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Ⱦɨɫɥɿɞɠɟɧɨ� ɭɦɨɜɢ� ɨɩɬɢɦɚɥɶɧɨʀ� ɜɡɚɽɦɨɞɿʀ� ɨɫɧɨɜɧɨɝɨ�ɬɚ� ɞɨɩɨɦɿɠɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜ� ɜ� ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɢɯ 
ɫɢɫɬɟɦɚɯ, ɧɚ� ɨɫɧɨɜɿ� ɹɤɢɯ� ɦɨɠɧɚ� ɫɩɪɨɝɧɨɡɭɜɚɬɢ� ɪɿɜɟɧɶ� ɜɤɥɚɞɟɧɶ� ɭ� ɞɨɩɨɦɿɠɧɟ� ɜɢɪɨɛɧɢɰɬɜɨ, ɹɤɢɣ� ɡɚɛɟɡɩɟɱɭɽ 
ɣɨɝɨ�ɦɨɠɥɢɜɟ�ɡɪɨɫɬɚɧɧɹ.  

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ: ɨɫɧɨɜɧɟ� ɜɢɪɨɛɧɢɰɬɜɨ, ɞɨɩɨɦɿɠɧɟ� ɜɢɪɨɛɧɢɰɬɜɨ, ɨɩɬɢɦɚɥɶɧɟ� ɤɟɪɭɜɚɧɧɹ, ɨɩɬɢɦɚɥɶɧɚ 
ɲɜɢɞɤɨɞɿɹ. 

 
ɉɨɫɬɚɧɨɜɤɚ� ɩɪɨɛɥɟɦɢ. ɇɟɨɛɯɿɞɧɿɫɬɶ 

ɩɨɫɬɚɧɨɜɤɢ� ɡɚɞɚɱ� ɩɥɚɧɭɜɚɧɧɹ� ɣ� ɭɩɪɚɜɥɿɧɧɹ 
ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɢɦɢ� ɫɢɫɬɟɦɚɦɢ� ɡɭɦɨɜɥɟɧɚ 
ɧɚɭɤɨɜɨ�ɬɟɯɧɿɱɧɢɦ� ɩɪɨɝɪɟɫɨɦ, ɚ� ɬɚɤɨɠ 
ɩɿɞɩɪɢɽɦɫɬɜɚɦɢ, ɹɤɿ� ɿ� ɞɨɫɿ� ɡɚɫɬɨɫɨɜɭɸɬɶ 
ɟɤɫɬɟɧɫɢɜɧɿ�ɦɟɬɨɞɢ� ɪɨɡɜɢɬɤɭ, ɳɨ�ɩɪɢɡɜɨɞɹɬɶ� ɞɨ 
ɧɟɨɛɞɭɦɚɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢɪɨɞɧɨ-
ɪɟɫɭɪɫɧɨɝɨ� ɩɨɬɟɧɰɿɚɥɭ. Ɂɚɬɹɠɧɚ� ɫɢɫɬɟɦɧɚ 
ɟɤɨɧɨɦɿɱɧɚ�ɤɪɢɡɚ�ɜ�ɍɤɪɚʀɧɿ, ɳɨ�ɯɚɪɚɤɬɟɪɢɡɭɽɬɶɫɹ 
ɧɟɚɞɟɤɜɚɬɧɢɦɢ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɣ� ɟɤɨɧɨɦɿɱɧɢɦɢ 
ɧɚɫɥɿɞɤɚɦɢ, ɥɢɲɟ� ɩɨɫɢɥɸɽ� ɟɤɨɥɨɝɿɱɧɭ� ɤɪɢɡɭ� ɜ 
ɞɟɪɠɚɜɿ. 

ɉɪɨɬɟ, ɨɫɬɚɧɧɿɦ�ɱɚɫɨɦ�ɜɢɡɧɚɧɧɹ�ɟɤɨɥɨɝɿɱɧɢɯ 
ɩɪɿɨɪɢɬɟɬɿɜ� ɩɪɢɡɜɟɥɨ� ɞɨ� ɬɨɝɨ, ɳɨ� ɟɤɨɥɨɝɿɱɧɢɣ 
ɮɚɤɬɨɪ� ɩɨɱɚɜ� ɧɚɛɭɜɚɬɢ� ɜɫɟ� ɛɿɥɶɲ� ɜɚɠɥɢɜɨɝɨ 
ɡɧɚɱɟɧɧɹ� ɜ� ɟɤɨɧɨɦɿɱɧɢɯ� ɜɿɞɧɨɫɢɧɚɯ, 
ɡɚɛɟɡɩɟɱɭɸɱɢ ɚɤɬɭɚɥɶɧɿɫɬɶ� ɩɪɨɰɟɫɿɜ 
ɡɛɚɥɚɧɫɨɜɚɧɨʀ� ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɨʀ� ɜɡɚɽɦɨɞɿʀ. 
Ɉɫɤɿɥɶɤɢ�ɞɟɝɪɚɞɚɰɿɹ�ɧɚɜɤɨɥɢɲɧɶɨɝɨ� ɫɟɪɟɞɨɜɢɳɚ 
ɽ� ɫɟɪɣɨɡɧɨɸ� ɩɟɪɟɲɤɨɞɨɸ� ɞɥɹ� ɟɤɨɧɨɦɿɱɧɨɝɨ 
ɪɨɡɜɢɬɤɭ, ɬɨ� ɨɞɧɢɦ� ɿɡ� ɨɫɧɨɜɧɢɯ� ɡɚɜɞɚɧɶ 
ɟɤɨɧɨɦɿɱɧɨɝɨ� ɪɨɡɜɢɬɤɭ� ɫɬɚɜ� ɡɚɯɢɫɬ 
ɧɚɜɤɨɥɢɲɧɶɨɝɨ�ɫɟɪɟɞɨɜɢɳɚ. 

Ɍɨɦɭ� ɚɤɬɭɚɥɶɧɢɦ� ɡɚɜɞɚɧɧɹɦ� ɫɶɨɝɨɞɟɧɧɹ� ɽ 
ɮɨɪɦɭɜɚɧɧɹ� ɧɨɜɨɝɨ� ɩɿɞɯɨɞɭ� ɞɨ� ɟɤɨɥɨɝɨ-
ɟɤɨɧɨɦɿɱɧɨɝɨ� ɭɩɪɚɜɥɿɧɧɹ� ɜɢɪɨɛɧɢɰɬɜɨɦ, 
ɨɪɿɽɧɬɨɜɚɧɨɝɨ� ɧɚ� ɞɨɫɹɝɧɟɧɧɹ� ɫɬɚɥɨɝɨ� ɪɨɡɜɢɬɤɭ, 
ɹɤɢɣ� ɩɟɪɟɞɛɚɱɚɽ� ɡɚɛɟɡɩɟɱɟɧɧɹ� ɪɿɜɧɨɜɚɝɢ� ɦɿɠ 
ɜɢɪɨɛɧɢɰɬɜɨɦ� ɿ� ɛɟɡɩɟɤɨɸ� ɧɚɜɤɨɥɢɲɧɶɨɝɨ 
ɫɟɪɟɞɨɜɢɳɚ [1-7].  

Ɋɨɡɜ¶ɹɡɚɧɧɹ� ɡɚɡɧɚɱɟɧɢɯ� ɩɪɨɛɥɟɦ� ɧɟɦɨɠɥɢɜɟ 
ɛɟɡ� ʀɯ� ɝɥɢɛɨɤɨɝɨ� ɧɚɭɤɨɜɨɝɨ� ɨɛʉɪɭɧɬɭɜɚɧɧɹ, 
ɪɨɡɪɨɛɤɢ� ɚɞɟɤɜɚɬɧɢɯ� ɦɟɬɨɞɿɜ� ɿ� ɦɨɞɟɥɟɣ 
ɞɨɫɥɿɞɠɟɧɧɹ� ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɢɯ� ɫɢɫɬɟɦ, ɚ 
ɬɚɤɨɠ� ɩɪɢɣɧɹɬɬɹ� ɜɿɞɩɨɜɿɞɧɢɯ� ɨɩɬɢɦɚɥɶɧɢɯ 
ɪɿɲɟɧɶ�ɭ�ɩɪɨɰɟɫɚɯ�ɭɩɪɚɜɥɿɧɧɹ�ɰɢɦɢ�ɫɢɫɬɟɦɚɦɢ.  

Ⱥɧɚɥɿɡ�ɨɫɬɚɧɧɿɯ�ɞɨɫɥɿɞɠɟɧɶ�ɬɚ�ɩɭɛɥɿɤɚɰɿɣ. 
ɉɪɨɛɥɟɦɢ� ɩɥɚɧɭɜɚɧɧɹ� ɬɚ� ɩɪɨɝɧɨɡɭɜɚɧɧɹ 
ɞɢɧɚɦɿɤɢ� ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɢɯ� ɫɢɫɬɟɦ� ɧɚɥɟɠɚɬɶ 
ɞɨ� ɚɤɬɭɚɥɶɧɢɯ� ɩɪɨɛɥɟɦ� ɫɭɱɚɫɧɨʀ� ɧɚɭɤɢ. ɑɢɦɚɥɨ 
ɧɚɭɤɨɜɢɯ� ɞɨɫɥɿɞɠɟɧɶ� ɩɪɢɫɜɹɱɟɧɨ� ɨɩɬɢɦɚɥɶɧɨɦɭ 
ɤɟɪɭɜɚɧɧɸ ɟɤɨɥɨɝɿɱɧɨ� ɡɛɚɥɚɧɫɨɜɚɧɨɸ 
ɟɤɨɧɨɦɿɤɨɸ, ɞɨɫɥɿɞɠɟɧɧɸ� ɛɚɥɚɧɫɨɜɢɯ� ɿ 
ɞɢɧɚɦɿɱɧɢɯ� ɦɿɠɝɚɥɭɡɟɜɢɯ� ɦɨɞɟɥɟɣ, ɚɧɚɥɿɡɭ 
ɝɿɩɨɬɟɡ� ɫɨɰɿɚɥɶɧɨ�ɟɤɨɧɨɦɿɱɧɨɝɨ� ɪɨɡɜɢɬɤɭ� ɿ 
ɜɚɪɿɚɧɬɿɜ� ɧɚɭɤɨɜɨ�ɬɟɯɧɿɱɧɨɝɨ� ɩɪɨɝɪɟɫɭ, ɚɧɚɥɿɡɭ 
ɬɟɦɩɿɜ�ɿ�ɩɪɨɩɨɪɰɿɣ�ɟɤɨɧɨɦɿɱɧɨɝɨ�ɡɪɨɫɬɚɧɧɹ�ɡɚɞɥɹ 
ɡɚɛɟɡɩɟɱɟɧɧɹ� ɫɬɚɥɨɝɨ� ɪɨɡɜɢɬɤɭ. Ɂɚɜɞɚɧɧɹ 

ɟɤɨɧɨɦɿɤɨ�ɦɚɬɟɦɚɬɢɱɧɨɝɨ� ɦɨɞɟɥɸɜɚɧɧɹ 
ɟɤɨɥɨɝɿɱɧɨ�ɡɛɚɥɚɧɫɨɜɚɧɨʀ�ɟɤɨɧɨɦɿɤɢ�ɿ�ɩɪɚɤɬɢɱɧɨʀ 
ɪɟɚɥɿɡɚɰɿʀ�ɨɬɪɢɦɚɧɢɯ�ɧɚɭɤɨɜɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ�ɛɭɥɢ�ɿ 
ɽ� ɩɪɟɞɦɟɬɨɦ� ɞɨɫɥɿɞɠɟɧɶ� ɛɚɝɚɬɶɨɯ� ɭɱɟɧɢɯ, 
ɡɨɤɪɟɦɚ� Ⱥ�Ƚ. Ⱥɝɚɧɛɟɝɹɧɚ, Ⱥ�Ƚ. Ƚɪɚɧɛɟɪɝɚ, 
ȼ. Ƚɥɭɲɤɨɜɚ, ȼ. Ɇɢɯɚɥɟɜɢɱɚ, ȱ. Ʌɹɲɟɧɤɚ, 
ȼ. Ƚɪɢɝɨɪɤɿɜɚ, Ɉ. ȼɨɥɨɲɢɧɚ, Ɉ. Ʌɹɲɟɧɤɨ, 
Ɂ. Ƚɟɪɚɫɢɦɱɭɤ, Ɉ. Ɋɸɦɿɧɨʀ, ɘ. ȱɜɚɧɿɥɨɜɚ, 
Ɉ. Ʌɨɬɨɜɚ, ȼ. Ɇɚɤɚɪɨɜɚ, Ⱥ. Ɇɚɪɚɯɨɜɫɶɤɨɝɨ, 
ȼ. ɇɨɜɨɠɢɥɨɜɚ, Ɉ. Ɋɭɛɿɧɨɜɚ, Ɉ. ɉɟɬɪɨɜɚ, 
ȱ. ɉɨɫɩɽɥɨɜ, Ɉ. ɒɚɧɚɧɿɧɚ� ɬɚ� ɿɧɲɢɯ. ȱɯɧɿ� ɩɪɚɰɿ 
ɫɬɚɥɢ� ɧɚɭɤɨɜɨɸ� ɨɫɧɨɜɨɸ� ɞɥɹ� ɪɨɡɜ¶ɹɡɚɧɧɹ 
ɩɪɨɛɥɟɦ� ɤɟɪɭɜɚɧɧɹ� ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɢɦɢ 
ɩɪɨɰɟɫɚɦɢ.  

ȼɢɞɿɥɟɧɧɹ�ɧɟ�ɜɢɪɿɲɟɧɢɯ�ɪɚɧɿɲɟ�ɱɚɫɬɢɧ 
ɡɚɝɚɥɶɧɨʀ�ɩɪɨɛɥɟɦɢ.�Ɉɞɧɚɤ�ɰɿɥɚ�ɧɢɡɤɚ�ɩɢɬɚɧɶ, 
ɩɨɜ¶ɹɡɚɧɢɯ�ɡ�ɦɟɬɨɞɨɥɨɝɿɽɸ�ɞɨɫɥɿɞɠɟɧɧɹ�ɩɪɨɛɥɟɦ 
ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɨʀ� ɜɡɚɽɦɨɞɿʀ, ɩɨɬɪɟɛɭɽ� ɫɜɨɝɨ 
ɩɨɞɚɥɶɲɨɝɨ�ɪɨɡɜɢɬɤɭ. 

Ɏɨɪɦɭɥɸɜɚɧɧɹ� ɰɿɥɟɣ� ɫɬɚɬɬɿ.� Ɋɨɡɜɢɬɨɤ 
ɟɤɨɧɨɦɿɤɢ� ɫɭɬɬɽɜɨ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɫɬɪɭɤɬɭɪɢ� ɬɚ 
ɚɞɟɤɜɚɬɧɨɫɬɿ� ɪɨɡɩɨɞɿɥɭ� ɨɫɧɨɜɧɨɝɨ�ɦɚɬɟɪɿɚɥɶɧɨɝɨ 
ɪɟɫɭɪɫɭ, ɹɤɿ�ɡɚɥɟɠɚɬɶ�ɜɿɞ�ɪɿɜɧɹ�ɨɛʉɪɭɧɬɨɜɚɧɨɫɬɿ�ɣ 
ɨɩɬɢɦɚɥɶɧɨɫɬɿ� ɜɿɞɩɨɜɿɞɧɢɯ� ɪɿɲɟɧɶ. ɍ� ɡɜ¶ɹɡɤɭ� ɡ 
ɰɢɦ� ɩɨɬɪɿɛɧɿ� ɝɥɢɛɨɤɿ� ɧɚɭɤɨɜɿ� ɞɨɫɥɿɞɠɟɧɧɹ 
ɩɪɨɰɟɫɿɜ� ɪɨɡɩɨɞɿɥɭ� ɦɚɬɟɪɿɚɥɶɧɨɝɨ� ɪɟɫɭɪɫɭ� ɜ 
ɟɤɨɧɨɦɿɰɿ�ɧɚ�ʀʀ�ɩɪɨɫɬɟ�ɬɚ�ɪɨɡɲɢɪɟɧɟ�ɜɿɞɬɜɨɪɟɧɧɹ, 
ɡɨɤɪɟɦɚ� ɭ� ɜɢɩɚɞɤɭ� ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɨʀ 
ɜɡɚɽɦɨɞɿʀ. Ɇɟɬɨɸ� ɞɚɧɨʀ� ɩɪɚɰɿ� ɽ� ɦɨɞɟɥɸɜɚɧɧɹ 
ɨɩɬɢɦɚɥɶɧɨʀ�ɜɡɚɽɦɨɞɿʀ�ɨɫɧɨɜɧɨɝɨ�ɬɚ�ɞɨɩɨɦɿɠɧɨɝɨ 
ɜɢɪɨɛɧɢɰɬɜ� ɜ� ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɢɯ� ɫɢɫɬɟɦɚɯ. 
Ɇɨɞɟɥɿ� ɬɚɤɨʀ� ɜɡɚɽɦɨɞɿʀ� ɞɨɡɜɨɥɹɸɬɶ� ɜɢɡɧɚɱɢɬɢ 
ɭɦɨɜɢ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɡɪɨɫɬɚɧɧɹ� ɞɨɩɨɦɿɠɧɨɝɨ 
ɜɢɪɨɛɧɢɰɬɜɚ, ɹɤɟ� ɡɚɣɦɚɽɬɶɫɹ� ɭɬɢɥɿɡɚɰɿɽɸ 
ɡɚɛɪɭɞɧɟɧɧɹ. 

ȼɢɤɥɚɞɟɧɧɹ� ɨɫɧɨɜɧɨɝɨ� ɦɚɬɟɪɿɚɥɭ. 
Ɋɨɡɝɥɹɧɟɦɨ� ɟɤɨɧɨɦɿɤɭ, ɭ� ɹɤɿɣ� ɮɭɧɤɰɿɨɧɭɽ 
ɨɫɧɨɜɧɟ�ɜɢɪɨɛɧɢɰɬɜɨ (ɜɢɪɨɛɧɢɰɬɜɨ�ɦɚɬɟɪɿɚɥɶɧɨʀ 
ɩɪɨɞɭɤɰɿʀ) ɬɚ�ɞɨɩɨɦɿɠɧɟ�ɜɢɪɨɛɧɢɰɬɜɨ (ɭɬɢɥɿɡɚɰɿɹ 
ɚɛɨ�ɡɧɢɳɟɧɧɹ�ɡɚɛɪɭɞɧɸɜɚɱɿɜ). 

ɇɟɯɚɣ t  – ɡɦɿɧɧɚ�ɱɚɫɭ; � �x t  – ɦɚɬɟɪɿɚɥɶɧɢɣ 
ɪɟɫɭɪɫ (ɩɪɨɞɭɤɰɿɹ) ɨɫɧɨɜɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜɚ; 
� �z t  – ɦɚɬɟɪɿɚɥɶɧɢɣ� ɪɟɫɭɪɫ� ɞɨɩɨɦɿɠɧɨɝɨ 

ɜɢɪɨɛɧɢɰɬɜɚ; � �1x tD  – ɱɚɫɬɢɧɚ�ɪɟɫɭɪɫɭ, ɡɚɞɿɹɧɚ 
ɭ�ɩɪɨɫɬɨɦɭ�ɜɿɞɬɜɨɪɟɧɧɿ�ɜ�ɨɫɧɨɜɧɨɦɭ�ɜɢɪɨɛɧɢɰɬɜɿ 



Ƚɪɢɝɨɪɤɿɜ�ȼ�ɋ., ɋɤɪɚɳɭɤ�Ʌ�ȼ. 
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> @� �1 0,1D � ; � �2z tD  – ɱɚɫɬɢɧɚ� ɪɟɫɭɪɫɭ, 
ɡɚɞɿɹɧɚ� ɭ� ɩɪɨɫɬɨɦɭ� ɜɿɞɬɜɨɪɟɧɧɿ� ɜ� ɞɨɩɨɦɿɠɧɨɦɭ 
ɜɢɪɨɛɧɢɰɬɜɿ > @� �2 0,1D � ; � �1x tE &  – ɤɚɩɿɬɚɥɶɧɿ 
ɜɤɥɚɞɟɧɧɹ� ɭ� ɪɨɡɲɢɪɟɧɟ� ɜɿɞɬɜɨɪɟɧɧɹ� ɨɫɧɨɜɧɨɝɨ 
ɜɢɪɨɛɧɢɰɬɜɚ � �1 0E ! ; � �2z tE &  – ɤɚɩɿɬɚɥɶɧɿ 
ɜɤɥɚɞɟɧɧɹ�ɭ�ɪɨɡɲɢɪɟɧɟ�ɜɿɞɬɜɨɪɟɧɧɹ�ɞɨɩɨɦɿɠɧɨɝɨ 
ɜɢɪɨɛɧɢɰɬɜɚ � �2 0E ! ; � �y t  – ɤɿɧɰɟɜɚ 

ɩɪɨɞɭɤɰɿɹ. ɉɿɞɤɪɟɫɥɢɦɨ, ɳɨ � �x t& �ɬɚ � �z t&  –  ɰɟ 
ɚɛɫɨɥɸɬɧɿ� ɩɪɢɪɨɫɬɢ� ɨɫɧɨɜɧɨɝɨ� ɬɚ� ɞɨɩɨɦɿɠɧɨɝɨ 
ɜɢɪɨɛɧɢɰɬɜ, ɚ 1E � ɬɚ 2E  – ɰɟ� ɤɨɟɮɿɰɿɽɧɬɢ 
ɤɚɩɿɬɚɥɨɦɿɫɬɤɨɫɬɿ� ɩɪɢɪɨɫɬɭ� ɦɚɬɟɪɿɚɥɶɧɨɝɨ 

ɪɟɫɭɪɫɭ� ɜ� ɨɫɧɨɜɧɨɦɭ� ɬɚ� ɞɨɩɨɦɿɠɧɨɦɭ 
ɜɢɪɨɛɧɢɰɬɜɚɯ (ɩɨɤɚɡɭɸɬɶ, ɹɤɭ� ɤɿɥɶɤɿɫɬɶ� ɪɟɫɭɪɫɭ 
�ɩɪɨɞɭɤɰɿʀ) ɩɨɬɪɿɛɧɨ� ɜɤɥɚɫɬɢ� ɞɥɹ� ɡɛɿɥɶɲɟɧɧɹ 
ɜɢɪɨɛɧɢɱɨʀ�ɩɨɬɭɠɧɨɫɬɿ�ɧɚ�ɨɞɢɧɢɰɸ). 

Ɂɚɭɜɚɠɢɦɨ� ɬɚɤɨɠ, ɳɨ� ɩɪɢɪɨɫɬɢ � �x t& � ɬɚ 

� �z t& � ɦɨɠɭɬɶ� ɛɭɬɢ� ɥɢɲɟ� ɧɟɜɿɞ¶ɽɦɧɢɦɢ, ɬɨɛɬɨ 

� � 0x t t& , � � 0z t t& . əɤɳɨ� ɩɨɡɧɚɱɢɬɢ� ɱɟɪɟɡ J  

> @� �0,1J � � ɱɚɫɬɤɭ� ɤɿɧɰɟɜɨʀ� ɩɪɨɞɭɤɰɿʀ� ɭ 
ɡɚɝɚɥɶɧɨɦɭ� ɨɛɫɹɡɿ� ɨɫɧɨɜɧɨʀ� ɩɪɨɞɭɤɰɿʀ, ɬɨ 
ɦɚɬɢɦɟɦɨ�ɬɚɤɟ�ɛɚɥɚɧɫɨɜɟ�ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ: 

� � � � � � � � � � � �1 2 1 2x t x t z t x t z t y tD D E E � � � �  & &  
� � � � � � � � � �1 2 1 2 .x t z t x t z tD J D E E � � � �& &    (1) 

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ (1) ɽ� ɚɝɪɟɝɨɜɚɧɨɸ� ɦɨɞɟɥɥɸ 
ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɨʀ� ɜɡɚɽɦɨɞɿʀ. Ɂɚɥɟɠɧɨ� ɜɿɞ� ɬɿɽʀ 
ɱɢ� ɿɧɲɨʀ� ɫɬɪɚɬɟɝɿʀ� ɤɟɪɭɜɚɧɧɹ� ɟɤɨɥɨɝɨ-
ɟɤɨɧɨɦɿɱɧɢɦɢ�ɩɪɨɰɟɫɚɦɢ�ɦɨɠɧɚ�ɪɨɡɝɥɹɞɚɬɢ�ɪɿɡɧɿ 
ɩɨɫɬɚɧɨɜɤɢ�ɡɚɞɚɱ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɤɟɪɭɜɚɧɧɹ. 

ɇɚɩɪɢɤɥɚɞ, ɨɞɧɿɽɸ�ɿɡ�ɬɚɤɢɯ�ɡɚɞɚɱ�ɦɨɠɟ�ɛɭɬɢ 
ɞɨɫɹɝɧɟɧɧɹ� ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɪɨɫɬɚɧɧɹ 
ɞɨɩɨɦɿɠɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ�ɡɚ�ɦɿɧɿɦɚɥɶɧɢɣ�ɬɟɪɦɿɧ 
ɱɚɫɭ. Ɂɭɩɢɧɢɦɨɫɹ� ɧɚ� ɰɿɣ� ɡɚɞɚɱɿ� ɞɟɬɚɥɶɧɿɲɟ, 
ɜɜɿɜɲɢ� ɩɚɪɚɦɟɬɪ� ɤɟɪɭɜɚɧɧɹ, ɹɤɢɣ� ɜɿɞɩɨɜɿɞɚɽ 
ɱɚɫɬɰɿ�ɜɤɥɚɞɟɧɶ�ɜ�ɨɫɧɨɜɧɟ�ɜɢɪɨɛɧɢɰɬɜɨ, ɚ�ɫɚɦɟ: 

� � � �
� � � �

1

1 2

x t
u t

x t z t
E

E E
 

�
&

& &
.       (2) 

Ɂɪɨɡɭɦɿɥɨ, ɳɨ > @0,1u� .  ȼɢɡɧɚɱɢɜɲɢ� ɿɡ (2)  ɬɚ (1)  � �z t& � ɬɚ� ɩɪɢɪɿɜɧɹɜɲɢ� ɜɿɞɩɨɜɿɞɧɿ� ɜɢɪɚɡɢ, 
ɨɬɪɢɦɚɽɦɨ 

� � � � � � � � � �1 2
1

1 1x t u t x t z tD J D
E

 � � �ª º¬ ¼& .    (3) 

ɉɿɞɫɬɚɜɢɜɲɢ (3) ɭ (2), ɦɚɬɢɦɟɦɨ�ɪɿɜɧɹɧɧɹ�ɞɢɧɚɦɿɤɢ�ɞɥɹ � �z t& : 

� � � �� � � � � � � �1 2
2

1 1 1z t u t x t z tD J D
E

 � � � �ª º¬ ¼& .   (4) 

ɉɪɢɩɭɫɤɚɸɱɢ, ɳɨ�ɜɿɞɨɦɿ�ɭɦɨɜɢ  

� � 00x x , � � 00z z , � �* *z t z ,   (5) 
ɭɬɨɱɧɢɦɨ� ɩɨɫɬɚɜɥɟɧɭ� ɩɟɪɟɞ� ɧɚɦɢ� ɡɚɞɚɱɭ: ɡɚ 

ɦɿɧɿɦɚɥɶɧɢɣ� ɬɟɪɦɿɧ� ɱɚɫɭ  ɩɟɪɟɜɟɫɬɢ� ɫɢɫɬɟɦɭ� ɡɿ 
ɫɬɚɧɭ � �0 0,x z � ɭ� ɫɬɚɧ � �* *,x z , ɜɜɚɠɚɸɱɢ, ɳɨ 
ɪɭɯ� ɫɢɫɬɟɦɢ� ɡɞɿɣɫɧɸɽɬɶɫɹ� ɡɝɿɞɧɨ� ɧɚɜɟɞɟɧɢɦɢ 
ɜɢɳɟ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦɢ. ɐɟ� ɡɚɞɚɱɚ� ɧɚ 
ɨɩɬɢɦɚɥɶɧɭ�ɲɜɢɞɤɨɞɿɸ. 

Ⱦɥɹ� ɡɪɭɱɧɨɫɬɿ� ɬɚɤɢɯ� ɜɢɤɥɚɞɟɧɶ� ɜɜɟɞɟɦɨ 
ɩɨɡɧɚɱɟɧɧɹ � �1 11x xD J � � , 2 2x zD , 

� �1 11 /Q D J E � � , 2 2/P D E , 

� � � � � �1 10 1 0x xD J � � , � � � �2 20 0x zD , 

� � � �* *
2 2x t z tD . Ɍɨɞɿ� ɦɚɬɢɦɟɦɨ� ɬɚɤɭ� ɡɚɞɚɱɭ 

ɧɚ�ɨɩɬɢɦɚɥɶɧɭ�ɲɜɢɞɤɨɞɿɸ: 



ɆɈȾȿɅɘȼȺɇɇə�ɉɊɈɐȿɋȱȼ�ɎɍɇɄɐȱɈɇɍȼȺɇɇə�ɈɋɇɈȼɇɈȽɈ  
ɌȺ�ȾɈɉɈɆȱɀɇɈȽɈ�ȼɂɊɈȻɇɂɐɌȼ�ȼ�ȿɄɈɅɈȽɈ�ȿɄɈɇɈɆȱɑɇɂɏ�ɋɂɋɌȿɆȺɏ  
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� � � � � � � �
� � � �� � � � � �
� � � � � � � � � �

� �

*

1 1 2

2 1 2

0 0 * *
1 1 2 2 2 2

*

min,

,

1 ,

0 , 0 , ,

0 1, 0, .

t

x t u t x t x t

x t u t x t x t

x x x x x t x

u t t t

Q

P

 o°
°  �ª º¬ ¼°°  � �ª º® ¬ ¼
°

   °
°

ª ºd d �° ¬ ¼¯

&

&    (6) 

ɉɿɞɤɪɟɫɥɢɦɨ, ɳɨ�ɞɨɞɚɬɧɿɫɬɶ�ɚɛɨ�ɜ�ɡɚɝɚɥɶɧɨɦɭ 
ɜɢɩɚɞɤɭ�ɧɟɜɿɞ¶ɽɦɧɿɫɬɶ 1x , 2x , 1x& , 2x&  (ɚ�ɡɧɚɱɢɬɶ 
ɿ x , z , x& , z& ) ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ�ɭɦɨɜɚɦɢ 

� � � �0 0
1 2x x! , � � � �1 2x t x t! , *0,t tª º� ¬ ¼ ,    (7) 

ɬɨɛɬɨ�ɧɚɫ�ɛɭɞɟ�ɰɿɤɚɜɢɬɢ�ɬɿɥɶɤɢ�ɬɨɣ�ɪɨɡɜ¶ɹɡɨɤ 
ɡɚɞɚɱɿ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɤɟɪɭɜɚɧɧɹ (6), ɹɤɢɣ 
ɡɚɞɨɜɨɥɶɧɹɽ (7). ɋɬɨɫɨɜɧɨ� ɡɚɞɚɱɿ (6) ɡɚɡɧɚɱɢɦɨ, 
ɳɨ�ɩɨɱɚɬɤɨɜɢɣ�ɦɨɦɟɧɬ�ɱɚɫɭ 0t  �ɿ�ɥɿɜɢɣ�ɤɿɧɟɰɶ 
ɬɪɚɽɤɬɨɪɿʀ (ɡɚɞɚɧɿ � �0

1x , � �0
2x ) ɜɜɚɠɚɸɬɶɫɹ 

ɡɚɤɪɿɩɥɟɧɢɦɢ (ɮɿɤɫɨɜɚɧɢɦɢ), ɚ� ɤɿɧɰɟɜɢɣ�ɦɨɦɟɧɬ 
ɱɚɫɭ *t �ɬɚ�ɩɪɚɜɢɣ�ɤɿɧɟɰɶ�ɬɪɚɽɤɬɨɪɿʀ – ɪɭɯɨɦɢɦɢ 

�ɧɚɫɩɪɚɜɞɿ� ɪɭɯɨɦɨɸ� ɽ� ɬɿɥɶɤɢ� ɤɨɦɩɨɧɟɧɬɚ 2x , ɚ 

1x  –  ɜɿɥɶɧɚ).  əɤɳɨ� ɛɪɚɬɢ� ɞɨ� ɭɜɚɝɢ (7),  ɬɨ� ɧɚ 
ɮɚɡɨɜɿɣ� ɩɥɨɳɢɧɿ 1 2x Ox � ɮɚɡɨɜɚ� ɬɨɱɤɚ� ɦɨɠɟ 
ɪɭɯɚɬɢɫɹ�ɥɢɲɟ�ɭ�ɬɿɣ�ɱɚɫɬɢɧɿ�ɩɟɪɲɨɝɨ�ɤɜɚɞɪɚɧɬɚ, 
ɭ�ɹɤɿɣ 1 2 0x x! ! . 

Ɏɭɧɤɰɿɹ�ɉɨɧɬɪɹɝɿɧɚ�ɞɥɹ (6) ɦɚɽ�ɜɢɝɥɹɞ 

� � � � � �� �1 2 0 1 2 0 1 1 2 2 1 2, , , , , , 1H t x x u u x x u x xO \ \ O \ Q \ P � � � � � �   
� � � �� �0 2 1 2 1 2 1 2 ,x x x x uO \ P Q\ P\ � � � � � �    (8) 

ɞɟ 0O  –  ɫɬɚɥɢɣ� ɦɧɨɠɧɢɤ� Ʌɚɝɪɚɧɠɚ,  ɳɨ 
ɜɿɞɩɨɜɿɞɚɽ�ɰɿɥɶɨɜɨɦɭ�ɮɭɧɤɰɿɨɧɚɥɭ, 1\ , 2\  – ɬɚɤ 
ɡɜɚɧɿ� ɫɩɪɹɠɟɧɿ� ɡɦɿɧɧɿ, ɳɨ� ɽ� ɮɭɧɤɰɿɹɦɢ� ɱɚɫɭ. 
Ɂɝɿɞɧɨ� ɡ� ɬɟɨɪɿɽɸ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɤɟɪɭɜɚɧɧɹ [8], 

ɹɤɳɨ � � � � � �� �* * *
1 2, ,u t x t x t , 0t t  – 

ɨɩɬɢɦɚɥɶɧɢɣ� ɩɪɨɰɟɫ� ɡɚɞɚɱɿ (6), ɬɨ� ɿɫɧɭɸɬɶ 

ɨɞɧɨɱɚɫɧɨ� ɧɟ� ɪɿɜɧɿ� ɧɭɥɸ *
0O , *

1\ , *
2\ , ɳɨ 

ɜɢɤɨɧɭɸɬɶɫɹ�ɧɟɨɛɯɿɞɧɿ�ɭɦɨɜɢ�ɨɩɬɢɦɚɥɶɧɨɫɬɿ, ɹɤɿ 
ɜɤɥɸɱɚɸɬɶ�ɪɿɜɧɹɧɧɹ�ɟɜɨɥɸɰɿʀ  ɫɢɫɬɟɦɢ, ɪɿɜɧɹɧɧɹ 
ɞɥɹ� ɫɩɪɹɠɟɧɢɯ� ɡɦɿɧɧɢɯ, ɭɦɨɜɢ 
ɬɪɚɧɫɜɟɪɫɚɥɶɧɨɫɬɿ, ɩɪɢɧɰɢɩɭ� ɦɚɤɫɢɦɭɦɭ, 
ɫɬɚɰɿɨɧɚɪɧɨɫɬɿ�ɩɨ *t �ɬɚ�ɧɟɜɿɞ¶ɽɦɧɨɫɬɿ: 

� � � � � � � �
� � � �� � � � � �

* * * *
1 1 2

* * * *
2 1 2

,

1 ;

x t u t x t x t

x t u t x t x t

Q

P

 ª º �° ¬ ¼
®

ª º � �° ¬ ¼¯

&

&
    (9) 

 
� � � � � � � � � �
� � � � � � � � � �

* * * * *
1 1 2 2

* * * * *
2 1 2 2

,

;

t t t u t t

t t t u t t

\ Q\ P\ P\

\ Q\ P\ P\

 ª º � � �° ¬ ¼
®

ª º � �° ¬ ¼¯

&

&
  (10) 

 
� �* *

1 10 ,\ O  � �* *
2 20\ O , � �* * *

1 3 0 0t\ O �  , � �* * *
2 4t\ O � ; (11) 

 
� � � � � � � � � �� �* * * * * *

1 2 0 1 2, , , , , ,H t x t x t u t t tO \ \   

> @
� � � �� �* * * * * * * *

0 2 1 2 1 2 1 20,1
max
u

x x x x uO \ P Q\ P\
�

ª º � � � � � �¬ ¼ ; (12) 

 
� � � � � � � � � �* * * * * * * * * * *

0 2 1 2 1 2t x t x t x t x tO P\ ª º ª º� � � � u¬ ¼ ¬ ¼  
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� � � � � �* * * * * * *
1 2 00, 0.t t u tQ\ P\ Oª ºu �  t¬ ¼    (13) 

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ (9)-(13) ɫɥɭɠɚɬɶ� ɨɫɧɨɜɨɸ 
ɞɥɹ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɡɚɞɚɱɿ (6). 

ȱɡ�ɩɪɢɧɰɢɩɭ�ɦɚɤɫɢɦɭɦɭ�ɜɢɩɥɢɜɚɽ, ɳɨ  

� �
* *
1 2* * *

1 2 * *
1 2

0, 0,
,

1, 0.
u

Q\ P\
\ \

Q\ P\

 � d° ®
� !°̄

   (14) 

ɍɦɨɜɢ� ɬɪɚɧɫɜɟɪɫɚɥɶɧɨɫɬɿ� ɧɚ� ɩɪɚɜɨɦɭ� ɤɿɧɰɿ 
ɨɡɧɚɱɚɸɬɶ, ɳɨ�ɜɟɤɬɨɪ � �* *t\ �ɨɪɬɨɝɨɧɚɥɶɧɢɣ�ɞɨ 

ɦɧɨɠɢɧɢ� ɬɨɱɨɤ *
2 2x x  (ɬɨɛɬɨ� ɞɨ� ɩɪɹɦɨʀ). 

Ɉɱɟɜɢɞɧɨ, ɳɨ� ɜɟɤɬɨɪ 

� � � � � �� � � �* * * * * *
1 2, 0,1t t t\ \ \   ( *\  

ɜɢɡɧɚɱɚɽɬɶɫɹ� ɡ� ɬɨɱɧɿɫɬɸ� ɞɨ� ɩɨɫɬɿɣɧɨɝɨ 
ɦɧɨɠɧɢɤɚ), ɬɨɛɬɨ 

� �* *
1 0t\  , � �* *

2 1t\  .     (15) 
ɉɿɞɫɬɚɜɢɜɲɢ (15) ɭ (14), ɨɬɪɢɦɚɽɦɨ 

� �* * 0u t   (ɡɚɭɜɚɠɢɦɨ, ɳɨ� ɿɡ (11) ɿ (13) 

ɜɢɩɥɢɜɚɽ, ɳɨ *
4 1O  � , *

0 0O P z ). 
ɋɢɫɬɟɦɚ� ɪɿɜɧɹɧɶ (10) ɦɚɽ� ɩɟɪɲɢɣ� ɿɧɬɟɝɪɚɥ 
� � � �1 2t t C const\ \�   .  Ɉɱɟɜɢɞɧɨ,  ɳɨ 

� � � �* *
1 2 1C t t\ \ �  . Ɍɟɩɟɪ� ɥɟɝɤɨ 

ɪɨɡɜ¶ɹɡɚɬɢ� ɫɢɫɬɟɦɢ (9) ɿ (10) ɩɪɢ � �* 0u t  � ɿ 

� �* 1u t  , ɚ�ɫɚɦɟ�ɩɪɢ � �* 0u t  �ɦɚɽɦɨ 
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ɚ�ɩɪɢ � �* 1u t   
* *
2 1 1 1 2

* *
1 3 2 4 3 3

, ,

, 1 e .
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t t t

x C x C C e

C e C C e C

Q

Q Q Q\ \� � �

   �°
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  �  �°̄

% % %

% % % %
   (17) 

Ⱦɨɜɿɥɶɧɿ�ɫɬɚɥɿ iC , iC%  � �1,4i  �ɜɢɡɧɚɱɚɸɬɶɫɹ�ɡ�ɭɦɨɜ  

� �* *
1 0t\  , � �* *

2 1t\  , 1C  , � �* * 0u t  .   (18) 
ȱɡ (18) ɜɢɩɥɢɜɚɽ, ɳɨ  

*3
4 0tCC eP

P
�  , 

*

3 1tC eP  , 

ɬɨɛɬɨ 
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P
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ɩɪɢ *t t td d% , ɞɟ t%  – ɦɨɦɟɧɬ� ɨɫɬɚɧɧɶɨɝɨ 
ɩɟɪɟɤɥɸɱɟɧɧɹ. Ʉɪɿɦ� ɬɨɝɨ, ɜ� ɦɨɦɟɧɬ t% � ɡɝɿɞɧɨ� ɡ 

(14) ɦɚɽɦɨ � � � �* *
1 2 0t tQ\ P\�  % % , 

� � � �* *
1 2 1t t\ \�  % % �ɚɛɨ   

� �*
1 t P\

Q P
 

�
% , � �*

2 t Q\
Q P

 
�

% .    (19) 

Ɉɬɠɟ, ɡɝɿɞɧɨ�ɿɡ (19) 

* 1 lnt t Q
P Q P

 �
�

% .     (20) 

ȼɪɚɯɭɜɚɜɲɢ, ɳɨ� ɮɭɧɤɰɿɹ 
� � � � � �* * *

1 2t t t\ Q\ P\ � �ɦɨɧɨɬɨɧɧɨ�ɫɩɚɞɚɽ, 
ɬɨ�ɜɨɧɚ�ɦɨɠɟ�ɡɦɿɧɸɜɚɬɢ�ɫɜɿɣ�ɡɧɚɤ�ɥɢɲɟ�ɨɞɢɧ�ɪɚɡ, 
ɬɨɛɬɨ� ɦɨɠɟ� ɛɭɬɢ� ɧɟ� ɛɿɥɶɲɟ� ɨɞɧɿɽʀ� ɬɨɱɤɢ 
ɩɟɪɟɤɥɸɱɟɧɧɹ. ɋɩɪɚɜɞɿ, ɩɪɢ *t t td d%  



ɆɈȾȿɅɘȼȺɇɇə�ɉɊɈɐȿɋȱȼ�ɎɍɇɄɐȱɈɇɍȼȺɇɇə�ɈɋɇɈȼɇɈȽɈ  
ɌȺ�ȾɈɉɈɆȱɀɇɈȽɈ�ȼɂɊɈȻɇɂɐɌȼ�ȼ�ȿɄɈɅɈȽɈ�ȿɄɈɇɈɆȱɑɇɂɏ�ɋɂɋɌȿɆȺɏ  
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ɬɨɛɬɨ� ɬɨɱɤɚ � �*0,t t�% , ɬɨɦɭ� ɨɩɬɢɦɚɥɶɧɚ 
ɫɬɪɚɬɟɝɿɹ� ɪɨɡɜɢɬɤɭ� ɞɨɩɨɦɿɠɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜɚ 
�ɡɧɢɳɟɧɧɹ� ɡɚɛɪɭɞɧɸɜɚɱɿɜ) ɩɟɪɟɞɛɚɱɚɽ� ɩɟɜɧɢɣ 
ɪɿɜɟɧɶ� ɪɨɡɜɢɬɤɭ� ɨɫɧɨɜɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜɚ, ɹɤɢɣ 

ɧɚɫɬɭɩɚɽ� ɭ� ɦɨɦɟɧɬ t% .  ɐɟ� ɩɿɞɬɜɟɪɞɠɭɽ� ɚɧɚɥɿɡ 
ɨɬɪɢɦɚɧɢɯ�ɪɨɡɜ¶ɹɡɤɿɜ (16), (17). ȱɡ (17) ɜɢɩɥɢɜɚɽ, 
ɳɨ�ɩɪɢ 0 t td d %   

� �0*
2 2x x , 

� � � � � �� �0 0 0*
1 2 1 2

tx x x x eQ � � , 

ɚ�ɿɡ (16) ɩɪɢ 0 t td d %  –  
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% % ,   (21) 

ɞɟ t%  – ɦɨɦɟɧɬ� ɡɪɨɫɬɚɧɧɹ� ɞɨɩɨɦɿɠɧɨɝɨ 
ɜɢɪɨɛɧɢɰɬɜɚ, � �*

2x t%  – ɩɨɱɚɬɤɨɜɢɣ� ɪɿɜɟɧɶ 
ɪɨɡɜɢɬɤɭ� ɞɨɩɨɦɿɠɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜɚ, ɳɨ 
ɜɿɞɩɨɜɿɞɚɽ�ɰɶɨɦɭ�ɦɨɦɟɧɬɭ. əɤɳɨ�ɩɪɢɩɭɫɬɢɬɢ, ɳɨ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ�ɦɿɠ�ɪɿɜɧɟɦ�ɪɨɡɜɢɬɤɭ�ɨɫɧɨɜɧɨɝɨ�ɿ 

ɞɨɩɨɦɿɠɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜɚ� ɜ� ɦɨɦɟɧɬ t% � ɦɚɽ 
ɜɢɝɥɹɞ � � � �* *

2 1x t x tT % %  � �0 1T� �  , ɬɨ�ɿɡ (21) 
ɦɨɠɧɚ� ɫɩɪɨɝɧɨɡɭɜɚɬɢ� ɪɿɜɟɧɶ� ɪɨɡɜɢɬɤɭ 
ɞɨɩɨɦɿɠɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ, ɚ�ɫɚɦɟ 

� � � �
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2 1 21x x t x t
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əɤɳɨ�ɞɨ�ɬɨɝɨ�ɠ�ɜɜɚɠɚɬɢ, ɳɨ � �* *
2 1x x tK %  � �0 1,K T K� � � , ɬɨ  
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1
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.     (22) 

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ (22) ɞɨɡɜɨɥɹɽ�ɜɢɡɧɚɱɢɬɢ�ɜɟɥɢɱɢɧɭ 
1/ 1/

1
P P

Q QT K
Q P Q P

�ª º§ · § ·
 � � �« »¨ ¸ ¨ ¸� �© ¹ © ¹« »¬ ¼

, 

ɹɤɚ� ɜɥɚɫɧɟ� ɤɚɠɭɱɢ� ɿ� ɜɢɡɧɚɱɚɽ� ɬɨɣ� ɪɿɜɟɧɶ 
ɜɤɥɚɞɿɜ� ɭ� ɞɨɩɨɦɿɠɧɟ� ɜɢɪɨɛɧɢɰɬɜɨ, ɳɨ� ɦɨɠɟ 
ɡɚɛɟɡɩɟɱɢɬɢ�ɣɨɝɨ�ɦɨɠɥɢɜɟ�ɡɪɨɫɬɚɧɧɹ. 

ȼɢɫɧɨɜɤɢ� ɬɚ� ɩɟɪɫɩɟɤɬɢɜɢ� ɩɨɞɚɥɶɲɢɯ 
ɞɨɫɥɿɞɠɟɧɶ.� Ɂɚɩɪɨɩɨɧɨɜɚɧɚ� ɦɨɞɟɥɶ� ɜɡɚɽɦɨɞɿʀ 
ɨɫɧɨɜɧɨɝɨ� ɬɚ� ɞɨɩɨɦɿɠɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜ� ɜ 
ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɿɣ�ɫɢɫɬɟɦɿ�ɞɨɡɜɨɥɹɽ�ɪɨɡɜ¶ɹɡɚɬɢ 
ɡɚɞɚɱɭ� ɞɨɫɹɝɧɟɧɧɹ� ɦɚɤɫɢɦɚɥɶɧɨɝɨ� ɡɪɨɫɬɚɧɧɹ 
ɞɨɩɨɦɿɠɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ�ɡɚ�ɦɿɧɿɦɚɥɶɧɢɣ�ɬɟɪɦɿɧ 
ɱɚɫɭ. Ɂɦɿɫɬ�ɰɿɽʀ�ɡɚɞɚɱɿ�ɩɨɥɹɝɚɽ�ɭ�ɬɨɦɭ, ɳɨ: 

1) ɞɨɩɨɦɿɠɧɟ� ɜɢɪɨɛɧɢɰɬɜɨ� ɦɨɠɟ 
ɪɨɡɜɢɜɚɬɢɫɹ� ɥɢɲɟ� ɡɚ� ɭɦɨɜɢ� ɩɟɜɧɨɝɨ� ɪɿɜɧɹ 
ɪɨɡɜɢɬɤɭ�ɨɫɧɨɜɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ; 

2) ɨɩɬɢɦɚɥɶɧɚ� ɬɪɚɽɤɬɨɪɿɹ� ɪɨɡɜɢɬɤɭ 
ɨɫɧɨɜɧɨɝɨ�ɬɚ�ɞɨɩɨɦɿɠɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜ�ɦɚɽ�ɥɢɲɟ 
ɨɞɢɧ� ɦɨɦɟɧɬ� ɩɟɪɟɤɥɸɱɟɧɧɹ, ɹɤɢɣ� ɡɚɥɟɠɢɬɶ� ɜɿɞ 
ɩɚɪɚɦɟɬɪɿɜ� ɦɨɞɟɥɿ� ɬɚ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɬɟɪɦɿɧɭ 
ɲɜɢɞɤɨɞɿʀ; 

3) ɩɪɢ� ɩɟɜɧɢɯ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɯ� ɦɿɠ 
ɨɫɧɨɜɧɢɦ� ɿ� ɞɨɩɨɦɿɠɧɢɦ� ɜɢɪɨɛɧɢɰɬɜɚɦɢ� ɦɨɠɧɚ 
ɫɩɪɨɝɧɨɡɭɜɚɬɢ� ɨɩɬɢɦɚɥɶɧɢɣ� ɪɿɜɟɧɶ� ɪɨɡɜɢɬɤɭ 
ɞɨɩɨɦɿɠɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ; 

4) ɨɬɪɢɦɚɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɦɨɠɭɬɶ� ɛɭɬɢ 
ɜɢɤɨɪɢɫɬɚɧɿ� ɧɚ� ɩɪɚɤɬɢɰɿ� ɩɪɢ� ɞɨɫɥɿɞɠɟɧɧɿ 
ɩɪɨɰɟɫɿɜ� ɟɤɨɥɨɝɨ�ɟɤɨɧɨɦɿɱɧɨʀ� ɜɡɚɽɦɨɞɿʀ� ɜ 
ɟɤɨɧɨɦɿɱɧɢɯ�ɫɢɫɬɟɦɚɯ.  
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MODELLING OF FUNCTIONING PROCESSES  
OF PRIMARY AND AUXILIARY PRODUCTION  

IN THE ECO-ECONOMIC SYSTEMS 
Conditions for optimal interaction between primary and auxiliary productions in the eco-economic systems have 

been investigated. They are the basis for prediction the of the investment level into auxiliary production, which provides 
its possible growth. 

Keywords: primary production, auxiliary production, optimal control, optimal speed of response, maximum 
growth. 


