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Аɧɧɨɬɚɰиɹ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɟɧɨɛɟɬɨɧɚ ɧɚ ɨɫɧɨɜɟ ɛɟɫɰɟɦɟɧɬɧɨɝɨ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɜɹɠɭɳɟɝɨ 
ɢ ɢɯ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɥɹ ɛɥɢɠɚɣɲɢɯ ɚɧɚɥɨɝɨɜ. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ 
ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɨɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɫɨɪɛɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ, ɩɨɤɚɡɚɬɟɥɟɣ 
ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɪɢ ɭɫɥɨɜɢɹɯ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ). Ɋɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɫɬɪɭɤɬɭɪɵ ɹɱɟɢɫɬɵɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚ-
ɥɚ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɭɩɪɨɱɧɟɧɢɹ ɩɟɧɨɛɟɬɨɧɚ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚμ ɹɱɟɢɫɬɵɟ ɛɟɬɨɧɵ, ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɟ ɜɹɠɭɳɟɟ, ɛɟɫɰɟɦɟɧɬ-
ɧɨɟ ɜɹɠɭɳɟɟ, ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɚɪɨɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɫɨɪɛɰɢɨɧɧɚɹ 
ɜɥɚɠɧɨɫɬɶ, ɤɚɩɢɥɥɹɪɧɨɟ ɜɫɚɫɵɜɚɧɢɟ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ.  
 
ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ 
ɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬɶɸ ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɩɥɨɢɡɨ-
ɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ 
ɪɚɡɪɚɛɨɬɤɚ ɫɨɜɪɟɦɟɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɦ-
ɩɨɡɢɬɨɜ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ.  

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ ɫ ɨɩɬɢ-
ɦɚɥɶɧɵɦɢ ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɚɦɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɪɹɞ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨ-
ɜɚɧɢɹ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɨɝɨ ɤɨɦɩɨɡɢɬɚ. 
əɱɟɢɫɬɵɟ ɫɢɫɬɟɦɵ, ɤɚɤ ɢ ɜɫɟ ɞɢɫɩɟɪɫɧɵɟ 
ɫɢɫɬɟɦɵ, ɹɜɥɹɸɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɭɫ-
ɬɨɣɱɢɜɵɦɢ. ɂɯ ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɩɨɜɵɲɟɧɢɟɦ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ, ɢɡɛɵɬɨɱɧɚɹ 
ɷɧɟɪɝɢɹ ɜɵɡɵɜɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɟ ɩɪɨ-
ɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɜɟɞɭɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɞɢɫ-
ɩɟɪɫɧɨɫɬɢ ɢ ɪɚɡɪɭɲɟɧɢɸ ɩɟɧɵ. ɉɪɢ ɮɨɪɦɢ-
ɪɨɜɚɧɢɢ ɜɵɫɨɤɨɤɪɚɬɧɵɯ ɹɱɟɢɫɬɵɯ ɫɢɫɬɟɦ ɩɭɫ-
ɬɨɬɵ, ɮɨɪɦɢɪɭɟɦɵɟ ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɉȺȼ, ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɦɧɨɝɨɝɪɚɧ-
ɧɵɟ (ɩɨɥɢɷɞɪɢɱɟɫɤɢɟ) ɹɱɟɣɤɢ, ɚ ɠɢɞɤɢɟ ɩɪɨ-
ɫɥɨɣɤɢ – ɜ ɩɥɟɧɤɢ ɬɨɥɳɢɧɨɣ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬ-
ɤɨɜ ɧɚɧɨɦɟɬɪɨɜ. Ɍɚɤɢɟ ɩɥɟɧɤɢ ɨɛɪɚɡɭɸɬ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɵɣ ɤɚɪɤɚɫ, ɨɛɥɚɞɚɸɳɢɣ ɧɟɤɨɬɨ-
ɪɨɣ ɭɩɪɭɝɨɫɬɶɸ ɢ ɩɪɨɱɧɨɫɬɶɸ, ɚ ɩɟɧɵ (ɜ ɬɨɦ 
ɱɢɫɥɟ ɢ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɵɟ), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɢɦɟɸɬ ɫɜɨɣɫɬɜɚ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ. 
ɉɨɫɥɟ ɩɪɨɰɟɫɫɚ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɫɦɟɫɢ, ɬ.ɟ. 
ɜɟɞɟɧɢɹ ɜɹɠɭɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɫɢɫɬɟɦɭ, 
ɬɨɥɳɢɧɚ ɨɩɢɫɵɜɚɟɦɵɯ ɩɥɟɧɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɢɧɟɪɚɥɢɡɚɬɨɪɚ, ɬɚɤɢɦɢ 
ɤɚɤ – ɞɢɫɩɟɪɫɧɨɫɬɶ, ɪɟɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ, ɨɫɨɛɟɧɧɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɢ-
ɧɟɪɚɥɢɡɚɬɨɪɚ ɢ ɉȺȼ ɢ ɪɹɞɨɦ ɞɪɭɝɢɯ. Ɇɢɧɟ-
ɪɚɥɢɡɨɜɚɧɧɵɟ ɩɟɧɨɦɚɫɫɵ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ 
ɞɨɫɬɚɬɨɱɧɵɦɢ ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɧɵɦɢ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚɦɢ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɫɬɚɛɢɥɶɧɨɣ, ɪɚɜ-
ɧɨɨɛɴɟɦɧɨɣ ɫɦɟɫɢ ɜɨ ɜɪɟɦɟɧɢ. ɉɪɢ ɫɨɡɞɚɧɢɢ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ ɬɨɥɳɢɧɚ ɦɟɠɩɨɪɨɜɨɣ ɩɟɪɟɝɨɪɨɞɤɢ ɞɨɥɠɧɚ 
ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɚ, ɩɪɢ ɷɬɨɦ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɨɩɬɢɦɚɥɶɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ – ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢ ɜɨɞɨ-
ɫɬɨɣɤɨɫɬɶɸ. ɉɨ ɫɨɜɨɤɭɩɧɨɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɜɢɞɨɦ ɜɹɠɭɳɟɝɨ ɞɥɹ ɩɨɥɭɱɟ-
ɧɢɹ ɹɱɟɢɫɬɵɯ ɤɨɦɩɨɡɢɬɨɜ ɹɜɥɹɟɬɫɹ ɧɚɧɨɫɬ-
ɪɭɤɬɭɢɪɨɜɚɧɧɨɟ ɜɹɠɭɳɟɟ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɟ-
ɡɟɦɢɫɬɨɝɨ ɢ ɚɥɸɦɨɫɢɥɢɤɚɬɧɨɝɨ ɫɵɪɶɹ Д1–4].  

Кɚɤ ɩɪɚɜɢɥɨ, ɭɜɥɚɠɧɟɧɢɟ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɞɚɧɢɣ 
ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɧɟɫɤɨɥɶɤɢɯ ɦɟɯɚɧɢɡɦɨɜμ 
ɩɚɪɨɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɫɨɪɛɰɢɹ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, 
ɤɚɩɢɥɥɹɪɧɨɟ ɜɫɚɫɵɜɚɧɢɟ. ȼɥɚɠɧɨɫɬɧɨɟ ɫɨ-
ɫɬɨɹɧɢɟ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɦɟɧɹɟɬ-
ɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɦɚ-
ɬɟɪɢɚɥɚ, ɦɢɤɪɨɤɥɢɦɚɬɚ ɜ ɩɨɦɟɳɟɧɢɢ ɢ ɤɥɢ-
ɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
Эɬɨ, ɜ ɩɨɫɥɟɞɫɬɜɢɢ, ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬ-
ɪɭɤɰɢɣ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɉɚɪɨɩɪɨɧɢɰɚɟɦɨɫɬɶ – ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟ-
ɪɢɚɥɚ ɩɪɨɩɭɫɤɚɬɶ ɢɥɢ ɡɚɞɟɪɠɢɜɚɬɶ ɩɚɪ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɪɚɡɧɨɫɬɢ ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɚɬɦɨɫɮɟɪɧɨɦ 
ɞɚɜɥɟɧɢɢ ɩɨ ɨɛɟɢɦ ɫɬɨɪɨɧɚɦ ɦɚɬɟɪɢɚɥɚ. Кɨ-
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ɷɮɮɢɰɢɟɧɬ ɩɚɪɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭ-
ɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɧɢɰɚɧɢɸ. 
ɍɫɪɟɞɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ, ɫ 
ɰɟɥɶɸ ɫɨɩɨɫɬɚɜɥɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɦɚ-
ɬɟɪɢɚɥɨɜ ɦɚɪɤɢ ɩɨ ɩɥɨɬɧɨɫɬɢ D500μ ɩɟɧɨɛɟ-
ɬɨɧ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɜɹɠɭ-

ɳɟɝɨ, ɩɟɧɨɛɟɬɨɧ ɧɚ ɨɫɧɨɜɟ ɰɟɦɟɧɬɚ ɢ ɝɚɡɨɛɟ-
ɬɨɧ ɚɜɬɨɤɥɚɜɧɨɝɨ ɬɜɟɪɞɟɧɢɹ (ɬɚɛɥɢɰɚ 1). ɉɪɢ 
ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢɫɩɨɥɶɡɨ-
ɜɚɥɢɫɶ ɨɛɪɚɡɰɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 
ɬɨɥɳɢɧɨɣ 20 ɦɦ [5]. 

Ɍɚɛɥɢɰɚ 1 
Ɂɧɚɱɟɧɢɹ ɩɚɪɨɩɪɨɧɢɰɚɟɦɨɫɬɢ 

Ɍɢɩ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ  ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɚɪɨɩɪɨɧɢɰɚɧɢɸ, Rɩ, 

ɦ2⋅ɱ⋅ɉɚ/ɦɝ 
ɉɚɪɨɩɪɨɧɢɰɚɟɦɨɫɬɶ, 

ȝ, ɦɝ/(ɦ⋅ɱ⋅ɉɚ) 

ɉɟɧɨɛɟɬɨɧ ɧɚ ɨɫɧɨɜɟ ɇȼ 0,110 0,180 

ɉɟɧɨɛɟɬɨɧ ɧɚ ɨɫɧɨɜɟ 
ɰɟɦɟɧɬɧɨɝɨ ɜɹɠɭɳɟɝɨ 

0,100 0,200 

Ⱥɜɬɨɤɥɚɜɧɵɣ ɝɚɡɨɛɟɬɨɧ 0,240 0,105  

 
ɉɪɢɦɟɧɟɧɢɟ ɩɟɧɨɛɟɬɨɧɚ ɧɚ ɨɫɧɨɜɟ ɇȼ ɜ 

ɫɨɫɬɚɜɟ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɤɚɱɟɫɬɜɟ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ-
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟ ɛɭɞɟɬ 
ɩɪɟɩɹɬɫɬɜɨɜɚɬɶ ɭɞɚɥɟɧɢɸ ɫɬɪɨɢɬɟɥɶɧɨɣ ɜɥɚ-
ɝɢ ɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɫɥɨɹ ɢ ɹɜɥɹɬɶɫɹ ɩɪɟ-
ɝɪɚɞɨɣ ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɚɪɚ ɢɡ ɩɨɦɟɳɟɧɢɹ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɨɝ-
ɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧ 
ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɣ ɜɥɚɠɧɨɫɬɧɵɣ ɪɟɠɢɦ, ɱɬɨ 
ɨɤɚɡɵɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɟɩɥɨ-
ɡɚɳɢɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ 
ɤɨɧɫɬɪɭɤɰɢɢ.  

ɋɨɪɛɰɢɹ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢɡ-
ɞɟɥɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɜɨ-
ɩɪɨɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɥɚɠɧɨɫɬɧɵɦ ɫɨɫɬɨɹɧɢ-
ɟɦ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ. ɏɚɪɚɤɬɟɪɢ-

ɫɬɢɤɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɫɥɭɠɢɬ ɨɬɧɨ-
ɲɟɧɢɟ ɦɚɫɫɵ ɜɥɚɝɢ, ɩɨɝɥɨɳɟɧɧɨɣ ɦɚɬɟɪɢɚ-
ɥɨɦ ɢɡ ɜɨɡɞɭɯɚ, ɤ ɦɚɫɫɟ ɫɭɯɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɜɵɪɚɠɟɧɧɨɟ ɜ ɩɪɨɰɟɧɬɚɯ. ɍɫɪɟɞɧɟɧɧɵɟ ɪɟ-
ɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɫɨɪɛɰɢɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɚɧɚɥɨɝɢɱɧɵɦɢ ɨɛɪɚɡ-
ɰɚɦɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɹɱɟɢɫɬɵɯ ɛɟɬɨɧɨɜ 
ɦɚɪɤɢ ɩɨ ɩɥɨɬɧɨɫɬɢ D500 ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ 80 % ɢ λ7 % ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ ɜ ɬɚɛɥɢɰɟ 2. Эɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ 
ɇɂɂɋɎ ɊȺȺɋɇ Д6,7Ж. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 
ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɪɚɫɱɟɬɨɜ ɜɥɚɠɧɨɫɬɧɨɝɨ ɪɟ-
ɠɢɦɚ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨ ȽɈɋɌ 
32494-2013 «Ɂɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ. Ɇɟɬɨɞ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɨɝɨ ɪɟɠɢɦɚ ɨɝɪɚɠɞɚɸɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ». 

 
Ɍɚɛɥɢɰɚ 2  

Ɂɧɚɱɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ 

Ɍɢɩ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ 

ɋɨɪɛɰɢɨɧɧɚɹ ɜɥɚɠɧɨɫɬɶ, %, ɩɨ ɦɚɫɫɟ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (20±2) ɨɋ ɢ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ, % 

80 97 

ɉɟɧɨɛɟɬɨɧ ɧɚ ɨɫɧɨɜɟ ɇȼ 1,05 4,7 

ɉɟɧɨɛɟɬɨɧ ɧɚ ɨɫɧɨɜɟ ɰɟ-
ɦɟɧɬɧɨɝɨ ɜɹɠɭɳɟɝɨ 

4,3 14 

Ⱥɜɬɨɤɥɚɜɧɵɣ ɝɚɡɨɛɟɬɨɧ 1,23 4,25 

 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 

ɬɨɦ, ɱɬɨ ɫɨɪɛɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɧɨ-
ɛɟɬɨɧɚ ɧɚ ɨɫɧɨɜɟ ɇȼ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɚɜɬɨ-
ɤɥɚɜɧɵɦ ɝɚɡɨɛɟɬɨɧɨɦ ɢ ɧɢɠɟ, ɱɟɦ ɭ ɩɟɧɨɛɟ-
ɬɨɧɚ ɧɚ ɨɫɧɨɜɟ ɰɟɦɟɧɬɧɨɝɨ ɜɹɠɭɳɟɝɨ, ɱɬɨ 
ɨɛɴɹɫɧɢɦɨ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭ-
ɪɵ (ɬɚɛɥɢɰɚ 2). Ɇɚɬɟɪɢɚɥɵ ɫɨɪɛɢɪɭɸɬ ɜɨɞɹ-
ɧɵɟ ɩɚɪɵ ɢɡ ɜɨɡɞɭɯɚ ɢ ɭɞɟɪɠɢɜɚɸɬ ɢɯ ɧɚ 
ɫɜɨɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɑɟɦ ɦɟɥɶɱɟ ɩɨɪɵ, ɬɟɦ 
ɛɨɥɶɲɟ ɨɛɳɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ (ɩɪɢ 
ɭɫɥɨɜɢɢ ɪɚɜɧɨɣ ɨɛɳɟɣ ɩɨɪɢɫɬɨɫɬɢ ɢ ɨɞɢɧɚɤɨ-
ɜɨɝɨ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ) ɢ, ɫɥɟɞɨɜɚɬɟɥɶ-

ɧɨ, ɫɨɪɛɰɢɹ ɜɵɲɟ. ɋɨɪɛɰɢɨɧɧɚɹ ɜɥɚɠɧɨɫɬɶ 
ɩɟɧɨɛɟɬɨɧɚ ɧɚ ɨɫɧɨɜɟ ɇȼ ɧɢɠɟ ɞɚɧɧɨɝɨ ɩɨɤɚ-
ɡɚɬɟɥɹ ɞɥɹ ɩɟɧɨɛɟɬɨɧɚ ɧɚ ɨɫɧɨɜɟ ɰɟɦɟɧɬɧɨɝɨ 
ɜɹɠɭɳɟɝɨ. Эɬɨ ɨɛɴɹɫɧɢɦɨ ɭɪɨɜɧɟɦ ɲɟɪɨɯɨ-
ɜɚɬɨɫɬɢ ɦɟɠɩɨɪɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɇɟɡɧɚɱɢ-
ɬɟɥɶɧɨɟ ɫɨɪɛɢɪɨɜɚɧɢɟ ɜɥɚɝɢ ɢɡ ɜɨɡɞɭɯɚ ɞɥɹ 
ɩɟɧɨɛɟɬɨɧɚ ɧɚ ɨɫɧɨɜɟ ɇȼ ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɧɨ-
ɡɢɪɨɜɚɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

Ⱦɥɹ ɹɱɟɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɜɹ-
ɠɭɳɟɝɨ ɤɪɟɦɧɟɡɟɦɢɫɬɨɝɨ ɢ ɚɥɸɦɨɫɢɥɢɤɚɬɧɨ-
ɝɨ ɫɨɫɬɚɜɚ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɬɫɹ ɇȼ, ɬɟɨɪɟɬɢ-
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ɱɟɫɤɢ ɭɫɬɚɧɨɜɥɟɧɚ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞ-
ɬɜɟɪɠɞɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɭɩ-
ɪɨɱɧɟɧɢɹ ɩɭɬɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɚɤɬɢɜɢɪɨɜɚɧɢɹ 
ɤɨɧɬɚɤɬɧɵɯ ɫɜɹɡɟɣ ɍɏȺКɋ Д8Ж. Эɬɨɬ ɦɟɬɨɞ ɡɚ-
ɤɥɸɱɚɟɬɫɹ ɜ ɜɨɡɞɟɣɫɬɜɢɢ (ɜɵɞɟɪɠɤɚ, ɨɪɨɲɟ-
ɧɢɟ) ɳɟɥɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɧɚ 
ɝɨɬɨɜɵɣ ɦɚɬɟɪɢɚɥ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɡɚɥɟɱɢ-
ɜɚɧɢɸ ɬɪɟɳɢɧ ɢ ɞɟɮɟɤɬɨɜ ɜɧɭɬɪɢɩɨɪɨɜɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɧɢɡɤɨɣ ɫɨɪɛɰɢ-
ɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ. 

Эɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɦɟ-
ɬɨɞɚ ɭɩɪɨɱɧɟɧɢɹ ɞɥɹ ɩɟɧɨɛɟɬɨɧɚ ɧɚ ɨɫɧɨɜɟ 
ɇȼ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɟɧɚ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ ɜɨɞɵ ɦɚɬɟɪɢɚɥɨɦ, 
ɱɬɨ ɩɨɡɜɨɥɹɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɥɢɱɢɟ ɩɪɨɬɹɠɟɧ-
ɧɵɯ ɤɚɩɢɥɥɹɪɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɹɱɟɢɫɬɵɯ ɛɟɬɨ-
ɧɨɜ ɢ ɬɟɦ ɫɚɦɵɦ ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɤɢɧɟɬɢɤɭ 
ɩɪɨɰɟɫɫɚ ɭɩɪɨɱɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ.  

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɩɢɥɥɹɪɧɨɝɨ 
ɜɫɚɫɵɜɚɧɢɹ ɜɨɞɵ ɨɛɪɚɡɰɚɦɢ ɧɟ ɭɩɪɨɱɧɟɧɧɨɝɨ 
ɩɟɧɨɛɟɬɨɧɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ 
ɦɟɬɨɞɢɤɟ ȽɈɋɌ Ɋ 56505-2015 «Ɇɚɬɟɪɢɚɥɵ 
ɫɬɪɨɢɬɟɥɶɧɵɟ. Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚ-
ɬɟɥɟɣ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ ɜɨɞɵ». ɂɫ-
ɩɨɥɶɡɨɜɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɨɫɧɨɜɚɧɚ ɧɚ ɨɛɨɛ-
ɳɟɧɧɨɦ ɡɚɤɨɧɟ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹμ  

n
KzМ = ,   (1)  

ɝɞɟ Ɇ – ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ, ɩɨɝɥɨɳɟɧɧɨɟ 1 
ɦ2

 ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɨɬ ɧɚɱɚɥɚ ɩɪɨɜɟɞɟ-
ɧɢɹ ɢɫɩɵɬɚɧɢɹ ɞɨ ɨɱɟɪɟɞɧɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ, 
ɝ/ɦ2

;  
K – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚ-

ɧɢɹ, ɝ/(ɦ2∙ɱn
);  

z – ɩɪɨɦɟɠɭɬɨɤ  ɜɪɟɦɟɧɢ ɨɬ ɧɚɱɚɥɚ ɩɪɨ-
ɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɹ ɞɨ ɨɱɟɪɟɞɧɨɝɨ ɜɡɜɟɲɢɜɚ-
ɧɢɹ, ɱ. 

Ɉɛɨɛɳɟɧɧɵɣ ɡɚɤɨɧ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱ-
ɧɨ ɨɩɢɫɵɜɚɬɶ ɩɪɨɰɟɫɫ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵ-
ɜɚɧɢɹ ɜɨɞɵ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, 
ɱɟɦ ɫɬɚɧɞɚɪɬɧɵɣ ɡɚɤɨɧ «ɤɨɪɧɹ ɤɜɚɞɪɚɬɧɨɝɨ ɨɬ 
ɜɪɟɦɟɧɢ». 

Эɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɬɪɟɯ ɨɛ-
ɪɚɡɰɚɯ ɜ ɜɢɞɟ ɩɪɢɡɦ ɤɜɚɞɪɚɬɧɨɝɨ ɫɟɱɟɧɢɹ. 
Ɋɚɡɦɟɪɵ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɥɢμ ɜɵɫɨɬɚ – 
100 ɦɦ, ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ – 50ɯ50 ɦɦ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ, ɜɫɨɫɚɧɧɨɣ 
ɟɞɢɧɢɰɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɨɬ ɤɨɪɧɹ 
ɤɜɚɞɪɚɬɧɨɝɨ ɢɡ ɜɪɟɦɟɧɢ ɨɛɪɚɡɰɨɜ ɩɟɧɨɛɟɬɨ-
ɧɚ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. 

 

 
Ɋɢɫ. 1. Кɚɩɢɥɥɹɪɧɨɟ ɜɫɚɫɵɜɚɧɢɟ ɜɨɞɵ ɩɟɧɨɛɟɬɨɧɨɦ 

ɩɨ ɡɚɤɨɧɭ «ɤɨɪɧɹ ɤɜɚɞɪɚɬɧɨɝɨ ɨɬ ɜɪɟɦɟɧɢ» 
 

Кɚɤ ɜɢɞɧɨ ɩɨ ɝɪɚɮɢɤɚɦ ɭɫɪɟɞɧɟɧɧɵɣ ɡɚ-
ɤɨɧ «ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ ɢɡ ɜɪɟɦɟɧɢ» ɞɥɹ ɞɚɧ-
ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟ ɪɚɛɨɬɚɟɬ, ɬ.ɤ. ɧɟ ɜɵɩɨɥɧɟ-
ɧɚ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɩɨɷɬɨɦɭ ɩɪɢɦɟɧɟ-
ɧɢɟ ɨɛɨɛɳɟɧɧɨɝɨ ɡɚɤɨɧɚ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚ-
ɫɵɜɚɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ K ɢ n ɭɪɚɜɧɟ-
ɧɢɟ (1) ɥɨɝɚɪɢɮɦɢɪɭɸɬμ 

 

.  (2) 

ɋɬɪɨɹɬ ɝɪɚɮɢɤ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪ-
ɞɢɧɚɬɚɯ lnM − lnz.  

Кɨɷɮɮɢɰɢɟɧɬ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ Ʉ 

ɨɩɪɟɞɟɥɹɸɬ, ɢɫɯɨɞɹ ɢɡ ɪɚɜɟɧɫɬɜɚ  

ɩɪɢ . Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟ-
ɧɢ n ɜ ɭɪɚɜɧɟɧɢɢ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ (1) 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ ɧɚ ɝɪɚɮɢɤɟ ɜ ɥɨɝɚ-
ɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬ 
ɩɪɹɦɨɣ ɥɢɧɢɟɣ. ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɮɭɧɤɰɢɢ 
ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ 
ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ n. 
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Ɋɢɫ. 2. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɨɫɬɪɨɟɧɢɟ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ 

ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɚɩɢɥɥɹɪɧɨɟ ɜɫɚɫɵɜɚɧɢɟ ɜɨɞɵ ɩɟɧɨɛɟɬɨɧɨɦ ɧɚ ɨɫɧɨɜɟ ɇȼ 

 
Ɂɧɚɱɟɧɢɹ ɢɫɤɨɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɢɫɩɵɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3. 
 

Ɍɚɛɥɢɰɚ 3 

Ɂɧɚɱɟɧɢɹ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ 

Ɉɛɪɚɡɟɰ Кɨɷɮɮɢɰɢɟɧɬ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵ-
ɜɚɧɢɹ K, ɝ/(ɦ2∙ɱn

) 
ɉɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ 

ɜ ɭɪɚɜɧɟɧɢɢ  ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ n 

1 3,1 0,13 

2 3,0 0,11 

3 2,8 0,11 

ɋɪɟɞɧɟɟ 
ɡɧɚɱɟɧɢɟ 

3,0 0,12 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɤɨɧ, ɩɨ ɤɨɬɨɪɨɦɭ ɩɪɨ-

ɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ ɜ 
ɢɫɩɵɬɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ, ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟ-
ɧɢɟɦ 

12,0
3zM = .  (3) 

 
Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢɦɟɧɢɦɨ ɩɪɢ ɪɚɫɱɟ-

ɬɚɯ ɜɥɚɠɧɨɫɬɧɨɝɨ ɪɟɠɢɦɚ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɡɞɚɧɢɣ. 

Ⱦɥɹ ɩɟɧɨɛɟɬɨɧɚ ɧɚ ɨɫɧɨɜɟ ɇȼ ɯɚɪɚɤɬɟɪɧɵ 
ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹɦ ɹɱɟɢɫɬɵɯ ɛɟɬɨ-
ɧɨɜ ɜɵɛɪɚɧɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɩ-
ɬɢɦɚɥɶɧɵɦ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɭɩɪɨɱɧɟɧɢɹ ɦɟɬɨɞɨɦ ɍɏȺКɋ. Ɇɢ-
ɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ 
ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɢ ɛɵ ɨ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨ-
ɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɢ ɩɨ ɭɩɪɨɱɧɟɧɢɸ, ɚ ɜɵɫɨɤɢɟ 
– ɨ ɧɚɪɭɲɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ, ɢɡɛɵ-
ɬɨɱɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɩɪɨɬɹɠɟɧɧɵɯ ɤɚɩɢɥɥɹɪɨɜ 
(ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɪɢɫɬɨɫɬɢ), ɱɬɨ ɫɩɨɫɨɛɫɬɜɨɜɚ-
ɥɨ ɛɵ ɭɯɭɞɲɟɧɢɸ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɫɜɨɣɫɬɜ. 

Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ. 
ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɨɛɪɚɡɰɚɯ ɪɚɡɦɟ-
ɪɚɦɢ 0,25ɯ0,25ɯ0,05 (ɦ) ɧɚ ɩɪɢɛɨɪɟ ɉɂɌ-2  
ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 25ɨɋ, ɩɪɢ ɩɟɪɟɩɚɞɟ 
ɬɟɦɩɟɪɚɬɭɪ 25ɨɋ (ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɢɡɦɟ-
ɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɧɢɠɧɟɝɨ ɧɚɝɪɟɜɚ-
ɬɟɥɹ ɩɪɢɛɨɪɚμ tɢɡɦ.ɧ. =37,5

 ɨɋ, tɧɢɠɧ.ɧ.=12,5 
ɨɋ) 

ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ ȽɈɋɌ 7076-99. ɋɪɟɞɧɢɟ 
ɡɧɚɱɟɧɢɹ (ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɧɚ 5 
ɨɛɪɚɡɰɚɯ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ 
ɦɚɪɤɢ D500) ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɫɭɯɨɦ ɢ 
ɜɥɚɠɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4.  

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɦɨɠɟɬ ɩɪɢɦɟ-
ɧɹɬɶɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɜɥɚɠɧɨɫɬɢ. ɂɡ-
ɜɟɫɬɧɨ, ɱɬɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ 
ɜɥɚɠɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. ȼɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚ-
ɰɢɢ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɦɚɬɟɪɢɚɥɟ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɚɹ ɜɥɚɠɧɨɫɬɶ, 
ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɨ ɧɚɡɧɚɱɢɬɶ ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ (Ⱥ ɢɥɢ Ȼ). 
ȼ ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɬɟɩɥɨɪɨ-
ɜɨɞɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨ ɮɨɪɦɭɥɟ ДλЖμ 
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ɝɞɟ 
0

λ  – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɜ ɫɭ-
ɯɨɦ ɫɨɫɬɨɹɧɢɢ, ȼɬ/(ɦ·ɨɋ);  
λ∆  – ɩɪɢɪɚɳɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚ 1% 

ɜɥɚɠɧɨɫɬɢ, ȼɬ/(ɦ·ɨɋ·%);  
wɷ – ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɜɥɚɠɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ 
ɩɨ ɦɚɫɫɟ, %;  
η – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ ɤɚɱɟɫɬ-
ɜɚ, 1/%. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɪɢɪɚɳɟɧɢɹ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ ɜ ɫɭɯɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɭɜɥɚɠɧɟɧɧɵɯ ɞɨ ɜɥɚɠɧɨɫɬɢ 5 % ɢ 
ɪɚɫɫɱɢɬɚɧɨ ɢɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɧɚ 1 % ɜɥɚɠɧɨɫɬɢ.  

ɉɨ ɩɪɨɜɟɞɟɧɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɛɵɥ 
ɪɚɫɫɱɢɬɚɧ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɤɚɱɟɫɬɜɚ ɞɥɹ ɹɱɟɢɫɬɵɯ ɛɟɬɨɧɨɜ η= λ∆ / 0

λ . 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 

Ⱦɥɹ ɜɫɟɯ ɫɪɚɜɧɢɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɫ-
ɱɟɬɧɚɹ ɜɥɚɠɧɨɫɬɶ ɞɥɹ ɡɨɧɵ Ⱥ ɩɪɢɧɹɬɚ 4 %, 
ɞɥɹ ɡɨɧɵ Ȼ – 5 % ɩɨ ȽɈɋɌ 3135λ-2007.

 
Ɍɚɛɥɢɰɚ 4 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

Ɍɢɩ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨ-
ɧɚ 

Кɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ 

ɤɚɱɟɫɬɜɚ 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·ɨɋ) 

ȼ ɫɭɯɨɦ ɫɨ-
ɫɬɨɹɧɢɢ, Ȝ0 

ɉɪɢɪɚɳɟɧɢɟ ɧɚ 
1% ɜɥɚɠɧɨɫɬɢ, 
ΔȜ, ȼɬ/(ɦ·ɨɋ·%) 

Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ 
ɩɪɢ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ 

Ⱥ ɢ Ȼ 

ȜȺ ȜȻ 

ɉɟɧɨɛɟɬɨɧ ɧɚ ɨɫɧɨ-
ɜɟ ɇȼ 

0,12 0,112 0,014 0,166 0,180 

ɉɟɧɨɛɟɬɨɧ ɧɚ ɨɫɧɨ-
ɜɟ ɰɟɦɟɧɬɧɨɝɨ ɜɹ-
ɠɭɳɟɝɨ 

0,11 0,12 0,014 0,176 190 

Ⱥɜɬɨɤɥɚɜɧɵɣ ɝɚɡɨ-
ɛɟɬɨɧ 

0,05 0,135 0,007 0,163 0,170 

 
Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɡ-

ɥɢɱɧɵɯ ɬɢɩɨɜ ɹɱɟɢɫɬɵɯ ɛɟɬɨɧɨɜ ɦɨɠɧɨ ɫɞɟ-
ɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɟɧɨɛɟɬɨɧɵ ɧɚ ɨɫɧɨɜɟ ɇȼ 
ɨɛɥɚɞɚɸɬ ɥɭɱɲɢɦɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɟɧɨɛɟɬɨɧɨɦ ɧɚ 
ɨɫɧɨɜɟ ɰɟɦɟɧɬɧɨɝɨ ɜɹɠɭɳɟɝɨ ɤɚɤ ɜ ɫɭɯɨɦ ɫɨ-
ɫɬɨɹɧɢɢ, ɬɚɤ ɢ ɩɪɢ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥ ɢ 
Ȼ, ɚ ɬɚɤ ɠɟ ɥɭɱɲɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɜ ɫɭɯɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɛɥɢɡɤɢɦɢ ɩɪɢ ɭɫɥɨɜɢɢ ɷɤɫɩɥɭɚ-
ɬɚɰɢɢ Ⱥ ɢ Ȼ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɚɜɬɨɤɥɚɜɧɵɦ ɝɚɡɨ-
ɛɟɬɨɧɨɦ.  

ȼɵɜɨɞɵ 

ɋ ɭɱɟɬɨɦ ɜɵɛɨɪɚ ɧɟɫɬɚɧɞɚɪɬɧɨɝɨ ɬɢɩɚ 
ɜɹɠɭɳɟɝɨ ɛɵɥɢ ɞɟɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɩ-
ɥɨɜɥɚɠɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɨɜ ɩɟ-
ɧɨɛɟɬɨɧɚ ɧɚ ɩɪɢɦɟɪɟ ɢɡɞɟɥɢɣ ɦɚɪɤɢ ɩɨ ɩɥɨɬ-
ɧɨɫɬɢ D500, ɤɚɤ ɧɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɧɚ 
ɫɬɪɨɢɬɟɥɶɧɨɦ ɪɵɧɤɟ. ɉɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨɦ 
ɚɧɚɥɢɡɟ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɨɩɪɨɧɢ-
ɰɚɟɦɨɫɬɢ, ɫɨɪɛɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ, ɩɨɤɚɡɚɬɟ-
ɥɟɣ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ ɢ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ (ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɪɢ ɭɫɥɨɜɢɹɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ), ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɟɧɨɛɟɬɨɧ ɧɚ 
ɨɫɧɨɜɟ ɇȼ ɨɛɥɚɞɚɟɬ ɭɥɭɱɲɟɧɧɵɦɢ ɬɟɩɥɨɬɟɯ-
ɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɩɟɧɨɛɟɬɨɧɨɦ ɧɚ ɨɫɧɨɜɟ ɰɟɦɟɧɬɧɨɝɨ ɜɹɠɭɳɟɝɨ 
ɢ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫ ɚɜɬɨ-
ɤɥɚɜɧɵɦ ɝɚɡɨɛɟɬɨɧɨɦ ɬɚɤɨɣ ɠɟ ɩɥɨɬɧɨɫɬɢ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɜɥɚɠɧɨɫɬ-
ɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɡɜɨɥɢɥɢ ɞɨɤɚɡɚɬɶ ɰɟɥɟ-
ɫɨɨɛɪɚɡɧɨɫɬɶ ɭɩɪɨɱɧɟɧɢɹ ɩɟɧɨɛɟɬɨɧɨɜ ɦɟɬɨ-
ɞɨɦ ɍɏȺКɋ.  

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɪɚɧɬɚ 

ɊɎɎИ ɦɨɥ_ɧɪ №16-38-50079. 
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STUDY OF RELATIONSHIP OF STRUCTURAL 

AND STEAM CURING CHARACTERISTICS 

IN NANOSTRUCTURED BINDER 

BASED FOAM CONCRETE 

 
N.V. Pavlenko, P.P. Pastushkov, A.N. Kharkhar-

din, E.V. Voitovich 
 
Аɧɧɨɬɚɰиɹ. In the paper the results of steam 

curing characteristics in nanostructured binder based 
foam concrete and their comparison with analogues 
are presented. Also the comparison study of parame-
ters of vapor permeability,sorption hymidity,capillarity 
rise, heat conductivity (in dry service conditions) is 
realized. Effect of cellular composite structure on 
properties and reinforcement process of foam con-
crete is studied. 

 
Keywords: cellular concrete, nanostructured 

binder, cementless binder, heat and humidity charac-
teristics vapor permeability, moisture sorption, capil-
lary suction, thermal conductivity 
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ȼ.Ⱥ. ɍɬɤɢɧ, Ƚ.Ɇ. Кɚɞɢɫɨɜ 
ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ 

 
Аɧɧɨɬɚɰиɹ. ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨ-

ɫɬɨɹɧɢɹ ɦɧɨɝɨɫɥɨɣɧɨɣ ɤɥɟɟɧɨɣ ɞɟɪɟɜɨɩɥɢɬɵ ɢɡ ɩɟɪɟɤɪɟɫɬɧɵɯ ɞɨɫɨɤ, ɹɜɥɹɸɳɟɣɫɹ ɧɟ-
ɫɭɳɢɦ ɷɥɟɦɟɧɬɨɦ ɞɨɳɚɬɨ-ɤɥɟɟɧɵɯ ɩɪɨɥɟɬɧɵɯ ɫɬɪɨɟɧɢɣ ɦɨɫɬɨɜ. Ⱦɟɪɟɜɨɩɥɢɬɚ ɢɡ 
ɧɟɱɟɬɧɨɝɨ ɱɢɫɥɚ ɫɥɨɟɜ ɩɟɪɟɤɪɟɫɬɧɵɯ ɞɨɫɨɤ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɨɞɧɨɪɨɞɧɚɹ 
ɬɨɧɤɚɹ ɩɥɢɬɚ ɫ ɨɬɥɢɱɚɸɳɢɦɢɫɹ ɫɜɨɣɫɬɜɚɦɢ ɜ ɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨ-
ɧɵ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɦɧɨɝɨɫɥɨɣɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɢɡ ɫɩɚɹɧɧɵɯ (ɫɤɥɟɟɧɧɵɯ) ɨɞɧɨɪɨɞ-
ɧɵɯ ɚɧɢɡɨɬɪɨɩɧɵɯ ɫɥɨɟɜ. ȼ ɪɚɛɨɬɟ ɞɚɟɬɫɹ ɨɰɟɧɤɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ ɦɧɨɝɨɫɥɨɣɧɵɯ ɞɟɪɟɜɨɩɥɢɬ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɥɢɬɧɵɦ ɩɪɨɥɟɬɧɵɦ ɫɬɪɨɟɧɢ-
ɹɦ ɦɨɫɬɨɜ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɞɨɳɚɬɨ-ɤɥɟɟɧɨɟ ɩɪɨɥɟɬɧɨɟ ɫɬɪɨɟɧɢɟ, ɦɧɨɝɨɫɥɨɣɧɚɹ ɞɟɪɟɜɨɩ-

ɥɢɬɚ ɢɡ ɩɟɪɟɤɪɟɫɬɧɵɯ ɞɨɫɨɤ, ɱɟɬɧɵɟ ɫɥɨɢ ɞɨɫɨɤ, ɧɟɱɟɬɧɵɟ ɫɥɨɢ, ɭɩɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ. 

 

ȼɜɟɞɟɧɢɟ 

ɉɥɢɬɧɵɟ ɩɪɨɥёɬɧɵɟ ɫɬɪɨɟɧɢɹ ɢɡ ɤɥɟɟɧɨɣ 
ɞɪɟɜɟɫɢɧɵ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɜɢɞɟ ɩɪɨɞɨɥɶɧɨɣ 
ɞɟɪɟɜɨɩɥɢɬɵ ɪɚɡɥɢɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɨɩɟɪɬɨɣ 
ɧɚ ɤɚɩɢɬɚɥɶɧɵɟ ɨɩɨɪɵ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢ-
ɞɚ ɞɟɪɟɜɨɩɥɢɬɵ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɬɢɩɚ 
ɩɥɢɬɧɵɯ ɩɪɨɥёɬɧɵɯ ɫɬɪɨɟɧɢɣμ ɚ) ɤɥɟɟɧɚɹ 
ɩɥɢɬɚ; ɛ) ɨɛɠɚɬɚɹ ɩɥɢɬɚ; ɜ) ɨɛɠɚɬɚɹ ɤɥɟɟ-
ɧɚɹ ɩɥɢɬɚ [1,2,3]. 

Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ ɩɪɨɥɟɬɧɨɝɨ ɫɬɪɨɟɧɢɹ  
«ɨɛɠɚɬɚɹ ɤɥɟɟɧɚɹ ɞɟɪɟɜɨɩɥɢɬɚ» ɨɬ ɩɪɟɞɵ-
ɞɭɳɢɯ ɬɢɩɨɜ  ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɬɞɟɥɶ-
ɧɵɟ ɞɨɫɤɢ ɡɚɦɟɧɟɧɵ ɤɥɟɟɧɵɦɢ ɛɚɥɤɚɦɢ, ɭɥɨ-
ɠɟɧɧɵɦɢ ɛɨɤɨɜɨɣ ɝɪɚɧɶɸ ɜɧɢɡ Д4-7Ж. ȼ ɰɟɥɨɦ 
ɩɥɢɬɭ ɩɨ ɲɢɪɢɧɟ ɦɨɫɬɚ ɧɚɛɢɪɚɸɬ ɢɡ ɤɥɟɟɧɵɯ 
ɛɚɥɨɤ-ɫɟɤɰɢɣ, ɭɥɨɠɟɧɧɵɯ ɩɥɨɬɧɨ ɞɪɭɝ ɤ ɞɪɭɝɭ 
ɢ ɨɛɠɚɬɵɯ ɜɵɫɨɤɨɩɪɨɱɧɵɦɢ ɫɬɟɪɠɧɹɦɢ. П̌-
̦ел̛ ̛̚ клее̦о̜ д̬е̏е̛̭̦̼ о̛̙̥̍̌̀т̭́ 

̐л̦̼̥̌̏ о̬̍̌̚о̥ по̭̬ед̭т̥̏̌ ̭те̬̙̦е̜, 
̬̥̌̚ещ̌е̵̥̼ ̏ от̏е̬̭т̵̛́ ̦̏ут̛̬ пл̛т̼. 
Ⱦɟɪɟɜɨɩɥɢɬɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢɡ ɨɛɠɚɬɵɯ 
ɤɥɟɟɧɵɯ ɩɚɧɟɥɟɣ ɩɪɢɦɟɧɹɟɬɫɹ  ɜ ɤɚɱɟɫɬɜɟ 
ɩɥɢɬɧɨɝɨ ɩɪɨɥёɬɧɨɝɨ ɫɬɪɨɟɧɢɹ ɩɪɢ ɩɪɨɥёɬɚɯ 
до ϭϮ ̥.  

ɂɡɜɟɫɬɧɨ  ɩɪɨɥɟɬɧɨɟ ɫɬɪɨɟɧɢɟ, ɫɨɫɬɚɜ-
ɥɟɧɧɨɟ ɢɡ ɤɥɟɟɧɵɯ ɛɚɥɨɤ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɨ-
ɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ   ɢ ɫɨɛɪɚɧɧɨɣ ɧɚ ɦɟɫɬɟ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɧɨɝɨɫɥɨɣɧɨɣ ɤɥɟɟɧɨɣ ɞɟɪɟ-
ɜɨɩɥɢɬɵ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢɡ ɩɟɪɟɤɪɟɫɬɧɵɯ ɩɨɞ 
ɭɝɥɨɦ λ0 ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɞɨɫɨɤ-ɡɚɝɨɬɨɜɨɤ. 
ɉɨɫɥɨɣɧɨ ɭɥɨɠɟɧɧɵɟ ɧɚ ɲɢɪɢɧɭ ɦɨɫɬɚ  ɞɨɫɤɢ 
- ɡɚɝɨɬɨɜɤɢ ɪɚɡɦɟɳɟɧɵ ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɩɨɞ 
ɭɝɥɨɦ 45 ɤ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɛɚɥɨɤ  Д8Ж, ɚ ɜ 
ɞɪɭɝɨɦ  ДλЖ - ɩɨɞ ɭɝɥɨɦ λ0 ɤ  ɨɫɢ ɛɚɥɨɤ ɞɥɹ 
ɧɟɱɟɬɧɵɯ ɫɥɨɟɜ ɢ 0 ɞɥɹ ɱɟɬɧɵɯ. Ɉɫɨɛɟɧɧɨɫɬɶ 
ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ 
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