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ȾɈɋɅȱȾɀȿɇɇə ȼɇɍɌɊȱɒɇɖɈȽɈ ɋɍɆȱɒɈɍɌȼɈɊȿɇɇə  
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Ⱥɧɨɬɚɰɿɹ. ɉɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɚɧɚɥɿɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɩɪɨɰɟɫɿɜ ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬ-

ɜɨɪɟɧɧɹ ɩɪɢ ɛɟɡɩɨɫɟɪɟɞɧɶɨɦɭ ɭɩɨɪɫɤɭɜɚɧɧɿ ɩɚɥɢɜɚ ɭ ɰɢɥɿɧɞɪ ɱɨɬɢɪɢɬɚɤɬɧɨɝɨ ɞɜɢɝɭɧɚ. ȼɢɡɧɚ-
ɱɟɧɚ ɬɪɢɜɚɥɿɫɬɶ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɰɢɤɥɨɜɨʀ ɩɨɞɚɱɿ ɩɚɥɢɜɚ ɩɪɢ ɭɩɨɪɫɤɭɜɚɧɧɿ ɧɚ ɬɚɤɬɿ ɫɬɢɫɤɭ.  
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Ⱥɧɧɨɬɚɰɢɹ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɨɜ ɩɥɟɧɨɱɧɨɝɨ 
ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɜɩɪɵɫɤɢɜɚɧɢɢ ɬɨɩɥɢɜɚ ɜ ɰɢɥɢɧɞɪ ɱɟɬɵɪɟɯɬɚɤɬɧɨɝɨ 
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Abstract. The results of analytical research of the processes of film mixing with the direct fuel injec-

tion into four-stroke engine cylinder are presented. Duration of the fuel cyclic feed evaporation at the 

compression stroke was determined.  
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ȼɫɬɭɩ 

 

Ɂɧɢɠɟɧɧɹ ɜɢɬɪɚɬɢ ɩɚɥɢɜɚ ɬɚ ɜɢɤɨɧɚɧɧɹ ɫɭ-

ɱɚɫɧɢɯ ɧɨɪɦ ɡ ɜɢɤɢɞɿɜ ɲɤɿɞɥɢɜɢɯ ɪɟɱɨɜɢɧ 

(ɒɊ) ɡ ɜɿɞɩɪɚɰɶɨɜɚɧɢɦɢ ɝɚɡɚɦɢ (ȼȽ) ɭ ɞɜɢ-

ɝɭɧɚɯ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɹɧɧɹ (ȾȼɁ) ɡ ɿɫɤɪɨ-
ɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɽ ɦɨɠɥɢɜɢɦ ɩɪɢ ɜɢɤɨ-
ɪɢɫɬɚɧɧɿ ɫɢɫɬɟɦ ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ ɭɩɨɪɫɤɭ-

ɜɚɧɧɹ ɩɚɥɢɜɚ (Ȼȼɉ) ɣ ɨɪɝɚɧɿɡɚɰɿʀ ɜɧɭɬɪɿɲ-

ɧɶɨɝɨ ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɡ ɪɨɡɲɚ-
ɪɭɜɚɧɧɹɦ ɩɚɥɢɜɧɨ-ɩɨɜɿɬɪɹɧɨɝɨ ɡɚɪɹɞɭ (ɉɉɁ). 
Ɉɪɝɚɧɿɡɚɰɿɹ ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɩɪɢ 

ɡɚɫɬɨɫɭɜɚɧɧɿ ɛɟɧɡɢɧɿɜ, ɹɤɿ ɦɿɫɬɹɬɶ ɡɧɚɱɧɭ ɤɿ-
ɥɶɤɿɫɬɶ ɥɟɝɤɢɯ ɮɪɚɤɰɿɣ, ɞɨɡɜɨɥɹɽ ɨɬɪɢɦɚɬɢ 

ɹɤɿɫɧɭ ɞɨɛɪɟ ɡɦɿɲɚɧɭ ɨɞɧɨɪɿɞɧɭ ɩɚɥɢɜɧɨ-ɩɨ-
ɜɿɬɪɹɧɭ ɫɭɦɿɲ (ɉɉɋ). ɉɪɢ ɰɶɨɦɭ ɡɝɨɪɹɧɧɹ 
ɪɨɡɲɚɪɨɜɚɧɨɝɨ ɉɉɁ ɬɚ ɹɤɿɫɧɨʀ ɉɉɋ ɫɩɪɢɹɽ 
ɩɿɞɜɢɳɟɧɧɸ ɿɧɞɢɤɚɬɨɪɧɨɝɨ ɄɄȾ ɞɜɢɝɭɧɚ, 
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ɞɨɡɜɨɥɹɽ ɩɿɞɜɢɳɢɬɢ ɟɤɨɧɨɦɿɱɧɿɫɬɶ ɿ ɡɧɢɡɢɬɢ 

ɜɢɤɢɞɢ ɒɊ ɡ ȼȽ. Ɍɨɦɭ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿ-
ɞɠɟɧɶ ɡ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɩɪɨɰɟɫɿɜ ɩɥɿɜɤɨɜɨɝɨ 
ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɽ ɚɤɬɭɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ.  

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

 

Ⱦɥɹ ɨɪɝɚɧɿɡɚɰɿʀ ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ 
ɭ ɱɨɬɢɪɢɬɚɤɬɧɨɦɭ ɞɜɢɝɭɧɿ 2ɑ7,8/6,8 ɡ ɿɫɤ-
ɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɧɨ-
ɜɢɣ ɫɩɨɫɿɛ ɮɨɪɦɭɜɚɧɧɹ ɪɨɡɲɚɪɨɜɚɧɨɝɨ ɉɉɁ 

ɭ ɰɢɥɿɧɞɪɚɯ ȾȼɁ [1]. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɿɜ 
ɦɚɫɨ- ɿ ɬɟɩɥɨɨɛɦɿɧɭ ɭ ɩɚɥɢɜɧɨɦɭ ɫɬɪɭɦɟɧɿ ɡ 
ɩɟɪɢɮɟɪɿɣɧɢɦ ɪɨɡɩɨɞɿɥɟɧɧɹɦ ɩɚɥɢɜɚ ɩɪɢ ɣɨɝɨ 
ɪɭɫɿ ɞɨ ɩɨɜɟɪɯɨɧɶ ɫɬɿɧɨɤ ɤɚɦɟɪɢ ɡɝɨɪɹɧɧɹ 
(ɄɁ) ɩɪɨɜɨɞɢɥɨɫɹ ɧɚ ɛɚɡɿ ɭɬɨɱɧɟɧɨʀ ɦɨɞɟɥɿ 
[2], ɨɫɧɨɜɚɧɨʀ ɧɚ ɬɟɨɪɿʀ ɚɟɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɥɿ-
ɞɭ [2]. Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɩɪɨɰɟɫɿɜ ɜɢɩɚɪɨɜɭ-

ɜɚɧɧɹ ɩɚɥɢɜɚ ɡ ɩɨɜɟɪɯɨɧɶ ɄɁ ɩɪɢɣɧɹɬɨ ɦɚɬɟ-
ɦɚɬɢɱɧɭ ɦɨɞɟɥɶ Ʌ.Ƚ. ɋɩɟɤɬɨɪɨɜɚ [3].  

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 
 

Ɇɟɬɨɸ ɞɚɧɨʀ ɪɨɛɨɬɢ ɽ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɿɜ 
ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɭ ɞɜɢɝɭɧɿ 
2ɑ7,8/6,8 ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ Ȼȼɉ 

ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɬɪɢɜɚɥɨɫɬɿ ɜɢɩɚɪɨɜɭɜɚɧɧɹ 
ɰɢɤɥɨɜɨʀ ɩɨɞɚɱɿ ɩɚɥɢɜɚ, ɡɚ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ 
ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ n = 3000 ɯɜ–1 ɣ ɦɚɤɫɢ-

ɦɚɥɶɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ, ɣ ɱɚɫɭ ɦɿɠ ɡɚ-
ɤɿɧɱɟɧɧɹɦ ɩɪɨɰɟɫɿɜ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɧɨʀ 
ɩɥɿɜɤɢ ɬɚ ɦɨɦɟɧɬɨɦ ɩɨɞɚɱɿ ɧɚɩɪɭɝɢ ɧɚ ɟɥɟɤɬ-
ɪɨɞɢ ɫɜɿɱɤɢ  ɡɚɩɚɥɸɜɚɧɧɹ.  

 

Ɂɚɞɚɱɚɦɢ ɪɨɛɨɬɢ ɽ ɜɢɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ 
ɬɚ ɫɬɭɩɟɧɹ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɚ ɩɪɢ ɣɨɝɨ 
ɛɟɡɩɨɫɟɪɟɞɧɶɨɦɭ ɭɩɨɪɫɤɭɜɚɧɧɿ ɭ ɰɢɥɿɧɞɪ 

ɞɜɢɝɭɧɚ ɬɚ ɡɚ ɩɟɪɿɨɞɢ ɨɞɧɨɱɚɫɧɨɝɨ ɜɢɩɚɪɭ 

ɩɚɥɢɜɚ ɡɿ ɫɬɿɧɤɢ ɄɁ ɣ ɭ ɲɥɟɣɮɿ ɫɬɪɭɦɟɧɹ ɬɚ 
ɩɪɢ ɜɢɩɚɪɿ ɩɚɥɢɜɧɨʀ ɩɥɿɜɤɢ ɡ ɩɨɜɟɪɯɨɧɶ ɄɁ.  

 

Ɇɟɬɨɞɢɤɚ ɨɰɿɧɤɢ ɜɢɩɚɪɨɜɭɜɚɧɧɹ  

ɩɚɥɶɧɨɝɨ ɭ ɧɚɞɩɨɪɲɧɟɜɨɦɭ ɨɛ’ɽɦɿ  
ɡ ɩɨɜɟɪɯɨɧɶ ɤɚɦɟɪɢ ɡɝɨɪɹɧɧɹ 

 

Ɋɨɡɪɚɯɭɧɨɤ ɩɪɨɰɟɫɿɜ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɧɨʀ 
ɩɥɿɜɤɢ (ɞɥɹ ɛɟɧɡɢɧɭ Ⱥ-76) ɩɪɨɜɨɞɢɜɫɹ ɜɢɯɨ-
ɞɹɱɢ ɿɡ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɦɨɞɟɥɿ ɋɩɟɤɬɨɪɨ- 
ɜɚ Ʌ.Ƚ. [3] ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɚɪɚɦɟɬɪɿɜ ɿ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɪɨɛɨɱɨɝɨ ɬɿɥɚ (ɊɌ) ɭ ɰɢɥɿɧɞɪɿ 
ɞɜɢɝɭɧɚ. ɉɚɪɚɦɟɬɪɢ ɊɌ ɜɢɡɧɚɱɟɧɨ ɡ ɪɨɡɪɚɯɭ-

ɧɤɭ ɪɨɛɨɱɢɯ ɩɪɨɰɟɫɿɜ, ɚ ɲɜɢɞɤɿɫɬɶ ɿ ɧɚɩɪɹ-
ɦɨɤ ɪɭɯɭ ɩɨɜɿɬɪɹɧɨɝɨ ɡɚɪɹɞɭ ɧɚɞ ɩɨɜɟɪɯɧɟɸ 

ɩɚɥɢɜɧɨʀ ɩɥɿɜɤɢ – ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɪɢɜɢɦɿɪɧɨ-
ɝɨ ɝɚɡɨɞɢɧɚɦɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ.  

 

Ɋɨɡɪɚɯɭɧɤɢ ɪɨɛɨɱɢɯ ɩɪɨɰɟɫɿɜ ɦɨɞɟɪɧɿɡɨɜɚ-
ɧɨɝɨ ɞɜɢɝɭɧɚ 2ɑ7,8/6,8 ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸ-

ɜɚɧɧɹɦ ɬɚ ɡɚɫɬɨɫɭɜɚɧɧɹɦ Ȼȼɉ ɡɚ ɫɬɭɩɟɧɹ 
ɫɬɢɫɧɟɧɧɹ İ=10,6 ɩɪɨɜɨɞɢɥɢɫɹ ɡ ɭɬɨɱɧɟɧɧɹɦ 

ɩɪɨɰɟɫɿɜ ɝɚɡɨɨɛɦɿɧɭ ɧɚ ɪɟɠɢɦɿ ɡɚ ɦɚɤɫɢɦɚ-
ɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɣ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ 
ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ n=3000 ɯɜ–1 (ɪɢɫ. 1). Ɏɚɡɢ 

ɝɚɡɨɪɨɡɩɨɞɿɥɭ ɞɜɢɝɭɧɚ: ɜɿɞɤɪɢɬɬɹ ɜɢɩɭɫɤɧɨɝɨ 
ɤɥɚɩɚɧɚ ɜɿɞɛɭɜɚɽɬɶɫɹ ɡɚ 50°ɉɄȼ ɞɨ ɇɆɌ, 

ɡɚɤɪɢɬɬɹ – 10°ɉɄȼ ɩɿɫɥɹ ȼɆɌ; ɜɿɞɤɪɢɬɬɹ 
ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ – 10°ɉɄȼ ɞɨ ȼɆɌ, ɡɚ-
ɤɪɢɬɬɹ – 50°ɉɄȼ ɩɿɫɥɹ ȼɆɌ. Ɋɨɡɪɚɯɭɧɤɢ 

ɩɪɨɜɟɞɟɧɨ ɭ ɪɨɡɪɨɛɥɟɧɿɣ ɫɩɟɰɿɚɥɿɡɨɜɚɧɿɣ 

ɤɨɦɩ’ɸɬɟɪɧɿɣ ɩɪɨɝɪɚɦɿ Work Cycle, ɜ ɨɫɧɨɜɭ 

ɹɤɨʀ ɩɨɤɥɚɞɟɧɨ ɦɟɬɨɞɢɤɭ ɬɟɩɥɨɜɨɝɨ ɪɨɡɪɚɯɭ-

ɧɤɭ ɪɨɛɨɱɢɯ ɩɪɨɰɟɫɿɜ Ƚɪɢɧɟɜɟɰɶɤɨɝɨ–Ƚɥɚɝɨ-
ɥɽɜɚ ɡ ɭɬɨɱɧɟɧɧɹɦ ɩɪɨɰɟɫɿɜ ɝɚɡɨɨɛɦɿɧɭ. 

 

 
 

Ɋɢɫ. 1. ɉɚɪɚɦɟɬɪɢ ɊɌ ɭ ɰɢɥɿɧɞɪɿ ȾȼɁ: - - - -  – ɬɢɫɤ ɝɚɡɿɜ ɭ ɰɢɥɿɧɞɪɿ;        – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɿɜ ɭ 

ɰɢɥɿɧɞɪɿ 
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Ɇɨɞɟɥɶ ɝɚɡɨɨɛɦɿɧɭ ɛɚɡɭɽɬɶɫɹ ɧɚ ɪɿɜɧɹɧɧɿ 
ɨɛ’ɽɦɧɨɝɨ ɛɚɥɚɧɫɭ, ɡɚɩɪɨɩɨɧɨɜɚɧɨɦɭ  
Ɇ.Ɇ. Ƚɥɚɝɨɥɽɜɢɦ [5]. ɉɪɢ ɰɶɨɦɭ ɭ ɦɟɬɨɞɢɤɭ 
ɬɟɩɥɨɜɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɪɨɛɨɱɢɯ ɩɪɨɰɟɫɿɜ ɜɧɟ-
ɫɟɧɨ ɬɚɤɿ ɭɬɨɱɧɟɧɧɹ:  
 
– ɩɚɪɚɦɟɬɪɢ, ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɩɨɤɚɡɧɢɤɢ ɫɜɿ-
ɠɨɝɨ ɡɚɪɹɞɭ (ɱɢɫɬɨɝɨ ɩɨɜɿɬɪɹ) ɭ ɜɩɭɫɤɧɿɣ ɫɢ-
ɫɬɟɦɿ ɬɚ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɚ ɨɩɨɪɭ ɧɚ ɜɩɭɫ-
ɤɭ ɩɪɢɣɦɚɸɬɶɫɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɿɞɫɭɬɧɨɫɬɿ 
ɤɚɪɛɸɪɚɬɨɪɚ ɣ ɧɚɹɜɧɨɫɬɿ ɞɢɮɭɡɨɪɚ ɭ ɧɶɨɦɭ;  
 
– ɩɚɪɚɦɟɬɪɢ, ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɩɨɤɚɡɧɢɤɢ ɊɌ ɭ 
ɰɢɥɿɧɞɪɿ ɞɜɢɝɭɧɚ ɧɚ ɬɚɤɬɿ ɫɬɢɫɤɭ ɪɨɡɪɚɯɨɜɚɧɨ 
ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɤɿɥɶɤɨɫɬɿ ɩɨɜɿɬɪɹɧɨɝɨ ɡɚɪɹɞɭ, 
ɩɚɥɢɜɚ ɿ ɡɚɥɢɲɤɿɜ ɩɪɨɞɭɤɬɿɜ ɡɝɨɪɹɧɧɹ.  
 
Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɩɚɥɢɜɚ, ɹɤɟ ɜɢɩɚ-
ɪɭɜɚɥɨɫɹ ɜɿɞ ɦɨɦɟɧɬɭ ɩɨɱɚɬɤɭ Ȼȼɉ 
(ĳɩɨɱ.ɜɩɪ=200°ɉɄȼ ɩɿɫɥɹ ȼɆɌ) ɞɨ ɦɨɦɟɧɬɭ 
ɩɨɞɚɱɿ ɟɥɟɤɬɪɢɱɧɨɝɨ ɪɨɡɪɹɞɭ (30°ɉɄȼ ɞɨ 
ȼɆɌ), ɛɭɥɨ ɪɨɡɪɚɯɨɜɚɧɨ ɩɪɨɰɟɫɢ ɜɢɩɚɪɨɜɭ-
ɜɚɧɧɹ ɩɚɥɢɜɚ (ɰɢɤɥɨɜɚ ɩɨɞɚɱɚ ɩɚɥɢɜɚ  
ȼɰ = 22,71 ɦɝ/ɰ): ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɭ ɩɚɥɢɜɧɨɦɭ 
ɫɬɪɭɦɟɧɿ ɩɪɢ ɩɪɨɬɿɤɚɧɧɿ ɩɪɨɰɟɫɿɜ ɭɩɨɪɫɤɭ-
ɜɚɧɧɹ (ɬɪɢɜɚɥɿɫɬɶ ɩɪɨɰɟɫɭ ɭɩɨɪɫɤɭɜɚɧɧɹ 
ĳɜɩɪ=25°ɉɄȼ); ɭ ɩɚɥɢɜɧɨɦɭ ɫɬɪɭɦɟɧɿ ɩɿɫɥɹ 
ɡɚɤɿɧɱɟɧɧɹ ɩɨɞɚɱɿ ɩɚɥɢɜɚ ɣ ɪɭɫɿ ɫɬɪɭɦɟɧɹ ɜ 
ɨɛ’ɽɦɿ ɄɁ; ɨɞɧɨɱɚɫɧɨ ɡ ɩɨɜɟɪɯɧɿ ɩɚɥɢɜɧɨʀ 
ɩɥɿɜɤɢ ɿ ɡɿ ɫɬɪɭɦɟɧɹ ɩɚɥɢɜɚ, ɳɨ ɨɫɿɞɚɽ; ɿɡ ɩɨ-
ɜɟɪɯɧɿ ɩɚɥɢɜɧɨʀ ɩɥɿɜɤɢ.  
 
ɉɪɢ ɪɨɡɪɚɯɭɧɤɚɯ ɩɪɨɰɟɫɿɜ ɜɢɩɚɪɨɜɭɜɚɧɧɹ 
ɩɚɥɢɜɚ ɡ ɩɨɜɟɪɯɨɧɶ ɄɁ ɩɪɢɣɧɹɬɨ ɞɨɩɭɳɟɧɧɹ,  
ɳɨ ɩɪɢ ɜɡɚɽɦɨɞɿʀ ɮɪɨɧɬɭ ɩɚɥɢɜɧɨɝɨ ɫɬɪɭɦɟɧɹ 
ɡɿ ɫɬɿɧɤɚɦɢ ɄɁ ɤɪɚɩɥɿ ɩɚɥɢɜɚ ɪɨɡɩɨɞɿɥɹɸɬɶɫɹ 
ɧɚ ɩɨɜɟɪɯɧɿ ɪɿɜɧɨɦɿɪɧɨ ɬɚ ɭɬɜɨɪɸɸɬɶ ɩɚɥɢ-
ɜɧɭ ɩɥɿɜɤɭ. ȼɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɚ ɜɿɞɛɭɜɚ-
ɽɬɶɫɹ ɡ ɧɚɝɪɿɬɨʀ ɩɨɜɟɪɯɧɿ ɩɥɿɜɤɢ, ɨɛɦɟɠɟɧɨʀ 
ɤɪɢɜɨɸ ɩɟɪɟɬɢɧɭ ɬɜɿɪɧɨʀ ɡɨɜɧɿɲɧɶɨɝɨ ɤɨɧɭɫɚ 
ɪɨɡɤɪɢɬɬɹ ɩɚɥɢɜɧɨɝɨ ɫɬɪɭɦɟɧɹ ɡ ɩɨɜɟɪɯɧɟɸ 
ɫɬɿɧɤɢ. ɉɪɨɰɟɫ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɚ – ɿɡɨ-
ɬɟɪɦɿɱɧɢɣ, ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɩɪɢ ɜɢɩɪɨɦɿɧɸ-
ɜɚɧɧɿ ɧɟ ɜɪɚɯɨɜɭɽɬɶɫɹ. ɑɚɫ ɧɚɝɪɿɜɭ ɩɚɥɢɜɧɨʀ 
ɩɥɿɜɤɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ ɜɢɩɚɪɭ ɦɟɧɲɢɣ, ɧɿɠ 
ɬɪɢɜɚɥɿɫɬɶ ɩɪɨɰɟɫɿɜ ɜɢɩɚɪɭ. Ɍɟɦɩɟɪɚɬɭɪɭ 
ɩɨɜɟɪɯɧɿ ɄɁ ɩɿɞ ɩɚɥɢɜɧɨɸ ɩɥɿɜɤɨɸ ɩɪɢɣɧɹɬɨ 
ɩɨɫɬɿɣɧɨɸ (tɫɬ = 220 °ɋ). Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɥɢɜ-
ɧɨʀ ɩɥɿɜɤɢ ɞɨɪɿɜɧɸɽ ɬɟɦɩɟɪɚɬɭɪɿ ɩɨɜɟɪɯɧɿ 
ɄɁ. ɉɨɩɟɪɟɞɧɶɨ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɪɨɰɟɫɿɜ ɜɢ-
ɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɧɨʀ ɩɥɿɜɤɢ ɛɭɥɨ ɜɢɡɧɚɱɟɧɨ 
ɲɜɢɞɤɿɫɬɶ ɿ ɧɚɩɪɹɦɨɤ ɪɭɯɭ ɊɌ ɧɚɞ ɩɨɜɟɪɯ-
ɧɟɸ ɩɚɥɢɜɧɨʀ ɩɥɿɜɤɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɪɢɜɢɦɿ-
ɪɧɨɝɨ ɝɚɡɨɞɢɧɚɦɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ (ɪɢɫ. 2).  
 
ɑɢɫɟɥɶɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɨɛɪɨɛɤɭ ɪɟɡɭɥɶɬɚ-
ɬɿɜ ɪɨɡɪɚɯɭɧɤɿɜ ɜɢɤɨɧɚɧɨ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɦɩɥɟɤɫɭ MTFS.  

 
 

Ɋɢɫ. 2. ɉɨɥɹ ɲɜɢɞɤɨɫɬɟɣ ɊɌ ɭ ɰɢɥɿɧɞɪɿ 
 

ȼɿɞɡɧɚɱɢɦɨ, ɳɨ ɩɪɢ ɦɨɞɟɪɧɿɡɚɰɿʀ ɞɜɢɝɭɧɚ ɞɥɹ 
ɨɪɝɚɧɿɡɚɰɿʀ ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɩɚ-
ɥɢɜɧɭ ɮɨɪɫɭɧɤɭ ɪɨɡɬɚɲɨɜɚɧɨ ɭ ɫɬɿɧɰɿ ɰɢɥɿɧ-

ɞɪɚ, ɚ ɩɚɥɢɜɧɢɣ ɫɬɪɭɦɿɧɶ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɩɨ-
ɜɟɪɯɧɸ ɄɁ, ɪɨɡɬɚɲɨɜɚɧɭ ɜ ɝɨɥɨɜɰɿ ɰɢɥɿɧɞɪɚ. 
ɉɪɢ ɰɶɨɦɭ ɡɦɿɧɟɧɨ ɮɨɪɦɭ ɄɁ ɜ ɝɨɥɨɜɰɿ ɰɢ-

ɥɿɧɞɪɚ ɿ ɧɚɯɢɥ ɪɨɡɬɚɲɭɜɚɧɧɹ ɜɩɭɫɤɧɨɝɨ ɿ ɜɢ-

ɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɿɜ [5]. Ⱥɧɚɥɿɡ ɡɚɝɚɥɶɧɨʀ ɤɚɪ-
ɬɢɧɢ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɊɌ ɜ ɰɢɥɿɧɞɪɿ ɞɜɢɝɭɧɚ 
ɧɚ ɬɚɤɬɚɯ ɜɩɭɫɤɭ ɿ ɫɬɢɫɤɭ ɩɨɤɚɡɚɜ, ɳɨ ɧɚɣɛɿ-
ɥɶɲɚ ɲɜɢɞɤɿɫɬɶ ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɩɪɢ ɜɿɞɤɪɢɬ-
ɬɿ ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ.  
 

ɇɚ ɬɚɤɬɿ ɫɬɢɫɤɭ, ɩɿɞ ɱɚɫ ɩɪɨɬɿɤɚɧɧɹ ɩɪɨɰɟɫɿɜ 
ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ, ɧɚɞ ɩɚɥɢɜɧɨɸ 

ɩɥɿɜɤɨɸ ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɊɌ ɫɤɥɚɥɚ 
ɛɥɢɡɶɤɨ 10 ɦ/c. ɉɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɩɪɨɰɟɫɿɜ 
ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɨɜɟɪɯɧɿ ɩɚɥɢɜɧɨʀ ɩɥɿɜɤɢ (ɬɟɦɩɟɪɚɬɭɪɚ ɜɢɩɚ-
ɪɨɜɭɜɚɧɧɹ) tɜɢɩ ɡɧɚɯɨɞɢɬɶɫɹ ɿɡ ɭɦɨɜ ɛɚɥɚɧɫɭ 
ɬɟɩɥɚ, ɩɿɞɜɟɞɟɧɨɝɨ ɞɨ ɪɿɞɤɨʀ ɩɥɿɜɤɢ ɿ ɜɢɬɪɚ-
ɱɟɧɨɝɨ ɧɚ ɜɢɩɚɪɨɜɭɜɚɧɧɹ [4] 
 

ɪɬ ɪɬ ɜɢɩ ɩɚɥ ɩɚɥ ɜɢɩ ɜɢɩ ɩ( ) ( ) ,t t t t ɪ i        (1) 

 

ɞɟ ɪɬ, ɩɚɥ – ɤɨɟɮɿɰɿɽɧɬɢ ɬɟɩɥɨɜɿɞɞɚɱɿ ɊɌ ɿ 
ɩɚɥɢɜɚ ɜɿɞɩɨɜɿɞɧɨ; ɜɢɩ – ɤɨɟɮɿɰɿɽɧɬ ɜɢɩɚɪɨ-
ɜɭɜɚɧɧɹ, ɹɤɢɣ ɜɿɞɧɟɫɟɧɨ ɞɨ ɪɿɡɧɨɫɬɿ ɩɚɪɰɿɚ-
ɥɶɧɢɯ ɬɢɫɤɿɜ ɩɚɪɢ ɧɚ ɩɨɜɟɪɯɧɿ ɩɚɥɢɜɧɨʀ ɩɥɿ-
ɜɤɢ ɪɩ ɿ ɭ ɊɌ ɪɪɬ; ∆i – ɡɛɿɥɶɲɟɧɧɹ ɟɧɬɚɥɶɩɿʀ 
ɩɚɥɢɜɚ; tɪɬ, tɩɚɥ – ɬɟɦɩɟɪɚɬɭɪɢ ɊɌ ɿ ɩɨɜɟɪɯɧɿ 
ɩɚɥɢɜɧɨʀ ɩɥɿɜɤɢ ɡ ɛɨɤɭ ɧɚɝɪɿɬɨʀ ɩɨɜɟɪɯɧɿ ɜɿɞ-

ɩɨɜɿɞɧɨ.  

110° ɉɄȼ 150° ɉɄȼ

230° ɉɄȼ 270° ɉɄȼ
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Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɪɟɡɭɥɶɬɚɬɿɜ ɞɨɫɥɿɞɠɟɧɶ ȼɢɪɭ-
ɛɨɜɚ Ⱦ.ɇ., ɇɟɫɬɟɪɟɧɤɨ Ⱥ.ȼ., Ʌɢɤɨɜɚ Ⱥ.ȼ.  

[6–8] ɿ ɩɨɫɬɿɣɧɢɯ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɜɥɚɫ-
ɬɢɜɨɫɬɿ ɛɟɧɡɢɧɭ Ⱥ-76, Ⱥɂ-93 [6], ɩɿɫɥɹ ɩɿɞɫ-
ɬɚɧɨɜɤɢ ɤɨɟɮɿɰɿɽɧɬɿɜ ɿ ɩɟɪɟɬɜɨɪɟɧɧɹ ɡɚɥɟɠ-

ɧɿɫɬɶ (1) ɧɚɛɭɜɚɽ ɜɢɝɥɹɞɭ 
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ɞɟ Ⱥ1, n1 – ɩɨɫɬɿɣɧɿ, ɳɨ ɡɚɥɟɠɚɬɶ ɜɿɞ ɱɢɫɥɚ 
Ɋɟɣɧɨɥɶɞɫɚ Re; Nu, Gu, Re – ɤɪɢɬɟɪɿʀ ɇɭɫɫɟ-
ɥɶɬɚ, Ƚɭɯɦɚɧɚ, Ɋɟɣɧɨɥɶɞɫɚ; l,  – ɞɨɜɠɢɧɚ ɿ 
ɬɨɜɳɢɧɚ ɩɚɥɢɜɧɨʀ ɩɥɿɜɤɢ; ɩɚɥ, ɪɬ – ɤɨɟɮɿɰɿ-
ɽɧɬɢ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɩɚɥɢɜɚ ɿ ɊɌ.  

 

Ɍɟɦɩɟɪɚɬɭɪɭ ɪɿɜɧɨɜɚɠɧɨɝɨ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɡɿ 
ɜɫɿɽʀ ɩɥɨɳɿ ɩɨɜɟɪɯɧɿ ɜɢɡɧɚɱɚɸɬɶ ɡ ɪɿɜɧɹɧɧɹ 
(2) ɦɟɬɨɞɨɦ ɩɿɞɛɨɪɭ.  
 

Ʉɨɟɮɿɰɿɽɧɬ ɲɜɢɞɤɨɫɬɿ ɜɢɩɚɪɨɜɭɜɚɧɧɹ [4]  

 
1

ɢ

0,135 0,33 0,33
1 ɜ ɢ

ɢ 3585

0,66
ɜ

5,35 Re Gu
.

n

T
T

Ⱥ Ɍ
K

l e

     


  

  (3) 

 
ɋɬɭɩɿɧɶ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɶɧɨɝɨ [4] 

 

ɢTF Ʉ
g

   
  ,                       (4) 

 

ɞɟ F – ɩɥɨɳɚ ɩɚɥɢɜɧɨʀ ɩɥɿɜɤɢ; g – ɤɿɥɶɤɿɫɬɶ 
ɩɚɥɢɜɚ ɧɚ ɩɨɜɟɪɯɧɿ. 
 

Ʉɿɥɶɤɿɫɬɶ ɜɢɩɚɪɨɜɭɜɚɧɶ ɜɿɞ ɩɚɥɢɜɚ [4] 

 

  ȼ = Ȉ ȍɿ·gi.            (5) 

 

Ɉɫɨɛɥɢɜɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɢɯ ɩɪɨɰɟɫɿɜ ɿɡ 
Ȼȼɉ ɭ ɱɨɬɢɪɢɬɚɤɬɧɨɦɭ ɞɜɢɝɭɧɿ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɧɚ ɪɢɫ. 3.  

 

ɉɿɞ ɱɚɫ ɭɩɨɪɫɤɭɜɚɧɧɹ (ɜɩɪ=200–225° ɉɄȼ 

ɩɿɫɥɹ ȼɆɌ) ɣ ɪɭɯɭ ɩɚɥɢɜɧɨɝɨ ɫɬɪɭɦɟɧɹ ɱɚɫɬ-
ɤɚ ɩɚɥɢɜɚ ȼ, ɳɨ ɜɢɩɚɪɭɜɚɥɚɫɹ, ɫɬɚɧɨɜɢɬɶ ɞɟ-
ɳɨ ɛɿɥɶɲɟ 1 % ɜɿɞ ɰɢɤɥɨɜɨʀ ɩɨɞɚɱɿ ȼɰ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 3. ɉɪɨɰɟɫɢ ɜɧɭɬɪɿɲɧɶɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ: ɚ – ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɚ ɩɿɞ ɱɚɫ ɭɩɨɪɫɤɭɜɚɧ-

ɧɹ; ɛ – ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɚ ɩɿɫɥɹ ɡɚɤɿɧɱɟɧɧɹ ɩɚɥɢɜɨɩɨɞɚɱɿ ɞɨ ɦɨɦɟɧɬɭ ɞɨɫɹɝɧɟɧɧɹ ɮɪɨɧ-

ɬɨɦ ɫɬɪɭɦɟɧɹ ɫɬɿɧɤɢ ɄɁ; ɜ – ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɚ ɩɪɢ ɜɡɚɽɦɨɞɿʀ ɮɪɨɧɬɭ ɩɚɥɢɜɧɨɝɨ ɫɬɪɭ-

ɦɟɧɹ ɡ ɩɨɜɟɪɯɧɟɸ ɫɬɿɧɤɢ ɄɁ ɬɚ ɭ ɲɥɟɣɮɿ ɫɬɪɭɦɟɧɹ; ɝ – ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɚ ɡ ɩɨɜɟɪɯɧɿ 
ɫɬɿɧɤɢ ɄɁ  

 

ɚ ɛ ɜ ɝ 
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ɇɚ ɰɶɨɦɭ ɿɧɬɟɪɜɚɥɿ ɩɪɨɰɟɫɿɜ ɜɧɭɬɪɿɲɧɶɨɝɨ 
ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɜɿɞɛɭɜɚɽɬɶɫɹ ɧɟɿɧɬɟɧɫɢɜɧɟ 
ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɱɚɫɬɨɤ ɩɚɥɢɜɚ ɭ ɫɬɪɭɦɟɧɿ, 
ɜɧɚɫɥɿɞɨɤ ɧɢɡɶɤɨɝɨ ɬɢɫɤɭ ɭɩɨɪɫɤɭɜɚɧɧɹ 
(Ɋɜɩɪ=3,5 Ɇɉɚ) ɬɚ ɫɟɪɟɞɧɶɨɝɨ ɞɿɚɦɟɬɪɚ ɤɪɚ-
ɩɟɥɶ D32≈35 ɦɤɦ [7]. ɉɪɢ ɪɭɫɿ ɩɚɥɢɜɧɨɝɨ 

ɫɬɪɭɦɟɧɹ ɩɿɫɥɹ ɡɚɤɿɧɱɟɧɧɹ ɩɚɥɢɜɨɩɨɞɚɱɿ ɞɨ 

ɦɨɦɟɧɬɭ ɞɨɫɹɝɧɟɧɧɹ ɮɪɨɧɬɨɦ ɫɬɪɭɦɟɧɹ ɫɬɿɧ-

ɤɢ ɄɁ (230° ɉɄȼ ɩɿɫɥɹ ȼɆɌ) ɱɚɫɬɤɚ ɩɚɥɶɧɨ-
ɝɨ, ɳɨ ɜɢɩɚɪɭɜɚɥɚɫɹ, ɫɤɥɚɞɚɽ ɛɥɢɡɶɤɨ 2 %, 

ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɽ ɬɢɩ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɹɤ 
ɩɥɿɜɤɨɜɢɣ (ɪɢɫ. 3, ɛ).  
 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɩɪɨɰɟɫɿɜ ɜɧɭɬɪɿɲ-

ɧɶɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 4.

 

Ɂɚ ɩɟɪɿɨɞ ɨɞɧɨɱɚɫɧɨʀ ɜɡɚɽɦɨɞɿʀ ɮɪɨɧɬɭ ɩɚɥɢ-

ɜɧɨɝɨ ɫɬɪɭɦɟɧɹ ɡ ɩɨɜɟɪɯɧɟɸ ɫɬɿɧɤɢ ɄɁ ɿ ɜɢ-

ɩɚɪɨɜɭɜɚɧɶ ɱɚɫɬɨɤ ɩɚɥɢɜɚ, ɳɨ ɪɭɯɚɸɬɶɫɹ ɭ 

ɲɥɟɣɮɿ ɫɬɪɭɦɟɧɹ (230–255° ɉɄȼ ɩɿɫɥɹ 
ȼɆɌ), ɱɚɫɬɤɚ ɩɚɥɢɜɚ, ɹɤɚ ɜɢɩɚɪɭɜɚɥɚɫɶ, ɫɤɥɚ-
ɞɚɽ ɛɥɢɡɶɤɨ 36 % (ɪɢɫ. 3, ɜ, 4). Ɉɫɬɚɧɧɹ ɱɚɫ-
ɬɢɧɚ ɩɚɥɢɜɚ ɜɢɩɚɪɨɜɭɜɚɥɚɫɹ ɡ ɩɨɜɟɪɯɨɧɶ ɫɬɿ-
ɧɨɤ ɄɁ. ɉɪɨɰɟɫ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɩɚɥɢɜɧɨʀ 
ɩɥɿɜɤɢ ɡɚ ɪɚɯɭɧɤɨɦ ɡɚɤɿɧɱɢɜɫɹ ɩɪɢ 323° ɉɄȼ 

ɩɿɫɥɹ ȼɆɌ (ɪɢɫ. 3, ɝ, 4).  

 

ȼɢɫɧɨɜɤɢ 

 

Ɋɨɡɪɚɯɭɧɨɤ ɩɪɨɰɟɫɿɜ ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬɜɨ-
ɪɟɧɧɹ ɭ ɱɨɬɢɪɢɬɚɤɬɧɨɦɭ ɞɜɢɝɭɧɿ 2ɑ7,8/6,8 ɡ 
ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ Ȼȼɉ ɩɚɥɢɜɚ ɧɚ 
ɬɚɤɬɿ ɫɬɢɫɤɭ ɞɨɡɜɨɥɹɽ ɨɰɿɧɢɬɢ ɬɪɢɜɚɥɿɫɬɶ  
ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɰɢɤɥɨɜɨʀ ɩɨɞɚɱɿ ɩɚɥɢɜɚ  
(123° ɉɄȼ) ɡɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɣ 

ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ɤɨɥɿɧɱɚɫɬɨɝɨ ɜɚɥɚ  
n=3000 ɯɜ–1. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɩɨɤɚɡɭ-

ɸɬɶ, ɳɨ ɜɫɹ ɰɢɤɥɨɜɚ ɩɨɞɚɱɚ ɩɚɥɢɜɚ ɜɢɩɚɪɭ-
ɽɬɶɫɹ ɞɨ ɦɨɦɟɧɬɭ ɩɨɞɚɱɿ ɧɚɩɪɭɝɢ ɧɚ ɟɥɟɤɬɪɨ-

ɞɢ ɫɜɿɱɤɢ ɡɚɩɚɥɸɜɚɧɧɹ. ɉɪɨɰɟɫ ɜɢɩɚɪɨɜɭ-

ɜɚɧɧɹ ɡɚɤɿɧɱɭɽɬɶɫɹ ɩɪɢ 37° ɉɄȼ ɞɨ ȼɆɌ, ɚ 
ɤɭɬ ɡɚɩɚɥɸɜɚɧɧɹ ɫɬɚɧɨɜɢɬɶ 30° ɉɄȼ ɞɨ ȼɆɌ. 

Ɂɚ ɩɿɞɜɢɳɟɧɧɹ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ ɤɨɥɿɧɱɚɫ-
ɬɨɝɨ ɜɚɥɚ ɿ ɡɛɿɥɶɲɟɧɧɹ ɩɨɬɭɠɧɨɫɬɿ ɞɜɢɝɭɧɚ ɬɚ 
ɰɢɤɥɨɜɨʀ ɩɨɞɚɱɿ ɩɚɥɢɜɚ ɦɨɦɟɧɬ ɩɨɱɚɬɤɭ ɭɩɨ-
ɪɫɤɭɜɚɧɧɹ ɩɚɥɢɜɚ ɦɨɠɟ ɛɭɬɢ ɩɟɪɟɦɿɳɟɧɢɣ 

ɛɥɢɠɱɟ ɞɨ ɇɆɌ ɬɚ ɧɚ ɬɚɤɬ ɜɩɭɫɤɭ. Ɂɚɫɬɨɫɨ-
ɜɚɧɚ ɦɟɬɨɞɢɤɚ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɚ ɞɥɹ 
ɤɿɥɶɤɿɫɧɨʀ ɨɰɿɧɤɢ ɩɪɨɬɿɤɚɧɧɹ ɩɪɨɰɟɫɿɜ ɜɧɭɬ-
ɪɿɲɧɶɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɜ ȾȼɁ ɿɡ ɿɫɤɪɨɜɢɦ 

ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ Ȼȼɉ.  
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