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ɍȾɄ 629.01 

ȼɅɂəɇɂȿ ȺɗɊɈȾɂɇȺɆɂɄɂ ɅȿȽɄɈȼɈȽɈ ȺȼɌɈɆɈȻɂɅə  

ɇȺ ȿȽɈ ɆɈɓɇɈɋɌɖ 

ȼ.ɇ. Ʉɚɥɟɞɚ1
, Ⱥ.ɂ.Ɂɜɢɠɢɧɫɤɢɣ2

, ɂ.Ⱥ. Ʉɚɥɟɞɚ3 

1ɎȽȻɈɍ ȼɈ «ɉɟɧɡɟɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ»,  
2Ɏɢɥɢɚɥ ȼɨɟɧɧɨɣ ɚɤɚɞɟɦɢɢ ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ,  

3ɉɟɧɡɟɧɫɤɢɣ ɤɚɡɚɱɢɣ ɢɧɫɬɢɬɭɬ ɬɟɯɧɨɥɨɝɢɣ (ɮɢɥɢɚɥ) 
ɎȽȻɈɍ ȼɈ «ɆȽɍɌɍ ɢɦ. К.Ƚ. Ɋɚɡɭɦɨɜɫɤɨɝɨ (ɉКɍ)»,  

ɝ. ɉɟɧɡɚ, Ɋɨɫɫɢɹ 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɫɧɨɜɧɵɟ ɨɰɟɧɨɱɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɝɢɞ-
ɪɚɜɥɢɱɟɫɤɢɯ ɭɫɢɥɢɬɟɥɟɣ ɪɭɥɹ ɚɜɬɨɦɨɛɢɥɟɣ.   

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɥɟɝɤɨɜɨɣ ɚɜɬɨɦɨɛɢɥɶ, ɫɢɥɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨ-
ɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 

ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟ-
ɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɨɤɚɡɚɬɟɥɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɩɨɤɚɡɚɬɟɥɶ ɪɟɚɤɬɢɜ-
ɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɧɚɝɪɭɡɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
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ɇɚ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɨɫɨɛɟɧɧɨ ɧɚ ɜɵɫɨɤɢɯ 
ɫɤɨɪɨɫɬɹɯ, ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɚ 
(ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ). ɋɢɥɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ Pv ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɫɤɨɪɨɫɬɢ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 

xv CSvP
2

2  , ɇ,  (1) 

ɝɞɟ S – ɩɥɨɳɚɞɶ ɮɪɨɧɬɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ ɚɜɬɨɦɨɛɢɥɹ, ɦ2
; v – ɫɤɨ-

ɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɨɡɞɭɯɚ, ɦ/ɫ; ρ – ɩɥɨɬɧɨɫɬɶ 
ɜɨɡɞɭɯɚ, ɤɝ/ɦ3

; Сɯ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ ɚɜɬɨɦɨ-

ɛɢɥɹ. ɉɥɨɳɚɞɶ ɮɪɨɧɬɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ ɚɜɬɨɦɨɛɢɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɮɨɪɦɨɣ ɤɭɡɨɜɚ ɢ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɤɨɦɮɨɪɬɧɨɝɨ ɪɚɫɩɨ-
ɥɨɠɟɧɢɹ ɜɨɞɢɬɟɥɹ ɢ ɩɚɫɫɚɠɢɪɨɜ ɧɚ ɫɢɞɟɧɶɹɯ. ɇɚɩɪɢɦɟɪ, ɚɜɬɨɦɨɛɢɥɶ 
ɛɨɥɶɲɨɝɨ ɤɥɚɫɫɚ ɦɨɠɟɬ ɛɵɬɶ ɧɢɠɟ, ɱɟɦ ɦɚɥɨɝɨ, ɬɚɤ ɤɚɤ ɟɝɨ ɫɢɞɟɧɶɹ 
ɱɚɫɬɨ ɪɚɫɩɨɥɨɠɟɧɵ ɧɢɠɟ. ɍ ɚɜɬɨɦɨɛɢɥɹ ɦɚɥɨɝɨ ɤɥɚɫɫɚ ɢɡ-ɡɚ ɟɝɨ ɧɟ-
ɛɨɥɶɲɨɣ ɦɚɫɫɵ ɢ ɞɥɢɧɵ, ɫɢɞɟɧɶɹ ɪɚɫɩɨɥɨɠɟɧɵ ɜɵɲɟ ɧɚɞ ɩɨɥɨɦ, ɢ 
ɩɨɷɬɨɦɭ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɟɪɟɞɧɢɦɢ ɢ ɡɚɞɧɢɦɢ ɫɢɞɟɧɶɹɦɢ ɦɟɧɶɲɟ. 
Ȼɨɥɟɟ ɩɪɹɦɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɜɨɞɢɬɟɥɹ ɢ ɩɚɫɫɚɠɢɪɨɜ ɜ ɚɜɬɨɦɨɛɢɥɟ ɦɚ-
ɥɨɝɨ ɤɥɚɫɫɚ ɬɪɟɛɭɟɬ ɟɝɨ ɛɨɥɶɲɟɣ ɜɵɫɨɬɵ, ɧɨ ɦɟɧɶɲɟɣ ɞɥɢɧɵ. ɉɥɨɳɚ-
ɞɢ ɮɪɨɧɬɚɥɶɧɵɯ ɩɪɨɟɤɰɢɣ ɨɛɨɢɯ ɚɜɬɨɦɨɛɢɥɟɣ ɩɪɢ ɷɬɨɦ ɩɨɱɬɢ ɨɞɢɧɚ-
ɤɨɜɵ, ɧɨ ɧɢɡɤɢɣ ɢ ɞɥɢɧɧɵɣ ɤɭɡɨɜ ɚɜɬɨɦɨɛɢɥɹ ɛɨɥɶɲɨɝɨ ɤɥɚɫɫɚ ɚɷɪɨ-
ɞɢɧɚɦɢɱɟɫɤɢ ɛɨɥɟɟ ɜɵɝɨɞɟɧ. 

Ɇɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɚɷɪɨɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ. ɤɭɛɭ 
ɫɤɨɪɨɫɬɢ: 

x
v

v CSv
vP

N
72003600

3 
 , ɤȼɬ, (2) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Сɯ, ɤɚɤ ɜɢɞɧɨ 
ɢɡ ɬɚɛɥ. 1, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɢɠɟ, ɢɡɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɨɪɦɵ ɤɭɡɨɜɚ ɚɜɬɨɦɨɛɢɥɹ Д1-3]. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Сɯ ɭɫɬɚɧɚɜɥɢ-
ɜɚɟɬɫɹ ɩɪɨɞɭɜɤɨɣ ɚɜɬɨɦɨɛɢɥɹ ɢɥɢ ɟɝɨ ɦɚɤɟɬɚ ɜ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɬɪɭɛɟ ɢɥɢ ɩɪɢɛɥɢɠɟɧɧɨ ɜ ɯɨɞɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ. ɉɪɢ 
ɢɫɩɵɬɚɧɢɹɯ ɜ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɪɭɛɟ ɧɚ ɦɚɤɟɬɚɯ ɩɨɥɭɱɚɸɬɫɹ ɦɟɧɟɟ 
ɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ, ɱɟɦ ɩɪɢ ɬɟɯ ɠɟ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɪɟɚɥɶɧɵɯ ɬɪɚɧɫɩɨɪɬ-
ɧɵɯ ɫɪɟɞɫɬɜɚɯ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɜɨɡɞɭɯɚ ɜɥɢɹɸɬ ɧɟɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ 
ɚɜɬɨɦɨɛɢɥɹ: ɪɭɱɟɤ ɞɜɟɪɟɣ, ɞɧɢɳɚ ɤɭɡɨɜɚ, ɛɚɦɩɟɪɨɜ, ɡɟɪɤɚɥ ɡɚɞɧɟɝɨ 
ɜɢɞɚ ɢ ɬ. ɞ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɡɞɭɯ, ɩɨɫɬɭɩɚɸɳɢɣ ɜ ɤɭɡɨɜ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ 
ɢ ɜɟɧɬɢɥɹɰɢɢ, ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ Cx. 
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Ɍɚɛɥɢɰɚ 1 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɟɝɤɨɜɵɯ 

ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɨɣ ɤɭɡɨɜɚ 

Кɭɡɨɜ ɚɜɬɨɦɨɛɢɥɹ 

Кɨɷɮɮɢɰɢɟɧɬ 
ɥɨɛɨɜɨɝɨ  

ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɋɯ 

Ɇɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤȼɬ, 

ɩɪɢ ɩɥɨɳɚɞɢ ɮɪɨɧɬɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ ɤɭɡɨɜɚ 
2 ɦ2 ɢ ɫɤɨɪɨɫɬɢ 

40 ɤɦ/ɱ 80 ɤɦ/ɱ 120 ɤɦ/ɱ 

Ɉɬɤɪɵɬɵɣ ɱɟɬɵɪɟɯɦɟɫɬɧɵɣ 0,7–0,9 1,18–1,47 9,6–11,8 31,0 –40,5 

Ɂɚɤɪɵɬɵɣ, ɫ ɧɚɥɢɱɢɟɦ ɭɝɥɨɜ  
ɢ ɝɪɚɧɟɣ 

0,6–0,7 0,96–1,18 8,0–9,6 26,4–30,8 

Ɂɚɤɪɵɬɵɣ, ɫ ɡɚɤɪɭɝɥɟɧɢɟɦ  
ɝɪɚɧɟɣ 

0,5–0,6 0,80–0,96 6,6–8,0 22,0–26,4 

Ɂɚɤɪɵɬɵɣ ɩɨɧɬɨɧɨɨɛɪɚɡɧɵɣ 0,4–0,5 0,66–0,08 5,2–6,6 17,6–22,0 

Ɂɚɤɪɵɬɵɣ, ɯɨɪɨɲɨ ɨɛɬɟɤɚɟɦɵɣ 0,3–0,4 0,52–0,66 3,7–5,2 13,2–17,6 

Ɂɚɤɪɵɬɵɣ, ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢ  
ɫɨɜɟɪɲɟɧɧɵɣ 

0,2–0,25 0,33–0,44 2,6–3,3 9,8–11 

ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɫɧɢɠɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɥɟɤɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɩɭɬɟɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɮɨɪɦɵ ɤɭɡɨɜɚ. Ɂɧɚ-
ɱɟɧɢɹ Сɯ ɩɪɢɜɟɞɟɧɵ ɞɥɹ ɤɨɪɤɨɜɵɯ (ɤɨɪɩɭɫɧɵɯ) ɦɚɫɲɬɚɛɧɵɯ ɦɨɞɟɥɟɣ ɚɜɬɨɦɨ-
ɛɢɥɹ. ȼɢɞɧɨ, ɱɬɨ ɡɚ ɫɱёɬ ɩɪɢɦɟɧɟɧɢɹ ɨɞɧɨɨɛɴɟɦɧɨɝɨ ɤɭɡɨɜɚ ɚɷɪɨɞɢɧɚɦɢɱɟ-
ɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧɨ ɜɞɜɨɟ. ɇɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ Сɯ ≈ 
0,11 ɨɛɟɫɩɟɱɢɬ ɚɜɬɨɦɨɛɢɥɶ ɫ ɤɭɡɨɜɨɦ ɜ ɜɢɞɟ ɪɚɫɫɟɱёɧɧɨɣ ɜɞɨɥɶ ɤɚɩɥɢ ɠɢɞɤɨ-
ɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɤɨɥɟɫɚ Д4Ж 

  
Ɋɢɫɭɧɨɤ 1 – ȼɨɡɦɨɠɧɨɫɬɢ ɫɧɢɠɟ-

ɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ Сɯ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨ-
ɛɢɥɹ ɡɚ ɫɱёɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɮɨɪɦɵ 
ɤɭɡɨɜɚ 

Ɋɢɫɭɧɨɤ 2 – Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟ-
ɦɚɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɞɜɢɠɟ-
ɧɢɸ ɚɜɬɨɦɨɛɢɥɹ ɫɪɟɞɧɟɝɨ ɤɥɚɫɫɚ. 

 

ɇɚ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɚɜɬɨɦɨɛɢɥɹ ɩɪɟɨɛɥɚɞɚɸɳɢɦ ɹɜɥɹɟɬɫɹ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ 
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ɦɨɳɧɨɫɬɟɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ 
Nf ɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Nv ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ 
v ɞɥɹ ɚɜɬɨɦɨɛɢɥɹ ɫɪɟɞɧɟɝɨ ɤɥɚɫɫɚ (ɦɚɫɫɚ ɚɜɬɨɦɨɛɢɥɹ 1350 ɤɝ, S = 2 ɦ2

, 

ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ f = 0,015, Cɯ = 0,456).  

ɉɪɢ ɫɤɨɪɨɫɬɢ 60 ɤɦ/ɱ ɦɨɳɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɚ, ɪɚɜɧɵ, ɱɬɨ ɯɚɪɚɤ-
ɬɟɪɧɨ ɞɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɚɜɬɨɦɨɛɢɥɟɣ. ɉɨ ɤɨɥɢɱɟɫɬɜɭ ɩɨɬɪɟɛɥɹɟɦɨɣ 
ɦɨɳɧɨɫɬɢ ɦɨɠɧɨ ɜɢɞɟɬɶ ɜɚɠɧɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɚ. ɉɪɢ ɫɤɨ-
ɪɨɫɬɢ 80 ɤɦ/ɱ ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɟɝɨ ɩɪɟɨɞɨɥɟɧɢɟ, ɜ 4 ɪɚɡɚ 
ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɫɤɨɪɨɫɬɢ 40 ɤɦ/ɱ, ɚ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɵɲɟ, ɱɟɦ 120 
ɤɦ/ɱ, ɨɛɳɚɹ ɦɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɞɜɢɠɟɧɢɹ, ɪɚɫɬɟɬ ɩɨɱɬɢ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɨ ɤɭɛɭ ɫɤɨɪɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɞɨɫɬɢ-
ɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ, ɩɪɟɜɵɲɚɸɳɟɣ ɬɭ, ɤɨɬɨɪɭɸ ɨɛɟɫɩɟɱɢ-
ɜɚɟɬ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɚɜɬɨɦɨɛɢɥɟ ɞɜɢɝɚɬɟ-
ɥɹ, ɦɨɠɧɨ ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɨɣ ɨɲɢɛɤɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬ-
ɧɨɲɟɧɢɟ: 

3

1

2
12 )(

v

v
NN  , ɤȼɬ,  (3) 

ɝɞɟ N2 – ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ; N1 – ɞɨɫɬɢɝɧɭɬɚɹ ɦɚɤɫɢɦɚɥɶ-
ɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ; v2 – ɬɪɟɛɭɟɦɚɹ ɫɤɨɪɨɫɬɶ, ɤɦ/ɱ; v1 – ɞɨɫɬɢɝɧɭɬɚɹ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ, ɤɦ/ɱ. 

ɑɟɪɟɡ ɬɨɱɤɭ X – ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ N1 ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ v1 – ɩɪɨɜɟɞɟɧɚ ɤɪɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɳɧɨɫɬɢ ɨɬ ɤɭɛɚ ɫɤɨɪɨ-
ɫɬɢ (ɪɢɫ. 1). Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɷɬɨɣ ɤɪɢɜɨɣ ɢ ɥɢɧɢɟɣ ɦɨɳɧɨɫɬɢ, ɬɪɟɛɭɟ-
ɦɨɣ ɞɥɹ ɞɜɢɠɟɧɢɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ, ɧɟɡɧɚɱɢɬɟɥɶɧɚ. 

ɉɨɤɚɡɚɧɧɚɹ ɫɭɦɦɚ ɦɨɳɧɨɫɬɟɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ Nf  ɢ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Nv ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɳɧɨɫɬɶ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɦɭ ɞɜɢɠɟɧɢɸ ɚɜɬɨɦɨɛɢɥɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɨɦɭ ɭɱɚɫɬɤɭ ɞɨɪɨɝɢ ɩɪɢ ɛɟɡɜɟɬɪɢɢ. 

 

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 
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ɍȾɄ 629.351 

ɆɈȾȿɊɇɂɁɂɊɈȼȺɇɇȺə ɌɈɊɆɈɁɇȺə ɋɂɋɌȿɆȺ  

ȺȼɌɈɆɈȻɂɅə ɄȺɆȺɁ 4308 

ȼ.ɇ. Ʉɚɥɟɞɚ, Ⱥ.Ⱥ. Ⱦɟɪɝɭɧɨɜ, ɇ. ȼ. ɓɟɪɛɚɤɨɜ  
ɎȽȻɈɍ ȼɈ «ɉɟɧɡɟɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ»,  

ɝ. ɉɟɧɡɚ, Ɋɨɫɫɢɹ 

ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢɡɦɟɧɟɧɢɹ ɬɨɪɦɨɡɧɨɣ ɫɢ-
ɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɹ ɄɚɦȺɁ 4308 ɫ ɰɟɥɶɸ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɪɦɨɡɧɵɯ 
ɭɫɢɥɢɣ, ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ ɢ ɭɫɬɨɣɱɢɜɨ-
ɫɬɢ ɚɜɬɨɦɨɛɢɥɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɜɬɨɦɨɛɢɥɶ, ɬɨɪɦɨɡɧɚɹ ɫɢɫɬɟɦɚ, ɬɨɪɦɨɡɧɨɣ 
ɦɨɞɭɥɹɬɨɪ, ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ȺȻɋ, ɬɨɪɦɨɡɧɚɹ ɤɚɦɟɪɚ, ɞɚɬɱɢɤ ɭɝɥɨɜɨɣ 
ɫɤɨɪɨɫɬɢ, ɤɥɚɩɚɧ ɫɛɪɨɫɚ, ɤɥɚɩɚɧ ɨɛɪɚɬɧɵɣ, ɤɥɚɩɚɧ ɛɥɨɤɢɪɨɜɨɱɧɵɣ. 

 
Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɪɦɨɡɧɵɯ ɭɫɢɥɢɣ, ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɧɟɫɬɢ ɢɡɦɟɧɟ-
ɧɢɹ ɜ ɬɨɪɦɨɡɧɭɸ ɫɢɫɬɟɦɭ ɚɜɬɨɦɨɛɢɥɹ ɄȺɆȺɁ 4308 Д1Ж   

Ɉɬɥɢɱɢɟ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ (ɪɢɫ. 1) ɫɨɫɬɨɢɬ ɜ 
ɬɨɦ, ɱɬɨ ɤɚɠɞɨɟ ɤɨɥɟɫɨ ɨɫɧɚɳɟɧɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɬɨɪɦɨɡɧɵɦ ɦɨɞɭɥɹɬɨɪɨɦ 
18, ɡɚɞɚɱɟɣ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɩɨɞɞɟɪɠɚɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɬɨɪɦɨɠɟ-


