
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊè 
 

         ɯʥʞʝʥʝʨʥʦ-ʬʽʟʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ     
(ʧʦʚʥʘ ʥʘʟʚʘ ʽʥʩʪʠʪʫʪʫ/ʬʘʢʫʣʴʪʝʪʫ) 

 

      ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʥʦʚʠ ʪʝʭʥʦʣʦʛʽʾ ʤʝʪʘʣʽʚ    
 (ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ) 

 

çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ʋɼʂ   669.046.587.4    .                                       
çɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦè 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ  

                                        ɺ. ʉ. ɹʦʛʫʰʝʚʩʴʢʠʡ   

                        (ʧʽʜʧʠʩ)                     (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ç___è ___________2015 ʨ.                                                                                                                                                   

                                                                          
 

 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 
 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ                           8.05040105 ï ʩʧʝʮʽʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʷ                .   
                                                                        (ʢʦʜ ʽ ʥʘʟʚʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ) 

 

ʥʘ ʪʝʤʫ:        ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʩʧʣʘʚʫ ɸʄ5 ʟ ʬʪʦʨʦʤ  ʮʠʨʢʦʥʽʶ                      

               

 

ɺʠʢʦʥʘʚ (-ʣʘ): ʩʪʫʜʝʥʪ (-ʢʘ)   2   ʢʫʨʩʫ, ʛʨʫʧʠ  ʌʉ-31ʤ . 
                                                                                (ʰʠʬʨ ʛʨʫʧʠ) 

                                     ɯʣʴʯʫʢ ʇʘʚʣʦ ɭʚʛʝʥʦʚʠʯ                                                     . 
                                (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ)                                                          (ʧʽʜʧʠʩ)   

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ           ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ʈʠʙʘʢ ɺ. ʄ.                                             . 
                                        (ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ)                            (ʧʽʜʧʠʩ) 
 

ʂʦʥʩʫʣʴʪʘʥʪ   ʦʭʦʨʦʥʘ ʧʨʘʮʽ ʪʘ ʙʝʟʧʝʢʘ ʚ ʥʘʜʟʚʠʯʘʡʥʽʡ ʩʠʪʫʘʮʽʾ _____________                                                                                                   

                                       (ʥʘʟʚʘ ʨʦʟʜʽʣ)          ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɿʘʮʘʨʥʠʡ ɺ.ɺ.                       . 
                                                                                                   (ʧʦʩʘʜʘ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ,  ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ)              (ʧʽʜʧʠʩ) 

ʂʦʥʩʫʣʴʪʘʥʪ    ʥʦʨʤʦʢʦʥʪʨʦʣʴ        ʩʪ.ʚʠʢʣ. ʇʨʠʣʫʮʴʢʠʡ ʄ. ɯ.                            . 
                                                    (ʥʘʟʚʘ ʨʦʟʜʽʣʫ)                   (ʧʦʩʘʜʘ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ,  ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ)                (ʧʽʜʧʠʩ) 

 

ʈʝʮʝʥʟʝʥʪ                  ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ʗʤʰʠʥʩʴʢʠʡ ʄ. ʄ.                                        . 
                                                          (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 _____________ 
                                                                                                                                                        (ʧʽʜʧʠʩ) 

 

 

ʂʠʾʚ - 2015 ʨʦʢʫ 



ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ʌʘʢʫʣʴʪʝʪ (ʽʥʩʪʠʪʫʪ)           ɯʥʞʝʥʝʨʥʦ-ʬʽʟʠʯʥʠʡ    
                                                                                                                         (ʧʦʚʥʘ ʥʘʟʚʘ) 

ʂʘʬʝʜʨʘ      ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʾ ʤʝʪʘʣʽʚ   

  
                                                                                                                         (ʧʦʚʥʘ ʥʘʟʚʘ) 

ʆʩʚʽʪʥʴʦ-ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʡ ʨʽʚʝʥʴ çʤʘʛʽʩʪʨè 

 

ʅʘʧʨʷʤ ʧʽʜʛʦʪʦʚʢʠ    6.050401 ï ʤʝʪʘʣʫʨʛʽʷ     
                                                                            (ʢʦʜ ʽ ʥʘʟʚʘ) 
 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ    8.05040105 ï ʩʧʝʮʽʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʷ  

  
                                                                            (ʢʦʜ ʽ ʥʘʟʚʘ)                                              

                                                                              

                                                                   ɿɸʊɺɽʈɼɾʋʖ 

                         ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

                             ɺ. ʉ. ɹʦʛʫʰʝʚʩʴʢʠʡ  . 
                                                                                                                              (ʧʽʜʧʠʩ)                  (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

                                                                   ç___è ___________ 2015 ʨ. 

 

 

 
  

ɿɸɺɼɸʅʅʗ 
ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

 

    ɯʣʴʯʫʢʫ ʇʘʚʣʫ ɭʚʛʝʥʦʚʠʯʫ                   
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ,  ʧʦ ʙʘʪʴʢʦʚʽ) 

 

1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ  ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʩʧʣʘʚʫ ɸʄ5 ʟ ʬʪʦʨʦʤ  ʮʠʨʢʦʥʽʶ   

             

             

                                                                           

ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ             ʈʠʙʘʢ ɺʷʯʝʩʣʘʚ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ. , 
                                                                  (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç___è _________ 20     ʨʦʢʫ ˉ  

  

2. ʉʪʨʦʢ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ  15 ʯʝʨʚʥʷ 2015 ʨʦʢʫ    

3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ  ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʩʧʣʘʚ ɸʄ5 ʬʪʦʨʦʤ ʮʠʨʢʦʥʽʶ   

              

              

4. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ  ɺʧʣʠʚ ʚʤʽʩʪʫ ʮʠʨʢʦʥʽʶ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ 

ʚʠʪʨʠʤʢʠ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʻʚʦ-

ʤʽʜʥʦʛʦ ʩʧʣʘʚʫ ɸʄ5           



 

5. ʇʝʨʝʣʽʢ ʧʠʪʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ  ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʧʦ ʪʝʤʽ   

ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʦʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ  

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ   

ʾʭ ʘʥʘʣʽʟ,  ʘʥʘʣʽʟ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ, ʦʭʦʨʦʥʘ 

ʧʨʘʮʽ ʪʘ ʧʨʦʪʠʧʦʞʝʞʥʘ  ʙʝʟʧʝʢʘ, ʚʠʩʥʦʚʢʠ      

6. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ  ʊʝʤʘ, ʤʝʪʘ, ʟʘʜʘʯʽ ʪʘ ʦʙôʻʢʪ 

ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ, ʦʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ,        . 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʦʭʦʨʦʥʘ ʧʨʘʮʽ, ʟʘʛʘʣʴʥʽ ʚʠʩʥʦʚʢʠ     

7. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ   ɿʨʦʙʠʪʠ ʥʝ ʤʝʥʰʝ 2 ʜʦʧʦʚʽʜʝʡ ʥʘ                

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ 2 ʧʫʙʣʽʢʘʮʽʡ ʚ ʟʘʩʦʙʘʭ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʪʝʤʽ   . 

ʜʠʩʝʨʪʘʮʽʾ             

8. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ 

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ 

ʚʠʜʘʚ 

ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

ʆʭʦʨʦʥʘ ʧʨʘʮʽ 

ʪʘ ʙʝʟʧʝʢʘ ʚ 

ʥʘʜʟʚʠʯʘʡʥʽʡ 

ʩʠʪʫʘʮʽʾ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɿʘʮʘʨʥʠʡ ɺ.ɺ. 02.02.15 

 

    

 

7. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ  02 ʣʶʪʦʛʦ 2015 ʨʦʢʫ      
 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 
ˉ 

ʟ/ʧ 
ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʉʪʨʦʢ  ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 
ʇʨʠʤʽʪʢʘ 

1 ɸʥʘʣʽʟ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ 15.03.2015  

2 ɺʠʚʯʝʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 22.03.2015  

3 ʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ 29.03.2015  

4 ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 05.04.2015  

5 ʆʙʨʦʙʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ,  26.04.2015  

6 ʆʬʦʨʤʣʝʥʥʷ ʨʦʟʜʽʣʫ çʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜè 03.05.2015  

7 ʆʬʦʨʤʣʝʥʥʷ ʨʦʟʜʽʣʫ çʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴè 10.05.2015  

8 ʆʬʦʨʤʣʝʥʥʷ ʨʦʟʜʽʣʫ çɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘè 17.05.2015  

9 

ʆʬʦʨʤʣʝʥʥʷ ʨʦʟʜʽʣʫ çʆʭʦʨʦʥʘ ʧʨʘʮʽ ʪʘ 

ʙʝʟʧʝʢʘ ʚ ʥʘʜʟʚʠʯʘʡʥʽʡ ʩʠʪʫʘʮʽʾè 

 

24.05.2015 

 

10 ʆʬʦʨʤʣʝʥʥʷ ʪʘ ʨʝʮʝʥʟʫʚʘʥʥʷ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ 28.05.2015  

11 
ʆʬʦʨʤʣʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

çʇʨʝʟʝʥʪʘʮʽʷè 
07.06.2015 

 

 

ʉʪʫʜʝʥʪ                  ɯʣʴʯʫʢ ʇ.ɭ.  

                                                                                         (ʧʽʜʧʠʩ)                                           (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ               ɺ. ʄ. ʈʠʙʘʢ  

                                          (ʧʽʜʧʠʩ)                                           (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

 

 



ʈɽʌɽʈɸʊ 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ 

ʣʠʚʘʨʥʦʛʦ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ. 

ʈʦʙʦʪʫ ʚʠʢʣʘʜʝʥʦ ʥʘ 91 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʽ ʤʽʩʪʠʪʴ 21 ʨʠʩʫʥʦʢ, 35 ʬʦʨʤʫʣ ʽ 21 

ʪʘʙʣʠʮ.ʁ 

ʋ ʚʩʪʫʧʽ ʥʘʚʝʜʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʟʥʘʯʝʥʽ ʤʝʪʘ ʽ ʟʘʜʘʯʽ. 

ʇʝʨʰʠʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʾ ʧʨʠʩʚʷʯʝʥʠʡ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʟʤʽʮʥʝʥʥʷ ʣʠʚʘʨʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʨʦʟʛʣʷʜʫ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʩʧʦʣʫʢ 

ʮʠʨʢʦʥʽʶ. 

ɺ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢʦʞ ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ. 

ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ. 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʧʠʪʘʥʥʷʤ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʪʝʤʽ. 

ɺ ʚʠʩʥʦʚʢʘʭ ʤʽʩʪʷʪʴʩʷ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʟʘʜʘʯʽ: ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʟʤʽʮʥʝʥʥʷ ʣʠʚʘʨʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʪʠʧʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ, 

ʜʦʩʣʽʜʞʝʥʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ, ʟʥʘʡʜʝʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʜʘʥʠʡ ʧʨʦʮʝʩ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʾʭ 

ʦʧʪʠʤʽʟʘʮʽʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʜʦ 38 % ʧʽʜʚʠʱʠʪʠ 

ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʨʦʟʨʠʚʫ ʪʘ ʜʦ 82 % ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʌʊʆʈʀɼ ʎʀʈʂʆʅɯʖ, ʄʆɼʀʌɯʂʋɺɸʅʅʗ, 

ʃʀɺɸʈʅʀʁ ɸʃʖʄɯʅɯɭɺʀʁ ʉʇʃɸɺ ɸʄ5,  ʎʀʈʂʆʅɯʁ, ʄʆɼɽʃʖɺɸʅʅʗ.   

 

 



ABSTRACT 

 

Master's thesis is devoted to research technology to strengthen AM5 casting 

aluminum alloy zirconium fluoride. 

The work contained 91 pages of printed text. The work consists of an 

introduction, four chapters, conclusions and contains 21 Figure 35 formulas and 21 

tables. 

In the introduction, the relevance of research topics are specified goal and 

objectives. 

The first chapter of the thesis is devoted to analysis of existing technologies to 

strengthen the casting of aluminum alloys, review mechanisms to influence the 

structure and physico-mechanical properties of aluminum alloys zirconium 

compounds. 

In the second chapter explains the characteristics of equipment, materials and 

methods of research. Also describes the full factorial experiment and sequence 

calculation and optimization of mathematical models. 

The third chapter of master thesis contains research results and calculated 

based on these mathematical models developed technology consolidation. 

The fourth section about safety and health at research on the topic. 

In conclusions are the main results obtained from the research. 

In the master thesis have been resolved tasks: strengthening the technology of 

casting aluminum alloy type AM5 zirconium fluoride, the structure and mechanical 

properties of the samples found by mathematical models describing the process, and 

held their optimization. It is shown that this technology allows up to 38% temporary 

increase tensile strength and 82% elongation. 

Key words: ZIRCONIUM FLUORIDE, MODIFICATION, AM5 CASTING 

ALUMINUM ALLOY, ZIRC ONIUM, MODELING. 

 

 

 

 

 



ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʂʆʈʆʏɽʅʔ 

 

k ï ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ; 

T ï ʪʝʤʧʝʨʘʪʫʨʘ , ʂ;  

ůʚ ï ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʨʦʟʨʠʚʫ, ʄʇʘ;  

ŭ ï ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ, %; 

æG ï ʝʥʝʨʛʽʷ ɻʽʙʩʩʘ, ʢɼʞ/ʤʦʣʴ; 

bj  ï ʢʦʝʬʽʮʽʻʥʪ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ; 

Ὓ ï ʜʠʩʧʝʨʩʽʷ ʜʦʩʣʽʜʫ; 

t ï ʪʝʤʧʝʨʘʪʫʨʘ, 0ʉ; 

Kp ï ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ; 

ὸȠ ï ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ; 

ὊȠ  ï ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ; 

æ ὦ ï ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ; 

ʇʌɽ ï ʧʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. 
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ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʝʪʘʣʽ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, 

ʣʽʪʘʢʦʙʫʜʫʚʘʥʥʷ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ ʪʘ ʽʥ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʢʦʨʠʩʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʟ ʢʦʪʨʠʭ ʻ ʥʠʟʴʢʘ 

ʧʠʪʦʤʘ ʱʽʣʴʥʽʩʪʴ ʽ ʚʠʩʦʢʘ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ. ɸʣʝ ʥʝʜʦʩʪʘʪʥʽ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʾʤ ʟʘʤʽʥʠʪʠ ʙʽʣʴʰ ʤʽʮʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʥʘʧʨʠʢʣʘʜ ʩʪʘʣʽ [1].  

ɿ ʩʝʨʝʜʠʥʠ 50-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʨʽʯʯʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʫʭʠʣʴʥʝ ʟʨʦʩʪʘʥʥʷ 

ʯʘʩʪʢʠ ʚʠʣʠʚʢʽʚ ʟ ʢʦʣʴʦʨʦʚʠʭ ʩʧʣʘʚʽʚ ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʚʠʧʫʩʢʫ ʚʠʣʠʚʢʽʚ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʣʠʚʢʽʚ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʚʠʧʫʩʢ 

ʷʢʠʭ ʟʘ ʦʩʪʘʥʥʽ 50 ʨʦʢʽʚ ʚ ʢʨʘʾʥʘʭ ʰʽʩʪʢʠ (ʉʐɸ, ʗʧʦʥʽʷ, ɻʝʨʤʘʥʽʷ, ʌʨʘʥʮʽʷ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ɯʪʘʣʽʷ) ʟʨʽʩ ʫ 13 ʨʘʟʽʚ ʽ ʩʢʣʘʚ ʫ 2000 ʨʦʮʽ 4,82 ʤʣʥ. ʪ (15,7% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʫʩʢʫ ʚʽʜʣʠʚʦʢ ʽʟ ʯʘʚʫʥʫ, ʩʪʘʣʽ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ). ʆʩʥʦʚʥʘ 

ʧʨʠʯʠʥʘ ʪʘʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ï ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʛʘʣʫʟʝʡ, ʟʦʢʨʝʤʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ [2]. 

ɿʘ ʦʙôʝʤʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʘʣʶʤʽʥʽʡ ʧʦʩʪʫʧʘʻʪʴʩʷ ʣʠʰʝ ʩʪʘʣʷʤ, ʩʫʪʪʻʚʦ 

ʚʠʧʝʨʝʜʞʘʶʯʠ ʽʥʰʽ ʢʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ. ʊʘʢ, ʜʦ ʢʽʥʮʷ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʩʚʽʪʦʚʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ ʩʢʘʣʘʜʘʣʦ 800 ʤʣʥ. ʪ ʥʘ ʨʽʢ, ʘʣʶʤʽʥʽʶ ï 24 ʤʣʥ. ʪ ʥʘ ʨʽʢ, ʤʽʜʽ 

ï 12 ʤʣʥ. ʪ ʥʘ ʨʽʢ, ʤʘʛʥʽʶ ï 400 ʪʠʩ. ʪ ʥʘ ʨʽʢ, ʪʠʪʘʥʫ ï 60 ʪʠʩ. ʪ. ʅʝʜʦʣʽʢʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʘʣʶʤʽʥʽʶ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʩʦʢʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ 

ʟ ʙʦʢʩʠʪʫ ʪʘ ʟʘʙʨʫʜʝʥʥʷʤ ʥʘʚʢʦʣʠʰʴʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʞʝ ʚ ʥʘʡʙʣʠʞʯʠʡ ʯʘʩ 

ʤʦʞʫʪʴ ʙʫʪʠ ʯʘʩʪʢʦʚʦ ʟʘʤʽʥʝʥʽ ʥʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʝʣʝʢʪʨʦʣʽʟʫ (ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʽʥʝʨʪʥʠʭ ʘʥʦʜʽʚ ʪʘ ʨʝʮʠʢʣʫʚʘʥʥʷ. ɺʞʝ ʟʘʨʘʟ ʩʚʽʪʦʚʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʚʪʦʨʠʥʥʦʛʦ ʘʣʶʤʽʥʽʶ ʽʟ ʩʢʨʘʧʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ʩʢʣʘʜʘʻ 

10 ʤʣʥ. ʪ ʥʘ ʨʽʢ, ʪʦʙʪʦ ʢʦʞʥʫ ʪʨʝʪʶ ʪʦʥʫ [3]. ʆʯʽʢʫʶʪʴ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʶʤʽʥʽʶ ʫ 2030 ʨʦʮʽ ʤʦʞʝ ʜʦʩʷʛʪʠ 50 ʤʣʥ. ʪ ʥʘ ʨʽʢ, ʟ ʷʢʠʭ 22...24 

ʤʣʥ. ʪ ʤʦʞʫʪʴ ʙʫʪʠ ʚʪʦʨʠʥʥʠʤʠ [4]. ɺ ʋʢʨʘʾʥʽ ʦʙôʻʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʶʤʽʥʽʶ 

ʪʨʦʭʠ ʤʝʥʰʠʡ, ʘʣʝ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ [5]. 



ɺ ʥʘʰ ʯʘʩ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʤʝʪʦʜʦʤ ʣʠʪʪʷ ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʘʢʽ ʜʝʪʘʣʽ 

ʣʝʛʢʦʚʠʭ ʽ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʷʢ ʛʦʣʽʚʢʠ ʽ ʙʣʦʢʠ ʮʠʣʽʥʜʨʽʚ, ʢʦʣʝʢʪʦʨʠ, 

ʧʦʨʰʥʽ, ʜʝʪʘʣʽ ʢʘʨʪʝʨʽʚ, ʢʨʠʰʢʠ, ʜʠʩʢʠ ʢʦʣʽʩ, ʢʦʣʝʩʘ, ʚʘʞʝʣʽ, ʢʫʣʘʢʠ, 

ʢʨʦʥʰʪʝʡʥʠ, ʪʦʨʤʦʟʥʽ ʜʠʩʢʠ, ʙʘʨʘʙʘʥʠ ʪʘ ʽʥ. ɺʤʽʩʪ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʫ 

ʚʽʪʯʠʟʥʷʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʪʘ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʩʢʣʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʜʣʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 20...100 ʢʛ ʥʘ ʘʚʪʦʤʦʙʽʣʴ, ʜʣʷ ʚʘʥʪʘʞʥʠʭ 50...250 ʢʛ, 

ʜʣʷ ʘʚʪʦʙʫʩʽʚ 100...180 ʢʛ. ʋ ʽʤʧʦʨʪʥʠʭ ʟʨʘʟʢʘʭ ʪʘʢʦʾ ʞ ʧʨʦʜʫʢʮʽʾ ʚʤʽʩʪ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ, ʽ ʧʦ ʦʮʽʥʮʽ ʟʘʭʽʜʥʠʭ ʝʢʩʧʝʨʪʽʚ ʾʭ ʯʘʩʪʢʘ 

ʧʦʩʪʽʡʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ.  

ʇʽʜʚʠʱʠʪʠ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ 

ʨʘʬʽʥʫʚʘʥʥʷ, ʣʝʛʫʚʘʥʥʷ, ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷ  ʨʦʟʧʣʘʚʫ [7]. ʆʜʥʠʤ 

ʽʟ ʥʦʚʽʪʥʽʭ ʩʧʦʩʦʙʽʚ ʟʤʽʮʥʝʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʻ ʩʧʦʩʽʙ ʦʙʨʦʙʣʝʥʥʷ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʨʦʟʧʣʘʚʫ ʮʠʨʢʦʥʽʻʤ, ʚʚʝʜʝʥʠʤ ʽʟ ʡʦʛʦ ʬʪʦʨʠʜʫ. 

ɸʣʝ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʜʘʥʠʡ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʱʝ ʥʝ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʟ 

ʘʣʶʤʽʥʽʻʚʠʤ ʩʧʣʘʚʦʤ ɸʄ5, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʦʣʦʚʥʘ ʤʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʤʽʮʥʝʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ ʽ ʜʦʩʣʽʜʞʝʥʥʽ ʡʦʛʦ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯ:̔ 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦ ʪʝʤʽ ʜʠʩʝʨʪʘʮʽʾ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ; 

- ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʥʽ ʧʣʘʚʢʠ ʩʧʣʘʚʫ ɸʄ5 ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ; 

- ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ; 

- ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʽʟʘʮʽʶ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ ʩʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ; 

- ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ. 



ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ: ʨʝʟʫʣʴʪʘʪʠ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ XII 

ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʧʝʮʽʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʷ: ʚʯʦʨʘ, 

ʩʴʦʛʦʜʥʽ,  ʟʘʚʪʨʘè 15 ʢʚʽʪʥʷ 2014 ʨʦʢʫ, XIII ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʉʧʝʮʽʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʷ: ʚʯʦʨʘ, ʩʴʦʛʦʜʥʽ,  ʟʘʚʪʨʘè 21 ʢʚʽʪʥʷ 2015 

ʨʦʢʫ. 

ʇʫʙʣʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ: ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʩʪʘʪʪʷʭ: 

çʊʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʩʧʣʘʚʫ ʪʠʧʫ ɸʄ5 ʟʤʽʮʥʝʥʥʷ ʮʠʨʢʦʥʽʻʤ, ʚʚʝʜʝʥʠʤ ʽʟ 

ʬʪʦʨʠʜʫ ʮʠʨʢʦʥʽʶè,   çɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʪʘ ʚʤʽʩʪʫ ʬʪʦʨʠʜʫ 

ʮʠʨʢʦʥʽʶ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʘʣʶʤʽʥʽʻʚʦ-ʤʽʜʥʦʛʦ ʣʠʚʘʨʥʦʛʦ 

ʩʧʣʘʚʫ ʪʠʧʫ ɸʄ5è. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ: ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʦʙʨʦʙʢʠ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʨʦʟʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʪʘ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʟʤʽʮʥʝʥʥʷ ʣʠʚʘʨʥʦʛʦ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 

 

1 ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ 

 

1.1 ɿʘʛʘʣʴʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

 

ʇʦ ʽʩʥʫʶʯʽʡ ʪʝʨʤʽʥʦʣʦʛʽʾ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʱʦ ʤʘʻ ʥʘ ʫʚʘʟʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʩʘʤʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʽ ʟʝʨʥʦʧʦʜʨʽʙʥʶʚʘʥʥʷ, ʻ ʧʨʦʮʝʩʦʤ ʟʤʽʥʠ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʣʘʚʽʚ ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ, ʧʣʘʩʪʠʯʥʠʭ ʽ 

ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ 

ʟʤʽʥʶʻʪʴʩʷ ʝʚʪʝʢʪʠʯʥʘ ʽ ʧʝʨʚʠʥʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʧʣʘʚʽʚ [8]. 

ɯʥʦʜʽ ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʽ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʷʢ ʩʠʥʦʥʽʤʠ, ʭʦʯʘ ʧʦ 

ʩʚʦʾʡ ʩʫʪʽ ʮʝ ʨʽʟʥʽ ʧʨʦʮʝʩʠ. ʄʽʢʨʦʣʝʛʫʚʘʥʥʷ, ʘʙʦ ʣʝʛʫʚʘʥʥʷ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ 

ʝʣʝʤʝʥʪʽʚ, ʤʦʞʝ ʟʫʤʦʚʠʪʠ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʧʣʘʚʫ ʟ ʤʝʪʦʶ ʟʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʟʘʜʘʥʠʭ ʤʘʩʰʪʘʙʘʭ. ʄʽʢʨʦʣʝʛʫʚʘʥʥʷ, ʧʨʠʨʦʜʥʦ, ʤʦʞʝ 

ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʽ ʤʦʜʠʬʽʢʫʶʯʠʤ ʝʬʝʢʪʦʤ. ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʟʤʽʥʶʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʫ - ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ, 

ʛʽʣʦʢ ʜʝʥʜʨʠʪʫ, ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʯʘʩʪʦʢ ʽʥʰʠʭ ʬʘʟ ʽ 

ʥʘʜʘʥʥʷ ʥʠʤ ʩʧʨʠʷʪʣʠʚʽʰʦʾ ʬʦʨʤʠ. ʄʦʜʠʬʽʢʫʚʘʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ, ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʽ ʙʝʟ ʚʚʝʜʝʥʥʷ ʚ ʩʧʣʘʚ ʤʽʢʨʦʜʦʙʘʚʦʢ 

(ʥʘʧʨʠʢʣʘʜ, ʬʽʟʠʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʜʽʾ ʥʘ ʨʦʟʧʣʘʚ). ʇʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʟ 

ʚʚʝʜʝʥʥʷʤ ʤʽʢʨʦʜʦʙʘʚʦʢ ʜʦʮʽʣʴʥʦ ʚʢʘʟʘʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʧʦʢʣʘʜʝʥʽ ʚ 

ʦʩʥʦʚʫ ʨʦʟʜʽʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ ʧʦʥʷʪʴ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʽ ʱʦ ʤʽʢʨʦʣʝʛʫʶʪʴ ʽ 

ʤʽʢʨʦʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʫ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʻ ʩʝʥʩ 

ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʧʝʨʚʠʥʥʦʾ ʩʠʩʪʝʤʠ ʇ. ɸ. ʈʝʙʽʥʜʝʨʘ ʽ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʥʽʡ. ʆʪʞʝ, 

ʜʦ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʝʨʰʦʛʦ ʨʦʜʫ ʩʣʽʜ ʚʽʜʥʦʩʠʪʠ ʜʦʙʘʚʢʠ, ʱʦ ʧʦʣʝʛʰʫʶʪʴ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ, ʘ ʜʦ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʨʫʛʦʛʦ ʨʦʜʫ - ʜʦʙʘʚʢʠ, ʱʦ ʫʪʨʫʜʥʷʶʪʴ 

ʟʨʦʩʪʘʥʥʷ ʟʝʨʥʘ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʦʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʧʦʜʨʽʙʥʝʥʥʷ 

ʟʝʨʥʘ, ʘ ʚ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ - ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʟʝʨʥʘ [9]. 

ʇʦ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʤʘʻ ʤʽʩʮʝ, ʟʝʨʥʦʧʦʜʨʽʙʥʶʶʯʽ ʜʦʙʘʚʢʠ ʚʽʜʥʦʩʷʪʴ ʜʦ 

ʧʝʨʰʦʾ ʛʨʫʧʠ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʩʪʚʦʨʶʶʯʠ ʚ ʨʦʟʧʣʘʚʽ ʜʠʩʧʝʨʩʥʫ ʩʫʩʧʝʥʟʽʶ, 

ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʷʢʦʾ ʚʠʩʪʫʧʘʶʪʴ ʟʘʨʦʜʢʘʤʠ ʜʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʧʣʘʚʽʚ. 
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ʄʦʜʠʬʽʢʘʪʦʨʠ ʮʽʻʾ ʛʨʫʧʠ ʟʙʽʣʴʰʫʶʪʴ ʯʠʩʣʦ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʤʦʜʠʬʽʢʫʶʯʦʤʫ ʨʦʟʧʣʘʚʽ, ʤʘʶʪʴ ʙʫʪʠ 

ʪʫʛʦʧʣʘʚʢʠʤʠ, ʘ ʪʘʢʦʞ ʽʟʦʤʦʨʬʥʠʤʠ ʟ ʢʨʠʩʪʘʣʘʤʠ ʨʦʟʧʣʘʚʫ. ʊʦʤʫ ʚʚʦʜʠʪʴʩʷ  ʷʢ 

ʟʝʨʥʦʧʦʜʨʽʙʥʶʶʯʘ ʜʦʙʘʚʢʘ, ʫ ʚʠʛʣʷʜʽ ʯʠʩʪʦʛʦ ʝʣʝʤʝʥʪʫ ʘʙʦ ʣʽʛʘʪʫʨʠ, ʧʦʚʠʥʥʘ 

ʟʘʜʦʚʦʣʴʥʷʪʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʥʘʩʪʫʧʥʠʤ ʦʩʥʦʚʥʠʤ ʚʠʤʦʛʘʤ: 

- ʫʪʚʦʨʶʚʘʪʠ ʭʽʤʽʯʥʫ ʩʧʦʣʫʢʫ, ʱʦʥʘʡʤʝʥʰʝ, ʟ ʦʜʥʠʤ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʣʘʚʫ 

ʘʙʦ ʤʽʩʪʠʪʠ ʪʘʢʝ ʟ'ʻʜʥʘʥʥʷ ʚ ʛʦʪʦʚʦʤʫ ʚʠʛʣʷʜʽ (ʧʨʠʢʣʘʜʘʤʠ ʮʴʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ Ti, Zr ʽ Sc ʫʪʚʦʨʶʶʪʴ ʘʣʶʤʽʥʽʜʠ ʪʠʧʫ Al3Ti, Al 3Zr ʘʙʦ Al3Sc);  

-ʯʘʩʪʠʥʢʠ ʮʠʭ ʟ'ʻʜʥʘʥʴ ʧʦʚʠʥʥʽ ʬʦʨʤʫʚʘʪʠʩʷ ʨʘʥʽʰʝ, ʯʠʤ ʧʦʯʠʥʘʻʪʴʩʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʦʩʥʦʚʠ ʩʧʣʘʚʫ;  

-ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʤʽʪʥʦʾ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʧʣʘʚʫ ʢʽʣʴʢʽʩʪʴ 

ʜʦʙʘʚʢʠ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʝʟʥʘʯʥʠʤ, ʪʦʙʪʦ ʣʽʛʘʪʫʨʘ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʚ ʷʢʦʤʦʛʘ 

ʤʝʥʰʦʤʫ ʦʙʩʷʟʽ ʷʢ ʤʦʞʥʘ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʢ, ʛʦʪʦʚʠʭ ʚʠʩʪʫʧʠʪʠ ʚ ʷʢʦʩʪʽ 

ʧʽʜʢʣʘʜʦʢ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʪʝʦʨʽʡ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʪʽ ʯʠ ʽʥʰʽ ʩʪʦʨʦʥʠ 

ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʘʣʝ ʞʦʜʥʘ ʟ ʥʠʭ ʥʝ ʦʧʠʩʫʻ ʡʦʛʦ ʧʦʚʥʽʩʪʶ. ʎʝ 

ʟʫʤʦʚʣʝʥʦ, ʧʦ-ʧʝʨʰʝ, ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʽ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ 

ʫʤʦʚ ʧʣʘʚʢʠ ʽ ʣʠʪʚʘ ʽ, ʧʦ-ʜʨʫʛʝ, ʚʧʣʠʚʦʤ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʽ 

ʚʟʘʻʤʦʜʽʻʶ ʜʝʷʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʘʭ, ʷʢʝ ʤʦʞʝ ʘʙʦ 

ʧʦʩʠʣʶʚʘʪʠ, ʘʙʦ ʧʦʩʣʘʙʣʶʚʘʪʠ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ [9]. 

 

1.2 ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʟ ʤʽʜʜʶ 

 

ʄʽʜʴ - ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʣʝʛʫʶʯʠʡ ʝʣʝʤʝʥʪ ʚ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʘʭ. 

ʈʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʩʧʣʘʚʽʚ. ʋ ʷʢʠʭ ʤʽʜʴ ʻ ʛʦʣʦʚʥʦʶ ʜʦʙʘʚʢʦʶ. ɹʽʣʴʰʽʩʪʴ ʟ ʮʠʭ 

ʩʧʣʘʚʽʚ ʚʭʦʜʠʪʴ ʚ ʦʜʥʫ ʟ ʥʘʩʪʫʧʥʠʭ ʛʨʫʧ: 

 1. ʃʠʚʘʨʥʽ ʩʧʣʘʚʠ ʟ 5% Cu, ʯʘʩʪʦ ʟ ʥʝʚʝʣʠʢʠʤʠ ʜʦʙʘʚʢʘʤʠ ʢʨʝʤʥʽʶ ʽ 

ʤʘʛʥʽʶ.  

2. ʃʠʚʘʨʥʽ ʩʧʣʘʚʠ ʟ 7-8% Cu, ʯʘʩʪʦ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ ʽ ʢʨʝʤʥʽʶ ʽ 

ʧʦʤʽʪʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʨʛʘʥʮʶ, ʭʨʦʤʫ, ʮʠʥʢʫ, ʦʣʦʚʘ ʽ ʪ.ʜ.  
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3. ʃʠʚʘʨʥʽ ʩʧʣʘʚʠ ʟ 10-14% Cu. ʎʽ ʩʧʣʘʚʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʥʝʚʝʣʠʢʽ ʜʦʙʘʚʢʠ 

ʤʘʛʥʽʶ (0,10-0,30% Mg) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʜʦ 1,5%, ʢʨʝʤʥʽʶ ʜʦ 5% ʽ 

ʤʝʥʰʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʢʝʣʶ, ʤʘʨʛʘʥʮʶ, ʭʨʦʤʫ.  

4. ɼʝʬʦʨʤʫʶʯʽ ʩʧʣʘʚʠ ʟ 5-6% Cu, ʯʘʩʪʦ ʟ ʥʝʚʝʣʠʢʠʤʠ ʜʦʙʘʚʢʘʤʠ ʤʘʨʛʘʥʮʶ, 

ʢʨʝʤʥʽʶ, ʢʘʜʤʽʶ, ʚʽʩʤʫʪʫ, ʦʣʦʚʘ, ʣʽʪʽʶ, ʚʘʥʘʜʽʶ ʽ ʮʠʨʢʦʥʽʶ. ʉʧʣʘʚʠ ʮʴʦʛʦ ʪʠʧʫ, 

ʱʦ ʤʽʩʪʷʪʴ ʩʚʠʥʝʮʴ, ʚʽʩʤʫʪ, ʢʘʜʤʽʡ, ʚʦʣʦʜʽʶʪʴ ʧʦʢʨʘʱʝʥʦʶ ʦʙʨʦʙʣʶʚʘʥʽʩʪʶ 

ʨʽʟʘʥʥʷʤ.  

5. ɼʫʨʘʣʶʤʽʥʠ. ʆʩʥʦʚʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ: 4-4,5% Cu, 0,5-1,5% Mg, 0,5-1,0% 

ʄn, ʽʥʦʜʽ ʟ ʜʦʙʘʚʢʘʤʠ ʢʨʝʤʥʽʶ.  

6. ʉʧʣʘʚʠ ʟ ʤʽʜʜʶ ʽ ʥʽʢʝʣʝʤ. ʎʽ ʩʧʣʘʚʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʧʽʜʛʨʫʧʠ: 

ʩʧʣʘʚʠ ʪʠʧʫ Y, ʱʦ ʤʽʩʪʷʪʴ 4% Cu, 2% Ni, 1,5% Mg, ʽ ʛʽʜʫʤʽʥʠ ʟ ʙʽʣʴʰ ʥʠʟʴʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʽʜʽ, ʧʨʠʪʦʤʫ ʚ ʦʩʪʘʥʥʽʭ ʯʘʩʪʠʥʘ ʥʽʢʝʣʶ ʟʘʤʽʱʘʻ ʟʘʣʽʟʦ [10].  

ɻʨʘʥʠʯʥʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʫ ʩʧʣʘʚʘʭ ʮʠʭ ʛʨʫʧ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.1.1.  

ɼʫʨʘʣʶʤʽʥʠ ʘʙʦ ʜʫʨʘʣʶʤʽʥʠ ʟʽ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʤʽʜʽ (2-3% Cu) ʽ ʽʥʦʜʽ 

ʧʽʜʚʠʱʝʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʛʥʽʶ (1,5-3% Mg) ʘʙʦ ʢʨʝʤʥʽʶ (1-2% Si) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʘʢʣʝʧʦʢ ʽʟ-ʟʘ ʙʽʣʴʰ ʧʦʚʽʣʴʥʦʛʦ ʩʪʘʨʽʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʚʜʷʢʠ 

ʧʦʣʽʧʰʝʥʽʡ ʟʜʘʪʥʦʩʪʽ ʜʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ ʧʽʜʚʠʱʝʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ.  

ʋ ʙʽʣʴʰʦʩʪʽ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʩʧʣʘʚʽʚ ʘʣʶʤʽʥʽʡ - ʧʝʨʚʠʥʥʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʢʣʘʜʦʚʘ. ʉʪʨʫʢʪʫʨʘ ʣʠʪʠʭ ʩʧʣʘʚʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʥʜʨʠʪʽʚ ʘʣʶʤʽʥʽʻʚʦʛʦ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʦʙʨʘʤʣʝʥʠʭ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ ʘʙʦ ʜʝʥʜʨʠʪʥʠʭ ʦʩʝʨʝʜʢʽʚ. 

 

ʊʘʙʣʠʮʷ 1.1 ɻʨʘʥʠʯʥʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʫ ʩʧʣʘʚʘʭ Al- Cu, % [10] 

ɽʣʝʤʝʥʪ 

ɿʘʛʘʣʴʥʠʡ 

ʚʤʽʩʪ 

ʝʣʝʤʝʥʪʫ 

ʃʠʚʘʨʥʽ ʩʧʣʘʚʠ ɼʝʬʦʨʤʫʶʯʽ 

ʩʧʣʘʚʠ ʟ 5% 

Cu 

ɼʫʨʘʣʶ-

ʤʥ̔ʠ 

ʩʧʣʘʚʠ 

Al-Cu-N 5% Cu 8% Cu 
>10% 

Cu 

Cu 3-15 4-6 7-9 10-15 4-6 3,0-5 2-5 

Fe ʜʦ 2,5 ʜʦ 1,5 ʜʦ 2,5 ʜʦ 2 ʜʦ 0,7 ʜʦ 0,7 ʜʦ 0,7 

Si è 4 è 2 è 2 è 4 è 2 è 1,0 è 1,5 

Mg è6 è6 è7 è0,5 <0,1 0,4-1,7 0,1-2 

Mn è1,5 è1 è1 è1,5 ʜʦ 1,5 0,5-1,5 ʜʦ 0,5 

Ni è2,5 è1 è1 è1,5 è1,0 <0,2 0,5-2,5 

Zn è3 è0,2 è3 <0,2 <0,5 <0,2 <0,2 

Sn è2 ʜʦ 2 è1 <0,2 <0,1 <0,05 <0,05 

Pb è4 è4 è1 <0,1 ʜʦ 1 <0,05 <0,05 

Bi è3 è3 è1 <0,1 è1 <0,05 <0,05 

Cd è2 è2 è0,5 <0,1 è2 <0,05 <0,05 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.1 

ɽʣʝʤʝʥʪ 

ɿʘʛʘʣʴʥʠʡ 

ʚʤʽʩʪ 

ʝʣʝʤʝʥʪʫ 

ʃʠʚʘʨʥʽ ʩʧʣʘʚʠ ɼʝʬʦʨʤʫʶʯʽ 

ʩʧʣʘʚʠ ʟ 5% 

Cu 

ɼʫʨʘʣʶ-

ʤʥ̔ʠ 

ʩʧʣʘʚʠ 

Al-Cu-N 5% Cu 8% Cu 
>10% 

Cu 

Li  è2 è1 <0,1 <0,1 è2 <0,05 <0,05 

Ti è0,5 è0,4 ʜʦ 0,4 ʜʦ 0,4 è0,1 ʜʦ 0,1 ʜʦ 0,1 

V è0,2 è0,2 <0,1 <0,1 è0,2 <0,05 <0,05 

W è0,3 è0,05 <0,05 ɼʦ 0,3 <0,05 <0,05 <0,05 

Ag è1,0 ʜʦ 1 <0,05 <0,05 ɼʦ 1 <0,05 <0,05 

Zr è0,5 è0,5 <0,05 <0,05 è0,5 ʜʦ 0,2 <0,05 

Sb è0,5 è0,05 ɼʦ 0,5 ɼʦ 0,5 <0,05 <0,05 <0,05 

Cr è0,2 ʜʦ 0,2 è0,2 <0,2 ʜʦ 0,2 ʜʦ 0,2 ʜʦ 0,2 

 

ʏʠʤ ʥʠʞʯʝ ʚʤʽʩʪ ʤʽʜʽ ʽ ʚʠʱʝ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʠʤ ʙʽʣʴʰʝ 

ʨʦʟʜʨʦʙʣʝʥʽ ʝʚʪʝʢʪʠʢʠ. ʇʨʠ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʽ ʟʘʣʽʟʘ ʘʙʦ ʟʘ ʫʤʦʚ ʦʭʦʣʦʜʞʝʥʥʷʭ, 

ʱʦ ʩʧʨʠʷʶʪʴ ʣʽʢʚʘʮʽʾ, ʤʦʞʫʪʴ ʟ'ʷʚʠʪʠʩʷ ʧʝʨʚʠʥʥʽ ʢʨʠʩʪʘʣʠ ʩʧʦʣʫʢ ʟʘʣʽʟʘ. ʋ 

ʩʧʣʘʚʘʭ ʟ ʧʦʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʤʽʜʽ ʥʘʛʨʽʚ ʧʽʜ ʟʘʛʘʨʪʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʯʠʥʝʥʥʷ ʽ ʩʬʝʨʦʽʜʠʟʘʮʽʾ ʨʦʟʯʠʥʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʨʫʡʥʫʚʘʥʥʷ ʝʚʪʝʢʪʠʯʥʦʾ ʩʽʪʢʠ 

ʽ ʟʥʘʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʧʣʘʩʪʠʯʥʦʩʪʽ. ʇʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʪʘʢʦʞ ʨʫʡʥʫʻ 

ʢʨʠʭʢʫ ʩʽʪʢʫ ʽ ʧʝʨʝʨʦʟʧʦʜʽʣʷʻ ʩʢʣʘʜʦʚʽ. ʊʦʤʫ ʩʪʨʫʢʪʫʨʘ ʜʝʬʦʨʤʫʶʯʠʭ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʪʨʠʮʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʘ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʚ ʥʽʡ 

ʽʥʰʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ. 

ʋʪʚʦʨʝʥʽ ʫ ʩʧʣʘʚʘʭ ʩʧʦʣʫʢʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʨʦʟʯʠʥʥʽ, ʚ ʷʢʠʭ 

ʤʽʩʪʠʪʴʩʷ ʦʜʠʥ ʘʙʦ ʙʽʣʴʰʝ ʥʘʩʪʫʧʥʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ: ʤʽʜʴ, ʣʽʪʽʡ, ʤʘʛʥʽʡ, 

ʢʨʝʤʥʽʡ, ʮʠʥʢ ʽ ʥʝʨʦʟʯʠʥʥʽ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ, ʧʨʠʥʘʡʤʥʽ, ʦʜʠʥ ʟ ʙʽʣʴʰ-

ʤʝʥʰ ʥʝʨʦʟʯʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ : ʟʘʣʽʟʦ, ʤʘʨʛʘʥʝʮʴ, ʥʽʢʝʣʴ ʽ ʪ.ʜ. 

ʊʠʧ ʫʪʚʦʨʝʥʠʭ ʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʚʤʽʩʪʫ ʚ ʩʧʣʘʚʽ 

ʨʦʟʯʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʣʝ ʽ ʚʽʜ ʾʭʥʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʦʨʠʩʥʦʾ 

ʤʽʜʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʟʘʣʽʟʘ, ʤʘʨʛʘʥʮʶ ʽ ʥʽʢʝʣʶ; ʤʽʜʴ, ʱʦ ʚʩʪʫʧʠʣʘ ʚ 

ʟ'ʻʜʥʘʥʥʷ ʟ ʥʠʤʠ, ʥʝ ʥʘʜʘʻ ʧʦʟʠʪʠʚʥʦʛʦ ʚʧʣʠʚʫ. ʄʽʜʴ ʫʪʚʦʨʶʻ ʟ ʟʘʣʽʟʦʤ 

ʟ'ʻʜʥʘʥʥʷ (CuFe)AlϠ ʽ CuFeAl7, ʟ ʤʘʨʛʘʥʮʝʤ (CuFeMn)AlϠ ʽ  CuϜMnϝAlϜϚ, ʟ 

ʥʽʢʝʣʝʤ CuϞNiAlϡ. ɯʩʥʫʻ ʱʝ ʢʽʣʴʢʘ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʭ ʩʧʦʣʫʢ ʤʽʜʽ ʟ ʟʘʣʽʟʦʤ ʽ 

ʥʽʢʝʣʝʤ.  

ɿʤʽʩʪ ʢʨʝʤʥʽʶ ʜʦ ʜʝʷʢʦʾ ʤʽʨʠ ʚʠʟʥʘʯʘʻ ʪʠʧʠ ʫʪʚʦʨʶʶʯʠʭ ʩʧʦʣʫʢ ʤʽʜʽ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʣʴʰʝ 1% ʢʨʝʤʥʽʡ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ FeSiAlϟ ʟʘʤʽʩʪʴ ʩʧʦʣʫʢ 
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ʟʘʣʽʟʘ ʟ ʤʽʜʜʶ ʽ (CuFeMn)ϝSiϜAlϛϟ ʟʘʤʽʩʪʴ ʩʧʦʣʫʢ (CuFeMn)AlϠ ʽ CuϜMnϝAlϜϚ. 

ɸʥʘʣʦʛʽʯʥʦ ʮʴʦʤʫ, ʘʣʝ ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʨʝʤʥʽʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʪʘ ʤʘʨʛʘʥʮʶ.  

ʇʨʠ Cu:Mg<2 ʽ Mg:Si>1,7 ʫʪʚʦʨʶʻʪʴʩʷ ʟ'ʻʜʥʘʥʥʷ CuMgϞAlϠ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ 

ʧʨʠʩʫʪʥʷ ʧʦʤʽʪʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʥʢʫ. ʂʦʣʠ Cu:Mg >2 ʽ Mg : Si> 1,7 ʫʪʚʦʨʶʻʪʴʩʷ 

ʬʘʟʘ CuMnAlϜ. ʗʢʱʦ Mg:Siå1,7, ʬʘʟʠ MgϜSi ʽ CuAlϜ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ; 

ʧʨʠ Mg: Si Ò 1 ʫʪʚʦʨʶʻʪʴʩʷ ʟ'ʻʜʥʘʥʥʷ CuϜMgϝSiϠAlϟ ʟʘʟʚʠʯʘʡ ʨʘʟʦʤ ʟ ʬʘʟʦʶ 

CuAlϜ. ʂʦʣʠ ʚʤʽʩʪ ʤʽʜʽ ʧʝʨʝʚʠʱʫʻ 5%, ʚʦʥʘ ʥʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʧʦʚʥʽʩʪʶ ʧʨʠ 

ʧʨʦʤʠʩʣʦʚʽʡ ʪʝʨʤʦʦʙʨʦʙʮʽ ʽ ʩʽʪʢʘ ʝʚʪʝʢʪʠʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʊʦʤʫ ʚ ʩʧʣʘʚʘʭ ʟ 10-

15% Cu ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʪʦʪʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʩʪʨʫʢʪʫʨʽ ʤʽʞ ʣʠʪʠʤ ʽ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʤʫ ʩʪʘʥʘʭ. ʄʘʛʥʽʡ ʟʚʠʯʘʡʥʦ ʟ'ʻʜʥʫʻʪʴʩʷ ʽʟ ʢʨʝʤʥʽʻʤ ʽ ʤʽʜʜʶ, 

ʪʽʣʴʢʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʦʤʽʪʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʩʚʠʥʮʶ, ʚʽʩʤʫʪʫ ʘʙʦ ʦʣʦʚʘ ʤʦʞʫʪʴ 

ʫʪʚʦʨʠʪʠʩʷ MgϜPb,  MgϜBiϝ, MgϜSn. ʅʽ ʚ ʦʜʥʦʤʫ ʟ ʥʘʚʝʜʝʥʠʭ ʩʢʣʘʜʽʚ ʩʧʣʘʚʽʚ 

ʤʘʛʥʽʡ ʥʝ ʫʪʚʦʨʶʻ ʩʧʦʣʫʢ ʟ ʤʘʨʛʘʥʮʝʤ ʘʙʦ ʟʘʣʽʟʦʤ. ʋ ʢʨʝʤʥʽʶ ʚʽʜʟʥʘʯʘʻʪʴʩʷ 

ʪʝʥʜʝʥʮʽʷ ʩʧʦʯʘʪʢʫ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʤʘʛʥʽʻʤ, ʫʪʚʦʨʶʶʯʠ MgϜSi, ʧʦʪʽʤ ʚʽʥ ʤʦʞʝ 

ʟ'ʻʜʥʫʚʘʪʠʩʷ ʟ ʟʘʣʽʟʦʤ ʘʙʦ ʤʘʨʛʘʥʮʝʤ ʘʙʦ ʚʠʜʽʣʷʪʠʩʷ ʫ ʚʽʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. 

ʄʦʞʣʠʚʽ ʟ'ʻʜʥʘʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ Al-Cu ʧʝʨʝʨʘʭʦʚʘʥʽ ʚ ʪʘʙʣ. 1.2. 

ʊʽʣʴʢʠ ʨʦʟʯʠʥʝʥʽ ʤʽʜʴ ʽ ʤʘʛʥʽʡ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ; 

ʯʠʤ ʚʠʱʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʜʽ ʽ ʤʘʛʥʽʶ ʚ ʩʧʣʘʚ ̔ʽ ʧʦʚʽʣʴʥʽʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʪʠʤ ʙʽʣʴʰʝ ʾʭ ʚʤʽʩʪ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʣʠʚʢʽʚ 

ʚʦʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ ʮʝʥʪʨʫ ʟʝʨʥʘ ʜʦ ʧʝʨʠʬʝʨʽʾ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʥʶʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ. ʋ ʚʽʜʧʘʣʝʥʦʤʫ ʩʪʘʥʽ, ʢʦʣʠ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʤʽʜʽ ʽ ʤʘʛʥʽʶ 

ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʨʦʟʯʠʥʫ, ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ ʘ ʩʪʘʥʦʚʠʪʴ 4,049 ɸ ʜʣʷ ʚʩʽʭ ʩʧʣʘʚʽʚ 

ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ.  

ʋ ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ ʩʧʣʘʚʘʭ, ʱʦ ʤʽʩʪʷʪʴ ʦʜʥʫ ʘʙʦ ʙʽʣʴʰʝ ʬʘʟ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

CuMnAlϜ, ʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 4,045 ʜʦ 4,051 ɸ. ɺ ʫʩʽʭ ʩʧʣʘʚʘʭ ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ 

ʧʦʯʠʥʘʻ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʩʪʘʨʽʥʥʷ, ʢʦʣʠ ʧʦʯʠʥʘʻ ʬʦʨʤʫʚʘʪʠʩʷ ʧʝʨʝʭʽʜʥʘ 

ʨʝʰʽʪʢʘ ʘʞ ʜʦ ʧʦʚʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʪʨʠʮʽ.  

ɺʧʣʠʚ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʱʽʣʴʥʽʩʪʴ ʽ ʪʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʘʜʠʪʠʚʥʠʡ. 

ʊʘʢ, ʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 2,7 ʜʦ 2,85 ʛ/ʩʤ į, ʚʦʥʦ ʥʠʞʯʝ ʜʣʷ 

ʩʧʣʘʚʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʫ ʤʘʛʥʽʶ ʽ ʚʠʱʝ ʜʣʷ ʩʧʣʘʚʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ 
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ʤʽʜʽ, ʥʽʢʝʣʶ, ʤʘʨʛʘʥʮʶ, ʟʘʣʽʟʘ. ʂʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʢʣʘʜʘʻ ~ 21-

24 Ț 10Ėϑ ʤ/(ʤȚʂ) ʧʨʠ 27-127ę ʽ 23-26 Ț 10Ėϑ ʤ/(ʤȚʂ) ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʠʱʝ ʜʣʷ ʩʧʣʘʚʽʚ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʤʽʜʽ ʽ ʢʨʝʤʥʽʶ ʽ ʥʠʞʯʝ ʧʨʠ ʚʠʩʦʢʠʭ ʟʤʽʩʪʫ 

ʢʨʝʤʥʽʶ ʽ ʤʽʜʽ. ʇʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʪʘʢʦʞ, ʷʢ ʽ ʫ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ. ɿʥʷʪʪʷ ʣʠʚʘʨʥʠʭ 

ʥʘʧʨʫʛ ʘʙʦ ʚʠʜʽʣʝʥʥʷ ʽ ʨʦʟʯʠʥʝʥʥʷ ʤʽʜʽ ʽ ʤʘʛʥʽʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʜʦʚʞʠʥʠ 

ʜʦ 0,2%, ʱʦ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ 

ʥʘʛʨʽʚʫ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʢʨʠʚʣʝʥʥʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʨʦʙʢʘ ʚʠʣʠʚʢʽʚ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʋʩʘʜʢʘ ʧʨʠ ʟʘʪʚʝʨʜʽʥʥʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʤʽʜʽ ʽ ʢʨʝʤʥʽʶ; 

ʚʤʽʩʪ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʚʧʣʠʚʘʻ ʥʘ ʥʝʾ ʤʘʣʦ. ɼʣʷ ʩʧʣʘʚʽʚ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʤʽʜʽ ʽ 

ʢʨʝʤʥʽʶ ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ 5-6% ʽ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 3-3,5% ʜʣʷ ʩʧʣʘʚʽʚ ʟ 12-14% Cu ʽ 

3-4% Si.  

ʇʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʣʘʚʽʚ ʧʨʘʢʪʠʯʥʦ ʪʘ ʞ ʩʘʤʘ, ʱʦ ʽ 

ʧʦʜʚʽʡʥʠʭ ʩʧʣʘʚʽʚ Al-Cu. ʃʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ, ʢʨʽʤ ʤʽʜʽ, ʩʣʘʙʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ɼʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʣʘʚʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ 4-12% Cu ʽ ʤʝʥʰʝ 4% 

ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 70% ʚʽʜ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʯʠʩʪʦʛʦ 

ʘʣʶʤʽʥʽʶ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 75-80% ʧʨʠ 327 ę ʉ ʽ 30-35% ʧʨʠ -73 ę ʉ.  

ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʜʫʞʝ ʯʫʪʣʠʚʘ ʜʦ ʟʤʽʩʪʫ ʨʦʟʯʠʥʝʥʦʾ ʤʽʜʽ, ʚ ʟʥʘʯʥʦ 

ʤʝʥʰʦʤʫ ʩʪʫʧʝʥʽ - ʜʦ ʟʤʽʩʪʫ ʤʘʛʥʽʶ ʽ ʮʠʥʢʫ ʽ ʤʘʣʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʨʦʟʯʠʥʝʥʠʭ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʧʣʘʚʫ ʟ 5% Cu ʚ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʚ 

ʜʚʘ ʨʘʟʠ ʥʠʞʯʝ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ 30-33% JACS. ʋ 

ʚʠʞʞʝʥʦʤʫ ʩʪʘʥʽ ʩʧʣʘʚ, ʱʦ ʤʽʩʪʠʪʴ 12% Cu ʽ ʜʦ 5% ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʘʻ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 37-42% JACS, ʱʦ ʪʽʣʴʢʠ ʥʘ 25-30% ʥʠʞʯʝ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʦʦʧʦʨʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʪʝʨʤʦʦʙʨʦʙʢʠ. ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʟʘʣʝʞʠʪʴ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ ʚʤʽʩʪʫ ʤʘʨʛʘʥʮʶ; ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 10Ė į ʤʤ į / ʤʦʣʴ 

ʫ ʩʧʣʘʚʘʭ ʙʝʟ ʤʘʨʛʘʥʮʶ ʽʜʦ 20-25 * 10 Ė į ʤʤį /ʤʦʣʴ ʫ ʩʧʣʘʚʘʭ ʟ 1% Mn. ʏʠʩʣʦ 

ʃʦʨʝʥʮʘ ʽ ʪʝʨʤʦʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʘ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʣʘʚʽʚ ʪʽ ʞ, ʱʦ ʽ ʜʣʷ 

ʧʦʜʚʽʡʥʠʭ ʩʧʣʘʚʽʚ Al-Cu. ɺʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ ʫ ʩʚʽʪʣʦʚʦʤʫ ʪʘ 
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ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʽ ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʣʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʩʧʣʘʚʫ.  

 

ʊʘʙʣʠʮʷ 1.2 ʌʘʟʦʚʠʡ ʟʤʽʩʪ ʩʧʣʘʚʽʚ Al-Cu [11] 

ɽʣʝʤʝʥʪ ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʟʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʽ ʫʪʚʦʨʶʶʯʽ ʬʘʟʠ 

Cu 

 
Ϸ

 ̃̓̃̆̑̅̏̍̔ ̨̘̑̏̈̉̎
 ; 

Ϸ

  Ϝ
; 

Ȼ

Ϝ ϡ ́̂ ̏
Ϝ Ϡ

; 
ϵ

 Ϝ ́̂ ̏
Ϟ Ϡ

; 
ḻ

Ϝ ϝ  ϜϚ ́̂ ̏
ϝ Ϡ

; Ϝ ϢϠ ϟ ́̂ ̏
ϝ Ϝ ϛϟ

; 

 
ȟϷ

ϡ    ́̂ ̏
Ϝ ϝ ́̂̏

Ϝ ϡ ́ ̂ ̏ Ϡ
 

 

&Å 
Ϝ Ϣ ́̂ ̏

ϟ

;   
ḻ

Ϝ ϡ ́̂ ̏
Ϡ́ ̂̏
 ϝ 

;   
ȟϷ

Ϡ ́̂ ̏
ϝ Ϝ ϛϟ

;  
ȟϷ

ϣ    ́̂ ̏ Ϡ ́̂̏
Ϝ ϝ́ ̂ ̏ Ϝ ϡ

 

 

Si 
ϟ
;   

ȟ   

Ϝ
;   

  

Ϝ ϢϠ ϟ
 ;  

ȟϷ 

ϝϜ ϛϟ
;  
ḻ

 

Mg 
ȟϷ

 ̃̓̃̆̑̅̏̍̔ ̨̘̑̏̈̉̎
;  

ȟ   

Ϝ
;  

  

Ϝ ϢϠ ϟ
;  
Ḻ ȟ   

Ϝ
;  

  

Ϟ Ϡ
 

Mn 
ȟϷ

 ̃̓̃̆̑̅̏̍̔ ̨̘̑̏̈̉̎
;  

Ϡ
;  

ϝϜ ϛϟ
;  
 Ḻ   

Ϝ ϝ ϜϚ
;  

ȟϷ 

ϝ ϛϠ
 

Zn 

Ϸ

 ̃̓̃̆̑̅̏̍̔ ̨̘̑̏̈̉̎
;  

Ϸ

ϟ  Ϝ ϝ 
; 

 

Ni 
ḻ   

Ϟ ϡ
; 

 ȟ   ḻ

ϣ    ́̂ ̏ Ϡ ́̂̏
Ϝ ϝ́ ̂ ̏ Ϝ ϡ

 

; 
ȟϷ 

ϝ ϛϠ
 

Pb 
ȟ   ȟϷ

; "Éπȟρ0Â; 
 ȟ

Ϝ
;  
  ȟ

ϝ
 

Sn 
 ȟ

; 
 ḻ ȟ

Ϝ
; 

Ag 
ȟϷ

 ̃̓̃̆̑̅̏̍̔ ̨̘̑̏̈̉̎
;   
 ȟϷ

Ϝ
 ;  

 ḻ ȟ

ϞϣϝϜ
  ʘʙʦ Ag Mg 

 

ʋ ʪʘʙʣ. 1.3 ʽ 1.4 ʧʨʠʚʝʜʝʥʠʡ  ʦʨʽʻʥʪʦʚʥʠʡ ʨʽʚʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ 

ʨʽʟʥʠʭ ʛʨʫʧ. ɺʠʩʦʢʘ ʯʠʩʪʦʪʘ, ʩʧʝʮʽʘʣʴʥʽ ʩʢʣʘʜʠ ʽ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʙʦ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʧʽʜʚʠʱʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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ʇʦʨʠʩʪʽʩʪʴ, ʧʦʛʘʥʝ ʭʘʨʯʫʚʘʥʥʷ ʚʠʣʠʚʢʽʚ, ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʜʦʤʽʰʢʽʚ,  ʽʟʦʣʷʮʽʷ ʽ 

ʩʣʘʙʢʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʤʦʞʫʪʴ ʟʥʠʟʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʥʠʞʯʝ, 

ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ . 1.3 ʽ 1.4. ʇʦʚʝʨʭʥʝʚʽ ʜʝʬʝʢʪʠ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ, ʥʽʞ ʚʥʫʪʨʽʰʥʽ, 

ʟʥʠʞʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʣʠʚʢʽʚ [11]. 

 

ʊʘʙʣʠʮʷ 1.3 ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ Al-Cu [11] 

ʉʪʘʥ 

5% Cu. 8% Cu 12% Cu Al -Cu- Ni ʩʧʣʘʚ 

ʧʽʱʘʥʘ 

ʬʦʨʤʘ 
ʢʦʢʽʣʴ 

ʧʽʱʘʥʘ 

ʬʦʨʤʘ 
ʢʦʢʽʣʴ 

ʧʽʱʘʥʘ 

ʬʦʨʤʘ 
ʢʦʢʽʣʴ 

ʧʽʱʘʥʘ 

ʬʦʨʤʘ 
ʢʦʢʽʣʴ 

HV, MH/ʤĮ 

F 
500-

700 

600-

900 

500-

700 

600-

900 
700-900 

800-

1200 

700-

900 

800-

1000 

T4 
600-

900 

700-

1100 
-  

800-

1200 

900-

1300 

800-

1100 

900-

1200 

T6 
1000-

200 

1100-

1400 
-  

1000-

1400 

1000-

1500 

950-

1300 

1100-

1400 

ůʚ,ʄʅ/ʤĮ 

F 
100-

200 

150-

250 

120-

150 

150-

250 
120-180 

150-

200 

150-

250 
200-300 

T4 
200-

300 

250-

350 
- - 150-250 

200-

300 

150-

250 
200-300 

T6 
250-

350 

300-

450 
- - 200-300 

250-

350 

200-

300 
250-350 

ů 0,2,ʄʅ/ʤĮ 

F 
100-

150 

120-

180 
60-80 80-120 100-150 

150-

200 

120-

180 
150-250 

T4 
120-

200 

150-

250 
- - 150-200 

200-

250 

120-

200 
150-250 

ʉʪʘʥ 

5% Cu. 8% Cu 12% Cu Al -Cu- Ni ʩʧʣʘʚ 

ʧʽʱʘʥʘ 

ʬʦʨʤʘ 
ʢʦʢʽʣʴ 

ʧʽʱʘʥʘ 

ʬʦʨʤʘ 
ʢʦʢʽʣʴ 

ʧʽʱʘʥʘ 

ʬʦʨʤʘ 
ʢʦʢʽʣʴ 

ʧʽʱʘʥʘ 

ʬʦʨʤʘ 
ʢʦʢʽʣʴ 

T6 
200-

300 

250-

350 
- - 200-250 

250-

300 
180-250 

200-

300 

ŭ,% 

F 3-6 2-5 2-5 2-3 0-2 0-2 0-2 0-3 

T4 5-10 2-10 - - 0-4 0-3 0-4 0-5 

T6 1-5 0-5 - - 0-2 0-1 0-2 0-2 

 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: F - ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ, ʣʠʪʠʡ ʘʙʦ ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ; T4 - ʟʘʛʘʨʪʫʚʘʥʥʷ ʽ ʧʠʨʦʜʥʝ ʩʪʘʨʽʥʥʷ;  T6- ʟʘʛʘʨʪʫʚʘʥʥʷ ʽ ʰʪʫʯʥʝ ʩʪʘʨʽʥʥʷ. 
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ʊʘʙʣʠʮʷ 1.4 ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʬʦʨʤʦʚʘʥʠʭ  ʩʧʣʘʚʽʚ Al-Cu [11] 

ʉʪʘʥ 

ʉʧʣʘʚ 

ʟ 5% 

Cu 

ɼʫʨʘʣʶ-

ʤʽʥʠ 

Al -Cu-Ni 

ʩʧʣʘʚ 
ʉʪʘʥ 

ʉʧʣʘʚ 

ʟ 5% Cu 

ɼʫʨʘʣʶ-

ʤʽʥʠ 

Al -Cu- Ni 

ʩʧʣʘʚ 

HV, MH/ʤĮ ů 0,2,ʄʅ/ʤĮ 

ʆ 
500-

700 
500-800 600-800 ʆ 60-120 80-150 80-120 

ʅ 
650-

800 
700-900 650-850 ʅ 80-150 100-180 100-150 

T4 
900-

1200 
850-1250 

1000-

1300 
T4 150-300 200-400 200-300 

T6 
1000-

1500 

1000-

1400 

1100-

1500 
T6 350-450 350-450 350-400 

T8 
1100-

1600 

1100-

1500 
 T8 350-500 450-550  

ůʚ,ʄʅ/ʤĮ ŭ,% 

ʉʪʘʥ 

ʉʧʣʘʚ 

ʟ 5% 

Cu 

ɼʫʨʘʣʶ

ʤʽʥʠ 

Al -Cu-Ni 

ʩʧʣʘʚ 
ʉʪʘʥ 

ʉʧʣʘʚ 

ʟ 5% Cu 

ɼʫʨʘʣʶ

ʤʽʥʠ 

Al -Cu- Ni 

ʩʧʣʘʚ 

ʆ 
150-

250 
150-250 150-250 ʆ 15-25 15-25 15-25 

ʅ 
200-

300 
200-350 200-300 ʅ 4-10 3-8 3-8 

T4 
300-

450 
300-450 300-400 T4 15-25 15-25 15-25 

T6 
400-

500 
400-500 400-500 T6 10-15 8-15 6-15 

T8 
450-

650 
450-650  T8 2-10 2-10  

 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ:ʆ -ʚʽʜʧʘʣ; ʅ - ʭʦʣʦʜʥʦ ʥʘʛʘʨʪʦʚʘʥʠʡ ʟ ʚʽʜʧʘʣʝʥʦʛʦ ʩʪʘʥʫ; 

T4 - ʟʘʛʘʨʪʫʚʘʥʥʷ ʽ ʧʨʠʨʦʜʥʝ ʩʪʘʨʽʥʥʷ;  T6- ʟʘʛʘʨʪʫʚʘʥʥʷ ʽ ʰʪʫʯʥʝ ʩʪʘʨʽʥʥʷ; T8 

- ʟʘʛʘʨʪʫʚʘʥʥʷ ʽ ʧʨʠʨʦʜʥʝ ʩʪʘʨʽʥʥʷ, ʭʦʣʦʜʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʰʪʫʯʥʝ ʩʪʘʨʽʥʥʷ ʘʙʦ 

ʭʦʣʦʜʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʽʩʣʷ ʰʪʫʯʥʦʛʦ ʩʪʘʨʽʥʥʷ. 

 

ʅʘʡʢʨʘʱʝ ʧʦʻʜʥʘʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʧʣʘʚʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ 

ʚʤʽʩʪʽ ʤʽʜʽ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʤʝʞʽ ʨʦʟʯʠʥʥʦʩʪʽ (5% Cu ʚ ʧʨʦʤʠʩʣʦʚʽʡ ʧʨʘʢʪʠʮʽ), ʽ 

ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʪʝʨʤʦʦʙʨʦʙʮʽ, ʧʽʩʣʷ ʷʢʦʾ ʤʽʜʴ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʟʦʥʘʭ ɻʇ. ɹʽʣʴʰ 

ʥʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʜʽ, ʷʢʱʦ ʚʦʥʠ ʥʝ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʤʘʛʥʽʻʤ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʧʦʣʽʧʰʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ. ʇʨʠ ʚʤʽʩʪʽ ʤʽʜʽ ʙʽʣʴʰʝ 5-6% 

ʤʽʮʥʽʩʪʴ ʜʝʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʣʝ ʧʣʘʩʪʠʯʥʽʩʪʴ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʋʜʘʨʥʘ 

ʚ'ʷʟʢʽʩʪʴ, ʚ'ʷʟʢʽʩʪʴ ʥʘʜʨʽʟʘʥʠʭ ʟʨʘʟʢʽʚ ʽ ʚʪʦʤʥʘ ʤʽʮʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʯʝʨʝʟ 
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ʥʘʷʚʥʽʩʪʴ ʪʝʥʜʽʪʥʦʾ ʩʽʪʢʠ ʝʚʪʝʢʪʠʢ (ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ Al (Cu-Al). ʅʝʦʙʭʽʜʥʦ 

ʚʽʜʟʥʘʯʠʪʠ, ʧʨʦʪʝ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʤʽʜʽ ʤʽʮʥʽʩʪʴ ʧʨʠ ʚʠʩʦʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʘ ʪʘʢʦʞ ʦʧʽʨ ʧʦʚʟʫʯʦʩʪʽ ʽ ʟʥʦʩʫ ʧʽʜʚʠʱʫʻʪʴʩʷ [12].  

ʂʨʝʤʥʽʡ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʨʽʜʢʦʪʝʢʫʯʦʩʪʽ ʽ, ʦʪʞʝ, ʱʽʣʴʥʦʩʪʽ ʚʽʜʣʠʚʦʢ, ʘʣʝ ʧʨʠ ʜʝʷʢʽʡ ʚʪʨʘʪʠ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʦʧʦʨʫ ʚʪʦʤʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʩʧʦʣʫʢʠ FeSiAlϟ ʟʘʤʽʩʪʴ 

ʩʧʦʣʫʢ FeϜSiAlϢ ʘʙʦ CuϜFeAlϡ. ʋ ʩʧʣʘʚʘʭ ʟ ʤʘʛʥʽʻʤ ʢʨʝʤʥʽʡ ʜʘʻ ʜʝʷʢʠʡ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʝʬʝʢʪ ʟʤʽʮʥʝʥʥʷ, ʘʣʝ ʡʦʛʦ ʛʦʣʦʚʥʠʡ ʝʬʝʢʪ - ʥʝʧʨʷʤʠʡ, ʪʦʤʫ ʱʦ 

ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ Mg: Si ʢʦʥʪʨʦʣʶʻ ʟʤʽʮʥʝʥʥʷ ʧʨʠ ʩʪʘʨʽʥʥʽ. ʂʨʝʤʥʽʡ 

ʟʥʠʞʫʻ ʤʽʮʥʽʩʪʴ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʦʧʽʨ ʧʦʚʟʫʯʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʤʘʛʥʽʶ.  

ʄʘʛʥʽʡ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʽ ʪʚʝʨʜʽʩʪʴ ʩʧʣʘʚʽʚ, ʦʩʦʙʣʠʚʦ ʚʽʜʣʠʚʦʢ, ʧʨʠ 

ʽʩʪʦʪʥʦʤʫ ʟʥʠʞʝʥʥʽ ʧʣʘʩʪʠʯʥʦʩʪʽ ʽ ʫʜʘʨʥʦʾ ʚ'ʷʟʢʦʩʪʽ. ʇʨʠ ʚʤʽʩʪʽ ʤʘʛʥʽʶ ʤʝʥʰʝ 

2% ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʭʠʣʴʥʽʩʪʴ ʩʧʣʘʚʽʚ ʜʦ ʩʪʘʨʽʥʥʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʐʚʠʜʢʽʩʪʴ ʽ ʝʬʝʢʪ ʩʪʘʨʽʥʥʷ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʩʪʘʚʣʝʥʥʷʤ Mg: Si. ʇʨʠ ʚʠʩʦʢʠʭ 

ʚʽʜʥʦʩʠʥʘʭ ʢʨʘʱʽ ʤʽʮʥʽʩʪʴ ʽ ʧʣʘʩʪʠʯʥʽʩʪʴ ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʧʨʠʨʦʜʥʦʤʫ 

ʩʪʘʨʽʥʥʽ, ʧʨʠ ʥʠʟʴʢʠʭ ʚʽʜʥʦʰʝʥʥʷʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʝ ʦʙʭʽʜʥʝ ʰʪʫʯʥʝ ʩʪʘʨʽʥʥʷ. ʂʦʣʠ ʚʤʽʩʪ ʤʘʛʥʽʶ ʚ ʜʚʘ ʨʘʟʠ ʚʠʱʝ ʥʽʞ ʤʽʜʽ, 

ʟʤʽʮʥʝʥʥʷ ʥʝʚʝʣʠʢʝ. ʇʨʠ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʽ ʤʘʛʥʽʶ ʤʽʮʥʽʩʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʦʧʽʨ ʧʦʚʟʫʯʦʩʪʽ ʧʦʣʽʧʰʫʻʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʠʟʴʢʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ. 

ɽʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ Al-Cu ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʤʽʩʪʦʤ 

ʨʦʟʯʠʥʝʥʦʾ ʤʽʜʽ. ʋ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʦʟʯʠʥʽ NaCl-ʅϜʆϜ ʝʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʱʦʜʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʩʢʣʘʜʘʻ ʚʽʜ - 0,80 ʜʦ 0,95ɺ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʩʧʣʘʚʫ, ʚʽʜʧʘʣʝʥʦʛʦ ʧʨʠ 223-324 ϊʉ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ ʟ ʤʝʪʦʶ 

ʚʠʜʽʣʝʥʥʷ ʚʩʽʻʾ ʤʽʜʽ ʟ ʨʦʟʯʠʥʫ. ɼʣʷ ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ ʚ 

ʨʦʟʯʠʥʽ ʙʣʠʟʴʢʦ 5% ʚʽʥ ʩʪʘʥʦʚʠʪʴ 0,65-0,75 ɺ. ʎʝ ʚʝʨʭʥʷ ʤʝʞʘ ʚ ʧʨʦʤʠʩʣʦʚʽʡ 

ʧʨʘʢʪʠʮʽ. ʄʘʛʥʽʡ ʽ ʮʠʥʢ ʧʨʠ ʟʚʠʯʘʡʥʠʭ ʫʪʨʠʤʘʥʥʷʭ ʟʨʫʰʫʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʦ 

ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦʤʫ (ʥʘ 0,01-0,02 ɺ); ʞʦʜʝʥ ʟ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ (ʤʦʞʣʠʚʦ, ʯʝʨʝʟ 

ʚʠʢʣʶʯʝʥʥʷ ʣʽʪʽʶ) ʥʝ ʨʦʙʠʪʴ ʚʠʤʽʨʥʦʛʦ ʝʬʝʢʪʫ. ɺʠʤʽʨʦʤ ʧʦʪʝʥʮʽʘʣʫ ʤʦʞʥʘ 

ʚʠʟʥʘʯʘʪʠ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʤʽʞʢʨʠʩʪʘʣʽʯʥʦʾ ʢʦʨʦʟʽʾ ʪʘ ʢʦʨʦʟʽʾ ʧʽʜ ʥʘʧʨʫʛʦʶ. ʗʢ 
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ʧʦʢʘʟʘʥʦ ʜʣʷ ʧʦʜʚʽʡʥʠʭ, ʧʦʪʨʽʡʥʠʭ ʽ ʽʥʰʠʭ, ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʧʣʘʚʽʚ, 

ʝʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʪʘʨʽʥʥʷ ʚʽʜ ʚʝʣʠʯʠʥʠ, 

ʚʣʘʩʪʠʚʦʾ ʩʚʽʞʝ ʟʘʛʘʨʪʦʚʘʥʦʤʫ ʩʪʘʥʫ, ʜʦ ʟʥʘʯʝʥʴ, ʚʣʘʩʪʠʚʠʭ ʚʽʜʧʘʣʝʥʦʤʫ 

ʤʘʪʝʨʽʘʣʫ. ʋ ʩʧʣʘʚʘʭ, ʱʦ ʤʽʩʪʷʪʴ ʤʽʜʴ, ʮʝ ʟʤʽʥʘ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ 

ʥʘʩʪʫʧʥʦʾ ʧʽʩʣʷ ʟʦʥ ɼʇ 1 ʩʪʘʜʽʾ ʩʪʘʨʽʥʥʷ ʽ ʟʘʚʝʨʰʫʻʪʴʩʷ, ʢʦʣʠ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʨʦʤʽʞʥʘ ʬʘʟʘ. ʇʨʦʪʷʛʦʤ ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʜʽʣʷʥʢʠ ʟʝʨʥʘ (ʛʨʘʥʠʮʽ ʟʝʨʝʥ, 

ʩʧʦʪʚʦʨʝʥʽ ʟʦʥʠ ʪʘ ʽʥʰʽ), ʚ ʷʢʠʭ ʩʪʘʨʽʥʥʷ ʧʨʦʡʰʣʦ ʫ ʚʝʣʠʢʽʡ ʤʽʨʽ, 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽ ʚʽʜʥʦʩʥʦ ʨʝʰʪʠ ʟʝʨʥʘ, ʽ ʚ ʥʠʭ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʢʦʨʦʟʽʷ.  

ʄʽʜʴ ʫ ʚʠʛʣʷʜʽ CuAlϜ ʥʝ ʚʠʢʣʠʢʘʻ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʨʦʟʽʾ, ʪʦʤʫ ʱʦ ʨʽʟʥʽ 

ʚ ʧʦʪʝʥʮʽʘʣʽ ʤʽʞ ʬʘʟʦʶ CuAlϜ ʽ ʧʝʨʝʩʠʯʝʥʽ ʤʽʜʜʶ ʤʘʪʨʠʮʝʶ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 

ʢʽʣʴʢʘ ʩʦʪʠʭ ʚʦʣʴʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʤʽʜʽ ʟ 5 ʜʦ 15% ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʾ ʟʤʽʥʠ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʇʨʦʪʝ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʩʠʣʴʥʘ 

ʢʦʨʦʟʽʷ, ʢʦʣʠ ʤʽʜʴ ʧʽʜ ʜʽʻʶ ʢʦʨʦʟʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʛʘʣʴʚʘʥʽʯʥʦ ʦʩʽʜʘʻ ʥʘ 

ʘʣʶʤʽʥʽʶ ʫ ʚʠʛʣʷʜʽ ʤʝʪʘʣʝʚʦʾ ʤʽʜʽ. ʄʘʛʥʽʡ ʥʝ ʨʦʙʠʪʴ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ. ʗʢʱʦ ʚʽʥ ʧʨʠʩʫʪʥʽʡ ʫ ʚʠʛʣʷʜʽ ʬʘʟʠ MgϜSi, ʪʦ ʢʦʨʦʜʫʻ ʜʫʞʝ 

ʰʚʠʜʢʦ, ʘʣʝ ʫʪʚʦʨʶʶʪʴʩʷ ʜʨʽʙʥʽ ʚʦʛʥʠʱʘ ʧʽʪʪʽʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʤʘʻ ʥʝʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʦ ʧʦʜʘʣʴʰʫ ʢʦʨʦʟʽʶ.  

ʄʘʛʥʽʡ ʫ ʨʦʟʯʠʥʽ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʩʧʦʣʫʢ CuMgAlϜ ʘʙʦ CuϜMgϢSiϠAlϟ ʟʤʝʥʰʫʻ 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʤʽʞʢʨʠʩʪʘʣʽʯʥʦʾ ʢʦʨʦʟʽʾ. ʆʜʥʘʢ ʧʨʠ ʦʜʥʘʢʦʚʦ ʨʽʚʥʽ ʤʽʮʥʦʩʪʽ ʩʧʣʘʚʠ ʙʝʟ ʤʘʛʥʽʶ 

ʤʘʶʪʴ ʙʽʣʴʰ ʥʠʟʴʢʫ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ.  

ʄʽʜʴ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʝʣʠʢʠʭ 

ʜʝʬʦʨʤʘʮʽʷʭ. ʐʚʠʜʢʽʩʪʴ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʘ, ʢʦʣʠ ʥʘʜʣʠʰʦʢ ʤʽʜʽ 

ʚʠʜʽʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʨʫʙʠʭ ʯʘʩʪʠʥʦʢ, ʤʝʥʰʝ ʫ ʨʘʟʽ, ʷʢʱʦ ʤʽʜʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ, ʽ ʤʽʥʽʤʘʣʴʥʘ, ʢʦʣʠ ʤʽʜʴ ʫʪʚʦʨʶʻ ʪʦʥʢʽ ʚʠʜʽʣʝʥʥʷ. ʃʽʢʚʘʮʽʷ 

ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ. ʈʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʧʣʘʚʽʚ, ʦʭʦʣʦʜʞʝʥʠʭ ʟ 

ʥʘʜʚʠʩʦʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʜʦʩʣʽʜʞʝʥʘ ʚ ʨʦʙʦʪʽ. ɿʘʣʽʟʦ, ʢʨʝʤʥʽʡ, ʤʘʛʥʽʡ ʽ 

ʥʽʢʝʣʴ ʥʘʜʘʻ ʥʝʚʝʣʠʢʠʡ ʚʧʣʠʚ ʘʙʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʟʦʚʩʽʤ ʥʘ ʰʚʠʜʢʽʩʪʴ ʽ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʜʨʽʙʥʝʥʥʶ ʨʦʟʤʽʨʫ ʟʝʨʥʘ. ʍʨʦʤ, ʤʘʨʛʘʥʝʮʴ, ʚʘʥʘʜʽʡ ʽ ʮʠʨʢʦʥʽʡ, 

ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ, ʧʽʜʚʠʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ 
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ʤʦʞʫʪʴ ʦʛʨʫʙʣʷʪʠ ʟʝʨʥʦ. ʇʨʠ ʚʠʜʽʣʝʥʥʽ ʟ ʨʦʟʯʠʥʫ ʾʭ ʚʧʣʠʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʠʣʴʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʚʦʥʠ ʩʧʨʠʷʶʪʴ ʧʦʜʨʽʙʥʝʥʥʶ ʟʝʨʥʘ.  

ʊʝʢʩʪʫʨʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʧʣʘʚʽʚ, ʚ ʷʢʠʭ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʤʽʜʽ ʧʨʠʩʫʪʥʷ ʫ 

ʚʠʛʣʷʜʽ ʽʥʰʦʾ ʬʘʟʠ, ʘʥʘʣʦʛʽʯʥʘ ʟʚʠʯʘʡʥʽʡ ʪʝʢʩʪʫʨʽ ʘʣʶʤʽʥʽʶ. 

 ɿ ʤʝʪʦʶ ʨʦʟʯʠʥʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʽ ʾʭ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʚʠʯʘʡʥʦ 

ʧʨʦʚʦʜʷʪʴ ʛʦʤʦʛʝʥʽʟʘʮʽʶ ʚʠʣʠʚʢʽʚ ʽ ʟʣʠʪʢʽʚ ʜʣʷ ʜʝʬʦʨʤʫʶʯʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ. 

ʍʦʯʘ ʽ ʻ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʛʦʤʦʛʝʥʽʟʘʮʽʷ ʧʝʨʝʜ ʜʝʬʦʨʤʘʮʽʻʶ ʤʘʣʦ ʚʧʣʠʚʘʻ ʯʠ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʦ ʚʪʦʤʘ ʦʙʨʦʙʣʝʥʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʧʨʦʪʝ 

ʚʝʣʠʢʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʾʭ ʷʢʦʩʪʽ. ʋ ʩʧʣʘʚʘʭ, 

ʱʦ ʤʽʩʪʷʪʴ ʤʘʨʛʘʥʝʮʴ ʛʦʤʦʛʝʥʽʟʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʜʽʣʝʥʥʷ ʥʘʜʣʠʰʢʫ 

ʤʘʨʛʘʥʮʶ, ʨʦʟʯʠʥʝʥʦʛʦ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʷ, ʟʤʝʥʰʝʥʥʷ ʘʥʽʟʦʪʨʦʧʽʾ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʡ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʎʠʨʢʦʥʽʡ ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʧʨʦʮʝʩ ʛʦʤʦʛʝʥʽʟʘʮʽʾ [12].  

ʈʝʞʠʤ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʧʝʚʥʦʶ ʤʽʨʦʶ ʚʽʜ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʪʘ ʡʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ: ʜʣʷ ʚʠʣʠʚʢʽʚ ʫ ʢʦʢʽʣʴ, ʷʢʠʡ ʤʘʻ ʪʦʥʢʝ ʨʦʟʧʦʜʽʣ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ, ʜʦʩʠʪʴ ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 2-4 ʛʦʜʠʥʠ, ʜʣʷ ʚʠʣʠʚʢʽʚ 

ʫ ʧʽʱʘʥʽ ʬʦʨʤʠ ʘʙʦ ʚʝʣʠʢʠʭ ʟʣʠʪʢʽʚ ʧʨʠ ʧʦʚʽʣʴʥʦʤʫ ʟʘʪʚʝʨʜʽʥʥʷ ʥʝʦʙʭʽʜʥʽ 

ʚʠʪʨʠʤʢʠ ʜʦ 24 ʛʦʜʠʥ . ɼʣʷ ʩʧʣʘʚʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʤʘʛʥʽʡ, ʧʦʪʨʽʙʥʽ ʢʽʣʴʢʘ ʙʽʣʴʰ 

ʪʨʠʚʘʣʽ ʚʠʪʨʠʤʢʠ, ʦʩʢʽʣʴʢʠ ʬʘʟʘ MgϜSi ʨʦʟʯʠʥʷʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʬʘʟʘ 

CuAlϜ. 

 

1.3 ʉʧʣʘʚ ɸʄ5 

 

ʉʧʣʘʚ ɸʄ5 (ʽʥʰʘ ʥʘʟʚʘ ɸʃ19) ʻ ʩʧʣʘʚʦʤ ʩʠʩʪʝʤʠ Al-Cu ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʣʠʪʪʷ ʜʝʪʘʣʝʡ, ʜʦ ʷʢʠʭ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʧʦ ʤʽʮʥʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ [13].  

 

ʊʘʙʣʠʮʷ 1.5 ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ɸʄ5 

ʉʧʣʘʚ 
ʂʦʤʧʦʥʝʥʪʠ, % ɼʦʤʽʰʢʠ, % 

Al  Cu Mn Ti Fe Si 

ɸʄ5 ʦʩʥ. 4,5-5,3 0,6-1,0 0,15-0,35 ʄʝʥʰʝ 0,2 ʄʝʥʰʝ 0,3 
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ɺ ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʩʧʣʘʚʽ ɸʄ5, ʫʪʚʦʨʶʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ, ʘʣʝ 

ʫ ʨʽʚʥʦʚʘʟʽ ʽʟ ʘʣʶʤʽʥʽʻʚʠʤ ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ  ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʣʠʰʝ ʬʘʟʠ 

CuAl2 ʽ Al3Zr [14]. 

ʄʽʜʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʮʠʨʢʦʥʽʶ ʫ ʨʽʜʢʦʤʫ ʘʣʶʤʽʥʽʾ, 

ʩʧʨʠʷʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʝʥʥʶ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʪʝʨʤʝʪʘʣʽʜʥʠʭ ʩʧʦʣʫʢ 

Al 3Zr ʫ ʚʠʣʠʚʢʫ ʽ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʧʣʘʚʫ. ʆʩʥʦʚʥʠʡ ʝʬʝʢʪ ʟʤʽʮʥʝʥʥʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʽʩʣʷ 

ʥʘʛʨʽʚʫ ʧʽʜ ʛʘʨʪʫʚʘʥʥʷ ʜʦ 520Áʉ, ʟ ʧʦʜʘʣʴʰʠʤ ʛʘʨʪʫʚʘʥʥʷʤ ʪʘ ʰʪʫʯʥʠʤ 

ʩʪʘʨʽʥʥʷʤ ʧʨʦʪʷʛʦʤ 5 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 175Áʉ ʝʬʝʢʪ ʟʤʽʮʥʝʥʥʷ ʜʝʱʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. 

 

1.4 ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ ʤʽʜðɹʘʣʶʤʽʥʽʡðʮʠʨʢʦʥʽʡ  

 

ʉʠʩʪʝʤʘ CuðAlðZr ʚʠʚʯʝʥʘ ʚ ʦʙʣʘʩʪʽ ʩʧʣʘʚʽʚ, ʟʙʘʛʘʯʝʥʠʭ Cu (5 ʽ 10% Al, 

0-5 ʚʘʛʫ. % Zr), ʤʝʪʦʜʘʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʤʽʨʫ ʪʚʝʨʜʦʩʪʽ ʚ 

ʨʦʙʦʪʽ ʽ ʚ ʙʽʣʴʰʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ CuðCuAl2 ðZrAl 3ðZr   ʤʝʪʦʜʘʤʠ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʘʥʘʣʽʟʽʚ ʚ ʨʦʙʦʪʽ [15].  

ɿʛʽʜʥʦ ʟ ʨʦʙʦʪʦʶ ʥʘ ʧʦʣʽʪʝʨʤʽʯʥʦʤʫ ʨʦʟʨʽʟʽ ʟ 10 ʚʘʛ. % Al ʥʠʞʯʝ ʣʽʥʽʾ 

ʩʦʣʽʜʫʩʫ ʧʨʠʩʫʪʥʽ ʬʘʟʠ Ŭ, ɓ, ɔ2 ʽ Z, ʜʝ Z - ʥʦʚʝ ʧʦʪʨʽʡʥʝ ʟ'ʻʜʥʘʥʥʷ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ZrCu3, ʚ ʷʢʦʤʫ ʨʦʟʯʠʥʝʥʠʡ Al. Zr 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ɓ Ÿ ɔ + Ŭ2 ʽ ʟʥʠʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ Ŭ D ɓ. ɯʟʦʪʝʨʤʽʯʥʽ ʨʦʟʨʽʟʠ ʧʨʠ 500 ʽ 850Á ʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʫʟʴʢʦʶ ʦʙʣʘʩʪʶ Ŭðʬʘʟʠ ʽ ʰʠʨʦʢʦʾ ʜʚʦʬʘʟʥʦʾ ʦʙʣʘʩʪʶ (Ŭ + Z). ʇʦʷʚʘ ʦʙʣʘʩʪʽ 

(ɓ + Z) ʥʘ ʨʦʟʨʽʟʽ ʧʨʠ 850 Á ʦʙʫʤʦʚʣʝʥʦ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ Ŭ D ɓ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʮʠʨʢʦʥʽʶ.  

ʅʘ ʨʠʩ. 1.1 ʧʦʢʘʟʘʥʠʡ ʽʟʦʪʝʨʤʽʯʥʠʡ ʨʦʟʨʽʟ ʜʽʘʛʨʘʤʠ, ʧʦʙʫʜʦʚʘʥʠʡ ʚ ʨʦʙʦʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷ 8 ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ, ʟ ʷʢʠʭ ʥʘʡʙʣʠʞʯʠʤ ʜʦ Cu ʻ ʂ. ʎʝ 

ʟ'ʻʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʧʦʣʫʢʠ U, ʇ, H, Z ʽ N ʤʘʶʪʴ ʧʦʩʪʽʡʥʠʡ ʩʢʣʘʜ. ʌʘʟʠ ɣ ʽ ɚ2 

ʫʪʚʦʨʶʶʪʴ ʦʙʣʘʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʚʠʪʷʛʥʫʪʽ ʫʟʜʦʚʞ ʽʟʦʢʦʥʮʝʥʪʨʘʪ 7,7 ʘʪ. % 

Zr ʽ 33 ʘʪ. % Zr. ʇʨʠ 500Á ʫʪʚʦʨʶʻʪʴʩʷ ʱʝ ʦʜʥʝ ʧʦʪʨʽʡʥʝ ʟ'ʻʜʥʘʥʥʷ (ɣ = ʬʘʟʘ), 

ʷʢʘ ʤʘʻ ʥʝʟʥʘʯʥʫ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ, ʱʦ ʚʢʣʶʯʘʻ ʩʢʣʘʜ ZrCu6Al6.  
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ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʅ = ʬʘʟʠ ʪʠʧʫ MnCu2Al, Ŭ = 6,215 ɸ. ʌʘʟʘ ɚ2 ʤʘʻ 

ʩʪʨʫʢʪʫʨʫ ʬʘʟ ʃʘʚʝʩʘ ʪʠʧʫ MgCu2, ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 7,308 ʜʦ 

7,440 ɸ. ʌʘʟʘ ɣ ʤʘʻ ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ ʊhMn2 ʟ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʽʪʢʠ Ŭ = 4,90-5,12 

ɸ , ʩ = 8,56-8,50 ɸ; ʬʘʟʘ N - ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ AlCu3, Ŭ = 4,02 ɸ. 

 

 

 

ʈʠʩʫʥʦʢ 1.1 ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Al-Cu-Zr 

 

1.5 ɼʦʙʫʚʘʥʥʷ ʮʠʨʢʦʥʽʶ ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

 

ʎʠʨʢʦʥʽʡ ʚ ʩʫʯʘʩʥʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʞʠʪʪʽ ʋʢʨʘʾʥʠ ʥʘʙʫʚʘʻ ʦʜʥʝ ʟ 

ʧʝʨʰʦʨʷʜʥʠʭ ʟʥʘʯʝʥʴ. ʇʦ-ʧʝʨʰʝ, ʋʢʨʘʾʥʘ ʟʘ ʟʘʧʘʩʘʤʠ ʮʠʨʢʦʥʽʻʚʠʭ ʧʽʩʢʽʚ 

ʟʘʡʤʘʻ ʦʜʥʝ ʟ ʧʨʦʚʽʜʥʠʭ ʤʽʩʮʴ ʫ ʩʚʽʪʽ ʽ ʧʝʨʰʘ ʩʝʨʝʜ ʢʨʘʾʥ ʉʅɼ. ʇʦ-ʜʨʫʛʝ, 

ʤʝʪʘʣʝʚʠʡ ʮʠʨʢʦʥʽʡ ʷʚʣʷʻʪʴʩʷ ʦʩʥʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʢʪʠʚʥʦʾ 

ʟʦʥʠ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ. ʅʝʤʘʻ ʩʫʤʥʽʚʫ ʚ ʪʦʤʫ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʝ ʩʪʦʣʽʪʪʷ XXI 

ʩʪʦʣʽʪʪʷ ʘʪʦʤʥʘ ʝʥʝʨʛʝʪʠʢʘ ʩʪʘʥʝ ʧʝʨʝʚʘʞʘʶʯʦʶ ʛʘʣʫʟʟʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ. ɺ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʪʦʤʥʠʭ ʽ ʪʝʨʤʦʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʘʭ 

ʤʘʡʙʫʪʥʴʦʛʦ ʮʠʨʢʦʥʽʻʚʽ ʩʧʣʘʚʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʙʫʜʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ 

ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ. ɺ ʋʢʨʘʾʥʽ ʦʩʚʦʻʥʘ ʧʝʨʝʨʦʙʢʘ ʮʠʨʢʦʥʽʻʚʠʭ ʨʫʜ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʪʫ ʷʢʠʡ ʤʽʩʪʠʪʴ 65% ʮʠʨʢʦʥʽʶ, ʽ ʩʪʚʦʨʝʥʦ ʚʠʨʦʙʥʠʮʪʚʦ ʤʝʪʘʣʽʯʥʦʛʦ 

ʮʠʨʢʦʥʽʶ. ʇʦ-ʪʨʝʪʻ, ʭʽʤʽʯʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʜʨʫʛʦʶ ʧʽʩʣʷ 
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ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʦʙʣʘʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʨʢʦʥʽʶ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʡʦʛʦ 

ʚʠʥʷʪʢʦʚʦʶ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [16].  

ɿʘʤʽʥʘ ʜʝʬʽʮʠʪʥʠʭ ʜʦʨʦʛʦʮʽʥʥʠʭ ʽ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʽ ʥʝʨʞʘʚʽʶʯʠʭ 

ʩʧʣʘʚʽʚ ʮʠʨʢʦʥʽʻʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʭʽʤʽʯʥʦʤʫ ʘʧʘʨʘʪʦʙʫʜʫʚʘʥʥʽ, ʭʘʨʯʦʚʦʾ ʪʘ 

ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʘ, ʘ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʪʝʭʥʽʯʥʦ ʜʦʮʽʣʴʥʘ. ʊʨʘʜʠʮʽʡʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʨʢʦʥʽʶ ʚ 

ʤʝʪʘʣʫʨʛʽʾ ʯʦʨʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʪʘ ʾʭ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʤʽʜʥʠʭ, ʘʣʶʤʽʥʽʻʚʠʭ, ʤʘʛʥʽʻʚʠʭ ʪʘ ʽʥʰʠʭ ʩʧʣʘʚʽʚ ʟ ʨʷʜʫ ʚʠʧʘʜʢʽʚ ʜʣʷ ʟʘʤʽʥʠ 

ʜʝʬʽʮʠʪʥʠʭ ʽ ʪʦʢʩʠʯʥʠʭ ʣʽʛʘʪʫʨ. ʇʝʨʩʧʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʨʢʦʥʽʶ ʽ ʡʦʛʦ 

ʩʧʦʣʫʢ (ZrO2, ZrF4 ) ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ, ʪʚʝʨʜʦʪʽʣʴʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ, ʚʦʣʦʢʥʠʩʪʽʡ 

ʦʧʪʠʮʽ ʪʘ ʤʝʜʠʮʠʥʽ. ɯ, ʥʘʨʝʰʪʽ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʠʨʢʦʥʽʶ ʽ ʡʦʛʦ ʩʧʦʣʫʢ 

ʟʚ'ʷʟʫʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʷʜʝʨʥʦʾ. ʎʝ ʥʘʩʘʤʧʝʨʝʜ ʚʦʜʥʝʚʘ ʝʥʝʨʛʝʪʠʢʘ, ʜʝ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʮʠʨʢʦʥʽʶ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʥʶ ʪʘ ʡʦʛʦ ʽʟʦʪʦʧʽʚ, ʽ ʧʨʷʤʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʚʠʱʝ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʦʢʩʠʜʽʚ ʮʠʨʢʦʥʽʶ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ [17]. 

ʄʝʪʘʣʫʨʛʽʷ ʮʠʨʢʦʥʽʶ ʦʪʨʠʤʘʣʘ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ 

ʮʠʨʢʦʥʽʡ ʩʪʘʚ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʧʣʘʚʽʚ ʜʣʷ ʘʪʦʤʥʦʾ 

ʪʝʭʥʽʢʠ. ɼʦʩʠʪʴ ʩʢʘʟʘʪʠ, ʱʦ ʩʚʽʪʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʮʠʨʢʦʥʽʶ ʟ 1949 ʧʦ 1959 ʨʨ., 

ʟʨʦʩʣʦ ʚ ʩʪʦ ʨʘʟʽʚ. ʎʠʨʢʦʥʽʡ ʤʘʻ ʨʷʜ ʫʥʽʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ - ʤʘʣʠʡ ʧʝʨʝʪʠʥ 

ʟʘʭʦʧʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ, ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ, ʭʦʨʦʰʽ 

ʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʩʝ ʮʝ ʟʨʦʙʠʣʦ ʮʠʨʢʦʥʽʡ ʥʝʟʘʤʽʥʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚ 

ʘʪʦʤʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʎʝ ʟʘʞʘʜʘʣʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʮʠʨʢʦʥʽʶ 

"ʨʝʘʢʪʦʨʥʦʾ ʯʠʩʪʦʪʠ". ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʠʪʠ ʮʠʨʢʦʥʽʡ ʪʘ ʛʘʬʥʽʡ, ʷʢʠʡ 

ʤʘʻ ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ ʽ ʻ ʩʫʧʫʪʥʽʤ ʝʣʝʤʝʥʪʦʤ. 

ʁʦʛʦ ʚʤʽʩʪ ʫ ʮʠʨʢʦʥʽʻʚʠʭ ʨʫʜʘʭ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 0,5 ʜʦ 2%. ɺʽʜʦʤʦ, ʱʦ ʜʦʤʽʰʢʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ - ʢʠʩʝʥʴ, ʘʟʦʪ, ʚʫʛʣʝʮʴ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʤʫ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʯʠʩʪʦʛʦ ʮʠʨʢʦʥʽʶ ʻ ʦʜʥʽʻʶ ʟ 

ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʪʦʤʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [18].  

 



26 

 

1.6 ʉʢʣʘʜ ʬʣʶʩʫ 

 

ɺʠʙʽʨ ʩʢʣʘʜʫ ʬʣʶʩʫ ʤʽʩʪʠʚʩʷ ʫ ʚʠʙʦʨʽ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʾʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʠʡ ʚʠʜʦʙʫʪʦʢ 

ʮʠʨʢʦʥʽʶ ʽʟ ʡʦʛʦ ʬʪʦʨʠʜʫ ʫ ʘʣʶʤʽʥʽʻʚʠʡ ʨʦʟʧʣʘʚ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʮʽʥʽ. 

 

 

ʈʠʩʫʥʦʢ 1.2 ɼ̔ ʘʛʨʘʤʘ ʩʪʘʥʫ NaF ï ZrF4 

 

 

ʈʠʩʫʥʦʢ 1.3 ɼ̔ ʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ LiF ï ZrF4 
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ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʜʝʢʽʣʴʢʦʭ ʩʠʩʪʝʤ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʩʠʩʪʝʤʦʶ LiF - ZrF4. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʽʜʙʠʨʘʣʠʩʴ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦ ʙ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʪʨʘʧʠʪʠ ʫ ʦʙʣʘʩʪʴ ʉ. ʊʦʙʪʦ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʡʦʛʦ ʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʩʧʦʣʫʢʠ ʫ 

ʨʦʟʧʣʘʚʽ Li 2ZrF6. ɺ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʨʢʦʥʽʶ ʘʣʶʤʽʥʽʻʤ 

ʟʘ ʨʝʘʢʮʽʻʶ [19]: 

 

             3Li 2ZrF6+4Al=3Zr+2Li3AlF6+2AlF3          (1.1) 

 

ʇʨʠ ʥʘʢʦʧʠʯʝʥʥʽ ʮʠʨʢʦʥʽʶ ʫ ʘʣʶʤʽʥʽʻʚʦʤʫ ʨʦʟʧʣʘʚʽ  ʫ ʢʽʣʴʢʦʩʪʽ ʙʽʣʴʰʽʡ ʟʘ 

ʤʝʞʫ ʨʦʟʯʠʥʥʦʩʪʽ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʽʥʪʝʨʤʝʪʘʣʽʜʫ 

ʟ ʘʣʶʤʽʥʽʻʤ ʟʘ ʨʝʘʢʮʽʻʶ: 

 

                                    Zr+3Al=Al3Zr     (1.2) 

 

ʋ ʮʴʦʤʫ ʞ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ  ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʨʢʦʥʽʶ: 

 

                 3Li 2ZrF6+13Al=3Al 3Zr+2Li3AlF6+2AlF3     (1.3) 

 

 

1.7 ʁʤʦʚʽʨʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʣʝʚʦʛʦ 

ʨʦʟʧʣʘʚʫ 

 

                                ZrO2+(4/3)AlF3=ZrF4+(2/3)Al 2O3                                     (1.4) 

                                   ZrO2+4NaF=ZrF4 + 2Na2O                                 (1.5) 

                              ZrO2 + 6NaF = Na2ZrF6 + 2Na2ʆ                         (1.6) 

                 ZrO2 + 2NaF + (4/3)AlF3 = Na2ZrF6 + (2/3)Al 2O3                         (1.7) 

                     ZrO2 + 2KF + (4/3)AlF3 = K2ZrF6 + (2/3)Al 2O3                         (1.8) 

ZrO2 + 3NaF + (4/3)AlF3 + 2KCl = K2ZrF6 + (2/3)Al 2O3 + 2NaCl        (1.9) 
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ɿʘ ʨʘʭʫʥʦʢ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʧʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʚʝʣʠʯʠʥʘʤ 

ʮʠʨʢʦʥʽʻʚʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ, ʾʭ ʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʣʠʩʴ ʪʨʴʦʤʘ ʤʝʪʦʜʘʤʠ 

[20]:  

- ɺ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ ʧʦʣʦʞʝʥʝ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʝʥʪʘʣʴʧʽʷ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʽʟ ʩʦʣʝʡ, ʷʢʽ ʜʦ ʥʴʦʛʦ ʚʭʦʜʷʪʴ ʦʜʥʘʢʦʚʘ ʜʣʷ 

ʩʧʦʣʫʢ ʘʣʶʤʽʥʽʶ ʽ ʮʠʨʢʦʥʽʶ, ʘ ʪʘʢʦʞ ʜʣʷ ʩʧʦʣʫʢ ʢʨʝʤʥʽʶ ʽ ʮʠʨʢʦʥʽʶ; 

- ʇʦ ʧʨʘʚʠʣʫ ɻʝʩʩʘ; 

- ʈʽʟʥʠʮʷ ʝʥʝʨʛʽʾ ʟʚô̫ ʟʢʫ ȹʅʩ ʦʜʥʘʢʦʚʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ȹGT
0 ʪʘ Kp ʚʠʱʝ ʟʘʧʠʩʘʥʠʭ ʨʝʘʢʮʽʡ (1.1-1.6) ʧʨʠ 

ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.6. 

  

ʊʘʙʣʠʮʷ 1.6  ɿʤʽʥʘ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʽ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʡ ʚʟʘʻʤʦʜʽʾ 

ʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʣʝʚʦʛʦ ʨʦʟʧʣʘʚʫ 

 

ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ , ʱʦ ʨʝʘʢʮʽʾ 1.4, 1.5, 1.6 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʮʝʩʫ 850-900 ʦ ʉ 

ʟʜʚʠʥʫʪʽ ʚ ʩʪʦʨʦʥʫ ʫʪʚʦʨʝʥʥʷ ʬʪʦʨʮʠʨʢʦʥʘʪʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. 

ʇʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʣʽʛʘʪʫʨʠ ʘʣʶʤʦʪʝʨʤʽʯʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʮʠʨʢʦʥʽʶ ʽʟ 

ʬʪʦʨʮʠʨʢʦʥʘʪʫ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʧʨʦʪʽʢʘʻ ʧʦ ʨʝʘʢʮʽʾ: 

 

                          3Li 2ZrF6 + 4Al = 3Zr + 2Li 3 A1F6 + 2AlF                (1.10) 

 

ɺʽʜʥʦʚʣʝʥʠʡ ʮʠʨʢʦʥʽʡ ʚʟʘʻʤʦʜʽʻ ʟ ʘʣʶʤʽʥʽʻʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʽʥʪʝʨʤʝʪʘʣʽʜʘ  

Al 3Zr: 

                                            Zr + 3Al  = Al 3Zr                   (1.11) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʝʘʢʮʽʷ ʤʘʻ ʚʠʜ: 

 

                           3Li 2ZrF6 + 13Al  = 3Al 3Zr + 2Li 3AlF6 + 2AlF3                   (1.12) 

 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʬʪʦʨʮʠʨʢʦʥʘʪʦʤ ʣʽʪʽʶ ʚ ʨʦʟʧʣʘʚʽ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʽ 

ʬʪʦʨʮʠʨʢʦʥʘʪ ʥʘʪʨʽʶ, ʽ ʪʦʤʫ ʨʦʟʛʣʷʥʫʪʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʘʣʶʤʦʪʝʨʤʽʯʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʨʢʦʥʽʶ ʧʦ ʨʝʘʢʮʽʾ: 

 

                          3Na2ZrF6 + 4Al = 3Zr + 2Na3AlF6 + 2AlF3       (1.13) 

 

ʈʦʟʨʘʭʫʥʦʢ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʝʣʠʯʠʥ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʇɽʆʄ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ çThermoDynè. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.4. 

 

 

ʈʠʩʫʥʦʢ 1.4 ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʨʝʘʢʮʽʡ 1.10 ʪʘ 1.13 

 

ʄʘʢʩʠʤʘʣʴʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʤʦʞʣʠʚʝ ʚʠʜʽʣʝʥʥʷʷ ʮʠʨʢʦʥʽʶ ʽʟ 

ʬʪʦʨʮʠʨʢʦʥʘʪʽʚ ʣʽʪʽʶ ʪʘ ʥʘʪʨʽʶ ʨʦʟʨʘʭʦʚʘʥʝ ʜʣʷ ʨʝʘʢʮʽʾ 1.10 ʪʘ 1.13 ʧʨʠʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 1.7 ʽ 1.8. 

 

 

ʈʝʘʢʮʽʷ 10 

ʈʝʘʢʮʽʷ 13 
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ʊʘʙʣʠʮʷ 1.7 ʈʽʚʥʦʚʽʩʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʪʦʨʮʠʨʢʦʥʘʪʫ ʣʽʪʽʶ ʽ ʤʘʢʩʠʤʘʣʴʥʦ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʤʦʞʣʠʚʝ ʚʠʜʽʣʝʥʥʷ ʮʠʨʢʦʥʽʶ 

 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʷ 1.8 ʈʽʚʥʦʚʽʩʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʪʦʨʮʠʨʢʦʥʘʪʫ ʥʘʪʨʽʶ ʽ ʤʘʢʩʠʤʘʣʴʥʦ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʤʦʞʣʠʚʝ ʚʠʜʽʣʝʥʥʷ ʮʠʨʢʦʥʽʶ 

 

 

 

 

 

 

 

 

ʗʢ ʚʠʜʥʦ ʟ ʧʨʠʚʝʜʝʥʠʭ ʪʘʙʣ. 1.7 ʽ 1.8 ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʠʥʥʦ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʜʽʣʝʥʥʷ ʮʠʨʢʦʥʽʶ. ʊʘʢ, ʢ̫ ʧʨʦʮʝʩ 

ʘʣʶʤʦʪʝʨʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʨʢʦʥʽʶ ʽʟ ʬʪʦʨʮʠʨʢʦʥʘʪʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ 

ʧʨʦʪʽʢʘʻ ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ ʽ ʨʝʘʢʮʽʾ 1.7, ʽ ʨʝʘʢʮʽʾ 1.10 ʟʤʽʱʫʶʪʴʩʷ ʚʧʨʘʚʦ. 

ɺʠʜʽʣʝʥʥʷ ʮʠʨʢʦʥʽʶ ʧʨʠ ʜʦʩʣʽʜʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʽ ʽ ʜʦʩʷʛʘʶʪʴ 90-93% ʧʨʠ 800 ʦ ʉ [21].  

 

1.8 ɺʠʩʥʦʚʢʠ, ʤʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʠ ʦʧʨʘʮʴʦʚʘʥ ̔ʽʩʥʫʶʯʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʣʶʤʽʥʽʻʚʦ-ʤʽʜʥʽ 

ʩʧʣʘʚʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʤʦʜʠʬʽʢʫʚʘʥʥʷ.  
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ɿôʷʩʦʚʘʥʦ, ʱʦ ʘʣʶʤʽʥʽʻʚʦ-ʤʽʜʥʽ ʩʧʣʘʚʠ ʷʚʣʷʶʪʴʩʷ ʦʜʥʠʤʠ ʟ̔ ʥʘʡʢʨʘʱʠʭ 

ʣʠʚʘʨʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʟʘ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʶ 

ʩʝʨʝʜ ʽʥʰʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʽ ʧʦʩʪʫʧʘʶʪʴʩʷ ʧʦ ʜʝʷʢʠʤ ʤʝʭʘʥʽʯʥʠʤ 

ʧʦʢʘʟʥʠʢʘʤ ʣʠʰʝ ʩʪʘʣʷʤ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʠʬʽʢʘʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʮʠʨʢʦʥʽʶ.  

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʤʦʜʠʬʽʢʘʪʦʨʘ ʪʘ ʬʣʶʩʫ ʜʣʷ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʩʧʦʣʫʢ 

ʮʠʨʢʦʥʽʶ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʣʴʦʚʦʛʦ ʨʦʟʧʣʘʚʫ. ʇʦʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʣʠʚʘʨʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʪʠʧʫ 

ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʦʣʦʚʥʘ ʤʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʤʽʮʥʝʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ ʽ ʜʦʩʣʽʜʞʝʥʥʽ ʡʦʛʦ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦ ʪʝʤʽ ʜʠʩʝʨʪʘʮʽʾ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ; 

- ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʥʽ ʧʣʘʚʢʠ ʩʧʣʘʚʫ ɸʄ5 ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ; 

- ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ; 

- ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ ʩʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ; 

- ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ. 
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2 ʄɽʊʆɼʀʂɸ ɼʆʉʃɯɼɾɽʅʔ 

 

2.1 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʩʧʦʣʫʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʮʠʨʢʦʥʽʡ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʧʨʦʚʦʜʠʣʠ ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ 

ʧʣʘʩʪʠʯʥʽʩʪʴ. ɺʠʧʨʦʙʦʚʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʨʷʜ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʥʝ ʣʠʰʝ ʤʽʮʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʧʨʦʙʦʚʫʶʪʴ, ʘ ʪʘʢʦʞ ʾʭ ʷʢʽʩʪʴ [22]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʚ ʤʝʪʘʣʽʯʥʠʡ ʢʦʢʽʣʴ ʚʽʜʣʠʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʽ ʟʨʘʟʢʠ ʜʽʘʤʝʪʨʦʤ 12 ʤʤ ʽ ʨʦʟʨʘʭʦʚʘʥʦʶ ʜʦʚʞʠʥʦʶ 60ʤʤ, ʟʛʽʜʥʦ 

ɼʉʊʋ ï 2839-94 (ʨʠʩ.2.1). 

 

ʈʠʩʫʥʦʢ 2.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ: ʘ) ʜʦ ʚʠʧʨʦʙʫʚʘʥʴ;  

ʙ) ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ʇʽʩʣʷ ʦʙʨʽʟʢʠ ʧʨʠʙʫʪʢʽʚ, ʟʘʯʠʱʝʥʥʷ ʽ ʨʦʟʤʽʪʢʠ, ʟʨʘʟʢʠ ʚʠʧʨʦʙʦʚʫʚʘʣʠʩʴ ʥʘ 

ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʪʠʧʫ FP 100/1. ʎʠʣʽʥʜʨʠʯʥʠʡ ʟʨʘʟʦʢ ʟʘʢʨʽʧʣʶʚʘʣʠ ʚ ʟʘʞʠʤʘʭ 

ʨʦʟʨʠʚʥʦʾ ʤʘʰʠʥʠ ʽ ʧʦʚʽʣʴʥʦ ʨʦʟʪʷʛʫʚʘʣʠ, ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʶʯʠ ʟʫʩʠʣʣʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʨʦʟʨʠʚʫ ʟʨʘʟʢʘ. ɿʫʩʠʣʣʷ, ʷʢʝ ʙʫʣʦ ʧʨʠʢʣʘʜʝʥʝ, ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʰʢʘʣʦʶ ʤʘʰʠʥʠ. 

ʅʘʧʨʫʞʝʥʥʷ, ʷʢʝ ʚʠʟʚʘʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʨʘʟʢʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʫʡʥʫʚʘʥʥʶ 

ʮʴʦʛʦ ʟʨʘʟʢʘ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʠʤʯʘʩʦʚʠʤ ʦʧʦʨʦʤ ʨʦʟʨʠʚʫ: 
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                                             ůɺ =ʈmax /F0  ,                                                        (2.1) 

ʜʝ ʈmax ï ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ 

F0 ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʘ ʜʦ ʧʦʯʘʪʢʫ ʚʠʧʨʦʙʫʚʘʥʴ, ʤ
2. 

 

ʇʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʚʞʠʥʘ ʟʨʘʟʢʘ ʟʙʽʣʴʰʠʣʘʩʴ. ʆʢʨʽʤ ʮʴʦʛʦ, ʚ ʩʝʨʝʜʥʽʡ 

ʯʘʩʪʠʥʽ ʜʽʘʤʝʪʨ ʟʨʘʟʢʘ ʟʤʝʥʰʠʚʩʷ. ɿʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻ  

ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʫ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʩʥʠʤ ʧʦʜʦʚʞʝʥʥʷʤ. ʏʠʤ 

ʙʽʣʴʰʝ ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʟʨʘʟʢʘ, ʪʠʤ ʧʣʘʩʪʠʯʥʽʰʝ ʩʧʣʘʚ. ɺʽʜʥʦʩʥʝ 

ʧʦʜʦʚʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʥʘʩʪʫʧʥʽʡ ʬʦʨʤʫʣʽ: 

 

                                         ŭ = [(l1- l0)/ l0 ] *100 ,                                             (2.2) 

ʜʝ l0 ï ʧʦʯʘʪʢʦʚʘ ʜʦʚʞʠʥʘ ʟʨʘʟʢʫ, ʤʤ; 

l1 ï ʢʽʥʮʝʚʘ ʜʦʚʞʠʥʘ ʟʨʘʟʢʫ, ʤʤ. 

 

ʇʝʨʝʜ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʟʨʘʟʢʽʚ ʧʦʯʘʪʢʦʚʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʜʦʚʞʠʥʫ l0 

ʦʙʤʝʞʫʶʪʴ ʥʝʚʝʣʠʢʠʤʠ ʢʝʨʥʘʤʠ ʘʙʦ ʽʥʰʠʤʠ ʤʽʪʢʘʤʠ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 1%. 

 

2.2 ʄʝʪʦʜʠʢʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʰʣʽʬʽʚ 

 

ɺʠʚʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʘ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʥʝʧʨʦʟʦʨʠʭ 

ʥʝʤʝʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʣʠʚʦ ʣʠʰʝ ʧʨʠ ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʽ 

ʩʚʽʪʣʦʚʠʭ ʧʨʦʤʝʥʽʚ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʊʦʤʫ ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʘ. ɿʨʘʟʦʢ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʘ ʜʣʷ 

ʤʽʢʨʦʘʥʘʣʽʟʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʢʨʦʰʣʽʬʦʤ. ɼʣʷ ʛʦʪʫʚʘʥʥʷ ʰʣʽʬʘ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʟʘʪʠ ʟʨʘʟʦʢ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʡ ʦʜʝʨʞʘʪʠ ʥʘ ʥʴʦʤʫ ʧʣʦʩʢʫ ʽ 

ʙʣʠʩʢʫʯʫ ʧʦʚʝʨʭʥʶ [23]. 

ɺʽʜʙʽʨ ʟʨʘʟʢʽʚ. ɯʩʥʫʻ ʪʨʠ ʤʝʪʦʜʠ ʚʽʜʙʦʨʫ ʟʨʘʟʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ  ʦʩʥʦʚʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ: 

1. ɺʠʨʦʙʥʠʯʠʡ ʢʦʥʪʨʦʣʴ. ʄʽʩʮʝ ʚʠʨʽʟʢʠ ʟʨʘʟʢʽʚ, ʾʭ ʨʦʟʤʽʨʠ ʽ ʢʽʣʴʢʽʩʪʴ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʚʠʤʦʛʘʤʠ ʩʪʘʥʜʘʨʪʽʚ, ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʪʘ ʽʥʰʦʶ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʽʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ. 
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2. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʯʠʥ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʜʝʬʝʢʪʫ ʜʝʪʘʣʽ. ɿʨʘʟʢʠ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʚʠʨʽʟʘʥʽ ʙʣʠʞʯʝ ʜʦ ʟʣʘʤʫ ʘʙʦ ʪʨʽʱʠʥʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʪʘʢʦʞ ʟʨʘʟʢʠ ʤʘʪʝʨʽʘʣʫ ʟ ʟʘʜʦʚʽʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

3. ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ, ʢʦʣʠ ʤʽʩʮʝ ʚʽʜʙʦʨʫ ʟʨʘʟʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʤʝʪʦʶ. 

ɺʠʨʽʟʢʘ ʟʨʘʟʢʽʚ. ɿʨʘʟʢʠ ʦʜʝʨʞʫʶʪʴ ʤʝʭʘʥʽʯʥʠʤ (ʨʫʙʘʥʥʷ, ʨʽʟʘʥʥʷ, 

ʬʨʝʟʝʨʫʚʘʥʥʷ) ʘʙʦ ʘʥʦʜʥʦ-ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ. ɺʧʣʠʚ ʥʘʢʣʝʧʫ ʪʘ ʥʘʛʨʽʚʫ ʧʨʠ 

ʮʴʦʤʫ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʘʣʽ ʧʦʜʘʯʽ ʡ ʦʭʦʣʦʜʞʝʥʥʷ. 

ɼʣʷ ʨʽʟʘʥʥʷ ʪʚʝʨʜʠʭ ʤʝʪʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʨʘʟʠʚʥʽ ʢʨʫʛʠ. 

ʈʦʟʤʽʨʠ ʤʽʢʨʦʰʣʽʬʘ. ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʘ ʬʦʨʤʘ ʟʨʘʟʢʽʚ ʤʽʢʨʦʰʣʽʬʘ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 2.2.  

 

 

ʈʠʩʫʥʦʢ 2.2 ʉʪʘʥʜʘʨʪʥʽ ʨʦʟʤʽʨʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʽʚ 

 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʽʢʨʦʰʣʽʬʽʚ ʟʽ ʟʨʘʟʢʽʚ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ (ʜʨʽʪ, ʣʠʩʪʠ, ʪʦʱʦ) 

ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʩʪʨʫʙʮʠʥʠ (ʜʠʚ. ʨʠʩ. 2.3 ʘ), 

ʘʙʦ ʧʦʤʽʱʘʶʪʴ ʟʨʘʟʢʠ ʚ ʤʝʪʘʣʝʚʽ ʦʙʦʡʤʠ ʽ ʟʘʣʠʚʘʶʪʴ ʣʝʛʢʦʧʣʘʚʢʠʤ ʩʧʣʘʚʦʤ 

ʘʙʦ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ (ʜʠʚ. ʨʠʩ. 2.3 ʙ). 

 

1

4

2

3 1

ʘ ʙ  

 

ʈʠʩʫʥʦʢ 2.3 ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʰʣʽʬʽʚ: 

ʘ ï ʰʣʽʬ ʟʘʪʠʩʥʫʪʠʡ ʫ ʩʪʨʫʙʮʠʥʽ; ʙ ï ʰʣʽʬ, ʟʘʣʠʪʠʡ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ 

 

ʊʦʨʮʶʚʘʥʥʷ ʰʣʽʬʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʤʝʪʦʶ ʜʦʜʘʥʥʷ ʧʨʷʤʦʣʽʥʽʡʥʦʩʪʽ ʦʜʥʽʡ ʟ 

ʡʦʛʦ ʧʦʚʝʨʭʦʥʴ ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʧʠʣʢʦʤ ʘʙʦ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ. 

1
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ʇʨʠ ʨʽʟʘʥʥʽ ʧʦʨʫʰʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ. ɻʣʠʙʠʥʘ 

ʧʦʨʫʰʝʥʦʛʦ ʰʘʨʫ ʚ ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʷʛʘʻ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʥʽʚ, ʘ ʚ 

ʤʝʪʘʣʽʚ - ʧʦʨʷʜʢʫ ʜʝʩʷʪʢʽʚ ʜʦʣʽ ʤʽʣʽʤʝʪʨʘ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʦʙ'ʻʢʪʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʠʪʠ ʜʝʬʦʨʤʦʚʘʥʠʡ ʰʘʨ ʟ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ɿ 

ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʚʦʜʷʪʴ ʰʣʽʬʫʚʘʥʥʷ ʽ ʧʦʣʽʨʫʚʘʥʥʷ ʟʨʘʟʢʽʚ. 

ʐʣʽʬʫʚʘʥʥʷ ʟʨʘʟʢʽʚ. ʐʣʽʬʫʚʘʥʥʷ (ʛʨʫʙʝ ʽ ʪʦʥʢʝ) ʩʣʫʞʠʪʴ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʥʘʢʣʝʧʘʥʦʛʦ ʰʘʨʫ, ʛʨʫʙʠʭ ʧʦʜʨʷʧʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʰʣʽʬʘ ʽ ʷʚʣʷʻʪʴʩʷ ʧʽʜʛʦʪʦʚʯʦʶ 

ʦʧʝʨʘʮʽʻʶ ʧʝʨʝʜ ʧʦʣʽʨʫʚʘʥʥʷʤ. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʷʩʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʢʦʞʥʦʤʫ 

ʧʝʨʝʭʦʜʽ ʥʘ ʥʦʚʠʡ ʘʙʨʘʟʠʚ ʧʦʪʨʽʙʥʦ ʟʤʽʥʶʚʘʪʠ  ʥʘʧʨʘʚʣʝʥʥʷ ʨʫʭʫ ʟʨʘʟʢʽʚ ʥʘ 90Ü  

ʽ ʰʣʽʬʫʚʘʥʥʷ ʚʝʩʪʠ ʜʦ ʧʦʚʥʦʛʦ ʟʥʠʢʥʝʥʥʷ ʨʠʩʦʢ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʦʧʝʨʘʮʽʾ 

(ʨʠʩ.2.4). ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʰʣʽʬʫʚʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,08 

ʤʢʤ. 

 

 

ʈʠʩʫʥʦʢ 2.4 ʇʦʚʝʨʭʥʷ ʟʨʘʟʢʘ ʧʽʩʣʷ ʰʣʽʬʫʚʘʥʥʷ 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʽʢʨʦʩʢʦʧʘ ʚ 100 ʨʘʟʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʚʠʥʥʽ ʧʨʦʛʣʷʜʘʪʠʩʷ 

ʪʽʣʴʢʠ ʩʣʽʜʠ ʦʙʨʦʙʢʠ ʦʩʪʘʥʥʽʤ ʘʙʨʘʟʠʚʦʤ. 

ɻʨʫʙʝ ʰʣʽʬʫʚʘʥʥʷ ʚʝʜʝʪʴʩʷ ʥʘ ʰʢʫʨʢʘʭ ʟʝʨʥʠʩʪʽʩʪʶ ʚʽʜ 10-8 ʜʦ 4-3, ʪʦʥʢʘ - 

ʚʽʜ ʄ40 ʜʦ ʄ14. ʐʣʽʬʫʚʘʥʥʷ ʥʘ ʰʢʫʨʢʘʭ ʚʝʣʠʢʦʾ ʟʝʨʥʠʩʪʦʩʪʽ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ 

ʦʙʨʦʙʢʦʶ ʥʘ ʘʙʨʘʟʠʚʥʦʤʫ ʢʨʫʟʽ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʙʽʣʴʰ ʪʦʥʢʦʛʦ ʘʙʨʘʟʠʚʫ 

ʧʦʚʝʨʭʥʷ ʰʣʽʬʘ ʽ ʜʠʩʢʘ ʚʝʨʩʪʘʪʘ ʨʝʪʝʣʴʥʦ ʦʯʠʱʫʻʪʴʩʷ ʚʽʜ ʟʘʣʠʰʢʽʚ 

ʛʨʫʙʦʟʝʨʥʠʩʪʦʛʦ ʘʙʨʘʟʠʚʫ. 

ʇʦʣʽʨʫʚʘʥʥʷ ʧʣʦʱʠʥʠ ʟʨʘʟʢʘ. ʄʝʪʦʶ ʧʦʣʽʨʫʚʘʥʥʷ ʻ ʦʪʨʠʤʘʥʥʷ ʜʟʝʨʢʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʥʝ ʤʘʻ ʨʠʩʦʢ. ɿʘʩʪʦʩʦʚʫʶʪʴ ʤʝʭʘʥʽʯʥʠʡ, ʭʽʤʽʢʦ-ʤʝʭʘʥʽʯʥʠʡ ʪʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʧʦʩʽʙ ʧʦʣʽʨʫʚʘʥʥʷ. ʇʽʩʣʷ ʧʦʣʽʨʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʤ ʤʝʪʦʜʦʤ 

ʤʽʢʨʦʰʣʽʬ ʧʨʦʤʠʚʘʶʪʴ ʚʦʜʦʶ, ʧʦʪʽʤ ʩʧʠʨʪʦʤ ʽ ʧʨʦʩʫʰʫʶʪʴ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤ 

ʧʘʧʝʨʦʤ ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʪʨʘʚʣʝʥʥʷ (ʜʠʚ. ʪʘʙʣ. 2.1). 
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ʊʘʙʣʠʮʷ 2.1 ʆʩʥʦʚʥʽ ʪʨʘʚʥʠʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʘʣʶʤʽʥʽʶ ʪʘ 

ʡʦʛʦ ʩʧʣʘʚʽʚ [24] 

ʉʢʣʘʜ ʪʨʘʚʥʠʢʘ ʉʧʦʩʽʙ ʟʘʩʪʦʩʫʚʘʥʥʷ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʇʣʘʚʠʢʦʚʘ 

ʂʠʩʣʦʪʘ 0,5 ʩʤ3, 

ɺʦʜʘ 99,5 ʩʤ3 

ɿʤʦʯʫʶʪʴ ʰʣʽʬ ʚʘʪʢʦʶ ʘʙʦ 

ʟʘʥʫʨʶʶʪʴ ʫ ʨʝʘʢʪʠʚ,   

ʪʨʘʚʣʷʪʴ 10-12ʩ., ʧʦʪʽʤ 

ʧʨʦʤʠʚʘʶʪʴ ʫ ʧʨʦʪʦʯʥʽʡ ʚʦʜʽ 

ʽ ʧʨʦʩʫʰʫʶʪʴ 

ʈʝʘʢʪʠʚ    ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ.  

ɿʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʩʽʭ 

ʘʣʶʤʽʥʽʻʚʠʭ     ʩʧʣʘʚʽʚ 

ɰʜʢʠʡ ʥʘʪʨ 1-10ʛʨ, 

ʚʦʜʘ 99-90 ʩʤ3 

 

ɿʘʥʫʨʶʶʪʴ ʰʣʽʬ ʥʘ 4-5ʩ. ʋ 

ʨʝʘʢʪʠʚ, ʧʽʜʽʛʨʽʪʠʡ ʜʦ 70Á ʩ, 

ʧʦʪʽʤ ʧʨʦʤʠʚʘʶʪʴ 

ʩʪʨʫʤʝʥʝʤ ʭʦʣʦʜʥʦʾ ʚʦʜʠ ʽ 

ʧʨʦʩʫʰʫʶʪʴ 

ʈʝʘʢʪʠʚ ʜʣʷ 

ʉʧʣʘʚʽʚ        ʩʠʩʪʝʤʠ 

ɸ1ïʩuïʤgïsi 

ɸʟʦʪʥʘ ʢʠʩʣʦʪʘ 

1 ʦʙ'ʻʤ, ʧʣʘʚʠʢʦʚʘ 

ʢʠʩʣʦʪʘ 1-2 ʦʙôʻʤʠ, 

ʛʣʽʮʝʨʠʥ 3 ʦʙôʻʤʠ 

ɿʘʥʫʨʶʶʪʴ ʰʣʽʬ ʥʘ 1-10ʩ. ʋ 

ʨʝʘʢʪʠʚ, ʧʦʪʽʤ ʧʨʦʤʠʚʘʶʪʴ ʫ 

ʧʨʦʪʦʯʥʽʡ ʚʦʜʽ ʽ ʧʨʦʩʫʰʫʶʪʴ 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦ-

ʢʨʠʩʪʘʣʽʯʥʦʾ  ʣʽʢʚʘʮʽʾ ʚ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʘʭ 

ʉʽʨʯʘʥʘ 

ʂʠʩʣʦʪʘ 20ʩʤ3, ʚʦʜʘ 

80 ʩʤ3 

ɿʘʥʫʨʶʶʪʴ ʰʣʽʬ ʧʘ 15-40ʩ. 

ʋ ʨʝʘʢʪʠʚ, ʧʽʜʽʛʨʽʪʠʡ ʜʦ 70Á 

ʩ, ʘ ʧʦʪʽʤ ʧʨʦʤʠʚʘʶʪʴ ʫ 

ʧʨʦʪʦʯʥʽʡ ʚʦʜʽ ʽ ʧʨʦʩʫʰʫʶʪʴ 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ 

ʩʢʣʘʜʦʚʠʭ, ʷʢʽ ʤʽʩʪʷʪʴ    

ʟʘʣʽʟʦ 

ɸʟʦʪʥʘ 

ʂʠʩʣʦʪʘ 20 ʩʤ3, 

ʚʦʜʘ 80 ʩʤ3 

ɿʘʥʫʨʶʶʪʴ ʰʣʽʬ ʥʘ 40ʩ. ʋ 

ʨʝʘʢʪʠʚ, ʧʽʜʽʛʨʽʪʠʡ ʜʦ 70Á ʩ, 

ʧʦʪʽʤ ʧʨʦʤʠʚʘʶʪʴ ʫ 

ʭʦʣʦʜʥʽʡ ʚʦʜʽ ʽ ʧʨʦʩʫʰʫʶʪʴ 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʬʘʟ 

ʤg2ʘ13 ʽ ʩua12 ʫ ʩʧʣʘʚʘʭ 

ʩʠʩʪʝʤ ʘ1-ʩu ʪʘ ʘ1-ʤg 

 

 

2.3 ɺʠʙʽʨ ʤʦʜʠʬʽʢʘʪʦʨʘ ʜʣʷ ʦʙʨʦʙʢʠ ʩʧʣʘʚʫ 

 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʚʘʨʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʨʝʛʫʣʶʶʪʴ ʨʝʞʠʤʠ ʾʭ ʧʣʘʚʣʝʥʥʷ ʪʘ ʣʠʪʪʷ ʫ 

ʣʠʚʘʨʥʽ ʬʦʨʤʠ, ʫʤʦʚʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʽʜʣʠʚʢʽʚ. ɸʣʝ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʥʘʤ ʩʧʣʘʚʽʚ ʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʪʦʙʪʦ ʧʦʢʨʘʱʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚ ʨʦʟʧʣʘʚʠ ʧʝʨʝʜ ʾʭ ʟʘʣʠʚʢʦʶ 

ʥʝʚʝʣʠʢʠʭ ʜʦʙʘʚʦʢ ʜʠʩʧʝʨʩʥʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʩʧʦʣʫʢ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ  ʟ ʪʝʦʨʽʻʶ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʠʤʠ ʦʟʥʘʢʘʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘ ʻ: 

ʘ) ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʛʨʘʥʠʮʽ ʨʦʟʧʦʜʽʣʫ ʤʦʜʠʬʽʢʘʪʦʨʘ ʟ 

ʨʽʜʢʦʶ ʬʘʟʦʶ; 

ʙ) ʙʝʟʜʝʬʝʢʪʥʽʩʪʴ ʙʫʜʦʚʠ; 
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ʚ) ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʦʜʠʬʽʢʘʪʦʨʘ ʚ ʨʦʟʧʣʘʚʽ ʙʝʟ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ; 

ʛ) ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʝʣʝʤʝʥʪʫ, ʱʦ ʤʦʜʠʬʽʢʫʻ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʱʝ 

ʪʦʯʢʠ ʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʠ ʩʧʣʘʚʫ; 

ʜ) ʤʘʢʩʠʤʘʣʴʥʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʚʟʘʻʤʦʜʽʾ; 

ʝ) ʩʪʨʫʢʪʫʨʥʘ ʽ ʨʦʟʤʽʨʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʰʽʪʢʠ ʜʦʤʽʰʦʢ ʽ ʬʘʟʦʚʠʭ ʩʢʣʘʜʦʚʠʭ 

ʩʧʣʘʚʫ; 

ʞ)ʫʪʚʦʨʝʥʥʷ ʟʤʽʮʥʶʶʯʠ ʘʜʩʦʨʙʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʟ ʘʪʦʤʘʤʠ ʤʝʪʘʣʫ, ʱʦ 

ʟʤʽʮʥʶʻʪʴʩʷ. 

ɺ ʷʢʦʩʪʽ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ ʪʫʛʦʧʣʘʚʢʠʭ ʩʧʦʣʫʢ ʚʠʙʨʘʥʽ ʩʧʦʣʫʢʠ, ʱʦ 

ʚʤʽʱʫʶʪʴ ʮʠʨʢʦʥʽʡ, ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʘʛʘʪʴʦʤ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʤ ʫʤʦʚʘʤ. ɸ  ʚ 

ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʘ ï ʦʢʩʠʜ ʮʠʨʢʦʥʽʶ ZrO2 ʪʘ ʬʪʦʨʠʜ ʮʠʨʢʦʥʽʶ ZrF4. [25]. 

 

2.4 ʄʝʪʦʜʠʢʘ ʚʚʝʜʝʥʥʷ ʩʧʦʣʫʢ, ʱʦ ʚʤʽʱʫʶʪʴ ʮʠʨʢʦʥʽʡ 

 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦ ʚʚʝʜʝʥʥʽ ʝʢʟʦʛʝʥʥʠʭ ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ 

ʪʫʛʦʧʣʘʚʢʠʭ ʩʧʦʣʫʢ ʚ ʨʦʟʧʣʘʚʠ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʟʤʽʮʥʶʶʪʴʩʷ ʪʚʝʨʜʦʶ 

ʬʘʟʦʶ ʜʘʻ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʣʦʜʽʻ ʤʝʪʘʣ, ʱʦ ʚʤʽʱʫʻ ʜʫʞʝ ʜʨʽʙʥʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʦʙôʻʤʫ ʩʧʦʣʫʢʠ, 

ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʻ ʦʜʥʦʨʽʜʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɺʽʜʟʥʘʯʠʤʦ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʩʪʘʜʽʾ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ çʤʝʪʘʣ ï ʪʚʝʨʜʘ ʯʘʩʪʢʘè:  

1) ʙʝʟʧʦʩʝʨʝʜʥʻ  ʚʚʝʜʝʥʥʷ ʯʘʩʪʦʢ ʚ ʨʦʟʧʣʘʚ;  

2) ʧʦʚʝʜʽʥʢʘ ʯʘʩʪʦʢ ʫ ʚʘʥʥʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. 

ʈʦʟʛʣʷʜ ʮʠʭ ʧʨʦʮʝʩʽʚ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ 

ʚʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʚʦʻʥʥʷ ʯʘʩʪʦʢ ʨʦʟʧʣʘʚʦʤ, ʦʜʥʦʨʽʜʥʝ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʮʠʭ ʯʘʩʪʦʢ ʚ ʦʙôʻʤʽ ʤʝʪʘʣʫ ʽ ʟʙʝʨʝʞʝʥʥʷ ʥʠʤʠ ʩʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ 

ʧʝʨʽʦʜ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʅʘ ʨʦʟʧʦʜʽʣ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ ʚʧʣʠʚʘʶʪʴ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ: 

1) ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ çʨʦʟʧʣʘʚ ï ʯʘʩʪʢʘè ʽ ʧʨʦʮʝʩʠ 

ʢʦʘʛʫʣʷʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ; 

2) ʟʤʽʥʘ ʚôʷʟʢʦʩʪʽ ʨʦʟʧʣʘʚʫ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ; 

3) ʤʽʢʨʦʪʦʢʠ ʫ ʚʘʥʥʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʯʘʩʪʢʠ 

ʤʦʜʠʬʽʢʘʪʦʨʘ . 
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2.5 ʄʝʪʦʜʠʢʘ ʚʚʝʜʝʥʥʷ ʬʪʦʨʠʜʫ ʮʠʨʢʦʥʽʶ 

 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʬʪʦʨʠʜʫ ʮʠʨʢʦʥʽʶ, ʪʦ ʡʦʛʦ ʚʟʘʻʤʦʜʽʷ ʟ ʘʣʶʤʽʥʽʻʚʠʤ 

ʨʦʟʧʣʘʚʦʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʘ ʪʽʣʴʢʠ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ. 

ʊʦʤʫ ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʧʦʩʽʙ ʚʚʝʜʝʥʥʷ ʬʪʦʨʠʜʫ ʮʠʨʢʦʥʽʶ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʥʘʥʝʩʝʥʥʽ ZrF4 ʥʘ ʧʦʚʝʨʭʥʶ ʨʦʟʧʣʘʚʫ ʟ ʚʠʪʨʠʤʢʦʶ ʥʘ ʧʨʦʪʷʟʽ 30é120 ʩ., ʪʘ 

ʥʘʩʪʫʧʥʠʤ ʟʘʤʽʰʫʚʘʥʥʷʤ ʮʽʻʾ ʩʧʦʣʫʢʠ ʫ ʨʦʟʧʣʘʚ ʽ ʚʠʪʨʠʤʢʦʶ ʫ ʧʝʯʽ ʧʦʪʷʛʦʤ 

ʧʝʚʥʦʛʦ ʯʘʩʫ.  

 

2.6 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʧʣʘʚʦʢ ʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

 

ʇʣʘʚʢʘ, ʨʘʬʽʥʫʚʘʥʥʷ ʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʰʘʭʪʥʽʡ 

ʧʝʯʽ ʦʧʦʨʫ ʉʐʆʃ ï 4,6/12-ʄ3 (ʨʠʩ.2.5).  

 

ʈʠʩʫʥʦʢ 2.5 ɽʣʝʢʪʨʠʯʥʘ ʧʽʯ ʦʧʦʨʫ ʉʐʆʃ ï 4,6/12-ʄ3: 

1 ï ʪʝʨʤʦʧʘʨʘ; 2 ï ʟʘʭʠʩʥʠʡ ʢʦʞʫʭ ʪʝʨʤʦʧʘʨʠ; 3 ï ʧʘʥʝʣʴ ʫʧʨʘʚʣʽʥʥʷ; 

4 ï ʪʝʨʤʦʽʟʦʣʷʮʽʡʥʠʡ ʰʘʨ; 5 ï  ʪʠʛʝʣʴ; 6 ï ʪʨʠʤʘʯ ʥʘʛʨʽʚʘʯʘ; 7 ï ʥʘʛʨʽʚʘʯ; 

8 ï ʨʽʜʢʠʡ ʤʝʪʘʣ 
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ɿʘ ʧʨʦʚʝʜʝʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʰʠʭʪʫ. ɺ ʷʢʦʩʪʽ ʰʠʭʪʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ: ʘʣʶʤʽʥʽʡ ʧʝʨʚʠʥʥʠʡ ʤʘʨʢʠ ɸ7, ʤʽʜʴ, ʘʣʶʤʽʥʽʻʚʦ-

ʤʘʨʛʘʥʮʝʚʘ ʣʽʛʘʪʫʨʘ (10% Mn). 

 

2.7 ʈʦʟʨʘʭʫʥʦʢ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ʉʝʨʝʜʥʽʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʫ ɸʄ5 ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.2. 

 

ʊʘʙʣʠʮʷ 2.2 ʉʝʨʝʜʥʽʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʫ ɸʄ5 

Al  Cu Ti Mn 

ʆʩʥʦʚʘ 4,5-5,5 0,15-0,35 0,6-1 

 

ʇʨʠʡʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʰʠʭʪʦʚʽ ʤʘʪʝʨʽʘʣʠ: 

1. ɸʣʶʤʽʥʽʡ ɸ7 (ʪʘʙʣ. 2.3). 

 

ʊʘʙʣʠʮʷ 2.3 ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ɸ7 

Al  Cu Mn Ti 

ʆʩʥʦʚʘ 0,01 0,03 0,01 

 

2. ʃʽʛʘʪʫʨʘ AlMn (10% Mn). 

3. ɽʣʝʢʪʨʦʣʽʪʠʯʥʘ ʤʽʜʴ. 

ɺʽʟʴʤʝʤʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʽʡ ʩʢʣʘʜ ʩʧʣʘʚʫ ʦʢʨʽʤ ʪʠʪʘʥʫ. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʧʨʠʡʤʘʻʤʦ ʫʛʘʨ ʝʣʝʤʝʥʪʽʚ: 

ɸʣʶʤʽʥʽʶ -1,5%; ʤʽʜʽ - 1%, ʤʘʨʛʘʥʮʶ -5%. 

 

ʘʣʶʤʽʥʽʶ  
93,95 1,5

1,4
100

*
=  ʢʛ;  

ʤʽʜʽ           
5 1

0,05
100

*
=

 
ʢʛ;                           

ʤʘʨʛʘʥʮʶ  
0,8 5

0,04
100

*
=

 
ʢʛ;                        
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ʊʘʙʣʠʮʷ 2.4 ʈʦʟʨʘʭʦʚʘʥʠʡ ʩʢʣʘʜ ʰʠʭʪʠ 

ʉʝʨʝʜʥʽʡ ʭʽʤʽʯʥʠʡ ɸʄ5, % 
Al Cu Mn 

93,95 5 0,8 

ʄʘʩʘ ʥʘ 100 ʢʛ ʰʠʭʪʠ, ʢʛ 93,95 5 0,8 

ʋʛʘʨ, % 1,5 1 5 

ʋʛʘʨ, ʢʛ 1,4 0,05 0,04 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʩʢʣʘʜ ʰʠʭʪʠ, ʢʛ 95,35 5,05 0,84 
 

-ʃ̔ ʛʘʪʫʨʠ AlMn (10%) ʧʦʪʨʽʙʥʦ ʚʥʝʩʪʠ (0.82*100)/10=8,2ʢʛ  Al=7,38ʢʛ; 

-ɸ7 ʧʦʪʨʽʙʥʦ( 95,35-7,38)*100/99,5=88,41ʢʛ Al=87,97 Ti=0,0088 Cu=0,0088 

Mn=0,026; 

-ɽʣʝʢʪʨʦʣʽʪʠʯʥʦʾ ʤʽʜʽ ʧʦʪʨʽʙʥʦ (5,05-0,0088)=5,04 ʢʛ. 

ʆʪʞʝ ʥʘ 2 ʢʛ ʧʦʪʨʽʙʥʦ: AlMn(10%)=0,164 ʢʛ, ɸ7=1,7682 ʢʛ ʉu=0,1 ʢʛ 

 

2.8 ʊʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʩʧʣʘʚʫ ɸʄ5 

 

ʇʣʘʚʢʘ ʣʠʚʘʨʥʦʛʦ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʧʨʦʚʦʜʠʣʘʩ ̫ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʧʝʯʽ 

ʦʧʦʨʫ ʉʐʆʃ-4,6/12-ʄ3. ʅʘ ʧʦʚʝʨʭʥʶ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʽ ʜʦʚʝʜʝʥʦʛʦ ʜʦ 850Áʉ ʨʽʜʢʠʡ 

ʘʣʶʤʽʥʽʡ ʤʘʨʢʠ ɸ7 ʥʘʥʦʩʠʣʠ ʧʦʜʨʽʙʥʝʥʠʡ ʜʦ ʚʝʣʠʯʠʥʠ ʟʝʨʝʥ ʧʦʨʦʰʢʫ 0,05-0,2 ʤʤ 

ʮʠʨʢʦʥʽʻʚʠʡ ʤʦʜʠʬʽʢʘʪʦʨ (LiF ï ZrF4) ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʜʦ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ,   

ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʧʣʘʚ ʤʝʭʘʥʽʯʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 2 ʭʚʠʣʠʥ ʪʘ ʚʽʥ ʚʠʩʪʦʶʚʘʚʩʷ 

ʚ ʧʝʯʽ ʧʨʠ ʟʘʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʯʘʩʫ. ɼʘʣʽ ʚʚʦʜʠʣʠ ʧʨʫʪʦʢ ʤʽʜʽ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʾ ʯʠʩʪʦʪʠ ʪʘ ʘʣʶʤʽʥʽʻʚʦ-ʤʘʨʛʘʥʮʝʚʫ ʣʽʛʘʪʫʨʫ (10%Mn) ʽ ʨʝʪʝʣʴʥʦ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʨʦʟʧʣʘʚ. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʰʣʘʢʫ ʩʧʣʘʚ ʨʦʟʣʠʚʘʣʠ ʚ ʢʦʢʽʣʴ ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

 

2.9 ʇʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʪʠʧʫ 2k 

 

ɽʢʩʧʝʨʠʤʝʥʪ, ʚ ʷʢʦʤʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚʩʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʻʜʥʘʥʥʷ ʨʽʚʥʽʚ 

ʬʘʢʪʦʨʽʚ, ʥʘʟʠʚʘʶʪʴ ʧʦʚʥʠʤ ʬʘʢʪʦʨʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ(ʇʌɽ) [24]. 
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ʇʨʠ ʚʘʨʽʶʚʘʥʥʽ ʬʘʢʪʦʨʽʚ ʥʘ ʜʚʦʭ ʨʽʚʥʷʭ ( ʚʝʨʭʥʴʦʤʫ ʪʘ ʥʠʞʥʴʦʤʫ) 

ʥʝʦʙʭʽʜʥʘ ʪʘ ʜʦʩʪʘʪʥʷ  ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʇʌɽ: 

 

                                                      N = 2k                                      (2.3) 

 

ʜʝ 2 ï ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ;  

k ï ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ. 

 

ʇʦʙʫʜʦʚʘ ʧʣʘʥʫ ʇʌɽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʙʦʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʦʯʦʢ, 

ʩʠʤʝʪʨʠʯʥʠʭ ʚʽʜʥʦʩʥʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʧʠʩʫ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʚʦʜʷʪʴ ʢʦʜʫʚʘʥʥʷ 

ʬʘʢʪʦʨʽʚ. ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ ʧʦʟʥʘʯʘʶʪʴ ç+1è, ʦʩʥʦʚʥʽʡ ʨʽʚʝʥʴ ï ç0è, ʘ ʥʠʞʥʽʡ ï ç-1è. 

 

2.9.1 ʉʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʪʠʧʫ 2k , ʢʦʣʠ k ʙʽʣʴʰʝ ʥʽʞ 

ʜʚʘ  

 

ʉʧʦʩʽʙ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʽ ʜʦʧʦʚʥʝʥʥʷ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʽ 

ʧʣʘʥʫʚʘʥʥʷ ʮʠʤ ʩʧʦʩʦʙʦʤ ʩʧʦʯʘʪʢʫ ʨʦʙʣʷʪʴ ʟʘʛʦʪʦʚʢʫ ʜʣʷ ʧʦʪʨʽʙʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʬʘʢʪʦʨʽʚ ʪʘ ʜʦʩʣʽʜʽʚ. ʇʦʪʽʤ ʜʚʽʯʽ ʟʘʧʠʩʫʶʪʴ ʤʘʪʨʠʮʶ 22: ʦʜʠʥ ʨʘʟ ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ ʭ3 ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ, ʘ ʜʨʫʛʠʡ ï ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʭ3 ʥʘ ʚʝʨʭʥʴʦʤʫ 

ʨʽʚʥʽ. ʆʜʝʨʞʘʥʫ ʤʘʪʨʠʮʶ 23 ʧʝʨʝʧʠʩʫʶʪʴ ʱʝ ʨʘʟ, ʘ ʜʣʷ ʬʘʢʪʦʨʘ ʭ4 ʟʘʧʠʩʫʻʪʴʩʷ 

ʧʦʣʦʚʠʥʘ ʟʥʘʢʽʚ ʤʽʥʫʩ ʽ ʧʦʣʦʚʠʥʘ ʟʥʘʢʽʚ ʧʣʶʩ. ʆʜʝʨʞʘʥʘ ʤʘʪʨʠʮʷ 24 

ʧʝʨʝʧʠʩʫʻʪʴʩʷ ʱʝ ʨʘʟ, ʘ ʜʣʷ ʬʘʢʪʦʨʘ ʭ5 ʟʘʧʠʩʫʻʪʴʩʷ ʧʦʣʦʚʠʥʘ ʟʥʘʢʽʚ ʤʽʥʫʩ ʽ 

ʧʦʣʦʚʠʥʘ ʟʥʘʢʽʚ ʧʣʶʩ ʽ ʪ.ʜ. 

 

2.9.2 ʆʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ 

 

 ʈʘʥʽʰʝ ʤʠ ʟʘʟʥʘʯʘʣʠ, ʱʦ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʷʢ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʣʽʥʦʤʠ. ʇʨʠʯʦʤʫ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʣʽʥʦʤ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ: 
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                                   y = b0+b1x1+b2x2+é+bkxk     (2.4) 

 

 ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʙʫʜʫʪʴ 

ʦʙʯʠʩʣʶʚʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʬʦʨʤʫʣʠ: 

 

                                        bj = 
В  

 ,                   (2.5) 

 

ʜʝ j = 0, 1, 2, é, k ï ʥʦʤʝʨ ʬʘʢʪʦʨʘ( 0 ʟʘʧʠʩʘʥʠʡ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ b0) ; 

ὼ ï ʨʽʚʝʥʴ j ï ʛʦ ʬʘʢʪʦʨʘ ʚ iʪʦʤʫ ʜʦʩʣʽʜʽ; 

ώ ï ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚ iʪʦʤʫ ʜʦʩʣʽʜʽ;  

N ï ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ. 

 

ʊʦʤʫ ʤʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʇʌɽ 23 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʤʘʪʠʤʝ 

ʚʠʛʣʷʜ ʪʘʙʣ. 2.5. ʊʘʢʘ ʤʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʥʝʧʦʚʥʠʡ 

ʧʦʣʽʥʦʤ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ. 

 

ʊʘʙʣʠʮʷ 2.5 ʄʘʪʨʠʮʷ 23 ʟ ʝʬʝʢʪʦʤ ʚʟʘʻʤʦʜʽʾ 

ʅʦʤʝʨ 

ʜʦʩʣʽʜʫ 
x0 x1 x2 x3 x1x2 x1x3 x2x3 x1x2x3 y 

1 + - - - + + + - y1 

2 + - + - - + - + y2 

3 + + + - + - - - y3 

4 + + - - - - + + y4 

5 + - - + + - - + y5 

6 + - + + - - + - y6 

7 + + + + + + + + y7 

8 + + - + - + - - y8 

  

           y = b0+b1x1+b2x2+b3x3+b12x1x2+b13x1x3+b23x2x3+b123x1x2x3                (2.6) 

 

2.9.3 ɿʥʘʭʦʜʞʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ 

 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʪʨʽʙʥʘ ʜʠʩʧʝʨʩʽʷ ʧʘʨʘʤʝʪʨʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʘʙʦ ʜʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʝʥʥʷ. ʎʶ ʚʝʣʠʯʠʥʫ ʟʥʘʭʦʜʷʪʴ ʥʘ ʧʽʜʩʪʘʚʽ 

ʟʥʘʯʝʥʴ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ. 
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ʗʢʱʦ ʚ ʢʦʞʥʦʤʫ ʚʝʢʪʦʨ ï ʨʷʜʢʫ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʴ 

ʦʜʥʘʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ, ʪʦ ʜʠʩʧʝʨʩʽʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʟʥʘʭʦʜʠʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ɼʣʷ ʢʦʞʥʦʛʦ ʚʝʢʪʦʨ 0 ʨʷʜʢʘ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ 

ʦʙʯʠʩʣʶʶʪʴ ʜʠʩʧʝʨʩʽʶ ʜʦʩʣʽʜʫ: 

 

                                                Ὓ  
В

                                           (2.7) 

ʜʝ i = 1,2, é; 

N ï ʥʦʤʝʨʠ ʨʷʜʢʽʚ;  

k = 1,2,é;  

n ï ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ ʫ ʢʦʞʥʦʤʫ ʨʷʜʢʫ;  

yci ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʢʦʞʥʦʤʫ ʨʷʜʢʫ. 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʧʝʨʝʚʽʨʷʶʪʴ ʦʜʥʦʨʽʜʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʜʠʩʧʝʨʩʽʡ, ʪʦʙʪʦ ʧʦʪʨʽʙʥʦ 

ʚʧʝʚʥʠʪʠʩʴ, ʱʦ ʚʩʽ ʛʨʫʧʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʜʝʨʞʘʥʽ ʟ ʦʜʥʽʻʾ ʽ ʪʽʻʾ 

ʩʘʤʦʾ ʩʫʢʫʧʥʦʩʪʽ ʽ ʜʘʶʪʴ ʦʜʥʘʢʦʚʝ ʨʦʟʩʽʶʚʘʥʥʷ. 

ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ ʫ ʢʦʞʥʦʤʫ ʚʝʢʪʦʨïʨʷʜʢʫ 

ʦʜʥʘʢʦʚʘ, ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡ ʧʝʨʝʚʽʨʷʶʪʴ ʢʨʠʪʝʨʽʻʤ ʂʦʭʨʝʥʘ, ʷʢʠʡ ʻ 

ʚʽʜʥʦʰʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʜʦ ʩʫʤʠ ʚʩʽʭ ʜʠʩʧʝʨʩʽʡ, ʪʦʙʪʦ 

 

                                                       Ὃ
  Ƞ

 
В

      (2.8) 

 

ʜʝ f1 = n -1;  

f2 = N ïʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ. 

 

ʗʢʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʪʘʙʣʠʯʥʦʛʦ, ʪʦ 

ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ Ŭ = 0.05 ʜʠʩʧʝʨʩʽʾ ʻ ʦʜʥʦʨʽʜʥʠʤʠ ʽ ʾʭ ʤʦʞʥʘ 

ʫʩʝʨʝʜʥʶʚʘʪʠ. ʊʦʜʽ ʜʠʩʧʝʨʩʽʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ: 

 

                                                      Ὓ ώ  
В

                                   (2.9) 

 

ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʮʽʻʾ ʜʠʩʧʝʨʩʽʾ f1 = N(n-1) = 16 
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 2.9.4 ʇʝʨʝʚʽʨʢʘ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʚʥʦʛʦ ʘʙʦ ʜʨʦʙʦʚʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʚʽʨʯʽ 

ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʫʩʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʟʥʘʡʪʠ 

ʜʠʩʧʝʨʩʽʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ Ὓ ὦ . 

ɼʣʷ ʚʠʧʘʜʢʫ , ʢʦʣʠ ʜʦʩʣʽʜʠ  ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʧʦʚʪʦʨʶʚʘʣʠʩʴ, ʜʠʩʧʝʨʩʽʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʙʫʜʝ ʦʙʯʠʩʣʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

          Ὓ ὦ  
ᶻ

 ,                  (2.10) 

 

ʜʝ Ὓ ώ ï ʜʠʩʧʝʨʩʽʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ;  

ὔ ï ʢʽʣʴʢʽʩʪʴ ʚʝʢʪʦʨ-ʨʷʜʢʽʚ ʫ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ; 

 ὲ ï ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ ʫ ʚʝʢʪʦʨ-ʨʷʜʢʘʭ. 

 

ɸ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʙʫʜʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

                                                 Ўὦ  ὸȠ Ὓ ὦ         (2.11) 

 

ʜʝ ὸȠ ï ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ, ʷʢʝ ʚʟʷʪʦ ʜʣʷ ʯʠʩʣʘ 

ʩʪʫʧʝʥʽʚ f1 , ʟʘ ʷʢʠʤʠ ʟʥʘʭʦʜʠʣʘʩʴ ʜʠʩʧʝʨʩʽʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʨʽʚʥʷ 

ʟʥʘʯʫʱʦʩʪʽ Ŭ. 

  

ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚʚʘʞʘʶʪʴʩʷ ʟʥʘʯʠʤʠʤʠ, ʷʢʱʦ ʾʭ ʘʙʩʦʣʶʪʥʝ 

ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ ʟʘ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ, ʪʦʙʪʦ ὦ>  æ ὦ. 

  

2.9.5 ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟʠ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʠʪʝʨʽʡ 

ʌʽʰʝʨʘ , ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 
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      ὊȠ  ́̅
          (2.12) 

 

ʜʝ Ὓ́  ̅ï ʜʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪʽ; 

 Ὓ ώ ï ʜʠʩʧʝʨʩʽʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ. 

 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʧʦʨʽʚʥʶʶʪʴ ʟ ʪʘʙʣʠʯʥʠʤ, ʚʟʷʪʠʤ 

ʧʨʠ ʪʠʭ ʩʘʤʠʭ ʩʪʫʧʝʥʷʭ ʚʽʣʴʥʦʩʪʽ, ʪʘ ʚʠʙʨʘʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ Ŭ, ʗʢʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ: 

 

                                                        ὊȠ < ὊȠ
̓ ; Ŭ,                                  (2.13) 

 

ʪʦ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʨʝʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ. 

 

ʗʢʱʦ ʜʦʩʣʽʜʠ ʚ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟ ʧʦʚʪʦʨʝʥʥʷʤ, ʪʦ 

ʜʠʩʧʝʨʩʽʶ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

 

  Ὓ́̅  
Вz  

       (2.14) 

 

ʜʝ n- ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ ʫ ʢʦʞʥʦʤʫ ʨʷʜʢʫ;  

N- ʢ̔ ʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʫ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ;  

k ï ʢʽʣʴʢʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ; 

f2 ï ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ; 

ώ   - ʩʝʨʝʜʥʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʢʦʞʥʦʤʫ 

ʨʷʜʢʫ; 

ώ  ï ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚ i-ʤʫ ʨʷʜʢʫ. 
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2.10 ɺʠʩʥʦʚʢʠ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘ 

ʪʝʤʦʶ ʨʦʙʦʪʠ, ʘ ʩʘʤʝ: ʦʙʨʘʥʦ ʤʦʜʠʬʽʢʘʪʦʨ, ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ 

ʩʧʣʘʚʫ ɸʄ5 ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ 2 ʢʛ ʩʧʣʘʚʫ ɸʄ5. ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʧʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʣʠʚʘʨʥʦʛʦ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5. ʆʙʨʘʥʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʨʦʟʨʠʚʫ, ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʠ 

ʩʧʣʘʚʫ. 
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3 ɽʂʉʇɽʈɽʄɽʅʊɸʃʔʅɸ ʏɸʉʊʀʅɸ 

 

3.1  ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ 

 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʢʫ ʨʝʘʢʮʽʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1400 ʂ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʣʫʢ ʮʠʨʢʦʥʽʶ ʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʘ: 

 

                                     3ZrO2 + 4Al = 3Zr + 2Al2ʆ3                        (3.1) 

 

ʆʪʞʝ, ʟʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʪʘʙʣʠʮʷʤʠ ʟʥʘʭʦʜʠʤʦ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ 298é1400 ʂ ʧʝʨʝʭʦʜʠʪʴ: ʘʣʶʤʽʥʽʡ ʟ ʪʚʝʨʜʦʛʦ ʚ ʨʽʜʢʠʡ ʩʪʘʥ (932ʂ) 

ʪʘ Ŭ-ʮʠʨʢʦʥʽʡ ʚ ɓ-ʮʠʨʢʦʥʽʡ (1143 ʂ). 

ɺʩʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ʤʦʞʥʘ ʟʘʥʝʩʪʠ ʜʦ 

ʪʘʙʣ. 3.1. 

 

ʊʘʙʣʠʮʷ 3.1 ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ɺʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ: 

ZrO 2: æHÁ298=-1097,46 ʢɼʞ/ʤʦʣʴ 

SÁ298=50,36 ɼʞ/(ʤʦʣʴĿʂ) 

ʉʨÁ=69,62+7,53Ŀ10
-3ʊ-14,06Ŀ105ʊ-2 

Al: SÁ298=28,33 ɼʞ/(ʤʦʣʴĿʂ) 

     ʊʧʣ=932 ʂ 

    æHʧʣ=10700 ɼʞ/ʤʦʣʴ 

    ʉʨÁʪʚ=20,67+12,38Ŀ10
-3ʊ  

    ʉʨÁʨʽʜʢ.=29,29 ɼʞ/(ʤʦʣʴĿʂ) 

 ʇʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ: 

Al 2ʆ3:æHÁ298=1675,69ʢɼʞ/ʤʦʣʴ 

SÁ298=50,92 ɼʞ/(ʤʦʣʴĿʂ) 

ʉʨÁ=109,29+18,37Ŀ10
-3ʊ-30,42Ŀ105ʊ-2 

Zr:   SÁ298=38,99 ɼʞ/(ʤʦʣʴĿʂ) 

         ʊʧʨ.ŬŸɓ=1143 ʂ 

         æH ʧʨ.ŬŸɓ=4770 ɼʞ/ʤʦʣʴ 

ʉʨÁŬ=28,58+4,69Ŀ10
-3ʊ -3,64Ŀ105ʊ-2 

         ʉʨÁɓ=30,42 ɼʞ/(ʤʦʣʴĿʂ) 
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3.1.1 ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʥʠ ʝʥʪʘʣʴʧʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1400 ʂ 

 

ɸʥʘʣʽʟʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʚʥʷʥʥʷ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʙʘʯʠʤʦ, ʱʦ 

ʧʝʨʝʜʦʚʩʽʤ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ: 

 

æHÜ298  = (  2æHÜ298 Al2 ʆ3 + 3æHÜ298 Zr) ï (3æHÜ298 Zrʆ2 +  4æHÜ298Al)        

 

æHÜ298   = 2Ŀ(-1657,69) ï3Ŀ(-1097,46) = -3351,38 + 3292,38 = - 59 ʢɼʞ/ʤʦʣʴ 

 

ʈʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʻʤʥʦʩʪʽ  ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

 

              æʉʨ = (  2 æʉʨ Al2 ʆ3 + 3æʉʨ Zr) ï (3æʉʨ Zrʆ2 +  4æʉʨ Al)             

 

ʗʢʱʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʜʝʷʢʠʭ ʫʯʘʩʥʠʢʽʚ ʨʝʘʢʮʽʾ (Al2ʆ3, Zrʆ2) ʫ ʟʘʜʘʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ, ʪʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʝʞʥʽʩʪʴ ʉʨ 

= ä (ʊ)  ʟʨʫʯʥʦ ʟʘʧʠʩʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

æʉʨ1 = (  2 æʉʨ Al2 ʆ3 ï 3æʉʨ Zrʆ2 ) ï(  4æʉʨ Al - 3æʉʨ Zr)  ʘʙʦ 

æʉʨ1 = ×ʉʨ ï (  4æʉʨ Al ʪʚ.- 3æʉʨ ZrŬ) . 

 

ɺʽʜʧʦʚʽʜʥʦ  

æʉʨ2 = ×ʉʨ ï (  4æʉʨ Al ʨʽʜ.- 3æʉʨ ZrŬ) ; 

æʉʨ3 = ×ʉʨ ï (  4æʉʨ Al ʨʽʜ.- 3æʉʨ Zrɓ) . 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ ʉʨ ʫ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʷʥʥʷ ʤʘʻʤʦ: 

 

×ʉʨ = 2Ŀ(109,29+18,37Ŀ10
-3ʊ-30,42Ŀ105ʊ-2) ï3Ŀ(69,62+7,53Ŀ10-3ʊ-14,06Ŀ105ʊ-2)= 

= 218,58+36,74Ŀ10-3ʊ ï 60,84Ŀ105ʊ-2 ï 208,86 ï 22,59Ŀ10-3ʊ + 42,18Ŀ105ʊ-2= 

= 9,72 + 14,15Ŀ10-3ʊ ï 18,66Ŀ105ʊ-2 
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æʉʨ1 = 9,72 + 14,15Ŀ10
-3ʊ ï 18,66Ŀ105ʊ-2 ï  4Ŀ(20,67+12,38Ŀ10-3ʊ) + 3Ŀ(28,58 + 

+ 4,69Ŀ10-3ʊ - 3,64Ŀ105ʊ-2) = 9,72 + 14,15Ŀ10-3ʊ ï 18,66Ŀ105ʊ-2 ï 82,68 ï 

ï 49,52Ŀ10-3ʊ + 85,74 + 14,07Ŀ10-3ʊ ï 10,92Ŀ105ʊ-2  = 

=12,78 ï 21,3Ŀ10-3ʊ ï 29,58Ŀ105ʊ-2 

 

æʉʨ2 = 9,72 + 14,15Ŀ10
-3ʊ ï 18,66Ŀ105ʊ-2 ï 4 Ŀ29,29 + 3Ŀ(28,58 +4,69Ŀ10-3ʊ ï 

ï 3,64Ŀ105ʊ-2) = 9,72 + 14,15Ŀ10-3ʊ ï 18,66Ŀ105ʊ-2 ï 117,16 + 85,74 + 

+14,07Ŀ10-3ʊ ï 10,92Ŀ105ʊ-2 = - 21,7 + 28,22Ŀ10-3ʊ ï 29,58Ŀ105ʊ-2 

 

æʉʨ3  = 9,72 + 14,15Ŀ10
-3ʊ ï 18,66Ŀ105ʊ-2 ï 117,16 - 3Ŀ30,42 = 

= - 198,7 + 14,15Ŀ10-3ʊ ï 18,66Ŀ105ʊ-2 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʜʝ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʫ 

ʨʽʚʥʷʥʥʷ ʂʽʨʭʛʦʬʘ: 

 

 ɯ1 = ñ
932

298

Cp1dT,                       ɯ2 = ñ
1143

932

Cp2dT,                      ɯ3 = ñ
1400

1143

Cp3dT. 

 

ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʽ ʦʪʨʠʤʘʻʤʦ: 

ɯ1 = ñ
932

298

(12,78 ï 21,3Ŀ10-3ʊ ï 29,58Ŀ105ʊ-2) dT = 12,78Ŀ(932-298) ï 0,5Ŀ21,3Ŀ10-3 *

  * (9322 ï 2982) + 29,58Ŀ105Ŀ(1/932 ï 1/298) = - 6954,91ɼʞ  

 

ɯ2 = ñ
1143

932

(- 21,7 + 28,22Ŀ10-3ʊ ï 29,58Ŀ105ʊ-2) dT = - 21,7Ŀ(1143-932)+0,5Ŀ28,22 * 

 *10-3Ŀ(11432 ï 9322)+29,58Ŀ105Ŀ(1/1143 ï 1/932) =1013,12 ɼʞ  

 

ɯ3 = ñ
1400

1143

(- 198,7 + 14,15Ŀ10-3ʊ ï 18,66Ŀ105ʊ-2) dT = - 198,7Ŀ(1400-1143) + 0,5 * 

 * 14,15Ŀ10-3Ŀ(14002 ï 11432)+ 18,66Ŀ105Ŀ(1/1400 ï 1/1143) = - 46741,72 ɼʞ 
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ʇʽʜʩʪʘʚʣʷʻʤʦ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ æHÜ298  ʪʘ ʽʥʪʝʛʨʘʣʽʚ ɯ1é ɯ3 ʫ ʟʘʛʘʣʴʥʠʡ 

ʚʠʨʘʟ ʟʘʢʦʥʫ ʂʽʨʭʛʦʬʘ: 

 

æHÁ1673 = - 59000 ï (- 6954,91) ï 4Ŀ10700 ï 1013,12+3Ŀ4770+(- 46741,72) = 

= - 128290 ɼʞ/ʤʦʣʴ 

 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʙʘʯʠʤʦ, ʱʦ ʨʝʘʢʮʽʷ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʫ  

ʮʠʨʢʦʥʽʶ ʘʣʶʤʽʥʽʻʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʫʶʪʴ ʮʠʨʢʦʥʽʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʚʠʜʽʣʝʥʥʷʤ ʝʥʝʨʛʽʾ ï ʙʣʠʟʴʢʦ 128 ʢɼʞ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʢʽʤʥʘʪʥʦʾ 

ʜʦ 1400 ʂ ʟʙʽʣʴʰʠʣʦ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʙʽʣʴʰʝ ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ. 

 

3.1.2 ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1400 ʂ 

 

ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ  ʨʝʘʢʮʽʾ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ: 

 

SÜ298  = (  2SÜ298 Al2 ʆ3 + 3SÜ298 Zr) ï (3SÜ298 Zrʆ2 +  4SÜ298Al) 

 

SÜ298  = 2Ŀ50,92 + 3Ŀ38,99ï 3Ŀ50,36 ï4Ŀ28,33 = 101,84 + 116,97 ï 151,08ï 

113,32= = - 45,59 ɼʞ/(ʤʦʣʴĿʂ) 

 

ʆʙʯʠʩʣʠʤʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʨʽʚʥʷʥʥʷ ʂʽʨʭʛʦʬʘ: 

 

 ɯ1 = ñ
932

298

Cp1dT/ʊ,                       ɯ2 = ñ
1143

932

Cp2dT/ʊ,                      ɯ3 = ñ
1400

1143

Cp3dT/ʊ. 

 

ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʽ ʦʪʨʠʤʘʻʤʦ: 

ɯ1'= ñ
932

298

(12,78 ï 21,3Ŀ10-3ʊ ï 29,58Ŀ105ʊ-2) dT/ʊ = 12,78Ŀln(932/298) ï 21,3Ŀ10-3*  

* (932-298) + 0,5Ŀ29,58Ŀ105(1/9322-1/2982) =- 13,88   ɼʞ/ʂ 
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ɯ2'= ñ
1143

932

(-21,7+28,22Ŀ10-3ʊï29,58Ŀ105ʊ-2)dT/ʊ=-21,7Ŀln(1143/932)+28,22Ŀ10-

3*(1143-932) + 0,5Ŀ29,58Ŀ105(1/11432-1/9322) = 0,96 ɼʞ/ʂ 

 

ɯ3'= ñ
1400

1143

(-198,7+14,15Ŀ10-3ʊï18,66Ŀ105ʊ-2) dT/ʊ=-198,7Ŀln(1400/1143)+14,15Ŀ10-

3*(1400-1143) + 0,5Ŀ18,66Ŀ105(1/14002-1/11432) = -36,9 ɼʞ/ʂ 

 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ S298  ʪʘ ʽʥʪʝʛʨʘʣʽʚ ɯ1'é ɯ3' ʫ ʟʘʛʘʣʴʥʠʡ 

ʚʠʨʘʟ ʟʘʢʦʥʫ ʂʽʨʭʛʦʬʘ: 

 

æSÁ1673 = - 45,59 ï (13,88) ï 4Ŀ10700/932 ï 0,96 + 3Ŀ4770/1143 + (- 36,9) = 

= -102,966 ɼʞ/(ʤʦʣʴÖʂ) 

 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʽʚ, ʱʦ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 1400 ʂ ʟʤʝʥʰʠʣʦ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ ʫ ʭʦʜʽ ʨʝʘʢʮʽʾ 

ʙʽʣʴʰ, ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ. 

 

3.1.3 ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ 1400 ʂ  

 

ɿʘʣʝʞʥʽʩʪʴ æGÁ = ä (ʊ) ʜʣʷ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʨʝʘʢʮʽʾ ʙʫʜʝ ʧʦʜʘʥʘ ʚʽʜʨʽʟʢʘʤʠ 

ʧʨʷʤʠʭ ʫ ʪʘʢʠʭ ʽʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ:  

1) 298é932 ʂ;  

2) 932é1143 ʂ;  

3) 1143é1400 ʂ. 

 

ɺʽʜʧʦʚʽʜʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ æGÁ = =ä(ʊ) 

ʜʣʷ ʚʢʘʟʘʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʪʝʤʧʝʨʘʪʫʨ ʙʫʜʝ: 

 

æGÁ1 = æHÜ298  - ʊ SÜ298   Ÿ   æGÁ1 = -59000+45,59ʊ 

æGÁ2 = æHÜ2  - ʊ SÜ2 
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æHÜ2  = æHÜ298 ï 4ĿæHʧʣA1 = - 101800 ɼʞ/ʤʦʣʴ 

SÜ2 = SÜ298 ï 4ĿæHʧʣAl/ʊʧʣAl = - 91,5127 ɼʞ/(ʤʦʣʴ*ʂ) 

æGÁ2 =  - 101800 + 91,5127ʊ, 

 

ɸʥʘʣʦʛʽʯʥʦ, æGÁ3 = - 116110 + 104,032ʊ 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʜʦ ʨʽʚʥʷʥʴ ʦʪʨʠʤʘʻʤʦ: 

 

æGÁ298=-45414,2ɼʞ; 

æGÁ932=16510,1ɼʞ; æGÁ1143=2799,1ɼʞ; æGÁ1400=15861,8ɼʞ 

 

 

 

 

ʈʠʩʫʥʦʢ 3.1 ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ æGÁ=ä(ʊ) ʜʣʷ ʨʝʘʢʮʽʾ (3.1) 
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ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʪʝʨʤʦʜʠʥʘʤʽʢʫ ʽʥʰʠʭ ʨʝʘʢʮʽʡ ʪʘ 

ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ȹGʦ=f(ʊ) 

 

ʈʠʩʫʥʦʢ 3.2 ɺʟʘʻʤʦʜʽʷ ʬʪʦʨʠʜʫ ʮʠʨʢʦʥʽʶ ʟ ʘʣʶʤʽʥʽʻʤ, ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʬʪʦʨʠʜʫ ʘʣʶʤʽʥʽʶ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ:  

1 - 3ZrF4+4Al=3Zr+4AlF3 

2 - 3ZrF4+13Al=3ZrAl3+4AlF3 

  

ʊ, ʂ 

ɿ
ʤ
ʽ
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ʘ
,
 
ɼ
ʞ
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ʈʠʩʫʥʦʢ 3.3 ɺʟʘʻʤʦʜʽʷ ʬʪʦʨʠʜʫ ʮʠʨʢʦʥʽʶ ʟ ʘʣʶʤʽʥʽʻʤ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ 

ʪʘ ʙʝʟ ʥʴʦʛʦ: 

1 - ZrF4+Al=Zr+Al+2F2 

2 - ZrF4+3Al=ZrAl 3+2F2 

3 - ZrF4+4Al+3O2=Zr+2F2+2Al2O3 

4 - ZrF4+7Al+3O2=ZrAl3+2F2+2Al2O3 
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ʊ, ʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 3.4 ɺʟʘʻʤʦʜʽʷ ʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ʟ ʤʽʜʜʶ: 

ʘ) ZrO2+2Cu=Zr+2CuO;  

ʙ) ZrO2+4Cu=Zr+2Cu2O 
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3.2 ʇʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʝʤʝʥʪ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʘʣʶʤʽʥʽʻʚʦ-ʤʽʜʥʦʛʦ 

ʣʠʚʘʨʥʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʚʠʜʫ 

23[25] ʇʨʠʡʥʷʪʦ ʧʦʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ: 

 

ʂʽʣʴʢʽʩʪʴ ʬʪʦʨʠʜʫ ʮʠʨʢʦʥʽʶ, ʱʦ  

 ʚʚʦʜʠʤʦ ʫ ʨʦʟʧʣʘʚ      ³1=0,4é.1,2%; 

 

 ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ      ³2=700é900Áʉ; 

 

 ʏʘʩ ʚʠʪʨʠʤʢʠ       ³3=5é15 ʭʚ.; 

 

 ʋ ʷʢʦʩʪʽ ʚʽʜʛʫʢʽʚ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

 

 ʄʽʮʥʽʩʪʴ                                       y1, ʄʇʘ 

 

 ɺʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ      y2, % 

 

ʂʽʣʴʢʽʩʪʴ LiF ʧʨʠʡʥʷʪʦ 40 ʤʦʣ. % ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʬʪʦʨʠʜʫ ʮʠʨʢʦʥʽʶ ʫ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʬʣʶʩʫ, ʱʦ ʥʘʥʦʩʠʚʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʨʦʟʧʣʘʚʫ, ʪʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʫ ʨʦʟʧʣʘʚʽ ʩʧʦʣʫʢʠ Li 2ZrF6. 
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3.3 ʇʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦ ʪʠʤʯʘʩʦʚʦʤʫ ʦʧʦʨʫ ʥʘ ʨʦʟʨʠʚ 

 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠʚʝʜʝʥ ̔ʚ ʪʘʙʣ. 3.2. 

 

ʊʘʙʣʠʮʷ 3.2 ɺʠʭʽʜʥʽ ʜʘʥʽ ʇʌɽ 

ʅʦʤʝʨ 

ʜʦʩʣʽʜʫ 

ʂʽʣʴʢʽʩʪʴ 

ʤʦʜʠʬʽʢʘʪʦʨʘ,

% 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʠʪʨʠʤʢʠ, 0ʉ 

ʏʘʩ ʚʠʪʨʠʤʢʠ, 

ʭʚ. 

ʊʠʤʯʘʩʦʚʠʡ ʦʧʽʨ 

ʨʦʟʨʠʚʫ, 

ʄʇʘ 

1 0,4 700 5 305 

2 1,2 700 5 314 

3 0,4 900 5 235,5 

4 1,2 900 5 351,5 

5 0,4 700 15 277 

6 1,2 700 15 314,5 

7 0,4 900 15 312 

8 1,2 900 15 300 

 

3.3.1 ʆʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ 

 

ʊʘʙʣʠʮʷ 3.3. ʄʘʪʨʠʮʷ 23 

ʅʦʤʝʨ 

ʜʦʩʣʽʜʫ 
x0 x1 x2 x3 x1x2 x1x3 x2x3 x1x2x3 Y1 

1 + - - - + + + - 305 

2 + + - - - - + + 314 

3 + - + - - + - + 235,5 

4 + + + - + - - - 351,5 

5 + - - + + - - + 277 

6 + + - + - + - - 314,5 

7 + - + + - - + - 312 

8 + + + + + + + + 300 

 

ɿʥʘʭʦʜʠʤʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘ ʬʦʨʤʫʣʦ  ʁ (2.3): 

 

b0= σπυσρτςσυȢυ συρȢυ ςχχσρτȢυ σρςσππȾψ σπρȢρω ; 

 

b1= σπυσρτςσυȢυ συρȢυ ςχχσρτȢυ σρςσππȾψ ρψȢψρ ; 

 

b2= σπυσρτςσυȢυ συρȢυ ςχχσρτȢυ σρςσππȾψ ρȢττ ; 
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b3= σπυσρτςσυȢυ συρȢυ ςχχσρτȢυ σρςσππȾψ πȢσρ ; 

 

b12= σπυσρτςσυȢυ συρȢυ ςχχσρτȢυ σρςσππȾψ υχȢυπ ; 

 

b13= σπυσρτςσυȢυ συρȢυ ςχχσρτȢυ σρςσππȾψ ρςȢττ ; 

 

b23= σπυσρτςσυȢυ συρȢυ ςχχσρτȢυ σρςσππȾψ φȢυφ ; 

 

b123= σπυσρτςσυȢυ συρȢυ ςχχσρτȢυ σρςσππȾψ

ρωȢυφ ; 

 

ʆʪʞʝ ʧʦʣʽʥʦʤ ʤʘʻ ʚʠʛʣʷʜ: 

 

y=301.19+18.8125x1-1,44x2-0,31x3+57,50x1x2-12,44x1x3+6,56x2x3-19,56x1x2x3 

 

3.3.2 ɿʥʘʭʦʜʞʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʨʷʜʢʘ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʶʻʤʦ ʜʠʩʧʝʨʩʽʶ ʜʦʩʣʽʜʫ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.5).   

ɿʥʘʭʦʜʠʤʦ ʮʽ ʜʠʩʧʝʨʩʽʾ: 

Ὓ  ρςωφ  ; 

Ὓ  υχφ  ; 

Ὓ  
Ȣ Ȣ

ςρπȢςυ ; 

Ὓ  
Ȣ Ȣ

ςτπȢςυ  ; 

Ὓ  ρωφ  ; 

Ὓ  
Ȣ Ȣ

στςȢςυ  ; 

Ὓ  ρπςτ  ; 

Ὓ  τππ  ; 
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ʂʦʣʠ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ ʫ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʦʜʥʘʢʦʚʘ, ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʜʠʩʧʝʨʩʽʡ ʧʝʨʝʚʽʨʷʻʤʦ ʢʨʠʪʝʨʽʻʤ ʂʦʭʨʝʥʘ, ʷʢʠʡ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʜʦ ʩʫʤʠ ʚʩʽʭ ʜʠʩʧʝʨʩʽʡ, ʪʦʙʪʦ: 

 

Ὃ
  Ƞ

 ρςωφȾρςωφυχφςρπȢςυςτπȢςυρωφστςȢςυρπςττππ

 πȟσπςτφψ 

 

ʊʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ f2 = N =8 ʪʘ f1 = n -1 = 1 G = 0.679. 

 

ʗʢʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʪʘʙʣʠʯʥʦʛʦ, ʪʦ 

ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ Ŭ = 0.05 ʜʠʩʧʝʨʩʽʾ ʻ ʦʜʥʦʨʽʜʥʠʤʠ ʽ ʾʭ ʤʦʞʥʘ 

ʫʩʝʨʝʜʥʶʚʘʪʠ. ʊʦʜʽ ʜʠʩʧʝʨʩʽʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

Ὓ ώ = ρςωφυχφςρπȢςυςτπȢςυρωφστςȢςυρπςττππȾψ = 

535.5938 

 

ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʮʽʻʾ ʜʠʩʧʝʨʩʽʾ f1 = N(n-1) = 16 

 

 

3.3.3 ʇʝʨʝʚʽʨʢʘ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ 

 

ʇʝʨʝʚʽʨʢʫ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʟʜʽʡʩʥʶʻʤʦ ʧʦʙʫʜʦʚʦʶ ʜʦʚʽʨʯʠʭ 

ʽʥʪʝʨʚʘʣʽʚ. ɼʣʷ ʚʠʧʘʜʢʫ , ʢʦʣʠ ʜʦʩʣʽʜʠ  ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʧʦʚʪʦʨʶʚʘʣʠʩʴ, 

ʜʠʩʧʝʨʩʽʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʙʫʜʝ ʦʙʯʠʩʣʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

Ὓ ὦ  υσυȢυωσψȾψz σ ςςȢσς ; 

 

ɸ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʙʫʜʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

Ўὦ τȢσz ЍςςȢσς ςπȢσρ; 
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ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚʚʘʞʘʶʪʴʩʷ ʟʥʘʯʠʤʠʤʠ, ʷʢʱʦ ʽʭ ʘʙʩʦʣʶʪʥʝ 

ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ ʟʘ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ. ɿʚʽʜʩʠ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʟʥʘʯʠʤʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʽʣʴʢʠ b0, b12. ʆʪʞʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

y = 301.19+57.50x1x2 

 

3.4 ʇʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʽʜʥʦʩʥʦʤʫ ʧʦʜʦʚʞʝʥʥʶ 

 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.4. 

 

ʊʘʙʣʠʮʷ 3.4 ɺʠʭʽʜʥʽ ʜʘʥʽ ʇʌɽ 

ʅʦʤʝʨ 

ʜʦʩʣʽʜʫ 

ʂʽʣʴʢʽʩʪʴ 

ʤʦʜʠʬʽʢʘʪʦʨʘ,% 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʠʪʨʠʤʢʠ, 0ʉ 

ʏʘʩ 

ʚʠʪʨʠʤʢʠ, ʭʚ. 

ɺʽʜʥʦʩʥʝ 

ʚʠʜʦʚʞʝʥʥʷ,% 

1 0,4 700 5 8,08 

2 1,2 700 5 3,83 

3 0,4 900 5 6,25 

4 1,2 900 5 2,5 

5 0,4 700 15 8,17 

6 1,2 700 15 8,42 

7 0,4 900 15 6,92 

8 1,2 900 15 5,42 

 

 

3.4.1 ʆʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ 

 

ʊʘʙʣʠʮʷ 3.5 ʄʘʪʨʠʮʷ 23  ʟ ʝʬʝʢʪʦʤ ʚʟʘʵʤʦʜʽʾ 

ʅʦʤʝʨ 

ʜʦʩʣʽʜʫ 
x0 x1 x2 x3 x1x2 x1x3 x2x3 x1x2x3 y 

1 + - - - + + + - 8.08 

2 + + - - - - + + 3.83 

3 + - + - - + - + 6.25 

4 + + + - + - - - 2.5 

5 + - - + + - - + 8.17 

6 + + - + - + - - 8.42 

7 + - + + - - + - 6.92 

8 + + + + + + + + 5.42 
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ɿʥʘʭʦʜʠʤʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ 2.3: 

 

b0= ψȢπψσȢψσφȢςυςȢυ ψȢρχψȢτςφȢωςυȢτςȾψ φȢςπ; 

 

b1= ψȢπψσȢψσφȢςυςȢυ ψȢρχψȢτςφȢωςυȢτςȾψ ρȢρφ; 

 

b2= ψȢπψσȢψσφȢςυςȢυ ψȢρχψȢτςφȢωςυȢτςȾψ πȢως; 

 

b3= ψȢπψσȢψσφȢςυςȢυ ψȢρχψȢτςφȢωςυȢτςȾψ ρȢπσ; 

 

b12 = (ψȢπψσȢψσπφȢςυςȢυ ψȢρχψȢτςφȢωςυȢτςȾψ πȢρφ; 

 

b13= ψȢπψσȢψσφȢςυςȢυ ψȢρχψȢτςφȢωςυȢτςȾψ πȢψτ; 

 

b23= (ψȢπψσȢψσφȢςυςȢυ ψȢρχψȢτςφȢωςυȢτςȾψ πȢρτ; 

 

b123= ( ψȢπψσȢψσφȢςυςȢυ ψȢρχψȢτςφȢωςυȢτςȾψ πȢςψ; 

 

ʆʪʞʝ, ʧʦʣʽʥʦʤ ʤʘʻ ʚʠʛʣʷʜ: 

 

y=6.20+1.16x1-0.92x2+1.03x3-0.16x1x2+0.84x1x3-0.14x2x3+0,28x1x2x3 

 

 

3.4.2 ɿʥʘʭʦʜʞʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʨʷʜʢʘ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʶʻʤʦ ʜʠʩʧʝʨʩʽʶ ʜʦʩʣʽʜʫ ʟʘ 

ʬʦʨʤʫʣʦʶ 2.5. 

ɿʥʘʭʦʜʠʤʦ ʮʽ ʜʠʩʧʝʨʩʽʾ: 

 

Ὓ
Ȣ Ȣ Ȣ Ȣ

 π.56; 
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Ὓ  
Ȣ Ȣ Ȣ Ȣ

πȢςυ ; 

 

3  
Ȣ Ȣ Ȣ Ȣ

πȢρχ; 

 

Ὓ  
Ȣ Ȣ Ȣ Ȣ

πȢρχ; 

 

Ὓ  
Ȣ Ȣ Ȣ Ȣ

πȢφω; 

 

Ὓ
Ȣ Ȣ

π; 

 

Ὓ  
Ȣ Ȣ Ȣ Ȣ

σȢφχ ; 

 

Ὓ  
Ȣ Ȣ Ȣ Ȣ

φȢφχ  ; 

 

Ὓ
Ȣ Ȣ Ȣ Ȣ

 σȢπφ . 

 

ʂʦʣʠ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ ʫ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʦʜʥʘʢʦʚʘ, ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʜʠʩʧʝʨʩʽʡ ʧʝʨʝʚʽʨʷʻʤʦ ʢʨʠʪʝʨʽʻʤ ʂʦʭʨʝʥʘ, ʷʢʠʡ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʜʦ ʩʫʤʠ ʚʩʽʭ ʜʠʩʧʝʨʩʽʡ: 

 

Ὃ
  Ƞ

 φȢφχȾπȢυφπȢςυπȢρχπȢφωπ σȢφχφȢφχσȢπφ  πȢττ 

 

ʊʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ f2 = N =8 ʪʘ f1 = n -1 = 1 G = 0.679. 

 

ʗʢʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʪʘʙʣʠʯʥʦʛʦ, ʪʦ 

ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ Ŭ = 0.05 ʜʠʩʧʝʨʩʽʾ ʻ ʦʜʥʦʨʽʜʥʠʤʠ ʽ ʾʭ ʤʦʞʥʘ 

ʫʩʝʨʝʜʥʶʚʘʪʠ. ʊʦʜʽ ʜʠʩʧʝʨʩʽʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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Ὓ ώ = πȢυφπȢςυπȢρχπȢφωπ σȢφχφȢφχσȢπφȾψ = 1.89 

ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʮʽʻʾ ʜʠʩʧʝʨʩʽʾ f1 = N(n-1) = 16 

 

3.4.3 ʇʝʨʝʚʽʨʢʘ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ 

  

ʇʝʨʝʚʽʨʢʫ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʟʜʽʡʩʥʶʻʤʦ ʧʦʙʫʜʦʚʦʶ ʜʦʚʽʨʯʠʭ 

ʽʥʪʝʨʚʘʣʽʚ. ɼʣʷ ʚʠʧʘʜʢʫ , ʢʦʣʠ ʜʦʩʣʽʜʠ  ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʧʦʚʪʦʨʶʚʘʣʠʩʴ, 

ʜʠʩʧʝʨʩʽʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʙʫʜʝ ʦʙʯʠʩʣʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

Ὓ ὦ  ρȢψωȾψz σ πȢπς ; 

 

ɸ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʙʫʜʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

Ўὦ τȢσz ЍπȢπς ρȢρ; 

 

ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚʚʘʞʘʶʪʴʩʷ ʟʥʘʯʠʤʠʤʠ, ʷʢʱʦ ʽʭ ʘʙʩʦʣʶʪʥʝ 

ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ ʟʘ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ. ɿʚʽʜʩʠ ʚʠʜʥʦ, ʱʦ ʟʥʘʯʠʤʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʻ ʪʽʣʴʢʠ b0, b1. ʆʪʞʝ, ʩʧʨʦʱʝʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 

 

y = 6.20+1.16x1 

 

 

3.5 ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʘʣʶʤʽʥʽʻʚʦ-ʤʽʜʥʦʛʦ ʩʧʣʘʚʫ ɸʄ5 

 

ɸʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʫʻ, ʱʦ ʮʠʨʢʦʥʽʡ ʚ ʦʩʥʦʚʥʦʤʫ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ 

ʥʘ ʢʦʨʜʦʥʘʭ ʟʝʨʝʥ. ʊʦʤʫ ʫ ʣʠʪʦʤʫ ʪʘ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʤʫ ʩʪʘʥʽ ʩʧʣʘʚʠ ʙʽʣʴʰ 

ʤʽʮʥʽ ʪʘ ʞʘʨʦʤʽʮʥʽ, ʥʽʞ ʥʘʧʨʠʢʣʘʜ, ʜʝʬʦʨʤʦʚʘʥʽ, ʪʘʢ ʷʢ ʽʥʪʝʨʤʝʪʘʣʽʜʥʽ ʬʘʟʠ 

ʟʘʣʷʛʘʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ  ̔ʜʝʥʜʨʠʪʥʠʭ ʦʩʝʨʝʜʢʽʚ, ʫʪʚʦʨʶʶʯʠ 

ʪʚʝʨʜʠʡ ʢʘʨʢʘʩ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 3.5). 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3.5 ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʘʣʶʤʽʥʽʻʚʦ-ʤʽʜʥʦʛʦ ʣʠʚʘʨʥʦʛʦ ʩʧʣʘʚʫ ɸʄ5, 

ʟʤʽʮʥʝʥʦʛʦ ʮʠʨʢʦʥʽʻʤ:  

ʘ) ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚ 100 ʨʘʟʽʚ; ʙ) ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚ 500 ʨʘʟ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.6 ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʘʣʶʤʽʥʽʻʚʦ-ʤʽʜʥʦʛʦ ʣʠʚʘʨʥʦʛʦ ʩʧʣʘʚʫ ɸʄ5, 

ʟʤʽʮʥʝʥʦʛʦ ʮʠʨʢʦʥʽʻʤ, ʚʚʝʜʝʥʠʤ ʽʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ, ʱʦ ʚʤʽʱʫʻ ʬʪʦʨʠʜ 

ʮʠʨʢʦʥʽʶ ʫ ʪʦʯʢʘʭ  ʥʘ ʨʠʩ. 3.7 
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ʪʦʯʢʘ 1 
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ʪʦʯʢʘ 5 

ʈʠʩʫʥʦʢ 3.7 ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʫ ʚʠʟʥʘʯʝʥʠʭ ʟʛʽʜʥʦ ʟ ʨʠʩ. 3.6 ʪʦʯʢʘʭ 

 

3.6 ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

 

ɺ ʩʝʨʝʜʦʚʠʱʽ MS Excel ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʟʥʘʡʜʝʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟʘʣʝʞʥʦʩʪʝʡ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʨʦʟʨʠʚʫ ʪʘ ʚʽʜʥʦʩʥʦʛʦ 

ʧʦʜʦʚʞʝʥʥʷ ʩʧʣʘʚʫ ɸʄ5 ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ï ʢʽʣʴʢʦʩʪʽ 

ʤʦʜʠʬʽʢʘʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʧʽʩʣʷ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ. ʉʪʚʦʨʝʥʥʽ ʣʠʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ 3.8 ʪʘ 3.9, ʚʽʜʧʦʚʽʜʥʦ. 

 

 

 

ʈʠʩʫʥʦʢ 3.8 ʆʧʪʠʤʽʟʘʮʽʷ ʧʦ ʪʠʤʯʘʩʦʚʦʤʫ ʦʧʦʨʫ ʨʦʟʨʠʚʫ 
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ʈʠʩʫʥʦʢ 3.9 ʆʧʪʠʤʽʟʘʮʽʷ ʧʦ ʚʽʜʥʦʩʥʦʤʫ ʧʦʜʦʚʞʝʥʥʶ 

 

ɿʛʜ̔ʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʥʦ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ 

ʦʧʦʨʫ ʨʦʟʨʠʚʫ ʩʧʣʘʚʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʦʜʠʬʽʢʘʪʦʨʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʡ ʚʠʪʨʠʤʮʽ ʨʦʟʧʣʘʚʫ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʩʧʣʘʚʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ 

ʧʨʦʮʝʩ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʦʜʠʬʽʢʘʪʦʨʘ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʠʪʨʠʤʮʽ ʨʦʟʧʣʘʚʫ. 

 

3.7 ɺʠʩʥʦʚʢʠ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʦʙʨʦʙʢʠ ʣʠʚʘʨʥʦʛʦ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʄ5 ʬʪʦʨʠʜʦʤ ʮʠʨʢʦʥʽʶ. ʆʪʨʠʤʘʥ ̔

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʨʦʟʨʠʚʫ 

ʽ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʩʧʣʘʚʫ ɸʄ5 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʬʪʦʨʠʜʫ 

ʮʠʨʢʦʥʽʶ, ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ ʪʘ ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʨʦʟʧʣʘʚʫ.  


