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ȼɋɌɍɉ 

 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɽ ɰɟɧɬɪɚɥɶɧɨɸ 

ɡɚɞɚɱɟɸ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ. Ɍɚɤɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɠɥɢɜɟ ɥɢɲɟ ɧɚ ɨɫɧɨɜɿ ɫɤɨɪɨ-

ɱɟɧɨɝɨ ɨɩɢɫɭ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɬɚɧɿɜ, ɭ ɪɚɦɤɚɯ ɹɤɨɝɨ ɫɢɫɬɟɦɚ ɨɩɢɫɭɽɬɶɫɹ ɜɿɞɧɨɫɧɨ 

ɜɭɡɶɤɢɦ ɧɚɛɨɪɨɦ ɩɚɪɚɦɟɬɪɿɜ – ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ (ɉɋɈ). ɋɤɨɪɨɱɟ-

ɧɢɣ ɨɩɢɫ ɩɪɢ ɰɶɨɦɭ ɛɭɞɭɽɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ Ʌɿɭɜɿɥɥɹ ɚɛɨ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜ-

ɧɹɧɶ (Ȼɨɥɶɰɦɚɧɚ, Ʌɚɧɞɚɭ ɬɨɳɨ) [1]. ɋɭɱɚɫɧɨɸ ɬɟɧɞɟɧɰɿɽɸ ɽ ɪɨɡɲɢɪɟɧɧɹ ɫɬɚɧɞɚ-

ɪɬɧɢɯ ɧɚɛɨɪɿɜ ɉɋɈ ɡ ɦɟɬɨɸ ɜɪɚɯɭɜɚɧɧɹ ɧɨɜɢɯ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ ɫɢɫɬɟɦɢ (ɞɢɜ., 

ɧɚɩɪɢɤɥɚɞ, [2, 3]). Ɍɭɬ ɜ ɩɟɪɲɭ ɱɟɪɝɭ ɫɥɿɞ ɡɝɚɞɚɬɢ ɨɩɢɫ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɭ 

ɜɭɡɶɤɨɦɭ ɪɨɡɭɦɿɧɧɿ ɰɶɨɝɨ ɬɟɪɦɿɧɭ ɹɤ ɩɪɨɰɟɫɿɜ, ɹɤɿ ɦɨɠɭɬɶ ɩɪɨɯɨɞɢɬɢ ɜ ɩɪɨɫɬɨ-

ɪɨɜɨ-ɨɞɧɨɪɿɞɧɢɯ ɫɬɚɧɚɯ ɫɢɫɬɟɦɢ. Ȼɿɥɹ ɪɿɜɧɨɜɚɝɢ ɰɿ ɩɪɨɰɟɫɢ ɜɿɞɩɨɜɿɞɚɸɬɶ ɤɿɧɟɬɢ-

ɱɧɢɦ ɦɨɞɚɦ ɫɢɫɬɟɦɢ ɬɚ ɪɟɥɚɤɫɚɰɿɣɧɢɦ ɫɬɭɩɟɧɹɦ ɫɜɨɛɨɞɢ. Ʉɥɚɫɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ 

ɰɢɯ ɩɪɨɰɟɫɿɜ ɧɚɥɟɠɚɬɶ Ʌɚɧɞɚɭ, ɹɤɢɣ ɞɨɫɥɿɞɢɜ [4] ɪɟɥɚɤɫɚɰɿɸ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨ-

ɧɟɧɬ ɩɥɚɡɦɢ, ɿ Ƚɪɟɞɭ [5], ɹɤɢɣ ɪɨɡɪɨɛɢɜ ɬɟɨɪɿɸ ɦɚɤɫɜɟɥɥɿɜɫɶɤɨʀ ɪɟɥɚɤɫɚɰɿʀ. ȱɞɟʀ 

ɰɢɯ ɪɨɛɿɬ ɿ ɞɨ ɬɟɩɟɪɿɲɧɶɨɝɨ ɱɚɫɭ ɽ ɪɨɛɨɱɢɦ ɡɧɚɪɹɞɞɹɦ ɧɨɜɿɬɧɿɯ ɞɨɫɥɿɞɠɟɧɶ. ȼɚ-

ɠɥɢɜɢɦ ɧɟɞɨɥɿɤɨɦ ɰɢɯ ɬɟɨɪɿɣ ɽ ɜɿɞɫɭɬɧɿɫɬɶ ɭ ɧɢɯ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ ɿ ɪɨɡɜ’ɹɡɚɧɧɹ 

ɧɚ ɣɨɝɨ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ [6], ɚ ɬɚɤɨɠ ɧɟɜɪɚɯɭɜɚɧɧɹ ɩɨɪɭɲɟɧɧɹ ɥɨɤɚ-

ɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ ɜ ɫɢɫɬɟɦɚɯ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ (ɞɢɜ., ɧɚɩɪɢ-

ɤɥɚɞ, [7, 8]). ɍɫɭɧɟɧɧɹ ɰɢɯ ɧɟɞɨɥɿɤɿɜ ɽ ɜɚɠɥɢɜɨɸ ɡɚɞɚɱɟɸ ɫɭɱɚɫɧɨʀ ɬɟɨɪɿʀ ɧɟɪɿɜ-

ɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ.  

Ɉɫɧɨɜɨɸ ɫɭɱɚɫɧɨʀ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɛɟɡ ɫɭɦɧɿɜɭ ɜɜɚɠɚɽɬɶɫɹ 

ɦɟɬɨɞ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɢɫɬɟɦ Ȼɨɝɨɥɸɛɨɜɚ, ɹɤɢɣ ʉɪɭɧɬɭɽɬɶɫɹ 

ɧɚ ɣɨɝɨ ɿɞɟʀ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ [9]. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɿɞɟʀ ɧɨɪɦɚɥɶɧɢɯ 

ɪɨɡɜ’ɹɡɤɿɜ Ƚɿɥɶɛɟɪɬɚ, ɜɨɧɚ ɜɢɯɨɞɢɬɶ ɡ ɧɚɹɜɧɨɫɬɿ ɭ ɫɢɫɬɟɦɢ ɧɢɡɤɢ ɟɬɚɩɿɜ ɩɪɢɪɨɞ-

ɧɨʀ ɟɜɨɥɸɰɿʀ, ɧɚ ɹɤɢɯ ɪɟɚɥɿɡɭɽɬɶɫɹ ɦɨɠɥɢɜɿɫɬɶ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ. Ɉɤɪɟɦɢɦ ɜɢ-

ɩɚɞɤɨɦ ɰɶɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɦɟɬɨɞ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ [10], ɹɤɢɣ ɡɚ Ȼɨɝɨ-

ɥɸɛɨɜɢɦ ɬɟɠ  ɛɚɡɭɽɬɶɫɹ ɧɚ ɮɭɧɤɰɿɨɧɚɥɶɧɿɣ ɝɿɩɨɬɟɡɿ. Ɂɚ ɫɜɨʀɦ ɩɨɯɨɞɠɟɧɧɹɦ ɦɟ-

ɬɨɞ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɨɪɿɽɧɬɨɜɧɢɣ ɧɚ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɚɧɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ 

ɫɬɚɧɿɜ, ɜ ɹɤɢɯ ɪɿɞɢɧɚ ɨɩɢɫɭɽɬɶɫɹ ɝɭɫɬɢɧɚɦɢ ɤɨɦɩɨɧɟɧɬ, ɦɚɫɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ɬɚ 
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ɬɟɦɩɟɪɚɬɭɪɨɸ. ɋɭɱɚɫɧɨɸ ɡɚɞɚɱɟɸ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɽ ɣɨɝɨ ɭɡɚɝɚɥɶ-

ɧɟɧɧɹ ɧɚ ɜɢɩɚɞɨɤ ɧɚɹɜɧɨɫɬɿ ɜ ɫɢɫɬɟɦɿ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɭ ɜɭɡɶɤɨɦɭ ɪɨɡɭ-

ɦɿɧɧɿ ɰɶɨɝɨ ɬɟɪɦɿɧɭ. ɐɟɧɬɪɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ ɩɪɢ ɰɶɨɦɭ ɽ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɫɬɨ-

ɪɨɜɨ-ɨɞɧɨɪɿɞɧɢɯ ɫɬɚɧɿɜ, ɹɤɿ ɧɟ ɽ ɫɬɚɧɚɦɢ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ. Ɉɛɱɢɫɥɢɬɢ ɜɿɞɩɨ-

ɜɿɞɧɿ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ-ȿɧɫɤɨɝɚ ɧɟ ɞɨɡɜɨɥɹɽ ɜɿɞɫɭɬ-

ɧɿɫɬɶ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɩɪɨɩɨɧɭɽ ɩɿɞɯɿɞ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɰɿɽʀ 

ɩɪɨɛɥɟɦɢ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɣ ɜɢɤɨɪɢɫɬɨɜɭɽ ɣɨɝɨ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ 

ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɬɚɧɿɜ ɝɚɡɿɜ (ɡɨɤɪɟɦɚ, ɩɥɚɡɦɢ). Ɏɚɤɬɢɱɧɨ ɩɪɢ ɰɶɨɦɭ ɣɞɟɬɶɫɹ ɩɪɨ 

ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɿɜ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɬɚ Ƚɪɟɞɚ. ȼ ɥɿɬɟɪɚɬɭɪɿ ɡɚɡɧɚɱɚɽɬɶɫɹ ɚɤɬɭ-

ɚɥɶɧɿɫɬɶ ɰɿɽʀ ɡɚɞɚɱɿ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɰɢɯ ɧɨɜɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɝɿɞɪɨ-

ɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɿɜ ɩɥɚɡɦɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɽ ɜɚɠɥɢɜɨɸ ɡɚ-

ɞɚɱɟɸ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ, ɿ ɬɨɦɭ ʀɣ ɭ ɞɢɫɟɪɬɚɰɿʀ ɩɪɢɞɿɥɹɽɬɶɫɹ ɜɟɥɢɤɚ 

ɭɜɚɝɚ. 

Ɂɜ’ɹɡɨɤ ɪɨɛɨɬɢ ɡ ɧɚɭɤɨɜɢɦɢ ɩɪɨɝɪɚɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ. Ⱦɢɫɟɪɬɚɰɿɣ-

ɧɚ ɪɨɛɨɬɚ ɜɢɤɨɧɚɧɚ ɜ ɪɚɦɤɚɯ ɞɟɪɠɛɸɞɠɟɬɧɨʀ ɞɨɫɥɿɞɧɨʀ ɪɨɛɨɬɢ «Ɂɦɿɧɧɿ ɫɩɨɫɬɟ-

ɪɟɠɟɧɧɹ ɞɥɹ ɧɨɜɢɯ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɬɚ ɩɪɨɰɟɫɿɜ ɜ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɨɜɧɿɲ-

ɧɿɯ ɭɦɨɜɚɯ» (ʋ ɞɟɪɠɪɟɽɫɬɪɚɰɿʀ 0113U003031), ɳɨ ɜɢɤɨɧɭɜɚɥɚɫɹ ɜ Ⱦɧɿɩɪɨɩɟɬɪɨɜ-

ɫɶɤɨɦɭ ɧɚɰɿɨɧɚɥɶɧɨɦɭ ɭɧɿɜɟɪɫɢɬɟɬɿ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɜ ɧɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɿɣ ɥɚ-

ɛɨɪɚɬɨɪɿʀ ɤɜɚɧɬɨɜɨʀ ɯɪɨɦɨɩɥɚɡɦɢ. 

Ɇɟɬɚ ɿ ɡɚɞɚɱɿ ɞɨɫɥɿɞɠɟɧɧɹ. Ɇɟɬɨɸ ɪɨɛɨɬɢ ɽ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–

ȿɧɫɤɨɝɚ ɧɚ ɜɢɩɚɞɨɤ ɧɚɹɜɧɨɫɬɿ ɜ ɫɢɫɬɟɦɿ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɿ ɣɨɝɨ ɡɚɫɬɨɫɭ-

ɜɚɧɧɹ ɞɨ ɤɿɧɟɬɢɤɢ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɝɚɡɭ ɬɚ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɩɥɚɡɦɢ.  

Ɇɟɬɚ ɪɨɛɨɬɢ ɞɨɫɹɝɚɽɬɶɫɹ ɪɨɡɜ’ɹɡɭɜɚɧɧɹɦ ɬɚɤɢɯ ɡɚɞɚɱ: 

1. ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɪɨɡɪɨɛɢɬɢ ɡɚɝɚɥɶɧɭ ɬɟɨɪɿɸ ɪɟɥɚɤɫɚɰɿɣɧɢɯ 

ɩɪɨɰɟɫɿɜ ɜ ɨɤɨɥɿ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɿɜ (ɭɡɚɝɚɥɶɧɟɧɢɣ ɦɟɬɨɞ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ) 

ɲɥɹɯɨɦ ɪɨɡɝɥɹɞɭ ɰɢɯ ɩɪɨɰɟɫɿɜ ɛɿɥɹ ʀɯ ɡɚɜɟɪɲɟɧɧɹ. 

2. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɞɨɫɥɿɞɢɬɢ ɪɟɥɚɤ-

ɫɚɰɿɸ Ɇɚɤɫɜɟɥɥɚ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɦɭ ɝɚɡɿ ɣ ɜɫɬɚɧɨɜɢɬɢ ɡɜ’ɹɡɨɤ ɡ ɬɟɨɪɿɽɸ ɪɟ-

ɥɚɤɫɚɰɿʀ Ƚɪɟɞɚ. 
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3. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɞɨɫɥɿɞɢɬɢ ɪɟɥɚɤ-

ɫɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɿɣ ɩɥɚɡɦɿ. Ɋɨɡɪɨɛɢɬɢ 

ɬɟɨɪɿɸ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫɢ ɟɥɟɤɬɪɨɧɚ ɞɨ ɦɚɫɢ ɿɨɧɚ ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɿɧ-

ɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ ɡ ɧɚɫɬɭɩɧɢɦɢ ɧɚɛɥɢɠɟɧɢɦɢ ɨɛɱɢɫɥɟɧɧɹɦɢ ɦɟɬɨɞɨɦ 

ɨɛɿɪɜɚɧɢɯ ɪɨɡɜɢɧɟɧɶ ɡɚ ɨɪɬɨɝɨɧɚɥɶɧɢɦɢ ɩɨɥɿɧɨɦɚɦɢ. 

4. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɞɨɫɥɿɞɢɬɢ ɝɿɞɪɨ-

ɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ ɜ ɞɜɨɤɨɦɩɨɧɟɧɬɧɿɣ ɩɥɚɡɦɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤɫɚɰɿʀ 

ɬɟɦɩɟɪɚɬɭɪ ɿ ɲɜɢɞɤɨɫɬɟɣ ɤɨɦɩɨɧɟɧɬ. Ⱦɨɫɥɿɞɢɬɢ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɜ ɝɿɞɪɨ-

ɞɢɧɚɦɿɰɿ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɩɥɚɡɦɢ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɜ ɧɿɣ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. 

5. Ⱦɨɫɥɿɞɢɬɢ ɦɨɞɢ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɩɥɚɡɦɢ ɜ ʀʀ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɚɯ ɩɪɢ 

ɧɚɹɜɧɨɫɬɿ ɜ ɧɿɣ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. 

Ɉɛ’ɽɤɬ ɞɨɫɥɿɞɠɟɧɧɹ: ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɢɣ ɝɚɡ ɿ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɚ ɞɜɨɤɨɦ-

ɩɨɧɟɧɬɧɚ ɩɥɚɡɦɚ. 

ɉɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɧɹ: ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɫɬɚɧɢ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɝɚɡɭ ɣ ɩɨ-

ɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ  ɩɥɚɡɦɢ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤɫɚɰɿʀ.    

Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɍ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɦɟɬɨɞ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ 

Ȼɨɝɨɥɸɛɨɜɚ, ɣɨɝɨ ɿɞɟɹ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ, ɦɟɬɨɞ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɿ ɦɟɬɨɞ 

ɨɛɿɪɜɚɧɢɯ ɪɨɡɜɢɧɟɧɶ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ ɭ ɧɚɛɥɢɠɟɧɨɦɭ ɪɨɡɜ’ɹɡɭɜɚɧɧɿ ɿɧɬɟ-

ɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ. 

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ.  
1. ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɜɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ ɡɚɝɚɥɶɧɭ ɬɟɨɪɿɸ ɪɟ-

ɥɚɤɫɚɰɿɣɧɢɯ 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 ɧɚɛ-

ɥɢɠɟɧɧɸ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. 

3. ɇɚ ɨɫɧɨɜɿ ɭɡɚɝɚɥɶɧɟɧɨɝɨ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɜɩɟɪɲɟ ɞɨɫɥɿɞɠɟɧɨ ɪɟ-

ɥɚɤɫɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɜ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɿɣ ɩɥɚɡɦɿ ɛɿɥɹ ʀɯ ɡɚɜɟɪɲɟɧɧɹ. Ɋɨɡɪɨɛɥɟɧɨ 

ɦɟɬɨɞ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɦɚɥɢɦ 
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ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɟɥɟɤɬɪɨɧɚ ɬɚ ɿɨɧɚ ɡ ɩɨɞɚɥɶɲɢɦɢ ɨɛɱɢɫɥɟɧɧɹɦɢ ɦɟɬɨɞɨɦ 

ɨɛɿɪɜɚɧɢɯ 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 ɪɟɥɚɤɫɚ-

ɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. Ɉɬɪɢɦɚɧɨ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤ-

ɫɚɰɿʀ ɲɜɢɞɤɨɫɬɟɣ ɬɚ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨɧɟɧɬ. 

5. Ⱦɨɫɥɿɞɠɟɧɨ ɦɨɞɢ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɩɥɚɡɦɢ ɜ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɚɯ ɩɪɢ 

ɧɚɹɜɧɨɫɬɿ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɪɢ ɰɶɨɦɭ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨ-

ɲɟɧɧɹɦ 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 ɜɪɚɯɨɜɭɜɚɬɢ ɧɨɜɿ ɪɟɥɚɤɫɚɰɿɣɧɿ ɫɬɭɩɟɧɿ ɫɜɨɛɨɞɢ ɫɢ-

ɫɬɟɦɢ ɬɚ ɜɢɯɨɞɢɬɢ ɡɚ ɪɚɦɤɢ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ. ȱɞɟɹ ɰɿɽʀ ɬɟɨɪɿʀ ɬɚ-

ɤɨɠ ɞɨɡɜɨɥɹɽ ɞɨɫɥɿɞɠɭɜɚɬɢ ɮɨɪɦɭɜɚɧɧɹ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ, ɪɨɡɝɥɹɞɚɸɱɢ ɫɤɨɪɨ-

ɱɟɧɢɣ ɨɩɢɫ ɩɨɛɥɢɡɭ ɫɬɚɧɞɚɪɬɧɨɝɨ. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ. ɍɫɿ ɪɟɡɭɥɶɬɚɬɢ, ɳɨ ɜɢɧɟɫɟɧɿ ɧɚ ɡɚɯɢɫɬ, ɨɬɪɢ-

ɦɚɧɿ ɡɞɨɛɭɜɚɱɟɦ ɨɫɨɛɢɫɬɨ. Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɩɨɥɹɝɚɽ ɜ ɩɨɫɬɚɧɨɜɰɿ ɡɚɞɚɱ, ɭ ɩɪɨ-

ɜɟɞɟɧɧɿ ɦɚɬɟɦɚɬɢɱɧɢɯ ɜɢɤɥɚɞɨɤ, ɨɞɟɪɠɚɧɧɿ ɤɿɧɰɟɜɢɯ ɪɿɜɧɹɧɶ ɿ ʀɯ ɪɨɡɜ’ɹɡɚɧɧɿ, ɜ 

ɚɧɚɥɿɡɿ ɬɚ ɨɛɝɨɜɨɪɟɧɧɿ ɪɟɡɭɥɶɬɚɬɿɜ, ɧɚɩɢɫɚɧɧɿ ɫɬɚɬɟɣ ɭ ɮɚɯɨɜɢɯ ɠɭɪɧɚɥɚɯ [11–

18], ɫɬɚɬɟɣ ɭ ɦɚɬɟɪɿɚɥɚɯ ɤɨɧɮɟɪɟɧɰɿɣ [19–27] ɬɚ ɬɟɡ ɞɨɩɨɜɿɞɟɣ ɧɚ ɤɨɧɮɟɪɟɧɰɿɹɯ 

[28–49]. ȱɞɟʀ, ɡɚɫɚɞɢ ɬɚ ɦɟɬɨɞɢ ɜɢɪɿɲɟɧɧɹ ɧɚɭɤɨɜɢɯ ɡɚɞɚɱ, ɚ ɬɚɤɨɠ ɧɚɩɪɹɦɤɢ ɩɪɨ-

ɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ ɨɛɝɨɜɨɪɸɜɚɥɢɫɶ ɡ ɧɚɭɤɨɜɢɦ ɤɟɪɿɜɧɢɤɨɦ, ɩɪɨɮɟɫɨɪɨɦ ɋɨɤɨ-

ɥɨɜɫɶɤɢɦ Ɉ. Ƀ. ɍ ɪɨɛɨɬɚɯ [11, 12, 28–30] ɿɞɟɹ ɞɨɫɥɿɞɠɭɜɚɬɢ ɪɟɥɚɤɫɚɰɿɸ ɛɿɥɹ ʀʀ ɡɚ-

ɜɟɪɲɟɧɧɹ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɩɥɚɡɦɿ ɧɚɥɟɠɢɬɶ ɑɟɥɛɚɽɜɫɶɤɨɦɭ Ɂ. ɘ. 
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ɋɬɭɩɿɧɶ ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɧɚɭɤɨɜɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ⱦɨɫɬɨɜɿɪɧɿɫɬɶ ɧɚɭɤɨɜɢɯ ɪɟ-

ɡɭɥɶɬɚɬɿɜ, ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɭ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ, ɞɨɫɹɝɧɭɬɨ ɬɚɤɢɦ ɱɢɧɨɦ: 

1. ȼɢɤɨɪɢɫɬɚɧɨ ɫɬɚɧɞɚɪɬɧɿ ɤɿɧɟɬɢɱɧɿ ɪɿɜɧɹɧɧɹ (ɤɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ Ȼɨɥɶɰ-

ɦɚɧɚ, Ʌɚɧɞɚɭ ɬɚ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ). 

2. ȼɢɤɨɪɢɫɬɚɧɨ ɜɿɞɨɦɿ ɦɟɬɨɞɢ, ɬɚɤɿ ɹɤ ɦɟɬɨɞ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɭ ɮɨɪɦɭɥɸ-

ɜɚɧɧɿ Ȼɨɝɨɥɸɛɨɜɚ ɬɚ ɦɟɬɨɞ ɨɛɿɪɜɚɧɨɝɨ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ ɞɥɹ 

ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ. 

3. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɭ ɜɢɩɚɞɤɚɯ, ɹɤɿ ɜɠɟ ɪɨɡɝɥɹɞɚɥɢɫɶ ɭ ɥɿɬɟɪɚɬɭɪɿ, ɡɛɿɝɚ-

ɸɬɶɫɹ ɡ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. 

Ⱥɩɪɨɛɚɰɿɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɢɫɟɪɬɚɰɿʀ. Ɇɚɬɟɪɿɚɥɢ ɞɨɫɥɿɞɠɟɧɧɹ ɞɨɩɨɜɿɞɚɥɢɫɶ 

ɧɚ 24 ɤɨɧɮɟɪɟɧɰɿɹɯ: 

1. 38th Conference of the Middle European Cooperation in Statistical Physics, 

(Trieste, Italy, March, 25 – 27, 2013).  

2. 39th Conference of the Middle European Cooperation in Statistical Physics, 

(Coventry, England, April, 8 – 10, 2014). 

3. 40th Conference of the Middle European Cooperation in Statistical Physics, 

(Esztegrom, Hungary, March, 23 – 25, 2015). 

4. 41st Conference of the Middle European Cooperation in Statistical Physics, 

(Vienna, Austria, February, 14 – 17, 2016). 

5. 36th Conference  of  the Middle European Cooperation in Statistical Physics,  

(Lviv, Ukraine, April, 5 – 7, 2011).  

6. 3rd International Conference on Quantum Electrodynamics and Statistical 

PСвЬТМЬ (KСКrФɿЯ, UФrКТЧО, AЮРЮЬЭ 29 – September 2, 2011). 

7. International School-seminar "New Physics and Quantum Chromodynamics at 

External Conditions" (Dnipropetrovsk, Ukraine, May, 22 – 24, 2013).  

8. 4th Conference on Statistical Physics: Modern Trends and Applications (Lviv, 

Ukraine, July, 3 – 6, 2012). 

9. 14th International Conference on Mathematical Methods in Electromagnetic 

Theory (Kharkiv, Ukraine, August, 28 – 30, 2012). 
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10. 15th International Conference on Mathematical Methods in Electromagnetic 

Theory (Dnipropetrovsk, Ukraine, August, 26 – 28, 2014). 

11. 6th International Conference "Physics of Liquid Matter: Modern Problems" 

(Kyiv, Ukraine, May, 23 – 27, 2014). 

12. International young scientists forum on applied physics (Dnipropetovsk, 

Ukraine, September 29 –October 2, 2015). 

13. V Young Scientists Conference "Problems of Theoretical Physics", (Kyiv, 

Ukraine, December, 24 – 27, 2013). 

14. VI Young Scientists Conference "Problems of Theoretical Physics", (Kyiv, 

Ukraine, November, 25 – 27, 2014). 

15. XIV ȼɫɟɭɤɪɚʀɧɫɶɤɚ ɲɤɨɥɚ-ɫɟɦɿɧɚɪ ɬɚ Ʉɨɧɤɭɪɫ ɦɨɥɨɞɢɯ ɜɱɟɧɢɯ ɡɿ ɫɬɚɬɢɫ-

ɬɢɱɧɨʀ ɮɿɡɢɤɢ ɬɚ ɬɟɨɪɿʀ ɤɨɧɞɟɧɫɨɜɚɧɨʀ ɪɟɱɨɜɢɧɢ (Ʌɶɜɿɜ, ɍɤɪɚʀɧɚ, ɱɟɪɜɟɧɶ, 4 – 6, 

2014). 

16. БV ȼɫɟɭɤɪɚʀɧɫɶɤɚ ɲɤɨɥɚ-ɫɟɦɿɧɚɪ ɬɚ Ʉɨɧɤɭɪɫ ɦɨɥɨɞɢɯ ɜɱɟɧɢɯ ɡɿ ɫɬɚɬɢɫ-

ɬɢɱɧɨʀ ɮɿɡɢɤɢ ɬɚ ɬɟɨɪɿʀ ɤɨɧɞɟɧɫɨɜɚɧɨʀ ɪɟɱɨɜɢɧɢ (Ʌɶɜɿɜ, ɍɤɪɚʀɧɚ, ɱɟɪɜɟɧɶ, 4 – 5, 

2015). 

17. Conference of Students and Young Scientists "Shevchenkivska Vesna 2014", 

(Kyiv, Ukraine , March, 25 – 28, 2014). 

18. БII Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ» (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 7 – 9, 2010). 

19. БIII Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ» (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 13 – 15, 2011). 

20. БIV Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ» (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 11 – 13, 2012). 

21. БV Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ» (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 10 – 12, 2013). 

22. БVI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ» (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 9 – 11, 2014). 

23. БVII Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ» (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 8 – 11, 2015). 
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24. ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɭɩɪɚɜɥɟɧɢɢ 

ɫɥɨɠɧɵɦɢ ɫɢɫɬɟɦɚɦɢ – 2013» (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɢɸɧɶ, 19 – 20, 2013). 

ɉɭɛɥɿɤɚɰɿʀ. Ɋɟɡɭɥɶɬɚɬɢ ɞɢɫɟɪɬɚɰɿʀ ɨɩɭɛɥɿɤɨɜɚɧɿ: ɭ 8 ɫɬɚɬɬɹɯ ɭ ɮɚɯɨɜɢɯ ɧɚɭ-

ɤɨɜɢɯ ɠɭɪɧɚɥɚɯ [11–18], ɭ 9 ɩɪɚɰɹɯ ɦɿɠɧɚɪɨɞɧɢɯ ɤɨɧɮɟɪɟɧɰɿɣ [19–27] ɬɚ ɭ 21 ɬɟ-

ɡɿ ɦɿɠɧɚɪɨɞɧɢɯ ɤɨɧɮɟɪɟɧɰɿɣ [28–49]. Ɋɨɛɨɬɢ [11, 12, 16, 17, 19, 23–25] ɿɧɞɟɤɫɭ-

ɸɬɶɫɹ ɭ ɧɚɭɤɨɦɟɬɪɢɱɧɿɣ ɛɚɡɿ SCOPUS.  
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ɊɈɁȾȱɅ 1  

ɍɁȺȽȺɅɖɇȿɇɇə ɆȿɌɈȾɍ ɑȿɉɆȿɇȺ–ȿɇɋɄɈȽȺ  
ɌȺ ɃɈȽɈ ɊɈɅɖ ɍ ɋɍɑȺɋɇȱɃ ɋɌȺɌɂɋɌɂɑɇȱɃ ɎȱɁɂɐȱ 

  

Ɉɞɧɿɽɸ ɡ ɤɥɸɱɨɜɢɯ ɩɪɨɛɥɟɦ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ ɽ ɩɪɨɛɥɟɦɚ ɫɤɨɪɨɱɟɧɨɝɨ 

ɨɩɢɫɭ ɫɢɫɬɟɦ. ɉɪɢ ɫɤɨɪɨɱɟɧɨɦɭ ɨɩɢɫɿ ɫɢɫɬɟɦɚ ɩɨɜɧɿɫɬɸ ɨɩɢɫɭɽɬɶɫɹ ɞɟɹɤɢɦɢ ɩɚ-

ɪɚɦɟɬɪɚɦɢ, ɹɤɿ ɧɚɡɢɜɚɸɬɶ ɩɚɪɚɦɟɬɪɚɦɢ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ (ɉɋɈ) ɫɢɫɬɟɦɢ. ȱɞɟɹ 

ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɽ ɨɫɧɨɜɧɨɸ ɿɞɟɽɸ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ, ɡɨɤɪɟɦɚ 

ɩɪɨɰɟɫɿɜ ɩɟɪɟɧɨɫɭ [50].  

ɇɚ ɧɚɲ ɱɚɫ ɜɚɠɥɢɜɨɸ ɝɚɥɭɡɡɸ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɽ ɬɟɨɪɿɹ, ɹɤɚ 

ɛɚɡɭɽɬɶɫɹ ɧɚ ɤɿɧɟɬɢɱɧɨɦɭ ɪɿɜɧɹɧɧɿ Ȼɨɥɶɰɦɚɧɚ [51, 10]. ɇɚɣɛɿɥɶɲ ɪɨɡɜɢɧɭɬɢɦɢ 

ɦɟɬɨɞɚɦɢ ɪɨɡɜ’ɹɡɚɧɧɹ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ȼɨɥɶɰɦɚɧɚ ɽ ɦɟɬɨɞɢ Ƚɪɟɞɚ [5] ɬɚ 

ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ [10, 9]. ɏɨɱɚ ɡɚɡɧɚɱɟɧɚ ɬɟɨɪɿɹ ɦɚɽ ɞɟɹɤɿ ɨɛɦɟɠɟɧɧɹ (ɨɫɤɿɥɶɤɢ 

ɡɚɫɬɨɫɨɜɧɚ ɞɨ ɪɨɡɪɿɞɠɟɧɢɯ ɝɚɡɿɜ), ɜɨɧɚ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɹɤ ɞɥɹ ɤɥɚɫɢɱ-

ɧɢɯ, ɬɚɤ ɿ ɞɥɹ ɤɜɚɧɬɨɜɢɯ ɝɚɡɿɜ [52–54]. ɇɚɩɪɢɤɥɚɞ, ɜɿɞɨɦɿ ʀʀ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɨ ɬɟɨ-

ɪɿʀ ɩɥɚɡɦɢ [4, 55, 56], ɞɨ ɬɟɨɪɿʀ ɬɜɟɪɞɨɝɨ ɬɿɥɚ (ɨɩɢɫ ɜɡɚɽɦɨɞɿʀ ɟɥɟɤɬɪɨɧɿɜ ɬɚ ɮɨɧɨ-

ɧɿɜ, [57, 58, 8]), ɞɨ ɞɨɫɥɿɞɠɟɧɶ ɤɿɧɟɬɢɤɢ ɮɨɬɨɧɿɜ ɭ ɪɿɜɧɨɜɚɠɧɿɣ ɩɥɚɡɦɿ [59], ɞɨ ɞɨ-

ɫɥɿɞɠɟɧɶ ɬɪɚɧɫɩɨɪɬɧɢɯ  ɜɥɚɫɬɢɜɨɫɬɟɣ ɫɭɫɩɟɧɡɿʀ ɬɜɟɪɞɢɯ ɱɚɫɬɢɧɨɤ ɭ ɜЙɹɡɤɨɦɭ ɝɚɡɿ 

[60], ɞɨ ɞɨɫɥɿɞɠɟɧɶ ɝɚɞɪɨɧɧɨɝɨ ɝɚɡɭ [61], ɩɪɭɠɧɢɯ ɬɚ ɧɟɩɪɭɠɧɢɯ ɡɿɬɤɧɟɧɶ ɭ ɪɟɥɹ-

ɬɢɜɿɫɬɫɶɤɢɯ ɝɚɡɚɯ [62], ɞɨ ɞɨɫɥɿɞɠɟɧɶ ɩɪɨɰɟɫɿɜ, ɳɨ ɦɨɠɭɬɶ ɦɚɬɢ ɦɿɫɰɟ ɧɚ ɜɟɥɢ-

ɤɨɦɭ ɝɚɞɪɨɧɧɨɦɭ ɤɨɥɚɣɞɟɪɿ [63–67], ɞɨ ɞɨɫɥɿɞɠɟɧɶ ɜɥɚɫɬɢɜɨɫɬɟɣ ɝɪɚɧɭɥɹɪɧɢɯ 

ɦɚɬɟɪɿɚɥɿɜ [68–73], ɞɨ ɞɨɫɥɿɞɠɟɧɶ ɪɟɥɹɬɢɜɿɫɬɫɶɤɢɯ ɝɚɡɿɜ ɭ ɝɪɚɜɿɬɚɰɿɣɧɢɯ ɩɨɥɹɯ ɭ 

ɪɚɦɤɚɯ ɡɚɝɚɥɶɧɨʀ ɬɟɨɪɿʀ ɜɿɞɧɨɫɧɨɫɬɿ [74, 75] ɬɨɳɨ. 

ȱɫɬɨɪɢɱɧɨ ɩɟɪɲɢɦ ɡɚɞɚɱɭ ɩɨɛɭɞɨɜɢ ɝɿɞɪɨɞɢɧɚɦɿɤɢ (ɡɨɤɪɟɦɚ ɬɟɨɪɿʀ ɩɪɨɰɟɫɿɜ 

ɩɟɪɟɧɨɫɭ) ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ȼɨɥɶɰɦɚɧɚ ɩɨɫɬɚɜɢɜ  ɭ ɡɚɝɚɥɶɧɨɦɭ ɜɢ-

ɝɥɹɞɿ Ƚɿɥɶɛɟɪɬ [76]. ȼɿɧ ɜɜɿɜ ɤɨɧɰɟɩɰɿɸ ɧɨɪɦɚɥɶɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ (ɬɨɛɬɨ ɬɨɝɨ, ɳɨ 

ɮɭɧɤɰɿɹ ɪɨɡɩɨɞɿɥɭ (ɎɊ) ɡɚɥɟɠɢɬɶ ɜɿɞ ɱɚɫɭ ɱɟɪɟɡ ɩɨɫɟɪɟɞɧɿɫɬɶ ɉɋɈ ɝɿɞɪɨɞɢɧɚɦɿ-

ɱɧɨɝɨ ɫɬɚɧɭ) ɬɚ ɡɧɚɣɲɨɜ ɎɊ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɦɚɥɢɦɢ ɝɪɚ-

ɞɿɽɧɬɚɦɢ ɜ ɫɢɫɬɟɦɿ. ɍ ɩɨɞɚɥɶɲɨɦɭ ɑɟɦɩɟɧ ɬɚ ȿɧɫɤɨɝ ɪɨɡɜɢɧɭɥɢ ɣɨɝɨ ɿɞɟʀ [77, 78, 

10]: ʀɦ ɜɞɚɥɨɫɹ ɡɧɚɣɬɢ ɎɊ ɭ ɩɟɪɲɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ ɬɚ ɪɿɜɧɹɧɧɹ ɝɿɞɪɨ-
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ɞɢɧɚɦɿɤɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɞɢɫɢɩɚɬɢɜɧɢɯ ɩɪɨɰɟɫɿɜ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɞɥɹ ɡɧɚɯɨɞɠɟɧ-

ɧɹ ɎɊ ɧɚ ɨɫɧɨɜɿ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɡ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ ɞɨɰɿɥɶɧɨ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɪɬɨɝɨɧɚɥɶɧɿ ɩɨɥɿɧɨɦɢ (ɭ ɜɢɩɚɞɤɭ ɤɥɚɫɢɱɧɨʀ ɦɟɯɚɧɿɤɢ – ɩɨɥɿ-

ɧɨɦɢ ɋɨɧɿɧɚ), ɳɨ ɜɩɟɪɲɟ ɛɭɥɨ ɡɚɩɪɨɩɨɧɨɜɚɧɨ Ȼɚɪɧɟɬɬɨɦ [79]. Ɂɚɪɚɡ ɿɞɟɹ ɡɚɫɬɨ-

ɫɭɜɚɧɧɹ ɩɨɥɿɧɨɦɿɜ ɋɨɧɿɧɚ ɞɭɠɟ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɧɚɛɥɢ-

ɠɟɧɢɯ ɚɧɚɥɿɬɢɱɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ ɹɤ ɭ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ 

[8, 80, 81], ɬɚɤ ɿ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɧɟɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ [82–84].  

Ȼɚɪɧɟɬɬ ɬɚɤɨɠ ɨɬɪɢɦɚɜ ɎɊ ɜ ɞɪɭɝɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ ɬɚ ɜɿɞɩɨɜɿɞɧɿ 

ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ. əɤ ɜɿɞɨɦɨ [85, 86], ɪɟɡɭɥɶɬɚɬɢ ɛɚɪɧɟɬɿɜɫɶɤɨɝɨ ɧɚɛɥɢ-

ɠɟɧɧɹ ɧɟ ɨɛɨɜ’ɹɡɤɨɜɨ ɩɨɤɪɚɳɭɸɬɶ ɪɟɡɭɥɶɬɚɬɢ ɧɚɛɥɢɠɟɧɧɹ ɇɚɜ’ɽ–ɋɬɨɤɫɚ (ɬɨɛɬɨ 

ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɎɊ, ɹɤɿ ɨɬɪɢɦɚɧɿ ɡ ɬɨɱɧɿɫɬɸ ɞɨ ɩɟɪɲɨɝɨ 

ɩɨɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ), ɯɨɱɚ ɜɿɞɨɦɿ ɜɢɩɚɞɤɢ, ɤɨɥɢ ɪɿɜɧɹɧɧɹ Ȼɚɪɧɟɬɬɚ ɞɿɣɫɧɨ 

ɩɨɩɪɚɜɥɹɸɬɶ ɪɿɜɧɹɧɧɹ ɇɚɜ’ɽ–ɋɬɨɤɫɚ (ɞɢɜ. [87, 88]). Ɇɨɠɥɢɜɨ, ɩɪɨɛɥɟɦɚ ɩɨɥɹɝɚɽ 

ɜ ɬɨɦɭ, ɳɨ ɩɪɢ ɩɨɛɭɞɨɜɿ ɪɿɜɧɹɧɶ Ȼɚɪɧɟɬɬɚ ɫɥɿɞ ɜɪɚɯɨɜɭɜɚɬɢ ɧɟɥɨɤɚɥɶɧɿɫɬɶ ɿɧɬɟɝ-

ɪɚɥɭ ɡɿɬɤɧɟɧɶ, ɚ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɥɨɤɚɥɶɧɿ ɿɧ-

ɬɟɝɪɚɥɢ ɡɿɬɤɧɟɧɶ. ɇɚɩɪɢɤɥɚɞ, ɜɿɞɨɦɟ ɜɪɚɯɭɜɚɧɧɹ ɧɟɥɨɤɚɥɶɧɨɫɬɿ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤ-

ɧɟɧɶ ɭ ɪɨɛɨɬɚɯ [89, 90].  

ȼɢɡɧɚɱɚɥɶɧɢɣ ɜɧɟɫɨɤ ɞɨ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ ɜɧɿɫ Ȼɨɝɨɥɸɛɨɜ [1], ɫɮɨɪɦɭ-

ɥɸɜɚɜɲɢ ɦɟɬɨɞ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ (ɆɋɈ), ɨɤɪɟɦɢɦ ɜɢɩɚɞɤɨɦ ɹɤɨɝɨ ɽ ɦɟɬɨɞ ɑɟ-

ɩɦɟɧɚ–ȿɧɫɤɨɝɚ. ȼɿɧ ɜɢɫɭɧɭɜ ɿɞɟɸ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ ɬɚ ɫɮɨɪɦɭɥɸɜɚɜ ɿ ɨɛ-

ʉɪɭɧɬɭɜɚɜ ɞɭɦɤɭ, ɳɨ ɜɢɧɢɤɧɟɧɧɹ ɧɨɪɦɚɥɶɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ ɽ ɪɟɡɭɥɶɬɚɬɨɦ ɩɪɢɪɨɞ-

ɧɨʀ ɟɜɨɥɸɰɿʀ ɫɢɫɬɟɦɢ [91]. Ɂɝɿɞɧɨ ɡ ɿɞɟɹɦɢ Ȼɨɝɨɥɸɛɨɜɚ [1], ɤɿɥɶɤɿɫɬɶ ɉɋɈ ɡɦɟɧ-

ɲɭɽɬɶɫɹ ɡ ɩɥɢɧɨɦ ɟɜɨɥɸɰɿʀ ɬɚ ɧɚ ɮɿɧɚɥɶɧɨɦɭ (ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ) ɟɬɚɩɿ ɟɜɨɥɸɰɿʀ 

ɫɢɫɬɟɦɚ ɨɩɢɫɭɽɬɶɫɹ ɬɚɤɢɦɢ ɉɋɈ: ɝɭɫɬɢɧɚɦɢ ɤɨɦɩɨɧɟɧɬ, ɦɚɫɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ɬɚ 

ɬɟɦɩɟɪɚɬɭɪɨɸ.  

Ȼɨɝɨɥɸɛɨɜɢɦ ɬɚɤɨɠ ɛɭɥɨ ɜɢɜɟɞɟɧɨ ɥɚɧɰɸɠɨɤ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɛɚɝɚɬɨ-

ɱɚɫɬɢɧɤɨɜɢɯ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ (ɥɚɧɰɸɠɨɤ Ȼɨɝɨɥɸɛɨɜɚ–Ȼɨɪɧɚ–Ƚɪɿɧɚ–ȱɜɨɧɚ–

Ʉɿɪɤɜɭɞɚ), ɳɨ ɞɨɡɜɨɥɢɥɨ ɩɨɤɪɚɳɢɬɢ ɦɚɬɟɦɚɬɢɱɧɟ ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨ-

ɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ.  ɇɚ ɨɫɧɨɜɿ ɫɜɨɽʀ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ, ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɹɤɨʀ ɡ 

ɩɥɢɧɨɦ ɟɜɨɥɸɰɿʀ ɛɚɝɚɬɨɱɚɫɬɢɧɤɨɜɿ ɎɊ ɩɨɱɢɧɚɸɬɶ ɡɚɥɟɠɚɬɢ ɜɿɞ ɱɚɫɭ ɱɟɪɟɡ ɨɞɧɨ-
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ɱɚɫɬɢɧɤɨɜɭ ɎɊ, ɜɿɧ ɜɢɜɿɜ ɤɿɧɟɬɢɱɧɿ ɪɿɜɧɹɧɧɹ Ȼɨɥɶɰɦɚɧɚ (ɭ ɜɢɩɚɞɤɭ ɦɚɥɨʀ ɝɭɫɬɢ-

ɧɢ) ɬɚ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ (ɭ ɜɢɩɚɞɤɭ ɦɚɥɨʀ ɜɡɚɽɦɨɞɿʀ) ɞɥɹ ɨɞɧɨɱɚɫɬɢɧɤɨɜɨʀ ɎɊ. Ɂɚ-

ɡɧɚɱɢɦɨ, ɳɨ ɜ ɨɪɢɝɿɧɚɥɶɧɿɣ ɪɨɛɨɬɿ Ȼɨɥɶɰɦɚɧɚ [92] ɣɨɝɨ ɤɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ ɛɭɥɨ 

ɜɢɜɟɞɟɧɨ ɡ ɮɟɧɨɦɟɧɨɥɨɝɿɱɧɢɯ ɦɿɪɤɭɜɚɧɶ. Ʌɚɧɰɸɠɨɤ Ȼɨɝɨɥɸɛɨɜɚ ɬɚ ɣɨɝɨ ɭɡɚ-

ɝɚɥɶɧɟɧɧɹ ɚɤɬɢɜɧɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɫɬɚɬɢɫɬɢɱɧɿɣ ɮɿɡɢɰɿ. ɍɡɚɝɚɥɶɧɟɧɧɹ ɰɶɨɝɨ 

ɥɚɧɰɸɠɤɚ ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ ɜ ɬɟɨɪɿʀ ɝɭɫɬɢɯ ɝɚɡɿɜ ɭ ɪɚɦɤɚɯ ɦɟɬɨɞɭ Ɂɭɛɚɪɽɜɚ [93]. ȼɿ-

ɞɨɦɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɥɚɧɰɸɠɤɚ ɞɨ ɦɨɞɟɥɿ ɬɜɟɪɞɢɯ ɫɮɟɪ [94], ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɧɟɦɚɪ-

ɤɿɜɫɶɤɢɯ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ [95, 96], ɞɥɹ ɜɢɜɟɞɟɧɧɹ ɤɜɚɧɬɨɜɢɯ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜ-

ɧɹɧɶ ɧɚ ɦɚɬɟɦɚɬɢɱɧɨɦɭ ɪɿɜɧɿ ɫɬɪɨɝɨɫɬɿ [97, 98], ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɤɨɪɟɥɹɰɿɣ ɭ 

ɤɜɚɧɬɨɜɢɯ ɫɢɫɬɟɦɚɯ [99], ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɫɢɫɬɟɦ ɭ ɡɨɜɧɿɲɧɿɯ ɫɬɨɯɚɫɬɢɱɧɢɯ ɩɨ-

ɥɹɯ [100], ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɫɭɦɿɲɟɣ ɧɟɩɪɭɠɧɢɯ ɬɜɟɪɞɢɯ ɫɮɟɪ [101], ɞɥɹ ɨɬɪɢ-

ɦɚɧɧɹ ɪɿɜɧɹɧɶ ɝɿɞɪɨɞɢɧɚɦɿɤɢ ɞɥɹ ɦɿɤɪɨɫɤɨɩɿɱɧɨʀ ɮɚɡɨɜɨʀ ɝɭɫɬɢɧɢ  [102] ɬɨɳɨ.  

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ Ȼɨɝɨɥɸɛɨɜɚ [1], ɫɤɨɪɨɱɟɧɢɣ ɨɩɢɫ 

ɫɢɫɬɟɦ ɩɨɱɢɧɚɽɬɶɫɹ ɡ ɞɟɹɤɨɝɨ ɯɚɪɚɤɬɟɪɧɨɝɨ ɱɚɫɭ, ɚ ɧɟ ɡ ɱɚɫɭ 0t  . ɉɪɢ ɰɶɨɦɭ 

ɟɮɟɤɬɢɜɧɿ ɩɨɱɚɬɤɨɜɿ ɭɦɨɜɢ, ɬɨɛɬɨ ɩɨɱɚɬɤɨɜɿ ɭɦɨɜɢ, ɹɤɿ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɧɚ ɨɫɧɨ-

ɜɿ ɩɪɨɞɨɜɠɟɧɧɹ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɆɋɈ ɞɨ 0t  , ɬɚ ɪɟɚɥɶɧɿ ɩɨɱɚɬɤɨɜɿ ɭɦɨɜɢ ɞɥɹ 

ɉɋɈ ɧɟ ɨɛɨɜ’ɹɡɤɨɜɨ ɡɛɿɝɚɸɬɶɫɹ. ɇɚɩɪɢɤɥɚɞ, ɧɚɜɿɬɶ ɞɥɹ ɫɢɫɬɟɦɢ ɡ ɫɥɚɛɤɨɸ ɩɪɨɫ-

ɬɨɪɨɜɨɸ ɧɟɨɞɧɨɪɿɞɧɿɫɬɸ ɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɩɨɱɚɬɤɨɜɢɣ ɫɬɚɧ ɫɢɫɬɟɦɢ ɽ ɦɚɤɫɜɟɥɿɜ-

ɫɶɤɢɦ ɥɨɤɚɥɶɧɨ-ɪɿɜɧɨɜɚɠɧɢɦ ɫɬɚɧɨɦ, ɟɮɟɤɬɢɜɧɿ ɬɚ ɪɟɚɥɶɧɿ ɩɨɱɚɬɤɨɜɿ ɭɦɨɜɢ ɛɭ-

ɞɭɬɶ ɜɿɞɪɿɡɧɹɬɢɫɶ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɪɹɞɤɭ ɤɜɚɞɪɚɬɭ ɦɚɥɢɯ ɝɪɚɞɿɽɧɬɿɜ [103]. 

Ɉɫɧɨɜɧɨɸ ɡɚɞɚɱɟɸ ɆɋɈ ɽ ɩɨɲɭɤ ɧɟɪɿɜɧɨɜɚɠɧɨʀ ɎɊ ɬɚ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ 

ɉɋɈ. Ɇɨɠɧɚ ɫɬɜɟɪɞɠɭɜɚɬɢ, ɳɨ ɆɋɈ ɜɞɚɽɬɶɫɹ ɪɟɚɥɿɡɭɜɚɬɢ, ɹɤɳɨ ɪɨɡɜ’ɹɡɤɢ ɛɚɡɨ-

ɜɢɯ ɪɿɜɧɹɧɶ ɦɟɬɨɞɭ ɜɞɚɽɬɶɫɹ ɡɧɚɣɬɢ ɿ ɨɛɱɢɫɥɢɬɢ ɎɊ ɬɚ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ. 

ɇɚ ɠɚɥɶ, ɡɧɚɣɬɢ ɪɨɡɜ’ɹɡɤɢ ɜɞɚɽɬɶɫɹ ɥɢɲɟ ɜ ɞɟɹɤɿɣ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ (ɯɨɱɚ ɽ ɨɤɪɟɦɿ 

ɜɢɩɚɞɤɢ ɬɨɱɧɨ ɪɨɡɜ’ɹɡɭɜɚɧɢɯ ɦɨɞɟɥɟɣ, ɧɚɩɪɢɤɥɚɞ, ɬɨɱɧɨ ɪɨɡɜ’ɹɡɭɜɚɧɢɦ ɽ ɤɿɧɟɬɢ-

ɱɧɟ ɪɿɜɧɹɧɧɹ ɞɥɹ ɧɟɪɿɜɧɨɜɚɠɧɨɝɨ ɝɚɡɭ ɛɪɨɭɧɿɜɫɶɤɢɯ ɱɚɫɬɢɧɨɤ ɭ ɪɿɜɧɨɜɚɠɧɨɦɭ 

ɫɟɪɟɞɨɜɢɳɿ [104, 105]). ȼ ɞɟɹɤɢɯ ɞɨɫɢɬɶ ɩɨɲɢɪɟɧɢɯ ɜɢɩɚɞɤɚɯ ɽ «ɪɟɰɟɩɬ» ɹɤ ɜɢ-

ɛɢɪɚɬɢ ɉɋɈ ɬɚɤ, ɳɨɛ ɆɋɈ Ȼɨɝɨɥɸɛɨɜɚ ɦɨɠɧɚ ɛɭɥɨ ɪɟɚɥɿɡɭɜɚɬɢ. ɇɚɩɪɢɤɥɚɞ, ɜɿɧ 

ɪɟɚɥɿɡɭɽɬɶɫɹ ɜ ɤɿɧɟɬɢɰɿ ɩɨɜɿɥɶɧɢɯ ɡɦɿɧɧɢɯ, ɨɤɪɟɦɢɦ ɜɢɩɚɞɤɚɦɢ ɹɤɨʀ ɽ ɽ ɫɬɚɧɞɚɧ-

ɞɚɪɬɧɚ ɝɿɞɪɨɞɢɧɚɦɿɤɚ ɫɥɚɛɤɨ ɧɟɨɞɧɨɪɿɞɧɢɯ ɫɬɚɧɿɜ ɫɢɫɬɟɦɢ. ȼ ɬɚɤɨɦɭ ɪɚɡɿ ɦɚɥɢɦ 
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ɩɚɪɚɦɟɬɪɨɦ, ɡɚ ɹɤɢɦ ɛɭɞɭɽɬɶɫɹ ɬɟɨɪɿɹ ɡɛɭɪɟɧɶ, ɽ ɬɨɣ ɩɚɪɚɦɟɬɪ, ɹɤɢɣ ɯɚɪɚɤɬɟɪɢ-

ɡɭɽ ɦɚɥɿɫɬɶ ɱɚɫɨɜɢɯ ɩɨɯɿɞɧɢɯ ɉɋɈ (ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɰɢɦ ɦɚ-

ɥɢɦ ɩɚɪɚɦɟɬɪɨɦ ɽ ɝɪɚɞɿɽɧɬɢ). ɓɟ ɨɞɢɧ ɞɭɠɟ ɩɨɲɢɪɟɧɢɣ ɜɢɩɚɞɨɤ – ɦɨɞɟɥɶ ɉɟɥɟ-

ɬɦɿɧɫɶɤɨɝɨ–əɰɟɧɤɚ [9]. ȼɨɧɚ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɬɨɞɿ, ɤɨɥɢ ɝɚɦɿɥɶɬɨɧɿɚɧ ɫɢɫɬɟɦɢ 

ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɹɤ ɫɭɦɭ ɝɨɥɨɜɧɨɝɨ ɜɧɟɫɤɭ ɬɚ ɦɚɥɨʀ ɩɨɩɪɚɜɤɢ ɞɨ ɧɶɨɝɨ ɡɚ ɭɦɨ-

ɜɢ, ɳɨ ɝɨɥɨɜɧɢɣ ɜɧɟɫɨɤ ɜɟɞɟ ɞɨ ɥɿɧɿɣɧɨɝɨ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ.  Ɇɨɞɟɥɶ ɉɟɥɟɬɦɿɧ-

ɫɶɤɨɝɨ–əɰɟɧɤɚ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɤɨɪɟɥɹɰɿɣ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ 

ɩɨɥɹ ɭ ɩɥɚɡɦɿ, ɹɤɚ ɡɧɚɯɨɞɢɬɶɫɹ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ ɟɬɚɩɿ ɟɜɨɥɸɰɿʀ [106, 107]; 

ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɞɟɥɿ Ⱦɿɤɤɟ [108–110]; ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɞɢɧɚɦɿɤɢ ɤɨɪɟɥɹɰɿɣ 

ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɭ ɪɿɜɧɨɜɚɠɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ [111] ɬɨɳɨ. ɉɪɨɬɟ ɡɚɭɜɚɠɢ-

ɦɨ, ɳɨ ɡɚɝɚɥɶɧɨɝɨ «ɪɟɰɟɩɬɭ» ɜɢɛɨɪɭ ɉɋɈ ɫɢɫɬɟɦɢ ɭ ɡɜ’ɹɡɤɭ ɡ ɜɿɞɩɨɜɿɞɧɨɸ ɬɟɨɪɿ-

ɽɸ ɡɛɭɪɟɧɶ, ɧɚ ɠɚɥɶ, ɧɟ ɿɫɧɭɽ. Ⱦɥɹ ɤɨɠɧɨɝɨ ɜɢɩɚɞɤɭ ɉɋɈ ɿ ɦɚɥɿ ɩɚɪɚɦɟɬɪɢ ɬɟɨɪɿʀ 

«ɜɢɤɪɢɫɬɚɥɿɡɨɜɭɸɬɶɫɹ» ɜ ɩɪɨɰɟɫɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɬɚ ɬɟɨɪɟɬɢɱɧɨɝɨ ɞɨɫɥɿ-

ɞɠɟɧɧɹ ɫɢɫɬɟɦɢ. 

Ɉɞɧɿɽɸ ɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɡɚɞɚɱ ɫɭɱɚɫɧɨʀ ɬɟɨɪɿʀ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɩɪɨɰɟɫɿɜ ɽ 

ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɞɥɹ ɨɩɢɫɭ ɟɬɚɩɿɜ ɟɜɨɥɸɰɿ, ɛɿɥɶɲ ɪɚɧɧɿɯ 

ɡɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɣ [112]. ɐɹ ɡɚɞɚɱɚ ɽ ɚɤɬɭɚɥɶɧɨɸ ɹɤ ɞɥɹ ɫɥɚɛɤɨ, ɬɚɤ ɿ ɞɥɹ ɫɢɥɶɧɨ 

ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɢɫɬɟɦ. ȼ ɞɢɫɟɪɬɚɰɿʀ ɩɪɨɩɨɧɭɽɬɶɫɹ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟ-

ɧɚ–ȿɧɫɤɨɝɚ ɞɥɹ ɭɪɚɯɭɜɚɧɧɹ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ ɫɢɫɬɟɦɢ ɧɚ 

ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ. ɉɪɢ ɰɶɨɦɭ ɜɢɜɱɚɸɬɶɫɹ ɫɬɚɧɢ ɫɢɫɬɟɦ, ɹɤɿ ɡɧɚɯɨɞɹɬɶɫɹ ɜ 

ɨɤɨɥɿ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ. Ɉɫɨɛɥɢɜɭ ɭɜɚɝɭ ɩɪɢɞɿɥɟɧɨ ɞɨɫɥɿ-

ɞɠɟɧɧɸ ɧɚ ɰɿɣ ɨɫɧɨɜɿ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɟɥɟɤ-

ɬɪɨɧ-ɿɨɧɧɨʀ ɩɥɚɡɦɢ, ɚ  ɬɚɤɨɠ ɭɡɚɝɚɥɶɧɟɧɧɸ ɦɟɬɨɞɚ Ƚɪɟɞɚ. ȼ ɧɚɲ ɱɚɫ ɦɟɬɨɞ Ƚɪɟɞɚ 

ɬɚ ɣɨɝɨ ɦɨɞɢɮɿɤɚɰɿʀ ɚɤɬɢɜɧɨ ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ ɞɨ ɮɿɡɢɤɢ ɩɥɚɡɦɢ [113–117], ɞɨ ɬɟɨ-

ɪɿʀ ɝɪɚɧɭɥɹɪɧɢɯ ɦɚɬɟɪɿɚɥɿɜ [118,  119], ɞɨ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɭɞɚɪɧɢɯ ɯɜɢɥɶ 

[120], ɞɨ ɩɨɛɭɞɨɜɢ ɪɟɥɹɬɢɜɿɫɬɫɶɤɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ [121,  122] ɬɚ ɞɨ ɿɧɲɢɯ ɫɢɫɬɟɦ 

ɿ ɡɚɞɚɱ. 

Ɉɤɪɟɦɢɦ ɜɢɩɚɞɤɨɦ ɬɚɤɨɝɨ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɽ ɡɚɞɚɱɚ 

ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪ ɬɚ ɲɜɢɞɤɨɫɬɟɣ ɤɨɦɩɨɧɟɧɬ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɩɥɚɡɦɢ ɜ 

ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ. ɐɟ ɭɡɚɝɚɥɶɧɟɧɧɹ ɛɚɡɭɽɬɶɫɹ ɧɚ ɿɞɟʀ ɮɭɧɤɰɿɨɧɚ-
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ɥɶɧɨʀ ɝɿɩɨɬɟɡɢ Ȼɨɝɨɥɸɛɨɜɚ [1]. Ɂɚɞɚɱɭ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨɧɟɧɬ ɩɥɚɡɦɢ ɭ 

ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɜɩɟɪɲɟ ɪɨɡɝɥɹɧɭɜ Ʌɚɧɞɚɭ [4] ɧɚ ɨɫɧɨɜɿ ɜɢɜɟ-

ɞɟɧɨɝɨ ɧɢɦ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɞɥɹ ɨɩɢɫɭ ɩɥɚɡɦɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɭ ɪɨɛɨɬɿ [4] 

Ʌɚɧɞɚɭ ɜɢɜɿɜ ɫɜɨɽ ɪɿɜɧɹɧɧɹ ɡ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ȼɨɥɶɰɦɚɧɚ, ɜɪɚɯɭɜɚɜɲɢ ɞɟɹɤɿ 

ɨɫɨɛɥɢɜɨɫɬɿ ɤɭɥɨɧɿɜɫɶɤɢɯ ɡɿɬɤɧɟɧɶ, ɯɨɱɚ ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ Ʌɚɧɞɚɭ ɦɨɠɧɚ ɛɟɡɩɨ-

ɫɟɪɟɞɧɶɨ ɨɬɪɢɦɚɬɢ ɜ ɆɋɈ ɧɚ ɨɫɧɨɜɿ ɧɚɛɥɢɠɟɧɧɹ ɦɚɥɨʀ ɜɡɚɽɦɨɞɿʀ [1,9]. ɉɪɢ ɪɨɡɝ-

ɥɹɞɿ ɡɚɞɚɱɿ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ Ʌɚɧɞɚɭ ɛɚɡɭɜɚɜɫɹ ɧɚ ɧɚɛɥɢɠɟɧɧɿ, ɳɨ ɩɪɨɫɬɨ-

ɪɨɜɨ-ɨɞɧɨɪɿɞɧɿ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ (ɎɊɄ) ɽ ɦɚɤɫɜɟɥɿɜɶɤɢɦɢ ɡ ɡɚɥɟɠ-

ɧɢɦɢ ɜɿɞ ɱɚɫɭ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɤɨɦɩɨɧɟɧɬ, ɬɨɛɬɨ ɰɟ ɡɪɨɛɥɟɧɨ ɭ ɧɚɛɥɢɠɟɧɧɿ ɥɨɤɚ-

ɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ (ɇɅɊ). ɇɢɦ ɛɭɥɨ ɨɬɪɢɦɚɧɨ ɱɚɫ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɝɨɥɨɜ-

ɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɦɚɥɢɦ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɟɥɟɤɬɪɨɧɚ ɞɨ ɿɨɧɚ. ɉɿɡɧɿɲɟ ɋɩɿɬɰɟɪ 

[123] ɨɬɪɢɦɚɜ ɩɨɩɪɚɜɤɭ ɞɨ ɰɶɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɜ ɛɿɥɶɲ ɜɢɫɨɤɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɜɿɞɧɨ-

ɲɟɧɧɹɦ ɦɚɫ. Ɂɚɞɚɱɚ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɟɣ ɪɨɡɝɥɹɧɭɬɚ ɜ ɤɧɢɡɿ [55] ɧɚ ɨɫɧɨɜɿ 

ɇɅɊ, ɩɪɢ ɰɶɨɦɭ ɱɚɫ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɟɣ ɡɧɚɣɞɟɧɨ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɜɿ-

ɞɧɨɲɟɧɧɹɦ ɦɚɫ. ɇɅɊ ɞɨɫɢɬɶ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜ ɥɿɬɟɪɚɬɭɪɿ. ɇɚɩɪɢɤɥɚɞ, 

ɧɚ ɧɶɨɦɭ ɛɚɡɭɜɚɜɫɹ Ȼɪɚɝɿɧɫɶɤɢɣ ɭ ɫɜɨʀɯ ɩɿɨɧɟɪɫɶɤɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ ɝɿɞɪɨɞɢɧɚɦɿɤɢ 

ɩɥɚɡɦɢ [124, 83]. ɇɚ ɧɶɨɦɭ ɛɚɡɭɽɬɶɫɹ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɿɜ ɩɟɪɟɧɨɫɭ ɜ ɛɚɝɚɬɨɤɨ-

ɦɩɨɧɟɧɬɧɿɣ ɩɥɚɡɦɿ [115]. ȼɨɧɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜ ɞɨɫɥɿɞɠɟɧɧɿ ɪɟɥɚɤɫɚɰɿʀ ɝɚɪɹ-

ɱɢɯ ɬɨɱɨɤ ɭ ɩɥɚɡɦɿ, ɹɤɚ ɡɝɟɧɟɪɨɜɚɧɚ ɥɚɡɟɪɧɢɦ ɜɢɩɪɨɦɿɧɟɧɧɹɦ [125–127]. ɇɅɊ ɬɚ-

ɤɨɠ ɽ ɨɫɧɨɜɨɸ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɬɨɤɿɜ ɬɚ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɥɚɡɦɢ ɭ ɜɢɩɚɞ-

ɤɭ ɝɪɚɞɿɽɧɬɿɜ ɞɨɜɿɥɶɧɨʀ ɜɟɥɢɱɢɧɢ [126–130, 84]. ȼɨɧɨ ɽ ɨɫɧɨɜɨɸ ɦɟɬɨɞɭ ɑɟɩɦɟ-

ɧɚ–ȿɧɫɤɨɝɚ ɜ ɧɚɛɥɢɠɟɧɿ ɱɚɫɭ ɪɟɥɚɤɫɚɰɿʀ [114]. ɇɅɊ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɧɟ 

ɥɢɲɟ ɭ ɮɿɡɢɰɿ ɩɥɚɡɦɢ. ɇɚɩɪɢɤɥɚɞ, ɪɟɥɚɤɫɚɰɿɹ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɞɜɨɤɨɦ-

ɩɨɧɟɧɬɧɿɣ ɟɥɟɤɬɪɨɧ-ɮɨɧɨɧɧɿɣ ɫɢɫɬɟɦɿ ɧɚ ɨɫɧɨɜɿ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ 

ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɜ ɪɨɛɨɬɿ [131]. ȼɨɧɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜ ɤɿɧɟɬɢɱɧɿɣ ɬɟɨɪɿʀ ɱɚɫɬɢ-

ɧɨɤ, ɹɤɿ ɜɡɚɽɦɨɞɿɸɬɶ ɿɡ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɦ ɫɟɪɟɞɨɜɢɳɟɦ [132]. ɍ ɪɨɛɨɬɿ [133] ɡɚ-

ɡɧɚɱɟɧɨ, ɳɨ ɇɅɊ ɜɡɚɝɚɥɿ ɦɚɽ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɞɥɹ ɨɩɢɫɭ ɫɬɚɧɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢ-

ɧɚɦɿɱɧɢɯ ɫɬɚɧɿɜ ɫɢɫɬɟɦɢ. 

ɉɪɨɬɟ ɜɿɞɨɦɿ ɪɨɛɨɬɢ, ɞɟ ɩɿɞɿɣɦɚɽɬɶɫɹ ɩɪɨɛɥɟɦɚ ɩɨɪɭɲɟɧɧɹ ɇɅɊ. ɇɚɩɪɢɤɥɚɞ, 

ɬɚɤɚ ɩɪɨɛɥɟɦɚ ɨɛɝɨɜɨɪɸɽɬɶɫɹ ɜ ɬɟɨɪɿʀ ɩɨɥɹɪɨɧɚ [7, 8, 2]. ɉɪɨɛɥɟɦɚ ɩɨɪɭɲɟɧɧɹ 
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ɇɅɊ ɩɿɞɿɣɦɚɽɬɶɫɹ ɜ ɪɨɛɨɬɿ [134], ɹɤɚ ɩɪɢɫɜɹɱɟɧɚ ɪɟɥɚɤɫɚɰɿʀ ɩɨɫɬɭɩɚɥɶɧɨʀ ɬɚ ɨɛɟ-

ɪɬɚɥɶɧɨʀ ɟɧɟɪɝɿʀ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɫɢɫɬɟɦɿ. ɉɪɨɛɥɟɦɚ ɧɟɨɛɯɿɞɧɨɫɬɿ ɩɨɲɭ-

ɤɭ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ ɛɟɡ ɩɪɢɩɭɳɟɧɧɹ ɩɪɨ ɇɅɊ ɽ ɜɚɠɥɢɜɨɸ ɩɪɨ-

ɛɥɟɦɨɸ ɜ ɬɟɨɪɿʀ ɝɪɚɧɭɥɹɪɧɢɯ ɫɢɫɬɟɦ [135]. Ⱦɥɹ ɩɥɚɡɦɢ ɡɚɞɚɱɚ ɨɬɪɢɦɚɧɧɹ ɩɨɩɪɚ-

ɜɨɤ ɞɨ ɇɅɊ ɬɚɤɨɠ ɽ ɚɤɬɭɚɥɶɧɨɸ [136]. Ɍɨɦɭ ɡɚɞɚɱɚ ɨɬɪɢɦɚɧɧɹ ɎɊɄ ɭ ɩɪɨɫɬɨɪɨ-

ɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɡ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɬɚ ɩɨɪɿɜɧɹɧɧɹ ɪɟ-

ɡɭɥɶɬɚɬɿɜ ɡ ɇɅɊ ɽ ɜɚɠɥɢɜɨɸ ɡɚɞɚɱɟɸ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ. ɍ ɞɢɫɟɪɬɚɰɿʀ ɰɹ ɡɚɞɚɱɚ 

ɜɢɪɿɲɭɽɬɶɫɹ ɞɥɹ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɢɯ ɫɬɚɧɿɜ ɫɢɫɬɟɦɢ ɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɜɿɞɯɢ-

ɥɟɧɧɹ ɉɋɈ ɜɿɞ ʀɯ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ ɦɚɥɿ. ɐɟ ɞɚɽ ɡɦɨɝɭ ɪɟɚɥɿɡɭɜɚɬɢ ɦɟɬɨɞ ɫɤɨ-

ɪɨɱɟɧɨɝɨ ɨɩɢɫɭ Ȼɨɝɨɥɸɛɨɜɚ ɹɤ ɤɿɧɟɬɢɤɭ ɩɨɜɿɥɶɧɢɯ ɡɦɿɧɧɢɯ.  

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜ ɫɬɚɬɢɫɬɢɱɧɿɣ ɮɿɡɢɰɿ ɞɭɠɟ ɱɚɫɬɨ ɇɅɊ ɽ ɧɚɛɥɢɠɟɧɧɹɦ ɨɞɧɨ-

ɝɨ ɩɨɥɿɧɨɦɚ ɋɨɧɿɧɚ ɬɚ ɩɨɩɪɚɜɤɢ ɞɨ ɧɶɨɝɨ ɦɨɠɧɚ ɲɭɤɚɬɢ ɜ ɛɿɥɶɲɿɣ ɤɿɥɶɤɨɫɬɿ ɩɨ-

ɥɿɧɨɦɿɜ. ɇɚɩɪɢɤɥɚɞ, ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ ɨɬɪɢɦɚɧɿ ɜ ɪɨɛɨɬɿ [8], ɩɪɢɫɜɹɱɟɧɿɣ ɡɚɫɬɨɫɭ-

ɜɚɧɧɸ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɞɨ ɬɟɨɪɿʀ ɩɨɥɹɪɨɧɚ. Ⱥɧɚɥɨɝɿɱɧɿ ɿɞɟʀ ɜɿɞɦɿɱɟɧɿ ɜ 

ɪɨɛɨɬɿ [137], ɩɪɢɫɜɹɱɟɧɿɣ ɞɨɫɥɿɞɠɟɧɧɸ ɫɭɦɿɲɿ ɝɪɚɧɭɥɹɪɧɢɯ ɤɨɦɩɨɧɟɧɬ. ɉɪɢ 

ɰɶɨɦɭ ɪɨɡɜ’ɹɡɨɤ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɩɨɜɧɿɫɬɸ 

ɜɢɡɧɚɱɚɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ ɞɨ ɪɿɜɧɹɧɶ ɬɟɨɪɿʀ, ɬɨɛɬɨ ɨɡɧɚɱɟɧɧɹɦɢ ɉɋɈ 

ɫɢɫɬɟɦɢ ɜ ɬɟɪɦɿɧɚɯ ɎɊɄ.  

Ɂɚɭɜɚɠɢɦɨ ɬɚɤɨɠ, ɳɨ ɭ ɪɨɛɨɬɚɯ ɩɨɩɟɪɟɞɧɢɤɿɜ ɮɚɤɬɢɱɧɨ ɜɢɜɱɚɥɚɫɶ ɥɿɧɿɣɧɚ 

ɬɟɨɪɿɹ ɪɟɥɚɤɫɚɰɿʀ, ɬɨɛɬɨ ɪɨɡɝɥɹɞɚɥɢɫɶ ɥɢɲɟ ɬɚɤɿ ɜɧɟɫɤɢ ɜ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ 

ɉɋɈ, ɹɤɿ ɽ ɥɿɧɿɣɧɢɦɢ ɡɚ ɜɿɞɯɢɥɟɧɧɹɦɢ ɉɋɈ ɜɿɞ ʀɯ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ. ȼ ɰɿɣ 

ɪɨɛɨɬɿ ɞɨɞɚɬɤɨɜɨ ɜɢɜɱɚɽɬɶɫɹ ɤɜɚɞɪɚɬɢɱɧɚ ɬɟɨɪɿɹ ɪɟɥɚɤɫɚɰɿʀ, ɬɨɛɬɨ ɜɢɜɱɚɸɬɶɫɹ ɣ 

ɤɜɚɞɪɚɬɢɱɧɿ ɡɚ ɦɚɥɢɦɢ ɜɿɞɯɢɥɟɧɧɹɦɢ ɜɧɟɫɤɢ ɞɨ ɎɊɄ ɬɚ ɞɨ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ 

ɉɋɈ. Ɂɚɞɚɱɚ ɞɨɫɥɿɞɠɟɧɧɹ ɤɜɚɞɪɚɬɢɱɧɨʀ ɪɟɥɚɤɫɚɰɿʀ ɽ ɰɿɤɚɜɨɸ, ɨɫɤɿɥɶɤɢ ɜɧɟɫɤɢ, 

ɹɤɿ ɽ ɤɜɚɞɪɚɬɢɱɧɢɦɢ ɡɚ ɦɚɥɢɦɢ ɜɿɞɯɢɥɟɧɧɹɦɢ, ɚɥɟ ɝɨɥɨɜɧɨɝɨ ɩɨɪɹɞɤɭ ɡɚ ɜɿɞɧɨ-

ɲɟɧɧɹɦ ɦɚɫ, ɧɚ ɞɟɹɤɨɦɭ ɟɬɚɩɿ ɟɜɨɥɸɰɿʀ ɦɨɠɭɬɶ ɛɭɬɢ ɩɨɪɿɜɧɹɧɿ ɡ ɜɧɟɫɤɚɦɢ ɛɿɥɶɲ 

ɜɢɫɨɤɨɝɨ ɩɨɪɹɞɤɭ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɜ ɪɚɦɤɚɯ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ.  

ɍ ɫɭɱɚɫɧɿɣ ɫɬɚɬɢɫɬɢɱɧɿɣ ɮɿɡɢɰɿ ɽ ɞɨɫɢɬɶ ɩɨɲɢɪɟɧɨɸ ɿɞɟɹ ɛɭɞɭɜɚɬɢ ɬɟɨɪɿɸ 

ɡɛɭɪɟɧɶ ɭ ɪɚɦɤɚɯ ɆɋɈ Ȼɨɝɨɥɸɛɨɨɜɚ ɧɟ ɥɢɲɟ ɡɚ ɦɚɥɢɦɢ ɝɪɚɞɿɽɧɬɚɦɢ, ɚɥɟ ɣ ɡɚ 

ɞɨɞɚɬɤɨɜɢɦɢ ɦɚɥɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɇɚɩɪɢɤɥɚɞ, ɬɚɤɿ ɿɞɟʀ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɞɥɹ ɨɩɢ-
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ɫɭ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿʀ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɤɭ ɩɨɥɹɪɨɧɧɨɝɨ ɝɚɡɭ ɜ ɬɟɨɪɿʀ ɬɜɟɪɞɨɝɨ ɬɿɥɚ 

[138, 139], ɜ ɡɚɞɚɱɿ ɤɿɧɟɬɢɤɢ ɮɨɬɨɧɿɜ ɭ ɪɿɜɧɨɜɚɠɧɨɦɭ ɩɥɚɡɦɨɜɨɦɭ ɫɟɪɟɞɨɜɢɳɿ 

[140, 141]. Ɍɟɨɪɿɹ ɩɪɨɫɬɨɪɨɜɨ-ɧɟɨɞɧɨɪɿɞɧɢɯ ɫɬɚɧɿɜ ɱɚɫɬɢɧɨɤ, ɳɨ ɫɥɚɛɤɨ ɜɡɚɽɦɨ-

ɞɿɸɬɶ ɿɡ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɦ ɫɟɪɟɞɨɜɢɳɟɦ, ɛɭɞɭɽɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɤɢ ɩɨɜɿɥɶɧɢɯ 

ɡɦɿɧɧɢɯ ɡɚ ɞɜɨɦɚ ɦɚɥɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ [142–144]: ɦɚɥɨɸ ɜɡɚɽɦɨɞɿɽɸ ɬɚ ɦɚɥɢɦɢ 

ɝɪɚɞɿɽɧɬɚɦɢ. Ɏɿɡɢɱɧɨ ɬɚɤɚ ɬɟɨɪɿɹ ɦɨɠɟ ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɶ ɞɥɹ ɨɩɢɫɭ ɩɨɲɢɪɟɧɧɹ 

ɧɟɣɬɪɨɧɿɜ ɭ ɫɟɪɟɞɨɜɢɳɿ ɛɟɡ ɪɨɡɦɧɨɠɟɧɧɹ ɬɚ ɡɚɯɜɚɬɭ. 

Ɂɚɩɪɨɩɨɧɨɜɚɧɟ ɜ ɰɿɣ ɪɨɛɨɬɿ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɦɟɧɚ–ȿɧɫɤɨɝɚ ɛɚɡɭ-

ɽɬɶɫɹ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɿ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɞɜɨɦɚ ɦɚɥɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɩɟɪɲɢɣ ɡ 

ɹɤɢɯ ɨɩɢɫɭɽ ɦɚɥɿ ɜɿɞɯɢɥɟɧɧɹ ɉɋɈ ɜɿɞ ʀɯ ɫɬɚɧɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ, ɚ 

ɞɪɭɝɢɣ – ɦɚɥɿ ɝɪɚɞɿɽɧɬɢ ɜ ɫɢɫɬɟɦɿ. ɉɪɢ ɰɶɨɦɭ ɦɚɽɦɨ ɤɿɧɟɬɢɤɭ ɩɨɜɿɥɶɧɢɯ ɡɦɿɧɧɢɯ: 

ɎɊɄ  ɿ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɲɭɤɚɸɬɶɫɹ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɢɳɟɡɚɡɧɚɱɟɧɢɦɢ 

ɞɜɨɦɚ ɦɚɥɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ȼ ɪɚɦɤɚɯ ɰɿɽʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɬɟɨɪɿɹ ɧɭɥɶɨɜɨɝɨ ɩɨ-

ɪɹɞɤɭ ɡɚ ɜɿɞɯɢɥɟɧɧɹɦɢ ɽ ɫɬɚɧɞɚɪɬɧɨɸ ɝɿɞɪɨɞɢɧɚɦɿɤɨɸ, ɚ ɬɟɨɪɿɹ ɧɭɥɶɨɜɨɝɨ ɩɨ-

ɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ ɽ ɬɟɨɪɿɽɸ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɝɨ ɫɬɚɧɭ, ɜ ɪɚɦɤɚɯ ɹɤɨʀ 

(ɞɢɜ. ɜɢɳɟ) ɨɬɪɢɦɭɸɬɶɫɹ ɩɨɩɪɚɜɤɢ ɞɨ ɇɅɊ. ɍ ɪɨɛɨɬɿ ɬɚɤɨɠ ɜɢɜɱɚɽɬɶɫɹ ɩɟɪɲɢɣ 

ɩɨɪɹɞɨɤ ɨɞɧɨɱɚɫɧɨ ɿ ɡɚ ɜɿɞɯɢɥɟɧɧɹɦɢ, ɿ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ, ɳɨ ɞɚɽ ɡɦɨɝɭ ɞɨɫɥɿɞɢɬɢ 

ɜɩɥɢɜ ɩɨɩɪɚɜɨɤ ɞɨ ɇɅɊ ɧɚ ɝɿɞɪɢɞɢɧɚɦɿɤɭ ɫɢɫɬɟɦɢ. ɉɪɢ ɰɶɨɦɭ ɚɤɬɭɚɥɶɧɨɸ ɡɚɞɚ-

ɱɟɸ ɽ ɜɢɜɱɟɧɧɹ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɩɨɬɨɤɢ ɬɚ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽ-

ɧɬɢ ɫɢɫɬɟɦɢ. ȼ ɬɟɨɪɿʀ ɩɥɚɡɦɢ ɪɟɥɚɤɫɚɰɿɣɧɿ ɜɧɟɫɤɢ ɜ ɩɨɬɨɤɢ ɬɚ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿ-

ɽɧɬɢ ɪɚɧɿɲɟ ɧɟ ɜɢɜɱɚɥɢɫɶ ɧɿ ɭ ɜɢɩɚɞɤɭ ɦɚɥɢɯ ɝɪɚɞɿɽɧɬɿɜ [124, 83], ɧɿ ɭ ɜɢɩɚɞɤɭ 

ɝɪɚɞɿɽɧɬɿɜ ɞɨɜɿɥɶɧɨʀ ɜɟɥɢɱɢɧɢ [126–130, 84].  

ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɫɬɚɜɢɬɶɫɹ ɬɚɤɨɠ ɿ ɡɚɞɚɱɚ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɞ ɩɥɚɡɦɢ. 

əɤ ɜɿɞɨɦɨ, ɿɞɟʀ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɦɨɞ 

ɫɢɫɬɟɦɢ. Ɂɚɝɚɥɶɧɨ ɜɿɞɨɦɢɣ ɬɚ ɞɭɠɟ ɲɢɪɨɤɨ ɜɠɢɜɚɧɢɣ ɦɟɬɨɞ ɨɬɪɢɦɚɧɧɹ ɦɨɞ: 

ɨɬɪɢɦɚɬɢ ɦɚɬɪɢɰɸ ɥɿɧɟɚɪɢɡɨɜɚɧɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ ɬɚ ɞɨɫɥɿɞɢɬɢ ɜɥɚɫɧɿ ɡɧɚɱɟɧ-

ɧɹ ɬɚ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɰɿɽʀ ɦɚɬɪɢɰɿ [145–148]. ɍ ɜɢɩɚɞɤɭ ɜɢɯɨɞɭ ɡɚ ɡɜɢɱɚɣɧɭ ɝɿɞɪɨ-

ɞɢɧɚɦɿɤɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɭɡɚɝɚɥɶɧɟɧɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɭ ɦɚɬɪɢɰɸ. ɇɚ ɨɫɧɨɜɿ ɰɢɯ 

ɿɞɟɣ ɨɬɪɢɦɭɸɬɶ ɦɨɞɢ ɬɚɤɨɠ ɞɥɹ ɫɢɫɬɟɦ, ɧɚ ɹɤɿ ɞɿɽ ɜɢɩɚɞɤɨɜɚ ɡɨɜɧɿɲɧɹ ɫɢɥɚ 

[149]. ɋɯɨɠɿ ɿɞɟʀ ɜɢɤɨɪɢɫɬɨɜɭɽ ɥɶɜɿɜɫɶɤɚ ɲɤɨɥɚ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ ɜ ɪɚɦɤɚɯ 
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ɦɟɬɨɞɭ ɭɡɚɝɚɥɶɧɟɧɢɯ ɤɨɥɟɤɬɢɜɧɢɯ ɦɨɞ [3]. ɐɟɣ ɦɟɬɨɞ ɩɟɪɟɞɛɚɱɚɽ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ 

ɹɤɨɫɬɿ ɉɋɈ ɫɢɫɬɟɦɢ ɫɬɚɧɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɉɋɈ ɬɚ ʀɯ ɱɚɫɨɜɢɯ ɩɨɯɿɞɧɢɯ 

ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɱɚɫɨɜɢɯ ɤɨɪɟɥɹɰɿɣɧɢɯ ɮɭɧɤɰɿɣ. ȼɿɞɨɦɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɰɶɨɝɨ ɦɟ-

ɬɨɞɭ ɞɨ ɞɨɫɥɿɞɠɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɨɡɩɥɚɜɿɜ ɫɨɥɟɣ [150], ɝɭɫɬɢɯ ɪɿɞɢɧ ɬɚ ɝɚɡɿɜ 

[151–155], ɪɿɞɤɢɯ ɦɟɬɚɥɿɜ ɬɚ ɫɩɥɚɜɿɜ [156, 157]. 

əɤ ɜɿɞɨɦɨ [146, 9, 158], ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ȼɥɚɫɨɜɚ ɿɡ ɫɚɦɨɭɡɝɨ-

ɞɠɟɧɢɦ ɱɥɟɧɨɦ ɨɬɪɢɦɭɸɬɶɫɹ ɩɥɚɡɦɨɜɿ ɦɨɞɢ, ɮɿɡɢɱɧɢɣ ɡɦɿɫɬ ɹɤɢɯ – ɤɨɥɢɜɚɧɧɹ 

ɡɚɪɹɞɭ ɩɿɞ ɞɿɽɸ ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɩɨɥɹ.  Ɉɞɧɚɤ, ɡɜɢɱɚɣɧɨ ɩɥɚɡɦɨɜɿ ɦɨɞɢ ɨɬɪɢɦɭ-

ɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɦɟɬɨɞɭ ɞɿɟɥɟɤɬɪɢɱɧɨʀ ɩɪɨɧɢɤɧɨɫɬɿ ɛɟɡ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɤɨɪɨɱɟɧɨ-

ɝɨ ɨɩɢɫɭ. Ɂɚɭɜɚɠɢɦɨ ɬɚɤɨɠ, ɳɨ ɩɪɢ ɪɨɡɝɥɹɞɿ ɡɚɞɚɱɿ ɦɨɞ ɩɥɚɡɦɢ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨ-

ɜɭɽɬɶɫɹ ɦɨɞɟɥɶ ɠɟɥɟ, ɬɨɛɬɨ ɩɿɞɫɢɫɬɟɦɚ ɿɨɧɿɜ ɜɜɚɠɚɽɬɶɫɹ ɪɿɜɧɨɜɚɠɧɨɸ. Ɉɫɤɿɥɶɤɢ 

ɧɚɹɜɧɿɫɬɶ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ ɭ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɨɩɢɫɭɽ ɪɟɥɚɤɫɚ-

ɰɿɣɧɿ ɤɿɧɟɬɢɱɧɿ ɦɨɞɢ ɫɢɫɬɟɦɢ [55], ɥɨɝɿɱɧɨ ɨɱɿɤɭɜɚɬɢ, ɳɨ ɪɨɡɝɥɹɞ ɦɨɞ ɧɚ ɨɫɧɨɜɿ 

ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɞɚɫɬɶ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ. ȼɿɞɨɦɟ 

ɨɬɪɢɦɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɦɨɞ ɜ ɪɨɛɨɬɿ [147],  ɚɥɟ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɜ ɧɿɣ ɜɢ-

ɩɢɫɭɸɬɶɫɹ ɮɟɧɨɦɟɧɨɥɨɝɱɿɧɨ, ɚ ɧɟ ɨɬɪɢɦɭɸɬɶɫɹ ɫɬɪɨɝɨ ɧɚ ɛɚɡɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜ-

ɧɹɧɧɹ, ɿ ɜ ɨɫɧɨɜɿ ɪɨɡɝɥɹɞɭ ɥɟɠɢɬɶ ɦɨɞɟɥɶ ɠɟɥɟ. Ɍɨɦɭ ɚɤɬɭɚɥɶɧɨɸ ɽ ɡɚɞɚɱɚ ɩɨɲɭ-

ɤɭ ɦɨɞ ɩɥɚɡɦɢ ɧɚ ɨɫɧɨɜɿ ɦɟɬɨɞɭ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ Ȼɨɝɨɥɸɛɨɜɚ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 

ɜɿɞɯɢɥɟɧɧɹ ɎɊ ɿɨɧɿɜ ɜɿɞ ɪɿɜɧɨɜɚɠɧɨʀ. ɍ ɞɢɫɟɪɬɚɰɿʀ ɬɚɤɚ ɡɚɞɚɱɚ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɞɥɹ 

ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɬɚ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ. Ɍɚɤɨɠ 

ɞɨɫɥɿɞɠɭɽɬɶɫɹ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ, ɮɿɡɢɱɧɚ ɩɪɢɱɢɧɚ ɹɤɨɝɨ – 

ɩɪɨɰɟɫ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɿ, ɬɚ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨɪɿɜɧɹɧɧɹ ɡ ɜɿɞɨɦɢɦ ɪɟɡɭɥɶɬɚɬɚ-

ɦɢ, ɫɬɨɫɨɜɧɢɦɢ ɡɝɚɫɚɧɧɹ Ʌɚɧɞɚɭ [159].  Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɡɚɞɚɱɚ ɡɧɚɯɨɞɠɟɧɧɹ ɦɨɞ 

ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ, ɹɤɚ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɜ ɪɨɛɨɬɿ, ɽ ɜɚɠɥɢɜɢɦ ɟɬɚɩɨɦ ɩɨ-

ɛɭɞɨɜɢ ɤɿɧɟɬɢɱɧɨʀ ɬɟɨɪɿʀ ɬɚ ɦɨɞ ɩɥɚɡɦɢ ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ Ʌɿɭɜɿɥɥɹ ɬɚ ɝɚɦɿɥɶɬɨ-

ɧɿɚɧɭ, ɨɬɪɢɦɚɧɨɝɨ ɜ ɪɨɛɨɬɿ [160], ɬɨɦɭ ɳɨ ɜɨɧɚ ɞɚɽ ɡɦɨɝɭ ɡɦɟɧɲɢɬɢ ɪɨɡɦɿɪɧɿɫɬɶ 

ɡɚɞɚɱɿ. 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɤɪɿɦ ɦɟɬɨɞɿɜ, ɹɤɿ ɽ ɭɡɚɝɚɥɶɧɟɧɧɹɦɢ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–

ȿɧɫɤɨɝɚ, ɭ ɫɭɱɚɫɧɿɣ ɫɬɚɬɢɫɬɢɱɧɿɣ ɮɿɡɢɰɿ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɦɟɬɨɞɢ, ɹɤɿ 

ʉɪɭɧɬɭɸɬɶɫɹ ɧɚ ɪɿɜɧɹɧɧɿ Ʌɿɭɜɿɥɥɹ ɚɛɨ ɜɿɞɩɨɜɿɞɧɨɦɭ ɥɚɧɰɸɠɤɭ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿ-
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ɥɭ, ɡɨɤɪɟɦɚ ɦɟɬɨɞ ɧɟɪɿɜɧɨɜɚɠɧɨɝɨ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɨɩɟɪɚɬɨɪɚ (ɧɟɪɿɜɧɨɜɚɠɧɨʀ ɮɭɧ-

ɤɰɿʀ ɪɨɡɩɨɞɿɥɭ) Ɂɭɛɚɪɽɜɚ [161, 162, 133]. ɐɟɣ ɦɟɬɨɞ ɬɟɠ ɛɚɡɭɷɬɶɫɹ ɧɚ ɿɞɟʀ ɫɤɨɪɨ-

ɱɟɧɨɝɨ ɨɩɢɫɭ. ȼɿɧ ɩɨɥɹɝɚɽ ɜ ɭɡɚɝɚɥɶɧɟɧɧɿ ɪɿɜɧɨɜɚɠɧɨʀ ɬɟɨɪɿʀ Ƚɿɛɛɫɚ ɧɚ ɧɟɪɿɜɧɨ-

ɜɚɠɧɢɣ ɜɢɩɚɞɨɤ ɿ ɩɨɛɭɞɨɜɿ ɧɚ ɰɿɣ ɨɫɧɨɜɿ ɧɟɪɿɜɧɨɜɚɠɧɨɝɨ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɨɩɟɪɚɬɨ-

ɪɚ ɫɢɫɬɟɦɢ, ɹɤɢɣ ɞɨɡɜɨɥɹɽ ɨɬɪɢɦɚɬɢ ɤɿɧɟɬɢɱɧɿ ɪɿɜɧɹɧɧɹ, ɪɿɜɧɹɧɧɹ ɩɟɪɟɧɨɫɭ ɬɚ ɤɿ-

ɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɫɢɫɬɟɦɢ. ɐɟɣ ɦɟɬɨɞ ɽ ɞɨɫɢɬɶ ɩɨɩɭɥɹɪɧɢɦ ɭ ɫɬɚɬɢɫɬɢɱɧɿɣ ɮɿ-

ɡɢɰɿ, ɨɫɤɿɥɶɤɢ ɣɨɝɨ ɦɨɠɧɚ, ɮɨɪɦɚɥɶɧɨ ɤɚɠɭɱɢ, ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɹɤ ɞɥɹ ɫɢɥɶɧɨ, 

ɬɚɤ ɿ ɞɥɹ ɫɥɚɛɤɨ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɢɫɬɟɦ. ɇɚɩɪɢɤɥɚɞ, ɣɨɝɨ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɽ 

ɥɶɜɿɜɫɶɤɚ ɲɤɨɥɚ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ [163–166].  

ɓɟ ɨɞɧɢɦ ɦɟɬɨɞɨɦ, ɹɤɢɣ ɞɨɫɢɬɶ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜ ɫɭɱɚɫɧɿɣ ɫɬɚ-

ɬɢɫɬɢɱɧɿɣ ɮɿɡɢɰɿ, ɽ ɦɟɬɨɞ ɮɭɧɤɰɿɣ Ƚɪɿɧɚ [50, 167]. ɇɚɩɪɢɤɥɚɞ, ɡɚ ɣɨɝɨ ɞɨɩɨɦɨɝɨɸ 

ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɩɥɚɡɦɨɜɿ ɯɜɢɥɿ [111, 168]. ɉɪɨɬɟ ɦɟɬɨɞ, ɹɤɢɣ ɪɨɡɜɢɧɟɧɨ ɜ ɞɢɫɟ-

ɪɬɚɰɿʀ, ɽ ɩɪɨɫɬɿɲɢɦ ɬɚ ɡɪɭɱɧɿɲɢɦ ɞɥɹ ɨɩɢɫɭ ɫɬɚɧɿɜ ɫɢɫɬɟɦ, ɹɤɿ ɡɧɚɯɨɞɹɬɶɫɹ ɩɨɛ-

ɥɢɡɭ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ. ȼɿɧ ɛɟɡ ɫɤɥɚɞɧɨʀ ɨɩɟɪɚɬɨɪɧɨʀ ɬɟɯɧɿɤɢ 

ɬɚ ɦɟɬɨɞɿɜ ɬɟɨɪɿʀ ɩɨɥɹ ɞɨɡɜɨɥɹɽ ɨɬɪɢɦɚɬɢ ɪɟɥɚɤɫɚɰɿɣɧɿ ɩɨɩɪɚɜɤɢ ɞɨ ɩɨɬɨɤɿɜ ɬɚ 

ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɫɢɫɬɟɦɢ. Ȼɿɥɶɲ ɬɨɝɨ, ɡɚ ɣɨɝɨ ɞɨɩɨɦɨɝɨɸ ɡɪɭɱɧɨ ɜɪɚɯɨ-

ɜɭɜɚɬɢ ɩɨɩɪɚɜɤɢ ɞɨ ɇɅɊ ɬɚ ʀɯ ɜɩɥɢɜ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ.  

 

 

ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 1  

Ɂɚɞɚɱɿ, ɩɨɫɬɚɜɥɟɧɿ ɭ ɜɫɬɭɩɿ ɞɨ ɞɢɫɟɪɬɚɰɿʀ, ɪɨɡɜ’ɹɡɚɧɧɹ ɹɤɢɯ ɞɨɫɹɝɚɽ ʀʀ ɦɟɬɭ, ɽ 

ɚɤɬɭɚɥɶɧɢɦɢ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɜ ɪɨɛɨɬɿ ɦɟɬɨɞɭ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɧɟɪɿɜɧɨɜɚɠɧɢɯ 

ɫɬɚɧɿɜ Ȼɨɝɨɥɸɛɨɜɚ ɞɥɹ ʀɯ ɞɨɫɥɿɞɠɟɧɧɹ ɽ ɞɨɰɿɥɶɧɢɦ. 
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ɊɈɁȾȱɅ 2 

 ɁȺȽȺɅɖɇȺ ɌȿɈɊȱə ɊȿɅȺɄɋȺɐȱɃɇɂɏ ɉɊɈɐȿɋȱȼ ȼ ɈɄɈɅȱ  
ɋɌȺɇȾȺɊɌɇɈȽɈ ȽȱȾɊɈȾɂɇȺɆȱɑɇɈȽɈ ɋɌȺɇɍ 

 

ɐɟɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɡɚɝɚɥɶɧɿɣ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɨɤɨɥɿ ɫɬɚ-

ɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ, ɹɤɚ ɨɩɢɫɭɽɬɶɫɹ ɤɿɧɟɬɢɱɧɢɦ ɪɿɜɧɹɧ-

ɧɹɦ ɬɢɩɭ Ȼɨɥɶɰɦɚɧɚ: 

    p pn
p

n

f fp
I f

t m x

 
 

 
  (2.1) 

ɞɟ pf  – ɎɊ ɫɢɫɬɟɦɢ ɬɚ pI  – ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ. Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɜ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɛɭ-

ɞɭɬɶ ɪɨɡɝɥɹɞɚɬɢɫɶ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɿ ɫɢɫɬɟɦɢ. əɤ ɛɭɞɟ ɜɢɞɧɨ ɜ ɩɨɞɚɥɶɲɨɦɭ, ɯɨɱɚ 

ɪɨɡɝɥɹɞ ɞɜɨɤɨɦɩɨɧɟɧɬɧɢɯ ɫɢɫɬɟɦ (ɧɚɩɪɢɤɥɚɞ, ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɩɥɚɡɦɢ) ɦɚɽ 

ɞɟɹɤɿ ɨɫɨɛɥɢɜɨɫɬɿ, ɬɢɩɢ ɪɿɜɧɹɧɶ ɭ ɪɿɡɧɢɯ ɩɨɪɹɞɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɞɥɹ ɨɞɧɨɤɨɦ-

ɩɨɧɟɧɬɧɢɯ ɬɚ ɞɜɨɤɨɦɩɨɧɟɧɬɧɢɯ ɫɢɫɬɟɦ ɡɛɿɝɚɸɬɶɫɹ.  

Ɉɩɢɫ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɽ ɲɢɪɨɤɨ ɜɿɞɨɦɢɦ ɭ ɥɿɬɟɪɚɬɭɪɿ. 

əɤ ɜɿɞɨɦɨ [51, 10], ɩɚɪɚɦɟɬɪɚɦɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ ɽ 

ɝɭɫɬɢɧɚ ɱɢɫɥɚ ɱɚɫɬɢɧɨɤ n, ɲɜɢɞɤɿɫɬɶ n  ɬɚ ɬɟɦɩɟɪɚɬɭɪɚ T . ɉɨɡɧɚɱɢɦɨ ɧɚɛɿɪ ɰɢɯ 

ɩɚɪɚɦɟɬɪɿɜ ɬɚɤɢɦ ɱɢɧɨɦ (ɞɚɥɿ ɉɋɈ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɛɭɞɟɦɨ 

ɧɭɦɟɪɭɜɚɬɢ ɝɪɟɰɶɤɢɦɢ ɿɧɞɟɤɫɚɦɢ) 

    , ,nn T  ; 0 T  , n n  , 4 n  .  (2.2) 

ɍɩɟɪɲɟ ɡɚɞɚɱɭ ɩɨɲɭɤɭ ɎɊ ɭ ɫɬɚɧɞɚɪɬɧɨɦɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ ɫɬɚɧɿ ɪɨɡɝɥɹ-

ɞɚɜ Ƚɿɥɶɛɟɪɬ [76]. ȼɿɧ ɭɩɟɪɲɟ ɜɜɿɜ ɩɨɧɹɬɬɹ ɧɨɪɦɚɥɶɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ (ɬɨɛɬɨ ɜɿɧ 

ɭɩɟɪɲɟ ɪɨɡɝɥɹɧɭɜ ɎɊ ɹɤ ɮɭɧɤɰɿɨɧɚɥ ɜɿɞ ɉɋɈ) ɬɚ ɡɚɩɪɨɩɨɧɭɜɚɜ ɲɭɤɚɬɢ ɪɨɡɜ’ɹɡɨɤ 

ɭ ɜɢɝɥɹɞɿ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɦɚɥɢɦɢ ɝɪɚɞɿɽɧɬɚɦɢ. ɉɪɨɬɟ Ƚɿɥɶɛɟɪɬɭ ɜɞɚɥɨɫɹ ɡɧɚɣɬɢ 

ɥɢɲɟ ɝɨɥɨɜɧɢɣ ɩɨɪɹɞɨɤ ɰɿɽʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ. ȼ ɪɨɛɨɬɚɯ ɑɟɦɩɟɧɚ ɬɚ ȿɧɫɤɨɝɚ [77], 

[10] ɨɬɪɢɦɚɧɨ ɎɊ ɭ ɩɟɪɲɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ ɬɚ ɪɨɡɝɥɹɧɭɬɨ ɞɢɫɢɩɚɬɢɜɧɿ 

ɩɪɨɰɟɫɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɿɞɟɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɨɥɿɧɨɦɿɜ ɋɨɧɿɧɚ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɭ 

ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɧɚɥɟɠɢɬɶ Ȼɚɪɧɟɬɬɭ [79]. Ȼɨɝɨɥɸɛɨɜ ɭ ɫɜɨʀɣ ɪɨɛɨɬɿ [1] ɡɚɩɪɨ-

ɩɨɧɭɜɚɜ ɪɨɡɝɥɹɞ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɧɚ ɨɫɧɨɜɿ ɿɞɟʀ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟ-
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ɡɢ, ɹɤɚ ɩɿɞɤɪɟɫɥɸɽ, ɳɨ ɜɢɧɢɤɧɟɧɧɹ «ɧɨɪɦɚɥɶɧɢɯ» ɪɨɡɜ’ɹɡɤɿɜ – ɰɟ ɧɟ ɩɪɨɫɬɨ ɦɚ-

ɬɟɦɚɬɢɱɧɢɣ «ɬɪɸɤ», ɚ ɪɟɡɭɥɶɬɚɬ ɩɪɢɪɨɞɧɨʀ ɟɜɨɥɸɰɿʀ ɫɢɫɬɟɦɢ. əɤ ɜɿɞɨɦɨ [51], ɩɨ-

ɛɭɞɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɬɟɨɪɿɹ ɩɟɪɟɧɨɫɭ ɽ ɜ ɧɚɲ ɱɚɫ ɧɚɣ-

ɛɿɥɶɲ ɪɨɡɜɢɧɟɧɨɸ. ɉɪɨɬɟ ɡɚɞɚɱɚ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɧɟɧɚ–ȿɧɫɤɨɝɚ ɞɥɹ 

ɨɩɢɫɭ ɫɢɫɬɟɦ ɧɚ ɟɬɚɩɚɯ ɟɜɨɥɸɰɿʀ, ɹɤɿ ɩɟɪɟɞɭɸɬɶ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ, ɽ ɞɭɠɟ ɚɤɬɭ-

ɚɥɶɧɨɸ ɡɚɞɚɱɟɸ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ [112]. 

əɤ ɜɿɞɨɦɨ [1, 6], ɤɿɥɶɤɿɫɬɶ ɉɋɈ ɡɦɟɧɲɭɽɬɶɫɹ ɡ ɩɥɢɧɨɦ ɟɜɨɥɸɰɿʀ ɬɚ ɧɚ ɝɿɞɪɨ-

ɞɢɧɚɦɿɱɧɨɦɭ ɟɬɚɩɿ ɦɚɽɦɨ ɉɋɈ, ɧɚɜɟɞɟɧɿ ɜ (2.2). ɇɚ ɤɿɧɟɬɢɱɧɨɦɭ ɟɬɚɩɿ ɟɜɨɥɸɰɿʀ, 

ɹɤɢɣ ɩɟɪɟɞɭɽ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ, ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɦɨɠɟ ɛɭɬɢ ɛɿɥɶ-

ɲɟ, ɧɿɠ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ. ɉɨɡɧɚɱɢɦɨ ɞɨɞɚ-

ɬɤɨɜɿ ɉɋɈ ɫɢɫɬɟɦɢ ɹɤ i  (ɧɭɦɟɪɭɜɚɬɢ ɞɨɞɚɬɤɨɜɿ ɩɚɪɚɦɟɬɪɢ ɛɭɞɟɦɨ ɥɚɬɢɧɫɶɤɢɦɢ 

ɿɧɞɟɤɫɚɦɢ). ȼɨɧɢ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ ɟɬɚɩɿ ɟɜɨɥɸɰɿʀ ɩɨɜɧɿɫɬɸ ɡɚɞɚɸɬɶɫɹ ɩɚɪɚ-

ɦɟɬɪɚɦɢ  . ɓɨɞɨ ɤɿɧɟɬɢɱɧɨɝɨ ɟɬɚɩɭ, ɬɨ ɩɨɡɧɚɱɢɦɨ ʀɯ ɜɿɞɯɢɥɟɧɧɹ ɜɿɞ ɫɜɨʀɯ ɫɬɚɧ-

ɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ ɹɤ i : 

    h
i i i     .  (2.3) 

Ȼɭɞɟɦɨ ɪɨɡɝɥɹɞɚɬɢ ɤɿɧɟɬɢɱɧɢɣ ɟɬɚɩ ɟɜɨɥɸɰɿʀ ɛɿɥɹ ɣɨɝɨ ɡɚɜɟɪɲɟɧɧɹ, ɬɨɛɬɨ 

ɜɿɞɯɢɥɟɧɧɹ i  ɛɭɞɟɦɨ ɜɜɚɠɚɬɢ ɦɚɥɢɦɢ.  

ɍ ɞɟɹɤɢɯ ɜɢɩɚɞɤɚɯ, ɹɤɿ ɞɨɫɢɬɶ ɲɢɪɨɤɨ ɡɭɫɬɪɿɱɚɸɬɶɫɹ, ɽ ɫɬɚɧɞɚɪɬɧɿ ɩɪɨɰɟɞɭ-

ɪɢ ɜɢɛɨɪɭ ɉɋɈ. Ɍɚɤ, ɜ ɹɤɨɫɬɿ ɉɋɈ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɡɚɜɠɞɢ 

ɜɢɛɢɪɚɸɬɶɫɹ ɩɚɪɚɦɟɬɪɢ (2.2); ɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɝɚɦɿɥɶɬɨɧɿɚɧ ɫɢɫɬɟɦɢ ɽ ɫɭɦɨɸ ɝɨ-

ɥɨɜɧɨʀ ɱɚɫɬɢɧɢ ɬɚ ɩɨɩɪɚɜɤɢ ɞɨ ɧɟʀ ɜ ɞɟɹɤɿɣ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɦɨ-

ɞɟɥɶ ɉɟɬɟɬɦɿɧɫɶɤɨɝɨ–əɰɟɧɤɚ [9], ɞɟ ɉɋɈ ɦɚɸɬɶ ɡɚɞɨɜɨɥɶɧɹɬɢ ɞɟɹɤɢɦ ɤɨɦɭɬɚ-

ɰɿɣɧɢɦ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ.  ɇɚɩɪɢɤɥɚɞ, ɬɚɤɚ ɫɢɬɭɚɰɿɹ ɦɚɽ ɦɿɫɰɟ ɩɪɢ ɩɨɛɭɞɨɜɿ ɮɥɭ-

ɤɬɭɚɰɿɨɧɧɨʀ ɟɥɟɤɬɪɨɞɢɧɚɦɿɤɢ ɤɥɚɫɢɱɧɨɝɨ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɜ ɪɿɜɧɨɜɚɠɧɨ-

ɦɭ ɫɟɪɟɞɨɜɢɳɿ [169], ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɤɿɧɟɬɢɤɢ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɜ ɪɿɜɧɨ-

ɜɚɠɧɿɣ ɩɥɚɡɦɿ  [170], ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɦɨɞɟɥɿ Ⱦɿɤɤɟ [171–173] ɬɚ ɜ ɛɚɝɚɬɶɨɯ ɿɧ-

ɲɢɯ ɜɢɩɚɞɤɚɯ. 

 Ɉɞɧɚɤ ɡɚɭɜɚɠɢɦɨ, ɳɨ ɡɚɝɚɥɶɧɨɝɨ «ɪɟɰɟɩɬɭ» ɜɢɛɨɪɭ ɉɋɈ ɫɢɫɬɟɦɢ ɧɟ ɿɫɧɭɽ 

ɬɚ ɞɥɹ ɤɨɠɧɨʀ ɫɢɫɬɟɦɢ ɨɤɪɟɦɨ ɧɚɛɿɪ ɉɋɈ «ɜɢɤɪɢɫɬɚɥɿɡɨɜɭɽɬɶɫɹ» ɜ ɯɨɞɿ ʀʀ ɟɤɫɩɟ-
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ɪɢɦɟɧɬɚɥɶɧɨɝɨ ɬɚ ɬɟɨɪɟɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ. Ɉɡɧɚɱɟɧɧɹ ɉɋɈ ɜ ɬɟɪɦɿɧɚɯ ɎɊ ɬɚ-

ɤɿ: 

 

   3
pn d pf  ; 3

n n n pmn d pp f    , 2 33 1

2 2 p pnT mn d p f      , 

3
i i p pd p f   , 

2

2p

p

m
  ,  

 

 

(2.4) 

ɞɟ n  – ɝɭɫɬɢɧɚ ɿɦɩɭɥɶɫɭ ɫɢɫɬɟɦɢ,   – ɝɭɫɬɢɧɚ ɟɧɟɪɝɿʀ ɫɢɫɬɟɦɢ ɬɚ ip  – ɦɿɤɪɨɫɤɨ-

ɩɿɱɧɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ i . 

Ɇɢ ɦɚɽɦɨ ɞɜɚ ɦɚɥɿ ɩɚɪɚɦɟɬɪɢ – ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ  , ɹɤɢɣ ɨɩɢɫɭɽ ɜɿɞɯɢɥɟɧɧɹ  

ɞɨɞɚɬɤɨɜɢɯ ɉɋɈ ɜɿɞ ʀɯ ɫɬɚɧɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ, ɬɚ ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ 

g , ɹɤɢɣ ɨɩɢɫɭɽ ɝɪɚɞɿɽɧɬɢ: 

 

   i  ,   
1 2... s

s
s

n n n

g
x x x


  

,   
1 2... s

s
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n n n

g
x x x





  

.  (2.5) 

ɉɟɪɲɢɣ ɡ ɞɜɨɯ ɧɚɜɟɞɟɧɢɯ ɧɢɠɱɟ ɩɿɞɪɨɡɞɿɥɿɜ ɩɪɢɫɜɹɱɟɧɨ ɩɨɛɭɞɨɜɿ ɪɿɜɧɹɧɶ 

ɞɥɹ ɱɚɫɬɢɧ ɎɊ ɭ ɪɿɡɧɢɯ ɩɨɪɹɞɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   ɬɚ g , ɞɪɭɝɢɣ – ɡɚɫɬɨɫɭɜɚɧ-

ɧɸ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɞɨ ɬɪɢɧɚɞɰɹɬɢɦɨɦɟɧɬɧɨʀ ɡɚɞɚɱɿ Ƚɪɟɞɚ [5].  ɍ ɰɿɣ ɪɨɛɨ-

ɬɿ ɩɨɤɚɡɚɧɨ, ɳɨ ɜɿɞɨɦɿ ɪɟɡɭɥɶɬɚɬɢ Ƚɪɟɞɚ [5] ɽ ɧɚɛɥɢɠɟɧɧɹɦ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɋɨ-

ɧɿɧɚ ɩɪɢ ɪɨɡɜ’ɹɡɚɧɧɿ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɝɨ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɬɚ ɳɨ ɭ ɧɚ-

ɛɥɢɠɟɧɧɿ ɛɿɥɶɲ ɜɢɫɨɤɨɝɨ ɱɢɫɥɚ ɩɨɥɿɧɨɦɿɜ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɩɨɩɪɚɜɤɢ ɞɨ ɰɢɯ ɪɟ-

ɡɭɥɶɬɚɬɿɜ. 

 

2.1. ɉɨɛɭɞɨɜɚ ɡɚɝɚɥɶɧɨʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɦɚɥɢɦɢ ɞɨɞɚɬɤɨɜɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 

ɬɚ ɦɚɥɢɦɢ ɝɪɚɞɿɽɧɬɚɦɢ 

ɐɟɣ ɩɿɞɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɩɨɛɭɞɨɜɿ ɪɿɜɧɹɧɶ ɞɥɹ ɱɚɫɬɢɧ ɎɊ ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ 

ɡɚ   ɬɚ g  ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ. Ɋɨɡɝɥɹɞ ɛɚɡɭɽɬɶɫɹ ɧɚ ɿɞɟʀ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨ-

ɬɟɡɢ Ȼɨɝɨɥɸɛɨɜɚ: 

 

            
0

, , ,p pt
f x t f x t t   ,    ,  i  ,  (2.6) 
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ɞɟ 0
 

– ɞɟɹɤɢɣ ɯɚɪɚɤɬɟɪɧɢɣ ɱɚɫ, ɹɤɢɣ ɦɨɠɟ ɡɚɥɟɠɚɬɢ ɜɿɞ ɩɨɱɚɬɤɨɜɨɝɨ ɫɬɚɧɭ ɫɢɫ-

ɬɟɦɢ, ɩɪɨɬɟ ɡɚɡɜɢɱɚɣ ɨɰɿɧɸɽɬɶɫɹ ɹɤ ɱɚɫ ɡɿɬɤɧɟɧɧɹ. ɇɚ ɨɫɧɨɜɿ (2.6) ɩɟɪɟɩɢɲɟɦɨ 

ɤɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ (2.1): 
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(2.7) 

ɞɟ M  ɬɚ iL  – ɱɚɫɨɜɿ ɩɨɯɿɞɧɿ ɜɿɞ ɉɋɈ, ɹɜɧɿ ɜɢɪɚɡɢ ɞɥɹ ɹɤɢɯ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɧɚ 

ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ (2.1) ɬɚ ɨɡɧɚɱɟɧɶ (2.4) (ɿɧɞɟɤɫ o  ɡɜɟɪɯɭ ɜɟɥɢɱɢɧɢ ɨɡɧɚɱɚɽ, ɳɨ 

ɜɨɧɚ ɜɡɹɬɚ ɜ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ 0n  ): 
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(2.8) 

ɍ ɜɢɪɚɡɚɯ ɞɥɹ  M  ɜɢɤɨɪɢɫɬɚɧɿ ɩɨɬɨɤɢ ɿɦɩɭɥɶɫɭ ɬɚ ɟɧɟɪɝɿʀ 

 3 , ,n
nl l p

p
t d p p f x

m
   ,  3 , ,n

n p p

p
q d p f x

m
    . (2.9) 

Ɍɚɤɨɠ ɩɪɢ ɜɢɜɨɞɿ ɜɢɪɚɡɿɜ ɞɥɹ M  ɜɢɤɨɪɢɫɬɚɧɨ ɬɚɤɿ ɜɥɚɫɬɢɜɨɫɬɿ ɿɧɬɟɝɪɚɥɭ 

ɡɿɬɤɧɟɧɶ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɡɚɤɨɧɚɦ ɡɛɟɪɟɠɟɧɧɹ: 

 3 0pd pI f  ,   3 0n pd pp I f  ,   3 0p pd p I f  . (2.10) 

əɤ ɜɿɞɨɦɨ, ɦɟɬɚ ɦɟɬɨɞɭ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ Ȼɨɝɨɥɸɛɨɜɚ – ɡɧɚɣɬɢ ɎɊ ɬɚ ɱɚ-

ɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ. ɍ ɰɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ ɰɿ ɜɟɥɢɱɢɧɢ ɜɢɡɧɚɱɚɸɬɶɫɹ ɜ ɬɟɨɪɿʀ 
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ɡɛɭɪɟɧɶ ɡɚ   ɬɚ g . ɍ ɩɨɞɚɥɶɲɨɦɭ ɛɭɞɭɬɶ ɜɢɤɨɪɢɫɬɚɧɿ ɬɚɤɿ ɜɢɡɧɚɱɟɧɧɹ ɞɥɹ ɩɨ-

ɪɹɞɤɿɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ  
( , )m n m nU g , (2.11) 

ɞɟ U  – ɞɨɜɿɥɶɧɚ ɜɟɥɢɱɢɧɚ, ɹɤɚ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɜ ɬɟɨɪɿʀ. Ⱦɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ ɞɨ 

ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ (2.7) ɽ ɨɡɧɚɱɟɧɧɹ (2.4). ɇɚ ɨɫɧɨɜɿ (2.8) ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ 

ɦɚɸɬɶ ɦɿɫɰɟ ɬɚɤɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ: 

0n      ,0 0nM  ,   0, 0nL  .  (2.12) 

Ɉɱɟɜɢɞɧɨ, ɳɨ ɝɨɥɨɜɧɢɣ ɩɨɪɹɞɨɤ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɞɥɹ ɎɊ – ɰɟ ɦɚɤɫɜɟɥɿɜɫɶɤɚ 

ɎɊ 

(0,0)
p pf w ,  
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mTmT





 
  

 
 

. (2.13) 

ȼɨɧɚ ɡɚɞɨɜɨɥɶɧɹɽ ɞɨɞɚɬɤɨɜɢɦ ɭɦɨɜɚɦ (2.4), ɿ ɪɿɜɧɹɧɧɹ (2.7) ɭ ɩɨɪɹɞɤɭ 0 0g  

ɽ ɬɨɬɨɠɧɿɫɬɸ, ɛɨ ɦɚɸɬɶ ɦɿɫɰɟ ɬɚɤɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ: 
(0,0) 0M  ,  (0,0) 0iL  ,   (0,0) 0pI f  . (2.14) 

Ɏɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɜ ɪɿɡɧɢɯ ɩɨɪɹɞɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ 
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(2.15) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɤɨɧɤɪɟɬɧɢɣ ɜɢɝɥɹɞ ɮɭɧɤɰɿɣ (0,1)
pf  ɽ ɜɿɞɨɦɢɦ ɡ ɞɨɫɥɿɞɠɟɧɶ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ [10, 113]: ɜɨɧɢ ɧɟ ɦɿɫɬɹɬɶ ɝɪɚɞɿɽɧɬɚ ɝɭɫɬɢ-

ɧɢ ɬɚ ɞɟɥɶɬɚ-ɱɚɫɬɢɧɢ ɩɪɢ ɝɪɚɞɿɽɧɬɿ ɲɜɢɞɤɨɫɬɿ (ɡɚɭɜɚɠɢɦɨ, ɳɨ ɭ ɜɢɩɚɞɤɭ ɞɜɨɤɨɦ-

ɩɨɧɟɧɬɧɢɯ ɫɢɫɬɟɦ ɡ’ɹɜɥɹɽɬɶɫɹ ɡɚɥɟɠɧɿɫɬɶ ɜɿɞ ɝɪɚɞɿɽɧɬɭ ɝɭɫɬɢɧɢ). ɓɨɞɨ ɪɟɡɭɥɶɬɚ-

ɬɿɜ ɞɥɹ M , ɬɨ ɦɚɽɦɨ ɧɚ ɨɫɧɨɜɿ (2.8): 

(0,1)
0

2

3
n

n
n n

T
M T

x x





  

 
,  (0,1) 1 1 n

n l
l l l

n T
M T

mn x m x x



 

   
  

, (0,2)
4 0M  , 

 

 

 



25 
 

(0,1)
4

l

l

n
M

x


 


,  

(0,1)
(0,2) (0,1)
0

2

3

o
on n
nl

n l

q
M t

n x x

  
     

, 
(0,1)

(0,2) 1 o
nl

n
l

t
M

ɬn x


 


, 

(1,0)
(1,1) (1,0)
0

2

3

o
on l
nl

n n

q
M t

n x x

  
     

, 
(1,0)

(1,1) 1 o
nl

n
l

t
M

mn x


 


, (1,1)

4 0M  ,  

(1,1)
(1,2) (1,1)
0

2

3

o
on l
nl

n n

q
M t

n x x

  
     

, 
(1,1)

(1,2) 1 o
nl

n
l

t
M

mn x


 


, (2,1)

4 0M  . 

 

 

 

(2.16) 

Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ (0,1)M  ɬɚ (0,2)M  ɽ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨ-

ɞɢɧɚɦɿɤɢ [10, 113]; ɹɜɧɢɣ ɜɢɪɚɡ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ (1,1)M  ɬɚ (1,2)M  ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ 

ɧɚ ɨɫɧɨɜɿ (2.9) ɩɪɢ ɤɨɧɤɪɟɬɧɢɯ ɩɚɪɚɦɟɬɪɚɯ ip . əɤ ɛɚɱɢɦɨ, ɳɨɛ ɨɬɪɢɦɚɬɢ M  ɭ 

ɞɪɭɝɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ, ɬɪɟɛɚ ɡɧɚɬɢ ɥɢɲɟ ɜɿɞɩɨɜɿɞɧɭ ɎɊ ɩɟɪɲɨɝɨ ɩɨ-

ɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ. 

əɤ ɩɪɢ ɪɨɡɝɥɹɞɿ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ, ɬɚɤ ɿ ɩɪɢ ɪɨɡɝɥɹɞɿ ɤɿɧɟɬɢɱɧɨɝɨ 

ɟɬɚɩɭ ɟɜɨɥɸɰɿʀ ɧɚɦ ɡɧɚɞɨɛɢɬɶɫɹ ɥɿɧɟɚɪɢɡɨɜɚɧɢɣ ɿɧɬɟɝɪɚɥɶɧɢɣ ɨɩɟɪɚɬɨɪ ɡɿɬɤɧɟɧɶ 

K̂ , ɹɤɢɣ ɡɚɞɚɽɬɶɫɹ ɫɬɚɧɞɚɪɬɧɢɦ ɨɡɧɚɱɟɧɧɹɦ 

3ˆ
p pp pKg d pK g   ,  p pp pp pw K M w    ,  p
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p f w

I
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 . (2.17) 

ɇɚ ɨɫɧɨɜɿ ɰɶɨɝɨ ɨɩɟɪɚɬɨɪɚ ɜɜɨɞɹɬɶɫɹ ɿɧɬɟɝɪɚɥɶɧɿ ɞɭɠɤɢ: 

  3 3,p p p pp p pg h d pd p w K g h   , (2.18) 

ɹɤɿ ɦɚɸɬɶ ɬɚɤɿ ɜɥɚɫɬɢɜɨɫɬɿ: 

   , ,p p p pg h h g ,  , 0p pg g  ,  , 0 1, ,p p p n pg g g p    .  (2.19) 

ɑɚɫɨɜɿ ɩɨɯɿɞɧɿ iL  ɧɭɥɶɜɨɝɨ ɩɨɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ 
(1,0)
i ii i

i

L   
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,
i ii i i i

i i
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  .  (2.20) 

ɇɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ (2.7) ɬɚ ɞɨɞɚɬɤɨɜɢɯ ɭɦɨɜ (2.4) ɦɚɽɦɨ: 

 ,ii ip i pa   ,     3 3 31
,

2ii i ip i i p p ip pp p i p i pb d pd p d p w K a a               , 

 

 

(2.21) 
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 p pp p pp p p pw K M w w       ,  
 p

pp p
p p f w

I f
K

f f


  

  

 . 

ɓɨɞɨ ɪɿɜɧɹɧɶ ɞɥɹ ɎɊ ɭ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ, ɬɨ ɦɚɽɦɨ ɬɚɤɿ ɪɿ-

ɜɧɹɧɧɹ ɡ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ: 

ˆ
ip i p ii

i

Ka a  


 ,   , 0ip pa   ,  ,ip i p iia    , 

0 p p  ,  np np  ,  4 1p  , 3
p p pg d pw g  , 

  3 31ˆ
2i i p ip ii i ii p ii ii p ii pp p i p i p

i i

Kb a b b d pd p K a a                     ,   

, 0i i p pb    ,  , 0i i p ipb    . 

 

 

 

 

(2.22) 

əɤ ɛɚɱɢɦɨ ɡ (2.22), ɤɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ (2.7) ɭ ɩɨɪɹɞɤɭ 1 0g  ɽ ɪɿɜɧɹɧɧɹɦ ɧɚ 

ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɬɚ ɜɥɚɫɧɿ ɡɧɚɱɟɧɧɹ ɥɿɧɟɚɪɢɡɨɜɚɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɡɿɬɤɧɟɧɶ. Ɂ ɰɢɦ ɡɚ-

ɝɚɥɶɧɢɦ ɮɚɤɬɨɦ ɞɨɛɪɟ ɭɡɝɨɞɠɭɸɬɶɫɹ ɪɿɜɧɹɧɧɹ (3.28). ɉɨɤɚɠɟɦɨ, ɳɨ ɜɿɞɯɢɥɟɧɧɹ 

i  
ɽ ɥɿɧɿɣɧɢɦɢ ɤɨɦɛɿɧɚɰɿɹɦɢ ɤɿɧɟɬɢɱɧɢɯ ɦɨɞ ɫɢɫɬɟɦɢ ɬɚ ɦɚɽ ɦɿɫɰɟ ɪɟɥɚɤɫɚɰɿɹ ɫɢ-

ɫɬɟɦɢ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ, ɬɨɛɬɨ i  ɡɝɚɫɚɸɬɶ ɿɡ ɱɚɫɨɦ. ȼɜɟ-

ɞɟɦɨ ɩɪɚɜɿ ɬɚ ɥɿɜɿ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɦɚɬɪɢɰɿ ii   (ɥɿɜɿ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ, ɜɡɚɝɚɥɿ ɤɚɠɭɱɢ, 

ɧɟ ɽ ɬɪɚɧɫɩɨɧɨɜɚɧɢɦɢ ɩɪɚɜɢɦɢ, ɛɨ ɦɚɬɪɢɰɹ ii   ɧɟ ɨɛɨɜ’ɹɡɤɨɜɨ ɽ ɟɪɦɿɬɨɜɨɸ) 

ii i i
i

u u    


 ,  i ii i
i

       .   (2.23) 

ɍ ɦɚɬɪɢɱɧɨɦɭ ɜɢɝɥɹɞɿ ɩɪɚɜɿ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ u  ɽ ɫɬɨɜɩɰɹɦɢ, ɚ ɥɿɜɿ   – ɪɹɞ-

ɤɚɦɢ. Ƚɪɟɰɶɤɢɣ ɿɧɞɟɤɫ ɧɭɦɟɪɭɽ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɬɚ ɡɧɚɱɟɧɧɹ, ɥɚɬɢɧɫɶɤɿ ɿɧɞɟɤɫɢ ɽ 

ɦɚɬɪɢɱɧɢɦɢ. ɍɦɨɜɢ ɧɨɪɦɭɜɚɧɧɹ ɬɚ ɩɨɜɧɨɬɢ ɦɚɸɬɶ ɜɢɝɥɹɞ: 

i i
i

u     ,   i i iiu 


   .   (2.24) 

ɇɚ ɨɫɧɨɜɿ ɰɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɚɽɦɨ 

i iu 


  ,   i i
i

    .   (2.25) 

Ɍɨɞɿ ɡ (2.20) ɬɚ (2.21) ɜɢɩɥɢɜɚɽ 
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   2 1,O g
t


 


  


  


,   (2.26) 

ɬɨɛɬɨ ɜɟɥɢɱɢɧɚ   ɡɝɚɫɚɽ ɡɚ ɱɚɫɨɜɢɦ ɡɚɤɨɧɨɦ te 

 
– ɜɨɧɚ ɽ ɤɿɧɟɬɢɱɧɨɸ ɦɨɞɨɸ 

ɫɢɫɬɟɦɢ. əɤ ɛɚɱɢɦɨ (2.25), ɜɿɞɯɢɥɟɧɧɹ i  ɽ ɥɿɧɿɣɧɢɦɢ ɤɨɦɛɿɧɚɰɿɹɦɢ ɤɿɧɟɬɢɱɧɢɯ 

ɦɨɞ  . Ɂɚɥɢɲɢɥɨɫɶ ɞɨɜɟɫɬɢ, ɳɨ ɦɢ ɞɿɣɫɧɨ ɦɚɽɦɨ ɡɝɚɫɚɧɧɹ, ɬɨɛɬɨ 0  . ɇɚ ɨɫ-

ɧɨɜɿ (2.22) ɦɚɽɦɨ 

  ˆ
p pKa a   ,    , 0p pa   ,    ,p pa     , 

p ip i
i

a a u  ,   p i ip
i

    .  

 

(2.27) 

Ɂ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɜ (2.27) ɨɬɪɢɦɚɽɦɨ  

     23,p p p pa a d pw a     . (2.28) 

Ɉɱɟɜɢɞɧɨ, ɳɨ ɿɧɬɟɝɪɚɥ ɭ ɩɪɚɜɿɣ ɱɚɫɬɢɧɿ (2.28) ɽ ɞɨɞɚɬɧɢɦ. Ʌɿɜɚ ɱɚɫɬɢɧɚ 

(2.28) ɽ ɞɨɞɚɬɧɨɸ ɡɝɿɞɧɨ ɡ ɜɥɚɫɬɢɜɨɫɬɹɦɢ (2.19). Ɍɨɞɿ ɨɱɟɜɢɞɧɨ, ɳɨ ɜɢɤɨɧɭɽɬɶɫɹ 

ɧɟɪɿɜɧɿɫɬɶ 0  , ɬɨɠ ɞɿɣɫɧɨ ɦɚɽɦɨ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɭ ɪɟɥɚɤɫɚɰɿɸ ɞɨ ɫɬɚɧ-

ɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ. 

ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ (2.7) ɬɚ ɞɨɞɚɬɤɨɜɢɯ ɭɦɨɜ (2.4) ɡ ɭɪɚɯɭɜɚɧ-

ɧɹɦ ɜɢɳɟɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɜɿɞɯɢ-

ɥɟɧɶ i  
ɜ ɩɨɪɹɞɤɭ 1 1g  ɦɚɸɬɶ ɜɢɝɥɹɞ  

  (1,1) (1,1) 3 (1,0) 3 3 (1,1)ip n
i ip p ip pp p

n

p
L M d p f d pd p M f

x m
 


 

  

      
   

 
3 3 3 (1,0) (0,1)

ip pp p p pd pd p d p M f f      . 

 

 

(2.29) 

ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ (2.7), ɞɨɞɚɬɤɨɜɢɯ ɭɦɨɜ (2.4) ɬɚ ɪɟɡɭɥɶɬɚɬɿɜ 

ɞɥɹ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ (2.16), (2.20), (2.21), (2.29) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɚɤɭ ɫɬɪɭɤɬɭɪɭ 

ɪɿɜɧɹɧɶ ɞɥɹ ɎɊ ɭ ɩɨɪɹɞɤɭ 1 1g : 

    ,
ˆ

inp i np i i i p i p inp inp
i i

Kc c a c     
 

    ,
 

 ,
ˆ

i np i np i i i p i p i np i np
i i

Kd d a d        
 

     

 

(2.30) 
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ɞɟ inp  ɬɚ i np  – ɞɭɠɟ ɝɪɨɦɿɡɞɤɿ, ɩɪɨɬɟ ɜɿɞɨɦɿ ɮɭɧɤɰɿʀ (ɬɨɛɬɨ inp  ɧɟ ɦɿɫɬɢɬɶ inpc  

ɬɚ i np  ɧɟ ɦɿɫɬɢɬɶ i npd  ), ɩɪɢ ɰɶɨɦɭ i np  ɡɚɥɟɠɢɬɶ ɜɿɞ inpc . ɋɚɦɿ ɮɭɧɤɰɿʀ inp  ɬɚ 

i np  ɱɟɪɟɡ ɫɜɨɸ ɧɚɞɦɿɪɧɭ ɝɪɨɦɿɡɞɤɿɫɬɶ ɬɭɬ ɧɟ ɜɢɩɢɫɚɧɿ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ, ɹɤ ɛɭɞɟ 

ɜɢɞɧɨ ɜ ɩɨɞɚɥɶɲɨɦɭ, ɬɚɤɭ ɫɚɦɭ ɫɬɪɭɤɬɭɪɭ ɪɿɜɧɹɧɶ ɦɢ ɦɚɬɢɦɟɦɨ ɩɪɢ ɪɨɡɝɥɹɞɿ ɩɨ-

ɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɩɥɚɡɦɢ ɜ ɩɨɪɹɞɤɭ 1 1g . Ɉɬɪɢɦɚɧɨ ɬɚɤɿ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ ɞɨ ɪɿ-

ɜɧɹɧɶ (2.30): 

   0p inpc  ,      0ip inpc  ,     0p inp   , 
  

0p i npd   ,    0ip i npd    ,     0p i np    .  

 

(2.31) 

Ⱦɥɹ ɩɨɞɚɥɶɲɨɝɨ ɨɬɪɢɦɚɧɧɹ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ ɬɚ ɎɊ ɧɟɨɛɯɿɞɧɚ ɤɨɧ-

ɤɪɟɬɢɡɚɰɿɹ ɞɨɞɚɬɤɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ i  ɬɚ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ. ɇɚ-

ɫɬɭɩɧɢɣ ɩɿɞɪɨɡɞɿɥ ɛɭɞɟ ɩɪɢɫɜɹɱɟɧɨ ɦɨɞɢɮɿɤɚɰɿʀ ɡɚɞɚɱɿ Ƚɪɟɞɚ ɧɚ ɨɫɧɨɜɿ ɩɨɛɭɞɨ-

ɜɚɧɨʀ ɬɭɬ ɬɟɨɪɿʀ. 

 

2.2. Ɂɚɫɬɨɫɭɜɚɧɧɹ ɡɚɝɚɥɶɧɨʀ ɬɟɨɪɿʀ ɞɨ ɦɨɞɢɮɿɤɨɜɚɧɨʀ ɡɚɞɚɱɿ Ƚɪɟɞɚ 

ɐɟɣ ɩɿɞɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɡɚɫɬɨɫɭɜɚɧɧɸ ɡɚɝɚɥɶɧɨʀ ɬɟɨɪɿʀ, ɹɤɚ ɪɨɡɜɢɧɭɬɚ ɜ 

ɩɨɩɟɪɟɞɧɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ, ɞɨ ɦɨɞɢɮɿɤɨɜɚɧɨʀ ɡɚɞɚɱɿ Ƚɪɟɞɚ [5]. əɤ ɜɿɞɨɦɨ, ɜ ɬɪɢɧɚ-

ɞɰɹɬɢɦɨɦɟɧɬɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ Ƚɪɟɞɚ ɫɢɫɬɟɦɚ ɨɩɢɫɭɽɬɶɫɹ ɫɬɚɧɞɚɪɬɧɢɦɢ ɝɿɞɪɨɞɢ-

ɧɚɦɿɱɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɚ ɬɚɤɨɠ ɩɨɬɨɤɨɦ ɟɧɟɪɝɿʀ o
nq  ɬɚ ɛɟɡɫɥɿɞɨɜɢɦ ɩɨɬɨɤɨɦ ɿɦ-

ɩɭɥɶɫɭ o
nl , ɜɡɹɬɢɦɢ ɜ ɫɭɩɭɬɧɿɣ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ: 

  3o n
n p p m

p
q d p f

m    ,    31

3
nlpo o o

nl nl mm p m

h
t t d p f

m      .     (2.32) 

ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ (2.1) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɚɤɿ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ 

ɞɥɹ ɩɨɬɨɤɿɜ: 

1 5 5 1

2 2

o o o
o on nl nl lm

n nl nl nl
l l l m

q q nT nT T
R

t x mn x m x mn x

 
  

                
    

,

5

3

o
o on l n l

l n l nl m
l l l m

q
q q

x x x x

  
 
   

   
   

, 
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, 2

3

o o
nl m o o onl m nl l n s

nl nm ml nl ms
m m m m m

R
t x x x x x

     
   

      
             

 

2

3
l n m

nl
n l m

nT
x x x

  


   
      

, 

 3 nlp
nl p m

h
R d p I f

m   ,    3 n
n p p m

p
R d p I f

m    , 

 3
, 2

1
nl m m nl p md pp h p f

m    ,   3
2

1
nl p n l p mq d p p p f

m    . 

 

 

 

 

 

 

(2.33) 

Ɂ ɪɿɜɧɹɧɶ (2.33) ɦɚɽɦɨ 

5 1

2

o o o o o
on nl nl nl lm n

n nl l
l l l m l

q q qnT T
R

t x mn x m x mn x x

     
  

    
      

       

,

1 1 5

3

oh o
o oh o olm lm l n l
nl nl n l nl m

m m l l m

q q
mn x mn x x x x

    
    

    
    

    
, 

, 2

3

o o
nl m o o onl m nl l n s

nl nm ml nl ms
m m m m m

R
t x x x x x

     
    

      
            

, 

o o oh
n n nq q q   ,   o o oh

nl nl nl    ,   h
nl nl nlq q q   , 

, , ,
h

nl m nl m nl m    ,   h
n n nR R R   ,   h

nl nl nlR R R   .  

 

 

 

 

 

 

 

(2.34) 

Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɪɨɡɝɥɹɧɟɦɨ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɢɣ ɜɢɩɚɞɨɤ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ 

ɪɿɜɧɹɧɧɹ (2.34) ɧɚɛɭɞɭɬɶ ɜɢɝɥɹɞɭ: 
o
n

n

q
R

t








,   

 

o
nl

nlR
t








.
 

(2.35) 

ɎɊ ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ: 

   2 11 ,o o o
p p np n nlp nl

p p m
f w a q a O g


  

 
    .

 (2.36) 

Ⱦɥɹ ɮɭɧɤɰɿɣ npa  ɬɚ nlpb  ɡɝɿɞɧɨ ɡ ɦɿɪɤɭɜɚɧɧɹɦɢ ɨɛɟɪɬɚɥɶɧɨʀ ɿɧɜɚɪɿɚɧɬɧɨɫɬɿ 

ɦɚɽɦɨ: 

np n pa p a ,   nlp nlp pa h b .
 (2.37) 
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nlpa  ɧɟ ɦɚɽ  -ɱɚɫɬɢɧɢ, ɛɨ o
nl  ɽ ɛɟɡɫɥɿɞɨɜɢɦ, ɚ ɡɝɨɪɬɤɚ ɛɟɡɫɥɿɞɨɜɨɝɨ ɬɟɧɡɨɪɚ 

ɡ ɫɢɦɜɨɥɨɦ Ʉɪɨɧɟɤɟɪɚ ɽ ɧɭɥɶɨɜɨɸ. ɇɚ ɨɫɧɨɜɿ (2.33)–(2.35) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɚɤɿ 

ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɜ ɩɨɪɹɞɤɭ 1 0g : 

o
on

q n

q
q

t


 


 


,   

 

o
onl
nlt 


 


 


, 

  1
,

3

o

q p n p np a p
m

  ,    1
,

5

o

n l nlp bp p h b
m  .

 

 

(2.38) 

ɍ ɩɨɞɚɥɶɲɨɦɭ ɛɭɞɟɦɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɩɪɨɫɬɨɬɢ ɫɢɫɬɟɦɭ ɜɿɞɥɿɤɭ 

0n   ɬɚ ɧɟ ɩɢɫɚɬɢ ɿɧɞɟɤɫ o  ɧɚɞ ɜɟɥɢɱɢɧɨɸ. Ⱦɥɹ ɎɊ ɭ ɩɨɪɹɞɤɭ 1 0g  ɦɚɽɦɨ ɬɚɤɿ 

ɪɿɜɧɹɧɧɹ ɬɚ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ: 

ˆ
p n q n pKa p p a ,   

 
ˆ

p nlp p nlpKb h b h , 

 0p pa  ,    2 3

2p pa  ,     2 15

8p pb
m

  .
 

 

(2.39) 

ȼɢɪɚɡɢ ɞɥɹ q ,   ɡ (2.38) ɧɟ ɽ ɧɟɨɛɯɿɞɧɢɦɢ ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɪɿɜɧɹɧɶ (2.39), 

ɬɨɦɭ ɳɨ ʀɯ ɜɢɤɨɧɚɧɧɹ ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ. Ɏɭɧɤɰɿʀ pa  ɬɚ pb  

ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

 3 2

0
p s s p

s

a a S 


 ,    5 2

0
p s s p

s

b b S 


 . (2.40) 

Ⱦɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (2.39) ɧɚɤɥɚɞɚɸɬɶ ɬɚɤɿ ɨɛɦɟɠɟɧɧɹ ɧɚ ɤɨɟɮɿɰɿɽɧɬɢ ɩɪɢ ɩɨ-

ɥɿɧɨɦɚɯ: 
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 .  (2.41) 

ȱɧɬɟɝɪɚɥɶɧɿ ɪɿɜɧɹɧɧɹ (2.39) ɦɚɸɬɶ ɬɚɤɢɣ ɦɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ: 
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(2.42) 

ɇɚ ɨɫɧɨɜɿ (2.41) ɬɚ (2.42) ɜ ɧɚɛɥɢɠɟɧɧɹɯ ɨɞɧɨɝɨ ɬɚ ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ ɦɚɽɦɨ: 
[1] [2]
0 0 0a a  ,  [1] [2]

1 1 1a a a  ,   [1] [2]
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(2.43) 

ɞɟ ɿɧɞɟɤɫ  n  ɨɡɧɚɱɚɽ, ɳɨ ɜɟɥɢɱɢɧɚ ɜɡɹɬɚ ɜ ɧɚɛɥɢɠɟɧɧɿ n ɩɨɥɿɧɨɦɿɜ.  

əɤ ɛɚɱɢɦɨ, ɪɟɡɭɥɶɬɚɬɢ ɧɚɛɥɢɠɟɧɧɹ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɡɛɿɝɚɸɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚ-

ɬɚɦɢ ɪɨɛɨɬɢ [5] ɬɚ ɎɊ ɭ ɰɶɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɩɨɜɧɿɫɬɸ ɡɚɞɚɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ 

ɭɦɨɜɚɦɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɧɟ ɥɢɲɟ ɞɥɹ ɡɚɞɚɱɿ Ƚɪɟɞɚ ɎɊ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨ-

ɥɿɧɨɦɚ ɩɨɜɧɿɫɬɸ ɡɚɞɚɸɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ ɜ ɩɨɪɹɞɤɭ 1 0g  – ɬɚɤɚ ɫɢɬɭɚ-

ɰɿɹ ɡɭɫɬɪɿɱɚɽɬɶɫɹ ɜ ɛɚɝɚɬɶɨɯ ɡɚɞɚɱɚɯ ɮɿɡɢɤɢ. ɇɚɩɪɢɤɥɚɞ, ɜɨɧɚ ɡɭɫɬɪɿɱɚɽɬɶɫɹ ɜ ɬɟ-

ɨɪɿʀ ɩɥɚɡɦɢ (ɞɢɜ. ɪɨɡɞɿɥ 3) ɬɚ ɜ ɬɟɨɪɿʀ ɩɨɥɹɪɨɧɚ [8]. Ɂɧɚɣɞɟɧɿ ɎɊ ɬɚ ɱɚɫɢ ɪɟɥɚɤɫɚ-

ɰɿʀ ɩɨɬɨɤɿɜ ɭ ɧɚɛɥɢɠɟɧɧɿ ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ ɽ ɩɨɩɪɚɜɤɚɦɢ ɞɨ ɜɿɞɨɦɢɯ ɪɟɡɭɥɶɬɚɬɿɜ 

Ƚɪɟɞɚ. 

ɇɚɩɪɢɤɿɧɰɿ ɫɤɚɠɟɦɨ ɩɚɪɭ ɫɥɿɜ ɩɪɨ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɱɚɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɩɨɬɨɤɿɜ ɭ 

ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. əɤ ɜɿɞɨɦɨ [113, 10], ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ 

ɫɬɚɧɞɚɪɬɧɚ ɝɿɞɪɨɞɢɧɚɦɿɤɚ ɞɚɽ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɜ’ɹɡɤɨɫɬɿ ɬɚ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ 

ɫɢɫɬɟɦɢ: 
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ɡɜɿɞɤɢ  
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 .  (2.45) 

əɤ ɜɿɞɨɦɨ [10], [1]  ɬɚ [1]  ɩɨɜ’ɹɡɚɧɿ ɦɿɠ ɫɨɛɨɸ ɹɤ 

[1]
[1] 15

4m

  ,    (2.46) 

ɡɜɿɞɤɢ ɧɚ ɨɫɧɨɜɿ (2.45) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɚɤɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɱɚɫɚɦɢ ɪɟɥɚɤ-

ɫɚɰɿʀ ɩɨɬɨɤɿɜ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ: 

[1] [1]2

3q   .  (2.47) 

 

 

ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 2 

 ɉɨɛɭɞɨɜɚɧɨ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɡ  ɭɪɚɯɭɜɚɧɧɹɦ ɪɟɥɚɤ-

ɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɿɞ ɬɟɪɦɿɧɨɦ «ɪɟɥɚɤɫɚɰɿɹ» ɪɨɡɭɦɿɽɬɶɫɹ ɩɪɨɰɟɫ, ɹɤɢɣ ɦɨɠɟ 

ɦɚɬɢ ɦɿɫɰɟ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɫɢɫɬɟɦɿ. ɉɨɛɭɞɨɜɚɧɟ ɜ ɪɨɛɨɬɿ ɭɡɚɝɚɥɶɧɟɧɧɹ 

ɛɚɡɭɽɬɶɫɹ ɧɚ ɿɞɟʀ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ Ȼɨɝɨɥɸɛɨɜɚ. ɐɟ ɭɡɚɝɚɥɶɧɟɧɧɹ ɞɨɡɜɨɥɹɽ 

ɨɩɢɫɚɬɢ ɫɬɚɧɢ ɫɢɫɬɟɦɢ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɨɤɨɥɿ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ 

ɫɬɚɧɭ. ȼ ɹɤɨɫɬɿ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɫɢɫɬɟɦɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɚɪɚ-

ɦɟɬɪɢ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɬɚ ɜɿɞɯɢɥɟɧɧɹ 

ɞɨɞɚɬɤɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɳɨ ɨɩɢɫɭɸɬɶ ɫɬɚɧ ɫɢɫɬɟɦɢ, ɜɿɞ ʀɯ ɫɬɚɧɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢ-

ɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ. Ɋɨɡɝɥɹɞɚɸɬɶɫɹ ɫɬɚɧɢ ɫɢɫɬɟɦɢ, ɹɤɿ ɛɥɢɡɶɤɿ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿ-

ɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ, ɬɨɛɬɨ ɰɿ ɜɿɞɯɢɥɟɧɧɹ  ɜɜɚɠɚɸɬɶɫɹ ɦɚɥɢɦɢ. Ɍɚɤɢɣ ɪɨɡɝɥɹɞ 

ɞɨɡɜɨɥɹɽ ɡɚɫɬɨɫɭɜɚɬɢ ɤɿɧɟɬɢɤɭ ɩɨɜɿɥɶɧɢɯ ɡɦɿɧɧɢɯ. Ȼɭɞɭɽɬɶɫɹ ɬɟɨɪɿɹ ɡɛɭɪɟɧɶ ɡɚ 

ɜɢɳɟɡɚɡɧɚɱɟɧɢɦɢ ɦɚɥɢɦɢ ɜɿɞɯɢɥɟɧɧɹɦɢ ɬɚ ɦɚɥɢɦɢ ɝɪɚɞɿɽɧɬɚɦɢ. Ⱦɨɫɥɿɞɠɟɧɨ 

ɫɬɪɭɤɬɭɪɭ ɪɿɜɧɹɧɶ ɞɥɹ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɬɚ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨ-

ɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɫɢɫɬɟɦɢ ɜ ɪɿɡɧɢɯ ɩɨɪɹɞɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ. Ɂɨɤɪɟɦɚ, ɩɨɤɚɡɚɧɨ, ɳɨ 

ɜ ɪɚɦɤɚɯ ɥɿɧɿɣɧɨʀ ɡɚ ɜɿɞɯɢɥɟɧɧɹɦɢ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨʀ ɡɚɞɚɱɿ ɪɿɜɧɹɧɧɹ ɞɥɹ 

ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɽ ɪɿɜɧɹɧɧɹɦ ɧɚ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɬɚ ɜɥɚɫɧɿ ɡɧɚɱɟɧɧɹ ɥɿɧɟɚɪɢɡɨɜɚ-

ɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɡɿɬɤɧɟɧɶ. ɉɨɤɚɡɚɧɨ, ɳɨ ɫɚɦɿ ɜɿɞɯɢɥɟɧɧɹ ɽ ɥɿɧɿɣɧɢɦɢ ɤɨɦɛɿɧɚɰɿɹ-



33 
 

ɦɢ ɤɿɧɟɬɢɱɧɢɯ ɦɨɞ ɝɚɡɭ. Ɋɨɡɪɨɛɥɟɧɟ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɨɠɟ ɜɠɢɜɚɬɢɫɶ ɞɥɹ ɨɩɢɫɭ ɪɟ-

ɥɚɤɫɚɰɿʀ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɤɥɚɫɢɱɧɢɯ ɫɢɫɬɟɦ ɞɨ ʀɯ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ 

ɫɬɚɧɭ ɛɿɥɹ ɡɚɜɟɪɲɟɧɧɹ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤɫɚɰɿʀ. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɜɿɞɨɦɢɯ ɦɟɬɨɞɿɜ ɞɨɫ-

ɥɿɞɠɟɧɧɹ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɢɫɬɟɦ (ɧɚɩɪɢɤɥɚɞ, ɦɟɬɨɞɭ Ɂɭɛɚɪɽɜɚ), ɪɨɡɜɢɧɟɧɢɣ ɭ ɰɿɣ 

ɪɨɛɨɬɿ ɦɟɬɨɞ ɽ ɜɿɞɧɨɫɧɨ ɩɪɨɫɬɢɦ: ɜɿɧ ɧɟ ɩɨɬɪɟɛɭɽ ɫɤɥɚɞɧɨʀ ɨɩɟɪɚɬɨɪɧɨʀ ɬɟɯɧɿɤɢ.   

Ɂɚɞɚɱɚ Ƚɪɟɞɚ, ɜ ɹɤɿɣ ɫɢɫɬɟɦɚ ɨɩɢɫɭɽɬɶɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɫɤɨɪɨɱɟɧɨ ɨɩɢɫɭ ɫɬɚ-

ɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ, ɚ ɬɚɤɨɠ ɩɨɬɨɤɨɦ ɟɧɟɪɝɿʀ ɬɚ ɛɟɡɫɥɿɞɨɜɢɦ ɩɨɬɨ-

ɤɨɦ ɿɦɩɭɥɶɫɭ, ɞɨɫɥɿɞɠɟɧɚ ɧɚ ɨɫɧɨɜɿ ɭɡɚɝɚɥɶɧɟɧɧɨɝɨ ɜ ɞɢɫɟɪɬɚɰɿʀ ɦɟɬɨɞɭ ɑɟɩɦɟ-

ɧɚ–ȿɧɫɤɨɝɚ. Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɪɨɡɝɥɹɧɭɬɨ ɥɢɲɟ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɢɣ ɜɢɩɚɞɨɤ. 

Ɉɬɪɢɦɚɧɨ ɮɭɧɤɰɿɸ ɪɨɡɩɨɞɿɥɭ ɬɚ ɱɚɫɢ ɪɟɥɚɤɫɚɰɿʀ ɩɨɬɨɤɿɜ. ɉɨɤɚɡɚɧɨ, ɳɨ ɜ ɧɚɛɥɢ-

ɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɋɨɧɿɧɚ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɬɚ ɞɥɹ ɱɚɫɿɜ ɪɟ-

ɥɚɤɫɚɰɿʀ ɩɨɬɨɤɿɜ ɡɛɿɝɚɸɬɶɫɹ ɡ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ Ƚɪɟɞɚ ɬɚ ɮɭɧɤɰɿɹ ɪɨɡɩɨɞɿɥɭ 

ɩɨɜɧɿɫɬɸ ɡɚɞɚɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ. Ɍɚɤɨɠ ɨɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ ɪɟɡɭɥɶ-

ɬɚɬɿɜ ɞɥɹ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɬɚ ɱɚɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɩɨɬɨɤɿɜ ɭ ɧɚɛɥɢɠɟɧɧɿ ɞɜɨɯ ɩɨɥɿ-

ɧɨɦɿɜ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɽ ɡɚɝɚɥɶɧɢɦɢ: ɩɪɢ ɜɢɜɨɞɿ ɰɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɹɜɧɢɣ ɜɢ-

ɝɥɹɞ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ ɧɟ ɤɨɧɤɪɟɬɢɡɭɽɬɶɫɹ. Ⱦɥɹ ɤɨɠɧɨʀ ɨɤɪɟɦɨʀ ɫɢɫɬɟɦɢ ɦɨɠɧɚ 

ɨɬɪɢɦɚɬɢ ɮɭɧɤɰɿɸ ɪɨɡɩɨɞɿɥɭ ɬɚ ɱɚɫɢ ɪɟɥɚɤɫɚɰɿʀ ɩɨɬɨɤɿɜ ɧɚ ɨɫɧɨɜɿ ɨɬɪɢɦɚɧɢɯ ɭ 

ɪɨɛɨɬɿ ɪɟɡɭɥɶɬɚɬɿɜ, ɹɤɳɨ ɤɨɧɤɪɟɬɢɡɭɜɚɬɢ ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ.  

 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɞɿɥɭ 2 ɨɩɭɛɥɿɤɨɜɚɧɨ ɭ ɪɨɛɨɬɚɯ [14, 22, 37, 39, 40, 42, 44]. 
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ɊɈɁȾȱɅ 3  

ɉɈɒɍɄ ɎɍɇɄɐȱɃ ɊɈɁɉɈȾȱɅɍ ɌȺ ɒȼɂȾɄɈɋɌȿɃ ɊȿɅȺɄɋȺɐȱȲ  
ȼ ɉɊɈɋɌɈɊɈȼɈ–ɈȾɇɈɊȱȾɇɈɆɍ ȼɂɉȺȾɄɍ 

 

ɐɟɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɥɿɞɠɟɧɧɸ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɝɨ ɫɬɚɧɭ ɩɥɚɡɦɢ. 

ɍ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɨɬɪɢɦɭɸɬɶɫɹ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɬɚ ɲɜɢɞɤɨɫɬɿ ɪɟɥɚɤɫɚɰɿʀ ɧɚ ɨɫ-

ɧɨɜɿ ɿɞɟʀ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɩɦɟɧɚ–ȿɧɫɤɨɝɚ, ɪɨɡɜɢɧɭɬɨʀ ɜ ɩɨɩɟɪɟɞɧɶɨɦɭ ɪɨ-

ɡɞɿɥɿ. 

ȼɩɟɪɲɟ ɡɚɞɚɱɭ ɪɟɥɚɤɫɚɰɿʀ ɜ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɿɣ ɨɞɧɨɪɿɞɧɿɣ ɩɥɚɡɦɿ ɪɨɡɝɥɹ-

ɞɚɜ Ʌɚɧɞɚɭ ɜ ɫɜɨʀɣ ɜɿɞɨɦɿɣ ɫɬɚɬɬɿ [4]. ɍ ɰɿɣ ɫɬɚɬɬɿ ɜɿɧ ɨɬɪɢɦɚɜ ɜɿɞɨɦɟ ɤɿɧɟɬɢɱɧɟ 

ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ, ɚ ɬɚɤɨɠ ɪɨɡɝɥɹɧɭɜ ɡɚɞɚɱɭ ɬɟɦɩɟɪɚɬɭɪɧɨʀ ɪɟɥɚɤɫɚɰɿʀ ɧɚ ɨɫɧɨɜɿ 

ɧɚɛɥɢɠɟɧɧɹ, ɳɨ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɽ ɦɚɤɫɜɟɥɿɜɫɶɤɢɦɢ ɡ ɡɚɥɟɠɧɨɸ ɜɿɞ ɱɚɫɭ ɬɟɦ-

ɩɟɪɚɬɭɪɨɸ ɤɨɦɩɨɧɟɧɬ. ɇɢɦ ɛɭɥɨ ɨɬɪɢɦɚɧɨ ɲɜɢɞɤɿɫɬɶ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ ɜ 

ɨɫɧɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ   

e im m  , (3.1) 

ɞɟ em  ɬɚ im  – ɦɚɫɚ ɟɥɟɤɬɪɨɧɿɜ ɬɚ ɿɨɧɿɜ ɜɿɞɩɨɜɿɞɧɨ.  ɉɿɡɧɿɲɟ ɋɩɿɬɰɟɪ [123] ɨɬɪɢ-

ɦɚɜ ɩɨɩɪɚɜɤɭ ɞɨ ɰɶɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɜ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ  . Ɋɟɥɚɤɫɚɰɿɹ 

ɲɜɢɞɤɨɫɬɿ ɛɭɥɚ ɪɨɡɝɥɹɧɭɬɚ ɜ ɤɧɢɡɿ [55] ɧɚ ɨɫɧɨɜɿ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚ-

ɝɢ (ɇɅɊ), ɬɨɛɬɨ ɧɚɛɥɢɠɟɧɧɹ, ɳɨ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɤɨɦ-

ɩɨɧɟɧɬ ɽ ɦɚɤɫɜɟɥɿɜɫɶɤɢɦɢ ɡ ɡɚɥɟɠɧɢɦɢ ɜɿɞ ɱɚɫɭ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɬɚ ɲɜɢɞɤɨɫɬɹɦɢ 

ɤɨɦɩɨɧɟɧɬ. ɇɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜ ɥɿɬɟɪɚ-

ɬɭɪɿ ɭ ɮɿɡɢɰɿ ɩɥɚɡɦɢ ɬɚ ɧɟ ɥɢɲɟ ɭ ɮɿɡɢɰɿ ɩɥɚɡɦɢ (ɞɢɜ., ɧɚɩɪɢɤɥɚɞ, [124, 115, 126, 

131]).  

ɉɪɨɬɟ ɞɨɫɢɬɶ ɚɤɬɭɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ ɽ ɩɪɨɛɥɟɦɚ ɩɨɪɭɲɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜ-

ɧɨɜɚɝɢ (ɞɢɜ., ɧɚɩɪɢɤɥɚɞ, [2, 8, 134]).  Ɍɨɦɭ ɞɭɠɟ ɜɚɠɥɢɜɨɸ ɡɚɞɚɱɟɸ ɽ ɛɟɡɩɨɫɟɪɟ-

ɞɧɽ ɨɛɱɢɫɥɟɧɧɹ ɎɊɄ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɜ ɩɪɨɫɬɨɪɨɜɨ-

ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ. ɎɊɄ ɬɚ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɨɬɪɢɦɚɧɿ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟ-

ɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɜ ɪɚɦɤɚɯ ɥɿɧɿɣɧɨʀ ɬɚ ɤɜɚɞɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ,ɬɚ 

ɪɟɡɭɥɶɬɚɬɢ ɩɨɪɿɜɧɹɧɿ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɇɅɊ. 
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3.1. Ȼɚɡɨɜɿ ɪɿɜɧɹɧɧɹ ɬɟɨɪɿʀ 
ɍ ɰɿɣ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɎɊɄ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɩɪɨɫɬɨɪɨɜɨ-

ɨɞɧɨɪɿɞɧɨʀ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɟɥɟɤɬɪɨɧ-ɿɨɧɧɨʀ ɩɥɚɡɦɢ ɞɨɫɥɿɞɠɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ 

ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ 

 ap
ap

f
I f

t





, (3.2) 

ɞɟ apf  – ɎɊ a-ʀ ɤɨɦɩɨɧɟɧɬɢ ( ,a e i ) ɬɚ apI  – ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ Ʌɚɧɞɚɭ [4]: 

  2 2 32 ap cp
ap a c cp ap nk

c n k k a c

f f p p
I f e L e d p f f D

p p p m m
 



               
  , 

   2 3
nk nk n kD u u u u u  . 

 

 

(3.3) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɱɚɫɬɨ ɩɥɚɡɦɭ ɪɨɡɝɥɹɞɚɸɬɶ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ 

Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ ɿɡ ɫɚɦɨɭɡɝɨɞɠɟɧɢɦ ɱɥɟɧɨɦ [147, 146]. ɉɪɨɬɟ ɜ ɩɪɨɫɬɨɪɨɜɨ-

ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɫɚɦɨɭɡɝɨɞɠɟɧɢɣ ɱɥɟɧ ɜɿɞɫɭɬɧɿɣ. Ȼɿɥɶɲ ɬɨɝɨ, ɹɤ ɜɿɞɨɦɨ 

[147], ɫɚɦɨɭɡɝɨɞɠɟɧɢɣ ɱɥɟɧ ɧɟ ɜɩɥɢɜɚɽ ɧɚ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɫɢɫɬɟɦɢ, ɬɨɦɭ 

ɝɿɞɪɨɞɢɧɚɦɿɤɭ ɩɥɚɡɦɢ ɛɭɞɭɸɬɶ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɛɟɡ ɫɚɦɨ-

ɭɡɝɨɞɠɟɧɨɝɨ ɱɥɟɧɚ, ɞɢɜ. [124, 83]. 

Ɍɟɦɩɟɪɚɬɭɪɢ, ɲɜɢɞɤɨɫɬɿ ɬɚ ɝɭɫɬɢɧɢ ɱɢɫɥɚ ɱɚɫɬɢɧɨɤ ɤɨɦɩɨɧɟɧɬ ɜɜɨɞɹɬɶɫɹ ɡɚ 

ɫɬɚɧɞɚɪɬɧɢɦɢ ɜɢɡɧɚɱɟɧɧɹɦɢ ɜ ɬɟɪɦɿɧɚɯ ɎɊɄ [9, 113]: 

3
a apn d pf    ,   3

an a a an n apm n d pp f    , 

2 33 1

2 2a a a a a a a ap apm n T m n d p f      ,    2 2ap ap m  , 

 

(3.4) 

ɞɟ am , an , an , an , a , aT  – ɜɿɞɩɨɜɿɞɧɨ ɦɚɫɚ ɱɚɫɬɢɧɨɤ, ɝɭɫɬɢɧɚ ɤɿɥɶɤɨɫɬɿ ɱɚɫɬɢ-

ɧɨɤ, ɝɭɫɬɢɧɚ ɿɦɩɭɥɶɫɭ, ɲɜɢɞɤɿɫɬɶ, ɝɭɫɬɢɧɚ ɟɧɟɪɝɿʀ ɬɚ ɬɟɦɩɟɪɚɬɭɪɚ a-ʀ ɤɨɦɩɨɧɟɧ-

ɬɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜ ɰɿɣ ɪɨɛɨɬɿ ɬɟɦɩɟɪɚɬɭɪɚ ɜɢɦɿɪɸɽɬɶɫɹ ɜ ɟɧɟɪɝɟɬɢɱɧɢɯ ɨɞɢɧɢ-

ɰɹɯ. 

ȼɜɟɞɟɦɨ ɦɚɫɨɜɭ ɲɜɢɞɤɿɫɬɶ n  ɬɚ ɬɟɦɩɟɪɚɬɭɪɭ T  ɡɚ ɬɚɤɢɦɢ ɨɡɧɚɱɟɧɧɹɦɢ 

[113]: 
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  n an n a a
a a

m n     , 23 1

2 2a a a a a
a a a

T m n m n       .     (3.5) 

ɍ ɩɪɨɫɬɨɪɨɜɨ-ɧɟɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɮɿɡɢɱɧɢɣ ɡɦɿɫɬ ɰɢɯ ɜɟɥɢɱɢɧ ɩɨɥɹɝɚɽ ɜ 

ɬɨɦɭ, ɳɨ ɜɨɧɢ ɽ ɉɋɈ ɫɢɫɬɟɦɢ ɜ ɫɬɚɧɞɚɪɬɧɨɦɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ ɫɬɚɧɿ [113]. ɍ 

ɩɪɨɫɬɨɪɨɜɨ–ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɜɨɧɢ, ɹɤ ɛɭɞɟ ɩɨɤɚɡɚɧɨ ɧɢɠɱɟ,  ɽ ɩɨɫɬɿɣɧɢɦɢ 

ɪɿɜɧɨɜɚɠɧɢɦɢ ɬɟɦɩɟɪɚɬɭɪɨɸ ɬɚ ɲɜɢɞɤɿɫɬɸ ɫɢɫɬɟɦɢ. ɇɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɶ (3.2)–

(3.4) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ 

   3a
ap

n
d pI f

t




  ,    an
anR f

t





,   a

aQ f
t





,     (3.6) 

ɞɟ  anR  ɬɚ aQ  – ɞɠɟɪɟɥɚ ɿɦɩɭɥɶɫɭ ɬɚ ɟɧɟɪɝɿʀ ɜɿɞɩɨɜɿɞɧɨ: 

     3
an n apR f d pp I f  ,      3

a ap apQ f d p I f   .   (3.7) 

ɇɚ ɨɫɧɨɜɿ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ Ʌɚɧɞɚɭ (3.3) ɪɿɜɧɹɧɧɹ (3.6), 

(3.7) ɞɚɸɬɶ 

  0an

t





,    0a

a

Q f  ,    0an
a

R f  ,   (3.8) 

ɡɜɿɞɤɢ ɜɢɩɥɢɜɚɽ, ɳɨ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɜɟɥɢɱɢɧɢ  an , n , T  ɽ 

ɤɨɧɫɬɚɧɬɚɦɢ, ɬɨɛɬɨ ɜɨɧɢ ɽ ɜɿɞɩɨɜɿɞɧɨ ɪɿɜɧɨɜɚɠɧɢɦɢ ɝɭɫɬɢɧɚɦɢ ɤɨɦɩɨɧɟɧɬ, ɲɜɢ-

ɞɤɿɫɬɸ ɬɚ ɬɟɦɩɟɪɚɬɭɪɨɸ ɫɢɫɬɟɦɢ. ɍ ɩɨɞɚɥɶɲɨɦɭ ɜ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɦɢ ɛɭɞɟɦɨ ɩɪɚ-

ɰɸɜɚɬɢ ɜ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ 0n  .  

ȼɜɟɞɟɦɨ ɩɚɪɚɦɟɬɪɢ nu ,  , ɮɿɡɢɱɧɢɣ ɡɦɿɫɬ ɹɤɢɯ – ɜɿɞɯɢɥɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɬɚ 

ɬɟɦɩɟɪɚɬɭɪɢ ɟɥɟɤɬɪɨɧɿɜ ɜɿɞ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ: 

  n enu    ,  eT T   . (3.9) 

Ɋɟɥɚɤɫɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɜ ɰɿɣ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɭɸɬɶɫɹ ɛɿɥɹ ɫɜɨɝɨ ɡɚɜɟɪɲɟɧɧɹ, 

ɬɨɦɭ ɜɿɞɯɢɥɟɧɧɹ nu ,   ɜɜɚɠɚɸɬɶɫɹ ɦɚɥɢɦɢ ɬɚ ɨɰɿɧɸɸɬɶɫɹ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ  : 

  T    ,  n eu T m , 1 . (3.10) 

ɇɚ ɨɫɧɨɜɿ ɜɢɡɧɚɱɟɧɶ (3.4), (3.5) ɬɚ (3.9) ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ ɜɿɞɯɢɥɟɧɧɹ ɿɨɧ-

ɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɜɿɞ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ ɜɢɪɚɠɚɸɬɶɫɹ ɜ ɬɟɪɦɿɧɚɯ 

nu ,   ɹɤ 
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 2 21
1

3i eT T z m zu z      ,  2
in nz u   ; (3.11) 

ɡɚɭɜɚɠɢɦɨ, ɳɨ ɬɭɬ ɿ ɧɚɞɚɥɿ ɜ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɪɟɡɭɥɶɬɚɬɢ ɩɪɢɜɨɞɹɬɶɫɹ ɡ ɭɪɚɯɭɜɚɧ-

ɧɹɦ ɟɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɿ ɩɥɚɡɦɢ: 

e in zn , (3.12) 

ɞɟ z
 
– ɡɚɪɹɞɨɜɟ ɱɢɫɥɨ ɿɨɧɚ. 

əɤ ɜɿɞɨɦɨ [50], ɨɞɧɿɽɸ ɡ ɰɟɧɬɪɚɥɶɧɢɯ ɡɚɞɚɱ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ ɽ ɡɚɞɚɱɚ 

ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɫɢɫɬɟɦɢ. ɇɚɛɿɪ ɩɚɪɚɦɟɬɪɿɜ, ɹɤɿ ɩɨɜɧɿɫɬɸ ɨɩɢɫɭɸɬɶ ɫɬɚɧ ɫɢɫ-

ɬɟɦɢ ɩɪɢ ɫɤɨɪɨɱɟɧɨɦɭ ɨɩɢɫɿ, ɧɚɡɢɜɚɸɬɶ ɉɋɈ ɫɢɫɬɟɦɢ. Ɉɫɧɨɜɧɚ ɦɟɬɚ ɦɟɬɨɞɭ 

ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ – ɡɧɚɣɬɢ ɜ ɞɟɹɤɿɣ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɎɊ (ɭ ɤɜɚɧɬɨɜɨɦɭ ɜɢɩɚɞɤɭ – 

ɫɬɚɬɢɫɬɢɱɧɢɣ ɨɩɟɪɚɬɨɪ) ɫɢɫɬɟɦɢ ɬɚ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ. Ɂɚɭɜɚɠɢɦɨ ɬɚɤɨɠ, 

ɳɨ ɫɯɨɠɿ ɿɞɟʀ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɧɟ ɥɢɲɟ ɜ ɫɬɚɬɢɫɬɢɱɧɿɣ ɮɿɡɢɰɿ, ɚɥɟ ɣ ɜ ɿɧɲɢɯ ɝɚɥɭ-

ɡɹɯ ɮɿɡɢɤɢ (ɞɢɜ., ɧɚɩɪɢɤɥɚɞ, [174]). ɉɨɱɢɧɚɸɱɢ ɡ ɩɿɨɧɟɪɫɶɤɢɯ ɪɨɛɿɬ Ȼɪɚɝɿɧɫɤɶɨɝɨ 

[124, 83], ɡɚ ɩɚɪɚɦɟɬɪɢ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɫɢɫɬɟɦɢ ɨɛɢɪɚɸɬɶ ɝɭɫɬɢɧɢ ɤɿɥɶɤɨɫɬɿ 

ɱɚɫɬɢɧɨɤ an , ɲɜɢɞɤɨɫɬɿ an  ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ aT  ɤɨɦɩɨɧɟɧɬ. əɤ ɛɚɱɢɦɨ, ɬɟɦɩɟɪɚ-

ɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɤɨɦɩɨɧɟɧɬ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɪɚɠɟɧɿ ɜ ɬɟɪɦɿɧɚɯ ɩɚɪɚɦɟɬɪɿɜ nu ,  , 

T  ɬɚ n . Ɍɨɦɭ ɳɨ an , n  ɬɚ T  ɽ ɩɨɫɬɿɣɧɢɦɢ ɪɿɜɧɨɜɚɠɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɜ ɹɤɨɫɬɿ 

ɉɋɈ ɫɢɫɬɟɦɢ ɦɨɠɟɦɨ ɨɛɪɚɬɢ ɦɚɥɿ ɜɿɞɯɢɥɟɧɧɹ nu ,  . Ɍɚɤɢɣ ɜɢɛɿɪ ɩɚɪɚɦɟɬɪɿɜ ɽ 

ɡɪɭɱɧɢɦ ɞɥɹ ɨɩɢɫɭ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɭ ɫɢɫɬɟɦɿ. ɉɨɞɚɥɶɲɟ ɞɨɫɥɿɞɠɟɧɧɹ ɛɚ-

ɡɭɽɬɶɫɹ ɧɚ ɿɞɟʀ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ Ȼɨɝɨɥɸɛɨɜɚ [9, 1]: 

      ,
oap ap nt

f t f u t t  , (3.13) 

ɞɟ 0  – ɞɟɹɤɢɣ ɯɚɪɚɤɬɟɪɧɢɣ ɱɚɫ: 0 u T   , u  – ɱɚɫ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɿ, T – 

ɱɚɫ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ. Ɂɝɿɞɧɨ ɡ ɰɿɽɸ ɿɞɟɽɸ, ɞɥɹ ɜɟɥɢɤɢɯ ɱɚɫɿɜ ɎɊɄ ɩɨɱɢɧɚ-

ɸɬɶ ɡɚɥɟɠɚɬɢ ɜɿɞ ɱɚɫɭ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɢ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɰɹ 

ɿɞɟɹ ɽ ɛɿɥɶɲ ɡɚɝɚɥɶɧɨɸ, ɧɿɠ ɩɪɨɫɬɨ ɞɨɫɥɿɞɠɟɧɧɹ «ɧɨɪɦɚɥɶɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ» ɭ ɪɚɦ-

ɤɚɯ ɫɬɚɧɞɚɪɬɧɨɝɨ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ [148, 10], ɛɨ ɜɨɧɚ ɩɿɞɤɪɟɫɥɸɽ ɬɨɣ 

ɮɚɤɬ, ɳɨ ɬɚɤɚ ɡɚɥɟɠɧɿɫɬɶ ɎɊɄ ɞɥɹ ɜɟɥɢɤɢɯ ɱɚɫɿɜ ɽ ɪɟɡɭɥɶɬɚɬɨɦ ɩɪɢɪɨɞɧɨʀ ɟɜɨ-

ɥɸɰɿʀ ɫɢɫɬɟɦɢ. ɇɚ ɨɫɧɨɜɿ (3.13) ɩɟɪɟɩɢɲɟɦɨ ɤɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ (3.2): 
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(3.14) 

Ɋɿɜɧɹɧɧɹ (3.14) ɫɩɪɚɜɟɞɥɢɜɟ ɞɥɹ ɱɚɫɿɜ 0t  , ɚ ɫɚɦɟ ɬɚɤɿ ɱɚɫɢ ɣ ɞɨɫɥɿɞɠɭ-

ɸɬɶɫɹ ɜ ɰɿɣ ɪɨɛɨɬɿ. ɍ ɩɨɞɚɥɶɲɨɦɭ ɪɿɜɧɹɧɧɹ (3.14) ɞɨɫɥɿɞɠɭɽɬɶɫɹ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ 

ɡɚ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ   ɡ ɞɨɞɚɬɤɨɜɢɦ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɚɥɨɫɬɿ ɜɿɞɧɨɲɟɧɧɹ ɦɚɫ 

 . Ⱦɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ ɞɨ ɪɿɜɧɹɧɶ (3.14) ɽ ɨɡɧɚɱɟɧɧɹ ɉɋɈ ɜ ɬɟɪɦɿɧɚɯ ɎɊɄ 

(3.4). ȼɨɧɢ ɧɚɤɥɚɞɚɸɬɶ ɩɟɜɧɿ ɨɛɦɟɠɟɧɧɹ ɧɚ ɎɊɄ. ɑɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɦɨ-

ɠɭɬɶ ɛɭɬɢ ɨɬɪɢɦɚɧɿ ɧɚ ɨɫɧɨɜɿ ɜɢɪɚɡɿɜ (3.2)–(3.4): 

    0

2
, ,

3l e l
e

L u Q f u
n

  ,      1
, ,n l en l

e e

L u R f u
m m

  .  (3.15) 

Ɉɱɟɜɢɞɧɨ, ɳɨ ɜ ɧɭɥɶɨɜɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɎɊɄ ɦɚɸɬɶ ɜɢɝɥɹɞ 
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   ,   1T  , (3.16) 

ɿɧɞɟɤɫ ɡɜɟɪɯɭ ɜ ɤɪɭɝɥɢɯ ɞɭɠɤɚɯ ɨɡɧɚɱɚɽ ɩɨɪɹɞɨɤ ɡɚ  . ɐɟɣ ɮɚɤɬ ɦɚɽ ɦɿɫɰɟ, ɛɨ 

ɮɭɧɤɰɿʀ (3.16) ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɞɨɞɚɬɤɨɜɢɦ ɭɦɨɜɚɦ (3.4) ɜ ɩɨɪɹɞɤɭ 0 : 

3 (0)
a apn d pf  ,   3 (0)0 n apd pp f  ,   3 (0)3

2 a ap apn T d p f  ,  (3.17) 

ɬɚ ɧɚ ɨɫɧɨɜɿ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ Ʌɚɧɞɚɭ (3.3) ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ 

   (0) 0ap apI f I w  ,    (0) 0a aQ Q w  ,      (0) 0an anR f R w  ,  (3.18) 

ɡɜɿɞɤɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ (3.15) ɛɚɱɢɦɨ, ɳɨ ɜ ɩɨɪɹɞɤɭ 0  ɪɿɜɧɹɧɧɹ (3.14) ɽ ɬɨɬɨɠɧɿɫ-

ɬɸ.  

Ɂ (3.18) ɿ ɜɢɩɥɢɜɚɽ ɨɱɟɜɢɞɧɢɣ ɪɟɡɭɥɶɬɚɬ ɞɥɹ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ ɜ ɩɨ-

ɪɹɞɤɭ 0 : 

(0)
0 0L  ,

   
(0) 0nL  .   (3.19) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜ ɩɨɪɹɞɤɭ 0  ɪɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɡɛɿɝɚɸɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɇɅɊ, ɹɤɿ, ɹɤ ɡɚɡɧɚɱɟɧɨ ɜɢɳɟ, ɛɚɡɭɸɬɶɫɹ ɧɚ ɬɚɤɢɯ ɎɊɄ: 
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.   (3.20) 

ɉɨɞɚɥɶɲɿ ɩɿɞɪɨɡɞɿɥɢ ɰɶɨɝɨ ɪɨɡɞɿɥɭ ɩɪɢɫɜɹɱɟɧɿ ɨɬɪɢɦɚɧɧɸ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ 

ɎɊɄ ɬɚ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ ɜ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ  . ɍ ɰɿɣ ɪɨɛɨɬɿ 

ɪɟɡɭɥɶɬɚɬɢ ɨɬɪɢɦɚɧɨ ɡ ɬɨɱɧɿɫɬɸ ɞɨ ɱɥɟɧɿɜ ɩɨɪɹɞɤɭ 2  ɬɚ ɡɪɨɛɥɟɧɨ ʀɯ ɩɨɪɿɜɧɹɧɧɹ 

ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɇɅɊ (ɜɨɧɢ, ɹɤ ɡɚɡɧɚɱɟɧɨ ɪɚɧɿɲɟ, ɛɚɡɭɸɬɶɫɹ ɧɚ ɎɊɄ (3.20)). 

 

3.2. Ʌɿɧɿɣɧɚ ɬɟɨɪɿɹ ɪɟɥɚɤɫɚɰɿʀ 
ɐɟɣ ɩɿɞɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɩɨɲɭɤɭ ɎɊɄ ɬɚ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ ɜ ɪɚɦ-

ɤɚɯ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ, ɬɨɛɬɨ ɜ ɩɟɪɲɨɦɭ ɩɨɪɹɞɤɭ 1 . Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜɫɿ 

ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɩɟɪɟɞɧɢɤɿɜ [4, 123, 55] ɫɬɨɫɭɸɬɶɫɹ ɫɚɦɟ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ. 

Ɏɭɧɤɰɿʀ (1)
apf  ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ  

    (1)
ap ap a an nf w A p B p u  ,

  
   (3.21) 

ɞɟ ɫɬɪɭɤɬɭɪɚ ɧɟɜɿɞɨɦɢɯ ɮɭɧɤɰɿɣ  aA p ,  anB p  ɜɢɡɧɚɱɚɽɬɶɫɹ ɦɿɪɤɭɜɚɧɧɹɦɢ ɨɛɟ-

ɪɬɚɥɶɧɨʀ ɿɧɜɚɪɿɚɧɬɧɨɫɬɿ: 

   a a apA p A  ,     an n a apB p p B 
 
.  (3.22) 

ɉɟɪɲ ɧɿɠ ɨɛɱɢɫɥɸɜɚɬɢ (1)
apf , ɧɚɜɟɞɟɦɨ ɪɟɡɭɥɶɬɚɬ ɞɥɹ ɎɊɄ, ɹɤɢɣ ɞɚɽ ɇɅɊ. 

ɐɟɣ ɪɟɡɭɥɶɬɚɬ ɨɬɪɢɦɭɽɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɪɨɡɜɢɧɟɧɧɹ ɎɊɄ (3.20) ɭ ɪɹɞ Ɍɟɣɥɨɪɚ ɡɚ 

ɦɚɥɢɦɢ ɜɿɞɯɢɥɟɧɧɹɦɢ ,nu  :  

   1 2
1e ep epA S    ,      1 2

1i ip ipA z S   ,  

 e epB   ,      2
i ipB z   .  

 

(3.23) 

Ɍɭɬ ɿ ɧɚɞɚɥɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɨɪɬɨɝɨɧɚɥɶɧɿ ɩɨɥɿɧɨɦɢ ɋɨɧɿɧɚ: 
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(3.24) 
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Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɩɨɥɿɧɨɦɢ ɋɨɧɿɧɚ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɨɬɪɢɦɚɧɧɹ 

ɧɚɛɥɢɠɟɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ (ɞɢɜ. [84, 124, 83, 10]).  

ɍ ɩɨɞɚɥɶɲɨɦɭ (1)
apf  ɬɚ (2)

apf  (ɞɢɜ. ɧɚɫɬɭɩɧɢɣ ɩɿɞɪɨɡɞɿɥ) ɨɛɱɢɫɥɸɸɬɶɫɹ ɡɚ ɬɚ-

ɤɢɦ ɚɥɝɨɪɢɬɦɨɦ, ɹɤɢɣ ɞɚɽ ɡɦɨɝɭ ɨɬɪɢɦɚɬɢ ɧɚɛɥɢɠɟɧɢɣ ɪɨɡɜ’ɹɡɨɤ: 

1) ɨɬɪɢɦɚɬɢ ɞɥɹ ɤɨɠɧɨʀ ɱɚɫɬɢɧɢ ɎɊɄ ɬɨɱɧɟ ɿɧɬɟɝɪɚɥɶɧɟ ɪɿɜɧɹɧɧɹ ɧɚ ɨɫɧɨ-

ɜɿ ɪɿɜɧɹɧɶ (3.14) ɬɚ (3.15); 

2) ɞɨɫɥɿɞɢɬɢ ɨɬɪɢɦɚɧɟ ɪɿɜɧɹɧɧɹ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   – ɜɢɩɢɫɚɬɢ ɪɿɜɧɹɧɧɹ 

ɜ ɪɿɡɧɢɯ ɩɨɪɹɞɤɚɯ ɡɚ  ; 

3) ɞɨɞɚɬɤɨɜɨ ɜɢɤɨɪɢɫɬɚɬɢ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ ɞɥɹ ɨɬɪɢɦɚ-

ɧɢɯ ɭ ɩɭɧɤɬɿ 2 ɪɿɜɧɹɧɶ, ɹɤɳɨ ɜɨɧɢ ɧɟ ɦɚɸɬɶ ɨɱɟɜɢɞɧɨɝɨ ɬɨɱɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ. 

ɉɿɞɫɬɚɜɢɜɲɢ (3.21) ɬɚ (3.22) ɞɨ ɨɡɧɚɱɟɧɧɹ ɞɠɟɪɟɥ (3.7), ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ  

(1)
en e e u nR m n u  ,   (1) 3

2e e TQ n   ; 

  1
,

3u n n a ap
ea

ae e

p p B
m n

   ,   2
,

3T ep a ap
ea

ae

A
n

    . 

 

(3.25) 

ȱɧɬɟɝɪɚɥɶɧɿ ɞɭɠɤɢ  ,p p ab
g h  ɜɢɡɧɚɱɚɸɬɶɫɹ ɬɚɤ: 

   3 3, ,p p ab bp p pab
g h d pd p M p p w g h    ; 

   ,ab ap bp f w
M p p I f f   

  , 

 

(3.26) 

ɞɟ  ,abM p p  – ɹɞɪɨ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ. ȼɜɟɞɟɦɨ ɥɿɧɟɚɪɢɡɨɜɚɧɢɣ ɨɩɟɪɚɬɨɪ ɡɿɬɤ-

ɧɟɧɶ ˆ
abK : 

 3ˆ ,ab p ab pK g d pK p p g   ,      , ,ap ab ab bpw K p p M p p w    . (3.27) 

Ɍɨɞɿ ɧɚ ɨɫɧɨɜɿ ɜɢɪɚɡɿɜ (3.14), (3.15), (3.25)–(3.27) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɚɤɿ ɿɧɬɟ-

ɝɪɚɥɶɧɿ ɪɿɜɧɹɧɧɹ ɜɿɞɧɨɫɧɨ ɮɭɧɤɰɿɣ  a apA   ɬɚ  a apB  : 

   ˆ
ac c cp T a ap

ɫ
K A A   ,     ˆ

ac n c cp u n a ap
ɫ

K p B p B   . (3.28) 
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əɤ ɛɚɱɢɦɨ, ɦɚɽɦɨ ɡɚɞɚɱɭ ɧɚ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɬɚ ɜɥɚɫɧɿ ɡɧɚɱɟɧɧɹ ɥɿɧɟɚɪɢɡɨɜɚ-

ɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɡɿɬɤɧɟɧɶ. Ɂ ɜɢɪɚɡɿɜ (3.15) ɬɚ (3.25) ɛɚɱɢɦɨ, ɳɨ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ 

ɉɋɈ ɧɚɛɭɞɭɬɶ ɜɢɝɥɹɞɭ  

n
u n

u
u

t



 


,  Tt

  
 


, (3.29) 

ɡɜɿɞɤɢ ɮɿɡɢɱɧɢɣ ɡɦɿɫɬ ɜɟɥɢɱɢɧ u  ɬɚ T  – ɜɿɞɩɨɜɿɞɧɨ ɲɜɢɞɤɿɫɬɶ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞ-

ɤɨɫɬɿ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɤɨɦɩɨɧɟɧɬ.  

Ⱦɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.4) ɧɚɤɥɚɞɚɸɬɶ ɬɚɤɿ ɨɛɦɟɠɟɧɧɹ ɧɚ ɮɭɧɤɰɿʀ  a apA   ɬɚ 

 a apB  : 

 3 0ap a apd pw A   ,     3 3

2ap ap a ap e ae aid pw A n      
, 

    3 23

2ap ap a ap e ae aid pw B n      .  

 

 

(3.30) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɪɿɜɧɹɧɶ (3.28) ɧɟɨɛɨɜ’ɹɡɤɨɜɨ ɡɧɚɬɢ ɜɢɪɚɡɢ 

(3.25) ɞɥɹ u  ɬɚ T : ɡɚ ɪɚɯɭɧɨɤ ɞɨɞɚɬɤɨɜɢɯ ɭɦɨɜ ɜɢɪɚɡɢ (3.25) ɛɭɞɭɬɶ ɜɢɤɨɧɭɜɚ-

ɬɢɫɶ ɚɜɬɨɦɚɬɢɱɧɨ, ɹɤɳɨ u , T ,  a apA   ɬɚ  a apB   ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɪɿɜɧɹɧɧɸ 

(3.28). ɉɪɨɬɟ ɜɢɪɚɡɢ (3.25) ɦɨɠɭɬɶ ɛɭɬɢ ɤɨɪɢɫɧɢɦɢ ɞɥɹ ɫɩɪɨɳɟɧɧɹ ɝɪɨɦɿɡɞɤɢɯ 

ɨɛɱɢɫɥɟɧɶ. ɇɚɩɪɢɤɥɚɞ, ɨɛɱɢɫɥɢɦɨ ɬɟɦɩɟɪɚɬɭɪɧɭ ɱɚɫɬɢɧɭ ɎɊɄ ɭ ɩɨɪɹɞɤɭ 1  ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ (3.25), ɚ ɲɜɢɞɤɿɫɧɭ ɱɚɫɬɢɧɭ – ɛɟɡ. 

ɍ ɩɨɞɚɥɶɲɨɦɭ, ɡɝɿɞɧɨ ɡ ɧɚɜɟɞɟɧɢɦ ɚɥɝɨɪɢɬɦɨɦ, ɮɭɧɤɰɿʀ  a apA   ɬɚ 

 a apB   ɨɛɱɢɫɥɸɸɬɶɫɹ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ  . Ɍɟɨɪɿɹ ɡɛɭɪɟɧɶ ɡɚ   ɛɭɞɭɽɬɶɫɹ ɧɚ 

ɨɫɧɨɜɿ ɫɬɚɧɞɚɪɬɧɢɯ ɨɰɿɧɨɤ [124, 83, 84, 114]: 

en ep m T ,  1
in i ep mT m T  .  (3.31) 

Ɋɟɡɭɥɶɬɚɬɢ ˆ
acK  ɭ ɪɿɡɧɢɯ ɩɨɪɹɞɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   ɧɚɜɟɞɟɧɨ ɜ Ⱦɨɞɚɬɤɭ1. 

Ɂɚɭɜɚɠɢɦɨ ɬɚɤɨɠ, ɳɨ ɦɨɠɧɚ ɞɨɜɟɫɬɢ ɞɨɞɚɬɧɿɫɬɶ ɲɜɢɞɤɨɫɬɟɣ ɪɟɥɚɤɫɚɰɿʀ u  ɬɚ T  

ɳɟ ɞɨ ʀɯ ɪɨɡɪɚɯɭɧɤɭ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ  . Ⱦɨɜɟɫɬɢ ɰɟ ɦɨɠɧɚ ɧɚ ɨɫɧɨɜɿ ɬɚɤɢɯ ɜɢ-

ɪɚɡɿɜ: 
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       2
3, T ap a ap

a

A p A p d pw A   , 

       2
3 2,n n u ap a ap

a

B p B p d pw p B   ,      
,

, ,p p p p ab
a b

g h g h .  

 

(3.32) 

ɐɿ ɜɢɪɚɡɢ ɽ ɧɚɫɥɿɞɤɨɦ (3.28). ɇɚ ɨɫɧɨɜɿ (3.3) ɬɚ (3.26) ɦɨɠɧɚ ɞɨɜɟɫɬɢ, ɳɨ 

 , 0p pg g  .  (3.33) 

Ɉɱɟɜɢɞɧɨ, ɳɨ ɿɧɬɟɝɪɚɥɢ ɜ ɩɪɚɜɢɯ ɱɚɫɬɢɧɚɯ (3.32) ɽ ɧɟɜɿɞ’ɽɦɧɢɦɢ, ɬɨɦɭ ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ (3.33) ɦɚɽɦɨ 

0u  , 0T  .  (3.34) 

 

3.2.1. Ɍɟɦɩɟɪɚɬɭɪɧɚ ɱɚɫɬɢɧɚ 

ɍ ɰɶɨɦɭ ɩɭɧɤɬɿ ɨɬɪɢɦɭɸɬɶɫɹ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ  a apA   ɬɚ T  ɭ ɪɿɡɧɢɯ ɩɨɪɹɞ-

ɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɶ (3.25) ɬɚ (3.28).  

ɍ ɩɨɪɹɞɤɭ 0  ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.28) ɦɚɽ ɡ ɭɪɚɯɭɜɚɧɧɹɦ (3.25) ɬɚ ɪɟɡɭɥɶɬɚ-

ɬɿɜ, ɧɚɜɟɞɟɧɢɯ ɭ Ⱦɨɞɚɬɤɭ1, ɬɚɤɢɣ ɜɢɝɥɹɞ: 

   (0) (0) (0) (0)ˆ
ee e ep T e epK A A   ,   (0) (0) 0T i ipA   ; 

  (0)
(0) (0)2

, 0
3T ep e ep

ee
e

A
n

    . 

 

(3.35) 

Ɍɭɬ ɬɚ ɜ ɩɨɞɚɥɶɲɨɦɭ ɜ ɰɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ ɿɧɞɟɤɫ ɭ ɤɪɭɝɥɢɯ ɞɭɠɤɚɯ ɡɜɟɪɯɭ 

ɨɡɧɚɱɚɬɢɦɟ ɩɨɪɹɞɨɤ ɡɚ  . Ɉɫɬɚɧɧɹ ɪɿɜɧɿɫɬɶ ɭ (3.35) – ɧɚɫɥɿɞɨɤ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ 

ɿɧɬɟɝɪɚɥɶɧɢɯ ɞɭɠɨɤ. əɤ ɛɚɱɢɦɨ, ɬɨɞɿ ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɜ (3.35) ɫɬɚɽ ɬɨɬɨɠɧɿɫɬɸ, ɚ 

ɩɟɪɲɟ ɧɚɛɭɜɚɽ ɜɢɝɥɹɞɭ 

 (0) (0)ˆ 0ee e epK A   . (3.36) 

ɒɭɤɚɽɦɨ ɣɨɝɨ ɪɨɡɜ’ɹɡɨɤ ɭ ɜɢɝɥɹɞɿ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

   (0) (0) 1 2

0
e ep es s ep

s

A g S 


 , (3.37) 

ɬɭɬ ɬɚ ɜ ɩɨɞɚɥɶɲɨɦɭ ɜɢɛɿɪ ɩɨɥɿɧɨɦɿɜ ɞɥɹ ɩɪɨɫɬɨɪɨɜɨ–ɨɞɧɨɪɿɞɧɨʀ ɡɚɞɚɱɿ ɨɛʉɪɭɧ-

ɬɨɜɭɽɬɶɫɹ ɬɢɦ, ɳɨ ɩɟɪɲɿ ɞɟɤɿɥɶɤɚ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɜɢɡɧɚɱɚɸɬɶɫɹ ɞɨ-

ɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ. ɍ ɦɚɬɪɢɱɧɨɦɭ ɜɢɝɥɹɞɿ ɪɿɜɧɹɧɧɹ (3.36) ɦɚɽ ɜɢɝɥɹɞ    
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(0) (0)
, 0es ek es

s

g H  ,     1 2 1 2
, ,ak bs k ap s bp

ab
H S S   . (3.38) 

Ⱦɥɹ 0,1k   ɪɿɜɧɹɧɧɹ (3.38) ɽ ɬɨɬɨɠɧɿɫɬɸ, ɛɨ ɡ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ ɿɧɬɟɝɪɚɥɶɧɢɯ ɞɭ-

ɠɨɤ ɜɢɩɥɢɜɚɽ  
(0) (0) (0) (0)
0, 1, , 1 , 0 0e es e es es e es eH H H H    . (3.39) 

Ɂ (3.39) ɛɚɱɢɦɨ, ɳɨ ɞɥɹ 2k   ɪɿɜɧɹɧɧɹ ɦɚɽ (3.38) ɜɢɝɥɹɞ 

(0) (0)
,

2

0es ek es
s

g H


 , (3.40) 

ɳɨ ɽ ɬɪɢɜɿɚɥɶɧɨɸ ɫɢɫɬɟɦɨɸ ɪɿɜɧɹɧɶ ɧɚ ɤɨɟɮɿɰɿɽɧɬɢ (0)
2esg  , ɡɜɿɞɤɢ  (0)

2 0esg   . Ⱦɨɞɚ-

ɬɤɨɜɿ ɭɦɨɜɢ (3.30) ɜɢɡɧɚɱɚɸɬɶ ɩɟɪɲɿ ɞɜɚ ɤɨɟɮɿɰɿɽɧɬɢ ɜ ɪɨɡɜɢɧɟɧɧɿ (3.37): 

(0)
0 0eg  , (0)

1eg   . (3.41) 

Ɍɨɠ ɞɥɹ ɮɭɧɤɰɿʀ  (0)
e epA   ɦɚɽɦɨ ɬɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ: 

   (0) 1 2
1e ep epA S    . (3.42) 

əɤ ɛɚɱɢɦɨ, ɮɭɧɤɰɿɹ  e epA   ɡɚɞɚɽɬɶɫɹ ɇɅɊ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  . 

ɉɨɩɪɚɜɤɢ ɞɨ ɇɅɊ ɭ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɛɭɞɟ ɨɬɪɢɦɚɧɨ ɧɢɠɱɟ.  

ɍ ɩɨɪɹɞɤɭ 1  ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɨɩɟɪɟɞɧɿɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.28) 

ɦɚɽ ɬɚɤɢɣ ɜɢɝɥɹɞ: 

   (0) (1) (1) (0)ˆ
ee e ep T e epK A A   ,     (1) (0) (1) (0)ˆ

T i ep ii i ipA K A   ;  (1) 0T  , (3.43) 

Ɉɫɬɚɧɧɹ ɪɿɜɧɿɫɬɶ ɜ (3.43) ɽ ɧɚɫɥɿɞɤɨɦ (3.25) ɬɚ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ ɿɧɬɟɝɪɚɥɶɧɢɯ 

ɞɭɠɨɤ. Ɍɨɞɿ (3.43) ɦɚɬɢɦɟ ɜɢɝɥɹɞ  

 (0) (1)ˆ 0ee e epK A   ,   (1) (0)ˆ 0ii i ipK A   . (3.44) 

ɉɟɪɲɟ ɪɿɜɧɹɧɧɹ ɭ (3.44) ɦɚɽ ɪɨɡɜ’ɹɡɨɤ  

 (1) 0e epA   . (3.45) 

ȼ ɰɶɨɦɭ ɥɟɝɤɨ ɩɟɪɟɤɨɧɚɬɢɫɹ, ɩɪɨɜɿɜɲɢ ɨɛɱɢɫɥɟɧɧɹ, ɚɧɚɥɨɝɿɱɧɿ ɨɛɱɢɫɥɟɧɧɹɦ 

ɞɥɹ  (0)
e epA  , ɚɥɟ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ ɡɚɧɭɥɹɬɶ ɩɟɪɲɿ ɞɜɚ ɤɨɟɮɿɰɿɽɧɬɢ ɜ ɪɨɡɜɢɧɟɧ-

ɧɿ. ɓɨɞɨ ɞɪɭɝɨɝɨ ɪɿɜɧɹɧɧɹ ɭ (3.44), ɚɧɚɥɨɝɿɱɧɿ ɨɛɱɢɫɥɟɧɧɹ ɦɨɠɧɚ ɩɪɨɜɟɫɬɢ ɧɚ 

ɨɫɧɨɜɿ ɬɚɤɢɯ ɪɿɜɧɨɫɬɟɣ 
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(1) (1) (1) (1)
0, , 0 1, , 1i is is i i is is iH H H H   , (3.46) 

 ɳɨ ɞɚɽ 

   (0) 1 2
1i ip ipA z S   , (3.47) 

ɞɟ ɤɨɟɮɿɰɿɽɧɬ ɩɪɢ ɩɨɥɿɧɨɦɿ ɡɚɞɚɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ (3.30). əɤ ɛɚɱɢɦɨ, 

 i ipA   ɬɚɤɨɠ ɡɚɞɚɽɬɶɫɹ ɇɅɊ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  , ɩɪɨɬɟ ɜ ɛɿɥɶɲ ɜɢɫɨɤɢɯ 

ɩɨɪɹɞɤɚɯ ɡɚ   ɞɨ ɰɶɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɛɭɞɭɬɶ ɨɬɪɢɦɚɧɿ ɩɨɩɪɚɜɤɢ (ɞɢɜ. ɧɢɠɱɟ). 

ɍ ɩɨɪɹɞɤɭ 2
 
ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.28) ɦɚɽ ɡ ɭɪɚɯɭɜɚɧɧɹɦ (3.25) ɬɚ ɜɠɟ 

ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɬɚɤɢɣ ɜɢɝɥɹɞ: 

       (2) (0) (0) (2) (2) (0) (2) (0)ˆ ˆ ˆ
T e ep ee e ep ee e ep ei i ipA K A K A K A       , 

       (2) (0) (2) (0) (1) (1) (2) (0)ˆ ˆ ˆ
T i ep ie e ep ii i ip ii i ipA K A K A K A       , 

      (2) (2)
(2) (0) (0)2

, ,
3T ep e ep ep i ip

ee ei
e

A A
n

      . 

 

 

 

(3.48) 

Ɂ ɨɫɬɚɧɧɶɨɝɨ ɪɿɜɧɹɧɧɹ ɜ (3.48) ɨɬɪɢɦɚɽɦɨ 

 7 2 2 4
(2) 2

1 2 3 2

2 1

3
i

T
e

z z n e L

m T


 


 . (3.49) 

ɐɟɣ ɪɟɡɭɥɶɬɚɬ ɡɛɿɝɚɽɬɶɫɹ ɡ ɜɿɞɨɦɢɦ ɪɟɡɭɥɶɬɚɬɨɦ Ʌɚɧɞɚɭ [4, 55]; ɹɤ ɛɚɱɢɦɨ, 

ɜɿɧ ɨɬɪɢɦɚɧɢɣ ɧɚ ɨɫɧɨɜɿ ɇɅɊ, ɬɨɦɭ ɳɨ ɨɫɬɚɧɧɽ ɪɿɜɧɹɧɧɹ ɜ (3.48) ɦɿɫɬɢɬɶ ɮɭɧɤɰɿʀ 

 (0)
e epA   ɬɚ  (0)

i ipA  , ɹɤɿ ɽ ɪɟɡɭɥɶɬɚɬɚɦɢ ɇɅɊ. Ɋɨɡɜ’ɹɡɤɢ ɩɟɪɲɢɯ ɞɜɨɯ ɪɿɜɧɹɧɶ 

ɭ (3.48) ɲɭɤɚɽɦɨ ɹɤ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

   (2) (2) 1 2

0
e ep es s ep

s

A g S 


 ,     (1) (1) 1 2

0
i ip is s ip

s

A g S 


 .  (3.50) 

ɍ ɦɚɬɪɢɱɧɨɦɭ ɜɢɝɥɹɞɿ ɩɟɪɲɿ ɞɜɚ ɪɿɜɧɹɧɧɹ ɡ (3.48) ɦɚɸɬɶ ɜɢɝɥɹɞ: 

(2) (2) (0) (2) (2)
1 , , 1 , 1

2

3

2 e T k es ek es ek e ek i
s

n g H H z H   


    ,
 

(2) (2) (1) (1) (2)
1 , 1 , , 1

2

3

2 i T k ik e is ik is ik i
s

n z H g H z H   


    . 

 

(3.51) 

ɍ (3.51) ɪɨɡɜɢɧɟɧɧɹ ɩɨɱɢɧɚɽɬɶɫɹ ɡ ɞɪɭɝɨɝɨ ɩɨɥɿɧɨɦɚ, ɚ ɧɟ ɡ ɧɭɥɶɨɜɨɝɨ, ɨɫɤɿ-

ɥɶɤɢ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.30) ɧɚɤɥɚɞɚɸɬɶ ɬɚɤɿ ɨɛɦɟɠɟɧɧɹ: 
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(2) (2)
0 1 0e eg g  , (1) (1)

0 1 0i ig g  .
  

(3.52) 

ɉɟɪɲɟ ɪɿɜɧɹɧɧɹ ɭ (3.51) ɞɥɹ 0,1k   ɞɚɽ ɬɨɬɨɠɧɨɫɬɿ (0 0  ɞɥɹ 0k   ɬɚ ɜɢɪɚɡ 

(3.49) ɞɥɹ 1k  ). Ⱦɥɹ 2k   ɧɚ ɣɨɝɨ ɨɫɧɨɜɿ ɨɬɪɢɦɭɽɬɶɫɹ ɪɨɡɜ’ɹɡɨɤ ɞɥɹ  (2)
e epA  . 

ɐɟɣ ɪɨɡɜ’ɹɡɨɤ ɞɥɹ ɩɪɨɫɬɨɬɢ ɲɭɤɚɽɦɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ: 

 
(2) (2)
2, 1 2, 1(2) 2

2 (0)
2, 2

3 2 1e e e i
e

e e

H z H
g z z

H

 



   . 

 
(3.53) 

Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.51) ɞɚɽ ɬɨɬɨɠɧɨɫɬɿ ɚɧɚɥɨɝɿɱɧɨ ɜɢɩɚɞɤɭ 0,1k  . ɑɟɪɟɡ ɪɿ-

ɜɧɨɫɬɿ 
(2)

, 1 0ik iH  , (2)
, 1 0ik eH 

 
(3.54) 

ɞɥɹ 2k   ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.51) ɽ ɪɿɜɧɹɧɧɹɦ ɿɡ ɬɪɢɜɿɚɥɶɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ. Ɍɨɠ ɦɚ-

ɽɦɨ 

     (2) 2 1 2
23 2 1e ep epA z z S    ,  (1) 0i ipA   . 

 (3.55) 

əɤ ɛɚɱɢɦɨ, ɨɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɭ ɞɨ ɪɟɡɭɥɶɬɚɬɭ ɇɅɊ ɞɥɹ ɮɭɧɤɰɿʀ  (2)
e epA   ɭ 

ɞɪɭɝɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  . 

ɍ ɬɪɟɬɶɨɦɭ ɩɨɪɹɞɤɭ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.28) ɡ ɭɪɚɯɭɜɚɧɧɹɦ (3.25) ɬɚ ɜɠɟ 

ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɦɚɽ ɜɢɝɥɹɞ 

   (0) (3) (3) (0)ˆ
ee e ep T e epK A A   ,    (1) (2) (3) (0)ˆ

ii i ip T i ipK A A   , 

   (0)
(3) (3)2

, 0
3T ep e ep

ee
e

A
n

    .
 

 

(3.56) 

Ɉɫɬɚɧɧɹ ɪɿɜɧɿɫɬɶ ɭ (3.56) ɽ ɧɚɫɥɿɞɤɨɦ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ ɿɧɬɟɝɪɚɥɶɧɢɯ ɞɭɠɨɤ. 

Ⱦɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.30) ɡɚɧɭɥɹɬɶ ɩɟɪɲɿ ɞɜɚ ɤɨɟɮɿɰɿɽɧɬɢ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɭ ɮɭɧɤɰɿ-

ɹɯ  (3)
e epA   ɬɚ  (2)

i ipA  . Ɍɨɞɿ ɚɧɚɥɨɝɿɱɧɨ ɩɨɩɟɪɟɞɧɿɦ ɜɢɤɥɚɞɤɚɦ ɨɬɪɢɦɚɽɦɨ 

 (3) 0e epA   ,  (2) 0i ipA   . (3.57) 

ɍ ɱɟɬɜɟɪɬɨɦɭ ɩɨɪɹɞɤɭ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.28) ɡ ɭɪɚɯɭɜɚɧɧɹɦ (3.25) ɬɚ 

ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɟɡɭɥɶɬɚɬɿɜ ɦɚɽ ɜɢɝɥɹɞ: 

       (0) (4) (2) (2) (4) (0) (4) (0)
2

ˆ ˆ ˆ ˆ
ee e ep ee cp ee e ep ei i ipK A K A K A K A      
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   (2) (2) (4) (0)
T e ep T e epA A     , 

       (1) (3) (4) (0) (4) (0) (2) (2)ˆ ˆ ˆ ˆ
ii i ip ii i ip ie e ep ie e epK A K A K A K A      

 
 (4) (0)

T i ipA  , 

         (4) (2) (4)
(4) (0) (2) (0)2

, , ,
3T ep e ep ep i ip ep i ip

ee ei ei
e

A A A
n

         . 

 

 

 

 

(3.58) 

Ɂ ɨɫɬɚɧɧɶɨɝɨ ɪɿɜɧɹɧɧɹ ɭ (3.58) ɨɬɪɢɦɚɽɦɨ 

   
4 4

(4) 5 2 2 4 3 4
1 2 3 2 1 2 3 2

2 1 24 1T
e e

ne L ne L
z z z z

m T m T

        . (3.59) 

ɉɟɪɲɢɣ ɱɥɟɧ ɭ (3.59) ɞɚɽ ɇɅɊ. ȼɿɧ ɡɛɿɝɚɽɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚɬɨɦ ɋɩɿɬɰɟɪɚ [123], 

ɹɤɢɣ ɬɚɤɨɠ ɛɭɥɨ ɨɬɪɢɦɚɧɨ ɜ ɇɅɊ. Ⱦɪɭɝɢɣ ɱɥɟɧ ɭ (3.59) ɽ ɧɚɫɥɿɞɤɨɦ ɩɨɩɪɚɜɤɢ 

(3.55) ɞɨ ɇɅɊ. əɤ ɛɚɱɢɦɨ, ɨɬɪɢɦɚɧɚ ɩɨɩɪɚɜɤɚ ɞɨ ɇɅɊ ɫɭɬɬɽɜɨ ɜɩɥɢɜɚɽ ɧɚ ɲɜɢɞ-

ɤɿɫɬɶ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɱɟɬɜɟɪɬɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  , ɬɨɦɭ ɳɨ ɰɹ ɩɨɩɪɚɜɤɚ ɭ 

3 2z  Щɚɡɿɜ ɛɿɥɶɲɚ ɡɚ ɱɥɟɧ, ɹɤɢɣ ɞɚɽ ɇɅɊ ɭ ɩɨɪɹɞɤɭ 4 . Ɋɨɡɜ’ɹɡɨɤ ɞɪɭɝɨɝɨ ɪɿɜ-

ɧɹɧɧɹ ɭ (3.58) ɲɭɤɚɽɦɨ ɪɨɡɜɢɧɟɧɧɹɦ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

   (3) (3) 1 2
i ip is s ip

s

A g S  . (3.60) 

Ⱦɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.30) ɡɚɧɭɥɹɬɶ ɩɟɪɲɿ ɞɜɚ ɤɨɟɮɿɰɿɽɧɬɢ ɜ ɪɨɡɜɢɧɟɧɧɿ (3.60). 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɞɪɭɝɨɝɨ ɪɿɜɧɹɧɧɹ ɡ (3.58): 

(3) (1) (4) (4) (2) (2) (4)
, , 1 , 1 2 , 2 1

2

3

2is ik is ik i ik e e ik e i T k
s

g H z H H g H n z   


    . (3.61) 

Ⱦɥɹ 0,1k   ɪɿɜɧɹɧɧɹ (3.61) ɡ ɭɪɚɯɭɜɚɧɧɹɦ (3.59) ɞɚɽ ɬɨɬɨɠɧɨɫɬɿ; 2k   ɞɚɽ 

ɪɨɡɜ’ɹɡɨɤ ɰɶɨɝɨ ɪɿɜɧɹɧɧɹ ɞɥɹ ɮɭɧɤɰɿʀ  (3)
i ipA  . Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɨɬɪɢɦɚɽɦɨ 

ɪɨɡɜ’ɹɡɨɤ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ: 

 
(4) (4) (2) (2)
2, 1 2, 1 2 2, 2(3) 3 2 1 3

2 (1)
2, 2

2 1i e i i e i e
i

i i

H z H g H
g z

H

 
 

   .  

Ɍɨɠ ɦɚɽɦɨ  

     (3) 3 2 1 3 1 2
22 1i ip ipA z S    . (3.62) 
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Ɉɬɪɢɦɚɧɢɣ ɪɟɡɭɥɶɬɚɬ (3.62) ɽ ɩɨɩɪɚɜɤɨɸ ɞɨ ɪɟɡɭɥɶɬɚɬɭ ɇɅɊ ɞɥɹ ɮɭɧɤɰɿʀ 

 i ipA   ɭ ɩɨɪɹɞɤɭ 3 .  

ɉɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.58) ɞɚɽ ɡɦɨɝɭ ɨɬɪɢɦɚɬɢ  (4)
e epA  , ɩɪɨɬɟ ɨɛɦɟɠɢɦɨɫɶ 

ɨɛɱɢɫɥɟɧɧɹɦ ɝɨɥɨɜɧɨɸ ɡɚ   ɩɨɩɪɚɜɤɨɸ ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɇɅɊ. Ɍɨɠ ɨɫɬɚɬɨɱɧɨ ɞɥɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨʀ ɱɚɫɬɢɧɢ ɦɚɽɦɨ ɬɚɤɢɣ ɪɟɡɭɥɶɬɚɬ: 

         1 2 2 1 2 4
1 23 2 1e ep ep epA S z z S O          ,

 
         1 2 3 2 1 3 1 2 4

1 22 1i ip ip ipA z S z S O         , 

   
4

5 2 2 2 2 2 5
1 2 3 2

2
2 3 2 1

3T
e

ne L
z z z O

m T

          
 

. 

 

 

(3.63) 

Ɉɫɧɨɜɧɢɣ ɩɨɪɹɞɨɤ ɡɚ   ɭ ɎɊ ɬɚ T  ɽ ɪɟɡɭɥɶɬɚɬɨɦ ɇɅɊ [4, 123, 55], ɩɪɨɬɟ 

ɨɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɇɅɊ ɞɥɹ ɎɊ. ɓɨɞɨ ɪɟɡɭɥɶɬɚɬɭ ɞɥɹ T  ɭ ɩɨ-

ɪɹɞɤɭ 4 , ɬɨ ɣɨɝɨ ɱɚɫɬɢɧɚ, ɹɤɚ ɨɬɪɢɦɭɽɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɇɅɊ, ɡɛɿɝɚɽɬɶɫɹ ɡ ɜɿɞɨɦɢɦɢ 

ɪɟɡɭɥɶɬɚɬɚɦɢ [123], ɩɪɨɬɟ ɫɭɬɬɽɜɢɣ ɜɧɟɫɨɤ ɭ (4)
T  ɞɚɽ ɩɨɩɪɚɜɤɚ  (2)

e epA  . Ɂɚɭɜɚ-

ɠɢɦɨ ɬɚɤɨɠ, ɳɨ ɮɚɤɬɢɱɧɨ ɇɅɊ ɽ ɧɚɛɥɢɠɟɧɧɹɦ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɋɨɧɿɧɚ ɬɚ ɩɨɜ-

ɧɿɫɬɸ ɜɢɡɧɚɱɚɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ. Ɍɚɤɚ ɫɢɬɭɚɰɿɹ ɦɚɽ ɦɿɫɰɟ ɧɟ ɥɢɲɟ ɭ ɮɿ-

ɡɢɰɿ ɩɥɚɡɦɢ (ɞɢɜ., ɧɚɩɪɢɤɥɚɞ, [8]). 

 

3.2.2. ɒɜɢɞɤɿɫɧɚ ɱɚɫɬɢɧɚ 

ɍ ɰɶɨɦɭ ɩɭɧɤɬɿ ɨɛɱɢɫɥɸɸɬɶɫɹ  a apB 
 
ɬɚ u

 
ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   ɧɚ ɨɫ-

ɧɨɜɿ ɪɿɜɧɹɧɶ (3.25) ɬɚ (3.28). 

ɍ ɩɨɪɹɞɤɭ 1   ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.28) ɦɚɽ ɬɚɤɢɣ ɜɢɝɥɹɞ: 

 (0) (0) 0u n i ipp B   ,
 
 (3.64) 

ɟɥɟɤɬɪɨɧɧɟ ɠ ɪɿɜɧɹɧɧɹ ɜ ɩɨɪɹɞɤɭ 1 

 
ɽ ɬɨɬɨɠɧɿɫɬɸ. Ɍɭɬ ɬɚ ɜ ɩɨɞɚɥɶɲɨɦɭ ɜ ɰɶɨ-

ɦɭ ɩɿɞɪɨɡɞɿɥɿ ɿɧɞɟɤɫ ɭ ɤɪɭɝɥɢɯ ɞɭɠɤɚɯ ɡɜɟɪɯɭ ɨɡɧɚɱɚɬɢɦɟ ɩɨɪɹɞɨɤ ɡɚ  . əɤ ɜɿɞɨ-

ɦɨ [55], (0) 0u  , ɬɨɦɭ ɪɿɜɧɹɧɧɹ (3.64) ɞɚɫɬɶ  
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 (0) 0i ipB   .
 
 (3.65) 

ɍ ɩɨɪɹɞɤɭ 0  ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.28) ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɳɟɨɬɪɢɦɚɧɢɯ ɪɟ-

ɡɭɥɶɬɚɬɿɜ ɦɚɽ ɜɢɝɥɹɞ: 

     (0)
(0) (0) (0)ˆ

ee n e ep u n e epK p B p B   ,   (0) (1) 0u n i ipp B   .
 
 (3.66) 

Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.66) ɜɿɞɪɚɡɭ ɞɚɽ 

 (1) 0i ipB   .
 
 (3.67) 

Ɋɨɡɜ’ɹɡɨɤ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɡ (3.66) ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿ-

ɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

   (0) (0) 3 2
e ep es s ep

s

B h S  .
 
 (3.68) 

Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɲɭɤɚɽɦɨ ɪɨɡɜ’ɹɡɨɤ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. ɍ ɰɶɨɦɭ 

ɧɚɛɥɢɠɟɧɧɿ  (0)
e epB   ɩɨɜɧɿɫɬɸ ɡɚɞɚɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ (3.30), ɹɤɿ ɜɢ-

ɡɧɚɱɚɸɬɶ ɤɨɟɮɿɰɿɽɧɬ ɩɪɢ ɧɭɥɶɨɜɨɦɭ ɩɨɥɿɧɨɦɿ: 
(0)
1eh  ,  (0)

e epB   .
 
 (3.69) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɨɬɪɢɦɚɧɚ ɜɟɥɢɱɢɧɚ  (0)
e epB   ɡɛɿɝɚɽɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚɬɨɦ ɇɅɊ, 

ɩɪɨɬɟ ɇɅɊ ɞɚɽ ɥɢɲɟ ɝɨɥɨɜɧɢɣ ɩɨɪɹɞɨɤ ɮɭɧɤɰɿʀ  e epB   ɡɚ  . ɍ ɰɿɣ ɪɨɛɨɬɿ 

ɨɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ ɰɶɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɜ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ   (ɞɢɜ. 

ɧɢɠɱɟ). ɉɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.66) ɦɚɽ ɬɚɤɢɣ ɦɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ: 

(0) (0) (0) (0)
,

0

4 5

! 2
e e

es ek es u ek
s

n m T
h G k h

k




    
 

 ,  

    3 2 3 2
, ,ak bs l k ap l s bp

ab
G p S p S  ,

 
 

 

 

(3.70) 

ɧɚ ɨɫɧɨɜɿ ɱɨɝɨ ɦɚɽɦɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ 

5 2 4
(0) (0) 2

0, 0 1 2 3 2

1 2

3 3u e e
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   .
 
 (3.71) 
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əɤ ɛɚɱɢɦɨ, ɪɟɡɭɥɶɬɚɬ (3.71) ɨɬɪɢɦɚɧɨ ɧɚ ɨɫɧɨɜɿ ɇɅɊ ɬɚ ɜɿɧ ɡɛɿɝɚɽɬɶɫɹ ɡ ɜɿ-

ɞɨɦɢɦ ɪɟɡɭɥɶɬɚɬɨɦ [55]. ɉɪɨɬɟ ɜ ɪɨɛɨɬɿ ɨɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ u  ɜ ɛɿɥɶɲ ɜɢɫɨ-

ɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ   (ɞɢɜ. ɧɢɠɱɟ). 

ɍ ɩɟɪɲɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɳɟɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɞɪɭɝɟ 

ɪɿɜɧɹɧɧɹ ɡ (3.28) ɦɚɽ ɜɢɝɥɹɞ: 

       (0)
(1) (0) (0) (1) (1)ˆ
u n e ep u n e ep ee n e epp B p B K p B      , 

     (1)
(0) (2) (0)ˆ
u n i ip ie s e epp B K p B   . 

 

(3.72) 

Ɂ ɞɪɭɝɨɝɨ ɪɿɜɧɹɧɧɹ ɭ (3.72), ɜɢɤɨɪɢɫɬɚɜɲɢ ɹɜɧɢɣ ɜɢɝɥɹɞ ɨɩɟɪɚɬɨɪɚ  (1)ˆ
ie sK p  

ɬɚ (3.69), ɦɚɽɦɨ ɬɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ:    

 (2) 2
i ipB z   . (3.73) 

Ɋɟɡɭɥɶɬɚɬ (3.73) ɽ ɬɨɱɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ ɭ ɪɚɦɤɚɯ ɇɅɊ. ȼɿɧ ɡɛɿɝɚɽɬɶɫɹ ɡ [55] ɬɚ 

ɱɭɞɨɜɨ ɭɡɝɨɞɠɭɽɬɶɫɹ ɡ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ (3.30). Ɂɚɭɜɚɠɢɦɨ, ɨɞɧɚɤ, ɳɨ ɜ ɰɿɣ 

ɪɨɛɨɬɿ ɨɬɪɢɦɚɧɨ ɤɨɪɟɤɰɿʀ ɞɨ ɰɶɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɜ ɛɿɥɶɲ ɜɢɫɨɤɨɦɭ ɩɨɪɹɞɤɭ ɡɚ 
 (ɞɢɜ. ɧɢɠɱɟ). Ɋɨɡɜ’ɹɡɨɤ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɡ (3.72) ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ ɪɨɡɜɢɧɟɧɧɹ 

ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

   (1) (1) 3 2
e ep es s ep

s

B h S  . (3.74) 

ɍ ɦɚɬɪɢɱɧɿɣ ɮɨɪɦɿ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.72) ɦɚɽ ɜɢɝɥɹɞ 

(1) (1) (0) (0)
0 ,

1

4 45 5

2 2!
e e e e

u k es ek es u ks
s

n m n m T
h G s

s
   

 

                
 , (3.75) 

ɫɭɦɚ ɜ ɩɪɚɜɿɣ ɱɚɫɬɢɧɿ ɪɿɜɧɹɧɧɹ (3.75) ɩɨɱɢɧɚɽɬɶɫɹ ɡ 1, ɬɨɦɭ ɳɨ (0)
esh  ɡɚɧɭɥɹɽɬɶɫɹ 

ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ (3.30). 0k   ɭ (3.75) ɞɚɽ ɬɚɤɢɣ ɜɢɪɚɡ: 

 (1) (1) (0)
0,

1

3 e e u es e es
s

n m h G


  (3.76) 

(ɡɚɡɧɚɱɢɦɨ, ɳɨ (0)
0, 0e esG  ), ɚ 1k   ɭ (3.75) ɞɚɽ ɬɚɤɭ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ: 

(1) (0) (0)
,

1

4 5
0

2!
e e

es ek es u ks
s

n m T
h G s

s
 



         
 , (3.77) 

ɹɤɚ, ɨɱɟɜɢɞɧɨ, ɦɚɽ ɬɪɢɜɿɚɥɶɧɢɣ ɪɨɡɜ’ɹɡɨɤ. Ɍɨɦɭ ɡ ɭɪɚɯɭɜɚɧɧɹɦ (3.76) ɦɚɽɦɨ 
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(1) 0u  ,   (1) 0e epB   .  (3.78) 

ɍ ɞɪɭɝɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɳɟɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɞɪɭɝɟ 

ɪɿɜɧɹɧɧɹ ɡ (3.28) ɦɚɽ ɜɢɝɥɹɞ: 

           (0) (2) (2)
(2) (0) (2)ˆ ˆ ˆ

ee n e ep ee n e ep ei n i ipK p B K p B K p B    
 

   (0) (2) (2) (0)
u n e ep u n e epp B p B     , 

       (0)
(0) (3) (2)ˆ
u n i ip ii n i ipp B K p B   . 

 
 

 

 

 

(3.79) 

Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɜ (3.79) ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ ɨɩɟɪɚɬɨɪɚ  (0)ˆ
ii nK p  

ɜɿɞɪɚɡɭ ɞɚɽ 

 (3) 0i ipB   .
  

(3.80) 

Ɋɨɡɜ’ɹɡɨɤ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɜ (3.79) ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿ-

ɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

   (2) (2) 3 2
e ep es s ep

s

B h S  .
  

(3.81) 

ɍ ɦɚɬɪɢɱɧɨɦɭ ɜɢɝɥɹɞɿ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.79) ɡɚɩɢɫɭɽɬɶɫɹ ɹɤ 

(2) (0) (0) (2) 2 (0)
, , 0 , 0

1

4 5

2!
e e

es ek es u ks ek e ek i
s

n m T
h G s G z G

s
   



           


 
(2)

03u e e kn m  .
 

 

 

(3.82) 

ɋɭɦɚ ɜ ɥɿɜɿɣ ɱɚɫɬɢɧɿ (3.82) ɩɨɱɢɧɚɽɬɶɫɹ ɡ 1, ɬɨɦɭ ɳɨ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.30) 

ɡɚɧɭɥɹɬɶ (2)
esh . 0k   ɭ (3.82) ɞɚɽ 

(2) (0) (2) 2 (0) (2)
0, 0, 0 0, 0

1

3es e es e e e i u e e
s

h G G z G n m  


   ,
 

(3.83) 

 ɚ 1k   ɭ (3.82) ɞɚɽ ɬɚɤɭ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ: 

(2) (0) (0) (2) 2 (0)
, , 0 , 0

1

4 5
0

2!
e e

es ek es u ks ek e ek i
s

n m T
h G s G z G

s
   



           
 ,

 
(3.84) 

ɡ ɹɤɨʀ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ  (2)
e epB  . Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɨɬɪɢɦɚɽɦɨ ɰɸ ɮɭɧɤɰɿɸ ɜ ɧɚ-

ɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ: 
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   1
(2) 2 (0) (2) (0) (0) 2
1 1, 0 1, 0 1, 1

3 2 115

2 3 4 2
e e i e e e e u e e

z z
h z G G G n m T

z
   

         
, 

     (2) 2 3 2
1

3 2 1

3 4 2
e ep ep

z z
B S

z
  


 


.
 

 

 

(3.85) 

Ɉɬɪɢɦɚɧɚ ɮɭɧɤɰɿɹ (3.85) – ɰɟ ɩɨɩɪɚɜɤɚ ɛɿɥɶɲ ɜɢɫɨɤɨɝɨ ɩɨɪɹɞɤɭ ɡɚ 
 
ɞɨ ɪɟ-

ɡɭɥɶɬɚɬɭ ɞɥɹ  e epB   ɜ ɪɚɦɤɚɯ ɇɅɊ. ɇɚ ɨɫɧɨɜɿ (3.85) ɡ (3.84) ɨɬɪɢɦɚɽɦɨ 

 (2) (2) (0) (2) 2 (0)
1 0, 1 0, 0 0, 0

1

3u e e e e e e i
e e

h G G z G
n m

     
 

2 4
2

1 2 3 2
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.
 

 

 

(3.86) 

ɉɟɪɲɢɣ ɱɥɟɧ ɭ (3.86) ɨɬɪɢɦɭɽɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɇɅɊ, ɚ ɞɪɭɝɢɣ ɽ ɧɚɫɥɿɞɤɨɦ ɭɪɚ-

ɯɭɜɚɧɧɹ ɩɨɩɪɚɜɤɢ (3.85) ɞɨ ɇɅɊ. əɤ ɛɚɱɢɦɨ, ɭɪɚɯɭɜɚɧɧɹ ɰɿɽʀ ɩɨɩɪɚɜɤɢ ɫɭɬɬɽɜɨ 

ɡɦɿɧɸɽ u  ɭ ɞɪɭɝɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  . 

ɍ ɩɨɪɹɞɤɭ 3  ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.28) ɦɚɽ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɳɟɨɬɪɢɦɚɧɢɯ ɪɟ-

ɡɭɥɶɬɚɬɿɜ ɬɚɤɢɣ ɜɢɝɥɹɞ: 

       (0)
(3) (3) (0) (0) (3)ˆ

ee n e ep u n e ep u n e epK p B p B p B      ,
 

             (1) (3) (1)
(2) (0) (2)ˆ ˆ ˆ

ii n i ip ie n e ep ie n e epK p B K p B K p B    
 

   (0) (4) (2) (2)
u n i ep u n i epp B p B     . 

 
 

 

 

 

(3.87) 

ɉɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.87) ɪɨɡɜ’ɹɡɭɽɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɩɟɪɲɨɦɭ ɪɿɜɧɹɧɧɸ ɡ 

(3.72), ɳɨ ɞɚɽ: 
(3) 0u  ,   (3) 0e epB   .  (3.88) 

ɒɭɤɚɽɦɨ ɪɨɡɜ’ɹɡɨɤ ɞɪɭɝɨɝɨ ɪɿɜɧɹɧɧɹ ɡ (3.87) ɭ ɜɢɝɥɹɞɿ 

     (4) (4) 3 2
i ip is s ip

s

B h S  . (3.89) 

Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.87) ɡ ɭɪɚɯɭɜɚɧɧɹɦ (3.88) ɦɚɽ ɬɚɤɢɣ ɦɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ: 

  2 (0) (2) (2) (0) (0) (4) (2)
, 0 , 0 1 , 1 0

4 5
3

2!
i i

ik i ik e e ik e u ik u i e k
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z G G h G k h n m z

k
    


        
 

.
 

(3.90) 
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ɉɪɢ 0k 
 
ɪɿɜɧɹɧɧɹ (3.90) ɫɬɚɽ ɬɨɬɨɠɧɿɫɬɸ (ɞɢɜ. (3.86) ɬɚ (3.30)). ɉɪɢ 1k   

ɡ ɧɶɨɝɨ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɪɨɡɜ’ɹɡɨɤ ɞɥɹ  (4)
i ipB  . Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɡɧɚɣɞɟɦɨ 

ɪɨɡɜ’ɹɡɨɤ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ: 

   (4) 2 (0) (2) (2) (0) 2 4
1 1, 0 1, 0 1 1, 1(0)

2 3

15 5i i i i e e i e
i e u

h z G G h G z
n m T

   


      .
 

(3.91) 

Ɍɨɠ ɦɚɽɦɨ 

     (4) 4 3 2
1

3

5i ip ipB z S    .
 

(3.92) 

Ɋɟɡɭɥɶɬɚɬ (3.92) ɽ ɩɨɩɪɚɜɤɨɸ ɛɿɥɶɲ ɜɢɫɨɤɨɝɨ ɩɨɪɹɞɤɭ ɡɚ   ɞɨ ɪɟɡɭɥɶɬɚɬɭ 

ɞɥɹ  i ipB   ɭ ɪɚɦɤɚɯ ɇɅɊ.  

Ɋɨɡɝɥɹɞɚɸɱɢ ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɜ (3.28) ɭ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ  , ɦɨɠɟ-

ɦɨ ɨɬɪɢɦɭɜɚɬɢ ɩɨɩɪɚɜɤɢ ɳɟ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɿɜ, ɩɪɨɬɟ ɨɛɦɟɠɢɦɨɫɶ ɝɨɥɨɜ-

ɧɨɸ ɡɚ   ɩɨɩɪɚɜɤɨɸ ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɇɅɊ ɞɥɹ  a apB   ɬɚ u . Ɉɫɬɚɬɨɱɧɨ ɜɢɩɢ-

ɲɟɦɨ ɪɟɡɭɥɶɬɚɬ ɞɥɹ ɲɜɢɞɤɿɫɧɨʀ ɱɚɫɬɢɧɢ: 

       2 3 2 4
1

3 2 1

3 4 2
e ep ep

z z
B S O

z
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     2 4 3 2 5
1

3

5i ip ipB z z S O        , 
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(3.93) 

ɍ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɰɿ ɜɟɥɢɱɢɧɢ ɡɚɞɚɸɬɶɫɹ ɇɅɊ, ɩɪɨɬɟ ɞɨ ɇɅɊ ɡɧɚɣ-

ɞɟɧɨ ɩɨɩɪɚɜɤɢ. Ⱦɪɭɝɢɣ ɱɥɟɧ ɭ ɜɢɪɚɡɿ ɞɥɹ u  – ɰɟ ɩɨɩɪɚɜɤɚ ɩɨɪɹɞɤɭ 2  ɜ ɪɚɦɤɚɯ 

ɇɅɊ, ɚ ɬɪɟɬɿɣ ɱɥɟɧ ɽ ɧɚɫɥɿɞɤɨɦ ɭɪɚɯɭɜɚɧɧɹ ɩɨɩɪɚɜɤɢ ɞɪɭɝɨɝɨ ɩɨɪɹɞɤɭ ɡɚ   ɞɨ 

 e epB  . əɤ ɛɚɱɢɦɨ, ɜɿɧ ɫɭɬɬɽɜɨ ɡɦɿɧɸɽ (2)
u . 

ɇɚɩɪɢɤɿɧɰɿ ɩɿɞɪɨɡɞɿɥɭ, ɩɪɢɫɜɹɱɟɧɨɦɭ ɥɿɧɿɣɧɿɣ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɞɥɹ ɩɪɨɫɬɨ-

ɪɨɜɨ-ɨɞɧɨɪɿɞɧɨʀ ɩɥɚɡɦɢ, ɡɚɡɧɚɱɢɦɨ, ɳɨ ɪɟɡɭɥɶɬɚɬɢ (3.63) ɬɚ (3.93) ɧɚɜɟɞɟɧɨ ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ ɟɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɿ ɩɥɚɡɦɢ. Ⱦɥɹ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɝɨ ɜɢɩɚɞ-

ɤɭ ɰɟ ɡɪɭɱɧɨ, ɬɨɦɭ ɳɨ ɝɭɫɬɢɧɢ ɱɢɫɥɚ ɱɚɫɬɢɧɨɤ ɤɨɦɩɨɧɟɧɬ ɩɪɨɫɬɨ ɽ ɪɿɜɧɨɜɚɠɧɢ-
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ɦɢ ɤɨɧɫɬɚɧɬɚɦɢ. ɉɪɨɬɟ ɜ ɩɨɞɚɥɶɲɢɯ ɪɨɡɞɿɥɚɯ ɞɢɫɟɪɬɚɰɿʀ ɛɭɞɟ ɜɢɜɱɚɬɢɫɶ ɩɪɨɫɬɨ-

ɪɨɜɨ-ɧɟɨɞɧɨɪɿɞɧɢɣ ɜɢɩɚɞɨɤ, ɿ ɞɥɹ ɧɶɨɝɨ ɬɜɟɪɞɠɟɧɧɹ, ɳɨ ɜ ɤɨɠɧɿɣ ɬɨɱɰɿ ɩɪɨɫɬɨɪɭ 

   , ,e in x t zn x t , ɧɟ ɽ ɜɿɪɧɢɦ. ɉɪɢ ɥɿɧɟɚɪɢɡɚɰɿʀ ɬɟɨɪɿʀ ɛɿɥɹ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ 

ɉɋɈ e in zn
 
ɜɢɤɨɧɭɽɬɶɫɹ ɞɥɹ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ ɝɭɫɬɢɧ, ɚɥɟ ɧɟ ɞɥɹ ɜɿɞɯɢɥɟɧɶ 

ɝɭɫɬɢɧ ɜɿɞ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ. Ɍɨɦɭ ɧɚɜɟɞɟɦɨ ɪɟɡɭɥɶɬɚɬɢ (3.63) ɬɚ (3.93) ɛɟɡ 

ɭɪɚɯɭɜɚɧɧɹ ɟɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɿ: 
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(3.94) 

ɍ ɬɚɤɨɦɭ ɜɢɝɥɹɞɿ ɜɨɧɢ ɡɪɭɱɧɿ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿʀ ɧɚ ɝɿɞɪɨ-

ɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ. 
 

3.3. Ʉɜɚɞɪɚɬɢɱɧɚ ɬɟɨɪɿɹ ɪɟɥɚɤɫɚɰɿʀ 
ɍ ɩɨɩɟɪɟɞɧɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɩɨɩɪɚɜɤɢ ɛɿɥɶɲ ɜɢɫɨɤɨɝɨ ɩɨɪɹɞɤɭ 

ɡɚ   ɞɨ ɜɿɞɨɦɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɇɅɊ. ȼɨɧɢ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɜ ɪɚɦɤɚɯ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ 

ɪɟɥɚɤɫɚɰɿʀ, ɬɨɛɬɨ ɜ ɩɟɪɲɨɦɭ ɩɨɪɹɞɤɭ ɦɚɥɨɫɬɿ ɡɚ  . Ɂ ɪɿɜɧɹɧɶ (3.29) ɛɚɱɢɦɨ, ɳɨ 

ɨɫɤɿɥɶɤɢ ɜɿɞɯɢɥɟɧɧɹ nu ,   ɡɝɚɫɚɸɬɶ ɡ ɱɚɫɨɦ, ɬɨ ɡ ɞɟɹɤɨɝɨ ɱɚɫɭ ɫɚɦɟ ɥɿɧɿɣɧɢɣ ɩɨ-

ɪɹɞɨɤ ɡɚ   ɞɚɫɬɶ ɨɫɧɨɜɧɢɣ ɜɧɟɫɨɤ ɞɨ ɎɊɄ ɬɚ ɞɨ ɲɜɢɞɤɨɫɬɿ ɪɟɥɚɤɫɚɰɿʀ. ɋɚɦɟ ɥɿ-

ɧɿɣɧɿɣ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɣ ɩɪɢɫɜɹɱɟɧɿ ɪɨɛɨɬɢ ɩɨɩɟɪɟɞɧɢɤɿɜ. Ɍɢɦ ɧɟ ɦɟɧɲ, ɧɚ ɞɟ-
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ɹɤɨɦɭ ɟɬɚɩɿ ɟɜɨɥɸɰɿʀ ɫɢɫɬɟɦɢ ɩɨɩɪɚɜɤɢ ɞɨ ɇɅɊ ɛɿɥɶɲ ɜɢɫɨɤɨɝɨ ɩɨɪɹɞɤɭ ɡɚ   ɜ 

ɪɚɦɤɚɯ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɦɨɠɭɬɶ ɛɭɬɢ ɩɨɪɿɜɧɹɧɿ ɡ ɩɨɩɪɚɜɤɚɦɢ ɡ ɤɜɚɞɪɚ-

ɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ (ɬɨɛɬɨ ɜ ɩɨɪɹɞɤɭ ɦɚɥɨɫɬɿ 2 ), ɩɪɨɬɟ ɨɬɪɢɦɚɧɢɦɢ ɜ ɝɨɥɨ-

ɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  . Ɍɨɦɭ ɞɨɫɥɿɞɠɟɧɧɹ ɤɜɚɞɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɽ ɜɚɠɥɢ-

ɜɢɦ ɬɚ ɚɤɬɭɚɥɶɧɢɦ. 

ɎɊɄ ɜ ɪɚɦɤɚɯ ɤɜɚɞɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ 

      (2) 2 u uu
ap ap a an n anl n lf w A p A p u A p u u     ,

 
(3.95) 

ɞɟ ɜɟɪɯɧɿɣ ɿɧɞɟɤɫ ɭ ɞɭɠɤɚɯ ɨɡɧɚɱɚɽ ɩɨɪɹɞɨɤ ɩɨ  . Ɂ ɦɿɪɤɭɜɚɧɶ ɨɛɟɪɬɚɥɶɧɨʀ ɿɧɜɚ-

ɪɿɚɧɬɧɨɫɬɿ ɜɢɩɥɢɜɚɽ, ɳɨ ɱɚɫɬɢɧɢ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɭ (3.95) ɦɚɸɬɶ ɜɢɝɥɹɞ: 

   a a apA p A   ,    u u
an n a apA p p A   , 

 

     uu uu uu
anl a ap nl aTr ap nlpA p A A h     ,  21

3nlp n l nlh p p p  .  

 

(3.96) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɞɥɹ ɬɟɧɡɨɪɚ ɞɪɭɝɨɝɨ ɪɚɧɝɭ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɪɨɡɤɥɚɞɚɧɧɹ ɧɚ 

ɧɟɡɜɿɞɧɿ ɬɟɧɡɨɪɢ [175]. 

ɉɟɪɲ ɧɿɠ ɩɪɨɜɨɞɢɬɢ ɨɛɱɢɫɥɟɧɧɹ ɮɭɧɤɰɿɣ (3.95) ɬɚ ɤɜɚɞɪɚɬɢɱɧɢɯ ɡɚ   ɜɧɟɫ-

ɤɿɜ ɞɨ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ, ɧɚɜɟɞɟɦɨ ɪɟɡɭɥɶɬɚɬ ɇɅɊ ɞɥɹ (2)
apf . ɐɟɣ ɪɟɡɭɥɶ-

ɬɚɬ ɨɬɪɢɦɭɽɬɶɫɹ ɪɨɡɜɢɧɟɧɧɹɦ ɎɊɄ (3.20) ɭ ɪɹɞ Ɍɟɣɥɨɪɚ ɡɚ ɦɚɥɢɦɢ ɜɿɞɯɢɥɟɧɧɹɦɢ 

nu ,  : 
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(3.97) 

Ɏɭɧɤɰɿʀ (3.95) ɨɛɱɢɫɥɸɸɬɶɫɹ ɡɚ ɜɢɳɟɧɚɜɟɞɟɧɢɦ ɚɥɝɨɪɢɬɦɨɦ. ɋɩɨɱɚɬɤɭ ɬɪɟ-

ɛɚ ɨɬɪɢɦɚɬɢ ɬɨɱɧɿ ɿɧɬɟɝɪɚɥɶɧɿ ɪɿɜɧɹɧɧɹ ɧɚ ɤɨɠɧɭ ɡ ɮɭɧɤɰɿɣ (3.96) ɧɚ ɨɫɧɨɜɿ ɪɿɜ-
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ɧɹɧɶ (3.14) ɬɚ (3.15). əɤ ɛɚɱɢɦɨ, ɞɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɦɚɬɢ ɜɢɪɚɡɢ ɞɥɹ ɱɚɫɨɜɢɯ 

ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ ɜ ɩɨɪɹɞɤɭ 2 . ɇɚ ɨɫɧɨɜɿ (3.3), (3.7) ɬɚ (3.15) ɨɬɪɢɦɚɽɦɨ 
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ɞɟ ɤɨɟɮɿɰɿɽɧɬɢ u
nlG  , G  ɬɚ uu

nlG  ɜɢɪɚɠɚɸɬɶɫɹ ɜ ɬɟɪɦɿɧɚɯ ɎɊɄ: 
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(3.99) 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɰɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɨɱɧɿ ɿɧɬɟɝɪɚɥɶɧɿ ɪɿɜɧɹɧɧɹ 

ɜɿɞɧɨɫɧɨ ɮɭɧɤɰɿɣ (3.95): 
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ɞɟ  aA p  ɬɚ  anB p  – ɨɬɪɢɦɚɧɿ ɜɢɳɟ ɎɊɄ (3.21) ɭ ɪɚɦɤɚɯ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤ-

ɫɚɰɿʀ, ɹɤɿ ɦɿɫɬɹɬɶ ɩɨɩɪɚɜɤɢ ɞɨ ɇɅɊ ɛɿɥɶɲ ɜɢɫɨɤɨɝɨ ɩɨɪɹɞɤɭ ɡɚ  ; ɨɩɟɪɚɬɨɪ acnp  

ɜɢɡɧɚɱɟɧɨ ɜ (3.99). əɤ ɛɚɱɢɦɨ, ɪɿɜɧɹɧɧɹ (3.98)–(3.100) ɦɿɫɬɹɬɶ ɩɨɩɪɚɜɤɢ ɞɨ ɇɅɊ, 

ɨɬɪɢɦɚɧɿ ɭ ɩɨɩɟɪɟɞɧɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ, ɿ ɯɨɱɚ ɭ ɰɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ ɦɢ ɨɬɪɢɦɚɽɦɨ 

ɥɢɲɟ ɝɨɥɨɜɧɢɣ ɡɚ   ɩɨɪɹɞɨɤ ɎɊɄ (3.95) ɬɚ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɉɋɈ (3.98), ɰɿ 

ɩɨɩɪɚɜɤɢ ɩɪɢɧɰɢɩɨɜɨ ɞɚɸɬɶ ɡɦɨɝɭ ɨɬɪɢɦɚɬɢ ɰɿ ɜɟɥɢɱɢɧɢ ɧɟ ɥɢɲɟ ɜ ɝɨɥɨɜɧɨɦɭ, 

ɚɥɟ ɣ ɭ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ  .  

Ⱦɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.4) ɜ ɪɚɦɤɚɯ ɤɜɚɞɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɧɚɛɭɞɭɬɶ ɜɢ-

ɝɥɹɞɭ 

 3 0ap a apd pw A   ,     3 0ap a ap apd pw A    , 
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(3.101) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ ɞɥɹ ɮɭɧɤɰɿʀ  uu
aTr apA   ɜɢɤɨɧɭɸɬɶɫɹ ɚɜɬɨ-

ɦɚɬɢɱɧɨ. ɍ ɩɨɞɚɥɶɲɢɯ ɩɭɧɤɬɚɯ ɰɶɨɝɨ ɩɿɞɪɨɡɞɿɥɭ ɎɊɄ (3.95) ɨɬɪɢɦɭɸɬɶɫɹ ɜ ɬɟɨ-

ɪɿʀ ɡɛɭɪɟɧɶ ɡɚ  . 

 

3.3.1. Ɏɭɧɤɰɿʀ ɩɪɢ 2  

ɐɟɣ ɩɭɧɤɬ ɩɪɢɫɜɹɱɟɧɨ ɩɨɲɭɤɭ ɮɭɧɤɰɿɣ  aA p  ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   ɧɚ ɨɫ-

ɧɨɜɿ ɨɬɪɢɦɚɧɢɯ ɞɥɹ ɧɢɯ ɬɨɱɧɢɯ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ (3.100).  

ɉɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (3.100) ɭ ɩɨɪɹɞɤɭ 0  ɦɚɽ ɞɥɹ a e  ɬɚɤɢɣ ɜɢɝɥɹɞ: 
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(3.102) 

 

ɞɥɹ a i  ɜɨɧɨ ɽ ɬɨɬɨɠɧɿɫɬɸ 0 0 . Ɍɭɬ ɿ ɧɚɞɚɥɿ ɜɟɪɯɧɿɣ ɿɧɞɟɤɫ ɜ ɤɪɭɝɥɢɯ ɞɭɠɤɚɯ 

ɨɡɧɚɱɚɽ ɩɨɪɹɞɨɤ ɡɚ  . ɉɪɢ ɜɢɜɟɞɟɧɧɿ (3.102) ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɹɜɧɢɣ ɜɢɝɥɹɞ ɪɟ-

ɡɭɥɶɬɚɬɿɜ (3.63) ɬɚ ɮɚɤɬ 

(0) 0G  , (3.103) 

ɹɤɢɣ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɧɚ ɨɫɧɨɜɿ (3.63) ɬɚ (3.96). əɤ ɛɚɱɢɦɨ, ɪɿɜɧɹɧɧɹ (3.102) ɽ ɪɿ-

ɜɧɹɧɧɹɦ Ɏɪɟɞɝɨɥɶɦɚ ɩɟɪɲɨɝɨ ɪɨɞɭ, ɬɨɦɭ ɳɨ ɩɪɚɜɚ ɣɨɝɨ ɱɚɫɬɢɧɚ – ɜɿɞɨɦɚ ɮɭɧɤ-

ɰɿɹ, ɚ ɥɿɜɚ ɦɚɽ ɜɢɝɥɹɞ ɥɿɚɧɟɪɢɡɨɜɚɧɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɡɿɬɤɧɟɧɶ, ɹɤɢɣ ɞɿɽ ɧɚ ɧɟɜɿɞɨɦɭ 

ɮɭɧɤɰɿɸ. Ɋɨɡɜ’ɹɡɨɤ ɪɿɜɧɹɧɧɹ (3.102) ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ 
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ɋɭɦɚ ɭ (3.104) ɩɨɱɢɧɚɽɬɶɫɹ ɡ 2, ɬɨɦɭ ɳɨ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.101) ɡɚɧɭɥɹɬɶ 

ɤɨɟɮɿɰɿɽɧɬɢ ɩɪɢ ɩɟɪɲɨɦɭ ɬɚ ɧɭɥɶɨɜɨɦɭ ɩɨɥɿɧɨɦɚɯ. Ɋɿɜɧɹɧɧɹ (3.102) ɦɚɽ ɦɚɬɪɢɱ-

ɧɢɣ ɜɢɝɥɹɞ:  
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(3.105) 

Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɡɧɚɣɞɟɦɨ  (0)
e epA    ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. Ⱦɥɹ 

0,1k 
 
ɪɿɜɧɹɧɧɹ (3.105) ɽ ɬɨɬɨɠɧɿɫɬɸ ɜɧɚɫɥɿɞɨɤ (3.39). Ⱦɥɹ 2k 

 
ɦɚɽɦɨ: 

   1 2 1 234
2 2(2) 3 3

2 (0)
2, 2

ep ep

e ep ep
e e n n

S Se L
g d pd p w w

H p p


   


  
    

   
  

      1 2 1 2 2
1 1ep l ep l nlS p S p D p p        , 

 

 

(3.106) 

ɡɜɿɞɤɢ 

   (0) 2 1 2
2e ep epA S    . (3.107) 
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əɤ ɛɚɱɢɦɨ, ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ  e epA   ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ 

ɡɚ   ɡɚɞɚɽɬɶɫɹ ɇɅɊ, ɩɪɨɬɟ ɞɨ ɰɶɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɦɨɠɧɚ ɨɬɪɢɦɭɜɚɬɢ ɩɨɩɪɚɜɤɢ ɜ 

ɛɿɥɶɲ ɜɟɥɢɤɨɦɭ ɱɢɫɥɿ ɩɨɥɿɧɨɦɿɜ ɬɚ ɜ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ  . 

ɍ ɩɟɪɲɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɞɥɹ a i  ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɭ (3.100) ɡ ɭɪɚɯɭɜɚɧɧɹɦ 

ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɟɡɭɥɶɬɚɬɿɜ ɧɚɛɭɞɟ ɜɢɝɥɹɞɭ: 

      
1 14 4 3 2 3 2 2

1 12 ip ip ip k ip k nk
n

z e L z d p w w S p S p D p p
p

    
      
   

 (1) (0)ˆ
ip ii i ipw K A  . 

 

(3.108) 

 

Ɋɿɜɧɹɧɧɹ  (3.108) ɽ ɪɿɜɧɹɧɧɹɦ Ɏɪɟɞɝɨɥɶɦɚ ɩɟɪɲɨɝɨ ɪɨɞɭ ɞɥɹ ɮɭɧɤɰɿʀ 

 (0)
i ipA  . ɉɟɪɲɟ ɪɿɜɧɹɧɧɹ ɜ (3.100) ɜ ɩɨɪɹɞɤɭ 1  ɞɥɹ a e  ɞɨɡɜɨɥɹɽ ɨɬɪɢɦɚɬɢ 

 a apA   ɭ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ  , ɩɪɨɬɟ ɨɛɦɟɠɢɦɨɫɶ ɝɨɥɨɜɧɢɦ ɩɨɪɹɞ-

ɤɨɦ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɩɪɢ ɜɢɜɟɞɟɧɧɿ (3.108) ɜɪɚɯɨɜɭɽɬɶɫɹ  

(1) 0G  , (3.109) 

ɰɟɣ ɮɚɤɬ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɧɚ ɨɫɧɨɜɿ (3.99). ɒɭɤɚɽɦɨ ɪɨɡɜ’ɹɡɨɤ ɪɿɜɧɹɧɧɹ (3.108) ɭ 

ɜɢɝɥɹɞɿ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

   (0) (0) 1 2

2
i ip is s ip

s

A g S  


 . (3.110) 

ɋɭɦɚ ɜ (3.110) ɩɨɱɢɧɚɽɬɶɫɹ ɡ 2, ɬɨɦɭ ɳɨ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.101) ɡɚɧɭɥɹɬɶ 

ɩɟɪɲɿ ɞɜɚ ɤɨɟɮɿɰɿɽɧɬɢ ɜ ɪɨɡɜɢɧɟɧɿ. Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɪɿɜɧɹɧɧɹ (3.108): 

   1 2 1 2

4 4 3 2 3 3 k ep k ep

ip ip
n n

S S
z e L z d pd p w w

p p

 
  



  
  
   

  

      
1 1 (0) (1)2 2

1 1 ,
2

ip l ip l nl is ik is
s

S p S p D p p g H 


     . 

 

 

(3.111) 

Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɡɧɚɣɞɟɦɨ ɪɨɡɜ’ɹɡɨɤ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. Ⱦɥɹ 

0,1k   ɪɿɜɧɹɧɧɹ ɽ ɬɨɬɨɠɧɿɫɬɸ ɜɧɚɫɥɿɞɨɤ (3.46). Ⱦɥɹ 2k 
 
ɦɚɽɦɨ: 
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   1 2 1 24 4 3 2
(0) 3 3

2 (1)
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k ep k ep

i ip ip
i i n n

S Sz e L z
g d pd p w w

H p p


   


  
   
   

  

      
1 1 2 22 2

1 1ip l ip l nlS p S p D p p z        . 

 

 

(3.112) 

Ɍɨɠ ɦɚɽɦɨ  

   (0) 2 2 1 2
2i ip ipA z S    . (3.113) 

əɤ ɛɚɱɢɦɨ, ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ 
 
ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɮɭɧɤ-

ɰɿɹ  i ipA   ɡɚɞɚɽɬɶɫɹ ɇɅɊ, ɯɨɱɚ ɞɨ ɰɶɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɦɨɠɧɚ ɲɭɤɚɬɢ ɩɨɩɪɚɜɤɢ ɜ 

ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ 
 
ɬɚ ɜ ɛɿɥɶɲ ɜɟɥɢɤɿɣ ɤɿɥɶɤɨɫɬɿ ɩɨɥɿɧɨɦɿɜ.  

Ɍɨɠ ɞɥɹ ɮɭɧɤɰɿɣ  a apA   ɦɚɽɦɨ 

     2 1 2
2e ep epA S O      ,      2 2 1 2

2i ip ipA z S O      .
 
 (3.114) 

Ɉɛɢɞɜɿ ɰɿ ɮɭɧɤɰɿʀ ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ, ɜ ɬɚɤɨɦɭ ɧɚ-

ɛɥɢɠɟɧɧɿ ɜɨɧɢ ɡɛɿɝɚɸɬɶɫɹ ɡ ɇɅɊ. 

 

3.3.2. Ɏɭɧɤɰɿʀ ɩɪɢ nu . 

ɐɟɣ ɩɿɞɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɨɬɪɢɦɚɧɧɸ ɮɭɧɤɰɿɣ  u
aA p  ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   

ɧɚ ɨɫɧɨɜɿ ɬɨɱɧɢɯ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ (3.100).  

Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɜ (3.100) ɜ ɩɨɪɹɞɤɭ 1   ɞɥɹ a e  ɽ ɬɨɬɨɠɧɿɫɬɸ, ɚ ɞɥɹ a i  

ɦɚɽ ɜɢɝɥɹɞ: 

 (0) (0) 0u
ip u l i ipw p A    ,

 
 (3.115) 

ɡɜɿɞɤɢ  

 (0) 0u
i ipA    .

 
 (3.116) 

ɍ ɩɨɪɹɞɤɭ 0  ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.100) ɞɚɽ: 
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    4 3 1 2 1 2
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n e

p p p p
e Lm d p w w S S

p m T T


   

         


 

 nmD p p  ,   (0) (1) 0u
ip u l i ipw p A    .

 
 

 

 

(3.117) 

Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.117) ɨɞɪɚɡɭ ɞɚɽ 

 (1) 0u
i ipA    .

 
 (3.118) 

Ɋɨɡɜ’ɹɡɨɤ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɜ (3.117) ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨ-

ɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

   (0) (0) 3 2

1

u u
e ep es s ep

s

A g S  


 . (3.119) 

ɋɭɦɚ ɜ (3.119) ɩɨɱɢɧɚɽɬɶɫɹ ɡ 1, ɬɨɦɭ ɳɨ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.101) ɡɚɧɭɥɹɬɶ 

ɤɨɟɮɿɰɿɽɧɬ ɩɪɢ ɧɭɥɶɨɜɨɦɭ ɩɨɥɿɧɨɦɿ. Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɡ 

(3.117): 
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(3.120) 

Ⱦɥɹ 0k 
 
ɪɿɜɧɹɧɧɹ (3.120) ɦɚɽ ɜɢɝɥɹɞ 

(0) (0) (0)
0,

1

u u
nn es e es

s

G g G 



 ,
 

(3.121) 

ɳɨ ɽ ɬɨɬɨɠɧɿɫɬɸ, ɬɨɦɭ ɳɨ ɬɚɤɢɣ ɫɚɦɟ ɜɢɪɚɡ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɧɚ ɨɫɧɨɜɿ (3.119) ɬɚ 

(3.99). ɐɟ ɫɜɿɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ ɩɪɨɰɟɞɭɪɚ ɨɛɱɢɫɥɟɧɧɹ ɧɟ ɽ ɫɭɩɟɪɟɱɥɢɜɨɸ. Ⱦɥɹ 

ɩɪɨɫɬɨɬɢ ɨɬɪɢɦɚɽɦɨ ɪɨɡɜ’ɹɡɨɤ ɪɿɜɧɹɧɧɹ (3.120) ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. 

ɉɪɢ 1k   ɦɚɽɦɨ ɡ (3.120): 

(0) (0) (0) (0)
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(3.122) 

ɡɜɿɞɤɢ  

2
(0)

1 3
1

4 2

u
eg

z
 

 


.
 

(3.123) 

Ɍɨɠ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɦɚɽɦɨ  

   
2

(0) 3 2
13

1
4 2

u
e ep epA S

z
   


. (3.124) 

əɤ ɛɚɱɢɦɨ, ɮɭɧɤɰɿɹ  u
e epA    ɧɟ ɡɚɞɚɽɬɶɫɹ ɇɅɊ ɧɚɜɿɬɶ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ 

ɩɨɥɿɧɨɦɚ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  . ȼɿɞ ɪɟɡɭɥɶɬɚɬɭ ɇɅɊ ɪɟɡɭɥɶɬɚɬ (3.124) ɜɿɞɪɿ-

ɡɧɹɽɬɶɫɹ ɧɚɹɜɧɿɫɬɸ ɞɪɭɝɨɝɨ ɞɨɞɚɧɤɭ ɜ ɡɧɚɦɟɧɧɢɤɭ. Ɉɬɪɢɦɚɧɢɣ ɪɟɡɭɥɶɬɚɬ (3.124) 

ɽ ɞɭɠɟ ɜɚɠɥɢɜɢɦ: ɜɿɧ ɩɨɤɚɡɭɽ, ɳɨ ɇɅɊ ɧɟ ɽ ɪɨɡɜ’ɹɡɤɨɦ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɜ 

ɪɚɦɤɚɯ ɤɜɚɞɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɧɚɜɿɬɶ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɬɚ ɜ ɧɚ-

ɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. 

ɍ ɩɨɪɹɞɤɭ 1
 
ɞɥɹ a i  ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.100) ɩɿɫɥɹ ɧɟɫɤɥɚɞɧɢɯ ɩɟɪɟɬɜɨ-

ɪɟɧɶ, ɹɤɿ ɩɨɜ’ɹɡɚɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ ɨɩɟɪɚɬɨɪɚ acnp  ɬɚ ɜɢɪɚɡɭ 

(3.124), ɧɚɛɭɜɚɽ ɜɢɝɥɹɞɭ 

   
2 4 2 2

(0) (2) 3 3 2
1

4 2

3
u e

u l i ip l ip

i e

z e Ln
p A p S

n m T
     , (3.125) 

ɡɜɿɞɤɢ ɨɬɪɢɦɚɽɦɨ ɬɚɤɢɣ ɬɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ:   

   (2) 2 2 2 3 2
1

u
i ip ipA z S      . (3.126) 

Ɋɟɡɭɥɶɬɚɬ (3.126) ɡɛɿɝɚɽɬɶɫɹ ɡ ɇɅɊ. 
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u
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(3.127) 

Ɏɭɧɤɰɿɸ  u
elA p  ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ 

ɧɚɜɿɬɶ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɇɅɊ ɧɟ ɞɚɽ ɤɨ-

ɪɟɤɬɧɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɞɥɹ ɰɿɽʀ ɮɭɧɤɰɿʀ. Ⱦɥɹ ɮɭɧɤɰɿʀ  u
ilA p  ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ 

ɡɚ   ɨɬɪɢɦɚɧɨ ɬɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ. 

 

3.3.3. Ɏɭɧɤɰɿʀ ɩɪɢ n lu u . 

ɐɟɣ ɩɿɞɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɨɬɪɢɦɚɧɧɸ ɮɭɧɤɰɿɣ  uu
anlA p  ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ   

ɧɚ ɨɫɧɨɜɿ ɬɨɱɧɢɯ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ (3.100). Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ 

ɩɟɪɲɨɝɨ ɬɚ ɞɪɭɝɨɝɨ ɪɿɜɧɹɧɶ ɡ (3.100), ɹɤɿ ɽ ɫɤɚɥɹɪɧɢɦ ɬɚ ɜɟɤɬɨɪɧɢɦ ɪɿɜɧɹɧɧɹɦɢ 

ɜɿɞɩɨɜɿɞɧɨ, ɬɪɟɬɽ ɪɿɜɧɹɧɧɹ ɡ (3.100), ɹɤɟ ɪɨɡɜ’ɹɡɭɽɬɶɫɹ ɜ ɰɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ, ɽ ɪɿɜ-

ɧɹɧɧɹɦ ɞɥɹ ɬɟɧɡɨɪɚ ɞɪɭɝɨɝɨ ɪɚɧɝɭ. Ɍɨɦɭ ɣɨɝɨ, ɡɝɿɞɧɨ ɡ ɪɨɡɤɥɚɞɚɧɧɹɦ ɧɚ ɧɟɡɜɿɞɧɿ 

ɬɟɧɡɨɪɢ [175–177], ɧɟɨɛɯɿɞɧɨ ɪɨɡɛɢɬɢ ɧɚ ɪɿɜɧɹɧɧɹ ɞɥɹ ɛɟɡɫɥɿɞɨɜɨʀ ɱɚɫɬɢɧɢ ɬɚ ɪɿ-

ɜɧɹɧɧɹ ɞɥɹ  -ɱɚɫɬɢɧɢ (ɞɢɜ. ɪɨɡɜɢɧɟɧɧɹ (3.96)). Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɧɚ ɨɫɧɨɜɿ ɦɿɪɤɭ-

ɜɚɧɶ ɨɛɟɪɬɚɥɶɧɨʀ ɿɧɜɚɪɿɚɧɬɧɨɫɬɿ uu
nl nlG  . 

ɍ ɩɨɪɹɞɤɭ 2 

 
pɿɜɧɹɧɧɹ ɞɥɹ ɛɟɡɫɥɿɞɨɜɨʀ ɱɚɫɬɢɧɢ ɞɥɹ a i  ɦɚɽ ɜɢɝɥɹɞ 

 (0) (0) 0uu
ip iTr ip nlp uw A h   , (3.128) 

ɡɜɿɞɤɢ ɨɞɪɚɡɭ ɦɚɽɦɨ 

  (0) 0uu
iTr ipA   . (3.129) 

Ⱦɥɹ a e  ɚɧɚɥɨɝɿɱɧɟ ɪɿɜɧɹɧɧɹ ɽ ɬɨɬɨɠɧɿɫɬɸ 0 0 . Ɍɚɤɢɣ ɠɟ ɫɚɦɢɣ ɜɢɝɥɹɞ 

ɜɨɧɨ ɦɚɬɢɦɟ ɞɥɹ a e  ɜ ɩɨɪɹɞɤɭ 1  , ɞɥɹ a i  ɜ ɩɨɪɹɞɤɭ 1   ɜɨɧɨ ɡ ɭɪɚɯɭɜɚɧ-

ɧɹɦ ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɟɡɭɥɶɬɚɬɿɜ ɦɚɽ ɜɢɝɥɹɞ 
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 (1) (0) 0uu
ip iTr ip nlp uw A h   , (3.130) 

ɡɜɿɞɤɢ  

 (1) 0uu
iTr ipA   . (3.131) 

ɍ ɩɨɪɹɞɤɭ 0  ɪɿɜɧɹɧɧɹ ɞɥɹ ɛɟɡɫɥɿɞɨɜɨʀ ɱɚɫɬɢɧɢ ɦɚɽ ɜɢɝɥɹɞ 

     (0)
(0) (0)ˆ2 uu uu

ep u nlp eTr ep ep ee nlp eTr epw h A w K h A   
 

   4 2 32 e ep ep n n ql
q

e Lm d p w w p p D p p
p

  
     
  , 

 (0) (2) 0uu
ip u nlp iTr ipw h A   . 

 

 

 

(3.132) 

Ɂ ɞɪɭɝɨɝɨ ɪɿɜɧɹɧɧɹ ɭ (3.132) ɨɞɪɚɡɭ ɦɚɽɦɨ 

 (2) 0uu
iTr ipA   . (3.133) 

ɒɭɤɚɽɦɨ ɪɨɡɜ’ɹɡɨɤ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɭ (3.132) ɭ ɜɢɝɥɹɞɿ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨ-

ɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ: 

   (0) (0) 5 2

0

uu uu
eTr ep esTr s ep

s

A g S 


 . (3.134) 

ɇɚ ɨɫɧɨɜɿ (3.133) ɦɚɽɦɨ ɬɚɤɢɣ ɦɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɜ (3.132) 

 
(0)

2 (0) (0) (0)
,

32 7

23 !
uu uuu

e e ekTr esTr ek es
s

n m T k g g W
k




     
 


 

   5 2 5 2

4 2 3 3 nlp k ep nlp k ep

e ep ep
q q

h S h S
e Lm d pd p w w

p p

 
   



  
   
   

  

   n n qlp p D p p    ,      5 2 5 2
, ,ak bs nlp k ap nlp s bp

ab
W h S h S  . 

 

 

 

 

 

(3.135) 

Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɡɧɚɣɞɟɦɨ ɪɨɡɜ’ɹɡɨɤ ɪɿɜɧɹɧɧɹ (3.135) ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨ-

ɥɿɧɨɦɚ. Ⱦɥɹ 0k   ɭ
 
ɪɿɜɧɹɧɧɿ (3.135) ɦɚɽɦɨ 

 2(0) (0) (0) (0)
0 0 0, 020 uu uu

u e e e Tr e Tr e en m T g g W  
 

 

(3.136) 
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   4 2 3 3 nlp nlp
e ep ep n n ql

q q

h h
e Lm d pd p w w p p D p p

p p
  



  
         

 , 

ɡɜɿɞɤɢ  

2
(0)

0

3

2 3 2 2
uu
e Trg

z





,    

2
(0) 3

2 3 2 2
uu
eTr epA

z

 


. 
 

 

(3.137) 

əɤ ɛɚɱɢɦɨ, ɞɥɹ ɮɭɧɤɰɿʀ  uu
eTr epA   ɇɅɊ ɧɟ ɞɚɽ ɤɨɪɟɤɬɧɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɧɚɜɿɬɶ 

ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɬɚ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  . Ɋɟɡɭɥɶɬɚɬ (3.137) 

ɜɿɞɪɿɡɧɹɽɬɶɫɹ ɜɿɞ ɜɿɞɩɨɜɿɞɧɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɇɅɊ ɧɚɹɜɧɿɫɬɸ ɞɪɭɝɨɝɨ ɞɨɞɚɧɤɭ ɜ ɡɧɚ-

ɦɟɧɧɢɤɭ. 

ɍ ɩɨɪɹɞɤɭ 1
 
ɪɿɜɧɹɧɧɹ ɞɥɹ ɛɟɡɫɥɿɞɨɜɢɯ ɱɚɫɬɢɧ ɦɚɽ ɞɥɹ a i  ɜɢɝɥɹɞ  

 (0) (3) 0uu
ip u nlp iTr ipw h A   , 

 
(3.138) 

ɡɜɿɞɤɢ  

 (3) 0uu
iTr ipA   . (3.139) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɞɥɹ a e
 
ɪɿɜɧɹɧɧɹ ɞɥɹ ɛɟɡɫɥɿɞɨɜɢɯ ɱɚɫɬɢɧ ɭ ɩɨɪɹɞɤɚɯ 1

 
ɬɚ 

ɜɢɳɟ ɧɟɨɛɯɿɞɧɟ ɞɥɹ ɩɨɲɭɤɭ  uu
eTr epA   ɭ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ  . ɍ ɰɿɣ 

ɪɨɛɨɬɿ ɨɛɦɟɠɢɦɨɫɶ ɨɛɱɢɫɥɟɧɧɹɦ ɝɨɥɨɜɧɨɝɨ ɩɨɪɹɞɤɭ. 

ɍ ɩɨɪɹɞɤɭ 2  ɞɥɹ a i  ɪɿɜɧɹɧɧɹ ɞɥɹ ɛɟɡɫɥɿɞɨɜɢɯ ɱɚɫɬɢɧ ɦɚɽ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 

ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɟɡɭɥɶɬɚɬɿɜ ɬɚɤɢɣ ɜɢɝɥɹɞ: 

     
2 4 2 45 2(2)

(0) (4) (0)

3

2ˆ2
3

uu uu e
ip u nlp iTr ip ie nlp eTr ep nlp ip

i e

z e Ln
w h A K h A h w

T n m T

    ,
 

(3.140) 

ɒɭɤɚɽɦɨ ɪɨɡɜ’ɹɡɨɤ ɰɶɨɝɨ ɪɿɜɧɹɧɧɹ ɭ ɜɢɝɥɹɞɿ ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨ-

ɧɿɧɚ: 

   (4) (4) 5 2

0

uu uu
iTr ip isTr s ip

s

A g S 


 .
 

(3.141) 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɪɿɜɧɹɧɧɹ (3.140): 
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(3.142) 

ɡɜɿɞɤɢ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ 

 
 

7 2
3 2(4) (0) (0) 2 4 2 3

0 0, 02(0)

1 5 2

320
uu uu
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(0) 4 2 2 42 1

5 2
uu
eTrzg z     , (4) (0) 4 2 2 42 1

5 2
uu uu
iTr eTrA zg z     .

 

 

 

(3.143) 

əɤ ɛɚɱɢɦɨ, ɇɅɊ ɧɟ ɞɚɽ ɜɿɪɧɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɞɥɹ  uu
iTr ipA   ɧɚɜɿɬɶ ɭ ɝɨɥɨɜɧɨɦɭ 

ɩɨɪɹɞɤɭ ɡɚ   ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. Ɋɟɡɭɥɶɬɚɬ (3.143) ɜɿɞɪɿɡɧɹɽɬɶɫɹ ɜɿɞ 

ɜɿɞɩɨɜɿɞɧɨɝɨ ɪɟɡɭɥɶɬɚɬɭ ɞɥɹ ɇɅɊ ɧɚɹɜɧɿɫɬɸ ɞɪɭɝɨɝɨ ɞɨɞɚɧɤɭ. 

ɉɟɪɟɣɞɟɦɨ ɞɨ ɞɨɫɥɿɞɠɟɧɧɹ  -ɱɚɫɬɢɧ. ɍ ɩɨɪɹɞɤɭ 0  ɪɿɜɧɹɧɧɹ ɞɥɹ  -ɱɚɫɬɢɧ 

ɦɚɸɬɶ ɜɢɝɥɹɞ 

     (0) (0) 1 2 (0) (0)
1

2 ˆ2
3

uu uue
ep u e ep ep ee e ep

m
w A S K A

T       
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   (0) (0) 1 2
1

2
2 0

3
uu e

ip u i ip ip

m z
w A S

T      
 

.
 

 

 

(3.144) 

Ɋɿɜɧɹɧɧɹ (3.144) ɜɢɩɢɫɚɧɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ ɧɚ ɨɫɧɨɜɿ (3.99) ɦɨɠɧɚ 

ɩɨɤɚɡɚɬɢ  

(0) 0uu
nlG  .

 
(3.145) 

Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (3.144) ɦɚɽ ɬɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ  

   (0) 1 2
1

1

3
uu
i ip e ipA m z S    ,

 
(3.146) 

ɹɤɢɣ, ɹɤ ɛɚɱɢɦɨ, ɡɛɿɝɚɽɬɶɫɹ ɡ ɇɅɊ; ɛɿɥɶɲ ɬɨɝɨ, ɜɿɧ ɱɭɞɨɜɨ ɭɡɝɨɞɠɭɽɬɶɫɹ ɡ ɞɨɞɚɬ-

ɤɨɜɢɦɢ ɭɦɨɜɚɦɢ (3.101). Ɋɨɡɜ’ɹɡɨɤ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɡ (3.144) ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ 

ɪɨɡɜɢɧɟɧɧɹ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ: 
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   (0) (0) 1 2

1

uu uu
e ep es s ep

s

A g S  


 .
 

(3.147) 

ɋɭɦɚ ɭ (3.147) ɩɨɱɢɧɚɽɬɶɫɹ ɡ 1, ɬɨɦɭ ɳɨ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (3.101) ɡɚɧɭɥɹɬɶ 

ɤɨɟɮɿɰɿɽɧɬ ɩɪɢ ɧɭɥɶɨɜɨɦɭ ɩɨɥɿɧɨɦɿ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜɨɧɢ ɬɚɤɨɠ ɡɚɞɚɞɭɬɶ ɤɨɟɮɿ-

ɰɿɽɧɬ ɩɪɢ ɩɟɪɲɨɦɭ ɩɨɥɿɧɨɦɿ, ɩɪɨɬɟ ɧɟɡɚɥɟɠɧɨ ɜɿɞ ɧɢɯ ɬɚɤɢɣ ɫɚɦɢɣ ɤɨɟɮɿɰɿɽɧɬ 

ɛɭɞɟ ɬɚɤɨɠ ɨɬɪɢɦɚɧɨ ɡ ɪɿɜɧɹɧɧɹ (3.144) (ɞɢɜ. ɧɢɠɱɟ). Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɩɟɪɲɨ-

ɝɨ ɪɿɜɧɹɧɧɹ ɡ (3.144): 

(0) (0) (0) (0) (0)
1 ,

1

4 1 3

! 2
e

u ek e e u k ek ek es
s

n
k g m n g H

k  
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(3.148) 

Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɡɧɚɣɞɟɦɨ ɪɨɡɜ’ɹɡɨɤ ɪɿɜɧɹɧɧɹ (3.148) ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ 

ɩɨɥɿɧɨɦɚ. 

Ɂ (3.39) ɦɚɽɦɨ, ɳɨ ɪɿɜɧɹɧɧɹ (3.148) ɽ ɬɨɬɨɠɧɿɫɬɸ ɞɥɹ 0k  , ɚ ɞɥɹ 1k   ɨɬɪɢ-

ɦɚɽɦɨ: 

(0) (0) (0)3 0u e ek e e un g m n   ,
 

(3.149) 

ɡɜɿɞɤɢ 

(0) 1

3ek eg m   ,     (0) 1 2
1

1

3
uu
e ep e epA m S     .

 
(3.150) 

Ɋɟɡɭɥɶɬɚɬ (3.150) ɡɛɿɝɚɽɬɶɫɹ ɡ ɇɅɊ ɬɚ ɱɭɞɨɜɨ ɭɡɝɨɞɠɭɽɬɶɫɹ ɡ ɞɨɞɚɬɤɨɜɢɦɢ 

ɭɦɨɜɚɦɢ (3.101). 

Ɍɨɠ ɞɥɹ ɮɭɧɤɰɿɣ  uu
anlA p  ɦɚɽɦɨ 

     
2

1 2
1

1 3

3 23 2 2
uu
enl e ep nl nlpA p m S h O

z
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     1 2
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3
uu
inl e ip nlA p m z S O     .

 

 

 

(3.151) 

 əɤ ɛɚɱɢɦɨ,  -ɱɚɫɬɢɧɢ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ 

ɡɚ   ɡɚɞɚɸɬɶɫɹ ɇɅɊ; ɛɿɥɶɲ ɬɨɝɨ, ɜɨɧɢ ɩɨɜɧɿɫɬɸ ɡɚɞɚɸɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚ-

ɦɢ (3.101). ɉɪɨɬɟ ɛɟɡɫɥɿɞɨɜɿ ɱɚɫɬɢɧɢ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɜɿɞ ɪɟɡɭɥɶɬɚɬɭ ɇɅɊ ɧɚɜɿɬɶ ɭ 

ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɬɚ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. 
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Ɂɧɚɣɞɟɦɨ ɬɚɤɨɠ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɉɋɈ ɜ ɪɚɦɤɚɯ ɤɜɚɞɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚ-

ɰɿʀ. Ⱦɥɹ ɰɶɨɝɨ ɩɿɞɫɬɚɜɢɦɨ ɪɟɡɭɥɶɬɚɬɢ (3.114), (3.127) ɬɚ (3.151) ɞɨ (3.99). Ɉɬɪɢɦɚ-

ɽɦɨ: 
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(3.152) 

ɉɨɪɿɜɧɸɸɱɢ ɪɟɡɭɥɶɬɚɬ (3.152) ɡ ɪɟɡɭɥɶɬɚɬɨɦ (3.29) ɬɚ ɩɪɢɣɧɹɜɲɢ ɞɨ ɭɜɚɝɢ 

(3.34), ɛɚɱɢɦɨ, ɳɨ ɜɧɟɫɤɢ ɜɿɞ ɤɜɚɞɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɭɩɨɜɿɥɶɧɸɸɬɶ ɩɪɨ-

ɰɟɫ ɪɟɥɚɤɫɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɤɨɦɩɨɧɟɧɬ ɫɢɫɬɟɦɢ. 

 

 

ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 3 

ɇɚ ɨɫɧɨɜɿ ɿɞɟʀ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ, ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɜ ɰɿɣ 

ɪɨɛɨɬɿ, ɨɬɪɢɦɚɧɨ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɟɥɟɤɬɪɨɧ-

ɿɨɧɧɨʀ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɩɥɚɡɦɢ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɨɞɧɨɦɭ ɜɢɩɚɞɤɭ ɧɚ ɨɫɧɨɜɿ 

ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɜ ɪɚɦɤɚɯ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ. ɉɪɢ ɰɶɨɦɭ ɜɿɞ-

ɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪ ɬɚ ɲɜɢɞɤɨɫɬɟɣ ɤɨɦɩɨɧɟɧɬ ɜɿɞ ʀɯ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ ɜɜɚ-

ɠɚɸɬɶɫɹ ɦɚɥɢɦɢ ɬɚ ɜɢɜɱɚɸɬɶɫɹ ɥɢɲɟ ɥɿɧɿɣɧɿ ɡɚ ɜɿɞɯɢɥɟɧɧɹɦɢ ɜɧɟɫɤɢ ɞɨ ɮɭɧɤɰɿʀ 

ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ ɬɚ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ. ɍ 

ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɩɚɪɚɦɟɬɪɚɦɢ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɫɢɫɬɟɦɢ ɽ ɜɿ-

ɞɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɟɥɟɤɬɪɨɧɿɜ ɜɿɞ ʀɯ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ. ɉɨ-

ɤɚɡɚɧɨ, ɳɨ ɜɿɞɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɿɨɧɿɜ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɪɚɠɟɧɿ ɜ 

ɬɟɪɦɿɧɚɯ ɜɿɞɯɢɥɟɧɶ ɟɥɟɤɬɪɨɧɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ. ɉɨɤɚɡɚɧɨ, ɳɨ ɲɢɪɨ-

ɤɨ ɜɠɢɜɚɧɟ ɜ ɥɿɬɟɪɚɬɭɪɿ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ ɽ ɪɨɡɜ’ɹɡɤɨɦ ɞɥɹ ɮɭɧɤ-

ɰɿɣ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ ɬɿɥɶɤɢ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɦɚɥɢɦ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ 

ɟɥɟɤɬɪɨɧɚ ɬɚ ɿɨɧɚ. Ɉɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜ-

ɧɨɜɚɝɢ ɛɿɥɶɲ ɜɢɫɨɤɨɝɨ ɩɨɪɹɞɤɭ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ. Ɉɬɪɢɦɚɧɨ ɱɚɫɢ ɪɟɥɚɤɫɚɰɿʀ 
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ɲɜɢɞɤɨɫɬɿ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ. Ⱦɨɜɟɞɟɧɨ ɞɨɞɚɬɧɿɫɬɶ ɱɚɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɛɟɡ ɛɟɡɩɨɫɟɪɟɞ-

ɧɶɨɝɨ ɨɛɱɢɫɥɟɧɧɹ ʀɯ ɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ. ɉɨɤɚɡɚɧɨ, ɳɨ ɝɨɥɨɜɧɢɣ ɩɨɪɹɞɨɤ ɱɚɫɿɜ ɪɟ-

ɥɚɤɫɚɰɿʀ ɡɚ ɦɚɥɢɦ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɡɛɿɝɚɽɬɶɫɹ ɡ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɚ ɨɫɧɨɜɿ 

ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ, ɩɪɨɬɟ ɨɬɪɢɦɚɧɿ ɩɨɩɪɚɜɤɢ ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɧɚ-

ɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ ɞɥɹ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ ɫɭɬɬɽɜɨ ɜɩɥɢ-

ɜɚɸɬɶ ɧɚ ɱɚɫɢ ɪɟɥɚɤɫɚɰɿʀ ɜ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɚɯ (ɜɧɟɫɤɢ ɜɿɞ ɩɨɩɪɚɜɨɤ ɱɢɫɟɥɶ-

ɧɨ ɽ ɛɿɥɶɲɢɦɢ ɡɚ ɜɿɞɩɨɜɿɞɧɿ ɱɥɟɧɢ, ɨɛɱɢɫɥɟɧɿ ɬɿɥɶɤɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɚɛɥɢɠɟɧ-

ɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ). Ɂɪɨɡɭɦɿɥɨ, ɳɨ ɨɬɪɢɦɚɧɿ ɜɧɟɫɤɢ ɜɿɞ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶ-

ɧɨʀ ɪɿɜɧɨɜɚɝɢ ɞɨ ɱɚɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɡɛɿɝɚɸɬɶɫɹ ɡ ɜɿɞɨɦɢɦɢ ɜ ɥɿɬɟɪɚɬɭɪɿ ɪɟɡɭɥɶɬɚɬɚ-

ɦɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜ ɥɿɧɿɣɧɿɣ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ 

ɮɚɤɬɢɱɧɨ ɽ ɧɚɛɥɢɠɟɧɧɹɦ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɜ ɪɨɡɜ’ɹɡɤɭ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚ-

ɧɞɚɭ ɬɚ ɩɨɜɧɿɫɬɸ ɡɚɞɚɽɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ, ɬɨɛɬɨ ɨɡɧɚɱɟɧɧɹɦɢ ɩɚɪɚɦɟɬ-

ɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɫɢɫɬɟɦɢ ɜ ɬɟɪɦɿɧɚɯ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ.  

Ɍɚɤɨɠ ɧɚ ɨɫɧɨɜɿ ɿɞɟʀ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ, ɡɚɩɪɨɩɨɧɨɜɚ-

ɧɨʀ ɜ ɞɢɫɟɪɬɚɰɿʀ, ɪɨɡɝɥɹɧɭɬɨ ɤɜɚɞɪɚɬɢɱɧɭ ɬɟɨɪɿɸ ɪɟɥɚɤɫɚɰɿʀ, ɬɨɛɬɨ ɡɧɚɣɞɟɧɨ ɤɜɚ-

ɞɪɚɬɢɱɧɿ ɡɚ ɦɚɥɢɦɢ ɜɿɞɯɢɥɟɧɧɹɦɢ ɜɧɟɫɤɢ ɞɨ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ ɬɚ ɱɚ-

ɫɨɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ. ɐɿ ɜɧɟɫɤɢ ɡɧɚɣɞɟɧɨ ɜ ɝɨɥɨɜɧɨ-

ɦɭ ɧɚɛɥɢɠɟɧɧɿ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ. ɉɨɤɚɡɚɧɨ, ɳɨ, ɜɡɚɝɚɥɿ ɤɚɠɭɱɢ, ɧɚɛɥɢɠɟɧɧɹ 

ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ ɧɟ ɽ ɪɨɡɜ’ɹɡɤɨɦ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɜ ɪɚɦɤɚɯ ɤɜɚɞ-

ɪɚɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ ɧɚɜɿɬɶ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. ȼɫɬɚɧɨɜɥɟɧɨ, 

ɳɨ ɧɚɜɿɬɶ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ ɽ ɜɿɪ-

ɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ ɥɢɲɟ ɞɥɹ ɮɭɧɤɰɿʀ ɩɪɢ ɤɜɚɞɪɚɬɿ ɜɿɞɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɟɥɟɤɬɪɨ-

ɧɿɜ ɜɿɞ ʀʀ ɪɿɜɧɨɜɚɠɧɨɝɨ ɡɧɚɱɟɧɧɹ. ɉɨɤɚɡɚɧɨ, ɳɨ ɤɜɚɞɪɚɬɢɱɧɿ ɜɧɟɫɤɢ ɞɨ ɱɚɫɨɜɢɯ 

ɪɿɜɧɹɧɶ ɞɥɹ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɭɩɨɜɿɥɶɧɸɸɬɶ ɩɪɨɰɟɫɢ ɪɟɥɚɤɫɚɰɿʀ ɬɟ-

ɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ. 

 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɞɿɥɭ 3 ɨɩɭɛɥɿɤɨɜɚɧɨ ɜ ɪɨɛɨɬɚɯ [11, 12, 27–34, 18, 19, 23, 47]. 
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ɊɈɁȾȱɅ 4 

ȽȱȾɊɈȾɂɇȺɆȱɄȺ ɉɅȺɁɆɂ  
Ɂ ɍɊȺɏɍȼȺɇɇəɆ ɊȿɅȺɄɋȺɐȱɃɇɂɏ ɉɊɈɐȿɋȱȼ 

 

ɐɟɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɥɿɞɠɟɧɧɸ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɝɿɞ-

ɪɨɞɢɧɚɦɿɤɭ ɩɥɚɡɦɢ. Ɋɨɡɝɥɿɞ ɛɚɡɭɽɬɶɫɹ ɧɚ ɿɞɟʀ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–

ȿɧɫɤɨɝɚ, ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɜ ɞɪɭɝɨɦɭ ɪɨɡɞɿɥɿ. ɇɚɝɚɞɚɽɦɨ, ɳɨ ɬɟɪɦɿɧ «ɪɟɥɚɤɫɚɰɿɹ» 

ɪɨɡɭɦɿɽɬɶɫɹ ɜ ɪɨɛɨɬɿ ɹɤ ɩɪɨɰɟɫ, ɹɤɢɣ ɦɨɠɟ ɦɚɬɢ ɦɿɫɰɟ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ 

ɫɢɫɬɟɦɿ. Ɉɫɧɨɜɧɭ ɭɜɚɝɭ ɜ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɛɭɞɟ ɩɪɢɞɿɥɟɧɨ ɩɨɲɭɤɭ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟ-

ɮɿɰɿɽɧɬɿɜ ɫɢɫɬɟɦɢ. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɩɨɩɟɪɟɞɧɶɨɝɨ ɪɨɡɞɿɥɭ, ɭ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɜɢɜɱɚ-

ɸɬɶɫɹ ɩɪɨɫɬɨɪɨɜɨ-ɧɟɨɞɧɨɪɿɞɧɿ ɫɬɚɧɢ ɫɢɫɬɟɦɢ. əɤ ɡɚɡɧɚɱɟɧɨ ɭ [51], ɧɚɣɛɿɥɶɲ ɪɨɡ-

ɜɢɧɭɬɨɸ ɬɟɨɪɿɽɸ ɧɚ ɰɟɣ ɱɚɫ ɽ ɬɟɨɪɿɹ, ɹɤɚ ɩɨɛɭɞɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ Ȼɨɥɶɰ-

ɦɚɧɚ, ɯɨɱɚ ɜɨɧɚ ɦɚɽ ɬɚɤɿ ɨɛɦɟɠɟɧɧɹ: ɿʀ ɦɨɠɧɚ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɥɹ ɪɨɡɪɿɞɠɟɧɨɝɨ 

ɝɚɡɭ, ɹɤɳɨ ɝɪɚɞɿɽɧɬɢ ɜ ɫɢɫɬɟɦɿ ɦɚɥɿ. Ƚɿɞɪɨɞɢɧɚɦɿɤɚ ɩɥɚɡɦɢ ɜ ɰɿɣ ɪɨɛɨɬɿ ɞɨɫɥɿ-

ɞɠɭɽɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ [4] 
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ɞɟ  apI f  – ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ Ʌɚɧɞɚɭ (3.3). ɍ ɩɨɪɿɜɧɹɧɧɿ ɡ ɩɪɨɫɬɨɪɨɜɨ-

ɨɞɧɨɪɿɞɧɢɦ ɜɢɩɚɞɤɨɦ (3.2), ɜ ɩɪɨɫɬɨɪɨɜɨ-ɧɟɨɞɧɨɪɿɞɧɨɦɭ ɡ’ɹɜɥɹɽɬɶɫɹ ɞɪɭɝɢɣ ɞɨ-

ɞɚɧɨɤ ɭ ɥɿɜɿɣ ɱɚɫɬɢɧɿ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɤɿɧɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɨɬɪɢɦɚɧɨ ɧɚ 

ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ȼɨɥɶɰɦɚɧɚ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɫɨɛɥɢɜɨɫɬɟɣ ɤɭɥɨɧɿɜɫɶ-

ɤɨʀ ɜɡɚɽɦɨɞɿʀ [4]. ɉɥɚɡɦɭ ɱɚɫɬɨ ɪɨɡɝɥɹɞɚɸɬɶ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧ-

ɞɚɭ–ȼɥɚɫɨɜɚ [147, 146], ɹɤɟ ɦɿɫɬɢɬɶ ɬɚɤɨɠ ɿ ɫɚɦɨɭɡɝɨɞɠɟɧɢɣ ɱɥɟɧ. ɐɟɣ ɱɥɟɧ ɽ 

ɞɭɠɟ ɜɚɠɥɢɜɢɦ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɞ ɩɥɚɡɦɢ [146, 150, 151]. ɉɪɨɬɟ, ɹɤ ɜɿɞɨɦɨ 

[147], ɫɚɦɨɭɡɝɨɞɠɟɧɢɣ ɱɥɟɧ ɧɟ ɜɩɥɢɜɚɽ ɧɚ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɫɢɫɬɟɦɢ. Ɍɨɦɭ 

ɞɨɫɥɿɞɠɟɧɧɹ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɥɚɡɦɢ ɨɫɧɨɜɚɧɟ ɫɚɦɟ ɧɚ ɤɿɧɟɬɢɱɧɨɦɭ ɪɿɜ-

ɧɹɧɧɿ Ʌɚɧɞɚɭ [124, 83]. Ⱦɨɫɥɿɞɠɟɧɧɹ ɦɨɞ ɫɢɫɬɟɦɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɫɚɦɨɭɡɝɨɞɠɟɧɨ-

ɝɨ ɱɥɟɧɭ ɧɚɜɟɞɟɧɨ ɜ ɧɚɫɬɭɩɧɨɦɭ ɪɨɡɞɿɥɿ ɞɢɫɟɪɬɚɰɿʀ.  
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əɤ ɜɿɞɨɦɨ [50], ɝɨɥɨɜɧɨɸ ɿɞɟɽɸ ɛɭɞɶ-ɹɤɨʀ ɬɟɨɪɿʀ ɩɪɨɰɟɫɿɜ ɩɟɪɟɧɨɫɭ ɽ ɿɞɟɹ 

ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ. Ⱦɭɠɟ ɜɚɠɥɢɜɨɸ ɡɚɞɚɱɟɸ ɫɭɱɚɫɧɨʀ ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ ɽ ɭɡɚ-

ɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ [112], ɰɹ ɡɚɞɚɱɚ ɽ ɚɤɬɭɚɥɶɧɨɸ ɣ ɞɥɹ ɞɨɫɥɿ-

ɞɠɟɧɶ ɹɤ ɫɥɚɛɤɨ, ɬɚɤ ɿ ɫɢɥɶɧɨ ɧɟɪɿɜɧɨɜɚɠɧɢɯ ɫɢɫɬɟɦ. ɍ ɰɿɣ ɪɨɛɨɬɿ ɦɟɬɨɞ ɑɟɦɩɟ-

ɧɚ–ȿɧɫɤɨɝɚ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ Ȼɨɝɨɥɸɛɨɜɚ [1]. əɤ 

ɜɿɞɨɦɨ [148, 10], ɫɬɚɧɞɚɪɬɧɢɣ ɦɟɬɨɞ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ ɞɨ ɨɩɢɫɭ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɤɨɦɩɨɧɟɧɬ. ɍ ɫɬɚɧɞɚɪɬɧɨɦɭ ɝɿɞɪɨɞɢɧɚɦɿɱ-

ɧɨɦɭ ɫɬɚɧɿ ɫɢɫɬɟɦɚ ɨɩɢɫɭɽɬɶɫɹ ɝɭɫɬɢɧɚɦɢ ɤɨɦɩɨɧɟɧɬ, ɚ ɬɚɤɨɠ ɦɚɫɨɜɨɸ ɲɜɢɞɤɿɫ-

ɬɸ ɣ ɨɞɧɿɽɸ ɬɟɦɩɟɪɚɬɭɪɨɸ [113].  ɉɪɢ ɰɶɨɦɭ ɜ ɱɚɫɨɜɢɯ ɪɿɜɧɹɧɧɹɯ ɰɢɯ ɩɚɪɚɦɟɬ-

ɪɿɜ ɜɿɞɫɭɬɧɿ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿ ɱɥɟɧɢ. ɍɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–

ȿɧɫɤɨɝɚ, ɹɤɟ ɩɪɨɩɨɧɭɽɬɶɫɹ ɜ ɪɨɛɨɬɿ, ɛɚɡɭɽɬɶɫɹ ɧɚ ɡɛɿɥɶɲɟɧɧɿ ɱɢɫɥɚ ɉɋɈ: ɪɨɡɝɥɹ-

ɞɚɽɬɶɫɹ ɪɟɥɚɤɫɚɰɿɹ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɤɨɦɩɨɧɟɧɬ ɞɨ ʀɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ 

ɡɧɚɱɟɧɶ, ɬɚ ɞɨɞɚɬɤɨɜɢɦɢ ɉɋɈ ɜɜɚɠɚɸɬɶɫɹ ɜɿɞɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪ ɬɚ ɲɜɢɞɤɨɫɬɟɣ 

ɤɨɦɩɨɧɟɧɬ ɜɿɞ ʀɯ ɡɧɚɱɟɧɶ ɜ ɪɚɦɤɚɯ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ. Ɉɫɤɿɥɶɤɢ ɰɿ ɩɪɨ-

ɰɟɫɢ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɜ ɪɨɛɨɬɿ ɛɿɥɹ ʀɯ ɡɚɜɟɪɲɟɧɧɹ, ɜɢɳɟɡɝɚɞɚɧɿ ɜɿɞɯɢɥɟɧɧɹ ɜɜɚɠɚ-

ɸɬɶɫɹ ɦɚɥɢɦɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɬɚɤɿ ɿɞɟʀ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɜ 

ɧɚɲ ɱɚɫ ɜɿɞɨɦɿ ɧɟ ɥɢɲɟ ɭ ɮɿɡɢɰɿ ɩɥɚɡɦɢ, ɚɥɟ ɣ ɭ ɿɧɲɢɯ ɝɚɥɭɡɹɯ ɮɿɡɢɤɢ: ɬɟɨɪɿʀ ɩɨ-

ɥɹɪɨɧɚ [8, 2, 139, 138], ɤɿɧɟɬɢɰɿ ɮɨɬɨɧɿɜ ɭ ɪɿɜɧɨɜɚɠɧɨɦɭ ɩɥɚɡɦɨɜɨɦɭ ɫɟɪɟɞɨɜɢɳɿ 

[140, 141] ɬɨɳɨ. 

Ɍɟɨɪɿɹ, ɹɤɚ ɩɨɛɭɞɨɜɚɧɚ ɜ ɰɶɨɦɭ ɪɨɡɞɿɥɿ, ɦɿɫɬɢɬɶ ɞɜɚ ɦɚɥɿ ɩɚɪɚɦɟɬɪɢ – ɦɚɥɿ 

ɜɿɞɯɢɥɟɧɧɹ ɲɜɢɞɤɨɫɬɟɣ ɿ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨɧɟɧɬ ɜɿɞ ʀɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ 

ɬɚ ɦɚɥɿ ɝɪɚɞɿɽɧɬɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɪɹɞ ɫɭɱɚɫɧɢɯ ɞɨɫɥɿɞɠɟɧɶ [126–130, 84] ɩɪɢɫɜɹ-

ɱɟɧɨ ɩɨɲɭɤɭ ɩɨɬɨɤɿɜ ɬɚ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɥɚɡɦɢ ɭ ɜɢɩɚɞɤɭ ɧɟ 

ɨɛɨɜ’ɹɡɤɨɜɨ ɦɚɥɢɯ ɝɪɚɞɿɽɧɬɿɜ. ɉɪɨɬɟ ɜɫɿ ɰɿ ɪɨɛɨɬɢ, ɹɤ ɿ ɩɪɢɫɜɹɱɟɧɿ ɜɢɩɚɞɤɭ ɦɚɥɢɯ 

ɝɪɚɞɿɽɧɬɿɜ ɩɿɨɧɟɪɫɶɤɿ ɪɨɛɨɬɢ Ȼɪɚɝɿɧɫɶɤɨɝɨ [124, 83], ɨɫɧɨɜɚɧɿ ɧɚ ɇɅɊ ɬɚ ɧɟ ɜɪɚ-

ɯɨɜɭɸɬɶ ɪɟɥɚɤɫɚɰɿɣɧɿ ɜɧɟɫɤɢ ɞɨ ɩɨɬɨɤɿɜ. Ɍɨɦɭ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɬɟ, ɳɨ ɰɹ ɪɨɛɨɬɚ 

ɩɪɢɫɜɹɱɟɧɚ ɜɢɩɚɞɤɭ ɦɚɥɢɯ ɝɪɚɞɿɽɧɬɿɜ, ɜɨɧɚ ɽ ɚɤɬɭɚɥɶɧɨɸ, ɛɨ ɜ ɧɿɣ ɞɨɫɥɿɞɠɭɸɬɶ-

ɫɹ ɪɟɥɚɤɫɚɰɿɣɧɿ ɩɨɩɪɚɜɤɢ ɞɨ ɩɨɬɨɤɿɜ ɬɚ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿ-

ɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ. Ɉɬɪɢɦɚɧɿ ɜ ɪɨɛɨɬɿ ɬɨɱɧɿ ɿɧɬɟɝɪɚɥɶɧɿ ɪɿɜɧɹɧɧɹ ɞɥɹ 

ɎɊɄ ɦɿɫɬɹɬɶ ɩɨɩɪɚɜɤɢ ɞɨ ɇɅɊ, ɨɬɪɢɦɚɧɿ ɜ ɩɨɩɟɪɟɞɧɶɨɦɭ ɪɨɡɞɿɥɿ, ɣ ɬɨɦɭ ɜɨɧɢ 
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ɞɨɡɜɨɥɹɸɬɶ ɤɨɪɟɤɬɧɨ ɨɬɪɢɦɭɜɚɬɢ ɎɊɄ ɧɟ ɥɢɲɟ ɜ ɝɨɥɨɜɧɨɦɭ, ɚɥɟ ɣ ɭ ɛɿɥɶɲ ɜɢɫɨ-

ɤɢɯ ɩɨɪɹɞɤɚɯ ɡɚ  . 

 

4.1. ɉɚɪɚɦɟɬɪɢ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɬɚ ɛɚɡɨɜɿ ɪɿɜɧɹɧɧɹ ɬɟɨɪɿʀ 
ɉɨɱɢɧɚɸɱɢ ɡ ɩɿɨɧɟɪɫɶɤɢɯ ɪɨɛɿɬ Ȼɪɚɝɿɧɫɶɤɨɝɨ [124, 83], ɜ ɹɤɨɫɬɿ ɉɋɈ ɫɢɫɬɟ-

ɦɢ ɜɢɛɢɪɚɸɬɶ ɬɚɤɿ ɩɚɪɚɦɟɬɪɢ: ɝɭɫɬɢɧɢ ɤɿɥɶɤɨɫɬɿ ɱɚɫɬɢɧɨɤ ɤɨɦɩɨɧɟɧɬ an , ɲɜɢɞ-

ɤɨɫɬɿ ɤɨɦɩɨɧɟɧɬ an  ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɤɨɦɩɨɧɟɧɬ aT ; ɫɬɚɧɞɚɪɬɧɟ ɨɡɧɚɱɟɧɧɹ ɰɢɯ ɜɟ-

ɥɢɱɢɧ ɭ ɬɟɪɦɿɧɚɯ ɎɊɄ ɧɚɞɚɧɨ ɜ (3.4). Ɇɚɫɨɜɚ ɲɜɢɞɤɿɫɬɶ n  ɬɚ ɬɟɦɩɟɪɚɬɭɪɚ T , ɳɨ 

ɽ ɩɚɪɚɦɟɬɪɚɦɢ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɜ ɫɬɚɧɞɚɪɬɧɨɦɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ ɫɬɚɧɿ ɫɢɫ-

ɬɟɦɢ, ɡɚɞɚɸɬɶɫɹ ɜ ɬɟɪɦɿɧɚɯ ɎɊɄ [113] ɫɬɚɧɞɚɪɬɧɢɦɢ ɨɡɧɚɱɟɧɧɹɦɢ (3.5). Ɂɚɭɜɚ-

ɠɢɦɨ, ɳɨ ɜ ɫɬɚɧɞɚɪɬɧɨɦɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ ɫɬɚɧɿ ɫɢɫɬɟɦɢ ɲɜɢɞɤɨɫɬɿ ɤɨɦɩɨɧɟɧɬ 

ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɜɿɞ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɧɚ ɞɢɮɭɡɿɣɧɢɣ ɩɨɬɿɤ [113]: 

1h oh
an n an

a am n
    ,  0oh

an
a

  ,  (4.2) 

ɞɟ ɜɟɪɯɧɿɣ ɿɧɞɟɤɫ h  ɨɡɧɚɱɚɽ, ɳɨ ɜɟɥɢɱɢɧɚ ɜɡɹɬɚ ɜ ɫɬɚɧɞɚɪɬɧɨɦɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨ-

ɦɭ ɫɬɚɧɿ ɫɢɫɬɟɦɢ, ɚ ɜɟɪɯɧɿɣ ɿɧɞɟɤɫ o  ɨɡɧɚɱɚɽ, ɳɨ ɜɟɥɢɱɢɧɚ ɜɡɹɬɚ ɜ ɫɢɫɬɟɦɿ ɜɿɞɥɿ-

ɤɭ 0n  . ȼɟɥɢɱɢɧɢ oh
an  ɧɚɡɜɚɧɿ ɞɢɮɭɡɿɣɧɢɦɢ ɩɨɬɨɤɚɦɢ, ɛɨ ɜɨɧɢ ɨɩɢɫɭɸɬɶ ɞɢ-

ɮɭɡɿɸ ɜ ɫɢɫɬɟɦɿ. Ɇɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ oh
an g , ɞɟ g  – ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ, ɹɤɢɣ ɨɩɢ-

ɫɭɽ ɝɪɚɞɿɽɧɬɢ (ɞɢɜ. ɣɨɝɨ ɨɡɧɚɱɟɧɧɹ ɧɢɠɱɟ). ɓɨɞɨ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨɧɟɧɬ ɭ ɫɬɚɧ-

ɞɚɪɬɧɨɦɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ ɫɬɚɧɿ, ɬɨ ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ ɳɨ 

 2h
aT T O g  , (4.3) 

ɞɟ ɩɨɩɪɚɜɤɚ ɩɨɪɹɞɤɭ 2g
 
ɭ (4.3) ɡɚɥɟɠɢɬɶ ɥɢɲɟ ɜɿɞ ɉɋɈ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚ-

ɦɿɱɧɨɝɨ ɫɬɚɧɭ. ȼɢɪɚɡɢ (4.2) ɬɚ (4.3) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɧɚ ɨɫɧɨɜɿ ɩɟɪɟɬɜɨɪɟɧɧɹ Ƚɚ-

ɥɿɥɟɹ ɡ ɥɚɛɨɪɚɬɨɪɧɨʀ ɫɢɫɬɟɦɢ ɜɿɞɥɿɤɭ ɜ ɫɢɫɬɟɦɭ ɜɿɞɥɿɤɭ, ɞɟ 0n  .  

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜ ɰɿɣ ɪɨɛɨɬɿ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɝɿɞɪɨɞɢɧɚɦɿɤɚ ɜ ɩɨɪɹɞɤɭ ɦɚɥɨɫɬɿ 

ɧɟ ɛɿɥɶɲɟ ɡɚ 1g , ɬɨɦɭ ɤɜɚɞɪɚɬɢɱɧɢɣ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ ɞɨɞɚɧɨɤ ɭ (4.3) ɧɟ ɛɭɞɟ ɞɟɬɚ-

ɥɶɧɨ ɪɨɡɝɥɹɞɚɬɢɫɶ ɭ ɪɨɛɨɬɿ. Ⱦɥɹ ɬɨɝɨ ɳɨɛ ɨɬɪɢɦɚɬɢ ɤɨɪɟɤɬɧɿ ɜɢɪɚɡɢ ɞɥɹ ɩɨɬɨɤɿɜ 

ɬɚ ɎɊɄ ɭ ɪɚɦɤɚɯ ɧɚɛɥɢɠɟɧɧɹ Ȼɚɪɧɟɬɬɚ (ɬɨɛɬɨ ɜ ɩɨɪɹɞɤɭ 2g ), ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨɜɭ-
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ɜɚɬɢ ɧɟɥɨɤɚɥɶɧɿɫɬɶ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ [139], ɚ ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ Ʌɚɧɞɚɭ, ɹɤ ɜɿɞɨ-

ɦɨ, ɽ ɥɨɤɚɥɶɧɢɦ [9]. ɇɚɩɪɢɤɥɚɞ, ɜɿɞɨɦɟ ɞɨɫɥɿɞɠɟɧɧɹ ɧɟɥɨɤɚɥɶɧɨɫɬɿ ɿɧɬɟɝɪɚɥɭ ɡɿ-

ɬɤɧɟɧɶ ɭ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɩɨɥɹɪɨɧɚ [89, 90]. Ⱦɨɫɥɿɞɠɟɧɧɹ ɜɩɥɢɜɭ ɪɟɥɚɤɫɚɰɿʀ ɜ ɪɚɦ-

ɤɚɯ ɧɚɛɥɢɠɟɧɧɹ Ȼɚɪɧɟɬɬɚ ɩɥɚɧɭɽɬɶɫɹ ɡɞɨɛɭɜɚɱɟɦ ɭ ɣɨɝɨ ɩɨɞɚɥɶɲɢɯ ɞɨɫɥɿɞɠɟɧ-

ɧɹɯ.  

ȼɜɟɞɟɦɨ ɦɚɥɿ ɜɿɞɯɢɥɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɟɥɟɤɬɪɨɧɿɜ ɜɿɞ ʀɯ ɫɬɚɧ-

ɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ: 
h

n en enu    ,  h
e eT T   .

 
 (4.4) 

ɇɚ ɨɫɧɨɜɿ (3.4), (3.5), (4.2) – (4.4) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ  
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(4.5) 

ɞɟ ɩɨɩɪɚɜɤɚ  2O g  ɡɚɥɟɠɢɬɶ ɥɢɲɟ ɜɿɞ ɉɋɈ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚ-

ɧɭ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜɢɪɚɡɢ (4.5) ɩɟɪɟɯɨɞɹɬɶ ɭ (3.11) ɭ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ 

ɜɢɩɚɞɤɭ. Ɂ (4.5) ɛɚɱɢɦɨ, ɳɨ ɿɨɧɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɬɚ ɲɜɢɞɤɿɫɬɶ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɪɚ-

ɠɟɧɿ ɜ ɬɟɪɦɿɧɚɯ ɩɚɪɚɦɟɬɪɿɜ an , n , T , nu ,  . Ɍɟ, ɳɨ ɟɥɟɤɬɪɨɧɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɬɚ 

ɲɜɢɞɤɿɫɬɶ ɜɢɪɚɠɚɸɬɶɫɹ ɜ ɬɟɪɦɿɧɚɯ ɰɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɨɱɟɜɢɞɧɨ ɡ (4.4). Ɍɨɦɭ ɫɚɦɟ 

ɬɚɤɢɣ ɧɚɛɿɪ ɩɚɪɚɦɟɬɪɿɜ ɦɨɠɧɚ ɜɢɛɪɚɬɢ ɜ ɹɤɨɫɬɿ ɉɋɈ ɫɢɫɬɟɦɢ: 

   1,2 ,, ,e ix t n x t  ,      2 , ,n nx t x t   ,      6 , ,x t T x t  ,
 
  

   6 , ,n nx t u x t   ,       10 , ,x t x t  . 

 

(4.6) 

ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ (4.1) ɬɚ ɨɡɧɚɱɟɧɶ (3.4), (3.5) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɚɤɿ 

ɪɿɜɧɹɧɧɹ ɝɿɞɪɨɞɢɧɚɦɿɤɢ (ɬɨɛɬɨ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ): 
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(4.7) 

ɞɟ ɞɠɟɪɟɥɚ ɡɚɞɚɧɿ ɜ (3.7), ɚ ɩɨɬɨɤɢ ɡɚ ɨɡɧɚɱɟɧɧɹɦɢ ɡɚɞɚɸɬɶɫɹ ɜ ɬɟɪɦɿɧɚɯ ɎɊɄ: 

3 n
anl l ap

p
t d p p f

m
  ,   3 n

an ap ap

p
q d p f

m
  ,  nl anl

a

t t ,  n an
a

q q ,  (4.8) 

anlt  ɬɚ anq  – ɩɨɬɿɤ ɿɦɩɭɥɶɫɭ ɬɚ ɟɧɟɪɝɿʀ a-ʀ ɤɨɦɩɨɧɟɧɬɢ ɜɿɞɩɨɜɿɞɧɨ.   

əɤ ɛɚɱɢɦɨ, ɥɢɲɟ ɪɿɜɧɹɧɧɹ ɞɥɹ nu ,   ɦɿɫɬɹɬɶ ɜɧɟɫɤɢ, ɳɨ ɜ ɩɪɨɫɬɨɪɨɜɨ-

ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɜɿɞɦɿɧɧɿ ɜɿɞ ɧɭɥɹ, ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɉɋɈ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞ-

ɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɬɚɤɢɯ ɜɧɟɫɤɿɜ ɧɟ ɦɿɫɬɹɬɶ. ɐɟ ɪɨɡɤɪɢɜɚɽ ɡɦɿɫɬ ɮɪɚɡɢ, ɳɨ ɬɟ-

ɪɦɿɧ «ɪɟɥɚɤɫɚɰɿɹ» ɜ ɪɨɛɨɬɿ ɜɠɢɬɨ ɭ ɜɭɡɶɤɨɦɭ ɫɟɧɫɿ ɹɤ ɩɪɨɰɟɫ, ɹɤɢɣ ɦɨɠɟ ɦɚɬɢ 

ɦɿɫɰɟ ɜ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɿɣ ɫɢɫɬɟɦɿ. ɍ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɭɽɬɶɫɹ ɩɪɨɰɟɫ ɪɟɥɚɤɫɚ-

ɰɿʀ ɫɢɫɬɟɦɢ ɞɨ ɿʀ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ, ɬɨɛɬɨ ɬɚɤɢɣ ɩɪɨɰɟɫ, ɹɤɢɣ 

ɦɨɠɟ ɩɪɨɯɨɞɢɬɢ ɭ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ. ɉɪɢ ɰɶɨɦɭ ɪɟɥɚɤɫɚɰɿɣɧɿ 

ɩɪɨɰɟɫɢ ɞɨɫɥɿɞɠɭɸɬɶɫɹ ɛɿɥɹ ʀɯ ɡɚɜɟɪɲɟɧɧɹ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɨɬɪɢɦɚɧɿ ɪɿɜɧɹɧɧɹ 

ɝɿɞɪɨɞɢɧɚɦɿɤɢ (4.7) ɩɟɪɟɯɨɞɹɬɶ ɭ ɪɿɜɧɹɧɧɹ (3.6) ɞɥɹ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨʀ ɫɢɫ-

ɬɟɦɢ. ɍ ɩɪɨɫɬɨɪɨɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ ɉɋɈ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ 

ɫɬɚɧɭ ɽ ɩɨɫɬɿɣɧɢɦɢ ɪɿɜɧɨɜɚɠɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɫɬɟɦɢ ɬɚ ɪɟɥɚɤɫɚɰɿɹ ɣɞɟ ɞɨ ɪɿ-

ɜɧɨɜɚɠɧɨɝɨ, ɚ ɧɟ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ. 

Ɋɨɡɜɢɧɭɬɚ ɜ ɪɨɛɨɬɿ ɬɟɨɪɿɹ ɦɿɫɬɢɬɶ ɞɜɚ ɦɚɥɿ ɩɚɪɚɦɟɬɪɢ. ɉɟɪɲɢɣ ɡ ɧɢɯ – ɰɟ 

ɜɜɟɞɟɧɢɣ ɭ ɩɨɩɟɪɟɞɧɶɨɦɭ ɪɨɡɞɿɥɿ ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ  , ɡɚ ɹɤɢɦ ɨɰɿɧɸɸɬɶɫɹ ɦɚɥɿ 

ɜɿɞɯɢɥɟɧɧɹ nu ,   (ɞɢɜ. (3.10)). ȯɞɢɧɚ ɜɿɞɦɿɧɧɿɫɬɶ ɜɿɞ (3.10) ɩɨɥɹɝɚɽ ɭ ɮɿɡɢɱɧɨɦɭ 

ɡɦɿɫɬɿ ɩɚɪɚɦɟɬɪɿɜ nu ,  : ɬɟɩɟɪ ɜɨɧɢ ɽ ɜɿɞɯɢɥɟɧɧɹɦɢ ɲɜɢɞɤɨɫɬɿ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ 

ɟɥɟɤɬɪɨɧɿɜ ɜɿɞ ʀɯ ɫɬɚɧɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ, ɚ ɧɟ ɜɿɞɯɢɥɟɧɧɹɦɢ ɲɜɢ-

ɞɤɨɫɬɿ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɟɥɟɤɬɪɨɧɿɜ ɜɿɞ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ ɭ ɩɪɨɫɬɨɪɨɜɨ-

ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ. Ⱦɪɭɝɢɣ ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ g  ɨɩɢɫɭɽ ɦɚɥɿ ɝɪɚɞɿɽɧɬɢ ɜ ɫɢɫɬɟ-

ɦɿ: 
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 (4.9) 

Ɍɚɤɨɠ ɞɨɞɚɬɤɨɜɨ ɜɪɚɯɨɜɭɽɬɶɫɹ ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ  . 

ȼ ɨɫɧɨɜɿ ɪɨɡɝɥɹɞɭ ɥɟɠɢɬɶ ɿɞɟɹ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɝɿɩɨɬɟɡɢ Ȼɨɝɨɥɸɛɨɜɚ [174, 9]: 

     
0

, ,ap apt
f x t f x t  ;     , 1,2,...,10  ,

 
 (4.10) 

0  – ɞɟɹɤɢɣ ɯɚɪɚɤɬɟɪɧɢɣ ɱɚɫ, 0 u T   . Ɂɝɿɞɧɨ ɡ (4.10), ɩɟɪɟɩɢɲɟɦɨ ɤɿɧɟɬɢɱɧɟ 

ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ (4.1): 
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(4.11) 

ɍ ɩɨɞɚɥɶɲɨɦɭ ɰɟ ɪɿɜɧɹɧɧɹ ɪɨɡɜ’ɹɡɭɽɬɶɫɹ ɡɚ ɚɥɝɨɪɢɬɦɨɦ, ɹɤɢɣ ɫɯɨɠɢɣ ɧɚ ɚɥ-

ɝɨɪɢɬɦ ɿɡ ɩɨɩɟɪɟɞɧɶɨɝɨ ɪɨɡɞɿɥɭ, ɩɪɨɬɟ ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɩɨɩɟɪɟɞɧɶɨɝɨ ɪɨɡɞɿɥɭ, ɞɟ 

ɡɚɫɬɨɫɨɜɭɜɚɥɚɫɶ ɬɟɨɪɿɹ ɡɛɭɪɟɧɶ ɡɚ  , ɭ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɦɚɽɦɨ ɬɟɨɪɿɸ ɡɛɭɪɟɧɶ ɡɚ 

ɞɜɨɦɚ ɦɚɥɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ:   ɬɚ g . Ⱦɥɹ ɛɭɞɶ-ɹɤɨʀ ɜɟɥɢɱɢɧɢ U  ɧɚɞɚɥɿ ɛɭɞɭɬɶ 

ɡɚɫɬɨɫɨɜɚɧɿ ɬɚɤɿ ɩɨɡɧɚɱɟɧɧɹ: 
 ,m n m nU g ,   n nU  .

 
 (4.12) 

Ⱦɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ ɞɨ ɪɿɜɧɹɧɧɹ (4.11) ɽ ɨɡɧɚɱɟɧɧɹ ɉɋɈ ɜ ɬɟɪɦɿɧɚɯ ɎɊɄ, 

ɹɤɿ ɽ ɧɚɫɥɿɞɤɚɦɢ (3.4), (3.5), (4.2)–(4.4): 
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(4.13) 
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ȼɢɛɿɪ ɩɨɥɿɧɨɦɿɜ ɋɨɧɿɧɚ ɞɥɹ ɎɊɄ, ɹɤɿ ɞɨɫɥɿɞɠɭɸɬɶɫɹ ɜ ɰɶɨɦɭ ɪɨɡɞɿɥɿ, ɨɛʉɪɭ-

ɧɬɨɜɚɧɢɣ ɞɜɨɦɚ ɤɪɢɬɟɪɿɹɦɢ: 

1) ɞɟɤɿɥɶɤɚ ɩɟɪɲɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɡɚɞɚɸɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ 

ɭɦɨɜɚɦɢ; 

2) ɩɨɬɨɤɢ ɜɢɪɚɠɚɸɬɶɫɹ ɜ ɬɟɪɦɿɧɚɯ ɞɟɤɿɥɶɤɨɯ ɩɟɪɲɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨ-

ɥɿɧɨɦɚɯ (ɡɚɭɜɚɠɢɦɨ, ɳɨ ɤɿɥɶɤɿɫɬɶ ɬɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ, ɱɟɪɟɡ ɹɤɿ ɜɢɪɚɠɚɸɬɶɫɹ ɩɨɬɨ-

ɤɢ, ɧɟ ɨɛɨɜ’ɹɡɤɨɜɨ ɡɛɿɝɚɽɬɶɫɹ ɡ ɤɿɥɶɤɿɫɬɸ ɬɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ, ɹɤɿ ɡɚɞɚɸɬɶɫɹ ɞɨɞɚɬ-

ɤɨɜɢɦɢ ɭɦɨɜɚɦɢ).  

Ɉɱɟɜɢɞɧɨ, ɳɨ ɜ ɩɨɪɹɞɤɭ 0 1g
 
ɪɨɡɜ’ɹɡɤɨɦ ɪɿɜɧɹɧɧɹ (4.11) ɽ ɦɚɤɫɜɟɥɿɜɫɶɤɚ 

ɎɊ ɡ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɦɢ ɉɋɈ: 

(0,0)
, aap a p mf w  ,

 
 (4.14) 

ɞɟ ɮɭɧɤɰɿɹ apw  ɡɚɞɚɧɚ ɜ (3.16). Ɏɭɧɤɰɿɹ (4.14) ɨɛɟɪɬɚɽ ɪɿɜɧɹɧɧɹ (4.11) ɭ ɩɨɪɹɞɤɭ 

0 1g  ɭ ɬɨɬɨɠɧɿɫɬɶ 0 0  ɬɚ ɡɚɞɨɜɨɥɶɧɹɽ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (4.13) ɭ ɩɨɪɹɞɤɭ 0 1g . 

ɇɚɫɬɭɩɧɿ ɩɿɞɪɨɡɞɿɥɢ ɰɶɨɝɨ ɪɨɡɞɿɥɭ ɩɪɢɫɜɹɱɟɧɿ ɩɨɲɭɤɭ ɎɊɄ ɭ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨ-

ɪɹɞɤɚɯ ɡɚ   ɬɚ g .  

  

4.2. ɋɬɚɧɞɚɪɬɧɚ ɝɿɞɪɨɞɢɧɚɦɿɤɚ 

ɐɟɣ ɩɿɞɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɡɧɚɯɨɞɠɟɧɧɸ ɎɊɄ ɬɚ ɩɨɬɨɤɿɜ ɭ ɪɚɦɤɚɯ ɫɬɚɧɞɚɪɬ-

ɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ, ɬɨɛɬɨ ɜ ɩɨɪɹɞɤɭ 0 1g , ɬɨɦɭ ɳɨ, ɹɤ ɜɠɟ ɩɿɞɤɪɟɫɥɟɧɨ ɪɚɧɿɲɟ, 

ɧɚɛɥɢɠɟɧɧɹ Ȼɚɪɧɟɬɬɚ ɜ ɰɿɣ ɪɨɛɨɬɿ ɧɟ ɪɨɡɝɥɹɞɚɽɬɶɫɹ. Ɏɭɧɤɰɿʀ  (0,1)
apf  ɲɭɤɚɽɦɨ ɭ 

ɜɢɝɥɹɞɿ  
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ap ap an an anl

bn n l p p m

nT
f w A p A p A p

x x x






 

  
      

 .
 
 (4.15) 

Ⱦɨɞɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ ɞɥɹ ɮɭɧɤɰɿɣ (0,1)
apf  ɽ ɩɟɪɲɿ ɬɪɢ ɜɢɪɚɡɢ ɡ (4.13); ɞɥɹ 

ɨɬɪɢɦɚɧɢɯ ɧɢɠɱɟ ɮɭɧɤɰɿɣ (0,1)
apf  ɿɧɲɿ ɜɢɪɚɡɢ ɡ (4.13) ɜɢɤɨɧɚɸɬɶɫɹ ɚɜɬɨɦɚɬɢɱɧɨ. 
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Ⱦɥɹ ɤɨɠɧɨʀ ɱɚɫɬɢɧɢ ɡ (4.15) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɚɤɿ ɬɨɱɧɿ ɿɧɬɟɝɪɚɥɶɧɿ ɪɿɜɧɹɧɧɹ ɧɚ 

ɨɫɧɨɜɿ (4.11): 

  1 1ˆ bN
ac cn n ab

ɫ e e i i a a

K A p p
m n mn m n


 

   
 ,

   3ˆ
2

e i aT n
ac cn ap

ɫ a e e i i

n n mp
K A p

m T m n mn


 
    

 ,   ˆ nlp
ac cnl

ɫ a

h
K A p

m T
   .  

 

 

(4.16) 

Ɋɿɜɧɹɧɧɹ (4.16) ɡɚɩɢɫɚɧɿ ɜ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ 0n  . Ɂ ɦɿɪɤɭɜɚɧɶ ɨɛɟɪɬɚɥɶɧɨʀ 

ɿɧɜɚɪɿɚɧɬɧɨɫɬɿ ɬɚ ɡɿ ɫɬɪɭɤɬɭɪɢ ɪɿɜɧɹɧɶ (4.16) ɦɚɽɦɨ 

   b bN N
an n a apA p p A  ,    T T

an n a apA p p A  ,     anl nlp a apA p h A   , 

     3 2

, 0

bb N nN
a ap as s ap

n s

A g S 


  ,    ( ) 3 2

, 0

T T n
a ap as s ap

n s

A g S 


  , 

   ( ) 5 2

, 0

n
a ap as s ap

n s

A g S  


  . 

 

 

(4.17) 

Ⱦɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (4.13) ɧɚɤɥɚɞɚɸɬɶ ɬɚɤɿ ɨɛɦɟɠɟɧɧɹ ɧɚ ɤɨɟɮɿɰɿɽɧɬɢ ɩɪɢ ɩɨ-

ɥɿɧɨɦɚɯ: 

   2
0 0 0b bN m N m

e e e i i im n g mn g   ,    2
0 0 0T m T m

e e e i i im n g mn g    (4.18) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜ ɧɚɫɬɭɩɧɢɢɯ ɩɭɧɤɬɚɯ ɪɨɡɝɥɹɞ ɜɟɞɟɬɶɫɹ ɜ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ 

0n  .  

 

4.2.1. Ɏɭɧɤɰɿʀ ɩɪɢ ɝɪɚɞɿɽɧɬɿ ɬɟɦɩɟɪɚɬɭɪɢ 

ɍ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɪɿɜɧɹɧɧɹ ɞɥɹ ɮɭɧɤɰɿʀ ɩɪɢ ɝɪɚɞɿɽɧɬɿ ɬɟɦɩɟɪɚɬɭɪɢ 

ɦɚɽ ɜɢɝɥɹɞ  

       (0) (0)
(0) (0)3 ˆ ˆ

2
T T

n ep ee n e ep ei in i ip
e

p K p A K p A
m

        
 

, 

   (0) (0) 0T
ii in i ipK p A   . 

 

 

(4.19) 

ɍ ɦɚɬɪɢɱɧɿɣ ɮɨɪɦɿ ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɜ (4.19) ɦɚɽ ɜɢɝɥɹɞ 

(0) ( 1)
,

1

0T
is ik is

s

g G 



 . (4.20) 

ɋɭɦɚ ɭ (4.20) ɩɨɱɢɧɚɽɬɶɫɹ ɡ 1, ɬɨɦɭ ɳɨ  
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( 1) ( 1)
0, , 0 0i is is iG G   . (4.21) 

ɋɢɫɬɟɦɚ ɪɿɜɧɹɧɶ (4.20) ɽ ɫɢɫɬɟɦɨɸ ɡ ɬɪɢɜɿɚɥɶɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ. Ɂ ɞɨɞɚɬɤɨɜɢɯ 

ɭɦɨɜ (4.18) ɦɚɽɦɨ   0
0 0T

ig  . Ɍɨɦɭ 

  (0) 0T
i ipA   . (4.22) 

Ɂ (4.22) ɦɚɽɦɨ, ɳɨ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɜ (4.19) ɦɚɽ ɬɚɤɢɣ ɜɢɝɥɹɞ: 

   (0)
(0)3 ˆ

2
T

n ep ee n e ep
e

p K p A
m

      
 

. (4.23) 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɰɶɨɝɨ ɪɿɜɧɹɧɧɹ: 

(0) (0)
0 1 ,

0

15
3

2
T

e k e k es ek es
s

n n g G 


   . (4.24) 

Ɋɿɜɧɹɧɧɹ (4.24) ɪɨɡɜ’ɹɠɟɦɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɬɪɶɨɯ ɩɨɥɿɧɨɦɿɜ, ɳɨɛ ɪɟɡɭɥɶɬɚɬɢ 

ɞɥɹ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɡɛɿɝɥɢɫɹ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ Ȼɪɚɝɿɧɫɶɤɨɝɨ (ɞɟɬɚɥɶɧɿɲɟ 

ɩɪɨ ɰɟ ɞɢɜ. ɧɢɠɱɟ). əɜɧɿ ɜɢɪɚɡɢ ɞɥɹ ɫɚɦɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɽ ɞɨɫɢɬɶ 

ɝɪɨɦɿɡɞɤɢɦɢ, ɬɨɦɭ ɧɚɞɚɦɨ ɞɟɹɤɿ ʀɯ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ (ɡɧɚɱɟɧɧɹ ɧɚɞɚɧɿ ɡ ɭɪɚɯɭ-

ɜɚɧɧɹɦ ɟɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɿ ɩɥɚɡɦɢ): 

Ɍɚɛɥɢɰɹ 1. Ɂɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɭ ɮɭɧɤɰɿʀ  (0)T
e epA   

z (0) 4
0

T e
e i

m
g n e L

T
  (0) 4

1
T e
e i

m
g n e L

T
  (0) 4

2
T e
e i

m
g n e L

T
  

1 -0,998 0,662 -0,157 

2 -0,331 0,266 -0,076 

3 -0,169 0,15 -0,047 

4 -0,104 0,097 -0,032 

 

ɍ ɩɟɪɲɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɪɿɜɧɹɧɧɹ ɞɥɹ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ ɩɪɢ ɝɪɚɞɿɽɧɬɿ ɬɟ-

ɦɩɟɪɚɬɭɪɢ ɦɚɽ ɞɥɹ a i

 

ɬɚɤɢɣ ɜɢɝɥɹɞ: 

       (1) (0)
(0) (1)5 ˆ ˆ

2
T Te

n ip ie n e ep ii n i ip
i i

n
p K p A K p A

m n

   
 

     
 

. (4.25) 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɰɶɨɝɨ ɪɿɜɧɹɧɧɹ: 
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2
(0) (0) (1) ( 1)

1 0 , ,
0 1

15
3

2
T T

i k e k es ik es is ik is
s s

n n g G g G  

 

     . (4.26) 

ɋɭɦɚ ɜ ɞɪɭɝɨɦɭ ɞɨɞɚɧɤɭ ɭ (4.26) ɩɨɱɢɧɚɽɬɶɫɹ ɡ 1 ɜɧɚɫɥɿɞɨɤ (4.21). Ⱦɥɹ a e

 

 

ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (4.16) ɭ ɩɨɪɹɞɤɭ 1  ɞɨɡɜɨɥɹɽ ɨɬɪɢɦɚɬɢ ɮɭɧɤɰɿɸ  T
e epA   ɭ 

ɩɟɪɲɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  , ɩɪɨɬɟ ɜ ɰɿɣ ɪɨɛɨɬɿ ɨɛɦɟɠɢɦɨɫɶ ɝɨɥɨɜɧɢɦ ɩɨɪɹɞɤɨɦ. Ⱦɥɹ 

0k   ɪɿɜɧɹɧɧɹ (4.26) ɡɛɿɝɚɽɬɶɫɹ ɡ ɪɿɜɧɹɧɧɹɦ (4.24) ɞɥɹ 0k  . Ⱦɥɹ 1k   ɡ ɪɿɜɧɹɧɧɹ 

(4.26) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɮɭɧɤɰɿɸ  (1)T
i ipA  . Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ 

(4.13) ɡɚɧɭɥɹɬɶ ɤɨɟɮɿɰɿɽɧɬ (1)
0

T
ig . 

Ɍɚɛɥɢɰɹ 2. Ɂɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɭ ɮɭɧɤɰɿʀ  (0)T
i ipA   

z (1) 4
1
T e
i i

m
g n e L

T
  (1) 4

2
T e
i i

m
g n e L

T
  

1 -0,661 0,176 

2 -0,041 0,011 

3 -0,008 0,002 

4 -0,0025 0,0007 

 

Ɍɨɠ ɦɚɽɦɨ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɮɭɧɤɰɿɣ ɩɪɢ ɝɪɚɞɿɽɧɬɿ ɬɟɦɩɟɪɚɬɭɪɢ: 

        (0) (0) 3 2 (0) 3 2
0 1 1 2 2

T T T T
en n e e ep e epA p p g g S g S O      , 

        (1) 3 2 (1) 3 2
1 1 2 2

T T T
in n i ip i ipA p p g S g S O     . 

(4.27) 

ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɭ (4.27) ɧɚɞɚɧɿ ɜ ɬɚɛɥɢɰɹɯ 1 ɬɚ 2. 

 

4.2.2. Ɏɭɧɤɰɿʀ ɩɪɢ ɝɪɚɞɿɽɧɬɿ ɝɭɫɬɢɧɢ ɟɥɟɤɬɪɨɧɿɜ  

Ⱦɥɹ b e  ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɜ (4.16) ɭ ɩɨɪɹɞɤɭ 0  ɦɚɽ ɜɢɝɥɹɞ: 

       (0) (0)
(0) (0)1 ˆ ˆe eN N

n ee n e ep ei n i ip
e e

p K p A K p A
n m

    , 

   (0)
(0)ˆ 0eN

ii n i ipK p A   . 

(4.28) 
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Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɜ (4.28)  ɚɧɚɥɨɝɿɱɧɨ ɜɢɤɥɚɞɤɚɦ ɿɡ ɩɨɩɟɪɟɞɧɶɨɝɨ ɩɿɞɪɨɡɞɿɥɭ 

ɞɚɫɬɶ 

 (0) 0eN
i ipA   . (4.29) 

Ɍɨɞɿ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (4.28) ɧɚɛɭɞɟ ɜɢɝɥɹɞɭ 

   (0)
(0)1 ˆ eN

n ee n e ep
e e

p K p A
n m

  . (4.30) 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɰɶɨɝɨ ɪɿɜɧɹɧɧɹ: 
(0) (0)

0 ,3 eN
k es ek es

s

T g G   . (4.31) 

Ɋɨɡɜ’ɹɡɨɤ ɲɭɤɚɽɦɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɬɪɶɨɯ ɩɨɥɿɧɨɦɿɜ, ɳɨɛ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɤɿɧɟ-

ɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɡɛɿɝɥɢɫɹ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ Ȼɪɚɝɿɧɫɶɤɨɝɨ. əɜɧɿ ɜɢɪɚɡɢ ɞɥɹ ɤɨɟ-

ɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɞɨɫɢɬɶ ɝɪɨɦɿɡɞɤɿ, ɬɨɦɭ ɧɚɞɚɦɨ ɞɟɹɤɿ ʀɯ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧ-

ɧɹ: 

Ɍɚɛɥɢɰɹ 3. Ɂɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɭ ɮɭɧɤɰɿʀ  (0)eN
e epA   

z 
4 2

(0)
0
eN i e

e

e Ln m
g

T T
  

4 2
(0)

1
eN i e

e

e Ln m
g

T T
  

4 2
(0)

2
eN i e

e

e Ln m
g

T T
  

1 -0,583 0,166 0,019 

2 -0,087 0,031 0,0012 

3 -0,028 0,011 -0,000072 

4 -0,012 0,005 -0,00019 

 

ɍ ɩɨɪɹɞɤɭ 1
 
ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (4.16) ɞɥɹ b e  ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɠɟ ɨɛɱɢɫɥɟ-

ɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɦɚɽ ɜɢɝɥɹɞ 

       (0) (0)(1) (1)0 e eN N
ee en e ep ei in i ipK p A K p A    , 

       (1) (0)
(0) (1)ˆ ˆe eN Nn

ie n e ep ii in i ip
i i

p
K p A K p A

m n
     . 

(4.32) 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɪɿɜɧɹɧɶ (4.32): 

(1) (1)(0) (0)
, ,

0 0

0 e eN N
es ek es is ek is

s s

g G g G
 

    ,  
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2
(0) (1)(0) ( 1)

0 , ,
0 1

3 e eN N
k es ik es ik is is

s s

T g G G g 

 

     . 
(4.33) 

Ⱦɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (4.13) ɡɚɧɭɥɹɬɶ ɤɨɟɮɿɰɿɽɧɬ (1)
0

eN
ig . ɇɚ ɨɫɧɨɜɿ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ 

ɿɧɬɟɝɪɚɥɶɧɢɯ ɞɭɠɨɤ ɦɨɠɧɚ ɞɨɜɟɫɬɢ, ɳɨ 

1s     (0)
, 0ek isG  , (0)

, 0is ekG  .  (4.34) 

Ɂ ɞɨɞɚɬɤɨɜɢɯ ɭɦɨɜ ɬɚ (4.34) ɛɚɱɢɦɨ, ɳɨ ɜ ɩɟɪɲɨɦɭ ɪɿɜɧɹɧɧɿ ɡ (4.33) ɞɪɭɝɚ 

ɫɭɦɚ ɜ ɩɪɚɜɿɣ ɱɚɫɬɢɧɿ ɡɚɧɭɥɢɬɶɫɹ. Ɍɨɞɿ ɜɨɧɨ ɫɬɚɧɟ ɩɪɨɫɬɨ ɪɿɜɧɹɧɧɹɦ ɿɡ ɬɪɢɜɿɚɥɶ-

ɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ: 

 (1) 0eN
e epA   .  (4.35) 

Ⱦɥɹ 0k   ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɡ (4.33) ɡɛɿɝɚɽɬɶɫɹ ɡ ɪɿɜɧɹɧɧɹɦ (4.31). Ⱦɥɹ 1k   

ɜɧɚɫɥɿɞɨɤ (4.34) ɦɚɽɦɨ, ɳɨ ɞɪɭɝɟ ɪɿɜɧɹɧɧɹ ɜ (4.33) ɽ ɫɢɫɬɟɦɨɸ ɪɿɜɧɹɧɶ ɿɡ ɬɪɢɜɿɚ-

ɥɶɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ, ɬɨɠ  

 (1) 0eN
i ipA   .  (4.36) 

ɍ ɩɨɪɹɞɤɭ 2
 

ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɠɟ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɦɚɽɦɨ, ɳɨ ɩɟɪɲɟ 

ɪɿɜɧɹɧɧɹ ɜ (4.16) ɞɥɹ b e

 

ɬɚ a i

 

ɦɚɽ ɜɢɝɥɹɞ 

   (0)
(2)ˆ 0eN

ii n i ipK p A   .  (4.37) 

Ɂ ɪɿɜɧɹɧɧɹ (4.37) ɮɭɧɤɰɿɹ  (2)eN
i ipA   ɨɛɱɢɫɥɸɽɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɮɭɧɤɰɿʀ 

 (0)T
i ipA   ɡ ɪɿɜɧɹɧɧɹ (4.19) ɡɚ ɽɞɢɧɨɸ ɜɿɞɦɿɧɧɿɫɬɸ, ɳɨ ɞɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (4.13) 

ɡɚɞɚɸɬɶ ɬɚɤɢɣ ɤɨɟɮɿɰɿɽɧɬ ɩɪɢ ɧɭɥɶɨɜɨɦɭ ɩɨɥɿɧɨɦɿ: 

(2) (0) 2
0 0

e eN Ne
i e

i

n
g g

n
  .  (4.38) 

Ɍɨɠ ɞɥɹ ɮɭɧɤɰɿɣ  eN
anA p  ɦɚɽɦɨ  

        (0) (0) (0)3 2 3 2 2
0 1 1 2 2

e e e eN N N N
en n e e ep e epA p p g g S g S O     

 
   (0) 2 3

0
e eN N e

in n e
i

n
A p p g O

n
    .  

(4.39) 

ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɭ (4.39) ɧɚɞɚɧɨ ɜ ɬɚɛɥɢɰɿ 3. 
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4.2.3. Ɏɭɧɤɰɿʀ ɩɪɢ ɝɪɚɞɿɽɧɬɿ ɝɭɫɬɢɧɢ ɿɨɧɿɜ 

 Ⱦɥɹ b i  ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɜ (4.16) ɦɚɽ ɜ ɩɨɪɹɞɤɭ 0  ɜɢɝɥɹɞ 

       (0) (0)
(0) (0)ˆ ˆ0 i iN N

ee n e ep ei n i ipK p A K p A   , 

   (0)
(0)ˆ0 iN

ii n i ipK p A  ,

 

(4.40) 

Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɜ (4.40) ɪɨɡɜ’ɹɡɭɽɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɞɪɭɝɨɦɭ ɪɿɜɧɹɧɧɸ ɜ (4.19)

: 

 (0) 0iN
i ipA   ,

 

(4.41) 

ɬɨɞɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ (4.41) ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɜ (4.40) ɪɨɡɜ’ɹɡɭɽɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɩɟɪ-

ɲɨɦɭ ɪɿɜɧɹɧɧɸ ɡ (4.33): 

 (0) 0iN
e epA   .

 

(4.42) 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɜ (4.16) ɞɥɹ b i  ɜ 

ɩɨɪɹɞɤɭ 1  ɦɚɽ ɜɢɝɥɹɞ  

       (0) (0)(1) (1) 0i iN N
ee en e ep ei in i ipK p A K p A   , 

   (0)
(1)ˆ 0iN

ii in i ipK p A   , 
(4.43) 

ɡɜɿɞɤɢ, ɚɧɚɥɨɝɿɱɧɨ ɩɨɩɟɪɟɞɧɿɦ ɜɢɤɥɚɞɤɚɦ,  

 (1) 0iN
e epA   ,   (1) 0iN

i ipA   .  (4.44) 

ɍ ɞɪɭɝɨɦɭ ɩɨɪɹɞɤɭ ɡɚ 
 

ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɟɡɭɥɶɬɚɬɿɜ 
 

ɩɟɪɲɟ 

ɪɿɜɧɹɧɧɹ ɜ (4.16) ɞɥɹ b i  ɦɚɽ ɜɢɝɥɹɞ 

       (0) (0)(2) (2)21
i iN N

en ee en e ep ei ei i ip
e i

p K p A K p A
m n

      , 

   (0) (2)0 iN
ii in i ipK p A  . 

 

(4.45) 

Ⱦɪɭɝɟ ɪɿɜɧɹɧɧɹ ɚɧɚɥɨɝɿɱɧɨ ɜɢɳɟɧɚɜɟɞɟɧɢɦ ɜɢɤɥɚɞɤɚɦ ɞɚɽ 

 (2) 0iN
i epA   .

 

(4.46) 

Ɍɨɞɿ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɜ (4.45) ɧɚɛɭɜɚɽ ɜɢɝɥɹɞɭ 



82 
 

   (0) (2)21
iN

en ee en e ep
e i

p K p A
m n

    . (4.47) 

Ɋɿɜɧɹɧɧɹ (4.47) ɦɚɽ ɬɚɤɢɣ ɦɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ: 

(2)2 (0)
0 ,

0

3 iNe
k es ek es

si

n
T g G

n
 



   . (4.48) 

Ɋɨɡɜ’ɹɡɨɤ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ (4.48) ɲɭɤɚɽɦɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɬɪɶɨɯ ɩɨɥɿɧɨɦɿɜ, 

ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɧɚɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɿ 4: 

Ɍɚɛɥɢɰɹ 4. Ɂɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɭ ɮɭɧɤɰɿʀ  (0)iN
e epA   

z 
4 2

(0)
0
iN i e

e

e Ln m
g

T T
  

4 2
(0)

1
iN i e

e

e Ln m
g

T T
  

4 2
(0)

2
iN i e

e

e Ln m
g

T T
  

1 0,583 -0,166 -0,019 

2 0,174 -0,063 -0,0024 

3 0,084 -0,034 0,00021 

4 0,05 -0,022 0,00078 

 

ɍ ɬɪɟɬɶɨɦɭ ɩɨɪɹɞɤɭ ɡɚ 
 

ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɟɡɭɥɶɬɚɬɿɜ 
 

ɩɟɪ-

ɲɟ ɪɿɜɧɹɧɧɹ ɜ (4.16) ɞɥɹ b i  ɦɚɽ ɜɢɝɥɹɞ 

       (0) (0)
(3) (3)ˆ ˆ 0i iN N

ee n e ep ei n i ipK p A K p A   , 

       (1) (0)
(2) (3)2

2
ˆ ˆi iN Nn e

ie n e ep ii in i ip
i i

p n
K p A K p A

m n
     . 

 

(4.49) 

Ɋɿɜɧɹɧɧɹ (4.49) ɪɨɡɜ’ɹɡɭɽɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɪɿɜɧɹɧɧɸ (4.32): 

 (3) 0iN
e epA   ,   (3) 0iN

i ipA   . (4.50) 

ɍ ɱɟɬɜɟɪɬɨɦɭ ɩɨɪɹɞɤɭ ɡɚ 
 

ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɟɡɭɥɶɬɚɬɿɜ 
 ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɜ (4.16) ɞɥɹ b i  ɬɚ a i   ɦɚɽ ɜɢɝɥɹɞ 

   (0) (4) 0iN
ii n i ipK p A   , (4.51) 

Ɋɿɜɧɹɧɧɹ (4.51) ɪɨɡɜ’ɹɡɭɽɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɪɿɜɧɹɧɧɸ (4.37): 

 (4) (2) 2
0

i eN Ne
i ip e

i

n
A g

n
   . (4.52) 
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Ɍɨɠ ɦɚɽɦɨ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɮɭɧɤɰɿɣ  iN
anA p :  

        (2) (2) (2)3 2 3 2 4
0 1 1 2 2

i i i iN N N N
en n e e ep e epA p p g g S g S O     

 
   (2) 2 5

0
i eN N e

in n i
i

n
A p p g O

n
    .  

 

(4.53) 

ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɭ (4.53) ɧɚɞɚɧɨ ɜ ɬɚɛɥɢɰɿ 4. 

 

4.2.4. Ɏɭɧɤɰɿʀ ɩɪɢ ɝɪɚɞɿɽɧɬɿ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ 

Ⱦɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (4.13) ɞɥɹ ɮɭɧɤɰɿɣ  anlA p  ɜɢɤɨɧɭɸɬɶɫɹ ɚɜɬɨɦɚɬɢɱɧɨ. 

Ɉɫɬɚɧɧɽ ɪɿɜɧɹɧɧɹ ɜ (4.16) ɭ ɩɨɪɹɞɤɭ 1 

 

ɦɚɽ ɬɚɤɢɣ ɜɢɝɥɹɞ ɞɥɹ a i

 

(ɞɥɹ a e  

ɜɨɧɨ ɽ ɬɨɬɨɠɧɿɫɬɸ): 

    ( 1)
(0)ˆ 0ii nlp i ipK h A 


 .

 

(4.54) 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɪɿɜɧɹɧɧɹ (4.54): 

(0) ( 3)
,

0

0is ik is
s

g W 



 .

 
(4.55) 

ɋɢɫɬɟɦɚ ɪɿɜɧɹɧɶ (4.55) ɽ ɫɢɫɬɟɦɨɸ ɪɿɜɧɹɧɶ ɿɡ ɬɪɢɜɿɚɥɶɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ, ɬɨɠ 

 (0) 0i ipA   . (4.56) 

Ɉɫɬɚɧɧɽ ɪɿɜɧɹɧɧɹ ɜ (4.16) ɭ ɩɨɪɹɞɤɭ 0
 

ɦɚɽ ɬɚɤɢɣ ɜɢɝɥɹɞ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 

ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɟɡɭɥɶɬɚɬɿɜ: 

   (0)
(0)1 ˆ

nlp ee nlp e ep
e

h K h A
m T

   ,     ( 1) (1)1
nlp ii nlp i ip

i

h K h A
mT

 


  .

 

(4.57) 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɪɿɜɧɹɧɶ (4.57): 

( 3) (1)
0 ,10 i i k ik is is

s

n mT W g   ,  (0) (0)
,10 e e ek es es

s

n m T W g  . (4.58) 

əɤ ɛɭɞɟ ɜɢɞɧɨ ɜ ɩɨɞɚɥɶɲɨɦɭ, ɧɟɩɨɝɚɧɢɣ ɡɛɿɝ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ Ȼɪɚɝɿɧɫɶɤɨɝɨ ɞɚɽ ɣ 

ɧɚɛɥɢɠɟɧɧɹ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɜ (4.58), ɬɨɦɭ ɞɥɹ ɩɪɨɫɬɨɬɢ ɨɛɦɟɠɢɦɨɫɶ ɧɚɛɥɢ-

ɠɟɧɧɹɦ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. Ɇɚɽɦɨ 

   

1/2
(0)
0 1/243 2

5

2 2
e

ee i

T
g

e L mn n z




 


,   

 

1/2

0 1/23 4 4

5

2i
i e

T
g

z n e L m
 


  , (4.59) 
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ɡɜɿɞɤɢ ɨɬɪɢɦɚɽɦɨ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ  anlA p : 

     
 

1/2

1/243 2

5

2 2
enl nlp

ee i

T
A p h O

e L mn n z

 


  


,   

 
 

 
1/2

1
1/23 4 4

5

2inl nlp
i e

T
A p h O

z n e L m
  


   . 

 

 

(4.60) 

 

4.2.5. Ʉɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ 

ɐɟɣ ɩɭɧɤɬ ɩɪɢɫɜɹɱɟɧɨ ɩɨɲɭɤɭ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨ-

ɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ. Ɂɝɿɞɧɨ ɡɿ ɫɬɚɧɞɚɪɬɧɢɦ ɨɡɧɚɱɟɧɧɹɦ [113], ɤɿɧɟɬɢɱɧɿ 

ɤɨɟɮɿɰɿɽɧɬɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ ɜɜɨɞɹɬɶɫɹ ɬɚɤ: 

(1) 2

3
o n l m m
nl nl nl

l n m m

t
x x x x

   
  
    

         
, 

2
(1) lno T e i

en e ei n
n e e i i

n m mT
D D d

x m n m n
 

  
 

,

 

2
(1) lno T e i

in i ie n
n e e i i

n m mT
D D d

x m n m n
 

  
 

,

 
2

(1) (1)5 1

2
o o
n en

n ei e

T
q T

x D m

  
  

      
, 

 

 

 

 

(4.61) 

ɞɟ 

 
 

  
lne i i e

n
e e i i e i n

n n m m T
d

m n m n n n x

 
 

  
 

  
2ln lne i i e i

e e i i e i n n

n n m n n

m n m n n n x x


  
      

.

 

 

 

(4.62) 

ɍ ɮɨɪɦɭɥɚɯ (4.61)   – ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ ɫɢɫɬɟɦɢ, T
aD  ɬɚ T

abD  – ɤɨɟɮɿɰɿɽɧɬɢ 

ɬɟɪɦɨɞɢɮɭɡɿʀ ɬɚ ɞɢɮɭɡɿʀ,   ɬɚ   – ɡɫɭɜɧɚ ɬɚ ɨɛ’ɽɦɧɚ ɜ’ɹɡɤɿɫɬɶ ɬɚ   – ɞɨɞɚɬɤɨɜɢɣ 

ɤɿɧɟɬɢɱɧɢɣ ɤɨɟɮɿɰɿɽɧɬ.  

ɇɚ ɨɫɧɨɜɿ ɨɡɧɚɱɟɧɶ (3.4) ɬɚ (4.8) ɦɚɽɦɨ ɡ ɪɿɜɧɹɧɶ (4.61): 

 (0)
0
eNi e

ei ie e
e i

n n
D D Tg O

n n
    


,   

   (0)
1

5

2
eNi e

e
e e i

n n T
g O

m n n
  


, 

 

 

(4.63) 
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   (0)2 (0)
0 0
eNT T T

e i e e e e e eD D T m n g n m Tg O     ,   0  ,  

 
(0)

2 (0) (0)1
1 0(0)

0

5

2

e

e

N
T Te

e e eN
e

g
n T g g O

g
 

 
   

 
,    2 (0) 0

0i i in mT g O    . 

 
ɓɨɞɨ ɜ’ɹɡɤɨɫɬɿ, ɬɨ ɦɚɽɦɨ ɬɚɤɢɣ ɱɢɫɥɨɜɢɣ ɪɟɡɭɥɶɬɚɬ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ 

 : 

5 2 1 2
( 1) 1

4 4
0,353 eT m

e z L
   ,   

 

(4.64) 

Ɋɟɡɭɥɶɬɚɬ Ȼɪɚɝɿɧɫɶɤɨɝɨ ɞɥɹ ɜ’ɹɡɤɨɫɬɿ 
5 2 1 2

( 1) 1
4 4

0,406 e
Brag

T m

e z L
   .   

 

(4.65) 

əɤ ɛɚɱɢɦɨ, ɪɟɡɭɥɶɬɚɬɢ (4.64) ɬɚ (4.65) ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɦɟɧɲ ɧɿɠ ɧɚ 14%, ɳɨ ɽ 

ɞɨɫɢɬɶ ɞɨɛɪɢɦ ɡɛɿɝɨɦ, ɬɨɦɭ ɜ ɰɿɣ ɪɨɛɨɬɿ ɦɨɠɟɦɨ ɞɥɹ ɩɪɨɫɬɨɬɢ ɨɛɦɟɠɢɬɢɫɶ ɧɚ-

ɛɥɢɠɟɧɧɹɦ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɜ (4.60). ɓɨɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ, 

ɦɚɽɦɨ ɬɚɤɿ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ: 

Ɍɚɛɥɢɰɹ 5. ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ Ȼɪɚɝɧɿ-

ɫɶɤɨɝɨ 

z 
4 1 2

(0)
5 2

ee Lm

T
  , ɧɚɲ ɪɟɡɭɥɶɬɚɬ 

4 1 2
(0)

5 2
ee Lm

T
  ,  ɪɟɡɭɥɶɬɚɬ Ȼɪɚ-

ɝɿɧɫɶɤɨɝɨ 

1 0,946 0,945 

2 0,732 0,733 

3 0,605 0,608 

4 0,518 0,516 

 

əɤ ɛɚɱɢɦɨ ɡ ɬɚɛɥɢɰɿ 5, ɡɛɿɝ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ Ȼɪɚɝɿɧɫɶɤɨɝɨ ɽ ɱɭɞɨɜɢɦ. ɓɨɞɨ 

ɜɢɪɚɡɿɜ ɞɥɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɞɢɮɭɡɿʀ ɬɚ ɬɟɪɦɨɞɢɮɭɡɿʀ, ɜɢɪɚɡɢ ɞɥɹ ɹɤɢɯ ɧɚɜɟɞɟɧɿ ɜ 

(4.63), ɬɨ ɰɿ ɤɨɟɮɿɰɿɽɧɬɢ ɜ ɹɜɧɨɦɭ ɜɢɝɥɹɞɿ ɜ ɪɨɛɨɬɿ Ȼɪɚɝɿɧɫɶɤɨɝɨ ɧɟ ɜɢɩɢɫɭɜɚɥɢɫɹ. 

ȼɚɝɨɦɢɦ ɚɪɝɭɦɟɧɬɨɦ ɳɨɞɨ ɩɪɚɜɢɥɶɧɨɫɬɿ ʀɯ ɨɬɪɢɦɚɧɧɹ ɽ ɬɟ, ɳɨ ɜɨɧɢ ɨɬɪɢɦɚɧɿ ɧɚ 

ɨɫɧɨɜɿ ɬɢɯ ɠɟ ɫɚɦɢɯ ɮɭɧɤɰɿɣ, ɳɨ ɣ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ, ɚ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ ɱɭɞɨɜɨ 
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ɡɛɿɝɚɽɬɶɫɹ ɡ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɪɟɡɭɥɶɬɚɬ ɞɥɹ ɱɚɫɬɢɧ ɎɊɄ 

ɩɪɢ ɝɪɚɞɿɽɧɬɚɯ ɝɭɫɬɢɧ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɧɚɛɥɢɠɟɧɧɿ ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ ɦɚɽ ɹɤɿɫɧɨ 

ɬɚɤɭ ɠ ɩɨɜɟɞɿɧɤɭ, ɹɤ ɿ ɪɟɡɭɥɶɬɚɬ, ɨɬɪɢɦɚɧɢɣ ɭ ɧɚɛɥɢɠɟɧɧɿ ɬɪɶɨɯ ɩɨɥɿɧɨɦɿɜ, ɩɪɨɬɟ 

ɱɢɫɟɥɶɧɨ ɜɿɞɪɿɡɧɹɽɬɶɫɹ ɜɿɞ ɧɶɨɝɨ ɛɿɥɶɲ ɧɿɠ ɭ 2 ɪɚɡɢ. Ɍɨɦɭ ɧɚɛɥɢɠɟɧɧɹ ɞɜɨɯ ɩɨ-

ɥɿɧɨɦɿɜ ɞɥɹ ɰɢɯ ɮɭɧɤɰɿɣ ɧɟ ɽ ɞɨɫɬɚɬɧɿɦ. 

 

4.3. ȼɩɥɢɜ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɤɭ ɩɥɚɡɦɢ 

ɍ ɰɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ ɞɨɫɥɿɞɠɭɽɬɶɫɹ ɜɩɥɢɜ ɪɟɥɚɤɫɚɰɿʀ ɧɚ ɫɬɚɧɞɚɪɬɧɭ ɝɿɞɪɨɞɢ-

ɧɚɦɿɤɭ ɫɢɫɬɟɦɢ. ɉɪɢ ɜɢɜɨɞɿ ɮɨɪɦɭɥ ɰɶɨɝɨ ɩɿɞɪɨɡɞɿɥɭ ɜɚɠɥɢɜɭ ɪɨɥɶ ɜɿɞɿɝɪɚɸɬɶ 

ɎɊɄ ɭ ɩɨɪɹɞɤɚɯ 1 0g  (ɞɢɜ. (3.21), (3.22) ɬɚ (3.94)) ɬɚ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɎɊɄ ɭ ɩɨ-

ɪɹɞɤɭ  0 1g , ɧɚɜɟɞɟɧɿ ɜ ɩɨɩɟɪɟɞɧɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ 

ɎɊɄ ɭ ɩɨɪɹɞɤɭ 1 0g  ɧɚɜɟɞɟɧɿ ɜ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ 0n  , ɭ ɥɚɛɨɪɚɬɨɪɧɿɣ ɫɢɫɬɟɦɿ 

ɜɿɞɥɿɤɭ ɮɨɪɦɭɥɢ (3.21) ɬɚ (3.22) ɦɚɥɢ ɛ ɬɚɤɢɣ ɜɢɝɥɹɞ: 

    (1,0)

a
ap ap a ap a ap n n

p p m
f w A B p u


  

 
  . (4.66) 

Ɉɞɧɿɽɸ ɡ ɨɫɧɨɜɧɢɯ ɡɚɞɚɱ ɰɶɨɝɨ ɩɿɞɪɨɡɞɿɥɭ ɽ ɩɨɲɭɤ ɎɊɄ ɭ ɩɨɪɹɞɤɭ 1 1g . ɍ 

ɰɶɨɦɭ ɩɨɪɹɞɤɭ ɎɊɄ ɦɚɸɬɶ ɜɢɝɥɹɞ 

       (1,1) bNT b n
ap ap an an an anl

bn n n l

nT
f w A p A p A p A p

x x x x
      

   
        

  

       b

a

uNu uT un b l
anl anl n anl n anlm n

bl l l m p p m

u nT
A p A p u A p u A p u

x x x x






 

  
        

 .
  
  

 

(4.67) 

Ɋɿɜɧɹɧɧɹ (4.67) ɪɨɡɜ’ɹɡɭɽɬɶɫɹ ɡɚ ɜɢɳɟɧɚɜɟɞɟɧɢɦ ɚɥɝɨɪɢɬɦɨɦ. əɤ ɛɚɱɢɦɨ, 

ɜɨɧɨ ɦɿɫɬɢɬɶ ɬɚɤɿ ɧɟɜɿɞɨɦɿ ɮɭɧɤɰɿʀ: 

1)  ɜɟɤɬɨɪɢ  anA p ,  T
anA p ,  bN

anA p   

2) ɬɟɧɡɨɪɢ ɞɪɭɝɨɝɨ ɪɚɧɝɭ  anlA p ,   u
anlA p ,  uT

anlA p ,  buN
anlA p   

3) ɬɟɧɡɨɪ ɬɪɟɬɶɨɝɨ ɪɚɧɝɭ  u
anlmA p . 
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Ɂ ɦɿɪɤɭɜɚɧɶ ɨɛɟɪɬɚɥɶɧɨʀ ɿɧɜɚɪɿɚɧɬɧɨɫɬɿ ɬɚ ɡ ɜɢɳɟɧɚɜɟɞɟɧɢɯ ɦɿɪɤɭɜɚɧɶ ɳɨɞɨ 

ɜɢɛɨɪɭ ɩɨɥɿɧɨɦɿɜ ɜɟɤɬɨɪɢ ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ  

   ( ) 3 2

, 0

m
an n as s ap

m s

V p p g S 


  ,
 (4.68) 

ɬɟɧɡɨɪɢ ɞɪɭɝɨɝɨ ɪɚɧɝɭ ɲɭɤɚɽɦɨ ɭ ɜɢɝɥɹɞɿ ɪɨɡɤɥɚɞɚɧɧɹ ɧɚ ɧɟɡɜɿɞɧɿ ɬɟɧɡɨɪɢ 

     ( ) 1 2 ( ) 5 2

, 0 , 0

m m
anl nl as s ap nlp asTr s ap

m s m s

V p g S h g S  
 

   .
 (4.69) 

ɓɨɞɨ ɬɟɧɡɨɪɚ ɬɪɟɬɶɨɝɨ ɪɚɧɝɭ  u
anlmA p , ɬɨ ɧɚ ɨɫɧɨɜɿ (4.11) ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ, 

ɳɨ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   ɰɟɣ ɬɟɧɡɨɪ ɦɚɽ ɬɚɤɿ ɜɥɚɫɬɢɜɨɫɬɿ: 

   (0) (0)u u
anlm anmlA p A p  ,  (0) 0u

anllA p  . 
 

(4.70) 

əɤ ɜɿɞɨɦɨ [175], ɧɟɡɜɿɞɧɢɣ ɬɟɧɡɨɪ – ɰɟ ɬɚɤɢɣ ɬɟɧɡɨɪ, ɳɨ ɡɝɨɪɬɤɚ ɣɨɝɨ ɡɚ 

ɛɭɞɶ-ɹɤɨɸ ɩɚɪɨɸ ɿɧɞɟɤɫɿɜ ɞɚɽ ɧɭɥɶ. Ɉɱɟɜɢɞɧɨ, ɳɨ ɬɚɤɢɣ ɬɟɧɡɨɪ ɨɪɬɨɝɨɧɚɥɶɧɢɣ 

ɞɟɥɶɬɚ-ɫɢɦɜɨɥɚɦ. Ȼɭɞɶ-ɹɤɢɣ ɬɟɧɡɨɪ T  ɦɨɠɧɚ ɪɨɡɤɥɚɫɬɢ ɧɚ ɧɟɡɜɿɞɧɢɣ ɬɟɧɡɨɪ ɬɚ 

 -ɱɚɫɬɢɧɭ: 

irreducible  T T T . 
 (4.71) 

ɍ ɜɢɩɚɞɤɭ ɞɨɜɿɥɶɧɨɝɨ ɬɟɧɡɨɪɚ nmlT
 
ɬɪɟɬɶɨɝɨ ɪɚɧɝɭ ɦɚɽɦɨ: 

nml nml n ml m nl l nmT T A B C      , 
 (4.72) 

ɞɟ nmlT  – ɧɟɡɜɿɞɧɢɣ ɬɟɧɡɨɪ. ɍ ɤɨɧɤɪɟɬɧɨɦɭ ɜɢɩɚɞɤɭ, ɹɤɢɣ ɧɚɫ ɰɿɤɚɜɢɬɶ, ɦɚɽɦɨ  

nml nlmT T ,  0nllT  , 
 (4.73) 

ɡɜɿɞɤɢ ɧɟɡɜɿɞɧɢɣ ɬɟɧɡɨɪ nmlT  ɩɨɜɢɧɟɧ ɦɚɬɢ ɜɥɚɫɬɢɜɨɫɬɿ 

nlm nmlT T ,  0nll lnl llnT T T   .
 

(4.74) 

ɇɚ ɨɫɧɨɜɿ ɜɥɚɫɬɢɜɨɫɬɟɣ (4.74) ɡɧɚɯɨɞɢɦɨ ɬɟɧɡɨɪ nlmT  ɬɚ ɜɟɤɬɨɪɢ nA , mB , lC :
  

nml nml nmlT T T  , 
1 3 3

5 10 10lnm lnm qql nm qqn ml qqm nlT T T T T      , 

1 3 3

5 10 10lnm qql nm qqn ml qqm nlT T T T       . 

 

 

(4.75) 

ɇɚ ɨɫɧɨɜɿ ɪɨɡɤɥɚɞɭ (4.75) ɦɚɽɦɨ 

 
     (0) ( ) 3 2 ( ) 3 2

, 0 , 0

u u n u n
anlm nlmp as s ap nlmp asIr s ap

n s n s

A p y g S Y g S  
  

 

   ,  
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2

3mnlp l nm n ml m nly p p p     , 

 21

5mnlp n m l n ml m nl l nmY p p p p p p p      . 

 

 

(4.76) 

ɉɨɞɚɥɶɲɟ ɜɢɜɟɞɟɧɧɹ ɎɊɄ (1,1)
apf  ɡɚ ɜɢɳɟɧɚɜɟɞɟɧɢɦ ɚɥɝɨɪɢɬɦɨɦ ɽ ɞɨɫɢɬɶ 

ɝɪɨɦɿɡɞɤɢɦ, ɬɨɦɭ ɧɟ ɛɭɞɟɦɨ ɣɨɝɨ ɧɚɞɚɜɚɬɢ ɞɟɬɚɥɶɧɨ. əɤ ɩɪɢɤɥɚɞ, ɧɚɜɟɞɟɦɨ ɬɭɬ 

ɜɿɞɧɨɫɧɨ ɧɟɝɪɨɦɿɡɞɤɟ ɜɢɜɟɞɟɧɧɹ ɮɭɧɤɰɿɣ  anA p . əɜɧɢɣ ɜɢɝɥɹɞ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ 

ɎɊɄ (1,1)
apf  ɧɚɞɚɧɨ ɜ Ⱦɨɞɚɬɤɭ 2. 

Ɂ (4.13) ɧɚ ɨɫɧɨɜɿ ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɨɱɧɿ ɿɧɬɟɝ-

ɪɚɥɶɧɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɮɭɧɤɰɿɣ  anA p

 (ɜɨɧɢ ɧɚɜɟɞɟɧɿ ɜ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ 0n  ) : 

         3 2 (2) (4)
1

l
a ap a ap a ap a al T T

e

p
S B A A p

m
             

    ˆn
a a ap ln ac cl

ce e

p
B G K A p

m n
      , 

   (2)
e ep e epB B  ,     (4)

i ip i ipB B  , 

   (2)
e ep e epA A  ,     (3)

i ip i ipA A  , 

  ,ln l bn eb
b

G p A p  , 1e  , 2e
i

i

n

n
   , 1e  ,  2

i  . 

 

 

 

 

 

 

(4.77) 

əɤ ɛɚɱɢɦɨ, ɪɿɜɧɹɧɧɹ (4.77) ɦɿɫɬɹɬɶ ɩɨɩɪɚɜɤɢ ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɇɅɊ, ɨɬɪɢɦɚɧɿ ɜ 

(3.94), ɬɨɠ ɜɨɧɢ ɞɨɡɜɨɥɹɸɬɶ ɨɬɪɢɦɭɜɚɬɢ ɤɨɪɟɤɬɧɿ ɪɟɡɭɥɶɬɚɬɢ ɧɟ ɥɢɲɟ ɜ ɝɨɥɨɜɧɨ-

ɦɭ ɩɨɪɹɞɤɭ ɡɚ  , ɩɪɨɬɟ ɜ ɰɿɣ ɪɨɛɨɬɿ ɨɛɦɟɠɢɦɨɫɶ ɨɛɱɢɫɥɟɧɧɹɦ ɥɢɲɟ ɝɨɥɨɜɧɨɝɨ 

ɩɨɪɹɞɤɭ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɬɿ ɱɚɫɬɢɧɢ ɎɊɄ (1,1)
apf , ɹɤɿ ɦɿɫɬɹɬɶ ɝɪɚɞɿɽɧɬɢ   ɬɚ nu , 

ɩɪɢɫɭɬɧɿ ɜ ɥɿɧɟɚɪɢɡɨɜɚɧɿɣ ɬɟɨɪɿʀ (ɬɨɛɬɨ ɜ ɬɟɨɪɿʀ, ɹɤɚ ɽ ɥɿɧɿɣɧɨɸ ɡɚ ɦɚɥɢɦɢ ɜɿɞɯɢ-

ɥɟɧɧɹɦɢ ɉɋɈ ɜɿɞ ʀɯ ɩɨɫɬɿɣɧɢɯ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ) ɬɚ ɜɨɧɢ ɽ ɜɚɠɥɢɜɢɦɢ ɧɟ 

ɥɢɲɟ ɞɥɹ ɩɨɬɨɤɿɜ ɬɚ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɫɢɫɬɟɦɢ, ɚɥɟ ɣ ɞɥɹ ɦɨɞ.  

ɍ ɩɨɪɹɞɤɭ 0  ɪɿɜɧɹɧɧɹ (4.77) ɦɚɽ ɜɢɝɥɹɞ 
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(0) (0) (0)

3 2 (0) (0)
1

ˆ ˆn ln l
ep ee l e ep ei l i ip

e e e

p G p
S K p A K p A

m n m


  

      , 

   (0)
(0)ˆ 0ii l i ipK p A   . 

 

 

(4.78) 

 Ⱦɨɞɚɬɤɨɜɿ ɭɦɨɜɢ (4.13) ɧɚɤɥɚɞɚɸɬɶ ɬɚɤɟ ɨɛɦɟɠɟɧɧɹ ɧɚ ɤɨɟɮɿɰɿɽɧɬɢ ɩɪɢ ɩɨ-

ɥɿɧɨɦɚɯ: 

0n 
  

 
0 0n

ag  . (4.79) 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ (4.79) ɚɧɚɥɨɝɿɱɧɨ ɜɢɳɟɧɚɜɟɞɟɧɢɦ ɜɢɤɥɚɞɤɚɦ ɦɚɽɦɨ 

 (0) 0i ipA   . (4.80) 

Ɍɨɞɿ ɩɟɪɲɟ ɪɿɜɧɹɧɧɹ ɡ (4.78) ɧɚɛɭɞɟ ɜɢɝɥɹɞɭ 

     
(0) (0)

3 2 (0)
1

ˆn ln l
ep ee l e ep

e e e

p G p
S K p A

m n m


 

    , (4.81) 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɪɿɜɧɹɧɧɹ (4.81): 

(0) (0) (0)
0 1 ,

1

15

2k nn e k es ek es
s

G n g G  


   . (4.82) 

ɉɪɢ 0k 
 
ɪɿɜɧɹɧɧɹ (4.82) ɽ ɬɨɬɨɠɧɿɫɬɸ, ɳɟ ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ ɧɚ ɨɫɧɨɜɿ ɹɜɧɨ-

ɝɨ ɜɢɝɥɹɞɭ ɿɧɬɟɝɪɚɥɶɧɢɯ ɞɭɠɨɤ, ɚ ɬɚɤɨɠ ɨɡɧɚɱɟɧɧɹ lnG  (ɞɢɜ. (4.77)). ɐɟ ɫɜɿɞɱɢɬɶ 

ɩɪɨ ɬɟ, ɳɨ ɧɚɲɚ ɨɛɱɢɫɥɸɜɚɥɶɧɚ ɩɪɨɰɟɞɭɪɚ ɧɟ ɽ ɫɭɩɟɪɟɱɥɢɜɨɸ. ɉɪɢ 1k 
 
ɦɨɠɧɚ 

ɨɬɪɢɦɚɬɢ ɪɨɡɜ’ɹɡɨɤ ɪɿɜɧɹɧɧɹ (4.82); ɞɥɹ ɩɪɨɫɬɨɬɢ ɨɬɪɢɦɚɽɦɨ ɣɨɝɨ ɜ ɧɚɛɥɢɠɟɧɿ 

ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ: 

 
(0)
1 (0) 42

1, 1

15 15 1

2 22 4 2 13
e

e
e e ee i

n T
g

G e L mn z n




 


, (4.83) 

ɬɨɠ ɦɚɽɦɨ 

     (0) 3 2
142

15 1

22 4 2 13
e ep ep

ee i

T
A S

e L mn z n

  





. (4.84) 

ɍ ɩɨɪɹɞɤɭ 1  ɪɿɜɧɹɧɧɹ (4.77) ɞɥɹ a i  ɦɚɽ ɜɢɝɥɹɞ 

 (0) 3 2
1

e
n ln l ip

i i i i

n
p G p S

n m m n
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       (1) (0)
(0) (1)ˆ ˆ

ie l e ep ii l i ipK p A K p A     . (4.85) 

Ɋɿɜɧɹɧɧɹ (4.77)  ɭ ɩɨɪɹɞɤɭ 1  ɞɥɹ a e  ɧɟɨɛɯɿɞɧɟ ɞɥɹ ɩɨɲɭɤɭ  (1)
e epA  , 

ɩɪɨɬɟ ɨɛɦɟɠɢɦɨɫɶ ɩɨɲɭɤɨɦ ɥɢɲɟ ɝɨɥɨɜɧɨɝɨ ɩɨɪɹɞɤɭ ɮɭɧɤɰɿɣ  a apA 
 
ɡɚ  . 

Ɇɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ ɪɿɜɧɹɧɧɹ (4.85): 

(0) (0) (0) (1) ( 1)
0 1 1 , 1 ,

1

15
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s
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     . (4.86) 

Ⱦɥɹ 0k   ɪɿɜɧɹɧɧɹ (4.86) ɽ ɬɨɬɨɠɧɿɫɬɸ, ɞɥɹ 1k   ɦɚɽɦɨ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ ɞɥɹ 

ɤɨɟɮɿɰɿɽɧɬɿɜ ɩɪɢ ɩɨɥɿɧɨɦɚɯ ɭ ɮɭɧɤɰɿʀ  (1)
i ipA  . Ⱦɥɹ ɩɪɨɫɬɨɬɢ ɨɬɪɢɦɚɽɦɨ 

ɪɨɡɜ’ɹɡɨɤ ɭ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ. ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ (4.34), ɦɚɽɦɨ 
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Ɍɨɠ ɞɥɹ ɮɭɧɤɰɿɣ  anA p
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(4.88) 

ɓɨɞɨ ɿɧɲɢɯ ɮɭɧɤɰɿɣ ɡ (4.67), ʀɯ ɜɢɜɟɞɟɧɧɹ ɣ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɧɢɯ ɽ ɧɚɛɚɝɚɬɨ 

ɛɿɥɶɲ ɝɪɨɦɿɡɞɤɢɦɢ. Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ ɧɢɯ ɧɚɞɚɧɿ ɜ Ⱦɨɞɚɬɤɭ 2. 

ɇɚ ɨɫɧɨɜɿ ɨɬɪɢɦɚɧɢɯ ɎɊɄ (1,1)
apf

 
ɦɚɽɦɨ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɩɨɬɨɤɿɜ. ɉɨɬɿɤ 

ɿɦɩɭɥɶɫɭ ɟɥɟɤɬɪɨɧɿɜ: 
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(4.89) 
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ɩɨɬɿɤ ɿɦɩɭɥɶɫɭ ɿɨɧɿɜ: 
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(4.90) 

ɩɨɬɿɤ ɟɧɟɪɝɿʀ ɟɥɟɤɬɪɨɧɿɜ: 
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(4.91) 

ɩɨɬɿɤ ɟɧɟɪɝɿʀ ɿɨɧɿɜ: 
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(4.92) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɧɟ ɜɫɿ ɱɥɟɧɢ ɜ (4.89)–(4.92) ɦɚɸɬɶ ɚɧɚɥɨɝɢ ɜ ɫɬɚɧɞɚɪɬɧɿɣ ɝɿɞ-

ɪɨɞɢɧɚɦɿɰɿ. əɤ ɛɚɱɢɦɨ, ɡɚɜɞɹɤɢ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɢ ɿɦɩɭɥɶɫɭ ɦɿɫɬɹɬɶ 

ɝɪɚɞɿɽɧɬɢ ɝɭɫɬɢɧ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ, ɚ ɩɨɬɨɤɢ ɟɧɟɪɝɿʀ – ɝɪɚɞɿɽɧɬ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ. 

Ɍɚɤɿ ɜɧɟɫɤɢ ɜ ɪɚɦɤɚɯ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ ɜɿɞɫɭɬɧɿ. Ɍɚɤɨɠ ɡɚɭɜɚɠɢɦɨ, ɳɨ 

ɯɨɱɚ ɧɚɲɿ ɩɨɩɪɚɜɤɢ (3.94) ɽ ɩɨɩɪɚɜɤɚɦɢ ɛɿɥɶɲ ɜɢɫɨɤɨɝɨ ɩɨɪɹɞɤɭ ɡɚ  , ɜɨɧɢ ɞɚ-
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ɸɬɶ ɜɧɟɫɤɢ ɞɨ ɞɟɹɤɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɡ (4.89)–(4.92) ɧɚɜɿɬɶ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ 

   (ɞɢɜ. Ⱦɨɞɚɬɨɤ 2). 

ȼɢɩɢɲɟɦɨ ɧɚ ɨɫɧɨɜɿ (4.89) ɬɚ (4.90) ɫɭɦɚɪɧɢɣ ɩɨɬɿɤ ɿɦɩɭɥɶɫɭ ɜ ɝɨɥɨɜɧɨɦɭ 

ɩɨɪɹɞɤɭ ɡɚ  :  
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Ⱦɥɹ (1)
0i Trg  ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɬɚɤɢɣ ɪɟɡɭɥɶɬɚɬ: 
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. (4.94) 

Ⱥɧɚɥɨɝɿɱɧɢɣ ɪɟɡɭɥɶɬɚɬ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ: 
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. (4.95) 

Ɍɨɠ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ   
ɦɚɽɦɨ ɪɟɥɚɤɫɚɰɿɣɧɭ ɩɨɩɪɚɜɤɭ ɞɨ ɜ’ɹɡɤɨɫɬɿ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɡɝɿɞɧɨ ɡ ɨɡɧɚɱɟɧɧɹɦ (4.61): 

 ( 1) 2 (1) 0
0h i i i Trn mT g O      , (4.96) 

Ɍɨɛɬɨ ɪɟɥɚɤɫɚɰɿɣɧɚ ɩɨɩɪɚɜɤɚ (4.96) ɡɦɟɧɲɭɽ ɜ’ɹɡɤɿɫɬɶ. 

ȼɢɩɢɲɟɦɨ ɧɚ ɨɫɧɨɜɿ (4.91) ɬɚ (4.92) ɫɭɦɚɪɧɢɣ ɩɨɬɿɤ ɟɧɟɪɝɿʀ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨ-

ɪɹɞɤɭ ɡɚ  : 
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(4.97) 

əɜɧɿ ɜɢɪɚɡɢ ɞɥɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɭ (4.97) ɞɨɫɢɬɶ ɝɪɨɦɿɡɞɤɿ, ɬɨɦɭ ɧɚɜɟɞɟɦɨ ɞɟɹɤɿ ʀɯ 

ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ: 

Ɍɚɛɥɢɰɹ 6. ɑɢɥɨɜɿ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɿɜ ɭ ɩɨɬɨɰɿ ɟɧɟɪɝɿʀ 
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1 0,946 0,343 0,577 0,188 
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2 0,732 0,039 0,14 0,069 

3 0,605 0,011 0,06 0,036 

4 0,518 0,004 0,033 0,022 

 

əɤ ɛɚɱɢɦɨ, ɞɨ ɩɨɬɨɤɭ ɟɧɟɪɝɿʀ ɜɧɟɫɤɢ, ɹɤɿ ɧɟ ɦɚɸɬɶ ɚɧɚɥɨɝɿɜ ɭ ɫɬɚɧɞɚɪɬɧɿɣ ɝɿ-

ɞɪɨɞɢɧɚɦɿɰɿ, ɭɜɿɣɞɭɬɶ ɜɠɟ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  . ɉɟɪɲɿ ɞɜɚ ɜɧɟɫɤɢ ɜ ɩɪɚɜɿɣ 

ɱɚɫɬɢɧɿ (4.97) ɦɚɸɬɶ ɚɧɚɥɨɝɢ ɜ ɫɬɚɧɞɚɪɬɧɿɣ ɝɿɞɪɨɞɢɧɚɦɿɰɿ, ɚ ɨɫɬɚɧɧɿ ɞɜɚ – ɧɿ. ɇɚ 

ʀɯ ɨɫɧɨɜɿ ɦɨɠɧɚ ɜɜɨɞɢɬɢ ɧɨɜɿ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ. əɤɳɨ ɩɟɪɲɿ ɞɜɚ ɜɧɟɫɤɢ ɜ 

ɩɪɚɜɿɣ ɱɚɫɬɢɧɿ (4.97) ɡɿɛɪɚɬɢ ɡɝɿɞɧɨ ɡ ɨɡɧɚɱɟɧɧɹɦ (4.61), ɬɨ ɦɚɬɢɦɟɦɨ ɪɟɥɚɤɫɚ-

ɰɿɣɧɭ ɩɨɩɪɚɜɤɭ ɞɨ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɜ ɝɨ-

ɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  : 
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. (4.98) 

Ɂ (4.98) ɬɚ ɬɚɛɥɢɰɿ 6 ɛɚɱɢɦɨ, ɳɨ ɪɟɥɚɤɫɚɰɿɣɧɚ ɩɨɩɪɚɜɤɚ (4.98) ɞɨ ɬɟɩɥɨɩɪɨ-

ɜɿɞɧɨɫɬɿ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ ɡɦɟɧɲɢɬɶ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ.  

ɓɨɞɨ ɤɨɟɮɿɰɿɽɧɬɿɜ ɞɢɮɭɡɿʀ ɬɚ ɬɟɪɦɨɞɢɮɭɡɿʀ, ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ ɪɟɥɚɤɫɚɰɿɹ 

ʀɯ ɧɟ ɡɦɿɧɢɬɶ ɜɧɚɫɥɿɞɨɤ ɞɨɞɚɬɤɨɜɢɯ ɭɦɨɜ (4.13). 

 

ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 4 

ɇɚ ɨɫɧɨɜɿ ɿɞɟʀ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ, ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɜ ɰɿɣ 

ɪɨɛɨɬɿ, ɞɨɫɥɿɞɠɟɧɨ ɜɩɥɢɜ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɝɿɞɪɨɞɢɧɚɦɿɤɭ ɩɥɚɡɦɢ. 

ɉɥɚɡɦɚ ɨɩɢɫɭɽɬɶɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚ-

ɦɿɱɧɨɝɨ ɫɬɚɧɭ (ɝɭɫɬɢɧɚɦɢ ɤɨɦɩɨɧɟɧɬ, ɦɚɫɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ɬɚ ɬɟɦɩɟɪɚɬɭɪɨɸ), ɚ 

ɬɚɤɨɠ ɜɿɞɯɢɥɟɧɧɹɦɢ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɟɥɟɤɬɪɨɧɿɜ ɜɿɞ ʀɯ ɫɬɚɧɞɚɪɬɧɢɯ 

ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ. ɉɨɤɚɡɚɧɨ, ɳɨ ɰɟɣ ɧɚɛɿɪ ɩɚɪɚɦɟɬɪɿɜ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨ-

ɜɭɜɚɬɢ ɡɚɦɿɫɬɶ ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɚɛɨɪɭ ɩɚɪɚɦɟɬɪɿɜ, ɹɤɢɦɢ ɽ ɝɭɫɬɢɧɢ, ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ 

ɲɜɢɞɤɨɫɬɿ ɤɨɦɩɨɧɟɧɬ, ɨɫɤɿɥɶɤɢ ɜɿɧ ɽ ɛɿɥɶɲ ɡɪɭɱɧɢɦ ɞɥɹ ɨɩɢɫɭ ɪɟɥɚɤɫɚɰɿɣɧɢɯ 

ɩɪɨɰɟɫɿɜ ɭ ɩɪɨɫɬɨɪɨɜɨ-ɧɟɨɞɧɨɪɿɞɧɿɣ ɩɥɚɡɦɿ. ɉɨɤɚɡɚɧɨ, ɳɨ ɨɬɪɢɦɚɧɿ ɜ ɞɢɫɟɪɬɚɰɿʀ 
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ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɤɿɧɟɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ ɞɨɛɪɟ ɭɡɝɨɞ-

ɠɭɸɬɶɫɹ ɿɡ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ Ȼɪɚɝɿɧɫɶɤɨɝɨ.  

Ɍɚɤɨɠ ɨɬɪɢɦɚɧɨ ɪɿɜɧɹɧɧɹ ɞɥɹ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ ɭ ɩɟɪɲɨɦɭ ɩɨ-

ɪɹɞɤɭ ɡɚ ɦɚɥɢɦɢ ɜɿɞɯɢɥɟɧɧɹɦɢ ɬɚ ɦɚɥɢɦɢ ɝɪɚɞɿɽɧɬɚɦɢ. ɉɪɢ ɰɶɨɦɭ ɜɪɚɯɨɜɚɧɨ ɩɨ-

ɩɪɚɜɤɢ ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ, ɹɤɿ ɨɬɪɢɦɚɧɿ ɜ ɩɪɨɫɬɨɪɨ-

ɜɨ-ɨɞɧɨɪɿɞɧɨɦɭ ɜɢɩɚɞɤɭ. Ɉɞɟɪɠɚɧɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɩɪɨɫɬɨɬɢ ɪɨɡɜ’ɹɡɚɧɿ ɜ ɧɚɛɥɢ-

ɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɋɨɧɿɧɚ. ɏɨɱɚ ɨɬɪɢɦɚɧɿ ɩɨɩɪɚɜɤɢ ɞɨ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶ-

ɧɨʀ ɪɿɜɧɨɜɚɝɢ ɽ ɩɨɩɪɚɜɤɚɦɢ ɛɿɥɶɲ ɜɢɫɨɤɨɝɨ ɩɨɪɹɞɤɭ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ, ɜ ɞɟɹɤɿ 

ɱɚɫɬɢɧɢ ɞɨɫɥɿɞɠɟɧɨʀ ɰɿ ɩɨɩɪɚɜɤɢ ɞɚɞɭɬɶ ɜɧɟɫɨɤ ɭ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɜɿɞɧɨ-

ɲɟɧɧɹɦ ɦɚɫ. Ɂɧɚɣɞɟɧɨ ɩɨɬɨɤɢ ɟɧɟɪɝɿʀ ɬɚ ɿɦɩɭɥɶɫɭ ɤɨɦɩɨɧɟɧɬ ɭ ɩɟɪɲɨɦɭ ɩɨɪɹɞɤɭ 

ɡɚ ɜɿɞɯɢɥɟɧɧɹɦɢ ɬɚ ɝɪɚɞɿɽɧɬɚɦɢ, ɬɨɛɬɨ ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɜɿɞɨɦɢɯ ɭ ɥɿɬɟɪɚɬɭɪɿ ɪɟ-

ɡɭɥɶɬɚɬɿɜ ɭɪɚɯɨɜɚɧɨ ɪɟɥɚɤɫɚɰɿɣɧɿ ɜɧɟɫɤɢ ɜ ɩɨɬɨɤɚɯ. ɉɨɤɚɡɚɧɨ, ɳɨ ɧɟ ɜɫɿ ɱɥɟɧɢ ɡ 

ɰɢɯ ɩɨɬɨɤɿɜ ɦɚɸɬɶ ɚɧɚɥɨɝɢ ɜ ɫɬɚɧɞɚɪɬɧɿɣ ɝɿɞɪɨɞɢɧɚɦɿɰɿ: ɡɚɜɞɹɤɢ ɪɟɥɚɤɫɚɰɿʀ 

ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɢ ɿɦɩɭɥɶɫɭ ɦɿɫɬɹɬɶ ɝɪɚɞɿɽɧɬɢ ɝɭɫɬɢɧ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ, ɚ ɩɨɬɨɤɢ 

ɟɧɟɪɝɿʀ – ɝɪɚɞɿɽɧɬ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ. Ɉɬɪɢɦɚɧɨ ɪɟɥɚɤɫɚɰɿɣɧɿ ɩɨɩɪɚɜɤɢ ɞɨ ɤɿɧɟ-

ɬɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ ɩɥɚɡɦɢ ɧɚ ɨɫɧɨɜɿ ɬɢɯ ɱɥɟɧɿɜ ɭ 

ɩɨɬɨɤɚɯ, ɹɤɿ ɦɚɸɬɶ ɚɧɚɥɨɝɢ ɜ ɪɚɦɤɚɯ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ. ɉɨɤɚɡɚɧɨ, ɳɨ ɰɿ 

ɩɨɩɪɚɜɤɢ ɡɦɟɧɲɭɸɬɶ ɜ’ɹɡɤɿɫɬɶ ɬɚ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱ-

ɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ. 

 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɞɿɥɭ 4 ɨɩɭɛɥɿɤɨɜɚɧɨ ɜ ɪɨɛɨɬɚɯ [13, 17, 21, 26, 35, 45, 46, 48, 

49]. 
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ɊɈɁȾȱɅ 5 

ȽȱȾɊɈȾɂɇȺɆȱɑɇȱ ɌȺ ɊȿɅȺɄɋȺɐȱɃɇȱ ɆɈȾɂ  
ɉɈȼɇȱɋɌɘ ȱɈɇȱɁɈȼȺɇɈȲ ɉɅȺɁɆɂ 

 

ɐɟɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɩɨɲɭɤɭ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɬɚ ɤɿɧɟɬɢɱɧɢɯ ɦɨɞ ɩɨɜɧɿɫ-

ɬɸ ɿɨɧɿɡɨɜɚɧɨʀ ɩɥɚɡɦɢ. ɍ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɜɢɜɱɚɸɬɶɫɹ ɦɨɞɢ ɪɿɜɧɹɧɶ ȼɥɚɫɨɜɚ ɬɚ Ʌɚ-

ɧɞɚɭ–ȼɥɚɫɨɜɚ. ɇɚɝɚɞɚɽɦɨ, ɳɨ, ɹɤ ɜɿɞɨɦɨ [3], ɦɨɞɢ ɧɚɡɢɜɚɸɬɶ ɤɿɧɟɬɢɱɧɢɦɢ, ɹɤɳɨ 

ɜ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ʀɯ ɞɢɫɩɟɪɫɿɣɧɢɣ ɡɚɤɨɧ  0 0k   , ɬɚ ɝɿɞɪɨɞɢ-

ɧɚɦɿɱɧɢɦɢ, ɹɤɳɨ  0 0k   .  ȼ ɪɨɛɨɬɿ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɡɚɞɚɱɚ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɞ 

ɤɿɧɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ Ʌɚɧɞɚɭ ɬɚ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ.   

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɡɚɡɜɢɱɚɣ ɦɨɞɢ ɩɥɚɡɦɢ ɜɢɜɱɚɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɶ ȼɥɚɫɨɜɚ 

[146] ɚɛɨ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ [147] ɬɚ, ɹɤ ɜɿɞɨɦɨ, ɫɚɦɨɭɡɝɨɞɠɟɧɢɣ ɱɥɟɧ ɦɚɽ ɛɿɥɶɲ 

ɜɚɝɨɦɢɣ ɜɩɥɢɜ ɧɚ ɦɨɞɢ, ɧɿɠ ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ. Ɋɟɡɭɥɶɬɚɬɢ, ɹɤɿ ɨɬɪɢɦɭɸɬɶɫɹ ɜ ɞɨ-

ɫɥɿɞɠɟɧɧɿ ɡɚɞɚɱɿ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ȼɥɚɫɨɜɚ, ɜɿɞɨɦɿ – ɰɟ ɬɚɤ ɡɜɚɧɿ 

ɩɥɚɡɦɨɜɿ ɦɨɞɢ. Ȳɯ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɹɤ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɡ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ [147, 

146], ɬɚɤ ɿ ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ Ʌɿɭɜɿɥɥɹ ɬɚ ɦɟɬɨɞɭ ɮɭɧɤɰɿɣ Ƚɪɿɧɚ [168]. ɉɪɨɬɟ ɡɚ-

ɞɚɱɚ ɩɨɲɭɤɭ ɦɨɞ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ, ɹɤɟ ɧɟ ɦɿɫɬɢɬɶ ɫɚɦɨɭɡ-

ɝɨɞɠɟɧɢɣ ɱɥɟɧ, ɽ ɜɚɠɥɢɜɨɸ. Ɉɬɪɢɦɚɧɿ ɜ ɪɚɦɤɚɯ ɰɿɽʀ ɡɚɞɚɱɿ ɪɟɡɭɥɶɬɚɬɢ ɩɨɤɚɡɭ-

ɸɬɶ, ɹɤɢɣ ɜɩɥɢɜ ɦɚɽ ɫɚɦɟ ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ ɧɚ ɦɨɞɢ ɫɢɫɬɟɦɢ. əɤ ɛɭɞɟ ɜɢɞɧɨ ɜ 

ɩɨɞɚɥɶɲɨɦɭ, ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɛɭɞɭɬɶ ɨɬɪɢɦɚɧɿ ɪɟɥɚɤɫɚ-

ɰɿɣɧɿ ɦɨɞɢ, ɹɤɿ, ɹɤ ɿ ɩɥɚɡɦɨɜɿ ɦɨɞɢ, ɽ ɤɿɧɟɬɢɱɧɢɦɢ ɦɨɞɚɦɢ. ɓɟ ɨɞɧɚ ɜɚɝɨɦɚ ɩɪɢ-

ɱɢɧɚ ɞɨɫɥɿɞɠɭɜɚɬɢ ɦɨɞɢ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɽ ɬɚɤɨɸ. Ʉɿɧɟɬɢɱɧɟ ɪɿɜ-

ɧɹɧɧɹ Ʌɚɧɞɚɭ ɨɩɢɫɭɽ ɥɢɲɟ ɤɨɪɨɬɤɨɞɿɸɱɭ ɱɚɫɬɢɧɭ ɤɭɥɨɧɿɜɫɶɤɨʀ ɜɡɚɽɦɨɞɿʀ ɜ ɩɥɚɡ-

ɦɿ. Ⱦɚɥɟɤɨɞɿɸɱɭ ɜɡɚɽɦɨɞɿɸ ɦɨɠɧɚ ɨɩɢɫɚɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɟɥɟɤ-

ɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ.  ɉɪɢ ɰɶɨɦɭ ɞɨɰɿɥɶɧɨɸ ɽ ɿɞɟɹ ɨɩɢɫɭ ɩɥɚɡɦɢ ɹɤ ɜɡɚɽɦɨɞɿɸɱɢɯ 

ɩɨɥɹ ɬɚ ɫɢɫɬɟɦɢ ɡɚɪɹɞɠɟɧɢɯ ɱɚɫɬɢɧɨɤ ɡ ɤɨɪɨɬɤɨɞɿɸɱɨɸ ɜɡɚɽɦɨɞɿɽɸ [178, 160]. 

ɐɿɤɚɜɨɸ ɽ ɿɞɟɹ ɩɨɛɭɞɨɜɢ ɤɿɧɟɬɢɱɧɨʀ ɬɟɨɪɿʀ ɬɚ ɦɨɞ ɩɥɚɡɦɢ ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ Ʌɿɭ-

ɜɿɥɥɹ ɬɚ ɝɚɦɿɥɶɬɨɧɿɧɚɧɭ, ɨɬɪɢɦɚɧɨɝɨ ɜ ɪɨɛɨɬɿ [160]. ɍ ɪɚɦɤɚɯ ɬɚɤɨʀ ɬɟɨɪɿʀ ɩɨɲɭɤ 

ɦɨɞ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɽ ɚɤɬɭɚɥɶɧɢɦ, ɛɨ ɜɿɧ ɞɨɡɜɨɥɹɽ ɡɦɟɧɲɢɬɢ ɪɨɡ-
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ɦɿɪɧɿɫɬɶ ɡɚɞɚɱɿ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɚɧɚɥɨɝɿɱɧɿ ɿɞɟʀ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɧɟ ɥɢɲɟ ɞɥɹ 

ɩɥɚɡɦɢ, ɚɞɟ ɣ ɞɥɹ ɿɧɲɢɯ ɫɢɫɬɟɦ (ɞɢɜ. [179–181]).   

Ⱥɥɶɬɟɪɧɚɬɢɜɧɢɦ ɩɿɞɯɨɞɨɦ ɽ ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɞɚɱɿ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜ-

ɧɹɧɧɹ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ. Ɇɨɞɢ ɫɢɫɬɟɦɢ ɛɭɞɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɫɬɚɧɞɚɪɬɧɨɝɨ ɩɿɞɯɨ-

ɞɭ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ [145, 148]. ɇɚɲɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɞ ɤɿɧɟɬɢ-

ɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ ɽ ɜɚɠɥɢɜɢɦ, ɛɨ ɧɚɲ ɦɟɬɨɞ ɞɨɡɜɨɥɹɽ ɜɢɣɬɢ ɡɚ ɜɿ-

ɞɨɦɭ ɦɨɞɟɥɶ «ɠɟɥɟ» [146], ɜ ɹɤɿɣ ɩɿɞɫɢɫɬɟɦɚ ɿɨɧɿɜ ɜɜɚɠɚɽɬɶɫɹ ɪɿɜɧɨɜɚɠɧɨɸ. 

 

5.1. Ƚɿɞɪɨɞɢɧɚɦɿɱɧɿ ɬɚ ɪɟɥɚɤɫɚɰɿɣɧɿ ɦɨɞɢ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ 

ɐɟɣ ɩɿɞɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɥɿɞɠɟɧɧɸ ɦɨɞ ɩɥɚɡɦɢ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ 

ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ. Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɦɨɞ ɫɢɫɬɟɦɢ ɩɨɬɪɿɛɧɨ ɥɿɧɟɚɪɢɡɭɜɚɬɢ ɬɟɨɪɿɸ ɩɨ-

ɛɥɢɡɭ ɪɿɜɧɨɜɚɠɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ. Ȼɭɞɭɽɬɶɫɹ ɥɿɧɿɣɧɚ ɬɟɨɪɿɹ ɡɚ ɦɚɥɢɦɢ ɜɿɞɯɢ-

ɥɟɧɧɹɦɢ ɉɋɈ ɫɢɫɬɟɦɢ ɜɿɞ ʀɯ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ; ɩɿɞɤɪɟɫɥɢɦɨ, ɳɨ ɫɚɦɟ ɪɿɜɧɨ-

ɜɚɠɧɢɯ, ɚ ɧɟ ɫɬɚɧɞɚɪɬɧɢɯ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɡɧɚɱɟɧɶ. Ȼɭɞɟɦɨ ɩɪɚɰɸɜɚɬɢ ɜ ɫɢɫɬɟɦɿ 

ɜɿɞɥɿɤɭ, ɞɟ ɪɿɜɧɨɜɚɠɧɟ ɡɧɚɱɟɧɧɹ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɞɨɪɿɜɧɸɽ ɧɭɥɸ: 

   , ,eq
a a an x t n n x t  ,    , ,eqT x t T T x t  , 

   , ,n nx t x t  ,    , ,x t x t  ,    , ,n nu x t u x t  , 

 

(5.1) 

ɞɟ eq
  – ɪɿɜɧɨɜɚɠɧɟ ɩɨɫɬɿɣɧɟ ɡɧɚɱɟɧɧɹ ɉɋɈ  , ɚ  ,x t  – ɦɚɥɟ ɜɿɞɯɢɥɟɧɧɹ 

ɉɋɈ   ɜɿɞ ɪɿɜɧɨɜɚɠɧɨɝɨ ɡɧɚɱɟɧɧɹ. ɍ ɩɨɞɚɥɶɲɨɦɭ ɞɥɹ ɩɪɨɫɬɨɬɢ ɩɨɡɧɚɱɟɧɶ ɿɧ-

ɞɟɤɫ «eq» ɨɩɭɫɤɚɽɦɨ.  

Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɞ ɩɨɬɪɿɛɧɿ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɜ ɪɚɦɤɚɯ ɥɿɧɟɚɪɢɡɨ-

ɜɚɧɨʀ ɬɟɨɪɿʀ – ɭ ɩɪɚɜɢɯ ɱɚɫɬɢɧɚɯ ɪɿɜɧɹɧɶ (4.7) ɡɚɥɢɲɢɦɨ ɥɢɲɟ ɥɿɧɿɣɧɿ ɡɚ  ,x t
 

ɱɥɟɧɢ. ɉɿɫɥɹ ɧɟɫɤɥɚɞɧɢɯ ɩɟɪɟɬɜɨɪɟɧɶ ɨɬɪɢɦɚɽɦɨ: 
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(5.2) 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɧɚ ɜɢɪɚɡɢ ɞɥɹ  u  ɬɚ u  ɦɚɽ ɜɩɥɢɜ ɞɠɟɪɟɥɨ enR  ɭ ɩɨɪɹɞɤɭ 

1 2g , ɭ ɩɨɪɹɞɤɭ 0  ɬɚɤɟ ɞɠɟɪɟɥɨ ɧɟ ɽ ɧɭɥɶɨɜɢɦ (ɜɧɟɫɤɢ, ɹɤɿ ɦɿɫɬɹɬɶ Ag  ɬɚ Bg ). 

Ɉɬɪɢɦɚɧɧɹ ɪɟɡɭɥɶɬɚɬɭ ɞɥɹ ɰɶɨɝɨ ɞɠɟɪɟɥɚ ɩɪɨɜɨɞɢɬɶɫɹ ɦɟɬɨɞɨɦ, ɚɧɚɥɨɝɿɱɧɢɦ 

ɩɨɩɟɪɟɞɧɶɨɦɭ ɪɨɡɞɿɥɭ, ɩɪɨɬɟ ɞɨɫɥɿɞɠɭɽɬɶɫɹ ɬɟɨɪɿɹ ɜ ɩɨɪɹɞɤɭ 1 2g  ɭ ɪɚɦɤɚɯ ɛɚɪ-

ɧɟɬɿɜɫɶɤɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ɧɟɥɨɤɚɥɶɧɨɫɬɿ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ. əɤ ɜɿ-

ɞɨɦɨ, ɧɚ ɛɚɪɧɟɬɿɜɫɶɤɿ ɜɧɟɫɤɢ ɿɫɬɨɬɧɢɣ ɜɩɥɢɜ ɫɩɪɚɜɥɹɽ ɧɟɥɨɤɚɥɶɧɿɫɬɶ ɿɧɬɟɝɪɚɥɭ 

ɡɿɬɤɧɟɧɶ, ɬɨɦɭ ɞɥɹ ɛɿɥɶɲ ɚɞɟɤɜɚɬɧɨɝɨ ɨɛɱɢɫɥɟɧɧɹ u  ɬɚ u  ɰɹ ɧɟɥɨɤɚɥɶɧɿɫɬɶ ɩɨ-

ɜɢɧɧɚ ɛɭɬɢ ɜɪɚɯɨɜɚɧɚ, ɩɪɨɬɟ ɿʀ ɜɪɚɯɭɜɚɧɧɹ ɩɥɚɧɭɽɬɶɫɹ ɡɪɨɛɢɬɢ ɭ ɩɨɞɚɥɶɲɢɯ ɞɨɫ-

ɥɿɞɠɟɧɧɹɯ. əɤ ɛɭɞɟ ɜɢɞɧɨ ɜ ɩɨɞɚɥɶɲɨɦɭ, ɰɿ ɤɨɟɮɿɰɿɽɧɬɢ ɜɯɨɞɹɬɶ ɭ ɜɢɪɚɡɢ ɞɥɹ 

ɡɝɚɫɚɸɱɢɯ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɦɨɞ ɧɟ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɦɚɥɢɦ ɯɜɢɥɶɨɜɢɦ ɜɟɤ-

ɬɨɪɨɦ, ɬɨɦɭ ɧɚ ɝɨɥɨɜɧɢɣ ɩɨɪɹɞɨɤ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɦɨɞ ɭɪɚɯɭɜɚɧɧɹ ɧɟɥɨɤɚɥɶɧɨɫɬɿ 

ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ ɧɟ ɜɩɥɢɧɟ. Ɍɚɤɨɠ ɡɚɭɜɚɠɢɦɨ, ɳɨ ɧɚ ɜɢɪɚɡ ɞɥɹ   ɬɚɤɨɠ ɜɩɥɢ-

ɜɚɽ ɞɠɟɪɟɥɨ eQ  ɭ ɩɨɪɹɞɤɭ 1 2g , ɩɪɨɬɟ ɦɨɠɧɚ ɞɨɜɟɫɬɢ, ɳɨ ɜɨɧɨ ɧɭɥɶɨɜɟ ɜ ɧɭɥɶɨ-

ɜɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  . ɍɫɿ ɿɧɲɿ ɤɨɟɮɿɰɿɽɧɬɢ ɜ (5.2) ɨɛɱɢɫɥɟɧɿ ɧɚ ɨɫɧɨɜɿ ɪɟɡɭɥɶɬɚɬɿɜ 

ɩɨɩɟɪɟɞɧɶɨɝɨ ɪɨɡɞɿɥɭ, ɬɨɛɬɨ ɧɚ ɧɢɯ ɭɪɚɯɭɜɚɧɧɹ ɧɟɥɨɤɚɥɶɧɨɫɬɿ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ 

ɧɿɹɤ ɧɟ ɜɩɥɢɧɟ. Ɋɟɡɭɥɶɬɚɬɢ (5.2) ɜɢɩɢɫɚɧɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɟɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɿ 

ɩɥɚɡɦɢ, ɛɨ ɞɥɹ ɩɨɫɬɿɣɧɢɯ ɪɿɜɧɨɜɚɠɧɢɯ ɡɧɚɱɟɧɶ ɝɭɫɬɢɧ ɤɨɦɩɨɧɟɧɬ ɭɦɨɜɚ ɟɥɟɤɬ-

ɪɨɧɟɣɬɪɚɥɶɧɨɫɬɿ ɦɚɽ ɜɢɤɨɧɭɜɚɬɢɫɶ. 

Ⱦɥɹ ɩɨɞɚɥɶɲɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɡɪɨɛɢɦɨ ɩɟɪɟɬɜɨɪɟɧɧɹ Ɏɭɪ’ɽ: 

   3, ,n nik xk t d xe x t      (5.3) 
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ɬɚ ɜɢɛɟɪɟɦɨ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɬɚɤ, ɳɨɛ ɜɿɫɶ Ox
 
ɛɭɥɚ ɫɩɿɜɧɚɩɪɹɦɥɟɧɚ ɡ ɯɜɢɥɶɨ-

ɜɢɦ ɜɟɤɬɨɪɨɦ k . Ɍɨɞɿ ɜ ɬɟɪɦɿɧɚɯ Ɏɭɪ’ɽ-ɤɨɦɩɨɧɟɧɬ ɪɿɜɧɹɧɧɹ (5.2) ɧɚɛɭɞɭɬɶ ɜɢ-
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(5.4) 

ɤɨɟɮɿɰɿɽɧɬɢ ɜ (5.4) ɧɚɜɟɞɟɧɿ ɜ (5.2). 

Ɋɿɜɧɹɧɧɹ (5.4) ɦɨɠɧɚ ɩɟɪɟɩɢɫɚɬɢ ɜ ɦɚɬɪɢɱɧɨɦɭ ɜɢɝɥɹɞɿ: 

 M k
t

 



 (5.5) 

ɞɟ   – ɫɬɨɜɩɟɰɶ ɡ ɉɋɈ  ,k t , ɚ ɦɚɬɪɢɰɹ  M k  ɽ ɭɡɚɝɚɥɶɧɟɧɨɸ ɝɿɞɪɨɞɢɧɚɦɿ-

ɱɧɨɸ ɦɚɬɪɢɰɟɸ (ɭɡɚɝɚɥɶɧɟɧɨɸ, ɬɨɦɭ ɳɨ ɰɟ ɦɚɬɪɢɰɹ 10ɯ10 ɡ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɦɢ 

ɬɚ ɪɟɥɚɤɫɚɰɿɣɧɢɦɢ ɉɋɈ, ɚ ɧɟ ɦɚɬɪɢɰɹ 6ɯ6 ɭ ɪɚɦɤɚɯ ɫɬɚɧɞɚɪɬɧɨʀ ɝɿɞɪɨɞɢɧɚɦɿɤɢ). 

ɍ ɩɨɞɚɥɶɲɨɦɭ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɨɞɢɬɶɫɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɦɚɥɨɫɬɿ ɯɜɢɥɶɨɜɨɝɨ ɜɟɤ-

ɬɨɪɚ k  (ɯɜɢɥɶɨɜɢɣ ɜɟɤɬɨɪ ɽ ɦɚɥɢɦ, ɛɨ ɦɚɥɿ ɝɪɚɞɿɽɧɬɢ ɜ ɫɢɫɬɟɦɿ).  Ɇɚɬɪɢɰɹ  M k  

ɧɟ ɽ ɟɪɦɿɬɨɜɨɸ, ɬɨɦɭ ɜɨɧɚ ɦɚɽ ɩɪɚɜɿ  n k  ɬɚ ɥɿɜɿ  n k  ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ: 

       n n nM k k k k   ,        n n nk M k k k   ,  (5.6) 

ɜɥɚɫɧɿ ɡɧɚɱɟɧɧɹ  n k  ɽ ɨɞɧɚɤɨɜɢɦɢ ɞɥɹ ɩɪɚɜɢɯ ɬɚ ɥɿɜɢɯ ɜɥɚɫɧɢɯ ɮɭɧɤɰɿɣ. ɉɪɚɜɿ 

ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɦɚɬɪɢɰɿ  M k  ɽ ɫɬɨɜɩɰɹɦɢ, ɚ ɥɿɜɿ – ɪɹɞɤɚɦɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɧɿ 
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ɫɚɦɚ ɦɚɬɪɢɰɹ  M k , ɧɿ ʀʀ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɬɚ ɜɥɚɫɧɿ ɡɧɚɱɟɧɧɹ ɧɟ ɡɚɥɟɠɚɬɶ ɜɿɞ ɱɚɫɭ.  

ɇɨɪɦɭɜɚɧɧɹ ɜɥɚɫɧɢɯ ɮɭɧɤɰɿɣ ɬɚɤɟ: 

   m n mnk k   .  (5.7) 

ȼɥɚɫɧɿ ɡɧɚɱɟɧɧɹ  n k  ɽ ɞɢɫɩɟɪɫɿɣɧɢɦɢ ɡɚɤɨɧɚɦɢ ɞɥɹ ɦɨɞ. ȼɨɧɢ ɨɬɪɢɦɭ-

ɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ 

det 0M I  .  (5.8) 

Ɋɿɜɧɹɧɧɹ (5.8) ɦɿɫɬɢɬɶ ɞɟɬɟɪɦɿɧɚɧɬ 10ɯ10, ɬɚ, ɜɿɞɩɨɜɿɞɧɨ, ɦɚɽ 10 ɪɨɡɜ’ɹɡɤɿɜ. 

ɐɿ ɪɨɡɜ’ɹɡɤɢ ɨɬɪɢɦɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɹɜɧɨɝɨ ɜɢɝɥɹɞɭ ɦɚɬɪɢɰɿ  M k , ɹɤɢɣ ɡɚɞɚ-

ɧɢɣ ɪɿɜɧɹɧɧɹɦɢ (5.4) ɬɚ (5.5). Ⱦɥɹ ɞɢɫɩɟɪɫɿɣɧɢɯ ɡɚɤɨɧɿɜ ɞɥɹ ɦɨɞ ɨɬɪɢɦɚɧɨ ɬɚɤɿ 

ɪɟɡɭɥɶɬɚɬɢ: 
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Ɇɨɞɢ  1 6   ɽ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɦɢ ɦɨɞɚɦɢ ɫɢɫɬɟɦɢ; ɡɚɭɜɚɠɢɦɨ, ɳɨ ɤɿɥɶɤɿɫɬɶ 

ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɦɨɞ ɡɛɿɝɚɽɬɶɫɹ ɡ ɤɿɥɶɤɿɫɬɸ ɉɋɈ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ 

ɫɬɚɧɭ ɫɢɫɬɟɦɢ. Ɇɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ ɪɿɜɧɹɧɧɹ ɞɥɹ ɦɨɞ 1 6   ɬɚ 7 10   ɪɨɡɞɿɥɹɬɶɫɹ, 

ɬɨɛɬɨ ɨɬɪɢɦɚɧɿ ɬɭɬ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɦɨɞɢ ɽ ɫɬɚɧɞɚɪɬɧɢɦɢ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɦɢ ɦɨ-

ɞɚɦɢ ɫɢɫɬɟɦɢ.  Ɇɨɞɢ 7 10   ɽ ɤɿɧɟɬɢɱɧɢɦɢ ɪɟɥɚɤɫɚɰɿɣɧɢɦɢ ɦɨɞɚɦɢ ɫɢɫɬɟɦɢ.  

ȼɟɤɬɨɪ   ɪɨɡɤɥɚɞɟɦɨ ɧɚ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɦɚɬɪɢɰɿ  M k : 

   
10

1
n n

n

t t  


 ,   (5.10) 

ɧɚ ɨɫɧɨɜɿ (5.5) ɬɚ (5.7) ɨɬɪɢɦɚɽɦɨ 

   n nt t   ,     0nt
n nt e  , (5.11) 

ɬɨɛɬɨ ɜɟɥɢɱɢɧɚ  n t  ɡɚɥɟɠɢɬɶ ɜɿɞ ɱɚɫɭ ɡɚ ɡɚɤɨɧɨɦ nte . ȼɟɥɢɱɢɧɚ  n t  ɧɚɡɢɜɚ-

ɽɬɶɫɹ ɦɨɞɨɸ ɫɢɫɬɟɦɢ, ɿʀ ɮɿɡɢɱɧɢɣ ɡɦɿɫɬ – ɤɨɥɟɤɬɢɜɧɢɣ ɪɭɯ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟ-

ɧɨɝɨ ɨɩɢɫɭ ɡɚ ɱɚɫɨɜɢɦ ɡɚɤɨɧɨɦ nte . əɤ ɛɚɱɢɦɨ, ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɦɨɞ ɧɟɨɛɯɿɞɧɨ 

ɨɬɪɢɦɚɬɢ ɜɥɚɫɧɿ ɮɭɧɤɰɿʀ ɦɚɬɪɢɰɿ M . ɍ ɰɿɣ ɪɨɛɨɬɿ ɮɭɧɤɰɿʀ n
 
ɬɚ n  ɨɬɪɢɦɚɧɿ ɜ 

ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɦɚɥɢɦ ɯɜɢɥɶɨɜɢɦ ɜɟɤɬɨɪɨɦ. ɇɚ ɨɫɧɨɜɿ ɰɢɯ ɪɟɡɭɥɶɬɚɬɿɜ 

ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ, ɳɨ 

1 y  ,  2 z  ,  3,4 N e i s x Tn n c T         , 

5,6 5,6 5,6e iT a n b n     , 7 yu  , 8 zu  , 9 xu  , 10  , 
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3s
e

z T
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 , 

 

 

(5.12) 

ɤɨɟɮɿɰɿɽɧɬɢ 5,6a  ɬɚ 5,6b  ɽ ɞɭɠɟ ɝɪɨɦɿɡɞɤɢɦɢ, ɬɨɦɭ ɜɨɧɢ ɬɭɬ ɧɟ ɜɢɩɢɫɚɧɿ. əɤ ɛɚɱɢ-

ɦɨ ɡ (5.9) ɬɚ (5.12), ɦɨɞɢ 1,2  ɨɩɢɫɭɸɬɶ ɡɝɚɫɚɧɧɹ ɩɨɩɟɪɟɱɧɢɯ ɤɨɦɩɨɧɟɧɬ ɦɚɫɨɜɨʀ 

ɲɜɢɞɤɨɫɬɿ, ɦɨɞɢ 3,4  ɽ ɡɜɭɤɨɜɢɦɢ ɦɨɞɚɦɢ ɬɚ ɦɨɞɢ 5,6  ɽ ɬɟɩɥɨɜɨɸ ɬɚ ɞɢɮɭɡɿɣɧɨɸ 

ɦɨɞɚɦɢ. əɤ ɛɚɱɢɦɨ, ɭ ɡɜɭɤɨɜɢɯ ɦɨɞɚɯ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɝɭɫɬɢɧɢ ɤɨɦɩɨɧɟɧɬ, ɬɟɦɩɟ-

ɪɚɬɭɪɚ ɬɚ ɩɨɜɡɞɨɜɠɧɹ ɱɚɫɬɢɧɚ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ, ɚ ɜ ɞɢɮɭɡɿɣɧɿɣ ɬɚ ɬɟɩɥɨɜɿɣ ɦɨ-

ɞɿ – ɥɢɲɟ ɝɭɫɬɢɧɢ ɬɚ ɬɟɦɩɟɪɚɬɭɪɚ.  Ɇɨɞɢ 7,8  ɨɩɢɫɭɸɬɶ ɡɝɚɫɚɧɧɹ ɩɨɩɟɪɟɱɧɢɯ 
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ɤɨɦɩɨɧɟɧɬ ɜɿɞɯɢɥɟɧɧɹ nu , ɦɨɞɚ 9   ɨɩɢɫɭɽ ɡɝɚɫɚɧɧɹ ɩɨɜɡɞɨɜɠɧɶɨʀ ɤɨɦɩɨɧɟɧɬɢ 

ɜɿɞɯɢɥɟɧɧɹ nu , ɚ ɦɨɞɚ 10  ɨɩɢɫɭɽ ɡɝɚɫɚɧɧɹ ɩɚɪɚɦɟɬɪɚ  .  

 

5.2. Ɋɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ 

ɐɟɣ ɩɿɞɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɥɿɞɠɟɧɧɸ ɦɨɞ ɫɢɫɬɟɦɢ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ 

ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ. əɤ ɜɿɞɨɦɨ [147, 9], ɰɟ ɪɿɜɧɹɧɧɹ ɦɚɽ ɜɢɝɥɹɞ 

   ap ap apn
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f f fp
e E f I f

t m x p

  
  

  
, (5.13) 

ɞɟ   nE f  – ɫɚɦɨɭɡɝɨɞɠɟɧɟ ɟɥɟɤɬɪɢɱɧɟ ɩɨɥɟ,  apI f  – ɿɧɬɟɝɪɚɥ ɡɿɬɤɧɟɧɶ Ʌɚɧɞɚɭ. 

ɉɨɥɟ  nE f  ɡɚɞɨɜɨɥɶɧɹɽ ɪɿɜɧɹɧɧɸ Ɇɚɤɫɜɟɥɥɚ–ɉɭɚɫɫɨɧɚ: 

 4n
e i

n

E
en zen

x



  


.   (5.14) 

Ɂ (5.14) ɛɚɱɢɦɨ, ɳɨ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɟɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɿ ɫɢɫɬɟɦɢ ɜ ɩɪɨɫɬɨɪɨɜɨ-

ɨɞɧɨɪɿɞɧɨɦɭ ɪɿɜɧɨɜɚɠɧɨɦɭ ɫɬɚɧɿ ɫɚɦɨɭɡɝɨɞɠɟɧɟ ɩɨɥɟ ɜɿɞɫɭɬɧɟ: ɩɨɥɟ  nE f  ɽ ɥɿ-

ɧɿɣɧɢɦ ɡɚ ɦɚɥɢɦɢ ɜɿɞɯɢɥɟɧɧɹɦɢ  . Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɫɚɦɨɭɡɝɨɞɠɟɧɟ ɦɚɝɧɿɬɧɟ 

ɩɨɥɟ ɧɟ ɜɪɚɯɨɜɭɽɬɶɫɹ ɜ ɪɿɜɧɹɧɧɿ (5.13), ɛɨ ɣɨɝɨ ɜɧɟɫɨɤ ɡɧɢɤɧɟ ɜ ɥɿɧɟɚɪɢɡɨɜɚɧɿɣ 

ɬɟɨɪɿʀ. ɇɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ (5.13) ɨɬɪɢɦɚɽɦɨ, ɳɨ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ ɫɢɫɬɟ-

ɦɢ ɦɚɸɬɶ ɜɢɝɥɹɞ 
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(5.15) 

əɤ ɛɚɱɢɦɨ, ɪɿɜɧɹɧɧɹ (5.15) ɡɛɿɝɚɸɬɶɫɹ ɡ ɪɿɜɧɹɧɧɹɦɢ (4.7) ɡɚ ɜɢɧɹɬɤɨɦ ɱɚɫɨ-

ɜɢɯ ɪɿɜɧɹɧɶ ɞɥɹ n  ɬɚ nu . 
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ɇɚ ɠɚɥɶ, ɪɟɚɥɿɡɚɰɿɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɡ ɩɨɫɥɿɞɨɜɧɨɸ ɩɨɛɭɞɨɜɨɸ ɬɟ-

ɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɦɚɥɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ   ɬɚ g  ɞɥɹ ɪɿɜɧɹɧɧɹ (5.13) ɽ ɜɚɠɤɨɸ ɡɚɞɚ-

ɱɟɸ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɫɬɚɧɞɚɪɬɧɢɦ ɩɿɯɨɞɨɦ ɭ ɥɿɬɟɪɚɬɭɪɿ ɞɨ ɪɿɜɧɹɧɧɹ ɡ ɫɚɦɨɭɡɝɨ-

ɞɠɟɧɢɦ ɱɥɟɧɨɦ ɽ ɩɨɛɭɞɨɜɚ ɥɿɚɧɟɪɢɡɨɜɚɧɨʀ ɬɟɨɪɿʀ ɛɟɡ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɨɞɭ ɑɟɦ-

ɩɟɧɚ–ȿɧɫɤɨɝɚ. ɉɪɨɬɟ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɦɨɠɧɚ ɞɨɫɥɿɞɢɬɢ ɦɨɞɢ ɜ 

ɛɟɡɞɢɫɢɩɚɬɢɜɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜɪɚɯɭɜɚɧɧɹ ɩɪɨɰɟɫɿɜ ɞɢɫɢɩɚɰɿʀ 

(ɜ’ɹɡɤɨɫɬɿ, ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ, ɞɢɮɭɡɿʀ) ɛɚɡɭɽɬɶɫɹ ɧɚ ɜɢɜɱɟɧɧɿ ɩɨɬɨɤɿɜ ɭ ɩɟɪɲɨɦɭ 

ɩɨɪɹɞɤɭ ɡɚ g ; ɪɿɜɧɹɧɧɹ ɝɿɞɪɨɞɢɧɚɦɿɤɢ, ɹɤɿ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɧɚ ɨɫɧɨɜɿ ɩɪɨɫɬɨɪɨ-

ɜɨ-ɨɞɧɨɪɿɞɧɨʀ ɎɊ, ɧɚɡɢɜɚɸɬɶ ɪɿɜɧɹɧɧɹɦɢ ɛɟɡɞɢɫɢɩɚɬɢɜɧɨʀ (ɿɞɟɚɥɶɧɨʀ) ɝɿɞɪɨɞɢ-

ɧɚɦɿɤɢ. Ɍɨɦɭ «ɛɟɡɞɢɫɢɩɚɬɢɜɧɢɦ ɧɚɛɥɢɠɟɧɧɹɦ» ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɦɨɞ ɫɢɫɬɟɦɢ ɜ 

ɞɢɫɟɪɬɚɰɿʀ ɧɚɡɢɜɚɽɬɶɫɹ ɧɚɛɥɢɠɟɧɧɹ, ɹɤɟ ʉɪɭɧɬɭɽɬɶɫɹ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɿ  ɩɪɨɫɬɨɪɨ-

ɜɨ-ɨɞɧɨɪɿɞɧɢɯ ɎɊɄ. ɉɪɢ ɰɶɨɦɭ ɜ ɪɚɦɤɚɯ ɥɿɚɧɟɪɢɡɨɜɚɧɨʀ ɬɟɨɪɿʀ ɛɟɡɞɢɫɢɩɚɬɢɜɧɟ 

ɧɚɛɥɢɠɟɧɧɹ ɞɚɽ ɬɚɤɿ ɥɿɧɿɣɧɿ ɱɚɫɨɜɿ ɪɿɜɧɹɧɧɹ ɞɥɹ ɉɋɈ: 
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(5.16) 

ɬɿ ɤɨɟɮɿɰɿɽɧɬɢ, ɳɨ ɧɟ ɜɢɡɧɚɱɟɧɿ ɜ (5.16), ɜɢɡɧɚɱɟɧɿ ɜ (5.2). Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɜɧɟɫɤɢ, 

ɹɤɿ ɦɿɫɬɹɬɶ ɝɪɚɞɿɽɧɬɢ ɝɭɫɬɢɧ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɱɚɫɨɜɨɦɭ ɪɿɜɧɹɧɧɿ ɞɥɹ nu  ɭ ɩɨɩɟ-

ɪɟɞɧɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ ɤɨɦɩɟɧɫɭɸɬɶɫɹ ɜɧɟɫɤɚɦɢ ɜɿɞ ɞɠɟɪɟɥɚ enR  ɭ ɩɨɪɹɞɤɭ 0 1g , 

ɩɪɨɬɟ ɜ ɰɶɨɦɭ ɩɿɞɪɨɡɞɿɥɿ ɦɢ ɧɟ ɜɢɜɱɚɽɦɨ ɎɊɄ ɭ ɩɨɪɹɞɤɭ 0 1g . Ⱦɨɫɥɿɞɠɟɧɧɹ ɞɢɫ-

ɩɟɪɫɿɣɧɢɯ ɡɚɤɨɧɿɜ ɞɥɹ ɦɨɞ ɬɚ ɫɚɦɢɯ ɦɨɞ ɩɪɨɜɨɞɢɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɩɨɩɟɪɟɞɧɶɨɦɭ 

ɩɿɞɪɨɡɞɿɥɭ. ȼɪɟɲɬɿ-ɪɟɲɬ ɞɥɹ ɞɢɫɩɟɪɫɿɣɧɢɯ ɡɚɤɨɧɿɜ ɨɬɪɢɦɚɽɦɨ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ: 
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(5.17) 

ɞɟ sc  – ɲɜɢɞɤɿɫɬɶ ɡɜɭɤɭ,  ɜɢɡɧɚɱɟɧɚ ɜ (5.12), p
 
– ɩɥɚɡɦɨɜɚ ɱɚɫɬɨɬɚ, ɚ ɜɟɥɢɱɢɧɚ 

u  ɜ (5.17) ɜɡɹɬɚ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ  . Ⱦɥɹ ɫɚɦɢɯ ɦɨɞ ɨɬɪɢɦɚɧɨ ɬɚɤɿ ɪɟ-

ɡɭɥɶɬɚɬɢ:  

 3,4 N e i s x Tn n c T         , 

 6,9 i ee z n n   , 7 yu  , 8 zu  , 10  .  

 

(5.18) 

əɤ ɛɚɱɢɦɨ, ɮɿɡɢɱɧɢɣ ɡɦɿɫɬ ɦɨɞ 3,4,7,8,10  ɬɚɤɢɣ ɫɚɦɢɣ, ɹɤ ɿ ɜ ɩɨɩɟɪɟɞɧɶɨɦɭ 

ɪɨɡɞɿɥɿ.  Ɇɨɞɢ 6,9  ɨɩɢɫɭɸɬɶ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ, ʀɯ ɮɿɡɢɱ-

ɧɢɣ ɡɦɿɫɬ – ɤɨɥɢɜɚɧɧɹ ɡɚɪɹɞɿɜ ɩɿɞ ɞɿɽɸ ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɩɨɥɹ (ɞɢɜ. (5.18)). Ɂɚ-

ɭɜɚɠɢɦɨ, ɳɨ ɬɚɤɢɣ ɫɚɦɢɣ ɮɿɡɢɱɧɢɣ ɡɦɿɫɬ ɦɚɸɬɶ ɩɥɚɡɦɨɜɿ ɯɜɢɥɿ, ɨɬɪɢɦɚɧɿ ɧɚ ɨɫ-

ɧɨɜɿ ɪɿɜɧɹɧɧɹ ȼɥɚɫɨɜɚ [146, 9]. Ɋɟɡɭɥɶɬɚɬɢ (5.17) ɬɚ (5.18) ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɩɪɢɧ-

ɰɢɩɨɦ ɜɿɞɩɨɜɿɞɧɨɫɬɿ. əɤɳɨ ɜ ɧɢɯ ɩɨɤɥɚɫɬɢ 0p   (ɬɨɛɬɨ ɹɤɳɨ ɡ ɧɢɯ ɜɢɤɢɧɭɬɢ ɬɭ 

ɜɟɥɢɱɢɧɭ, ɹɤɭ ɜ ɧɢɯ ɩɪɢɧɿɫ ɫɚɦɨɭɡɝɨɞɠɟɧɢɣ ɱɥɟɧ), ɬɨ ɨɬɪɢɦɭɽɦɨ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ 

ɦɨɞ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ, ɚ ɹɤɳɨ ɜ ɧɢɯ ɩɨɤɥɚɫɬɢ  0u T   , ɬɨ ɨɬɪɢɦɚ-

ɽɦɨ ɦɨɞɢ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ȼɥɚɫɨɜɚ (ɬɨɛɬɨ ɩɥɚɡɦɨɜɿ ɯɜɢɥɿ ɬɚ ɡɜɭɤɨɜɿ ɦɨɞɢ; 

ɡɚɭɜɚɠɢɦɨ, ɳɨ ɡɜɭɤɨɜɿ ɦɨɞɢ ɜ ɛɟɡɞɢɫɢɩɚɬɢɜɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɦɚɸɬɶ ɨɞɧɚɤɨɜɢɣ 

ɜɢɝɥɹɞ ɞɥɹ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ ȼɥɚɫɨɜɚ, Ʌɚɧɞɚɭ ɬɚ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ). 

Ⱦɟɬɚɥɶɧɿɲɟ ɩɨɝɨɜɨɪɢɦɨ ɩɪɨ ɦɨɞɢ ɪɟɥɚɤɫɚɰɿɣɧɨɝɨ ɡɝɚɫɚɧɧɹ. əɤ ɛɚɱɢɦɨ ɡ 

(5.17), ʀɯ ɞɟɤɪɟɦɟɧɬ ɡɝɚɫɚɧɧɹ R  ɬɚ ɱɚɫɬɨɬɚ   ɜɿɞɩɨɜɿɞɧɨ ɞɨɪɿɜɧɸɸɬɶ 
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əɤ ɛɚɱɢɦɨ, ɮɿɡɢɱɧɨ ɡɚ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ ɜɿɞɩɨɜɿɞɚɽ 

ɩɪɨɰɟɫ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɿ. ɉɨɪɿɜɧɹɽɦɨ ɧɚɲɟ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɡ ɜɿɞɨɦɢɦ 
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ɭ ɥɿɬɟɪɚɬɭɪɿ [146] ɡɝɚɫɚɧɧɹɦ Ʌɚɧɞɚɭ. əɤ ɜɿɞɨɦɨ, ɞɟɤɪɟɦɟɧɬ ɡɝɚɫɚɧɧɹ Ʌɚɧɞɚɭ ɞɨɪɿ-
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ɞɟ Dr  – ɪɚɞɿɭɫ Ⱦɟɛɚɹ. əɤ ɛɚɱɢɦɨ, ɯɨɱɚ ɜ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɿɣ ɩɥɚɡɦɿ u p  , 

ɩɪɨɬɟ R const  , ɚ 0
0L k

  . Ɍɨɦɭ ɩɪɢ ɦɚɥɢɯ ɯɜɢɥɶɨɜɢɯ ɜɟɤɬɨɪɚɯ ɪɟɥɚɤɫɚ-

ɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɽ ɡɧɚɱɧɨ ɛɿɥɶɲ ɜɚɝɨɦɢɦ ɡɚ ɡɝɚɫɚɧɧɹ Ʌɚɧɞɚɭ. Ⱦɟɹɤɿ ɱɢɫɥɨɜɿ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɢ ɞɥɹ ɪɿɡɧɢɯ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɢɯ ɩɥɚɡɦ ɧɚɞɚɧɿ ɜ ɬɚɛɥɢɰɿ 7: 

Ɍɚɛɥɢɰɹ 7. Ʉɨɟɮɿɰɿɽɧɬɢ ɡɝɚɫɚɧɧɹ ɞɥɹ ɞɟɹɤɢɯ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨɜɚɧɢɯ ɩɥɚɡɦ 

ɉɥɚɡɦɚ 3,cɦen   ,T K  R 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  

 

Ɍɚɛɥɢɰɸ 7 ɩɨɛɭɞɨɜɚɧɨ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ ɤɭɥɨɧɿɜɫɶɤɢɣ ɥɨɝɚɪɢɮɦ ɨɰɿ-

ɧɸɽɬɶɫɹ ɹɤ 10 15L   [55]. ȼɟɥɢɱɢɧɚ   – ɰɟ ɬɚɤɟ ɡɧɚɱɟɧɧɹ Dkr , ɳɨ ɩɪɢ Dkr   

R L  . Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɫɯɨɠɿ ɪɟɡɭɥɶɬɚɬɢ ɜɿɞɨɦɿ ɜ ɦɨɞɟɥɿ ɠɟɥɟ [146], ɩɪɨɬɟ ɪɟ-

ɡɭɥɶɬɚɬɢ ɰɿɽʀ ɪɨɛɨɬɢ ɽ ɛɿɥɶɲ ɡɚɝɚɥɶɧɢɦɢ. ɉɨ-ɩɟɪɲɟ, ɪɟɚɥɿɡɨɜɚɧɨ ɜɢɯɿɞ ɡɚ ɦɨɞɟɥɶ 

ɠɟɥɟ, ɬɨɛɬɨ ɜɪɚɯɨɜɚɧɨ ɜɿɞɯɢɥɟɧɧɹ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɿɨɧɿɜ ɜɿɞ ɪɿɜɧɨɜɚɝɢ. ɉɨ-

ɞɪɭɝɟ, ɡ’ɹɫɨɜɚɧɨ ɮɿɡɢɱɧɢɣ ɡɦɿɫɬ ɪɟɥɚɤɫɚɰɿɣɧɨɝɨ ɡɝɚɫɚɧɧɹ – ɮɿɡɢɱɧɨɸ ɨɫɧɨɜɨɸ 

ɪɟɥɚɤɫɚɰɿɣɧɨɝɨ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ ɽ ɩɪɨɰɟɫ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɿ. 

 

 

ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 5 

ɇɚ ɨɫɧɨɜɿ ɿɞɟʀ ɭɡɚɝɚɥɶɧɟɧɧɹ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ, ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɜ ɞɢ-

ɫɟɪɬɚɰɿʀ, ɨɬɪɢɦɚɧɨ ɦɨɞɢ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ Ʌɚɧɞɚɭ ɬɚ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ. Ɂɚɭɜɚ-
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ɠɢɦɨ, ɳɨ ɜ ɥɿɬɟɪɚɬɭɪɿ ɪɨɡɝɥɹɞ ɡɜɢɱɚɣɧɨ ɛɚɡɭɽɬɶɫɹ ɧɚ ɤɿɧɟɬɢɱɧɨɦɭ ɪɿɜɧɹɧɧɿ ȼɥɚ-

ɫɨɜɚ ɛɟɡ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ ɬɚ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɦɨɞɟɥɶ ɠɟɥɟ. ɍ ɰɿɣ ɪɨɛɨɬɿ ɜɪɚɯɨɜɚɧɨ 

ɜɿɞɯɢɥɟɧɧɹ ɎɊ ɿɨɧɿɜ ɜɿɞ ʀʀ ɪɿɜɧɨɜɚɠɧɨɝɨ ɡɧɚɱɟɧɧɹ, ɬɨɛɬɨ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɜɢɩɚɞɨɤ, 

ɹɤɢɣ ɽ ɛɿɥɶɲ ɡɚɝɚɥɶɧɢɦ ɡɚ ɦɨɞɟɥɶ ɠɟɥɟ. Ɂɚɞɚɱɚ ɡɧɚɯɨɞɠɟɧɧɹ ɦɨɞ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟ-

ɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ ɛɟɡ ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɱɥɟɧɚ ɽ ɜɚɠɥɢɜɨɸ ɬɨɦɭ, ɳɨ ɨɩɢ-

ɫɭɽ ɜɩɥɢɜ ɿɧɬɟɝɪɚɥɭ ɡɿɬɤɧɟɧɶ ɧɚ ɦɨɞɢ, ɚ ɬɚɤɨɠ ɞɨɡɜɨɥɹɽ ɡɦɟɧɲɢɬɢ ɪɨɡɦɿɪɧɿɫɬɶ 

ɡɚɞɚɱɿ ɩɪɢ ɨɩɢɫɭ ɩɥɚɡɦɢ ɜ ɬɟɪɦɿɧɚɯ ɜɡɚɽɦɨɞɿɸɱɢɯ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɬɚ ɱɚ-

ɫɬɢɧɨɤ ɡ ɛɥɢɡɶɤɨɞɿɸɱɨɸ ɜɡɚɽɦɨɞɿɽɸ.  

ȼ ɪɚɦɤɚɯ ɰɿɽʀ ɡɚɞɚɱɿ ɨɬɪɢɦɚɧɨ ɲɿɫɬɶ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɦɨɞ (ɤɿɥɶɤɿɫɬɶ ɝɿɞɪɨ-

ɞɢɧɚɦɿɱɧɢɯ ɦɨɞ ɞɨɪɿɜɧɸɽ ɤɿɥɶɤɨɫɬɿ ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɟɧɨɝɨ ɨɩɢɫɭ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɫɬɚɧɭ: ɝɭɫɬɢɧɢ ɞɜɨɯ ɤɨɦɩɨɧɟɧɬ, ɦɚɫɨɜɚ ɲɜɢɞɤɿɫɬɶ ɿ ɬɟɦɩɟɪɚɬɭ-

ɪɚ) ɬɚ ɱɨɬɢɪɢ ɪɟɥɚɤɫɚɰɿɣɧɿ ɦɨɞɢ. ɋɟɪɟɞ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɦɨɞ ɦɚɽɦɨ ɡɫɭɜɧɭ, ɬɟɩ-

ɥɨɜɭ ɦɨɞɭ (ɜɨɧɢ ɽ ɡɝɚɫɚɸɱɢɦɢ ɦɨɞɚɦɢ ɞɪɭɝɨɝɨ ɩɨɪɹɞɤɭ ɡɚ ɦɚɥɢɦ ɯɜɢɥɶɨɜɢɦ ɜɟɤ-

ɬɨɪɨɦ, ɜ ɧɢɯ ɜɯɨɞɹɬɶ ɝɭɫɬɢɧɢ ɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ 

ɫɬɚɧɭ), ɞɜɿ ɡɜɭɤɨɜɿ ɦɨɞɢ ɬɚ ɞɜɿ ɦɨɞɢ, ɹɤɿ ɨɩɢɫɭɸɬɶ ɡɝɚɫɚɧɧɹ ɩɨɩɟɪɟɱɧɢɯ ɤɨɦɩɨ-

ɧɟɧɬ ɦɚɫɨɜɨʀ ɲɜɢɞɤɨɫɬɿ. Ɂ ɱɨɬɢɪɶɨɯ ɪɟɥɚɤɫɚɰɿɣɧɢɯ ɦɨɞ ɞɜɿ ɨɩɢɫɭɸɬɶ ɡɝɚɫɚɧɧɹ 

ɩɨɩɟɪɟɱɧɢɯ ɤɨɦɩɨɧɟɧɬ ɜɿɞɯɢɥɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɜɿɞ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ 

ɡɧɚɱɟɧɧɹ, ɨɞɧɚ – ɡɝɚɫɚɧɧɹ ɩɨɜɡɞɨɜɠɧɶɨʀ ɤɨɦɩɨɧɟɧɬɢ ɜɿɞɯɢɥɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɬɚ 

ɨɞɧɚ – ɡɝɚɫɚɧɧɹ ɜɿɞɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ. ȼɫɿ ɪɟɥɚɤɫɚɰɿɣɧɿ ɦɨɞɢ ɽ ɤɿɧɟɬɢɱɧɢɦɢ 

ɦɨɞɚɦɢ ɫɢɫɬɟɦɢ.  

ɓɨɞɨ ɡɚɞɚɱɿ ɡɧɚɯɨɞɠɟɧɧɹ ɦɨɞ ɧɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ʌɚɧɞɚɭ–

ȼɥɚɫɨɜɚ, ɬɨ, ɧɚ ɠɚɥɶ, ɪɟɚɥɿɡɭɜɚɬɢ ɬɟɨɪɿɸ ɡɛɭɪɟɧɶ ɡɚ ɦɚɥɢɦɢ ɜɿɞɯɢɥɟɧɧɹɦɢ ɬɚ ɦɚ-

ɥɢɦɢ ɝɪɚɞɿɽɧɬɚɦɢ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɭ ɑɟɦɩɟɧɚ–ȿɧɫɤɨɝɚ ɜ ɩɨɜɧɨɦɭ ɨɛɫɹɡɿ ɧɟ ɜɞɚɽɬɶ-

ɫɹ, ɰɟɣ ɦɟɬɨɞ ɚɞɚɩɬɨɜɚɧɢɣ ɞɨ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ ɛɟɡ ɫɚɦɨɭɡɝɨɞɠɟɧɢɯ ɱɥɟɧɿɜ. 

ɉɪɨɬɟ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɦɨɞɢ ɜ ɛɟɡɞɢɫɢɩɚɬɢɜɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ, ɬɨɛɬɨ ɜɡɹɜɲɢ ɮɭ-

ɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ ɥɢɲɟ ɭ ɧɭɥɶɨɜɨɝɨ ɩɨɪɹɞɤɭ ɡɚ ɝɪɚɞɿɽɧɬɚɦɢ. Ɇɨɞɢ ɪɿɜ-

ɧɹɧɧɹ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ ɪɨɡɪɚɯɨɜɚɧɿ ɜ ɪɨɛɨɬɿ ɫɚɦɟ ɜ ɬɚɤɨɦɭ ɧɚɛɥɢɠɟɧɧɿ. Ɉɬɪɢɦɚ-

ɧɨ ɬɪɢ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɦɨɞɢ ɞɪɭɝɨɝɨ ɩɨɪɹɞɤɭ ɡɚ ɦɚɥɢɦ ɯɜɢɥɶɨɜɢɦ ɜɟɤɬɨɪɨɦ, ɞɜɿ 

ɪɟɥɚɤɫɚɰɿɣɧɿ ɦɨɞɢ, ɹɤɿ ɨɩɢɫɭɸɬɶ ɡɝɚɫɚɧɧɹ ɩɨɩɟɪɟɱɧɢɯ ɤɨɦɩɨɧɟɧɬ ɜɿɞɯɢɥɟɧɧɹ 

ɲɜɢɞɤɨɫɬɿ, ɨɞɧɭ ɪɟɥɚɤɫɚɰɿɣɧɭ ɦɨɞɭ, ɹɤɚ ɨɩɢɫɭɽ ɡɝɚɫɚɧɧɹ ɜɿɞɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭ-
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ɪɢ, ɞɜɿ ɡɜɭɤɨɜɿ ɦɨɞɢ ɬɚ ɞɜɿ ɦɨɞɢ, ɹɤɿ ɨɩɢɫɭɸɬɶ ɪɟɥɚɤɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ 

ɯɜɢɥɶ. ɇɚɜɟɞɟɧɨ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɞɿɚɩɚɡɨɧɭ ɯɜɢɥɶɨɜɢɯ ɜɟɤɬɨɪɿɜ, ɞɥɹ ɹɤɢɯ ɪɟɥɚɤ-

ɫɚɰɿɣɧɟ ɡɝɚɫɚɧɧɹ ɽ ɛɿɥɶɲ ɜɚɝɨɦɢɦ ɡɚ ɡɝɚɫɚɧɧɹ Ʌɚɧɞɚɭ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɮɿɡɢɱ-

ɧɨɸ ɩɪɢɱɢɧɨɸ ɪɟɥɚɤɫɚɰɿɣɧɨɝɨ ɡɝɚɫɚɧɧɹ ɩɥɚɡɦɨɜɢɯ ɯɜɢɥɶ ɽ ɩɪɨɰɟɫ ɪɟɥɚɤɫɚɰɿʀ ɩɨ-

ɜɡɞɨɜɠɧɶɨʀ ɤɨɦɩɨɧɟɧɬɢ ɜɿɞɯɢɥɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɟɥɟɤɬɪɨɧɿɜ ɜɿɞ ɫɜɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɡɧɚɱɟɧɧɹ. 

 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɞɿɥɭ 5 ɨɩɭɛɥɿɤɨɜɚɧɨ ɜ ɪɨɛɨɬɚɯ [15, 16, 20, 24, 25, 36, 38, 41, 

43]. 
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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 ɪɟɥɚ-

ɤɫɚɰɿɣɧɢɦɢ 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 ɜɿɞɩɨɜɿ-

ɞɚɸɬɶ ɧɚɛɥɢɠɟɧɧɸ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ ɋɨɧɿɧɚ, ɬɚ ɡɧɚɣɞɟɧɨ ɜɢɪɚɡɢ ɞɥɹ ɜɿɞɩɨɜɿɞɧɢɯ 

ɜɟɥɢɱɢɧ ɭ ɧɚɛɥɢɠɟɧɧɿ ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ.  

 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 ɦɟɬɨɞɨɦ 

ɨɛɿɪɜɚɧɢɯ ɪɨɡɜɢɧɟɧɶ ɡɚ ɩɨɥɿɧɨɦɚɦɢ ɋɨɧɿɧɚ. ɉɨɤɚɡɚɧɨ, ɳɨ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ 

ɪɿɜɧɨɜɚɝɢ ɞɚɽ ɜɿɪɧɿ ɪɟɡɭɥɶɬɚɬɢ ɥɢɲɟ ɜ ɝɨɥɨɜɧɨɦɭ ɩɨɪɹɞɤɭ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɬɚ 

ɜ ɪɚɦɤɚɯ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɪɟɥɚɤɫɚɰɿʀ. Ɉɬɪɢɦɚɧɨ ɩɨɩɪɚɜɤɢ ɞɨ ɰɶɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɜ 

ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɭ ɥɿɧɿɣɧɿɣ ɬɚ ɤɜɚɞɪɚɬɢɱɧɿɣ (ɡ ɤɜɚɞɪɚɬɢɱɧɨɸ 

ɧɟɥɿɧɿɣɧɿɫɬɸ) ɬɟɨɪɿɹɯ ɪɟɥɚɤɫɚɰɿʀ. ɍ ɜɿɞɩɨɜɿɞɧɢɯ ɱɥɟɧɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨ-

ɲɟɧɧɹɦ ɦɚɫ ɩɨɤɚɡɚɧɨ, ɳɨ ɨɬɪɢɦɚɧɿ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɢɪɚɡɢ ɛɿɥɶɲɿ ɡɚ ɜɧɟ-

ɫɤɢ ɧɚɛɥɢɠɟɧɧɹ ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ.  

 4. Ⱦɨɫɥɿɞɠɟɧɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ ɜ ɩɥɚɡɦɿ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɜ ɧɿɣ ɪɟɥɚɤ-

ɫɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɪɢ ɰɶɨɦɭ ɜɪɚɯɨɜɚɧɨ ɜɢɳɟɡɚɡɧɚɱɟɧɿ ɩɨɩɪɚɜɤɢ ɞɨ ɧɚɛɥɢɠɟɧɧɹ 

ɥɨɤɚɥɶɧɨʀ ɪɿɜɧɨɜɚɝɢ. Ɉɬɪɢɦɚɧɨ ɩɨɬɨɤɢ ɟɧɟɪɝɿʀ ɬɚ ɿɦɩɭɥɶɫɭ ɣ ɤɿɧɟɬɢɱɧɿ ɤɨɟɮɿɰɿɽɧ-

ɬɢ ɩɥɚɡɦɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɨɰɟɫɿɜ ɪɟɥɚɤɫɚɰɿʀ ɲɜɢɞɤɨɫɬɟɣ ɬɚ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨ-

ɧɟɧɬ. 

 5. ɇɚ ɨɫɧɨɜɿ ɤɿɧɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ Ʌɚɧɞɚɭ ɬɚ Ʌɚɧɞɚɭ–ȼɥɚɫɨɜɚ ɞɨɫɥɿɞɠɟɧɨ 

ɦɨɞɢ ɞɜɨɤɨɦɩɨɧɟɧɬɧɨʀ ɩɥɚɡɦɢ ɜ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɯ ɫɬɚɧɚɯ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɪɟɥɚɤɫɚ-
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ɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. ɉɪɢ ɰɶɨɦɭ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ ɩɨɫɥɿ-

ɞɨɜɧɨ 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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Ⱦɨɞɚɬɨɤ 1. ȼɢɪɚɡɢ ɞɥɹ ɥɿɧɟɚɪɢɡɨɜɚɧɨɝɨ ɨɩɟɪɚɬɨɪɭ ɡɿɬɤɧɟɧɶ Ʌɚɧɞɚɭ ɜ ɪɿɡɧɢɯ 
ɩɨɪɹɞɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɫ 

əɜɧɢɣ ɜɢɪɚɡ ɞɥɹ ɨɩɟɪɚɬɨɪɭ ˆ
abK

 
ɬɚɤɢɣ: 

 2 1 2 3ˆ 2 p p
ab p a ap c bc ab nl ap cp

cn l l a c

h h p p
K h e Lw e d p D w w

p p p m m
  



               
  .  (6.1) 

ɇɚ ɨɫɧɨɜɿ (6.1) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ˆ
abK  ɭ ɪɿɡɧɢɯ ɩɨɪɹɞɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ  . 

Ⱦɥɹ ɞɿʀ ˆ
abK  ɧɚ ɩɚɪɧɭ ɮɭɧɤɰɿɸ ɜɿɞ ɿɦɩɭɥɶɫɭ ph  ɦɚɽɦɨ:

 
 

 (0) (2) 4ˆ ˆ ˆ
ee ee eeK K K O    ,     (2) (4) 6ˆ ˆ ˆ

ei ei eiK K K O    , 

 (2) (4) 6ˆ ˆ ˆ
ie ie ieK K K O    ,    (1) (2) 4ˆ ˆ ˆ

ii ii iiK K K O    .

   

 
(6.2) 

əɜɧɿ ɜɢɪɚɡɢ ɞɥɹ ɝɨɥɨɜɧɢɯ ɩɨɪɹɞɤɿɜ ɭ (6.2): 

 (0) 4 1 3ˆ 2 p p
ee p e ep ep ep nl

n l l

h h
K h e Lm w d p w w D p p

p p p
 



           
  

 2 4 12 p
e i ep ep nl

n l

h
z e Lm n w w D p

p p
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     (1) 4 1 3ˆ 2 p p
ii p i ip i ip ip nl

n l l

h h
K h e Lm Lw d p w w D p p

p p p
 



          
 , 

 (2) 2 4 1 3 (1) 2ˆ 2 p
ei p e ep ep ip nl

n l

h
K h z e Lm w w d p w D p p

p p
  



   
  ,   

  (2) 2 4 1 3 (1) 2ˆ 2 p
ie p e ip ip ep nl

n l

h
K h z e Lm w w d p w D p p

p p
  



   
  ; 

 

 

 

 

 

 

 

 

(6.3) 

ɜɢɪɚɡɢ ɞɥɹ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɿɜ ɬɚɤɨɠ ɨɬɪɢɦɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ (6.1). 

Ⱦɥɹ ɞɿʀ ˆ
abK  ɧɚ ɮɭɧɤɰɿɸ s pp h , ɞɟ ph  – ɩɚɪɧɚ ɮɭɧɤɰɿɹ ɜɿɞ ɿɦɩɭɥɶɫɭ, ɦɚɽɦɨ: 

     (0) (2)
4ˆ ˆ ˆ

ee s ee s ee sK p K p K p O   
 

,

 

     (0) (2)
4ˆ ˆ ˆ

ei s ei s ei sK p K p K p O    , 
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ie s ie s ie sK p K p K p O    ,   
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     (0) (1)
3ˆ ˆ ˆ

ii s ii s ii sK p K p K p O    , (6.4) 

əɜɧɿ ɜɢɪɚɡɢ ɞɥɹ ɝɨɥɨɜɧɢɯ ɩɨɪɹɞɤɿɜ ɭ (6.4): 

   
(0)
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n l

h p
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  ; 

 

 

 

 

 

 

 

 

(6.5) 

ɜɢɪɚɡɢ ɞɥɹ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɿɜ ɬɚɤɨɠ ɨɬɪɢɦɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ (6.1). 

Ⱦɥɹ ɞɿʀ ˆ
abK  ɧɚ ɮɭɧɤɰɿɸ n m pp p h , ɞɟ ph  – ɩɚɪɧɚ ɮɭɧɤɰɿɹ ɜɿɞ ɿɦɩɭɥɶɫɭ, ɦɚɽɦɨ: 

     (0) (2)
4ˆ ˆ ˆ

ee n m ee n m ee n mK p p K p p K p p O  
 

,

 

     (0) (2)
4ˆ ˆ ˆ

ei n m ei n m ei n mK p p K p p K p p O    , 

     (2) (4)
6ˆ ˆ ˆ

ie n m ie n m ie n mK p p K p p K p p O    ,   

     ( 1) (0)
2ˆ ˆ ˆ

ii n m ii n m ii n mK p p K p p K p p O 


   , 

 

 

 

 

 

(6.6) 

əɜɧɿ ɜɢɪɚɡɢ ɞɥɹ ɝɨɥɨɜɧɢɯ ɩɨɪɹɞɤɿɜ ɭ (6.6): 

   
(0)

2 4 1ˆ 2 n m p
ee n m p i e ep ep nl

n l

p p g
K p p h z e Ln m w w D p

p p
  

  
 

 

 4 1 32 n m p n m p
e ep ep ep nl

n l l

p p h p p h
e Lm w d p w w D p p

p p p
 



          
 , 

     ( 1)ˆ
ii n m pK p p h
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 4 1 32 n m p n m p
i ip ip ip nl

n il l

p p h p p h
e Lm w d p w w D p p

p p p
 



           
 , 

   (0)
2 4 1 3 (1) 2ˆ 2 n m p

ei n m p e ep ep ip nl
n l

p p h
K p p h z e Lm w w d p w D p p

p p
  



    
  ,

   (2)
2 4 1 3 (1) 2ˆ 2 n m p

ie n m p e ip ip ep nl
n l

p p h
K p p h z e Lm w w d p w D p p

p p
  



    
  ; 

 

 

 

 

(6.7) 

ɜɢɪɚɡɢ ɞɥɹ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɿɜ ɬɚɤɨɠ ɨɬɪɢɦɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ (6.1). 

Ⱦɥɹ ɞɿʀ ˆ
abK  ɧɚ ɮɭɧɤɰɿɸ n l m pp p p h , ɞɟ ph  – ɩɚɪɧɚ ɮɭɧɤɰɿɹ ɜɿɞ ɿɦɩɭɥɶɫɭ, ɦɚɽ-

ɦɨ: 

     (0) (2)
4ˆ ˆ ˆ

ee n l m ee n l m ee n l mK p p p K p p p K p p p O  
 

,

 

     ( 2) (0)
2ˆ ˆ ˆ

ei n m l ei n m l ei n m lK p p p K p p p K p p p O


   , 

     (1) (3)
5ˆ ˆ ˆ

ie n m l ie n m l ie n m lK p p p K p p p K p p p O   ,   

     ( 2) ( 1)
1ˆ ˆ ˆ

ii n m l ii n m l ii n m lK p p p K p p p K p p p O
 

   , 

 

 

 

 

 

(6.8) 

əɜɧɿ ɜɢɪɚɡɢ ɞɥɹ ɝɨɥɨɜɧɢɯ ɩɨɪɹɞɤɿɜ ɭ (6.8): 

   
(0)

2 4 1 3ˆ 2 n l m p
ee n l m p e ep ep ip qw

w q

p p p h
K p p p h z e Lm w d p w w D p

p p
 



   
 

 

 4 1 32 n l m p n l m p
e ep ep ep wq

w q q

p p p h p p p h
e Lm w d p w w D p p

p p p
 



             
 , 

 ( 2)ˆ
ii n m l pK p p p h


  

 4 1 32 n m l p n m l p
i ip ip ip wq

w q q

p p p h p p p h
e Lm w d p w w D p p

p p p
 



            
 , 

   
( 2)

2 4 1 3ˆ 2 n m l p
ei n m l p e ep ep wq ip

w q

p p p h
K p p p h z e Lm w w D p d p w

p p


 


   
  , 

   
(1)

2 4 1 3ˆ 2 n l m p
ie n l m p e ip ip ep qw

w q

p p p h
K p p p h z e Lm w w d p w D p

p p
 



    
  ; 

 

 

 

 

 

 

 

 

 

 

(6.9) 

ɜɢɪɚɡɢ ɞɥɹ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɿɜ ɬɚɤɨɠ ɨɬɪɢɦɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ (6.1). 
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Ⱦɨɞɚɬɨɤ 2. əɜɧɿ ɜɢɪɚɡɢ ɞɥɹ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ ɤɨɦɩɨɧɟɧɬ ɩɨɜɧɿɫɬɸ ɿɨɧɿɡɨ-

ɜɚɧɨʀ ɩɥɚɡɦɢ (1,1)
apf  

   (0) 2
0

u u
enl e Tr nlpA p g h O   ,    (4) 3

0
u u
inl i Tr nlpA p g h O   , 

 
(0)
0 2(0) (0)

0, 0

10

10
u e e
e Tr

u e e e e

n m T
g

n m T W



, 

 

(0) (0)
0, 0(4) 2

0 2 (0)(0)10

u
eTr i euB e

i Tr
i i ui i u

g W n
g

n mTn mT



  , 

    5 2 5 2
, ,ak bs nlp k ap nlp s bp

ab
W h S h S  ,  2 3nlp n l nlh p p p  .  

 

 

 

(7.1) 

Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ  u
anlA p  ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ, ɨɰɿɧɤɚ 

 3O   ɽ ɚɩɪɿɨɪɧɨɸ. 

     (0) 3 2
1 1

T T
en n e epA p p g S O     ,      (1) 3 2

1 1
T T

in n i ipA p p g S O     , 

2 4 2 4
(0) (0) (0)

1 0 2(0) 3 2 3 2
1, 1

1 31
15 8

4
e e e eT T Te

e e e
e e

n e L m n e L mn
g g g

G T T T
   

    
 

, 

4 4
(1) (1)

1 23( 1)
21, 1

151 31

2 4
e i iT Te

i i
i i

n n z e L mn
g g

G T T

 


 
    

 
, 

    3 2 3 2
, ,ak bs l k ap l s bp

ab
G p S p S   

 

 

 

 

 

 

(7.2) 

Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ  T
anA p  ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ, ɨɰɿɧɤɢ 

 O   ɽ ɚɩɪɿɨɪɧɢɦɢ. 

     (0) 3 2
1 1

e eN N
en e n epA p g p S O     ,      (1) 3 2

1 1
e eN N

in n i ipA p p g S O     , 

2 4 2 4
(0) (0) (0)

1 0 23 3(0)
2 21, 1

1 15 31
8

2 4
e e ee e e eN N N

e e e
e e

n e L m n e L m
g g g

G T T

   
    

 
, 

(1)
1 ( 1) 4 4 2

1, 1

15 1 15 1

2 16
eN

i
i i i i

T
g

G z e Ln m
 

    .  

 

 

 

 

(7.3) 

Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ  eN
anA p  ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ, ɨɰɿɧɤɢ 

 O   ɽ ɚɩɪɿɨɪɧɢɦɢ. 
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     (1) 3 2
1 1

i iN N
in n i ipA p p g S O     ,   

(1)
1 4 4 3

15

16
iN e

i
i i

n T
g

z e Ln m
 


 , 

     (2) 3 2 3
1 1

i iN N
en n e epA p p g S O     , 

 
2

(2) 2 2 2 2
1 (0) 2

1, 1

1501 45 15

22 4 2 13
iN e e

e
e e i e i

n n z
g z

G n n z n

   

   
 

 

2 4 2 4
(2) (2)

0 23 3
2 2

31
8

4
i ie e e eN N

e e

n e L m n e L m
g g

T T

  
  


.  

 

 

 

 

 

 

(7.4) 

ɉɟɪɲɢɣ ɱɥɟɧ ɭ ɞɭɠɤɚɯ ɭ ɜɢɪɚɡɿ ɞɥɹ (2)
1

iN
eg  ɽ ɧɚɫɥɿɞɤɨɦ ɭɪɚɯɭɜɚɧɧɹ ɧɚɲɢɯ 

ɩɨɩɪɚɜɨɤ ɞɨ ɇɅɊ (3.94). Ɋɟɡɭɥɶɬɚɬɢ ɞɥɹ  iN
anA p  ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ 

ɩɨɥɿɧɨɦɚ, ɨɰɿɧɤɢ  O   ɽ ɚɩɪɿɨɪɧɢɦɢ. 

     (0) (0)1 2
0 1

2

3
e e euN N uN

enl e e ep nl eTr nlpA p m g S g h O      , 

     
1

2
0 1

2

3
e euN Ne

inl e e ip
i

n
A p m g S O

n
   , 

 
(0)

2 (0)
0, 0

1
10

10
euN

eTr eL
U e e e e

g m T
n m T W

 


 

4 2
0 1 2

15
16 12

2
e e eN N N e

e e e e e

m
g g g e Lm n

T

         
.  

 

 

 

 

(7.5) 

 euN
enlA p  ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ,  euN

inlA p  ɽ ɬɨɱɧɢɦ 

ɪɨɡɜ’ɹɡɤɨɦ. Ɉɰɿɧɤɢ  O   ɽ ɚɩɪɿɨɪɧɢɦɢ. Ⱦɟɥɶɬɚ-ɱɚɫɬɢɧɢ ɰɢɯ ɮɭɧɤɰɿɣ ɛɭɥɢ ɨɛɱɢ-

ɫɥɟɧɿ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ɬɨɝɨ, ɳɨ ɩɟɪɲɿ ɤɨɟɮɿɰɿɽɧɬɢ ɜ ɧɢɯ ɡɚɞɚɸɬɶɫɹ ɞɨɞɚɬɤɨɜɢɦɢ 

ɭɦɨɜɚɦɢ, ɩɪɨɬɟ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɱɭɞɨɜɨ ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɞɨɞɚɬɤɨɜɢɦɢ ɭɦɨ-

ɜɚɦɢ, ɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɧɟɫɭɩɟɪɟɱɥɢɜɿɫɬɶ ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɩɪɨɰɟɞɭɪɢ. Ɍɚɤɭ ɫɚɦɭ 

ɫɢɬɭɚɰɿɸ ɦɚɬɢɦɟɦɨ ɣ ɞɥɹ ɮɭɧɤɰɿɣ  iuN
enlA p  ɬɚ  uT

enlA p . 

     (0) 1 2 (0)
0 1

2

3
uT T uT
enl e e ep nl nlp eTrA p m g S h g O      , 
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      (0) 1 2
0 1

2

3
uT Te
inl e e ip

i

n
A p m g S O
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(0)
2(0) (0)

02(0) (0)
0, 0

1
10 10

10
uT u u
eTr e e e e e Tr

e e e e u

g n m n m T g
TW n m T




 
       

(0) (0) (0) 4 2
0 1 2

15
16 12

2
T T T e
e e e e e

m
g g g e Lm n

T

         
. 

 

 

 

 

(7.6) 

 uT
enlA p  ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ,  uT

inlA p  ɽ ɬɨɱɧɢɦ 

ɪɨɡɜ’ɹɡɤɨɦ, ɨɰɿɧɤɢ  O   ɽ ɚɩɪɿɨɪɧɢɦɢ. 

   (0)
0

i iuN uN
enl e e Tr nlpA p g h O   ,
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n nn mT
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(7.7) 

 iuN
enlA p  ɬɚ ɛɟɡɫɥɿɞɨɜɚ ɱɚɫɬɢɧɚ  iuN

inlA p  ɨɬɪɢɦɚɧɿ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿ-

ɧɨɦɚ, ɞɟɥɶɬɚ-ɱɚɫɬɢɧɚ  iuN
inlA p  ɽ ɬɨɱɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ, ɨɰɿɧɤɢ  O   ɬɚ  3O   ɽ ɚɩ-

ɪɿɨɪɧɢɦɢ. 

   (0)
0enl e Tr nlpA p g h O    ,     (1) 0

0inl i Tr nlpA p g h O    ,  

(0) 2 4 (0)
0 0(0)
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n m
g n m mn e Lg

W n T
  



 
   

 
, 

 

 

 

(7.8) 

 anlA p  ɨɬɪɢɦɚɧɿ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿɧɨɦɚ, ɨɰɿɧɤɢ  O   ɬɚ  0O   ɽ 

ɚɩɪɿɨɪɧɢɦɢ. 
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    7 2 7 2
, ,ak bs k ap nlmp s bp nlmp
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Z S y S y  , 
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 21
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(7.9) 

 u
ilnmA p  ɽ ɬɨɱɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ,  u

elnmA p  ɨɬɪɢɦɚɧɨ ɜ ɧɚɛɥɢɠɟɧɧɿ ɨɞɧɨɝɨ ɩɨɥɿ-

ɧɨɦɚ, ɨɰɿɧɤɢ  O   ɽ ɚɩɪɿɨɪɧɢɦɢ. 


