʥʦʚʦʶ ʨʦʙʦʪʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ  ʻ 

ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ. ɿʘʣʝʞʥʦ ʚʽʜ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʚʦʥʠ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ. 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʮʝ ʪʽ, ʫ ʷʢʠʭ ʫʩʽ ʦʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʫʻ ʮʝʥʪʨʘʣʴʥʠʡ 

ʩʝʨʚʝʨ, ʷʢʠʡ ʧʝʨʝʜʘʻ ʜʨʦʥʘʤ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭʥʽ ʟʘʚʜʘʥʥʷ. ɼʘʥʠʡ ʧʽʜʭʽʜ 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʪʽʡʥʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʦʩʥʦʚʥʠʤ ʩʝʨʚʝʨʦʤ ̔ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ.  

 

 

ʈʠʩ. 2.1. ʇʨʠʥʮʠʧ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʾʭʥʷ ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʨʘʟʽ ʟʙʦʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ 

ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʧʦʚʥʽʩʪʶ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʱʦ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʭʘʥʽʟʤʽʚ ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʚʽʜʤʦʚʠ. ʇʨʦʪʝ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʙʤʝʞʝʥʴ, ʪʘʢʠʭ ʷʢ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʯʠ 

ʜʦʩʪʘʚʦʢ ʽʟ ʯʘʩʦʚʠʤʠ ʨʘʤʢʘʤʠ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʧʨʦʢʩʠʤʘʮʽʡ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʡʥʷʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [6].  

ʇʦʧʨʠ ʥʝʜʦʣʽʢʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʘʛ.  
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ʎʽ ʘʣʛʦʨʠʪʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʚʦʨʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʜʘʥʽ ʧʨʦ ʙʝʟʧʽʣʦʪʥʠʢʠ, ʟʘʚʜʘʥʥʷ ʪʘ ʦʙʤʝʞʝʥʥʷ 

ʟʙʠʨʘʶʪʴʩʷ ʚ ʻʜʠʥʦʤʫ ʤʽʩʮʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ 

ʬʘʢʪʦʨʠ, ʷʢ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʽʣʝʡ ʪʘ ʨʦʙʦʯʽ ʟʦʥʠ 

ʟʘʩʦʙʽʚ. 

ʅʘʷʚʥʽʩʪʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʫʟʣʘ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʬʣʦʪʦʤ ʜʨʦʥʽʚ, 

ʦʩʢʽʣʴʢʠ ʚʩʽ ʨʽʰʝʥʥʷ ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʫ ʩʠʩʪʝʤʽ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʟʘʚʜʘʥʥʷ ʘʙʦ 

ʟʤʽʥʶʶʪʴʩʷ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʠʭ. 

ʇʝʨʝʚʘʛʦʶ ʻ ʪʘʢʦʞ ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. ʎʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʦʪʨʝʙʫʻ ʤʝʥʰ ʩʢʣʘʜʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ, ʪʘ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʚʪʨʫʯʘʥʥʷ ʚ ʇɿ ʥʘʷʚʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ 

ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʩʠʩʪʝʤʥʠʭ ʧʦʤʠʣʦʢ ʽ ʩʧʨʦʱʫʻ ʨʦʟʨʦʙʢʫ. 

ʆʪʞʝ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʣʝʛʰʝ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʨʦʮʝʩ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ. 

ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʦʜʽʣʷʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʤʽʞ ʫʩʽʤʘ 

ʫʯʘʩʥʠʢʘʤʠ ʛʨʫʧʠ ʜʨʦʥʽʚ. ʂʦʞʝʥ ʟʘʩʽʙ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʚʫʟʣʽ 

ʫʧʨʘʚʣʽʥʥʷ. 

 

 

ʈʠʩ. 2.2. ʇʨʠʥʮʠʧ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 
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ɺʽʥ ʻ ʙʽʣʴʰ ʩʪʽʡʢʠʤ ʜʦ ʚʽʜʤʦʚ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʧʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʥʝʟʘʣʝʞʥʦ ̔ 

ʚ ʨʘʟʽ ʧʦʣʦʤʢʠ ʦʜʥʦʛʦ ʟ ʥʠʭ ʚʩʷ ʩʠʩʪʝʤʘ ʡ ʥʘʜʘʣʽ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʙʫʜʴ-̫ ʢʠʭ 

ʧʦʨʫʰʝʥʴ. ʅʝʩʧʨʘʚʥʠʡ ʜʨʦʥ ʧʨʦʩʪʦ ʧʨʠʧʠʥʷʻ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʜʦ ʤʦʤʝʥʪʫ 

ʩʚʦʛʦ ʨʝʤʦʥʪʫ. ʅʘʡʯʘʩʪʽʰʝ ʚ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʘʣʛʦʨʠʪʤʠ ʥʘ ʦʩʥʦʚʽ ʨʠʥʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʝ ʢʦʞʝʥ ʧʨʠʩʪʨʽʡ ʨʦʙʠʪʴ ʩʪʘʚʢʫ, ʜʣʷ 

ʪʦʛʦ ʘʙʠ ʦʪʨʠʤʘʪʠ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʧʘʨʘʤʝʪʨʘʤ. ʋʩʽ 

ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʙʦʨʪʫ ʜʨʦʥʘ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʱʦ ʜʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʾʭʥʷ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʨʦʥʽʚ ʫ ʛʨʫʧʽ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʦʙʯʠʩʣʝʥʴ. 

ʇʦʧʨʠ ʚʩʽ ʧʝʨʝʚʘʛʠ ʜʘʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʶʪʴ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ:  

- ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰʝ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʙʦʨʪʫ ʢʦʞʥʦʛʦ 

ʙʝʟʧʽʣʦʪʥʠʢʘ, ɦʦ ʤʘʪʠʤʝ ʟʥʘʯʥʠʡ ʝʬʝʢʪ ʥʘ ʩʧʦʞʠʚʘʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

- ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʥʝʦʙʭʽʜʥʦ ʜʦʧʦʚʥʠʪʠ ʚʽʜʧʦʚʽʜʥʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʩʽ ʧʨʠʩʪʨʦʾ ʚ ʛʨʫʧʽ. ʎʝ ̒  ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʦʩʢʽʣʴʢʠ ʚʠʨʦʙʥʠʢʠ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʤʘʶʪʴ ʚʣʘʩʥʽ ʇɿ ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʧʨʠʩʪʨʦʾʚ, 

ʪʘ ʣʦʛʽʢʠ ʾʭʥʴʦʾ ʨʦʙʦʪʠ. ɹʫʜʴ-̫ ʢʝ ʚʪʨʫʯʘʥʥʷ ʟʽ ʩʪʦʨʦʥʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʦʾʚ ʫ 

ʨʦʙʦʪʽ ʚʩʴʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɸʫʢʮʽʦʥʥʠʡ ʘʣʛʦʨʠʪʤ (Auction algorithm) ï ʮʝ ʘʣʛʦʨʠʪʤ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʚ ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʛʨʘʬʽ. ɺʽʥ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʽʤʽʪʘʮʽʾ ʧʨʦʮʝʩʫ 

ʪʦʨʛʽʚ, ʜʝ ʟʘʚʜʘʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʯʝʨʝʟ ʧʨʦʮʝʩ ʩʪʘʚʦʢ. ʂʦʞʝʥ 

ʫʯʘʩʥʠʢ ʘʥʘʣʽʟʫʻ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʥʠʤ ʚʠʢʦʥʘʥʝ ʪʘ ʦʛʦʣʦʰʫʻ ʩʚʦʶ ʩʪʘʚʢʫ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʦʮʽʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ. ʋʩʽ ʩʪʘʚʢʠ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʘʫʢʮʽʦʥʝʨʘ, ʷʢʠʡ ʾʭ ʧʦʨʽʚʥʶʻ ʪʘ ʦʙʠʨʘʻ 

ʥʘʡʚʠʱʫ ʟ ʥʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʯʘʩʥʠʢ, ʷʢʠʡ ʟʨʦʙʠʚ ʥʘʡʚʠʱʫ ʩʪʘʚʢʫ ʦʪʨʠʤʫʻ 

ʟʘʚʜʘʥʥʷ. ɺ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʟʘʪʨʠʤʢʠ ʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ 

ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʧʦʩʪʽʡʥʽʡ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʘʫʢʮʽʦʥʝʨʦʤ. ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽʩʪʴ 
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ʘʣʛʦʨʠʪʤʫ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʙʦʾʚ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʥʝ 

ʧʨʠʧʠʥʷʻʪʴʩʷ ʚ ʨʘʟʽ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʽʟ ʫʯʘʩʥʠʢʽʚ.  

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʘʫʢʮʽʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʦʧʝʨʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʴʦʤʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ 

ʜʦʩʪʘʚʢʠ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʟʘʧʘʩʫ ʭʦʜʫ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʥʝ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ. 

ʄʝʪʦʜ ʨʦʶ ʯʘʩʪʠʥʦʢ (PSO) ð ʮʝ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʤʦʜʝʣʶʻ 

ʧʦʚʝʜʽʥʢʫ ʨʦʶ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʫ ʟʘʜʘʯʘʭ ʟ ʙʘʛʘʪʴʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʂʦʞʥʘ ʯʘʩʪʠʥʢʘ ñʘʛʝʥʪò ʫ ʩʠʩʪʝʤʽ ʥʘʤʘʛʘʻʪʴʩʷ ʟʥʘʡʪʠ ʥʘʡʢʨʘʱʝ 

ʨʽʰʝʥʥʷ ʚʟʘʻʤʦʜʽʶʯʠ ʟ ʽʥʰʠʤʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʫ ʧʨʦʩʪʦʨʽ 

ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ, ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ ʢʦʨʠʛʫʻ ʩʚʽʡ ʰʣʷʭ ʫ ʥʘʧʨʷʤʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʘʙʦ ʙʣʠʟʴʢʦʛʦ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʻ ʧʨʦʩʪʠʤ ʫ ʨʝʘʣʽʟʘʮʽʾ 

ʪʘ ʚʠʤʘʛʘʻ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ. ɺʽʥ ʟʜʘʪʥʠʡ ʦʙʨʦʙʣʷʪʠ 

ʚʝʣʠʢʽ ʧʨʦʩʪʦʨʠ ʨʽʰʝʥʴ ʪʘ ʘʜʘʧʪʫʚʘʪʠʩʴ ʜʦ ʟʤʽʥ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ ʚ 

ʟʘʜʘʯʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʭʦʜʠʪʴ ʦʙʤʝʞʝʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʛʣʦʙʘʣʴʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʦʙʤʝʞʝʥʴ. ɼʘʥʽ ʥʝʜʦʣʽʢʠ ʻ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʩʠʩʪʝʤ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ. 

ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ (GA) ï ʮʝ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʷʢʠʡ ʽʤʽʪʫʻ ʧʨʦʮʝʩ 

ʝʚʦʣʶʮʽʾ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʫ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ. ʇʨʠʥʮʠʧ 

ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥ ̔ʧʨʦʮʝʩʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʙʦʨʫ, ʘ ʩʘʤʝ ʦʧʝʨʘʮʽʡ ʩʭʨʝʱʫʚʘʥʥʷ ʪʘ ʤʫʪʘʮʽʡ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʫ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʪʘ ʟʜʘʪʥʠʤ ʫʥʠʢʘʪʠ 

ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ. GA ʤʦʞʝ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʦʙʤʝʞʝʥʴ ʽ ʧʘʨʘʤʝʪʨʽʚ. ɸ ʪʘʢʦʞ ʘʜʘʧʪʫʚʘʪʠʩʴ ʜʦ ʟʤʽʥ ʫ ʩʝʨʝʜʦʚʠʱʽ.  
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ɼʦ ʥʝʜʦʣʽʢʽʚ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʫ 

ʩʢʣʘʜʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʝʣʠʢʠʭ ʟʘʜʘʯ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʙʯʠʩʣʝʥʴ ʪʘ ʽʪʝʨʘʮʽʡ.  

ɼʘʥʠʡ ʥʝʜʦʣʽʢ ʚʠʨʽʰʫʻʪʴʩʷ ʧʝʨʝʥʝʩʝʥʥʷʤ ʫʩʽʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ 

ʩʝʨʚʝʨ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʙʝʟʧʽʣʦʪʥʠʢʠ. 

 

2.2. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʙʝʟʧʽʣʦʪʥʠʭ ʧʨʠʩʪʨʦʾʚ 

 

ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʙʝʟʧʽʣʦʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʯʠʥʥʠʢʠ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʧʨʠʩʪʨʦʶ. ʋ ʨʦʙʦʪʽ [15] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣ ɹʧʽʜʨʘʭʫʥʢʫ ʝʥʝʨʛʦʚʠʪʨʘʪ ʜʣʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʫ ʤʽʩʴʢʽʡ ʣʦʛʽʩʪʠʮʽ, ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʦʚʘʛʠ ʅʴʶʪʦʥʘ ʚ ʫʤʦʚʘʭ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʣʴʦʪʫ (ʬʦʨʤʫʣʘ 2.1). 

 

ÍÉÎ Ὁ

ở

Ở
ờ
ὧ”ὃ ὒ ὒ ὺ  

Ợ

ỡ
Ỡ
    (2.1) 

 

ʜʝ Ὁ ï ʤʽʥʽʤʘʣʴʥʘ ʝʥʝʨʛ̔ ʷ ʚʠʢʦʨʠʩʪʘʥʘ Ὥ-ʠʤ ʙʝʟʧʽʣʦʪʥʠʢʦʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

Ὦ-ʛʦ ʟʘʚʜʘʥʥʷ ʟ ʧʦʪʦʯʥʦʛʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ; 

– ï ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʝʥʝʨʛʽʾ; 

ὧ ï ʢʦʝʬʽʮʽʻʥʪ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʙʝʟʧʽʣʦʪʥʠʢʘ; 

 - ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; 

ὃ ï ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʙʝʟʧʽʣʦʪʥʠʢʘ ʚʽʜʥʦʩʥʦ ʡʦʛʦ ʨʫʭʫ; 

ὒ ï ʤʽʥʽʤʘʣʴʥʦ-ʨʠʟʠʢʦʚʘʥʘ ʜʠʩʪʘʥʮʽʷ ʚʽʜ ʧʦʪʦʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʜʨʦʥʘ ʜʦ 

ʤʽʩʮʷ ʧʽʜʙʦʨʫ ʧʦʩʠʣʢʠ; 
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ὒ ï ʤʽʥʽʤʘʣʴʥʦ-ʨʠʟʠʢʦʚʘʥʘ ʜʠʩʪʘʥʮʽʷ ʚʽʜ ʪʦʯʢʠ ʧʽʜʙʦʨʫ ʜʦ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ; 

ά ï ʚʘʛʘ Ὥ-ʛʦ ʙʝʟʧʽʣʦʪʥʠʢʘ; 

ά  ï ʚʘʛʘ Ὦ ʧʦʩʠʣʢʠ; 

ὺ ï hʚʠʜʢʽʩʪʴ ʨʫʭʫ ʙʝʟʧʽʣʦʪʥʠʢʘ; 

ὃ ï ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʜʽʣʷʥʢʠ ʧʨʦʧʝʣʝʨʘ ʨʦʪʦʨʘ; 

Ὣ ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ.  

ɼʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝ ʚʨʘʭʦʚʫʻ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʟʣʝʪʽ ʯʠ 

ʧʨʠʟʝʤʣʝʥʥʽ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʟʘ ʽʜʝʘʣʴʥʠʭ ʦʙʩʪʘʚʠʥ. 

ʌʦʨʤʫʣʘ 2.2 ʨʦʟʨʘʭʦʚʫʻ ʥʝʦʙʭʽʜʥʫ ʝʥʝʨʛʽ ʁʜʣʷ ʚʪʨʠʤʘʥʥʷ ʜʨʦʥʘ ʚ ʧʦʚʽʪʨʽ [16]: 

 

ὖ
ά ά Ὣ

ς”ὃ
ȟ ςȢς

 

 

ʎʠʭ ʜʘʥʠʭ ʙʫʜʝ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʘʙʠ ʦʮʽʥʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʜʘʥʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʙʫʜʫʪʴ 

ʚʽʜʧʨʘʚʣʷʪʠʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʞʥʠʤ ʧʨʠʩʪʨʦʤ̒, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʪʦʯʥʽʰʠʡ ʘʥʘʣʽʟ 

ʪʘ ʢʨʘʱʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ. 

 

2.3. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ  

 

ɼʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʟʘʜʘʯ ʫ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ɯʩʥʫʻ ʥʠʟʢʘ ʤʝʪʦʜʽʚ ʪʘ ʧʽʜʭʦʜʽʚ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʨʦʟʧʦʜʽʣʽ ʟʘʚʜʘʥʴ ʤʽʞ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʽʥʥʠʭ ʩʮʝʥʘʨʽʾʚ. ʆʜʥʠʤ ʽʟ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʚʠʨʽʰʝʥʥʽ ʪʘʢʠʭ ʟʘʜʘʯ ʻ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ. 
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ʋ ʨʦʙʦʪʽ [18] ʨʦʟʛʣʷʥʫʪʘ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʨʦʟʚʽʜʢʠ 

ʜʣʷ ʛʨʫʧʠ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ). ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʻ 

ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʠʣʝʞʥʠʭ ʭʨʦʤʦʩʦʤ ʟ ʧʦʜʚʽʡʥʠʤ ʢʦʜʫʚʘʥʥʷʤ 

ʪʘ ʤʥʦʞʠʥʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʤʫʪʘʮʽʾ (OGA-DEMMO). ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ, ʷʢʠʡ ʤʽʥʽʤʽʟʫʻ 

ʚʠʪʨʘʪʠ ʯʘʩʪʫ ʪʘ ʨʝʩʫʨʩʽʚ ɹʇʃɸ. ʆʙʨʘʥʠʡ ʧʽʜʭʽʜ ʢʦʤʙʽʥʫʻ ʧʝʨʝʚʘʛʠ ʛʝʥʝʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʚʝʣʠʢʽ ʧʨʦʩʪʦʨʠ ʨʽʰʝʥʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʦʜʫ ʧʨʦʪʠʣʝʞʥʠʭ ʭʨʦʤʦʩʦʤ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʫʥʠʢʥʫʪʠ ʣʦʢʘʣʴʥʽ ʦʧʪʠʤʫʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʘʥʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʽ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ɹʇʃɸ. 

ɼʦʩʣʽʜʞʝʥʥʷ [6] ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʜʣʷ ʛʨʫʧʠ ʜʨʦʥʽʚ ʫ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ. ʗʢʝ ʧʦʣʷʛʘʻ ʫ ʚʨʘʭʫʚʘʥʥʽ ʦʙʤʝʞʝʥʴ, 

ʪʘʢʠʭ ʷʢ ʝʥʝʨʛʝʪʠʯʥʘ ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʪʘ ʯʘʩʦʚʽ ʨʘʤʢʠ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʛʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʛʨʫʧʠ ʜʨʦʥʽʚ 

ʟʘʩʪʦʩʦʚʘʥʦ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ OGA-DEMMO. ʆʩʢʽʣʴʢʠ ʪʘʢʘ ʟʘʜʘʯʘ ʻ NP-

ʩʢʣʘʜʥʦʶ, ʷʢʫ ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʟʘ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʯʘʩ. ʋ 

ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʘʛʦʚʽ ʦʙʤʝʞʝʥʥʷ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʧʘʜʘʥʥʷ ʫ ʯʘʩʦʚʽ ʨʘʤʢʠ ʧʽʜ ʯʘʩ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ. ʊʘʢʦʞ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʥʥʷ ʟʘʚʜʘʥʴ ʜʣʷ ʧʽʜʟʘʨʷʜʢʠ ʜʨʦʥʽʚ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʚ ʥʠʭ ʥʝʜʦʩʪʘʪʥʴʦ ʻʤʥʦʩʪʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʟʘʚʜʘʥʥʷ (ʨʠʩ. 2.3.). 
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ʈʠʩ. 2.3. ɹʣʦʢ-ʩʭʝʤʘ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʜʦʜʘʚʘʥʥʷ ʟʘʚʜʘʥʴ ʜʣʷ ʧʽʜʟʘʨʷʜʢʠ 

 

ʆʩʢʽʣʴʢʠ ʯʝʨʛʘ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʚʽʜʦʤʘ ʟʘʟʜʘʣʝʛʽʜʴ, ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʚʽʨʷʻ ʯʠ ʜʦʩʪʘʪʥʴʦ ʻʤʥʦʩʪʽ ʙʘʪʘʨʝʾ ʢʦʞʥʦʛʦ ʜʨʦʥʘ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʩʽʭ 

ʟʘʚʜʘʥʴ. ɺ ʨʘʟʽ, ʷʢʱʦ ʻʤʥʦʩʪʽ ʙʫʜʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ 

ʟʘʚʜʘʥʥʷ, ʘʣʛʦʨʠʪʤ ʟʥʘʡʜʝ ʥʘʡʙʣʠʞʯʫ ʟʘʨʷʜʥʫ ʩʪʘʥʮʽʶ ʪʘ ʜʦʜʘʩʪʴ ʾʾ ʚ ʯʝʨʛʫ ʧʝʨʝʜ 

ʪʠʤ ʟʘʚʜʘʥʥʷʤ. ɿʘʟʥʘʯʝʥʦ, ɦʦ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʩʮʝʥʘʨʽ ʾʜʝ ʟʘʨʷʜʢʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʥʦʶ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʙʝʟʧʽʣʦʪʥʦʛʦ ʧʨʠʩʪʨʦʶ.  

ʈʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʡ ʧʦʢʘʟʘʣʠ ʩʢʦʨʦʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʦʩʦʙʣʠʚʦ 

ʢʦʣʠ ʟʘʚʜʘʥʥʷ ʜʣʷ ʧʽʜʟʘʨʷʜʢʠ ʜʦʜʘʶʪʴʩʷ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ ʨʦʟʧʦʜʽʣʫ [6].  

ʅʘʷʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʝʥʝʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʫ ʟʘʜʘʯʘʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʦʙʤʝʞʝʥʴ. ɸ ʪʘʢʦʞ ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʪʨʝʙʠ ʜʣʷ ʾʭʥʴʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʘ ʩʘʤʝ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥ ̔ʪʠʧʠ ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭʥ̔ 

ʨʦʙʦʯ ̔ʟʦʥʠ. 
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2.4. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ 

 

ɿʛʽʜʥʦ ʘʥʘʣʽʟʫ ʥʘʷʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ, ʥʘʡʢʨʘʱʠʤ ʻ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʙʝʟʧʽʣʦʪʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʚ ʩʮʝʥʘʨʽʾ, ʜʝ ὔ ï 

ʢʽʣɹʢʽʩʪʴ ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʪʘ ὔ - ʢʽʣʴʢʽʩʪʴ ʟʘʚʜʘʥʴ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʛʝʥʝʪʠʯʥʠʡ 

ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʠʣʝʞʥʠʭ ʭʨʦʤʦʩʦʤ ʟ ʧʦʜʚʽʡʥʠʤ ʢʦʜʫʚʘʥʥʷ ʪʘ ʤʥʦʞʠʥʥʠʭ 

ʦʧʝʨʘʪʦʨʽʚ ʤʫʪʘʮʽʾ (OGA-DEMMO). ɺ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʛʝʥʝʨʫʻʪʴʩʷ ʧʦʢʦʣʽʥʥʷ 

ʭʨʦʤʦʩʦʤ, ʦʜʥʘ ʯʘʩʪʠʥʘ ʷʢʦʾ ʦʧʠʩʫʻ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʥʷ ʤʽʞ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ, ʘ ʽʥʰʘ 

ï ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʠʥʮʠʧʫ 

ʧʦʜʚʽʡʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʭʨʦʤʦʩʦʤ ʟʦʙʨʘʞʝʥʝ ʥʘ ʨʠʩ. 2.4. 

 

 

ʈʠʩ. 2.4. ʇʨʠʥʮʠʧ ʧʦʜʚʽʡʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʭʨʦʤʦʩʦʤʠ 

 

ʅʘ ʨʠʩʫʥʢʫ ʟʦʙʨʘʞʝʥʽ ʪʨʠ ʧʨʠʢʣʘʜʠ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʙʝʟʧʽʣʦʪʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ. ʅʘ ʧʝʨʰʦʤʫ ʧʨʠʢʣʘʜʽ ʭʨʦʤʦʩʦʤʘ I ʤʘʻ ʧʝʨʝʣʽʢ ʟʘʚʜʘʥʴ (3, 6, 7, 4, 1, 9, 

8, 5, 2, 10), ʜʨʫʛʘ ʭʨʦʤʦʩʦʤʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʦʧʠʩʫʻ ʤʝʞʽ ʨʦʟʧʦʜʽʣʫ ʧʝʨʰʦʾ 

ʭʨʦʤʦʩʦʤʠ (3, 5, 8). ʎʝ ʦʟʥʘʯʘʻ ʱʦ ʧʝʨʰʘ ʭʨʦʤʦʩʦʤʘ ʤʘʪʠʤʝ ʪʨʠ ʣʽʥʽʾ ʧʦʜʽʣʫ: 

ʧʝʨʰʘ ʤʽʞ ʟʘʚʜʘʥʥʷʤ 7 ʽ 4, ʜʨʫʛʘ ʤʽʞ 1 ʽ 9 ʪʘ ʪʨʝʪʷ ʤʽʞ 5 ʽ 2. ʎʝ ʩʪʚʦʨʶʻ ʥʘʩʪʫʧʥʫ 

ʛʨʫʧʫ ʟʘʚʜʘʥʴ (3, 6, 7), (4, 1), (9, 8, 5), (2, 10). ʇʽʩʣʷ ʮʴʦʛʦ ʢʦʞʥʘ ʛʨʫʧʘ ʟʘʚʜʘʥʴ 
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ʧʨʠʩʚʦʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦʤʫ ʙʝʟʧʽʣʦʪʥʦʤʫ ʧʨʠʩʪʨʦʶ ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻ ʝʥʝʨʛʝʪʠʯʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʢʦʞʥʝ ʽʟ ʟʘʚʜʘʥʴ ʚ ʪʦʤʫ ʧʦʨʷʜʢʫ ʷʢʦʤʫ ʚʽʥ ʡʦʛʦ ʦʪʨʠʤʘʚ.  

ɹʣʦʢ-ʩʭʝʤʘ OGA-DEMMO ʘʣʛʦʨʠʪʤʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.5.  

 

 

ʈʠʩ. 2.5. ɹʣʦʢ-ʩʭʝʤʘ OGA-DEMMO ʘʣʛʦʨʠʪʤʫ 
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ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʱʦ ʧʦʨʷʜʦʢ ʛʝʥʽʚ ʚ ʜʨʫʛʽʡ ʭʨʦʤʦʩʦʤʽ ʤʘʻ ʙʫʪʠ 

ʚʽʜʩʦʨʪʦʚʘʥʠʡ ʚ ʟʨʦʩʪʘʶʯʦʤʫ ʧʦʨʷʜʢʫ, ʘ ʟʥʘʯʝʥʥʷ ʧʝʨʝʪʠʥʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚ ʤʝʞʘʭ 

ὔ. ʂʽʣʴʢʽʩʪʴ ʛʝʥʽʚ ʚ ʜʨʫʛʽʡ ʭʨʦʤʦʩʦʤʽ ʨʽʚʥʘ ὔ ρ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʥʦʮʽʥʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʽʞ ʫʩʽʤʘ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ ὔ. ʊʘʢʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʨʝʢʪʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʘʣʛʦʨʠʪʤʫ ʧʝʨʰʘ ʭʨʦʤʦʩʦʤʘ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʪʽʣʴʢʠ 

ʫʥʽʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʛʝʥʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʜʝʢʩʫ ʟʘʚʜʘʥʥʷ, ʘ ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʛʝʥʽʚ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ὔ. 

 

2.4.1. ɼʦʜʘʚʘʥʥʷ ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʧʫʣʷʮʽʾ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʧʫʣʷʮʽʾ (opposition-based learning) ̒  ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʠʣʝʞʥʦʾ ʟʘ 

ʢʦʜʫʚʘʥʥʷʤ ʛʝʥ ʽʥʜʠʚʽʜʘ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʢʨʘʱʠʭ 

ʨʽʰʝʥʴ. ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʩʚʽʪʫ, ʜʝ 

ʧʨʦʪʠʣʝʞʥʽʩʪʶ ʩʣʘʙʢʦʛʦ ʽʥʜʠʚʽʜʘ ʻ ʩʠʣʴʥʠʡ. 

ʃʦʛʽʢʘ ʨʦʙʦʪʠ ʚ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʢʦʜʫ ʜʣʷ ʢʦʞʥʦʛʦ ʛʝʥʘ ʧʝʨʰʦʾ ʭʨʦʤʦʩʦʤʠ. ɼʣʷ ʢʦʞʥʦʛʦ ᾀ ʛʝʥʘ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ ὥȟὦ, 

ʧʨʦʪʠʣʝʞʥʠʡ ʢʦʜ ᾀᴂ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 

ᾀ ὥ ὦ ᾀȟ ᾀᶰὥȟὦȟ ςȢρσ 

 

ʜʝ ᾀᴂ - ʧʨʦʪʠʣʝʞʥʠʡ ʢʦʜ ʥʦʚʦʛʦ ʛʝʥʘ 

ɼʣʷ ʧʝʨʰʦʾ ʭʨʦʤʦʩʦʤʠ [1, 7, 9, 2, 5, 3, 6, 4, 8], ʥʘʡʤʝʥʰʝ ʪʘ ʥʘʡʙʽʣʴʰʽ 

ʟʥʘʯʝʥʥʷ ʷʢʠʤ ʥʘʣʝʞʘʪʴ ʽʥʜʝʢʩʠ ʟʘʚʜʘʥʴ ʮʝ 1 ʽ 9 ʚʽʜʧʦʚʽʜʥʦ. ʊʦʜʽ ʭʨʦʤʦʩʦʤʘ ʽʟ 

ʧʨʦʪʠʣʝʞʥʠʤ ʢʦʜʫʚʘʥʥʷʤ ʤʘʪʠʤʝ ʚʠʛʣʷʜ [9, 2, 1, 7, 4, 6, 3, 5, 2]. ɼʨʫʛʘ ʭʨʦʤʦʩʦʤʘ 

ʚ ʜʘʥʽʡ ʦʧʝʨʘʮʽʾ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

 

2.4.2. ʆʧʝʨʘʮʽʾ ʩʭʨʝʱʫʚʘʥʥʷ. ʆʜʥʽʻʶ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʪʘʧʽʚ ʚ ʛʝʥʝʪʠʯʥʦʤʫ 

ʘʣʛʦʨʠʪʤʽ ʻ ʦʧʝʨʘʮʽʷ ʩʭʨʝʱʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʾ 

ʤʽʞ ʭʨʦʤʦʩʦʤʘʤʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʧʦʧʫʣʷʮʽʡ. ɼʘʥʘ ʦʧʝʨʘʮʽʷ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ. ɽʬʝʢʪʠʚʥʠʡ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʪʨʝʙʫʻ 
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ʜʝʪʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʦʧʝʨʘʮʽʾ ʩʭʨʝʱʫʚʘʥʥʷ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ.  

ʋ ʨʦʙʦʪʽ [17], ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʙʣʝʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ 

ʢʦʤʘʥʜʘʤʠ ʘʛʝʥʪʽʚ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʧʝʨʘʮʽʷʤ ʩʭʨʝʱʫʚʘʥʥʷ ʚ 

ʛʝʥʝʪʠʯʥʦʤʫ ʘʣʛʦʨʠʪʤʽ. ɺ ʜʦʩʣʽʜʞʝʥʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ 

ʩʭʨʝʱʫʚʘʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʣʘʩʥʽ ʨʽʰʝʥʥʷ. 

ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦ  ʁʚʠʷʚʠʣʘʩʴ 

ʦʧʝʨʘʮʽ ̫ʩʭʨʝʱʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʦʟʠʮʽʾ ʟʽ ʩʧʠʩʢʦʤ ʧʝʨʝʩʪʘʥʦʚʦʢ (position-based 

shuffled list crossover operator). ʈʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʜʘʥʠʡ ʤʝʪʦʜ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʽʥʰʽ ʦʧʝʨʘʮʽʾ ʩʭʨʝʱʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʨʽʰʝʥʴ ʪʘ ʟʜʘʪʥʦʩʪʽ ʫʥʠʢʘʪʠ 

ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʜʘʥʦʾ ʦʧʝʨʘʮʽʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.6. 

 

 

ʈʠʩ. 2.6. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʦʧʝʨʘʮʽʾ ʩʭʨʝʱʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʦʟʠʮʽʾ ʟʽ ʩʧʠʩʢʦʤ 

ʧʝʨʝʩʪʘʥʦʚʦʢ [17] 

 

ɺ ʜʘʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʩʭʨʝʱʫʚʘʥʥʷ, ʫ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʨʷʜʢʫ (ʟ ʡʤʦʚʽʨʥʽʩʪʶ 

0.5) ʟ ʭʨʦʤʦʩʦʤʠ Parent ɸ ʦʙʠʨʘʶʪʴʩʷ ʧʦʟʠʮʽʾ ʛʝʥʽʚ. ʆʙʨʘʥʽ ʛʝʥʠ ʢʦʧʽʶʶʪʴʩʷ ʚ 
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ʭʨʦʤʦʩʦʤʫ ʥʘʱʘʜʦʢ Offspring 1. ɿʥʘʯʝʥʥʷ ʛʝʥʽʚ ʷʢʽ ʙʫʣʠ ʦʙʨʘʥʽ ʟ ʭʨʦʤʦʩʦʤʠ Parent 

ɸ, ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʭʨʦʤʦʩʦʤʠ Parent ɺ, ʘ ʨʝʰʪʘ ʛʝʥʽʚ ʢʦʧʽʶʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽ ʛʝʥʠ 

ʥʘʱʘʜʢʘ Offspring 1. ʋ ʥʝʟʘʧʦʚʥʝʥʽ ʛʝʥʠ ʥʘʱʘʜʢʘ (ʧʦʟʥʘʯʝʥʽ *), ʟʤʽʰʘʥʠʤ 

ʧʦʨʷʜʢʦʤ ʢʦʧʽʶʶʪʴʩʷ ʥʝʟʘʜʽʷʥʽ ʛʝʥʠ ʟ ʭʨʦʤʦʩʦʤʠ Parent ɺ. 

ɸʚʪʦʨʠ ʪʘʢʦʞ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʙʦʨʫ ʛʝʥʽʚ ʚʽʜ ʦʜʥʦʛʦ ʟ ʙʘʪʴʢʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʘ ʚ 

ʜʽʘʧʘʟʦʥʽ 70-80% ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʦʚʠʭ 

ʨʽʰʝʥʴ ʪʘ ʧʦʢʨʘʱʝʥʥʷʤ ʧʦʪʦʯʥʠʭ. 

 

2.4.3. ʆʧʝʨʘʮʽʾ ʢʽʣʴʢʽʩʥʦʾ ʤʫʪʘʮʽʾ. ʆʧʝʨʘʮʽʷ ʤʫʪʘʮʽʾ ʭʨʦʤʦʩʦʤʠ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚ ʛʝʥʝʪʠʯʥʦʤʫ ʘʣʛʦʨʠʪʤʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʟʘʧʦʙʽʛʘʻ ʧʝʨʝʜʯʘʩʥʦʤʫ ʟʘʩʪʨʷʛʘʥʥʶ ʥʘ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʘʭ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʦʧʫʣʷʮʽʾ ʚ OGA-DEMMO ʘʣʛʦʨʠʪʤʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʝʢʽʣʴʢʘ 

ʦʧʝʨʘʮʽʡ ʤʫʪʘʮʽʾ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʱʦ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʽʩʪʠʪʴ ʜʚʽ ʭʨʦʤʦʩʦʤʠ ʪʦʤʫ 

ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ ʤʫʪʘʮʽʾ. 

ɼʣʷ ʧʝʨʰʦʾ ʭʨʦʤʦʩʦʤʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʨʷʜʫ ʛʝʥʽʚ (flip), ʟʘʤʽʥʠ ʛʝʥʽʚ ʤʽʩʮʷʤʠ 

(swap) ʪʘ ʢʦʚʟʘʥʥʷ ʨʷʜʫ ʛʝʥʽʚ (slide) 

ʄʫʪʘʮʽʷ ʪʠʧʫ flip ʚ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʚʠʙʠʨʘʻ ʜʚʽ ʧʦʟʠʮʽʾ ʚ ʧʝʨʰʽʡ 

ʭʨʦʤʦʩʦʤʽ. ʊʦʜʽ ʨʦʙʠʪʴ ʽʥʚʝʨʩʽʶ ʚʠʙʨʘʥʦʾ ʜʽʣʷʥʢʠ. ʇʨʠʢʣʘʜ ʧʨʠʥʮʠʧʫ flip ʤʫʪʘʮʽʾ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.7. 

 

 

ʈʠʩ.2.7. ʇʨʠʢʣʘʜ ʦʧʝʨʘʮʽʾ flip 
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ʄʫʪʘʮʽʷ ʪʠʧʫ slide ʪʘʢʦʞ ʚ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʚʠʙʠʨʘʻ ʜʚʽ ʧʦʟʠʮʽʾ ʚ 

ʧʝʨʰʽʡ ʭʨʦʤʦʩʦʤʽ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʧʝʨʝʤʽʱʫʻ ʧʝʨʰʠʡ ʝʣʝʤʝʥʪ ʥʘ ʤʽʩʮʝ 

ʦʩʪʘʥʥʴʦʛʦ ʪʘ ʟʤʽʱʫʻ ʜʽʣʷʥʢʫ ʚ ʩʪʦʨʦʥʫ ʧʝʨʰʦʛʦ ʝʣʝʤʝʥʪʫ. ʇʨʠʢʣʘʜ ʧʨʠʥʮʠʧʫ 

slide ʤʫʪʘʮʽʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.8. 

 

 

ʈʠʩ. 2.8. ʇʨʠʢʣʘʜ ʦʧʝʨʘʮʽʾ slide 

 

Swap ʤʫʪʘʮʽʷ ʻ ʥʘʡʧʨʦʩʪʽʰʦʶ, ʜʝ ʚ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʦʙʠʨʘʶʪʴʩʷ ʜʚʽ 

ʧʦʟʠʮʽʾ ʧʽʩʣʷ ʯʦʛʦ ʚʦʥʠ ʦʙʤʽʥʶʶʪʴʩʷ ʩʚʦʾʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʇʨʠʢʣʘʜ ʧʨʠʥʮʠʧʫ swap 

ʤʫʪʘʮʽʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.9 

 

 

ʈʠʩ. 2.9. ʇʨʠʢʣʘʜ ʦʧʝʨʘʮʽʾ swap 

 

ɼʣʷ ʜʨʫʛʦʾ ʭʨʦʤʦʩʦʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʨʝʛʝʥʝʨʘʮʽʾ. ɼʘʥʠʡ ʤʝʭʘʥʽʟʤ ʚ 

ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʨʝʛʝʥʝʨʫʻ ʥʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʛʝʥʘ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ 

ʱʦ ʪʫʪ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʤʝʞʽ, ʷʢʽ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ὔ. 
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2.5. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ 

ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʾʭʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʥʝʜʦʣʽʢʠ. ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʜʦʜʘʪʢʦʚʦʾ ʚʘʛʠ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʩʚʷʯʝʥʘ ʥʦʚʠʤ ʘʣʛʦʨʠʪʤʘʤ ʪʘ ʧʽʜʭʦʜʘʤ ʜʦ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙʤʝʞʝʥʴ, ʘ ʩʘʤʝ ʚʘʛʦʚʠʭ  ̔

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʧʽʜʭʦʜʽʚ ʟ ʜʦʜʘʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪ̔ ʧʽʜʟʘʨʷʜʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʥʘʜ ʜʨʫʛʠʤ ʨʦʟʜʽʣʦʤ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʚʘʞʣʠʚʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʦʪʝʥʮʽʘʣ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʎʽ ʜʘʥʽ ʩʪʘʥʫʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ 

ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʞʥʦʛʦ ʪʠʧʫ ʧʨʠʩʪʨʦʶ, ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʨʦʙʦʯʦʾ ʟʦʥʠ. 
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ʈʆɿɼɯʃ 3  

ʈɽɸʃɯɿɸʎɯʗ ʆʇʊʀʄɸʃʔʅʆɻʆ ʈʆɿʇʆɼɯʃʋ ɿɸɺɼɸʅʔ ɺ 

ʂʆʄʇôʖʊɽʈʀɿʆɺɸʅɯʁ ʉʀʉʊɽʄɯ 

 

3.1. ɺʨʘʭʫʚʘʥʥʷ ʪʠʧʫ ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʪʘ ʟʦʥʠ ʾʭʥʴʦʾ ʜʦʩʷʞʥʦʩʪʽ 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝʥʜʝʥʮʽʶ ʧʦʷʚʠ ʥʦʚʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ, ʾʭʥʽ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɹʽʣʴʰʽʩʪʴ ʽʟ ʟʘʩʦʙʽʚ ʤʘʶʪʴ 

ʙʝʟʧʝʯʥʽ ʨʦʙʦʯʽ ʟʦʥʠ ʚ ʷʢʠʭ ʚʦʥʠ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʥʽ ʟʘʚʜʘʥʥʷ. ɼʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ, ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʧ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʪʨʦʾʚ ʪʘ ʾʭʥʶ ʨʦʙʦʯʫ ʟʦʥʫ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ. 

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʽ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʢʦʞʝʥ ʙʝʟʧʽʣʦʪʥʠʡ ʧʨʠʩʪʨʽʡ ʜʦʩʪʘʚʢʠ 

ʤʘʻ ʩʚʦʶ ʨʦʙʦʯʫ ʟʦʥʫ, ʷʢʘ ʦʙʤʝʞʫʻʪʴʩʷ ʜʦʩʷʞʥʩ̔ʪʁ ʧʨʠʩʪʨʦʶ ʪʘ ʟʘʨʷʜʥʠʤʠ 

ʩʪʘʥʮʽʷʤʠ. ʊʘʢʠʡ ʩʮʝʥʘʨʽʡ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʽʰʝ ʨʦʟʧʦʜʽʣʷʪʠ ʟʘʩʦʙʠ ʚ ʟʦʥʘʭ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʚʜʘʥʴ. ʊʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʩʪʨʽʡ ʚʽʜ ʨʦʟʨʷʜʫ ʘʙʦ ʧʦʣʦʤʢʠ ʚ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʜʣʷ ʥʴʦʛʦ ʜʽʣʷʥʢʘʭ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʛʨʘʬ ʟʚôʷʟʢʽʚ ʥʘ 

ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ɼʝʡʢʩʪʨʠ (ʨʠʩ. 3.1.). ɼʘʥʠʡ ʛʨʘʬ ʟʙʝʨʽʛʘʪʠʤʝ ʫʩʽ ʣʦʢʘʣʴʥʽ ʨʦʙʦʯʽ 

ʟʦʥʠ ʙʝʟʧʽʣʦʪʥʠʢʽʚ, ʘ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʠʪʴ ʰʚʠʜʢʦ ʟʥʘʡʪʠ ʟʦʥʠ, ʷʢʽ ʧʝʨʝʩʽʢʘʶʪʴʩʷ. 

ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʽʰʝ ʣʦʢʘʣʽʟʫʚʘʪʠ ʨʦʙʦʯʽ ʜʽʣʷʥʢʠ ʙʝʟʧʽʣʦʪʥʠʢʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʽʰʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ. 

 

 

ʈʠʩ. 3.1. ɺʠʛʣʷʜ ʛʨʘʬʫ ʟʚôʷʟʢʽʚ  
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ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʯʠ ʚʠʜʘʣʝʥʥʷ ʨʦʙʦʯʦʾ ʟʦʥʠ ʛʨʘʬ ʟʚôʷʟʢʽʚ 

ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ʩʫʪʥʦʩʪʽ StationGraph (ʜʠʚ. ʨʠʩ. 3.3). 

 

3.2. ɸʨʭʽʪʝʢʪʫʨʘ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ  

 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ, ʩʠʩʪʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʧʦʚʠʥʥʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʧʠ ʧʨʠʩʪʨʦʾʚ, ʾʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʦʙʦʯʽ ʟʦʥʠ, ʚʘʛʦʚʽ ʦʙʤʝʞʝʥʥʷ, 

ʧʦʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʩʪʘʥ ʫ ʷʢʦʤʫ ʧʝʨʝʙʫʚʘʻ ʢʦʞʝʥ ʟ ʥʠʭ. ɼʘʥʘ ʩʠʩʪʝʤʘ 

ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʚʟʘʻʤʦʜʽʶ ʽʟ ʮʝʥʪʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.2. 

 

 

ʈʠʩ. 3.2. ɸʨʭʽʪʝʢʪʫʨʘ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʩʝʨʚʝʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʙʫʜʝ ʚʟʘʻʤʦʜʽʷʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʟ ʢʝʨʫʶʯʠʤʠ ʩʝʨʚʝʨʘʤʠ ʢʦʞʥʦʛʦ ʟ ʪʠʧʽʚ 

ʙʝʟʧʽʣʦʪʥʠʢʽʚ. ʊʘʢʘ ʚʟʘʻʤʦʜʽʷ ʻ ʜʦʩʠʪʴ ʨʝʘʣʽʩʪʠʯʥʦʶ, ʦʩʢʽʣʴʢʠ ʨʦʟʛʣʷʥʫʪʘ ʯʘʩʪʠʥʘ 

ʽʩʥʫʶʯʠʭ ʟʘʩʦʙʽʚ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʟ ʾʭʥʽʤʠ 

ʩʝʨʚʽʩʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʟ ʤʽʨʢʫʚʘʥʴ ʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ 

ʢʝʨʫʶʯʠʡ ʩʝʨʚʝʨ ʤʘʻ ʩʝʨʪʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʜʣʷ ʙʝʟʧʽʣʦʪʥʦʛʦ ʟʘʩʦʙʫ. 
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3.3. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ 

 

ʉʠʩʪʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ 

ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʩʧʨʦʝʢʪʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʘʙʠ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʾ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ. ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʙʨʘʞʝʥʝ ʥʘ ʨʠʩ. 3.3. 

 

 

ʈʠʩ. 3.3. ʇʨʝʜʤʝʪʥʘ ʦʙʣʘʩʪʴ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ 

 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

- ʎʝʥʪ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ (TaskDistributor); 

- ɹʝʟʧʽʣʦʪʥʠʢ (Runner); 
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- ɻʨʘʬ ʨʦʙʦʯʠʭ ʟʦʥ (StationGraph); 

- ʈʦʙʦʯʘ ʟʦʥʘ (Station); 

- ɿʘʚʜʘʥʥʷ (Task); 

- ɯʥʬʦʨʤʘʮʽʷ ʙʝʟʧʽʣʦʪʥʠʢʘ (RunnerInfo); 

- ʈʦʙʦʪ-ʢʫʨôʻʨ 1(RobotRunner); 

- ʈʦʙʦʪ-ʢʫʨôʻʨ 2 (MiniRobotRunner); 

- ɼʨʦʥ (DronRunner). 

ʉʠʩʪʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʙʫʣʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʚʦʥʘ ʤʦʛʣʘ ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʙʝʟʧʽʣʦʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʤʽʥʽʤʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʟʤʽʥ.  

ʉʫʪʥʽʩʪʴ TaskDistributor ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʙʝʨʽʛʘʥʥʷ ʦʩʥʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʙʝʟʧʽʣʦʪʥʽ ʟʘʩʦʙʠ, ʾʭʥʽ ʨʦʙʦʯʽ ʟʦʥʠ, ʩʪʘʪʫʩʠ ʪʘ ʟʘʚʜʘʥʥʷ. ɼʘʥʘ ʩʫʪʥʽʩʪʴ ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʦʥʘʣ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʘʚʜʘʥʴ, ʨʦʙʦʯʠʭ ʜʽʣʷʥʦʢ, ʚʠʢʦʥʫʻ 

ʣʦʢʘʣʽʟʘʮʽʶ ʟʘʚʜʘʥʴ ʟʛʽʜʥʦ ʨʦʙʦʯʠʭ ʟʦʥ ʪʘ ʚʠʙʽʨ ʟʘʩʦʙʽʚ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ.  

ʉʫʪʥʽʩʪʴ Runner ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʙʝʟʧʽʣʦʪʥʠʡ ʟʘʩʽʙ ʜʣʷ ʜʦʩʪʘʚʢʠ. ɺʦʥʘ ʤʽʩʪʠʪʴ 

ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʪʨʦʶ, ʘ ʩʘʤʝ ʡʦʛʦ ʪʠʧ, ʩʪʘʥ, ʧʦʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ, 

ʟʘʚʜʘʥʥʷ ʷʢʝ ʚʠʢʦʥʫʻʪʴʩʷ (ʟʘ ʡʦʛʦ ʥʘʷʚʥʦʩʪʽ), ʧʝʨʝʣʽʢ ʟʘʚʜʘʥʴ ʷʢʽ ʩʪʦʷʪʴ ʚ ʯʝʨʟʽ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʪʘ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ ʜʦ ʷʢʦʾ ʥʘʣʝʞʠʪʴ ʧʨʠʩʪʨʽʡ. ʌʫʥʢʮʽʦʥʘʣ ʜʘʥʦʾ 

ʩʫʪʥʦʩʪʽ ʚʢʣʶʯʘʻ: 

- ʧʦʙʫʜʦʚʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʜʣʷ ʜʦʩʪʘʚʢʠ; 

- ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ; 

- ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. 

Runner ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʙʘʪʴʢʽʚʩʴʢʦʾ ʩʫʪʥʦʩʪʽ ʪʘ ʤʦʞʝ ʤʘʪʠ ʨʷʜ ʧʦʭʽʜʥʠʭ 

ʝʢʟʝʤʧʣʷʨʽʚ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʻʜʠʥʫ ʩʪʨʫʢʪʫʨʫ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʫʩʽʤʘ ʝʢʟʝʤʧʣʷʨʘʤʠ 

ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʧʨʠʩʪʨʽʡ ʤʘʻ ʩʚʦʾ ʬʽʟʠʯʥʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʭʽʜʥʽ ʝʢʟʝʤʧʣʷʨʠ ʤʦʞʫʪʴ ʧʝʨʝʚʠʟʥʘʯʠʪʠ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. 
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ʉʫʪʥʦʩʪʽ RobotRunner, MiniRobotRunner, DronRunner, ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʚʠʱʝʟʛʘʜʘʥʽ ʧʦʭʽʜʥʽ ʝʢʟʝʤʧʣʷʨʠ. ɺʦʥʠ ʥʘʩʣʽʜʫʶʪʴ ʫʩʽ ʙʘʟʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ 

ʢʣʘʩʫ Runner ʪʘ ʧʝʨʝʚʠʟʥʘʯʘʶʪʴ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʘ ʩʘʤʝ: 

- ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

- ʬʫʥʢʮʽʶ ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʜʣʷ ʜʦʩʪʘʚʢʠ; 

- ʬʫʥʢʮʽʶ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ; 

- ʬʫʥʢʮʽʶ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʭʽʜʥʠʭ ʝʢʟʝʤʧʣʷʨʽʚ Runner ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʩʫʪʥʦʩʪʽ RunnerInfo, ʘ ʪʘʢʦʞ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʧʦʚʥʝʥʠʤʠ ʚ ʨʘʟʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ. ɼʦ ʦʩʥʦʚʥʠʭ ʘʪʨʠʙʫʪʽʚ RunnerInfo ʚʭʦʜʷʪʴ: 

- ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ (maxSpeed); 

- ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ (maxBatteryCapacity); 

- ʧʦʪʦʯʥʘ ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ (currentCapasity); 

- ʚʘʛʘ ʙʝʟʧʽʣʦʪʥʠʢʘ (runnerWeight); 

- ʤʘʢʩʠʤʘʣʴʥʘ ʚʘʛʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (maxWeightCapacity); 

- ʢʦʻʬʽʮʽʝʥʪ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ (energyConsumingKoeficient). 

ʉʫʪʥʽʩʪʴ StationGraph ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʣʦʢʘʣʽʟʘʮʽʶ ʨʦʙʦʯʠʭ ʟʦʥ ʢʦʞʥʦʛʦ ʽʟ 

ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ 

ʙʝʟʧʽʣʦʪʥʠʢʽʚ, ʩʪʚʦʨʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʟʚ'ʷʟʦʢ ʚ ʛʨʘʬ ̔ (graph). ɼʘʥʠʡ ʛʨʘʬ 

ʟʙʝʨʽʛʘʻ ʫʩʽ ʨʦʙʦʯʽ ʜʽʣʷʥʢʠ ʪʘ ʾʭʥʽ ʟʚôʷʟʢʠ, ʷʢʱʦ ʜʽʣʷʥʢʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ɼʘʥʘ 

ʩʫʪʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʦʪʨʠʤʘʪʠ ʛʨʫʧʠ ʨʦʙʦʯʠʭ ʟʦʥ ʜʣʷ ʰʚʠʜʢʦʾ ʣʦʢʘʣʽʟʘʮʽʾ 

ʚʭʽʜʥʠʭ ʟʘʚʜʘʥʴ.  

ʉʫʪʥʽʩʪʴ Station ʟʙʝʨʽʛʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʯʠʭ ʜʽʣʷʥʦʢ, ʘ ʩʘʤʝ 

ʢʦʦʨʜʠʥʘʪʠ, ʨʘʜʽʫʩ ʜʽʾ, ʪʘ ʪʠʧ ʙʝʟʧʽʣʦʪʥʠʢʘ ʥʘ ʷʢʠʡ ʚʦʥʘ ʧʦʰʠʨʶʻʪʴʩʷ. 

ʆʩʪʘʥʥʷ ʩʫʪʥʽʩʪʴ Task ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʚʜʘʥʥʷ ʟ ʜʦʩʪʘʚʢʠ. ɼʘʥʘ 

ʩʫʪʥʽʩʪʴ ʪʘʢʦʞ ʦʧʠʩʫʻ ʜʘʥʽ ʧʨʦ ʧʦʩʠʣʢʫ, ʘ ʩʘʤʝ ʢʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ ʧʽʜʙʦʨʫ ʽ 

ʜʦʩʪʘʚʢʠ, ʾʾ ʚʘʛʫ ʪʘ ʨʦʙʦʯʫ ʟʦʥʫ ʷʢʽʡ ʚʦʥʘ ʥʘʣʝʞʠʪʴ. ɺ ʨʘʟʽ, ʷʢʱʦ ʢʦʦʨʜʠʥʘʪʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʣʶʙʦʾ ʟ ʜʦʩʪʫʧʥʠʭ ʨʦʙʦʯʠʭ ʟʦʥ, ʜʘʥʝ ʟʘʚʜʘʥʥʷ ʥʝ 

ʙʨʘʪʠʤʝʪʴʩʷ ʜʦ ʦʙʨʘʭʫʥʢʽʚ. 
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3.4. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

 

3.4.1. ɸʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ. ʉʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʻ 

ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʇɿ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʦʛʽʢʘ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. ɸʣʛʦʨʠʪʤ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.4. 

 

 

ʈʠʩ. 3.4. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 
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ʇʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʙʝʟʧʽʣʦʪʥʽ ʟʘʩʦʙʠ, 

ʾʭʥʽ ʨʦʙʦʯʽ ʟʦʥʠ ʪʘ ʥʘʷʚʥʽ ʟʘʚʜʘʥʥʷ. ɺʭʽʜʥʽ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʧʘʭ, 

ʷʢ̔ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʟʘ ʾʭʥʽʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ. ʇʽʜ ʯʘʩ 

ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʟʦʥ, ʬʦʨʤʫʻʪʴʩʷ ʛʨʘʬ ʾʭʥʽʭ ʟʚôʷʟʢʽʚ, ʚ ʜʘʥʦʤʫ ʝʪʘʧʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝ 

ʯʠ ʤʘʶʪʴ ʤʽʞ ʩʦʙʦʶ ʟʚ'ʷʟʦʢ ʜʚʽ ʨʦʙʦʯʽ ʟʦʥʠ ʯʠ ʥʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʣʦʢʘʣʽʟʘʮʽʷ ʪʘ ʛʨʫʧʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʟʘʚʜʘʥʴ ʚʽʜʥʦʩʥʦ ʨʦʙʦʯʠʭ ʟʦʥ. ʗʢʱʦ ʟʘʚʜʘʥʥʷ 

ʥʘʣʝʞʠʪʴ ʜʝʢʽʣʴʢʦʤ ʨʦʙʦʯʠʤ ʟʦʥʘʤ, ʪʦ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʜʘʥʽ 

ʛʨʫʧʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʦʜʥʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʴ ʚʠʭʽʜʥʠʤ ʦʪʨʠʤʫʻʪʴʩʷ ʤʘʩʠʚ ʦʙôʻʢʪʽʚ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʟʦʥʫ ʘʙʦ ʛʨʫʧʫ ʟʦʥ, ʪʘ ʤʘʩʠʚ ʟʘʚʜʘʥʴ ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʘʥʽʡ ʟʦʥʽ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʟ ʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʙʽʨ ʜʦʩʪʫʧʥʠʭ ʙʝʟʧʽʣʦʪʥʠʢʽʚ. ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ 

ʟʘʩʦʙʽʚ ʬʦʨʤʫʻʪʴʩʷ ʯʝʨʛʘ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʟ ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ. ɼʘʥʘ ʯʝʨʛʘ, ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʩʠʚ ʦʙôʻʢʪʽʚ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʤʘʩʠʚ ʟʘʚʜʘʥʴ ʪʘ 

ʤʘʩʠʚ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ.  

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ɦ ʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʩʚʦʻʥʥʷ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʨʦʙʦʯʠʭ ʟʦʥ, ̫ ʢʠʤ ʥʘʣʝʞʘʪʴ ʟʘʚʜʘʥʥʷ ʪʘ ʙʝʟʧʽʣʦʪʥʽ ʟʘʩʦʙʠ. ɺ 

ʦʙôʻʢʪʘʭ ʟʘʚʜʘʥʴ ʟʙʝʨʽʛʘʶʪʴʩʷ ʟʦʥʠ, ̫ʢʠʤ ʥʘʣʝʞʘʪʴ ʢʦʦʨʜʠʥʘʪʠ ʾʭʥʴʦʛʦ ʧʽʜʙʦʨʫ ʪʘ 

ʢʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ ʢʫʜʠ ʥʝʦʙʭʽʜʥʦ ʾʭ ʜʦʩʪʘʚʠʪʠ. ɼʣʷ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʤʘʩʠʚ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʨʦʙʦʯʠʭ ʟʦʥ, ʷʢʠʤ ʚʦʥʠ ʥʘʣʝʞʘʪʴ. ʎʝ ʚʘʞʣʠʚʠʡ 

ʝʪʘʧ ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ 

ʤʝʞʘʤʠ ʨʦʙʦʯʦʾ ʟʦʥʠ ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʪʘ ʥʝ ʚʠʪʨʘʯʘʪʠ ʯʘʩ ʥʘ ʜʦʜʘʪʢʦʚʽ ʦʙʯʠʩʣʝʥʥʷ 

ʾʭʥʴʦʾ ʣʦʢʘʣʽʟʘʮʽʾ. ʎʽ ʜʘʥʽ ʥʝʦʙʭʽʜʥʽ ʧʽʜ ʯʘʩ ʦʙʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʤʽʞ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ, ʨʦʙʦʯʽ ʟʦʥʠ ʷʢʠʭ ʧʝʨʝʩʽʢʘʶʪʴʩʷ.  

ʉʬʦʨʤʦʚʘʥʘ ʯʝʨʛʘ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʮʠʢʣ, 

ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʦʙʨʘʭʫʥʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʫ ʯʝʨʛʠ. 

ʇʽʩʣʷ ʦʙʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʢʦʜʫʶʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ. ʇʽʩʣʷ ʯʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʝʨʘʮʽʷ ʦʥʦʚʣʝʥʥʷ ʩʪʘʪʫʩʽʚ ʪʘ ʧʨʠʩʚʦʻʥʥʷ ʯʝʨʛ ʟʘʚʜʘʥʴ ʙʝʟʧʽʣʦʪʥʠʤ 

ʧʨʠʩʪʨʦʷʤ. 
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ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘ ʝʪʘʧʽ ʣʦʢʘʣʽʟʘʮʽʾ ʥʦʚʠʭ ʯʝʨʛ ʟʘʚʜʘʥʴ, ʙʝʟʧʽʣʦʪʥʽ 

ʟʘʩʦʙʠ ʤʦʞʫʪʴ ʤʘʪʠ ʚʞʝ ʟʘʢʨʽʧʣʝʥʽ ʟʘ ʥʠʤʠ ʟʘʚʜʘʥʥʷ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʧʝʨʝʜ ʬʦʨʤʫʚʘʥʥʷʤ ʥʦʚʦʾ ʯʝʨʛʠ ʥʘ ʚʠʢʦʥʘʥʥʷ. ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʜʦʩʪʫʧʥʠʭ 

ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.5. 

 

 

ʈʠʩ. 3.5. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʚʠʙʦʨʫ ʜʦʩʪʫʧʥʠʭ ʙʝʟʧʽʣʦʪʥʠʢʽʚ 

 

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʮʠʢʣʽʯʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʫʚʝʩʴ ʤʘʩʠʚ ʟʛʨʫʧʦʚʘʥʠʭ ʟʘʚʜʘʥʴ 

ʪʘ ʟʥʘʭʦʜʠʪʴ ʥʘʷʚʥʫ ʢʽʣʴʢʽʩʪʴ ʙʝʟʧʽʣʦʪʥʠʢʽʚ, ʷʢʽ ʥʘʣʝʞʽʪʴ ʨʦʙʦʯʠʤ ʟʦʥʘʤ ʧʦʪʦʯʥʦʾ 

ʛʨʫʧʠ ʟʘʚʜʘʥʴ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʢʦʞʝʥ ʙʝʟʧʽʣʦʪʥʠʢ ʥʘ ʥʘʷʚʥʽʩʪʴ 
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ʫʞʝ ʟʘʢʨʽʧʣʝʥʠʭ ʟʘ ʥʠʤ ʟʘʚʜʘʥʴ. ɺ ʨʘʟʽ ʾʭʥʴʦʾ ʥʘʷʚʥʦʩʪʽ, ʜʘʥʽ ʟʘʚʜʘʥʥʷ ʢʦʧʽʶʶʪʴʩʷ 

ʚ ʤʘʩʠʚ ʟʘʚʜʘʥʴ ʧʦʪʦʯʥʦʾ ʛʨʫʧʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʥʘʷʚʥʦʾ ʯʝʨʛʠ 

ʟʘʚʜʘʥʴ ʚ ʝʢʟʝʤʧʣʷʨʽ ʙʝʟʧʽʣʦʪʥʠʢʘ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʠʨʘʶʪʴʩʷ ʪʽʣʴʢʠ ʪʽ 

ʟʘʚʜʘʥʥʷ, ʷʢʽ ʚ ʩʪʘʥʽ ñassignedò, ʪʦʙʪʦ ʟʘʧʣʘʥʦʚʘʥʽ. ɿʘʚʜʘʥʥʷ ʩʪʘʥʫ ñactiveò 

ʟʘʣʠʰʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʙʝʟʧʽʣʦʪʥʠʢ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ 

ʟʘʚʜʘʥʥʷ. 

 

3.4.2. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ. ʉʠʩʪʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ TypeScript. ʇʨʦʝʢʪ ʙʫʣʦ ʧʦʜʽʣʝʥʦ 

ʥʘ ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ, ʘ ʩʘʤʝ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʽ ʡʦʛʦ ʤʝʭʘʥʽʟʤʠ ʪʘ ʩʠʩʪʝʤʫ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘʚʜʘʥʴ. ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʠʣʝʞʥʠʭ ʭʨʦʤʦʩʦʤ ʟ 

ʧʦʜʚʽʡʥʠʤ ʢʦʜʫʚʘʥʥʷ ʪʘ ʤʥʦʞʠʥʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʤʫʪʘʮʽʾ ʣʽʩʪʠʥʛ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʬʫʥʢʮʽʾ geneticAagorithm() ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʦʾ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 

3.6. 

 

 

ʈʠʩ. 3.6. ʃʽʩʪʠʥʛ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ geneticAagorithm() 

 

ʅʘ ʚʭʽʜ ʜʘʥʦʾ ʬʫʥʢʮʽʾ ʥʘʜʭʦʜʠʪʴ ʤʘʧʘ ʟʘʚʜʘʥʴ (tasksMap), ʤʘʧʘ ʙʝʟʧʽʣʦʪʥʠʭ 

ʟʘʩʦʙʽʚ (runnersMap), ʤʘʩʠʚ ʟʘʚʜʘʥʴ (tasks) ʪʘ ʙʝʟʧʽʣʦʪʥʠʢʽʚ (runners) ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʘʭʫʥʢʽʚ. ɸ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ, ʪʘʢʽ ʷʢ ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ 

(populationSize), ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʧʫʩʪʠʤʘ ʢʽʣʴʢʽʩʪʴ ʛʝʥʝʨʘʮʽʡ (maxGenerations), 

ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʜʠʚʽʜʽʚ ʚ ʧʦʢʦʣʽʥʥʽ (maxIndividualsPerGeneration), ʫʤʦʚʘ 

ʟʘʚʝʨʰʝʥʥʷ ʦʙʨʘʭʫʥʢʽʚ (solutionDifference), ʢʦʝʬʽʮʽʻʥʪ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 
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(timeDistributionCoef) ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʢʽʚ 

(runnerDistributionCoef). ʃʽʩʪʠʥʛ ʢʦʜʫ ʬʫʥʢʮʽʾ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʜʦʜʘʪʢʫ ɹ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʘʣʛʦʨʠʪʤ ʧʦʚʝʨʪʘʻ ʥʘ ʚʠʭʽʜ ʽʥʜʠʚʽʜʘ ʟ 

ʥʘʡʢʨʘʱʠʤ ʢʦʜʫʚʘʥʥʷʤ ʜʚʦʭ ʭʨʦʤʦʩʦʤ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʤʽʞ 

ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ. ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠʩʚʦʻʥʥʷ ʟʘʚʜʘʥʴ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ 

ʜʘʥʫ ʭʨʦʤʦʩʦʤʫ ʥʝʦʙʭʽʜʥʦ ʜʝʢʦʜʫʚʘʪʠ. ʃʽʩʪʠʥʛ ʬʫʥʢʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ ʭʨʦʤʦʩʦʤ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.7. 

 

 

ʈʠʩ. 3.7. ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʜʝʢʦʜʫʚʘʥʥʷ ʭʨʦʤʦʩʦʤ 

 

ʌʫʥʢʮʽʷ ʜʝʢʦʜʫʚʘʥʥʷ ʭʨʦʤʦʩʦʤ ʥʘ ʚʠʭʦʜʽ ʧʦʚʝʨʪʘʻ ʤʘʩʠʚ ʽʥʜʝʢʩʽʚ ʟʘʚʜʘʥʴ 

ʜʣʷ ʢʦʞʥʦʛʦ ʽʥʜʝʢʩʫ ʙʝʟʧʽʣʦʪʥʠʢʘ. ʇʽʩʣʷ ʯʦʛʦ ʨʦʙʠʪʴʩʷ ʧʦʰʫʢ ʚʽʜʧʦʚʽʜʥʠʭ 

ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʪʘ ʟʘʚʜʘʥʴ ʚ ʤʘʧʽ ʜʝ ʚʦʥʠ ʟʙʝʨʽʛʘʶʪʴʩʷ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʝʪʦʜʠ 

ʣʦʢʘʣʽʟʘʮʽʾ ʚʭʽʜʥʠʭ ʟʘʚʜʘʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʦʯʠʭ ʟʦʥ ʪʘ ʧʦʰʫʢ ʙʝʟʧʽʣʦʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʢʦʞʥʽʡ ʽʟ ʥʠʭ. ʎ ̔ʤʝʪʦʜʠ ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʩʫʪʥʦʩʪʽ 

TaskDistributor. ɼʘʥʘ ʩʫʪʥʽʩʪʴ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ 
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ʚʠʢʦʥʫʻ ʦʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʩʠʩʪʝʤʠ. ɼʦ ʥʠʭ ʚʭʦʜʷʪʴ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ 

ʥʦʚʠʭ ʟʘʚʜʘʥʴ, ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʪʘ ʨʦʙʦʯʠʭ ʟʦʥ. ɸ ʪʘʢʦʞ ʦʧʝʨʘʮʽʾ ʣʦʢʘʣʽʟʘʮʽ ʾʚʭʽʜʥʠʭ 

ʟʘʚʜʘʥʴ, ʾʭʥʻ ʛʨʫʧʫʚʘʥʥʷ, ʪʘ ʩʪʚʦʨʝʥʥʷ ʯʝʨʛʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʙʨʘʭʫʥʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ʇʨʦʮʝʩ ʣʦʢʘʣʽʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʪʥʦʩʪʽ StationGraph, ʷʢʘ 

ʬʦʨʤʫʻ ʛʨʘʬ ʟʚôʷʟʢʽʚ ʤʽʞ ʨʦʙʦʯʠʤʠ ʟʦʥʘʤʠ (ʜʠʚ. ʨʠʩ. 3.8).   

 

 

ʈʠʩ. 3.8. ʃʽʩʪʠʥʛ ʢʦʜʫ ʩʫʪʥʦʩʪʽ StationGraph 
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3.5. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ 

 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ, ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ React ʪʘ ʧʽʜʢʣʶʯʝʥʦ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʶʚʘʥʴ. ɼʘʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʤʽʩʪʠʪʴ 

ʛʦʣʦʚʥʫ ʧʘʥʝʣʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʜʘʣʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ, ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʟʘʚʜʘʥʴ. ʆʢʨʝʤʦ ʙʫʣʦ ʜʦʜʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʧʘʜʢʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʟʘʚʜʘʥʴ ʟ ʨʽʟʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʘʛʠ. ɸ ʪʘʢʦʞ ʜʦʜʘʥʦ ʽʥʪʝʨʘʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʜʦʜʘʚʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚ ʦʙʨʘʥʽ ʜʽʣʷʥʢʠ ʤʘʧʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʠʰʢʠ. ʑʦ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʫʻ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ. ɺʠʛʣʷʜ ʟʘʩʪʦʩʫʥʢʫ ʟʦʙʨʘʞʝʥʠʡ 

ʥʘ ʨʠʩ. 3.9. 

 

 

ʈʠʩ. 3.9. ɺʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʜʚʘ 

ʩʮʝʥʘʨʽʾ. ʂʦʥʬʽʛʫʨʘʮʽʾ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʥʦ ʚ 

ʪʘʙʣ. 3.1. ɼʘʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʘʣʛʦʨʠʪʤʫ ʢʨʘʱʝ ʫʥʠʢʘʪʠ ʣʦʢʘʣʴʥʠʭ 

ʦʧʪʠʤʫʤʽʚ. 
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ʊʘʙʣʠʮʷ 3.1. 

ʇʘʨʘʤʝʪʨʠ ʢʦʥʬʽʛʫʨʘʮʽʡ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʂʦʝʬ̔ʮʽʻʥʪ ʤʫʪʘʮʽʾ (MUTATION_RATE) 0.3 

ʂʦʝʬ̔ʮʽʻʥʪ ʩʭʨʝʱʫʚʘʥʥʷ (CROSSOVER_RATE) 0.7 

ʈʦʟʤʽʨ ʧʦʯʘʪʢʦʚʦʾ ʧʦʧʫʣʷʮʽʾ (PPULATION_SIZE) 50 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʾ (MAX_GENERATIONS) 200 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʩ̔ʪʴ ʽʥʜʠʚʽʜʽʚ ʚ ʧʦʧʫʣʷʮʽʾ 

(MAX_INDIVIDUALS_PER_GENERATIONS) 
400 

ʋʤʦʚʘ ʟʫʧʠʥʢʠ ʦʙʨʘʭʫʥʢʽʚ (SOLUTION_DIFFERENCE) 5 ɺʪ 

ʂʦʝʬʽʮʽʻʥʪ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ (timeDistributionCoef) 0.5 

ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ 

(runnerDistributionCoef) 
0.5 

 

ʇʝʨʰʠʡ ʩʮʝʥʘʨʽʡ ʧʦʣʷʛʘʻ ʫ ʨʦʟʧʦʜʽʣ ̔13 ʟʘʚʜʘʥʴ ʩʝʨʝʜ 6 ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʚʦʾʭ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʱʦ ʥʝ ʧʝʨʝʩʽʢʘʶʪʴʩʷ. ʉʧʝʨʰʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

4 ʨʦʙʦʯʽ ʟʦʥʠ ʜʣʷ ʨʽʟʥʦʛʦ ʪʠʧʫ ʧʨʠʩʪʨʦʾʚ (ʪʘʙʣ. 3.2). 

 

ʊʘʙʣʠʮʷ 3.2.  

ʇʘʨʘʤʝʪʨʠ ʨʦʙʦʯʠʭ ʟʦʥ 

ˉ ʨʦʙ. 

ʟʦʥʠ 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʨʦʙ. 

ʟʦʥʠ 
ʊʠʧ ʧʨʠʩʪʨʦʶ 

ʈʘʜʽʫʩ ʧʦʰʠʨʝʥʥʷ 

ʨʦʙ. ʟʦʥʠ, ʤ 

1 ʈ1 Robot 500 

2 ʈ2 MiniRobot 300 

3 ʈ3 MiniRobot 300 

4 ʈ4 Drone 1000 

 

ɺ ʤʝʞʘʭ ʢʦʞʥʦʾ ʽʟ ʟʦʥ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʟʘʚʜʘʥʥʷ ʫ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʨʷʜʢʫ. 

ɿʛʝʥʝʨʦʚʘʥʽ ʟʘʚʜʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 3.3. 
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ʊʘʙʣʠʮʷ 3.3. 

ʇʘʨʘʤʝʪʨʠ ʚʭʽʜʥʠʭ ʟʘʚʜʘʥ ɹ

ˉ ʟʘʚʜʘʥʥʷ ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʟʘʚʜʘʥʥʷ ɿʦʥʘ ʩʪʚʦʨʝʥʥʷ ɺʘʛʘ ʧʦʩʠʣʢʠ, ʢʛ 

1 ʇ1 ʈ1 4 

2 ʇ2 ʈ1 5 

3 ʇ3 ʈ1 6 

4 ʇ4 ʈ1 3 

5 ʇ5 ʈ1 7 

6 ʇ6 ʈ1 8 

7 ʇ7 ʈ2 3 

8 ʇ8 ʈ3 4 

9 ʇ9 ʈ3 5 

10 ʇ10 ʈ2 6 

11 ʇ11 ʈ4 2 

12 ʇ12 ʈ4 1.5 

13 ʇ13 ʈ4 2 

13 ʇ14 ʈ4 1.5 

 

ʅʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʧʽʜʛʦʪʦʚʢʠ ʙʫʣʠ ʟʛʝʥʝʨʦʚʘʥʽ ʙʝʟʧʽʣʦʪʥʽ ʟʘʩʦʙʠ ʫ 

ʚʽʜʧʦʚʽʜʥʽ ʨʦʙʦʯʽ ʟʦʥʠ (ʪʘʙʣ. 3.4). 

 

ʊʘʙʣʠʮʷ 3.4. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ 

ˉ 

ʟʘʚʜʘʥʥʷ 

ɯʜʝʥʪʠ-

ʬʽʢʘʪʦʨ  

ʊʠʧ 

ʧʨʠʩʪʨʦʶ 

ɿʦʥʘ 

ʩʪʚʦʨʝʥʥʷ 

ʐʚʠʜʢʽʩʪʴ, 

ʤ/ʩ 

ʄʘʢʩ. ʚʘʛʘ. 

ʧʦʩʠʣʢʠ, ʢʛ 

1 ɹ1 Robot ʈ1 1.7 10 

2 ɹ2 Robot ʈ1 1.7 10 

3 ɹ3 MiniRobot ʈ2 1.4 8 

4 ɹ4 MiniRobot ʈ3 1.4 8 

5 ɹ5 Drone ʈ4 27 4 

6 ɹ6 Drone ʈ4 27 4 
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ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʩʧʝʨʰʫ ʛʝʥʝʨʫʻʪʴʩʷ ʯʝʨʛʘ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ, ʷʢʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʨʦʟʛʨʫʧʦʚʘʥʽ ʟʘʚʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʦʯʠʭ ʟʦʥ 

ʙʝʟʧʽʣʦʪʥʠʢʽʚ (ʜʠʚ. ʨʠʩ. 3.10) 

 

 

ʈʠʩ. 3.10. ʏʝʨʛʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʙʯʠʩʣʝʥʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʘʭʫʥʢʽʚ ʜʣʷ ʢʦʞʥʦʾ ʟ ʛʨʫʧ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ (ʜʠʚ. ʪʘʙʣ. 3.5). 

 

ʊʘʙʣʠʮʷ 3.5. 

ʈʝʟʫʣʴʪʘʪ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʛʨʫʧʘʤʠ 

ɻʨʫʧʘ 

ʨʦʙ. ʟʦʥ 

ʉʫʤʘʨʥʝ ʩʧʦʞ. 

ɽʥʝʨʛʽʾ, ɺʪ 
ʈʦʟʧʦʜʽʣ ʤʽʞ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ 

ʢ-ʩʪʴ 

ʽʪʝʨʘʮʽʡ 

P1 580 ɹ1 [ʇ3, ʇ1, ʇ4], ɹ2[ʇ5, ʇ6, ʇ2] 8 

P2, ʈ3 561 ɹ3 [ʇ10, ʇ7], ɹ4[ʇ9, ʇ8] 6 

ʈ4 621 ɹ5 [ʇ13, ʇ12], ɹ6[ʇ14, ʇ11] 5 

 

ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʜʣʷ ʧʝʨʰʦʛʦ ʩʮʝʥʘʨʽʶ 

ʟ ʨʦʟʧʦʜʽʣʦʤ 13-ʪʠ ʟʘʚʜʘʥʴ ʤʽʞ 6-ʤʘ ʙʝʟʧʽʣʦʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

3.11. 
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ʈʠʩ.3.11. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʧʝʨʰʦʛʦ ʩʮʝʥʘʨʽʶ 

 

ʇʨʦʮʝʩ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.12. 

 

 

ʈʠʩ. 3.12. ʇʨʦʮʝʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʟ ʛʨʫʧ 
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ɼʨʫʛʠʡ ʩʮʝʥʘʨʽʡ ʧʦʣʷʛʘʻ ʫ ʨʦʟʧʦʜʽʣ ̔12 ʟʘʚʜʘʥʴ ʩʝʨʝʜ 4 ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ. 

ɸʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʙʦʯʽ ʟʦʥʠ ʧʝʨʝʩʽʢʘʶʪʴʩʷ (ʪʘʙʣ. 3.6). 

 

ʊʘʙʣʠʮʷ 3.6.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʯʠʭ ʟʦʥ 

ˉ ʨʦʙ. 

ʟʦʥʠ 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʨʦʙ. 

ʟʦʥʠ 
ʊʠʧ ʧʨʠʩʪʨʦʶ 

ʈʘʜʽʫʩ ʧʦʰʠʨʝʥʥʷ 

ʨʦʙ. ʟʦʥʠ, ʤ 

1 ʈ1 Robot 600 

2 ʈ2 MiniRobot 300 

3 ʈ3 MiniRobot 300 

 

ɿʛʝʥʝʨʦʚʘʥʽ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʟʘʚʜʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 3.7. 

 

ʊʘʙʣʠʮʷ 3.7. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʠʭ ʟʘʚʜʘʥʴ 

ˉ 

ʟʘʚʜʘʥʥʷ 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ 

ʟʘʚʜʘʥʥʷ 
ɿʦʥʘ ʩʪʚʦʨʝʥʥʷ ɺʘʛʘ ʧʦʩʠʣʢʠ, ʢʛ 

1 ʇ1 ʈ1, ʈ2 4 

2 ʇ2 ʈ1, ʈ2 5 

3 ʇ3 ʈ1, ʈ2 6 

4 ʇ4 ʈ1, ʈ2, ʈ3 3 

5 ʇ5 ʈ1, ʈ3  7 

6 ʇ6 ʈ1, ʈ3  8 

7 ʇ7 ʈ1 3 

8 ʇ8 ʈ1 4 

9 ʇ9 ʈ1 5 

10 ʇ10 ʈ1 6 

11 ʇ11 ʈ1 5 

12 ʇ12 ʈ1 7 
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ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʠ ʟʛʝʥʝʨʦʚʘʥʽ ʙʝʟʧʽʣʦʪʥʽ ʟʘʩʦʙʠ ʫ ʚʽʜʧʦʚʽʜʥʽ ʨʦʙʦʯʽ 

ʟʦʥʠ (ʪʘʙʣ. 3.8). 

 

ʊʘʙʣʠʮʷ 3.8. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘʚʜʘʥʴ 

ˉ 

ʟʘʚʜʘʥʥʷ 

ɯʜʝʥʪʠ-

ʬʽʢʘʪʦʨ  

ʊʠʧ 

ʧʨʠʩʪʨʦʶ 

ɿʦʥʘ 

ʩʪʚʦʨʝʥʥʷ 

ʐʚʠʜʢʽʩʪʴ, 

ʤ/ʩ 

ʄʘʢʩ. ʚʘʛʘ. 

ʧʦʩʠʣʢʠ, ʢʛ 

1 ɹ1 Robot ʈ1 1.7 10 

2 ɹ2 Robot ʈ1 1.7 10 

3 ɹ3 MiniRobot ʈ2, ʈ1 1.4 8 

4 ɹ4 MiniRobot ʈ3, ʈ1 1.4 8 

 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʘʭʫʥʢʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ, 

ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʪʘʙʣ. 3.9. 

 

ʊʘʙʣʠʮʷ 3.9. 

ʈʝʟʫʣʴʪʘʪ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʛʨʫʧʦ  ʁP1, P2, ʈ3 

ɻʨʫʧʘ ʨʦʙ. 

ʟʦʥ 

ʉʫʤʘʨʥʝ ʩʧʦʞ. 

ʝʥʝʨʛʽʾ, ɺʪ 
ʈʦʟʧʦʜʽʣ ʤʽʞ ʙʝʟʧʽʣʦʪʥʠʢʘʤʠ 

ʢ-ʩʪʴ 

ʽʪʝʨʘʮʽʡ 

P1 P2, ʈ3 817 
ɹ1 [ʇ8, ʇ7, ʇ12], ɹ2[ʇ9, ʇ11, ʇ10] 

ɹ3 [ʇ2, ʇ3, ʇ4], ɹ3[ʇ5, ʇ6, ʇ1] 
45 

 

ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʜʣʷ ʜʨʫʛʦʛʦ ʩʮʝʥʘʨʽʶ 

ʟ ʨʦʟʧʦʜʽʣʦʤ 12-ʪʠ ʟʘʚʜʘʥʴ ʤʽʞ 4-ʤʘ ʙʝʟʧʽʣʦʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

3.12. 
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ʈʠʩ. 3.13. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʜʨʫʛʦʛʦ ʩʮʝʥʘʨʽʶ 

 

ʇʨʦʮʝʩ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.14. 

 

 

ʈʠʩ. 3.14. ʇʨʦʮʝʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʢʦʞʥʦʾ ʛʨʫʧʠ 
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ʇʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʜʨʫʛʦʛʦ ʩʮʝʥʘʨʽʶ ʟʜʽʡʩʥʠʚ 45 ʽʪʝʨʘʮʽʡ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʙʽʣʴʰʫ ʩʢʣʘʜʥʽʩʪʴ ʟʘʚʜʘʥʥʷ. ʅʘ ʧʦʯʘʪʢʫ ʛʨʘʬʽʢʫ (ʨʠʩ. 3.14) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʚʠʜʢʝ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʚʠʪʨʘʪ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʝʬʝʢʪʠʚʥʠʡ 

ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. ʂʦʣʠʚʘʥʥʷ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʩʝʨʝʜʠʥʽ ʛʨʘʬʽʢʫ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʰʠʨʦʢʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʫ ʨʽʰʝʥʴ ʪʘ ʫʥʠʢʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ 

ʤʽʥʽʤʫʤʽʚ. ɿ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ 45 ʽʪʝʨʘʮʽʾ ʚʽʥ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. 

ɿʛʽʜʥʦ ʧʨʦʚʝʜʝʥʠʭ ʪʝʩʪʫʚʘʥʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʚʠʜʥʦ, ɦʦ ʚʦʥʘ ʟʜʘʪʥʘ ʟʥʘʭʦʜʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʫ ʨʽʟʥʠʭ 

ʩʮʝʥʘʨʽʷʭ, ʚʢʣʶʯʘʶʯʠ ʚʠʧʘʜʢʠ ʟ ʥʘʢʣʘʜʘʥʥʷʤ ʨʦʙʦʯʠʭ ʟʦʥ ʨʽʟʥʠʭ ʙʝʟʧʽʣʦʪʥʠʭ 

ʟʘʩʦʙʽʚ. 

 

3.6. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʪʘ 

ʟʘʚʝʨʰʝʥʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʧʨʦʻʢʪʫ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ʆʧʠʩʘʥʦ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʝʨʚʝʨʦʤ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʟʘʜʘʯ ʪʘ ʮʝʥʪʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦʩʪʘʚʢʠ. ʇʦʙʫʜʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ 

ʜʘʥʦʾ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ɹʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣ ̫ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ. ɺʦʥʦ ʚʨʘʭʦʚʫʻ ʪʠʧʠ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭʥʶ ʨʦʙʦʯʫ ʟʦʥʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦʭ ʩʮʝʥʘʨʽʾʚ. 
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ʈʆɿɼɯʃ 4 

ʆʍʆʈʆʅɸ ʇʈɸʎɯ ʊɸ ɹɽɿʇɽʂɸ ɺ ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʗʍ 

 

4.1. ʆʭʦʨʦʥʘ ʧʨʘʮʽ 

 

ʄʝʪʘ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ 

ʜʦʩʪʘʚʢʠ. ʆʩʢʽʣʴʢʠ, ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ ʇʂ ʪʘ ʩʝʨʚʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʦʭʦʨʦʥʠ ʧʨʘʮʽ, ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʪʘ ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʇʂ. 

ʆʩʥʦʚʥʠʤʠ ʨʝʛʣʘʤʝʥʪʫʶʯʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʇʂ ʻ: 

- ʅʇɸʆʇ 0.00-7.15-18 çɺʠʤʦʛʠ ʱʦʜʦ ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʠʩʪʫ ʟʜʦʨʦʚôʷ 

ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʝʢʨʘʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠè; 

- ɼɹʅ ɺ.2.5-56:2014 çʉʠʩʪʝʤʠ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫè; 

- ʇʨʠʤʽʨʥʘ ʽʥʩʪʨʫʢʮʽʷ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʟʘʪʚʝʨʜʞʝʥʘ ʥʘʢʘʟʦʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʜʦʭʦʜʽʚ ʽ ʟʙʦʨʽʚ 

ʋʢʨʘʾʥʠ ʚʽʜ 5 ʚʝʨʝʩʥʷ 2013 ʨ. ˉ 443. 

ɺʠʤʦʛʠ ʜʦ ʧʨʠʤʽʱʝʥʴ, ʟʛʽʜʥʦ ʟ ʟʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʧʨʘʮʽè ʩʪʘʪʪʷ 

13 çʋʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ ʪʘ ʦʙʦʚôʷʟʢʠ ʨʦʙʦʪʦʜʘʚʮʷè, ʱʦʜʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʚʠʤʦʛ: 

- ʤʽʥʽʤʘʣʴʥʘ ʧʣʦʱʘ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʦʜʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ 

ʤʽʥʽʤʫʤ 6,0 ̍, ʧʨʠ ʦʙôʻʤʽ ï ʤʽʥʽʤʫʤ 20,0 ̍ ; 

- ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʇʂ ʟʘʙʦʨʦʥʝʥʦ ʫ ʮʦʢʦʣʴʥʠʭ ʘʙʦ 

ʧʽʜʚʘʣʴʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ, 

ʨʦʙʦʪʦʜʘʚʝʮʴ ʟʦʙʦʚ'ʷʟʘʥʠʡ ʩʪʚʦʨʠʪʠ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʚ ʢʦʞʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʧʽʜʨʦʟʜʽʣʽ ʫʤʦʚʠ ʧʨʘʮʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʘ ʪʘʢʦʞ 
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ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʜʝʨʞʘʥʥʷ ʚʠʤʦʛ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʱʦʜʦ ʧʨʘʚ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʛʘʣʫʟʽ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ. 

ʇʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʅʇɸʆʇ 0.00-7.15-18 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʷʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʽ ʰʪʫʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. ʇʨʠʨʦʜʥʝ 

ʦʩʚʽʪʣʝʥʥʷ ʟʘʟʚʠʯʘʡ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʚʽʢʥʘ ʪʘ ʩʚʽʪʣʦʚʽ ʧʨʦʨʽʟʠ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʝʬʽʮʽʻʥʪ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʝ ʤʝʥʰʝ 1,5%. ʆʧʪʠʤʘʣʴʥʘ ʦʨʽʻʥʪʘʮʽʷ ʚʽʢʦʥ 

ð ʥʘ ʧʽʚʥʽʯ ʘʙʦ ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ. ʐʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣ, ʥʘʧʨʠʢʣʘʜ, ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʣʘʤʧ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʘʥʇɯʅ 3.3.2.007-98, ʧʨʠʤʽʱʝʥʥʷ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ, ʥʝ ʧʦʚʠʥʥʽ ʤʝʞʫʚʘʪʠ ʟ ʙʫʜʽʚʣʷʤʠ, ʫ ʷʢʠʭ ʨʽʚʝʥʴ ʰʫʤʫ ʘʙʦ 

ʚʽʙʨʘʮʽʾ ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʽ ʜʦʧʫʩʪʠʤʽ ʥʦʨʤʠ. ʇʦʢʨʠʪʪʷ ʧʽʜʣʦʛʠ ʧʦʚʠʥʥʝ ʤʘʪʠ 

ʤʘʪʦʚʫ ʧʦʚʝʨʭʥʶ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʪʪʷ ʫ ʤʝʞʘʭ 0.3-0.5. ɼʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʦʟʜʦʙʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʬʫʟʥʦ-ʚʽʜʙʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʪʪʷ: ʜʣʷ ʩʪʝʣʽ ð 0.7-0.8, ʜʣʷ ʩʪʽʥ ð 0.5-0.6. 

ʈʦʙʦʪʦʜʘʚʝʮʴ ʥʝʩʝ ʧʨʷʤʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʫ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʚʘʞʣʠʚʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʚʠʤʦʛʘʤ ɼʉʅ 3.3.6.042-

99. ʂʘʪʝʛʦʨʽʷ ʨʦʙʽʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʮʴʦʤʫ ʚʠʜʫ ʟʘʚʜʘʥʴ, ʥʘʣʝʞʠʪʴ ʜʦ ʣʝʛʢʦʾ ð ɯʙ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʦʨʤʘʤ ʥʝʦʙʭʽʜʥʦ 

ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʢʦʞʝʥ ʽʟ ʥʠʭ. 

ʆʧʪʠʤʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʧʨʠʤʽʱʝʥʴ, ʜʝ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ 

ʢʦʤʧôʶʪʝʨʠ ʚ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ, ʧʦʚʠʥʥʽ ʩʪʘʥʦʚʠʪʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ð 

+22...+24ÁC, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ð 40-60%, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ ð 0,1 ʤ/ʩ. 

ʆʢʨʽʤ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʱʝ ʡ ʝʨʛʦʥʦʤʽʯʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ. ʂʦʥʩʪʨʫʢʮʽʷ ʨʦʙʦʯʦʛʦ 

ʤʽʩʮʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʧʦʟʠ. ʋ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʅʇɸʆʇ 0.00-7.15-18, ʦʙʣʘʜʥʘʥʥʷ ʽ ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ 

ʧʨʘʮʶʶʯʠʭ ʟ ɽʆʄ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ 
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ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʪʘ ʾʭ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʝʨʛʦʥʦʤʽʯʥʠʤ ʚʠʤʦʛʘʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʫ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʧʨʘʮʽʚʥʠʢʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʅʇɸʆʇ 0.00-7.15-18 çɺʠʤʦʛʠ ʱʦʜʦ ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʠʩʪʫ 

ʟʜʦʨʦʚ'ʷ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʝʢʨʘʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠè. 

ɽʢʨʘʥ ʢʦʤʧôʶʪʝʨʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʚʽʜʩʪʘʥʽ 600...700 ʤʤ ʚʽʜ 

ʦʯʝʡ ʢʦʨʠʩʪʫʚʘʯʘ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʤʦʥʽʪʦʨʫ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʨʫʯʥʽʩʪʴ ʟʦʨʦʚʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʽʜ ʢʫʪʦʤ +30 ʛʨʘʜʫʩʽʚ ʜʦ ʥʦʨʤʘʣʴʥʦʾ ʣʽʥʽʾ 

ʧʦʛʣʷʜʫ ʧʨʘʮʽʚʥʠʢʘ. 

ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʚʢʘʟʘʥʽ ʚ ʅɸʇɹ ɸ.01.001-2014 

çʇʨʘʚʠʣʘ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʚ ʋʢʨʘʾʥʽè. ɿʛʽʜʥʦ ʟ ʥʠʭ ʥʘ ʪʘ ʧʽʜ ʧʨʠʤʽʱʝʥʥʷʤʠ, ʚ 

ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ ɽʆʄ, ʘ ʪʘʢʦʞ ʫ ʩʫʤʽʞʥʠʭ ʽʟ ʥʠʤʠ ʧʨʠʤʽʱʝʥʥʷʭ ʥʝ ʜʦʟʚʦʣʷʻʪʴʩʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʤʽʱʝʥʴ ʢʘʪʝʛʦʨʽʡ ɸ ʪʘ ɹ ʟʘ ʚʠʙʫʭʦʧʦʞʝʞʥʦʶ ʥʝʙʝʟʧʝʢʦʶ. 

ʇʨʠʤʽʱʝʥʥʷ, ʜʝ ʨʦʟʤʽʱʝʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ ʦʧʝʨʘʪʦʨʽʚ, ʢʨʽʤ ʧʨʠʤʽʱʝʥʴ, ʫ ʷʢʠʭ 

ʨʦʟʤʽʱʝʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ ʦʧʝʨʘʪʦʨʽʚ ʚʝʣʠʢʠʭ ɽʆʄ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

(ʩʝʨʚʝʨʥʽ), ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʩʥʘʱʝʥʽ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʦʞʝʞʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ. 

ɸ ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʧʝʨʚʠʥʥʠʤʠ ʟʘʩʦʙʘʤʠ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʘ ʩʘʤʝ 

ʚʦʛʥʝʛʘʩʥʠʢʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʽ ʣʽʢʚʽʜʘʮʽʾ ʧʦʞʝʞ ʫ ʾʭ 

ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ. 

ʋ ʢʚʘʣʽʬʽʢʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʷʣʘʩʴ ʩʠʩʪʝʤʘ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʇʂ. ʏʝʨʝʟ ʮʝ ʚʘʞʣʠʚʦ ʙʫʣʦ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʜʦ ʧʨʠʤʽʱʝʥʴ ʪʘ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʟ ʇʂ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʬʦʨʪʥʽ ʽ ʙʝʟʧʝʯʥʽ ʫʤʦʚʠ ʧʨʘʮʽ ʽʥʞʝʥʝʨʘʤ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʘʚʠʣʘ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʟ ʇʂ ʪʘ ʚʠʤʦʛʠ ʜʦ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʚ ʧʨʠʤʽʱʝʥʥʽ. 

ɼʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʚʠʤʦʛ ʻ ʥʝʦʙʭʽʜʥʠʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. 
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4.2. ɿʘʭʦʜʠ ʪʘ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʜʦ ʚʧʣʠʚʫ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʚʦʻʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

 

ʂʦʤʧ'ʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʛʘʣʫʟʝʡ, ʪʘʢʠʭ ʷʢ ʝʥʝʨʛʝʪʠʢʘ, ʬʽʥʘʥʩʠ, 

ʪʨʘʥʩʧʦʨʪ ʪʘ ʦʙʦʨʦʥʘ. ʋ ʢʦʥʪʝʢʩʪʽ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚʦʻʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʮʽ 

ʩʠʩʪʝʤʠ ʩʪʘʶʪʴ ʦʩʥʦʚʥʠʤʠ ʮʽʣʷʤʠ ʜʣʷ ʘʪʘʢ ʘʙʦ ʤʦʞʫʪʴ ʟʘʟʥʘʚʘʪʠ ʚʧʣʠʚʫ ʯʝʨʝʟ 

ʬʽʟʠʯʥʽ ʨʫʡʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ ʩʠʪʫʘʮʽʾ ʤʘʶʪʴ ʧʨʷʤʠʡ ʚʧʣʠʚ 

ʥʘ ʩʪʽʡʢʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ [24, 25], ʮʝ ʧʽʜʚʠʱʫʻ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʍʘʨʘʢʪʝʨ ʟʘʛʨʦʟ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 

ʚʦʻʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚʢʣʶʯʘʻ: 

1) ʬʽʟʠʯʥʽ ʟʘʛʨʦʟʠ: 

- ʨʫʡʥʫʚʘʥʥʷ ʜʘʪʘ-ʮʝʥʪʨʽʚ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʚʫʟʣʽʚ ʯʝʨʝʟ ʦʙʩʪʨʽʣʠ; 

- ʧʦʰʢʦʜʞʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ; 

- ʫʩʢʣʘʜʥʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʦʙôʻʢʪʽʚ ʯʝʨʝʟ ʙʦʡʦʚʽ ʜʽʾ. 

2) ʢʽʙʝʨʟʘʛʨʦʟʠ: 

- ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʢʽʙʝʨʘʪʘʢʠ ʜʣʷ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤ; 

- ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʘʙʢʠʭ ʤʽʩʮʴ ʫ ʩʠʩʪʝʤʘʭ ʜʣʷ ʚʠʢʨʘʜʝʥʥʷ ʜʘʥʠʭ ʯʠ 

ʩʘʙʦʪʘʞʫ. 

3) ʢʦʤʙʽʥʦʚʘʥʽ ʟʘʛʨʦʟʠ: 

- ʦʜʥʦʯʘʩʥʠʡ ʚʧʣʠʚ ʬʽʟʠʯʥʠʭ ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʘʪʘʢ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʰʚʠʜʢʝ 

ʨʝʘʛʫʚʘʥʥʷ. 

ɿʘʭʦʜʠ ʟʘʭʠʩʪʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʜʦ ʚʧʣʠʚʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʚʦʻʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʦʭʦʧʣʶʶʪʴ ʬʽʟʠʯʥʽ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʢʽʙʝʨʥʝʪʠʯʥʽ ʪʘ ʽʥʞʝʥʝʨʥʽ 

ʘʩʧʝʢʪʠ.  
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ʌʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʘ-ʮʝʥʪʨʽʚ ʫ ʧʽʜʟʝʤʥʠʭ ʘʙʦ 

ʟʘʭʠʱʝʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʱʦ ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʾʭʥʴʦʛʦ ʬʽʟʠʯʥʦʛʦ ʟʥʠʱʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʫʙʣʴʦʚʘʥʠʭ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʪʘ ʨʝʟʝʨʚʥʠʭ ʩʠʩʪʝʤ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʙʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʢʨʠʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʥʷ ʦʩʥʦʚʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɼʦʜʘʪʢʦʚʦ 

ʦʨʛʘʥʽʟʦʚʫʶʪʴʩʷ ʚʽʜʜʘʣʝʥʽ ʣʦʢʘʮʽʾ ʜʣʷ ʨʝʟʝʨʚʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʛʘʨʘʥʪʫʻ 

ʾʭʥʶ ʜʦʩʪʫʧʥʽʩʪʴ ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʚʪʨʘʪʠ ʦʩʥʦʚʥʦʛʦ ʩʭʦʚʠʱʘ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ ʚʢʣʶʯʘʶʪʴ ʨʦʟʨʦʙʢʫ ʧʣʘʥʽʚ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʙʽʟʥʝʩʫ ʪʘ ʘʚʘʨʽʡʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʢʨʠʟʦʚʽ ʩʠʪʫʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ. ʈʝʛʫʣʷʨʥʝ 

ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʱʦʜʦ ʜʽʡ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ 

ʛʦʪʦʚʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʽʥʮʠʜʝʥʪʘʤʠ ʩʪʚʦʨʶʶʪʴʩʷ ʢʨʠʟʦʚʽ ʮʝʥʪʨʠ, 

ʷʢʽ ʢʦʦʨʜʠʥʫʶʪʴ ʟʘʭʦʜʠ ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʫʶʪʴ ʥʘʩʣʽʜʢʠ ʘʪʘʢ ʯʠ ʘʚʘʨʽʡ [26]. 

ʂʽʙʝʨʟʘʭʠʩʪ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʰʠʬʨʫʚʘʥʥʷ 

ʜʘʥʠʭ ʜʣʷ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ. ʉʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʛʥʝʥʥʷʤ (IDS/IPS) ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʣʷʪʠ 

ʩʧʨʦʙʠ ʟʣʦʤʫ ʯʠ ʽʥʰʽ ʥʝʙʘʞʘʥʽ ʜʽʾ. ʈʝʟʝʨʚʥʝ ʢʦʧʽʶʚʘʥʥʷ ʽʟ ʨʝʛʫʣʷʨʥʦʶ ʧʝʨʝʚʽʨʢʦʶ 

ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʘʟʽ ʾʾ 

ʧʦʰʢʦʜʞʝʥʥʷ. ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ Zero Trust ʘʨʭʽʪʝʢʪʫʨʠ, ʷʢʘ 

ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʨʘʟʽ ʢʦʤʧʨʦʤʝʪʘʮʽʾ ʦʜʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

[28]. 

ɯʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʨʦʟʨʦʙʢʫ ʘʚʪʦʥʦʤʥʠʭ ʤʦʜʫʣʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʩʠʩʪʝʤʘʤ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʣʦʢʘʣʴʥʦ ʫ ʨʘʟʽ ʚʪʨʘʪʠ ʟʚôʷʟʢʫ ʟ ʦʩʥʦʚʥʦʶ 

ʤʝʨʝʞʝʶ. ɼʣʷ ʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦʧʦʥʫʶʪʴʩʷ ʟʘʭʠʱʝʥʽ ʢʘʥʘʣʠ ʟʚôʷʟʢʫ ʥʘ 

ʙʘʟʽ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ AI-

ʘʥʘʣʽʟʫ ʟʘʛʨʦʟ ʜʦʧʦʤʘʛʘʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʪʘ ʚʞʠʚʘʪʠ 

ʧʨʦʪʠʜʽʡʥʠʭ ʟʘʭʦʜʽʚ [27].  
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ʉʫʯʘʩʥʘ ʧʨʘʢʪʠʢʘ ʜʦʚʦʜʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʟʘʭʦʜʽʚ, ʟʦʢʨʝʤʘ ʧʽʜ ʯʘʩ 

ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʫ 2022 ʨʦʮʽ, ʢʦʣʠ ʢʦʤʧʘʥʽʾ ʤʘʩʦʚʦ ʧʝʨʝʭʦʜʠʣʠ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʟʘʭʠʩʪʫ ʩʚʦʾʭ ʜʘʥʠʭ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ Starlink ʟʘʙʝʟʧʝʯʠʣʦ ʩʪʘʙʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ ʫ ʟʦʥʘʭ ʙʦʡʦʚʠʭ ʜʽʡ, ʘ ʨʦʟʧʦʜʽʣʝʥʝ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʜʦʚʝʣʦ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʘʭʠʩʪʽ ʢʨʠʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʚʦʻʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʢʣʶʯʦʚʠʤʠ ʻ ʢʦʤʧʣʝʢʩʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʟʘʭʠʩʪʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʬʽʟʠʯʥʠʡ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ, 

ʢʽʙʝʨʥʝʪʠʯʥʠʡ ʟʘʭʠʩʪ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʟʥʘʯʝʥʠʭ ʟʘʭʦʜʽʚ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʨʘʟʣʠʚʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʾʾ ʙʝʟʧʝʨʝʨʚʥʫ ʨʦʙʦʪʫ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʘʪʘʢ. 
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ɺʀʉʅʆɺʂʀ 

 

ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʾʭʥʶ 

ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʤʝʪʦʜʠ ʚʟʘʻʤʦʜʽʾ ʟ ʙʝʟʧʽʣʦʪʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʦʮʽʥʝʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʽʥʰʠʤʠ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ. ʆʧʠʩʘʥʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʪʘ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʥʠʤʠ.  

ɼʦʩʣʽʜʞʝʥʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ, ʾʭʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʘ ʥʝʜʦʣʽʢʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʜʦʜʘʪʢʦʚʦʾ ʚʘʛʠ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʆʧʠʩʘʥʦ 

ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ 

ʜʦʩʪʘʚʢʠ. ʆʧʠʩʘʥʦ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʝʨʚʝʨʦʤ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘʜʘʯ ʪʘ ʮʝʥʪʨʘʤʠ 

ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦʩʪʘʚʢʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʝʟʧʽʣʦʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭʥʽʭ ʨʦʙʦʯʠʭ ʟʦʥ ʜʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʾʭ ʨʦʙʦʪʠ. 

ʇʦʙʫʜʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʽʣʦʪʥʦʾ 

ʜʦʩʪʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʇʨʦʛʨʘʤʘ ʚʨʘʭʦʚʫʻ ʪʠʧʠ ʙʝʟʧʽʣʦʪʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʾʭʥʶ ʨʦʙʦʯʫ ʟʦʥʫ. ʈʦʟʨʦʙʣʝʥʦ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʜʣʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʦʾ ʜʦʩʪʘʚʢʠ ʧʨʠ ʜʚʦʭ 

ʩʮʝʥʘʨʽʷʭ. 

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʙʝʟʧʝʢʠ ʚ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ.  
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