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Сеɦɢɧаɪ № 3 

 

 

ɨɫɬ ɧɚɝɪɭɡɨɤ ɧɚ ɡɚɛɨɢ ɭɝɨɥɶɧɵɯ ɢ 

ɪɭɞɧɵɯ ɲɚɯɬ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɫɨ-
ɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɲɚɯɬɧɵɯ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɝɥɚɜɧɵɯ ɜɟɧɬɢɥɹɬɨɪɧɵɯ ɭɫɬɚɧɨ-
ɜɨɤ (Ƚȼɍ), ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɜɚɠɧɟɣɲɟɣ 

ɱɚɫɬɶɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɩɨɞɡɟɦɧɨɣ ɞɨɛɵɱɢ ɩɨɥɟɡɧɨɝɨ ɢɫɤɨɩɚɟɦɨ-
ɝɨ. 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɲɚɯɬɧɵɯ Ƚȼɍ 

ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɡɚɞɚɧɧɵɯ ɜɟɥɢɱɢɧ ɞɚɜɥɟɧɢɹ ɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ 
ɜɟɧɬɢɥɹɬɨɪɚ ɢɥɢ ɪɚɫɱɟɬɚ ɟɝɨ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ. Ɂɚɞɚɧɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɹɜɥɹɸɬɫɹ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ 
ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨɪɚ ɢ ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɭɫɬɚɧɨɜɤɟ. ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɭɫɬɚɧɨɜɤɟ ∆ 0P  

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɭɦɦɭ ɩɨɬɟɪɶ ɜɨ ɜɯɨɞɧɨɦ 

ɭɱɚɫɬɤɟ ∆ вɯɊ , ɩɨɬɟɪɶ ɨɬ ɩɪɢɫɭɬɫɬɜɢɹ 
ɨɩɨɪ (ɪɟɛɟɪ ɠɟɫɬɤɨɫɬɢ) ɜ ɫɚɦɨɦ ɜɟɧɬɢɥɹ-
ɬɨɪɟ ∆ ɨɩɊ  ɢ ɩɨɬɟɪɶ ɜ ɜɵɯɨɞɧɨɣ ɱɚɫɬɢ, 

ɤɨɬɨɪɵɟ ɫɨɫɬɨɹɬ ɢɡ ɩɨɬɟɪɶ ɜ ɞɢɮɮɭɡɨɪɟ 
∆ диɮɊ , ɜ ɜɵɯɨɞɧɨɦ ɤɚɧɚɥɟ ∆ кɊ  ɢ ɩɪɢ 

ɜɵɯɨɞɟ ɜ ɚɬɦɨɫɮɟɪɭ (ɜɯɨɞɟ ɜ ɲɚɯɬɭ) 
∆ выɯɊ . Ɉɬɫɸɞɚ ɨɛɳɢɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 
ɭɫɬɚɧɨɜɤɟ 
∆ = ∆ + ∆ + ∆ + ∆ + ∆0 вɯ ɨɩ диɮ к выɯɊ Ɋ Ɋ Ɋ Ɋ Ɋ .  

   (1) 

ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ′
v
Ɋ  

ɦɟɧɶɲɟ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ 
v
Ɋ  ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɬɟɪɶ∆ 0P , ɤɨɬɨɪɨɟ ɩɪɢ-

ɧɹɬɨ ɨɰɟɧɢɜɚɬɶ [1] ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɬɟɪɶ 

ɞɚɜɥɟɧɢɹ ζ , ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɨɬɧɨɲɟɧɢɟɦ 

ɜɟɥɢɱɢɧɵ ∆ 0Ɋ  ɤ ɞɢɧɚɦɢɱɟɫɤɨɦɭ ɞɚɜɥɟ-
ɧɢɸ ɜɟɧɬɢɥɹɬɨɪɚ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɭɦɦɚ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɬɟɪɶ ɜ ɷɥɟɦɟɧɬɚɯ ɭɫɬɚ-
ɧɨɜɤɢ 

ζ ζ ζ ζ ζ ζ= + + + +вɯ ɨɩ диɮ к выɯ .      (3) 

Ⱦɥɹ ɜɟɧɬɢɥɹɬɨɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ 
ɲɚɯɬɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɟɝɨ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ 
v
Ɋ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ζ′= +
v v dv
Ɋ Ɋ P ,                     (4) 

ɝɞɟ ′
v
P  - ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɜɟɧɬɢɥɹɬɨɪɧɨɣ 

ɭɫɬɚɧɨɜɤɢ, ɉɚ. 
ɋɨɜɟɪɲɟɧɫɬɜɨ ɜɫɟɣ ɭɫɬɚɧɨɜɤɢ ɜ ɰɟɥɨɦ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɟɟ ɄɉȾ 

η
′

′ = v
QP

N
,                         (5) 

ɝɞɟ Q  - ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨ-
ɪɚ, ɦ3/ɫ; N  - ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ 
ɜɟɧɬɢɥɹɬɨɪɨɦ, ȼɬ. 
ȼ ɫɥɭɱɚɟ ɜɫɚɫɵɜɚɸɳɢɯ Ƚȼɍ ′

v
P  ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɭɫɬɚɧɨɜ-
ɤɢ ′

sv
P , ɚ η′  - ɟɟ ɫɬɚɬɢɱɟɫɤɢɣ ɄɉȾη′

s
. Ⱦɥɹ 

ɧɚɝɧɟɬɚɬɟɥɶɧɵɯ Ƚȼɍ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ 
∆ кP  ɢ ∆ выɯɊ  ɨɬɧɨɫɹɬɫɹ ɤ  
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ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɟɬɢ, ′
v
P - 

ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɚ 
η′  - ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɦɭ ɟɟ 
ɩɨɥɧɵɣ ɄɉȾ. 

Ʉɪɢɬɟɪɢɟɦ ɷɤɨɧɨɦɢɱɧɨɫɬɢ 

ɪɚɛɨɬɵ ɜɟɧɬɢɥɹɬɨɪɚ ɜ ɭɫɬɚ-
ɧɨɜɤɟ ɦɨɠɟɬ ɛɵɬɶ ɄɉȾ ɭɫɬɚ-
ɧɨɜɤɢ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɫ ɭɱɟɬɨɦ 

ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ∆ 0P  ɜ ɩɟɪɟ-
ɯɨɞɧɨɣ ɱɚɫɬɢ ɨɬ ɜɟɧɬɢɥɹɬɨɪɚ ɤ 
ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɡɚ ɧɢɦ ɱɚɫɬɢ 

ɫɟɬɢ [2] 

η η ζ′ = −(1 )dv

v

P

P
,         (6) 

ɝɞɟ ζ  - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ 
ɞɚɜɥɟɧɢɹ ɜ ɩɟɪɟɯɨɞɧɨɣ ɱɚɫɬɢ 

ɨɬ ɜɟɧɬɢɥɹɬɨɪɚ ɤ ɧɚɝɧɟɬɚɬɟɥɶ-
ɧɨɣ ɱɚɫɬɢ ɫɟɬɢ ɢɥɢ – ɞɥɹ ɜɟɧ-

ɬɢɥɹɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ 
ɜɫɚɫɵɜɚɧɢɟ – ɩɨɬɟɪɶ ɜ ɜɵɯɨɞ-

ɧɨɣ ɱɚɫɬɢ ɭɫɬɚɧɨɜɤɢ (ɜ ɞɢɮ-

ɮɭɡɨɪɟ, ɜ ɤɚɧɚɥɟ ɢ ɜɵɯɨɞɧɨɣ 

ɱɚɫɬɢ). 

ɋ ɰɟɥɶɸ ɨɰɟɧɤɢ ɩɨɬɟɪɶ 
ɞɚɜɥɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ Ƚȼɍ 

ɪɚɫɫɦɨɬɪɢɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɫɯɟɦɵ Ƚȼɍ ɫ ɨɫɟɜɵɦɢ ɜɟɧɬɢ-

ɥɹɬɨɪɚɦɢ (ɪɢɫ. 1). ȼɫɚɫɵɜɚɸ-

ɳɢɟ ɢ ɧɚɝɧɟɬɚɬɟɥɶɧɵɟ ɭɫɬɚ-
ɧɨɜɤɢ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɜɟɧ-

ɬɢɥɹɬɨɪɚɦɢ (ɪɢɫ. 1 ɚ, ɛ) ɜɤɥɸ-

ɱɚɸɬ ɷɥɟɦɟɧɬɵ, ɩɨɬɟɪɢ ɞɚɜɥɟ-
ɧɢɹ ɜ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɫɭɳɟɫɬ-
ɜɟɧɧɨ ɩɨɜɥɢɹɬɶ ɧɚ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɜ ɰɟɥɨɦ. Ʉ 

ɬɚɤɢɦ ɷɥɟɦɟɧɬɚɦ ɨɬɧɨɫɹɬɫɹ 
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: 1 – ɩɪɢɜɨɞɧɨɣ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɶ, 2 – ɬɪɚɧɫɦɢɫɫɢɨɧɧɵɣ 

ɜɚɥ, 3 – ɜɯɨɞɧɚɹ ɤɨɪɨɛɤɚ, 4 – ɜɟɧɬɢ-

ɥɹɬɨɪ, 5 – ɞɢɮɮɭɡɨɪ, 6 – ɤɚɧɚɥ, 7 – 

ɤɨɥɟɧɨ, 8 – ɜɵɯɨɞɧɨɣ ɷɥɟɦɟɧɬ (ɤɨ-
ɪɨɛɤɚ) 
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ɜɯɨɞɧɚɹ ɤɨɪɨɛɤɚ 3, ɞɢɮɮɭɡɨɪ 5, ɤɚɧɚɥ 6, 

ɤɨɥɟɧɨ 7 ɢ ɜɵɯɨɞɧɨɣ ɷɥɟɦɟɧɬ 8. Ⱦɥɹ ɫɧɢ-

ɠɟɧɢɹ ɲɭɦɚ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɜɟɧɬɢɥɹɬɨɪɨɦ, 

ɭɫɬɚɧɨɜɤɢ ɱɚɫɬɨ ɨɛɨɪɭɞɭɸɬɫɹ ɭɫɬɪɨɣɫɬɜɚ-
ɦɢ ɲɭɦɨɝɥɭɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɜɨ ɜɫɚɫɵɜɚɸ-

ɳɢɯ ɭɫɬɚɧɨɜɤɚɯ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɜɵɯɨɞ-

ɧɨɦ ɷɥɟɦɟɧɬɟ 8, ɚ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɵɯ – ɜ  

ɤɚɧɚɥɟ ɦɟɠɞɭ ɩɨɦɟɳɟɧɢɟɦ ɤɚɥɨɪɢɮɟɪɧɨɣ 

ɢ ɜɯɨɞɧɨɣ ɱɚɫɬɶɸ ɭɫɬɚɧɨɜɤɢ. Ɋɚɫɩɨɥɨɠɟ-
ɧɢɟ ɩɪɢɜɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɟɪɟɞ 

ɜɟɧɬɢɥɹɬɨɪɨɦ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɢɬɶ ɩɪɢ-

ɟɦɥɟɦɨɣ ɞɥɢɧɵ ɬɪɚɧɫɦɢɫɫɢɨɧɧɵɯ ɜɚɥ 2 

ɢ ɭɫɬɚɧɨɜɢɬɶ ɡɚ ɜɟɧɬɢɥɹɬɨɪɨɦ ɞɢɮɮɭɡɨɪ 

ɥɸɛɨɣ ɞɥɢɧɵ. 

ɍɫɬɚɧɨɜɤɢ ɫ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɜɟɧɬɢɥɹ-
ɬɨɪɚɦɢ (ɪɢɫ. 1, ɜ) ɡɚɧɢɦɚɸɬ ɜ 2.5-3.5 ɪɚɡɚ 
ɦɟɧɶɲɟ ɩɥɨɳɚɞɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɪɢɡɨɧ-

ɬɚɥɶɧɵɦɢ [3]. ȼ ɧɢɯ ɭɫɬɪɚɧɟɧɵ ɬɪɚɞɢɰɢ-

ɨɧɧɵɟ ɤɚɧɚɥɵ, ɜ ɤɨɬɨɪɵɯ ɩɨ ɞɚɧɧɵɦ ɥɢɬɟ-
ɪɚɬɭɪɵ ɬɟɪɹɟɬɫɹ 19-35% ɩɨɬɪɟɛɥɹɟɦɨɣ ɢɡ 
ɫɟɬɢ ɷɧɟɪɝɢɢ. 

ȼɯɨɞɧɵɟ ɷɥɟɦɟɧɬɵ ɭɫɬɚɧɨɜɤɢ ɩɪɢɦɟ-
ɧɹɸɬɫɹ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɤ 
ɲɚɯɬɧɨɣ ɫɟɬɢ ɢɥɢ ɫɨɟɞɢɧɹɸɬ ɟɝɨ ɫ ɩɨɦɟ-
ɳɟɧɢɟɦ ɤɚɥɨɪɢɮɟɪɧɨɣ. Ɉɧɢ ɜɵɩɨɥɧɹɸɬɫɹ 
ɜ ɜɢɞɟ ɪɚɡɥɢɱɧɵɯ ɤɨɥɟɧ ɢɥɢ ɤɨɪɨɛɤɢ. 

ɉɪɨɫɬɨɟ ɩɥɚɜɧɨɟ ɤɨɥɟɧɨ ɲɢɪɨɤɨ ɩɪɢ-

ɦɟɧɹɟɬɫɹ ɜ Ƚȼɍ ɫ ɨɫɟɜɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢ 

ɫɟɪɢɢ ȼɈȾ. ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɩɥɚɜɧɨɦ 

ɤɨɥɟɧɟ ɧɟ ɩɪɟɜɵɲɚɸɬ ζ = 0.03  [1,4]. ȼ 

ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɜɟɫ ɢ ɪɚɡɦɟɪɵ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɹ ɧɟ ɩɨɡɜɨɥɹɸɬ ɪɚɫɩɨɥɨɠɢɬɶ ɟɝɨ 
ɧɚɞ ɤɨɥɟɧɨɦ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɜɯɨɞɧɭɸ 

ɤɨɪɨɛɤɭ (ɪɢɫ. 1 ɚ, ɛ), ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 
ɪɚɫɩɨɥɨɠɢɬɶ ɨɫɶ ɩɨɞɜɨɞɹɳɟɝɨ ɤɚɧɚɥɚ ɤ 
ɨɫɢ ɜɟɧɬɢɥɹɬɨɪɚ ɩɨɞ ɭɝɥɨɦ, ɛɥɢɡɤɢɦ ɤ 90°. 

ɉɟɪɟɯɨɞ ɨɬ ɤɚɧɚɥɚ ɫ ɤɨɥɟɧɨɦ 7 (ɪɢɫ. 1 

ɚ, ɛ) ɤ ɜɟɧɬɢɥɹɬɨɪɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɜɯɨɞɧɨɣ ɤɨɪɨɛɤɢ 3, ɬɟɱɟɧɢɟ ɜ ɤɨ-
ɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɫ ɭɫɤɨɪɟɧɢɟɦ. Ɍɚɤɨɟ ɬɟ-
ɱɟɧɢɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɥɨɤɚɥɢɡɚɰɢɢ ɜɨɡɦɨɠ-

ɧɵɯ ɨɬɪɵɜɨɜ ɩɨɬɨɤɚ ɢ ɛɨɥɶɲɟɣ ɪɚɜɧɨɦɟɪ-
ɧɨɫɬɢ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ ɜ ɫɟɱɟ-
ɧɢɢ ɩɟɪɟɞ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɱɬɨ ɜɚɠɧɨ ɞɥɹ 
ɟɝɨ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ. Ʉɨɥɥɟɤɬɨɪ ɜɟɧɬɢ-

ɥɹɬɨɪɚ ɜɦɟɫɬɟ ɫ ɤɨɤɨɦ ɨɫɭɳɟɫɬɜɥɹɸɬ 
ɞɚɥɶɧɟɣɲɟɟ ɩɨɞɠɚɬɢɟ ɢ ɜɵɪɚɜɧɢɜɚɧɢɟ ɩɨ-
ɬɨɤɚ ɩɟɪɟɞ ɥɨɩɚɬɨɱɧɵɦ ɜɟɧɰɨɦ. ɉɪɢ ɨɩ-

ɬɢɦɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɯɨɞɧɨɣ ɤɨɪɨɛɤɢ 

ɤɨɷɮ-ɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɧɟɣ ɦɨ-
ɠɟɬ ɧɟ ɩɪɟɜɵɲɚɬɶ ζ = 0.06  [5]. 

ɇɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜ ɚɜɚɪɢɣɧɨɦ 

ɪɟɠɢɦɟ ɩɪɢ ɪɟɜɟɪɫɢɪɨɜɚɧɢɢ ɨɫɟɜɨɝɨ ɜɟɧ-

ɬɢɥɹɬɨɪɚ ɩɨɜɨɪɨɬɨɦ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨ-
ɥɟɫɚ (ɊɄ) ɧɚ ɭɝɨɥ 120-125° (ɲɚɯɬɧɵɟ ɪɟ-
ɜɟɪɫɢɜɧɵɟ ɢ ɪɟɝɭɥɢɪɭɟɦɵɟ ɧɚ ɯɨɞɭ ɩɨɜɨ-
ɪɨɬɨɦ ɥɨɩɚɬɨɤ ɊɄ ɨɫɟɜɵɟ  ɜɟɧɬɢɥɹɬɨɪɵ 

ȼɈ-21Ʉ, ȼɈ-24Ʉ, ȼɈ-30ȼɄ ɢ ɞɪ. [3]) 

ɜɯɨɞɧɚɹ ɤɨɪɨɛɤɚ 3 ɫɬɚɧɨɜɢɬɫɹ ɜɵɯɨɞɧɨɣ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ, ɱɬɨ ɜ ɪɟ-
ɜɟɪɫɢɜɧɨɦ ɪɟɠɢɦɟ ɨɧɚ ɛɭɞɟɬ ɢɦɟɬɶ ɛɨɥɶ-
ɲɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɢ ɫɨɡ-
ɞɚɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɣ ɲɭɦ ɜ ɩɨɦɟɳɟɧɢɢ 

ɭɫɬɚɧɨɜɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɚɷɪɨɞɢɧɚ-
ɦɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ ɜɯɨɞɧɨɣ ɤɨɪɨɛɤɢ ɫɥɟɞɭ-
ɟɬ ɭɱɢɬɵɜɚɬɶ ɪɟɠɢɦɵ ɪɚɛɨɬɵ Ƚȼɍ ɢ ɨɛɟɫ-
ɩɟɱɢɜɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɬɟɪɶ, ɫɩɨɫɨɛɫɬ-
ɜɭɸɳɢɟ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɟɧɬɢɥɹ-
ɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜ ɰɟɥɨɦ. 

ȼɵɯɨɞɧɵɟ ɷɥɟɦɟɧɬɵ ɭɫɬɚɧɨɜɤɢ ɫɨɟɞɢ-

ɧɹɸɬ ɜɟɧɬɢɥɹɬɨɪ ɫ ɚɬɦɨɫɮɟɪɨɣ (ɪɢɫ. 1, ɚ) 
ɢɥɢ ɩɪɢɫɨɟɞɢɧɹɸɬ ɟɝɨ ɲɚɯɬɧɨɣ ɫɟɬɢ (ɪɢɫ. 1, 

ɛ, ɜ). Ʉ ɧɢɦ ɨɬɧɨɫɢɬɫɹ ɞɢɮɮɭɡɨɪ 5, ɤɚɧɚɥ 6, 

ɜɵɯɨɞɧɨɣ ɷɥɟɦɟɧɬ 8, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɟɞ-
ɫɬɚɜɥɹɬɶ ɤɨɥɟɧɨ (ɪɢɫ. 1, ɚ) ɢ ɜɵɯɨɞɧɭɸ ɤɨ-
ɪɨɛɤɭ (ɪɢɫ. 1, ɜ). 
Ⱦɢɮɮɭɡɨɪ ɡɚ ɜɟɧɬɢɥɹɬɨɪɨɦ ɭɫɬɚɧɚɜɥɢ-

ɜɚɟɬɫɹ ɞɥɹ ɬɨɪɦɨɠɟɧɢɹ ɩɨɬɨɤɚ. ȿɫɥɢ 

ɲɚɯɬɧɚɹ ɫɟɬɶ ɧɚɯɨɞɢɬɫɹ ɧɚ ɫɬɨɪɨɧɟ ɜɫɚɫɵ-

ɜɚɧɢɹ (ɪɢɫ. 1, ɚ), ɧɚɡɧɚɱɟɧɢɟ ɞɢɮɮɭɡɨɪɚ 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɫ ɧɚɢɛɨɥɶɲɟɣ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɶɸ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɞɢɧɚɦɢɱɟ-
ɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜɟɧɬɢɥɹɬɨɪɚ ɜ ɫɬɚɬɢɱɟɫɤɨɟ. 
ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɫɹ ɫɟɬɶ ɡɚ ɞɢɮɮɭɡɨɪɨɦ 

(ɪɢɫ. 1, ɛ, ɜ), ɬɨ ɨɧ ɩɪɟɞɧɚɡɧɚɱɚɟɬɫɹ ɞɥɹ 
ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɨ ɜɟɥɢɱɢɧɵ, ɡɚ-
ɞɚɧɧɨɣ ɧɚ ɜɯɨɞɟ ɜ ɲɚɯɬɧɭɸ ɫɟɬɶ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɲɚɯɬɧɵɯ Ƚȼɍ ɫ 

ɨɫɟɜɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɩɪɢɦɟɧɹɸɬ ɩɪɟ-
ɞɨɬɪɵɜɧɵɟ ɞɢɮɮɭɡɨɪɵ [6], ɭ ɤɨɬɨɪɵɯ ɡɚ-
ɤɨɧ ɢɡɦɟɧɟɧɢɹ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ ɜɵɛɪɚɧ 

ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɜɨ ɜɫɟɯ ɫɟɱɟɧɢɹɯ ɩɨɝɪɚ-
ɧɢɱɧɵɣ ɫɥɨɣ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɨɬɪɵɜɧɨɦ 

ɫɨɫɬɨɹɧɢɢ. ɉɪɢ ɬɚɤɨɦ ɩɪɨɮɢɥɢɪɨɜɚɧɢɢ 

ɤɚɧɚɥɨɜ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɢɮɮɭɡɨɪɚ ɩɪɢ ɡɚɞɚɧɧɨɣ 

ɞɥɢɧɟ, ɥɢɛɨ ɩɪɟɞɟɥɶɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɟɝɨ 
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ɞɥɢɧɵ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨ-

ɫɬɢ. 

ɉɪɨɞɭɜɤɢ ɩɪɟɞɨɬɪɵɜɧɵɯ ɤɨɥɶɰɟɜɵɯ 
ɞɢɮɮɭɡɨɪɨɜ [6] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɞɥɢɧɟ 

= 1.5l  ( =
l

l
d

, ɝɞɟ l  - ɞɥɢɧɚ ɞɢɮɮɭ-

ɡɨɪɚ, ɦ; d - ɞɢɚɦɟɬɪ ɜɯɨɞɚ ɜ ɞɢɮɮɭɡɨɪ, ɦ) 

ɩɨɥɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ 
ɭɫɬɚɧɨɜɤɟ ɫ ɦɨɞɟɥɶɸ ɜɟɧɬɢɥɹɬɨɪɚ ȼɈȾ 

ɫɨɫɬɚɜɢɥ ζ = 0.2 . Ɍɚɤɨɣ ɠɟ ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɢɦɟɟɬ ɤɨɧɢɱɟɫɤɢɣ ɤɨɥɶ-
ɰɟɜɨɣ ɞɢɮɮɭɡɨɪ, ɧɨ ɬɨɥɶɤɨ ɩɪɢ = 2l . 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜɫɟɣ 

ɜɵɯɨɞɧɨɣ ɱɚɫɬɢ ɩɪɢ ɩɪɚɜɢɥɶɧɨɦ ɪɚɫɱɟɬɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɟɟ ɷɥɟɦɟɧɬɨɜ ɦɨɝɭɬ ɞɨɫɬɢ-

ɝɚɬɶ ζ = −0.2 0.25 , ɚ ɜɫɟɣ ɭɫɬɚɧɨɜɤɢ - 

ζ = −0.27 0.33  [1, 7].  

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ 
ɷɥɟɦɟɧɬɚɯ ɲɚɯɬɧɵɯ Ƚȼɍ ɫ ɨɫɟɜɵɦɢ ɜɟɧ-

ɬɢɥɹɬɨɪɚɦɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɜɵɛɨɪɚ ɬɪɟ-
ɛɭɟɦɵɯ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɟɧɬɢɥɹɬɨ-
ɪɚ ɧɟɨɛɯɨɞɢɦɨ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɨɰɟɧɢɬɶ ɩɨɥɧɵɣ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɭɫɬɚɧɨɜɤɟζ , ɚ 
ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɜɫɟɣ ɭɫɬɚɧɨɜɤɢ ɜ 
ɰɟɥɨɦ – ɜɵɛɪɚɬɶ ɟɟ ɤɨɦɩɨɧɨɜɤɭ ɢ ɤɨɧɫɬ-
ɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ 
ɛɵ ɨɛɟɫɩɟɱɢɥɢ ɦɢɧɢɦɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢ-

ɟɧɬɵ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɵɯ ɚɷɪɨ-
ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɚɤɭɫɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ.
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