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

 
ɂɧɫɬɢɬɭɬ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 

 
Ʉɚɮɟɞɪɚ «Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɦɟɬɚɥɥɭɪɝɢɢ» 

 
 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ  
_________  Ɍ. ȼ. Ⱦɨɧɰɨɜɚ 

ɩɨɞɩɢɫɶ 

«___» __________ 2020 ɝ. 
 
 
 

 
ɁȺȾȺɇɂȿ 

ɇȺ ȼɕɉɍɋɄɇɍɘ  ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ  ɊȺȻɈɌɍ 
ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 

 
  



 

2 

 

ɋɬɭɞɟɧɬɭ                          əɧɝ Ȼɚɭɪɨɧ Ʉɥɢɮ 
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ ɐɆ16-16Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 15.03.04 
Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ 
ɤɚɥɶɰɢɧɚɰɢɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɝɥɢɧɨɡёɦɚ» 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 7434/ɫ ɨɬ 09.06.2020 ɝ. 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ. Ⱥ. Ⱦɪɭɠɢɧɢɧɚ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮ. ȺɉɉɆ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɦɚɬɟɪɢɚɥɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɢ ɩɪɟɞɞɢɩɥɨɦɧɨɣ 
ɩɪɚɤɬɢɤ; ɬɟɯɧɢɱɟɫɤɚɹ, ɫɩɪɚɜɨɱɧɚɹ, ɭɱɟɛɧɚɹ, ɧɚɭɱɧɚɹ ɥɢɬɟɪɚɬɭɪɚ; 
ɢɧɬɟɪɧɟɬ-ɪɟɫɭɪɫɵ. 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ȼɜɟɞɟɧɢɟ; 1Ɍɟɯɧɨɥɨɝɢɹ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ;  
2 Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ; 3 Ɋɚɫɱɟɬ ȺɋɊ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɟɱɢ;  
4 Ɋɚɡɪɚɛɨɬɤɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɝɥɢɧɨɡɟɦɚ  
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɋɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ 
ɤɚɥɶɰɢɧɚɰɢɢ 
 
 
 
 
 
 
 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ          Ⱥ. Ⱥ. Ⱦɪɭɠɢɧɢɧɚ 

ɩɨɞɩɢɫɶ 
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ȼȼȿȾȿɇɂȿ 

 

Ƚɥɢɧɨɡɟɦ – ɬɟɯɧɢɱɟɫɤɢɣ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ Al2O3 – ɛɟɥɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ 

ɩɨɪɨɲɨɤ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɦɨɞɢɮɢɤɚɰɢɣ α-Al 2O3 ɢ γ-Al2O3. 

Ƚɥɢɧɨɡɟɦ ɩɨɥɭɱɚɸɬ ɢɡ ɚɥɸɦɢɧɢɣɫɨɞɟɪɠɚɳɢɯ ɪɭɞ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ 

ɛɨɤɫɢɬɨɜ, ɢ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɚɥɸɦɢɧɢɹ. 

Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɝɥɢɧɨɡɟɦɚ ɹɜɥɹɟɬɫɹ 

ɤɚɥɶɰɢɧɚɰɢɹ. ɐɟɥɶ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ – ɨɛɟɡɜɨɠɢɜɚɧɢɟ ɝɢɞɪɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ ɢ ɩɨɥɭɱɟɧɢɟ ɢɡ ɧɟɝɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɝɢɝɪɨɫɤɨɩɢɱɧɨɝɨ 

ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɝɥɢɧɨɡɟɦɚ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɧɚɝɪɟɜɚɧɢɟɦ ɝɢɞɪɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ ɞɨ 1150-1250 °ɋ.  

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɢɫɩɵɬɵɜɚɟɬ 

ɫɥɟɞɭɸɳɢɟ ɩɪɟɜɪɚɳɟɧɢɹ: ɩɪɢ 110-120 °C ɧɚɱɢɧɚɟɬɫɹ ɭɞɚɥɟɧɢɟ ɢɡ ɝɢɞɪɨɤɫɢɞɚ 

ɜɧɟɲɧɟɣ ɜɥɚɝɢ; ɩɪɢ 200-250 °ɋ ɝɢɛɛɫɢɬ ɬɟɪɹɟɬ ɞɜɟ ɦɨɥɟɤɭɥɵ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɜɨɞɵ ɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɛɟɦɢɬ; ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 500 

°C ɛɟɦɢɬ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɛɟɡɜɨɞɧɵɣ γ-Ⱥl2O3 ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 850 °ɋ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɪɚɳɟɧɢɟ γ-Ⱥ12O3 ɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɝɢɝɪɨɫɤɨɩɢɱɧɵɣ  

α-Ⱥ12Ɉ3. ȼɫɟ ɷɬɢ ɩɪɟɜɪɚɳɟɧɢɹ ɢɞɭɬ ɫ ɩɨɝɥɨɳɟɧɢɟɦ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɬɟɩɥɚ (ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ), ɤɪɨɦɟ ɩɪɟɜɪɚɳɟɧɢɹ γ-Ⱥ12Ɉ3 ɜ α-Al2Ɉ3 

(ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ). Ɉɫɧɨɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɦɚɬɟɪɢɚɥɚ ɞɨ 500-600 °C, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɥɨɠɟɧɢɟ ɝɢɛɛɫɢɬɚ ɢ 

ɢɫɩɚɪɟɧɢɟ ɜɵɞɟɥɹɸɳɟɣɫɹ ɜɥɚɝɢ. 

ɗɮɮɟɤɬɢɜɧɨɟ ɢ ɷɤɨɧɨɦɢɱɧɨɟ ɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɤɨɦɩɥɟɤɫɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɲɢɧ, ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɨɜɚɪɨɜ ɢ ɨɤɚɡɚɧɢɢ ɭɫɥɭɝ. ɉɪɚɜɢɥɶɧɵɦ ɫɬɢɦɭɥɨɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ/ɢɥɢ ɤɚɱɟɫɬɜɚ ɫɜɟɪɯ 

ɬɨɝɨ, ɱɬɨ ɜɨɡɦɨɠɧɨ ɩɪɢ ɬɟɤɭɳɟɦ ɭɪɨɜɧɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɬɪɭɞɚ, ɱɬɨɛɵ 

ɪɟɚɥɢɡɨɜɚɬɶ ɷɤɨɧɨɦɢɸ ɪɟɫɭɪɫɨɜ ɢ/ɢɥɢ ɩɨɥɭɱɢɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɤɚɱɟɫɬɜɨ ɝɨɬɨɜɨɣ 
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ɩɪɨɞɭɤɰɢɢ. ȼ ɪɚɦɤɚɯ ɢɧɞɭɫɬɪɢɚɥɢɡɚɰɢɢ ɚɜɬɨɦɚɬɢɡɚɰɢɹ – ɷɬɨ ɲɚɝ ɡɚ ɩɪɟɞɟɥɵ 

ɦɟɯɚɧɢɡɚɰɢɢ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɟɯɚɧɢɡɚɰɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɥɸɞɟɣ-ɨɩɟɪɚɬɨɪɨɜ 

ɦɟɯɚɧɢɡɦɚɦɢ, ɩɨɦɨɝɚɸɳɢɦɢ ɢɦ ɫɩɪɚɜɥɹɬɶɫɹ ɫ ɦɵɲɟɱɧɵɦɢ ɩɨɬɪɟɛɧɨɫɬɹɦɢ 

ɪɚɛɨɬɵ, ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɫɟɧɫɨɪɧɵɯ ɢ 

ɦɟɧɬɚɥɶɧɵɯ ɩɨɬɪɟɛɧɨɫɬɹɯ ɱɟɥɨɜɟɤɚ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɜɟɥɢɱɢɜɚɹ 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ, ɫɤɨɪɨɫɬɶ ɢ ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɩɪɨɰɟɫɫɨɜ. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɢɝɪɚɟɬ 

ɜɫɟ ɛɨɥɟɟ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɦɢɪɨɜɨɣ ɷɤɨɧɨɦɢɤɟ ɢ ɜ ɩɨɜɫɟɞɧɟɜɧɨɣ ɠɢɡɧɢ. 

ɐɟɥɶɸ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ 

ɤɚɥɶɰɢɧɚɰɢɢ ɜ ɬɪɭɛɱɚɬɨɣ ɜɪɚɳɚɸɳɟɣɫɹ ɩɟɱɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɝɥɢɧɨɡɟɦɚ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

- ɜɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɜɪɚɳɚɸɳɟɣɫɹ ɩɟɱɢ ɤɚɤ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ;  

- ɪɚɡɪɚɛɨɬɚɬɶ ɫɯɟɦɭ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ ɜ ɬɪɭɛɱɚɬɨɣ 

ɜɪɚɳɚɸɳɟɣɫɹ ɩɟɱɢ;  

- ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ȺɋɊ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɟɱɢ ɤɚɥɶɰɢɧɚɰɢɢ;  

- ɪɚɡɪɚɛɨɬɚɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɝɥɢɧɨɡɟɦɚ. 
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1 Ɍɟɯɧɨɥɨɝɢɹ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ 

 

1.1 Ɇɢɧɟɪɚɥɵ ɢ ɪɭɞɵ ɚɥɸɦɢɧɢɹ 

 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɫɪɟɞɢ ɦɟɬɚɥɥɨɜ ɜ ɡɟɦɧɨɣ ɤɨɪɟ (8,13 %) 

ɚɥɸɦɢɧɢɣ, ɤɚɤ ɧɢɤɚɤɨɣ ɞɪɭɝɨɣ ɢɡ ɦɟɬɚɥɥɨɜ, ɲɢɪɨɤɨ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɧɟɣ 

ɪɚɡɥɢɱɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ. ɉɨ ɞɚɧɧɵɦ ɚɤɚɞɟɦɢɤɚ Ⱥ. ȿ. Ɏɟɪɫɦɚɧɚ, ɜ ɩɪɢɪɨɞɟ 

ɧɚɫɱɢɬɵɜɚɟɬɫɹ ɛɨɥɟɟ 250 ɦɢɧɟɪɚɥɨɜ ɚɥɸɦɢɧɢɹ [1]. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ 

ɢɡ ɧɢɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 

 

Ɍɚɛɥɢɰɚ 1.1 – Ɇɢɧɟɪɚɥɵ ɚɥɸɦɢɧɢɹ 

Ɇɢɧɟɪɚɥ ɋɨɞɟɪɠ. Al 2O3, % Ɏɨɪɦɭɥɚ 

Ʉɨɪɭɧɞ 100 Al 2O3 

Ⱦɢɚɫɩɨɪ, ɛёɦɢɬ 85 Al 2O3·H2O 

Ƚɢɛɛɫɢɬ 65,4 Al 2O3·3H2O 

Ⱥɧɞɚɥɭɡɢɬ, ɞɢɫɬɟɧ, ɫɢɥɥɢɦɚɧɢɬ 63 Al 2O3·SiO2 

Ʉɚɨɥɢɧɢɬ 39,5 Al 2O3·2SiO2·2H2O 

Ƚɢɞɪɨɫɥɸɞɚ (ɦɭɫɤɨɜɢɬ) 38,5 K2O·3 Al2O3·6 SiO2·2 H2O 

ɒɚɦɨɡɢɬ 21,1-27,7 (Mg, Al, Fe2+Fe3+)(Si, Al)4 (OH, F)4 

Ⱥɥɭɧɢɬ 37 K2SO4·Al2 (SO4) 3· 4Al(OH)3 

ɇɟɮɟɥɢɧ 32,3-36 (Na, K)2 O·Al 2O3·2 SiO2 

Ʌɟɣɰɢɬ 23,5 K2O·Al 2O3·4 SiO2 

Ɉɪɬɨɤɥɚɡ 18 K2O·Al 2O3·6 SiO2 

Ⱥɥɶɛɢɬ 20 Na2O·Al2O3·6 SiO2 

 

Ɇɢɧɟɪɚɥɵ ɞɟɥɹɬɫɹ ɧɚ ɞɜɟ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɟ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɜɢɞɨɜ ɝɪɭɩɩɵ. 

Ʉ ɩɟɪɜɨɣ ɢɡ ɧɢɯ ɨɬɧɨɫɹɬɫɹ ɩɟɪɜɢɱɧɵɟ ɦɢɧɟɪɚɥɵ – ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɚɝɦɵ ɢ ɟɟ ɩɪɨɢɡɜɨɞɧɵɯ. ɋɪɟɞɢ ɧɢɯ ɝɥɚɜɧɚɹ ɪɨɥɶ ɩɪɢɧɚɞɥɟɠɢɬ 

ɚɥɸɦɨɫɢɥɢɤɚɬɚɦ, ɬɢɩɢɱɧɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɤɨɬɨɪɵɯ ɨɪɬɨɤɥɚɡ, ɚɥɶɛɢɬ, ɥɟɣɰɢɬ ɢ 

ɧɟɮɟɥɢɧ. Ɂɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɟ, ɧɨ ɜɫɟ ɠɟ ɡɚɦɟɬɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɦɟɸɬ 
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ɫɢɥɢɤɚɬɵ ɚɥɸɦɢɧɢɹ (ɞɢɫɬɟɧ, ɫɢɥɥɢɦɚɧɢɬ, ɚɧɞɚɥɭɡɢɬ). Ɉɬɧɨɫɢɬɟɥɶɧɨ ɪɟɞɤɢɦɢ 

ɹɜɥɹɸɬɫɹ ɲɩɢɧɟɥɢ ɢ ɫɜɨɛɨɞɧɵɣ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ – ɤɨɪɭɧɞ. 

ɉɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɨɰɟɫɫɨɜ ɜɵɜɟɬɪɢɜɚɧɢɹ ɜ ɡɟɦɧɨɣ ɤɨɪɟ ɨɛɪɚɡɭɸɬɫɹ 

ɪɚɡɥɢɱɧɵɟ ɜɬɨɪɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɚɥɸɦɢɧɢɹ: ɤɚɨɥɢɧɢɬ – Ⱥl4[Si4O10](Ɉɇ)8; 

ɝɢɛɛɫɢɬ – Ⱥl(Ɉɇ)3; ɛёɦɢɬ ɢ ɞɢɚɫɩɨɪ – ȺlɈɈɇ. Ʉ ɷɬɨɣ ɠɟ ɝɪɭɩɩɟ ɨɬɧɨɫɢɬɫɹ 

ɚɥɭɧɢɬ – K2SO4Al 2(SO4)34Al(OH)3. 

Ʉ ɨɫɧɨɜɧɵɦ ɚɥɸɦɢɧɢɟɜɵɦ ɪɭɞɚɦ ɨɬɧɨɫɹɬɫɹ ɛɨɤɫɢɬɵ, ɧɟɮɟɥɢɧɵ, 

ɚɥɭɧɢɬɵ, ɝɥɢɧɵ, ɤɚɨɥɢɧɵ ɢ ɤɢɚɧɢɬɵ. 

Ɇɟɫɬɨɪɨɠɞɟɧɢɹ ɛɨɤɫɢɬɨɜ ɩɨ ɫɜɨɟɦɭ ɝɟɧɟɡɢɫɭ ɞɟɥɹɬɫɹ ɧɚ ɨɫɬɚɬɨɱɧɵɟ ɢ 

ɨɫɚɞɨɱɧɵɟ. ɉɟɪɜɵɟ ɢɡ ɧɢɯ ɨɛɪɚɡɨɜɚɥɢɫɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɜɟɬɪɢɜɚɧɢɹ 

ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ. Ʉ ɷɬɨɦɭ ɬɢɩɭ ɨɬɧɨɫɢɬɫɹ ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɜ ɦɢɪɟ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɩɚɫɵ ɛɨɤɫɢɬɨɜ ɩɪɟɜɵɲɚɸɬ 50 ɦɥɪɞ. ɬ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɝɨɜɨɪɢɬɶ ɨɛ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɵɪɶɟɦ ɞɨ ɤɨɧɰɚ 

XXI ɜɟɤɚ. Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɷɬɢɯ ɡɚɩɚɫɨɜ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɫɬɪɚɧɵ ɬɪɨɩɢɱɟɫɤɨɝɨ ɢ 

ɫɭɛɬɪɨɩɢɱɟɫɤɨɝɨ ɩɨɹɫɚ – Ⱥɜɫɬɪɚɥɢɸ, Ƚɜɢɧɟɸ, Ȼɪɚɡɢɥɢɸ, ɂɧɞɢɸ ɢ 

ɐɟɧɬɪɚɥɶɧɨɚɦɟɪɢɤɚɧɫɤɢɣ ɪɟɝɢɨɧ (əɦɚɣɤɚ, ɋɭɪɢɧɚɦ, Ƚɚɣɚɧɚ). 

ȼ ɬɚɛɥɢɰɟ 1.2 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜɧɵɯ ɪɨɫɫɢɣɫɤɢɯ ɢ 

ɦɢɪɨɜɵɯ ɛɨɤɫɢɬɨɜɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. 

 

Ɍɚɛɥɢɰɚ 1.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɛɨɤɫɢɬɨɜɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ 

Ɇɟɫɬɨɪɨɠɞɟɧɢɟ 
ɋɨɞɟɪɠɚɧɢɟ, % Ʉɪɟɦɧɢɟɜɵɣ 

ɦɨɞɭɥɶ Si Al2O3 Fe2O3 SiO2 

ɋɟɜɟɪɨ-ɍɪɚɥɶɫɤɨɟ 48-54 21-23 2-8 6-22 

ɘɠɧɨ-ɍɪɚɥɶɫɤɨɟ 50-53 21-22 5-20 5-11 

Ɍɭɪɝɚɣɫɤɨɟ 42-44 16-20 9-21 4-5 

ɋɟɜɟɪɨ-Ɉɧɟɠɫɤɨɟ 51-54 6-9 17-19 2,5-3 

ȼɢɫɥɨɜɫɤɨɟ 48-52 - 7-9 5-8 

ɋɪɟɞɧɟ-Ɍɢɦɚɧɫɤɨɟ 45-50 5 5-12 4-7 

Ƚɜɢɧɟɣɫɤɨɟ 43-45 25-27 1,6-2,6 17-28 

əɦɚɣɫɤɨɟ 27-28 17-18 0,5-0,8 34-58 
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Ɉɝɪɨɦɧɵɟ ɡɚɩɚɫɵ ɧɟɮɟɥɢɧɨɜ ɜ ɦɢɪɟ ɢ ɧɚɥɢɱɢɟ ɜ ɧɢɯ (ɤɪɨɦɟ ɚɥɸɦɢɧɢɹ) 

ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ – ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ – ɞɟɥɚɸɬ ɷɬɨɬ ɜɢɞ ɫɵɪɶɹ ɰɟɧɧɵɦ ɢ ɩɟɪ-

ɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ. ɉɪɢɪɨɞɧɵɣ ɧɟɮɟɥɢɧ ɜɵɪɚɠɚɟɬɫɹ 

ɮɨɪɦɭɥɨɣ (Na, K)2ɈAl 2ɈɁ(2 + n)SiO2, ɝɞɟ n = 0-0,5. ɇɟɮɟɥɢɧɨɜɵɟ ɩɨɪɨɞɵ, ɤɨ-

ɬɨɪɵɟ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɢɧɬɟɪɟɫ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ, ɢɦɟɸɬɫɹ ɜ 

Ɋɨɫɫɢɢ, ɇɨɪɜɟɝɢɢ, Ʉɚɧɚɞɟ, ɘɠɧɨɣ Ƚɪɟɧɥɚɧɞɢɢ ɢ ɞɪɭɝɢɯ ɫɬɪɚɧɚɯ. ȼ Ɋɨɫɫɢɢ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɟɪɟɪɚɛɚɬɵɜɚɸɬɫɹ ɞɜɚ ɢɫɬɨɱɧɢɤɚ ɧɟɮɟɥɢɧɨɜɨɝɨ ɫɵɪɶɹ: ɯɜɨɫɬɵ 

ɨɛɨɝɚɳɟɧɢɹ Ʉɨɥɶɫɤɨɝɨ ɩɨɥɭɨɫɬɪɨɜɚ, ɫɨɞɟɪɠɚɳɢɟ 28-30 % Al2ɈɁ; 19-20 % 

 Na2O + K2O; 43-44 % SiO2, 2-4 % Fe2O3, 2-3 % CaO; Ʉɢɹɲɚɥɬɵɪɫɤɢɟ (Ʉɟɦɟɪɨɜ-

ɫɤɚɹ ɨɛɥɚɫɬɶ) ɪɭɞɵ, ɫɨɞɟɪɠɚɳɢɟ 32-36 % Al2O3; 38-42 % SiO2; ɨɤɨɥɨ 20 %  

(Na, K)2O [2]. 

ȼ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɧɟ ɢɦɟɟɬɫɹ ɞɨɫɬɨɜɟɪɧɵɯ ɞɚɧɧɵɯ ɨɛ ɨɛɳɢɯ ɡɚɩɚɫɚɯ 

ɧɟɛɨɤɫɢɬɨɜɨɝɨ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɵɪɶɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɨɥɶɤɨ ɜ Ɋɨɫɫɢɢ ɜ 

ɤɪɭɩɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬɫɹ ɧɟɮɟɥɢɧɨɜɨɟ ɫɵɪɶɟ. 

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɬɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɪɚɫɱɟɬɵ, 

ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɬɭɩɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ ɛɨɤɫɢɬɨɜ. ɂ ɷɬɨ, 

ɩɪɟɠɞɟ ɜɫɟɝɨ, ɩɨ ɩɪɢɱɢɧɟ ɢɯ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɷɧɟɪɝɨɟɦɤɨɫɬɢ. 

 

1.2 Ɇɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɝɥɢɧɨɡɟɦɚ 

 

Ƚɥɢɧɨɡɟɦ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɥɭɱɚɸɬ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɜɨɣɫɬɜ ɢ ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ.  

Ɇɟɬɨɞ Ȼɚɣɟɪɚ (ɦɨɤɪɵɣ ɦɟɬɨɞ, ɦɟɬɨɞ ɜɵɳɟɥɚɱɢɜɚɧɢɹ) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɝɥɢɧɨɡɟɦɚ. ȼ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɥɟɠɢɬ 

ɨɛɪɚɬɢɦɵɣ ɩɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫ ɜɨɞ-

ɧɵɦ ɪɚɫɬɜɨɪɨɦ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɥɸɦɢɧɚɬɚ ɧɚɬɪɢɹ [3-6].  

Ɇɟɬɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɝɥɢɧɨɡɟɦɚ ɢɡ ɛɨɤɫɢɬɨɜ ɫ ɦɚɥɵɦ (ɦɟɧɟɟ  

5 %) ɫɨɞɟɪɠɚɧɢɟɦ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ. ɉɪɢ ɛɨɥɶɲɟɦ ɫɨɞɟɪɠɚɧɢɢ ɩɨɫɥɟɞɧɟɝɨ ɦɟɬɨɞ 



 

9 

 

ɫɬɚɧɨɜɢɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟɜɵɝɨɞɧɵɦ ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɝɨ ɪɚɫɯɨɞɚ ɞɨɪɨɝɨɣ 

ɳɟɥɨɱɢ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɨɤɫɢɞɨɦ ɤɪɟɦɧɢɹ. 

ɉɨɥɭɱɟɧɧɵɣ ɩɨ ɦɟɬɨɞɭ Ȼɚɣɟɪɚ ɝɥɢɧɨɡɟɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ  

α-ɦɨɞɢɮɢɤɚɰɢɢ (ɤɨɪɭɧɞ) ɢ γ-ɦɨɞɢɮɢɤɚɰɢɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. Ɍɟɯɧɢɱɟɫɤɢɣ 

ɩɪɨɞɭɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɥɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɢ ɜɵɩɭɫɤɚɟɬɫɹ 

ɧɟɫɤɨɥɶɤɢɯ ɦɚɪɨɤ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɱɢɫɬɨɬɨɣ. ɇɚɢɛɨɥɟɟ ɜɪɟɞɧɵɦɢ ɩɪɢɦɟɫɹɦɢ ɜ 

ɝɥɢɧɨɡɟɦɟ ɹɜɥɹɸɬɫɹ ɨɤɫɢɞ ɤɪɟɦɧɢɹ, ɨɤɫɢɞ ɠɟɥɟɡɚ (II ) ɢ ɨɤɫɢɞ ɬɢɬɚɧɚ (IV ). Ʉɪɨ-

ɦɟ ɬɨɝɨ, ɜ ɝɥɢɧɨɡɟɦɟ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɤɚɥɢɹ, ɧɚɬɪɢɹ ɢ 

ɮɨɫɮɨɪɚ (V). 

ȼ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɫɩɟɤɚɧɢɹ ɥɟɠɢɬ ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɚɥɸɦɢɧɚɬɨɜ ɧɚɬɪɢɹ 

(ɢ ɤɚɥɢɹ ɜ ɫɥɭɱɚɟ ɧɟɮɟɥɢɧɨɜ) ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 

ɪɭɞɵ ɫ ɤɚɪɛɨɧɚɬɚɦɢ ɦɟɬɚɥɥɨɜ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɳɟ-

ɥɚɱɢɜɚɧɢɟɦ ɚɥɸɦɢɧɚɬɨɜ ɜɨɞɨɣ ɢ ɪɚɡɥɨɠɟɧɢɟɦ ɢɯ ɨɤɫɢɞɨɦ  

ɭɝɥɟɪɨɞɚ (IV) [7].  

ɉɪɢɪɨɞɚ ɤɚɪɛɨɧɚɬɚ ɡɚɜɢɫɢɬ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜ ɪɭɞɟ ɧɚɬɪɢɟɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ: 

ɞɥɹ ɫɩɟɤɚɧɢɹ ɛɨɤɫɢɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɫɦɟɫɶ ɤɚɪɛɨɧɚɬɨɜ ɧɚɬɪɢɹ ɢ ɤɚɥɶɰɢɹ, ɚ ɞɥɹ 

ɫɩɟɤɚɧɢɹ ɧɟɮɟɥɢɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɨɤɫɢɞɵ ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ, ɬɨɥɶ-

ɤɨ ɨɤɫɢɞ ɤɚɥɶɰɢɹ. Ʉɚɪɛɨɧɚɬ ɤɚɥɶɰɢɹ ɩɪɢ ɫɩɟɤɚɧɢɢ ɛɨɤɫɢɬɨɜ ɫɜɹɡɵɜɚɟɬ ɩɪɢɫɭɬ-

ɫɬɜɭɸɳɢɣ ɜ ɧɢɯ ɨɤɫɢɞ ɤɪɟɦɧɢɹ ɢ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɪɚɫɯɨɞ ɞɨɪɨ-

ɝɨɝɨ ɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ. 

ɉɪɨɰɟɫɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɝɥɢɧɨɡɟɦɚ ɦɟɬɨɞɨɦ ɫɩɟɤɚɧɢɹ ɭɧɢɜɟɪɫɚɥɟɧ ɢ ɩɪɢ-

ɝɨɞɟɧ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɜɫɟɯ ɜɢɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɵɪɶɹ. ɇɚ ɩɪɚɤɬɢɤɟ ɟɝɨ ɩɪɢ-

ɦɟɧɹɸɬ ɞɥɹ ɧɟɮɟɥɢɧɨɜ ɢ ɛɨɤɫɢɬɨɜ ɫ ɜɵɫɨɤɢɦ (ɛɨɥɟɟ 5 %) ɫɨɞɟɪɠɚɧɢɟɦ ɨɤɫɢɞɚ 

ɤɪɟɦɧɢɹ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɝɥɢɧɨɡɟɦɚ ɢɡ ɧɟɮɟɥɢɧɨɜɵɯ ɪɭɞ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɫɥɟɞɭɸɳɢɯ ɩɟɪɟɞɟɥɨɜ: ɫɵɪɶɟɜɨɝɨ, ɫɩɟɤɚɧɢɹ, 

ɝɢɞɪɨɯɢɦɢɢ, ɤɚɥɶɰɢɧɚɰɢɢ (ɪɢɫɭɧɨɤ 1.1). 
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Ɋɢɫɭɧɨɤ 1.1 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɰɟɩɨɱɤɚ ɝɥɢɧɨɡёɦɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ [8] 

 

Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ ɩɟɪɟɞɟɥɨɦ ɜɫɟɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɝɥɢɧɨɡɟɦɚ ɹɜɥɹɟɬɫɹ ɤɚɥɶɰɢɧɚɰɢɹ [3-10]. ɐɟɥɶ ɤɚɥɶɰɢɧɚɰɢɢ – ɩɟɪɟɜɨɞ ɢɫɯɨɞɧɨɝɨ 

ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɬɨɜɚɪɧɭɸ ɩɪɨɞɭɤɰɢɸ – ɬɟɯɧɢɱɟɫɤɢɣ ɝɥɢɧɨɡɟɦ. 
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1.3 Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ  

 

Ʉɚɥɶɰɢɧɚɰɢɹ – ɷɬɨ ɩɪɨɰɟɫɫ ɩɪɨɤɚɥɢɜɚɧɢɹ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 1100 °ɋ ɫ ɩɨɥɭɱɟɧɢɟɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ – 

ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɝɥɢɧɨɡёɦɚ ɞɥɹ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ 

ɢ ɧɟɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɝɥɢɧɨɡёɦɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

(ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ, ɷɥɟɤɬɪɨɜɚɤɭɭɦɧɨɣ, ɚɜɬɨɦɨɛɢɥɶɧɨɣ, ɤɟɪɚɦɢɱɟɫɤɨɣ ɢ ɬ. ɞ.).  

ɉɪɢ ɨɛɠɢɝɟ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɬɟɤɚɸɬ ɩɪɨɰɟɫɫɵ ɫɭɲɤɢ ɢ 

ɞɟɝɢɞɪɚɬɚɰɢɢ ɚɥɸɦɢɧɢɹ ɢ ɩɪɨɤɚɥɤɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɫɨɩɪɨɜɨɠɞɚɸɳɚɹɫɹ 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɨɪɦ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ α-Al 2O3 

(ɤɨɪɭɧɞ). 

Ʉɚɥɶɰɢɧɚɰɢɹ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨ ɜɪɚɳɚɸɳɢɯɫɹ 

ɩɟɱɚɯ. Ⱦɜɢɝɚɹɫɶ ɧɚɜɫɬɪɟɱɭ ɬɨɩɨɱɧɵɦ ɝɚɡɚɦ, ɦɚɬɟɪɢɚɥ ɩɪɨɯɨɞɢɬ ɜ ɩɟɱɢ ɪɹɞ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɨɧ: 

- ɜ ɡɨɧɟ ɫɭɲɤɢ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɬɟɪɢɚɥɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 70 ɞɨ 200 °ɋ, 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɟ ɭɞɚɥɟɧɢɟ ɝɢɝɪɨɫɤɨɩɢɱɟɫɤɨɣ ɜɥɚɝɢ [11]; 

- ɜ ɡɨɧɟ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɢɥɢ ɞɟɝɢɞɪɚɬɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɬɟɪɢɚɥɚ 

ɩɨɞɧɢɦɚɟɬɫɹ ɨɬ 200 ɞɨ 900 °C, ɩɨɥɧɨɫɬɶɸ ɭɞɚɥɹɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɚɹ ɜɥɚɝɚ 

ɢ ɝɢɞɪɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɝɥɢɧɨɡёɦ [12]:  

 

A1(OH)3 → (225 °C) ALOOH → (500-900 °C) γ-Al 203; 
ɝɢɞɪɨɤɫɢɞ  ɛɟɦɢɬ                              ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ 
ɚɥɸɦɢɧɢɹ                                                                      ɦɨɞɢɮɢɤɚɰɢɹ 
(ɝɢɛɛɫɢɬ)                                                                        ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 
 

- ɜ ɡɨɧɟ ɩɪɨɤɚɥɢɜɚɧɢɹ ɝɥɢɧɨɡёɦ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ  

1200-1250 °C, ɩɪɨɢɫɯɨɞɢɬ ɱɚɫɬɢɱɧɚɹ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɝɚɦɦɚ-ɝɥɢɧɨɡёɦɚ ɜ 

ɚɥɶɮɚ-ɝɥɢɧɨɡёɦ: 

  

γ-Al 2O3 → (1200 °C) α-Al 2O3; 
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- ɜ ɡɨɧɟ ɨɯɥɚɠɞɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɬɟɪɢɚɥɚ ɩɚɞɚɟɬ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ  

900-1000 °C [11].  

Ɉɯɥɚɠɞɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱёɬ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɝɥɢɧɨɡёɦɨɦ ɢ 

ɩɨɫɬɭɩɚɸɳɢɦ ɜɨɡɞɭɯɨɦ. Ⱦɚɥɶɧɟɣɲɟɟ ɨɯɥɚɠɞɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ 

ɯɨɥɨɞɢɥɶɧɢɤɚɯ ɤɢɩɹɳɟɝɨ ɫɥɨɹ (Ʉɋ).  

ɉɪɢ ɤɚɥɶɰɢɧɚɰɢɢ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜɨ ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɚɯ ɢɦɟɟɬ 

ɦɟɫɬɨ ɛɨɥɶɲɨɣ ɩɵɥɟɜɵɧɨɫ.  

ɋɧɢɠɟɧɢɟ ɩɨɬɟɪɶ ɝɥɢɧɨɡёɦɚ ɫ ɨɬɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ ɞɨɫɬɢɝɚɟɬɫɹ 

ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɫɢɫɬɟɦɨɣ ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɹɬ:  

- ɩɵɥɟɜɚɹ ɤɚɦɟɪɚ ɜ ɯɨɥɨɞɧɨɣ ɝɨɥɨɜɤɟ ɩɟɱɢ;  

- ɛɚɬɚɪɟɣɧɵɟ ɰɢɤɥɨɧɵ ɫ ɞɜɭɦɹ ɝɪɭɩɩɚɦɢ ɰɢɤɥɨɧɨɜ;  

- ɷɥɟɤɬɪɨɮɢɥɶɬɪɵ.  

ɉɵɥɶ, ɨɫɚɠɞɟɧɧɚɹ ɜ ɰɢɤɥɨɧɚɯ, ɩɨɞɚёɬɫɹ ɜ ɩɟɱɶ ɪɚɡɞɟɥɶɧɨ ɨɬ ɝɢɞɪɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ ɱɟɪɟɡ ɩɵɥɟɜɭɸ ɬɟɱɤɭ ɩɨɞ ɜɫɬɪɨɟɧɧɭɸ ɨɛɟɱɚɣɤɭ ɩɟɱɢ. ɉɵɥɶ 

ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ ɱɟɪɟɡ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɧɵɣ ɚɩɩɚɪɚɬ «Ɋɭɛɢɧɱɢɤ» ɨɬɤɚɱɢɜɚɟɬɫɹ 

ɜ ɩɵɥɟɫɛɨɪɧɢɤ, ɨɬɤɭɞɚ ɬɚɤɠɟ ɩɨɞɚёɬɫɹ ɩɨɞ ɜɫɬɪɨɟɧɧɭɸ ɨɛɟɱɚɣɤɭ ɜ ɩɟɱɶ 

ɤɚɥɶɰɢɧɚɰɢɢ. 

Ƚɥɢɧɨɡёɦ ɢɡ ɯɨɥɨɞɢɥɶɧɢɤɨɜ ɩɨɞɚёɬɫɹ ɜ ɩɧɟɜɦɨɤɚɦɟɪɧɵɟ ɧɚɫɨɫɵ, ɨɬɤɭɞɚ 

ɩɨ ɫɢɫɬɟɦɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɢɥɨɫɚɦ ɫɤɥɚɞɚ ɝɥɢɧɨɡёɦɚ.  

ɋɤɥɚɞ ɝɥɢɧɨɡёɦɚ ɫɨɫɬɨɢɬ ɢɡ ɜɨɫɶɦɢ ɫɢɥɨɫɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɩɚɪɧɨ 

ɜɞɨɥɶ ɮɪɨɧɬɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ. Ƚɥɢɧɨɡёɦ ɡɚɝɪɭɠɚɟɬɫɹ ɜ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɜɚɝɨɧɵ ɬɢɩɚ «ɏɨɩɩɟɪ» ɢɥɢ ɰɢɫɬɟɪɧɵ, ɤɨɬɨɪɵɟ ɨɬɩɪɚɜɥɹɸɬɫɹ 

ɩɨɬɪɟɛɢɬɟɥɸ.  

 

1.4 Ɍɟɯɧɨɥɨɝɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ  

 

ɉɪɨɰɟɫɫ ɤɚɥɶɰɢɧɚɰɢɢ ɧɚ ɛɨɥɶɲɢɧɫɬɜɟ ɡɚɜɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ 

ɬɪɭɛɱɚɬɵɯ ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɚɯ (Ɍȼɉ), ɚ ɨɯɥɚɠɞɟɧɢɟ ɩɪɨɤɚɥɟɧɧɨɝɨ ɝɥɢɧɨɡɟɦɚ – 

ɜ ɛɚɪɚɛɚɧɧɵɯ ɯɨɥɨɞɢɥɶɧɢɤɚɯ (Ȼɏ) ɢɥɢ ɯɨɥɨɞɢɥɶɧɢɤɚɯ ɤɢɩɹɳɟɝɨ ɫɥɨɹ. 
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Ⱥɩɩɚɪɚɬɭɪɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ ɩɨɤɚɡɚɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 1.2. 

 

 
1 – ɛɚɪɚɛɚɧɧɵɣ ɯɨɥɨɞɢɥɶɧɢɤ (Ȼɏ); 2 – ɬɨɩɨɱɧɚɹ ɤɚɦɟɪɚ; 3 – ɬɪɭɛɱɚɬɚɹ ɜɪɚɳɚɸɳɚɹɫɹ ɩɟɱɶ;  

4 – ɲɧɟɤɨɜɵɣ ɫɦɟɫɢɬɟɥɶ; 5 – ɡɚɝɪɭɡɨɱɧɵɣ ɛɭɧɤɟɪ; 6 – ɩɥɚɫɬɢɧɱɚɬɵɣ ɩɢɬɚɬɟɥɶ; 

7 – ɦɭɥɶɬɢɰɢɤɥɨɧɵ; 8 – ɷɥɟɤɬɪɨɮɢɥɶɬɪ; 9 – ɞɵɦɨɫɨɫ; 10 – ɧɚɫɨɫɵ; 11 – ɡɚɝɪɭɡɨɱɧɚɹ ɝɨɥɨɜɤɚ; 

12 – ɬɟɱɤɚ ɞɥɹ ɩɨɞɚɱɢ ɝɢɞɪɨɤɫɢɞɚ ɜ ɩɟɱɶ 

Ɋɢɫɭɧɨɤ 1.2 – Ⱥɩɩɚɪɚɬɭɪɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɨɰɟɫɫɚ ɤɚɥɶɰɢɧɚɰɢɢ [13] 

 

Ʉɚɠɞɚɹ ɩɟɱɶ (ɪɢɫɭɧɨɤ 1.2) ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ: 

ɤɨɪɩɭɫɚ (ɛɚɪɚɛɚɧɚ), ɨɩɨɪ, ɩɪɢɜɨɞɚ, ɭɩɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɡɚɝɪɭɡɨɱɧɨɝɨ ɢ 

ɪɚɡɝɪɭɡɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜ.  

ɇɚɤɥɨɧ ɩɟɱɟɣ ɜ ɩɪɟɞɟɥɚɯ 2-3 % ɨɬ ɞɥɢɧɵ ɜ ɫɬɨɪɨɧɭ ɪɚɡɝɪɭɡɤɢ ɦɚɬɟɪɢɚɥɚ 

ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɪɚɛɨɬɭ ɩɟɱɢ ɩɨ ɩɪɨɬɢɜɨɬɨɱɧɨɣ ɫɯɟɦɟ: ɧɚɜɫɬɪɟɱɭ 

ɡɚɝɪɭɠɟɧɧɨɦɭ ɝɢɞɪɨɤɫɢɞɭ ɚɥɸɦɢɧɢɹ ɫɧɢɡɭ ɞɜɢɠɭɬɫɹ ɝɨɪɹɱɢɟ ɝɚɡɵ.  

Ʉɨɪɩɭɫ – ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɜɪɚɳɚɸɳɟɣɫɹ ɩɟɱɢ. Ɉɬ ɟɝɨ ɩɪɨɱɧɨɫɬɢ, 

ɩɪɹɦɨɥɢɧɟɣɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ ɡɚɜɢɫɢɬ ɭɫɬɨɣɱɢɜɚɹ ɛɟɫɩɟɪɟɛɨɣɧɚɹ ɪɚɛɨɬɚ ɩɟɱɢ ɜ 

ɭɫɥɨɜɢɹɯ ɧɨɪɦɚɥɶɧɨɝɨ ɜɟɞɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɩɪɚɜɢɥɶɧɨɝɨ 

ɨɛɫɥɭɠɢɜɚɧɢɹ.  
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1 – ɛɚɧɞɚɠ; 2 – ɨɩɨɪɧɵɣ ɪɨɥɢɤ; 3 – ɜɟɧɰɨɜɚɹ ɲɟɫɬɟɪɧɹ; 4 – ɩɪɢɜɨɞ ɩɟɱɢ;  

5 – ɤɨɪɩɭɫ ɩɟɱɢ; 6 – ɮɭɬɟɪɨɜɤɚ. 

Ɋɢɫɭɧɨɤ 1.3 – ȼɪɚɳɚɸɳɚɹɫɹ ɩɟɱɶ 

 

Ʉɨɪɩɭɫ ɫɜɚɪɟɧ ɢɡ ɨɬɞɟɥɶɧɵɯ ɨɛɟɱɚɟɤ. Ɇɚɬɟɪɢɚɥ ɤɨɪɩɭɫɚ – ɥɢɫɬɨɜɨɣ 

ɩɪɨɤɚɬ ɢɡ ɭɝɥɟɪɨɞɢɫɬɨɣ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɫɬɚɥɢ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ 

ɤɨɪɩɭɫɚ ɤɪɭɩɧɵɯ ɩɟɱɟɣ ɢɡɝɨɬɨɜɥɹɸɬ ɢɡ ɥɟɝɢɪɨɜɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɫɬɚɥɢ.  

Ȼɚɧɞɚɠɢ ɫɨɜɪɟɦɟɧɧɵɯ ɩɟɱɟɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɨɛɟɱɚɣɤɚɯ ɛɨɥɶɲɟɣ 

ɬɨɥɳɢɧɵ ɥɢɫɬɚ, ɱɟɦ ɬɨɥɳɢɧɚ ɥɢɫɬɚ ɜɫɟɝɨ ɤɨɪɩɭɫɚ.  

Ȼɚɧɞɚɠɢ ɤɪɭɩɧɵɯ ɩɟɱɟɣ ɩɨ ɭɫɥɨɜɢɹɦ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɩɨɫɬɚɜɥɹɸɬ 

ɫɨɫɬɚɜɧɵɦɢ ɢɡ ɞɜɭɯ ɩɨɥɭɤɨɥɟɰ.  

ɉɨɥɭɤɨɥɶɰɚ ɫɨɟɞɢɧɹɸɬ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɫɜɚɪɤɨɣ ɩɪɢ ɦɨɧɬɚɠɟ. ɉɨ 

ɬɟɯɧɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ ɫɜɚɪɨɱɧɵɣ ɲɨɜ ɞɨɥɠɟɧ 

ɩɨɞɜɟɪɝɚɬɶɫɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ; ɞɨɩɭɫɤɚɟɬɫɹ ɦɟɫɬɧɚɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɲɜɚ ɢ 

ɩɪɢɥɟɝɚɸɳɢɯ ɭɱɚɫɬɤɨɜ. ɇɚɩɥɵɜɵ ɲɜɨɜ ɫɧɢɦɚɸɬ, ɩɨɜɟɪɯɧɨɫɬɢ ɨɱɢɳɚɸɬ.  

Ɉɩɨɪɧɵɟ ɪɨɥɢɤɢ ɭɫɬɚɧɨɜɥɟɧɵ ɩɨɞ ɭɝɥɨɦ 30° ɤ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ. 

ɉɨɞɲɢɩɧɢɤɢ ɪɨɥɢɤɨɜ ɦɨɧɬɢɪɭɸɬ ɧɚ ɫɬɚɥɶɧɵɯ ɪɚɦɚɯ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ 

ɦɚɫɫɢɜɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɮɭɧɞɚɦɟɧɬɚɯ.  
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ɉɪɢɜɨɞ ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɟɣ ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɪɟɞɭɤɬɨɪɚ ɢ 

ɡɭɛɱɚɬɨɣ ɨɬɤɪɵɬɨɣ ɩɟɪɟɞɚɱɢ. ɉɪɢɜɨɞ ɤɪɭɩɧɵɯ ɩɟɱɟɣ ɞɜɭɫɬɨɪɨɧɧɢɣ, ɱɬɨ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɨɞɚ ɢ ɪɚɫɫɪɟɞɨɬɨɱɟɧɢɟ ɧɚɝɪɭɡɤɢ ɨɬ 

ɨɤɪɭɠɧɨɝɨ ɭɫɢɥɢɹ ɡɭɛɱɚɬɨɣ ɩɚɪɵ ɧɚ ɛɚɪɚɛɚɧ. ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɩɪɢɜɨɞ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɦɟɞɥɟɧɧɨɝɨ ɩɨɞɜɨɪɚɱɢɜɚɧɢɹ ɛɚɪɚɛɚɧɚ ɜɨ ɜɪɟɦɹ ɪɟɦɨɧɬɚ, 

ɞɥɢɬɟɥɶɧɵɯ ɨɫɬɚɧɨɜɨɤ, ɚ ɬɚɤɠɟ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɗɬɨɬ ɩɪɢɜɨɞ 

ɞɨɥɠɟɧ ɢɦɟɬɶ ɧɟɡɚɜɢɫɢɦɵɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ (ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ ɢ ɞɪ.). 

ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ ɨɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɩɪɢɜɨɞɚ ɜ ɩɪɟɞɟɥɚɯ 0,05-0,06 

ɨɛ/ɦɢɧ. Ɋɟɞɭɤɬɨɪ ɩɪɢɜɨɞɚ ɩɨɞɤɥɸɱɚɸɬ ɤ ɩɟɪɜɨɦɭ ɜɚɥɭ ɝɥɚɜɧɨɝɨ ɪɟɞɭɤɬɨɪɚ 

ɱɟɪɟɡ ɦɭɮɬɭ. ɉɪɢ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɟ ɦɭɮɬɚ ɨɬɤɥɸɱɟɧɚ.  

Ɂɭɛɱɚɬɵɣ ɜɟɧɟɰ ɢɦɟɟɬ ɪɚɡɴɟɦɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ. Ⱦɢɚɦɟɬɪ ɟɝɨ ɫɨɫɬɚɜɥɹɟɬ 

1,4-1,8 ɞɢɚɦɟɬɪɚ ɛɚɪɚɛɚɧɚ. ɉɨ ɪɚɫɩɨɥɨɠɟɧɢɸ ɝɥɚɜɧɨɣ ɨɫɢ ɩɟɱɶ ɤɚɥɶɰɢɧɚɰɢɢ 

ɨɬɧɨɫɢɬɫɹ ɤ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɟɱɢ; ɩɨ ɮɨɪɦɟ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ – ɤ 

ɩɪɹɦɨɭɝɨɥɶɧɨɣ; ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɪɨɤɚɥɤɢ – ɤ ɧɟɩɪɟɪɵɜɧɨɣ.  

Ʉɨɪɩɭɫ ɩɟɱɢ ɞɨɥɠɟɧ ɢɦɟɬɶ ɡɧɚɱɢɬɟɥɶɧɭɸ ɠɟɫɬɤɨɫɬɶ, ɛɵɬɶ ɩɪɚɜɢɥɶɧɨɣ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɧɟɢɡɦɟɧɧɨɣ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɪɢ ɜɪɚɳɟɧɢɢ ɟɟ ɧɚ 

ɨɩɨɪɚɯ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɱɥɟɧɟɧɢɹ ɜɪɚɳɚɸɳɟɝɨɫɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɤɨɪɩɭɫɚ ɫ 

ɧɟɩɨɞɜɢɠɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ ɝɨɥɨɜɨɤ ɩɟɱɢ, ɩɪɢɜɟɥɚ ɤ ɫɨɡɞɚɧɢɸ ɪɚɡɥɢɱɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɭɩɥɨɬɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɜɟɫɶɦɚ ɭɫɥɨɠɧɹɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɞɢɚɦɟɬɪɚ ɤɨɪɩɭɫɚ. ȼɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɪɩɭɫɚ ɩɟɱɢ ɮɭɬɟɪɭɸɬ 

ɨɝɧɟɭɩɨɪɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɜ ɜɢɞɟ ɯɪɨɦɨɦɚɝɧɟɡɢɬɨɜɵɯ ɢ ɲɚɦɨɬɧɵɯ ɤɢɪɩɢɱɟɣ.  

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɟɱɢ ɹɜɥɹɸɬɫɹ ɞɢɚɦɟɬɪ, ɞɥɢɧɚ ɛɚɪɚɛɚɧɚ ɢ 

ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ. Ⱦɥɢɧɚ ɩɟɱɢ ɤɚɥɶɰɢɧɚɰɢɢ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ 50-150 ɦ, 

ɞɢɚɦɟɬɪ – 2,5-5 ɦ. Ȼɨɥɶɲɢɟ ɜɪɚɳɚɸɳɢɟɫɹ ɩɟɱɢ ɤɚɥɶɰɢɧɚɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 

ɜɧɟ ɡɞɚɧɢɣ, ɧɨ ɜ ɨɬɞɟɥɶɧɵɯ ɩɪɢɫɬɪɨɣɤɚɯ ɩɨɦɟɳɚɸɬ ɝɨɥɨɜɤɢ ɩɟɱɢ ɢ ɩɪɢɜɨɞɚ.  

Ɂɚɝɪɭɡɤɚ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɩɟɱɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɜɟɪɯɧɟɝɨ ɤɨɧɰɚ, 

ɬɚɦ ɠɟ ɨɬɜɨɞɹɬɫɹ ɩɟɱɧɵɟ ɝɚɡɵ. Ƚɢɞɪɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɦɟɞɥɟɧɧɨ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ 

ɩɟɱɢ ɛɥɚɝɨɞɚɪɹ ɟɟ ɜɪɚɳɟɧɢɸ ɢ ɧɚɤɥɨɧɭ ɧɚɜɫɬɪɟɱɭ ɝɨɪɹɱɢɦ ɝɚɡɚɦ, ɦɟɞɥɟɧɧɨ 

ɬɟɪɹɟɬ ɜɥɚɝɭ ɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɝɥɢɧɨɡɟɦ. ɉɪɨɣɞɹ ɜɫɸ ɩɟɱɶ, ɝɥɢɧɨɡɟɦ 

ɩɟɪɟɫɵɩɚɟɬɫɹ ɜ ɯɨɥɨɞɢɥɶɧɢɤ. Ɍɚɦ ɝɥɢɧɨɡɟɦ ɨɯɥɚɠɞɚɟɬɫɹ ɜɨɡɞɭɯɨɦ, 
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ɩɪɨɫɚɫɵɜɚɟɦɵɦ ɱɟɪɟɡ ɯɨɥɨɞɢɥɶɧɢɤ, ɢ ɜɨɞɨɣ, ɤɨɬɨɪɚɹ ɨɪɨɲɚɟɬ ɫɧɚɪɭɠɢ ɤɨɠɭɯ 

ɯɨɥɨɞɢɥɶɧɢɤɚ. 

Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɣ ɲɢɯɬɵ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜɨ 

ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɚɯ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1150–1250 °ɋ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɵɥɢ, ɤɨɬɨɪɚɹ 

ɭɥɚɜɥɢɜɚɟɬɫɹ ɜ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚɯ. 

Ɉɛɪɚɡɭɸɳɚɹɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɟɣ ɩɵɥɶ, ɩɪɨɧɢɤɚɟɬ ɜ 

ɫɨɩɪɹɠɟɧɢɹ ɞɟɬɚɥɟɣ, ɭɡɥɵ ɬɪɟɧɢɹ ɢ ɩɨɩɚɞɚɟɬ ɜɨ ɜɧɟɲɧɸɸ ɫɪɟɞɭ ɞɚɠɟ ɩɪɢ 

ɯɨɪɨɲɟɦ ɭɩɥɨɬɧɟɧɢɢ.  

Ɍɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɩɟɱɢ ɢ ɭɫɬɪɚɧɟɧɢɟɦ ɦɟɥɤɢɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ 

ɩɪɨɜɨɞɹɬ ɪɚɡ ɜ ɦɟɫɹɰ ɩɪɢ ɧɨɪɦɚɬɢɜɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɞɨ 20 

ɱɚɫɨɜ. Ɍɟɤɭɳɢɣ ɪɟɦɨɧɬ ɜɵɩɨɥɧɹɸɬ ɨɞɢɧ ɪɚɡ ɜ ɬɪɢ ɦɟɫɹɰɚ. ɉɪɢ ɬɟɤɭɳɟɦ 

ɪɟɦɨɧɬɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɪɟɜɢɡɢɸ ɭɡɥɨɜ, ɪɟɦɨɧɬ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɭɩɥɨɬɧɟɧɢɣ, 

ɡɚɦɟɧɭ ɨɬɞɟɥɶɧɵɯ ɞɟɬɚɥɟɣ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɥɨɠɟɧɢɹ ɨɩɨɪɧɵɯ ɢ ɤɨɧɬɪɨɥɶɧɵɯ 

ɪɨɥɢɤɨɜ ɢ ɞɪɭɝɢɟ ɨɩɟɪɚɰɢɢ.  
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[ɢɡɴɹɬ ɪɚɡɞɟɥ 2] 



3 Ɋɚɫɱɟɬ ȺɋɊ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɟɱɢ 

 

Ɋɚɫɱɟɬ ȺɋɊ ɧɚɱɢɧɚɟɬɫɹ ɫ ɫɨɫɬɚɜɥɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɟɝɨ ɫɬɚɬɢɱɟɫɤɢɟ (ɤɨɷɮɮɢɰɢɟɧɬ 

ɭɫɢɥɟɧɢɹ – Ʉɨɛ) ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ (ɜɪɟɦɹ ɡɚɩɚɡɞɵɜɚɧɢɹ – τ, ɩɨɫɬɨɹɧɧɵɟ  

ɜɪɟɦɟɧɢ – T) ɩɚɪɚɦɟɬɪɵ. 

Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɜɧɟɲɧɟɦ ɜɨɡɦɭɳɚɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɢ:                   (ɩɪɨɰɟɧɬɨɜ ɯɨɞɚ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ). ɉɨɤɚɡɚɬɟɥɢ 

ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ: 

- ɫɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ∆Tɫɬ = 0; 

- ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɢɧɚɦɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ∆Ɍ1 ≤ 13 °C; 

- ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ tpɟɝ ≤ 600 ɫ; 

- ɬɪɟɛɭɟɦɵɣ ɯɚɪɚɤɬɟɪ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ – ɫ 20 % 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟɦ. 

ɂɫɯɨɞɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ ɨɛɴɟɤɬɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 

 

Ɍɚɛɥɢɰɚ 3.1 – Ⱦɚɧɧɵɟ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ 

t, ɫ 0 100 200 300 400 500 600 700 800 

∆T, °C 0 0 7 13 20 25 29 31 32 

 

Ⱦɚɧɧɵɟ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ ɩɨɥɭɱɟɧɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɯɨɞɚ ɪɟɝɭɥɢɪɭɸɳɟɝɨ 

ɨɪɝɚɧɚ ɧɚ 3 %. ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 1 ɩɨɫɬɪɨɢɦ ɤɪɢɜɭɸ ɪɚɡɝɨɧɚ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ (ɪɢɫɭɧɨɤ 3.1). 

 



 

48 

 

 

Ɋɢɫɭɧɨɤ 3.1 – Ʉɪɢɜɚɹ ɪɚɡɝɨɧɚ ɨɛɴɟɤɬɚ, ɫɧɹɬɚɹ ɩɪɢ ɫɤɚɱɤɨɨɛɪɚɡɧɨɦ 

ɜɨɡɦɭɳɚɸɳɟɦ ɜɨɡɞɟɣɫɬɜɢɢ A=3 % ɏɊɈ  

 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɟɞɢɧɢɱɧɨɣ ɢ ɧɨɪɦɢɪɨɜɚɧɧɨɣ 

ɩɟɪɟɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. ɂɡ ɡɚɜɢɫɢɦɨɫɬɢ ΔɌ0 (t) 

ɧɚɯɨɞɢɦ ɜɟɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɨɛɴɟɤɬɚ Ʉɨɛ = 10,67 °C ɢ 

ɡɚɩɚɡɞɵɜɚɧɢɟ τ = 100 ɫ. 

Ɉɩɪɟɞɟɥɹɟɦ ɟɞɢɧɢɱɧɭɸ ∆T0(t) ɢ ɧɨɪɦɢɪɨɜɚɧɧɭɸ ∆Tɧ(t) ɩɟɪɟɯɨɞɧɵɟ 

ɮɭɧɤɰɢɢ: 
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ɝɞɟ Ⱥ – ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɜɨɡɦɭɳɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɫɧɹɬɚ 

ɩɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (Ⱥ = 3 % ɏɊɈ); 

∆T0(t) – ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  

(∆T0(Ty) = 10,67 °C). 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɡɚɩɚɡɞɵɜɚɧɢɟ τ ɫɨɫɬɚɜɥɹɟɬ 100 ɫ. Ɋɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱɟɬɨɜ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 3.2. 

 

Ɍɚɛɥɢɰɚ 3.2 – ɇɚɯɨɠɞɟɧɢɟ ɩɟɪɟɯɨɞɧɵɯ ɮɭɧɤɰɢɣ 

t, ɫ 0 100 200 300 400 500 600 700 800 

∆T, °C 0 0 7 13 20 25 29 31 32 

∆T0(t), °C /% ɏɊɈ 0.00 0.00 2.33 4.33 6.67 8.33 9.67 10.33 10.67 

∆Tɧ(t) 0 0 0.218 0.4061 0.625 0.781 0.90 0.968 1,000 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɚɛɥɢɰɵ 3.2 ɫɬɪɨɢɦ ɧɚ ɨɞɧɨɦ ɝɪɚɮɢɤɟ ɟɞɢɧɢɱɧɭɸ, 

ɧɨɪɦɢɪɨɜɚɧɧɭɸ ɢ ɪɟɚɥɶɧɭɸ ɩɟɪɟɯɨɞɧɵɟ ɮɭɧɤɰɢɢ (ɪɢɫɭɧɨɤ 3.2). 

 

 

Ɋɢɫɭɧɨɤ 3.2 – ɉɟɪɟɯɨɞɧɵɟ ɢɫɯɨɞɧɚɹ, ɟɞɢɧɢɱɧɚɹ ɢ ɧɨɪɦɢɪɨɜɚɧɧɚɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɴɟɤɬɚ ɫɚɦ ɨɛɴɟɤɬ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɢɧɟɪɰɢɨɧɧɵɯ 

ɡɜɟɧɶɟɜ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɢ ɨɞɧɨɝɨ ɡɜɟɧɚ ɱɢɫɬɨɝɨ ɡɚɩɚɡɞɵɜɚɧɢɹ. ɂɫɯɨɞɹ ɢɡ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɜɟɥɢɱɢɧɚ ɡɚɩɚɡɞɵɜɚɧɢɹ ɨɛɴɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 100 
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ɫɟɤɭɧɞ. ɍɬɨɱɧɢɦ ɷɬɨ ɡɧɚɱɟɧɢɟ, ɪɚɫɫɱɢɬɚɜ ɜɟɥɢɱɢɧɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɡɚɩɚɡɞɵɜɚɧɢɹ τɞ. Ⱦɥɹ ɷɬɨɝɨ ɜɨɡɶɦɟɦ ɧɚ ɝɪɚɮɢɤɟ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɯɨɞɧɨɣ 

ɮɭɧɤɰɢɢ (ɪɢɫɭɧɨɤ 3.3) ɬɨɱɤɢ ɌA ɢ ɌB, ɩɪɢɱɟɦ: 

 

0,1Ɍɧ(Ɍɭ)  ɌȺ  0,15Ɍɧ(Ɍɭ), 

 

0,7Ɍɧ(Ɍɭ)  Ɍȼ  0,8Ɍɧ(Ɍɭ). 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 

 

0,8.T0,7

0,15,T0,1

ȼ

Ⱥ




 

 

ɉɭɫɬɶ TA = 0,1 ɢ TB = 0,7. ɉɨɤɚɠɟɦ ɷɬɨ ɧɚ ɝɪɚɮɢɤɟ (ɪɢɫɭɧɨɤ 3.3). 
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Ɋɢɫɭɧɨɤ 3.3 – Ⱥɧɚɥɢɡ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 

Ɉɩɪɟɞɟɥɢɦ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɴɟɤɬɚ ɩɪɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɟɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɢ ɡɜɟɧɚ ɡɚɩɚɡɞɵɜɚ-

ɧɢɹ. Ɉɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɡɚɩɚɡɞɵɜɚɧɢɹ: 
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   
    ,

T1lnT1ln

T1lntT1lntτ
ȼȺ

ȼȺȺȼ
ɞ 


  

 

ɝɞɟ     τ,tt ȼȺȼȺ   

 

   
   

   
  ɫ. 27,7

1,2040,105
1,204550,105340

0,71ln0,11ln

0,7155ln0,11340lnτɞ













 

 

Ɉɛɳɟɟ ɡɚɩɚɡɞɵɜɚɧɢɟ ɨɛɴɟɤɬɚ τɨɛ: 

 

ɫ.     127,727,7100τττ ɞɨɛ   

 

Ɉɩɪɟɞɟɥɢɦ ɩɨɫɬɨɹɧɧɭɸ ɜɪɟɦɟɧɢ Ɍɨɛ: 

 

  260
0,105

27,755
T1ln

τt
Ɍ

Ⱥ

ɞȺ
ɨɛ 








  ɫ.  

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɢɦɟɟɬ ɜɢɞ: 

 

  p127,7pτ

ɨɛ

ɨɛ e
1260p

10,667
e

1pɌ
K

pW ɨɛ  





 .  

 

Ⱦɥɹ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɟɪɟɯɨɞɧɨɣ 

ɮɭɧɤɰɢɢ ɪɟɲɟɧɢɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ 

ɡɚɩɚɡɞɵɜɚɸɳɢɦ ɚɪɝɭɦɟɧɬɨɦ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɨɪɞɢɧɚɬɵ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ 

ɤɪɢɜɨɣ: 
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Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɜɵɱɢɫɥɢɦ ɨɬɧɨɲɟɧɢɟ 

 

.
)(TΔT

(t)ΔT(t)ΔT
d

2

y
ɧ

a1
ɧɧ

a1 











 
  

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3. 

 

Ɍɚɛɥɢɰɚ 3.3 – Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ ɩɟɪɟɯɨɞɧɨɣ ɮɭɧɤɰɢɢ 

t, ɫ ∆T, °C ∆T0, °C ∆Tɇ(t)  da1 

0 0 0,00 0,000 0,000 0,000000 

100 0 0,00 0,000 0,000 0,0000000 

200 7 2,33 0,218 0,243 0,0000051 

300 13 4,33 0,406 0,485 0,000054 

400 20 6,67 0,625 0,649 0,0000052 

500 25 8,33 0,781 0,766 0,0000035 

600 29 9,67 0,906 0,837 0,000041 

700 31 10,33 0,968 0,889 0,000055 

800 32 10,67 1,0 0,925 0,000049 

 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɬɚɛɥɢɰɵ 3.3, ɫɬɪɨɢɦ ɢɫɯɨɞɧɭɸ ɢ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɭɸ 

ɟɞɢɧɢɱɧɵɟ ɩɟɪɟɯɨɞɧɵɟ ɮɭɧɤɰɢɢ (ɪɢɫɭɧɨɤ 3.4) ɢ ɜɢɡɭɚɥɶɧɨ ɨɰɟɧɢɜɚɟɦ ɫɬɟɩɟɧɶ 

ɢɯ ɛɥɢɡɨɫɬɢ.  

 

(t)ΔT a1
H
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1 – ɢɫɯɨɞɧɚɹ, 2 – ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɚɹ 

Ɋɢɫɭɧɨɤ 3.4 – ɉɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 

Ⱦɚɥɟɟ ɜɵɱɢɫɥɹɟɦ ɫɪɟɞɧɸɸ ɨɲɢɛɤɭ ɚɩɩɪɨɤɫɢɦɚɰɢɢ δ, ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ 

ɬɚɛɥɢɰɵ 3.3: 

 

%.  33,2
10

0,00545
100
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d

100δ
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  

 

Ɍɚɤ ɤɚɤ ɫɪɟɞɧɹɹ ɨɲɢɛɤɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɦɟɧɟɟ 3 %, ɡɧɚɱɢɬ ɪɚɫɱɟɬɵ 

ɩɪɨɜɟɞɟɧɵ ɜɟɪɧɨ, ɩɨɝɪɟɲɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ. 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ:  

                           
 

3.1 ȼɵɛɨɪ ɡɚɤɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɥɹ ȺɋɊ ɬɟɦɩɟɪɚɬɭɪɵ  

 

Ɍɢɩ ɪɟɝɭɥɹɬɨɪɚ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɜɵɛɢɪɚɟɦ ɩɨ ɜɟɥɢɱɢɧɟ ɨɬɧɨɲɟɧɢɹ         ɜ ɬɚɛɥɢɰɟ 3.4. 
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Ɍɚɛɥɢɰɚ 3.4 – Ɍɢɩɵ ɪɟɝɭɥɹɬɨɪɨɜ         Ɍɢɩ ɪɟɝɭɥɹɬɨɪɚ 

<0,2 ɪɟɥɟɣɧɵɣ 

<1,0 ɧɟɩɪɟɪɵɜɧɵɣ 

>1,0 ɢɦɩɭɥɶɫɧɵɣ ɢɥɢ ɧɟɩɪɟɪɵɜɧɵɣ 

 

Ɍɨɝɞɚ                        . 

Ɍɚɤ ɤɚɤ                ɜɵɛɢɪɚɟɦ ɧɟɩɪɟɪɵɜɧɵɣ ɬɢɩ ɪɟɝɭɥɹɬɨɪɚ. 

Ⱦɥɹ ɜɵɛɨɪɚ ɡɚɤɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɞɢɧɚɦɢɱɟɫɤɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Rɞ:  

                                       
 

ɉɨ ɪɢɫɭɧɤɭ 3.5 ɨɩɪɟɞɟɥɹɟɦ, ɱɬɨ ɬɨɥɶɤɨ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ 

ɡɧɚɱɟɧɢɟ            

 

Ɋɢɫɭɧɨɤ 3.5 – Ƚɪɚɮɢɤ ɞɥɹ ɩɨɞɛɨɪɚ ɪɟɝɭɥɹɬɨɪɚ ɩɨ ɞɢɧɚɦɢɱɟɫɤɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɫɬɚɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ ɫ 20%-ɵɦ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟɦ 
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Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɩɪɨɜɟɪɤɭ, ɨɛɟɫɩɟɱɢɬ ɥɢ ɜɵɛɪɚɧɧɵɣ 

ɪɟɝɭɥɹɬɨɪ ɞɨɩɭɫɬɢɦɨɟ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ tɪ. ɉɨ ɝɪɚɮɢɤɭ (ɪɢɫɭɧɨɤ 34 ɛ, 

ɩɪɢɜɟɞɟɧɧɨɦɭ ɜ [28, ɫ. 120], ɞɥɹ ɉɂȾ-ɡɚɤɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɧɨɦ 

ɩɪɨɰɟɫɫɟ ɫ 20 %-ɧɵɦ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɨɬɧɨɲɟɧɢɟ            , ɨɬɤɭɞɚ 

ɧɚɯɨɞɢɦ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

                               
 

ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɟ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ tɪ = 600 c, ɨɞɧɚɤɨ ɛɨɥɟɟ 

ɫɥɨɠɧɨɝɨ ɫɟɪɢɣɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɩɨɷɬɨɦɭ ɨɤɨɧɱɚɬɟɥɶɧɨ 

ɜɵɛɢɪɚɟɦ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ  

                        
 

ɝɞɟ Ʉɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ; 

Ɍɂ – ɜɪɟɦɹ ɢɡɨɞɪɨɦɚ; 

ɌȾ – ɜɪɟɦɹ ɩɪɟɞɜɚɪɟɧɢɹ. 

ȼɵɛɪɚɧɧɵɣ ɡɚɤɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɚɪɚɧɬɢɪɭɟɬ ɨɬɫɭɬɫɬɜɢɟ ɫɬɚɬɢɱɟɫɤɨɣ 

ɨɲɢɛɤɢ, ɬ.ɟ. ∆Tɫɬ = 0. 

 

3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɫɬɪɨɟɤ ɪɟɝɭɥɹɬɨɪɚ ȺɋɊ ɬɟɦɩɟɪɚɬɭɪɵ  

 

Ɋɚɫɱɟɬ ɧɚɫɬɪɨɟɤ ɜɵɛɪɚɧɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɜɵɩɨɥɧɹɸɬ ɫɥɟɞɭɸɳɢɦɢ 

ɫɩɨɫɨɛɚɦɢ: 

- ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɢɦ ɧɚ ɨɫɧɨɜɟ ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɨɛɴɟɤɬɚ ɢ Ɇ-ɤɪɢɬɟɪɢɹ (ɩɨɤɚɡɚɬɟɥɹ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ); 

- ɩɨ ɪɚɫɲɢɪɟɧɧɵɦ ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ; 

- ɩɨ ɩɪɢɛɥɢɠɟɧɧɵɦ ɮɨɪɦɭɥɚɦ; 

- ɫ ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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ɇɚɫɬɪɨɣɤɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɩɪɢɛɥɢɠёɧɧɵɦ ɮɨɪɦɭɥɚɦ 

(ɬɚɛɥɢɰɚ 3.5). 

 

Ɍɚɛɥɢɰɚ 3.5 – ɉɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ ɞɥɹ ɫɬɚɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 

ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ 

Ɋɟɝɭɥɹɬɨɪ 
ɉɚɪɚɦɟɬɪɵ 

ɧɚɫɬɪɨɣɤɢ 

Ɍɢɩ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ 
ɫ 20%-ɦ 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟɦ 
ɫ min        

ɉɂȾ 

                   
                                                                                

 

ɇɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɚ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɩɪɢɛɥɢɠɟɧɧɵɦ ɮɨɪɦɭɥɚɦ, 

ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 

                                                       
                            

                                
 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɞɫɬɚɜɥɹɟɦ ɜ ɦɨɞɟɥɶ, ɩɨɫɬɪɨɟɧɧɭɸ ɜ ɫɪɟɞɟ Matlab 

ɫ ɩɨɦɨɳɶɸ ɜɫɬɪɨɟɧɧɨɝɨ ɩɚɤɟɬɚ Simulink.  

Ⱦɥɹ ɡɚɞɚɧɢɹ ɧɚɫɬɪɨɟɤ ɜɫɬɪɨɟɧɧɨɝɨ ɜ Simulink ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɩɟɪɟɜɟɞɟɦ 

ɡɧɚɱɟɧɢɹ ɜɪɟɦɟɧɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢ ɜɪɟɦɟɧɢ ɩɪɟɞɜɚɪɟɧɢɹ ɜ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɉɂȾ-ɡɚɤɨɧɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
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ɉɨɥɭɱɚɟɦ: 

                     
                   
                
 

Ɇɨɞɟɥɶ ɫɢɫɬɟɦɵ, ɩɨɥɭɱɟɧɧɚɹ ɜ Simulink, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.6, 

ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɫ ɢɫɯɨɞɧɵɦɢ ɧɚɫɬɪɨɣɤɚɦɢ ɪɟɝɭɥɹɬɨɪɚ – ɧɚ ɪɢɫɭɧɤɟ 3.7. 

 

Ɋɢɫɭɧɨɤ 3.6 – Ɇɨɞɟɥɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ Simulink 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 3.7, ɩɨɥɭɱɟɧɧɵɣ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɧɟ 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɭɟɦɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɤɚɱɟɫɬɜɚ, ɬɚɤ ɤɚɤ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ  

tɪ ≈ 1200 ɫ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɡɚɞɚɧɧɵɟ 600 ɫ; ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɞɢɧɚɦɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ∆T1 = 2,39·7 =16,73 °C, ɱɬɨ ɛɨɥɶɲɟ 13 °ɋ. 
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Ɋɢɫɭɧɨɤ 3.7 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɫɢɫɬɟɦɵ ɞɨ ɨɩɬɢɦɢɡɚɰɢɢ 

 

Ⱦɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɧɚɫɬɪɨɟɤ ɪɟɝɭɥɹɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɜ ɛɥɨɤɟ PID-tuner 

ɡɚɞɚɬɶ ɩɚɪɚɦɟɬɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɪɟɛɭɟɦɵɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ 

ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3.8, ɞɥɹ ɤɨɬɨɪɨɝɨ ɧɚɫɬɪɨɣɤɢ 

ɪɟɝɭɥɹɬɨɪɚ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ 

                    
                    
                    

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 3.8, ɩɨɥɭɱɟɧɧɵɣ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɜ ɛɨɥɶɲɟɣ 

ɫɬɟɩɟɧɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɭɟɦɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɤɚɱɟɫɬɜɚ, ɬɚɤ ɤɚɤ ɜɪɟɦɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ tɪ ≈ 900 ɫ; ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɢɧɚɦɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ  

∆T1 = 1,75·7 =12,25 °C, ɱɬɨ ɦɟɧɶɲɟ 13 °ɋ; ɫɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ∆Tɫɬ = 0; ɜɢɞ 
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ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ – ɫ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟɦ; ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɨɫɬɚɜɥɹɟɬ  

η = (∆T2/∆T1)·100 = (0,15/1,75)·100 = 8,6 %. 

 

 

Ɋɢɫɭɧɨɤ 3.8 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɜ ɫɢɫɬɟɦɟ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ ɧɚɫɬɪɨɟɤ 

ɪɟɝɭɥɹɬɨɪɚ ɜ ɉɉ Matlab 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɩɬɢɦɢɡɚɰɢɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɫɬɪɨɣɤɢ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɚ: 

- ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ                          
- ɜɪɟɦɹ ɢɡɨɞɪɨɦɚ                      
- ɜɪɟɦɹ ɩɪɟɞɜɚɪɟɧɢɹ                     
Ɉɤɨɧɱɚɬɟɥɶɧɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɟɝɭɥɹɬɨɪɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 
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3.3 ɂɫɫɥɟɞɨɜɚɧɢɟ ȺɋɊ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 

 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɫɬɪɨɟɤ ɪɟɝɭɥɹɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ȺɋɊ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɡɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨ ɦɨɞɭɥɸ 

ɢ ɩɨ ɮɚɡɟ, ɢɫɩɨɥɶɡɭɹ ɱɚɫɬɨɬɧɵɣ ɤɪɢɬɟɪɢɣ ɇɚɣɤɜɢɫɬɚ. Ⱦɥɹ ɷɬɨɝɨ ɫɧɚɱɚɥɚ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (ȺɎɏ) ɨɛɴɟɤɬɚ [29]. ȿё 

ɩɨɥɭɱɚɸɬ ɩɨɞɫɬɚɧɨɜɤɨɣ      ɜ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɪɚɡɨɦɤɧɭɬɨɣ 

ɫɢɫɬɟɦɵ: 

                               
                                  

 

ɋɧɚɱɚɥɚ ɧɚɯɨɞɢɦ ȺɎɏ ɨɛɴɟɤɬɚ ɛɟɡ ɭɱɟɬɚ ɡɚɩɚɡɞɵɜɚɧɢɹ 

                                                       

                                        
                       
                             
 

ɍɱɬɟɦ ɡɚɩɚɡɞɵɜɚɧɢɟ ɜ ɫɢɫɬɟɦɟ: 
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Ɍɨɝɞɚ ȺɎɏ ɨɛɴɟɤɬɚ ɛɭɞɟɬ 

                                                                                 
 

ɇɚɣɞɟɦ ȺɎɏ ɪɟɝɭɥɹɬɨɪɚ: 

                           
                                        
 

Ɋɚɡɞɟɥɢɦ         ɧɚ ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɢ, ɩɨɥɭɱɢɦ: 

              
                                    
 

ȺɎɏ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɨɥɭɱɚɟɬɫɹ ɤɚɤ ɩɪɨɢɡɜɟɞɟɧɢɟ ȺɎɏ ɨɛɴɟɤɬɚ       ɢ ɪɟɝɭɥɹɬɨɪɚ       : 
                                                    

 

Ɋɚɡɞɟɥɢɜ          ɧɚ ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɢ, ɩɨɥɭɱɢɦ: 
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Ɂɧɚɱɟɧɢɹ                   ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.6.  

 

Ɍɚɛɥɢɰɚ 3.6 – Ɂɧɚɱɟɧɢɹ ȺɎɏ ɨɛɴɟɤɬɚ, ɪɟɝɭɥɹɬɨɪɚ ɢ ɪɚɡɨɦɤɧɭɬɨɣ ȺɋɊ 

ω P(ω) Q(ω) Pp(ω) Qp(ω) Ppɚɡ(ω) Qpɚɡ(ω) 
0 10,667 0 0,251 -∞ -∞ -∞ 

0,001 9,57937 -3,8491 0,251 -2,066 -5,54848 -20,759 

0,0012 9,14389 -4,4811 0,251 -1,717 -5,39824 -16,823 

0,017 -2,188 0,86786 0,251 0,108 -0,64277 -0,0181 

0,019 -1,6774 1,29051 0,251 0,148 -0,61173 0,07604 

0,021 -1,1492 1,5402 0,251 0,185 -0,57381 0,17367 

0,022 -0,8892 1,60746 0,251 0,203 -0,55 0,22269 

0,023 -0,6365 1,64017 0,251 0,221 -0,52218 0,27104 

0,024 -0,3942 1,64125 0,251 0,238 -0,49 0,31804 

0,025 -0,1647 1,61361 0,251 0,255 -0,45326 0,36296 

0,027 0,24681 1,48395 0,251 0,289 -0,36619 0,44368 

0,029 0,58445 1,27486 0,251 0,321 -0,26241 0,50754 

0,031 0,83973 1,00986 0,251 0,353 -0,14531 0,54957 

0,033 1,00911 0,71178 0,251 0,384 -0,01986 0,5659 

0,035 1,0936 0,4021 0,251 0,414 0,107854 0,55415 

0,037 1,09832 0,1003 0,251 0,445 0,231075 0,51362 

0,039 1,03187 -0,1767 0,251 0,475 0,342881 0,44545 

0,041 0,90568 -0,4151 0,251 0,504 0,436692 0,35259 

0,043 0,73323 -0,6046 0,251 0,534 0,506744 0,23965 

0,045 0,52925 -0,7383 0,251 0,563 0,548514 0,11266 

0,047 0,30887 -0,8133 0,251 0,592 0,559067 -0,0213 

0,049 0,08683 -0,8302 0,251 0,621 0,537295 -0,1545 

0,053 -0,3095 -0,7073 0,251 0,678 0,402085 -0,3875 

0,057 -0,575 -0,4303 0,251 0,735 0,172032 -0,5307 

0,061 -0,6658 -0,0852 0,251 0,792 -0,09967 -0,5485 

0,065 -0,5834 0,23804 0,251 0,848 -0,34829 -0,435 

0,067 -0,4887 0,36733 0,251 0,876 -0,44445 -0,3359 

0,069 -0,3683 0,46564 0,251 0,904 -0,51338 -0,216 

0,071 -0,2312 0,52867 0,251 0,932 -0,55071 -0,0827 

0,075 0,05535 0,5435 0,251 0,988 -0,5229 0,19108 

0,079 0,29922 0,42371 0,251 1,043 -0,36691 0,41851 

∞ 0 0 0,251 ∞ 0 0 
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ȺɎɏ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫɬɪɨɢɦ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ  

(ɪɢɫɭɧɨɤ 3.9). 
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Ɋɢɫɭɧɨɤ 3.9 – ȺɎɏ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ 

 

Ɍɚɤ ɤɚɤ ɝɨɞɨɝɪɚɮ ɇɚɣɤɜɢɫɬɚ – ȺɎɏ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 3.9) 

ɧɟ ɨɯɜɚɬɵɜɚɟɬ ɬɨɱɤɭ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ (–1; jω) ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɡɧɚɱɢɬ 

ɫɢɫɬɟɦɚ ɜ ɡɚɦɤɧɭɬɨɦ ɫɨɫɬɨɹɧɢɢ ɭɫɬɨɣɱɢɜɚ ɢ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɵɟ ɡɚɩɚɫɵ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɚɦɩɥɢɬɭɞɟ (∆A ≈ 0,39) ɢ ɩɨ ɮɚɡɟ (∆φ ≈ 40°).  

 

3.4 ɉɪɨɜɟɪɤɚ ɫɢɫɬɟɦɵ ɧɚ ɨɩɬɢɦɚɥɶɧɨɫɬɶ  

 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɛɟɞɢɬɶɫɹ ɜ ɩɪɚɜɢɥɶɧɨɫɬɢ ɧɚɯɨɠɞɟɧɢɹ ɧɚɫɬɪɨɟɤ 

ɪɟɝɭɥɹɬɨɪɚ, ɢɡɦɟɧɢɦ ɧɚɫɬɪɨɣɤɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɧɚ 20 % ɜ ɛɨɥɶɲɭɸ                                                , ɢ ɜ ɦɟɧɶɲɭɸ ɫɬɨɪɨɧɭ                                               (ɪɢɫɭɧɨɤ 3.10). 
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1 – ɩɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫ ɧɚɫɬɪɨɣɤɚɦɢ ɪɟɝɭɥɹɬɨɪɚ, ɭɦɟɧɶɲɟɧɧɵɦ ɧɚ 20 %;  

2 – ɩɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫ ɨɩɬɢɦɚɥɶɧɵɦɢ ɧɚɫɬɪɨɣɤɚɦɢ ɪɟɝɭɥɹɬɨɪɚ; 

 3 – ɩɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫ ɧɚɫɬɪɨɣɤɚɦɢ ɪɟɝɭɥɹɬɨɪɚ, ɭɜɟɥɢɱɟɧɧɵɦɢ ɧɚ 20 % 

Ɋɢɫɭɧɨɤ 3.10 – ɉɪɨɜɟɪɤɚ ɫɢɫɬɟɦɵ ɧɚ ɨɩɬɢɦɚɥɶɧɨɫɬɶ ɜ ɉɉ Matlab  

 

ɂɡ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫɭɧɤɟ 3.10 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɧɚɫɬɪɨɟɤ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɢ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, 

ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ – ɭɦɟɧɶɲɚɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɚ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɢ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. Ɉɬɫɸɞɚ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɫɢɫɬɟɦɚ 

ɭɫɬɨɣɱɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ, ɧɨ ɤɚɱɟɫɬɜɨ ɩɪɨɰɟɫɫɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɯɭɞɲɚɟɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɣɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɝɭɥɹɬɨɪɚ 

ɨɩɬɢɦɚɥɶɧɵ.  

 

3.5 ɉɪɨɜɟɪɤɚ ȺɋɊ ɧɚ ɝɪɭɛɨɫɬɶ 

 

Ɂɚɱɚɫɬɭɸ ɩɚɪɚɦɟɬɪɵ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɟɧɵ ɫ ɨɲɢɛɤɨɣ ɢɥɢ 

ɢɡɦɟɧɹɸɬɫɹ ɜɨ ɜɪɟɦɟɧɢ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɹɬɶ ɪɚɫɫɱɢɬɚɧɧɭɸ 

ɫɢɫɬɟɦɭ ɧɚ ɝɪɭɛɨɫɬɶ ɤ ɜɨɡɦɨɠɧɵɦ ɜɚɪɢɚɰɢɹɦ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɞɥɹ 

ɧɚɢɯɭɞɲɢɯ ɭɫɥɨɜɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɢɡɦɟɧɢɦ ɜɟɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɢ 

ɜɪɟɦɹ ɡɚɩɚɡɞɵɜɚɧɢɹ ɨɛɴɟɤɬɚ ɧɚ 15 % ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ (ɪɢɫɭɧɨɤ 3.11). 
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1 – ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɡɚɩɚɡɞɵɜɚɧɢɹ ɧɚ 15 %, 2 – ɫ ɢɫɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ,  

3 – ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɧɚ 15 %  

Ɋɢɫɭɧɨɤ 3.11 – ɉɪɨɜɟɪɤɚ ɫɢɫɬɟɦɵ ɧɚ ɝɪɭɛɨɫɬɶ 

 

ɂɡ ɝɪɚɮɢɤɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 3.11, ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ (ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɢ ɜɪɟɦɟɧɢ ɡɚɩɚɡɞɵɜɚɧɢɹ) 

ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɭɫɬɨɣɱɢɜɵɣ (ɧɟ ɪɚɫɯɨɞɹɳɢɣɫɹ), ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɢɫɬɟɦɚ 

ɹɜɥɹɟɬɫɹ ɝɪɭɛɨɣ ɤ ɢɡɦɟɧɟɧɢɹɦ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ. 
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[ɢɡɴɹɬ ɪɚɡɞɟɥ 4] 
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Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://tl52.ru/pbr-2m.html. 

21 Ⱥɧɚɥɢɡɚɬɨɪ ɜɥɚɠɧɨɫɬɢ SONO-VARIO Standard [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: 

Ʉɚɬɚɥɨɝ // ɊɭɫȺɜɬɨɦɚɬɢɡɚɰɢɢ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://rusautomation.ru/analizatory-vlazhnosti/sono-vario-standart. 

22 Ʉɨɧɜɟɣɟɪɧɵɟ ɜɟɫɵ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: Ʉɚɬɚɥɨɝ // ɋɢɦɚɬɢɤ-Ɇɚɪɤɟɬ. 

– Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://simatic-market.ru/catalog/Siemens-CA01/10018036/info/. 

23 Ʉɨɧɜɟɣɟɪɧɵɟ ɜɟɫɵ Milltronics MSI ɢ MMI [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: 

Ʉɚɬɚɥɨɝ // ɋɢɦɚɬɢɤ-Ɇɚɪɤɟɬ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://simatic-

market.ru/catalog/Siemens-CA01/10018039/info/. 

24 ɋɟɧɫɨɧ-ɋȼ-5024 ɫɬɚɰɢɨɧɚɪɧɵɣ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: 

Ʉɚɬɚɥɨɝ // Ƚɚɡ-Ⱥɧɚɥɢɡ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ : https://gas-analiz.ru/senson-sv-

5024.html. 

25 Ƚɚɡɨɚɧɚɥɢɡɚɬɨɪ ɫɬɚɰɢɨɧɚɪɧɵɣ ɋɟɧɫɨɧ-ɋȼ-5024 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: 

Ʉɚɬɚɥɨɝ // ɈɈɈ ɇȿɊɄɈɇ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://nerkon.ru/catalog/ 

gazoanalizator/gasanalyzers-stationary/gazoanalizator-staczionarnyij-senson-sv-

5024.html. 

26 Siemens S7-300 ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɤɨɧɬɪɨɥɥɟɪ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: 

Ʉɚɬɚɥɨɝ // ɈɈɈ ɉɪɨɦɷɧɟɪɝɨ Ⱥɜɬɨɦɚɬɢɤɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.siemens-

pro.ru/components/s7-300.htm. 

https://www.techmarcet.ru/klapany-reguliruyushchie/klapany-s-ehlektroprivodami/klapan-sedelnyy25nzh947nzhreguliruyuschiynerzh-stalflancevyyPN-16-40-bar/
https://www.techmarcet.ru/klapany-reguliruyushchie/klapany-s-ehlektroprivodami/klapan-sedelnyy25nzh947nzhreguliruyuschiynerzh-stalflancevyyPN-16-40-bar/
https://www.techmarcet.ru/klapany-reguliruyushchie/klapany-s-ehlektroprivodami/klapan-sedelnyy25nzh947nzhreguliruyuschiynerzh-stalflancevyyPN-16-40-bar/
https://chep.nt-rt.ru/images/manuals/meo_meof_630_1600.pdf
https://chep.nt-rt.ru/images/manuals/meo_meof_630_1600.pdf
http://tl52.ru/pbr-2m.html
https://www.techmarcet.ru/klapany-reguliruyushchie/klapany-s-ehlektroprivodami/klapan-sedelnyy25nzh947nzhreguliruyuschiynerzh-stalflancevyyPN-16-40-bar/
http://simatic-market.ru/catalog/Siemens-CA01/10018036/info/
http://simatic-market.ru/catalog/Siemens-CA01/10018039/info/
http://simatic-market.ru/catalog/Siemens-CA01/10018039/info/
https://www.siemens-pro.ru/components/s7-300.htm
https://www.siemens-pro.ru/components/s7-300.htm
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27 Ʉɨɦɩɶɸɬɟɪɵ KODIAK- 620 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: Ʉɚɬɚɥɨɝ ɩɪɨɞɭɤɰɢɢ 

// Digital Systems Engineering. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://www.digitalsys.com/product/kodiak-620/. 

28 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɤɨɧɬɪɨɥɹ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ: ɭɱɟɛ. ɩɨɫɨɛɢɟ ɞɥɹ ɜɭɡɨɜ / Ƚ. Ɇ. Ƚɥɢɧɤɨɜ, ȼ. Ⱥ. 

Ɇɚɤɨɜɫɤɢɣ, ɋ. Ʌ. Ʌɨɬɦɚɧ, Ɇ. Ɋ. ɒɚɩɢɪɨɜɫɤɢɣ. – Ɇɨɫɤɜɚ: Ɇɟɬɚɥɥɭɪɝɢɹ,  

1986. – 352 ɫ. 

29 Ɍɟɨɪɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ: ɭɱɟɛ. ɞɥɹ ɜɭɡɨɜ ɩɨ ɫɩɟɰ. «ɚɜɬɨɦɚ-

ɬɢɤɚ ɢ ɬɟɥɟɦɟɯɚɧɢɤɚ». ȼ 2-ɯ ɱ. ɑ.1 Ɍɟɨɪɢɹ ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ / ɇ. Ⱥ. Ȼɚɛɚɤɨɜ, Ⱥ. Ⱥ. ȼɨɪɨɧɨɜ, Ⱥ. Ⱥ. ȼɨɪɨɧɨɜɚ ɢ ɞɪ.; ɉɨɞ ɪɟɞ. Ⱥ. Ⱥ. 

ȼɨɪɨɧɨɜɚ. – 2-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. – Ɇɨɫɤɜɚ: ȼɵɫɲ. ɲɤ., 1986. – 367 ɫ. 

30 ɉɹɬɟɪɧɟɜɚ, Ⱥ. Ⱥ. ɉɨɜɵɲɟɧɢɟ ɫɬɟɩɟɧɢ ɭɥɚɜɥɢɜɚɧɢɹ ɥɟɬɭɱɢɯ 

ɮɬɨɪɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɚɥɸɦɢɧɢɹ ɧɚ ɜɵɫɨɤɨɚɦɩɟɪɧɵɯ 

ɷɥɟɤɬɪɨɥɢɡɟɪɚɯ: ɞɢɫ. ... ɤɚɧɞ. ɬɟɯ. ɧɚɭɤ: 05.16.02 / ɉɹɬɟɪɧɟɜɚ Ⱥɥɟɤɫɚɧɞɪɚ 

Ⱥɥɟɤɫɟɟɜɧɚ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2016. – 157 ɫ. 

31 ȽɈɋɌ 30558-2017 Ƚɥɢɧɨɡɟɦ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ. Ɍɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ. 

– ȼɜɟɞ. 1.08.2018. – Ɇɨɫɤɜɚ: ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, 2002. – 6 ɫ. 

32 Ʉɚɮɚɪɨɜ, ȼ. Ⱥ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ / ȼ. Ⱥ. Ʉɚɮɚɪɨɜ, Ɇ. ȼ. Ƚɥɟɛɨɜ. – Ɇɨɫɤɜɚ: ȼɵɫɲɚɹ 

ɲɤɨɥɚ, 2011. – 400 ɫ. 

33 ɏɨɞɨɪɨɜ, ȿ. ɂ. ɉɟɱɢ ɰɟɦɟɧɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ / ȿ. ɂ. ɏɨɞɨɪɨɜ. – 

Ɇɨɫɤɜɚ: ɂɡɞ-ɜɨ ɥɢɬ. ɩɨ ɫɬɪɨɢɬɟɥɶɫɬɜɭ, 1998. – 512 ɫ. 

34 Ʌɢɫɢɟɧɤɨ, ȼ. Ƚ. ȼɪɚɳɚɸɳɢɟɫɹ ɩɟɱɢ: ɬɟɩɥɨɬɟɯɧɢɤɚ, ɭɩɪɚɜɥɟɧɢɟ, ɷɤɨɥɨ-

ɝɢɹ: ɫɩɪɚɜɨɱɧɨɟ ɢɡɞɚɧɢɟ / ȼ. Ƚ. Ʌɢɫɢɟɧɤɨ, ə. Ɇ. ɓɟɥɨɤɨɜ, Ɇ. Ƚ. Ʌɚɞɵɝɢɱɟɜ. – 

Ɇɨɫɤɜɚ: Ɍɟɩɥɨɬɟɯɧɢɤ, 2009. – 448 ɫ. 

35 Ȼɭɪɢɛɚɟɜ, Ȼ. Ȼ. Ɉɩɬɢɦɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɨɛɠɢɝɚ ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨ 

ɜɪɚɳɚɸɳɟɣɫɹ ɩɟɱɢ / Ȼ. Ȼ. Ȼɭɪɢɛɚɟɜ, Ȼ. Ɍ. Ɍɟɦɢɪɛɟɤɨɜ // ɋɬɚɬɢɫɬɢɤɚ, ɭɱɟɬ ɢ ɚɭ-

ɞɢɬ. – 2018. – № 1 (68). – ɋ. 225–233. 

36 ɉɪɨɢɡɜɨɞɫɬɜɨ ɚɥɸɦɢɧɢɹ: ɂɌɋ. – Ɇɨɫɤɜɚ: Ȼɸɪɨ ɇȾɌ, 2019. – 247 ɫ. 
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37 ɒɭɦɢɯɢɧ, Ⱥ. Ƚ. Ⱥɧɚɥɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɩɟɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨ-

ɰɟɫɫɨɦ ɫɬɚɞɢɢ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɤɚɪɧɚɥɥɢɬɚ ɜɨ ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɚɯ ɜ ɩɪɨɢɡɜɨɞ-

ɫɬɜɟ ɦɚɝɧɢɹ / Ⱥ. Ƚ. ɒɭɦɢɯɢɧ, ɋ. ɇ. Ʉɨɧɞɪɚɲɨɜ, Ⱥ. ȼ. Ɇɚɥɵɲɟɧɤɨ // ȼɟɫɬɧɢɤ 

ɉɟɪɦɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 

ɏɢɦɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɹ. – 2018. – № 3. – ɋ. 24–41. 

38 ɋɚɥɢɯɨɜ, Ɂ. Ƚ. Ʉɨɦɩɶɸɬɟɪɧɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɰɟɫɫɚɦɢ ɨɛɠɢɝɚ ɦɚɬɟɪɢɚɥɨɜ ɜ ɬɪɭɛɱɚɬɵɯ ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɚɯ / Ɂ. Ƚ. ɋɚɥɢ-

ɯɨɜ, Ⱥ. Ⱥ. Ȼɟɤɚɪɟɜɢɱ // ɐɜɟɬɧɵɟ ɦɟɬɚɥɥɵ. – 2003. – № 5. – ɋ. 89–91. 

39 ɉɚɬ. 2232959 Ɋɨɫ. Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 F 27 B 7/42, F 27 D 19/00. ɋɢɫɬɟ-

ɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɨɛɠɢɝɚ ɦɚɬɟɪɢɚɥɚ ɜɨ ɜɪɚɳɚɸɳɟɣɫɹ ɩɟɱɢ / Ɂ. Ƚ. ɋɚɥɢ-

ɯɨɜ, ȼ. ɂ. ɒɭɛɢɧ, Ⱥ. Ⱥ. Ȼɟɤɚɪɟɜɢɱ, Ʉ. Ɂ. ɋɚɥɢɯɨɜ – № 2002102511/02, ɡɚɹɜɥ. 

01.02.2002; ɨɩɭɛɥ. 20.07.2004. – 5 ɫ. 

40 ɒɭɛɢɧ, Ɇ. ȼ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɟɠɞɟɧɢɹ ɚɜɚɪɢɣ (ɪɚɡɪɭɲɟ-

ɧɢɹ ɨɝɧɟɭɩɨɪɧɨɣ ɮɭɬɟɪɨɜɤɢ) ɦɨɳɧɵɯ ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɟɣ: ɚɜɬɨɪɟɮ. ɞɢɫ. … 

ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.13.06 / ɒɭɛɢɧ Ɇɢɯɚɢɥ ȼɥɚɞɢɦɢɪɨɜɢɱ. – Ɇɨɫɤɜɚ,  

2010. – 28 ɫ. 

41 Ƚɟɥɶɮɚɧɞ, ə. ȿ. ɍɩɪɚɜɥɟɧɢɟ ɰɟɦɟɧɬɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ / ə. ȿ. Ƚɟɥɶɮɚɧɞ. – Ʌɟɧɢɧɝɪɚɞ: ɋɬɪɨɣɢɡɞɚɬ, 

1973. – 178 ɫ. 

42 ɋɚɥɢɯɨɜ, Ɂ. Ƚ. Ɋɚɡɪɚɛɨɬɤɚ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɦɟɬɨɞɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɜɪɚɳɚɸɳɟɣɫɹ ɩɟ-

ɱɢ / Ɂ. Ƚ. ɋɚɥɢɯɨɜ // ɂɡɜ. ɜɭɡɨɜ. ɐɜɟɬɧɚɹ ɦɟɬɚɥɥɭɪɝɢɹ. – 2002. – № 6. – ɋ. 67–73. 

43 ɋɚɥɢɯɨɜ, Ɂ. Ƚ. Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɭɫɬɚɧɨɜɨɤ ɪɟɝɭɥɹɬɨɪɨɜ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɨɮɢɥɹ ɨɛɠɢɝɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɮɭɧɤɰɢɢ ɞɥɢɧɵ ɤɨɪɩɭɫɚ 

ɜɪɚɳɚɸɳɟɣɫɹ ɩɟɱɢ / Ɂ. Ƚ. ɋɚɥɢɯɨɜ // ɐɜɟɬɧɵɟ ɦɟɬɚɥɥɵ. – 2003. – № 3. –  

ɋ. 92–96. 

44 Ȼɟɤɤɟɪ, ȼ. Ɏ. Ɋɟɲɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɞɟɣɫɬɜɭɸɳɟɝɨ ɩɪɨ-

ɢɡɜɨɞɫɬɜɚ ɫɪɟɞɫɬɜɚɦɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ: ɦɨɧɨɝɪ.: ɜ 2 ɬ. / ȼ. Ɏ. Ȼɟɤɤɟɪ. – ɉɟɪɦɶ: 

ɂɡɞ-ɜɨ ɉɟɪɦ. ɧɚɰ. ɢɫɫɥɟɞ. ɩɨɥɢɬɟɯɧ. ɭɧ-ɬɚ, 2015. – Ɍ. 2. – 176 ɫ. 
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45 Ƚɪɢɧɦɚɧ, ɂ. Ƚ. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɪɦɨɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɚɧɚɥɢ-

ɡɚ / ɂ. Ƚ. Ƚɪɢɧɦɚɧ, Ȼ. Ȼ Ȼɭɪɢɛɚɟɜ // Ɇɚɬɟɪɢɚɥ I Ɋɟɫɩɭɛɥɢɤɚɧɫɤɨɝɨ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɜɟɳɚɧɢɹ ɩɨ ɩɪɢɤɥɚɞɧɨɣ ɦɢɧɟɪɚɥɨɝɢɢ. – Ⱥɥɦɚ-Ⱥɬɚ: ɂɆɢɈ, 

1986. 

46 Ɍɢɬɨɜɫɤɢɣ, Ⱥ. ȼ. Ɍɟɯɧɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɢ ɩɪɢɛɨɪɵ. Ɍɟɪɦɨɦɟɬɪɵ. 
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