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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 
ɋɤɚɥɨɡɭɛ ȼɨɥɨɞɢɦɢɪ ȼɚɫɢɥɶɨɜɢɱ,  
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ 
ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ,  
ɡɚɜɿɞɭɜɚɱ ɤɚɮɟɞɪɢ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ. 
 

Ɉɮɿɰɿɣɧɿ ɨɩɨɧɟɧɬɢ: 
 

ɞɨɤɬɨɪ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ 
Ⱥɧɱɢɲɤɿɧ Ⱦɦɢɬɪɨ ȼɥɚɞɥɟɧɨɜɢɱ,  
ȱɧɫɬɢɬɭɬ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ ɿɦɟɧɿ 
Ɇ.Ɇ. Ȼɨɝɨɥɸɛɨɜɚ ɇȺɇ ɍɤɪɚʀɧɢ,  
ɩɪɨɜɿɞɧɢɣ ɧɚɭɤɨɜɢɣ ɫɩɿɜɪɨɛɿɬɧɢɤ ɜɿɞɞɿɥɭ 
ɮɿɡɢɤɢ ɜɢɫɨɤɢɯ ɝɭɫɬɢɧ ɟɧɟɪɝɿʀ. 
 
ɞɨɤɬɨɪ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɫɬɚɪɲɢɣ 
ɧɚɭɤɨɜɢɣ ɫɩɿɜɪɨɛɿɬɧɢɤ 
ɇɭɪɦɚɝɚɦɛɟɬɨɜ Ɉɥɟɤɫɿɣ ɘɪɿɣɨɜɢɱ, 
ȱɧɫɬɢɬɭɬ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ ɿɦ. Ɉ.ȱ. Ⱥɯɿɽɡɟɪɚ 
ɇɚɰɿɨɧɚɥɶɧɨɝɨ ɧɚɭɤɨɜɨɝɨ ɰɟɧɬɪɭ 
«ɏɚɪɤɿɜɫɶɤɢɣ ɮɿɡɢɤɨ-ɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬ» 
ɇȺɇ ɍɤɪɚʀɧɢ,  
ɩɪɨɜɿɞɧɢɣ ɧɚɭɤɨɜɢɣ ɫɩɿɜɪɨɛɿɬɧɢɤ 

 

Ɂɚɯɢɫɬ ɜɿɞɛɭɞɟɬɶɫɹ «30» ɱɟɪɜɧɹ 2016 ɪ. ɨ 1400 ɝɨɞɢɧɿ ɧɚ ɡɚɫɿɞɚɧɧɿ 
ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ ɜɱɟɧɨʀ ɪɚɞɢ Ⱦ 08.051.02 Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ 
ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɡɚ ɚɞɪɟɫɨɸ: 49010, ɦ. Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 
ɜɭɥ. ɇɚɭɤɨɜɚ, 9, ɤɨɪɩɭɫ 12, ɚɭɞ. 512. 

Ɂ ɞɢɫɟɪɬɚɰɿɽɸ ɦɨɠɧɚ ɨɡɧɚɣɨɦɢɬɢɫɶ ɭ ɛɿɛɥɿɨɬɟɰɿ Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ 
ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɡɚ ɚɞɪɟɫɨɸ: 49010, 
ɦ. Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, ɜɭɥ. Ʉɚɡɚɤɨɜɚ, 8. 

 
Ⱥɜɬɨɪɟɮɟɪɚɬ ɪɨɡɿɫɥɚɧɢɣ «27»  ɬɪɚɜɧɹ 2016  ɪ. 

 

ɍɱɟɧɢɣ ɫɟɤɪɟɬɚɪ   
ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ ɜɱɟɧɨʀ ɪɚɞɢ     Ƚɚɥɞɿɧɚ Ɉ.Ɇ.  
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ɁȺȽȺɅɖɇȺ ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ ɊɈȻɈɌɂ 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ. ȼ ɭɦɨɜɚɯ ɛɭɪɯɥɢɜɨɝɨ ɪɨɡɜɢɬɤɭ ɧɚɧɨɬɟɯɧɨɥɨɝɿɣ, 
ɳɨ ɨɯɨɩɢɜ ɜ ɞɚɧɢɣ ɱɚɫ ɛɚɝɚɬɨ ɝɚɥɭɡɟɣ ɧɚɭɤɢ ɿ ɬɟɯɧɿɤɢ, ɜɟɥɢɤɚ ɭɜɚɝɚ 
ɩɪɢɞɿɥɹɽɬɶɫɹ ɞɨɫɥɿɞɠɟɧɧɸ ɮɿɡɢɱɧɢɯ ɿ ɯɿɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 
ɧɢɡɶɤɨɪɨɡɦɿɪɧɢɯ ɤɜɚɧɬɨɜɢɯ ɫɢɫɬɟɦ, ɝɥɨɛɭɥ ɿ ɤɥɚɫɬɟɪɿɜ. Ɇɚɧɿɩɭɥɹɰɿʀ ɡ 
ɨɤɪɟɦɢɦɢ ɚɬɨɦɚɦɢ ɬɚ ʀɯ ɝɪɭɩɚɦɢ ɩɪɢ ɫɬɜɨɪɟɧɧɿ ɣ ɨɬɪɢɦɚɧɧɿ ɧɨɜɢɯ 
ɤɨɧɫɬɪɭɤɰɿɣɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɢɯ ɩɪɢɥɚɞɿɜ, ɩɪɢɫɬɪɨʀɜ ɞɥɹ 
ɡɚɩɢɫɭ ɿ ɩɟɪɟɞɚɱɿ ɿɧɮɨɪɦɚɰɿʀ ɜɜɚɠɚɸɬɶ ɩɟɪɫɩɟɤɬɢɜɧɢɦɢ ɧɚɩɪɹɦɤɚɦɢ ɫɭɱɚɫɧɨʀ 
ɟɥɟɤɬɪɨɧɿɤɢ. ɍɫɟ ɰɟ ɜɿɞɤɪɢɜɚɽ ɧɨɜɿ ɦɨɠɥɢɜɨɫɬɿ ɣ ɝɨɪɢɡɨɧɬɢ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ 
ɩɪɨɝɪɟɫɭ. ɍ ɰɢɯ ɭɦɨɜɚɯ ɫɬɚɽ ɨɫɨɛɥɢɜɨ ɚɤɬɭɚɥɶɧɨɸ ɦɨɠɥɢɜɿɫɬɶ 
ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɡɨɫɤɨɩɿɱɧɢɯ ɨɛ’ɽɤɬɿɜ ɡ ɦɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ ʀɯ 
ɫɬɪɭɤɬɭɪɢ, ɩɟɪɟɞɛɚɱɟɧɧɹ ɩɨɜɟɞɿɧɤɢ ɜ ɪɿɡɧɢɯ ɭɦɨɜɚɯ, ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɬɚ ɨɰɿɧɤɢ 
ɩɟɪɫɩɟɤɬɢɜ ɨɬɪɢɦɚɧɧɹ ɦɚɬɟɪɿɚɥɿɜ ɡ ɧɚɩɟɪɟɞ ɡɚɞɚɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ. ȯɞɢɧɢɦ 
ɿɫɧɭɸɱɢɦ ɫɩɨɫɨɛɨɦ ɞɨɫɥɿɞɠɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɜɿɞɤɪɢɬɢɯ 
ɦɟɡɨɫɤɨɩɿɱɧɢɯ ɫɢɫɬɟɦ ɽ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ ɬɭɧɟɥɸɜɚɧɧɹ ɤɪɿɡɶ ɧɢɯ 
ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɬɚ ɩɨɪɿɜɧɹɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɩɨɱɚɬɤɨɜɢɯ ɫɢɝɧɚɥɿɜ ɿɡ 
ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɝɧɚɥɿɜ, ɳɨ ɜɢɯɨɞɹɬɶ ɿɡ ɫɢɫɬɟɦɢ. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɥɹɝɚɽ ɜ ɬɨɦɭ, ɳɨ ɨɩɢɫ ɩɪɨɰɟɫɭ 
ɬɭɧɟɥɸɜɚɧɧɹ ɜɢɦɚɝɚɽ ɩɨɛɭɞɨɜɢ ɦɨɞɟɥɿ, ɳɨ ɛɭɞɟ ɭɧɿɜɟɪɫɚɥɶɧɨɸ ɞɥɹ ɛɿɥɶɲɨɫɬɿ 
ɤɜɚɧɬɨɜɢɯ ɫɢɫɬɟɦ ɬɚ ɜɢɞɿɜ ɫɢɝɧɚɥɿɜ. Ⱦɥɹ ɪɨɡɜ’ɹɡɤɭ ɩɪɨɛɥɟɦɢ ɧɚ ɫɭɱɚɫɧɨɦɭ 
ɟɬɚɩɿ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɱɢɫɟɥɶɧɿ ɪɨɡɪɚɯɭɧɤɢ ɬɚ ɦɨɞɟɥɸɜɚɧɧɹ, ɳɨ 
ɛɚɡɭɽɬɶɫɹ ɧɚ ɜɧɭɬɪɿɲɧɿɯ ɨɫɨɛɥɢɜɨɫɬɹɯ ɤɨɧɤɪɟɬɧɨʀ ɞɨɫɥɿɞɠɭɜɚɧɨʀ ɫɢɫɬɟɦɢ. 
Ɂɧɚɱɧɨɸ ɩɪɨɛɥɟɦɨɸ ɜ ɰɶɨɦɭ ɽ ɫɤɥɚɞɧɚ ɡɚɥɟɠɧɿɫɬɶ ɦɿɠ ɮɨɪɦɨɸ ɩɨɱɚɬɤɨɜɨɝɨ 
ɩɚɤɟɬɭ ɬɚ ɩɚɪɚɦɟɬɪɚɦɢ ɤɜɚɧɬɨɜɨʀ ɫɢɫɬɟɦɢ. Ʉɪɿɦ ɬɨɝɨ, ɿɫɧɭɽ ɧɟɨɛɯɿɞɧɿɫɬɶ 
ɜɪɚɯɨɜɭɜɚɬɢ ɱɢɫɥɟɧɧɿ ɤɜɚɧɬɨɜɿ ɿ ɝɪɚɧɢɱɧɿ ɟɮɟɤɬɢ, ɩɨɜ’ɹɡɚɧɿ ɿɡ ɫɭɩɟɪɩɨɡɢɰɿɽɸ 
ɩɚɞɚɸɱɨʀ ɿ ɜɿɞɛɢɬɨʀ ɯɜɢɥɶ. Ⱥɧɚɥɿɡ ɩɪɨɰɟɫɭ ɬɚɤɨɠ ɭɫɤɥɚɞɧɸɽɬɶɫɹ 
ɧɟɨɛɯɿɞɧɿɫɬɸ ɜɪɚɯɭɜɚɧɧɹ ɪɟɡɨɧɚɧɫɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɬɭɧɟɥɸɜɚɧɧɹ. 

ȼɫɟ ɛɿɥɶɲɚ ɤɿɥɶɤɿɫɬɶ ɟɥɟɤɬɪɨɧɧɢɯ ɩɪɢɥɚɞɿɜ ɜɤɥɸɱɚɽ ɞɨ ɫɜɨɝɨ ɫɤɥɚɞɭ 
ɬɚɤɿ ɟɥɟɦɟɧɬɢ ɹɤ ɤɜɚɧɬɨɜɿ ɬɨɱɤɢ, ɞɜɨɛɚɪ’ɽɪɧɿ ɞɿɨɞɢ ɬɚ ɬɪɚɧɡɢɫɬɨɪɢ ɤɜɚɧɬɨɜɨɝɨ 
ɬɭɧɟɥɸɜɚɧɧɹ. ɏɚɪɚɤɬɟɪɧɨɸ ɪɢɫɨɸ ɬɚɤɢɯ ɨɛ’ɽɤɬɿɜ ɽ ɧɚɹɜɧɿɫɬɶ ɤɜɚɧɬɨɜɨʀ ɹɦɢ 
ɧɚ ɞɿɚɝɪɚɦɿ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ.  

Ɂɧɚɱɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɜ ɰɶɨɦɭ ɧɚɩɪɹɦɿ ɜɞɚɥɨɫɹ ɞɨɫɹɝɬɢ, ɡɚɫɬɨɫɭɜɚɜɲɢ 
ɦɨɞɢɮɿɤɨɜɚɧɢɣ ɦɟɬɨɞ ɩɟɪɟɜɚɥɭ ɬɚ ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɛɟɡɪɨɡɦɿɪɧɿ ɡɦɿɧɧɿ ɩɪɢ 
ɨɩɢɫɿ ɩɪɨɰɟɫɭ ɬɭɧɟɥɸɜɚɧɧɹ ɜ ɩɨɽɞɧɚɧɧɿ ɡ ɮɨɪɦɚɥɿɡɦɨɦ ɦɚɬɪɢɰɿ ɪɨɡɫɿɸɜɚɧɧɹ. 
Ɍɚɤɢɣ ɩɿɞɯɿɞ ɞɚɜ ɦɨɠɥɢɜɿɫɬɶ ɡɪɨɛɢɬɢ ɭɧɿɜɟɪɫɚɥɶɧɢɦ ɨɩɢɫ ɬɭɧɟɥɸɜɚɧɧɹ 
ɲɢɪɨɤɢɯ ɬɚ ɜɭɡɶɤɢɯ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ, ɤɪɿɦ ɬɨɝɨ, ɜɪɚɯɭɜɚɬɢ ɜɩɥɢɜ ɧɚ ɩɪɨɰɟɫ 
ɜɫɿɯ ɨɫɨɛɥɢɜɨɫɬɟɣ ɹɤ ɫɢɫɬɟɦɢ, ɬɚɤ ɿ ɩɚɤɟɬɭ. 
 

Ɂɜ'ɹɡɨɤ ɪɨɛɨɬɢ ɡ ɧɚɭɤɨɜɢɦɢ ɩɪɨɝɪɚɦɚɦɢ ɬɚ ɬɟɦɚɦɢ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ 
ɪɨɛɨɬɚ ɜɢɤɨɧɚɧɚ ɜ ɪɚɦɤɚɯ ɞɟɪɠɛɸɞɠɟɬɧɢɯ ɞɨɫɥɿɞɧɢɯ ɪɨɛɿɬ, ɳɨ ɩɪɨɜɨɞɢɥɢɫɹ 
ɜ Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɦɭ ɧɚɰɿɨɧɚɥɶɧɨɦɭ ɭɧɿɜɟɪɫɢɬɟɬɿ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɜ 
ɇȾɅ ɤɜɚɧɬɨɜɨʀ ɯɪɨɦɨɩɥɚɡɦɢ: «Ʉɜɚɧɬɨɜɿ ɩɪɨɰɟɫɢ ɿ ɮɚɡɨɜɿ ɩɟɪɟɯɨɞɢ ɜ 
ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɨɜɧɿɲɧɿɯ ɭɦɨɜɚɯ» (ʋ  ɞɟɪɠɪɟɽɫɬɪɚɰɿʀ 0110U001283), «Ɂɦɿɧɧɿ 
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ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɞɥɹ ɧɨɜɢɯ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɬɚ ɩɪɨɰɟɫɿɜ ɜ 
ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɨɜɧɿɲɧɿɯ ɭɦɨɜɚɯ» (ʋ  ɞɟɪɠɪɟɽɫɬɪɚɰɿʀ 0113U003031). 
 

Ɇɟɬɚ ɿ ɡɚɜɞɚɧɧɹ ɞɨɫɥɿɞɠɟɧɧɹ. Ɇɟɬɨɸ ɪɨɛɨɬɢ ɽ ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɮɨɪɦɚɥɿɡɨɜɚɧɨɝɨ ɩɿɞɯɨɞɭ (ɧɚ ɨɫɧɨɜɿ ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɩɟɪɟɜɚɥɭ ɬɚ 
ɮɨɪɦɚɥɿɡɦɭ ɦɚɬɪɢɰɿ ɪɨɡɫɿɸɜɚɧɧɹ) ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɜɚɧɬɨɜɢɯ ɫɢɫɬɟɦ. ɍ ɞɢɫɟɪɬɚɰɿʀ ɛɭɥɨ ɜɢɤɨɧɚɧɨ ɬɚɤɿ ɡɚɜɞɚɧɧɹ: 
 

1. Ɂɚɫɬɨɫɭɜɚɧɧɹ ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɩɟɪɟɜɚɥɭ ɜ ɩɨɽɞɧɚɧɧɿ ɡ 
ɜɜɟɞɟɧɧɹɦ ɛɟɡɪɨɡɦɿɪɧɢɯ ɡɦɿɧɧɢɯ ɜ ɡɚɞɚɱɿ ɩɪɨɯɨɞɠɟɧɧɹ ɩɚɤɟɬɿɜ 
ɩɪɹɦɨɤɭɬɧɨʀ ɬɚ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ ɤɪɿɡɶ ɤɜɚɧɬɨɜɭ ɫɢɫɬɟɦɭ, ɹɤɚ ɨɩɢɫɚɧɚ ɜ 
ɬɟɪɦɿɧɚɯ ɦɚɬɪɢɰɿ ɪɨɡɫɿɸɜɚɧɧɹ. 

2. Ɂɚɫɬɨɫɭɜɚɧɧɹ ɫɭɱɚɫɧɢɯ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɦɟɬɨɞɿɜ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ 
ɮɨɪɦɢ, ɚɪɝɭɦɟɧɬɭ ɯɜɢɥɶɨɜɨʀ ɮɭɧɤɰɿʀ ɬɚ ɱɚɫɭ ɡɚɬɪɢɦɤɢ ɪɨɡɝɥɹɧɭɬɢɯ 
ɫɢɝɧɚɥɿɜ ɩɪɢ ɬɭɧɟɥɸɜɚɧɧɿ ɤɪɿɡɶ ɤɜɚɧɬɨɜɿ ɫɢɫɬɟɦɢ ɡ ɪɟɡɨɧɚɧɫɧɢɦɢ 
ɪɿɜɧɹɦɢ. 

3. ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɬɭɧɟɥɸɜɚɧɧɹ ɩɚɤɟɬɿɜ ɝɚɭɫɨɜɨʀ ɬɚ ɩɪɹɦɨɤɭɬɧɨʀ 
ɮɨɪɦ. ȼɫɬɚɧɨɜɥɟɧɧɹ ɨɩɬɢɦɚɥɶɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɬɭɧɟɥɶɨɜɚɧɢɯ ɩɚɤɟɬɿɜ. 

4. Ⱦɨɫɥɿɞɠɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɚɤɟɬɿɜ, ɳɨ ɜɢɯɨɞɹɬɶ ɡ 
ɤɜɚɧɬɨɜɨʀ ɫɢɫɬɟɦɢ, ɬɚɤɢɯ ɹɤ ɮɚɡɚ ɬɚ ɱɚɫ ɡɚɬɪɢɦɤɢ ɫɢɝɧɚɥɿɜ, ɜ 
ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ ɫɢɫɬɟɦɢ ɬɚ ɩɟɪɜɿɫɧɢɯ ɩɚɤɟɬɿɜ. 

5. Ⱦɨɫɥɿɞɠɟɧɧɹ ɬɭɧɟɥɸɜɚɧɧɹ ɝɚɭɫɨɜɨɝɨ ɩɚɤɟɬɭ ɤɪɿɡɶ ɲɢɪɨɤɨ 
ɡɚɫɬɨɫɨɜɭɜɚɧɢɣ ɧɚ ɩɪɚɤɬɢɰɿ ɤɜɚɧɬɨɜɢɣ ɞɿɨɞ. 

 

Ɉɛ’ɽɤɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ ɽ ɩɪɨɰɟɫ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɤɪɿɡɶ 
ɜɿɞɤɪɢɬɿ ɤɜɚɧɬɨɜɿ ɫɢɫɬɟɦɢ.  

ɉɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɧɹ – ɰɟ, ɩɨ-ɩɟɪɲɟ, ɩɚɪɚɦɟɬɪɢ ɫɢɫɬɟɦɢ ɿ ɩɚɤɟɬɭ, ɳɨ 
ɜɩɥɢɜɚɸɬɶ ɧɚ ɩɪɨɰɟɫ ɬɭɧɟɥɸɜɚɧɧɹ, ɿ, ɩɨ-ɞɪɭɝɟ, ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
ɩɚɤɟɬɭ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɤɜɚɧɬɨɜɨʀ ɫɢɫɬɟɦɢ. 
 

Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɍ ɩɪɨɰɟɫɿ ɞɨɫɥɿɞɠɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ 
ɡɚɫɨɛɢ ɚɧɚɥɿɬɢɱɧɨɝɨ ɬɚ ɱɢɫɟɥɶɧɨɝɨ ɨɛɱɢɫɥɟɧɧɹ. ɇɚ ɨɫɧɨɜɿ ɤɜɚɧɬɨɜɨʀ ɬɟɨɪɿʀ 
ɪɨɡɫɿɸɜɚɧɧɹ, ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɩɟɪɟɜɚɥɭ ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ ɩɚɤɟɬ ɞɥɹ 
ɫɢɫɬɟɦɢ ɤɨɦɩ’ɸɬɟɪɧɨʀ ɚɥɝɟɛɪɢ MКpХО, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɨɝɨ ɩɪɨɜɟɞɟɧɨ 
ɬɟɨɪɟɬɢɱɧɢɣ ɚɧɚɥɿɡ, ɩɨɛɭɞɨɜɚɧɨ ɦɚɬɪɢɰɸ ɪɨɡɫɿɸɜɚɧɧɹ ɤɜɚɧɬɨɜɨɝɨ ɞɿɨɞɭ ɬɚ 
ɜɢɤɨɧɚɧɨ ɚɧɚɥɿɬɢɱɧɿ ɪɨɡɪɚɯɭɧɤɢ. 
 

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. ɍ ɞɢɫɟɪɬɚɰɿʀ ɨɞɟɪɠɚɧɨ ɬɚɤɿ 
ɧɚɭɤɨɜɿ ɪɟɡɭɥɶɬɚɬɢ: 

1. ȼɩɟɪɲɟ ɜɢɡɧɚɱɟɧɨ ɩɨɜɧɢɣ ɧɚɛɿɪ ɩɚɪɚɦɟɬɪɿɜ ɫɢɫɬɟɦɢ ɿ ɩɚɤɟɬɭ, ɞɨɫɬɚɬɧɿɯ 
ɞɥɹ ɨɩɢɫɭ ɩɪɨɰɟɫɭ ɬɚ ɜɫɿɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɭɧɟɥɸɜɚɧɧɹ. 

2. Ɋɨɡɪɨɛɥɟɧɨ ɩɪɨɝɪɚɦɧɿ ɡɚɫɨɛɢ, ɳɨ ɞɚɸɬɶ ɡɦɨɝɭ ɚɧɚɥɿɡɭɜɚɬɢ ɬɚ 
ɞɨɫɥɿɞɠɭɜɚɬɢ ɩɪɨɰɟɫ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɩɪɹɦɨɤɭɬɧɨʀ ɬɚ 
ɝɚɭɫɨɜɨʀ ɮɨɪɦ ɤɪɿɡɶ ɤɜɚɧɬɨɜɿ ɫɢɫɬɟɦɢ ɡ ɪɟɡɨɧɚɧɫɧɢɦɢ ɪɿɜɧɹɦɢ, ɹɤɿ ɽ 
ɛɚɡɨɸ ɫɭɱɚɫɧɨʀ ɦɿɤɪɨɟɥɟɤɬɪɨɧɿɤɢ. 
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3. Ɉɬɪɢɦɚɧɨ ɚɧɚɥɿɬɢɱɧɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɮɨɪɦɢ 
ɬɭɧɟɥɶɨɜɚɧɨɝɨ ɩɚɤɟɬɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ ɩɨɱɚɬɤɨɜɨɝɨ ɩɚɤɟɬɭ 
ɬɚ ɤɜɚɧɬɨɜɨʀ ɫɢɫɬɟɦɢ, ɳɨ ɞɚɽ ɡɦɨɝɭ ɚɧɚɥɿɡɭɜɚɬɢ ɞɢɧɚɦɿɱɧɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɧɟɥɸɜɚɧɧɹ, ɬɚɤɿ ɹɤ ɱɚɫ ɡɚɬɪɢɦɤɢ ɬɚ ɮɚɡɚ ɯɜɢɥɶɨɜɨʀ 
ɮɭɧɤɰɿʀ ɩɚɤɟɬɭ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɫɢɫɬɟɦɢ. 

4. Ɇɨɞɢɮɿɤɨɜɚɧɢɣ ɦɟɬɨɞ ɩɟɪɟɜɚɥɭ ɪɨɡɩɨɜɫɸɞɠɟɧɨ ɧɚ ɫɢɫɬɟɦɢ ɡ ɜɟɥɢɤɨɸ 
ɲɢɪɢɧɨɸ ɪɟɡɨɧɚɧɫɧɢɯ ɪɿɜɧɿɜ. ɇɚ ɩɪɢɤɥɚɞɿ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ ɝɚɭɫɨɜɨʀ 
ɮɨɪɦɢ ɭɫɭɧɟɧɨ ɜɬɪɚɬɭ ɦɚɥɢɯ ɝɚɪɦɨɧɿɤ ɡɚ ɪɚɯɭɧɨɤ ɜɪɚɯɭɜɚɧɧɹ ɛɿɥɶɲɨʀ 
ɤɿɥɶɤɨɫɬɿ ɱɥɟɧɿɜ ɚɫɢɦɩɬɨɬɢɱɧɨɝɨ ɪɨɡɜɢɧɟɧɧɹ. 

5. Ɋɨɡɝɥɹɧɭɬɨ ɜɢɩɚɞɨɤ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ 
ɤɪɿɡɶ ɿɫɧɭɸɱɭ ɧɚ ɩɪɚɤɬɢɰɿ ɫɬɪɭɤɬɭɪɭ – ɤɜɚɧɬɨɜɢɣ ɞɿɨɞ, ɳɨ ɦɚɽ ɲɢɪɨɤɟ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɜ ɫɭɱɚɫɧɿɣ ɟɥɟɤɬɪɨɧɿɰɿ. 

6. Ɋɨɡɪɚɯɨɜɚɧɿ ɨɫɧɨɜɧɿ ɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɧɟɥɸɜɚɧɧɹ ɩɚɤɟɬɿɜ 
ɤɪɿɡɶ ɤɜɚɧɬɨɜɭ ɬɨɱɤɭ ɬɚ ɬɭɧɟɥɶɧɢɣ ɞɿɨɞ, ɹɤɿ ɽ ɬɢɩɨɜɢɦɢ ɟɥɟɦɟɧɬɚɦɢ 
ɦɿɤɪɨɟɥɟɤɬɪɨɧɧɢɯ ɩɪɢɥɚɞɿɜ. ɇɚ ɨɫɧɨɜɿ ɰɢɯ ɫɢɫɬɟɦ ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ 
ɩɪɨɰɟɫ ɩɪɨɯɨɞɠɟɧɧɹ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɤɪɿɡɶ ɛɿɥɶɲ ɫɤɥɚɞɧɿ ɫɬɪɭɤɬɭɪɢ.  

 
ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ɋɨɡɪɨɛɥɟɧɿ ɩɪɨɝɪɚɦɧɿ 

ɡɚɫɨɛɢ ɞɚɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɞɟɬɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɩɪɨɰɟɫɭ ɬɭɧɟɥɸɜɚɧɧɹ ɫɢɝɧɚɥɿɜ 
ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɮɨɪɦ ɤɪɿɡɶ ɜɿɞɤɪɢɬɿ ɤɜɚɧɬɨɜɿ ɫɢɫɬɟɦɢ. Ɋɨɡɪɚɯɨɜɚɧɨ ɚɪɝɭɦɟɧɬ 
ɯɜɢɥɶɨɜɨʀ ɮɭɧɤɰɿʀ ɩɚɤɟɬɭ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɫɢɫɬɟɦɢ ɿ, ɹɤ ɧɚɫɥɿɞɨɤ, ɱɚɫ ɡɚɬɪɢɦɤɢ  
ɫɢɝɧɚɥɭ. ɐɟ ɞɚɽ ɲɢɪɨɤɿ ɦɨɠɥɢɜɨɫɬɿ ɩɿɞɛɨɪɭ ɨɩɬɢɦɚɥɶɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɫɢɫɬɟɦɢ 
(ɡɚ ɧɟɨɛɯɿɞɧɨɫɬɿ ʀʀ ɫɬɜɨɪɟɧɧɹ) ɱɢ ɫɢɝɧɚɥɭ (ɧɚ ɜɢɩɚɞɨɤ ɜɠɟ ɿɫɧɭɸɱɨʀ ɫɢɫɬɟɦɢ) ɡ 
ɦɟɬɨɸ ɩɿɞɜɢɳɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɬɭɧɟɥɸɜɚɧɧɹ. 
 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ. Ɋɨɡɪɨɛɤɭ ɩɪɨɝɪɚɦɧɢɯ ɩɚɤɟɬɿɜ, 
ɩɪɨɜɟɞɟɧɧɹ ɚɧɚɥɿɡɭ ɬɚ ɨɛɱɢɫɥɟɧɶ ɜɢɤɨɧɚɧɨ ɡɞɨɛɭɜɚɱɟɦ ɫɚɦɨɫɬɿɣɧɨ. ȱɞɟʀ, 
ɡɚɫɚɞɢ ɬɚ ɦɟɬɨɞɢ ɜɢɪɿɲɟɧɧɹ ɧɚɭɤɨɜɢɯ ɡɚɞɚɱ, ɚ ɬɚɤɨɠ ɧɚɩɪɹɦɤɢ ɩɪɨɜɟɞɟɧɧɹ 
ɞɨɫɥɿɞɠɟɧɶ ɨɛɝɨɜɨɪɸɜɚɥɢɫɶ ɿɡ ɧɚɭɤɨɜɢɦ ɤɟɪɿɜɧɢɤɨɦ ɩɪɨɮɟɫɨɪɨɦ 
ȼ. ȼ. ɋɤɚɥɨɡɭɛɨɦ. 
 

ɋɬɭɩɿɧɶ ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɧɚɭɤɨɜɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ⱦɨɫɬɨɜɿɪɧɿɫɬɶ ɧɚɭɤɨɜɢɯ 
ɪɟɡɭɥɶɬɚɬɿɜ, ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɭ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ, ɞɨɫɹɝɧɭɬɨ ɧɚɫɬɭɩɧɢɦ 
ɱɢɧɨɦ: 

 ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɡɚɝɚɥɶɧɨɜɿɞɨɦɢɯ ɚɧɚɥɿɬɢɱɧɢɯ ɩɿɞɯɨɞɿɜ ɤɜɚɧɬɨɜɨʀ ɬɟɨɪɿʀ 
ɪɨɡɫɿɸɜɚɧɧɹ, ɬɚɤɢɯ ɹɤ ɦɟɬɨɞ ɦɚɬɪɢɰɿ ɪɨɡɫɿɸɜɚɧɧɹ ɬɚ ɚɫɢɦɩɬɨɬɢɱɧɿ 
ɦɟɬɨɞɢ; 

 ɱɢɫɟɥɶɧɢɦ ɦɨɞɟɥɸɜɚɧɧɹɦ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɪɨɝɪɚɦɧɢɯ ɡɚɫɨɛɿɜ Maple; 
 ɩɨɪɿɜɧɹɧɧɹɦ ɪɟɡɭɥɶɬɚɬɿɜ ɚɧɚɥɿɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɡ ɚɫɢɦɩɬɨɬɢɱɧɢɦɢ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɿ ɜɫɬɚɧɨɜɥɟɧɧɹɦ ɬɨɝɨ ɮɚɤɬɭ, ɳɨ ɜɨɧɢ ɫɩɿɜɩɚɞɚɸɬɶ ɡ 
ɜɟɥɢɤɢɦ ɫɬɭɩɟɧɟɦ ɬɨɱɧɨɫɬɿ. 
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Ⱥɩɪɨɛɚɰɿɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɢɫɟɪɬɚɰɿʀ. Ɇɚɬɟɪɿɚɥɢ ɞɨɫɥɿɞɠɟɧɧɹ 
ɞɨɩɨɜɿɞɚɥɢɫɹ ɧɚ ɧɚɭɤɨɜɢɯ ɤɨɧɮɟɪɟɧɰɿɹɯ: 

1. II Ɇɿɠɧɚɪɨɞɧɚ ɧɚɭɤɨɜɚ ɤɨɧɮɟɪɟɧɰɿɹ «ɇɚɧɨɫɬɪɭɤɬɭɪɧɿ ɦɚɬɟɪɿɚɥɢ-2010: 
Ȼɿɥɨɪɭɫɶ-Ɋɨɫɿɹ-ɍɤɪɚʀɧɚ» (ɇȺɇɈ-2010), 19-22 ɠɨɜɬɧɹ 2010 ɪɨɤɭ, 
ȱɧɫɬɢɬɭɬ ɦɟɬɚɥɨɮɿɡɢɤɢ ɿɦ. Ƚ.ȼ. Ʉɭɪɞɸɦɨɜɚ ɍɤɪɚʀɧɢ, ɦ. Ʉɢʀɜ [6]. 

2. Ɇɿɠɧɚɪɨɞɧɚ ɲɤɨɥɚ-ɫɟɦɿɧɚɪ «New Physics and Quantum Chromodynamics 
at External Conditions», 3-6 ɬɪɚɜɧɹ 2011 ɪɨɤɭ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɢɣ 
ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦ. Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ, ɦ. Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ [10]. 

3. Ɇɿɠɧɚɪɨɞɧɚ ɤɨɧɮɟɪɟɧɰɿɹ «Quantum Electrodynamics and Statistical 
Physics», 29 ɫɟɪɩɧɹ – 2 ɜɟɪɟɫɧɹ 2011 ɪɨɤɭ, ɇɚɰɿɨɧɚɥɶɧɢɣ ɧɚɭɤɨɜɢɣ 
ɰɟɧɬɪ «ɏɚɪɤɿɜɫɶɤɢɣ ɮɿɡɢɤɨ-ɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬ», ɦ. ɏɚɪɤɿɜ [9]. 

4. Ɇɿɠɧɚɪɨɞɧɚ ɲɤɨɥɚ-ɫɟɦɿɧɚɪ «New Physics and Quantum Chromodynamics 
at External Conditions», 22-24 ɬɪɚɜɧɹ 2013 ɪɨɤɭ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɢɣ 
ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦ. Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ, ɦ. Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ [7]. 

5. XV ɦɿɠɧɚɪɨɞɧɚ ɤɨɧɮɟɪɟɧɰɿɹ «Mathematical Methods in Electromagnetic 
Theory» (MMET-2014), 26-28 ɫɟɪɩɧɹ 2014 ɪɨɤɭ, ɦ. Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ Д8]. 

 
ɉɭɛɥɿɤɚɰɿʀ. Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɨɩɭɛɥɿɤɨɜɚɧɨ ɜ 2 ɫɬɚɬɬɹɯ ɭ 

ɦɿɠɧɚɪɨɞɧɢɯ ɠɭɪɧɚɥɚɯ Д1,4], 3 ɫɬɚɬɬɹɯ ɭ ɮɚɯɨɜɢɯ ɜɿɬɱɢɡɧɹɧɢɯ ɜɢɞɚɧɧɹɯ 
[2,3,5] ɿ 5 ɡɛɿɪɧɢɤɚɯ ɬɟɡ ɧɚɭɤɨɜɢɯ ɤɨɧɮɟɪɟɧɰɿɣ Д6-10]. 
 

ɋɬɪɭɤɬɭɪɚ ɞɢɫɟɪɬɚɰɿʀ. Ɋɨɛɨɬɚ ɫɤɥɚɞɚɽɬɶɫɹ ɡɿ ɜɫɬɭɩɭ, ɱɨɬɢɪɶɨɯ 
ɪɨɡɞɿɥɿɜ, ɜɢɫɧɨɜɤɿɜ ɬɚ ɫɩɢɫɤɭ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ ɡ 90 ɧɚɣɦɟɧɭɜɚɧɶ. Ɉɛɫɹɝ 
ɞɢɫɟɪɬɚɰɿʀ – 115 ɫɬɨɪɿɧɨɤ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɭ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 29 ɪɢɫɭɧɤɿɜ. 
 
 

ɈɋɇɈȼɇɂɃ ɁɆȱɋɌ ɊɈȻɈɌɂ 
 

ɍ ɜɫɬɭɩɿ ɨɩɢɫɚɧɨ ɿɫɬɨɪɢɱɧɿ ɩɟɪɟɞɭɦɨɜɢ ɩɨɫɬɚɜɥɟɧɨʀ ɩɪɨɛɥɟɦɢ, 
ɨɛʉɪɭɧɬɨɜɭɽɬɶɫɹ ɚɤɬɭɚɥɶɧɿɫɬɶ ɬɚ ɦɟɬɚ ɪɨɛɨɬɢ.  

ɉɟɪɲɢɣ ɪɨɡɞɿɥ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɩɪɢɫɜɹɱɟɧɨ ɨɝɥɹɞɭ ɩɪɨɛɥɟɦɢ 
ɨɩɢɫɭ ɩɪɨɰɟɫɭ ɩɪɨɯɨɞɠɟɧɧɹ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɤɪɿɡɶ ɤɜɚɧɬɨɜɿ ɫɢɫɬɟɦɢ ɬɚ 
ɩɨɲɭɤɭ ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɭɧɟɥɸɜɚɧɧɹ. ɍ ɩɿɞɪɨɡɞɿɥɿ 1.1 ɧɚɜɨɞɹɬɶɫɹ 
ɨɫɧɨɜɧɿ ɫɭɱɚɫɧɿ ɦɟɬɨɞɢ ɨɩɢɫɭ ɤɜɚɧɬɨɜɢɯ ɫɢɫɬɟɦ, ɬɚɤɿ ɹɤ ɦɟɬɨɞ ɦɚɬɪɢɰɿ 
ɩɟɪɟɧɨɫɭ, ɤɜɚɡɿɤɥɚɫɢɱɧɢɣ ɦɟɬɨɞ, ɦɟɬɨɞ ɬɭɧɟɥɶɧɨɝɨ ɝɚɦɿɥɶɬɨɧɿɚɧɭ ɿ ɦɟɬɨɞ 
ɦɚɬɪɢɰɿ ɪɨɡɫɿɸɜɚɧɧɹ. ȼɨɧɢ ɞɨɡɜɨɥɹɸɬɶ ɪɨɡɝɥɹɞɚɬɢ ɫɢɫɬɟɦɭ ɦɚɤɫɢɦɚɥɶɧɨ 
ɭɡɚɝɚɥɶɧɟɧɨ ɬɚ ɜɪɚɯɨɜɭɜɚɬɢ ɜɫɿ ɨɫɨɛɥɢɜɨɫɬɿ, ɬɚɤɿ ɹɤ ɤɨɟɮɿɰɿɽɧɬɢ ɩɪɨɯɨɞɠɟɧɧɹ 
ɿ ɜɿɞɛɢɬɬɹ, ɚ ɬɚɤɨɠ ɧɚɹɜɧɿɫɬɶ ɪɟɡɨɧɚɧɫɧɢɯ ɪɿɜɧɿɜ ɟɧɟɪɝɿʀ. ɉɿɞɪɨɡɞɿɥ 1.2 
ɩɪɢɫɜɹɱɟɧɨ ɨɩɢɫɭ ɩɪɨɰɟɫɭ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɤɪɿɡɶ ɧɚɣɩɪɨɫɬɿɲɿ 
ɤɜɚɧɬɨɜɿ ɫɢɫɬɟɦɢ, ɬɚɤɿ ɹɤ ɩɨɬɟɧɰɿɣɧɢɣ ɛɚɪ’ɽɪ ɬɚ ɤɜɚɧɬɨɜɚ ɹɦɚ, ɹɤɿ ɽ 
ɫɤɥɚɞɨɜɢɦɢ ɟɥɟɦɟɧɬɚɦɢ ɛɿɥɶɲ ɫɤɥɚɞɧɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɫɬɪɭɤɬɭɪ. ɉɪɢ ɪɭɫɿ 
ɱɚɫɬɢɧɨɤ ɜ ɤɜɚɧɬɨɜɢɯ ɫɢɫɬɟɦɚɯ ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɟɮɟɤɬ ɬɭɧɟɥɸɜɚɧɧɹ 
ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɚ ɤɪɿɡɶ ɫɢɫɬɟɦɭ. Ɍɭɧɟɥɸɜɚɧɧɹ – ɩɨɞɨɥɚɧɧɹ ɦɿɤɪɨɱɚɫɬɢɧɤɨɸ 
ɩɨɬɟɧɰɿɚɥɶɧɨɝɨ ɛɚɪ’ɽɪɭ ɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ʀʀ ɩɨɜɧɚ ɟɧɟɪɝɿɹ ɦɟɧɲɚ ɡɚ ɜɢɫɨɬɭ 
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ɛɚɪ’ɽɪɚ. Ɍɭɧɟɥɶɧɢɣ ɟɮɟɤɬ, ɹɜɢɳɟ ɜɢɤɥɸɱɧɨ ɤɜɚɧɬɨɜɨʀ ɩɪɢɪɨɞɢ, ɧɟɦɨɠɥɢɜɟ ɜ 
ɤɥɚɫɢɱɧɿɣ ɦɟɯɚɧɿɰɿ. ɇɚɣɩɪɨɫɬɿɲɢɦ ɩɪɢɤɥɚɞɨɦ ɬɭɧɟɥɸɜɚɧɧɹ, ɽ ɩɪɨɯɨɞɠɟɧɧɹ 
ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɚ ɤɪɿɡɶ ɩɪɹɦɨɤɭɬɧɢɣ ɩɨɬɟɧɰɿɚɥɶɧɢɣ ɛɚɪ’ɽɪ. ɍ ɩɪɨɰɟɫɿ 
ɜɡɚɽɦɨɞɿʀ ɡ ɛɚɪ’ɽɪɨɦ ɩɚɤɟɬ, ɡɚɥɢɲɚɸɱɢɫɶ ɰɿɥɢɦ, ɪɨɡɩɥɢɜɚɽɬɶɫɹ ɧɚ ɫɤɥɚɞɨɜɿ, 
ɹɤɿ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɹɤ ɜɿɞɛɢɬɢɣ ɯɜɢɥɶɨɜɢɣ ɩɚɤɟɬ ɡɥɿɜɚ ɜɿɞ ɛɚɪ’ɽɪɚ, ɡɚɝɚɫɚɸɱɚ ɿ 
ɡɪɨɫɬɚɸɱɚ ɯɜɢɥɿ ɩɿɞ ɛɚɪ’ɽɪɨɦ ɿ ɬɭɧɟɥɶɨɜɚɧɢɣ ɩɚɤɟɬ ɩɪɚɜɨɪɭɱ ɜɿɞ ɛɚɪ’ɽɪɭ. 
ɑɟɪɟɡ ɞɨɫɢɬɶ ɜɟɥɢɤɢɣ ɩɪɨɦɿɠɨɤ ɱɚɫɭ ɡɚɥɢɲɚɸɬɶɫɹ ɬɿɥɶɤɢ ɜɿɞɛɢɬɢɣ 
ɯɜɢɥɶɨɜɢɣ ɩɚɤɟɬ ɬɚ ɩɚɤɟɬ, ɳɨ ɩɪɨɯɨɞɢɬɶ ɤɪɿɡɶ ɫɢɫɬɟɦɭ, ɹɤɿ ɪɨɡɯɨɞɹɬɶɫɹ ɜ 
ɩɪɨɬɢɥɟɠɧɿ ɫɬɨɪɨɧɢ ɧɚ ɜɟɥɢɤɢɯ ɜɿɞɫɬɚɧɹɯ ɜɿɞ ɛɚɪ’ɽɪɭ. əɤɳɨ ɟɧɟɪɝɿɹ ɱɚɫɬɢɧɤɢ 
ȿ ɛɿɥɶɲɟ ɜɢɫɨɬɢ ɛɚɪ’ɽɪɭ U, ɬɨ ɩɨɤɚɡɧɢɤ ɡɚɥɨɦɥɟɧɧɹ 
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ɽ ɞɿɣɫɧɢɦ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɣɦɨɜɿɪɧɿɫɬɶ ɬɭɧɟɥɸɜɚɧɧɹ ɧɟ ɞɨɪɿɜɧɸɽ ɧɭɥɸ, ɧɚ 
ɜɿɞɦɿɧɭ ɜɿɞ ɤɥɚɫɢɱɧɨʀ ɬɟɨɪɿʀ. Ɉɞɧɚɤ, ɜɨɧɚ ɟɤɫɩɨɧɟɧɰɿɣɧɨ ɡɦɟɧɲɭɽɬɶɫɹ ɜ 
ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɲɢɪɢɧɢ ɛɚɪ’ɽɪɭ. ɍ ɜɢɩɚɞɤɭ ɬɭɧɟɥɸɜɚɧɧɹ ɤɪɿɡɶ ɤɜɚɧɬɨɜɭ ɹɦɭ 
ɩɨɤɚɡɧɢɤ ɡɚɥɨɦɥɟɧɧɹ ɩɪɟɞɫɬɚɜɥɹɽ ɫɨɛɨɸ ɭɹɜɧɭ ɜɟɥɢɱɢɧɭ, ɨɬɠɟ ɬɭɧɟɥɸɜɚɧɧɹ 
ɧɨɫɢɬɶ ɹɫɤɪɚɜɨ ɜɢɪɚɠɟɧɢɣ ɪɟɡɨɧɚɧɫɧɢɣ ɯɚɪɚɤɬɟɪ. ȼɿɧ ɡɚɥɟɠɢɬɶ ɹɤ ɜɿɞ 
ɩɚɪɚɦɟɬɪɿɜ ɜɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ, ɬɚɤ ɿ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ ɫɢɫɬɟɦɢ, ɬɚɤɢɯ ɹɤ ɲɢɪɢɧɚ ɿ 
ɤɿɥɶɤɿɫɬɶ ɪɟɡɨɧɚɧɫɧɢɯ ɪɿɜɧɿɜ, ɝɟɨɦɟɬɪɢɱɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɫɢɫɬɟɦɢ. Ʉɪɿɦ ɬɨɝɨ, 
ɪɟɡɨɧɚɧɫɧɢɣ ɯɚɪɚɤɬɟɪ ɬɭɧɟɥɸɜɚɧɧɹ ɞɭɠɟ ɫɢɥɶɧɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɿɞɟɧɬɢɱɧɨɫɬɿ 
ɛɚɪ’ɽɪɿɜ, ɳɨ ɨɛɦɟɠɭɸɬɶ ɤɜɚɧɬɨɜɭ ɹɦɭ, ɚ ɨɬɠɟ ɜɢɡɧɚɱɚɸɬɶ ɧɚɹɜɧɿɫɬɶ 
ɫɬɚɰɿɨɧɚɪɧɢɯ ɫɬɚɧɿɜ. ɍ ɩɿɞɪɨɡɞɿɥɿ 1.3 ɧɚɜɟɞɟɧɨ ɜɢɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɢɯ 
ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɭ ɬɭɧɟɥɸɜɚɧɧɹ, ɬɚɤɢɯ ɹɤ ɚɪɝɭɦɟɧɬ 
ɯɜɢɥɶɨɜɨʀ ɮɭɧɤɰɿʀ ɩɚɤɟɬɭ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɫɢɫɬɟɦɢ, ɬɚ ɣɨɝɨ ɜɡɚɽɦɨɡɜ’ɹɡɨɤ ɿɡ 
ɱɚɫɨɦ ɡɚɬɪɢɦɤɢ ɫɢɝɧɚɥɭ ɜ ɫɢɫɬɟɦɿ.   

Ⱦɪɭɝɢɣ ɪɨɡɞɿɥ ɞɚɧɨʀ ɪɨɛɨɬɢ ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɥɿɞɠɟɧɧɸ ɩɪɨɛɥɟɦɢ 
ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɤɪɿɡɶ ɤɜɚɧɬɨɜɭ ɫɢɫɬɟɦɭ. ȼ ɹɤɨɫɬɿ ɫɢɫɬɟɦɢ, 
ɹɤɚ ɞɨɫɥɿɞɠɭɽɬɶɫɹ, ɜɢɛɪɚɧɚ ɤɜɚɧɬɨɜɚ ɬɨɱɤɚ, ɳɨ ɦɿɫɬɢɬɶ ɨɞɢɧ ɪɟɡɨɧɚɧɫɧɢɣ 
ɪɿɜɟɧɶ ɟɧɟɪɝɿʀ. ɉɿɞɪɨɡɞɿɥ 2.1 ɩɪɢɫɜɹɱɟɧɨ ɨɩɢɫɭ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ 
ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɩɟɪɟɜɚɥɭ ɬɚ ɞɨɫɥɿɞɠɟɧɧɸ, ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɝɥɹɞɿ, 
ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɮɨɪɦ ɤɪɿɡɶ ɫɢɫɬɟɦɭ ɡ ɨɞɧɢɦ ɪɟɡɨɧɚɧɫɧɢɦ 
ɪɿɜɧɟɦ. Ⱦɥɹ ɨɩɢɫɭ ɤɜɚɧɬɨɜɨʀ ɫɢɫɬɟɦɢ ɜɢɤɨɪɢɫɬɚɧɨ ɮɨɪɦɚɥɿɡɦ ɦɚɬɪɢɰɿ 
ɪɨɡɫɿɸɜɚɧɧɹ, ɳɨ ɞɨɡɜɨɥɹɽ ɜɫɬɚɧɨɜɢɬɢ ɡɚɥɟɠɧɿɫɬɶ ɦɿɠ ɜɯɿɞɧɢɦ ɫɢɝɧɚɥɨɦ ɬɚ 
ɫɢɝɧɚɥɨɦ, ɹɤɢɣ ɨɬɪɢɦɚɧɨ ɩɿɫɥɹ ɜɢɯɨɞɭ ɡ ɫɢɫɬɟɦɢ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɚɫɬɭɩɧɨɝɨ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
 

,
2

1
, dkS ab

b

in
a

out
a  
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ɞɟ Ȍin – ɯɜɢɥɶɨɜɚ ɮɭɧɤɰɿɹ ɜɯɿɞɧɨɝɨ ɩɚɤɟɬɭ, Ȍout – ɯɜɢɥɶɨɜɚ ɮɭɧɤɰɿɹ ɩɚɤɟɬɭ, 
ɳɨ ɜɢɯɨɞɢɬɶ, S – ɦɚɬɪɢɰɹ ɪɨɡɫɿɸɜɚɧɧɹ, ɹɤɚ ɫɤɥɚɞɚɽɬɶɫɹ ɡ ɪɟɡɨɧɚɧɫɧɨʀ Sres ɬɚ 



6 

 

ɮɨɧɨɜɨʀ Sbg ɱɚɫɬɢɧ, ɿɧɬɟɝɪɭɜɚɧɧɹ ɩɪɨɜɨɞɢɬɶɫɹ ɡɚ ɜɫɿɦ ɿɦɩɭɥɶɫɧɢɦ ɩɪɨɫɬɨɪɨɦ. 
Ɋɟɡɨɧɚɧɫɧɚ ɱɚɫɬɢɧɚ ɦɚɬɪɢɰɿ ɪɨɡɫɿɸɜɚɧɧɹ ɩɨɜ’ɹɡɚɧɚ ɡ ɧɚɹɜɧɿɫɬɸ ɪɟɡɨɧɚɧɫɧɨɝɨ 
ɪɿɜɧɹ ɟɧɟɪɝɿʀ ɡ ɲɢɪɢɧɨɸ Ƚ, ɳɨ ɿɫɧɭɽ ɡɚɜɞɹɤɢ ɧɚɹɜɧɨɫɬɿ ɤɜɚɧɬɨɜɨʀ ɹɦɢ ɧɚ 
ɞɿɚɝɪɚɦɿ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ. ɇɚ ɜɢɩɚɞɨɤ ɫɢɫɬɟɦɢ, ɳɨ ɦɿɫɬɢɬɶ І 
ɪɟɡɨɧɚɧɫɧɢɯ ɪɿɜɧɿɜ, ɦɨɠɟɦɨ ɡɚɩɢɫɚɬɢ 
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Ⱦɥɹ ɨɩɢɫɭ ɫɢɫɬɟɦɢ ɜɢɤɨɪɢɫɬɚɽɦɨ ɛɟɡɪɨɡɦɿɪɧɿ ɡɦɿɧɧɿ: 
 

 (4) 

ɞɟ ta – ɱɚɫɨɜɚ ɬɪɢɜɚɥɿɫɬɶ ɩɚɤɟɬɚ, l j ɬɚ l0 – ɩɨɥɨɠɟɧɧɹ ɨɫɨɛɥɢɜɨʀ ɬɨɱɤɢ ɿ ɰɟɧɬɪɭ 
ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ ɜɿɞɩɨɜɿɞɧɨ, ɚ ȡj – ɲɢɪɢɧɚ У-ɝɨ ɪɟɡɨɧɚɧɫɭ. ȼɪɚɯɨɜɭɸɱɢ ɳɨ a 
– ɲɢɪɢɧɚ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ, ɨɬɪɢɦɚɽɦɨ, ɳɨ ɜɫɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɨɯɨɞɠɟɧɧɹ ɛɭɞɭɬɶ ɜɢɦɿɪɸɜɚɬɢɫɹ ɜ ɬɟɪɦɿɧɚɯ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɚ, ɳɨ ɩɚɞɚɽ. 
ɉɚɪɚɦɟɬɪɚɦɢ ɤɨɨɪɞɢɧɚɬɢ ɿ ɱɚɫɭ ɫɬɚɸɬɶ q ɿ Ĳ ɜɿɞɩɨɜɿɞɧɨ. ɒɢɪɢɧɚ ɩɚɞɧɨɝɨ 
ɫɢɝɧɚɥɭ ɫɬɚɥɚ ɨɞɢɧɢɱɧɨɸ. ɉɨɞɚɧɧɹ ɤɜɚɧɬɨɜɨʀ ɫɢɫɬɟɦɢ ɜ ɬɟɪɦɿɧɚɯ, ɳɨ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɯɜɢɥɶɨɜɢɣ ɩɚɤɟɬ, ɞɚɽ ɞɨɫɬɚɬɧɽ ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɿɜ ɞɥɹ ɨɩɢɫɭ 
ɩɪɨɰɟɫɭ ɩɪɨɯɨɞɠɟɧɧɹ. ɉɪɢɱɢɧɚɦɢ ɜɢɛɨɪɭ ɧɚɜɟɞɟɧɨʀ ɩɚɪɚɦɟɬɪɢɡɚɰɿʀ ɫɬɚɥɨ ɬɟ, 
ɳɨ ɪɚɧɿɲɟ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱ ɜɿɞɩɨɜɿɞɧɨʀ ɩɪɨɛɥɟɦɚɬɢɤɢ ɧɚɜɨɞɢɥɨɫɹ ɜ 
ɬɟɪɦɿɧɚɯ ɜɭɡɶɤɢɯ ɬɚ ɲɢɪɨɤɢɯ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ (ɡɚɥɟɠɧɨ ɜɿɞ ɲɢɪɢɧɢ ɩɚɤɟɬɿɜ 
ɿ ɝɟɨɦɟɬɪɢɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɢ), ɚ ɰɟ ɪɨɛɢɥɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɿ 
ɩɿɞɯɨɞɢ ɧɟ ɭɧɿɜɟɪɫɚɥɶɧɢɦɢ.  

ɍ ɡɜ’ɹɡɤɭ ɡ ɰɢɦ, ɨɩɢɫ ɝɟɨɦɟɬɪɢɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɢ ɜɿɞɛɭɜɚɜɫɹ 
ɜ ɬɟɪɦɿɧɚɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɱɚɬɤɨɜɨɝɨ ɩɚɤɟɬɚ (ɣɨɝɨ ɲɢɪɢɧɢ). əɤ ɧɚɫɥɿɞɨɤ, ɜɫɿ 
ɫɢɝɧɚɥɢ ɦɚɸɬɶ ɨɞɢɧɢɱɧɭ ɲɢɪɢɧɭ, ɳɨ ɞɨɡɜɨɥɹɽ ɭɡɚɝɚɥɶɧɢɬɢ ɞɚɧɢɣ ɩɿɞɯɿɞ ɿ 
ɩɨɲɢɪɢɬɢ ɣɨɝɨ ɧɚ ɯɜɢɥɶɨɜɿ ɩɚɤɟɬɢ ɞɨɜɿɥɶɧɨʀ ɲɢɪɢɧɢ. ɐɟ ɞɨɡɜɨɥɢɬɶ 
ɨɩɢɫɭɜɚɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɢ ɜ ɬɟɪɦɿɧɚɯ ɜɢɯɿɞɧɨɝɨ ɩɚɤɟɬɭ ɬɚ ɜɿɞɿɣɬɢ ɜɿɞ 
ɨɤɪɟɦɨɝɨ ɪɨɡɝɥɹɞɭ ɜɭɡɶɤɢɯ ɬɚ ɲɢɪɨɤɢɯ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ, ɨɫɤɿɥɶɤɢ ɜ 
ɛɟɡɪɨɡɦɿɪɧɢɯ ɡɦɿɧɧɢɯ ɩɚɤɟɬ ɦɚɬɢɦɟ ɨɞɢɧɢɱɧɭ ɞɨɜɠɢɧɭ. ɍ ɧɨɜɢɯ ɩɨɡɧɚɱɟɧɧɹɯ 
ɩɚɤɟɬ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɫɢɫɬɟɦɢ, ɛɭɞɟ ɨɩɢɫɭɜɚɬɢɫɶ ɜɢɪɚɡɨɦ 
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Ɂɝɿɞɧɨ ɡ ɪɨɡɜɢɧɭɬɢɦ ɦɟɬɨɞɨɦ, ɿɧɬɟɝɪɭɜɚɧɧɹ ɫɥɿɞ ɜɢɤɨɧɭɜɚɬɢ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɭ ɩɟɪɟɜɚɥɭ, ɞɟ ɩɚɪɚɦɟɬɪɨɦ ɪɨɡɜɢɧɟɧɧɹ ɽ Ĳ, ɳɨ ɩɪɟɞɫɬɚɜɥɹɽ 
ɫɨɛɨɸ ɜɿɞɧɨɲɟɧɧɹ ɱɚɫɭ, ɱɟɪɟɡ ɹɤɢɣ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɩɚɤɟɬ, ɳɨ ɜɢɯɨɞɢɬɶ ɿɡ 
ɫɢɫɬɟɦɢ, ɞɨ ɬɪɢɜɚɥɨɫɬɿ ɩɨɱɚɬɤɨɜɨɝɨ ɩɚɤɟɬɭ. Ȼɟɪɭɱɢ ɞɨ ɭɜɚɝɢ, ɳɨ ɰɟ 
ɜɿɞɧɨɲɟɧɧɹ ɦɚɽ ɜɟɥɢɤɟ ɡɧɚɱɟɧɧɹ, ɦɨɠɧɚ ɡɚɫɬɨɫɭɜɚɬɢ ɦɟɬɨɞ ɩɟɪɟɜɚɥɭ. 



7 

 

Ɂɧɚɣɞɟɦɨ ɤɨɪɟɧɿ ɪɿɜɧɹɧɧɹ gres '(s) = 0. Ɍɿ ɡ ɧɢɯ, ɹɤɿ ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɭɦɨɜɚɦ 
ɫɬɚɰɿɨɧɚɪɧɨɫɬɿ 
 

Im g(s) =  const, Re g(s) <  Re g(sk),    (6) 

ɿ ɽ ɲɭɤɚɧɢɦɢ ɬɨɱɤɚɦɢ ɩɟɪɟɜɚɥɭ. ȼɨɧɢ ɞɨɡɜɨɥɹɸɬɶ ɨɬɪɢɦɚɬɢ ɝɨɥɨɜɧɢɣ ɜɧɟɫɨɤ 
ɞɨ ɿɧɬɟɝɪɚɥɭ.  

ɉɿɞɪɨɡɞɿɥɢ 2.2 ɬɚ 2.3 ɩɪɢɫɜɹɱɟɧɿ ɞɨɫɥɿɞɠɟɧɧɸ ɩɪɨɰɟɫɭ ɬɭɧɟɥɸɜɚɧɧɹ 
ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɝɚɭɫɨɜɨʀ ɬɚ ɩɪɹɦɨɤɭɬɧɨʀ ɮɨɪɦ ɤɪɿɡɶ ɤɜɚɧɬɨɜɭ ɫɢɫɬɟɦɭ ɡ 
ɨɞɧɢɦ ɪɟɡɨɧɚɧɫɧɢɦ ɪɿɜɧɟɦ. ɉɪɢ ɪɨɡɝɥɹɞɿ ɩɪɨɯɨɞɠɟɧɧɹ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ 
ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ, ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɰɹ ɡɚɞɚɱɚ ɜɢɪɿɲɭɽɬɶɫɹ ɛɟɡ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɚɫɢɦɩɬɨɬɢɱɧɢɯ ɦɟɬɨɞɿɜ. ɐɟ ɞɨɡɜɨɥɢɥɨ ɩɪɨɜɟɫɬɢ ɩɨɪɿɜɧɹɧɧɹ 
ɪɟɡɭɥɶɬɚɬɿɜ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɩɟɪɟɜɚɥɭ ɿɡ ʀʀ ɬɨɱɧɢɦ 
ɪɨɡɜ’ɹɡɤɨɦ. 
 
 

   

  Ɋɢɫ. 1       Ɋɢɫ. 2  

Ɋɢɫ. 1. Ɏɨɪɦɚ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɫɢɫɬɟɦɢ ɩɪɢ ɩɨɞɚɱɿ ɫɢɝɧɚɥɭ ɝɚɭɫɨɜɨʀ 
ɮɨɪɦɢ ɩɪɢ Ƚ0=0.02, Ĳ=300, k1=1, k0=6 

 

Ɋɢɫ. 2. Ƚɪɚɮɿɤɢ ɮɭɧɤɰɿɣ |ȥp
sp(q)| (ɩɭɧɤɬɢɪɧɚ ɥɿɧɿɹ), ɳɨ ɨɬɪɢɦɚɧɨ ɦɟɬɨɞɨɦ ɩɟɪɟɜɚɥɭ ɞɥɹ 

ɝɨɥɨɜɧɨɝɨ ɱɥɟɧɚ ɪɹɞɭ, ɬɚ ɮɭɧɤɰɿʀ |ȥr
ex(q)| (ɫɭɰɿɥɶɧɚ ɥɿɧɿɹ) ɳɨ ɨɩɢɫɭɽ ɬɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ, ɭ 

ɜɢɩɚɞɤɭ ɬɭɧɟɥɸɜɚɧɧɹ ɩɚɤɟɬɭ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ ɩɪɢ Ĳ=100, ɚ1=1, l0=l1=1, ȡ=0.09 

 
ɐɹ ɨɛɫɬɚɜɢɧɚ ɞɚɽ ɦɨɠɥɢɜɿɫɬɶ ɞɥɹ ɞɟɬɚɥɶɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ, 

ɨɫɤɿɥɶɤɢ ɬɭɧɟɥɸɜɚɧɧɹ ɩɚɤɟɬɭ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ – ɬɨɱɧɨ ɪɨɡɜ’ɹɡɭɜɚɧɚ ɡɚɞɚɱɚ. 
Ɉɩɢɫɭɸɱɢ ɫɢɝɧɚɥ, ɳɨ ɩɨɞɚɽɬɶɫɹ, ɭ ɜɢɝɥɹɞɿ ɫɭɩɟɪɩɨɡɢɰɿʀ ɝɚɭɫɨɜɢɯ ɩɚɤɟɬɿɜ, 
ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɨɱɧɿ ɚɧɚɥɿɬɢɱɧɿ ɪɨɡɜ’ɹɡɤɢ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɨɥɚ ɩɪɚɤɬɢɱɧɨ 
ɜɚɠɥɢɜɢɯ ɡɚɞɚɱ. ɋɭɩɟɪɩɨɡɢɰɿɹ ɝɚɭɫɨɜɢɯ ɩɚɤɟɬɿɜ ɞɨɡɜɨɥɹɽ ɮɨɪɦɭɜɚɬɢ ɡ ɧɢɯ 
ɩɪɹɦɨɤɭɬɧɢɣ ɩɚɤɟɬ. ɑɢɦ ɛɿɥɶɲɭ ɤɿɥɶɤɿɫɬɶ ɝɚɭɫɿɚɧ ɛɭɞɟ ɜɢɤɨɪɢɫɬɚɧɨ, ɬɢɦ 
ɬɨɱɧɿɲɟ ɩɚɤɟɬ ɛɭɞɟ ɧɚɛɭɜɚɬɢ ɪɢɫ ɩɪɹɦɨɤɭɬɧɨɝɨ ɫɢɝɧɚɥɭ. ȼɚɪɿɸɸɱɢ ʀɯ 
ɤɿɥɶɤɿɫɬɶ, ɦɨɠɧɚ ɡɚɞɚɜɚɬɢ ɪɿɡɧɭ ɲɢɪɢɧɭ ɩɚɤɟɬɚ, ɳɨ ɩɨɞɚɽɬɶɫɹ ɧɚ ɜɯɿɞ 
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ɫɢɫɬɟɦɢ. Ʉɿɥɶɤɿɫɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɝɚɭɫɿɚɧ ɧɟ ɜɩɥɢɜɚɽ ɧɚ ɯɿɞ ɨɛɱɢɫɥɟɧɶ, 
ɚɥɟ ɡɛɿɥɶɲɭɽ ɱɚɫ ɪɨɡɪɚɯɭɧɤɿɜ. ɍ ɪɨɛɨɬɿ ɞɟɬɚɥɶɧɨ ɞɨɫɥɿɞɠɟɧɨ ɜɢɩɚɞɨɤ 
ɩɪɹɦɨɤɭɬɧɨɝɨ ɩɚɤɟɬɭ, ɩɪɟɞɫɬɚɜɥɟɧɨɝɨ ɫɭɩɟɪɩɨɡɢɰɿɽɸ ɬɪɶɨɯ ɫɢɝɧɚɥɿɜ ɝɚɭɫɨɜɨʀ 
ɮɨɪɦɢ. Ɋɟɡɭɥɶɬɚɬɢ ɡɿɫɬɚɜɥɟɧɿ ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɥɹ ɝɚɭɫɨɜɨɝɨ 
ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ ɡ ɬɢɦɢ ɠ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (ɿɦɩɭɥɶɫɨɦ ɬɚ ɲɢɪɢɧɨɸ).  

Ɂɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɪɢ ɞɨɫɢɬɶ ɦɚɥɢɯ 
ɡɧɚɱɟɧɧɹɯ ɲɢɪɢɧɢ ɟɧɟɪɝɿʀ ɪɟɡɨɧɚɧɫɧɨɝɨ ɪɿɜɧɹ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ 
ɦɟɬɨɞɭ ɩɟɪɟɜɚɥɭ ɞɚɽ ɞɭɠɟ ɞɨɛɪɟ ɭɡɝɨɞɠɟɧɧɹ ɡ ɬɨɱɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ ɜɠɟ ɞɥɹ 
ɩɟɪɲɨɝɨ ɱɥɟɧɚ ɚɫɢɦɩɬɨɬɢɱɧɨɝɨ ɪɨɡɤɥɚɞɭ. ɉɪɢ ɡɧɚɱɟɧɧɹɯ ɛɿɥɶɲɢɯ ɡɚ ɞɟɹɤɭ 
ɜɟɥɢɱɢɧɭ ɦɨɠɟ ɫɩɨɫɬɟɪɿɝɚɬɢɫɹ ɜɬɪɚɬɚ ɦɚɥɢɯ ɝɚɪɦɨɧɿɤ ɯɜɢɥɶɨɜɨʀ ɮɭɧɤɰɿʀ 
ɩɚɤɟɬɚ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɫɢɫɬɟɦɢ (ɪɢɫ. 2). Ɋɟɡɭɥɶɬɚɬ ɦɨɠɧɚ ɭɬɨɱɧɢɬɢ ɩɪɢ 
ɜɪɚɯɭɜɚɧɧɿ ɛɿɥɶɲɨʀ ɤɿɥɶɤɨɫɬɿ ɱɥɟɧɿɜ ɚɫɢɦɩɬɨɬɢɱɧɨɝɨ ɪɹɞɭ. ɉɨɤɚɡɚɧɨ ɡɛɿɝ 
ɪɟɡɭɥɶɬɚɬɿɜ, ɨɬɪɢɦɚɧɢɯ ɬɨɱɧɢɦ ɱɢɫɟɥɶɧɢɦ ɿ ɚɫɢɦɩɬɨɬɢɱɧɢɦ ɦɟɬɨɞɚɦɢ. 
Ɏɚɤɬɢɱɧɨ ɰɟ ɨɡɧɚɱɚɽ, ɳɨ ɜɢɞɿɥɟɧɿ ɜɫɿ ɚɧɚɥɿɬɢɱɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɚɦɩɥɿɬɭɞɢ 
ɩɪɨɯɨɞɠɟɧɧɹ. Ⱦɟɬɚɥɶɧɨ ɞɨɫɥɿɞɠɟɧɨ ɜɢɩɚɞɨɤ ɩɪɹɦɨɤɭɬɧɨɝɨ ɩɚɤɟɬɭ, 
ɩɪɟɞɫɬɚɜɥɟɧɨɝɨ ɫɭɩɟɪɩɨɡɢɰɿɽɸ ɬɪɶɨɯ ɝɚɭɫɨɜɢɯ ɫɢɝɧɚɥɿɜ. Ɋɟɡɭɥɶɬɚɬɢ ɛɭɥɨ 
ɡɿɫɬɚɜɥɟɧɿ ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɥɹ ɝɚɭɫɨɜɨɝɨ ɫɢɝɧɚɥɭ ɡ ɬɢɦɢ ɠ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. əɤ ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ ɡ ɪɢɫ. 1 ɬɚ ɪɢɫ. 3, ɩɪɹɦɨɤɭɬɧɢɣ ɩɚɤɟɬ 
ɞɟɦɨɧɫɬɪɭɽ ɧɚɛɚɝɚɬɨ ɛɿɥɶɲɭ ɫɬɚɛɿɥɶɧɿɫɬɶ, ɧɿɠ ɝɚɭɫɨɜɢɣ. Ʉɪɿɦ ɬɨɝɨ, ɰɟɧɬɪ ɦɚɫ 
ɩɪɹɦɨɤɭɬɧɨɝɨ ɩɚɤɟɬɚ ɡɚ ɬɨɣ ɫɚɦɢɣ ɱɚɫ ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɧɚ ɜɿɞɫɬɚɧɿ ɜ ɞɜɚ ɪɚɡɢ 
ɛɿɥɶɲɿɣ, ɧɿɠ ɰɟɧɬɪ ɦɚɫ ɞɥɹ ɝɚɭɫɨɜɨɝɨ ɩɚɤɟɬɭ. ɐɟ ɨɡɧɚɱɚɽ, ɳɨ ɲɜɢɞɤɿɫɬɶ 
ɬɭɧɟɥɸɜɚɧɧɹ ɩɟɪɲɨɝɨ ɩɚɤɟɬɭ ɩɪɢɛɥɢɡɧɨ ɜ ɞɜɚ ɪɚɡɢ ɩɟɪɟɜɢɳɭɽ ɲɜɢɞɤɿɫɬɶ 
ɨɫɬɚɧɧɶɨɝɨ. 

  

   Ɋɢɫ. 3      Ɋɢɫ. 4 

Ɋɢɫ. 3. Ɏɨɪɦɚ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɫɢɫɬɟɦɢ ɩɪɢ ɩɨɞɚɱɿ ɩɪɹɦɨɤɭɬɧɨɝɨ 
ɫɢɝɧɚɥɭ, ɹɤɢɣ ɩɪɟɞɫɬɚɜɥɹɽ ɫɭɩɟɪɩɨɡɢɰɿɸ ɬɪɶɨɯ ɩɚɤɟɬɿɜ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ ɩɪɢ Ƚ0=0.02, 
Ĳ=300, k1=1, k0=6 

 

Ɋɢɫ. 4. Ⱥɪɝɭɦɟɧɬ ɯɜɢɥɶɨɜɨʀ ɮɭɧɤɰɿʀ ɩɚɤɟɬɭ, ɳɨ ɜɢɯɨɞɢɬɶ, ɩɪɢ ɩɨɞɚɱɿ ɫɢɝɧɚɥɭ ɝɚɭɫɨɜɨʀ 
ɮɨɪɦɢ ɩɪɢ Ƚ0=0.02, Ĳ=300, k1=1, k0=6 
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ȼ ɬɪɟɬɶɨɦɭ ɪɨɡɞɿɥɿ ɪɨɛɨɬɢ, ɭ ɩɿɞɪɨɡɞɿɥɿ 3.1 ɪɨɡɜɢɧɭɬɢɣ ɦɟɬɨɞ 
ɩɨɲɢɪɟɧɨ ɧɚ ɤɜɚɧɬɨɜɿ ɫɢɫɬɟɦɢ ɡ ɞɨɜɿɥɶɧɨɸ ɤɿɥɶɤɿɫɬɸ ɪɟɡɨɧɚɧɫɧɢɯ ɪɿɜɧɿɜ. 
ɉɨɤɚɡɚɧɨ, ɳɨ ɮɨɪɦɚ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ ɫɢɫɬɟɦɢ ɦɚɽ ɛɟɡɩɨɫɟɪɟɞɧɿɣ ɜɩɥɢɜ 
ɧɚ ɩɪɨɰɟɫ ɬɭɧɟɥɸɜɚɧɧɹ. ɇɚɜɟɞɟɧɨ ɦɟɬɨɞɢɤɭ ɩɨɛɭɞɨɜɢ ɦɚɬɪɢɰɿ ɪɨɡɫɿɸɜɚɧɧɹ 
ɞɥɹ ɞɨɜɿɥɶɧɨʀ ɫɢɫɬɟɦɢ ɡɚ ɜɿɞɨɦɨɸ ɞɿɚɝɪɚɦɨɸ ʀʀ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ. ɇɚ 
ɨɫɧɨɜɿ ɧɚɜɟɞɟɧɨʀ ɦɟɬɨɞɢɤɢ ɨɛɱɢɫɥɟɧɨ ɦɚɬɪɢɰɸ ɪɨɡɫɿɸɜɚɧɧɹ ɲɢɪɨɤɨ 
ɡɚɫɬɨɫɨɜɭɜɚɧɨɝɨ ɧɚ ɩɪɚɤɬɢɰɿ ɤɜɚɧɬɨɜɨɝɨ ɞɿɨɞɭ. ȼɟɥɢɤɢɣ ɿɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɽ 
ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ ɬɭɧɟɥɸɜɚɧɧɹ ɤɪɿɡɶ ɛɿɥɶɲ ɫɤɥɚɞɧɭ ɫɬɪɭɤɬɭɪɭ, ɳɨ ɦɚɽ 
ɩɪɚɤɬɢɱɧɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ɜ ɫɭɱɚɫɧɿɣ ɟɥɟɤɬɪɨɧɿɰɿ. ɉɿɞɪɨɡɞɿɥ 3.2 ɩɪɢɫɜɹɱɟɧɨ 
ɫɚɦɟ ɰɿɣ ɩɪɨɛɥɟɦɚɬɢɰɿ. ɉɨɬɟɧɰɿɣɧɚ ɞɿɚɝɪɚɦɚ ɞɨɫɥɿɞɠɭɜɚɧɨʀ ɫɢɫɬɟɦɢ ɦɚɽ 
ɧɚɫɬɭɩɧɢɣ ɜɢɝɥɹɞ 

 
 

Ɋɢɫ. 5. Ⱦɿɚɝɪɚɦɚ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɞɿɨɞɭ 

 

Ɇɚɬɪɢɰɸ ɪɨɡɫɿɸɜɚɧɧɹ ɞɚɧɨʀ ɫɢɫɬɟɦɢ ɛɭɥɨ ɩɨɛɭɞɨɜɚɧɨ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ. 
ɉɨɬɟɧɰɿɚɥɶɧɚ ɟɧɟɪɝɿɹ ɫɢɫɬɟɦɢ ɪɨɡɝɥɹɞɚɥɚɫɹ ɹɤ ɫɭɩɟɪɩɨɡɢɰɿɹ ɡɛɭɪɟɧɨʀ ɿ 
ɧɟɡɛɭɪɟɧɨʀ ɱɚɫɬɢɧ 
 

).()(=)( 0 zVzVzV 
     (7) 

Ⱦɥɹ ɧɟɡɛɭɪɟɧɨʀ ɱɚɫɬɢɧɢ ɪɨɡɜ’ɹɡɚɧɨ ɪɿɜɧɹɧɧɹ ɒɪɶɨɞɿɧɝɟɪɚ, ɬɚ ɡɧɚɣɞɟɧɨ 
ɜɿɞɩɨɜɿɞɧɿ ɯɜɢɥɶɨɜɿ ɮɭɧɤɰɿʀ. ɉɿɫɥɹ ɱɨɝɨ ɛɭɥɨ ɪɨɡɪɚɯɨɜɚɧɨ ɚɦɩɥɿɬɭɞɢ ɤɨɠɧɨʀ ɡ 
ɧɢɯ ɬɚ ɜɿɞɩɨɜɿɞɧɿ ɞɨ ɤɨɠɧɨʀ ɨɛɥɚɫɬɿ ɫɢɫɬɟɦɢ ɮɭɧɤɰɿʀ Ƚɪɿɧɚ ɪɿɜɧɹɧɧɹ 
 

).(=),,()(
2 02

2

*

2

zzzzzV
dz

d

m









 

  (8) 
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ɇɚɫɬɭɩɧɢɦ ɤɪɨɤɨɦ ɡɧɚɣɞɟɧɨ ɚɦɩɥɿɬɭɞɢ ɜɿɞɛɢɬɬɹ ɿ ɩɪɨɯɨɞɠɟɧɧɹ ɞɥɹ ɜɢɩɚɞɤɭ 
ɡɛɭɪɟɧɨʀ ɱɚɫɬɢɧɢ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ. ȼɨɧɢ ɜ ɫɜɨɸ ɱɟɪɝɭ ɽ ɪɨɡɜ’ɹɡɤɚɦɢ 
ɪɿɜɧɹɧɧɹ Ʌɿɩɩɦɚɧɚ-ɒɜɿɧɝɟɪɚ 
 

.),()(),,(),(=),( 0  zzVzzzdzz rb

lb
    (9)

 

ɉɿɫɥɹ ɬɨɝɨ, ɹɤ ɛɭɥɢ ɡɧɚɣɞɟɧɨ ɜɥɚɫɧɿ ɯɜɢɥɶɨɜɿ ɮɭɧɤɰɿʀ, ɦɨɠɧɚ ɩɨɛɭɞɭɜɚɬɢ 
ɦɚɬɪɢɰɸ ɜɥɚɫɧɢɯ ɫɬɚɧɿɜ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɨʀ ɨɛɱɢɫɥɸɽɬɶɫɹ ɦɚɬɪɢɰɹ 
ɪɨɡɫɿɸɜɚɧɧɹ S ɫɢɫɬɟɦɢ 
 

),()(= 1   RRS    (10) 

ɞɟ 

).,(),(= 1  zzR       (11) 

Ɂɚ ɞɨɩɨɦɨɝɨɸ ɨɬɪɢɦɚɧɨʀ ɦɚɬɪɢɰɿ ɛɭɥɨ ɞɨɫɥɿɞɠɟɧɨ ɩɪɨɰɟɫ ɬɭɧɟɥɸɜɚɧɧɹ 
ɫɢɝɧɚɥɭ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ ɤɪɿɡɶ ɡɚɞɚɧɭ ɫɬɪɭɤɬɭɪɭ.  

ɉɪɟɞɫɬɚɜɥɹɬɢɦɟɦɨ S (l) ɭ ɜɢɝɥɹɞɿ ɟɤɫɩɨɧɟɧɬɢ 
 

    .= ln lSelS  

Ɍɨɞɿ ɮɨɪɦɚ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɤɜɚɧɬɨɜɨʀ ɫɢɫɬɟɦɢ, ɛɭɞɟ ɦɚɬɢ 
ɧɚɫɬɭɩɧɢɣ ɿɧɬɟɝɪɚɥɶɧɢɣ ɜɢɝɥɹɞ  
 

  ,)( dseq S




  

ɞɟ ɩɨɤɚɡɧɢɤ ɟɤɫɩɨɧɟɧɬɢ 
 

        .lnln
2

11
0

2





 






  slSsqiss 


 

Ⱦɥɹ ɚɧɚɥɿɬɢɱɧɨɝɨ ɨɛɱɢɫɥɟɧɧɹ ɿɧɬɟɝɪɚɥɭ ɛɭɥɨ ɡɚɫɬɨɫɨɜɚɧɨ ɦɟɬɨɞ ɩɟɪɟɜɚɥɭ. 
Ɂɚɡɜɢɱɚɣ ɬɨɱɤɚ ɩɟɪɟɜɚɥɭ ɨɛɱɢɫɥɸɽɬɶɫɹ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ɱɥɟɧɚ ln (S). ɉɪɢ 
ɬɚɤɨɦɭ ɜɢɛɨɪɿ ɮɚɡɢ ɨɫɨɛɥɢɜɨɫɬɿ ɚɦɩɥɿɬɭɞɢ, ɨɛɭɦɨɜɥɟɧɿ ɩɨɥɸɫɧɨɸ 
ɫɬɪɭɤɬɭɪɨɸ, ɳɨ ɩɨɜ’ɹɡɚɧɚ ɡ ɤɜɚɧɬɨɜɨɸ ɫɢɫɬɟɦɨɸ, ɡɚɥɢɲɚɸɬɶɫɹ 
ɩɪɢɯɨɜɚɧɢɦɢ. ɍ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɩɨɜɧɚ ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɤɜɚɧɬɨɜɭ ɫɢɫɬɟɦɭ 
ɜɯɨɞɢɬɶ ɭ ɜɢɪɚɡ ɞɥɹ ĭ (s) ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɜ ɪɿɜɧɹɧɧɹ. Ɍɨɦɭ ɜɫɿ ɨɫɨɛɥɢɜɨɫɬɿ 
ɚɦɩɥɿɬɭɞɢ ɹɤ ɚɧɚɥɿɬɢɱɧɨʀ ɮɭɧɤɰɿʀ ɛɭɞɭɬɶ ɡɧɚɣɞɟɧɿ ɡ ɨɬɪɢɦɚɧɨɝɨ ɪɿɜɧɹɧɧɹ. 

ɑɟɬɜɟɪɬɢɣ ɪɨɡɞɿɥ ɪɨɛɨɬɢ ɩɪɢɫɜɹɱɟɧɢɣ ɞɨɫɥɿɞɠɟɧɧɸ ɨɫɧɨɜɧɢɯ 
ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɭ ɬɭɧɟɥɸɜɚɧɧɹ. Ɋɨɡɜɢɧɭɬɢɣ ɩɿɞɯɿɞ 
ɡɚɫɬɨɫɨɜɚɧɨ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɱɚɫɭ ɡɚɬɪɢɦɤɢ ɬɚ ɚɪɝɭɦɟɧɬɭ ɯɜɢɥɶɨɜɨʀ ɮɭɧɤɰɿʀ 
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ɩɚɤɟɬɿɜ, ɳɨ ɜɢɯɨɞɹɬɶ ɡ ɤɜɚɧɬɨɜɨʀ ɫɢɫɬɟɦɢ. Ɉɛɱɢɫɥɟɧɨ ɬɚ ɩɨɪɿɜɧɹɧɨ ɨɫɧɨɜɧɿ 
ɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɝɚɭɫɨɜɨʀ ɬɚ 
ɩɪɹɦɨɤɭɬɧɨʀ ɮɨɪɦ ɭ ɜɢɩɚɞɤɭ ɬɭɧɟɥɸɜɚɧɧɹ ɤɪɿɡɶ ɤɜɚɧɬɨɜɭ ɬɨɱɤɭ ɬɚ ɤɜɚɧɬɨɜɢɣ 
ɞɿɨɞ. ȼɢɡɧɚɱɟɧɧɹ ɱɚɫɭ ɡɚɬɪɢɦɤɢ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ ɜ ɫɢɫɬɟɦɿ ɹɜɥɹɽ ɫɨɛɨɸ 
ɪɿɡɧɢɰɸ ɦɿɠ ɱɚɫɨɦ, ɡɚ ɹɤɢɣ ɫɢɝɧɚɥ ɩɪɨɯɨɞɢɬɶ ɡɚɞɚɧɭ ɜɿɞɫɬɚɧɶ ɩɪɢ ɫɜɨɽɦɭ 
ɜɿɥɶɧɨɦɭ ɩɨɲɢɪɟɧɧɿ, ɿ ɱɚɫɨɦ, ɡɚ ɹɤɢɣ ɰɸ ɠ ɜɿɞɫɬɚɧɶ ɛɭɞɟ ɩɪɨɣɞɟɧɨ ɡɚ 
ɧɚɹɜɧɨɫɬɿ ɩɨɬɟɧɰɿɣɧɨɝɨ ɛɚɪ’ɽɪɚ. Ɂɝɿɞɧɨ ɿɡ ɡɚɩɪɨɩɨɧɨɜɚɧɢɦ ȼɿɝɧɟɪɨɦ 
ɜɢɡɧɚɱɟɧɧɹɦ, ɱɚɫ ɡɚɬɪɢɦɤɢ ɫɢɝɧɚɥɭ ɜ ɫɢɫɬɟɦɿ ɩɨɜ’ɹɡɚɧɢɣ ɡ ɚɪɝɭɦɟɧɬɨɦ 
ɯɜɢɥɶɨɜɨʀ ɮɭɧɤɰɿʀ ɩɚɤɟɬɚ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ ɫɢɫɬɟɦɢ (Arg(Ȍ)), ɧɚɫɬɭɩɧɢɦ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 

 
 

.
dE

dArg
t


      (12) 

ɇɚ ɨɫɧɨɜɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɚɧɚɥɿɬɢɱɧɨ ɪɨɡɪɚɯɨɜɚɧɨ ɯɜɢɥɶɨɜɭ 
ɮɭɧɤɰɿɸ ɩɚɤɟɬɚ, ɹɤɢɣ ɛɭɥɨ ɨɬɪɢɦɚɧɨ ɧɚ ɜɢɯɨɞɿ ɡ ɫɢɫɬɟɦɢ. ɐɟ ɞɚɥɨ 
ɦɨɠɥɢɜɿɫɬɶ ɞɨɫɥɿɞɠɭɜɚɬɢ ɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɧɟɥɸɜɚɧɧɹ, ɬɚɤɿ ɹɤ 
ɚɪɝɭɦɟɧɬ ɯɜɢɥɶɨɜɨʀ ɮɭɧɤɰɿʀ (ɪɢɫ. 4) ɬɚ ɱɚɫ ɡɚɬɪɢɦɤɢ ɫɢɝɧɚɥɭ ɜ ɫɢɫɬɟɦɿ (ɪɢɫ. 6 
ɬɚ ɪɢɫ. 7). 
 

      

   Ɋɢɫ. 6     Ɋɢɫ.7 

Ɋɢɫ. 6. ɑɚɫ ɡɚɬɪɢɦɤɢ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ ɩɪɢ ɩɪɨɯɨɞɠɟɧɧɿ ɫɢɝɧɚɥɭ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ ɤɪɿɡɶ 
ɞɿɨɞ, ɡɚɥɟɠɧɨ ɜɿɞ ɿɦɩɭɥɶɫɭ ɫɢɝɧɚɥɭ, ɳɨ ɩɨɞɚɽɬɶɫɹ k0 ɩɪɢ Ƚ=1, k1=1, k2=3, k3=4, k4=4, k5=1 

Ɋɢɫ.7. ɑɚɫ ɡɚɬɪɢɦɤɢ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɿɦɩɭɥɶɫɭ ɩɚɤɟɬɚ ɩɪɹɦɨɤɭɬɧɨʀ ɮɨɪɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɨɝɨ 
ɭ ɜɢɝɥɹɞɿ ɫɭɩɟɪɩɨɡɢɰɿʀ ɬɪɶɨɯ ɝɚɭɫɨɜɢɯ ɩɚɤɟɬɿɜ ɩɪɢ ɬɭɧɟɥɸɜɚɧɧɿ ɤɪɿɡɶ ɤɜɚɧɬɨɜɭ ɬɨɱɤɭ 
Ƚ0=0.02, Ĳ=300, k1=1, q=30 
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Ɋɟɡɭɥɶɬɚɬɢ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɚ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ, ɨɬɪɢɦɚɧɿ 
ɡɚ ɞɨɩɨɦɨɝɨɸ ɚɫɢɦɩɬɨɬɢɱɧɨɝɨ ɦɟɬɨɞɭ ɩɟɪɟɜɚɥɭ, ɛɭɥɨ ɫɩɿɜɫɬɚɜɥɟɧɨ ɡ 
ɪɟɡɭɥɶɬɚɬɚɦɢ, ɨɬɪɢɦɚɧɢɦɢ ɬɨɱɧɢɦ ɿɧɬɟɝɪɭɜɚɧɧɹɦ. Ɍɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ 
ɩɪɟɞɫɬɚɜɥɹɽ ɫɨɛɨɸ ɫɭɩɟɪɩɨɡɢɰɿɸ ɫɬɚɧɞɚɪɬɧɢɯ ɮɭɧɤɰɿɣ ɩɨɦɢɥɤɢ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɨ ɿɫɬɨɬɧɭ ɩɟɪɟɜɚɝɭ ɚɧɚɥɿɬɢɱɧɨɝɨ 
ɦɟɬɨɞɭ. Ɋɨɡɪɚɯɨɜɚɧɨ ɚɪɝɭɦɟɧɬ ɯɜɢɥɶɨɜɨʀ ɮɭɧɤɰɿʀ ɩɚɤɟɬɭ, ɳɨ ɜɢɯɨɞɢɬɶ ɡ 
ɤɜɚɧɬɨɜɨʀ ɬɨɱɤɢ ɬɚ ɤɜɚɧɬɨɜɨɝɨ ɞɿɨɞɭ, ɩɪɢ ɬɭɧɟɥɸɜɚɧɧɿ ɫɢɝɧɚɥɿɜ ɝɚɭɫɨɜɨʀ ɬɚ 
ɩɪɹɦɨɤɭɬɧɨʀ ɮɨɪɦ. Ⱦɥɹ ɞɟɹɤɢɯ ɡɧɚɱɟɧɶ ɿɦɩɭɥɶɫɭ ɩɨɱɚɬɤɨɜɨɝɨ ɯɜɢɥɶɨɜɨɝɨ 
ɩɚɤɟɬɭ ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɦɿɧɿɦɚɥɶɧɢɣ ɱɚɫ ɡɚɬɪɢɦɤɢ, ɳɨ ɜɿɞɩɨɜɿɞɚɽ 
ɦɚɤɫɢɦɚɥɶɧɿɣ ɲɜɢɞɤɨɫɬɿ ɬɭɧɟɥɸɜɚɧɧɹ ɞɚɧɨɝɨ ɩɚɤɟɬɚ ɤɪɿɡɶ ɞɨɫɥɿɞɠɭɜɚɧɭ 
ɫɬɪɭɤɬɭɪɭ. ɉɨɞɚɥɶɲɚ ɡɦɿɧɚ ɿɦɩɭɥɶɫɭ ɧɟ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɦɟɧɲɟɧɧɹ ɱɚɫɭ 
ɡɚɬɪɢɦɤɢ. ɉɪɢ ɞɨɫɹɝɧɟɧɧɿ ɞɟɹɤɨɝɨ ɡɧɚɱɟɧɧɹ ɡɛɿɥɶɲɟɧɧɹ ɿɦɩɭɥɶɫɭ ɧɟ 
ɜɿɞɛɢɜɚɽɬɶɫɹ ɿɫɬɨɬɧɨ ɧɚ ɱɚɫɿ ɡɚɬɪɢɦɤɢ ɩɚɤɟɬɚ. ȼ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɟɧɟɪɝɟɬɢɱɧɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɚɧɨʀ ɫɢɫɬɟɦɢ ɦɨɠɧɚ ɫɩɨɫɬɟɪɿɝɚɬɢ ɨɞɧɭ ɚɛɨ ɞɟɤɿɥɶɤɚ ɫɦɭɝ 
ɪɟɡɨɧɚɧɫɧɨɝɨ ɬɭɧɟɥɸɜɚɧɧɹ. Ɍɨɛɬɨ ɜ ɪɚɦɤɚɯ ɨɞɧɿɽʀ ɫɢɫɬɟɦɢ ɦɨɠɧɚ ɞɨɦɨɝɬɢɫɹ 
ɜɢɫɨɤɨʀ ɲɜɢɞɤɨɫɬɿ ɩɪɨɩɭɫɤɚɧɧɹ ɩɚɤɟɬɿɜ ɤɿɥɶɤɨɯ ɪɿɡɧɢɯ ɿɦɩɭɥɶɫɧɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɳɨ, ɡɨɤɪɟɦɚ, ɦɨɠɟ ɡɧɚɣɬɢ ɫɜɨɽ ɡɚɫɬɨɫɭɜɚɧɧɹ ɩɪɢ ɲɢɮɪɭɜɚɧɧɿ 
ɞɚɧɢɯ, ɳɨ ɩɟɪɟɞɚɸɬɶɫɹ. 
 

ȼɂɋɇɈȼɄɂ 

ɍ ɞɢɫɟɪɬɚɰɿʀ ɪɨɡɜ’ɹɡɚɧɨ ɪɹɞ ɚɤɬɭɚɥɶɧɢɯ ɩɪɨɛɥɟɦ ɡ ɞɨɫɥɿɞɠɟɧɧɹ 
ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɢɯ ɩɚɤɟɬɿɜ ɤɪɿɡɶ ɤɜɚɧɬɨɜɿ 
ɫɢɫɬɟɦɢ. 

1. Ɋɨɡɪɨɛɥɟɧɨ ɩɪɨɝɪɚɦɧɿ ɡɚɫɨɛɢ, ɳɨ ɞɚɸɬɶ ɡɦɨɝɭ ɡɚ ɞɚɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɤɜɚɧɬɨɜɨʀ ɫɢɫɬɟɦɢ (ɝɟɨɦɟɬɪɢɱɧɿ ɪɨɡɦɿɪɢ, ɩɨɬɟɧɰɿɣɧɚ ɞɿɚɝɪɚɦɚ, ɲɢɪɢɧɚ ɿ 
ɤɿɥɶɤɿɫɬɶ ɪɟɡɨɧɚɧɫɧɢɯ ɪɿɜɧɿɜ) ɬɚ ɩɨɱɚɬɤɨɜɨɝɨ ɩɚɤɟɬɭ (ɳɨ ɡɚɞɚɽɬɶɫɹ 
ɿɦɩɭɥɶɫɨɦ, ɝɟɨɦɟɬɪɢɱɧɨɸ ɮɨɪɦɨɸ, ɩɪɨɫɬɨɪɨɜɨɸ ɬɚ ɱɚɫɨɜɨɸ 
ɬɪɢɜɚɥɿɫɬɸ), ɞɟɬɚɥɶɧɨ ɞɨɫɥɿɞɢɬɢ ɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɭɧɟɥɸɜɚɧɧɹ. 

2. Ɋɨɡɩɨɜɫɸɞɠɟɧɨ ɨɛɥɚɫɬɶ ɡɚɫɬɨɫɨɜɧɨɫɬɿ ɞɚɧɨɝɨ ɦɟɬɨɞɭ ɧɚ ɜɢɩɚɞɨɤ 
ɫɢɫɬɟɦ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɜɟɥɢɤɨɸ ɲɢɪɢɧɨɸ ɪɟɡɨɧɚɧɫɧɢɯ ɪɿɜɧɿɜ. 
ɐɟ ɞɚɽ ɡɦɨɝɭ ɛɿɥɶɲ ɮɨɪɦɚɥɿɡɨɜɚɧɨɝɨ ɪɨɡɝɥɹɞɭ ɡɚɞɚɱ, ɳɨ ɜɢɜɱɚɸɬɶɫɹ. 

3. ɉɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɩɪɨɯɨɞɠɟɧɧɹ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ ɤɪɿɡɶ 
ɤɜɚɧɬɨɜɭ ɫɢɫɬɟɦɭ ɡ ɨɞɧɢɦ ɪɟɡɨɧɚɧɫɧɢɦ ɪɿɜɧɟɦ ɛɭɥɨ ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɨ, 
ɳɨ ɡɚɫɬɨɫɨɜɚɧɢɣ ɦɨɞɢɮɿɤɨɜɚɧɢɣ ɦɟɬɨɞ ɩɟɪɟɜɚɥɭ ɩɨɤɚɡɚɜ ɜɢɫɨɤɢɣ 
ɫɬɭɩɿɧɶ ɡɛɿɝɭ ɪɟɡɭɥɶɬɚɬɿɜ ɡ ɬɨɱɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ. 

4. Ⱦɨɫɥɿɞɠɟɧɨ ɩɪɨɰɟɫ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɨɝɨ ɩɚɤɟɬɭ ɝɚɭɫɨɜɨʀ ɮɨɪɦɢ 
ɤɪɿɡɶ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɜɚɧɭ ɧɚ ɩɪɚɤɬɢɰɿ ɫɬɪɭɤɬɭɪɭ – ɤɜɚɧɬɨɜɢɣ ɞɿɨɞ. 
Ⱦɨɫɥɿɞɠɟɧɨ ɜɩɥɢɜ ɩɚɪɚɦɟɬɪɿɜ ɩɚɤɟɬɭ ɬɚ ɫɬɪɭɤɬɭɪɢ ɧɚ ɱɚɫ ɡɚɬɪɢɦɤɢ 
ɫɢɝɧɚɥɭ ɜ ɫɢɫɬɟɦɿ. 

5. ɉɨɤɚɡɚɧɨ, ɳɨ ɩɪɢ ɪɿɡɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɫɢɫɬɟɦɢ ɦɨɠɭɬɶ 
ɫɩɨɫɬɟɪɿɝɚɬɢɫɹ ɬɚɤɿ ɹɜɢɳɚ ɹɤ ɩɨɜɧɟ ɜɧɭɬɪɿɲɧɽ ɪɨɡɫɿɸɜɚɧɧɹ 
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(ɧɚɞɜɟɥɢɤɢɣ ɱɚɫ ɡɚɬɪɢɦɤɢ), ɚ ɬɚɤɨɠ ɿɫɧɭɜɚɧɧɹ ɨɞɧɿɽʀ ɚɛɨ ɞɟɤɿɥɶɤɨɯ 
ɫɦɭɝ ɪɟɡɨɧɚɧɫɧɨɝɨ ɬɭɧɟɥɸɜɚɧɧɹ. 
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ȺɇɈɌȺɐȱə 

ȱɜɚɧɨɜ Ɇ.Ⱥ. Ⱦɢɧɚɦɿɱɧɿ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɪɟɡɨɧɚɧɫɧɢɯ ɤɜɚɧɬɨɜɢɯ 
ɫɢɫɬɟɦ. – ɇɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɭ. 

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

Ⱦɢɫɟɪɬɚɰɿɸ ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɥɿɞɠɟɧɧɸ ɩɪɨɰɟɫɿɜ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɢɯ 
ɩɚɤɟɬɿɜ ɪɿɡɧɢɯ ɮɨɪɦ ɤɪɿɡɶ ɤɜɚɧɬɨɜɿ ɫɢɫɬɟɦɢ ɡ ɪɟɡɨɧɚɧɫɧɢɦɢ ɪɿɜɧɹɦɢ. ɇɚ 
ɨɫɧɨɜɿ ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɩɟɪɟɜɚɥɭ, ɮɨɪɦɚɥɿɡɦɭ ɦɚɬɪɢɰɿ ɪɨɡɫɿɸɜɚɧɧɹ ɿɡ 
ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɛɟɡɪɨɡɦɿɪɧɢɯ ɡɦɿɧɧɢɯ ɨɩɢɫɚɧɨ ɩɪɨɰɟɫ ɬɭɧɟɥɸɜɚɧɧɹ ɯɜɢɥɶɨɜɢɯ 
ɩɚɤɟɬɿɜ ɝɚɭɫɨɜɨʀ ɬɚ ɩɪɹɦɨɤɭɬɧɨʀ ɮɨɪɦ. ȼ ɹɤɨɫɬɿ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɫɢɫɬɟɦ 
ɜɢɫɬɭɩɚɥɢ ɤɜɚɧɬɨɜɚ ɬɨɱɤɚ ɬɚ ɤɜɚɧɬɨɜɢɣ ɞɿɨɞ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɜɿɞɨɦɢɯ ɡɚɫɨɛɿɜ 
ɚɧɚɥɿɬɢɱɧɢɯ ɨɛɱɢɫɥɟɧɶ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɫɭɱɚɫɧɢɯ ɩɚɤɟɬɿɜ ɦɚɬɟɦɚɬɢɱɧɢɯ 
ɩɪɨɝɪɚɦ ɛɭɥɨ ɩɨɛɭɞɨɜɚɧɨ ɩɚɤɟɬ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɮɨɪɦɢ, ɚɪɝɭɦɟɧɬɭ ɯɜɢɥɶɨɜɨʀ 
ɮɭɧɤɰɿʀ ɬɚ ɱɚɫɭ ɡɚɬɪɢɦɤɢ ɫɢɝɧɚɥɿɜ ɩɪɢ ɬɭɧɟɥɸɜɚɧɧɿ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɫɢɫɬɟɦ. 
Ȼɭɥɨ ɞɟɬɚɥɶɧɨ ɞɨɫɥɿɞɠɟɧɨ ɡɚɥɟɠɧɿɫɬɶ ɱɚɫɭ ɡɚɬɪɢɦɤɢ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ ɫɢɫɬɟɦɢ ɿ 
ɩɨɱɚɬɤɨɜɨɝɨ ɩɚɤɟɬɭ. Ɋɨɡɝɥɹɧɭɬɨ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɩɪɹɦɨɤɭɬɧɨɝɨ ɩɚɤɟɬɭ ɹɤ ɡɚ 
ɞɨɩɨɦɨɝɨɸ Ĭ-ɮɭɧɤɰɿɣ ɏɟɜɿɫɚɣɞɚ, ɬɚɤ ɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɭɩɟɪɩɨɡɢɰɿʀ ɮɭɧɤɰɿɣ 
Ƚɚɭɫɚ. ȼɢɤɨɧɚɧɨ ɩɨɪɿɜɧɹɧɧɹ ɪɨɡɪɚɯɭɧɤɿɜ, ɨɬɪɢɦɚɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɚɫɢɦɩɬɨɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɬɚ ɩɪɹɦɨɝɨ ɿɧɬɟɝɪɭɜɚɧɧɹ. ɍɬɨɱɧɟɧɨ ɦɟɯɚɧɿɡɦ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɨɡɝɥɹɧɭɬɨɝɨ ɦɟɬɨɞɭ ɧɚ ɜɢɩɚɞɨɤ ɫɢɫɬɟɦ ɡ ɜɟɥɢɤɨɸ ɲɢɪɢɧɨɸ 
ɪɟɡɨɧɚɧɫɧɨɝɨ ɪɿɜɧɹ. ɉɨɤɚɡɚɧɨ, ɳɨ ɩɪɢ ɞɟɹɤɢɯ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɫɢɫɬɟɦɢ 
ɬɚ ɩɚɤɟɬɭ ɦɨɠɭɬɶ ɜɿɞɛɭɜɚɬɢɫɹ ɹɜɢɳɚ ɩɨɜɧɨɝɨ ɜɧɭɬɪɿɲɧɶɨɝɨ ɪɨɡɫɿɸɜɚɧɧɹ, 
ɪɟɡɨɧɚɧɫɧɨɝɨ ɬɭɧɟɥɸɜɚɧɧɹ ɜ ɨɞɧɿɣ ɚɛɨ ɞɟɤɿɥɶɤɨɯ ɱɚɫɬɨɬɧɢɯ ɫɦɭɝɚɯ. 
ɉɨɪɿɜɧɹɧɨ ɪɟɡɭɥɶɬɚɬɢ ɬɭɧɟɥɸɜɚɧɧɹ ɩɚɤɟɬɿɜ ɩɪɹɦɨɤɭɬɧɨʀ ɬɚ ɝɚɭɫɨɜɨʀ ɮɨɪɦ 
ɩɪɢ ɨɞɧɚɤɨɜɢɯ ɡɧɚɱɟɧɧɹɯ ɿɦɩɭɥɶɫɭ ɬɚ ɲɢɪɢɧɢ ɤɪɿɡɶ ɤɜɚɧɬɨɜɭ ɬɨɱɤɭ. 
ɉɨɤɚɡɚɧɨ, ɳɨ ɩɚɤɟɬ ɩɪɹɦɨɤɭɬɧɨʀ ɮɨɪɦɢ ɩɪɢ ɬɭɧɟɥɸɜɚɧɧɿ ɜɢɹɜɢɜ ɛɿɥɶɲɭ 
ɫɬɚɛɿɥɶɧɿɫɬɶ ɮɨɪɦɢ ɬɚ ɜɞɜɿɱɿ ɦɟɧɲɢɣ ɱɚɫ ɡɚɬɪɢɦɤɢ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɬɭɧɟɥɸɜɚɧɧɹ, ɯɜɢɥɶɨɜɢɣ ɩɚɤɟɬ, ɱɚɫ ɡɚɬɪɢɦɤɢ, 
ɤɜɚɧɬɨɜɚ ɫɢɫɬɟɦɚ, ɞɿɨɞ, ɯɜɢɥɶɨɜɚ ɮɭɧɤɰɿɹ, ɤɚɧɚɥɸɜɚɧɧɹ. 



15 

 

 
ȺɇɇɈɌȺɐɂə 

ɂɜɚɧɨɜ ɇ.Ⱥ. Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɟɡɨɧɚɧɫɧɵɯ 
ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ. – ɇɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɢ. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɤɚɧɞɢɞɚɬɚ ɮɢɡɢɤɨ-
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 01.04.02 – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɮɢɡɢɤɚ. – 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ, ɆɈɇ 
ɍɤɪɚɢɧɵ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 2016. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɪɨɰɟɫɫɨɜ ɬɭɧɧɟɥɢɪɨɜɚɧɢɹ 
ɜɨɥɧɨɜɵɯ ɩɚɤɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɱɟɪɟɡ ɤɜɚɧɬɨɜɵɟ ɫɢɫɬɟɦɵ ɫ ɪɟɡɨɧɚɧɫɧɵɦɢ 
ɭɪɨɜɧɹɦɢ. ɇɚ ɨɫɧɨɜɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɟɞɥɨɜɨɣ ɬɨɱɤɢ, 
ɮɨɪɦɚɥɢɡɦɚ ɦɚɬɪɢɰɵ ɪɚɫɫɟɹɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 
ɨɩɢɫɵɜɚɟɬɫɹ ɬɭɧɧɟɥɢɪɨɜɚɧɢɟ ɜɨɥɧɨɜɵɯ ɩɚɤɟɬɨɜ ɝɚɭɫɫɨɜɨɣ ɢ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 
ɮɨɪɦ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɵɯ ɫɢɫɬɟɦ ɜɵɫɬɭɩɚɥɢ ɤɜɚɧɬɨɜɚɹ ɬɨɱɤɚ ɢ 
ɤɜɚɧɬɨɜɵɣ ɞɢɨɞ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɬɭɧɧɟɥɢɪɨɜɚɧɢɹ ɜɨɥɧɨɜɵɯ 
ɩɚɤɟɬɨɜ ɱɟɪɟɡ ɨɬɤɪɵɬɵɟ ɤɜɚɧɬɨɜɵɟ ɫɢɫɬɟɦɵ ɫ ɪɟɡɨɧɚɧɫɧɵɦɢ ɭɪɨɜɧɹɦɢ. 
ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɢ ɩɚɤɟɬɚ, ɨɤɚɡɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ 
ɧɚ ɩɪɨɰɟɫɫ ɬɭɧɧɟɥɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɯɨɞɹɳɟɝɨ ɢɡ ɫɢɫɬɟɦɵ ɩɚɤɟɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɢɡɜɟɫɬɧɵɟ ɫɪɟɞɫɬɜɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢ 
ɱɢɫɥɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɜɚɧɬɨɜɨɣ ɬɟɨɪɢɢ ɪɚɫɫɟɹɧɢɹ. ɋ 
ɩɨɦɨɳɶɸ ɢɡɜɟɫɬɧɵɯ ɫɪɟɞɫɬɜ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɫɨɜɪɟɦɟɧɧɵɯ ɩɚɤɟɬɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɪɨɝɪɚɦɦ ɛɵɥ ɫɨɡɞɚɧ ɩɚɤɟɬ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɮɨɪɦɵ, ɚɪɝɭɦɟɧɬɚ ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ ɢ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ 
ɫɢɝɧɚɥɨɜ ɩɪɢ ɬɭɧɧɟɥɢɪɨɜɚɧɢɢ ɩɪɟɞɥɨɠɟɧɧɵɯ ɫɢɫɬɟɦ.  

Ⱦɟɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 
ɫɢɫɬɟɦɵ ɢ ɧɚɱɚɥɶɧɨɝɨ ɩɚɤɟɬɚ. Ɋɚɫɫɦɨɬɪɟɧɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ 
ɩɚɤɟɬɚ ɤɚɤ ɫ ɩɨɦɨɳɶɸ Ĭ-ɮɭɧɤɰɢɣ ɏɷɜɢɫɚɣɞɚ, ɬɚɤ ɢ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ 
Ƚɚɭɫɫɚ. ȼɵɩɨɥɧɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɨɜ ɫ ɩɨɦɨɳɶɸ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɢ ɩɪɹɦɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. ɍɬɨɱɧɟɧ ɦɟɯɚɧɢɡɦ ɩɪɢɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɦɟɬɨɞɚ ɜ ɫɥɭɱɚɟ ɫɢɫɬɟɦ ɫ ɛɨɥɶɲɨɣ ɲɢɪɢɧɨɣ ɪɟɡɨɧɚɧɫɧɨɝɨ ɭɪɨɜɧɹ. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɢ ɩɚɤɟɬɚ ɦɨɝɭɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɹɜɥɟɧɢɹ ɩɨɥɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɪɚɫɫɟɹɧɢɹ, ɚ ɬɚɤɠɟ ɪɟɡɨɧɚɧɫɧɨɝɨ 
ɬɭɧɧɟɥɢɪɨɜɚɧɢɹ ɜ ɨɞɧɨɣ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɬɨɬɧɵɯ ɩɨɥɨɫɚɯ. ɋɪɚɜɧɢɜɚɥɢɫɶ 
ɪɟɡɭɥɶɬɚɬɵ ɬɭɧɧɟɥɢɪɨɜɚɧɢɹ ɩɚɤɟɬɨɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɢ ɝɚɭɫɫɨɜɨɣ ɮɨɪɦ ɫ 
ɨɞɢɧɚɤɨɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢɦɩɭɥɶɫɚ ɢ ɲɢɪɢɧɵ ɱɟɪɟɡ ɤɜɚɧɬɨɜɭɸ ɬɨɱɤɭ. 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɚɤɟɬ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɩɪɢ ɬɭɧɧɟɥɢɪɨɜɚɧɢɢ ɩɪɨɹɜɢɥ 
ɛɨɥɶɲɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɮɨɪɦɵ ɢ ɢɦɟɥ ɜɞɜɨɟ ɦɟɧɶɲɟɟ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ. 

ɂɫɫɥɟɞɨɜɚɥɨɫɶ ɬɭɧɧɟɥɢɪɨɜɚɧɢɟ ɜɨɥɧɨɜɨɝɨ ɩɚɤɟɬɚ ɝɚɭɫɫɨɜɨɣ ɮɨɪɦɵ 
ɱɟɪɟɡ ɤɜɚɧɬɨɜɵɣ ɞɢɨɞ. ɉɪɢ ɧɟɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɹɯ ɢɦɩɭɥɶɫɚ ɩɨɞɚɜɚɟɦɨɝɨ 
ɜɨɥɧɨɜɨɝɨ ɩɚɤɟɬɚ ɧɚɛɥɸɞɚɥɨɫɶ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ, ɱɬɨ 
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ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɬɭɧɧɟɥɢɪɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ 
ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɢɦɩɭɥɶɫɚ ɩɨɞɚɜɚɟɦɨɝɨ ɫɢɝɧɚɥɚ ɧɟ ɩɪɢɜɨɞɢɬ ɤ 
ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ ɧɚɛɥɸɞɚɥɢɫɶ ɨɞɧɚ ɢɥɢ 
ɧɟɫɤɨɥɶɤɨ ɩɨɥɨɫ ɪɟɡɨɧɚɧɫɧɨɝɨ ɬɭɧɧɟɥɢɪɨɜɚɧɢɹ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɭɧɧɟɥɢɪɨɜɚɧɢɟ, ɜɨɥɧɨɜɨɣ ɩɚɤɟɬ, ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ, 
ɤɜɚɧɬɨɜɚɹ ɫɢɫɬɟɦɚ, ɞɢɨɞ, ɜɨɥɧɨɜɚɹ ɮɭɧɤɰɢɹ, ɤɚɧɚɥɢɪɨɜɚɧɢɟ. 
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Ivanov N.A. Dynamic regularities of resonant quantum systems. – 
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CКЧНТНКtО’s tСОsТs ШЧ PСвsТМs КЧН MКtСОЦКtТМs, spОМТКХity 01.04.02 – 
theoretical physics. – Oles Honchar Dnipropetrovsk National University, Ministry 
of Education of Ukraine, Dnipropetrovsk, 2016. 

Dissertation is dedicated to research of wave packets tunneling through 
various forms of quantum systems with resonant levels. The work is based on 
several basic principles. The first one is using the dimensionless variables. This 
principle lets us describe the system parameters in terms of incident packet 
parameters. The second principle is the modified method of the saddle point. The 
third principle is using formalism of the scattering matrix. We study tunneling of 
Gaussian and rectangular wave packets. We consider open quantum systems, such 
as quantum dots and quantum diodes. We utilize popular means of analytical 
calculations based on mathematical software packages. A piece of software for 
calculation of the shape and the argument of a wave packet and the time delay of 
the signal during tunneling through the proposed systems was created. We study 
the dependency of various parameters of the system and the initial packet. We 
consider both the HОКЯТsТНО Ĭ-function representation and the Gaussian function 
representation for the rectangular packet. The calculation results obtained by using 
asymptotic methods and direct integration are compared. We also discuss and 
clarify the application of this method in case of systems with wide resonance level. 
It is shown that for different system and package parameters one may observe such 
effects as total internal scattering or resonant tunneling in one or more frequency 
bands. We compare the results obtained for rectangular and a Gaussian packets 
with the same momentum and pulse-width values in the case of a quantum dot. We 
show that for the rectangular packet the shape is more stable and the time delay is 
half the value for the Gaussian case. 

Keywords: tunneling, wave packet, time delay, quantum system, diode, 
wave function, channeling. 
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