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ȼɂɁɇȺɑȿɇɇə ȾɈȼɀɂɇɂ ɅȿɆȿɒȺ ɌȺ ɋɂɅɂ ɊȱɁȺɇɇə ʉɊɍɇɌɍ ɊȱɁɐəɆɂ 
(ɁɍȻȺɆɂ) ɌɊȺɇɒȿɃɇɂɏ ȿɄɋɄȺȼȺɌɈɊȱȼ 

 

Ʉɪɚɜɟɰɶ ɋ. ȼ.1, Ȼɭɧɞɡɚ Ɉ. Ɂ.2 

1ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɜɨɞɧɨɝɨ   ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ 

 ɋɭɩɨɧєɜ ȼ. Ɇ.3, Ƚɚɩɨɧɨɜ Ɉ. Ɉ.4 

2ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ 

 
Аɧɨɬɚɰіɹ. Ɉɬɪɢɦɚɧɿ ɩɪɨɫɬɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ ɧɚ ɤɪɢɬɢɱɧɿɣ ɝɥɢ-
ɛɢɧɿ ɪɿɡɚɧɧɹ ɪɿɡɰɿɜ, ɳɨ ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɢɬɢ ʀɯ ɨɩɿɪ ɪɿɡɚɧɧɸ. Ɉɬɪɢɦɚɧɿ ɚɩɪɨɤɫɢɦɚɰɿɣɧɿ ɡɚɥɟɠɧɨ-
ɫɬɿ ɳɨɞɨ ɜɿɞɧɨɫɧɨʀ ɞɨɜɠɢɧɢ ɥɟɦɟɲɿɜ ɞɥɹ ɚɫɢɦɟɬɪɢɱɧɨɝɨ ɛɥɨɤɨɜɚɧɨɝɨ ɿ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧ-
ɧɹ rɪɭɧɬɭ ɤɪɚɣɧɿɦɢ ɛɿɱɧɢɦɢ ɪɿɡɰɹɦɢ ɿ ɞɥɹ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɤɪɢɬɢɱɧɨɝɥɢɛɢɧɧɨɝɨ ɪɿɡɚɧɧɹ rɪɭɧɬɭ 
ɫɟɪɟɞɧɿɦɢ ɪɿɡɰɹɦɢ. 
Кɥɸɱɨɜі ɫɥɨɜɚ:  ɞɨɜɠɢɧɚ ɥɟɦɟɲɚ, rɪɭɧɬ, ɪɿɡɚɧɧɹ, ɬɪɚɧɲɟɣɧɢɣ ɟɤɫɤɚɜɚɬɨɪ. 
 

ȼɫɬɭɩ 

ɉɿɞ ɱɚɫ ɝɥɢɛɢɧɧɨɝɨ ɪɨɡɪɨɛɥɟɧɧɹ ʉɪɭɧɬɭ ɜɢ-
ɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɪɨɛɨɱɟ ɨɛɥɚɞɧɚɧɧɹ ɥɟɦɿɲɧɨ-
ɝɨ ɬɢɩɭ. Ʌɟɦɟɲɟɦ ɧɚɡɢɜɚєɬɶɫɹ ɧɢɠɧɹ ɱɚɫɬɢ-
ɧɚ ɪɿɡɰɹ ɛɿɥɹ ɪɿɡɚɥɶɧɨʀ ɤɪɨɦɤɢ, ɳɨ ɤɨɧɬɚɤɬɭє 
ɡ ʉɪɭɧɬɨɦ ɧɟɩɨɪɭɲɟɧɨʀ ɫɬɪɭɤɬɭɪɢ ɜ ɦɨɦɟɧɬ 
ɜɿɞɞɿɥɟɧɧɹ ɟɥɟɦɟɧɬɚ ɫɬɪɭɠɤɢ ɜɿɞ ɦɚɫɢɜɭ. ȼɿɞ 
ɝɟɨɦɟɬɪɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɥɟɦɟɲɚ (ɞɨɜɠɢɧɢ, 
ɲɢɪɢɧɢ ɬɚ ɤɭɬɚ ɪɿɡɚɧɧɹ) ɡɧɚɱɧɨɸ ɦɿɪɨɸ ɡɚ-
ɥɟɠɢɬɶ ɨɩɿɪ ɪɿɡɚɧɧɸ ɪɿɡɰɹ. 
 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

Ⱥɧɚɥɿɡ ɧɚɭɤɨɜɢɯ ɞɠɟɪɟɥ ɿɧɮɨɪɦɚɰɿʀ ɳɨɞɨ 
ɪɿɡɚɧɧɹ rɪɭɧɬɿɜ ɧɨɠɚɦɢ ɧɚ ɝɥɢɛɢɧɭ, ɫɭɦɿɪɧɭ 
ɡ ɤɪɢɬɢɱɧɨɸ, ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɜ, ɳɨ ɞɨɜɠɢɧɚ 
ɥɟɦɟɲɚ ɜɢɡɧɚɱɚɥɚɫɹ ɩɟɪɟɜɚɠɧɨ ɟɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɨ. Ⱦɚɧɿ ɫɩɨɫɬɟɪɟɠɟɧɶ ɦɚɸɬɶ ɨɛɦɟɠɟɧɢɣ 
ɱɚɫɬɤɨɜɢɣ ɯɚɪɚɤɬɟɪ, ɨɫɤɿɥɶɤɢ ɡɚɦɿɪɢ ɞɨɜɠɢ-
ɧɢ ɥɟɦɟɲɚ є ɬɪɭɞɨɦɿɫɬɤɨɸ ɨɩɟɪɚɰɿєɸ ɬɚ ɜ 
ɤɨɠɧɨɦɭ ɤɨɧɤɪɟɬɧɨɦɭ ɜɢɩɚɞɤɭ ʀɯ ɨɬɪɢɦɭɸɬɶ 
ɞɥɹ ɤɨɧɤɪɟɬɧɢɯ ɤɭɬɚ ɪɿɡɚɧɧɹ ɧɨɠɚ ɬɚ ɬɢɩɭ 
ʉɪɭɧɬɭ. Ʉɪɿɦ ɬɨɝɨ, ɧɟ ɿɫɧɭє єɞɢɧɨʀ ɦɟɬɨɞɢɤɢ 
ɜɢɡɧɚɱɟɧɧɹ ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ, ɚ ɪɟɡɭɥɶɬɚɬɢ 
ɞɨɫɥɿɞɠɟɧɶ [1–5] ɧɟ ɜɪɚɯɨɜɭɸɬɶ ɜɫɶɨɝɨ ɤɨɦ-
ɩɥɟɤɫɭ ɮɚɤɬɨɪɿɜ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɞɨɜɠɢɧɭ 
ɥɟɦɟɲɚ ɬɚ ɤɪɨɤ ɜɿɞɞɿɥɟɧɧɹ ɟɥɟɦɟɧɬɿɜ ɫɬɪɭɠɤɢ.  

Ⱦɨɫɢɬɶ ɩɨɲɢɪɟɧɨɸ є ɚɧɚɥɿɬɢɱɧɚ ɛɚɝɚɬɨ-
ɮɚɤɬɨɪɧɚ ɦɨɞɟɥɶ  ɜɢɡɧɚɱɟɧɧɹ ɞɨɜɠɢɧɢ ɥɟ-
ɦɟɲɚ ɞɥɹ ɫɢɦɟɬɪɢɱɧɨɝɨ ɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ 
ʉɪɭɧɬɭ [6], ɚɥɟ ʀʀ ɧɟɦɨɠɥɢɜɨ ɜɢɤɨɪɢɫɬɚɬɢ ɞɥɹ 
ɛɨɤɨɜɢɯ ɪɿɡɰɿɜ ɛɚɝɚɬɨɫɤɪɟɛɤɨɜɢɯ ɥɚɧɰɸɝɨɜɢɯ 
ɬɪɚɧɲɟɣɧɢɯ ɟɤɫɤɚɜɚɬɨɪɿɜ. ɉɪɚɜɿ ɿ ɥɿɜɿ ɛɨɤɨɜɿ 
ɪɿɡɰɿ  ɬɪɚɧɲɟɣɧɢɯ ɟɤɫɤɚɜɚɬɨɪɿɜ ɩɪɚɰɸɸɬɶ ɜ 
ɭɦɨɜɚɯ ɚɫɢɦɟɬɪɢɱɧɨɝɨ ɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɡ 
ɨɛɦɟɠɟɧɧɹɦ ʀɯ ɪɨɛɨɬɢ ɡ ɨɞɧɨɝɨ ɛɨɤɭ ɜɟɪɬɢ-
ɤɚɥɶɧɢɦɢ ɛɨɤɨɜɢɦɢ ɫɬɿɧɤɚɦɢ ɬɪɚɧɲɟʀ, ɚ ɡ 
ɿɧɲɨɝɨ – ɦɚɫɢɜɨɦ ʉɪɭɧɬɭ, ɳɨ ɦɚє ɦɨɠɥɢɜɿɫɬɶ 
ɜɿɥɶɧɨɝɨ ɜɢɯɨɞɭ ɧɚ ɞɟɧɧɭ ɩɨɜɟɪɯɧɸ ɭ ɩɪɨɰɟ-

ɫɿ ɪɭɣɧɭɜɚɧɧɹ. ɐɟ є ɝɚɥɶɦɿɜɧɢɦ ɮɚɤɬɨɪɨɦ 
ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɫɢɥɢ ɨɩɨɪɭ ɪɿɡɚɧɧɹ ɛɨɤɨɜɢɦɢ 
ɪɿɡɰɹɦɢ ɬɚ ɞɥɹ ɡɞɿɣɫɧɟɧɧɹ ɨɩɬɢɦɿɡɚɰɿʀ ɪɨɛɨ-
ɱɨɝɨ ɩɪɨɰɟɫɭ ɛɚɝɚɬɨɫɤɪɟɛɤɨɜɢɯ ɬɪɚɧɲɟɣɧɢɯ 
ɟɤɫɤɚɜɚɬɨɪɿɜ. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɜɢɡɧɚɱɟɧɧɹ ɞɨɜɠɢɧɢ ɥɟ-
ɦɟɲɚ ɬɚ ɫɢɥɢ ɪɿɡɚɧɧɹ ʉɪɭɧɬɭ ɪɿɡɰɹɦɢ (ɡɭɛɚ-
ɦɢ) ɬɪɚɧɲɟɣɧɢɯ ɟɤɫɤɚɜɚɬɨɪɿɜ. 

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɰɿєʀ ɩɪɨɛɥɟɦɢ ɧɟɨɛɯɿɞɧɨ  
ɜɢɡɧɚɱɢɬɢɫɹ ɹɤ ɡ ɬɟɯɧɨɥɨɝɿɱɧɢɦɢ ɨɫɨɛɥɢɜɨɫ-
ɬɹɦɢ ɩɪɨɰɟɫɭ, ɬɚɤ ɿ ɤɨɧɫɬɪɭɤɬɢɜɧɨɸ ɮɨɪɦɨɸ 
ɧɚɤɨɧɟɱɧɢɤɿɜ ɜɢɤɨɧɚɜɱɢɯ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ,  
ɜɢɡɧɚɱɢɬɢ  ɡɚɝɚɥɶɧɭ ɫɬɪɭɤɬɭɪɭ ʀɯ ɜɡɚєɦɨɞɿʀ ɡ 
rɪɭɧɬɨɦ ɬɚ ɧɚ ɨɫɧɨɜɿ ɣɨɝɨ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɢɯ 
ɜɥɚɫɬɢɜɨɫɬɟɣ ɨɬɪɢɦɚɬɢ ɪɚɰɿɨɧɚɥɶɧɭ ɞɨɜɠɢɧɭ 
ɥɟɦɟɲɚ ɿ ɫɢɥɢ ɪɿɡɚɧɧɹ.  

 

ȼɢɡɧɚɱɟɧɧɹ ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ ɬɚ ɫɢɥɢ 
ɪɿɡɚɧɧɹ ɝɪɭɧɬɭ ɪɿɡɰɹɦɢ 

Ɂ ɦɟɬɨɸ ɜɢɡɧɚɱɟɧɧɹ ɝɟɨɦɟɬɪɢɱɧɢɯ ɩɚɪɚ-
ɦɟɬɪɿɜ ɥɟɦɟɲɚ, ɳɨ ɡɞɿɣɫɧɸє ɚɫɢɦɟɬɪɢɱɧɟ 
ɛɥɨɤɨɜɚɧɟ ɪɿɡɚɧɧɹ ʉɪɭɧɬɭ, ɪɨɡɪɨɛɥɟɧɚ ɪɨɡɪɚ-
ɯɭɧɤɨɜɚ ɫɯɟɦɚ (ɪɢɫ. 1). 

ɇɚ ɟɥɟɦɟɧɬɚɪɧɢɣ ɨɛ’єɦ ɟɥɟɦɟɧɬɚ ɫɬɪɭɠɤɢ 
ɜɢɫɨɬɨɸ dh ɜ ɦɨɦɟɧɬ, ɳɨ ɩɟɪɟɞɭє ɩɨɩɟɪɟɞ-
ɧɶɨɦɭ ɜɿɞɞɿɥɟɧɧɸ ɣɨɝɨ ɜɿɞ ɦɚɫɢɜɭ ɝɪɭɧɬɭ, 
ɞɿɸɬɶ  ɫɢɥɢ, ɳɨ ɡɜɟɞɟɧɿ ɭ ɜɟɪɬɢɤɚɥɶɧɭ ɩɥɨ-
ɳɢɧɭ ɈȺȾ (ɪɢɫ. 1, ɚ): ɚɤɬɢɜɧɚ ɫɢɥɚ dN’, ɳɨ 
ɧɚɩɪɚɜɥɟɧɚ ɩɿɞ ɤɭɬɨɦ ɡɨɜɧɿɲɧɶɨɝɨ ɬɟɪɬɹ 
rɪɭɧɬɭ  ɞɨ ɧɨɪɦɚɥɿ ɥɨɛɨɜɨʀ ɩɥɨɳɢɧɢ ɪɿɡɰɹ; 
ɧɨɪɦɚɥɶɧɚ ɪɟɚɤɰɿɹ dNɫ ɿ ɞɨɬɢɱɧɿ ɫɢɥɢ dɌɫ ɬɚ 

21cos ɛɨɤɛɨɤ dTdT   ɭ ɩɥɨɳɢɧɿ ɡɫɭɜɭ ʉɪɭɧɬɭ. ɍ 
ɦɨɦɟɧɬ ɜɿɞɞɿɥɟɧɧɹ ɟɥɟɦɟɧɬɚ ɫɬɪɭɠɤɢ ɜɿɞɛɭ-
ɜɚєɬɶɫɹ ɪɿɜɧɨɜɚɝɚ ɜɫɿɯ ɫɢɥ, ɳɨ ɞɿɸɬɶ ɧɚ ɧɶɨ-
ɝɨ. Ɍɨɞɿ ɫɢɫɬɟɦɚ ɪɿɜɧɹɧɶ ɪɿɜɧɨɜɚɝɢ ɜɫɿɯ ɫɢɥ 
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ɧɚ ɧɨɪɦɚɥɶɧɭ (n) ɿ ɞɨɬɢɱɧɭ () ɨɫɿ ɞɨ ɩɥɨɳɢ-
ɧɢ ɪɭɣɧɭɜɚɧɧɹ ɦɚє ɬɚɤɢɣ ɜɢɞ: 
 

cos 0

cos sin 0
1 2

P dN dN
n c p

P dT dT dT dN
c ɛɨɤ ɛɨɤ p

  

   

          


            

(1) 

 

ɞɟ ɪ – ɤɭɬ ɪɿɡɚɧɧɹ ɪɿɡɰɹ;  – ɤɭɬ ɡɫɭɜɭ 
rɪɭɧɬɭ ɜ ɩɨɡɞɨɜɠɧɿɣ ɩɥɨɳɢɧɿ. 
 

ȱɡ ɩɟɪɲɨɝɨ  ɪɿɜɧɹɧɧɹ ɫɢɫɬɟɦɢ (1) ɜɢɡɧɚɱɚ-
єɦɨ 

 

    


 ppc

dN
NddN cos

cos
cos

 
   

dhqbqdF p
p

pp







sincos

cos

cos

cos 





 (2) 

 

ȼɿɞɨɦɨ [3, 6], ɳɨ ɬɢɫɤ ɜɿɞ ɧɨɠɚ ɪɨɡɩɨɜɫɸ-
ɞɠɭєɬɶɫɹ ɬɿɥɶɤɢ ɜ ɩɥɚɫɬɢɱɧɿɣ ɡɨɧɿ ɈȺȾ ɟɥɟ-
ɦɟɧɬɚ ɫɬɪɭɠɤɢ (ɞɢɜ. ɪɢɫ. 1, ɚ). Ɉɬɠɟ: 

 











pcc

pccɫɟɪ

lhhɹɤɳɨq

lhhɹɤɳɨqq





sin,0

sin,

      (3) 
 

ɞɟ q – ɬɢɫɤ rɪɭɧɬɭ ɧɚ ɥɟɦɿɲ; bp – ɲɢɪɢɧɚ ɪɿɡ-
ɰɹ (ɪɿɡɚɧɧɹ); h – ɩɨɬɨɱɧɟ ɡɧɚɱɟɧɧɹ ɝɥɢɛɢɧɢ; 
hɫ – ɝɥɢɛɢɧɚ ɡɨɧɢ ɫɤɨɥɸɜɚɧɧɹ ʉɪɭɧɬɭ; lc – 

ɞɨɜɠɢɧɚ ɥɟɦɟɲɚ ɜ ɩɟɪɟɯɿɞɧɿɣ ɡɨɧɿ (ɡɨɧɿ 
ɫɬɪɭɠɤɨɭɬɜɨɪɟɧɧɹ). Ɂɚɤɨɧ ɡɦɿɧɢ ɫɟɪɟɞɧɶɨɝɨ 
ɬɢɫɤɭ ɧɚ ɥɟɦɟɲɿ, ɹɤ ɰɟ ɞɨɜɟɞɟɧɨ ɜ [6], ɩɪɢɣ-

ɧɹɬɢɣ ɥɿɧɿɣɧɢɦ ɜɡɞɨɜɠ ɝɥɢɛɢɧɢ ɪɿɡɚɧɧɹ hp: 
 

ɤɪ

pɤɪɤɪ
ɫɟɪ

h

hqq
q 

2

55,0

2

,  (4) 

 

ɞɟ qɤɪ – ɦɚɤɫɢɦɚɥɶɧɢɣ ɬɢɫɤ ɧɚ ɥɟɦɿɲ, ɳɨ ɜɢ-
ɡɧɚɱɚєɬɶɫɹ ɧɟɫɭɱɨɸ ɫɩɪɨɦɨɠɧɿɫɬɸ rɪɭɧɬɭ; 
hɤɪ – ɤɪɢɬɢɱɧɚ ɝɥɢɛɢɧɚ ɪɿɡɚɧɧɹ. 

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ ɪɿɡɰɿɜ ɛɚɝɚɬɨɫɤɪɟɛɤɨɜɢɯ ɬɪɚɧɲɟɣɧɢɯ ɟɤɫɤɚɜɚɬɨ-

ɪɿɜ: ɚ, ɛ  – ɫɯɟɦɢ ɞɿʀ ɫɢɥ ɧɚ ɟɥɟɦɟɧɬ ɫɬɪɭɠɤɢ ɭ ɩɪɨɮɿɥɶɧɿɣ ɿ ɮɪɨɧɬɚɥɶɧɿɣ ɩɥɨɳɢɧɚɯ; ɜ – ɫɯɟɦɚ 
ɪɨɡɩɨɞɿɥɭ ɬɢɫɤɭ ɧɚ ɪɿɡɟɰɶ; ɝ – ɮɨɪɦɚ ɟɥɟɦɟɧɬɚ ɫɬɪɭɠɤɢ ɭ ɪɚɡɿ  ɫɬɚɥɨɝɨ ɪɟɠɢɦɿ ɪɿɡɚɧɧɹ 
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əɤɳɨ hp = hɤɪ 

ɤɪcep qq 78,0 .   (5) 

 

ȿɥɟɦɟɧɬɚɪɧɿ ɞɨɬɢɱɧɿ ɫɢɥɢ, ɳɨ ɞɿɸɬɶ ɭ ɥɨ-
ɛɨɜɿɣ (dTc) ɿ ɛɿɱɧɢɯ ɩɥɨɳɢɧɚɯ (dTɛɨɤ1 ɿ dTɛɨɤ2) 

ɫɤɨɥɸɜɚɧɧɹ, ɜɢɡɧɚɱɚɸɬɶɫɹ ɡɚ ɡɚɤɨɧɨɦ Ʉɭɥɨ-
ɧɚ ɞɥɹ ʉɪɭɧɬɿɜ. Ⱦɥɹ  ɜɢɡɧɚɱɟɧɧɹ ɫɢɥɢ dTɛɨɤ1 ɭ 
ɜɟɪɯɧɶɨɦɭ ɹɪɭɫɿ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɪɟɤɨɦɟɧɞɚɰɿɣ 
[6] ɧɟɨɛɯɿɞɧɨ ɩɪɢɣɧɹɬɢ qɫɟɪ = 0: 

 

ccc cdFdNtgdT  0    (6) 

 

  101 cos ɛɨɤɫɟɪɛɨɤ dFctgqdT       (7) 

 

  202 ɛɨɤcepɛɨɤ dFctgqdT   ,     (8) 

 

ɞɟ dFc, dFɛɨɤ1, dFɛɨɤ2 – ɟɥɟɦɟɧɬɚɪɧɿ ɩɥɨɳɿ  ɥɨ-
ɛɨɜɨʀ ɬɚ ɛɨɤɨɜɢɯ ɩɥɨɳɢɧ ɡɫɭɜɭ;  – ɤɨɟɮɿɰɿ-
єɧɬ ɛɨɤɨɜɨɝɨ ɬɢɫɤɭ ʉɪɭɧɬɭ; 0 – ɤɭɬ ɜɧɭɬɪɿɲ-
ɧɶɨɝɨ ɬɟɪɬɹ rɪɭɧɬɭ. 

ȿɥɟɦɟɧɬɚɪɧɿ ɩɥɨɳɿ ɞɨɪɿɜɧɸɸɬɶ 
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





sinsin

dh
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dh
rbdF cpcpc     (9) 
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dh
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
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sin

,
cos

1



  (10) 
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lhhɹɤɳɨ

dh
ctgctgldF






sin
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sin1



   (11) 

 

  
pcc

pcɛɨɤ

lhhɹɤɳɨ
dhctgctghhdF





sin

,2



   (12) 
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pcc

ppcɛɨɤ

lhhɹɤɳɨ
dhctgctgldF





sin

,sin2



  , (13) 

 

ɞɟ , Ł  – ɤɭɬɢ, ɳɨ ɭɬɜɨɪɸɸɬɶɫɹ ɩɥɨɳɢɧɚɦɢ 
ɡɫɭɜɭ ɡ ɜɟɪɬɢɤɚɥɶɧɨɸ ɩɥɨɳɢɧɨɸ; rc – ɩɨɬɨɱ-
ɧɟ ɡɧɚɱɟɧɧɹ ɪɚɞɿɭɫɚ ɡɫɭɜɭ ʉɪɭɧɬɭ. Ʉɭɬɢ  ɿ  

ɜɢɡɧɚɱɚɸɬɶɫɹ ɡ ɝɟɨɦɟɬɪɢɱɧɢɯ ɫɩɿɜɜɿɞɧɨɲɟɧɶ 
(ɞɢɜ. ɪɢɫ. 1, ɝ): 
 














tg

tg
arcsin ;  (14) 



 2

2

cos111cos
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




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



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






tg

tg  , (15) 

 

ɞɟ Ȗ – ɤɭɬ ɛɨɤɨɜɨɝɨ ɫɤɨɥɸɜɚɧɧɹ rɪɭɧɬɭ ɭ ɜɟɪ-
ɬɢɤɚɥɶɧɿɣ ɮɪɨɧɬɚɥɶɧɿɣ ɩɥɨɳɢɧɿ ɜɢɡɧɚɱɚєɬɶɫɹ 
ɜɿɞɩɨɜɿɞɧɨ ɞɨ [7]. 

Ⱦɥɹ ɩɿɞɫɭɦɤɭ ɫɢɥ ɜɡɞɨɜɠ ɛɨɤɨɜɨʀ ɩɨɜɟɪɯ-
ɧɿ ɟɥɟɦɟɧɬɚ ɫɬɪɭɠɤɢ ɩɿɞɫɬɚɜɥɹєɦɨ ɜɢɪɚɡɢ 
(6)–(8) ɜ ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɫɢɫɬɟɦɢ (1) ɬɚ ɡ ɭɪɚ-
ɯɭɜɚɧɧɹɦ ɪɿɜɧɨɫɬɟɣ (2), (9)–(13) ɩɪɨɿɧɬɟɝɪɭ-
єɦɨ ɣɨɝɨ ɜ ɦɟɠɚɯ ɜɿɞ 0 ɞɨ hc: 
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(16) 

 

ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ ɜɢɪɚɡɭ (16) ɬɚ ɡɞɿɣɫ-
ɧɟɧɧɹ ɩɪɨɦɿɠɧɢɯ ɦɚɬɟɦɚɬɢɱɧɢɯ ɩɟɪɟɬɜɨɪɟɧɶ 
ɦɚєɦɨ ɤɜɚɞɪɚɬɧɟ ɪɿɜɧɹɧɧɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ ɜ ɩɟɪɟɯɿɞɧɿɣ ɡɨɧɿ ɜɟɪɯɧɶɨɝɨ 
ɹɪɭɫɭ: 
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c c
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ch h
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sin

 

    
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      .          (17) 

 

Ⱦɿɣɫɧɟ ɪɨɡɜ’ɹɡɚɧɧɹ ɪɿɜɧɹɧɧɹ (17), ɳɨ ɜɿɞ-
ɩɨɜɿɞɚє ɮɿɡɢɱɧɨɦɭ ɡɦɿɫɬɭ ɬɚ ɪɟɚɥɶɧɢɦ ɩɚɪɚ-
ɦɟɬɪɚɦ ɩɪɨɰɟɫɭ ɪɿɡɚɧɧɹ, ɡɚɩɢɫɭєɦɨ ɬɚɤɢɦ 
ɱɢɧɨɦ: 

 

2 4
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* * * *
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B B A C
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  
 ,  (18) 
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ɞɟ 
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2

2

p

* p cep

p

* p p c ɫɟɪ ɪ

c c
* p

sin
A ctg ctg q tg cos c ;

sin
B sin ctg ctg c h q b ;

cos cos

ch hɋ b ctg
sin


    
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 
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
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 
           (19) 

ɞɟ 
p

b  – ɲɢɪɢɧɚ ɤɪɚɣɧɿɯ ɛɨɤɨɜɢɯ ɪɿɡɰɿɜ. 

Ɋɨɡɜ’ɹɡɚɧɧɹ (18) ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɟ 
ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ ɹɤ ɭ ɜɢɩɚɞ-
ɤɭ ɚɫɢɦɟɬɪɢɱɧɨɝɨ ɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɜ ɜɟɪ-
ɯɧɶɨɦɭ ɹɪɭɫɿ, ɬɚɤ ɿ ɭ ɪɚɡɿ ɫɢɦɟɬɪɢɱɧɨɝɨ ɛɥɨ-
ɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɿ ɡ ɭɬɜɨɪɟɧɧɹɦ ɩɪɨɪɿɡɭ ɡ ɜɟɪ-
ɬɢɤɚɥɶɧɢɦɢ ɫɬɿɧɤɚɦɢ ɭ ɧɢɠɧɶɨɦɭ ɹɪɭɫɿ. Ⱦɥɹ 
ɜɢɡɧɚɱɟɧɧɹ ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ ɜ ɜɟɪɯɧɶɨɦɭ 
ɹɪɭɫɿ ɤɨɟɮɿɰɿєɧɬ Ⱥ* ɜɢɪɚɯɨɜɭєɬɶɫɹ ɡɚ  ɭɦɨɜɢ 

0ɫɟɪq cos   , ɚ ρ≠0, ɚ ɜ ɧɢɠɧɶɨɦɭ ɹɪɭɫɿ – ɡɚ 

ɭɦɨɜɢ, ɹɤɳɨ 0ɫɟɪq  , 
2

  , ρ = 0 ɿ cosŁ = 1 

[6]. 

Ⱦɥɹ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɫɟɪɟɞɧɿɦɢ 
ɪɿɡɰɹɦɢ ɜ ɫɢɫɬɟɦɿ (1) ɧɟɨɛɯɿɞɧɨ ɩɪɢɣɧɹɬɢ 
dTɛɨɤ2 = 0, ρ ≠ 0. Ɍɨɞɿ ɤɨɟɮɿɰɿєɧɬɢ ɤɜɚɞɪɚɬɧɨ-
ɝɨ ɪɿɜɧɹɧɧɹ (17) ɦɚɬɢɦɭɬɶ ɬɚɤɢɣ ɜɢɞ:     
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Ⱦɥɹ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɤɪɚɣɧɿɦɢ 
ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ ɜ ɫɢɫɬɟɦɿ (1) ɧɟɨɛɯɿɞɧɨ 
ɩɪɢɣɧɹɬɢ dTɛɨɤ1 = 0, ρ = 0 ɿ ɤɨɟɮɿɰɿєɧɬɢ  ɤɜɚɞ-
ɪɚɬɧɨɝɨ ɪɿɜɧɹɧɧɹ (17) ɩɟɪɟɩɢɫɭɸɬɶɫɹ ɬɚɤɢɦ 
ɱɢɧɨɦ: 
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 (21) 

ɭ ɡɚɥɟɠɧɨɫɬɿ  (19) ɿ (21)  
 

 ɫ p p ɩɟɪh a n b k    ,  (22) 

ɞɟ ɚ , n  – ɤɨɟɮɿɰɿєɧɬɢ ɚɩɪɨɤɫɢɦɚɰɿʀ; 
p

b  – 

ɲɢɪɢɧɚ ɤɪɚɣɧɿɯ ɛɨɤɨɜɢɯ ɪɿɡɰɿɜ;  kɩɟɪ – ɩɟɪɟ-
ɯɿɞɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɜɿɞ ɤɪɢɬɢɱɧɨʀ ɝɥɢɛɢɧɢ hɤɪ 

ɞɨ ɝɥɢɛɢɧɢ ɫɤɨɥɸɜɚɧɧɹ hɫ [1, 6]. 

ɍ ɡɚɥɟɠɧɨɫɬɿ (20) ɞɥɹ ɜɟɪɯɧɶɨɝɨ ɹɪɭɫɭ ɧɟ-
ɨɛɯɿɞɧɨ ɩɪɢɣɧɹɬɢ 0ɫɟɪq  . 

ɍ ɪɿɜɧɨɫɬɿ (18) є ɧɟɜɿɞɨɦɢɣ ɩɚɪɚɦɟɬɪ ψ, 

ȼɢɡɧɚɱɚєɦɨ ɣɨɝɨ ɧɚ ɨɫɧɨɜɿ ɩɪɢɩɭɳɟɧɧɹ, ɳɨ 
ɤɨɠɧɨɝɨ ɪɚɡɭ, ɹɤɳɨ  

p ɤɪh h  , ɡɧɚɱɟɧɧɹ ɤɭɬɚ 

ɡɫɭɜɭ ȥ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨ 
ɨɩɿɪ ɡɫɭɜɭ ɟɥɟɦɟɧɬɚ ɫɬɪɭɠɤɢ, ɚ ɨɬɠɟ, ɿ ɨɩɿɪ 
ɪɿɡɚɧɧɸ ɛɭɞɭɬɶ ɦɿɧɿɦɚɥɶɧɿ [6]. ɍ ɡɚɝɚɥɶɧɨɦɭ 
ɜɢɩɚɞɤɭ ɨɩɿɪ ɪɿɡɚɧɧɸ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɱɟɪɟɡ 
ɩɨɜɧɭ ɞɨɜɠɢɧɭ ɥɟɦɟɲɚ 0 9 0 95L cl l , ... , : 

 

 1
cep L p p ɫɟɪ L p p cep L p p pP q l b sin fq l b cos q l b sin fctg       ,

 (23) 

 

ɞɟ f – ɤɨɟɮɿɰɿєɧɬ ɡɨɜɧɿɲɧɶɨɝɨ ɬɟɪɬɹ rɪɭɧɬɭ 

(f  = tgφ). 

ɉɪɨɞɢɮɟɪɟɧɰɿɸєɦɨ ɜɢɪɚɡ (23) ɡɚ ɤɭɬɨɦ ȥ: 

 

 1 0L
cep p p p

dP dl
q b sin fctg

d d
 

 
    .(24) 

 

Ɉɬɠɟ, 0
L

dl d   ɿ 
L

l min , ɨɫɤɿɥɶɤɢ ɡɚ 

ɭɦɨɜɢ, ɤɨɥɢ 
L

l mɚɯ , ɬɨ Ɋmax, ɚ ɰɟ ɫɭɩɟɪɟɱɢɬɶ 

ɭɦɨɜɿ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɧɚɱɟɧɧɹ ɤɭɬɚ ȥ ɜɢɡɧɚ-
ɱɚєɬɶɫɹ ɦɿɧɿɦɚɥɶɧɨɸ ɞɨɜɠɢɧɨɸ ɥɟɦɟɲɚ. 

ɏɚɪɚɤɬɟɪɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ 
ɜɿɞ ɤɭɬɿɜ ɡɫɭɜɭ ɟɥɟɦɟɧɬɿɜ ɫɬɪɭɠɤɢ rɪɭɧɬɿɜ ɞɥɹ 
ɪɿɡɧɢɯ ɤɭɬɿɜ ɪɿɡɚɧɧɹ ɪɿɡɰɿɜ ɧɚɜɟɞɟɧɿ ɧɚ ɪɢɫ. 2. 
Ʉɭɬ ɡɫɭɜɭ rɪɭɧɬɭ ɿɧɬɟɪɩɨɥɸєɬɶɫɹ ɥɿɧɿɣɧɨɸ 
ɫɩɚɞɧɨɸ ɡɚɥɟɠɧɿɫɬɸ 

p
a k    , ɞɟ αȥ ɿ  

kȥ – ɤɨɟɮɿɰɿєɧɬɢ ɿɧɬɟɪɩɨɥɹɰɿʀ, ɳɨ ɩɨɞɚɧɿ ɜ 
ɬɚɛɥɢɰɿ, ɚ αɪ – ɤɭɬ ɪɿɡɚɧɧɹ ɜ ɝɪɚɞɭɫɚɯ. 

ɇɚ ɪɢɫ. 3–5 ɧɚɜɟɞɟɧɿ ɡɚɥɟɠɧɨɫɬɿ ɦɿɧɿɦɚɥɶ-
ɧɨʀ ɜɿɞɧɨɫɧɨʀ (ɞɨ ɲɢɪɢɧɢ ɥɟɦɟɲɚ) ɞɨɜɠɢɧɢ 
ɥɟɦɟɲɿɜ ɪɿɡɰɿɜ  ɞɥɹ ɚɫɢɦɟɬɪɢɱɧɨɝɨ ɛɥɨɤɨɜɚ-
ɧɨɝɨ ɪɿɡɚɧɧɹ ɤɪɚɣɧɿɦɢ ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ, ɞɥɹ 
ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɫɟɪɟɞɧɿɦɢ ɪɿɡɰɹɦɢ 
ɬɚ ɞɥɹ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɤɪɚɣɧɿɦɢ 
ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ. Ƚɪɚɮɿɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɩɨ-
ɞɚɧɿ ɞɥɹ ɧɚɩɿɜɬɜɟɪɞɢɯ ɫɭɝɥɢɧɤɭ ɬɚ ɝɥɢɧɢ, ɚ 
ɬɚɤɨɠɞɥɹ  ɬɜɟɪɞɨɝɨ ɫɭɩɿɫɤɭ ɞɥɹ ɤɭɬɿɜ ɪɿɡɚɧɧɹ 
ɪɿɡɰɹ – 20–50°. 
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Ɋɢɫ. 2.  Ɂɚɥɟɠɧɿɫɬɶ ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ ɪɿɡɰɿɜ ɜɿɞ ɤɭɬɚ ɡɫɭɜɭ ɟɥɟɦɟɧɬɿɜ rɪɭɧɬɨɜɨʀ ɫɬɪɭɠɤɢ 

 
Ɍɚɛɥɢɰɹ 1 – Ɂɧɚɱɟɧɧɹ ɿɧɬɟɪɩɨɥɸɸɱɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ 

 

ɋɯɟɦɚ  
ɪɿɡɚɧɧɹ 

Ɍɢɩ rɪɭɧɬɭ 

Ⱥɫɢɦɟɬɪɢɱɧɟ ɛɥɨɤɨɜɚɧɟ 
ɪɿɡɚɧɧɹ ɤɪɚɣɧɿɦɢ 

ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ 

ɇɚɩɿɜɛɥɨɤɨɜɚɧɟ 
ɪɿɡɚɧɧɹ ɫɟɪɟɞɧɿɦɢ 

ɪɿɡɰɹɦɢ 

ɇɚɩɿɜɛɥɨɤɨɜɚɧɟ 
ɪɿɡɚɧɧɹ ɤɪɚɣɧɿɦɢ 

ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ 

αȥ kȥ αȥ kȥ αȥ kȥ 

ɇɚɩɿɜɬɜɟɪɞɢɣ ɫɭɝɥɢɧɨɤ 52,2 0,17 52,0 0,20 62,1 0,36 

ɇɚɩɿɜɬɜɟɪɞɚ ɝɥɢɧɚ 55,8 0,23 53,5 0,20 59,2 0,27 

Ɍɜɟɪɞɢɣ ɫɭɩɿɫɨɤ 51,0 0,20 50,8 0,23 60,5 0,40 

 

 

 

 

Ɋɢɫ. 3. Ɂɚɥɟɠɧɿɫɬɶ ɦɿɧɿɦɚɥɶɧɨʀ ɜɿɞɧɨɫɧɨʀ ɞɨɜɠɢɧɢ  ɥɟɦɟɲɿɜ ɜɿɞ ɤɭɬɚ ɪɿɡɚɧɧɹ ɪɿɡɰɿɜ ɞɥɹ ɚɫɢɦɟɬ-
ɪɢɱɧɨɝɨ  ɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɤɪɚɣɧɿɦɢ ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ 
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Ɋɢɫ. 4. Ɂɚɥɟɠɧɿɫɬɶ ɦɿɧɿɦɚɥɶɧɨʀ ɜɿɞɧɨɫɧɨʀ ɞɨɜɠɢɧɢ  ɥɟɦɟɲɿɜ ɜɿɞ ɤɭɬɚ ɪɿɡɚɧɧɹ ɪɿɡɰɿɜ ɞɥɹ ɧɚɩɿɜɛ-
ɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɫɟɪɟɞɧɿɦɢ ɪɿɡɰɹɦɢ 

 

 
 

Ɋɢɫ. 5. Ɂɚɥɟɠɧɿɫɬɶ ɦɿɧɿɦɚɥɶɧɨʀ ɜɿɞɧɨɫɧɨʀ ɞɨɜɠɢɧɢ  ɥɟɦɟɲɿɜ ɜɿɞ ɤɭɬɚ ɪɿɡɚɧɧɹ ɪɿɡɰɿɜ ɞɥɹ ɧɚɩɿɜ-

ɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɤɪɚɣɧɿɦɢ ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ 

 

Ⱥɧɚɥɿɡ ɡɚɥɟɠɧɨɫɬɟɣ ɞɨɡɜɨɥɢɜ ɜɫɬɚɧɨɜɢɬɢ, 
ɳɨ ɜɿɞɧɨɫɧɚ ɞɨɜɠɢɧɚ ɥɟɦɟɲɚ ɡɚɥɟɠɢɬɶ ɜɿɞ 
ɫɯɟɦɢ ɬɚ ɤɭɬɚ ɪɿɡɚɧɧɹ ɪɿɡɰɿɜ ɿ ɮɿɡɢɤɨ-

ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ʉɪɭɧɬɿɜ. Ɍɚɤ, ɭ ɪɚɡɿ 
ɡɦɿɧɢ ɤɭɬɚ ɪɿɡɚɧɧɹ ɪɿɡɰɿɜ ɜɿɞ 20° ɞɨ 50° ɜɿɞ-
ɧɨɫɧɚ ɞɨɜɠɢɧɚ ɥɟɦɟɲɿɜ ɡɦɟɧɲɭєɬɶɫɹ: ɞɥɹ 
ɫɯɟɦɢ ɚɫɢɦɟɬɪɢɱɧɨɝɨ ɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ 
ɤɪɚɣɧɿɦɢ ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ ɜɿɞ 3,52 ɞɨ 1,63 
ɞɥɹ ɧɚɩɿɜɬɜɟɪɞɢɯ ɫɭɝɥɢɧɤɭ ɬɚ ɝɥɢɧɢ ɬɚ ɜɿɞ 
2,52 ɞɨ 0,93 ɞɥɹ ɬɜɟɪɞɨɝɨ ɫɭɩɿɫɤɭ; ɞɥɹ ɫɯɟɦɢ 
ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ ɫɟɪɟɞɧɿɦɢ ɪɿɡɰɹɦɢ 
ɜɿɞ 33,3 ɞɨ 6,66 ɞɥɹ ɧɚɩɿɜɬɜɟɪɞɢɯ ɫɭɝɥɢɧɤɭ ɬɚ 
ɝɥɢɧɢ ɬɚ ɜɿɞ 47,2 ɞɨ 7,27 ɞɥɹ ɬɜɟɪɞɨɝɨ ɫɭɩɿɫ-
ɤɭ; ɞɥɹ ɫɯɟɦɢ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ 
ɤɪɚɣɧɿɦɢ ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ ɜɿɞ 1,8 ɞɨ 1,5 ɞɥɹ 

ɧɚɩɿɜɬɜɟɪɞɨʀ ɝɥɢɧɢ, ɜɿɞ 1,33 ɞɨ 1,12  ɞɥɹ ɧɚ-
ɩɿɜɬɜɟɪɞɨɝɨ ɫɭɝɥɢɧɤɭ ɬɚ ɜɿɞ 0,87 ɞɨ 0,66 ɞɥɹ 
ɬɜɟɪɞɨɝɨ ɫɭɩɿɫɤɭ. 

Ⱥɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɚɩɪɨɤɫɢɦɭɸɬɶɫɹ ɡ 
ɞɨɫɬɚɬɧɶɨɸ ɞɥɹ ɩɪɚɤɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɬɨɱ-
ɧɿɫɬɸ (ɞɥɹ ɤɪɚɣɧɿɯ ɛɨɤɨɜɢɯ ɪɿɡɰɿɜ – ɞɨ 2,0 %, 
ɚ ɞɥɹ ɫɟɪɟɞɧɿɯ – ɞɨ 7,0 %) ɡɚɥɟɠɧɨɫɬɹɦɢ, ɳɨ 
ɩɨɞɚɧɿ ɧɚ ɪɢɫ. 3–5, ɹɤɳɨ ɤɭɬ ɪɿɡɚɧɧɹ ɜ ɝɪɚɞɭ-
ɫɚɯ. əɤɳɨ ɤɭɬ ɪɿɡɚɧɧɹ ɩɿɞɫɬɚɜɥɹɬɢ ɜ ɪɚɞɿɚɧɚɯ, 
ɦɚєɦɨ ɬɚɤɿ ɡɚɥɟɠɧɨɫɬɿ: 

– ɞɥɹ ɫɯɟɦɢ ɚɫɢɦɟɬɪɢɱɧɨɝɨ ɛɥɨɤɨɜɚɧɨɝɨ 
ɪɿɡɚɧɧɹ ɤɪɚɣɧɿɦɢ ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ αɪ ɜ ɪɚɞ: 

ɧɚɩɿɜɬɜɟɪɞɿ ɫɭɝɥɢɧɨɤ ɿ ɝɥɢɧɚ: 
 4 78 3 61min

ɪ
ɚɛɥ.

l
, ,

b



 


,       (25) 
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ɬɜɟɪɞɢɣ ɫɭɩɿɫɨɤ: 
 

3 586 3 05min
ɪ

ɚɛɥ

l
, ,

b



 


;   (26) 

 

– ɞɥɹ ɫɯɟɦɢ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ 
ɫɟɪɟɞɧɿɦɢ ɪɿɡɰɹɦɢ: 

ɧɚɩɿɜɬɜɟɪɞɿ ɫɭɝɥɢɧɨɤ ɿ ɝɥɢɧɚ: 

 

2124 11 202 47 88 4min
ɪ ɪ

ɧɛɥ.

l
, , ,

b
    ,         (27) 

 

ɬɜɟɪɞɢɣ ɫɭɩɿɫɨɤ: 
 

2 04

5 508
min

,

ɧɛɥ. ɪ

l ,

b 
 ;                               (28) 

– ɞɥɹ ɫɯɟɦɢ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɪɿɡɚɧɧɹ  
ɤɪɚɣɧɿɦɢ ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ: 

ɧɚɩɿɜɬɜɟɪɞɚ ɝɥɢɧɚ: 
 

 21 64 1 43 1 5min
ɪ ɪ

ɧɛɥ.

l
, , ,

b
 


   


,       (29) 

 

ɧɚɩɿɜɬɜɟɪɞɢɣ ɫɭɝɥɢɧɨɤ: 
   

1 47 0 4min
ɪ

ɧɛɥ.

l
, ,

b



 


,   (30) 

 

ɬɜɟɪɞɢɣ ɫɭɩɿɫɨɤ: 
    

1 012 0 4min
ɪ

ɧɛɥ.

l
, ,

b



 


.      (31) 

 

ɋɩɚɞɧɿ ɡɚɥɟɠɧɨɫɬɿ ɧɚ ɪɢɫ. 3–5 ɦɨɠɧɚ ɩɨ-
ɹɫɧɢɬɢ ɬɚɤɢɦ ɱɢɧɨɦ: ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɤɭɬɚ 
ɪɿɡɚɧɧɹ ɪɿɡɰɹ ɪɿɜɧɨɫɬɿ (22) ɡɦɟɧɲɭєɬɶɫɹ ɤɪɢ-
ɬɢɱɧɚ ɝɥɢɛɢɧɚ ɪɿɡɚɧɧɹ, ɚ ɨɬɠɟ, ɿ ɞɨɜɠɢɧɚ ɥɟ-
ɦɟɲɚ. əɤɳɨ ɡɛɿɥɶɲɭєɬɶɫɹ ɲɢɪɢɧɚ ɥɟɦɟɲɚ, 
ɬɨ ɿ ɩɪɹɦɨ ɩɪɨɩɨɪɰɿɣɧɨ ɡɛɿɥɶɲɭєɬɶɫɹ ɤɪɢɬɢ-
ɱɧɚ ɝɥɢɛɢɧɚ ɪɿɡɚɧɧɹ ɪɿɡɰɹ, ɚ ɨɬɠɟ, ɿ ɣɨɝɨ  
ɞɨɜɠɢɧɚ. 

 

ȼɢɫɧɨɜɤɢ 

1. Ɉɬɪɢɦɚɧɿ ɩɪɨɫɬɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚ-
ɱɟɧɧɹ ɞɨɜɠɢɧɢ ɥɟɦɟɲɚ ɧɚ ɤɪɢɬɢɱɧɿɣ ɝɥɢɛɢɧɿ 
ɪɿɡɚɧɧɹ ɪɿɡɰɿɜ, ɳɨ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɢɬɢ 
ʀɯ ɨɩɿɪ ɪɿɡɚɧɧɸ ɡɚ ɡɚɥɟɠɧɿɫɬɸ (23). 

2. ȼɿɞɧɨɫɧɚ ɞɨɜɠɢɧɚ ɥɟɦɟɲɿɜ ɪɿɡɰɿɜ ɜɿɞ ʀɯ 
ɤɭɬɚ ɪɿɡɚɧɧɹ ɧɚ ɤɪɢɬɢɱɧɿɣ ɝɥɢɛɢɧɿ ɞɥɹ ɚɫɢɦɟ-
ɬɪɢɱɧɨɝɨ ɛɥɨɤɨɜɚɧɨɝɨ ɬɚ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ 
ɪɿɡɚɧɧɹ rɪɭɧɬɭ ɤɪɚɣɧɿɦɢ ɛɨɤɨɜɢɦɢ ɪɿɡɰɹɦɢ 
ɨɩɢɫɭєɬɶɫɹ ɥɿɧɿɣɧɨɸ ɫɩɚɞɧɨɸ, ɚ ɞɥɹ ɧɚɩɿɜ-

ɬɜɟɪɞɨʀ ɝɥɢɧɢ – ɫɩɚɞɧɨɸ ɤɜɚɞɪɚɬɧɨ-ɩɚɪɚ-

ɛɨɥɿɱɧɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ. 

3. Ⱦɥɹ ɧɚɩɿɜɛɥɨɤɨɜɚɧɨɝɨ ɤɪɢɬɢɱɧɨ ɝɥɢɛɢɧ-
ɧɨɝɨ ɪɿɡɚɧɧɹ rɪɭɧɬɭ ɫɟɪɟɞɧɿɦɢ ɪɿɡɰɹɦɢ ɜɿɞɧɨ-
ɫɧɚ ɞɨɜɠɢɧɚ ɥɟɦɟɲɿɜ ɨɩɢɫɭєɬɶɫɹ ɤɜɚɞɪɚɬɧɨ-

ɩɚɪɚɛɨɥɿɱɧɨɸ ɫɩɚɞɧɨɸ ɮɭɧɤɰɿєɸ, ɚ ɞɥɹ ɬɜɟɪ-
ɞɨɝɨ ɫɭɩɿɫɤɭ – ɫɬɟɩɟɧɟɜɨɸ ɡɚɥɟɠɧɿɫɬɸ. 
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Determination of the length of the ploughshare 

and the intensity of soil cutting by the cutters 
(teeth) of trench excavators 
Abstract. Analysis of the literary sources of infor-

mation about deep cutting of the soil showed that the 

length of the ploughshare was determined mainly 

experimentally. Analytical calculations will give pos-

sibility to solve an important problem with the reduc-

tion of the energy costs of the development of trench-

es using rational parameters of chain excavators 
working equipment. Based on the results of the re-

search simple dependencies were received to deter-

mine the length of the ploughshare on the critical 

depth of cut that help to determine their resistance to 

cutting. Approximations of the length dependence of 

shares were received for asymmetric blocked and 

semi-blocked soil cutting by outside lateral cutters 

and semi-blocked critical-depth soil cutting by medi-
um-sized cutters. In the methodology of calculations 

there are the ideas of mechanics of loose media and 
physico-mechanical properties of soils. Practical 

significance of obtained results of the work is in the 

possibility of choice in the process of adopting tech-

nical solution for creating efficient equipment of 

chain excavators. Recommendations are based on 

original technical solutions and design of work 

equipment, which allow to considerably increase the 

efficiency of laying engineering communications. 
Key words: plowshare, soil, cutting, trench 

excavator.  
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Ɉɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧɵ ɥɟɦɟɯɚ ɢ ɫɢɥɵ ɪɟɡɚɧɢɹ 
ɝɪɭɧɬɚ ɪɟɡɰɚɦɢ (ɡɭɛɚɦɢ) ɬɪɚɧɲɟɣɧɢɯ  
ɷɤɫɤɚɜɚɬɨɪɨɜ 
Аɧɧɨɬɚɰɢɹ. Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɝɥɭɛɨɤɨɦ ɪɟɡɚɧɢɢ ɝɪɭɧɬɚ ɩɨɤɚɡɚɥ, 
ɱɬɨ ɞɥɢɧɚ ɥɟɦɟɯɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɨ. ɉɨɥɭɱɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɞɚɫɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɢɬɶ ɜɚɠɧɭɸ ɩɪɨɛɥɟɦɭ, ɫɜɹɡɚɧ-
ɧɭɸ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɪɚɡɪɚɛɨɬɤɢ 
ɬɪɚɧɲɟɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɰɟɩɧɵɯ ɷɤɫɤɚɜɚ-
ɬɨɪɨɜ. ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵ-
ɥɢ ɩɨɥɭɱɟɧɵ ɩɪɨɫɬɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɞɥɢɧɵ ɥɟɦɟɯɚ ɧɚ ɤɪɢɬɢɱɟɫɤɨɣ ɝɥɭɛɢɧɟ ɪɟɡɚ-
ɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɢɯ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ ɩɪɨɰɟɫɫɭ. ɉɨɥɭɱɟɧɵ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧ-
ɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɢɧɵ ɥɟɦɟɯɨɜ ɞɥɹ ɚɫɢɦɦɟɬ-
ɪɢɱɧɨɝɨ ɛɥɨɤɢɪɨɜɚɧɧɨɝɨ ɢ ɩɨɥɭɛɥɨɤɢɪɨɜɚɧɧɨɝɨ 
ɪɟɡɚɧɢɹ ɝɪɭɧɬɚ ɤɪɚɣɧɢɦɢ ɛɨɤɨɜɵɦɢ ɪɟɡɰɚɦɢ ɢ 
ɞɥɹ ɩɨɥɭɛɥɨɤɢɪɨɜɚɧɧɨɝɨ ɤɪɢɬɢɱɟɫɤɢ ɝɥɭɛɢɧɧɨɝɨ 
ɪɟɡɚɧɢɹ ɝɪɭɧɬɚ ɫɪɟɞɧɢɦɢ ɪɟɡɰɚɦɢ. ȼ ɨɫɧɨɜɟ ɦɟ-
ɬɨɞɨɥɨɝɢɢ ɪɚɫɱёɬɨɜ ɡɚɥɨɠɟɧɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ 
ɦɟɯɚɧɢɤɟ ɫɵɩɭɱɢɯ ɫɪɟɞ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜɚɯ ɝɪɭɧɬɨɜ. Пɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨ-
ɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɛɨɪɚ ɧɚ ɫɬɚɞɢɢ ɩɪɢɧɹɬɢɹ ɬɟɯ-
ɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɩɨ ɫɨɡɞɚɧɢɸ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɰɟɩɧɵɯ ɷɤɫɤɚɜɚɬɨɪɨɜ. ȼ ɨɫɧɨɜɟ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɥɟɠɚɬ ɨɪɢɝɢ-
ɧɚɥɶɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɤɥɚɞɤɢ 
ɢɧɠɟɧɟɪɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ. 
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