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ȼɂɁɇȺɑȿɇɇə ȺɅȽɈɊɂɌɆɍ ȼɂȻɈɊɍ ɌȿɏɇɈɅɈȽȱɃ ɌȺ ɊɈȻɈɑɈȽɈ  
ɈȻɅȺȾɇȺɇɇə ȾɅə ȿɎȿɄɌɂȼɇɈȽɈ ɍɌȼɈɊȿɇɇə ɋȼȿɊȾɅɈȼɂɇ ɉȱȾ ɑȺɋ 

ɉɊɈɄɅȺȾȺɇɇə ɉȱȾɁȿɆɇɂɏ ɄɈɆɍɇȱɄȺɐȱɃ 

 

ɋɭɩɨɧєɜ ȼ. Ɇ.1 

1ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ 

 
Аɧɨɬɚɰіɹ. ɉɪɨɩɨɧɭєɬɶɫɹ ɚɥɝɨɪɢɬɦ ɜɢɛɨɪɭ ɬɟɯɧɨɥɨɝɿɣ ɭɬɜɨɪɸɜɚɧɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɫɜɟɪɞɥɨ-
ɜɢɧ ɬɚ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɧɚɤɨɧɟɱɧɢɤɿɜ ɞɥɹ ɭɬɜɨɪɟɧɧɹ ɩɿɞɡɟɦɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣɧɢɯ 
ɩɨɪɨɠɧɢɧ  ɫɬɚɬɢɱɧɢɦ ɩɪɨɤɨɥɸɜɚɧɧɹɦ,  ɩɪɨɞɚɜɥɸɜɚɧɧɹɦ rɪɭɧɬɭ ɬɚ ʀɯ ɤɨɦɛɿɧɚɰɿєɸ. Ɉɫɧɨɜɨɸ 
ɨɬɪɢɦɚɧɢɯ ɦɟɬɨɞɢɤ є ɪɟɡɭɥɶɬɚɬɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɿɜ ɪɨɡɪɨɛɥɟɧɧɹ ɫɜɟɪɞɥɨɜɢɧ 
ɜ rɪɭɧɬɿ ɧɚɤɨɧɟɱɧɢɤɚɦɢ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ, ɹɤɿ ɡɚɛɟɡɩɟɱɭɸɬɶ   ɛɟɡɬɪɚɧɲɟɣɧɟ ɩɪɨɤɥɚɞɚɧɧɹ ɿɧɠɟ-
ɧɟɪɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣ ɿɡ ɜɪɚɯɨɜɭɜɚɧɧɹɦ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɨɫɨɛɥɢɜɨɫɬɟɣ ɩɪɨɰɟɫɿɜ ɬɚ ɮɿɡɢɤɨ-

ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ rɪɭɧɬɿɜ. Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɚɥɝɨɪɢɬɦ ɞɨɡɜɨɥɹє ɧɚ ɫɬɚɞɿʀ ɩɪɨєɤɬɭɜɚɧɧɹ 
ɿɧɠɟɧɟɪɧɢɯ ɦɟɪɟɠ ɜɢɡɧɚɱɢɬɢ ɟɮɟɤɬɢɜɧɭ ɬɟɯɧɨɥɨɝɿɸ ɫɬɚɬɢɱɧɨɝɨ ɩɪɨɤɨɥɭ rɪɭɧɬɭ ɬɚ ɩɿɞɿɛɪɚ-
ɬɢ ɨɛɥɚɞɧɚɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɨɫɨɛɥɢɜɨɫɬɟɣ ɬɚ ɭɦɨɜ ɫɬɜɨɪɟɧɧɹ ɤɨɦɭɧɿɤɚɰɿɣɧɢɯ 
ɩɨɪɨɠɧɢɧ ɜ rɪɭɧɬɿ. 
Кɥɸɱɨɜі ɫɥɨɜɚ: rɪɭɧɬɨɩɪɨɤɨɥɸɜɚɥɶɧɿ ɪɨɛɨɱɿ ɨɪɝɚɧɢ, ɛɟɡɬɪɚɧɲɟɣɧɿ ɬɟɯɧɨɥɨɝɿʀ, ɿɧɠɟɧɟɪɧɿ ɤɨ-
ɦɭɧɿɤɚɰɿʀ, ɩɪɢɥɚɞɢ ɫɬɚɬɢɱɧɨɝɨ ɩɪɨɤɨɥɭ rɪɭɧɬɭ. 
 

ȼɫɬɭɩ 

Ɉɫɬɚɧɧɿɦ ɱɚɫɨɦ ɡ ɩɨɹɜɨɸ ɧɨɜɢɯ ɫɭɱɚɫɧɢɯ 
ɦɚɬɟɪɿɚɥɿɜ ɡ ɜɢɝɨɬɨɜɥɟɧɧɹ ɬɪɭɛ ɞɥɹ ɬɟɩɥɨ- ɬɚ 
ɟɧɟɪɝɟɬɢɱɧɢɯ ɦɟɪɟɠ, ɟɥɟɤɬɪɢɱɧɢɯ ɤɚɛɟɥɿɜ, 
ɥɿɧɿɣ ɡɜ’ɹɡɤɭ ɬɨɳɨ  ɡ ɩɨɥɿɟɬɢɥɟɧɭ, ɫɤɥɨɩɥɚɫ-
ɬɢɤɭ, ɝɧɭɱɤɨɝɨ ɱɚɜɭɧɭ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɚɤɬɢɜ-
ɧɢɣ ɪɨɡɜɢɬɨɤ ɬɟɯɧɨɥɨɝɿʀ ɛɟɡɬɪɚɧɲɟɣɧɨɝɨ 
ɩɪɨɤɥɚɞɚɧɧɹ ɿɧɠɟɧɟɪɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣ. ȿɮɟɤ-
ɬɢɜɧɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ ɦɟɪɟɠ ɡɧɚɱɧɨɸ ɦɿɪɨɸ 
ɜɢɡɧɚɱɚєɬɶɫɹ ɲɜɢɞɤɿɫɬɸ ɬɚ ɹɤɿɫɬɸ ɭɬɜɨɪɸ-
ɜɚɧɧɹ ʉɪɭɧɬɨɜɢɯ ɩɨɪɨɠɧɢɧ (ɚɛɨ, ɹɤ ʀɯ ɳɟ ɧɚ-
ɡɢɜɚɸɬɶ, ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɫɜɟɪɞɥɨɜɢɧ), ɤɪɿɡɶ 
ɹɤɿ ɜɨɧɢ ɩɪɨɫɭɜɚɸɬɶɫɹ. ɋɟɪɟɞ ɜɿɞɨɦɢɯ ɬɟɯ-
ɧɨɥɨɝɿɣ ɪɨɡɪɨɛɥɟɧɧɹ ʉɪɭɧɬɭ ɩɿɞ ɱɚɫ ʀɯ ɫɬɜɨ-
ɪɟɧɧɹ ɜ ɨɤɪɟɦɭ ɝɪɭɩɭ   ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɫɬɚ-
ɬɢɱɧɿ ɦɟɬɨɞɢ ɮɨɪɦɭɜɚɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ, ɹɤɿ 
ɞɿɸɬɶ ɡɚ ɩɪɢɧɰɢɩɨɦ ɞɨɦɤɪɚɬɚ. Ⱦɨ ɰɿєʀ ɝɪɭɩɢ 
ɧɚɥɟɠɚɬɶ ɦɟɬɨɞɢ ɩɪɨɤɨɥɭ ɬɚ ɩɪɨɞɚɜɥɸɜɚɧɧɹ 
ʉɪɭɧɬɭ, ɚ ɬɚɤɨɠ ʀɯ ɤɨɦɛɿɧɚɰɿʀ [1]. ɉɿɞ ɱɚɫ  ɜɢ-
ɤɨɪɢɫɬɚɧɧɹ ɩɪɨɰɟɫɭ ɩɟɪɲɨɝɨ ɦɟɬɨɞɭ ɜɟɫɶ 
ʉɪɭɧɬ ɭɳɿɥɶɧɸєɬɶɫɹ ɧɚɜɤɨɥɨ ɫɜɟɪɞɥɨɜɢɧɢ, 
ɣɨɝɨ ɟɤɫɤɚɜɚɰɿɹ ɧɚɡɨɜɧɿ ɩɪɚɤɬɢɱɧɨ ɜɿɞɫɭɬɧɹ. ȱ 
ɧɚɜɩɚɤɢ, ɩɿɞ ɱɚɫ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɪɭɝɨɝɨ ɦɟɬɨ-
ɞɭ  ɜɟɫɶ ʉɪɭɧɬ ɩɪɨɬɢɫɤɭєɬɶɫɹ ɤɪɿɡɶ ɦɟɬɚɥɟɜɭ 
ɨɛɨɥɨɧɤɭ ɬɚ ɜɢɞɚɥɹєɬɶɫɹ ɧɚɡɨɜɧɿ ɪɿɡɧɢɦɢ ɦɟ-
ɯɚɧɿɱɧɢɦɢ ɩɪɢɥɚɞɚɦɢ. Ɉɱɟɜɢɞɧɢɦ є ɬɟ, ɳɨ 
ɩɟɪɲɢɣ ɦɟɬɨɞ є ɡɧɚɱɧɨ ɞɟɲɟɜɲɢɦ, ɚɥɟ ɜɿɧ 
ɦɚє ɡɧɚɱɧɢɣ ɧɟɞɨɥɿɤ, ɹɤɢɣ ɩɨɜ’ɹɡɚɧɢɣ ɡ ɭɬɜɨ-
ɪɸɜɚɧɧɹɦ ɡɧɚɱɧɨʀ ɡɨɧɢ ɞɟɮɨɪɦɭɜɚɧɧɹ ʉɪɭɧɬɭ 
ɧɚɜɤɨɥɨ ɫɜɟɪɞɥɨɜɢɧɢ, ɳɨ ɦɨɠɟ ɩɪɢɡɜɟɫɬɢ ɞɨ 
ɪɭɣɧɭɜɚɧɧɹ ɞɨɪɨɠɧɶɨʀ ɨɫɧɨɜɢ ɚɛɨ ɩɪɢɥɟɝɥɢɯ 
ɤɨɦɭɧɿɤɚɰɿɣ. Ʉɨɦɛɿɧɨɜɚɧɢɣ ɦɟɬɨɞ ɮɨɪɦɭ-
ɜɚɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ ɫɤɥɚɞɚєɬɶɫɹ ɱɚɫɬɤɨɜɨ ɡ  

ɪɨɡɪɨɛɥɟɧɧɹ ʉɪɭɧɬɭ ɦɟɬɨɞɨɦ ɩɪɨɤɨɥɭ, ɚ ɱɚɫ-
ɬɤɨɜɨ ɦɟɬɨɞɨɦ ɩɪɨɞɚɜɥɸɜɚɧɧɹ.  

Ɉɫɬɚɧɧɿɦ ɱɚɫɨɦ ɝɨɫɬɪɨɸ ɫɬɚє ɩɪɨɛɥɟɦɚ 
ɫɬɜɨɪɟɧɧɹ ɦɨɠɥɢɜɨɫɬɿ ɤɟɪɭɜɚɧɧɹ ɬɪɚєɤɬɨɪɿ-
єɸ ɩɪɨɫɭɜɚɧɧɹ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ ɩɿɞ ɱɚɫ ɫɬɚ-
ɬɢɱɧɨɝɨ ɩɪɨɤɨɥɸɜɚɧɧɹ ʉɪɭɧɬɭ ɧɚ ɜɟɥɢɤɭ ɜɿɞ-
ɫɬɚɧɶ ɡɚ ɞɨɩɨɦɨɝɨɸ  ɚɫɢɦɟɬɪɢɱɧɨɝɨ ɧɚɤɨɧɟ-
ɱɧɢɤɚ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɢɛɿɪ ɬɟɯɧɨɥɨɝɿʀ ɬɚ ɪɨɛɨɱɨ-
ɝɨ ɨɛɥɚɞɧɚɧɧɹ ɞɥɹ ɟɮɟɤɬɢɜɧɨɝɨ ɪɨɡɪɨɛɥɟɧɧɹ 
ʉɪɭɧɬɨɜɢɯ ɤɨɦɭɧɿɤɚɰɿɣɧɢɯ ɩɨɪɨɠɧɢɧ є ɫɭ-
ɱɚɫɧɨɸ ɬɚ ɚɤɬɭɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ, ɳɨ 
ɩɨɜ’ɹɡɚɧɚ ɡ ɿɧɬɟɧɫɢɮɿɤɚɰɿєɸ ɛɭɞɿɜɧɢɰɬɜɚ ɩɿ-
ɞɡɟɦɧɢɯ ɦɟɪɟɠ. 

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ȼɫɬɚɧɨɜɥɟɧɨ [1–3], ɳɨ ɧɚ ɩɪɨɰɟɫɢ ɫɬɜɨ-
ɪɟɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ ɫɬɚɬɢɱɧɢɦɢ ɦɟɬɨɞɚɦɢ ɬɚ 
ɧɚ ɮɨɪɦɭɜɚɧɧɹ ɜɟɥɢɱɢɧɢ ɡɨɧɢ ɞɟɮɨɪɦɭɜɚɧɧɹ 
ʉɪɭɧɬɭ ɧɚɜɤɨɥɨ ɧɟʀ ɜɩɥɢɜɚɸɬɶ ɹɤ ɩɚɪɚɦɟɬɪɢ 
ɫɜɟɪɞɥɨɜɢɧɢ, ɡɨɤɪɟɦɚ ʀʀ ɞɿɚɦɟɬɪ, ɞɨɜɠɢɧɚ, 
ɬɪɚєɤɬɨɪɿɹ, ɬɚɤ ɿ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɿ ɜɥɚɫɬɢɜɨɫ-
ɬɿ rɪɭɧɬɭ, ɳɨ ɪɨɡɪɨɛɥɹєɬɶɫɹ.  

Ɂ ɚɧɚɥɿɡɭ ɫɜɿɬɨɜɢɯ ɧɚɭɤɨɜɢɯ ɩɟɪɿɨɞɢɱɧɢɯ 
ɜɢɞɚɧɶ ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɪɨɛɨɬɢ [4, 5], ɞɟ ɪɨɡ-
ɝɥɹɞɚɸɬɶɫɹ ɚɤɬɢɜɧɿ ɦɟɬɨɞɢ ɛɟɡɬɪɚɧɲɟɣɧɢɯ 
ɬɟɯɧɨɥɨɝɿɣ, ɚɥɟ ɜ ɰɢɯ ɪɨɛɨɬɚɯ ɦɚɣɠɟ ɧɟ ɩɪɢ-
ɞɿɥɟɧɨ ɭɜɚɝɢ ɫɬɚɬɢɱɧɨɦɭ ɩɪɨɤɨɥɭ.  

Ⱦɨɫɥɿɞɠɟɧɧɹ [5, 6] ɩɪɢɫɜɹɱɟɧɿ ɜɢɛɨɪɭ 
ɫɩɨɫɨɛɭ ɩɪɨɜɟɞɟɧɧɹ ɪɨɛɿɬ, ɚ ɬɚɤɨɠ ɞɟɬɚɥɶɧɨ-
ɦɭ ɚɧɚɥɿɡɭ ɩɟɪɟɜɚɝ ɬɚ ɧɟɞɨɥɿɤɿɜ ɪɿɡɧɢɯ ɬɟɯɧɨ-
ɥɨɝɿɣ. Ⱥ ɜ ɪɨɛɨɬɚɯ [7, 8] ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɛɟɡ-

ɬɪɚɧɲɟɣɧɿ ɬɟɯɧɨɥɨɝɿʀ ɫɩɨɪɭɞɠɟɧɧɹ ɬɚ ɪɟɦɨɧ-
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ɬɭ ɥɿɧɿɣɧɨ-ɩɪɨɬɹɠɧɢɯ ɬɪɭɛɨɩɪɨɜɨɞɿɜ. Ɍɚɤɨɠ 
ɧɟɨɛɯɿɞɧɨ ɜɢɞɿɥɢɬɢ ɞɨɫɥɿɞɠɟɧɧɹ [9], ɹɤɟ 
ɩɪɢɫɜɹɱɟɧɟ ɜɢɛɨɪɭ ɫɩɨɫɨɛɭ ɬɚ ɩɥɚɧɭɜɚɧɧɹ 
ɩɪɨɜɟɞɟɧɧɹ ɨɫɨɛɥɢɜɨ ɜɿɞɩɨɜɿɞɚɥɶɧɢɯ ɪɨɛɿɬ, 
ɳɨ ɡɞɿɣɫɧɸɸɬɶɫɹ ɩɿɞ ɱɚɫ ɛɟɡɬɪɚɧɲɟɣɧɨɝɨ 
ɩɪɨɤɥɚɞɚɧɧɹ ɩɿɞɡɟɦɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣ. 

ɍ ɪɨɛɨɬɿ [10] ɨɩɢɫɚɧɿ ɦɨɠɥɢɜɨɫɬɿ ɪɨɡɲɢ-
ɪɟɧɧɹ ɛɟɡɬɪɚɧɲɟɣɧɢɯ ɬɟɯɧɨɥɨɝɿɣ ɞɨ ɩɨɬɪɿɛ-
ɧɢɯ ɪɨɡɦɿɪɿɜ ɬɚ ɫɩɨɫɨɛɢ ɩɪɨɜɟɞɟɧɧɹ ɪɨɛɿɬ. 

ɍ ɞɨɫɥɿɞɠɟɧɧɹɯ [11] ɨɩɢɫɚɧɨ ɜɩɥɢɜ ʉɪɭɧ-
ɬɭ ɧɚ ɤɨɦɭɧɿɤɚɰɿʀ, ɳɨ ɪɨɡɬɚɲɨɜɚɧɢɣ ɧɚɞ ɧɢ-
ɦɢ, ɚ ɬɚɤɨɠ ɧɚ ɬɪɭɛɢ, ɳɨ ɩɪɨɤɥɚɞɟɧɿ ɧɚ ɩɟɜ-
ɧɭ ɝɥɢɛɢɧɭ. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɪɨɡɪɨɛɥɟɧɧɹ ɦɟɬɨɞɨɥɨɝɿʀ 
ɫɬɜɨɪɟɧɧɹ ɪɨɛɨɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɞɥɹ ɭɬɜɨ-

ɪɟɧɧɹ rɪɭɧɬɨɜɢɯ ɩɿɞɡɟɦɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣɧɢɯ 
ɩɨɪɨɠɧɢɧ ɫɬɚɬɢɱɧɢɦɢ ɫɩɨɫɨɛɚɦɢ.  

ȼɿɞɩɨɜɿɞɧɨ  ɞɨ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɧɟɨɛɯɿɞ-
ɧɨ ɜɢɡɧɚɱɢɬɢ ɚɥɝɨɪɢɬɦ ɜɢɛɨɪɭ ɬɟɯɧɨɥɨɝɿɣ 
ɭɬɜɨɪɟɧɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɫɜɟɪɞɥɨɜɢɧ ɬɚ 
ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɨɛɥɚɞɧɚɧɧɹ 
ɞɥɹ ʀɯ ɪɟɚɥɿɡɚɰɿʀ. 

  

ȼɢɡɧɚɱɟɧɧɹ ɚɥɝɨɪɢɬɦɭ ɜɢɛɨɪɭ 

ɬɟɯɧɨɥɨɝɿɣ ɭɬɜɨɪɟɧɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ 
ɫɜɟɪɞɥɨɜɢɧ 

Ɂɝɿɞɧɨ ɡ ɜɢɳɟ ɫɤɚɡɚɧɢɦ ɦɨɠɧɚ ɫɬɜɟɪɞɠɭ-
ɜɚɬɢ, ɳɨ ɜɫɿ ɧɚɹɜɧɿ ɬɟɯɧɨɥɨɝɿʀ ɭɬɜɨɪɟɧɧɹ ɝɨ-
ɪɢɡɨɧɬɚɥɶɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣɧɢɯ ɩɨɪɨɠɧɢɧ ɜ 
rɪɭɧɬɿ ɜɢɡɧɚɱɚɸɬɶɫɹ ɹɤ ʀɯ ɬɟɯɧɨɥɨɝɿɱɧɢɦɢ 
ɨɫɨɛɥɢɜɨɫɬɹɦɢ, ɬɚɤ  ɿ ɤɨɧɫɬɪɭɤɬɢɜɧɨɸ ɮɨɪ-
ɦɨɸ ɧɚɤɨɧɟɱɧɢɤɿɜ ɜɢɤɨɧɚɜɱɢɯ ɪɨɛɨɱɢɯ ɨɪɝɚ-
ɧɿɜ. Ȳɯ ɡɚɝɚɥɶɧɚ ɫɬɪɭɤɬɭɪɚ ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. 

 

 
 

Ɋɢɫ. 1. Ɍɟɯɧɨɥɨɝɿʀ ɬɚ ɨɛɥɚɞɧɚɧɧɹ ɞɥɹ ɭɬɜɨɪɟɧɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɩɨɪɨɠɧɢɧ ɜ rɪɭɧɬɿ ɫɬɚɬɢɱɧɢɦɢ 
ɦɟɬɨɞɚɦɢ 

 

ȼɢɛɿɪ ɬɟɯɧɨɥɨɝɿɣ ɫɬɜɨɪɟɧɧɹ rɪɭɧɬɨɜɢɯ 
ɩɨɪɨɠɧɢɧ ɞɥɹ ɩɪɨɤɥɚɞɚɧɧɹ ɿɧɠɟɧɟɪɧɢɯ ɤɨ-
ɦɭɧɿɤɚɰɿɣ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɭɫɬɚɧɨɜɨɤ ɫɬɚɬɢ-
ɱɧɨʀ ɞɿʀ ɬɚ ɪɨɡɪɚɯɭɧɤɢ ɩɚɪɚɦɟɬɪɿɜ ʀɯɧɶɨɝɨ 
ɪɨɛɨɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɜɢɡɧɚɱɚɸɬɶɫɹ ɭɦɨɜɚɦɢ 
ɡɚɤɥɚɞɚɧɧɹ ɡɚɯɢɫɧɨɝɨ ɮɭɬɥɹɪɚ ɜ rɪɭɧɬɿ, ɹɤɿ 
ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ ɧɚ ɫɬɚɞɿʀ ɩɪɨɟɤɬɧɨ-

ɝɟɨɥɨɝɿɱɧɢɯ ɪɨɛɿɬ, ɡɨɤɪɟɦɚ ɣɨɝɨ ɞɿɚɦɟɬɪɨɦ, 
ɝɥɢɛɢɧɨɸ ɡɚɤɥɚɞɚɧɧɹ, ɞɨɜɠɢɧɨɸ ɩɪɨɥɶɨɬɭ ɬɚ 
ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ rɪɭɧɬɭ.  

ɉɟɪɲɨɸ ɭɦɨɜɨɸ ɚɥɝɨɪɢɬɦɭ є ɜɿɞɩɨɜɿɞ-
ɧɿɫɬɶ ɝɥɢɛɢɧɢ ɩɪɨɤɥɚɞɚɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ 

ɩɪɇ ɬɚ ʀʀ ɞɿɚɦɟɬɪɚ ɦɿɧɿɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ 
ɡɧɚɱɟɧɧɸ ɝɥɢɛɢɧɿ ɡɚɤɥɚɞɚɧɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ 
ɫɜɟɪɞɥɨɜɢɧɢ ɜ ɤɨɧɤɪɟɬɧɨɦɭ ɬɢɩɿ rɪɭɧɬɭ (1). 

Ⱦɨɬɪɢɦɚɧɧɹ ɰɿєʀ ɭɦɨɜɢ ɭɧɟɦɨɠɥɢɜɥɸє  ɩɨɲ-
ɤɨɞɠɟɧɧɹ ɞɨɪɨɠɧɶɨɝɨ ɩɨɥɨɬɧɚ ɩɿɞ ɱɚɫ ɮɨɪ-
ɦɭɜɚɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ ɲɥɹɯɨɦ ɪɚɞɿɚɥɶɧɨɝɨ 
ɭɳɿɥɶɧɟɧɧɹ rɪɭɧɬɭ (ɦɟɬɨɞɨɦ ɩɪɨɤɨɥɭ), ɳɨ  ɿ 
ɜɢɡɧɚɱɚє ɦɟɬɨɞ ɭɬɜɨɪɸɜɚɧɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ 
ɩɨɪɨɠɧɢɧɢ. Ɇɿɧɿɦɚɥɶɧɭ ɝɥɢɛɢɧɭ ɡɚɤɥɚɞɚɧɧɹ 
ɫɜɟɪɞɥɨɜɢɧɢ ɜɿɞ ɩɨɜɟɪɯɧɿ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ 
ɡɚ ɪɿɜɧɹɧɧɹɦ, ɳɨ ɧɚɜɟɞɟɧɨ ɜ ɪɨɛɨɬɿ [11]: 

   

 

 ɩɪ min 2,25

0

1
4,4

0,01
cɜɇ H D

n

 
    

  

,    (1) 

 

ɞɟ ɩɪɇ ɬɚ minH – ɩɪɨєɤɬɧɚ ɬɚ ɦɿɧɿɦɚɥɶɧɚ ɝɥɢ-

ɛɢɧɚ ɩɪɨɤɥɚɞɚɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ, ɦ; cɜD – ɞɿɚ-
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ɦɟɬɪ ɫɜɟɪɞɥɨɜɢɧɢ, ɦ; 0n – ɩɟɪɜɿɫɧɚ ɩɨɪɢɫ-
ɬɿɫɬɶ ʉɪɭɧɬɭ, %. 

əɤɳɨ ɭɦɨɜɚ ɳɨɞɨ ɦɿɧɿɦɚɥɶɧɨʀ ɝɥɢɛɢɧɿ 
ɞɨɬɪɢɦɭєɬɶɫɹ, ɬɨ ɫɜɟɪɞɥɨɜɢɧɭ ɪɨɡɪɨɛɥɹɸɬɶ 

ɦɟɬɨɞɨɦ ɩɪɨɤɨɥɭ. əɤɳɨ ɭɦɨɜɚ ɧɟ ɜɢɤɨɧɭєɬɶ-
ɫɹ, ɬɨ  ɦɟɬɨɞɨɦ ɩɪɨɞɚɜɥɸɜɚɧɧɹ ɚɛɨ ɤɨɦɛɿɧɨ-
ɜɚɧɢɦɢ ɦɟɬɨɞɚɦɢ.  

Ɋɨɡɝɥɹɧɟɦɨ ɨɫɨɛɥɢɜɨɫɬɿ ɜɢɛɨɪɭ ɩɚɪɚɦɟɬ-
ɪɿɜ ɪɨɛɨɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɞɥɹ ɤɨɠɧɨʀ ɬɟɯɧɨ-
ɥɨɝɿʀ ɨɤɪɟɦɨ. 

ɉɿɞ ɱɚɫ ɪɨɡɪɨɛɥɟɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ ɦɟɬɨ-
ɞɨɦ ɩɪɨɤɨɥɭ ɝɨɥɨɜɧɨɸ ɭɦɨɜɨɸ ɞɥɹ ɩɨɞɚɥɶ-
ɲɨɝɨ ɜɢɛɨɪɭ ɬɟɯɧɨɥɨɝɿʀ  є ʀʀ ɞɨɜɠɢɧɚ. əɤɳɨ 
ɬɪɚɫɚ ɧɟ ɩɟɪɟɜɢɳɭє ɝɚɪɚɧɬɨɜɚɧɨʀ ɞɨɜɠɢɧɢ 
ɩɪɹɦɨɥɿɧɿɣɧɨɝɨ ɩɪɨɤɨɥɭ, ɳɨ ɞɨɪɿɜɧɸє 20 ɦ, 
ɫɜɟɪɞɥɨɜɢɧɭ ɦɨɠɧɚ ɭɬɜɨɪɸɜɚɬɢ ɬɪɭɛɨɸ ɡ 
ɤɨɧɭɫɧɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ ɡɚ ɨɞɢɧ  ɚɛɨ  ɞɟɤɿɥɶ-
ɤɚ ɩɪɨɯɨɞɿɜ ɲɥɹɯɨɦ ɫɬɜɨɪɟɧɧɹ ɥɿɞɟɪɧɨʀ ɫɜɟɪ-
ɞɥɨɜɢɧɢ ɬɚ ʀʀ ɪɨɡɲɢɪɟɧɧɹ ɤɨɧɿɱɧɢɦɢ ɪɨɡɲɢ-
ɪɸɜɚɱɚɦɢ.  əɤɳɨ ɞɢɫɬɚɧɰɿɹ ɩɟɪɟɜɢɳɭє 20 ɦ, 
ɥɿɞɟɪɧɭ ɫɜɟɪɞɥɨɜɢɧɭ ɧɟɨɛɯɿɞɧɨ  ɫɬɜɨɪɸɜɚɬɢ 
ɤɟɪɨɜɚɧɢɦ ɩɪɨɤɨɥɨɦ ɲɥɹɯɨɦ ɩɨɱɟɪɝɨɜɨʀ ɡɦɿ-
ɧɢ ɮɨɪɦɢ ɧɚɤɨɧɟɱɧɢɤɚ ɝɨɥɨɜɤɢ ɡ ɤɨɧɭɫɧɨʀ ɧɚ 
ɚɫɢɦɟɬɪɢɱɧɭ ɬɚ ɧɚɜɩɚɤɢ. Ɋɨɡɲɢɪɟɧɧɹ ɫɜɟɪɞ-
ɥɨɜɢɧɢ ɞɨ ɜɫɬɚɧɨɜɥɟɧɨɝɨ ɞɿɚɦɟɬɪɚ Dɫɜ 

ɡɞɿɣɫɧɸєɬɶɫɹ ɬɚɤɨɠ ɤɨɧɭɫɧɢɦɢ ɪɨɡɲɢɪɸɜɚ-
ɱɚɦɢ. 

ɉɟɪɟɜɿɪɤɚ  ɟɮɟɤɬɢɜɧɨɫɬɿ ɫɬɜɨɪɟɧɧɹ ɫɜɟɪɞ-
ɥɨɜɢɧɢ ɡɚ ɭɦɨɜɢ ɦɿɧɿɦɿɡɚɰɿʀ ɨɩɨɪɭ rɪɭɧɬɭ 
ɩɪɨɤɨɥɭ ɡɞɿɣɫɧɸєɬɶɫɹ ɲɥɹɯɨɦ ɩɨɪɿɜɧɹɧɧɹ 
ɡɚɞɚɧɨɝɨ ɞɿɚɦɟɬɪɚ ɩɪɨɤɨɥɭ ɡ ɪɨɡɪɚɯɭɧɤɨɜɢɦ 
ɦɚɤɫɢɦɚɥɶɧɨ ɟɮɟɤɬɢɜɧɢɦ, ɬɨɛɬɨ ɨɩɬɢɦɚɥɶ-
ɧɢɦ ɞɿɚɦɟɬɪɨɦ ɫɜɟɪɞɥɨɜɢɧɢ [3]: 
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ɞɟ Dɨɩɬ – ɨɩɬɢɦɚɥɶɧɢɣ ɞɿɚɦɟɬɪ ɤɨɧɭɫɧɨ-

ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɧɚɤɨɧɟɱɧɢɤɚ ɡ ɜɢɫɬɭɩɚɦɢ, ɦ; 
f=tgφ – ɤɨɟɮɿɰɿєɧɬ ɡɨɜɧɿɲɧɶɨɝɨ ɬɟɪɬɹ rɪɭɧɬɭ; 

pD

D
   – ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɞɿɚɦɟɬɪɚ ɡɨɧɢ 

ɩɪɭɠɧɨ-ɩɥɚɫɬɢɱɧɢɯ ɞɟɮɨɪɦɚɰɿɣ pD  ɞɨ ɞɿɚ-
ɦɟɬɪɚ ɤɨɧɭɫɧɨɝɨ ɧɚɤɨɧɟɱɧɢɤɚ D  [1]; Ń1 – ɧɚ-
ɩɪɭɠɟɧɧɹ ɜ rɪɭɧɬɿ ɧɚ ɦɟɠɿ ɩɪɭɠɧɨʀ ɬɚ ɩɥɚɫ-
ɬɢɱɧɨʀ ɡɨɧ, Ɇɉɚ [1]; qɡ – ɡɚɥɢɲɤɨɜɢɣ ɬɢɫɤ ɧɚ 
ɰɢɥɿɧɞɪɢɱɧɿɣ ɱɚɫɬɢɧɿ ɧɚɤɨɧɟɱɧɢɤɚ, ɹɤɳɨ lɰ > 

0,2 ɦ (qɡ=0,016…0,035 Ɇɉɚ), Ɇɉɚ [12]; ȿv – 

ɦɨɞɭɥɶ ɨɛ’єɦɧɨʀ ɞɟɮɨɪɦɚɰɿʀ, Ɇɉɚ [13]; ȿɝɪ – 

ɤɨɦɩɪɟɫɿɣɧɢɣ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɿʀ, Ɇɉɚ [12]; 
β – ɤɭɬ ɧɚɯɢɥɭ ɭɬɜɨɪɸɜɚɥɶɧɨɝɨ ɤɨɧɭɫɚ ɧɚɤɨ-
ɧɟɱɧɢɤɚ, ɝɪɚɞ. 

əɤɳɨ ɞɿɚɦɟɬɪ ɫɜɟɪɞɥɨɜɢɧɢ ɩɟɪɟɜɢɳɭє 
ɨɬɪɢɦɚɧɭ ɜɟɥɢɱɢɧɭ, ɬɨ ɧɟɨɛɯɿɞɧɨ ɩɟɪɟɣɬɢ ɧɚ 
ɩɨɟɬɚɩɧɭ ɬɟɯɧɨɥɨɝɿɸ ɪɨɡɪɨɛɥɟɧɧɹ ɫɜɟɪɞɥɨ-
ɜɢɧɢ ɲɥɹɯɨɦ ɫɬɜɨɪɟɧɧɹ ɥɿɞɟɪɧɨʀ  ɬɚ ʀʀ ɪɨɡ-
ɲɢɪɟɧɧɹ ɤɨɧɭɫɧɢɦɢ ɪɨɡɲɢɪɸɜɚɱɚɦɢ. 

ȼɫɬɚɧɨɜɥɟɧɧɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɞɿɚɦɟɬɪɚ ɧɚ-
ɤɨɧɟɱɧɢɤɚ ɞɨɡɜɨɥɹє ɦɿɧɿɦɿɡɭɜɚɬɢ ɟɧɟɪɝɟɬɢɱɧɿ 
ɜɢɬɪɚɬɢ ɧɚ ɫɬɜɨɪɸɜɚɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ. əɤɳɨ 
ɬɹɝɨɜɿ ɦɨɠɥɢɜɨɫɬɿ ɨɛɪɚɧɨʀ ɭɫɬɚɧɨɜɤɢ ɧɟ ɜɿɞ-
ɩɨɜɿɞɚɸɬɶ ɪɨɡɪɚɯɭɧɤɨɜɚɧɨɦɭ ɨɩɨɪɭ rɪɭɧɬɭ, 
ɬɨ ɧɟɨɛɯɿɞɧɨ ɩɟɪɟɣɬɢ ɧɚ ɩɨɟɬɚɩɧɭ ɬɟɯɧɨɥɨ-
ɝɿɸ ɪɨɡɪɨɛɥɟɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ ɲɥɹɯɨɦ ɫɬɜɨ-
ɪɟɧɧɹ ɥɿɞɟɪɧɨʀ  ɬɚ ʀʀ ɪɨɡɲɢɪɟɧɧɹ ɤɨɧɭɫɧɢɦɢ 
ɪɨɡɲɢɪɸɜɚɱɚɦɢ. 

Ɉɫɨɛɥɢɜɿɫɬɸ ɤɟɪɨɜɚɧɨɝɨ ɩɪɨɤɨɥɭ є ɬɟ, ɳɨ 
ɬɪɚєɤɬɨɪɿɹ ɪɭɯɭ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ ɜɢɡɧɚɱɚєɬɶ-
ɫɹ ɤɭɬɨɦ ɫɤɨɫɭ ɚɫɢɦɟɬɪɢɱɧɨɝɨ ɧɚɤɨɧɟɱɧɢɤɚ 
ȕ, ɹɤɢɣ ɩɨɜɢɧɟɧ ɛɭɬɢ ɜɫɬɚɧɨɜɥɟɧɢɣ ɡ ɭɦɨɜɢ 
ɫɯɨɞɠɟɧɧɹ ɝɪɭɧɬɭ ɡ ɥɨɛɨɜɨʀ ɩɨɜɟɪɯɧɿ ɡ ɨɞɧɨ-
ɝɨ ɛɨɤɭ ɥɿɞD . Ɂ ɿɧɲɨɝɨ ɛɨɤɭ ɤɭɬ ɫɤɨɫɭ ɜɢɡɧɚ-
ɱɚє ɬɪɚєɤɬɨɪɿɸ ɪɭɯɭ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ ɬɚ ɪɚɞɿ-
ɭɫ ɤɪɢɬɢɱɧɨɝɨ ɡɝɢɧɚɧɧɹ  ɲɬɚɧɝ, ɹɤɢɣ ɜɢɡɧɚ-
ɱɚєɬɶɫɹ ɜɟɥɢɱɢɧɨɸ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨ-
ɝɨ ɜɿɞɯɢɥɟɧɧɹ S. ɐɿ ɭɦɨɜɢ ɩɨɜɢɧɧɿ ɛɭɬɢ ɜɪɚ-
ɯɨɜɚɧɿ ɩɿɞ ɱɚɫ ɿɧɠɟɧɟɪɧɨɝɨ ɪɨɡɪɚɯɭɜɚɧɧɹ ɩɚ-
ɪɚɦɟɬɪɿɜ ɪɨɛɨɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 

ɉɿɞ ɱɚɫ ɮɨɪɦɭɜɚɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ ɲɥɹɯɨɦ 
ɤɨɦɛɿɧɚɰɿʀ ɦɟɬɨɞɭ ɩɪɨɤɨɥɭ rɪɭɧɬɭ ɤɨɧɿɱɧɢɦ 
ɧɚɤɨɧɟɱɧɢɤɨɦ ɩɨɱɚɬɤɨɜɨʀ ɫɜɟɪɞɥɨɜɢɧɢ  ɬɚ ʀʀ 
ɪɨɡɲɢɪɟɧɧɹ ɤɿɥɶɰɟɜɢɦɢ ɧɨɠɚɦɢ ɩɨɜɢɧɧɚ ɞɨ-
ɬɪɢɦɭɜɚɬɢɫɶ ɭɦɨɜɚ ɧɟɩɟɪɟɛɿɥɶɲɟɧɧɹ ɦɚɤɫɢ-
ɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɞɿɚɦɟɬɪɚ ɥɿɞɟɪɧɨɝɨ ɩɪɨ-
ɤɨɥɭ: 
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ɞɟ ɥɿɞD  ɬɚ ɩɨɱ.maxD  – ɞɿɚɦɟɬɪɢ ɥɿɞɟɪɧɨʀ ɬɚ   
ɩɨɱɚɬɤɨɜɨ ɦɚɤɫɢɦɚɥɶɧɨʀ ɫɜɟɪɞɥɨɜɢɧɢ, ɦ. 

Ɉɛɢɪɚɸɱɢ ɤɿɥɶɰɟɜɿ ɧɨɠɿ, ɧɟɨɛɯɿɞɧɨ ɜɪɚ-
ɯɨɜɭɜɚɬɢ ɨɬɪɢɦɚɧɿ ɪɟɤɨɦɟɧɞɚɰɿʀ [11] ɳɨɞɨ  
ɪɨɡɪɚɯɭɧɤɿɜ ɬɚ ɬɢɩɭ ɧɨɠɿɜ, ɹɤɿ ɜɿɞɩɨɜɿɞɚɸɬɶ 
ɭɦɨɜɿ ɪɿɜɧɨɫɬɿ ɫɢɥ ɨɩɨɪɭ ɩɿɞ ɱɚɫ ɪɨɡɲɢɪɟɧɧɹ 
ɫɜɟɪɞɥɨɜɢɧɢ. Ɍɚɤɨɠ ɞɥɹ ɤɨɠɧɨɝɨ ɬɢɩɭ ɧɟɨɛ-
ɯɿɞɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ  ɫɤɪɟɛɨɤ ɜɿɞɩɨɜɿɞɧɨɝɨ 
ɪɨɡɦɿɪɭ ɞɥɹ ɡɚɱɢɳɟɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ  ɩɿɫɥɹ 
ɤɨɠɧɨɝɨ ɩɪɨɯɨɞɠɟɧɧɹ ɤɿɥɶɰɟɜɨɝɨ ɧɨɠɚ. 

ɍɦɨɜɨɸ ɜɢɤɨɪɢɫɬɚɧɧɹ ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɦɟ-
ɬɨɞɭ ɩɪɨɞɚɜɥɸɜɚɧɧɹ rɪɭɧɬɭ ɤɨɧɿɱɧɨ-

ɰɢɥɿɧɞɪɢɱɧɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ є ɡɚɯɢɳɟɧɿɫɬɶ 
ɞɨɪɨɠɧɶɨɝɨ ɩɨɥɨɬɧɚ ɜɿɞ ɩɨɲɤɨɞɠɟɧɧɹ, ɤɨɥɢ 
ɜɿɞɫɬɚɧɶ ɞɨ ɫɜɟɪɞɥɨɜɢɧɢ ɛɭɞɟ ɦɟɧɲɨɸ, ɧɿɠ  
ɡɨɧɚ ɪɭɣɧɭɜɚɧɧɹ rɪɭɧɬɭ, ɹɤɚ ɭɬɜɨɪɸєɬɶɫɹ ɭ 
ɜɢɩɚɞɤɭ ɞɟɮɨɪɦɚɰɿʀ ɧɚɜɤɨɥɨ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ 
ɩɿɞ ɱɚɫ ɣɨɝɨ ɩɪɨɫɭɜɚɧɧɹ.  
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Ɉɬɠɟ,  ɡɝɿɞɧɨ ɡ [13]  
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ɞɟ d – ɞɿɚɦɟɬɪ ɰɢɥɿɧɞɪɢɱɧɨ-ɬɪɭɛɱɚɫɬɨɝɨ 
ɧɚɤɨɧɟɱɧɢɤɚ, ɦ;                             
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ɞɟ ɝɪ  – ɩɢɬɨɦɚ ɫɢɥɚ ɬɹɠɿɧɧɹ rɪɭɧɬɭ; ɫ – ɤɨ-
ɟɮɿɰɿєɧɬ ɡɱɟɩɥɟɧɧɹ rɪɭɧɬɭ; φ, φ0 – ɤɭɬɢ ɡɨɜ-
ɧɿɲɧɶɨɝɨ ɬɚ ɜɧɭɬɪɿɲɧɶɨɝɨ ɬɟɪɬɹ rɪɭɧɬɭ, ɝɪɚɞ. 

Ɋɨɡɪɨɛɥɟɧɧɹ ɫɜɟɪɞɥɨɜɢɧɢ ɤɨɧɿɱɧɨ-

ɰɢɥɿɧɞɪɢɱɧɢɦ ɬɚ ɰɢɥɿɧɞɪɢɱɧɨ-ɤɿɥɶɰɟɜɢɦ ɧɚ-
ɤɨɧɟɱɧɢɤɚɦɢ, ɳɨ ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɦɟɬɨɞɭ  ɩɪɨɞɚɜɥɸɜɚɧɧɹ, ɜɿɞɛɭɜɚєɬɶɫɹ ɜ ɪɟ-
ɠɢɦɿ ɞɢɫɤɪɟɬɧɨ-ɩɨɫɬɭɩɚɥɶɧɨɝɨ ɪɭɯɭ. Ⱦɨɜɠɢ-
ɧɚ ɩɪɨɫɭɜɚɧɧɹ ɨɛɨɯ ɬɢɩɿɜ ɧɚɤɨɧɟɱɧɢɤɿɜ ɜɢ-
ɡɧɚɱɚєɬɶɫɹ ɭɦɨɜɨɸ ɡɚɛɢɜɚɧɧɹ ɜɧɭɬɪɿɲɧɶɨʀ 
ɩɨɪɨɠɧɢɧɢ ɬɪɭɛɢ. Ⱦɨɫɹɝɧɭɜɲɢ ɪɨɡɪɚɯɭɧɤɨ-
ɜɨʀ ɦɚɤɫɢɦɚɥɶɧɨʀ ɞɨɜɠɢɧɢ rɪɭɧɬɨɜɨɝɨ ɤɟɪɧɚ  

ɤɟɪL , ɩɪɨɰɟɫ ɩɪɨɫɭɜɚɧɧɹ ɧɟɨɛɯɿɞɧɨ ɡɭɩɢɧɢɬɢ 
ɬɚ ɡɞɿɣɫɧɢɬɢ ɟɤɫɤɚɜɚɰɿɸ rɪɭɧɬɭ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɦɟɯɚɧɿɱɧɢɯ ɡɚɫɬɨɫɭɜɚɧɶ, ɧɚɩɪɢɤɥɚɞ ɠɟɥɨɧ-
ɤɨɸ, ɲɧɟɤɚɦɢ ɚɛɨ ɛɭɪɨɜɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ, ɡ 
ɩɪɨɦɢɜɤɨɸ ɫɜɟɪɞɥɨɜɢɧɢ ɜɨɞɨɸ. Ʉɪɨɤ ɡɚɯɨ-
ɞɠɟɧɧɹ ɰɢɥɿɧɞɪɢɱɧɨ-ɩɨɥɨɝɨ ɧɚɤɨɧɟɱɧɢɤɚ ɦɨ-
ɠɧɚ ɜɢɡɧɚɱɢɬɢ ɡ ɪɨɛɨɬɢ [14] ɡɚ ɡɚɥɟɠɧɿɫɬɸ 
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ɩɚɫɢɜɧɢɣ ɬɢɫɤ rɪɭɧɬɭ, ɚ 
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ɨɩɿɪ ɡɚ ɜɧɭɬɪɿɲɧɶɨɸ ɩɨɜɟɪɯɧɟɸ rɪɭɧɬɭ, ɳɨ  
ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɡɚɥɟɠɧɿɫɬɸ [14]: 
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ɉɪɨɰɟɫ ɩɨɜɬɨɪɸɸɬɶɫɹ nɤ ɪɚɡɿɜ, ɩɨɤɢ ɧɟ 
ɡɚɜɟɪɲɢɬɶɫɹ. 
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ȼɢɫɧɨɜɤɢ 

ȼɢɛɿɪ ɬɟɯɧɨɥɨɝɿʀ ɛɚɡɭєɬɶɫɹ ɧɚ ɫɢɥɨɜɢɯ 
ɦɨɠɥɢɜɨɫɬɹɯ ɩɪɢɜɨɞɚ ɭɫɬɚɧɨɜɨɤ, ɪɚɰɿɨɧɚɥɿ-
ɡɚɰɿʀ ʀɯ ɩɨɬɭɠɧɨɫɬɿ ɬɚ ɟɮɟɤɬɢɜɧɨɫɬɿ ɫɩɨɫɨɛɭ 
ɜɢɞɚɥɟɧɧɹ rɪɭɧɬɭ. Ɍɚɤ, ɩɿɞ ɱɚɫ ɩɪɨɤɨɥɭ ɜɟɫɶ 
rɪɭɧɬ ɧɚɜɤɨɥɨ ɩɪɨɫɬɨɪɭ ɫɜɟɪɞɥɨɜɢɧɢ ɭɳɿɥɶ-
ɧɸєɬɶɫɹ. Ⱥ ɩɿɞ ɱɚɫ  ɩɪɨɞɚɜɥɸɜɚɧɧɹ, ɧɚɜɩɚɤɢ, 
ɩɿɞɥɹɝɚє  ɟɜɚɤɭɚɰɿʀ. Ɉɬɠɟ,  ɩɪɨɞɚɜɥɸɜɚɧɧɹ є 
ɛɿɥɶɲ ɜɢɬɪɚɬɧɢɦ ɦɟɬɨɞɨɦ. Ʉɨɦɛɿɧɨɜɚɧɿ ɦɟ-
ɬɨɞɢ ɡɚɣɦɚɸɬɶ ɩɪɨɦɿɠɧɟ ɦɿɫɰɟ. 

ɉɿɫɥɹ ɜɢɛɨɪɭ ɬɟɯɧɨɥɨɝɿʀ ɫɬɜɨɪɟɧɧɹ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨʀ ɫɜɟɪɞɥɨɜɢɧɢ ɞɥɹ ɛɟɡɬɪɚɧɲɟɣɧɨɝɨ 
ɩɪɨɤɥɚɞɚɧɧɹ ɿɧɠɟɧɟɪɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣ ɜ 

rɪɭɧɬɿ ɦɨɠɧɚ ɡɚ ɜɢɛɪɚɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛ-
ɥɚɞɧɚɧɧɹ ɞɥɹ ɡɚɞɚɧɨʀ ɫɜɟɪɞɥɨɜɢɧɢ ɡɞɿɣɫɧɢɬɢ 
ɬɹɝɨɜɿ ɪɨɡɪɚɯɭɧɤɢ ɬɚ ɜɢɡɧɚɱɢɬɢ ɫɢɥɨɜɿ ɩɚɪɚ-
ɦɟɬɪɢ ɭɫɬɚɧɨɜɨɤ. 
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underground communications is an important prob-
lem which requires the creation of a special method-

ology. It should take into account both the parame-

ters of the well and  technological processes of its 

formation. As a result of the integrated studies of the 

process of creating horizontal wells by methods of 

static puncture and forcing the soil, as well as their 

combination has enabled to identify the areas of ef-

fective application of each by calculation, and rec-

ommend design parameters of the working bodies 

and power units taking into account the physical and 

mechanical properties of the soil, which is being de-
veloped. The algorithms of the methodology deter-

mine the influence of the length of their transitions on 

the accuracy of communications laying, damage to 

adjacent communications and road beds. The re-

ceived results allow to optimize the size of the well 

received by puncturing the soil by conical tip with 

protruding edge at the base of the cone or its punch-
ing by cylindrical-conical tip.  The practical value of 

obtained results of the work is in the possibility to 

choose the most efficient technologies and equipment 

for trenchless laying of communications at the stage 

of designing engineering networks considering soil 

geology and sizes required wells. At the base of rec-
ommendations there are original technological solu-

tions and the design of work equipment, which can 

significantly improve the quality and efficiency of 

building engineering networks. 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɜɵɛɨɪɚ ɬɟɯɧɨɥɨɝɢɣ ɢ 
ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɨɡ-
ɞɚɧɢɹ ɫɤɜɚɠɢɧ ɩɪɢ ɩɪɨɤɥɚɞɤɟ ɩɨɞɡɟɦɧɵɯ ɤɨ-
ɦɦɭɧɢɤɚɰɢɣ 
Аɧɧɨɬɚɰɢɹ. ȼɵɛɨɪ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ 
ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɟё ɪɟɚɥɢɡɚɰɢɢ ɩɪɢ 

ɩɪɨɤɥɚɞɤɟ ɩɨɞɡɟɦɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ ɹɜɥɹɟɬɫɹ 
ɜɚɠɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɤɨɬɨɪɚɹ ɬɪɟɛɭɟɬ ɫɨɡɞɚɧɢɹ 
ɫɩɟɰɢɚɥɶɧɨɣ ɦɟɬɨɞɨɥɨɝɢɢ. Ɉɧɚ ɞɨɥɠɧɚ ɭɱɢɬɵ-
ɜɚɬɶ  ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɫɤɜɚɠɢɧɵ, ɬɚɤ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɟё ɮɨɪɦɢɪɨɜɚɧɢɹ. ɉɪɨɜɟɞɟɧɧɵɟ 
ɤɨɦɩɥɟɤɫɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɨɡɞɚɧɢɹ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɤɜɚɠɢɧ ɦɟɬɨɞɚɦɢ ɫɬɚɬɢɱɟ-
ɫɤɨɝɨ ɩɪɨɤɨɥɚ ɢ ɩɪɨɞɚɜɥɢɜɚɧɢɹ ɝɪɭɧɬɚ, ɚ ɬɚɤɠɟ 
ɢɯ ɤɨɦɛɢɧɚɰɢɢ ɩɨɡɜɨɥɢɥɢ ɪɚɫɱёɬɧɵɦ ɩɭɬёɦ 
ɭɫɬɚɧɨɜɢɬɶ ɨɛɥɚɫɬɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ 
ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɢ ɪɟɤɨɦɟɧɞɨɜɚɬɶ  ɤɨɧɫɬɪɭɤɬɢɜ-
ɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɢ ɫɢɥɨɜɵɯ ɭɫɬɚ-
ɧɨɜɨɤ ɫ ɭɱёɬɨɦ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɝɪɭɧɬɚ, ɤɨɬɨɪɵɣ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ. ȼ ɨɫɧɨɜɟ 
ɦɟɬɨɞɨɥɨɝɢɢ ɡɚɥɨɠɟɧɵ ɚɥɝɨɪɢɬɦɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɥɢɹɧɢɹ ɧɚ ɬɨɱɧɨɫɬɶ ɩɪɨɤɥɚɞɤɢ ɤɨɦɦɭɧɢɤɚɰɢɣ 
ɨɬ ɞɥɢɧɵ ɢɯ ɩɟɪɟɯɨɞɨɜ, ɧɚ ɩɨɜɪɟɠɞɟɧɢɟ ɩɪɢɥɟɝɚ-
ɸɳɢɯ ɤɨɦɦɭɧɢɤɚɰɢɣ ɢ ɨɫɧɨɜɚɧɢɹ ɞɨɪɨɝ. ɉɨɥɭɱɟɧ-
ɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 
ɪɚɡɦɟɪɵ ɫɤɜɚɠɢɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɨɤɨɥɨɦ ɝɪɭɧɬɚ 
ɤɨɧɭɫɧɵɦ ɧɚɤɨɧɟɱɧɢɤɨɦ ɫ ɜɵɫɬɭɩɚɸɳɟɣ ɤɪɨɦɤɨɣ 
ɜ ɨɫɧɨɜɚɧɢɢ ɤɨɧɭɫɚ ɢɥɢ ɟɝɨ ɩɪɨɞɚɜɥɢɜɚɧɢɟɦ ɤɨ-
ɧɭɫɧɨ-ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ.  Пɪɚɤɬɢ-
ɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨ-
ɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɛɨɪɚ ɧɚ ɫɬɚ-
ɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɫɟɬɟɣ ɫ ɭɱёɬɨɦ 
ɝɟɨɥɨɝɢɢ ɝɪɭɧɬɚ ɢ ɪɚɡɦɟɪɨɜ ɬɪɟɛɭɟɦɨɣ ɫɤɜɚɠɢɧɵ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɪɚɛɨɱɟɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɛɟɫɬɪɚɧɲɟɣɧɨɣ ɩɪɨɤɥɚɞɤɢ 
ɤɨɦɦɭɧɢɤɚɰɢɣ. ȼ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɪɟɤɨ-
ɦɟɧɞɚɰɢɣ ɥɟɠɚɬ ɨɪɢɝɢɧɚɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɪɟɲɟɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɤɚ-
ɱɟɫɬɜɨ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢɧɠɟ-
ɧɟɪɧɵɯ ɫɟɬɟɣ. 
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