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3. ПРИНЦИП РАБОТЫ РЕЖУЩИХ АППАРАТОВ 

ɇɨɠɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɤɨɪɧɟɪɟɡɤɚɯ, ɛɵɜɚɸɬ ɫɥɟɞɭɸɳɢɯ ɜɢɞɨɜ:                    
ɫ ɩɪɹɦɨɥɢɧɟɣɧɵɦ ɥɟɡɜɢɟɦ, ɫ ɝɪɟɛɟɧɱɚɬɵɦ ɥɟɡɜɢɟɦ, ɫ ɤɪɢɜɨɥɢɧɟɣɧɵɦ 

ɥɟɡɜɢɟɦ ɢɥɢ ɫɨɜɨɱɤɨɨɛɪɚɡɧɵɟ. 
ɉɥɨɫɤɢɣ ɧɨɠ ɫɨ ɫɩɥɨɲɧɵɦ ɥɟɡɜɢɟɦ (ɪɢɫ. 2.39, ) ɞɚёɬ ɫɬɪɭɠɤɭ ɜ

ɜɢɞɟ ɲɢɪɨɤɢɯ ɥɨɦɬɟɣ ɬɨɥɳɢɧɨɣ h, ɡɚɜɢɫɹɳɟɣ ɨɬ ɭɫɬɚɧɨɜɤɢ ɧɨɠɚ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ, ɞɢɫɤɚ ɢɥɢ ɛɚɪɚɛɚɧɚ, ɲɢɪɢɧɨɣ b, ɪɚɜɧɨɣ ɲɢɪɢɧɟ
ɩɪɨɞɭɤɬɚ, ɢ ɞɥɢɧɨɣ l, ɞɨɫɬɢɝɚɸɳɟɣ ɢɫɯɨɞɧɨɣ ɞɥɢɧɵ ɱɚɫɬɢɰ ɩɪɨɞɭɤɬɚ. 
Ɍɚɤɚɹ ɮɨɪɦɚ ɢ ɪɚɡɦɟɪɵ ɫɬɪɭɠɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɤɨɪɦɥɟ-
ɧɢɹ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ. 

Ƚɪɟɛɟɧɱɚɬɵɣ ɧɨɠ (ɪɢɫ. 2.39, ) ɨɬɪɟɡɚɟɬ ɫɬɪɭɠɤɭ ɜ ɜɢɞɟ ɭɡɤɢɯ ɩɨ-
ɥɨɫɨɤ ɲɢɪɢɧɨɣ b1, ɪɚɜɧɨɣ ɲɢɪɢɧɟ ɝɪɟɛɧɹ, ɬɨɥɳɢɧɨɣ h, ɪɚɜɧɨɣ ɜɵɫɨɬɟ
ɭɫɬɚɧɨɜɤɢ, ɢ ɞɥɢɧɨɣ l, ɪɚɜɧɨɣ ɞɥɢɧɟ ɱɚɫɬɢɰ ɩɪɨɞɭɤɬɚ. Ɍɚɤɚɹ ɫɬɪɭɠɤɚ
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɤɨɪɦɥɟɧɢɹ ɦɨɥɨɞɧɹɤɚ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ
ɫɤɨɬɚ ɢ ɫɜɢɧɟɣ. Ƚɪɟɛɟɧɱɚɬɵɟ ɧɨɠɢ ɡɚɤɪɟɩɥɹɸɬ ɧɚ ɞɢɫɤɟ ɢɥɢ ɛɚɪɚɛɚɧɟ 
ɫɨ ɫɦɟɳɟɧɢɟɦ ɩɨ ɞɥɢɧɟ ɨɞɢɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɝɨ ɧɚ ɜɟɥɢɱɢɧɭ, ɪɚɜ-
ɧɭɸ ɲɢɪɢɧɟ b1 ɝɪɟɛɧɹ. ɉɪɢ ɬɚɤɨɣ ɭɫɬɚɧɨɜɤɟ ɝɪɟɛɧɢ ɩɟɪɜɨɝɨ ɧɨɠɚ ɫɧɢ-

ɦɚɸɬ ɫɬɪɭɠɤɭ ɲɢɪɢɧɨɣ b1 ɢ ɬɨɥɳɢɧɨɣ h, ɚ ɝɪɟɛɧɢ ɜɬɨɪɨɝɨ ɧɨɠɚ ɫɪɟ-
ɡɚɸɬ ɨɫɬɚɸɳɢɟɫɹ ɜɵɫɬɭɩɵ. 

Ⱦɟɣɫɬɜɢɟ ɧɨɠɟɣ ɤɨɪɧɟɪɟɡɨɤ ɩɪɢɧɹɬɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɞɟɣɫɬɜɢɟ 
ɨɫɬɪɵɯ ɤɥɢɧɶɟɜ, ɩɟɪɟɦɟɳɚɸɳɢɯɫɹ ɜ ɩɟɪɟɪɟɡɚɟɦɨɦ ɤɨɪɦɟ. ȼ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɤɥɢɧɚ (ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɢɥɢ ɩɨɞ ɭɝɥɨɦ ɤ ɧɚɩɪɚɜ-
ɥɟɧɢɸ ɞɜɢɠɟɧɢɹ) ɪɚɡɥɢɱɚɸɬ ɫɤɨɥɶɡɹɳɟɟ ɢ ɪɭɛɹɳɟɟ ɪɟɡɚɧɢɟ, ɤɨɬɨɪɨɟ
ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɪɧɟɪɟɡɤɚɯ. 

ȼ ɩɟɪɜɵɣ ɦɨɦɟɧɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɢɟɣ ȼ. ɉ. Ƚɨɪɹɱɤɢɧɚ ɧɨɠ 

(ɤɥɢɧ) ɫ ɭɝɥɨɦ ɡɚɬɨɱɤɢ α (ɪɢɫ. 2.40), ɜɧɟɞɪɹɹɫɶ ɜ ɦɚɬɟɪɢɚɥ, ɩɨɞ ɞɟɣɫɬ-
ɜɢɟɦ ɫɢɥɵ  ɫɠɢɦɚɟɬ ɫɬɪɭɠɤɭ ɧɚ ɩɭɬɢ . 

                               )                              )                                  ) 

Ɋɢɫ. 2.39. Ɍɢɩɵ ɧɨɠɟɣ ɤɨɪɧɟɪɟɡɨɤ: 

 – ɩɪɹɦɨɣ ɧɨɠ ɫɨ ɫɩɥɨɲɧɵɦ ɥɟɡɜɢɟɦ;  

 – ɩɪɹɦɨɣ ɧɨɠ ɫ ɝɪɟɛɟɧɱɚɬɵɦ ɥɟɡɜɢɟɦ;  

 – ɫɨɜɨɱɤɨɨɛɪɚɡɧɵɣ ɧɨɠ 
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ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɥɢ-

ɧɢɢ ɫɤɚɥɵɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɬɪɭɠɤɢ ɨɩɟɪɟ-
ɠɚɸɬ ɥɟɡɜɢɟ ɤɥɢɧɚ ɢ ɫɧɚɱɚɥɚ ɭɝɥɭɛɥɹɸɬɫɹ ɜ 
ɬɨɥɳɭ ɦɚɬɟɪɢɚɥɚ, ɚ ɡɚɬɟɦ ɧɚɩɪɚɜɥɹɸɬɫɹ 
ɜɜɟɪɯ. Ɉɞɧɚɤɨ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɪɵɜ ɧɟ 
ɞɨɯɨɞɢɬ ɢ ɭɤɨɪɨɱɟɧɢɹ ɷɥɟɦɟɧɬɚ ɫɬɪɭɠɤɢ ɧɟ 
ɧɚɛɥɸɞɚɟɬɫɹ, ɬ.ɟ. l = l1. Ⱦɥɢɧɚ ɷɥɟɦɟɧɬɨɜ 
ɫɬɪɭɠɤɢ l ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɬɨɥɳɢɧɵ ɫɬɪɭɠɤɢ h ɢ ɭɝɥɚ ɡɚɬɨɱɤɢ α ɢ ɩɨɱ-
ɬɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɢ ɬɨɥɳɢ-

ɧɵ ɥɟɡɜɢɹ ɧɨɠɚ. 
ɉɭɬɶ ɭɩɥɨɬɧɟɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ ȼ. ɉ. Ƚɨɪɹɱɤɢɧɚ: 
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ɝɞɟ h – ɬɨɥɳɢɧɚ ɫɬɪɭɠɤɢ, ɦ; ϕ = 35...40° – ɭɝɨɥ ɬɪɟɧɢɹ ɦɚɬɟɪɢɚɥɚ                
ɨ ɝɪɚɧɢ ɤɥɢɧɚ, ɝɪɚɞ; α – ɭɝɨɥ ɪɟɡɚɧɢɹ, ɝɪɚɞ. 

ɍɫɢɥɢɹ ɪɟɡɚɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɧɚ ɨɫɧɨɜɟ ɪɚɰɢɨɧɚɥɶɧɨɣ ɮɨɪɦɭɥɵ           

ȼ. ɉ. Ƚɨɪɹɱɤɢɧɚ: 
 

vPPP ++= ɞ0 ,                                     (2.90) 
 

ɝɞɟ  – ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɟɡɚɧɢɸ, ɇ; 0P  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɡɚɜɢ-

ɫɹɳɟɟ ɨɬ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɲɢɪɢɧɵ ɫɬɪɭɠɤɢ ɢ ɬɨɥɳɢɧɵ ɥɟɡɜɢɹ, ɇ; 

ɞP  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɪɚɜɧɨɟ ɭɫɢɥɢɸ ɞɟɮɨɪɦɚɰɢɢ ɫɬɪɭɠɤɢ, ɇ;                

v  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɪɚɜɧɨɟ ɭɫɢɥɢɸ ɧɚ ɨɬɞɟɥɟɧɢɟ ɫɬɪɭɠɤɢ ɢ ɫɨɨɛɳɟ-
ɧɢɟ ɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɇ. 

ɋɨɫɬɚɜɥɹɸɳɢɟ ɨɛɳɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɡɚɧɢɸ ɨɩɪɟɞɟɥɹɸɬ ɢɡ 
ɜɵɪɚɠɟɧɢɣ, ɩɪɟɞɥɨɠɟɧɧɵɯ Ƚ. ɂ. ɇɨɜɢɤɨɜɵɦ: 

 

δ= cbtkɦ0 ;  hbkP ɞɞ = ;  2025,0 hbvPv = ,               (2.91) 
 

ɝɞɟ ɦk  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɦɚɬɟɪɢɚɥɚ: ɞɥɹ ɫɜёɤɥɵ – 10,4; ɦɨɪɤɨɜɢ – 7,5; ɤɚɪɬɨɮɟɥɹ – 6,5;                     

b = 120...180 ɦɦ – ɲɢɪɢɧɚ ɫɬɪɭɠɤɢ ɢɥɢ ɞɥɢɧɚ ɧɨɠɚ; t  = 0,03...0,10 ɦɦ – 

ɬɨɥɳɢɧɚ ɥɟɡɜɢɹ ɧɨɠɚ; c – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ: ɞɥɹ ɫɜёɤɥɵ – 0,53; ɦɨɪ-
ɤɨɜɢ – 0,5; ɤɚɪɬɨɮɟɥɹ – 0,55; δ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɢɥɢ 

ɨɬɧɨɲɟɧɢɟ ɩɭɬɢ a ɭɩɥɨɬɧɟɧɢɹ ɤ ɞɥɢɧɟ l ɷɥɟɦɟɧɬɚ ɫɬɪɭɠɤɢ; ɞk  = 1,5...2,0 – 

 
 

Ɋɢɫ. 2.40. ɋɯɟɦɚ  
ɜɧɟɞɪɟɧɢɹ ɤɥɢɧɚ  

ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɪɭɠɤɢ
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ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɮɨɪɦɚɰɢɢ ɫɬɪɭɠɤɢ; h – ɬɨɥɳɢɧɚ ɫɬɪɭɠɤɢ, ɦ; v – ɫɤɨ-
ɪɨɫɬɶ ɪɟɡɚɧɢɹ (ɧɨɠɚ), ɦ/ɫ. 

ɍɫɢɥɢɟ ɪɟɡɚɧɢɹ ɞɨ ɧɚɱɚɥɚ ɜɧɟɞɪɟɧɢɹ ɧɨɠɚ ɜ ɦɚɬɟɪɢɚɥ ɪɚɜɧɨ ɧɭ-
ɥɸ. ɉɨ ɦɟɪɟ ɩɪɨɞɜɢɠɟɧɢɹ ɧɨɠɚ ɨɧɨ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɢ ɜ ɦɨɦɟɧɬ 
ɫɤɚɥɵɜɚɧɢɹ ɩɚɞɚɟɬ ɞɨ ɧɭɥɹ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ. 

ɋɨɜɨɱɤɨɨɛɪɚɡɧɵɟ ɧɨɠɢ (ɪɢɫ. 2.40, ) ɨɬɪɟɡɚɸɬ ɫɬɪɭɠɤɭ ɜ ɜɢɞɟ ɭɡ-
ɤɢɯ ɩɨɥɨɫɨɤ ɩɨɥɭɨɜɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ. ȼɵɫɨɬɚ ɢ ɲɢɪɢɧɚ ɫɬɪɭɠɤɢ ɡɞɟɫɶ
ɡɚɜɢɫɹɬ ɨɬ ɪɚɡɦɟɪɨɜ ɫɨɜɨɱɤɨɜ ɢ ɭɫɬɚɧɨɜɤɢ ɧɨɠɟɣ, ɚ ɞɥɢɧɚ ɪɚɜɧɚ ɞɥɢɧɟ
ɱɚɫɬɢɰ ɩɪɨɞɭɤɬɚ. Ʉɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɫɨɜɨɱɤɨɨɛɪɚɡɧɵɯ ɧɨɠɟɣ ɜɵɲɟ, ɱɟɦ
ɝɪɟɛɟɧɱɚɬɵɯ, ɬɚɤ ɤɚɤ ɡɞɟɫɶ ɥɟɡɜɢɹ ɢ ɩɟɪɜɨɝɨ, ɢ ɜɬɨɪɨɝɨ ɧɨɠɟɣ ɬɨɥɶɤɨ
ɨɬɪɟɡɚɸɬ ɫɬɪɭɠɤɭ, ɚ ɧɟ ɨɬɪɵɜɚɸɬ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɢɯ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ 
ɫɥɨɠɧɨɫɬɶ ɡɚɬɨɱɤɢ. 

Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɤɪɵɥɚɱɚ ɪɟɠɭɳɟɝɨ 
ɚɩɩɚɪɚɬɚ ɞɢɫɤɨɜɨɣ ɤɨɪɧɟɪɟɡɤɢ ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɭɫɥɨɜɢɹ ɫɤɨɪɨɫɬɢ ɩɨɞ-
ɯɨɞɚ ɩɪɨɞɭɤɬɚ ɤ ɧɨɠɚɦ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɤɨɪɧɟɤɥɭɛɧɟɩɥɨɞɨɜ ɜɞɨɥɶ ɥɨ-
ɩɚɫɬɢ ɧɚ ɧɢɯ ɞɟɣɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɫɢɥɵ (ɪɢɫ. 2.41): ɬɹɠɟɫɬɢ mg; ɬɪɟ-
ɧɢɹ fmg, ɜɨɡɧɢɤɚɸɳɚɹ ɨɬ ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɬɹɠɟɫɬɢ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ
ɩɪɨɞɭɤɬɚ ɩɨ ɞɢɫɤɭ ɤɪɵɥɚɱɚ; ɬɪɟɧɢɹ ɤɨɪɧɟɩɥɨɞɨɜ ɩɨ ɥɨɩɚɫɬɢ 2fmωv0, 

ɜɨɡɧɢɤɚɸɳɚɹ ɨɬ ɫɢɥɵ Ʉɨɪɢɨɥɢɫɚ 2mωv0, ɢ ɰɟɧɬɪɨɛɟɠɧɚɹ mωRp. 
ɉɟɪɟɦɟɳɟɧɢɟ ɩɪɨɞɭɤɬɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɧɨɠɟɣ ɜɨɡɦɨɠɧɨ ɜ ɬɨɦ 

ɫɥɭɱɚɟ, ɟɫɥɢ ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ ɛɨɥɶɲɟ ɫɢɥ ɬɪɟɧɢɹ, ɬ.ɟ. 

p
2

021 2 Rmvmfmgf ω≤ω+ ,                            (2.92) 

ɝɞɟ f1 ɢ f2 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɪɟɧɢɹ ɤɨɪɧɟɤɥɭɛɧɟɩɥɨɞɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ
ɩɨ ɞɢɫɤɭ ɢ ɩɨ ɥɨɩɚɫɬɢ; m – ɦɚɫɫɚ ɦɚɬɟɪɢɚɥɚ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɤɚɦɟɪɟ
ɪɟɡɚɧɢɹ, ɤɝ; v0 – ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɨɞɭɤɬɚ ɤ ɧɨɠɚɦ, ɦ/ɫ; Rp – 
ɪɚɞɢɭɫ ɤɚɦɟɪɵ ɪɟɡɚɧɢɹ, ɦ. 

Ɋɢɫ. 2.41. ɋɯɟɦɚ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɤɨɪɧɟɤɥɭɛɧɟɩɥɨɞɵ,  

ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɤɪɵɥɚɱɟ 
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ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɢɫɤɨɜ ɢ ɥɨɩɚɫɬɟɣ ɢɡ ɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ f1 = f2 = f. 

ɇɚ ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɨɞɭɤɬɚ ɤ ɧɨɠɚɦ ɜɥɢɹɟɬ ɬɨɥɳɢɧɚ 
ɫɬɪɭɠɤɢ h, ɱɢɫɥɨ ɧɨɠɟɣ z, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɪɵɥɚɱɚ n. ȿё ɨɩɪɟɞɟɥɹɸɬ
ɩɨ ɮɨɪɦɭɥɟ 

hznv =0 .                                           (2.93) 

ɉɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ v0 ɜ ɧɟɪɚɜɟɧɫɬɜɨ (2.92) ɢ ɜɵɪɚɡɢɜ ɜ 
ɧёɦ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɱɟɪɟɡ 2πn, ɩɨɥɭɱɢɦ 

hnznfRnfg π−π≤ 2p
22   ɢɥɢ  )( p

2 fhzRnfg −ππ≤ .        (2.94) 

Ɋɟɲɚɹ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ n, ɧɚɣɞёɦ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫ-
ɬɢɦɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɞɢɫɤɚ: 

)( p fhzR

fg
n −ππ= .                                  (2.95) 

Ɋɚɫɱёɬ ɩɪɢɧɹɬɨ ɜɟɫɬɢ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɤɨɥɢɱɟɫɬɜɚ ɨɛɴёɦɚ ɩɪɨɞɭɤ-
ɬɚ, ɨɬɪɟɡɚɟɦɨɝɨ ɪɚɛɨɱɟɣ ɱɚɫɬɶɸ ɡɚ ɨɞɢɧ ɩɨɥɧɵɣ ɨɛɨɪɨɬ ɞɢɫɤɚ (ɪɢɫ. 2.42). 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɞɥɹ ɥɸɛɨɝɨ ɪɨɞɚ ɧɨɠɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɝɨɪɢ-

ɡɨɧɬɚɥɶɧɨ-ɞɢɫɤɨɜɵɯ ɢɡɦɟɥɶɱɢɬɟɥɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ρ= nVQ i ,                                           (2.96) 

ɝɞɟ Q – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɝ/ɫ; iV  – ɨɛɴёɦ ɩɪɨɞɭɤɬɚ, ɨɬɪɟɡɚɟɦɨɝɨ
ɧɨɠɚɦɢ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ, ɦ3; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɫ–1; ρ – ɨɛɴёɦɧɚɹ 
ɦɚɫɫɚ ɩɪɨɞɭɤɬɚ, ɤɝ/ɦ3; i – ɫɬɭɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ. 

                                         )                                                ) 

Ɋɢɫ. 2.42. Ɋɚɫɱёɬ ɞɢɫɤɨɜɨɝɨ ɢɡɦɟɥɶɱɚɸɳɟɝɨ ɚɩɩɚɪɚɬɚ: 
1 – ɡɚɝɪɭɡɨɱɧɚɹ ɜɨɪɨɧɤɚ; 2 – ɜɟɪɬɢɤɚɥɶɧɵɣ ɧɨɠ; 3 – ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɧɨɠ;  

4 – ɜɟɪɯɧɢɣ ɞɢɫɤ; 5 – ɧɢɠɧɢɣ ɞɢɫɤ ɫ ɥɨɩɚɬɤɚɦɢ 
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Ɉɛɴёɦ ɩɪɨɞɭɤɬɚ 1V  (ɦ3), ɨɬɪɟɡɚɟɦɨɝɨ ɧɨɠɚɦɢ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɞɥɹ 
ɩɟɪɜɢɱɧɨɣ ɫɬɭɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ: 

 

211111 kkzHFV = ,                                      (2.97) 
 

ɝɞɟ 1F  – ɩɥɨɳɚɞɶ, ɨɱɟɪɱɢɜɚɟɦɚɹ ɧɨɠɨɦ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɜɚɥɚ, ɦ2; 1H  – 

ɬɨɥɳɢɧɚ ɪɟɡɤɢ, ɦ (ɫɦ. ɪɢɫ. 2.42); 1z  – ɤɨɥɢɱɟɫɬɜɨ ɧɨɠɟɣ ɧɚ ɩɟɪɜɨɣ 

ɫɬɭɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ, ɲɬ.; 1k  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɢɧɵ 

ɥɟɡɜɢɹ ɧɨɠɚ, 85,0...75,01 =k ; 2k  – ɤɨɧɫɬɪɭɬɤɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɧɨɠɟɣ, 9,0...8,02 =k . 

Ⱦɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɩɥɨɳɚɞɶ, ɨɱɟɪɱɢɜɚɟɦɚɹ ɧɨɠɨɦ 

ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɜɚɥɚ: 
 ( )

4

2
1

2
2

1

DD
F

−π= ,                                    (2.98) 

 

ɝɞɟ 1D , 2D  – ɞɢɚɦɟɬɪɵ ɞɨ ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɤɪɨɦɨɤ ɧɨɠɟɣ, ɦ 

(ɫɦ. ɪɢɫ. 2.42). 

Ɉɛɴёɦ ɩɪɨɞɭɤɬɚ 2V  (ɦ3), ɨɬɪɟɡɚɟɦɨɝɨ ɧɨɠɚɦɢ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɞɥɹ 
ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ: 

 

212222 kkzhFV = ,                                      (2.99) 
 

ɝɞɟ 2F  – ɩɥɨɳɚɞɶ, ɨɱɟɪɱɢɜɚɟɦɚɹ ɧɨɠɨɦ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɜɚɥɚ, ɦ2; 2h  – 

ɬɨɥɳɢɧɚ ɪɟɡɤɢ, ɦ; 2z  – ɤɨɥɢɱɟɫɬɜɨ ɧɨɠɟɣ ɧɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɢɡɦɟɥɶ-
ɱɟɧɢɹ, ɲɬ. 

ɉɥɨɳɚɞɶ 2F , ɨɱɟɪɱɢɜɚɟɦɚɹ ɧɨɠɨɦ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɜɚɥɚ: 
 

22 DHF π= ,                                       (2.100) 
 

ɝɞɟ D  – ɞɢɚɦɟɬɪ ɤɚɦɟɪɵ ɪɟɡɚɧɢɹ, ɦ; 2H  – ɜɵɫɨɬɚ ɜɟɪɬɢɤɚɥɶɧɨɝɨ              
ɧɨɠɚ, ɦ. 

Ɇɨɳɧɨɫɬɶ N, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɢɜɨɞɚ ɞɢɫɤɨɜɨɝɨ ɢɡɦɟɥɶɱɢɬɟɥɹ, 
ɫɨɫɬɚɜɥɹɟɬ 

 

21 NNN += ,                                      (2.101) 
 

ɝɞɟ N1 – ɦɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɢɜɨɞɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɢɡɦɟɥɶ-
ɱɢɬɟɥɹ, ȼɬ; N2 – ɦɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɢɜɨɞɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 

ɢɡɦɟɥɶɱɢɬɟɥɹ, ȼɬ. 
Ɇɨɳɧɨɫɬɶ N1 ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɪɟɡɚɧɢɟ ɤɨɪɧɟɩɥɨɞɨɜ (Np1), ɧɚ ɩɪɟɨɞɨ-

ɥɟɧɢɟ ɫɢɥ ɬɪɟɧɢɹ ɤɨɪɧɟɩɥɨɞɨɜ ɨ ɞɢɫɤ (Nɬɪ1) ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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η
+= 1ɬɪp1

1

NN
N ,                                   (2.102) 

 

ɝɞɟ η = 0,95 – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ. 

Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɪɟɡɚɧɢɟ ɤɨɪɧɟɩɥɨɞɨɜ, ɪɚɜɧɚ  
 

111p1 vkzPN = ,                                    (2.103) 

 

ɝɞɟ P1 – ɫɢɥɚ ɪɟɡɚɧɢɹ, ɇ; v – ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, ɦ/ɫ.  
ɋɢɥɚ ɪɟɡɚɧɢɹ ɪɚɜɧɚ 

 

ɧ01 LqP = ,                                        (2.104) 
 

ɝɞɟ q0 – ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɨɠɚ ɧɚ ɢɡɦɟɥɶɱɚɟɦɵɣ ɦɚɬɟɪɢɚɥ, ( ) 3
0 100,2...5,1 ⋅=q  ɇ/ɦ; Lɧ – ɞɥɢɧɚ ɥɟɡɜɢɹ ɧɨɠɚ, ɦ. 

ɉɨɫɤɨɥɶɤɭ ɬɨɱɤɚ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥɵ ɪɟɡɚɧɢɹ P1 ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ 2/3 ɪɚɞɢɭɫɚ ɨɬ ɰɟɧɬɪɚ ɧɨɠɟɜɨɝɨ ɞɢɫɤɚ, ɬɨ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 32 2nDv π= , ɦ/ɫ. 

Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ ɬɪɟɧɢɹ ɤɨɪɧɟɩɥɨ-
ɞɨɜ ɨ ɞɢɫɤ ɪɚɜɧɚ 

 

3

2 2ɤ
ɬɪ1

β= ngfDM
N ,                                (2.105) 

 

ɝɞɟ ɤ – ɦɚɫɫɚ ɤɨɪɧɟɩɥɨɞɨɜ, ɩɨɫɬɨɹɧɧɨ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɪɢёɦɧɨɦ ɛɭɧ-

ɤɟɪɟ ɢɡɦɟɥɶɱɢɬɟɥɹ, ɤɝ; f = 0,6 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɤɨɪɧɟɩɥɨɞɨɜ ɨ 
ɞɢɫɤ; β = 0,3…0,4 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɦɟɧɶɲɟɧɢɟ ɫɢɥɵ 

ɧɨɪɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ ɫɱёɬ ɪɟɠɭɳɟɝɨ ɢ ɨɬɬɚɥɤɢɜɚɸɳɟɝɨ ɞɟɣɫɬɜɢɹ 
ɧɨɠɟɣ. 

Ɇɨɳɧɨɫɬɶ N2, ɡɚɬɪɚɱɢɜɚɟɦɭɸ ɧɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɢɡɦɟɥɶɱɢɬɟɥɹ, 
ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

 

ɬɪ3ɬɪ2p22 NNNN ++= ,                            (2.106) 

 

ɝɞɟ Np2 – ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɪɟɡɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɡɦɟɥɶ-
ɱёɧɧɨɝɨ ɩɪɨɞɭɤɬɚ, ȼɬ; Nɬɪ2 – ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ 
ɫɢɥ ɬɪɟɧɢɹ ɩɪɨɞɭɤɬɚ ɨ ɞɢɫɤ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɢɡɦɟɥɶɱɢɬɟɥɹ, ȼɬ; Nɬɪ3 – 

ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥɵ ɬɪɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɨ 
ɫɬɟɧɤɢ ɤɨɪɩɭɫɚ, ȼɬ. 

Ɇɨɳɧɨɫɬɶ Np2, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɪɟɡɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɡɦɟɥɶ-
ɱёɧɧɨɝɨ ɩɪɨɞɭɤɬɚ: 

 

102220p2 knkDzLqN π= ,                            (2.107) 



ɝɞɟ L2 – ɞɥɢɧɚ ɧɚɝɪɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɥɟɡɜɢɹ ɧɨɠɚ, ɦ; 0k  – ɤɨɷɮɮɢɰɢ-

ɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɧɚ ɧɨɠɢ. 

Ɇɨɳɧɨɫɬɶ Nɬɪ2, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ ɬɪɟɧɢɹ ɩɪɨ-
ɞɭɤɬɚ ɨ ɞɢɫɤ ɚɩɩɚɪɚɬɚ ɜɬɨɪɢɱɧɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ, ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 10% 

ɦɨɳɧɨɫɬɢ, ɪɚɫɯɨɞɭɟɦɨɣ ɧɚ ɪɟɡɚɧɢɟ: Nɬɪ2 = 0,1Nɪ2. 

Ɇɨɳɧɨɫɬɶ Nɬɪ3, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ ɬɪɟɧɢɹ ɩɪɨ-
ɞɭɤɬɚ ɨ ɫɬɟɧɤɢ ɤɚɦɟɪɵ ɢɡɦɟɥɶɱɟɧɢɹ ɧɚ ɚɩɩɚɪɚɬɟ ɜɬɨɪɢɱɧɨɝɨ ɪɟɡɚɧɢɹ: 

2

6,25 2
ɬɪ3

βπ= GgnfD
N ,                             (2.108) 

ɝɞɟ 25,6 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɯɚɪɚɤɬɟɪ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɡ-
ɦɟɥɶɱёɧɧɵɯ ɤɨɪɧɟɩɥɨɞɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɚɩɩɚɪɚɬɟ ɜɬɨɪɢɱɧɨɝɨ ɪɟɡɚ-
ɧɢɹ, ɫ ɞɟɤɨɣ ɢ ɫɬɟɧɤɚɦɢ ɤɚɦɟɪɵ ɢɡɦɟɥɶɱɟɧɢɹ. 

ɗɧɟɪɝɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɦɨɣɤɢ ɢ ɢɡɦɟɥɶɱɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɪ-
ɧɟɤɥɭɛɧɟɦɨɟɱɧɵɯ ɦɚɲɢɧ ɫɨɫɬɚɜɥɹɟɬ 1,5...2,0 ɤȼɬ⋅ɱ/ɬ. 
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