
 

ʺ̞̦̞̭те̬̭т̏о о̭̞̏т̛ ̞ ̦̌ук̛ ˄к̛̬̟̦̌ 

Ministry of Education and Science of Ukraine 

ʻА˄КОʦʰʱ Ж˄ˀʻАЛ 

SCIENCE JOURNAL 

 

2018, № 12 

Technical service of agriculture, forestry 

and transport systems 2018, № 12 

 

ˈ̬̌к̞̏    – 2018 –   Kharkiv  
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ɀɭɪɧɚɥ «Ɍɟɯɧɿɱɧɢɣ ɫɟɪɜɿɫ ɚɝɪɨɩɪɨɦɢɫɥɨ-
ɜɨɝɨ, ɥɿɫɨɜɨɝɨ ɬɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɤɨɦɩɥɟɤɫɿɜ» 
ɦɿɫɬɢɬɶ ɨɝɥɹɞɨɜɿ ɫɬɚɬɬɿ ɬɚ ɪɟɡɭɥɶɬɚɬɢ ɞɨ-
ɫɥɿɞɠɟɧɶ ɭ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɿɡ ɪɭɛɪɢɤɚɦɢ:  

 Ɍɟɯɧɿɱɧɢɣ ɫɟɪɜɿɫ ɦɚɲɢɧ ɚɝɪɨɩɪɨɦɢɫɥɨɜɨɝɨ 
ɤɨɦɩɥɟɤɫɭ.  

 Ɍɟɯɧɿɱɧɢɣ ɫɟɪɜɿɫ ɦɚɲɢɧ ɥɿɫɨɜɨɝɨ ɬɚ ɬɪɚɧɫ-
ɩɨɪɬɧɨɝɨ ɤɨɦɩɥɟɤɫɿɜ.  

 Ɍɟɯɧɨɥɨɝɿʀ ɬɚ ɡɚɫɨɛɢ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ. 
 ɉɪɨɛɥɟɦɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɚɥɢɜɨɦɚɫɬɢɥɶɧɢɯ 

ɦɚɬɟɪɿɚɥɿɜ ɬɚ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɜɢɞɿɜ ɩɚɥɢɜ.  
 Ɍɟɯɧɿɤɚ ɿ ɬɟɯɧɨɥɨɝɿʀ ɬɜɚɪɢɧɧɢɰɬɜɚ.  
 ɉɪɨɛɥɟɦɢ ɧɚɞɿɣɧɨɫɬɿ.  
 ɉɪɨɛɥɟɦɢ ɜɿɞɧɨɜɥɟɧɧɹ ɞɟɬɚɥɟɣ ɦɚɲɢɧ. 
 ɉɪɨɛɥɟɦɢ ɟɧɟɪɝɨɡɚɛɟɡɩɟɱɟɧɧɹ ɬɚ ɟɧɟɪɝɨɡ-

ɛɟɪɟɠɟɧɧɹ.  
 ɉɢɬɚɧɧɹ ɫɩɪɢɹɧɧɹ ɪɨɡɜɢɬɤɭ ɧɚɭɤɢ ɿ ɬɟɯɧɿɤɢ  
 ȱɧɧɨɜɚɰɿɣɧɿ ɦɟɬɨɞɢ ɬɚ ɬɟɯɧɨɥɨɝɿʀ ɭ ɩɿɞɝɨ-

ɬɨɜɰɿ ɮɚɯɿɜɰɿɜ.  
 

ɀɭɪɧɚɥ ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ ɜɢɪɨɛɧɢɤɿɜ, 
ɜɢɤɥɚɞɚɱɿɜ, ɧɚɭɤɨɜɢɯ ɫɩɿɜɪɨɛɿɬɧɢɤɿɜ, 
ɚɫɩɿɪɚɧɬɿɜ ɿ ɫɬɭɞɟɧɬɿɜ, ɹɤɿ ɫɩɟɰɿɚɥɿɡɭɸɬɶɫɹ ɭ 
ɜɿɞɩɨɜɿɞɧɢɯ ɚɛɨ ɫɭɦɿɠɧɢɯ ɝɚɥɭɡɹɯ ɧɚɭɤɢ ɬɚ 
ɧɚɩɪɹɦɤɚɯ ɜɢɪɨɛɧɢɰɬɜɚ. 

Ɂɚɫɧɨɜɧɢɤ: ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯ-
ɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɫɿɥɶɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ 
ɿɦɟɧɿ ɉɟɬɪɚ ȼɚɫɢɥɟɧɤɚ. ɇɚɤɚɡɨɦ ɆɈɇ №132 ɜɿɞ 
21.12.15. ɠɭɪɧɚɥ ɜɤɥɸɱɟɧɨ ɞɨ ɉɟɪɟɥɿɤɭ ɧɚɭɤɨ-
ɜɢɯ ɮɚɯɨɜɢɯ ɜɢɞɚɧɶ ɍɤɪɚʀɧɢ.  
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ɩɥɚɫɬɢɱɧɨɣ ɝɪɚɮɢɬɧɨɣ ɫɦɚɡɤɢ .............................................................................................. 10 

Zhukov A.N. 

Strengthening of face impulse seals rings by electroerosive alloying method ........................ 15 

Ȼɚɧɬɤɨɜɫɶɤɢɣ ȼ.Ⱥ., ȱɜɚɧɨɜ ȼ.ȱ., Ɇɚɪɬɢɧɟɧɤɨ Ɉ.Ⱦ., Ƚɨɠɚ Ⱦ.Ɇ. 
Ɉɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɪɟɦɨɧɬɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ .............................................. 26 

Ƚɟɜɤɨ Ɋ.Ȼ., Ɂɚɥɭɰɶɤɢɣ ɋ.Ɂ., Ʉɥɟɧɞɿɣ Ɉ.Ɇ., ɉɨɝɪɿɳɭɤ Ȼ.ȼ., Ⱦɨɛɿɠɚ ɇ.ȼ. 
ȼɢɡɧɚɱɟɧɧɹ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɩɪɢɜɿɞ ɝɜɢɧɬɨɜɨɝɨ ɤɨɧɜɟєɪɚ ɡ ɫɟɤɰɿɣɧɨɸ ɟɥɚɫɬɢɱɧɨɸ ɪɨɛɨɱɨɸ 
ɩɨɜɟɪɯɧɟɸ ɬɚ ɣɨɝɨ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ...................................................................................... 33 

ɉɚɜɥɟɧɤɨ ɋ.ȱ. 
Ɋɨɡɪɨɛɤɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɯɧɿɱɧɢɯ ɡɚɫɨɛɿɜ 

ɦɟɯɚɧɿɡɨɜɚɧɢɯ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɤɨɦɩɨɫɬɭɜɚɧɧɹ ɨɪɝɚɧɿɱɧɢɯ ɜɿɞɯɨɞɿɜ.................. 43 

Ɍɪɨɯɚɧɹɤ ȼ.ȱ., Ⱥɧɬɢɩɨɜ Є.Ɉ., Ȼɨɝɞɚɧ ɘ.Ɉ.  
Ɋɨɡɪɨɛɤɚ ɬɚ ɱɢɫɟɥɶɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɬɟɩɥɨɨɛɦɿɧɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɧɨɜɨʀ ɤɨɧɫɬɪɭɤɰɿʀ ɞɥɹ 
ɫɢɫɬɟɦ ɩɿɞɬɪɢɦɚɧɧɹ ɦɿɤɪɨɤɥɿɦɚɬɭ ɭ ɩɬɚɲɧɢɤɚɯ ................................................................. 50 

ɉɨɩɨɜɢɱ ɉ.ȼ., ɒɟɜɱɭɤ Ɉ.ɋ., ɐɶɨɧɶ Ɉ.ɉ., Ɇɚɪɰɟɧɤɨ ɇ.ɋ. 
ɉɿɞɜɢɳɟɧɧɹ ɪɿɜɧɹ ɛɟɡɩɟɤɢ ɞɿɥɹɧɤɢ ɜɭɥɢɱɧɨ-ɞɨɪɨɠɧɨʀ ɦɟɪɟɠɿ ɦ. Ɍɟɪɧɨɩɨɥɹ ɬɟɯɧɿɱɧɨ- 

ɨɪɝɚɧɿɡɚɰɿɣɧɢɦɢ ɲɥɹɯɚɦɢ ..................................................................................................... 59 

ɇɚɭɦɟɧɤɨ Ɉ.Ⱥ., ȼɿɬɤɨɜɫɶɤɢɣ ɘ.ɉ. 
Ⱥɧɚɥɿɡ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɫɩɪɹɦɭɜɚɧɶ ɜɿɞɧɨɜɥɟɧɧɹ ɬɟɯɧɿɱɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ ɝɚɥɭɡɿ 
ɬɜɚɪɢɧɧɢɰɬɜɚ .......................................................................................................................... 66 

Ʌɹɲɭɤ Ɉ.Ʌ., Ⱦɹɱɭɧ Ⱥ.Є., Ʉɥɟɧɞɿɣ ȼ.Ɇ., Ɍɟɫɥɹ ȼ.Ɉ., ɇɚɜɪɨɰɶɤɚ Ɍ.Ⱦ., Ɋɚɞɢɤ Ɇ.Ⱦ. 
Ⱦɨɫɥɿɞɠɟɧɧɹ ɞɢɧɚɦɿɤɢ ɩɪɨɰɟɫɭ ɤɚɥɿɛɪɭɜɚɧɧɹ ɜɢɬɤɚ ɤɨɧɿɱɧɨʀ ɝɜɢɧɬɨɜɨʀ 
ɡɚɝɨɬɨɜɤɢ ɧɚ ɤɪɨɤ ................................................................................................................... 74 

Ʉɨɡɚɱɟɧɤɨ Ɉ.ȼ., Ʉɚɞɟɧɤɨ ȼ.ɋ., ɒɤɪɟɝɚɥɶ Ɉ.Ɇ., Ȼɥɟɡɧɸɤ Ɉ.ȼ., Ɇɚɤɚɪɨɜ ȼ.Є. 
Ⱦɨɫɥɿɞɠɟɧɧɹ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ ɪɿɡɚɥɶɧɢɯ ɟɥɟɦɟɧɬɿɜ ɧɚ ɤɪɭɝɨɜɨɦɭ ɫɬɟɧɞɿ ........................... 83 

Ƚɚɜɪɨɧ ɇ.Ȼ., Ʉɭɱɜɚɪɚ ȱ.Ɇ., ɒɟɜɱɭɤ Ɉ.ɋ., Ʉɨɧɨɧɱɭɤ Ɉ., Ɇɚɬɜɿʀɲɢɧ Ⱥ.Ƀ., Ʉɨɜɚɥɶ ɘ.Ȼ. 
ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨʀ ɧɚɜɚɧɬɚɠɟɧɨɫɬɿ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ 

ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ ............................................................................................................. 89 

Ʌɿɦɨɧɬ Ⱥ.ɋ., Ʉɥɢɦɱɭɤ ȼ.Ɇ. 
ȼɩɥɢɜ ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɩɿɞɛɢɪɚɥɶɧɨɝɨ ɛɚɪɚɛɚɧɚ ɩɪɟɫ-ɩɿɞɛɢɪɚɱɿɜ ɿ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɱɭɜɚɧɨɝɨ 
ɲɚɪɭ ɥɶɨɧɨɬɪɟɫɬɢ ɧɚ ɦɚɫɭ ʀʀ ɪɭɥɨɧɿɜ.................................................................................... 96 

Ʌɭɡɚɧ ɋ.Ⱥ. 
Ⱥɥɝɨɪɢɬɦ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɧɚɩɥɚɜɤɢ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ........................................................................................ 109 

Ɇɧɭɲɤɚ Ɉ.ȼ. 
SCADA ɧɚ ɨɫɧɨɜɿ ɩɪɨɦɢɫɥɨɜɨɝɨ ɿɧɬɟɪɧɟɬɭ ɪɟɱɟɣ: ɚɪɯɿɬɟɤɬɭɪɚ ɫɢɫɬɟɦɢ ....................... 117 

Ƚɟɜɤɨ Ȼ.Ɇ., ɋɥɨɛɨɞɹɧ Ʌ.Ɇ., Ɇɚɪɭɧɢɱ Ɉ.ɉ., Ƚɭɩɤɚ ȼ.ȼ. 
Ɉɫɨɛɥɢɜɨɫɬɿ ɤɨɧɫɬɪɭɤɰɿɣ ɝɜɢɧɬɨɜɢɯ ɡɚɜɚɧɬɚɠɭɜɚɱɿɜ ɦɚɲɢɧ .......................................... 125 

  



Ɍɟɯɧɿɱɧɢɣ ɫɟɪɜɿɫ ɚɝɪɨɩɪɨɦɢɫɥɨɜɨɝɨ, ɥɿɫɨɜɨɝɨ ɬɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɤɨɦɩɥɟɤɫɿɜ 
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Ȼɿɥɢɤ ɋ.Ƚ., Ⱦɢɧɹ ȼ.ȱ., Ɏɥɶɨɧɰ Ɉ.ȱ., Ʉɥɟɧɞɿɣ Ɇ.ȱ., ɋɟɦɟɧɿɜ ȱ.ȱ., Ɇɚɪɱɭɤ ɇ.Ɇ. 
ɉɧɟɜɦɚɬɢɱɧɢɣ ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɣ ɩɪɢɫɬɪɿɣ ɞɥɹ ɫɜɟɪɥɿɧɧɹ ɨɬɜɨɪɿɜ ɜ ɬɪɭɛɱɚɫɬɢɯ ɡɚɝɨɬɨɜɤɚɯ 
ɿ ɧɚɪɿɡɚɧɧɹ ɪɿɡɿ ...................................................................................................................... 130 

Ⱥɱɤɟɜɢɱ Ɉ.Ɇ., Ⱥɱɤɟɜɢɱ ȼ.ȱ. 

Ⱥɧɚɥɿɡ ɤɨɧɫɬɪɭɤɰɿɣ ɤɨɥɟɤɬɨɪɿɜ ɞɨʀɥɶɧɢɯ ɚɩɚɪɚɬɿɜ ɬɚ ʀɯ ɜɩɥɢɜ ɧɚ ɹɤɿɫɬɶ ɨɬɪɢɦɚɧɨɝɨ 

ɦɨɥɨɤɚ .................................................................................................................................... 134 

ɋɤɨɛɥɨ Ɍ.ɋ., Ⱥɜɬɭɯɨɜ Ⱥ.Ʉ., ɋɢɞɚɲɟɧɤɨ Ⱥ.ɂ., Ȼɟɥɤɢɧ ȿ.Ʌ., ɐɵɝɚɧɤɨɜɚ ɂ.ȼ. 
Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɭɫɥɨɜɢɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɬɥɢɜɨɤ ɥɢɫɬɨɩɪɨɤɚɬɧɵɯ ɜɚɥɤɨɜ....... 141 

ɇɿɤɨɧɨɜ Ɉ.ə., ɒɭɥɹɤɨɜ ȼ.Ɇ., Ɏɚɫɬɨɜɟɰɶ ȼ.ȱ. 

Ɋɨɡɪɨɛɥɟɧɧɹ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɿɧɮɨɪɦɚɰɿɣɧɨ-ɤɟɪɭɸɱɨʀ ɫɢɫɬɟɦɢ ɚɞɚɩɬɢɜɧɨʀ ɩɿɞɜɿɫɤɢ 
ɚɜɬɨɦɨɛɿɥɹ ............................................................................................................................. 147 

Ⱥɞɚɦɱɭɤ ȼ. ȼ., Ⱦɦɢɬɪɿɜ ȱ. ȼ., Ⱦɦɢɬɪɿɜ ȼ. Ɍ. 
Ɇɨɞɟɥɶ ɛɿɫɬɚɛɿɥɶɧɨʀ ɫɬɪɢɛɤɨɩɨɞɿɛɧɨʀ ɦɟɦɛɪɚɧɢ, ɹɤ ɟɥɟɦɟɧɬ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ........ 154 

Ɍɪɢɲɟɜɫɶɤɢɣ Ɉ.ȱ., Ⱥɯɥɟɫɬɿɧ ȼ.Ʌ., Ɇɭɯɚɦɟɞ’ɹɧɨɜ ɋ.ȼ. 
ȼɢɡɧɚɱɟɧɧɹ ɜɩɥɢɜɭ ɡɭɫɢɥɶ ɬɟɪɬɹ ɧɚ ɮɨɪɦɭɜɚɧɹ ɩɨɩɟɪɟɱɧɢɯ ɡɚɦɤɧɭɬɢɯ ɝɨɮɪɿɜ ........... 162 

Ʉɚɪɧɚɭɯ Ɇ.ȼ., ȼɨɣɬɨɜ ȼ.Ⱥ. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɧɚ ɫɦɟɫɟɜɨɦ ɫɨɫɬɚɜɟ ɛɢɨɬɨɩɥɢɜɚ 
ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɵɦ ɢ ɝɨɪɨɞɫɤɢɦ ɟɡɞɨɜɵɦ ɰɢɤɥɚɦ ............................................................. 167 

ɉɚɫɥɚɜɫɶɤɢɣ ȼ.Ɋ. 
Ɍɟɨɪɟɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɪɨɛɨɱɨɝɨ ɰɢɤɥɭ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɲɧɟɤɨɜɨɝɨ 

ɨɥɿɣɧɨɝɨ ɩɪɟɫɭ ...................................................................................................................... 177 

ɉɨɬɚɦɚɧ ɇ.ȼ. 
Ɉɛɫɬɟɠɟɧɧɹ ɩɚɫɚɠɢɪɨɩɨɬɨɤɿɜ ɧɚ ɬɪɚɧɫɩɨɪɬɿ ɡɚɝɚɥɶɧɨɝɨ ɤɨɪɢɫɬɭɜɚɧɧɹ 

ɭ ɦɿɫɬɿ ɋɥɨɜ’ɹɧɫɶɤ ................................................................................................................ 186 

ɋɟɜɟɪɢɧ Ɉ.Ɉ., ɒɭɥɿɤɚ Ɉ.Ɉ. 
ȼɢɡɧɚɱɟɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɜɚɧɬɚɠɧɨɫɬɿ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɭ ɜɿɞ ɨɫɧɨɜɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɪɨɛɨɬɢ 

ɧɚ ɚɜɬɨɬɪɚɧɫɩɨɪɬɿ ................................................................................................................. 191 

ɋɤɨɛɥɨ Ɍ.ɋ., Ƚɪɢɧɱɟɧɤɨ Ⱥ.ɋ., Ƚɨɧɱɚɪɟɧɤɨ Ⱥ.Ⱥ., ɋɵɪɨɦɹɬɧɢɤɨɜ ɉ.ɋ., Ȼɭɞɚɜɤɚ ȼ.ȼ. 
Ⱥɧɚɥɢɡ ɫɬɨɣɤɨɫɬɢ ɜɚɥɤɨɜ ɪɟɥɶɫɨɛɚɥɨɱɧɵɯ ɢ ɫɨɪɬɨɩɪɨɤɚɬɧɵɯ ɫɬɚɧɨɜ ........................... 197 

Ƚɨɥɨɜɚɱ ȱ.ȼ., Ⱦɨɪɨɝɚɧɶ Ɉ.ɉ. 
ɑɢɫɥɨɜɢɣ ɪɨɡɪɚɯɭɧɨɤ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ ɨɱɢɳɟɧɧɹ ɝɨɥɨɜɨɤ 
ɤɨɪɟɧɟɩɥɨɞɿɜ ɰɭɤɪɨɜɢɯ ɛɭɪɹɤɿɜ ɜɿɞ ɡɚɥɢɲɤɿɜ ɝɢɱɤɢ ......................................................... 203 

Ƚɪɢɧɱɟɧɤɨ Ɉ.ɋ., Ⱥɥɮɶɨɪɨɜ Ɉ.ȱ., ɘɪ’єɜɚ Ƚ.ɉ. 
ɉɪɨɝɧɨɡɭɜɚɧɧɹ ɬɚ ɤɟɪɭɜɚɧɧɹ ɦɟɯɚɧɿɱɧɨɸ ɧɚɞɿɣɧɿɫɬɸ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɿɧɜɟɪɫɿɣɧɨɝɨ ɦɟɬɨɞɭ ............................................................................................................. 210 

Ʉɚɥɿɧɿɧ Є.ȱ., Ɋɨɦɚɧɱɟɧɤɨ ȼ.Ɇ., ɒɭɥɹɤ Ɇ.Ʌ., ɉɨɥɹɲɟɧɤɨ ɋ.Ɉ. 
Ȼɚɥɚɧɫɭɜɚɧɧɹ ɜɚɥɿɜ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ʀɯ ɞɟɮɨɪɦɚɰɿɣ ɜ ɩɪɨɰɟɫɿ ɟɤɫɩɥɭɚɬɚɰɿʀ ..................... 215 

Ʉɨɡɟɧɨɤ Ⱥ.ɋ., Ʉɭɬɶɹ Ɉ.ȼ 

ɒɥɹɯɢ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɪɟɫɭɪɫɨɡɛɟɪɟɠɟɧɧɹ ɜ ɥɨɝɿɫɬɢɰɿ ɡɚ ɪɚɯɭɧɨɤ 

ɜɩɪɨɜɚɞɠɟɧɧɹ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ ɜ ɫɭɱɚɫɧɢɯ ɭɦɨɜɚɯ ................................................ 223 

  



Ɍɟɯɧɿɱɧɢɣ ɫɟɪɜɿɫ ɚɝɪɨɩɪɨɦɢɫɥɨɜɨɝɨ, ɥɿɫɨɜɨɝɨ ɬɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɤɨɦɩɥɟɤɫɿɜ 
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Ɉɥɶɲɚɧɫɶɤɢɣ ȼ.ɉ., Ȼɭɪɥɚɤɚ ȼ.ȼ., ɋɥɿɩɱɟɧɤɨ Ɇ.ȼ. 
Ʉɨɥɢɜɚɧɧɹ ɩɪɭɠɧɨʀ ɫɢɫɬɟɦɢ ɡ ɫɭɯɢɦ ɬɟɪɬɹɦ ɩɪɢ ɦɟɯɚɧɿɱɧɨɦɭ ɭɞɚɪɿ ............................ 230 

Ɇɚɪɱɟɧɤɨ Ɇ.ȼ., Ʉɨɪɨɬɭɧ ȱ.ȱ., Ɇɚɡɚɥɨɜ ɘ.Ʉ., Ʉɨɡɚɤɨɜ Ɇ.Ⱥ. 
ɉɟɪɫɩɟɤɬɢɜɢ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿɣ ɩɪɢ ɛɭɞɿɜɧɢɰɬɜɿ ɨɛ'єɤɬɿɜ 

ɚɝɪɨɛɿɡɧɟɫɭ ............................................................................................................................ 236 

Ʉɨɥɨɦɢɟɰ ȼ.ȼ., Ɏɚɛɪɢɱɧɢɤɨɜɚ ɂ.Ⱥ., Ʌɸɛɢɱɟɜɚ Ʉ.Ɇ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɪɟɡɰɚɦɢ ɢɡ ɬɜɟɪɞɨɝɨ 
ɫɩɥɚɜɚ ɢ ɫɜɟɪɯɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ .................................................................................... 244 

Ƚɪɢɝɨɪɚɤ Ɇ.ɘ., Ʉɭɥɢɤ ȼ.Ⱥ., Ɇɚɪɱɭɤ ȼ.ȿ., Ƚɪɚɞɵɫɤɢɣ ɘ.Ⱥ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɰɟɩɟɣ ɩɨɫɬɚɜɨɤ ɨɩɚɫɧɵɯ ɝɪɭɡɨɜ 251 

ɇɚɭɦɟɧɤɨ Ⱥ.Ⱥ. 
Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɭɩɪɨɱɧɟɧɢɹ ɩɨɪɲɧɟɜɵɯ ɤɨɥɟɰ ɪɚɡɥɢɱɧɨɣ ɬɟɯɧɢɤɢ .............................. 257 

ɇɿɤɨɧɨɜ Ɉ.ə., ɉɨɥɨɫɭɯɿɧɚ Ɍ.Ɉ. 
ɉɚɪɚɦɟɬɪɢɱɧɢɣ ɫɢɧɬɟɡ ɫɭɱɚɫɧɢɯ ɫɢɫɬɟɦ ɫɤɚɧɭɜɚɧɧɹ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɩɪɨɫɬɨɪɭ 

ɛɟɡɩɿɥɨɬɧɢɯ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ. ɮɭɧɤɰɿɨɧɚɥɢ ɹɤɨɫɬɿ .................................................. 263 

ȼɨɣɬɨɜ ȼ.Ⱥ., Ɇɭɡɢɥɶɨɜ Ⱦ.Ɉ., Ȼɟɪɟɠɧɚ ɇ.Ƚ., ɓɟɪɛɚɤɨɜɚ ȼ.ȼ. 
ȿɤɨɧɨɦɿɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɬɪɚɧɫɩɨɪɬɧɨ-ɥɨɝɿɫɬɢɱɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɩɿɞ ɱɚɫ 

ɡɛɢɪɚɧɧɹ ɰɭɤɪɨɜɨɝɨ ɛɭɪɹɤɭ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɨɤɚɡɧɢɤɚ ɧɚɞɿɣɧɨɫɬɿ .................................. 272 

ɏɨɥɨɞɨɜɚ Ɉ.Ɉ., ɋɟɜɟɪɢɧ Ɉ.Ɉ., ɒɭɥɿɤɚ Ɉ.Ɉ. 
Ⱥɧɚɥɿɡ ɦɟɬɨɞɢɤ ɜɢɡɧɚɱɟɧɧɹ ɞɨɩɭɫɬɢɦɨʀ ɩɿɲɨɯɿɞɧɨʀ ɞɢɫɬɚɧɰɿʀ ɩɪɢ ɨɛɫɥɭɝɨɜɭɜɚɧɧɿ 
ɨɛ’єɤɬɚɦɢ ɩɚɪɤɭɜɚɧɧɹ ɚɜɬɨɦɨɛɿɥɿɜ ..................................................................................... 281 

ɘɯɢɦɱɭɤ ɋ.Ɏ., ɘɯɢɦɱɭɤ ɋ.Ɇ., Ɍɨɥɫɬɭɲɤɨ ɇ.Ɉ. 
Ɉɛɝɪɭɧɬɭɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɩɿɞɩɪɭɠɢɧɟɧɨɝɨ ɧɚɬɹɠɧɢɤɚ ɛɪɚɥɶɧɨɝɨ ɩɚɫɚ 

ɥɶɨɧɨɤɨɦɛɚɣɧɚ ...................................................................................................................... 288 

Ʉɨɜɚɥɢɲɢɧ ɋ.Ƀ., ɒɜɟɰɶ Ɉ.ɉ., ɓɭɪ Ɍ.Ƚ., Ⱦɚɞɚɜ ȼ.Ɉ., Ⱦɨɦɚɧɸɤ ɉ.ɘ. 
ȼɢɡɧɚɱɟɧɧɹ ɩɨɫɿɜɧɢɯ ɹɤɨɫɬɟɣ ɧɚɫɿɧɧɹ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ ɤɭɥɶɬɭɪ ɦɟɬɨɞɨɦ ɣɨɝɨ 
ɪɟɧɬɝɟɧɨɫɤɨɩɿʀ ....................................................................................................................... 294 
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ɍȾɄ 66λ.53λ 

ȼ ɪɨɛɨɬɿ ɨɛґɪɭɧɬɨɜɚɧɨ ɦɟɬɨɞɢɤɭ ɬɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɩɨɥɶɨɜɢɯ ɟɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ ɩɪɢɱɟɩɚ ɬɢɩɭ ɉɌɋ. ȼɫɬɚɧɨɜɥɟɧɨ 
ɬɨɱɧɿ ɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧ ɧɚɩɪɭɠɟɧɶ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɜ ɤɨɧɫɬɪɭɤɰɿʀ ɧɟɫɭɱɨʀ ɪɚɦɢ ɬɪɚɧɫ-
ɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ ɩɪɢ ɟɤɫɩɥɭɚɬɚɰɿʀ ɜ ɩɨɥɶɨɜɢɯ ɭɦɨɜɚɯ. Ɍɚɤɨɠ ɧɚɜɟɞɟɧɨ ɚɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠ-
ɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɪɢɬɟɪɿʀɜ ɥɨɤɚɥɶɧɨɝɨ ɪɭɣɧɭɜɚɧɧɹ ɞɥɹ ɨɰɿɧɸɜɚɧɧɹ ɩɨɤɚɡɧɢɤɿɜ ɞɨɜ-
ɝɨɜɿɱɧɨɫɬɿ ɜɿɞɤɪɢɬɢɯ, ɚɛɨ ɡɚɦɤɧɭɬɢɯ ɬɨɧɤɨɫɬɿɧɧɢɯ ɩɪɨɮɿɥɿɜ ɧɟɫɭɱɢɯ ɫɢɫɬɟɦ ɞɨ-
ɫɥɿɞɠɭɜɚɧɨʀ ɬɟɯɧɿɤɢ. 

Ключоɜі ɫлоɜɚ: ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɚ ɬɪɚɧɫɩɨɪɬɧɚ ɬɟɯɧɿɤɚ, ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ, 
ɧɚɩɪɭɠɟɧɧɹ, ɟɤɫɩɥɭɚɬɚɰɿɣɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, ɬɪɚɤɬɨɪɧɢɣ ɩɪɢɱɟɩ, ɧɚɞɿɣɧɿɫɬɶ. 

 

ȼɫɬɭɩ. ɇɚ ɫɭɱɚɫɧɨɦɭ ɪɿɜɧɿ ɪɨɡɜɢɬɤɭ ɫ/ɝ ɬɟɯɧɿɤɢ, ɦɨɠɥɢɜɨɫɬɟɣ ɪɨɡɜɢɬɤɭ ɬɟɯɧɿɱɧɢɯ 
ɡɚɫɨɛɿɜ ɬɚ ɜɿɞɩɨɜɿɞɧɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ, ɚɤɬɭɚɥɶɧɢɦ є ɪɨɡɜɢɬɨɤ ɧɨɜɢɯ ɦɟɬɨɞɿɜ 
ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨʀ ɧɚɞɿɣɧɨɫɬɿ ɿ ɠɢɜɭɱɨɫɬɿ ɦɨɛɿɥɶɧɢɯ ɦɚɲɢɧ. ȼɢɦɨɝɢ, ɳɨ 
ɫɬɚɜɥɹɬɶɫɹ ɞɨ ɧɚɞɿɣɧɨɫɬɿ ɫ/ɝ ɦɚɲɢɧ ɩɟɪɟɞɛɚɱɚɸɬɶ ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɚɞɚɧɨɝɨ ɪɿɜɧɹ ɞɨɜɝɨɜɿɱ-
ɧɨɫɬɿ ʀɯɧɿɯ ɧɟɫɭɱɢɯ ɫɢɫɬɟɦ, ɹɤɿ, ɹɤ ɩɪɚɜɢɥɨ, ɦɚɸɬɶ ɦɚɬɢ ɞɨɜɝɨɜɿɱɧɿɫɬɶ, ɪɿɜɧɭ ɪɟɫɭɪɫɭ ɦɚ-
ɲɢɧɢ ɞɨ ɤɚɩɿɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɭ ɚɛɨ ɫɩɢɫɚɧɧɹ. Ɉɰɿɧɤɚ ɜɬɨɦɧɨʀ ɞɨɜɝɨɜɿɱɧɨɫɬɿ ɦɟɬɚɥɨɤɨɧ-
ɫɬɪɭɤɰɿɣ ɧɟɫɭɱɢɯ ɫɢɫɬɟɦ ɦɨɛɿɥɶɧɢɯ ɫ/ɝ ɦɚɲɢɧ, ɡɨɤɪɟɦɚ ɬɪɚɧɫɩɨɪɬɧɢɯ ɫ/ɝ ɩɪɢɱɟɩɿɜ, ɹɤɿ 
ɩɪɚɰɸɸɬɶ ɜ ɫɤɥɚɞɧɢɯ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ ɭɦɨɜɚɯ ɩɪɢ ɰɢɤɥɿɱɧɢɯ ɧɚɜɚɧɬɚɠɟɧɧɹɯ, ɩɨɜ'ɹɡɚɧɚ 
ɡ ɜɢɪɿɲɟɧɧɹɦ ɪɹɞɭ ɨɫɧɨɜɧɢɯ ɡɚɜɞɚɧɶ: ɨɰɿɧɤɨɸ ɩɚɪɚɦɟɬɪɿɜ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨɝɨ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ, ɜɢɡɧɚɱɟɧɧɹɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɩɨɪɭ ɜɬɨɦɿ ɧɚɬɭɪɧɢɯ ɜɭɡɥɿɜ ɪɚɦɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ, ɨɛ-
ɦɟɠɭɸɱɢɯ ʀʀ ɞɨɜɝɨɜɿɱɧɿɫɬɶ, ɪɨɡɪɚɯɭɧɤɨɦ ɞɨɜɝɨɜɿɱɧɨɫɬɿ, ɬɚɤɨɠ ɚɧɚɥɿɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 
ɮɨɪɦɭɜɚɧɧɹ ɫɤɥɚɞɧɢɯ ɧɚɩɪɭɠɟɧɨ – ɞɟɮɨɪɦɨɜɚɧɢɯ ɬɚ ɝɪɚɧɢɱɧɢɯ ɫɬɚɧɿɜ, ɫɢɫɬɟɦ ɤɪɢɬɟɪɿʀɜ 
ɞɟɮɨɪɦɚɰɿɣ ɬɚ ɪɭɣɧɭɜɚɧɧɹ. ɏɚɪɚɤɬɟɪɧɨɸ ɨɫɨɛɥɢɜɿɫɬɸ є ɬɟ, ɳɨ ɝɪɚɧɢɱɧɿ ɫɬɚɧɢ ɡ ɞɨɫɬɚɬ-
ɧɶɨɸ ɬɨɱɧɿɫɬɸ ɿɞɟɧɬɢɮɿɤɭɸɬɶɫɹ ɧɚ ɟɬɚɩɿ ɩɪɨɟɤɬɭɜɚɧɧɹ ɩɪɢ ɩɟɜɧɨɦɭ ɞɨɫɜɿɞɿ ɟɤɫɩɥɭɚɬɚɰɿʀ 
ɚɧɚɥɨɝɿɱɧɢɯ ɨɛ’єɤɬɿɜ, ɚɥɟ є ɜɚɠɤɨ ɿɞɟɧɬɢɮɿɤɨɜɚɧɢɦɢ ɩɪɨɝɧɨɡɨɜɚɧɢɦɢ ɞɥɹ ɦɚɥɨɫɟɪɿɣɧɢɯ 
ɨɛ’єɤɬɿɜ Д1, 5, 10]. 

Ⱥɧɚɥɿɡ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ. ȼ ɰɿɥɨɦɭ, ɝɪɚɧɢɱɧɢɦ ɫɬɚɧɨɦ є ɬɟɯɧɿɱɧɢɣ ɫɬɚɧ 
ɪɨɡɝɥɹɞɭєɦɨɝɨ ɨɛ’єɤɬɚ, ɩɪɢ ɹɤɨɦɭ ɣɨɝɨ ɩɨɞɚɥɶɲɚ ɟɤɫɩɥɭɚɬɚɰɿɹ ɧɟɞɨɩɭɫɬɢɦɚ. Ⱦɥɹ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɭɦɨɜ ɿ ɦɨɦɟɧɬɭ ɧɚɫɬɚɧɧɹ ɝɪɚɧɢɱɧɨɝɨ ɫɬɚɧɭ, ɤɨɧɬɪɨɥɸ ɩɨɤɚɡɧɢɤɿɜ ɧɚɞɿɣɧɨɫɬɿ 
ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ ɤɪɢɬɟɪɿʀ ɜɿɞɤɚɡɿɜ ɿ ɝɪɚɧɢɱɧɢɯ ɫɬɚɧɿɜ, ɹɤɿ є ɛɚɡɨɸ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɨɰɿɧɤɢ 
ɩɨɤɚɡɧɢɤɿɜ ɧɚɞɿɣɧɨɫɬɿ ɬɟɯɧɿɱɧɢɯ ɫɢɫɬɟɦ Д1, 2Ж. ɄɪɢɬɟɪТɚɥɶɧɚ ɨɰɿɧɤɚ ɦɿɰɧɨɫɬɿ Т ɩɪɨɝɧɨ-
ɡɭɜɚɧɧɹ ɪɟɫɭɪɫɭ ɪɨɛɨɬɢ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿɣ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ ɦɚɲɢɧ ɫɤɥɚɞɚєɬɶɫɹ ɡ 
ɬɟɨɪɟɬɢɱɧɨʀ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɱɚɫɬɢɧ Д3Ж. ɋɤɥɚɞɧɿɫɬɶ ɜɢɪɨɛɥɟɧɧɹ ɤɪɢɬɟɪɿʀɜ ɨɰɿɧɤɢ 
ɦɿɰɧɨɫɬɿ Т ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɪɟɫɭɪɫɭ ɪɨɛɨɬɢ, ɩɨɥɹɝɚє ɩɟɪɲ ɡɚ ɜɫɟ ɭ ɪТɡɧɨɩɪɨɮТɥɶɧɨɦɭ ɧɚɛɨɪɿ 
ɫɤɥɚɞɨɜɢɯ ɟɥɟɦɟɧɬɿɜ ɰɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɬɚ ɫɩɟɰɢɮɿɤɢ ʀɯ ɡ'єɞɧɚɧɶ ɦТɠ ɫɨɛɨɸ. Ɉɩɬɢɦɿɡɭɜɚɬɢ 
ɬɚɤɿ ɤɨɧɫɬɪɭɤɰɿʀ ɫɤɥɚɞɧɨ ɱɟɪɟɡ ɜɿɞɫɭɬɧɿɫɬɶ ɮɚɤɬɢɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ʀɯ ɰɢɤɥɿɱɧɨʀ ɞɟɮɟɤ-
ɬɨɫɬТɣɤɨɫɬТ ɡɿ ɫɬɪɭɤɬɭɪɧɨɸ ɡɦɿɧɨɸ ɦɚɬɟɪɿɚɥɭ ɜ ɛɿɥɹɲɨɜɧТɣ ɡɨɧɿ ɭ ɜТɞɩɨɜТɞɧɨɫɬТ ɞɨ ɤɨɧ-
ɤɪɟɬɧɨʀ ɬɟɯɧɨɥɨɝɿʀ ɜɢɝɨɬɨɜɥɟɧɧɹ, ɨɫɨɛɥɢɜɨ, ɫɤɥɚɞɧɢɯ ɡɜɚɪɧɢɯ ɫɬɢɤɨɜɢɯ ɡ’єɞɧɚɧɶ, ɚ ɬɚɤɨɠ 



Ɍɟɯɧɿɱɧɢɣ ɫɟɪɜɿɫ ɚɝɪɨɩɪɨɦɢɫɥɨɜɨɝɨ, ɥɿɫɨɜɨɝɨ ɬɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɤɨɦɩɥɟɤɫɿɜ 
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ɝɟɨɦɟɬɪɿʀ ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɬɢɧɿɜ ɬɨɧɤɨɫɬɿɧɧɢɯ ɟɥɟɦɟɧɬɿɜ, ɜɿɞɤɪɢɬɨɝɨ ɬɚ ɡɚɦɤɧɭɬɨɝɨ 
ɩɪɨɮɿɥɸ. Ɋɟɚɥɿɡɚɰɿɹ ɦɟɬɨɞɢɤɢ ɜɢɪɨɛɥɟɧɧɹ ɤɪɢɬɟɪɿʀɜ ɨɰɿɧɤɢ ɦɿɰɧɨɫɬɿ Т ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɪɟ-
ɫɭɪɫɭ ɪɨɛɨɬɢ ɤɨɧɫɬɪɭɤɰɿɣ, ɜɤɥɸɱɚє ɨɞɟɪɠɚɧɧɹ ɚɧɚɥɿɬɢɱɧɢɯ ɡɚɥɟɠɧɨɫɬɟɣ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɤɪɢɬɟɪɿʀɜ ɥɨɤɚɥɶɧɨɝɨ ɪɭɣɧɭɜɚɧɧɹ, ɜ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɜɿɞɤɪɢɬɢɯ ɚɛɨ ɡɚɦɤɧɭɬɢɯ ɬɨɧ-
ɤɨɫɬɿɧɧɢɯ ɩɪɨɮТɥТɜ Д3, 4Ж: 

1. ɤɪɢɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɧɚɩɪɭɠɟɧɶ (Ʉȱɇ) Kȱɫ, Kȱȱɫ, Kȱȱȱɫ; 
2. ɤɪɢɬɢɱɧɟ ɪɨɡɤɪɢɬɬɹ ɛɟɪɟɝɿɜ ɬɪɿɳɢɧɢ ɜ ʀʀ ɜɟɪɲɢɧɿ δ ɫ; 
3. ɝɭɫɬɢɧɭ ɟɧɟɪɝɿʀ ɪɭɣɧɭɜɚɧɧɹ ɚɛɨ ɟɮɟɤɬɢɜɧɭ ɩɨɜɟɪɯɧɟɜɭ ɟɧɟɪɝɿɸ γɟ – ɪɨɛɨɬɭ ɹɤɭ 

ɧɟɨɛɯɿɞɧɨ ɡɚɬɪɚɬɢɬɢ ɧɚ ɭɬɜɨɪɟɧɧɹ ɨɞɢɧɢɰɿ ɜɿɥɶɧɨʀ ɩɨɜɟɪɯɧɿ. 
Ɍɚɤɨɠ ɡ ɦɟɬɨɸ ɤɿɥɶɤɿɫɧɨʀ ɨɰɿɧɤɢ ɨɩɨɪɭ ɪɨɡɜɢɬɤɨɜɿ ɬɪɿɳɢɧɢ ɡɚɫɬɨɫɨɜɭɸɬɶ ɩɨɧɹɬɬɹ 

ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɢɜɿɥɶɧɟɧɧɹ ɟɧɟɪɝɿʀ ɞɟɮɨɪɦɚɰɿʀ cG1 , J -ɿɧɬɟɝɪɚɥ. 
Ɍɚɤ ɹɤ ɬɨɧɤɨɫɬɿɧɧɿ ɟɥɟɦɟɧɬɢ ɬɪɢɦɤɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ ɦɚɲɢɧ 

ɱɚɫɬɨ ɩɪɚɰɸɸɬɶ ɩɪɢ ɞɿʀ ɫɢɥ ɪɨɡɬɹɝɭ ɿ ɡɝɢɧɚɥɶɧɢɯ ɦɨɦɟɧɬɿɜ, ɬɨ ʀɯ ɪɭɣɧɭɜɚɧɧɹ ɱɚɫɬɿɲɟ 
ɜɫɶɨɝɨ ɜɿɞɛɭɜɚєɬɶɫɹ ɲɥɹɯɨɦ ɪɨɡɜɢɬɤɭ ɬɪɿɳɢɧ ɧɨɪɦɚɥɶɧɨɝɨ ɜɿɞɪɢɜɭ. ȼ ɬɚɤɨɦɭ ɜɢɩɚɞɤɭ 
ɇȾɋ ɡɚɥɟɠɢɬɶ ɜɿɞ ɜɟɥɢɱɢɧɢ Ʉȱ [5]. 

Ɉɫɧɨɜɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ ɡɜ’ɹɡɚɧɿ ɧɚɫɬɭɩɧɢɦ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 
[1, 4] 
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Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ. ɍ ɫ/ɝ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɿ ɩɨɲɢɪɟɧɢɦɢ є ɦɟɬɚɥɨɤɨɧ-
ɫɬɪɭɤɰɿʀ ɬɪɢɦɤɢɯ ɪɚɦ ɦɨɛɿɥɶɧɢɯ ɦɚɲɢɧ, ɹɤɿ ɜɢɝɨɬɨɜɥɹɸɬɶɫɹ ɡ ɝɧɭɬɨɝɨ ɱɢ ɝɚɪɹɱɟɤɚɬɚɧɨɝɨ 
ɲɜɟɥɟɪɚ, ɬɨɧɤɨɫɬɿɧɧɢɯ ɬɪɭɛ. Ɉɫɤɿɥɶɤɢ ɞɥɹ ɲɜɟɥɟɪɚ ɧɚɣɛɿɥɶɲ ɣɦɨɜɿɪɧɢɦ ɦɿɫɰɟɦ ɡɚɪɨɞ-
ɠɟɧɧɹ ɬɪɿɳɢɧ є ɜɟɪɲɢɧɚ ɣɨɝɨ ɩɨɥɢɱɨɤ, Ʉȱɇ ɜɢɡɧɚɱɚєɬɶɫɹ ɭ ɜɟɪɲɢɧТ ɬɪɿɳɢɧɢ ɩɪɢ ɞɿʀ ɧɚ 
ɲɜɟɥɟɪ ɜɿɞɩɨɜɿɞɧɨɝɨ ɡɨɜɧɿɲɧɶɨɝɨ ɫɢɥɨɜɨɝɨ ɮɚɤɬɨɪɭ. Ɋɿɲɟɧɧɹ ɚɧɚɥɨɝɿɱɧɨʀ ɡɚɞɚɱɿ ɬɟɨɪɿʀ 
ɬɪɿɳɢɧ ɩɨɜ'ɹɡɚɧɟ ɿɡ ɡɧɚɱɧɢɦɢ ɬɪɭɞɧɨɳɚɦɢ, ɹɤɿ ɜɢɧɢɤɚɸɬɶ ɡ ɩɪɢɱɢɧɢ ɫɤɥɚɞɧɨʀ ɞɥɹ ɞɚɧɢɯ 
ɪɨɡɪɚɯɭɧɤɿɜ ɤɨɧɮТɝɭɪɚɰТʀ ɲɜɟɥɟɪɚ. Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɬɚɤɨʀ ɡɚɞɚɱɿ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɿɧɬɟɪɩɨ-
ɥɹɰɿɣɧɢɣ ɦɟɬɨɞ ɇɟɣɛɟɪɚ.  

Ⱦɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ɜɟɥɢɱɢɧɢ ɪɨɡɤɪɢɬɬɹ ɬɪɿɳɢɧɢ, ɹɤɚ ɜɢɯɨɞɢɬɶ ɡ ɜɟɪɲɢɧɢ ɩɨɥɢɰɿ 
ɲɜɟɥɟɪɚ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɩɿɞ ɞɿєɸ ɡɝɢɧɚɥɶɧɨɝɨ ɦɨɦɟɧɬɭ ɭ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ʀʀ ɪɨɡɦɿɪɿɜ ɞɨ-
ɰɿɥɶɧɢɦ є ɡɚɫɬɨɫɭɜɚɧɧɹ ɜɿɞɨɦɨɝɨ ɦɟɬɨɞɭ ɟɤɜɿɜɚɥɟɧɬɧɢɯ ɫɬɚɧɿɜ, ɭ ɪɟɡɭɥɶɬɚɬɿ ɨɞɟɪɠɭєɬɶɫɹ 
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ɞɟ Iδ  – ɜɟɥɢɱɢɧɚ ɪɨɡɤɪɢɬɬɹ ɬɪɿɳɢɧɢ; ( )0σ – ɧɚɩɪɭɠɟɧɧɹ ɹɤɢɦɢ ɪɨɡɬɹɝɭєɬɶɫɹ ɩɥɚɫɬɢɧɚ; 

Tσ  – ɦɟɠɚ ɬɟɤɭɱɨɫɬɿ ɦɟɬɚɥɭ ɲɜɟɥɟɪɚ; ȿ – ɦɨɞɭɥɶ ɩɪɭɠɧɨɫɬɿ ɩɟɪɲɨɝɨ ɪɨɞɭ. 
ɉɪɢ ɪɨɡɝɥɹɞɿ ɬɨɧɤɨɫɬɿɧɧɨʀ ɩɪɹɦɨɤɭɬɧɨʀ ɬɪɭɛɢ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɩɿɞ ɞɿєɸ ɫɬɢɫɧɟ-

ɧɨɝɨ ɤɪɭɱɟɧɧɹ (ɧɚɩɪɢɤɥɚɞ, ɡ’єɞɧɚɧɧɹ ɩɨɩɟɪɟɱɢɧɢ ɿ ɥɨɧɠɟɪɨɧɚ ɫ/ɝ ɩɪɢɱɟɩɚ), ɹɤɚ ɨɫɥɚɛ-
ɥɟɧɚ ɧɚɫɤɪɿɡɧɨɸ ɬɪɿɳɢɧɨɸ, ɳɨ ɩɨɲɢɪɸєɬɶɫɹ ɡ ɤɭɬɚ ɩɟɪɟɬɢɧɭ ɭ ɧɚɩɪɹɦɤɭ ɤɨɠɧɨʀ ɡ ɫɬɿɧɨɤ 
Ʉȱɇ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ ɫɬɿɧɤɢ )1(IK  ɿ ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɨʀ ɫɬɿɧɤɢ )2(IK  
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ɞɟ ωσ  – ɧɨɪɦɚɥɶɧɿ ɫɟɤɬɨɪɚɥɶɧɿ ɧɚɩɪɭɠɟɧɧɹ ɩɪɢ ɫɬɢɫɧɟɧɨɦɭ ɤɪɭɱɟɧɧɿ, Ɇɉɚ; a ɿ b ɲɢɪɢɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ ɬɚ ɜɟɪɬɢɤɚɥɶɧɨʀ ɫɬɿɧɤɢ ɩɪɨɮɿɥɸ, ɦ; 

 
a

l
=1ε , 

b

l
=2ε , 11 δ⋅= aS , 22 δ⋅= bS  (6) 

( )21

)(

1 ,εεωB
F , ( )21

)(

2 ,εεωB
F  – ɮɭɧɤɰɿʀ ɩɨɩɪɚɜɤɢ, ɹɤɿ ɜɪɚɯɨɜɭɸɬɶ ɡɦɿɧɭ ɝɟɨɦɟɬɪɿʀ ɬɨɧ-

ɤɨɫɬɿɧɧɨɝɨ ɡɚɦɤɧɭɬɨɝɨ ɩɪɨɮɿɥɸ ɩɪɢ ɩɨɲɢɪɟɧɧɿ ɭ ɧɶɨɦɭ ɜɬɨɦɧɨʀ ɬɪɿɳɢɧɢ. 
Ɉɬɠɟ, ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɩɨɜɧɨʀ ɿ ɟɮɟɤɬɢɜɧɨʀ ɤɪɢɬɟɪɿɚɥɶɧɨʀ ɨɰɿɧɤɢ ɧɟɫɭɱɢɯ ɪɚɦ 

ɦɨɛɿɥɶɧɢɯ ɫ/ɝ ɦɚɲɢɧ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɫɢɥɨɜɿ ɮɚɤɬɨɪɢ, ɹɤɿ ɞɿɸɬɶ ɭ ɧɚɣɛɿɥɶɲ ɧɟɛɟɡ-
ɩɟɱɧɢɯ ɩɟɪɟɬɢɧɚɯ. Ɉɩɬɢɦɚɥɶɧɢɦ є ɜɫɬɚɧɨɜɥɟɧɧɹ ɫɢɥɨɜɢɯ ɮɚɤɬɨɪɿɜ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ ɬɟɧ-
ɡɨɦɟɬɪɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɧɚɩɪɭɠɟɧɨɫɬɿ ɧɟɫɭɱɨʀ ɪɚɦɢ ɦɚɲɢɧɢ ɜ ɪɟɚɥɶɧɢɯ ɭɦɨɜɚɯ ɟɤɫɩɥɭ-
ɚɬɚɰɿʀ. 

ɉɪɢɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɭɬɨɱɧɸɸɱɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɧɚ ɨɫɧɨɜɿ ɪɟ-
ɡɭɥɶɬɚɬɿɜ ɩɨɥɶɨɜɢɯ ɞɨɫɥɿɞɠɟɧɶ ɧɟɫɭɱɨʀ ɪɚɦɢ ɫ/ɝ ɩɪɢɱɟɩɚ, ɩɪɨɜɟɞɟɧɢɯ ɧɚ ɩɨɥɹɯ Ɂɛɨɪɿɜɫɶ-
ɤɨɝɨ ɤɨɥɟɞɠɭ ɌɇɌɍ ɿɦ. ȱ. ɉɭɥɸɹ (Ɍɟɪɧɨɩɿɥɶɫɶɤɚ ɨɛɥ.). Ⱦɥɹ ɡɦɟɧɲɟɧɧɹ ɬɪɭɞɨɦɿɫɬɤɨɫɬɿ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɩɪɢɱɟɩɚ ɬɪɚɤɬɨɪɧɨɝɨ 2ɉɌɋ – 4, ɩɪɢ ɡɛɟɪɟɠɟɧɧɿ ɧɟɨɛ-
ɯɿɞɧɨʀ ɬɨɱɧɨɫɬɿ ɪɟɡɭɥɶɬɚɬɿɜ ɜɢɦɿɪɿɜ, ɡɚɫɬɨɫɨɜɚɧɨ ɧɚɫɬɭɩɧɿ ɦɟɬɨɞɢɱɧɿ ɩɪɢɣɨɦɢ [6, 7]: 

— ɞɥɹ ɩɨɩɟɪɟɞɧɶɨɝɨ ɚɧɚɥɿɡɭ ɿ ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɪɟɠɢɦɭ ɜɢɩɪɨɛɭɜɚɧɶ ɨɩɪɚɰɸ-
ɜɚɥɢ ɿɧɮɨɪɦɚɰɿɸ ɞɥɹ ɬɢɯ ɬɢɩɨɜɢɯ ɜɚɪɿɚɧɬɿɜ ɟɤɫɩɥɭɚɬɚɰɿʀ, ɩɪɢ ɹɤɢɯ ɚɦɩɥɿɬɭɞɢ ɧɚɩɪɭɠɟɧɶ 
ɦɨɠɭɬɶ ɩɟɪɟɜɢɳɭɜɚɬɢ ɦɟɠɿ ɜɢɬɪɢɜɚɥɨɫɬɿ ɞɟɬɚɥɟɣ. ɉɪɢ ɬɪɚɧɫɩɨɪɬɧɢɯ ɪɨɛɨɬɚɯ ɞɨɜɠɢɧɚ 
ɝɨɧɭ ɫɬɚɧɨɜɢɥɚ 1200 ɦ.; 

— ɞɥɹ ɬɟɧɡɨɦɟɬɪɭɜɚɧɧɹ ɜɢɛɪɚɥɢ ɬɢɩɨɜɿ ɞɥɹ ɞɚɧɨʀ ɦɚɲɢɧɢ ɨɩɟɪɚɰɿʀ; 
—  ɧɚ ɩɿɞɫɬɚɜɿ ɞɨɫɥɿɞɠɟɧɶ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ [4, 5, 6, 7, 10, 13] ɤɿɥɶɤɿɫɬɶ 

ɬɟɧɡɨɪɟɡɢɫɬɨɪɿɜ, ɧɚɤɥɟєɧɢɯ ɧɚ ɧɟɫɭɱɭ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿɸ ɩɪɢɱɟɩɚ, ɛɭɥɚ ɨɛɦɟɠɟɧɚ; 
— ɞɚɬɱɢɤɢ ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ ɜ ɦɿɫɰɹɯ ɡ ɨɞɧɨɜɿɫɧɢɦ ɧɚɩɪɭɠɟɧɢɦ ɫɬɚɧɨɦ, ɨɬɠɟ 

ɜɢɦɿɪɸɜɚɧɧɹ ɧɚɩɪɭɠɟɧɶ є ɦɨɠɥɢɜɢɦ ɡɚ ɞɨɩɨɦɨɝɨɸ ɨɞɧɨɝɨ ɬɟɧɡɨɪɟɡɢɫɬɨɪɚ, ɧɚɤɥɟєɧɨɝɨ 
ɜɡɞɨɜɠ ɨɫɿ ɞɿʀ ɫɢɥɢ, ɬɟɧɡɨɪɟɡɢɫɬɨɪɢ ɧɚɤɥɟɸɜɚɥɢɫɹ ɫɢɦɟɬɪɢɱɧɨ ɡ ɨɛɨɯ ɫɬɨɪɿɧ ɪɚɦɢ. 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɩɨɩɟɪɟɞɧɿɯ ɩɨɥɿɝɨɧɧɢɯ ɜɢɩɪɨɛɭɜɚɧɶ ɜɤɚɡɚɧɨɝɨ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪ-
ɫɶɤɨɝɨ ɩɪɢɱɟɩɚ, ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɭ ɩɨɥɶɨɜɢɯ ɭɦɨɜɚɯ ɜɢ-
ɤɨɪɢɫɬɚɧɨ 12 ɬɟɧɡɨɪɟɡɢɫɬɨɪɿɜ ɄɎ5ɉ1 – 1- 200, ɹɤɿ ɪɨɡɦɿɳɭɜɚɥɢɫɶ ɭ ɧɚɣɛɿɥɶɲ ɧɚɜɚɧɬɚɠɟ-
ɧɢɯ ɦɿɫɰɹɯ ɡ ɜɢɫɨɤɨɸ ɤɨɧɰɟɧɬɪɚɰɿєɸ ɧɚɩɪɭɠɟɧɶ (ɪɢɫ.1) [7, 8]. ȼɪɚɯɨɜɭɸɱɢ ɫɢɦɟɬɪɢɱ-
ɧɿɫɬɶ ɤɨɧɫɬɪɭɤɰɿʀ ɬɟɧɡɨɪɟɡɢɫɬɨɪɢ ɧɚɤɥɟɸɜɚɥɢɫɹ ɜ ɡɨɧɚɯ ɡɜɚɪɧɢɯ ɡ'єɞɧɚɧɶ ɥɨɧɠɟɪɨɧɿɜ ɡ 
ɩɨɩɟɪɟɱɢɧɚɦɢ ɧɚ ɜɿɞɫɬɚɧɿ 10ɦɦ ɜɿɞ ɤɪɚʀɜ ɡ ɨɛɨɯ ɫɬɨɪɿɧ ɩɪɢɱɟɩɚ (ɪɢɫ. 1). ȼ ɰɿɥɨɦɭ, 
ɫɬɚɛɿɥɶɧɿɫɬɶ ɪɟɠɢɦɭ ɞɨɫɥɿɞɠɟɧɶ ɤɨɧɬɪɨɥɸєɬɶɫɹ ɞɨɬɪɢɦɚɧɧɹɦ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ, ɡɚɜɚɧɬɚ-
ɠɟɧɧɹ ɩɪɢɱɟɩɭ, ɬɢɫɤɨɦ ɭ ɲɢɧɚɯ ɤɨɥɿɫ. 
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Ɋɢɫ.1 –ɋɯɟɦɚ ɪɨɡɦɿɳɟɧɧɹ ɬɟɧɡɨɪɟɡɢɫɬɨɪɿɜ ɧɚ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿʀ ɧɟɫɭɱɨʀ ɪɚɦɢ ɩɪɢɱɟɩɚ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ 2ɉɌɋ – 4 

ɍ ɡɜ’ɹɡɤɭ ɡɿ ɫɜɿɬɨɜɢɦɢ ɬɟɧɞɟɧɰɿɹɦɢ ɪɨɡɜɢɬɤɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

ɫɤɥɚɞɧɢɯ ɧɟɫɭɱɢɯ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿɣ ɜ ɪɟɚɥɶɧɢɯ ɭɦɨɜɚɯ ɟɤɫɩɥɭɚɬɚɰɿʀ, ɜɢɩɪɨɛɭɜɚɧɧɹ 

ɩɪɢɱɟɩɭ ɩɪɨɜɨɞɢɥɢɫɶ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɭɧɿɜɟɪɫɚɥɶɧɨʀ ɜɢɦɿɪɸɜɚɥɶɧɨʀ ɫɢɫɬɟɦɢ (ɍȼɋ) [8], 

ɹɤɚ ɩɪɚɰɸє ɭ ɚɜɬɨɧɨɦɧɨɦɭ ɪɟɠɢɦɿ ɱɟɪɟɡ ɜɛɭɞɨɜɚɧɢɣ ɦɿɤɪɨɤɨɦɩ’ɸɬɟɪ ɡ ɪɟєɫɬɪɚɰɿєɸ ɿɧ-
ɮɨɪɦɚɰɿʀ ɧɚ ɡɨɜɧɿɲɧɿɣ ɉɄ ɩɪɢ ɡ’єɞɧɚɧɧɿ ɱɟɪɟɡ LPT-ɩɨɪɬ. Ⱦɚɧɚ ɫɢɫɬɟɦɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ 

ɤɨɦɩɥɟɤɬɭ ɪɿɡɧɨɬɢɩɨɜɢɯ ɞɚɬɱɢɤɿɜ: ɬɟɧɡɨɪɟɡɢɫɬɨɪɿɜ, ɞɚɬɱɢɤɿɜ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ, ɜɿɛɪɨ-
ɚɤɫɟɥɟɦɨɦɟɬɪɿɜ, ɞɢɧɚɦɨɦɟɬɪɿɜ, ɩɪɢɫɬɪɨʀɜ ɞɥɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɨɰɿɧɤɢ ɦɚɲɢɧ ɬɚ ɿɧ., ɹɤɿ ɛɟɡ-
ɩɨɫɟɪɟɞɧɶɨ ɤɪɿɩɥɹɬɶɫɹ ɧɚ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿʀ ɞɨɫɥɿɞɠɭɜɚɥɶɧɨʀ ɦɚɲɢɧɢ, ɍȼɋ, ɹɤɚ ɡɚɛɟɡ-
ɩɟɱɭє ɩɿɞɫɢɥɟɧɧɹ, ɮɿɥɶɬɪɚɰɿɸ ɿ ɪɟєɫɬɪɚɰɿɸ ɫɬɚɬɨɞɢɧɚɦɿɱɧɢɯ ɫɢɝɧɚɥɿɜ, ɚ ɬɚɤɨɠ ɩɚɤɟɬɭ 

ɩɪɨɝɪɚɦ ɞɥɹ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɬɚ ɫɬɚɬɢɫɬɢɱɧɨʀ ɨɛɪɨɛɤɢ ɨɞɟɪɠɚɧɢɯ ɞɚɧɢɯ. ɍɧɿɜɟɪ-
ɫɚɥɶɧɿɫɬɶ ɫɢɫɬɟɦɢ ɜɢɡɧɚɱɚєɬɶɫɹ ɦɨɠɥɢɜɿɫɬɸ ɩɿɞɤɥɸɱɟɧɧɹ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɞɚɬɱɢɤɿɜ, ɳɨ ɡɚ-
ɛɟɡɩɟɱɭєɬɶɫɹ ɜɢɦɿɪɸɜɚɥɶɧɢɦɢ ɦɨɞɭɥɹɦɢ ɡ ɭɧɿɜɟɪɫɚɥɶɧɢɦɢ ɜɢɦɿɪɸɜɚɥɶɧɢɦɢ ɤɚɧɚɥɚɦɢ 

(1-8). Ⱦɚɧɚ ɫɯɟɦɚ ɪɟɚɥɿɡɭєɬɶɫɹ ɩɪɢ ɚɜɬɨɧɨɦɧɨɦɭ ɪɟɠɢɦɿ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ. ɉɪɢ ɪɨɛɨɬɿ ɡ 

ɡɨɜɧɿɲɧɿɦ ɤɨɦɩ'ɸɬɟɪɨɦ ɡɚɝɚɥɶɧɟ ɱɢɫɥɨ ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɤɚɧɚɥɿɜ 32, ɡ ɹɤɢɯ 8 – ɭɧɿɜɟɪ-
ɫɚɥɶɧɿ, ɚ 24 (9-32) ɡɚɛɟɡɩɟɱɭɸɬɶ ɪɨɛɨɬɭ ɬɿɥɶɤɢ ɡ ɜɢɯɿɞɧɢɦɢ ɫɢɝɧɚɥɚɦɢ ɭ ɜɢɝɥɹɞɿ ɧɚɩɪɭɝɢ 

ɡ ɧɢɠɧɿɦ ɞɿɚɩɚɡɨɧɨɦ ± 1,25ȼ. 

Ɉɫɧɨɜɧɿ ɬɟɯɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɧɿɜɟɪɫɚɥɶɧɢɯ ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɤɚɧɚɥɿɜ: 
• ɦɿɧɿɦɚɥɶɧɢɣ ɨɩɿɪ ɪɟɡɢɫɬɢɜɧɢɯ ɞɚɬɱɢɤɿɜ: 50 Ɉɦ; 
• ɠɢɜɥɟɧɧɹ ɞɚɬɱɢɤɿɜ ɧɚɩɪɭɝɨɸ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ: 0,5ȼ; 2,0ȼ; 5,0ȼ; 
• ɤɨɟɮɿɰɿєɧɬ ɩɿɞɫɢɥɟɧɧɹ ɜ ɪɟɠɢɦɿ ɪɨɛɨɬɢ ɡ ɬɟɧɡɨɪɟɡɢɫɬɨɪɚɦɢ: 100×1; 2; 4; 8; 16; 

32; 64; 128; 

• ɪɟɠɢɦ ɜɢɦɿɪɸɜɚɧɶ – ɫɬɚɬɨɞɢɧɚɦɿɤɚ; ɞɿɚɩɚɡɨɧ ɩɨɱɚɬɤɨɜɨɝɨ ɛɚɥɚɧɫɭɜɚɧɧɹ ɬɟɧɡɨ-
ɦɨɫɬɿɜ ±2%; 

• ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɞɪɟɣɮ ɧɭɥɹ, ɧɟ ɛɿɥɶɲɟ ±1ɦɤȼ/°ɋ; ɨɫɧɨɜɧɚ ɩɨɯɢɛɤɚ ɤɚɧɚɥɭ ɧɟ 
ɛɿɥɶɲɟ ±0,2%; 

• ɞɿɚɩɚɡɨɧ ɤɨɦɩɟɧɫɚɰɿʀ ɦɨɠɥɢɜɨɝɨ ɡɦɿɳɟɧɧɹ ɧɭɥɹ: ±5ȼ; 
• ɱɚɫɬɨɬɢ ɡɪɿɡɭ Ɏɇɑ: 4; 8; 16; 20; 32; 40; 64; 80; 128Ƚɰ. 
ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɧɹɦ ɜɢɩɪɨɛɭɜɚɧɶ ɩɪɨɜɨɞɢɥɨɫɹ ɬɚɪɭɜɚɧɧɹ ɞɚɬɱɢɤɿɜ (ɭ ɤɿɥɶɤɨɫɬɿ 

10% ɜɿɞɿɛɪɚɧɨʀ ɩɚɪɬɿʀ) ɬɚ ɬɟɧɡɨɦɟɬɪɢɱɧɢɯ ɤɚɧɚɥɿɜ ɪɟєɫɬɪɭɸɱɨʀ ɫɢɫɬɟɦɢ.  
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ɉɨɥɶɨɜɿ ɬɟɧɡɨɦɟɬɪɢɱɧɿ ɜɢɩɪɨɛɭɜɚɧɧɹ ɩɪɨɜɨɞɢɥɢɫɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɨɛɿɝɿɜ ɬɪɚɤ-
ɬɨɪɧɢɯ ɩɪɢɱɟɩɿɜ ɪɿɡɧɢɦɢ ɬɢɩɚɦɢ ɞɨɪɿɝ Д10Ж: ɩɪɨɛɿɝ ɚɫɮɚɥɶɬɨɜɢɦɢ ɞɨɪɨɝɚɦɢ ɫɬɚɧɨɜɢɬɶ, ɜ 
ɫɟɪɟɞɧɶɨɦɭ, 40%, ɡɚɝɚɥɶɧɢɣ ɩɪɨɛɿɝ ʉɪɭɧɬɨɜɢɦɢ ɞɨɪɨɝɚɦɢ ɪɿɡɧɢɯ ɤɚɬɟɝɨɪɿɣ ɫɬɚɧɨɜɢɬɶ ɞɨ 
60%. ɇɚɜɚɧɬɚɠɟɧɧɹɦ ɩɪɢɱɟɩɚ - 4400 ɤɝ (ɜɢɳɟ ɜɿɞ ɧɨɦɿɧɚɥɶɧɨɝɨ ɧɚ 10%) ɩɪɢ ɪɿɜɧɨɦɿɪ-
ɧɨɦɭ ɪɨɡɦɿɳɟɧɧɿ ɜɚɧɬɚɠɭ ɧɚ ɩɥɚɬɮɨɪɦɿ ɤɭɡɨɜɚ, ɬɢɫɤ ɭ ɲɢɧɚɯ – 3.5 ɚɬɦ., ɲɜɢɞɤɿɫɬɶ 
ɡɦɿɧɸɜɚɥɚɫɹ ɭ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɪɟɠɢɦɭ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ: ɧɚ ʉɪɭɧɬɨɜɿɣ ɞɨɪɨɡɿ - 20 ɤɦ/ɝɨɞ., 
ɩɪɢ ɪɭɫɿ ɩɨ ɩɨɥɸ, ɩɨɩɟɪɟɤ ɛɨɪɿɧ - 8 ɤɦ/ɝɨɞ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɟɞɟɧɨ ɩɪɢ ɚɝɪɟɝɚɬɭɜɚɧɧɿ 
ɩɪɢɱɟɩɚ ɡ ɬɪɚɤɬɨɪɨɦ ɆɌɁ – 50, ɪɟɡɭɥɶɬɚɬɢ ɜɿɞɨɛɪɚɠɟɧɨ ɭ ɬɚɛɥ.1. 

Ɍɚɛɥɢɰɹ 1 

Ɋɟɡɭɥɶɬɚɬɢ ɭɬɨɱɧɸɸɱɢɯ ɬɟɧɡɨɦɟɬɪɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɧɟɫɭɱɨʀ ɪɚɦɢ 

ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ ɩɪɢɱɟɩɚ 2ɉɌɋ – 4 ɜ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ ɭɦɨɜɚɯ 

№ 
ɩ/ɩ 

№ 
ɞɚɬɱ. 

ʈɪɭɧɬɨɜɚ ɞɨɪɨɝɚ, ɪɨɛɨɱɚ ɲɜɢɞɤɿɫɬɶ 
↑=20 ɤɦ/ɝɨɞ., ɞɨɜɠɢɧɚ ɝɨɧɭ 1200 ɦ., 
ɬɢɫɤ ɭ ɲɢɧɚɯ ɤɨɥɿɫ 3.5 ɚɬɦ. ɇɚɜɚɧɬɚ-
ɠɟɧɧɹɦ ɩɪɢɱɟɩɚ 4.4 ɬ. 

Ɋɭɯ ɩɨɥɟɦ ɩɨɩɟɪɟɤ ɛɨɪɿɧ, ɪɨɛɨɱɚ 
ɲɜɢɞɤɿɫɬɶ ↑=8 ɤɦ/ɝɨɞ, ɞɨɜɠɢɧɚ 
ɝɨɧɭ 400 ɦ., ɬɢɫɤ ɭ ɲɢɧɚɯ ɤɨɥɿɫ     
3.5 ɚɬɦ. ɇɚɜɚɧɬɚɠɟɧɧɹɦ ɩɪɢɱɟɩɚ 
4.4 ɬ. 

Ⱥɦ-
ɩɥɿɬɭɞɚ 
ɦɚɤɫ. 

ɧɚɩɪɭɠ. 
Ⱥmax, Ɇɉɚ 

Ⱥɦ-
ɩɥɿɬɭɞɚ 
ɫɟɪɟɞɧ. 
ɧɚɩɪɭɠ. 

Ⱥɫɟɪ. Ɇɉɚ 

Ⱥɦɩɥɿɬɭɞɚ 
ɦɿɧ. 

ɧɚɩɪɭɠ. 
Ⱥmin, Ɇɉɚ 

Ⱥɦɩɥɿɬɭɞɚ 
ɦɚɤɫ. 

ɧɚɩɪɭɠ. 
Ⱥmax, Ɇɉɚ 

Ⱥɦ-
ɩɥɿɬɭɞɚ 
ɫɟɪɟɞɧ. 
ɧɚɩɪɭɠ. 

Ⱥɫɟɪ. Ɇɉɚ 

Ⱥɦ-
ɩɥɿɬɭɞɚ 

ɦɿɧ. 
ɧɚɩɪɭɠ
. Ⱥmin, 

Ɇɉɚ 

1. I 89 62 35 135 64 37 

2. II 66 50 34 90 56 32 

3. III 129 69 31 186 78 30 

4. IV 95 60 34 180 77 31 

5. V 120 49 32 189 81 39 

6. VI 75 55 33 159 69 36 

7. VII 88 61 34 133 63 38 

8. VII 67 51 35 94 55 31 

9. IX 130 68 32 182 77 29 

10. X 94 61 33 177 76 32 

11. XI 121 50 31 185 80 38 

12. XII 95 56 32 161 68 35 

 

ȼɢɫɧɨɜɤɢ. ɉɨɞɚɧɨ ɪɟɡɭɥɶɬɚɬɢ ɩɪɨɜɟɞɟɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɩɨɥɶɨɜɢɯ ɞɨ-
ɫɥɿɞɠɟɧɶ ɩɪɢɱɟɩɚ ɬɪɚɤɬɨɪɧɨɝɨ 2ɉɌɋ – 4. ɇɚ ɨɫɧɨɜɿ ɱɨɝɨ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɬɜɨɪɟɧɧɹ 
ɜɿɞɩɪɚɜɧɨʀ ɛɚɡɢ ɜɢɪɨɛɥɟɧɧɹ ɤɪɢɬɟɪɿʀɜ ɨɰɿɧɤɢ ɦɿɰɧɨɫɬɿ ɧɚɣɛɿɥɶɲ ɩɨɲɢɪɟɧɢɯ ɩɟɪɟɬɢɧɿɜ 
ɧɟɫɭɱɢɯ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿɣ ɫ/ɝ ɩɪɢɱɟɩɿɜ ɡ ɩɨɡɢɰɿɣ ɬɪɿɳɢɧɨɬɪɢɜɤɨɫɬɿ ɜɢɯɨɞɹɱɢ ɡ ɮɚɤ-
ɬɨɪɿɜ ʀɯ ɩɨɱɚɬɤɨɜɨʀ ɞɟɮɟɤɬɧɨɫɬɿ ɭ ɩɨєɞɧɚɧɧɿ ɡ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɦɢ ɞɨɫɥɿɞɠɟɧɧɹɦɢ ɜ ɪɟɚɥɶ-
ɧɢɯ ɭɦɨɜɚɯ ɟɤɫɩɥɭɚɬɚɰɿʀ ɦɚɲɢɧ ɧɚ ɧɚɣɛɿɥɶɲ ɯɚɪɚɤɬɟɪɧɢɯ ɪɟɥɶєɮɚɯ ɡ ɜɢɛɨɪɨɦ ɨɫɨɛɥɢɜɨ-
ɫɬɟɣ ɨɛɪɨɛɥɸɜɚɧɢɯ ɩɥɨɳ. 
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Summary 

Havron N.B., Kuchvara I.M., Shevchuk O.S., Kononchuk O., Matviishyn A.Y., Ko-

val Y.J. Experimental investigation of agricultural vehicle operative loading 

In paper methodology is substantiated and results are presented for field experimental 

researches of an agricultural trailer. The exact values of the stresses that arise in the design of 

the carrier frame of the vehicle during operation in field conditions are established. Also ana-

lytical dependencies for determining the criteria of local destruction to assess the durability 

indicators, in the case, open or closed thin-walled profiles of the investigated machine bearing 

systems are given. 

Keywords: agricultural vehicle, transportation, tension, operational properties, trailer, 

reliability. 
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