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Ⱦɢɫɟɪɬɚɰɿɽɸ ɽ ɪɭɤɨɩɢɫ. 
 
Ɋɨɛɨɬɚ ɜɢɤɨɧɚɧɚ ɜ Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɦɭ ɧɚɰɿɨɧɚɥɶɧɨɦɭ ɭɧɿɜɟɪɫɢɬɟɬɿ ɿɦɟɧɿ 
Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ Ɇɿɧɿɫɬɟɪɫɬɜɚ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ 
 
ɇɚɭɤɨɜɢɣ ɤɟɪɿɜɧɢɤ:  
 

ɞɨɤɬɨɪ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ  
ɋɨɤɨɥɨɜɫɶɤɢɣ Ɉɥɟɤɫɚɧɞɪ Ƀɨɫɢɩɨɜɢɱ, 
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ  
Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ, ɩɪɨɮɟɫɨɪ ɤɚɮɟɞɪɢ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ. 
 

Ɉɮɿɰɿɣɧɿ ɨɩɨɧɟɧɬɢ: ɞɨɤɬɨɪ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ 
Ƚɟɪɚɫɢɦɟɧɤɨ ȼɿɤɬɨɪ ȱɜɚɧɨɜɢɱ, 
ȱɧɫɬɢɬɭɬ ɦɚɬɟɦɚɬɢɤɢ ɇȺɇ ɍɤɪɚʀɧɢ, ɩɪɨɜɿɞɧɢɣ  
ɧɚɭɤɨɜɢɣ ɫɩɿɜɪɨɛɿɬɧɢɤ ɜɿɞɞɿɥɭ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ  
ɪɿɜɧɹɧɶ ɡ ɱɚɫɬɢɧɧɢɦɢ ɩɨɯɿɞɧɢɦɢ; 
 

 ɞɨɤɬɨɪ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ,  
ɱɥɟɧ-ɤɨɪɟɫɩɨɧɞɟɧɬ ɇȺɇ ɍɤɪɚʀɧɢ  
ɋɥɸɫɚɪɟɧɤɨ ɘɪɿɣ ȼɿɤɬɨɪɨɜɢɱ, 
ȱɧɫɬɢɬɭɬ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ ɿɦɟɧɿ Ɉ. ȱ. Ⱥɯɿɽɡɟɪɚ  
ɇɚɰɿɨɧɚɥɶɧɨɝɨ ɧɚɭɤɨɜɨɝɨ ɰɟɧɬɪɭ «ɏɚɪɤɿɜɫɶɤɢɣ ɮɿɡɢɤɨ-
ɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬ» ɇȺɇ ɍɤɪɚʀɧɢ, ɡɚɜɿɞɭɜɚɱ ɜɿɞɞɿɥɭ 
ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ ɬɚ ɤɜɚɧɬɨɜɨʀ ɬɟɨɪɿʀ ɩɨɥɹ. 

 

 

Ɂɚɯɢɫɬ ɜɿɞɛɭɞɟɬɶɫɹ « 30 » ɱɟɪɜɧɹ 2016 ɪ. ɨ 1600 ɧɚ ɡɚɫɿɞɚɧɧɿ ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ 
ɜɱɟɧɨʀ ɪɚɞɢ Ⱦ 08.051.02 Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ 
ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɡɚ ɚɞɪɟɫɨɸ: ɜɭɥ. ɇɚɭɤɨɜɚ 9, ɤɨɪɩɭɫ 12, ɚɭɞ. 512.  
 
Ɂ ɞɢɫɟɪɬɚɰɿɽɸ ɦɨɠɧɚ ɨɡɧɚɣɨɦɢɬɢɫɶ ɭ ɛɿɛɥɿɨɬɟɰɿ Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ ɧɚɰɿɨ-
ɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ. 
 
Ⱥɜɬɨɪɟɮɟɪɚɬ ɪɨɡɿɫɥɚɧɢɣ  « 27 »  ɬɪɚɜɧɹ 2016 ɪ. 
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ɁȺȽȺɅɖɇȺ ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ ɊɈȻɈɌɂ 
 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɽ ɰɟɧɬɪɚɥɶɧɨɸ 
ɡɚɞɚɱɟɸ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ. Ɍɚɤɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɠɥɢɜɟ ɥɢɲɟ ɧɚ ɨɫɧɨɜɿ ɫɤɨ-
ɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɬɚɧɿɜ, ɭ ɪɚɦɤɚɯ ɹɤɨɝɨ ɫɢɫɬɟɦɚ ɨɩɢɫɭɽɬɶɫɹ ɜɿɞ-
ɧɨɫɧɨ ɜɭɡɶɤɢɦ ɧɚɛɨɪɨɦ ɩɚɪɚɦɟɬɪɿɜ – ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ (ɉɋɈ).  
ɋɤɨɪɨɱɟɧɢɣ ɨɩɢɫ ɩɪɢ ɰɶɨɦɭ ɛɭɞɭɽɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ Ʌɿɭɜɿɥɥɹ ɚɛɨ ɤɿɧɟɬɢ-
ɱɧɢɯ ɪɿɜɧɹɧɶ (Ȼɨɥɶɰɦɚɧɚ, Ʌɚɧɞɚɭ ɬɨɳɨ). ɋɭɱɚɫɧɨɸ ɬɟɧɞɟɧɰɿɽɸ ɽ ɪɨɡɲɢɪɟɧɧɹ 
ɫɬɚɧɞɚɪɬɧɢɯ ɧɚɛɨɪɿɜ ɉɋɈ ɡ ɦɟɬɨɸ ɜɪɚɯɭɜɚɧɧɹ ɧɨɜɢɯ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ ɫɢɫɬɟɦɢ. 
Ɍɭɬ ɜ ɩɟɪɲɭ ɱɟɪɝɭ ɫɥɿɞ ɡɝɚɞɚɬɢ ɨɩɢɫ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɜɭɡɶɤɨɦɭ ɪɨɡɭ-
ɦɿɧɧɿ ɰɶɨɝɨ ɬɟɪɦɿɧɭ ɹɤ ɩɪɨɰɟɫɿɜ, ɹɤɿ ɦɨɠɭɬɶ ɩɪɨɯɨɞɢɬɢ ɜ ɩɪɨɫɬɨɪɨɜɨ-
ɨɞɧɨɪɿɞɧɢɯ ɫɬɚɧɚɯ ɫɢɫɬɟɦɢ. Ȼɿɥɹ ɪɿɜɧɨɜɚɝɢ ɰɿ ɩɪɨɰɟɫɢ ɜɿɞɩɨɜɿɞɚɸɬɶ ɤɿɧɟɬɢɱɧɢɦ 
ɦɨɞɚɦ ɫɢɫɬɟɦɢ ɿ ɪɟɥɚɤɫɚɰɿɣɧɢɦ ɫɬɭɩɟɧɹɦ ɫɜɨɛɨɞɢ. Ʉɥɚɫɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɰɢɯ 
ɩɪɨɰɟɫɿɜ ɧɚɥɟɠɚɬɶ Ʌɚɧɞɚɭ, ɹɤɢɣ ɞɨɫɥɿɞɢɜ ɪɟɥɚɤɫɚɰɿɸ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨɧɟɧɬ 
ɩɥɚɡɦɢ, ɿ Ƚɪɟɞɭ, ɹɤɢɣ ɪɨɡɪɨɛɢɜ ɬɟɨɪɿɸ ɦɚɤɫɜɟɥɥɿɜɫɶɤɨʀ ɪɟɥɚɤɫɚɰɿʀ. ȱɞɟʀ ɰɢɯ ɪɨ-
ɛɿɬ ɿ ɞɨ ɬɟɩɟɪɿɲɧɶɨɝɨ ɱɚɫɭ ɽ ɪɨɛɨɱɢɦ ɡɧɚɪɹɞɞɹɦ ɧɨɜɿɬɧɿɯ ɞɨɫɥɿɞɠɟɧɶ. ȼɚɠɥɢɜɢɦ 
ɧɟɞɨɥɿɤɨɦ ɰɢɯ ɞɨɫɥɿɞɠɟɧɶ ɽ ɜɿɞɫɭɬɧɿɫɬɶ ɭ ɪɨɡɪɚɯɭɧɤɚɯ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ ɿ 
ɪɨɡɜ’ɹɡɚɧɧɹ ɧɚ ɣɨɝɨ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ, ɚ ɬɚɤɨɠ ɧɟɜɪɚɯɭɜɚɧɧɹ ɩɨɪɭ-
ɲɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ ɜ ɫɢɫɬɟɦɚɯ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. 
ɍɫɭɧɟɧɧɹ ɰɢɯ ɧɟɞɨɥɿɤɿɜ ɽ ɜɚɠɥɢɜɨɸ ɡɚɞɚɱɟɸ ɫɭɱɚɫɧɨʀ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ 
ɩɪɨɰɟɫɿɜ.  

Ɉɫɧɨɜɨɸ ɫɭɱɚɫɧɨʀ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɞɨɰɿɥɶɧɨ ɜɜɚɠɚɬɢ ɦɟɬɨɞ 
ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɢɫɬɟɦ Ȼɨɝɨɥɸɛɨɜɚ, ɹɤɢɣ ʉɪɭɧɬɭɽɬɶɫɹ ɧɚ ɣɨ-
ɝɨ ɿɞɟʀ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɿɞɟʀ ɧɨɪɦɚɥɶɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ Ƚɿɥɶ-
ɛɟɪɬɚ, ɜɨɧɚ ɜɢɯɨɞɢɬɶ ɡ ɧɚɹɜɧɨɫɬɿ ɭ ɫɢɫɬɟɦɢ ɧɢɡɤɢ ɟɬɚɩɿɜ ɩɪɢɪɨɞɧɨʀ ɟɜɨɥɸɰɿʀ, ɜ 
ɹɤɢɯ ɪɟɚɥɿɡɭɽɬɶɫɹ ɦɨɠɥɢɜɿɫɬɶ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ. Ɉɤɪɟɦɢɦ ɜɢɩɚɞɤɨɦ ɰɶɨɝɨ ɦɟ-
ɬɨɞɭ ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɦɟɬɨɞ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ, ɹɤɢɣ ɡɚ Ȼɨɝɨɥɸɛɨɜɢɦ ɬɟɠ  ɛɚɡɭ-
ɽɬɶɫɹ ɧɚ ɮɭɧɤɰɿɨɧɚɥɶɧɿɣ ɝɿɩɨɬɟɡɿ. Ɂɚ ɫɜɨʀɦ ɩɨɯɨɞɠɟɧɧɹɦ ɦɟɬɨɞ ɑɟɩɦɟɧɚ–
ȿɧɫɤɨɝɚ ɨɪɿɽɧɬɨɜɚɧɢɣ ɧɚ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɚɧɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɿɜ. ɋɭ-
ɱɚɫɧɨɸ ɡɚɞɚɱɟɸ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɽ ɣɨɝɨ ɭɡɚɝɚɥɶɧɟɧɧɹ ɧɚ ɜɢɩɚɞɨɤ 
ɧɚɹɜɧɨɫɬɿ ɜ ɫɢɫɬɟɦɿ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɭ ɜɭɡɶɤɨɦɭ ɪɨɡɭɦɿɧɧɿ ɰɶɨɝɨ ɬɟɪɦɿ-
ɧɭ. ɐɟɧɬɪɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ ɩɪɢ ɰɶɨɦɭ ɽ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɢɯ 
ɫɬɚɧɿɜ, ɹɤɿ ɧɟ ɽ ɫɬɚɧɚɦɢ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ. Ɉɛɱɢɫɥɢɬɢ ɜɿɞɩɨɜɿɞɧɿ ɮɭɧɤɰɿʀ ɪɨɡ-
ɩɨɞɿɥɭ ɧɟ ɞɨɡɜɨɥɹɽ ɜɿɞɫɭɬɧɿɫɬɶ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɩɪɨɩɨ-
ɧɭɽ ɩɿɞɯɿɞ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɰɿɽʀ ɩɪɨɛɥɟɦɢ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɿ ɜɢɤɨ-
ɪɢɫɬɨɜɭɽ ɣɨɝɨ ɞɥɹ ɚɧɚɥɿɡɭ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɝɚɡɿɜ (ɡɨɤɪɟɦɚ, ɩɥɚɡɦɢ). Ɏɚɤɬɢɱɧɨ 
ɩɪɢ ɰɶɨɦɭ ɣɞɟɬɶɫɹ ɩɪɨ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɿɜ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɿ Ƚɪɟɞɚ. ȼ ɥɿɬɟ-
ɪɚɬɭɪɿ ɡɚɡɧɚɱɚɽɬɶɫɹ ɚɤɬɭɚɥɶɧɿɫɬɶ ɰɿɽʀ ɡɚɞɚɱɿ (SТЧРС, 2010; JoЮ, CКЬКЬ-VпгqЮОг, 
LОЛoЧ, 2010). ɋɥɿɞ ɬɚɤɨɠ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɞɨɫɥɿɞɠɟɧɧɹ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɿɜ 
ɩɥɚɡɦɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɽ ɜɚɠɥɢɜɨɸ ɡɚɞɚɱɟɸ ɬɟɨɪɿʀ ɧɟɪɿ-
ɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ, ɿ ɬɨɦɭ ʀɣ ɭ ɞɢɫɟɪɬɚɰɿʀ ɩɪɢɞɿɥɹɽɬɶɫɹ ɜɟɥɢɤɚ ɭɜɚɝɚ. 

Ɂɜ’ɹɡɨɤ ɪɨɛɨɬɢ ɡ ɧɚɭɤɨɜɢɦɢ ɩɪɨɝɪɚɦɚɦɢ ɬɚ ɬɟɦɚɦɢ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨ-
ɛɨɬɚ ɜɢɤɨɧɚɧɚ ɜ ɪɚɦɤɚɯ ɞɟɪɠɛɸɞɠɟɬɧɨʀ ɞɨɫɥɿɞɧɨʀ ɪɨɛɨɬɢ «Ɂɦɿɧɧɿ ɫɩɨɫɬɟɪɟɠɟɧ-
ɧɹ ɞɥɹ ɧɨɜɢɯ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɬɚ ɩɪɨɰɟɫɿɜ ɜ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɨɜɧɿɲɧɿɯ 
ɭɦɨɜɚɯ» (ʋ ɞɟɪɠɪɟɽɫɬɪɚɰɿʀ 0113U003031), ɳɨ ɜɢɤɨɧɭɜɚɥɚɫɹ ɜ Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶ-
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ɤɨɦɭ ɧɚɰɿɨɧɚɥɶɧɨɦɭ ɭɧɿɜɟɪɫɢɬɟɬɿ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɜ ɧɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɿɣ ɥɚ-
ɛɨɪɚɬɨɪɿʀ ɤɜɚɧɬɨɜɨʀ ɯɪɨɦɨɩɥɚɡɦɢ. 

Ɇɟɬɚ ɿ ɡɚɞɚɱɿ ɞɨɫɥɿɞɠɟɧɧɹ. Ɇɟɬɨɸ ɪɨɛɨɬɢ ɽ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟ-
ɧɚ–ȿɧɫɤɨɝɚ ɧɚ ɜɢɩɚɞɨɤ ɧɚɹɜɧɨɫɬɿ ɜ ɫɢɫɬɟɦɿ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɿ ɣɨɝɨ ɡɚ-
ɫɬɨɫɭɜɚɧɧɹ ɞɨ ɤɿɧɟɬɢɤɢ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɝɚɡɭ ɬɚ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɩɥɚɡ-
ɦɢ.  

Ɇɟɬɚ ɪɨɛɨɬɢ ɞɨɫɹɝɚɽɬɶɫɹ ɪɨɡɜ’ɹɡɭɜɚɧɧɹɦ ɬɚɤɢɯ ɡɚɞɚɱ: 
 1.  ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɪɨɡɪɨɛɢɬɢ ɡɚɝɚɥɶɧɭ ɬɟɨɪɿɸ ɪɟɥɚɤɫɚ-
ɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɨɤɨɥɿ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɿɜ (ɭɡɚɝɚɥɶɧɟɧɢɣ ɦɟɬɨɞ ɑɟɩɦɟɧɚ–
ȿɧɫɤɨɝɚ) ɲɥɹɯɨɦ ɪɨɡɝɥɹɞɭ ɰɢɯ ɩɪɨɰɟɫɿɜ ɛɿɥɹ ʀɯ ɡɚɜɟɪɲɟɧɧɹ.  
 2.  Ɂɚ ɞɨɩɨɦɨɝɨɸ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɞɨɫɥɿɞɢɬɢ ɪɟɥɚ-
ɤɫɚɰɿɸ Ɇɚɤɫɜɟɥɥɚ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɦɭ ɝɚɡɿ ɿ ɜɫɬɚɧɨɜɢɬɢ ɡɜ’ɹɡɨɤ ɡ ɬɟɨɪɿɽɸ ɪɟ-
ɥɚɤɫɚɰɿʀ Ƚɪɟɞɚ. 
 3.  Ɂɚ ɞɨɩɨɦɨɝɨɸ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɞɨɫɥɿɞɢɬɢ ɪɟɥɚ-
ɤɫɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɿɣ ɩɥɚɡɦɿ. Ɋɨɡɪɨ-
ɛɢɬɢ ɬɟɨɪɿɸ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫɢ ɟɥɟɤɬɪɨɧɚ ɞɨ ɦɚɫɢ ɿɨɧɚ ɞɥɹ 
ɪɨɡɜ’ɹɡɚɧɧɹ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ ɡ ɧɚɫɬɭɩɧɢɦɢ ɧɚɛɥɢɠɟɧɢɦɢ ɨɛɱɢɫɥɟɧ-
ɧɹɦɢ ɦɟɬɨɞɨɦ ɨɛɿɪɜɚɧɢɯ ɪɨɡɜɢɧɟɧɶ ɡɚ ɨɪɬɨɝɨɧɚɥɶɧɢɦɢ ɩɨɥɿɧɨɦɚɦɢ. 
 4. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɞɨɫɥɿɞɢɬɢ ɝɿɞ-
ɪɨɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ ɜ ɞɜɨɤɨɦɩɨɧɟɧɬɧɿɣ ɩɥɚɡɦɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤ-
ɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪ ɿ ɲɜɢɞɤɨɫɬɟɣ ɤɨɦɩɨɧɟɧɬ. Ⱦɨɫɥɿɞɢɬɢ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɜ 
ɝɿɞɪɨɞɢɧɚɦɿɰɿ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɩɥɚɡɦɢ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɜ ɧɿɣ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨ-
ɰɟɫɿɜ. 
 5. Ⱦɨɫɥɿɞɢɬɢ ɦɨɞɢ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɩɥɚɡɦɢ ɜ ʀʀ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɚɯ 
ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɜ ɧɿɣ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. 

Ɉɛ’ɽɤɬ ɞɨɫɥɿɞɠɟɧɧɹ: ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɢɣ ɝɚɡ ɿ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɚ ɞɜɨɤɨ-
ɦɩɨɧɟɧɬɧɚ ɩɥɚɡɦɚ. 

ɉɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɧɹ: ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɫɬɚɧɢ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɝɚɡɭ ɿ 
ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ  ɩɥɚɡɦɢ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤɫɚ-
ɰɿʀ.    

Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɍ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɦɟɬɨɞ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢ-
ɫɭ Ȼɨɝɨɥɸɛɨɜɚ, ɣɨɝɨ ɿɞɟɹ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ, ɦɟɬɨɞ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɿ 
ɦɟɬɨɞ ɨɛɿɪɜɚɧɢɯ ɪɨɡɜɢɧɟɧɶ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ ɭ ɧɚɛɥɢɠɟɧɨɦɭ ɪɨɡɜ’ɹɡɭɜɚɧɧɿ 
ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ. 

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ.  
 1. ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɜɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ ɡɚɝɚɥɶɧɭ ɬɟɨɪɿɸ 
ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɨɤɨɥɿ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɿɜ (ɭɡɚɝɚɥɶɧɟɧɢɣ ɦɟɬɨɞ 
ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ) ɲɥɹɯɨɦ ɪɨɡɝɥɹɞɭ ɰɢɯ ɩɪɨɰɟɫɿɜ ɛɿɥɹ ʀɯ ɡɚɜɟɪɲɟɧɧɹ.  
 2. ɇɚ ɨɫɧɨɜɿ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɜɩɟɪɲɟ ɞɨɫɥɿɞɠɟɧɨ 
ɦɚɤɫɜɟɥɥɿɜɫɶɤɭ ɪɟɥɚɤɫɚɰɿɸ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɦɭ ɝɚɡɿ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɬɚ 
ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ ɋɨɧɿɧɚ. Ɂ’ɹɫɨɜɚɧɨ, ɳɨ ɜɿɞɨɦɿ ɪɟɡɭɥɶɬɚɬɢ Ƚɪɟɞɚ ɜɿɞɩɨɜɿɞɚɸɬɶ ɧɚ-
ɛɥɢɠɟɧɧɸ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ.  
 3. ɇɚ ɨɫɧɨɜɿ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɜɩɟɪɲɟ ɞɨɫɥɿɞɠɟɧɨ 
ɪɟɥɚɤɫɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɜ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɿɣ ɩɥɚɡɦɿ ɛɿɥɹ ʀɯ ɡɚɜɟɪɲɟɧɧɹ. Ɋɨɡɪɨɛ-
ɥɟɧɨ ɦɟɬɨɞ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɦɚɥɢɦ 
ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɟɥɟɤɬɪɨɧɚ ɬɚ ɿɨɧɚ ɡ ɩɨɞɚɥɶɲɢɦɢ ɨɛɱɢɫɥɟɧɧɹɦɢ ɦɟɬɨɞɨɦ ɨɛɿɪ-
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ɜɚɧɢɯ ɪɨɡɜɢɧɟɧɶ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ. ɉɨɤɚɡɚɧɨ, ɳɨ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ 
ɪɿɜɧɨɜɚɝɢ ɞɚɽ ɜɿɪɧɿ ɪɟɡɭɥɶɬɚɬɢ ɥɢɲɟ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ 
ɬɚ ɥɢɲɟ ɜ ɥɿɧɿɣɧɿɣ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ. ɉɨɩɪɚɜɤɢ ɞɨ ɰɶɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɨɬɪɢɦɚɧɨ ɜ 
ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɭ ɥɿɧɿɣɧɿɣ ɬɚ ɤɜɚɞɪɚɬɢɱɧɿɣ (ɡ ɤɜɚɞɪɚɬɢɱɧɨɸ 
ɧɟɥɿɧɿɣɧɿɫɬɸ) ɬɟɨɪɿɹɯ ɪɟɥɚɤɫɚɰɿʀ.  
 4. Ⱦɨɫɥɿɞɠɟɧɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ ɜ ɩɥɚɡɦɿ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɜ ɧɿɣ ɪɟɥɚɤ-
ɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. Ɉɬɪɢɦɚɧɨ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɨɰɟɫɿɜ ɪɟ-
ɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɟɣ ɬɚ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨɧɟɧɬ. 
 5. Ⱦɨɫɥɿɞɠɟɧɨ ɦɨɞɢ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɩɥɚɡɦɢ ɜ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɚɯ 
ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɪɢ ɰɶɨɦɭ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɿ-
ɞɧɨɲɟɧɧɹɦ ɦɚɫ ɩɨɫɥɿɞɨɜɧɨ ɜɪɚɯɨɜɚɧɨ ɞɢɧɚɦɿɤɭ ɿɨɧɧɨʀ ɤɨɦɩɨɧɟɧɬɢ. 

ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ɋɨɡɪɨɛɥɟɧɚ ɡɚɝɚɥɶɧɚ ɬɟɨɪɿɹ 
ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɨɤɨɥɿ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɿɜ (ɭɡɚɝɚɥɶɧɟɧɢɣ ɦɟɬɨɞ 
ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ) ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɚ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿɣ-
ɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɹɜɢɳɚ ɜ ɝɚɡɚɯ, ɪɿɞɢɧɚɯ, ɩɥɚɡɦɿ, ɬɜɟɪɞɨɦɭ ɬɿɥɿ 
ɬɨɳɨ. ȼɨɧɚ ɞɚɽ ɦɨɠɥɢɜɿɫɬɶ ɭɪɚɯɨɜɭɜɚɬɢ ɧɨɜɿ ɪɟɥɚɤɫɚɰɿɣɧɿ ɫɬɭɩɟɧɿ ɫɜɨɛɨɞɢ ɫɢɫ-
ɬɟɦɢ ɬɚ ɜɢɯɨɞɢɬɢ ɡɚ ɪɚɦɤɢ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ. ȱɞɟɹ ɰɿɽʀ ɬɟɨɪɿʀ ɬɚ-
ɤɨɠ ɞɨɡɜɨɥɹɽ ɞɨɫɥɿɞɠɭɜɚɬɢ ɮɨɪɦɭɜɚɧɧɹ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ, ɪɨɡɝɥɹɞɚɸɱɢ ɫɤɨ-
ɪɨɱɟɧɢɣ ɨɩɢɫ ɩɨɛɥɢɡɭ ɫɬɚɧɞɚɪɬɧɨɝɨ. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ. ɍɫɿ ɪɟɡɭɥɶɬɚɬɢ, ɳɨ ɜɢɧɟɫɟɧɿ ɧɚ ɡɚɯɢɫɬ, 
ɨɬɪɢɦɚɧɿ ɡɞɨɛɭɜɚɱɟɦ ɨɫɨɛɢɫɬɨ. Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɩɨɥɹɝɚɽ ɜ ɩɨɫɬɚɧɨɜɰɿ ɡɚɞɚɱ, ɭ 
ɩɪɨɜɟɞɟɧɧɿ ɦɚɬɟɦɚɬɢɱɧɢɯ ɜɢɤɥɚɞɨɤ, ɨɞɟɪɠɚɧɧɿ ɤɿɧɰɟɜɢɯ ɪɿɜɧɹɧɶ ɿ ʀɯ 
ɪɨɡɜ’ɹɡɚɧɧɿ, ɜ ɚɧɚɥɿɡɿ ɬɚ ɨɛɝɨɜɨɪɟɧɧɿ ɪɟɡɭɥɶɬɚɬɿɜ, ɧɚɩɢɫɚɧɧɿ ɫɬɚɬɟɣ ɭ ɮɚɯɨɜɢɯ 
ɠɭɪɧɚɥɚɯ Д1–8], ɫɬɚɬɟɣ ɭ ɩɪɚɰɹɯ ɤɨɧɮɟɪɟɧɰɿɣ Д9–17] ɬɚ ɬɟɡ ɞɨɩɨɜɿɞɟɣ ɧɚ ɤɨɧɮɟ-
ɪɟɧɰɿɹɯ Д18–39]. ȱɞɟʀ, ɡɚɫɚɞɢ ɬɚ ɦɟɬɨɞɢ ɜɢɪɿɲɟɧɧɹ ɧɚɭɤɨɜɢɯ ɡɚɞɚɱ, ɚ ɬɚɤɨɠ ɧɚ-
ɩɪɹɦɤɢ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ ɨɛɝɨɜɨɪɸɜɚɥɢɫɶ ɡ ɧɚɭɤɨɜɢɦ ɤɟɪɿɜɧɢɤɨɦ, ɩɪɨɮɟ-
ɫɨɪɨɦ ɋɨɤɨɥɨɜɫɶɤɢɦ Ɉ. Ƀ. ɍ ɪɨɛɨɬɚɯ Д1, 6, 19, 21, 23] ɿɞɟɹ ɞɨɫɥɿɞɠɭɜɚɬɢ ɪɟɥɚɤ-
ɫɚɰɿɸ ɛɿɥɹ ʀʀ ɡɚɜɟɪɲɟɧɧɹ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɩɥɚɡɦɿ ɧɚɥɟɠɢɬɶ ɑɟɥɛɚɽɜɫɶ-
ɤɨɦɭ Ɂ. ɘ. 

ɋɬɭɩɿɧɶ ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɧɚɭɤɨɜɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ⱦɨɫɬɨɜɿɪɧɿɫɬɶ ɧɚɭɤɨɜɢɯ ɪɟ-
ɡɭɥɶɬɚɬɿɜ, ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɭ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ, ɞɨɫɹɝɧɭɬɨ ɬɚɤɢɦ ɱɢɧɨɦ: 
 1. ȼɢɤɨɪɢɫɬɚɧɨ ɫɬɚɧɞɚɪɬɧɿ ɤɿɧɟɬɢɱɧɿ ɪɿɜɧɹɧɧɹ (ɤɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ Ȼɨɥɶ-
ɰɦɚɧɚ, Ʌɚɧɞɚɭ ɬɚ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ). 
 2. ȼɢɤɨɪɢɫɬɚɧɨ ɜɿɞɨɦɿ ɦɟɬɨɞɢ, ɬɚɤɿ ɹɤ ɦɟɬɨɞ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɭ ɮɨɪɦɭ-
ɥɸɜɚɧɧɿ Ȼɨɝɨɥɸɛɨɜɚ ɬɚ ɦɟɬɨɞ ɨɛɿɪɜɚɧɨɝɨ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ ɞɥɹ 
ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ. 
 3. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɭ ɜɢɩɚɞɤɚɯ, ɹɤɿ ɜɠɟ ɪɨɡɝɥɹɞɚɥɢɫɶ ɭ ɥɿɬɟɪɚɬɭɪɿ, ɡɛɿ-
ɝɚɸɬɶɫɹ ɡ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. 

Ⱥɩɪɨɛɚɰɿɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɢɫɟɪɬɚɰɿʀ. Ɇɚɬɟɪɿɚɥɢ ɞɨɫɥɿɞɠɟɧɧɹ ɞɨɩɨɜɿɞɚɥɢɫɶ 
ɧɚ 24 ɦɿɠɧɚɪɨɞɧɢɯ ɤɨɧɮɟɪɟɧɰɿɹɯ: Conference of the Middle European Cooperation 
in Statistical Physics (Lviv, 2011; Trieste, 2013; Coventry, 2014; Esztergom, 2015; 
Vienna, 2016),  International Conference on Quantum Electrodynamics and Statisti-
cal Physics (Kharkɿv, 2011), International School-seminar "New Physics and Quan-
tum Chromodynamics at External Conditions" (Dnipropetrovsk, 2013),  Conference 
on Statistical Physics: Modern Trends and Applications (Lviv, 2012), International 
Conference on Mathematical Methods in Electromagnetic Theory (Kharkiv, 2012; 



4 
 

Dnipropetrovsk, 2014), International Conference "Physics of Liquid Matter: Modern 
Problems" (Kyiv, 2014), International Young Scientists Forum on Applied Physics 
(Dnipropetovsk, 2015), Young Scientists Conference "Problems of Theoretical Phys-
ics", (Kyiv, 2013, 2014), ȼɫɟɭɤɪɚʀɧɫɶɤɚ ɲɤɨɥɚ-ɫɟɦɿɧɚɪ ɬɚ Ʉɨɧɤɭɪɫ ɦɨɥɨɞɢɯ ɜɱɟ-
ɧɢɯ ɡɿ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ ɬɚ ɬɟɨɪɿʀ ɤɨɧɞɟɧɫɨɜɚɧɨʀ ɪɟɱɨɜɢɧɢ (Ʌɶɜɿɜ, 2014, 
2015), Conference of Students and Young Scientists "Shevchenkivska Vesna 2014" 
(Kyiv, 2014), Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
«ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ» (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 2010–2015), ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɂɧ-
ɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɭɩɪɚɜɥɟɧɢɢ ɫɥɨɠɧɵɦɢ ɫɢɫɬɟɦɚɦɢ» (Ⱦɧɟɩɪɨɩɟɬ-
ɪɨɜɫɤ, 2013). 

ɉɭɛɥɿɤɚɰɿʀ. Ɋɟɡɭɥɶɬɚɬɢ ɞɢɫɟɪɬɚɰɿʀ ɨɩɭɛɥɿɤɨɜɚɧɿ ɭ 8 ɫɬɚɬɬɹɯ ɭ ɮɚɯɨɜɢɯ ɧɚɭ-
ɤɨɜɢɯ ɠɭɪɧɚɥɚɯ [1–8], ɭ 9 ɫɬɚɬɬɹɯ ɭ ɦɚɬɟɪɿɚɥɚɯ ɦɿɠɧɚɪɨɞɧɢɯ ɤɨɧɮɟɪɟɧɰɿɣ Д9–
17] ɬɚ 22 ɬɟɡɚɯ ɦɿɠɧɚɪɨɞɧɢɯ ɤɨɧɮɟɪɟɧɰɿɣ Д18–39]. 4 ɫɬɚɬɬɿ ɬɚ 4 ɫɬɚɬɬɿ ɭ ɦɚɬɟɪɿɚ-
ɥɚɯ ɤɨɧɮɟɪɟɧɰɿɣ ɿɧɞɟɤɫɭɸɬɶɫɹ ɜ SCOPUS. 

ɋɬɪɭɤɬɭɪɚ ɞɢɫɟɪɬɚɰɿʀ. Ɋɨɛɨɬɚ ɫɤɥɚɞɚɽɬɶɫɹ ɡ ɜɫɬɭɩɭ, ɩ’ɹɬɢ ɪɨɡɞɿɥɿɜ, ɜɢɫɧɨ-
ɜɤɿɜ, ɞɜɨɯ ɞɨɞɚɬɤɿɜ ɬɚ ɫɩɢɫɤɭ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ (181 ɧɚɣɦɟɧɭɜɚɧɧɹ). ɉɨɜ-
ɧɢɣ ɨɛɫɹɝ ɞɢɫɟɪɬɚɰɿʀ ɫɤɥɚɞɚɽ 138 ɫɬɨɪɿɧɨɤ (ɡ ɧɢɯ ɫɩɢɫɨɤ ɞɠɟɪɟɥ ɧɚ 22 ɫɬɨɪ., ɞɨ-
ɞɚɬɤɢ ɧɚ 7 ɫɬɨɪ.), ɨɛ’ɽɦ  ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬɭ – 109 ɫɬɨɪ. ( ɡ ɧɢɯ ɨɝɥɹɞ ɧɚ 9 ɫɬɨɪ.). 
Ⱦɢɫɟɪɬɚɰɿɹ ɦɿɫɬɢɬɶ 7 ɬɚɛɥɢɰɶ. 
 

ɈɋɇɈȼɇɂɃ ɁɆȱɋɌ ɊɈȻɈɌɂ 
 

ɉɟɪɲɢɣ ɪɨɡɞɿɥ ɞɢɫɟɪɬɚɰɿʀ ɩɪɢɫɜɹɱɟɧɨ ɨɝɥɹɞɭ ɥɿɬɟɪɚɬɭɪɢ. ȱɞɟɹ ɫɤɨɪɨɱɟɧɨ-
ɝɨ ɨɩɢɫɭ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɽ ɰɟɧɬɪɚɥɶɧɨɸ ɿɞɟɽɸ ɬɟɨɪɿʀ ɩɟɪɟɧɨɫɭ. ɇɚ ɧɚɲ 
ɱɚɫ ɧɚɣɛɿɥɶɲ ɪɨɡɜɢɧɭɬɨɸ ɬɟɨɪɿɽɸ ɩɟɪɟɧɨɫɭ ɽ ɬɟɨɪɿɹ, ɹɤɚ ɛɚɡɭɽɬɶɫɹ ɧɚ ɤɿɧɟɬɢɱ-
ɧɨɦɭ ɪɿɜɧɹɧɧɿ Ȼɨɥɶɰɦɚɧɚ. ȼɨɧɚ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ ɜ ɫɭɱɚɫɧɿɣ ɫɬɚɬɢɫɬɢɱɧɿɣ 
ɮɿɡɢɰɿ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɩɥɚɡɦɢ, ɬɜɟɪɞɨɝɨ ɬɿɥɚ, ɤɿɧɟɬɢɤɢ ɮɨɬɨɧɿɜ ɭ ɫɟɪɟɞɨɜɢɳɿ, 
ɝɪɚɧɭɥɹɪɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɬɨɳɨ. 

ȼɚɝɨɦɢɣ ɜɧɟɫɨɤ ɞɨ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ ɜɧɿɫ Ɇ. Ɇ. Ȼɨɝɨɥɸɛɨɜ, ɹɤɢɣ ɪɨɡ-
ɪɨɛɢɜ ɦɟɬɨɞ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ.  Ɇɟɬɨɞ ɑɟɩɦɟɧɚ–
ȿɧɫɤɨɝɚ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɽ ɨɩɢɫ ɧɟɪɿɜɧɨɜɚɠɧɨʀ ɫɢɫɬɟɦɢ ɤɿɧɟɬɢɱɧɢɦ ɪɿɜɧɹɧɧɹɦ, 
ɽ ɣɨɝɨ ɨɤɪɟɦɢɦ ɜɢɩɚɞɤɨɦ. Ȼɨɝɨɥɸɛɨɜ ɫɮɨɪɦɭɥɸɜɚɜ ɿɞɟɸ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨ-
ɬɟɡɢ ɬɚ ɨɛʉɪɭɧɬɭɜɚɜ ɬɜɟɪɞɠɟɧɧɹ, ɳɨ ɜɢɧɢɤɧɟɧɧɹ ɧɨɪɦɚɥɶɧɢɯ ɡɚ Ƚɿɥɶɛɟɪɬɨɦ 
ɪɨɡɜ’ɹɡɤɿɜ ɽ ɪɟɡɭɥɶɬɚɬɨɦ ɩɪɢɪɨɞɧɨʀ ɟɜɨɥɸɰɿʀ ɫɢɫɬɟɦɢ. 

Ɉɫɧɨɜɧɨɸ ɡɚɞɚɱɟɸ ɦɟɬɨɞɭ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɽ ɩɨɲɭɤ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ 
(ɎɊ) ɫɢɫɬɟɦɢ ɬɚ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ (ɉɋɈ). 
ȼɤɚɡɚɧɿ ɨɛ’ɽɤɬɢ ɬɟɨɪɿʀ ɧɟ ɜɞɚɽɬɶɫɹ ɡɧɚɣɬɢ ɬɨɱɧɨ, ɿ ʀɯ ɲɭɤɚɸɬɶ ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ. 
Ɉɫɧɨɜɧɢɦ ɩɢɬɚɧɧɹɦ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɽ ɜɢɛɿɪ ɉɋɈ ɿ ɦɨɠɥɢɜɿɫɬɶ 
ɪɟɚɥɿɡɚɰɿʀ ɧɚ ɣɨɝɨ ɨɫɧɨɜɿ ɦɟɬɨɞɭ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɜ ɞɟɹɤɿɣ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ. ɐɟ, 
ɧɚɩɪɢɤɥɚɞ, ɜɞɚɽɬɶɫɹ ɡɪɨɛɢɬɢ ɜ ɤɿɧɟɬɢɰɿ ɩɨɜɿɥɶɧɢɯ ɡɦɿɧɧɢɯ, ɹɤɚ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɿ ɜ 
ɞɚɧɿɣ ɪɨɛɨɬɿ. ɓɟ ɨɞɢɧ ɞɭɠɟ ɩɨɲɢɪɟɧɢɣ ɜɢɩɚɞɨɤ – ɦɨɞɟɥɶ ɉɟɥɟɬɦɿɧɫɶɤɨɝɨ–
əɰɟɧɤɚ. ɉɪɨɬɟ ɡɚɭɜɚɠɢɦɨ, ɳɨ ɡɚɝɚɥɶɧɨɝɨ «ɪɟɰɟɩɬɭ» ɜɢɛɨɪɭ ɉɋɈ ɫɢɫɬɟɦɢ, ɧɚ 
ɠɚɥɶ, ɧɟ ɿɫɧɭɽ. Ⱦɥɹ ɤɨɠɧɨʀ ɫɢɫɬɟɦɢ ɫɭɤɭɩɧɿɫɬɶ ɉɋɈ ɮɨɪɦɭɽɬɶɫɹ ɜ ɩɪɨɰɟɫɿ ʀʀ ɟɤ-
ɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɬɚ ɬɟɨɪɟɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ. Ɂɚɡɧɚɱɢɦɨ, ɳɨ ɦɨɠɥɢɜɿɫɬɶ ɪɟ-
ɚɥɿɡɚɰɿʀ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɩɪɢ ɜɢɛɨɪɿ ɞɟɹɤɢɯ ɉɋɈ ɜ ɞɟɹɤɿɣ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɦɨɠɟ 
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ɛɭɬɢ ɨɫɧɨɜɨɸ ɞɥɹ ɞɨɜɟɞɟɧɧɹ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ ɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɢɪɨɞɧɨʀ 
ɟɜɨɥɸɰɿʀ, ɹɤɚ ɜɟɞɟ ɞɨ ɰɶɨɝɨ ɨɩɢɫɭ. 

Ɉɞɧɿɽɸ ɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɡɚɞɚɱ ɫɭɱɚɫɧɨʀ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɽ 
ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɞɥɹ ɨɩɢɫɭ ɛɿɥɶɲ ɪɚɧɧɿɯ ɬɚ ɛɿɥɶɲ ɫɤɥɚɞ-
ɧɢɯ ɡɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɣ ɟɬɚɩɿɜ ɟɜɨɥɸɰɿʀ. ȼ ɞɢɫɟɪɬɚɰɿʀ ɩɪɨɩɨɧɭɽɬɶɫɹ ɭɡɚɝɚɥɶɧɟɧ-
ɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɞɥɹ ɜɪɚɯɭɜɚɧɧɹ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿɣɧɢɯ (ɤɿɧɟɬɢɱɧɢɯ)  
ɦɨɞ ɫɢɫɬɟɦɢ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ. ɉɪɢ ɰɶɨɦɭ ɜɢɜɱɚɸɬɶɫɹ ɪɟɥɚɤɫɚɰɿɣɧɿ 
ɫɬɚɧɢ ɫɢɫɬɟɦɢ, ɹɤɿ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɨɤɨɥɿ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ, 
ɳɨ ɡɚɩɪɨɜɚɞɠɭɽ ɜ ɬɟɨɪɿʀ ɧɨɜɢɣ ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ. ȼ ɹɤɨɫɬɿ ɉɋɈ ɫɢɫɬɟɦɢ ɜɢɛɢɪɚ-
ɸɬɶɫɹ ɉɋɈ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɬɚ ɜɿɞɯɢɥɟɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɿɞ ʀɯ 
ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ. ɐɟ ɞɚɽ, ɡɨɤɪɟɦɚ, ɡɦɨɝɭ ɞɨɫɥɿɞɢɬɢ ɦɚɤɫɜɟɥɥɿɜɫɶɤɭ ɪɟ-
ɥɚɤɫɚɰɿɸ (ɡɚɞɚɱɭ Ƚɪɟɞɚ). 

ɇɚ ɰɿɣ ɨɫɧɨɜɿ ɫɬɚɽ ɦɨɠɥɢɜɢɦ ɩɨɫɥɿɞɨɜɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚ-
ɬɭɪ ɬɚ ɲɜɢɞɤɨɫɬɟɣ ɤɨɦɩɨɧɟɧɬ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɩɥɚɡɦɢ. ɋɟɪɟɞ ɪɟɡɭɥɶɬɚɬɿɜ 
ɩɨɩɟɪɟɞɧɢɤɿɜ ɞɥɹ ɰɿɽʀ ɡɚɞɚɱɿ ɜɚɪɬɨ ɜɢɞɿɥɢɬɢ ɪɟɡɭɥɶɬɚɬɢ Ʌɚɧɞɚɭ ɿ ɋɩɿɬɰɟɪɚ ɞɥɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨʀ ɪɟɥɚɤɫɚɰɿʀ ɬɚ Ⱥɥɟɤɫɚɧɞɪɨɜɚ, Ȼɨɝɞɚɧɤɟɜɢɱ ɿ Ɋɭɯɚɞɡɟ ɞɥɹ ɪɟɥɚɤɫɚ-
ɰɿʀ ɲɜɢɞɤɨɫɬɿ. Ɉɬɪɢɦɚɧɿ ɧɢɦɢ ɪɟɡɭɥɶɬɚɬɢ ɛɚɡɭɸɬɶɫɹ ɧɚ ɧɚɛɥɢɠɟɧɧɿ ɥɨɤɚɥɶɧɨʀ 
ɪɿɜɧɨɜɚɝɢ (ɇɅɊ). ɏɨɱɚ ɰɟ ɧɚɛɥɢɠɟɧɧɹ ɚɤɬɢɜɧɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜ ɥɿɬɟɪɚɬɭɪɿ 
ɞɥɹ ɪɿɡɧɢɯ ɫɢɫɬɟɦ, ɜɿɞɨɦɨ, ɳɨ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɇɅɊ ɤɨɪɟ-
ɝɭɽɬɶɫɹ.  

ɉɨɫɥɿɞɨɜɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪ ɿ ɲɜɢɞɤɨɫɬɟɣ 
ɤɨɦɩɨɧɟɧɬ ɩɥɚɡɦɢ ɞɚɽ ɡɦɨɝɭ ɞɨɫɥɿɞɢɬɢ ɹɜɢɳɚ ɩɟɪɟɧɨɫɭ ɜ ɩɥɚɡɦɿ ɜ ɪɚɦɤɚɯ ʀʀ 
ɞɜɨɪɿɞɢɧɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ ɿ ɩɨɪɿɜɧɹɬɢ ɪɟɡɭɥɶɬɚɬɢ ɡ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ 
Ȼɪɚɝɿɧɶɫɤɨɝɨ, ɹɤɿ ʉɪɭɧɬɭɸɬɶɫɹ ɧɚ ɇɅɊ. ɉɪɢ ɰɶɨɦɭ ɜɿɞɤɪɢɜɚɸɬɶɫɹ ɧɨɜɿ ɦɨɠɥɢ-
ɜɨɫɬɿ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɞ ɩɥɚɡɦɢ.  

Ⱦɪɭɝɢɣ ɪɨɡɞɿɥ ɦɿɫɬɢɬɶ ɡɚɝɚɥɶɧɭ ɬɟɨɪɿɸ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɫɬɚɧɿɜ ɨɞɧɨɤɨɦɩɨ-
ɧɟɧɬɧɢɯ ɫɢɫɬɟɦ ɜ ɨɤɨɥɿ ɪɿɜɧɨɜɚɠɧɨɝɨ ɫɬɚɧɭ ɬɚ ɡɚɫɬɨɫɭɜɚɧɧɹ ɰɿɽʀ ɬɟɨɪɿʀ ɞɨ ɡɚɞɚɱɿ 
Ƚɪɟɞɚ. Ɍɟɨɪɿɹ ɛɭɞɭɽɬɶɫɹ ɞɥɹ ɫɢɫɬɟɦ, ɹɤɿ ɨɩɢɫɭɸɬɶɫɹ ɤɿɧɟɬɢɱɧɢɦ ɪɿɜɧɹɧɧɹɦ ɬɢɩɭ 
Ȼɨɥɶɰɦɚɧɚ: 

    p pn
p

n

f fp
I f

t m x

 
 

 
, (1) 

ɞɟ pf  – ɎɊ ɫɢɫɬɟɦɢ ɬɚ pI  – ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ. Ɋɨɡɝɥɹɞ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɢɯ ɫɢɫ-
ɬɟɦ ɧɟ ɨɛɦɟɠɭɽ ɦɨɠɥɢɜɨɫɬɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɟɨɪɿʀ, ɨɫɤɿɥɶɤɢ, ɹɤ  ɛɭɞɟ ɜɢɞɧɨ ɡ ɩɨ-
ɞɚɥɶɲɨɝɨ ɪɨɡɝɥɹɞɭ ɞɜɨɤɨɦɩɨɧɟɧɬɧɢɯ ɫɢɫɬɟɦ (ɧɚɩɪɢɤɥɚɞ, ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ 
ɩɥɚɡɦɢ), ɬɢɩɢ ɪɿɜɧɹɧɶ ɭ ɪɿɡɧɢɯ ɩɨɪɹɞɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɛɿɝɚɸɬɶɫɹ.  

 ɉɋɈ ɫɢɫɬɟɦɢ ɽ ɉɋɈ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ (ɝɭɫɬɢɧɚ, ɲɜɢ-
ɞɤɿɫɬɶ ɬɚ ɬɟɦɩɟɪɚɬɭɪɚ), ɚ ɬɚɤɨɠ ɞɨɞɚɬɤɨɜɿ ɩɚɪɚɦɟɬɪɢ, ɹɤɿ ɜɢɡɧɚɱɚɸɬɶɫɹ  ɜ ɬɟɪɦɿ-
ɧɚɯ ɎɊ ɬɚɤɢɦ ɱɢɧɨɦ: 

 

  3
i i p pd p f   ,   h

i i i     ,   , ,nn T  . (2) 

Ɍɭɬ i p  – ɦɿɤɪɨɫɤɨɩɿɱɧɿ ɡɧɚɱɟɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɉɋɈ, i  – ɜɿɞɯɢɥɟɧɧɹ ɞɨɞɚɬɤɨɜɢɯ 
ɉɋɈ i  ɜɿɞ ʀɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ  h

i  ,   – ɧɚɛɿɪ ɉɋɈ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿ-
ɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ. ɑɟɪɟɡ ɬɟ, ɳɨ ɧɚɦɢ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɪɟɥɚɤɫɚɰɿɣɧɿ ɫɬɚɧɢ, ɹɤɿ 
ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɨɤɨɥɿ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ, ɜɿɞɯɢɥɟɧɧɹ i  ɜɜɚɠɚɸɬɶɫɹ 
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ɦɚɥɢɦɢ ɿ ʀɯ ɡɪɭɱɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɡɚɦɿɫɬɶ i . Ɇɚɥɿ ɩɚɪɚɦɟɬɪɢ ɬɟɨɪɿʀ   ɬɚ g  
ɜɢɡɧɚɱɚɸɬɶɫɹ ɨɰɿɧɤɚɦɢ 

 

  

 

   i  ,      
1 2 ... s

s s
n n nx x x g    ,     

1 2 ... s

s s
i n n nx x x g     . (3) 

Ɏɭɧɤɰɿɨɧɚɥɶɧɚ ɝɿɩɨɬɟɡɚ, ɤɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ ɩɪɢ ɫɤɨɪɨɱɟɧɨɦɭ ɨɩɢɫɿ ɬɚ ɱɚ-
ɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɦɚɬɢɦɭɬɶ ɜɢɝɥɹɞ 

 

      
0

( , ) ( , ( ), ( ))p pt
f x t f x t t   ,    { }  ,     { }i  ;  

   3 3( , , ) ( , , )
, , , ,

( ) ( )
p p

i
i i

f x f x
d x M x d x L x

x x
 

     
   

 
    

   
 

  ( , , )
, ,pn

p
n

f xp
I f x

m x

 
 


 


; 

( ) ( , , )t x M x     ,      ( ) ( , , )t i ix L x    . 

 

 

(4) 

Ɍɭɬ 0
 

– ɰɟ ɞɟɹɤɢɣ ɯɚɪɚɤɬɟɪɧɢɣ ɱɚɫ, ɹɤɢɣ ɦɨɠɟ ɡɚɥɟɠɚɬɢ ɜɿɞ ɩɨɱɚɬɤɨɜɨɝɨ ɫɬɚɧɭ 
ɫɢɫɬɟɦɢ, ɩɪɨɬɟ ɡɚɡɜɢɱɚɣ ɨɰɿɧɸɽɬɶɫɹ ɹɤ ɱɚɫ ɜɿɥɶɧɨɝɨ ɩɪɨɛɿɝɭ. Ɉɫɧɨɜɧɚ ɦɟɬɚ ɦɟ-
ɬɨɞɭ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ – ɨɬɪɢɦɚɬɢ ɎɊ ɬɚ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ (ɬɨɛɬɨ ɜɢ-
ɪɚɡɢ ɞɥɹ ʀɯ ɱɚɫɨɜɢɯ ɩɨɯɿɞɧɢɯ).  

ɉɿɞɪɨɡɞɿɥ 2.1 ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɥɿɞɠɟɧɧɸ ɫɬɪɭɤɬɭɪɢ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ ɜ ɪɿɡɧɢɯ 
ɩɨɪɹɞɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   ɬɚ g . Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ ɎɊ ɬɚ ɱɚɫɨɜɢɯ ɩɨɯɿɞɧɢɯ ɭ 
ɩɨɪɹɞɤɭ 0  ɡɛɿɝɚɸɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ. ɇɚɦɢ ɨɬɪɢ-
ɦɚɧɨ ɪɟɡɭɥɶɬɚɬɢ ɜ ɩɨɪɹɞɤɚɯ 1 0g , 2 0g , 1 1g . ɉɨɤɚɡɚɧɨ, ɳɨ ɪɿɜɧɹɧɧɹ ɞɥɹ ɎɊ ɭ 
ɩɨɪɹɞɤɭ 1 0g  ɽ ɪɿɜɧɹɧɧɹɦ ɧɚ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɿ ɜɥɚɫɧɿ ɡɧɚɱɟɧɧɹ ɥɿɧɟɚɪɢɡɨɜɚɧɨɝɨ 
ɨɩɟɪɚɬɨɪɚ ɡɿɬɤɧɟɧɶ ɬɚ ɳɨ ɜɿɞɯɢɥɟɧɧɹ i  ɽ ɥɿɧɿɣɧɢɦɢ ɤɨɦɛɿɧɚɰɿɹɦɢ ɤɿɧɟɬɢɱɧɢɯ 
ɦɨɞ ɫɢɫɬɟɦɢ.  

ɉɿɞɪɨɡɞɿɥ 2.2 ɩɪɢɫɜɹɱɟɧɨ ɡɚɫɬɨɫɭɜɚɧɧɸ ɪɨɡɪɨɛɥɟɧɨʀ ɡɚɝɚɥɶɧɨʀ ɬɟɨɪɿʀ ɞɨ ɡɚ-
ɞɚɱɿ Ƚɪɟɞɚ. ɍ ɰɿɣ ɡɚɞɚɱɿ ɞɨɞɚɬɤɨɜɢɦɢ ɉɋɈ ɽ ɩɨɬɿɤ ɟɧɟɪɝɿʀ nq ɬɚ ɛɟɡɫɥɿɞɨɜɢɣ ɩɨ-
ɬɿɤ ɿɦɩɭɥɶɫɭ nl , ɜɡɹɬɿ ɜ ɫɭɩɭɬɧɿɣ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ, ɞɟ ɦɚɫɨɜɚ ɲɜɢɞɤɿɫɬɶ  0n  . 
Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɥɿɧɿɣɧɚ ɬɟɨɪɿɹ ɪɟɥɚɤɫɚɰɿʀ ɜ ɩɪɨɫɬɨɪɨɜɨ-
ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ. Ɉɬɪɢɦɚɧɨ ɬɚɤɿ ɜɢɪɚɡɢ ɞɥɹ ɎɊ pf  ɿ ɤɨɟɮɿɰɿɽɧɬɿɜ ɪɟɥɚɤɫɚ-
ɰɿʀ ɩɨɬɨɤɿɜ q ,   

3
n n p pq d pp f m  ,    33nl nl mm nlp pt t d ph f m     ,     

2 3nlp n l nlh p p p   ,
 2(1 ) ( )p p np n nlp nlf w a q a O     , 

 
t n q nq q   ,  t nl nl      ,   
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 [2] [2] 3 2 [2] 3 2
1 1 2 2( ( ) ( ))np n p pa p a S a S   ,  [2] [2] [2] 5 2

0 1 1( ( ))nlp nlp pb h b b S   , 
[1] [2] 2 1
1 1 2(5 )a a nT    ,     [1] [2] 2 1

0 0 (2 )b b mnT   ,  

 [2] 1 2 [2] [2] 1
2 11 1 122 7 ( )qa A a A     ,    [2] 1 2 1 2 [2] [2] 1

1 00 0 012 7 ( )b B b B
    , 

2q qmnT  ,       2 28 3nm T   ,     1 T  , 

 [1] 3 12{ , }(15 )q p n p np p nmT    ,     [1] 2 2 1{ , }(10 )nlp nlph h nm T
 , 

(5) 
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   2 1[2] 2
11 22 11 22 124 4q A A A A A mnT      , 

    12[2] 2 2 2
00 11 00 11 103 4 16B B B B B m T n

      
 

, 

5 2 5 2 1 2{ ( ), ( )}( )ss nlp s p nlp s p s sB h S h S y y 
     ,   2 ((2 7) 2) !sy s s    , 

3 2 3 2 1 2{ ( ), ( )}( )ss n s p n s p s sA p S p S x x 
     ,   2 ((2 5) 2) !sx s s    , 

3 3{ , }p p p pp p pg h d pd p w K g h   ,   3 2(2 ) exp( )p pw n mT    , 
3ˆ

p pp pKg d pK g   ,    p pp pp pw K M w    ,    pp p p f w
M I f   

 . 

Ɍɭɬ ɿɧɞɟɤɫ ɭ ɤɜɚɞɪɚɬɧɢɯ ɞɭɠɤɚɯ ɩɨɡɧɚɱɚɽ ɤɿɥɶɤɿɫɬɶ ɩɨɥɿɧɨɦɿɜ, ɭ ɧɚɛɥɢɠɟɧɧɿ 
ɹɤɨʀ ɩɨɪɚɯɨɜɚɧɨ ɜɟɥɢɱɢɧɭ. ȼɢɤɨɪɢɫɬɚɧɨ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɨɪɬɨɝɨɧɚɥɶɧɢɦɢ ɩɨɥɿ-
ɧɨɦɚɦɢ ɋɨɧɿɧɚ, ɹɤɿ ɜɢɡɧɚɱɚɸɬɶɫɹ ɮɨɪɦɭɥɚɦɢ 

   1

!

n
x x n

n n

d
S x e x e x

n dx
     , 

     
0

1 !x
n n nndxx e S x S x n n    

 
     . 

(6) 

Ɋɟɡɭɥɶɬɚɬɢ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɞɥɹ ɎɊ ɬɚ ɱɚɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɩɨɬɨɤɿɜ 
ɡɛɿɝɚɸɬɶɫɹ ɡ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ Ƚɪɟɞɚ, ɩɪɨɬɟ ɜ ɧɚɛɥɢɠɟɧɧɿ ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ 

ɨɬɪɢɦɚɧɨ ɞɨ ɧɢɯ ɩɨɩɪɚɜɤɢ. 

Ɍɪɟɬɿɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɥɿɞɠɟɧɧɸ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɿ ɬɚ 
ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɿɣ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɩɥɚɡɦɿ.  

ɉɿɞɪɨɡɞɿɥ 3.1 ɩɪɢɫɜɹɱɟɧɨ ɛɚɡɨɜɢɦ ɪɿɜɧɹɧɧɹɦ ɬɟɨɪɿʀ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɜɟɞɟɬɶɫɹ 
ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ: 

( )t ap apf I f  , (7) 
ɞɟ  ,a e i  – ɿɧɞɟɤɫ ɤɨɦɩɨɧɟɧɬɢ, apf  – ɎɊ, apI  – ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ Ʌɚɧɞɚɭ. Ɂɚɝɚ-
ɥɶɧɨɩɪɢɣɧɹɬɢɦɢ ɉɋɈ ɩɥɚɡɦɢ ɽ ɝɭɫɬɢɧɢ, ɲɜɢɞɤɨɫɬɿ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɤɨɦɩɨɧɟɧɬ.  
Ȳɯ ɫɬɚɧɞɚɪɬɧɿ ɨɡɧɚɱɟɧɧɹ ɜ ɬɟɪɦɿɧɚɯ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ ɞɚɸɬɶɫɹ ɮɨɪɦɭɥɚɦɢ: 

3
a apn d pf  ,       3

an a a an n apm n d pp f    , 
2 33 2 2a a a a a a a ap apm n T m n d p f      ,       2 2ap ap m  ,  

(8) 

ɞɟ an , a  – ɝɭɫɬɢɧɢ ɿɦɩɭɥɶɫɭ ɿ ɟɧɟɪɝɿʀ a -ʀ ɤɨɦɩɨɧɟɧɬɢ. Ɂɚ ɫɬɚɧɞɚɪɬɧɢɦɢ ɨɡɧɚ-
ɱɟɧɧɹɦɢ ɦɚɫɨɜɚ ɲɜɢɞɤɿɫɬɶ n  ɬɚ ɬɟɦɩɟɪɚɬɭɪɚ T , ɹɤɿ ɽ ɉɋɈ ɫɢɫɬɟɦɢ ɭ ɝɿɞɪɨɞɢ-
ɧɚɦɿɱɧɨɦɭ ɫɬɚɧɿ, ɜɜɨɞɹɬɶɫɹ ɹɤ 

n an n a aa a
m n     ,             23 2 2a a aa a

T m n      ,     (9) 

 ɞɟ n  ɬɚ   – ɫɭɦɚɪɧɚ ɝɭɫɬɢɧɚ ɿɦɩɭɥɶɫɭ ɿ ɟɧɟɪɝɿʀ ɫɢɫɬɟɦɢ. ɇɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɶ (7)–
(9) ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɜɟɥɢɱɢɧɢ an , n , T

 
ɽ ɩɨɫɬɿɣɧɢɦɢ ɪɿɜɧɨɜɚɠɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ.  

ȼɜɨɞɹɬɶɫɹ ɜɿɞɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɟɥɟɤɬɪɨɧɿɜ ɜɿɞ ɫɜɨʀɯ ɪɿɜ-
ɧɨɜɚɠɧɢɦ ɡɧɚɱɟɧɶ n , T : 

n en nu      ,  eT T   . (10) 
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Ɇɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ ɜɿɞɯɢɥɟɧɧɹ ɿɨɧɧɢɯ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɜɿɞ n , T  ɜɢ-
ɪɚɠɚɸɬɶɫɹ ɱɟɪɟɡ ɜɟɥɢɱɢɧɢ an , n , T , nu ,  . ɐɟ ɞɚɽ ɡɦɨɝɭ ɜɢɛɪɚɬɢ ɩɚɪɚɦɟɬɪɢ 

nu , 
 
ɡɚ ɉɋɈ ɫɢɫɬɟɦɢ, ɨɫɤɿɥɶɤɢ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ an , n , T

 
ɽ 

ɤɨɧɫɬɚɧɬɚɦɢ (ɜ ɩɨɞɚɥɶɲɨɦɭ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɫɢɫɬɟɦɚ ɜɿɞɥɿɤɭ, ɜ ɹɤɿɣ 0n  ). ɍ 
ɪɨɛɨɬɿ ɜɢɜɱɚɸɬɶɫɹ ɪɟɥɚɤɫɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɩɨɛɥɢɡɭ ʀɯ ɡɚɜɟɪɲɟɧɧɹ, ɬɨɛɬɨ ɩɚɪɚɦɟ-
ɬɪɢ nu , 

 
ɜɜɚɠɚɸɬɶɫɹ ɦɚɥɢɦɢ. ɐɟ ɞɚɽ ɡɦɨɝɭ ɩɨɛɭɞɭɜɚɬɢ ɤɿɧɟɬɢɤɭ ɩɨɜɿɥɶɧɢɯ 

ɡɦɿɧɧɢɯ nu ,  , ɜɟɥɢɱɢɧɢ ɹɤɢɯ ɨɰɿɧɸɸɬɶɫɹ ɛɟɡɪɨɡɦɿɪɧɢɦ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ  : 

  T  ,     n eu T m ,      1 . (11) 
ȼɿɞɩɨɜɿɞɧɨ ɞɨ (7)–(10) ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɦɚɸɬɶ ɜɢɝɥɹɞ: 

  2 ( ) 3t e eQ f n  ,  ( )t n en e eu R f m n  ,   

    3
an n apR f d pp I f  ,      3

a ap apQ f d p I f   ,   
(12) 

ɞɟ anR , aQ  – ɞɠɟɪɟɥɚ ɿɦɩɭɥɶɫɭ ɬɚ ɟɧɟɪɝɿʀ. ɉɨɞɚɥɶɲɢɣ ɪɨɡɝɥɹɞ ɛɚɡɭɽɬɶɫɹ ɧɚ ɿɞɟʀ 
ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ Ȼɨɝɨɥɸɛɨɜɚ:   

  ( ) ( ( ), ( ))
oap apt

f t f u t t  , (13) 
ɞɟ 0  – ɞɟɹɤɢɣ ɯɚɪɚɤɬɟɪɧɢɣ ɱɚɫ: 0 ,u T   ; u , T  – ɱɚɫɢ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɿ ɿ 
ɬɟɦɩɟɪɚɬɭɪɢ. Ʉɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ (7) ɩɪɢ ɫɤɨɪɨɱɟɧɨɦɭ ɨɩɢɫɿ (13) ɧɚɛɭɜɚɽ ɜɢ-
ɝɥɹɞɭ 

      0

( , ) ( , )
, , ,ap ap

n ap
n

f u f u
L u L u I f u

u

 
 

 

 
  


, 

0( , )t L u   ,     ( , )t n nu L u    

0 ( , ) 2 ( ( , )) 3e eL u Q f u n  ,    ( , ) ( ( , ))n en e eL u R f u m n  . 

(14) 

Ⱦɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ ɞɨ (14) ɽ ɨɡɧɚɱɟɧɧɹ ɉɋɈ ɜ ɬɟɪɦɿɧɚɯ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ. 
ɍ ɩɨɞɚɥɶɲɨɦɭ ɪɿɜɧɹɧɧɹ (14) ɪɨɡɜ’ɹɡɭɽɬɶɫɹ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɦɚɥɢɦ ɩɚɪɚɦɟɬ-
ɪɨɦ  .  

ɍ ɧɭɥɶɨɜɨɦɭ ɩɨɪɹɞɤɭ ɡɚ 
 
ɱɚɫɨɜɿ ɩɨɯɿɞɧɿ 0L , nL  ɧɭɥɶɨɜɿ, ɚ ɎɊ ɽ ɪɿɜɧɨɜɚɠ-

ɧɢɦɢ ɦɚɤɫɜɟɥɥɿɜɫɶɤɢɦɢ: 
(0)

ap apf w ,      3 2(2 ) exp( )ap a a apw n m T   ,          ( 1T  ). (15) 
ɐɟɣ ɮɚɤɬ ɦɚɽ ɦɿɫɰɟ, ɨɫɤɿɥɶɤɢ 

( ) 0apI w  . (16) 
ɍɩɨɞɚɥɶɲɢɯ ɩɿɞɪɨɡɞɿɥɚɯ ɰɶɨɝɨ ɪɨɡɞɿɥɭ ɨɬɪɢɦɚɧɨ ɎɊ ɬɚ ɱɚɫɨɜɿ ɩɨɯɿɞɧɿ ɜ 

ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ 
 
ɬɚ ɡɪɨɛɥɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɡ ɪɟɡɭɥɶɬɚɬɚ-

ɦɢ ɲɢɪɨɤɨ ɜɠɢɜɚɧɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ, ɭ ɪɚɦɤɚɯ ɹɤɨɝɨ ɎɊ 
( , )apf u   ɜɜɚɠɚɸɬɶɫɹ ɬɚɤɢɦɢ: 

 2 23 2( , ) (2 ) a a a ap m m TL
ap a a af u n m T e    . (17) 

ɉɿɞɪɨɡɞɿɥ 3.2 ɩɪɢɫɜɹɱɟɧɨ ɩɨɲɭɤɭ ɎɊ ɬɚ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ ɜ ɪɚɦɤɚɯ 
ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ, ɜ ɹɤɿɣ ɞɨɫɥɿɞɠɟɧɿ ɥɿɧɿɣɧɿ ɡɚ   ɜɧɟɫɤɢ. Ɋɟɡɭɥɶɬɚɬ ɇɅɊ 
ɞɥɹ ɥɿɧɿɣɧɨɝɨ ɡɚ   ɧɚɛɥɢɠɟɧɧɹ ɨɬɪɢɦɭɽɬɶɫɹ ɬɟɣɥɨɪɿɜɫɶɤɢɦ ɪɨɡɜɢɧɟɧɧɹɦ ɜɢɪɚ-
ɡɭ (17) ɞɨ ɱɥɟɧɿɜ, ɥɿɧɿɣɧɢɯ ɡɚ nu ,  . Ʌɿɧɿɣɧɿ ɡɚ   ɜɧɟɫɤɢ ɧɚɲɨʀ ɬɟɨɪɿʀ ɞɨ ɎɊ 

( , )apf u   ɡ ɦɿɪɤɭɜɚɧɶ ɨɛɟɪɬɚɥɶɧɨʀ ɿɧɜɚɪɿɚɧɬɧɨɫɬɿ ɦɚɸɬɶ ɜɢɝɥɹɞ 
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(1) [ ( ) ( ) ]ap ap a ap a ap n nf w A B p u    . (18) 

Ⱦɥɹ ɮɭɧɤɰɿɣ ( )a apA   ɬɚ ( )a apB   ɿ ɱɚɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞ-
ɤɨɫɬɿ 1

T T   , 1
u u   ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɩɚɪɚɦɟɬɪɨɦ ɦɚɥɨɫɬɿ ɦɚɫɢ ɟɥɟɤɬɪɨɧɚ 

1/2( / )e im m  ɨɬɪɢɦɚɧɨ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ: 
1 2 2 1 2 4
1 2( ) ( ) 3 2 ( 1) ( ) ( )e ep ep epA S z z S O          ,

 1 2 3 2 1 3 1 2 4
1 2( ) ( ) 2 (1 ) ( ) ( )i ip ip ipA z S z S O         , 

5 2 1 2 3 2 4
1( ) 3 (2 1)(3 2 ) ( ) ( )e ep epB z z z S O         , 

2 4 3 2 5
1( ) 3 ( ) 5 ( )i ip ipB z z S O        , 

(1)
0 TL    ,   (1)

n u nL u  ,
  

 5 2 1 1 2 2 1/2 2 2 52 2 3 (1 3 2 ) ( 1) ( )T z z z O           , 

 5/2 1 3/2 5/2 1 2 1/2 2 42 3 1 (2 1)(2 3 )(2 3 ) ( )u z z z z O           , 

 
(19) 
 

ɞɟ 4 1/2 3/2/i ee n L m T  . Ɍɭɬ T  ɬɚ u  – ɤɨɟɮɿɰɿɽɧɬɢ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ 
ɲɜɢɞɤɨɫɬɿ, T u  , L – ɤɭɥɨɧɿɜɫɶɤɢɣ ɥɨɝɚɪɢɮɦ.  Ƚɨɥɨɜɧɢɣ ɩɨɪɹɞɨɤ ɡɚ   ɮɭɧ-
ɤɰɿɣ ( )a apA   ɽ ɬɨɱɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ, ɩɨɩɪɚɜɤɢ ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ 
ɩɨɥɿɧɨɦɚ. Ɏɭɧɤɰɿɹ ( )e epB   ɭ ɤɨɠɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ    ɨɬɪɢɦɚɧɚ ɜ ɧɚɛɥɢɠɟɧɧɿ 
ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. Ƚɨɥɨɜɧɢɣ ɩɨɪɹɞɨɤ ɮɭɧɤɰɿʀ ( )i ipB   ɡɚ   ɽ ɬɨɱɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ, 
ɚ ɩɨɩɪɚɜɤɚ ɨɬɪɢɦɚɧɚ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ.   

Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ ɎɊ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɡɛɿɝɚɸɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɇɅɊ, ɩɪɨɬɟ ɜ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ   ɧɚɦɢ ɨɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ ɰɢɯ ɪɟ-
ɡɭɥɶɬɚɬɿɜ. Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ ɱɚɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɡɛɿɝɚɸɬɶɫɹ 
ɡ ɜɿɞɨɦɢɦɢ ɭ ɥɿɬɟɪɚɬɭɪɿ ɪɟɡɭɥɶɬɚɬɚɦɢ ɇɅɊ, ɩɪɨɬɟ ɜ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ 
  ɜɧɟɫɤɢ ɜɿɞ ɩɨɩɪɚɜɨɤ ɞɨ ɇɅɊ ɽ ɛɿɥɶɲɢɦɢ ɡɚ ɜɿɞɩɨɜɿɞɧɿ ɱɥɟɧɢ, ɨɛɱɢɫɥɟɧɿ ɬɿɥɶ-
ɤɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ  ɇɅɊ. ɍ ɮɨɪɦɭɥɚɯ (19) ɜɪɚɯɨɜɚɧɨ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɟɥɟɤɬɪɨ-
ɧɟɣɬɪɚɥɶɧɨɫɬɿ e in zn , ɞɟ z  – ɡɚɪɹɞɨɜɟ ɱɢɫɥɨ ɿɨɧɿɜ. 

ɉɿɞɪɨɡɞɿɥ 3.3 ɩɪɢɫɜɹɱɟɧɨ ɩɨɲɭɤɭ ɎɊ ɬɚ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ ɜ ɪɚɦɤɚɯ 
ɤɜɚɞɪɚɬɢɱɧɨʀ (ɫ ɤɜɚɞɪɚɬɢɱɧɨɸ ɧɟɥɿɧɿɣɧɿɫɬɸ) ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ, ɬɨɛɬɨ ɜ ɞɪɭɝɨɦɭ 
ɩɨɪɹɞɤɭ ɡɚ  . Ɋɟɡɭɥɶɬɚɬɢ ɇɅɊ ɞɪɭɝɨɝɨ ɡɚ   ɧɚɛɥɢɠɟɧɧɹ ɨɬɪɢɦɭɽɬɶɫɹ ɬɟɣɥɨɪɿɜ-
ɫɶɤɢɦ ɪɨɡɜɢɧɟɧɧɹɦ ɜɢɪɚɡɭ (17) ɞɨ ɱɥɟɧɿɜ, ɥɿɧɿɣɧɢɯ ɡɚ nu ,  . ɇɚɲɿ ɎɊ ɭ ɪɚɦɤɚɯ 
ɤɜɚɞɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɲɭɤɚɸɬɶɫɹ ɭ ɜɢɝɥɹɞɿ 

(2) 2[ ( ) ( ) ( ) ]u uu
ap ap a ap a ap n n anl n lf w A A p u A p u u       , 

( ) ( ) ( )uu uu uu
anl a ap nl aTr ap nlpA p A A h     . 

(20) 

Ɉɬɪɢɦɚɧɨ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɎɊ ɢ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ   ɿ lu  
2 1 2

2( ) ( ) ( )e ep epA S O      ,   2 2 1 2
2( ) ( ) ( )i ip ipA z S O      , 

5 2 2 3 2 5 2
1( ) 2 ( ) (2 3 ) ( )u

e ep epA S z O        , 
 2 2 2 3 2 2

1( ) ( ) ( )u
i ip ipA z S O        , 

  1 2 2 5 2 1
1 ( ) 3 3 (6 2 ) ( )uu

enl e ep nl nlpA p m S z h O         , 

(21) 
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1 2
1( ) ( ) 3 ( )uu

inl e ip nlA p m z S O     , 
(2) 1 2 5 2 1 2 1( ) 16 (2 3 ) ( )t l lu z z T u O        , 

   (2) 5 2 1 2 2 1 2 3 2 7 2 2 1 2 2 2( ) 2 ( 1) ( ) 2 3 ( )t ez z T O z m O u               . 

Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ ( )a apA   ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ, ɿ ɜɨɧɢ ɡɛɿ-
ɝɚɸɬɶɫɹ ɡ ɇɅɊ; ɪɟɡɭɥɶɬɚɬ ɞɥɹ ( )u

e epA    ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨ-
ɦɚ, ɚɥɟ ɜɿɧ ɜɿɞɪɿɡɧɹɽɬɶɫɹ ɜɿɞ ɪɟɡɭɥɶɬɚɬɭ ɇɅɊ. Ɋɟɡɭɥɶɬɚɬ ɞɥɹ  ( )u

i ipA    ɽ ɬɨɱɧɢɦ 
ɪɨɡɜ’ɹɡɤɨɦ ɬɚ ɡɛɿɝɚɽɬɶɫɹ ɡ ɇɅɊ. Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ ɛɟɡɫɥɿɞɨɜɢɯ ɱɚɫɬɢɧ ɮɭɧɤɰɿɣ 

( )uu
anlA p  (ɬɨɛɬɨ ɩɪɨɩɨɪɰɿɣɧɢɯ nlph ) ɨɬɪɢɦɚɧɿ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɬɚ ɡ 

ɇɅɊ ɧɟ ɡɛɿɝɚɸɬɶɫɹ. ɑɚɫɬɢɧɭ ɮɭɧɤɰɿʀ ( )uu
enlA p , ɩɪɨɩɨɪɰɿɣɧɭ nl , ɨɬɪɢɦɚɧɨ ɜ ɧɚ-

ɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ, ɿ ɰɟɣ ɪɟɡɭɥɶɬɚɬ ɡɛɿɝɚɽɬɶɫɹ ɡ ɇɅɊ ɬɚ ɩɨɜɧɿɫɬɸ ɜɢɡɧɚ-
ɱɚɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ. ɑɚɫɬɢɧɚ ɮɭɧɤɰɿʀ ( )uu

inlA p , ɩɪɨɩɨɪɰɿɣɧɚ nl , ɽ ɬɨɱ-
ɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ, ɜɨɧɚ ɡɛɿɝɚɽɬɶɫɹ ɡ ɇɅɊ ɬɚ ɩɨɜɧɿɫɬɸ ɜɢɡɧɚɱɚɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ 
ɭɦɨɜɚɦɢ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɇɅɊ ɧɟ ɞɥɹ ɜɫɿɯ ɱɚɫɬɢɧ ɎɊ ɽ ɩɪɚɜɢɥɶɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ ɭ 
ɪɚɦɤɚɯ ɤɜɚɞɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɧɚɜɿɬɶ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. 
Ɉɬɪɢɦɚɧɿ ɜ ɰɿɣ ɬɟɨɪɿʀ ɜɧɟɫɤɢ ɞɨ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ ɭɩɨɜɿɥɶɧɸɸɬɶ ɪɟɥɚɤ-
ɫɚɰɿɣɧɿ ɩɪɨɰɟɫɢ. 

ɑɟɬɜɟɪɬɢɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿʀ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟ-
ɫɢ ɜ ɩɥɚɡɦɿ. Ɋɨɡɝɥɹɞɚɽɬɶɫɹ ɜɢɩɚɞɨɤ ɡɿ ɫɥɚɛɤɨɸ ɩɪɨɫɬɨɪɨɜɨɸ ɧɟɨɞɧɨɪɿɞɧɿɫɬɸ. ɍ 
ɪɚɦɤɚɯ ɰɶɨɝɨ ɪɨɡɞɿɥɭ ɨɬɪɢɦɭɸɬɶɫɹ ɪɟɥɚɤɫɚɰɿɣɧɿ ɩɨɩɪɚɜɤɢ ɞɨ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿ-
ɰɿɽɧɬɿɜ ɫɢɫɬɟɦɢ. Ɋɨɡɝɥɹɞ ɛɚɡɭɽɬɶɫɹ ɧɚ ɤɿɧɟɬɢɱɧɨɦɭ ɪɿɜɧɹɧɧɿ Ʌɚɧɞɚɭ 

 ap apn
ap

a n

f fp
I f

t m x

 
 

 
. (22) 

ȼɡɚɝɚɥɿ ɤɚɠɭɱɢ, ɤɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ ɞɥɹ ɩɥɚɡɦɢ ɩɨɜɢɧɧɨ ɦɿɫɬɢɬɢ ɜɧɟɫɨɤ 
ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɩɨɥɹ. ɐɟɣ ɜɧɟɫɨɤ ɦɚɽ ɫɭɬɬɽɜɢɣ ɜɩɥɢɜ ɧɚ ɦɨɞɢ ɫɢɫɬɟɦɢ, ɚɥɟ, ɹɤ 
ɜɿɞɨɦɨ, ɜɿɧ ɧɟ ɜɩɥɢɜɚɽ ɧɚ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɫɢɫɬɟɦɢ, ɿ ɬɨɦɭ ɜ ɱɟɬɜɟɪɬɨɦɭ 
ɪɨɡɞɿɥɿ ɜɿɧ ɧɟ ɜɪɚɯɨɜɭɽɬɶɫɹ.  

ɉɿɞɪɨɡɞɿɥ 4.1. ɩɪɢɫɜɹɱɟɧɨ ɩɚɪɚɦɟɬɪɚɦ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɬɚ ɛɚɡɨɜɢɦ ɪɿɜ-
ɧɹɧɧɹɦ ɬɟɨɪɿʀ. Ⱥɧɚɥɨɝɿɱɧɨ ɬɟɨɪɿʀ, ɪɨɡɜɢɧɭɬɿɣ ɭ ɬɪɟɬɶɨɦɭ ɪɨɡɞɿɥɿ, ɬɚ ɜɿɞɩɨɜɿɞɧɨ 
ɞɨ ɡɚɝɚɥɶɧɨʀ ɬɟɨɪɿʀ ɞɪɭɝɨɝɨ ɪɨɡɞɿɥɭ, ɡɚ ɉɋɈ ɫɢɫɬɟɦɢ ɦɨɠɧɚ ɨɛɪɚɬɢ ɩɚɪɚɦɟɬɪɢ  

an , n , T  ɬɚ ɜɿɞɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɣ ɲɜɢɞɤɨɫɬɿ ɟɥɟɤɬɪɨɧɿɜ ɜɿɞ ʀɯ ɫɬɚɧɞɚɪɬɧɢɯ 
ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ: 

h
n en enu    ,  h

e eT T   .
 

(23) 
ɍ ɫɬɚɧɞɚɪɬɧɨɦɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ ɫɬɚɧɿ ɲɜɢɞɤɨɫɬɿ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɤɨɦɩɨɧɟɧɬ 
ɦɚɸɬɶ ɜɢɝɥɹɞ 

h oh
an n an a am n    ,       0oh

ana
  ,      2( )h

aT T O g  ,  
 

(24) 

ɞɟ g  – ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ, ɹɤɢɣ ɨɰɿɧɸɽ ɜɟɥɢɱɢɧɭ ɝɪɚɞɿɽɧɬɿɜ ɉɋɈ ( o
an  – ɝɭɫɬɢɧɚ 

ɿɦɩɭɥɶɫɭ ɤɨɦɩɨɧɟɧɬɢ ɜ ɫɭɩɭɬɧɿɣ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ, ɹɤɚ ɦɚɽ ɲɜɢɞɤɿɫɬɶ n ). ȼɿɞɯɢ-
ɥɟɧɧɹ nu ,   ɜɜɚɠɚɸɬɶɫɹ ɦɚɥɢɦɢ ɬɚ ɨɰɿɧɸɸɬɶɫɹ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ   ɚɧɚɥɨɝɿɱ-
ɧɨ ɮɨɪɦɭɥɿ (11). ɍ ɩɿɞɫɭɦɤɭ ɬɟɨɪɿɹ ɦɚɽ ɞɜɚ ɦɚɥɿ ɩɚɪɚɦɟɬɪɢ   ɬɚ g , ɹɤɿ ɜɟɞɭɬɶ 
ɞɨ ɨɰɿɧɨɤ  
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1 21 6 ...
s

s s
n n nx x x g     ,    

1 27 10 ...
s

s s
n n nx x x g     ,     (25) 

ɞɟ ɱɟɪɟɡ  1 6{ } , , ,e i nn n T   ,  7 10{ } ,nu    ɩɨɡɧɚɱɟɧɨ ɉɋɈ. ɇɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɶ 
(8), (9), (22), (23) ɧɚɦɢ ɨɬɪɢɦɚɧɨ, ɳɨ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɦɚɸɬɶ ɜɢɝɥɹɞ 

1a an

a n

n

t m x

 
 

 
,         

1n l nl
n

e e i i l l

t

t m n m n x x

 

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        
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22( ) 32

3 3 2 2

h
e en en en e en enl e en e

en
e e n e n l n

Q R q T t T

t n n x m x x x t

    
      

             
, 

3
anl n l ap at d pp p f m  ,   3

an n ap ap aq d pp f m   ,  nl anla
t t ,  n ana

q q ,  

(26) 

ɞɟ anlt , anq  – ɩɨɬɨɤɢ ɿɦɩɭɥɶɫɭ ɬɚ ɟɧɟɪɝɿʀ a -ʀ ɤɨɦɩɨɧɟɧɬɢ. əɤ ɛɚɱɢɦɨ, ɭ ɱɚɫɨɜɢɯ 
ɪɿɜɧɹɧɧɹɯ ɞɥɹ ɉɋɈ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ , , ,e i nn n T  ɜɿɞɫɭɬɧɿ ɜɧɟɫɤɢ ɛɟɡ ɝɪɚ-
ɞɿɽɧɬɿɜ, ɚɥɟ ɜɨɧɢ ɧɚɹɜɧɿ ɜ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɧɹɯ  ɞɥɹ nu ,   ɿ ɜɢɡɧɚɱɚɸɬɶ ɪɟɥɚɤɫɚ-
ɰɿɣɧɿ ɩɪɨɰɟɫɢ.  

Ɏɭɧɤɰɿɨɧɚɥɶɧɚ ɝɿɩɨɬɟɡɚ Ȼɨɝɨɥɸɛɨɜɚ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɛɪɚɧɢɯ ɉɋɈ, ɤɿɧɟɬɢ-
ɱɧɟ ɪɿɜɧɹɧɧɹ (22) ɩɪɢ ɫɤɨɪɨɱɟɧɨɦɭ ɨɩɢɫɿ ɬɚ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɦɚɸɬɶ ɜɢ-
ɝɥɹɞ 

0
( , ) ( , ( ))ap apt

f x t f x t  ,  
 

     3 ( , ) ( , )
, ,

( )
ap apn

ap
a n

f x f xp
d x L x f I f x

x m x
 

  
 




   
  ,  

( ) ( , ( ))t x L x f    . 

(27) 

Ⱦɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ ɞɨ (27) ɽ ɨɡɧɚɱɟɧɧɹ ɉɋɈ ɜ ɬɟɪɦɿɧɚɯ ɎɊ.  
ɍ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ (25) ɦɚɽɦɨ  

(0,0)
, aap a p mf w   (28) 

( ( , )m n
apf  – ɜɧɟɫɨɤ ɞɨ apf  ɩɨɪɹɞɤɭ m ng ). 

ɉɿɞɪɨɡɞɿɥ 4.2 ɩɪɢɫɜɹɱɟɧɢɣ ɪɨɡɝɥɹɞɭ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ 
ɫɢɫɬɟɦɢ. Ɂɧɚɣɞɟɧɨ ɜɧɟɫɨɤ (0,1)

apf  ɞɨ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ apf
 
ɬɚ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽ-

ɧɬɢ ɫɢɫɬɟɦɢ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɞɨɛɪɟ ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ Ȼɪɚɝɿɧ-
ɫɶɤɨɝɨ. Ɂɨɤɪɟɦɚ, ɫɢɬɭɚɰɿɹ ɡ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɸ   ɜ ɨɫɧɨɜɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɡɚ   
ɿɥɸɫɬɪɭɽɬɶɫɹ ɬɚɛɥɢɰɟɸ 

 

ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ 
z  ɧɚɲ ɪɟɡɭɥɶɬɚɬ   ɪɟɡɭɥɶɬɚɬ Ȼɪɚɝɿɧɫɶɤɨɝɨ Brag  

1 0,946  0,945  

2 0,732  0,733  
3 0,605  0,608  
4 0,518  0,516  
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ɞɟ 5 2 1 2 4
eT m e L  .   

Ⱦɥɹ ɜ’ɹɡɤɨɫɬɿ   ɜ ɨɫɧɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɦɚɽɦɨ 
40,353 em z   ,   4

Brag 0,406 em z   . (29) 
Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ ɧɚɦɢ ɨɛɱɢɫɥɸɜɚɥɚɫɶ ɭ ɧɚɛɥɢɠɟɧɧɿ ɬɪɶɨɯ 

ɩɨɥɿɧɨɦɿɜ (ɧɚɛɥɢɠɟɧɧɹ ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ ɪɨɡɯɨɞɢɬɶɫɹ ɡ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɛɿɥɶɲ ɧɿɠ ɜ 2 ɪɚɡɢ), ɚ ɜ’ɹɡɤɨɫɬɿ – ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ (ɪɟɡɭɥɶɬɚɬɢ ɜɿ-
ɞɪɿɡɧɹɸɬɶɫɹ ɦɟɧɲ ɧɿɠ ɧɚ 14 %). 

ɉɿɞɪɨɡɞɿɥ 4.3 ɩɪɢɫɜɹɱɟɧɨ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɤɭ 
ɫɢɫɬɟɦɢ. ɍ ɧɶɨɦɭ ɞɨɫɥɿɞɠɟɧɨ ɎɊ (1,1)

apf
 
ɬɚ ɩɨɬɨɤɢ ɟɧɟɪɝɿʀ ɬɚ ɿɦɩɭɥɶɫɭ ɜ ɩɨɪɹɞɤɭ 

1 1g . ɉɨɤɚɡɚɧɨ, ɳɨ ɧɟ ɜɫɿ ɨɬɪɢɦɚɧɿ ɜɧɟɫɤɢ ɞɨ ɩɨɬɨɤɿɜ ɦɚɸɬɶ ɚɧɚɥɨɝɢ ɜ ɪɚɦɤɚɯ 
ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ. Ɂɨɤɪɟɦɚ, ɡɚɜɞɹɤɢ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɢ ɟɧɟɪ-
ɝɿʀ ɦɿɫɬɹɬɶ ɝɪɚɞɿɽɧɬ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ, ɚ ɩɨɬɨɤɢ ɿɦɩɭɥɶɫɭ – ɝɪɚɞɿɽɧɬɢ ɬɟɦɩɟɪɚ-
ɬɭɪɢ ɬɚ ɝɭɫɬɢɧɢ (ɫɭɦɚɪɧɢɣ ɩɨɬɿɤ ɟɧɟɪɝɿʀ ɦɿɫɬɢɬɶ ɝɪɚɞɿɽɧɬ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɧɚ-
ɜɿɬɶ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  ). ɍ ɩɿɞɫɭɦɤɭ ɨɬɪɢɦɚɧɨ ɪɟɥɚɤɫɚɰɿɣɧɿ ɩɨɩɪɚɜɤɢ ɞɨ 
ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɿ ɩɨɤɚɡɚɧɨ, ɳɨ ɰɿ 
ɩɨɩɪɚɜɤɢ ɡɦɟɧɲɭɸɬɶ ɜ’ɹɡɤɿɫɬɶ ɬɚ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ ɫɢɫɬɟɦɢ. 

ɉ’ɹɬɢɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɥɿɞɠɟɧɧɸ ɦɨɞ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɩɥɚɡɦɢ. 
Ⱦɢɫɩɟɪɫɿɣɧɿ ɡɚɤɨɧɢ ɞɥɹ ɦɨɞ ɬɚ ɫɚɦɿ ɦɨɞɢ ɨɛɱɢɫɥɸɸɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɥɚɫɧɢɯ 
ɡɧɚɱɟɧɶ ɬɚ ɜɥɚɫɧɢɯ ɮɭɧɤɰɿɣ ɭɡɚɝɚɥɶɧɟɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨʀ ɦɚɬɪɢɰɿ ɡ ɭɪɚɯɭɜɚɧ-
ɧɹɦ ɦɚɥɨɫɬɿ ɯɜɢɥɶɨɜɨɝɨ ɜɟɤɬɨɪɚ, ɨɫɤɿɥɶɤɢ ɫɢɫɬɟɦɚ ɽ ɫɥɚɛɤɨ ɧɟɨɞɧɨɪɿɞɧɨɸ. 

 ɉɿɞɪɨɡɞɿɥ 5.1 ɩɪɢɫɜɹɱɟɧɨ ɩɨɲɭɤɭ ɦɨɞ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɛɟɡ 
ɜɧɟɫɤɭ ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɩɨɥɹ ȼɥɚɫɨɜɚ. ɐɹ ɡɚɞɚɱɚ ɽ ɜɚɠɥɢɜɨɸ ɞɥɹ ɡɦɟɧɲɟɧɧɹ 
ɪɨɡɦɿɪɧɨɫɬɿ ɡɚɞɚɱɿ ɩɨɲɭɤɭ ɦɨɞ ɩɥɚɡɦɢ ɹɤ ɫɢɫɬɟɦɢ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɬɚ 
ɡɚɪɹɞɠɟɧɢɯ ɱɚɫɬɢɧɨɤ, ɚ ɬɚɤɨɠ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɜɩɥɢɜɭ ɡɿɬɤɧɟɧɶ ɧɚ ɦɨɞɢ.  

ȼ ɪɚɦɤɚɯ ɰɿɽʀ ɡɚɞɚɱɿ ɧɚɦɢ ɨɬɪɢɦɚɧɨ ɲɿɫɬɶ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɦɨɞ ɬɚ ɱɨɬɢɪɢ 
ɪɟɥɚɤɫɚɰɿɣɧɿ ɤɿɧɟɬɢɱɧɿ ɦɨɞɢ:  

2 2 2 3
1,2 ( , )i ik mn O k k     ;

 2 2 2 3
3,4 5( 1) 3 ( , , )eik z T m Dk O k k k        , 

2 2 3
5,6 5,6 ( , )D k O k k    ,          2 3

7,8 ( )u k O k      ,  
2 3

9 ( )u k O k       ,         2 2
10 ( )T T k O k      . 

(30) 

Ɇɨɞɢ 1,2  ɨɩɢɫɭɸɬɶ ɡɝɚɫɚɧɧɹ ɩɨɩɟɪɟɱɧɢɯ ɞɨ ɯɜɢɥɶɨɜɨɝɨ ɜɟɤɬɨɪɚ ɤɨɦɩɨ-
ɧɟɧɬ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ; ɦɨɞɢ 3,4  ɽ ɡɜɭɤɨɜɢɦɢ ɦɨɞɚɦɢ (ɜ ɧɢɯ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɩɨ-
ɩɟɪɟɱɧɚ ɤɨɦɩɨɧɟɧɬɚ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ, ɝɭɫɬɢɬɢ ɤɨɦɩɨɧɟɧɬ ɬɚ ɬɟɦɩɟɪɚɬɭɪɚ); 
ɦɨɞɢ 5,6  ɽ ɬɟɩɥɨɜɨɸ ɬɚ ɡɫɭɜɧɨɸ ɦɨɞɚɦɢ (ɜ ɧɢɯ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɝɭɫɬɢɧɢ ɤɨɦɩɨ-
ɧɟɧɬ ɬɚ ɬɟɦɩɟɪɚɬɭɪɚ). Ɇɨɞɢ 7,8  ɨɩɢɫɭɸɬɶ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɨɩɟɪɟɱɧɢɯ 
ɤɨɦɩɨɧɟɧɬ nu , ɦɨɞɚ 9  ɨɩɢɫɭɽ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɨɜɡɞɨɜɠɧɶɨʀ ɤɨɦɩɨɧɟɧɬɢ 

nu , ɚ ɦɨɞɚ 10  ɨɩɢɫɭɽ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɚɪɚɦɟɬɪɚ  . Ʉɨɧɤɪɟɬɧɿ ɝɪɨɦɿɡɞɤɿ 
ɜɢɪɚɡɢ ɞɥɹ ɞɟɤɪɟɦɟɧɬɿɜ ɡɝɚɫɚɧɧɹ ɦɨɞ  D , 5,6D ,  ,  , T  ɧɚɞɚɧɿ ɜ ɞɢɫɟɪɬɚɰɿʀ. 

ɉɿɞɪɨɡɞɿɥ 5.2 ɩɪɢɫɜɹɱɟɧɨ ɩɨɲɭɤɭ ɦɨɞ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ–
ȼɥɚɫɨɜɚ. ɇɚ ɠɚɥɶ, ɩɪɨɰɟɞɭɪɭ ɩɨɲɭɤɭ ɎɊ ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   ɬɚ g  ɧɚ ɨɫɧɨɜɿ 
ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɧɚɦɢ ɦɟɬɨɞɚ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɧɟ ɜɞɚɽɬɶɫɹ ɪɟɚɥɿɡɭɜɚɬɢ ɱɟɪɟɡ 
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ɩɪɢɫɭɬɧɿɫɬɶ ɜɧɟɫɤɭ ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɩɨɥɹ. ɉɪɨɬɟ ɦɨɠɧɚ ɡɧɚɣɬɢ ɦɨɞɢ ɪɿɜɧɹɧɧɹ 
Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ ɜ ɛɟɡɞɢɫɢɩɚɬɢɜɧɨɦɭ ɜɢɩɚɞɤɭ, ɨɛɦɟɠɭɸɱɢɫɶ ɎɊ ɧɭɥɶɨɜɨɝɨ ɩɨ-
ɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɿ ɨɬɪɢɦɚɧɨ ɬɚɤɿ ɦɨɞɢ: 

2
1,2 ( )O k  ,

  

2 2
3,4 5( 1) 3 ( , )eik z T m O k k      , 2

5 ( )O k  ,  
2 2 2 2

6,9 2 4 ( , )u p ui O k         , 2 24p e ee n m  ;  
2

7,8 ( )u O k    ,  2
10 ( )T O k    . 

(31) 

Ɇɨɞɢ 3,4  ɽ ɡɜɭɤɨɜɢɦɢ ɦɨɞɚɦɢ, ɦɨɞɢ 7,8  ɨɩɢɫɭɸɬɶ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ 
ɩɨɩɟɪɟɱɧɢɯ ɤɨɦɩɨɧɟɧɬ nu , ɦɨɞɚ 10  ɨɩɢɫɭɽ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɚɪɚɦɟɬɪɚ  .  
Ɇɨɞɢ 6,9

 
ɨɩɢɫɭɸɬɶ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ, ɮɿɡɢɱɧɢɣ ɡɦɿɫɬ 

ɹɤɢɯ – ɤɨɥɢɜɚɧɧɹ ɡɚɪɹɞɭ ɩɿɞ ɞɿɽɸ ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɩɨɥɹ. Ɏɿɡɢɱɧɨɸ ɩɪɢɱɢɧɨɸ 
ɪɟɥɚɤɫɚɰɿɣɧɨɝɨ ɡɝɚɫɚɧɧɹ ɽ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɨɩɟɪɟɱɧɨʀ ɤɨɦɩɨɧɟɧɬɢ nu . əɤ 
ɛɚɱɢɦɨ, ɞɟɤɪɟɦɟɧɬ ɡɝɚɫɚɧɧɹ ɞɨɪɿɜɧɸɽ 2u  ɬɚ ɦɚɽ ɦɿɫɰɟ ɪɟɥɚɤɫɚɰɿɣɧɢɣ ɡɫɭɜ ɱɚ-
ɫɬɨɬɢ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ. ɏɨɱɚ u p   ɿ ɡɫɭɜ ɱɚɫɬɨɬɢ ɽ ɧɟɡɧɚɱɧɢɦ, ɞɥɹ ɦɚɥɢɯ 
ɯɜɢɥɶɨɜɢɯ ɜɟɤɬɨɪɿɜ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɤɨɥɢɜɚɧɶ ɽ ɜɚɝɨɦɿɲɢɦ ɡɚ 
ɜɿɞɨɦɟ ɡɝɚɫɚɧɧɹ Ʌɚɧɞɚɭ. ɐɟ ɬɜɟɪɞɠɟɧɧɹ ɿɥɸɫɬɪɭɽɬɶɫɹ ɬɚɛɥɢɰɟɸ: 
 

Ʉɨɟɮɿɰɿɽɧɬɢ ɡɝɚɫɚɧɧɹ ɞɥɹ ɞɟɹɤɢɯ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɢɯ ɩɥɚɡɦ 
ɉɥɚɡɦɚ 3,cɦen   ,T K  2u p     

ɬɨɤɚɦɚɤ 14 1510 10  810    80,3 1,5 10   0,146 0,152  

ɦɿɠɩɥɚɧɟɧɬɚ 
ɩɥɚɡɦɚ 

2 110 10   410    90,03 1,5 10   0,133 0,144  

ɫɨɧɹɱɧɚ 
ɤɨɪɨɧɚ 

4 810 10  6 810 10  14 93 10 1,5 10     0,119 0,148  

 

Ȳʀ ɩɨɛɭɞɨɜɚɧɨ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ ɤɭɥɨɧɿɜɫɶɤɢɣ ɥɨɝɚɪɢɮɦ ɨɰɿɧɸɽɬɶɫɹ ɹɤ 
10 15L  . ȼɟɥɢɱɢɧɚ   – ɰɟ ɬɚɤɟ ɡɧɚɱɟɧɧɹ Dkr  ( Dr  – ɪɚɞɿɭɫ Ⱦɟɛɚɹ), ɳɨ ɩɪɢ 

Dkr   ɞɟɤɪɟɦɟɧɬ ɪɟɥɚɤɫɚɰɿɣɧɨɝɨ ɡɝɚɫɚɧɧɹ ɽ ɛɿɥɶɲɢɦ ɡɚ ɞɟɤɪɟɦɟɧɬ ɡɝɚɫɚɧɧɹ 
Ʌɚɧɞɚɭ. Ɉɬɪɢɦɚɧɿ ɜ ɞɢɫɟɪɬɚɰɿʀ ɪɟɡɭɥɶɬɚɬɢ ɽ ɭɡɚɝɚɥɶɧɟɧɧɹɦ ɜɿɞɨɦɢɯ ɜ ɥɿɬɟɪɚɬɭɪɿ 
ɪɟɡɭɥɶɬɚɬɿɜ, ɨɫɤɿɥɶɤɢ ɧɚɦɢ ɜɪɚɯɨɜɭɽɬɶɫɹ ɞɢɧɚɦɿɤɚ ɿɨɧɿɜ ɩɥɚɡɦɢ. 
 

ȼɂɋɇɈȼɄɂ 
 

1. ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɜɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ ɡɚɝɚɥɶɧɭ ɬɟɨɪɿɸ ɪɟ-
ɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɨɤɨɥɿ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɿɜ (ɭɡɚɝɚɥɶɧɟɧɢɣ ɦɟɬɨɞ ɑɟɩ-
ɦɟɧɚ–ȿɧɫɤɨɝɚ) ɲɥɹɯɨɦ ɪɨɡɝɥɹɞɭ ɰɢɯ ɩɪɨɰɟɫɿɜ ɛɿɥɹ ʀɯ ɡɚɜɟɪɲɟɧɧɹ (ɜ ɪɨɛɨɬɿ ɪɟ-
ɥɚɤɫɚɰɿɣɧɢɦɢ ɧɚɡɢɜɚɸɬɶɫɹ ɩɪɨɰɟɫɢ, ɹɤɿ ɦɨɠɭɬɶ ɜɿɞɛɭɜɚɬɢɫɹ ɜ ɩɪɨɫɬɨɪɨɜɨ-
ɨɞɧɨɪɿɞɧɿɣ ɫɢɫɬɟɦɿ). 

2. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɜɩɟɪɲɟ ɞɨɫɥɿ-
ɞɠɟɧɨ ɦɚɤɫɜɟɥɥɿɜɫɶɤɭ ɪɟɥɚɤɫɚɰɿɸ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɦɭ ɝɚɡɿ. ɉɨɤɚɡɚɧɨ, ɳɨ ɜɿ-
ɞɨɦɿ ɪɟɡɭɥɶɬɚɬɢ Ƚɪɟɞɚ ɞɥɹ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɬɚ ɱɚɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɩɨɬɨɤɿɜ ɜɿɞɩɨ-
ɜɿɞɚɸɬɶ ɧɚɛɥɢɠɟɧɧɸ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɋɨɧɿɧɚ ɬɚ ɡɧɚɣɞɟɧɨ ɜɢɪɚɡɢ ɞɥɹ ɜɿɞɩɨɜɿɞ-
ɧɢɯ ɜɟɥɢɱɢɧ ɭ ɧɚɛɥɢɠɟɧɧɿ ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ.  
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3. ɇɚ ɨɫɧɨɜɿ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɜɩɟɪɲɟ ɞɨɫɥɿɞɠɟɧɨ 
ɪɟɥɚɤɫɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɜ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɿɣ ɩɥɚɡɦɿ ɛɿɥɹ ʀɯ ɡɚɜɟɪɲɟɧɧɹ. Ɋɨɡɪɨɛ-
ɥɟɧɨ ɦɟɬɨɞ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɨɬɪɢɦɚɧɢɯ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ 
ɦɚɥɢɦ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɟɥɟɤɬɪɨɧɚ ɬɚ ɿɨɧɚ ɡ ɩɨɞɚɥɶɲɢɦɢ ɨɛɱɢɫɥɟɧɧɹɦɢ ɦɟɬɨ-
ɞɨɦ ɨɛɿɪɜɚɧɢɯ ɪɨɡɜɢɧɟɧɶ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ. ɉɨɤɚɡɚɧɨ, ɳɨ ɧɚɛɥɢɠɟɧɧɹ ɥɨ-
ɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ ɞɚɽ ɜɿɪɧɿ ɪɟɡɭɥɶɬɚɬɢ ɥɢɲɟ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɜɿɞɧɨɲɟɧ-
ɧɹɦ ɦɚɫ ɬɚ ɜ ɪɚɦɤɚɯ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ. Ɉɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ ɰɶɨɝɨ ɧɚ-
ɛɥɢɠɟɧɧɹ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɭ ɥɿɧɿɣɧɿɣ ɬɚ ɤɜɚɞɪɚɬɢɱɧɿɣ (ɡ 
ɤɜɚɞɪɚɬɢɱɧɨɸ ɧɟɥɿɧɿɣɧɿɫɬɸ) ɬɟɨɪɿɹɯ ɪɟɥɚɤɫɚɰɿʀ. ɍ ɜɿɞɩɨɜɿɞɧɢɯ ɱɥɟɧɚɯ ɬɟɨɪɿʀ 
ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɩɨɤɚɡɚɧɨ, ɳɨ ɨɬɪɢɦɚɧɿ ɭ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɢ-
ɪɚɡɢ ɛɿɥɶɲɿ ɡɚ ɜɧɟɫɤɢ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ. 

4. Ⱦɨɫɥɿɞɠɟɧɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ ɜ ɩɥɚɡɦɿ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɜ ɧɿɣ ɪɟɥɚɤ-
ɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɪɢ ɰɶɨɦɭ ɜɪɚɯɨɜɚɧɨ ɜɢɳɟɡɚɡɧɚɱɟɧɿ ɩɨɩɪɚɜɤɢ ɞɨ ɧɚɛɥɢ-
ɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ. Ɉɬɪɢɦɚɧɨ ɩɨɬɨɤɢ ɟɧɟɪɝɿʀ ɬɚ ɿɦɩɭɥɶɫɭ ɿ ɤɿɧɟɬɢɱɧɿ ɤɨ-
ɟɮɿɰɿɽɧɬɢ ɩɥɚɡɦɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɟɣ ɬɚ ɬɟɦɩɟɪɚɬɭɪ 
ɤɨɦɩɨɧɟɧɬ. 

5. ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ Ʌɚɧɞɚɭ ɬɚ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ ɞɨɫɥɿɞɠɟɧɨ 
ɦɨɞɢ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɩɥɚɡɦɢ ɜ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɚɯ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɪɟɥɚɤ-
ɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɪɢ ɰɶɨɦɭ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɩɨɫ-
ɥɿɞɨɜɧɨ ɜɪɚɯɨɜɚɧɨ ɞɢɧɚɦɿɤɭ ɿɨɧɧɨʀ ɤɨɦɩɨɧɟɧɬɢ. Ɉɬɪɢɦɚɧɨ ɦɨɞɢ ɪɟɥɚɤɫɚɰɿɣɧɨɝɨ 
ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ ɬɚ ɜɤɚɡɚɧɨ ɞɿɚɩɚɡɨɧ ɡɧɚɱɟɧɶ ɯɜɢɥɶɨɜɨɝɨ ɜɟɤɬɨɪɚ, ɤɨɥɢ 
ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɽ ɜɚɝɨɦɿɲɢɦ ɡɚ ɡɝɚɫɚɧɧɹ Ʌɚɧɞɚɭ. 
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ɱɟɪɜɟɧɶ, 4 – 5, 2015, Ʌɶɜɿɜ, ɍɤɪɚʀɧɚ: ɡɛɿɪɧɢɤ ɬɟɡ. – Ʌɶɜɿɜ, 2015. – ɋ. 31. 
39. Gorev V. Non-linear relaxation in a spatially uniform plasma at the end of the 
relaxation processes [Electronic resource] / V. Gorev, A. Sokolovsky // 41st 
Conference of the Middle European Cooperation in Statistical Physics, February, 14 
– 17, 2016, Vienna, Austria: program posters. – Vienna, 2016. –      ɪɟɠɢɦ ɞɨɫɬɭɩɭ 
ɞɨ ɡɛɿɪɧɢɤɚ http://meco41.univie.ac.at/  

 

ȺɇɈɌȺɐȱȲ 
 

Ƚɨɪɽɜ ȼ. Ɇ. ɋɤɨɪɨɱɟɧɢɣ ɨɩɢɫ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɢɫɬɟɦ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 
ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. – ɇɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɭ. 

Ⱦɢɫɟɪɬɚɰɿɹ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɤɚɧɞɢɞɚɬɚ ɮɿɡɢɤɨ-
ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ ɡɚ ɫɩɟɰɿɚɥɶɧɿɫɬɸ 01.04.02 – ɬɟɨɪɟɬɢɱɧɚ ɮɿɡɢɤɚ – Ⱦɧɿɩɪɨ-
ɩɟɬɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ, ɆɈɇ ɍɤɪɚʀɧɢ, 
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 2016. 

Ⱦɢɫɟɪɬɚɰɿɹ ɩɪɢɫɜɹɱɟɧɚ ɫɤɨɪɨɱɟɧɨɦɭ ɨɩɢɫɭ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɢɫɬɟɦ ɡ ɭɪɚɯɭ-
ɜɚɧɧɹɦ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɿɞ ɬɟɪɦɿɧɨɦ «ɪɟɥɚɤɫɚɰɿɹ» ɪɨɡɭɦɿɽɬɶɫɹ ɩɪɨɰɟɫ, 
ɹɤɢɣ ɦɨɠɟ ɦɚɬɢ ɦɿɫɰɟ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɫɢɫɬɟɦɿ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɭɡɚ-
ɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ, ɹɤɟ ɞɨɡɜɨɥɹɽ ɜɪɚɯɨɜɭɜɚɬɢ ɜɩɥɢɜ ɪɟɥɚɤɫɚ-
ɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɤɭ ɫɢɫɬɟɦɢ. ɇɚ ɨɫɧɨɜɿ ɰɶɨɝɨ ɭɡɚɝɚɥɶɧɟɧɧɹ ɞɨɫɥɿ-
ɞɠɟɧɨ ɡɚɞɚɱɭ Ƚɪɟɞɚ. Ɉɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ Ƚɪɟɞɚ ɭ ɧɚɛɥɢɠɟɧɧɿ 
ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ ɋɨɧɿɧɚ. Ⱦɨɫɥɿɞɠɟɧɨ ɪɟɥɚɤɫɚɰɿɸ ɭ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɩɥɚɡ-
ɦɿ. Ɉɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ ɞɥɹ ɮɭ-
ɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ ɿ ɱɚɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɤɨɦɩɨ-
ɧɟɧɬ. Ⱦɨɫɥɿɞɠɟɧɨ ɜɩɥɢɜ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɤɭ ɬɚ ɦɨɞɢ ɩɥɚ-
ɡɦɢ ɡ ɩɨɫɥɿɞɨɜɧɢɦ ɜɪɚɯɭɜɚɧɧɹɦ ɞɢɧɚɦɿɤɢ ɿɨɧɧɨʀ ɤɨɦɩɨɧɟɧɬɢ.  

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ, ɡɚɞɚɱɚ Ƚɪɟɞɚ, ɩɨɜ-
ɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɚ ɩɥɚɡɦɚ, ɪɟɥɚɤɫɚɰɿɹ, ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ, ɱɚɫɢ ɪɟɥɚɤɫɚɰɿʀ, ɤɿɧɟɬɢ-
ɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ, ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɬɚ ɤɿɧɟɬɢɱɧɿ ɦɨɞɢ, ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɥɚɡ-
ɦɨɜɢɯ ɯɜɢɥɶ. 

 
Ƚɨɪɟɜ ȼ. ɇ. ɋɨɤɪɚɳɟɧɧɨɟ ɨɩɢɫɚɧɢɟ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɫɢɫɬɟɦ ɫ ɭɱɟɬɨɦ 

ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. – ɇɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɢ. 
Ⱦɢɫɫɟɪɬɚɰɢɹ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɤɚɧɞɢɞɚɬɚ ɮɢɡɢɤɨ-

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ  01.04.02 – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɮɢɡɢɤɚ. – 
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Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ, ɆɈɇ 
ɍɤɪɚɢɧɵ, 2016. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɩɨɫɜɹɳɟɧɚ ɫɨɤɪɚɳɟɧɧɨɦɭ ɨɩɢɫɚɧɢɸ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɫɢɫɬɟɦ ɫ 
ɭɱɟɬɨɦ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɨɞ ɬɟɪɦɢɧɨɦ «ɪɟɥɚɤɫɚɰɢɹ» ɩɨɧɢɦɚɟɬɫɹ 
ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɨɯɨɞɢɬɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɨɞɧɨɪɨɞɧɨɣ ɫɢɫɬɟɦɟ. 
ɉɪɟɞɥɨɠɟɧɨ ɨɛɨɛɳɟɧɢɟ ɦɟɬɨɞɚ ɑɟɦɩɟɧɚ–ɗɧɫɤɨɝɚ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɭɱɢɬɵ-
ɜɚɬɶ ɜɥɢɹɧɢɟ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɝɢɞɪɨɞɢɧɚɦɢɤɭ ɫɢɫɬɟɦɵ. ɇɚ ɨɫɧɨɜɟ 
ɷɬɨɝɨ ɨɛɨɛɳɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɚ ɡɚɞɚɱɚ Ƚɪɷɞɚ. ɉɨɥɭɱɟɧɵ ɩɨɩɪɚɜɤɢ ɤ ɪɟɡɭɥɶɬɚɬɚɦ 
Ƚɪɷɞɚ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɞɜɭɯ ɩɨɥɢɧɨɦɨɜ ɋɨɧɢɧɚ. ɂɫɫɥɟɞɨɜɚɧɚ ɪɟɥɚɤɫɚɰɢɹ ɜ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɨ-ɨɞɧɨɪɨɞɧɨɣ ɩɥɚɡɦɟ. ɉɨɥɭɱɟɧɵ ɩɨɩɪɚɜɤɢ ɤ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɢɛɥɢ-
ɠɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɮɭɧɤɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬ ɢ ɜɪɟɦɟɧ 
ɪɟɥɚɤɫɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɤɨɪɨɫɬɢ ɤɨɦɩɨɧɟɧɬ. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɪɟɥɚɤɫɚ-
ɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɝɢɞɪɨɞɢɧɚɦɢɤɭ ɢ ɦɨɞɵ ɩɥɚɡɦɵ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ 
ɭɱɟɬɨɦ ɞɢɧɚɦɢɤɢ ɢɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɛɨɛɳɟɧɢɟ ɦɟɬɨɞɚ ɑɟɦɩɟɧɚ–ɗɧɫɤɨɝɚ, ɡɚɞɚɱɚ Ƚɪɷɞɚ, ɩɨɥ-
ɧɨɫɬɶɸ ɢɨɧɢɡɢɪɨɜɚɧɧɚɹ ɩɥɚɡɦɚ, ɪɟɥɚɤɫɚɰɢɹ, ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɜɪɟɦɟɧɚ 
ɪɟɥɚɤɫɚɰɢɢ, ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɤɢɧɟɬɢɱɟɫɤɢɟ 
ɦɨɞɵ, ɪɟɥɚɤɫɚɰɢɨɧɧɨɟ ɡɚɬɭɯɚɧɢɟ ɩɥɚɡɦɟɧɧɵɯ ɜɨɥɧ. 

 
Gorev V. N. Reduced description of non-equilibrium systems with account 

for relaxation processes. – Manuscript. 
CanНiНatО’s thОsis on PhвsiМs anН MathОmatiМs, spОМialitв 01.04.02 – theoreti-

cal physics. – Oles Honchar Dnipropertovsk National University, Ministry of Educa-
tion of Ukraine, Dnipropetrovsk, 2016. 

This thesis is devoted to the reduced description of non-equilibrium systems 
with account for relaxation processes; ЭСО ЭОrЦ “rОХКбКЭТoЧ” Цeans a process that can 
take place in a spatially uniform system. The Chapnan–Enskog method is generalized 
in order to account for relaxation processes. The generalization is based on the idea of 
the Bogolyubov functional hypothesis, and it describes relaxation states of a system 
in the vicinity of a standard hydrodynamic state. The reduced description parameters 
(RDPs) of the standard hydrodynamic state and the deviations of additional parame-
ters from their hydrodynamic values are chosen as the RDPs of the system. These de-
viations are assumed to be small. The distribution function (DF) and the RDP time 
derivatives are sought in a perturbation theory in two small parameters. One parame-
ter describes the smallness of the mentioned deviations, and the other describes the 
smallness of the gradients. This generalization is applied to the Grad problem. For 
simplicity, a spatially uniform state is investigated. The kinetic equation of the 
Boltzmann type is solved with the help of the Sonine polynomial series. It is shown 
that GrКН’Ь well-known results for the DF and the flux relaxation times coincide with 
our results of the one-polynomial approximation. Corrections to these results in the 
two-polynomial approximation are obtained.  

The same idea is also applied to the description of a completely ionized two-
component electron-ion plasma. It is shown that the following RDP set can be cho-
sen: the component particle densities, the mass velocity and the temperature of the 
standard hydrodynamic state, and small deviations of the electron temperature and 
velocity from their hydrodynamic values.  
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First a spatially uniform state is investigated. The component DFs and the tem-
perature and velocity relaxation rates are investigated up to quadratic terms in the 
above-mentioned small deviations. In is shown that in the framework of the linear re-
laxation theory the leading order of the DFs in the small electron-to-ion mass ratio is 
completely determined by the local equilibrium assumption (LEA), but corrections of 
higher orders to the LEA DFs are obtained. The temperature and velocity relaxation 
rates in the leading order in the small mass ratio are completely determined by the 
LEA, but higher orders of the relaxation times calculated using LEA are smaller than 
the corrections given by our theory. It is shown that in the framework of the quadratic 
relaxation theory the LEA fails to give correct results even in the leading order in the 
small mass ratio and in the one-polynomial approximation and that the quadratic 
terms slow down the relaxation processes. 

The spatially non-uniform case is also investigated. It is shown that the results 
for the kinetic coefficients in the framework of standard hydrodynamics are in good 
agreement with BrКРТЧЬФв’Ь well-known results. The effect of the relaxation process-
es on the hydrodynamics is investigated. The DFs and the fluxes are investigated in 
the first order both in small deviations and in gradients, and corrections to the LEA 
results in the spatially uniform case are taken into account in these calculations. It is 
shown that the terms in the obtained expressions for the fluxes do not all have their 
analogs in standard hydrodynamics. Due to velocity relaxation, the energy fluxes 
contain the mass velocity gradients, and the momentum fluxes contain the tempera-
ture and particle density gradients. Relaxation corrections to the thermal conductivity 
and viscosity of the standard hydrodynamics of plasma are obtained. It is shown that 
these corrections decrease the corresponding kinetic coefficients. 

The problem of plasma mode calculation is also investigated. The modes of the 
Landau and Landau–Vlasov kinetic equation are obtained.  

The problem of mode investigation on the basis of the Landau kinetic equation 
without a self-consistent term is important because it allows one to decrease the di-
mensionality of the problem for a system of electromagnetic field and charged parti-
cles, and to investigate the effect of collisions on the plasma modes. Six hydrodynam-
ic modes and four relaxation kinetic modes of the Landau kinetic equation are ob-
tained.  

Unfortunately, the perturbation theory in small gradients and deviations faces 
difficulties because of the presence of a self-consistent term in the Landau–Vlasov 
kinetic equation. But it is possible to restrict the consideration to the dissipationless 
approximation using spatially uniform DFs because the self-consistent term vanishes 
in a spatially uniform state. As a result, the modes of the Landau–Vlasov kinetic 
equation are obtained in this approximation. Special attention is paid to the modes 
that describe the relaxation damping of plasma waves. The obtained results are more 
general than similar results in the framework of the jelly model because the deviation 
of the ion DF from equilibrium is taken into account. 

Keywords: generalization of the Chapman–Enskog method, Grad problem, com-
pletely ionized plasma, relaxation, distribution functions, relaxation rates, kinetic co-
efficients, hydrodynamic and kinetic modes, relaxation damping of plasma waves.  
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