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ȾɈɋɅȱȾɀȿɇɇə ȼɁȺЄɆɈȾȱȲ ɄɈɊɈɌɄɈȻȺɁɈȼɈȽɈ ɇȺȼȺɇɌȺɀɍȼȺɑȺ  
Ɂ ɈɉɈɊɇɈɘ ɉɈȼȿɊɏɇȿɘ ɉȱȾ ɑȺɋ ɁȾȱɃɋɇȿɇɇə ɌɊȺɇɋɉɈɊɌɇɂɏ  

ɈɉȿɊȺɐȱɃ 

 

Ɇɭɫɚєɜ Ɂ. Ɋ. 
ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ  

 
Аɧɨɬɚɰіɹ. Ɂɞɿɣɫɧɟɧɨ ɚɧɚɥɿɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ ɩɟɪɟʀɡɞɭ ɤɨɪɨɬɤɨɛɚɡɨɜɨɝɨ ɧɚɜɚɧɬɚɠɭ-
ɜɚɱɚ ɱɟɪɟɡ ɩɟɪɟɲɤɨɞɭ, ɪɟɡɭɥɶɬɚɬɢ ɹɤɨɝɨ ɞɨɡɜɨɥɹɬɶ ɜɢɹɜɢɬɢ ɨɩɬɢɦɚɥɶɧɿ ɩɚɪɚɦɟɬɪɢ ɦɚɲɢɧɢ 
ɩɿɞ ɱɚɫ ʀʀ ɜɡɚєɦɨɞɿʀ ɡ ɨɩɨɪɧɨɸ ɩɨɜɟɪɯɧɟɸ ɬɚ ɩɿɞɜɢɳɢɬɢ  ɫɬɿɣɤɿɫɬɶ ɦɟɯɚɧɿɡɦɭ, ɚ ɬɚɤɨɠ ɟɮɟɤ-
ɬɢɜɧɿɫɬɶ ɩɪɨɜɟɞɟɧɧɹ ɪɨɛɿɬ ɧɚ ɪɨɛɨɱɿɣ ɞɿɥɹɧɰɿ.  
Кɥɸɱɨɜі ɫɥɨɜɚ: ɧɚɜɚɧɬɚɠɭɜɚɱ, ɬɪɚɧɫɩɨɪɬɧɢɣ ɪɟɠɢɦ, ɩɟɪɟɲɤɨɞɚ, ɫɬɿɣɤɿɫɬɶ.  
 

ȼɫɬɭɩ 

ɉɨɫɬɿɣɧɨ ɡɪɨɫɬɚɸɱɿ ɨɛɫɹɝɢ ɪɨɛɿɬ ɭ ɛɭɞɿɜ-
ɧɢɰɬɜɿ ɜɢɡɧɚɱɚɸɬɶ ɧɟɨɛɯɿɞɧɿɫɬɶ ɜɢɩɭɫɤɭ ɩɨ-
ɪɹɞ ɡ ɦɚɲɢɧɚɦɢ ɫɟɪɟɞɧɶɨɝɨ ɣ  ɜɚɠɤɨɝɨ ɤɥɚɫɭ 
ɦɚɥɨɝɚɛɚɪɢɬɧɢɯ ɦɚɲɢɧ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶ-
ɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɿɫɬɨɬɧɨ 
ɡɧɢɡɢɬɢ ɱɚɫɬɤɭ ɪɭɱɧɨʀ ɩɪɚɰɿ. Ɂɚɜɞɹɤɢ ɭɧɿɜɟɪ-
ɫɚɥɶɧɨɫɬɿ, ɟɤɨɧɨɦɿɱɧɨɫɬɿ, ɜɢɫɨɤɿɣ ɦɨɛɿɥɶɧɨɫ-
ɬɿ ɣ ɦɚɧɟɜɪɟɧɨɫɬɿ, ɚ ɬɚɤɨɠ ɩɪɨɫɬɨɬɿ ɤɟɪɭɜɚɧ-
ɧɹ ɜ ɫɩɨɥɭɱɟɧɧɿ ɡɿ ɲɜɢɞɤɨɸ ɡɦɿɧɨɸ ɪɨɛɨɱɢɯ 
ɨɪɝɚɧɿɜ, ɤɨɪɨɬɤɨɛɚɡɨɜɿ ɧɚɜɚɧɬɚɠɭɜɚɱɿ (ɄȻɇ) 
є ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɢɦ ɡɚɫɨɛɨɦ ɦɟɯɚɧɿɡɚɰɿʀ ɪɭ-
ɱɧɨʀ ɩɪɚɰɿ. Ⱥɥɟ ɪɚɡɨɦ ɿɡ ɬɢɦ ɜɿɬɱɢɡɧɹɧɢɣ ɿ 
ɡɚɤɨɪɞɨɧɧɢɣ ɞɨɫɜɿɞ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɚɥɨɝɚɛɚ-
ɪɢɬɧɢɯ ɦɚɲɢɧ ɫɜɿɞɱɢɬɶ ɩɪɨ ɧɟɞɨɫɬɚɬɧɸ ʀɯ 
ɫɬɿɣɤɿɫɬɶ, ɡɨɤɪɟɦɚ ɰɟ ɫɬɨɫɭєɬɶɫɹ ɬɪɚɧɫɩɨɪɬ-
ɧɢɯ ɨɩɟɪɚɰɿɣ. ȼɧɚɫɥɿɞɨɤ ɰɶɨɝɨ ɟɤɫɩɥɭɚɬɚɰɿɣ-
ɧɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɬɚɤɨɝɨ ɤɥɚɫɭ ɦɚɲɢɧ ɡɧɚɱ-
ɧɨ ɧɢɠɱɟ. Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ  ɩɪɨɛɥɟɦɢ ɧɟɨɛ-
ɯɿɞɧɨ ɞɟɬɚɥɶɧɨ ɪɨɡɝɥɹɧɭɬɢ ɩɪɨɰɟɫ ɜɡɚєɦɨɞɿʀ 
ɯɨɞɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɡ ɨɩɨɪ-
ɧɨɸ ɩɨɜɟɪɯɧɟɸ. ɍ  ɪɨɛɨɬɿ ɩɨɞɚɧɨ ɦɚɬɟɦɚɬɢ-
ɱɧɢɣ ɨɩɢɫ ɩɪɨɰɟɫɭ ɩɨɞɨɥɚɧɧɹ ɄȻɇ ɨɞɢɧɢɱ-
ɧɨʀ ɧɟɪɿɜɧɨɫɬɿ. əɤ ɨɛ’єɤɬ ɬɟɨɪɟɬɢɱɧɨɝɨ ɞɨɫɥɿ-
ɞɠɟɧɧɹ ɛɭɥɨ ɨɛɪɚɧɨ ɦɚɥɨɝɚɛɚɪɢɬɧɢɣ ɧɚɜɚɧ-
ɬɚɠɭɜɚɱ ɉɆɌɋ 1200. 

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɉɪɨɛɥɟɦɢ ɩɨɡɞɨɜɠɧɶɨʀ ɫɬɿɣɤɨɫɬɿ ɩɿɞ ɱɚɫ 
ɩɨɞɨɥɚɧɧɹ ɨɞɢɧɢɱɧɨʀ ɧɟɪɿɜɧɨɫɬɿ ɪɨɡɝɥɹɞɚɥɢ 
Ʌ. ȼ. ɇɚɡɚɪɨɜ, Ʌ. ȼ. Ɋɚɡɚɪɶɨɧɨɜ [1, 2] ɬɚ ɿɧ. 
ɉɪɨɰɟɫ ɡ’ʀɡɞɭ ɝɭɫɟɧɢɱɧɨɝɨ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɡ 
ɩɟɪɟɲɤɨɞɢ ɞɨɫɥɿɞɠɭɜɚɥɢ ɘ. Ƚ. Ȼɟɪɟɧɝɚɪɞ [3] 

ɬɚ Ɇ. Ɇ. Ƚɚɣɰɝɨɪɿ. ɉɪɨɰɟɫ ɦɨɞɟɥɸɜɚɧɧɹ ɞɢ-
ɧɚɦɿɤɢ ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɢɯ ɦɚɲɢɧ ɨɩɢɫɭɜɚɥɢ 
ɭ ɫɜɨʀɯ ɪɨɛɨɬɚɯ  ȼ. ɋ.  Ʌɨɜɟɣɤɿɧ [4], ȱ. Ɉ. ɇɟ-
ɮɶɨɞɨɜ  Ɉ.[5]. ɍ ɰɢɯ ɪɨɛɨɬɚɯ ɩɪɨɩɨɧɭɸɬɶɫɹ 
ɡɚɫɨɛɢ ɡɦɟɧɲɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɧɚɜɚɧɬɚɠɟɧɶ 
ɧɚ ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɢɤ ɮɪɨɧɬɚɥɶɧɨɝɨ ɧɚɜɚɧ-
ɬɚɠɭɜɚɱɚ. 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

ȼɿɬɱɢɡɧɹɧɢɣ ɿ ɡɚɤɨɪɞɨɧɧɢɣ ɞɨɫɜɿɞ ɜɢɤɨ-
ɪɢɫɬɚɧɧɹ ɦɚɥɨɝɚɛɚɪɢɬɧɢɯ ɦɚɲɢɧ ɫɜɿɞɱɢɬɶ 
ɩɪɨ ɧɟɞɨɫɬɚɬɧɸ ɫɬɿɣɤɿɫɬɶ, ɡɨɤɪɟɦɚ ɰɟ ɫɬɨɫɭ-
єɬɶɫɹ ɬɪɚɧɫɩɨɪɬɧɢɯ ɨɩɟɪɚɰɿɣ. Ɍɚɤ, ɧɚ Ƚɉɍ 
«ɉɨɥɬɚɜɚɝɚɡɨɜɢɞɨɛɭɜɚɧɧɹ» ɜɧɚɫɥɿɞɨɤ ɱɚɫɬ-
ɤɨɜɨʀ ɜɬɪɚɬɢ ɫɬɿɣɤɨɫɬɿ ɩɿɞ ɱɚɫ ɡɞɿɣɫɧɟɧɧɹ 
ɬɪɚɧɫɩɨɪɬɧɢɯ ɨɩɟɪɚɰɿɣ ɦɚɲɢɧɚ ɧɟ ɜɿɞɩɪɚ-
ɰɶɨɜɭɜɚɥɚ ɫɜɿɣ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɣ ɬɟɪɦɿɧ. Ɉɬ-
ɠɟ, ɟɤɫɩɥɭɚɬɚɰɿɣɧɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɰɶɨɝɨ 
ɤɥɚɫɭ ɦɚɲɢɧ ɡɧɚɱɧɨ ɧɢɠɱɟ ɡɚɹɜɥɟɧɨʀ. Ɇɟɬɨɸ 
ɪɨɛɨɬɢ є ɚɧɚɥɿɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ 
ɩɟɪɟʀɡɞɭ ɄȻɇ ɤɪɿɡɶ ɩɟɪɟɲɤɨɞɭ, ɪɟɡɭɥɶɬɚɬɢ 
ɹɤɨɝɨ ɞɨɡɜɨɥɹɬɶ ɜɢɹɜɢɬɢ ɨɩɬɢɦɚɥɶɧɿ ɩɚɪɚɦɟ-
ɬɪɢ ɦɚɲɢɧɢ ɩɿɞ ɱɚɫ ɜɡɚєɦɨɞɿʀ ɡ ɨɩɨɪɧɨɸ ɩɨ-
ɜɟɪɯɧɟɸ ɬɚ  ɩɿɞɜɢɳɢɬɢ ʀʀ ɫɬɿɣɤɿɫɬɶ ɬɚ ɟɮɟɤɬɢ-
ɜɧɿɫɬɶ. 

 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ ɩɨɞɨɥɚɧɧɹ  
ɤɨɪɨɬɤɨɛɚɡɨɜɢɦ ɧɚɜɚɧɬɚɠɭɜɚɱɟɦ  

ɨɞɢɧɢɱɧɨʀ ɩɟɪɟɲɤɨɞɢ 

ɉɿɞ ɱɚɫ ɫɤɥɚɞɚɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɯɟɦɢ 
ɧɚɜɚɧɬɚɠɭɜɚɱɚ (ɪɢɫ. 1) ɩɪɢɣɧɹɬɿ ɬɚɤɿ ɞɨɩɭ-
ɳɟɧɧɹ [6]: 

– ɨɩɨɪɧɨɸ ɩɨɜɟɪɯɧɟɸ є ɚɫɮɚɥɶɬɨɛɟɬɨɧ, 
ɭ ɰɶɨɦɭ ɜɢɩɚɞɤɭ  ɩɨɩɟɪɟɱɧɿ ɡɭɫɢɥɥɹ ɧɚ ɯɨɞɨ-
ɜɢɯ ɤɨɥɟɫɚɯ ɨɛɦɟɠɟɧɿ ɡɱɿɩɧɢɦɢ ɹɤɨɫɬɹɦɢ 
ɪɭɲɿʀɜ  ɡ ɨɩɨɪɧɨɸ ɩɨɜɟɪɯɧɟɸ; 

– ɩɨɞɨɥɚɧɧɹ ɤɨɥɟɫɚɦɢ ɧɚɜɚɧɬɚɠɭɜɚɱɚ 
ɩɟɪɟɲɤɨɞɢ ɡɞɿɣɫɧɸєɬɶɫɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 
ɞɨ ɪɟɛɪɚ ɩɟɪɟɲɤɨɞɢ, ɭ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɜɩɥɢɜ 
ɫɢɥ ɧɚ ɤɨɥɟɫɚ ɜ ɛɿɱɧɨɦɭ ɧɚɩɪɹɦɤɭ ɜɿɞɫɭɬɧɿɣ 
(ɨɬɠɟ,  ɪɨɡɝɥɹɞɚєɬɶɫɹ ɩɥɨɫɤɚ ɡɚɞɚɱɚ); 

– ɞɟɮɨɪɦɚɰɿɹ ɨɩɨɪɧɨʀ ɩɨɜɟɪɯɧɿ ɿ ɩɟɪɟ-
ɲɤɨɞɢ ɧɟ ɜɪɚɯɨɜɭєɬɶɫɹ; 

– ɤɨɧɬɚɤɬ ɤɨɥɿɫ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɡ ɪɟɛ-
ɪɨɦ ɩɟɪɟɲɤɨɞɢ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɹɤ ɬɨɱɤɨɜɢɣ, 
ɪɟɚɤɰɿɹ ɜ ɬɨɱɰɿ ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɫɩɪɹɦɨɜɚɧɚ ɞɨ 
ɰɟɧɬɪɚ ɤɨɥɟɫɚ; 

– ɜɢɫɨɬɚ ɩɟɪɟɲɤɨɞɢ ɧɟ ɩɟɪɟɜɢɳɭє ɫɬɚ-
ɬɢɱɧɨɝɨ ɪɚɞɿɭɫ ɤɨɥɟɫɚ; 
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– ɡɚɥɟɠɧɿɫɬɶ ɞɟɮɨɪɦɚɰɿʀ ɲɢɧɢ ɜɿɞ ɪɟɚ-
ɤɰɿʀ R  ɧɚ ɪɟɛɪɿ ɩɟɪɟɲɤɨɞɢ ɬɚ  ɜɿɞ ɪɟɚɤɰɿʀ yR  

ɧɚ ɩɥɨɫɤɿɣ ɨɩɨɪɧɿɣ ɩɨɜɟɪɯɧɿ ɩɪɢɣɦɚɸɬɶɫɹ 
ɥɿɧɿɣɧɢɦɢ; 

– ɩɪɨɤɨɜɡɭɜɚɧɧɹ ɲɢɧ ɧɚ ɪɟɛɪɿ ɩɟɪɟɲɤɨɞɢ 
ɜɿɞɫɭɬɧє, ɬɚɧɝɟɧɰɿɚɥɶɧɚ ɞɟɮɨɪɦɚɰɿɹ ɲɢɧ ɧɟ 
ɜɪɚɯɨɜɭєɬɶɫɹ: 

 

 
 

Ɋɢɫ. 1. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɫɯɟɦɚ ɩɪɨɰɟɫɭ ɩɨɞɨɥɚɧɧɹ ɄȻɇ ɨɞɢɧɢɱɧɨʀ ɧɟɪɿɜɧɨɫɬɿ 
 

ɞɟ: 
x ɿ y – ɩɨɬɨɱɧɿ ɝɨɪɢɡɨɧɬɚɥɶɧɿ ɣ ɜɟɪɬɢɤɚɥɶɧɿ 
ɤɨɨɪɞɢɧɚɬɢ ɰɟɧɬɪɚ ɦɚɫ ɧɚɜɚɧɬɚɠɭɜɚɱɚ; 
φ – ɩɨɬɨɱɧɢɣ ɤɭɬ ɧɚɯɢɥɭ ɩɨɡɞɨɜɠɧɶɨʀ ɨɫɿ 
ɄȻɇ; 
ȥ – ɩɨɬɨɱɧɢɣ ɤɭɬ ɧɚɯɢɥɭ ɪɨɛɨɱɨɝɨ ɨɛɥɚɞɧɚɧ-
ɧɹ ɄȻɇ; 
m1, m2 – ɦɚɫɢ ɨɫɬɨɜɚ, ɫɬɪɿɥɢ ɬɚ ɤɨɜɲɚ; 
Rx ɿ Ry –  ɝɨɪɢɡɨɧɬɚɥɶɧɚ ɣ ɜɟɪɬɢɤɚɥɶɧɚ ɪɟɚɤ-
ɰɿɹ ɜ ɤɨɧɬɚɤɬɿ i-ɝɨ ɤɨɥɟɫɚ ɡ ɨɩɨɪɧɨɸ ɩɨɜɟɪɯ-
ɧɟɸ; 
Rυ ɿ Rτ –  ɪɚɞɿɚɥɶɧɚ ɬɚ ɬɚɧɝɟɧɰɿɚɥɶɧɚ ɪɟɚɤɰɿʀ ɜ 
ɤɨɧɬɚɤɬɿ i-ɝɨ ɤɨɥɟɫɚ ɡ ɩɟɪɟɲɤɨɞɨɸ; 
rυ – ɜɿɞɫɬɚɧɶ ɜɿɞ ɪɟɛɪɚ ɩɟɪɟɲɤɨɞɢ ɞɨ ɨɫɿ ɤɨ-
ɥɟɫɚ, ɳɨ ɞɨɥɚє ɩɟɪɟɲɤɨɞɭ; 
AD1 – ɜɿɞɫɬɚɧɶ ɜɿɞ ɨɫɿ ɝɿɞɪɨɰɢɥɿɧɞɪɚ ɩɿɞɣɨɦɭ 
ɫɬɪɿɥɢ ɞɨ ɬɨɱɤɢ ɤɪɿɩɥɟɧɧɹ ɫɬɪɿɥɢ ɞɨ ɨɫɬɨɜɚ 
ɧɚɜɚɧɬɚɠɭɜɚɱɚ; 
yA – ɜɿɞɫɬɚɧɶ ɜɿɞ ɰɟɧɬɪɚ ɦɚɫ ɧɚɜɚɧɬɚɠɭɜɚɱɚ 
ɞɨ ɬɨɱɤɢ ɤɪɿɩɥɟɧɧɹ ɫɬɪɿɥɢ ɞɨ ɨɫɬɨɜɚ ɦɚɲɢɧɢ; 
Y0 – ɜɢɫɨɬɚ ɪɨɡɬɚɲɭɜɚɧɧɹ ɰɟɧɬɪɚ ɦɚɫ ɧɚɜɚɧ-
ɬɚɠɭɜɚɱɚ; 
y0 – ɜɢɫɨɬɚ ɩɟɪɟɲɤɨɞɢ; 
x0 – ɜɿɞɫɬɚɧɶ ɜɿɞ ɰɟɧɬɪɚ ɤɨɥɟɫɚ ɞɨ ɩɟɪɟɲɤɨɞɢ; 

xȺ – ɜɿɞɫɬɚɧɶ ɜɿɞ ɬɨɱɤɢ Ⱥ ɞɨ ɩɨɱɚɬɤɭ ɤɨɨɪɞɢ-
ɧɚɬ ɧɚɜɚɧɬɚɠɭɜɚɱɚ; 
xD  – ɜɿɞɫɬɚɧɶ ɜɿɞ m1 ɞɨ m2 ɡɚ ɝɨɪɢɡɨɧɬɚɥɥɸ; 

yD  – ɜɿɞɫɬɚɧɶ ɜɿɞ m1 ɞɨ m2 ɡɚ  ɜɟɪɬɢɤɚɥɥɸ. 
ɉɨɱɚɬɨɤ ɤɨɨɪɞɢɧɚɬ ɡɛɿɝɚєɬɶɫɹ ɿɡ ɰɟɧɬɪɨɦ 

ɦɚɫ ɨɫɬɨɜɚ ɧɚɜɚɧɬɚɠɭɜɚɱɚ. 

ɍɡɚɝɚɥɶɧɟɧɿ ɤɨɨɪɞɢɧɚɬɢ, ɳɨ ɨɩɢɫɭɸɬɶ 
ɩɨɥɨɠɟɧɧɹ ɦɚɲɢɧɢ: 
ɯ – ɝɨɪɢɡɨɧɬɚɥɶɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɰɟɧɬɪɚ ɦɚɫ 
ɨɫɬɨɜɚ; 
ɭ – ɜɟɪɬɢɤɚɥɶɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɰɟɧɬɪɚ ɦɚɫ 
ɨɫɬɨɜɚ; 

φ – ɤɭɬɨɜɟ ɩɟɪɟɦɿɳɟɧɧɹ ɦɚɫɢ ɨɫɬɨɜɚ; 

ȥ – ɤɭɬɨɜɟ ɩɟɪɟɦɿɳɟɧɧɹ ɫɬɪɿɥɢ ɧɚɜɚɧɬɚɠɭɜɚ-
ɱɚ ɡ ɤɨɜɲɟɦ ɿ ɜɚɠɟɥɹɦɢ ɦɟɯɚɧɿɡɦɭ ɩɨɜɨɪɨɬɭ 
ɤɨɜɲɚ ɜɿɞɧɨɫɧɨ ɨɫɬɨɜɚ ɧɚɜɚɧɬɚɠɭɜɚɱɚ. 

Ʉɭɬɨɜɚ ɲɜɢɞɤɿɫɬɶ ɦɚɫɢ m2 є ɫɭɦɨɸ ɩɟɪɟ-
ɧɨɫɧɨʀ ɲɜɢɞɤɨɫɬɿ ɨɫɬɨɜɚ   ɣ ɜɿɞɧɨɫɧɨʀ ɲɜɢ-
ɞɤɨɫɬɿ  . 

Ʉɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɜɫɿєʀ ɦɚɲɢɧɢ ɜɢɡɧɚɱɚ-
єɬɶɫɹ ɹɤ  

 

,O cT T T     (1) 

 

ɞɟ ɌɈ – ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɨɫɬɨɜɚ ɦɚɲɢɧɢ;  

Ɍɫ – ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɫɬɪɿɥɢ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɡ 
ɤɨɜɲɟɦ ɿ ɜɚɠɟɥɹɦɢ ɦɟɯɚɧɿɡɦɭ ɩɨɜɨɪɨɬɭ ɤɨɜ-
ɲɚ; 

 
2

2 2 21 1
1 1 ,

2 2
O x y

m J
T V V      (2) 

ɞɟ  1xV  – ɲɜɢɞɤɿɫɬɶ ɨɫɬɨɜɚ ɜ ɧɚɩɪɹɦɤɭ ɨɫɿ  ɯ; 

1yV  – ɲɜɢɞɤɿɫɬɶ ɨɫɬɨɜɚ ɜ ɧɚɩɪɹɦɤɭ ɨɫɿ y;   – 

ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬɶ ɨɫɬɨɜɚ; 1J  – ɜɥɚɫɧɢɣ ɦɨ-
ɦɟɧɬ ɿɧɟɪɰɿʀ ɨɫɬɨɜɚ ɜɿɞɧɨɫɧɨ ɩɨɩɟɪɟɱɧɨʀ ɨɫɿ. 
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ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɩɪɢɣɧɹɬɢɯ ɭɡɚɝɚɥɶɧɟɧɢɯ 
ɤɨɨɪɞɢɧɚɬ  

 

1 1; .x yV x V y   

Ɍɚɤɢɦ ɱɢɧɨɦ,  

 

 
2

2 2 21 1 .
2 2

O

m J
T x y      (3) 

 

Ʉɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɫɬɪɿɥɢ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ  
 

   
2

22 22 2
2 2 ,

2 2
c m x m y

m J
T V V     (4) 

 

ɞɟ 2m xV  – ɝɨɪɢɡɨɧɬɚɥɶɧɚ ɫɤɥɚɞɨɜɚ ɲɜɢɞɤɨɫɬɿ 
ɦɚɫɢ 2m ,

2m ɭV  –  ɜɟɪɬɢɤɚɥɶɧɚ ɫɤɥɚɞɨɜɚ ɲɜɢɞ-

ɤɨɫɬɿ ɦɚɫɢ 2m , 2J  – ɜɥɚɫɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ 
ɦɚɫɢ 2m . 

ɒɜɢɞɤɿɫɬɶ 2mV  ɦɚɫɢ 2m  ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ 
ɫɭɦɚ ɲɜɢɞɤɨɫɬɿ ɲɚɪɧɿɪɚ Ⱥ (ɩɟɪɟɧɨɫɧɚ ɲɜɢɞ-
ɤɿɫɬɶ) ɿ ɲɜɢɞɤɨɫɬɿ ɦɚɫɢ 2m  ɫɬɨɫɨɜɧɨ ɬɨɱɤɢ Ⱥ 
(ɜɿɞɧɨɫɧɚ ɲɜɢɞɤɿɫɬɶ). ɍ ɩɪɨɟɤɰɿɹɯ ɧɚ ɨɫɿ ɯ ɬɚ ɭ 

 

22 / ,m A m AV V V    (5) 

 

ɫɢɫɬɟɦɚ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɛɭɥɚ ɩɨɛɭ-
ɞɨɜɚɧɚ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɪɿɜɧɹɧɧɹ Ʌɚɝɪɚɧɠɚ 
ɞɪɭɝɨɝɨ ɪɨɞɭ ɣ ɦɚє ɬɚɤɢɣ ɜɢɞ: 

; (6)

; (7)

; (8)

. (9)

x

y

d dT
Q

dt dx

d dT
Q

dt dy

d dT
Q

dt d

d dT dɉ
dt d d



   
 
 

 
 
 

  
 

    

 

 

ɍɡɚɝɚɥɶɧɟɧɿ ɫɢɥɢ xQ , 
yQ  ɿ Q  ɛɭɥɢ ɜɢɪɚ-

ɠɟɧɿ ɱɟɪɟɡ ɪɨɛɨɬɢ ɧɚ ɜɿɪɬɭɚɥɶɧɢɯ ɩɟɪɟɦɿ-
ɳɟɧɧɹɯ: 

 

;x
x

x

A
Q





   (10) 

;
y

y

y

A
Q





   (11) 

;
A

Q









   (12) 

 

ɩɨɫɬɭɩɨɜɟ ɩɟɪɟɦɿɳɟɧɧɹ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɜ ɧɚ-
ɩɪɹɦɤɭ ɤɨɨɪɞɢɧɚɬɧɢɯ ɨɫɟɣ X ɿ Y, ɹɤɿ ɩɪɨɯɨ-
ɞɹɬɶ ɤɪɿɡɶ ɰɟɧɬɪ ɦɚɫ ɧɚɜɚɧɬɚɠɭɜɚɱɚ, ɨɩɢɫɭ-
ɸɬɶɫɹ ɬɚɤɢɦɢ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦɢ ɪɿɜɧɹɧɧɹɦɢ: 

 

   1 2 2 2 1 2 sin ( cos );( )A D A Rx Rx R Rm m x m y m y y                (13) 

1 2 2 2 1 2 cos sin ;( ) ( )A D A R R Rm m y m x m x x G R                   (14) 
 

   
   

2 2
2 2 2 1 2

2 2 2

0 0

0 0

1 2 sin cos

1 2 ;

( )

( ) ( )

A A A A

A D A A D A

a R b R R R Y y y

Rx Y y Rx Y y

m y x m x y m x y J J

m x x x m y y y J

              

         

       
        

 
  (15) 

 

       

   
2 2 2 2 2

2 2 2
2 2 2 1 3( ) .

D A D A A D A A D A

D A D A

m y y x m x x y m x x x m y y y J

m y y m x x J AD C

          
          

  (16) 

 

ȼɢɫɧɨɜɤɢ 

Ɉɬɠɟ, ɭ ɩɪɨɰɟɫɿ ɚɧɚɥɿɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧ-
ɧɹ ɜɞɚɥɨɫɹ ɩɨɛɭɞɭɜɚɬɢ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ 
ɩɪɨɰɟɫɭ ɩɟɪɟʀɡɞɭ ɄȻɇ ɤɪɿɡɶ ɨɞɢɧɨɱɧɭ ɩɟɪɟ-
ɲɤɨɞɭ, ɹɤɚ ɞɨɡɜɨɥɢɬɶ ɡɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɿ ɩɚ-
ɪɚɦɟɬɪɢ ɦɚɲɢɧɢ ɩɿɞ ɱɚɫ  ɜɡɚєɦɨɞɿʀ ɡ ɨɩɨɪɧɨɸ 
ɩɨɜɟɪɯɧɟɸ ɬɚ  ɩɿɞɜɢɳɢɬɢ ʀʀ ɫɬɿɣɤɿɫɬɶ ɬɚ ɟɮɟ-
ɤɬɢɜɧɿɫɬɶ.  
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Studying interaction of a short-base loader with 
the support surface at transport operations 
Abstract. The article describes the transport mode of 

a small-sized loader, namely, the process of moving 

through a single obstacle. Due to the short base and 

center of gravity, structurally located closer to the 

rear axle, in some modes of the transport process, 

when overcoming the unevenness of the working sur-

face, the machine loses stability, which reduces its 

efficiency and productivity. Therefore, the problem 

arises of increasing the efficiency of short-base load-

ers. The transport mode of the loader is character-

ized by the interaction of the thrusters of the machine 

with the supporting surface, which leads to partial or 

complete loss of its stability. In this paper, a partial 

loss of stability was considered, when a loader over-

comes a single bump. The paper looks into a corre-

sponding problem and suggests a way to solve it us-

ing mathematical modeling. 
Keywords: loader, transport mode, obstacle,  

stability. 
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Ⱦɨɫɥɿɞɠɟɧɧɹ ɜɡɚєɦɨɞɿʀ ɤɨɪɨɬɤɨɛɚɡɨɜɨɝɨ  
ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɡ ɨɩɨɪɧɨɸ ɩɨɜɟɪɯɧɟɸ ɩɿɞ ɱɚɫ 
ɡɞɿɣɫɧɟɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɯ ɨɩɟɪɚɰɿɣ 
Аɧɨɬɚɰіɹ. ɍ  ɪɨɛɨɬɿ ɪɨɡɝɥɹɧɭɬɨ ɬɪɚɧɫɩɨɪɬɧɢɣ 
ɪɟɠɢɦ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɧɚɜɚɧɬɚɠɭɜɚɱɚ, ɡɨɤɪɟ-
ɦɚ ɩɪɨɰɟɫ ɩɟɪɟʀɡɞɭ ɤɪɿɡɶ ɨɞɢɧɨɱɧɭ ɩɟɪɟɲɤɨɞɭ. 

Ɉɫɤɿɥɶɤɢ ɦɚɲɢɧɚ ɦɚє  ɤɨɪɨɬɤɭ ɛɚɡɭ ɿ ɰɟɧɬɪ ɜɚɝɢ, 

ɳɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɪɨɡɬɚɲɨɜɚɧɢɣ ɛɥɢɠɱɟ ɞɨ 
ɡɚɞɧɶɨʀ ɨɫɿ, ɜ ɞɟɹɤɢɯ ɪɟɠɢɦɚɯ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɩɪɨɰɟɫɭ ɩɿɞ ɱɚɫ   ɩɨɞɨɥɚɧɧɹ ɧɟɪɿɜɧɨɫɬɟɣ ɪɨɛɨɱɨʀ 
ɩɨɜɟɪɯɧɿ ɦɚɲɢɧɚ ɜɬɪɚɱɚє ɫɬɿɣɤɿɫɬɶ, ɳɨ ɡɧɢɠɭє 

ʀʀ ɟɮɟɤɬɢɜɧɿɫɬɶ ɿ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ, ɬɨɦɭ ɜɢɧɢɤɚє 
ɡɚɜɞɚɧɧɹ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɄȻɇ. Ɍɪɚɧɫ-
ɩɨɪɬɧɢɣ ɪɟɠɢɦ ɧɚɜɚɧɬɚɠɭɜɚɱɚ, ɳɨ ɯɚɪɚɤɬɟɪɢ-
ɡɭєɬɶɫɹ ɜɡɚєɦɨɞɿєɸ ɣɨɝɨ ɪɭɲɿʀɜ ɡ ɨɩɨɪɧɨɸ ɩɨ-
ɜɟɪɯɧɟɸ, ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɱɚɫɬɤɨɜɨʀ ɚɛɨ ɩɨɜɧɨʀ 
ɜɬɪɚɬɢ ɫɬɿɣɤɨɫɬɿ ɦɚɲɢɧɢ. ɍ  ɪɨɛɨɬɿ ɪɨɡɝɥɹɞɚ-
ɥɚɫɹ ɱɚɫɬɤɨɜɚ ɜɬɪɚɬɚ ɫɬɿɣɤɨɫɬɿ ɩɿɞ ɱɚɫ ɩɨɞɨ-
ɥɚɧɧɹ ɄȻɇ ɨɞɢɧɢɱɧɨʀ ɧɟɪɿɜɧɨɫɬɿ. ɍ ɫɬɚɬɬɿ 
ɪɨɡɝɥɹɞɚєɬɶɫɹ ɜɿɞɩɨɜɿɞɧɟ ɡɚɜɞɚɧɧɹ ɿ ɩɪɨɩɨɧɭєɬɶ-
ɫɹ ɲɥɹɯ ɣɨɝɨ ɜɢɪɿɲɟɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɚɬɟɦɚ-
ɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ. 
Кɥɸɱɨɜі ɫɥɨɜɚ: ɧɚɜɚɧɬɚɠɭɜɚɱ, ɬɪɚɧɫɩɨɪɬɧɢɣ 
ɪɟɠɢɦ, ɩɟɪɟɲɤɨɞɚ, ɫɬɿɣɤɿɫɬɶ. 
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