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ȼɉɅɂȼ ɊȿɃɄɈȼɂɏ ɋɌɂɄȱȼ ɇȺ ȾɂɇȺɆȱɑɇȱ ɁɍɋɂɅɅə, 
əɄȱ ȼɂɇɂɄȺɘɌɖ ɉȱȾ ɑȺɋ ɉȿɊȿɋɍȼȺɇɇə ɏɈȾɈȼɂɏ ɄɈɅȱɋ 

ɆɈɋɌɈȼɂɏ ɄɊȺɇȱȼ 

 

Ɏɿɞɪɨɜɫɶɤɚ ɇ. Ɇ., ɉɟɪɟɜɨɡɧɢɤ ȱ. Ⱥ., ɓɟɪɛɚɤ Ɉ. ȼ.  
ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ  

 
Аɧɨɬɚɰіɹ. ɍ ɫɬɚɬɬɿ ɪɨɡɝɥɹɧɭɬɿ ɞɢɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɹɤɿ ɜɢɧɢɤɚɸɬɶ ɩɿɞ ɱɚɫ ɩɟɪɟɫɭɜɚɧɧɹ 
ɜɚɧɬɚɠɧɢɯ ɜɿɡɤɿɜ ɿ ɤɪɚɧɿɜ ɦɨɫɬɨɜɨɝɨ ɬɢɩɭ. Ɉɫɧɨɜɧɿ ɞɢɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɡ’ɹɜɥɹɸɬɶɫɹ ɩɿɞ 
ɱɚɫ ɩɟɪɟɯɨɞɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɨɝɚɧɢɣ ɫɬɚɧ ɪɟɣɤɨɜɢɯ ɤɨɥɿɣ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɨɹɜɢ ɞɨɞɚɬɤɨɜɢɯ ɞɢɧɚ-
ɦɿɱɧɢɯ ɧɚɜɚɧɬɚɠɟɧɶ. Ɉɫɨɛɥɢɜɨ ɧɚ ɰɟ ɜɩɥɢɜɚɸɬɶ  ɜɿɞɯɢɥɟɧɧɹ ɩɿɞɤɪɚɧɨɜɢɯ ɪɟɣɨɤ,  ɡɨɤɪɟɦɚ ɜɢɛɨʀ-
ɧɢ ɧɚ ɪɟɣɤɚɯ ɿ ɩɨɝɚɧɢɣ ɫɬɚɧ ɫɬɢɤɿɜ.  
Кɥɸɱɨɜі ɫɥɨɜɚ: ɤɪɚɧ ɦɨɫɬɨɜɢɣ, ɜɿɡɨɤ ɜɚɧɬɚɠɧɢɣ, ɤɨɥɟɫɨ ɯɨɞɨɜɟ, ɞɢɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ, 
ɪɟɣɤɨɜɢɣ ɫɬɢɤ, ɱɚɫɬɨɬɚ ɤɨɥɢɜɚɧɶ, ɤɨɟɮɿɰɿєɧɬ ɠɨɪɫɬɤɨɫɬɿ.  
 

ȼɫɬɭɩ 

ɉɿɞ ɱɚɫ ɩɟɪɟɫɭɜɚɧɧɹ ɜɚɧɬɚɠɧɢɯ ɜɿɡɤɿɜ ɿ 
ɤɪɚɧɿɜ ɜɢɧɢɤɚɸɬɶ ɞɨɞɚɬɤɨɜɿ ɞɢɧɚɦɿɱɧɿ ɧɚɜɚ-
ɧɬɚɠɟɧɧɹ, ɨɫɤɿɥɶɤɢ ɤɪɚɧɨɜɿ ɲɥɹɯɢ ɬɚ ɯɨɞɨɜɿ 
ɤɨɥɟɫɚ ɦɚɸɬɶ ɪɿɡɧɿ ɜɿɞɯɢɥɟɧɧɹ ɞɨ ɧɨɪɦ ɜɫɬɚ-
ɧɨɜɥɟɧɧɹ – ɩɨɝɚɧɢɣ ɫɬɚɧ ɫɬɢɤɿɜ, ɧɚɹɜɧɿɫɬɶ 
ɜɢɛɨʀɧ ɧɚ ɪɟɣɤɚɯ ɿ ɩɨɜɟɪɯɧɿ ɤɨɱɟɧɧɹ ɯɨɞɨɜɢɯ 
ɤɨɥɿɫ ɬɚ ɧɟɪɿɜɧɨɫɬɟɣ ɧɚ ɛɨɤɨɜɢɯ ɩɨɜɟɪɯɧɹɯ 
ɪɟɣɨɤ ɬɚ ɪɟɛɨɪɞɚɯ, ɧɚɹɜɧɿɫɬɶ ɭɦ’ɹɬɢɧ ɬɨɳɨ. 

  

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɉɟɪɟɜɿɪɤɚ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ɩɿɞɤɪɚɧɨɜɢɯ 
ɲɥɹɯɿɜ ɪɿɡɧɢɯ ɩɪɨɦɢɫɥɨɜɢɯ ɩɿɞɩɪɢєɦɫɬɜ 
ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɥɚ, ɳɨ ɞɨɫɢɬɶ ɱɚɫɬɨ ɪɟɣɤɨɜɿ 
ɫɬɢɤɢ ɦɚɸɬɶ ɧɟɡɚɞɨɜɿɥɶɧɢɣ ɫɬɚɧ. Ɂɚɡɨɪɢ ɜ 
ɫɬɢɤɚɯ ɞɨɫɹɝɚɸɬɶ ɜɟɥɢɱɢɧɢ 20–30 ɦɦ, ɩɟɪɟ-
ɩɚɞ ɡɚ ɜɢɫɨɬɨɸ ɞɨɪɿɜɧɸє 5–10 ɦɦ, ɿɧɨɞɿ ɧɚ-
ɜɿɬɶ ɡɭɫɬɪɿɱɚɸɬɶɫɹ ɜɢɛɨʀɧɢ ɡ ɝɥɢɛɢɧɨɸ ɞɨ 
10–12 ɦɦ ɧɚ ɞɨɜɠɢɧɿ 30–40 ɦɦ. Ɍɚɤɿ ɫɬɢɤɢ є 
ɩɪɢɱɢɧɨɸ ɞɨɫɢɬɶ ɡɧɚɱɧɢɯ ɞɢɧɚɦɿɱɧɢɯ ɧɚɜɚ-
ɧɬɚɠɟɧɶ. ȿɤɫɩɟɪɢɦɟɧɬ, ɩɪɨɜɟɞɟɧɢɣ 
ɉ. Є.Ȼɨɝɭɫɥɚɜɫɶɤɢɦ, [1] ɞɨɜɿɜ, ɳɨ ɩɿɞ ɱɚɫ 
ɩɪɨɯɨɞɠɟɧɧɹ ɦɨɫɬɨɜɢɦ ɤɪɚɧɨɦ ɤɪɿɡɶ ɩɟɪɟɩɨ-
ɧɭ, ɜɢɫɨɬɨɸ h = 5 ɦɦ, ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɜɚɧɬɚ-
ɠɟɧɧɹ ɞɨɪɿɜɧɸє 1,85. 

ȼɟɥɢɤɿ ɞɢɧɚɦɿɱɧɿ ɩɟɪɟɜɚɧɬɚɠɟɧɧɹ ɤɪɚɧɿɜ 
ɭ ɜɢɩɚɞɤɭ ɩɪɨɯɨɞɠɟɧɧɹ  ɫɬɢɤɚɦɢ ɩɨɹɫɧɸ-
ɸɬɶɫɹ ɹɤ ɠɨɪɫɬɤɿɫɬɸ ɫɚɦɨɝɨ ɲɥɹɯɭ, ɬɚɤ ɿ ɠɨ-
ɪɫɬɤɿɫɬɸ ɯɨɞɨɜɨʀ ɱɚɫɬɢɧɢ ɫɚɦɨɝɨ ɤɪɚɧɚ. 

ɍ ɩɪɨɫɬɨɦɭ ɜɢɩɚɞɤɭ ɰɹ ɡɚɞɚɱɚ 
ɪɨɡɜ’ɹɡɭєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɜɨɯɦɚɫɨɜɨʀ ɪɨ-
ɡɪɚɯɭɧɤɨɜɨʀ ɫɢɫɬɟɦɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɬɿɥɶɤɢ 
ɩɨɞɚɬɥɢɜɨɫɬɿ ɦɨɫɬɭ. ɋ. Ⱥ. Ʉɚɡɚɤ [2] ɞɨɫɥɿ-
ɞɠɭɜɚɜ ɬɪɢ ɜɢɞɢ ɫɬɢɤɭ ɪɟɣɤɢ: ɡɭɫɬɪɿɱɧɚ ɿ ɩɨ-
ɩɭɬɧɚ ɫɯɨɞɢɧɤɢ, ɚ ɬɚɤɨɠ ɡɚɡɨɪ ɧɚ ɫɬɢɤɭ. ɉɿɞ 
ɱɚɫ  ɪɨɡɜ’ɹɡɚɧɧɹ ɰɿєʀ ɡɚɞɚɱɿ ɛɭɥɢ ɩɪɢɣɧɹɬɿ 
ɬɚɤɿ ɩɪɢɩɭɳɟɧɧɹ: ɩɿɞ ɱɚɫ ɪɨɡɪɚɯɭɧɤɭ ɡɭɫɬɪɿɱ 
ɤɨɥɿɫ ɡ ɩɟɪɟɩɨɧɨɸ ɧɚ ɥɿɜɨɦɭ ɿ ɩɪɚɜɨɦɭ ɛɨɤɚɯ 

ɤɪɚɧɚ ɜɿɞɛɭɜɚєɬɶɫɹ ɨɞɧɨɱɚɫɧɨ; ɤɨɥɟɫɚ, ɪɟɣɤɢ, 
ɪɟɣɫɨɜɿ ɨɩɨɪɢ ɿ ɤɿɧɰɟɜɿ ɛɚɥɤɢ ɦɨɫɬɭ є ɚɛɫɨ-
ɥɸɬɧɨ ɠɨɪɫɬɤɢɦɢ; ɡɚɬɭɯɚɧɧɹ ɤɨɥɢɜɚɧɶ ɿ ɡɦɿ-
ɧɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɤɪɚɧɚ ɜ ɦɨɦɟɧɬ ɩɪɨɯɨ-
ɞɠɟɧɧɹ ɩɟɪɟɩɨɧɢ ɧɟ ɜɫɬɢɝɚɸɬɶ ɜɩɥɢɧɭɬɢ ɧɚ 
ɞɢɧɚɦɿɤɭ ɫɢɫɬɟɦɢ. ɐɿ ɩɪɢɩɭɳɟɧɧɹ ɩɪɢɡɜɨ-
ɞɹɬɶ ɞɨ ɩɿɞɜɢɳɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɧɚɜɚɧɬɚ-
ɠɟɧɶ, ɬɨɦɭ ɬɚɤɢɣ ɪɨɡɪɚɯɭɧɨɤ ɞɚє ɞɟɹɤɟ ɧɚ-
ɛɥɢɠɟɧɧɹ. 

ɉɿɞ ɱɚɫ ɪɨɡɪɚɯɭɜɚɧɶ ɛɭɥɚ ɜɪɚɯɨɜɚɧɚ ɤɨɧɫ-
ɬɪɭɤɰɿɹ ɯɨɞɨɜɨʀ ɱɚɫɬɢɧɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɟɪɟ-
ɞɚɬɨɱɧɨɝɨ ɱɢɫɥɚ ɛɚɥɚɧɫɢɪɧɨʀ ɩɿɞɜɿɫɤɢ  ɯɨɞɨ-
ɜɢɯ ɤɨɥɿɫ. ɐɟ ɩɟɪɟɞɚɬɨɱɧɟ ɱɢɫɥɨ є ɜɿɞɧɨɲɟɧ-
ɧɹɦ ɜɢɫɨɬɢ ɫɯɨɞɢɧɤɢ, ɹɤɚ ɞɨɥɚєɬɶɫɹ ɩɚɪɨɸ 
ɤɨɥɿɫ ɨɞɧɨɱɚɫɧɨ ɭ ɜɟɪɬɢɤɚɥɶɧɿɣ ɫɤɥɚɞɨɜɿɣ 
ɜɿɞɩɨɜɿɞɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɰɟɧɬɪɚ ɬɹɝɢ ɜɫɶɨ-
ɝɨ  ɤɪɚɧɚ əɤɳɨ ɩɪɢɣɧɹɬɢ, ɳɨ ɜɟɫɶ ɤɪɚɧ є ɚɛ-
ɫɨɥɸɬɧɨ ɠɨɪɫɬɤɢɦ, ɚ ɜɚɧɬɚɠɧɢɣ ɜɿɡɨɤ ɡɧɚɯɨ-
ɞɢɬɶɫɹ ɜ ɫɟɪɟɞɢɧɿ ɩɪɨɝɨɧɭ, ɬɨ ɰɟ ɿ ɛɭɞɟ ɿ ɜɟɪ-
ɬɢɤɚɥɶɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɜɚɧɬɚɠɭ.  

Ɋɨɡɪɚɯɭɧɤɢ ɞɟɦɨɧɫɬɪɭɸɬɶ ɩɪɢɛɥɢɡɧɨ ɨɞ-
ɧɚɤɨɜɭ ɮɭɧɤɰɿɨɧɚɥɶɧɭ ɡɚɥɟɠɧɿɫɬɶ ɞɢɧɚɦɿɱ-
ɧɢɯ ɧɚɜɚɧɬɚɠɟɧɶ ɭ ɪɚɡɿ ɡɭɫɬɪɿɱɧɨʀ ɬɚ  ɩɨɩɭɬ-
ɧɿɣ ɫɯɨɞɢɧɤɚɯ. Ⱦɢɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɡɚ-
ɥɟɠɚɬɶ ɜɿɞ ɜɢɫɨɬɢ ɫɯɨɞɢɧɤɢ, ɲɜɢɞɤɨɫɬɿ ɩɟɪɟ-
ɫɭɜɚɧɧɹ ɿ ɠɨɪɫɬɤɨɫɬɿ ɯɨɞɨɜɨʀ ɫɢɫɬɟɦɢ. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

ɍ ɩɪɨɰɟɫɿ ɫɬɜɨɪɟɧɧɹ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ ɞɢ-
ɧɚɦɿɱɧɨʀ ɞɿʀ ɡ ʉɪɭɧɬɨɜɢɧɨɫɧɢɦɢ ɥɨɩɚɬɤɚɦɢ 
ɜɢɧɢɤɚє ɧɟɨɛɯɿɞɧɿɫɬɶ  ɦɿɧɿɦɿɡɚɰɿʀ ɟɧɟɪɝɟɬɢɱ-
ɧɢɯ ɜɢɬɪɚɬ, ɡɨɤɪɟɦɚ ɧɚ ɩɪɨɯɨɞɠɟɧɧɹ ɱɚɫɬɢ-
ɧɨɤ ʉɪɭɧɬɭ ɜɡɞɨɜɠ ʉɪɭɧɬɨɜɢɧɨɫɧɢɯ ɥɨɩɚɬɨɤ. 

Ɍɨɦɭ ɚɤɬɭɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ є ɞɨɫɥɿ-
ɞɠɟɧɧɹ ɩɢɬɚɧɶ, ɫɩɪɹɦɨɜɚɧɢɯ ɧɚ ɩɿɞɜɢɳɟɧɧɹ 
ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɨɛɨɱɢɯ ɨɪɝɚ-
ɧɿɜ ɡɚ ɪɚɯɭɧɨɤ ɜɢɛɨɪɭ ɨɩɬɢɦɚɥɶɧɨʀ ɮɨɪɦɢ 
ʉɪɭɧɬɨɜɢɧɨɫɧɢɯ ɥɨɩɚɬɨɤ. 
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Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɚɧɚɥɿɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ 
ɪɭɯɭ ɱɚɫɬɢɧɨɤ ʉɪɭɧɬɭ, ɹɤɢɣ ɜɢɧɨɫɢɬɶɫɹ ʉɪɭɧ-
ɬɨɜɢɧɨɫɧɢɦɢ ɥɨɩɚɬɤɚɦɢ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ ɞɢ-
ɧɚɦɿɱɧɨʀ ɞɿʀ. Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ  ɞɨɡɜɨ-
ɥɹɬɶ ɩɪɨɟɤɬɭɜɚɬɢ ɪɨɛɨɱɿ ɨɪɝɚɧɢ ɡ ɡɚɞɚɧɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɥɨɩɚɬɨɤ ɬɚ ɧɟɨɛɯɿɞɧɢɦɢ ɪɟɠɢ-
ɦɚɦɢ ɪɨɛɨɬɢ, ɦɿɧɿɦɿɡɭɸɱɢ ɲɥɹɯ ɩɪɨɯɨɞɠɟɧ-
ɧɹ ɱɚɫɬɢɧɨɤ ʉɪɭɧɬɭ ɜɡɞɨɜɠ ɧɢɯ. 

 

ȼɢɡɧɚɱɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɡɭɫɢɥɶ  

ɭ ɯɨɞɨɜɢɯ ɤɨɥɟɫɚɯ 

Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɰɿєʀ ɡɚɞɚɱɿ ɛɭɥɚ ɪɨɡɝɥɹɧɭ-
ɬɚ ɬ ɫɯɟɦɚ (ɪɢɫ. 1.), ɜ ɹɤɿɣ є ɞɜɿ ɩɪɭɠɧɿ 
ɡɜ’ɹɡɤɢ ɿ ɞɜɿ ɦɚɫɢ, ɞɟ 1m  – ɦɚɫɚ ɦɨɫɬɭ, ɹɤɚ 
ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɫɟɪɟɞɢɧɿ ɩɪɨɝɨɧɭ, ɿ ɦɚɫɚ ɜɿɡɤɚ, 

2m  – ɦɚɫɚ ɜɚɧɬɚɠɭ, 1 2,C C  –ɤɨɟɮɿɰɿєɧɬɢ  ɠɨ-
ɪɫɬɤɨɫɬɿ  ɦɨɫɬɭ ɿ ɤɚɧɚɬɧɨʀ ɩɿɞɜɿɫɤɢ, Q – ɜɚɝɚ 
ɜɚɧɬɚɠɭ, G – ɡɜɟɞɟɧɚ ɜɚɝɚ. 

 

 
 

Ɋɢɫ. 1. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɫɯɟɦɚ 

 

Ɋɿɜɧɹɧɧɹ ɪɭɯɭ ɩɿɞ ɱɚɫ ɩɿɞɧɿɦɚɧɧɹ ɤɨɥɿɫ ɧɚ 
ɫɯɨɞɢɧɤɭ: 

 

         
 

1 11 11 1

21 21 1

11 1 0 11

21 2 11 21

k

k

m x F F G

m x F Q

F G Q C x x

F Q C x x

  
  
    
   

               (1) 

ȼɟɪɬɢɤɚɥɶɧɿ ɩɟɪɟɦɿɳɟɧɧɹ 0x  ɜɟɞɭɱɨʀ ɦɚ-
ɫɢ ɦɨɫɬɭ, ɹɤɚ ɡɜɟɞɟɧɚ ɞɨ ɯɨɞɨɜɨʀ ɱɚɫɬɢɧɢ 
ɤɪɚɧɚ, ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɬɚɤɨɸ ɮɨɪɦɭɥɨɸ: 

        
 

0

cos cos

b

r t
x

i

        ,  

ɞɟ cos 1
h

r
   ; h – ɜɢɫɨɬɚ ɫɯɨɞɢɧɤɢ; r – ɪɚ-

ɞɿɭɫ ɤɨɥɟɫɚ; bi – ɩɟɪɟɞɚɬɨɱɧɚ ɤɿɥɶɤɿɫɬɶ ɛɚɥɚɧ-

ɫɢɪɧɨʀ ɩɿɞɜɿɫɤɢ ɯɨɞɨɜɢɯ ɤɨɥɿɫ; v

r
 – ɤɭɬɨɜɚ 

ɲɜɢɞɤɿɫɬɶ ɨɛɟɪɬɚɧɧɹ ɤɨɥɿɫ; v – ɲɜɢɞɤɿɫɬɶ 
ɩɟɪɟɫɭɜɚɧɧɹ ɤɪɚɧɚ. 

ɋɢɫɬɟɦɭ (1) ɦɨɠɧɚ ɩɨɞɚɬɢ ɡɚɩɢɫɚɬɢ ɹɤ  
 

   
   
 

1 1 1 0 1 2 1 2

2 2 2 1 2

m x C x x C x x

m x C x x

    


 
   .   (2) 

 

Ɂ ɞɪɭɝɨɝɨ ɪɿɜɧɹɧɧɹ ɫɢɫɬɟɦɢ ɡɧɚɯɨɞɢɦɨ 
 

2 2 2 2
1

1

m x C x
x

C


  

 

ɉɿɞɫɬɚɜɥɹєɦɨ ɰɟ ɡɧɚɱɟɧɧɹ 1x   ɞɨ ɩɟɪɲɨɝɨ 
ɪɿɜɧɹɧɧɹ ɫɢɫɬɟɦɢ (2) ɿ ɨɬɪɢɦɭєɦɨ ɞɢɮɟɪɟɧ-
ɰɿɣɧɟ ɪɿɜɧɹɧɧɹ ɱɟɬɜɟɪɬɨɝɨ ɫɬɭɩɟɧɹ: 

 

         

2
1

2 1 2 2 2 0

1 2

C
x a x a x x

m m
   .            (3) 

 

Ɂɧɚɯɨɞɢɦɨ ɪɨɡɜ’ɹɡɨɤ ɰɶɨɝɨ ɪɿɜɧɹɧɧɹ: 
 

2 11 1 11 1 21 2

21 2 2

cos sin cos

sin hast

x K k t L k t K k t

L k t x

   
 

       (4) 

 

ɞɟ                   
2

1 1
1,2 2

2 4

a a
k a    ; 

 

 
 2 1 1 2 2

1

1 2

C m C C m
a

m m

 
 ;     

2
2

2

1 2

C
a

m m
 . 

 

Ɉɫɤɿɥɶɤɢ 
2
1

2
4

a
a , ɬɨ ɛɿɥɶɲ ɡɧɚɱɧɢɦ є ɤɨ-

ɪɿɧɶ 
2

1 1
1 2

2 4

a a
k a    . 

Ɍɨɞɿ ɪɿɜɧɹɧɧɹ (4) ɦɚє ɬɚɤɢɣ ɜɢɞ ɜɢɞ:  
 

  2 11 1 11 1 2cos sin hastx K k t L k t x   ,   (5) 

ɡɧɚɯɨɞɢɦɨ  

2hastx : 

 

 2 cos coshastx A t B     ,       (6) 
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ɞɟ 

 
2
1

2 4 2
2 1 2 2 1 1 2 2

1
,

b

C r
A

i C m m C m C C m 


      
 

(7) 
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1

1 2 b

C r
B

m m i
 ,  (8) 

 

ɤɨɟɮɿɰɿєɧɬɢ 11 11,K L  ɨɬɪɢɦɚєɦɨ ɡ ɩɨɱɚɬɤɨɜɢɯ 
ɭɦɨɜ: 

   2 20 0, 0 0x x  . 

ɨɬɠɟ,   11 cosK B A   ;    11

1

cosA
L

k

 
 . 

 

ȼɢɫɧɨɜɤɢ 

Ɉɬɪɢɦɚɧɨ ɪɿɲɟɧɧɹ, ɳɨ ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɢ-
ɬɢ ɡɧɚɱɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɫɢɥ, ɹɤɿ ɜɢɧɢɤɚɸɬɶ ɜ 
ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿʀ ɤɪɚɧɚ ɩɿɞ ɱɚɫ ɩɪɨɯɨɞɠɟɧ-
ɧɹ ɯɨɞɨɜɨɝɨ ɤɨɥɟɫɚ ɤɪɿɡɶ ɫɬɢɤ ɪɟɣɤɢ ɡ ɭɪɚɯɭ-
ɜɚɧɧɹɦ ɜɢɫɨɬɢ ɫɬɢɤɭ ɿ ɝɟɨɦɟɬɪɢɱɧɢɯ ɩɚɪɚɦɟ-
ɬɪɿɜ ɤɨɥɿɫ.  
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The effect of rail joints on dynamic effort resul t-
ing from movement of bridge cranes wheels  
Abstract. Deviation of crane tracks from the regula-

tory requirements leads to the situation that when the 

crane running wheel moves on the rail there are sig-

nificant shocks in the mechanism of movement, which 

negatively affect the strength and durability of not 

only the mechanism of movement, but also the metal 

structure of the crane. The article deals with the dy-

namic loads that arise when moving trucks and 

cranes of the bridge type. Basic dynamic loads occur 

during transients. Poor track conditions cause addi-

tional dynamic loads. The poor work is especially 

affected by such defects of crane rails as potholes on 

the rails and poor condition of the joints. The studies 

show that rail joints are in poor condition. A solution 

has been obtained which allows to determine the 

forces in elastic coupling, oscillation frequency and 

amplitude, which will significantly help to make more 

accurate calculations when designing cranes. 
Keywords crane bridge; cargo cart; running wheel; 

dynamic loads; rail joint; oscillation frequency; stiff-
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ȼɥɢɹɧɢɟ ɪɟɥɶɫɨɜɵɯ ɫɬɵɤɨɜ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɭɫɢɥɢɹ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɩɟɪɟɞɜɢɠɟɧɢɢ 

ɯɨɞɨɜɵɯ ɤɨɥɟɫ ɦɨɫɬɨɜɵɯ ɤɪɚɧɨɜ 
Аɧɧɨɬɚɰɢɹ. Ɉɬɤɥɨɧɟɧɢɟ ɤɪɚɧɨɜɵɯ ɩɭɬɟɣ ɨɬ 
ɧɨɪɦɚɬɢɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ 
ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɤɪɚɧɨɜɨɝɨ ɯɨɞɨɜɨɝɨ ɤɨɥɟɫɚ 
ɪɟɥɶɫɨɜɵɦ ɩɭɬɟɦ ɜ ɦɟɯɚɧɢɡɦɟ ɩɟɪɟɞɜɢɠɟɧɢɹ ɜɨɡ-
ɧɢɤɚɸɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɨɥɱɤɢ ɢ ɭɞɚɪɵ, ɤɨɬɨɪɵɟ 
ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɸɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ 
ɧɟ ɬɨɥɶɤɨ ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɞɜɢɠɟɧɢɹ, ɧɨ ɢ ɦɟɬɚɥ-
ɥɨɤɨɧɫɬɪɭɤɰɢɢ ɤɪɚɧɚ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɩɟɪɟ-
ɞɜɢɠɟɧɢɢ ɝɪɭɡɨɜɵɯ ɬɟɥɟɠɟɤ ɢ ɤɪɚɧɨɜ ɦɨɫɬɨɜɨɝɨ 
ɬɢɩɚ. Ɉɫɧɨɜɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɜɨɡɧɢɤɚ-
ɸɬ ɩɪɢ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ. ɉɥɨɯɨɟ ɫɨɫɬɨɹɧɢɟ 
ɪɟɥɶɫɨɜɵɯ ɩɭɬɟɣ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. Ɉɫɨɛɟɧɧɨ ɜɥɢɹ-
ɸɬ ɬɚɤɢɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨɞɤɪɚɧɨɜɵɯ ɪɟɥɶɫɨɜ, ɤɚɤ 
ɜɵɛɨɢɧɵ ɧɚ ɪɟɥɶɫɚɯ ɢ ɩɥɨɯɨɟ ɫɨɫɬɨɹɧɢɟ ɫɬɵɤɨɜ. 
ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɪɟɥɶɫɨɜɵɟ ɫɬɵɤɢ ɧɚɯɨɞɹɬɫɹ ɜ ɧɟɭɞɨɜɥɟɬɜɨɪɢ-
ɬɟɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɨɥɭɱɟɧɨ ɪɟɲɟɧɢɟ, ɤɨɬɨɪɨɟ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɭɫɢɥɢɹ ɜ ɭɩɪɭɝɢɯ ɫɜɹɡɹɯ, 
ɱɚɫɬɨɬɭ ɤɨɥɟɛɚɧɢɹ ɢ ɚɦɩɥɢɬɭɞɭ, ɱɬɨ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɩɨɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶ ɛɨɥɟɟ ɬɨɱɧɵɟ ɪɚɫ-
ɱɟɬɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɪɚɧɨɜ. 
 
Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɪɚɧ ɦɨɫɬɨɜɨɣ, ɬɟɥɟɠɤɚ ɝɪɭɡɨ-
ɜɚɹ, ɤɨɥɟɫɨ ɯɨɞɨɜɨɟ, ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɪɟɥɶ-
ɫɨɜɵɣ ɫɬɵɤ, ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɠɟɫɬɤɨɫɬɢ. 
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