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ゑçñÑñÖóñ 
  

ɋɨɡɞɚɧɢɟ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɣ ɦɚɲɢɧɨ-
ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨ-
ɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɚ 
ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 

ɞɟɬɚɥɟɣ ɦɚɲɢɧ.  

 

ȼ ɭɫɩɟɲɧɨɦ ɪɟɲɟɧɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɛɨɥɶ-
ɲɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɩɨɜɵɲɟɧɢɟ ɫɬɨɣɤɨɫɬɢ 

ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɡɚ ɫɱɟɬ ɨɩɬɢɦɢɡɚɰɢɢ 

ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɹ ɛɨɥɟɟ ɬɜɟɪ-
ɞɵɯ ɢ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ.  
 

 

んÖí¿ó£ äÜß¿ó¡íîóú 

 

ȼɨɩɪɨɫɚɦ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɟ-
ɡɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢ-

ɦɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɛ-

ɪɚɛɨɬɤɢ, ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ [1–3]. Ɉɞɧɚɤɨ 
ɨɧɢ ɧɨɫɹɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɨ-
ɷɬɨɦɭ ɜɚɠɧɨ ɩɪɨɜɟɫɬɢ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɭɫɥɨɜɢɣ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɛɨ-
ɬɤɢ.  

 

ぴñ¿á ó äÜïöíÖÜç¡í £íÑíôó 

 

Ɉɛɨɫɧɨɜɚɧɢɟ ɭɫɥɨɜɢɣ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɧɚ ɨɫɧɨɜɟ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩ-

ɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɩɨ ɤɪɢɬɟɪɢɹɦ 
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ɧɚɢɦɟɧɶɲɟɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢ ɧɚɢɛɨɥɶɲɟɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɢ ɪɚɡɪɚɛɨɬɤɚ 
ɩɪɨɝɪɟɫɫɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚ-
ɥɟɣ ɦɚɲɢɧ. 

 

んÖí¿óöóôñï¡Üñ ÜäëñÑñ¿ñÖóñ Öíó½ñÖáüñú 

ïñßñïöÜó½Üïöó ó ÖíóßÜ¿áüñú  

äëÜó£çÜÑóöñ¿áÖÜïöó ÜßëíßÜö¡ó 

 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɛɪɚɛɨɬɤɢ C , 

ɜɤɥɸɱɚɸɳɚɹ ɞɜɟ ɨɫɧɨɜɧɵɟ ɢɡɦɟɧɹɸɳɢɟɫɹ ɫɬɚ-
ɬɶɢ ɡɚɬɪɚɬ (ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɚɛɨɱɟɝɨ ɢ ɡɚɬɪɚ-
ɬɵ ɧɚ ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ), ɦɨɠɟɬ ɛɵɬɶ ɚɧɚ-
ɥɢɬɢɱɟɫɤɢ ɨɩɢɫɚɧɚ [4] 

 

0 ɱɚɫ 0 ɐɋ N t S k N= ⋅ ⋅ ⋅ + ⋅ ,            (1) 

 

ɝɞɟ 0, NN – ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɞɟ-
ɬɚɥɟɣ ɢ ɩɨɬɪɟɛɥɹɟɦɵɯ ɪɟɠɭɳɢɯ ɢɧɫɬɪɭɦɟɧ-

ɬɨɜ; 0t – ɨɫɧɨɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɜɪɟɦɹ 
ɨɛɪɚɛɨɬɤɢ; ɱɚɫS – ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ ɪɚɛɨɱɟɝɨ; 
k – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɫɟɜɨɡɦɨɠ-

ɧɵɟ ɧɚɱɢɫɥɟɧɢɹ ɧɚ ɬɚɪɢɮɧɭɸ ɫɬɚɜɤɭ ɪɚɛɨɱɟ-
ɝɨ; ɐ – ɰɟɧɚ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 
 

Ɉɱɟɜɢɞɧɨ, ɩɚɪɚɦɟɬɪ 0N  ɜɵɪɚɠɚɟɬɫɹ ɡɚɜɢɫɢ-

ɦɨɫɬɶɸ nNN /0 = , ɝɞɟ 0/ tTn = − ɤɨɥɢɱɟɫɬɜɨ 
ɞɟɬɚɥɟɣ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɨɞɧɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ; 

T − ɩɟɪɢɨɞ ɫɬɨɣɤɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɦɢɧ; 

Qt /0 ϑ= ; ϑ– ɨɛɴɟɦ ɦɟɬɚɥɥɚ, ɫɧɢɦɚɟɦɨɝɨ ɫ 
ɨɞɧɨɣ ɞɟɬɚɥɢ, ɦ3; StVQ ⋅⋅= – ɩɪɨɢɡɜɨɞɢɬɟ-
ɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ (ɩɪɢ ɩɪɨɞɨɥɶɧɨɦ ɬɨɱɟ-
ɧɢɢ), ɦ3/ɦɢɧ; V – ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, ɦ/ɦɢɧ; 

t – ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ, ɦ; S – ɩɨɞɚɱɚ, ɦ/ɨɛ. Ɍɨ-
ɝɞɚ ɡɚɜɢɫɢɦɨɫɬɶ (1) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

 

ɱɚɫ ɐNɋ N S k
Q Q T

ϑ ⋅ϑ
= ⋅ ⋅ ⋅ + ⋅

⋅
 .        (2) 

 

ɉɪɨɢɡɜɟɞɟɧɢɟ ϑ⋅N  ɪɚɜɧɨ ɨɛɴɟɦɭ ɦɟɬɚɥɥɚ, 
ɭɞɚɥɹɟɦɨɝɨ ɫɨ ɜɫɟɯ N  ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɞɟ-
ɬɚɥɟɣ, ɚ ɩɪɨɢɡɜɟɞɟɧɢɟ TQ ⋅  ɪɚɜɧɨ ɨɛɴɟɦɭ 

ɦɟɬɚɥɥɚ, ɭɞɚɥɹɟɦɨɝɨ ɨɞɧɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. 

ɉɪɢ ɭɫɥɨɜɢɢ ɪɚɜɟɧɫɬɜɚ ɷɬɢɯ ɞɜɭɯ ɜɟɥɢɱɢɧ, 

ɜɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɥɢɲɶ 
ɰɟɧɨɣ ɢɧɫɬɪɭɦɟɧɬɚ ɐ . ȼɵɪɚɠɚɹ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ (2) ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ Q  

ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɪɟɡɚɧɢɹ, ɢɦɟɟɦ 

 

ɱɚɫ ɐNɋ N S k
V t S V t S T

ϑ ⋅ϑ
= ⋅ ⋅ ⋅ + ⋅

⋅ ⋅ ⋅ ⋅ ⋅
.  (3) 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɢɡ-
ɜɟɞɟɧɢɟ TV ⋅  ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɷɤɫɬɪɟɦɚɥɶɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ (ɪɢɫ. 1 [2]), ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɞɨɫɬɢɠɟɧɢɟɦ ɩɪɟɞɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɡɚ-
ɧɢɹ θ  − ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 

ɪɚɜɧɨɣ 1000Ʉ ɞɥɹ ɜɫɟɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɨ-
ɥɳɢɧ ɫɪɟɡɚ a .  

 

Ʉɚɤ ɜɢɞɧɨ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ a  ɦɚɤɫɢɦɭɦ ɩɪɨɢ-

ɡɜɟɞɟɧɢɹ TV ⋅  ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɡɚ ɢɫɤɥɸɱɟɧɢ-

ɟɦ ɩɨɡɢɰɢɢ 4), ɬ.ɟ. ɷɮɮɟɤɬɢɜɧɨ ɭɫɬɚɧɚɜɥɢ-

ɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɭɸ ɩɨɞɚɱɭ, ɢɫɯɨɞɹ 
ɢɡ ɩɪɨɱɧɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ.  
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɢ VT – V (a) ɢ VT – ș (ɛ) 

ɩɪɢ ɬɨɱɟɧɢɢ ɫɬɚɥɢ 40ɏ ɪɟɡɰɨɦ ɢɡ ɫɩɥɚɜɚ 
Ɍ15Ʉ6: 1 – ɚ = 0,037 ɦɦ/ɨɛ;  2 – ɚ = 0,1 

ɦɦ/ɨɛ; 3 – ɚ = 0,3 ɦɦ/ɨɛ; 4 – ɚ = 0,5 

ɦɦ/ɨɛ 

 

ɂɡɦɟɧɟɧɢɟ ɩɨ ɷɤɫɬɪɟɦɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɪɨɢɡɜɟɞɟɧɢɹ TV ⋅  ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ 

ɪɟɡɚɧɢɹ V  ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɡɦɟɧɟɧɢɟ ɩɨ ɷɤɫɬ-
ɪɟɦɚɥɶɧɨɣ (ɧɨ ɨɛɪɚɬɧɨɣ) ɡɚɜɢɫɢɦɨɫɬɢ ɜɬɨɪɨ-
ɝɨ ɫɥɚɝɚɟɦɨɝɨ ɜ (3), ɪɢɫ. 2. ɉɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ (3) ɫ ɭɜɟɥɢɱɟɧɢɟɦ V  ɧɟɩɪɟ-
ɪɵɜɧɨ ɭɦɟɧɶɲɚɟɬɫɹ.  
 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɭɦɦɚ ɞɜɭɯ ɫɥɚɝɚɟɦɵɯ (ɪɚɜ-
ɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɨɛɪɚɛɨɬɤɢ C ) ɫ ɭɜɟɥɢɱɟ-
ɧɢɟɦ V  ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɩɨ ɷɤɫɬɪɟɦɚɥɶɧɨɣ 
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ɡɚɜɢɫɢɦɨɫɬɢ, ɩɪɨɯɨɞɹ ɬɨɱɤɭ ɦɢɧɢɦɭɦɚ (ɪɢɫ. 2). 

ɉɪɢ ɷɬɨɦ ɦɢɧɢɦɭɦ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 

C  ɧɟ ɛɭɞɟɬ ɫɨɜɩɚɞɚɬɶ ɫ ɦɚɤɫɢɦɭɦɨɦ ɩɪɨɢɡɜɟ-
ɞɟɧɢɹ TV ⋅  (ɪɢɫ. 1) − ɨɧ ɛɭɞɟɬ ɫɦɟɳɟɧ ɜ ɫɬɨ-
ɪɨɧɭ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ V  

ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɡɚɜɢɫɢ-

ɦɨɫɬɢ (3) ɧɟɩɪɟɪɵɜɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢ-

ɱɟɧɢɟɦ V . 
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Ɋɢɫ. 2. ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɟɪɜɨɝɨ (1) ɢ 

ɜɬɨɪɨɝɨ (2) ɫɥɚɝɚɟɦɵɯ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 

ɨɛɪɚɛɨɬɤɢ C  (3) ɨɬ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ V  

 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɫɪɟɡɚ a , ɨɱɟɜɢɞɧɨ, 
ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɩɨɞɚɱɚ S  ɩɪɢ ɬɨɱɟɧɢɢ, 

ɚ ɦɚɤɫɢɦɭɦ ɩɪɨɢɡɜɟɞɟɧɢɹ TV ⋅  (ɪɢɫ. 1) – 

ɭɦɟɧɶɲɚɬɶɫɹ. Ʉɚɤ ɜɢɞɧɨ, ɢɦɟɟɬ ɦɟɫɬɨ ɧɟɨɞ-

ɧɨɡɧɚɱɧɨɟ ɜɥɢɹɧɢɟ ɬɨɥɳɢɧɵ ɫɪɟɡɚ a  ɧɚ ɜɬɨ-
ɪɨɟ ɫɥɚɝɚɟɦɨɟ ɡɚɜɢɫɢɦɨɫɬɢ (3), ɚ ɫɥɟɞɨɜɚɬɟ-
ɥɶɧɨ, ɢ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɛɪɚɛɨɬɤɢ C . 

ȼɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɦɨɠɟɬ ɤɚɤ ɭɦɟɧɶɲɚɬɶɫɹ, 
ɬɚɤ ɢ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ 

ɫɪɟɡɚ a . Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ à  (ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɞɚɱɢ S ) ɛɭ-

ɞɟɬ ɨɞɧɨɡɧɚɱɧɨ ɭɦɟɧɶɲɚɬɶɫɹ. ɍɱɢɬɵɜɚɹ ɬɨ, 
ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɨɫɬɚ ɦɚɤɫɢɦɭɦɚ ɩɪɨɢɡ-
ɜɟɞɟɧɢɹ TV ⋅  ɫ ɭɜɟɥɢɱɟɧɢɟɦ a  ɧɢɠɟ ɥɢɧɟɣ-

ɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɬɨ ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɚɪɚɦɟɬ-
ɪɨɜ TVà ⋅⋅  ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ à . ɗɬɨ ɩɪɢɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɜɬɨɪɨɝɨ ɫɥɚɝɚɟɦɨɝɨ ɡɚɜɢɫɢɦɨɫɬɢ (3). ɋɥɟɞɨ-
ɜɚɬɟɥɶɧɨ, ɜ ɨɛɳɟɦ  ɫɥɭɱɚɟ ɦɢɧɢɦɭɦ ɫɟɛɟɫɬɨ-
ɢɦɨɫɬɢ ɨɛɪɚɛɨɬɤɢ C  ɫ ɭɜɟɥɢɱɟɧɢɟɦ a  ɛɭɞɟɬ 
ɭɦɟɧɶɲɚɬɶɫɹ, ɬ.ɟ., ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɫ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

a  ɭɜɟɥɢɱɢɜɚɬɶ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, 
ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɩɪɨɱɧɨɫɬɶɸ ɪɟɠɭɳɟɣ ɱɚɫɬɢ 

ɢɧɫɬɪɭɦɟɧɬɚ. 
 

ɍɱɢɬɵɜɚɹ ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɬɟɩɥɨɜɨɝɨ 
ɮɚɤɬɨɪɚ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫ-
ɫɚ ɪɟɡɚɧɢɹ, ɩɪɨɢɡɜɟɞɟɦ ɟɝɨ ɚɧɚɥɢɬɢɱɟɫɤɭɸ 

ɨɰɟɧɤɭ. Ⱦɥɹ ɷɬɨɝɨ ɩɨɥɭɱɢɦ ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨ-
ɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ q  (ɞɟɣɫɬɜɭɸɳɟɝɨ 
ɧɚ ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɡɰɚ), ɤɨɬɨɪɚɹ 
ɨɩɪɟɞɟɥɹɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɡɚɧɢɹ. Ɋɚɫɫɦɨɬ-
ɪɢɦ ɪɟɡɟɰ ɫ ɧɭɥɟɜɵɦ ɩɟɪɟɞɧɢɦ ɭɝɥɨɦ γ . 

Ɇɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɞɟɣɫɬɜɭɸɳɟɝɨ 
ɧɚ ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɡɰɚ, ɪɚɜɧɚ 
 

1VPN y ⋅= ,                          (4) 

 

ɝɞɟ ɫɠ

2
y

a ɜ
P

tg tg

σ ⋅ ⋅
=

β ⋅ β
− ɪɚɞɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸ-

ɳɚɹ ɫɢɥɵ ɪɟɡɚɧɢɹ, ɇ [4]; ɫɠσ  − ɩɪɟɞɟɥ ɩɪɨɱ-
ɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɇ/ɦ2; ,ɚ ɜ − ɬɨɥɳɢɧɚ ɢ ɲɢɪɢɧɚ ɫɪɟɡɚ, ɦ; β  – 

ɭɫɥɨɜɧɵɣ ɭɝɨɥ ɫɞɜɢɝɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ; ftg /12 =β ; f  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟ-
ɧɢɹ ɫɬɪɭɠɤɢ ɫ ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɟɡɰɚ; 

1V  – ɫɤɨɪɨɫɬɶ ɫɯɨɞɹɳɟɣ ɫɬɪɭɠɤɢ, ɦ/ɫ. 
 

ɋɤɨɪɨɫɬɶ  1V  ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɧɟɪɚɡ-
ɪɵɜɧɨɫɬɢ (ɫɩɥɨɲɧɨɫɬɢ) ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ, ɩɪɟɜɪɚɳɚɟɦɨɝɨ ɜ ɫɬɪɭɠɤɭ: 

11 aVaV ⋅=⋅ , ɝɞɟ 1a − ɬɨɥɳɢɧɚ ɫɬɪɭɠɤɢ, ɦ. 

Ɉɬɤɭɞɚ 
ξ

=
V

V1 , ɝɞɟ 
a

a1=ξ − ɤɨɷɮɮɢɰɢɟɧɬ 

ɭɫɚɞɤɢ ɫɬɪɭɠɤɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɩɪɨɮɟɫɫɨɪɚ Ɍɢɦɟ : γ+
β
γ

=ξ sin
cos

tg
. Ⱦɥɹ ɧɭ-

ɥɟɜɨɝɨ ɩɟɪɟɞɧɟɝɨ ɭɝɥɚ ( 0=γ ), ɢɦɟɟɦ 

β
=ξ

tg

1
. Ɍɨɝɞɚ β⋅= tgVV1  ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  

 

ɫɠN f Q= σ ⋅ ⋅ .                    (5) 

 

Ʉɚɤ ɜɢɞɧɨ, ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ N  

ɜɩɨɥɧɟ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɶɸ ɨɛɪɚɛɨɬɤɢ Q , ɚ ɬɚɤɠɟ ɩɚɪɚɦɟɬ-
ɪɚɦɢ ɫɠσ  ɢ f , ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɢ 

ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɋɥɟɞɨɜɚɬɟɥɶ-
ɧɨ, ɭɦɟɧɶɲɢɬɶ N  ɦɨɠɧɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, 
ɭɦɟɧɶɲɟɧɢɟɦ Q . ɉɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨ-
ɤɚ ɧɚ ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɡɰɚ ɪɚɜɧɚ  
 

ɫɠ f a VN
q

F l

σ ⋅ ⋅ ⋅
= = ,                 (6) 

 

ɝɞɟ F l ɜ= ⋅  − ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɫɬɪɭɠɤɢ ɫ 
ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɟɡɰɚ, ɦ2; l − ɞɥɢɧɚ 
ɤɨɧɬɚɤɬɚ ɫɬɪɭɠɤɢ ɫ ɪɟɡɰɨɦ, ɦ. 

 

ɍɦɟɧɶɲɢɬɶ q  ɦɨɠɧɨ ɭɦɟɧɶɲɟɧɢɟɦ ɩɚɪɚɦɟ-
ɬɪɨɜ a , V  ɢ ɭɜɟɥɢɱɟɧɢɟɦ l . ɗɤɫɩɟɪɢɦɟɧɬɚ-
ɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢ-
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ɧɵ ɫɪɟɡɚ a  ɞɥɢɧɚ l  ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɨɞɧɚɤɨ ɫ 
ɦɟɧɶɲɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ. ɉɨɷɬɨɦɭ ɭɜɟɥɢɱɟ-
ɧɢɟ ɬɨɥɳɢɧɵ ɫɪɟɡɚ a  ɢ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ V  

ɩɪɟɞɩɨɥɚɝɚɟɬ ɭɜɟɥɢɱɟɧɢɟ q  ɢ ɫɨɨɬɜɟɬɫɬɜɟɧ-

ɧɨ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɡɚɧɢɹ. ɋɨɛɫɬɜɟɧɧɨ ɷɬɢɦ ɢ 

ɨɛɴɹɫɧɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɪɨɢɡɜɟɞɟ-
ɧɢɹ ɩɚɪɚɦɟɬɪɨɜ TV ⋅ , ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫ. 1.  

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɲɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɨ-
ɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ ɪɹɞɚ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ɦɚ-
ɲɢɧ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɪɚɛɨ-
ɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɟɤɬɨɪɨɜ ɩɪɟɫɫ-ɮɨɪɦɵ ɞɥɹ 
Ⱦɧɟɩɪɩɨɥɢɦɟɪɦɚɲ (ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɚɜ-
ɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɹ), ɪɢɫ. 3.  

 

 
 

Ɋɢɫ. 3. ɋɟɤɬɨɪ ɜ ɫɛɨɪɟ 
 

ɉɨ ɞɟɣɫɬɜɭɸɳɟɣ ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚɛɨɬɤɚ ɩɪɨɢɡ-
ɜɨɞɢɥɚɫɶ ɜ ɬɟɱɟɧɢɟ 180 ɱɚɫɨɜ. ȼɧɟɞɪɟɧɢɟ ɧɨ-
ɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɢɥɨ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɡɚ 
ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɢ ɭɦɟɧɶɲɟ-
ɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɯɨɞɨɜ ɫɨɤɪɚɬɢɬɶ ɦɚɲɢɧɧɨɟ 
ɜɪɟɦɹ ɞɨ 15,5 ɱɚɫɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɨɫɬɢɝɧɭɬɨ 
ɭɦɟɧɶɲɟɧɢɟ ɦɚɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ ɜ 11,5 ɪɚɡɚ. 
ɗɮɮɟɤɬ ɨɛɭɫɥɨɜɥɟɧ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɟɫɫɢɜ-
ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɪɟɠɭɳɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ Taegutec ɘ. Ʉɨɪɟɹ: ɬɨɪɰɟɜɨɣ ɮɪɟɡɵ 

Ø100 ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɤɪɟɩɥɟɧɢɟɦ ɩɥɚɫɬɢɧ 

SCRM90TN 6100-32R-22; ɤɨɧɰɟɜɨɣ ɮɪɟɡɵ Ø32 

ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɤɪɟɩɥɟɧɢɟɦ ɩɥɚɫɬɢɧ TE90AP 

332-32-17-L; ɫɮɟɪɢɱɟɫɤɨɣ ɮɪɟɡɵ Ø25 c ɦɟɯɚ-
ɧɢɱɟɫɤɢɦ ɤɪɟɩɥɟɧɢɟɦ ɩɥɚɫɬɢɧɵ TBN 250-32M.  

 

ゑ▲çÜÑ▲ 

 

Ɍɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɵ ɭɫɥɨɜɢɹ ɭɦɟɧɶɲɟ-
ɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟ-
ɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɧɚ ɨɫɧɨɜɟ ɜɵɛɨɪɚ ɨɩɬɢɦɚ-
ɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɢɧɫɬɪɭɦɟɧɬɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɪɚɡɪɚɛɨɬɚɬɶ ɷɮ-

ɮɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬ-
ɤɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ɦɚɲɢɧ. 
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