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Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɷɮɮɟɤɬɢɜɧɨɣ ɫɨɜɦɟɫɬɧɨɣ 

ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɪɚɡɥɢɱɧɨɝɨ ɯɢɦɢ-

ɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ 

ɞɥɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ, ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɣ, 

ɯɢɦɢɱɟɫɤɨɣ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧ-

ɧɨɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɦɟɧɟ-
ɧɢɟɦ ɩɪɹɦɨɬɨɱɧɵɯ ɧɚɩɨɪɧɵɯ ɝɢɞɪɨɰɢɤɥɨɧ-

ɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɩɨɤɚɡɵɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ, ɩɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɨɪɚ-
ɛɨɬɤɢ ɤɨɧɫɬɪɭɤɰɢɢ, ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ 

ɫ ɝɢɞɪɚɬɧɨɣ ɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɧɨɣ ɳɟɥɨɱɧɨ-
ɫɬɶɸ [1]. 

 

  

 

ɂɡɜɟɫɬɧɨ [2], ɱɬɨ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ 

ɝɢɞɪɨɰɢɤɥɨɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɜɥɢɹɸɬ ɞɜɟ ɝɪɭɩ-

ɩɵ ɮɚɤɬɨɪɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ – ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɢ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɪɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɨ [3], ɱɬɨ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 
ɤɚɪɛɨɧɚɬɧɵɯ ɨɬɥɨɠɟɧɢɣ ɜɥɢɹɟɬ ɤɨɧɰɟɧɬ-
ɪɚɰɢɹ ɦɚɫɟɥ ɜ ɠɢɞɤɨɫɬɢ. 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɨɣ 

[4] ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɚ 
ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɦɟɫɢ ɫɬɨɱɧɵɯ ɜɨɞ ɫ ɪɚɡɥɢɱɧɨɣ 

ɳɟɥɨɱɧɨɫɬɶɸ ɩɪɨɜɟɞɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 
ɪɚɛɨɬɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɜ ɪɚɦɤɚɯ ɝɨɫɛɸɞɠɟɬɧɨɣ 

ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ «ɂɧɬɟɧ-

ɫɢɮɢɤɚɰɢɹ ɪɚɛɨɬɵ ɫɨɨɪɭɠɟɧɢɣ ɞɥɹ ɨɱɢɫɬɤɢ 

ɩɪɢɪɨɞɧɵɯ ɢ ɫɬɨɱɧɵɯ ɜɨɞ» ɡɚ 2012 ɝ. (№ ɝɨɫ-
ɪɟɝɢɫɬɪɚɰɢɢ 0111U006519). ɂɫɫɥɟɞɨɜɚɥɢ 

ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ, ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨ-
ɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɦɟɫɢ ɜɨɞɵ ɫ ɝɢɞɪɚɬɧɨɣ 

(ɫɨɞɟɪɠɚɧɢɟ ɜ ɜɨɞɟ ɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ 

Ca(OH)2) ɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɧɨɣ (ɫɨɞɟɪɠɚɧɢɟ ɜ 
ɜɨɞɟ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ Ca(HCO3)2) 

ɳɟɥɨɱɧɨɫɬɶɸ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɨ ɨɛɴɟɦɭ 
ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɩɥɨɬɧɵɯ ɤɚɪɛɨɧɚɬɧɵɯ ɨɬɥɨ-
ɠɟɧɢɣ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ, ɜɟ-
ɥɢɱɢɧɟ ɳɟɥɨɱɧɨɫɬɢ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɫɟɥ ɢ 

ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɚ ɬɚɤɠɟ ɩɪɢ ɢɯ ɨɬɫɭɬ-
ɫɬɜɢɢ. 

 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɚ ɢɦɟɧ-

ɧɨ ɞɢɫɤɪɟɬɧɵɟ ɬɨɱɤɢ ɢ ɜɵɛɪɚɧɧɵɣ ɞɢɚɩɚɡɨɧ 

ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɫɥɟ-
ɞɭɟɦɨɣ ɠɢɞɤɨɫɬɢ, ɨɬɧɨɫɹɬɫɹ ɤ ɦɧɨɝɨɥɟɬɧɢɦ 

ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɚɤɬɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫ-
ɬɟɦ ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɤɢɫɥɨɪɨɞɧɨ-
ɤɨɧɜɟɪɬɟɪɧɵɯ ɢ ɞɨɦɟɧɧɵɯ ɰɟɯɨɜ ɦɟɬɚɥɥɭɪ-
ɝɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ. 
 

  

 

ɂɫɫɥɟɞɭɟɦɵɟ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɫ ɪɚɡɥɢɱɧɨɣ 

ɳɟɥɨɱɧɨɫɬɶɸ ɝɨɬɨɜɢɥɢ ɧɚ ɜɨɞɨɩɪɨɜɨɞɧɨɣ 

ɜɨɞɟ ɫ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ: ɪɇ=6,9–7,6; 

ɨɛɳɟɟ ɫɨɥɟɫɨɞɟɪɠɚɧɢɟ – 640–800 ɦɝ/ɥ;  
ɓɨ = 4,6–5,6 ɦɝ-ɷɤɜ/ɥ; ɀɨ = 7,3–7,8 ɦɝ-ɷɤɜ/ɥ; 
ɋl- = 45–65 ɦɝ/ɥ; SO4

2- = 205–311 ɦɝ/ɥ, ɨɤɢɫ-
ɥɹɟɦɨɫɬɶ – 7,7–8,4 ɦɝ/ɥ. 
 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɭɬɨɱɧёɧɧɨɣ 

ɦɟɬɨɞɢɤɟ. Ⱥ ɢɦɟɧɧɨ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɢɫɫɥɟ-
ɞɨɜɚɥɚɫɶ ɫɦɟɫɶ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɡɜɟɲɟɧɧɵɯ 

ɜɟɳɟɫɬɜ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ «ɱɢɫɬɵɯ» ɨɛɨ-
ɪɨɬɧɵɯ ɰɢɤɥɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɢɫɫɥɟɞɨɜɚɥɢ ɪɚɫɬɜɨɪɵ ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ, 

ɦɝ/ɥ: ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ – ɞɨ 7000, ɦɚɫɟɥ – 

25 ɢ 50. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢɫ-
ɫɥɟɞɭɟɦɨɣ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɫɦɟɫɢ 

ɠɢɞɤɨɫɬɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. ɂɫɫɥɟɞɭɟ-
ɦɵɟ ɞɢɚɩɚɡɨɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
ɫɬɨɱɧɨɣ ɜɨɞɵ ɜɤɥɸɱɚɸɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɚɪɚ-
ɦɟɬɪɵ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ 
ɝɚɡɨɨɱɢɫɬɨɤ ɞɨɦɟɧɧɨɝɨ ɢ ɤɨɧɜɟɪɬɟɪɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜ ɜ ɦɟɬɚɥɥɭɪɝɢɢ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɪɚɛɨɬɵ ɡɚɦɚɫɥɟɧɧɵɟ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɜɡɜɟɲɟɧɧɵɟ ɜɟɳɟɫɬɜɚ ɫ 
ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɞɨ 50 ɦɤɦ ɩɨɥɭɱɚɥɢ ɢɡ 
ɲɥɚɦɚ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɤɨɧɜɟɪɬɟɪɧɨɝɨ 
ɢ ɞɨɦɟɧɧɨɝɨ ɰɟɯɨɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɤɨɦ-

ɛɢɧɚɬɚ «Ⱥɡɨɜɫɬɚɥɶ». 
 

Ɍɚɛɥɢɰɚ 1 ɉɚɪɚɦɟɬɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɜɨɞ [4] 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ 
Ɂɧɚɱɟɧɢɹ  
ɩɨɤɚɡɚɬɟɥɟɣ 

Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 20–55 

ɓɟɥɨɱɧɨɫɬɶ, ɦɝ-ɷɤɜ/ɥ  2,5–20,0 

ɋɨɨɬɧɨɲɟɧɢɟ ɨɛɴɟɦɨɜ ɫɦɟɲɢ-

ɜɚɟɦɵɯ ɜɨɞ  

(ɓɝɢɞɪɨɤɚɪɛ ɢ ɓɝɢɞɪɚɬɧ.), ɟɞ. 

1:1 

ȼɡɜɟɲɟɧɧɵɟ ɜɟɳɟɫɬɜɚ: 
– ɤɨɧɰɟɧɬɪɚɰɢɹ, ɦɝ/ɥ; 
– ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɦɤɦ 

 

0–7000 

0–50 

Ɇɚɫɥɚ: 
– ɤɨɧɰɟɧɬɪɚɰɢɹ, ɦɝ/ɥ; 
– ɪɚɡɦɟɪ ɭɫɥɨɜɧɵɯ ɤɚɩɟɥɶ, ɦɤɦ 

 

0–50 

0–20 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɦɟ-
ɲɢɜɚɧɢɹ, ɦɢɧ 

0,5–2,5 

Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢ ɩɟɪɟ-
ɦɟɲɢɜɚɧɢɢ, ɦ/ɫ 1,0–2,5 

 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɭɬɨɱɧёɧɧɚɹ ɦɟɬɨɞɢɤɚ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ. Ɋɚɛɨɱɢɟ ɪɚɫɬɜɨɪɵ ɫ ɝɢɞɪɨɤɚɪ-
ɛɨɧɚɬɧɨɣ ɢ ɝɢɞɪɚɬɧɨɣ ɳɟɥɨɱɧɨɫɬɶɸ ɫɥɢɜɚɥɢ 

ɜ ɯɢɦɢɱɟɫɤɢɣ ɫɬɚɤɚɧ ɨɛɴɟɦɨɦ 1 ɥ. ɇɚ ɜɨɞɹ-
ɧɨɣ ɛɚɧɟ ɫɦɟɲɚɧɧɵɣ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɞɨɜɨ-
ɞɢɥɫɹ ɞɨ ɧɟɨɛɯɨɞɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨɫɥɟ 
ɱɟɝɨ ɟɝɨ ɦɟɞɥɟɧɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 

ɥɚɛɨɪɚɬɨɪɧɨɣ ɦɟɲɚɥɤɢ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

ɜɪɚɳɟɧɢɹ 100 ɨɛ./ɦɢɧ ɜ ɬɟɱɟɧɢɟ 30 ɫ ɢ ɨɬ-
ɫɬɚɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 150 ɫ (ɬ.ɧ. «ɯɨɥɨɫɬɨɣ» 

ɨɩɵɬ). ȼ «ɪɟɡɭɥɶɬɚɬɢɜɧɵɯ» ɨɩɵɬɚɯ ɩɨɫɥɟ 
ɦɟɞɥɟɧɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɦɟɫɶ 
ɩɨɞɜɟɪɝɚɥɢ ɢɧɬɟɧɫɢɜɧɨɦɭ ɩɟɪɟɦɟɲɢɜɚɧɢɸ 

ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɦɟɲɚɥɤɢ 300, 500, 

700 ɨɛ./ɦɢɧ (ɦɚɤɫɢɦɚɥɶɧɚɹ ɥɢɧɟɣɧɚɹ ɫɤɨ-
ɪɨɫɬɶ – 1,0; 1,6; 2,5 ɦ/ɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 30; 90; 150 ɫ. Ʉɨɥɢɱɟ-
ɫɬɜɨ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ, ɨɫɟɜɲɟɝɨ ɧɚ 
ɫɬɟɤɥɹɧɧɵɯ ɨɛɪɚɡɰɚɯ ɜ «ɯɨɥɨɫɬɵɯ» ɢ «ɪɟ-
ɡɭɥɶɬɚɬɢɜɧɵɯ» ɨɩɵɬɚɯ, ɩɨɞɜɟɪɝɚɥɢ ɫɪɚɜɧɢ-

ɬɟɥɶɧɨɦɭ ɚɧɚɥɢɡɭ.  

Ƚɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɥɢɱɟɫɬɜɚ ɨɬ-
ɥɨɠɟɧɢɣ (m) ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ (20; 30; 

40; 55 °ɋ) ɩɪɢ: ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜɡɜɟɲɟɧɧɵɯ 

ɜɟɳɟɫɬɜ 0; 1–10; 1000; 5000; 7000 ɦɝ/ɥ: ɦɚɫɟɥ 
– 25; 50 ɦɝ/ɥ; ɨɛɳɟɣ ɳɟɥɨɱɧɨɫɬɢ 2,5; 5; 7;  

20 ɦɝ-ɷɤɜ/ɥ ɜ ɜɨɞɟ ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɨɩɵɬ-
ɧɵɦ ɩɭɬɟɦ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ (υ, t) 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1, 2. 
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Ɋɢɫ. 1. Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɥɢɱɟɫɬɜɚ ɨɬɥɨɠɟɧɢɣ (m) ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ( ) ɩɪɢ ɨɫɧɨɜɧɵɯ ɝɢɞ-

ɪɨɞɢɧɚɦɢɱɟɫɤɢɯ (υ, t) ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ (Cɜɡɜ, ɓ) ɩɚɪɚɦɟɬɪɚɯ ɜ ɭɫɥɨɜɢɹɯ ɢɧɬɟɧɫɢɜɧɨɝɨ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɦɟɫɢ ɜɨɞ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɦɚɫɟɥ 25 ɦɝ/ɥ 
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Ɋɢɫ. 2. Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɥɢɱɟɫɬɜɚ ɨɬɥɨɠɟɧɢɣ (m) ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ( ) ɩɪɢ ɨɫɧɨɜɧɵɯ ɝɢɞ-

ɪɨɞɢɧɚɦɢɱɟɫɤɢɯ (υ, t) ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ (Cɜɡɜ, ɓ) ɩɚɪɚɦɟɬɪɚɯ ɜ ɭɫɥɨɜɢɹɯ ɢɧɬɟɧɫɢɜɧɨɝɨ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɦɟɫɢ ɜɨɞ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɦɚɫɟɥ 50 ɦɝ/ɥ 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɨɜ ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢ-

ɦɚɥɶɧɵɟ ɞɢɚɩɚɡɨɧɵ ɩɚɪɚɦɟɬɪɨɜ: ɧɚɢɦɟɧɶɲɚɹ 
ɫɤɨɪɨɫɬɶ (υ) ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ (t) ɩɟɪɟ-
ɦɟɲɢɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜɵɝɨɞɧɭɸ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɨɬɥɨɠɟɧɢɣ 

(ɗ ≥ 90 %). ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɸɬ ɨ ɩɨɜɵɲɟɧɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧ-

ɝɢɛɢɪɨɜɚɧɢɹ ɨɬɥɨɠɟɧɢɣ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɜɡɜɟɫɟɣ, ɦɚɫɟɥ ɜ ɜɨɞɟ ɩɪɢ ɢɧɬɟɧ-

ɫɢɜɧɨɦ ɟɟ ɩɟɪɟɦɟɲɢɜɚɧɢɢ (ɬɚɛɥ. 2). 
 

Ɍɚɛɥɢɰɚ 2 Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ  

ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɨɬɥɨɠɟɧɢɣ ɨɬ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ (%) ɢɧɝɢɛɢɪɨɜɚ-
ɧɢɹ ɨɬɥɨɠɟɧɢɣ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɡɜɟɫɟɣ ɜɡɜ, ɦɝ/ɥ 
ɋɤɨɪɨɫɬɶ 
υ, ɦ/ɫ 

0–10 1000 5000 7000 

1,0 32–92 74–96 77–98 78–98 

1,6 46–95 84–97 96–98 96–99 

2,5 85–99 87–99 96–99 96–99 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚ-
ɰɢɢ ɜɡɜɟɫɟɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɚɫɟɥ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɨɬɥɨɠɟɧɢɣ ɜɨɡɪɚɫɬɚɟɬ. 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɥɨɠɟɧɢɣ (ɜ ɦɝ) ɫɧɢɠɚɟɬɫɹ ɧɚ 
4–16 % ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɫɟɥ 25 ɦɝ/ɥ ɢ ɧɚ 
6–17 % – ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɫɟɥ 50 ɦɝ/ɥ. 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɫɨɥɟɣ ɨɬɥɨ-
ɠɟɧɢɹ ɩɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɫɤɨɪɨ-
ɫɬɟɣ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3. 

 
Ɍɚɛɥɢɰɚ 3 Ɉɩɬɢɦɚɥɶɧɵɟ ɞɢɚɩɚɡɨɧɵ ɫɤɨɪɨɫɬɢ ɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɦɟɫɢ ɜɨɞ 

 

Ʉɨɧɰ. 

ɦɚɫɟɥ 
ɦ, ɦɝ/ɥ 

Ʉɨɧɰ. 

ɜɡɜɟɫɟɣ 

ɜɡɜ, ɦɝ/ɥ 

ɗɮɮɟɤ-
ɬɢɜɧɨɫɬɶ 
ɗ, % 

ɋɤɨ-
ɪɨɫɬɶ 
υ, ɦ/ɫ 

ȼɪɟ-
ɦɹ 
t, ɫ 

0–10 96–99 2,5 150 

1000 96–97 1,6 150 

1,0 90 
5000 96–97 

1,6 30 

1,0 90 

25; 50 

7000 96–97 
1,6 30 

 

 

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɞ-

ɬɜɟɪɠɞɚɸɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɨɞɚ ɢɧɬɟɧɫɢɜ-
ɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜɨɞɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ ɢ ɦɚɫɟɥ ɞɥɹ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɫɧɢɠɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɨɬɥɨɠɟɧɢɣ ɜɨ ɜɫɟɦ 

ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɳɟɥɨɱɧɨɫɬɢ ɢ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɜɨɞɵ. 

1. Ɉɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɫɤɨɪɨɫɬɢ ɢ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɞɥɹ ɩɨɥɭɱɟ-

ɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɝɢɛɢɪɨ-
ɜɚɧɢɹ ɩɥɨɬɧɵɯ ɨɬɥɨɠɟɧɢɣ (ɤɚɪɛɨɧɚɬɚ ɤɚɥɶ-
ɰɢɹ) ɜ ɫɦɟɫɢ ɜɨɞ ɫ ɳɟɥɨɱɧɨɫɬɶɸ ɞɢɚɩɚɡɨɧɨɦ 

2,5–20 ɦɝ-ɷɤɜ/ɥ, ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜɡɜɟɲɟɧɧɵɯ 

ɜɟɳɟɫɬɜ 0–7000 ɦɝ/ɥ, ɦɚɫɟɥ 25, 50 ɦɝ/ɥ ɢ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɨɞɵ 20–55 °ɋ. 

2. ɉɨɥɭɱɟɧɧɵɟ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚ-
ɦɟɬɪɨɜ ɫɤɨɪɨɫɬɢ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟ-
ɦɟɲɢɜɚɧɢɹ ɩɨɡɜɨɥɢɥɢ ɫɭɡɢɬɶ ɞɢɚɩɚɡɨɧɵ 

ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɷɤɫ-
ɩɟɪɢɦɟɧɬɨɜ ɜ ɭɫɥɨɜɢɹɯ ɫɦɟɲɟɧɢɹ ɪɚɫɬɜɨɪɨɜ 
ɫ ɝɢɞɪɚɬɧɨɣ ɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɧɨɣ ɳɟɥɨɱɧɨ-
ɫɬɶɸ ɫ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɨɛɴɟɦɨɜ 1:2 ɢ 2:1 ɩɪɢ 

ɧɚɥɢɱɢɢ ɦɚɫɟɥ – ɬɨɥɶɤɨ ɞɥɹ ɨɩɬɢɦɚɥɶɧɵɯ 

ɞɢɚɩɚɡɨɧɨɜ ɩɚɪɚɦɟɬɪɨɜ. 
3. Ɉɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɠɢɞɤɨɫɬɢ (υ, t) ɛɭɞɭɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨ-
ɜɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɝɢɞɪɨɰɢɤɥɨɧɧɨɝɨ ɚɩɩɚ-
ɪɚɬɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɢɫɩɵɬɚɧɢɣ – ɩɪɢ ɫɦɟɲɟɧɢɢ ɪɚɫɬɜɨɪɨɜ ɫ ɝɢɞ-

ɪɚɬɧɨɣ ɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɧɨɣ ɳɟɥɨɱɧɨɫɬɶɸ. 
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