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ɆɈȾȿɅɖ ɎɈɊɆɍȼȺɇɇə ɅɈɄȺɅɖɇɈȽɈ ɇȺɉɊɍɀȿɇɈȽɈ ɋɌȺɇɍ ȼ ɈɋɇɈȼȱ 
ɆȱɄɊɈɇȿɊȱȼɇɈɋɌȿɃ  ɉȱȾ ɑȺɋ Ȳɏ ȼɁȺЄɆɈȾȱȲ 

 

Ʉɨɫɨɥɚɩɨɜ ȼ. Ȼ. 

ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ  

 
Аɧɨɬɚɰіɹ. Ɋɨɡɝɥɹɧɭɬɨ ɦɨɞɟɥɸɜɚɧɧɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɭ ɨɫɧɨɜɿ ɧɟɪɭɯɨɦɨʀ ɦɿɤɪɨ-
ɧɟɪɿɜɧɨɫɬɿ ɩɿɞ ɱɚɫ ɜɡɚєɦɨɞɿʀ ɡ ɪɭɯɨɦɨɸ ɦɿɤɪɨɧɟɪɿɜɧɿɫɬɸ ɡɚ ɭɦɨɜɢ  ɜɪɚɯɭɜɚɧɧɹ ɫɬɭɩɟɧɹ ɩɟɪɟ-
ɤɪɢɬɬɹ ɬɚ ɜɟɥɢɱɢɧɢ ɡɨɜɧɿɲɧɶɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɡɚɡɧɚɱɟɧɨɝɨ ɫɩɨɥɭɱɟɧɧɹ. Ɋɨɡɝɥɹɧɭɬɨ 

ɪɨɡɜ’ɹɡɭɜɚɧɧɹ  ɡɚɞɚɱɿ ɡɚ ɫɬɚɧɞɚɪɬɧɨɸ ɦɟɬɨɞɢɤɨɸ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɨɞɚɬɤɚ Mathcad, ɨɬɪɢ-
ɦɚɧɨ ɝɪɚɮɿɤ ɡɦɿɧɢ ɡɧɚɱɟɧɧɹ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɜ ɨɫɧɨɜɿ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ.   
Кɥɸɱɨɜі ɫɥɨɜɚ:  ɥɨɤɚɥɶɧɢɣ ɧɚɩɪɭɠɟɧɢɣ ɫɬɚɧ, ɦɿɤɪɨɧɟɪɿɜɧɿɫɬɶ, ɲɨɪɫɬɤɿɫɬɶ ɩɨɜɟɪɯɧɿ. 
 

ȼɫɬɭɩ 

ɍ ɡɜ’ɹɡɤɭ ɡ ɬɟɧɞɟɧɰɿєɸ ɞɨ ɡɛɿɥɶɲɟɧɧɹ ɨɛ-
ɫɹɝɿɜ ɛɭɞɿɜɟɥɶɧɨ-ɞɨɪɨɠɧɿɯ ɪɨɛɿɬ ɿɫɧɭє ɧɟɨɛ-
ɯɿɞɧɿɫɬɶ ɡɚɛɟɡɩɟɱɟɧɧɹ ɩɿɞɜɢɳɟɧɨʀ ɧɚɞɿɣɧɨɫɬɿ 
ɞɨɪɨɠɧɿɯ ɦɚɲɢɧ.  Ȼɿɥɶɲɚ ɱɚɫɬɢɧɚ ɡɟɦɥɟɪɢɣ-
ɧɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ ɩɪɚɰɸɸɬɶ ɡɚ ɭɦɨɜ 
ɜɢɫɨɤɢɯ ɧɚɜɚɧɬɚɠɟɧɶ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ  ɞɨ 
ɡɧɚɱɧɨɝɨ ɡɚɩɢɥɟɧɧɹ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨ-
ɜɢɳɚ. Ɍɹɠɤɿ ɭɦɨɜɢ ɪɨɛɨɬɢ ɬɚ ɞɢɧɚɦɿɱɧɢɣ, 
ɜɿɛɪɚɰɿɣɧɢɣ ɯɚɪɚɤɬɟɪ ʀɯ ɧɚɜɚɧɬɚɠɟɧɧɹ ɡɧɢ-
ɠɭɸɬɶ ɧɚɞɿɣɧɿɫɬɶ ɿ ɱɚɫ ɟɤɫɩɥɭɚɬɚɰɿʀ ʀɯɧɿɯ 
ɝɿɞɪɚɜɥɿɱɧɢɯ ɩɪɢɜɨɞɿɜ.  

Ɂɚ ɞɚɧɢɦɢ ɱɢɫɥɟɧɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜɫɬɚ-
ɧɨɜɥɟɧɨ, ɳɨ ɞɨ 70 % ɜɿɞɦɨɜ ɭ ɪɨɛɨɬɿ ɝɿɞɪɨ-
ɧɚɫɢɱɟɧɢɯ ɦɨɛɿɥɶɧɢɯ ɦɚɲɢɧ ɩɪɢɩɚɞɚє ɧɚ  
ɝɿɞɪɨɩɪɢɜɿɞ. əɤ ɫɢɥɨɜɿ ɩɪɢɜɨɞɢ ɡɟɦɥɟɪɢɣɧɨ-

ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ ɧɚɣɛɿɥɶɲ ɩɨɩɭɥɹɪɧɢɦ є 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɚɤɫɿɚɥɶɧɨ-ɩɨɪɲɧɟɜɢɯ ɪɟɝɭɥɶɨ-
ɜɚɧɢɯ ɧɚɫɨɫɿɜ ɡ ɩɨɯɢɥɢɦ ɞɢɫɤɨɦ ɿ ɚɤɫɿɚɥɶɧɨ-

ɩɨɪɲɧɟɜɢɯ ɧɟɪɟɝɭɥɶɨɜɚɧɢɯ ɝɿɞɪɨɦɨɬɨɪɿɜ ɡ 
ɩɨɯɢɥɢɦ ɞɢɫɤɨɦ. ȼɢɪɨɛɧɢɤɚɦɢ ɰɶɨɝɨ ɤɥɚɫɭ 
ɝɿɞɪɨɦɚɲɢɧ є ɩɪɨɜɿɞɧɿ ɩɿɞɩɪɢєɦɫɬɜɚ 
«Hamilton Sundstrand», «Eaton» (ɋɒȺ), 
«Danfos» (Ⱦɚɧɿɹ), «Sauer-Danfoss» (Ⱦɚɧɿɹ), 
«Rexroth-Bosch» (ɇɿɦɟɱɱɢɧɚ), «Europarts» 
(ɋɥɨɜɚɱɱɢɧɚ) , «Ƚɿɞɪɨɦɚɲ» (Ɋɨɫɿɹ), «Ƚɿɞɪɨ-
ɫɢɥɚ» (ɍɤɪɚʀɧɚ) ɬɨɳɨ. əɤ ɫɜɿɞɱɢɬɶ ɚɧɚɥɿɡ ɞɟ-
ɮɟɤɬɿɜ ɝɿɞɪɨɧɚɫɨɫɿɜ, ɨɫɧɨɜɧɢɦ ɩɪɨɰɟɫɨɦ, ɳɨ 
ɡɭɦɨɜɥɸє ɜɬɪɚɬɭ ʀɯ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɫɥɿɞ ɜɜɚ-
ɠɚɬɢ ɩɪɨɰɟɫ ɡɧɨɲɭɜɚɧɧɹ ɩɨɜɟɪɯɨɧɶ ɩɨɪɲɧɿɜ 
ɿ ɜɬɭɥɨɤ ɛɥɨɤɚ ɰɢɥɿɧɞɪɿɜ, ɬɨɪɰɟɜɢɯ ɩɨɜɟɪ-
ɯɨɧɶ ɪɨɡɩɨɞɿɥɶɧɢɤɚ, ɩɪɢɫɬɚɜɧɨɝɨ ɞɧɚ ɿ ɩɨ-
ɜɟɪɯɧɿ ɩ’ɹɬɢ. ɍ ɩɪɨɰɟɫɿ ɟɤɫɩɥɭɚɬɚɰɿʀ ɜ ɦɿɪɭ 
ɡɧɨɲɟɧɧɹ ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧɶ ɤɨɥɢɜɚɥɶɧɨɝɨ 
ɜɭɡɥɚ ɡɛɿɥɶɲɭɸɬɶɫɹ ɡɚɡɨɪɢ ɜ ɩɚɪɚɯ ɬɟɪɬɹ, ɳɨ 
ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ ɬɢɫɤɭ ɧɚɝɧɿɬɚɧɧɹ, 
ɨɛ’єɦɧɨɝɨ ɿ ɡɚɝɚɥɶɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɿɜ ɤɨɪɢɫɧɨʀ 
ɞɿʀ (ɄɄȾ) ɚ ɨɬɠɟ, ɿ ɞɨ ɡɧɢɠɟɧɧɹ ɩɪɨɞɭɤɬɢɜ-
ɧɨɫɬɿ ɦɚɲɢɧɢ. 

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

Ɂɚ ɿɧɲɢɯ ɪɿɜɧɢɯ ɭɦɨɜ, ɡɧɨɲɟɧɧɹ ɩɨɜɟɪ-
ɯɨɧɶ ɫɩɨɥɭɱɟɧɶ ɤɨɥɢɜɚɥɶɧɨɝɨ ɜɭɡɥɚ ɡɚɥɟɠɢɬɶ 

ɜɿɞ ɝɟɨɦɟɬɪɿʀ ɩɨɜɟɪɯɨɧɶ. ɉɨɜɟɪɯɧɿ ɞɟɬɚɥɟɣ 

ɧɿɤɨɥɢ ɧɟ ɛɭɜɚɸɬɶ ɚɛɫɨɥɸɬɧɨ ɝɥɚɞɤɢɦɢ, ɧɚ 

ɧɢɯ ɡɚɜɠɞɢ є ɧɟɪɿɜɧɨɫɬɿ, ɝɟɨɦɟɬɪɿɹ ɹɤɢɯ ɡɚ-
ɥɟɠɢɬɶ ɜɿɞ ɫɬɪɭɤɬɭɪɢ ɦɚɬɟɪɿɚɥɭ ɬɚ ɜɢɞɭ ʀɯ 

ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛɪɨɛɥɹɧɧɹ. ɉɨɜɟɪɯɧɹ ɧɟɪɿɜ-

ɧɨɫɬɟɣ, ɹɤɿ ɭɬɜɨɪɸɸɬɶ ɲɨɪɫɬɤɿɫɬɶ, ɦɚє 

ɲɨɪɫɬɤɿɫɬɶ ɞɪɭɝɨɝɨ ɬɢɩɭ – ɫɭɛɦɿɤɪɨ-

ɲɨɪɫɬɤɿɫɬɶ. ȼɿɞɨɦɨ, ɳɨ ɮɚɤɬɢɱɧɢɣ ɦɚɣɞɚɧ-
ɱɢɤ ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɩɨɜɟɪɯɨɧɶ ɫɩɨɥɭɱɟɧɧɹ 

ɡɚɡɜɢɱɚɣ ɫɬɚɧɨɜɢɬɶ ɦɟɧɲ ɧɿɠ  0,1 % ɜɿɞ 

ɧɨɦɿɧɚɥɶɧɨʀ ɩɥɨɳɿ ɤɨɧɬɚɤɬɭɜɚɧɧɹ [1, 2]. Ɉɬ-
ɠɟ ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɩɨɜɟɪɯɨɧɶ ɫɩɨɥɭɱɟɧɶ 

ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɨɤɪɟɦɢɦɢ ɦɿɤɪɨɧɟɪɿɜ-

ɧɨɫɬɹɦɢ, ɚ ɩɪɨɰɟɫ ɡɧɨɲɟɧɧɹ ɩɨɜɟɪɯɨɧɶ 

ɜɢɡɧɚɱɚєɬɶɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɜɡɚєɦɨɞɿʀ ɨɤɪɟɦɢɯ 

ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɟɣ. 

ɋɤɥɚɞɧɿɫɬɶ ɩɪɨɰɟɫɿɜ ɬɟɪɬɹ ɬɚ ɡɧɨɲɭɜɚɧɧɹ 

ɜ ɡ’єɞɧɚɧɧɹɯ ɪɟɚɥɶɧɢɯ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɩɨɤɢ 

ɧɟ ɞɨɡɜɨɥɹɸɬɶ ɡ ɞɨɫɬɚɬɧɶɨɸ ɬɨɱɧɿɫɬɸ ɨɩɢɫɚ-
ɬɢ ʀɯ ɤɿɥɶɤɿɫɧɨ. Ɉɞɧɚɤ ɞɥɹ ɿɧɠɟɧɟɪɧɢɯ ɪɨ-
ɡɪɚɯɭɧɤɿɜ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɡɚɥɟɠ-
ɧɨɫɬɿ, ɹɤɿ ɜɫɬɚɧɨɜɥɸɸɬɶ ɜɡɚєɦɨɡɜ’ɹɡɨɤ ɿɧɬɟɧ-
ɫɢɜɧɨɫɬɿ ɡɧɨɲɭɜɚɧɧɹ ɡ ɩɚɪɚɦɟɬɪɚɦɢ ɹɤɨɫɬɿ 
ɩɨɜɟɪɯɧɿ ɬɟɪɬɹ. ȱɫɧɭɸɬɶ ɪɿɡɧɿ ɦɨɞɟɥɿ ɮɨɪ-
ɦɭɜɚɧɧɹ ɭɦɨɜ ɿ ɪɨɡɜɢɬɤɭ ɩɪɨɰɟɫɭ ɡɧɨɲɭɜɚɧ-
ɧɹ ɩɨɜɟɪɯɨɧɶ ɪɭɯɥɢɜɢɯ ɫɩɨɥɭɱɟɧɶ. 

ɇɚɣɰɿɤɚɜɿɲɨɸ є ɦɨɞɟɥɶ ɩɪɭɠɧɨ-

ɩɥɚɫɬɢɱɧɨɝɨ ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɲɨɪɫɬɤɭɜɚɬɢɯ 

ɩɨɜɟɪɯɨɧɶ, ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɏ. Ɍɶɹɧɨɦ, ɑ. 

ɑɠɚɨ, Ⱦ. ɑɠɭ ɣ ɏ. ɐɢɧɟɦ [3]. Ⱥɜɬɨɪɢ ɧɚ ɨɫ-
ɧɨɜɿ ɦɨɞɟɥɿ Ƚɪɢɧɜɭɞɚ-ȼɢɥɶɹɦɫɨɧɚ ɡɚɩɪɨɩɨ-
ɧɭɜɚɥɢ ɜɢɪɚɡ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɝɥɢɛɢɧɢ ɡɚɧɭ-
ɪɟɧɧɹ ɩɿɞ ɱɚɫ ɩɪɭɠɧɨɝɨ ɤɨɧɬɚɤɬɭɜɚɧɧɹ: 

 

,        (1) 
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ɞɟ ȕ – ɩɚɪɚɦɟɬɪ ɧɟɪɿɜɧɨɫɬɟɣ; E  – ɧɚɜɟɞɟɧɢɣ 

ɦɨɞɭɥɶ ɩɪɭɠɧɨɫɬɿ; Ń  – ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧ-
ɧɹ ɜɢɫɨɬ ɧɟɪɿɜɧɨɫɬɟɣ; pn  – ɮɚɤɬɢɱɧɢɣ ɬɢɫɤ. 

Ⱥɜɬɨɪɢ ɞɨɫɥɿɞɢɥɢ ɩɪɭɠɧɨ-ɩɥɚɫɬɢɱɧɟ ɤɨɧ-
ɬɚɤɬɭɜɚɧɧɹ ɬɚ ɜɫɬɚɧɨɜɢɥɢ, ɳɨ ɜ ɡɨɧɿ ɞɿʀ 
ɩɪɭɠɧɨʀ ɞɟɮɨɪɦɚɰɿʀ ɭ ɜɢɩɚɞɤɭ  ɝɥɢɛɢɧɢ ɡɚ-
ɧɭɪɟɧɧɹ h > 3 ɜɩɥɢɜ ɲɨɪɫɬɤɨɫɬɿ є ɧɟɡɧɚɱɧɢɦ.  

ɍ ɪɨɛɨɬɿ ȱ. Ⱦ. ȱɛɚɬɭɥɥɿɧɚ [4] ɪɨɡɝɥɹɧɚɬɚ 

ɤɿɧɟɬɢɱɧɚ ɦɨɞɟɥɶ ɪɨɫɬɭ ɧɚɤɨɩɢɱɟɧɨʀ ɟɧɟɪɝɿʀ, 
ɹɤɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɬɪɶɨɯ  ɪɿɜɧɿɜ . ɇɚ ɩɟɪɲɨɦɭ 

ɪɿɜɧɿ  ɜɟɪɲɢɧɢ ɧɟɪɿɜɧɨɫɬɟɣ ɜɫɬɭɩɚɸɬɶ ɭ ɛɟɡ-
ɩɨɫɟɪɟɞɧє ɤɨɧɬɚɤɬɭɜɚɧɧɹ, ɞɟ ɧɚ ɮɚɤɬɢɱɧɢɯ 

ɦɚɣɞɚɧɱɢɤɚɯ ɰɶɨɝɨ ɩɪɨɰɟɫɭ ɞɿɸɬɶ ɜɢɫɨɤɿ 
ɬɢɫɤɢ, ɛɥɢɡɶɤɿ ɞɨ ɡɧɚɱɟɧɧɹ ɬɜɟɪɞɨɫɬɿ ɦɚ-
ɬɟɪɿɚɥɭ. ɇɚ ɧɢɯ ɜɿɞɛɭɜɚɸɬɶɫɹ ɩɪɨɰɟɫɢ ɩɨɲ-
ɤɨɞɠɟɧɧɹ, ɡɨɤɪɟɦɚ ɡɦɢɧɚɧɧɹ, ɡɪɭɲɟɧɧɹ ɦɚ-
ɬɟɪɿɚɥɭ, ɦɿɤɪɨɪɿɡɚɧɧɹ, ɫɯɨɩɥɸɜɚɧɧɹ ɬɚ ɩɟɪɟ-
ɧɨɫ ɪɟɱɨɜɢɧɢ.  

ɇɚ ɞɪɭɝɨɦɭ ɪɿɜɧɿ ɮɨɪɦɭєɬɶɫɹ ɨɛɥɚɫɬɶ 

ɩɪɭɠɧɨ-ɩɥɚɫɬɢɱɧɢɯ ɞɟɮɨɪɦɚɰɿɣ, ɬɨɛɬɨ 
ɜɿɞɛɭɜɚɸɬɶɫɹ ɡɧɚɤɨɡɦɿɧɧɿ ɰɢɤɥɿɱɧɿ ɩɪɭɠɧɨ-

ɩɥɚɫɬɢɱɧɿ ɞɟɮɨɪɦɚɰɿʀ. ɉɿɞ ɱɚɫ ɩɥɚɫɬɢɱɧɨʀ 
ɞɟɮɨɪɦɚɰɿʀ ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɳɿɥɶɧɨɫɬɿ ɞɢɫɥɨ-
ɤɚɰɿɣ ʀɯɧɹ ɱɚɫɬɢɧɚ  ɭɬɜɨɪɸє ɦɿɤɪɨɬɪɿɳɢɧɢ, 

ɹɤɿ ɪɭɣɧɭɸɬɶ ɤɪɢɫɬɚɥ.  

ɇɚ ɬɪɟɬɶɨɦɭ ɪɿɜɧɿ ɮɨɪɦɭєɬɶɫɹ ɡɨɧɚ ɛɚɝɚ-
ɬɨɰɢɤɥɨɜɨʀ ɤɨɧɬɚɤɬɧɨʀ ɭɬɨɦɢ, ɹɤɚ ɜɿɞɛɭɜɚєɬɶ-
ɫɹ ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɧɧɢɯ ɧɚɜɚɧɬɚɠɟɧɶ, ɳɨ ɩɟɪɟ-
ɜɢɳɭɸɬɶ ɦɟɠɭ ɜɬɨɦɢ ɦɚɬɟɪɿɚɥɭ. Ɇɟɯɚɧɿɱɧɚ 

ɟɧɟɪɝɿɹ, ɳɨ ɜɢɬɪɚɱɚєɬɶɫɹ ɧɚ ɞɟɮɨɪɦɚɰɿʀ, ɪɨɡ-
ɫɿɸєɬɶɫɹ ɭ ɜɢɝɥɹɞɿ ɬɟɩɥɚ, ɚɥɟ ɱɚɫɬɢɧɚ ɰɿєʀ 
ɟɧɟɪɝɿʀ ɧɚɤɨɩɢɱɭєɬɶɫɹ ɭ ɜɢɝɥɹɞɿ ɟɧɟɪɝɿʀ 
ɩɪɭɠɧɢɯ ɜɢɤɪɢɜɥɟɧɶ ɤɪɢɫɬɚɥɿɱɧɨʀ ɪɟɲɿɬɤɢ ɡɚ 

ɪɚɯɭɧɨɤ ɪɨɫɬɭ ɳɿɥɶɧɨɫɬɿ ɞɢɫɥɨɤɚɰɿɣ. ɍ ɩɪɨ-
ɰɟɫɿ ɧɚɤɨɩɢɱɟɧɧɹ ɜɨɧɢ ɞɨɫɹɝɚɸɬɶ ɤɪɢɬɢɱɧɨ-
ɝɨ ɡɧɚɱɟɧɧɹ, ɳɨ  ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɥɨɤɚɥɶɧɢɯ 

ɪɭɣɧɭɜɚɧɶ. 

ɍ ɪɨɛɨɬɿ [5] ɇ. Ȼ. Ⱦєɦɤɿɧ ɞɿɣɲɨɜ ɜɢɫɧɨɜ-
ɤɭ, ɳɨ ɞɥɹ ɦɟɬɚɥɿɜ ɡ ɜɢɫɨɤɨɸ ɱɢɫɬɨɬɨɸ 

ɨɛɪɨɛɥɟɧɧɹ ɞɟɮɨɪɦɚɰɿɹ ɛɭɞɟ ɩɟɪɟɜɚɠɧɨ 

ɩɪɭɠɧɨɸ,  ɹɤɳɨ ɠ ɜɢɫɬɭɩ ɞɟɮɨɪɦɭɜɚɜɫɹ ɩɿɞ 
ɱɚɫ  ɩɟɪɲɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɩɥɚɫɬɢɱɧɨ, ɬɨ ɭ 
ɪɚɡɿ ɩɨɜɬɨɪɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɟɮɨɪɦɚɰɿɹ 

ɛɭɞɟ ɩɪɭɠɧɨɸ ɞɨ ɬɢɯ ɩɿɪ, ɩɨɤɢ ɧɚɜɚɧɬɚɠɟɧɧɹ 

ɧɟ ɩɟɪɟɜɢɳɭє ɩɟɪɜɿɫɧɟ. 

ɍ ɪɨɛɨɬɿ [6] Ⱥ. Ɇ. ɋɭɫɥɨɜ ɧɚɜɨɞɢɬɶ ɜɢɪɚ-
ɡɢ ɳɨɞɨ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɡɧɨɲɭɜɚɧɧɹ ɩɨɜɟɪ-
ɯɨɧɶ ɪɭɯɨɦɨɝɨ ɫɩɨɥɭɱɟɧɧɹ ɜ ɩɟɪɿɨɞ ɩɪɢɪɨ-
ɛɥɹɧɧɹ: 

  (2) 

 

ɬɚ ɜ  ɩɟɪɿɨɞ ɧɨɪɦɚɥɶɧɨɝɨ ɡɧɨɲɭɜɚɧɧɹ: 
 

,(3) 

 

ɞɟ n  – ɤɿɥɶɤɿɫɬɶ ɰɢɤɥɿɜ ɜɩɥɢɜɭ, ɹɤɿ ɩɪɢɡɜɨ-
ɞɹɬɶ ɞɨ ɪɭɣɧɭɜɚɧɧɹ ɦɚɬɟɪɿɚɥɭ; ȝ – ɤɨɟɮɿɰɿєɧɬ 

ɉɭɚɫɫɨɧɚ; t – ɜɿɞɧɨɫɧɚ ɨɩɨɪɧɚ ɞɨɜɠɢɧɚ 

ɩɪɨɮɿɥɸ; m  – ɤɿɥɶɤɿɫɬɶ ɤɨɧɬɚɤɬɿɜ; Hµ0  – 

ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ; Rɚ – ɫɟɪɟɞɧє ɚɪɢɮɦɟɬɢɱɧɟ 

ɜɿɞɯɢɥɟɧɧɹ ɜɢɫɨɬ ɧɟɪɿɜɧɨɫɬɟɣ ɩɪɨɮɿɥɸ 

ɲɨɪɫɬɤɨɫɬɿ; Ȝ – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɜɪɚɯɨɜɭє 

ɜɩɥɢɜ ɩɨɜɟɪɯɧɟɜɢɯ ɡɚɥɢɲɤɨɜɢɯ ɧɚɩɪɭɝ ɧɚ 

ɡɧɨɲɭɜɚɧɧɹ; 

,                 (4) 
 

ɞɟ Ńɚ  –  ɡɧɚɱɟɧɧɹ ɚɦɩɥɿɬɭɞɧɨʀ ɧɚɩɪɭɠɟɧɨɫɬɿ 
ɜ ɩɨɜɟɪɯɧɟɜɨɦɭ ɲɚɪɿ; ty – ɩɚɪɚɦɟɬɪ ɮɪɢɤ-

ɰɿɣɧɨʀ ɭɬɨɦɢ.  

ɍ ɪɨɛɨɬɿ [7]  Ⱥ. Ɇ. ɋɭɫɥɨɜ ɡɚɩɪɨɩɨɧɭɜɚɜ 

ɪɿɜɧɹɧɧɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧɢ ɩɥɚɫɬɢɱ-
ɧɢɯ ɞɟɮɨɪɦɚɰɿɣ, ɜɢɯɨɞɹɱɢ ɡ ɹɤɨɫɬɿ ɨɛɪɨɛ-
ɥɟɧɧɹ ɩɨɜɟɪɯɧɿ: 

 

,     (5) 

 

ɞɟ Ɋ  – ɧɚɜɚɧɬɚɠɟɧɧɹ;  Hmu  – ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ; 

tɬ.ɩɪ, tɬ.ɩɨ  – ɜɿɞɧɨɫɧɚ ɨɩɨɪɧɚ ɞɨɜɠɢɧɚ 

ɩɪɨɮɿɥɸ ɜ ɩɨɡɞɨɜɠɧɶɨɦɭ ɬɚ ɩɨɩɟɪɟɱɧɨɦɭ 

ɧɚɩɪɹɦɤɚɯ; Sɬ.ɩɪ, Sɬ.ɩɨ  – ɤɪɨɤ ɧɟɪɿɜɧɨɫɬɿ 
ɜɡɞɨɜɠ ɫɟɪɟɞɧɶɨʀ ɥɿɧɿʀ ɭ ɩɨɡɞɨɜɠɧɶɨɦɭ ɬɚ 

ɩɨɩɟɪɟɱɧɨɦɭ ɧɚɩɪɹɦɤɚɯ; Rɪ.ɩɪ, Rɪ.ɩɨ  – ɜɢɫɨɬɚ 

ɧɟɪɿɜɧɨɫɬɟɣ ɭ ɩɨɡɞɨɜɠɧɶɨɦɭ ɬɚ ɩɨɩɟɪɟɱɧɨɦɭ 

ɧɚɩɪɹɦɤɚɯ. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

ɍ ɩɪɨɰɟɫɿ ɫɬɜɨɪɟɧɧɹ ɞɨɪɨɠɧɿɯ ɦɚɲɢɧ ɚɤ-
ɬɭɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ є ɞɨɫɥɿɞɠɟɧɧɹ ɩɢɬɚɧɶ, 

ɫɩɪɹɦɨɜɚɧɢɯ ɧɚ ɩɿɞɜɢɳɟɧɧɹ ʀɯ ɧɚɞɿɣɧɨɫɬɿ ɬɚ 

ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɡɚ ɪɚɯɭɧɨɤ ɜɢɛɨɪɭ ɨɩɬɢɦɚɥɶ-
ɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɟɥɟɦɟɧɬɿɜ ɝɿɞɪɨɩɪɢɜɨɞɭ. 

Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɦɨɞɟɥɸɜɚɧɧɹ ɥɨɤɚɥɶɧɨɝɨ 

ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɜ ɨɫɧɨɜɿ ɦɿɤɪɨɧɟɪɿɜ-

ɧɨɫɬɟɣ ɩɨɜɟɪɯɨɧɶ ɪɭɯɨɦɨɝɨ ɬɪɢɛɨɫɩɨɥɭɱɟɧɧɹ 

ɩɿɞ ɱɚɫ ʀɯ ɜɡɚєɦɨɞɿʀ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɫɬɭɩɟɧɹ 

ɩɟɪɟɤɪɢɬɬɹ ɬɚ ɜɟɥɢɱɢɧɢ ɡɨɜɧɿɲɧɶɨɝɨ ɧɚɜɚɧ-
ɬɚɠɟɧɧɹ ɫɩɨɥɭɱɟɧɧɹ. 
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Ɋɨɡɪɨɛɥɹɧɧɹ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ  
ɩɪɨɰɟɫɭ  

Ɉɤɪɟɦɚ ɦɿɤɪɨɧɟɪɿɜɧɿɫɬɶ ɩɿɞ ɱɚɫ ɩɪɨɰɟɫɭ ɪɨ-
ɡɪɚɯɭɧɤɿɜ ɧɚ ɜɢɝɢɧ ɦɨɠɟ ɛɭɬɢ ɩɨɞɚɧɚ ɹɤ ɤɨɧ-
ɫɨɥɶɧɚ ɛɚɥɤɚ ɡɦɿɧɧɨɝɨ ɩɟɪɟɬɢɧɭ. ɉɿɞ ɱɚɫ ɪɨ-
ɡɪɚɯɭɜɚɧɶ ɧɚ ɜɢɝɢɧ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ 

ɧɚɩɪɭɝɭ ŃF ɭ ɧɟɛɟɡɩɟɱɧɨɦɭ ɩɟɪɟɪɿɡɿ ɜ ɡɨɧɿ 
ɩɟɪɟɯɿɞɧɨʀ ɤɪɢɜɨʀ  (ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɫɢɥ ɭ ɦɿɫɰɿ ɞɨɬɢɤɭ ɦɿɤɪɨɧɟɪɿɜ-
ɧɨɫɬɟɣ 

 

Ȼɭɞɟɦɨ ɜɜɚɠɚɬɢ, ɳɨ ɤɨɧɬɚɤɬ ɩɿɞɞɚєɬɶɫɹ 

ɞɿʀ ɨɫɶɨɜɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɬɚ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

ɧɚɜɚɧɬɚɠɟɧɧɹ ɡ ɛɨɤɭ  ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ 2. ɉɿɞ-
ɫɭɦɤɨɜɚ ɫɢɥɚ, ɳɨ ɩɟɪɟɞɚєɬɶɫɹ ɜɿɞ ɨɞɧɿєʀ ɩɨ-
ɜɟɪɯɧɿ ɞɨ ɿɧɲɨʀ ɱɟɪɟɡ ɦɚɣɞɚɧɱɢɤ ɤɨɧɬɚɤɬɭ-
ɜɚɧɧɹ, ɪɨɡɤɥɚɞɚєɬɶɫɹ ɧɚ ɧɨɪɦɚɥɶɧɭ ɫɢɥɭ Ɋn, 

ɳɨ ɞɿє ɜɡɞɨɜɠ ɡɚɝɚɥɶɧɨʀ ɧɨɪɦɚɥɿ ɞɨ ɞɨɬɢɱɧɨʀ 
ɥɿɧɿʀ ɩɪɨɮɿɥɸ ɩɨɜɟɪɯɧɿ 1, ɹɤɚ ɩɨɜɢɧɧɚ ɛɭɬɢ 

ɫɬɢɫɤɚɥɶɧɨɸ, ɿ ɬɚɧɝɟɧɰɿɚɥɶɧɭ ɫɢɥɭ ń, ɳɨ ɞɿє ɜ 

ɞɨɬɢɱɧɿɣ ɩɥɨɳɢɧɿ ɬɚ є ɩɪɨɬɢɞɿєɸ ɫɢɥɿ  ɬɟɪɬɹ 

(ɪɢɫ. 2).  

 

 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɫɢɥ, ɡɜɟɞɟɧɢɯ ɞɨ ɨɫɿ ɫɢɦɟɬɪɿʀ 
ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ 

 

Ɂɚ ɭɦɨɜɢ ɪɭɯɭ ɨɞɧɨʀ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ 
ɜɿɞɧɨɫɧɨ ɿɧɲɨʀ ɜɟɥɢɱɢɧɚ ɫɢɥɢ ń ɩɨɜɢɧɧɚ ɛɭɬɢ 

ɭ ɝɪɚɧɢɱɧɨɦɭ ɫɬɚɧɿ ɪɿɜɧɨɸ ɚɛɨ ɛɿɥɶɲɟ ɫɢɥɢ 

ɝɪɚɧɢɱɧɨɝɨ ɬɟɪɬɹ, ɬɨɛɬɨ 

 

,                   (6) 

 

ɞɟ ȝ  – ɤɨɟɮɿɰɿєɧɬ ɝɪɚɧɢɱɧɨɝɨ ɬɟɪɬɹ.  

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɫɯɟɦɢ ɪɢɫ. 3 [8], ɫɢɥɚ ń ɪɨɡ-
ɤɥɚɞɚєɬɶɫɹ ɧɚ ɤɨɦɩɨɧɟɧɬɢ τx ɿ ńy, ɩɚɪɚɥɟɥɶɧɿ 
ɨɫɹɦ Ɉɯ ɿ Ɉɭ.  

 

  
Ɋɢɫ. 3. ɋɯɟɦɚ ɫɢɥ ɧɚ ɦɚɣɞɚɧɱɢɤɭ ɞɨɬɢɤɭ 

 

Ɂɚ ɭɦɨɜɢ ɤɨɜɡɧɨɝɨ ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɞɨɬɢɱɧɚ 

ɫɢɥɚ, ɳɨ ɞɿє ɧɚ ɩɨɜɟɪɯɧɸ ɤɨɠɧɨɝɨ ɡ  ɬɿɥ, ɳɨ 
ɤɨɬɚɤɬɭɸɬɶ, ɞɨɫɹɝɚє ɫɜɨɝɨ ɝɪɚɧɢɱɧɨɝɨ ɡɧɚ-
ɱɟɧɧɹ ɜ ɧɚɩɪɹɦɤɭ, ɩɪɨɬɢɥɟɠɧɨɦɭ ɧɚɩɪɹɦɤɭ 

ɜɟɤɬɨɪɚ ɲɜɢɞɤɨɫɬɿ ɤɨɜɡɚɧɧɹ, ɨɬɠɟ: 
 

, .    (7) 

,       (8) 

 

Ɂɭɫɢɥɥɹ, ɩɟɪɟɞɚɧɿ ɱɟɪɟɡ ɬɨɱɤɭ ɤɨɧɬɚɤɬɭ-
ɜɚɧɧɹ, ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɫɬɢɫɤɚɧɧɹ ɬɿɥ, ɳɨ ɞɟ-
ɮɨɪɦɭɸɬɶɫɹ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɜɨɧɢ ɜɫɬɭɩɚɸɬɶ 

ɭ ɤɨɧɬɚɤɬ ɜɡɞɨɜɠ ɦɚɣɞɚɧɱɢɤɚ ɤɿɧɰɟɜɢɯ ɪɨɡ-
ɦɿɪɿɜ. 

Ɇɨɦɟɧɬɢ Μɯ ɿ Ɇɭ (ɪɢɫ. 3) є ɦɨɦɟɧɬɚɦɢ ɤɨ-
ɱɟɧɧɹ. ȼɨɧɢ ɜɢɡɧɚɱɚɸɬɶ ɨɩɿɪ ɜɿɞɧɨɫɧɨɦɭ ɩɟ-
ɪɟɤɨɱɭɜɚɧɧɸ  ɬɿɥ, ɳɨ ɤɨɧɬɚɤɬɭɸɬɶ. Ɍɪɟɬɹ 

ɫɤɥɚɞɨɜɚ ɜɢɫɥɿɞɧɨɝɨ ɦɨɦɟɧɬɭ Ɇz ɞɿє ɧɚ ɡɚ-
ɝɚɥɶɧɭ ɧɨɪɦɚɥɶ ɿ ɜɢɧɢɤɚє ɜɧɚɫɥɿɞɨɤ ɬɟɪɬɹ 

ɜɡɞɨɜɠ ɦɚɣɞɚɧɱɢɤɚ ɤɨɧɬɚɤɬɭɜɚɧɧɹ (ɦɨɦɟɧɬ 

ɜɟɪɬɿɧɧɹ). əɤɳɨ ɜɟɪɬɿɧɧɹ ɫɭɩɪɨɜɨɞɠɭє ɤɨ-
ɱɟɧɧɹ, ɬɨ ɟɧɟɪɝɿɹ  ɣɨɝɨ ɞɢɫɢɩɚɰɿʀ ɩɿɞɫɭɦɨ-
ɜɭєɬɶɫɹ ɡ ɟɧɟɪɝɿєɸ ɞɢɫɢɩɚɰɿʀ  ɤɨɱɟɧɧɹ ɿ 
ɜɢɡɧɚɱɚє ɡɚɝɚɥɶɧɢɣ ɨɩɿɪ ɤɨɱɟɧɧɸ. ɍ ɦɟɠɚɯ 

ɪɨɡɝɥɹɧɭɬɨʀ ɫɢɫɬɟɦɢ ɜɡɚєɦɨɞɿʀ ɦɿɤɪɨɧɟɪɿɜɧɨ-
ɫɬɟɣ ɦɨɦɟɧɬɚɦɢ Μɯ ɿ Ɇɭ ɣ Ɇz ɦɨɠɧɚ ɡɧɟɜɚɠ-
ɚɬɢ [8]. 

ɋɢɥɢ ɜɡɚєɦɨɞɿʀ ɧɟɪɿɜɧɨɫɬɟɣ ɩɟɪɟɞɚɸɬɶɫɹ 

ɱɟɪɟɡ ɦɚɣɞɚɧɱɢɤ ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɡɚ ɞɨɩɨɦɨ-
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ɝɨɸ ɩɨɜɟɪɯɧɟɜɢɯ ɡɭɫɢɥɶ, ɪɨɡɩɨɞɿɥɟɧɢɯ 

ɜɡɞɨɜɠ ɩɥɨɳɿ ɤɨɧɬɚɤɬɭɜɚɧɧɹ.  

ɉɿɞ ɱɚɫ ɪɨɡɩɨɞɿɥɭ ɡɭɫɢɥɶ ɪ ɿ q ɜɡɞɨɜɠ 

ɩɥɨɳɿ ɤɨɧɬɚɤɬɭɜɚɧɧɹ S ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨɜɭɜɚ-
ɬɢ ɬɚɤɿ ɭɦɨɜɢ ɡɚɝɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ: 
 

                      (9) 

 

 
 

ɉɿɞ ɱɚɫ ɪɨɡɪɚɯɨɜɭɜɚɧɶ ɧɚ ɜɢɝɢɧ ɧɟɨɛɯɿɞɧɨ 

ɜɢɡɧɚɱɚɬɢ ɧɚɩɪɭɝɭ ŃF ɭ ɧɟɛɟɡɩɟɱɧɨɦɭ ɩɟɪɟ-
ɪɿɡɿ ɜ ɡɨɧɿ ɩɟɪɟɯɿɞɧɨʀ ɤɪɢɜɨʀ [8]: 

 

 ,                (10) 

 

ɞɟ Ńɢ  – ɧɚɩɪɭɝɚ ɜɢɝɢɧɭ (ɞɥɹ ɨɤɪɭɠɧɨɫɬɿ ɜ 

ɩɿɞɫɬɚɜɿ); Ńɫɬ  – ɧɚɩɪɭɝɚ ɫɬɢɫɤɚɧɧɹ; 
 

 ,             (11)

  

 

 ,              (12) 

 

ɞɟ A   – ɩɥɨɳɚ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɩɿɞɫɬɚɜɢ 

ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ; d – ɞɿɚɦɟɬɪ ɦɚɣɞɚɧɱɢɤɚ  ɩɟ-
ɪɟɬɢɧɭ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ ɜ ɬɨɱɰɿ ɤɨɧɬɚɤɬɭɜɚɧ-
ɧɹ; b  – ɲɢɪɢɧɚ ɦɚɣɞɚɧɱɢɤɚ ɤɨɧɬɚɤɬɭɜɚɧɧɹ;  

F – ɝɨɪɢɡɨɧɬɚɥɶɧɚ ɫɢɥɚ, ɩɪɢɤɥɚɞɟɧɚ ɜ ɬɨɱɰɿ 
ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɟɣ (ɪɢɫ. 1). 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɪɢɫ. 1, ɝɨɪɢɡɨɧɬɚɥɶɧɚ ɫɢɥɚ, 
ɩɪɢɤɥɚɞɟɧɚ ɜ ɬɨɱɰɿ ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɦɿɤɪɨ-
ɧɟɪɿɜɧɨɫɬɟɣ, ɦɨɠɟ ɛɭɬɢ ɜɢɡɧɚɱɟɧɚ ɡɚ ɜɢɪɚɡɨɦ 

 

, 

 

ɞɟ fɬɪ   – ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ; ȕ – ɤɭɬ ɦɿɠ ɧɨɪɦɚɥ-
ɥɸ ɞɨ ɤɨɧɬɭɪɭ, ɳɨ ɭɬɜɨɪɸє ɜɟɪɲɢɧɭ ɭ ɦɿɫɰɿ 
ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɟɣ ɬɚ ɜɟɪɬɢɤɚ-
ɥɶɧɨɸ ɜɿɫɫɸ ɫɢɦɟɬɪɿʀ ɧɟɪɭɯɨɦɨʀ ɦɿɤɪɨɧɟɪɿɜ-
ɧɨɫɬɿ. 

Ɇɨɞɟɥɸɜɚɧɧɹ ɡɞɿɣɫɧɸɜɚɥɨɫɶ ɬɚ ɬɚɤɢɯ 
ɭɦɨɜ: 

– ɜɟɪɯɧɹ ɧɟɪɿɜɧɿɫɬɶ ɩɟɪɟɦɿɳɭєɬɶɫɹ ɭ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɦɭ ɧɚɩɪɹɦɤɭ ɡ ɩɨɫɬɿɣɧɨɸ ɲɜɢɞ-
ɤɿɫɬɸ; 

– ɜɟɪɯɧɹ ɧɟɪɿɜɧɿɫɬɶ ɦɨɠɟ ɩɟɪɟɦɿɳɭɜɚɬɢɫɹ 
ɭ ɜɟɪɬɢɤɚɥɶɧɨɦɭ ɧɚɩɪɹɦɤɭ; 

– ɧɚ ɜɟɪɯɧɸ ɧɟɪɿɜɧɿɫɬɶ ɞɿє ɜɟɪɬɢɤɚɥɶɧɚ 
ɫɢɥɚ N (ɪɢɫ. 1); 

– ɧɢɠɧɹ ɧɟɪɿɜɧɿɫɬɶ ɜɜɚɠɚєɬɶɫɹ ɧɟɪɭɯɥɢ-
ɜɨɸ ɬɚ ɠɨɪɫɬɤɨ ɡɚɤɪɿɩɥɟɧɨɸ; 

– ɜɟɥɢɱɢɧɚ ɩɟɪɟɤɪɢɬɬɹ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɟɣ 
ɡɚɞɚɜɚɥɚɫɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɚɪɚɦɟɬɪɿɜ ɲɨɪɫɬ-
ɤɨɫɬɿ ɬɚ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɚɬɟɪɿɚɥɭ. 

ɋɢɥɚ ɩɪɢɤɥɚɞɟɧɚ ɜ ɬɨɱɰɿ ɤɨɧɬɚɤɬɭɜɚɧɧɹ 
ɦɿɤɪɨ-ɧɟɪɿɜɧɨɫɬɟɣ P. 

Ɋɨɡɪɚɯɭɧɤɢ ɧɚɩɪɭɝɢ ŃF ɭ ɧɟɛɟɡɩɟɱɧɨɦɭ 
ɩɟɪɟɪɿɡɿ ɜ ɡɨɧɿ ɩɟɪɟɯɿɞɧɨʀ ɤɪɢɜɨʀ ɩɪɨɜɨɞɢ-
ɥɢɫɶ ɞɥɹ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɟɣ ɡ ɜɢɫɨɬɨɸ  
0.08∙10-6ɦ, 0,16∙10-6ɦ, 0,32∙10-6ɦ. 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚɩɪɭɝɢ ŃF ɭ ɧɟɛɟ-
ɡɩɟɱɧɨɦɭ ɩɟɪɟɪɿɡɿ ɜ ɡɨɧɿ ɩɟɪɟɯɿɞɧɨʀ ɤɪɢɜɨʀ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɨɞɚɬɤɚ Mathcad ɩɨɞɚɧɨ ɧɚ 
ɪɢɫ. 4.

  

 
 

Ɋɢɫ. 4. Ƚɪɚɮɿɤ ɡɦɿɧɢ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɜ 

ɨɫɧɨɜɿ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ 
 

ȼɢɫɧɨɜɨɤ 

Ɉɬɠɟ, ɜ ɩɪɨɰɟɫɿ ɚɧɚɥɿɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ  

ɜɢɹɜɥɟɧɨ, ɳɨ ɧɚɩɪɭɝɚ ɜɢɝɢɧɭ  ɜɿɞɩɨɜɿɞɧɨ ɞɨ 

ɭɦɨɜ ɮɨɪɦɭɜɚɧɧɹ ɬɚ ɪɨɡɜɢɬɤɭ ɫɬɚɥɨʀ ɦɿɤɪɨ-

ɬɪɿɳɢɧɢ ɜ ɡɨɧɿ ɩɟɪɟɯɿɞɧɨʀ ɤɪɢɜɨʀ (ɪɢɫ. 4)  

ɜɢɧɢɤɚє ɧɚ ɨɛɦɟɠɟɧɿɣ ɞɿɥɹɧɰɿ ɪɭɯɭ ɪɭɯɨɦɨʀ 
ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ ɜɡɞɨɜɠ ɩɨɜɟɪɯɧɿ ɧɟɪɭɯɨɦɨʀ. 

ȼɟɥɢɱɢɧɚ ɧɚɩɪɭɝɢ ɜɢɝɢɧɭ ɡɚɥɟɠɢɬɶ ɜɿɞ 

ɝɟɨɦɟɬɪɿʀ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ ɬɚ ɜɟɥɢɱɢɧɢ ɡɛɥɢ-
ɠɟɧɧɹ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɟɣ ɜ ɫɩɨɥɭɱɟɧɧɿ. 
 

Ʌɿɬɟɪɚɬɭɪɚ 
1. Ⱦɟɦɤɢɧ ɇ. Ȼ.,  Ɋɵɠɨɜ ɗ.ȼ. Ʉɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɢ ɤɨɧɬɚɤɬ ɞɟɬɚɥɟɣ ɦɚɲɢɧ.  Ɇɨɫɤɜɚ: Ɇɚ-
ɲɢɧɨɫɬɪɨɟɧɢɟ, 1981.  244 ɫ. 

2. Rabinovicz E. Friction and wear of materials. John 
Wiley and Sons, 1965.  244 p. 

3. Practical Expressions of Elastoplastic Contact be-
tween Rough Surfaces. Int. J. of modeling and 
Optimization / Tian H., Zhao C., Zhu D.,  Qin H. 

Practical Expressions of Elastoplastic Contact be-
tween Rough Surfaces. Int. J. of modeling and 
Optimization. 2012. Vol. 2. No.3. 2012. 

4. ɂɛɚɬɭɥɥɢɧ ɂ. Ⱦ. Ʉɢɧɟɬɢɤɚ ɭɫɬɚɥɨɫɬɧɨɣ ɩɨɜɪɟ-
ɠɞɚɟɦɨɫɬɢ ɢ ɪɚɡɪɭɲɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨ-
ɟɜ. ɋɚɦɚɪɚ: ɋȽɌɍ, 2008. 387 ɫ. 



Віȟник ХНАДУ, вип. 88, 2020, Ƞ. ІІ 119 

5. Ⱦɟɦɤɢɧ ɇ. Ȼ. Ʉɨɧɬɚɤɬɢɪɨɜɚɧɢɟ ɲɟɪɨɯɨɜɚɬɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ.  Ɇɨɫɤɜɚ: ɇɚɭɤɚ, 1970.  226 ɫ. 

6. ɋɭɫɥɨɜ Ⱥ. Ƚ. Ʉɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɟɣ 
ɦɚɲɢɧ.  Ɇɨɫɤɜɚ: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 2000.  320 

ɫ. 
7. ɋɭɫɥɨɜ Ⱥ. Ƚ. Ʉ ɜɨɩɪɨɫɭ ɬɪɟɧɢɹ ɢ ɢɡɧɚɲɢɜɚɧɢɹ 

ɞɟɬɚɥɟɣ ɦɚɲɢɧ. Ɍɪɟɧɢɟ ɢ ɢɡɧɨɫ.  1990. № 5.  ɋ. 
801–807. 

8. Ⱦɠɨɧɫɨɧ Ʉ.  Ɇɟɯɚɧɢɤɚ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣ-
ɫɬɜɢɹ: ɩɟɪ. ɫ ɚɧɝɥ.  Ɇɨɫɤɜɚ: Ɇɢɪ, 1989.  510 ɫ. 

 

References 
1. Demkin N. B., Ryzhov  E.V. Kachestvo pover-

hnosti i kontakt detalej mashin. Mɨskov: Mashi-
nostroenie, 1981.  244 s. 

2. Rabinovicz E. Friction and wear of materials. 
N.Y.: John Wiley and Sons, 1965.  244 p. 

3. Tian H., Zhao C., Zhu D., Qin H. Practical Ex-
pressions of Elastoplastic Contact between Rough 
Surfaces. Int. J. of modeling and Optimization. 
2012.  Vol. 2, No. 3. 

4. Ibatullin I. D. Kinetika ustalostnoj pov-
rezhdaemosti i razrusheniya poverhnostnyh sloev.  

Samara: SGTU, 2008.  387 s. 
5. Demkin N. B. Kontaktirovanie sherohovatyh 

poverhnostej. M.: Nauka, 1970.  226 s. 
6. Suslov, A. G. Kachestvo poverhnosti detalej 

mashi.– Mɨskov: Mashinostroenie, 2000.  320 s. 
7. Suslov A.G. K voprosu treniya i iznashiva-niya 

detalej mashin. Trenie i iznos. 1990. №5.  
S. 801–807. 

8. Dzhonson K.  Mehanika kontaktnogo vzaimo-
dejstviya: per. s angl.  Moskov: Mir, 1989.  510 s. 

 
Ʉɨɫɨɥɚɩɨɜ ȼɿɤɬɨɪ Ȼɨɪɢɫɨɜɢɱ, ɤ.ɬ.ɧ., ɞɨɰɟɧɬ, 

+380(97) 535-64-78,  
ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-
ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ  
 

Model of formation of a local stress state at the 
base of microroughnesses in their interaction 
Abstract. Modeling of the local stress state at the 

base of microroughness during its interaction with 

mobile microroughness is considered, taking into 

account the degree of their overlap and the magni-

tude of the external load in the interface. The solu-

tion of the problem using the Mathcad application is 

considered, a graph of the change in the value of the 

local stress state at the base of microroughness is 

obtained. 
Keywords: local stress state, microroughness, sur-

face roughness. 

 
Kosolapov Viktor. PhD, Associate Professor, 
+380(97) 535-64-78, dr.tribolog@gmail.com. 
Kharkiv National Automobile and Highway Univer-

sity 
 

Ɇɨɞɟɥɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɨɤɚɥɶɧɨɝɨ  
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