
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɂɧɫɬɢɬɭɬ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 
ɢɧɫɬɢɬɭɬ 

Ɇɟɬɚɥɥɭɪɝɢɹ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ  
ɤɚɮɟɞɪɚ 

 

 

 

                          ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɆЦɆ 
____________ɇ.ȼ. Ȼɟɥɨɭɫɨɜɚ 

ɩɨɞɩɢɫɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

« ___ » ______ 2017 ɝ 
 
 

ɆАȽИɋɌȿɊɋКАЯ ȾИɋɋȿɊɌАЦИЯ  
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ ɨɛɨɝɚɳɟɧɢɹ ɬɟɯɧɨɝɟɧɧɨɝɨ 

ɫɭɥɶɮɢɞɧɨɝɨ ɫɵɪɶɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɯɜɨɫɬɚɦ ɨɥɨɜɹɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ  
ɬɟɦɚ  

 
22.04.02 Ɇɟɬɚɥɥɭɪɝɢɹ  

ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ  
 

22.04.02.09 Ɍɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɹɠɺɥɵɯ, ɰɜɟɬɧɵɯ ɢ ɛɥɚɝɨɪɨɞɧɵɯ 
ɦɟɬɚɥɥɨɜ 

ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɩɪɨɝɪɚɦɦɵ  
 
 
 
 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ___________  __________________      ɇ.ȼ. Ɇɚɪɱɟɧɤɨ  
                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ     ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

 
ȼɵɩɭɫɤɧɢɤ                      ___________                                            ɇ.ɋ. Шɢɧɤɨ  

                                                     ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɋɟɰɟɧɡɟɧɬ                         ___________  __________________  _____________  
                                                      ɩɨɞɩɢɫɶ, ɞɚɬɚ      ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

 
 

Ʉɪɚɫɧɨɹɪɫɤ 2017 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ɆȾ ɩɨ ɬɟɦɟ: ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ 
ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ ɨɛɨɝɚɳɟɧɢɹ ɬɟɯɧɨɝɟɧɧɨɝɨ ɫɭɥɶɮɢɞɧɨɝɨ ɫɵɪɶɹ 
ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɯɜɨɫɬɚɦ ɨɥɨɜɹɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ  
 
 
Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ ɪɚɡɞɟɥɚɦ: 
___Ʌɢɬɟɪɚɬɭɪɧɵɣ_ɨɛɡɨɪ                ______________                     ɇ.ȼ. Ɇɚɪɱɟɧɤɨ 
       ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                     ɩɨɞɩɢɫɶ, ɞɚɬɚ                              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
 
    ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɱɚɫɬɶ_           ______________                  ɇ.ȼ. Ɇɚɪɱɟɧɤɨ 
       ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                     ɩɨɞɩɢɫɶ, ɞɚɬɚ                              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
__Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ ___           ______________                  ɇ.ȼ. Ɇɚɪɱɟɧɤɨ 
       ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                     ɩɨɞɩɢɫɶ, ɞɚɬɚ                              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
__ Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ____                    ______________                    ȼ.Ⱥ. Ɉɫɢɩɨɜɚ          
       ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                     ɩɨɞɩɢɫɶ, ɞɚɬɚ                              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
      Ɋɚɫɱɺɬɧɚɹ ɱɚɫɬɶ                       ______________                           ɇ.ȼ. 
Ɇɚɪɱɟɧɤɨ 
       ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                     ɩɨɞɩɢɫɶ, ɞɚɬɚ                              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ                      ______________                  ɇ.ȼ. Ɇɚɪɱɟɧɤɨ 
       ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                     ɩɨɞɩɢɫɶ, ɞɚɬɚ                              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
Ȼɟɡɨɩɚɫɧɨɫɬɶ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ  
ɢ ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ___    ______________                   ɇ.ȼ. Ɇɚɪɱɟɧɤɨ 
       ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                     ɩɨɞɩɢɫɶ, ɞɚɬɚ                              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
 
 
 
 
 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                                __________                      ɇ.ȼ. Ȼɟɥɨɭɫɨɜɚ1 
                                                              ɩɨɞɩɢɫɶ, ɞɚɬɚ                            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

  



 
АɇɇɈɌАЦИЯ 

 
Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ ɥɟɠɚɥɵɯ 

ɨɥɨɜɨɫɨɞɟɪɠɚɳɢɯ ɯɜɨɫɬɨɜ ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ ɨɥɨɜɹɧɧɨɝɨ ɤɨɦɛɢɧɚɬɚ. 
Ɂɚɩɚɫɵ ɪɭɞɧɨɝɨ ɨɥɨɜɚ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɭɦɟɧɶɲɚɸɬɫɹ, ɚ ɩɟɪɫɩɟɤɬɢɜɵ 

ɨɬɤɪɵɬɢɹ ɧɨɜɵɯ ɤɪɭɩɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɨɥɨɜɚ ɦɢɧɢɦɚɥɶɧɵ. Ɉɞɧɨɜɪɟɦɟɧɧɨ 
ɫɨ ɫɧɢɠɟɧɢɟɦ ɤɚɱɟɫɬɜɚ ɨɥɨɜɹɧɧɵɯ ɪɭɞ ɢ ɤɨɧɰɟɧɬɪɚɬɨɜ  ɢ ɜɨɡɪɚɫɬɚɧɢɟɦ 
ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ (Pb, Zn, Cu, Bi, Sb, As, W, Ta, In, Cd 
ɢ ɞɪ.) ɭɠɟɫɬɨɱɚɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ 
ɤɨɦɩɥɟɤɫɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɵɪɶɹ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɚɤɬɢɜɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɨɢɫɤɭ ɧɨɜɵɯ ɩɪɢɟɦɨɜ, ɦɟɬɨɞɨɜ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɨɥɨɜɚ ɢɡ ɬɚɤɨɝɨ ɫɵɪɶɹ ɨɬɥɢɱɧɵɯ ɨɬ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɥɨɜɚ ɢɡ ɛɨɝɚɬɵɯ ɤɨɧɰɟɧɬɪɚɬɨɜ. ɇɟɫɦɨɬɪɹ 
ɧɚ ɜɵɫɨɤɨɟ ɢɡɜɥɟɱɟɧɢɟ ɨɥɨɜɚ ɧɚ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɩɟɪɟɞɟɥɟ (90-92%), 
ɫɤɜɨɡɧɨɟ ɟɝɨ ɢɡɜɥɟɱɟɧɢɟ ɧɚ ɨɛɨɝɚɬɢɬɟɥɶɧɨ-ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɩɟɪɟɞɟɥɟ ɢɡ 
ɫɵɪɶɹ ɤɨɪɟɧɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 40 – 60 %. ȼ ɫɪɟɞɧɟɦ 
ɫ ɨɬɜɚɥɶɧɵɦɢ ɢ ɭɫɥɨɜɧɨ ɨɬɜɚɥɶɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɨɛɨɝɚɬɢɬɟɥɶɧɵɯ ɮɚɛɪɢɤ 
ɬɟɪɹɟɬɫɹ ɬɚɤɠɟ, %: 30-35 Pb; 35-40 Bi; 70-72 Cu; 55-60 Sb; 74-76 In. 

ɉɪɨɛɥɟɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɧɢɡɤɨɫɨɪɬɧɨɝɨ ɨɥɨɜɹɧɧɨɝɨ 
ɫɵɪɶɹ ɢ ɩɪɨɦɩɪɨɞɭɤɬɨɜ ɨɫɧɨɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɨɛɭɫɥɨɜɥɟɧɵ ɢɯ ɫɥɨɠɧɵɦ 
ɜɟɳɟɫɬɜɟɧɧɵɦ ɫɨɫɬɚɜɨɦ ɢ ɨɫɬɭɬɫɜɢɟɦ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ 
ɩɟɪɟɪɚɛɨɬɤɢ ɬɚɤɨɝɨ ɛɟɞɧɨɝɨ ɩɨ ɨɥɨɜɭ ɫɵɪɶɹ. 

ȼ ɪɚɛɨɬɟ  ɜɵɩɨɥɧɟɧ ɩɨɞɪɨɛɧɵɣ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ  ɜɨɡɦɨɠɧɵɯ 
ɫɩɨɫɨɛɨɜ  ɩɟɪɟɪɚɛɨɬɤɢ   ɛɟɞɧɨɝɨ ɨɥɨɜɹɧɧɨɝɨ ɫɵɪɶɹ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ 
ɨɫɧɨɜɧɵɦɢ  ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɫɨɜɪɟɦɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ 
ɬɚɤɨɝɨ ɫɵɪɶɹ ɹɜɥɹɸɬɫɹ ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɜɨɡɝɨɧɤɨɣ ɨɥɨɜɚ ɢɡ ɧɟɝɨ ɜ ɜɢɞɟ ɫɭɥɶɮɢɞɨɜ, ɨɤɫɢɞɨɜ ɢɥɢ ɯɥɨɪɢɞɨɜ. ɇɨ 
ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɸɛɵɟ ɜɨɡɧɨɱɧɵɟ ɩɪɨɰɟɫɫɵ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ 
ɫɨɞɟɪɚɠɚɧɢɢ ɨɥɨɜɚ ɜ ɢɫɯɨɞɧɨɦ ɫɵɪɶɟ ɛɨɥɟɟ 4%, ɱɬɨ ɧɟ  ɨɬɜɟɱɚɟɬ ɤɚɱɟɫɬɜɭ   
ɥɟɠɚɥɵɯ ɯɜɨɫɬɨɜ (ɫɨɞɟɪɠɚɧɢɟ ɨɥɨɜɚ ɜ ɧɢɯ ɦɟɧɟɟ 1%) ɗɬɨ ɫɵɪɶɟ ɧɟ ɹɜɥɹɟɬɫɹ 
ɨɬɜɚɥɶɧɵɦ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɧɟ ɩɪɢɝɨɞɧɨ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɬɪɚɞɢɰɢɨɧɧɵɦɢ 
ɦɟɬɨɞɚɦɢ. ɉɨɷɬɨɦɭ  ɜ ɫɜɨɟɣ ɪɚɛɨɬɟ ɦɵ ɪɟɲɚɟɦ  ɡɚɞɚɱɭ ɪɚɡɪɚɛɨɬɤɢ 
ɬɟɯɧɨɥɨɝɢɢ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ ɨɛɨɝɚɳɟɧɢɹ  ɬɚɤɨɝɨ ɫɵɪɶɹ ɫ ɩɨɥɭɱɟɧɢɟɦ ɜ 
ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ  - ɦɚɬɟɪɢɚɥɚ, ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɨɥɨɜɚ, ɩɪɢɝɨɞɧɨɝɨ 
ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɟɝɨ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɫ  ɨɞɧɨɜɪɟɦɟɧɧɵɦ 
ɢɡɜɥɟɱɟɧɢɟɦ ɢɡ ɷɬɨɝɨ ɫɵɪɶɹ ɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ-ɩɪɢɦɟɫɟɣ. 

Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 2 ɧɚɩɪɚɜɥɟɧɢɹ: 
- ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɨɥɨɜɨɫɨɞɟɪɠɚɳɢɯ ɯɜɨɫɬɨɜ ɜ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɛɟɡ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɛɠɢɝɚ; 
- ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɨɥɨɜɨɫɨɞɟɪɠɚɳɢɯ ɯɜɨɫɬɨɜ ɜ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɩɨɫɥɟ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɛɠɢɝɚ. 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɧɚɦɢ ɬɟɯɧɨɥɨɝɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɬɨɦ, ɱɬɨ ɨɫɧɨɜɧɨɣ 
ɦɢɧɟɪɚɥ ɨɥɨɜɚ – ɤɚɫɫɢɬɟɪɢɬ (SnO2) ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɶɸ ɢ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɞɚɠɟ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɢ 



ɳɟɥɨɱɟɣ, ɬɨɝɞɚ ɤɚɤ ɨɫɬɚɥɶɧɵɟ ɦɟɬɚɥɥɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɯɜɨɫɬɚɯ, ɦɨɝɭɬ ɛɵɬɶ 
ɪɚɫɬɜɨɪɟɧɵ ɢ ɩɟɪɟɜɟɞɟɧɵ ɜ ɪɚɫɬɜɨɪ, ɱɬɨ ɞɚɟɬ  ɜɨɡɦɨɠɧɨɫɬɶ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶ 
ɨɥɨɜɨ ɜ ɧɟɪɚɫɬɜɨɪɢɦɨɦ ɨɫɬɚɬɤɟ (ɤɟɤɟ). ȿɫɥɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɥɨɜɚ ɜ 
ɩɨɥɭɱɟɧɧɨɦ ɩɪɨɞɭɤɬɟ ɛɭɞɟɬ 4 % ɢ ɛɨɥɟɟ, ɬɨ ɬɚɤɨɣ ɦɚɬɟɪɢɚɥ ɦɨɠɟɬ ɛɵɬɶ 
ɪɟɧɬɚɛɟɥɶɧɨ ɩɟɪɟɪɚɛɨɬɚɧ ɜ ɨɫɧɨɜɧɨɦ ɨɥɨɜɹɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɟɬɨɞɨɦ 
ɮɶɸɦɢɧɝɨɜɚɧɢɹ (ɫɭɥɶɮɢɞɨɜɨɡɝɨɧɤɨɣ) ɜɦɟɫɬɟ ɫɨ ɲɥɚɤɚɦɢ ɩɥɚɜɢɥɶɧɨɝɨ 
ɩɟɪɟɞɟɥɚ. 

ȼ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɟ ɨɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɨɟ 
ɥɚɛɨɪɚɬɨɪɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɢɜɟɞɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. ɇɚ 
ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɬɟɯɧɨɥɨɝɢɹ 
ɩɟɪɟɪɚɛɨɬɤɢ ɨɥɨɜɨɫɨɞɟɪɠɚɳɢɯ ɯɜɨɫɬɨɜ: 

1) ɨɛɠɢɝ ɯɜɨɫɬɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900 °ɋ ɫ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɢɡ 
ɦɚɬɟɪɢɚɥɚ ɫɟɪɵ ɢ ɦɵɲɶɹɤɚ ɢ ɩɟɪɟɜɨɞɚ ɠɟɥɟɡɚ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɜ 
ɤɢɫɥɨɬɨɪɚɫɬɜɨɪɢɦɭɸ ɮɨɪɦɭ; 

2) ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɨɛɨɠɠɟɧɧɵɯ ɯɜɨɫɬɨɜ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɦ ɪɚɫɬɜɨɪɟ 
ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ (38% HCl) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 95 °ɋ, Ɍ : ɀ = 1 : 10 ɜ ɬɟɱɟɧɢɟ 2 
ɱɚɫɨɜ.  

ɉɨɥɭɱɟɧɧɵɣ ɩɪɢ ɜɵɳɟɥɚɱɢɜɚɧɢɢ ɪɚɫɬɜɨɪ, ɫɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧɧɵɦ 
ɚɧɚɥɢɡɚɦ, ɫɨɞɟɪɠɢɬ ɨɤɨɥɨ 2-2,5 ɝ/ɥ ɦɟɞɢ, 3-4 ɝ/ɥ ɰɢɧɤɚ, 5-6 ɝ/ɥ ɫɜɢɧɰɚ  ɢ  65-
70 ɝ/ɥ ɠɟɥɟɡɚ. Ɇɟɬɚɥɥɵ ɢɡ ɪɚɫɬɜɨɪɚ  ɩɪɟɞɥɨɠɟɧɨ ɜɵɞɟɥɹɬɶ - ɰɟɦɟɧɬɚɰɢɟɣ, 
ɝɢɞɪɨɥɢɡɨɦ, ɚ ɪɚɫɬɜɨɪ – ɩɨɫɥɟ ɧɟɣɬɪɚɥɢɡɚɰɢɢ, ɫɛɪɚɫɵɜɚɬɶ. Ʉɟɤ, ɫɨɞɟɪɠɚɳɢɣ 
ɛɨɥɟɟ 4 % ɨɥɨɜɚ, ɨɬɩɪɚɜɥɹɟɬɫɹ  ɜ ɨɫɧɨɜɧɨɟ ɨɥɨɜɹɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚ 
ɩɟɪɟɪɚɛɨɬɤɭ. 

ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɵ  ɩɨɞɪɨɛɧɵɟ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ  
ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɨɜ, ɜɵɛɨɪ ɢ ɪɚɫɱɟɬ ɨɫɧɨɜɧɨɝɨ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɟɞɥɨɠɟɧɚ ɚɩɩɚɪɚɬɭɪɧɨ – ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɫɯɟɦɚ, ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢɢ ɩɪɨɰɟɫɫɚ ɜɵɳɟɥɚɱɢɜɚɧɢɹ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɞɨɤɚɡɚɧɚ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ.  ȼ ɪɚɡɞɟɥɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɨɩɢɫɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ 
ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɚɧɢɬɚɪɢɢ.  
 



 

 

 

 



 

 


