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ȿɅȿɄɌɊɈɉɊɈȼȱȾɇȱɋɌɖ ȱ ɆȿɏȺɇȱɑɇȺ 

 ɆȱɐɇȱɋɌɖ ɆȺɋɌɂɅɖɇɈȲ ɉɅȱȼɄɂ ɌɊɂȻɈɋɉɈɅɍɑȺɇɇə 

 

ȼɟɧɰɟɥɶ Є. ɋ.1, Ɇɚɥɚɳɟɧɤɨ ȼ. Ⱥ.2, Ɉɪɟɥ Ɉ. ȼ.1, ɓɭɤɿɧ Ɉ. ȼ.1  
1ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ, 

2ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ «Ʌɶɜɿɜɫɶɤɚ ɩɨɥɿɬɟɯɧɿɤɚ» 

 
Аɧɨɬɚɰіɹ. Ɍɟɨɪɟɬɢɱɧɢɦ ɲɥɹɯɨɦ ɩɨɞɚɧɨ ɣ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɿɞɬɜɟɪɞɠɟɧɨ, ɳɨ ɞɢɫɩɟɪɫɧɿɫɬɶ 
ɱɚɫɬɢɧɨɤ ɡɚɛɪɭɞɧɟɧɶ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɦɚɫɬɢɥɚɯ, ɿɫɬɨɬɧɨ ɜɩɥɢɜɚє ɧɚ ʀɯ ɞɟɹɤɿ ɮɿɡɢɱɧɿ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ. Ɍɚɤ, ɡɨɤɪɟɦɚ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɿɞ ɱɚɫ ɲɬɭɱɧɨɝɨ ɞɢɫɩɟɪɝɭɜɚɧɧɹ ɱɚɫɬɤɢ ɡɚɛɪɭɞɧɟɧɶ 
ɭ ɦɚɫɬɢɥɶɧɨɦɭ ɦɚɬɟɪɿɚɥɿ, ɬɨ ɣɨɝɨ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɿɫɬɶ ɡɪɨɫɬɚє. ɐɟ ɦɚє ɩɪɢɡɜɟɫɬɢ ɞɨ ɡɧɢɠɟɧ-
ɧɹ ɱɚɫɬɤɢ ɟɥɟɤɬɪɨɫɬɚɬɢɱɧɨɝɨ ɡɧɨɲɭɜɚɧɧɹ ɬɪɢɛɨɫɩɨɥɭɱɚɧɧɹ. Ɍɚɤɨɠ ɬɚɤɿ ɱɚɫɬɢɧɤɢ ɡɞɚɬɧɿ 
ɡɛɿɥɶɲɢɬɢ ɦɟɯɚɧɿɱɧɭ ɦɿɰɧɿɫɬɶ (ɩɨɜɟɪɯɧɟɜɢɣ ɧɚɬɹɝ) ɦɚɫɬɢɥɶɧɢɯ ɩɥɿɜɨɤ, ɬɨɛɬɨ ɡɪɨɛɢɬɢ ɝɪɚɧɢɱ-
ɧɿ ɲɚɪɢ ɛɿɥɶɲ ɦɿɰɧɢɦɢ, ɡɚ ɪɚɯɭɧɨɤ ɱɨɝɨ ɬɚɤɨɠ ɦɨɠɧɚ ɨɱɿɤɭɜɚɬɢ ɡɦɟɧɲɟɧɧɹ ɡɧɨɫɲɟɧɧɹ.  
Кɥɸɱɨɜі ɫɥɨɜɚ: ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɿɫɬɶ, ɦɟɯɚɧɿɱɧɚ ɦɿɰɧɿɫɬɶ, ɩɨɜɟɪɯɧɟɜɢɣ ɧɚɬɹɝ, ɦɚɫɬɢɥɶɧɚ ɩɥɿɜɤɚ, 

ɱɚɫɬɤɢ ɡɚɛɪɭɞɧɟɧɶ, ɞɢɫɩɟɪɫɧɿɫɬɶ. 

 

ȼɫɬɭɩ 

ȼɿɞɨɦɨ, ɳɨ ɦɟɬɚɥɟɜɿ ɩɨɜɟɪɯɧɿ ɬɪɢɛɨɫɩɨ-
ɥɭɱɚɧɧɹ, ɪɨɡɞɿɥɟɧɿ ɦɚɫɥɹɧɨɸ ɩɥɿɜɤɨɸ, ɩɿɞ 
ɱɚɫ ɩɪɨɰɟɫɭ ɬɟɪɬɹ ɟɥɟɤɬɪɢɡɭɸɬɶɫɹ.  ɍ ɰɟɣ ɱɚɫ 
ɨɞɧɚ ɡ ɩɨɜɟɪɯɨɧɶ ɨɬɪɢɦɭє  ɩɨɡɢɬɢɜɧɢɣ ɡɚɪɹɞ, 
ɿɧɲɚ – ɧɟɝɚɬɢɜɧɢɣ [1, 2].  ȼɧɚɫɥɿɞɨɤ ɬɪɢɛɨɟ-
ɥɟɤɬɪɢɱɧɨɝɨ ɟɮɟɤɬɭ ɦɿɠ ɩɨɜɟɪɯɧɹɦɢ ɬɟɪɬɹ 
ɜɢɧɢɤɚє ɪɿɡɧɢɰɹ ɩɨɬɟɧɰɿɚɥɿɜ, ɜɟɥɢɱɢɧɚ ɹɤɨʀ 
ɦɨɠɟ ɡɚɥɟɠɚɬɢ ɹɤ ɜɿɞ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɥɿɜ, 
ɬɚɤ ɿ ɜɿɞ ɦɚɫɥɹɧɨʀ ɩɥɿɜɤɢ. 

ȿɥɟɤɬɪɨɩɪɨɜɿɞɧɿɫɬɶ ɦɚɫɥɹɧɨʀ ɩɥɿɜɤɢ ɡɚɥɟ-
ɠɢɬɶ ɜɿɞ ɮɿɡɢɤɨ-ɯɿɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɚɫ-
ɬɢɥɚ, ɡɨɤɪɟɦɚ ɜɿɞ ɤɿɥɶɤɿɫɧɨɝɨ ɿ ɹɤɿɫɧɨɝɨ ɫɤɥɚ-
ɞɭ ɦɟɯɚɧɿɱɧɢɯ ɞɨɦɿɲɨɤ, ɚ ɬɚɤɨɠ ɜɿɞ ɬɨɜɳɢɧɢ 
ɩɥɿɜɤɢ, ɬɟɦɩɟɪɚɬɭɪɢ ɬɨɳɨ. Ʉɪɿɦ ɬɨɝɨ, ɜɟɥɢɤɟ 
ɡɧɚɱɟɧɧɹ ɜ ɩɪɨɰɟɫɚɯ ɬɟɪɬɹ ɬɚ ɡɧɨɲɭɜɚɧɧɹ ɦɚє 
ɦɟɯɚɧɿɱɧɚ ɦɿɰɧɿɫɬɶ ɦɚɫɬɢɥɶɧɨʀ ɡɦɚɳɭɜɚɥɶɧɨʀ 
ɩɥɿɜɤɢ, ɹɤɚ ɡɞɿɣɫɧɸє ɨɞɧɭ ɡ ɧɚɣɝɨɥɨɜɧɿɲɢɯ 
ɮɭɧɤɰɿɣ ɭ ɡɚɛɟɡɩɟɱɟɧɧɿ ɧɚɞɿɣɧɨɝɨ ɝɪɚɧɢɱɧɨ-
ɝɨ ɲɚɪɭ ɦɿɠ ɬɪɢɛɨɩɨɜɟɪɯɧɹɦɢ. 

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɥɢ [2], ɳɨ 
ɧɚɣɧɢɠɱɭ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɿɫɬɶ ɦɚɸɬɶ ɫɜɿɠɿ 
ɦɚɫɬɢɥɚ.  ɍ  ɦɚɫɬɢɥ, ɳɨ ɩɪɚɰɸɸɬɶ, ɟɥɟɤɬɪɨ-
ɩɪɨɜɿɞɧɿɫɬɶ ɡɧɚɱɧɨ ɜɢɳɟ, ɨɫɤɿɥɶɤɢ ɦɟɬɚɥɟɜɿ 
ɱɚɫɬɢɧɤɢ, ɹɤɿ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɧɢɯ, ɫɩɪɢɹɸɬɶ 
ɫɬɜɨɪɟɧɧɸ ɩɪɨɜɿɞɧɨɫɬɿ ɚɤɬɢɜɚɰɿɣɧɨɝɨ ɬɢɩɭ.  
ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɩɥɿɜɤɚ ɩɪɨɛɢɜɚєɬɶɫɹ ɡɚ 
ɭɦɨɜɢ  ɛɿɥɶɲ ɧɢɡɶɤɨʀ ɧɚɩɪɭɠɟɧɨɫɬɿ ɩɨɥɹ (ɬɚɤ 
ɡɜɚɧɢɣ «ɬɢɯɢɣ» ɪɨɡɪɹɞ).  Ʉɪɿɦ ɬɨɝɨ, ɬɚɤɿ ɦɚɫ-
ɬɢɥɚ, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɫɜɿɠɢɯ, ɦɚɸɬɶ ɜɿɞɧɨɫɧɨ 
ɛɿɥɶɲɭ ɦɟɯɚɧɿɱɧɭ ɦɿɰɧɿɫɬɶ.  ȿɤɫɩɟɪɢɦɟɧɬɚ-
ɥɶɧɢɦ ɲɥɹɯɨɦ ɬɚɤɨɠ ɜɫɬɚɧɨɜɥɟɧɨ [3–6], ɳɨ 
ɡɚ ɭɦɨɜɢ ɧɚɹɜɧɨɫɬɿ ɜ ɦɚɫɬɢɥɚɯ  ɜɢɫɨɤɨɞɢɫɩɟ-
ɪɫɧɢɯ ɱɚɫɬɢɧɨɤ ɡɚɛɪɭɞɧɟɧɶ ʀɯ ɟɥɟɤɬɪɨɩɪɨɜɿ-

ɞɧɿɫɬɶ ɩɿɞɜɢɳɭɸɬɶɫɹ ɳɟ ɛɿɥɶɲɟ. ɍ ɰɶɨɦɭ 
ɜɢɩɚɞɤɭ ɜɿɞɛɭɜɚєɬɶɫɹ ɬɚɤɨɠ  ɡɛɿɥɶɲɟɧɧɹ ɦɟ-
ɯɚɧɿɱɧɨʀ ɦɿɰɧɨɫɬɿ ɦɚɫɬɢɥɶɧɨʀ ɩɥɿɜɤɢ, ɹɤɚ ɚɞ-
ɫɨɪɛɭєɬɶɫɹ ɧɚ ɬɪɢɛɨɜɟɪɯɧɹɯ ɭ ɜɢɝɥɹɞɿ ɝɪɚɧɢ-
ɱɧɢɯ ɲɚɪɿɜ. 

Ɉɬɠɟ, ɦɚɫɬɢɥɚ ɭ ɪɚɡɿ ɡɪɨɫɬɚɧɧɹ ɟɥɟɤɬɪɨɩ-
ɪɨɜɿɞɧɨɫɬɿ ɿ ɦɟɯɚɧɿɱɧɨʀ ɦɿɰɧɨɫɬɿ ɪɨɡɬɚɲɨɜɭ-
ɸɬɶɫɹ ɬɚɤɢɦ ɱɢɧɨɦ: ɫɜɿɠɿ, ɹɤɿ ɩɪɚɰɸɜɚɥɢ, ɚ 
ɬɚɤɨɠ ɰɿ ɠ  ɦɚɫɬɢɥɚ ɡɿ ɲɬɭɱɧɨ ɩɪɨɞɢɫɩɟɪɝɨ-
ɜɚɧɢɦɢ ɱɚɫɬɢɧɤɚɦɢ ɡɚɛɪɭɞɧɟɧɶ. 

 Ɇɟɯɚɧɿɡɦ ɬɚɤɨʀ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɡ ɬɟɨɪɟɬɢ-
ɱɧɢɯ ɩɨɡɢɰɿɣ ɪɚɧɿɲɟ ɧɟ ɪɨɡɝɥɹɞɚɜɫɹ, ɬɨɦɭ ɜ 
ɰɿɣ ɫɬɚɬɬɿ ɡɪɨɛɥɟɧɚ ɫɩɪɨɛɚ ɪɨɡ’ɹɫɧɢɬɢ ɰɸ 
ɡɚɤɨɧɨɦɿɪɧɿɫɬɶ ɡɧɿɞɧɨ ɡ  ɮɿɡɢɱɧɨɝɨ ɡɦɿɫɬɭ 
ɩɪɨɰɟɫɿɜ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɡ ɦɚɫɬɢɥɨɦ ɭ ɜɢ-
ɩɚɞɤɭ ɣɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɜ ɬɪɢɛɨɫɩɨɥɭɱɚɧ-
ɧɹɯ. 
 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

Ɍɟɨɪɟɬɢɱɧɢɦ ɲɥɹɯɨɦ ɩɿɞɬɜɟɪɞɢɬɢ ɟɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɳɨɞɨ ɡɚɤɨɧɨɦɿɪɧɨ-
ɫɬɟɣ ɡɦɿɧɢ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɨɫɬɿ ɿ ɦɟɯɚɧɿɱɧɨʀ 
ɦɿɰɧɨɫɬɿ ɦɚɫɬɢɥɶɧɨʀ ɩɥɿɜɤɢ, ɞɨ ɫɤɥɚɞɭ ɹɤɨʀ 
ɧɚɥɟɠɚɬɶ ɡɚɛɪɭɞɧɟɧɧɹ ɭ ɜɢɝɥɹɞɿ ɱɚɫɬɢɧɨɤ 
ɡɧɨɲɟɧɧɹ ɦɟɬɚɥɟɜɢɯ ɩɨɜɟɪɯɨɧɶ.  

 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɨɫɬɿ ɬɚ  
ɦɟɯɚɧɿɱɧɨʀ ɦɿɰɧɨɫɬɿ ɦɚɫɬɢɥɶɧɨʀ ɩɥɿɜɤɢ 

ɇɟɨɛɯɿɞɧɨ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɟɥɟɤɬɪɨɩɪɨɜɿɞ-
ɧɿɫɬɶ ɫɭɫɩɟɧɡɿʀ, ɭɬɜɨɪɟɧɨʀ ɦɟɬɚɥɟɜɢɦɢ ɱɚɫɬɢ-
ɧɤɚɦɢ ɡɧɨɲɟɧɧɹ ɜ ɦɚɫɬɢɥɿ, ɩɨɜɢɧɧɚ ɦɚɬɢ ɚɤ-
ɬɢɜɚɰɿɣɧɢɣ ɦɟɯɚɧɿɡɦ. Ɂɚ ɭɦɨɜɢ ɧɟɜɟɥɢɤɢɯ 
ɤɨɧɰɟɧɬɪɚɰɿɣ ɩɪɢɦɿɫɧɨʀ ɮɚɡɢ ɰɟɣ ɦɟɯɚɧɿɡɦ 
ɡɭɦɨɜɥɟɧɢɣ ɩɟɪɟɧɟɫɟɧɧɹɦ ɟɥɟɤɬɪɨɧɿɜ ɦɿɠ 
ɨɤɪɟɦɢɦɢ ɱɚɫɬɢɧɤɚɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɟɪɦɨɟ-
ɥɟɤɬɪɨɧɧɨʀ ɟɦɿɫɿʀ. 
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ɇɟɯɚɣ ɞɟɹɤɢɣ ɨɛɫɹɝ ɫɭɫɩɟɧɡɿʀ (ɪɢɫ. 1) ɦɚє 
ɩɨɱɚɬɤɨɜɭ ɩɥɨɳɭ ɩɨɜɟɪɯɧɿ ɦɚɫɬɢɥɚ 0S  ɱɚɫ-
ɬɢɧɨɤ 0S   ɿ ɩɨɜɟɪɯɧɟɜɢɣ ɧɚɬɹɝ  ɚ ɬɚ ɚ’.  

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɦɚɫɥɹɧɨʀ ɩɥɿɜɤɢ ɡ ɦɟɬɚɥɟɜɨɸ 

ɱɚɫɬɤɨɸ 

 

Ɋɨɡɝɥɹɧɟɦɨ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɱɚɫɬɢɧɤɢ ɩɪɨ-
ɞɢɫɩɟɪɝɨɜɚɧɿ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ʀɯ ɩɥɨɳɚ kS    

ɩɿɫɥɹ ɞɢɫɩɟɪɝɭɜɚɧɧɹ ɛɭɞɟ ɞɨɪɿɜɧɸɜɚɬɢ 

 

0 02( 1) /kS S k S      .  (1)  

 

ɇɚɩɪɢɤɥɚɞ, ɞɥɹ ɱɚɫɬɢɧɨɤ ɤɭɛɿɱɧɨʀ ɮɨɪɦɢ 
6  , ɭ ɰɶɨɦɭ ɜɢɩɚɞɤɭ 0 /S   – ɩɥɨɳɚ ɨɞɧɿєʀ 

ɝɪɚɧɿ ɤɭɛɚ. 
əɤ ɜɿɞɨɦɨ,  ɚɤɬɢɜɭɜɚɥɶɧɚ ɟɥɟɤɬɪɨɩɪɨɜɿɞ-

ɧɿɫɬɶ   ɜɢɡɧɚɱɚєɬɶɫɹ ɜɢɪɚɡɨɦ [7]: 
 

0 exp
B

E

k T

 
    

 
 . (2) 

 

Ʉɨɧɫɬɚɧɬɚ 0  ɮɨɪɦɚɥɶɧɨ ɦɚє ɮɿɡɢɱɧɢɣ 
ɡɦɿɫɬ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɨɫɬɿ ɭ ɪɚɡɿ ɧɟɫɤɿɧɱɟɧɧɨ 
ɜɢɫɨɤɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɩɨɜ’ɹɡɚɧɚ ɡ ɦɚɫɨɸ 
ɟɥɟɤɬɪɨɧɚ. 

Ɂɚɛɪɭɞɧɟɧɧɹ m, ɱɚɫ ɣɨɝɨ ɜɿɥɶɧɨɝɨ ɩɪɨɛɿɝɭ 
  ɿ ɤɨɧɰɟɧɬɪɚɰɿɹ ɟɥɟɤɬɪɨɧɿɜ 0n  ɩɨɜ’ɹɡɚɧɿ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 

 
2

0 0 /n e m    . (3) 

 

Ɉɬɠɟ, ɤɨɧɰɟɧɬɪɚɰɿɹ ɟɦɿɬɨɜɚɧɢɯ ɟɥɟɤɬɪɨ-
ɧɿɜ ɩɪɨɩɨɪɰɿɣɧɚ kS  , ɬɨɛɬɨ 
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ɉɿɞɫɬɚɜɢɜɲɢ ɭ ɮɨɪɦɭɥɭ (5) ɡɧɚɱɟɧɧɹ kS   ɡ 
(1) , ɨɫɬɚɬɨɱɧɨ ɦɚєɦɨ 
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0

2( 1)
1 exp .k
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k e E
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(6) 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɨɜɟɪɯɧɟɜɨɝɨ ɧɚɬɹɝɭ ɫɭ-
ɫɩɟɧɡɿʀ ɩɿɫɥɹ ɞɢɫɩɟɪɝɭɜɚɧɧɹ ɨɰɿɧɸєɦɨ ɩɥɨɳɭ 
ɩɨɞɪɿɛɧɟɧɢɯ ɱɚɫɬɢɧɨɤ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɧɚ 
ɜɿɥɶɧɿɣ ɩɨɜɟɪɯɧɿ ɦɚɫɥɹɧɨʀ ɩɥɿɜɤɢ. Ⱦɥɹ ɰɶɨɝɨ 
ɜɜɟɞɟɦɨ ɜɟɥɢɱɢɧɭ S ,  ɳɨ ɞɨɪɿɜɧɸє ɜɿɞɧɨ-
ɲɟɧɧɸ kS   ɞɨ ɨɛ’єɦɭ V ɦɚɫɥɹɧɨʀ ɩɥɿɜɤɢ: 

 

/S kS V  . 

 

Ɋɨɡɝɥɹɧɟɦɨ ɨɛ’єɦ ɩɥɿɜɤɢ 0V S h   , ɞɟ 
h  – ɜɿɞɫɬɚɧɶ ɦɿɠ ɞɜɨɦɚ ɫɭɫɿɞɧɿɦɢ ɲɚɪɚɦɢ, 

ɜ ɹɤɢɯ ɡɧɚɯɨɞɹɬɶɫɹ ɱɚɫɬɢɧɤɢ. 
Ɉɬɠɟ,  h  – ɬɨɜɳɢɧɚ ɤɭɥɿ, ɜ ɫɟɪɟɞɢɧɿ ɹɤɨʀ 

ɧɟɦɚє ɱɚɫɬɢɧɨɤ, ɚ ɧɚ ɩɨɜɟɪɯɧɿ ɜɨɧɢ є.  ɉɥɨɳɚ 
ɬɚɤɢɯ ɱɚɫɬɢɧɨɤ ɦɚє ɬɚɤɢɣ ɜɢɞ: 

 

ɩɨɜ 0 .k S SS V S h        
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Ɍɨɞɿ 
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ɩɨɜ 0k S kS S n   . 

 

ɉɥɨɳɚ ɞɢɫɩɟɪɝɨɜɚɧɢɯ ɱɚɫɬɢɧɨɤ ɧɚ ɩɨɜɟɪ-
ɯɧɿ ɦɚɫɥɹɧɨʀ ɩɥɿɜɤɢ ɞɨɪɿɜɧɸє 
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ȼɢɪɚɡ ɞɥɹ ɩɨɜɟɪɯɧɟɜɨɝɨ ɧɚɬɹɝɭ ɫɭɫɩɟɧɡɿʀ, 
ɳɨ ɦɿɫɬɢɬɶ ɞɢɫɩɟɪɝɨɜɚɧɿ ɱɚɫɬɢɧɤɢ, ɦɚɬɢɦɟ 
ɬɚɤɢɣ ɜɢɞ:   
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ɉɿɞɫɬɚɜɢɜɲɢ ɜ ɰɟɣ ɜɢɪɚɡ ɡɧɚɱɟɧɧɹ ɩɨɜkS  ɡ 
ɪɿɜɧɹɧɧɹ (7), ɨɬɪɢɦɭєɦɨ: 
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Ɂɚ ɞɨɫɢɬɶ ɜɟɥɢɤɢɯ ɡɧɚɱɟɧɧɶ 
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 ɜɢɪɚɡ (9) ɦɚє ɬɚɤɢɣ 
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Ɂ ɜɢɪɚɡɿɜ (6) ɿ (10) ɜɢɩɥɢɜɚє, ɳɨ ɩɿɞɜɢ-
ɳɟɧɧɹ ɤɿɥɶɤɨɫɬɿ (ɡɦɟɧɲɟɧɧɹ ɪɨɡɦɿɪɿɜ) ɱɚɫɬɢ-
ɧɨɤ ɜ ɪɟɡɭɥɶɬɚɬɿ ɞɢɫɩɟɪɝɭɜɚɧɧɹ ɡɛɿɥɶɲɟɧɧɹ 
ɤɨɟɮɿɰɿєɧɬɚ k  ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɪɨɫɬɚɧɧɹ ɹɤ 
ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɨɫɬɿ ɫɭɫɩɟɧɡɿʀ, ɬɚɤ ɿ ʀʀ ɩɨɜɟɪɯ-
ɧɟɜɨɝɨ ɧɚɬɹɝɭ (ɦɟɯɚɧɿɱɧɨʀ ɦɿɰɧɨɫɬɿ). 

əɤɳɨ ɩɪɢɣɧɹɬɢ, ɳɨ k = 1 (ɞɢɫɩɟɪɝɭɜɚɧɧɹ 
ɜɿɞɫɭɬɧє), ɬɨ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɮɨɪɦɭɥ (6) ɿ (10) 
ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɿɫɬɶ 1  ɿ ɩɨɜɟɪɯɧɟɜɢɣ ɧɚɬɹɝ 

1  ɫɭɫɩɟɧɡɿʀ ɛɭɞɭɬɶ ɦɟɧɲɟ ɧɿɠ  ɬɚ k k  . 

əɤɳɨ ɭ ɜɢɪɚɡɚɯ (6) ɿ (10)  0kS   (ɦɚɫɬɢɥɨ 
ɩɨɜɧɿɫɬɸ ɨɱɢɳɟɧɨ ɜɿɞ ɦɟɯɚɧɿɱɧɢɯ ɞɨɦɿɲɨɤ), 
ɬɨ ɨɬɪɢɦɭєɦɨ 0 0  , ɚ 0  , ɬɨɛɬɨ ɦɚɫɬɢ-
ɥɨ ɛɟɡ ɱɚɫɬɢɧɨɤ ɡɚɛɪɭɞɧɟɧɶ ɬɟɨɪɟɬɢɱɧɨ ɧɟ 
ɦɚє ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɨɫɬɿ, ɚ ɣɨɝɨ ɩɨɜɟɪɯɧɟɜɢɣ 
ɧɚɬɹɝ 0  ɦɟɧɲɟ ɧɿɠ 1  ɿ k . Ɂɝɿɞɧɨ ɡ ɞɨɫɥɿ-
ɞɠɟɧɧɹɦɢ [2],  0 0  , ɚɥɟ ɦɟɧɲɟ ɧɿɠ 1  ɬɚ 

k . 

Ɉɬɠɟ,, ɫɩɪɚɜɟɞɥɢɜɢɦɢ є ɬɚɤɿ ɧɟɪɿɜɧɨɫɬɿ: 
 

0 1 ,k     (11) 

0 1 .k       (12) 

 

ɇɟɪɿɜɧɿɫɬɶ (11)  ɭɡɝɨɞɠɭєɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚ-
ɬɚɦɢ ɞɨɫɥɿɞɠɟɧɶ, ɧɚɜɟɞɟɧɢɦɢ ɜ ɪɨɛɨɬɿ [2], ɞɟ 
ɞɨɜɟɞɟɧɨ, ɳɨ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɿɫɬɶ ɦɚɫɬɢɥɚ Ɇ-

12-Ƚ2, ɳɨ ɩɪɚɰɸє, ɡɚ ɭɦɨɜɢ ɬɨɜɳɢɧɢ ɩɥɿɜɤɢ 2 
ɦɤɦ ɜ 1,5 ɪɚɡɚ ɛɿɥɶɲɟ ɧɿɠ ɫɜɿɠɨɝɨ, ɚ  ɦɚɫɬɢɥɨ 
Ɇ-12-Ƚ2 ɡ ɩɪɨɞɢɫɩɟɪɝɨɜɚɧɢɦɢ ɱɚɫɬɢɧɤɚɦɢ 
ɡɚɛɪɭɞɧɟɧɶ ɡɚ ɭɦɨɜ ɬɿєʀ ɠ ɬɨɜɳɢɧɢ ɩɥɿɜɤɢ 
ɦɚє ɜɟɥɢɱɢɧɭ k  ɜ 1,34 ɪɚɡɚ ɛɿɥɶɲɟ 1 . 

Ⱦɥɹ ɜɫɬɚɧɨɜɥɟɧɧɹ ɩɪɚɜɢɥɶɧɨɫɬɿ ɧɟɪɿɜɧɨɫɬɿ 
(12) ɩɪɨɜɟɞɟɧɿ ɥɚɛɨɪɚɬɨɪɧɿ ɟɤɫɩɟɪɢɦɟɧɬɢ ɡ 
ɜɢɡɧɚɱɟɧɧɹ ɩɨɜɟɪɯɧɟɜɨɝɨ ɧɚɬɹɝɭ ɿɧɞɭɫɬɪɿɚ-
ɥɶɧɨɝɨ ɦɚɫɬɢɥɚ ȱ-Ƚ-Ⱥ-32 ȽɈɋɌ 17479.4-87, 

ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɪɿɡɧɨɦɭ ɫɬɚɧɿ: ɫɜɿɠɟ, ɫɜɿɠɟ 
ɡɿ ɲɬɭɱɧɨ ɜɜɟɞɟɧɢɦɢ ɜ ɧɶɨɝɨ ɦɟɬɚɥɟɜɢɦɢ 
ɱɚɫɬɢɧɤɚɦɢ ɡɚɛɪɭɞɧɟɧɶ  ɡɿ ɫɬɚɥɿ 38ɏɋ ɿ ɬɚɤɟ 
ɠ ɫɜɿɠɟ ɦɚɫɬɢɥɨ ɩɿɫɥɹ ɞɢɫɩɟɪɝɭɜɚɧɧɹ ɜ ɧɶɨ-
ɦɭ ɦɟɬɚɥɟɜɢɯ ɱɚɫɬɢɧɨɤ. 

Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɶ ɦɚɫɬɢɥɨ ɡɚɥɢɜɚɥɢ ɞɨ ɯɿɦɿ-
ɱɧɨʀ ɛɸɪɟɬɤɭ, ɩɿɫɥɹ ɱɨɝɨ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɨɛ’єɤɬɢɜɚ ɫɩɨɫɬɟɪɿɝɚɥɢ ɡɚ ɞɿɚɦɟɬɪɨɦ ɲɢɣɤɢ ɜ 
ɦɨɦɟɧɬ ɜɿɞɪɢɜɭ ɤɪɚɩɥɿ ɨɥɿʀ, ɹɤɚ ɜɢɬɿɤɚє ɡ ɧɨ-
ɫɢɤɚ ɛɸɪɟɬɤɢ.  Ɇɚɫɭ ɤɪɚɩɥɿ ɜɫɬɚɧɨɜɥɸɜɚɥɢ 
ɲɥɹɯɨɦ ɜɢɡɧɚɱɟɧɧɹ ɪɿɡɧɢɰɿ ɦɿɠ ɦɚɫɨɸ ɫɤɥɹ-
ɧɤɢ, ɜ ɹɤɢɣ ɤɚɩɚɥɢ ɡ ɛɸɪɟɬɤɢ 100 ɤɪɚɩɟɥɶ 
ɦɚɫɬɢɥɚ, ɿ ɦɚɫɨɸ ɫɭɯɨʀ ɫɤɥɹɧɤɢ. 

ɉɨɜɟɪɯɧɟɜɢɣ ɧɚɬɹɝ ɜɢɡɧɚɱɚɥɢ ɡɚ ɮɨɪɦɭ-
ɥɨɸ 
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mg

d
 


. 

 

Ɉɬɪɢɦɚɧɿ  ɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧ ɩɨɜɟɪɯɧɟɜɨɝɨ 
ɧɚɬɹɝɭ є ɬɚɤɢɦɢ: ɫɜɿɠɟ ɦɚɫɬɢɶɥɨ ȱ-Ƚ-Ⱥ-32 – 

  = 29,6 ɦɇ/ɦ, ɬɚɤɟ ɠ ɠ ɦɚɫɬɢɥɨ ɡɿ ɲɬɭɱɧɨ 
ɜɜɟɞɟɧɢɦɢ ɞɨ ɧɶɨɝɨ ɱɚɫɬɢɧɤɚɦɢ ɡɚɛɪɭɞɧɟɧɶ 
ɡɿ ɫɬɚɥɿ 38ɏɋ –  - 32,5 ɦɇ/ɦ; ɬɚɤɟ ɠ ɦɚɫɬɢɥɨ 
ɡɿ  ɲɬɭɱɧɨ ɩɪɨɞɢɫɩɟɪɝɨɜɚɧɢɦɢ ɱɚɫɬɢɧɤɚɦɢ  
ɡɚɛɪɭɞɧɟɧɶ ɡɿ ɫɬɚɥɿ 38ɏɋ – - = 35,4 ɦɇ/ɦ, 
ɳɨ ɩɨɜɧɿɫɬɸ ɩɿɞɬɜɟɪɞɠɭє ɩɪɚɜɢɥɶɧɿɫɬɶ ɧɟɪɿ-
ɜɧɨɫɬɿ (12). 

Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɬɟɨɪɟɬɢɱɧɿ ɤɨɧɰɟɩɰɿʀ ɬɚ ɪɟ-
ɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɦɨ-
ɠɭɬɶ ɜɢɹɜɢɬɢɫɹ ɤɨɪɢɫɧɢɦɢ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ 
ɩɨɝɥɢɛɥɟɧɧɹ ɬɟɨɪɿʀ ɡɦɚɳɭɜɚɥɶɧɨʀ ɞɿʀ ɦɚɫɬɢɥ. 

 

ȼɢɫɧɨɜɤɢ 

ȿɥɟɤɬɪɨɩɪɨɜɿɞɧɿɫɬɶ ɦɚɫɬɢɥɶɧɨʀ ɡɦɚɳɭɜɚ-
ɥɶɧɨʀ ɩɥɿɜɤɢ ɩɿɞɜɢɳɭєɬɶɫɹ ɭ ɪɚɡɿ ɡɛɿɥɶɲɟɧɧɹ 
ɜ ɧɿɣ ɤɿɥɶɤɨɫɬɿ ɜɢɫɨɤɨɞɢɫɩɟɪɫɧɢɯ ɱɚɫɬɢɧɨɤ 
ɡɚɛɪɭɞɧɟɧɶ. ɐɟ ɩɨɜɢɧɧɨ  ɫɩɪɢɹɬɢ ɡɦɟɧɲɟɧ-
ɧɸ  ɟɥɟɤɬɪɨɫɬɚɬɢɱɧɨɝɨ ɡɧɨɲɭɜɚɧɧɹ ɬɪɢɛɨɫ-
ɩɨɥɭɱɟɧɶ. 

ɍ ɬɚɤɢɣ ɠɟ ɫɩɨɫɿɛ ɩɿɞɜɢɳɭєɬɶɫɹ ɩɨɜɟɪɯ-
ɧɟɜɢɣ ɧɚɬɹɝ (ɦɟɯɚɧɿɱɧɚ ɦɿɰɧɿɫɬɶ) ɦɚɫɬɢɥɶɧɨʀ 
ɩɥɿɜɤɢ, ɳɨ ɩɨɜɢɧɧɚ ɡɚɛɟɡɩɟɱɢɬɢ ɛɿɥɶɲɭ ɫɬɿɣ-
ɤɿɫɬɶ ɝɪɚɧɢɱɧɢɯ ɡɦɚɳɭɜɚɥɶɧɢɯ ɲɚɪɿɜ ɬɚ 
ɫɩɪɢɹɬɢ ɡɚɩɨɛɿɝɚɧɧɸ ɡɚʀɞɚɧɧɹ ɬɪɢɛɨɫɩɨɥɭ-
ɱɟɧɶ, ɳɨ  ɩɨɡɢɬɢɜɧɨ ɜɿɞɨɛɪɚɡɢɬɶɫɹ ɧɚ ɿɧɬɟɧ-
ɫɢɜɧɨɫɬɿ ʀɯ ɡɧɨɲɭɜɚɧɧɹ. 
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Electrical conductivity and mechanical strength of 
the oil film of the fusion unit 
Abstract. It has been shown theoretically and exper-

imentally confirmed that the dispersion of particles of 

contaminants in oils significantly affects their certain 

physical characteristics. So, in particular, it has been 

established that if dirt particles are artificially dis-

persed in a lubricant, its electrical conductivity in-

creases. This, in turn, should lead to a decrease in 

the share of electrostatic wear of the friction pairs. 

Such particles are also able to increase the mechani-

cal strength (surface tension) of lubricating films, 

that is, to make the boundary layers more durable, 

due to which we can also expect a decrease in wear. 
Keywords: electrical conductivity, mechanical 

strength, surface tension, lubricating film, dirt parti-

cles, dispersity. 
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ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱ-
ɧɨɫɬɶ ɦɚɫɥɹɧɨɣ ɩɥɟɧɤɢ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɹ 
Аɧɧɨɬɚɰɢɹ. Ɍɟɨɪɟɬɢɱɟɫɤɢɦ ɩɭɬɟɦ ɩɨɤɚɡɚɧɨ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɞɢɫɩɟɪɫ-
ɧɨɫɬɶ ɱɚɫɬɢɰ ɡɚɝɪɹɡɧɟɧɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɦɚɫɥɚɯ, 
ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɢɯ ɧɟɤɨɬɨɪɵɟ ɮɢɡɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ. Ɍɚɤ,  ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɟɫɥɢ ɢɫɤɭɫ-
ɫɬɜɟɧɧɨ ɞɢɫɩɟɪɝɢɪɨɜɚɬɶ ɱɚɫɬɢɰɵ ɡɚɝɪɹɡɧɟɧɢɣ ɜ 
ɫɦɚɡɨɱɧɨɦ ɦɚɬɟɪɢɚɥɟ, ɬɨ ɟɝɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞ-
ɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ. Эɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɞɨɥɠɧɨ 
ɩɪɢɜɟɫɬɢ ɤ ɫɧɢɠɟɧɢɸ ɞɨɥɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨ-
ɝɨ ɢɡɧɚɲɢɜɚɧɢɹ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ, ɬɚɤɠɟ ɬɚɤɢɟ 
ɱɚɫɬɢɰɵ ɫɩɨɫɨɛɧɵ ɭɜɟɥɢɱɢɬɶ ɦɟɯɚɧɢɱɟɫɤɭɸ 
ɩɪɨɱɧɨɫɬɶ (ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ) ɫɦɚɡɨɱ-
ɧɵɯ ɩɥɟɧɨɤ, ɬɨ ɟɫɬɶ ɫɞɟɥɚɬɶ ɝɪɚɧɢɱɧɵɟ ɫɥɨɢ ɛɨ-
ɥɟɟ ɩɪɨɱɧɵɦɢ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɬɚɤɠɟ ɦɨɠɧɨ ɨɠɢ-
ɞɚɬɶ ɭɦɟɧɶɲɟɧɢɹ ɢɡɧɨɫɚ. 
Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɦɟɯɚɧɢ-
ɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ, 
ɫɦɚɡɨɱɧɚɹ ɩɥɟɧɤɚ, ɱɚɫɬɢɰɵ ɡɚɝɪɹɡɧɟɧɢɣ, ɞɢɫɩɟɪɫ-
ɧɨɫɬɶ. 
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