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Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɛɨɬɵ 

Аɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ. Ʉɢɩɟɧɢɟ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɬɢɩ ɤɢɩɟɧɢɹ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɦɟɫɬɨ, ɤɨɝɞɚ ɠɢɞɤɨɫɬɶ, ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɢɠɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ, ɩɪɢɯɨɞɢɬ ɜ ɤɨɧɬɚɤɬ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɝɪɟɜɚɬɟɥɹ 

ɞɨɫɬɚɬɨɱɧɨ ɝɨɪɹɱɟɣ, ɱɬɨɛɵ ɜɵɡɜɚɬɶ ɤɢɩɟɧɢɟ. ɉɪɢ ɷɬɨɦ, ɩɨɩɚɜ ɜ ɨɛɥɚɫɬɶ 
ɯɨɥɨɞɧɨɣ ɠɢɞɤɨɫɬɢ, ɩɚɪɨɜɵɟ ɩɭɡɵɪɶɤɢ ɤɨɧɞɟɧɫɢɪɭɸɬɫɹ, ɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ 
ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɨɬɜɨɞɚ (ɧɚɤɨɩɥɟɧɢɹ) ɩɚɪɨɜɨɣ ɮɚɡɵ ɜ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɢɥɢ 
ɹɞɪɨ ɩɨɬɨɤɚ. 

ɇɟɞɨɝɪɟɬɨɟ ɤɢɩɟɧɢɟ (ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɤɢɩɟɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɩɚɪɨɜɵɟ 
ɩɭɡɵɪɢ  ɥɨɤɚɥɢɡɨɜɚɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ) ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɬɜɨɞɨɦ ɜɵɫɨɤɢɯ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɷɤɫɬɪɟɦɚɥɶɧɵɯ, ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ. Ɉɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɪɚɤɟɬɧɨɣ 
ɬɟɯɧɢɤɟ, ɩɭɱɤɨɜɵɯ ɦɢɲɟɧɹɯ, ɦɟɬɚɥɥɭɪɝɢɢ, ɢɦɩɭɥɶɫɧɵɯ ɆȽȾ-ɭɫɬɚɧɨɜɤɚɯ, 
ɬɟɪɦɨɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɚɯ. Ɋɟɚɥɢɡɭɟɦɵɟ ɩɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɨɬɞɚɱɢ 
(ɄɌɈ) ɞɥɹ ɜɨɞɵ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɫɨɬɟɧ ɤȼɬ/(ɦ2·Ʉ) ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɬɶ 
ɚɧɚɥɨɝɢɱɧɵɟ ɡɧɚɱɟɧɢɹ, ɞɨɫɬɢɠɢɦɵɟ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɬɟɩɥɨɨɛɦɟɧɚ. Ɉɱɟɧɶ 
ɜɵɫɨɤɢ ɢ ɩɥɨɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ (ɄɌɉ).  

ɋɟɝɨɞɧɹ ɢɦɟɸɳɢɯɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɧɟɞɨɝɪɟɬɨɦɭ ɤɢɩɟɧɢɸ 
ɢ ɨɩɢɫɵɜɚɸɳɢɯ ɢɯ ɪɚɫɱɟɬɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɜ ɰɟɥɨɦ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɧɠɟɧɟɪɧɨɝɨ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ, 
ɢɫɩɨɥɶɡɭɸɳɢɯ ɞɚɧɧɵɣ ɦɟɬɨɞ ɬɟɩɥɨɨɬɜɨɞɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɸɳɢɟ 
ɨɩɢɫɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɤɢɩɟɧɢɹ ɫɢɥɶɧɨ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɫɬɟɩɟɧɢ ɫɥɟɞɭɸɬ ɢɡ ɭɦɨɡɪɢɬɟɥɶɧɵɯ ɡɚɤɥɸɱɟɧɢɣ, ɨɩɢɪɚɸɳɢɯɫɹ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ (ɄɌɈ, ɄɌɉ, 
ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɜ ɤɚɧɚɥɟ). Ɉɞɧɚɤɨ ɤɨɧɤɪɟɬɧɵɯ ɞɚɧɧɵɯ ɩɨ ɩɨɜɟɞɟɧɢɸ 
ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ, ɫɬɪɭɤɬɭɪɟ ɩɨɬɨɤɚ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɛɨɥɶɲɢɯ ɩɥɨɬɧɨɫɬɹɯ 
ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɢ ɜɵɫɨɤɢɯ ɧɟɞɨɝɪɟɜɚɯ, ɹɜɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɭɫɩɟɲɧɨɣ 
ɪɚɡɪɚɛɨɬɤɢ ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɹɜɥɟɧɢɹ, ɧɟ ɝɨɜɨɪɹ ɭɠɟ ɨ ɟɝɨ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɨɩɢɫɚɧɢɢ. ɉɨɷɬɨɦɭ ɫɟɝɨɞɧɹ ɚɤɬɭɚɥɶɧɵɦɢ ɹɜɥɹɸɬɫɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɧɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɬɚɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɩɪɨɰɟɫɫɚ, ɤɚɤ ɩɥɨɬɧɨɫɬɶ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, 
ɪɟɝɭɥɹɪɧɨɫɬɶ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, ɪɚɡɦɟɪɵ ɩɭɡɵɪɟɣ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɨɬɞɟɥɶɧɵɯ ɮɚɡ ɠɢɡɧɢ ɢ ɷɜɨɥɸɰɢɹ ɮɨɪɦɵ ɩɭɡɵɪɟɣ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɪɟɠɢɦɟ ɧɟɞɨɝɪɟɬɨɝɨ 
ɤɢɩɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɞɨɫɬɨɜɟɪɧɨ ɡɧɚɬɶ ɡɧɚɱɟɧɢɹ ɄɌɉ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ 
ɩɨɧɢɦɚɧɢɟɦ ɦɟɯɚɧɢɡɦɚ ɧɚɫɬɭɩɥɟɧɢɹ ɤɪɢɡɢɫɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ.  ɇɚ ɫɟɝɨɞɧɹ 
ɢɦɟɸɬɫɹ ɦɨɞɟɥɢ ɄɌɉ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɟɩɥɨɯɢɟ  ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɜ ɨɝɪɚɧɢɱɟɧɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɧɟɞɨɝɪɟɜɨɜ ɢ 
ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤɚ. Ɉɞɧɚɤɨ ɨɛɳɟɩɪɢɡɧɚɧɧɨɣ ɬɟɨɪɢɢ ɤɪɢɡɢɫɚ ɤɢɩɟɧɢɹ 
ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɜ ɤɚɧɚɥɟ ɧɟɬ. Ʉɨɥɢɱɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɞɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɢɦɟɸɳɢɯɫɹ ɥɢɛɨ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɯ 
ɦɨɞɟɥɟɣ ɄɌɉ ɨɝɪɚɧɢɱɟɧɨ.  ɉɨɷɬɨɦɭ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɢ ɜɡɚɢɦɨɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ 
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ɬɟɱɟɧɢɹ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɜ ɤɚɧɚɥɟ ɢ ɜɟɥɢɱɢɧɵ 
ɤɪɢɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ.  

ȼ ɩɨɜɫɟɞɧɟɜɧɨɣ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɱɚɳɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɢɩɟɧɢɟ 
ɠɢɞɤɨɫɬɢ, ɧɚɝɪɟɬɨɣ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ. ɍɠɟ ɞɨɫɬɚɬɨɱɧɨ ɞɚɜɧɨ 
ɧɚɱɚɥɢ ɩɪɟɞɩɪɢɧɢɦɚɬɶɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɨɩɵɬɤɢ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ 
ɬɟɩɥɨɨɬɞɚɱɭ ɩɪɢ ɤɢɩɟɧɢɢ ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ. ɋɪɟɞɢ 
ɦɟɬɨɞɨɜ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɤɢɩɟɧɢɢ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 
ɩɪɢɦɟɧɹɟɦɵɯ ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨ- 

ɢ ɧɚɧɨɫɬɪɭɤɬɭɪ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɪɟɝɭɥɹɪɧɨɣ 
ɢɥɢ ɧɟɪɟɝɭɥɹɪɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ. Ʉɢɩɟɧɢɟ ɫɢɥɶɧɨ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɭɠɟ 
ɫɚɦɨ ɩɨ ɫɟɛɟ ɨɬɥɢɱɚɟɬɫɹ ɩɨɜɵɲɟɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɬɟɩɥɨɨɬɞɚɱɢ ɢ ɨɱɟɧɶ 
ɜɵɫɨɤɢɦɢ ɄɌɉ. ɉɪɢɧɰɢɩɢɚɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ ɢ ɦɟɯɚɧɢɡɦ ɤɢɩɟɧɢɹ ɫɢɥɶɧɨ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ. 
ȼɨɡɧɢɤɚɟɬ ɟɫɬɟɫɬɜɟɧɧɵɣ ɜɨɩɪɨɫ, ɦɨɠɧɨ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɥɢ ɫ ɩɨɦɨɳɶɸ ɬɟɯ 
ɢɥɢ ɢɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɤɢɩɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ ɬɟɩɥɨɨɬɞɚɱɭ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ.  

Ɂɚɞɚɱɢ ɨɬɜɨɞɚ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ q ɞɨ 100 ȼɬ/ɫɦ2
 (1 Ɇȼɬ/ɦ2

) ɜ ɷɥɟɤɬɪɨɧɢɤɟ 

ɞɨɫɬɚɬɨɱɧɨ ɭɜɟɪɟɧɧɨ ɪɟɲɚɸɬɫɹ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɞɧɨɮɚɡɧɨɝɨ 
ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜɨɞɨɣ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɟɬ ɝɢɩɨɬɟɬɢɱɟɫɤɚɹ (ɧɨ 
ɨɬɧɸɞɶ ɧɟ ɧɭɥɟɜɚɹ) ɭɝɪɨɡɚ ɛɨɥɶɲɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɩɪɢ ɜɵɯɨɞɟ 
ɫɢɫɬɟɦɵ ɢɡ ɫɬɪɨɹ ɜɫɥɟɞɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɫɥɭɱɚɟ ɩɪɨɛɨɹ ɜ 
ɫɢɫɬɟɦɟ ɜɨɞɹɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. Ɉɫɨɛɟɧɧɨ ɷɬɨ  ɦɨɠɟɬ ɛɵɬɶ ɨɳɭɬɢɦɨ ɜ ɬɚɤɢɯ 
ɭɫɬɪɨɣɫɬɜɚɯ, ɤɚɤ ɧɚɩɪɢɦɟɪ, ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɵ ɢ ɫɬɚɬɢɱɟɫɤɢɟ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɢ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɵ ɤɢɥɨɜɨɥɶɬɧɨɝɨ ɢ ɦɟɝɚɜɚɬɬɧɨɝɨ 
ɞɢɚɩɚɡɨɧɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɯɥɚɞɢɬɟɥɹ ɫ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɧɟɠɟɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ, 
ɧɚɩɪɢɦɟɪ ɬɚɤɨɝɨ, ɤɚɤ ɠɢɞɤɨɫɬɶ Novec 649 ɤɨɦɩɚɧɢɢ 3M ɫɩɨɫɨɛɧɨ ɪɟɲɢɬɶ ɷɬɭ 
ɩɪɨɛɥɟɦɭ. Ɍɚɤɢɟ ɨɯɥɚɞɢɬɟɥɢ ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɧɢɡɤɢɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɫɨɯɪɚɧɟɧɢɟ ɫɢɫɬɟɦɵ 
ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. ɉɪɢ ɧɟɞɨɝɪɟɬɨɦ ɤɢɩɟɧɢɢ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɤɢɩɟɧɢɟɦ ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ ɦɨɠɧɨ ɞɨɫɬɢɱɶ 
ɧɚɦɧɨɝɨ ɛɨɥɶɲɢɯ ɄɌɈ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɭɟɬ ɭɧɨɫ ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ  ɜ ɹɞɪɨ 
ɩɨɬɨɤɚ, ɜɟɞɭɳɢɣ ɤ ɪɨɫɬɭ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ  ɤɚɧɚɥɚ ɢ ɞɪɭɝɢɦ 
ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ. ɉɨɷɬɨɦɭ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɨɫɬɚɜɥɟɧɧɨɦɭ 
ɜɵɲɟ ɜɨɩɪɨɫɭ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɠɢɞɤɨɫɬɢ Novec 649 ɜ ɭɫɥɨɜɢɹɯ ɜɵɧɭɠɞɟɧɧɨɝɨ ɬɟɱɟɧɢɹ. 
ɐɟɥɢ ɪɚɛɨɬɵ 

1. ɂɫɩɨɥɶɡɭɹ ɫɨɜɪɟɦɟɧɧɵɟ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɢ ɦɟɬɨɞɵ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɭɸ ɜɢɞɟɨɫɴɟɦɤɭ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɢɬɶ ɛɚɡɭ ɞɚɧɧɵɯ ɩɨ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɨɰɟɫɫɚ ɧɟɞɨɝɪɟɬɨɝɨ ɤɢɩɟɧɢɹ, ɬɚɤɢɦ ɤɚɤ: 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɩɥɨɬɧɨɫɬɶ ɰɟɧɬɪɨɜ 
ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɭɡɵɪɟɣ ɩɨ 
ɪɚɡɦɟɪɚɦ, ɱɚɫɬɨɬɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɭɡɵɪɟɣ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɮɚɡ ɠɢɡɧɢ ɢ 
ɷɜɨɥɸɰɢɹ ɮɨɪɦɵ ɩɭɡɵɪɟɣ ɜ ɭɫɥɨɜɢɹɯ ɤɢɩɟɧɢɹ ɧɚ ɝɥɚɞɤɢɯ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨ 
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ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɬɢɩɚɯ ɝɪɟɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɢ ɧɟɞɨɝɪɟɜɨɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ. 

2. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ 
ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɩɥɨɜɵɯ 
ɩɨɬɨɤɨɜ (ɛɨɥɟɟ 1 Ɇȼɬ/ɦ2), ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɭɱɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɨɞɢɧɨɱɧɨɝɨ 
ɩɭɡɵɪɹ, ɩɨɥɭɱɚɟɦɨɝɨ ɩɭɬɟɦ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɢ ɩɪɢ ɟё ɧɚɥɢɱɢɢ ɩɪɨɜɟɫɬɢ ɬɚɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. 

3. ɋɨɩɨɫɬɚɜɢɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫ ɢɡɜɟɫɬɧɵɦɢ ɦɨɞɟɥɹɦɢ ɤɢɩɟɧɢɹ 
ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ, ɢ ɨɰɟɧɢɬɶ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 

4. ɉɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɤɪɭɩɧɵɯ ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ 
(ɚɝɥɨɦɟɪɚɬɨɜ) ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɤɪɢɡɢɫɭ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ. 

5. ɉɨɥɭɱɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɜɥɢɹɧɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ 
ɠɢɞɤɨɫɬɢ ɝɚɡɚ ɧɚ ɜɟɥɢɱɢɧɭ ɤɪɢɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 

6. ɍɬɨɱɧɢɬɶ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɹ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ 
ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ. 

7. ȼ ɤɚɱɟɫɬɜɟ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɨɯɥɚɠɞɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɢɩɟɧɢɟɦ ɧɟɞɨɝɪɟɬɨɝɨ ɨɯɥɚɞɢɬɟɥɹ, ɢɫɫɥɟɞɨɜɚɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɜɨɞɚ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɨ 1 Ɇȼɬ/ɦ2 ɫ ɩɨɦɨɳɶɸ 
ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɠɢɞɤɨɫɬɢ Novec 649, ɡɚɦɟɬɧɨ 
ɨɬɥɢɱɚɸɳɟɣɫɹ ɜ ɯɭɞɲɭɸ ɫɬɨɪɨɧɭ ɨɬ ɜɨɞɵ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ, ɧɨ 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɜɵɲɟɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɧɢɤɢ.   

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: 
1. ɉɨɥɭɱɟɧ ɦɚɫɫɢɜ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɨɰɟɫɫɚ 

ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ: ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɰɟɧɬɪɨɜ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɩɥɨɬɧɨɫɬɢ ɰɟɧɬɪɨɜ ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɝɪɟɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɭɡɵɪɟɣ ɩɨ ɪɚɡɦɟɪɚɦ, ɱɚɫɬɨɬɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɩɭɡɵɪɟɣ, ɞɥɢɬɟɥɶɧɨɫɬɢ ɮɚɡ ɢɯ ɠɢɡɧɢ, ɪɚɡɦɟɪɚɦ ɢ ɷɜɨɥɸɰɢɢ ɮɨɪɦɵ ɩɭɡɵɪɟɣ ɜ 
ɭɫɥɨɜɢɹɯ ɤɢɩɟɧɢɹ ɧɚ ɝɥɚɞɤɢɯ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɝɪɟɸɳɢɯ 
ɩɨɜɟɪɯɧɨɫɬɹɯ. 

2. ȼɵɹɜɥɟɧɨ ɯɚɨɬɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɨɜ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ, ɢ ɩɨɤɚɡɚɧɚ ɩɨɥɧɚɹ 
ɞɟɚɤɬɢɜɚɰɢɹ ɞɟɣɫɬɜɭɸɳɢɯ ɰɟɧɬɪɨɜ ɤɚɤ ɧɚ ɬɟɯɧɢɱɟɫɤɢ ɝɥɚɞɤɢɯ, ɬɚɤ ɢ ɧɚ 
ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɝɪɟɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ.  

3. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɞɢɧɚɦɢɤɢ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ ɩɪɢ 
ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ q (ɛɨɥɶɲɟ 1 
Ɇȼɬ/ɦ2) ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɥɭɱɟɧɢɹ ɨɞɢɧɨɱɧɨɝɨ ɩɭɡɵɪɹ ɫ ɩɨɦɨɳɶɸ 
ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɩɨɜɟɪɯɧɨɫɬɢ.  

4. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɛɨɥɶɲɢɯ ɧɟɞɨɝɪɟɜɨɜ 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɚɛɨ ɜɥɢɹɟɬ ɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɬɞɚɱɢ. 

5. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ 
ɧɟɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨɫɹ ɝɚɡɚ ɭ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɜɵɡɵɜɚɸɳɟɝɨ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ. 
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6. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɵɯ ɫɤɨɪɨɫɬɧɵɯ ɜɢɞɟɨɫɴɟɦɨɤ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɷɜɨɥɸɰɢɢ ɤɪɭɩɧɵɯ ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ 
(ɚɝɥɨɦɟɪɚɬɨɜ) ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɤɪɢɡɢɫɭ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ. 

7. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɜɨɞɚ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ 
ɩɨɬɨɤɚ q = 1 Ɇȼɬ/ɦ2

 ɫ ɩɨɦɨɳɶɸ ɤɢɩɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɜɵɧɭɠɞɟɧɧɨɝɨ ɬɟɱɟɧɢɹ 

ɧɟɞɨɝɪɟɬɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɠɢɞɤɨɫɬɢ Novec 649, ɱɬɨ ɜɚɠɧɨ ɞɥɹ 
ɨɛɨɫɧɨɜɚɧɢɹ ɧɨɜɵɯ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɷɥɟɤɬɪɨɧɢɤɢ. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɢ ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɚɬɬɟɫɬɨɜɚɧɧɵɯ ɫɪɟɞɫɬɜ 
ɢɡɦɟɪɟɧɢɹ ɢ ɬɳɚɬɟɥɶɧɨɣ ɨɬɪɚɛɨɬɤɨɣ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, 
ɨɰɟɧɤɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɣ, ɫɨɝɥɚɫɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 
ɧɚɞɟɠɧɵɦɢ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɫɨɜɩɚɞɚɸɳɢɯ ɞɢɚɩɚɡɨɧɚɯ 
ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 
ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɢɤɢ ɢ ɦɚɫɫɢɜ ɩɨɥɭɱɟɧɧɵɯ 
ɞɚɧɧɵɯ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɬɶ ɢ ɛɨɥɟɟ ɝɥɭɛɨɤɨɟ ɩɨɧɢɦɚɧɢɟ ɦɟɯɚɧɢɡɦɚ ɤɢɩɟɧɢɹ 
ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɢ ɜɵɹɜɢɬɶ ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɭɸ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ, ɱɬɨ 
ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɉɨɫɤɨɥɶɤɭ ɤɢɩɟɧɢɟ 
ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɯ ɦɟɬɨɞɨɜ 
ɨɬɜɨɞɚ ɬɟɩɥɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɜɵɫɨɤɢɟ ɤɪɢɬɢɱɟɫɤɢɟ 
ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ, ɬɨ ɷɬɨ ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɭɸ ɡɧɚɱɢɦɨɫɬɶ ɞɥɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɬɜɨɞɨɦ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɬɟɩɥɨɜɵɯ 
ɩɨɬɨɤɨɜ.  

ɉɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ:  
1. Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɞɥɹ ɢɡɭɱɟɧɢɹ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɜ ɤɚɧɚɥɟ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɢɤɢ 
ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɡɭɱɟɧɢɸ ɞɢɧɚɦɢɤɢ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ ɜ 
ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ q (ɛɨɥɶɲɟ 1 Ɇȼɬ/ɦ2) ɩɨɫɪɟɞɫɬɜɨɦ 
ɩɨɥɭɱɟɧɢɹ ɨɞɢɧɨɱɧɨɝɨ ɩɭɡɵɪɹ ɫ ɩɨɦɨɳɶɸ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɥɚɡɟɪɧɨɝɨ 
ɧɚɝɪɟɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɷɜɨɥɸɰɢɢ ɩɚɪɨɜɵɯ ɚɝɥɨɦɟɪɚɬɨɜ ɩɨɫɪɟɞɫɬɜɨɦ 
ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɵɯ ɫɤɨɪɨɫɬɧɵɯ ɜɢɞɟɨɫɴɟɦɨɤ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ. 

2. ɉɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɚɡɚ ɞɚɧɧɵɯ ɩɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ: ɩɥɨɬɧɨɫɬɢ ɰɟɧɬɪɨɜ ɧɚ ɟɞɢɧɢɰɭ 
ɩɥɨɳɚɞɢ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɰɟɧɬɪɨɜ ɤɢɩɟɧɢɹ, 
ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɭɡɵɪɟɣ ɩɨ ɪɚɡɦɟɪɚɦ, ɷɜɨɥɸɰɢɢ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɩɭɡɵɪɹ ɜɨ 
ɜɪɟɦɟɧɢ, ɯɚɨɬɢɱɟɫɤɨɦɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɰɟɧɬɪɨɜ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɢ ɩɨɥɧɨɣ ɞɟɚɤɬɢɜɚɰɢɢ 
ɞɟɣɫɬɜɭɸɳɢɯ ɰɟɧɬɪɨɜ.   

3. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɛɧɚɪɭɠɟɧɧɨɟ ɫɥɚɛɨɟ ɜɥɢɹɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɛɨɥɶɲɢɯ 
ɧɟɞɨɝɪɟɜɨɜ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɹ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɬɞɚɱɢ. 
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4. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɥɢɹɧɢɸ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɠɢɞɤɨɫɬɢ ɝɚɡɚ ɧɚ 
ɤɪɢɬɢɱɟɫɤɢɟ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɪɢ ɧɟɞɨɝɪɟɬɨɦ ɤɢɩɟɧɢɢ ɜ ɛɨɥɶɲɨɦ ɨɛɴɟɦɟ, 
ɚ ɬɚɤɠɟ ɜɟɪɨɹɬɧɵɣ ɦɟɯɚɧɢɡɦ ɧɚɫɬɭɩɥɟɧɢɹ «ɝɚɡɨɜɨɝɨ» ɤɪɢɡɢɫɚ ɤɢɩɟɧɢɹ. 

5. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɜɨɞɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 
ɩɥɨɬɧɨɫɬɶɸ q = 1 Ɇȼɬ/ɦ2 ɩɨɫɪɟɞɫɬɜɨɦ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɠɢɞɤɨɫɬɢ Novec 649 ɜ ɭɫɥɨɜɢɹɯ ɜɵɧɭɠɞɟɧɧɨɝɨ ɬɟɱɟɧɢɹ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ 

ȼɫɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ, ɩɨɥɭɱɟɧɵ ɥɢɱɧɨ ɚɜɬɨɪɨɦ ɢɥɢ ɩɪɢ 
ɟɝɨ ɨɩɪɟɞɟɥɹɸɳɟɦ ɭɱɚɫɬɢɢ. Ⱥɜɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɟɧɚ ɩɨɫɬɚɧɨɜɤɚ ɰɟɥɟɣ ɢ ɡɚɞɚɱ 
ɢɫɫɥɟɞɨɜɚɧɢɹ; ɨɧ ɩɪɢɧɢɦɚɥ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɜ ɦɨɞɟɪɧɢɡɚɰɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɩɥɚɧɢɪɨɜɚɧɢɢ ɢ ɩɪɨɜɟɞɟɧɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ; ɜ ɨɛɪɚɛɨɬɤɟ ɢ ɚɧɚɥɢɡɟ ɩɨɥɭɱɟɧɧɵɯ 
ɞɚɧɧɵɯ; ɜ ɩɨɞɝɨɬɨɜɤɟ ɩɭɛɥɢɤɚɰɢɣ ɩɨ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɟ. 

Аɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɢɡɥɨɠɟɧɧɵɟ ɜ 

ɞɢɫɫɟɪɬɚɰɢɢ, ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ: XX ɢ XXI Шɤɨɥɚɯ-ɫɟɦɢɧɚɪɚɯ ɦɨɥɨɞɵɯ 
ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɚɤɚɞɟɦɢɤɚ ɊȺɇ Ⱥ.ɂ. Ʌɟɨɧɬɶɟɜɚ 

«ɉɪɨɛɥɟɦɵ ɝɚɡɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ» 

(Ɂɜɟɧɢɝɨɪɨɞ, 2015ɝ.; ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2017ɝ.); 9th International Conference on 

Multiphase Flow (Florence, Italy, 2016ɝ.); XV Ɇɢɧɫɤɨɦ ɦɟɠɞɭɧɚɪɨɞɧɨɦ ɮɨɪɭɦɟ 
ɩɨ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɭ (Ɇɢɧɫɤ, Ȼɟɥɚɪɭɫɶ, 2016 ɝ.); XIV ȼɫɟɪɨɫɫɢɣɫɤɨɣ 
ɲɤɨɥɟ-ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ⱥɤɬɭɚɥɶɧɵɟ 
ɜɨɩɪɨɫɵ ɬɟɩɥɨɮɢɡɢɤɢ ɢ ɮɢɡɢɱɟɫɤɨɣ ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ» (ɇɨɜɨɫɢɛɢɪɫɤ, 2016ɝ.); 
XIV Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ȼɵɫɬɪɨɡɚɤɚɥɟɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɩɨɤɪɵɬɢɹ» (Ɇɨɫɤɜɚ, 2016ɝ.); Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 
«ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɬɟɩɥɨɮɢɡɢɤɢ ɢ ɷɧɟɪɝɟɬɢɤɢ» (Ɇɨɫɤɜɚ, 2017ɝ.). 
Ɉɬɦɟɱɟɧɵ Ⱦɢɩɥɨɦɚɦɢ ɡɚ ɥɭɱɲɢɣ ɞɨɤɥɚɞ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ ɧɚ XX Шɤɨɥɟ-ɫɟɦɢɧɚɪɟ 
ɦɨɥɨɞɵɯ ɭɱёɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɚɤɚɞɟɦɢɤɚ ɊȺɇ Ⱥ.ɂ. 
Ʌɟɨɧɬɶɟɜɚ «ɉɪɨɛɥɟɦɵ ɝɚɡɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɭɫɬɚɧɨɜɤɚɯ» (Ɂɜɟɧɢɝɨɪɨɞ, 2015ɝ.) ɢ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɧɚ XIV ȼɫɟɪɨɫɫɢɣɫɤɨɣ 
ɲɤɨɥɟ-ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ⱥɤɬɭɚɥɶɧɵɟ 
ɜɨɩɪɨɫɵ ɬɟɩɥɨɮɢɡɢɤɢ ɢ ɮɢɡɢɱɟɫɤɨɣ ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ» (ɇɨɜɨɫɢɛɢɪɫɤ, 2016ɝ.). 

ɉɭɛɥɢɤɚɰɢɢ 
ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ 12 ɧɚɭɱɧɵɯ ɪɚɛɨɬ (5 ɫɬɚɬɟɣ, 7 ɬɟɡɢɫɨɜ 

ɞɨɤɥɚɞɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɤɨɧɮɟɪɟɧɰɢɣ), ɢɡ ɧɢɯ 4 ɫɬɚɬɶɢ ɜ ɠɭɪɧɚɥɚɯ ɢɡ ɫɩɢɫɤɚ 
ȼȺɄ ɊɎ, 4 – ɜ ɠɭɪɧɚɥɚɯ, ɰɢɬɢɪɭɟɦɵɯ ɜ ɛɚɡɚɯ Web of Science, Scopus, ɨɛɳɢɦ 
ɨɛɴɟɦɨɦ 4 ɩ.ɥ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ  
Ⱦɢɫɫɟɪɬɚɰɢɹ ɜɤɥɸɱɚɟɬ ɜɜɟɞɟɧɢɟ, ɩɹɬɶ ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɟ ɢ ɫɩɢɫɨɤ 

ɥɢɬɟɪɚɬɭɪɵ (119 ɧɚɢɦɟɧɨɜɚɧɢɣ). Ɋɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 139 ɫɬɪɚɧɢɰɚɯ 

ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, ɫɨɞɟɪɠɢɬ 62 ɪɢɫɭɧɤɚ ɢ 7 ɬɚɛɥɢɰ. 
 

ɋɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ 

ȼɨ ɜɜɟɞɟɧɢɢ ɨɬɦɟɱɟɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɟɟ 
ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ, ɩɨɫɬɚɜɥɟɧɵ ɰɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, 
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ɨɬɪɚɠɟɧɚ ɧɚɭɱɧɚɹ ɧɨɜɢɡɧɚ, ɞɚɧɚ ɨɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɛɨɬɵ ɢ ɤɪɚɬɤɨ ɨɩɢɫɚɧɨ 
ɟɟ ɫɨɞɟɪɠɚɧɢɟ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɪɚɛɨɬ, ɩɨɫɜɹɳёɧɧɵɯ 

ɨɫɧɨɜɧɵɦ ɦɨɞɟɥɹɦ ɦɟɯɚɧɢɡɦɚ ɧɟɞɨɝɪɟɬɨɝɨ ɤɢɩɟɧɢɹ, ɢɫɫɥɟɞɨɜɚɧɢɸ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɫɚ, ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɩɥɨɨɬɞɚɱɢ ɢ 
ɤɪɢɡɢɫɚ ɤɢɩɟɧɢɹ, ɜɥɢɹɧɢɸ ɦɨɪɮɨɥɨɝɢɢ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɤɢɩɟɧɢɟ 
ɠɢɞɤɨɫɬɢ.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɡɨɪɚ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1. ɋɭɳɟɫɬɜɭɸɳɚɹ ɛɚɡɚ ɞɚɧɧɵɯ ɩɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɧɭɠɞɚɟɬɫɹ ɜ ɪɚɫɲɢɪɟɧɢɢ, ɭɬɨɱɧɟɧɢɢ ɢ 
ɞɟɬɚɥɢɡɚɰɢɢ, ɢ ɷɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɟɥɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɪɚɫɲɢɪɢɜɲɢɟɫɹ 
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢ 
ɪɚɡɪɟɲɟɧɢɹ ɜɢɞɟɨɫɴɟɦɤɢ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɟɧɢɟ ɜɪɟɦɟɧɢ ɷɤɫɩɨɡɢɰɢɢ. 

2. ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɣ ɦɟɯɚɧɢɡɦ ɩɪɨɰɟɫɫɚ ɧɟɞɨɝɪɟɬɨɝɨ ɤɢɩɟɧɢɹ 
ɨɩɢɫɵɜɚɟɬɫɹ ɦɨɞɟɥɶɸ ɋɧɚɣɞɟɪɚ-Ȼɟɪɝɥɟɫɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɜ ɨɫɧɨɜɚɧɢɢ 
ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ ɩɪɨɢɫɯɨɞɢɬ ɢɫɩɚɪɟɧɢɟ ɦɢɤɪɨɫɥɨɹ ɠɢɞɤɨɫɬɢ, ɚ ɭ ɟɝɨ ɤɭɩɨɥɚ - 
ɤɨɧɞɟɧɫɚɰɢɹ  ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɩɚɪɚ ɫ ɩɟɪɟɞɚɱɟɣ ɬɟɩɥɚ ɨɛɬɟɤɚɸɳɟɦɭ ɩɭɡɵɪɶ 
ɩɨɬɨɤɭ ɠɢɞɤɨɫɬɢ (Ɋɢɫɭɧɨɤ 1). ɉɪɢ ɷɬɨɦ ɫɚɦɢ ɩɚɪɨɜɵɟ ɩɭɡɵɪɢ ɜ ɩɪɨɰɟɫɫɟ ɢɯ 
ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɧɟ ɨɬɪɵɜɚɸɬɫɹ ɨɬ ɫɬɟɧɤɢ ɜ ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ. 

 
 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1. Ɇɨɞɟɥɶ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ 
ɋɧɚɣɞɟɪɚ-Ȼɟɪɝɥɟɫɚ. 

3. ɇɚ ɫɟɝɨɞɧɹ ɧɟ ɢɦɟɟɬɫɹ ɨɛɳɟɩɪɢɡɧɚɧɧɨɣ ɬɟɨɪɢɢ ɤɪɢɡɢɫɚ ɤɢɩɟɧɢɹ 
ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɜ ɤɚɧɚɥɟ. ɋɭɳɟɫɬɜɭɟɬ ɨɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɢɦɟɸɳɢɯɫɹ ɥɢɛɨ ɪɚɡɪɚɛɨɬɤɢ 
ɧɨɜɵɯ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɦɨɞɟɥɟɣ. ɉɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɧɚɞɟɠɧɵɯ ɦɟɬɨɞɢɤ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɚɪɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ (ɜ ɬɨɦ 
ɱɢɫɥɟ ɤɪɭɩɧɵɯ ɩɚɪɨɜɵɯ ɚɝɥɨɦɟɪɚɬɨɜ) ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɤɪɢɡɢɫɭ ɤɢɩɟɧɢɹ. 
Ɉɝɪɚɧɢɱɟɧɵ ɞɚɧɧɵɟ ɩɨ ɦɟɯɚɧɢɡɦɭ ɜɥɢɹɧɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɠɢɞɤɨɫɬɢ ɝɚɡɚ ɧɚ 
ɜɟɥɢɱɢɧɭ ɤɪɢɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 
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4. Ⱥɧɚɥɢɡ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɦɨɞɢɮɢɤɚɰɢɢ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ 
ɤɢɩɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ  ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɚɤɢɦ 
ɫɩɨɫɨɛɨɦ ɞɨɫɬɢɠɢɦɚ ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ ɬɟɩɥɨɨɬɞɚɱɢ. Ⱦɚɧɧɵɯ ɩɨ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɤɪɵɬɢɣ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɵɯ ɠɢɞɤɨɫɬɟɣ ɫɭɳɟɫɬɜɟɧɧɨ 
ɦɟɧɶɲɟ. ɉɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɩɨ ɦɟɯɚɧɢɡɦɭ ɩɪɨɰɟɫɫɚ ɜ ɷɬɢɯ 
ɭɫɥɨɜɢɹɯ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɬɪɟɛɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ 
ɦɨɞɢɮɢɤɚɰɢɢ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɤɢɩɟɧɢɟ ɧɟɞɨɝɪɟɬɵɯ ɠɢɞɤɨɫɬɟɣ. 

5. ɋɭɳɟɫɬɜɭɸɬ ɬɟɯɧɨɥɨɝɢɢ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɤɢɩɟɧɢɟ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ, 
ɜ ɢɧɬɟɪɟɫɚɯ ɤɨɬɨɪɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɫɬɨɢɬ 
ɩɪɨɞɨɥɠɚɬɶ. ȼ ɱɚɫɬɧɨɫɬɢ, ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɷɥɟɤɬɪɨɧɢɤɢ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɠɢɞɤɨɫɬɹɦɢ (ɜɜɢɞɭ ɧɟɱɚɫɬɨɝɨ, ɧɨ ɢ ɧɟ ɛɟɫɫɦɵɫɥɟɧɧɨɝɨ 

ɬɪɟɛɨɜɚɧɢɹ ɢɫɤɥɸɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɨɛɨɹ), ɡɚɦɟɬɧɨ 
ɨɬɥɢɱɚɸɳɢɦɢɫɹ ɜ ɯɭɞɲɭɸ ɫɬɨɪɨɧɭ ɨɬ ɜɨɞɵ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ. 

ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, 

ɦɟɬɨɞɢɤɢ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ. 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɪɨɰɟɫɫɚ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɧɚ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɨɥɶɲɨɣ 
ɩɥɨɳɚɞɢ ɢ ɞɢɧɚɦɢɤɢ ɨɞɢɧɨɱɧɨɝɨ ɩɭɡɵɪɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɩɨɦɨɳɶɸ 
ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɢɜɟɞɟɧɚ ɧɚ Ɋɢɫɭɧɤɟ 2. Ɋɚɛɨɱɢɣ 
ɭɱɚɫɬɨɤ ɭɫɬɚɧɨɜɤɢ (ɤɚɧɚɥ) ɢɦɟɥ ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɲɢɪɢɧɨɣ 
21, ɜɵɫɨɬɨɣ 5 ɢ ɞɥɢɧɨɣ 70 ɦɦ ɢ ɜɟɪɬɢɤɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ. Ʉ ɫɴɟɦɧɨɣ 
ɡɚɞɧɟɣ ɫɬɟɧɤɟ ɨɩɵɬɧɨɝɨ ɭɱɚɫɬɤɚ ɩɪɢɤɥɟɢɜɚɥɚɫɶ, ɜɵɩɨɥɧɹɸɳɚɹ ɪɨɥɶ 
ɬɟɩɥɨɨɬɞɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɩɥɚɫɬɢɧɚ ɞɥɢɧɨɣ ɦɟɠɞɭ 
ɬɨɤɨɩɨɞɜɨɞɚɦɢ 30, ɲɢɪɢɧɨɣ 3–4 ɢ ɬɨɥɳɢɧɨɣ 0,1–0,2 ɦɦ (ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ 
ɫɬɚɥɢ ɢɥɢ ɧɢɯɪɨɦɚ). ɇɚɝɪɟɜ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɜɵɩɪɹɦɥɟɧɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 
ɬɨɤɨɦ. ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ (ɦɚɫɫɨɜɨɣ ɫɤɨɪɨɫɬɢ 
ɠɢɞɤɨɫɬɢ, ɧɟɞɨɝɪɟɜɚ ɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ) ɫ ɩɨɦɨɳɶɸ 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɤɚɦɟɪɵ Photron Fastcam SA4 ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɜɢɞɟɨɫɴɟɦɤɚ 
ɩɪɨɰɟɫɫɚ ɤɢɩɟɧɢɹ ɩɨ ɧɨɪɦɚɥɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
ɤɚɞɪɨɜ ɫɨɫɬɚɜɥɹɥɚ 100 ɤȽɰ, ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ – 3 ɦɤɫ. ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 
ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ 
ȽɈɋɌ Ɋ 54500.3—2011. Ʉɚɞɪɵ, ɩɨɥɭɱɟɧɧɵɯ ɜɢɞɟɨɫɴɟɦɨɤ, ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɫ 
ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ, ɧɚɩɢɫɚɧɧɨɣ ɜ ɫɪɟɞɟ 
MATLAB. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɩɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ: ɩɥɨɬɧɨɫɬɢ ɰɟɧɬɪɨɜ ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɝɪɟɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɰɟɧɬɪɨɜ ɤɢɩɟɧɢɹ, ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɭɡɵɪɟɣ ɩɨ 
ɪɚɡɦɟɪɚɦ ɢ ɞɪ. ɩɪɢ ɞɚɜɥɟɧɢɢ P = 0,1 Ɇɉɚ ɜ ɫɥɟɞɭɸɳɟɦ ɞɢɚɩɚɡɨɧɟ 
ɩɚɪɚɦɟɬɪɨɜ: ɦɚɫɫɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤɚ ρv ɞɨ 650 ɤɝ/(ɦ2·ɫ), ɧɟɞɨɝɪɟɜɨɜ Δtнɟɞ = 

35–75 °ɋ, ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ q = 0,7–5 Ɇȼɬ/ɦ2
.  
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Ɋɢɫɭɧɨɤ 2. ɋɯɟɦɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ:  
1 – ɪɚɛɨɱɢɣ ɭɱɚɫɬɨɤ;  
2 – ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɭɪ ɫ 
ɨɯɥɚɞɢɬɟɥɟɦ;  

3 – ɪɚɫɯɨɞɨɦɟɪ (Flow-ɏ3);  

4 – ɬɟɩɥɨɜɢɡɨɪ (SDS Hotfind-DX);  

5 – ɫɤɨɪɨɫɬɧɵɟ ɜɢɞɟɨɤɚɦɟɪɵ;  
6 – ɩɨɞɫɜɟɬɤɚ;  
7 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ 

(ARGAL TMB 35);  

8 – ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ 

(ɌɋɆ-0979);  

9 – ɜɟɧɬɢɥɢ;  
10 – ɷɥɟɤɬɪɢɱɟɫɤɢɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ;   
11 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ-ɨɯɥɚɞɢɬɟɥɶ;  
Ⱦ – ɞɚɬɱɢɤɢ ɞɚɜɥɟɧɢɹ (ȻȾ ɉȾ-Ɋ). 

 

ɂɡ Ɋɢɫɭɧɤɚ 3 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɧɟɞɨɝɪɟɜɟ Δtнɟɞ = 75 ºC ɢ q = 1,3 Ɇȼɬ/ɦ2
 ɜ 

ɬɟɱɟɧɢɟ 1 ɫ ɧɚ 1 ɫɦ2
 ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɡɧɢɤɚɸɬ ɢ ɡɚɤɚɧɱɢɜɚɸɬ ɫɜɨɟ 

ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɨɤɨɥɨ 125 ɬɵɫɹɱ ɩɚɪɨɜɵɯ ɩɭɡɵɪɶɤɨɜ. Ⱥ ɩɪɢ  ɭɜɟɥɢɱɟɧɢɢ q ɞɨ 
3,6 Ɇȼɬ/ɦ2

 ɱɢɫɥɨ ɩɭɡɵɪɶɤɨɜ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ 350 ɬɵɫɹɱ. ɇɚ Ɋɢɫɭɧɤɟ 4 

ɜɢɞɧɨ, ɱɬɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɧɟɞɨɝɪɟɜɚ ɜɨɞɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɭɡɵɪɟɣ ɩɨ 

ɪɚɡɦɟɪɚɦ ɫɦɟɳɚɸɬɫɹ ɜ ɨɛɥɚɫɬɶ ɛɨɥɶɲɢɯ ɞɢɚɦɟɬɪɨɜ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɱɢɫɥɚ         Ɋɢɫɭɧɨɤ 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɭɡɵɪɟɣ ɩɨ                     
     ɩɭɡɵɪɟɣ ɧɚ 1 ɫɦ2

 ɜ ɫɟɤɭɧɞɭ ɨɬ           ɪɚɡɦɟɪɚɦ, ρv = 650 ɤɝ/(ɦ2·ɫ), N – ɞɨɥɹ     

     ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ,                 ɨɬ ɩɨɥɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɭɡɵɪɟɣ:  
     Δtнɟɞ = 75 ºC, ρv = 650 ɤɝ/(ɦ2·ɫ).              1 – Δtнɟɞ = 75 ºC, q = 2,3 Ɇȼɬ/ɦ2

;  

                                                        2 – Δtнɟɞ = 30 ºC, q = 1,8 Ɇȼɬ/ɦ2
. 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɯɚɨɬɢɱɟɫɤɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɭɡɵɪɟɣ ɧɚ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨ 
ɜɪɟɦɟɧɢ, ɬɨ ɟɫɬɶ, ɨɬɫɭɬɫɬɜɢɟ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɰɟɧɬɪɨɜ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɧɚɫɵɳɟɧɢɹ. Ɇɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɛɨɥɶɲɨɣ ɧɟɞɨɝɪɟɜ ɤɢɩɹɳɟɣ ɠɢɞɤɨɫɬɢ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɞɟɚɤɬɢɜɢɪɭɟɬ ɞɟɣɫɬɜɭɸɳɢɟ ɰɟɧɬɪɵ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɰɢɢ (ɫɯɥɨɩɵɜɚɧɢɹ) ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ. ɋɤɨɪɟɟ 
ɜɫɟɝɨ, ɷɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ ɫɯɥɨɩɵɜɚɧɢɢ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ ɜ 
ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɜɨ ɜɩɚɞɢɧɟ, ɤɨɬɨɪɚɹ ɹɜɥɹɥɚɫɶ ɰɟɧɬɪɨɦ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɧɟ ɨɫɬɚɟɬɫɹ ɩɭɡɵɪɶɤɚ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ, ɤɚɤ ɩɪɢ ɤɢɩɟɧɢɢ 
ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ.   

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɢɛɨɥɶɲɟɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɷɜɨɥɸɰɢɢ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ 
ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ ɜɨ ɜɪɟɦɟɧɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ 
ɜɢɞɟɨɫɴɟɦɤɢ ɜ ɩɪɨɮɢɥɶ ɨɞɢɧɨɱɧɨɝɨ ɩɭɡɵɪɹ (Ɋɢɫɭɧɨɤ 5), ɩɨɥɭɱɚɟɦɨɝɨ ɫ 
ɩɨɦɨɳɶɸ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɟɪɟɯɨɞ ɤ 
ɢɫɫɥɟɞɨɜɚɧɢɸ ɨɞɢɧɨɱɧɨɝɨ ɩɭɡɵɪɹ ɛɵɥ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ 
ɜɵɫɨɤɢɯ q, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɡɜɢɬɨɦɭ ɩɭɡɵɪɶɤɨɜɨɦɭ ɤɢɩɟɧɢɸ, ɩɪɢ 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɟ ɩɨɜɟɪɯɧɨɫɬɢ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɢ ɧɟɜɨɡɦɨɠɧɨ ɩɪɨɫɥɟɞɢɬɶ 
ɞɢɧɚɦɢɤɭ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ, ɜɫɥɟɞɫɬɜɢɟ ɡɚɬɟɧɟɧɢɹ ɩɭɡɵɪɹɦɢ ɞɪɭɝ ɞɪɭɝɚ.  
 

 

 

 

Ɋɢɫɭɧɨɤ 5. ɗɜɨɥɸɰɢɹ ɨɞɢɧɨɱɧɨɝɨ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ. ɂɧɬɟɪɜɚɥ ɦɟɠɞɭ 
ɤɚɞɪɚɦɢ – 140 ɦɤɫ, ɷɤɫɩɨɡɢɰɢɹ – 20 ɦɤɫ: Δtнɟɞ = 59 °C, ρv = 0 ɤɝ/(ɦ2·ɫ); q = 1,4 

Ɇȼɬ/ɦ2. Ɋɚɡɦɟɪ ɤɚɞɪɚ 0,8 ɯ 1,2 ɦɦ. 
 

ɋɪɚɜɧɟɧɢɟ ɬɚɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɚɤ ɫɪɟɞɧɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ, ɜɪɟɦɹ 
ɠɢɡɧɢ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɮɚɡ ɠɢɡɧɢ ɢ ɷɜɨɥɸɰɢɹ ɪɚɡɦɟɪɨɜ ɨɞɢɧɨɱɧɨɝɨ ɩɭɡɵɪɹ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɦɚɫɫɢɜɚ  ɩɭɡɵɪɶɤɨɜ, 
ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɧɚ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɢ, ɩɨɤɚɡɚɥɨ ɢɯ 
ɯɨɪɨɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ. Ɉɬɫɸɞɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɚɧɧɵɟ, 
ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɩɭɡɵɪɶɤɚ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɦɨɝɭɬ ɛɵɬɶ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɧɚ ɪɟɚɥɶɧɵɣ ɫɥɭɱɚɣ ɤɢɩɟɧɢɹ ɧɚ ɩɪɨɬɹɠɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ. 
ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɞɚɧɧɵɟ ɨ ɩɨɜɟɞɟɧɢɢ 
ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɹ; ɬɚɤɢɟ, ɤɚɤ  ɭɦɟɧɶɲɟɧɢɟ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ ɫ ɝɪɟɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚ ɷɬɚɩɟ ɫɬɚɝɧɚɰɢɢ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɚ 
ɩɭɡɵɪɹ, ɧɚɱɚɥɨ ɩɪɨɰɟɫɫɚ ɫɯɥɨɩɵɜɚɧɢɹ ɜ ɞɨɧɧɨɣ ɱɚɫɬɢ ɩɭɡɵɪɹ ɢ ɩɟɪɟɦɟɳɟɧɢɟ 
ɮɪɚɝɦɟɧɬɨɜ ɧɚɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ, ɨɫɬɚɸɳɢɯɫɹ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɰɢɢ ɩɭɡɵɪɟɣ. 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɤɪɢɡɢɫɭ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ 
ɠɢɞɤɨɫɬɢ.  
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Ɋɚɡɞɟɥ 3.1 ɩɨɫɜɹɳɟɧ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɨɜɟɞɟɧɢɹ ɤɪɭɩɧɵɯ ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ 
(ɚɝɥɨɦɟɪɚɬɨɜ) ɩɟɪɟɞ ɧɚɫɬɭɩɥɟɧɢɟɦ ɤɪɢɡɢɫɚ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɜ 
ɭɫɥɨɜɢɹɯ ɜɵɧɭɠɞɟɧɧɨɝɨ ɬɟɱɟɧɢɹ. Ɇɟɬɨɞɢɤɚ ɜɤɥɸɱɚɥɚ ɜɢɞɟɨɫɴɟɦɤɢ ɩɪɨɰɟɫɫɚ 
ɫ ɱɚɫɬɨɬɨɣ ɤɚɞɪɨɜ 2 ɤȽɰ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚ 
ɫɤɨɪɨɫɬɧɵɟ ɜɢɞɟɨɤɚɦɟɪɵ ȼɢɞɟɨɋɩɪɢɧɬ/C/G4 (ɜ ɮɚɫ) ɢ ȼɢɞɟɨɋɩɪɢɧɬ/G2 (ɜ 
ɩɪɨɮɢɥɶ) (Ɋɢɫɭɧɨɤ 2), ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɫɢɫɬɟɦɨɣ ɫɛɨɪɚ 
ɞɚɧɧɵɯ (ɋɋȾ) ɮɢɪɦɵ National Instruments, ɧɚ ɤɨɬɨɪɭɸ ɜɟɥɚɫɶ ɡɚɩɢɫɶ ɜɟɥɢɱɢɧ 
ɫɢɥɵ ɬɨɤɚ ɢ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɝɪɟɸɳɟɣ ɩɥɚɫɬɢɧɟ ɫ ɱɚɫɬɨɬɨɣ 1 ɤȽɰ. 

ɋɢɧɯɪɨɧɢɡɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɢɦɩɭɥɶɫɚ ɚɦɩɥɢɬɭɞɨɣ 5 ɦȼ 
ɞɥɢɬɟɥɶɧɨɫɬɶɸ 25 ɦɤɫ, ɢɫɩɭɫɤɚɟɦɨɝɨ ɝɟɧɟɪɚɬɨɪɨɦ ɦɚɪɤɢ Ƚ5-54. Ⱦɥɹ 
ɭɩɪɚɜɥɟɧɢɹ ɋɋȾ ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ ɩɪɨɝɪɚɦɦɚ ɜ ɫɪɟɞɟ LabVIEW. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɩɨɜɵɲɟɧɢɢ ɬɟɩɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ ɨɬ q* = q/qкɪ = 0,5 – 0,6  ɞɨ  q* = 1 (ɩɟɪɟɠɨɝ ɬɟɩɥɨɨɬɞɚɸɳɟɣ 
ɩɥɚɫɬɢɧɵ) ɩɪɢ P = 0,1 Ɇɉɚ, ρv = 660 ɤɝ/(ɦ2·ɫ) ɢ ɬɪɟɯ ɫɬɟɩɟɧɹɯ ɧɟɞɨɝɪɟɜɚ 
ɜɨɞɵ:  Δtнɟɞ = 70 ºC;  43 ºC ɢ 23 ºC. 

ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɡɧɚɱɢɬɟɥɶɧɨɣ  ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ (q* ≈ 0,75 –
0,8) ɩɨɹɜɥɹɥɢɫɶ ɚɝɥɨɦɟɪɚɬɵ ɧɟɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. Ɉɛɳɢɣ ɯɚɪɚɤɬɟɪ 
ɩɨɜɟɞɟɧɢɹ ɬɚɤɢɯ ɚɝɥɨɦɟɪɚɬɨɜ ɨɫɬɚɜɚɥɫɹ ɬɟɦ ɠɟ, ɱɬɨ ɢ ɭ ɦɟɧɟɟ ɤɪɭɩɧɵɯ 
ɩɭɡɵɪɟɣ: ɨɧɢ ɡɚɪɨɠɞɚɥɢɫɶ ɯɚɨɬɢɱɧɨ ɜ ɩɪɨɢɡɜɨɥɶɧɵɯ ɬɨɱɤɚɯ ɝɪɟɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɨɫɥɟ ɪɚɡɥɢɱɧɨɣ (ɬɚɤɠɟ ɯɚɨɬɢɱɧɨɣ) ɷɜɨɥɸɰɢɢ ɪɚɡɦɟɪɨɜ ɢ 
ɮɨɪɦɵ ɨɬɪɵɜɚɥɢɫɶ ɨɬ ɫɬɟɧɤɢ ɢ ɫɯɥɨɩɵɜɚɥɢɫɶ. Ʉɨɥɢɱɟɫɬɜɨ ɢ ɪɚɡɦɟɪɵ 
ɩɚɪɨɜɵɯ ɚɝɥɨɦɟɪɚɬɨɜ ɭɜɟɥɢɱɢɜɚɥɢɫɶ ɫ ɪɨɫɬɨɦ q ɢ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ Δtнɟɞ. ɉɪɢ 
ɧɟɞɨɝɪɟɜɟ Δtнɟɞ = 23 ºC ɬɚɤɢɟ ɤɪɭɩɧɵɟ ɩɭɡɵɪɢ  ɢɦɟɥɢ  ɜɢɞ «ɩɪɨɛɤɢ», 
ɡɚɧɢɦɚɸɳɟɣ ɩɨɱɬɢ ɜɫё ɫɟɱɟɧɢɟ ɤɚɧɚɥɚ ɧɚɞ ɨɛɨɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɉɪɢ 
Δtнɟɞ = 70 ºC ɢɯ ɫɪɟɞɧɢɟ ɪɚɡɦɟɪɵ ɫɨɫɬɚɜɥɹɥɢ: ɜ ɞɥɢɧɭ l = 4,5 ɦɦ, ɜ ɜɵɫɨɬɭ h = 

2,25 ɦɦ ɢ ɜ ɲɢɪɢɧɭ b = 2 ɦɦ (Ɋɢɫɭɧɨɤ 6). 

 

Ɋɢɫɭɧɨɤ 6. ɉɚɪɨɜɵɟ 
ɚɝɥɨɦɟɪɚɬɵ:  
ɚ –  ɜɢɞ ɜ ɮɚɫ, 
ɪɚɡɦɟɪ ɤɚɞɪɚ  
3 ɯ 10,6 ɦɦ;  
ɛ – ɜɢɞ ɜ ɩɪɨɮɢɥɶ, 
ɪɚɡɦɟɪ ɤɚɞɪɚ  
4,0 ɯ 10,6 ɦɦ.  
Δtнɟɞ = 70 ºC;  

ρv = 660 ɤɝ/(ɦ2·ɫ); 
P = 0,1 Ɇɉɚ;  
q* =  0,95. 
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ɉɪɢ ɦɚɥɵɯ ɧɟɞɨɝɪɟɜɚɯ ɤɪɭɩɧɵɟ ɩɭɡɵɪɢ ɨɤɤɭɩɢɪɨɜɚɥɢ ɜɫɸ ɝɪɟɸɳɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ. ɇɚɩɪɨɬɢɜ, ɩɪɢ ɛɨɥɶɲɢɯ  ɧɟɞɨɝɪɟɜɚɯ ɧɚɛɥɸɞɚɥɢɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɛɨɥɶɲɢɟ ɩɭɡɵɪɢ, ɡɚɧɢɦɚɸɳɢɟ ɥɢɲɶ ɦɚɥɭɸ ɱɚɫɬɶ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ . ȼ 
ɬɨ ɠɟ ɜɪɟɦɹ qкɪ ɩɪɢ ɛɨɥɶɲɢɯ Δtнɟɞ ɡɚɦɟɬɧɨ ɜɵɲɟ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɪɚɡɥɢɱɧɵɣ 
ɦɟɯɚɧɢɡɦ ɧɚɫɬɭɩɥɟɧɢɹ ɤɪɢɡɢɫɚ ɬɟɩɥɨɨɬɞɚɱɢ. ȿɫɥɢ ɜ ɫɥɭɱɚɟ ɦɚɥɵɯ ɧɟɞɨɝɪɟɜɨɜ 
ɨɧ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɵɯɚɧɢɹ ɠɢɞɤɨɣ ɩɥёɧɤɢ ɩɨɞ 
ɛɨɥɶɲɢɦɢ ɢɥɢ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɩɚɪɨɜɵɦɢ ɚɝɥɨɦɟɪɚɬɚɦɢ, ɫɨɝɥɚɫɧɨ 
ɦɨɞɟɥɢ ɜɵɫɵɯɚɧɢɹ ɠɢɞɤɨɫɬɧɨɝɨ ɩɨɞɫɥɨɹ, ɬɨ ɜ ɫɥɭɱɚɟ ɜɵɫɨɤɢɯ ɧɟɞɨɝɪɟɜɨɜ – ɤ 
ɤɪɢɡɢɫɭ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɟɞёɬ ɢɫɱɟɪɩɚɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɨɬɜɨɞɚ ɬɟɩɥɚ 
ɤɨɧɞɟɧɫɚɰɢɢ ɨɬ ɤɭɩɨɥɨɜ ɩɭɡɵɪɶɤɨɜ ɬɭɪɛɭɥɟɧɬɧɨɣ ɤɨɧɜɟɤɰɢɟɣ ɜ ɩɨɬɨɤ 
ɠɢɞɤɨɫɬɢ, ɫɨɝɥɚɫɧɨ ɦɨɞɟɥɢ əɝɨɜɚ.      

ȼ ɪɚɡɞɟɥɟ 3.2 ɨɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɥɢɹɧɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɜɨɞɟ ɝɚɡɚ ɧɚ ɄɌɉ ɩɪɢ ɧɟɞɨɝɪɟɬɨɦ ɤɢɩɟɧɢɢ ɜ 
ɭɫɥɨɜɢɹɯ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤɢɩɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 
ɤɚɩɢɥɥɹɪ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ 1ɏ18ɇ9Ɍ ɞɢɚɦɟɬɪɨɦ 1 ɦɦ, ɬɨɥɳɢɧɨɣ 
ɫɬɟɧɤɢ 0,1 ɦɦ ɢ ɞɥɢɧɨɣ 22 ɦɦ, ɩɨɦɟɳɟɧɧɵɣ ɜ ɟɦɤɨɫɬɶ ɫ ɠɢɞɤɨɫɬɶɸ ɨɛɴɟɦɨɦ 
1 ɥɢɬɪ. ɇɚɝɪɟɜ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ. ɗɤɫɩɟɪɢɦɟɧɬɵ 
ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɩɨɜɵɲɟɧɢɢ q ɜɩɥɨɬɶ ɞɨ ɩɟɪɟɠɨɝɚ ɤɚɩɢɥɥɹɪɚ. 
ɋ ɩɨɦɨɳɶɸ ɰɜɟɬɧɨɣ ɫɤɨɪɨɫɬɧɨɣ ɜɢɞɟɨɤɚɦɟɪɵ ȼɢɞɟɨɋɩɪɢɧɬ/C/G4 
ɩɪɨɜɨɞɢɥɚɫɶ ɫɴɟɦɤɚ ɩɪɨɰɟɫɫɚ ɤɢɩɟɧɢɹ ɫ ɱɚɫɬɨɬɨɣ ɤɚɞɪɨɜ 2 ɤȽɰ ɩɪɢ 
ɷɤɫɩɨɡɢɰɢɢ 50–400 ɦɤɫ. ɋɢɧɯɪɨɧɢɡɢɪɨɜɚɧɨ ɫ ɜɢɞɟɨɫɴɟɦɤɨɣ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ 
ɡɚɩɢɫɶ ɡɧɚɱɟɧɢɣ ɫɢɥɵ ɬɨɤɚ ɢ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɚɩɢɥɥɹɪɟ ɧɚ ɋɋȾ. ȼ 
ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɜɨɞɚ ɬɪɟɯ ɜɢɞɨɜ: ɧɚɫɵɳɟɧɧɚɹ CO2 ɞɨ ~0,3% ɩɨ ɦɚɫɫɟ, 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɧɟɞɟɝɚɡɢɪɨɜɚɧɧɚɹ, ɞɟɚɷɪɢɪɨɜɚɧɧɚɹ ɱɟɬɵɪɟɯɱɚɫɨɜɵɦ 
ɤɢɩɹɱɟɧɢɟɦ (ɞɟɝɚɡɢɪɨɜɚɧɧɚɹ). ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ 
ɞɚɜɥɟɧɢɢ ɜ ɞɢɚɩɚɡɨɧɟ ɧɟɞɨɝɪɟɜɨɜ Δtнɟɞ = 49–96 

ɨɋ.  
ɇɚ Ɋɢɫɭɧɤɟ 7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɩɨ ɄɌɉ.  

ɋɬɟɩɟɧɶ ɞɟɝɚɡɚɰɢɢ ɜɨɞɵ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ qкɪ. Ʉɚɠɞɚɹ 
ɟɞɢɧɢɰɚ ɨɛɴɟɦɚ ɢɫɩɚɪɹɸɳɟɣɫɹ ɜ ɩɭɡɵɪɶ ɜɨɞɵ ɩɪɢɧɨɫɢɬ ɫ ɫɨɛɨɣ 
ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɧɟɣ ɝɚɡɚ. ɉɪɢ ɧɟɞɨɝɪɟɬɨɦ ɤɢɩɟɧɢɢ, 

ɛɭɞɭɱɢ ɧɟɫɩɨɫɨɛɧɵɦ ɤɨɧɞɟɧɫɢɪɨɜɚɬɶɫɹ, ɷɬɨɬ ɝɚɡ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɠɢɞɤɨɫɬɢ 
ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɥɭɱɚɟ ɤɢɩɟɧɢɹ ɧɚɫɵɳɟɧɧɨɣ 
ɝɚɡɨɦ ɜɨɞɵ, ɫɨɡɞɚɸɬɫɹ ɭɫɥɨɜɢɹ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɞɥɢɬɟɥɶɧɨ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɤɪɭɩɧɵɯ ɝɚɡɨɜɵɯ ɚɝɥɨɦɟɪɚɬɨɜ (ɞɢɚɦɟɬɪɨɦ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɦɦ), ɷɤɪɚɧɢɪɨɜɚɧɢɹ 
ɢɦɢ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɡɚɬɪɭɞɧɟɧɢɹ ɞɨɫɬɭɩɚ ɤ ɧɟɣ «ɫɜɟɠɢɯ» ɩɨɪɰɢɣ 
ɠɢɞɤɨɫɬɢ, ɱɬɨ ɦɨɠɧɨ ɜɢɞɟɬɶ ɧɚ ɤɚɞɪɚɯ ɜɢɞɟɨɫɴɟɦɤɢ ɪɚɡɜɢɬɢɹ ɤɪɢɡɢɫɚ 
ɤɢɩɟɧɢɹ (Ɋɢɫɭɧɨɤ 8). ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɨɞ ɤɪɭɩɧɵɦɢ ɝɚɡɨɜɵɦɢ ɩɭɡɵɪɹɦɢ 
ɮɨɪɦɢɪɭɟɬɫɹ ɩɟɪɟɝɪɟɬɚɹ ɡɨɧɚ, ɜɟɞɭɳɚɹ ɤ ɩɟɪɟɠɨɝɭ ɤɚɩɢɥɥɹɪɚ ɜ ɷɬɨɦ ɦɟɫɬɟ. ȼ 
ɨɬɥɢɱɢɟ ɨɬ ɧɟɞɨɝɪɟɬɨɝɨ ɤɢɩɟɧɢɹ, ɩɪɢ ɤɢɩɟɧɢɢ ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɧɚɫɵɳɟɧɢɹ, ɨɬɪɵɜɚɸɳɢɟɫɹ ɨɬ ɝɪɟɸɳɟɣ ɫɬɟɧɤɢ ɩɭɡɵɪɢ ɭɧɨɫɹɬ ɫ ɫɨɛɨɣ ɢ 
ɜɵɞɟɥɢɜɲɢɣɫɹ ɝɚɡ, ɬɨ ɟɫɬɶ, ɧɚɤɨɩɥɟɧɢɟ ɩɭɡɵɪɶɤɨɜ ɝɚɡɚ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ 
ɟɫɬɶ ɫɩɟɰɢɮɢɤɚ ɧɟɞɨɝɪɟɬɨɝɨ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɫɨɞɟɪɠɚɳɟɣ ɪɚɫɬɜɨɪɟɧɧɵɣ 
ɝɚɡ. Ɉɞɧɚɤɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜɵɲɟ ɚɧɚɥɢɡ ɧɟɩɪɚɜɨɦɟɪɧɨ ɜ ɩɨɥɧɨɣ ɦɟɪɟ 
ɪɚɫɩɪɨɫɬɪɚɧɹɬɶ ɧɚ ɭɫɥɨɜɢɹ ɜɵɧɭɠɞɟɧɧɨɝɨ ɬɟɱɟɧɢɹ, ɬɚɤ ɤɚɤ ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ 
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ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɨɫɭ ɝɚɡɨɜɵɯ ɩɭɡɵɪɟɣ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ. Ɇɨɠɧɨ 
ɩɨɥɚɝɚɬɶ, ɱɬɨ ɫ ɪɨɫɬɨɦ ρv ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɝɚɡɚ 
ɧɚ qкɪ ɛɭɞɟɬ ɫɧɢɠɚɬɶɫɹ, ɬɚɤ ɤɚɤ ɧɚɤɨɩɥɟɧɢɟ ɝɚɡɚ ɭ ɝɪɟɸɳɟɣ ɫɬɟɧɤɢ ɩɨɬɪɟɛɭɟɬ 
ɛɨɥɟɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɨɬɪɟɡɤɚ ɜɪɟɦɟɧɢ. 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 7. ȼɥɢɹɧɢɟ ɪɚɫɬɜɨɪɟɧɧɨɝɨ           Ɋɢɫɭɧɨɤ 8. Ɋɚɡɜɢɬɢɟ ɤɪɢɡɢɫɚ  
ɝɚɡɚ ɧɚ qкɪ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ           ɤɢɩɟɧɢɹ ɜ ɧɚɫɵɳɟɧɧɨɣ ɭɝɥɟɤɢɫɥɵɦ  
ɜɨɞɵ ɜ ɛɨɥɶɲɨɦ ɨɛɴɟɦɟ ɧɚ ɤɚɩɢɥɥɹɪɟ:     ɝɚɡɨɦ ɜɨɞɟ (ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ            
1 – ɜɨɞɚ, ɧɚɫɵɳɟɧɧɚɹ                                 ɤɚɞɪɚɦɢ 45 ɦɫ): 
ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ;                                       P = 0,1 Ɇɉɚ, Δtнɟɞ = 90°C,   
2 – ɧɟɞɟɝɚɡɢɪɨɜɚɧɧɚɹ ɜɨɞɚ;                         qкɪ = 6,4 Ɇȼɬ/ɦ2

; dкаɩ = 1 ɦɦ. 
3 – ɞɟɝɚɡɢɪɨɜɚɧɧɚɹ ɜɨɞɚ. 
 

ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ 
ɦɨɞɢɮɢɤɚɰɢɢ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ 
ɬɟɩɥɨɨɬɞɚɱɭ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɧɚɧɟɫɟɧɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɞɜɭɯ ɬɢɩɨɜ. ɉɟɪɜɨɟ 
– ɩɨɤɪɵɬɢɟ ɢɡ ɧɚɧɨɱɚɫɬɢɰ Al2O3 ɬɨɥɳɢɧɨɣ 1–3 ɦɤɦ, ɨɛɪɚɡɨɜɚɧɧɨɟ 
ɨɫɚɠɞɟɧɢɟɦ ɱɚɫɬɢɰ ɩɪɢ ɤɢɩɟɧɢɢ ɧɚɧɨɠɢɞɤɨɫɬɢ (ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ – 100 

ɧɦ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨ ɦɚɫɫɟ 0,001%) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɢɯɪɨɦɚ ɏ20ɇ80 

(Ɋɢɫɭɧɨɤ 9ɚ). ȼɬɨɪɨɟ – ɢɡ TiO2 ɬɨɥɳɢɧɨɣ 10 ɦɤɦ, ɧɚɧɟɫɟɧɧɨɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɬɢɬɚɧɚ ȼɌ1-0 ɦɟɬɨɞɨɦ ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɢɪɨɜɚɧɢɹ (ɆȾɈ) (Ɋɢɫɭɧɨɤ 9ɛ).  

 

 

 

 

 

 

 

 

 

 

 ɚ ɛ 

Ɋɢɫɭɧɨɤ 9. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɤɪɵɬɢɣ: ɚ – ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɨɫɚɠɞɟɧɢɟɦ 
ɱɚɫɬɢɰ Al2O3 ɩɪɢ ɤɢɩɟɧɢɢ ɧɚɧɨɠɢɞɤɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɢɯɪɨɦɚ; ɛ – ɢɡ 
TiO2, ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫ ɩɨɦɨɳɶɸ ɆȾɈ-ɬɟɯɧɨɥɨɝɢɢ. 
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ɇɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫ ɩɨɤɪɵɬɢɹɦɢ ɬɚɤɠɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɯɚɨɬɢɱɟɫɤɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ (Ɋɢɫɭɧɨɤ 10). 

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɚɥɢɱɢɟ ɜ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ 
ɭɝɥɭɛɥɟɧɢɣ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɜɤɥɸɱɚɹ ɜɩɚɞɢɧɵ «ɪɟɡɟɪɜɭɚɪɧɨɝɨ» ɬɢɩɚ (ɢɯ 
ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɆȾɈ) 
ɬɚɤɠɟ ɧɟ ɩɪɟɩɹɬɫɬɜɭɟɬ ɞɟɚɤɬɢɜɚɰɢɢ ɞɟɣɫɬɜɭɸɳɢɯ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ. 

 

 

 

 

 

 

 

ɚ 

 

 

 

 

 

ɛ 

Ɋɢɫɭɧɨɤ 10. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, Δtнɟɞ = 75 ºC, ρv = 

650 ɤɝ/(ɦ2·ɫ): ɚ – ɝɥɚɞɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, q = 2,3 Ɇȼɬ/ɦ2
, 

ɪɚɡɦɟɪ ɤɚɞɪɚ 3 ɯ 3 ɦɦ; ɛ – ɆȾɈ-ɩɨɤɪɵɬɢɟ, q = 2,7 Ɇȼɬ/ɦ2, ɪɚɡɦɟɪ ɤɚɞɪɚ         
4 ɯ 2,5 ɦɦ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɤɚɞɪɵ, ɫɧɹɬɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɱɟɪɟɡ 1 ɦɫ. 

 

Ʉɨɥɢɱɟɫɬɜɨ ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ ɧɟɫɢɥɶɧɨ ɦɟɧɹɥɨɫɶ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɝɥɚɞɤɢɯ 
ɤ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɦ ɝɪɟɸɳɢɦ ɩɨɜɟɪɯɧɨɫɬɹɦ. ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ 
ɧɚɛɥɸɞɚɟɦɨɟ ɫɥɚɛɨɟ ɨɬɥɢɱɢɟ ɜ ɤɨɥɢɱɟɫɬɜɟ ɩɭɡɵɪɟɣ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ 
ɠɢɞɤɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɨ ɞɟɚɤɬɢɜɚɰɢɟɣ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɩɭɡɵɪɟɣ ɩɨ ɪɚɡɦɟɪɚɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫ ɩɨɤɪɵɬɢɹɦɢ ɬɚɤɠɟ 
ɫɥɚɛɨ ɨɬɥɢɱɚɥɢɫɶ ɨɬ ɝɥɚɞɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɋɚɡɦɟɪ ɩɭɡɵɪɟɣ ɨɩɪɟɞɟɥɹɥɫɹ 
ɪɟɠɢɦɨɦ ɨɯɥɚɠɞɟɧɢɹ: ɫɤɨɪɨɫɬɶɸ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɜɟɥɢɱɢɧɨɣ ɧɟɞɨɝɪɟɜɚ. 

ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɧɟɞɨɝɪɟɬɨɝɨ ɤɢɩɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫ ɩɨɤɪɵɬɢɹɦɢ, ɦɨɠɧɨ ɛɵɥɨ ɨɠɢɞɚɬɶ, 
ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟ ɨɤɚɠɟɬ ɫɢɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɢ ɧɚ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɬɞɚɱɢ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɨɛɪɚɳɚɟɬ ɧɚ ɫɟɛɹ ɜɧɢɦɚɧɢɟ 
ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɬɟɩɥɨɨɬɞɚɱɢ, ɡɧɚɱɟɧɢɹ ɄɌɈ ɞɨɫɬɢɝɚɸɬ 105

 ȼɬ/(ɦ2·Ʉ) ɢ 
ɛɨɥɟɟ, ɤɚɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫ ɩɨɤɪɵɬɢɹɦɢ, ɬɚɤ ɢ ɧɚ ɝɥɚɞɤɢɯ ɨɛɪɚɡɰɚɯ 
(Ɋɢɫɭɧɨɤ 11). ȼɢɞɧɨ ɬɚɤɠɟ, ɱɬɨ ɩɨɤɪɵɬɢɟ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɟ ɦɟɬɨɞɨɦ ɆȾɈ, 
ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬ ɬɟɩɥɨɨɬɞɚɱɭ (ɡɧɚɱɟɧɢɟ ɄɌɈ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢɦɟɪɧɨ ɧɚ 20-

30%), ɬɨɝɞɚ ɤɚɤ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɧɚɧɟɫɟɧɧɚɹ ɨɫɚɠɞɟɧɢɟɦ 
ɱɚɫɬɢɰ Al2O3 ɩɪɢ ɤɢɩɟɧɢɢ ɧɚɧɨɠɢɞɤɨɫɬɢ, ɨɤɚɡɵɜɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ – 

ɬɟɩɥɨɨɬɞɚɱɚ ɫɧɢɠɚɟɬɫɹ. ȼɢɞɢɦɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɛɨɥɟɟ ɯɨɪɨɲɢɦ ɬɟɪɦɢɱɟɫɤɢɦ 
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ɤɨɧɬɚɤɬɨɦ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɩɨɤɪɵɬɢɹ ɢ ɦɟɠɞɭ ɩɨɤɪɵɬɢɟɦ ɢ ɩɨɞɥɨɠɤɨɣ ɜ 
ɫɥɭɱɚɟ ɫɨɡɞɚɧɢɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɨɞɨɦ ɆȾɈ. 

 

 

Ɋɢɫɭɧɨɤ 11. Ʉɪɢɜɵɟ  
ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɩɪɢ  
P = 0,1 Ɇɉɚ, Δtнɟɞ = 75 °ɋ,  
ρv = 650 ɤɝ/(ɦ2·ɫ):  
1 – ɬɢɬɚɧ;  
2 – ɬɢɬɚɧ (ɆȾɈ-ɩɨɤɪɵɬɢɟ);  
3 – ɧɢɯɪɨɦ; 
4 – ɧɢɯɪɨɦ (ɩɨɤɪɵɬɢɟ ɢɡ  
ɧɚɧɨɱɚɫɬɢɰ Al2O3). 

 

 

 

 

ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɜɨɞɚ 
ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɞɨ 100 ȼɬ/ɫɦ2

 (1 Ɇȼɬ/ɦ2
) ɩɨɫɪɟɞɫɬɜɨɦ ɤɢɩɟɧɢɹ 

ɧɟɞɨɝɪɟɬɨɝɨ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ  ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɯɥɚɞɢɬɟɥɹ 

Novec 649 ɜ ɷɥɟɦɟɧɬɚɯ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɨɜ, ɚ ɬɚɤɠɟ ɜ ɫɬɚɬɢɱɟɫɤɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ ɢ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɚɯ ɤɢɥɨɜɨɥɶɬɧɨɝɨ ɢ ɦɟɝɚɜɚɬɬɧɨɝɨ 
ɞɢɚɩɚɡɨɧɚ. ɉɪɨɛɥɟɦɚ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɟɲɟɧɢɸ ɜɨɩɪɨɫɚ ɨ 
ɝɢɩɨɬɟɬɢɱɟɫɤɨɣ (ɧɨ ɨɬɧɸɞɶ ɧɟ ɧɭɥɟɜɨɣ) ɭɝɪɨɡɟ ɛɨɥɶɲɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɬɟɪɶ ɩɪɢ ɜɵɯɨɞɟ ɫɢɫɬɟɦɵ ɢɡ ɫɬɪɨɹ ɜɫɥɟɞɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ 
ɫɥɭɱɚɟ ɩɪɨɛɨɹ ɜ ɫɢɫɬɟɦɟ ɜɨɞɹɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

ɇɚ ɪɢɫɭɧɤɟ 12 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɡɚɜɢɫɢɦɨɫɬɶ q ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɹɯ Δtнɟɞ ɢ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɨɯɥɚɞɢɬɟɥɹ – v. ȼɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɢ ɧɟɞɨɝɪɟɜɚ ɨɯɥɚɞɢɬɟɥɹ ɩɨɡɜɨɥɹɸɬ ɭɜɟɥɢɱɢɬɶ qкɪ. ɉɪɢ v = 7,4 ɦ/ɫ ɢ 
Δtнɟɞ = 35 °ɋ ɛɵɥɚ ɞɨɫɬɢɝɧɭɬɚ ɜɟɥɢɱɢɧɚ q = 100 ȼɬ/ɫɦ2

. 

  

 

Ɋɢɫɭɧɨɤ 12. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ  
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɫɬɟɧɤɟ ɨɬ  
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ:   
1– tɠ = 15,5 °C, Δtнɟɞ = 35 °C,  
v = 7,4 ɦ/ɫ, P = 0,105 Ɇɉɚ;  
2 – tɠ ≈ 15 °C, Δtнɟɞ ≈ 36 °C,  
v = 6 ɦ/ɫ, P = 0,107 Ɇɉɚ;   
3 – tɠ ≈ 21 °C, Δtнɟɞ ≈ 32,5 °C,  
v = 6,5 ɦ/ɫ, P = 0,119 Ɇɉɚ. 
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ȼ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɤɢɩɟɧɢɟ ɨɯɥɚɞɢɬɟɥɹ Novec 649 ɧɟ 
ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɡɚɦɟɬɧɵɦ ɪɨɫɬɨɦ ɩɚɪɨɫɨɞɟɪɠɚɧɢɹ ɩɨɬɨɤɚ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɤɪɢɡɢɫɧɵɯ ɹɜɥɟɧɢɣ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ. Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɧɚɥɚ ɨɫɬɚɜɚɥɨɫɶ ɬɚɤɢɦ ɠɟ, ɤɚɤ ɢ ɩɪɢ ɬɟɱɟɧɢɢ ɨɯɥɚɞɢɬɟɥɹ 
ɛɟɡ ɤɢɩɟɧɢɹ – ɮɚɤɬɨɪ, ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɵɣ ɞɥɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ 
ɪɚɡɜɟɬɜɥɟɧɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɯɟɦ. ɉɹɬɚɹ ɝɥɚɜɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ 
Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ (ɫɨɝɥɚɲɟɧɢɟ № 14.604.21.0178, ɭɧɢɤɚɥɶɧɵɣ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɪɚɛɨɬ (ɩɪɨɟɤɬɚ) RFMEFI60417X0178). 
Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɜɵɜɨɞɵ: 

1. ȼɵɩɨɥɧɟɧ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɢɩɟɧɢɹ 
ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɜ ɤɚɧɚɥɚɯ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɳɚɹ ɛɚɡɚ ɞɚɧɧɵɯ 
ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɨɰɟɫɫɚ ɧɭɠɞɚɟɬɫɹ ɜ ɪɚɫɲɢɪɟɧɢɢ ɢ ɪɚɡɜɢɬɢɢ, ɱɬɨ ɜɚɠɧɨ 
ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ. 

2. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɰɟɥɹɦɢ ɪɚɛɨɬɵ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 
ɫɬɟɧɞ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɞɨɝɪɟɬɨɝɨ ɤɢɩɟɧɢɹ ɜ ɤɚɧɚɥɟ; 
ɫɢɫɬɟɦɚ ɢɡɦɟɪɟɧɢɣ ɫɬɟɧɞɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɭɸ ɜɢɞɟɨɫɴɟɦɤɭ ɜ 
ɞɜɭɯ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ, ɬɟɩɥɨɜɢɡɢɨɧɧɵɟ ɢɡɦɟɪɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ 
ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ.  

3. ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɤɢɩɟɧɢɸ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɜ ɤɚɧɚɥɟ ɩɪɢ P 

= 0,1 Ɇɉɚ ɧɚ ɝɥɚɞɤɢɯ ɢ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɜ ɞɢɚɩɚɡɨɧɟ 
ɩɚɪɚɦɟɬɪɨɜ: ρv ɞɨ 650 ɤɝ/(ɦ2·ɫ), Δtнɟɞ = 35–75 °ɋ. ɉɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɩɨ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ: ɩɥɨɬɧɨɫɬɢ 
ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɭɡɵɪɟɣ ɩɨ 
ɪɚɡɦɟɪɚɦ, ɷɜɨɥɸɰɢɢ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɩɭɡɵɪɹ ɜɨ ɜɪɟɦɟɧɢ, ɪɚɫɲɢɪɹɸɳɢɟ 

ɢɦɟɸɳɭɸɫɹ ɛɚɡɭ ɞɚɧɧɵɯ. ȼɵɹɜɥɟɧɵ ɯɚɨɬɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ, 
ɩɨɥɧɚɹ ɞɟɚɤɬɢɜɚɰɢɹ ɞɟɣɫɬɜɭɸɳɢɯ ɢ ɚɤɬɢɜɚɰɢɹ ɧɨɜɵɯ ɰɟɧɬɪɨɜ.  ɉɨɥɭɱɟɧɵ 
ɞɚɧɧɵɟ ɩɨ ɜɥɢɹɧɢɸ Δtнɟɞ ɢ ɜɟɥɢɱɢɧɵ q ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ.  

4. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɩɪɚɜɨɦɟɪɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ 
ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ q (ɛɨɥɟɟ 1 
Ɇȼɬ/ɦ2), ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɭɱɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɨɞɢɧɨɱɧɨɝɨ ɩɭɡɵɪɹ, ɩɨɥɭɱɚɟɦɨɝɨ 
ɫ ɩɨɦɨɳɶɸ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɩɨɜɟɪɯɧɨɫɬɢ. 

5. ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɨɰɟɫɫɚ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ, ɪɚɛɨɬɟ ɰɟɧɬɪɨɜ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɷɜɨɥɸɰɢɢ ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ ɜɩɥɨɬɶ ɞɨ ɢɯ ɫɯɥɨɩɵɜɚɧɢɹ ɜ 
ɰɟɥɨɦ ɯɨɪɨɲɨ ɤɨɪɪɟɥɢɪɭɸɬ ɫ ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɢɦ ɨɩɢɫɚɧɢɟɦ ɋɧɚɣɞɟɪɚ-

Ȼɟɪɝɥɟɫɚ ɦɟɯɚɧɢɡɦɚ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ. 
6. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɧɟɞɨɝɪɟɜɨɜ 

ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɚɛɨ ɜɥɢɹɟɬ ɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɬɞɚɱɢ, ɩɪɢ ɷɬɨɦ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ 
ɡɧɚɱɟɧɢɹ ɄɌɈ ɜɟɫɶɦɚ ɜɵɫɨɤɢ (ɧɚ ɭɪɨɜɧɟ ɞɟɫɹɬɤɨɜ-ɫɨɬɧɢ ɤȼɬ/(ɦ2·Ʉ) ɞɥɹ 
ɜɨɞɵ). ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɷɬɨ ɫɬɚɜɢɬ ɩɨɞ ɫɨɦɧɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɭɸ 
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ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɩɨɤɪɵɬɢɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɢ 
ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ.    

7.  ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɫɬɭɩɥɟɧɢɸ ɤɪɢɡɢɫɚ ɤɢɩɟɧɢɹ ɧɟɞɨɝɪɟɬɨɣ ɜɨɞɵ ɜ 
ɤɚɧɚɥɟ ɩɪɟɞɲɟɫɬɜɭɟɬ ɤɚɪɞɢɧɚɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɬɟɱɟɧɢɹ - 

ɩɨɹɜɥɟɧɢɟ ɜ ɩɨɬɨɤɟ ɠɢɞɤɨɫɬɢ ɤɪɭɩɧɵɯ ɩɚɪɨɜɵɯ ɚɝɥɨɦɟɪɚɬɨɜ, ɱɬɨ ɧɟɫɟɬ ɜ ɫɟɛɟ 
ɭɝɪɨɡɭ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɪɚɡɜɟɪɤɢ ɚɩɩɚɪɚɬɚ, ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɫɬɭɩɥɟɧɢɹ 
ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ ɟɳё ɞɨ ɤɪɢɡɢɫɚ ɤɢɩɟɧɢɹ. 

8. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ ɩɪɢ ɤɢɩɟɧɢɢ ɧɟɞɨɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ 
ɧɟɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨɫɹ ɝɚɡɚ ɭ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɜɵɡɵɜɚɸɳɟɝɨ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ.  

9. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɜɨɞɚ q = 1 

Ɇȼɬ/ɦ2 ɫ ɩɨɦɨɳɶɸ ɧɟɞɨɝɪɟɬɨɝɨ ɤɢɩɟɧɢɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɯɥɚɞɨɧɚ Novec 

649, ɱɬɨ ɜɚɠɧɨ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɧɨɜɵɯ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɷɥɟɤɬɪɨɧɢɤɢ. 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɢɡɥɨɠɟɧɵ ɜ 
ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬɚɯ: 

1. Ɉ ɩɪɢɪɨɞɟ «ɝɚɡɨɜɨɝɨ» ɤɪɢɡɢɫɚ ɤɢɩɟɧɢɹ /ɇ.ȼ. ȼɚɫɢɥɶɟɜ [ɢ ɞɪ.] // 
Ɍɟɩɥɨɮɢɡɢɤɚ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 2015. Ɍ. 53. № 6. ɋ. 881–884. (0,55 ɩ.ɥ./0,3 
ɩ.ɥ.). 

2. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɤɢɩɟɧɢɸ ɧɟɞɨɝɪɟɬɨɣ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɫɵɳɟɧɢɹ ɜɨɞɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫ ɦɟɡɨɪɟɥɶɟɮɨɦ /ɇ.ȼ. ȼɚɫɢɥɶɟɜ [ɢ ɞɪ.] //  
Ɍɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ ɬɟɯɧɢɤɟ. 2016. № 3. ɋ. 98–104. (1 ɩ.ɥ./0,5 ɩ.ɥ.). 

3. Experimentally studying of the effect of the heating surface morphology on 

characteristics of highly subcooled water boiling /N.V. Vasiliev [et al.] // Proc. 9th 

International Conference on Multiphase Flow. 2016. № 281. (0,9 ɩ.ɥ./0,6 ɩ.ɥ.). 

4. ȼɚɫɢɥɶɟɜ ɇ.ȼ., Ɂɟɣɝɚɪɧɢɤ ɘ.Ⱥ., ɏɨɞɚɤɨɜ Ʉ.Ⱥ. Ʉɢɩɟɧɢɟ ɧɟɞɨɝɪɟɬɨɣ 
ɜɨɞɵ: ɦɟɯɚɧɢɡɦ ɩɪɨɰɟɫɫɚ // Ɍɟɡɢɫɵ ɞɨɤɥɚɞɨɜ ɢ ɫɨɨɛɳɟɧɢɣ XV Ɇɢɧɫɤɨɝɨ 
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