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АɇɇɈТАЦИə 

В ɫɨɜɪɟɦɟɧɧɨɦ ɥɢɬɟɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɟɯɧɨɥɨɝɢɟɣ ɥɢɬɶɹ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 

ɮɨɪɦɵ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɤɚɤ ɧɟɛɨɥɶɲɢɟ, ɬɚɤ ɢ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɨɬɥɢɜɤɢ ɢɡ ɱɟɪɧɵɯ ɢ 

ɰɜɟɬɧɵɯ ɫɩɥɚɜɨɜ. Ɉɞɧɚɤɨ, ɜ ɫɢɥɭ ɫɜɨɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɢɡ ɜɫɟɯ ɰɜɟɬɧɵɯ ɫɩɥɚɜɨɜ ɩɨɥɭɱɢɥɢ ɢɦɟɧɧɨ ɚɥɸɦɢɧɢɟɜɵɟ. 

Дɥɹ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɥɢɬɟɣɧɵɯ ɮɨɪɦ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɬɟɯɧɨɥɨɝ ɢ-

ɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ: ɩɪɢɦɟɧɹɸɬ ɬɟɩɥɨɫɬɨɣɤɢɟ ɫɬɚɥɢ ɢ ɫɩɥɚɜɵ, ɨɛɴɟɦɧɭɸ ɭɩɪɨɱɧɹ-

ɸɳɭɸ ɢ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ, ɚ ɬɚɤɠɟ ɧɚɧɟɫɟɧɢɟ ɩɨɤɪɵɬɢɣ. Ɉɞɧɚɤɨ, ɫ ɭ-

ɳɟɫɬɜɟɧɧɨɝɨ ɩɪɢɪɨɫɬɚ ɫɬɨɣɤɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɷɬɢ ɦɟɬɨɞɵ ɧɟ ɩɪɢɧɨɫɹɬ. ɉɨ-

ɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɬɢɬɶɫɹ ɤ ɞɟɬɚɥɶɧɨɦɭ ɢɡɭɱɟɧɢɸ ɦɟɯɚɧɢɡɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ ɫ ɪɚɛɨɱɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɮɨɪɦ, ɤ ɜɵɪɚɛɨɬɤɟ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɦ ɚ-

ɬɟɪɢɚɥɨɜ, ɢɧɟɪɬɧɵɯ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɫɩɥɚɜɚɦ. В ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ ɧɚɢɛɨɥɟɟ ɨɛɟ-

ɳɚɸɳɢɦɢ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɩɨ-

ɤɪɵɬɢɹ . 

В ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɚ 

ɞɜɭɯɫɥɨɣɧɵɯ ɡɚɳɢɬɧɵɯ ɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɱɭɝɭɧɧɵɯ ɢɡ-

ɥɨɠɧɢɰ. ɉɨɷɬɨɦɭ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɨɫɧɨɜ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭ-

ɱɟɧɢɹ ɡɚɳɢɬɧɨɝɨ ɮɨɫɮɚɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɱɭɝɭɧɧɵɯ ɢɡɥɨɠɧɢɰ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɥɢɬɶɹ 

ɱɭɲɤɢ ɧɚ ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɦ ɥɢɬɟɣɧɨɦ ɤɨɧɜɟɣɟɪɟ. В ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧ 

ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ.  

В ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɡɚɳɢɬɵ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɬɟɣɧɵɯ 

ɮɨɪɦ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɫɥɨɟɜ: ɨɞɢɧ ɫɥɨɣ ɫɨɡɞɚɧ ɜ ɩɪɨɰɟɫɫɟ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɢ 

ɧɚɡɜɚɧɧɵɣ ɝɪɭɧɬɨɜɵɦ, ɚ ɜɬɨɪɨɣ – ɜ ɜɢɞɟ ɧɚɧɟɫɟɧɧɨɣ ɧɚ ɪɚɛɨɱɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɚɫɤɢ 

ɢɥɢ ɩɚɫɬɵ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ. 

В ɤɚɱɟɫɬɜɟ ɝɪɭɧɬɨɜɨɝɨ ɫɥɨɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ ɜ ɨɞɧɨɡɚɦɟɳɟɧɧɨɦ 

ɨɪɬɨɮɨɫɮɚɬɟ ɰɢɧɤɚ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɮɨɫɮɚɬɚ ɰɢɧɤɚ ɫ ɦɟɬɚɥɥɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɪɚɡɭɸɬɫɹ ɫɥɨɠɧɵɟ ɮɨɫɮɚɬ-ɰɢɧɤɨɜɵɟ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɵɟ ɯɨɪɨɲɨ ɫ ɰɟɩɥɹɸɬɫɹ ɫ ɦɟ-

ɬɚɥɥɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ. 

В ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɧɚɧɨɫɢɬɶ ɤɪɚɫɤɭ ɧɚ ɨɫɧɨɜɟ 

ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ. Тɚɤɨɟ ɩɨɤɪɵɬɢɟ ɢɦɟɟɬ ɜɵɫɨɤɢɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɤ ɪɚɫɩɥɚɜɭ 

ɚɥɸɦɢɧɢɹ, ɬɨ ɟɫɬɶ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɡɚɥɢɜɤɢ. 



РЕФЕРАТ 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɡɚɳɢɬɧɵɯ 
ɩɨɤɪɵɬɢɣ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɞɥɹ ɥɢɬɶɹ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ», ɫɨɞɟɪɠɢɬ 60 
ɥɢɫɬɨɜ, 20 ɪɢɫɭɧɤɨɜ, 8 ɬɚɛɥɢɰ, 28 ɮɨɪɦɭɥ, 38 ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: 
ɂɁɅɈɀɇɂɐА, ɑɍȽɍɇ, АɅɘɆɂɇɂɃ, ɁАЩɂɌɇɈȿ ɉɈɄɊЫɌɂȿ, 

ɎɈɋɎАɌɇАə ɋȼəɁɄА, ɎɈɋɎАɌɂɊɈȼАɇɂȿ, ɎɈɋɎАɌ ɐɂɇɄА, ȼɁАɂ-
ɆɈȾȿɃɋɌȼɂȿ, ɋɆАɑɂȼАɇɂȿ. 

ɐɟɥɶ ɪɚɛɨɬɵ: Ɋɚɡɪɚɛɨɬɤɚ ɨɫɧɨɜ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɡɚɳɢɬɧɨɝɨ ɮɨɫ-
ɮɚɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɱɭɝɭɧɧɵɯ ɢɡɥɨɠɧɢɰ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɥɢɬɶɹ ɱɭɲɤɢ ɧɚ ɜɨ-
ɞɨɨɯɥɚɠɞɚɟɦɨɦ ɥɢɬɟɣɧɨɦ ɤɨɧɜɟɣɟɪɟ. 

Ɂɚɞɚɱɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

- ɂɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɩɪɢ ɢɡɝɨɬɨɜ-
ɥɟɧɢɢ ɥɢɬɵɯ ɢɡɞɟɥɢɣ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢ ɫɪɚɜɧɢɬɶ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɮɨɪɦ; 

- Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɞɜɭɯɫɥɨɣɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɝɪɭɧ-
ɬɨɜɨɝɨ ɢ ɪɚɛɨɱɟɝɨ ɫɥɨɟɜ; 

- ɂɡɭɱɢɬɶ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɣ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɢɯ ɜɨɡ-
ɦɨɠɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɡɚɳɢɬɵ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢ-
ɬɟɣɧɵɯ ɮɨɪɦ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɫɥɨɟɜ: ɨɞɢɧ ɫɥɨɣ ɫɨɡɞɚɧ ɜ ɩɪɨɰɟɫɫɟ ɮɨɫɮɚɬɢ-
ɪɨɜɚɧɢɹ ɢ ɧɚɡɜɚɧɧɵɣ ɝɪɭɧɬɨɜɵɦ, ɚ ɜɬɨɪɨɣ – ɜ ɜɢɞɟ ɧɚɧɟɫɟɧɧɨɣ ɧɚ ɪɚɛɨɱɭɸ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɤɪɚɫɤɢ ɢɥɢ ɩɚɫɬɵ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɝɪɭɧɬɨɜɨɝɨ ɫɥɨɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ ɜ ɨɞɧɨɡɚɦɟ-
ɳɟɧɧɨɦ ɨɪɬɨɮɨɫɮɚɬɟ ɰɢɧɤɚ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɮɨɫɮɚɬɚ ɰɢɧɤɚ ɫ ɦɟɬɚɥɥɨɦ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɭɸɬɫɹ ɫɥɨɠɧɵɟ ɮɨɫɮɚɬ-ɰɢɧɤɨɜɵɟ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɵɟ ɯɨɪɨɲɨ 
ɫɰɟɩɥɹɸɬɫɹ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɧɚɧɨɫɢɬɶ ɤɪɚɫɤɭ ɧɚ ɨɫɧɨɜɟ 
ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ. Ɍɚɤɨɟ ɩɨɤɪɵɬɢɟ ɢɦɟɟɬ ɜɵɫɨɤɢɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɤ 
ɪɚɫɩɥɚɜɭ ɚɥɸɦɢɧɢɹ, ɬɨ ɟɫɬɶ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ ɡɚɥɢɜɤɢ. 
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ВВȿȾȿɇɂȿ 

 

ɋɤɨɪɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɨɡɞɚɧɢɹ ɫɥɢɬɤɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɯɥɚɠɞɟɧɢɹ 

ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɢɡɥɨɠɧɢɰɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɮɚɤɬɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɥɢɬɟɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɰɢɤɥɚɯ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɟ-

ɬɚɥɥɢɱɟɫɤɢɯ ɫɥɢɬɤɨɜ ɩɪɨɰɟɫɫ ɨɬɜɨɞɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɡɚɩɨɥ-

ɧɟɧɧɵɯ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɢɡɥɨɠɧɢɰɚɯ, ɨɛɵɱɧɨ ɢɫɤɭɫɫɬɜɟɧɧɨ 

ɭɫɤɨɪɹɟɬɫɹ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɤɨɬɨɪɨɣ ɨɯɥɚɠɞɚɸɳɟɣ ɬɟɤɭɱɟɣ ɫɪɟɞɵ, ɜ ɤɚ-

ɱɟɫɬɜɟ ɤɨɬɨɪɨɣ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨɞɚ ɢ ɤɨɬɨɪɚɹ ɜɜɨɞɢɬɫɹ ɜ ɤɨɧɬɚɤɬ ɫ 

ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɡɥɨɠɧɢɰɵ. Ɉɞɧɚɤɨ, ɜɫɥɟɞɫɬɜɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɭɜɟɥɢɱɟ-

ɧɢɹ ɨɛɴɟɦɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɨɡɞɚɧɢɟ ɫɥɢɬɤɨɜ ɦɨɠɟɬ ɫɬɚɬɶ ɫɬɚɞɢɟɣ, ɨɝɪɚɧɢɱɢ-

ɜɚɸɳɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɡɚɜɨɞɚ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɜɟɞɭɬɫɹ ɩɨɫɬɨɹɧɧɵɟ ɩɨ-

ɢɫɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɭɫɤɨɪɢɬɶ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɫɥɢɬɤɨɜ ɦɟɬɚɥɥɚ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɫɥɢɬɤɨɜ [1]. 

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɥɢɬɶɹ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɮɨɪɦɵ ɜ ɛɨɥɶɲɟɣ 

ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɯ ɫɬɨɣɤɨɫɬɶɸ. ȼ ɨɫɧɨɜɧɨɦ, ɨɧɢ ɜɵɯɨɞɹɬ ɢɡ ɫɬɪɨɹ ɢɡ-ɡɚ 

ɬɪɟɳɢɧ ɢ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼɨ ɜɪɟɦɹ ɡɚɥɢɜɤɢ ɦɟɬɚɥɥɚ 

ɪɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɮɨɪɦ ɦɝɧɨɜɟɧɧɨ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɟɟ ɧɢɠɟɥɟɠɚɳɢɟ ɫɥɨɢ ɨɫɬɚɸɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɯɨɥɨɞɧɵɦɢ. ȼɫɥɟɞ-

ɫɬɜɢɟ ɷɬɨɝɨ ɜ ɪɚɫɲɢɪɹɸɳɟɦɫɹ ɨɬ ɧɚɝɪɟɜɚɧɢɹ ɫɥɨɟ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɜɨɡɧɢɤɚɸɬ 

ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɜɨ ɜɧɭɬɪɟɧɧɢɯ – ɪɚɫɬɹɝɢɜɚɸɳɢɟ. ɑɟɪɟɞɭɸɳɢɟɫɹ 

ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɤɢɥɹ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚ-

ɧɢɸ ɦɟɥɤɢɯ ɬɪɟɳɢɧ ɜ ɜɢɞɟ ɫɟɬɤɢ ɪɚɡɝɚɪɚ, ɤɨɬɨɪɚɹ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɚɞɢɢ ɷɤɫ-

ɩɥɭɚɬɚɰɢɢ ɡɚɬɪɭɞɧɹɟɬ ɢɡɜɥɟɱɟɧɢɟ ɨɬɥɢɜɤɢ ɢɡ ɮɨɪɦɵ, ɭɯɭɞɲɚɟɬ ɜɧɟɲɧɢɣ ɜɢɞ 

ɢɡɞɟɥɢɹ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɡɪɭɲɟɧɢɸ ɨɬ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ [2]. 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɬɟɦɟ ɪɚɛɨɬɵ 

 

1.1 Пɪɢɱɢɧɵ ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ 

 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɥɢɬɟɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɟɯɧɨɥɨɝɢɟɣ ɥɢɬɶɹ ɜ ɦɟɬɚɥɥɢɱɟ-

ɫɤɢɟ ɮɨɪɦɵ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɤɚɤ ɧɟɛɨɥɶɲɢɟ, ɬɚɤ ɢ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɨɬɥɢɜɤɢ 

ɢɡ ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ ɫɩɥɚɜɨɜ. Ɉɞɧɚɤɨ, ɜ ɫɢɥɭ ɫɜɨɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɚɢɛɨɥɶɲɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɡ ɜɫɟɯ ɰɜɟɬɧɵɯ ɫɩɥɚɜɨɜ ɩɨɥɭɱɢɥɢ ɢɦɟɧɧɨ ɚɥɸɦɢɧɢɟɜɵɟ [3]. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɥɢɬɟɣɧɵɯ ɮɨɪɦ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɬɟɯɧɨ-

ɥɨɝɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ: ɩɪɢɦɟɧɹɸɬ ɬɟɩɥɨɫɬɨɣɤɢɟ ɫɬɚɥɢ ɢ ɫɩɥɚɜɵ, ɨɛɴɟɦɧɭɸ 

ɭɩɪɨɱɧɹɸɳɭɸ ɢ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ (ɚɡɨɬɢɪɨɜɚɧɢɟ, ɰɢɚɧɢɪɨɜɚɧɢɟ, 

ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ, ɫɭɥɶɮɚɬɢɪɨɜɚɧɢɟ, ɚɥɢɬɢɪɨɜɚɧɢɟ, ɯɪɨɦɢɪɨɜɚɧɢɟ), ɚ ɬɚɤɠɟ 

ɧɚɧɟɫɟɧɢɟ ɩɨɤɪɵɬɢɣ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɩɪɢɪɨɫɬɚ ɫɬɨɣɤɨɫɬɢ ɦɟɬɚɥɥɢɱɟ-

ɫɤɢɯ ɮɨɪɦ ɷɬɢ ɦɟɬɨɞɵ ɧɟ ɩɪɢɧɨɫɹɬ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɬɢɬɶɫɹ ɤ ɞɟɬɚɥɶ-

ɧɨɦɭ ɢɡɭɱɟɧɢɸ ɦɟɯɚɧɢɡɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ ɫ ɪɚɛɨɱɢɦɢ ɩɨ-

ɜɟɪɯɧɨɫɬɹɦɢ ɮɨɪɦ, ɤ ɜɵɪɚɛɨɬɤɟ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɦɚɬɟɪɢɚɥɨɜ, ɢɧɟɪɬɧɵɯ ɩɨ ɨɬ-

ɧɨɲɟɧɢɸ ɤ ɪɚɫɩɥɚɜɚɦ. ȼ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ ɧɚɢɛɨɥɟɟ ɨɛɟɳɚɸɳɢɦɢ ɦɨɝɭɬ ɨɤɚ-

ɡɚɬɶɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɩɨɤɪɵɬɢɹ [4]. 

ɉɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɜɫɟɝɞɚ ɛɵɥɨ ɢ ɨɫɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɜɚɠɧɟɣɲɢɯ ɜɨɩɪɨɫɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟ ɩɪɟɤɪɚɳɚɸɬɫɹ ɩɨ-

ɩɵɬɤɢ ɦɨɞɟɪɧɢɡɚɰɢɢ, ɤɚɡɚɥɨɫɶ ɛɵ, ɨɬɪɚɛɨɬɚɧɧɵɯ ɞɟɫɹɬɢɥɟɬɢɹɦɢ ɬɟɯɧɨɥɨɝɢɱɟ-

ɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɱɬɨ, ɨɬɱɚɫɬɢ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɬɨɥɶɤɨ ɛɥɚ-

ɝɨɞɚɪɹ ɨɫɜɨɟɧɢɸ ɪɚɧɟɟ ɧɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɨɬɪɚɫɥɢ ɦɚɬɟɪɢɚɥɨɜ [5]. 

ɉɪɢ ɡɚɥɢɜɤɟ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɢɡɥɨɠɧɢɰɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɬɟɪɦɢɱɟɫɤɨɦɭ 

ɜɨɡɞɟɣɫɬɜɢɸ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɡɧɚɱɢɬɟɥɶɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹ-

ɠɟɧɢɣ. ɉɨɷɬɨɦɭ ɨɧɚ ɜɵɯɨɞɢɬ ɢɡ ɫɬɪɨɹ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɩɨ ɩɪɢɱɢɧɟ ɨɛɪɚɡɨɜɚ-

ɧɢɹ ɬɪɟɳɢɧ, ɡɚɪɨɠɞɟɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧɨ ɫ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ 

ɧɚɝɪɟɜɚ ɢ ɨɫɬɵɜɚɧɢɹ ɱɚɫɬɟɣ ɢɡɥɨɠɧɢɰɵ ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɝɨ ɤɨɧɜɟɣɟɪɚ. ɉɨɷɬɨɦɭ 

ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦɚɯ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶ-

ɧɨɣ ɡɚɞɚɱɟɣ ɜ ɪɚɫɤɪɵɬɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɨɜɵɲɟɧɢɹ ɢɯ ɫɬɨɣɤɨɫɬɢ. 
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ɇɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɡɚɬɪɭɞɧɟɧɨ. 

ɋ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɠɧɢɰɚ ɨɯɥɚɠɞɚɟɬɫɹ ɩɪɨɬɨɱɧɨɣ ɜɨɞɨɣ, ɚ ɫ ɜɧɭɬ-

ɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɧɬɚɤɬɢɪɭɟɬ ɪɚɫɩɥɚɜ, ɱɬɨ ɢɫɤɚɠɚɟɬ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟ-

ɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɩɚɪɨɣ [6, 7]. 

Ɉɫɧɨɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɨɣɤɨɫɬɶ ɢɡɥɨɠɧɢɰ ɨɤɚɡɵɜɚɸɬ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨ-

ɬɨɜɥɟɧɢɹ ɢ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɥɨɠɧɢɰ. Ʉ ɧɢɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɬɚɤɢɟ ɮɚɤ-

ɬɨɪɵ, ɤɚɤ ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɡɚɥɢɜɤɢ ɢɡɥɨɠɧɢɰɵ ɜ ɰɟɯɟ, ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ ɢɡ-

ɥɨɠɧɢɰɵ ɜ ɮɨɪɦɟ ɞɨ ɜɵɛɢɜɤɢ, ɜɪɟɦɹ ɫɬɚɪɟɧɢɹ ɢɡɥɨɠɧɢɰɵ, ɞɧɢ ɞɨ ɩɟɪɜɨɝɨ 

ɧɚɥɢɜɚ ɧɚɱɚɥɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɬɟɦɩ ɧɚɥɢɜɨɜ) [8]. 

ɉɪɢ ɬɟɩɥɨɜɨɣ ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ ɪɚɛɨɬɟ ɤɨɧɫɬɪɭɤɰɢɢ ɨɫɧɨɜɧɵɦ ɜɟɤɬɨɪɨɦ 

ɩɨɢɫɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɫɧɢɠɟɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ 

ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ, ɪɚɡɧɨɬɨɥɳɢɧɧɨɫɬɢ, ɫɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɨɤɚɥɢ-

ɡɚɰɢɢ ɞɟɮɨɪɦɚɰɢɢ, ɩɨɜɵɲɟɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɩɥɚɜɚ [7]. 

ɋ ɭɱɟɬɨɦ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɦɚɬɟɪɢɚɥ ɢɡɥɨɠɧɢɰ ɞɨɥɠɟɧ 

ɢɦɟɬɶ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɩɪɨɱɧɨɫɬɢ ɢ ɦɚɥɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. ɇɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢɡɥɨɠɧɢɰ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɨɤɚ-

ɡɵɜɚɸɬ ɬɚɤɠɟ ɰɢɤɥɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɨɤɚɥɢɧɨɫɬɨɣ-

ɤɨɫɬɶ ɦɟɬɚɥɥɚ [9]. 

ȼ ɫɜɹɡɢ ɫɨ ɜɫɟɦ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɟɫɤɨɥɶɤɨ ɩɪɢɱɢɧ 

ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɬɟɣɧɵɯ ɮɨɪɦ: 

1 ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɟɬɤɢ ɪɚɡɝɚɪɚ (ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɚɥɨɫɬɢ); 

2 ɚɞɝɟɡɢɹ (ɧɚɥɢɩɚɧɢɟ) ɥɢɬɟɣɧɨɝɨ ɫɩɥɚɜɚ ɧɚ ɮɨɪɦɨɨɛɪɚɡɭɸɳɭɸ ɩɨɜɟɪɯ-

ɧɨɫɬɶ ɨɫɧɚɫɬɤɢ; 

3 ɦɟɯɚɧɢɱɟɫɤɨɟ ɪɚɡɪɭɲɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ; 

4 ɤɚɜɢɬɚɰɢɨɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɪɚɫɩɥɚɜɚ; 

5 ɥɨɤɚɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɚɫɬɤɢ. Ʉɚɤ 

ɩɪɚɜɢɥɨ, ɩɪɢ ɥɢɬɶɟ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɷɬɨ ɧɟ ɜɨɡɧɢɤɚɟɬ, ɬɚɤ ɤɚɤ ɞɚɧɧɨɟ 

ɨɤɢɫɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ, ɱɚɳɟ ɜɫɟɝɨ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɫɩɥɚɜɚ ɛɨɥɟɟ 800 °ɋ [10]. 
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Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɹɜɥɹɟɬ-

ɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɟɬɤɢ ɪɚɡɝɚɪɧɵɯ ɬɪɟɳɢɧ ɧɚ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɨɧɬɚɤɬɢ-

ɪɭɸɳɟɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ. 

ɉɪɢɱɢɧɨɣ ɩɨɹɜɥɟɧɢɹ ɫɟɬɤɢ ɪɚɡɝɚɪɚ ɹɜɥɹɸɬɫɹ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɩɟɪɢɨɞɢ-

ɱɟɫɤɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɩɪɢ 

ɤɚɠɞɨɣ ɡɚɥɢɜɤɟ ɦɟɬɚɥɥɚ [11]. 

ȼ ɭɫɥɨɜɢɹɯ ɪɟɚɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɟɣɫɬɜɭɸɬ ɫɪɚɡɭ ɧɟ-

ɫɤɨɥɶɤɨ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɜ ɢɬɨɝɟ ɜɵɯɨɞɭ ɨɫɧɚɫɬɤɢ ɢɡ ɫɬɪɨɹ. 

 

ͷ.͸ Мˈ˕ˑˇы ˒ˑвышˈːˋя ˔˕ˑˌˍˑ˔˕ˋ фˑ˓ˏ 

 

ɂɡ ɚɧɚɥɢɡɚ ɩɪɢɱɢɧ ɧɢɡɤɨɣ ɫɬɨɣɤɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɩɪɨɫɦɚɬɪɢɜɚ-

ɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɩɨɫɨɛɵ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɩɪɟɫɫ-ɮɨɪɦ: 

1 ɩɪɢɦɟɧɟɧɢɟ ɛɨɥɟɟ ɞɨɥɝɨɜɟɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ; 

2 ɨɩɬɢɦɢɡɚɰɢɹ ɪɟɠɢɦɨɜ ɥɢɬɶɹ; 

3 ɧɚɧɟɫɟɧɢɟ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ [12]. 

ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɥɢɬɶɹ ɜ ɩɨɫɬɨɹɧɧɵɟ ɮɨɪɦɵ ɰɜɟɬɧɵɯ 

ɫɩɥɚɜɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɭɜɟɥɢɱɟɧɢɟ ɢɯ ɫɬɨɣɤɨɫɬɢ, ɤɨɬɨɪɨɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɩɭɬɟɦ ɭɩɪɨɱɧɟɧɢɹ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɮɨɪɦ, ɡɚɫɱɟɬ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 

ɫɥɨɹ. ɉɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɬɢɣ ɫɩɨɫɨɛ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ-

ɫɹ ɬɪɭɞɨɟɦɤɨɫɬɶɸ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɟɫɫ-ɮɨɪɦ ɢ ɬɟɦ, ɱɬɨ ɪɟɠɢɦɵ 

ɥɢɬɶɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɯɨɪɨɲɨ ɢɫɫɥɟɞɨɜɚɧɵ. 

Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɨɤɪɵɬɢɹɦ ɹɜɥɹɸɬɫɹ: 

– ɤɪɨɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ; 

– ɜɵɫɨɤɚɹ ɚɞɝɟɡɢɹ ɤ ɩɨɜɟɪɯɧɨɫɬɢ; 

– ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ; 

– ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ. 

Аɞɝɟɡɢɹ ɩɨɤɪɵɬɢɹ ɤ ɦɚɬɟɪɢɚɥɭ ɢɡɥɨɠɧɢɰ ɢ ɫɦɚɱɢɜɚɧɢɟ. Ƚɥɚɜɧɵɣ ɦɟ-

ɬɨɞ ɛɨɪɶɛɵ ɫ ɧɚɥɢɩɚɧɢɟɦ ɥɢɬɟɣɧɨɝɨ ɫɩɥɚɜɚ – ɷɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
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ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɨɪɦɵ ɪɚɡɞɟɥɢɬɟɥɶɧɨɝɨ ɫɥɨɹ, ɤɨɬɨɪɵɣ ɨɬɥɢɱɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ 

ɫɦɚɱɢɜɚɟɦɨɫɬɶɸ ɪɚɛɨɱɢɦ ɪɚɫɩɥɚɜɨɦ [10]. 

ȼɚɠɧɵɦ ɫɜɨɣɫɬɜɨɦ ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɚɞɝɟɡɢɨɧɧɚɹ ɩɪɨɱɧɨɫɬɶ. Ɍɨɥɶɤɨ ɜ 

ɫɥɭɱɚɟ ɜɵɫɨɤɨɣ ɚɞɝɟɡɢɢ ɩɨɤɪɵɬɢɟ ɭɫɩɟɲɧɨ ɩɪɨɬɢɜɨɫɬɨɢɬ ɜɧɟɲɧɟɦɭ ɜɨɡɞɟɣ-

ɫɬɜɢɸ ɢ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɫɨɯɪɚɧɹɟɬ ɫɜɨɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɧɚɡɧɚɱɟɧɢɟ. ɋɭɳɟ-

ɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɚɞɝɟɡɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɞɥɹ ɢɡɧɨɫɨɫɬɨɣ-

ɤɢɯ ɩɨɤɪɵɬɢɣ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɩɪɨɱɧɨɫɬɢ ɫɰɟɩɥɟɧɢɹ ɩɨɤɪɵɬɢɹ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ ɢɫ-

ɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɧɚɧɟɫɟɧɢɹ ɫɟɬɤɢ ɰɚɪɚɩɢɧ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɪɨɥɢ-

ɪɭɟɦɨɝɨ ɩɨɤɪɵɬɢɹ ɨɫɬɪɢɺɦ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɧɚɧɨɫɹɬ ɫɟɬɤɭ ɰɚɪɚɩɢɧ, ɫɨ-

ɫɬɨɹɳɭɸ ɢɡ ɤɜɚɞɪɚɬɨɜ. ɐɚɪɚɩɢɧɵ ɩɪɨɪɟɡɚɸɬ ɞɨ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. ɇɚ ɤɨɧɬɪɨ-

ɥɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɨɬɫɥɚɢɜɚɧɢɹ ɩɨɤɪɵɬɢɹ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɧɚɧɟɫɟɧɢɹ ɫɟɬɤɢ ɰɚɪɚɩɢɧ ɞɨɫɬɚɬɨɱɧɨ ɨɝɪɚɧɢɱɟɧɨ, ɬɚɤ 

ɤɚɤ ɬɜɟɪɞɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɨɫɬɪɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɲɟ ɬɜɟɪɞɨɫɬɢ ɩɨɤɪɵɬɢɹ ɧɟ ɦɟ-

ɧɟɟ ɱɟɦ ɧɚ 30 %. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɜɵɫɨɤɨɬɜɺɪɞɵɯ ɦɧɨɝɨɫɥɨɣɧɵɯ, 

ɝɪɚɞɢɟɧɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɦɢɤɪɨɩɥɚɡɦɟɧɧɵɯ ɨɤɫɢɞɧɵɯ ɩɨɤɪɵɬɢɣ 

ɧɚ ɜɟɧɬɢɥɶɧɵɯ ɦɟɬɚɥɥɚɯ ɢ ɫɩɥɚɜɚɯ [13]. 

ɉɪɨɬɢɜɨɩɪɢɝɚɪɧɵɟ ɩɨɤɪɵɬɢɹ ɞɥɹ ɥɢɬɶɹ ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɮɨɪɦɭ ɨɛɥɚɞɚ-

ɸɬ ɜɟɫɶɦɚ ɧɢɡɤɨɣ ɤɪɨɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɡɦɟɪɟɧɢɟ ɤɪɚɟɜɨɝɨ 

ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɡɧɚɱɢɬɟɥɶɧɵɯ 

ɫɢɥɚɯ ɚɞɝɟɡɢɢ ɦɟɠɞɭ ɧɚɩɨɥɧɢɬɟɥɟɦ ɢ ɫɜɹɡɭɸɳɢɦ. 

Ɉɞɢɧ ɢɡ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɚɞɝɟɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɹ, ɮɨɪɦɚ 

ɡɺɪɟɧ ɧɚɩɨɥɧɢɬɟɥɹ. 

Ɂɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ ɮɨɪɦɢɪɭɸɬɫɹ ɩɪɢ ɪɚɡɧɵɯ ɜɚɪɢɚɧɬɚɯ ɤɨɧɬɚɤɬɚ ɩɪɨɬɢ-

ɜɨɩɪɢɝɚɪɧɵɯ ɩɨɤɪɵɬɢɣ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨ-

ɫɬɪɚɧɺɧɧɵɣ ɩɚɪɚɦɟɬɪ ɨɰɟɧɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ – ɫɬɚɬɢɱɟɫɤɢɣ ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚ-

ɱɢɜɚɧɢɹ. Ɉɞɧɚɤɨ ɩɨɞɨɛɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɫɢɫɬɟɦɵ ɜɫɬɪɟɱɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɪɟɞ-

ɤɨ, ɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜɚɪɢɚɧɬɵ ɤɨɧɬɚɤɬɚ ɠɢɞɤɨɫɬɢ ɫ ɩɨɞɥɨɠɤɨɣ ɩɪɢ ɨɛɪɚ-

ɡɨɜɚɧɢɢ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɧɚɬɟɤɚɧɢɹ ɢ ɨɬɟɤɚɧɢɹ. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɬɚɤ ɠɟ ɤɚɤ ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢ-

ɜɚɧɢɹ (ɭɝɥɵ ɧɚɬɟɤɚɧɢɹ ɢ ɨɬɟɤɚɧɢɹ), ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɨɥ-

ɧɢɬɟɥɹ, ɚɧɚɥɢɡ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɡɜɨɥɹɟɬ ɤɨɫɜɟɧɧɨ ɫɭɞɢɬɶ ɨ ɩɪɢɝɨɞɧɨɫɬɢ ɬɨɝɨ 

ɢɥɢ ɢɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɤɪɵɬɢɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɮɨɪɦɵ [14]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɢɝɚɪɚ ɧɚ ɨɬɥɢɜɤɚɯ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɢɯ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɡɚɜɢɫɹɬ ɨɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɧɚ ɝɪɚɧɢɰɟ 

ɪɚɡɞɟɥɚ ɪɚɫɩɥɚɜ-ɥɢɬɟɣɧɚɹ ɮɨɪɦɚ. ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɪɚɫɩɥɚɜɨɜ ɫ ɦɚɬɟɪɢɚɥɨɦ ɮɨɪɦɵ ɹɜɥɹɟɬɫɹ ɫɦɚɱɢɜɚɧɢɟ. Ⱦɥɹ ɨɛɟɫɩɟɱɟ-

ɧɢɹ ɤɚɱɟɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ ɪɚɫɩɥɚɜ ɧɟ ɞɨɥɠɟɧ ɫɦɚɱɢɜɚɬɶ ɦɚɬɟɪɢɚɥ ɩɨ-

ɤɪɵɬɢɹ [15].  

ɋɜɨɣɫɬɜɨ ɠɢɞɤɨɫɬɢ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɨɛɪɚɡɨɜɵɜɚɬɶ ɦɟɠɮɚɡɧɵɟ ɫɜɹɡɢ ɜ 

ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɬɟɤɚɧɢɹ. 

Ɋɚɫɬɟɤɚɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɠɢɞɤɨɫɬɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɮɚɡ. 

Ɋɚɛɨɬɭ ɚɞɝɟɡɢɢ, ɨɬɧɟɫɟɧɧɭɸ ɤ ɟɞɢɧɢɰɟ ɩɥɨɳɚɞɢ ɤɨɧɬɚɤɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɨɩɪɟɞɟɥɹɥɢ ɢɡ ɭɪɚɜɧɟɧɢɹ: 

              ,                                                                                       (1) 

 

ɝɞɟ ıɠɝ– ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɪɚɫɩɥɚɜɚ, ɦȾɠ/ɦ2;  

θ – ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ, ɝɪɚɞ. 

ɉɨɥɭɱɟɧɧɨɣ ɮɨɪɦɭɥɨɣ ɦɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ 0° < θ < 180°. Ɂɧɚɤ cosθ 

ɨɩɪɟɞɟɥɹɸɬ ɡɧɚɤɨɦ ɪɚɡɧɨɫɬɢ ıɬɝ–ıɬɠ. ȿɫɥɢ ɪɚɡɧɨɫɬɶ ɩɨɥɨɠɢɬɟɥɶɧɚ, ɬɨ 0° < θ < 

90°, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɸ ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɠɢɞɤɨ-

ɫɬɶɸ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 1, ɚ. ɉɨɥɧɨɟ ɫɦɚɱɢɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɪɚɛɨɬɨɣ ɚɞɝɟɡɢɢ wɚ = 2ıɠɝ, ɬ.ɟ. ɩɪɢ ɜɵɫɨɤɨɦ ɯɢɦɢɱɟɫɤɨɦ ɫɪɨɞɫɬɜɟ ɦɟɠɞɭ ɤɨɧ-

ɞɟɧɫɢɪɨɜɚɧɧɵɦɢ ɮɚɡɚɦɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɛɨɬɭ ɨɬɪɵɜɚ ɮɚɡ wɤ. ɤɚɤ ɨɬɦɟɱɟɧɨ 

ɜɵɲɟ, ɧɚɡɵɜɚɸɬ ɪɚɛɨɬɨɣ ɤɨɝɟɡɢɢ. ȿɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɪɢ θ = 0. 

ȿɫɥɢ ɪɚɡɧɨɫɬɶ ɨɬɪɢɰɚɬɟɥɶɧɚ, ɬɨ 90° < θ < 180°. ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɫɭɬ-

ɫɬɜɢɸ ɫɦɚɱɢɜɚɧɢɹ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 1, ɛ. 
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ɚ

 

ɛ

 

Ɋɢɫɭɧɨɤ 1 – Ɏɨɪɦɵ ɤɚɩɥɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ:  

ɚ – ɫɦɚɱɢɜɚɧɢɟ; ɛ – ɧɟɫɦɚɱɢɜɚɧɢɟ 

 

əɜɥɟɧɢɹ ɫɦɚɱɢɜɚɧɢɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɬɟɯɧɨɥɨɝɢɢ ɩɥɚɜɤɢ ɢ ɥɢɬɶɹ, 

ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɪɚɫɩɥɚɜɨɜ ɫ ɮɭɬɟɪɨɜɤɨɣ ɩɟɱɟɣ, ɩɪɢ ɪɚɮɢɧɢɪɨɜɚɧɢɢ ɢ ɦɨ-

ɞɢɮɢɰɢɪɨɜɚɧɢɢ ɫɩɥɚɜɨɜ ɢ ɬ.ɞ [16]. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɮɨɪɦɵ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɭɦɟɧɶɲɟ-

ɧɢɹ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɟɟ ɫɟɱɟɧɢɸ ɫɥɟɞɭɟɬ ɭɦɟɧɶɲɢɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɢ ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɗɬɨ-

ɦɭ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɚɧɟɫɟɧɢɟ ɧɚ ɪɚɛɨɱɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɩɨ-

ɤɪɵɬɢɣ. 

ɇɚɧɨɫɢɦɵɟ ɧɚ ɥɢɬɟɣɧɭɸ ɮɨɪɦɭ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɢɟ ɩɨɤɪɵɬɢɹ ɭɦɟɧɶɲɚɸɬ 

ɜɨɡɞɟɣɫɬɜɢɟ ɬɟɩɥɚ ɧɚ ɦɚɬɟɪɢɚɥ ɮɨɪɦɵ ɢ ɡɚɦɟɞɥɹɸɬ ɪɚɡɪɭɲɟɧɢɟ. ȼ ɨɬɥɢɱɢɟ ɨɬ 

ɤɪɚɫɨɤ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɪɚɡɨɜɵɯ ɮɨɪɦɚɯ, ɩɨɤɪɵɬɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɪɚɛɨɱɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ, ɧɚɡɵɜɚɸɬ ɡɚɳɢɬɧɵɦɢ. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɩɥɚ ɨɬɥɢɜɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɮɨɪɦɵ ɡɚɜɢɫɢɬ 

ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ α, ȼɬ/ɦ2·°ɋ, ɱɟɪɟɡ ɦɧɨɝɨɫɥɨɣɧɭɸ ɩɥɨɫɤɭɸ ɫɬɟɧɤɭ, 

ɫɨɫɬɨɹɳɭɸ ɢɡ ɝɚɡɨɜɨɝɨ ɡɚɡɨɪɚ, ɫɥɨɹ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢ ɮɨɪɦɵ, ɨɩɪɟɞɟɥɹɟɬ-

ɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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                                                                                   (2) 
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ɝɞɟ xɡɚɡ,xɤɪ,x2 – ɬɨɥɳɢɧɵ ɝɚɡɨɜɨɣ ɩɪɨɫɥɨɣɤɢ, ɫɥɨɹ ɤɪɚɫɤɢ, ɫɬɟɧɤɢ ɮɨɪɦɵ, ɫɨɨɬ-

ɜɟɬɫɬɜɟɧɧɨ, ɦ;  

λɷɮ – ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɝɚɡɨɜɨɣ ɩɪɨɫɥɨɣɤɢ, ɭɱɢɬɵɜɚɸɳɚɹ ɩɟ-

ɪɟɞɚɱɭ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɝɚɡ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɥɭɱɟɢɫɩɭɫɤɚɧɢɟɦ, ȼɬ/ɦ2·°ɋ;  

λɤɪ, λ2 – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɪɚɫɤɢ ɢ ɦɚɬɟɪɢɚɥɚ ɮɨɪɦɵ, ȼɬ/ɦ2·°ɋ;  

α2 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɧɚɪɭɠɧɨɣ ɫɬɟɧɤɢ ɮɨɪɦɵ, ȼɬ/ɦ2·°ɋ. 

ȿɫɥɢ ɝɚɡɨɜɚɹ ɩɪɨɫɥɨɣɤɚ, ɜɨɡɧɢɤɲɚɹ ɩɨɫɥɟ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɬɥɢɜɤɢ ɩɪɨɱɧɨɣ ɤɨɪɤɢ, ɨɬɨɲɟɞɲɟɣ ɨɬ ɫɬɟɧɨɤ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɨɪɦɵ ɜɫɥɟɞ-

ɫɬɜɢɟ ɭɫɚɞɤɢ, ɨɬɫɭɬɫɬɜɭɟɬ, ɬɨ ɮɨɪɦɭɥɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
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Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɮɨɪɦ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɩɟɪɟ-

ɞɚɱɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɤɚɤ ɩɨ-

ɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2, ɚ, ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɤɢɥɹ ɭɫɬɚɧɚɜɥɢɜɚ-

ɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ t1, ɪɚɜɧɚɹ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɫɩɥɚɜɚ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɫɨ ɫɬɟɧɤɨɣ 

ɮɨɪɦɵ. ɉɪɢ ɧɚɥɢɱɢɢ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ, ɱɬɨ ɞɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2, ɛ, ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 

t1 ɧɚɝɪɟɜɚɟɬɫɹ ɫɨɩɪɢɤɚɫɚɸɳɚɹɫɹ ɫ ɪɚɫɩɥɚɜɨɦ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɤɪɵɬɢɹ. 

 

 
ɚ                                           ɛ 

Ɋɢɫɭɧɨɤ 2 – Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ: 

ɚ – ɧɟɨɤɪɚɲɟɧɧɨɝɨ, ɛ – ɨɤɪɚɲɟɧɧɨɝɨ 
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Ɋɚɛɨɱɚɹ ɠɟ ɩɨɜɟɪɯɧɨɫɬɶ ɮɨɪɦɵ ɩɪɢ ɷɬɨɦ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɛɨɥɟɟ ɧɢɡɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ t2, ɬɚɤ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɡɧɚɱɢɬɟɥɶɧɨ 

ɦɟɧɶɲɟ, ɱɟɦ ɦɚɬɟɪɢɚɥɚ ɮɨɪɦɵ. ɉɨɷɬɨɦɭ ɜ ɬɨɥɳɟ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɨɛɪɚɡɭ-

ɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɟɪɟɩɚɞ t1– t2.  

Ⱥɜɬɨɪɵ ɫɬɚɬɶɢ [2] ɩɪɟɞɥɚɝɚɸɬ ɞɥɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɬɟɣɧɵɯ ɮɨɪɦ, ɜ ɢɯ 

ɫɥɭɱɚɟ ɤɨɤɢɥɟɣ, ɩɪɢ ɥɢɬɶɟ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɪɚɫɤɭ, ɫɨɡɞɚɧ-

ɧɭɸ ɜ ɈȾɈ «ɗɜɬɟɤɬɢɤɚ». Ɉɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ ɪɚɡɜɨɞɢɬɫɹ 

ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɨɣ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1 ɱɚɫɬɶ ɤɪɚɫɤɢ ɢ 1–3 ɱɚɫɬɢ ɜɨɞɵ. ɇɚɧɟɫɟɧɢɟ 

ɤɪɚɫɤɢ ɩɪɨɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɪɚɫɩɵɥɟɧɢɹ ɢɥɢ ɤɪɚɫɤɨɩɭɥɶɬɨɦ. 

Ɋɚɡɪɚɛɨɬɱɢɤɢ ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɞɚɧɧɚɹ ɤɪɚɫɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ 

ɩɪɨɱɧɨɫɬɶ ɫɰɟɩɥɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ, ɷɪɨɡɢɨɧɧɭɸ ɢ ɬɟɪɦɢɱɟ-

ɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɝɚɡɨɬɜɨɪɧɨɫɬɶɸ. 

Вɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɚɫɩɥɚɜɚ ɚɥɸɦɢɧɢɹ ɫ ɩɨɤɪɵɬɢɟɦ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟ-

ɧɢɹ ɫɩɪɨɫɚ ɧɚ ɜɵɩɥɚɜɤɭ ɚɥɸɦɢɧɢɟɜɵɯ ɫɥɢɬɤɨɜ, ɪɚɫɬɭɬ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɱɢɫɬɨɬɟ 

ɩɨɫɬɚɜɥɹɟɦɨɝɨ ɫɩɥɚɜɚ. ɉɨɷɬɨɦɭ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɹ ɢɡɥɨɠɧɢɰɵ 

ɹɜɥɹɟɬɫɹ ɟɝɨ ɢɧɟɪɬɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɫɩɥɚɜɭ ɚɥɸɦɢɧɢɹ ɥɢɛɨ ɧɢɡɤɚɹ ɚɞɝɟ-

ɡɢɹ ɪɚɫɩɥɚɜɚ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɚɥɸɦɢɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɢ ɧɟ ɡɚɝɪɹɡɧɢɥɫɹ ɩɨɫɬɨɪɨɧɧɢɦɢ ɩɪɢɦɟɫɹɦɢ. 

Ɋɚɡɪɭɲɟɧɢɟ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɜɫɥɟɞɫɬɜɢɟ ɩɪɢɜɚɪɢɜɚɧɢɹ ɫɩɥɚɜɚ ɤ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɨɟ ɹɜɥɟɧɢɟ, ɜɤɥɸɱɚɸ-

ɳɟɟ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɢɮɮɭɡɢɸ ɢ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫ-

ɩɥɚɜɚ ɫ ɦɚɬɟɪɢɚɥɨɦ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɦɚɬɪɢɰɵ. ɇɚ ɦɚɤɪɨɭɪɨɜɧɟ ɷɬɢ ɩɪɨɰɟɫɫɵ 

ɨɛɵɱɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɟɥɢɱɢɧɨɣ ɚɞɝɟɡɢɢ ɪɚɫɩɥɚɜɚ ɤ ɦɚɬɟɪɢɚɥɭ ɩɪɟɫɫ-

ɮɨɪɦɵ. 

ɋɧɢɠɟɧɢɟ ɫɤɥɨɧɧɨɫɬɢ ɤ ɧɚɥɢɩɚɧɢɸ ɢ ɩɪɢɜɚɪɢɜɚɧɢɸ, ɫɨɫɬɨɢɬ ɜ ɦɚɥɨɣ 

ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɦɟɬɚɥɥɚ ɨɬɥɢɜɤɢ ɜ ɦɚɬɟɪɢɚɥɟ ɢɧ-

ɫɬɪɭɦɟɧɬɚ ɨɬɫɭɬɫɬɜɢɹ ɧɢɡɤɨɩɥɚɜɤɢɯ ɷɜɬɟɤɬɢɤ ɢ ɚɤɬɢɜɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ. Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɩɨɞɪɨɛɧɵɣ ɚɧɚɥɢɡ ɞɢɚ-

ɝɪɚɦɦ ɫɨɫɬɨɹɧɢɹ ɛɢɧɚɪɧɵɯ ɫɩɥɚɜɨɜ А1-Fe. 
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Ɋɢɫɭɧɨɤ 3 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɩɥɚɜɨɜ ɠɟɥɟɡɚ–ɚɥɸɦɢɧɢɣ 

 

Ⱥɧɚɥɢɡ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ Fe-Al ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ 

ɤɨɧɬɚɤɬɟ ɩɪɟɫɫ-ɮɨɪɦɵ ɫ ɪɚɫɩɥɚɜɨɦ ɛɭɞɟɬ ɚɤɬɢɜɧɨ ɩɪɨɢɫɯɨɞɢɬɶ ɞɢɮɮɭɡɢɹ ɨɫ-

ɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɚɤ ɪɚɫɩɥɚɜɚ, ɬɚɤ ɢ ɦɚɬɟɪɢɚɥɚ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ. ȼ ɩɨ-

ɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɲɢɪɨɤɚɹ ɨɛɥɚɫɬɶ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɚ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ, ɝɞɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɥɸɦɢɧɢɹ ɜɟɥɢɤɚ, 

ɛɭɞɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ ɬɢɩɚ FeAl, Fe2Al5, FeAl3. Ⱦɢɮɮɭɡɢɹ Fe ɜ 

ɪɚɫɩɥɚɜ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɭɬɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɨɜ ɢɧɬɟɪɦɟ-

ɬɚɥɥɢɞɨɜ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ Fe2Al ɢ FeAl3 [4]. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 1000 °ɋ ɚɥɸɦɢɧɢɣ ɫɥɚɛɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɝɪɚɮɢ-

ɬɨɦ. ɑɢɫɬɵɣ ɝɪɚɮɢɬ ɞɨ 1000 °ɋ ɧɟ ɫɦɚɱɢɜɚɟɬɫɹ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɚɥɸɦɢɧɢɟɦ – 

ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɨɫɬɚɜɥɹɟɬ 151 °, ɚ ɩɪɢ 1200 °ɋ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 

38 ° ɢ ɩɪɨɰɟɫɫ ɪɚɫɬɟɤɚɧɢɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɱɟɪɟɡ 13 ɦɢɧ ɢɡ-ɡɚ ɩɨɹɜɥɟɧɢɹ ɬɜɟɪɞɨɣ 

ɮɚɡɵ – ɤɚɪɛɢɞɚ ɚɥɸɦɢɧɢɹ, ɩɪɢ ɷɬɨɦ ɝɪɚɮɢɬɨɜɚɹ ɩɨɞɥɨɠɤɚ ɪɚɫɬɪɟɫɤɢɜɚɟɬɫɹ ɩɪɢ 

ɡɚɬɟɤɚɧɢɢ ɠɢɞɤɨɝɨ ɚɥɸɦɢɧɢɹ ɜ ɩɨɪɵ ɝɪɚɮɢɬɚ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɝɪɚɮɢɬ ɨɤɢɫɥɹɟɬɫɹ 

ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɚ ɟɝɨ ɡɚɳɢɬɚ ɨɬ ɨɤɢɫɥɟɧɢɹ ɪɚɡɥɢɱɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ 
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ɧɟɷɮɮɟɤɬɢɜɧɚ. 

ɇɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɞɚɟɬ ɩɪɢɦɟɧɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɤɨɪɭɧɞɚ ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɧɟ ɦɟɧɟɟ 90 %. 

Ɋɚɫɩɥɚɜɥɟɧɧɵɣ ɚɥɸɦɢɧɢɣ ɧɟ ɫɦɚɱɢɜɚɟɬ ɩɪɢ 940 °ɋ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ, ɨɞ-

ɧɚɤɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɚɟɜɨɣ ɭɝɨɥ ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ. ȼ ɩɨɫɥɟɞɭɸ-

ɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɠɢɞɤɢɣ ɚɥɸɦɢɧɢɣ ɧɟ ɫɦɚɱɢɜɚɟɬ ɨɤɫɢɞ ɚɥɸ-

ɦɢɧɢɹ ɞɨ 1250 °ɋ. ɉɪɢ 850–1000 °ɋ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɤɨɧɬɚɤɬɧɵɣ ɭɝɨɥ ɫɨɫɬɚɜ-

ɥɹɟɬ 127 °, ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ ɨɧ ɢɡɦɟɧɹɟɬɫɹ ɞɨ 111 ° ɢ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ ɜ ɬɟ-

ɱɟɧɢɟ 25 ɦɢɧ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 1100 °ɋ ɭɝɨɥ ɫɧɢɠɚɟɬɫɹ ɞɨ 94 °. 

ɉɪɢ 1250 °ɋ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɬɟɤɚɧɢɟ ɚɥɸɦɢɧɢɹ ɩɨ ɨɤɫɢɞɭ ɚɥɸɦɢɧɢɹ ɫ ɭɫɬɚɧɨɜ-

ɥɟɧɢɟɦ ɫɬɚɛɢɥɶɧɨɝɨ ɭɝɥɚ ɜ 28 °. ɋɦɚɱɢɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɠɢɞ-

ɤɢɦ ɚɥɸɦɢɧɢɟɦ ɩɪɨɜɟɞɟɧɨ ɦɟɬɨɞɨɦ ɥɟɠɚɳɟɣ ɤɚɩɥɢ ɩɪɢ 900–1060 °ɋ. ɍɫɬɚɧɨɜ-

ɥɟɧɨ ɬɪɢ ɫɬɚɞɢɢ ɫɦɚɱɢɜɚɧɢɹ: ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɫɬɟɩɟɧɶ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɨ-

ɰɟɫɫ ɫɦɚɱɢɜɚɧɢɹ ɢ, ɧɚɤɨɧɟɰ, ɩɪɨɰɟɫɫ, ɤɨɝɞɚ θ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɫɜɹɡɢ ɫ ɯɢɦɢɱɟ-

ɫɤɨɣ ɪɟɚɤɰɢɟɣ. 

 

1.3 Ɇɚɬɟɪɢɚɥɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɨɤɪɵɬɢɣ 

 

Ⱦɥɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɤɚɤ ɩɨɫɬɨ-

ɹɧɧɵɟ ɢɥɢ ɞɨɥɝɨ ɞɟɣɫɬɜɭɸɳɢɟ ɩɨɤɪɵɬɢɹ, ɬɚɤ ɢ ɪɚɡɨɜɵɟ. Ɉɧɢ ɞɨɥɠɧɵ ɭɞɨɜɥɟ-

ɬɜɨɪɹɬɶ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: 

1 ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ ɢ ɤɪɢɫɬɚɥɥɨɯɢɦɢɱɟɫɤɨɟ ɫɯɨɞɫɬɜɨ ɫ ɚɥɸɦɢɧɢɟ-

ɜɵɦɢ ɫɩɥɚɜɚɦɢ ɢ ɜɵɫɨɤɚɹ ɪɚɡɝɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ 

1400–1500 °ɋ; 

2 ɜɵɫɨɤɚɹ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɮɚɡɨɜɵɯ ɢ ɩɨɥɢɦɨɪɮɧɵɯ ɩɪɟ-

ɜɪɚɳɟɧɢɣ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴɺɦɚ ɩɪɢ ɧɚɝɪɟɜɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪ 

ɡɚɥɢɜɤɢ ɫɩɥɚɜɨɜ; 

3 ɜɵɫɨɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɢ ɚɞɝɟɡɢɨɧɧɚɹ ɩɪɨɱɧɨɫɬɶ ɤ ɫɩɥɚɜɭ ɩɪɟɫɫ-ɮɨɪɦɵ ɢ 

ɨɩɬɢɦɚɥɶɧɚɹ ɬɟɪɦɨɚɤɤɭɦɭɥɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ; 

4 ɜɵɫɨɤɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 



14 
 

ɑɟɦ ɜɵɲɟ ɷɬɢ ɫɜɨɣɫɬɜɚ, ɬɟɦ ɛɨɥɶɲɟ ɦɨɠɧɨ ɩɪɨɢɡɜɟɫɬɢ ɡɚɥɢɜɨɤ ɪɚɫɩɥɚɜɚ 

ɜ ɩɪɟɫɫ-ɮɨɪɦɭ ɩɟɪɟɞ ɩɨɜɬɨɪɧɵɦ ɧɚɧɟɫɟɧɢɟɦ ɩɨɤɪɵɬɢɹ. 

ɑɬɨɛɵ ɩɪɟɞɨɯɪɚɧɢɬɶ ɢɡɥɨɠɧɢɰɭ ɨɬ ɬɟɩɥɨɜɨɝɨ ɭɞɚɪɚ ɡɚɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ 

ɢ ɩɨɥɭɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɜɨɞɚ ɬɟɩɥɚ ɩɪɢ ɤɪɢ-

ɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɟ, ɧɚ ɧɟɟ ɧɚɧɨɫɹɬ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ. 

ɒɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɯɨɝɨ 

ɤɜɚɪɰɟɜɨɝɨ ɩɟɫɤɚ. ȼɵɫɨɤɚɹ ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ ɤɜɚɪɰɚ (Ɍɩ ɛɨɥɶɲɟ 1700 °ɋ), ɟɝɨ ɯɢ-

ɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ ɢ ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ ɞɟɥɚɸɬ ɷɬɨɬ ɦɚɬɟɪɢɚɥ ɧɚɢɛɨɥɟɟ ɩɪɢ-

ɝɨɞɧɵɦ ɞɥɹ ɢɡɥɨɠɧɢɰ. 

ɇɟɞɨɫɬɚɬɨɤ ɫɵɩɭɱɟɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɜ ɬɨɦ, ɱɬɨ ɜ ɩɨɪɵ ɦɟɠɞɭ ɩɟɫɱɢɧɤɚɦɢ 

ɦɨɠɟɬ ɩɪɨɧɢɤɚɬɶ ɠɢɞɤɢɣ ɦɟɬɚɥɥ, ɨɛɪɚɡɭɹ ɬɪɭɞɧɨɭɞɚɥɹɟɦɵɣ ɦɟɬɚɥɥɢɡɨɜɚɧɧɵɣ 

ɩɪɢɝɚɪ. Ɋɚɡɭɦɟɟɬɫɹ, ɱɟɦ ɦɟɥɶɱɟ ɩɟɫɱɢɧɤɢ, ɬɟɦ ɦɟɧɶɲɟ ɩɨɪɵ ɢ ɬɟɦ ɦɟɧɶɲɟ ɜɨɡ-

ɦɨɠɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɬɚɤɨɝɨ ɩɪɢɝɚɪɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ, ɱɟɦ ɤɪɭɩɧɟɟ ɡɟɪɧɚ ɩɟɫɤɚ, ɬɟɦ ɧɚ ɛɨɥɶɲɟɣ 

ɬɨɥɳɢɧɟ ɨɛɪɚɡɭɟɬɫɹ ɪɨɜɧɵɣ ɫɥɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ. Ɍɟɩɥɨɢɡɨɥɹɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɢ 

ɢɧɚɹ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɥɨɣ ɤɪɚɫɤɢ ɫ ɬɟɩɥɨɫɬɨɣɤɢɦ ɧɚɩɨɥɧɢɬɟɥɟɦ (ɰɢɪɤɨɧɨɦ, 

ɞɢɫɬɟɧ-ɫɢɥɥɢɦɚɧɢɬɨɦ, ɝɪɚɮɢɬɨɦ ɢ ɬ.ɞ.), ɫɥɨɣ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ (ɩɟɫɱɚɧɨ-

ɝɥɢɧɢɫɬɨɣ, ɩɟɫɱɚɧɨɣ ɫ  ɠɢɞɤɢɦ ɫɬɟɤɥɨɦ ɢ  ɞɪ.) [17]. 

Ƚɪɭɩɩɚ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɨɪɝɚɧɨ-ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜɤɥɸɱɚɟɬ 

ɩɨɤɪɵɬɢɹ ɢɡ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɢ ɤɨɦɩɨ-

ɡɢɰɢɣ, ɧɚɩɪɢɦɟɪ, ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɟ ɢ ɨɤɢɫɧɨ-ɩɨɥɢɦɟɪɧɵɟ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɨɫɫɢɣɫɤɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɢɡɞɟɥɢɣ, ɤ ɩɪɢɦɟɪɭ ɥɟɝɤɨ-

ɫɩɥɚɜɧɵɯ ɞɢɫɤɨɜ ɢ ɞɪɭɝɢɯ ɮɚɫɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 

ɢɥɢ ɥɢɬɶɹ ɩɨɞ ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɟɦ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨɺɦ ɡɚɤɭɩɚɸɬ ɩɨɤɪɵɬɢɹ ɡɚ 

ɪɭɛɟɠɨɦ, ɬɚɤ ɤɚɤ ɫɭɳɟɫɬɜɭɸɳɢɟ ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɚɧɚɥɨɝɢ 

ɞɨɥɠɧɵɦ ɨɛɪɚɡɨɦ ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ 

ɩɨɤɪɵɬɢɹɦ [18]. 

ȼɵɛɨɪ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵ-

ɬɢɹ, ɨɛɭɫɥɨɜɥɟɧ ɡɚɞɚɱɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɟɫɥɟɞɭɸɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɩɪɨɰɟɫɫɟ ɫɨɡɞɚ-

ɧɢɹ ɪɚɡɥɢɱɧɵɯ ɢɡɞɟɥɢɣ. 
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Ƚɥɚɜɧɵɟ ɤɪɢɬɟɪɢɢ ɜɵɛɨɪɚ ɧɚɩɨɥɧɢɬɟɥɹ – ɟɝɨ ɞɨɫɬɭɩɧɨɫɬɶ, ɨɝɧɟɭɩɨɪɧɵɟ 

ɫɜɨɣɫɬɜɚ ɢ ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɜɹɡɭɸɳɟɦɭ. ɋɜɹɡɭɸɳɟɟ 

ɠɟ ɞɨɥɠɧɨ ɢɦɟɬɶ ɛɨɥɶɲɨɟ ɫɦɚɱɢɜɚɧɢɟ ɤ ɦɚɬɟɪɢɚɥɭ ɧɚɩɨɥɧɢɬɟɥɹ. 

ȼɚɪɢɚɧɬɵ ɫɨɫɬɚɜɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – ɋɨɫɬɚɜɵ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɨɤɪɵɬɢɣ 

1 Ɉɞɧɨɫɥɨɣɧɨɟ ɩɨɤɪɵɬɢɟ ɬɨɥɳɢɧɨɣ 0,1–0,2 ɦɦ ɧɚ ɨɫɧɨɜɟ ɩɚɫɬɵ ȽȻ ɢɥɢ ɰɢɪɤɨɧɚ  

2 
Ɉɛɥɢɰɨɜɤɚ: ɦɚɪɲɚɥɢɬ, ɲɚ-

ɦɨɬ ɦɨɥɨɬɵɣ, ɝɥɢɧɚ ɨɝɧɟ-

ɭɩɨɪɧɚɹ ɠɢɞɤɨɟ ɫɬɟɤɥɨ, ɜɨɞɚ 

Ʉɪɚɫɤɚ: ɩɚɫɬɚ ȽȻ, ɠɢɞɤɨɟ ɫɬɟɤɥɨ, ɜɨɞɚ ɢɥɢ ɰɢɪɤɨɧ 

ɦɨɥɨɬɵɣ, ɠɢɞɤɨɟ ɫɬɟɤɥɨ, ɜɨɞɚ ɫɜɟɪɯ. 

3 Ʉɪɚɫɤɚ: ɤɚɡɟɢɧ, ɠɢɞɤɨɟ ɫɬɟɤɥɨ ɩɥɨɬɧɨɫɬɶɸ 1,4 ɝ/ɫɦ, 

ɜɨɞɚ ɫɜɟɪɯ. 

4 ɒɚɦɨɬ; ɦɚɝɧɟɡɢɬ ɀɢɞɤɨɟ ɫɬɟɤɥɨ; ɜɨɞɚ 

5 Ʉɚɧɢɮɨɥɶ Ⱥɰɟɬɨɧ 

6 Ɇɚɪɲɚɥɢɬ Ʉɪɟɦɧɟɡɨɥɶ 

7 Ʉɜɚɪɰ Ʉɪɟɦɧɟɡɨɥɶ 

8 Ƚɪɚɮɢɬ Ʉɪɟɦɧɟɡɨɥɶ 

9 ɉɟɪɥɚɦɭɬɪ Ʉɪɟɦɧɟɡɨɥɶ 

10 Ⱥɥɸɦɨɫɢɥɢɤɚɬɧɵɣ ɰɟɨɥɢɬ Ʉɪɟɦɧɟɡɨɥɶ 

11 Ɇɟɥ; ɤɨɥɥɨɢɞɧɵɣ ɝɪɚɮɢɬ ȼɨɞɚ 

12 ɉɢɪɨɮɢɥɥɢɬ; ɚɝɚɥɶɦɚɬɨɥɢɬ ɋɨɥɢ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ 

 

ȼ ɫɬɚɬɶɟ [19] ɚɜɬɨɪɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɡɥɢɱɧɵɟ ɬɪɢ ɫɨɫɬɚɜɚ ɤɪɚɫɨɤ ɞɥɹ ɩɨ-

ɤɪɵɬɢɹ ɫɬɚɥɶɧɨɝɨ ɜɤɥɚɞɵɲɚ ɜ ɯɪɨɦɨɧɢɤɟɥɟɜɨɦ ɤɨɤɢɥɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧ-

ɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɤɢɥɹ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɢɹ ɬɪɟɳɢɧɨ- ɢ ɪɚɡ-

ɝɚɪɨɫɬɨɣɤɨɫɬɢ, ɫɱɢɬɚɟɬɫɹ ɫɨɫɬɚɜ 3. 

ɑɚɫɬɨ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɠɢɞɤɨɟ ɫɬɟɤɥɨ. Ɉɧɨ ɞɟɲɟɜɨɟ ɢ 

ɥɟɝɤɨɞɨɫɬɭɩɧɨɟ, ɨɞɧɚɤɨ ɠɢɞɤɨɫɬɟɤɨɥɶɧɵɟ ɩɨɤɪɵɬɢɹ ɧɟ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦɢ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ɋɚɡɪɚɛɨɬɱɢɤɢ [20] ɩɪɟɞɥɚɝɚɸɬ ɩɨɤɪɵɬɢɟ ɫɨɫɬɚɜɚ 4 ɧɚɧɨɫɢɬɶ ɧɚ ɱɭɝɭɧɧɵɟ 

ɬɢɝɥɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɬɥɢɜɨɤ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫɩɨɫɨɛɨɦ ɥɢɬɶɹ ɩɨɞ 
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ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɟɦ. Ɉɧɢ ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɬɚɤɨɟ ɩɨɤɪɵɬɢɟ ɜɵɞɟɪɠɢɬ ɞɨ 20 ɫɭɬɨɤ 

ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ. 

Ⱥɜɬɨɪɵ [5, 14] ɫɥɟɞɭɸɳɢɯ ɫɨɫɬɚɜɨɜ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɡɨɥɢ ɤɪɟɦɧɢɟɜɨɣ ɤɢɫɥɨɬɵ. 

Ʉɪɚɫɤɚ ɫɨɫɬɚɜɚ 5, ɩɪɢɦɟɧɹɟɦɚɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɩɪɨɫɬɨɬɭ ɢɡ-

ɝɨɬɨɜɥɟɧɢɹ, ɢɦɟɟɬ ɪɹɞ ɫɟɪɶɟɡɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ, ɬɚɤɢɯ ɤɚɤ: 

1 ɫɥɨɠɧɚɹ ɜɢɡɭɚɥɶɧɚɹ ɨɰɟɧɤɚ, ɧɚɫɤɨɥɶɤɨ ɩɪɢɝɨɬɨɜɥɟɧɧɨɟ ɩɨɤɪɵɬɢɟ ɨɞɧɨ-

ɪɨɞɧɨ ɩɨ ɫɨɫɬɚɜɭ; 

2 ɜɵɝɚɪ ɚɰɟɬɨɧ ɩɪɢ ɦɚɥɟɣɲɟɦ ɩɨɜɵɲɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɮɨɪɦɵ, ɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɤɪɚɫɤɚ, ɨɛɪɚɡɭɹ ɬɹɠɟɥɵɟ ɬɨɤɫɢɱ-

ɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɜɵɝɨɪɚɟɬ; 

3 ɤɨɚɝɭɥɹɰɢɹ ɱɚɫɬɢɰ ɧɚɩɨɥɧɢɬɟɥɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ 

ɫɢɥ, ɢɡ-ɡɚ ɱɟɝɨ ɩɨɹɜɥɹɸɬɫɹ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ ɜɤɥɸɱɟɧɢɹ; 

4 ɨɛɪɚɡɨɜɚɧɢɟ ɝɚɡɨɜɨɣ ɩɨɪɢɫɬɨɫɬɢ, ɜɫɥɟɞɫɬɜɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɜɵɝɨɪɚɧɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ. 

Ⱥɜɬɨɪɵ ɫɬɚɬɟɣ ɩɪɟɞɥɚɝɚɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɤɪɵɬɢɣ ɫɨɫɬɚɜɨɜ 6–9 ɤɚɤ ɡɚ-

ɦɟɧɭ ɤɪɚɫɤɟ ɢɡ ɚɰɟɬɨɧɚ ɢ ɤɚɧɢɮɨɥɢ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɧɢ ɷɬɢ 

ɤɪɚɫɤɢ ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɤɪɨɸɳɟɣɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɚɹ 

ɚɞɝɟɡɢɹ ɦɟɠɞɭ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɨɤɪɵɬɢɹ. Ɍɚɤɠɟ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 

ɭɦɟɧɶɲɚɥɚɫɶ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɟɧ ɛɪɚɤ ɩɨ ɝɚɡɨɜɵɦ ɪɚɤɨɜɢɧɚɦ ɢ ɩɪɢɝɚɪɭ, ɨɞ-

ɧɚɤɨ ɢɧɨɝɞɚ ɜ ɨɛɪɚɡɰɚɯ ɩɪɢɫɭɬɫɬɜɨɜɚɥɚ ɥɨɤɚɥɶɧɚɹ ɪɵɯɥɨɬɚ. ȼ ɫɥɭɱɚɟ ɫ ɫɨɫɬɚɜɨɦ 

9 ɚɞɝɟɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɛɵɥɢ ɨɫɥɚɛɥɟɧɵ ɜɫɥɟɞɫɬɜɢɟ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ 

ɩɟɪɥɚɦɭɬɪɚ. 

Ʉɚɤ ɭɬɜɟɪɠɞɚɸɬ ɚɜɬɨɪɵ, ɫɨɫɬɚɜ 10 ɨɛɥɚɞɚɟɬ ɨɩɬɢɦɚɥɶɧɵɦ ɛɚɥɚɧɫɨɦ ɨɝɧɟ-

ɭɩɨɪɧɵɯ ɤɚɱɟɫɬɜ ɢ ɚɞɝɟɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ. Ɉɞɧɚɤɨ ɨɧ ɢɦɟɟɬ ɧɢɡɤɭɸ ɫɟɞɢɦɟɧɬɚ-

ɰɢɨɧɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɜɫɥɟɞɫɬɜɢɟ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɧɚɩɨɥɧɢɬɟɥɹ 

ɢ ɝɭɛɱɚɬɵɦ ɫɬɪɨɟɧɢɟɦ ɟɝɨ ɡɟɪɧɚ. 

Ɋɚɡɪɚɛɨɬɱɢɤɢ [12], ɚɧɚɥɢɡɢɪɭɹ ɩɨɤɪɵɬɢɟ ɫɨɫɬɚɜɚ 11, ɨɬɦɟɬɢɥɢ, ɱɬɨ ɩɨɫɥɟ 

15–20 ɡɚɥɢɜɨɤ ɜ ɤɪɚɫɤɟ ɨɛɪɚɡɭɟɬɫɹ ɦɟɥɤɚɹ ɫɟɬɤɚ ɬɪɟɳɢɧ, ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɫɥɚɢ-

ɜɚɧɢɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɪɦɵ ɢ ɚɛɪɚɡɢɜɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɫɥɨɹ. ɉɪɢ ɧɚɧɟɫɟɧɢɢ 
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ɧɨɜɵɯ ɫɥɨɟɜ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ ɜɨɡɪɚɫɬɚɟɬ ɢ ɫɬɚɧɨɜɢɬɫɹ ɡɚɦɟɬɧɨɣ 

ɩɨɫɥɟ 8–10 ɡɚɥɢɜɨɤ. ɉɪɨɰɟɫɫ ɢɫɩɪɚɜɥɟɧɢɹ ɩɨɤɪɵɬɢɣ ɧɚɪɭɲɚɟɬ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ, ɭɜɟɥɢɱɢɜɚɟɬ ɬɪɭɞɨɺɦɤɨɫɬɶ ɢ ɫɧɢɠɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɭɫɬɚɧɨɜɨɤ. ɂɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɧɟɫɟɧɢɟ ɧɚ ɨɫɧɚɫɬɤɭ ɞɜɭɯ ɢ ɛɨɥɟɟ 

ɫɥɨɟɜ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɟɳɺ ɛɨɥɶɲɟɦɭ ɨɬɫɥɚɢɜɚɧɢɸ ɢ ɧɚɪɭɲɟɧɢɸ ɬɟɩɥɨɜɨɝɨ 

ɪɟɠɢɦɚ. 

Ɉɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚɹ ɩɪɨɜɟɪɤɚ ɩɨɤɪɵɬɢɣ ɫɨɫɬɚɜɚ 12, ɧɚ ɩɢɪɨɮɢɥɥɢɬɨ-

ɜɨɣ ɢ ɚɝɚɥɶɦɚɬɨɥɢɬɨɜɵɯ ɨɫɧɨɜɚɯ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɤɚɡɚɥɚ ɢɯ ɜɵɫɨ-

ɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɪɚɛɨɬɟ ɜ ɬɟɱɟɧɢɟ ɬɪɺɯ ɫɦɟɧ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɫ ɩɪɨɬɢɜɨɞɚɜ-

ɥɟɧɢɟɦ, ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 12–15 ɨɬɥɢɜɨɤ/ɱɚɫ. Ɉɬɥɢɜɤɢ ɢɦɟɥɢ ɱɢɫɬɭɸ ɩɨ-

ɜɟɪɯɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɩɥɨɬɧɭɸ ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɦɟɬɚɥɥɚ [9]. 

ɉɪɢɦɟɧɹɸɬ ɬɚɤɠɟ ɢ ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɜɵɫɨ-

ɤɢɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ: ɩɪɨɫɬɨɬɚ ɧɚɧɟɫɟ-

ɧɢɹ, ɜɵɫɨɤɚɹ ɤɪɨɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɚɞɝɟɡɢɹ ɤ 

ɦɚɬɟɪɢɚɥɭ ɩɪɟɫɫ-ɮɨɪɦɵ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɪɚɮɢɬɚ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɞɥɹ ɩɨɤɪɵɬɢɣ ɩɨɜɵɲɚɟɬ 

ɫɜɨɣɫɬɜɚ: ɩɥɨɬɧɨɫɬɶ, ɜɹɡɤɨɫɬɶ, ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ [18]. 

Ɍɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɫɨɫɬɚɜɨɜ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɩɨɤɪɵɬɢɣ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɬɚ-

ɤɢɟ ɤɨɦɩɨɧɟɧɬɵ ɤɚɤ: ɦɚɫɥɨ ȼɚɩɨɪ, ɝɨɪɧɵɣ ɜɨɫɤ, ɩɨɥɢɦɟɬɢɥɨɤɫɚɧɨɜɚɹ ɠɢɞɤɨɫɬɶ 

ɉɆɋ-300.  

ɉɨɤɪɵɬɢɹ ɞɥɹ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɝɨ ɧɚɧɟɫɟɧɢɹ ɨɛɵɱɧɨ ɫɨɫɬɨɹɬ ɢɡ ɨɫɧɨɜɵ, 

ɪɚɫɬɜɨɪɢɬɟɥɹ (ɪɚɡɛɚɜɢɬɟɥɹ), ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɢ ɪɚɡɥɢɱɧɵɯ ɫɩɟ-

ɰɢɚɥɶɧɵɯ ɩɪɢɫɚɞɨɤ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɫɥɚ, ɠɢɪɵ, ɤɪɟɦɧɢɣɨɪ-

ɝɚɧɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɝɪɚɮɢɬ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɜɢɞɟ ɤɨɥɥɨɢɞɧɵɯ ɩɪɟɩɚɪɚ-

ɬɨɜ), ɪɟɠɟ ɩɪɢɦɟɧɹɸɬɫɹ ɫɨɥɢ. ɉɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɪɚɫɬɜɨɪɢɬɟɥɶ ɢɫɩɚɪɹ-

ɟɬɫɹ, ɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɪɦɵ ɨɫɬɚɟɬɫɹ ɬɨɧɤɚɹ ɷɤɪɚɧɢɪɭɸɳɚɹ ɩɥɟɧɤɚ. 

Ⱥɜɬɨɪɵ ɫɬɚɬɶɢ [21] ɞɥɹ ɥɢɬɶɹ ɚɥɸɦɢɧɢɹ ɩɨɞ ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɟɦ ɢɫɩɨɥɶ-

ɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɤɪɚɫɤɢ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ. Ⱥɜɬɨɪɚɦ ɭɞɚɥɨɫɶ ɫɨɡɞɚɬɶ 

ɬɚɤɨɟ ɩɨɤɪɵɬɢɟ, ɩɪɢɜɟɞɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɜ 4,5 ɪɚɡɚ ɩɪɟɜɨɫɯɨɞɢɬ ɡɚɪɭ-

ɛɟɠɧɵɟ ɚɧɚɥɨɝɢ.  
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Ɍɚɤɠɟ ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɦɟ-

ɬɚɥɥɢɱɟɫɤɢɯ ɥɢɬɟɣɧɵɯ ɮɨɪɦ ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɚɹ ɢɥɢ ɯɢɦɢɤɨ-

ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɹ ɨɛɪɚɡɭ-

ɟɬɫɹ ɧɨɜɵɣ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɨɬ ɫɟɪɞɰɟɜɢɧɵ, ɫɥɨɣ. 

Ɋɚɡɪɚɛɨɬɱɢɤɢ [22] ɩɪɟɞɥɚɝɚɸɬ ɩɪɨɰɟɫɫ ɜɚɤɭɭɦɧɨ-ɞɢɮɮɭɡɧɨɝɨ ɯɪɨɦɨɚɥɢ-

ɬɢɪɨɜɚɧɢɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɦɚɥɭɸ ɬɨɥɳɢɧɭ ɞɢɮɮɭɡɧɨɝɨ ɫɥɨɹ, ɡɞɟɫɶ ɨɬɫɭɬɫɬɜɭɟɬ 

ɩɨɪɢɫɬɨɫɬɶ, ɩɨɜɵɲɚɟɬɫɹ ɩɪɨɱɧɨɫɬɶ ɜ 2 ɪɚɡɚ. 

Ɍɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ, ɤ ɩɪɢɦɟɪɭ, ɩɪɨɜɨ-

ɞɹɬ ɥɟɝɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɶɧɵɯ ɮɨɪɦ ɦɨɥɢɛɞɟɧɨɦ, ɬɚɤ ɤɚɤ ɭ ɧɟɝɨ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɄɅɌɊ) ɦɟɧɶɲɟ ɱɟɦ ɭ ɠɟɥɟɡɚ. 

Ʌɟɝɢɪɨɜɚɧɢɟ ɦɨɥɢɛɞɟɧɨɦ ɢ ɞɪɭɝɢɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɫɧɢɠɚɸɳɢɦɢ ɄɅɌɊ ɠɟɥɟɡɚ, 

ɩɨɜɵɲɚɟɬ ɫɬɨɣɤɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ [11].  

Ⱥɜɬɨɪɵ ɫɬɚɬɶɢ [23] ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɥɢɬɶɟ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɚɥɢɬɢ-

ɪɨɜɚɧɧɵɟ ɩɨɤɪɵɬɢɹ ɞɥɹ ɥɢɬɟɣɧɵɯ ɮɨɪɦ ɢɡ ɧɢɤɟɥɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ. ɀɚɪɨɩɪɨɱ-

ɧɨɫɬɶ ɬɚɤɢɯ ɮɨɪɦ ɜ ɚɥɸɦɢɧɢɟɜɨɦ ɪɚɫɩɥɚɜɟ ɩɨɜɵɫɢɥɚɫɶ ɧɟ ɦɟɧɟɟ ɱɟɦ ɜ 5 ɪɚɡ. 

Ɉɞɧɚɤɨ ɬɚɤɢɟ ɫɩɨɫɨɛɵ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɞɨɪɨɝɨɫɬɨɹɳɢɦ ɢ 

ɩɪɢɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɥɢɬɶɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɢɡɞɟɥɢɣ. 

Ɂɚɳɢɬɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɨɬ ɤɨɪɪɨɡɢɢ ɧɚ ɫɬɚɞɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɫɭ-

ɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɤɨɧɬɚɤɬɧɵɯ ɢɧɝɢɛɢɬɨɪɨɜ ɚɬɦɨɫɮɟɪ-

ɧɨɣ ɤɨɪɪɨɡɢɢ, ɨɛɥɚɞɚɸɳɢɯ ɩɚɫɫɢɜɢɪɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɱɢ-

ɫɬɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɱɢɫɥɨ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɯ ɫɨɫɬɚ-

ɜɨɜ ɜɯɨɞɹɬ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ ɢɧɝɢɛɢɬɨɪɵ: ɧɢɬɪɢɬɵ, ɯɪɨɦɚɬɵ, 

ɫɢɥɢɤɚɬɵ, ɮɨɫɮɚɬɵ [24]. 

ɉɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɦɧɨɝɨɫɬɚɞɢɟɧ ɢ ɩɪɨɬɟɤɚɟɬ ɧɚ 

ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ «ɦɟɬɚɥɥ – ɠɢɞɤɚɹ ɫɪɟɞɚ» ɩɨɫɥɟɞɭɸɳɢɦ ɫɬɚɞɢɹɦ: 

1 ɩɨɞɜɨɞ ɢɨɧɨɜ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɮɚɡ; 

2 ɚɞɫɨɪɛɰɢɹ ɢɨɧɨɜ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɟɬɚɥɥɚ; 

3 ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ; 

4 ɨɬɜɨɞ (ɞɟɫɨɪɛɰɢɹ) ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢɡ ɡɨɧɵ ɪɟɚɤɰɢɢ. 
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Ɏɨɫɮɚɬɢɪɨɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɳɢɬɵ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥ-

ɥɢɱɟɫɤɢɯ ɮɨɪɦ ɨɬ ɨɤɢɫɥɟɧɢɹ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɢ ɫɧɢɠɟ-

ɧɢɹ ɧɚɥɢɩɚɧɢɹ. Ɍɚɤɠɟ, ɛɥɚɝɨɞɚɪɹ ɬɚɤɢɦ ɩɨɤɪɵɬɢɹɦ ɞɨɫɬɢɝɚɟɬɫɹ ɱɢɫɬɨɬɚ ɩɨ-

ɜɟɪɯɧɨɫɬɢ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɢ ɫɬɨɣɤɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɧɚ 

30–50 %. ɉɨɜɵɲɟɧɢɟ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɩɪɢ ɮɨɫɮɚɬɢɪɨɜɚɧɢɢ ɨɛɴɹɫɧɹɸɬ ɮɢɡɢ-

ɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɨɦ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɹ, ɭɦɟɧɶɲɚɸɳɢɯ ɫɤɥɨɧɧɨɫɬɶ ɦɚ-

ɬɟɪɢɚɥɚ ɤ "ɫɯɜɚɬɵɜɚɧɢɸ" ɜ ɬɨɱɤɚɯ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ.  

 

1.4 Фɨɫɮɚɬɢɪɨɜɚɧɢɟ 
 

Ɉɫɧɨɜɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɮɨɫɮɚɬɢɪɨɜɚɧɢɢ. Ɏɨɫɮɨɪɧɭɸ ɤɢɫɥɨɬɭ ɩɪɨɢɡɜɨ-

ɞɹɬ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɬɟɪɦɢɱɟɫɤɢɦ ɢ ɷɤɫɬɪɚɤɰɢɨɧɧɵɦ. Ɍɟɪɦɢɱɟɫɤɢɣ ɫɩɨɫɨɛ 

ɨɫɧɨɜɚɧ ɧɚ ɨɤɢɫɥɟɧɢɢ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɮɨɫɮɨɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚ-

ɬɭɪɧɵɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɢɡ ɩɪɢɪɨɞɧɵɯ ɮɨɫɮɚɬɨɜ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɟɝɨ ɨɤɢɫɥɟ-

ɧɢɟɦ ɢ ɝɢɞɪɚɬɚɰɢɟɣ ɞɨ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɮɨɫɮɨɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ. 

ɗɤɫɬɪɚɤɰɢɨɧɧɵɣ ɫɩɨɫɨɛ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɥɨɠɟɧɢɢ ɩɪɢɪɨɞɧɵɯ ɮɨɫɮɚɬɨɜ 

ɤɢɫɥɨɬɚɦɢ (ɜ ɨɫɧɨɜɧɨɦ ɫɟɪɧɨɣ, ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ – ɚɡɨɬɧɨɣ ɢ ɜ ɧɟɡɧɚɱɢɬɟɥɶ-

ɧɨɣ ɫɬɟɩɟɧɢ ɫɨɥɹɧɨɣ).  

ɋɭɳɟɫɬɜɭɟɬ ɬɚɤɠɟ ɢ ɬɪɟɬɢɣ ɦɟɬɨɞ ɚɡɨɬɧɨɤɢɫɥɨɣ ɜɵɬɹɠɤɢ [25]. 

Ɏɨɫɮɚɬɧɵɟ ɩɨɤɪɵɬɢɹ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɜɢɞɨɜ ɤɨɧɜɟɪɫɢɨɧɧɵɯ, ɬ. ɟ. ɩɨ-

ɥɭɱɚɟɦɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɬɚɥɥɚ ɫ ɪɚɛɨɱɢɦ ɪɚɫɬɜɨɪɨɦ. Ɏɨɫɮɚɬ-

ɧɵɟ ɫɥɨɢ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɵ ɫ ɦɟɬɚɥɥɨɦ ɢ ɫɨɫɬɨɹɬ ɢɡ ɫɪɨɫɲɢɯɫɹ ɦɟɠɞɭ ɫɨɛɨɣ 

ɦɟɥɶɱɚɣɲɢɯ ɤɪɢɫɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɪɚɡɜɢɬɭɸ ɲɟɪɨɯɨɜɚɬɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɰɟɧɧɵɯ ɫɜɨɣɫɬɜ. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ, ɯɟɦɨ-

ɫɨɪɛɰɢɨɧɧɵɟ ɢ ɚɞɝɟɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɮɨɫɮɚɬɧɵɯ ɫɥɨɟɜ ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɜɵɫɨ-

ɤɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɟɣ ɚɞɫɨɪɛɢɪɨɜɚɬɶ ɢ ɜɩɢɬɵɜɚɬɶ ɧɚɧɨɫɢɦɵɟ ɧɚ ɧɢɯ 

ɤɪɚɫɤɢ, ɦɚɫɥɚ, ɫɦɚɡɤɢ ɢ ɪɚɡɥɢɱɧɵɟ ɩɪɨɩɢɬɵɜɚɸɳɢɟ ɫɨɫɬɚɜɵ [26]. 

Ɏɨɫɮɚɬɢɪɨɜɚɧɢɟ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɩɨɤɪɵɬɢɟ, ɧɚɩɪɢɦɟɪ, 

ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɨɟ ɢɥɢ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɨɟ, ɬɚɤ ɢ ɜ ɤɚɱɟɫɬɜɟ ɩɨɞɫɥɨɹ ɞɥɹ 

ɧɚɧɟɫɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɢ ɩɪɨɩɢɬɵɜɚɸɳɢɯ ɫɨɫɬɚɜɨɜ ɞɥɹ ɩɪɢɞɚɧɢɹ 
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ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ. Ɍɚɤ, ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ 

ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɢɯ ɧɚ ɮɨɫɮɚɬɧɵɣ ɫɥɨɣ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɨɜɵɲɚɸɬɫɹ. Ɇɟɬɨɞɵ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɨɫɧɨɜɚɧɵ ɧɚ ɤɨɦɛɢɧɚɰɢɢ ɫɩɨɫɨɛɨɜ 

ɨɱɢɫɬɤɢ ɢ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɫɬɜɨ-

ɪɨɜ ɮɨɫɮɚɬɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɪɚɡɥɢɱɚɸɬ ɦɟɬɨɞɵ ɩɨɝɪɭɠɟɧɢɹ, ɪɚɡɛɪɵɡɝɢ-

ɜɚɧɢɹ ɢ ɩɟɫɤɨɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɢ. ȼ ɩɪɨɦɵɲɥɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɭɞɨɛɧɟɟ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɵ ɩɨɝɪɭɠɟɧɢɹ ɢɥɢ ɧɚɧɟɫɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɤɢɫɬɶɸ ɤɚɤ ɛɨɥɟɟ ɩɪɨ-

ɫɬɵɟ ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɟ [27]. 

Ɏɨɫɮɚɬɧɵɟ ɩɥɟɧɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɩɥɟɧɤɭ ɬɪɭɞɧɨ-

ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɜɨɞɟ ɮɨɫɮɨɪɧɨɤɢɫɥɵɯ ɫɨɥɟɣ ɠɟɥɟɡɚ ɢ ɦɚɪɝɚɧɰɚ ɢɥɢ ɠɟɥɟɡɚ ɢ 

ɰɢɧɤɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɢ ɭɫɥɨɜɢɣ ɮɨɫɮɚɬɢɪɨ-

ɜɚɧɢɹ ɮɨɪɦɢɪɭɸɬɫɹ ɩɥɟɧɤɢ ɬɨɥɳɢɧɨɣ ɨɬ 1 ɞɨ 100 ɦɤɦ, ɦɟɥɤɨ- ɢɥɢ ɤɪɭɩɧɨɡɟɪ-

ɧɢɫɬɵɟ, ɨɛɥɚɞɚɸɳɢɟ ɪɹɞɨɦ ɜɟɫɶɦɚ ɰɟɧɧɵɯ ɫɜɨɣɫɬɜ. Ɉɧɢ ɭɫɬɨɣɱɢɜɵ ɜ ɚɬɦɨ-

ɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɜ ɫɦɚɡɨɱɧɵɯ ɦɚɫɥɚɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɨ ɪɚɡ-

ɪɭɲɚɸɬɫɹ ɜ ɤɢɫɥɨɬɚɯ ɢ ɳɟɥɨɱɚɯ. Ɍɚɤɢɟ ɩɨɤɪɵɬɢɹ ɢɦɟɸɬ ɜɵɫɨɤɨɟ ɷɥɟɤɬɪɨɫɨ-

ɩɪɨɬɢɜɥɟɧɢɟ ɢ ɜɵɞɟɪɠɢɜɚɸɬ ɧɚɩɪɹɠɟɧɢɟ ɞɨ 250 ȼ, ɚ ɩɨɫɥɟ ɩɪɨɩɢɬɤɢ ɢɡɨɥɹɰɢ-

ɨɧɧɵɦɢ ɦɚɫɥɚɦɢ – ɞɨ 1000 ȼ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ, ɪɨɬɨɪɧɵɯ, ɫɬɚɬɨɪɧɵɯ 

ɩɥɚɫɬɢɧɚɯ. Ɍɜɟɪɞɨɫɬɶ ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɢ ɧɢɠɟ, ɱɟɦ ɫɬɚɥɢ, ɧɨ ɧɟɫɤɨɥɶɤɨ ɩɪɟɜɵ-

ɲɚɟɬ ɬɜɟɪɞɨɫɬɶ ɦɟɞɢ. Ɉɧɚ ɯɪɭɩɤɚ, ɧɟɭɫɬɨɣɱɢɜɚ ɩɪɨɬɢɜ ɮɪɢɤɰɢɨɧɧɨɝɨ ɢɡɧɨɫɚ, 

ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ. 

Ȼɥɚɝɨɞɚɪɹ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɨɪɢɫɬɨɫɬɢ ɮɨɫɮɚɬɧɵɟ ɩɥɟɧɤɢ ɯɨɪɨɲɨ ɭɞɟɪɠɢɜɚɸɬ 

ɦɚɫɥɚ, ɤɨɧɫɢɫɬɟɧɬɧɵɟ ɫɦɚɡɤɢ, ɥɚɤɢ. 

Ɏɨɫɮɚɬɧɵɟ ɩɨɤɪɵɬɢɹ ɧɟ ɫɦɚɱɢɜɚɸɬɫɹ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɦɟɬɚɥɥɨɦ, ɢ ɷɬɨ 

ɫɜɨɣɫɬɜɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɟɯɧɨɥɨɝɢɢ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɋɥɨɣ 

ɮɨɫɮɚɬɨɜ, ɩɪɨɩɢɬɚɧɧɵɣ ɫɦɚɡɤɚɦɢ, ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɩɪɨɰɟɫɫɚɯ ɜɨ-

ɥɨɱɟɧɢɹ ɩɪɨɜɨɥɨɤɢ, ɩɪɨɬɹɠɤɢ ɬɪɭɛ, ɲɬɚɦɩɨɜɤɟ. 

ɉɪɨɩɢɬɤɚ ɦɢɧɟɪɚɥɶɧɵɦɢ ɦɚɫɥɚɦɢ, ɤɨɧɫɢɫɬɟɧɬɧɵɦɢ ɫɦɚɡɤɚɦɢ, ɜ ɨɫɨɛɟɧ-

ɧɨɫɬɢ ɟɫɥɢ ɨɧɢ ɫɨɞɟɪɠɚɬ ɞɨɛɚɜɤɢ ɢɧɝɢɛɢɬɨɪɨɜ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɚɟɬ ɡɚɳɢɬ-

ɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɤɪɵɬɢɣ. ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɮɨɫɮɚɬɧɵɟ ɩɥɟɧɤɢ 
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ɧɚɯɨɞɹɬ ɜ ɤɚɱɟɫɬɜɟ ɝɪɭɧɬɚ ɩɨɞ ɥɚɤɨɤɪɚɫɨɱɧɵɟ ɩɨɤɪɵɬɢɹ. Ɉɧɢ ɫɩɨɫɨɛɫɬɜɭɸɬ 

ɥɭɱɲɟɣ ɚɞɝɟɡɢɢ ɥɚɤɨɤɪɚɫɨɱɧɨɝɨ ɫɥɨɹ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɢ ɜ ɬɚɤɨɦ ɤɨɦɛɢ-

ɧɢɪɨɜɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɸɬ ɫɬɨɣɤɨɫɬɶ ɢɡɞɟɥɢɣ ɩɪɨɬɢɜ ɤɨɪɪɨ-

ɡɢɢ ɞɚɠɟ ɜ ɠɟɫɬɤɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 

Ɏɨɫɮɚɬɢɪɨɜɚɧɢɸ ɦɨɠɧɨ ɩɨɞɜɟɪɝɚɬɶ ɭɝɥɟɪɨɞɢɫɬɵɟ ɢ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɟ 

ɫɬɚɥɢ, ɱɭɝɭɧ, ɧɟɤɨɬɨɪɵɟ ɰɜɟɬɧɵɟ ɢ ɥɟɝɤɢɟ ɦɟɬɚɥɥɵ. ȼɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ 

ɮɨɫɮɚɬɢɪɭɸɬɫɹ ɫ ɬɪɭɞɨɦ, ɢ ɧɚ ɧɢɯ ɨɛɪɚɡɭɸɬɫɹ ɩɥɟɧɤɢ ɛɨɥɟɟ ɧɢɡɤɨɝɨ ɤɚɱɟɫɬɜɚ, 

ɱɟɦ ɧɚ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɹɯ. Ɏɨɫɮɚɬɧɵɟ ɩɥɟɧɤɢ ɧɚ ɚɥɸɦɢɧɢɢ ɢ ɦɚɝɧɢɢ ɹɜɥɹ-

ɸɬɫɹ ɦɟɧɟɟ ɧɚɞɟɠɧɨɣ ɡɚɳɢɬɨɣ ɨɬ ɤɨɪɪɨɡɢɢ, ɱɟɦ ɩɥɟɧɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɤɬɪɨ-

ɯɢɦɢɱɟɫɤɢɦ ɨɤɫɢɞɢɪɨɜɚɧɢɟɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɫɬɚɥɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɮɨɪɦɢɪɭɸ-

ɳɚɹɫɹ ɩɥɟɧɤɚ ɫɨɫɬɨɢɬ ɤɚɤ ɛɵ ɢɡ ɞɜɭɯ ɫɥɨɟɜ:  

1 ɜɧɭɬɪɟɧɧɟɝɨ, ɛɚɪɶɟɪɧɨɝɨ, ɧɟɛɨɥɶɲɨɣ ɬɨɥɳɢɧɵ, ɝɥɚɞɤɨɝɨ, ɷɥɚɫɬɢɱɧɨɝɨ, 

ɜɟɫɶɦɚ ɩɨɪɢɫɬɨɝɨ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɥɟɝɚɸɳɟɝɨ ɤ ɦɟɬɚɥɥɭ;  

2 ɧɚɪɭɠɧɨɝɨ, ɢɦɟɸɳɟɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ, ɯɪɭɩɤɨɝɨ, ɫɨɫɬɨɹɳɟɝɨ 

ɢɡ ɜɬɨɪɢɱɧɵɯ ɢ ɬɪɟɬɢɱɧɵɯ ɮɨɫɮɚɬɨɜ ɢ ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɢɬɟɥɶ-

ɧɵɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɤɢ. 

ɉɨ ɦɟɪɟ ɪɨɫɬɚ ɜɧɟɲɧɟɝɨ ɫɥɨɹ ɩɨɜɟɪɯɧɨɫɬɶ ɦɟɬɚɥɥɚ ɢɡɨɥɢɪɭɟɬɫɹ ɨɬ ɜɨɡ-

ɞɟɣɫɬɜɢɹ ɪɚɫɬɜɨɪɚ, ɢ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. 

Ɍɨɥɳɢɧɚ ɢ ɫɬɪɭɤɬɭɪɚ ɮɨɫɮɚɬɧɵɯ ɩɥɟɧɨɤ ɡɚɜɢɫɹɬ ɨɬ ɫɨɫɬɚɜɚ ɨɛɪɚɛɚɬɵɜɚɟ-

ɦɨɝɨ ɦɟɬɚɥɥɚ, ɭɫɥɨɜɢɣ ɮɨɫɮɚɬɢɪɨɜɚɧɧɹ ɢ ɫɩɨɫɨɛɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ 

ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɟɣ. ȼ ɨɛɵɱɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɚ ɩɨɥɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚ-

ɥɢ ɨɛɪɚɡɭɟɬɫɹ ɦɟɥɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɩɥɟɧɤɚ ɬɨɥɳɢɧɨɣ 1–4 ɦɤɦ, ɞɥɢɬɟɥɶɧɨɫɬɶ 

ɩɪɨɰɟɫɫɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 30 ɦɢɧ. ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɥɟɧɤɢ ɤɪɭɩɧɨɤɪɢɫɬɚɥ-

ɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɛɨɥɟɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɞɨɫɬɭɩ ɪɚɫɬɜɨɪɚ ɤ 

ɦɟɬɚɥɥɭ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 60–90 ɦɢɧ, ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ 

ɞɨɫɬɢɝɚɟɬ 10–12 ɦɤɦ. Ɇɟɥɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɥɟɧɤɢ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɦɟɧɶɲɟɣ 

ɩɨɪɢɫɬɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɡɚɳɢɬɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɜ ɤɨɪɪɨ-

ɡɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɱɟɦ ɤɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɥɟɧɤɢ ɛɨɥɶɲɨɣ ɬɨɥɳɢɧɵ. 

Ɍɪɚɜɥɟɧɢɟ ɫɬɚɥɢ ɜ ɤɢɫɥɨɬɚɯ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɤɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
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ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɢ, ɚ ɝɢɞɪɨɚɛɪɚɡɢɜɧɚɹ ɨɛɪɚɛɨɬɤɚ – ɦɟɥɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ. ɋɨ-

ɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚɯ [24]. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɮɨɫɮɚɬɧɵɟ ɫɜɹɡɤɢ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɬ-

ɥɢɜɨɤ ɜ ɨɞɧɨɪɚɡɨɜɵɯ ɮɨɪɦɚɯ. Ʌɢɲɶ ɫ ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɧɚɱɚɥɢ ɡɚɞɭɦɵɜɚɬɶɫɹ 

ɨ ɩɪɢɦɟɧɟɧɢɢ ɬɚɤɢɯ ɫɜɹɡɨɤ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɮɨɪɦɵ. 

Ɏɨɫɮɚɬɧɚɹ ɩɥɟɧɤɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɨɬɥɢɱɚɟɬɫɹ 

ɛɨɥɶɲɨɣ ɩɨɪɢɫɬɨɫɬɶɸ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ, ɤɪɨɦɟ ɬɨɝɨ, ɭɫɤɨɪɹɟɬɫɹ ɩɪɨɰɟɫɫ ɨɛɪɚ-

ɡɨɜɚɧɢɹ ɮɨɫɮɚɬɧɨɣ ɩɥɺɧɤɢ. ɇɨ ɧɟɥɶɡɹ ɞɨɩɭɫɤɚɬɶ ɤɢɩɟɧɢɹ ɪɚɫɬɜɨɪɚ, ɬɚɤ ɤɚɤ 

ɜɡɦɭɱɢɜɚɸɳɢɣɫɹ ɨɫɚɞɨɤ ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ, ɩɥɺɧɤɚ ɚɞɫɨɪɛɢ-

ɪɭɟɬ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɮɨɫɮɚɬɵ, ɫɧɢɠɚɸɬɫɹ ɟɺ ɚɞɝɟɡɢɨɧɧɵɟ ɢ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ, 

ɭɯɭɞɲɚɟɬɫɹ ɜɧɟɲɧɢɣ ɜɢɞ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɥɢɹɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɧɚ 

ɤɚɱɟɫɬɜɨ ɮɨɫɮɚɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4. 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɫɫɵ ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɢ  

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ 

 

ɉɪɢ ɚɧɚɥɢɡɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ 

ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɢ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 48 °ɋ. ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɢ ɜɨ 

ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɮɨɫɮɚɬɢɪɭɸɳɢɯ ɪɚɫɬɜɨɪɨɜ. Ɉɱɟɜɢɞɧɨ, ɩɪɢ ɩɨɜɵ-
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ɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ ɭɫɢɥɢɜɚɟɬɫɹ ɝɢɞɪɨɥɢɡ ɩɟɪɜɢɱɧɵɯ ɮɨɫɮɚɬɨɜ ɢ ɩɨ-

ɜɵɲɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɫɜɨɛɨɞɧɨɣ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɮɨɫɮɚɬɢɪɭɸɳɢɯ ɪɚɫ-

ɬɜɨɪɚɯ. 

ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɲɟ 75 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɜɡɦɭɱɢɜɚɧɢɸ ɲɥɚɦɚ, 

ɩɥɟɧɤɚ ɧɚɱɢɧɚɟɬ ɫɨɪɛɢɪɨɜɚɬɶ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɮɨɫɮɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɫɰɟɩɥɟɧɢɹ ɩɥɟɧɤɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɭɦɟɧɶɲɟɧɢɸ ɦɚɫɫɵ ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɢ [29]. 

ɉɪɨɰɟɫɫ ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɩɪɨɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪɟ ɫɨɥɟɣ ɨɪ-

ɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɨɬɧɨɫɢɬɫɹ ɤ ɝɢɞɪɨɥɢɡɭ ɷɬɢɯ ɨɞɧɨɡɚɦɟɳɟɧɧɵɯ ɫɨɥɟɣ ɩɨ 

ɫɯɟɦɟ: 

 

5Ɇɟ(H2PO4)2 ↔ 2ɆeHPO4 + Ɇe3(PO4)2 + 6H3PO4                                    (4) 

 

Ɋɚɡɜɢɬɢɟ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɢɞɟɬ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ. 

ɋɭɳɟɫɬɜɭɟɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɨɹɜɥɟɧɢɸ ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɢ ɩɪɟɞɲɟ-

ɫɬɜɭɸɬ ɪɟɚɤɰɢɢ ɢɨɧɢɡɚɰɢɢ ɠɟɥɟɡɚ ɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ: 

 

Fe ↔ Fe2+ + 2e,                                                                                               (5) 

2H+ + 2e ↔ H2 ↑                                                                                              (6) 

 

Ɉɛɪɚɡɨɜɚɧɢɟ ɩɥɟɧɤɢ ɧɚɫɬɭɩɚɟɬ ɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɢɡɞɟɥɢɹ 

ɫ ɪɚɫɬɜɨɪɨɦ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ: 

 

Fe + 2H3PO4 = Fe(H2PO4)2 + H2                                                                    (7) 

 

Ⱦɚɥɟɟ ɪɚɜɧɨɜɟɫɢɟ ɪɟɚɤɰɢɢ (7) ɫɞɜɢɝɚɟɬɫɹ ɜɩɪɚɜɨ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɥɟ-

ɞɭɸɳɟɦɭ ɜɵɩɚɞɟɧɢɸ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɮɨɫɮɚɬɨɜ, ɤɨɬɨɪɵɟ ɥɟɝɤɨ ɝɢɞɪɨɥɢɡɭɸɬɫɹ 

ɞɨ ɞɜɭɯ- ɢ ɬɪɟɯɡɚɦɟɳɟɧɧɵɯ: 
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Fe(H2PO4)2 ↔ FeHPO4 + H3PO4 ,                                                                  (8) 

3Fe(H2PO4)2 ↔ Fe3(PO4)2 + 4H3PO4                                                              (9) 

 

ȼɵɞɟɥɹɸɳɚɹɫɹ ɩɪɢ ɪɟɚɤɰɢɢ ɫɜɨɛɨɞɧɚɹ ɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɞɚɥɶɧɟɣɲɟɦɭ ɯɨɞɭ ɩɪɨɰɟɫɫɚ. ɉɨ ɦɟɪɟ ɪɨɫɬɚ ɫɥɨɹ ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɢ ɩɨɜɟɪɯ-

ɧɨɫɬɶ ɦɟɬɚɥɥɚ ɢɡɨɥɢɪɭɟɬɫɹ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɫɬɜɨɪɚ ɢ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɨɫɬɟ-

ɩɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. Ɏɨɫɮɚɬɢɪɨɜɚɧɢɟ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɜɫɹ ɩɨ-

ɜɟɪɯɧɨɫɬɶ ɩɨɤɪɨɟɬɫɹ ɫɩɥɨɲɧɨɣ ɩɥɟɧɤɨɣ ɢ ɜɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɩɪɟɤɪɚɬɢɬɫɹ. 

ȼ ɫɥɭɱɚɟ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɪɢɫɬɨɣ ɩɥɟɧɤɢ ɥɢɦɢɬɢɪɭɸɳɟɣ ɫɬɚɞɢɟɣ ɩɪɨɰɟɫɫɚ 

ɨɛɪɚɡɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɚɥɥɚ ɫ ɢɨɧɚɦɢ ɪɚɫɬɜɨɪɚ. 

ɋɤɨɪɨɫɬɶ ɪɨɫɬɚ ɩɥɟɧɤɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɩɨɫɬɨɹɧɧɨɣ, ɚ ɬɨɥɳɢɧɚ ɟɟ (y) – ɩɪɨ-

ɩɨɪɰɢɨɧɚɥɶɧɨɣ ɜɪɟɦɟɧɢ ɨɤɢɫɥɟɧɢɹ (Ĳ): 

                                                                                                                    (10) 

 

ɝɞɟ k – ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ. 

ɉɪɨɢɧɬɟɝɪɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɢɦ, ɱɬɨ ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ 

ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɪɟɦɟɧɢ: 

                                                                                                         (11) 

 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɡɧɚɱɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ ɢɥɢ ɪɚɜ-

ɧɨ ɧɭɥɸ, ɩɨɷɬɨɦɭ ɭɜɟɥɢɱɟɧɢɟ ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨ-

ɧɭ: 

                                                                                                                  (12) 

 

ɉɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɚɞɢɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɨɧɨɜ ɪɚɫɬɜɨɪɚ ɫ ɦɟɬɚɥɥɨɦ. 
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ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɨɣ 

ɪɟɚɤɰɢɢ ɢ ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ, ɬɨɝɞɚ ɤɚɤ ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ ɜɨɡɪɚɫɬɚɟɬ ɨɱɟɧɶ 

ɦɟɞɥɟɧɧɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɥɟɧɤɢ ɧɚɱɢɧɚɟɬ ɩɨɞɱɢɧɹɬɶ-

ɫɹ ɡɚɤɨɧɚɦ ɞɢɮɮɭɡɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɩɥɟɧɤɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪ-

ɰɢɨɧɚɥɶɧɚ ɟɟ ɬɨɥɳɢɧɟ: 

                                                                                                      (13) 

 

ɉɪɨɢɧɬɟɝɪɢɪɨɜɚɜ ɷɬɨ ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɢɦ ɩɚɪɚɛɨɥɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ: 

 

y2 = 2kĲ+ const  ɢɥɢ  y2 = k1Ĳ + const                                                             (14) 

 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɥɟɧɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɬɚɞɢɟɣ ɞɢɮɮɭɡɢɢ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ. 

Ʉ ɩɪɨɰɟɫɫɚɦ ɞɢɮɮɭɡɢɢ ɱɟɪɟɡ ɩɥɟɧɤɭ ɩɪɢɦɟɧɢɦɵ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɵ ɞɢɮ-

ɮɭɡɢɢ: 

1 ɞɢɮɮɭɡɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɝɪɚɞɢɟɧɬɭ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɩɟɪɜɵɣ ɡɚɤɨɧ 

Ɏɢɤɚ): 

                                                                                                          (15) 

 

2 ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨ ɜɪɟɦɟɧɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɭ 

ɞɢɮɮɭɡɢɢ (ɜɬɨɪɨɣ ɡɚɤɨɧ Ɏɢɤɚ): 

                                                                                                                  (16) 

 

ɝɞɟ dS – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɢɮɮɭɧɞɢɪɨɜɚɜɲɟɝɨ ɜɟɳɟɫɬɜɚ (ɜ ɝɪɚɦɦ-ɚɬɨɦɚɯ ɢɥɢ ɦɨ-

ɥɹɯ);  
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D – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ (ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ, ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɡɚ 

ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɝɪɚɞɢɟɧɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, 

ɪɚɜɧɨɦ ɟɞɢɧɢɰɟ);  

q – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɢɞɟɬ ɞɢɮɮɭɡɢɹ;  

dc/dxdcdx – ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɩɚɞɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢ-

ɧɵ ɩɭɬɢ);  

dt – ɟɞɢɧɢɰɚ ɜɪɟɦɟɧɢ. 

3 ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ: 

                                                                                                               (17) 

 

ɝɞɟ К – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ;  

Т – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ;  

n – ɩɨɤɚɡɚɬɟɥɶ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɞɢɮ-

ɮɭɡɢɹ. 

ɑɟɦ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɡɚɳɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɥɚɞɚɟɬ ɩɥɟɧɤɚ, ɬɟɦ ɜ 

ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɧɚ ɡɚɬɪɭɞɧɹɟɬ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɱɟɪɟɡ ɧɟɟ ɞɟɣɫɬɜɭɸɳɟɝɨ ɪɟɚ-

ɝɟɧɬɚ ɢ ɬɟɦ ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɶ ɟɟ ɪɨɫɬɚ [25]. 

ɋɨɫɬɚɜɵ ɩɨɤɪɵɬɢɣ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɮɨɫɮɚɬɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɦɟɬɚɥɥɢɱɟ-

ɫɤɨɟ ɢɡɞɟɥɢɟ ɧɟɨɛɯɨɞɢɦɨ ɥɢɛɨ ɨɩɭɫɬɢɬɶ ɜ ɪɚɫɬɜɨɪɵ ɨɞɧɨɡɚɦɟɳɟɧɧɵɯ ɮɨɫɮɚɬɨɜ 

ɢɥɢ ɦɨɧɨɮɨɫɮɚɬɨɜ Fe, Mn, Zn, Ba, Ca ɢ ɞɪ, ɥɢɛɨ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɩɵɥɟɧɢɟ ɷɬɢɦ 

ɠɟ ɪɚɫɬɜɨɪɨɦ. 

ɉɪɨɰɟɫɫ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧ ɝɢɞɪɨɥɢɡɨɦ ɨɞɧɨɡɚɦɟɳɟɧɧɵɯ ɮɨɫ-

ɮɚɬɨɜ ɦɟɬɚɥɥɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɢɟ ɦɟɠɞɭ ɨɞɧɨ-, 

ɞɜɭɯ- ɢ ɬɪɟɯɡɚɦɟɳɟɧɧɵɦɢ ɮɨɫɮɚɬɚɦɢ ɦɟɬɚɥɥɨɜ ɢ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɨɣ. Ɉɛɪɚ-

ɡɭɸɳɚɹɫɹ ɩɪɢ ɷɬɨɦ ɫɜɨɛɨɞɧɚɹ ɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ ɜ ɩɪɨɰɟɫɫɟ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɮɨɪɦɢɪɭɸɬɫɹ ɬɪɭɞ-

ɧɨɪɚɫɬɜɨɪɢɦɵɟ ɞɜɭɯ- ɢ ɬɪɟɯɡɚɦɟɳɟɧɧɵɟ ɮɨɫɮɚɬɵ, ɹɜɥɹɸɳɢɟɫɹ ɨɫɧɨɜɧɨɣ ɫɨ-

ɫɬɚɜɥɹɸɳɟɣ ɱɚɫɬɶɸ ɮɨɫɮɚɬɧɵɯ ɩɥɟɧɨɤ [30]. 
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ȼ ɬɚɛɥɢɰɟ 3 ɩɪɢɜɟɞɟɧ ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɩɨ-

ɤɪɵɬɢɣ. 

 

Ɍɚɛɥɢɰɚ 3 – ɋɨɫɬɚɜɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ 

№ ɩ.ɩ ɋɨɫɬɚɜ 

1 Ɏɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ, ɤɪɚɫɧɚɹ ɤɪɨɜɹɧɚɹ ɫɨɥɶ, ɬɚɧɢɧ, ɚɥɸɦɢɧɢɣ, ɜɨɞɚ 

2 ɉɪɟɩɚɪɚɬ Ɇɚɠɟɮ, ɧɢɬɪɚɬ ɰɢɧɤɚ, ɧɢɬɪɚɬ ɧɚɬɪɢɹ, ɫɚɯɚɪɢɧ 

3 Ɏɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ ȺɌɎ ɢ ɌɎɄ, ɚɡɨɬɧɚɹ ɤɢɫɥɨɬɚ ȺɄȼ, ɨɤɫɢɞ ɰɢɧɤɚ, 

ɫɭɥɶɮɚɬ ɦɟɞɢ, ɜɨɞɚ 

4 Ɏɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ, ɨɤɫɢɞ ɰɢɧɤɚ, ɧɢɬɪɚɬ ɧɚɬɪɢɹ 

5 Ɋɚɫɬɜɨɪ ɆȿɌȺɋ 

6 Ƚɨɫɫɢɩɨɥɨɜɚɹ ɫɦɨɥɚ, ɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ, ɧɟɝɚɲɟɧɚɹ ɢɡɜɟɫɬɶ, ɝɟɤɫɚɦɟ-

ɬɢɥɟɧɬɟɬɪɚɦɢɧ 

7 Ɇɚɬɟɪɢɚɥ Chemetall,ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɉȺȼ Gardoclean S5225, Gardoclean 

H7149 Chemetall Gardolene V6559, ɞɥɹ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ: Gardobond R24TA 

ɢ Gardobond Additive H7141 

8 Ⱥɥɸɦɨɬɟɪɦɢɱɟɫɤɢɣ ɜɨɡɝɨɧ; ɨɪɬɨɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ; ɜɨɞɚ 

9 Ɉɪɬɨɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ; ɦɚɬɟɪɢɚɥ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɠɟɥɟɡɚ; ɫɢɧɬɟɬɢ-

ɱɟɫɤɢɣ ɤɚɥɢɟɜɵɣ ɮɬɨɪɮɥɨɝɨɩɢɬ; ɛɨɪɧɚɹ ɤɢɫɥɨɬɚ; ɜɨɞɚ 

10 ɉɵɥɶ ɝɚɡɨɨɱɢɫɬɤɢ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɪɟɦɧɢɹ; 

ɚɥɸɦɨɮɨɫɮɚɬɧɨɟ ɫɜɹɡɭɸɳɟɟ; ɛɨɪɧɚɹ ɤɢɫɥɨɬɚ; ɜɨɞɚ 

 

Ⱥɜɬɨɪɵ ɩɚɬɟɧɬɨɜ [31, 32] ɩɪɟɞɥɚɝɚɸɬ ɧɚɧɟɫɟɧɢɟ ɧɚ ɨɛɪɚɡɰɵ ɩɨɤɪɵɬɢɹ ɫɨ-

ɫɬɚɜɚ 1. Ⱦɚɧɧɵɟ ɨɛɪɚɡɰɵ ɩɪɨɲɥɢ ɭɫɤɨɪɟɧɧɵɟ ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɜ 3-%-

ɧɨɦ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ 

ɬɪɭɛ ɧɟ ɢɦɟɥɚ ɫɥɟɞɨɜ ɤɨɪɪɨɡɢɢ, ɚ ɧɟ ɩɨɤɪɵɬɵɟ ɨɛɪɚɡɰɵ ɢɦɟɥɢ ɫɩɥɨɲɧɨɣ ɩɨ 

ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɥɟɬ ɪɠɚɜɱɢɧɵ. 

ȼ ɩɪɟɞɥɚɝɚɟɦɨɦ ɫɩɨɫɨɛɟ ɩɨɥɭɱɟɧɢɹ ɮɨɫɮɚɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɥɸɛɵɟ ɠɢɞɤɢɟ 

ɮɨɫɮɚɬɢɪɭɸɳɢɟ ɪɚɫɬɜɨɪɵ ɧɚɧɨɫɹɬɫɹ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɟɧɢɹ ɢɥɢ ɨɛɥɢɜɚ ɧɚ ɞɜɢ-

ɠɭɳɢɣɫɹ ɢɥɢ ɫɬɚɬɢɱɧɵɣ ɫɬɚɥɶɧɨɣ ɩɪɨɤɚɬ, ɢɦɟɸɳɢɣ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɦɨɦɟɧɬ 

ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɨɬ 100 °ɋ ɞɨ 1050 °ɋ. 

ɉɪɢ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨɟ, ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɟ ɫ 
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ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɫɥɨɟɦ ɫɬɚɥɢ ɪɚɜɧɨɦɟɪɧɨɟ ɩɨɤɪɵɬɢɟ ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨ-

ɤɚɬɚ, ɫ ɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɯɨɪɨɲɟɣ ɚɞɝɟɡɢɟɣ ɤ ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ. 

Ⱥɜɬɨɪɵ ɫɬɚɬɶɢ [30] ɜ ɫɨɫɬɚɜ ɪɚɫɬɜɨɪɚ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ 2 ɛɵɥ ɜɜɟɞɟɧ ɫɚɯɚ-

ɪɢɧ, ɤɨɬɨɪɵɣ ɩɨɜɵɲɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɥɟɧɤɢ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤ-

ɬɨɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɹɜɥɹɟɬɫɹ ɢɧɝɢɛɢɬɨɪɨɦ ɤɨɪɪɨɡɢɢ ɫɬɚɥɢ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɨɛɪɚɡɰɵ, ɩɨɤɪɵɬɵɟ ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɨɣ ɢɡ ɪɚɫɬɜɨɪɚ ɫ ɞɨ-

ɛɚɜɤɨɣ ɫɚɯɚɪɢɧɚ, ɬɟɪɹɸɬ ɜ ɦɚɫɫɟ ɦɟɧɶɲɟ, ɱɟɦ ɨɛɪɚɡɰɵ ɫ ɩɨɤɪɵɬɢɟɦ ɢɡ ɬɪɚɞɢ-

ɰɢɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ. ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ 

ɮɨɫɮɚɬɧɚɹ ɩɥɟɧɤɚ ɡɚɳɢɳɚɟɬ ɚɪɦɚɬɭɪɭ ɦɟɯɚɧɢɱɟɫɤɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɪɭɲɟɧɢɟ 

ɰɟɥɨɫɬɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɜɟɞɟɬ ɤ ɪɚɡɜɢɬɢɸ ɩɪɨɰɟɫɫɚ ɥɨɤɚɥɶɧɨɣ ɤɨɪɪɨɡɢɢ ɢɦɟɧɧɨ 

ɧɚ ɬɨɦ ɭɱɚɫɬɤɟ, ɝɞɟ ɩɥɟɧɤɚ ɨɬɫɭɬɫɬɜɭɟɬ. 

ȿɫɥɢ ɜɟɪɢɬɶ ɚɜɬɨɪɚɦ [33], ɩɨɥɭɱɟɧɧɵɟ ɩɥɟɧɤɢ ɫɨɫɬɚɜɚ 3 ɧɚ ɨɫɧɨɜɟ ɬɟɪɦɢ-

ɱɟɫɤɨɣ ɢ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɮɨɫɮɨɪɧɵɯ ɤɢɫɥɨɬ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ Ⱥ2 (ɬɹɠɟɥɵɟ). 

Ⱦɚɧɧɵɟ ɩɨɤɪɵɬɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɢɡɞɟɥɢɣ ɢɡ ɫɬɚɥɢ, ɤɨɝɞɚ ɬɪɟɛɭ-

ɟɬɫɹ ɯɨɪɨɲɚɹ ɡɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɤɨɪɪɨɡɢɢ. ɉɥɟɧɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ 

ȺɄȼ, ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ȼ (ɫɪɟɞɧɢɟ). 

Ⱦɚɧɧɨɟ ɩɨɤɪɵɬɢɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɨɞ ɩɨɤɪɚɫɤɭ ɥɢɛɨ ɩɨɞ ɩɪɨ-

ɦɚɫɥɢɜɚɧɢɟ ɢ ɞɥɹ ɦɟɧɟɟ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɜɥɢɹɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɦɟɞɢ ɢ ɫɨɫɬɚɜɚ ɤɢɫɥɨɬ ɧɚ ɩɨɪɢɫɬɨɫɬɶ 

ɩɨɤɪɵɬɢɹ ɧɚɛɥɸɞɚɥɢ ɤɨɥɟɛɚɧɢɹ ɡɧɚɱɟɧɢɣ ɞɚɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ 

ɜɵɹɜɢɥɚɫɶ ɱɟɬɤɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɩɨ ɫɧɢɠɟɧɢɸ ɩɨɪɢɫɬɨɫɬɢ ɩɨɤɪɵɬɢɹ ɫ ɭɜɟɥɢ-

ɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɞɢ ɜ ɮɨɫɮɚɬɢɪɭɸɳɟɦ ɪɚɫɬɜɨɪɟ. 

Ɋɚɡɪɚɛɨɬɱɢɤɢ ɫɬɚɬɶɢ [34] ɢɫɩɨɥɶɡɭɸɬ ɩɥɟɧɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɫɨɫɬɚɜɚ 4 ɧɚ 

ɚɪɦɚɬɭɪɧɨɣ ɫɬɚɥɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟɜɵɫɨɤɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɦɚ-

ɥɨɣ ɬɨɥɳɢɧɨɣ. ȼ ɬɟɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɲɥɨ ɧɚɜɨɞɨɪɚɠɢɜɚɧɢɟ ɫɬɚ-

ɥɢ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɫɜɨɛɨɞɧɨɣ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ – ɩɪɨ-

ɰɟɫɫ ɬɪɚɜɥɟɧɢɹ ɩɪɟɨɛɥɚɞɚɥ ɧɚɞ ɩɪɨɰɟɫɫɨɦ ɨɫɚɠɞɟɧɢɹ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

Ȼɥɚɝɨɞɚɪɹ ɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɩɨɪ ɩɨɤɪɵɬɢɟ ɧɚ ɨɫɧɨɜɟ ɫɨɫɬɚɜɚ 5, ɜɨɡ-

ɦɨɠɧɨ, ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɝɪɭɧɬɨɜɤɢ ɩɟɪɟɞ ɩɪɨɦɚɫɥɢɜɚɧɢɟɦ ɢɥɢ 

ɧɚɧɟɫɟɧɢɟɦ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɯ 
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ɫɜɨɣɫɬɜ (ɯɨɬɹ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɪɟɤɨɦɟɧɞɭɸɬ ɟɺ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɩɨɤɪɵɬɢɟ). 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨɛɪɚɡɰɵ ɫ ɩɨɤɪɵɬɢɟɦ ɆȿɌȺɋ ɨɤɭɧɚɥɢɫɶ ɜ 

ɧɚɝɪɟɬɨɟ ɞɨ 80 °ɋ ɦɚɲɢɧɧɨɟ ɦɚɫɥɨ. ɇɚɧɟɫɟɧɢɟ ɧɚ ɩɨɤɪɵɬɢɟ ɆȿɌȺɋ ɦɚɫɥɚ 

ɭɥɭɱɲɚɟɬ ɫɬɨɣɤɨɫɬɶ ɩɨɤɪɵɬɢɹ, ɨɞɧɚɤɨ ɬɚɤɨɟ ɠɟ ɭɥɭɱɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɢ ɩɪɢ 

ɧɚɧɟɫɟɧɢɢ ɦɚɫɥɚ ɧɚ ɨɛɪɚɡɰɵ ɫɬɚɥɢ ɋɬ 3. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɪɚɡɰɨɜ ɢɡ ɫɬɚɥɢ ɋɬ 3 ɛɟɡ ɩɨɤɪɵɬɢɹ ɫ ɮɨɫ-

ɮɚɬɧɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɩɨɤɪɵɬɢɟɦ ɆȿɌȺɋ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 

ɮɨɫɮɚɬɧɨ-ɦɢɧɟɪɚɥɶɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɆȿɌȺɋ ɜ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ ɦɟɬɚɥɥɨɤɨɧ-

ɫɬɪɭɤɰɢɣ ɨɬ ɤɨɪɪɨɡɢɢ ɧɟ ɬɨɥɶɤɨ ɧɟ ɢɦɟɟɬ ɫɦɵɫɥɚ, ɧɨ ɦɨɠɟɬ ɧɚɧɟɫɬɢ ɜɪɟɞ ɢ 

ɭɫɤɨɪɢɬɶ ɤɨɪɪɨɡɢɨɧɧɵɟ ɪɚɡɪɭɲɟɧɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ. 

Ⱥɜɬɨɪɵ ɫɬɚɬɶɢ [35] ɩɪɟɞɥɚɝɚɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɨɝɨ ɫɨɫɬɚ-

ɜɚ 6 ɞɥɹ ɭɫɤɨɪɟɧɧɨɝɨ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɢ ɜɵɫɵɯɚɧɢɹ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɤɨɪɪɨɡɢɨɧ-

ɧɭɸ ɫɬɨɣɤɨɫɬɶ, ɩɨɡɜɨɥɹɟɬ ɭɫɤɨɪɢɬɶ ɩɪɨɰɟɫɫ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɢ ɜɵɫɵɯɚɧɢɹ, ɢ ɨɧ 

ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɬɜɨɪɟɧɢɸ ɪɠɚɜɱɢɧɵ ɢ ɨɤɚɥɢɧɵ, ɩɪɢ ɷɬɨɦ ɧɟ ɪɚɡɪɭɲɚɟɬɫɹ ɫɬɪɭɤ-

ɬɭɪɚ ɢɫɯɨɞɧɨɝɨ ɦɟɬɚɥɥɚ. 

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɪɟɡɭɥɶɬɚɬɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɨɠɧɨ ɭɬɜɟɪ-

ɠɞɚɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɩɨɤɪɵɬɢɹ ɩɨ ɨɫɧɨɜɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟ-

ɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɦ ɩɨɤɪɵɬɢɹɦ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, 

ɛɵɫɬɪɨɟ ɜɪɟɦɹ ɜɵɫɵɯɚɧɢɹ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɭɞɚɪɟ, ɷɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ, ɨɬ-

ɥɢɱɧɚɹ ɚɞɝɟɡɢɹ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɧɟɫɟɧɢɹ ɩɨ ɷɬɢɦ ɩɨɤɪɵɬɢɹɦ ɥɸɛɨɝɨ ɥɚ-

ɤɨɤɪɚɫɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɏɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɜɫɟɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɝɨɫɫɢɩɨɥɨɜɨɣ ɫɦɨɥɵ ɹɜɥɹɟɬɫɹ 

ɛɚɪɶɟɪɧɵɣ ɬɢɩ ɡɚɳɢɬɵ, ɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɛɚɜɥɹɟɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɝɭɬ 

ɨɛɪɚɡɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ 

ɩɪɨɰɟɫɫɭ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɤɨɪɪɨɡɢɢ. 

Ɋɚɡɪɚɛɨɬɱɢɤɢ [36] ɩɨɤɪɵɬɢɹ ɫ ɰɢɧɤ-ɮɨɫɮɚɬɧɵɦ ɩɨɞɫɥɨɟɦ ɜ ɫɨɫɬɚɜɟ 7 

ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɨɧ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɡɚ ɫɱɟɬ 

ɭɫɤɨɪɟɧɢɹ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɭɜɟɥɢɱɟɧɢɟ ɛɚɪɶɟɪɧɨɣ ɡɚɳɢɬɵ. Ʉ ɩɪɢ-

ɦɟɪɭ, ɰɢɧɤ-ɩɨɥɢɦɟɪɧɵɟ ɩɨɤɪɵɬɢɹ ɩɪɟɜɨɫɯɨɞɹɬ ɚɧɚɥɨɝɢɱɧɵɟ ɩɨɥɢɦɟɪɧɵɟ ɩɨ-

ɤɪɵɬɢɹ ɜ 4 ɪɚɡɚ. ɗɬɨ ɜɟɪɨɹɬɧɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɧɚɥɢɱɢɟɦ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɰɢɧ-
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ɤɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ in situ ɜ ɩɨɤɪɵɬɢɢ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɭɤɚɡɚɧɧɵɦ ɫɩɨɫɨɛɨɦ, ɫɩɨ-

ɫɨɛɫɬɜɭɸɳɟɝɨ ɭɜɟɥɢɱɟɧɢɸ ɷɥɚɫɬɢɱɧɨɫɬɢ ɩɨɤɪɵɬɢɣ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɣ 

ɩɪɨɱɧɨɫɬɢ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɡɚ ɫɱɺɬ ɭɫɤɨ-

ɪɟɧɢɹ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɛɚɪɶɟɪɧɨɣ ɡɚɳɢɬɵ.  

ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɨɰɟɧɢɜɚɥɨɫɶ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɞɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

   
ɚ                                                                      ɛ 

Ɋɢɫɭɧɨɤ 5 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɰɢɧɤ-ɮɨɫɮɚɬɧɨɝɨ ɩɨɞɫɥɨɹ: ɚ - x750; ɛ – x2000 

 

ȼ ɥɢɬɟɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɨɬɥɢɜɨɤ ɜ ɪɚɡɨɜɵɯ ɮɨɪɦɚɯ ɢɡ 

ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɚɥɥɨɮɨɫɮɚɬɧɵɟ ɫɜɹɡɭɸ-

ɳɢɟ. Ɉɧɢ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɚɦɢ, ɤɨɬɨɪɵɟ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɩɨɪɨɲɤɢ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɢ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ, 

ɫɨɞɟɪɠɚɳɢɣ ɮɨɫɮɚɬɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɨɛɪɚɡɨɜɚ-

ɧɢɟ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɨɜ (ɝɢɞɪɚɬɨɜ) ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɬɜɟɪɞɟɧɢɟ ɤɨɦɩɨɡɢɰɢɢ. Ɉɞ-

ɧɚɤɨ, ɜ ɨɞɧɢɯ ɫɥɭɱɚɹɯ ɬɜɟɪɞɟɧɢɟ ɫɜɹɡɭɸɳɢɯ ɤɨɦɩɨɡɢɰɢɣ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɧɨɪ-

ɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɚ ɜ ɞɪɭɝɢɯ ɬɪɟɛɭɟɬɫɹ ɧɚɝɪɟɜ. 

Ⱥɜɬɨɪɵ ɩɚɬɟɧɬɚ [37] ɭɬɜɟɪɠɞɚɸɬ, ɩɨɥɭɱɟɧɢɟ ɚɥɸɦɨɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɡɝɨɧɚ, 

ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɨɫɬɚɜɟ 8, ɜɵɡɨɜɟɬ ɡɚɬɪɭɞɧɟɧɢɹ ɢɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɧɨɣ ɞɨɫɬɭɩɧɨ-

ɫɬɢ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɚ. ɉɨɥɭɱɟɧɢɟ ɠɟ ɫɨɫɬɚɜɚ ɚɧɚɥɨɝɢɱɧɨɝɨ ɜɨɡɝɨɧɭ ɢɫɤɭɫ-
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ɫɬɜɟɧɧɵɦ ɩɭɬɟɦ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɢ ɩɨɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɢ ɨɛɨɪɭ-

ɞɨɜɚɧɢɹ. 

ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɫɨɫɬɚɜɚ 9 ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ, ɱɬɨ ɩɨɜɵɫɢɬ 

ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɨɤɪɵɬɢɹ ɢ ɫɧɢɡɢɬ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɨɫɬɚɜ 

ɜɜɟɞɟɧ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɣ ɤɨɦɩɨɧɟɧɬ ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɤɚɥɢɟɜɵɣ 

ɮɬɨɪɮɥɨɝɨɩɢɬ, ɱɬɨ ɫɭɠɚɟɬ ɬɟɯɧɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɹ ɩɨɤɪɵɬɢɹ. 

Ⱦɨɫɬɭɩɧɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɫɬɚɜɚ 10 ɢ ɧɢɡɤɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɨɤɪɵɬɢɹ 

ɪɚɫɲɢɪɹɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ȼ ɩɪɟɞɥɚɝɚɟɦɨɦ 

ɫɨɫɬɚɜɟ ɩɨɤɪɵɬɢɹ ɜ ɤɚɱɟɫɬɜɟ ɨɝɧɟɭɩɨɪɧɨɝɨ ɢ ɩɪɨɱɧɨɫɬɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɨɛɟɫ-

ɩɟɱɢɜɚɸɳɟɝɨ ɫɬɨɣɤɨɫɬɶ ɩɨɤɪɵɬɢɹ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɚɝɪɟɫɫɢɜ-

ɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɫɩɥɚɜɚ ɦɟɬɚɥɥɚ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɵɥɶ ɝɚɡɨɨɱɢɫɬɤɢ ɷɥɟɤɬɪɨ-

ɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɪɟɦɧɢɹ. 

ɉɨɥɢɦɨɪɮɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɝɥɢɧɨɡɟɦɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɪɬɨɮɨɫɮɚɬɧɨɣ 

ɤɢɫɥɨɬɟ ɜɟɞɭɬ ɫɟɛɹ ɩɨ-ɪɚɡɧɨɦɭ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɪɚɡɥɢɱɢɹ ɜ ɩɪɨɰɟɫɫɚɯ ɬɜɟɪ-

ɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 

ɚɥɸɦɨɮɨɫɮɚɬɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɧɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 

Ȼɨɥɟɟ ɩɚɫɫɢɜɧɨɣ ɮɨɪɦɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɇ3РɈ4 ɹɜɥɹɟɬɫɹ α-Аl2O3, ɤɨɬɨɪɵɣ ɲɢ-

ɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɮɨɫɮɚɬɧɵɯ ɫɜɹɡɭɸɳɢɯ ɢ 

ɤɨɦɩɨɡɢɰɢɣ. ɇɚɝɪɟɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ 80–400 °ɋ ɫɨ 

ɫɤɨɪɨɫɬɶɸ ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɵ 2 °ɋ/ɦɢɧ ɫ ɱɚɫɨɜɵɦɢ ɜɵɞɟɪɠɤɚɦɢ ɩɪɢ ɪɚɡ-

ɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 6, ɩɪɨɰɟɫɫ ɬɜɟɪɞɟɧɢɹ ɤɨɦ-

ɩɨɡɢɰɢɢ ɫ ɩɪɢɨɛɪɟɬɟɧɢɟɦ ɩɪɨɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛ-

ɥɚɫɬɢ 120–160 °ɋ (ıɫɠ = 1,2 Ɇɉɚ) ɢ ɪɚɫɬɟɬ ɞɨ ɡɧɚɱɟɧɢɹ ɛɨɥɟɟ 2 ɢ 3 Ɇɉɚ ɫ ɩɨɜɵ-

ɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 200 ɢ 300 °ɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [38]. 
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Ɋɢɫɭɧɨɤ 6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ  

ɤɨɦɩɨɡɢɰɢɢ α-А12Ɉ3–ɇ3РɈ4 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

 

Ɂɚɤɥɸɱɟɧɢɟ ɩɨ ɨɛɡɨɪɭ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ɉɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɜɫɟɝɞɚ ɛɵɥɨ ɢ ɨɫɬɚɺɬɫɹ ɨɞɧɢɦ ɢɡ 

ɜɚɠɧɟɣɲɢɯ ɜɨɩɪɨɫɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟ ɩɪɟɤɪɚɳɚɸɬɫɹ ɩɨ-

ɩɵɬɤɢ ɦɨɞɟɪɧɢɡɚɰɢɢ, ɤɚɡɚɥɨɫɶ ɛɵ, ɨɬɪɚɛɨɬɚɧɧɵɯ ɞɟɫɹɬɢɥɟɬɢɹɦɢ ɬɟɯɧɨɥɨɝɢɱɟ-

ɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɱɬɨ, ɨɬɱɚɫɬɢ, ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɬɨɥɶɤɨ ɛɥɚ-

ɝɨɞɚɪɹ ɨɫɜɨɟɧɢɸ ɪɚɧɟɟ ɧɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɨɬɪɚɫɥɢ ɦɚɬɟɪɢɚɥɨɜ. 

ɂɡɜɟɫɬɧɵ ɪɚɡɥɢɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɫɨɫɬɚɜɵ ɫɨɡɞɚɧɢɹ ɩɨɤɪɵɬɢɣ. ɇɚɢɛɨɥɟɟ 

ɱɚɫɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɢɦɟɧɹɸɬ ɜ ɨɫɧɨɜɧɨɦ, ɠɢɞɤɨɟ ɫɬɟɤ-

ɥɨ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ, ɧɨ ɬɚɤɨɟ ɩɨɤɪɵɬɢɟ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɵɯ 

ɫɜɨɣɫɬɜ. Ɍɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɮɨɫɮɚɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɢɡɭ-

ɱɟɧɚ ɞɥɹ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ ɮɨɪɦ. Ⱦɚɧɧɵɟ ɠɟ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɬɚɤɢɯ ɩɨɤɪɵ-

ɬɢɣ ɞɥɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɧɨ ɨɛ-

ɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨɣ ɚɞɝɟɡɢɟɣ ɤ ɱɭɝɭɧɧɵɦ ɮɨɪɦɚɦ, ɜɵɞɟɪɠɢɜɚɟɬ ɧɟɩɪɨɞɨɥɠɢ-

ɬɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɞɨ 500 °ɋ. Ɍɚɤɨɣ ɫɥɨɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɝɪɭɧɬɨɜɵɣ ɢ 

ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɨɞ ɟɳɟ ɨɞɧɨ ɩɨɤɪɵɬɢɟ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɥɢɬɟɪɚɬɭɪɧɨɝɨ ɨɛɡɨɪɚ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɰɟɥɶ ɪɚɛɨɬɵ. 

ɐɟɥɶ ɪɚɛɨɬɵ: Ɋɚɡɪɚɛɨɬɤɚ ɨɫɧɨɜ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɡɚɳɢɬɧɨɝɨ ɮɨɫ-
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ɮɚɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɱɭɝɭɧɧɵɯ ɢɡɥɨɠɧɢɰ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɥɢɬɶɹ ɱɭɲɤɢ ɧɚ ɜɨ-

ɞɨɨɯɥɚɠɞɚɟɦɨɦ ɥɢɬɟɣɧɨɦ ɤɨɧɜɟɣɟɪɟ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɂɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ ɩɪɢ ɢɡɝɨɬɨɜɥɟ-

ɧɢɢ ɥɢɬɵɯ ɢɡɞɟɥɢɣ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢ ɫɪɚɜɧɢɬɶ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɮɨɪɦ; 

- Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɞɜɭɯɫɥɨɣɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɝɪɭɧɬɨ-

ɜɨɝɨ ɢ ɪɚɛɨɱɟɝɨ ɫɥɨɟɜ; 

- ɂɡɭɱɢɬɶ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɣ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɢɯ ɜɨɡ-

ɦɨɠɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
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2 ɂɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

2.1 Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ 

 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɞɜɭɯɫɥɨɣɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ 

ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ: 

1 ɨɛɪɚɡɰɵ ɱɭɝɭɧɧɵɟ (ɦɚɪɤɚ ɑȼȽ30, ȽɈɋɌ 28394-89); 

2 ɤɨɤɢɥɶ ɫɬɚɥɶɧɨɣ (ɋɬ 3, ȽɈɋɌ 380-2005)  

3 ɤɢɫɥɨɬɚ ɨɪɬɨɮɨɫɮɨɪɧɚɹ (85 %-ɧɚɹ, ȽɈɋɌ 6552-80); 

4 ɰɢɧɤ (ɦɚɪɤɚ ɑȾȺ, Ɍɍ 6-09-5294-86); 

5 ɤɢɫɥɨɬɚ ɚɡɨɬɧɚɹ (65 %-ɧɚɹ, ȽɈɋɌ 4461-77). 

 

ɉɪɢɦɟɧɹɟɦɵɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɱɭɝɭɧ ɦɚɪɤɢ ɑȼȽ30 ɜ ɫɨɨɬɜɟɬ-

ɫɬɜɢɢ ɫ ȽɈɋɌ 28394-89 ɢɦɟɟɬ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɭɤɚɡɚɧɧɵɣ ɜ ɬɚɛɥɢɰɟ 3. 

 

Ɍɚɛɥɢɰɚ 3 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɱɭɝɭɧɚ 

Ɇɚɪɤɚ 

ɱɭɝɭɧɚ 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, % 

ɍɝɥɟɪɨɞ Ʉɪɟɦɧɢɣ Ɇɚɪɝɚɧɟɰ 
Ɏɨɫɮɨɪ ɋɟɪɚ Ɇɐ50ɀ3 

ɇɟ ɛɨɥɟɟ 

ɑȼȽ30 3,3 2,59 0,66 0,2 0,15 0,3 

 

Ɍɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɤɢɥɢ ɢɡ ɫɬɚɥɢ ɋɬ3. ɋɨɝɥɚɫɧɨ ȽɈɋɌ 380-2005 ɯɢ-

ɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 4. Ⱦɚɧɧɚɹ ɫɬɚɥɶ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ 

ɭɝɥɟɪɨɞɢɫɬɨɣ ɨɛɵɤɧɨɜɟɧɧɨɝɨ ɤɚɱɟɫɬɜɚ. 

 

Ɍɚɛɥɢɰɚ 4 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 

Ɇɚɪɤɚ ɫɬɚɥɢ 
Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, % 

ɍɝɥɟɪɨɞ Ɇɚɪɝɚɧɟɰ Ʉɪɟɦɧɢɣ 

ɋɬ3ɫɩ 0,14–0,22 0,40–0,65 0,15–0,30 
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2.2 Ɉɛɳɟɟ ɩɨɧɹɬɢɟ ɨ ɮɨɫɮɚɬɢɪɨɜɚɧɢɢ 

 

Ɏɨɫɮɚɬɧɵɟ ɩɨɤɪɵɬɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɬɥɢɱɧɭɸ ɚɞɝɟɡɢɸ. Ɉɧɢ ɫɜɹɡɵɜɚɸɬ 

ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɨɤɪɵɬɢɹ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. Ɉɛɪɚɡɨɜɚɧɢɟ ɮɨɫɮɚɬ-

ɧɨɣ ɩɥɟɧɤɢ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 48 °ɋ. ȼɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 75 °ɋ 

ɭɯɭɞɲɚɟɬɫɹ ɫɰɟɩɥɟɧɢɟ ɩɥɟɧɤɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɨɫɮɚɬɧɨɣ ɩɥɟɧɤɢ  

ɀɟɥɚɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ ɩɪɢ 50 °ɋ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɟ ɨɛɪɚɡɭɟɬɫɹ ɦɟɧɶɲɚɹ ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ, ɢ ɜɵɫɨɤɚɹ ɚɞɝɟɡɢɹ ɤ ɦɟɬɚɥɥɭ. 

ɉɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɭɜɟɥɢɱɟɧɢɟ ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢ-

ɨɧɚɥɶɧɨ ɜɪɟɦɟɧɢ: 

 

y=kĲ,                                                                                                               (21) 

 

ɝɞɟ y – ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ; 

k – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ; 

Ĳ – ɜɪɟɦɹ. 

ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɨɣ 

ɪɟɚɤɰɢɢ, ɤɨɬɨɪɚɹ ɩɪɨɬɟɤɚɟɬ ɜ ɞɢɮɮɭɡɢɨɧɧɨɦ ɪɟɠɢɦɟ. Ɍɨɥɳɢɧɚ ɩɥɟɧɤɢ ɜɨɡɪɚɫ-

ɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɥɟɧɤɢ. ɉɪɢ ɡɚɬɪɭɞɧɟɧɢɢ ɩɪɨɰɟɫɫɚ 

ɞɢɮɮɭɡɢɢ, ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɥɟɧɤɢ ɫɧɢɠɚɟɬɫɹ. 

3 4 2 4 2 2
2 ( )Fe H PO Fe H PO H                                                      (18) 

2 4 2 4 3 4
( ) 2Fe Fe H PO FeHPO H PO  

 

                                                  (19) 

2 4 2 3 4 2 3 4
3 ( ) ( ) 4Fe H PO Fe PO H PO                                                     (20) 
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Ɇɨɠɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɥɭɱɢɬɶ ɨɞɧɨɡɚɦɟɳɟɧɧɵɟ ɮɨɫɮɚɬɵ Fe, Zn, Ca ɢ 

ɬ.ɞ., ɚ ɡɚɬɟɦ ɜ ɷɬɢ ɪɚɫɬɜɨɪɵ ɩɨɦɟɫɬɢɬɶ ɩɥɚɫɬɢɧɤɢ ɱɭɝɭɧɚ ɞɥɹ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɥɟɧɤɚ ɛɭɞɟɬ ɛɨɥɟɟ ɩɥɨɬɧɚɹ, ɧɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ 

ɩɥɟɧɤɢ ɛɭɞɟɬ ɧɢɠɟ. 

ɑɬɨɛɵ ɧɟ ɩɪɨɢɫɯɨɞɢɥɨ ɧɚɜɨɞɨɪɚɠɢɜɚɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɞɥɨɠɤɢ ɠɟɥɚ-

ɬɟɥɶɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɥɭɱɚɬɶ ɨɞɧɨɡɚɦɟɳɟɧɧɵɟ ɪɚɫɬɜɨɪɵ ɮɨɫɮɚɬɨɜ Fe, Zn, 

Ca ɢ ɞɪɭɝɢɯ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɜ ɜɨɞɟ ɞɜɭɯ- ɢ ɬɪɟɯɡɚɦɟɳɺɧɧɵɯ ɮɨɫɮɚɬɨɜ 

ɠɟɥɟɡɚ, ɰɢɧɤɚ ɢ ɦɚɪɝɚɧɰɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɝɪɭɠɟɧɢɢ ɢɡɞɟɥɢɣ ɜ ɪɚɡɛɚɜɥɟɧɧɵɣ 

ɪɚɫɬɜɨɪ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɫ ɞɨɛɚɜɤɨɣ ɨɞɧɨɡɚɦɟɳɟɧɧɵɯ ɮɨɫɮɚɬɨɜ ɦɟɬɚɥɥɨɜ. 

ȼ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɩɪɨɰɟɫɫɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɶɧɵɯ ɢɡɞɟɥɢɣ ɨɛɪɚɡɭɟɬɫɹ 

ɬɨɧɤɢɣ ɫɥɨɣ ɮɨɫɮɨɪɧɨɤɢɫɥɨɝɨ ɠɟɥɟɡɚ, ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɬɟɤɚɧɢɢ ɩɪɨɰɟɫɫɚ 

ɨɛɪɚɡɭɸɬɫɹ ɫɦɟɲɚɧɧɵɟ ɤɪɢɫɬɚɥɥɵ ɮɨɫɮɚɬɚ ɦɟɬɚɥɥɚ. ɉɨɥɭɱɟɧɧɵɟ ɮɨɫɮɚɬɧɵɟ 

ɩɨɤɪɵɬɢɹ ɯɨɪɨɲɨ ɫɰɟɩɥɹɸɬɫɹ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ. 

 

2.3 Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɝɪɭɧɬɨɜɨɝɨ ɫɥɨɹ 

 

Ɏɨɫɮɚɬɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɤɚɤ ɩɨɝɪɭɠɟɧɢɟɦ ɜ ɜɚɧɧɭ 

ɫ ɪɚɫɬɜɨɪɨɦ, ɬɚɤ ɢ ɪɚɫɩɵɥɟɧɢɟɦ ɫɨɫɬɚɜɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ. ɑɬɨɛɵ ɩɨɧɹɬɶ ɤɚɤɨɟ 

ɩɨɤɪɵɬɢɟ ɢɦɟɟɬ ɧɟɨɛɯɨɞɢɦɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɛɵɥɨ ɪɟɲɟɧɨ ɩɪɨɜɟɫɬɢ ɪɹɞ ɢɫ-

ɩɵɬɚɧɢɣ. 

1 ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɢɫɥɨɬɵ. 

Ɉɫɧɨɜɭ ɪɚɫɬɜɨɪɚ ɞɥɹ ɷɬɨɝɨ ɜɢɞɚ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɥɢɲɶ ɤɢɫɥɨ-

ɬɚ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ 15–25 ɦɢɧ. Ɋɚɛɨɱɢɣ ɪɚɫɬɜɨɪ ɧɟɨɛɯɨɞɢɦɨ ɩɨ-

ɞɨɝɪɟɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 45 °ɋ.  

2 ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɞɧɨɡɚɦɟɳɟɧɧɨɝɨ ɮɨɫɮɚɬɚ ɰɢɧɤɚ. 

ɐɢɧɤ-ɮɨɫɮɚɬɧɵɣ ɩɨɞɫɥɨɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɷɥɚɫɬɢɱɧɨɫɬɢ ɩɨ-

ɤɪɵɬɢɣ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɡɚ ɫɱɟɬ ɭɫɤɨɪɟɧɢɹ 

ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɭɜɟɥɢɱɟɧɢɟ ɛɚɪɶɟɪɧɨɣ ɡɚɳɢɬɵ. ɐɢɧɤ-ɩɨɥɢɦɟɪɧɵɟ 

ɩɨɤɪɵɬɢɹ ɩɪɟɜɨɫɯɨɞɹɬ ɚɧɚɥɨɝɢɱɧɵɟ ɩɨɥɢɦɟɪɧɵɟ ɩɨɤɪɵɬɢɹ ɜ 4 ɪɚɡɚ.  
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2.1 Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɚ ɞɨɫɬɢɝɚɟɬ ɬɚɤɠɟ 45 °ɋ. ȼ ɨɫɧɨɜɟ ɪɚɫɬɜɨɪɚ ɞɥɹ 

ɯɨɥɨɞɧɨɝɨ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɜɯɨɞɢɬ ɨɞɧɨɡɚɦɟɳɟɧɧɵɣ ɮɨɫɮɚɬ ɰɢɧɤɚ Zn(H2PO4)2. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ 15–25 ɦɢɧ. 

2.2 Ɉɬɥɢɱɢɟɦ ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ 80–90 °ɋ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚ-

ɛɨɬɤɢ ɬɚɤɠɟ ɪɚɡɥɢɱɚɟɬɫɹ. ȼ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɨɧɚ ɛɨɥɶɲɟ, ɬɨ ɟɫɬɶ ɜ ɩɪɟɞɟɥɚɯ 30–

90 ɦɢɧ. 

3 Ɏɨɫɮɚɬɢɪɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɞɧɨɡɚɦɟɳɟɧɧɨɝɨ ɨɪɬɨɮɨɫɮɚɬɚ ɰɢɧ-

ɤɚ ɢ ɧɢɬɪɚɬɚ ɰɢɧɤɚ. 

ɋɨɫɬɚɜ ɞɥɹ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɰɢɧɤɨɮɨɫɮɚɬɧɵɯ ɪɚɫɬɜɨɪɨɜ: 

Zn(H2PO4)2, Zn(NO3)2. Ɍɟɦɩɟɪɚɬɭɪɚ ɬɚɤɠɟ ɨɬ 47 °ɋ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 10–25 

ɦɢɧɭɬ. 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɮɨɫɮɚɬɨɜ ɨɛɪɚɡɭɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɟɪɜɵɟ ɦɢɧɭɬɵ 

ɩɪɨɰɟɫɫɚ, ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚɧɢɹ ɮɨɫɮɚɬɨɜ ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɶ ɢɯ ɪɚɫɬɜɨ-

ɪɟɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɩɵɬɚɧɢɹ ɪɟɲɢɥɢ ɩɪɨɜɟɪɢɬɶ, ɤɚɤ ɛɭɞɟɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɮɨɫɮɚɬɧɨɟ ɩɨɤɪɵɬɢɟ ɫɨ ɫɬɚɥɶɧɨɣ ɮɨɪɦɨɣ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ, ɫ 

ɤɨɤɢɥɟɦ. Ɏɨɬɨɝɪɚɮɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɮɨɪɦ ɤɨɤɢɥɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 

 

Ɋɢɫɭɧɨɤ 7 – Ɏɨɬɨɝɪɚɮɢɹ ɤɨɤɢɥɹ ɞɥɹ ɡɚɥɢɜɤɢ 
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ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɤɢɥɟɣ ɛɵɥɚ ɨɱɢɳɟɧɚ 

ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ ɩɨɤɪɵɬɢɹ. 

 

2.4 Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɫɥɨɹ 

 

Ɏɨɫɮɚɬɧɵɟ ɩɥɟɧɤɢ, ɤɚɤ ɭɠɟ ɝɨɜɨɪɢɥɨɫɶ, ɢɦɟɸɬ ɯɨɪɨɲɭɸ ɚɞɝɟɡɢɸ ɤ ɦɟ-

ɬɚɥɥɭ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɬɨɥɶɤɨ ɨɞɧɨ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɞɨɫɬɚɬɨɱɧɨ 

ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɮɨɪɦ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɫɪɨɤɚ ɫɥɭɠɛɵ ɛɵɥɨ ɪɟɲɟ-

ɧɨ, ɩɨɜɟɪɯ ɮɨɫɮɚɬɧɨɝɨ ɫɥɨɹ ɧɚɧɨɫɢɬɶ ɟɳɟ ɨɞɧɨ ɡɚɳɢɬɧɨɟ ɩɨɤɪɵɬɢɟ. 

ɉɪɢ ɡɚɩɨɥɧɟɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɢɡɥɨɠɧɢɰɵ ɪɚɫɩɥɚɜɨɦ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢ-

ɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɢ ɢɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɤɨɧɬɚɤɬɟ, ɩɨɤɪɵɬɢɹ ɧɟɢɡɛɟɠɧɨ ɩɨɞɜɟɪ-

ɝɚɸɬɫɹ ɬɟɩɥɨɜɨɦɭ, ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ. ɉɪɢ 

ɚɧɚɥɢɡɟ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɧɟɨɛɯɨɞɢɦɨ ɜ ɪɚɜɧɨɣ ɫɬɟɩɟɧɢ ɭɱɢɬɵɜɚɬɶ ɫɜɨɣɫɬɜɚ 

ɧɚɩɨɥɧɢɬɟɥɹ ɢ ɫɜɹɡɭɸɳɟɝɨ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɢɞɪɨɤɫɢɞ ɚɥɸɦɢ-

ɧɢɹ. ɋɜɹɡɤɭ ɝɨɬɨɜɢɥɢ ɪɚɫɬɜɨɪɟɧɢɟɦ Al(OH)3 ɜ 85 % ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɟ 

(H3PO4) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 85–95 °ɋ. Ⱥɥɸɦɢɧɢɣ ɧɚɯɨɞɢɬɫɹ ɜ ɜɢɞɟ ɤɢɫɥɵɯ ɫɨɥɟɣ 

ɫɨɫɬɚɜɚ Al(H2PO4)3 ɢɥɢ Al2(HPO4)3: 

 

3 3 4 2 4 3 2
( ) 3 ( ) 3Al OH H PO Al H PO H O                                            (22) 

3 3 4 2 4 3 2
2 ( ) 3 ( ) 6Al OH H PO Al HPO H O                                            (23) 

 

ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɸɬɫɹ ɩɟɪɟɫɵɳɟɧɧɵɟ ɜɹɡɤɢɟ ɪɚɫɬɜɨɪɵ ɩɥɨɬɧɨɫɬɶɸ 1,65–

1,73 ɝ3/ɫɦ, ɤɨɬɨɪɵɟ ɫɨɯɪɚɧɹɸɬɫɹ ɩɪɨɡɪɚɱɧɵɦɢ ɞɨɫɬɚɬɨɱɧɨ ɞɨɥɝɨɟ ɜɪɟɦɹ. ɉɪɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɩɥɨɬɧɨ-

ɫɬɶɸ ɢɫɯɨɞɧɵɣ ɪɚɫɬɜɨɪ ɪɚɡɛɚɜɥɹɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɞɵ. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɜɹɡɨɤ ɢɡ ɨɞɧɨɡɚɦɟɳɟɧɧɨɝɨ ɢ ɞɜɭɯɡɚɦɟɳɟɧɧɨɝɨ ɮɨɫɮɚ-

ɬɨɜ ɚɥɸɦɢɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɫɬɚɛɢɥɶɧɵɣ ɬɪɟɯɡɚɦɟɳɟɧɧɵɣ – AlPO4. 
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ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɩɨɤɪɵɬɢɣ ɛɵɥ ɜɵɛɪɚɧ ɷɥɟɤɬɪɨɤɨɪɭɧɞ, ɫɨɫɬɚɜ ɤɨ-

ɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 5. 

 

Ɍɚɛɥɢɰɚ 5 – ɋɨɫɬɚɜ ɷɥɟɤɬɪɨɤɨɪɭɧɞɚ 

Ɇɚɬɟɪɢɚɥ 
ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ, % 

Al2O3 SiO2 FeO Na2O 

ɗɥɟɤɬɪɨɤɨɪɭɧɞ (Ɍɍ 48-01-36-71) 99,0 – 99,5 0,10 – 0,25 0,10 – 0,25 0,30 – 0,50 

 

ɇɚ ɨɫɧɨɜɟ ɮɨɫɮɚɬɧɵɯ ɫɢɫɬɟɦ ɩɨɥɭɱɚɸɬ ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɦɟɬɚɥɥɨɜ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɨɬ ɨɤɢɫɥɟɧɢɹ. ɂɧɬɟɪɜɚɥ ɪɚɛɨɱɢɯ 

ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ ɬɚɤɢɯ ɩɨɤɪɵɬɢɣ ɜɟɫɶɦɚ ɲɢɪɨɤ.  

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɨɞɢɧ ɢɡ ɨɛɪɚɡɰɨɜ ɫ ɮɨɫɮɚɬɧɵɦ ɩɨɞɫɥɨɟɦ ɛɵ-

ɥɨ ɧɚɧɟɫɟɧɨ ɩɨɤɪɵɬɢɟ ɧɚ ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɟ ɫ ɤɨɪɭɧɞɨɜɵɦ ɧɚɩɨɥɧɢɬɟɥɟɦ. 

Ɏɨɬɨɝɪɚɮɢɹ ɩɨɤɪɵɬɢɹ ɩɨɫɥɟ ɨɛɠɢɝɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8. ɉɨɫɥɟ ɨɛɠɢɝɚ ɩɨ-

ɤɪɵɬɢɟ ɫɨɯɪɚɧɹɥɨ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ. 

 

 
Ɋɢɫɭɧɨɤ 8 – Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ ɪɚɛɨɱɟɝɨ ɫɥɨɹ ɱɭɝɭɧɧɨɝɨ ɨɛɪɚɡɰɚ 

 

ɇɟɞɨɫɬɚɬɤɨɦ ɬɚɤɢɯ ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɢɯ ɩɨɪɢɫɬɨɫɬɶ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ 

ɩɪɢɦɟɧɟɧɢɟ ɷɬɢɯ ɩɨɤɪɵɬɢɣ ɜ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ ɨɬ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ ɢ ɤɨɪɪɨɡɢɢ 

ɨɬ ɚɝɪɟɫɫɢɜɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɉɨɪɢɫɬɨɫɬɶ ɩɨɤɪɵɬɢɣ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɧɟ ɩɪɟɩɹɬɫɬɜɭɟɬ 

ɢɯ ɩɪɢɦɟɧɟɧɢɸ ɜ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ ɨɬ ɪɚɫɩɥɚɜɨɜ. Ɍɚɤɠɟ, ɞɥɹ ɧɢɯ ɯɚɪɚɤɬɟɪɧɨ 

ɪɚɡɭɩɪɨɱɧɟɧɢɟ ɩɪɢ 300–900 °ɋ, ɩɪɢ ɷɬɨɦ ɩɨɬɟɪɹ ɩɪɨɱɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 30–60 %.  
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ɉɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɚɬɨɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɡɚɳɢɬɵ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɦɟɬɚɥɥɨɜ ɨɬ ɪɚɡɥɢɱɧɵɯ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ɉɧɢ ɢɦɟɸɬ ɯɨɪɨɲɢɟ ɚɞɝɟ-

ɡɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɥɹ ɡɚɳɢɬɵ ɤɪɭɩɧɨɝɚɛɚɪɢɬ-

ɧɵɯ ɢɡɞɟɥɢɣ. Ɉɬɜɟɪɠɞɟɧɢɟ ɩɨɤɪɵɬɢɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ, ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɢ 20 °ɋ ɢɥɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɬ 50 ɞɨ 200. Ɏɨɫɮɚɬɧɵɟ ɫɨɫɬɚɜɵ ɲɢɪɨɤɨ ɩɪɢɦɟ-

ɧɹɸɬ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɨɜ ɮɨɫɮɚɬɧɨ-ɨɤɫɢɞɧɵɯ ɩɥɟɧɨɤ, ɤɨɬɨ-

ɪɵɟ ɩɨɥɭɱɚɸɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɫɬɜɨɪɚ 99–100 °ɋ. Ɍɨɥɳɢɧɚ ɩɥɟɧɨɤ ɧɚɯɨɞɢɬɫɹ 

ɜ ɩɪɟɞɟɥɚɯ 1–5 ɦɤɦ. Ɂɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɬɚɤɢɯ ɩɥɟɧɨɤ ɜɵɲɟ, ɱɟɦ ɨɤɫɢɞɧɵɯ, ɢ 

ɫɨɯɪɚɧɹɸɬɫɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 400 °ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ. 

 

2.5 ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɢ ɤɢɧɟɬɢɤɢ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɜɟɪ-

ɞɨɝɨ ɜɟɳɟɫɬɜɚ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɪɚɫɩɥɚɜɨɦ ɪɚɡɪɚɛɨɬɚɧɚ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɜɚɤɭɭɦ-

ɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɜ ɢɞɟɧɬɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɢɡɭɱɚɬɶ ɩɨɜɟɪɯɧɨɫɬɧɵɟ 

ɫɜɨɣɫɬɜɚ ɪɚɫɩɥɚɜɨɜ ɢ ɤɢɧɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɠɮɚɡɧɨɝɨ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ.  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɭɫɬɚɧɨɜɤɭ ɮɢɪɦɵ ɈȺɈ ɇɂɂ «ɂɡɨɬɟɪɦ», 

ɤɨɬɨɪɚɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚɫɩɥɚɜɨɜ 

ɦɟɬɨɞɨɦ ɥɟɠɚɳɟɣ ɤɚɩɥɢ; ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɤɢ ɪɚɫɬɟɤɚɧɢɹ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɩɨ 

ɨɝɧɟɭɩɨɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ; ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɤɢ ɪɚɫɬɜɨɪɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɜ ɪɚɫ-

ɩɥɚɜɚɯ ɦɟɬɨɞɨɦ ɜɪɚɳɚɸɳɟɝɨɫɹ ɞɢɫɤɚ; ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɤɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɪɚɫ-

ɩɥɚɜɨɜ ɜ ɩɨɪɢɫɬɵɟ ɨɛɪɚɡɰɵ ɩɨ ɢɡɦɟɧɟɧɢɸ ɢɯ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

ȼɧɟɲɧɢɣ ɜɢɞ ɭɫɬɚɧɨɜɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 8, ɟɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.  
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Ɋɢɫɭɧɨɤ 8 – ȼɧɟɲɧɢɣ ɜɢɞ ɭɫɬɚɧɨɜɤɢ  

ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɩɥɚɜɨɜ ɢ ɬɜɟɪɞɵɯ ɬɟɥ 

 

Ɍɚɛɥɢɰɚ 6 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ 

ɉɚɪɚɦɟɬɪɵ Ɂɧɚɱɟɧɢɹ 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɬɢɝɥɹ, ɦɦ: 

ɞɢɚɦɟɬɪ 

ɜɵɫɨɬɚ 

 

102 (6") 

100 

ɋɩɨɫɨɛ ɧɚɝɪɟɜɚ ɪɟɡɢɫɬɢɜɧɵɣ 

Ɇɚɬɟɪɢɚɥ ɧɚɝɪɟɜɚɬɟɥɹ ɝɪɚɮɢɬ 

ɉɪɟɞɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, °ɋ 1650 

Ɍɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, °ɋ ± 5 

ɉɪɟɞɟɥɶɧɵɣ ɜɚɤɭɭɦ (ɜ ɱɢɫɬɨɣ ɫɭɯɨɣ ɤɚɦɟɪɟ), ɦɦ ɪɬ. ɫɬ. 5ɯ10-5 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɜɟɪɯɧɟɝɨ ɲɬɨɤɚ, ɦɦ/ɦɢɧ: 

ɪɚɛɨɱɚɹ 

ɦɚɪɲɟɜɚɹ 

 

2...10 

150 

ȼɟɥɢɱɢɧɚ ɩɟɪɟɦɟɳɟɧɢɹ ɜɟɪɯɧɟɝɨ ɲɬɨɤɚ, ɦɦ 200 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɟɪɯɧɟɝɨ ɲɬɨɤɚ, ɨɛ/ɦɢɧ 1...200 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6 

 

ɍɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɢɡɭɱɚɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɪɚɫɩɥɚɜɨɜ ɨɞɧɢɦ 

ɢɡ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɯ ɢ ɲɢɪɨɤɨ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɬɨɞɨɜ – ɦɟ-

ɬɨɞɨɦ ɥɟɠɚɳɟɣ ɤɚɩɥɢ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɞɥɹ ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɤɢ 

ɪɚɫɬɟɤɚɧɢɹ ɪɚɫɩɥɚɜɨɜ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɨɣ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ. Ʉɨɧɫɬɪɭɤɰɢɹ ɭɫɬɚɧɨɜɤɢ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɢɬɶ ɦɟɬɨɞ ɥɟ-

ɠɚɳɟɣ ɤɚɩɥɢ ɫ ɪɚɡɞɟɥɶɧɵɦ ɧɚɝɪɟɜɨɦ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɢ ɩɪɢɜɟɞɟɧɢɟɦ ɢɯ 

ɜ ɤɨɧɬɚɤɬ ɩɪɢ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɍɚɤɚɹ ɦɟɬɨɞɢɤɚ ɢɫɤɥɸɱɚɟɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɜ ɫɢɫɬɟɦɚɯ ɫ ɨɛɪɚɡɨɜɚ-

ɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ. 
 

2.6 ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ 

ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 

 

Ɍɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɞɢɥɚɬɨɦɟɬɪɚ, 

ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9. Ⱦɢɥɚɬɨɦɟɬɪ ɫɨɫɬɨɢɬ ɢɡ ɲɚɯɬ-

ɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɟɱɢ 1, ɞɟɪɠɚɬɟɥɹ ɢɫɩɵɬɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɫ ɢɡɦɟɪɢɬɟɥɟɦ 

ɭɞɥɢɧɟɧɢɹ 2, ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ 3, ɞɜɭɯɤɨɨɪɞɢɧɚɬɧɨɝɨ ɩɨɬɟɧɰɢɨɦɟɬɪɚ 4. ɇɚ ɪɢ-

ɫɭɧɤɟ 10 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ. Ɉɧɚ ɫɨɫɬɨɢɬ ɢɡ ɨɩɨɪɧɨɣ 

ɤɜɚɪɰɟɜɨɣ ɬɪɭɛɤɢ 1, ɤɜɚɪɰɟɜɨɝɨ ɫɬɟɪɠɧɹ-ɬɨɥɤɚɬɟɥɹ 2 ɢ ɢɫɩɵɬɭɟɦɨɝɨ ɨɛɪɚɡɰɚ 3, 

ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɦɟɠɞɭ ɬɪɭɛɤɨɣ ɢ ɬɨɥɤɚɬɟɥɟɦ. Ⱦɥɢɧɚ ɤɜɚɪɰɟɜɨɣ ɬɪɭɛɤɢ ɪɚɜɧɚ 

ɫɭɦɦɟ ɞɥɢɧ ɬɨɥɤɚɬɟɥɹ ɢ ɢɫɩɵɬɭɟɦɨɝɨ ɨɛɪɚɡɰɚ. Ⱦɟɣɫɬɜɢɟ ɩɪɢɛɨɪɚ ɨɫɧɨɜɚɧɨ ɧɚ 

ɉɚɪɚɦɟɬɪɵ Ɂɧɚɱɟɧɢɹ 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɧɢɠɧɟɝɨ ɲɬɨɤɚ, ɦɦ/ɦɢɧ 150 

Ɇɨɳɧɨɫɬɶ , ɤȼɬ 20 

ɗɥɟɤɬɪɨɩɢɬɚɧɢɟ: 

ɧɚɝɪɟɜɚɬɟɥɶ 

ɱɚɫɬɨɬɚ, Ƚɰ 

 

ɨɞɧɨɮɚɡɧɵɣ 

50 

Ɋɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɦ3/ɱ 0,7 

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ, Ɇɉɚ 0,3 
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ɢɡɦɟɪɟɧɢɢ ɪɚɡɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ ɨɛɪɚɡɰɚ ɢ ɤɜɚɪɰɟɜɨɝɨ ɫɬɟɤɥɚ, ɡɧɚɱɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɤɨɬɨɪɨɝɨ ɜɟɫɶɦɚ ɦɚɥɨ ɢ 

ɯɨɪɨɲɨ ɢɡɭɱɟɧɨ ɜ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɬɟɦɩɟɪɚɬɭɪ. 

 

 

1 – ɲɚɯɬɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 

ɩɟɱɶ; 

2 – ɞɟɪɠɚɬɟɥɶ ɨɛɪɚɡɰɚ; 

3 – ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ; 

4 - ɩɨɬɟɧɰɢɨɦɟɬɪ 

Ɋɢɫɭɧɨɤ 9 – Ɉɫɧɨɜɧɵɟ ɭɡɥɵ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɄɅɌɊ 

 

 

1 – ɤɜɚɪɰɟɜɚɹ ɬɪɭɛɤɚ; 

2 – ɫɬɟɪɠɟɧɶ; 

3 – ɢɫɩɵɬɭɟɦɵɣ ɨɛɪɚɡɟɰ 

Ɋɢɫɭɧɨɤ 10 – ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɹɱɟɣɤɚ 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɨɩɵɬɨɜ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

3.1 ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɨɜɨɝɨ ɫɥɨɹ 

 

ɇɚ ɪɢɫɭɧɤɟ 11 ɩɨɤɚɡɚɧɵ ɮɨɬɨɝɪɚɮɢɢ ɩɨɥɭɱɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɪɚɡɰɨɜ. 

ɉɨɞ 11, ɚ, ɞɚɧɚ ɱɢɫɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɞɨ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ.  

 

ɚ 

 

ɛ 

 

ɜ 

 

ɝ 

 

ɞ 

 

ɟ

 

Ɋɢɫɭɧɨɤ 11 – Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ ɮɨɫɮɚɬɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ 

 

ɉɨɞ ɛ ɢ ɜ, ɩɪɨɜɟɞɟɧɚ ɪɟɚɤɰɢɹ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 85 %-ɧɨɣ ɤɢɫɥɨɬɨɣ, 

ɧɨ ɫ ɪɚɡɧɵɦ ɜɪɟɦɟɧɟɦ ɜɵɞɟɪɠɤɢ. ɉɨɞ ɛ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɨɫɬɚɜɥɹɥɚ 15 ɦɢɧɭɬ, ɚ 

ɩɨɞ ɜ, – 30 ɦɢɧɭɬ. ɇɚ ɪɢɫɭɧɤɟ 11, ɝ ɢ ɞ, ɨɛɪɚɡɰɵ ɤɨɧɬɚɤɬɢɪɨɜɚɥɢ ɫ ɨɪɬɨɮɨɫɮɚ-

ɬɨɦ ɰɢɧɤɚ, ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ ɞɥɹ ɨɛɨɢɯ ɨɛɪɚɡɰɨɜ ɪɚɜɧɹɥɨɫɶ 20 ɦɢɧɭɬɚɦ. ɉɨɞ ɝ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɚ ɛɵɥɚ 40 °ɋ, ɩɨɞ ɞ, – 85 °ɋ. ɉɨɞ 11, ɟ, ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ 

ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɜ ɨɞɧɨɡɚɦɟɳɟɧɧɨɦ ɨɪɬɨɮɨɫɮɚɬɟ ɰɢɧɤɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɧɢɬɪɚɬɚ 

ɰɢɧɤɚ. Ⱦɚɧɧɵɣ ɨɩɵɬ ɛɵɥ ɩɪɨɜɟɞɟɧ ɜɫɥɟɞɫɬɜɢɟ ɭɩɨɦɢɧɚɧɢɹ ɜ ɞɨɤɭɦɟɧɬɚɯ ɭɥɭɱ-

ɲɟɧɢɹ ɪɟɚɤɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɢɬɪɚɬɚ ɰɢɧɤɚ. ɇɨ, ɤɚɤ ɨɤɚɡɚɥɨɫɶ, ɩɨɥɭɱɟɧɧɨɟ 
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ɩɨɤɪɵɬɢɟ ɧɟ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɵɦ ɫɰɟɩɥɟɧɢɟɦ ɤ ɦɚɬɟɪɢɚɥɭ, ɩɨɷɬɨɦɭ ɩɪɢ ɫɨ-

ɩɪɢɤɨɫɧɨɜɟɧɢɢ ɨɫɬɚɜɥɹɥɨ ɫɥɟɞɵ. 

 

3.2 ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɪɚɛɨɱɟɝɨ ɫɥɨɹ 

 

ȿɫɥɢ ɫɜɹɡɶ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫ ɪɚɫɩɥɚɜɨɦ ɚɥɸɦɢɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɦɢ-

ɧɢɦɚɥɶɧɨɣ, ɬɨ ɩɪɨɱɧɨɫɬɶ ɟɝɨ ɫɰɟɩɥɟɧɢɹ ɫ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɡɥɨɠɧɢɰɵ – 

ɦɚɤɫɢɦɚɥɶɧɨɣ. ɉɨɜɵɫɢɬɶ ɚɞɝɟɡɢɸ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɟ ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɠɧɢɰɵ ɦɨɠɧɨ ɡɚ ɫɱɟɬ ɟɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ, 

ɱɬɨ ɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɧɚɞ ɨɛɪɚɡɰɚɦɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɱɭɝɭɧɧɵɟ ɨɛɪɚɡɰɵ, ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɵɯ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɜɟɪɝɥɢɫɶ ɮɨɫɮɚɬɢɪɨɜɚɧɢɸ ɛɟɡ ɧɚɝɪɟɜɚ, ɢ ɧɚ ɧɢɯ ɛɵɥɢ ɧɚɧɟ-

ɫɟɧɵ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɟ ɬɚɤɠɟ ɛɟɡ ɩɪɨɤɚɥɢɜɚɧɢɹ, ɮɨ-

ɬɨɝɪɚɮɢɢ ɦɚɤɪɨɫɬɪɭɤɬɭɪ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 12 .   

Ⱦɚɠɟ ɛɟɡ ɨɛɠɢɝɚ ɩɨɤɪɵɬɢɹ ɫɨɯɪɚɧɹɸɬ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ. 

 

ɚ

 

ɛ

 

Ɋɢɫɭɧɨɤ 12 – Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɫ ɪɚɛɨɱɢɦ ɫɥɨɟɦ: ɚ – ɤɪɚɫɤɚ; ɛ – ɩɚɫɬɚ 

 

3.3 ɋɜɨɣɫɬɜɚ ɪɚɛɨɱɟɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ 

 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢɡɥɨɠɧɢɰ ɩɪɢɦɟɧɹɸɬ 

ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɵɟ ɧɚɧɨɫɹɬ ɧɚ ɪɚɛɨɱɭɸ ɩɨɜɟɪɯ-
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ɧɨɫɬɶ ɬɨɥɳɢɧɨɣ 0,3 ɦɦ. ɉɪɚɤɬɢɤɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɡɜɟɫɬɧɵɟ ɜɨɞɧɵɟ ɩɨɤɪɵɬɢɹ 

ɧɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɢ ɫɜɹɡɭɸɳɢɯ (ɛɟɬɨɧɢɬ, ɤɪɟɦɧɟɡɨɥɶ, ɠɢɞɤɨɟ 

ɫɬɟɤɥɨ) ɢɦɟɸɬ ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɚɞɝɟɡɢɸ ɤ ɦɚɬɟɪɢɚɥɭ ɢɡɥɨɠɧɢɰɵ ɢ ɧɢɡɤɭɸ ɷɪɨ-

ɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ. 

Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɥɟɤɬɪɨɤɨɪɭɧɞ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɮɨɫɮɚɬɧɨɣ ɫɜɹɡ-

ɤɨɣ ɢɦɟɟɬ ɯɨɪɨɲɭɸ ɫɬɨɣɤɨɫɬɶ ɜ ɤɨɧɬɚɤɬɟ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɪɚɫɩɥɚɜɚɦɢ ɢ ɩɪɢ-

ɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɢɜɨɩɪɢɝɚɪɧɵɯ ɤɪɚɫɨɤ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɬɥɢɜɨɤ ɜ ɩɟɫ-

ɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ ɮɨɪɦɚɯ, ɚ ɬɚɤɠɟ ɫɭɫɩɟɧɡɢɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ 

ɮɨɪɦ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ. ɂɯ ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɪɬɨɮɨɫɮɚɬɚ ɚɥɸɦɢɧɢɹ 

ɢɥɢ ɨɞɧɨɡɚɦɟɳɟɧɧɨɝɨ ɮɨɫɮɚɬɚ ɦɚɝɧɢɹ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɷɥɟɤɬɪɨɤɨɪɭɧɞɨɦ ɢɥɢ ɞɪɭ-

ɝɢɦɢ ɜɵɫɨɤɨɝɥɢɧɨɡɟɦɢɫɬɵɦɢ ɧɚɩɨɥɧɢɬɟɥɹɦɢ. ȼɜɟɞɟɧɢɟ ɮɨɫɮɚɬɨɜ ɜ ɩɚɫɬɵ ɢ 

ɤɪɚɫɤɢ ɩɨɜɵɲɚɟɬ ɢɯ ɫɬɨɣɤɨɫɬɶ ɤ ɤɨɪɪɨɡɢɢ ɜ ɤɨɧɬɚɤɬɟ ɫ ɪɚɫɩɥɚɜɚɦɢ, ɚ ɬɚɤɠɟ 

ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ ɢ ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɜɹɡɭ-

ɸɳɢɯ ɮɨɫɮɚɬɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɚɥɨɣ ɝɚɡɨɬɜɨɪɧɨɫɬɶɸ. ɉɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ 

ɩɪɢɦɟɧɟɧɢɟ ɮɨɫɮɚɬɧɵɯ ɫɜɹɡɭɸɳɢɯ ɞɥɹ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɮɨɪɦ (ɢɡɥɨɠɧɢɰ), ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɱɭɲɤɢ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ 

ɫɩɥɚɜɨɜ ɧɚ ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɦ ɥɢɬɟɣɧɨɦ ɤɨɧɜɟɣɟɪɟ. 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɡɚɳɢɬɧɵɦ ɩɨɤɪɵɬɢɹɦ:  

– ɫɨɯɪɚɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɥɨɠɧɢɰ;  

– ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ, 

ɫɨɢɡɦɟɪɢɦɵɣ ɫ ɄɅɌɊ ɦɚɬɟɪɢɚɥɚ ɢɡɥɨɠɧɢɰ;  

– ɧɟ ɫɦɚɱɢɜɚɧɢɟ ɩɨɤɪɵɬɢɣ ɪɚɫɩɥɚɜɨɦ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ; 

– ɯɨɪɨɲɟɟ ɫɦɚɱɢɜɚɧɢɟ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ ɦɚɬɟɪɢɚɥɚ 

ɢɡɥɨɠɧɢɰɵ;  

– ɧɢɡɤɚɹ ɚɞɝɟɡɢɹ ɪɚɫɩɥɚɜɚ ɚɥɸɦɢɧɢɹ ɤ ɩɨɤɪɵɬɢɸ;  

– ɜɵɫɨɤɚɹ ɚɞɝɟɡɢɹ ɩɨɤɪɵɬɢɹ ɤ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɠɧɢɰ. 
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3.3.1 Иɫɫɥɟɞɨɜɚɧɢɟ ɢɡɦɟɧɟɧɢɹ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɱɭɝɭɧɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

 

ɋ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɨɰɟɧɢɜɚɥɢ ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ 

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ ɬɟɪɦɢɱɟ-

ɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɨ ɪɟɰɟɩɬɭɪɟ ɩɨɤɪɵɬɢɣ, ɩɪɢɜɟɞɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 7. 

 

Ɍɚɛɥɢɰɚ 7 – ɂɡɦɟɧɟɧɢɟ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɣ 

ɋɜɨɣɫɬɜɚ ɉɨɤɚɡɚɬɟɥɢ ɫɜɨɣɫɬɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, К 

423 473 573 773 873 973 1173 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ, Ɇɉɚ 4,52 3,02 7,74 8,72 7,0 6,1 3,78 

Ɍɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ, Δl, % 0,02 0,03 0,04 0,2 0,4 0,7 0,94 

 

ɂɡ ɬɚɛɥɢɰɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɞɨ 773 К ɢɯ ɩɪɨɱɧɨɫɬɶ 

ɪɚɫɬɟɬ, ɡɚɬɟɦ ɨɧɚ ɫɧɢɠɚɟɬɫɹ, ɨɞɧɚɤɨ ɟɟ ɚɛɫɨɥɸɬɧɚɹ ɜɟɥɢɱɢɧɚ ɨɫɬɚɟɬɫɹ ɞɨɫɬɚ-

ɬɨɱɧɨ ɜɵɫɨɤɨɣ. ȼɨɡɪɚɫɬɚɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɧɚɝɪɟɜɟ ɨɛɴɹɫɧɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ 

ɮɨɫɮɚɬɧɵɦ ɫɜɹɡɵɜɚɧɢɟɦ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɦɫɹ ɭɞɚɥɟɧɢɟɦ ɢɡ ɨɝɧɟɭɩɨɪɧɨɝɨ 

ɧɚɩɨɥɧɢɬɟɥɹ ɢ ɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɜɥɚɝɢ. 

Ɇɚɝɧɢɣɮɨɫɮɚɬɧɚɹ ɫɜɹɡɤɚ ɬɟɪɹɟɬ ɩɨɫɥɟɞɧɸɸ ɦɨɥɟɤɭɥɭ ɜɨɞɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɨɤɨɥɨ 773 К. ȼɵɲɟ 773 К ɫɭɳɟɫɬɜɭɟɬ ɨɞɢɧ ɬɟɬɪɨɦɟɬɚɮɨɫɮɚɬ ɦɚɝɧɢɹ Mg2P4O12. 

ɏɚɪɚɤɬɟɪɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪ 

ɩɨɥɧɨɝɨ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɫɜɹɡɤɢ. 

Ⱥɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɰɨɜ ɩɪɢ ɧɚɝɪɟɜɟ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ 

ɬɪɢ ɩɟɪɢɨɞɚ. ȼ ɩɟɪɜɨɦ ɩɟɪɢɨɞɟ, ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 573 К, ɧɚɛɥɸɞɚɟɬɫɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɥɢɧɟɣɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɦɚɬɟɪɢɚɥɚ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɟ 0,04 %. ȼɨ 

ɜɬɨɪɨɦ ɩɟɪɢɨɞɟ (573–773 К) ɪɨɫɬ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɛɨɥɟɟ ɡɚɦɟɬɟɧ, ɢ ɜ ɬɪɟɬɶ-

ɟɦ ɩɟɪɢɨɞɟ ɜɧɨɜɶ ɧɚɱɢɧɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɩɪɨɢɫɯɨɞɢɬ ɬɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɡɟɪɟɧ ɧɚɩɨɥɧɢ-

ɬɟɥɹ ɢ ɭɫɚɞɤɚ ɫɜɹɡɭɸɳɟɝɨ ɜɫɥɟɞɫɬɜɢɟ ɭɞɚɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɣ ɜɨɞɵ. Ɉɬ 

ɫɨɨɬɧɨɲɟɧɢɹ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɡɚɜɢɫɢɬ ɨɛɳɟɟ ɢɡɦɟɧɟɧɢɟ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɫ 
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ɬɟɦɩɟɪɚɬɭɪɨɣ. ɇɢɡɤɚɹ ɬɟɪɦɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɤɨɪɭɧɞɨɜɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɮɨɫ-

ɮɚɬɧɨɣ ɫɜɹɡɤɟ ɞɟɥɚɟɬ ɢɯ ɫɬɨɣɤɢɦɢ ɤ ɬɟɩɥɨɜɨɦɭ ɭɞɚɪɭ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɬɟɪɦɢɱɟ-

ɫɤɢɯ ɬɪɟɳɢɧ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɨ-

ɤɪɵɬɢɣ ɜ ɢɧɬɟɪɜɚɥɟ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ 773–873 К (0,2–0,4 %) ɫɨɢɡɦɟɪɢɦɨ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɡɦɟɪɟɧɢɣ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɱɭɝɭɧɚ 0,3–0,4 %. 

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɛɪɚɡɰɨɜ 

ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɢɫɬɟɦɵ. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɵɬɚ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 13. ɉɪɢ 

ɧɚɝɪɟɜɟ, ɱɬɨ ɜɢɞɧɨ ɧɚ ɤɪɢɜɨɣ 1, ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɜ ɬɟɦɩɟ-

ɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ ɞɨ 300 °ɋ ɫɜɹɡɚɧɧɵɣ ɫ ɪɚɫɲɢɪɟɧɢɟɦ ɩɪɢɫɭɬɫɬɜɭɸɳɟɝɨ ɜ ɤɨɦ-

ɩɨɡɢɰɢɢ ɝɢɞɪɨɚɥɸɦɨɮɨɫɮɚɬɨɜ, ɢɡɝɢɛ ɧɚ ɤɪɢɜɨɣ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ 600–

700 °ɋ – ɫ ɩɪɟɜɪɚɳɟɧɢɟɦ ɚɥɸɦɨɮɨɫɮɚɬɨɜ ɜ ɫɬɚɛɢɥɶɧɵɟ ɦɟɬɚ- ɢ ɨɪɬɨɮɨɪɦɵ. 

ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɄɅɌɊ) 

ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɜ 2 ɪɚɡɚ (ɨɬ ɡɧɚɱɟɧɢɹ 24 ɞɨ 11·10–6 K–1), ɱɬɨ ɢ ɩɨɤɚɡɵɜɚ-

ɟɬ ɤɪɢɜɚɹ 2. 

 

 
Ɋɢɫɭɧɨɤ 13 – Ʉɪɢɜɵɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɪɢ ɧɚɝɪɟɜɟ: 

1 – ɢɡɦɟɧɟɧɢɟ ɞɥɢɧɵ ɨɛɪɚɡɰɚ, 2 – ɄɅɌɊ 

 

Ɍɚɤɠɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɄɅɌɊ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɱɭɝɭɧɚ, ɦɨ-

ɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɊɁɆ-ɫɨɞɟɪɠɚɳɢɦɢ ɥɢɝɚɬɭɪɚɦɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ 

ɞɢɥɚɬɨɦɟɬɪɟ ɜ ɞɢɚɩɚɡɨɧɟ 20–950 °ɋ ɫ ɜɵɫɨɤɢɦ ɪɚɫɲɢɪɟɧɢɟɦ ɢ ɬɨɱɧɨɫɬɶɸ. Ɋɟ-

ɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɄɅɌɊ (α) ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɩɪɢ ɧɚɝɪɟɜɟ 
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(ΔL/L0) ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɱɭɝɭɧɚ ɑȼȽ30 ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 14. 

 

 
Ɋɢɫɭɧɨɤ 14 – Ʉɪɢɜɵɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɱɭɝɭɧɚ ɩɪɢ ɧɚɝɪɟɜɟ:  

1 – ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, 2 – ɄɅɌɊ 

 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɱɭɝɭɧɚ ɊɁɆ-ɫɨɞɟɪɠɚɳɟɣ ɥɢɝɚɬɭɪɨɣ ɞɟɥɚɟɬ ɧɟɢɡɦɟɧ-

ɧɨɣ ɄɅɌɊ ɞɨ 800 °ɋ ɢ ɦɢɧɢɦɢɡɢɪɭɟɬ ɢɡɦɟɧɟɧɢɟ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ, ɱɬɨ ɜɢɞɧɨ 

ɧɚ ɪɢɫɭɧɤɟ. 

ȿɫɥɢ ɫɪɚɜɧɢɬɶ ɤɪɢɜɵɟ ɪɚɫɲɢɪɟɧɢɹ ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ ɢ ɱɭɝɭɧɚ, 

ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɄɅɌɊ ɨɛɨɢɯ ɦɚɬɟɪɢɚɥɨɜ ɨɱɟɧɶ ɩɨɯɨɠɢ ɢ ɨɛɚ ɢɦɟɸɬ ɩɟɪɟ-

ɝɢɛ ɩɪɢ 201 °ɋ. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɨɛɨɢɯ ɨɛɪɚɡɰɨɜ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɩɪɢ ɧɚɝɪɟɜɟ. ɍɞɥɢɧɟɧɢɟ ɨɛɪɚɡɰɚ ɢɡ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɱɭɝɭɧɚ ɩɪɢ 700 °ɋ ɪɚɜɧɨ 5 

ɦɦ, ɚ ɚɥɸɦɨɮɨɫɮɚɬɧɨɝɨ ɨɛɪɚɡɰɚ – 0,5 ɦɦ. 

 

3.3.2 Иɫɫɥɟɞɨɜɚɧɢɟ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɱɭɝɭɧɨɜ 

 

Ⱦɚɥɟɟ ɨɛɪɚɡɰɵ ɢɡ ɱɭɝɭɧɚ ɫ ɡɚɳɢɬɧɵɦ ɩɨɤɪɵɬɢɟɦ ɢɫɩɵɬɚɥɢ ɧɚ ɬɟɪɦɨɫɬɨɣ-

ɤɨɫɬɶ, ɤɨɬɨɪɭɸ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɬɟɩɥɨɫɦɟɧ ɜ ɪɟɠɢɦɟ ɧɚɝɪɟɜ-

ɨɯɥɚɠɞɟɧɢɟ. Ɉɛɪɚɡɰɵ ɫ ɩɨɤɪɵɬɢɟɦ ɜɜɨɞɢɥɢ ɜ ɩɟɱɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800 °ɋ, ɜɵ-

ɞɟɪɠɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 2-ɯ ɦɢɧɭɬ ɢ ɜɵɧɢɦɚɥɢ ɢɡ ɩɟɱɢ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɜɨɡɞɭɯɟ. 

Ɂɚɬɟɦ ɨɛɪɚɡɰɵ ɜɧɨɜɶ ɩɨɦɟɳɚɥɢ ɜ ɩɟɱɶ, ɜɵɞɟɪɠɢɜɚɥɢ 2 ɦɢɧɭɬɵ ɢ ɜɧɨɜɶ ɨɯɥɚ-

ɠɞɚɥɢ ɧɚ ɜɨɡɞɭɯɟ. ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɢ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɩɨɤɪɵɬɢɹ. Ɋɟɡɭɥɶɬɚ-
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ɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 15. Ɉɛɪɚɡɟɰ, ɧɚ ɤɨɬɨɪɨɦ ɛɵɥɚ ɤɪɚɫɤɚ, 

ɜɵɞɟɪɠɚɥɨ 10 ɬɟɩɥɨɫɦɟɧ, ɚ ɨɛɪɚɡɟɰ ɩɨɤɪɵɬɵɣ ɩɚɫɬɨɣ – 8. 

 

ɚ

 

ɛ

 

Ɋɢɫɭɧɨɤ 15 – Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɨɩɵɬɚ: ɚ – ɤɪɚɫɤɚ; ɛ – ɩɚɫɬɚ 

 

3.3.3 Иɫɫɥɟɞɨɜɚɧɢɟ ɢɡɦɟɧɟɧɢɹ ɫɦɚɱɢɜɚɧɢɹ ɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ ɪɚɫ-

ɩɥɚɜɨɦ ɚɥɸɦɢɧɢɹ 

 

ȼɚɠɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɢɯ ɫɦɚɱɢɜɚɧɢɟ ɪɚɫɩɥɚɜɨɦ ɧɚ 

ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ. Ɉɩɵɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɨɪɭɧɞ ɯɭɠɟ ɫɦɚɱɢɜɚɟɬɫɹ ɪɚɫɩɥɚɜɨɦ 

ɚɥɸɦɢɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɢɫɫɥɟɞɨɜɚɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɱɬɨ ɩɨɤɚɡɚ-

ɧɨ ɧɚ ɪɢɫɭɧɤɟ 16. 

 

 

Ɋɢɫɭɧɨɤ 16 – ɂɡɦɟɧɟɧɢɟ ɤɨɧɬɚɤɬɧɵɯ ɭɝɥɨɜ ɜɨ ɜɪɟɦɟɧɢ  

ɩɪɢ ɪɚɫɬɟɤɚɧɢɢ ɚɥɸɦɢɧɢɹ ɩɨ ɨɝɧɟɭɩɨɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ 

 

1 – Al2O3; 

2 – MgO; 

3 – ZrSiO4 (ɰɢɪɤɨɧ); 

4 – SiC (ɤɚɪɛɨɪɭɧɞ); 

5 – SiO2 
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ɇɚ ɩɪɢɦɟɪɟ ɚɥɸɦɢɧɢɟɜɨɝɨ ɪɚɫɩɥɚɜɚ ɢɡɭɱɢɥɢ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 

ɤɪɚɟɜɵɯ ɭɝɥɨɜ ɨɝɧɟɭɩɨɪɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɵɬɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢ-

ɫɭɧɤɟ 17. Ⱦɥɹ ɷɬɨɣ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɧɚ ɫɢɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɪɚɟɜɵɯ ɭɝɥɨɜ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɩɪɨɲɥɵɦ ɪɢɫɭɧɤɨɦ, ɡɞɟɫɶ ɬɚɤɠɟ ɦɨɠɧɨ ɭɜɢɞɟɬɶ, 

ɱɬɨ ɤɨɦɩɨɡɢɰɢɹ ɧɚ ɨɫɧɨɜɟ ɤɨɪɭɧɞ ɢ ɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ ɯɭɠɟ ɫɦɚɱɢɜɚɟɬɫɹ ɪɚɫ-

ɩɥɚɜɨɦ ɚɥɸɦɢɧɢɹ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ 900 °ɋ ɤɪɚɟɜɨɣ ɭɝɨɥ ɪɟɡɤɨ ɩɚɞɚɟɬ ɢ ɭɠɟ ɩɪɢ 

1040 °ɋ ɷɬɨɬ ɫɨɫɬɚɜ ɧɚɱɢɧɚɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɚɥɸɦɢɧɢɟɦ.  

 

 
Ɋɢɫɭɧɨɤ 17 – ɉɨɥɢɬɟɪɦɵ ɭɝɥɨɜ ɫɦɚɱɢɜɚɧɢɹ ɚɥɸɦɢɧɢɟɦ ɨɛɪɚɡɰɨɜ  

ɢɡ ɨɝɧɟɭɩɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 

Ⱦɥɹ ɥɢɬɶɹ ɚɥɸɦɢɧɢɹ ɜ ɮɨɪɦɵ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɬɚɜɥɹɟɬ 

750 °ɋ, ɩɨɷɬɨɦɭ ɤɨɦɩɨɡɢɰɢɹ ɤɨɪɭɧɞ–ɮɨɫɮɚɬɧɚɹ ɫɜɹɡɤɚ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɧɢɠɟɧɢɟ 

ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ, ɩɨɞɯɨɞɢɬ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ ɩɨɤɪɵɬɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦ. 

Ʉɚɤ ɢ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 16, ɢɫ-

ɩɨɥɶɡɨɜɚɧɧɵɟ ɫɨɫɬɚɜɵ ɨɝɧɟɭɩɨɪɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɜɡɹɬɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɛɨɥɟɟ 

ɪɚɧɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɩɪɨɜɟɞɟɧɧɵɯ ɤɚɮɟɞɪɨɣ ɧɚ ɡɚɜɨɞɟ «ɄɪɚɆɁ». 

Ɉɩɪɟɞɟɥɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɦɚɱɢɜɚɧɢɟ ɩɨɤɪɵɬɢɹ ɨɤɚɡɵɜɚɟɬ ɫɜɹɡɭɸɳɟɟ ɜ 

ɟɝɨ ɫɨɫɬɚɜɟ. ɂɡɭɱɢɥɢ ɫɦɚɱɢɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɢɡ ɤɨɦɩɨɡɢɰɢɣ: ɧɚɩɨɥɧɢɬɟɥɶ-

ɫɜɹɡɭɸɳɟɟ. ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɤɨɦɩɨɡɢɰɢɢ ɫɨɫɬɚɜɚ (1) ɩɪɢɧɹɥɢ ɜɵɫɨɤɨ-
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ɝɥɢɧɨɡɟɦɢɫɬɵɣ ɲɚɦɨɬ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɬɨɧɤɨɦɨɥɨɬɨɝɨ ɦɚɝɧɟɡɢɬɚ, ɚ ɜ ɫɨɫɬɚɜɟ (2) 

– ɷɥɟɤɬɪɨɤɨɪɭɧɞ. ȼ ɩɟɪɜɨɦ ɫɨɫɬɚɜɟ ɫɜɹɡɭɸɳɢɦ ɹɜɥɹɟɬɫɹ ɠɢɞɤɨɟ ɫɬɟɤɥɨ, ɚ ɜɨ 

ɜɬɨɪɨɦ – ɮɨɫɮɚɬɧɚɹ ɫɜɹɡɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɵɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 8. 

 

Ɍɚɛɥɢɰɚ 8 – Ʉɜɚɡɢɪɚɜɧɨɜɟɫɧɵɟ ɭɝɥɵ ɫɦɚɱɢɜɚɧɢɹ ɢ ɪɚɛɨɬɚ ɚɞɝɟɡɢɢ ɜ ɫɢɫɬɟɦɟ ɚɥɸɦɢɧɢɟɜɵɣ 

ɪɚɫɩɥɚɜ-ɦɚɬɟɪɢɚɥ ɩɨɤɪɵɬɢɹ 

Ɋɚɫɩɥɚɜ ɉɨɜɟɪɯɧɨɫɬɧɨɟ 

ɧɚɬɹɠɟɧɢɟ, ɆȾɠ/ɦ2 

ɇɨɦɟɪ  

ɤɨɦɩɨɡɢɰɢɢ 

ɍɝɨɥ ɫɦɚɱɢɜɚɧɢɹ, 

ɝɪɚɞ 

Ɋɚɛɨɬɚ ɚɞɝɟɡɢɢ, 

ɆȾɠ/ɦ2 

Ⱥɥɸɦɢɧɢɣ 805 
1 

2 

68 

100 

1107 

665 

 

ɂɡ ɬɚɛɥɢɰɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɭɝɨɥ ɨɛɪɚɡɭɟɬɫɹ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ 

ɤɨɦɩɨɡɢɰɢɣ ɤɨɪɭɧɞ-ɮɨɫɮɚɬɧɚɹ ɫɜɹɡɤɚ, ɚ ɧɚɢɦɟɧɶɲɢɣ – ɧɚ ɨɛɪɚɡɰɚɯ ɫɨ ɫɜɹɡɭɸ-

ɳɢɦ ɠɢɞɤɢɦ ɫɬɟɤɥɨɦ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɛɨɬɚ ɚɞɝɟɡɢɢ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɧɚ 

ɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɟ ɧɚɢɦɟɧɶɲɚɹ. ȼɵɫɨɤɚɹ ɚɞɝɟɡɢɹ ɚɥɸɦɢɧɢɹ ɤ ɩɨɤɪɵɬɢɸ ɧɚ 

ɠɢɞɤɨɦ ɫɬɟɤɥɟ ɨɛɴɹɫɧɹɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ ɫ 

ɪɚɫɩɥɚɜɨɦ ɚɥɸɦɢɧɢɹ. 
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                                                                             (24) 

 

ɦɨɥɶ
КДɠ

G 9,1371100  

                                                                                       (25) 
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                                                                            (26) 
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КДɠ

G 3,2891100  

                                                                                       (27) 

 

ɉɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɣ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɨɜɵɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɠɚɟɬɫɹ ɦɟɠɮɚɡɧɚɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ ɢ ɭɥɭɱɲɚɟɬɫɹ ɫɦɚ-



53 
 

ɱɢɜɚɧɢɟ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɜɨɡɪɚɫɬɚɟɬ ɚɞɝɟɡɢɹ, ɤɨɬɨɪɭɸ ɨɩɪɟɞɟɥɢɥɢ ɢɡ ɭɪɚɜ-

ɧɟɧɢɹ: 

 

  CosW ɠɝ  1 ,                                                                                             (28) 

 

ɝɞɟ σɠɝ – ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɪɚɫɩɥɚɜɚ ɚɥɸɦɢɧɢɹ, 

θ – ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɪɚɫɩɥɚɜɨɦ ɬɜɟɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ʉɨɝɞɚ ɪɚɫɩɥɚɜ ɯɨɪɨɲɨ ɪɚɫɤɢɫɥɟɧ ɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɨɤɢɫɥɟɧɢɟ ɜ ɩɪɨ-

ɰɟɫɫɟ ɡɚɥɢɜɤɢ ɢ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ, ɩɪɨɱɧɨɫɬɶ 

ɫɰɟɩɥɟɧɢɹ ɩɨɤɪɵɬɢɹ ɫ ɦɟɬɚɥɥɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɫɢɥɚɦɢ ɧɚ ɝɪɚ-

ɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɢ ɞɥɹ ɫɥɭɱɚɹ ɤɨɧɬɚɤɬɚ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ – ɜɟɥɢɱɢɧɨɣ ɪɚ-

ɛɨɬɵ ɚɞɝɟɡɢɢ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɡɚɥɢɜɚɟɦɨɝɨ ɜ 

ɮɨɪɦɭ ɪɚɫɩɥɚɜɚ ɢ ɫɦɚɱɢɜɚɧɢɹ ɢɦɢ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ. 

 

3.3.4 Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɫɬɨɣɤɨɫɬɢ ɞɜɭɯɫɥɨɣɧɵɯ ɩɨɤɪɵɬɢɣ 

ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɫɬɚɥɶɧɨɦ ɤɨɤɢɥɟ 

 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɨɛɪɚɡɰɵ, ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɵɯ ɫɧɚɱɚɥɚ ɩɨɞ-

ɜɟɪɝɥɢɫɶ ɮɨɫɮɚɬɢɪɨɜɚɧɢɸ ɛɟɡ ɧɚɝɪɟɜɚ, ɢ ɧɚ ɧɢɯ ɛɵɥɢ ɧɚɧɟɫɟɧɵ ɩɨɤɪɵɬɢɹ ɧɚ 

ɨɫɧɨɜɟ ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɟ ɬɚɤɠɟ ɛɟɡ ɩɪɨɤɚɥɢɜɚɧɢɹ, ɮɨɬɨɝɪɚɮɢɢ ɦɚɤɪɨ-

ɫɬɪɭɤɬɭɪ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 18. Ɋɚɛɨɱɟɟ ɩɨɤɪɵɬɢɟ, ɧɚɧɟɫɟɧɧɨɟ ɧɚ ɫɬɚɥɶɧɨɣ 

ɤɨɤɢɥɶ, ɢɫɩɵɬɚɥɢ ɩɪɢ ɡɚɥɢɜɤɟ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɵɬɚ ɩɨɤɚɡɚ-

ɧɵ ɧɚ ɪɢɫɭɧɤɟ 19.  

ɉɨɫɥɟ ɞɜɭɯ ɡɚɥɢɜɨɤ ɪɚɫɩɥɚɜɚ, ɫɩɥɚɜ ȺȾ31, ɩɪɨɢɫɯɨɞɢɥɨ ɱɚɫɬɢɱɧɨɟ ɨɬɫɥɨ-

ɟɧɢɟ ɪɚɛɨɱɟɝɨ ɫɥɨɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɝɪɭɧɬɨɜɵɣ ɫɥɨɣ ɩɨɥɧɨɫɬɶɸ ɫɨɯɪɚɧɢɥɫɹ ɢ 

ɢɦɟɥ ɩɪɨɱɧɨɟ ɫɰɟɩɥɟɧɢɟ ɫ ɦɚɬɟɪɢɚɥɨɦ ɤɨɤɢɥɹ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɩɵɬɚ-

ɧɢɟ ɩɨɤɪɵɬɢɹ ɩɪɨɢɫɯɨɞɢɥɨ ɩɪɢ ɜɵɫɨɤɨɦ ɩɟɪɟɝɪɟɜɟ ɪɚɫɩɥɚɜɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɞɨ-

ɫɬɢɝɚɥɚ 800 °ɋ, ɢ ɭɞɚɪɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɤɨɤɢɥɶ ɩɪɢ ɢɡɜɥɟɱɟɧɢɢ ɨɬɥɢɜɤɢ. ȼ 

ɭɫɥɨɜɢɹɯ ɡɚɜɨɞɚ ɪɟɚɥɶɧɵɟ ɢɡɥɨɠɧɢɰɵ ɨɯɥɚɠɞɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɨɞɵ, ɚ ɜɵɛɢɜ-
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ɤɚ ɢɡ ɧɟɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɺɬ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɢɡɥɨɠɧɢɰɵ ɩɪɢ ɩɟɪɟɞɜɢɠɟɧɢɢ 

ɤɨɧɜɟɣɟɪɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɟɦɩɟɪɚɬɭɪɚ ɫɩɥɚɜɚ ɧɟ ɩɨɞɧɢɦɚɟɬɫɹ ɜɵɲɟ 750 °ɋ. 

 

 

 

Ɋɢɫɭɧɨɤ 18 – Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɤɢɥɹ ɫ ɧɚɧɟɫɟɧɧɵɦ ɪɚɛɨɱɢɦ ɫɥɨɟɦ 

 

Ɋɢɫɭɧɨɤ 19 – Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɮɨɪɦ ɤɨɤɢɥɹ ɩɨɫɥɟ ɡɚɥɢɜɤɢ 
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ɇɚ ɪɢɫɭɧɤɟ 20 ɩɨɤɚɡɚɧɚ ɨɬɥɢɜɤɚ, ɩɨɥɭɱɟɧɧɚɹ ɡɚɥɢɜɤɨɣ ɜ ɤɨɤɢɥɶ ɫ ɧɚɧɟ-

ɫɟɧɧɵɦ ɡɚɳɢɬɧɵɦ ɩɨɤɪɵɬɢɟɦ. ɉɨɜɟɪɯɧɨɫɬɶ ɨɬɥɢɜɤɢ ɨɤɚɡɚɥɚɫɶ ɱɢɫɬɨɣ, ɛɟɡ ɤɚ-

ɤɢɯ-ɥɢɛɨ ɫɥɟɞɨɜ. 

 

 
Ɋɢɫɭɧɨɤ 20 – ȼɧɟɲɧɢɣ ɜɢɞ ɨɬɥɢɜɤɢ 

 

Ɉɬɦɟɬɢɦ ɬɚɤɠɟ, ɱɬɨ ɩɨɜɵɫɢɬɶ ɚɞɝɟɡɢɸ ɪɚɛɨɱɟɝɨ ɫɥɨɹ ɤɪɚɫɤɢ ɤ ɝɪɭɧɬɨɜɨ-

ɦɭ ɫɥɨɸ ɦɨɠɧɨ ɡɚ ɫɱɟɬ ɨɩɬɢɦɢɡɚɰɢɢ ɟɝɨ ɫɨɫɬɚɜɚ, ɤɨɬɨɪɨɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟ 

ɩɪɨɜɨɞɢɥɨɫɶ. Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɛɵɥɨ ɭɞɟɥɟɧɨ ɨɰɟɧɤɟ ɷɤɫ-

ɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɪɚɛɨɱɟɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ. 
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ɁАɄɅЮЧȿɇɂȿ 

 

1. ȼɵɹɫɧɢɥɢ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɹ ɢɡɥɨɠɧɢɰɵ ɹɜ-

ɥɹɟɬɫɹ ɟɝɨ ɢɧɟɪɬɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɫɩɥɚɜɭ ɚɥɸɦɢɧɢɹ ɥɢɛɨ ɧɢɡɤɚɹ ɚɞɝɟɡɢɹ 

ɪɚɫɩɥɚɜɚ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɚɥɸɦɢɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚ-

ɰɢɢ ɧɟ ɡɚɝɪɹɡɧɢɥɫɹ ɩɨɫɬɨɪɨɧɧɢɦɢ ɩɪɢɦɟɫɹɦɢ. 

2. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɦɚɱɢɜɚɧɢɹ ɪɚɫɩɥɚɜɨɦ ɚɥɸɦɢɧɢɹ ɨɝɧɟ-

ɭɩɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɟɣ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵ-

ɬɢɣ, ɷɥɟɤɬɪɨɤɨɪɭɧɞ ɯɭɠɟ ɫɦɚɱɢɜɚɟɬɫɹ ɚɥɸɦɢɧɢɟɦ ɢ ɢɦɟɟɬ ɤ ɧɟɦɭ ɧɚɢɦɟɧɶɲɭɸ 

ɚɞɝɟɡɢɸ, ɱɬɨ ɢ ɩɨɡɜɨɥɢɥɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɞɥɹ ɩɨɤɪɵ-

ɬɢɹ. 

3. Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɡɚɳɢɬɵ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɬɟɣɧɵɯ 

ɮɨɪɦ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɫɥɨɟɜ: ɨɞɢɧ ɫɥɨɣ ɫɨɡɞɚɧ ɜ ɩɪɨɰɟɫɫɟ ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ ɢ 

ɧɚɡɜɚɧɧɵɣ ɝɪɭɧɬɨɜɵɦ, ɚ ɜɬɨɪɨɣ – ɜ ɜɢɞɟ ɧɚɧɟɫɟɧɧɨɣ ɧɚ ɪɚɛɨɱɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 

ɤɪɚɫɤɢ ɢɥɢ ɩɚɫɬɵ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɨɮɨɫɮɚɬɧɨɣ ɫɜɹɡɤɢ. 

4. ȼ ɤɚɱɟɫɬɜɟ ɝɪɭɧɬɨɜɨɝɨ ɫɥɨɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɨɫɮɚɬɢɪɨɜɚɧɢɟ ɜ ɨɞɧɨ-

ɡɚɦɟɳɟɧɧɨɦ ɨɪɬɨɮɨɫɮɚɬɟ ɰɢɧɤɚ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɮɨɫɮɚɬɚ ɰɢɧɤɚ ɫ ɦɟɬɚɥ-

ɥɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɭɸɬɫɹ ɫɥɨɠɧɵɟ ɮɨɫɮɚɬ-ɰɢɧɤɨɜɵɟ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɵɟ 

ɯɨɪɨɲɨ ɫɰɟɩɥɹɸɬɫɹ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ. 

5. Ⱦɜɭɯɫɥɨɣɧɨɟ ɩɨɤɪɵɬɢɟ ɧɚ ɱɭɝɭɧɧɵɯ ɨɛɪɚɡɰɚɯ ɩɨɤɚɡɚɥɨ ɯɨɪɨɲɭɸ 

ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ. Ȼɟɡ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɥɸɦɢɧɢɟɦ ɨɧɨ ɜɵɞɟɪɠɚɥɨ ɧɟ ɦɟɧɟɟ 8 

ɬɟɩɥɨɫɦɟɧ. 
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