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ȿɇȿɊȽɈȼɂɌɊȺɌɂ Ɋɍɏɍ ɌȺ ɌȿɉɅɈȼɂɃ ɊȿɀɂɆ ɊɈȻɈɌɂ ȽɋɌ  
ɆȺɅɈȽȺȻȺɊɂɌɇɈȽɈ ɇȺȼȺɇɌȺɀɍȼȺɑȺ  Ɂ ɇȿɄȿɊɈȼȺɇɂɆɂ ɄɈɅȿɋȺɆɂ 

 

Ɋɚɡɚɪɶɨɧɨɜ Ʌ. ȼ. 1,  Ʉɨɜɚɥɟɜɫɶɤɢɣ ɋ. Ƚ.,  əɪɢɠɤɨ Ɉ. ȼ.  
1ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ   

 
Аɧɨɬɚɰіɹ. Ɋɨɡɝɥɹɧɭɬɚ ɩɪɨɛɥɟɦɚ ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɭ ɝɿɞɪɨɨɛ’єɦɧɢɯ ɩɟɪɟɞɚɱ ɬɹɝɨɜɨ-
ɝɨ ɩɪɢɜɨɞɚ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɡ ɛɨɪɬɨɜɨɸ ɫɢɫɬɟɦɨɸ ɩɨɜɨɪɨɬɭ.  
Кɥɸɱɨɜі ɫɥɨɜɚ: ɦɚɥɨɝɚɛɚɪɢɬɧɢɣ ɧɚɜɚɧɬɚɠɭɜɚɱ, ɬɟɩɥɨɜɢɣ ɪɟɠɢɦ, ɩɨɜɨɪɨɬ. 
 

ȼɫɬɭɩ 

Ɇɚɥɨɝɚɛɚɪɢɬɧɿ ɤɨɜɲɨɜɿ ɤɨɥɿɫɧɿ ɧɚɜɚɧɬɚ-
ɠɭɜɚɱɿ ɡ ɛɨɪɬɨɜɨɸ ɫɢɫɬɟɦɨɸ ɩɨɜɨɪɨɬɭ ɨɛɥɚ-
ɞɧɚɧɿ ɞɜɨɦɚ ɧɟɡɚɥɟɠɧɢɦɢ ɪɟɝɭɥɶɨɜɚɧɢɦɢ 
ɝɿɞɪɨɨɛ’єɦɧɢɦɢ ɩɟɪɟɞɚɱɚɦɢ ɜ ɬɹɝɨɜɨɦɭ ɩɪɢ-
ɜɨɞɿ. ȿɮɟɤɬɢɜɧɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɚɤɨɝɨ ɬɢɩɭ 
ɦɚɲɢɧ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɹɝɨɜɨ-ɲɜɢɞɤɿɫɧɢɯ ɪɟ-
ɠɢɦɿɜ ʀɯ ɪɭɯɭ, ɫɬɿɣɤɨɫɬɿ ɬɚ ɬɟɩɥɨɜɨɝɨ ɫɬɚɧɭ 
ɝɿɞɪɨɩɟɪɟɞɚɱ.  ɍ ɡɚɝɚɥɶɧɨɦɭ ɰɢɤɥɿ ɪɨɛɨɬɢ 
ɧɚɜɚɧɬɚɠɭɜɚɱɿɜ ɜɢɡɧɚɱɚɥɶɧɢɦɢ є ɪɨɡɝɨɧɨ-

ɝɚɥɶɦɿɜɧɿ ɪɟɠɢɦɢ ɪɭɯɭ ɿ ɩɨɜɨɪɨɬɧɿ ɨɩɟɪɚɰɿʀ, 
ɳɨ ɡɞɿɣɫɧɸɸɬɶɫɹ ɹɤ «ɨɞɪɚɡɭ» ɡɚ ɭɦɨɜ ɩɨɫ-
ɬɿɣɧɨɝɨ ɚɛɨ ɡɦɿɧɧɨɝɨ ɪɚɞɿɭɫɚ ɩɨɜɨɪɨɬɭ, ɬɚɤ ɿ 
ɩɿɞ ɱɚɫ ɪɨɡɜɟɪɬɚɧɧɹ ɧɚ ɦɿɫɰɿ ɩɪɨɬɢɜɨɜɜɿɦɤ-
ɧɟɧɧɹɦ ɛɨɪɬɨɜɢɯ ɝɿɞɪɨɩɟɪɟɞɚɱ. 

ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɿɧɲɢɯ  ɤɨɥɿɫɧɢɯ ɦɚɲɢɧ 
(ɚɜɬɨɦɨɛɿɥɿɜ, ɬɪɚɤɬɨɪɿɜ, ɬɹɝɚɱɿɜ) ɧɚɜɚɧɬɚɠɭ-
ɜɚɱɿ ɡ ɛɨɪɬɨɜɨɸ ɫɢɫɬɟɦɨɸ ɩɨɜɨɪɨɬɭ ɦɚɸɬɶ 
ɞɟɤɿɥɶɤɚ ɩɪɢɧɰɢɩɨɜɢɯ ɨɫɨɛɥɢɜɨɫɬɟɣ: ɩɨ-

ɩɟɪɲɟ, ɱɟɪɟɡ ɪɿɡɧɭ ɜɚɝɭ ɩɟɪɟɦɿɳɭɜɚɧɢɯ ɜɚɧ-
ɬɚɠɿɜ ɿ ɡɦɿɧɧɨɝɨ ɩɨɥɨɠɟɧɧɹ ɤɨɜɲɚ ɜ ɩɪɨɫɬɨɪɿ 
ɜɨɧɢ ɦɚɸɬɶ ɡɦɿɧɧɿ ɤɨɨɪɞɢɧɚɬɢ ɰɟɧɬɪɚ ɦɚɫ; 
ɩɨ-ɞɪɭɝɟ, ɭ ɡɜ’ɹɡɤɭ ɡ ɞɿєɸ ɿɧɟɪɰɿɣɧɢɯ ɫɢɥ ɭ 
ɩɪɨɰɟɫɚɯ ɪɨɡɝɨɧɭ-ɝɚɥɶɦɭɜɚɧɧɹ ɿ ɪɨɡɜɨɪɨɬɭ 
ɜɨɧɢ ɧɟ ɜɨɥɨɞɿɸɬɶ ɫɢɦɟɬɪɢɱɧɿɫɬɸ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɛɨɪɬɿɜ ɿ ɯɨɞɨɜɢɯ ɤɨɥɿɫ; ɩɨ-ɬɪɟɬє, ɪɨɡ-
ɦɿɪɢ ɨɛɥɚɫɬɿ ɤɨɧɬɚɤɬɭɜɚɧɧɹ ɡ ɨɩɨɪɧɨɸ ɩɨɜɟ-
ɪɯɧɟɸ ɧɚɣɛɿɥɶɲ ɧɚɜɚɧɬɚɠɟɧɢɯ ɯɨɞɨɜɢɯ ɤɨɥɿɫ 
ɦɨɠɧɚ ɩɨɪɿɜɧɹɬɢ ɡ ɩɨɡɞɨɜɠɧɶɨɸ ɤɨɨɪɞɢɧɚ-
ɬɨɸ ɰɟɧɬɪɚ ɦɚɫ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɡ ɦɚɤɫɢɦɚɥɶ-
ɧɢɦ ɜɚɧɬɚɠɟɦ ɜ ɤɨɜɲɿ ɚɛɨ ɛɟɡ ɧɶɨɝɨ. 

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

Ɍɟɩɥɨɜɢɣ ɪɟɠɢɦ ɝɿɞɪɨɨɛ’єɦɧɢɯ ɩɟɪɟɞɚɱ 
ɬɹɝɨɜɨɝɨ ɩɪɢɜɨɞɚ ɡɚɥɟɠɢɬɶ ɧɟ ɬɿɥɶɤɢ ɜɿɞ ɟɧɟ-
ɪɝɨɜɢɬɪɚɬ ɧɚ ɩɟɪɟɫɭɜɚɧɧɹ ɦɚɲɢɧɢ, ɚɥɟ ɣ ɜɿɞ 
ɞɨɫɤɨɧɚɥɨɫɬɿ ʀɯ ɫɢɫɬɟɦɢ ɨɯɨɥɨɞɠɟɧɧɹ. Ⱦɨɫ-
ɥɿɞɠɟɧɧɹɦ ɬɟɦɢ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɭ ɝɿɞɪɨɩɪɢ-
ɜɨɞɿɜ ɛɭɞɿɜɟɥɶɧɢɯ ɿ ɞɨɪɨɠɧɿɯ ɦɚɲɢɧ ɡɚɣɦɚ-
ɥɢɫɹ Ʌ. ȼ. ɇɚɡɚɪɨɜ 1,  ɋ. ȼ. Ʉɚɜɟɪɡɿɧ  2,  
ȼ. ɘ. Ɇɚɧɭɣɥɨɜ, Ƚ. ɋ. Ɇɿɪɡɨɹɧ 3,  
ȱ. Ɉ. ɉɟɪɟɜɨɡɧɢɤ 4 ɬɚ ɿɧ. Ɉɬɪɢɦɚɧɿ ɧɢɦɢ 
ɪɟɡɭɥɶɬɚɬɢ ɥɹɝɥɢ ɜ ɨɫɧɨɜɭ ɪɨɡɪɚɯɭɧɤɭ ɬɟɦɩɟ-

ɪɚɬɭɪɢ ɦɚɫɥɚ ɣ ɨɫɧɨɜɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɬɟɩɥɨɨ-
ɛɦɿɧɧɨʀ ɫɢɫɬɟɦɢ ɝɿɞɪɨɩɪɢɜɨɞɿɜ ȻȾɆ. Ⱥɥɟ 
ɧɢɦɢ ɧɟ ɜɪɚɯɨɜɚɧɨ ɧɢɡɤɭ ɱɢɧɧɢɤɿɜ, ɜɥɚɫɬɢ-
ɜɢɯ ɪɟɝɿɨɧɚɦ ɿɡ ɠɚɪɤɢɦ ɤɥɿɦɚɬɨɦ ɿ ɩɿɞɜɢɳɟ-
ɧɨɸ ɫɨɧɹɱɧɨɸ ɪɚɞɿɚɰɿєɸ, – ɚɤɭɦɭɥɸɜɚɧɧɹ 
ɝɿɞɪɨɛɚɤɨɦ ɫɨɧɹɱɧɨʀ ɟɧɟɪɝɿʀ, ɜɩɥɢɜ ɬɟɩɥɨɜɨɝɨ 
ɩɨɬɨɤɭ ȾȼɁ ɧɚ ɟɥɟɦɟɧɬɢ ɝɿɞɪɨɩɪɢɜɨɞɚ. Ɂ ɰɿєʀ 
ɩɪɢɱɢɧɢ ɝɿɞɪɨɩɪɢɜɿɞ ɦɚɥɨɝɚɛɚɪɢɬɧɢɯ ɧɚɜɚɧ-
ɬɚɠɭɜɚɱɿɜ ɡ ɛɨɪɬɨɜɨɸ ɫɢɫɬɟɦɨɸ ɩɨɜɨɪɨɬɭ 
ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɛɿɥɶɲ ɜɚɠɤɢɯ ɭɦɨɜɚɯ ɬɟɩɥɨɜɨ-
ɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɧɿɠ ɭ ɿɧɲɢɯ ȻȾɆ, ɚ ɨɛɥɿɤ ɜ 
ɨɰɿɧɸɜɚɧɧɿ ɣɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɭ, ɳɨ є  
ɜɢɳɢɦ, ɧɿɠ  ɩɟɪɟɪɚɯɨɜɚɧɿ ɱɢɧɧɢɤɢ,  ɫɬɚє ɧɟ-
ɨɛɯɿɞɧɢɦ. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

ɍ ɡɜ’ɹɡɤɭ ɡɿ ɫɤɚɡɚɧɢɦ ɪɨɡɝɥɹɧɭɬɨ ɪɭɯ ɧɚ-
ɜɚɧɬɚɠɭɜɚɱɚ ɡ ɛɨɪɬɨɜɨɸ ɫɢɫɬɟɦɨɸ ɩɨɜɨɪɨɬɭ 
ɜ ɩɪɨɰɟɫɚɯ ɪɨɡɝɨɧɭ-ɝɚɥɶɦɭɜɚɧɧɹ ɿ ɩɿɞ ɱɚɫ ɪɨ-
ɡɜɨɪɨɬɿɜ ɬɚ ɜɫɬɚɧɨɜɥɟɧɿ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ, ɳɨ 
ɜɢɡɧɚɱɚɸɬɶ  ɧɚɜɚɧɬɚɠɟɧɧɹ ɝɿɞɪɨɨɛ’єɦɧɢɯ 
ɩɟɪɟɞɚɱ ɬɹɝɨɜɨɝɨ ɩɪɢɜɨɞɚ ɬɚ ʀɯ ɬɟɩɥɨɜɢɞɿ-
ɥɟɧɧɹ. 

Ɉɩɿɪ ɩɨɜɨɪɨɬɭ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɧɚ ɬɜɟɪɞɿɣ 
ɨɩɨɪɧɿɣ ɩɨɜɟɪɯɧɿ, ɡɨɤɪɟɦɚ ɩɪɨɬɢɜɜɿɦɤɧɟɧɧɹɦ 
ɛɨɪɬɨɜɢɯ ɝɿɞɪɨɩɟɪɟɞɚɱ, ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢ-
ɡɧɚɱɚɬɢ ɡɚ ɦɨɞɢɮɿɤɨɜɚɧɨɸ ɮɨɪɦɭɥɨɸ 
Ⱥ. Ɉ. ɇɿɤɿɬɿɧɚ. ɇɟɨɛɯɿɞɧɢɣ ɞɥɹ ɰɶɨɝɨ ɧɚɣɛɿ-
ɥɶɲɢɣ ɦɨɦɟɧɬ ɨɩɨɪɭ ɩɨɜɨɪɨɬɭ ɤɨɠɧɨɝɨ ɡ 
ɛɨɪɬɿɜ ɦɚɲɢɧɢ ɨɰɿɧɸєɬɶɫɹ ɜɢɪɚɡɨɦ  
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ɞɟ 24M  ɿ 13M  – ɦɨɦɟɧɬɢ ɨɩɨɪɭ ɩɨɜɨɪɨɬɭ ɡɚ-
ɛɿɝɚɥɶɧɨɝɨ (ɤɨɥɟɫɚ 2 ɿ 4) ɿ ɜɿɞɫɬɚɜɚɥɶɧɨɝɨ (ɤɨ-
ɥɟɫɚ 1 ɿ 3) ɛɨɪɬɿɜ ɦɚɲɢɧɢ (ɪɢɫ. 1); kB  – ɤɨɥɿɹ 
ɦɚɲɢɧɢ;   –  ɪɚɞɿɭɫ ɩɨɜɨɪɨɬɭ, ɜɿɞɥɿɱɭɜɚɧɢɣ 
ɜɿɞ ɦɢɬɬєɜɨɝɨ ɰɟɧɬɪɚ ɩɨɜɨɪɨɬɭ ɞɨ ɜɟɪɬɢɤɚɥɶ-
ɧɨʀ ɨɫɿ, ɳɨ ɩɪɨɯɨɞɢɬɶ ɤɪɿɡɶ ɰɟɧɬɪ ɜɚɝɢ ɦɚ-
ɲɢɧɢ. 
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Ɋɢɫ. 1.  Ɋɨɡɪɚɯɭɧɤɨɜɚ ɫɯɟɦɚ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɡ 
ɛɨɪɬɨɜɨɸ ɫɢɫɬɟɦɨɸ ɩɨɜɨɪɨɬɭ 

 

əɤɳɨ ɦɚɲɢɧɚ ɨɫɧɚɳɟɧɚ ɲɢɧɚɦɢ ɰɢɥɿɧɞ-
ɪɢɱɧɨʀ ɮɨɪɦɢ, ɬɨ ɩɿɞ ɱɚɫ  ɪɨɡɜɨɪɨɬɭ ɧɚ ɬɜɟɪ-
ɞɨɦɭ ɩɨɤɪɢɬɬɿ ɦɚɤɫɢɦɚɥɶɧɢɣ ɦɨɦɟɧɬ ɨɩɨɪɭ 
ɩɨɜɨɪɨɬɭ ɤɨɠɧɨɝɨ ɡ ɛɨɪɬɿɜ ɦɚɲɢɧɢ ɨɰɿɧɸ-
єɬɶɫɹ ɜɢɪɚɡɨɦ 
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, (2) 

 

ɞɟ ɯ, ɭ –  ɤɨɨɪɞɢɧɚɬɢ ɟɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɹɦɨ-
ɤɭɬɧɢɤɚ ɜɿɞɛɢɬɤɚ ɲɢɧɢ; –  ɤɨɟɮɿɰɿєɧɬ ɡɱɟ-
ɩɥɟɧɧɹ ɤɨɥɟɫɚ ɡ ɨɩɨɪɧɨɸ ɩɨɜɟɪɯɧɟɸ; ɲp –  

ɬɢɫɤ ɩɨɜɿɬɪɹ ɜ ɲɢɧɿ; ɲb , ɲl  –  ɲɢɪɢɧɚ ɿ ɞɨ-
ɜɠɢɧɚ ɜɿɞɛɢɬɤɚ ɲɢɧɢ ɧɚ ɨɩɨɪɧɿɣ ɩɨɜɟɪɯɧɿ; 

0x   – ɩɨɡɞɨɜɠɧɹ ɤɨɨɪɞɢɧɚɬɚ ɰɟɧɬɪɚ ɜɚɝɢ ɦɚ-
ɲɢɧɢ, ɹɤɚ ɜɿɞɥɿɱɭєɬɶɫɹ ɜɿɞ ɨɫɿ ɡɚɞɧɿɯ ɤɨɥɿɫ. 

Ⱦɥɹ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɢɧ ɦɨɠɧɚ ɩɪɢɣɧɹɬɢ 
constɲb  , ɬɨɞɿ 
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ɞɟ iR  – ɜɟɪɬɢɤɚɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ i -ɟ 
ɤɨɥɟɫɨ. 

ɉɿɞ ɱɚɫ ɪɨɡɜɟɪɬɚɧɧɹ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɧɚɣ-
ɛɿɥɶɲ ɧɚɜɚɧɬɚɠɟɧɢɦɢ є ɤɨɥɟɫɚ ɡɚɛɿɝɚɥɶɧɨɝɨ 
ɛɨɪɬɚ. Ⱦɥɹ ɧɢɯ ɡɚɝɚɥɶɧɟ ɞɨɬɢɱɧɟ ɡɭɫɢɥɥɹ ɧɚ 
ɤɨɥɟɫɚɯ ɜɢɡɧɚɱɚєɬɶɫɹ ɪɿɜɧɿɫɬɸ 5, 6 
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ɞɟ G – ɫɢɥɚ ɬɹɠɿɧɧɹ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɡ ɜɚɧɬɚ-
ɠɟɦ; f  – ɤɨɟɮɿɰɿєɧɬ ɨɩɨɪɭ ɩɟɪɟɤɨɱɭɜɚɧɧɹ 
ɯɨɞɨɜɢɯ ɤɨɥɿɫ. 

ȼɪɚɯɨɜɭɸɱɢ ɜɢɳɟ ɡɚɡɧɚɱɟɧɟ ɬɚ ɝɿɞɪɨɞɢ-
ɧɚɦɿɱɧɿ ɜɬɪɚɬɢ ɜ ɬɹɝɨɜɨɦɭ ɩɪɢɜɨɞɿ, ɦɨɠɧɚ 
ɜɢɡɧɚɱɢɬɢ ɬɢɫɤ ɪɨɛɨɱɨʀ ɪɿɞɢɧɢ, ɳɨ ɠɢɜɢɬɶ 
ɬɹɝɨɜɿ ɝɿɞɪɨɦɨɬɨɪɢ. 

Ɂɚɥɟɠɧɿɫɬɶ (1) ɜ ɩɨєɞɧɚɧɧɿ ɡ ɦɨɞɢɮɿɤɨɜɚ-
ɧɨɸ ɮɨɪɦɭɥɨɸ Ⱥ. Ɉ. ɇɿɤɿɬɿɧɚ ɞɨɡɜɨɥɹє ɜɫɬɚ-
ɧɨɜɢɬɢ ɡɜɟɞɟɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɨɩɨɪɭ ɪɭɯɭ ɤɨɠ-
ɧɨɝɨ ɡ ɛɨɪɬɿɜ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɧɚɜɚɧɬɚɠɭɜɚ-
ɱɚ ɩɪf . ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɰɶɨɝɨ ɜɫɬɚɧɨɜɥɟɧɨ 
ɡɧɚɱɟɧɧɹ ɬɢɫɤɭ ɪɨɛɨɱɨʀ ɪɿɞɢɧɢ ɜ ɝɿɞɪɨɥɿɧɿʀ 
ɠɢɜɥɟɧɧɹ ɝɿɞɪɨɦɨɬɨɪɿɜ ɧɚ ɡɚɛɿɝɚɥɶɧɨɦɭ ɿ ɜɿɞ-
ɫɬɚɜɚɥɶɧɨɧɨɝɨ ɛɨɪɬɚɯ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɩɿɞ ɱɚɫ 
ɩɨɜɨɪɨɬɭ ɦɚɲɢɧɢ ɡ ɪɚɞɿɭɫɨɦ 0  ,  ɡɨɤ-
ɪɟɦɚ, ɞɥɹ ɡɚɛɿɝɚɥɶɧɨɝɨ ɹɤ ɞɥɹ ɧɚɣɛɿɥɶɲ ɧɚɜɚ-
ɧɬɚɠɟɧɨɝɨ ɛɨɪɬɚ ɦɚɲɢɧɢ:  
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ɞɟ ɧP і ɡP  –  ɬɢɫɤ ɪɨɛɨɱɨʀ ɪɿɞɢɧɢ ɜ ɧɚɩɿɪɧɿɣ ɿ 
ɡɥɢɜɧɿɣ ɝɿɞɪɨɥɿɧɿɹɯ ɬɹɝɨɜɨɝɨ ɞɜɢɝɭɧɚ; kr  –  

ɪɚɞɿɭɫ ɯɨɞɨɜɢɯ ɤɨɥɿɫ; m  ɿ ɝm  – ɦɚɫɚ ɧɚɜɚɧ-
ɬɚɠɭɜɚɱɚ ɿ ɜɚɧɬɚɠɭ ɜ ɣɨɝɨ ɤɨɜɲɿ; j - ɩɪɢɫɤɨ-
ɪɟɧɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɰɟɧɬɪɚ 
ɦɚɫ ɧɚɜɚɧɬɚɠɭɜɚɱɚ; ɩɪf  – ɧɚɜɟɞɟɧɢɣ ɤɨɟɮɿɰɿ-
єɧɬ ɨɩɨɪɭ ɪɭɯɭ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɪɚɞɿɭɫɚ ɩɨɜɨ-
ɪɨɬɭ ɧɚɜɚɧɬɚɠɭɜɚɱɚ;V  – ɬɟɨɪɟɬɢɱɧɚ ɲɜɢɞ-
ɤɿɫɬɶ ɪɭɯɭ ɡɚɛɿɝɚɥɶɧɨɝɨ  ɛɨɪɬɚ ɦɚɲɢɧɢ; MU  

– ɪɨɛɨɱɢɣ ɨɛ’єɦ ɝɿɞɪɨɦɨɬɨɪɚ; ɛɪ  ɿ Ɇ  –  

ɦɟɯɚɧɿɱɧɿ ɄɄȾ ɛɨɪɬɨɜɨɝɨ ɪɟɞɭɤɬɨɪɚ ɿ ɝɿɞɪɨ-
ɦɨɬɨɪɚ. 

ɉɟɪɟɩɚɞ ɬɢɫɤɿɜ ɧɚ ɬɹɝɨɜɢɯ ɝɿɞɪɨɦɨɬɨɪɚɯ 
ɧ ɡP P  ɜ ɩɨєɞɧɚɧɧɿ ɡ ɩɨɞɚɱɟɸ ɪɨɛɨɱɨʀ ɪɿɞɢɧɢ 

ɬɚ ɜɿɞɨɦɢɦɢ ɧɚɦ ɡɧɚɱɟɧɧɹɦɢ ɤɨɟɮɿɰɿєɧɬɿɜ 
ɤɨɪɢɫɧɨʀ ɞɿʀ ɝɿɞɪɨɩɟɪɟɞɚɱ ɞɨɡɜɨɥɹɸɬɶ ɡɧɚɣɬɢ 
ɩɟɪɟɬɜɨɪɸɜɚɥɶɧɭ ɧɚ ɬɟɩɥɨ ɩɨɬɭɠɧɿɫɬɶ ɿ ɪɨɡ-
ɪɚɯɭɜɚɬɢ ɜɫɬɚɧɨɜɥɟɧɭ ɬɟɦɩɟɪɚɬɭɪɭ ɬɹɝɨɜɨɝɨ 
ɩɪɢɜɨɞɚ:  
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ȼ ɨɫɬɚɧɧɿɣ ɪɿɜɧɨɫɬɿ: ,ɧ ɞ   – ɬɟɦɩɟɪɚɬɭɪɚ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɩɨɜɿɬɪɹ ɿ ɩɨɜɿɬɪɹ, ɳɨ ɩɨɬɪɚɩ-
ɥɹє ɞɨ ɫɢɫɬɟɦɢ ɨɯɨɥɨɞɠɟɧɧɹ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ 
ɡ ɩɨɜɟɪɯɨɧɶ ɞɢɡɟɥɹ; ɞ  – ɱɚɫɬɤɚ ɨɛ’єɦɭ ɩɨɜɿ-
ɬɪɹ, ɳɨ ɡɧɿɦɚєɬɶɫɹ ɡ ɩɨɜɟɪɯɨɧɶ ɞɢɡɟɥɹ 
( 0 1,0ɞ   ); ,ɛ pF F  – ɩɥɨɳɿ ɨɯɨɥɨɞɠɭɜɚɧɢɯ 

ɩɨɜɟɪɯɨɧɶ ɝɿɞɪɨєɦɧɨɫɬɟɣ ɿ ɪɚɞɿɚɬɨɪɚ; ɫɪN  – 

ɫɟɪɟɞɧɹ ɩɨɬɭɠɧɿɫɬɶ ɡɚ ɪɨɛɨɱɢɣ ɰɢɤɥ  ɬɹɝɨɜɨ-
ɝɨ ɩɪɢɜɨɞɚ, ɳɨ ɩɟɪɟɬɜɨɪɸɸɬɶɫɹ ɜ ɬɟɩɥɨ;  

ɝɩC  – ɫɟɪɟɞɧɶɨɡɜɚɠɟɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨ-
ɜɿɞɞɚɱɿ ɝɿɞɪɨɩɪɢɜɨɞɚ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɢɦɭ-
ɫɨɜɨɝɨ ɨɦɢɜɚɧɧɹ ɩɨɜɿɬɪɹɦ ɩɨɜɟɪɯɨɧɶ ɬɟɩɥɨ-
ɨɛɦɿɧɧɢɤɚ. 

ɉɪɚɰɟɡɞɚɬɧɿɫɬɶ ɿ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɧɚɜɚɧɬɚ-
ɠɭɜɚɱɿɜ ɡ ɝɿɞɪɨɨɛ’єɦɧɢɦɢ ɩɟɪɟɞɚɱɚɦɢ ɜ ɬɹ-
ɝɨɜɨɦɭ ɩɪɢɜɨɞɿ ɡɚɥɟɠɚɬɶ ɜɿɞ ɬɟɩɥɨɜɨɝɨ ɫɬɚɧɭ 
ɨɫɬɚɧɧɶɨɝɨ. Ⱦɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɨɪɦɚɥɶɧɨʀ 
ɟɤɫɩɥɭɚɬɚɰɿʀ ɰɢɯ ɦɚɲɢɧ ɭ ɤɥɿɦɚɬɢɱɧɢɯ ɡɨɧɚɯ 
ɿɡ ɠɚɪɤɢɦ ɥɿɬɨɦ ɿ ɯɨɥɨɞɧɢɦ ɨɫɿɧɧɶɨ-ɡɢɦɨɜɢɦ 
ɩɟɪɿɨɞɨɦ ɫɢɫɬɟɦɚ ɬɟɩɥɨɨɛɦɿɧɭ ɝɿɞɪɨɩɪɢɜɨɞɭ 
ɦɚє ɛɭɬɢ  ɞɨɫɤɨɧɚɥɨɸ. 

ɍ ɧɚɜɚɧɬɚɠɭɜɚɱɿɜ ɪɨɡɝɥɹɧɭɬɨɝɨ ɬɢɩɭ ɝɿɞ-
ɪɨɨɛɥɚɞɧɚɧɧɹ ɬɹɝɨɜɨɝɨ ɩɪɢɜɨɞɭ ɪɨɡɦɿɳɟɧɿ ɜ 
ɨɛɦɟɠɟɧɨɦɭ ɩɪɨɫɬɨɪɿ, ɬɨɦɭ ɜɨɧɢ ɦɚɸɬɶ   ɞɨ-
ɫɢɬɶ ɦɚɥɿ ɪɚɞɿɭɫɢ ɜɢɤɪɢɜɥɟɧɧɹ ɝɿɞɪɨɥɿɧɿɣ, ɚ 
ɨɬɠɟ, ɣ ɜɟɥɢɤɿ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɨɩɨɪɢ. Ɉɫɬɚɧɧɿ 
ɩɨɦɿɬɧɨ ɩɿɞɜɢɳɭɸɬɶɫɹ ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɲɜɢɞ-
ɤɨɫɬɿ ɪɭɯɭ ɦɚɲɢɧɢ. ȼɢɪɨɛɧɢɰɬɜɨ ɜɚɧɬɚɠɧɢɯ 
ɪɨɛɿɬ ɧɚ ɜɟɥɢɤɢɯ ɞɢɫɬɚɧɰɿɹɯ ɩɟɪɟɦɿɳɟɧɶ ɧɚ-
ɜɚɧɬɚɠɭɜɚɱɚ ɞɨɡɜɨɥɹє ɡɞɿɣɫɧɸɜɚɬɢ ɬɪɚɧɫɩɨɪ-
ɬɧɿ ɨɩɟɪɚɰɿʀ ɧɚ ɩɿɞɜɢɳɟɧɢɯ ɲɜɢɞɤɨɫɬɹɯ, ɬɨɦɭ 
ɜɬɪɚɬɢ ɩɨɬɭɠɧɨɫɬɿ ɜ ɬɹɝɨɜɨɦɭ ɩɪɢɜɨɞɿ, ɳɨ 
ɩɟɪɟɬɜɨɪɸɸɬɶɫɹ ɧɚ ɬɟɩɥɨ, ɡɪɨɫɬɚɸɬɶ ɡɿ ɡɛɿ-
ɥɶɲɟɧɧɹɦ ɧɚɜɚɧɬɚɠɭɜɚɱɟɦ ɜɿɞɫɬɚɧɿ S : 

 

   ɞɜ  0.046 0.0064Nq N S  , ɤȼɬ,    (7) 

ɞɟ ɞɜN  – ɩɨɬɭɠɧɿɫɬɶ ɞɜɢɝɭɧɚ. 
ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɬɪɢɜɚɥɿɫɬɶ ɪɨɛɨɱɨɝɨ ɰɢ-

ɤɥɭ ɧɚɜɚɧɬɚɠɭɜɚɱɚ ɉɆɌɋ-1200 ɡ ɞɜɨɦɚ ɪɨɡ-
ɜɨɪɨɬɚɦɢ ɧɚ 180 ɧɚ ɦɿɫɰɿ ɜɢɪɚɠɚєɬɶɫɹ ɡɚɥɟ-
ɠɧɿɫɬɸ  

 

 ɰ 18 0,54t S  , ɫ.     (8) 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɟɮɟɤɬɢɜɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɧɚɜɚɧɬɚɠɭɜɚɱɿɜ ɬɢɩɭ ɉɆɌɋ-1200 ɡ ɪɨɫɬɨɦ 

ɞɚɥɶɧɨɫɬɿ ɩɟɪɟɦɿɳɟɧɧɹ ɜɚɧɬɚɠɭ ɡɧɢɠɭєɬɶɫɹ 
ɧɟ ɬɿɥɶɤɢ ɡɚ ɪɚɯɭɧɨɤ ɡɛɿɥɶɲɟɧɧɹ ɱɚɫɭ ɰɢɤɥɭ ɿ 
ɡɧɢɠɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ, ɚɥɟ ɿ ɡɚ ɪɚɯɭɧɨɤ 
ɛɿɥɶɲ ɿɧɬɟɧɫɢɜɧɨɝɨ ɧɚɝɪɿɜɚɧɧɹ ɪɨɛɨɱɨʀ ɪɿɞɢ-
ɧɢ ɝɿɞɪɨɩɪɢɜɨɞɭ ɬɚ ɧɟɨɛɯɿɞɧɨɫɬɿ ɜ ɬɟɯɧɨɥɨɝɿ-
ɱɧɢɯ ɡɭɩɢɧɤɚɯ ɦɚɲɢɧɢ. 
 

ȼɢɫɧɨɜɤɢ 

ɉɪɨɜɟɞɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɞɨɡɜɨɥɢɥɢ ɡɚɩɥɚ-
ɧɭɜɚɬɢ ɡɚɯɨɞɢ ɡ ɩɿɞɜɢɳɟɧɧɹ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ 
ɩɨɤɚɡɧɢɤɿɜ ɦɚɥɨɝɚɛɚɪɢɬɧɢɯ ɧɚɜɚɧɬɚɠɭɜɚɱɿɜ ɡ 
ɛɨɪɬɨɜɨɸ ɫɢɫɬɟɦɨɸ ɩɨɜɨɪɨɬɭ. 

Ɉɫɤɿɥɶɤɢ ɛɿɥɶɲɿɫɬɶ ɬɟɩɥɨɨɛɦɿɧɧɢɤɿɜ ɡ 
ɩɪɢɦɭɫɨɜɨɸ ɩɨɞɚɱɟɸ ɩɨɜɿɬɪɹ, ɳɨ ɨɯɨɥɨ-
ɞɠɭє, ɪɨɡɬɚɲɨɜɭɸɬɶ ɜ ɦɨɬɨɪɧɨɦɭ ɜɿɞɫɿɤɭ 
ɧɚɜɚɧɬɚɠɭɜɚɱɚ, ɧɟɨɛɯɿɞɧɨ ɩɪɢɞɿɥɹɬɢ ɭɜɚɝɭ 
ɩɨɜɿɬɪɹɡɚɛɿɪɧɢɦ ɟɥɟɦɟɧɬɚɦ ɫɢɫɬɟɦɢ ɨɯɨɥɨ-
ɞɠɟɧɧɹ ɝɿɞɪɨɩɪɢɜɨɞɭ, ɭɧɢɤɧɭɜɲɢ ɩɨɬɪɚɩ-
ɥɹɧɧɹ ɞɨ ɧɟʀ ɩɨɜɿɬɪɹ, ɳɨ ɨɦɢɜɚє ɞɜɢɝɭɧ. 
Ɉɫɬɚɧɧє ɦɚє ɨɫɨɛɥɢɜɨ ɜɚɠɥɢɜɟ ɡɧɚɱɟɧɧɹ ɞɥɹ 
ɦɚɲɢɧ, ɹɤɿ ɦɚɸɬɶ ɞɢɡɟɥɶ ɡ ɩɨɜɿɬɪɹɧɢɦ ɨɯɨ-
ɥɨɞɠɟɧɧɹɦ. 
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Movement energy consumption and thermal mode 
of GTS operation of a small loader with non-
controlled wheels 
Abstract. Transmission of small wheeled loaders with 

onboard rotary system has two independent adjusta-

ble hydraulic volume transmissions. The efficiency of 

this type of transmission is determined by the thermal 

state of its components. The thermal mode of the hy-

dro-volumetric gears of the drive depends not only 

on the energy consumption for the vehicle movement, 

but also on the design of the cooling system. The ar-

ticle deals with the movement of the loader with the 

onboard system of rotation in the most loaded modes 

of operation: acceleration, deceleration and at turn-

ing. The regularities that determine the load of the 

hydro-volumetric gears of the traction drive and their 

heat emission are established. The maximum moment 

of resistance of rotation of the right and left sides of 

the car, including that for the cylindrical tires, the 

tangential force on the wheels of the most loaded 

running board and the coefficient of resistance to the 

rotation of each of the sides with allowance for hy-

drodynamic losses and pressure whose fluid is in the 

drive of traction motors have been determined. The 

dependence of the pressure in the running and trail-

ing sides depending on the radius of rotation of the 

machine was obtained, the magnitude of the power 

was found, which is converted into thermal energy 

and the oil temperature in the traction drive. As a 

result of the conducted researches the dependence of 

thermal power losses in the transmission of the load-

er on the distance of cargo transportation is pro-

posed and rational modes of operation of the vehicle 

are determined. 
Keywords: small loader, thermal mode, rotation. 
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ɗɧɟɪɝɨɡɚɬɪɚɬɵ ɞɜɢɠɟɧɢɹ ɢ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ 
ɪɚɛɨɬɵ ȽɋɌ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɩɨɝɪɭɡɱɢɤɚ ɫ 
ɧɟɭɩɪɚɜɥɹɟɦɵɦɢ ɤɨɥɟɫɚɦɢ 
Аɧɧɨɬɚɰɢɹ. Ɍɪɚɧɫɦɢɫɫɢɹ ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ  ɤɨ-
ɥɟɫɧɵɯ ɩɨɝɪɭɡɱɢɤɨɜ ɫ ɛɨɪɬɨɜɨɣ ɫɢɫɬɟɦɨɣ ɩɨɜɨ-
ɪɨɬɚ ɢɦɟɟɬ ɞɜɟ ɧɟɡɚɜɢɫɢɦɵɟ ɪɟɝɭɥɢɪɭɟɦɵɟ ɝɢɞ-
ɪɨɨɛɴɟɦɧɵɟ ɩɟɪɟɞɚɱɢ. Эɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɬɚɤɨɝɨ ɬɢɩɚ ɬɪɚɧɫɦɢɫɫɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɬɟɩɥɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɟɟ ɭɡɥɨɜ. Ɍɟɩɥɨɜɨɣ ɪɟɠɢɦ 
ɝɢɞɪɨɨɛɴɟɦɧɵɯ ɩɟɪɟɞɚɱ ɬɹɝɨɜɨɝɨ ɩɪɢɜɨɞɚ ɡɚɜɢ-
ɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɷɧɟɪɝɨɡɚɬɪɚɬ ɧɚ ɩɟɪɟɞɜɢɠɟ-
ɧɢɟ ɦɚɲɢɧɵ, ɧɨ ɢ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ 
ɨɯɥɚɠɞɟɧɢɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɨ ɞɜɢɠɟɧɢɟ 
ɩɨɝɪɭɡɱɢɤɚ ɫ ɛɨɪɬɨɜɨɣ ɫɢɫɬɟɦɨɣ ɩɨɜɨɪɨɬɚ ɜ 
ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɩɥɨɜɨɣ 
ɧɚɝɪɭɠɟɧɧɨɫɬɢ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ: ɪɚɡɝɨɧɚ, ɬɨɪ-
ɦɨɠɟɧɢɹ ɢ ɩɪɢ ɩɨɜɨɪɨɬɟ. ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɤɨɧɨ-
ɦɟɪɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɧɚɝɪɭɠɟɧɧɨɫɬɶ ɝɢɞɪɨ-
ɨɛɴɟɦɧɵɯ ɩɟɪɟɞɚɱ ɬɹɝɨɜɨɝɨ ɩɪɢɜɨɞɚ ɢ ɢɯ ɬɟɩɥɨ-
ɜɵɞɟɥɟɧɢɟ. Ɉɩɪɟɞɟɥɟɧɵ ɦɚɤɫɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɜɨɪɨɬɭ ɩɪɚɜɨɝɨ ɢ ɥɟɜɨɝɨ ɛɨɪɬɨɜ 
ɦɚɲɢɧɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɲɢɧ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
ɮɨɪɦɵ, ɤɚɫɚɬɟɥɶɧɨɟ ɭɫɢɥɢɟ ɧɚ ɤɨɥɟɫɚɯ ɧɚɢɛɨɥɟɟ 
ɧɚɝɪɭɠɟɧɧɨɝɨ ɡɚɛɟɝɚɸɳɟɝɨ ɛɨɪɬɚ ɢ ɩɪɢɜɟɞɟɧɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɜɨɪɨɬɭ ɤɚɠɞɨɝɨ 
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ɢɡ ɛɨɪɬɨɜ ɫ ɭɱɟɬɨɦ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɢ 
ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɩɪɢɜɨɞɟ ɬɹɝɨɜɵɯ 
ɝɢɞɪɨɦɨɬɨɪɨɜ. ɉɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɜ 
ɡɚɛɟɝɚɸɳɟɦ ɢ ɨɬɫɬɚɸɳɟɦ ɛɨɪɬɚɯ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɪɚɞɢɭɫɚ ɩɨɜɨɪɨɬɚ ɦɚɲɢɧɵ, ɧɚɣɞɟɧɵ ɜɟ-
ɥɢɱɢɧɚ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɬɟɩ-
ɥɨɜɭɸ ɷɧɟɪɝɢɸ, ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɜ ɬɹɝɨɜɨɦ 
ɩɪɢɜɨɞɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɪɟɞɥɨɠɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɦɨɳ-
ɧɨɫɬɢ ɜ ɬɪɚɧɫɦɢɫɫɢɢ ɩɨɝɪɭɡɱɢɤɚ ɨɬ ɞɚɥɶɧɨɫɬɢ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɪɭɡɚ ɢ ɨɩɪɟɞɟɥɟɧɵ ɪɚɰɢɨɧɚɥɶ-
ɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɦɚɲɢɧɵ. 
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ɪɚɛɨɱɢɟ ɨɪɝɚɧɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ. 
 
 

Ɋɚɡɚɪёɧɨɜ Ʌɟɨɧɢɞ ȼɥɚɞɢɦɢɪɨɜɢɱ1
, ɤ.ɬ.ɧ., ɞɨ-

ɰɟɧɬ, +380(67) 598-76-54, Lrazarenof@gmail.com, 
Ʉɨɜɚɥɟɜɫɤɢɣ ɋɟɪɝɟɣ Ƚɟɪɦɚɧɨɜɢɱ, ɤ.ɬ.ɧ., ɞɨ-
ɰɟɧɬ, +380(97) 240-71-80, kov1.serg@gmail.com, 
əɪɢɠɤɨ Ⱥɥɟɤɫɚɧɞɪ ȼɥɚɞɢɦɢɪɨɜɢɱ, ɤ.ɬ.ɧ., ɞɨ-
ɰɟɧɬ,  +380(97) 655-08-60, yaryzko@gmail.com. 

1ɏɚɪɶɤɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɚɜɬɨɦɨɛɢɥɶɧɨ-
ɞɨɪɨɠɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ. 


