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Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

ɮɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ  ɨɛɪɚɡɨɜɚɧɢɹ 

«ɇȺɐɂɈɇȺɅɖɇɕɃ ɂɋɋɅȿȾɈȼȺɌȿɅɖɋɄɂɃ 

ɌɈɆɋɄɂɃ ɉɈɅɂɌȿɏɇɂɑȿɋɄɂɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ȼɵɫɨɤɢɯ Ɍɟɯɧɨɥɨɝɢɣ 

ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɝɨɬɨɜɤɢ 22.03.01 Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ  

Ʉɚɮɟɞɪɚ ɇɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɇɚɧɨɬɟɯɧɨɥɨɝɢɣ 

 

 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
Ɍɟɦɚ ɪɚɛɨɬɵ 

ɉɨɥɭɱɟɧɢɟ ɩɨɪɨɲɤɚ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢɡ ɰɢɬɪɚɬɧɵɯ ɫɭɫɩɟɧɡɢɣ 

ɍȾɄ 621.762: 669.296: 661.746.5 
 

ɋɬɭɞɟɧɬ 
Ƚɪɭɩɩɚ ɎɂɈ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

4Ȼ22 ɉɨɞɝɚɟɰɤɚɹ ȼ.ȼ.   
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ 

Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ 
ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 

ɡɜɚɧɢɟ 
ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱦɨɰɟɧɬ 

 

Ʌɹɦɢɧɚ Ƚ.ȼ. ɤ.ɯ.ɧ   

 

ɄɈɇɋɍɅɖɌȺɇɌɕ: 
ɉɨ ɪɚɡɞɟɥɭ «Ɏɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ» 

Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ 
ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 

ɡɜɚɧɢɟ 
ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱥɫɫɢɫɬɟɧɬ Ƚɪɚɯɨɜɚ ȿ.Ⱥ.    

ɉɨ ɪɚɡɞɟɥɭ «ɋɨɰɢɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ» 

Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ 
ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 

ɡɜɚɧɢɟ 
ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

ɉɪɨɮɟɫɫɨɪ ɇɚɡɚɪɟɧɤɨ Ɉ.Ȼ. ɞ.ɬ.ɧ   

 

ȾɈɉɍɋɌɂɌɖ Ʉ ɁȺЩɂɌȿ: 
Ɂɚɜ. ɤɚɮɟɞɪɨɣ ɎɂɈ 

ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 

ɡɜɚɧɢɟ 
ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

ɇɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ 

ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ 

ɏɚɫɚɧɨɜ Ɉ.Ʌ. ɞ.ɬ.ɧ   
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ɉɥɚɧɢɪɭɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɭɱɟɧɢɹ ɩɨ ɈɈɉ 22.03.01 Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ 

ɦɚɬɟɪɢɚɥɨɜ (ɛɚɤɚɥɚɜɪɢɚɬ) 

Ʉɨɞ 

ɪɟɡɭɥɶ
ɬɚɬɚ 

Ɋɟɡɭɥɶɬɚɬ ɨɛɭɱɟɧɢɹ 

Ɋ1 

ɉɪɢɦɟɧɹɬɶ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɦɟɬɨɞɵ ɝɭɦɚɧɢɬɚɪɧɵɯ ɧɚɭɤ ɩɪɢ ɪɟɲɟɧɢɢ 
ɫɨɰɢɚɥɶɧɨ-ɨɛɳɟɫɬɜɟɧɧɵɯ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ 
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ 

Ɋ2 
ɂɫɩɨɥɶɡɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɨɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɢ ɪɟɲɟɧɢɢ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ 

Ɋ3 

Ɋɚɡɪɚɛɚɬɵɜɚɬɶ, ɨɮɨɪɦɥɹɬɶ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɯɧɢɱɟɫɤɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ, 
ɜɤɥɸɱɚɹ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ ɩɨ ɜɨɩɪɨɫɚɦ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 
ɫɨɛɫɬɜɟɧɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ 

Ɋ4 

ɉɪɨɜɨɞɢɬɶ ɷɥɟɦɟɧɬɚɪɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɟɫɭɪɫɨɜ, ɬɟɯɧɨɥɨɝɢɣ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜ ɩɪɢ ɪɟɲɟɧɢɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ 
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ 

Ɋ5 

ɗɮɮɟɤɬɢɜɧɨ ɪɚɛɨɬɚɬɶ ɜ ɤɨɥɥɟɤɬɢɜɟ ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɨɜ ɬɨɥɟɪɚɧɬɧɨɫɬɢ, 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɫɬɧɭɸ ɢ ɩɢɫɶɦɟɧɧɭɸ ɤɨɦɦɭɧɢɤɚɰɢɢ ɧɚ ɪɨɞɧɨɦ ɢ ɢɧɨɫɬɪɚɧɧɨɦ 
ɹɡɵɤɚɯ ɜ ɦɭɥɶɬɢɤɭɥɶɬɭɪɧɨɣ ɫɪɟɞɟ 

Ɋ6 
ɗɮɮɟɤɬɢɜɧɨ ɜɵɩɨɥɧɹɬɶ ɬɪɭɞɨɜɵɟ ɮɭɧɤɰɢɢ ɩɨ ɪɟɚɥɢɡɚɰɢɢ 
ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ 

Ɋ7 

ɉɪɨɜɨɞɢɬɶ ɤɨɦɩɥɟɤɫɧɭɸ ɞɢɚɝɧɨɫɬɢɤɭ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɨɰɟɫɫɨɜ ɢ ɢɡɞɟɥɢɣ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɣ, ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɋ8 

Ƚɨɬɨɜɧɨɫɬɶ ɤ ɦɨɬɢɜɢɪɨɜɚɧɧɨɦɭ ɫɚɦɨɪɚɡɜɢɬɢɸ, ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ ɢ ɨɛɭɱɟɧɢɸ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɥɧɨɰɟɧɧɨɣ ɫɨɰɢɚɥɶɧɨɣ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ 
ɨɛɥɚɫɬɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ 

Ɋ9 
ɍɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɵ ɢ ɩɪɢɟɦɵ ɨɪɝɚɧɢɡɚɰɢɢ ɬɪɭɞɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 
ɷɮɮɟɤɬɢɜɧɨɟ, ɷɤɨɥɨɝɢɱɟɫɤɢ, ɫɨɰɢɚɥɶɧɨ ɢ ɬɟɯɧɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 

Ɋ10 

ɂɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɧɰɢɩɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɦɟɧɟɞɠɦɟɧɬɚ ɢ ɭɩɪɚɜɥɟɧɢɹ 
ɩɟɪɫɨɧɚɥɨɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ 
ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ 

 

 

  



3 

 

Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

ɮɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɇȺɐɂɈɇȺɅɖɇɕɃ ɂɋɋɅȿȾɈȼȺɌȿɅɖɋɄɂɃ 

ɌɈɆɋɄɂɃ ɉɈɅɂɌȿɏɇɂɑȿɋɄɂɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ȼɵɫɨɤɢɯ Ɍɟɯɧɨɥɨɝɢɣ 

ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɝɨɬɨɜɤɢ 22.03.01 Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ  

Ʉɚɮɟɞɪɚ ɇɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɇɚɧɨɬɟɯɧɨɥɨɝɢɣ 
 

ɍɌȼȿɊɀȾȺɘ: 
Ɂɚɜ. ɤɚɮɟɞɪɨɣ  
                      9.02.2016 ɏɚɫɚɧɨɜ Ɉ.Ʌ. 
       (ɉɨɞɩɢɫɶ)            (Ⱦɚɬɚ)           (Ɏ.ɂ.Ɉ.) 

 

ɁȺȾȺɇɂȿ 

ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ȼ ɮɨɪɦɟ:  
Ȼɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 

ɋɬɭɞɟɧɬɭ: 
Ƚɪɭɩɩɚ ɎɂɈ 

4Ȼ22 ɉɨɞɝɚɟɰɤɨɣ ȼɟɪɟ ȼɥɚɞɢɦɢɪɨɜɧɟ 

Ɍɟɦɚ ɪɚɛɨɬɵ:  
ɉɨɥɭɱɟɧɢɟ ɩɨɪɨɲɤɚ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢɡ ɰɢɬɪɚɬɧɵɯ ɫɭɫɩɟɧɡɢɣ 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɞɢɪɟɤɬɨɪɚ (ɞɚɬɚ, ɧɨɦɟɪ) 05.04.2016  №2598/ɫ 
 

ɋɪɨɤ ɫɞɚɱɢ ɫɬɭɞɟɧɬɨɦ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ: 15.06.2016 
 

ɌȿɏɇɂɑȿɋɄɈȿ ɁȺȾȺɇɂȿ: 
ɂɫɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɤ 
ɪɚɛɨɬɟ  

Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɩɨɥɭɱɟɧɢɸ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢɡ ɰɢɬɪɚɬɧɵɯ ɫɭɫɩɟɧɡɢɣ. ɉɨ 
ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬɚ ɫ ɨɤɫɢɞɧɵɦɢ ɩɨɪɨɲɤɚɦɢ ɩɪɨɜɨɞɢɬɫɹ ɜ ɜɵɬɹɠɧɨɦ ɲɤɚɮɭ ɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɪɟɞɫɬɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ. 

ɉɟɪɟɱɟɧɶ 
ɩɨɞɥɟɠɚɳɢɯ 
ɢɫɫɥɟɞɨ-

ɜɚɧɢɸ, 
ɩɪɨɟɤɬɢɪɨɜɚɧ
ɢɸ ɢ 
ɪɚɡɪɚɛɨɬɤɟ 
ɜɨɩɪɨɫɨɜ  

1. ɉɨɥɭɱɢɬɶ ɜɨɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɫɨɥɟɣ ɰɢɪɤɨɧɢɹ, ɫ ɥɢɦɨɧɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɥɢɦɨɧɧɨɤɢɫɥɵɦ 
ɧɚɬɪɢɟɦ; 
2. ȼɵɞɟɥɢɬɶ ɩɨɪɨɲɤɢ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ ɢ ɮɢɥɶɬɪɚɰɢɟɣ; 
3. ɂɡɭɱɢɬɶ ɬɟɪɦɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɩɨɪɨɲɤɨɜ ɜ ɩɪɨɰɟɫɫɟ ɨɬɠɢɝɚ; 
4. Ɉɩɪɟɞɟɥɢɬɶ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɨɜ; 
5. ɂɡɭɱɢɬɶ ɦɨɪɮɨɥɨɝɢɸ ɩɨɥɭɱɟɧɧɵɯ ɩɨɪɨɲɤɨɜ; 
6. Ɉɰɟɧɢɬɶ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɱɚɫɬɢɰ; 

7. ɉɪɨɜɟɫɬɢ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɩɨ ɫɩɨɫɨɛɚɦ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 
 

Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ ɪɚɡɞɟɥɚɦ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

Ɋɚɡɞɟɥ Ʉɨɧɫɭɥɶɬɚɧɬ 

«Ɏɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ 
ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ» 

Ƚɪɚɯɨɜɚ ȿ.Ⱥ., ɚɫɫɢɫɬɟɧɬ ɤɚɮɟɞɪɵ ɦɟɧɟɞɠɦɟɧɬɚ 

«ɋɨɰɢɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ» ɇɚɡɚɪɟɧɤɨ Ɉ.Ȼ., ɞ.ɬ.ɧ., ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ 
ɷɤɨɥɨɝɢɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

ɇɚɡɜɚɧɢɹ ɪɚɡɞɟɥɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɩɢɫɚɧɵ ɧɚ ɪɭɫɫɤɨɦ ɢ ɢɧɨɫɬɪɚɧɧɨɦ ɹɡɵɤɚɯ: 
Ɋɚɡɞɟɥɵ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ: ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɢɤɢ, ɪɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɹ, 
ɮɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ, ɫɨɰɢɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ. 
 

Ⱦɚɬɚ ɜɵɞɚɱɢ ɡɚɞɚɧɢɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ 
ɪɚɛɨɬɵ ɩɨ ɥɢɧɟɣɧɨɦɭ ɝɪɚɮɢɤɭ 

09.02.2016 
 

Ɂɚɞɚɧɢɟ ɜɵɞɚɥ ɪɭɤɨɜɨɞɢɬɟɥɶ: 
Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, ɡɜɚɧɢɟ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱦɨɰɟɧɬ Ʌɹɦɢɧɚ Ƚ.ȼ. ɤ.ɯ.ɧ   
 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ ɫɬɭɞɟɧɬ: 
Ƚɪɭɩɩɚ ɎɂɈ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

4Ȼ22 ɉɨɞɝɚɟɰɤɚɹ ȼ.ȼ.   
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Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

 «ɇȺɐɂɈɇȺɅɖɇɕɃ ɂɋɋɅȿȾɈȼȺɌȿɅɖɋɄɂɃ 

ɌɈɆɋɄɂɃ ɉɈɅɂɌȿɏɇɂɑȿɋɄɂɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ȼɵɫɨɤɢɯ Ɍɟɯɧɨɥɨɝɢɣ 

ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɝɨɬɨɜɤɢ 22.03.01 Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ  

Ʉɚɮɟɞɪɚ ɇɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɇɚɧɨɬɟɯɧɨɥɨɝɢɣ 

ɉɟɪɢɨɞ ɜɵɩɨɥɧɟɧɢɹ ( ɜɟɫɟɧɧɢɣ ɫɟɦɟɫɬɪ 2015/2016 ɭɱɟɛɧɨɝɨ ɝɨɞɚ)  

 

Ɏɨɪɦɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ  ɪɚɛɨɬɵ: 
Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ 

 
 

ɄȺɅȿɇȾȺɊɇɕɃ ɊȿɃɌɂɇȽ-ɉɅȺɇ 

ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

 
ɋɪɨɤ ɫɞɚɱɢ ɫɬɭɞɟɧɬɨɦ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ: 20.06.2015 

 

 
Ⱦɚɬɚ  

ɤɨɧɬɪɨɥɹ 

ɇɚɡɜɚɧɢɟ ɪɚɡɞɟɥɚ (ɦɨɞɭɥɹ) / 
ɜɢɞ ɪɚɛɨɬɵ (ɢɫɫɥɟɞɨɜɚɧɢɹ) 

Ɇɚɤɫɢɦɚɥɶɧɵɣ 

ɛɚɥɥ ɪɚɡɞɟɥɚ (ɦɨɞɭɥɹ) 
10.04.2016 Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɩɨ ɬɟɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 20 

31.05.2016 ȼɵɩɨɥɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɬɟɦɟ ɪɚɛɨɬɵ 30 

15.06.2016 Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɨɮɨɪɦɥɟɧɢɟ ɪɚɛɨɬɵ 50 

 

ɋɨɫɬɚɜɢɥ ɩɪɟɩɨɞɚɜɚɬɟɥɶ:  
Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ 

ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 
ɡɜɚɧɢɟ 

ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱦɨɰɟɧɬ Ƚ.ȼ. Ʌɹɦɢɧɚ ɤ.ɯ.ɧ 
  

 

ɋɈȽɅȺɋɈȼȺɇɈ: 
Ɂɚɜ. ɤɚɮɟɞɪɨɣ ɎɂɈ 

ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 
ɡɜɚɧɢɟ 

ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

ɇɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ 
ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ 

Ɉ.Ʌ. ɏɚɫɚɧɨɜ 
ɞ.ɬ.ɧ   
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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 75 ɫɬɪɚɧɢɰ, ɜɤɥɸɱɚɹ 16 

ɪɢɫɭɧɤɨɜ,  18 ɬɚɛɥɢɰ, 27 ɢɫɬɨɱɧɢɤɨɜ, 2 ɩɪɢɥɨɠɟɧɢɹ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɧɨɩɨɪɨɲɨɤ, ɨɤɫɢɞ ɰɢɪɤɨɧɢɹ, ɯɢɦɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ, 
ɪɚɫɩɵɥɢɬɟɥɶɧɚɹ ɫɭɲɤɚ. 

 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɩɨɪɨɲɤɢ ɨɤɫɢɞɚ 
ɰɢɪɤɨɧɢɹ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɥɢɦɨɧɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɥɢɦɨɧɧɨɤɢɫɥɵɦ ɧɚɬɪɢɟɦ. 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɩɨɥɭɱɢɬɶ ɩɨɪɨɲɤɢ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢɡ ɜɨɞɧɵɯ 

ɰɢɬɪɚɬɫɨɞɟɪɠɚɳɢɯ ɫɭɫɩɟɧɡɢɣ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ (Nano-Spray 

Dryer).  

 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ: ɊɎȺ, 
ɊɗɆ, ȻɗɌ, ɌȽ/ȾɋɄ. 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ ɩɨɥɭɱɟɧɵ 

ɩɨɪɨɲɤɢ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɤɟɪɚɦɢɤɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 
ɰɢɬɪɚɬɫɨɞɟɪɠɚɳɢɯ ɫɭɫɩɟɧɡɢɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɦɟɧɟɟ ɩɥɨɬɧɵɟ ɫɮɟɪɢɱɟɫɤɢɟ 
ɱɚɫɬɢɰɵ ɫ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 20,87±0,17. ɉɪɢ ɷɬɨɦ ɥɢɦɨɧɧɚɹ ɤɢɫɥɨɬɚ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɮɟɪɵ ɫ ɛɨɥɟɟ ɬɨɧɤɢɦɢ ɫɬɟɧɤɚɦɢ ɢ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɵɟ ɫɭɫɩɟɧɡɢɢ. 

 

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ: ȼɵɫɨɤɨɱɢɫɬɵɣ ɞɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 
ɫɬɨɦɚɬɨɥɨɝɢɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɭɛɧɵɯ ɤɨɪɨɧɨɤ ɢ ɦɨɫɬɨɜ. 
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ɈɉɊȿȾȿɅȿɇɂə, ɈȻɈɁɇȺɑȿɇɂə, ɋɈɄɊȺЩȿɇɂə, ɇɈɊɆȺɌɂȼɇɕȿ 
ɋɋɕɅɄɂ 

 

ɌȽ – ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ; 

ȾɋɄ – ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɫɤɚɧɢɪɭɸɳɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ 

ɋɗɆ – ɫɤɚɧɢɪɭɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ 

ɊɎȺ – ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ 
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ɋɈȾȿɊɀȺɇɂȿ 

 

ȼɜɟɞɟɧɢɟ 8 

1. Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ 10 

1.1.ɋɜɨɣɫɬɜɚ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 10 

1.2. ɉɨɥɭɱɟɧɢɟ ɩɨɪɨɲɤɚ ГrO2 11 

1.2.1 ɋɢɧɬɟɡ ɧɚɧɨɱɚɫɬɢɰ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɪɚɡɥɨɠɟɧɢɹ 

14 

1.2.2. Ɇɟɬɨɞ ɨɫɚɠɞɟɧɢɹ 17 

1.2.3. Ƚɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɦɟɬɨɞ 18 

1.2.4. Ɂɨɥɶ-ɝɟɥɶ ɦɟɬɨɞ 20 

2. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 22 

2.1 ɉɪɢɛɨɪɵ ɢ ɦɚɬɟɪɢɚɥɵ 22 

2.2 Ɇɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ  23 

2.3 Ɇɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɪɨɲɤɨɜ 26 

3. Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 28 

4. Ɏɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ 

ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ 

37 

5. ɋɨɰɢɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ 53 

ȼɵɜɨɞɵ 63 

ɋɩɢɫɨɤ ɩɭɛɥɢɤɚɰɢɣ 64 

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ 66 

ɉɪɢɥɨɠɟɧɢɟ A Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 67 

ɉɪɢɥɨɠɟɧɢɟ Ȼ ɊɗɆ ɢɡɨɛɪɚɠɟɧɢɹ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 70 
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ȼȼȿȾȿɇɂȿ 

 

Ʉɟɪɚɦɢɤɚ ɧɚ ɨɫɧɨɜɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɢɦɢ 

ɩɪɨɱɧɨɫɬɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɢ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶɸ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɤɨɪɪɨɡɢɢ ɢ ɢɡɧɨɫɭ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɟɩɟɧɢ 

ɨɱɢɫɬɤɢ ɨɧɚ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɦɟɞɢɰɢɧɟ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɤɨɪɨɧɨɤ. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɩɪɨɡɪɚɱɧɨɫɬɢ ɜ ɨɫɨɛɟɧɧɨɫɬɢ 

ɩɨɞɯɨɞɢɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɭɛɧɵɯ ɦɨɫɬɨɜ. ɋɭɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɢɬɶ ɨɛɥɚɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɤɟɪɚɦɢɤɢ ɩɨɡɜɨɥɢɥɨ ɩɪɢɦɟɧɟɧɢɟ ɧɚɧɨɩɨɪɨɲɤɨɜ. Ɉɞɧɚɤɨ ɜ ɧɚɲɟɣ 

ɫɬɪɚɧɟ ɩɨɥɭɱɟɧɢɟ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɨɫɬɚɟɬɫɹ, 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ ɭɪɨɜɧɟ. ȼ ɱɚɫɬɧɨɫɬɢ, ɡɭɛɧɵɟ ɬɟɯɧɢɤɢ 

ɢɫɩɨɥɶɡɭɸɬ, ɜ ɨɫɧɨɜɧɨɦ, ɢɦɩɨɪɬɧɨɣ ɫɵɪɶɟ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ 

ɧɚɧɨɩɨɪɨɲɤɨɜ. ɉɨɩɭɥɹɪɧɵɦ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɚ ɧɚɧɨɩɨɪɨɲɤɨɜ ɹɜɥɹɟɬɫɹ 

ɯɢɦɢɱɟɫɤɢɣ ɦɟɬɨɞ. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɲɢɪɨɤɨ ɜɚɪɶɢɪɨɜɚɬɶ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 

ɫɬɪɭɤɬɭɪɭ ɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɱɚɫɬɢɰɵ. Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɦɟɬɨɞɚ 

ɹɜɥɹɸɬɫɹ ɧɢɡɤɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɪɨɲɤɨɜ ɜ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ. Ɉɞɧɚɤɨ ɩɨɪɨɲɤɢ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɦ ɫɩɨɫɨɛɨɦ 

ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɚɝɥɨɦɟɪɚɰɢɢ, ɢ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ. 

Ɋɟɲɢɬɶ ɷɬɭ ɩɪɨɛɥɟɦɭ ɩɨɡɜɨɥɹɸɬ ɦɟɬɨɞɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɛɵɫɬɪɵɦ ɭɞɚɥɟɧɢɟɦ 

ɪɚɫɬɜɨɪɢɬɟɥɹ. ȼ ɱɚɫɬɧɨɫɬɢ ɦɟɬɨɞ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ.  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɩɨɥɭɱɢɬɶ ɩɨɪɨɲɤɢ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢɡ ɜɨɞɧɵɯ 

ɰɢɬɪɚɬɫɨɞɟɪɠɚɳɢɯ ɫɭɫɩɟɧɡɢɣ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ (Nano-Spray 

Dryer).  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

1. ɉɨɥɭɱɢɬɶ ɜɨɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɫɨɥɟɣ ɰɢɪɤɨɧɢɹ, ɫ ɥɢɦɨɧɧɨɣ ɤɢɫɥɨɬɨɣ ɢ 

ɥɢɦɨɧɧɨɤɢɫɥɵɦ ɧɚɬɪɢɟɦ. 

2. ȼɵɞɟɥɢɬɶ ɩɨɪɨɲɤɢ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ ɢ 

ɮɢɥɶɬɪɚɰɢɟɣ. 
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3. ɂɡɭɱɢɬɶ ɬɟɪɦɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɩɨɪɨɲɤɨɜ ɜ ɩɪɨɰɟɫɫɟ ɨɬɠɢɝɚ. 

4. Ɉɩɪɟɞɟɥɢɬɶ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɨɜ. 

5. ɂɡɭɱɢɬɶ ɦɨɪɮɨɥɨɝɢɸ ɩɨɥɭɱɟɧɧɵɯ ɩɨɪɨɲɤɨɜ. 

6. Ɉɰɟɧɢɬɶ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɱɚɫɬɢɰ.  
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1. ɅɂɌȿɊȺɌɍɊɇɕɃ ɈȻɁɈɊ 

 

1.1. ɋɜɨɣɫɬɜɚ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 

Ⱦɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɨɥɭɱɟɧɢɢ 

ɜɵɫɨɤɨɨɝɧɟɭɩɨɪɧɵɯ ɢɡɞɟɥɢɣ, ɠɚɪɨɫɬɨɣɤɢɯ ɷɦɚɥɟɣ, ɬɭɝɨɩɥɚɜɤɢɯ ɫɬɟɤɨɥ, 

ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɤɟɪɚɦɢɤɢ, ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɢɝɦɟɧɬɨɜ, ɬɜɟɪɞɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, 

ɬɟɪɦɨɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɞɪɚɝɨɰɟɧɧɵɯ ɤɚɦɧɟɣ, 

ɪɟɠɭɳɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɚɛɪɚɡɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [1Ж. ȼɵɫɨɤɢɟ ɩɪɨɱɧɨɫɬɶ ɢ 

ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɨɛɭɫɥɨɜɥɟɧɵ ɩɟɪɟɯɨɞɨɦ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ 

ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɜ ɫɬɚɛɢɥɶɧɭɸ ɦɨɧɨɤɥɢɧɧɭɸ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɭɠɟ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɫɟɪɢɣɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɧɟɤɨɬɨɪɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɣ ɢɧɞɭɫɬɪɢɢ, ɚ ɬɚɤɠɟ ɜ 

ɦɟɞɢɰɢɧɫɤɨɣ ɨɛɥɚɫɬɢ – ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɬɟɡɨɜ ɬɚɡɨɛɟɞɪɟɧɧɵɯ ɫɭɫɬɚɜɨɜ. ȼ 

ɨɛɥɚɫɬɢ ɫɬɨɦɚɬɨɥɨɝɢɢ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɬɶ ɧɚɭɱɧɵɣ ɦɟɬɨɞ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɤɚɪɤɚɫɨɜ ɜ ɫɬɨɦɚɬɨɥɨɝɢɢ, ɩɪɢ ɷɬɨɦ ɩɨɞɨɛɧɚɹ ɪɚɡɪɚɛɨɬɤɚ 

ɞɨɥɠɧɚ ɛɵɥɚ ɨɩɬɢɦɚɥɶɧɨ ɜɫɬɪɚɢɜɚɬɶɫɹ ɜ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɪɚɛɨɱɢɟ 

ɡɭɛɨɬɟɯɧɢɱɟɫɤɢɟ ɷɬɚɩɵ. ɋɜɟɪɯɬɟɯɧɨɥɨɝɢɱɧɚɹ ɤɟɪɚɦɢɤɚ – ɨɤɫɢɞ ɰɢɪɤɨɧɢɹ – 

ɨɛɥɚɞɚɟɬ ɭɞɢɜɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ: ɜɵɞɚɸɳɢɟɫɹ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, 

ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɷɫɬɟɬɢɱɧɵɣ ɛɟɥɨɫɧɟɠɧɵɣ ɰɜɟɬ. Ɂɚ ɫɱɟɬ 

ɞɨɛɚɜɥɟɧɢɹ ɧɟɛɨɥɶɲɨɣ ɞɨɥɢ ɨɤɫɢɞɚ ɢɬɬɪɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɨɟ 

ɢɡɦɟɧɟɧɢɟ, ɩɨɜɵɲɚɸɳɟɟ ɩɪɨɱɧɨɫɬɶ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, 

ɫɩɟɰɢɚɥɢɫɬɵ ɜ ɨɛɥɚɫɬɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɝɨɜɨɪɹɬ ɨɛ ɨɤɫɢɞɟ ɰɢɪɤɨɧɢɹ, 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɦ ɨɤɫɢɞɨɦ ɢɬɬɪɢɹ [2]. 

Ⱦɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɬɪɟɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ 

ɩɨɥɢɦɟɪɧɵɯ ɦɨɞɢɮɢɤɚɰɢɹɯ: ɦɨɧɨɤɥɢɧɧɨɣ (m), ɤɭɛɢɱɟɫɤɨɣ (ɫ), ɢ 

ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ (t) [3, 4]. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɨ ɱɬɨ, ZrO2 ɦɨɧɨɤɥɢɧɧɚɹ ɮɚɡɚ 

ɫɬɚɛɢɥɶɧɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1170 o
C ; ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 1170 o

C ɨɧ 

ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ, ɚ ɡɚɬɟɦ ɩɪɢ 2370 o
C – ɜ ɤɭɛɢɱɟɫɤɭɸ 

ɫɢɦɦɟɬɪɢɸ ; ɤɭɛɢɱɟɫɤɚɹ ɫɢɦɦɟɬɪɢɹ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ 

2680
 o
C. Ɏɨɪɦɚ ɪɟɲёɬɤɚ ɞɥɹ ɤɚɠɞɵɣ ɮɚɡɚ ɦɨɠɧɨ  ɩɨɫɦɨɬɪɢɦ ɧɚ ɪɢɫɭɧɤɟ 1 Д5,6]. 
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1.2 ɉɨɥɭɱɟɧɢɟ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ  

Ɉɫɧɨɜɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɫɩɨɫɨɛɧɵɯ ɩɨɥɭɱɚɬɶ ɦɚɬɟɪɢɚɥ ɜ ɜɢɞɟ 

ɩɨɪɨɲɤɚ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ: ɨɫɚɠɞɟɧɢɟ ɢɡ ɪɚɫɬɜɨɪɨɜ, ɡɨɥɶ-ɝɟɥɶ 

ɦɟɬɨɞ, ɫɢɧɬɟɡ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɦɟɬɨɞ. Ʉɚɠɞɵɣ ɢɡ ɦɟɬɨɞɨɜ 

ɢɦɟɟɬ ɫɜɨɢ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ. ɉɨɦɢɦɨ ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɦɨɠɧɨ 

ɜɵɞɟɥɢɬɶ ɫɦɟɲɚɧɧɨ–ɨɤɫɢɞɧɵɣ ɩɪɨɰɟɫɫ. 

ɂɡ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɜɢɞɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɨɤɫɢɧɢɬɪɚɬɚ ɰɢɪɤɨɧɢɹ 

(ZrO(NO3)2·2H2O), ɧɢɬɪɚɬɨɜ ɢɬɬɪɢɹ (В(NO3)3·6H2O), ɚɥɸɦɢɧɢɹ(AХ(NO3)3·9H2O) 

ɢ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɦɦɢɚɤɚ ɚɜɬɨɪɵ ɪɚɛɨɬɵ [7] ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɫɚɠɞɟɧɢɟ 

ɝɢɞɪɨɤɫɢɞɨɜ ɰɢɪɤɨɧɢɹ, ɢɬɬɪɢɹ ɢ ɚɥɸɦɢɧɢɹ, ɝɟɥɟɨɛɪɚɡɧɵɟ ɨɫɚɞɤɢ ɤɨɬɨɪɵɯ 

ɮɢɥɶɬɪɭɸɬ ɢ ɡɚɦɨɪɚɠɢɜɚɸɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɢɧɭɫ 20–25°ɋ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɤɫɟɪɨɝɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɨɞɜɟɪɝɚɸɬ ɩɪɨɰɟɫɫɭ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ 

400°ɋ ɞɨ 500°ɋ. Ɉɫɭɳɟɫɬɜɥɹɸɬ ɮɨɪɦɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɧɚɧɨɩɨɪɨɲɤɨɜ-

ɩɪɟɤɭɪɫɨɪɨɜ ɦɟɬɨɞɨɦ ɞɜɭɫɬɨɪɨɧɧɟɝɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ 

150 Ɇɉɚ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ. Ⱦɚɥɟɟ ɩɪɨɜɨɞɹɬ ɨɛɠɢɝ ɜ ɢɧɬɟɪɜɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪ 1100-1300°ɋ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɨɣ ɜ ɬɟɱɟɧɢɟ 2 ɱ, ɩɨɫɥɟ ɱɟɝɨ 

ɤɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɭɞɚɥɹɸɬ ɢɡ ɩɟɱɢ ɢ ɩɨɞɜɟɪɝɚɸɬ ɛɵɫɬɪɨɦɭ ɨɯɥɚɠɞɟɧɢɸ. 

Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ ɫ 

ɬɪɟɛɭɟɦɨɣ ɪɚɡɦɟɪɧɨɣ ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɢ ɯɢɦɢɱɟɫɤɨɣ ɱɢɫɬɨɬɨɣ ɫɨɫɬɚɜɚ, ɩɪɢ ɷɬɨɦ 

ɫɧɢɠɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɢɧɬɟɡɚ ɢ ɫɩɟɤɚɧɢɹ ɩɪɨɞɭɤɬɚ, ɭɦɟɧɶɲɚɟɬɫɹ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ.  

Ɇɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢɡɭɱɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 

ɧɚɧɨɤɟɪɚɦɢɤɢ (ГrO2)0.97(Y2O3)0.03 ɢ (ГrO2)0.97(Y2O3)0.03+7 ɦɨɥ. % AХ2O3, 

Ɋɢɫɭɧɨɤ 1. ɋɯɟɦɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ ɱɢɫɬɨɦ ɞɢɨɤɫɢɞɟ ɰɢɪɤɨɧɢɹ: m-, t-, c-ZrO2 – 

ɦɨɧɨɤɥɢɧɧɚɹ, ɬɟɬɪɚɝɨɧɚɥɶɧɚɹ, ɤɭɛɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɢ ГrO2. 

m Э-ГrO2 М-ГrO2 
ɪɚɫɩɥɚɜ 

1197 ШC 2300 
Ш
C 2600 

Ш
C 
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ɫɩɟɱɟɧɧɨɣ ɩɪɢ 1300°ɋ (2 ɱ), ɪɢɫɭɧɨɤ 2 (ɚ, ɛ). ɂɡ ɱɟɪɬɟɠɚ ɫɥɟɞɭɟɬ, ɱɬɨ 

ɧɚɧɨɤɟɪɚɦɢɤɚ ɫɱɢɬɚɟɬɫɹ ɯɨɪɨɲɨ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ ɢ ɨɱɟɧɶ ɩɥɨɬɧɨɣ, 

ɨɬɤɪɵɬɚɹ ɩɨɪɢɫɬɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ 1%. 

 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɜɟɪɞɵɦ ɪɚɫɬɜɨɪɨɦ (ГrO2)0.97(Y2O3)0.03 ɜɟɥɢɱɢɧɚ ɫɪɟɞɧɟɝɨ 

ɪɚɡɦɟɪɚ ɤɪɢɫɬɚɥɥɢɬɚ ɮɚɡɵ Э-ZrO2 ɜ ɤɨɦɩɨɡɢɰɢɢ (ГrO2)0.97(Y2O3)0.03+7 ɦɨɥ. % 

Al2O3 ɦɟɧɶɲɟ (ɪɢɫɭɧɨɤ 2 ɛ), ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ AХ2O3, ɪɚɫɬɜɨɪɹɹɫɶ ɜ 

ɬɜɟɪɞɨɦ ɪɚɫɬɜɨɪɟ ɧɚ ɨɫɧɨɜɟ ГrO2 , ɭɦɟɧɶɲɚɟɬ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ ɢ 

ɡɚɦɟɞɥɹɟɬ ɢɯ ɪɨɫɬ. 

Ɂɚɹɜɥɟɧɧɵɣ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ 

ɬɟɬɪɚɝɨɧɚɥɶɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ГrO2 ɜ ɫɢɫɬɟɦɚɯ ГrO2-Y2O3 ɢ ГrO2-Y2O3-

Al2O3 ɫɨɞɟɪɠɢɬ ɪɹɞ ɩɥɸɫɨɜ ɞɨɫɬɨɢɧɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɭɟɦɵɦ ɦɟɬɨɞɨɦ 

ɩɨɥɭɱɟɧɢɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɞɥɹ ɪɟɫɬɚɜɪɚɰɢɨɧɧɨɣ 

ɫɬɨɦɚɬɨɥɨɝɢɢ: 

1. Ɉɛɟɫɩɟɱɢɜɚɟɬ ɝɨɦɨɝɟɧɧɨɟ ɪɚɫɫɪɟɞɨɬɚɱɢɜɚɧɢɟ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ ɧɚ 

ɢɨɧɧɨ-ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ, ɫɨɛɫɬɜɟɧɧɨ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɥɭɱɟɧɢɸ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ ɫ ɬɪɟɛɭɟɦɨɣ ɪɚɡɦɟɪɧɨɣ ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɢ 

ɯɢɦɢɱɟɫɤɨɣ ɱɢɫɬɨɬɨɣ ɫɨɫɬɚɜɚ.  

2. ɉɨɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɫɢɧɬɟɡɚ (500°ɋ) ɢ ɫɩɟɤɚɧɢɹ (1200-1300°ɋ) ɩɪɨɞɭɤɬɚ 

ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɚ ɟɳɟ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 

ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ. 

3. ɋɱɢɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵɦ, ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɧɚ 

ɬɢɩɨɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɢ ɧɟ ɬɪɟɛɭɟɬ ɞɨɪɨɝɢɯ ɪɟɚɝɟɧɬɨɜ. 

4. ɇɟɜɵɫɨɤɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ ɢ ɜɟɪɨɹɬɧɨɫɬɶ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɨɪɨɲɤɢ ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɜ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ. 

 

Ɋɢɫɭɧɨɤ 2. ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɤɟɪɚɦɢɤɢ (ɚ - (ZrO2)0.97(Y2O 3)0.03, 

1300°ɋ (2 ɱ); ɛ - (ZrO2 )0.97(Y2O3)0.03+7 ɦɨɥ. % AХ2O3, 1300°ɋ (2 ɱ)). 
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5. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɢɬɶ, ɱɬɨ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɚɹ ɰɟɧɚ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ Э-ГrO2, ɩɨɥɭɱɟɧɧɨɣ ɩɨ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɧɚɦɢ ɬɟɯɧɨɥɨɝɢɢ, ɫɬɚɧɟɬ ɧɚ 15-20% ɧɢɠɟ ɫɬɨɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 

ɡɚɪɭɛɟɠɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɢɡɜɟɫɬɧɨɝɨ ɩɪɨɬɨɬɢɩɚ ɫɱɢɬɚɸɬɫɹ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɫɬɶ 

ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɤɟɪɚɦɢɤɢ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɨɦɨɥɚ, ɫɨɛɫɬɜɟɧɧɨ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ 

ɡɚɝɪɹɡɧɟɧɢɸ ɦɚɬɟɪɢɚɥɚ. Ɍɚɤɠɟ ɩɨɥɭɱɟɧɢɟ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɤɭɛɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɵ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ, ɩɪɢɜɨɞɹɳɟɣ ɤ ɭɯɭɞɲɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɤɢ, ɞɨɛɚɜɤɚ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɚɹ 

ɡɚɝɪɹɡɧɹɟɬ ɦɚɬɟɪɢɚɥ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ, ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɩɟɤɚɧɢɹ ɤɟɪɚɦɢɤɢ: 1600-1700°ɋ. 

ȼ ɪɚɛɨɬɟ [8] ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ГrO2 ɹɜɥɹɟɬɫɹ 

ɫɦɟɲɚɧɧɨ-ɨɤɫɢɞɧɵɣ ɩɪɨɰɟɫɫ ɢɥɢ ɬɜɟɪɞɨɮɚɡɧɵɣ ɩɪɨɰɟɫɫ. ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ 

ɦɟɬɨɞɟ ɫɦɟɫɢ ɢɡ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɝɨɦɨɝɟɧɢɡɢɪɭɸɬ ɢ ɡɚɬɟɦ 

ɫɩɟɤɚɸɬ ɞɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ГrO2. ɉɪɨɰɟɫɫ ɬɜɟɪɞɨɝɨ ɬɟɥɚ 

ɫɱɢɬɚɟɬɫɹ ɨɛɵɱɧɵɦ ɢ ɧɚɢɦɟɧɟɟ ɡɚɬɪɚɬɧɵɦ. ȼ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɫɬɶ ɦɨɤɪɵɦ 

ɫɩɨɫɨɛɚɦ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɪɟɝɟɧɟɪɢɪɭɟɦɨɣ ɜɨɞɵ ɢɥɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ɡɞɟɫɶ ɧɟ 

ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɢɤɚɤɢɯ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢɥɢ ɡɚɝɪɹɡɧɟɧɧɵɯ 

ɫɬɨɱɧɵɯ ɜɨɞ. ɑɢɫɬɵɣ ɨɤɫɢɞ ɰɢɪɤɨɧɢɹ (ГrO2) ɧɚɯɨɞɢɬɫɹ ɜ ɬɪɟɯ ɦɨɞɢɮɢɤɚɰɢɹɯ. 

Ʉɭɛɢɱɟɫɤɚɹ ɮɚɡɚ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɜɪɚɳɚɟɬɫɹ ɧɢɠɟ 2300°ɋ ɜ 

ɦɟɬɚɫɬɚɛɢɥɶɧɵɣ ɬɟɬɪɚɝɨɧɚɥɶɧɵɣ ɨɤɫɢɞ ɰɢɪɤɨɧɢɹ, ɢ ɦɟɠɞɭ 1200°ɋ ɢ 950°ɋ 

ɧɚɛɥɸɞɚɸɬ ɩɟɪɟɯɨɞ ɬɟɬɪɚɝɨɧɚɥɶɧɨɝɨ ɜ ɦɨɧɨɤɥɢɧɧɵɣ ГrO2. Ɍɪɚɧɫɮɨɪɦɚɰɢɢ 

ɦɟɠɞɭ ɦɨɧɨɤɥɢɧɧɵɦɢ ɮɚɡɚɦɢ ɢ ɮɚɡɚɦɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ 

ɢ ɨɯɥɚɠɞɟɧɢɢ ɫɜɹɡɵɜɚɸɬ ɫ ɧɟɪɚɜɧɨɦɟɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɨɛɴɟɦɚ. 

ɋɩɟɤɚɧɢɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ, 

ɤɨɬɨɪɚɹ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɬɢɦɨɝɨ ɦɨɧɨɤɥɢɧɧɨ-ɬɟɬɪɚɝɨɧɚɥɶɧɨɝɨ 

ɩɪɟɜɪɚɳɟɧɢɹ ɮɚɡ. ɑɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɛɪɚɬɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɜ ɦɨɧɨɤɥɢɧɧɭɸ 

ɮɚɡɭ, ɩɨɬɪɟɛɭɟɬɫɹ ɫɬɚɛɢɥɢɡɚɰɢɹ ɦɨɞɢɮɢɤɚɰɢɣ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 
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ɩɨɫɬɨɪɨɧɧɢɦɢ ɨɤɫɢɞɚɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɧɟɞɨɫɬɚɬɤɨɜ ɫɩɨɫɨɛɚ ɧɚɡɵɜɚɸɬ ɜɵɫɨɤɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɟɤɚɧɢɹ >1300°ɋ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɝɨɦɨɝɟɧɧɨɫɬɶ ɩɨɪɨɲɤɨɜ, 

ɤɨɬɨɪɵɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɩɨɫɥɟ ɫɩɟɤɚɧɢɹ ɫɨɞɟɪɠɚɬ ɨɬ 25 ɞɨ 30 ɨɛ.% ɦɨɧɨɤɥɢɧɧɨɣ 

ɮɚɡɵ. ɑɬɨɛɵ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɱɚɫɬɢ ɦɨɧɨɤɥɢɧɧɨɣ ɮɚɡɵ, ɩɪɨɞɭɤɬɵ ɜɬɨɪɢɱɧɨ 

ɢɡɦɟɥɶɱɚɸɬ ɢ ɩɨɞɞɟɪɠɢɜɚɸɬ ɪɚɜɧɨɦɟɪɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɫɬɚɞɢɹɯ, 

ɫɨɛɫɬɜɟɧɧɨ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɬɚ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɪɨɲɨɤ ГrO2 ɩɨɥɭɱɚɸɬ ɫ ɬɪɭɞɨɦ ɫɨɝɥɚɫɧɨ ɫɦɟɲɚɧɧɨ-

ɨɤɫɢɞɧɵɦ ɫɩɨɫɨɛɚɦ. 

1.2.1 ɋɢɧɬɟɡ ɧɚɧɨɱɚɫɬɢɰ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ 

ɤɨɦɩɥɟɤɫɚ ɰɢɪɤɨɧɢɹ ɫ ɥɢɦɨɧɧɨɣ ɤɢɫɥɨɬɨɣ 

 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ, ɩɨɡɜɨɥɹɸɳɢɣ ɞɨɛɢɜɚɬɶɫɹ 

ɜɵɫɨɤɨɝɨ ɩɪɨɰɟɧɬɚ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɮɚɡɵ, ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɉɟɱɢɧɢ. ȼ ɪɚɛɨɬɟ [9] 

ɨɩɢɫɚɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɨɝɨ ɫɬɚɛɢɥɶɧɨɝɨ ɬɟɬɪɚɝɨɧɚɥɶɧɨɝɨ ZrO2 ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɫɬɪɭɤɬɭɪɨɧɚɩɪɚɜɥɹɸɳɢɯ ɚɝɟɧɬɨɜ ɦɟɬɨɞɨɦ ɪɚɡɥɨɠɟɧɢɹ 

ɦɟɬɚɥɥɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɪɟɤɭɪɫɨɪɚ.  

ɇɚ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ ɜ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ 10 ɦɦɨɥɶ ГrOCХ2, 

ɜɜɨɞɢɥɢ 20 ɦɦɨɥɶ ɥɢɦɨɧɧɨɣ ɤɢɫɥɨɬɵ, ɡɚɬɟɦ ɪɇ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 

ɪɟɝɭɥɢɪɨɜɚɥɢ 2Ɇ ɪɚɫɬɜɨɪɨɦ NКOH (ɤɜɚɥɢɮɢɤɚɰɢɹ ɜɫɟɯ ɪɟɚɤɬɢɜɨɜ ɏɑ). 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɫɬɚɜɢɥɢ ɧɚ ɜɨɞɹɧɭɸ ɛɚɧɸ ɢ ɦɟɞɥɟɧɧɨ ɜɵɩɚɪɢɜɚɥɢ ɞɨ 

ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɦɟɪɧɨɝɨ ɝɟɥɹ. Ƚɟɥɶ ɫɭɲɢɥɢ ɜ ɜɚɤɭɭɦɧɨɦ ɲɤɚɮɭ ɩɪɢ 90 ºɋ ɜ 

ɬɟɱɟɧɢɟ ɞɜɭɯ ɫɭɬɨɤ, ɪɚɫɬɢɪɚɥɢ ɜ ɫɬɭɩɤɟ ɢ ɧɚɝɪɟɜɚɥɢ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɫɨ 

ɫɤɨɪɨɫɬɶɸ 2 ºɋ/ɦɢɧ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ 600 ºɋ ɨɛɪɚɡɟɰ ɨɫɬɚɜɥɹɥɢ ɜ ɬɟɱɟɧɢɟ 4 

ɱɚɫɨɜ. ɉɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɵɣ ɩɨɪɨɲɨɤ ɦɧɨɝɨɤɪɚɬɧɨ 

ɨɬɦɵɜɚɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɪɢɦɟɫɢ NКCХ. Ɂɚɬɟɦ ɨɛɪɚɡɰɵ 

ɜɵɫɭɲɢɜɚɥɢ ɩɪɢ 100 ºɋ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ. Ʉɨɧɬɪɨɥɶ ɪɇ ɜɨ ɜɪɟɦɹ ɫɢɧɬɟɡɚ 

ɩɪɨɜɨɞɢɥɢ, ɢɫɩɨɥɶɡɭɹ ɪɇ-ɦɟɬɪ SКrЭШrТЮЬ PP 25. Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ 

ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɩɨɪɨɲɤɨɜɨɝɨ ɞɢɮɪɚɤɬɨɦɟɬɪɚ PAN analytical X`Pert Pro 

Philips. ɉɗɆ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɟɧɵ ɧɚ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ JEOL 2000 

EX-II. 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɇ ɫɪɟɞɵ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ 

ɨɤɫɢɞɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɫ ɜɵɫɨɤɢɦ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɱɢɫɥɨɦ ɢ 

ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɛɵɫɬɪɨɦɭ ɝɢɞɪɨɥɢɡɭ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɥɢɹɞɟɪɧɵɯ ɚɤɜɚ-ɤɨɦɩɥɟɤɫɨɜ. Ʉɨɧɬɪɨɥɶ ɧɚɞ ɩɪɨɰɟɫɫɚɦɢ 

ɝɢɞɪɨɥɢɡɚ ɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɚɤɜɚ-ɤɨɦɩɥɟɤɫɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ 

ɤɥɸɱɟɜɵɦ ɜ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɫɬɪɭɤɬɭɪɵ ɢ 

ɦɨɪɮɨɥɨɝɢɢ ɨɤɫɢɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɪɇ ɫɪɟɞɵ ɨɩɪɟɞɟɥɹɟɬ ɫɬɟɩɟɧɶ ɝɢɞɪɨɥɢɡɚ, 

ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɢ ɫɤɨɪɨɫɬɶ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɰɢɪɤɨɧɢɹ, 

ɚ ɬɚɤɠɟ ɫɬɟɩɟɧɶ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɧɨɫɬɢ ɥɢɝɚɧɞɚ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɤɚɡɵɜɚɟɬɫɹ 

ɧɚ ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɹɯ ɮɨɪɦɢɪɭɸɳɟɝɨɫɹ ɝɟɥɹ. 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ (ɪɢɫɭɧɨɤ 3) ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 

ɪɇ ɫɢɧɬɟɡɚ ɩɪɟɤɭɪɫɨɪɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɨɧɨɤɥɢɧɧɨɣ ɮɚɡɵ ГrO2, 

ɬɨɝɞɚ ɤɚɤ ɧɚɢɦɟɧɶɲɢɣ ɩɪɨɰɟɧɬ ɦɨɧɨɤɥɢɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚɛɥɸɞɚɥɫɹ ɞɥɹ 

ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɧɢɡɤɢɯ ɪɇ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. 

 

Ɉɛɪɚɡɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɪɇ 2 ɢ 6, ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɨɦ 

ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. ɇɚ ɪɢɫɭɧɤɟ 4 ɜɢɞɧɨ, ɱɬɨ ɨɛɪɚɡɟɰ, 

Ɋɢɫɭɧɨɤ 3. Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɧɚɧɨɱɚɫɬɢɰ ГrO2, ɩɨɥɭɱɟɧɧɵɯ ɢɡ 
ɩɪɟɤɭɪɫɨɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɪɇ. 
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ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɪɇ 6, ɫɨɫɬɨɢɬ ɢɡ ɤɪɭɩɧɵɯ ɚɝɥɨɦɟɪɚɬɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 

ɱɚɫɬɢɰ ГrO2 (ɪɢɫɭɧɨɤ 4, ɚ, ɛ), ɬɨɝɞɚ ɤɚɤ ɞɥɹ ɨɛɪɚɡɰɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɩɪɢ 

ɪɇ 2, ɨɛɧɚɪɭɠɟɧɵ ɞɟɡɚɝɪɟɝɢɪɨɜɚɧɧɵɟ ɧɚɧɨɱɚɫɬɢɰɵ ГrO2 (ɪɢɫɭɧɨɤ 4, ɜ, ɝ). 

 

ɂɡ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɫɢɧɬɟɡɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 

ɦɟɬɨɞɨɦ ɉɟɱɢɧɢ ɢɡ ɰɢɬɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɪɇ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɨɤɚɡɵɜɚɟɬ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɦɟɪɵ ɢ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ 

ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ГrO2. ɇɢɡɤɢɣ ɪɇ ɤɨɦɩɥɟɤɫɚ (ɪɇ 2,0) 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ ɞɟɡɚɝɪɟɝɢɪɨɜɚɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɞɢɨɤɫɢɞɚ 

ɰɢɪɤɨɧɢɹ ɪɚɡɦɟɪɨɦ 15–20 ɧɦ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ, 

ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɣ ɜ ɞɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɫɨɫɬɚɜɥɹɟɬ 89 %. ɉɨɜɵɲɟɧɢɟ ɪɇ 

ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɤɨɦɩɥɟɤɫɚ ɰɢɪɤɨɧɢɹ ɞɨ 6 ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɤɪɭɩɧɵɯ 

ɚɝɪɟɝɚɬɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɮɚɡɵ ɧɟ ɛɨɥɟɟ 71 % [10]. 

1.2.2 Ɇɟɬɨɞ ɨɫɚɠɞɟɧɢɹ 

Ɇɟɬɨɞ ɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɧɚɧɨɪɚɡɦɟɪɧɵɟ 

ɩɨɪɨɲɤɢ ɜɵɫɨɤɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ (ɨɬ 1 ɞɨ 1000 ɧɦ) ɢ ɪɟɝɭɥɢɪɨɜɚɬɶ ɢɯ 

ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ. ɉɪɨɰɟɫɫ ɨɫɚɠɞɟɧɢɹ ɜɤɥɸɱɚɟɬ ɞɜɟ ɨɫɧɨɜɧɵɟ 

ɫɬɚɞɢɢ: ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɪɨɞɵɲɟɣ ɢ ɢɯ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ. 

Ɋɢɫɭɧɨɤ 4. ɉɗɆ-ɢɡɨɛɪɚɠɟɧɢɹ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɇ 6 (ɚ, ɛ) ɢ ɪɇ 2 (ɜ, ɝ) 
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Ɉɛɳɢɦ ɭɫɥɨɜɢɟɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɨɫɚɞɤɨɜ, 

ɹɜɥɹɟɬɫɹ ɫɨɱɟɬɚɧɢɟ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɡɚɪɨɞɵɲɟɣ ɫ ɦɚɥɨɣ 

ɫɤɨɪɨɫɬɶɸ ɢɯ ɪɨɫɬɚ [11]. ɉɨɫɤɨɥɶɤɭ ɧɢɬɪɚɬ ɰɢɪɤɨɧɢɹ ɥɟɝɤɨɞɨɫɬɭɩɟɧ, ɫɚɦɵɦ 

ɭɞɨɛɧɵɦ ɫɩɨɫɨɛɨɦ ɜɜɟɞɟɧɢɹ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ ɜ 

ɤɚɬɚɥɢɡɚɬɨɪ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɫɨɨɫɚɠɞɟɧɢɹ. ɗɬɨ ɩɪɨɰɟɞɭɪɚ ɫɨɫɬɨɢɬ ɜ ɫɨɜɦɟɫɬɧɨɦ 

ɜɜɟɞɟɧɢɢ ɧɢɬɪɚɬɚ ɰɢɪɤɨɧɢɹ ɢ ɞɪɭɝɢɯ ɢɧɝɪɟɞɢɟɧɬɨɜ ɤɚɬɚɥɢɡɚɬɨɪ, ɩɪɢɱɟɦ 

ɰɢɪɤɨɧɢɣ ɞɨɛɚɜɥɹɸɬ ɜ ɤɨɥɢɱɟɫɬɜɟ, ɧɟɨɛɯɨɞɢɦɨɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɮɭɧɤɰɢɣ 

ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɢɥɢ ɧɨɫɢɬɟɥɹ, ɚ ɡɚɬɟɦ ɨɫɚɠɞɟɧɢɟ ɩɪɨɢɡɜɨɞɹɬ ɨɛɵɱɧɵɦ ɩɭɬɟɦ.  

Ⱦɪɭɝɨɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɤɫɢɞɟ ɰɢɪɤɨɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɞɚɠɧɨɝɨ ɤɚɪɛɨɧɚɬɚ ɰɢɪɤɨɧɢɹ. ȿɝɨ ɜɜɨɞɹɬ ɜ ɜɢɞɟ ɫɭɫɩɟɧɡɢɢ ɜ 

ɪɚɫɬɜɨɪɟ ɢɫɯɨɞɧɵɯ ɫɨɥɟɣ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ɂɚɬɟɦ ɤɚɪɛɨɧɚɬ ɫɨɨɫɚɠɞɚɸɬ ɫ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɢɧɝɪɟɞɢɟɧɬɚɦɢ ɢɥɢ ɤɚɪɛɨɧɚɬ ɰɢɪɤɨɧɢɹ ɪɚɫɬɜɨɪɹɸɬ ɜ ɚɡɨɬɧɨɣ 

ɤɢɫɥɨɬɟ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɨɞɹɬ ɨɫɚɠɞɟɧɢɟ ɜɫɟɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɦɚɫɫɵ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɧɟɣ ɩɪɨɰɟɞɭɪɵ ɩɨɥɭɱɚɟɬɫɹ ɫɚɦɨɟ ɨɞɧɨɪɨɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɤɨɦɩɨɧɟɧɬɨɜ.  

1.2.3 Ƚɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɦɟɬɨɞ 

Ƚɪɭɩɩɚ ɚɦɟɪɢɤɚɧɫɤɢɯ ɭɱёɧɵɯ ɩɪɟɞɥɨɠɢɥɚ ɧɨɜɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ 

ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢɡ ɰɢɪɤɨɧɢɥ-ɧɢɬɪɚɬɚ ɫ 

ɜɧɟɞɪɟɧɢɟɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɦɟɬɨɞɚ [12]. 

Ɉɞɧɚɤɨ ɜɫё ɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɪɢɨɛɪɟɬɚɟɬ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɦɟɬɨɞ 

ɫɢɧɬɟɡɚ, ɬɚɤ ɤɚɤ ɨɧ ɩɨɡɜɨɥɹɟɬ, ɜɚɪɶɢɪɭɹ ɭɫɥɨɜɢɹ, ɧɟ ɬɨɥɶɤɨ ɩɨɥɭɱɚɬɶ ɪɚɡɥɢɱɧɵɟ 

ɧɚɧɨɫɬɪɭɤɬɭɪɵ, ɧɨ ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɚɝɥɨɦɟɪɚɰɢɸ ɱɚɫɬɢɰ, ɞɨɛɢɜɚɬɶɫɹ ɜɵɫɨɤɨɣ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɩɪɨɞɭɤɬɚ ɢ ɭɦɟɧɶɲɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɫɢɧɬɟɡɚ ɞɨ 100-200ᵒɋ. Ʉɚɤ 

ɩɪɚɜɢɥɨ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɯɥɨɪɢɞ ɰɢɪɤɨɧɢɥɚ ɢɥɢ 

ɠɟ ɝɢɞɪɨɤɫɢɞ ɰɢɪɤɨɧɢɹ. 

ɇɟɞɨɫɬɚɬɨɤ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɭɠɧɨ ɩɪɨɜɨɞɢɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɡɚɤɚɥɤɭ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚ ɜɨɡɞɭɯɟ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɦɨɧɨɤɥɢɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɰɢɪɤɨɧɢɥ-ɧɢɬɪɚɬ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ. 
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ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɊɎȺ, ɋɗɆ-ɢɡɨɛɪɚɠɟɧɢɹ 

(ɪɢɫɭɧɨɤ 5,6, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ɂɡ ɩɪɢɜɟɞёɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɫɨɛɫɬɜɟɧɧɨ, 

ɱɬɨ ɜɪɟɦɹ ɫɢɧɬɟɡɚ 24-48 ɱɚɫɨɜ ɨɩɬɢɦɚɥɶɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɩɚɥɨɱɟɤ 

ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɫ ɦɨɧɨɤɥɢɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɪɚɡɦɟɪɵ ɧɚɧɨɱɚɫɬɢɰ ɜɨɡɪɚɫɬɚɸɬ. 

Ɋɢɫɭɧɨɤ 5. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɵ ɧɚɧɨɫɬɪɭɤɬɭɪ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ, 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɭɬɪɟ 200ɋ ɜ ɬɟɱɟɧɢɟ 3, 24, 48 ɢ 72 ɱɚɫɨɜ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼɫɟ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɦɚɤɫɢɦɭɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɨɧɨɤɥɢɧɧɨɣ 

ɮɚɡɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ. 

Ɋɢɫɭɧɨɤ 6. SEM-ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɪɨɲɤɚ ɩɪɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɢɧɬɟɡɚ (К) 3, (Л) 24, (М) 48 ɢ (Н) 72 ɱɚɫɨɜ. 
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Ɋɢɫɭɧɨɤ 7. ɋɢɧɬɟɡ ɧɚɧɨɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɚ ZrO2 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɵ 500ɋ, 600ɋ ɢ 700ɋ 

Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ ɧɚɞɟɸɬɫɹ, ɱɬɨ ɪɚɡɜɢɬɢɟ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨɥɢɬ 

ɩɨɥɭɱɚɬɶ ɱɚɫɬɢɰɵ ɢ ɢɧɵɯ ɮɨɪɦ, ɜɤɥɸɱɚɹ ɫɮɟɪɢɱɟɫɤɢɟ ɢ ɧɚɧɨɜɨɥɨɤɧɚ. 

1.2.4 Ɂɨɥɶ-ɝɟɥɶ ɦɟɬɨɞ 

ɇɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ГrO2, ɢɦɟɸɳɢɣ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ 

ɦɨɞɢɮɢɤɚɰɢɸ, ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɫ ɜɧɟɞɪɟɧɢɟɦ ɦɟɬɨɞɚ ɡɨɥɶ-ɝɟɥɶ.  

ɉɨɞ ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɨɦ ɩɨɧɢɦɚɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɬɚɞɢɣ, ɜɤɥɸɱɚɸɳɚɹ 

ɢɡɝɨɬɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɚ ɩɪɟɤɭɪɫɨɪɚ, ɩɨɨɱɟɪɟɞɧɵɣ ɩɟɪɟɜɨɞ ɟɝɨ ɫɧɚɱɚɥɚ ɜ ɡɨɥɶ, ɚ 

ɡɚɬɟɦ ɜ ɝɟɥɶ ɡɚ ɫɱɟɬ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɥɢɡɚ ɢ ɤɨɧɞɟɧɫɚɰɢɢ, ɩɨɫɥɟɞɭɸɳɟɟ 

ɫɬɚɪɟɧɢɟ, ɜɵɫɭɲɢɜɚɧɢɟ ɢ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɪɨɞɭɤɬɚ. 

Ɂɨɥɶ-ɮɚɡɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɡɜɟɫɶ ɦɟɥɤɢɯ ɤɨɥɥɨɢɞɧɵɯ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ 

ɦɟɧɟɟ 100 ɧɦ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɪɚɫɬɜɨɪɟ 

ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ [13,  14, 15, 16]. ɉɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɨɫɚɠɞɟɧɢɟ ɝɢɞɪɨɤɫɢɞɚ 

ɰɢɪɤɨɧɢɹ ɢɡ  ɪɚɫɬɜɨɪɚ ZrOCl2 ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɫ ɚɦɦɢɚɤɨɦ  

ZrOCl28H2O + 2NH4OH = Zr(OH)4 + 2NH4Cl + 7H2O 

Zr(OH)4 =ZrO1.5 (OH) + 1.5H2O 

ZrO1.5(OH) = ZrO2 + 0.5H2O 

Ƚɟɥɶ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɬɟɪɢ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɫɬɢ 

ɡɨɥɟɦ, ɢ ɩɨɷɬɨɦɭ ɨɧ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɜɹɡɤɨɫɬɶ. ɇɚ ɪɢɫɭɧɤɟ 7 ɩɨɤɚɡɚɧ 

ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ZrO2 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 500ɋ, 600ɋ ɢ 700ɋ. ȼɢɞɧɨ, 
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ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 500ɋ ɩɪɟɨɛɥɚɞɚɟɬ ɛɨɥɶɲɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ 

ɮɚɡɵ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 600ɋ ɢ 700ɋ ɩɪɟɨɛɥɚɞɚɟɬ ɦɨɧɨɤɥɢɧɧɚɹ.  

ɉɪɨ ɦɨɪɮɨɥɨɝɢɸ ɩɨɫɥɟ ɬɟɦɩɟɪɚɬɭɪɵ 700ɋ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ ɱɬɨ ZrO2 ɛɭɞɟɬ ɜ 

ɜɢɞɟ ɧɚɧɨɫɬɪɟɠɧɟɣ (ɪɢɫɭɧɨɤ 7). ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɹɜɥɹɟɬɫɹ ɛɨɥɶɲɨɣ 

ɢɧɬɟɪɟɫ  ɤ ɡɨɥɶ-ɝɟɥɶ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɤɢ, ɢ ɧɟɫɨɦɧɟɧɧɨ ɛɭɞɟɬ 

ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɨɦɩɨɡɢɬɨɜ ɫ ɤɟɪɚɦɢɱɟɫɤɢɦɢ ɦɚɬɪɢɰɚɦɢ.  

Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɟɬɚɥɥɨɨɤɫɨɩɨɥɢɦɟɪɧɵɯ 

ɰɟɩɟɣ – ɡɨɥɹ ɢɥɢ ɠɟ ɝɟɥɹ ɢɡ ɪɚɫɬɜɨɪɢɦɵɯ ɩɨɥɢɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɨɜ, 

ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜ ɢɬɨɝɟ ɝɢɞɪɨɥɢɡɚ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɧɵɯ ɢɥɢ 

ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɨɞ ɡɨɥɹɦɢ ɩɨɧɢɦɚɸɬɫɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɟ 

ɤɨɥɥɨɢɞɧɵɟ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɥɶɱɚɣɲɢɦɢ ɱɚɫɬɢɰɚɦɢ 

ɤɨɥɥɨɢɞɧɵɯ ɪɚɡɦɟɪɨɜ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɜ ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɫɪɟɞɚɯ. 

Ⱦɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪ ɚɤɬɭɚɥɶɧɵ ɩɪɨɰɟɫɫɵ ɨɛɪɚɡɨɜɚɧɢɹ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɮɨɪɦ ɩɪɢ ɝɢɞɪɨɥɢɡɟ ɩɪɟɤɭɪɫɨɪɨɜ – ɫɬɚɞɢɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ 

ɦɨɪɮɨɥɨɝɢɸ ɢ ɮɚɡɨɜɵɯ ɫɨɫɬɚɜ ɩɨɥɭɱɚɟɦɵɯ ɩɪɨɞɭɤɬɨɜ. 

Ɂɨɥɶ-ɝɟɥɶ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɧɚɧɨɱɚɫɬɢɰ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɟɝɤɨ ɪɟɚɥɢɡɭɟɬɫɹ ɜ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. ɇɨ ɭ ɷɬɨɝɨ ɦɟɬɨɞɚ ɟɫɬɶ ɫɟɪɶёɡɧɵɟ ɧɟɞɨɫɬɚɬɤɢ: ɨɧ ɧɟ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɨɧɨɞɢɫɩɟɪɫɧɨɫɬɢ ɱɚɫɬɢɰ; ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɞɜɭɦɟɪɧɵɟ ɢ 

ɨɞɧɨɦɟɪɧɵɟ ɧɚɧɨɫɬɪɭɤɬɭɪɵ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢɯ ɩɚɪɚɦɟɬɪɵ ɚɧɢɡɨɬɪɨɩɢɢ; ɷɬɢɦ 

ɦɟɬɨɞɨɦ ɧɟɥɶɡɹ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ, 

ɫɨɫɬɨɹɳɢɟ ɢɡ ɧɚɧɨɱɚɫɬɢɰ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɨɞɢɧɚɤɨɜɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ 

ɞɪɭɝɚ, ɢɥɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɧɚɧɨɩɥɚɫɬɢɧ ɫ ɩɪɨɫɥɨɣɤɚɦɢ ɢɧɟɪɬɧɨɣ ɦɚɬɪɢɰɵ; 

ɩɨɥɭɱɟɧɢɟ ɬɪɟɛɭɟɦɵɯ ɫɢɫɬɟɦ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɩɪɟɤɭɪɫɨɪɨɜ ɢɥɢ ɩɪɨɞɭɤɬɨɜ ɫɢɧɬɟɡɚ ɫ ɝɟɥɟɨɛɪɚɡɭɸɳɢɦ ɚɝɟɧɬɨɦ [17]. 
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2. ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇȺə ɑȺɋɌɖ 
 

2.1 ɉɪɢɛɨɪɵ ɢ ɦɚɬɟɪɢɚɥɵ 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɩɪɢɛɨɪɵ ɢ ɦɚɬɟɪɢɚɥɵ, ɭɤɚɡɚɧɧɵɟ ɜ 

ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 – ɉɪɢɛɨɪɵ ɢ ɦɚɬɟɪɢɚɥɵ 

ɉɪɢɛɨɪɵ Ɇɚɬɟɪɢɚɥɵ 

 ɋɭɲɢɥɶɧɵɣ ɲɤɚɮ ɋɒ-80-01 ɋɉɍ; 

 Ɋɚɫɩɵɥɢɬɟɥɶɧɚɹ ɫɭɲɤɚ Nano Spray 

Dryer B-90;  

 ɉɟɱɶ ɚɬɦɨɫɮɟɪɧɚɹ LAC VP 20/17 

 Ɋɟɧɝɟɧɨɜɫɤɢɣ ɞɢɮɪɚɤɬɨɦɟɬɪ 

SHIMADZU XRD – 7000 X - RAY. 

 ȻɗɌ-ɚɧɚɥɢɡɚɬɨɪ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɆȿɌȺ ɋɈɊȻɂ–Ɇ 

  ɋɤɚɧɢɪɭɸɳɢɣ (ɪɚɫɬɪɨɜɵɣ) 

ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ JEOL 

JSM-7500FA 

 ɌȽ/ȾɋɄ/ȾɌȺ ɚɧɚɥɢɡɚɬɨɪ 

NETZSCH; 

 ȼɟɫɵ “Shimadzu” AUY 120 

 ɐɢɪɤɨɧɢɣ ɧɢɬɪɚɬ 9-ɜɨɞɧɵɣ 

(ZrO(NO3)2 × 9H2O) (ɑȾȺ); 

 ɐɢɪɤɨɧɢɣ (IV) ɨɤɫɢɯɥɨɪɢɞ 

8-ɜɨɞɧɵɣ (ZrOCl2∙8H2O) (ɏɑ); 

 Ʌɢɦɨɧɧɚɹ ɤɢɫɥɨɬɚ 

(HCit)(ɑ); 

 ɐɢɬɪɚɬ ɧɚɬɪɢɹ (NaCit)(ɑ); 

 Ⱥɦɦɢɚɤ ɜɨɞɧɵɣ 25% 

NH4OH (ɑȾȺ). 
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2.2 Ɇɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ 

Ɉɤɫɢɞ ɰɢɪɤɨɧɢɹ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ ɫ ɩɨɦɨɳɶɸ 

ɭɫɬɚɧɨɜɤɢ NanoSprayDryerB-90. ɍɫɬɚɧɨɜɤɚ ɢ ɫɯɟɦɚ ɟɟ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɚɯ 8, 9. Ɋɚɫɩɵɥɢɬɟɥɶɧɚɹ ɫɭɲɤɚ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɚɫɬɢɰ 

ɪɚɡɦɟɪɨɦ ɨɬ 300 ɧɦ ɞɨ 10 ɦɤɦ ɢɡ ɪɚɫɬɜɨɪɨɜ ɢɥɢ ɫɭɫɩɟɧɡɢɣ, ɩɭɬɟɦ ɜɵɫɭɲɢɜɚɧɢɹ 

ɫ ɜɵɯɨɞɨɦ ɞɨ 90%. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɧɚ ɜɵɯɨɞɟ ɡɚɜɢɫɢɬ ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɜɵɛɪɚɧɧɨɝɨ 

ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɤɨɥɩɚɱɤɚ. Ɋɚɫɩɵɥɢɬɟɥɶɧɚɹ ɫɭɲɤɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ ɫ 

ɧɚɧɨɱɚɫɬɢɰɚɦɢ (<100 ɧɦ) ɜ ɫɨɫɬɚɜɟ 

ɧɚɧɨɫɭɫɩɟɧɡɢɣ ɢɥɢ ɧɚɧɨɷɦɭɥɶɫɢɣ. 

ɉɪɨɰɟɫɫ ɫɭɲɤɢ ɩɪɨɢɫɯɨɞɢɬ 

ɜɧɭɬɪɢ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɰɢɥɢɧɞɪɚ. 

ɉɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɚɛɢɥɶɧɨɝɨ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɱɟɪɟɡ 

ɪɚɫɩɵɥɢɬɟɥɶɧɭɸ ɝɨɥɨɜɤɭ ɜ 

ɪɚɫɩɵɥɢɬɟɥɶɧɵɣ ɰɢɥɢɧɞɪ ɩɨɫɬɭɩɚɸɬ 

ɦɟɥɶɱɚɣɲɢɟ ɤɚɩɟɥɶɤɢ ɪɚɛɨɱɟɝɨ 

ɪɚɫɬɜɨɪɚ. Ʉɚɩɥɢ ɨɛɪɚɡɰɚ ɜɵɫɵɯɚɸɬ ɜ 

ɚɬɦɨɫɮɟɪɟ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ. ɂɡ-ɡɚ 

ɧɟɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ ɜɵɫɭɲɟɧɧɵɯ 

ɱɚɫɬɢɰ, ɬɪɟɛɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɱɬɨɛɵ ɜɵɜɟɫɬɢ ɢɯ 

ɩɨɬɨɤɚ ɨɫɭɲɚɸɳɟɝɨ ɝɚɡɚ. 

ɇɚ ɪɢɫɭɧɤɟ 9 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɟɬɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɨɰɟɫɫɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ 

ɫɭɲɤɢ. Ɉɫɭɲɚɸɳɢɣ ɝɚɡ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɧɚɝɪɟɜɚɬɟɥɶ ɢ ɩɨɫɬɭɩɚɟɬ ɜɟɪɬɢɤɚɥɶɧɨ 

(ɢɥɢ ɩɨɞ ɭɝɥɨɦ) ɜ ɡɚɤɪɟɩɥɟɧɧɭɸ ɪɚɫɩɵɥɢɬɟɥɶɧɭɸ ɝɨɥɨɜɤɭ. Ʉɚɩɥɢ ɨɛɪɚɡɰɚ 

ɜɵɫɵɯɚɸɬ ɜ ɩɨɬɨɤɟ ɧɚɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ. ɗɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɝɟɧɟɪɢɪɭɟɬɫɹ 

ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɨɦ-ɤɨɥɥɟɤɬɨɪɨɦ ɢ ɷɥɟɤɬɪɨɞɨɦ 

ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ɷɥɟɤɬɪɨɞ ɢɡɦɟɧɹɟɬ 

ɬɪɚɟɤɬɨɪɢɸ ɱɚɫɬɢɰ (ɫɞɜɢɝɚɟɬ ɜ ɫɬɨɪɨɧɭ ɫɬɟɧɨɤ), ɷɥɟɤɬɪɨɞ-ɤɨɥɥɟɤɬɨɪ 

Ɋɢɫɭɧɨɤ 8 – ɍɫɬɚɧɨɜɤɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ 
ɫɭɲɤɢ Nano Spray Dryer B-90 
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ɩɪɢɬɹɝɢɜɚɟɬ ɢɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɚɫɬɢɰɵ ɫɨɛɢɪɚɸɬɫɹ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɟ 

ɷɥɟɤɬɪɨɞɚ-ɤɨɥɥɟɤɬɨɪɚ ɱɚɫɬɢɰ. 

ɉɨ ɡɚɜɟɪɲɟɧɢɢ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɱɚɫɬɢɰɵ ɫɧɢɦɚɸɬɫɹ ɫɨ ɫɬɟɧɤɢ ɤɨɥɛɵ ɫ 

ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɣ ɥɨɩɚɬɤɢ, ɩɨɥɭɱɚɹ ɬɟɦ ɫɚɦɵɦ ɧɚɧɨɩɨɪɨɲɨɤ. 

 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɫɭɲɤɢ: ɫɤɨɪɨɫɬɶ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ 140 ɥ/ɦɢɧ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɩɵɥɟɧɢɹ –35 - 56%, Ɍ 

= 60 - 80°C, P = 120 ɉɚ, ɜɪɟɦɹ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ – 5-20 ɦɢɧɭɬ.  

ɇɚɧɨɩɨɪɨɲɨɤ ZrO2 ɩɨɥɭɱɚɥɢ ɫ ɩɨɦɨɳɶɸ ɨɫɚɠɞɟɧɢɹ ɫɭɫɩɟɧɡɢɢ ZrO(NO3)2 

ɢ ZrOCl2 ɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɩɪɢɝɨɬɨɜɥɟɧɧɨɣ ɢɡ 1 Ɇ ɪɚɫɬɜɨɪɚ ɫɨɥɟɣ 

ɞɨɛɚɜɥɟɧɢɟɦ ɝɢɞɪɨɨɤɢɫɢ ɚɦɦɨɧɢɹ(Nɇ4OH): 

ZrO(NO3)2 + 2NH4OH ĺ ZrO(OH)2Ļ + 2NH4NO3 

ZrOCl2 + 2NH4OH
ĺ

Zr(OH)4  + 4(NH4)OCl2 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɨɤɢɫɢ ɚɦɦɨɧɢɹ ɜ ɫɭɫɩɟɧɡɢɸ ɱɚɫɬɢɰɵ 

ɜɵɩɚɞɚɥɢ ɜ ɨɫɚɞɨɤ, ɤɨɬɨɪɵɣ ɩɪɨɦɵɜɚɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɨ ɩɨɥɧɨɝɨ 

ɭɞɚɥɟɧɢɹ ɚɦɦɢɚɤɚ ɢɡ ɨɛɪɚɡɰɚ. Ɂɚɬɟɦ ɩɨɥɭɱɟɧɧɵɟ ɨɫɚɞɤɢ ɜɵɫɭɲɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 

2 ɫɭɬɨɤ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɞɥɹ ɭɞɚɥɟɧɢɹ ɫɜɨɛɨɞɧɨɣ ɜɨɞɵ. 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ 

NanoSprayDryerB-90 
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ɐɢɬɪɚɬɫɨɞɟɪɠɚɳɢɟ ɫɭɫɩɟɧɡɢɢ ɝɨɬɨɜɢɥɢ, ɢɫɩɨɥɶɡɭɹ ɪɚɫɬɜɨɪ 1 Ɇ ɰɢɪɤɨɧɢɥɚ 

ɚɡɨɬɧɨɤɢɫɥɨɝɨ (ZrO(NO3)2∙2H2O) ɤɜɚɥɢɮɢɤɚɰɢɢ ɱɞɚ, ɚ ɬɚɤɠɟ ɰɢɪɤɨɧɢɣ 

ɨɤɫɢɯɥɨɪɢɞ (ZrOCl2∙8H2O) ɤɜɚɥɢɮɢɤɚɰɢɢ ɯɱ. ȼ ɤɚɱɟɫɬɜɟ 

ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɢɦɨɧɧɭɸ ɤɢɫɥɨɬɭ ɢ ɥɢɦɨɧɧɨɤɢɫɥɵɣ 

ɧɚɬɪɢɣ, ɤɜɚɥɢɮɢɤɚɰɢɢ ɱ. ȼɫɟ ɪɚɫɬɜɨɪɵ ɝɨɬɨɜɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. 

ɇɚ ɪɢɫɭɧɤɟ 10 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ.   

 

Ɋɢɫɭɧɨɤ 10 - ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɉɪɢɝɨɬɨɜɥɟɧɢɟ 1Ɇ ɪɚɫɬɜɨɪɚ ZrO(NO3)2 / ZrOCl2 

Ⱦɨɛɚɜɥɟɧɢɟ C6H8O7 Ⱦɨɛɚɜɥɟɧɢɟ Na3C6
H

5
O

7
 

ɋɭɲɤɚ ɩɪɢ 150ᵒɋ, 2 ɱɚɫɚ 

ɊɎȺ, ɌȽ/ȾɋɄ 

Ɉɬɠɢɝ ɩɪɢ 450ᵒɋ, 1 ɱɚɫ 

ɊɎȺ, ɊɗɆ, ȻɗɌ 

Ɏɢɥɶɬɪɚɰɢɹ Ɋɚɫɩɵɥɢɬɟɥɶɧɚɹ ɫɭɲɤɚ 



25 

 

2.3 Ɇɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɪɨɲɤɨɜ 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ 

ɩɨɪɨɲɤɢ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ (ɊɎȺ). Ɉɛɪɚɡɰɵ 

ɩɟɪɟɞ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɢɡɦɟɥɶɱɚɥɢ ɜ ɫɬɭɩɤɟ ɢ ɩɨɦɟɳɚɥɢ ɜ ɚɥɸɦɢɧɢɟɜɭɸ ɤɸɜɟɬɭ 

ɞɢɚɦɟɬɪɨɦ 25 ɦɦ ɢ ɜɵɫɨɬɨɣ 2 ɦɦ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɲɚɝɨɜɨɟ 

ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɧɚɤɨɩɥɟɧɢɟ ɜ ɬɨɱɤɟ 2,5 ɫɟɤɭɧɞɵ. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥ 

ɢɫɩɨɥɶɡɨɜɚɧ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɞɢɮɪɚɤɬɨɦɟɬɪ SСТЦКНгЮMКбТЦК-X XRD-7000. 

Ɉɛɪɚɛɨɬɤɭ ɞɢɮɪɚɤɬɨɝɪɚɦɦ – ɨɩɪɟɞɟɥɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɩɨɪɨɲɤɨɜ ɢ 

ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ – ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ “SОКrМС – 

MКЭМС” ɢ “PШаНОrCОХХ”.  

Ɉɛɪɚɛɨɬɤɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦ ɩɪɨɝɪɚɦɦɨɣ «Search – Match» ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ 

ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɚɥɝɨɪɢɬɦɭ: 

1) Ⱦɥɹ ɡɚɝɪɭɡɤɢ ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ FТХО – Import – 

ɡɚɝɪɭɠɚɟɦɵɣ ɮɚɣɥ. 

2) Ɏɨɧ ɭɛɢɪɚɟɬɫɹ ɧɚɠɚɬɢɟɦ Tools – Substract  Background. 

3) ɉɨɢɫɤ ɩɢɤɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɛɨɪɚ PОКФ ХТЬЭ – Peak search. 

Ɍɚɤ ɠɟ ɩɢɤɢ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɜɪɭɱɧɭɸ PОКФ ХТЬЭ – Add peak us. 

4) Ⱦɥɹ ɡɚɝɪɭɡɤɢ ɷɬɚɥɨɧɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚɠɚɬɶ SОКrМС ЦКЭМС. Ⱦɥɹ ɜɵɛɨɪɚ 

ɧɟɨɛɯɨɞɢɦɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚɠɚɬɶ ɤɧɨɩɤɭ RОЬЭrТМЭТШЧ ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. 

Ʉɚɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɪɨɲɤɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɝɪɚɦɦɟ PШаНОrCОХХ: 

1) Ⱦɥɹ ɡɚɝɪɭɡɤɢ ɫɬɚɧɞɚɪɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ FТХО – Load – ɡɚɝɪɭɠɚɟɦɵɣ 

ɷɬɚɥɨɧ. 

2) Ⱦɥɹ ɡɚɝɪɭɡɤɢ ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ RОПТЧОЦОЧЭ – Load 

powder – ɡɚɝɪɭɠɚɟɦɵɣ ɮɚɣɥ. 

3) ɋɬɟɩɟɧɶ ɩɨɥɢɧɨɦɚ ɡɚɞɚɟɬɫɹ ɧɚɠɚɬɢɟɦ RОПТЧОЦОЧЭ – Parameters – General 

– ɜɵɛɪɚɬɶ ɫɬɟɩɟɧɶ. 

4) Ɋɚɫɱɟɬ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɛɨɪɚ RОПТЧОЦОЧЭ – 

Start. 

5) Ⱦɥɹ ɪɚɫɱɟɬɚ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɩɨ ɨɛɥɚɫɬɹɦ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ 

ɜɵɛɢɪɚɟɦ DТППrКМЭТШЧ – size and strain. 
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6) Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨɥɭɱɚɟɦ ɧɚɠɚɬɢɟɦ RОПТЧОЦОЧЭ – Result – results. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɨ ɦɨɪɮɨɥɨɝɢɢ ɩɨɪɨɲɤɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɫɬɪɨɜɭɸ 

ɷɥɟɤɬɪɨɧɧɭɸ ɦɢɤɪɨɫɤɨɩɢɸ (ɊɗɆ). Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 

ɋɤɚɧɢɪɭɸɳɢɣ (ɪɚɫɬɪɨɜɵɣ) ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ JEOL JSM-7500FA. ɉɟɪɟɞ 

ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɨɛɪɚɡɰɵ ɩɨɤɪɵɜɚɸɬɫɹ ɬɨɧɤɢɦ ɫɥɨɟɦ ɩɥɚɬɢɧɵ ɞɥɹ ɫɧɹɬɢɹ ɡɚɪɹɞɚ 

ɢ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɩɚɞɚɸɳɟɝɨ ɩɭɱɤɚ ɨɬ ɧɚɤɨɩɥɟɧɧɨɝɨ ɜ ɨɛɴёɦɟ ɦɚɬɟɪɢɚɥɚ ɡɚɪɹɞɚ.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɢɡɦɟɪɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɨɲɤɨɜ ɩɪɨɜɨɞɢɥɨɫɶ 

ɩɨ 4-ɯ ɬɨɱɟɱɧɨɦɭ ɦɟɬɨɞɭ ȻɗɌ ɧɚ ɫɩɟɰɢɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ «ȻɗɌ-ɚɧɚɥɢɡɚɬɨɪ 

ɆȿɌȺ ɋɈɊȻɂ–Ɇ». ɉɪɢɛɨɪ «ɋɈɊȻɂ – Ɇ» - ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɫɩɟɪɫɧɵɯ ɢ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ 

ɨɛɴɟɦɨɜ ɝɚɡɚ-ɚɞɫɨɪɛɚɬɚ, ɫɨɪɛɢɪɭɟɦɨɝɨ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɨɦ ɢ ɫɬɚɧɞɚɪɬɧɵɦ 

ɨɛɪɚɡɰɨɦ ɦɚɬɟɪɢɚɥɚ ɫ ɢɡɜɟɫɬɧɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ȼ ɤɚɱɟɫɬɜɟ ɝɚɡɚ-

ɚɞɫɨɪɛɚɬɚ ɜ ɞɚɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɡɨɬ ɝɚɡɨɨɛɪɚɡɧɵɣ ɢɥɢ ɚɪɝɨɧ 

ɝɚɡɨɨɛɪɚɡɧɵɣ. ȼ ɤɚɱɟɫɬɜɟ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ – ɝɚɡɨɨɛɪɚɡɧɵɣ ɝɟɥɢɣ ɜɵɫɨɤɨɣ 

ɱɢɫɬɨɬɵ. Ⱦɥɹ ɪɚɛɨɬɵ ɫ ɩɪɢɛɨɪɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ SШrЛТ – M [18]. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɨ ɬɟɪɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ 

ɧɚ ɭɫɬɚɧɨɜɤɟ «ɌȽ/ȾɋɄ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪ NETZSCH». ɍɫɬɚɧɨɜɤɚ ɞɥɹ 

ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɢ ɫɨɫɬɨɢɬ ɢɡ ɜɟɫɨɜ ɧɟɩɪɟɪɵɜɧɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ, ɩɟɱɢ, ɜ 

ɤɨɬɨɪɭɸ ɩɨɦɟɳɚɸɬ ɨɛɪɚɡɟɰ, ɬɟɪɦɨɩɚɪɵ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɬɟɦɩɟɪɚɬɭɪɵ. ɍɫɬɚɧɚɜɥɢɜɚɥɚɫɶ ɫɤɨɪɨɫɬɶ ɩɪɨɞɭɜɤɢ ɜɟɫɨɜ ɢɧɟɪɬɧɵɦ ɝɚɡɨɦ 

10 ɫɦ3/ɦɢɧ ɢ ɨɛɪɚɡɰɚ ɝɚɡɨɦ, ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦ ɫ ɨɛɪɚɡɰɨɦ ɜ ɩɪɨɰɟɫɫɟ 

ɢɡɦɟɪɟɧɢɹ (ɚɡɨɬɨɦ ɢɥɢ ɚɪɝɨɧɨɦ), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɭɟɦɵɦɢ ɭɫɥɨɜɢɹɦɢ 

ɢɫɩɵɬɚɧɢɣ (ɚɧɚɥɢɡɚ), 20 ɫɦ3/ɦɢɧ. ɋ ɩɨɦɨɳɶɸ ɜɫɬɪɨɟɧɧɨɝɨ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ 

PrШЭОЮЬ AЧКХвЬТЬ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɢɧɬɟɪɜɚɥɨɜ. ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 10 Ʉ/ɦɢɧ, ɞɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ 

ɨɬ 20 ɞɨ 1200 ºɋ. 
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ɁȺȾȺɇɂȿ ȾɅə ɊȺɁȾȿɅȺ  
«ɎɂɇȺɇɋɈȼɕɃ ɆȿɇȿȾɀɆȿɇɌ, ɊȿɋɍɊɋɈɗɎɎȿɄɌɂȼɇɈɋɌɖ ɂ 

ɊȿɋɍɊɋɈɋȻȿɊȿɀȿɇɂȿ» 

ɋɬɭɞɟɧɬɭ: 
Ƚɪɭɩɩɚ ɎɂɈ 

4Ȼ22 ɉɨɞɝɚɟɰɤɨɣ ȼɟɪɟ ȼɥɚɞɢɦɢɪɨɜɧɟ 

 
ɂɧɫɬɢɬɭɬ ɂɎȼɌ Ʉɚɮɟɞɪɚ ɇɆɇɌ 

ɍɪɨɜɟɧɶ 
ɨɛɪɚɡɨɜɚɧɢɹ 

ɛɚɤɚɥɚ
ɜɪ 

ɇɚɩɪɚɜɥɟɧɢɟ/ɫɩɟɰɢɚɥɶ
ɧɨɫɬɶ 

Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɹ 
ɦɚɬɟɪɢɚɥɨɜ 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɪɚɡɞɟɥɭ «Ɏɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ 

ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ»: 

1. ɋɬɨɢɦɨɫɬɶ ɪɟɫɭɪɫɨɜ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
(ɇɂ): ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ, 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ, ɮɢɧɚɧɫɨɜɵɯ, 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢ ɱɟɥɨɜɟɱɟɫɤɢɯ. 

ɇɚɭɱɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɢɢ 

ɤɚɮɟɞɪɵ ɇɆɇɌ ɂɎȼɌ, ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɛɚɡɚ 

ɇɂɂ Ɍɉɍ.  ȼ ɤɚɱɟɫɬɜɟ ɢɫɩɨɥɧɢɬɟɥɟɣ  ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɡɚɞɟɣɫɬɜɨɜɚɧɨ 2 ɱɟɥɨɜɟɤɚ. 

2. ɇɨɪɦɵ ɢ ɧɨɪɦɚɬɢɜɵ ɪɚɫɯɨɞɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ. ɉɪɨɟɤɬ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 

14.322-83 «ɇɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ» ɢ ȽɈɋɌ 

Ɋ 51541-99 «Эɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ. Эɧɟɪɝɟɬɢɱɟɫɤɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ» 

3. ɂɫɩɨɥɶɡɭɟɦɚɹ ɫɢɫɬɟɦɚ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ, 
ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ, ɨɬɱɢɫɥɟɧɢɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
ɢ ɤɪɟɞɢɬɨɜɚɧɢɹ 

Ɉɬɱɢɫɥɟɧɢɹ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ – 30% ɨɬ 

ɎɈɌ.  

ɉɟɪɟɱɟɧɶ ɜɨɩɪɨɫɨɜ, ɩɨɞɥɟɠɚɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɸ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɪɚɡɪɚɛɨɬɤɟ: 

1. Ɉɰɟɧɤɚ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɢ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ  ɇɌɂ. 

ɉɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɪɟɡɭɥɶɬɚɬɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ 

2. Ɋɚɡɪɚɛɨɬɤɚ ɭɫɬɚɜɚ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɩɪɨɟɤɬɚ 

ɇɟ ɬɪɟɛɭɟɬɫɹ 

3. ɉɥɚɧɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ ɇɌɂ: 
ɫɬɪɭɤɬɭɪɚ ɢ ɝɪɚɮɢɤ ɩɪɨɜɟɞɟɧɢɹ, ɛɸɞɠɟɬ, 
ɪɢɫɤɢ ɢ ɨɪɝɚɧɢɡɚɰɢɹ ɡɚɤɭɩɨɤ. 

1. ɉɥɚɧɢɪɨɜɚɧɢɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ. 
2. Ɏɨɪɦɢɪɨɜɚɧɢɟ  ɛɸɞɠɟɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

4. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɟɫɭɪɫɧɨɣ, ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

Ɋɚɫɱɟɬ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɫ ɬɨɱɧɵɦ ɭɤɚɡɚɧɢɟɦ ɨɛɹɡɚɬɟɥɶɧɵɯ ɱɟɪɬɟɠɟɣ): 

1. Ɉɰɟɧɤɚ ɪɟɫɭɪɫɧɨɣ, ɮɢɧɚɧɫɨɜɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɇИ 

2. Ƚɪɚɮɢɤ ɩɪɨɜɟɞɟɧɢɹ ɢ ɛɸɞɠɟɬ ɇИ 

 

Ⱦɚɬɚ ɜɵɞɚɱɢ ɡɚɞɚɧɢɹ ɞɥɹ ɪɚɡɞɟɥɚ ɩɨ ɥɢɧɟɣɧɨɦɭ ɝɪɚɮɢɤɭ  

 

Ɂɚɞɚɧɢɟ ɜɵɞɚɥ ɤɨɧɫɭɥɶɬɚɧɬ: 

Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱥɫɫɢɫɬɟɧɬ Ƚɪɚɯɨɜɚ ȿ.Ⱥ.   

 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ ɫɬɭɞɟɧɬ: 

Ƚɪɭɩɩɚ ɎɂɈ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

4Ȼ22 ɉɨɞɝɚɟɰɤɚɹ ȼ.ȼ.   
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4. ɎɂɇȺɇɋɈȼɕɃ ɆȿɇȿȾɀɆȿɇɌ, ɊȿɋɍɊɋɈɗɎȿɄɌɂȼɇɈɋɌɖ ɂ 

ɊȿɋɍɊɋɈɋȻȿɊȿɀȿɇɂȿ 

ȼ ɞɚɧɧɨɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɬɫɹ ɩɨɥɭɱɟɧɢɟ 

ɩɨɪɨɲɤɚ ZrO2 ɢɡ ɰɢɬɪɚɬɫɨɞɟɪɠɚɳɢɯ ɫɭɫɩɟɧɡɢɣ. ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ 

«Ɏɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ» 

ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ, ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ 

ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɢ.  

ȼ ɡɚɞɚɱɢ ɪɚɡɞɟɥɚ ɜɯɨɞɢɬ: ɨɰɟɧɤɚ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢ 

ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, ɚɧɚɥɢɡ ɤɨɧɤɭɪɟɧɬɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, 

ɫɨɡɞɚɧɢɟ ɤɚɥɟɧɞɚɪɧɨɝɨ ɩɥɚɧɚ ɢ ɝɪɚɮɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ, ɪɚɫɱɟɬ ɛɸɞɠɟɬɚ 

ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɢɟ ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚɭɱɧɨɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. 

4.1. ɉɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ȼɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɨɤɫɢɞɧɵɟ ɤɟɪɚɦɢɤɢ ɢɡ ɱɢɫɬɨɝɨ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 

ɨɬɥɢɱɚɟɬɫɹ ɫɜɨɟɣ ɬɜɟɪɞɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ. Ȼɥɚɝɨɞɚɪɹ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɞɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ – ɢɞɟɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ ɞɥɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɚɪɤɚɫɨɜ ɦɨɫɬɨɜɢɞɧɵɯ ɩɪɨɬɟɡɨɜ ɡɭɛɨɜ ɛɨɤɨɜɵɯ ɨɬɞɟɥɨɜ, ɧɟɫɭɳɢɯ 

ɛɨɥɶɲɭɸ ɠɟɜɚɬɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ. 

Ʉɟɪɚɦɢɤɚ ɢɡ ɱɢɫɬɨɝɨ ɨɤɫɢɞɚ ɦɟɧɟɟ ɩɨɞɜɟɪɠɟɧɚ ɤɨɪɪɨɡɢɣɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ 

ɫɪɟɞɵ ɪɨɬɨɜɨɣ ɩɨɥɨɫɬɢ, ɱɟɦ ɫɢɥɢɤɚɬɧɚɹ ɤɟɪɚɦɢɤɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɨɤɫɢɞɧɚɹ 

ɤɟɪɚɦɢɤɚ ɦɟɧɟɟ ɩɪɨɡɪɚɱɧɚ ɢ ɦɟɧɶɲɟ ɩɪɨɩɭɫɤɚɟɬ ɫɜɟɬ, ɱɟɦ ɫɬɟɤɥɨɤɟɪɚɦɢɤɚ. 

ɉɨɷɬɨɦɭ ɞɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɬɨɥɶɤɨ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɚɪɤɚɫɨɜ. 

ɉɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɦɧɨɸ ɭɫɥɭɝ ɛɭɞɭɬ 

ɫɬɨɦɚɬɨɥɨɝɢɢ ɞɥɹ ɡɭɛɧɨɝɨ ɩɪɨɬɟɡɢɪɨɜɚɧɢɹ. 

Ʉɚɪɬɚ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.  
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Ɍɚɛɥɢɰɚ 4- Ʉɚɪɬɚ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɪɵɧɤɚ ɭɫɥɭɝ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɢɡɞɟɥɢɣ 

ɢɡ ɨɤɫɢɞɧɨɣ ɤɟɪɚɦɢɤɢ. 

Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ ɩɨɫɬɚɜɤɢ ɂɡɞɟɥɢɹ ɢɡ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 

ɤɪɭɩɧɵɣ Ⱥ 

ɫɪɟɞɧɢɣ Ⱥ, Ȼ 

ɦɟɥɤɢɣ ȼ 

ɋɬɨɦɚɬɨɥɨɝɢɢ - Ⱥ, 

Ʉɨɦɩɚɧɢɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɡɚɩɨɪɧɨɣ ɚɪɦɚɬɭɪɵ - Ȼ,  

Ʉɨɦɩɚɧɢɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɢɡɨɥɹɬɨɪɨɜ -  ȼ.    

4.2. ɉɥɚɧɢɪɨɜɚɧɢɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ 

4.2.1.  ɋɬɪɭɤɬɭɪɚ ɪɚɛɨɬ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɂɧɮɨɪɦɚɰɢɹ ɨɛ ɭɱɚɫɬɧɢɤɚɯ ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ 

(ɬɚɛɥɢɰɚ 5) 

Ɍɚɛɥɢɰɚ 5- Ɋɚɛɨɱɚɹ ɝɪɭɩɩɚ ɩɪɨɟɤɬɚ 

№ ɩ/ɩ ɎɂɈ, 
ɨɫɧɨɜɧɨɟ ɦɟɫɬɨ 

ɪɚɛɨɬɵ,  
ɞɨɥɠɧɨɫɬɶ 

Ɋɨɥɶ ɜ ɩɪɨɟɤɬɟ Ɏɭɧɤɰɢɢ 

1 Ʌɹɦɢɧɚ Ƚ.ȼ., ɞɨɰɟɧɬ 
ɤɚɮɟɞɪɵ ɇɆɇɌ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ 
ɩɪɨɟɤɬɚ 

Ɉɬɜɟɱɚɟɬ ɡɚ ɪɟɚɥɢɡɚɰɢɸ, 
ɤɨɨɪɞɢɧɢɪɭɟɬ ɞɟɹɬɟɥɶɧɨɫɬɶ 

ɭɱɚɫɬɧɢɤɨɜ ɩɪɨɟɤɬɚ 

2 ɉɨɞɝɚɟɰɤɚɹ ȼ.ȼ., 
ɛɚɤɚɥɚɜɪ ɤɚɮɟɞɪɵ 

ɇɆɇɌ  

ɂɫɩɨɥɧɢɬɟɥɶ ɩɨ 
ɩɪɨɟɤɬɭ 

ȼɵɩɨɥɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɱɚɫɬɢ 
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Ɍɚɛɥɢɰɚ 6– ɉɟɪɟɱɟɧɶ ɷɬɚɩɨɜ, ɪɚɛɨɬ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɫɩɨɥɧɢɬɟɥɟɣ 

Ɉɫɧɨɜɧɵɟ ɷɬɚɩɵ 
№ 

ɪɚɛɨɬɵ 

ɋɨɞɟɪɠɚɧɢɟ 
ɪɚɛɨɬɵ 

Ⱦɨɥɠɧɨɫɬɶ 
ɢɫɩɨɥɧɢɬɟɥɹ 

Ɋɚɡɪɚɛɨɬɤɚ 
ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɡɚɞɚɧɢɹ 

1 

ɋɨɫɬɚɜɥɟɧɢɟ ɢ 
ɭɬɜɟɪɠɞɟɧɢɟ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ  
Ɋɭɤɨɜɨɞɢɬɟɥɶ ɬɟɦɵ  

ȼɵɛɨɪ 
ɧɚɩɪɚɜɥɟɧɢɹ 
ɢɫɫɥɟɞɨɜɚɧɢɣ  

2 
ɉɨɞɛɨɪ ɢ ɢɡɭɱɟɧɢɟ 
ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɬɟɦɟ  

ɋɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 

3 
ɉɪɨɜɟɞɟɧɢɟ ɩɚɬɟɧɬɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ  ɋɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 

4 
ȼɵɛɨɪ ɧɚɩɪɚɜɥɟɧɢɹ 

ɢɫɫɥɟɞɨɜɚɧɢɣ  
Ɋɭɤɨɜɨɞɢɬɟɥɶ, 

ɫɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 

5 

Ʉɚɥɟɧɞɚɪɧɨɟ 
ɩɥɚɧɢɪɨɜɚɧɢɟ ɪɚɛɨɬ ɩɨ 

ɬɟɦɟ 

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ, 
ɪɭɤɨɜɨɞɢɬɟɥɶ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ 

6 
ɂɡɭɱɟɧɢɟ ɢɫɯɨɞɧɵɯ 

ɨɛɪɚɡɰɨɜ  ɋɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 

7 
ɉɨɞɝɨɬɨɜɤɚ ɩɨɪɨɲɤɨɜɨɣ 

ɧɚɜɟɫɤɢ 
ɋɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 

8 

ɋɩɟɤɚɧɢɟ ɨɛɪɚɡɰɨɜ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 150 ɢ 

450°ɋ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ, 
ɫɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 

9 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ 
ɪɟɡɭɥɶɬɚɬɨɜ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ 
ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ  

ɋɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 

Ɉɛɨɛɳɟɧɢɟ ɢ 
ɨɰɟɧɤɚ ɪɟɡɭɥɶɬɚɬɨɜ  

10 

Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ  

Ɋɭɤɨɜɨɞɢɬɟɥɶ, 
ɫɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 

11 
Ɉɩɪɟɞɟɥɟɧɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ  
Ɋɭɤɨɜɨɞɢɬɟɥɶ, 

ɫɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 

12 ɋɨɡɞɚɧɢɟ ɦɟɬɨɞɢɤɢ 
ɩɨɥɭɱɟɧɢɹ ɨɤɫɢɞɚ 

ɰɢɪɤɨɧɢɹ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ, 
ɫɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ 
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4.2.2.Ɉɩɪɟɞɟɥɟɧɢɟ ɬɪɭɞɨɟɦɤɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ 

Ɋɚɫɱɟɬ ɬɪɭɞɨɟɦɤɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɩɵɬɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, 

ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɨɠɢɞɚɟɦɨɝɨ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɜ 

ɱɟɥɨɜɟɤɨ-ɞɧɹɯ ɩɨ ɮɨɪɦɭɥɟ: �ˑж� = ͵�௠�௡� + ʹ�௠���ͷ  

ɝɞɟ tɨɠТ – ɨɠɢɞɚɟɦɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ Т-ɨɣ ɪɚɛɨɬɵ ɱɟɥ.-ɞɧ.; tmini - 

ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɧɨɣ Т-ɨɣ ɪɚɛɨɬɵ 

(ɨɩɬɢɦɢɫɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ: ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɫɬɟɱɟɧɢɹ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜ), ɱɟɥ.-ɞɧ.; tmaxi - ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ 

ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɧɨɣ Т-ɨɣ ɪɚɛɨɬɵ (ɩɟɫɫɢɦɢɫɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ: ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ 

ɧɚɢɛɨɥɟɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɫɬɟɱɟɧɢɹ ɨɛɫɬɨɹɬɟɥɶɫɬɜ), ɱɟɥ.-ɞɧ. 

ɂɫɯɨɞɹ ɢɡ ɨɠɢɞɚɟɦɨɣ ɬɪɭɞɨɟɦɤɨɫɬɢ ɪɚɛɨɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɣ ɪɚɛɨɬɵ ɜ ɪɚɛɨɱɢɯ ɞɧɹɯ Ɍɪ, ɭɱɢɬɵɜɚɸɳɚɹ 

ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɧɟɫɤɨɥɶɤɢɦɢ ɢɫɩɨɥɧɢɬɟɥɹɦɢ. ��� = �ˑж�Ч�  

ɝɞɟ  iTɪ  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɪɚɛɨɬɵ, ɪɚɛ. ɞɧ.;  

itɨɠ  – ɨɠɢɞɚɟɦɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɨɞɧɨɣ ɪɚɛɨɬɵ, ɱɟɥ.-ɞɧ.  

iɑ  – ɱɢɫɥɟɧɧɨɫɬɶ ɢɫɩɨɥɧɢɬɟɥɟɣ, ɜɵɩɨɥɧɹɸɳɢɯ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɞɧɭ ɢ ɬɭ 

ɠɟ ɪɚɛɨɬɭ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ, ɱɟɥ. 

4.2.3.Ɋɚɡɪɚɛɨɬɤɚ ɝɪɚɮɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɇɚɢɛɨɥɟɟ ɭɞɨɛɧɵɦ ɢ ɧɚɝɥɹɞɧɵɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ 

ɥɟɧɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɧɚɭɱɧɵɯ ɪɚɛɨɬ ɜ ɮɨɪɦɟ ɞɢɚɝɪɚɦɦɵ Ƚɚɧɬɚ. 

Ⱦɢɚɝɪɚɦɦɚ Ƚɚɧɬɚ – ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɥɟɧɬɨɱɧɵɣ ɝɪɚɮɢɤ, ɧɚ ɤɨɬɨɪɨɦ 

ɪɚɛɨɬɵ ɩɨ ɬɟɦɟ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɩɪɨɬɹɠɟɧɧɵɦɢ ɜɨ ɜɪɟɦɟɧɢ ɨɬɪɟɡɤɚɦɢ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢɫɹ ɞɚɬɚɦɢ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɵɯ ɪɚɛɨɬ. 
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Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɝɨ ɢɡ ɷɬɚɩɨɜ 

ɪɚɛɨɬ ɢɡ ɪɚɛɨɱɢɯ ɞɧɟɣ ɫɥɟɞɭɟɬ ɩɟɪɟɜɟɫɬɢ ɜ ɤɚɥɟɧɞɚɪɧɵɟ ɞɧɢ. Ⱦɥɹ ɷɬɨɝɨ 

ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ: 

ɤɚɥɪɤ kɌT ii 
 

ɝɞɟ  Ɍɤi– ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ i-ɣ ɪɚɛɨɬɵ ɜ ɤɚɥɟɧɞɚɪɧɵɯ ɞɧɹɯ;  

Ɍɪi – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ i-ɣ ɪɚɛɨɬɵ ɜ ɪɚɛɨɱɢɯ ɞɧɹɯ;  

ɤɚɥk  kɤɚɥ– ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɥɟɧɞɚɪɧɨɫɬɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɚɥɟɧɞɚɪɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

ɩɪɜɵɯɤɚɥ

ɤɚɥ
ɤɚɥ ɌɌɌ

T
k




 

ɝɞɟ    ɤɚɥT  – ɤɨɥɢɱɟɫɬɜɨ ɤɚɥɟɧɞɚɪɧɵɯ ɞɧɟɣ ɜ ɝɨɞɭ;  

ɜɵɯɌ  – ɤɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɧɵɯ ɞɧɟɣ ɜ ɝɨɞɭ;  

ɩɪɌ  – ɤɨɥɢɱɟɫɬɜɨ ɩɪɚɡɞɧɢɱɧɵɯ ɞɧɟɣ ɜ ɝɨɞɭ. 

Ⱦɥɹ ɫɬɭɞɟɧɬɚ, ɨɛɭɱɚɸɳɟɝɨɫɹ ɜ ȼɍɁɟ ɜ ɬɟɱɟɧɢɢ 10 ɦɟɫɹɰɟɜ ɜ ɝɨɞɭ ɢ 

ɢɦɟɸɳɟɝɨ 2 ɦɟɫɹɰɚ ɥɟɬɧɢɯ ɤɚɧɢɤɭɥ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɥɟɧɞɚɪɧɨɫɬɢ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: �ˍаˎ = �̱ аˎ�̱ аˎ − �вых − �˒ ˓ = ͵Ͳ͵͵Ͳ͵ − Ͷ7 − 9 = ͳ,ʹ͵ 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɤɚɥɟɧɞɚɪɧɵɯ ɞɧɹɯ ɩɨ ɤɚɠɞɨɣ ɪɚɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ 

ɨɤɪɭɝɥɢɬɶ ɞɨ ɰɟɥɨɝɨ ɱɢɫɥɚ. ȼɫɟ ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 7. 
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Ɍɚɛɥɢɰɚ 7– ȼɪɟɦɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɜɟɞɟɧɢɹ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɇɚɡɜɚɧɢɟ ɪɚɛɨɬɵ 

Ɍɪɭɞɨɟɦɤɨɫɬɶ ɪɚɛɨɬ 

ɂ
ɫɩ

ɨɥ
ɧɢ

ɬɟ
ɥɢ

, ɤ
ɨɥ

. 

Ⱦ
ɥɢ

ɬɟ
ɥɶ

ɧɨ
ɫɬ

ɶ 
ɪɚ

ɛɨ
ɬ 

ɜ 

ɪɚ
ɛɨ

ɱɢ
ɯ 

ɞɧ
ɹɯ

 

Ⱦ
ɥɢ

ɬɟ
ɥɶ

ɧɨ
ɫɬ

ɶ 

ɤɚ
ɥɟ

ɧɞ
ɚɪ

ɧɵ
ɯ 

ɞɧ
ɟɣ

 

tmin, ɱɟɥ-ɞɧɢ tmax, ɱɟɥ-ɞɧɢ tɨɠ, ɱɟɥ-ɞɧɢ 

ɂɫɩ.1 ɂɫɩ.2 ɂɫɩ.1 ɂɫɩ.2 ɂɫɩ.1 ɂɫɩ.2 ɂɫɩ.1 ɂɫɩ.2 ɂɫɩ.1 ɂɫɩ.2 

Ɋɚɡɪɚɛɨɬɤɚ 
ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɡɚɞɚɧɢɹ  
2 5 3 1 3 4 

ȼɵɛɨɪ 
ɧɚɩɪɚɜɥɟɧɢɹ 

ɢɫɫɥɟɞɨɜɚɧɢɣ  
15 3 30 10 21 6 2 21 6 26 7 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬ 
ɢɫɫɥɟɞɨɜɚɧɢɹ  

100 10 150 20 120 14 2 120 14 148 17 

Ɉɛɨɛɳɟɧɢɟ ɢ 
ɨɰɟɧɤɚ 

ɪɟɡɭɥɶɬɚɬɨɜ  
14 21 17 2 9 11 

 

Ⱦɢɚɝɪɚɦɦɚ Ƚɚɧɬɚ – ɷɬɨ ɬɢɩ ɫɬɨɥɛɱɚɬɵɯ ɞɢɚɝɪɚɦɦ (ɝɢɫɬɨɝɪɚɦɦ), ɤɨɬɨɪɵɣ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɤɚɥɟɧɞɚɪɧɨɝɨ ɩɥɚɧɚ ɩɪɨɟɤɬɚ, ɧɚ ɤɨɬɨɪɨɦ ɪɚɛɨɬɵ 

ɩɨ ɬɟɦɟ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɩɪɨɬɹɠɟɧɧɵɦɢ ɜɨ ɜɪɟɦɟɧɢ ɨɬɪɟɡɤɚɦɢ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢɫɹ ɞɚɬɚɦɢ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɵɯ ɪɚɛɨɬ. 

Ƚɪɚɮɢɤ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ 8 ɫ ɪɚɡɛɢɜɤɨɣ ɩɨ ɦɟɫɹɰɚɦ ɢ ɞɟɤɚɞɚɦ 

(10 ɞɧɟɣ) ɡɚ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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Ɍɚɛɥɢɰɚ 8-  Ʉɚɥɟɧɞɚɪɧɵɣ ɩɥɚɧ-ɝɪɚɮɢɤ ɩɪɨɜɟɞɟɧɢɹ ɇɌɂ ɩɨ ɬɟɦɟ. 

ɋɨɞɟɪɠɚɧɢɟ 
ɪɚɛɨɬ 

Ⱦɨɥɠɧɨɫɬɶ 
ɢɫɩɨɥɧɢɬɟɥɹ 

Tki 

ɤɚɥ

. ɞɧ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ 

ɹɧɜɚ

ɪɶ 

ɮɟɜɪɚɥ

ɶ 
ɦɚɪɬ ɚɩɪɟɥɶ ɦɚɣ 

ɢɸɧ

ɶ 

3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 

ɋɨɫɬɚɜɥɟɧɢɟ ɢ 
ɭɬɜɟɪɠɞɟɧɢɟ 
ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɡɚɞɚɧɢɹ  

Ɋɭɤɨɜɨɞɢɬɟɥɶ 

ɬɟɦɵ 
4  

ɉɨɞɛɨɪ ɢ 
ɢɡɭɱɟɧɢɟ 

ɦɚɬɟɪɢɚɥɨɜ ɩɨ 
ɬɟɦɟ, ɩɪɨɜɟɞɟɧɢɟ 

ɩɚɬɟɧɬɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ  

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ 
19  

ȼɵɛɨɪ 
ɧɚɩɪɚɜɥɟɧɢɹ 
ɢɫɫɥɟɞɨɜɚɧɢɣ  

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ, 
ɪɭɤɨɜɨɞɢɬɟɥɶ 

5/5  

Ʉɚɥɟɧɞɚɪɧɨɟ 
ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɪɚɛɨɬ ɩɨ ɬɟɦɟ  

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ, 
ɪɭɤɨɜɨɞɢɬɟɥɶ 

2/2  

ɂɡɭɱɟɧɢɟ 
ɢɫɯɨɞɧɵɯ 
ɨɛɪɚɡɰɨɜ  

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ 
7  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ 
ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɢ 

ɫɮɟɪ  

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ 
17  

ɉɨɞɝɨɬɨɜɤɚ 
ɩɨɪɨɲɤɨɜɨɣ 

ɧɚɜɟɫɤɢ 

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ 
3  

ɋɩɟɤɚɧɢɟ 
ɨɛɪɚɡɰɨɜ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 150 ɢ 
450°ɋ 

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ 
60  

Ɉɰɟɧɤɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ  

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ, 
ɪɭɤɨɜɨɞɢɬɟɥɶ 

8/8  

ɋɨɩɨɫɬɚɜɥɟɧɢɟ 
ɪɟɡɭɥɶɬɚɬɨɜ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ 
ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ 

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ 
30  

Ɉɰɟɧɤɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 

ɩɪɢɦɟɧɟɧɢɹ 
ɩɨɥɭɱɟɧɧɵɯ 

ɞɚɧɧɵɯ  

ɋɬɭɞɟɧɬ-

ɞɢɩɥɨɦɧɢɤ 
9  

 

Ƚɞɟ  ɫɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ, ɪɭɤɨɜɨɞɢɬɟɥɶ. 
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4.3.Ȼɸɞɠɟɬ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɛɸɞɠɟɬɚ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ 

ɨɛɟɫɩɟɱɟɧɨ ɩɨɥɧɨɟ ɢ ɞɨɫɬɨɜɟɪɧɨɟ ɨɬɪɚɠɟɧɢɟ ɜɫɟɯ ɜɢɞɨɜ ɩɥɚɧɢɪɭɟɦɵɯ 

ɪɚɫɯɨɞɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɟɝɨ ɜɵɩɨɥɧɟɧɢɹ.  

4.3.1 ɋɵɪɶɟ, ɦɚɬɟɪɢɚɥɵ, ɩɨɤɭɩɧɵɟ ɢɡɞɟɥɢɹ (ɡɚ ɜɵɱɟɬɨɦ ɨɬɯɨɞɨɜ) 

ȼ ɷɬɭ ɫɬɚɬɶɸ ɜɤɥɸɱɚɸɬɫɹ ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɜɫɟɯ ɜɢɞɨɜ ɦɚɬɟɪɢɚɥɨɜ, 

ɤɨɦɩɥɟɤɬɭɸɳɢɯ ɢɡɞɟɥɢɣ ɢ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɪɚɛɨɬ ɩɨ ɞɚɧɧɨɣ ɬɟɦɟ. Ʉɨɥɢɱɟɫɬɜɨ ɩɨɬɪɟɛɧɵɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɰɟɧɧɨɫɬɟɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɧɨɪɦɚɦ ɪɚɫɯɨɞɚ. 

Ɍɚɛɥɢɰɚ 9- ɋɵɪɶɟ, ɦɚɬɟɪɢɚɥɵ, ɤɨɦɩɥɟɤɬɭɸɳɢɟ ɢɡɞɟɥɢɹ ɢ ɩɨɤɭɩɧɵɟ 

ɩɨɥɭɮɚɛɪɢɤɚɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɨɥ-ɜɨ ɐɟɧɚ ɡɚ ɟɞɢɧɢɰɭ, ɪɭɛ. ɋɭɦɦɚ, ɪɭɛ. 

Ɉɤɫɢɯɥɨɪɢɞ ɰɢɪɤɨɧɢɹ 0,5ɤɝ 200 100 

ɐɢɪɤɨɧɢɥ ɚɡɨɬɧɨɤɢɫɥɵɣ 
ɜɨɞɧɵɣ 

0,5ɤɝ 3500 1750 

Ⱥɦɦɢɚɤ 0,3ɤɝ 120 36 

Ʌɢɦɨɧɧɚɹ ɤɢɫ-ɬɚ 0,5ɤɝ 80 40 

Ʌɢɦɨɧɧɨɤɢɫɥɵɣ ɧɚɬɪɢɣ 0,5 ɤɝ 70 35 

Ɏɢɥɶɬɪɨɜɚɥɶɧɚɹ ɛɭɦɚɝɚ 5ɲɬ 25 125 

ȼɫɟɝɨ ɡɚ ɦɚɬɟɪɢɚɥɵ 2086 

4.3.2 ɋɩɟɰɢɚɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɧɚɭɱɧɵɯ (ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ) 

ɪɚɛɨɬ 

ȼ ɞɚɧɧɭɸ ɫɬɚɬɶɸ ɜɤɥɸɱɚɸɬ ɜɫɟ ɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɨɛɪɟɬɟɧɢɟɦ 

ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɩɪɢɛɨɪɨɜ, ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ 

ɚɩɩɚɪɚɬɭɪɵ, ɫɬɟɧɞɨɜ, ɭɫɬɪɨɣɫɬɜ ɢ ɦɟɯɚɧɢɡɦɨɜ), ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɪɚɛɨɬ ɩɨ ɤɨɧɤɪɟɬɧɨɣ ɬɟɦɟ. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɫɩɟɰɨɛɨɪɭɞɨɜɚɧɢɹ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɞɟɣɫɬɜɭɸɳɢɦ ɩɪɟɣɫɤɭɪɚɧɬɚɦ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɨ ɞɨɝɨɜɨɪɧɨɣ 

ɰɟɧɟ.  
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Ɍɚɛɥɢɰɚ 10- Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɩɨ ɫɬɚɬɶɟ «ɋɩɟɰɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɧɚɭɱɧɵɯ 
ɪɚɛɨɬ» 

№
 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ʉɨɥ-ɜɨ 
ɟɞɢɧɢɰ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɐɟɧɚ 
ɟɞɢɧɢɰɵ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɬɵɫ. ɪɭɛ. 

Ɉɛɳɚɹ 
ɫɬɨɢɦɨɫɬɶ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɬɵɫ. ɪɭɛ. 

. 

Ɋɚɫɩɵɥɢɬɟɥɶɧɚɹ 
ɫɭɲɤɚ 

NanoSprayDryerB-90 

1 ɲɬ. 2870 2870 

. 

ɉɟɱɶ 
ɚɬɦɨɫɮɟɪɧɚɹ 

1 ɲɬ. 500 500 

ɂɬɨɝɨ  2 ɲɬ. 3370 3370 
 

4.4. Ɋɚɫɱɟɬ ɮɨɧɞɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ 

4.4.1 Ɉɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ 

ȼ ɧɚɫɬɨɹɳɭɸ ɫɬɚɬɶɸ ɜɤɥɸɱɚɟɬɫɹ ɨɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɧɚɭɱɧɵɯ ɢ 

ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬɧɢɤɨɜ, ɪɚɛɨɱɢɯ ɦɚɤɟɬɧɵɯ ɦɚɫɬɟɪɫɤɢɯ ɢ ɨɩɵɬɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ ɩɨ ɞɚɧɧɨɣ 

ɬɟɦɟ. ȼɟɥɢɱɢɧɚ ɪɚɫɯɨɞɨɜ ɩɨ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 

ɬɪɭɞɨɟɦɤɨɫɬɢ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɨɩɥɚɬɵ ɬɪɭɞɚ. ȼ 

ɫɨɫɬɚɜ ɨɫɧɨɜɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɜɤɥɸɱɚɟɬɫɹ ɩɪɟɦɢɹ, ɜɵɩɥɚɱɢɜɚɟɦɚɹ 

ɟɠɟɦɟɫɹɱɧɨ ɢɡ ɮɨɧɞɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ (ɪɚɡɦɟɪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɉɨɥɨɠɟɧɢɟɦ ɨɛ 

ɨɩɥɚɬɟ ɬɪɭɞɚ). Ɋɚɫɱɟɬ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɩɟɪɫɨɧɚɥɭ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ. 

Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɜɪɟɦɟɧɢ ɩɨ ɬɟɦɟ ɢ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɲɬɚɬɧɨ-ɞɨɥɠɧɨɫɬɧɵɦ 

ɨɤɥɚɞɨɦ. 

Ɉɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ (Ɂɨɫɧ) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

ɪɌ ɞɧɨɫɧ ɁɁ
 

ɝɞɟ Ɂɨɫɧ – ɨɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɞɧɨɝɨ ɪɚɛɨɬɧɢɤɚ; Ɍɪ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɧɚɭɱɧɨ – ɬɟɯɧɢɱɟɫɤɢɦ ɪɚɛɨɬɧɢɤɨɦ, ɪɚɛ. ɞɧ.; Ɂɞɧ – 

ɫɪɟɞɧɟɞɧɟɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɚɛɨɬɧɢɤɚ, ɪɭɛ. 

ɋɪɟɞɧɟɞɧɟɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ɞ

ɦ
ɞɧ

ɆɁɁ
F




 

ɝɞɟ Ɂɦ – ɦɟɫɹɱɧɵɣ ɞɨɥɠɧɨɫɬɧɨɣ ɨɤɥɚɞ ɪɚɛɨɬɧɢɤɚ, ɪɭɛ.; Ɇ – ɤɨɥɢɱɟɫɬɜɨ ɦɟɫɹɰɟɜ 

ɪɚɛɨɬɵ ɛɟɡ ɨɬɩɭɫɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ; Fɞ – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ 

ɜɪɟɦɟɧɢ ɧɚɭɱɧɨ – ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɪɚɛ. ɞɧ. 

Ɇɟɫɹɱɧɵɣ ɞɨɥɠɧɨɫɬɧɨɣ ɨɤɥɚɞ ɪɚɛɨɬɧɢɤɚ: 

ɪɞɩɪɬɫɦ )1(ɁɁ kkk 
 

ɝɞɟ  Ɂɬɫ – ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɩɨ ɬɚɪɢɮɧɨɣ ɫɬɚɜɤɟ, ɪɭɛ.; kɩɪ – ɩɪɟɦɢɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ, ɪɚɜɧɵɣ 0,3 (ɬ.ɟ. 30% ɨɬ Ɂɬɫ); kɞ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɥɚɬ ɢ 

ɧɚɞɛɚɜɨɤ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 0,2 – 0,5 (ɜ ɇɂɂ ɢ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɩɪɟɞɩɪɢɹɬɢɹɯ – ɡɚ ɪɚɫɲɢɪɟɧɢɟ ɫɮɟɪ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɡɚ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɟ 

ɦɚɫɬɟɪɫɬɜɨ, ɡɚ ɜɪɟɞɧɵɟ ɭɫɥɨɜɢɹ: 15-20% ɨɬ Ɂɬɫ); kɪ – ɪɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, 

ɪɚɜɧɵɣ 1,3 (ɞɥɹ Ɍɨɦɫɤɚ). 

Ɋɚɫɱɟɬ ɨɫɧɨɜɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 11. 

Ɍɚɛɥɢɰɚ 11– Ɋɚɫɱɟɬ ɨɫɧɨɜɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ 

ɂɫɩɨɥɧɢɬɟɥɢ 

Ɂ ɬ
ɫ, 

ɪɭ
ɛ 

k ɩ
ɪ 

k ɞ
 

k ɪ
 

Ɂ ɦ
, ɪ

ɭɛ
. 

Ɂ ɞ
ɧ, 

ɪɭ
ɛ.

 

Ɍ ɪ
, ɪ

ɚɛ
. 

ɞɧ
. 

Ɂ ɨ
ɫɧ

, ɪ
ɭɛ

. 
Ɋɭɤɨɜɨɞɢɬɟɥɶ 23264,9 0,3 0,2 1,3 45366,6 2020,3 91 183853,6 

ɋɬɭɞɟɧɬ-

ɛɚɤɚɥɚɜɪ 
14874,5 0,3 0,2 1,3 29005,3 1291,7 211 272555,6 

 

4.4.2 Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

ɩɟɪɫɨɧɚɥɚ 

ȼ ɞɚɧɧɭɸ ɫɬɚɬɶɸ ɜɤɥɸɱɚɟɬɫɹ ɫɭɦɦɚ ɜɵɩɥɚɬ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ 

ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɨ ɬɪɭɞɟ, ɧɚɩɪɢɦɟɪ, ɨɩɥɚɬɚ ɨɱɟɪɟɞɧɵɯ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɨɬɩɭɫɤɨɜ; ɨɩɥɚɬɚ ɜɪɟɦɟɧɢ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɢ 

ɨɛɳɟɫɬɜɟɧɧɵɯ ɨɛɹɡɚɧɧɨɫɬɟɣ; ɜɵɩɥɚɬɚ ɜɨɡɧɚɝɪɚɠɞɟɧɢɹ ɡɚ ɜɵɫɥɭɝɭ ɥɟɬ ɢ ɬ.ɩ. (ɜ 

ɫɪɟɞɧɟɦ – 12 % ɨɬ ɫɭɦɦɵ ɨɫɧɨɜɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ). 
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Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 10-15% ɨɬ 

ɨɫɧɨɜɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ, ɪɚɛɨɬɧɢɤɨɜ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɜɵɩɨɥɧɟɧɢɟ ɬɟɦɵ: 

                     (4) 

ɝɞɟ,    Ɂɞɨɩ – ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ, ɪɭɛ.;  

           kɞɨɩ  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɪɩɥɚɬɵ (kɞɨɩ =0,12);  

           Ɂɨɫɧ –  ɨɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ, ɪɭɛ.  

ɋɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ: Ɂɞɨɩ  = 272555,6× 0,12 = 32706 ɪɭɛ. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ: Ɂɞɨɩ  =183853,6 × 0,12 = 22062 ɪɭɛ. 

4.4.3 ɇɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ 

ȼ ɷɬɭ ɫɬɚɬɶɸ ɜɤɥɸɱɚɸɬɫɹ ɡɚɬɪɚɬɵ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɢ ɯɨɡɹɣɫɬɜɟɧɧɨɟ 

ɨɛɫɥɭɠɢɜɚɧɢɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɤɨɧɤɪɟɬɧɭɸ 

ɬɟɦɭ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɸɞɚ ɨɬɧɨɫɹɬɫɹ ɪɚɫɯɨɞɵ ɩɨ ɫɨɞɟɪɠɚɧɢɸ, ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ 

ɪɟɦɨɧɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɢɧɜɟɧɬɚɪɹ, ɡɞɚɧɢɣ, 

ɫɨɨɪɭɠɟɧɢɣ ɢ ɞɪ. ȼ ɪɚɫɱɟɬɚɯ ɷɬɢ ɪɚɫɯɨɞɵ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ 70 - 90 % ɨɬ 

ɫɭɦɦɵ ɨɫɧɨɜɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ 

ɞɚɧɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɨɪɝɚɧɢɡɚɰɢɢ. 

ɇɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ ɫɨɫɬɚɜɥɹɸɬ 80-100 % ɨɬ ɫɭɦɦɵ ɨɫɧɨɜɧɨɣ ɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ, ɪɚɛɨɬɧɢɤɨɜ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭɱɚɫɬɜɭɸɳɢɯ 

ɜ ɜɵɩɨɥɧɟɧɢɟ ɬɟɦɵ.  

Ɋɚɫɱɟɬ ɧɚɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ ɜɟɞɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

                  (5) 

ɝɞɟ,   kɧɚɤɥ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ (kɧɚɤɥ=0,9) . 

ɋɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ: ɋ ɧɚɤɥ = 0,9×(272555+ 32706) = 274734,9 ɪɭɛ. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ: ɋ ɧɚɤɥ  = 0,9×(183853+ 22062) = 185323,5 ɪɭɛ. 

Оɬɱиɫɥɟɧиɹ ɧɚ ɫɨɰиɚɥɶɧɵɟ ɧɭɠɞɵ 

ɋɬɚɬɶɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɬɱɢɫɥɟɧɢɹ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ.  

)ɁɁ( ɞɨɩɨɫɧɜɧɟɛɜɧɟɛ  kC
               (6) 

ɨɫɧɞɨɩɞɨɩ ɁɁ  k

)ɁɁ( ɞɨɩɨɫɧɧɚɤɥɧɚɤɥ  kɋ
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ɝɞɟ,  kɜɧɟɛ – (0,271) ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɭɩɥɚɬɭ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ 

ɮɨɧɞɵ (ɩɟɧɫɢɨɧɧɵɣ ɮɨɧɞ, ɮɨɧɞ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɦɟɞɢɰɢɧɫɤɨɝɨ ɫɬɪɚɯɨɜɚɧɢɹ ɢ 

ɩɪ.). 

Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ ɫɨɫɬɚɜɥɹɟɬ 30% 

ɋɬɭɞɟɧɬ-ɞɢɩɥɨɦɧɢɤ: Cɜɧɟɛ =0,271*305261=82725 

Ɋɭɤɨɜɨɞɢɬɟɥɶ :  Cɜɧɟɛ =0,271*205915=55803 

Зɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝиɸ 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ – 2,81 ɪɭɛ. ɡɚ 1 / (ɤȼɬ ɱ) 

Ɍɚɛɥɢɰɚ 12- Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 
№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɇɨɳɧɨɫɬɶ 

ɤȼɬ 

ȼɪɟɦɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, 

(ɱɚɫ) 

Ɋɚɫɯɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 

ɪɭɛ. 
1. Ɋɚɫɩɵɥɢɬɟɥɶɧɚɹ ɫɭɲɤɚ 1,4 1200 7324,8 

2. ɉɟɱɶ ɚɬɦɨɫɮɟɪɧɚɹ 12 60 3139,2 

 ɂɌɈȽɈ 13,4 1270 10464 

 

Зɚɬɪɚɬɵ ɧɚ ɜɨɞɨɫɧɚɛɠɟɧиɟ 

Ɍɚɪɢɮ ɧɚ ɜɨɞɨɫɧɚɛɠɟɧɢɟ - 30,22 ɪ. ɦ3 

ɉɪɢɦɟɪɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɡɚ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɫɬɚɜɥɹɟɬ - 15 ɦ3 

Ɂɚɬɪɚɬɵ ɧɚ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ - 453,3 ɪɭɛ. 

ȼɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɢ ɩɪɨɰɟɫɫɟ ɩɨɥɭɱɟɧɢɢ ɩɨɪɨɲɤɚ ɦɟɬɨɞɨɦ 

ɯɢɦɢɱɟɫɤɨɝɨ ɨɛɪɚɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɜ, ɞɥɹ 

ɩɪɨɦɵɜɚɧɢɹ ɝɟɥɹ ɨɬ ɚɦɦɢɚɤɚ ɩɪɢ ɮɢɥɶɬɪɚɰɢɢ ɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɭɫɩɟɧɡɢɣ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɚ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ. Ɍɚɤ ɠɟ ɜɨɞɚ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ ɦɵɬɶɹ ɯɢɦɢɱɟɫɤɨɣ ɩɨɫɭɞɵ ɢ ɩɪɨɦɵɜɚɧɢɹ ɭɫɬɚɧɨɜɤɢ 

NanoSprayDryer B-90. 

4.4.4. Ⱥɦɨɪɬɢɡɚɰɢɹ 

Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Ɂɨɛ = (ɐ ∙ Fɮ) / (Fɧ ∙ Fcc)     (7) 

ɝɞɟ ɐ – ɰɟɧɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɭɛ.; Fɧ – ɧɨɦɢɧɚɥɶɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ (ɪɚɛɨɱɟɟ 

ɜɪɟɦɹ ɜ ɝɨɞɭ), ɱ; Fcc – ɫɪɨɤ ɫɥɭɠɛɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɝɨɞ; Fɮ – ɮɚɤɬɢɱɟɫɤɨɟ ɜɪɟɦɹ 

ɡɚɧɹɬɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱ. Fɧ= 250 ɞɧɟɣ = 6000 ɱ. 
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ȼɵɱɢɫɥɟɧɧɚɹ ɚɦɨɪɬɢɡɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 13. 

Ⱦɚɧɧɵɟ ɜɡɹɬɵ ɧɚ ɨɫɧɨɜɟ ɨɬɱɟɬɚ ɥɚɛɨɪɚɬɨɪɢɢ. 

Ɉɫɧɨɜɧɚɹ ɫɬɚɬɶɹ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɩɪɢɯɨɞɢɬɶɫɹ ɧɚ 

ɦɢɤɪɨɜɢɡɨɪ, ɜ ɫɜɹɡɢ ɫ ɟɝɨ ɩɨɫɬɨɹɧɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ. 

Ɍɚɛɥɢɰɚ 13-Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɪɚɫɱɟɬɵ 

 

4.4.5. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɛɸɞɠɟɬɚ ɡɚɬɪɚɬ ɩɪɨɟɤɬɚ 

Ɋɚɫɫɱɢɬɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɡɚɬɪɚɬ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 

ɨɫɧɨɜɨɣ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɸɞɠɟɬɚ ɡɚɬɪɚɬ ɩɪɨɟɤɬɚ, ɤɨɬɨɪɵɣ ɩɪɢ 

ɮɨɪɦɢɪɨɜɚɧɢɢ ɞɨɝɨɜɨɪɚ ɫ ɡɚɤɚɡɱɢɤɨɦ ɡɚɳɢɳɚɟɬɫɹ ɧɚɭɱɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ ɜ 

ɤɚɱɟɫɬɜɟ ɧɢɠɧɟɝɨ ɩɪɟɞɟɥɚ ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɧɚɭɱɧɨ – ɬɟɯɧɢɱɟɫɤɨɣ 

ɩɪɨɞɭɤɰɢɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɛɸɞɠɟɬɚ ɡɚɬɪɚɬ ɧɚ ɧɚɭɱɧɨ – ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 

ɩɪɨɟɤɬ ɩɨ ɤɚɠɞɨɦɭ ɜɚɪɢɚɧɬɭ ɢɫɩɨɥɧɟɧɢɹ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 14. 

Ɍɚɛɥɢɰɚ 14 - ɉɨɥɧɚɹ ɫɦɟɬɚ ɡɚɬɪɚɬ 

ɋɬɚɬɶɢ Ɂɚɬɪɚɬɵ, ɪɭɛ. 
Ɉɫɧɨɜɧɵɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ 2086 

Ɉɛɨɪɭɞɨɜɚɧɢɟ 3 370 000 

Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ 183853,6 / 272555,6 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ 22062 / 32706 

Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 10464 

Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ 55803 / 82725 

Ɂɚɬɪɚɬɵ ɧɚ ɜɨɞɨɫɧɚɛɠɟɧɢɟ 453,3 

ɇɚɤɥɚɞɧɵɟ  ɪɚɫɯɨɞɵ 185323,5 / 274734,9 

Ⱥɦɨɪɬɢɡɚɰɢɹ 28950 

ɂɬɨɝɨ 3858955,4 / 4074674,8 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɦɦɚɪɧɨ ɛɸɞɠɟɬ ɪɚɡɪɚɛɨɬɤɢ ɫɨɫɬɚɜɢɥ 3858955,4/4074674,8 

ɪɭɛɥɟɣ. Ȼɨɥɶɲɚɹ ɫɭɦɦɚ ɨɛɨɫɧɨɜɚɧɚ ɛɨɥɶɲɨɣ ɫɬɨɢɦɨɫɬɶɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 

ɪɚɛɨɬɵ. 

 

ɇɨɦɟɪ ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɐɟɧɚ ɟɞɢɧɢɰɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɵɫ. ɪɭɛ. 

Fcc, ɝɨɞ Fɮ, ɱ. Ɂɨɛ, ɪɭɛ. 

1 Ɋɚɫɩɵɥɢɬɟɥɶɧɚɹ 
ɫɭɲɤɚ 

2870 20 1200 28700 

2 ɉɟɱɶ ɚɬɦɨɫɮɟɪɧɚɹ 500 20 60 250 

ɂɬɨɝ: 28950 
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4.4.6. Ɉɰɟɧɤɚ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɚɪɢɚɧɬɨɜ ɢɫɩɨɥɧɟɧɢɹ 

ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

1

n
ɚ ɚ
ɬ Т Т

i

I a b



,    1

n
ɪ ɪ

ɬ Т Т
i

I a b



            (8) 

ɝɞɟ, ɬI
 – ɢɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɚɪɢɚɧɬɨɜ;   

      ia
 – ɜɟɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ Т-ɝɨ ɩɚɪɚɦɟɬɪɚ;  

      
a

i
b , 

ɪ
i

b – ɛɚɥɶɧɚɹ ɨɰɟɧɤɚ Т-ɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɚɧɚɥɨɝɚ ɢ ɪɚɡɪɚɛɨɬɤɢ, 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɷɤɫɩɟɪɬɧɵɦ ɩɭɬɟɦ ɩɨ ɜɵɛɪɚɧɧɨɣ ɲɤɚɥɟ ɨɰɟɧɢɜɚɧɢɹ;  

      n – ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ ɫɪɚɜɧɟɧɢɹ.  

Ɍɚɛɥɢɰɚ 15 - ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɚɪɢɚɧɬɨɜ ɢɫɩɨɥɧɟɧɢɹ 
ɩɪɨɟɤɬɚ 

 

ɉɈ 

Ʉɪɢɬɟɪɢɣ 

ȼɟɫɨɜɨɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɚɪɚɦɟɬɪɚ 

ɉɨɪɨɲɨɤ, 
ɩɨɥɭɱɟɧɧɵɣ 

ɦɟɬɨɞɨɦ 
ɪɚɫɩɵɥɢɬɟɥɶ

ɧɨɣ ɫɭɲɤɢ 

ɉɨɪɨɲɨɤ, 
ɩɨɥɭɱɟɧɧɵɣ 

ɦɟɬɨɞɨɦ 
ɦɟɯɚɧɢɱɟɫɤɨ

ɝɨ ɫɢɧɬɟɡɚ 

1. Ɋɨɫɬ  ɩɪɨɢɡɜɨɞɫɬɜɚ 0,1 5 3 

2. ɍɞɨɛɫɬɜɨ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ 
(ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ 

ɩɨɬɪɟɛɢɬɟɥɟɣ) 

0,1 4 3 

3. ɐɟɧɚ (ɭɦɟɧɶɲɟɧɢɟ 
ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ) 

0,2 5 3 

4.  ɫɛɟɪɟɠɟɧɢɟ 0,2 4 2 

5. ɇɚɞɟɠɧɨɫɬɶ 0,2 4 4 

6. Ɇɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶ 0,2 4 3 

ɂɌɈȽɈ 1 4,3 3 

Iɩ
m=0,1×5+0,1×4+0,2×5+0,2×4+0,2×4+0,2×4=4,3 

Iɛ
m= 0,1×3+0,1×3+0,2×3+0,2×2+0,2×4+0,2×3=3 

 

ɂɫɯɨɞɹ ɢɡ ɪɚɡɞɟɥɚ «Ɏɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ 

ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ» ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ: 

 ɉɪɢ ɨɰɟɧɤɟ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɪɨɲɤɚ 

ɦɟɬɨɞɨɦ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ, 

ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɧɵɦ ɜ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
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ɜɵɜɨɞ, ɱɬɨ ɧɚɫɬɨɹɳɢɣ ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɵɦ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɢɦɟɸɳɢɦɢɫɹ ɚɧɚɥɨɝɨɜɵɦɢ ɤɨɧɤɭɪɟɧɬɚɦɢ. 

 Ʉɚɥɟɧɞɚɪɧɵɣ ɩɥɚɧ ɫɨɫɬɚɜɥɹɥɫɹ ɩɪɢ ɩɨɦɨɳɢ ɞɢɚɝɪɚɦɦɵ Ƚɚɧɬɚ, ɤɨɬɨɪɚɹ 

ɨɩɬɢɦɢɡɢɪɭɟɬ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬɵ. ɉɨ ɞɚɧɧɵɦ ɝɪɚɮɢɤɚ ɧɚ ɜɵɩɨɥɧɟɧɢɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɬɪɟɛɨɜɚɥɨɫɶ 164 ɞɧɹ. 

 Ȼɸɞɠɟɬ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɢɥ 3858955,4 / 4074674,8 ɪɭɛɥɟɣ. 

ɋɬɨɥɶ ɜɵɫɨɤɭɸ ɫɭɦɦɭ ɦɨɠɧɨ ɨɛɨɫɧɨɜɚɬɶ ɞɨɪɨɝɨɣ ɬɟɯɧɢɤɨɣ. 
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ɁȺȾȺɇɂȿ ȾɅə ɊȺɁȾȿɅȺ 

«ɋɈɐɂȺɅɖɇȺə ɈɌȼȿɌɋɌȼȿɇɇɈɋɌɖ» 

ɋɬɭɞɟɧɬɭ: 
Ƚɪɭɩɩɚ ɎɂɈ 

4Ȼ22 ɉɨɞɝɚɟɰɤɨɣ ȼɟɪɟ ȼɥɚɞɢɦɢɪɨɜɧɟ 
 
ɂɧɫɬɢɬɭɬ ɂɎȼɌ Ʉɚɮɟɞɪɚ ɇɆɇɌ 

ɍɪɨɜɟɧɶ 
ɨɛɪɚɡɨɜɚɧɢɹ 

Ȼɚɤɚɥɚɜɪ ɇɚɩɪɚɜɥɟɧɢɟ/ɫɩɟɰɢɚɥɶɧɨɫɬɶ Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ 
ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ 

  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɪɚɡɞɟɥɭ «ɋɨɰɢɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ»: 

1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ (ɜɟɳɟɫɬɜɨ, 
ɦɚɬɟɪɢɚɥ, ɩɪɢɛɨɪ, ɚɥɝɨɪɢɬɦ, ɦɟɬɨɞɢɤɚ, ɪɚɛɨɱɚɹ ɡɨɧɚ) 
ɢ ɨɛɥɚɫɬɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ 

ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɪɚɛɨɬɚ ɛɵɥɚ 
ɜɵɩɨɥɧɟɧɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɇɚɭɱɧɨ-

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɰɟɧɬɪɚ 
«ɇɚɧɨɦɚɬɟɪɢɚɥɵ ɢ ɧɚɧɨɬɟɯɧɨɥɨɝɢɢ», ɤɚɮɟɞɪɚ 
ɇɆɇɌ, Ɍɉɍ. Ɋɚɛɨɱɟɣ ɡɨɧɨɣ ɹɜɥɹɥɨɫɶ ɩɨɦɟɳɟɧɢɟ 
ɥɚɛɨɪɚɬɨɪɢɢ ɩɥɨɳɚɞɶɸ 12 ɦ2, ɜɤɥɸɱɚɸɳɟɟ 
ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ, ɭɫɬɚɧɨɜɤɚ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ NanoSpray Dryer B-

90. ɉɨɪɨɲɤɢ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ 
ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ ɢ ɦɟɬɨɞɨɦ 
ɨɛɪɚɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ. 

ɉɟɪɟɱɟɧɶ ɜɨɩɪɨɫɨɜ, ɩɨɞɥɟɠɚɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɸ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɪɚɡɪɚɛɨɬɤɟ: 
1. ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 1.1. Аɧɚɥɢɡ ɜɵɹɜɥɟɧɧɵɯ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ 
ɪɟɲɟɧɢɹ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

 ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ 
ɜɪɟɞɧɨɫɬɢ, ɟё ɫɜɹɡɶ ɫ 
ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ  ɬɟɦɨɣ; 

 ɞɟɣɫɬɜɢɟ ɮɚɤɬɨɪɚ ɧɚ ɨɪɝɚɧɢɡɦ 
ɱɟɥɨɜɟɤɚ; 

 ɩɪɢɜɟɞɟɧɢɟ ɞɨɩɭɫɬɢɦɵɯ ɧɨɪɦ ɫ 
ɧɟɨɛɯɨɞɢɦɨɣ ɪɚɡɦɟɪɧɨɫɬɶɸ (ɫɨ 
ɫɫɵɥɤɨɣ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɧɨɪɦɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ 
ɞɨɤɭɦɟɧɬ); 

 ɩɪɟɞɥɚɝɚɟɦɵɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ; 

 (ɫɧɚɱɚɥɚ ɤɨɥɥɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ, 
ɡɚɬɟɦ – ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɡɚɳɢɬɧɵɟ ɫɪɟɞɫɬɜɚ). 

1.2. Аɧɚɥɢɡ ɜɵɹɜɥɟɧɧɵɯ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ 
ɪɟɲɟɧɢɹ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 
ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ. 

2. ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ: 
 

 

 ɡɚɳɢɬɚ ɫɟɥɢɬɟɛɧɨɣ ɡɨɧɵ 

 ɚɧɚɥɢɡ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɴɟɤɬɚ ɧɚ 
ɚɬɦɨɫɮɟɪɭ (ɜɵɛɪɨɫɵ). 



51 

 

3. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɜ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɹɯ: 
 

 

 

 

 

 

 ɩɟɪɟɱɟɧɶ ɜɨɡɦɨɠɧɵɯ Чɋ ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɪɟɲɟɧɢɹ; 

 ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɬɢɩɢɱɧɨɣ Чɋ; 

 ɪɚɡɪɚɛɨɬɤɚ ɩɪɟɜɟɧɬɢɜɧɵɯ ɦɟɪ ɩɨ 
ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ Чɋ; 

ɪɚɡɪɚɛɨɬɤɚ ɞɟɣɫɬɜɢɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɧɢɤɲɟɣ 
Чɋ ɢ ɦɟɪ ɩɨ ɥɢɤɜɢɞɚɰɢɢ ɟё ɩɨɫɥɟɞɫɬɜɢɣ. 

4. ɉɪɚɜɨɜɵɟ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɜɨɩɪɨɫɵ 
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ: 

 

 Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɪɢ 
ɤɨɦɩɨɧɨɜɤɟ ɪɚɛɨɱɟɣ ɡɨɧɵ. 

 

Ⱦɚɬɚ ɜɵɞɚɱɢ ɡɚɞɚɧɢɹ ɞɥɹ ɪɚɡɞɟɥɚ ɩɨ ɥɢɧɟɣɧɨɦɭ ɝɪɚɮɢɤɭ  

Ɂɚɞɚɧɢɟ ɜɵɞɚɥ ɤɨɧɫɭɥɶɬɚɧɬ: 
Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, ɡɜɚɧɢɟ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

ɞ.ɬ.ɧ. ɇɚɡɚɪɟɧɤɨ Ɉ.Ȼ. ɉɪɨɮɟɫɫɨɪ   

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ ɫɬɭɞɟɧɬ: 
Ƚɪɭɩɩɚ ɎɂɈ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

4Ȼ22 ɉɨɞɝɚɟɰɤɚɹ ȼ.ȼ.   
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ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɥɨɳɚɞɶ ɞɚɧɧɨɝɨ ɩɨɦɟɳɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ: 

S = 3*4 = 12 ɤɜ.ɦ; 

ɨɛɴɟɦ:  V = 3*4*3 = 36 ɤɭɛ. ɦ. 

ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɪɚɛɨɬɚɟɬ 2 ɱɟɥɨɜɟɤɚ. Ɂɧɚɱɢɬ, ɧɚ ɤɚɠɞɨɝɨ ɱɟɥɨɜɟɤɚ 

ɩɪɢɯɨɞɢɬɫɹ 6 ɦ2
 ɪɚɛɨɱɟɣ ɩɥɨɳɚɞɢ ɢ 36 ɦ3

 ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ. ɗɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 

ɫɚɧɢɬɚɪɧɵɦ ɧɨɪɦɚɦ. 

ɇɟɞɨɫɬɚɬɨɱɧɚɹ ɨɫɜɟɳɟɧɧɨɫɬɶ 

Ʉ ɫɨɜɪɟɦɟɧɧɨɦɭ ɨɫɜɟɳɟɧɢɸ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤɚɤ 

ɝɢɝɢɟɧɢɱɟɫɤɨɝɨ, ɬɚɤ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ. Ɋɚɰɢɨɧɚɥɶɧɨɟ 

ɨɫɜɟɳɟɧɢɟ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɮɚɤɬɨɪɨɜ 

ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɬɪɚɜɦɚɬɢɡɦɚ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. ɉɪɚɜɢɥɶɧɨ 

ɫɩɪɨɟɰɢɪɨɜɚɧɧɨɟ ɨɫɜɟɳɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ɉ 

ɜɚɠɧɨɫɬɢ ɷɬɨɝɨ ɜɨɩɪɨɫɚ ɝɨɜɨɪɢɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɭɫɥɨɜɢɹ ɞɟɹɬɟɥɶɧɨɫɬɢ ɫɜɹɡɚɧɵ ɫ 

ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɡɪɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ - ɞɨ 90 % ɨɛɳɟɝɨ ɨɛɴɟɦɚ.  

ɋɭɳɟɫɬɜɭɟɬ ɬɪɢ ɜɢɞɚ ɨɫɜɟɳɟɧɢɹ – ɟɫɬɟɫɬɜɟɧɧɨɟ, ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɢ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɟɫɬɟɫɬɜɟɧɧɨɦɭ ɨɫɜɟɳɟɧɢɸ 

1) Ʉɨɷɮɮɢɰɢɟɧɬ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɩɨɦɟɳɟɧɢɣ ɫɨ ɡɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɧɵɦɢ ɪɚɛɨɬɚɦɢ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɬɶ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɋɉ 52.13330.2011: 

• 0,035 (3,5%) - ɩɪɢ ɨɞɧɨɦ ɛɨɤɨɜɨɦ ɨɫɜɟɳɟɧɢɢ ɞɥɹ ɧɚɢɜɵɫɲɟɣ ɬɨɱɧɨɫɬɢ; 

• 0,025 (2,5%) - ɩɪɢ ɨɞɧɨɦ ɛɨɤɨɜɨɦ ɨɫɜɟɳɟɧɢɢ ɞɥɹ ɪɚɛɨɬ ɜɵɫɨɤɨɣ 

ɬɨɱɧɨɫɬɢ; 

• 0,020 (2%) - ɩɪɢ ɛɨɤɨɜɨɦ ɨɫɜɟɳɟɧɢɢ ɞɥɹ ɪɚɛɨɬ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ. 

2) ɋɜɟɬɨɜɵɟ ɩɪɨɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ ɞɨɥɠɧɵ ɛɵɬɶ 

ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɧɚ ɫɟɜɟɪ, ɤɪɨɦɟ ɬɨɝɨ, ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 

ɫɨɥɧɰɟɡɚɳɢɬɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ (ɠɚɥɸɡɢ, ɤɨɡɵɪɶɤɢ, ɷɤɪɚɧɵ, ɲɬɨɪɵ, ɦɚɬɨɜɚɹ 

ɨɤɪɚɫɤɚ ɫɬɟɤɨɥ ɢ ɬɚɤ ɞɚɥɟɟ), ɭɫɬɪɚɧɹɸɳɢɟ ɫɥɟɩɹɳɟɟ ɞɟɣɫɬɜɢɟ ɫɨɥɧɟɱɧɨɝɨ ɫɜɟɬɚ 

ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ. 
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