
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 
ñʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ  

ɯʄɽʅɯ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆò 
ʊʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 
 
çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè                                    çɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦè 
ʋɼʂ __________                                             ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

         ___________/ ɺʦʣʦʜʠʤʠʨ ɺʆʃʆʑʋʂ/ 
         ñ____ò _________________ 2021 ʨ. 

 
ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ 
 

ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ 

 

ñɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ  ʪʝʭʥʦʣʦʛʽʾ 
ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤò 
ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 
151ñɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ  
ʪʝʭʥʦʣʦʛʽʾò 
 

  
ʥʘ ʪʝʤʫ:  ɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʭʘʨʯʦʚʠʭ  
ʧʨʦʜʫʢʪʽʚ 
 
 
ɺʠʢʦʥʘʚ:  ʩʪʫʜʝʥʪ  ɯ ɯ ʢʫʨʩʫ, ʛʨʫʧʠ ʊɸ-01ʤʧ  
ʇʦʛʨʝʙʝʮʴʢʠʡ ʄʠʭʘʡʣʦ ʉʝʨʛʽʡʦʚʠʯ   

(ʧʨʽʟʚʠʱʝ ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ)  (ʧʽʜʧʠʩ) 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ɻʦʣʽʥʢʦ ɯ. ʄ. 
 
 

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

 
                                                    
    

ʈʝʮʝʥʟʝʥʪ ʜʠʨʝʢʪʦʨ, ɼʠʯʝʥʢʦ ʆ. ɯ. 
 
 

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

                                                                        
ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ ʥʝʤʘʻ  

                                                                       ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ 
                                                                        ʧʦʩʠʣʘʥʴ. 
                                                                                     ʉʪʫʜʝʥʪ______________________ 
                                                         
 
                                                                      ʂʠʾʚ ï 2021 ʨʦʢʫ 



  ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ   
ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ  

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò 
 

 

ʌʘʢʫʣʴʪʝʪ  ʊʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʡ                                                          
ʂʘʬʝʜʨʘ ɸʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 
ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʜʨʫʛʠʡ(ʤʘʛʽʩʪʝʨʩʴʢʠʡ)  
  
ʉʧʝʮʽʘʣʴʥʽʩʪʴ 
 
ʆʩʚʽʪʥʴʦ-
ʧʨʦʬʝʩʽʡʥʘ   
ʧʨʦʛʨʘʤʘ 

151ñɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ  ʪʝʭʥʦʣʦʛʽʾò 
 
(ñɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ -ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ     
ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤò) 

 
 
ɿɸʊɺɽʈɼɾʋʖ 

 ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

  /ɺʆʃʆɼʀʄʀʈ ɺʆʃʆʑʋʂ/ 
            (ʧʽʜʧʠʩ)                          (ʽʤʷ, ʇʈɯɿɺʀʑɽ) 
 ñ     ñ  2021 ʨ. 

 

ɿɸɺɼɸʅʅʗ 
ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

 

 
(ʧʨʽʟʚʠʱʝ, ʽʤ'ʷ, ʧʦ-ʙʘʪʴʢʦʚʽ) 

 
1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ  ɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʰʦʢʦʚʦʾ  
ʟʘʤʦʨʦʟʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 
 
ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ  ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ɻʦʣʽʥʢʦ ɯ. ʄ. 

                                                                                                         (ʧʨʽʟʚʠʱʝ, ʽʤ'ʷ, ʧʦ-ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 
ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ  ç02è 11 2021 ʨ. ˉ   3629-ʩ 
 
2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ  ç17è ʛʨʫʜʥʷ 2021 ʨ.    
 
3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʢʘʤʝʨʘ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ, ʪʘ ʾʾ  

ʚʟʘʻʤʦʜʽʷ ʟ ʧʨʦʜʫʢʪʦʤ ʟʘʤʦʨʦʟʢʠ 
 
4. ɺʠʭʽʜʥʽ ʜʘʥʽ: ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ 30 ʤĮ; ʤʘʻ 3 ʩʝʢʮʽʾ ʟʘʤʦʨʦʟʢʠ ʧʦ 10 ʤĮ; ʩʝʨʝʜʥʻ  
 ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʜʫʢʪʫ - +20 Áʉ. 
 
5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ 
ʆʛʣʷʜ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ,  ʷʢ ʦʙôʻʢʪʘ  
ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ɸʥʘʣʽʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ.  



ʉʠʥʪʝʟ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ. ʇʨʦʻʢʪʥʽ ʨʽʰʝʥʥʷ ʟ  
ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʈʦʟʨʦʙʢʘ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ. 
 
 

6. ʆʨʽʻʥʪʦʚʘʥʠʡ ʧʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ (ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ) ʤʘʪʝʨʽʘʣʫ  
ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʘ. ʉʧʝʮʠʬʽʢʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ. ʉʭʝʤʘ 
ʧʨʠʥʮʠʧʦʚʘ ʝʣʝʢʪʨʠʯʥʘ. ʂʨʝʩʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ ʱʠʪʘ. ʉʭʝʤʘ ʤʦʥʪʘʞʥʘ  
ʱʠʪʘ. ʉʭʝʤʘ ʟʦʚʥʽʰʥʽʭ ʧʨʦʚʦʜʦʢ. ɺʽʜʦʤʽʩʪʴ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʻʢʪʫ. 
ʇʨʝʟʝʥʪʘʮʽʷ ʥʘ ʟʘʭʠʩʪ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʻʢʪʫ. 
 
7.  ʆʨʽʻʥʪʦʚʘʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ 
ʇʈʀʅʎʀʇʀ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʉʀʉʊɽʄ ʆʇɸʃɽʅʅʗ 
ɼʀʅɸʄɯʏʅɸ ʄʆɼɽʃʔ ʂɸʄɽʈʀ ʐʆʂʆɺʆɰ ɿɸʄʆʈʆɿʂʀ ʌʈʋʂʊɯɺ 
 
8. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ "  21 "    ʚʝʨʝʩʥʷ   2021 ʨ. 

 
ʂɸʃɽʅɼɸʈʅʀʁ ʇʃɸʅ 

 

ˉ 
ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  
ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʉʪʨʦʢ ʚʠʢʦʥʘʥʥʷ 
ʝʪʘʧʽʚ ʤʘʛʽʩʪʝʨʩʴʢʦʾ 

ʜʠʩʝʨʪʘʮʽʾ 
ʇʨʠʤʽʪʢʘ 

1 ɺʠʜʘʯʘ ʟʘʚʜʘʥʥʷ 21.09.2021  

2 ɸʨʢʫʰ 1. ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʘ. ɿʘʤʦʚʥʘ ʩʧʝʮʠʬʽʢʘʮʽʷ 
30.09.2021  

3 ɸʨʢʫʰ 2. ʉʭʝʤʘ ʧʨʠʥʮʠʧʦʚʘ ʝʣʝʢʪʨʠʯʥʘ 07.10.2021  

4 ɸʨʢʫʰ 3. ʂʨʝʩʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ ʱʠʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 
14.10.2021  

5 ɸʨʢʫʰ 4. ʉʭʝʤʘ ʤʦʥʪʘʞʥʘ ʱʠʪʘ 21.10.2021  
6 ɸʨʢʫʰ 5. ʉʭʝʤʘ ʟʦʚʥʽʰʥʽʭ ʧʨʦʚʦʜʦʢ 28.10.2021  

7 ʈʦʟʜʽʣ 1. ʆʛʣʷʜ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ, ʷʢ ʦʙ'ʻʢʪʫ ʢʝʨʫʚʘʥʥʷ 
04.11.2021  

8 
ʈʦʟʜʽʣ 2. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 
ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 
ʟʘʤʦʨʦʟʢʠ 

11.11.2021  

 ʈʦʟʜʽʣ 3. ʈʦʟʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ 
ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙôʻʢʪʫ 

18.11.2021  

9 ʉʪʘʨʪʘʧ-ʧʨʦʝʢʪ 25.11.2021  

11 ʇʽʜʧʠʩ ʢʝʨʽʚʥʠʢʘ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 
09.12.2021  

12 ʇʦʧʝʨʝʜʥʽʡ ʟʘʭʠʩʪ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 
10.12.2021  

13 ɿʘʭʠʩʪ 20.12.2021  
 
ʉʪʫʜʝʥʪ 

 
ʄʠʭʘʡʣʦ ʇʆɻʈɽɹɽʎʔʂʀʁ 

 

 (ʧʽʜʧʠʩ)  (ʽʤʷ, ʇʈɯɿɺʀʑɽ) 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ    ɯʛʦʨ ɻʆʃɯʅʂʆ 

 (ʧʽʜʧʠʩ)  (ʽʤʷ, ʇʈɯɿɺʀʑɽ) 

 



ʈɽʌɽʈɸʊ 
ʄʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʚʠʢʦʥʘʥʦ ʥʘ ʪʝʤʫ çɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʦʤ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚè, ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ. 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 98 ʩ., 38 ʨʠʩ., 26 ʪʘʙʣ. 

ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʻ ʨʦʟʨʦʙʢʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʪʘ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʘʤʝʨʦʶ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ 

ʧʨʦʜʫʢʪʽʚ, ʷʢʘ ʤʘʻ ʪʨʠ ʧʦʩʣʽʜʦʚʥʽ ʝʪʘʧʠ ʟʘʤʦʨʦʟʢʠ, ʟʛʽʜʥʦ ʚʠʤʦʛ ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ 

ʟʘʤʦʨʦʟʢʠ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʻ ʢʘʤʝʨʘ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʫ, ʪʘ ʾʾ 

ʚʟʘʻʤʦʜʽʷ ʟ ʧʨʦʜʫʢʪʦʤ ʟʘʤʦʨʦʟʢʠ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʢʘʤʝʨʠ 

ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ. ʄʝʪʦʜʠ ʘʜʘʧʪʫʚʘʥʥʷ ʢʘʤʝʨʠ ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʦʜʫʢʪʽʚ. ʇʽʜʭʦʜʠ ʜʦ 

ʢʝʨʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʝʪʘʧʘʤʠ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ, ʽ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʾ ʧʽʜʣʦʛʠ 

ʦʢʨʝʤʦ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʫ ʢʦʞʥʽʡ ʩʝʢʮʽʾ ʦʭʦʣʦʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ, ʘ ʩʘʤʝ, ʷʢ ʦʭʦʣʦʜʞʫʚʘʯ 

ʚʧʣʠʚʘʻ ʥʘ ʦʙôʻʢʪ ʟʘʤʦʨʦʟʢʠ. 

ʅʦʚʠʟʥʘ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ ʪʘ ʾʾ ʚʟʘʻʤʦʜʽʾ ʟ ʧʨʦʜʫʢʪʦʤ ʟʘʤʦʨʦʟʢʠ, ʫ ʷʢʽʡ ʧʝʨʝʜʙʘʯʝʥʦ ʚʧʣʠʚ ʜʘʪʯʠʢʽʚ ʽ 

ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʥʘ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ. ʈʦʟʨʦʙʣʝʥʦ ʘʚʪʦʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ, ʷʢʘ ʻ ʝʬʝʢʪʠʚʥʦʶ ʧʨʠ 

ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʥʷʭ ʦʙôʻʢʪʫ ʟʘʤʦʨʦʟʢʠ. 

 

  



ABSTRACT 
The master's dissertation was completed on the topic "Adaptive control system of the 

process of shock freezing of food products", for a master's degree. The explanatory note 

consists of 98 pages, 38 figures, 26 tables. 

The purpose and objectives of the study. The aim of the master's dissertation is to 

develop an automated and adaptive control system for shock freezing of products, which has 

three consecutive stages of freezing, according to the requirements of the technology of the 

freezing process. 

The object of the study is the shock freezing chamber of the product, and its interaction 

with the freezing product. 

Subject of study. Methods of control of technological processes of the shock freezing 

chamber. Methods of adapting the camera to different types of products. Approaches to 

managing the different stages of product freezing, and managing the underfloor heating system 

separately, depending on the needs of each cooling section. Research and calculation of the 

mathematical model of the shock freezing chamber, namely how the cooler affects the freezing 

object. 

Novelty and practical application of the obtained results. In the course of the master's 

dissertation a mathematical model of the shock freezing chamber and its interaction with the 

freezing product was developed, which provides for the influence of sensors and actuators on 

the behavior of the system. An automatic process control system for the shock freezing 

chamber has been developed, which is effective at different input values of the freezing object. 
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ɺʩʪʫʧ 
 ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʠʥʢʫ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʯʽʪʢʦ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʟʙʫʪʫ ʪʦʚʘʨʫ, 

ʪʦʙʪʦ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʜʫʢʮʽʾ, ʚʽʜ ʤʦʞʣʠʚʦʩʪʝʡ ʷʢʽʩʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʙʘʞʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʂʘʤʝʨʘ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʦʚʦʣʴʯʠʭ ʪʦʚʘʨʽʚ, ʤôʷʩʘ, ʬʨʫʢʪʽʚ, 

ʤʦʣʦʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʦʚʦʯʽʚ, ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ. ɿʘʚʜʷʢʠ ʚʢʣʶʯʝʥʥʷ ʜʦ 

ʧʨʦʮʝʩʫ ʟʙʫʪʫ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʜʫʢʮʽʾ ʤʦʞʝ ʙʫʪʠ  

ʨʦʟʪʷʛʥʫʪʘ ʫ ʯʘʩʽ, ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʧʦʢʠ ʟʙʫʪ ʧʨʦʜʫʢʮʽʾ ʥʝ ʩʪʘʥʝ ʙʽʣʴʰ 

ʚʠʛʽʜʥʠʤ ʜʣʷ ʚʣʘʩʥʠʢʘ ʙʽʟʥʝʩʫ. ɿʽ ʩʪʦʨʦʥʠ ʢʦʨʠʩʪʫʚʘʯʘ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ ʧʣʶʩʠ: ʟʙʽʣʴʰʝʥʽ ʪʝʨʤʽʥʠ 

ʟʙʝʨʽʛʘʥʥʷ, ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʨʦʟʤʽʨʠ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ ʤʘʡʞʝ 

ʦʜʥʘʢʦʚʽ, ʢʦʨʠʩʪʫʚʘʯʫ ʥʝ ʧʦʪʨʽʙʥʦ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʩʪʽʨ ʥʘ 

ʟʙʝʨʽʛʘʥʥʷ, ʜʷʢʫʶʯʠ ʢʨʠʪʝʨʽʷʤ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʟʢʠ, 

ʧʨʦʜʫʢʪ ʟʙʝʨʽʛʘʻ ʙʽʣʴʰʽʩʪʴ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʽ ʛʦʪʦʚʠʡ ʜʦ ʨʦʟʤʦʨʦʟʢʠ ʽ 

ʚʞʠʚʘʥʥʷ ʪʦʜʽ, ʢʦʣʠ ʮʝ ʧʦʪʨʽʙʥʦ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ.  

 ɯʟ ʦʛʣʷʥʫʪʠʭ ʚʠʱʝ ʧʨʠʯʠʥ, ʫ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ ʷ ʨʦʟʛʣʷʜʘʶ 

ʤʦʞʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʘʤʝʨʦʶ, ʪʘ 

ʜʦʩʣʽʜʞʫʶ ʧʽʜʭʦʜʠ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʚʘʨʽʘʥʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ.  

 ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ ʷ ʨʦʟʛʣʷʥʫʚ ʚʠʚʯʝʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʠʢʣʘʚ ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ ʱʦʜʦ 

ʦʨʛʘʥʽʟʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ.   
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1. 1. ʆɻʃʗɼ ʇʈʆʎɽʉʋ ʐʆʂʆɺʆɰ ɿɸʄʆʈʆɿʂʀ 

ʇʈʆɼʋʂʊɯɺ ʍɸʈʏʋɺɸʅʅʗ ʗʂ ʆɹôɭʂʊɸ ʂɽʈʋɺɸʅʅʗ  

1.1. ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ 

ʗʢʱʦ ʟʚʝʨʥʫʪʠʩʴ ʜʦ ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ ʭʘʨʯʦʚʦʾ ʽʥʜʫʩʪʨʽʾ- ʪʦ 

ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʷʢʫ ʚʠʨʦʙʣʷʣʠ ʫ 

80-ʭ ʨʦʢʘʭ ʥʽʷʢʠʤ ʯʠʥʦʤ ʥʝ ʤʦʛʣʘ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ ʟʝʤʥʦʾ 

ʢʫʣʽ. [16] ɿ 3902 ʤʣʥ. ʪ/ʨʽʢ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʫ ʧʦʣʦʚʠʥʘ ʧʦʪʨʝʙʫʚʘʣʘ ʪʝʭʥʦʣʦʛʽʾ ʱʦ ʤʦʛʣʘ ʙ ʨʦʟʪʷʛʥʫʪʠ ʫ ʯʘʩʽ 

ʧʝʨʽʦʜ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʧʨʦʜʫʢʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʘʣʘ ʦʯʝʚʠʜʥʦʶ ʧʦʪʨʝʙʘ ʚ 

ʨʦʟʚʠʪʢʫ ʭʦʣʦʜʠʣʴʥʦʾ ʦʙʨʦʙʢʠ. ɸʜʞʝ, ʩʚʽʪʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʩʢʣʘʜʘʚ ʚʩʴʦʛʦ ʜʦ 70 ʤʣʥ.ʪ ʰʚʠʜʢʦʧʩʫʚʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʤʦʛʣʘ ʟʙʝʨʽʛʘʪʠʩʴ ʥʘ ʩʢʣʘʜʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 

4% ʚʽʜ ʟʘʛʘʣʴʥʦʨʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʥʝ ʤʦʞʝ ʧʦʢʨʠʪʠ ʽ ʚʠʨʽʰʠʪʠ 

ʧʨʦʙʣʝʤʘʪʠʢʫ ʤʠʥʫʣʠʭ ʨʦʢʽʚ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʟʘʤʦʨʦʞʝʥʠʭ 

ʰʚʠʜʢʦʧʩʫʚʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

 ʊʦʤʫ ʩʚʽʪʦʚʽ ʣʽʜʝʨʠ ʧʨʠʡʥʷʣʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʢʠ  ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʩʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʰʣʷʭʽʚ ʩʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ ʧʨʦʜʫʢʮʽʾ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʦʚʘʨʽʚ, ʽ ʫ ʚʠʩʥʦʚʢʫ, ʣʶʜʩʪʚʦ ʦʪʨʠʤʘʣʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʧʨʦʜʦʚʦʣʴʯʠʭ ʨʝʩʫʨʩʽʚ. [16] ʊʘʢʠʤ ʨʽʰʝʥʥʷʤ ʦʧʠʩʘʥʦʾ 

ʧʨʦʙʣʝʤʘʪʠʢʠ ʩʪʘʣʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʚʠʜʢʦʟʘʤʦʨʦʞʫʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʽ ʟʙʝʨʽʛʘʥʥʷ ʰʚʠʜʢʦʟʘʤʦʨʦʞʝʥʠʭ 

ʧʨʦʜʫʢʪʽʚ. ʊʝʨʤʽʥ çʰʦʢʦʚʝ ʟʘʤʦʨʦʞʫʚʘʥʥʷè ʟʘ ʦʩʪʘʥʥʽʡ ʯʘʩ ʩʪʘʚ 

ʥʝʟʘʤʽʥʥʠʤ ʪʝʨʤʽʥʦʤ ʚ ʭʘʨʯʦʚʽʡ ʽʥʜʫʩʪʨʽʾ ʚ ʢʦʥʪʝʢʩʪʽ ʢʦʥʩʝʨʚʫʚʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʜʝ ʧʦʪʦʯʥʠʡ ʤʝʪʦʜ ʤʘʻ ʩʪʨʽʤʢʦ 

ʟʨʦʩʪʘʶʯʝ ʧʦʰʠʨʝʥʥʷ.  

 ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʦʩʦʙʣʠʚʦ ʽʥʪʝʥʩʠʚʥʦ ʚʠʨʦʙʣʷʶʪʴʩʷ: 

¶ ʦʚʦʯʽ, ʷʛʦʜʠ, ʟʝʣʝʥʴ; 

¶ ʧʨʠʛʦʪʦʚʘʥʘ ʚʠʧʽʯʢʘ, ʧʨʠʛʦʪʦʚʘʥʽ ʧʝʨʰʽ ʽ ʜʨʫʛʽ ʩʪʨʘʚʠ; 
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¶ ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ ʟ ʤôʷʩʘ, ʨʠʙʠ ʪʘ ʽʥ.; 

 ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʰʚʠʜʢʦʜʽʶ ʧʨʦʮʝʩʫ, ʘ ʪʦʙʪʦ 

ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ ʯʘʩʫ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʘʪʠʪʠ ʥʘ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʫ. ʗʢʱʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʜʘʥʠʡ ʬʘʢʪ- ʪʦ ʫ ʚʠʧʘʜʢʫ ʙʫʜʴ-

ʷʢʦʾ ʽʥʰʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʽʦʜ ʟʘʤʦʨʦʟʢʠ ʤôʷʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʩʪʘʥʦʚʠʪʴ 2,5 

ʛʦʜʠʥʠ, ʧʨʠ ʪʦʤʫ ʫ ʚʠʧʘʜʢʫ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʜʦʩʪʘʪʥʴʦ ʚʠʪʨʘʪʠʪʠ 20-35 

ʭʚʠʣʠʥ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʰʚʠʜʢʦʤʫ 

ʟʘʤʦʨʦʞʫʚʘʥʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʯʘʩ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 

4...7 ʨʘʟʽʚ, ʥʝ ʚʠʧʘʨʦʚʫʶʪʴʩʷ ʘʨʦʤʘʪʠʯʥʽ ʨʝʯʦʚʠʥʠ, ʢʨʘʱʝ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʘ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʨʦʜʫʢʪʫ. ɺʩʝ ʮʝ ʟʙʝʨʽʛʘʻ ʩʤʘʢʦʚʽ ʷʢʦʩʪʽ ʪʘ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʽʩʣʷ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ.  ʅʝ ʚʜʘʶʯʠʩʴ ʫ ʤʘʪʝʤʘʪʠʯʥʽ 

ʦʙʯʠʩʣʶʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʩʧʦʞʠʚʘʯ ʽ ʚʠʨʦʙʥʠʢ ʧʦʤʽʪʠʪʴ ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ, ʘʣʝ 

ʽ ʩʧʝʮʽʘʣʽʩʪ ʷʢʠʡ ʚʠʚʯʘʻ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʮʽʾ ʽ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʦ ʟʘʤʦʨʦʟʢʠ 

ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʧʽʩʣʷ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ. ɼʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʨʷʜ ʪʝʟʠʩʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʩʘʤ ʧʨʦʮʝʩ ʽ 

ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʟ ʥʠʭ [8]: 

1. ʉʚʽʞʽʰʘ ʪʘ ʢʨʘʱʘ ʷʢʽʩʪʴ ʾʞʽ. ʐʦʢʦʚʘ ʟʘʤʦʨʦʟʢʘ ʟʘʢʨʽʧʣʶʻ ʩʚʽʞʽʩʪʴ. 

ʏʠʤ ʰʚʠʜʰʝ ʟʘʤʦʨʦʞʫʻʪʴʩʷ ʾʞʘ, ʪʠʤ ʤʝʥʰʽ ʢʨʠʩʪʘʣʠ ʣʴʦʜʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʩʪʨʫʢʪʫʨʽ ʢʣʽʪʠʥʠ ʟʘʚʜʘʻʪʴʩʷ ʤʝʥʰʝ ʰʢʦʜʠ. ʐʦʢʦʚʘ ʟʘʤʦʨʦʟʢʘ ʟʙʝʨʽʛʘʻ 

ʷʢʽʩʪʴ, ʪʝʢʩʪʫʨʫ, ʩʤʘʢ ʽ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ. 

2. ɹʽʣʴʰ ʙʝʟʧʝʯʥʽ ʪʘ ʧʦʢʨʘʱʝʥʽ ʩʪʘʥʜʘʨʪʠ ʙʝʟʧʝʢʠ. ɿʙʝʨʽʛʘʡʪʝ ʩʚʽʞʽʩʪʴ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʟ ʚʠʩʦʢʦʶ ʙʝʟʧʝʢʦʶ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʅʝ 

ʧʦʪʨʝʙʫʻʪʴʩʷ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʫʞʝ ʥʘ ʧʨʠʣʘʚʢʘʭ ʤʘʛʘʟʠʥʫ. 

3. ɽʢʦʥʦʤʽʷ ʚʠʪʨʘʪ ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ. ɿʘʦʱʘʜʞʫʡʪʝ ʜʦ 30% ʥʘ ʚʠʪʨʘʪʘʭ 

ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʧʦʥʘʜʥʦʨʤʦʚʠʭ ʛʦʜʠʥ ʽ ʟʘʟʜʘʣʝʛʽʜʴ 

ʜʦʙʨʝ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʜʦ ʧʝʨʽʦʜʽʚ ʧʽʢʦʚʦʛʦ ʧʦʧʠʪʫ. 

4. ʅʠʞʯʽ ʚʭʽʜʥʽ ʚʠʪʨʘʪʠ. ʇʨʦʜʫʢʪʠ ʤʦʞʥʘ ʟʘʢʫʧʦʚʫʚʘʪʠ ʦʧʪʦʤ, ʢʦʣʠ 

ʮʽʥʠ ʩʝʟʦʥʥʦ ʥʠʞʯʽ, ʧʦʪʽʤ ʦʭʦʣʦʜʞʫʚʘʪʠ ʽ ʟʘʤʦʨʦʞʫʚʘʪʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʽʟʥʽʰʝ. 
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5. ɻʦʪʫʡʪʝ ʾʞʫ ʰʚʠʜʰʝ. ʇʦʢʨʘʱʫʡʪʝ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʽ ʧʨʠʩʢʦʨʶʡʪʝ 

ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ. ʋ ʚʘʩ ʙʫʜʝ ʩʤʘʯʥʘ ʾʞʘ, ʛʦʪʦʚʘ ʜʣʷ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ, 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʯʽ ʚʘʰʠʤ ʢʣʽʻʥʪʘʤ. 

6. ʈʦʟʤʦʨʦʞʫʡʪʝ ʪʘ ʧʽʜʛʦʪʫʡʪʝ ʟʘʟʜʘʣʝʛʽʜʴ. ɺʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʾʞʽ 

ʤʦʞʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʧʨʠʛʦʪʫʚʘʪʠ ʟʘ ʢʽʣʴʢʘ ʜʥʽʚ ʘʙʦ ʪʠʞʥʽʚ, ʘ ʧʦʪʽʤ ʦʭʦʣʦʜʠʪʠ 

ʘʙʦ ʟʘʤʦʨʦʟʠʪʠ ʰʦʢʦʚʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʛʘʣʴʥʽ ʚʠʭʽʜʥʽ ʜʥʽ ʪʘ ʟʙʽʣʴʰʠʪʠ 

ʧʦʧʠʪ. 

7. ʄʝʥʰʝ ʚʽʜʭʦʜʽʚ. ʅʘ ʢʦʤʝʨʮʽʡʥʽʡ ʢʫʭʥʽ ʤʦʞʥʘ ʚʠʢʠʜʘʪʠ ʜʦ 40% ʾʞʽ. 

ʊʝʭʥʦʣʦʛʽʷ ʰʚʠʜʢʽʩʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ, 

ʜʦʟʚʦʣʷʶʯʠ ʢʨʘʱʝ ʧʣʘʥʫʚʘʪʠ ʪʘ ʟʥʘʯʥʦ ʜʦʚʰʝ ʟʙʝʨʽʛʘʪʠ ʩʚʽʞʽ ʪʘ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʠʛʦʪʦʚʣʝʥʽ ʧʨʦʜʫʢʪʠ. 

8. ɼʦʚʰʠʡ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ. ɿʘʚʜʷʢʠ ʫʩʫʥʝʥʥʶ ʫʪʚʦʨʝʥʥʷ ʙʘʢʪʝʨʽʡ 

ʧʽʜ ʯʘʩ ʰʦʢʦʚʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʾʞʘ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ 

ʚ ʙʝʟʜʦʛʘʥʥʦʤʫ ʩʪʘʥʽ ʜʦ ʪʨʴʦʭ ʨʘʟʽʚ ʜʦʚʰʝ.  

 

1.2. ʆʛʣʷʜ ʪʝʭʥʦʣʦʛʽʾ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ 

ʋ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʠʡ 

ʧʦʜʽʣ ʥʘ ʜʝʷʢʽ ʪʠʧʠ ʰʚʠʜʢʦʟʘʤʦʨʦʞʫʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. ɸʣʝ ʫʩʽ ʤʘʶʪʴ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ ʧʝʨʝʙʽʛ ʧʦʜʽʡ ʟʽ ʩʪʦʨʦʥʠ ʚʠʤʦʛ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʞʫʚʘʥʥʷ.  

 ʇʽʜ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷʤ çʰʚʠʜʢʽʩʥʘ ʟʘʤʦʨʦʟʢʘè ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʥʘ 

ʫʚʘʟʽ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʚ ʦʭʦʣʦʜʞʝʥʦʤʫ ʧʦʪʦʮʽ ʧʦʚʽʪʨʷ ʟʘ ʚʠʟʥʘʯʝʥʦ 

ʢʦʨʦʪʢʠʡ ʯʘʩ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ. ɿʘ ʮʠʭ ʫʤʦʚ ʧʨʦʜʫʢʪ ʧʽʜʧʘʜʘʻ ʧʽʜ ʪʨʠ ʝʪʘʧʠ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ, ʤʘʶʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʙʘʞʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʜʫʢʪʫ 19-22 Áʉ [16]: 

¶ ʇʝʨʰʠʡ ʝʪʘʧ: ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 0 Áʉ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʜʫʚʢʠ ʥʘ 

ʥʴʦʛʦ ʭʦʣʦʜʥʦʛʦ ʧʦʚʽʪʨʷ; 
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¶ ɼʨʫʛʠʡ ʝʪʘʧ: ʧʝʨʝʭʽʜ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʚ ʪʚʝʨʜʝ, ʚʠʢʦʥʫʶʯʠ 

ʧʝʨʝʙʽʛ ʯʝʨʝʟ ʢʨʽʦʩʢʦʧʽʯʥʫ ʪʦʯʢʫ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʟ 0 Áʉ ʜʦ -5 Áʉ. ɼʘʥʠʡ 

ʝʪʘʧ ʚʠʟʥʘʯʥʠʡ ʚ ʬʦʨʤʫʚʘʥʥʽ ʨʦʟʤʽʨʽʚ ʦʙôʻʢʪʘ ʟʘʤʦʨʦʟʢʠ; 

¶ ʊʨʝʪʽʡ ʝʪʘʧ: ʜʦʤʦʨʦʞʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ, ʪʦʙʪʦ ʢʽʥʮʝʚʠʡ ʧʝʨʝʭʽʜ 

ʚ ʪʚʝʨʜʫ ʬʦʨʤʫ, ʧʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟ -5 Áʉ ʜʦ -18 

Áʉ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʦʨʽʚʥʷʣʴʥʽ ʜʽʘʛʨʘʤʠ,  ʥʘ ʷʢʠʭ ʟʦʙʨʘʞʝʥʦ 2 ʧʝʨʝʙʽʛʠ 

ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʚʦʭ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʨʠʩ. 1.1), 

ʜʽʘʛʨʘʤʘ ˉ1 ʧʦʟʥʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʨʦʥʥʴʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʜʽʘʛʨʘʤʘ ˉ2 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʮʽʾ. ʇʨʦʮʝʩʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʤʦʨʦʞʝʥʥʷ ʷʛʽʜ ʚ ʦʜʥʘʢʦʚʦʤʫ ʦʙôʻʤʽ ʽ ʟʘ ʦʜʥʘʢʦʚʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ.  

 

 
ʈʠʩ. 1.1. ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʫ, ʧʨʠ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ ʧʽʜʭʦʜʘʭ 

ʜʦ ʟʘʤʦʨʦʟʢʠ ʷʛʽʜ 

 

 ʋ ʧʨʦʮʝʩʽ ʨʦʟʛʣʷʜʫ ʪʝʭʥʦʣʦʛʽʾ, ʷ ʟʘʟʥʘʯʠʚ, ʱʦ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʨʦʙʢʠ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʰʚʠʜʢʦʤʦʨʦʟʠʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. ʅʘ ʥʘʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʘʭ [9] ʙʘʟʫʻʪʴʩʷ 

ʽʥʜʫʩʪʨʽʷ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ:  
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 1. ɼʠʟʘʡʥ. ʆʩʥʦʚʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʚʠʜʘʤʠ ʻ ʧʨʷʤʦʢʫʪʥʽ ʢʘʤʝʨʠ 

(ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʽ ʜʚʦʩʪʦʨʦʥʥʽʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ/ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ), ʪʫʥʝʣʴʥʽ 

ʤʘʰʠʥʠ, ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʪʫʥʝʣʴʥʘ ʱʦʢʦʚʘ ʟʘʤʦʨʦʟʢʘ, ʽ ʦʩʦʙʣʠʚʦ 

ʫʩʪʘʥʦʚʢʠ ʩʧʽʨʘʣʴʥʦʛʦ ʚʠʜʫ. ʋ ʷʱʠʢʘʭ ʧʨʦʜʫʢʮʽʷ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʚʽʟʢʘʭ ʟ 

ʣʦʪʢʘʤʠ, ʘ ʢʦʥʚʝʻʨʥʽ ʩʪʨʽʯʢʠ ʧʨʘʮʶʶʪʴ ʚ ʣʽʥʽʡʥʠʭ ʽ ʩʧʽʨʘʣʴʥʠʭ ʙʣʦʢʘʭ. 

2. ʍʦʣʦʜʦʘʛʝʥʪ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʧʨʘʮʶʻ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʟʚʠʯʘʡʥʠʭ ʢʦʤʧʨʝʩʦʨʥʦ- ʚʠʧʘʨʥʠʭ ʤʘʰʠʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʨʝʦʥʫ, ʘʤʽʘʢʫ ʘʙʦ ʽʥʰʠʭ ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʮʝʧʪʫʨ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʨʽʜʢʠʡ ʘʟʦʪ, ʷʢʠʡ ʚʘʞʣʠʚʠʡ ʥʝ ʷʢ ʚʠʧʘʨʥʠʡ 

ʦʭʦʣʦʜʞʫʚʘʯ, ʘ ʷʢ ʨʽʜʠʥʘ, ʱʦ ʩʣʫʞʠʪʴ ʨʦʙʦʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. 

3. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʇʦʪʫʞʥʽʩʪʴ ʧʦʙʫʪʦʚʠʭ ʤʘʰʠʥ ʜʣʷ ʰʚʠʜʢʽʩʥʦʛʦ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʦʭ ʢʽʣʦʛʨʘʤʽʚ ʥʘ ʛʦʜʠʥʫ. ʇʦʪʫʞʥʽʩʪʴ 

ʪʦʨʛʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʷʢ ʧʨʘʚʠʣʦ, ʢʘʤʝʨ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ) 

ʥʝ ʙʽʣʴʰʝ 200-400 ʢʛ/ʛʦʜ. ʇʦʪʽʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʤʠʩʣʦʚʠʡ ʢʦʥʚʝʻʨ 

ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ, ʜʦʩʷʛʘʻ 10 ʪ/ʛʦʜ ʽ ʙʽʣʴʰʝ. ʐʦʢʦʚʝ ʟʘʤʦʨʦʞʫʚʘʥʥʷ, ʮʽʥʘ 

ʷʢʦʛʦ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʘ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʤʦʞʝ ʟʘʞʘʜʘʪʠ ʟʥʘʯʥʠʭ 

ʚʠʪʨʘʪ ʙʽʟʥʝʩʫ. 

4. ʈʦʟʤʽʨʠ. ʈʦʟʤʽʨʠ ʥʘʡʤʝʥʰʠʭ ʙʦʢʩʝʨʩʴʢʠʭ ʢʘʤʝʨ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʛʘʙʘʨʠʪʘʤʠ ʧʦʙʫʪʦʚʠʭ ʭʦʣʦʜʠʣʴʥʠʢʽʚ. ɼʣʷ ʨʦʟʤʽʱʝʥʥʷ ʙʽʣʴʰʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʧʦʪʨʽʙʝʥ ʚʝʩʴ ʦʙ'ʻʢʪ. 

5. ɽʪʘʧʠ ʧʨʦʮʝʩʫ. ʗʢʱʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʦʢʨʝʤʽ ʤʘʰʠʥʠ, ʪʦ ʦʙʨʦʙʢʘ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ, ʘ ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʨʦʮʝʩ ʚʣʘʩʥʝ 

ʤʦʨʦʟʠʣʴʥʦʶ ʢʘʤʝʨʦʶ. ʋ ʚʝʣʠʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʷʭ ʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʽ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʽʜʝʪʘʧʠ: ʥʘʧʨʠʢʣʘʜ, ʦʜʥʘ ʤʦʨʦʟʠʣʴʥʘ 

ʢʘʤʝʨʘ ʜʦʚʦʜʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ ʤʽʥʫʩʦʚʦʾ, ʘ ʜʨʫʛʘ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢ ʟʚʘʥʝ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʣʽʥʽʷ ʤʦʞʝ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʤʦʥʦʙʣʦʢʘ, ʱʦ 

ʚʠʢʦʥʫʻ ʚʩʽ ʝʪʘʧʠ ʰʚʠʜʢʽʩʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʟʘʤʦʨʦʞʫʚʘʥʥʷ. 

6. ʉʪʫʧʝʥʽ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ/ʩʧʝʮʠʬʽʯʥʦʩʪʽ. ɿʘʚʦʜʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ (ʟʜʘʪʥʽ ʧʝʨʝʨʦʙʣʷʪʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʚʠʜʠ 
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ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ). ʆʜʥʘʢ ʥʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ ʢʦʥʩʪʨʫʶʶʪʴ ʤʘʰʠʥʠ ʽ ʣʽʥʽʾ 

ʚʫʟʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʪʽʣʴʢʠ ʜʣʷ ʢʘʨʪʦʧʣʽ ʬʨʽ) ʘʙʦ 

ʩʝʛʤʝʥʪʦʚʘʥʠʭ (ʜʣʷ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʯʘʩʪʠʥ ʢʫʨʢʠ ʘʙʦ ʧʦʨʮʽʦʥʫʚʘʥʥʷ ʤ'ʷʩʘ). 

7. ʅʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ. ʅʘʧʨʠʢʣʘʜ, ʣʽʥʽʷ ʤʦʞʝ ʚʢʣʶʯʘʪʠ 

ʘʚʪʦʤʘʪʠʯʥʫ ʧʘʢʫʚʘʣʴʥʫ ʤʘʰʠʥʫ. 

ʌʣʶʾʜʥʽ (ʢʦʨʦʙʢʦʚʽ) ʰʚʠʜʢʦʤʦʨʦʟʠʣʴʥʽ ʘʧʘʨʘʪʠ. ɿʦʚʥʽʰʥʽʡ 

ʚʠʛʣʷʜ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1.2.  

ɺʦʥʠ ʤʘʶʪʴ ʩʭʦʞʫ ʢʦʥʩʪʨʫʢʮʽʶ [9] ʟ ʦʜʥʦʢʘʤʝʨʥʠʤʠ ʧʦʙʫʪʦʚʠʤʠ 

ʭʦʣʦʜʠʣʴʥʠʢʘʤʠ ʪʘ ʤʦʨʦʟʠʣʴʥʠʤʠ ʢʘʤʝʨʘʤʠ ʚʠʧʘʨʥʦʛʦ ʪʠʧʫ. ɺʠʧʘʨʥʠʢ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʚʝʨʭʥʽʡ ʘʙʦ ʙʽʯʥʽʡ ʯʘʩʪʠʥʽ ʢʘʤʝʨʠ ʽ ʛʝʥʝʨʫʻ ʪʝʧʣʦ, 

ʧʝʨʝʜʘʶʯʠ ʭʦʣʦʜʥʝ ʧʦʚʽʪʨʷ, ʷʢʝ ʡʜʝ ʚʥʠʟ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʢʘʤʝʨʠ 

ʢʦʨʦʙʢʦʚʦʛʦ ʪʠʧʫ ʚʽʜ ʟʚʠʯʘʡʥʦʾ ʤʦʨʦʟʠʣʴʥʦʾ ʢʘʤʝʨʠ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʘʙʘʛʘʪʦ ʧʦʪʫʞʥʽʰʦʛʦ ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ ʚʝʥʪʠʣʷʪʦʨʽʚ, 

ʷʢʽ ʩʣʫʞʘʪʴ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʭʦʣʦʜʫ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʘʢʣʘʜʘʭ ʭʘʨʯʫʚʘʥʥʷ, ʪʦʨʛʽʚʣʽ, ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʭʘʨʯʫʚʘʥʥʷ ʜʣʷ ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʘʙʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ: 

¶ ʄ'ʷʩʦ, ʧʪʠʮʷ, ʨʠʙʘ. 

¶ ʆʚʦʯʽ ʪʘ ʬʨʫʢʪʠ. 

¶ ʗʛʦʜʠ ʪʘ ʛʨʠʙʠ. 

¶ ɻʦʪʦʚʽ ʩʪʨʘʚʠ. 

¶ ʅʘʧʽʚʚʘʨʝʥʽ ʩʪʨʘʚʠ - ʢʦʪʣʝʪʠ, ʧʝʣʴʤʝʥʽ, ʨʠʙʥʽ ʯʽʧʩʠ, ʥʘʛʝʪʩʠ 

ʪʦʱʦ. 

ʂʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ, ʦʢʨʽʤ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʘʢʦʞ 

ʮʽʥʫʶʪʴʩʷ ʟʘ ʟʥʘʯʥʫ ʘʜʘʧʪʠʚʥʽʩʪʴ. ɿʘʚʜʷʢʠ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʫ ʤʦʞʣʠʚʠʭ 

ʛʨʘʬʽʢʽʚ ʦʭʦʣʦʜʞʝʥʥʷ ʦʜʥʫ ʣʽʥʽʶ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʷʢ ʜʣʷ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʤôʷʩʘ ʘʙʦ ʨʠʙʠ, ʪʘʢ ʽ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʦʚʦʯʝʚʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʨʛʘʥʽʟʘʮʽʷ ʤʦʨʦʟʠʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʭ. 

ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʠʨʦʙʘʤʠ ʩʝʨʝʜʥʴʦʛʦ ʽ 
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ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ. ʋʩʪʘʪʢʫʚʘʥʥʷ ʮʴʦʛʦ ʢʣʘʩʫ ʧʦʢʘʟʫʻ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʧʨʠ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʧʨʦʜʫʢʮʽʾ. 

 

 
ʈʠʩ. 1.2. ʌʣʶʾʜʥʽ (ʢʦʨʦʙʢʦʚʽ) ʰʚʠʜʢʦʤʦʨʦʟʠʣʴʥʽ ʘʧʘʨʘʪʠ 

 

 ʌʣʶʽʜʥʠʡ ʤʦʨʦʟʠʣʴʥʠʡ ʘʧʘʨʘʪ: 1 - ʽʟʦʣʴʦʚʘʥʠʡ ʢʦʥʪʫʨ; 2 - ʧʽʜʜʦʥ ʟ 

ʧʝʨʬʦʨʦʚʘʥʠʤ ʜʥʦʤ; 3 - ʧʨʦʜʫʢʪ; 4 - ʧʦʚʽʪʨʦʦʭʦʣʦʜʞʫʚʘʯ; 5 - ʚʽʙʨʘʮʽʡʥʘ 

ʨʝʰʽʪʢʘ; 6 - ʚʽʜʮʝʥʪʨʦʚʽ ʚʝʥʪʠʣʷʪʦʨʠ 

ʂʦʥʚʝʻʨʥʠʡ ʰʚʠʜʢʦʤʦʨʦʟʠʣʴʥʠʡ ʘʧʘʨʘʪ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.1.3.  

ʊʫʥʝʣʴʥʘ ʰʦʢʦʚʘ ʟʘʤʦʨʦʟʢʘ - ʮʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʽ ʢʦʥʚʝʻʨʠ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʟʘʤʦʨʦʟʢʠ. ʇʨʠʟʥʘʯʝʥʘ [9] ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ 

ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʘʙʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʚʝʣʠʢʠʭ ʛʘʩʪʨʦʥʦʤʽʯʥʠʭ ʨʦʟʜʨʽʙʥʠʭ ʤʝʨʝʞʘʭ ʽ ʩʫʧʝʨʤʘʨʢʝʪʘʭ. ɼʨʫʛʘ ʥʘʟʚʘ 

ʮʠʭ ʘʛʨʝʛʘʪʽʚ ï ʰʦʢʦʚʽ ʤʦʨʦʟʠʣʴʥʠʢʠ ʣʽʥʽʡʥʦʛʦ ʪʠʧʫ. ʂʦʥʚʝʻʨʥʘ ʩʪʨʽʯʢʘ 

ʧʨʦʭʦʜʠʪʴ ʚʩʝʨʝʜʠʥʽ ʢʘʤʝʨʠ, ʨʦʟʜʽʣʝʥʦʾ ʥʘ ʢʽʣʴʢʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ. 

ʂʦʞʥʘ ʟʦʥʘ ʤʘʻ ʩʚʦʾ ʚʠʧʘʨʥʠʢʠ ʪʘ ʚʝʥʪʠʣʷʪʦʨʠ. 
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ɺʠʨʦʙʥʠʢʠ ʧʦʩʪʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʫʥʝʣʴʥʽ ʢʘʤʝʨʠ ʧʨʦʪʷʛʦʤ 

ʟʥʘʯʥʠʭ ʧʝʨʽʦʜʽʚ (ʜʦ ʢʽʣʴʢʦʭ ʜʥʽʚ). ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʪʘʢʦʛʦ ʤʘʨʘʬʦʥʫ 

ʨʝʘʣʽʟʦʚʘʥʦ ʧʝʚʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ: 

1. ʂʦʨʧʫʩʠ ʪʘ ʜʚʠʛʫʥʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʚʠʥʝʩʝʥʽ ʟʘ ʤʝʞʽ ʢʘʤʝʨʠ, ʱʦ 

ʧʦʣʝʛʰʫʻ ʜʦʩʪʫʧ ʜʦ ʪʝʭʥʽʯʥʠʭ ʩʣʫʞʙ. 

2. ɯʥʦʜʽ ʢʦʤʧʨʝʩʦʨʠ ʽ ʚʝʥʪʠʣʷʪʦʨʠ ʜʫʙʣʶʶʪʴ ʜʣʷ ʨʝʤʦʥʪʫ ʙʝʟ ʟʫʧʠʥʢʠ 

ʣʽʥʽʾ. 

3. ɺʥʫʪʨʽʰʥʷ ʦʙʰʠʚʢʘ ʢʘʤʝʨ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ, 

ʟʚʘʨʥʠʭ ʰʚʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʪʚʦʨʽʚ. ʎʽ ʟʘʭʦʜʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʢʦʥʘʥʥʷʤ 

ʧʝʚʥʠʭ ʫʭʠʣʽʚ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʩʣʫʞʘʪʴ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʾ 

ʛʽʛʽʻʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ, ʟʤʦʥʪʦʚʘʥʠʭ ʟ ʭʘʨʯʦʚʦʾ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ. 

4. ʇʝʨʝʜʙʘʯʝʥʦ ʩʧʝʮʽʘʣʴʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʩʘʤʦʦʯʠʱʝʥʥʷ ʢʦʥʚʝʻʨʥʠʭ 

ʩʪʨʽʯʦʢ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʤʝʨʟʘʥʥʶ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. 

5. ʊʫʥʝʣʴʥʽ ʢʘʤʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʜʢʠʡ ʘʟʦʪ ʷʢ ʭʦʣʦʜʦʘʛʝʥʪ ʽ 

ʚʠʤʘʛʘʶʪʴ ʜʦʨʦʛʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ʆʜʥʘʢ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʢʨʽʦʛʝʥʥʽ 

ʘʛʨʝʛʘʪʠ ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʦʱʘʜʠʪʠ ʢʦʰʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʧʣʦʱʽ ʮʝʭʫ ʯʠ ʜʽʣʷʥʢʠ. ɼʦʚʞʠʥʘ ʪʘʢʠʭ ʣʽʥʽʡ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʰʠʥʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʨʝʦʥ, 

ʢʦʨʦʪʰʘʻ ʚ 5-10 ʨʘʟʽʚ. 
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ʈʠʩ. 1.3. ʂʦʥʚʝʻʨʥʠʡ ʰʚʠʜʢʦʤʦʨʦʟʠʣʴʥʠʡ ʘʧʘʨʘʪ 

 

ʉʧʽʨʘʣʴʥʽ (ʮʠʣʽʥʜʨʠʯʥʽ) ʰʚʠʜʢʦ-ʤʦʨʦʟʠʣʴʥʽ ʘʧʘʨʘʪʠ. ɿʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1.4. ʇʨʠʩʪʨʦʾ ʪʘʢʦʛʦ ʪʠʧʫ ʦʩʥʘʱʝʥʽ 

ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʢʘʤʝʨʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʦ. ʋʩʝʨʝʜʠʥʽ [9] 

ʮʠʣʽʥʜʨʽʚ ʟʤʦʥʪʦʚʘʥʽ ʩʧʽʨʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʝʨʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʫʥʝʣʴʥʦʛʦ 

ʫʜʘʨʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ, ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ ʚ ʩʧʽʨʘʣʴʥʠʭ ʢʘʤʝʨʘʭ 

ʧʦʩʪʽʡʥʽ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʢʦʥʚʝʻʨʘ - ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʚʠʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ. 

ʉʫʯʘʩʥʽ ʤʘʰʠʥʠ ʮʴʦʛʦ ʪʠʧʫ ʦʩʥʘʱʝʥʽ ʩʠʩʪʝʤʘʤʠ ʧʨʦʪʠ ʟʘʤʝʨʟʘʥʥʷ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʯʠʱʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʮʠʢʣ ʨʦʙʦʪʠ 

ʜʦ 14 ʜʥʽʚ. ʇʦʪʫʞʥʽʩʪʴ ʚʝʣʠʢʠʭ ʟʘʚʦʜʽʚ ʜʦʩʷʛʘʻ 7 ʪ/ʛʦʜ. 
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ʈʠʩ. 1.4. ʉʧʽʨʘʣʴʥʽ (ʮʠʣʽʥʜʨʠʯʥʽ) ʰʚʠʜʢʦ-ʤʦʨʦʟʠʣʴʥʽ ʘʧʘʨʘʪʠ 

 

 ʆʙôʻʢʪ, ʱʦ ʨʦʟʛʣʷʥʫʪʠʡ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʘʤʝʨʽ ʬʣʶʾʜʥʦʛʦ 

ʪʠʧʫ ʟʘʤʦʨʦʟʢʠ. ʊʦʙʪʦ, ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʜʫʢʮʽʷ ʦʙʜʫʚʘʻʪʴʩʷ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʧʦʪʨʽʙʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. ʈʦʟʛʣʷʜʘʶʯʠ 

ʤʘʪʝʨʽʘʣʴʥʽ ʧʦʪʦʢʠ ʧʦʪʨʽʙʥʦ ʚʠʜʽʣʠʪʠ, ʱʦ ʧʝʨʰʠʤ ʧʦʪʦʢʦʤ ʻ ʧʦʚʽʪʨʷ, ʱʦ 

ʦʙʜʫʚʘʻ ʧʨʦʜʫʢʪ ʟʘʤʦʨʦʟʢʠ. ɼʨʫʛʠʡ ʤʘʪʝʨʽʘʣʴʥʠʡ ʧʦʪʽʢ- ʮʝ ʭʦʣʦʜʦʘʛʝʥʪ 

ʷʢʠʡ ʧʦʩʪʽʡʥʦ ʮʠʨʢʫʣʶʻ ʩʠʩʪʝʤʦʶ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʦʙʤʽʥʶʻʪʴʩʷ ʪʝʧʣʦʤ ʟ 

ʧʝʨʰʠʤ ʤʘʪʝʨʽʘʣʴʥʠʤ ʧʦʪʦʢʦʤ.    
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ʈʠʩ. 1.5. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʬʣʶʾʜʥʦʛʦ ʪʠʧʫ ʟʘʤʦʨʦʟʢʠ 

 

 ʇʦʚʽʪʨʷ ʤʘʻ ʥʝʧʝʨʝʨʚʥʠʡ ʧʦʪʽʢ ʮʠʨʢʫʣʷʮʽʾ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ, ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʧʦʚʽʪʨʷ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ 

ʛʨʫʙʠʡ ʬʽʣʴʪʨ, ʽ ʛʦʪʦʚʝ ʜʦ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʘʣʽ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ 

ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ ʽ ʭʦʣʦʜʥʝ ʧʦʚʽʪʨʷ ʥʘʛʥʽʪʘʻʪʴʩʷ 

ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʜʦ ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ ʢʘʤʝʨʠ, ʜʝ ʧʨʦʜʫʢʪ ʟʘʤʦʨʦʟʢʠ ʚʽʜʜʘʻ 

ʪʝʧʣʦ ʧʦʚʽʪʨʶ, ʽ ʢʦʣʦ ʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ ʟʘʤʠʢʘʻʪʴʩʷ ʢʦʣʠ ʚʽʜʧʨʘʮʴʦʚʘʥʝ 

ʧʦʚʽʪʨʷ ʟʥʦʚʫ ʧʦʪʨʘʧʣʷʻ ʫ ʚʠʪʷʞʥʫ ʢʘʤʝʨʫ ʽ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ.  

 ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʜʫʢʪ ʧʨʦʭʦʜʠʪʴ 3 ʩʪʘʜʽʾ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʧʝʨʝʤʽʱʘʶʯʠʩʴ ʚʽʜ ʢʦʥʪʫʨʫ ʦʭʦʣʦʜʞʝʥʥʷ 1, ʜʦ ʢʦʥʪʫʨʫ ʦʭʦʣʦʜʞʝʥʥʷ 3. ʅʘ 

ʪʨʝʪʴʦʤʫ ʢʦʥʪʫʨʽ ʧʨʦʜʫʢʪ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ -18Áʉ. ʇʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ ʽ ʤʽʩʪʠʪʴ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. 
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1.3. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ 

ʆʙôʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ ʚʠʩʪʫʧʘʻ ʢʘʤʝʨʘ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʚʦʥʘ ʩʣʫʛʫʻ ʜʣʷ ʷʢʽʩʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʽ 

ʩʧʨʦʱʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʟʘʤʦʨʦʞʝʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʂʘʤʝʨʘ 

ʧʦʜʽʣʝʥʘ ʥʘ 3 ʟʦʥʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʨʴʦʤ ʝʪʘʧʘʤ ʟʘʤʦʨʦʟʢʠ ʽ ʚʠʢʦʥʫʶʪʴ 

ʨʽʟʥʽ ʝʪʘʧʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʤʦʨʦʟʢʠ. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʢʘʤʝʨʠ 30̍,  ʢʦʞʥʘ ʟʦʥʘ 

ʩʢʣʘʜʘʻ 10̍. ʇʘʣʝʪʠ ʟ ʦʙôʻʢʪʘʤʠ ʟʘʤʦʨʦʟʢʠ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʧʦ ʟʘʛʘʣʴʥʽʡ 

ʜʦʚʞʠʥʽ ʢʘʤʝʨʠ, ʧʦʩʣʽʜʦʚʥʦ, ʚ ʤʝʞʘʭ ʪʨʴʦʭ ʟʦʥ ʟʘʤʦʨʦʟʢʠ ʽ ʧʽʜʜʘʶʪʴʩʷ 

ʦʭʦʣʦʜʞʝʥʥʶ, ʘ ʪʦʙʪʦ ʟʘʤʦʨʦʟʢʠ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʫ ʽ 

ʧʘʨʘʤʝʪʨʘʤ ʦʙôʻʢʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʧʦʟʥʘʯʘʻ ʪʨʠ ʝʪʘʧʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ. ʑʦ ʚʘʞʣʠʚʦ, ʢʦʞʝʥ ʝʪʘʧ ʤʘʻ ʟʘʡʤʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʯʘʩ, ʱʦʙ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʜʦʩʷʛʥʫʪʠ 

ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ.   

 ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʤʧʣʝʢʪ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 6 

ʥʝʟʘʣʝʞʥʠʭ ʢʦʥʪʫʨʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʂʦʞʝʥ ʝʪʘʧ ʟʘʤʦʨʦʟʢʠ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ 2 

ʢʦʥʪʫʨʠ, ʷʢʽ ʻ ʚʠʟʥʘʯʥʠʤʠ ʜʣʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʘʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʫʤʽʥʥʷ, 

ʧʨʠʡʤʝʤʦ ʱʦ ʢʦʞʝʥ ʽʟ ʪʨʴʦʭ ʝʪʘʧʽʚ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ ʟʽ 

ʩʪʦʨʦʥʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ. ʊʦʤʫ, ʷʢ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʧʦʯʘʪʢʦʚʫ 

ʟʦʥʫ ʟʘʤʦʨʦʟʢʠ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.1. 
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ʈʠʩ. 1.6. ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ 

 

 ʇʦʟʥʘʯʠʤʦ ʧʝʨʰʠʡ ʢʦʥʪʫʨ, ʮʝ ʢʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʢʘʤʝʨʫ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʤʽʥʠ 

ʢʝʨʫʶʯʦʾ ʜʽʾ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʚ ʚʠʪʷʞʥʽʡ ʯʘʩʪʠʥʽ ʢʘʥʘʣʫ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ (ʧʦʟ. 1ʘ), ʚʽʥ ʧʦʟʥʘʯʘʻ ʫʩʝʨʝʜʥʝʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʧʨʦʜʫʢʪ ʟʘʤʦʨʦʟʢʠ. ʉʠʛʥʘʣ ʽʟ 

ʜʘʪʯʠʢʘ ʟʘʭʦʜʠʪʴ ʥʘ ʨʝʛʫʣʷʪʦʨ (ʧʦʟ. 1ʙ), ʷʢʠʡ ʚʠʜʘʻ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʥʘ 

ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ʧʦʟ. 1ʚ), ʷʢʠʡ ʨʝʛʫʣʶʻ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʪʝʧʣʦʦʙʤʽʥʥʠʡ ʘʧʘʨʘʪ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ 

ʜʦʩʷʛʘʻ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʧʦʪʦʯʥʦʾ ʟʦʥʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʧʽʩʣʷ 
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ʧʨʦʭʦʜʞʝʥʥʷ ʟʦʥʠ ʛʽʩʪʝʨʝʟʠʩʫ, ʢʦʥʪʫʨ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʢʽʥʯʫʻ ʩʚʦʶ ʨʦʙʦʪʫ ʽ 

ʤʘʻ ʤʽʩʮʝ ʧʦʯʘʪʦʢ ʨʦʙʦʪʠ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ ʢʝʨʫʚʘʥʥʷ.  

 ɼʨʫʛʠʡ ʢʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʦʪʨʽʙʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʣʦʛʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʣʝʪʠ ʟ ʧʨʦʜʫʢʪʦʤ 

ʟʘʤʦʨʦʟʢʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ʟʘʤʦʨʦʟʢʠ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ 

ʧʨʠʤʝʨʟʘʥʥʷ ʧʦʣʝʪʽʚ ʜʦ ʧʽʜʣʦʛʠ, ʱʦ ʩʣʫʛʫʻ ʘʚʘʨʽʡʥʦʶ ʩʠʪʫʘʮʽʻʶ, ʦʩʢʽʣʴʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʝ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠ ʩʚʦʶ ʨʦʙʦʪʫ. ɼʣʷ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʘʥʦʾ ʟʘʛʨʦʟʠ ʧʨʝʚʝʥʪʠʚʥʦ ʚ ʧʽʜʣʦʛʫ ʚʤʦʥʪʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʢʘʙʝʣʴʥʦʛʦ ʦʙʽʛʨʽʚʫ. ɺ ʮʝʥʪʨʽ ʟʦʥʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʧʦʟ. 2ʘ). ʉʠʩʪʝʤʘ ʢʘʙʝʣʴʥʦʛʦ ʦʙʽʛʨʽʚʫ ʚʽʜʧʨʘʮʴʦʚʫʻ ʟʘ 

ʨʝʣʝʡʥʠʤ ʧʨʠʥʮʠʧʦʤ, ʪʦʙʪʦ, ʘʙʦ ʚʚʽʤʢʥʝʥʘ, ʘʙʦ ʚʠʤʢʥʝʥʘ. ɯʥʬʦʨʤʘʮʽʡʥʠʡ 

ʩʠʛʥʘʣ ʟ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ 2ʘ ʧʨʠʭʦʜʠʪʴ ʥʘ ʧʦʟʠʮʽʡʥʠʡ ʨʝʛʫʣʷʪʦʨ (ʧʦʟ. 

2ʙ), ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʜʘʻ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʤʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ (ʧʦʟ. 2ʚ) 

ʜʣʷ ʟʘʧʫʩʢʫ ʢʘʙʝʣʴʥʦʛʦ ʦʙʽʛʨʽʚʫ. ʂʦʣʠ ʜʦʩʷʛʘʻʪʴʩʷ ʙʝʟʧʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʣʦʛʠ, ʢʘʙʝʣʴʥʠʡ ʦʙʽʛʨʽʚ ʚʠʤʠʢʘʻʪʴʩʷ, ʽ ʧʨʦʜʫʢʪ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʦʚʞʫʻ 

ʩʚʽʡ ʨʫʭ ʥʘ ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ ʦʭʦʣʦʜʞʝʥʥʷ.  

 ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʜʚʦʭ ʢʦʥʪʫʨʽʚ ʢʝʨʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ 

ʥʘʛʨʽʚʘʣʴʥʠʡ ʢʦʥʪʫʨ ʙʫʜʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ. 

ɸ ʢʦʥʪʫʨ ʦʭʦʣʦʜʞʝʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʚʘʞʘʪʠʤʝ ʚʽʜʤʝʨʟʘʥʥʶ ʧʘʣʝʪʠ 

ʚʽʜ ʧʽʜʣʦʛʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ.  

  

1.4. ʆʛʣʷʜ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʠʩʪʝʤ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ [1] ʨʽʟʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʪʘ ʩʠʨʦʚʠʥʠ ʟ ʪʦʯʥʦʶ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʻ 

ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʟʢʠ ʪʘ ʱʝ 

ʦʜʥʠʤ ʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʘʤʦʨʦʞʫʚʘʥʥʷ, 

ʟʘʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʡʚʠʛʽʜʥʽʰʠʭ ʫʤʦʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʘʡʪʦʯʥʽʰʦʛʦ 
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ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɺ ʦʩʥʦʚʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʡʯʘʩʪʽʰʝ 

ʣʝʞʘʪʴ ʪʝʦʨʽʾ ʇʣʘʥʢʘ, ʉʪʝʬʘʥʘ, ʃʷʤʝ, ʂʣʘʧʝʡʨʦʥʘ, ʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ [1] ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʭʘʨʯʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 

ʜʦ ʟʘʜʘʥʦʾ ʩʝʨʝʜʥʴʦ-ʦʙôʻʤʥʦʾ ʯʠ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʘ ʇʣʘʥʢʦʤ. ʎʝ ʨʽʰʝʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʢʣʘʩʠʯʥʠʤ, 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʪʘ ʟʨʫʯʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʦʥʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ 

ʪʘʢʠʭ ʧʨʠʧʫʱʝʥʴ:  

- ʦʜʥʦʨʽʜʥʝ ʚʦʣʦʛʦʚʤʽʩʪʝ ʪʽʣʦ ʧʝʨʝʜ ʟʘʤʦʨʦʞʫʚʘʥʥʷʤ ʦʭʦʣʦʜʞʝʥʝ ʜʦ 

ʢʨʽʦʩʢʦʧʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ; 

- ʣʴʦʜʦʫʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʽʟʦʪʝʨʤʽʯʥʦ ʧʨʠ ʢʨʽʦʩʢʦʧʽʯʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘʤʦʨʦʞʝʥʦʾ ʯʘʩʪʠʥʠ ʟʘʛʘʣʴʥʦʛʦ ʦʙ'ʻʤʫ ʪʽʣʘ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘʤʦʨʦʞʝʥʦʾ ʯʘʩʪʠʥʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ; 

- ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʪʽʣʘ ʧʨʠ ʩʪʘʣʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦ-ʚʽʜʚʽʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʞʫʚʘʥʥʷ [2] ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, 

ʟʦʢʨʝʤʘ ʷʛʽʜ, ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ 

ʝʢʩʧʝʨʠʤʝʥʪ, ʥʘʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʦʢ ʪʨʠʚʘʣʦʩʪʽ ʨʽʟʥʠʭ ʬʘʟ ʧʨʦʮʝʩʫ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ. ɸʣʝ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʫʞʝ ʩʢʣʘʜʥʦ ʟʘʬʽʢʩʫʚʘʪʠ 

ʧʦʯʘʪʦʢ ʚʣʘʩʥʝ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʚʽʜʚʝʜʝʥʥʷ ʧʨʠʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʆʜʥʠʤ ʽʟ ʧʽʜʭʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚ ʨʷʜʽ ʚʘʞʣʠʚʠʭ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʽʚ ʻ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʦʟʘ ʬʨʦʥʪʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [2]. 

ʇʨʠ ʮʴʦʤʫ ʚʽʜʧʘʜʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʨʽʰʝʥʥʽ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ, ʷʢʝ ʜʣʷ ʩʬʝʨʠʯʥʦ-

ʩʠʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ: 
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     (1.1) 

ʜʝ ɚ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ T, rls ï ʧʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ɟ ï ʛʫʩʪʠʥʘ, r ï ʧʨʦʩʪʦʨʦʚʘ ʢʦʦʨʜʠʥʘʪʘ, dr/dŰ ï ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʊʫʪ ʽ ʜʘʣʽ ʽʥʜʝʢʩʠ s, l, c, ů, fp ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ 

ʪʚʝʨʜʦʾ, ʨʽʜʢʦʾ ʬʘʟ, ʫ ʮʝʥʪʨʽ, ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʧʘʨʘʤʝʪʨʠ ʥʘ ʬʨʦʥʪʽ ʘʙʦ ʟʦʥʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʅʘʧʨʠʢʣʘʜ, ʯʘʩʪʦ ʧʨʠʡʤʘʶʪʴ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʦʟʘ ʬʨʦʥʪʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʊʝʧʣʦʻʤʥʽʩʪʴ ʟʘʪʚʝʨʜʽʣʦʾ 

ʟʦʥʠ ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ (1) ʟʘʤʽʩʪʴ rlsɟs 

ʚʝʣʠʯʠʥʠ:  

    (1.2) 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʜʨʽʙʥʦʰʪʫʯʥʠʭ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʷʛʽʜ ʽ ʬʨʫʢʪʽʚ, ʷʢ ʤʦʜʝʣʴ ʾʭ ʬʦʨʤʠ ʟʘʟʚʠʯʘʡ 

ʧʨʠʡʤʘʶʪʴ ʢʫʣʶ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ ʧʨʦʜʫʢʪʫ. ʈʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʨʦ ʟʘʪʚʝʨʜʽʥʥʷ ʨʽʜʢʦʾ ʢʫʣʽ ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʬʘʟ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʨʽʜʠʥʠ ʜʦ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʟʘʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [3]. ʏʘʩ ʧʦʚʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʫ ʨʘʟʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

      (1.3) 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʽʣ ʧʨʦʩʪʦʾ ʬʦʨʤʠ ʄʽʞʥʘʨʦʜʥʠʤ 

ʽʥʩʪʠʪʫʪʦʤ ʭʦʣʦʜʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʬʦʨʤʫʣʠ ʇʣʘʥʢʘ [4]. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʟʘʤʦʨʦʞʫʚʘʥʥʽ ʢʫʣʽ ʚ ʧʦʪʦʮʽ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʯʘʩ ʾʾ ʧʨʦʤʝʨʟʘʥʥʷ ʥʘ ʪʦʚʱʠʥʫ 

æ ʚʠʟʥʘʯʘʶʪʴ ʟ ʚʠʨʘʟʫ: 
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   (1.4) 

ʜʝ d ï ʜʽʘʤʝʪʨ ʧʨʦʜʫʢʪʫ, ŭ = 2æ/d ï ʚʽʜʥʦʩʥʘ ʪʦʚʱʠʥʘ ʟʤʝʨʟʣʦʛʦ 

ʰʘʨʫ. 

ɸʚʪʦʨʠ ʜʦʩʣʽʜʞʝʥʴ [5] ʥʘ ʙʘʟʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʤʦʜʝʣʴʥʠʭ ʢʫʣʴ ʟ ʛʝʣʶ ʘʛʘʨ-ʘʛʘʨʫ ʫʪʦʯʥʠʣʠ ʬʦʨʤʫʣʫ (4), ʜʦʜʘʚʰʠ ʚ ʧʨʘʚʫ 

ʯʘʩʪʠʥʫ ʧʦʧʨʘʚʢʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘʤʦʨʦʞʝʥʦʾ ʯʘʩʪʠʥʠ 

ʧʨʦʜʫʢʪʫ: 

   (1.5) 

ʆʙʤʝʞʝʥʽʩʪʴ ʧʦʜʽʙʥʠʭ ʨʽʰʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʦʪʨʠʤʘʥʽ ʜʣʷ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʪʽʣʘ ʙʝʟ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ; 

ʟʘʪʚʝʨʜʽʥʥʷ ʪʽʣʘ ʟ ʧʦʯʘʪʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʢʨʽʦʩʢʦʧʽʯʥʽʡ ʽ 

ʪ.ʧ. ʆʜʥʘʢ, ʧʦʜʽʙʥʠʡ ʨʽʚʝʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʪʘʚʣʝʥʦʤʫ 

ʟʘʚʜʘʥʥʶ.  

 

1.5. ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʇʦʙʫʜʦʚʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟ ʥʝʚʠʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙôʻʢʪʘ 

ʟʘʚʞʜʠ ʙʫʣʘ ʥʘʡʙʽʣʴʰʦʶ ʽ ʮʝʥʪʨʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ. ʗʢʱʦ ʧʦʜʠʚʠʪʠʩʴ ʥʘ ʽʩʪʦʨʽʶ- ʪʦ ʫʞʝ ʚ 1932 ʨʦʮʽ ʢʨʠʪʝʨʽʡ 

ʅʘʡʢʚʽʩʪʘ ʜʘʚʘʚ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ ʱʦʜʦ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤ, ʧʘʨʘʤʝʪʨʠ 

ʷʢʠʭ ʻ ʥʝʚʽʜʦʤʠʤʠ, ʘ ʚʽʜʦʤʽ ʪʽʣʴʢʠ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʽʤʢʥʫʪʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ. ʋ ʧʦʜʘʣʴʰʦʤʫ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʜʦʧʦʚʥʝʥʴ ʪʝʦʨʽʾ ʽ ʩʪʚʦʨʝʥʽ ʥʦʚʽ, ʘʣʝ ʫʩʽ ʚʦʥʠ ʙʫʣʠ 

ʥʘʮʽʣʝʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ. ɸʣʝ, ʷʢ ʩʪʘʣʦ ʟʨʦʟʫʤʽʣʦ, ʙʝʟ 

ʚʠʟʥʘʯʝʥʦʩʪʽ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʩʠʩʪʝʤʫ ʥʝ ʤʦʞʣʠʚʦ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʠʪʠ ʾʾ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʱʦ ʟʤʽʥʶʶʪʴʩʷ [6] , ʪʦʙʪʦ ʘʜʘʧʪʫʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. ʊʘʢʠʡ ʨʝʛʫʣʷʪʦʨ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ 

ʥʝʟʤʽʥʥʽʩʪʴ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʘ. ʉʠʩʪʝʤʠ ʟ 

ʪʘʢʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʥʘʟʚʘʥʽ ʩʘʤʦʥʘʣʘʰʪʦʚʫʚʘʥʠʤʠ, ʘʙʦ ʘʜʘʧʪʠʚʥʠʤʠ [11].  

 

 
ʈʠʩ. 1.7. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʾ ɸʉʈ 

 

ʅʘ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ (ʆʋ) ʚʧʣʠʚʘʶʪʴ ʚ ʯʘʩʽ ʟʙʫʨʝʥʥʷ, ʱʦ 

ʧʦʟʥʘʯʘʶʪʴʩʷ Y, ʥʝʚʠʤʽʨʶʚʘʥʽ ʟʙʫʨʝʥʥʷ N ʽ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ U. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷʤ ʜʦʩʪʫʧʥʽ ʚʠʭʽʜʥʽ ʟʤʽʥʥʽ ʦʙ'ʻʢʪʘ X. ʇʦʚʝʜʽʥʢʘ ʦʙ'ʻʢʪʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʥʘ ʮʽʣʴ 

ʘʜʘʧʪʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʨʝʛʫʣʷʪʦʨʘ ʜʦ ʥʝʚʠʤʽʨʶʚʘʥʠʭ ʟʙʫʨʝʥʴ ʥʘ ʆʋ. ʊʘʢʠʤʠ 

ʟʙʫʨʝʥʥʷʤʠ N, ʫ ʨʦʟʨʦʙʣʝʥʽʡ ʤʥʦʶ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ, ʻ ʟʤʽʥʘ ʦʙôʻʢʪʫ 

ʟʘʤʦʨʦʟʢʠ, ʽ ʪʦʤʫ ʥʝʦʙʭʽʜʥʘ ʘʜʘʧʪʘʮʽʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʠʧʫ ʧʨʦʜʫʢʪʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʫ ʮʽʣʴ ʢʝʨʫʚʘʥʥʷ.  

ɺʘʞʣʠʚʠʤ ʧʦʥʷʪʪʷʤ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʻ ʧʦʥʷʪʪʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

[6], ʱʦ ʚ ʰʠʨʦʢʦʤʫ ʟʥʘʯʝʥʥʽ ʧʦʟʥʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ ʦʙôʻʢʪʘ 
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ʩʪʨʫʢʪʫʨʫ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʮʽʥʢʠ 

ʚʝʢʪʦʨʽʚ ʡʦʛʦ ʟʤʽʥʥʠʭ ʩʪʘʥʫ. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʠʯʥʠʤʠ 

ʟʘʢʦʥʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʫʭ ʦʙôʻʢʪʘ (ʟʘʢʦʥʠ ʂʽʨʭʛʦʬʘ, ʄʘʢʩʚʝʣʣʘ, ʟʘʢʦʥʠ 

ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ, ʝʥʝʨʛʽʾ ʽ ʽʤʧʫʣʴʩʫ, ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʽ 

ʝʥʪʨʦʧʽʾ). ʉʘʤʝ ʟʘ ʮʠʤʠ ʟʘʢʦʥʘʤʠ ʬʦʨʤʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʦʙôʻʢʪʫ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʢʽʥʮʝʚʦʤʫ ʚʠʛʣʷʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ. 

ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʬʦʨʤʫʻ ʘʧʨʽʦʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪ, ʘ ʧʘʨʘʤʝʪʨʠ ʦʙôʻʢʪʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʫ ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ ʦʙôʻʢʪʘ.  

ʍʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʜʫʢʮʽʾ, ʩʘʤʝ ʪʦʤʫ ʤʘʻ 

ʤʽʩʮʝ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠ ʩʚʦʶ ʨʦʙʦʪʫ, ʘ ʪʦʙʪʦ 

ʘʜʘʧʪʫʚʘʪʠ  ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʪʠʧ ʧʨʦʜʫʢʮʽʾ 

ʧʦʪʨʽʙʥʦ ʟʘʤʦʨʦʞʫʚʘʪʠ ʚ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ, ʪʦʙʪʦ ʘʜʘʧʪʫʚʘʪʠʩʴ ʜʦ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʫ. ɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʦʢʨʽʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʧʝʨʝʚʘʛʠ, ʤʘʻ ʪʘʢʦʞ ʝʢʦʥʦʤʽʯʥʫ ʧʝʨʝʚʘʛʫ, ʙʦ ʢʦʞʝʥ ʧʨʦʜʫʢʪ ʤʘʻ ʩʚʦʶ 

ʪʝʧʣʦʻʤʢʽʩʪʴ ʽ ʩʚʽʡ ʦʙôʻʤ, ʽ ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʟʚʘʞʘʪʠ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʚʠʟʥʘʯʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʧʨʠ 

ʟʘʤʦʨʦʟʮʽ. ʇʦʷʩʥʶʶʯʠ, ʥʘ 1 ʪʠʧ ʧʨʦʜʫʢʪʫ ʧʦʪʨʽʙʥʦ ʚʠʪʨʘʪʠʪʠ ʙʽʣʴʰʝ 

ʧʦʪʫʞʥʦʩʪʽ, ʙʦ ʯʘʩ ʟʘʤʦʨʦʟʢʠ ʤʘʻ ʙʫʪʠ ʤʝʥʰʠʡ ʽ ʦʭʦʣʦʜʞʫʚʘʪʠ ʧʦʪʨʽʙʥʦ ʜʦ 

ʥʠʞʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʽʥʰʠʡ ʪʠʧ ʥʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ, 

ʪʦʤʫ ʱʦ ʽ ʧʨʠ ʧʦʤʽʨʥʦʤʫ ʪʝʤʧʽ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ʋ ʟʚ'ʷʟʢʫ ʟʽ ʩʧʝʮʠʬʽʢʦʶ ʩʘʤʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʫʪ ʤʘʶʪʴ ʤʽʩʮʝ 

ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʧʝʨʝʭʨʝʩʥʠʡ ʚʧʣʠʚ ʦʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʽʥʰʝ; 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ; ʥʝʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʩʪʘʪʢʫʚʘʥʥʷ; ʥʘʷʚʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʡ, ʨʝʤʦʥʪʽʚ ʪʘ ʟʤʽʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʭʦʜʽ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʧʨʷʤʦʛʦ ʚʠʤʽʨʫ ʜʝʷʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; ʥʘʷʚʥʽʩʪʴ ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʶ, ʪʦʱʦ [6]. ʉʘʤʝ ʪʦʤʫ ʜʫʞʝ 

ʚʘʞʣʠʚʦ ʨʦʟʛʣʷʥʫʪʠ ʦʙôʻʢʪ ʟ ʨʽʟʥʠʭ ʩʪʦʨʽʥ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʟʨʦʟʫʤʽʪʠ 

ʥʝʜʦʣʽʢʠ ʜʦ ʧʽʜʭʦʜʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʽ ʚʠʨʽʰʝʥʥʷ ʜʝʷʢʦʾ 
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ʧʨʦʙʣʝʤʘʪʠʢʠ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʘʜʘʧʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ.  

 ʅʘ ʤʽʡ ʧʦʛʣʷʜ ʦʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʚʜʘʣʝ 

ʧʦʻʜʥʘʥʥʷ ʧʨʦʩʪʦʪʠ ʨʝʘʣʽʟʘʮʽʾ ʟ ʾʾ ʛʥʫʯʢʽʩʪʶ ʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ. ɸʜʞʝ ʩʘʤʝ 

ʧʨʠ ʘʜʘʧʪʠʚʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʟʘʤʦʨʦʟʢʦʶ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʝʨʝʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʦʙôʻʢʪʫ ʟʘʤʦʨʦʟʢʠ, ʘ, ʪʦʙʪʦ, ʽ 

ʡʦʛʦ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘʙʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʶʚʘʯʽʚ, 

ʷʢʽ ʜʽʶʪʴ ʥʘ ʧʨʦʮʝʩ ʟʘʤʦʨʦʟʢʠ. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʟʘ 

ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʽʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʩʬʦʨʤʦʚʘʥʦ 2 ʪʠʧʠ:  

¶ ʧʨʷʤʠʡ; 

¶ ʥʝʧʨʷʤʠʡ. 

ʇʨʠ ʧʨʷʤʦʤʫ ʘʜʘʧʪʠʚʥʦʤʫ ʢʝʨʫʚʘʥʥʽ ʟʘʚʜʷʢʠ ʦʙʣʽʢʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʪʘ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʷ ʦʮʽʥʢʘ ʪʘ 

ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ, ʱʦ ʚʠʢʣʶʯʘʻ ʝʪʘʧ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ.  

ɯʜʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚ ʮʽʣʦʤʫ ʷʚʣʷʻ 

ʩʦʙʦʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʝʤʧʽ ʨʦʙʦʪʠ 

ʦʙôʻʢʪʫ , ʽ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʘ ʯʘʩʪʠʥʘ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʢʣʠʢʘʥʘ ʩʢʦʨʽʰʝ 

ʧʨʦʪʦʪʠʧʦʤ, ʥʽʞ ʩʫʪʥʽʩʪʶ ʟʘʜʘʯʽ. ʊʦʙʪʦ, ʘʣʛʦʨʠʪʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʣʦ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʮʽʣʣʶ ʫʧʨʘʚʣʽʥʥʷ, ʭʦʯʘ ʽ ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʾʾ ʜʦʩʷʛʥʝʥʥʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ, ʯʠ ʤʦʞʣʠʚʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʩʪʚʦʨʠʪʠ ʟʘʢʦʥʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʚʠʭʦʜʷʯʠ ʽʟ ʢʽʥʮʝʚʠʭ ʮʽʣʝʡ 

ʫʧʨʘʚʣʽʥʥʷ.  

ʊʘʢʽ ʘʣʛʦʨʠʪʤʠ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʽ ʜʽʩʪʘʣʠ ʥʘʟʚʫ ʧʨʷʤʽ ʘʣʛʦʨʠʪʤʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʘ ʩʠʩʪʝʤʠ ʜʦ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʮʽ ʟʘʢʦʥʠ: 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ- ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ.  
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ʇʨʠ ʥʝʧʨʷʤʦʤʫ ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʩʧʦʯʘʪʢʫ ʨʦʙʠʪʴʩʷ ʦʮʽʥʢʘ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʦʮʽʥʦʢ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʽ ʾʭ ʧʽʜʩʪʨʦʶʚʘʥʥʷ. ʉʘʤʝ ʪʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʘʥʠʡ ʱʦʜʦ ʦʙôʻʢʪʘ, ʱʦ ʩʣʫʛʫʻ 

ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ.  

 

1.6. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ BF6/2-

660 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙôʻʢʪʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ ʷ 

ʦʙʨʘʚ ʢʘʤʝʨʫ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ BF6/2-660 ʥʘ ʦʩʥʦʚʽ 

ʬʣʶʽʜʥʦʛʦ ʧʽʜʭʦʜʫ [10] ʜʦ ʨʝʘʣʘʟʘʮʽʾ ʢʘʤʝʨ ʰʚʠʜʢʽʩʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʦʛʥʦʟʦʚʘʥʫ ʽ ʚʽʜʧʦʚʽʜʥʫ ʟʘʚʜʘʥʥʶ ʨʦʙʦʪʫ ʨʦʟʛʣʷʥʫʪʦʾ ɸʉʂ, ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 1.2. 

 ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʬʨʝʦʥʦʚʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

SHUFT WHR-R 600*300-3. ʆʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʭʦʣʦʜʞʫʚʘʯʘ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.1. 

 

 ʊʘʙʣʠʮʷ 1.1. ʇʘʨʘʤʝʪʨʠ ʦʭʦʣʦʜʞʫʚʘʯʘ 
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ʊʘʙʣʠʮʷ 1.2. ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ 

 

1.7. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ  

 ɻʦʣʦʚʥʘ ʟʘʜʘʯʘ ʦʙôʻʢʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʘ ʩʘʤʝ ʘʜʘʧʪʠʚʥʦʾ ʢʘʤʝʨʠ 

ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʽʜʭʽʜ 

ʜʦ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʫ, ʟʚʘʞʘʶʯʠ ʥʘ ʦʙôʻʢʪ ʟʘʤʦʨʦʟʢʠ. ʂʦʞʝʥ 

ʦʙôʻʢʪ ʤʘʻ ʩʚʦʾ ʪʝʧʣʦ-ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʘ ʪʦʙʪʦ, ʧʦʪʨʝʙʫʻ ʘʜʘʧʪʠʚʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ.  

ʊʘʢʦʞ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʚʽʜʧʦʚʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʢʦʞʥʽʡ ʟʦʥʽ 

ʟʘʤʦʨʦʟʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ, ʽ ʙʝʟʧʨʦʙʣʝʤʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʘʣʝʪʽʚ ʟ ʧʨʦʜʫʢʪʦʤ ʤʽʞ ʟʦʥʘʤʠ. ʈʦʟʨʦʙʣʝʥʘ ʤʥʦʶ ʩʠʩʪʝʤʘ ʟʘʜʦʚʦʣʴʥʷʻ 

ʫʩʽʤ ʧʦʪʨʝʙʘʤ ʨʦʟʛʣʷʥʫʪʦʛʦ ʦʙôʻʢʪʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘʜʘʥʽ ʟʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ ʱʦʜʦ ʧʝʨʝʙʽʛʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʙʫʣʘ 

ʨʦʟʛʣʷʥʫʪʘ ʩʘʤʘ ʪʝʭʥʦʣʦʛʽʷ ʟʘʤʦʨʦʟʢʠ, ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʠʡ ʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʽʩʥʫʶʯʠʡ ʧʽʜʭʽʜ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʘʥʦʾ ʢʘʤʝʨʠ, ʚʠʢʦʥʘʥʠʡ 

ʦʛʣʷʜ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʨʦʮʝʩʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙôʻʢʪʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʽ ʘʜʘʧʪʠʚʥʠʭ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ 
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ʧʨʦʙʣʝʤʘʪʠʢʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʚ ʦʙôʻʢʪʘʭ ʟʘʤʦʨʦʞʫʚʘʥʥʷ. ʊʘʢʦʞ, ʙʫʣʠ 

ʚʠʚʯʝʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʧʦʪʦʢʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ.  

ɺʠʭʦʜʷʯʠ ʽʟ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ:  

1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʱʦʜʦ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ, ʪʘ ʨʦʟʨʦʙʢʘ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ. 

2. ʈʦʟʨʦʙʢʘ ʢʦʥʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ. 

3. ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙôʻʢʪʫ, ʥʘ 

ʦʩʥʦʚʽ ʦʙʨʘʥʦʛʦ ʇʃʂ; 

4. ʈʦʟʨʦʙʢʘ SCADA-ʩʠʩʪʝʤʠ, ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ  ʘʜʘʧʪʠʚʥʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ. 
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2.  ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɸʊɽʄɸʊʀʏʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ ɼʆ ʇʈʆʎɽʉʋ ʐɺʀɼʂɯʉʅʆɻʆ 

ɿɸʄʆʈʆɾʋɺɸʅʅʗ 

2.1. ʆʛʣʷʜ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ 

 ʈʦʟʛʣʷʥʝʤʦ ʩʧʨʦʱʝʥʫ ʩʭʝʤʫ ʧʝʨʝʙʽʛʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʢʘʤʝʨʠ 

ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.1. 

 

 
ʈʠʩ. 2.1. ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

 

 ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʚʠʱʝ ʩʧʨʦʱʝʥʦʾ ʩʭʝʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʟʢʠ, ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ, ʫ ʚʠʜʽ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʩʢʦʤʧʦʥʦʚʘʥʘ ʽʟ: ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʫ, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʦʪʦʢʽʚ ʬʨʝʦʥʫ ʽ ʧʦʚʽʪʨʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʦʭʦʣʦʜʞʝʥʝ ʧʦʚʽʪʨʷ ʥʘʜʭʦʜʠʪʴ ʜʦ ʧʨʦʜʫʢʪʫ ʟʘʤʦʨʦʟʢʠ, ʽ 
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ʦʙôʻʢʪʫ ʟʘʤʦʨʦʟʢʠ, ʷʢʠʤ ʚʠʩʪʫʧʘʻ ʭʘʨʯʦʚʠʡ ʧʨʦʜʫʢʪ. ɿʘ ʨʦʟʛʣʷʥʫʪʠʤ ʚʠʱʝ 

ʚʘʨʽʘʥʪʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʟʢʠ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʠʡʤʝ ʚʠʛʣʷʜ, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 

2.2. 

 

 
ʈʠʩ. 2.2. ʈʦʟʰʠʨʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ 

ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʬʨʫʢʪʽʚ 

 

 ʉʢʦʤʧʦʥʦʚʘʥʘ ʨʦʟʰʠʨʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ: ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ,  ʷʢʠʡ ʨʝʛʫʣʶʻ ʧʨʦʮʝʥʪ 

ʧʦʪʫʞʥʦʩʪʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʧʨʠʧʣʠʚʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʱʦ 

ʦʭʦʣʦʜʞʫʻ ʧʦʚʽʪʨʷ, ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ. 
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 ʋ ʷʢʦʩʪʽ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʟʯʠʪʫʻ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʘ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʧʨʠʧʣʠʚʥʠʡ ʧʦʚʽʪʨʦʧʨʦʚʽʜ, ʚʽʜ 

ʢʦʤʧʘʥʽʾ Schneider Electric, ʟ ʫʥʽʬʽʢʦʚʘʥʠʤ ʩʠʛʥʘʣʦʤ (4-20)ʤɸ, ʟ 

ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʤʦʜʝʣʽ: STD400-60 -50/50. ɼʠʥʘʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʚʢʘʟʘʥʦʛʦ ʜʘʪʯʠʢʘ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 1 ;
30 1DW s
=

+
 

 ʅʘ ʨʦʣʴ ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ ʫ ʜʘʥʽʡ ʩʭʝʤʽ ʦʙʨʘʥʦ ʧʨʠʚʽʜ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʽʟ ʯʘʩʪʦʪʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ 

Danfoss: FC-051 (ʘʥʘʣʦʛʦʚʝ ʢʝʨʫʚʘʥʥʷ 0é10 ɺ), ʷʢʠʡ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ 

ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ 230 ɺ. ɼʠʥʘʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ 

ʚ ʢʦʤʧʣʝʢʪʽ ʽʟ ʯʘʩʪʦʪʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ:  

 2

0,116;
3.5 0.42 1ɸɼʏʇW
s s

=
+ +

 

 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʆʋ ʩʪʘʥʝ ʧʦʚʥʦʮʽʥʥʘ, ʷʢʱʦ 

ʨʦʟʛʣʷʥʫʪʠ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʦʭʦʣʦʜʞʫʚʘʯʘ ʽʟ ʧʨʦʜʫʢʪʘʤʠ ʟʘʤʦʨʦʟʢʠ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʠʩʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʛʣʷʥʫʪʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.2. 

 

2.2. ɸʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ 

ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ 

 ʋ ʜʘʥʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʨʦʙʦʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʦʙôʻʢʪʫ, ʘ ʪʦʙʪʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ 

ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ, ʜʝ ʚ ʷʢʦʩʪʽ ʭʦʣʦʜʦʥʦʩʽʷ ʚʠʩʪʫʧʘʻ ʬʨʝʦʥ, ʷʢ ʧʨʠʢʣʘʜ 

ʚʠʢʦʨʠʩʪʘʥʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʚʦʜʷʥʦʛʦ ʦʭʦʣʦʜʞʫʚʘʯʘ [13] ʽʟ ʜʝʷʢʠʤʠ 

ʫʩʢʣʘʜʥʝʥʥʷʤʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʬʨʝʦʥʫ ʫ ʢʦʥʪʫʨʽ ʂʂɹ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʜʠʥʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ ʻ ʧʨʦʜʫʢʪ 

ʟʘʤʦʨʦʟʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʧʨʦʤʝʨʟʘʥʥʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʡ ʯʘʩ. 

 ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ 

ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʦʙʣʝʥʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʽ. ɺʠʢʦʨʠʩʪʘʥʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ 

ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦʤʫ ʱʦ ʤʦʜʝʣʴ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 
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ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ, ʘ ʫʩʢʣʘʜʥʝʥʥʷ ʥʝ 

ʛʘʨʘʥʪʫʻ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʤʦʜʝʣʽ. [14]. ʄʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.1. 

 ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʙʫʣʦ 

ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ: ʪʝʧʣʦʦʙʤʽʥ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʥʝ ʩʢʣʘʜʘʻ ʚʘʞʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʦʤʫ ʚʽʜʩʫʪʥʽʡ; ʤʦʜʝʣʴ 

ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʜʠʥʘʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʧʨʦʜʫʢʪʠ ʟʘʤʦʨʦʟʢʠ; ʭʦʣʦʜʦʥʦʩʽʡ; ʧʦʚʝʨʭʥʷ ʪʝʧʣʦʦʙʤʽʥʫ; ʧʦʚʽʪʨʷ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ. ʊʝʧʣʦ-ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ, 

ʦʧʠʩʘʥʠʭ ʚʠʱʝ, ʪʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʟʚʝʜʝʥʽ ʜʦ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ 

ʨʦʙʦʯʠʭ ʜʽʘʧʘʟʦʥʽʚ [13]. 

 

 
ʈʠʩ. 2.3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ 
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ʍʦʣʦʜʦʥʦʩʽʻʤ ʩʠʩʪʝʤʠ ʻ ʬʨʝʦʥ ʽʟ ʧʦʩʪʽʡʥʦʶ ʚʠʪʨʘʪʦʶ () WG t, ʽ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘ ʚʭʦʜʽ ʫ ʢʘʣʦʨʠʬʝʨ ()0 W tq , ʥʘ ʚʠʭʦʜʽ - () W tq . ʂʘʣʦʨʠʬʝʨ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ n ʪʨʫʙʦʢ ʜʦʚʞʠʥʦʶ  H. ʊʝʤʧʝʨʘʪʫʨʘ ʪʨʫʙʦʢ ʪʝʧʣʦʦʙʤʽʥʫ 

ʧʨʠʡʤʘʻʪʴʩʷ, ʷʢ ʫʩʝʨʝʜʥʝʥʘ ʽ ʜʦʨʽʚʥʶʻ () M tq . ɿʘ ʜʨʫʛʠʡ ʤʘʪʝʨʽʘʣʴʥʠʡ ʧʦʪʽʢ 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʽʪʨʷ, ʷʢʝ ʨʫʭʘʻʪʴʩʷ ʧʝʨʝʭʨʝʩʥʦ ʜʦ ʨʫʭʫ ʬʨʝʦʥʫ. ɺʠʪʨʘʪʘ ʧʦʚʽʪʨʷ 

ʟʤʽʥʥʘ ʽ ʜʦʨʽʚʥʶʻ ()AG t, ʪʝʤʧʝʨʘʪʫʨʘ ʚʭʽʜʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦʨʽʚʥʶʻ ()1A tq , ʦʩʢʽʣʴʢʠ 

ʧʦʚʽʪʨʷ ʟʘʮʠʢʣʝʥʝ ʜʦ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʚʠʭʽʜʥʦʛʦ - ()A tq . ʊʘʢʦʞ ʤʘʻʤʦ  

ʨʦʟʤʽʨʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ: L, C, H, ï ʛʣʠʙʠʥʘ, ʰʠʨʠʥʘ ʪʘ ʚʠʩʦʪʘ ʦʭʦʣʦʜʞʫʚʘʯʘ. 

ɼʣʷ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʜʦʜʘʥʦ ʧʘʨʘʤʝʪʨʠ ʦʙôʻʢʪʫ ʟʘʤʦʨʦʟʢʠ. ʌʨʫʢʪʠ 

ʤʘʶʪʴ ʚʭʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʤʦʨʦʟʢʠ ()S tq . ʊʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʩʣʷ ʪʝʧʣʦʦʙʤʽʥʫ 

ʧʨʦʜʫʢʪʽʚ ʟ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ()1S tq . 

ʊʝʧʝʨ, ʟʥʘʶʯʠ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, ʨʦʟʛʣʷʥʝʤʦ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ 

ʢʦʞʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʦʢʨʝʤʦ. 

1. ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʭʦʣʦʜʦʥʦʩʽʷ, ʱʦ ʧʨʦʪʽʢʘʻ ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙʢʘʭ: 

( )0 0 0  ,W
W W W M W W W AW AW W AW AW

dG c F G r G c M c
dt
qq a q q q+ - - - =     (2.1) 

ʪʫʪ WG  ï ʚʠʪʨʘʪʘ ʨʽʜʢʦʛʦ ʭʦʣʦʜʦʥʦʩʽʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʭʦʣʦʜʞʫʚʘʯ; AWG  ï 

ʚʠʪʨʘʪʘ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʭʦʣʦʜʦʥʦʩʽʷ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʦʭʦʣʦʜʞʫʚʘʯʘ;  Wc ï 

ʪʝʧʣʦʻʤʢʽʩʪʴ ʨʽʜʢʦʛʦ ʭʦʣʦʜʦʥʦʩʽʷ (ʬʨʝʦʥʫ); AWc  ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʛʘʟʦʧʦʜʽʙʥʦʛʦ 

ʭʦʣʦʜʦʥʦʩʽʷ; 0a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʽʞ ʭʦʣʦʜʦʥʦʩʽʻʤ ʪʘ ʚʥʫʪʨʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʨʫʙ; 0F ï ʧʣʦʱʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʫʩʽʭ ʪʨʫʙʦʢ, 0 0F nL dp=  , 0d ï 

ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙʦʢ; AWM  ï ʤʘʩʘ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʭʦʣʦʜʦʥʦʩʽʷ ʚ ʫʩʽʭ ʪʨʫʙʘʭ 

ʦʭʦʣʦʜʞʫʚʘʯʘ, Wr- ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʭʦʣʦʜʦʥʦʩʽʷ; 
2
0

4
AW

AW
n L dM r p=  , AWr  ï 

ʛʫʩʪʠʥʘ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʭʦʣʦʜʦʥʦʩʽʷ. ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʥʷ 

(2.1) ʧʨʠʡʤʝ ʚʠʛʣʷʜ:  
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1 2  W
W W W M
d

T k G k
dt
q q qDå õ+D = D + Dæ öç ÷

,   (2.2) 

ʜʝ 0 0
0 0 1 2;   ;   ;  ;   AW AW W W W

W AW AW W
W W W

c M c G r F
K F c G T k k

K K K
aa -

= + = = =  

2. ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʭʦʣʦʜʞʫʚʘʯʘ: 

( ) ( )0 0 1 1
M

W M W A M M
dF F M c
dt
qa q q a q q- - - = ,    (2.3) 

ʪʫʪ Mc ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʤʝʪʘʣʫ; 1a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʨʫʙ ʪʘ ʧʦʚʽʪʨʷʤ; 1F ï ʧʣʦʱʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ 

ʢʘʣʦʨʠʬʝʨʘ; MM  ï ʤʘʩʘ ʤʝʪʘʣʫ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ.  

ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.3) ʦʪʨʠʤʘʻʤʦ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʫ 

ʧʨʠʨʦʩʪʘʭ: 

3 4
M

M M W A
dT k k
dt
q q q q+D = D + D,      (2.4) 

ʜʝ 0 0
0 0 1 1 3 4 3;   ;   ;  1 ;   M M

M M
M M

Fc MK F F T k k k
K K

aa a= + = = = - 

 3. ɼʘʣʽ ʩʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʦʭʦʣʦʜʞʫʚʘʯʘ:  

( ) ( )1 1 1
A

A A A A M A A A
dG c F M c
dt
qq q a q q- - - = ,    (2.5) 

ʪʫʪ Ac ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʧʦʚ0ʽʪʨʷ; AM  ï ʤʘʩʘ ʧʦʚʽʪʨʷ ʫ ʦʙôʻʤʽ HĬLĬC ʢʘʣʦʨʠʬʝʨʘ. 

ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʥʷ (2.5) ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

5 1 6 7
A

A A A M A
dT k k k G
dt
q q q qDå õ+D = D + D + Dæ öç ÷

,   (2.6) 

ʜʝ 1 1 5 6 5;   ;   ;  1 ;   A A A A
A A A A

A A

c M c GK c G F T k k k
K K

a= + = = = - 
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 ( )1
7 .A A A

A

c
k

K
q q-

=  

ʈʽʚʥʷʥʥʷ (2.2), (2.4) ʪʘ (2.6) ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʨʦʟʛʣʷʥʫʪʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ. 

4. ʉʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʧʦʚʽʪʨʷʤ ʪʘ ʧʨʦʜʫʢʪʦʤ, ʱʦ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ: 

( ) ( ) 1
1 2 2 1 1

A
A A A A s A A A

dG c F M c
dt
qq q a q q- + - = ,    (2.7) 

ʪʫʪ Sc ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʧʨʦʜʫʢʪʫ; 2a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʧʨʦʜʫʢʪʫ ʪʘ ʧʦʚʽʪʨʷʤ; 2F ï ʧʣʦʱʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ 

ʧʨʦʜʫʢʪʫ; 1AM  ï ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʧʦʚʽʪʨʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙôʻʤʽ ʧʨʦʜʫʢʪʫ. 

ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʥʷ (2.7) ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

1
1 1 8 9

A
A A A S
dT k k
dt
q q q q+D = D + D,      (2.8) 

ʜʝ 1 2 2
1 2 2 1 8 9

1 1 1

;   ;   ;  ;   A A A A
A A A A

A A A

c M G c FK G c F T k k
K K K

aa= + = = =  

5. ʉʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʧʨʦʤʝʨʟʘʥʥʷ ʧʨʦʜʫʢʪʫ: 

( )2 2 1
S

A s S S
dF M c
dt
qa q q- = ,     (2.9) 

ʪʫʪ Sc ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʧʨʦʜʫʢʪʫ; 2a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʧʨʦʜʫʢʪʫ ʪʘ ʧʦʚʽʪʨʷʤ; 2F ï ʧʣʦʱʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ 

ʧʨʦʜʫʢʪʫ; SM  ï ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʧʨʦʜʫʢʪʫ.  

ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʥʷ (2.9) ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

10 1
S

S S A
dT k
dt
q q q+D = D,       (2.10) 

ʜʝ 2 2 10;   ;   1.   S S
S S

S

c M
K F T k

K
a= = = 
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ʊʝʧʝʨ, ʤʘʶʯʠ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʨʽʚʥʷʥʥʷ, ʧʨʝʜʩʪʘʚʠʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫ 

ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ: 

ừ
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
ứ W

W
d

T
dt
qå õ+æ öç ÷

Ў 1W kq = Ў 2WG k+ ЎMq                                  

M
M
dT
dt
qå õ+æ öç ÷

Ў 3M kq = Ў 4W kq + Ў Aq                                   

A
A
dT
dt
qå õ+æ öç ÷

Ў 5A kq= Ў 1 6A kq + Ў 7M kq + Ў AG                   
   

1
1

A
A
dT
dt
qå õ+æ öç ÷

Ў 1 8A kq = Ў 9A kq+ ЎSq                                  

S
S
d

T
dt
qå õ+æ öç ÷

Ў 10S kq= Ў 1Aq                                                 
                                            

   (2.11) 

 

ʇʨʝʜʩʪʘʚʠʤʦ (2.11) ʩʠʩʪʝʤʦʶ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ: 

ừ
ỬỬ
Ừ

ỬỬ
ứЎ ( ) 11W wT p kq + =Ў WG 2k+ ЎMq Ƞ                                                            ςȢρπ

Ў ( ) 31M MT p kq + =Ў 4W kq + Ў AqȠ                                                            ςȢρρ

Ў ( ) 51A AT p kq + =Ў 1 6A kq + Ў 7M kq + Ў AGȠ                                            ςȢρς

Ў ( )1 1 81A AT p kq + =Ў 9A kq+ ЎSqȠ                                                           ςȢρσ

Ў ( ) 101S ST p kq + = Ў 1Aq  Ƞ                                                                           ςȢρτ   

  

 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʫ Simulink ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (2.10 - 2.14) ʧʦʜʘʥʦ 

ʫ ʚʠʛʣʷʜʽ: 

ừ
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
ứ Ў 1

1W
w

k
T p

q =
+
ЎὋ  2

1w

k
T p
+

+
ЎMq Ƞ                                                               ςȢρυ

Ў 3

1M
M

k
T p

q =
+
Ў 4

1W
M

k
T p

q +
+
Ў Aq Ƞ                                                                ςȢρφ

Ў 5

1A
A

k
T p

q=
+
Ў 6

1 1A
A

k
T p

q +
+
Ў 7

1M
A

k
T p

q +
+
Ў AGȠ                                           ςȢρχ

Ў 8
1

1 1A
A

k
T p

q =
+
Ў 9

1 1A
A

k
T p

q+
+
ЎSqȠ                                                                  ςȢρψ

Ў 10

1S
S

k
T p

q=
+
 Ў1Aq Ƞ                                                                                             ςȢρω   
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2.3. ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʜʣʷ ʬʣʶʾʜʥʦʾ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʧʫʥʢʪʘʭ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ ʨʦʟʛʣʷʥʫʪʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʽ 

ʨʦʟʨʘʭʦʚʘʥʘ ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 1.4, ʜʝ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʠ, ʩʢʣʘʜʝʥʦ ʪʘʙʣ. 2.1, ʜʝ ʟʽʙʨʘʥʦ ʬʽʟʠʯʥʽ ʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʦʾ ʢʘʤʝʨʠ ʟʘʤʦʨʦʟʢʠ, ʜʝ ʚ ʷʢʦʩʪʽ ʦʭʦʣʦʜʞʫʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʭʦʣʦʜʦʘʛʝʥʪʦʤ, , ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʬʨʝʦʥʦʤ, ʽ ʧʦʚʽʪʨʷʤ, ʷʢʝ ʦʙʜʫʚʘʻ ʧʨʦʜʫʢʪ ʟʘʤʦʨʦʟʢʠ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʬʨʝʦʥʦʚʦʛʦ ʦʭʦʣʦʜʞʫʚʘʯʘ SHUFT WHR-R 600*300-3. 

  

ʊʘʙʣʠʮʷ 2.1. ʊʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ 
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ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ (2.15), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ, ʨʦʟʨʘʭʦʚʘʥʦ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʽ ʧʘʨʘʤʝʪʨʠ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʧʨʦʛʨʘʤʠ Matlab. ʂʦʜ ʧʨʦʛʨʘʤʠ ʥʘʚʝʜʝʥʠʡ ʥʠʞʯʝ:  
 

Z0 = 270; 
F0 = 1.11; 
caw = 5.61; 
Gaw = 0.519; 
Maw = 0.87; 
cw = 1104; 
Gw = 0.519; 
rw = 263.4; 
Kw = (Z0*F0)+(caw*Gaw); 
Tw = (caw*Maw)/(Kw); 
k1 = ((cw*Gw)-rw)/(Kw); 
k2 = (Z0*F0)/(Kw); 
  
Z1 = 90; 
F1 = 6.8; 
cm = 430; 
Mm = 3.1; 
Km = (Z0*F0)+(Z1*F1); 
Tm = (cm*Mm)/(Km); 
k3 = (Z0*F0)/(Km); 
k4 = 1 - k3; 
  
ca = 1010; 
Ga = 0.58; 
Ma = 0.38; 
TA1 = -5; 
TA = 0; 
Ka = (Z1*F1)+(ca*Ga); 
Ta = (ca*Ma)/(Ka); 
k5 = (ca*Ga)/(Ka); 
k6 = 1 - k5; 
k7 = (ca*(TA1-TA))/(Ka); 
  
Z2 = 40; 
F2 = 3.2; 
Ma1 = 1.7; 
Ka1 = (Ga*ca)+(Z2*F2); 
Ta1 = (ca*Ma1)/(Ka1); 
k8 = (ca*Ga)/(Ka1); 
k9 = (Z2*F2)/(Ka1); 
  
cs = 3612; 
Ms = 40; 
Ks = Z2*F2; 
Ts = (cs*Ms)/(Ks); 
k10 = 1; 
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ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʩʪʘʣʠ ʯʠʩʝʣʴʥʽ ʜʘʥʽ, ʷʢʽ ʜʘʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʛʨʘʤʽ Simulink ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʪʘ ʾʭʥʽʭ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ.  

   

2.4. ɸʧʨʦʢʩʠʤʘʮʽʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ 

ʟʘʤʦʨʦʟʢʠ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 2.2, ʦʪʨʠʤʘʚ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ 

Matlab/Simulink. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʦʙôʻʢʪʫ ʢʝʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 2.4. 

 

 
ʈʠʩ. 2.4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʙôʻʢʪʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ Matlab/Simulink 

 

ʇʨʦʤʦʜʝʣʶʚʘʚʰʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʜʣʷ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, 

ʙʫʣʦ ʚʠʜʽʣʝʥʦ 2 ʪʠʧʠ ʧʨʦʜʫʢʪʫ, ʷʢʽ ʜʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʧʝʨʝʭʽʜʥʠʡ 

ʧʨʦʮʝʩ, ʦʩʢʽʣʴʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʫʪʪʻʚʘ ʟʤʽʥʘ ʪʝʧʣʦʻʤʢʦʩʪʽ ʧʨʦʜʫʢʪʫ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ, ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʤʘʩʽ. ʊʘʢʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʩʪʘʣʠ ʷʙʣʫʢʘ ʽ ʤôʷʩʦ 

ʩʚʠʥʠʥʠ.  
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ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʦʙôʻʢʪʽʚ, ʷ 

ʦʪʨʠʤʘʚ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.5 ʽ ʨʠʩ. 2.6, ʧʨʠ ʟʤʽʥʽ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷ  AGD  ʥʘ 0,25 ʢʛ/ʩʝʢ : 

 

 

 
ʈʠʩ. 2.5. ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ 

ʟʘʤʦʨʦʟʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʙʣʫʢ ʚ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʟʘʤʦʨʦʟʢʠ 
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ʈʠʩ. 2.6. ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ 

ʟʘʤʦʨʦʟʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤôʷʩʘ ʩʚʠʥʠʥʠ ʚ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʟʘʤʦʨʦʟʢʠ 

 

ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ ʟʘ 

ʢʘʥʘʣʦʤ ʚʧʣʠʚʫ: A SG qD ­D.  

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʜʥʦ, ʱʦ ʧʦʨʷʜʦʢ 

ʦʪʨʠʤʘʥʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʚʠʩʦʢʠʡ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʙôʻʢʪʫ ʽ ʨʦʙʦʪʫ ʟ ʥʠʤ. ʉʘʤʝ ʪʦʤʫ, ʷ ʧʨʦʚʽʚ ʧʨʦʮʝʩ ʘʧʨʦʢʩʠʤʘʮʽʾ. ɯʥʝʨʮʽʡʥʽʩʪʴ 

ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʙʫʣʘ ʚʢʣʶʯʝʥʘ ʜʦ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

 

2.4.1. ɸʧʨʦʢʩʠʤʘʮʽʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʽʟ 

ʷʙʣʫʢʘʤʠ 

ɺʠʟʥʘʯʠʤʦ ʘʧʨʦʢʩʠʤʫʶʯʫ ʟʘʣʝʞʥʽʩʪʴ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ. ʆʙôʻʢʪ ʤʘʻ 

ʥʝʛʘʪʠʚʥʝ ʩʘʤʦʚʠʨʽʚʥʶʚʘʥʥʷ, ʪʦʤʫ ʤʘʻ ʤʽʩʮʝ ʨʦʟʛʣʷʜʘʪʠ ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ ʷʢ 

ʘʩʪʘʪʠʯʥʠʡ.  
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ɺʠʢʦʥʘʻʤʦ ʘʧʨʦʢʩʠʤʘʮʽʶ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʪʦʙʪʦ ʚʠʭʦʜʷʯʠ ʽʟ ʛʨʘʬʽʢʘ 

ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 
ʈʠʩ. 2.7. ɻʨʘʬʽʢ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʘʩʪʘʪʠʯʥʦʛʦ ʆʂ 

 

ɼʣʷ ʘʩʪʘʪʠʯʥʦʛʦ ʦʙôʻʢʪʘ, ʘ ʚ ʤʦʻʤʫ ʚʠʧʘʜʢʫ ʽʥʪʝʛʨʫʶʯʦʾ ʣʘʥʢʠ ʽʟ 

ʟʘʧʽʟʥʝʥʥʷʤ ʩʢʦʨʠʩʪʫʻʤʦʩʴ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

( ) * ; ʦʙpʦʙ
ʦʙ

K
W p e

p
t-=      (2.20) 

()
; ʦʙ

tg
K

x
a

=
D

      (2.21) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʠ (2.20) ʽ (2.21) ʥʘʧʠʰʝʤʦ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʽ 

ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ: 

 54.2 ;ct=  

ʇʽʜʩʪʘʚʠʚʰʠ ʜʘʥʽ, ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʪʘʢʘ ʧʝʨʝʜʘʪʦʯʥʘ: 

sqD  = 54.21 * .
63,15

pe
p

--      (2.22) 

ɿʦʙʨʘʞʝʥʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʝʨʝʜʘʪʦʯʥʦʾ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽ ʧʽʩʣʷ: 
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ʈʠʩ. 2.8. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ ʽ ʤʦʜʝʣʽ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʷʙʣʫʢʘ) 

 

ʅʘʚʝʜʝʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʟʤʽʥʠ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙôʻʢʪʫ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʧʽʩʣʷ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʜʣʷ ʜʚʦʭ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʦ ʘʧʨʦʢʩʠʤʘʮʽʾ: 478,3i
absI = ; 

ʇʽʩʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ: 485,4absI = ; 

ʑʦʙ ʯʠʩʣʝʥʥʦ ʜʦʩʣʽʜʠʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʧʝʨʝʭʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʥʘʚʝʜʝʥʦ 

ʚʽʜʥʦʰʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ: 

 0,01462
i
abs abs
i
abs

I I
I
- = . 
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2.4.2. ɸʧʨʦʢʩʠʤʘʮʽʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʽʟ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷʤ ʤôʷʩʘ ʩʚʠʥʠʥʠ 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʟʘ ʘʥʘʣʦʛʽʻʶ ʜʦ ʧ. 2.4.1. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʠ (2.20) ʽ (2.21) ʥʘʧʠʰʝʤʦ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʽ 

ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ: 
 54.2 ;ct=  

ʇʽʜʩʪʘʚʠʚʰʠ ʜʘʥʽ, ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʪʘʢʘ ʧʝʨʝʜʘʪʦʯʥʘ: 

sqD  = 54.21 * .
45,984

pe
p

--      (2.23) 

ɿʦʙʨʘʞʝʥʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʝʨʝʜʘʪʦʯʥʦʾ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽ ʧʽʩʣʷ: 

 

 

 
ʈʠʩ. 2.9. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ ʽ ʤʦʜʝʣʽ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʤôʷʩʦ) 
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ʅʘʚʝʜʝʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʟʤʽʥʠ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙôʻʢʪʫ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʧʽʩʣʷ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʜʣʷ ʜʚʦʭ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʦ ʘʧʨʦʢʩʠʤʘʮʽʾ: 662,5i
absI = ; 

ʇʽʩʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ: 656,9absI = ; 

ʑʦʙ ʯʠʩʣʝʥʥʦ ʜʦʩʣʽʜʠʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʧʝʨʝʭʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʥʘʚʝʜʝʥʦ 

ʚʽʜʥʦʰʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ: 

 0,0084
i
abs abs

i
abs

I I
I
- = . 

 

ɼʦʩʣʽʜʠʚʰʠ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʡ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʻ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʤʦʜʝʣʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ, ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʦʤʫ, ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʙôʻʢʪʫ ʢʝʨʫʚʘʥʥʷ.  
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3. ʉʊɺʆʈɽʅʅʗ ɸɼɸʇʊʀɺʅʆɰ ʉʀʉʊɽʄʀ ʂɽʈʋɺɸʅʅʗ 

ʇʈʆʎɽʉʆʄ ʐʆʂʆɺʆɰ ɿɸʄʆʈʆɿʂʀ ʇʈʆɼʋʂʊɯɺ 

ʍɸʈʏʋɺɸʅʅʗ 

3.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʾ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʷʢ 

ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ 

 ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʦʙôʻʢʪʫ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʫ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʟʜʽʣʘʭ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʷʢʽʩʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʙʫʜʝ 

ʚʨʘʭʦʚʫʚʘʪʠ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, ʥʶʘʥʩʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʧʽʜʭʦʜʫ ʜʦ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʰʚʠʜʢʽʩʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʷʢʘ 

ʜʘʩʪʴ ʟʤʦʛʫ ʜʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɸʉʂ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.1. 

 

 
ʈʠʩ. 3.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɸʉʂ 

 

 ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦ-ʢʦʥʪʫʨʥʫ ɸʉʈ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.1. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʛʫʣʷʪʦʨʫ ()pW p, ʷʢʠʡ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ 

ʧʦ ʢʝʨʫʶʯʽʡ ʜʽʾ, ʦʙ'ʻʢʪʫ ʢʝʨʫʚʘʥʥʷ (). .Wʦʙ ʨ p, ʩʫʤʘʪʦʨʫ. ʅʘ ʩʭʝʤʽ ʫʟʘʚʜ.- ʮʝ 

ʩʠʛʥʘʣ ʫʩʪʘʚʢʠ, ʟʘʚʜʘʥʥʷ, ʷʢʝ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʝʨʰʠʡ ʚʭʽʜ ʩʫʤʘʪʦʨʘ 

ʟʘʟʥʘʯʝʥʦʛʦ ʨʘʥʽʰʝ, ʜʨʫʛʠʡ ʚʭʽʜ ʩʫʤʘʪʦʨʘ ʧʨʠʡʤʘʻ ʚ ʩʝʙʝ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ, 

ʱʦ ʻ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʦʙ'ʻʢʪʘ ʢʝʨʫʚʘʥʥʷ y, ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩʫ 

ʢʝʨʫʚʘʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʧʦʭʠʙʢʠ ʨʝʛʫʣʶʚʘʥʥʷ e, ʷʢʝ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʫ, ʟʘ ʷʢʠʤ ʨʝʛʫʣʷʪʦʨ ʨʦʟʨʘʭʦʚʫʻ ʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʦʾ ʜʽʾ ʚ 
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ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; ʚʠʭʦʜʦʤ ʙʣʦʢʫ ʨʝʛʫʣʷʪʦʨʘ ʻ ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ u, ʷʢʠʡ 

ʧʦʪʨʘʧʣʷʻ ʥʘ ʚʭʽʜ ʜʦ ʦʙ'ʻʢʪʫ ʢʝʨʫʚʘʥʥʷ. 

 ʆʙôʻʢʪʘʤʠ ʢʝʨʫʚʘʥʥʷ ʻ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʢʘʤʝʨʠ 

ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ, ʧʨʠ ʨʽʟʥʠʭ ʧʨʦʜʫʢʪʘʭ (2.22) (2.23): 

 ()1. .  ʦʙ ʨW p= 54.21 *
63,15

pe
p

--  .     (3.1) 

()2. .  ʦʙ ʨW p= 54.21 *
45,984

pe
p

--  .     (3.2) 

 

3.2. ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʩʪʝʤʠ 

 ʋ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ 

ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʜʦ ʜʠʩʢʨʝʪʥʠʭ, ʧʨʠ ʯʦʤʫ ʧʝʨʝʭʽʜ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʤʘʻ 

ʙʫʪʠ ʢʦʨʝʢʪʥʠʤ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʨʽʦʜ ʜʠʩʢʨʝʪʠʟʘʮʽʾ.  

ʏʘʩ ʢʚʘʥʪʫʚʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʤʘʻ ʙʫʪʠ ʤʝʥʰʠʡ ʟʘ ʧʝʨʽʦʜ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʱʦ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʦʙʨʘʥʠʡ ʢʦʥʪʨʦʣʝʨ.  

 ɼʣʷ ʦʙʨʘʭʫʥʢʫ ʜʦʧʫʩʪʠʤʦʛʦ ʯʘʩʫ ʢʚʘʥʪʫʚʘʥʥʷ ʷ ʚʠʢʦʨʠʩʪʘʚ ʪʝʦʨʝʤʫ 

ʂʦʪʝʣʴʥʠʢʦʚʘ- ʐʝʥʦʥʘ, ʱʦ ʧʦʷʩʥʶʻ ʧʦʥʷʪʪʷ ʧʨʦ ʟʚôʷʟʦʢ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʜʠʩʢʨʝʪʥʠʤ.  

 

3.2.1. ʇʝʨʽʦʜ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʣʷ ʦʙôʻʢʪʫ ʟ ʷʙʣʫʢʘʤʠ ʚ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʪʫ ʟʘʤʦʨʦʟʢʠ  

ɹʫʜʫʶ ʘʤʧʣʽʪʫʜʦ- ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʣʷ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ 

ʟʘʤʦʨʦʟʢʠ ʷʙʣʫʢ, ʚʠʢʦʨʠʩʪʦʚʫʶ ʧʝʨʝʜʘʪʦʯʥʫ ʧʽʩʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʪʘ 

ʚʠʟʥʘʯʘʶ ʯʘʩʪʦʪʫ ʟʨʽʟʫ ̈‫ .̑ ɸʏʍ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.2.  
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ʈʠʩ. 3.2. ɸʏʍ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʷʙʣʫʢ 

 

ʏʘʩʪʦʪʘ ʟʨʽʟʫ 0,4872; ʟʨw =  

ʇʝʨʽʦʜ ʢʚʘʥʪʫʚʘʥʥʷ ʜʣʷ ʧʝʨʰʦʛʦ ʦʙôʻʢʪʫ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 3,222 ;
2ʦʙ
ʟʨ

ʊ ʩʝʢp
w

= =  

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ɸʉʂ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ 

ʥʝʧʝʨʝʨʚʥʠʤʠ ʟʘʢʦʥʘʤʠ. 

 

3.2.2. ʇʝʨʽʦʜ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʣʷ ʦʙôʻʢʪʫ ʟ ʷʙʣʫʢʘʤʠ ʚ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʪʫ ʟʘʤʦʨʦʟʢʠ  

ɹʫʜʫʶ ʘʤʧʣʽʪʫʜʦ- ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʣʷ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ 

ʟʘʤʦʨʦʟʢʠ ʩʚʠʥʠʥʠ, ʚʠʢʦʨʠʩʪʦʚʫʶ ʧʝʨʝʜʘʪʦʯʥʫ ʧʽʩʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʪʘ 

ʚʠʟʥʘʯʘʶ ʯʘʩʪʦʪʫ ʟʨʽʟʫ ̈‫ .̑ ɸʏʍ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.3.  
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ʈʠʩ. 3.3. ɸʏʍ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʩʚʠʥʠʥʠ 

 

ʏʘʩʪʦʪʘ ʟʨʽʟʫ 0,4874; ʟʨw =  

ʇʝʨʽʦʜ ʢʚʘʥʪʫʚʘʥʥʷ ʜʣʷ ʜʨʫʛʦʛʦ ʦʙôʻʢʪʫ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 3,221 ;
2ʦʙ
ʟʨ

ʊ ʩʝʢp
w

= =  

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ɸʉʂ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ 

ʥʝʧʝʨʝʨʚʥʠʤʠ ʟʘʢʦʥʘʤʠ. 

 

3.3. ɿʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 3.1. , ʜʝ ʧʦʢʘʟʘʥʘ ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʨʦʟʨʘʭʫʻʤʦ 

ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʜʝʢʽʣʴʢʦʤʘ ʤʝʪʦʜʘʤʠ ʜʣʷ ʧʝʨʰʦʾ 

ʚʘʨʽʘʮʽʾ ʦʙôʻʢʪʫ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʟʘʤʦʨʦʟʢʠ ʷʙʣʫʢ, ʘ ʜʘʣʽ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʢʨʘʱʠʡ ʟ ʜʚʦʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 
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ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʦʙôʻʢʪʫ ʜʝ ʚ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʟʘʤʦʨʦʟʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤôʷʩʦ ʩʚʠʥʠʥʠ.  

 

3.3.1. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʟʢʠ 

ʷʙʣʫʢ 

ʋ ʷʢʦʩʪʽ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʧʝʨʰʦʾ ʚʘʨʽʘʮʽʾ ʦʙ'ʻʢʪʫ ʢʝʨʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʘʧʨʦʢʩʠʤʦʚʘʥʫ ʤʦʜʝʣʴ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ (3.1). 

ʉʪʚʦʨʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.4. 

 

 
 ʈʠʩ. 3.4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ  

 

1. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab/Simulink. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab/Simulink 

ʤʝʪʦʜʦʤ ʷʢʠʡ ʧʨʦʧʦʥʫʻ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʥʘʣʘʰʪʫʚʘʪʠ ʨʝʛʫʣʷʪʦʨ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘ ʢʘʥʘʣʦʤ ʟʘʚʜʘʥʥʷ ʚʠʭʽʜ, ʱʦ ʻ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʘʥʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ.   

ʈʦʟʛʣʷʥʝʤʦ ʧʘʨʘʤʝʪʨʠ ʙʣʦʢʫ PID Controller (ʨʠʩ. 3.5.). 
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 ʈʠʩ. 3.5. ʇʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ  PID Controller 

 

ɺʩʪʘʥʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʠʡ ʟʘʢʦʥ ʢʝʨʫʚʘʥʥʷ, ʫ ʚʠʧʘʜʢʫ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ 

ʜʦʩʪʘʪʥʴʦ ʨʝʘʣʽʟʫʚʘʪʠ ʇ-ʟʘʢʦʥ ʨʝʛʫʣʶʚʘʥʥʷ. ɼʘʣʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ 

ñTuneéò ʥʘʣʘʰʪʦʚʫʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʥʘʙʫʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʨʠʩ 3.6). 
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 ʈʠʩ. 3.6. ʄʝʥʶ ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʇɯɼ ʨʝʛʫʣʷʪʦʨʘ 

 

ɼʦʩʣʽʜʠʚʰʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʧʽʜʩʠʣʝʥʥʷ, ʷ 

ʟʥʘʡʰʦʚ ʦʧʪʠʤʘʣʴʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟ ʪʦʯʢʠ ʟʦʨʫ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ.  

 0,5068 ;ʧK =  

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ ʨʝʛʫʣʷʪʦʨʘ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʩʠʩʪʝʤʠ. 
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ʈʠʩ. 3.7. ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʟʘʤʦʨʦʟʢʠ ʷʙʣʫʢ ʥʘ ρᴈ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab/Simulink 

 

2. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʽʥʞʝʥʝʨʥʠʤ ʤʝʪʦʜʦʤ. 

ʆʩʢʽʣʴʢʠ ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ- ʮʝ ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽʟ 

ʟʘʧʽʟʥʝʥʥʷʤ  ʪʘ ʤʘʻ ʘʩʪʘʪʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʤʥʦʶ ʙʫʚ ʚʠʙʨʘʥʠʡ 

ʘʧʝʨʽʦʜʠʯʥʠʡ ʤʝʪʦʜ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʨʝʛʫʣʷʪʦʨʘ. ʄʝʪʦʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʬʦʨʤʫʣʫ (3.3), ʪʘ ʚʠʢʦʥʘʶ ʧʽʜʩʪʘʥʦʚʢʫ 

ʟʥʘʯʝʥʴ: 

0.4 ;
*p

ʦʙ ʦʙ

K
K t
=        (3.3) 

 

 0.4 0,46606 ;
0,0158*54,2pK = =  
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ʈʠʩ. 3.8. ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʟʘʤʦʨʦʟʢʠ ʷʙʣʫʢ ʥʘ ρᴈ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʽʥʞʝʥʝʨʥʠʤ ʘʧʝʨʽʦʜʠʯʥʠʤ ʤʝʪʦʜʦʤ 

 

ʉʢʣʘʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ, ʷʢʘ ʜʘʣʘ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʪʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʠʭʦʜʷʯʠ ʽʟ 

ʜʚʦʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʨʝʛʫʣʷʪʦʨʘ (ʨʠʩ. 3.9).  
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ʈʠʩ. 3.9. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʇ- ʨʝʛʫʣʷʪʦʨʘ 

 

ʅʘʚʝʜʝʤʦ ʧʦʨʽʚʥʷʣʴʥʫ ʪʘʙʣʠʮʶ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

(ʪʘʙʣ. 3.1): 
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ʊʘʙʣʠʮʷ 3.1. ɯʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʘ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʧt ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʨʘʬʽʢʽʚ 

ʂʨʠʪʝʨʽʡ ʷʢʦʩʪʽ  ɸʧʝʨʽʦʜʠʯʥʠʡ ʤʝʪʦʜ 

 ʣʽʥI   

 ʘʙʩ
ʣʽʥI    

 ʢʚ
ʣʽʥI    

 ʯʘʩ
ʣʽʥI    

 ʰʚʠʜ
ʣʽʥI    

ʧʧt, ʩʝʢ 
  

 

ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʷ 

ʟʨʦʙʠʚ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʝʛʫʣʷʪʦʨ, ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʷʢʦʛʦ ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʞʣʠʚʦʩʪʝʡ Matlab/Simulink ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʟʚʘʞʘʶʯʠ ʥʘ 

ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʷʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʻ 

ʯʘʩ ʟʘ ʷʢʠʡ ʧʨʦʜʫʢʪ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʫʩʪʘʚʣʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʊʦʤʫ ʨʝʛʫʣʷʪʦʨ ʢʝʨʫʶʯʦʾ ʜʽʾ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʦʙôʻʢʪʦʤ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʦʮʝʩ ʟʘʤʦʨʦʟʢʠ ʤôʷʩʘ ʩʚʠʥʠʥʠ 

ʙʫʜʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ PID 

Controller.  
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3.3.2. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʟʢʠ 

ʤôʷʩʘ ʩʚʠʥʠʥʠ 

ʋ ʷʢʦʩʪʽ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʜʨʫʛʦʾ ʚʘʨʽʘʮʽʾ ʦʙ'ʻʢʪʫ ʢʝʨʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʘʧʨʦʢʩʠʤʦʚʘʥʫ ʤʦʜʝʣʴ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ (3.2). 

ʉʪʚʦʨʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.10. 

 

 
 ʈʠʩ. 3.10. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ  

 

ɼʦʩʣʽʜʠʚʰʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʧʽʜʩʠʣʝʥʥʷ, ʷ 

ʟʥʘʡʰʦʚ ʦʧʪʠʤʘʣʴʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟ ʪʦʯʢʠ ʟʦʨʫ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ.  

 0,386 ;ʧK =  

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ ʨʝʛʫʣʷʪʦʨʘ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʩʠʩʪʝʤʠ. 
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ʈʠʩ. 3.11. ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʟʘʤʦʨʦʟʢʠ ʩʚʠʥʠʥʠ ʥʘ ρᴈ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab/Simulink 

 

ʊʘʙʣʠʮʷ 3.2. ɯʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʘ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʧʧt ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʛʨʘʬʽʢʫ 

ʂʨʠʪʝʨʽʡ ʷʢʦʩʪʽ  

 ʣʽʥI  

 ʘʙʩ
ʣʽʥI   

 ʢʚ
ʣʽʥI   

 ʯʘʩ
ʣʽʥI   

 ʰʚʠʜ
ʣʽʥI   

ʧʧt, ʩʝʢ  
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ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʠʚ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʪʘ ʧʨʘʚʠʣʴʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ. ʏʘʩ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʤôʷʩʘ ʩʚʠʥʠʥʠ ʤʝʥʰʠʡ ʟʘ ʯʘʩ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʧʦʟʥʘʯʘʻ ʧʨʦʮʝʩ ʟʘʤʦʨʦʟʢʠ ʷʙʣʫʢ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʪʝʧʣʦʻʤʢʽʩʪʴ ʷʙʣʫʢʘ ʙʽʣʴʰʘ, ʪʦʤʫ ʩʠʩʪʝʤʽ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ 

ʚʠʪʨʘʪʠʪʠ ʝʥʝʨʛʽʾ ʥʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʷʙʣʫʢ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤôʷʩʦʤ 

ʩʚʠʥʠʥʠ, ʪʝʧʣʦʻʤʥʽʩʪʴ ʷʢʦʾ ʤʘʻ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ.  

ʉʧʨʦʙʫʻʤʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʡ ʜʣʷ 

ʟʘʤʦʨʦʟʢʠ ʷʙʣʫʢ ʚ ʩʠʩʪʝʤʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʦʮʝʩ ʟʘʤʦʨʦʟʢʠ ʤôʷʩʘ 

ʩʚʠʥʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʠ ʦʪʨʠʤʘʻʤʦ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ, ʯʠ ʧʦʪʨʝʙʫʻ 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʧʨʦʜʫʢʪʫ ʟʘʤʦʨʦʟʢʠ, ʯʠ ʦʜʥʦʨʘʟʦʚʦ 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʧʘʨʘʤʝʪʨʦʤ ʨʝʛʫʣʷʪʦʨʫ ʧʨʠ ʙʫʜʴ-

ʷʢʦʤʫ ʧʨʦʜʫʢʪʽ ʟʘʤʦʨʦʟʢʠ. ɻʨʘʬʽʢ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʱʦʜʦ ʦʧʠʩʘʥʦʾ 

ʧʨʦʮʝʜʫʨʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.12. 
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ʈʠʩ. 3.12. ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʣʷ ʟʘʤʦʨʦʟʢʠ ʷʙʣʫʢʘ, ʜʦ ʦʙôʻʢʪʫ, ʟ ʟʘʤʦʨʦʟʢʦʶ ʤôʷʩʘ 

ʩʚʠʥʠʥʠ 

  

 ɼʦʩʣʽʜʠʚʰʠ ʦʪʨʠʤʘʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ, ʷ ʟʨʦʙʠʚ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʣʷ ʟʘʤʦʨʦʟʢʠ ʷʙʣʫʢʘ, 

ʜʦ ʦʙôʻʢʪʫ, ʟ ʟʘʤʦʨʦʟʢʦʶ ʤôʷʩʘ ʩʚʠʥʠʥʠ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʩʪʘʚʣʝʥʦʤʫ ʟʘʚʜʘʥʥʶ. ʗʢʱʦ ʜʠʚʠʪʠʩʴ ʥʘ ʧʨʦʮʝʩ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʪʝʭʥʦʣʦʛʽʾ ʟʘʤʦʨʦʟʢʠ - ʪʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʫ ʚʪʨʘʪʠʣʦ ʪʦʯʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʗʢʱʦ 

ʤôʷʩʦ ʧʦʪʨʽʙʥʦ ʦʭʦʣʦʜʞʫʚʘʪʠ ʜʦ -18 ᴈ - ʪʦ ʧʨʠ ʜʘʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʥʘʙʫʚʘʻ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ 

ʥʘʩʣʽʜʢʽʚ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ ʽ 

ʧʝʨʝʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʟʢʠ. 
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4. ʈʆɿʈʆɹʃɽʅɯ ʇʈʆEʂʊʅɯ ʈɯʐɽʅʅʗ ʑʆɼʆ 

ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʂɸʄɽʈʀ ʐʆɺʆʂʆɰ ɿɸʄʆʈʆɿʂʀ 

4.1. ʆʧʠʩ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ 

ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ  

 ʆʙ'ʻʢʪʦʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚ ʮʽʣʦʤʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʻ ʢʘʤʝʨʘ ʰʚʠʜʢʽʩʥʦʾ 

ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʢʘʤʝʨʠ ʻ ʚʽʜʥʦʩʥʦ 

ʰʚʠʜʢʝ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʷʢʦʾ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.1. 

ʉʪʚʦʨʝʥʘ ʤʥʦʶ ʢʦʥʮʝʧʮʽʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʢʘʤʝʨʠ 

ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʠʟʚʝʣʘ ʜʦ ʨʦʟʨʦʙʢʠ  ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ, ʷʢʘ ʤʘʻ ʚ 

ʟʘʛʘʣʴʥʦʤʫ 6 ʢʦʥʪʫʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʟ ʥʠʭ 3 ʢʦʥʪʫʨʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʷʢʝ ʚʠʭʦʜʠʪʴ ʧʽʩʣʷ 

ʦʭʦʣʦʜʞʫʚʘʯʘ, ʽʥʰʽ ʪʨʠ ʧʨʠʚʦʜʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʣʦʛʠ ʚʩʝʨʝʜʠʥʽ ʢʘʤʝʨʠ 

ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʤʦʨʦʞʫʚʘʥʥʷ ʧʘʣʝʪʽʚ ʚʽʜ ʧʽʜʣʦʛʠ.  

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦ 

ʢʘʤʝʨʠ. ʂʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʦʜʥʝ ʟʘ ʦʜʥʠʤ: ʦʭʦʣʦʜʞʫʚʘʯ (ʪʝʧʣʦʦʙʤʽʥʥʠʡ ʘʧʘʨʘʪ), ʬʽʣʴʪʨ (ʛʨʫʙʦʾ 

ʦʯʠʩʪʢʠ), ʚʝʥʪʠʣʷʪʦʨ (ʮʝʥʪʨʦʙʽʞʥʠʡ, ʢʘʥʘʣʴʥʠʡ). ʆʭʦʣʦʜʞʫʚʘʯ- ʚʠʩʪʫʧʘʻ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʛʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 2 ʧʦʪʦʢʠ: ʭʦʣʦʜʦʥʦʩʽʡ 

(ʬʨʝʦʥ) ʪʘ ʧʦʚʽʪʨʷ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʭʦʣʦʜʦʘʛʝʥʪʦʤ, ʽ ʧʦʪʦʢʦʤ 

ʧʦʚʽʪʨʷ ʌʽʣʴʪʨ ʚʠʢʦʥʫʻ ʨʦʣʴ ʦʯʠʩʥʠʢʘ ʧʦʚʽʪʨʷ, ʷʢʝ ʚʽʜʧʨʘʮʴʦʚʘʥʝ, ʚʽʜ 

ʜʨʽʙʥʠʭ ʰʤʘʪʢʽʚ ʬʨʫʢʪʽʚ, ʣʴʦʜʫ ʽ ʪʦʤʫ ʧʦʜʽʙʥʠʭ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɹʝʟ ʬʽʣʴʪʨʘʮʽʾ ʧʦʪʨʘʧʣʷʥʥʷ ʪʘʢʠʭ ʯʘʩʪʠʥ ʜʦ ʚʝʥʪʠʣʷʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʤʦʞʝ ʚʠʚʝʩʪʠ ʚʝʥʪʠʣʷʪʦʨ ʽʟ ʣʘʜʫ, ʪʘ ʟʫʧʠʥʠʪʠ ʨʦʙʦʪʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʩʣʫʛʫʻ ʧʨʠʯʠʥʦʶ ʟʥʘʯʥʠʭ ʟʙʠʪʢʽʚ ʢʦʤʧʘʥʽʾ 

ʚʠʨʦʙʥʠʢʘ ʟʘʤʦʨʦʞʫʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʦʚʽʪʨʷ, ʷʢʝ ʧʨʦʡʰʣʦ ʚʝʥʪʩʠʩʪʝʤʦʶ ʽ 

ʫʞʝ ʧʝʨʝʧʨʘʮʴʦʚʘʥʝ, ʚʩʤʦʢʪʫʻʪʴʩʷ ʥʘʟʘʜ ʜʦ ʩʠʩʪʝʤʠ, ʬʽʣʴʪʨʫʻʪʴʩʷ ʪʘ 

ʥʘʛʘʥʷʻʪʴʩʷ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ.  
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 ʂʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʝʧʨʷʤʠʤ ʯʠʥʦʤ, ʪʦʙʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʧʣʠʚʫ ʥʘ ʯʘʩʪʦʪʥʠʡ ʧʨʠʚʽʜ 

(6ʙ,8ʙ,10ʙ) ʜʚʠʛʫʥʘ ʥʘʛʥʽʪʘʶʯʦʛʦ ʚʝʥʪʠʣʷʪʦʨʫ. ʆʩʢʽʣʴʢʠ ʤʠ ʥʝ ʤʦʞʝʤʦ 

ʢʝʨʫʚʘʪʠ ʟʤʽʥʦʶ ʚʠʪʨʘʪʠ ʭʦʣʦʜʦʥʦʩʽʷ, ʤʠ ʢʝʨʫʻʤʦ ʟʤʽʥʦʶ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, 

ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʭʦʣʦʜʞʫʚʘʯ ʽ ʧʝʨʝʡʤʘʻ ʭʦʣʦʜ ʚʽʜ ʭʦʣʦʜʦʘʛʝʥʪʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʦʥʦʩʽʷ ʟʘʚʞʜʠ ʥʝʟʤʽʥʥʘ 40ʉ- ,̄ ʜʣʷ ʪʦʯʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʦʥʘ ʚʠʤʽʨʶʻʪʴʩʷ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ (24ʘ), 

ʦʩʢʽʣʴʢʠ, ʷʢʱʦ ʚ ʩʠʩʪʝʤʽ ʩʪʘʥʝʪʴʩʷ ʚʠʪʽʢ ʬʨʝʦʥʫ, ʪʠʩʢ ʙʫʜʝ ʥʝ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʽ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʜʽʟʥʘʻʪʴʩʷ ʧʨʦ ʪʘʢʫ ʧʨʦʙʣʝʤʫ, 

ʦʢʨʽʤ ʩʠʛʥʘʣʽʚ ʘʚʘʨʽʾ ʽʟ ʩʘʤʦʾ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ. ʇʦʩʪʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʨʝʤʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʷʢʠʡ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʦʥʪʫʨʫ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʨʝʩʦʨʥʦ- ʢʦʥʜʝʥʩʘʪʦʨʥʠʤ 

ʙʣʦʢʦʤ, ʱʦ ʥʝ ʻ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ. ʅʘ 

ʨʦʙʦʪʫ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ ʚʧʣʠʚʘʻ ʤʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ (1ʘ), ʷʢʠʡ ʜʘʻ ʩʠʛʥʘʣ 

ʥʘ ʚʢʣʶʯʝʥʥʷ ʩʠʩʪʝʤʠ, ʽ ʧʽʜʪʨʠʤʢʫ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʭʦʣʦʜʦʥʦʩʽʷ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʫ ʚʠʪʷʞʥʠʭ 

ʢʘʥʘʣʘʭ ʨʦʟʪʘʰʦʚʘʥʽ ʛʨʫʧʘ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ (6ʘ,8ʘ,10ʘ), ʩʘʤʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʜʘʪʯʠʢʽʚ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʥʝʧʨʷʤʦʾ ʦʮʽʥʢʠ ʧʦʪʦʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʜʫʢʪʽʚ ʥʘʧʨʷʤʫ ʻ ʥʝʧʦʪʨʽʙʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʪʦʤʫ 

ʱʦ ʮʝ ʫʩʢʣʘʜʥʝʥʥʷ ʥʝ ʥʘʜʘʻ ʚʝʣʠʢʦʛʦ ʧʨʠʨʦʩʪʫ ʜʦ ʪʦʯʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ.   

ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʦʜʽʙʥʠʭ ʢʘʤʝʨ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʻʢʪʥʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʯʘʩʪʦ ʥʝ ʧʨʠʜʽʣʷʶʪʴ ʧʦʪʨʽʙʥʦʾ ʫʚʘʛʠ ʧʨʦʙʣʝʤʽ, ʟ ʷʢʦʶ ʟʽʰʪʦʚʭʫʶʪʴʩʷ 

ʟʘʤʦʚʥʠʢʠ ʥʘ ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʘʭ. ʎʝ ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʨʟʘʥʥʷ ʧʘʣʝʪʽʚ ʟ 

ʧʨʦʜʫʢʪʘʤʠ ʜʦ ʧʦʚʝʨʭʥʽ ʧʽʜʣʦʛʠ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʜʘʣʴʰʝ ʧʝʨʝʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ 

ʜʦ ʧʦʚʥʦʾ ʟʫʧʠʥʢʠ ʠ ʨʦʟʤʦʨʦʟʢʠ ʩʠʩʪʝʤʠ. ʇʝʨʝʜʙʘʯʘʶʯʠ ʪʘʢʫ ʤʦʞʣʠʚʽʩʪʴ ʽ 

ʡʤʦʚʽʨʥʽ ʟʙʠʪʢʠ ʢʦʤʧʘʥʽʾ, ʚ ʧʦʚʝʨʭʥʶ ʧʽʜʣʦʛʠ, ʚ ʰʘʨ ʙʝʪʦʥʫ, ʚʤʦʥʪʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʢʘʙʝʣʴʥʦʛʦ ʦʙʽʛʨʽʚʫ, ʷʢʘ ʧʨʘʮʶʻ ʟʘ ʨʝʣʝʡʥʦʶ ʣʦʛʽʢʦʶ, ʘʣʝ ʨʽʰʝʥʥʷ 

ʧʨʦ ʚʢʣʶʯʝʥʥʷ ʧʨʠʡʤʘʻ ʢʦʥʪʨʦʣʝʨ. ʅʘ ʩʠʩʪʝʤʫ ʧʦʜʘʻʪʴʩʷ ʞʠʚʣʝʥʥʷ ʯʝʨʝʟ 
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ʤʘʛʥʽʪʥʽ ʧʫʩʢʘʯʽ (13ʘ,15ʘ,17ʘ). ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʨʦʙʦʪʫ, ʪʦʙʪʦ 

ʚʢʣʶʯʝʥʥʷ ʩʠʩʪʝʤʠ ʦʙʽʛʨʽʚʫ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʢʘʟʽʚ ʜʘʪʯʠʢʽʚ 

(12ʘ,14ʘ,16ʘ), ʷʢʽ ʪʘʢʦʞ ʚʤʦʥʪʦʚʘʥʽ ʚ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʧʽʜʣʦʛʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʤʥʦʶ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ ʪʝʭʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʨʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʡʦʛʦ 

ʝʣʝʤʝʥʪʠ: 

1. ʂʦʥʪʨʦʣʝʨ SE, ʄ172ʈ Blind 42 ɺʭ/ɺʠʭ, TM172PBG42RI (ʨʠʩ. 4.2), 

ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʧʨʦʮʝʩʦʨʥʠʤ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʝʨʫʶʯʦʾ ʜʽʾ ʪʘ 

ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʽʚ ʚʽʜ ʜʘʪʯʠʢʽʚ. 

 

 
ʈʠʩ. 4.2. ʂʦʥʪʨʦʣʝʨ SE ʄ172ʈ Blind 

 

2. ʇʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ SE HMIDT351 + HMIG5U2 (ʨʠʩ. 4.3.), ʷʢʘ ʩʣʫʛʫʻ 

ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʣʶʜʠʥʦ- ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʽ ʚ ʩʫʤʽ ʟ ʥʝʶ 

ʧʽʜʽʙʨʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨʥʠʡ ʧʨʠʩʪʨʽʡ.  
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ʈʠʩ. 4.3. ʇʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ SE HMIDT351 

 

3. ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ SE ʟ ʫʥʽʬʽʢʦʚʘʥʠʤ ʩʠʛʥʘʣʦʤ (4-20)ʤɸ, ʟ 

ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʤʦʜʝʣʽ: STD400-60 -50/50 (ʨʠʩ. 4.4.). 

 

 
ʈʠʩ. 4.4. ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ STD400-60 -50/50 
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ʇʨʠʚʽʜ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʽʟ ʯʘʩʪʦʪʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʤʧʘʥʽʾ Danfoss: FC-051 (ʘʥʘʣʦʛʦʚʝ ʢʝʨʫʚʘʥʥʷ 0é10 ɺ) (ʨʠʩ. 4.5.). 

 

ʈʠʩ. 4.5. ʏʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ Danfoss FC-051 

 

5. ɻʨʽʶʯʠʡ ʤʘʪ Elektra MD, ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʩʠʪʫʘʮʽʾ ʧʨʠʤʝʨʟʘʥʥʷ 

ʧʘʣʝʪʽʚ ʜʦ ʨʫʭʣʠʚʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩ. 4.6.). 
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ʈʠʩ. 4.6. ɻʨʽʶʯʠʡ ʤʘʪ Elektra MD 

 

4.2. ʉʪʚʦʨʝʥʘ ʧʨʦʛʨʘʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʘʤʝʨʦʶ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʝʨʘ SE Modicon M172 

 ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʷ ʦʙʨʘʚ ʢʦʥʪʨʦʣʝʨ ʚʽʜ ʢʦʤʧʘʥʽʾ Schneider Electric Modicon M172. 

ʂʦʥʪʨʦʣʝʨ ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʣʷ ʩʠʩʪʝʤ 

ʦʧʘʣʝʥʥʷ, ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʪʘ 

ʚʝʥʪʠʣʷʮʽʾ. ʂʦʥʪʨʦʣʝʨ ʰʠʨʦʢʦʚʞʠʚʘʥʠʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʤʘʻ 

ʥʝʦʙʭʽʜʥʠʡ ʽ ʜʦʩʪʘʪʥʽʡ ʬʫʥʢʮʽʦʥʘʣ, ʧʨʦʛʨʘʤʥʫ ʧʽʜʪʨʠʤʢʫ, ʷʢʘ ʧʦʩʪʽʡʥʦ 

ʦʥʦʚʣʶʻʪʴʩʷ, ʟʨʫʯʥʫ ʤʦʜʫʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʟʰʠʨʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʚʭʦʜʽʚ ï ʚʠʭʦʜʽʚ ʢʦʥʪʨʦʣʝʨʘ, ʜʝʢʽʣʴʢʘ ʚʠʭʦʜʽʚ RS485 ʪʘ Ethernet, 

ʱʦ ʨʦʙʠʪʴ ʙʝʟʧʨʦʙʣʝʤʥʠʤ ʚʠʚʽʜ ʢʦʥʪʨʦʣʝʨʘ ʪʘ ʚ ʮʽʣʦʤʫ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘ ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ. ʄʦʞʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʝʨʘ ʧʦʚʥʽʩʪʶ 

ʧʦʢʨʠʚʘʶʪʴ ʧʦʪʨʝʙʠ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ.  ʂʦʥʪʨʦʣʝʨ ʢʨʽʧʠʪʴʩʷ ʥʘ Din- 

ʨʝʡʢʫ, ʱʦ ʻ ʥʝʚʽʜôʻʤʥʠʤ ʘʪʨʠʙʫʪʦʤ ʟʨʫʯʥʦʩʪʽ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʩʝʨʝʜʠʥʽ 

ʱʠʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ɸ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʢʦʥʪʨʦʣʝʨʘ ʜʦʟʚʦʣʷʻ ʧʦ ʚʦʣʽ 

ʟʘʤʦʚʥʠʢʘ ʚʠʥʦʩʠʪʠ ʢʦʥʪʨʦʣʝʨ ʥʘ ʣʠʮʴʦʚʫ ʧʘʥʝʣʴ ʱʠʪʘ.  
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 ʉʘʡʪ SE ʦʜʨʘʟʫ ʧʨʦʧʦʥʫʻ ʟʘʚʘʥʪʘʞʠʪʠ ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʥʘ 

ʷʢʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ, ʪʫʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ: Schneider Electric 

EcoStruxureÊ Machine Expert ï HVAC. ʉʝʨʝʜʦʚʠʱʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ 

ʽʥʪʫʾʪʠʚʥʠʡ ʜʠʟʘʡʥ, ʱʦ ʥʝ ʩʪʘʥʝ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʥʦʚʘʯʢʘ, ʘ ʷʢʱʦ ʚʠʚʝʩʪʠ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʧʨʦʬʝʩʽʡʥʠʡ ʨʽʚʝʥʴ ï ʪʦ ʚʽʜʢʨʠʚʘʶʪʴʩʷ 

ʤʦʞʣʠʚʦʩʪʽ ʟ ʷʢʠʤʠ ʧʨʦʛʨʘʤʽʩʪ ʟʤʦʞʝ ʟʨʫʯʥʦ, ʰʚʠʜʢʦ ʽ ʷʢʽʩʥʦ ʨʦʟʨʦʙʣʷʪʠ 

ʇʆ ʜʣʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ.  ʇʆ ʻ ʜʦʩʪʘʪʥʻ ʜʣʷ ʷʢʽʩʥʦʾ ʧʦʙʫʜʦʚʠ ʧʨʦʮʝʩʫ 

ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ.   

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʧʫʥʢʪʫ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ, ʘ, ʪʦʙʪʦ, 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ɸʉʋ, ʷ ʦʙʨʘʚ ʥʘʡʚʘʞʣʠʚʽʰʠʡ, 

ʛʦʣʦʚʥʠʡ ʢʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ. ɻʦʣʦʚʥʠʤ ʢʦʥʪʫʨʦʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʻ ʢʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʭʽʜʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʻ 

ʥʝʧʨʷʤʠʤ ʧʦʢʘʟʥʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʜʫʢʪʫ ʟʘʤʦʨʦʟʢʠ, ʚʧʣʠʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʭʦʣʦʜʞʫʚʘʯ.  

ʄʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ ʢʝʨʫʚʘʥʥʷ ʦʧʠʩʘʥʠʤ ʚʠʱʝ ʢʦʥʪʫʨʦʤ ʨʦʟʛʣʷʥʫʪʦ ʫ 

ʮʴʦʤʫ ʧʫʥʢʪʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʇʆ ʷ ʚʠʢʦʨʠʩʪʘʚ 2 ʧʨʦʤʠʩʣʦʚʽ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ: Function Block Diagram (FBD), Sctructured Text (ST)- 

ʛʨʘʬʽʯʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʘ ʤʦʚʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʪʠ, ʚʽʜʧʦʚʽʜʥʦ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʩʪʘʚ ʨʦʟʨʦʙʣʝʥʠʡ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 4.7. 
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ʈʠʩ. 4.7. ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʢʦʥʪʫʨʫ ʢʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʚʝʥʪʠʣʷʪʦʨʘ  

 

 ɹʣʦʢ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʢʝʨʫʚʘʥʥʷ ʯʘʩʪʦʪʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, ʱʦ 

ʚʠʜʘʻ ʢʝʨʫʶʯʫ ʜʽʶ ʥʘ ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʚʝʥʪʠʣʷʪʦʨʘ ʧʨʠʧʣʠʚʥʦʛʦ 

ʧʦʚʽʪʨʷ ʚ ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ. ɹʣʦʢ ʥʘ ʚʠʭʦʜʽ ʟʘʜʘʻ ʚʽʜʩʦʪʦʢ ʨʦʙʦʪʠ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʷʢʝ ʥʝʦʙʭʽʜʥʝ ʽ ʜʦʩʪʘʪʥʻ ʜʣʷ ʪʦʛʦ ʱʦʙ ʚʠʭʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʽʜʧʦʚʽʜʘʣʘ ʧʦʩʪʘʚʣʝʥʦʤʫ ʟʘʚʜʘʥʥʶ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʝʪʘʧʫ 

ʟʘʤʦʨʦʟʢʠ. ʗʢʠʭ ʚ ʩʠʩʪʝʤʽ 3.  ʇʦʚʽʪʨʷ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʭʦʣʦʜʦʥʦʩʽʻʤ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʫ.  

 ʄʥʝʤʦ-ʢʦʜ ʙʣʦʢʫ Fan_Control ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 4.2. 

ʅʘ ʚʭʽʜ ʜʦ ʙʣʦʢʫ Fan_Control ʧʨʠʭʦʜʷʪʴ ʪʘʢʽ ʟʤʽʥʥʽ: xStart- ʩʠʛʥʘʣ ʥʘ 

ʧʦʯʘʪʦʢ ʨʦʙʦʪʠ ʇɯɼ ʨʝʛʫʣʷʪʦʨʘ, ʱʦ ʚʠʜʘʻ ʧʦʣʦʞʝʥʥʷ ʟʘʩʣʽʥʢʠ, rSet_Point- 

ʧʦʪʦʯʥʘ ʫʩʪʘʚʢʘ ʪʝʤʧʝʨʘʪʫʨʠ, rTemperature- ʧʦʪʦʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʜʫʢʪʽʚ, ʩʠʛʥʘʣ ʧʦʪʨʘʧʣʷʻ ʟ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ,  xManual_Mode- ʩʠʛʥʘʣ ʥʘ ʧʝʨʝʢʣʶʯʝʥʥʷ ʩʠʩʪʝʤʠ 

ʜʦ ʨʫʯʥʦʛʦ ʨʝʞʠʤʫ ʫʧʨʘʚʣʽʥʥʷ, tStart_Delay- ʟʘʪʨʠʤʢʘ ʥʘ ʚʢʣʶʯʝʥʥʷ ʇɯɼ 

ʨʝʛʫʣʷʪʦʨʘ, ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʧʨʠʣʘʜʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ.  
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ʈʠʩ. 4.8. ɿʤʽʩʪ ʙʣʦʢʫ Fan_Control 
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ɿʤʽʥʥʽ rKp, rTi, rTd ï ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼ ʨʝʛʫʣʷʪʦʨʘ, 

xAlarm- ʩʠʛʥʘʣ ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʘʚʘʨʽʶ ʘʙʦ ʪʨʠʚʦʛʫ, rHyst- ʟʤʽʥʥʘ, ʷʢʦʶ 

ʟʘʜʘʻʪʴʩʷ ʟʦʥʘ ʛʽʩʪʝʨʝʟʠʩʫ, ʟʤʽʥʥʘ Product- ʧʦʟʥʘʯʘʻ ʷʢʠʡ ʧʨʦʜʫʢʪ ʚ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʧʦʩʪʫʧʘʻ ʥʘ ʟʘʤʦʨʦʟʢʫ. 

 ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ, ʧʦ ʚʘʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ, ʯʘʩʪʠʥʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ: 

ʈʦʟʫʤʽʶʯʠ ʦʨʛʘʥʽʟʘʮʽʶ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʙʫʣʘ 

ʨʝʘʣʽʟʦʚʘʥʘ ʟʘʪʨʠʤʢʘ ʚ ʯʘʩʽ ʥʘ ʚʢʣʶʯʝʥʥʷ ʇɯɼ- ʨʝʛʫʣʷʪʦʨʘ, ʘ ʚ ʤʦʻʤʫ 

ʚʠʧʘʜʢʫ ʇ- ʨʝʛʫʣʷʪʦʨʘ. ɺʠʢʦʥʘʥʥʷ ʯʘʩʪʠʥʠ ʢʦʜʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.9.   

 

 
ʈʠʩ. 4.9. ʈʝʘʣʽʟʘʮʽʷ ʟʘʪʨʠʤʢʠ ʚ ʯʘʩʽ ʥʘ ʚʢʣʶʯʝʥʥʷ ʇ- ʨʝʛʫʣʷʪʦʨʘ 

  

ɼʘʣʽ ʦʧʠʩʘʥʘ ʯʘʩʪʠʥʘ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.10. 

ɺʽʜʧʨʘʮʴʦʚʘʥʦ ʚʧʣʠʚ ʘʚʘʨʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʘ ʨʦʙʦʪʫ ʨʝʛʫʣʷʪʦʨʘ. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʭʦʣʦʜʦʘʛʝʥʪʫ, ʽ ʥʝʜʦʩʪʘʪʥʽʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʚʝʥʪʠʣʷʪʦʨʽ, ʘʙʦ ʟʘʚʠʱʝʥʠʡ 

ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʽ (ʥʝ ʢʨʠʪʠʯʥʘ ʘʚʘʨʽʷ, ʘʣʝ ʤʘʻ ʙʫʪʠ ʦʙʨʦʙʣʝʥʘ). 

ɸʚʘʨʽʷ ʚʧʣʠʚʘʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤʠ ʫ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ, ʽ ʚʚʦʜʫ 

ʜʘʥʠʭ ʫ ʥʴʦʤʫ. ʗʢʱʦ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ- ʪʦ ʜʣʷ ʪʘʢʦʛʦ 

ʚʠʧʘʜʢʫ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʝʨʝʭʽʜ ʩʠʩʪʝʤʠ ʜʦ ʨʫʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ.    
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ʈʠʩ. 4.10. ɺʢʣʶʯʝʥʥʷ ʨʫʯʥʦʛʦ ʨʝʞʠʤʫ 

 

  ʆʜʥʘ ʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʇɯɼ ʨʝʛʫʣʷʪʦʨʘ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʛʣʷʥʫʪʠ, ʮʝ ʪʝ, ʱʦ ʚʽʥ ʟʙʝʨʽʛʘʻ ʦʩʪʘʥʥʻ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʩʚʦʛʦ 

ʚʠʭʦʜʫ. ɯ ʩʪʘʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʦʙʨʦʙʠʪʠ ʮʝʡ ʤʦʤʝʥʪ. ʋ ʨʦʟʨʦʙʣʝʥʦʤʫ ʤʥʦʶ 

ʇʆ, ʷʢʱʦ ʧʨʠ ʚʠʤʢʥʝʥʽʡ ʩʠʩʪʝʤʽ ʩʪʘʥʝʪʴʩʷ ʘʚʘʨʽʷ, ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʨʝʛʫʣʷʪʦʨʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʥʫʣʴʦʚʝ ʧʦʣʦʞʝʥʥʷ. 

ʏʘʩʪʠʥʘ ʧʨʦʛʨʘʤʠ, ʱʦ ʨʝʘʣʽʟʫʻ ʮʶ ʣʦʛʽʢʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.11.  ʗʢʱʦ 

ʘʚʘʨʽʾ ʥʝʤʘʻ- ʪʦ ʨʝʛʫʣʷʪʦʨ ʧʨʦʩʪʦ ʧʝʨʝʜʘʻ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ.  

 

 
ʈʠʩ. 4.11. ʂʦʥʪʨʦʣʴ ʚʠʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʷʪʦʨʘ 
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 ʅʘ ʨʠʩ. 4.12. ʨʦʟʛʣʷʥʫʪʦ ʨʝʘʣʽʟʘʮʽʶ ʨʦʙʦʪʠ ʙʣʦʢʫ ʘʜʘʧʪʠʚʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʩʠʩʪʝʤʘ, ʱʦ ʤʘʻ ʜʝʢʽʣʴʢʘ ʦʙôʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ, ʤʘʻ ʧʦʪʨʝʙʫ ʚ 

ʧʝʨʝʨʘʭʫʥʢʫ ʢʝʨʫʶʯʦʾ ʜʽʾ, ʱʦ ʜʦʢʘʟʘʥʦ ʚ ʨʦʟʜʽʣʽ 3. ʊʘʢʠʤ ʯʠʥʦʤ ʙʣʦʢ 

Kp_Adapt ʚʠʙʠʨʘʻ ʟʥʘʯʝʥʥʷ Kp ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʧʝʨʝʜʘʥʦ ʚ 

ʟʤʽʥʥʫ Product ʽʟ ʩʠʩʪʝʤʠ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ. 

 

 
ʈʠʩ. 4.12. ɹʣʦʢ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʘʮʽʾ ʨʦʙʦʪʠ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ 

ʟʘʤʦʨʦʟʢʠ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ 

 

 

ʂʦʜ ʙʣʦʢʫ Kp_Adapt:  
IF Manual_PID THEN 

   Kp_Adapt := Kp; 

 ELSE 

  CASE Prod OF 

   1: Kp_Adapt = 0.5068; // Apples 

   2: Kp_Adapt = 0.386;  // Meat 

  ELSE  

   Kp_Adapt = 0.4; 

  END_CASE;  

 END_IF; 

 



76 
 

 

4.3. ʈʦʟʨʦʙʣʝʥʘ SCADA- ʩʠʩʪʝʤʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʘʤʝʨʦʶ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ 

 ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʻʶ, ʻ ʧʦʪʫʞʥʠʤ ʜʦʧʦʚʥʝʥʥʷʤ ʜʦ  

ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʪʘ ʟ ʯʘʩʦʤ ʩʪʘʣʘ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʚʝʣʠʢʠʭ ʦʙôʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʮʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʟʙʽʨ ʜʘʥʠʭ ʟ 

ʘʛʨʝʛʘʪʽʚ ʩʠʩʪʝʤ, ʽ ʩʣʫʛʫʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʣʝʛʢʦʾ ʟʤʽʥʠ ʟʘʚʜʘʥʥʷ ʥʘ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ, ʥʘ ʧʨʠʢʣʘʜ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʫ ʢʦʤʧʣʝʢʩʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ. ʂʝʨʫʶʯʠʩʴ ʤʦʾʤ ʚʠʙʦʨʦʤ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʘ ʩʘʤʝ ʢʦʥʪʨʦʣʝʨ ʪʘ ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ ʚʽʜ ʢʦʤʧʘʥʽʾ Schneider 

Electric, ʧʨʠ ʚʠʙʦʨʽ  Scada- ʩʠʩʪʝʤʠ ʷ ʚʠʨʽʰʠʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ Schneider Electric, ʱʦʙ ʥʝ ʚʽʜʩʪʫʧʘʪʠ 

ʚʽʜ ʣʦʛʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʣʶʜʠʥʦ- ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʋ ʷʢʦʩʪʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʝʨʫ ʩʘʡʪ Schneider Electric ʧʨʦʧʦʥʫʻ 

Schneider Electric EcoStruxure Machine SCADA Expert 2020 SP1.  

 ɼʘʣʽ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʥʘʜ Scada- ʩʠʩʪʝʤʦʶ 

ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ. 

 ʇʨʠ ʥʦʚʦʤʫ ʟʘʭʦʜʽ ʚ ʩʠʩʪʝʤʫ ʢʦʨʠʩʪʫʚʘʯ ʟʜʦʙʫʚʘʻ ʩʪʘʪʫʩ ʛʦʩʪʷ, ʡʦʤʫ 

ʥʝ ʜʦʩʪʫʧʥʠʡ ʧʫʥʢʪ ʢʝʨʫʚʘʥʥʷ ʨʫʯʥʠʤ ʨʝʞʠʤʦʤ, ʘʣʝ ʜʦʩʪʫʧʥʝ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʤʽʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʩʪʘʪʫʩ ʨʦʙʦʪʠ 

ʦʙʣʘʜʥʘʥʥʷ, ʘʙʦ ʟʤʽʥʦʶ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʫ ʥʘʜ ʚʽʜʩʦʪʢʦʤ 

ʧʦʪʫʞʥʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʫ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ.  

 ʗʢʱʦ ʣʶʜʠʥʘ ʤʘʻ ʜʦʩʪʘʪʥʶ ʢʚʘʣʽʬʽʢʘʮʽʾ ʽ ʜʦʢʫʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʫ ʜʦʚʽʨʫ ʚʽʜ ʟʘʤʦʚʥʠʢʘ, ʘʙʦ ʚʣʘʩʥʠʢʘ ʦʙôʻʢʪʫ, ʪʦʙʪʦ ʡʦʤʫ ʚʽʜʦʤʽ 

ʣʦʛʽʥ ʽ ʧʘʨʦʣʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʩʠʩʪʝʤʠ ï ʪʦ ʧʽʩʣʷ ʚʚʦʜʫ ʟʥʘʯʝʥʴ, ʩʪʘʶʪʴʩʷ 

ʜʦʩʪʫʧʥʽ ʜʽʾ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ. ʂʦʨʠʩʪʫʚʘʯ ʟʜʦʙʫʚʘʻ ʩʪʘʪʫʩ Admin (ʜʘʣʽ 

çɸʜʤʽʥè). ɺʽʜʧʦʚʽʜʥʝ ʚʽʢʥʦ ʚʚʦʜʫ ʜʘʥʠʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.5. 
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ʈʠʩ. 4.5. ɺʽʢʥʦ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ 

 

 ʂʦʨʠʩʪʫʚʘʯ  ʟʽ ʩʪʘʪʫʩʦʤ ɸʜʤʽʥ, ʤʘʪʠʤʝ ʤʦʞʣʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 

4.6. ɯ ʚʽʜʢʨʠʻʪʴʩʷ ʧʦʯʘʪʢʦʚʝ ʤʝʥʶ. 

 



78 
 

 

 
ʈʠʩ. 4.6. ʇʦʯʘʪʢʦʚʝ ʤʝʥʶ ʧʨʦʛʨʘʤʠ 

 

 ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʤʝʥʶ ɸʜʤʽʥ ʤʦʞʝ ʧʝʨʝʡʪʠ ʜʦ: ʚʽʢʥʘ ʢʝʨʫʚʘʥʥʷ ʨʫʯʥʠʤ 

ʨʝʞʠʤʦʤ, ʤʥʝʤʦ- ʩʭʝʤʠ, ʜʦ ʚʽʢʥʘ ʘʚʘʨʽʡ ʪʘ ʪʨʠʚʦʛʠ, ʪʘʢʦʞ ʜʦ ʚʽʢʥʘ ʪʨʝʥʜʽʚ. 

 ʈʦʟʨʦʙʣʝʥʝ ʚʽʢʥʦ ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʤʥʝʤʦ- ʩʭʝʤʠ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 4.7. ʋ ʤʦʞʣʠʚʦʩʪʽ ʚʽʢʥʘ ʤʥʝʤʦ- ʩʭʝʤʠ, ʜʣʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʩʠʩʪʝʤʠ, 

ʚʭʦʜʠʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʤʦʞʣʠʚʽʩʪʴ ʜʦʟʚʦʣʫ ʥʘ ʧʦʜʘʯʫ ʞʠʚʣʝʥʥʷ ʜʦ ʩʠʩʪʝʤʠ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʞʠʚʣʝʥʥʷ ʫʩʽʭ ʧʨʠʣʘʜʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʢʘʤʝʨʠ ʦʙôʻʢʪʫ ʢʝʨʫʚʘʥʥʷ.  

 ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʫʪ ʟʦʙʨʘʞʝʥʽ ʚʩʽ ʜʘʪʯʠʢʠ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʠ ʾʭʥʽʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʪʘʢʦʞ ʚʽʜʩʦʪʦʢ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʚʝʥʪʠʣʷʪʦʨʫ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʯʠ ʩʪʘʥ ʧʨʠʩʪʨʦʾʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʢʝʨʫʚʘʥʥʷ ʦʙôʻʢʪʦʤ. 

   

 



79 
 

 

 
ʈʠʩ. 4.7. ɺʽʢʥʦ ʤʥʝʤʦ-ʩʭʝʤʠ 

 

ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʽʢʦʥ, ʨʦʟʪʘʰʦʚʘʥʽ ʤʝʥʶ ʥʘʚʽʛʘʮʽʾ, ʟ ʷʢʠʭ ʤʦʞʥʘ 

ʧʝʨʝʡʪʠ ʜʦ ʽʥʰʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ.  
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ʈʠʩ. 4.8. ɺʽʢʥʦ ʨʫʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

 

 ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʽʢʥʘ ʨʫʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ (ʨʠʩ. 4.8.), 

ʢʦʨʠʩʪʫʚʘʯ ʟʽ ʩʪʘʪʫʩʦʤ çɸʜʤʽʥè ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʣʦʞʝʥʥʷ ʧʦʚʟʫʥʢʘ, ʱʦ 

ʟʘʜʘʻ ʚʽʜʩʦʪʦʢ ʧʦʪʫʞʥʦʩʪʽ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʽʚ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ. ʉʘʤ 

ʚʽʜʩʦʪʦʢ, ʫ ʩʚʦʶ ʯʝʨʛʫ ʢʝʨʫʻ ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷ. ʊʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʚʽʤʢʥʝʥʥʷ ʽ ʚʠʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ, ʚʤʠʢʘʪʠ ʽ ʚʠʤʠʢʘʪʠ ʧʽʜʽʛʨʽʚ ʧʽʜʣʦʛʠ ʜʣʷ 

ʢʦʞʥʦʾ ʟʦʥʠ, ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ.  

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʻ ʚʠʙʽʨ ʧʨʦʜʫʢʪʫ 

ʟʘʤʦʨʦʞʝʥʥʷ, ʮʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʫ ʇʃʂ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʙʣʦʢʫ ʘʜʘʧʪʘʮʽʾ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʶʯʦʾ ʜʽʾ ʜʦ ʚʧʣʠʚʫ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ, ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʙôʻʢʪ ʟʘʤʦʨʦʟʢʠ.  

 ʈʠʩʫʥʦʢ 4.9. ʟʦʙʨʘʞʘʻ ʚʽʢʥʦ ʘʚʘʨʽʡ ʽ ʪʨʠʚʦʛʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʧʨʦʩʣʽʜʢʦʚʫʚʘʪʠʩʷ, ʷʢ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʘʢ ʽ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʘʨʭʽʚʫ.  

 



81 
 

 

 
ʈʠʩ. 4.9. ɺʽʢʥʦ ʘʚʘʨʽʡ ʽ ʪʨʠʚʦʛʠ 

 

 ʋ ʨʦʟʨʦʙʣʝʥʦʤʫ ʣʶʜʠʥʦ- ʤʘʰʠʥʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʧʝʨʝʜʙʘʯʝʥʦ ʚʽʢʥʦ 

ʪʨʝʥʜʽʚ, ʥʘ ʨʠʩʫʥʢʫ 4.10. ʎʝ ʧʦ ʩʫʪʽ ʩʚʦʾʡ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʟʤʽʥʠ 

ʢʨʠʚʠʭ, ʱʦ ʟʦʙʨʘʞʫʶʪʴʩʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʮʝʩʠ 

ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʧʣʠʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʤʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʻ 

ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʧʨʦʮʝʩʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ.  
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ʈʠʩ. 4.10. ɺʽʢʥʦ ʪʨʝʥʜʽʚ 
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5. ʈʆɿʈʆɹʂɸ ʉʊɸʈʊɸʇ-ʇʈʆɭʂʊʋ ʉʀʉʊɽʄʀ 

ʂɽʈʋɺɸʅʅʗ ʂɸʄɽʈʆʖ ʐʆʂʆɺʆɰ ɿɸʄʆʈʆɿʂʀ 

ʇʈʆɼʋʂʊɯɺ ʍɸʈʏʋɺɸʅʅʗ 

ʈʦʟʨʦʙʢʘ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʧʦʩʠʣʘʶʯʠʩʴ ʥʘ ʤʝʪʦʜʠʯʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʦʧʠʩʘʥʽ ʟʘ ʧʦʩʠʣʘʥʥʷʤ [15]. 

5.1. ʆʧʠʩ ʽʜʝʾ ʨʦʟʨʦʙʢʠ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

ʉʪʘʨʪʘʧʦʤ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʧʨʦʝʢʪ, ʱʦ ʪʽʣʴʢʠ ʟʘʧʫʩʢʘʻʪʴʩʷ. ɺʽʥ ʧʦʚʠʥʝʥ 

ʧʨʦʩʫʚʘʪʠ ʽʥʥʦʚʘʮʽʡʥʫ ʽʜʝʶ ʘʙʦ ʤʽʩʪʠʪʠ ʚʜʦʩʢʦʥʘʣʝʥʫ ʤʦʜʝʣʴ ʩʪʘʨʦʾ. 

ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʦʩʦʙʣʠʚʦʩʪʽ, ʙʘʛʘʪʦ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʽʚ ʤʦʞʫʪʴ ʟʤʘʛʘʪʠʩʷ ʟ 

ʚʝʣʠʢʠʤʠ ʢʦʤʧʘʥʽʷʤʠ, ʷʢʽ ʜʽʶʪʴ ʟʘ ʥʘʧʨʘʮʴʦʚʘʥʦʶ ʩʭʝʤʦʶ ʽ ʥʝ ʚʚʦʜʷʪʴ 

ʽʥʥʦʚʘʮʽʾ. ɺʘʞʣʠʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʩʪʘʨʪʘʧʫ ʚʽʜ ʧʨʦʩʪʦʾ ʙʽʟʥʝʩ ʽʜʝʾ ʮʝ ʮʽʥʥʽʩʪʴ 

ʪʘ ʟʘʪʨʝʙʫʚʘʥʽʩʪʴ ʙʽʟʥʝʩ-ʽʜʝʾ. ɹʫʜʴ-ʷʢʠʡ ʙʽʟʥʝʩ-ʧʣʘʥ ʤʽʩʪʠʪʴ ʽʜʝʶ. ʇʠʪʘʥʥʷ 

ʚ ʪʦʤʫ, ʯʠ ʮʽʢʘʚʘ ʮʽʣʴʦʚʘ ʘʫʜʠʪʦʨʽʷ. ʊʘʢ ʦʩʴ, ʽʜʝʷ ʚ ʦʩʥʦʚʽ ʩʪʘʨʪʘʧʫ ʤʘʻ ʙʫʪʠ 

ʮʽʥʥʦʶ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʦʶ. ʊʦʤʫ ʩʪʘʥʜʘʨʪʥʽ ʽʜʝʾ ʜʣʷ ʙʽʟʥʝʩʫ, ʷʢʠʭ ʧʦʚʥʦ ʚ 

ɯʥʪʝʨʥʝʪʽ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ, ʷʚʥʦ ʥʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʩʪʘʨʪʘʧʫ. 

ɿʤʽʩʪ ʨʦʟʨʦʙʣʝʥʦʾ ʽʜʝʾ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʧʨʠʙʫʪʢʫ, ʱʦ 

ʦʪʨʠʤʘʻ ʢʦʨʠʩʪʫʚʘʯ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 5.1. 

ʊʘʙʣ. 5.1. ʆʧʠʩ ʽʜʝʾ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.1. 

 

ʄʥʦʶ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʚʘʛ ʨʦʟʨʦʙʣʝʥʦʾ ʽʜʝʾ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʽʜʝʷʤʠ ʢʦʥʢʫʨʝʥʪʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʫ ʪʘʙʣʠʮʽ 5.2. 

ʊʘʙʣ. 5.2. ɺʠʟʥʘʯʝʥʥʷ ʩʣʘʙʢʠʭ, ʥʝʡʪʨʘʣʴʥʠʭ ʪʘ ʩʠʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʜʝʾ 

 

 

5.2. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʘʫʜʠʪ ʧʨʦʻʢʪʫ 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟʜʽʡʩʥʝʥʥʦʩʪʽ ʽʜʝʾ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʻʢʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʠʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 5.3.  
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ʊʘʙʣ. 5.3 ʊʝʭʥʦʣʦʛʽʯʥʘ ʟʜʽʡʩʥʝʥʥʽʩʪʴ ʽʜʝʾ ʧʨʦʻʢʪʫ 

 

ɼʦʩʣʽʜʞʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʩʢʣʘʜʝʥʦʾ ʪʘʙʣʠʮʽ, ʤʥʦʶ ʟʨʦʙʣʝʥʠʡ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʽʜʝʷ ʧʨʦʝʢʪʫ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʜʽʡʩʥʝʥʥʦʶ.  

 

5.3. ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʨʠʥʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʛʘʣʫʟʽ, ʷʢʽ ʤʦʞʣʠʚʽ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ  ʚ ʧʨʦʮʝʩʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʻʢʪʫ, ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʽ ʨʠʥʢʦʚʽ 

ʟʘʛʨʦʟʠ, ʱʦ ʤʦʞʫʪʴ ʩʪʘʪʠ ʯʠʥʥʠʢʘʤʠ ʜʦ ʧʝʨʝʰʢʦʜʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ. ɼʘʥʽ 

ʟʘʥʝʩʝʥʦ ʜʦ ʪʘʙʣʠʮʽ 5.4.  

 

 

 

 



86 
 

 

ʊʘʙʣʠʮʷ 5.4 ʇʦʧʝʨʝʜʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʠʥʢʫ ʩʪʘʨʪʘʧ-

ʧʨʦʻʢʪʫ 

 

ɿ ʜʘʥʠʭ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʛʘʣʫʟʴ ʻ 

ʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʚʭʦʜʞʝʥʥʷ, ʟʘ ʧʦʧʝʨʝʜʥʴʦʶ ʦʮʽʥʢʦʶ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ 

ʛʨʘʚʮʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʢʦʥʢʫʨʝʥʮʽʶ ʤʘʣʘ, ʜʠʥʘʤʽʢʘ ʨʠʥʢʫ ʤʘʻ ʟʨʦʩʪʘʶʯʫ 

ʪʝʥʜʝʥʮʽʶ, ʘ ʩʝʨʝʜʥʷ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʝʨʝʚʠʱʫʻ ʙʘʥʢʽʚʩʴʢʠʡ ʚʽʜʩʦʪʦʢ ʥʘ 

ʚʢʣʘʜʝʥʥʷ.  

ɺʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʛʨʫʧ ʢʣʽʻʥʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ 

ʧʨʦʝʢʪʫ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.5. 

 

ʊʘʙʣʠʮʷ 5.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 
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ɼʦʩʣʽʜʞʝʥʦ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʞʘʪʠ ʨʠʥʢʦʚʦʤʫ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʧʨʦʻʢʪʫ, ʪʘ ʧʦʟʠʪʠʚʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ. ɼʘʥʽ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 5.6 ʪʘ 5.7, ʚʽʜʧʦʚʽʜʥʦ. 

 

ʊʘʙʣʠʮʷ 5.6. ʌʘʢʪʦʨʠ ʟʘʛʨʦʟʠ 

 

 

ʊʘʙʣʠʮʷ 5.7. ʌʘʢʪʦʨʠ ʤʦʞʣʠʚʦʩʪʝʡ ʚʧʨʦʚʘʜʞʝʥʥʷ 

 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʦʧʦʟʠʮʽʡ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʥʢʫʨʝʥʮʽʾ ʛʘʣʫʟʽ. ɼʘʥʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 5.8. 
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ʊʘʙʣʠʮʷ 5.8. ʉʪʫʧʝʥʝʚʠʡ ʘʥʘʣʽʟ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ 
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ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʜʝʪʘʣʴʥʽʰʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʢʫʨʝʥʮʽʾ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʛʘʣʫʟʽ ʟʘ ʤʦʜʝʣʣʶ ʄ. ʇʦʨʪʝʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ  ʪʘʙʣʠʮʝʶ 5.9. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʥʦʶ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʢʝʨʫʶʯʠʩʴ ʢʦʥʢʫʨʝʥʪʥʦʶ ʩʠʪʫʘʮʽʻʶ ʥʘ ʨʠʥʢʫ, ʧʨʦʻʢʪ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, ʪʦʙʪʦ, ʫ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ ʻ ʰʘʥʩʠ ʜʣʷ ʨʦʙʦʪʠ ʥʘ 

ʨʠʥʢʫ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ 

ʪʝʥʜʝʨʘʭ, ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʪʫ.  

 

ʊʘʙʣʠʮʷ 5.9. ɸʥʘʣʽʟ ʫʤʦʚ ʢʦʥʢʫʨʝʥʮʽʾ ʛʘʣʫʟʽ ʟʘ ʄ. ʇʦʨʪʝʨʦʤ 

 

ʅʘʚʝʜʝʤʦ ʧʝʨʝʣʽʢ ʬʘʢʪʦʨʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ɺʠʟʥʘʯʝʥʠʡ 

ʧʝʨʝʣʽʢ ʧʦʢʘʟʘʥʦ ʫ ʪʘʙʣʠʮʽ 5.10. 
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ʊʘʙʣʠʮʷ 5.10. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʴʥʠʭ ʽ ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ ʧʨʦʻʢʪʫ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.11. 

ʊʘʙʣʠʮʷ 5.11. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʣʴʥʠʭ ʪʘ ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ ʧʨʦʻʢʪʫ 

 

 

ʌʽʥʘʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʨʠʥʢʫ, ʪʘ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ, ʻ 

ʧʨʦʚʝʜʝʥʥʷ SWOT-ʘʥʘʣʽʟʫ, ʪʦʙʪʦ ʨʦʟʨʦʙʢʠ ʤʘʪʨʠʮʽ, ʟ ʘʥʘʣʽʟʦʤ ʩʠʣʴʥʠʭ ʪʘ 

ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʪʘʨʪʘʧʫ, ʟʘʛʨʦʟ ʧʨʦʻʢʪʫ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʛʣʷʥʫʪʠʭ ʨʘʥʽʰʝ ʪʘʙʣʠʮʴ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʦʮʽʥʢʠ.  
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ʊʘʙʣʠʮʷ 5.12. SWOT ï ʘʥʘʣʽʟ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

 

 

ʅʘ ʦʩʥʦʚʽ ʪʘʙʣʠʮʽ ʽʟ SWOT-ʘʥʘʣʽʟʦʤ ʤʦʞʝʤʦ ʨʦʟʨʦʙʠʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʚʘʨʽʘʥʪʠ ʧʦʚʝʜʽʥʢʠ ʥʘ ʨʠʥʢʫ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ ʥʘ ʨʠʥʦʢ ʪʘ ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʨʠʥʢʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ ʟʚʘʞʘʶʯʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʻʢʪʽʚ ʢʦʥʢʫʨʝʥʪʽʚ.  

ʈʦʟʨʦʙʣʝʥʽ ʜʘʥʽ ʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.13. 

ʊʘʙʣʠʮʷ 5.13. ɸʣʴʪʝʨʥʘʪʠʚʠ ʨʠʥʢʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣʠʮʽ ʚʠʱʝ, ʚʘʨʪʦ ʩʧʨʠʡʤʘʪʠ ʮʽʣʴʦʚʦʶ ʘʫʜʠʪʦʨʽʻʶ 

ʧʨʦʻʢʪʫ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ 

ʨʠʥʦʢ ʧʨʠʚʘʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚʝʣʠʢʠʭ ʤʽʩʪ, ʽ ʦʨʽʻʥʪʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʧʨʦʻʢʪʫ 
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ʥʘ ʜʘʥʫ ʯʘʩʪʠʥʫ ʨʠʥʢʫ. ʁʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʩʫʨʩʽʚ ʚʠʱʘ ʟʘ ʽʥʰʽ ʨʠʥʢʠ, 

ʠ ʪʝʨʤʽʥʠ ʨʝʘʣʽʟʘʮʽʾ ʤʘʶʪʴ ʥʘʡʤʝʥʰʠʡ ʧʦʨʷʜʦʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ. 

 

5.4. ʈʦʟʨʦʙʣʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʧʦʰʠʨʝʥʥʷ ʧʨʦʻʢʪʫ 

ʇʝʨʰ ʟʘ ʚʩʝ, ʚ ʤʝʞʘʭ ʟʘʜʘʯʽ ʧʦʰʠʨʝʥʥʷ ʧʨʦʻʢʪʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʩʪʨʘʪʝʛʽʶ ʦʭʦʧʣʝʥʥʷ ʨʠʥʢʫ ʪʘ ʦʧʠʩʘʪʠ ʮʽʣʴʦʚʫ ʘʫʜʠʪʦʨʽʶ ʢʽʥʮʝʚʠʭ 

ʩʧʦʞʠʚʘʯʽʚ. ɼʦʩʣʽʜʞʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʪʘʙʣʠʮʽ 5.14. 

ʊʘʙʣʠʮʷ 5.14. ɺʠʙʽʨ ʮʽʣʴʦʚʠʭ ʛʨʫʧ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ 

 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʮʽʣʴʦʚʽ ʛʨʫʧʠ, ʜʣʷ ʦʭʦʧʣʝʥʥʷ ʨʠʥʢʫ, ʟʘʟʚʠʯʘʡ, ʦʙʠʨʘʻʪʴʩʷ 

ʩʪʨʘʪʝʛʽʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ, ʪʦʤʫ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ ʥʝ ʟ 

ʦʜʥʠʤ ʩʝʛʤʝʥʪʦʤ ʮʽʣʴʦʚʦʾ ʛʨʫʧʠ. ʊʘʢʦʞ ʩʣʽʜ ʧʦʤʽʪʠʪʠ, ʱʦ ʧʨʦʛʨʘʤʘ 

ʨʠʥʢʦʚʦʛʦ ʚʧʣʠʚʫ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʯʘʩʪʠʥʠ ʛʨʫʧʠ.  

ɿʘʥʝʩʝʤʦ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʜʦ ʪʘʙʣʠʮʽ 5.15., ʜʣʷ ʨʦʙʦʪʠ ʚ ʦʙʨʘʥʠʭ 

ʯʘʩʪʠʥʘʭ ʨʠʥʢʫ. ɸ ʪʘʢʦʞ ʧʦʤʽʩʪʠʤʦ ʚʠʥʝʩʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʨʘʪʝʛʽʾ 

ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʜʦ ʪʘʙʣʠʮʽ 5.16. 
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ʊʘʙʣʠʮʷ 5.15. ɺʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ 

 

 

ʅʘ ʦʩʥʦʚʽ ʧʦʪʨʝʙ ʽ ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʘʪʝʛʽʶ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʦʻʢʪʫ ʥʘ ʨʠʥʢʫ, ʪʘ ʩʪʨʘʪʝʛʽʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ (ʪʘʙʣ. 

5.16), ʷʢʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʦʨʤʫʚʘʥʥʷ ʨʠʥʢʦʚʦʾ ʧʦʟʠʮʽʾ, ʟʘ ʷʢʠʤ ʩʧʦʞʠʚʘʯʽ 

ʤʘʶʪʴ ʚʧʽʟʥʘʪʠ ʪʦʨʛʽʚʝʣʴʥʫ ʤʘʨʢʫ, ʘʙʦ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʻʢʪ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.17. 

ʊʘʙʣʠʮʷ 5.16. ɺʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ 

 

ʊʘʙʣʠʮʷ 5.17. ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 
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5.5. ʈʦʟʨʦʙʢʘ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʯʘʩʪʠʥʠ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

ɼʣʷ ʧʦʯʘʪʢʫ, ʩʬʦʨʤʫʻʤʦ ʢʦʥʮʝʧʮʽʶ ʤʘʨʢʝʪʠʥʛʫ ʧʦ ʟʙʫʪʫ ʪʦʚʘʨʫ, ʷʢʫ 

ʦʪʨʠʤʫʚʘʪʠʤʝ ʢʽʥʮʝʚʠʡ ʩʧʦʞʠʚʘʯ. ʇʦʧʝʨʝʜʥʽ ʧʽʜʩʫʤʢʠ ʘʥʘʣʽʟʫ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʦʚʘʨʫ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.18. 

ʊʘʙʣʠʮʷ 5.18. ɺʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʢʦʥʮʝʧʮʽʾ ʧʦʪʝʥʮʽʡʥʦʛʦ ʪʦʚʘʨʫ 

 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʮʽʥʦʚʽ ʤʝʞʽ, ʷʢʠʤʠ ʙʫʜʝʤʦ 

ʦʧʝʨʫʚʘʪʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʮʽʥʠ ʥʘ ʧʦʪʝʥʮʽʡʥʠʡ ʪʦʚʘʨ. ʊʦʚʘʨ ʧʦʪʝʥʮʽʡʥʠʡ 

ʦʩʢʽʣʴʢʠ ʦʩʪʘʪʦʯʥʽ ʮʽʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʞʝ ʧʽʜ ʯʘʩ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʨʦʻʢʪʫ. ɸʥʘʣʽʟ ʧʨʦʚʽʚʩʷ ʝʢʩʧʝʨʪʥʠʤ ʤʝʪʦʜʦʤ, ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʟʘʥʝʩʝʥʽ 

ʜʦ ʪʘʙʣʠʮʽ 5.19. 
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ʊʘʙʣʠʮʷ 5.19. ɺʠʟʥʘʯʝʥʥʷ ʤʝʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʽʥʠ 

 

 

ɼʘʣʽ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʙʫʪʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʟʘʥʝʩʝʥʽ ʜʦ ʪʘʙʣʠʮʽ 5.20. 

ʊʘʙʣʠʮʷ 5.20. ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʙʫʪʫ 

 

 

ɿʘʢʣʶʯʘʶʯʠʤ ʝʪʘʧʦʤ ʥʝʦʙʭʽʜʥʘ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʷ 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʱʦ ʽ ʙʫʣʦ ʟʨʦʙʣʝʥʦ. ʂʦʥʮʝʧʮʽʷ ʦʧʠʨʘʻʪʴʩʷ ʥʘ 

ʨʘʥʽʰʝ ʦʙʨʘʥʫ ʤʦʜʝʣʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʽ ʧʦʚʝʜʽʥʢʠ ʢʣʽʻʥʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.21. 
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ʊʘʙʣʠʮʷ 5.21. ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʙʫʪʫ 

 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʨʦʟʜʽʣʽ ʷ ʧʨʦʚʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʘʫʜʠʪ ʽʜʝʾ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʻʢʪʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʽʟʫ ʩʪʘʣʦ ʪʝ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ: 

ʧʦ-ʧʝʨʰʝ, ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʜʽʡʩʥʶʚʘʥʘ, ʧʦ-ʜʨʫʛʝ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʧʨʦʻʢʪ ʤʘʻ 

ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʥʠʤʠ ʧʨʦʧʦʟʠʮʽʷʤʠ, ʽ ʪʦʤʫ ʤʘʻ ʚʝʣʠʢʽ 

ʰʘʥʩʠ ʜʦ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʨʠʢʫ ʋʢʨʘʾʥʠ.  

ʎʽʣʴʦʚʦʶ ʘʫʜʠʪʦʨʽʻʶ ʚ ʙʽʣʴʰʦʩʪʽ ʩʪʘʣʠ ʚʣʘʩʥʠʢʠ ʚʝʣʠʢʠʭ ʧʨʠʚʘʪʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʪʘ ʣʦʢʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ, ʷʢʱʦ ʦʧʠʨʘʪʠʩʴ 

ʥʘ ʧʦʢʘʟʠ ʪʘʙʣʠʮʽ ʟ ʨʠʥʢʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʻʢʪʫ. ʉʝʨʝʜ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ 

ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʦʭʦʧʣʝʥʥʷ ʨʠʥʢʫ, ʚʠʙʨʘʥʦ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʨʘʪʝʛʽʶ  

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ. ɸ ʩʪʨʘʪʝʛʽʷ ʟʘʡʥʷʪʪʷ ʢʦʥʢʫʨʝʥʪʥʦʾ ʥʽʰʽ 

ʜʦʧʦʤʦʞʝ ʚ ʢʦʥʢʫʨʝʥʪʥʽʡ ʙʦʨʦʪʴʙʽ ʥʘ ʨʠʥʢʫ ʟʙʫʪʫ. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʽʜʝʾ ʧʨʦʻʢʪʫ ʨʦʟʛʣʷʥʫʪʘ ʢʦʥʮʝʧʮʽʷ 

ʨʝʢʣʘʤʠ, ʷʢʘ ʥʘ ʤʽʡ ʧʦʛʣʷʜ, ʤʘʻ ʥʘʡʙʽʣʴʰʽ ʰʘʥʩʠ ʚʧʣʠʚʫ ʥʘ ʮʽʣʴʦʚʫ 

ʘʫʜʠʪʦʨʽʶ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʾ ʨʝʢʣʘʤʠ ʻ ʜʦʥʝʩʝʥʥʷ ʜʦ ʢʽʥʮʝʚʦʛʦ ʢʣʽʻʥʪʘ 

ʧʝʨʝʚʘʛʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʛʣʷʥʫʪʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʧʝʨʝʚʘʛʠ ʚʽʜʜʘʣʝʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʷʢʽʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʟʘʤʦʨʦʟʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʷʢʽʩʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟ ʜʦʚʛʦʚʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʥʦʰʫʚʘʥʦʩʪʽ.  
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ʈʦʟʨʦʙʣʝʥʘ ʤʘʨʢʝʪʠʥʛʦʚʘ ʧʨʦʛʨʘʤʘ ʜʘʣʘ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ  ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʮʽʥ ʥʘ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʻʢʪ. ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʤʝʪʦʜʦʤ ʟʙʫʜʫ ʚʠʙʨʘʥʦ 

ʧʨʦʩʫʚʘʥʥʷ ʧʨʦʻʢʪʫ ʯʝʨʝʟ ʪʝʥʜʝʨʠ. 
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ɺʀʉʅʆɺʂʀ 
 ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʷ ʜʦʩʣʽʜʠʚ ʽ ʨʦʟʛʣʷʥʫʚ 

ʦʩʦʙʣʠʚʦʩʪʽ ʜʦ ʧʽʜʭʦʜʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʟʢʠ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ 

ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ ʬʣʶʾʜʥʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʪʘ ʨʦʟʛʣʷʥʫʚ ʦʧʪʠʤʘʣʴʥʝ 

ʨʽʰʝʥʥʷ ʟ ʧʠʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ.  

 ʗ ʨʦʟʛʣʷʥʫʚ ʽʩʥʫʶʯʫ ʫʩʪʘʥʦʚʢʫ, ʷʢ ʦʙôʻʢʪ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʽ ʧʨʦʚʽʚ 

ʧʨʦʮʝʩ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʘ ʨʝʘʣʴʥʦʤʫ ʦʙôʻʢʪʽ ʟʘʤʦʚʥʠʢʠ 

ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʟ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʪʘʢʠʤʠ ʷʢ:  

1. ʇʨʠʤʝʨʟʘʥʥʷ ʨʫʭʣʠʚʠʭ ʯʘʩʪʠʥ ʧʘʣʝʪʽʚ ʟ ʧʨʦʜʫʢʪʘʤʠ ʜʦ ʧʦʚʝʨʭʥʽ 

ʧʽʜʣʦʛʠ. 

2. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʨʦʮʝʩ ʟʘʤʦʨʦʟʢʠ, ʱʦ ʜʘʻ ʥʘ ʚʠʭʦʜʽ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʨʦʜʫʢʪʫ, ʷʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʤʦʨʦʞʝʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

3. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʯʘʩ ʟʘʤʦʨʦʟʢʠ, ʱʦ ʥʘʜʘʻ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ 

ʚʠʭʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

4. ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʦʾ ʢʘʤʝʨʠ ʰʦʢʦʚʦʾ ʟʘʤʦʨʦʟʢʠ ʜʦ 

ʽʥʰʦʛʦ ʪʠʧʫ ʧʨʦʜʫʢʪʫ, ʪʦʙʪʦ, ʚʽʜʩʫʪʥʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ ʪʠʧʫ ʧʨʦʜʫʢʪʫ. 

ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʧʨʦʙʣʝʤʠ ʙʫʣʠ ʚʠʧʨʘʚʣʝʥʽ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʨʦʮʝʩ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʟʤʽʥʠ ʫ ʧʽʜʭʦʜʽ ʜʦ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ. 

 ʗ ʨʦʟʛʣʷʥʫʚ ʥʝʦʙʭʽʜʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ  ʥʘʚʽʚ 

ʜʦʩʪʘʪʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʘʤʝʨʠ, ʚ ʭʦʜʽ 

ʨʦʟʨʦʙʢʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʥʘʥʥʷ ʱʦʜʦ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʘʞʣʠʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʋ ʭʦʜʽ ʨʦʙʦʪʠ, ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʽ ʩʪʦʨʦʥʠ ʧʨʦʮʝʩʫ ʟʘʤʦʨʦʟʢʠ ʜʣʷ 

ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʫʣʘ 

ʚʠʨʽʰʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʞʣʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ 

Matlab/Simulink. ʑʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʜʦ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʽ 

ʦʙôʻʢʪʫ, ʪʘ ʡʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ, ʤʝʪʦʜʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ʦʙôʻʢʪʫ. ɺ 
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ʧʦʜʘʣʴʰʦʤʫ ʘʧʨʦʢʩʠʤʦʚʘʥʘ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʦʙôʻʢʪʫ ʜʘʣʘ ʟʤʦʛʫ ʜʦ 

ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʦʙʫʜʦʚ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʦʙôʻʢʪʽʚ. ʈʝʛʫʣʷʪʦʨ ʨʦʟʨʘʭʦʚʘʥʠʡ ʽʟ ʪʦʯʢʠ ʟʦʨʫ ʘʜʘʧʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʦ ʪʠʧʫ ʟʘʤʦʨʦʞʫʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɹʫʣʠ ʥʘʚʝʜʝʥʽ 

ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘʤʦʨʦʞʫʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʋ ʭʦʜʽ ʨʦʙʦʪʠ ʥʘʜ ʜʠʩʝʨʪʘʮʽʻʶ, ʷ ʨʦʟʨʦʙʠʚ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʷʢʝ ʨʦʟʛʣʷʥʫʪʝ ʧʦʷʩʥʶʚʘʣʴʥʽʡ ʟʘʧʠʩʮʽ. ʈʦʟʨʦʙʣʝʥʝ ʇʆ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʦʙʭʽʜʥʫ ʨʦʙʦʪʫ ʥʘʡʚʘʞʣʠʚʽʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ʨʘʤʢʘʭ ʦʙôʻʢʪʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʽ ʨʫʯʥʠʡ ʨʝʞʠʤ, ʽ ʧʝʨʝʢʣʶʯʝʥʥʷ ʤʽʞ ʥʠʤʠ. 

ʉʪʚʦʨʝʥʠʡ ʙʣʦʢ ʘʜʘʧʪʘʮʽʾ, ʽ ʘʣʛʦʨʠʪʤ ʧʝʨʝʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ 

ʨʝʛʫʣʷʪʦʨʘ. ʊʘʢʦʞ, ʷ ʨʦʟʨʦʙʠʚ ʩʠʩʪʝʤʫ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʽ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ 

ʤʘʻ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʦʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʢʘʤʝʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʪʽʚ. ʈʦʟʛʣʷʥʫʪʠʡ ʧʨʦʮʝʩ ʚʠʙʦʨʫ 

ʧʨʦʜʫʢʪʫ ʟʘʤʦʨʦʞʫʚʘʥʥʷ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʘʜʘʧʪʘʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ.  

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʟʽ ʩʪʦʨʦʥʠ 

ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʦʙʢʠ ʩʪʘʨʪʘʧ- ʧʨʦʻʢʪʫ, 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʚʝʜʽʥʢʠ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ ʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʦʻʢʪʫ ʥʘ 

ʨʠʥʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʘʣʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʻʢʪ ʤʘʻ ʚʝʣʠʢʽ ʰʘʥʩʽ ʥʘ 

ʫʩʧʽʰʥʫ ʨʝʘʣʽʟʘʮʽʶ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʞʝ ʽʩʥʫʶʯʠʤʠ ʣʽʜʝʨʘʤʠ ʨʠʥʢʫ.   
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