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ȼɂɁɇȺɑȿɇɇə ɊȺɐȱɈɇȺɅɖɇɂɏ ȼɂɌɊȺɌ ɉɈɌɍɀɇɈɋɌȱ ɇȺ  
ȱɇɌȿɇɋɂɎȱɄȺɐȱɘ ɊɈȻɈɑɈȽɈ ɉɊɈɐȿɋɍ ɁȿɆɅȿɊɂɃɇɈ-ɌɊȺɇɋɉɈɊɌɇɈȲ 

ɆȺɒɂɇɂ ɌȺ Ɍȿɏɇȱɑɇȱ Ɋȱɒȿɇɇə Ȳɏ ɊȿȺɅȱɁȺɐȱȲ 

 

ɏɦɚɪɚ Ʌ. Ⱥ., Ƚɨɥɭɛɱɟɧɤɨ Ɉ. ȱ. 
ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ  

 
Аɧɨɬɚɰіɹ. Ɋɨɡɪɨɛɥɟɧɚ ɦɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɪɚɰɿɨɧɚɥɶɧɢɯ ɜɢɬɪɚɬ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɿɧɬɟɧɫɢɮɿ-
ɤɚɰɿɸ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɡɚ ɭɦɨɜɢ ɩɨɜɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɹ-
ɝɨɜɨ-ɡɱɿɩɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɯɨɞɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɛɚɡɨɜɨʀ ɦɚɲɢɧɢ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦɢ ɬɹɝɨɜɢɦ ɬɚ 
ɡɚɝɚɥɶɧɢɦ ɄɄȾ. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɿɜ ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ ɦɿɧɿɦɚɥɶɧɢɯ 
ɜɢɬɪɚɬ ɩɨɬɭɠɧɨɫɬɿ, ɧɚɜɟɞɟɧɢɣ ɩɪɢɤɥɚɞ ɡɚɫɬɨɫɭɜɚɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɦɟɬɨɞɢɤɢ.  
Кɥɸɱɨɜі ɫɥɨɜɚ: ɬɹɝɨɜɢɣ ɄɄȾ, ɩɨɜɧɢɣ ɄɄȾ, ɡɜɟɞɟɧɢɣ ɄɄȾ, ɜɢɬɪɚɬɢ ɩɨɬɭɠɧɨɫɬɿ, ɬɟɯɧɿɱɧɿ ɪɿ-
ɲɟɧɧɹ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɿɜ, ɤɿɜɲ ɫɤɪɟɩɟɪɚ, ɤɨɩɚɧɧɹ rɪɭɧɬɭ. 
 

ȼɫɬɭɩ 

Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɡɟɦɥɟɪɢɣ-
ɧɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ, ɧɚɩɪɢɤɥɚɞ  ɫɚɦɨɯɿ-
ɞɧɢɯ ɫɤɪɟɩɟɪɿɜ, ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɦɟɯɚɧɿɱɧɿ 
ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɢ ɪɿɡɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɭ ɜɢɝɥɹ-
ɞɿ ɟɥɟɜɚɬɨɪɧɢɯ ɫɢɫɬɟɦ, rɜɢɧɬɨɜɢɯ ɬɚ ɲɧɟɤɨ-
ɜɢɯ ɡɚɜɚɧɬɚɠɭɜɚɱɿɜ, ɦɟɬɚɥɶɧɢɯ ɬɚ ɩɿɞɝɪɟɛɚ-
ɥɶɧɢɯ ɩɪɢɫɬɪɨʀɜ. Ȳɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɨɡɜɨɥɹє 
ɡɞɿɣɫɧɸɜɚɬɢ ɡɚɩɨɜɧɟɧɧɹ ɫɤɪɟɩɟɪɚ ɭ ɩɨɜɧɨɦɭ 
ɨɛ’єɦɿ, ɧɟ ɡɚɫɨɫɨɜɭɜɚɬɢ ɬɪɚɤɬɨɪɢ-ɲɬɨɜɯɚɱɿ, 
ɡɦɟɧɲɢɬɢ ɛɭɤɫɭɜɚɧɧɹ ɧɚ ɡɚɜɟɪɲɚɥɶɧɿɣ ɫɬɚɞɿʀ 
ɩɪɨɰɟɫɭ ɤɨɩɚɧɧɹ. Ⱥɥɟ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪ – ɰɟ 
ɨɤɪɟɦɚ ɰɿɥɿɫɧɚ ɦɚɲɢɧɚ, ɳɨ, ɫɤɥɚɞɚєɬɶɫɹ ɡ 
ɩɪɢɜɿɞɧɨɝɨ ɞɜɢɝɭɧɚ, ɬɪɚɧɫɦɿɫɿʀ ɬɚ ɪɨɛɨɱɨɝɨ 
ɨɪɝɚɧɭ. ȼɿɞɛɿɪ ɩɨɬɭɠɧɨɫɬɿ ɬɚ ɩɪɢɜɿɞ ɿɧɬɟɧɫɢ-
ɮɿɤɚɬɨɪɚ ɡɞɿɣɫɧɸєɬɶɫɹ ɩɟɪɟɜɚɠɧɨ ɜɿɞ ɞɜɢɝɭ-
ɧɚ ɛɚɡɨɜɨʀ ɦɚɲɢɧɢ. Ɉɬɠɟ, ɤɨɜɲɨɜɚ ɡɟɦɥɟ-
ɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɚ ɦɚɲɢɧɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ 
ɨɫɧɨɜɧɨʀ ɦɚɲɢɧɢ ɭ ɜɢɝɥɹɞɿ ɛɚɡɨɜɨɝɨ ɬɹɝɚɱɚ ɡ 
ɤɨɜɲɟɦ ɬɚ ɞɨɞɚɬɤɨɜɨʀ ɦɚɲɢɧɢ, ɞɨ ɫɤɥɚɞɭ 

ɹɤɨʀ ɧɚɥɟɠɢɬɶ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪ ɡ ɩɪɢɜɨɞɨɦ.  
ɋɤɥɚɞɚєɬɶɫɹ ɫɢɬɭɚɰɿɹ ɧɚɹɜɧɨɫɬɿ «ɦɚɲɢɧɢ ɜ 
ɦɚɲɢɧɿ». Ɉɫɤɿɥɶɤɢ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪ ɡɞɿɣɫɧɸє 
ɞɨɞɚɬɤɨɜɿ ɮɭɧɤɰɿʀ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ rɪɭɧɬɭ 
ɜɿɞ ɪɿɡɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɡɟɦɥɟɪɢɣɧɨ-

ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ, ɬɨ ʀʀ ɟɮɟɤɬɢɜɧɿɫɬɶ ɛɭ-
ɞɟ ɧɚɣɜɢɳɨɸ ɡɚ ɭɦɨɜɢ ɩɨɜɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɬɹ-
ɝɨɜɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɛɚɡɨɜɨʀ ɦɚɲɢɧɢ, ɳɨ ɤɿ-
ɥɶɤɿɫɧɨ ɨɰɿɧɸɸɬɶɫɹ ɡɚɝɚɥɶɧɢɦ ɬɚ ɬɹɝɨɜɢɦ 
ɄɄȾ. Ⱥ ɦɿɧɿɦɚɥɶɧɿ ɡɚɥɢɲɤɢ ɩɨɬɭɠɧɨɫɬɿ ɜɢ-
ɬɪɚɱɚɸɬɶɫɹ ɧɚ ɩɪɢɜɿɞ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ. 
ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɩɪɢɫɬɪɿɣ ɛɭɞɟ ɦɚɬɢ ɦɿɧɿɦɚ-
ɥɶɧɭ ɦɚɬɟɪɿɚɥɨ- ɬɚ ɟɧɟɪɝɨєɦɧɿɫɬɶ, ɳɨ ɩɨɡɢ-
ɬɢɜɧɨ ɜɩɥɢɧɟ ɧɚ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ.  

Ɍɨɦɭ ɩɟɪɫɩɟɤɬɢɜɧɢɦ ɧɚɩɪɹɦɨɦ ɜɞɨɫɤɨɧɚ-
ɥɟɧɧɹ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ є 
ɪɨɡɪɨɛɥɟɧɧɹ ɦɟɯɚɧɿɱɧɢɯ ɪɿɲɟɧɶ ɿɧɬɟɧɫɢɮɿɤɚ-
ɬɨɪɿɜ, ɹɤɿ ɡɚɛɟɡɩɟɱɭɸɬɶ ɦɚɤɫɢɦɚɥɶɧɿ ɡɧɚɱɟɧ-

ɧɹ ɬɹɝɨɜɨɝɨ ɬɚ ɡɚɝɚɥɶɧɨɝɨ ɄɄȾ ɦɚɲɢɧɢ ɩɿɞ 
ɱɚɫ ɩɪɨɰɟɫɭ ɤɨɩɚɧɧɹ rɪɭɧɬɭ.  
 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɉɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɤɨɜɲɨɜɢɯ ɡɟɦ-
ɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ ɡɞɿɣɫɧɸєɬɶɫɹ 
ɡɚ ɞɟɤɿɥɶɤɨɦɚ ɧɚɩɪɹɦɚɦɢ. ɐɟ  ɜɞɨɫɤɨɧɚɥɟɧɧɹ 
ɪɿɡɚɥɶɧɨʀ ɫɢɫɬɟɦɢ, ɬɨɛɬɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɢ-
ɫɬɭɩɚɥɶɧɨɝɨ ɫɟɪɟɞɧɶɨɝɨ ɚɛɨ ɛɨɤɨɜɢɯ ɧɨɠɿɜ 
ɩɪɹɦɨɤɭɬɧɨʀ ɬɚ ɡɿɝɧɭɬɨʀ ɮɨɪɦɢ, ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɧɚɩɪɹɦɧɢɯ ɩɪɢɫɬɪɨʀɜ ɞɥɹ ɡɪɿɡɚɧɨɝɨ rɪɭɧɬɭ, 
ɪɨɡɩɭɲɭɜɚɥɶɧɢɯ ɡɭɛɿɜ, ɞɜɨɧɨɠɨɜɨʀ ɪɿɡɚɥɶɧɨʀ 
ɫɢɫɬɟɦɢ ɬɚ ɧɚɤɥɚɞɚɧɧɹ ɜɿɛɪɚɰɿɣɧɢɯ ɤɨɥɢɜɚɧɶ 
ɧɚ ɪɿɡɚɥɶɧɭ ɫɢɫɬɟɦɭ [1–3]. ȱɧɲɢɣ ɲɥɹɯ ɜɞɨɫ-
ɤɨɧɚɥɟɧɧɹ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɫɯɟɦ ɫɤɪɟɩɟɪɧɨɝɨ 
ɨɛɥɚɞɧɚɧɧɹ ɩɨɥɹɝɚє ɭ ɡɦɿɧɿ ɮɨɪɦɢ ɬɚ ɩɚɪɚɦɟ-
ɬɪɿɜ ɫɤɥɚɞɨɜɢɯ  ɟɥɟɦɟɧɬɿɜ ɤɨɜɲɚ, ɬɨɛɬɨ ɜɢɤɨ-
ɪɢɫɬɚɧɧɹ ɩɨɯɢɥɢɯ ɛɨɤɨɜɢɯ ɫɬɿɧɨɤ, ɞɧɢɳɚ ɡ 
ɭɯɢɥɨɦ ɭ ɛɿɤ ɡɚɜɚɧɬɚɠɟɧɧɹ, ɤɨɜɲɚ ɡ ɪɭɯɨɦɢɦ 
ɞɧɢɳɟɦ, ɬɟɥɟɫɤɨɩɿɱɧɢɯ ɤɨɜɲɿɜ ɬɨɳɨ [4]. Ɍɚ-
ɤɨɠ ɨɞɧɢɦ ɡ ɧɚɩɪɹɦɿɜ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜ-
ɧɨɫɬɿ ɤɨɜɲɨɜɢɯ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ 
ɦɚɲɢɧ є ɿɧɬɟɧɫɢɮɿɤɚɰɿɹ ɩɪɨɰɟɫɭ ɡɚɩɨɜɧɟɧɧɹ 
ɤɨɜɲɚ ʉɪɭɧɬɨɦ. ɇɚɣɛɿɥɶɲɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɥɹ 
ɣɨɝɨ ɪɟɚɥɿɡɚɰɿʀ ɹɤ ɜ ɫɟɪɿɣɧɨɦɭ, ɬɚɤ ɿ ɞɨɫɥɿɞ-
ɧɨɦɭ ɜɢɪɨɛɧɢɰɬɜɿ ɨɬɪɢɦɚɥɢ ɦɟɯɚɧɿɱɧɿ ɿɧɬɟɧ-
ɫɢɮɿɤɚɬɨɪɢ ɭ ɜɢɝɥɹɞɿ ɫɤɪɟɛɤɨɜɢɯ ɟɥɟɜɚɬɨɪɿɜ, 
rɜɢɧɬɨɜɢɯ ɬɚ ɲɧɟɤɨɜɢɯ ɡɚɜɚɧɬɚɠɭɜɚɱɿɜ, ɦɟ-
ɬɚɥɶɧɢɤɿɜ, ɩɿɞɝɪɟɛɚɥɶɧɢɯ ɩɪɢɫɬɪɨʀɜ [5–10]. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

ɇɚɹɜɧɿ ɫɩɨɫɨɛɢ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɪɨɛɨɱɨɝɨ 
ɩɪɨɰɟɫɭ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ ɫɢɫɬɟɦ ɬɚ 
ɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɞɥɹ ʀɯ ɪɟɚɥɿɡɚɰɿʀ ɩɟɪɟɞɛɚ-
ɱɚɸɬɶ ɩɟɪɟɦɿɳɟɧɧɹ rɪɭɧɬɭ ɜɿɞ ɪɿɡɚɥɶɧɨʀ ɫɢɫ-
ɬɟɦɢ ɭ ɩɨɜɧɨɦɭ ɨɛ’єɦɿ. Ɍɚɤɢɣ ɩɿɞɯɿɞ ɦɚє ɫɭɬ-
ɬєɜɿ ɧɟɞɨɥɿɤɢ, ɹɤɿ ɩɨɥɹɝɚɸɬɶ ɭ ɧɟɦɨɠɥɢɜɨɫɬɿ 
ɟɮɟɤɬɢɜɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɹɝɨɜɢɯ ɡɭɫɢɥɶ 
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ɛɚɡɨɜɨʀ ɦɚɲɢɧɢ, ɫɤɥɚɞɧɨɫɬɿ ɤɨɧɫɬɪɭɤɰɿʀ ɿɧ-
ɬɟɧɫɢɮɿɤɚɬɨɪɚ ɬɚ ɧɢɡɶɤɨʀ ɣɨɝɨ ɧɚɞɿɣɧɨɫɬɿ, 
ɡɚɣɜɨɦɭ ɩɨɞɪɿɛɧɟɧɧɿ ɬɚ ɩɟɪɟɦɿɲɭɜɚɧɧɿ 
rɪɭɧɬɭ, ɩɿɞɜɢɳɟɧɿɣ ɦɚɬɟɪɿɚɥɨ- ɬɚ ɟɧɟɪɝɨєɦ-
ɧɨɫɬɿ ɦɚɲɢɧɢ.  

Ɍɨɦɭ ɩɨɬɪɿɛɧɨ ɪɨɡɪɨɛɥɹɬɢ ɬɚɤɿ ɡɚɫɨɛɢ ɿɧ-
ɬɟɧɫɢɮɿɤɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡɟɦɥɟɪɢɣɧɨ-

ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ ɬɚ ɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɞɥɹ 
ʀɯ ɪɟɚɥɿɡɚɰɿʀ, ɹɤɿ ɞɨɡɜɨɥɹɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɶ 
ɬɹɝɨɜɿ ɜɥɚɫɬɢɜɨɫɬɿ ɯɨɞɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɡ 
ɦɚɤɫɢɦɚɥɶɧɢɦɢ ɬɹɝɨɜɢɦ ɬɚ ɡɚɝɚɥɶɧɢɦ ɄɄȾ, ɚ 
ɡɚɥɢɲɤɢ ɩɨɬɭɠɧɨɫɬɿ ɫɩɨɠɢɜɚɬɢɦɭ ɿɧɬɟɧɫɢ-
ɮɿɤɚɬɨɪɨɦ.  

Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɬɟɨɪɟɬɢɱɧɟ ɜɢɡɧɚɱɟɧɧɹ 
ɪɚɰɿɨɧɚɥɶɧɢɯ ɜɢɬɪɚɬ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɿɧɬɟɧɫɢ-
ɮɿɤɚɰɿɸ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡɟɦɥɟɪɢɣɧɨ-

ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɡɚ ɭɦɨɜɢ ɪɟɚɥɿɡɚɰɿʀ ɦɚ-
ɤɫɢɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɬɹɝɨɜɨɝɨ, ɩɨɜɧɨɝɨ ɬɚ 
ɡɜɟɞɟɧɨɝɨ ɄɄȾ ɦɚɲɢɧɢ ɩɿɞ ɱɚɫ ɤɨɩɚɧɧɹ 
rɪɭɧɬɭ, ɚ ɬɚɤɨɠ ɪɨɡɪɨɛɥɟɧɧɹ ɬɟɯɧɿɱɧɢɯ ɪɿ-
ɲɟɧɶ ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɭɦɨɜ 
ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ.  
 

ȼɢɡɧɚɱɟɧɧɹ ɪɚɰɿɨɧɚɥɶɧɢɯ ɜɢɬɪɚɬ  
ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɿɧɬɟɧɫɢɮɿɤɚɰɿɸ ɪɨɛɨɱɨɝɨ 

ɩɪɨɰɟɫɭ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ 
ɬɚ ɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɞɥɹ ʀɯ ɪɟɚɥɿɡɚɰɿʀ 
ȼɢɫɨɤɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɫɤɪɟɩɟɪɿɜ ɜ ɭɦɨɜɚɯ 

ɧɟɡɧɚɱɧɨʀ ɜɿɞɫɬɚɧɿ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ ɩɪɢɡɜɟɥɚ 
ɞɨ ɜɢɤɨɧɚɧɧɹ ɰɢɦɢ ɦɚɲɢɧɚɦɢ ɜ ɋɒȺ 50 % 
ɨɛɫɹɝɭ ɡɟɦɥɟɪɢɣɧɢɯ ɪɨɛɿɬ, ɚ ɧɚ ɬɟɪɢɬɨɪɿʀ ɩɨ-
ɫɬɪɚɞɹɧɫɶɤɨɝɨ ɩɪɨɫɬɨɪɭ ɰɟɣ ɪɿɜɟɧɶ ɧɟ ɩɟɪɟ-
ɜɢɳɭє 10 %. Ɂ ɪɨɡɜɢɬɤɨɦ ɚɤɬɢɜɧɢɯ ɡɚɜɚɧɬɚ-
ɠɭɜɚɥɶɧɢɯ ɩɪɢɫɬɪɨʀɜ ɡɚ ɤɨɪɞɨɧɨɦ ɡɧɚɱɧɚ ɱɚ-
ɫɬɢɧɚ ɫɤɪɟɩɟɪɧɨɝɨ ɩɚɪɤɭ ɛɭɥɚ ɦɨɞɟɪɧɿɡɨɜɚɧɚ, 
ɳɨ ɞɨɡɜɨɥɢɥɨ ɭɫɭɧɭɬɢ ɨɫɧɨɜɧɢɣ ɧɟɞɨɥɿɤ, 
ɹɤɢɣ ɩɟɪɟɲɤɨɞɠɚє ɚɜɬɨɧɨɦɧɿɣ ɪɨɛɨɬɿ ɫɤɪɟ-
ɩɟɪɿɜ.  

ɋɟɪɟɞ ɧɚɣɜɿɞɨɦɿɲɢɯ ɡɚɫɨɛɿɜ ɬɚ ɩɪɢɫɬɪɨʀɜ 
ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɤɨɜɲɨɜɢɯ ɡɟɦɥɟɪɢɣɧɨ-

ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ ɧɚɣɛɿɥɶɲɟ ɜɩɪɨɜɚ-
ɞɠɟɧɧɹ ɜ ɫɟɪɿɣɧɟ ɜɢɪɨɛɧɢɰɬɜɨ ɨɬɪɢɦɚɥɢ ɟɥɟ-
ɜɚɬɨɪɧɿ ɬɚ ɤɨɜɲɨɜɿ ɡɚɜɚɧɬɚɠɭɜɚɱɿ. Ⱦɨ ɧɚɣ-
ɛɿɥɶɲ ɜɿɞɨɦɢɯ ɮɿɪɦ, ɳɨ ɜɢɪɨɛɥɹɸɬɶ ɫɚɦɨɯɿ-
ɞɧɿ ɫɤɪɟɩɟɪɢ ɡ ɜɤɚɡɚɧɢɦɢ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚɦɢ, 
ɧɚɥɟɠɚɬɶ Caterpillar (ɦɨɞɟɥɿ 613ɋ ɫɟɪ. II, 
615ɋ ɫɟɪ. II, 621G ɿɡ ɟɥɟɜɚɬɨɪɧɢɦ ɡɚɜɚɧɬɚ-
ɠɟɧɧɹɦ, ɦɨɞɟɥɿ 621G, 631G, 627G, 637G, 
657G ɿɡ ɲɧɟɤɨɜɢɦ ɡɚɜɚɧɬɚɠɟɧɧɹɦ) ɬɚ 
JohnDeer (862ȼ ɋɟɪɿɹ II, 762ȼ ɋɟɪɿɹ II). 

ɉɨɩɢɬ ɧɚ ɫɤɪɟɩɟɪɢ ɡ ɟɥɟɜɚɬɨɪɧɢɦ ɡɚɜɚɧ-
ɬɚɠɟɧɧɹɦ ɜ ɞɨɪɨɠɧɶɨ-ɛɭɞɿɜɟɥɶɧɢɯ ɪɨɛɨɬɚɯ 
ɡɭɦɨɜɥɟɧɢɣ ɪɹɞɨɦ ɩɟɪɟɜɚɝ, ɡɨɤɪɟɦɚ ɦɨɠɥɢ-
ɜɿɫɬɸ ɡɚɩɨɜɧɟɧɧɹ ɤɨɜɲɚ ɛɿɥɶɲ ɧɿɠ ɧɚ 100 % 
(ɡ «ɲɚɩɤɨɸ»), ɜɢɫɨɤɢɦɢ ɩɥɚɧɭɜɚɥɶɧɢɦɢ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɡɚ ɪɚɯɭɧɨɤ ɡɞɿɣɫɧɟɧɧɹ ɜɢɪɿ-

ɜɧɸɜɚɧɧɹ rɪɭɧɬɭ,  ɦɨɠɥɢɜɿɫɬɸ ɪɨɛɨɬɢ ɜ ɚɜ-
ɬɨɧɨɦɧɨɦɭ ɪɟɠɢɦɿ,  ɜɢɫɨɤɨɸ ɩɪɨɞɭɤɬɢɜɧɿɫ-
ɬɸ ɬɚ ɲɜɢɞɤɿɫɬɸ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ. Ⱦɨ ɧɟɞɨ-
ɥɿɤɿɜ ɟɥɟɜɚɬɨɪɿɜ ɧɚɥɟɠɚɬɶ ɭɫɤɥɚɞɧɟɧɧɹ ɤɨɧɫ-
ɬɪɭɤɰɿʀ ɤɨɜɲɚ,  ɡɧɚɱɧɿ ɞɢɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɩɿɞ ɱɚɫ ɪɨɛɨɬɢ, ɧɟɦɨɠɥɢɜɿɫɬɶ ɪɨɛɨɬɢ 
ɧɚ rɪɭɧɬɚɯ ɿɡ ɤɚɦ’ɹɧɢɫɬɢɦɢ ɞɿɥɹɧɤɚɦɢ. ɓɟ 
ɨɞɧɢɦ ɧɟɞɨɥɿɤɨɦ є ɬɟ, ɳɨ ɩɿɞ ɱɚɫ ɡɚɜɚɧɬɚ-
ɠɟɧɧɹ ɤɨɜɲɚ ɱɟɪɟɡ ɩɨɯɢɥɟ ɩɨɥɨɠɟɧɧɹ ɟɥɟɜɚ-
ɬɨɪɚ ɰɟɧɬɪ ɜɚɝɢ ɦɚɲɢɧɢ ɡɦɿɧɸєɬɶɫɹ ɜ ɛɿɤ 
ɡɚɞɧɶɨʀ  ɧɟɩɪɢɜɿɞɧɨʀ ɨɫɿ ɤɨɥɿɫ. ɐɹ ɨɫɨɛɥɢ-
ɜɿɫɬɶ ɡɧɢɠɭє ɬɹɝɨɜɨ-ɡɱɿɩɧɿ ɹɤɨɫɬɿ ɫɤɪɟɩɟɪɚ, 
ɳɨ ɡɦɟɧɲɭє ɟɮɟɤɬɢɜɧɿɫɬɶ ɤɨɩɚɧɧɹ ɬɚ ɬɪɚɧɫ-
ɩɨɪɬɭɜɚɧɧɹ rɪɭɧɬɭ. 

ȼɩɪɨɜɚɞɠɟɧɧɸ ɞɨ ɜɢɪɨɛɧɢɰɬɜɚ ɫɤɪɟɩɟ-
ɪɿɜ ɡ rɜɢɧɬɨɜɢɦɢ ɬɚ ɲɧɟɤɨɜɢɦɢ ɡɚɜɚɧɬɚɠɭɜɚ-
ɱɚɦɢ ɫɩɪɢɹɥɢ ɬɚɤɿ ɩɟɪɟɜɚɝɢ: ɬɪɭɞɨɦɿɫɬɤɿɫɬɶ 
ɜɢɝɨɬɨɜɥɟɧɧɹ, ɞɟɲɟɜɟ ɬɟɯɧɿɱɧɟ ɨɛɫɥɭɝɨɜɭɜɚɧ-
ɧɹ ɬɚ ɪɟɦɨɧɬ (ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɫɤɪɟɛɤɨɜɢɯ ɟɥɟ-
ɜɚɬɨɪɿɜ), ɩɪɨɫɬɨɬɚ ɤɨɧɫɬɪɭɤɰɿʀ ɬɚ ɜɢɫɨɤɚ ɠɨɪ-
ɫɬɤɿɫɬɶ, ɦɨɠɥɢɜɿɫɬɶ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ ɲɦɚɬɤɿɜ 
rɪɭɧɬɭ ɩɿɫɥɹ ɣɨɝɨ ɩɨɩɟɪɟɞɧɶɨɝɨ ɪɨɡɩɭɲɭɜɚɧ-
ɧɹ, ɦɨɠɥɢɜɿɫɬɶ ɜɫɬɚɧɨɜɥɟɧɧɹ rɜɢɧɬɨɜɨɝɨ ɡɚɜɚ-
ɧɬɚɠɭɜɚɥɶɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɧɚ ɛɚɡɨɜɢɣ ɫɤɪɟ-
ɩɟɪ ɿɡ ɧɟɡɧɚɱɧɢɦɢ ɞɨɪɨɛɤɚɦɢ ɣɨɝɨ ɤɨɧɫɬɪɭɤ-
ɰɿʀ, ɤɨɦɩɚɤɬɧɿɫɬɶ ɩɪɢɜɨɞɭ ɭ ɜɢɝɥɹɞɿ ɝɿɞɪɨɦɨ-
ɬɨɪɿɜ ɜ ɤɨɦɩɥɟɤɬɿ ɡ ɩɥɚɧɟɬɚɪɧɢɦɢ ɪɟɞɭɤɬɨɪɚ-
ɦɢ ɚɛɨ ɬɿɥɶɤɢ ɜɢɫɨɤɨɦɨɦɟɧɬɧɢɦɢ ɝɿɞɪɨɦɨɬɨ-
ɚɦɢ. ɉɪɨɛɥɟɦɢ ɟɤɫɩɥɭɚɬɚɰɿʀ ɫɤɪɟɩɟɪɿɜ ɿɡ 
rɜɢɧɬɨɜɢɦɢ ɡɚɜɚɧɬɚɠɭɜɚɱɚɦɢ ɩɨɥɹɝɚɸɬɶ ɭ 
ɡɛɿɥɶɲɟɧɧɿ ɨɩɨɪɭ ɤɨɩɚɧɧɹ rɪɭɧɬɭ, ɨɫɤɿɥɶɤɢ 
rɜɢɧɬɨɜɿ ɤɨɧɜɟєɪɢ ɦɚɸɬɶ ɧɚɣɛɿɥɶɲɭ ɟɧɟɪɝɨ-
ɦɿɫɬɤɿɫɬɶ ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ  ɿɧɲɢɯ ɬɪɚɧɫɩɨɪɬɭ-
ɜɚɥɶɧɢɯ ɩɪɢɫɬɪɨʀɜ, ɡɧɢɠɟɧɧɹ ɹɤɨɫɬɿ ɩɥɚɧɭ-
ɜɚɧɧɹ rɪɭɧɬɭ, ɫɤɥɚɞɧɿɫɬɶ ɣɨɝɨ ɪɨɡɜɚɧɬɚɠɟɧ-
ɧɹ, ɨɫɤɿɥɶɤɢ rɜɢɧɬɨɜɿ ɩɪɢɫɬɪɨʀ ɩɟɪɟɲɤɨɞɠɚ-
ɸɬɶ ɜɢɲɬɨɜɯɭɜɚɧɧɸ rɪɭɧɬɭ ɡ ɤɨɜɲɚ ɬɚ ɱɚɫɬ-
ɤɨɜɨ  ɡɚɣɦɚɸɬɶ ɣɨɝɨ ɩɪɨɫɬɿɪ.  

ɍ ɩɟɪɟɥɿɱɟɧɢɯ ɧɚɣɛɿɥɶɲ ɩɨɲɢɪɟɧɢɯ ɬɚ 
ɜɩɪɨɜɚɞɠɟɧɢɯ ɬɪɚɞɢɰɿɣɧɢɯ ɤɨɧɫɬɪɭɤɰɿɹɯ 
ɫɤɪɟɩɟɪɿɜ ɡ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚɦɢ ɨɫɬɚɧɧɿ ɡɞɿɣɫ-
ɧɸɸɬɶ ɩɪɨɰɟɫ ɩɟɪɟɦɿɳɟɧɧɹ rɪɭɧɬɭ ɜ ɩɨɜɧɨ-
ɦɭ ɨɛɫɹɡɿ ɜɿɞ ɪɿɡɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɤɿɜɲɚ (ɪɢɫ.1). 
Ɍɹɝɨɜɟ ɡɭɫɢɥɥɹ ɜɢɬɪɚɱɚєɬɶɫɹ ɧɚ ɪɿɡɚɧɧɹ 
rɪɭɧɬɭ, ɨɩɿɪ ɩɟɪɟɦɿɳɟɧɧɸ ɦɚɲɢɧɢ ɬɚ ɩɨɞɨ-
ɥɚɧɧɹ ɭɯɢɥɭ ɲɥɹɯɭ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɧɚ ɩɨ-
ɞɨɥɚɧɧɹ ɫɭɦɚɪɧɨɝɨ ɨɩɨɪɭ ɜɢɬɪɚɱɚєɬɶɫɹ ɬɹɝɨ-
ɜɟ ɡɭɫɢɥɥɹ ɦɟɧɲɨʀ ɜɟɥɢɱɢɧɢ, ɚ ɧɟ ɧɨɦɿɧɚɥɶ-
ɧɟ, ɧɟɩɨɜɧɿɫɬɸ ɪɟɚɥɿɡɭɸɬɶɫɹ ɬɹɝɨɜɨ-ɡɱɿɩɧɿ 
ɜɥɚɫɬɢɜɨɫɬɿ ɯɨɞɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɛɚɡɨɜɨʀ 
ɦɚɲɢɧɢ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦ ɄɄȾ. Ɉɞɧɨɱɚɫɧɨ 

ɜɢɬɪɚɱɚɸɬɶɫɹ ɡɚɥɢɲɤɢ ɩɨɬɭɠɧɨɫɬɿ ɫɢɥɨɜɨɝɨ 
ɨɛɥɚɞɧɚɧɧɹ ɧɚ ɩɪɢɜɿɞ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ, ɳɨ 
ɫɩɪɢɹє ɡɛɿɥɶɲɟɧɧɸ ɣɨɝɨ ɦɚɫɢ, ɚ ɨɬɠɟ, ɿ ɦɚɫɢ 
ɦɚɲɢɧɢ. 
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Ɋɢɫ. 1. Ɍɪɚɞɢɰɿɣɧɢɣ ɫɩɨɫɿɛ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ 
ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫ-

ɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɬɚ ɤɨɧɫɬɪɭɤɬɢɜɧɿ ɪɿɲɟɧɧɹ 
ɞɥɹ ɣɨɝɨ ɪɟɚɥɿɡɚɰɿʀ: ɚ – ɫɯɟɦɚ ɩɟɪɟɦɿɳɟɧɧɹ 
ʉɪɭɧɬɭ ɭ ɜɢɩɚɞɤɭ  ɬɪɚɞɢɰɿɣɧɨɝɨ ɫɩɨɫɨɛɭ 
ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ; ɛ – ɤɨɧɫɬɪɭɤɬɢɜɧɚ ɫɯɟɦɚ 
rɜɢɧɬɨɜɨɝɨ ɡɚɜɚɧɬɚɠɭɜɚɱɚ; ɜ –ɤɨɧɫɬɪɭɤ-

ɬɢɜɧɚ ɫɯɟɦɚ ɟɥɟɜɚɬɨɪɧɨɝɨ ɡɚɜɚɧɬɚɠɭɜɚɱɚ  

 

Ⱦɥɹ ɭɫɭɧɟɧɧɹ ɜɤɚɡɚɧɢɯ ɧɟɞɨɥɿɤɿɜ ɡɚɩɪɨ-
ɩɨɧɨɜɚɧɨ ɧɨɜɢɣ ɩɿɞɯɿɞ ɞɨ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɪɨ-
ɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨʀ 
ɦɚɲɢɧɢ, ɧɚɩɪɢɤɥɚɞ ɞɥɹ ɫɤɪɟɩɟɪɚ. Ƀɨɝɨ ɨɫɨɛ-
ɥɢɜɿɫɬɶ ɩɨɥɹɝɚє ɭ ɬɨɦɭ, ɳɨ rɪɭɧɬ, ɹɤɢɣ ɡɪɿɡɚ-
єɬɶɫɹ ɪɿɡɚɥɶɧɨɸ ɫɢɫɬɟɦɨɸ ɦɚɲɢɧɢ ɬɚ ɬɪɚɧɫ-
ɩɨɪɬɭєɬɶɫɹ ɭ ɤɿɜɲ, ɩɨɞɿɥɹєɬɶɫɹ ɧɚ ɞɜɚ ɩɨɬɨɤɢ 
ɡ ɦɨɠɥɢɜɿɫɬɸ ɪɟɝɭɥɸɜɚɧɧɹ ʀɯ ɜɟɥɢɱɢɧɢ. Ɍɚɤ, 
ɧɚɩɪɢɤɥɚɞ, ɭ ɫɩɨɫɨɛɿ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɪɨɛɨɱɨɝɨ 
ɩɪɨɰɟɫɭ ɫɤɪɟɩɟɪɚ (ɪɢɫ. 2) ɪɿɡɚɧɧɹ rɪɭɧɬɭ 
ɡɞɿɣɫɧɸєɬɶɫɹ ɱɚɫɬɤɨɜɨ ɬɪɚɞɢɰɿɣɧɨɸ ɪɿɡɚɥɶ-
ɧɨɸ ɫɢɫɬɟɦɨɸ 1 ɫɤɪɟɩɟɪɚ ɡɚ ɪɚɯɭɧɨɤ ɬɹɝɨɜɨ-
ɝɨ ɡɭɫɢɥɥɹ, ɚ ɬɚɤɨɠ ɪɿɡɚɥɶɧɨ-ɦɟɬɚɥɶɧɢɦ ɿɧɬɟ-
ɧɫɢɮɿɤɚɬɨɪɨɦ 2, ɹɤɢɣ ɩɨɫɥɿɞɨɜɧɨ ɡɞɿɣɫɧɸє 
ɪɿɡɚɧɧɹ rɪɭɧɬɭ ɬɚ ɣɨɝɨ ɦɟɬɚɧɧɹ ɞɨ ɡɚɞɧɶɨʀ 
ɱɚɫɬɢɧɢ ɤɨɜɲɚ ɪɚɞɿɚɥɶɧɨ ɪɨɡɬɚɲɨɜɚɧɢɦɢ 
ɧɨɠɚɦɢ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ, ɳɨ ɨɛɟɪɬɚєɬɶɫɹ. 

Ɋɟɝɭɥɸɜɚɧɧɹɦ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɝɥɢɛɢɧɢ ɪɿ-
ɡɚɧɧɹ rɪɭɧɬɭ ɧɨɠɟɦ 1 ɬɚ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɨɦ 2 
ɦɨɠɧɚ ɡɚɛɟɡɩɟɱɢɬɢ ɩɨɜɧɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɹ-
ɝɨɜɨɝɨ ɡɭɫɢɥɥɹ ɫɤɪɟɩɟɪɚ ɬɚ ɦɿɧɿɦɚɥɶɧɿ ɜɢɬɪɚ-
ɬɢ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɪɨɛɨɬɭ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ.  

 

 
ɚ 

 

 
ɛ 

 

Ɋɢɫ. 2. Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɫɩɨɫɿɛ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ 
ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫ-

ɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɿɡɚɥɶ-
ɧɨ-ɦɟɬɚɥɶɧɨɝɨ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ: ɚ – ɫɯɟɦɚ 
ɩɟɪɟɦɿɳɟɧɧɹ ʉɪɭɧɬɭ; ɛ – ɤɨɧɫɬɪɭɤɬɢɜɧɚ 
ɫɯɟɦɚ ɬɚ ɩɪɢɧɰɢɩ ɪɨɛɨɬɢ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ 
ɡ ɪɿɡɚɥɶɧɨ-ɦɟɬɚɥɶɧɢɦ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɨɦ 

 

ȼɚɪɿɚɧɬ ɧɨɜɨɝɨ ɩɿɞɯɨɞɭ ɞɨ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ 
ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɫɤɪɟɩɟɪɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
rɜɢɧɬɨɜɢɯ ɡɚɜɚɧɬɚɠɭɜɚɱɿɜ ɩɨɞɚɧɨ ɧɚ ɪɢɫ. 3. 
ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ rɪɭɧɬ ɩɨɜɧɿɫɬɸ ɡɪɿɡɚєɬɶɫɹ 
ɧɨɠɟɦ 1, ɬɪɚɧɫɩɨɪɬɭєɬɶɫɹ ɬɚ ɡɚɩɨɜɧɸє ɜɧɭɬ-
ɪɿɲɧɸ ɩɨɪɨɠɧɢɧɭ ɤɨɜɲɚ ɬɪɚɞɢɰɿɣɧɢɦ ɫɩɨ-
ɫɨɛɨɦ ɡɚ ɪɚɯɭɧɨɤ ɬɹɝɨɜɨɝɨ ɡɭɫɢɥɥɹ ɫɤɪɟɩɟɪɚ, 
ɚ rɪɭɧɬɨɜɚ ɫɬɪɭɠɤɚ ɩɪɨɫɭɜɚєɬɶɫɹ ɤɪɿɡɶ ɧɚɤɨ-
ɩɢɱɟɧɢɣ rɪɭɧɬ ɭ ɤɨɜɲɿ, ɳɨ ɡɛɿɥɶɲɭє ɡɚɝɚɥɶ-
ɧɢɣ ɨɩɿɪ ɤɨɩɚɧɧɸ, ɚ ɨɬɠɟ, ɣ ɬɹɝɨɜɟ ɡɭɫɢɥɥɹ 
ɞɥɹ ɣɨɝɨ ɩɨɞɨɥɚɧɧɹ. 

ɉɿɫɥɹ ɞɨɫɹɝɧɟɧɧɹ rɪɭɧɬɭ ɭ ɤɨɜɲɿ ɩɟɜɧɨʀ 
ɜɢɫɨɬɢ, ɡɚ ɹɤɨɸ ɜɢɬɪɚɱɚєɬɶɫɹ ɬɹɝɨɜɟ ɡɭɫɢɥɹ 
ɫɤɪɟɩɟɪɚ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦ ɬɹɝɨɜɢɦ ɄɄȾ ɧɚ 
ɩɨɞɨɥɚɧɧɹ ɨɩɨɪɭ ɤɨɩɚɧɧɹ, ɜɫɬɭɩɚɸɬɶ ɜ ɩɨɞɚ-
ɥɶɲɢɣ ɩɪɨɰɟɫ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ rɝɪɭɧɬɭ ɤɟɪɨ-
ɜɚɧɿ rɜɢɧɬɨɜɿ ɡɚɜɚɧɬɚɠɭɜɚɱɿ 2. ȼɨɧɢ ɫɩɨɱɚɬɤɭ 
ɡɚɩɨɜɧɸɸɬɶ ɜɟɪɯɧɸ ɡɚɞɧɸ ɱɚɫɬɢɧɭ ɩɨɪɨɠɧɢ-
ɧɢ ɤɨɜɲɚ ɡɚ ɪɚɯɭɧɨɤ ʀɯ ɧɚɯɢɥɭ (ɪɢɫ. 3, ɛ). Ⱥ 
ɞɚɥɿ ɩɿɫɥɹ ʀɯ ɩɨɜɨɪɨɬɭ ɬɚ ɧɚɯɢɥɭ ɝɿɞɪɨɰɢɥɿɧ-
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ɞɪɚɦɢ 3 ɭ ɩɪɨɬɢɥɟɠɧɢɣ ɛɿɤ ɜɿɞɛɭɜɚєɬɶɫɹ ɡɚ-
ɩɨɜɧɟɧɧɹ rɪɭɧɬɨɦ ɩɟɪɟɞɧɶɨʀ ɜɟɪɯɧɶɨʀ ɱɚɫɬɢ-
ɧɢ ɤɨɜɲɚ (ɪɢɫ. 3, ɜ). ɋɮɟɪɢɱɧɚ ɮɨɪɦɚ 
rɜɢɧɬɨɜɢɯ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɿɜ ɞɨɡɜɨɥɹє ɡ ɦɿɧɿ-
ɦɚɥɶɧɢɦ ɨɩɨɪɨɦ ɡɞɿɣɫɧɸɜɚɬɢ ʀɯ ɩɨɜɨɪɨɬ ɭ 
ʉɪɭɧɬɨɜɨɦɭ ɫɟɪɟɞɨɜɢɳɿ.  

 

 
ɚ 

 

 
ɛ 

 

 
ɜ 

 

Ɋɢɫ. 3. Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɫɩɨɫɿɛ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ 
ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫ-

ɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɟɪɨɜɚ-
ɧɢɯ rɜɢɧɬɨɜɢɯ ɡɚɜɚɧɬɚɠɭɜɚɱɿɜ: ɚ – ɫɯɟɦɚ 
ɩɟɪɟɦɿɳɟɧɧɹ ʉɪɭɧɬɭ; ɛ – ɤɨɧɫɬɪɭɤɬɢɜɧɚ 
ɫɯɟɦɚ ɬɚ ɩɪɢɧɰɢɩ ɪɨɛɨɬɢ rɜɢɧɬɨɜɢɯ ɡɚɜɚ-
ɧɬɚɠɭɜɚɱɿɜ; ɜ – ɩɪɨɰɟɫ ɡɚɩɨɜɧɟɧɧɹ ɩɟɪɟɞ-
ɧɶɨʀ ɱɚɫɬɢɧɢ ɤɨɜɲɚ 

 

Ɍɟɨɪɟɬɢɱɧɨ ɨɰɿɧɢɬɢ ɟɮɟɤɬɢɜɧɿɫɬɶ ɪɨɛɨɬɢ 
ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɡ ɜɢɤɨɪɢɫ-

ɬɚɧɧɹɦ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ ɦɨɠɧɚ ɦɨɠɥɢɜɨ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɡɚɝɚɥɶɧɨɝɨ ɬɚ ɬɹɝɨɜɨɝɨ ɄɄȾ, ɹɤɢɣ 
ɞɨɪɿɜɧɸє 
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 ,                   (2) 

 

ɞɟ ɤN – ɩɨɬɭɠɧɿɫɬɶ, ɹɤɚ ɩɨɬɪɿɛɧɚ ɞɥɹ ɩɨɞɨ-
ɥɚɧɧɹ ɬɹɝɨɜɢɯ ɨɩɨɪɿɜ ɪɨɛɨɱɢɦ ɨɛɥɚɞɧɚɧɧɹɦ, 
ɳɨ ɚɝɪɟɝɚɬɭєɬɶɫɹ ɡ ɛɚɡɨɜɨɸ ɦɚɲɢɧɨɸ; ɭ ɜɢ-
ɩɚɞɤɭ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɤɪɟɩɟɪɚ ɰɟ ɩɨɬɭɠɧɿɫɬɶ, 
ɳɨ ɜɢɬɪɚɱɚєɬɶɫɹ ɧɚ ɩɨɞɨɥɚɧɧɹ ɨɩɨɪɭ ɤɨɩɚɧ-
ɧɹ rɪɭɧɬɭ; ɿɧɬN  – ɩɨɬɭɠɧɿɫɬɶ, ɹɤɚ ɜɢɬɪɚɱɚ-

єɬɶɫɹ ɧɚ ɪɨɛɨɬɭ  ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ; ɟN – ɟɮɟɤ-
ɬɢɜɧɚ ɩɨɬɭɠɧɿɫɬɶ ɞɜɢɝɭɧɚ ɦɚɲɢɧɢ.  

ɉɨɬɭɠɧɿɫɬɶ ɿɧɬN  ɭɬɜɨɪɸєɬɶɫɹ ɡɚɥɢɲɤɚ-
ɦɢ ɩɨɬɭɠɧɨɫɬɿ: 

                                 

)( ɤhfɬɪɟɿɧɬ NNNNNNN   ,(3)  

 

ɞɟ ɬɪN – ɜɢɬɪɚɬɢ ɩɨɬɭɠɧɨɫɬɿ ɜ ɜɭɡɥɚɯ ɬɪɚɧɫ-
ɦɿɫɿʀ ɛɚɡɨɜɨʀ ɦɚɲɢɧɢ, ɹɤɿ ɩɟɪɟɞɚɸɬɶ ɦɨɦɟɧɬ ɡ 
ɤɨɥɿɧɱɚɬɨɝɨ ɜɚɥɚ ɞɜɢɝɭɧɚ ɞɨ ɪɭɲɿɣɧɢɯ ɤɨɥɿɫ; 

fN – ɜɢɬɪɚɬɢ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɞɨɥɚɧɧɹ ɨɩɨɪɭ 

ɤɨɱɟɧɧɹ ɯɨɞɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɦɚɲɢɧɢ; N – 

ɜɢɬɪɚɬɢ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɛɭɤɫɭɜɚɧɧɹ ɪɭɲɿɣɧɢɯ 
ɤɨɥɿɫ ɯɨɞɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ; hN – ɜɢɬɪɚɬɢ 
ɩɨɬɭɠɧɨɫɬɿ ɧɚ  ɞɨɥɚɧɧɹ ɩɿɞɣɨɦɭ ɲɥɹɯɭ. 

ɉɿɫɥɹ ɩɿɞɫɬɚɜɥɹɧɧɹ ɡɧɚɱɟɧɧɹ ɿɧɬN  ɞɨ 

ɮɨɪɦɭɥɢ (1) ɿ (2) ɬɚ ɩɟɪɟɬɜɨɪɟɧɶ ɡɚɝɚɥɶɧɢɣ ɬɚ 
ɬɹɝɨɜɢɣ ɄɄȾ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚ-
ɲɢɧɢ ɞɨɪɿɜɧɸɸɬɶ 
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 1 .     (5)  

 

Ɂɚɡɧɚɱɟɧɿ ɭ ɰɶɨɦɭ ɪɿɜɧɹɧɧɿ ɩɨɬɭɠɧɨɫɬɿ 
ɜɢɡɧɚɱɚɸɬɶɫɹ ɜ ɩɨɬɭɠɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ. 

Ʉɨɥɨɜɚ ɫɢɥɚ ɪɭɲɿɹ ɯɨɞɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ 
ɞɨɪɿɜɧɸє 

 

hfɤɤ WWWP  ,  (6) 

 

ɞɟ ɤW – ɫɢɥɚ, ɹɤɚ ɜɢɬɪɚɱɚєɬɶɫɹ ɧɚ ɞɨɥɚɧɧɹ 
ɨɩɨɪɭ ɜɡɚєɦɨɞɿʀ ɪɨɛɨɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɡɟɦɥɟ-
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ɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɿɡ ɪɨɡɪɨɛɥɸɜɚ-
ɥɶɧɢɦ ɫɟɪɟɞɨɜɢɳɟɦ; ɞɥɹ ɫɚɦɨɯɿɞɧɨɝɨ ɫɤɪɟ-
ɩɟɪɚ – ɧɚ ɞɨɥɚɧɧɹ ɨɩɨɪɭ ɤɨɩɚɧɧɹ rɪɭɧɬɭ; 

fW – ɨɩɿɪ ɪɭɯɭ ɯɨɞɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ; 
hW – 

ɨɩɿɪ ɪɭɯɭ ɧɚ ɩɿɞɣɨɦ ɜɿɞ ɭɯɢɥɭ ɲɥɹɯɭ. 
Ɍɚɤɢɦ ɱɢɧɨɦ: 
 

fGGW ɝɪf )(  ; ,sin)( ɝɪh GGW    

 

ɞɟ G – ɜɚɝɚ ɦɚɲɢɧɢ; ɝɪG – ɩɥɢɧɧɟ ɡɧɚɱɟɧɧɹ 

ɜɚɝɢ rɪɭɧɬɚ ɭ ɤɨɜɲɿ ɫɤɪɟɩɟɪɚ; f – ɤɨɟɮɿɰɿєɧɬ 
ɨɩɨɪɭ ɤɨɱɟɧɧɹ ɯɨɞɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ;  – ɤɭɬ 
ɭɯɢɥɭ ɲɥɹɯɭ. 

ɇɚ ɩɿɞɫɬɚɜɿ ɞɨɫɥɿɞɠɟɧɶ [15] ɤɨɟɮɿɰɿєɧɬ 
ɛɭɤɫɭɜɚɧɧɹ ɞɥɹ ɩɧɟɜɦɨɤɨɥɿɫɧɨɝɨ ɯɨɞɨɜɨɝɨ 
ɨɛɥɚɞɧɚɧɧɹ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚɥɟɠɧɿɫɬɸ 

 

1 1

[ ]nɤ ɤP P
A B

G G
    ,  (7) 

 

ɞɟ Ⱥ, ȼ, n – ɤɨɟɮɿɰɿєɧɬɢ, ɳɨ ɡɚɥɟɠɚɬɶ ɜɿɞ ɬɢ-
ɩɭ ɲɢɧ, ɬɢɫɤɭ ɩɨɜɿɬɪɹ ɬɚ ʉɪɭɧɬɨɜɢɯ ɭɦɨɜ. 

ɍ ɜɢɩɚɞɤɭ ɫɚɦɨɯɿɞɧɢɯ ɫɤɪɟɩɟɪɿɜ ɧɚɜɚɧ-
ɬɚɠɟɧɧɹ ɧɚ ɩɪɢɜɿɞɧɿ ɪɭɲɿʀ ɯɨɞɨɜɨɝɨ ɨɛɥɚɞ-
ɧɚɧɧɹ ɛɚɡɨɜɨʀ ɦɚɲɢɧɢ ɫɤɥɚɞɚє: ɞɥɹ ɩɨɪɨɠ-
ɧɶɨɝɨ ɫɤɪɟɩɟɪɚ GG )7.0...6.0(1  ; ɞɥɹ ɧɚɜɚɧ-
ɬɚɠɟɧɨɝɨ ))(5.0...45.0(1 rpGGG  [15]. 

Ⱦɿɣɫɧɚ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɡɟɦɥɟɪɢɣɧɨ-

ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɞɨɪɿɜɧɸє 

 

)1(  ɬɞ VV ,  (8) 

 

ɞɟ ɬV – ɬɟɨɪɟɬɢɱɧɚ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɦɚɲɢɧ. 
ȼɿɞɩɨɜɿɞɧɿ ɩɨɬɭɠɧɨɫɬɿ ɛɭɞɭɬɶ ɞɨɪɿɜɧɸ-

ɜɚɬɢ:  
 

ɞff VWN ;   (9) 

ɞhh VWN  ;  (10) 

)( ɞɬɤ VVPN  ;  (11) 

)1)(( ɬɪɤhfɬɪ NNNNN   ,       (12) 

 

ɞɟ ηɬɪ – ɄɄȾ ɬɪɚɧɫɦɿɫɿʀ ɛɚɡɨɜɨʀ ɦɚɲɢɧɢ. 
 

ɉɪɢɤɥɚɞ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɚɜɟɞɟɧɨʀ ɦɟ-
ɬɨɞɢɤɢ. ȼɢɡɧɚɱɢɬɢ ɪɚɰɿɨɧɚɥɶɧɢɣ ɪɟɠɢɦ ɪɨ-
ɛɨɬɢ ɫɚɦɨɯɿɞɧɨɝɨ ɫɤɪɟɩɟɪɚ ȾɁ-87-1 ɿɡ ɡɚɫɬɨ-
ɫɭɜɚɧɧɹɦ rɜɢɧɬɨɜɢɯ ɡɚɜɚɧɬɚɠɭɜɚɱɿɜ. 

ȼɢɯɿɞɧɿ ɞɚɧɿ ɞɨ ɪɨɡɪɚɯɭɧɤɭ: ɛɚɡɨɜɚ ɦɚ-
ɲɢɧɚ ɫɤɪɟɩɟɪɚ – ɩɧɟɜɦɨɤɨɥɿɫɧɢɣ ɬɪɚɤɬɨɪ  
 Ɍ-150Ʉ,  ɡɚɝɚɥɶɧɚ ɦɚɫɚ ɩɨɪɨɠɧɶɨɝɨ ɫɤɪɟɩɟɪɚ 
m = 12800 ɤɝ, ɝɟɨɦɟɬɪɢɱɧɚ єɦɧɿɫɬɶ ɤɨɜɲɚ  

g = 4,5ɦ3, ɟɮɟɤɬɢɜɧɚ ɩɨɬɭɠɧɿɫɬɶ ɞɜɢɝɭɧɚ  
Ne = 128,7 ɤȼɬ, ɬɟɨɪɟɬɢɱɧɚ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɧɚ 
ɩɟɪɲɿɣ ɩɟɪɟɞɚɱɿ Vm = 0,93 ɦ/ɫ, ɝɥɢɛɢɧɚ ɤɨ-
ɩɚɧɧɹ rɪɭɧɬɭ h = 0,135 ɦ, ɲɢɪɢɧɚ ɤɨɩɚɧɧɹ 
rɪɭɧɬɭ ȼɤ = 2,43 ɦ, ɬɨɜɳɢɧɚ ɛɿɱɧɢɯ ɪɿɡɚɥɶɧɢɯ 
ɧɨɠɿɜ t = 20 ɦɦ, ɤɭɬ ɪɿɡɚɧɧɹ rɪɭɧɬɭ  ɪ = 350; 

ɤɭɬ ɭɯɢɥɭ ɲɥɹɯɭ α = 5°,  ɤɨɟɮɿɰɿєɧɬɢ  
Ⱥ = 0,09; ȼ = 1,5, n = 8; ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɿ ɜɥɚ-
ɫɬɢɜɨɫɬɿ rɪɭɧɬɭ: ɬɢɩ rɪɭɧɬɭ – ɝɥɢɧɚ ɬɪɟɬɶɨʀ 
ɤɚɬɟɝɨɪɿʀ ɋɭɞ = 7–12, ɤɭɬ ɜɧɭɬɪɿɲɧɶɨɝɨ ɬɟɪɬɹ 
  = 230, ɤɭɬ ɡɨɜɧɿɲɧɶɨɝɨ ɬɟɪɬɹ  = 220, ɡɱɟɩ-
ɥɟɧɧɹ  ɋw = 0,110 Ɇɉɚ, ɳɿɥɶɧɿɫɬɶ rɪɭɧɬɭ ɭ 
ɩɪɢɪɨɞɧɨɦɭ ɫɬɚɧɿ  = 2100 ɤɝ/ɦ3, ɭ ɪɨɡɩɭɲɟ-
ɧɨɦɭ ɫɬɚɧɿ  ɪ  = 1800 ɤɝ/ɦ3; ɤɨɟɮɿɰɿєɧɬ f = 

0,13; ɄɄȾ ɬɪɚɧɫɦɿɫɿʀ ɬɪ = 0,85. ɇɚ ɩɿɞɫɬɚɜɿ 
ɪɿɜɧɹɧɶ (1)– (10) ɜɢɡɧɚɱɚєɦɨ ɡɚɥɟɠɧɨɫɬɿ ɡɚɝɚ-
ɥɶɧɨɝɨ 3  ɬɚ ɬɹɝɨɜɨɝɨ m  ɄɄȾ ɡɟɦɥɟɪɢɣɧɨ-

ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɿ ɧɚɞɥɢɲɤɨɜɨʀ ɩɨɬɭɠ-
ɧɨɫɬɿ ɫɢɥɨɜɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɿɧɬN , ɳɨ ɦɨɠɟ 
ɪɟɚɥɿɡɭɜɚɬɢɫɹ ɧɚ ɩɪɢɜɿɞ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ ɡɚ-
ɥɟɠɧɨ ɜɿɞ ɡɭɫɢɥɥɹ ɤW . 

Ⱥɧɚɥɿɡ ɝɪɚɮɿɤɿɜ (ɪɢɫ. 4) ɞɟɦɨɧɫɬɪɭє ɧɚɹ-
ɜɧɿɫɬɶ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɪɟɠɢɦɭ ɫɤɪɟɩɟɪɚ, ɨɛɥɚ-
ɞɧɚɧɨɝɨ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɨɦ, ɡɚ ɩɟɜɧɢɯ ɡɧɚɱɟɧɶ 
ɬɹɝɨɜɨɝɨ m  ɬɚ ɡɚɝɚɥɶɧɨɝɨ 3  ɄɄȾ.  

 

 
 

Ɋɢɫ. 4. ȼɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɚɰɿɨɧɚɥɶɧɨɝɨ 
ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɫɚɦɨɯɿɞɧɨɝɨ ɫɤɪɟɩɟɪɚ  
ȾɁ-87-1 ɡ ɤɟɪɨɜɚɧɢɦ rɜɢɧɬɨɜɢɦ ɡɚɜɚɧɬɚ-
ɠɭɜɚɱɟɦ 

 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɱɢɫɟɥɶɧɢɯ  ɩɚɪɚɦɟɬɪɿɜ 
ɰɶɨɝɨ ɪɟɠɢɦɭ ɜɜɟɞɟɦɨ ɩɨɧɹɬɬɹ ɡɜɟɞɟɧɨɝɨ 
ɄɄȾ, ɹɤɢɣ ɞɨɪɿɜɧɸє 

 

               3 mɁȼ  .                      (13) 

 

Ɂ ɝɪɚɮɿɱɧɨʀ ɡɚɥɟɠɧɨɫɬɿ )( KɁȼ Wf  

ɜɢɞɧɨ, ɳɨ ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ %20Ɂȼ   
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ɜɿɞɩɨɜɿɞɚє ɞɨɬɢɱɧɨɦɭ ɨɩɨɪɭ ɤɨɩɚɧɧɹ ʉɪɭɧɬɭ 
HWɤ 26000 , ɜɢɬɪɚɬɚɦ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɿɧ-

ɬɟɧɫɢɮɿɤɚɰɿɸ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ 
ɤȼɬN ІɇɌ 62 , ɤɨɟɮɿɰɿєɧɬɭ ɛɭɤɫɭɜɚɧɧɹ 

%16 , ɬɹɝɨɜɨɦɭ ɄɄȾ %31m , ɡɚɝɚɥɶ-

ɧɨɦɭ ɄɄȾ  
3 = 65 %. 

 

ȼɢɫɧɨɜɤɢ 

Ɉɬɠɟ, ɧɚ ɩɿɞɫɬɚɜɿ ɬɟɨɪɟɬɢɱɧɢɯ ɡɚɥɟɠɧɨɫ-
ɬɟɣ ɡ ɜɢɡɧɚɱɟɧɧɹ ɬɹɝɨɜɨɝɨ ɬɚ ɡɚɝɚɥɶɧɨɝɨ ɄɄȾ 
ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɡ ɿɧɬɟɧɫɢ-
ɮɿɤɚɬɨɪɨɦ ɪɨɡɪɨɛɥɟɧɚ ɦɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ 
ɪɚɰɿɨɧɚɥɶɧɢɯ ɜɢɬɪɚɬ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɩɪɢɜɿɞ 
ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ ɡɚ ɭɦɨɜɢ ɪɟɚɥɿɡɚɰɿʀ ɧɚɣɛɿɥɶ-
ɲɢɯ ɡɧɚɱɟɧɶ ɬɹɝɨɜɨɝɨ ɄɄȾ ɬɚ ɡɜɟɞɟɧɨɝɨ 
ɄɄȾ, ɹɤɢɣ ɜɪɚɯɨɜɭє ɬɹɝɨɜɢɣ ɬɚ ɡɚɝɚɥɶɧɢɣ 
ɄɄȾ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ. Ɂɚ-
ɩɪɨɩɨɧɨɜɚɧɢɣ ɧɨɜɢɣ ɩɿɞɯɿɞ ɞɨ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ 
ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɤɨɜɲɨɜɨʀ ɡɟɦɥɟɪɢɣɧɨ-

ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ ɬɚ ɬɟɯɧɿɱɧɢɯ ɪɿɲɟɧɶ 
ɞɥɹ ɣɨɝɨ ɪɟɚɥɿɡɚɰɿʀ, ɡɚ ɹɤɢɯ ɤɨɩɚɧɧɹ rɪɭɧɬɭ 
ɱɚɫɬɤɨɜɨ ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɪɚɯɭɧɨɤ ɬɹɝɨɜɨɝɨ 
ɡɭɫɢɥɥɹ ɦɚɲɢɧɢ ɬɚ ɿɧɬɟɧɫɢɮɿɤɚɬɨɪɚ.  
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Determining the rational cost of power for the 

intensification of the working process of the earth 
moving machine and technical solutions for their 
implementation 
Abstract. A comparative analysis of traditional ap-

proaches to the intensification of the working process 

of a scraper using scraper and screw conveyors is 

carried out. A problem in the application of these 

intensifiers is highlighted, which is that the traction 

and separable properties of the running equipment of 

the base machine with maximum efficiency are fully 

realized, as well as more residual power is used to 

drive the intensifier, leading to an increase in its 

mass and the mass of the machine as a whole. As a 

result of the analysis of publications on existing in-

tensifier designs, we will propose a new approach to 

intensifying the scraper workflow, which consists in 

digging and transporting the soil at the same time 

with a traditional cutting system and intensifier with 

the possibility of adjusting the ratio of soil digging 
depths. The results of theoretical studies have devel-

oped a methodology for determining the rational cost 

of power to drive an intensifier, provided that the 

highest values of the traction and reduced efficiency 
of the earth moving machine are realized. The origi-

nality lies in the fact that in the proposed method, the 

intensification of the working process of the scraper, 

the intensifier is partially involved in the process of 

digging the soil and its transportation. 
Keywords: traction efficiency, full efficiency, reduced 

efficiency, power consumption, technical solutions of 

intensifiers, scraper bucket, soil digging. 

 
Khmara Leonid Andreyevich, doctor of Technical 
Sciences, professor, +380(67) 585-26-59, 
 leonidkhmara@yahoo.com, 
Golubchenko Alexander Ivanovich, Ph.D., Associ-

ate Professor,  
+380 (50) 514-61-02, alexgol@ua.fm, 
Pridneprovsk State Academy of Civil Engineering 
and Architecture, ul. Chernyshevsky 24-a, Dnipro, 
Ukraine. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ 
ɧɚ ɢɧɬɟɧɫɢɮɢɤɚɰɢɸ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɡɟɦɥɟ-
ɪɨɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɣ ɦɚɲɢɧɵ ɢ ɬɟɯɧɢɱɟɫɤɢɟ 
ɪɟɲɟɧɢɹ ɞɥɹ ɢɯ ɪɟɚɥɢɡɚɰɢɢ. 
Аɧɧɨɬɚɰɢɹ: ȼɵɩɨɥɧɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɪɚɛɨ-
ɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɤɪɟɩɟɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɤɪɟɛ-
ɤɨɜɵɯ ɢ ɜɢɧɬɨɜɵɯ ɤɨɧɜɟɣɟɪɨɜ. ȼɵɞɟɥɟɧɚ ɩɪɨɛɥɟ-
ɦɚ ɜ ɩɪɢɦɟɧɟɧɢɢ ɞɚɧɧɵɯ ɢɧɬɟɧɫɢɮɢɤɚɬɨɪɨɜ, ɤɨ-
ɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɟ ɩɨɥɧɨɫɬɶɸ 
ɪɟɚɥɢɡɭɸɬɫɹ ɬɹɝɨɜɨ-ɫɰɟɩɧɵɟ ɫɜɨɣɫɬɜɚ ɯɨɞɨɜɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɄɉȾ, ɚ ɬɚɤɠɟ ɜ ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɢɫɩɨɥɶɡɭ-
ɸɬɫɹ ɨɫɬɚɬɤɢ ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ ɢɧɬɟɧɫɢɮɢ-
ɤɚɬɨɪɚ, ɩɪɢɜɨɞɹ ɤ ɭɜɟɥɢɱɟɧɢɸ ɟɝɨ ɦɚɫɫɵ ɢ ɦɚɫɫɵ 
ɦɚɲɢɧɵ ɜ ɰɟɥɨɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɩɭɛɥɢɤɚ-
ɰɢɣ ɩɨ ɫɭɳɟɫɬɜɭɸɳɢɦ ɤɨɧɫɬɪɭɤɰɢɹɦ ɢɧɬɟɧɫɢ-
ɮɢɤɚɬɨɪɨɜ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɢɧɬɟɧɫɢ-
ɮɢɤɚɰɢɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɤɪɟɩɟɪɚ, ɤɨɬɨɪɵɣ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɤɨɩɚɧɢɟ ɝɪɭɧɬɚ ɢ ɟɝɨ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɬɪɚɞɢɰɢɨɧɧɨɣ ɪɟɠɭɳɟɣ ɫɢɫɬɟɦɨɣ ɢ ɢɧɬɟɧɫɢɮɢ-
ɤɚɬɨɪɨɦ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɨɨɬ-
ɧɨɲɟɧɢɹ ɝɥɭɛɢɧ ɤɨɩɚɧɢɹ ɝɪɭɧɬɚ. Ɋɟɡɭɥɶɬɚɬɚɦɢ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨ-
ɞɢɤɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɰɢɨɧɚɥɶɧɵɯ ɡɚɬɪɚɬ ɦɨɳ-
ɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ ɢɧɬɟɧɫɢɮɢɤɚɬɨɪɚ ɩɪɢ ɭɫɥɨɜɢɢ 
ɪɟɚɥɢɡɚɰɢɢ ɧɚɢɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ ɬɹɝɨɜɨɝɨ ɢ ɩɪɢ-
ɜɟɞɟɧɧɨɝɨ ɄɉȾ ɡɟɦɥɟɪɨɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɣ ɦɚɲɢ-
ɧɵ. Ɉɪɢɝɢɧɚɥɶɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ 
ɩɪɟɞɥɨɠɟɧɧɨɦ ɫɩɨɫɨɛɟ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɪɚɛɨɱɟ-
ɝɨ ɩɪɨɰɟɫɫɚ ɫɤɪɟɩɟɪɚ ɢɧɬɟɧɫɢɮɢɤɚɬɨɪ ɱɚɫɬɢɱɧɨ 
ɭɱɚɫɬɜɭɟɬ ɜ ɩɪɨɰɟɫɫɟ ɤɨɩɚɧɢɹ ɝɪɭɧɬɚ ɢ ɟɝɨ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ.  
Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɹɝɨɜɵɣ ɄɉȾ, ɩɨɥɧɵɣ ɄɉȾ, 
ɩɪɢɜɟɞɟɧɧɵɣ ɄɉȾ, ɡɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ, ɬɟɯɧɢ-
ɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɢɧɬɟɧɫɢɮɢɤɚɬɨɪɨɜ, ɤɨɜɲ ɫɤɪɟɩɟ-
ɪɚ, ɤɨɩɚɧɢɟ ɝɪɭɧɬɚ.  
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