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ȼɫɬɚɧɨɜɥɟɧɿ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɡɦɿɧɢ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɤɿɥɶɰɟɜɨɝɨ ɜɨɞɨɩɨɜɿɬɪɹɧɨɝɨ 
ɩɨɬɨɤɭ ɭ ɜɟɪɬɢɤɚɥɶɧɿɣ ɩɿɞɿɣɦɚɥɶɧɿɣ ɬɪɭɛɿ ɝɚɡɨɪɿɞɢɧɧɨɝɨ ɩɿɞɣɨɦɧɢɤɚ.. 
 
The regularities of change of hydrodynamic parameters of the annular air-water flow in the vertical 
lifting pipe of the gas-liquid lift are stated. 
 

1. ɉɪɨɛɥɟɦɚ ɢ ɟɟ ɫɜяɡɶ ɫ ɧɚɭɱɧɵɦɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢɦɢ ɡɚɞɚɱɚɦɢ. 
ɂɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ ɩɨ ɜɵɫɨɬɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ 
ɷɪɥɢɮɬɚ ɩɪɢɜɨɞɢɬ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɢɡɦɟɧɟɧɢɸ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɚ, ɡɚɱɚɫɬɭɸ, ɢ ɟɟ ɫɬɪɭɤɬɭɪɵ. 

ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ 
ɩɨɞɴɟɦɧɢɤɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɞɜɟɞɟɧɧɨɣ ɤ ɚɩɩɚɪɚɬɭ ɦɨɳɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ, ɢ ɩɨ ɜɵɫɨɬɟ 
ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ. Ɍɚɤɨɣ ɚɧɚɥɢɡ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɞɥɹ ɯɚɪɚɤɬɟɪɧɵɯ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɷɪɥɢɮɬɚ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɪɟɠɢɦ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɩɨɞɚɱɢ. 

ɇɚɪɹɞɭ ɫɨ ɫɧɚɪɹɞɧɨɣ ɢ ɷɦɭɥɶɫɢɨɧɧɨɣ, ɜ ɷɪɥɢɮɬɟ ɜɨɡɦɨɠɧɚ ɪɟɚɥɢɡɚɰɢɹ 
ɤɨɥɶɰɟɜɨɣ ɫɬɪɭɤɬɭɪɵ ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɦɚɥɵɯ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɨɝɪɭɠɟɧɢɹɯ ɫɦɟɫɢɬɟɥɹ (α < 0,2), ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɱɢɫɬɤɚɯ ɡɭɦɩɮɨɜ ɫɤɢɩɨɜɵɯ ɫɬɜɨɥɨɜ ɭɝɨɥɶɧɵɯ ɲɚɯɬ ɢ ɞɪ. 

ɉɨɷɬɨɦɭ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɤɨɥɶɰɟɜɨɝɨ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɩɨ ɜɵɫɨɬɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ 
ɷɪɥɢɮɬɚ ɜ ɪɟɠɢɦɟ ɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɚɱɢ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨɣ ɢ 
ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ. 

 
2. Ⱥɧɚɥɢɡ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɛɥɢɤɚɰɢɣ. Ⱥɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɚɜɥɟɧɢɣ ɢ ɦɨɳɧɨɫɬɟɣ, ɜ 
[1, 2, 3] ɜɵɩɨɥɧɟɧ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɝɚɡɨɠɢɞɤɨɫɬɧɵɦ 
ɩɨɞɴɟɦɧɢɤɨɦ. Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɚɡɨɫɨɞɟɪɠɚɧɢɣ, ɩɥɨɬɧɨɫɬɟɣ, 
ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ ɢ ɟɟ ɤɨɦɩɨɧɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɞɚɜɥɟɧɢɣ ɢ 
ɦɨɳɧɨɫɬɟɣ ɜɨɞɨɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɩɨ ɜɵɫɨɬɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɷɪɥɢɮɬɚ ɜ 
ɭɤɚɡɚɧɧɵɯ ɪɚɛɨɬɚɯ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ. 

Ⱥɧɚɥɨɝɢɱɧɚɹ ɡɚɞɚɱɚ ɪɟɲɟɧɚ ɜ [4] ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɫɧɚɪɹɞɧɨɣ ɫɬɪɭɤɬɭɪɟ 
ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ ɜ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɟ ɷɪɥɢɮɬɚ. Ɉɞɧɚɤɨ, ɭɱɢɬɵɜɚɹ 
ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɨɬɥɢɱɢɹ ɤɚɤ ɜ ɮɢɡɢɱɟɫɤɢɯ ɨɫɧɨɜɚɯ ɫɧɚɪɹɞɧɨɣ ɢ ɤɨɥɶɰɟɜɨɣ 
ɫɬɪɭɤɬɭɪ ɜɨɞɨɜɨɡɞɭɲɧɢɯ ɩɨɬɨɤɨɜ [5], ɬɚɤ ɢ ɩɪɢɧɰɢɩɚɯ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
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ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɢɯ ɩɪɨɰɟɫɫɨɜ ɷɪɥɢɮɬɨɜ ɫ ɞɚɧɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ [6, 7], 
ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɨɬɥɢɱɢɣ ɜ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ ɢɡɦɟɧɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɩɨɬɨɤɨɜ  ɫ ɤɨɥɶɰɟɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɨɬ ɢɡɜɟɫɬɧɵɯ 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɫɧɚɪɹɞɧɨɦɭ ɩɨɬɨɤɭ 
ɞɜɭɯɮɚɡɧɨɣ ɫɦɟɫɢ ɜ ɷɪɥɢɮɬɟ. 

 

  

Ɋɢɫ. 1 – ɋɯɟɦɚ ɷɪɥɢɮɬɚ ɫ ɤɨɥɶɰɟɜɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɢ 
ɷɩɸɪɚ ɞɚɜɥɟɧɢɹ ɜ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɟ 

3. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. 
Ⱦɥɹ ɪɟɠɢɦɚ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɩɨɞɚɱɢ, ɤɚɤ ɨɞɧɨɝɨ ɢɡ 
ɯɚɪɚɤɬɟɪɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
ɷɪɥɢɮɬɚ, ɭɫɬɚɧɨɜɢɬɶ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɤɨɥɶɰɟɜɨɝɨ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ 
ɩɨɬɨɤɚ ɩɨ ɜɵɫɨɬɟ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ 
ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ. 

 
4. ɂɡɥɨɠɟɧɢɟ ɦɚɬɟɪɢɚɥɚ 

ɢ ɪɟɡɭɥɶɬɚɬɵ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɷɪɥɢɮɬɚ [7] 
ɩɨɞ ɤɨɥɶɰɟɜɨɣ ɫɬɪɭɤɬɭɪɨɣ 
ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ 
ɩɨɬɨɤɚ ɩɨɧɢɦɚɥɢ ɬɚɤɨɜɭɸ, ɩɪɢ 
ɤɨɬɨɪɨɣ ɩɥɟɧɤɚ ɠɢɞɤɨɫɬɢ 
ɬɨɥɳɢɧɨɣ ( )zį  ɞɜɢɠɟɬɫɹ ɩɨ 
ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɟ ɩɨɞɴɟɦɧɨɣ 
ɬɪɭɛɵ ɷɪɥɢɮɬɚ ɞɢɚɦɟɬɪɨɦ D, 
ɞɥɢɧɨɣ H+h (H – ɜɵɫɨɬɚ 
ɩɨɞɴɟɦɚ, h – ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ 
ɩɨɝɪɭɠɟɧɢɟ ɫɦɟɫɢɬɟɥɹ) ɫɨ 
ɫɤɨɪɨɫɬɶɸ ( )zw f′ . Ƚɚɡ ɫ 
ɤɚɩɟɥɶɧɵɦɢ ɢ ɛɥɢɡɤɢɦɢ ɤ ɧɢɦ 
ɜɤɥɸɱɟɧɢɹɦɢ ɠɢɞɤɨɫɬɢ 
ɨɛɪɚɡɭɸɬ ɝɨɦɨɝɟɧɧɨɟ ɹɞɪɨ 
ɩɨɬɨɤɚ, ɩɟɪɟɦɟɳɚɸɳɟɟɫɹ ɫɨ 
ɫɤɨɪɨɫɬɶɸ ( )zwɫ  (ɫɦ. ɪɢɫ. 1). 

Ɇɟɠɞɭ ɝɚɡɨɠɢɞɤɨɫɬɧɵɦ ɹɞɪɨɦ 
ɩɨɬɨɤɚ ɢ ɩɥɟɧɤɨɣ ɠɢɞɤɨɫɬɢ 
ɢɦɟɟɬ ɦɟɫɬɨ ɦɚɫɫɨɨɛɦɟɧ ɡɚ ɫɱɟɬ 
ɭɧɨɫɚ ɢ ɨɫɚɠɞɟɧɢɹ ɤɚɩɟɥɶ. 
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ɉɨɞɜɨɞ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɣ ɠɢɞɤɨɫɬɢ ɜ ɩɨɞɴɟɦɧɭɸ ɬɪɭɛɭ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɩɨɞɚɸɳɟɣ ɬɪɭɛɨɣ ɞɢɚɦɟɬɪɨɦ d ɢ ɞɥɢɧɨɣ l. 

Ɉɛɨɫɧɨɜɚɧɢɟ ɩɪɚɜɨɦɟɪɧɨɫɬɢ ɢɫɯɨɞɧɵɯ ɛɚɡɨɜɵɯ ɩɨɥɨɠɟɧɢɣ ɢ 
ɞɨɩɭɳɟɧɢɣ, ɩɪɢɧɹɬɵɯ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɚɛɨɱɟɝɨ 
ɩɪɨɰɟɫɫɚ ɷɪɥɢɮɬɚ, ɢɡɥɨɠɟɧɨ ɜ [7]. 

ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɤɨɥɶɰɟɜɨɝɨ ɜɨɫɯɨɞɹɳɟɝɨ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɟ ɷɪɥɢɮɬɚ ɜɨɡɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɤ 
ɜɵɪɚɠɟɧɢɸ [7] 
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ɤɨɬɨɪɨɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɞɥɹ ɭɱɚɫɬɤɚ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɞɥɢɧɨɣ zi 
(0 ≤ zi ≤ H+h) ɡɚɱɚɫɬɭɸ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ ɜɢɞɟ ɛɚɥɚɧɫɚ ɞɚɜɥɟɧɢɣ 

giɭɫɤiɬɪii pppɪ ++=Σ , 

ɝɞɟ ɪɫɦ – ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɫɦɟɫɢɬɟɥɟ; zi – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɦɟɫɢɬɟɥɹ ɞɨ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɱɟɧɢɹ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ; R – ɪɚɞɢɭɫ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ; 
ω , ( )zɫω , ( )zfω  - ɩɥɨɳɚɞɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɞɴɟɦɧɨɣ 
ɬɪɭɛɵ, ɝɨɦɨɝɟɧɧɨɝɨ ɹɞɪɚ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ ɢ ɩɪɢɫɬɟɧɧɨɣ ɠɢɞɤɨɫɬɧɨɣ 
ɩɥɟɧɤɢ; ( )zwτ  - ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɬɟɧɤɟ ɬɪɭɛɵ; ( )z, ρρ ɫ′  - 

ɩɥɨɬɧɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɨɞɵ ɢ ɝɨɦɨɝɟɧɧɨɝɨ ɹɞɪɚ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ; 
g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ;  - ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ 
ɭɱɚɫɬɤɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɞɥɢɧɨɣ z

Σiɪ
i; , ,   - ɩɟɪɟɩɚɞɵ ɞɚɜɥɟɧɢɹ ɧɚ 

ɭɱɚɫɬɤɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɞɥɢɧɨɣ z
ɬɪiɪ ɭɫɤiɪ giɪ

i, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɪɟɧɢɟɦ, 
ɭɫɤɨɪɟɧɢɟɦ ɢ ɫɢɥɨɣ ɬɹɠɟɫɬɢ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɹɦ 

( )∫ ⋅
⋅

=
iz

wɬɪi dzzτ
ω

Rπɪ
0

2
, 

( ) ( )[ ] ( ) ( )[ ] ( ){ }
iz

ffɫcɫɭɫɤi zωzwρzωzwzρ
ω

ɪ
0

221
⋅′⋅′+⋅⋅= , 

( ) ( ) ( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⋅′+⋅⋅= ∫∫

ii z

f

z

cɫgi dzzωρdzzωzρ
ω
gɪ

00

. 

ɋɪɟɞɧɢɣ ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɧɚ ɭɱɚɫɬɤɟ ɬɪɭɛɵ 
ɞɥɢɧɨɣ zi [7] 
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( ) ( ) ( )[ ]∫ ′⋅−+′′⋅
+

= ∗∗

iz

i

ɷɜ
ɫɪi ρzφzρzφ

dz

z

WW
Q

0 1
, 

ɝɞɟ  - ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɨɡɞɭɯɚ ɢ ɜɨɞɵ (ɦɚɫɫɨɜɚɹ 

ɩɨɞɚɱɚ ɷɪɥɢɮɬɚ); 
ɷWɜW   ,

( )z∗ϕ  - ɪɚɫɱɟɬɧɨɟ ɝɚɡɨɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ 
ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɟ; ( )zρ ′′  - ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ. 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ , ɚ ɬɚɤɠɟ ɟɟ ɫɨɫɬɚɜɥɹɸɳɢɟ - ɦɨɳɧɨɫɬɢ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ , ɭɫɤɨɪɟɧɢɟ  ɢ 
ɝɪɚɜɢɬɚɰɢɨɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ  ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ 
ɩɨ ɭɱɚɫɬɤɭ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɞɥɢɧɨɣ z

iNΣ

ɬɪiN ɭɫɤiN

giN

i, ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɫɪɟɞɧɟɝɨ ɨɛɴɟɦɧɨɝɨ ɪɚɫɯɨɞɚ Qɫɪi ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɟɪɟɩɚɞ 
ɞɚɜɥɟɧɢɣ , ,  ɢ . ɋɭɦɦɚɪɧɚɹ ɩɨɞɜɟɞɟɧɧɚɹ ɦɨɳɧɨɫɬɶ  ɢ 
ɦɨɳɧɨɫɬɢ, ɩɨɞɜɟɞɟɧɧɵɟ ɩɨɬɨɤɨɦ ɜɨɞɵ 

Σiɪ ɬɪiɪ ɭɫɤiɪ gi ɪ ɩɨɞiN

N ′  ɢ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ , 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɨɛɳɟɢɡɜɟɫɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɹɦ [8, 9]. Ɇɨɳɧɨɫɬɶ, 
ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɬɟɪɶ ɧɚ ɫɤɨɥɶɠɟɧɢɟ  ɞɥɹ ɤɨɥɶɰɟɜɨɣ 
ɫɬɪɭɤɬɭɪɵ ɩɨɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶɸ 

iN ′′

ɫɤiN

iɩɨɞi NN Σ− . 

Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ 
ɷɪɥɢɮɬɚ ɫ ɤɨɥɶɰɟɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɫɯɨɞɢɦɨɫɬɶɸ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɪɚɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɩɨɞɴɟɦɧɢɤɨɜ [10]. 

Ɋɟɲɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ ɧɚ ɉЭȼɆ ɩɪɢ 
ɩɨɦɨɳɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ [10] ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ, ɜ ɬɨɦ ɱɢɫɥɟ, 
ɡɧɚɱɟɧɢɹ ɬɟɤɭɳɢɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɜ 
ɡɚɞɚɧɧɵɯ ɫɟɱɟɧɢɹɯ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ (ɩɨ ɜɵɫɨɬɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ) ɢ ɩɪɢ 
ɡɚɞɚɧɧɨɦ ɪɚɫɯɨɞɟ ɜɨɡɞɭɯɚ Qɜ. 

ɍɦɟɧɶɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɜ 
ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɟ ɷɪɥɢɮɬɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɧɨɝɨ ɪɚɫɯɨɞɚ 
ɜɨɡɞɭɯɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɡɦɟɧɟɧɢɣ ɨɛɴɟɦɧɨɝɨ ɪɚɫɯɨɞɧɨɝɨ 
ɝɚɡɨɫɨɞɟɪɠɚɧɢɹ ɢ ɩɪɢɜɟɞɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɫɦɟɫɢ. 

Ⱥɧɚɥɢɡ  ɢɡɦɟɧɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɜɵɫɨɬɟ 
ɤɨɥɶɰɟɜɨɝɨ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜɵɩɨɥɧɟɧ ɞɥɹ ɪɟɠɢɦɚ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɩɨɞɚɱɢ ɷɪɥɢɮɬɚ ɫ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɨɣ ɞɢɚɦɟɬɪɨɦ D = 150 ɦɦ, ɞɥɢɧɨɣ H+h = 
11,7 ɦ, ɩɨɞɚɸɳɟɣ ɬɪɭɛɨɣ ɞɢɚɦɟɬɪɨɦ d = 30 ɦɦ, ɞɥɢɧɨɣ l = 460 ɦɦ ɩɪɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɩɨɝɪɭɠɟɧɢɢ ɫɦɟɫɢɬɟɥɹ h = 2,4 ɦ (ɨɬɧɨɫɢɬɟɥɶɧɨɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɩɨɝɪɭɠɟɧɢɢ ɫɦɟɫɢɬɟɥɹ α = 0,205) [11]. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɭɫɥɨɜɢɹɯ ɫɬɪɭɤɬɭɪɚ ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɹɜɥɹɟɬɫɹ ɤɨɥɶɰɟɜɨɣ ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ 
ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɤɚɪɬɨɣ ɤɪɢɡɢɫɧɵɯ ɫɨɫɬɨɹɧɢɣ 
ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ [5]. 
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ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɣ ɪɚɫɱɟɬɧɨɣ ɪɚɫɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ ɫ ɜɵɲɟɭɤɚɡɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜ ɤɚɱɟɫɬɜɟ 
ɛɚɡɢɫɧɵɯ ɛɵɥɢ ɩɪɢɧɹɬɵ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɜɨɡɞɭɯɚ ɢ ɩɨɞɚɱɢ ɷɪɥɢɮɬɚ ɜ 
ɪɟɠɢɦɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɚɱɢ Qɜ.ɦаɤɫ = 0,32 ɦ3/ɫ, Qɷ.ɦаɤɫ = 0,002 ɦ3/ɫ (ɫɦ. ɪɢɫ. 
2) [10]. 
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Ɋɢɫ. 2. Ȼɟɡɪɚɡɦɟɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɪɚɫɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɷɪɥɢɮɬɚ 
D = 150 ɦɦ, H+h = 11,7 ɦ, d = 30 ɦɦ, l = 460 ɦɦ, h = 2,4 ɦ, α = 0,205 
(ɛɚɡɢɫɧɵɟ ɡɧɚɱɟɧɢɹ Qɜ = 0,32 ɦ3/ɫ, Qɷ = 0,002 ɦ3/ɫ) 

ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɭɯɮɚɡɧɨɝɨ 
ɤɨɥɶɰɟɜɨɝɨ ɩɨɬɨɤɚ ɹɜɥɹɸɬɫɹ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɠɢɞɤɨɫɬɢ , ɭɧɨɫɢɦɚɹ ɝɚɡɨɦ, 
ɬɨɥɳɢɧɚ ɩɪɢɫɬɟɧɧɨɣ ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ , ɨɛɴɟɦɧɨɟ ɪɚɫɯɨɞɧɨɟ  ɢ ɢɫɬɢɧɧɨɟ 

İ
į β

ϕ  ɝɚɡɨɫɨɞɟɪɠɚɧɢɹ, ɩɥɨɬɧɨɫɬɶ ɹɞɪɚ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ , ɫɤɨɪɨɫɬɶ 
ɝɨɦɨɝɟɧɧɨɝɨ ɹɞɪɚ 

ɫρ

ɫw  ɢ ɜɨɞɵ ɜ ɩɪɢɫɬɟɧɧɨɣ ɩɥɟɧɤɟ fw′ , ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɣ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɫɢɥɨɣ ɬɹɠɟɫɬɢ , ɬɪɟɧɢɟɦ  ɢ ɭɫɤɨɪɟɧɢɟɦ 

ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ , ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ  ɢ ɦɨɳɧɨɫɬɢ, 
ɩɨɞɜɟɞɟɧɧɵɟ ɩɨɬɨɤɚɦɢ ɜɨɞɵ 

gɪ ɬɪɪ

ɭɫɤɪ Σɪ
N′ , ɜɨɡɞɭɯɚ  ɢ ɨɛɳɚɹ ɩɨɞɜɟɞɟɧɧɚɹ , ɚ 

ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥ ɬɹɠɟɫɬɢ , ɫɢɥ ɬɪɟɧɢɹ  ɢ 
ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɬɟɪɶ ɧɚ ɭɫɤɨɪɟɧɢɟ  ɢ ɫɤɨɥɶɠɟɧɢɟ . 

N ′′ ɩɨɞN

gN ɬɪN

ɭɫɤN ɫɤN

Ɍɚɤ ɤɚɤ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɤɨɥɶɰɟɜɨɣ ɫɬɪɭɤɬɭɪɵ 
ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɞɨɩɭɳɟɧɢɢ ɨɬɫɭɬɫɬɜɢɹ ɦɚɫɫɨɨɛɦɟɧɚ 
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ɦɟɠɞɭ ɹɞɪɨɦ ɩɨɬɨɤɚ ɢ ɩɪɢɫɬɟɧɧɨɣ ɩɥɟɧɤɨɣ [10], ɬɨ ɡɧɚɱɟɧɢɹ ɦɚɫɫɨɜɨɣ ɞɨɥɢ 
ɠɢɞɤɨɫɬɢ, ɭɧɨɫɢɦɨɣ ɝɚɡɨɦ, ɢ ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ ɜɨɞɵ ɩɨɫɬɨɹɧɧɵ ɩɨ ɜɫɟɣ 
ɜɵɫɨɬɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɢ ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  = 0,483 ɢ  = 4,7 
ɦɦ. 

İ į

ɂɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɨɫɬɚɥɶɧɵɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɩɨ ɜɵɫɨɬɟ zi ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɷɪɥɢɮɬɚ ɜ ɪɟɠɢɦɟ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɚɱɢ ɩɪɢ ɪɚɫɯɨɞɟ ɜɨɡɞɭɯɚ Qɜ = 0,32 ɦ3/ɫ ɢ ɩɨɞɚɱɟ Qɷ = 0,002 
ɦ3/ɫ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 

Ʉɚɤ ɢ ɫɥɟɞɨɜɚɥɨ ɨɠɢɞɚɬɶ ɞɥɹ ɤɨɥɶɰɟɜɨɣ ɫɬɪɭɤɬɭɪɵ, ɡɧɚɱɟɧɢɹ ɨɛɴɟɦɧɨɝɨ 
ɪɚɫɯɨɞɧɨɝɨ ɢ ɢɫɬɢɧɧɨɝɨ ɝɚɡɨɫɨɞɟɪɠɚɧɢɣ ɜ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɟ ɷɪɥɢɮɬɚ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɢ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  = 0,993÷0,994 

ɢ 
β

ϕ  = 0,948÷0,956. 

Ɍɚɤɨɟ ɠɟ ɜɵɫɨɤɨɟ ɨɛɴɟɦɧɨɟ ɪɚɫɯɨɞɧɨɟ ɝɚɡɨɫɨɞɟɪɠɚɧɢɟ ɹɞɪɚ 
ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɫɨɫɬɚɜɥɹɸɳɟɟ ɤɚɤ ɧɚ ɜɯɨɞɟ, ɬɚɤ ɢ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɜɟɥɢɱɢɧɭ  = 0,997, ɢ ɥɢɧɟɣɧɵɣ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɣ 
ɞɚɜɥɟɧɢɹ ɩɨ ɟɟ ɜɵɫɨɬɟ ɮɨɪɦɢɪɭɸɬ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ 
(ɹɞɪɚ) ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ  = 4,85 ɤɝ/ɦ

ɫβ

ɫρ 3 ɩɪɢ z = 0 ɞɨ  = 4,21 ɤɝ/ɦɫρ 3 ɩɪɢ z = H+h 

= 11,7 ɦ. 
ɋɤɨɪɨɫɬɶ ɝɨɦɨɝɟɧɧɨɝɨ ɹɞɪɚ ɢɡ-ɡɚ ɪɚɫɲɢɪɟɧɢɹ ɜɨɡɞɭɯɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 

ɫ  = 18,0 ɦ/ɫ ɧɚ ɭɪɨɜɧɟ ɫɦɟɫɢɬɟɥɹ ɞɨ ɫ  = 20,7 ɦ/ɫ ɧɚ ɜɟɪɯɧɟɦ ɬɨɪɰɟ 
ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ. ɋɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɩɪɢɫɬɟɧɧɨɣ ɩɥɟɧɤɟ, ɩɪɢ ɞɨɩɭɳɟɧɢɢ 
ɨɬɫɭɬɫɬɜɢɹ ɤɚɩɟɥɶɧɨɝɨ ɦɚɫɫɨɨɛɦɟɧɚ, ɫɨɫɬɚɜɥɹɟɬ 

w w

fw′  = 0,482 ɦ/ɫ ɩɨ ɜɫɟɣ 
ɜɵɫɨɬɟ ɬɪɭɛɵ. 

Ʉɚɤ ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ, ɬɚɤ ɢ ɟɝɨ ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɩɨɞɴɟɦɧɨɣ 
ɬɪɭɛɵ zi ɨɬ ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚ ɜɯɨɞɟ ɞɨ ɡɧɚɱɟɧɢɣ ɧɚ ɜɵɯɨɞɟ:  = 14,9 ɤɉɚ 
– ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ, = 14,4 ɤɉɚ – ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɫɢɥɨɣ ɬɹɠɟɫɬɢ,  = 

0,312 ɤɉɚ – ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɫɢɥɨɣ ɬɪɟɧɢɹ ɢ  = 0,208 ɤɉɚ – 

ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɭɫɤɨɪɟɧɢɟɦ. 

Σɪ

gɪ ɬɪɪ

ɭɫɤɪ

Ɇɨɳɧɨɫɬɶ, ɩɨɞɜɟɞɟɧɧɚɹ ɩɨɬɨɤɨɦ ɜɨɞɵ, ɫɨɫɬɚɜɥɹɟɬ N′  = 0,03 ɤȼɬ, ɚ 
ɦɨɳɧɨɫɬɶ ɩɨɬɨɤɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ N ′′  = 0 ɩɪɢ z = 0 ɞɨ  
= 4,44 ɤȼɬ ɩɪɢ z = H+h = 11,7 ɦ. ɋɭɦɦɚɪɧɚɹ ɩɨɞɜɟɞɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɞɜɭɯ ɩɨɫɥɟɞɧɢɯ ɫɥɚɝɚɟɦɵɯ 

N ′′

NNNɩɨɞ ′′+′= . 

Ɇɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥ ɬɹɠɟɫɬɢ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɩɨ ɜɵɫɨɬɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɨɬ  = 0 ɩɪɢ z = 0 ɞɨ  = 0,274 ɤȼɬ ɩɪɢ 
z = H+h = 11,7 ɦ, ɤɨɦɩɟɧɫɢɪɭɸɳɚɹ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ – ɨɬ = 0 ɩɪɢ z = 0 ɞɨ 

= 0,006 ɤȼɬ ɩɪɢ z = H+h = 11,7 ɦ ɢ ɤɨɦɩɟɧɫɢɪɭɸɳɚɹ ɩɨɬɟɪɢ ɧɚ 
ɭɫɤɨɪɟɧɢɟ – ɨɬ = 0 ɩɪɢ z = 0 ɞɨ = 0,004 ɤȼɬ ɩɪɢ z = H+h = 11,7 ɦ. 

gN gN

ɬɪN

ɬɪN

ɭɫɤN ɭɫɤN
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Ɍɚɛɥɢɰɚ 
Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɨɫɯɨɞɹɳɟɝɨ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɩɨ ɜɵɫɨɬɟ 
ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɞɢɚɦɟɬɪɨɦ D = 150 ɦɦ, ɞɥɢɧɨɣ H+h = 11,7 ɦ ɜ ɪɟɠɢɦɟ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɚɱɢ ɷɪɥɢɮɬɚ ɩɪɢ ɪɚɫɯɨɞɟ ɜɨɡɞɭɯɚ Qɜ = 0,32 ɦ3/ɫ ɢ ɩɨɞɚɱɟ Qɷ 
= 0,002 ɦ3/ɫ 

ɉɚɪɚɦɟɬɪ 

Ɉ
ɛɨ
ɡɧ
ɚɱ
ɟɧ
ɢɟ

 

ȿɞ
. ɢ
ɡɦ
ɟɪ
ɟɧ
ɢɹ

 

Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 

Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ ɩɨɞɴɟɦɧɨɣ 
ɬɪɭɛɵ 

zi ɦ 0,000 2,925 5,850 8,775 11,70 

Ɉɛɴɟɦɧɨɟ ɪɚɫɯɨɞɧɨɟ 
ɜɨɡɞɭɯɨɫɨɞɟɪɠɚɧɢɟ β  - 0,993 0,993 0,993 0,994 0,994 

ɂɫɬɢɧɧɨɟ 
ɜɨɡɞɭɯɨɫɨɞɟɪɠɚɧɢɟ 

ϕ  - 0,948 0,950 0,952 0,954 0,956 

ɉɥɨɬɧɨɫɬɶ ɹɞɪɚ 
ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ ɫρ  ɤɝ/ɦ3 4,85 4,69 4,53 4,37 4,21 

ɋɤɨɪɨɫɬɶ ɝɨɦɨɝɟɧɧɨɝɨ 
ɹɞɪɚ ɫw  ɦ/ɫ 18,0 18,6 19,2 19,9 20,7 

ɋɤɨɪɨɫɬɶ ɜɨɞɵ ɜ 
ɩɪɢɫɬɟɧɧɨɣ ɩɥɟɧɤɟ fw′  ɦ/ɫ 0,482 0,482 0,482 0,482 0,482 

ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɣ: 
 - ɫɢɥɨɣ ɬɹɠɟɫɬɢ 
 - ɬɪɟɧɢɟɦ 
 - ɭɫɤɨɪɟɧɢɟɦ 

 
 
ɪg

ɪɬɪ
ɪɭɫɤ

 
 
 

ɤɉɚ 

 
 
0 
0 
0 

 
 

3,6 
0,078 
0,047 

 
 

7,2 
0,156 
0,096 

 
 

10,8 
0,234 
0,15 

 
 

14,4 
0,312 
0,208 

ɋɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ 
ɞɚɜɥɟɧɢɹ ɪΣ ɤɉɚ 0 3,73 7,46 11,2 14,9 

Ɇɨɳɧɨɫɬɶ ɩɨɬɨɤɚ: 
 - ɜɨɞɵ 
 - ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ 

 
N' 
N'' 

 
ɤȼɬ 

 
0,03 
0,0 

 
0,03 
1,05 

 
0,03 
2,14 

 
0,03 
3,27 

 
0,03 
4,44 

Ɇɨɳɧɨɫɬɶ ɩɨɞɜɟɞɟɧɧɚɹ Nɩɨɞ ɤȼɬ 0,03 1,08 2,17 3,30 4,47 
Ɇɨɳɧɨɫɬɶ ɞɥɹ 
ɩɪɟɨɞɨɥɟɧɢɹ: 
 - ɫɢɥɵ ɬɹɠɟɫɬɢ 
 - ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ 
 - ɩɨɬɟɪɶ ɧɚ ɭɫɤɨɪɟɧɢɟ 
 - ɩɨɬɟɪɶ ɧɚ ɫɤɨɥɶɠɟɧɢɟ 

 
 

Ng

Nɬɪ
Nɭɫɤ 
Nɫɤ

 
 
 

ɤȼɬ 
 

 
 

0,0 
0,0 
0,0 
0,03 

 
 

0,068 
0,001 
0,001 
1,01 

 
 

0,137 
0,003 
0,002 
2,03 

 
 

0,205 
0,004 
0,003 
3,09 

 
 

0,274 
0,006 
0,004 
4,19 

  

17



  

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɩɨɬɟɪɶ ɫɨɫɬɚɜɥɹɟɬ ɦɨɳɧɨɫɬɶ ɫɤɨɥɶɠɟɧɢɹ ɮɚɡ, ɤɨɬɨɪɚɹ 
ɦɨɧɨɬɨɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɜɵɫɨɬɟ ɬɪɭɛɵ ɢ ɩɪɢ z = H+h = 11,7 ɦ ɪɚɜɧɹɟɬɫɹ 
Nɫɤ = 4,19 ɤȼɬ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɜɲɚɹɫɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɨɳɧɨɫɬɢ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɩɨɬɟɪɶ ɧɚ ɫɤɨɥɶɠɟɧɢɟ ɩɨɫɬɪɨɟɧɚ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɨɩɭɳɟɧɢɹɯ, ɱɬɨ ɩɨɞɪɨɛɧɨ ɢɡɥɨɠɟɧɨ ɜ [4] ɧɚ ɩɪɢɦɟɪɟ 
ɫɧɚɪɹɞɧɨɣ ɫɬɪɭɤɬɭɪɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɛɨɱɟɝɨ 
ɩɪɨɰɟɫɫɚ ɷɪɥɢɮɬɚ ɫ ɤɨɥɶɰɟɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ ɩɨɡɜɨɥɹɟɬ 
ɨɩɪɟɞɟɥɹɬɶ ɢɡɦɟɧɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɨɜɨɡɞɭɲɧɨɝɨ 
ɩɨɬɨɤɚ ɩɨ ɜɵɫɨɬɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ. 

5. Вɵвɨɞɵ ɢ ɧаɩɪавлɟɧɢɟ ɞалɶɧɟɣшɢх ɢɫɫлɟɞɨваɧɢɣ. ȼɩɟɪɜɵɟ 
ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɭɫɬɚɧɨɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɧɨɝɨ 
ɪɚɫɯɨɞɧɨɝɨ ɢ ɢɫɬɢɧɧɨɝɨ ɝɚɡɨɫɨɞɟɪɠɚɧɢɣ, ɩɥɨɬɧɨɫɬɢ ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, 
ɫɤɨɪɨɫɬɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɬɨɤɚ, ɞɚɜɥɟɧɢɣ ɢ ɦɨɳɧɨɫɬɟɣ, ɡɚɬɪɚɱɢɜɚɟɦɵɯ ɧɚ 
ɤɨɦɩɟɧɫɚɰɢɸ ɫɢɥ ɬɹɠɟɫɬɢ, ɬɪɟɧɢɹ ɢ ɢɧɟɪɰɢɢ, ɚ ɬɚɤɠɟ ɩɨɬɟɪɶ ɧɚ ɫɤɨɥɶɠɟɧɢɟ 
ɮɚɡ ɩɨ ɜɵɫɨɬɟ ɩɨɞɴɟɦɧɨɣ ɬɪɭɛɵ ɷɪɥɢɮɬɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɬ ɭɬɨɱɧɢɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢ 
ɰɟɥɟɫɨɨɛɪɚɡɧɵɟ ɪɟɠɢɦɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɪɥɢɮɬɨɜ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ 
ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɩɨɞɴɟɦɧɢɤɨɜ. 
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