
Вісник ХНАДУ, вип. 90, 2020 

 
73

ɍȾɄ 629.113.012.5                                           DOI: 10.30977/BUL.2219-5548.2020.90.0.73 

 

ȾɂɇȺɆІɄȺ ȺȼɌɈɆɈȻІɅə Ɂ ȺȼɌɈɆȺɌɂЧɇɈɘ ȻȿɁɋɌɍɉІɇЧȺɋɌɈɘ  

ɄɈɊɈȻɄɈɘ ɉȿɊȿȾȺЧ 

 

ɉɨɞɪɢɝɚɥɨ Ɇ. Ⱥ., Ʉɨɪяɤ Ɉ. Ɉ.  

Хɚɪɤɿɜɫьɤɢɣ ɧɚɰɿɨɧɚɥьɧɢɣ ɚɜɬɨɦɨɛɿɥьɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ 
 

Аɧɨɬаɰіɹ. У ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɭєɬɶɫɹ ɞɢɧɚɦɿɤɚ ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨɦɨɛɿɥɹ, ɨɛɥɚɞɧɚɧɨɝɨ ɛɟɡɫɬɭɩɿɧ-

ɱɚɫɬɨɸ ɚɜɬɨɦɚɬɢɱɧɨɸ ɤɨɪɨɛɤɨɸ ɩɟɪɟɞɚɱ ɿ ɞɜɢɝɭɧɨɦ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɹɧɧɹ, ɳɨ ɩɪɚɰɸє ɧɚ 

ɩɨɫɬɿɣɧɨɦɭ ɲɜɢɞɤɿɫɧɨɦɭ ɪɟɠɢɦɿ. Ɉɬɪɢɦɚɧɨ ɪɨɡɪɚɯɭɧɤɨɜɿ ɡɚɥɟɠɧɨɫɬɿ, ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ ɤɿɥɶɤɿɫ-
ɧɨ ɨɰɿɧɢɬɢ ɜɩɥɢɜ ɩɚɪɚɦɟɬɪɿɜ ɚɜɬɨɦɨɛɿɥɹ ɧɚ ɞɢɧɚɦɿɤɭ ɣɨɝɨ ɪɨɡɝɚɧɹɧɧɹ. Сɮɨɪɦɭɥɶɨɜɚɧɨ ɪɟɤɨɦɟ-
ɧɞɚɰɿʀ ɳɨɞɨ ɩɨɥɿɩɲɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɤɨɧɨɦɿɱɧɨɫɬɿ ɣ ɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟ ɚɜɬɨɦɨɛɿɥɿɜ. 
Клɸɱɨві ɫлɨва: ɤɨɪɨɛɤɚ ɩɟɪɟɞɚɱ, ɞɜɢɝɭɧ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɹɧɧɹ, ɤɪɭɬɧɢɣ ɦɨɦɟɧɬ, ɩɟɪɟɞɚɬɧɟ 
ɱɢɫɥɨ, ɞɢɧɚɦɿɤɚ ɪɨɡɝɚɧɹɧɧɹ. 
 

ȼɫɬɭɩ 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɛɟɡɫɬɭɩɿɧɱɚɫɬɢɯ ɤɨɪɨɛɨɤ 

ɩɟɪɟɞɚɱ ɞɨɡɜɨɥɹє ɩɨɥɿɩɲɢɬɢ ɩɨɤɚɡɧɢɤɢ ɟɧɟɪ-

ɝɟɬɢɱɧɨʀ ɟɤɨɧɨɦɿɱɧɨɫɬɿ ɣ ɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢ-

ɜɨɫɬɟɣ ɚɜɬɨɦɨɛɿɥɿɜ. 

Ɂɚɫɬɨɫɭɜɚɧɧɹ ɛɟɡɫɬɭɩɿɧɱɚɫɬɨʀ ɤɨɪɨɛɤɢ ɩɟ-
ɪɟɞɚɱ ɞɨɡɜɨɥɹє ɡɚɛɟɡɩɟɱɢɬɢ ɪɨɛɨɬɭ ɞɜɢɝɭɧɚ 
ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɹɧɧɹ (ȾȼɁ) ɧɚ ɩɨɫɬɿɣɧɨɦɭ 

ɲɜɢɞɤɿɫɧɨɦɭ ɪɟɠɢɦɿ, ɬɨɛɬɨ ɡɚ ɭɦɨɜɢ ɩɨɫɬɿɣ-

ɧɨʀ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ. 
ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɟɮɟɤɬɢɜɧɚ ɩɨɬɭɠɧɿɫɬɶ ɞɜɢ-

ɝɭɧɚ ɦɨɠɟ ɡɦɿɧɸɜɚɬɢɫɹ ɜɿɞ ɫɜɨɝɨ ɦɿɧɿɦɚɥɶɧɨ-

ɝɨ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ. ɍ ɪɚɡɿ ɪɨɛɨɬɢ 

ɞɜɢɝɭɧɚ ɧɚ ɩɨɫɬɿɣɧɨɦɭ ɲɜɢɞɤɿɫɧɨɦɭ ɪɟɠɢɦɿ 
ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨɦɨɛɿɥɹ ɛɭɞɟ ɡɞɿɣɫɧɸɜɚɬɢɫɹ ɡɚ 
ɭɦɨɜɢ ɛɟɡɫɬɭɩɿɧɱɚɫɬɨɝɨ ɡɦɟɧɲɟɧɧɹ ɩɟɪɟɞɚ-
ɬɨɱɧɨɝɨ ɱɢɫɥɚ ɤɨɪɨɛɤɢ ɜɿɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɧɹ ɞɨ ɦɿɧɿɦɚɥɶɧɨɝɨ. ȿɤɨɧɨɦɿɹ ɟɧɟɪɝɿʀ 
ɪɟɚɥɿɡɭєɬɶɫɹ ɡɚɜɞɹɤɢ ɡɚɛɟɡɩɟɱɟɧɧɸ ɪɨɛɨɬɢ 

ȾȼɁ ɧɚ ɨɩɬɢɦɚɥɶɧɢɯ ɲɜɢɞɤɿɫɧɢɯ ɪɟɠɢɦɚɯ, ɚ 
ɬɚɤɨɠ ɡɚ ɭɦɨɜɢ ɧɟɜɪɚɯɭɜɚɧɧɹ ɜɢɬɪɚɬ ɧɚ ɪɨɡ-
ɝɚɧɹɧɧɹ ɨɛɟɪɬɨɜɢɯ ɦɚɫ ɞɜɢɝɭɧɚ ɩɿɞ ɱɚɫ ɩɟɪɟ-
ɦɢɤɚɧɧɹ ɩɟɪɟɞɚɱ ɿ ɡɦɿɧɢ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ 
ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ. 

ɍ ɧɚɲɿɣ ɫɬɚɬɬɿ ɞɨɫɥɿɞɠɟɧɚ ɞɢɧɚɦɿɤɚ ɪɨɡ-
ɝɚɧɹɧɧɹ ɚɜɬɨɦɨɛɿɥɹ, ɨɛɥɚɞɧɚɧɨɝɨ ɛɟɡɫɬɭɩɿɧ-

ɱɚɫɬɨɸ ɚɜɬɨɦɚɬɢɱɧɨɸ ɤɨɪɨɛɤɨɸ ɩɟɪɟɞɚɱ ɿ 
ɞɜɢɝɭɧɨɦ, ɳɨ ɩɪɚɰɸє ɧɚ ɩɨɫɬɿɣɧɨɦɭ ɲɜɢɞɤɿ-
ɫɧɨɦɭ ɪɟɠɢɦɿ. 
 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɍ ɩɪɚɰɿ [1] ɞɨɫɥɿɞɠɟɧɿ ɝɪɚɧɢɱɧɿ ɞɢɧɚɦɿɱɧɿ 
ɩɨɤɚɡɧɢɤɢ ɚɜɬɨɦɨɛɿɥɹ, ɹɤɿ ɡɭɦɨɜɥɟɧɿ ɡɱɿɩɧɢ-

ɦɢ ɦɨɠɥɢɜɨɫɬɹɦɢ ɤɨɥɿɫ ɡ ɨɩɨɪɧɨɸ ɩɨɜɟɪɯ-

ɧɟɸ. Ɉɬɪɢɦɚɧɨ ɚɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ, ɳɨ 

ɩɨɜ'ɹɡɭɸɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɦɨɠɥɢɜɟ ɩɪɢɫɤɨ-

ɪɟɧɧɹ, ɦɿɧɿɦɚɥɶɧɿ ɱɚɫ ɿ ɲɥɹɯ ɪɨɡɝɚɧɹɧɧɹ ɡɿ 
ɲɜɢɞɤɿɫɬɸ ɪɭɯɭ ɚɜɬɨɦɨɛɿɥɹ. Ɍɚɤɨɠ ɜɢɡɧɚɱɟɧɿ 
ɡɚɥɟɠɧɨɫɬɿ ɩɨɬɪɿɛɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ ɣ 

ɩɢɬɨɦɨʀ ɩɨɬɭɠɧɨɫɬɿ ɚɜɬɨɦɨɛɿɥɹ ɜɿɞ ɲɜɢɞɤɨɫ-

ɬɿ ɡɚ ɭɦɨɜɢ ɩɨɜɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɡɱɿɩɧɢɯ ɦɨɠɥɢ-

ɜɨɫɬɟɣ. Ɉɞɧɚɤ ɭ ɡɚɡɧɚɱɟɧɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɧɟ 
ɪɨɡɝɥɹɞɚɥɨɫɹ ɤɟɪɭɜɚɧɧɹ ɪɨɡɝɚɧɹɧɧɹɦ ɚɜɬɨ-

ɦɨɛɿɥɹ ɡɚ ɭɦɨɜɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɟɡɫɬɭɩɿɧɱɚɫ-
ɬɨʀ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ. 

ɍ ɞɨɫɥɿɞɠɟɧɧɿ [2] ɡɞɿɣɫɧɟɧɨ ɪɨɡɪɚɯɭɜɚɧ-

ɧɹ, ɳɨ ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɢɬɢ ɧɟɨɛɯɿɞɧɭ ɩɨɬɭɠ-

ɧɿɫɬɶ ɞɜɢɝɭɧɚ ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ ɝɪɚɧɢɱɧɢɯ ɡɱɿɩ-

ɧɢɯ ɦɨɠɥɢɜɨɫɬɟɣ ɚɜɬɨɦɨɛɿɥɹ. ȼɢɡɧɚɱɟɧɨ ɞɥɹ 

ɧɚɹɜɧɢɯ ɦɨɞɟɥɟɣ ɚɜɬɨɦɨɛɿɥɿɜ, ɳɨ ɰɹ ɩɨɬɭɠ-

ɧɿɫɬɶ ɭ ɞɟɤɿɥɶɤɚ ɪɚɡɿɜ ɜɢɳɚ ɡɚ ɩɨɬɭɠɧɿɫɬɶ 

ɞɜɢɝɭɧɚ, ɹɤɚ ɪɟɚɥɶɧɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ. 

ɍ ɪɨɛɨɬɿ [3] ɜɢɡɧɚɱɟɧɨ, ɳɨ ɪɟɚɥɿɡɭɜɚɬɢ 

ɟɤɨɧɨɦɿɱɧɢɣ ɪɟɠɢɦ ɪɨɛɨɬɢ ȾȼɁ ɦɨɠɥɢɜɨ 

ɬɿɥɶɤɢ ɧɚ ɚɜɬɨɦɨɛɿɥɹɯ ɡ ɤɨɦɛɿɧɨɜɚɧɢɦ ɟɧɟɪ-

ɝɟɬɢɱɧɢɦ ɩɪɢɥɚɞɨɦ. ɉɿɞ ɱɚɫ ɪɨɡɝɚɧɹɧɧɹ ɟɤɨ-

ɧɨɦɿɹ ɟɧɟɪɝɿʀ ɞɥɹ ɥɟɝɤɨɜɢɯ ɚɜɬɨɦɨɛɿɥɿɜ ɫɬɚ-
ɧɨɜɢɬɶ ɜɿɞ 3,8 % ɞɨ 5,8 %, ɚ ɞɥɹ ɜɚɧɬɚɠɧɢɯ 

ɚɜɬɨɦɨɛɿɥɿɜ – 5,5 %–16,5 %. Ⱥɥɟ ɜ ɪɨɛɨɬɿ [3] 

ɧɟ ɚɧɚɥɿɡɭɜɚɥɚɫɹ ɞɢɧɚɦɿɤɚ ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨ-

ɦɨɛɿɥɹ ɡɚ ɭɦɨɜɢ ɛɟɡɫɬɭɩɿɧɱɚɫɬɨʀ ɡɦɿɧɢ ɩɟɪɟ-
ɞɚɬɧɨɝɨ ɱɢɫɥɚ ɬɪɚɧɫɦɿɫɿʀ ɬɚ ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ 
ɧɚ ɩɨɫɬɿɣɧɨɦɭ ɲɜɢɞɤɿɫɧɨɦɭ ɪɟɠɢɦɿ. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧя 

Ɇɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ є ɩɨɥɿɩɲɟɧɧɹ ɟɧɟɪɝɟ-
ɬɢɱɧɨʀ ɟɤɨɧɨɦɿɱɧɨɫɬɿ ɣ ɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢ-

ɜɨɫɬɟɣ ɚɜɬɨɦɨɛɿɥɿɜ ɡɚ ɭɦɨɜɢ ɪɟɚɥɿɡɚɰɿʀ ɪɚɰɿɨ-

ɧɚɥɶɧɢɯ ɡɚɤɨɧɿɜ ɡɦɿɧɢ ɩɟɪɟɞɚɬɧɨɝɨ ɱɢɫɥɚ 
ɛɟɡɫɬɭɩɿɧɱɚɫɬɨʀ ɤɨɪɨɛɤɢ ɧɚ ɩɨɫɬɿɣɧɨɦɭ ɲɜɢ-

ɞɤɿɫɧɨɦɭ ɪɟɠɢɦɿ ȾȼɁ. 

Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɧɟɨɛ-

ɯɿɞɧɨ ɜɢɪɿɲɢɬɢ ɬɚɤɿ ɡɚɜɞɚɧɧɹ: 

– ɞɨɫɥɿɞɢɬɢ ɞɢɧɚɦɿɤɭ ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨɦɨ-

ɛɿɥɹ ɡɚ ɭɦɨɜɢ ɩɨɫɬɿɣɧɨɝɨ ɟɮɟɤɬɢɜɧɨɝɨ ɤɪɭɬ-
ɧɨɝɨ ɦɨɦɟɧɬɭ ɬɚ ɩɨɫɬɿɣɧɨʀ ɟɮɟɤɬɢɜɧɨʀ ɩɨɬɭ-

ɠɧɨɫɬɿ ȾȼɁ; 

– ɞɨɫɥɿɞɢɬɢ ɞɢɧɚɦɿɤɭ ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨɦɨ-

ɛɿɥɹ ɡɚ ɭɦɨɜɢ ɡɦɿɧɢ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ ɡɚ 
ɥɿɧɿɣɧɢɦ ɡɚɤɨɧɨɦ. 
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Ⱦɢɧɚɦɿɤɚ ɪɨɡɝɚɧяɧɧя ɚɜɬɨɦɨɛɿɥя ɡɚ ɭɦɨɜɢ 

ɩɨɫɬɿɣɧɨɝɨ ɟɮɟɤɬɢɜɧɨɝɨ ɤɪɭɬɧɨɝɨ ɦɨɦɟɧɬɭ 

(ɩɨɫɬɿɣɧɨʀ ɟɮɟɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ) 

 

ɇɚ ɪɢɫ. 1 ɩɨɞɚɧɿ ɡɨɜɧɿɲɧɿ ɲɜɢɞɤɿɫɧɿ ɯɚɪɚ-
ɤɬɟɪɢɫɬɢɤɢ ȾȼɁ. ɉɿɞ ɱɚɫ  ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ ɧɚ 
ɩɨɫɬɿɣɧɨɦɭ ɲɜɢɞɤɿɫɧɨɦɭ ɪɟɠɢɦɿ 
 

e  = eɪɨɡ  =  const,   (1) 

 

ɞɟ e – ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬɶ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ 
ɞɜɢɝɭɧɚ; eɪɨɡ – ɪɨɡɪɚɯɭɧɤɨɜɟ ɡɧɚɱɟɧɧɹ ɤɭɬɨ-

ɜɨʀ ɲɜɢɞɤɨɫɬɿ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ, ɡɚ ɹɤɨʀ ɩɟ-
ɪɟɞɛɚɱɚєɬɶɫɹ ɪɨɛɨɬɚ ȾȼɁ. 

 

ɉɪɨɰɟɫ ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨɦɨɛɿɥɹ ɩɟɪɟɞɛɚɱɚ-
єɬɶɫɹ ɡɚ ɭɦɨɜɢ ɩɨɱɚɬɤɨɜɨɝɨ ɪɨɡɝɚɧɹɧɧɹ ɤɨɥɿ-
ɧɱɚɫɬɨɝɨ ɜɚɥɚ ɞɨ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ eɪɨɡ ɿ 
ɞɨɫɹɝɧɟɧɧɹ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ ɧɚ ɡɨɜɧɿɲɧɿɣ 

ɲɜɢɞɤɿɫɧɿɣ ɯɚɪɚɤɬɟɪɢɫɬɢɰɿ Ne = NeВ. Ɂɚɡɧɚɱɟ-
ɧɚ ɩɨɬɭɠɧɿɫɬɶ ɦɨɠɟ ɛɭɬɢ ɜɢɡɧɚɱɟɧɚ ɡɚ ɞɨɩɨ-

ɦɨɝɨɸ ɮɨɪɦɭɥɢ ɋ. Ɋ. Ʌɟɣɞɟɪɦɚɧɚ [4]  

(ɪɢɫ. 1): 
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ɞɟ Nemax – ɦɚɤɫɢɦɚɥɶɧɚ ɟɮɟɤɬɢɜɧɚ ɩɨɬɭɠɧɿɫɬɶ 
ɞɜɢɝɭɧɚ; N – ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬɶ ɤɨɥɿɧɱɚɫɬɨɝɨ 

ɜɚɥɚ, ɡɚ ɹɤɨʀ ɪɟɚɥɿɡɭєɬɶɫɹ Nemax; a, b, c – ɟɦɩɿ-
ɪɢɱɧɿ ɤɨɟɮɿɰɿєɧɬɢ ɪɿɜɧɹɧɧɹ, ɳɨ ɡɚɥɟɠɚɬɶ ɜɿɞ 

ɬɢɩɭ ȾȼɁ [4]. 

 

ȿɮɟɤɬɢɜɧɢɣ ɤɪɭɬɧɢɣ ɦɨɦɟɧɬ MeС ɞɜɢɝɭɧɚ 
ɪɟɚɥɿɡɨɜɚɧɢɣ ɭ ɬɨɱɰɿ C ɧɚ ɡɨɜɧɿɲɧɿɣ ɲɜɢɞɤɿ-
ɫɧɿɣ ɯɚɪɚɤɬɟɪɢɫɬɢɰɿ ɡɚ ɭɦɨɜɢ e=eɪɨɡ: 
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(3) 

 

Ne(e), Me(e), ge(e) – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɟɮɟɤ-

ɬɢɜɧɢɯ ɡɧɚɱɟɧɶ ɩɨɬɭɠɧɨɫɬɿ, ɤɪɭɬɧɨɝɨ ɦɨɦɟɧ-

ɬɭ ɣ ɩɢɬɨɦɨʀ ɜɢɬɪɚɬɢ ɩɚɥɢɜɚ; Nemax, Memax – 

ɦɚɤɫɢɦɚɥɶɧɿ ɟɮɟɤɬɢɜɧɿ ɩɨɬɭɠɧɿɫɬɶ ɿ ɤɪɭɬɧɢɣ 

ɦɨɦɟɧɬ; gemin – ɦɿɧɿɦɚɥɶɧɚ ɩɢɬɨɦɚ ɜɢɬɪɚɬɚ 
ɩɚɥɢɜɚ; N; M; g – ɡɧɚɱɟɧɧɹ ɤɭɬɨɜɨʀ ɲɜɢɞ-

ɤɨɫɬɿ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ 

Nemax, Memax ɿ gemin; ɭɫɬ – ɦɿɧɿɦɚɥɶɧɚ ɭɫɬɚɥɟɧɚ 
ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬɶ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ; ɝɪ –

ɦɚɤɫɢɦɚɥɶɧɚ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɤɭɬɨɜɚ 
ɲɜɢɞɤɿɫɬɶ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ. 
 

 
 

Ɋɢɫ. 1. Ɂɨɜɧɿɲɧɿ ɲɜɢɞɤɿɫɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ȾȼɁ 

 

Ɋɿɜɧɹɧɧɹ ɞɢɧɚɦɿɤɢ ɨɛɟɪɬɨɜɨɝɨ ɪɭɯɭ ɤɨɥɿ-
ɧɱɚɫɬɨɝɨ ɜɚɥɚ ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ɬɚɤɢɦ ɱɢɧɨɦ: 

 

,ɡɜe e
e eС ɨ ɬɪ

d d
I M M I

dt dt

 
    (4) 

 

ɞɟ Ie – ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɨɛɟɪɬɨɜɢɯ ɦɚɫ ɞɜɢɝɭɧɚ; 
ɡɜ
ɬɪI  – ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɨɛɟɪɬɨɜɢɯ ɦɚɫ ɬɪɚɧɫɦɿ-

ɫɿʀ, ɡɜɟɞɟɧɢɯ ɞɨ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ ɞɜɢɝɭɧɚ; 
Mɨ – ɦɨɦɟɧɬ ɨɩɨɪɭ ɨɛɟɪɬɚɧɧɸ ɤɨɥɿɧɱɚɫɬɨɝɨ 

ɜɚɥɚ; 

ɩɪɤɤɬɪ0

ɞo
o ηηη fɤuu

rP
M  ,  (5) 

 

Pɨ – ɫɢɥɚ ɨɩɨɪɭ ɪɭɯɭ ɚɜɬɨɦɨɛɿɥɹ; 

 

2
aaao ρ

2
FV

c
VmP x  ,  (6) 

 

ma – ɦɚɫɚ ɚɜɬɨɦɨɛɿɥɹ; aa ;VV   – ɥɿɧɿɣɧɿ ɲɜɢɞ-

ɤɿɫɬɶ ɿ ɩɪɢɫɤɨɪɟɧɧɹ ɚɜɬɨɦɨɛɿɥɹ; cx – ɥɨɛɨɜɢɣ 

ɤɨɟɮɿɰɿєɧɬ ɚɟɪɨɞɢɧɚɦɿɱɧɨɝɨ ɨɩɨɪɭ;  – ɝɭɫ-
ɬɢɧɚ ɩɨɜɿɬɪɹ; F – ɩɥɨɳɚ ɥɨɛɨɜɨɝɨ ɩɟɪɟɪɿɡɭ 

(ɦɿɞɟɥɶ) ɚɜɬɨɦɨɛɿɥɹ; rɞ – ɞɢɧɚɦɿɱɧɢɣ ɪɚɞɿɭɫ 
ɜɨɞɿɣɧɢɯ ɤɨɥɿɫ; u0; uɤ – ɩɟɪɟɞɚɬɨɱɧɿ ɱɢɫɥɚ 
ɝɨɥɨɜɧɨʀ ɩɟɪɟɞɚɱɿ ɣ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ; ɬɪη – 

ɄɄȾ ɬɪɚɧɫɦɿɫɿʀ; ɤη f – ɫɢɥɨɜɢɣ ɄɄȾ ɜɨɞɿɣɧɢɯ 

ɤɨɥɿɫ [5]; 
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Mɤ, Mf – ɫɭɦɚɪɧɢɣ ɤɪɭɬɧɢɣ ɦɨɦɟɧɬ ɧɚ ɜɨɞɿɣ-

ɧɢɯ ɤɨɥɟɫɚɯ ɿ ɫɭɦɚɪɧɢɣ ɦɨɦɟɧɬ ɨɩɨɪɭ ɤɨɱɟɧ-
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ɧɸ ɧɚ ɜɫɿɯ ɤɨɥɟɫɚɯ; ɩɪɤη  – ɩɪɭɠɧɢɣ ɄɄȾ 

ɜɨɞɿɣɧɢɯ ɤɨɥɿɫ [5]; 

 

ɞɤɩɪɤ /η rr ,    (8) 

 

ɤr  – ɤɿɧɟɦɚɬɢɱɧɢɣ ɪɚɞɿɭɫ ɤɨɥɟɫɚ. 
 

Ɇɿɠ ɥɿɧɿɣɧɨɸ ɲɜɢɞɤɿɫɬɸ ɚɜɬɨɦɨɛɿɥɹ Va ɬɚ 
ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ e 

ɿɫɧɭє ɜɡɚєɦɨɡɜ’ɹɡɨɤ: 
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Ʌɿɧɿɣɧɟ ɩɪɢɫɤɨɪɟɧɧɹ ɚɜɬɨɦɨɛɿɥɹ  
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ɉɿɫɥɹ ɩɿɞɫɬɚɜɥɹɧɧɹ ɜɢɪɚɡɿɜ (9) ɿ (10) ɞɨ ɪɿ-
ɜɧɹɧɧɹ (6) ɨɬɪɢɦɭєɦɨ 
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(11) 

 

Ɋɿɜɧɹɧɧɹ (4) ɜɿɞɩɨɜɿɞɧɨ ɞɨ (11) ɩɿɫɥɹ ɩɟ-
ɪɟɬɜɨɪɟɧɶ ɦɚɬɢɦɟ ɜɢɞ 
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ɉɿɞ ɱɚɫ ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ ɧɚ ɩɨɫɬɿɣɧɨɦɭ 

ɲɜɢɞɤɿɫɧɨɦɭ ɪɟɠɢɦɿ ɪɨɡωω ee   ɿ 0/ω dtd e

. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɪɿɜɧɹɧɧɹ (12) ɦɚɬɢɦɟ ɜɢɞ 
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 (13) 

 

Ɋɿɜɧɹɧɧɹ (13) є ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦ ɡ ɜɿɞɨ-

ɤɪɟɦɥɸɜɚɧɢɦɢ ɡɦɿɧɧɢɦɢ, ɹɤɟ ɦɨɠɧɚ ɡɚɩɢɫɚ-
ɬɢ ɬɚɤɢɦ ɱɢɧɨɦ: 
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ɉɿɫɥɹ ɜɿɞɨɤɪɟɦɥɟɧɧɹ ɡɦɿɧɧɢɯ ɦɚєɦɨ 
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ɞɟ B, C – ɤɨɟɮɿɰɿєɧɬɢ, ɳɨ ɧɟ ɡɚɥɟɠɚɬɶ ɜɿɞ 

ɱɚɫɭ ɣ ɜɟɥɢɱɢɧɢ ɩɟɪɟɞɚɬɧɨɝɨ ɱɢɫɥɚ ɤɨɪɨɛɤɢ: 
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ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ ɪɿɜɧɹɧɧɹ (15) ɡɚ ɭɦɨ-

ɜɢ, ɳɨ 

 

a
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 ,   (18) 

 

ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɩɨɱɚɬɤɨɜɢɯ ɭɦɨɜ (ɹɤɳɨ  t = 0, 

uɤ = uɤɧ) 
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(19) 

 

ɞɟ uɤɧ – ɩɟɪɟɞɚɬɧɟ ɱɢɫɥɨ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɭ 

ɩɨɱɚɬɤɨɜɢɣ ɦɨɦɟɧɬ ɪɨɡɝɚɧɹɧɧɹ, ɹɤɳɨ  t = 0. 

 

ȼɢɪɚɡ (19) ɩɨɜ’ɹɡɭє ɜɟɥɢɱɢɧɭ ɩɟɪɟɞɚɬɧɨɝɨ 

ɱɢɫɥɚ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ uɤ ɡ ɱɚɫɨɦ t.  

ɇɚ ɪɢɫ. 2 ɩɨɞɚɧɨ ɝɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ  
uɤ = f(t) ɞɥɹ ɡɚɜɚɧɬɚɠɟɧɨɝɨ ɿ ɫɩɨɪɹɞɠɟɧɨɝɨ 

ɚɜɬɨɦɨɛɿɥɹ ɄɪȺɁ-6322, ɹɤɿ ɩɨɛɭɞɨɜɚɧɿ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɨɬɪɢɦɚɧɨɝɨ ɜɢɪɚɡɭ. ɍ ɰɶɨɦɭ ɜɢ-

ɩɚɞɤɭ ɞɨɩɭɫɤɚɥɨɫɹ, ɳɨ ɩɟɪɟɞɚɬɧɟ ɱɢɫɥɨ ɤɨ-

ɪɨɛɤɢ ɩɟɪɟɞɚɱ uɤ ɡɦɿɧɸɜɚɥɨɫɹ ɜ ɦɟɠɚɯ ɜɿɞ uɤɧ 

= 7,73 ɞɨ uɤɜ = 0,71 (uɤɜ – ɩɟɪɟɞɚɬɧɟ ɱɢɫɥɨ 

ɤɨɪɨɛɤɢ ɧɚ ɜɢɳɿɣ ɩɟɪɟɞɚɱɿ). 
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Ɋɢɫ. 2. Ƚɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ ɜɟɥɢɱɢɧɢ ɩɟɪɟɞɚ-

ɬɧɨɝɨ ɱɢɫɥɚ uɤ ɜɿɞ ɱɚɫɭ t: ɚ – ɡɚɜɚɧɬɚɠɟɧɢɣ 

ɚɜɬɨɦɨɛɿɥɶ; ɛ – ɫɩɨɪɹɞɠɟɧɢɣ ɚɜɬɨɦɨɛɿɥɶ 

 

Ɂɚɥɟɠɧɿɫɬɶ ɲɜɢɞɤɨɫɬɿ ɚɜɬɨɦɨɛɿɥɹ Va ɜɿɞ 

ɱɚɫɭ ɦɨɠɧɚ ɨɞɟɪɠɚɬɢ ɩɿɫɥɹ ɩɿɞɫɬɚɜɥɹɧɧɹ 

ɮɭɧɤɰɿʀ uɤ(t) ɞɨ ɪɿɜɧɹɧɧɹ (9). ɇɚ ɪɢɫ. 3 ɩɨɞɚɧɿ 
ɝɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ Va=f(t) ɩɿɞ ɱɚɫ ɪɨɡɝɚɧɹɧɧɹ 

ɚɜɬɨɦɨɛɿɥɹ ɄɪȺɁ-6322 ɡɚ ɭɦɨɜ ɨɛɥɚɞɧɚɧɧɹ 

ɣɨɝɨ ɛɟɡɫɬɭɩɿɧɱɚɫɬɨɸ ɤɨɪɨɛɤɨɸ ɩɟɪɟɞɚɱ ɿ 
ɪɨɛɨɬɢ ȾȼɁ ɧɚ ɩɨɫɬɿɣɧɨɦɭ ɲɜɢɞɤɿɫɧɨɦɭ ɪɟ-
ɠɢɦɿ. ɉɭɧɤɬɢɪɧɿ ɞɿɥɹɧɤɢ ɝɪɚɮɿɤɿɜ ɧɟ ɨɯɨɩ-

ɥɸɸɬɶɫɹ ɪɿɜɧɹɧɧɹɦ (19), ɚ ɜɿɞɩɨɜɿɞɚɸɬɶ ɱɚɫɭ 

ɜɜɿɦɤɧɟɧɧɹ ɡɱɟɩɥɟɧɧɹ. ɉɿɞ ɱɚɫ ɩɨɛɭɞɨɜɢ 

ɝɪɚɮɿɤɿɜ ɜɜɚɠɚɥɨɫɹ, ɳɨ ɰɟɣ ɱɚɫ ɫɬɚɧɨɜɢɬɶ 1,5 

ɫ ɞɥɹ ɡɚɜɚɧɬɚɠɟɧɨɝɨ ɿ 1,0 ɫ ɞɥɹ ɫɩɨɪɹɞɠɟɧɨɝɨ 

ɚɜɬɨɦɨɛɿɥɹ. 

ɍ ɰɿɣ ɪɨɛɨɬɿ ɪɨɡɝɥɹɧɭɬɨ ɜɢɩɚɞɨɤ ɿ ɨɬɪɢ-

ɦɚɧɨ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨ-

ɦɨɛɿɥɹ, ɨɛɥɚɞɧɚɧɨɝɨ ɛɟɡɫɬɭɩɿɧɱɚɫɬɨɸ ɬɪɚɧɫ-
ɦɿɫɿєɸ ɡɚ ɭɦɨɜɢ ɩɨɫɬɿɣɧɨʀ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ 
ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ constωω ɪɨɡ  ee . ɍ ɰɶɨɦɭ 

ɜɢɩɚɞɤɭ ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨɦɨɛɿɥɹ (ɜɦɢɤɚɧɧɹ 

ɦɭɮɬɢ ɡɱɟɩɥɟɧɧɹ) ɩɨɱɢɧɚєɬɶɫɹ ɩɿɫɥɹ ɞɨɫɹɝ-
ɧɟɧɧɹ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ eω  ɜɟɥɢɱɢɧɢ ɪɨɡωe  

ɣ ɟɮɟɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ, ɬɨɛɬɨ ɜɟɥɢɱɢɧɢ, 

eBN  ɧɚ ɡɨɜɧɿɲɧɿɣ ɲɜɢɞɤɿɫɧɿɣ ɯɚɪɚɤɬɟɪɢɫɬɢɰɿ 
(ɪɢɫ. 1). 

Ɋɨɡɝɥɹɧɟɦɨ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɜɦɢɤɚɧɧɹ ɬɪɚɧ-

ɫɦɿɫɿʀ ɜɿɞɛɭɜɚєɬɶɫɹ ɭ ɪɚɡɿ ɞɨɫɹɝɧɟɧɧɹ ɤɭɬɨɜɨʀ 
ɲɜɢɞɤɨɫɬɿ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ ɜɟɥɢɱɢɧɢ ɪɨɡωe , 

ɚ ɟɮɟɤɬɢɜɧɚ ɩɨɬɭɠɧɿɫɬɶ ɞɜɢɝɭɧɚ ɞɨɪɿɜɧɸє 
mineN  (ɞɢɜ. ɪɢɫ. 1). Ⱦɜɢɝɭɧ ɡɚ ɰɢɯ ɭɦɨɜ ɩɪɚ-

ɰɸє ɧɚ ɱɚɫɬɤɨɜɿɣ ɲɜɢɞɤɿɫɧɿɣ ɯɚɪɚɤɬɟɪɢɫɬɢɰɿ. 
 

 
 

Ɋɢɫ. 3. Ƚɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ ɲɜɢɞɤɨɫɬɿ ɚɜɬɨ-

ɦɨɛɿɥɹ Va ɜɿɞ ɱɚɫɭ t:ɚ – ɡɚɜɚɧɬɚɠɟɧɢɣ ɚɜ-

ɬɨɦɨɛɿɥɶ; ɛ – ɫɩɨɪɹɞɠɟɧɢɣ ɚɜɬɨɦɨɛɿɥɶ 

 

Ⱦɢɧɚɦɿɤɚ ɪɨɡɝɚɧяɧɧя ɚɜɬɨɦɨɛɿɥя ɡɚ ɭɦɨɜɢ 

ɡɦɿɧɢ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ ɡɚ ɥɿɧɿɣɧɢɦ  

ɡɚɤɨɧɨɦ 

ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɟɮɟɤɬɢɜɧɚ ɩɨɬɭɠɧɿɫɬɶ 

eN  ɣ ɟɮɟɤɬɢɜɧɢɣ ɦɨɦɟɧɬ eM  ȾȼɁ ɧɚ ɞɿɥɹɧɰɿ 
AB ɪɨɡɝɿɧɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɭɞɭɬɶ ɡɦɿɧɸ-

ɜɚɬɢɫɹ ɡɚ ɥɿɧɿɣɧɢɦɢ ɡɚɤɨɧɚɦɢ:  
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ɞɟ t – ɱɚɫ; tɧ – ɱɚɫ ɧɚɪɨɫɬɚɧɧɹ ɟɮɟɤɬɢɜɧɨʀ 
ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ ɜɿɞ mineN ɞɨ eBN . 

 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɜɢɪɚɡɭ (21) ɪɿɜɧɹɧɧɹ (13) 

ɦɚɬɢɦɟ ɬɚɤɢɣ ɜɢɞ: 

 

 
2 2 2

ɞ ɪɨɡ a ɞ ɤ ɪɨɡɤ
2 3 3 3

0 ɤ ɬɪ ɤ 0 ɤ ɬɪ ɤ

ω ρ ω
0.

η η 2 η η
e x e

e

f f

r m c r Frdu
M t

u u dt u u
     

(22) 

 

Ⱦɢɮɟɪɟɧɰɿɚɥɶɧɟ ɪɿɜɧɹɧɧɹ (22) ɞɨɰɿɥɶɧɨ 

ɿɧɬɟɝɪɭɜɚɬɢ ɱɢɫɟɥɶɧɢɦɢ ɦɟɬɨɞɚɦɢ. Ɂɚɫɬɨɫɭє-
ɦɨ ɦɟɬɨɞ ȿɣɥɟɪɚ-Ʉɨɲɢ ɿ ɨɰɿɧɢɦɨ ɩɨɯɢɛɤɭ, 

ɫɤɨɪɢɫɬɚɜɲɢɫɶ ɚɧɚɥɿɬɢɱɧɢɦ ɪɨɡɜ'ɹɡɤɨɦ ɞɢ-

ɮɟɪɟɧɰɿɚɥɶɧɨɝɨ ɪɿɜɧɹɧɧɹ (13) ɡɚ ɮɨɪɦɭɥɨɸ 

(19) ɬɚ ɡɞɿɣɫɧɢɜɲɢ ɱɢɫɟɥɶɧɟ ɿɧɬɟɝɪɭɜɚɧɧɹ 
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ɰɶɨɝɨ ɠ ɪɿɜɧɹɧɧɹ. ɍ ɬɚɛɥ. 1 ɛɭɥɢ ɩɨɪɿɜɧɹɧɿ 
ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɜ’ɹɡɚɧɧɹ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ 

ɪɿɜɧɹɧɧɹ (13) ɞɥɹ ɡɚɜɚɧɬɚɠɟɧɨɝɨ ɚɜɬɨɦɨɛɿɥɹ. 

Ɋɟɡɭɥɶɬɚɬɢ ɬɚɛɥ. 1 ɫɜɿɞɱɚɬɶ ɩɪɨ ɧɚɤɨɩɢ-

ɱɟɧɧɹ ɩɨɯɢɛɤɢ. Ⱥɥɟ ɜ ɦɟɠɚɯ 2,5 ɫ ɜɿɞɧɨɫɧɚ 

ɩɨɯɢɛɤɚ ɡɚɫɬɨɫɨɜɚɧɨɝɨ ɱɢɫɟɥɶɧɨɝɨ ɦɟɬɨɞɭ ɧɟ 
ɩɟɪɟɜɢɳɭє 1,12 %. ɐɟ ɞɚє ɩɿɞɫɬɚɜɢ ɜɜɚɠɚɬɢ, 

ɳɨ ɧɚ ɪɨɡɝɥɹɧɭɬɨɦɭ ɜɿɞɪɿɡɤɭ ɱɚɫɭ ɪɟɡɭɥɶɬɚɬɢ 

ɱɢɫɟɥɶɧɨɝɨ ɿɧɬɟɝɪɭɜɚɧɧɹ ɪɿɜɧɹɧɧɹ (22) ɛɭ-

ɞɭɬɶ ɞɨɫɬɚɬɧɶɨ ɬɨɱɧɢɦɢ. 

 
Ɍɚɛɥɢɰɹ 1 – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɜ’ɹɡɚɧɧɹ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ ɪɿɜɧɹɧɧɹ (13) 

 

ɑɚɫ t, ɫ 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,25 2,5 

uɤ (ɚɧɚɥɿɬɢɱɧɢɣ 

ɦɟɬɨɞ) 
5,780 4,815 4,210 3,790 3,470 3,220 3,020 2,853 2,712 2,590 2,463 2,345

uɤ (ɱɢɫɟɥɶɧɢɣ 

ɦɟɬɨɞ) 
5,766 4,798 4,191 3,770 3,449 3,197 2,996 2,829 2,687 2,565 2,437 2,319

ȼɿɞɧɨɫɧɚ 
ɩɨɯɢɛɤɚ, % 

0,24 0,35 0,45 0,53 0,58 0,61 0,79 0,84 0,92 0,97 1,06 1,11 

 

ɇɚ ɪɢɫ. 4 ɩɨɞɚɧɿ ɝɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ ɜɟɥɢ-

ɱɢɧɢ ɩɟɪɟɞɚɬɧɨɝɨ ɱɢɫɥɚ uɤ ɜɿɞ ɱɚɫɭ t ɡɚ ɭɦɨɜɢ 

ɪɿɡɧɢɯ ɡɧɚɱɟɧɶ ɱɚɫɭ tɧ ɧɚɪɨɫɬɚɧɧɹ ɟɮɟɤɬɢɜɧɨʀ 
ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ. ɉɿɞ ɱɚɫ ɪɨɡɜ’ɹɡɚɧɧɹ 

ɞɨɩɭɫɤɚɥɨɫɹ, ɳɨ Nemin = 0,5NeB, eɪɨɡ = 199 ɫ-1. 

 

 
 

Ɋɢɫ. 4. Ƚɪɚɮɿɤɢ ɪɚɰɿɨɧɚɥɶɧɨʀ ɡɦɿɧɢ ɜɟɥɢɱɢɧɢ 

ɩɟɪɟɞɚɬɧɨɝɨ ɱɢɫɥɚ uɤ ɡɚɥɟɠɧɨ  ɜɿɞ ɱɚɫɭ t ɡɚ 
ɭɦɨɜɢ ɪɿɡɧɢɯ ɡɧɚɱɟɧɶ tɧ: ɚ – ɡɚɜɚɧɬɚɠɟɧɢɣ 

ɚɜɬɨɦɨɛɿɥɶ; ɛ – ɫɩɨɪɹɞɠɟɧɢɣ ɚɜɬɨɦɨɛɿɥɶ; 
1 – tɧ = 2,0 ɫ; 2 – tɧ = 1,0 ɫ; 3 – tɧ = 0,5 ɫ; 4 – 

ɡɚ ɭɦɨɜɢ, ɳɨ  Me =  MeС 

 

ɇɚ ɪɢɫ. 5 ɩɨɞɚɧɿɿ ɝɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ  
Va = f(t) ɩɿɞ  ɱɚɫ ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨɦɨɛɿɥɹ ɡ ɪɿɡ-
ɧɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɱɚɫɭ tɧ ɧɚɪɨɫɬɚɧɧɹ ɟɮɟɤɬɢ-

ɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ. əɤ ɛɭɥɨ ɡɚɡɧɚɱɟɧɨ 

ɜɢɳɟ, ɩɭɧɤɬɢɪɧɿ ɞɿɥɹɧɤɢ ɜɿɞɩɨɜɿɞɚɸɬɶ ɱɚɫɭ 

ɜɜɿɦɤɧɟɧɧɹ ɡɱɟɩɥɟɧɧɹ. 

 

 
 

Ɋɢɫ. 5. Ƚɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ ɲɜɢɞɤɨɫɬɿ ɚɜɬɨ-

ɦɨɛɿɥɹ Va ɜɿɞ ɱɚɫɭ t ɡɚ ɭɦɨɜɢ ɪɿɡɧɢɯ ɡɧɚ-
ɱɟɧɶ tɧ ɿ ɪɚɰɿɨɧɚɥɶɧɨʀ ɡɦɿɧɢ ɩɟɪɟɞɚɬɧɨɝɨ 

ɱɢɫɥɚ uɤ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ 

ɜɚɪɿɚɧɬɿɜ: ɚ – ɡɚɜɚɧɬɚɠɟɧɢɣ ɚɜɬɨɦɨɛɿɥɶ; ɛ 

– ɫɩɨɪɹɞɠɟɧɢɣ ɚɜɬɨɦɨɛɿɥɶ; 1 – tɧ = 2,0 ɫ; 2 

– tɧ = 1,0 ɫ; 3 – tɧ = 0,5 ɫ; 4 – ɡɚ ɭɦɨɜɢ, ɳɨ   

Me =  MeС 

 

Ɋɟɚɥɿɡɚɰɿɹ ɪɨɡɝɥɹɧɭɬɨɝɨ ɜɚɪɿɚɧɬɚ ɡ ɥɿɧɿɣ-

ɧɨɸ ɡɦɿɧɨɸ ɤɪɭɬɧɨɝɨ ɦɨɦɟɧɬɭ ɩɨɜ’ɹɡɚɧɚ ɡɿ 
ɫɤɥɚɞɧɨɫɬɹɦɢ ɨɞɟɪɠɚɧɧɹ ɡɪɨɫɬɚɧɧɹ ɟɮɟɤɬɢɜ-

ɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ, ɹɤɳɨ  

constωω ɪɨɡ  ee . Ʉɪɿɦ ɬɨɝɨ, ɡɦɟɧɲɟɧɧɹ ɱɚɫɭ 

ɧɚɪɨɫɬɚɧɧɹ ɟɮɟɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ 
ɩɨɤɪɚɳɭє ɞɢɧɚɦɿɤɭ ɪɨɡɝɚɧɹɧɧɹ ɚɜɬɨɦɨɛɿɥɹ. 

Ɉɬɠɟ, ɧɚ ɧɚɲɭ ɞɭɦɤɭ, ɧɟɨɛɯɿɞɧɨ ɧɚ ɪɨɡɝɿɧɧɿɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɰɿ ɩɨєɞɧɚɬɢ ɬɨɱɤɢ A ɿ B. 
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ȼɢɫɧɨɜɤɢ 

1. ɉɿɞ ɱɚɫ ɩɪɨɜɟɞɟɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɨɬɪɢ-

ɦɚɧɿ ɞɢɧɚɦɿɱɧɚ ɣ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɿ ɪɨɡɝɚ-
ɧɹɧɧɹ ɚɜɬɨɦɨɛɿɥɹ ɡ ɛɟɡɫɬɭɩɿɧɱɚɫɬɨɸ ɤɨɪɨɛ-

ɤɨɸ ɩɟɪɟɞɚɱ ɡɚ ɭɦɨɜɢ ɩɨɫɬɿɣɧɨʀ ɤɭɬɨɜɨʀ 
ɲɜɢɞɤɨɫɬɿ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ. 

2. Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɫɩɨɫɨɛɭ 

ɤɟɪɭɜɚɧɧɹ ɪɨɡɝɚɧɹɧɧɹɦ ɚɜɬɨɦɨɛɿɥɹ ɪɟɤɨɦɟɧ-

ɞɭєɬɶɫɹ ɜɦɢɤɚɬɢ ɬɪɚɧɫɦɿɫɿɸ ɩɿɫɥɹ ɞɨɫɹɝɧɟɧɧɹ 

ɟɮɟɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ, ɳɨ ɜɿɞɩɨɜɿ-
ɞɚє ɡɨɜɧɿɲɧɿɣ ɲɜɢɞɤɿɫɧɿɣ ɯɚɪɚɤɬɟɪɢɫɬɢɰɿ. 
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Dynamics of a car with an automatic continuously 

variable gearbox 

Abstract. Problem. A significant amount of research 

has been devoted to the dynamics of car acceleration. 

They determined the maximum dynamic performance 

of a car due to the adhesion of the wheels and the 

supporting surface; analytical dependencies were 

obtained connecting the maximum possible 

acceleration, the minimum time and the acceleration 

path with the vehicle speed; the considered issues 

associated with the use of combined power plants, 

etc. However, these studies almost did not consider 

the option of controlling the car acceleration using a 

continuously variable gearbox. Goal. The aim of this 

research is the improvement of dynamic properties 

and energy efficiency of cars through the 

implementation of rational laws of changing the gear 

ratio of a continuously variable gearbox at a 

constant speed. Methodology. The use of 

continuously variable gearbox can improve the 

performance of the dynamic properties and energy 

performance of vehicles. When the engine is running 

at a constant speed the acceleration of the car will be 

an infinitely variable reduction gear ratio of the 

transmission range from the maximum to the 

minimum value. Saving energy is realized by 

provision of optimal car running, as well as by the 

exclusion of costs for the acceleration of the rotating 

masses when shifting and the change in angular 

velocity of the crankshaft. Results. The work 

investigated the possibility of controlling the 

acceleration of a car with a stepless change in the 

transmission ratio and engine operation at a constant 

crankshaft rotation speed. At the same time the 

effective mode of constant engine power, and the 

mode of change of the engine output according to a 

linear law were also considered. Originality. As a 

result of this research, we developed dynamic 

mathematical models of the acceleration of a car 

with a continuously variable gearbox at a constant 

angular velocity of the crankshaft. Calculated 

dependencies have been obtained that allow 

assessing the impact of the design and operational 

parameters of a vehicle and its engine-transmission 

unit on the acceleration dynamics. The functions of 

rational change in the gear ratio of a continuously 

variable transmission have been determined and 
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recommendations have been formulated to improve 

the dynamic and economic performance of the 

vehicle. Practical value. This article is devoted to the 

analysis of the car dynamics acceleration and is 

aimed at improving its dynamic characteristics and 

energy efficiency. The obtained results can be used in 

the design and research of engine-transmission 

systems with internal combustion engines. 

Keywords: gearbox, internal combustion engine, 

torque, gear ratio, acceleration dynamics. 
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Ⱦɢɧɚɦɢɤɚ ɚɜɬɨɦɨɛɢɥя ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɛɟɫɫ-
ɬɭɩɟɧɱɚɬɨɣ ɤɨɪɨɛɤɨɣ ɩɟɪɟɞɚɱ 

Аɧɧɨɬаɰиɹ. В ɪɚɛɨɬɟ ɢɫɫɥɟɞɭɟɬɫɹ ɞɢɧɚɦɢɤɚ 

ɪɚɡɝɨɧɚ ɚɜɬɨɦɨɛɢɥɹ, ɨɛɨɪɭɞɨɜɚɧɧɨɝɨ ɛɟɫɫɬɭɩɟɧ-

ɱɚɬɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɨɪɨɛɤɨɣ ɩɟɪɟɞɚɱ ɢ ɞɜɢ-

ɝɚɬɟɥɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ, ɤɨɬɨɪɵɣ ɪɚɛɨɬɚ-

ɟɬ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɫɤɨɪɨɫɬɧɨɦ ɪɟɠɢɦɟ. ɉɨɥɭɱɟ-
ɧɵ ɪɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɤɨɥɢ-

ɱɟɫɬɜɟɧɨ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɚɜɬɨɦɨ-

ɛɢɥɹ ɧɚ ɞɢɧɚɦɢɤɭ ɟɝɨ ɪɚɡɝɨɧɚ. Сɮɨɪɦɭɥɢɪɨɜɚɧɵ 

ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɭɥɭɱɲɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɚɜɬɨ-

ɦɨɛɢɥɟɣ. 

Клɸɱевые ɫлɨва: ɤɨɪɨɛɤɚ ɩɟɪɟɞɚɱ, ɞɜɢɝɚɬɟɥɶ 
ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ, ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɩɟɪɟ-
ɞɚɬɨɱɧɨɟ ɱɢɫɥɨ, ɞɢɧɚɦɢɤɚ ɪɚɡɝɨɧɚ. 
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