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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ   ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɂɧɫɬɢɬɭɬ ɰɜɟɬɧɵɯ  ɦɟɬɚɥɥɨɜ  ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 

 
Ʉɚɮɟɞɪɚ ɦɟɬɚɥɥɭɪɝɢɢ  ɰɜɟɬɧɵɯ  ɦɟɬɚɥɥɨɜ 

 
                     

ɍɌȼȿɊɀȾȺɘ              
                                                                                     Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
                                                                                  ______    ɇ.ȼ. Ȼɟɥɨɭɫɨɜɚ 

                                                                                                 ɩɨɞɩɢɫɶ   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
  

                      
« ___ » ________ 2019 ɝ. 

 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

22.03.02   Ɇɟɬɚɥɥɭɪɝɢɹ 
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 
ɋɟɥɟɤɬɢɜɧɨɟ ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɟɛɪɚ ɢɡ ɩɨɫɟɪɟɛɪɟɧɧɵɯ ɢɡɞɟɥɢɣ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ 
ɢ ɟɟ ɫɩɥɚɜɨɜ                                                                                           ɦ 

                                                        ɬɟɦɚ 
 
 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ   ____________       ɋɬ. ɩɪɟɩɨɞɚɜɚɬɟɥɶ   Ƚ.Ⱥ.ɋɨɪɤɢɧɨɜɚ                                                                                            
                                   ɩɨɞɩɢɫɶ, ɞɚɬɚ                 ɞɨɥɠɧɨɫɬɶ          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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                               ɩɨɞɩɢɫɶ, ɞɚɬɚ                                               ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȼɄɊ ɩɨ ɬɟɦɟ: ɋɟɥɟɤɬɢɜɧɨɟ ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɟɛɪɚ 
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   ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                        ɩɨɞɩɢɫɶ, ɞɚɬɚ         ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ              
 
                                              
 
     Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ                   ____________             Ƚ.Ⱥ.ɋɨɪɤɢɧɨɜɚ              
   ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                       ɩɨɞɩɢɫɶ, ɞɚɬɚ           ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ              
 
 
                      
 
 
      ɋɩɟɰɢɚɥɶɧɚɹ ɱɚɫɬɶ                         ____________              Ƚ.Ⱥ.ɋɨɪɤɢɧɨɜɚ             
   ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                       ɩɨɞɩɢɫɶ, ɞɚɬɚ          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ              
 
 
 
 
Ȼɟɡɨɩɚɫɧɨɫɬɶ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ  
ɢ ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ              ____________              Ƚ.Ⱥ.ɋɨɪɤɢɧɨɜɚ             
   ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                       ɩɨɞɩɢɫɶ, ɞɚɬɚ           ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ              
 
 
 
 
 
 
 
 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                                  ______________          ɇ.ȼ. Ȼɟɥɨɭɫɨɜɚ 
                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ         ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ  ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɂɧɫɬɢɬɭɬ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 

 
Ʉɚɮɟɞɪɚ ɦɟɬɚɥɥɭɪɝɢɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ  

 
 

 
                                                                                  ɍɌȼȿɊɀȾȺɘ              

                                                                                     Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
                                                                                   _______  ɇ.ȼ. Ȼɟɥɨɭɫɨɜɚ 

                                                                                     ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
  

                                                                                    « ___ » ________ 2019 ɝ 
 
 
 
 
 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ____              ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ _____________________ 
(ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ, ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ, 

ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ) 
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ɋɬɭɞɟɧɬɭ            Ʌɟɫɧɢɤɨɜɭ Ⱥɧɞɪɟɸ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɭ 
                         (ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ) 
 
Ƚɪɭɩɩɚ ɁɆɐ 14-01Ȼ       ɇɚɩɪɚɜɥɟɧɢɟ     22.03.02 Ɇɟɬɚɥɥɭɪɝɢɹ 

                                                                 (ɤɨɞ) 
 

ɩɪɨɮɢɥɶ ɩɨɞɝɨɬɨɜɤɢ 22.03.02.02  Ɇɟɬɚɥɥɭɪɝɢɹ  ɰɜɟɬɧɵɯ  ɦɟɬɚɥɥɨɜ 
                                                             (ɧɚɢɦɟɧɨɜɚɧɢɟ) 
 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ:  ɋɟɥɟɤɬɢɜɧɨɟ ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɟɛɪɚ 
ɢɡ ɩɨɫɟɪɟɛɪɟɧɧɵɯ ɢɡɞɟɥɢɣ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ ɢ ɟɟ ɫɩɥɚɜɨɜ 

 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №    9469/ɫ    ɨɬ    21 ɢɸɧɹ 2019 ɝ 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ : Ƚ.Ⱥ. ɋɨɪɤɢɧɨɜɚ, ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮ. ɆɐɆ   
ɂɐɆɢɆ ɋɎɍ                                                                                                     ɍ                  

         (ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ) 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ  Ⱦɚɧɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɢ,  
ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ  

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ Ɉɛɳɚɹ ɱɚɫɬɶ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ, 
ɫɩɟɰɢɚɥɶɧɚɹ ɱɚɫɬɶ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

ɢ ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
________________________________________________________________ 
________________________________________________________________ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ                                                                   ɢ 
                                                      12 ɫɥɚɣɞɨɜ                                                         ɚ  
 
 
ɢ 
ɦ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                           ___________                      Ƚ Ⱥ. ɋɨɪɤɢɧɨɜɚ     

                                                        ɩɨɞɩɢɫɶ                     ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 
 

               
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ       ___________                      Ⱥ.Ⱥ. Ʌɟɫɧɢɤɨɜ    

                                                        ɩɨɞɩɢɫɶ     ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 
 

 
                                                                                   « ___ » __________ 2019 ɝ 
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ȼȼȿȾȿɇɂȿ 
 
Ⱦɥɹ ɦɟɬɚɥɥɨɜ ɯɚɪɚɤɬɟɪɧɨ ɦɧɨɝɨɪɚɡɨɜɨɟ ɰɢɤɥɢɱɧɨɟ ɭɱɚɫɬɢɟ ɜ ɩɪɨɰɟɫɫɟ 

«ɩɪɨɢɡɜɨɞɫɬɜɨ – ɩɨɬɪɟɛɥɟɧɢɟ». ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɢɦɟɟɬ 
ɜɢɞ ɤɪɭɝɨɨɛɨɪɨɬɚ. 

ɇɚ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚɤɨɩɥɟɧɢɟ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ ɧɟɢɫɩɨɥɶɡɭɟɦɵɯ 
ɨɬɯɨɞɨɜ ɩɨɫɥɭɠɢɥɨ ɬɨɥɱɤɨɦ ɤ ɢɡɵɫɤɚɧɢɸ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɡɦɨɠɧɨɫɬɢ 
ɩɪɟɜɪɚɳɟɧɢɹ ɢɯ ɜɧɨɜɶ ɜ ɦɟɬɚɥɥɨɩɪɨɞɭɤɰɢɸ. 

Ɇɟɬɚɥɥɢɱɟɫɤɢɟ (ɢɥɢ ɫɨɞɟɪɠɚɳɢɟ ɦɟɬɚɥɥ) ɢɡɞɟɥɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɬɟɯɧɢɱɟɫɤɨɣ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɢɥɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 
ɞɚɥɶɧɟɣɲɟɝɨ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɦɟɸɬ ɨɝɪɚɧɢɱɟɧɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ, ɜɵɯɨɞɹɬ ɢɡ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɬɟɪɹɸɬ ɫɜɨɸ ɫɬɨɢɦɨɫɬɶ. Ɉɞɧɚɤɨ ɫɚɦ ɦɟɬɚɥɥ, 
ɡɚɤɨɧɱɢɜ ɫɪɨɤ ɫɥɭɠɛɵ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡɞɟɥɢɹ, 
ɨɩɪɟɞɟɥɟɧɧɭɸ ɩɨɬɪɟɛɢɬɟɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ ɧɟ ɬɟɪɹɟɬ. ɉɨɷɬɨɦɭ ɩɨɫɥɟ 
ɫɩɟɰɢɚɥɶɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɨɧ ɫɧɨɜɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ 
ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɨɬɯɨɞɨɜ ɰɜɟɬɧɵɯ ɢ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɩɨɫɬɨɹɧɧɭɸ ɮɭɧɤɰɢɸ ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɚ 
ɩɨɜɬɨɪɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɪɚɫɲɢɪɹɟɬ ɫɵɪɶɟɜɭɸ ɛɚɡɭ, ɫɨɯɪɚɧɹɟɬ ɧɟ 
ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɢɫɬɨɱɧɢɤɢ ɩɟɪɜɢɱɧɨɝɨ ɫɵɪɶɹ, ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɡɚɝɪɹɡɧɟɧɢɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɢɠɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɷɮɮɟɤɬɚ ɡɚ ɫɱɟɬ ɷɤɨɧɨɦɢɢ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɢ ɢɧɜɟɫɬɢɰɢɣ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɰɜɟɬɧɵɯ ɢ ɛɥɚɝɨɪɨɞɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢ ɪɟɝɟɧɢɪɚɰɢɢ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɢɯ ɰɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɨɤɚɡɵɜɚɟɬ 
ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɨɩɨɪɰɢɣ ɦɟɠɞɭ ɞɨɛɵɱɟɣ ɩɟɪɜɢɱɧɨɝɨ ɫɵɪɶɹ, 
ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɷɧɟɪɝɢɢ ɢ ɬɨɩɥɢɜɚ, ɜɵɩɭɫɤɨɦ ɤɨɧɟɱɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɬɨ ɟɫɬɶ ɧɚ 
ɦɟɠɨɬɪɚɫɥɟɜɵɟ ɩɪɨɩɨɪɰɢɢ ɪɚɡɜɢɬɢɹ ɷɤɨɧɨɦɢɤɢ ɫɬɪɚɧɵ. ɂɫɫɥɟɞɨɜɚɧɢɟ 
ɤɪɭɝɨɨɛɨɪɨɬɚ ɦɟɬɚɥɥɨɜ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ 
ɫɞɜɢɝɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɚɠɧɟɣɲɢɯ ɜɢɞɨɜ ɩɪɨɞɭɤɰɢɢ, ɭɩɪɚɜɥɟɧɢɟ 
ɤɪɭɝɨɨɛɨɪɨɬɨɦ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɦɟɠɨɬɪɚɫɥɟɜɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɢ ɩɪɨɩɨɪɰɢɢ [1]. 

Ɉɫɧɨɜɧɵɦɢ ɩɨɫɬɚɜɳɢɤɚɦɢ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ ɹɜɥɹɸɬɫɹ ɮɨɬɨ– ɢ 
ɤɢɧɨɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɯɢɦɢɱɟɫɤɚɹ, ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɚɹ ɢ 
ɪɚɞɢɨɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɡɟɪɤɚɥɶɧɨɟ, ɱɚɫɨɜɨɟ ɢ ɸɜɟɥɢɪɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɚ, 
ɥɟɱɟɛɧɵɟ ɭɱɪɟɠɞɟɧɢɹ. 

ɋɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɟ ɨɬɯɨɞɵ ɮɨɬɨ– ɢ ɤɢɧɨɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɛɪɚɡɭɸɬɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɨɛɪɚɛɨɬɤɢ ɢ ɩɨɪɱɢ ɫɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɢɥɢ ɢɡɧɨɫɚ ɤɢɧɨɥɟɧɬ ɢ ɮɨɬɨɨɬɩɟɱɚɬɤɨɜ. 

ɇɚ ɩɟɪɟɪɚɛɨɬɤɭ ɩɨɫɬɭɩɚɸɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɜɢɞɵ ɫɵɪɶɹ, 
ɫɨɞɟɪɠɚɳɢɟ ɫɟɪɟɛɪɨ, %: ɫɟɪɟɛɪɨ ɛɪɨɦɢɫɬɨɟ (35÷66); ɫɟɪɟɛɪɨ ɫɟɪɧɢɫɬɨɟ 45÷65; 
ɡɨɥɚ ɤɢɧɨɩɪɨɦɵɲɥɟɧɧɨɫɬɢ (45÷52); ɡɨɥɚ ɮɨɬɨɛɭɦɚɝɢ (1,2÷7); ɡɨɥɚ 
ɮɨɬɨɨɬɩɟɱɚɬɤɨɜ <0,5.  

Ɉɬɯɨɞɵ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɫɬɭɩɚɸɬ ɜ ɜɢɞɟ ɨɬɪɚɛɨɬɚɧɧɵɯ 
ɤɨɧɬɚɤɬɧɵɯ ɦɚɫɫ ((20÷80)% Ag); ɨɬɪɚɛɨɬɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ (ɛɨɥɟɟ 80% Ag); 
ɲɥɚɦɨɜ (ɨɬ 60 ɞɨ 80% Ag); ɥɨɦɚ ɫɟɪɟɛɪɹɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ((20÷25)% Ag). 
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Ɉɛɪɚɡɨɜɚɧɢɟ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɯ ɨɬɯɨɞɨɜ ɜ ɡɟɪɤɚɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɨɰɟɫɫɟ ɫɟɪɟɛɪɟɧɢɹ ɡɟɪɤɚɥ, ɟɥɨɱɧɵɯ ɭɤɪɚɲɟɧɢɣ. ȼ ɡɟɪɤɚɥɶɧɨɦ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɛɪɚɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɬɯɨɞɵ, ɜ ɤɨɬɨɪɵɯ ɩɪɢɫɭɬɫɬɜɭɟɬ Ag, %: 
ɡɟɪɤɚɥɶɧɵɣ ɛɨɣ (0,05÷0,2); ɛɨɣ ɟɥɨɱɧɵɯ ɭɤɪɚɲɟɧɢɣ (0,2÷0,5); ɥɨɦ 
ɫɟɪɟɛɪɢɥɶɧɵɯ ɤɭɜɲɢɧɨɜ (10÷25); ɫɭɤɧɨ ɫɟɪɟɛɪɢɥɶɧɵɯ ɫɬɨɥɨɜ (ɜ ɡɨɥɟ) (40÷50); 
ɲɥɚɦ ɫɟɪɟɛɪɢɥɶɧɵɯ ɫɬɨɥɨɜ (40÷60); ɫɟɪɧɢɫɬɨɟ ɫɟɪɟɛɪɨ, ɩɨɥɭɱɚɟɦɨɟ ɩɪɢ 
ɨɫɚɠɞɧɢɢ ɫɟɪɟɛɪɚ ɢɡ ɡɟɪɤɚɥɶɧɵɯ ɫɟɪɟɛɪɢɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ (40÷60). 

ȼ ɫɥɟɞɭɸɳɢɯ ɨɬɯɨɞɚɯ ɩɨɥɢɝɪɚɮɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɬɚɤɠɟ ɢɦɟɟɬɫɹ 
ɫɟɪɟɛɪɨ, %: ɫɟɪɧɢɫɬɨɟ ɫɟɪɟɛɪɨ (45÷64); ɡɨɥɚ ɮɨɬɨɛɭɦɚɝɢ ɢ ɮɨɬɨɨɬɩɟɱɚɬɤɨɜ 
(0,4÷4); ɡɨɥɚ ɛɭɦɚɠɧɵɯ ɮɢɥɶɬɪɨɜ (30÷60); ɯɥɨɪɢɫɬɨɟ ɫɟɪɟɛɪɨ – ɛɨɥɟɟ 50; ɨɫɚɞɤɢ 
ɰɟɦɟɧɬɧɨɝɨ ɫɟɪɟɛɪɚ – ɛɨɥɟɟ 50.  

Ɉɬɯɨɞɚɦɢ ɸɜɟɥɢɪɧɵɯ ɦɚɫɬɟɪɫɤɢɯ ɢ ɡɚɜɨɞɨɜ, ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ 
ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɹɜɥɹɸɬɫɹ ɫɨɪɵ. ɂɯ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɝɪɭɩɩɵ ɭɫɥɨɜɢɹɦ 
ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɭ ɩɪɢɫɭɬɫɬɜɭɸɳɟɝɨ ɫɟɪɟɛɪɚ, %: ɩɪɢ ɩɥɚɜɤɟ 
ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (0,5÷7); ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ (0,05÷3); ɩɪɢ 
ɯɢɦɢɱɟɫɤɨɣ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɫɟɪɟɛɪɚ (0,05÷10). 

ɑɚɫɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚɩɪɚɜɥɹɟɬ ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ 
ɫɵɪɶɹ, ɫɨɞɟɪɠɚɳɟɝɨ Ag, %: ɫɟɪɟɛɪɹɧɵɟ ɩɪɢɩɨɢ – ɨɬ 15 ɞɨ 99; ɫɟɪɟɛɪɹɧɵɟ 
ɤɨɧɬɚɤɬɵ (20÷80); ɨɩɢɥɤɢ ɢ ɫɬɪɭɠɤɭ – ɨɬ 10 ɞɨ 70. 

Ɉɬ ɥɟɱɟɛɧɵɯ ɭɱɪɟɠɞɟɧɢɣ ɧɚ ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɟɛɪɚ ɩɨɫɬɭɩɚɸɬ, %: ɡɨɥɚ 
ɪɟɧɬɝɟɧɨɩɥɟɧɤɢ ɢ ɮɨɬɨɨɬɩɟɱɚɬɤɨɜ – ɨɬ 0,5 ɞɨ 50; ɫɟɪɧɢɫɬɨɟ ɫɟɪɟɛɪɨ (45÷65). 

Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ (ɞɨ (30÷40)% Ag) 
ɩɟɪɟɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɜɢɞɟ ɨɬɯɨɞɨɜ ɷɥɟɤɬɪɨɧɧɨɣ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɨɬɪɚɫɥɟɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ: ɜɵɲɟɞɲɢɟ ɢɡ ɫɬɪɨɹ ɫɟɪɟɛɪɹɧɨ–ɰɢɧɤɨɜɵɟ ɢ ɫɟɪɟɛɪɹɧɨ–
ɤɚɞɦɢɟɜɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ (ɨɬ 30 ɞɨ 60%); ɫɩɥɚɜɵ–ɤɨɧɬɚɤɬɵ, ɫɟɪɟɛɪɹɧɵɟ ɩɪɢɩɨɢ 
(ɨɬ 5 ɞɨ 99%); ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɢ (25÷50). 

ɋɨɞɟɪɠɚɧɢɟ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɥɨɦɟ ɜ ɫɪɟɞɧɟɦ 
ɫɨɫɬɚɜɥɹɟɬ: (0,1÷0,15) ɦɚɫ. %, ɢɡ ɧɢɯ: ɡɨɥɨɬɨ – (0,02÷0,05); ɫɟɪɟɛɪɨ – 
(0,07÷0,08); ɩɥɚɬɢɧɚ – (0,005÷0,15); ɩɚɥɥɚɞɢɣ – (0,01÷0,016); ɪɨɞɢɣ – ɧɟ ɦɟɧɟɟ 
0,0015 [2]. 

ɐɟɥɶɸ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɡɧɚɤɨɦɥɟɧɢɟ ɫ 
ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɨɫɧɨɜɚɦɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 
ɩɟɪɟɪɚɛɨɬɤɢ ɥɨɦɚ ɩɨɫɟɪɟɛɪɟɧɧɵɯ ɢɡɞɟɥɢɣ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ ɢ ɟɟ ɫɩɥɚɜɨɜ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 
ɡɚɞɚɱɢ: ɪɚɫɫɦɨɬɪɟɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɢɡɜɥɟɱɟɧɢɹ ɫɟɪɟɛɪɚ ɢɡ 
ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɯ ɢɡɞɟɥɢɣ, ɢɡɭɱɢɬɶ ɢɯ ɬɟɯɧɨɥɨɝɢɢ. ɉɪɟɞɥɨɠɢɬɶ ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ, ɢɡɭɱɢɬɶ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɜɫɟɯ 
ɩɪɨɰɟɫɫɨɜ ɢ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ  ɧɢɯ, ɬɚɤɠɟ ɩɪɟɞɨɫɬɚɜɢɬɶ ɜɚɪɢɚɧɬ 
ɚɩɩɚɪɚɬɭɪɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ ɤ ɩɪɟɞɥɨɠɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ, ɜɵɹɜɢɬɶ 
ɨɩɚɫɧɵɟ ɢ ɜɪɟɞɧɵɟ ɮɚɤɬɨɪɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ. 
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1 Ɉɛɳɚɹ ɱɚɫɬɶ 
 
1.1 Ɉɛɳɢɟ ɮɢɡɢɤɨ – ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɟɪɟɛɪɚ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ 
 
1.1.1 Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɟɪɟɛɪɚ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ 
 
ȼɧɟɲɧɟ ɱɢɫɬɨɟ ɫɟɪɟɛɪɨ - ɷɬɨ ɛɥɟɫɬɹɳɢɣ ɦɟɬɚɥɥ ɡɟɪɤɚɥɶɧɨ-ɝɨɥɭɛɨɝɨ ɰɜɟɬɚ, 

ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɤɚɠɟɬɫɹ ɩɨɱɬɢ ɛɟɥɨɣ. ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɟɪɟɛɪɨ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, ɬɨ Ag ɨɬɧɨɫɢɬɶɫɹ ɤ ɬɹɠɟɥɵɦ ɦɟɬɚɥɥɚɦ (10,5 ɝ/ɫɦ3). 

ɋɟɪɟɛɪɨ ɨɛɥɚɞɚɟɬ ɨɱɟɧɶ ɯɨɪɨɲɟɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɜɵɫɲɟɣ ɫɬɟɩɟɧɶɸ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɧɚɥɢɱɢɟɦ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɪɟɲɟɬɤɟ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɛɨɥɶɲɟɣ ɩɨɞɜɢɠɧɨɫɬɶɸ. 
ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɟɪɟɛɪɚ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɢ ɩɨɧɢɠɚɟɬɫɹ 
ɩɨ ɦɟɪɟ ɩɨɹɜɥɟɧɢɹ ɧɨɜɵɯ ɩɪɢɦɟɫɟɣ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɚɪɭɲɟɧɢɟɦ 
ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ ɫɟɪɟɛɪɚ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɧɨɜɵɯ 
ɩɪɟɩɹɬɫɬɜɢɣ ɧɚɩɪɚɜɥɟɧɧɨɦɭ ɞɜɢɠɟɧɢɸ ɷɥɟɤɬɪɨɧɨɜ. ȼ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ (25 
°ɋ) ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɟɪɟɛɪɚ ɪɚɜɧɨ 1,6∙10-6 Ɉɦ∙cɦ, ɧɨ ɩɪɢ 
ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɗɬɨ 
ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɚɬɨɦɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɪɟɲɟɬɤɢ ɫɟɪɟɛɪɚ, ɧɚɪɭɲɚɸɳɢɯ ɭɫɥɨɜɢɹ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɧɨɜ. 

ȼɵɫɨɤɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɟɪɟɛɪɚ (429 ȼɬ/(ɦ∙Ʉ) ɩɪɢ 300Ʉ) ɨɛɭɫɥɨɜɥɟɧɚ 
ɫɥɟɞɭɸɳɢɦ ɩɪɨɰɟɫɫɨɦ: ɫɜɨɛɨɞɧɵɟ ɷɥɟɤɬɪɨɧɵ ɫɟɪɟɛɪɚ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ 
ɩɨɫɬɨɹɧɧɨɦ ɞɜɢɠɟɧɢɢ, ɫɬɚɥɤɢɜɚɸɬɫɹ ɫ ɤɨɥɟɛɥɸɳɢɦɢɫɹ ɚɬɨɦɚɦɢ ɜ ɭɡɥɚɯ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɨɛɦɟɧɢɜɚɸɬɫɹ ɫ ɧɢɦɢ ɷɧɟɪɝɢɟɣ, ɭɫɢɥɢɜɲɢɟɫɹ ɩɪɢ 
ɧɚɝɪɟɜɚɧɢɢ ɦɟɬɚɥɥɚ ɤɨɥɟɛɚɧɢɹ ɚɬɨɦɨɜ ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨ ɩɟɪɟɞɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɷɥɟɤɬɪɨɧɨɜ ɫɨɫɟɞɧɢɦ ɢ ɭɞɚɥɟɧɧɵɦ ɚɬɨɦɚɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɨɟ 
ɜɵɪɚɜɧɢɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨ ɜɫɟɣ ɦɚɫɫɟ ɦɟɬɚɥɥɚ. 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɬɜɺɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɠɢɞɤɨɟ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɢɣ ɫɤɚɱɨɤ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɜɨɡɪɚɫɬɚɟɬ. 

Ɂɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ: ɩɪɢ – 231Ʉ ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 1052 ȼɬ/(ɦ∙Ʉ), ɚ ɩɪɢ – 258Ʉ 3330 
ȼɬ/(ɦ∙Ʉ). Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɡɚɜɢɫɹɬ ɨɬ ɜɟɥɢɱɢɧɵ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɩɪɢ ɟɝɨ ɜɨɡɪɚɫɬɚɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɧɢɠɚɟɬɫɹ, 
ɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢ ɯɨɥɨɞɧɨɣ ɨɛɪɚɛɨɬɤɟ ɞɚɜɥɟɧɢɟɦ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɧɢɠɚɟɬɫɹ. ɍ ɫɟɪɟɛɪɚ, ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɚ 90%, ɷɬɨ 
ɫɧɢɠɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 5%. 

ɉɪɢɦɟɫɢ ɜ ɫɟɪɟɛɪɟ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɟɡɤɨɦɭ ɩɨɜɵɲɟɧɢɸ ɟɝɨ 
ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ ɦɵɲɶɹɤɭ, ɜɢɫɦɭɬɭ, 
ɫɜɢɧɰɭ, ɫɭɪɶɦɟ. ȼ ɧɚɢɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨɜɵɲɚɸɬ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɫɟɪɟɛɪɚ ɞɨɛɚɜɤɢ ɦɟɞɢ, ɤɚɞɦɢɹ ɢ ɰɢɧɤɚ, ɚ ɬɚɤɠɟ ɡɨɥɨɬɚ. 

Ɉɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɟɪɟɛɪɚ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɨɧɨ 
ɨɛɥɚɞɚɟɬ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ - ɤ 
ɥɭɱɟɩɨɝɥɚɳɟɧɢɸ. Ɉɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɡɚɜɢɫɢɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɨɬ 
ɞɥɢɧɵ ɜɨɥɧɵ. ȼ ɨɛɥɚɫɬɢ ɜɢɞɢɦɵɯ ɞɥɢɧ ɜɨɥɧ ɨɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɞɨɫɬɢɝɚɟɬ ɩɪɢɦɟɪɧɨ 95% ɜ ɨɛɥɚɫɬɢ ɢɧɮɪɚɤɪɚɫɧɵɯ ɜɨɥɧ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 98%, 
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ɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɞɥɢɧɵ ɜɨɥɧɵ ɨɧɚ ɪɟɡɤɨ ɩɚɞɚɟɬ ɢ ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɶɲɟ 10% ɩɪɢ 
ɞɥɢɧɟ ɜɨɥɧɵ 320 ɧɦ. ɉɪɢɜɟɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɹɬɫɹ ɤ ɫɟɪɟɛɪɭ ɫ 
ɩɨɥɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. Ɇɢɧɢɦɭɦ ɫɦɟɳɚɟɬɫɹ, ɜ ɢɧɮɪɚɤɪɚɫɧɭɸ ɱɚɫɬɶ 
ɫɩɟɤɬɪɚ ɩɪɢɦɟɪɧɨ ɧɚ 0,05 ɧɦ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 1ºɋ. 
Ɉɞɧɨɜɪɟɦɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɝɥɭɛɢɧɚ ɦɢɧɢɦɭɦɚ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ 
ɩɪɢɦɟɫɟɣ ɦɢɧɢɦɭɦ ɨɬɪɚɠɟɧɢɹ ɫɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɤɨɪɨɬɤɢɯ ɜɨɥɧ ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɝɥɚɠɢɜɚɧɢɢ ɮɨɪɦɵ ɢ ɝɥɭɛɢɧɵ ɦɢɧɢɦɭɦɚ. 

ɑɢɫɬɨɟ ɫɟɪɟɛɪɨ ɨɱɟɧɶ ɦɹɝɤɢɣ, ɤɨɜɤɢɣ ɢ ɩɥɚɫɬɢɱɧɵɣ ɦɟɬɚɥɥ. ɉɨ ɦɹɝɤɨɫɬɢ 
ɢ ɤɨɜɤɨɫɬɢ ɫɟɪɟɛɪɨ ɧɟɦɧɨɝɨ ɭɫɬɭɩɚɟɬ ɡɨɥɨɬɭ, ɧɨ ɩɨ ɩɥɚɫɬɢɱɧɨɫɬɢ (ɬɨ ɟɫɬɶ 
ɫɩɨɫɨɛɧɨɫɬɢ ɦɟɧɹɬɶ ɮɨɪɦɭ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚɝɪɭɡɤɢ ɧɟ ɪɚɡɪɭɲɚɹɫɶ) 
ɩɪɟɜɨɫɯɨɞɢɬ ɡɨɥɨɬɨ. ɗɬɢ ɤɚɱɟɫɬɜɚ ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɫɟɪɟɛɪɚ 
ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɸɜɟɥɢɪɧɵɯ ɭɤɪɚɲɟɧɢɣ. Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɫɟɪɟɛɪɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1 – Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɟɪɟɛɪɚ 
ɉɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ 47 
Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ 107,870 ɝ/ɦɨɥɶ 
Ɂɚɪɹɞ 1+,(2+),(3+) 
ɋɬɚɧɞɚɪɬɧɵɣ ɷɥɟɤɬɪɨɧɧɵɣ ɩɨɬɟɧɰɢɚɥ ,ȼ 0,799 
ɉɥɨɬɧɨɫɬɶ , ɝ/ɫɦ3 10,5 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ºɋ 960,5 
Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ º ɋ 2212 
ɍɞ. ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ, ɤȾɠ/ɦɨɥɶ 11,95 
ɍɞ. ɬɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ, ɤȾɠ/ɦɨɥɶ 254,1 

Ɍɜɟɪɞɨɫɬɶ, ɤɝ/ɦɦ: 
ɉɨ Ȼɪɢɧɟɥɥɸ 25 
ɉɨ Ɇɨɨɫɭ 2,7 

 
1.1.2 ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɟɪɟɛɪɚ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ 
 
ɋɟɪɟɛɪɨ ɯɢɦɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ I ɝɪɭɩɩɵ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

Ɇɟɧɞɟɥɟɟɜɚ, ɚɬɨɦɧɵɣ ɧɨɦɟɪ 47. ɋɟɪɟɛɪɨ ɜ ɫɜɨɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɩɨɱɬɢ ɜɫɟɝɞɚ 
ɜɵɫɬɭɩɚɟɬ ɤɚɤ ɨɞɧɨɡɚɪɹɞɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɢɨɧ (ɩɨɱɬɢ ɜɫɟɝɞɚ ɨɞɧɨɜɚɥɟɧɬɧɨ). 
Ʌɢɲɶ ɜ ɨɱɟɧɶ ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ ɫɟɪɟɛɪɨ ɩɪɨɹɜɥɹɟɬ ɫɟɛɹ ɤɚɤ ɞɜɭɯ- ɢɥɢ 
ɬɪɟɯɡɚɪɹɞɧɵɣ ɤɚɬɢɨɧ. ȼ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɚɬɨɦɭ ɫɟɪɟɛɪɚ ɩɪɢɯɨɞɢɬɫɹ ɨɬɞɚɜɚɬɶ 
ɷɥɟɤɬɪɨɧɵ ɧɟ ɬɨɥɶɤɨ ɢɡ ɜɧɟɲɧɟɣ ɨɛɨɥɨɱɤɢ, ɧɨ ɢ ɢɡ ɫɥɟɞɭɸɳɟɣ ɨɛɨɥɨɱɤɢ, ɬɚɤ 
ɱɬɨ ɜ ɧɟɣ ɨɫɬɚɟɬɫɹ ɭɠɟ ɧɟ ɞɟɫɹɬɶ, ɚ ɞɟɜɹɬɶ ɢɥɢ ɜɨɫɟɦɶ ɷɥɟɤɬɪɨɧɨɜ. Ɉɞɧɚɤɨ 
ɭɫɬɨɣɱɢɜɵɦ ɤɚɬɢɨɧɨɦ ɫɟɪɟɛɪɚ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɜɫɟ-ɬɚɤɢ ɧɟɢɡɦɟɧɧɨ ɹɜɥɹɟɬɫɹ 
ɨɞɧɨɡɚɪɹɞɧɵɣ ɤɚɬɢɨɧ Ag. 

ɋ ɯɢɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɟɪɟɛɪɨ ɞɨɫɬɚɬɨɱɧɨ ɢɧɟɪɬɧɨ – ɷɬɨ 
ɦɚɥɨɚɤɬɢɜɧɵɣ ɦɟɬɚɥɥ, ɤɨɬɨɪɵɣ ɧɟ ɩɪɨɹɜɥɹɟɬ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɢɨɧɢɡɚɰɢɢ ɢ ɥɟɝɤɨ 
ɜɵɬɟɫɧɹɟɬɫɹ ɢɡ ɫɨɟɞɢɧɟɧɢɣ ɛɨɥɟɟ ɚɤɬɢɜɧɵɦɢ ɦɟɬɚɥɥɚɦɢ ɢɥɢ ɜɨɞɨɪɨɞɨɦ, ɜ 
ɚɬɦɨɫɮɟɪɟ ɜɨɡɞɭɯɚ ɫɟɪɟɛɪɨ ɧɟ ɨɤɢɫɥɹɟɬɫɹ ɧɢ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɧɢ 
ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. ɋɬɪɨɝɨ ɝɨɜɨɪɹ ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɫɟɪɟɛɪɨ ɫɚɦɨ ɩɨ ɫɟɛɟ 
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ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɟɚɝɢɪɭɟɬ ɫ ɤɢɫɥɨɪɨɞɨɦ, ɧɨ ɟɫɥɢ ɧɚɝɪɟɬɶ ɫɟɪɟɛɪɨ ɞɨ 168 °ɋ ɬɨ 
ɨɧɨ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɹɟɬ ɤɢɫɥɨɪɨɞ ɢ ɨɛɪɚɡɭɟɬɫɹ ɨɤɫɢɞ ɫɟɪɟɛɪɚ Ag2O. Ɋɚɫɩɥɚɜ 
ɫɟɪɟɛɪɚ ɩɨɝɥɨɳɚɟɬ ɛɨɥɶɲɢɟ ɨɛɴɟɦɵ ɤɢɫɥɨɪɨɞɚ (ɨɤɨɥɨ 180 ɫɦ3 ɤɢɫɥɨɪɨɞɚ ɜ 100ɝ 
ɫɟɪɟɛɪɚ ɩɪɢ 1024 °ɋ), ɚ ɩɪɢ ɡɚɫɬɵɜɚɧɢɢ ɪɚɫɩɥɚɜɚ ɩɪɨɢɫɯɨɞɢɬ ɛɭɪɧɨɟ ɜɵɞɟɥɟɧɢɟ 
ɤɢɫɥɨɪɨɞɚ. ȼɧɟɲɧɟ ɷɬɨ ɹɜɥɟɧɢɟ ɧɚɩɨɦɢɧɚɟɬ ɢɡɜɟɪɠɟɧɢɟ ɜɭɥɤɚɧɚ: ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɫɬɵɜɚɸɳɟɝɨ ɦɟɬɚɥɥɚ ɨɛɪɚɡɭɟɬɫɹ ɤɨɪɤɚ, ɧɚ ɤɨɬɨɪɨɣ ɦɟɫɬɚɦɢ 
ɩɨɹɜɥɹɸɬɫɹ ɧɟɛɨɥɶɲɢɟ ɜɨɡɜɵɲɟɧɢɹ, ɢɡ ɤɨɬɨɪɵɯ ɜɵɪɵɜɚɟɬɫɹ ɪɚɫɬɜɨɪɟɧɧɵɣ 
ɤɢɫɥɨɪɨɞ, ɭɜɥɟɤɚɹ ɡɚ ɫɨɛɨɣ ɱɚɫɬɢɱɤɢ ɪɚɫɤɚɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɭɞɚɥɨɫɶ ɨɛɧɚɪɭɠɢɬɶ ɬɨɧɱɚɣɲɭɸ ɩɥɟɧɤɭ ɨɤɫɢɞɚ - ɟɟ 
ɬɨɥɳɢɧɚ ɜɫɟɝɨ 1,2 ɧɦ, ɬ.ɟ. 0,00000012 ɫɦ. ɇɚɝɪɟɜɚɧɢɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 400 °ɋ 
ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜɟɞɟɬ ɤ ɪɚɡɜɢɬɢɸ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɢ 
ɫɟɪɟɛɪɨ ɜɫɟ-ɬɚɤɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɨɤɫɢɞ. ɇɨ ɬɚɤɚɹ ɪɟɚɤɰɢɹ ɞɨɜɨɥɶɧɨ ɪɟɞɤɚɹ, 
ɨɞɧɚɤɨ ɜ ɜɢɞɟ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɦɨɠɟɬ ɛɵɬɶ ɨɤɢɫɥɟɧɨ ɤɢɫɥɨɪɨɞɧɨɣ ɩɥɚɡɦɨɣ ɢɥɢ 
ɨɡɨɧɨɦ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɭɥɶɬɪɚɮɢɨɥɟɬɨɦ. 

 
4Ag + O2 = 2Ag2O                                                                    (1) 
  
Ȼɭɞɭɱɢ ɛɥɚɝɨɪɨɞɧɵɦ ɢ ɢɧɟɪɬɧɵɦ, ɨɧɨ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɫɨɥɹɧɨɣ ɢ 

ɪɚɡɛɚɜɥɟɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɚɯ. Ɉɞɧɚɤɨ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɟ (ɜ ɚɡɨɬɧɨɣ, 
ɝɨɪɹɱɟɣ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɟ) ɫɟɪɟɛɪɨ ɪɚɫɬɜɨɪɹɟɬɫɹ: 

 
Ag + 2HNO3(ɤɨɧɰ.) = AgNO3 + NO2 + H2O                                                       (2) 
 
2Ag + 2HSO4(ɤɨɧɰ.ɝɨɪ.) = Ag2SO4 + SO2 + 2H2O                                               (3) 
 
ɋɨɥɹɧɚɹ ɢ ɛɪɨɦɢɫɬɨɜɨɞɨɪɨɞɧɚɹ ɤɢɫɥɨɬɵ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɚɯ 

ɦɟɞɥɟɧɧɨ ɪɟɚɝɢɪɭɸɬ ɫ ɫɟɪɟɛɪɨɦ: 
 
2Ag + 2HCl  =  2AgCl + H2                                                                              (4) 
 
2Ag + 2HBr = 2AgBr + H2                                                                               (5)  
 
ɋɟɪɟɛɪɨ ɬɚɤɠɟ ɪɟɚɝɢɪɭɟɬ ɫ ɣɨɞɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɨɣ: 
 
2Ag + 2HI = 2AgI + H2                                                                                    (6)  
 
ɗɬɚ ɪɟɚɤɰɢɹ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɜ ɫɜɹɡɢ ɫ ɦɚɥɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ AgI ɜ ɜɨɞɟ 

ɢ ɫɞɜɢɝɚ ɪɟɚɤɰɢɢ ɜɩɪɚɜɨ ɩɨ ɦɟɪɟ ɜɵɩɚɞɟɧɢɹ ɢɨɞɢɞɚ ɫɟɪɟɛɪɚ ɜ ɨɫɚɞɨɤ. 
ɋɟɪɨɜɨɞɨɪɨɞ ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ ɢ ɜɨɞɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 

ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɫɟɪɟɛɪɨɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨ ɭɪɚɜɧɟɧɢɸ: 
 
4Ag + H2S + 1/2O2 = 2Ag2S + H2O                                                                 (7) 
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ɋɭɥɶɮɢɞ ɫɟɪɟɛɪɚ ɦɚɥɨ ɪɚɫɬɜɨɪɢɦ ɜ ɜɨɞɟ, ɚɦɦɢɚɤɟ, ɬɢɨɫɭɥɶɮɚɬɚɯ 
ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ, Ag2S ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ ɢ ɪɚɫɬɜɨɪɚɯ 
ɰɢɚɧɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. 

ɋɟɪɟɛɪɨ ɬɚɤɠɟ ɥɟɝɤɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɪɬɭɬɢ, ɨɛɪɚɡɭɹ ɚɦɚɥɶɝɚɦɭ (ɠɢɞɤɢɣ 
ɫɩɥɚɜ ɪɬɭɬɢ ɢ ɫɟɪɟɛɪɚ): 

 
AgCl + Hg = Ag + HgCl                                                                                   (8)  
 
ɋɟɪɟɛɪɨ ɨɬɧɨɫɹɬɫɹ ɤ ɝɪɭɩɩɟ ɦɟɬɚɥɥɨɜ ɩɪɨɦɟɠɭɬɨɱɧɨɣ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɢɦɟɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɥɟɤɬɪɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɝɨ ɡɧɚɱɟɧɢɹ 
ɷɥɟɤɬɪɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɨɤɢɫɥɹɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɪɨɞɚ ɜ 
ɧɟɣɬɪɚɥɶɧɨɣ ɫɪɟɞɟ. ɉɨɷɬɨɦɭ ɫɟɪɟɛɪɨ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɨ ɜ ɥɸɛɵɯ ɤɢɫɥɵɯ ɢ 
ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ ɜ ɨɬɫɭɬɫɬɜɢɟ ɤɢɫɥɨɪɨɞ. ɋɟɪɟɛɪɨ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ 
ɩɨɤɪɵɬɢɹ ɢɦ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɤɨɪɪɨɡɢɢ.  

ȼ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɟ ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɚɥɥɨɜ ɪɚɫɬɜɨɪɹɸɬɫɹ ɞɪɭɝ ɜ ɞɪɭɝɟ ɢ 
ɨɛɪɚɡɭɸɬ ɨɞɧɨɪɨɞɧɵɣ ɠɢɞɤɢɣ ɫɩɥɚɜ. ɋɟɪɟɛɪɨ ɨɬɧɨɫɹɬɫɹ ɤ ɥɟɝɤɨɩɥɚɜɤɢɦ 
ɦɟɬɚɥɥɚɦ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɩɥɚɜɨɜ ɫ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ 
ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ. ɋɟɪɟɛɪɨ ɨɛɪɚɡɭɟɬ ɫɩɥɚɜɵ ɬɢɩɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɫ 
ɡɨɥɨɬɨɦ, ɦɟɞɶɸ, ɩɚɥɥɚɞɢɟɦ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɷɥɟɦɟɧɬɚɦɢ Li, 
Mg, Ca, Sr, Ba, Zn, Cd, Hg, Al, Ga, In, Tl, Pr, Sn, Zr, Th, P, Sb, S, Se , ɚ ɬɚɤɠɟ 
ɫɩɥɚɜɵ ɬɢɩɚ ɷɜɬɟɤɬɢɤ ɫ ɷɥɟɦɟɧɬɚɦɢ Bi, Ge, Ni, Pb, Si, Na, Tl. ɉɪɢɫɭɬɫɬɜɢɟ ɦɟɞɢ 
ɞɟɥɚɟɬ ɫɩɥɚɜ ɛɨɥɟɟ ɩɪɨɱɧɵɦ, ɬɜɟɪɞɵɦ, ɡɜɨɧɤɢɦ [2]. 

 
1.2 Ɉɫɧɨɜɧɵɟ ɨɬɪɚɫɥɢ ɩɨɬɪɟɛɥɟɧɢɹ ɫɟɪɟɛɪɚ 
 
Ɉɤɨɥɨ (30÷40)% ɜɫɟɝɨ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɫɟɪɟɛɪɚ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɢɧɨ ɢ ɮɨɬɨɦɚɬɟɪɢɚɥɨɜ, 20% ɫɟɪɟɛɪɚ ɜ ɜɢɞɟ ɫɩɥɚɜɨɜ ɫ ɡɨɥɨɬɨɦ, 
ɩɚɥɥɚɞɢɟɦ, ɦɟɞɶɸ ɢɥɢ ɰɢɧɤɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɬɚɤɬɨɜ, 
ɩɪɢɩɨɟɜ, ɩɪɨɜɨɞɹɳɢɯ ɫɥɨɟɜ ɜ ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ ɢ ɷɥɟɤɬɪɨɧɢɤɟ. 

ɋɩɥɚɜɵ ɫɟɪɟɛɪɚ ɫ ɦɟɞɶɸ, ɡɨɥɨɬɨɦ, ɩɥɚɬɢɧɨɣ ɫɥɭɠɚɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɸɜɟɥɢɪɧɵɯ ɢ ɛɵɬɨɜɵɯ ɢɡɞɟɥɢɣ, ɦɨɧɟɬ, ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɨɫɭɞɵ, ɡɭɛɧɵɯ ɩɥɨɦɛ, 
ɦɨɫɬɨɜ ɢ ɩɪɨɬɟɡɨɜ. Ʉɪɨɦɟ ɷɬɨɝɨ ɫɟɪɟɛɪɨ ɜɤɥɸɱɚɸɬ ɜ ɫɨɫɬɚɜ ɥɟɝɤɨ ɢ ɬɭɝɨɩɥɚɜɤɢɯ 
ɩɪɢɩɨɟɜ. Ɉɫɧɨɜɧɵɟ ɩɪɢɩɨɢ ɫɟɪɟɛɪɚ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ 
ɪɚɞɢɨɬɟɯɧɢɤɟ: ɫɟɪɟɛɪɹɧɨ-ɦɟɞɧɨɮɨɫɮɨɪɧɵɟ ɩɪɢɩɨɢ ɢ ɫɟɪɟɛɪɹɧɨ-
ɦɟɞɧɨɰɢɧɤɨɜɵɟ ɩɪɢɩɨɢ. ɋɩɨɫɨɛɧɨɫɬɶ ɫɟɪɟɛɪɚ ɤ ɫɦɚɱɢɜɚɧɢɸ ɤɟɪɚɦɢɤɢ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɟɝɨ ɞɨɛɚɜɥɹɸɬ ɤ ɫɜɢɧɰɨɜɨ-ɨɥɨɜɹɧɧɵɦ 
ɩɪɢɩɨɹɦ, ɩɪɢɦɟɧɹɟɦɵɦ ɩɪɢ ɦɨɧɬɚɠɟ ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ. ȼ ɬɟɯɧɢɤɟ ɫɟɪɟɛɪɹɧɵɟ ɩɪɢɩɨɢ ɡɚɧɢɦɚɸɬ ɨɫɨɛɨɟ 
ɦɟɫɬɨ, ɩɨɬɨɦɭ ɱɬɨ ɩɚɹɧɵɣ ɢɦɢ ɲɨɜ ɧɟ ɬɨɥɶɤɨ ɩɪɨɱɟɧ ɢ ɩɥɨɬɟɧ, ɧɨ ɢ 
ɤɨɪɪɨɡɢɨɧɧɨ ɭɫɬɨɣɱɢɜ. Ɍɚɤɢɦɢ ɩɪɢɩɨɹɦɢ ɩɚɹɸɬ ɫɭɞɨɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɤɨɬɥɵ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɲɢɧɵ. ɑɟɦ ɜɵɲɟ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɱɧɨɫɬɢ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɚɹɧɨɝɨ ɲɜɚ, ɬɟɦ ɫ 
ɛɨɥɶɲɢɦ ɩɪɨɰɟɧɬɨɦ ɫɟɪɟɛɪɚ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢɩɨɢ. ȼ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ 
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ɢɫɩɨɥɶɡɭɸɬ ɩɪɢɩɨɢ ɫ 70% ɫɟɪɟɛɪɚ. Ⱥ ɞɥɹ ɩɚɣɤɢ ɬɢɬɚɧɚ ɝɨɞɧɨ ɥɢɲɶ ɱɢɫɬɨɟ 
ɫɟɪɟɛɪɨ. 

ɋɟɪɟɛɪɨ ɹɜɥɹɟɬɫɹ ɥɭɱɲɢɦ ɩɪɨɜɨɞɧɢɤɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɢ ɨɞɧɢɦ ɢɡ 
ɥɭɱɲɢɯ ɩɪɨɜɨɞɧɢɤɨɜ ɬɟɩɥɚ. Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɨɤɢɫɥɟɧɢɸ ɢ ɬɨɦɭ, ɱɬɨ ɞɚɠɟ ɟɫɥɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɫɭɥɶɮɢɞɧɚɹ ɩɥɟɧɤɚ, ɨɧɚ ɬɚɤ ɠɟ ɩɪɨɜɨɞɢɬ ɬɨɤ. 
ɋɟɪɟɛɪɨ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɨɧɬɚɤɬɨɜ в 
ɫɟɧɫɨɪɧɵɯ ɩɟɪɟɤɥɸɱɚɬɟɥɹɯ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɨɦɩɶɸɬɟɪɧɵɯ 
ɤɥɚɜɢɚɬɭɪɚɯ ɢ ɪɚɡɥɢɱɧɵɯ ɩɚɧɟɥɹɯ ɭɩɪɚɜɥɟɧɢɹ. ɋɟɪɟɛɪɹɧɵɟ ɩɨɤɪɵɬɢɹ 
ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɞɟɤɨɪɚɬɢɜɧɵɯ ɰɟɥɟɣ, ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɢ ɩɨɥɭɱɟɧɢɹ 
ɡɟɪɤɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ.  

ȿɳɟ ɨɞɧɨ ɩɪɢɦɟɧɟɧɢɟ ɫɟɪɟɛɪɚ, ɷɬɨ ɫɟɪɟɛɪɹɧɨ-ɰɢɧɤɨɜɵɟ ɢ ɫɟɪɟɛɪɹɧɨ-
ɤɚɞɦɢɟɜɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ. ɇɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ, ɩɟɪɜɵɟ ɢɡ ɧɢɯ ɜɵɬɟɫɧɹɸɬɫɹ 
ɥɢɬɢɟɜɵɦɢ, ɛɥɚɝɨɞɚɪɹ ɥɭɱɲɢɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɢ ɧɚɞɟɠɧɨɫɬɢ. 
ɐɢɧɤ-ɫɟɪɟɛɪɹɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɟɦɤɨɫɬɶɸ, ɧɢɡɤɢɦ 
ɫɚɦɨɪɚɡɪɹɞɨɦ ɢ ɜɵɫɨɤɢɦɢ ɪɚɡɪɹɞɧɵɦɢ ɬɨɤɚɦɢ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɨɧɢ 
ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɟ. ɇɨ ɨɞɢɧ ɢɡ ɝɥɚɜɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɰɢɧɤ-
ɫɟɪɟɛɪɹɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɷɬɨ ɧɟɜɵɫɨɤɢɣ ɪɟɫɭɪɫ (ɩɪɢɦɟɪɧɨ 300 ɰɢɤɥɨɜ 
ɩɟɪɟɡɚɪɹɞɤɢ), ɢ ɧɟɩɪɟɞɫɤɚɡɭɟɦɨɫɬɶ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ. ȼ ɫɟɪɟɛɪɹɧɨ- ɰɢɧɤɨɜɵɯ 
ɚɤɤɭɦɭɥɹɬɨɪɚɯ ɷɥɟɤɬɪɨɞɚɦɢ ɫɥɭɠɚɬ ɨɤɫɢɞɵ ɫɟɪɟɛɪɚ Ag2O, AgO (ɤɚɬɨɞ) ɢ 
ɝɭɛɱɚɬɵɣ ɰɢɧɤ (ɚɧɨɞ); ɷɥɟɤɬɪɨɥɢɬɨɦ ɫɥɭɠɢɬ ɪɚɫɬɜɨɪ KOH . ɉɪɢ ɪɚɛɨɬɟ 
ɚɤɤɭɦɭɥɹɬɨɪɚ ɰɢɧɤ ɨɤɢɫɥɹɟɬɫɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ZnO ɢ Zn(OH)2, ɚ ɨɤɫɢɞ ɫɟɪɟɛɪɚ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɦɟɬɚɥɥɚ. ɋɭɦɦɚɪɧɭɸ ɪɟɚɤɰɢɸ, ɩɪɨɬɟɤɚɸɳɭɸ ɩɪɢ 
ɪɚɡɪɹɞɤɟ ɚɤɤɭɦɭɥɹɬɨɪɚ, ɦɨɠɧɨ ɩɪɢɛɥɢɠɟɧɧɨ ɜɵɪɚɡɢɬɶ ɭɪɚɜɧɟɧɢɟɦ: 

 
AgO + Zn = Ag + ZnO                                                                                     (9) 
 
ɇɚɩɪɹɠɟɧɢɟ ɡɚɪɹɠɟɧɧɨɝɨ ɫɟɪɟɛɪɹɧɨ-ɰɢɧɤɨɜɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ 

ɩɪɢɛɥɢɠɟɧɧɨ ɪɚɜɧɨ 1,85 ȼ. ɉɪɢ ɫɧɢɠɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɞɨ 1,25 ȼ ɚɤɤɭɦɭɥɹɬɨɪ 
ɡɚɪɹɠɚɸɬ. ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫɵ ɧɚ ɷɥɟɤɬɪɨɞɚɯ «ɨɛɪɚɳɚɸɬɫɹ»: ɰɢɧɤ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɚ ɫɟɪɟɛɪɨ ɨɤɢɫɥɹɟɬɫɹ ɢ ɜɧɨɜɶ ɩɨɥɭɱɚɸɬɫɹ ɜɟɳɟɫɬɜɚ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɛɨɬɵ ɚɤɤɭɦɭɥɹɬɨɪɚ. 

Ɉɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɟɪɟɛɪɚ ɩɨɫɬɨɹɧɧɨ ɪɚɫɲɢɪɹɸɬɫɹ ɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ 
ɷɬɨ ɧɟ ɬɨɥɶɤɨ ɫɩɥɚɜɵ, ɧɨ ɢ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ.  

ɏɥɨɪɢɞ ɫɟɪɟɛɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɯɥɨɪ-ɫɟɪɟɛɪɹɧɨ-ɰɢɧɤɨɜɵɯ ɛɚɬɚɪɟɹɯ, ɢ ɞɥɹ 
ɩɨɤɪɵɬɢɣ ɧɟɤɨɬɨɪɵɯ ɪɚɞɚɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ʉɪɨɦɟ ɬɨɝɨ ɯɥɨɪɢɞ ɫɟɪɟɛɪɚ 
ɩɪɨɡɪɚɱɧɵɣ ɜ ɢɧɮɪɚɤɪɚɫɧɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɢɧɮɪɚɤɪɚɫɧɨɣ 
ɨɩɬɢɤɟ. 

Ɇɨɧɨɤɪɢɫɬɚɥɥɵ ɮɬɨɪɢɞɚ ɫɟɪɟɛɪɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɥɚɡɟɪɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 0,193 ɦɤ (ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ). 

Ⱥɰɟɬɢɥɟɧɢɞ ɫɟɪɟɛɪɚ (ɤɚɪɛɢɞ) ɢɡɪɟɞɤɚ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɦɨɳɧɨɟ 
ɢɧɢɰɢɢɪɭɸɳɟɟ ɜɡɪɵɜɱɚɬɨɟ ɜɟɳɟɫɬɜɨ (ɞɟɬɨɧɚɬɨɪɵ). 

Ɏɨɫɮɚɬ ɫɟɪɟɛɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɚɪɤɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɫɬɟɤɥɚ 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɞɨɡɢɦɟɬɪɢɢ ɢɡɥɭɱɟɧɢɣ. ɉɪɢɦɟɪɧɵɣ ɫɨɫɬɚɜ ɬɚɤɨɝɨ ɫɬɟɤɥɚ -
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(ɮɨɫɮɚɬ ɚɥɸɦɢɧɢɹ – 42 %, ɮɨɫɮɚɬ ɛɚɪɢɹ – 25 %, ɮɨɫɮɚɬ ɤɚɥɢɹ – 25 %, ɮɨɫɮɚɬ 
ɫɟɪɟɛɪɚ – 8 %). 

ɉɟɪɦɚɧɝɚɧɚɬ ɫɟɪɟɛɪɚ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɬɟɦɧɨ-ɮɢɨɥɟɬɨɜɵɣ ɩɨɪɨɲɨɤ, 
ɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ; ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɨɬɢɜɨɝɚɡɚɯ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɩɟɰɢɚɥɶɧɵɯ 
ɫɥɭɱɚɹɯ ɫɟɪɟɛɪɨ ɬɚɤ ɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɭɯɢɯ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɚɯ 
ɫɥɟɞɭɸɳɢɯ ɫɢɫɬɟɦ: ɯɥɨɪ–ɫɟɪɟɛɪɹɧɵɣ ɷɥɟɦɟɧɬ, ɛɪɨɦ–ɫɟɪɟɛɪɹɧɵɣ ɷɥɟɦɟɧɬ, ɣɨɞ–
ɫɟɪɟɛɪɹɧɵɣ ɷɥɟɦɟɧɬ. 

Ƚɚɥɨɝɟɧɢɞɵ ɫɟɪɟɛɪɚ ɢ ɧɢɬɪɚɬ ɫɟɪɟɛɪɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɢɧɨ- 
ɢ ɮɨɬɨɦɚɬɟɪɢɚɥɨɜ, ɬɚɤ ɤɚɤ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɫɟɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɮɟɪ ɩɪɢɦɟɧɟɧɢɹ ɫɟɪɟɛɪɚ ɢ ɟɝɨ 
ɫɨɟɞɢɧɟɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɬɨɬ ɦɟɬɚɥɥ ɢɦɟɟɬ ɲɢɪɨɤɢɣ ɤɪɭɝ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɬɚɤɢɯ ɨɛɥɚɫɬɹɯ ɤɚɤ: ɪɚɞɢɨɬɟɯɧɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ, 
ɯɢɦɢɱɟɫɤɚɹ ɢ ɩɢɳɟɜɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɦɟɞɢɰɢɧɚ ɢ ɸɜɟɥɢɪɧɨɟ ɞɟɥɨ. ɂ ɫ 
ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɮɟɪɵ, ɝɞɟ ɩɪɢɦɟɧɹɟɬɫɹ ɷɬɨɬ ɞɪɚɝɨɰɟɧɧɵɣ ɦɟɬɚɥɥ, ɛɭɞɭɬ ɬɨɥɶɤɨ 
ɭɜɟɥɢɱɢɜɚɬɶɫɹ. Ⱥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɩɨɬɪɟɛɥɟɧɢɟ ɫɟɪɟɛɪɚ ɬɚɤ ɠɟ ɛɭɞɟɬ ɪɚɫɬɢ [3]. 

 
1.3 Ɇɢɪɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɟɪɟɛɪɚ 
 
ɇɚ ɪɵɧɨɤ ɫɟɪɟɛɪɨ ɩɨɫɬɭɩɚɟɬ ɢɡ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ – ɧɨɜɨɣ 

ɞɨɛɵɱɢ ɢ ɩɟɪɟɪɚɛɨɬɤɢ ɥɨɦɚ – ɸɜɟɥɢɪɧɨɝɨ ɢ ɮɨɬɨɝɪɚɮɢɱɟɫɤɨɝɨ. 
ɉɪɟɜɚɥɢɪɭɸɳɢɣ ɨɛɴɟɦ ɩɪɟɞɥɨɠɟɧɢɹ ɫɟɪɟɛɪɚ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɪɚɦɤɚɯ ɩɟɪɜɨɝɨ 
ɢɫɬɨɱɧɢɤɚ. 

ȼ 2005 ɝ. ɦɢɪɨɜɵɟ ɩɨɫɬɚɜɤɢ ɫɟɪɟɛɪɚ ɜɵɪɨɫɥɢ ɧɚ 5,1% – ɞɨ ɪɟɤɨɪɞɧɨɝɨ 
ɭɪɨɜɧɹ ɜ 24591 ɬ; ɜ 2006 ɝ. ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɟɧɢɹ ɞɨɛɵɱɢ ɢ ɪɚɫɲɢɪɟɧɢɹ 
ɢɡɜɥɟɱɟɧɢɹ ɜɬɨɪɢɱɧɨɝɨ ɦɟɬɚɥɥɚ ɢɡ ɥɨɦɚ ɨɧɢ ɩɨɜɵɫɢɥɢɫɶ ɟɳɟ ɧɚ 3% – ɞɨ 25318 
ɬ. ɉɨɫɬɚɜɤɢ ɥɨɦɚ ɜ 2006 ɝ. – 5825 ɬ. 

ȼɟɞɭɳɢɟ ɦɢɪɨɜɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɫɟɪɟɛɪɚ: 
 BHP Billiton (Ⱥɜɫɬɪɚɥɢɹ);  
 Industrias Penoles (Ɇɟɤɫɢɤɚ);  
 KGHM Polska Miedz (ɉɨɥɶɲɚ);  
 Kazakhmys (Ʉɚɡɚɯɫɬɚɧ); 
 Polymetal (Ɋɨɫɫɢɹ). 

ɉɪɚɜɢɬɟɥɶɫɬɜɟɧɧɨɣ ɬɨɪɝɨɜɥɟɣ ɫɟɪɟɛɪɨɦ ɜ ɦɢɪɟ ɡɚɧɢɦɚɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 
ɋɒȺ, ɂɧɞɢɹ, ɢ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ Ʉɢɬɚɣ. Ɍɚɤ, ɜ 2005 ɝ. ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ 
ɩɪɢɪɨɫɬ ɩɨɫɬɚɜɨɤ ɜɧɟɫɥɢ ɩɪɨɞɚɠɢ 1089 ɬ ɫɟɪɟɛɪɚ Ɋɟɡɟɪɜɧɵɦ ɛɚɧɤɨɦ ɂɧɞɢɢ, ɜ 
2006 ɝ. ɢɡ ɷɬɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɨɫɬɭɩɢɥɨ ɟɳɟ 995 ɬ. 

ɉɪɢɦɟɪɧɨ 3/4 ɜɫɟɝɨ ɫɟɪɟɛɪɚ ɜ ɦɢɪɟ ɞɨɛɵɜɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɨɛɨɱɧɨɝɨ 
ɩɪɨɞɭɤɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɡɨɥɨɬɵɯ, ɦɟɞɧɵɯ, ɫɜɢɧɰɨɜɵɯ ɢ ɰɢɧɤɨɜɵɯ ɪɭɞɧɢɤɚɯ. 
ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɧɚ ɞɨɛɵɱɭ ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɫɟɪɟɛɪɚ ɧɟ ɜɥɢɹɸɬ ɤɨɥɟɛɚɧɢɹ 
ɟɝɨ ɰɟɧ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɨɧɚ ɡɚɜɢɫɢɬ ɨɬ ɰɟɧ ɧɚ ɦɟɬɚɥɥɵ, ɩɨɩɭɬɧɨ ɫ ɤɨɬɨɪɵɦɢ 
ɫɟɪɟɛɪɨ ɢɡɜɥɟɤɚɟɬɫɹ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɢɯ ɩɨɞɨɪɨɠɚɧɢɟ ɜɦɟɫɬɟ ɫ ɪɨɫɬɨɦ ɰɟɧ ɧɚ 
ɫɟɪɟɛɪɨ ɫɬɢɦɭɥɢɪɨɜɚɥɨ ɦɧɨɝɢɯ ɩɪɨɞɭɰɟɧɬɨɜ ɩɨɜɵɫɢɬɶ ɜɵɩɭɫɤ ɦɟɬɚɥɥɚ, ɯɨɬɹ ɜ 
2006 ɝ. ɷɬɨ ɧɟ ɩɪɟɞɨɬɜɪɚɬɢɥɨ ɫɧɢɠɟɧɢɹ ɦɢɪɨɜɨɣ ɞɨɛɵɱɢ ɜ ɰɟɥɨɦ. 
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ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɨɛɵɱɢ ɜɬɨɪɢɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɟɪɟɛɪɚ ɜ 2006 ɝ. ɜɨɡɪɨɫɥɨ, 
ɩɨɫɤɨɥɶɤɭ ɜ ɭɫɥɨɜɢɹɯ ɩɨɞɨɪɨɠɚɧɢɹ ɦɟɬɚɥɥɚ ɫɬɚɪɵɟ ɸɜɟɥɢɪɧɵɟ ɢɡɞɟɥɢɹ ɢ 
ɞɟɤɨɪɚɬɢɜɧɵɟ ɩɪɟɞɦɟɬɵ ɜ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɨɛɴɟɦɚɯ ɩɨɫɬɭɩɚɥɢ ɧɚ ɜɬɨɪɢɱɧɭɸ 
ɩɟɪɟɪɚɛɨɬɤɭ. ɉɨ ɨɰɟɧɤɟ, ɜ 2006 ɝ. ɢɡ ɫɬɚɪɨɝɨ ɸɜɟɥɢɪɧɨɝɨ ɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɨɦɚ, 
ɚ ɬɚɤɠɟ ɨɬɪɚɛɨɬɚɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɮɨɬɨɦɚɬɟɪɢɚɥɨɜ ɢ 
ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɛɵɥɨ ɢɡɜɥɟɱɟɧɨ 7,6 ɬɵɫ. ɬ ɫɟɪɟɛɪɚ, ɱɬɨ ɩɪɢɦɟɪɧɨ ɧɚ 
7,9% ɩɪɟɜɵɲɚɥɨ ɭɪɨɜɟɧɶ 2005 ɝ. 

ȼ 2007 ɝ. ɜɬɨɪɢɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɟɪɟɛɪɚ, ɩɨ ɨɰɟɧɤɟ, ɩɨɜɵɫɢɥɨɫɶ ɧɚ 
2,5% - ɞɨ 7,78 ɬɵɫ. ɬ. ɉɪɢ ɷɬɨɦ ɩɪɨɞɨɥɠɚɸɳɟɟɫɹ ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɨɜ ɢɡɜɥɟɱɟɧɢɹ 
ɦɟɬɚɥɥɚ ɢɡ ɮɨɬɨɨɬɯɨɞɨɜ, ɬɪɚɞɢɰɢɨɧɧɨ ɫɱɢɬɚɜɲɢɯɫɹ ɨɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 
ɜɬɨɪɢɱɧɨɝɨ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ, ɛɨɥɟɟ ɱɟɦ ɤɨɦɩɟɧɫɢɪɨɜɚɥɨɫɶ 
ɜɨɡɪɚɫɬɚɸɳɢɦ ɩɪɢɬɨɤɨɦ ɩɪɨɞɚɧɧɵɯ ɫɬɚɪɵɯ ɫɟɪɟɛɪɹɧɵɯ ɭɤɪɚɲɟɧɢɣ ɢ 
ɞɟɤɨɪɚɬɢɜɧɵɯ ɢɡɞɟɥɢɣ, ɩɨɫɬɭɩɚɸɳɢɯ ɧɚ ɪɵɧɨɤ ɞɥɹ ɜɬɨɪɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ [4]. 

 
1.4 Ⱦɢɧɚɦɢɤɚ ɰɟɧ ɧɚ ɫɟɪɟɛɪɨ 
 
Ȼɨɥɶɲɨɣ ɫɩɪɨɫ ɧɚ ɫɟɪɟɛɪɨ ɫɨ ɫɬɨɪɨɧɵ ɢɧɜɟɫɬɨɪɨɜ (ɚ ɨɧ ɫɨɫɬɚɜɢɥ 

ɩɪɢɦɟɪɧɨ ɱɟɬɜɟɪɬɶ ɫɨɜɨɤɭɩɧɨɝɨ ɫɩɪɨɫɚ ɧɚ ɫɟɪɟɛɪɨ ɜ ɦɢɪɟ) ɫɬɚɥ ɞɨɦɢɧɢɪɭɸɳɢɦ 
ɮɚɤɬɨɪɨɦ, ɨɩɪɟɞɟɥɢɜɲɢɦ ɞɜɢɠɟɧɢɟ ɰɟɧ ɧɚ ɦɟɬɚɥɥ ɜ 2012 ɝɨɞɭ. ɋɪɟɞɧɢɣ 
ɭɪɨɜɟɧɶ ɰɟɧ ɜ 2012 ɝɨɞɭ ɜ 31,15 ɞɨɥɥ./ɭɧɰ. ɫɬɚɥ ɜɬɨɪɵɦ ɫɚɦɵɦ ɜɵɫɨɤɢɦ ɡɚ ɜɫɟ 
ɜɪɟɦɹ ɩɨɫɥɟ ɩɨɤɚɡɚɬɟɥɹ 2011 ɝɨɞɚ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ 2012 ɝɨɞ ɛɵɥ ɢɡɦɟɧɱɢɜɵɦ ɞɥɹ 
ɛɨɥɶɲɢɧɫɬɜɚ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, ɜ ɦɢɪɟ ɜ ɰɟɥɨɦ, ɢɧɜɟɫɬɢɰɢɢ ɜ ɫɟɪɟɛɪɨ 
ɭɜɟɥɢɱɢɥɢɫɶ, ɜ ɨɛɳɟɣ ɫɥɨɠɧɨɫɬɢ 252,7 ɦɢɥɥɢɨɧɨɜ ɭɧɰɢɣ. ȼ ɞɟɧɟɠɧɨɦ 
ɷɤɜɢɜɚɥɟɧɬɟ ɷɬɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 8 ɦɥɪɞ. ɞɨɥɥ., ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ 
ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɩɨɤɚɡɚɬɟɥɹ 1,2 ɦɥɪɞ. ɞɨɥɥ. ɜ ɩɟɪɢɨɞ (2001÷2010) ɝɨɞɨɜ. 

ȼ 2013 ɢ 2014 ɝɨɞɚɯ ɢɧɬɟɪɟɫ ɤ ɫɟɪɟɛɪɭ ɫɨ ɫɬɨɪɨɧɵ ɢɧɜɟɫɬɨɪɨɜ ɫɧɢɡɢɥɫɹ, ɚ 
ɪɚɫɬɭɳɢɣ ɩɪɨɦɵɲɥɟɧɧɵɣ ɫɩɪɨɫ ɧɟ ɫɦɨɝ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɷɬɢ ɩɨɬɟɪɢ. ȼ 2013 
ɝɨɞɭ ɫɟɪɟɛɪɨ ɩɨɞɟɲɟɜɟɥɨ ɞɨ 23,79 ɞɨɥɥ. ɡɚ ɭɧɰɢɸ, ɱɬɨ ɛɵɥɨ ɧɚɦɧɨɝɨ ɧɢɠɟ 
ɩɪɨɝɧɨɡɨɜ ɚɧɚɥɢɬɢɤɨɜ – 33 ɞɨɥɥ. ɡɚ ɭɧɰɢɸ. ȼ 2014 ɝɨɞɭ ɞɪɚɝɦɟɬɚɥɥ ɜ ɫɪɟɞɧɟɦ 
ɫɬɨɢɥ 19,08 ɞɨɥɥ. ɡɚ ɭɧɰɢɸ ɩɪɨɬɢɜ ɩɪɨɝɧɨɡɚ ɜ 31 ɞɨɥɥ. ɡɚ ɭɧɰɢɸ. 

ȼ 2015 ɝɨɞɭ ɩɚɞɟɧɢɟ ɰɟɧ ɧɚ ɫɟɪɟɛɪɨ ɩɪɨɞɨɥɠɢɥɨɫɶ. ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɰɟɧɚ 
ɧɚ ɦɟɬɚɥɥ ɫɨɫɬɚɜɢɥɚ 15,68 ɞɨɥɥ. ɡɚ ɭɧɰɢɸ, ɱɬɨ ɜɞɜɨɟ ɦɟɧɶɲɟ ɭɪɨɜɧɹ 2012 ɝɨɞɚ. 
ɂ ɬɨɥɶɤɨ ɜ ɫɟɪɟɞɢɧɟ 2016 ɝɨɞɚ ɰɟɧɵ ɧɚ ɫɟɪɟɛɪɨ ɜɟɪɧɭɥɢɫɶ ɤ ɨɬɦɟɬɤɟ 20 ɞɨɥɥ. ɡɚ 
ɭɧɰɢɸ. Ⱦɢɧɚɦɢɤɚ ɰɟɧ ɧɚ ɫɟɪɟɛɪɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.  
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Ɋɢɫɭɧɨɤ 1 – Ⱦɢɧɚɦɢɤɚ ɰɟɧ ɧɚ ɫɟɪɟɛɪɨ 
 
Ʉ ɤɨɧɰɭ 2016 ɝɨɞɚ ɰɟɧɵ ɧɚ ɫɟɪɟɛɪɨ ɫɧɢɡɢɥɢɫɶ ɞɨ ɭɪɨɜɧɹ (16÷17)ɞɨɥɥ. ɡɚ 

ɭɧɰɢɸ. ȼ ɫɪɟɞɧɟɦ ɜ 2016 ɝɨɞɭ ɰɟɧɚ ɧɚ ɫɟɪɟɛɪɨ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 17 ɞɨɥɥ. ɡɚ 
ɭɧɰɢɸ, ɱɬɨ ɧɟɦɧɨɝɨ ɜɵɲɟ, ɱɟɦ ɜ 2015 ɝɨɞɭ [4]. 

 
1.5 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ 
 

Ʉ ɜɬɨɪɢɱɧɨɦɭ ɫɵɪɶɸ ɨɬɧɨɫɹɬ ɨɬɯɨɞɵ ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɟɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɛɪɚɤɨɜɚɧɧɵɟ ɢ ɨɬɫɥɭɠɢɜɲɢɟ ɫɜɨɣ ɫɪɨɤ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɞɟɬɚɥɢ ɢ ɢɡɞɟɥɢɹ, ɪɚɡɥɢɱɧɵɣ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɥɨɦ, ɛɵɬɨɜɨɣ ɭɬɢɥɶ ɢ ɬ.ɞ. 

ȼɨɜɥɟɱɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɜ ɰɢɤɥ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɩɨɡɜɨɥɹɟɬ ɷɤɨɧɨɦɧɟɟ ɪɚɫɯɨɞɨɜɚɬɶ ɩɪɢɪɨɞɧɵɟ ɪɭɞɧɵɟ ɪɟɫɭɪɫɵ, ɩɨɥɭɱɚɬɶ 
ɦɟɬɚɥɥɵ ɛɨɥɟɟ ɩɪɨɫɬɵɦɢ ɢ ɞɟɲɟɜɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɬɶ 
ɜɵɩɭɫɤ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ. 

ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɦɨɳɧɨɫɬɢ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɦɨɠɧɨ 
ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɤɚɤ: 

 ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ; 
 ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ; 
 ɨɬɪɚɫɥɟɜɵɟ ɩɪɟɞɩɪɢɹɬɢɹ. 

ɋɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɡɚɧɹɬɵ ɩɟɪɟɪɚɛɨɬɤɨɣ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɜɢɞɚ ɨɬɯɨɞɨɜ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɨɧɢ ɧɟ ɡɚɧɢɦɚɸɬɫɹ ɡɚɝɨɬɨɜɤɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɚ 
ɩɨɤɭɩɚɸɬ ɫɵɪɶɟ ɭ ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɨɬɥɢɱɚɸɬɫɹ ɬɟɦ, ɱɬɨ ɧɚ 
ɧɢɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ (ɨɬɯɨɞɨɜ) ɞɥɹ 
ɩɪɢɞɚɧɢɹ ɛɨɥɟɟ ɭɞɨɛɧɨɝɨ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɜɢɞɚ (ɫɨɪɬɢɪɨɜɤɚ, 
ɩɚɤɟɬɢɪɨɜɚɧɢɟ, ɢɡɦɟɥɶɱɟɧɢɟ). 

Ɍɚɤɢɟ ɩɪɟɞɩɪɢɹɬɢɹ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ Ɋɨɫɫɢɢ. Ɉɧɢ 
ɡɚɧɢɦɚɸɬɫɹ ɡɚɝɨɬɨɜɤɨɣ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɱɟɪɧɨɝɨ ɢ ɰɜɟɬɧɨɝɨ 
ɦɟɬɚɥɥɨɥɨɦɚ, ɩɥɚɫɬɦɚɫɫ, ɬɟɤɫɬɢɥɶɧɵɯ ɨɬɯɨɞɨɜ ɢ ɞɪ. 
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Ɉɬɪɚɫɥɟɜɵɟ ɩɪɟɞɩɪɢɹɬɢɹ – ɷɬɨ ɩɪɟɞɩɪɢɹɬɢɹ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɟɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɦɨɳɧɨɫɬɢ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ 
ɨɬɯɨɞɨɜ, ɤɚɤ ɫɜɨɢɯ, ɬɚɤ ɢ ɩɪɢɧɢɦɚɟɦɵɯ ɫɨ ɫɬɨɪɨɧɵ. 

ȼɟɫɶ ɜɬɨɪɢɱɧɵɣ ɥɨɦ ɢ ɨɬɯɨɞɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ: 
ɉɨ ɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɧɚ ɤɥɚɫɫɵ:  
 ɥɨɦ ɢ ɤɭɫɤɨɜɵɟ ɨɬɯɨɞɵ; 
 ɫɬɪɭɠɤɚ;  
 ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɟ ɨɬɯɨɞɵ;  
 ɩɪɨɱɢɟ ɨɬɯɨɞɵ; 

ɉɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɧɚ ɝɪɭɩɩɵ:  
 ɱɢɫɬɵɟ ɦɟɬɚɥɥɵ;  
 ɩɨɫɥɟɞɭɸɳɢɟ – ɫɩɥɚɜɵ.  

Ʉ ɩɨɫɥɟɞɧɟɣ ɝɪɭɩɩɟ ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ, ɨɬɧɟɫɟɧɵ ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɵɣ 
ɫɦɟɲɚɧɧɵɣ ɥɨɦ ɢ ɨɬɯɨɞɵ; ɩɨ ɡɚɫɨɪɟɧɧɨɫɬɢ, ɦɚɫɫɟ, ɝɚɛɚɪɢɬɚɦ, ɞɟɥɹɬɫɹ ɧɚ ɫɨɪɬɚ: 

 1 ɫɨɪɬ – ɥɨɦ ɢ ɨɬɯɨɞɵ, ɤɪɨɦɟ ɤɥɚɫɫɚ Ƚ, ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɦɟɬɚɥɥɚ ɢ ɧɢɡɤɨɣ ɡɚɫɨɪɟɧɧɨɫɬɶɸ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬɵ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɛɪɚɛɨɬɤɢ. Ʉ ɷɬɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɢɬɫɹ ɤɨɪɩɭɫɧɨɣ ɥɨɦ. Ʉɨɪɩɭɫɧɨɣ 
ɥɨɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɬɚɤɬɵ, ɪɚɡɴɺɦɵ, ɬɨɧɤɢɟ ɩɥɚɫɬɢɧɵ, ɦɟɥɤɢɟ ɞɟɬɚɥɢ 
ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɜɢɞɚ ɥɨɦɚ ɯɚɪɚɤɬɟɪɧɨ ɩɨɫɟɪɟɛɪɟɧɟɟ, ɤɚɤ ɫ 
ɜɧɭɬɪɟɧɧɟɣ, ɬɚɤ ɢ ɫ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɵ. ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɜ ɤɨɪɩɭɫɧɨɦ ɥɨɦɟ 
ɤɨɥɟɛɥɟɬɫɹ ɨɬ 0,5% ɞɨ 5% ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɫɵɪɶɹ. Ɍɚɤɠɟ, ɞɥɹ ɤɨɪɩɭɫɧɨɝɨ 
ɥɨɦɚ ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɩɪɢɩɨɟɜ ɢ ɥɚɤɚ; 

 2 ɫɨɪɬ – ɥɨɦ ɢ ɨɬɯɨɞɵ, ɢɦɟɸɳɢɟ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɡɚɫɨɪɟɧɧɨɫɬɶ (ɞɨ 
10 %); 

 3 ɫɨɪɬ – ɥɨɦ ɢ ɨɬɯɨɞɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɧɚɥɢɱɢɟɦ ɩɪɢɞɟɥɨɤ ɢɡ 
ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɜɵɫɨɤɨɣ ɡɚɫɨɪɟɧɧɨɫɬɶɸ, ɬɪɟɛɭɸɳɢɟ ɩɟɪɜɢɱɧɨɣ ɨɛɪɚɛɨɬɤɢ. 

Ɋɨɫɬ ɩɨɬɪɟɛɥɟɧɢɹ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɦɟɬɚɥɥɨɜ ɞɢɤɬɭɟɬɫɹ ɜ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶɸ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɡɧɚɱɢɬɟɥɶɧɵɦɢ 
ɡɚɬɪɚɬɚɦɢ ɧɚ ɞɨɛɵɱɭ ɢ ɩɟɪɟɪɚɛɨɬɤɭ ɪɭɞ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɪɨɫɬɨɦ ɰɟɧ ɧɚ 
ɤɨɧɟɱɧɭɸ ɩɪɨɞɭɤɰɢɸ. Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɪɢ ɷɬɨɦ ɹɜɥɹɟɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɚɹ ɷɤɨɧɨɦɢɹ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ, ɫɬɨɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 
50 % ɨɛɴɟɦɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɟɬɚɥɥɚ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ, 
ɱɬɨ ɡɚɬɪɚɬɵ ɧɚ ɜɨɜɥɟɱɟɧɢɟ ɜ ɨɛɨɪɨɬ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ 
ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ ɪɭɞɵ. ɋɭɳɟɫɬɜɟɧɧɨɦɭ ɫɨɤɪɚɳɟɧɢɸ ɢɡɞɟɪɠɟɤ ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɨ, 
ɱɬɨ ɨɬɯɨɞɵ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɜɜɨɞɹɬɫɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɦɢɧɭɹ ɧɚɱɚɥɶɧɵɟ ɫɬɚɞɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ 
ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɩɟɪɜɢɱɧɨɝɨ ɫɵɪɶɹ. 

ȼɫɟ ɨɬɯɨɞɵ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɜɢɞɚ ɫɵɪɶɹ: 
 ɦɟɬɚɥɥɢɱɟɫɤɨɟ — ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɟ ɫɨɪɵ ɢ ɡɨɥɵ, ɨɤɫɢɞɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹ ɫɟɪɟɛɪɚ, ɫɟɪɟɛɪɨ ɷɥɟɤɬɪɨɥɢɡɧɨɟ, ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɟ ɛɪɚɤɨɜɚɧɧɵɟ 
ɢɡɞɟɥɢɹ ɢ ɞɟɬɚɥɢ, ɛɪɚɤɨɜɚɧɧɵɟ ɩɨɥɭɮɚɛɪɢɤɚɬɵ ɜ ɜɢɞɟ ɫɥɢɬɤɨɜ, ɩɪɨɤɚɬɚ, 
ɩɪɨɜɨɥɨɤɢ, ɡɚɝɨɬɨɜɨɤ, ɩɨɪɨɲɤɨɜ ɢɥɢ ɢɯ ɨɬɯɨɞɵ; ɤɪɭɩɧɵɟ ɫɟɪɟɛɪɹɧɨ-ɰɢɧɤɨɜɵɟ 
ɚɤɤɭɦɭɥɹɬɨɪɵ, ɛɪɚɤɨɜɚɧɧɵɟ ɢɥɢ ɜɵɲɟɞɲɢɟ ɢɡ ɫɬɪɨɹ; ɦɚɥɨɝɚɛɚɪɢɬɧɵɟ 
ɫɟɪɟɛɪɹɧɨ-ɰɢɧɤɨɜɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ ɢ ɞɪ.; 
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 ɧɟɦɟɬɚɥɥɢɱɟɫɤɨɟ - ɛɪɨɦɢɫɬɨɟ, ɫɟɪɧɢɫɬɨɟ, ɯɥɨɪɢɫɬɨɟ ɫɟɪɟɛɪɨ; 
ɲɥɚɦɵ ɮɢɤɫɚɠɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɲɥɚɦɵ ɡɟɪɤɚɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ; 
ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɟ ɫɨɪɵ, ɲɥɢɮɵ, ɡɨɥɚ ɤɢɧɨ-, ɮɨɬɨ- ɢ ɪɟɧɬɝɟɧɨɩɥɟɧɤɢ; 
ɤɚɬɚɥɢɡɚɬɨɪɵ ɫɟɪɟɛɪɹɧɨ-ɩɟɦɡɨɜɵɟ ɢ ɞɪ.; ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɟ ɲɥɚɤɢ. 

ȼɚɠɧɟɣɲɢɦ ɭɫɥɨɜɢɟɦ ɪɟɚɥɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɩɟɪɟɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ, ɫɨɞɟɪɠɚɳɟɝɨ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɹɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɤɨɦɩɚɤɬɧɨɣ ɦɚɥɨɨɩɟɪɚɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ 
ɤɚɩɢɬɚɥɶɧɵɯ, ɬɪɭɞɨɜɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬɚɯ, ɭɦɟɧɶɲɟɧɢɟ ɢɥɢ 
ɢɫɤɥɸɱɟɧɢɟ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɉɟɪɟɪɚɛɨɬɤɭ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ 
ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ 
ɢ ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɝɥɭɛɨɤɨɟ ɢ ɤɨɦɩɥɟɤɫɧɨɟ 
ɢɡɜɥɟɱɟɧɢɢ ɜɫɟɯ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɦɚɬɟɪɢɚɥɟ ɛɥɚɝɨɪɨɞɧɵɯ ɢ ɧɟɛɥɚɝɨɪɨɞɧɵ 
ɦɟɬɚɥɥɨɜ ɫ ɩɨɥɭɱɟɧɢɟɦ ɬɨɜɚɪɧɵɯ ɩɪɨɞɭɤɬɨɜ [5]. 

 
1.6 Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɫɨɞɟɪɠɚɳɟɝɨ 

ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ 
 
Ɉɫɧɨɜɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ, ɫɨɞɟɪɠɚɳɟɝɨ 

ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɹɜɥɹɸɬɫɹ ɟɝɨ ɱɪɟɡɜɵɱɚɣɧɨ ɨɛɲɢɪɧɚɹ ɧɨɦɟɧɤɥɚɬɭɪɚ, 
ɲɢɪɨɤɢɣ ɢɧɬɟɪɜɚɥ ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɢɡɜɥɟɤɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ 
Ɇɧɨɝɨɨɛɪɚɡɢɟ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ − ɫɨɥɢ, ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɢ 
ɪɚɡɥɢɱɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ, ɤɨɦɩɚɤɬɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɦɚɬɟɪɢɚɥɵ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɢ ɥɨɤɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢɡɜɥɟɤɚɟɦɵɯ 
ɷɥɟɦɟɧɬɨɜ. Ʉ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɦɭ ɫɵɪɶɸ ɨɬɧɨɫɹɬɫɹ: 

 ɥɨɦ ɫɟɪɟɛɪɹɧɨ-ɰɢɧɤɨɜɵɯ ɢ ɫɟɪɟɛɪɹɧɨ-ɤɚɞɦɢɟɜɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɚ 
ɬɚɤɠɟ ɫɟɪɟɛɪɹɧɨ-ɦɚɝɧɢɟɜɵɯ ɷɥɟɦɟɧɬɨɜ. ɗɥɟɤɬɪɨɞɵ ɚɤɤɭɦɭɥɹɬɨɪɨɜ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɟɪɟɛɪɹɧɵɟ ɢ ɦɟɞɧɵɟ, ɩɥɚɤɢɪɨɜɚɧɧɵɟ ɫɟɪɟɛɪɨɦ, ɫɟɬɱɚɬɵɟ 
ɩɥɚɫɬɢɧɵ, ɧɚɩɨɥɧɟɧɧɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɦ (Ⱥg, Ⱥg2O) ɢ 
ɰɢɧɤɫɨɞɟɪɠɚɳɢɦ ɩɨɪɨɲɤɨɦ. Ɉɧɢ ɫɨɞɟɪɠɚɬ ɬɚɤɠɟ ɩɨɫɟɪɟɛɪɟɧɧɵɟ ɝɨɥɨɜɤɢ-
ɛɨɪɨɧɵ ɢ ɫɟɪɟɛɪɹɧɵɟ ɬɨɤɨɜɨɞɵ. ȼ ɫɟɪɟɛɪɹɧɨ-ɦɚɝɧɢɟɜɵɯ ɷɥɟɦɟɧɬɚɯ 
ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɞ ɜɵɩɨɥɧɟɧ ɢɡ ɫɟɪɟɛɪɹɧɨɣ ɫɟɬɤɢ ɢɥɢ ɮɨɥɶɝɢ, ɩɨɤɪɵɬɵɯ 
ɫɥɨɟɦ ɯɥɨɪɢɫɬɨɝɨ ɫɟɪɟɛɪɚ; 

 ɥɨɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɨɧɬɚɤɬɨɜ; 
 ɥɨɦ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɯ ɢɡɞɟɥɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ 

ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɧɬɚɤɬɵ; 
 ɨɬɪɚɛɨɬɚɧɧɵɟ ɫɟɪɟɛɪɹɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɞɨ (70÷80) % 

ɫɟɪɟɛɪɚ; 
 ɨɬɪɚɛɨɬɚɧɧɵɟ, ɩɪɨɩɢɬɚɧɧɵɟ ɫɟɪɟɛɪɨɦ, ɦɚɬɟɪɢɚɥɵ (ɩɟɦɡɚ, 

ɤɜɚɪɰɟɜɵɣ ɩɟɫɨɤ, ɩɵɥɶ, ɩɭɞɪɚ, ɬɤɚɧɶ, ɜɚɬɚ ɢ ɬ. ɩ.), ɫɨɞɟɪɠɚɳɢɟ (0,5÷20) % 
ɫɟɪɟɛɪɚ; 

 ɲɥɚɦɵ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɟɪɟɛɪɚ, ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɜɵɞɟɥɟɧɢɢ 
ɫɟɪɟɛɪɚ ɢɡ ɨɬɪɚɛɨɬɚɧɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɫɟɪɟɛɪɟɧɢɹ ɬɪɚɜɢɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ, 
ɧɚɩɪɢɦɟɪ, ɰɟɦɟɧɬɚɰɢɟɣ ɰɢɧɤɨɦ ɢɥɢ ɚɥɸɦɢɧɢɟɦ (ɨɬ 2 ɞɨ 90 % ɫɟɪɟɛɪɚ); 
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 ɥɨɦ ɢɡɞɟɥɢɣ ɫ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɦɢ ɩɨɤɪɵɬɢɹɦɢ ɦɟɬɚɥɥɨɜ (ɠɟɥɟɡɨ, 
ɫɬɚɥɶ, ɜɨɥɶɮɪɚɦ, ɦɨɥɢɛɞɟɧ, ɫɩɥɚɜɵ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ) ɢ ɧɟɦɟɬɚɥɥɨɜ (ɫɬɟɤɥɨ, 
ɩɥɚɫɬɦɚɫɫɵ, ɤɟɪɚɦɢɤɚ). Ɍɨɥɳɢɧɚ ɫɥɨɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɟɪɟɛɪɚ (10 ÷ 1800) ɦɤɦ; 

 ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ ɩɨɪɨɲɤɢ ((10 ÷ 99,9) % Ⱥg); 
 ɨɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɚɡɥɢɱɧɵɯ ɞɟɬɚɥɟɣ ɢ 

ɢɡɞɟɥɢɣ, ɚ ɬɚɤɠɟ ɫɥɢɬɤɢ, ɜɵɩɥɚɜɥɟɧɧɵɟ ɢɡ ɷɬɢɯ ɨɬɯɨɞɨɜ (ɞɨ 60 % ɫɟɪɟɛɪɚ); 
 ɡɨɥɚ ɫɠɢɝɚɧɢɹ ɮɨɬɨɨɬɯɨɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɦɟɬɚɥɥɢɱɟɫɤɨɟ ɫɟɪɟɛɪɨ; 
 ɛɪɚɤɨɜɚɧɧɵɟ ɨɛɪɚɛɨɬɚɧɧɵɟ ɤɢɧɨ- ɢ ɮɨɬɨɦɚɬɟɪɢɚɥɵ, ɫɨɞɟɪɠɚɳɢɟ 

ɦɟɬɚɥɥɢɱɟɫɤɨɟ (ɤɨɥɥɨɢɞɧɨɟ) ɫɟɪɟɛɪɨ. Ɉɫɧɨɜɨɣ ɢɯ ɫɥɭɠɢɬ ɬɪɢɚɰɟɬɚɬɧɚɹ ɢɥɢ 
ɬɪɢɧɢɬɪɨɚɰɟɬɚɬɧɚɹ ɩɥɟɧɤɚ, ɠɟɥɚɬɢɧɚ, ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ; 

 ɛɪɚɤɨɜɚɧɧɵɟ, ɧɨ ɧɟ ɨɛɪɚɛɨɬɚɧɧɵɟ ɤɢɧɨ- ɢ ɮɨɬɨɦɚɬɟɪɢɚɥɵ, 
ɫɨɞɟɪɠɚɳɢɟ ɧɚ ɛɭɦɚɠɧɨɣ ɢɥɢ ɚɰɟɬɚɬɧɨɣ ɩɨɞɥɨɠɤɟ ɷɦɭɥɶɫɢɨɧɧɵɣ ɫɥɨɣ, 
ɜɤɥɸɱɚɸɳɢɟ ɤɪɨɦɟ ɠɟɥɚɬɢɧɵ ɢ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɤɨɥɥɨɢɞɧɵɟ 
ɝɚɥɨɝɟɧɢɞɵ ɫɟɪɟɛɪɚ; 

 ɮɢɤɫɚɠɧɵɟ ɪɚɫɬɜɨɪɵ; 
 ɫɭɥɶɮɢɞɵ ɫɟɪɟɛɪɚ (ɢɧɨɝɞɚ ɜ ɫɦɟɫɢ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɫɟɪɟɛɪɨɦ), 

ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɜɵɞɟɥɟɧɢɢ ɦɟɬɚɥɥɚ ɢɡ ɮɢɤɫɚɠɧɵɯ ɪɚɫɬɜɨɪɨɜ ((30 ÷ 50) % Ⱥg). 
ȼ ɫɨɫɬɚɜ ɨɫɚɞɤɨɜ ɜɯɨɞɹɬ ɠɟɥɟɡɨ, ɝɥɢɧɨɡɟɦ, ɤɪɟɦɧɟɡɟɦ ɢ ɨɪɝɚɧɢɱɟɫɤɢɟ 
ɜɤɥɸɱɟɧɢɹ; 

 ɨɫɚɞɤɢ ɛɪɨɦɢɫɬɨɝɨ, ɪɨɞɚɧɢɫɬɨɝɨ ɢ ɯɥɨɪɢɫɬɨɝɨ ɫɟɪɟɛɪɚ, ɤɨɬɨɪɵɟ 
ɩɨɥɭɱɚɸɬ ɜ ɰɟɯɚɯ ɪɟɝɟɧɟɪɚɰɢɢ ɫɟɪɟɛɪɚ ɤɢɧɨɩɥɟɧɨɱɧɵɯ ɢ ɮɨɬɨɛɭɦɚɠɧɵɯ 
ɮɚɛɪɢɤ. Ɉɧɢ ɫɨɞɟɪɠɚɬ ɥɚɬɟɤɫɵ, ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ, ɭɝɥɟɤɢɫɥɵɣ ɤɚɥɢɣ, ɛɢɬɨɟ 
ɫɬɟɤɥɨ ((35 ÷ 50)% Ⱥg). 

ȼɜɢɞɭ ɦɧɨɝɨɨɛɪɚɡɢɹ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɫɟɪɟɛɪɚ ɩɟɪɟɪɚɛɨɬɤɚ ɟɝɨ ɩɨ 
ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɟɜɨɡɦɨɠɧɚ, ɧɟɨɛɯɨɞɢɦɵ ɪɚɰɢɨɧɚɥɶɧɵɟ ɫɯɟɦɵ 
ɢɡɜɥɟɱɟɧɢɹ ɫɟɪɟɛɪɚ ɢɡ ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɯ ɩɪɨɞɭɤɬɨɜ[3]. 

Ɇɟɬɨɞɵ ɢɡɜɥɟɱɟɧɢɹ ɫɟɪɟɛɪɚ ɢɡ ɨɬɯɨɞɨɜ: 
 ɫɨ ɫɬɟɤɥɹɧɧɵɯ ɮɨɬɨɩɥɚɫɬɢɧɨɤ ɫɧɢɦɚɟɬɫɹ ɷɦɭɥɶɫɢɨɧɧɵɣ ɫɥɨɣ ɜ 

ɝɨɪɹɱɟɦ ɫɨɞɨɜɨɦ ɪɚɫɬɜɨɪɟ, ɩɪɨɱɢɟ ɮɨɬɨɦɚɬɟɪɢɚɥɵ ɫɠɢɝɚɸɬɫɹ ɜ ɮɚɪɮɨɪɨɜɨɣ 
ɩɨɫɭɞɟ. ɉɪɚɜɞɚ, ɩɪɢ ɫɠɢɝɚɧɢɢ ɱɚɫɬɶ ɫɟɪɟɛɪɚ ɛɭɞɟɬ ɭɥɟɬɭɱɢɜɚɬɶɫɹ ɫ ɞɵɦɨɦ. Ⱦɥɹ 
ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɮɨɬɨɦɚɬɟɪɢɚɥɵ ɫɠɢɝɚɸɬ ɬɥɟɸɳɢɦ ɨɝɧɟɦ; 

 ɡɟɪɤɚɥɶɧɵɣ ɛɨɣ ɢ ɟɥɨɱɧɵɟ ɢɝɪɭɲɤɢ ɬɚɤɠɟ ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɟɛɪɚ: ɡɟɪɤɚɥɚ - ɨɬ 3 ɞɨ 7 ɝ/ɦ2, ɢɝɪɭɲɤɢ - ɨɬ 0,2 ɞɨ 0,5% ɨɬ ɦɚɫɫɵ 
ɨɫɤɨɥɤɨɜ. Ⱦɥɹ ɫɧɹɬɢɹ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɥɨɹ ɫ ɡɟɪɤɚɥɶɧɨɝɨ ɛɨɹ ɟɝɨ 
ɩɨɦɟɳɚɸɬ ɜ ɤɢɫɥɨɬɨɭɫɬɨɣɱɢɜɭɸ ɟɦɤɨɫɬɶ, ɡɚɥɢɜɚɸɬ ɝɨɪɹɱɢɦ ɪɚɫɬɜɨɪɨɦ ɫɨɥɹɧɨɣ 
ɤɢɫɥɨɬɵ ɢ ɩɨɞɜɟɪɝɚɸɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ; 

 ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɟɪɟɛɪɚ ɢɡ ɡɨɥɵ ɮɨɬɨɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬ 
ɦɭɮɟɥɶɧɭɸ ɩɟɱɶ ɢ ɬɟɪɦɨɫɬɨɣɤɢɟ ɬɢɝɥɢ, ɫɩɨɫɨɛɧɵɟ ɜɵɞɟɪɠɚɬɶ 
ɬɵɫɹɱɟɝɪɚɞɭɫɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ. Ɂɨɥɚ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ ɫ ɫɨɞɨɣ ɢ 
ɛɢɬɵɦ ɫɬɟɤɥɨɦ ɜ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɹɯ: 30% ɡɨɥɵ, 65% ɞɜɭɭɝɥɟɤɢɫɥɨɝɨ 
ɧɚɬɪɢɹ ɢ 5% ɛɢɬɨɝɨ ɫɬɟɤɥɚ. ɋɨɫɬɚɜɥɟɧɧɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɲɢɯɬɚ ɫɩɟɤɚɟɬɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1200°ɋ. Ɋɚɫɩɥɚɜ ɜɵɥɢɜɚɸɬ ɜ ɱɭɝɭɧɧɭɸ ɢɡɥɨɠɧɢɰɭ, ɫɦɚɡɚɧɧɭɸ 
ɩɨɪɨɲɤɨɦ ɨɤɢɫɢ ɠɟɥɟɡɚ;  
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 ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɟ ɢɡɞɟɥɢɟ ɬɳɚɬɟɥɶɧɨ ɨɱɢɳɚɟɬɫɹ ɨɬ ɨɤɢɫɥɨɜ ɢ 
ɨɬɦɵɜɚɟɬɫɹ ɫɧɚɱɚɥɚ ɬɟɩɥɵɦ ɳɟɥɨɱɧɵɦ ɪɚɫɬɜɨɪɨɦ, ɚ ɡɚɬɟɦ - ɨɛɵɱɧɨɣ ɜɨɞɨɣ. 
ɉɨɫɥɟ ɷɬɨɝɨ ɢɡɞɟɥɢɟ ɡɚɥɢɜɚɸɬ 10%-ɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɞɨ ɩɨɥɧɨɝɨ ɟɝɨ 
ɪɚɫɬɜɨɪɟɧɢɹ. ȼ ɪɚɫɬɜɨɪɟ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɯɨɞɢɬɫɹ ɫɦɟɫɶ ɫɨɥɟɣ ɫɟɪɟɛɪɚ ɢ ɦɟɞɢ. 
Ɋɚɫɬɜɨɪ ɜɵɩɚɪɢɜɚɸɬ, ɚ ɩɨɥɭɱɟɧɧɵɣ ɩɨɪɨɲɨɤ ɩɪɨɤɚɥɢɜɚɸɬ ɜ ɮɚɪɮɨɪɨɜɨɣ 
ɱɚɲɤɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɢɬɪɚɬ ɦɟɞɢ ɩɟɪɟɯɨɞɢɬ ɜ ɧɟɪɚɫɬɜɨɪɢɦɭɸ ɨɤɢɫɶ ɦɟɞɢ. 
Ɂɚɜɟɪɲɟɧɢɟ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɩɪɟɤɪɚɳɟɧɢɸ ɜɵɞɟɥɟɧɢɹ ɫ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɩɭɡɵɪɶɤɨɜ ɜɟɫɶɦɚ ɟɞɤɨɝɨ ɝɚɡɚ. ɉɨɫɥɟ ɪɚɫɩɥɚɜ ɨɫɬɭɠɚɸɬ ɢ 
ɪɚɫɬɜɨɪɹɸɬ ɜ 2-ɯ ɱɚɫɬɹɯ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ; ɩɪɨɡɪɚɱɧɵɣ ɪɚɫɬɜɨɪ, 
ɫɨɞɟɪɠɚɳɢɣ ɱɢɫɬɵɣ ɧɢɬɪɚɬ ɫɟɪɟɛɪɚ, ɫɧɢɦɚɸɬ ɫ ɨɫɚɞɤɚ; 

 ɫɟɪɟɛɪɹɧɵɟ ɩɨɤɪɵɬɢɹ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚɧɨɫɢɦɵɟ ɯɢɦɢɱɟɫɤɢɦ ɩɭɬɟɦ) 
ɢ ɫɩɥɚɜɵ ɫɟɪɟɛɪɚ ɧɚ ɨɫɧɨɜɚɯ ɢɡ ɦɟɞɢ, ɧɟɣɡɢɥɶɛɟɪɚ, ɥɚɬɭɧɢ, ɬɨɦɩɚɤɚ, ɦɟɥɶɯɢɨɪɚ 
ɢ ɫɬɚɥɢ ɫɧɢɦɚɸɬ ɜ ɫɦɟɫɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɫɟɪɧɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ (40÷60)°ɋ. Ɋɚɫɬɜɨɪ ɩɪɟɞɨɯɪɚɧɹɸɬ ɨɬ ɪɚɡɛɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɹɪɧɨ 
ɤɨɪɪɟɤɬɢɪɭɸɬ ɟɝɨ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ 
ɪɚɫɬɜɨɪɟɧɢɹ ɩɨɤɪɵɬɢɹ [6]. 

 
1.7 ɉɨɞɝɨɬɨɜɤɚ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ, ɫɨɞɟɪɠɚɳɟɝɨ ɫɟɪɟɛɪɨ ɢ ɞɪɭɝɢɟ 

ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ ɤ ɩɟɪɟɪɚɛɨɬɤɟ  
 
ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɚ ɩɟɪɟɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ 

ɫɨɞɟɪɠɚɳɟɝɨ ɫɟɪɟɛɪɨ ɢ ɞɪɭɝɢɟ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ: 
 ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ; 
 ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ. 

ɉɟɪɟɞ ɩɢɪɨ – ɢɥɢ ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɨɣ ɜɬɨɪɢɱɧɨɝɨ 
ɫɵɪɶɹ, ɫɨɞɟɪɠɚɳɟɝɨ ɫɟɪɟɛɪɨ ɢ ɞɪɭɝɢɟ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɟɝɨ ɫɨɪɬɢɪɭɸɬ, 
ɢɡɦɟɥɶɱɚɸɬ ɢ ɩɪɟɫɫɭɸɬ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɨɜ ɩɨɫɬɭɩɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 
ɩɪɢɦɟɧɹɸɬ ɩɪɨɫɬɵɟ ɩɚɤɟɬɢɪɨɜɨɱɧɵɟ ɩɪɟɫɫɵ [7].  

Ɉɛɠɢɝɭ ɩɨɞɜɟɪɝɚɸɬ ɡɚɝɪɹɡɧɟɧɧɵɟ ɦɚɫɥɨɦ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɢɟ ɱɚɫɬɢ. 
ȼɫɥɟɞɫɬɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɚɠɢ, ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɝɚɡɨɜ, 
ɚ ɢɧɨɝɞɚ ɢ ɩɚɪɨɜ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɩɪɨɜɨɞɹɬ ɢɧɬɟɧɫɢɜɧɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɢ 
ɦɨɤɪɭɸ ɨɱɢɫɬɤɭ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤɨɬɨɪɭɸ ɱɚɫɬɨ ɤɨɦɛɢɧɢɪɭɸɬ ɫ ɢɯ 
ɞɨɠɢɝɚɧɢɟɦ.  

ȼɬɨɪɢɱɧɵɟ ɨɬɯɨɞɵ ɰɜɟɬɧɵɯ ɢ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɩɟɪɟɞ 
ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɞɜɟɪɝɚɸɬ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ 
ɨɛɠɢɝɭ ɧɟ ɬɨɥɶɤɨ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɡɚɝɪɹɡɧɟɧɧɵɯ ɦɚɫɟɥ, ɧɨ ɢ ɫ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɚ ɬɚɤɠɟ ɜɨɡɝɨɧɤɢ ɧɟɛɥɚɝɨɪɨɞɧɵɯ (ɬɹɠɟɥɵɯ) 
ɦɟɬɚɥɥɨɜ – ɦɵɲɶɹɤɚ, ɫɜɢɧɰɚ, ɰɢɧɤɚ, ɨɥɨɜɚ ɢ ɩɟɪɟɜɨɞɚ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɨɜ ɜ 
ɨɤɫɢɞɧɭɸ ɮɨɪɦɭ. Ɉɛɠɢɝ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɧɚɝɪɟɜ ɨɬɫɨɪɬɢɪɨɜɚɧɧɨɝɨ ɥɨɦɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 425°ɋ ɫ ɰɟɥɶɸ ɩɪɢɞɚɧɢɹ ɯɪɭɩɤɨɫɬɢ ɩɥɚɫɬɦɚɫɫɨɜɵɦ ɞɟɬɚɥɹɦ ɞɥɹ 
ɨɛɥɟɝɱɟɧɢɹ ɢɯ ɩɨɫɥɟɞɭɸɳɟɝɨ ɢɡɦɟɥɶɱɟɧɢɹ. ɋɠɢɝɚɧɢɟ ɨɛɵɱɧɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɜɨ ɜɪɚɳɚɸɳɟɣɫɹ ɨɛɠɢɝɨɜɨɣ ɩɟɱɢ. ɍɞɚɥɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɹɜɥɹɟɬɫɹ 
ɨɛɹɡɚɬɟɥɶɧɵɦ, ɬɚɤ ɤɚɤ ɢɯ ɩɪɢɫɭɬɫɬɜɢɟ ɨɫɥɨɠɧɹɟɬ ɞɚɥɶɧɟɣɲɢɟ 
ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ.  
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ɋɠɢɝɚɧɢɟ ɨɪɝɚɧɢɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɞɜɟ ɫɬɚɞɢɢ. ɇɚ ɭɫɬɚɧɨɜɤɟ 
ɩɟɪɜɢɱɧɨɝɨ ɫɠɢɝɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɢɪɨɥɢɡ ɢ ɢɫɩɚɪɟɧɢɟ ɛɨɥɶɲɢɧɫɬɜɚ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɬɨɪɚɹ ɫɬɚɞɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜ ɤɚɦɟɪɟ ɞɨɠɢɝɚɧɢɹ ɢ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɵɞɟɪɠɢɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɬɟɱɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨɝɨ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɭɫɥɨɜɢɹɯ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɫ ɰɟɥɶɸ 
ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɜɫɟɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɨ ɨɛɪɚɡɨɜɚɧɢɹ 
ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ ɜɨɞɵ. Ⱦɥɹ ɨɱɢɫɬɤɢ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɢ ɭɥɚɜɥɢɜɚɧɢɹ ɩɵɥɟɣ 
ɢɫɩɨɥɶɡɭɸɬ ɪɭɤɚɜɧɵɟ ɮɢɥɶɬɪɵ ɢɥɢ ɫɤɪɭɛɛɟɪɵ. ɉɨɥɭɱɟɧɧɵɣ ɨɝɚɪɨɤ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɞɨɞɪɚɛɥɢɜɚɸɬ, ɱɬɨɛɵ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɬɶ ɫɦɟɫɶ ɢ ɢɡɦɟɥɶɱɢɬɶ 
ɤɟɪɚɦɢɱɟɫɤɭɸ ɨɫɧɨɜɭ [8]. 

 
1.8 ɉɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɫɩɨɫɨɛɵ ɩɟɪɟɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨɝɨ 

ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ  
 

ɉɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɟ ɩɨɞɜɟɪɝɚɸɬɫɹ ɤɚɤ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ 
ɫɩɥɚɜɵ, ɨɬɪɚɛɨɬɚɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ, ɚɤɤɭɦɭɥɹɬɨɪɵ, ɬɚɤ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɨɬɯɨɞɵ – ɫɨɥɢ ɫɟɪɟɛɪɚ, ɮɢɤɫɚɠɧɵɟ ɲɥɚɦɵ, ɡɨɥɵ, ɤɨɬɨɪɵɟ ɡɚɱɚɫɬɭɸ ɢɫɩɨɥɶɡɭɸɬ 
ɞɥɹ ɫɨɜɦɟɫɬɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ. ɋɟɪɟɛɪɨ ɜ ɷɬɢɯ ɨɬɯɨɞɚɯ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɜ 
ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɚɤ ɢ ɜ ɫɨɫɬɚɜɟ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɩɪɢɧɹɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɜɢɞɚ ɫɵɪɶɹ  ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɚɝɪɟɝɚɬɵ. 
ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɢɟ ɩɟɱɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɪɨɫɬɨɬɭ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɨɬɤɚɡ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɝɥɟɪɨɞɢɫɬɨɝɨ ɬɨɩɥɢɜɚ – ɜɫɟ ɷɬɨ ɹɜɥɹɟɬɫɹ ɧɟɨɫɩɨɪɢɦɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ 
ɩɥɚɜɢɥɶɧɵɯ ɷɥɟɤɬɪɨɞɭɝɨɜɵɯ ɩɟɱɟɣ. Ɏɢɪɦɚ Conptoir – Alemond – Louyot ɜ 
Ⱥɜɫɬɪɢɢ ɢ ɪɹɞ ɞɪɭɝɢɯ ɮɢɪɦ ɩɟɪɟɪɚɛɚɬɵɜɚɸɬ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɟ ɨɬɯɨɞɵ ɜ 
ɲɚɯɬɧɵɯ ɩɟɱɚɯ, ɢɫɩɨɥɶɡɭɹ ɧɟ ɬɨɥɶɤɨ ɡɨɥɭ, ɧɨ ɢ ɲɥɚɤɢ ɨɬ ɫɧɹɬɢɹ ɩɨɡɨɥɨɬɵ ɫ 
ɪɚɡɥɢɱɧɵɯ ɢɡɞɟɥɢɣ, ɢ ɲɥɚɦɵ [9]. Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɵ ɨɩɟɪɚɰɢɢ 
ɛɪɢɤɟɬɢɪɨɜɚɧɢɹ ɢɥɢ ɨɤɨɦɤɨɜɚɧɢɹ. Ɉɞɢɧ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɜ ɦɢɪɟ ɩɨ 
ɩɪɨɢɡɜɨɞɫɬɜɭ ɜɬɨɪɢɱɧɨɝɨ ɫɟɪɟɛɪɚ ɡɚɜɨɞ ɜ Ȼɪɢɦɫɫɞɚɭɧɟ (Ⱥɧɝɥɢɹ), ɢɫɩɨɥɶɡɭɹ 
ɲɚɯɬɧɭɸ ɩɟɱɶ, ɬɚɤɠɟ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬ ɜɫɟ ɜɢɞɵ ɨɬɯɨɞɨɜ [7]. ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ 
ɩɨɫɬɭɩɚɸɳɟɟ ɫɵɪɶɟ ɩɨɫɥɟ ɨɩɪɨɛɨɜɚɧɢɹ ɢ ɨɛɴɟɞɢɧɟɧɢɹ ɜ ɩɚɪɬɢɢ ɩɥɚɜɹɬ ɜ 
ɞɭɝɨɜɨɣ ɩɟɱɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɥɚɜɤɢ ɩɨɥɭɱɚɸɬ 
ɫɥɟɞɭɸɳɢɟ ɩɪɨɞɭɤɬɵ: ɱɟɪɧɨɜɨɟ ɫɟɪɟɛɪɨ ɢɥɢ ɨɛɥɚɝɨɪɨɠɟɧɧɵɣ ɫɜɢɧɟɰ, ɲɥɚɤɢ, 
ɩɵɥɢ ɢɧɨɝɞɚ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɣ ɲɬɟɣɧ [10].  

Ɋɹɞ ɡɚɪɭɛɟɠɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɜɢɞɵ 
ɨɬɯɨɞɨɜ ɜ ɨɬɪɚɠɚɬɟɥɶɧɵɯ ɩɟɱɚɯ [11]. ȼɟɞɭɬɫɹ ɢɧɬɟɪɟɫɧɵɟ ɪɚɛɨɬɵ ɩɨ 
ɩɪɢɦɟɧɟɧɢɸ ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɝɪɟɜɚ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɧɢɡɤɨɩɪɨɛɧɵɯ 
ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɯ ɨɬɯɨɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɬɭɝɨɩɥɚɜɤɢɟ ɦɟɬɚɥɥɵ [12].  

Ɉɞɧɨɣ ɢɡ ɩɪɨɛɥɟɦ ɜ ɬɟɯɧɨɥɨɝɢɢ ɢɡɜɥɟɱɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɛɥɚɝɨɪɨɞɧɵɯ 
ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɫɟɪɟɛɪɹɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɤɚɞɦɢɣ, 
ɫɜɢɧɟɰ ɢ ɰɢɧɤ. Ⱦɥɹ ɷɬɨɝɨ ɫɵɪɶɹ ɮɢɪɦɨɣ «ɗɧɯɟɥɶɝɚɪɞ» (ɋɒȺ) ɪɚɡɪɚɛɨɬɚɧ 
ɜɚɤɭɭɦɧɵɣ ɦɟɬɨɞ ɞɢɫɬɢɥɥɹɰɢɢ. ɋɩɥɚɜ ɩɨɞɜɟɪɝɚɸɬ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɤɟ ɜ 
ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɟ ɢ ɜɵɞɟɪɠɢɜɚɸɬ ɩɪɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ 
ɭɦɟɪɟɧɧɨɦ ɜɚɤɭɭɦɟ. Ʉɚɞɦɢɣ ɢ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɢɧɤɚ ɞɢɫɬɢɥɥɢɪɭɸɬɫɹ ɢɡ 
ɪɚɫɩɥɚɜɚ ɢ ɫɤɚɩɥɢɜɚɸɬɫɹ ɜ ɜɢɞɟ ɱɚɫɬɢɱɧɨ ɚɝɥɨɦɟɪɢɪɨɜɚɧɧɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
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ɩɨɪɨɲɤɚ. ɉɨɥɭɱɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɨɞɟɪɠɚɳɢɣ ɤɚɞɦɢɹ ɫɩɥɚɜ ɫɟɪɟɛɪɚ, ɚ ɫɩɥɚɜ 
ɤɚɞɦɢɣ – ɰɢɧɤ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɜɬɨɪɧɨ [13].  

ɉɪɢ ɩɥɚɜɤɟ ɫɨɥɟɣ (ɢɡ ɨɬɪɚɛɨɬɚɧɧɵɯ ɮɢɤɫɚɠɧɵɯ ɪɚɫɬɜɨɪɨɜ) – ɝɚɥɨɝɟɧɢɞɨɜ 
ɢ ɫɭɥɶɮɢɞɚ ɫɟɪɟɛɪɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɟ ɨɬɞɟɥɟɧɢɟ ɫɟɪɟɛɪɚ, ɩɪɢ ɷɬɨɦ 
ɞɨɫɬɢɝɚɟɬɫɹ ɧɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɜ ɲɥɚɤɟ – (0,3÷0,4)%. ɉɪɟɢɦɭɳɟɫɬɜɨɦ 
ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɩɟɪɟɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɞɟɲɟɜɢɡɧɚ ɮɥɸɫɨɜ – ɫɨɞɚ, ɛɭɪɚ ɠɟɥɟɡɨ. 
Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɛɨɥɶɲɢɟ ɩɨɬɟɪɢ ɛɪɨɦɚ ɫɨ ɲɥɚɤɨɦ.  

Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɫɥɨɠɧɵɯ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ ɹɜɥɹɸɬɫɹ ɧɢɡɤɨɩɪɨɛɧɵɟ Ag – Cu ɫɩɥɚɜɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɨɬ 5 ɞɨ 
(35÷40)% ɫɟɪɟɛɪɚ.  

Ɋɚɡɞɟɥɟɧɢɟ Cu ɢ Ag ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɧɨ ɜɟɫɬɢ ɩɭɬɟɦ ɨɤɢɫɥɟɧɢɹ ɦɟɞɢ ɫ 
ɨɲɥɚɤɨɜɚɧɢɟɦ. ȼ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɧɚɬɪɢɟɜɚɹ 
ɫɟɥɢɬɪɚ. Ɉɞɧɚɤɨ ɛɥɢɡɨɫɬɶ ɫɜɨɣɫɬɜ ɷɬɢɯ ɦɟɬɚɥɥɨɜ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ ɩɨɥɧɨɟ 
ɢɯ ɪɚɡɞɟɥɟɧɢɟ, ɤ ɬɨɦɭ ɠɟ ɧɟɨɛɯɨɞɢɦ ɛɨɥɶɲɨɣ ɢɡɛɵɬɨɤ ɨɤɢɫɥɢɬɟɥɹ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɨɰɟɫɫɚ [14].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɟɧ ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɪɚɡɞɟɥɟɧɢɹ 
ɦɟɞɢ ɢ ɫɟɪɟɛɪɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɜɢɧɰɚ, ɨɞɧɚɤɨ ɪɚɫɯɨɞ ɫɜɢɧɰɚ ɩɪɢ ɨɬɞɟɥɟɧɢɢ 
ɦɟɞɢ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ, ɤ ɬɨɦɭ ɠɟ ɫɚɦ ɩɪɨɰɟɫɫ ɧɟ ɨɬɜɟɱɚɟɬ ɫɨɜɪɟɦɟɧɧɵɦ 
ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢɡ-ɡɚ ɬɨɤɫɢɱɧɨɫɬɢ [15].  

 
1.9 Ƚɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɫɩɨɫɨɛɵ ɩɟɪɟɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨɝɨ 

ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ  
 
ɉɪɢɦɟɧɟɧɢɟ ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɫɩɨɫɨɛɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨɝɨ 

ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɨɫɚɞɤɢ ɢɥɢ 
ɲɥɚɦɵ, ɫɨɫɬɨɹɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 
ɞɟɥɹɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ:  

 ɦɟɬɨɞɵ, ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɤɨɬɨɪɵɯ, ɜ ɪɚɫɬɜɨɪ ɩɟɪɟɯɨɞɹɬ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɜɵɞɟɥɹɸɬɫɹ 
ɷɥɟɤɬɪɨɥɢɡɨɦ, ɰɟɦɟɧɬɚɰɢɟɣ ɦɟɬɚɥɥɚɦɢ, ɨɫɚɠɞɟɧɢɟɦ ɯɢɦɢɱɟɫɤɢɦɢ ɪɟɚɝɟɧɬɚɦɢ, 
ɫɨɪɛɰɢɟɣ, ɷɤɫɬɪɚɤɰɢɟɣ ɢ ɞɪ; 

 ɦɟɬɨɞɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɩɟɪɟɜɟɫɬɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɩɪɢɦɟɫɧɵɟ ɷɥɟɦɟɧɬɵ ɜ ɪɚɫɬɜɨɪ, ɚ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ ɨɫɬɚɸɬɫɹ 
ɧɟɪɚɫɬɜɨɪɢɦɵɦɢ ɢ ɨɛɪɚɡɭɸɬ ɲɥɚɦ ɢɥɢ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɨɫɚɞɨɤ, ɚ ɨɫɬɚɥɶɧɵɟ 
ɦɟɬɚɥɥɵ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ; 

 ɦɟɬɨɞɵ, ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɤɨɬɨɪɵɯ ɞɪɚɝɨɰɟɧɧɵɟ ɦɟɬɚɥɥɵ 
ɩɟɪɟɯɨɞɹɬ ɢɡ ɨɞɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ, ɩɪɢɱɟɦ ɜ ɬɟɱɟɧɢɟ 
ɩɪɨɰɟɫɫɚ ɨɧɢ ɧɚɯɨɞɹɬɫɹ ɜ ɧɟɪɚɫɬɜɨɪɢɦɨɣ ɮɨɪɦɟ; 

 ɦɟɬɨɞɵ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɫɟ ɦɟɬɚɥɥɵ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ, 
ɫɟɥɟɤɬɢɜɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɫɟɪɟɛɪɚ ɩɪɢ ɷɬɨɦ ɧɟ ɬɪɟɛɭɟɬɫɹ.  

Ɇɟɬɨɞɵ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɝɪɭɩɩɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɞɥɹ 
ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ, ɬɚɤ ɤɚɤ ɹɜɥɹɸɬɫɹ 
ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɫɯɨɞɚ ɪɟɚɝɟɧɬɨɜ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜ 
ɨɬɯɨɞɚɯ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɬɜɨɪɢɦɵɯ ɜɟɳɟɫɬɜ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ 
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ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɩɟɪɜɨɣ ɝɪɭɩɩɵ. ȼ ɱɚɫɬɧɨɫɬɢ ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ 
ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɦ ɪɚɫɬɜɨɪɚɦ, ɢɡ ɤɨɬɨɪɵɯ ɫɟɪɟɛɪɨ ɨɫɚɠɞɚɸɬ ɢ ɨɬɞɟɥɹɸɬ 
ɨɫɚɞɨɤ.  

Ɇɟɬɨɞɵ ɜɬɨɪɨɣ ɝɪɭɩɩɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɩɪɢ ɤɨɦɩɥɟɤɫɧɨɦ 
ɜɵɞɟɥɟɧɢɢ ɜɫɟɯ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɨɬɯɨɞɚɯ ɤɨɦɩɨɧɟɧɬɨɜ.  

ɉɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɧɢɡɤɨɩɪɨɛɧɨɝɨ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ ɦɟɬɨɞɚɦɢ, 
ɩɪɢ ɤɨɬɨɪɵɯ ɫɟɪɟɛɪɨ ɧɟ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɟ 
ɤɨɦɩɥɟɤɫɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɵɪɶɹ.  

ɉɪɢɦɟɪɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɪɟɬɶɟɣ ɝɪɭɩɩɵ ɦɟɬɨɞɨɜ ɦɨɠɟɬ ɫɥɭɠɢɬɶ 
ɜɵɞɟɥɟɧɢɟ ɫɟɪɟɛɪɚ ɛɨɥɟɟ ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɵɦ ɦɟɬɚɥɥɨɦ, ɧɚɩɪɢɦɟɪ ɠɟɥɟɡɨɦ. 
ȼ ɫɩɨɫɨɛɟ ɰɟɦɟɧɬɚɰɢɢ ɛɪɨɦɢɫɬɨɝɨ ɫɟɪɟɛɪɚ ɠɟɥɟɡɨɦ ɩɪɨɢɫɯɨɞɢɬ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ AgBr ɞɨ ɦɟɬɚɥɥɚ ɢ ɩɟɪɟɜɨɞ ɛɪɨɦɚ ɜ ɪɚɫɬɜɨɪ ɩɨ ɪɟɚɤɰɢɢ:  

 
2ȺgBr + Fe = FeBr2 + 2Ag                 (10) 
 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɪɨɦɢɫɬɨɟ ɫɟɪɟɛɪɨ ɨɛɪɚɛɚɬɵɜɚɥɨɫɶ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɞɥɹ 
ɭɞɚɥɟɧɢɹ CaCO3, ɱɚɫɬɨ ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɨɬɯɨɞɚɯ. Ɉɫɚɞɨɤ ɩɪɨɦɵɜɚɸɬ ɢ 
ɫɦɟɲɢɜɚɸɬ ɫ ɨɛɪɟɡɤɚɦɢ ɥɢɫɬɨɜɨɝɨ ɠɟɥɟɡɚ. ɂɡ ɪɚɫɱɟɬɚ ɀ:Ɍ = 2:1 ɞɨɛɚɜɥɹɸɬ 
ɩɨɞɤɢɫɥɟɧɧɭɸ ɜɨɞɭ, ɩɪɨɰɟɫɫ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɡɚ 24 ɱɚɫɚ. ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɜ 
ɩɨɥɭɱɚɟɦɨɦ ɩɪɨɫɭɲɟɧɧɨɦ ɩɨɪɨɲɤɟ ɫɨɫɬɚɜɥɹɟɬ ɫɜɵɲɟ 90 %. 

ɑɟɬɜɟɪɬɵɣ ɫɩɨɫɨɛ ɩɪɢɦɟɧɹɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ 
ɪɚɫɬɜɨɪɟɧɢɟ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟ ɬɪɟɛɭɟɬ ɜɩɨɫɥɟɞɫɬɜɢɢ ɢɯ ɪɚɡɞɟɥɟɧɢɹ. ɇɚ ɷɬɨɦ 
ɨɫɧɨɜɚɧ ɫɩɨɫɨɛ [16], ɩɪɢ ɤɨɬɨɪɨɦ Ag - Cd ɨɬɯɨɞɵ, ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɧɬɚɤɬɨɜ, ɨɛɪɚɛɚɬɵɜɚɸɬ ɪɚɫɬɜɨɪɨɦ HNO3, 
ɪɚɡɛɚɜɥɟɧɧɨɣ 1:1. ɋɟɪɟɛɪɨ ɢ ɤɚɞɦɢɣ ɪɚɫɬɜɨɪɹɸɬɫɹ, ɚ ɡɚɬɟɦ ɩɪɨɜɨɞɹɬ ɨɫɚɠɞɟɧɢɟ 
ɞɨɛɚɜɤɨɣ KOH ɢɥɢ NaOH. ɋɦɟɫɶ ɝɢɞɪɨɤɫɢɞɨɜ ɫɟɪɟɛɪɚ ɢ ɤɚɞɦɢɹ, ɨɬɞɟɥɹɸɬ ɧɚ 
ɮɢɥɶɬɪɟ, ɩɪɨɫɭɲɢɜɚɸɬ ɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (450÷500)°ɋ ɜ 
ɬɟɱɟɧɢɟ 2–ɯ ɱɚɫɨɜ. Ɍɜɟɪɞɚɹ ɮɚɡɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ Ag ɢ CdO, ɩɪɨɫɟɢɜɚɟɬɫɹ ɱɟɪɟɡ 
ɫɢɬɨ ɢ ɜɧɨɜɶ ɜɨɡɜɪɚɳɚɟɬɫɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɧɬɚɤɬɨɜ.  

ɋɭɳɟɫɬɜɭɸɬ ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɫɩɨɫɨɛɵ ɩɟɪɟɪɚɛɨɬɤɢ ɫɟɪɟɛɪɹɧɨ – 
ɰɢɧɤɨɜɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɤɪɨɦɟ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɞɨ 10% 
ɦɟɞɢ, ɤɨɬɨɪɚɹ ɨɫɥɨɠɧɹɟɬ ɬɟɯɧɨɥɨɝɢɸ [2]. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɥɨɦ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ 
ɨɛɠɢɝ ɞɥɹ ɭɞɚɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɫɟɩɚɪɚɬɨɪɨɜ, ɡɚɬɪɭɞɧɹɸɳɢɯ 
ɜɵɞɟɥɟɧɢɟ ɰɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɨɤɚɥɤɢ – (400÷450)ºɋ, ɜɪɟɦɹ 
ɜɵɞɟɪɠɤɢ – (30÷45) ɦɢɧɭɬ. Ɉɛɨɠɠɟɧɧɚɹ ɦɚɫɫɚ ɢɦɟɟɬ ɫɨɫɬɚɜ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ 
ɬɚɛɥɢɰɟ 2. 

 
Ɍɚɛɥɢɰɚ 2 – ɋɨɫɬɚɜ ɨɛɨɠɠɺɧɧɨɣ ɦɚɫɫɵ, % 

Ag Zn Cu ɩɪɨɱɢɟ 

54,8 32,3 8,4 4,5 

 
Ɇɚɬɟɪɢɚɥ ɜɵɳɟɥɚɱɢɜɚɥɫɹ H2SO4 ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ (68÷72)ɝ/ɞɦ3 ɜ ɪɟɚɤɬɨɪɟ 

ɫ ɦɟɲɚɥɤɨɣ ɩɪɢ ɀ:Ɍ = 7:1 ɡɚ ɫɱɟɬ ɬɟɩɥɚ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ – (65÷70)°ɋ.  
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ɉɪɚɤɬɢɱɟɫɤɢ ɜɟɫɶ ɰɢɧɤ ɢɡɜɥɟɤɚɥɫɹ ɢɡ ɚɤɤɭɦɭɥɹɬɨɪɧɨɝɨ ɥɨɦɚ ɡɚ 
(15÷20)ɦɢɧɭɬ. Ɉɬɮɢɥɶɬɪɨɜɚɧɧɵɣ ɰɢɧɤɨɜɵɣ ɪɚɫɬɜɨɪ ɫɨɞɟɪɠɢɬ (210÷220)ɝ/ɞɦ3 
ZnSO4, (0,2÷0,3)ɝ/ɞɦ3 CuSO4. ɉɪɨɦɵɜɧɨɣ ɪɚɫɬɜɨɪ ɫ ɫɨɞɟɪɠɚɧɢɟɦ (1,1 ÷2,3)ɝ/ɞɦ3 
ZnSO4 ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɨɛɨɪɨɬɧɵɣ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɫɟɪɧɨɣ 
ɤɢɫɥɨɬɵ.  

Ɇɟɞɶɫɨɞɟɪɠɚɳɢɣ ɨɫɬɚɬɨɤ ɩɨɫɥɟ ɩɪɨɦɵɜɤɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ 
ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɦɟɞɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ c ɤɨɧɰɟɧɬɪɚɰɢɟɣ (110÷115)ɝ/ɞɦ3 ɫ 
ɞɨɛɚɜɥɟɧɢɟɦ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ. ɉɨɫɥɟɞɧɹɹ ɞɨɡɢɪɨɜɚɥɚɫɶ ɢɡ ɫɩɟɰɢɚɥɶɧɨɣ 
ɟɦɤɨɫɬɢ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɜ ɪɚɫɬɜɨɪɟ ɨɫɬɚɜɥɹɥɚ ɧɟ ɛɨɥɟɟ 3% ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɢ 
ɧɟ ɛɨɥɟɟ 1 % ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ. ɉɪɢ ɫɨɨɬɧɨɲɟɧɢɟ ɀ:Ɍ= 2:1 ɢ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ 
ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɪɚɫɬɜɨɪɚ ɩɪɨɰɟɫɫ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɱɟɪɟɡ 
(20÷30)ɦɢɧɭɬ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ ɩɨɥɭɱɟɧɵ ɪɚɫɬɜɨɪɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 
(170÷180)ɝ/ɞɦ3 CuSO4, (0,3÷0,7)ɝ/ɞɦ3 ZnSO4.  

ɂɡ ɫɟɪɧɨɤɢɫɥɵɯ ɰɢɧɤɨɜɨɝɨ ɢ ɦɟɞɧɨɝɨ ɪɚɫɬɜɨɪɨɜ ɩɨɥɭɱɟɧɵ ɰɢɧɤɨɜɵɣ ɢ 
ɦɟɞɧɵɣ ɤɭɩɨɪɨɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɜɟɪɞɵɣ ɨɫɬɚɬɨɤ ɨɬ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɰɢɧɤɚ, ɚ 
ɡɚɬɟɦ ɦɟɞɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɣ ɩɪɨɞɭɤɬ, ɤɨɬɨɪɵɣ ɢɞɟɬ ɧɚ 
ɩɥɚɜɤɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɩɪɨɛɧɵɯ ɫɟɪɟɛɪɹɧɵɯ ɚɧɨɞɨɜ, ɚ ɡɚɬɟɦ ɧɚ ɚɮɮɢɧɚɠ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɪɚɛɨɬɤɢ ɥɨɦɚ ɫɟɪɟɛɪɹɧɨ – ɰɢɧɤɨɜɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, 
ɫɨɞɟɪɠɚɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɫɢ ɦɟɞɶ, ɩɨ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɨ ɚɧɨɞɧɨɟ 
ɫɟɪɟɛɪɨ ɫ ɫɨɞɟɪɠɚɧɢɟɦ (88,6÷89)%.  

Ɉɞɧɚɤɨ ɞɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢɦɟɟɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ:  
 ɧɟɫɨɜɟɪɲɟɧɫɬɜɨ ɷɥɟɤɬɪɨɥɢɡɧɵɯ ɜɚɧɧ;  
 ɦɚɥɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ; 
 ɬɹɠɟɥɵɣ ɪɭɱɧɨɣ ɬɪɭɞ; 
 ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ; 
 ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

Ⱥɧɚɥɢɡɢɪɭɹ ɫɩɨɫɨɛɵ ɩɟɪɟɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨɝɨ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɥɨɦɚ 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ 
ɰɟɥɟɫɨɨɛɪɚɡɧɚ ɩɟɪɟɪɚɛɨɬɤɚ ɧɢɡɤɨɩɪɨɛɧɨɝɨ ɫɵɪɶɹ, ɜɤɥɸɱɚɹ ɩɵɥɢ ɢ ɲɥɚɤɢ [17]. 



 

25 

 

2 Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

2.1 ɉɪɚɤɬɢɤɚ ɡɚɪɭɛɟɠɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɪɚɡɥɢɱɧɵɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɫɯɟɦɚɦ ɩɟɪɟɪɚɛɨɬɤɢ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɥɨɦɚ 

 
ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɮɢɪɦɚɦɢ, ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɦɢ ɜɬɨɪɢɱɧɨɟ 

ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɟ ɫɵɪɶɟ, ɹɜɥɹɸɬɫɹ «ɗɧɝɟɥɶɯɚɪɞ», «ɀɟɦɢɧɢ», «ɗɫɬɟɪɧ 
ɋɦɟɥɬɢɧɝ ɚɧɞ Ɋɢɮɚɣɧɢɧɝ» (ɋɒȺ), «ɏɟɪɟɭɫ» ɢ «Ⱦɟɝɭɫɫɚ» (Ƚɟɪɦɚɧɢɹ), 
«Ⱦɠɨɧɫɨɧ Ɇɷɬɬɢ» (ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ), «Ȼɨɥɢɞɟɧ» (ɒɜɟɰɢɹ).  

Ɏɢɪɦɚ «Ⱦɟɝɭɫɫɚ» (Ƚɟɪɦɚɧɢɹ) ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɜɬɨɪɢɱɧɵɯ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɯɢɦɢɤɚɬɨɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ [18]. Ɉɧɚ ɢɦɟɟɬ 17 ɡɚɜɨɞɨɜ ɜ Ƚɟɪɦɚɧɢɢ ɢ 52 ɮɢɥɢɚɥɚ ɡɚ ɪɭɛɟɠɨɦ 
ɫ ɨɛɳɢɦ ɱɢɫɥɨɦ ɪɚɛɨɬɚɸɳɢɯ 27 ɬɵɫ. ɱɟɥɨɜɟɤ. Ɏɢɪɦɚ ɢɦɟɟɬ ɪɚɮɢɧɢɪɨɜɨɱɧɵɣ 
ɡɚɜɨɞ ɏɚɧɚɭ–ȼɨɥɶɮɝɚɧɝ ɛɥɢɡ Ɏɪɚɧɤɮɭɪɬɚ, ɤɨɬɨɪɵɣ ɜɵɩɭɫɤɚɟɬ 160 ɜɢɞɨɜ 
ɩɪɨɞɭɤɰɢɢ, ɫɨɞɟɪɠɚɳɢɯ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ. Ɂɚɜɨɞ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬ 
ɜɬɨɪɢɱɧɨɟ ɫɵɪɶɟ ɢ ɢɦɟɟɬ ɦɨɳɧɨɫɬɢ ɩɨ ɜɵɩɭɫɤɭ, ɬ/ɝɨɞ: 1200 – ɫɟɪɟɛɪɚ, 120 – 
ɡɨɥɨɬɚ, 15– ɩɥɚɬɢɧɵ ɢ ɩɥɚɬɢɧɨɢɞɨɜ ɜ ɜɢɞɟ ɱɭɲɟɤ, ɝɭɛɤɢ, ɝɪɚɧɭɥ, ɩɪɨɜɨɥɨɤɢ, 
ɩɪɨɮɢɥɟɣ ɞɥɹ ɨɱɤɨɜɵɯ ɨɩɪɚɜ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɨɧɬɚɤɬɨɜ, ɬɟɪɦɨɛɢɦɟɬɚɥɥɨɜ ɢ ɞɪ. 
ɇɚ ɡɚɜɨɞɟ ɢɦɟɸɬɫɹ ɬɢɝɟɥɶɧɵɟ ɩɥɚɜɢɥɶɧɵɟ ɩɟɱɢ, ɭɫɬɚɧɨɜɤɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 
ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɩɨɥɨɫ ɢ ɩɪɭɬɤɨɜ, ɫɬɚɧɵ ɝɨɪɹɱɟɣ ɢ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ ɢ 
ɜɨɥɨɱɢɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ.  

ɍɜɟɥɢɱɟɧɵ ɦɨɳɧɨɫɬɢ ɡɚɜɨɞɨɜ ɮɢɪɦɵ «Ȼɨɥɢɞɟɧ» ɧɚ ɸɝɟ ɒɜɟɰɢɢ ɩɨ 
ɩɪɨɢɡɜɨɞɫɬɜɭ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɩɪɢ ɷɬɨɦ ɜɵɩɭɫɤ ɡɨɥɨɬɚ ɭɜɟɥɢɱɟɧ ɫ 4 ɞɨ 7 
ɬ/ɝɨɞ, ɚ ɫɟɪɟɛɪɚ – ɫ 200 ɞɨ 300 ɬ/ɝɨɞ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɬɟɯɧɨɥɨɝɢɢ ɪɚɮɢɧɢɪɨɜɚɧɢɹ 
ɢɫɩɨɥɶɡɭɸɬ ɬɢɝɟɥɶɧɵɟ ɩɟɱɢ ɛɨɥɶɲɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; ɩɨɫɥɟ ɩɪɢɟɦɧɨɣ 
ɩɥɚɜɤɢ ɫɩɥɚɜ, ɫɨɞɟɪɠɚɳɢɣ, %: 97,5 – Ag; 2,0 – Au; 0,5 – Pd, ɨɬɥɢɜɚɸɬ ɜ ɚɧɨɞɵ 
ɦɚɫɫɨɣ (11÷12) ɤɝ. ɉɨɫɥɟɞɭɸɳɢɣ ɷɥɟɤɬɪɨɥɢɡ ɜɟɞɭɬ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 400 
Ⱥ/ɦ2. ɉɪɨɝɪɚɦɦɚ ɦɨɞɟɪɧɢɡɚɰɢɢ ɜɤɥɸɱɚɟɬ ɬɚɤɠɟ ɩɨɥɭɱɟɧɢɟ ɩɨɥɭɩɪɨɞɭɤɬɚ, 
ɫɨɞɟɪɠɚɳɟɝɨ 26% ɦɟɞɢ ɢ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɤɨɬɨɪɵɯ ɧɚɩɪɚɜɥɹɸɬ ɧɚ 
ɤɨɧɜɟɪɬɢɪɨɜɚɧɢɟ [19].  

Ɏɢɪɦɚ «ɗɫɬɟɪɧ ɋɦɟɥɬɢɧɝ ɷɧɞ Ɋɢɮɚɣɧɢɧɝ» ɡɚɤɨɧɱɢɥɚ ɦɨɞɟɪɧɢɡɚɰɢɸ ɢ 
ɪɚɫɲɢɪɟɧɢɟ ɡɚɜɨɞɚ ɜ ɝ. Ʌɢɧɧ (ɲɬɚɬ Ɇɚɫɫɚɱɭɫɟɬɫ, ɋɒȺ). ɋɵɪɶɟɦ ɡɚɜɨɞɚ ɫɥɭɠɚɬ 
ɨɬɯɨɞɵ ɢ ɥɨɦ ɸɜɟɥɢɪɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɨɬɪɚɛɨɬɚɧɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɢ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɲɥɚɦɵ, ɞɪɭɝɢɟ ɩɨɪɨɲɤɨɜɵɟ ɨɬɯɨɞɵ ɢ ɮɨɬɨɦɚɬɟɪɢɚɥɵ [20]. ɇɚ 
ɡɚɜɨɞɟ ɢɫɩɨɥɶɡɭɸɬ ɞɜɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ: ɨɛɠɢɝ (ɫɠɢɝɚɧɢɟ) ɢ ɩɥɚɜɤɭ. 
Ɉɝɚɪɨɤ ɢɥɢ ɡɨɥɭ ɩɨɫɥɟ ɨɛɠɢɝɚ ɢɡɦɟɥɶɱɚɸɬ ɜ ɲɚɪɨɜɨɣ ɦɟɥɶɧɢɰɟ ɢ ɩɥɚɜɹɬ ɜ 
ɩɟɱɚɯ, ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɤɨɬɨɪɵɯ – ɢɧɞɭɤɰɢɨɧɧɵɟ.  

ɏɚɪɚɤɬɟɪɧɵɦ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɚɜɨɞɨɜ 
ɜɬɨɪɢɱɧɵɯ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɪɚɧɶɲɟ ɫɨɩɭɬɫɬɜɨɜɚɥɢ 
ɩɪɟɞɩɪɢɹɬɢɹɦ ɸɜɟɥɢɪɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɬɟɩɟɪɶ ɢɯ ɪɚɡɦɟɳɚɸɬ ɜ ɡɨɧɟ 
ɡɚɜɨɞɨɜ ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɚɜɢɬɟɥɶɫɬɜɨ ɋɢɧɝɚɩɭɪɚ 
ɩɨɪɭɱɢɥɨ ɮɢɪɦɟ «ɏɷɧɞɢ ɷɧɞ ɏɚɪɦɚɧ» (ɋɒȺ) ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɨɞɚ ɩɨ 
ɢɡɜɥɟɱɟɧɢɸ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɤɪɚɩɚ. ɇɚ ɡɚɜɨɞɟ, 
ɢɦɟɸɳɟɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 1,4 ɬɵɫ. ɬ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɜ ɝɨɞ, ɞɟɣɫɬɜɭɟɬ 
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ɷɥɟɤɬɪɨɥɢɡɧɵɣ ɰɟɯ, ɩɪɨɞɭɤɰɢɟɣ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɪɚɮɢɧɢɪɨɜɚɧɧɵɟ ɡɨɥɨɬɨ ɢ 
ɫɟɪɟɛɪɨ.  

ɇɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɤɨɦɩɚɧɢɣ «ɗɧɝɟɥɶɯɚɪɞ» (ɋɒȺ), «ɏɟɪɷɭɫ» ɢ «Ⱦɟɝɭɫɫɚ» 
(Ƚɟɪɦɚɧɢɹ) ɞɥɹ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɩɪɨɛɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɨɛɠɢɝ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɭɞɚɥɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɨɬɝɨɧɤɭ 
ɧɟɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (As, Zn, Pb, Sn ɢ ɞɪ.) ɢ ɩɟɪɟɜɨɞ ɩɪɢɦɟɫɟɣ (Cu) ɜ ɲɥɚɤ 
ɜ ɜɢɞɟ ɨɤɫɢɞɚ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɢɡɦɟɥɶɱɟɧɢɟ ɨɝɚɪɤɚ (ɪɚɡɦɟɪ ɱɚɫɬɢɰ 2 ɦɦ). ɗɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɞɧɨɪɨɞɧɨɫɬɶ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ɉɪɟɞɭɫɦɨɬɪɟɧɵ 
ɬɚɤɠɟ ɤɥɚɫɫɢɮɢɤɚɰɢɹ, ɦɚɝɧɢɬɧɚɹ ɫɟɩɚɪɚɰɢɹ ɢ ɩɥɚɜɤɚ [21].  

Ɉɬɞɟɥɟɧɢɟ ɧɟɦɟɬɚɥɥɢɱɟɫɤɨɣ, ɦɚɝɧɢɬɧɨɣ ɢ ɧɟɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɬ 
ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɢ 
ɦɚɝɧɢɬɧɨɣ ɫɟɩɚɪɚɰɢɢ.  

ɇɟɤɨɬɨɪɵɟ ɮɢɪɦɵ ɢɫɩɨɥɶɡɭɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 
ɪɚɡɞɟɥɟɧɢɟ ɫɵɪɶɹ ɩɨ ɮɪɚɤɰɢɹɦ. Ɉɬɞɟɥɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɥɨɦɚ ɞɨɫɬɢɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɤɪɵɯ ɦɟɬɨɞɨɜ ɨɛɨɝɚɳɟɧɢɹ.  

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɟɪɟɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɤɪɚɩɚ, ɚɤɤɭɦɭɥɹɬɨɪɧɨɝɨ 
ɥɨɦɚ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɡɚ ɪɭɛɟɠɨɦ ɢɫɩɨɥɶɡɭɸɬ 
ɨɛɨɝɚɬɢɬɟɥɶɧɵɟ, ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ, ɷɥɟɤɬɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɢ 
ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ɇɚɩɪɢɦɟɪ, ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɮɢɪɦɵ «Ⱦɠɨɧɫɨɧ 
Ɇɚɬɬɢ» ɢ «Ⱦɟɝɭɫɫɚ» ɢɡɜɥɟɱɟɧɢɟ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɨɞɧɨɪɨɞɧɵɯ ɮɪɚɤɰɢɣ 
ɨɬɯɨɞɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɟɪɟɪɚɛɨɬɤɢ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɥɚɜɤɢ ɨɛɨɠɠɟɧɧɨɝɨ ɫɤɪɚɩɚ ɧɚ ɫɜɢɧɰɨɜɵɣ ɜɟɪɤɛɥɟɣ ɢ ɦɟɞɧɵɣ 
ɲɬɟɣɧ. ɋɤɪɚɩ, ɩɨɫɬɭɩɚɸɳɢɣ ɜ ɲɚɯɬɧɭɸ ɩɟɱɶ, ɩɨɞɜɟɪɝɚɟɬɫɹ ɩɥɚɜɤɟ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɤɫɚ, ɨɤɫɢɞɚ ɫɜɢɧɰɚ ɢ ɧɟɨɛɯɨɞɢɦɵɯ ɲɥɚɤɨɨɛɪɚɡɭɸɳɢɯ ɞɨɛɚɜɨɤ. 
Ɉɛɪɚɡɭɸɳɢɣɫɹ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɫɜɢɧɟɰ ɩɪɢ ɟɝɨ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɩɟɱɶ 
ɫɬɚɧɨɜɢɬɫɹ ɤɨɥɥɟɤɬɨɪɨɦ ɜɫɟɯ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ.  

ɉɨɥɭɱɟɧɧɵɟ ɨɤɫɢɞɵ ɫɜɢɧɰɚ ɢ ɞɪɭɝɢɯ ɧɟɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɜɵɞɟɥɹɸɬ 
ɤɚɤ ɫɜɢɧɰɨɜɵɣ ɝɥɟɬ ɢ ɜɨɡɜɪɚɳɚɸɬ ɜ ɲɚɯɬɧɭɸ ɩɟɱɶ. ȼɬɨɪɵɦ ɩɪɨ-ɞɭɤɬɨɦ 
ɤɭɩɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɱɟɪɧɨɜɨɟ ɫɟɪɟɛɪɨ, ɜ ɤɨɬɨɪɨɦ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɡɨɥɨɬɨ 
ɢ ɦɟɬɚɥɥɵ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ. ɋɟɪɟɛɪɨ ɩɨɞɜɟɪɝɚɟɬɫɹ ɷɥɟɤɬɪɨɪɚɮɢɧɢɪɨɜɚɧɢɸ ɫ 
ɩɨɥɭɱɟɧɢɟɦ ɤɚɬɨɞɧɨɝɨ ɫɟɪɟɛɪɚ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ. Ɉɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɷɬɨɦ 
ɚɧɨɞɧɵɣ ɲɥɚɦ, ɫɨɞɟɪɠɚɳɢɣ ɡɨɥɨɬɨ ɢ ɩɥɚɬɢɧɨɜɵɟ ɦɟɬɚɥɥɵ, ɩɥɚɜɹɬ ɧɚ ɚɧɨɞɵ ɢ 
ɩɨɞɜɟɪɝɚɸɬ ɷɥɟɤɬɪɨɥɢɡɭ ɫ ɩɨɥɭɱɟɧɢɟɦ ɱɢɫɬɨɝɨ ɡɨɥɨɬɚ ɧɚ ɤɚɬɨɞɟ. ɉɥɚɬɢɧɨɜɵɟ 
ɦɟɬɚɥɥɵ, ɨɫɬɚɜɲɢɟɫɹ ɜ ɷɥɟɤɬɪɨɥɢɬɟ, ɪɚɡɞɟɥɹɸɬ ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ.  

ɇɚ ɩɪɟɞɩɪɢɹɬɢɹɯ «ɏɟɪɷɭɫ», «ɋɷɛɢɧ», «ɗɧɝɟɥɶɯɚɪɞ» ɢ ɪɹɞɟ ɞɪɭɝɢɯ 
ɨɛɨɠɠɟɧɧɵɣ ɷɥɟɤɬɪɨɧɧɵɣ ɫɤɪɚɩ ɩɥɚɜɹɬ ɧɚ ɚɧɨɞɵ, ɚ ɡɚɬɟɦ ɩɪɨɜɨɞɹɬ ɷɥɟɤɬɪɨɥɢɡ 
ɦɟɞɢ ɫ ɩɨɥɭɱɟɧɢɟɦ ɤɚɬɨɞɧɨɣ ɦɟɞɢ ɢ ɚɧɨɞɧɨɝɨ ɲɥɚɦɚ, ɫɨɞɟɪɠɚɳɟɝɨ 
ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ. ɉɪɨɰɟɫɫ ɨɛɠɢɝɚ ɭɩɪɚɜɥɹɟɬɫɹ ɤɨɦɩɶɸɬɟɪɨɦ, ɩɪɨɝɪɚɦɦɚ 
ɤɨɬɨɪɨɝɨ ɫɜɹɡɵɜɚɟɬ ɪɟɠɢɦ ɨɛɠɢɝɚ ɫ ɜɟɳɟɫɬɜɟɧɧɵɦ ɫɨɫɬɚɜɨɦ ɦɚɬɟɪɢɚɥɚ[21]. 

Ɇɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ «ɏɨɛɨɤɟɧ» (Ȼɟɥɶɝɢɹ) ɫɩɟɰɢɚɥɢɡɢɪɭɟɬɫɹ ɧɚ 
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɟ ɦɟɞɧɨ – ɫɜɢɧɰɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ 
Ag, Au, Pt, Pd, Rh ɢ ɪɟɞɤɢɟ ɦɟɬɚɥɥɵ, ɬɚɤɢɟ ɤɚɤ Se, Ɍɟ ɢ In. ɉɨɫɤɨɥɶɤɭ ɤɨɦɛɢɧɚɬ 
ɧɟ ɢɦɟɟɬ ɫɨɛɫɬɜɟɧɧɨɣ ɫɵɪɶɟɜɨɣ ɛɚɡɵ, ɫɵɪɶɟ, ɩɨɫɬɭɩɚɸɳɟɟ ɢɡ ɜɧɟɲɧɢɯ 
ɢɫɬɨɱɧɢɤɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɫɶɦɚ ɪɚɡɧɨɪɨɞɧɭɸ ɫɦɟɫɶ. Ⱦɨ ɧɟɞɚɜɧɟɝɨ 
ɜɪɟɦɟɧɢ ɧɚ ɤɨɦɛɢɧɚɬɟ ɩɟɪɟɪɚɛɚɬɵɜɚɥɢ – 35% ɩɟɪɜɢɱɧɨɝɨ ɫɵɪɶɹ, 65% 
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ɫɨɫɬɚɜɥɹɥɨ ɜɬɨɪɢɱɧɨɟ ɫɵɪɶɟ ɢɥɢ ɩɨɛɨɱɧɵɟ ɩɪɨɞɭɤɬɵ ɡɚɜɨɞɨɜ ɰɜɟɬɧɨɣ 
ɦɟɬɚɥɥɭɪɝɢɢ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɨɦɛɢɧɚɬ ɜ ɨɫɧɨɜɧɨɦ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬ ɪɚɡɥɢɱɧɵɟ 
ɩɪɨɦɩɪɨɞɭɤɬɵ ɢ ɫɤɪɚɩ ɫ ɩɨɥɭɱɟɧɢɟɦ ɛɥɚɝɨɪɨɞɧɵɯ, ɰɜɟɬɧɵɯ, ɪɟɞɤɢɯ ɢ 
ɪɚɫɫɟɹɧɧɵɯ ɦɟɬɚɥɥɨɜ ɩɨ ɫɥɨɠɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ.  

ɇɚ ɡɚɜɨɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɰɟɫɫ, ɹɜɥɹɸɳɢɣɫɹ ɦɨɞɢɮɢɤɚɰɢɟɣ ɩɥɚɜɤɢ ɜ 
ɠɢɞɤɨɣ ɜɚɧɧɟ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɞɭɜɚɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɫɩɥɚɜɚ 
ɫɦɟɫɢ ɜɨɡɞɭɯɚ, ɤɢɫɥɨɪɨɞɚ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ. ɉɥɚɜɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɡɞɟɥɟɧɢɟ 
ɫɜɢɧɰɚ, ɤɨɬɨɪɵɣ ɩɟɪɟɯɨɞɢɬ ɜ ɲɥɚɤ ɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɲɚɯɬɧɭɸ ɩɟɱɶ, ɢ ɦɟɞɢ. Ⱦɥɹ 
ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɬɪɟɛɭɟɬɫɹ (10÷25)% ɦɟɞɢ ɢ (15÷30)% ɫɜɢɧɰɚ ɜ 
ɡɚɝɪɭɡɤɟ. Ʉɪɨɦɟ ɨɫɧɨɜɧɨɝɨ ɫɵɪɶɹ ɧɚ ɩɥɚɜɤɭ ɩɨɫɬɭɩɚɟɬ ɲɬɟɣɧ ɢɡ ɫɜɢɧɰɨɜɨɣ 
ɲɚɯɬɧɨɣ ɩɟɱɢ.  

ɉɥɚɜɤɭ ɩɪɨɜɨɞɹɬ ɜ ɬɟɱɟɧɢɟ 10 ɱ ɞɜɭɦɹ ɩɨɪɰɢɹɦɢ. Ʉɚɠɞɚɹ ɡɚɝɪɭɡɤɚ 
ɩɥɚɜɢɬɫɹ, ɚ ɡɚɬɟɦ ɤɨɧɜɟɪɬɢɪɭɟɬɫɹ ɫ ɩɨɥɭɱɟɧɢɟɦ (40÷50)ɬ ɱɟɪɧɨɜɨɣ ɦɟɞɢ, 
ɲɥɚɤɨɜ ɢ ɭɥɚɜɥɢɜɚɟɦɵɯ ɝɚɡɨɜ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɩɪɢɦɟɪɧɨ 1/3 ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ 
ɩɪɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɵɥɨ ɫɞɟɥɚɧɨ ɜ ɫɢɫɬɟɦɭ ɩɵɥɟ ɢ ɝɚɡɨɨɱɢɫɬɤɢ.  

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɩɟɪɟɯɨɞɢɬ ɜ ɱɟɪɧɨɜɭɸ ɦɟɞɶ, 
ɩɨɫɬɭɩɚɸɳɭɸ ɧɚ ɪɚɮɢɧɢɪɨɜɚɧɢɟ, ɩɨɫɥɟ ɱɟɝɨ ɷɥɟɤɬɪɨɥɢɬɧɵɟ ɲɥɚɦɵ 
ɜɨɡɜɪɚɳɚɸɬɫɹ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɤɭɩɟɥɹɰɢɨɧɧɵɯ ɩɟɱɚɯ; ɬɭɞɚ ɠɟ ɩɨɫɬɭɩɚɸɬ 
ɨɫɚɞɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɧɢɤɟɥɟɜɨɣ ɲɩɟɣɡɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ 
ɤɭɩɟɥɹɰɢɨɧɧɵɟ ɩɟɱɢ ɧɚɩɪɚɜɥɹɸɬ ɨɫɚɞɤɢ, ɫɨɞɟɪɠɚɳɢɟ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɢɡ 
ɫɜɢɧɰɨɜɨɝɨ ɰɢɤɥɚ, ɚ ɬɚɤɠɟ ɜɧɨɜɶ ɩɨɫɬɭɩɚɸɳɟɟ ɫɵɪɶɟ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɦɟɬɚɥɥɨɜ. ɇɟɤɨɬɨɪɵɟ ɨɫɚɞɤɢ ɫ ɨɱɟɧɶ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɆɉȽ ɩɨɫɬɭɩɚɸɬ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɰɟɯ ɚɮɮɢɧɚɠɚ ɆɉȽ [22]. 

 
2.2 ɉɪɚɤɬɢɤɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɪɚɛɨɬɚɸɳɢɯ ɩɨ 

ɪɚɡɥɢɱɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɫɯɟɦɚɦ ɩɟɪɟɪɚɛɨɬɤɢ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ 
ɥɨɦɚ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɬɨɪɢɱɧɨɝɨ ɦɟɬɚɥɥɚ ɜɫɟ ɛɨɥɶɲɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɣ ɦɟɬɚɥɥɨɥɨɦ. ȼ ɫɜɹɡɢ ɫɨ ɫɥɨɠɧɨɫɬɶɸ ɩɟɪɟɪɚɛɨɬɤɢ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɥɨɦɚ ɩɨɹɜɢɥɚɫɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɧɚɪɹɞɭ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ ɢɡɜɥɟɤɚɬɶ ɢ ɞɪɭɝɢɟ 
ɦɟɬɚɥɥɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɥɨɦɟ (Al, Fe, ɋu, ɞɪɚɝɨɰɟɧɧɵɟ ɦɟɬɚɥɥɵ, Zn, Mg, 
ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ ɢ ɬ.ɞ.). ɂɡɜɥɟɱɟɧɢɟ ɢ ɨɛɨɝɚɳɟɧɢɟ ɩɨɩɭɬɧɵɯ ɦɟɬɚɥɥɨɜ 
ɨɤɚɡɚɥɢɫɶ ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɟɧɬɚɛɟɥɶɧɵɦɢ – ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɛɨɥɟɟ 
ɱɢɫɬɵɟ ɦɟɬɚɥɥɵ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɨɯɨɞɵ. Ʉ ɬɪɭɞɧɨɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɦɭ ɥɨɦɭ 
ɨɬɧɨɫɹɬɫɹ ɫɚɦɨɥɟɬɵ ɢ ɢɯ ɞɜɢɝɚɬɟɥɢ, ɷɥɟɤɬɪɨɧɧɨ – ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɚɩɩɚɪɚɬɭɪɚ, 
ɛɵɬɨɜɚɹ ɷɥɟɤɬɪɨɚɩɩɚɪɚɬɭɪɚ, ɪɚɡɥɢɱɧɵɟ ɢɡɞɟɥɢɹ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ, 
ɷɥɟɤɬɪɨɧɧɨɣ, ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɢ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɉɟɪɜɢɱɧɚɹ ɨɛɪɚɛɨɬɤɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɥɨɦɚ ɨɛɵɱɧɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɟɝɨ 
ɞɪɨɛɥɟɧɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ ɪɚɡɞɟɥɟɧɢɟ ɦɟɬɚɥɥɨɜ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ. ȿɫɥɢ ɜ ɫɨɫɬɚɜɟ ɥɨɦɚ ɢɦɟɸɬɫɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɩɪɟɞɦɟɬɵ, 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɷɮɮɟɤɬɢɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɢɯ ɪɚɡɪɟɡɚɧɢɹ ɧɚ 
ɤɭɫɤɢ, ɩɨɞɞɚɸɳɢɟɫɹ ɞɪɨɛɥɟɧɢɸ. Ⱦɥɹ ɞɪɨɛɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɥɨɦɚ ɱɚɫɬɨ 
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ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɧɟ ɨɞɧɭ, ɚ ɧɟɫɤɨɥɶɤɨ ɞɪɨɛɢɥɨɤ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ, ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɥɨɦɚ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɥɨɦɚ ɪɚɡɪɚɛɨɬɚɧɨ ɧɚ 
ɨɫɧɨɜɟ ɨɛɨɝɚɬɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ. Ɉɞɧɚɤɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɯɧɢɤɢ 
ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɥɨɦɚ ɧɟɨɛɯɨɞɢɦɨ ɨɛɥɚɞɚɬɶ ɡɧɚɧɢɹɦɢ ɨ ɫɩɟɰɢɮɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜɚɯ ɥɨɦɚ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɫɬɨɹɧɧɨɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɨɩɵɬɚ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɍɟɯɧɨɥɨɝɢɹ ɤɨɦɩɥɟɤɫɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɬɚɤɨɝɨ ɥɨɦɚ ɨɛɵɱɧɨ ɜɤɥɸɱɚɟɬ ɜ 
ɫɟɛɹ: 

 ɞɟɦɨɧɬɚɠ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɫɨɪɬɢɪɨɜɤɭ ɥɨɦɚ; 
 ɢɡɦɟɥɶɱɟɧɢɟ ɢ ɫɟɩɚɪɚɰɢɸ ɥɨɦɚ; 
 ɩɨɥɭɱɟɧɢɟ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ ɢ ɞɪɭɝɢɯ ɩɪɨɞɭɤɬɨɜ, ɬɨɜɚɪɨɜ ɧɚɪɨɞɧɨɝɨ 

ɩɨɬɪɟɛɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɜ ɤɚɱɟɫɬɜɟ 
ɞɨɛɚɜɤɢ ɤ ɩɟɪɜɢɱɧɨɦɭ ɫɵɪɶɸ. 

Ʌɨɦ ɢ ɨɬɯɨɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɩɨɬɪɟɛɥɟɧɢɹ ɩɪɨɞɭɤɰɢɢ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ 
ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ – ɛɨɝɚɬɵɣ ɢɫɬɨɱɧɢɤ ɰɜɟɬɧɵɯ 
ɢ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ.  

Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɰɟɥɟɣ, ɩɪɟɫɥɟɞɭɟɦɵɯ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɥɨɦɚ – ɢɡɜɥɟɱɟɧɢɟ ɢɡ ɧɟɝɨ ɦɟɞɢ ɨɥɨɜɚ ɫɜɢɧɰɚ, ɰɢɧɤɚ, 
ɧɢɤɟɥɹ ɢ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. 

ȼɚɠɧɵɦ ɮɚɤɬɨɪɨɦ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɦ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɟɪɟɪɚɛɨɬɤɢ 
ɫɥɨɠɧɵɯ ɨɬɯɨɞɨɜ, ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɢɯ ɜɪɟɞɧɨɟ ɷɤɨɥɨɝɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ.  

ɋɠɢɝɚɧɢɟ ɨɬɯɨɞɨɜ ɷɥɟɤɬɪɨɧɧɨɣ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɚɩɩɚɪɚɬɭɪɵ 
ɩɪɢɜɨɞɢɬ ɤ ɡɚɝɪɹɡɧɟɧɢɸ ɚɬɦɨɫɮɟɪɵ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɢ ɜɪɟɞɧɵɦɢ 
ɯɢɦɢɱɟɫɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɯɥɨɪɢɫɬɵɣ ɢ ɮɬɨɪɢɫɬɵɣ ɜɨɞɨɪɨɞ, 
ɫɟɪɧɢɫɬɵɣ ɝɚɡ, ɫɨɟɞɢɧɟɧɢɹ ɫɜɢɧɰɚ ɢ ɰɢɧɤɚ, ɮɟɧɨɥ, ɷɬɢɥɯɥɨɪɝɢɞɪɚɬ, ɬɨɥɭɨɥ, 
ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɬɨɤɫɢɱɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ (2÷3) ɤɥɚɫɫɚ ɨɩɚɫɧɨɫɬɢ. 

ȼɟɞɭɳɢɦɢ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɜ ɨɛɥɚɫɬɢ ɩɟɪɟɪɚɛɨɬɤɟ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɨɦɚ ɹɜɥɹɸɬɫɹ Ɇɢɧɫɜɹɡɢ ɊɎ, ɇɂɂȽɢɧɚɥɦɚɡɡɨɥɨɬɨ ɢ ɧɟɤɨɬɨɪɵɟ 
ɞɪɭɝɢɟ. 

ȼ Ɇɢɧɫɜɹɡɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɤɨɦɩɥɟɤɫɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɥɨɦɚ 
ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɚɹ: 

 ɦɟɯɚɧɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɡɦɟɥɶɱɟɧɢɹ ɥɨɦɚ ɢ ɫɟɩɚɪɚɰɢɢ ɞɪɨɛɥɟɧɨɝɨ 
ɥɨɦɚ ɧɚ ɤɨɦɩɨɧɟɧɬɵ; 

 ɩɨɥɭɱɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɨɥɨɜɹɧɧɨ–ɫɜɢɧɰɨɜɨɝɨ ɩɪɢɩɨɹ ɩɭɬɟɦ ɧɚɝɪɟɜɚ 
ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɥɨɦɚ ɩɟɱɚɬɧɵɯ ɩɥɚɬ; 

 ɩɨɥɭɱɟɧɢɟ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ; 
 ɩɟɪɟɪɚɛɨɬɤɭ ɫɬɟɤɥɚ, ɩɨɥɢɦɟɪɧɵɯ ɢ ɞɟɪɟɜɹɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɢɡ ɧɢɯ ɬɨɜɚɪɨɜ ɧɚɪɨɞɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ. 
Ɍɟɯɧɨɥɨɝɢɹ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɜ ɇɂɂȽɢɧɚɥɦɚɡɡɨɥɨɬɨ, ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɧɚ 

ɩɨɥɭɱɟɧɢɟ ɜ ɨɫɧɨɜɧɨɦ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɷɥɟɦɟɧɬɨɜ ɢ ɭɡɥɨɜ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɨɦɚ, ɢɯ ɫɨɞɟɪɠɚɳɢɯ. Ɂɚɞɚɱ ɤɨɦɩɥɟɤɫɧɨɣ ɦɚɥɨɨɬɯɨɞɧɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ ɧɟ ɫɬɚɜɢɬɫɹ. 
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Ⱦɪɭɝɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɟɬɨɞɨɜ ɫɟɩɚɪɚɰɢɢ ɜ ɠɢɞɤɢɯ ɫɪɟɞɚɯ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ 
ɨɛɨɝɚɳɟɧɢɹ ɪɭɞ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ. 

ȼɇɂɂɉɜɬɨɪɰɜɟɬɦɟɬ ɫɩɟɰɢɚɥɢɡɢɪɭɟɬɫɹ ɧɚ ɬɟɯɧɨɥɨɝɢɹɯ ɩɟɪɟɪɚɛɨɬɤɢ 
ɨɬɞɟɥɶɧɵɯ ɬɢɩɨɜ ɥɨɦɚ: ɩɟɱɚɬɧɵɯ ɩɥɚɬ, ɷɥɟɤɬɪɨɧɧɨ–ɜɚɤɭɭɦɧɵɯ ɩɪɢɛɨɪɨɜ, 
ɛɥɨɤɨɜ ɉɌɄ ɜ ɬɟɥɟɜɢɡɨɪɚɯ. 

ɉɟɪɟɪɚɛɨɬɤɚ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɢ ɢɯ ɰɟɧɧɨɫɬɶ ɤɚɤ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ 
ɩɪɟɞɨɩɪɟɞɟɥɹɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɧɢɯ ɦɟɞɢ, ɨɥɨɜɹɧɧɨ-
ɫɜɢɧɰɨɜɨɝɨ ɩɪɢɩɨɹ ɢ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɜ ɨɫɧɨɜɧɨɦ ɫɟɪɟɛɪɚ. ȼɨ 
ȼɇɂɂɉɜɬɨɪɰɜɟɬɦɟɬɟ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɜɵɞɟɥɟɧɢɹ ɦɟɬɚɥɥɨɜ ɢɡ ɩɟɱɚɬɧɵɯ 
ɩɥɚɬ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɫɟɩɚɪɚɰɢɢ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɥɨɦ 
ɞɪɨɛɢɬɫɹ ɧɚ ɧɨɠɟɜɨɣ ɞɪɨɛɢɥɤɟ ɢ ɤɨɧɭɫɧɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ɞɪɨɛɢɥɤɟ. ɉɪɨɰɟɫɫ 
ɷɥɟɤɬɪɨɫɟɩɚɪɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɥɹ ɮɪɚɤɰɢɢ (1÷2) ɦɦ. 

ɉɨ ɩɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥ ɩɥɚɬɵ: ɞɟɥɢɬɫɹ ɧɚ ɞɜɟ ɮɪɚɤɰɢɢ: ɫɦɟɫɶ ɦɟɬɚɥɥɨɜ ɢ 
ɧɟɦɟɬɚɥɥɨɜ (+1,25 ɦɦ) ɢ ɧɟɦɟɬɚɥɥɵ  (–1,25 ɦɦ). Ɍɚɤɨɟ ɪɚɡɞɟɥɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 
ɨɫɭɳɟɫɬɜɥɟɧɨ ɧɚ ɝɪɨɯɨɬɟ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɢɡ ɮɪɚɤɰɢɢ ɧɟɦɟɬɚɥɥɨɜ ɩɪɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɟɩɚɪɚɰɢɢ ɧɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɫɟɩɚɪɚɬɨɪɟ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɞɟɥɟɧɚ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɮɪɚɤɰɢɹ ɢ ɬɟɦ ɫɚɦɵɦ ɞɨɫɬɢɝɧɭɬɚ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɥɭɱɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɑɚɫɬɶ (80,26%) ɨɫɬɚɜɲɟɝɨɫɹ ɦɚɬɟɪɢɚɥɚ +1,25 ɦɦ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬɚ 
ɩɨɜɬɨɪɧɨɦɭ ɞɪɨɛɥɟɧɢɸ ɞɨ ɤɪɭɩɧɨɫɬɢ –1,25 ɦɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɞɟɥɟɧɢɟɦ ɢɡ 
ɧɟɝɨ ɦɟɬɚɥɥɨɜ ɢ ɧɟɦɟɬɚɥɥɨɜ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɨɜ  
ɩɟɪɟɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨɝɨ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ ɢɡɜɥɟɱɟɧɢɹ ɞɪɚɝɨɰɟɧɧɵɯ 
ɦɟɬɚɥɥɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɫɟɪɟɛɪɚ, ɜɤɥɸɱɚɸɳɢɣ ɪɚɫɩɥɚɜɥɟɧɢɟ ɨɬɯɨɞɨɜ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɮɥɸɫɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɫɨɞɭ, ɛɭɪɭ ɢ ɧɢɬɪɚɬ ɧɚɬɪɢɹ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɸɬɫɹ ɛɨɥɶɲɢɟ ɩɨɬɟɪɢ ɫɟɪɟɛɪɚ ɫɨ 
ɲɥɚɤɚɦɢ ɢ ɬɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɨɬɯɨɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɯɥɨɪɢɞ ɫɟɪɟɛɪɚ, ɧɟ 
ɪɚɫɩɥɚɜɥɹɟɬɫɹ ɜɦɟɫɬɟ ɫ ɩɪɢɫɚɞɨɱɧɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɨɛɪɚɡɭɹ ɧɟɩɪɨɩɥɚɜɥɟɧɧɭɸ 
ɛɟɫɮɨɪɦɟɧɧɭɸ ɦɚɫɫɭ. ɇɚɢɛɨɥɟɟ ɛɥɢɡɤɢɦ ɚɧɚɥɨɝɨɦ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ 
ɩɟɪɟɪɚɛɨɬɤɢ, ɜ ɤɨɬɨɪɨɦ ɛɨɥɶɲɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɞɨɫɬɢɝɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ 
ɫɩɨɫɨɛɟ ɢɡɜɥɟɱɟɧɢɹ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɫɟɪɟɛɪɚ, ɜɤɥɸɱɚɸɳɟɦ 
ɪɚɫɩɥɚɜɥɟɧɢɟ ɨɬɯɨɞɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɮɥɸɫɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɫɨɞɭ, ɛɭɪɭ ɢ ɧɢɬɪɚɬ 
ɧɚɬɪɢɹ, ɫɨɝɥɚɫɧɨ ɢɡɨɛɪɟɬɟɧɢɸ, ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɩɟɪɟɞ ɪɚɫɩɥɚɜɥɟɧɢɟɦ 
ɩɨɞɜɟɪɝɚɸɬ ɞɪɨɛɥɟɧɢɸ ɢ ɢɡɦɟɥɶɱɟɧɢɸ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɨɫɟɢɜɚɧɢɟɦ 
ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɧɚɱɚɥɚ ɱɟɪɟɡ ɫɢɬɨ N 12, ɡɚɬɟɦ ɱɟɪɟɡ ɫɢɬɨ N 45, 
ɪɚɫɩɥɚɜɥɟɧɢɟ ɩɪɨɫɟɹɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
(1000÷1190)°ɋ, ɩɪɢ ɩɨɞ ɞɟɪɠɚɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ ɫɨɞɵ, ɛɭɪɵ ɢ ɧɢɬɪɚɬɚ ɧɚɬɪɢɹ 
2:1:1, ɩɨɥɭɱɟɧɧɵɣ ɩɨɫɥɟ ɪɚɫɩɥɚɜɥɟɧɢɹ ɫɩɥɚɜ ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɚɮɮɢɧɚɠ [23]. 

ɇɚ ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɟɛɪɚ ɢɡ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɨɦɚ ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ 
ɩɚɬɟɧɬɨɜ, ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɫɩɨɫɨɛɵ ɨɩɢɫɚɧɵ ɧɢɠɟ. 

ɉɚɬɟɧɬ ɩɨ ɩɨɥɭɱɟɧɢɸ ɰɜɟɬɧɵɯ, ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɫɩɥɚɜɨɜ, 
ɩɨɥɭɱɚɟɦɵɯ ɩɪɢ ɭɬɢɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɞɟɬɚɥɟɣ. 
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ɋɩɨɫɨɛ ɜɤɥɸɱɚɟɬ ɞɟɡɢɧɬɟɝɪɚɰɢɸ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɝɨ ɥɨɦɚ, 
ɜɢɛɪɨɨɛɪɚɛɨɬɤɭ ɫ ɨɬɞɟɥɟɧɢɟɦ ɬɹɠɟɥɨɣ ɮɪɚɤɰɢɢ, ɫɨɞɟɪɠɚɳɟɣ ɛɥɚɝɨɪɨɞɧɵɟ 
ɦɟɬɚɥɥɵ, ɫɟɩɚɪɚɰɢɸ ɢ ɜɵɞɟɥɟɧɢɟ ɦɟɬɚɥɥɨɜ, ɩɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɧɵɣ 
ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɣ ɥɨɦ ɫɨɪɬɢɪɭɸɬ ɢ ɨɬɞɟɥɹɸɬ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɞɟɬɚɥɢ, 
ɨɫɬɚɜɲɭɸɫɹ ɱɚɫɬɶ ɥɨɦɚ ɩɨɞɜɟɪɝɚɸɬ ɜɢɛɪɨɨɛɪɚɛɨɬɤɟ ɫ ɨɬɞɟɥɟɧɢɟɦ ɬɹɠɟɥɨɣ 
ɮɪɚɤɰɢɢ ɢ ɫɟɩɚɪɚɰɢɢ, ɬɹɠɟɥɭɸ ɮɪɚɤɰɢɸ ɩɨɫɥɟ ɫɟɩɚɪɚɰɢɢ ɫɦɟɲɢɜɚɸɬ ɫ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɞɟɥɟɧɧɵɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɞɟɬɚɥɹɦɢ ɢ ɩɨɞɜɟɪɝɚɸɬ ɫɦɟɫɶ 
ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɩɥɚɜɥɟɧɢɸ ɩɪɢ ɩɨɞɚɱɟ ɜɨɡɞɭɲɧɨɝɨ ɞɭɬɶɹ ɜ ɩɪɟɞɟɥɚɯ 
(0,15÷0,25)ɧɦ3 ɧɚ 1 ɤɝ ɫɦɟɫɢ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɨɞɹɬ ɷɥɟɤɬɪɨɪɚɮɢɧɢɪɨɜɚɧɢɟ 
ɩɨɥɭɱɟɧɧɨɝɨ ɫɩɥɚɜɚ ɜ ɫɭɥɶɮɚɬɧɨɦ ɪɚɫɬɜɨɪɟ ɦɟɞɢ ɢ ɜɵɞɟɥɹɸɬ ɢɡ 
ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɲɥɚɦɚ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ. Ȼɥɚɝɨɞɚɪɹ ɫɩɨɫɨɛɭ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɨɟ ɢɡɜɥɟɱɟɧɢɟ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ: ɡɨɥɨɬɨ - 98,2%; 
ɫɟɪɟɛɪɨ - 96,9%; ɩɚɥɥɚɞɢɣ - 98,2%; ɩɥɚɬɢɧɚ - 98,5% [24]. 

ɉɨ ɢɡɜɥɟɱɟɧɢɸ ɫɟɪɟɛɪɚ ɢɡ ɫɩɥɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ Au, Cu, Pb, Sn, As, Zn 
ɫɭɳɟɫɬɜɭɟɬ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɩɟɪɟɜɨɞɟ ɫɟɪɟɛɪɚ  ɜ ɯɥɨɪɢɞ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɰɢɧɤɨɦ. 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɨɩɟɪɚɰɢɹɦɢ: 
1.Ɋɚɫɬɜɨɪɟɧɢɟ 
ɂɡɞɟɥɢɹ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɟɛɪɚ ɩɨɦɟɳɚɸɬɫɹ ɬɟɪɦɨɫɬɨɣɤɭɸ ɩɨɫɭɞɭ ɢ 

ɡɚɥɢɜɚɟɬɫɹ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ.  
Ɋɚɫɬɜɨɪɟɧɢɟ ɢɞɟɬ ɫɨɝɥɚɫɧɨ ɪɟɚɤɰɢɹɦ:  
 
3Ag + 4HNO3= 3AgNO3 + NO + 2H2O                                                         (11) 
 
Sn +4HNO3 = H2SnO3 + 4 NO2+ H2O                                                            (12) 
 
ɉɨ ɩɨɫɥɟɞɧɟɣ ɪɟɚɤɰɢɢ ɪɚɫɬɜɨɪɹɟɬɫɹ ɥɭɠɟɧɢɟ ɢ ɨɥɨɜɨ ɢɡ ɩɪɢɩɨɟɜ, 

ɨɛɪɚɡɭɟɬɫɹ ɛɟɥɚɹ ɧɟɪɚɫɬɜɨɪɢɦɚɹ ɧɢ ɜ ɤɢɫɥɨɬɚɯ, ɧɢ ɜ ɪɚɫɬɜɨɪɚɯ ɳɟɥɨɱɟɣ 
ɨɥɨɜɹɧɧɚɹ ɤɢɫɥɨɬɚ. 

ɉɪɨɱɢɟ ɦɟɬɚɥɥɵ (ɤɪɨɦɟ ɡɨɥɨɬɚ ɢ ɩɥɚɬɢɧɵ) ɪɚɫɬɜɨɪɹɸɬɫɹ, ɤɚɤ ɢ ɫɟɪɟɛɪɨ, ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɥɟɣ – ɧɢɬɪɚɬɨɜ 

2. Ɏɢɥɶɬɪɚɰɢɹ 
Ɋɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɫɟɪɟɛɪɨ, ɨɬɮɢɥɶɬɪɨɜɵɜɚɟɬɫɹ, ɩɪɨɦɵɜɚɟɬɫɹ ɜɨɞɨɣ  

ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ. ɉɪɨɦɵɜɧɵɟ ɜɨɞɵ ɫɨɛɢɪɚɸɬɫɹ ɜ ɨɫɧɨɜɧɨɣ ɪɚɫɬɜɨɪ. 
3. Ɉɫɚɠɞɟɧɢɟ 
ȼ ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ ɩɨɞɚɟɬɫɹ ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ. Ɋɚɫɬɜɨɪ ɫ ɨɫɚɞɤɨɦ 

ɧɚɝɪɟɜɚɸɬ, ɩɪɢ ɷɬɨɦ ɜɫɟ ɩɨɫɬɨɪɨɧɧɢɟ ɦɟɬɚɥɥɵ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ 
ɰɚɪɫɤɨɣ ɜɨɞɤɟ. ɉɨɫɥɟ ɱɟɝɨ ɧɭɠɧɨ ɩɪɨɜɟɪɢɬɶ ɩɨɥɧɨɬɭ ɨɫɚɠɞɟɧɢɹ: ɤ 
ɨɬɫɬɨɹɜɲɟɦɭɫɹ ɪɚɫɬɜɨɪɭ ɩɪɢɥɢɜɚɟɬɫɹ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɚ HCl. 
Ɉɬɫɭɬɫɬɜɢɟ ɨɫɚɞɤɚ ɢɥɢ ɦɭɬɢ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɜɫɟ ɫɟɪɟɛɪɨ ɢɡ ɪɚɫɬɜɨɪɚ 
ɩɟɪɟɲɥɨ ɜ ɨɫɚɞɨɤ: 

 
AgNO3+ HCl = AgCl + HNO3                                                                                                               (13) 
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Ⱦɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɨɫɚɞɤɚ ɯɥɨɪɢɞ ɫɟɪɟɛɪɚ ɨɬɮɢɥɶɬɪɨɜɵɜɚɸɬ ɢ 
ɩɨɜɬɨɪɧɨ ɤɢɩɹɬɹɬ ɫ 10% HCl. ȿɫɥɢ ɜ ɫɵɪɶɟ ɩɪɢɫɭɬɫɬɜɨɜɚɥ ɩɚɥɥɚɞɢɣ, ɬɨ 
ɨɫɬɚɜɲɢɣɫɹ ɪɚɫɬɜɨɪ ɢ ɩɟɪɜɵɟ ɩɪɨɦɵɜɧɵɟ ɜɨɞɵ ɨɬɩɪɚɜɥɹɸɬ ɧɚ ɞɨɛɵɱɭ 
ɩɚɥɥɚɞɢɹ. 

4. ɉɪɨɦɵɜɤɚ 
ȼ ɬɨɣ ɠɟ ɟɦɤɨɫɬɢ  ɩɪɨɦɵɜɚɸɬ ɨɫɚɞɨɤ ɞɟɤɚɧɬɚɰɢɟɣ ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ 

ɤɢɫɥɨɣ ɪɟɚɤɰɢɢ ɢ ɞɨ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ ɧɚ Cu+.  
5. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɰɢɧɤɨɦ  
ɋ ɯɥɨɪɢɞɚ ɫɟɪɟɛɪɚ ɫɥɢɜɚɸɬ ɜɨɞɭ, ɧɟ ɡɚɯɜɚɬɵɜɚɹ ɨɫɚɞɤɚ ɢ ɡɚɥɢɜɚɸɬ ɜ ɷɬɭ 

ɠɟ ɟɦɤɨɫɬɶ ɞɨ ɫɥɚɛɨɤɢɫɥɨɣ ɪɟɚɤɰɢɢ ɫɨɥɹɧɭɸ ɤɢɫɥɨɬɭ. ɋɸɞɚ ɠɟ ɩɨɫɬɟɩɟɧɧɨ 
ɜɜɨɞɹɬ ɩɪɢɦɟɪɧɨ ɜɞɜɨɟ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɰɢɧɤɚ (235 ɝ Zn  ɧɚ 
1 ɤɝ AgCl). Ɇɟɬɚɥɥɢɱɟɫɤɢɣ ɰɢɧɤ ɩɟɪɟɯɨɞɢɬ ɜ ɯɥɨɪɢɫɬɵɣ, ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɟɪɟɛɪɨ ɜ ɜɢɞɟ ɫɟɪɨɝɨ ɩɨɪɨɲɤɚ: 

 
2AgCl + Zn = 2Ag  + ZnCl2                                                                                                                     (14) 
 
ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɟɚɤɰɢɢ ɫ ɨɫɚɞɤɚ ɫɟɪɟɛɪɚ ɫɥɢɜɚɸɬ ɤɢɫɥɨɬɭ, ɩɪɨɦɵɜɚɸɬ 

ɧɨɜɨɣ ɩɨɪɰɢɟɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɨɫɬɚɬɤɨɜ ɰɢɧɤɚ, ɡɚɬɟɦ 
ɩɪɨɦɵɜɚɸɬ ɜɨɞɨɣ ɨɬ ɤɢɫɥɨɬɵ ɢ ɫɭɲɚɬ. Ⱦɚɥɟɟ ɫɟɪɟɛɪɨ ɨɬɩɪɚɜɥɹɸɬ ɧɚ ɩɥɚɜɤɭ ɜ 
ɫɥɢɬɤɢ. 

ɇɚɢɛɨɥɟɟ ɛɥɢɡɤɢɦ ɚɧɚɥɨɝɨɦ ɬɟɯɧɨɥɨɝɢɢ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɜɥɟɱɟɧɢɹ ɫɟɪɟɛɪɚ ɢɡ ɨɬɯɨɞɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɨɦɚ, ɫ ɩɨɥɭɱɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɫɟɪɟɛɪɹɧɨɝɨ 
ɩɨɪɨɲɤɚ ɨɞɧɨɪɨɞɧɨɝɨ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɱɢɫɬɨɬɨɣ 99,99 %, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ȾɋɌɍ 6836-04. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɩɟɪɚɰɢɟɣ ɹɜɥɹɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɞɝɨɬɨɜɤɚ 
ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɯ ɨɬɯɨɞɨɜ ɤ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦɭ ɩɟɪɟɞɟɥɭ ɢ ɨɛɟɡɠɢɪɢɜɚɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɵɪɶɹ ɜ ɪɚɫɬɜɨɪɟ, ɫɨɞɟɪɠɚɳɟɦ ɉȺȼ ɢ ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɭɸ ɫɨɞɭ. 
Ƚɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɬɜɨɪɟɧɢɟ ɫɵɪɶɹ ɜ ɜɨɞɧɨɦ 
ɪɚɫɬɜɨɪɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɢɧɟɪɚɥɶɧɵɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ. ȼ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɢɦɟɧɹɟɦɵɯ ɪɟɚɝɟɧɬɨɜ ɜɨɡɦɨɠɧɨ 
ɫɟɥɟɤɬɢɜɧɨɟ ɨɬɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɨɬ ɛɥɚɝɨɪɨɞɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɥɢɛɨ ɩɨɥɧɵɣ 
ɩɟɪɟɜɨɞ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɫɬɜɨɪ. Ɍɚɤ, ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɫɟɪɟɛɪɚ ɫ 
ɩɨɜɟɪɯɧɨɫɬɢ ɥɚɬɭɧɧɨɝɨ ɥɨɦɚ ɜ ɪɚɫɬɜɨɪɟ ɇ2SɈ4 ɩɪɢ 80°ɋ, ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɦɟɯɚɧɢɱɟɫɤɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɢɥɢ ɦɟɬɨɞ ɩɟɪɤɨɥɹɰɢɢ – ɰɢɪɤɭɥɹɰɢɸ ɪɚɫɬɜɨɪɚ 
ɫɤɜɨɡɶ ɧɟɩɨɞɜɢɠɧɵɣ ɫɥɨɣ ɫɵɪɶɹ. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɨɫɥɟ ɢɡɜɥɟɱɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɜ ɪɚɫɬɜɨɪ ɜ ɤɚɱɟɫɬɜɟ ɩɨɫɥɟɞɭɸɳɟɣ ɨɩɟɪɚɰɢɢ 
ɢɫɩɨɥɶɡɭɸɬ ɨɫɚɠɞɟɧɢɟ ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɜɟɫɬɢ ɢɡɛɢɪɚɬɟɥɶɧɨɟ ɨɫɚɠɞɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢɥɢ ɨɱɢɫɬɢɬɶ ɪɚɫɬɜɨɪ ɨɬ 
ɩɪɢɦɟɫɟɣ. Ⱦɥɹ ɫɟɥɟɤɬɢɜɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɫɟɪɟɛɪɚ ɢɡ ɪɚɫɬɜɨɪɚ ɩɪɨɜɨɞɹɬ 
ɨɫɚɠɞɟɧɢɟ ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɝɨ Ⱥgɋ1 ɪɚɫɬɜɨɪɨɦ Naɋ1. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɱɢɫɬɨɝɨ ɫɟɪɟɛɪɚ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. 

ɉɪɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɦ ɢɡɜɥɟɱɟɧɢɢ ɫɟɪɟɛɪɚ ɢɡ ɫɟɪɟɛɪɹɧɨɝɨ ɫɤɪɚɩɚ 
ɷɥɟɤɬɪɨɧɧɵɯ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ. ȼ ɩɪɨɰɟɫɫɟ ɢɫɩɨɥɶɡɭɸɬ 
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ɷɥɟɤɬɪɨɥɢɬ, ɞɥɹ ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɫɟɪɟɛɪɚ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɫɟɪɧɭɸ 
ɤɢɫɥɨɬɭ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ (80,0÷84,5)ɦɚɫ.% ɢ ɫɭɥɶɮɚɬ ɫɟɪɟɛɪɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 
(15÷40)ɝ/ɥ ɤɢɫɥɨɬɵ. ɗɥɟɤɬɪɨɥɢɡ ɜɟɞɭɬ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɟ ɛɨɥɟɟ 1,8 ȼ ɫ 
ɜɵɞɟɥɟɧɢɟɦ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɟɪɟɛɪɚ ɧɚ ɤɚɬɨɞɟ. ɗɥɟɤɬɪɨɥɢɡ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ 
ɜɟɫɬɢ ɩɪɢ (35÷50)°ɋ ɫ ɪɟɝɟɧɟɪɚɰɢɟɣ ɫɟɪɟɛɪɚ ɢɡ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ, 
ɫɨɞɟɪɠɚɳɟɣ ɦɟɞɶ, ɠɟɥɟɡɨ ɢɥɢ ɚɥɸɦɢɧɢɣ. Ⱦɨɫɬɢɝɚɟɦɵɣ ɪɟɡɭɥɶɬɚɬ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɤɚɬɨɞɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɟɪɟɛɪɚ ɢɡ ɫɤɪɚɩɚ ɷɥɟɤɬɪɨɧɧɵɯ ɢ 
ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɢɯ ɨɫɧɨɜɵ. ɉɪɢ ɷɬɨɦ 
ɱɢɫɬɨɬɚ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɟɪɟɛɪɚ, ɜɵɞɟɥɹɟɦɨɝɨ ɧɚ ɤɚɬɨɞɟ, ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 
99,9% ɩɪɢ ɟɝɨ ɢɡɜɥɟɱɟɧɢɢ (99,6÷99,8)%. ȼ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɜɯɨɞɹɬ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɟɬɨɤɫɢɱɧɵɟ ɜɟɳɟɫɬɜɚ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɫɩɨɫɨɛɚ ɹɜɥɹɸɬɫɹ ɛɨɥɶɲɚɹ ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ 
ɩɪɨɰɟɫɫɚ. ɉɪɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦ ɢɡɜɥɟɱɟɧɢɢ ɫɟɪɟɛɪɚ ɢɡ ɪɚɫɬɜɨɪɨɜ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɧɚ ɤɚɬɨɞɟ ɩɨɥɭɱɚɸɬ ɫɟɪɟɛɪɹɧɵɣ ɩɨɪɨɲɨɤ ɱɢɫɬɨɬɨɣ 99,99% 
[25]. 
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3 ɋɩɟɰɢɚɥɶɧɚɹ ɱɚɫɬɶ 
 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɜɵɲɟ ɦɟɬɨɞɵ ɩɟɪɟɪɚɛɨɬɤɢ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɥɨɦɚ 
ɩɨɡɜɨɥɹɸɬ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɩɟɪɟɪɚɛɨɬɤɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɜɢɞɚ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ, ɧɟ ɬɪɟɛɭɸɳɭɸ ɡɚɬɪɚɬ ɧɚ ɞɨɪɨɝɨɫɬɨɹɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, 
ɢɫɤɥɸɱɚɸɳɭɸ ɩɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ, ɧɟ ɜɤɥɸɱɚɸɳɭɸ ɜ ɫɟɛɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɢɡɦɟɥɶɱɟɧɢɟ ɫɵɪɶɹ ɢ ɩɨɡɜɨɥɹɸɳɭɸ ɩɨɥɭɱɚɬɶ ɝɨɬɨɜɭɸ 
ɩɪɨɞɭɤɰɢɸ ɜ ɜɢɞɟ ɰɟɦɟɧɬɚɬɚ ɫɟɪɟɛɪɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɨɬ 90 ɞɨ 98%. ɋɤɜɨɡɧɨɟ 
ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɟɛɪɚ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɥɹɟɬ 99,9%. 

 
3.1 ȼɵɛɨɪ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɢ ɚɩɩɚɪɚɬɭɪɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ 

ɩɟɪɟɪɚɛɨɬɤɢ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɥɨɦɚ 
 
ɇɚ ɈɈɈ «ȼɚɪɢɚɧɬ-Ɇ» ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɩɟɪɟɪɚɛɨɬɤɢ ɥɨɦɚ 

ɩɨɫɟɪɟɛɪɟɧɧɵɯ ɢɡɞɟɥɢɣ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ ɢ ɟɟ ɫɩɥɚɜɨɜ. Ⱦɚɧɧɚɹ ɫɯɟɦɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 
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Ɋɢɫɭɧɨɤ 2 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɫɟɪɟɛɪɟɧɧɨɝɨ ɥɨɦɚ ɫ 
ɩɨɥɭɱɟɧɢɟɦ ɰɟɦɟɧɬɧɨɝɨ ɫɟɪɟɛɪɚ ɢ ɱɢɫɬɨɣ (ɨɛɟɫɟɪɟɛɪɟɧɧɨɣ) ɨɫɧɨɜɵ 
 
ɋɭɳɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɟɥɟɤɬɢɜɧɨɦ ɪɚɫɬɜɨɪɟɧɢɢ ɫɟɪɟɛɪɚ ɜ 

ɫɦɟɫɢ ɫɟɪɧɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 20:1, ɩɪɢ ɷɬɨɦ ɨɫɧɨɜɚ 
ɩɨɤɪɵɜɚɟɬɫɹ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɨɣ ɢ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɫɦɟɫɢ ɤɢɫɥɨɬ. 
ȼɵɳɟɥɚɱɢɜɚɧɢɟ ɢɞɟɬ ɩɨ ɪɟɚɤɰɢɢ: 

 
2Ag + 2H2SO4 + HNO3 = Ag2SO4 + HNSO5 + 2H2O                                    (15) 
 
Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɚ ɭɪɚɜɧɟɧɢɟ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
 
2Ag + 2H2SO4 + 2HNO3 = Ag2SO4 + 2NO2↑ + 2H2O                                   (16) 
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ȼɵɳɟɥɚɱɢɜɚɧɢɟ ɩɪɨɜɨɞɹɬ ɜ ɪɟɚɤɬɨɪɚɯ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɢɥɢ ɬɢɬɚɧɚ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɟɦɤɨɫɬɢ. Ʌɨɦ ɡɚɝɪɭɠɚɸɬ ɜ 
ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɟ ɤɨɪɡɢɧɵ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɢɥɢ ɬɢɬɚɧɚ. Ⱦɥɹ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪ ɢɫɩɨɥɶɡɭɸɬ 4 ɪɟɚɤɬɨɪɚ: ɜ ɩɟɪɜɵɟ 
ɞɜɚ ɪɟɚɤɬɨɪɚ ɡɚɥɢɜɚɟɬɫɹ ɫɦɟɫɶ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɫɟɪɧɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ ɜ 
ɫɨɨɬɧɨɲɟɧɢɢ 20:1; ɜ ɫɥɟɞɭɸɳɢɟ ɞɜɚ ɪɟɚɤɬɨɪɚ ɡɚɥɢɜɚɟɬɫɹ ɬɨɥɶɤɨ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɚɹ ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ, ɞɥɹ ɨɬɦɵɜɤɢ ɜɵɳɟɥɨɱɟɧɧɨɝɨ ɥɨɦɚ ɨɬ 
ɨɫɬɚɬɤɨɜ ɫɟɪɟɛɪɚ. ȼɵɛɨɪ ɨɛɴɟɦɨɜ ɤɢɫɥɨɬ, ɡɚɥɢɜɚɟɦɵɯ ɜ ɪɟɚɤɬɨɪɵ, ɨɫɧɨɜɚɧ ɧɚ 
ɪɚɫɱɟɬɟ ɪɚɡɨɜɨɣ ɡɚɝɪɭɡɤɢ ɪɟɚɤɬɨɪɚ ɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜɵɳɟɥɚɱɢɜɚɧɢɹ. 
ȼɵɳɟɥɚɱɢɜɚɧɢɟ ɫɟɪɟɛɪɚ ɩɪɨɜɨɞɹɬ ɞɨ ɩɨɥɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɫɟɪɟɛɪɨɦ. 
Ɂɚɦɟɧɚ ɪɚɛɨɱɢɯ ɪɚɫɬɜɨɪɨɜ ɤɢɫɥɨɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɥɟ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɚ ɜ 
ɩɟɪɜɨɦ ɪɟɚɤɬɨɪɟ, ɪɚɫɬɜɨɪɵ ɜ ɨɫɬɚɥɶɧɵɯ ɬɪɟɯ ɪɟɚɤɬɨɪɚɯ ɹɜɥɹɸɬɫɹ ɨɛɨɪɨɬɧɵɦɢ. 
Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪɟ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 
150 ɝ/ɥ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪɟ ɩɪɨɢɫɯɨɞɢɬ 
ɜɵɫɚɥɢɜɚɧɢɟ ɪɚɫɬɜɨɪɚ (ɜɵɩɚɞɟɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɫɭɥɶɮɚɬɚ ɫɟɪɟɛɪɚ), ɤɨɬɨɪɨɟ 
ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɹɦ ɫɟɪɟɛɪɚ ɧɚ ɫɥɟɞɭɸɳɟɣ ɨɩɟɪɚɰɢɢ. 

ȼ ɩɟɪɜɵɯ ɞɜɭɯ ɪɟɚɤɬɨɪɚɯ ɢɞɟɬ ɜɵɳɟɥɚɱɢɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɨɩɢɫɵɜɚɟɬɫɹ 
ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɟɣ (16). ȼɵɳɟɥɚɱɢɜɚɧɢɟ ɜɟɞɭɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80°ɋ, ɜ 
ɬɟɱɟɧɢɟ (10÷15)ɦɢɧɭɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɫɵɪɶɹ, ɧɚɝɪɟɜ ɪɟɚɤɬɨɪɨɜ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɪɢ ɩɨɦɨɳɢ ɛɚɧɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

ȼ ɩɨɫɥɟɞɭɸɳɢɯ ɞɜɭɯ ɪɟɚɤɬɨɪɚɯ ɩɪɨɢɫɯɨɞɢɬ ɨɬɦɵɜɤɚ ɨɫɬɚɬɨɱɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɫɟɪɟɛɪɚ, ɤɨɬɨɪɨɟ ɦɨɝɥɨ ɨɫɬɚɬɶɫɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɨɫɧɨɜɟ ɩɨɫɥɟ 
ɨɫɧɨɜɧɨɝɨ ɜɵɳɟɥɚɱɢɜɚɧɢɹ. ɉɪɨɰɟɫɫ ɨɬɦɵɜɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟɦ 
ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɩɪɨɦɜɨɞɚɯ, ɤɨɝɞɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɞɨɫɬɢɝɚɟɬ 
(15÷20)ɝ/ɥ, ɬɨ ɩɪɨɦɜɨɞɵ ɧɟɣɬɪɚɥɢɡɭɸɬ ɢɡɜɟɫɬɤɨɜɵɦ ɦɨɥɨɤɨɦ. 
ɇɟɣɬɪɚɥɢɡɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ ɢɞɟɬ ɧɚ ɫɥɢɜ. Ɉɛɳɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 
ɨɬɦɵɜɤɢ ɡɚɧɢɦɚɟɬ 5 ɦɢɧ. ɋɤɜɨɡɧɨɟ ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪ ɫɨɫɬɚɜɥɹɟɬ 
99,9%. ɉɨɫɥɟ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪ ɫ ɩɨɦɨɳɶɸ ɧɚɫɨɫɚ ɩɟɪɟɯɨɞɢɬ ɜ ɪɟɚɤɬɨɪ, ɜ 
ɤɨɬɨɪɵɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɤɚɱɢɜɚɟɬɫɹ ɜɨɞɚ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɚɫɫɢɜɚɰɢɢ 
ɠɟɥɟɡɚ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɦ ɪɚɫɬɜɨɪɟ ɫɟɪɧɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ. ɉɪɢ 
ɪɚɡɛɚɜɥɟɧɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɩɨ ɫɟɪɟɛɪɭ ɪɚɫɬɜɨɪɚ ɩɪɨɢɫɯɨɞɢɬ ɝɢɞɪɨɥɢɡ 
ɧɢɬɪɨɡɢɥɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɩɨ ɪɟɚɤɰɢɢ: 

 
2HNSO5 + H2O = 2H2SO4 + NO + NO2↑                                                                                     (17) 
 
ɉɨɫɥɟ ɪɚɡɥɨɠɟɧɢɹ ɧɢɬɪɨɡɢɥɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɤɨɝɞɚ ɜɵɞɟɥɟɧɢɟ ɛɭɪɵɯ 

ɩɚɪɨɜ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɜ ɪɚɫɬɜɨɪ ɞɨɛɚɜɥɹɸɬ ɠɟɥɟɡɧɵɣ ɩɨɪɨɲɨɤ ɞɨ ɭɪɨɜɧɹ 
ɡɧɚɱɟɧɢɹ Ɉȼɉ ɦɟɧɟɟ 300 ɦȼ.   

ɉɨɪɨɲɨɤ ɠɟɥɟɡɚ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɫɟɪɟɛɪɚ ɯɨɪɨɲ ɬɟɦ, ɱɬɨ ɨɧ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɞɟɲɟɜɵɣ ɢ ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵɣ ɰɟɦɟɧɬɚɬɨɪ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɟɪɟɛɪɭ. 
Ɍɚɤɠɟ, ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ ɫɨɞɟɪɠɢɬ ɢɨɧɵ ɠɟɥɟɡɚ Fe+2, 
ɤɨɬɨɪɵɟ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɨɤɢɫɥɢɬɟɥɹ (ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ) ɨɤɢɫɥɹɸɬɫɹ ɞɨ ɢɨɧɨɜ 
Fe+3, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɯɨɪɨɲɢɦ ɨɤɢɫɥɢɬɟɥɟɦ ɢ ɭɫɤɨɪɹɸɬ ɩɪɨɰɟɫɫ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ. Ɋɚɫɬɜɨɪ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɭɱɚɫɬɨɤ ɜɬɨɪɢɱɧɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ ɡɨɥɨɬɚ. 
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ɉɪɨɰɟɫɫ ɰɟɦɟɧɬɚɰɢɢ ɫɟɪɟɛɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɪɟɚɤɰɢɹɦɢ: 
 
Fe + H2SO4 +2HNO3 = FeSO4 + 2NO2↑ + 2H2O            (18) 
 
Fe + Ag2SO4 = FeSO4 + 2Ag                                                             (19) 
 
Fe + H2SO4 = FeSO4 + H↑                                                             (20) 
 
ȼ ɯɨɞɟ ɰɟɦɟɧɬɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɯ 

ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɟɡɭɥɶɬɚɬ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɨɫɬɨɹɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɟɞɭɩɪɟɠɞɚɸɬ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ, ɫɨɩɪɹɠɟɧɧɵɯ ɫ ɪɢɫɤɨɦ ɞɥɹ ɠɢɡɧɢ ɥɸɞɟɣ. 
Ʉɨɧɬɪɨɥɢɪɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ: 

 ɪɚɫɯɨɞ ɜɨɞɵ. Ɉɧ ɡɚɜɢɫɢɬ ɨɬ ɨɛɴɟɦɚ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ. Ɉɛɴɟɦ 
ɜɨɞɵ ɜ ɬɪɢ ɪɚɡɚ ɛɨɥɶɲɟ ɨɛɴɟɦɚ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ. ɋɨɯɪɚɧɟɧɢɟ ɷɬɨɝɨ 
ɫɨɨɬɧɨɲɟɧɢɹ ɜɥɢɹɟɬ ɧɚ ɤɪɭɩɧɨɫɬɶ ɰɟɦɟɧɬɧɨɝɨ ɫɟɪɟɛɪɚ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɧɚ 
ɫɤɨɪɨɫɬɶ ɩɪɨɦɵɜɤɢ ɰɟɦɟɧɬɚɬɚ; 

 ɪɚɫɯɨɞ ɩɨɪɨɲɤɚ ɠɟɥɟɡɚ. ɉɨɪɨɲɨɤ ɠɟɥɟɡɚ ɧɟɨɛɯɨɞɢɦɨ ɜɜɨɞɢɬɶ 
ɩɨɪɰɢɹɦɢ ɬɚɤ ɤɚɤ, ɟɫɥɢ ɜɜɟɫɬɢ ɫɪɚɡɭ ɜɫɟ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ, ɬɨ ɪɟɚɤɰɢɹ 
ɰɟɦɟɧɬɚɰɢɢ ɜɵɣɞɟɬ ɢɡ ɩɨɞ ɤɨɧɬɪɨɥɹ. 

Ɉɫɧɨɜɧɵɦɢ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ: 
 ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ ɪɚɫɬɜɨɪɚ. ɉɨ Ɉȼɉ 

ɪɚɫɬɜɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɤɨɧɱɚɧɢɟ ɩɪɨɰɟɫɫɚ ɰɟɦɟɧɬɚɰɢɢ, ɬ.ɟ. ɨɬɫɭɬɫɬɜɢɟ ɫɟɪɟɛɪɚ 
ɜ ɪɚɫɬɜɨɪɟ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪɟ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ 2 ɦɝ/ɥ. Ⱦɚɥɟɟ ɩɨ 
ɫɯɟɦɟ, ɰɟɦɟɧɬɚɬ ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɪɨɦɵɜɤɭ ɜ ɬɢɬɚɧɨɜɨɦ ɧɭɬɱ–ɮɢɥɶɬɪɟ. ɉɨɫɥɟ 
ɩɪɨɦɵɜɤɢ ɪɚɫɬɜɨɪ ɢɞɟɬ ɧɚ ɫɥɢɜ, ɚ ɰɟɦɟɧɬɚɬ ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɫɭɲɤɭ ɜ ɦɭɮɟɥɶɧɨɣ 
ɩɟɱɢ. ɉɨɫɥɟ ɫɭɲɤɢ ɰɟɦɟɧɬɚɬ, ɭɩɚɤɨɜɵɜɚɟɬɫɹ ɜ ɩɨɥɢɷɬɢɥɟɧɨɜɵɟ ɩɚɤɟɬɵ, ɢ ɤɚɤ 
ɬɨɜɚɪɧɵɣ ɩɪɨɞɭɤɬ ɢɞɟɬ ɧɚ ɪɟɚɥɢɡɚɰɢɸ. ɉɨ ɞɚɧɧɵɦ ɩɪɚɤɬɢɤɢ ɫɨɞɟɪɠɚɧɢɟ 
ɫɟɪɟɛɪɚ ɜ ɩɨɥɭɱɟɧɧɨɦ ɩɪɨɞɭɤɬɟ ɫɨɫɬɚɜɥɹɟɬ (90÷98)%, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 
ɫɵɪɶɹ. 

 
3.2 Ɇɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɩɟɪɟɪɚɛɨɬɤɢ 

ɩɨɫɟɪɟɛɪɟɧɧɨɝɨ ɥɨɦɚ ɫ ɩɨɥɭɱɟɧɢɟɦ ɰɟɦɟɧɬɧɨɝɨ ɫɟɪɟɛɪɚ ɢ ɨɛɟɫɟɪɟɛɪɟɧɧɨɣ 
ɨɫɧɨɜɵ 

 
Ʉɨɪɩɭɫɧɨɣ ɥɨɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɬɚɤɬɵ, ɪɚɡɴɟɦɵ, ɬɨɧɤɢɟ ɩɥɚɫɬɢɧɵ, 

ɦɟɥɤɢɟ ɞɟɬɚɥɢ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɜɢɞɚ ɥɨɦɚ ɯɚɪɚɤɬɟɪɧɨ 
ɩɨɫɟɪɟɛɪɟɧɟɟ, ɤɚɤ ɫ ɜɧɭɬɪɟɧɧɟɣ, ɬɚɤ ɢ ɫ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɵ. ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ 
ɜ ɤɨɪɩɭɫɧɨɦ ɥɨɦɟ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 0,5 ɞɨ 5 % ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɫɵɪɶɹ. Ɍɚɤɠɟ, 
ɞɥɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɩɪɢɩɨɟɜ ɢ ɥɚɤɚ. 

ɉɨ ɞɚɧɧɵɦ ɩɪɚɤɬɢɤɢ, ɢɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɦɚɫɫɵ ɫɟɪɟɛɪɚ, 
ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ 15 ɤɝ ɜ 120 ɥɢɬɪɚɯ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɪɚɫɫɱɢɬɵɜɚɟɦ 
ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɪɚɛɨɬɚɧɧɨɝɨ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ, ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɟɛɪɚ 1,2 % 
ɦɚɫɫɨɜɵɯ, ɞɨ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɚ: 
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m (Ʉɨɪɩɭɫɧɨɝɨ ɥɨɦɚ) = 15/0,012= 1250ɤɝ 
ɋɨɫɬɚɜ ɥɨɦɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3. 
 

Ɍɚɛɥɢɰɚ 3 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
Ʉɨɦɩɨɧɟɧɬ Ag Cu Zn ɂɬɨɝɨ 

ɋɨɞɟɪɠɚɧɢɟ, 
% 

1,2 70 28,8 100 

 
ɋɟɪɧɚɹ ɤɢɫɥɨɬɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɪɟɞɩɪɢɹɬɢɟ ɜ ɜɢɞɟ ɬɨɜɚɪɧɨɣ ɤɢɫɥɨɬɵ, 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ 98 %, ɩɥɨɬɧɨɫɬɶɸ 1,84 ɝ/ɫɦ3. Ɇɚɫɫɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɪɚɜɧɚ:  
114 ∙ 1,84 = 209,76 ɤɝ. 
Ⱥɡɨɬɧɚɹ ɤɢɫɥɨɬɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɪɟɞɩɪɢɹɬɢɟ ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɚ ɫ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ 768 ɝ/ɥ, ɩɥɨɬɧɨɫɬɶɸ 1,35 ɝ/ɫɦ3. Ɇɚɫɫɚ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ ɪɚɜɧɚ:  
12 ∙ 1,35 = 16,2 ɤɝ. 
Ɋɚɫɯɨɞ ɫɟɪɧɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɫɟɪɟɛɪɚ, m(Ag) = 15 ɤɝ.  
Ɋɚɫɫɱɢɬɚɟɦ ɩɨ ɭɪɚɜɧɟɧɢɸ: 
 
2Ag + 2H2SO4 + 2HNO3 = Ag2SO4 + 2NO2↑ + 2H2O                                   (21) 
 
Ɋɚɫɫɱɢɬɚɟɦ ɦɚɫɫɭ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ 15 ɤɝ 

ɫɟɪɟɛɪɚ:  
m(HNO3) = (15/107,87) ∙ 63 = 8,76 ɤɝ 
Ɋɚɫɫɱɢɬɚɟɦ ɦɚɫɫɭ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ 15 ɤɝ 

ɫɟɪɟɛɪɚ:  
m(H2SO4) = (15/ 2 ∙ 107,87) ∙ 98 = 6,81 ɤɝ 
Ɋɚɫɫɱɢɬɚɟɦ ɦɚɫɫɭ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ: 
m(NO2) = (15/107,87) ∙ 46 = 6,4 ɤɝ 
Ɋɚɫɫɱɢɬɚɟɦ ɦɚɫɫɭ HNO3 ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ: 
mɢɫɯ(HNO3) = 12 ∙ 768 = 9,22 ɤɝ 
Ɋɚɫɫɱɢɬɚɟɦ ɢɡɛɵɬɨɤ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɵɣ ɨɫɬɚɥɫɹ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ 

ɰɢɤɥɚ: 
mɢɡɛ(HNO3) = 9,22 – 8,76 = 0,46 ɤɝ 
Ɉɫɬɚɬɨɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ ɪɚɜɧɚ: 
ɋɨɫɬ(HNO3)  = 460/115,1 = 4 ɝ/ɥ 
ɉɨ ɞɚɧɧɵɦ ɩɪɚɤɬɢɤɢ ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ Ag ɜ ɬɪɟɯ ɟɦɤɨɫɬɹɯ ɫ 

ɨɛɨɪɨɬɧɵɦ ɪɚɫɬɜɨɪɨɦ ɫɨɫɬɚɜɥɹɟɬ 1,43 ɝ/ɥ, ɬɨɝɞɚ ɦɚɫɫɚ ɫɟɪɟɛɪɚ ɜ ɨɛɨɪɨɬɧɨɦ 
ɪɚɫɬɜɨɪɟ ɫɨɫɬɚɜɢɬ: 

m(Ag ɜ ɨɛɨɪɨɬ. ɪ–ɪɟ) = 505,6 ɝ 
Ɇɚɫɫɚ ɫɟɪɟɛɪɚ ɜ ɥɨɦɟ: 
m(Ag) = 15000 – 14479,4 – 505,6  = 15 ɝ 
ɉɨ ɞɚɧɧɵɦ ɩɪɚɤɬɢɤɢ ɨɫɬɚɬɨɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɜ ɥɨɦɟ ɫɨɫɬɚɜɥɹɟɬ 

15ɝ/ɬ, ɬɨɝɞɚ ɦɚɫɫɚ Ag ɜ ɨɫɧɨɜɧɨɦ ɪɚɫɬɜɨɪɟ ɪɚɜɧɚ: 
m(Ag ɜ ɨɫɧɨɜɧ. ɪ–ɪɟ)  = 15000 – 505,6 – 15  = 14479,4 ɝ 
ɐɢɤɥɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4. 
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Ɍɚɛɥɢɰɚ 4 – ɐɢɤɥɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
ɉɨɫɬɭɩɢɥɨ ɤɝ ɥ ɜ ɬ.ɱ. 

Ag ɤɝ 
ɉɨɥɭɱɟɧɨ ɤɝ ɥ ɜ ɬ.ɱ. 

Ag ɤɝ 
Ʌɨɦ 1250 156 15 Ʌɨɦ 1235,015 154,57 0,015 
ɋɟɪɧɚɹ 
ɤɢɫɥɨɬɚ 

861,12 468 – Ɋɚɫɬɜɨɪ 
ɨɫɧɨɜɧɨɣ 

206,853 115,11 14,48 

Ⱥɡɨɬɧɚɹ 
ɤɢɫɥɨɬɚ 

24,3 18 – Ɋɚɫɬɜɨɪ 
ɨɛɨɪɨɬɧɵɣ 

693,552 372,32 0,505 

ɂɬɨɝɨ 2135,42 642 15 ɂɬɨɝɨ 2135,42 642 15 
 

Ƚɨɞɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 5. 

ɉɪɢɧɢɦɚɟɦ 10 ɰɢɤɥɨɜ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ ɜ ɝɨɞ. 
 
Ɍɚɛɥɢɰɚ 5 – Ƚɨɞɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
ɉɨɫɬɭɩɢɥɨ ɤɝ ɥ ɜ ɬ.ɱ. 

Ag ɤɝ 
ɉɨɥɭɱɟɧɨ ɤɝ ɥ ɜ ɬ.ɱ. 

Ag ɤɝ 
Ʌɨɦ 12500 1560 150 Ʌɨɦ 12350,2 1545,7 0,15 
ɋɟɪɧɚɹ 
ɤɢɫɥɨɬɚ 

8611,2 4680 – Ɋɚɫɬɜɨɪ 
ɨɫɧɨɜɧɨɣ 

2068,53 1151,1 144,8 

Ⱥɡɨɬɧɚɹ 
ɤɢɫɥɨɬɚ 

243 180 – Ɋɚɫɬɜɨɪ 
ɨɛɨɪɨɬɧɵɣ 

6935,52 372,32 5,05 

ɂɬɨɝɨ 21354,2 6420 150 ɂɬɨɝɨ 21354,2 6420 150 
 

ɋɨɫɬɚɜ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 6. 
 
Ɍɚɛɥɢɰɚ 6 – ɋɨɫɬɚɜ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ 
ɥɨɦɚ 
Ʉɨɦɩɨɧɟɧɬ Ʉɨɧɰɟɧɬɪɚɰɢɹ, ɝ/ɥ 
HNO3 4 
Ag 125,79 

 

3.2.1 Ɋɚɫɱɟɬ ɨɩɟɪɚɰɢɢ ɰɟɦɟɧɬɚɰɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
 

ɋɟɪɟɛɪɨ ɰɟɦɟɧɬɢɪɭɸɬ ɢɡ ɪɚɫɬɜɨɪɚ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɛɚɜɥɟɧɧɨɝɨ 
ɬɪɟɯɤɪɚɬɧɵɦ ɩɨ ɨɛɴɟɦɭ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɞɵ, ɩɨɪɨɲɤɨɦ ɠɟɥɟɡɚ. 

ɀɟɥɟɡɨ ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɪɟɞɩɪɢɹɬɢɟ ɜ ɜɢɞɟ ɬɨɜɚɪɧɨɝɨ ɩɨɪɨɲɤɚ, ɫɨɞɟɪɠɚɧɢɟ 
ɠɟɥɟɡɚ – 99,9%. 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɠɟɥɟɡɧɨɝɨ ɩɨɪɨɲɤɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ 
ɪɚɡɪɭɲɟɧɢɹ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ, ɢ ɰɟɦɟɧɬɚɰɢɢ ɫɟɪɟɛɪɚ ɢɡ ɪɚɫɬɜɨɪɚ. ɉɪɢɧɢɦɚɟɦ 
ɢɡɛɵɬɨɤ ɠɟɥɟɡɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 10% ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ. ɉɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɪɚɫɬɜɨɪɚ 
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ɩɨɫɥɟ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɜɨɞɨɣ, ɜɵɞɟɥɹɟɬɫɹ ɞɢɨɤɫɢɞ ɚɡɨɬɚ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɥɫɹ ɜ 
ɪɚɫɬɜɨɪɟ ɜ ɜɢɞɟ ɧɢɬɪɨɡɢɥɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɩɨɷɬɨɦɭ ɦɵ ɭɱɢɬɵɜɚɟɦ ɟɝɨ ɜ ɛɚɥɚɧɫɟ 
ɰɟɦɟɧɬɚɰɢɢ. 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɦ ɩɨ ɪɟɚɤɰɢɹɦ: 
 
Fe + H2SO4 + 2HNO3 = FeSO4 + 2NO2↑ + 2H2O                                          (22) 
 
m(Ag) = 14,48 ɤɝ  mɢɡɛ(HNO3) = 0,46 ɤɝ 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɠɟɥɟɡɚ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɢɡɛɵɬɤɚ 

ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ: 
m(Fe) = (0,46/63 ∙ 2) ∙ 55,85 = 0,2 ɤɝ 
Ɇɚɫɫɚ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ ɪɚɜɧɚ: 
m(NO2) = (0,46/63)  ∙ 46 = 0,34 ɤɝ 
Ɇɚɫɫɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɡɚɬɪɚɱɟɧɧɨɣ ɧɚ ɪɟɚɤɰɢɸ: 
m(H2SO4) = (0,46/63 ∙ 2) ∙ 98 = 0,36 ɤɝ 
ɉɨ ɭɪɚɜɧɟɧɢɸ ɪɟɚɤɰɢɢ: 
 
Fe + Ag2SO4 = FeSO4 + 2Ag                                                              (23) 
 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɦɚɫɫɭ ɠɟɥɟɡɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɫɟɪɟɛɪɚ: 
m(Fe) = (14,48/107,87∙ 2) ∙ 55,85 = 3,75 ɤɝ 
Ɋɚɫɫɱɢɬɚɟɦ ɨɛɳɭɸ ɦɚɫɫɭ ɠɟɥɟɡɚ ɫ ɭɱɟɬɨɦ 10 % ɢɡɛɵɬɤɚ ɨɬ 

ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ: 
mɨɛɳ(Fe) = (0,2 + 3,75) ∙ 1,1 = 4,345 ɤɝ 
ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ ɪɚɜɧɨ: 
mɨɛɳ(NO2) = 0,34 + 6,4 = 6,74 ɤɝ 
Ɇɚɫɫɚ ɫɭɥɶɮɚɬɚ ɠɟɥɟɡɚ ɜ ɪɚɫɬɜɨɪɟ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ ɫɨɫɬɚɜɢɬ: 
m (FeSO4) = (14,48/107,87∙ 2) ∙ 151,9 = 10,195 ɤɝ 
Ʉɨɧɰɟɧɬɪɚɰɢɹ ɠɟɥɟɡɚ ɜ ɪɚɫɬɜɨɪɟ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ: 
ɋ(Fe) = 4345/458,95 =9,47 ɝ/ɥ 
Ʉɨɧɰɟɧɬɪɚɰɢɹ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ: 
ɋ(H2SO4) = (206850 - 360)/458,95 = 449,92 ɝ/ɥ 
ɉɪɢɧɢɦɚɟɦ ɩɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ ɩɪɨɰɟɫɫɚ ɰɟɦɟɧɬɚɰɢɢ 1,165 ɝ/ɥ. 
ɉɪɢɧɢɦɚɟɦ, ɱɬɨ ɜ ɰɟɦɟɧɬɚɬ ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɯɨɞɹɬ ɩɪɢɦɟɫɢ, 

ɨɛɪɚɡɭɸɳɢɟɫɹ ɢɡ ɤɪɚɫɤɢ, ɥɚɤɚ ɢ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɢɫɯɨɞɧɨɝɨ ɥɨɦɚ. 
ɉɨ ɞɚɧɧɵɦ ɩɪɚɤɬɢɤɢ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɜ ɰɟɦɟɧɬɚɬɟ ɫɨɫɬɚɜɥɹɟɬ 96%. 

ɐɢɤɥɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɰɟɦɟɧɬɚɰɢɢ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 7. 
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Ɍɚɛɥɢɰɚ 7 – ɐɢɤɥɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɰɟɦɟɧɬɚɰɢɢ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
ɉɨɫɬɭɩɢɥɨ ɤɝ ɥ ɜ ɬ.ɱ. 

Ag ɤɝ 
ɉɨɥɭɱɟɧɨ ɤɝ ɥ ɜ ɬ.ɱ. 

Ag ɤɝ 
Ɋɚɫɬɜɨɪ 206,85 115,11 14,48 Ɋɚɫɬɜɨɪ 534,71 458,95 – 
ȼɨɞɚ 345,33 345,33 – Ƚɚɡ 6,74 0,67 – 
ɀɟɥɟɡɨ 4,345 0,62 – ɐɟɦɟɧɬɚɬ 15,08 1,44 14,48 

ɂɬɨɝɨ 556,53 461,06 14,48 ɂɬɨɝɨ 556,53 461,06 14,48 
 

Ƚɨɞɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɰɟɦɟɧɬɚɰɢɢ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 8. 
 
Ɍɚɛɥɢɰɚ 8 – Ƚɨɞɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɰɟɦɟɧɬɚɰɢɢ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
ɉɨɫɬɭɩɢɥɨ ɤɝ ɥ ɜ ɬ.ɱ. 

Ag ɤɝ 
ɉɨɥɭɱɟɧɨ ɤɝ ɥ ɜ ɬ.ɱ. 

Ag ɤɝ 
Ɋɚɫɬɜɨɪ 2068,5 1151,1 144,8 Ɋɚɫɬɜɨɪ 5347,1 4589,5 – 
ȼɨɞɚ 3453,3 3453,3 – Ƚɚɡ 67,4 6,7 – 
ɀɟɥɟɡɨ 43,45 6,2 – ɐɟɦɟɧɬɚɬ 150,8 14,4 144,8 

ɂɬɨɝɨ 5565,3 4610,6 144,8 ɂɬɨɝɨ 5565,3 4610,6 144,8 
 

ɋɨɫɬɚɜ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 9. 
 
Ɍɚɛɥɢɰɚ 9 – ɋɨɫɬɚɜ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
Ʉɨɦɩɨɧɟɧɬ Ʉɨɧɰɟɧɬɪɚɰɢɹ, ɝ/ɥ 
Fe 9,47 
Ag < 0,001 
H2SO4 449,92 
 

ɋɨɫɬɚɜ ɰɟɦɟɧɬɚɬɚ ɫɟɪɟɛɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 10. 
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Ɍɚɛɥɢɰɚ 10 – ɋɨɫɬɚɜ ɰɟɦɟɧɬɚɬɚ ɫɟɪɟɛɪɚ 
Ʉɨɦɩɨɧɟɧɬ ɋɨɞɟɪɠɚɧɢɟ, % Ɇɚɫɫɚ, ɤɝ 

Ag 96 14,48 

ɉɪɨɱɢɟ 
ɩɪɢɦɟɫɢ 

4 0,6 

 

3.2.2 Ɋɚɫɱɟɬ ɨɩɟɪɚɰɢɢ ɩɪɨɦɵɜɤɢ ɰɟɦɟɧɬɚɬɚ ɩɨɫɥɟ ɩɟɪɟɪɚɛɨɬɤɢ 
ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 
 

ɉɪɨɦɵɜɤɭ ɰɟɦɟɧɬɚɬɚ ɩɪɨɜɨɞɹɬ ɧɚ ɬɢɬɚɧɨɜɨɦ ɧɭɬɱ – ɮɢɥɶɬɪɟ. ɐɟɦɟɧɬɚɬ 
ɩɪɨɦɵɜɚɸɬ ɞɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɟɦ 0,1 ɝ/ɥ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɹɜɥɹɸɳɟɣɫɹ 
ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ. Ɋɚɫɫɱɢɬɵɜɚɟɦ ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɨɬɦɵɜɤɢ 
ɰɟɦɟɧɬɚɬɚ ɜɨɞɨɣ (n), ɟɫɥɢ ɨɛɴɟɦ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ ɧɚ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɨɬɦɵɜɤɢ 
ɪɚɜɟɧ ɦɚɫɫɟ ɰɟɦɟɧɬɚɬɚ. 

Ɋɚɫɱɟɬ ɜɟɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 
n = lg(1 – Eɜ)/lg(Vɨɫ /(Vɨɫ + Vɩɪ))                                                             (24) 
 
ɝɞɟ: Eɜ – ɫɬɟɩɟɧɶ ɨɬɦɵɜɤɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜɨɞɨɣ;  
Vɨɫ – ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ, ɭɞɟɪɠɢɜɚɟɦɵɣ ɨɫɚɞɤɨɦ ɩɨɫɥɟ ɪɚɡɞɟɥɟɧɢɹ ɩɭɥɶɩ, 

ɦ3/ɬ ɬɜɟɪɞɨɝɨ; 
Vɩɪ – ɨɛɴɟɦ ɩɪɨɦɜɨɞ, ɪɚɫɯɨɞɭɟɦɵɣ ɧɚ ɨɞɧɭ ɫɬɚɞɢɸ ɨɬɦɵɜɤɢ, ɦ3/ɬ 

ɬɜɟɪɞɨɝɨ. ɂɡ ɞɚɧɧɵɯ ɩɪɚɤɬɢɤɢ ɩɪɢɧɢɦɚɟɦ ɜ 4 ɪɚɡɚ ɛɨɥɶɲɟ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɚ.  
Ɋɚɫɫɱɢɬɚɟɦ ɫɬɟɩɟɧɶ ɨɬɦɵɜɤɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜɨɞɨɣ: 
 
Eɜ = (m1 – m2)/m1;                                                             (25) 
 
m1 – ɦɚɫɫɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜɨ ɜɥɚɝɟ ɰɟɦɟɧɬɚɬɚ ɞɨ ɩɪɨɦɵɜɤɢ, ɝ; 
m2 – ɦɚɫɫɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜɨ ɜɥɚɝɟ ɰɟɦɟɧɬɚɬɚ ɩɨɫɥɟ ɩɪɨɦɵɜɤɢ, ɝ. 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɦɚɫɫɭ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜɨ ɜɥɚɝɟ ɰɟɦɟɧɬɚɬɚ ɞɨ ɩɪɨɦɵɜɤɢ, m1: 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: m(Agɰɟɦɟɧ) = 15,08 ɤɝ; W = 20% 
ɉɭɫɬɶ ɦɚɫɫɚ ɜɥɚɝɢ ɜ ɰɟɦɟɧɬɚɬɟ ɪɚɜɧɚ X ɬɨɝɞɚ: 
x/(x + 15,08) = 0,2 
0,8x = 3,016 
x = 3,77 ɤɝ 
V (ɜɥɚɝɢ) = 3,77/ 1,21 = 3,12 ɥ 
m(H2SO4) = 3,12 ∙ 449,92 = 1403,75 ɝ 
Ⱦɨɩɭɫɬɢɦɚɹ ɦɚɫɫɚ H2SO4 ɜ ɰɟɦɟɧɬɚɬɟ ɩɨɫɥɟ ɩɪɨɦɵɜɤɢ ɪɚɜɧɚ: 
m(H2SO4)ɞɨɩ = 0,1 ∙ 3,12 = 0,312 ɝ 
Eɜ = (1403,75 – 0,312)/1403,75 = 0,999 
n = lg (1 – 0,999)/lg(3,12/(3,12 + 12,48)) = 4,29 
ɉɪɢɧɢɦɚɟɦ ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɨɬɦɵɜɤɢ, n = 5 
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ɐɢɤɥɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɩɪɨɦɵɜɤɢ ɰɟɦɟɧɬɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 11. 

 
Ɍɚɛɥɢɰɚ 11 – ɐɢɤɥɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɩɪɨɦɵɜɤɢ ɰɟɦɟɧɬɚɬɚ 
ɉɨɫɬɭɩɢɥɨ ɤɝ ɥ ɜ ɬ.ɱ. 

H2SO4 ɝ 
ɉɨɥɭɱɟɧɨ ɤɝ ɥ ɜ ɬ.ɱ. 

H2SO4 ɝ 
ɐɟɦɟɧɬɚɬ 15,08 1,44 – ɐɟɦɟɧɬɚɬ 15,08 1,44 – 
ȼɥɚɝɚ 3,77 246,28 1403,75 ȼɥɚɝɚ 0,75 0,75 0,312 
ȼɨɞɚ 
ɩɪɨɦ. 

75,4 75,4 – Ɋɚɫɬɜɨɪ 
ɩɨɫɥɟ 
ɩɪɨɦɵɜɤɢ 

78,42 77,77 1403,438 

ɂɬɨɝɨ 94,25 79,96 1403,75 ɂɬɨɝɨ 94,25 79,96 1403,75 
 

Ƚɨɞɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɩɪɨɦɵɜɤɢ ɰɟɦɟɧɬɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 12. 
 
Ɍɚɛɥɢɰɚ 12 – Ƚɨɞɨɜɨɣ ɛɚɥɚɧɫ ɩɪɨɦɵɜɤɢ ɰɟɦɟɧɬɚɬɚ 
ɉɨɫɬɭɩɢɥɨ ɤɝ ɥ ɜ ɬ.ɱ. 

H2SO4 ɝ 
ɉɨɥɭɱɟɧɨ ɤɝ ɥ ɜ ɬ.ɱ. 

H2SO4 ɝ 
ɐɟɦɟɧɬɚɬ 150,8 14,4 – ɐɟɦɟɧɬɚɬ 150,8 14,4 – 
ȼɥɚɝɚ 37,7 2462,8 1317,09 ȼɥɚɝɚ 7,5 7,5 0,311 
ȼɨɞɚ 
ɩɪɨɦ. 

754 754 – Ɋɚɫɬɜɨɪ 
ɩɨɫɥɟ 
ɩɪɨɦɵɜɤɢ 

784,2 777,7 1316,779 

ɂɬɨɝɨ 942,5 799,6 14037,5 ɂɬɨɝɨ 942,5 799,6 14037,5 
 

3.2.3 Ɉɛɟɡɜɪɟɠɢɜɚɧɢɟ ɩɪɨɦɵɜɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɫɥɟ ɩɪɨɦɵɜɤɢ 
ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ 

 
Ɉɛɟɡɜɪɟɠɢɜɚɧɢɸ ɩɨɞɥɟɠɚɬ ɪɚɫɬɜɨɪɵ ɩɨɫɥɟ ɩɪɨɦɵɜɤɢ ɰɟɦɟɧɬɚɬɚ ɧɚ ɧɭɬɱ 

– ɮɢɥɶɬɪɟ. 
Ɋɚɫɬɜɨɪɵ ɩɨɫɥɟ ɩɪɨɦɵɜɤɢ ɥɨɦɚ ɢɞɭɬ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ ɩɨɫɥɟ 

ɞɨɫɬɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɪɚɫɬɜɨɪɟ 85 ɝ/ɥ. Ɋɚɫɫɱɢɬɚɟɦ 
ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɦɵɜɨɤ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜ ɜɨɞɟ ɨɛɴɟɦɨɦ 120 ɥ ɞɨ 
ɞɨɫɬɢɠɟɧɢɹ ɩɪɟɞɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. 

Ɇɚɫɫɚ H2SO4 ɜ ɪɚɫɬɜɨɪɟ ɫɨɫɬɚɜɥɹɟɬ: 
m(H2SO4) = 85∙ 120 = 10200 ɝ = 10,2 ɤɝ 
Ɋɚɫɫɱɢɬɚɟɦ ɤɨɥɢɱɟɫɬɜɨ H2SO4 ɩɨɫɬɭɩɚɸɳɟɣ ɫ ɥɨɦɨɦ ɡɚ ɨɞɧɭ ɩɪɨɦɵɜɤɭ 

1250 ɝ. 
n = 10200/1250 = 8,16 ɪɚɡ. 
ɉɪɢɧɢɦɚɟɦ n = 8 
Ɉɛɟɡɜɪɟɠɢɜɚɧɢɟ ɜɟɞɟɦ 20% ɪɚɫɬɜɨɪɨɦ Ca(OH)2. Ɋɚɫɫɱɢɬɚɟɦ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɫɬɜɨɪɚ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ: 
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H2SO4 + Ca(OH)2 = CaSO4↓ + 2H2O                                                                                               (26) 
 
m(Ca(OH)2) = 8/98 ∙ 74 = 6,04 ɤɝ 
ɩɟɪɟɫɱɟɬ ɧɚ CaO: 
m(CaO) = 6,04/74 ∙ 56 = 4,57 ɤɝ 
m(Ca(OH)2 ɪ–ɪɚ) = 6,04/0,2 = 30,2 ɤɝ 
m(CaSO4) = 8/98 ∙ 136 = 11,1 ɤɝ 
Ɋɚɫɫɱɢɬɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɚ Ca(OH)2 ɞɥɹ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɪɚɫɬɜɨɪɚ 

ɩɨɫɥɟ ɩɪɨɦɵɜɤɢ ɰɟɦɟɧɬɚɬɚ. 
 
FeSO4 + Ca(OH)2 = Fe(OH)2↓ + CaSO4↓                                                                                     (27) 
 
Ʉɨɥɢɱɟɫɬɜɨ H2SO4 ɢ FeSO4 ɜ ɪɚɫɬɜɨɪɟ ɩɨɫɥɟ ɩɪɨɦɵɜɤɢ ɰɟɦɟɧɬɚɬɚ 1403,75 

ɝ ɢ 1,195 ɤɝ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɇɚɫɫɚ ɪɚɫɬɜɨɪɚ Ca(OH)2 ɞɥɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ H2SO4 ɫɨɫɬɚɜɢɬ: 
m(Ca(OH)2) = 1403,75/98 ∙ 74 = 1059,97 ɝ 
ɉɟɪɟɫɱɟɬ ɧɚ CaO: 
m(CaO) = 1059,97/ 74 ∙ 56 = 802,14 ɝ = 0,8 ɤɝ 
m(Ca(OH)2 ɪ–ɪɚ) = 1059,97/0,2 = 5299,85 ɝ = 5,29 ɤɝ 
m(CaSO4) = 1403,75/98 ∙ 136 = 1948,06 ɝ = 1,95 ɤɝ 
Ɇɚɫɫɚ ɪɚɫɬɜɨɪɚ Ca(OH)2 ɞɥɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ FeSO4: 
m(Ca(OH)2) = 10,195/55,85 ∙ 74 = 13,51 ɤɝ 
ɉɟɪɟɫɱɟɬ ɧɚ CaO: 
m(CaO) = 13,51/ 74 ∙ 56 = 10,22 ɤɝ 
m(Ca(OH)2 ɪ–ɪɚ) = 13,51/0,2 = 67,55 ɤɝ 
m(CaSO4) = 10,195/55,85 ∙ 136 = 24,83ɤɝ 
m(Fe(OH)2) = 10,195/55,85 ∙ 90 = 16,43 ɤɝ 
ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɚ: 30,2 + 5,29 + 67,55 = 103,04 ɤɝ 
ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ CaO: 4,57 + 0,8 + 10,22 = 15,59 ɤɝ 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫɨɫɬɚɜɢɦ ɰɢɤɥɨɜɨɣ ɢ ɝɨɞɨɜɨɣ 

ɦɚɬɟɪɢɚɥɶɧɵɟ ɛɚɥɚɧɫɵ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɩɪɨɦɵɜɧɵɯ ɪɚɫɬɜɨɪɨɜ. Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɪɚɫɬɜɨɪɨɜ Ca(OH)2 = 1,2 ɝ/ɥ. 

ɐɢɤɥɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɩɪɨɦɵɜɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 13. 
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Ɍɚɛɥɢɰɚ 13 – ɐɢɤɥɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɩɪɨɦɵɜɧɵɯ 
ɪɚɫɬɜɨɪɨɜ 
ɉɨɫɬɭɩɢɥɨ ɤɝ ɥ ɉɨɥɭɱɟɧɨ ɤɝ ɥ 
Ɋɚɫɬɜɨɪ 78,42 77,74 ɉɭɥɶɩɚ 128,9 120,41 
ȼ ɬɨɦ 
ɱɢɫɥɟ  

  ȼ ɬɨɦ 
ɱɢɫɥɟ 
Fe(OH)2  

 
 

16,43 

 

H2SO4 1,404  
FeSO4 10,195  CaSO4 112,47  
Ɋɚɫɬɜɨɪ 
Ca(OH)2 

 
35,56 

 
42,67 

   

ȼ ɬɨɦ 
ɱɢɫɥɟ 
Ca(OH)2 

 
 

13.51 

 

ɂɬɨɝɨ 128,9 120,41 ɂɬɨɝɨ 128,9 120,41 
 

Ƚɨɞɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɩɪɨɦɵɜɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 14. 
 
Ɍɚɛɥɢɰɚ 14 – Ƚɨɞɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɩɪɨɦɵɜɧɵɯ 
ɪɚɫɬɜɨɪɨɜ 
ɉɨɫɬɭɩɢɥɨ ɤɝ ɥ ɉɨɥɭɱɟɧɨ ɤɝ ɥ 
Ɋɚɫɬɜɨɪ 784,2 777,4 ɉɭɥɶɩɚ 1289 1204,1 
ȼ ɬɨɦ 
ɱɢɫɥɟ  

  ȼ ɬɨɦ 
ɱɢɫɥɟ  

  

H2SO4 14,04  Fe(OH)2  164,3  
FeSO4 101,95  CaSO4 1124,7  
Ɋɚɫɬɜɨɪ 
Ca(OH)2 

 
355,6 

 
2861,33 

   

ȼ ɬɨɦ 
ɱɢɫɥɟ 
Ca(OH)2 

 
 

135,1 

 

ɂɬɨɝɨ 1289 1204,1 ɂɬɨɝɨ 1289 1204,1 
 

3.3 Ɋɚɫɱɟɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ 
 
ɉɪɨɰɟɫɫ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɫɟɪɟɛɪɟɧɧɵɯ ɢɡɞɟɥɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɦɟɪɟ 

ɧɚɤɨɩɥɟɧɢɹ 1250 ɤɝ ɤɨɪɩɭɫɧɨɝɨ ɥɨɦɚ. ɉɨɫɥɟ ɧɚɤɨɩɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɥɨɦɚ ɩɪɨɰɟɫɫ ɩɟɪɟɪɚɛɨɬɤɢ ɡɚɧɢɦɚɟɬ 3 ɞɧɹ. ȼ ɩɟɪɜɵɣ ɞɟɧɶ 
ɜɵɳɟɥɚɱɢɜɚɸɬ ɜɟɫɶ ɤɨɪɩɭɫɧɨɣ ɥɨɦ. ȼɨ ɜɬɨɪɨɣ ɞɟɧɶ ɰɟɦɟɧɬɢɪɭɸɬ, ɮɢɥɶɬɪɭɸɬ ɢ 
ɩɪɨɦɵɜɚɸɬ ɫɟɪɟɛɪɨ. ɇɚ ɬɪɟɬɢɣ ɞɟɧɶ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɩɪɨɰɟɫɫɵ ɫɭɲɤɢ 
ɰɟɦɟɧɬɚɬɚ ɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɪɚɫɬɜɨɪɨɜ. 

Ɋɚɫɫɱɢɬɚɟɦ ɝɚɛɚɪɢɬɵ ɪɟɚɤɬɨɪɨɜ ɞɥɹ ɜɵɳɟɥɚɱɢɜɚɧɢɹ. 
ɉɥɨɬɧɨɫɬɶ ɫɵɪɶɹ 8 ɝ/ɫɦ3, ɨɬɧɨɲɟɧɢɟ ɜɵɫɨɬɵ ɤ ɞɢɚɦɟɬɪɭ ɪɟɚɤɬɨɪɚ 1/1,8. 
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Ɋɚɫɫɱɢɬɚɟɦ ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ, ɤɨɬɨɪɵɣ ɜɵɬɟɫɧɢɬ ɥɨɦ ɩɨɫɥɟ ɩɨɥɧɨɝɨ 
ɩɨɝɪɭɠɟɧɢɹ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɤɨɪɡɢɧɵ: 

V(ɫɵɪɶɹ) = V (ɜɵɬɟɫɧɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ) 
V(ɫɵɪɶɹ) = m/ρ = 100/8 = 0.0125 ɦ3 = 12,5 ɥ 
ɋ ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɥɨɦɚ ɩɪɢɧɢɦɚɟɦ ɨɛɴɟɦ 

ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɯ ɤɨɪɡɢɧ 100 ɥ. 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɤɨɪɡɢɧɵ. 

Ʉɨɪɡɢɧɚ ɢ ɪɟɚɤɬɨɪ ɢɦɟɟɬ ɮɨɪɦɭ ɰɢɥɢɧɞɪɚ, ɫɨɨɬɧɨɲɟɧɢɟ ɜɵɫɨɬɵ ɤ ɞɢɚɦɟɬɪɭ 
ɪɟɚɤɬɨɪɚ 1/1,8. 

ɉɭɫɬɶ ɞɢɚɦɟɬɪ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɤɨɪɡɢɧɵ ɪɚɜɟɧ ɯ, ɬɨɝɞɚ ɨɛɴɟɦ ɪɚɜɟɧ: 
V = πɯ2/4 ∙ 1,8ɯ = 100 ɥ  
X = 40 ɫɦ, ɬɨɝɞɚ ɩɚɪɚɦɟɬɪɵ ɤɨɪɡɢɧɵ:  
d = 40 ɫɦ; ɇ = 80 ɫɦ 
ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɦɟɠɞɭ ɛɨɪɬɚɦɢ ɤɨɪɡɢɧɵ ɢ ɪɟɚɤɬɨɪɨɦ ɞɨɥɠɟɧ ɛɵɬɶ 

ɡɚɡɨɪ ɜ 2,5 ɫɦ, ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɬɨɪɚ d = 45 ɫɦ; ɇ = 100 ɫɦ. 
ɉɨ ɞɚɧɧɵɦ ɩɪɚɤɬɢɤɢ, ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɢ 

ɩɨɥɧɨɬɵ ɢɡɜɥɟɱɟɧɢɹ ɫɟɪɟɛɪɚ, ɭɫɬɚɧɚɜɥɢɜɚɸɬ 4 ɪɟɚɤɬɨɪɚ ɢɡ ɬɢɬɚɧɚ ɢ ɞɜɟ 
ɩɥɚɫɬɢɤɨɜɵɟ ɟɦɤɨɫɬɢ (ɬɚɤɨɝɨ ɠɟ ɨɛɴɟɦɚ, ɱɬɨ ɢ ɪɟɚɤɬɨɪɵ) ɞɥɹ ɨɬɦɵɜɤɢ ɥɨɦɚ ɨɬ 
ɤɢɫɥɨɬɵ. 

Ⱦɥɹ ɰɟɦɟɧɬɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬ ɪɟɚɤɬɨɪ ɬɢɩɚ ɊɌ ɫ ɦɟɲɚɥɤɨɣ, ɨɛɴɟɦ ɪɟɚɤɬɨɪɚ 
ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

N = Vɩɭɥɶ ∙ τɨɩ/ η ∙ τɫɭɬ ∙ Vɪɟɚɤ 
Ƚɞɟ Vɩɭɥɶ – ɨɛɴɟɦ ɩɭɥɶɩɵ;  
τɨɩ – ɜɪɟɦɹ ɨɩɟɪɚɰɢɢ; 
N – ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɤɬɨɪɨɜ; 
η – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɢɬɵɜɚɸɳɢɣ ɩɟɧɨɨɛɪɚɡɨɜɚɧɢɹ; 
τɫɭɬ – ɪɚɛɨɱɢɟ ɜɪɟɦɹ; 
Vɪɟɚɤ – ɨɛɴɟɦ ɪɟɚɤɬɨɪɚ; 
Ɉɛɴɟɦ ɩɭɥɶɩɵ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɩɨɤɚɡɚɬɟɥɟɣ: 
1. ɇɚ ɰɟɦɟɧɬɚɰɢɸ ɩɨɫɬɭɩɚɟɬ ɞɨ 120 ɥ ɪɚɫɬɜɨɪɚ, ɤɨɬɨɪɵɣ ɪɚɡɛɚɜɥɹɸɬ ɬɪɟɯ 

ɤɪɚɬɧɵɦ ɨɛɴɟɦɨɦ ɜɨɞɵ. 
Ɉɛɴɟɦ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 120 ɥ, 
Ɉɛɴɟɦ ɜɨɞɵ 360 ɥ, 
ɋɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɫɨɫɬɚɜɢɬ V = 360+120 = 480 ɥ. 
2. ɇɚɥɢɱɢɟ ɤɪɚɫɤɢ ɜ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɦ ɥɨɦɟ ɫɨɡɞɚɟɬ ɩɟɧɭ, ɤɨɬɨɪɚɹ 

ɩɪɟɩɹɬɫɬɜɭɟɬ ɫɜɨɛɨɞɧɨɦɭ ɜɵɞɟɥɟɧɢɸ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɪɚɫɬɜɨɪɚ 
ɜɨɞɨɣ. ɍɱɢɬɵɜɚɹ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɮɚɤɬɨɪɵ, ɩɪɢɧɢɦɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ η 
ɪɚɜɧɵɣ 0,5. 

ȼɵɛɢɪɚɟɦ ɪɟɚɤɬɨɪ ɊɌ – 630. 
ȼɪɟɦɹ ɨɩɟɪɚɰɢɢ ɰɟɦɟɧɬɚɰɢɢ ɩɪɢɧɢɦɚɟɦ 2 ɱɚɫ. 
ȼɪɟɦɹ ɨɞɧɨɣ ɫɦɟɧɵ 8 ɱɚɫ. 
N = 480 ∙ 2/630 ∙ 0,5 ∙ 8 = 0,38 
Ⱦɥɹ ɮɢɥɶɬɪɚɰɢɢ ɢ ɩɪɨɦɵɜɤɢ ɩɨɥɭɱɟɧɧɨɝɨ ɰɟɦɟɧɬɚɬɚ ɢɫɩɨɥɶɡɭɸɬ 

ɬɢɬɚɧɨɜɵɣ ɧɭɬɱ – ɮɢɥɶɬɪ ɫ ɮɢɥɶɬɪɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ S = 1,5 ɦ2, ɩɪɢɟɦɧɢɤɨɦ 
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ɫɭɫɩɟɧɡɢɢ, ɨɛɴɟɦɨɦ 200 ɥ ɢ ɩɪɢɟɦɧɢɤɨɦ ɮɢɥɶɬɪɚɬɚ, ɨɛɴɟɦɨɦ 350 ɥ. Ⱦɥɹ ɫɭɲɤɢ 
ɰɟɦɟɧɬɚɬɚ ɢɫɩɨɥɶɡɭɸɬ ɦɭɮɟɥɶɧɭɸ ɩɟɱɶ ɦɚɪɤɢ ɄɈ – 8. ɉɚɪɚɦɟɬɪɵ ɩɟɱɢ: 

– ɪɚɡɨɜɚɹ ɡɚɝɪɭɡɤɚ 50 ɤɝ, 
– ɦɨɳɧɨɫɬɶ 30 ɤȼɬ, 
– ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ 1500:1500:1500 ɦɦ (Ⱦ:ɒ:ȼ), 
Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɩɪɨɰɟɫɫɟ ɜɬɨɪɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɡɨɥɨɬɚ ɧɚ ɞɪɭɝɨɦ ɭɱɚɫɬɤɟ ɩɪɨɢɡɜɨɞɫɬɜɚ, 
ɢɫɩɨɥɶɡɭɸɬ ɩɥɚɫɬɢɤɨɜɵɟ ɟɦɤɨɫɬɢ ɨɛɴɟɦɨɦ 1 ɦ3. Ⱦɥɹ ɭɥɚɜɥɢɜɚɧɢɹ ɨɬɯɨɞɹɳɢɯ 
ɝɚɡɨɜ ɢɫɩɨɥɶɡɭɸɬ ɚɛɫɨɪɛɟɪɵ [26]. 

ȼɟɧɬɢɥɹɰɢɨɧɧɵɟ ɜɵɛɪɨɫɵ ɨɬ ɨɫɧɨɜɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
– ɟɦɤɨɫɬɢ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɤɨɠɭɯɨɬɪɭɛɱɚɬɵɟ 
ɤɨɧɞɟɧɫɚɬɨɪɵ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɞɟɧɫɚɰɢɹ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ. Ɂɚɬɟɦ ɜɵɛɪɨɫɵ 
ɩɨɫɬɭɩɚɸɬ ɜ ɚɛɫɨɪɛɟɪ ɚɩɩɚɪɚɬɵ ɞɥɹ ɚɛɫɨɪɛɰɢɢ ɤɢɫɥɵɯ ɩɚɪɨɜ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɚɛɫɨɪɛɟɪɚ ɨɫɧɨɜɚɧ ɧɚ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɢ ɠɢɞɤɨɣ ɢ 
ɝɚɡɨɜɨɣ ɮɚɡɵ ɜɧɭɬɪɢ ɤɨɪɩɭɫɚ ɚɩɩɚɪɚɬɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɨɥɶɲɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɚɫɫɨɨɛɦɟɧɚ ɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɤɢɫɥɵɯ ɩɚɪɨɜ ɳɟɥɨɱɧɵɦ ɪɚɫɬɜɨɪɨɦ ɫ 
ɩɨɫɥɟɞɭɸɳɟɦ ɪɚɡɞɟɥɟɧɢɟɦ ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɵ. Ⱥɩɩɚɪɚɬɭɪɧɚɹ ɫɯɟɦɚ 
ɭɱɚɫɬɤɚ ɩɨ ɩɟɪɟɪɚɛɨɬɤɢ ɥɨɦɚ ɩɨɫɟɪɟɛɪɟɧɧɵɯ ɢɡɞɟɥɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
3.  
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1–Ɋɟɚɤɬɨɪ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ; 2–ɩɟɪɮɨɪɢɪɨɜɚɧɧɚɹ ɤɨɪɡɢɧɚ; 3–
ɧɚɝɪɟɜɚɬɟɥɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 4–ɩɥɚɫɬɢɤɨɜɚɹ ɟɦɤɨɫɬɶ; 5–ɪɟɚɤɬɨɪ ɊɌ – 630; 6–
ɦɭɮɟɥɶɧɚɹ ɩɟɱɶ; 7–ɬɢɬɚɧɨɜɵɣ ɧɭɬɱ-ɮɢɥɶɬɪ; 8–ɟɦɤɨɫɬɶ ɞɥɹ ɯɪɚɧɟɧɢɹ ɪɚɫɬɜɨɪɨɜ 
ɩɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ; 9–ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɬɚɥɶ 

 
Ɋɢɫɭɧɨɤ 3 – Ⱥɩɩɚɪɚɬɭɪɧɚɹ ɫɯɟɦɚ ɭɱɚɫɬɤɚ ɩɨ ɩɟɪɟɪɚɛɨɬɤɢ ɥɨɦɚ ɩɨɫɟɪɟɛɪɟɧɧɵɯ 

ɢɡɞɟɥɢɣ 
 
ɓɟɥɨɱɧɨɣ ɪɚɫɬɜɨɪ ɧɟɩɪɟɪɵɜɧɨ ɰɢɪɤɭɥɢɪɭɟɬ ɱɟɪɟɡ ɚɩɩɚɪɚɬ ɩɪɢ ɩɨɦɨɳɢ 

ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɧɚɫɨɫɚ. Ʉɢɫɥɵɟ ɩɚɪɵ, ɩɪɢɧɭɞɢɬɟɥɶɧɨ ɭɞɚɥɹɟɦɵɟ ɨɬ ɪɚɛɨɱɢɯ 
ɚɩɩɚɪɚɬɨɜ ɰɟɧɬɪɨɛɟɠɧɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɩɨɫɥɟ ɨɱɢɫɬɤɢ ɜɵɛɪɚɫɵɜɚɸɬɫɹ ɜ 
ɚɬɦɨɫɮɟɪɭ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɣ ɧɟɣɬɪɚɥɢɡɚɰɢɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɜɟɥɢɱɢɧɭ ɜɨɞɨɪɨɞɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɜ ɳɟɥɨɱɧɨɣ 
ɨɛɥɚɫɬɢ (ɪɇ ɜɵɲɟ 8), ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɞɨɛɚɜɥɟɧɢɟɦ 20 % – 
ɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚɬɪɢɟɜɨɣ ɳɟɥɨɱɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɚɛɫɨɪɛɰɢɢ ɤɢɫɥɵɯ ɩɚɪɨɜ ɩɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɜɨɡɪɚɫɬɚɟɬ, 
ɩɨɷɬɨɦɭ ɨɧ ɩɨɞɥɟɠɢɬ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɡɚɦɟɧɟ ɢ ɭɬɢɥɢɡɚɰɢɢ. 
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3.4 Ɍɟɯɧɢɤɨ – ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɢɡɜɥɟɱɟɧɢɹ 
ɫɟɪɟɛɪɚ ɢɡ ɩɨɫɟɪɟɛɪɟɧɧɵɯ ɢɡɞɟɥɢɣ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ ɢ ɟɟ ɫɩɥɚɜɨɜ 

 
Ʌɨɦ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ ɢ ɟɟ ɫɩɥɚɜɨɜ ɫɨɞɟɪɠɚɳɟɟ ɩɨɤɪɵɜɧɨɟ ɫɟɪɟɛɪɨ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɫɨɞɟɪɠɢɬ (1÷2)% ɫɟɪɟɛɪɚ, ɚ ɨɫɧɨɜɨɣ ɹɜɥɹɟɬɫɹ ɥɚɬɭɧɶ, ɪɟɠɟ ɦɟɞɶ.  
Ɋɟɚɥɢɡɚɰɢɹ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɜɨɡɦɨɠɧɚ ɧɚ ɬɚɤɢɟ ɩɪɟɞɩɪɢɹɬɢɹ 
ɤɚɤ ɈȺɈ «Ʉɪɚɫɰɜɟɬɦɟɬ» ɝ.Ʉɪɚɫɧɨɹɪɫɤ, ɥɢɛɨ ɧɚ ȺɈ «ɍɪɚɥɷɥɟɤɬɪɨɦɟɞɶ» ɝ. 
Ʉɢɪɨɜɝɪɚɞ.  

ɉɪɨɚɧɚɥɢɡɢɪɭɟɦ ɩɪɟɣɫɤɭɪɚɧɬɵ ɨɛɨɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ 
ɞɚɧɧɨɝɨ ɥɨɦɚ:  

ɂɡ ɩɪɟɣɫɤɭɪɚɧɬɚ ɈȺɈ «Ʉɪɚɫɰɜɟɬɦɟɬ», ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜ ɬɚɛɥɢɰɟ 15, 
ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɫɵɪɶɹ ɩɪɹɦɨɟ ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɟɛɪɚ ɜ ɝɨɬɨɜɭɸ 
ɩɪɨɞɭɤɰɢɸ ɫɨɫɬɚɜɥɹɟɬ 65%, ɬ.ɟ. 35% ɩɨɬɟɪɢ. ɋɬɨɢɦɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ 
ɫɨɫɬɚɜɥɹɟɬ 11,3 ɪɭɛɥɹ ɡɚ 1 ɝɪɚɦɦ ɫɟɪɟɛɪɚ, ɱɬɨ ɞɨɫɬɢɝɚɟɬ ɩɪɢɦɟɪɧɨ 35% ɨɬ 
ɫɬɨɢɦɨɫɬɢ ɫɟɪɟɛɪɚ. ȼɫɟ ɷɬɨ ɜɦɟɫɬɟ ɜɡɹɬɨɟ ɞɟɥɚɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨ ɫɞɚɱɭ ɥɨɦɚ ɧɚ ɈȺɈ «Ʉɪɚɫɰɜɟɬɦɟɬ». 

 
Ɍɚɛɥɢɰɚ 15- ɉɪɟɣɫɤɭɪɚɧɬ ɨɩɥɚɬɵ ɫɬɨɢɦɨɫɬɢ 1 ɝɪɚɦɦɚ ɫɟɪɟɛɪɚ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ 
ɥɨɦɟ ɢ ɨɬɯɨɞɚɯ ɩɪɢɧɢɦɚɟɦɵɯ ɧɚ ɈȺɈ «Ʉɪɚɫɰɜɟɬɦɟɬ» ɝ. Ʉɪɚɫɧɨɹɪɫɤ 

 
 

Ɇɟɬɚɥɥ 

Ⱥɧɚɥɢɬɢɱɟɫɤɢ 
ɭɫɬɚɧɨɜɥɟɧɧɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɥɥɚ 
ɜ ɫɵɪɶɟ, % 

ɐɟɧɚ ɜ ɪɭɛɥɹɯ ɡɚ 1 
ɝɪɚɦɦ ɯɢɦɢɱɟɫɤɢ 

ɱɢɫɬɨɝɨ 
ɦɟɬɚɥɥɚ(ɛɟɡ ɭɱɟɬɚ 

ɇȾɋ) 

ɂɡɜɥɟɱɟɧɢɟ 
ɦɟɬɚɥɥɚ, % 

ɉɨɬɟɪɢ 
ɦɟɬɚɥɥɚ, % 

 
 
ɋɟɪɟɛɪɨ 

0,50 ɢ ɦɟɧɟɟ ɇɟ ɢɡɜɥɟɤɚɟɬɫɹ ɇɟ ɢɡɜɥɟɤɚɟɬɫɹ 100,00 
0,51÷2,00 11,30 65,00 35,00 
2,01÷5,00 5,10 85,00 15,00 

5,01÷25,00 3,50 92,00 8,00 
25,01÷85,00 2,70 97,00 3,00 

85,01 ɢ ɛɨɥɟɟ 0,75 99,00 1,00 
 
ɂɡ ɩɪɟɣɫɤɭɪɚɧɬɚ ȺɈ «ɍɪɚɥɷɥɟɤɬɪɨɦɟɞɶ», ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜ ɬɚɛɥɢɰɟ 16, 

ɜɢɞɧɨ, ɱɬɨ ɫɬɨɢɦɨɫɬɶ ɩɨɤɭɩɤɢ ɫɟɪɟɛɪɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɟɝɨ ɜ ɥɨɦɟ ɛɨɥɟɟ 1% 
ɫɨɫɬɚɜɥɹɟɬ 71% ɨɬ ɰɟɧɵ ɡɚ ɫɟɪɟɛɪɨ ɩɨ ɤɭɪɫɭ ɐȻ ɊɎ, ɱɬɨ ɷɤɨɧɨɦɢɱɟɫɤɢ ɛɨɥɟɟ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨ. 

 
Ɍɚɛɥɢɰɚ 16- ɉɪɟɣɫɤɭɪɚɧɬ ɨɩɥɚɬɵ ɫɬɨɢɦɨɫɬɢ 1 ɝɪɚɦɦɚ ɫɟɪɟɛɪɚ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ 
ɥɨɦɟ ɢ ɨɬɯɨɞɚɯ ɩɪɢɧɢɦɚɟɦɵɯ ɧɚ ȺɈ «ɍɪɚɥɷɥɟɤɬɪɨɦɟɞɶ» ɝ. Ʉɢɪɨɜɝɪɚɞ 

Ɇɟɬɚɥɥ Ⱥɧɚɥɢɬɢɱɟɫɤɢ 
ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɦɟɬɚɥɥɚ ɜ ɫɵɪɶɟ, % 

ɐɟɧɚ ɩɨɤɭɩɤɢ ɜ % ɨɬ ɰɟɧɵ 
1 ɝɪɚɦɦɚ ɯɢɦɢɱɟɫɤɢ 

ɱɢɫɬɨɝɨ ɦɟɬɚɥɥɚ 
 
ɋɟɪɟɛɪɨ 

1 ɢ ɛɨɥɟɟ 71,0 
0,5÷0,9999 66,0 
0,1÷0,4999 62,0 

0,005÷0,0999 45,0 
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mAg = 150000*0,71=106500 ɝ 
 
Ɉɩɥɚɬɚ ɡɚ Ag ɩɨ ɤɭɪɫɭ ɐȻ ɊɎ ɫɨɫɬɚɜɥɹɟɬ:106500*31,09=3311085 ɪɭɛ. 
 
ɉɨ ɭɫɥɨɜɢɹɦ ɞɨɝɨɜɨɪɚ ɢɡ ɨɛɳɟɣ ɩɪɢɛɵɥɢ ɩɨɫɬɚɜɳɢɤ ɥɨɦɚ ɩɨɥɭɱɚɟɬ 60%, 

ɚ ɩɟɪɟɪɚɛɨɬɱɢɤ 40%. Ɍɨɝɞɚ: 
 
ɉɨɫɬɚɜɳɢɤ ɥɨɦɚ ɩɨɥɭɱɢɬ: 30281629,15*0,6=1986651 ɪɭɛ. 
 
ɉɟɪɟɪɚɛɨɬɱɢɤ ɩɨɥɭɱɢɬ: 30281629,15*0,4=1324434 ɪɭɛ. 
 
ɉɨ ɭɫɥɨɜɢɹɦ ɞɨɝɨɜɨɪɚ ɩɪɨɰɟɧɬ ɨɬ ɩɪɢɛɵɥɢ ɡɚ ɫɞɚɱɭ ɦɟɞɢ ɩɨɫɬɚɜɳɢɤɭ 

ɥɨɦɚ ɧɟ ɨɬɱɢɫɥɹɟɬɫɹ. 
ɉɪɢ ɫɬɨɢɦɨɫɬɢ ɥɨɦɚ ɦɟɞɢ 255 ɬɵɫ. ɪɭɛɥɟɣ ɡɚ 1 ɬɨɧɧɭ, ɩɪɢɛɵɥɶ ɨɬ 

ɪɟɚɥɢɡɚɰɢɢ ɫɨɫɬɚɜɢɬ: 
 
8,75*255000=2231250 ɪɭɛ. 
 
Ɉɛɳɚɹ ɩɪɢɛɵɥɶ ɩɪɟɞɩɪɢɹɬɢɹ ɡɚ ɫɞɚɱɭ ɥɨɦɚ Ag ɢ ɥɨɦɚ ɦɟɞɢ ɫɨɫɬɚɜɢɬ:  
 
1324434+2231250=3555684 ɪɭɛ. 
 
Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɟɬ ɬɪɟɬɢɣ ɜɚɪɢɚɧɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɣ ɫɟɥɟɤɬɢɜɧɨɟ 

ɢɡɜɥɟɱɟɧɢɹ ɫɟɪɟɛɪɚ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɨɫɧɨɜɵ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ 
ɧɚɫɬɨɹɳɟɣ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɞɭɤɬɚɦɢ ɩɟɪɟɪɚɛɨɬɤɢ ɹɜɥɹɸɬɫɹ 
ɫɟɪɟɛɪɨ ɬɟɯɧɢɱɟɫɤɨɣ ɱɚɫɬɨɬɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɟɛɪɚ 96% ɢ ɧɟɛɥɚɝɨɪɨɞɧɭɸ 
ɨɫɧɨɜɭ ɜ ɮɨɪɦɟ ɥɚɬɭɧɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɞɢ 70%. ɂɡ ɚɧɚɥɢɡɚ ɩɪɟɣɫɤɭɪɚɧɬɚ 
ɈȺɈ «Ʉɪɚɫɰɜɟɬɦɟɬ», ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜ ɬɚɛɥɢɰɟ 15, ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɞɚɧɧɨɣ 
ɤɚɬɟɝɨɪɢɢ ɥɨɦɚ ɩɨɬɟɪɢ ɫɟɪɟɛɪɚ ɫɨɫɬɚɜɥɹɸɬ ɜɫɟɝɨ 1% ,ɚ ɫɬɨɢɦɨɫɬɶ ɟɝɨ 
ɩɟɪɟɪɚɛɨɬɤɢ ɨɤɨɥɨ 2% ɨɬ ɫɬɨɢɦɨɫɬɢ ɫɟɪɟɛɪɚ (0,75 ɪɭɛɥɹ ɡɚ 1 ɝɪɚɦɦ ɱɢɫɬɨɝɨ 
ɫɟɪɟɛɪɚ).  

ɉɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɫɟɪɟɛɪɚ ɧɚ ɈȺɈ «Ʉɪɚɫɰɜɟɬɦɟɬ».  
 
mAg = 144800*0,99=143352 ɝ 
 
ɋɬɨɢɦɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ Ag ɫɨɫɬɚɜɢɬ; 143352*0,75=107514 ɪɭɛ. 
 
Ɉɩɥɚɬɚ ɡɚ Ag ɩɨ ɤɭɪɫɭ ɐȻ ɊɎ ɫɨɫɬɚɜɥɹɟɬ:143352*31,09=4456813,68 ɪɭɛ. 
 
Ɉɛɳɚɹ ɩɪɢɛɵɥɶ ɡɚ ɫɞɚɱɭ Ag ɫɨɫɬɚɜɢɬ: 4456813,68-107514=4349299,68 

ɪɭɛ. 
 
ɉɨ ɭɫɥɨɜɢɹɦ ɞɨɝɨɜɨɪɚ ɢɡ ɨɛɳɟɣ ɩɪɢɛɵɥɢ ɡɚ ɫɞɚɱɭ Ag ɩɨɫɬɚɜɳɢɤ ɥɨɦɚ 

ɩɨɥɭɱɚɟɬ 60%, ɚ ɩɟɪɟɪɚɛɨɬɱɢɤ 40%. Ɍɨɝɞɚ: 
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ɉɨɫɬɚɜɳɢɤ ɥɨɦɚ ɩɨɥɭɱɢɬ: 4349299,68*0,6=2609579,81 ɪɭɛ. 
 
ɉɟɪɟɪɚɛɨɬɱɢɤ ɩɨɥɭɱɢɬ: 4349299,68*0,4=1739719,87 ɪɭɛ. 
 
ɉɨ ɨɰɟɧɤɢ ɫɬɨɢɦɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ ɫɟɪɟɛɪɚ ɫɨ ɫɧɹɬɢɟɦ ɟɝɨ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 

ɢɡɞɟɥɢɣ ɫɨɫɬɚɜɥɹɟɬ 6500 ɪɭɛɥɟɣ ɡɚ 1 ɬɨɧɧɭ ɫ ɭɱɟɬɨɦ ɦɚɬɟɪɢɚɥɶɧɵɯ ɢ ɬɪɭɞɨɜɵɯ 
ɡɚɬɪɚɬ. Ɍɨɝɞɚ ɡɚɬɪɚɬɵ ɩɪɟɞɩɪɢɹɬɢɹ ɫɨɫɬɚɜɹɬ: 

 
12,5*6500=81250 ɪɭɛ. 
 
ɉɪɢɛɵɥɶ ɩɪɟɞɩɪɢɹɬɢɹ ɫ ɭɱɟɬɨɦ ɡɚɬɪɚɬ ɛɭɞɟɬ ɪɚɜɧɚ: 
 
1739719,87-81250=1658469,87 ɪɭɛ. 
 
Ɉɫɬɚɬɨɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɜɫɟɝɨ 15 ɝɪɚɦɦ ɧɚ 1 ɬɨɧɧɭ ɥɨɦɚ, 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɷɬɨɬ ɥɨɦ ɪɟɚɥɢɡɨɜɚɬɶ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɥɨɦɚ 
ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ.  

ɉɨ ɭɫɥɨɜɢɹɦ ɞɨɝɨɜɨɪɚ ɩɪɨɰɟɧɬ ɨɬ ɩɪɢɛɵɥɢ ɡɚ ɫɞɚɱɭ ɥɚɬɭɧɢ ɩɨɫɬɚɜɳɢɤɭ 
ɥɨɦɚ ɧɟ ɨɬɱɢɫɥɹɟɬɫɹ. 

ɉɪɢ ɫɬɨɢɦɨɫɬɢ ɥɨɦɚ ɥɚɬɭɧɢ 180 ɬɵɫ. ɪɭɛɥɟɣ ɡɚ 1 ɬɨɧɧɭ, ɩɪɢɛɵɥɶ ɨɬ 
ɪɟɚɥɢɡɚɰɢɢ ɫɨɫɬɚɜɢɬ: 

 
12,36*180000=2224800 ɪɭɛ. 
 
Ɉɛɳɚɹ ɩɪɢɛɵɥɶ ɩɪɟɞɩɪɢɹɬɢɹ ɡɚ ɫɞɚɱɭ ɥɨɦɚ Ag ɢ ɥɨɦɚ ɥɚɬɭɧɢ ɫɨɫɬɚɜɢɬ:  
 
1658469,87+2224800=3883269,87 ɪɭɛ. 
 
ɂɡ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɫɟɥɟɤɬɢɜɧɨɟ ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɟɛɪɚ ɢɡ ɩɨɫɟɪɟɛɪɟɧɧɵɯ 

ɢɡɞɟɥɢɣ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ ɢ ɟɟ ɫɩɥɚɜɨɜ ɩɨ ɞɚɧɧɨɣ ɫɯɟɦɟ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨ. 
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4. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 
 
Ɉɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɪɚɛɨɬɧɢɤɨɜ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɧɟɨɛɯɨɞɢɦɵɯ ɢ ɜɚɠɧɵɯ ɭɫɥɨɜɢɣ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɦɭ 
ɬɪɭɞɭ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɮɨɪɦɢɪɭɸɬɫɹ ɩɪɟɞɟɥɶɧɨ 
ɞɨɩɭɫɬɢɦɵɟ ɧɨɪɦɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɝɚɡɨɜ ɢ ɩɚɪɨɜ ɜ ɜɨɡɞɭɯɟ ɪɚɛɨɱɟɣ 
ɡɨɧɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɯɚɪɚɤɬɟɪɨɦ ɢɯ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɪɝɚɧɢɡɦ. 

ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɫɟɪɟɛɪɟɧɧɨɝɨ ɥɨɦɚ 
ɩɪɢɦɟɧɹɸɬ ɚɡɨɬɧɭɸ ɢ ɫɟɪɧɭɸ ɤɢɫɥɨɬɭ, ɩɨɪɨɲɨɤ ɠɟɥɟɡɚ. 

ɉɪɨɰɟɫɫ ɩɟɪɟɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɨɦɚ ɜɨɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɥɢɛɨ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ ɛɵɜɲɢɯ ɜɨɟɧɧɵɯ ɱɚɫɬɟɣ, ɥɢɛɨ ɧɚ ɛɚɡɟ ɡɚɜɨɞɚ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɜɨɟɧɧɨɣ ɬɟɯɧɢɤɢ ɫ ɪɚɡɜɢɬɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɢ ɫ ɦɨɳɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɦɚɬɟɪɢɚɥɶɧɨ – ɬɟɯɧɢɱɟɫɤɚɹ ɛɚɡɨɣ. ɇɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ ɚɫɫɨɪɬɢɦɟɧɬɚ 
ɹɞɨɯɢɦɢɤɚɬɨɜ, ɨɝɪɨɦɧɵɟ ɡɚɯɥɚɦɥɟɧɧɵɟ ɭɱɚɫɬɤɢ ɩɪɢɟɦɤɢ, ɫɨɪɬɢɪɨɜɤɢ ɢ 
ɯɪɚɧɟɧɢɹ ɥɨɦɚ, ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɟɪɟɞɜɢɠɧɵɯ ɤɨɧɜɟɣɟɪɨɜ ɢ 
ɞɪɭɝɢɯ ɜɢɞɨɜ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭɫɥɨɠɧɹɟɬ ɨɪɝɚɧɢɡɚɰɢɸ ɪɚɛɨɱɟɝɨ 
ɦɟɫɬɚ. Ɂɞɟɫɶ ɜɟɥɢɤɚ ɨɩɚɫɧɨɫɬɶ ɝɪɭɩɩɨɜɨɝɨ ɢ ɞɚɠɟ ɦɚɫɫɨɜɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɨɲɢɛɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɨɞɧɨɝɨ ɱɟɥɨɜɟɤɚ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɛɨɥɶɲɨɟ 
ɡɧɚɱɟɧɢɟ ɩɪɢɨɛɪɟɬɚɟɬ ɪɚɡɪɚɛɨɬɤɚ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ 
ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ.   

 
4.1 Ⱥɧɚɥɢɡ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ 
 
Ɉɩɟɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 

ɢɦɟɸɬ ɪɹɞ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ. 
ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɥɨɦɚ ɢ ɰɟɦɟɧɬɚɰɢɢ 

ɧɚɫɵɳɟɧɧɨɝɨ ɩɪɢɦɟɧɹɸɬɫɹ ɤɢɫɥɨɬɵ: ɚɡɨɬɧɚɹ, ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ ɢ ɩɨɪɨɲɨɤ 
ɠɟɥɟɡɚ. 

ɂɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɦɟɧɹɸɬɫɹ: ɪɟɚɤɬɨɪɵ ɢɡ 
ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɩɥɚɫɬɢɤɨɜɵɟ ɟɦɤɨɫɬɢ, ɰɟɩɧɨɣ ɬɟɥɶɮɟɪ, ɬɢɬɚɧɨɜɵɣ 
ɰɟɦɟɧɬɚɬɨɪ ɊɌ 630, ɬɢɬɚɧɨɜɵɣ ɧɭɬɱ – ɮɢɥɶɬɪ, ɦɭɮɟɥɶɧɚɹ ɩɟɱɶ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɩɟɪɚɰɢɣ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɞɚɧɧɨɝɨ ɜɢɞɚ ɫɵɪɶɹ ɦɨɝɭɬ 
ɜɨɡɧɢɤɚɬɶ ɫɥɟɞɭɸɳɢɟ ɨɩɚɫɧɵɟ ɮɚɤɬɨɪɵ: 

1. ɏɢɦɢɱɟɫɤɢɟ ɨɠɨɝɢ (ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɪɭɲɟɧɢɹ ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 
ɪɚɛɨɬɟ ɫ ɤɢɫɥɨɬɚɦɢ ɢ ɢɯ ɪɚɫɬɜɨɪɚɦɢ, ɩɪɢ ɪɚɛɨɬɟ ɛɟɡ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɪɟɞɫɬɜ 
ɡɚɳɢɬɵ). ȼɨɡɦɨɠɧɵ ɧɚ ɨɩɟɪɚɰɢɹɯ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɥɨɦɚ ɩɨɫɟɪɟɛɪɟɧɧɵɯ 
ɢɡɞɟɥɢɣ, ɰɟɦɟɧɬɚɰɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɧɚ ɫɬɚɞɢɢ ɪɚɡɛɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜɨɞɨɣ). 

2. Ɍɟɪɦɢɱɟɫɤɢɟ ɨɠɨɝɢ (ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɛɟɡ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɢ ɫɩɟɰɢɚɥɶɧɨɣ ɨɞɟɠɞɵ ɩɪɢ ɜɵɩɨɥɧɟɧɢɣ 
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ɨɝɧɟɜɵɯ ɪɚɛɨɬ). Ɍɚɤɨɝɨ ɪɨɞɚ ɨɠɨɝɢ ɜɨɡɦɨɠɧɵ ɧɚ ɨɩɟɪɚɰɢɢ ɫɭɲɤɢ ɰɟɦɟɧɬɚɬɚ 
ɫɟɪɟɛɪɚ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ. 

3. Ɉɬɪɚɜɥɟɧɢɟ ɱɟɪɟɡ ɞɵɯɚɬɟɥɶɧɵɟ ɩɭɬɢ ɢ ɠɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɵɣ ɬɪɚɤɬ 
(ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɪɟɠɢɦɚ ɜɟɧɬɢɥɹɰɢɢ; ɩɪɢ ɪɚɛɨɬɟ ɛɟɡ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɪɟɞɫɬɜ 
ɡɚɳɢɬɵ ɨɪɝɚɧɨɜ ɞɵɯɚɧɢɹ; ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɫɚɧɢɬɚɪɧɵɯ ɩɪɚɜɢɥ ɢ ɩɪɚɜɢɥ ɥɢɱɧɨɣ 
ɝɢɝɢɟɧɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ). ȼɨɡɦɨɠɧɵ ɧɚ ɨɩɟɪɚɰɢɢ ɰɟɦɟɧɬɚɰɢɢ. 

4. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɩɨɜɪɟɠɞɟɧɢɹ (ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɪɭɲɟɧɢɹ ɩɪɚɜɢɥ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɫ ɝɪɭɡɨɩɨɞɴɟɦɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ, ɫ ɪɟɚɤɰɢɨɧɧɵɦɢ 
ɚɩɩɚɪɚɬɚɦɢ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟ ɨɝɪɚɠɞɟɧɧɵɯ ɱɚɫɬɟɣ ɢ ɦɟɯɚɧɢɡɦɨɜ, ɩɪɢ ɩɚɞɟɧɢɢ ɫ 
ɜɵɫɨɬɵ). ȼɨɡɦɨɠɧɵ ɩɨɜɪɟɠɞɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɫɨɪɬɢɪɨɜɤɢ, ɯɪɚɧɟɧɢɹ ɢ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɥɨɦɚ ɩɨɫɟɪɟɛɪɟɧɧɵɯ ɢɡɞɟɥɢɣ. 

5. ɉɨɪɚɠɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ (ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɩɪɢɤɨɫɧɨɜɟɧɢɟ ɤ 
ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɪɭɲɟɧɢɹ ɩɪɚɜɢɥ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɢɥɢ ɩɨ ɩɪɢɱɢɧɟ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢɡɨɥɹɰɢɢ). ȼɨɡɦɨɠɧɨ ɩɪɢ ɪɚɛɨɬɟ ɫ ɦɭɮɟɥɶɧɨɣ ɩɟɱɶɸ. 

Ʉ ɜɪɟɞɧɵɦ ɮɚɤɬɨɪɚɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɧɨɫɹɬɫɹ: 
1. ȼɨɡɞɟɣɫɬɜɢɟ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɨɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɡɚɞɟɣɫɬɜɨɜɚɧɧɨɝɨ ɜ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɨɩɟɪɚɰɢɹɯ (ɩɪɢ ɪɚɛɨɬɟ ɛɟɡ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɪɟɞɫɬɜ 
ɡɚɳɢɬɵ ɝɥɚɡ). 

2. ȼɨɡɞɟɣɫɬɜɢɟ ɲɭɦɚ ɧɚ ɨɪɝɚɧɵ ɫɥɭɯɚ ɩɪɢ ɧɟɢɫɩɪɚɜɧɵɯ ɜɨɡɞɭɯɨɜɨɞɚɯ 
ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ (ɩɪɢ ɪɚɛɨɬɟ ɛɟɡ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ 
ɨɪɝɚɧɨɜ ɫɥɭɯɚ). 

ɉɨɤɚɡɚɬɟɥɢ ɪɢɫɤɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɨɜ ɥɢɦɢɬɢɪɭɸɬɫɹ ɜɥɢɹɧɢɟɦ 
ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ: 

– ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɫɤɥɚɞɫɤɨɦ 
ɩɨɦɟɳɟɧɢɢ (ɫɟɪɧɚɹ, ɚɡɨɬɧɚɹ); 

– ɫɨɫɬɨɹɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɨɫɬɨɹɧɢɟ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ; 

– ɭɪɨɜɟɧɶ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɟɪɫɨɧɚɥɚ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɞɢɫɰɢɩɥɢɧɵ; 

– ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɪɚɡɜɢɬɢɹ ɚɜɚɪɢɣ ɢ ɥɨɤɚɥɢɡɚɰɢɢ 
ɜɵɛɪɨɫɨɜ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ; 

– ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɜɡɪɵɜɨɩɨɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɫɢɫɬɟɦ 
ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ ɫɢɫɬɟɦ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 

– ɫɨɛɥɸɞɟɧɢɟ ɩɪɚɜɢɥ ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɚɜɢɥ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯɪɚɧɵ ɬɪɭɞɚ; 

– ɜɧɟɲɧɢɟ ɮɚɤɬɨɪɵ. 
Ⱥɧɚɥɢɡ ɜɪɟɞɧɵɯ ɜɵɞɟɥɟɧɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚ ɭɱɚɫɬɤɟ 

ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 17.  
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Ɍɚɛɥɢɰɚ 17 – Ⱥɧɚɥɢɡ ɜɪɟɞɧɵɯ ɜɵɞɟɥɟɧɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ 

 

4.2 Ɍɟɯɧɢɱɟɫɤɢɟ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ 
 
Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɜɪɟɞɧɵɯ ɢ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɞɨ 

ɧɨɪɦɚɬɢɜɧɵɯ ɡɧɚɱɟɧɢɣ ɜ ɪɚɛɨɬɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɪɵ: 
 
4.2.1 Ɂɚɳɢɬɚ ɨɬ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ 
 
ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɯɢɦɢɱɟɫɤɢɟ 

ɜɟɳɟɫɬɜɚ: 
ɚɡɨɬɧɚɹ ɤɢɫɥɨɬɚ                       ɉȾɄɪ.ɡ – 2,0 ɦɝ/ɦ3 ɤɥ. ɨɩɚɫɧ – 3 
ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ                         ɉȾɄɪ.ɡ – 2,0 ɦɝ/ɦ3 ɤɥ. ɨɩɚɫɧ – 3  
ȼ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ ɜɨɡɦɨɠɧɨ ɜɵɞɟɥɟɧɢɟ ɜ ɚɬɦɨɫɮɟɪɭ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɱɚɫɬɤɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ: 
ɚɡɨɬɚ ɞɢɨɤɫɢɞ                          ɉȾɄɪ.ɡ – 2,0 ɦɝ/ɦ3 ɤɥ. ɨɩɚɫɧ – 3  
ȼɨɡɞɟɣɫɬɜɢɟ ɷɬɢɯ ɜɟɳɟɫɬɜ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɦɨɠɟɬ ɜɵɡɜɚɬɶ 

ɯɢɦɢɱɟɫɤɢɟ ɨɠɨɝɢ ɝɥɚɡ, ɨɪɝɚɧɨɜ ɞɵɯɚɧɢɹ ɢ ɤɨɠɧɵɯ ɩɨɤɪɨɜɨɜ ɬɟɥɚ, ɛɪɨɧɯɢɬɵ 
ɚɫɬɦɨɢɞɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɤɨɠɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ. Ɍɚɤ ɠɟ ɨɧɢ ɦɨɝɭɬ ɜɵɡɜɚɬɶ ɤɚɲɟɥɶ, 
ɪɚɡɞɪɚɠɟɧɢɟ ɜɟɪɯɧɢɯ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ, ɫɥɟɡɨɬɟɱɟɧɢɟ ɩɨɹɜɥɟɧɢɟ 
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɪɢɜɤɭɫɚ ɜɨ ɪɬɭ. Ⱦɢɨɤɫɢɞ ɚɡɨɬɚ ɨɫɥɚɛɥɹɟɬ ɨɛɨɧɹɧɢɟ ɢ ɧɨɱɧɨɟ 
ɡɪɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɶ ɝɥɚɡ ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ ɤ ɬɟɦɧɨɬɟ. ɉɚɬɨɥɨɝɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ 
ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɬɨɦ, ɱɬɨ NɈ2 ɞɟɥɚɟɬ ɱɟɥɨɜɟɤɚ ɛɨɥɟɟ ɜɨɫɩɪɢɢɦɱɢɜɵɦ ɤ 
ɩɚɬɨɝɟɧɚɦ, ɜɵɡɵɜɚɸɳɢɦ ɛɨɥɟɡɧɢ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ. ɍ ɥɸɞɟɣ, ɩɨɞɜɟɪɝɲɢɯɫɹ 
ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ, ɱɚɳɟ ɧɚɛɥɸɞɚɸɬɫɹ ɤɚɬɚɪ 
ɜɟɪɯɧɢɯ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ, ɛɪɨɧɯɢɬɵ, ɤɪɭɩ ɢ ɜɨɫɩɚɥɟɧɢɟ ɥɟɝɤɢɯ. Ʉɪɨɦɟ ɬɨɝɨ, 
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2 

ɐɟɦɟɧɬɚɰɢɹ 
ɐɟɦɟɧɬɚɬɨɪ ɊɌ 

- 630 

ɉɚɪɵ ɚɡɨɬɧɨɣ 
ɤɢɫɥɨɬɵ,  ɜɵɞɟ-
ɥɟɧɢɟ ɞɢɨɤɫɢɞɚ  
ɚɡɨɬɚ (NɈ2) 

ɦɝ/ɦ3 1 
2 

ȽɈɋɌ 
12.1.005-01 

3 ɉɪɨɦɵɜɤɚ 
Ɍɢɬɚɧɨɜɵɣ  

ɧɭɬɱ - ɮɢɥɶɬɪ 
ɗɥɟɤɬɪɢɱɟɫɤɢɣ 
ɬɨɤ 

ɦȺ ≥ 50 ≤ 10 

4 ɋɭɲɤɚ ɰɟɦɟɧɬɚɬɚ 
Ɇɭɮɟɥɶɧɚɹ  

ɩɟɱɶ 
ɇɚɝɪɟɬɵɟ ɬɟɥɚ    
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ɞɢɨɤɫɢɞ ɚɡɨɬɚ ɫɚɦ ɩɨ ɫɟɛɟ ɦɨɠɟɬ ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɡɚɛɨɥɟɜɚɧɢɣ ɞɵɯɚɬɟɥɶɧɵɯ 
ɩɭɬɟɣ. ɉɨɩɚɞɚɹ ɜ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ, NɈ2 ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɜɥɚɝɨɣ ɨɛɪɚɡɭɟɬ 
ɚɡɨɬɢɫɬɭɸ ɢ ɚɡɨɬɧɭɸ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɵɟ ɪɚɡɴɟɞɚɸɬ ɫɬɟɧɤɢ ɚɥɶɜɟɨɥ ɥɟɝɤɢɯ. ɉɪɢ 
ɷɬɨɦ ɫɬɟɧɤɢ ɚɥɶɜɟɨɥ ɢ ɤɪɨɜɟɧɨɫɧɵɯ ɤɚɩɢɥɥɹɪɨɜ ɫɬɚɧɨɜɹɬɫɹ ɧɚɫɬɨɥɶɤɨ 
ɩɪɨɧɢɰɚɟɦɵɦɢ, ɱɬɨ ɩɪɨɩɭɫɤɚɸɬ ɫɵɜɨɪɨɬɤɭ ɤɪɨɜɢ ɜ ɩɨɥɨɫɬɶ ɥɟɝɤɢɯ. ȼ ɷɬɨɣ 
ɠɢɞɤɨɫɬɢ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜɞɵɯɚɟɦɵɣ ɜɨɡɞɭɯ, ɨɛɪɚɡɭɹ ɩɟɧɭ, ɩɪɟɩɹɬɫɬɜɭɸɳɭɸ 
ɞɚɥɶɧɟɣɲɟɦɭ ɝɚɡɨɨɛɦɟɧɭ. ȼɨɡɧɢɤɚɟɬ ɨɬɟɤ ɥɟɝɤɢɯ, ɤɨɬɨɪɵɣ ɡɚɱɚɫɬɭɸ ɜɟɞɟɬ ɤ 
ɥɟɬɚɥɶɧɨɦɭ ɢɫɯɨɞɭ). Ⱦɥɢɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜɵɡɵɜɚɟɬ 
ɪɚɫɲɢɪɟɧɢɟ ɤɥɟɬɨɤ ɜ ɤɨɪɟɲɤɚɯ ɛɪɨɧɯɨɜ (ɬɨɧɤɢɯ ɪɚɡɜɟɬɜɥɟɧɢɹɯ ɜɨɡɞɭɲɧɵɯ 
ɩɭɬɟɣ ɚɥɶɜɟɨɥ), ɭɯɭɞɲɟɧɢɟ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɢ ɥɟɝɤɢɯ ɤ ɛɚɤɬɟɪɢɹɦ, ɚ ɬɚɤɠɟ 
ɪɚɫɲɢɪɟɧɢɟ ɚɥɶɜɟɨɥ.  

ɋɟɪɟɛɪɨ ɜ ɜɢɞɟ ɩɵɥɢ ɛɨɥɟɟ 0,01 ɦɝ/ɦ3 ɜ ɜɨɡɞɭɯɟ ɨɩɚɫɧɨ ɫɜɨɢɦ 
ɧɚɤɨɩɥɟɧɢɟɦ ɧɚ ɫɬɟɧɤɚɯ ɤɚɩɢɥɥɹɪɨɜ, ɨɫɨɛɟɧɧɨ ɩɟɱɟɧɢ, ɤɨɫɬɧɨɦ ɦɨɡɝɟ, 
ɫɟɥɟɡɟɧɤɟ. 

Ɍɚɤɠɟ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɜɨɡɦɨɠɧɵ ɬɟɪɦɢɱɟɫɤɢɟ ɨɠɨɝɢ ɤɨɠɧɵɯ ɩɨɤɪɨɜɨɜ 
ɜɫɥɟɞɫɬɜɢɟ ɤɨɧɬɚɤɬɚ ɫ ɧɟ ɨɝɪɚɠɞɟɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɤɨɧɫɬɪɭɤɰɢɣ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢɦɟɸɳɢɯ ɬɟɦɩɟɪɚɬɭɪɭ ɜɵɲɟ 40 °ɋ. 

Ɍɚɤɠɟ ɜɨɡɦɨɠɧɵ ɨɬɪɚɜɥɟɧɢɟ ɝɚɡɚɦɢ ɱɟɪɟɡ ɞɵɯɚɬɟɥɶɧɵɟ ɨɪɝɚɧɵ, 
ɠɟɥɭɞɨɱɧɨ–ɤɢɲɟɱɧɵɣ ɬɪɚɤɬ ɢ ɱɟɪɟɡ ɤɨɠɭ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɪɟɠɢɦɚ ɜɟɧɬɢɥɹɰɢɢ, 
ɩɪɢ ɪɚɛɨɬɟ ɛɟɡ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ, ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɫɚɧɢɬɚɪɧɵɯ 
ɧɨɪɦ ɢ ɩɪɚɜɢɥ ɥɢɱɧɨɣ ɝɢɝɢɟɧɵ. 

ȼ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɩɪɢɦɟɧɹɸɬ: ɫɩɟɰɨɞɟɠɞɭ (ɫɩɟɰɨɛɭɜɶ, 
ɫɩɟɰɢɚɥɶɧɵɟ ɩɟɪɱɚɬɤɢ), ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɝɨɥɨɜɵ (ɛɟɪɟɬɵ, ɤɟɩɢ, ɤɨɫɵɧɤɢ), 
ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɨɪɝɚɧɨɜ ɡɪɟɧɢɹ – ɨɱɤɢ, ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɨɪɝɚɧɨɜ ɞɵɯɚɧɢɹ–
ɪɟɫɩɢɪɚɬɨɪɵ. ɏɪɚɧɢɬɶ ɤɢɫɥɨɬɵ ɫɥɟɞɭɟɬ ɜ ɝɟɪɦɟɬɢɱɧɵɯ ɟɦɤɨɫɬɹɯ, ɧɟ ɞɨɩɭɫɤɚɹ 
ɩɨɩɚɞɚɧɢɹ ɩɚɪɨɜ ɤɢɫɥɨɬ ɜ ɚɬɦɨɫɮɟɪɭ ɰɟɯɚ[27]. 

ɋɟɪɧɚɹ ɤɢɫɥɨɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɤɚɤ ɪɚɡɴɟɞɚɸɳɟɟ ɬɤɚɧɢ 
ɜɟɳɟɫɬɜɨ ɢ ɨɛɳɟɬɨɤɫɢɱɟɫɤɨɟ ɫɪɟɞɫɬɜɨ. ɉɨɩɚɞɚɧɢɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɬɟɥɨ 
ɱɟɥɨɜɟɤɚ ɜ ɜɢɞɟ ɠɢɞɤɨɫɬɢ ɢɥɢ ɩɚɪɚ ɜɵɡɵɜɚɟɬ ɫɢɥɶɧɨɟ ɪɚɡɞɪɚɠɟɧɢɟ ɢ 
ɯɢɦɢɱɟɫɤɢɟ ɨɠɨɝɢ ɫɥɢɡɢɫɬɵɯ ɨɛɨɥɨɱɟɤ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ ɢ 
ɩɢɳɟɜɚɪɢɬɟɥɶɧɨɝɨ ɬɪɚɤɬɚ, ɚ ɬɚɤɠɟ ɡɭɛɨɜ, ɝɥɚɡ ɢ ɤɨɠɢ. ɉɪɢ ɤɨɧɬɚɤɬɟ ɫ ɤɨɠɟɣ 
ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ ɜɵɡɵɜɚɟɬ ɢɧɬɟɧɫɢɜɧɭɸ ɞɟɝɢɞɪɚɬɚɰɢɸ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 
ɜɵɞɟɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɠɨɝɚɦ ɩɟɪɜɨɣ, 
ɜɬɨɪɨɣ ɢɥɢ ɬɪɟɬɶɟɣ ɫɬɟɩɟɧɢ. Ƚɥɭɛɢɧɚ ɩɨɪɚɠɟɧɢɹ ɬɤɚɧɟɣ ɡɚɜɢɫɢɬ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɬɵ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɤɨɧɬɚɤɬɚ. ɉɪɢ ɜɞɵɯɚɧɢɢ ɩɚɪɨɜ ɫɟɪɧɨɣ 
ɤɢɫɥɨɬɵ ɩɨɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɢɦɩɬɨɦɵ: ɜɵɞɟɥɟɧɢɹ ɢɡ ɧɨɫɚ, ɱɢɯɚɧɢɟ, 
ɠɠɟɧɢɟ ɜ ɝɨɪɥɟ – ɡɚ ɤɨɬɨɪɵɦɢ ɫɥɟɞɭɟɬ ɤɚɲɟɥɶ, ɧɚɪɭɲɟɧɢɹ ɞɵɯɚɧɢɹ, ɢɧɨɝɞɚ 
ɫɨɩɪɨɜɨɠɞɚɸɳɢɟɫɹ ɫɩɚɡɦɨɦ ɝɨɥɨɫɨɜɵɯ ɫɜɹɡɨɤ, ɚ ɬɚɤɠɟ ɠɠɟɧɢɟ ɜ ɝɥɚɡɚɯ, 
ɫɥɟɡɨɬɟɱɟɧɢɟ ɢ ɜɨɫɩɚɥɟɧɢɟ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ ɝɥɚɡ. ȼɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɩɨɹɜɥɟɧɢɟ ɤɪɨɜɢ ɜ ɦɨɤɪɨɬɟ ɢ ɜɵɞɟɥɟɧɢɹɯ ɢɡ 
ɧɨɫɚ, ɤɪɨɜɚɜɭɸ ɪɜɨɬɭ, ɝɚɫɬɪɢɬ ɢ ɬ.ɞ. ɑɚɫɬɨ ɜɫɬɪɟɱɚɸɬɫɹ ɩɨɜɪɟɠɞɟɧɢɹ ɡɭɛɨɜ; 
ɤɢɫɥɨɬɚ ɜɨɡɞɟɣɫɬɜɭɟɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɧɚ ɪɟɡɰɵ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɢɞɟ 
ɩɨɹɜɥɟɧɢɹ ɤɨɪɢɱɧɟɜɨɝɨ ɨɬɬɟɧɤɚ, ɩɨɥɨɫ ɧɚ ɷɦɚɥɢ, ɤɚɪɢɟɫɚ, ɛɵɫɬɪɨɝɨ ɢ 
ɛɟɡɛɨɥɟɡɧɟɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɤɨɪɨɧɤɢ ɡɭɛɚ. 
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Ɍɚɤɠɟ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɬɪɟɛɭɟɬɫɹ ɩɨɞɞɟɪɠɤɚ 
ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɟɧɬɢɥɹɰɢɹ (ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ), 
ɨɫɜɟɳɟɧɧɨɫɬɶ ɰɟɯɚ. Ɉɰɟɧɤɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɫɪɚɜɧɟɧɢɟ ɢɯ 
ɡɧɚɱɟɧɢɹ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 18. 

 
Ɍɚɛɥɢɰɚ 18 – Ɉɰɟɧɤɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɧɚ ɭɱɚɫɬɤɟ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɮɚɤɬɨɪɚ 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɮɚɤɬɨɪɚ ɇɨɪɦɚɬɢɜɧɨɟ 
ɡɧɚɱɟɧɢɟ 

ȿɞ. ɢɡɦ. ȼɟɥɢɱɢɧɚ 
Ɇɢɤɪɨɤɥɢɦɚɬ    
ɚ)Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ    
ɥɟɬɧɹɹ °ɋ 23÷25 22÷25 
ɡɢɦɧɹɹ °ɋ 18÷20  17÷18 
ɛ) ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ  
ɜɨɡɞɭɯɚ (ɜɟɧɬɢɥɹɰɢɹ) ɦ/ɫ 0,2 0,2÷0,3 

Ɉɫɜɟɳɟɧɧɨɫɬɶ ɥɤ 50 50 

 
4.2.2 Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ 
 
Ɋɚɛɨɱɢɟ, ɩɨɫɬɭɩɚɸɳɢɟ ɧɚ ɪɚɛɨɬɭ, ɩɪɨɯɨɞɹɬ ɦɟɞɢɰɢɧɫɤɢɣ ɨɫɦɨɬɪ. 
Ɉɪɝɚɧɢɡɚɰɢɹ ɨɛɭɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ, ɢɧɫɬɪɭɤɬɚɠ, ɩɪɨɜɟɪɤɚ ɡɧɚɧɢɣ 

ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 12.0.004-99. 
ȼɫɟ ɩɨɫɬɭɩɚɸɳɢɟ ɧɚ ɪɚɛɨɬɭ ɩɨɥɭɱɚɸɬ ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ. 
ȼɫɟ ɪɚɛɨɱɢɟ ɩɪɨɯɨɞɹɬ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɩɟɪɜɢɱɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ 

ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɪɚɛɨɬɵ. 
Ɉɛɭɱɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɩɪɨɝɪɚɦɦɚɦ, ɭɬɜɟɪɠɞɺɧɧɵɯ ɝɥɚɜɧɵɦ ɢɧɠɟɧɟɪɨɦ 

ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɨɩɵɬɧɵɯ ɪɚɛɨɱɢɯ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɫɪɨɤɚ 
ɨɛɭɱɟɧɢɹ ɪɚɛɨɱɢɟ ɞɨɥɠɧɵ ɩɪɨɣɬɢ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ ɜ 
ɤɨɦɢɫɫɢɢ ɩɨɞ ɩɪɟɞɫɟɞɚɬɟɥɶɫɬɜɨɦ ɧɚɱɚɥɶɧɢɤɚ ɰɟɯɚ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɪɤɢ 
ɨɮɨɪɦɥɹɸɬɫɹ ɩɪɨɬɨɤɨɥɨɦ. Ɋɚɛɨɱɢɟ ɞɨɥɠɧɵ ɧɟ ɪɟɠɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ 6 ɦɟɫɹɰɟɜ 
ɩɪɨɯɨɞɢɬɶ ɩɨɜɬɨɪɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ. ȼɧɟɩɥɚɧɨɜɵɣ 
ɢɧɫɬɪɭɤɬɚɠ ɩɪɨɜɨɞɹɬ: ɩɪɢ ɜɜɨɞɟ ɜ ɞɟɣɫɬɜɢɟ ɧɨɜɵɯ ɢ ɩɟɪɟɪɚɛɨɬɚɧɧɵɯ ɜ 
ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɩɨɪɹɞɤɟ ɢɧɫɬɪɭɤɰɢɣ, ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɪɚɛɨɱɢɦɢ ɢɧɫɬɪɭɤɰɢɢ 
ɩɪɢɜɨɞɹɳɟɣ ɤ ɬɪɚɜɦɟ, ɩɪɢ ɩɟɪɟɜɨɞɟ ɧɚ ɞɪɭɝɭɸ ɪɚɛɨɬɭ, ɩɟɪɟɪɵɜɵ ɜ ɪɚɛɨɬɟ ɛɨɥɟɟ 
30 ɤɚɥɟɧɞɚɪɧɵɯ ɞɧɟɣ. 

 
4.2.3 ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ 
 
Ɋɚɛɨɬɧɢɤɢ ɭɱɚɫɬɤɚ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɫɩɟɰɨɞɟɠɞɨɣ, ɫɩɟɰɨɛɭɜɶɸ ɢ ɋɂɁ ɩɨ 

ɞɟɣɫɬɜɭɸɳɢɦ «Ɍɢɩɨɜɵɦ ɨɬɪɚɫɥɟɜɵɦ ɧɨɪɦɚɦ ɜɵɞɚɱɢ ɫɩɟɰɨɞɟɠɞɵ, ɫɩɟɰɨɛɭɜɢ ɢ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɪɚɛɨɱɢɦ ɢ ɫɥɭɠɚɳɢɦ ɩɪɟɞɩɪɢɹɬɢɣ 
ɰɜɟɬɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ».  
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ɍɱɚɫɬɨɤ ɨɫɧɚɳɟɧ ɚɜɚɪɢɣɧɵɦ ɡɚɩɚɫɨɦ ɮɢɥɶɬɪɭɸɳɢɯ ɩɪɨɬɢɜɨɝɚɡɨɜ ɫ 
ɤɨɪɨɛɤɨɣ ɦɚɪɤɢ ȻɄɎ. 

ɉɪɢɧɢɦɚɬɶ ɩɢɳɭ ɢ ɤɭɪɢɬɶ ɪɚɡɪɟɲɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɫɩɟɰɢɚɥɶɧɨ ɨɬɜɟɞɟɧɧɵɯ 
ɞɥɹ ɷɬɨɝɨ ɦɟɫɬɚɯ. 

 
4.2.4 ɉɥɚɧ ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɢ 
 
Ɉɩɟɪɚɬɢɜɧɚɹ ɱɚɫɬɶ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɨɡɦɨɠɧɵɟ ɧɚɪɭɲɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɨɡɞɚɧɢɟ ɡɚɝɚɡɨɜɚɧɧɨɫɬɢ (ɜ ɨɫɧɨɜɧɨɦ ɞɢɨɤɫɢɞɨɦ 
ɚɡɨɬɚ), ɭɬɟɱɤɭ ɨɩɚɫɧɵɯ ɠɢɞɤɨɫɬɟɣ  (ɫɟɪɧɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ, ɪɚɫɬɜɨɪɚ ɩɨɫɥɟ 
ɰɟɦɟɧɬɚɰɢɢ), ɫɨɡɞɚɧɢɟ ɜɪɟɞɧɵɯ ɚɷɪɨɡɨɥɟɣ ɢɥɢ ɞɪɭɝɢɯ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ ɢ 
ɞɟɣɫɬɜɢɟ ɩɟɪɫɨɧɚɥɚ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ. ȼ ɩɥɚɧɟ ɭɤɚɡɚɧɵ ɩɭɬɢ 
ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ, ɨɩɨɜɟɳɟɧɢɟ ɨɫɬɚɜɲɢɯɫɹ ɧɚ ɞɪɭɝɢɯ ɭɱɚɫɬɤɚɯ ɰɟɯɚ ɨɛ 
ɨɩɚɫɧɨɫɬɢ. ɉɥɚɧ ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɢ ɜɵɜɟɲɟɧ ɧɚ ɭɱɚɫɬɤɟ. 

 
4.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɠɚɪɧɨɣ ɢ ɜɡɪɵɜɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 
 
ɉɨ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɨɬɧɨɫɢɬɫɹ ɤ ɤɚɬɟɝɨɪɢɢ 

«Ƚ». ɉɨ ɜɡɪɵɜɨɨɩɚɫɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɤɥɚɫɫɭ ȼ-Iɚ – 
ɩɨɦɟɳɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟ ɨɛɪɚɡɭɸɬɫɹ 
ɜɡɪɵɜɨɨɩɚɫɧɵɟ ɫɦɟɫɢ, ɧɨ ɷɬɨ ɜɨɡɦɨɠɧɨ ɩɪɢ ɧɟɩɪɚɜɢɥɶɧɨɦ ɜɟɞɟɧɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ, ɚɜɚɪɢɹɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 
ɜɨɡɦɨɠɧɵɦɢ ɩɪɢɱɢɧɚɦɢ ɩɨɠɚɪɚ ɦɨɝɭɬ ɛɵɬɶ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɜɡɪɵɜ ɝɨɪɸɱɟɣ ɫɦɟɫɢ. 

ȼ ɤɨɦɩɥɟɤɫ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɜɯɨɞɹɬ: ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ; ɨɝɪɚɧɢɱɟɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɨɝɧɹ ɢ ɫɨɡɞɚɧɢɟ ɭɫɥɨɜɢɣ 
ɟɝɨ ɥɨɤɚɥɢɡɚɰɢɢ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ; ɫɨɡɞɚɧɢɟ ɭɫɥɨɜɢɣ ɭɫɩɟɲɧɨɣ ɷɜɚɤɭɚɰɢɢ 
ɥɸɞɟɣ ɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɰɟɧɧɨɫɬɟɣ ɢɡ ɝɨɪɹɳɟɝɨ ɡɞɚɧɢɹ. 

Ⱦɥɹ ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɥɟɫɬɧɢɰ ɢ 
ɜɵɯɨɞɨɜ ɢɡ ɡɞɚɧɢɣ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɢ ɞɪɭɝɢɟ 
ɦɟɪɨɩɪɢɹɬɢɹ ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɬɫɹ: 

– ɨɛɨɪɭɞɨɜɚɧɢɟ ɡɞɚɧɢɣ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɫɥɭɱɚɹɯ ɩɨɠɚɪɧɵɦ ɜɨɞɨɩɪɨɜɨɞɨɦ; 
– ɨɛɨɪɭɞɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɬɭɲɟɧɢɹ; 
– ɨɛɨɪɭɞɨɜɚɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɟɣ; 
– ɨɛɨɪɭɞɨɜɚɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
– ɩɨɤɪɚɫɤɚ ɫɬɚɥɶɧɵɯ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɠɚɪɨɫɬɨɣɤɢɦɢ ɤɪɚɫɤɚɦɢ; 
– ɜ ɡɞɚɧɢɹɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɟ, ɫɬɚɥɶɧɵɟ ɧɚɪɭɠɧɵɟ 

ɥɟɫɬɧɢɰɵ. 
ɉɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɨɬɤɥɸɱɟɧɢɟ ɫɢɫɬɟɦ, ɨɛɫɥɭɠɢɜɚɸɳɢɯ 

ɩɨɠɚɪɨɨɩɚɫɧɵɟ ɩɨɦɟɳɟɧɢɹ; ɢɫɤɪɨɡɚɳɢɬɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɜɟɧɬɨɛɨɪɭɞɨɜɚɧɢɹ; 
ɡɚɡɟɦɥɟɧɢɟ ɜɨɡɞɭɯɨɜɨɞɨɜ. 

Ⱦɥɹ ɤɭɪɟɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɤɨɦɧɚɬɚ. ɇɚ ɪɚɛɨɬɵ, ɫɜɹɡɚɧɧɵɟ 
ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ, ɪɚɛɨɱɢɦ ɜɵɞɚɟɬɫɹ ɧɚɪɹɞ – ɞɨɩɭɫɤ ɢ 
ɨɛɹɡɚɬɟɥɶɧɨ ɫ ɧɢɦɢ ɩɪɨɜɨɞɢɬɫɹ ɢɧɫɬɪɭɤɬɚɠ.  



 

57 

 

4.4 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɩɟɪɜɵɣ ɩɥɚɧ ɜɵɯɨɞɢɬ ɩɪɨɛɥɟɦɚ ɨɯɪɚɧɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɫɨɡɞɚɧɢɢ 
ɦɚɥɨɨɬɯɨɞɧɵɯ ɢ ɛɟɡɨɬɯɨɞɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɪɟɲɟɧɢɸ ɜɨɩɪɨɫɨɜ ɨɯɪɚɧɵ ɩɪɢɪɨɞɵ ɢ ɪɟɫɭɪɫɨɜ. ȼɟɞɶ 
ɪɚɰɢɨɧɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɜ 
ɨɰɟɧɤɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɦ ɤɨɧɬɪɨɥɟɦ 
ɫɨ ɫɬɨɪɨɧɵ ɦɢɧɢɫɬɟɪɫɬɜɚ ɢ ɟɝɨ ɫɩɟɰɢɚɥɶɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨɡɪɨɫ ɫɩɪɨɫ ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ, ɢ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ ɜɨɡɪɨɫɥɢ ɨɛɴɟɦɵ ɩɟɪɟɪɚɛɨɬɤɢ ɷɬɨɝɨ ɫɵɪɶɹ. ȼɨɩɪɨɫɵ ɨɯɪɚɧɵ 
ɩɪɢɪɨɞɵ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ ɬɜɟɪɞɵɦɢ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɨɬɯɨɞɚɦɢ, ɝɚɡɨɜɵɦɢ 
ɜɵɛɪɨɫɚɦɢ ɢ ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ ɩɪɢɨɛɪɟɥɢ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɚɠɧɟɣɲɟɟ 
ɡɧɚɱɟɧɢɟ [15]. 

 
4.4.1 Ⱥɧɚɥɢɡ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
ȼɵɩɨɥɧɹɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɦ 

ɭɱɚɫɬɤɟ ɛɭɞɟɬ ɭɞɟɥɹɬɶɫɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɜɨɩɪɨɫɚɦ ɨɯɪɚɧɵ ɩɪɢɪɨɞɵ. 
ȼ ɩɪɨɰɟɫɫɟ ɩɟɪɟɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɨɛɪɚɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ 

ɨɬɯɨɞɨɜ: ɨɬɯɨɞɹɳɢɟ ɝɚɡɵ, ɩɚɪɵ, ɫɬɨɱɧɵɟ ɜɨɞɵ, ɬɜɟɪɞɵɟ ɨɬɯɨɞɵ. ȼɫɟ ɷɬɢ 
ɨɬɯɨɞɵ, ɟɫɥɢ ɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɟɪɵ ɩɨ ɢɯ ɥɢɤɜɢɞɚɰɢɢ, ɜɵɡɵɜɚɸɬ 
ɡɚɝɪɹɡɧɟɧɢɟ ɡɟɦɟɥɶ, ɜɨɡɞɭɲɧɨɝɨ ɢ ɜɨɞɧɨɝɨ ɛɚɫɫɟɣɧɨɜ [27]. 

 
4.4.2 ɉɪɢɪɨɞɨɨɯɪɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɡɚɳɢɬɟ ɚɬɦɨɫɮɟɪɵ, 

ɝɢɞɪɨɫɮɟɪɵ ɢ ɥɢɬɨɫɮɟɪɵ 
 
Ɉɯɪɚɧɟ ɩɪɢɪɨɞɵ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɭɞɟɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ. Ɉɫɧɨɜɧɨɟ 

ɡɧɚɱɟɧɢɟ ɜ ɷɬɨɣ ɫɜɹɡɢ ɢɦɟɟɬ ɭɫɬɪɚɧɟɧɢɟ ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɞɥɹ ɱɟɝɨ ɫɨɡɞɚɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɨɡɞɨɪɨɜɥɟɧɢɟ 
ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɫɨɟɞɢɧɟɧɢɹ 
(ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ, ɥɚɬɭɧɶ) ɨɬɩɪɚɜɥɹɸɬ ɧɚ ɄɆɉɁ, ɚ ɨɫɬɚɜɲɢɟɫɹ ɩɨɫɥɟ 
ɰɟɦɟɧɬɚɰɢɢ ɦɟɬɚɥɥɨɜ ɪɚɫɬɜɨɪɵ ɨɛɟɡɜɪɟɠɢɜɚɸɬ ɢ ɭɠɟ ɩɨɬɨɦ ɨɬɩɪɚɜɥɹɸɬ ɜ 
ɫɛɪɨɫ. ɗɬɨ ɞɟɥɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɛɟɡɨɬɯɨɞɧɵɦ, ɩɨɜɵɲɚɹ ɬɟɯɧɢɤɨ–
ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɢ ɛɨɥɟɟ ɛɟɡɨɩɚɫɧɵɦ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ɇɚ ɩɪɟɞɩɪɢɹɬɢɢ ɪɚɛɨɬɚɟɬ ɫɚɧɢɬɚɪɧɨ–ɩɪɨɦɵɲɥɟɧɧɚɹ ɥɚɛɨɪɚɬɨɪɢɹ, ɫɥɭɠɛɚ 
ɝɚɡɨ– ɢ ɜɨɞɨɨɱɢɫɬɤɢ, ɤɨɬɨɪɵɟ ɡɚɧɢɦɚɸɬɫɹ ɩɪɢɪɨɞɨɨɯɪɚɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ 
[27]. 
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ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ 

ɦɟɬɨɞɵ ɢɡɜɥɟɱɟɧɢɹ ɫɟɪɟɛɪɚ ɢɡ ɥɨɦɚ ɩɨɫɟɪɟɛɪɟɧɧɵɯ ɢɡɞɟɥɢɣ. 
ȼ ɨɛɳɟɣ ɱɚɫɬɢ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɢ ɯɢɦɢɱɟɫɤɢɟ  

ɫɜɨɣɫɬɜɚ ɫɟɪɟɛɪɚ, ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɚɥɥɚ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɫɯɨɞɧɨɝɨ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ. 

ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɢ 
ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ, ɤɚɤ ɡɚ ɪɭɛɟɠɨɦ, ɬɚɤ ɢ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɦ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɟɪɟɛɪɚ ɢɡ ɩɨɫɟɪɟɛɪɟɧɧɨɝɨ ɥɨɦɚ. ɇɚ ɨɫɧɨɜɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɨɩɵɬɚ 
ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ. 

ȼ ɫɩɟɰɢɚɥɶɧɨɣ ɱɚɫɬɢ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɪɨɰɟɫɫɵ ɜɵɳɟɥɚɱɢɜɚɧɢɹ, 
ɰɟɦɟɧɬɚɰɢɢ, ɩɪɨɦɵɜɤɢ ɢ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɩɪɨɦɵɜɧɵɯ ɜɨɞ, ɩɨɫɱɢɬɚɧ ɪɚɫɯɨɞ 
ɜɫɟɯ ɩɪɢɦɟɧɹɟɦɵɯ ɪɟɚɝɟɧɬɨɜ, ɧɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɰɢɤɥɨɜɨɣ ɢ 
ɝɨɞɨɜɨɣ ɦɚɬɟɪɢɚɥɶɧɵɟ ɛɚɥɚɧɫɵ.  

ȼ ɪɚɡɞɟɥɟ «Ȼɟɡɨɩɚɫɧɨɫɬɶ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɢ ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ» ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ, 
ɪɚɫɫɦɨɬɪɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 
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