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4. ɊȺɋɑЁɌ ɆɈɅɈɌɄɈȼɕɏ ȾɊɈȻɂɅɈɄ 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɞɪɨɛɢɥɨɤ ɞɨɥɠɧɵ 

ɛɵɬɶ: ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɪɨɛɢɥɤɢ qp, ɤɝ/ɫ, ɩɨɬɪɟɛɧɚɹ ɫɬɟɩɟɧɶ ɢɡ-
ɦɟɥɶɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ λ, ɚ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɟɝɨ ɮɢɡɢɤɨ-ɦɟɯɚɧɢ-

ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɪɨɛɢɥɤɢ, ɤɨɬɨɪɵɟ ɩɨɞɥɟɠɚɬ ɪɚɫɱёɬɭ, 

ɹɜɥɹɸɬɫɹ: ɪɚɡɦɟɪɵ ɛɚɪɚɛɚɧɚ, ɩɨɤɚɡɚɬɟɥɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ, 
ɪɚɡɦɟɪɵ ɦɨɥɨɬɤɨɜ ɢ ɩɨɪɹɞɨɤ ɢɯ ɪɚɡɦɟɳɟɧɢɹ, ɚ ɬɚɤɠɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ
ɩɨɤɚɡɚɬɟɥɢ. 

Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɞɪɨɛɢɥɶɧɨɝɨ ɛɚɪɚɛɚɧɚ – ɞɢɚɦɟɬɪ D ɢ ɞɥɢɧɚ L
ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɪɚɛɨɱɢɣ ɨɛɴёɦ ɞɪɨɛɢɥɶɧɨɣ ɤɚɦɟɪɵ. ɗɬɢ ɪɚɡɦɟɪɵ 

ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɵɦɢ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛ-

ɧɨɫɬɶ ɞɪɨɛɢɥɤɢ, ɪɚɜɧɭɸ ɡɚɞɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

ɉɪɨɦɵɲɥɟɧɧɨɫɬɶ ɜɵɩɭɫɤɚɟɬ ɞɪɨɛɢɥɤɢ ɫ ɛɚɪɚɛɚɧɚɦɢ ɞɜɭɯ ɬɢɩɨɜ:         
I ɬɢɩ – 2...11 == LDk ɢ II ɬɢɩ 7...42 == LDk . 

ɍ ɛɚɪɚɛɚɧɨɜ I ɬɢɩɚ ɞɨ 50% ɦɚɫɫɵ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɜ ɩɚɤɟɬɚɯ ɦɨɥɨɬ-
ɤɨɜ, ɩɚɥɶɰɟɜ ɢ ɲɚɣɛ, ɧɨ ɷɬɢ ɦɚɫɫɵ ɪɚɫɩɨɥɨɠɟɧɵ ɛɥɢɡɤɨ ɨɬ ɨɫɢ ɜɪɚɳɟ-
ɧɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɛɚɪɚɛɚɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤ 
ɢ ɨɧɢ ɢɦɟɸɬ ɷɥɢɩɫɨɢɞ ɢɧɟɪɰɢɢ, ɛɥɢɡɤɢɣ ɤ ɲɚɪɭ, ɚ ɨɬɫɸɞɚ ɥɟɝɱɟ ɩɨɞ-

ɞɚɸɬɫɹ ɛɚɥɚɧɫɢɪɨɜɤɟ. ɍ ɛɚɪɚɛɚɧɨɜ II ɬɢɩɚ ɬɨɥɶɤɨ ɞɨ 18% ɦɚɫɫɵ ɫɨɫɪɟ-
ɞɨɬɨɱɟɧɨ ɜ ɩɚɤɟɬɚɯ ɦɨɥɨɬɤɨɜ, ɨɧɢ ɦɟɧɟɟ ɦɟɬɚɥɥɨёɦɤɢ, ɧɨ ɬɪɟɛɭɸɬ 
ɬɳɚɬɟɥɶɧɨɣ ɛɚɥɚɧɫɢɪɨɜɤɢ. 

ɋɜɹɡɶ ɦɟɠɞɭ ɪɚɡɦɟɪɚɦɢ ɛɚɪɚɛɚɧɚ ɢ ɡɚɞɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨ-
ɫɬɶɸ ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɩɨɤɚɡɚɬɟɥɶ q′ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. ɍɞɟɥɶɧɨɣ
ɧɚɝɪɭɡɤɨɣ ɞɪɨɛɢɥɤɢ ɧɚɡɵɜɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɫɟɤɭɧɞɧɨɣ ɪɚɫɱёɬɧɨɣ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ qp ɤ ɩɥɨɳɚɞɢ ɞɢɚɦɟɬɪɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ DL ɛɚɪɚɛɚɧɚ, 
ɬ.ɟ. DLqq ɪ=′ . 

ȼ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɪɦɨɞɪɨɛɢɥɤɚɯ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 

3...2=′q  ɤɝ/(ɫ⋅ɦ2) ɩɪɢ ɫɤɨɪɨɫɬɢ ɦɨɥɨɬɤɨɜ vɦ = 45…55 ɦ/ɫ ɢɥɢ          

6...3=′q  ɤɝ/(ɫ⋅ɦ2) ɩɪɢ vɦ = 70…80 ɦ/ɫ ɢ ɫɪɟɞɧɟɣ ɤɪɭɩɧɨɫɬɢ ɞɟɪɬɢ (ɪɟ-
ɲɟɬɨ ɜ ɤɚɦɟɪɟ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ 6 ɦɦ). 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɚɦɟɬɪ ɪɨɬɨɪɚ 

q

kq
D ′= p

.                                         (2.28) 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɩɨɞɜɟɫɚ ɞɨ ɧɚɪɭɠɧɨɣ ɝɪɚɧɢ ɦɨɥɨɬɤɚ ɧɚɯɨɞɢɦ 

ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ Dl 145,0= . 
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ɉɪɢ ɞɢɚɦɟɬɪɟ ɛɚɪɚɛɚɧɚ ɦɟɧɶɲɟ 0,4 ɦ ɡɧɚɱɟɧɢɟ l ɫɥɟɞɭɟɬ ɜɵɛɢɪɚɬɶ 
ɛɨɥɶɲɟ, ɧɚɩɪɢɦɟɪ l = 0,2D, ɢɧɚɱɟ ɦɨɥɨɬɤɢ ɩɨɥɭɱɚɸɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɣ 
ɞɥɢɧɵ. 

Ⱦɥɢɧɭ  ɢ ɲɢɪɢɧɭ b ɦɨɥɨɬɤɚ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɜɵɛɢɪɚɸɬ ɩɨ ɫɨɨɬ-
ɧɨɲɟɧɢɹɦ: Dla 23,05,1 ≈= , ( ) Dab 1,05,0...4,0 ≈≈ . Ⱦɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 
ɩɨɞ ɩɚɥɟɰ ɩɪɢɧɢɦɚɸɬ d = 18…20 ɦɦ. Ɋɚɞɢɭɫ ɩɨɞɜɟɫɚ ɦɨɥɨɬɤɨɜ ɨɩɪɟ-
ɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ lDR −= 2

ɩ
. 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɞɜɢɠɟɧɢɹ ɦɨɥɨɬɤɨɜ ɩɪɨɜɟɪɹɸɬ ɩɨ ɭɫɥɨɜɢɸ (2.27), 
ɩɨɫɥɟ ɱɟɝɨ ɭɬɨɱɧɹɸɬ ɪɚɡɦɟɪɵ ɛɚɪɚɛɚɧɚ. 

ɑɢɫɥɨ ɦɨɥɨɬɤɨɜ z ɛɚɪɚɛɚɧɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
 ( )
δ
Δ−= zkLL

z ,                                      (2.29) 

 

ɝɞɟ ΔL – ɫɭɦɦɚɪɧɚɹ ɬɨɥɳɢɧɚ ɞɢɫɤɨɜ, ɧɟ ɩɟɪɟɤɪɵɜɚɟɦɚɹ ɦɨɥɨɬɤɚɦɢ, ɦ; 

kz – ɱɢɫɥɨ ɦɨɥɨɬɤɨɜ, ɢɞɭɳɢɯ ɩɨ ɨɞɧɨɦɭ ɫɥɟɞɭ (kz = 1…6); δ – ɬɨɥɳɢɧɚ 
ɦɨɥɨɬɤɨɜ, ɩɪɢɧɢɦɚɟɬɫɹ 0,002; 0,004; 0,01 ɦ. 

Ɇɨɥɨɬɤɢ ɪɚɡɦɟɳɚɸɬ ɧɚ ɛɚɪɚɛɚɧɟ ɩɨ ɪɚɡɜёɪɬɤɟ ɞɜɭɯ- ɢɥɢ ɬɪёɯɡɚ-
ɯɨɞɧɨɝɨ ɜɢɧɬɚ ɢɥɢ «ɫɥɟɞ ɜ ɫɥɟɞ» (ɪɹɞɨɜɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ). ɉɨ ɨɩɵɬɧɵɦ 
ɞɚɧɧɵɦ ɨɛɚ ɫɩɨɫɨɛɚ ɨɞɢɧɚɤɨɜɵ, ɧɨ ɜɬɨɪɨɣ ɩɪɨɳɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɋɤɨɪɨɫɬɶ ɦɨɥɨɬɤɨɜ vɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ (2.21), ɩɨɫɥɟ 
ɱɟɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ n (ɦɢɧ–1), Dvn π≥ ɦ60 . 

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɡɦɟɪɨɜ, ɨɩɪɟɞɟɥɹɸɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɪɨɛɢɥɤɢ 

 

60

2
1 LnDk

Q
ρ= ,                                      (2.30) 

 

ɝɞɟ k1 – ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢɩɚ ɢ ɪɚɡɦɟɪɨɜ 
ɨɬɜɟɪɫɬɢɣ ɫɢɬɚ (ɞɥɹ ɫɢɬ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ ɞɨ 3 ɦɦ),                      

k1 = (1,3…1,7)⋅10–4, ɞɥɹ ɱɟɲɭɣɱɚɬɵɯ ɫɢɬ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ 

3...10 ɦɦ, k1 = 2,2⋅10–4, ɩɪɢɱёɦ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ k1 ɩɪɢɧɢɦɚɸɬ ɞɥɹ 
ɨɬɜɟɪɫɬɢɣ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ); ρ – ɨɛɴёɦɧɚɹ ɦɚɫɫɚ ɢɡɦɟɥɶɱёɧɧɨɝɨ 
ɩɪɨɞɭɤɬɚ, ɤɝ/ɦ3 (ɫɦ. ɩɪɢɥ. Ȼ). 

ɉɪɢ Q ≤ qp ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ n. 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɩɨ ɨɬɞɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ ɪɚɛɨɱɟɝɨ 

ɩɪɨɰɟɫɫɚ ɞɪɨɛɢɥɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ 
 

ɯɯ.ɰɢ NNNN ++= ,                                 (2.31) 
 

ɝɞɟ Nɢ – ɦɨɳɧɨɫɬɶ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɪɚɡɪɭɲɟɧɢɟ (ɢɡ-
ɦɟɥɶɱɟɧɢɟ) ɦɚɬɟɪɢɚɥɚ, ɤȼɬ; Nɰ – ɦɨɳɧɨɫɬɶ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɚ ɰɢɪɤɭɥɹ-
ɰɢɸ ɦɚɬɟɪɢɚɥɚ ɜ ɤɚɦɟɪɟ ɞɪɨɛɢɥɤɢ, ɤȼɬ; Nɯ. ɯ – ɦɨɳɧɨɫɬɶ ɯɨɥɨɫɬɨɝɨ 
ɯɨɞɚ, ɤȼɬ. 



Ɋɚɫɯɨɞ ɦɨɳɧɨɫɬɢ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ 

ɢɢ QAN = ,                                          (2.32) 

ɝɞɟ ɢ – ɪɚɛɨɬɚ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ 1 ɤɝ ɦɚɬɟɪɢɚɥɚ, Ⱦɠ/ɤɝ. 
Ɋɚɫɯɨɞ ɦɨɳɧɨɫɬɢ ɧɚ ɰɢɪɤɭɥɹɰɢɸ 

( ) 3
ɦɰɰɜɰ 1 vkkN μ+= ,                                 (2.33) 

ɝɞɟ kɜ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɪɟɠɢɦ ɪɚɛɨɬɵ
ɢɡɦɟɥɶɱɚɸɳɟɝɨ ɛɚɪɚɛɚɧɚ ɤɚɤ ɜɟɧɬɢɥɹɬɨɪɚ; kɰ – ɤɪɚɬɧɨɫɬɶ ɰɢɪɤɭɥɹɰɢɢ
ɦɚɬɟɪɢɚɥɚ; vɦ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɦɨɥɨɬɤɨɜ, ɦ/ɫ. 

Ɇɨɳɧɨɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ Nɯ. ɯ ɜɵɛɢɪɚɸɬ ɩɨ ɨɩɵɬɧɵɦ ɞɚɧɧɵɦ ɜ 
ɪɚɡɦɟɪɟ 15...20% ɨɬ ɦɨɳɧɨɫɬɢ ɢɡɦɟɥɶɱɟɧɢɹ Nɢ. 

ɑɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɪɨɛɢɥɤɢ 

t

DLh
Q

ɰɫ360 μπ= ,                                   (2.34) 

ɝɞɟ hɫ  – ɬɨɥɳɢɧɚ ɫɥɨɹ ɦɚɬɟɪɢɚɥɚ, ɦ; t – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɟɛɵɜɚ-
ɧɢɹ ɤɨɪɦɚ ɜ ɤɚɦɟɪɟ ɞɪɨɛɥɟɧɢɹ, ɫ. 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ 

Q

N
N =ɭɞ .                                          (2.35) 
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