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ȼɜɟɞɟɧɢɟ 
 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ 
 

ɉɨɜɟɞɟɧɢɟ� ɦɚɬɟɪɢɚɥɨɜ� ɜ� ɭɫɥɨɜɢɹɯ� ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɵɯ�

ɜɨɡɞɟɣɫɬɜɢɣ� �ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɟ� ɞɢɧɚɦɢɱɟɫɤɢɟ� ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ�

ɜɨɡɞɟɣɫɬɜɢɹ�� ɷɤɫɬɪɟɦɚɥɶɧɵɟ� ɞɚɜɥɟɧɢɹ, ɢɧɬɟɧɫɢɜɧɵɟ� ɩɥɚɫɬɢɱɟɫɤɢɟ�

ɞɟɮɨɪɦɚɰɢɢ ɢ� ɬ�ɩ��� ɡɧɚɱɢɬɟɥɶɧɨ� ɨɬɥɢɱɚɟɬɫɹ� ɨɬ� ɩɨɜɟɞɟɧɢɹ� ɬɨɝɨ� ɠɟ�

ɦɚɬɟɪɢɚɥɚ� ɜ� ©ɫɬɚɧɞɚɪɬɧɵɯª� ɭɫɥɨɜɢɹɯ ɫ� ɭɦɟɪɟɧɧɵɦɢ� ɢ� ɦɟɞɥɟɧɧɨ�

ɦɟɧɹɸɳɢɦɢɫɹ�ɧɚɝɪɭɡɤɚɦɢ. Ɋɚɡɪɭɲɟɧɢɟ�ɢ�ɞɟɮɨɪɦɚɰɢɹ�ɦɚɬɟɪɢɚɥɨɜ ɢ�

ɤɨɧɫɬɪɭɤɰɢɣ ɜ� ɭɫɥɨɜɢɹɯ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� �ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ��

ɭɞɚɪɧɨɝɨ�� ɜɡɪɵɜɧɨɝɨ�� ɧɚɝɪɭɠɟɧɢɹ� ɡɧɚɱɢɬɟɥɶɧɨ� ɨɬɥɢɱɚɸɬɫɹ� ɨɬ�

ɚɧɚɥɨɝɢɱɧɵɯ� ɩɪɨɰɟɫɫɨɜ�� ɪɚɡɜɢɜɚɸɳɢɯɫɹ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ�ɦɟɞɥɟɧɧɵɯ�

ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ� ɧɚɝɪɭɡɨɤ�� ɉɨɧɢɦɚɧɢɟ� ɢ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ�

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɜɨɥɧ��ɜɵɡɜɚɧɧɵɯ�ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦ�ɞɢɧɚɦɢɱɟɫɤɢɦ�

ɜɨɡɞɟɣɫɬɜɢɟɦ� ɫ� ɝɪɚɧɢɰɚɦɢ�ɢ�ɢɧɬɟɪɮɟɣɫɚɦɢ�� ɹɜɥɹɟɬɫɹ� ɫɥɨɠɧɨɣ�ɢ�ɧɟ�

ɜɫɟɝɞɚ� ɢɧɬɭɢɬɢɜɧɨ� ɩɨɧɹɬɧɨɣ� ɡɚɞɚɱɟɣ� ɞɚɠɟ� ɜ� ɫɥɭɱɚɟ� ɨɬɧɨɫɢɬɟɥɶɧɨ�

ɩɪɨɫɬɵɯ�ɜɨɡɞɟɣɫɬɜɢɣ�ɢ�ɫɚɦɵɯ�ɩɪɨɫɬɵɯ� ɝɟɨɦɟɬɪɢɣ�ɫɪɟɞɵ, ɜ�ɤɨɬɨɪɨɣ�

ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ� ɜɨɥɧɵ. Ɍɚɤ�� ɜ� ɝɥɚɜɟ� �� ɛɭɞɟɬ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɞɚɠɟ�

ɪɟɲɟɧɢɟ� ɩɪɨɫɬɨɣ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɣ� ɡɚɞɚɱɢ� ɨɛ� ɷɧɟɪɝɨɟɦɤɨɫɬɢ�

ɩɪɨɰɟɫɫɚ� ɢɧɢɰɢɢɪɨɜɚɧɢɹ� ɧɚɤɥɨɧɧɨɣ� ɬɪɟɳɢɧɵ� ɜ� ɛɟɫɤɨɧɟɱɧɨɣ�

ɩɥɨɫɤɨɫɬɢ�ɜ�ɭɫɥɨɜɢɹɯ�ɩɥɨɫɤɨɣ�ɞɟɮɨɪɦɚɰɢɢ�ɞɚɥɟɤɨ�ɧɟ�ɬɪɢɜɢɚɥɶɧɨ��ȼ�

ɫɥɭɱɚɟ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɡɚɞɚɱ�� ɤɨɝɞɚ� ɧɟɨɛɯɨɞɢɦɨ� ɭɱɢɬɵɜɚɬɶ�

ɩɪɨɢɫɯɨɞɹɳɢɟ� ɜ� ɬɟɥɟ� ɜɨɥɧɨɜɵɟ� ɩɪɨɰɟɫɫɵ, ɤɚɤ� ɢ� ɜ� ɫɥɭɱɚɟ� ɫɥɨɠɧɵɯ�

ɝɟɨɦɟɬɪɢɣ� ɫɪɟɞɵ�� ɡɚɞɚɱɚ� ɫɬɚɧɨɜɢɬɫɹ� ɝɨɪɚɡɞɨ� ɛɨɥɟɟ� ɬɪɭɞɧɨɣ� ɞɥɹ�

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɇɟɜɨɡɦɨɠɧɨ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ 



� 

ɞɟɮɨɪɦɚɰɢɸ� ɢ ɩɪɟɜɪɚɳɟɧɢɹ�� ɩɪɨɢɫɯɨɞɹɳɢɟ� ɜ� ɦɚɬɟɪɢɚɥɚɯ ɩɨɞ�

ɞɟɣɫɬɜɢɟɦ� ɢɧɬɟɧɫɢɜɧɵɯ� ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ� ɧɚɝɪɭɡɨɤ, 

ɷɤɫɬɪɟɦɚɥɶɧɵɯ�ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ�ɞɚɜɥɟɧɢɣ�ɢ�ɬ�ɩ���ɢɫɩɨɥɶɡɭɹ�ɩɨɞɯɨɞɵ, 

ɩɪɢɦɟɧɹɟɦɵɟ�ɞɥɹ�ɨɩɢɫɚɧɢɹ�ɞɟɮɨɪɦɚɰɢɢ��ɪɚɡɪɭɲɟɧɢɹ�ɢ�ɩɪɟɜɪɚɳɟɧɢɣ 

ɜ� ɫɬɚɬɢɱɟɫɤɢ� ɧɚɝɪɭɠɚɟɦɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ (ɫɦ�� ɧɚɩɪ�� Petrov 1991; 

Petrov and Morozov 1994; Shockey et al. 1983, Kalthoff and Shockey 

1977, Campbell 1953, Johnson and Cook 1985, Steinberg et al. 1980). 

 

ɋɨɜɪɟɦɟɧɧɨɟ�ɪɚɡɜɢɬɢɟ�ɩɪɨɦɵɲɥɟɧɧɵɯ�ɬɟɯɧɨɥɨɝɢɣ�ɬɪɟɛɭɟɬ�ɜɫɟ�

ɛɨɥɟɟ ɢ�ɛɨɥɟɟ�ɬɨɱɧɨɝɨ ɚɧɚɥɢɡɚ�ɩɨɜɟɞɟɧɢɹ�ɢ�ɩɪɨɱɧɨɫɬɢ�ɦɚɬɟɪɢɚɥɨɜ�ɜ�

ɭɫɥɨɜɢɹɯ� ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ� ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɵɯ� ɜɨɡɞɟɣɫɬɜɢɣ��

ɝɥɭɛɨɤɨɝɨ� ɩɨɧɢɦɚɧɢɹ� ɩɪɢɧɰɢɩɨɜ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�� ɩɪɟɜɪɚɳɟɧɢɹ ɢ�

ɚɤɤɭɦɭɥɹɰɢɢ� ɭɩɪɭɝɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɫɪɟɞɚɯ ɪɚɡɥɢɱɧɨɣ� ɪɟɨɥɨɝɢɢ, 

ɫɩɨɫɨɛɧɨɫɬɢ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɞɟɮɨɪɦɚɰɢɸ� ɢ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ�

ɩɪɟɜɪɚɳɟɧɢɹ�ɜ�ɦɟɬɚɥɥɚɯ��ɩɨɞɜɟɪɝɚɟɦɵɯ�ɢɧɬɟɧɫɢɜɧɵɦ�ɩɥɚɫɬɢɱɟɫɤɢɦ�

ɞɟɮɨɪɦɚɰɢɹɦ�ɢ�ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦɭ�ɭɞɚɪɧɨɦɭ�ɧɚɝɪɭɠɟɧɢɸ��ɉɪɢ�ɷɬɨɦ�

ɫɭɳɟɫɬɜɭɸɳɢɟ� ɦɟɬɨɞɵ� ɢ� ɩɨɞɯɨɞɵ� ɞɚɥɟɤɨ� ɧɟ� ɜɫɟɝɞɚ� ɫɩɨɫɨɛɧɵ�

ɩɪɚɜɢɥɶɧɨ� ɭɱɢɬɵɜɚɬɶ ɜɥɢɹɧɢɟ� ɜɵɫɨɤɨɣ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɷɧɟɪɝɢɢ� ɧɚ�

ɫɬɪɭɤɬɭɪɧɵɟ�ɩɪɟɜɪɚɳɟɧɢɹ�ɜ�ɦɚɬɟɪɢɚɥɚɯ�� 

 

 ɉɟɪɜɵɟ� ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ�

ɞɢɧɚɦɢɤɢ� ɪɚɡɪɭɲɟɧɢɹ� ɢ� ɫɬɪɭɤɬɭɪɧɵɯ� ɩɪɟɜɪɚɳɟɧɢɣ� ɞɚɬɢɪɭɸɬɫɹ�

ɧɚɱɚɥɨɦ� ɢ� ɫɟɪɟɞɢɧɨɣ� ��ɝɨ� ɜɟɤɚ� (ɫɦ�� ɧɚɩɪ. Hopkinson 1901, Wallner 

1938, Schardin and Struth 1938, Wells and Post 1958). ȼ�ɩɨɫɥɟɞɧɟɟ�ɜɪɟɦɹ�

ɩɨɹɜɥɹɟɬɫɹ�ɜɫɟ�ɛɨɥɶɲɟɟ�ɢ�ɛɨɥɶɲɟɟ�ɤɨɥɢɱɟɫɬɜɨ�ɧɨɜɵɯ�ɤɚɱɟɫɬɜɟɧɧɵɯ�

ɢɫɫɥɟɞɨɜɚɧɢɣ� ɜ� ɷɬɨɣ� ɨɛɥɚɫɬɢ� (ɫɦ�� ɧɚɩɪ� Ravi-Chandar and Knauss 

1984a, 1984b, 1984c, 1984d, Rosakes and Zender 1985, Dally and Shukla 

1980, Kalthoff 1986, Fineberg and Bouchbinder 2015, Iqbal et al. 2015). 

Ʉ�ɫɨɠɚɥɟɧɢɸ��ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɨɬɫɭɬɫɬɜɭɸɬ�ɨɛɳɟɩɪɢɧɹɬɵɣ�ɩɨɞɯɨɞ�
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ɜ� ɦɨɞɟɥɢɪɨɜɚɧɢɢ� ɞɢɧɚɦɢɤɢ� ɪɚɡɪɭɲɟɧɢɹ� ɢ� ɩɪɨɱɢɯ� ɫɬɪɭɤɬɭɪɧɵɯ�

ɩɪɟɜɪɚɳɟɧɢɣ� ɜ� ɬɜɟɪɞɵɯ� ɬɟɥɚɯ� ɧɚɝɪɭɠɚɟɦɵɯ ɛɵɫɬɪɵɦɢ ɧɚɝɪɭɡɤɚɦɢ 

ɭɞɚɪɧɨɣ� ɢ� ɜɡɪɵɜɧɨɣ� ɩɪɢɪɨɞɵ� �ɫɦ�� ɧɚɩɪɢɦɟɪ� Morozov and Petrov 

2000���ɂɡɜɟɫɬɧɵɟ�ɩɨɞɯɨɞɵ (ɫɦ��ɧɚɩɪ��Anderson 2017, Khan and Huang 

1995, Broberg 1999)�� ɤɚɤ� ɩɪɚɜɢɥɨ�� ɨɛɥɚɞɚɸɬ� ɡɧɚɱɢɬɟɥɶɧɵɦɢ�

ɧɟɞɨɫɬɚɬɤɚɦɢ��ɱɬɨ�ɞɟɥɚɟɬ�ɢɯ�ɧɟɩɪɢɦɟɧɢɦɵɦɢ�ɞɥɹ�ɚɧɚɥɢɡɚ�ɪɟɚɥɶɧɵɯ�

ɞɢɧɚɦɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ��ɗɬɨ�ɫɜɹɡɚɧɨ�ɤɚɤ�ɫ�ɤɪɚɣɧɟ�ɭɡɤɨɣ�ɨɛɥɚɫɬɶɸ�

ɩɪɢɦɟɧɢɦɨɫɬɢ� �ɧɚɩɪ��Rosakes and Zehnder 1985)�� ɬɚɤ� ɢ� ɫ� ɛɨɥɶɲɢɦ�

ɤɨɥɢɱɟɫɬɜɨɦ� ɩɚɪɚɦɟɬɪɨɜ�� ɤɨɬɨɪɵɟ� ɧɟɨɛɯɨɞɢɦɨ� ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ�

ɞɥɹ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɦɨɞɟɥɢ� �ɫɦ�� ɧɚɩɪ�� Bratov 2021). ɉɪɢ� ɷɬɨɦ, 

ɡɚɱɚɫɬɭɸ, ɭ� ɞɚɧɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɨɬɫɭɬɫɬɜɭɟɬ� ɩɨɧɹɬɧɵɣ� ɮɢɡɢɱɟɫɤɢɣ�

ɫɦɵɫɥ� ɢ� ɫɩɨɫɨɛ� ɨɩɪɟɞɟɥɟɧɢɹ� �ɫɦ�� ɧɚɩɪ. Freund 1998)�� ɍɤɚɡɚɧɧɵɯ�

ɧɟɞɨɫɬɚɬɤɨɜ� ɥɢɲɟɧ� ɫɬɪɭɤɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɣ� ɩɨɞɯɨɞ�� ɩɪɟɞɥɨɠɟɧɧɵɣ�

ɘ�ȼ�� ɉɟɬɪɨɜɵɦ� ɢ� ɇ�Ɏ�� Ɇɨɪɨɡɨɜɵɦ� (Petrov and Morozov 1994, 

Morozov and Petrov 2000)�� ȼ� ɛɨɥɶɲɨɦ� ɤɨɥɢɱɟɫɬɜɟ� ɪɚɛɨɬ� ɩɨɤɚɡɚɧɚ�

ɩɪɢɦɟɧɢɦɨɫɬɶ� ɷɬɨɝɨ� ɩɨɞɯɨɞɚ� ɞɥɹ� ɨɩɢɫɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɢ� ɞɪɭɝɢɯ�

ɫɬɪɭɤɬɭɪɧɵɯ�ɩɪɟɜɪɚɳɟɧɢɣ�ɞɥɹ�ɲɢɪɨɱɚɣɲɟɝɨ�ɤɥɚɫɫɚ�ɪɚɡɥɢɱɧɵɯ�ɡɚɞɚɱ�

�ɫɦ�� ɧɚɩɪɢɦɟɪ� Morozov and Petrov 2000, Petrov 2004, Petrov and 

Sitnikova 2005, Bratov et al. 2008, Bratov 2021)�� Ʉɪɨɦɟ� ɬɨɝɨ�� ɞɥɹ�

ɩɪɟɞɫɤɚɡɚɧɢɹ�ɞɢɧɚɦɢɤɢ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�ɞɚɧɧɵɣ�ɩɨɞɯɨɞ�ɬɪɟɛɭɟɬ�

ɨɩɪɟɞɟɥɟɧɢɹ�ɜɫɟɝɨ�ɨɞɧɨɝɨ�ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ�ɩɪɨɱɧɨɫɬɧɨɝɨ�ɩɚɪɚɦɟɬɪɚ��

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ�ɨɬɤɥɢɤ�ɦɚɬɟɪɢɚɥɚ�ɧɚ�ɫɤɨɪɨɫɬɶ�ɢɡɦɟɧɟɧɢɹ�ɧɚɝɪɭɡɤɢ�

�ɫɦ�� ɧɚɩɪɢɦɟɪ� Petrov 1991, Morozov and Petrov 2000, Bratov et al. 

2009)�� ɉɨɞɯɨɞ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɜ� ɞɢɧɚɦɢɤɟ� ɯɪɭɩɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ� ɹɜɥɹɟɬɫɹ� ɨɫɧɨɜɨɣ� ɞɥɹ� ɛɨɥɶɲɢɧɫɬɜɚ� ɪɟɡɭɥɶɬɚɬɨɜ��

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ�ɜ�ɞɚɧɧɨɣ�ɪɚɛɨɬɟ�� 

 

ȼ� ɪɚɛɨɬɟ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫɜɹɡɚɧɧɵɯ� ɫ�

ɩɨɜɟɞɟɧɢɟɦ� ɦɚɬɟɪɢɚɥɨɜ� ɢ� ɤɨɧɫɬɪɭɤɰɢɣ�� ɩɪɢ� ɧɚɝɪɭɠɟɧɢɢ�



� 

ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɵɦɢ�ɜɨɡɞɟɣɫɬɜɢɹɦɢ��ɫɜɹɡɚɧɧɵɦɢ�ɫ�ɤɪɚɣɧɟ�ɜɵɫɨɤɨɣ�

ɥɨɤɚɥɶɧɨɣ�ɤɨɧɰɟɧɬɪɚɰɢɟɣ�ɷɧɟɪɝɢɢ�ɢ�ɫ�ɤɪɚɣɧɟ�ɜɵɫɨɤɢɦɢ�ɫɤɨɪɨɫɬɹɦɢ�

ɢɡɦɟɧɟɧɢɹ� ɥɨɤɚɥɶɧɨɣ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɩɥɨɬɧɨɫɬɢ� ɷɧɟɪɝɢɢ��ɂɡɭɱɚɸɬɫɹ�

ɜɨɩɪɨɫɵ��ɫɜɹɡɚɧɧɵɟ�ɫ�ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶɸ�ɪɚɡɥɢɱɧɵɯ�ɩɪɨɰɟɫɫɨɜ, 

ɫɜɹɡɚɧɧɵɯ� ɫ� ɮɚɡɨɜɵɦɢ� ɩɪɟɜɪɚɳɟɧɢɹɦɢ� ɜ� ɦɚɬɟɪɢɚɥɟ� �ɪɚɡɪɭɲɟɧɢɟ��

ɢɡɦɟɧɟɧɢɟ�ɞɟɮɟɤɬɧɨɣ�ɫɬɪɭɤɬɭɪɵ�ɦɟɬɚɥɥɨɜ��� 

 

ɐɟɥɢ�ɢ�ɡɚɞɚɱɢ 
 

 Ɉɫɧɨɜɧɨɣ� ɰɟɥɶɸ� ɞɚɧɧɨɣ� ɪɚɛɨɬɵ� ɹɜɥɹɟɬɫɹ� ɪɚɡɜɢɬɢɟ�

ɚɧɚɥɢɬɢɱɟɫɤɢɯ� ɢ� ɱɢɫɥɟɧɧɵɯ� ɩɨɞɯɨɞɨɜ� ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɜɨɥɧɨɜɵɯ�

ɩɪɨɰɟɫɫɨɜ� ɢ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɬɜɟɪɞɵɯ� ɬɟɥɚɯ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ�

ɫɬɚɰɢɨɧɚɪɧɵɯ� ɢ� ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ� ɧɚɝɪɭɡɨɤ�� Ⱦɥɹ� ɞɨɫɬɢɠɟɧɢɹ�

ɩɨɫɬɚɜɥɟɧɧɨɣ�ɰɟɥɢ�ɪɟɲɚɸɬɫɹ�ɫɥɟɞɭɸɳɢɟ�ɡɚɞɚɱɢ� 

 

x Ɋɚɡɪɚɛɨɬɤɚ� ɦɟɬɨɞɨɜ� ɨɰɟɧɤɢ� ɷɧɟɪɝɨɟɦɤɨɫɬɢ� ɢ�

ɷɧɟɪɝɨɮɮɟɤɬɢɜɧɨɫɬɢ� ɩɪɨɰɟɫɫɨɜ� ɜɟɞɭɳɢɯ� ɤ� ɪɚɡɪɭɲɟɧɢɸ� ɜ�

ɤɜɚɡɢɯɪɭɩɤɢɯ� ɫɪɟɞɚɯ� ɫ� ɢɦɟɸɳɢɦɢɫɹ� ɞɟɮɟɤɬɚɦɢ� ɜ�

ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɣ�ɢ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɩɨɫɬɚɧɨɜɤɟ� 

 

x Ɋɚɡɜɢɬɢɟ� ɱɢɫɥɟɧɧɵɯ� ɦɟɬɨɞɨɜ� ɧɚ� ɨɫɧɨɜɟ� ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ� ɩɭɬɟɦ� ɜɧɟɞɪɟɧɢɹ� ɧɨɜɵɯ� ɤɪɢɬɟɪɢɟɜ� ɫɬɪɭɤɬɭɪɧɵɯ�

ɩɪɟɜɪɚɳɟɧɢɣ�� ɩɪɢɦɟɧɢɦɵɯ� ɞɥɹ� ɫɥɭɱɚɟɜ�� ɤɨɝɞɚ� ɧɟɜɨɡɦɨɠɧɨ�

ɩɪɢɦɟɧɟɧɢɟ�ɫɬɚɧɞɚɪɬɧɵɯ�ɢɡɜɟɫɬɧɵɯ�ɩɨɞɯɨɞɨɜ�� 

 



� 

x Ⱦɟɦɨɧɫɬɪɚɰɢɹ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɩɪɟɞɥɚɝɚɟɦɵɯ� ɩɨɞɯɨɞɨɜ�

ɩɨɫɪɟɞɫɬɜɨɦ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱ�� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɤɨɬɨɪɵɯ�

ɩɪɟɞɫɬɚɜɥɹɟɬ�ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ�ɢɧɬɟɪɟɫ� 

 

 

Ɇɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ� 
 

 Ɉɫɧɨɜɧɵɦ� ɦɟɬɨɞɨɦ�� ɩɪɢɦɟɧɹɟɦɵɦ� ɞɥɹ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱ�

ɫɬɚɬɢɱɟɫɤɨɣ� ɢ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ� ɜ� ɪɚɦɤɚɯ� ɞɚɧɧɨɣ�

ɪɚɛɨɬɵ�� ɹɜɥɹɟɬɫɹ� ɦɟɬɨɞ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ�� ɢɫɩɨɥɶɡɭɟɦɵɣ� ɞɥɹ�

ɪɟɲɟɧɢɹ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ� ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ� ɭɪɚɜɧɟɧɢɣ��

Ȼɨɥɶɲɢɧɫɬɜɨ� ɡɚɞɚɱ� ɪɟɲɚɟɬɫɹ� ɜ� ɥɢɧɟɣɧɨɣ� ɩɨɫɬɚɧɨɜɤɟ�� Ɋɹɞ� ɡɚɞɚɱ��

ɧɚɩɪɢɦɟɪ��ɫɬɚɬɢɱɟɫɤɚɹ�ɡɚɞɚɱɚ�ɨ�ɪɚɡɪɭɲɟɧɢɢ�ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�ɧɚɤɥɨɧɧɨɣ�

ɬɪɟɳɢɧɵ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�ɫɠɢɦɚɸɳɟɣ�ɢ�ɫɞɜɢɝɨɜɨɣ�ɧɚɝɪɭɡɨɤ��ɝɥɚɜɚ����

ɢɥɢ� ɞɢɧɚɦɢɱɟɫɤɚɹ� ɡɚɞɚɱɚ� ɨ� ɞɟɣɫɬɜɢɢ� ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ� ɫɢɥɵ� ɧɚ�

ɝɪɚɧɢɰɟ� ɭɩɪɭɝɨɝɨ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ� �ɡɚɞɚɱɚ�Ʌɷɦɛɚ�� ɢɫɩɨɥɶɡɭɟɦɚɹ� ɜ�

ɝɥɚɜɟ� ��� ɞɨɩɭɫɤɚɸɬ� ɚɧɚɥɢɬɢɱɟɫɤɨɟ� ɪɟɲɟɧɢɟ�� Ɍɚɤɢɟ� ɪɟɲɟɧɢɹ�

ɩɪɟɞɫɬɚɜɥɹɸɬ� ɜɨɡɦɨɠɧɨɫɬɢ� ɞɥɹ� ɞɟɬɚɥɶɧɨɝɨ� ɤɚɱɟɫɬɜɟɧɧɨɝɨ� ɢ�

ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ� ɚɧɚɥɢɡɚ� ɩɨɥɭɱɚɟɦɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ� ɢ� ɦɨɝɭɬ�

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɜ� ɤɚɱɟɫɬɜɟ� ɦɨɞɟɥɶɧɵɯ� ɩɪɢ� ɜɟɪɢɮɢɤɚɰɢɢ�

ɢɫɩɨɥɶɡɭɟɦɵɯ�ɱɢɫɥɟɧɧɵɯ�ɫɯɟɦ� 

 

Ɋɟɲɟɧɢɟ� ɛɨɥɶɲɢɧɫɬɜɚ� ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ� ɡɚɞɚɱ� ɫɜɹɡɚɧɨ� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɤɪɢɬɟɪɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɭɫɥɨɜɢɣ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɬɜɟɪɞɵɯ�ɬɟɥɚɯ��Ⱦɥɹ�

ɨɰɟɧɤɢ� ɭɫɥɨɜɢɣ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ�

ɡɚɞɚɱɚɯ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɤɪɢɬɟɪɢɣ� ɪɚɡɪɭɲɟɧɢɹ� ɇɟɣɛɟɪɚ-ɇɨɜɨɠɢɥɨɜɚ�

(Neuber 1937, Novozhilov 1969��� ȼ� ɫɥɭɱɚɟ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɡɚɞɚɱ� ɫ�



�� 

ɧɟɫɬɚɰɢɨɧɚɪɧɵɦɢ�ɭɞɚɪɧɵɦɢ�ɢ�ɜɡɪɵɜɧɵɦɢ�ɧɚɝɪɭɡɤɚɦɢ�ɢɫɩɨɥɶɡɭɟɬɫɹ�

ɤɪɢɬɟɪɢɣ� ɪɚɡɪɭɲɟɧɢɹ� ɘ�ȼ�� ɉɟɬɪɨɜɚ� ɢ� ɇ�Ɏ�� Ɇɨɪɨɡɨɜɚ� �Petrov and 

Morozov 1994, Morozov and Petrov 2000�� ɨɫɧɨɜɚɧɧɵɣ� ɧɚ ɩɨɧɹɬɢɢ 

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɫɬɪɭɤɬɭɪɧɨɝɨ� ɩɪɟɜɪɚɳɟɧɢɹ�� ɩɨɞɪɨɛɧɨ�

ɨɛɫɭɠɞɚɟɦɵɣ�ɧɢɠɟ�ɜ�ɞɚɧɧɨɣ�ɪɚɛɨɬɟ� 

 

 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ�ɢ�ɩɪɚɤɬɢɱɟɫɤɚɹ�ɡɧɚɱɢɦɨɫɬɶ 

ɞɢɫɫɟɪɬɚɰɢɢ 
 

 Ɋɚɛɨɬɚ� ɢɦɟɟɬ� ɬɟɨɪɟɬɢɱɟɫɤɢɣ� ɯɚɪɚɤɬɟɪ�� Ɋɚɡɜɢɜɚɟɦɵɟ� ɩɨɞɯɨɞɵ�

ɦɨɝɭɬ� ɩɨɫɥɭɠɢɬɶ� ɞɥɹ� ɨɰɟɧɤɢ ɩɪɨɱɧɨɫɬɢ� ɢ� ɧɟɫɭɳɟɣ� ɫɩɨɫɨɛɧɨɫɬɢ�

ɦɚɬɟɪɢɚɥɨɜ�ɢ� ɤɨɧɫɬɪɭɤɰɢɣ�ɩɪɢ�ɞɢɧɚɦɢɱɟɫɤɢɯ� ɭɞɚɪɧɵɯ�ɢ� ɜɡɪɵɜɧɵɯ�

ɜɨɡɞɟɣɫɬɜɢɹɯ� ɋ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɩɨɞɯɨɞɚ��ɪɚɡɜɢɜɚɟɦɨɝɨ�ɜ�ɝɥɚɜɚɯ���ɢ�

2, ɜɨɡɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ� ɨɰɟɧɤɭ� ɨɩɬɢɦɚɥɶɧɵɯ� ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ�

ɩɚɪɚɦɟɬɪɨɜ� ɪɚɛɨɬɵ� ɩɪɨɦɵɲɥɟɧɧɵɯ� ɦɚɲɢɧ, ɪɚɛɨɬɚɸɳɢɯ� ɧɚ�

ɪɚɡɪɭɲɟɧɢɟ� �ɢɡɦɟɥɶɱɟɧɢɟ� ɢ� ɩɟɪɟɪɚɛɨɬɤɚ�� ɪɚɡɥɢɱɧɵɯ� ɤɜɚɡɢɯɪɭɩɤɢɯ�

ɦɚɬɟɪɢɚɥɨɜ��ȼ�ɱɚɫɬɧɨɫɬɢ��ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ�

ɜɨɡɦɨɠɧɨ� ɩɪɟɞɫɤɚɡɚɧɢɟ� ɨɩɬɢɦɚɥɶɧɵɯ� ɞɥɢɬɟɥɶɧɨɫɬɟɣ� ɢ� ɚɦɩɥɢɬɭɞ�

ɧɚɝɪɭɡɨɤ� ɬɚɤɨɝɨ� ɪɨɞɚ� ɦɚɲɢɧ�� ɧɚ� ɨɫɧɨɜɟ� ɚɧɚɥɢɡɚ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ�

ɪɚɡɪɭɲɚɟɦɵɯ�ɦɚɬɟɪɢɚɥɨɜ��ɉɨɞɯɨɞ��ɪɚɡɜɢɜɚɟɦɵɣ�ɜ�ɝɥɚɜɟ��, ɩɨɡɜɨɥɹɟɬ�

ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ� ɝɟɨɦɟɬɪɢɸ� ɢ� ɦɚɬɟɪɢɚɥɵ�� ɢɫɩɨɥɶɡɭɟɦɵɟ� ɩɪɢ�

ɜɨɡɜɟɞɟɧɢɢ�ɫɨɨɪɭɠɟɧɢɣ�ɞɥɹ�ɡɚɳɢɬɵ�ɨɬ�ɜɨɥɧ�ɫɟɣɫɦɢɱɟɫɤɨɣ�ɩɪɢɪɨɞɵ, 

ɞɥɹ�ɦɚɤɫɢɦɢɡɚɰɢɢ�ɡɚɳɢɬɧɵɯ�ɮɭɧɤɰɢɣ��ɉɨɞɯɨɞ��ɪɚɡɜɢɜɚɟɦɵɣ�ɜ�ɝɥɚɜɟ�

4, ɩɨɡɜɨɥɹɟɬ� ɫɨɡɞɚɬɶ� ɧɨɜɵɟ� ɭɧɢɜɟɪɫɚɥɶɧɵɟ� ɱɢɫɥɟɧɧɵɟ� ɫɯɟɦɵ��

ɤɨɪɪɟɤɬɧɨ� ɩɪɟɞɫɤɚɡɵɜɚɸɳɢɟ� ɢɧɢɰɢɢɪɨɜɚɧɢɟ�� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɢ�

ɨɫɬɚɧɨɜɤɭ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɬɪɟɳɢɧ� ɜ� ɬɜɟɪɞɵɯ� ɬɟɥɚɯ� ɉɨɞɯɨɞ� 

ɪɚɡɜɢɜɚɟɦɵɣ� ɜ� ɝɥɚɜɟ� �, ɩɨɡɜɨɥɹɟɬ� ɫɨɡɞɚɬɶ� ɧɨɜɵɟ� ɭɧɢɜɟɪɫɚɥɶɧɵɟ�
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ɱɢɫɥɟɧɧɵɟ�ɫɯɟɦɵ, ɤɨɪɪɟɤɬɧɨ�ɩɪɟɞɫɤɚɡɵɜɚɸɳɢɟ�ɷɜɨɥɸɰɢɸ�ɯɪɭɩɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɬɜɟɪɞɵɯ� ɬɟɥɚɯ� ɩɪɢ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ� ɤɨɧɬɚɤɬɧɨɦ�

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� 

 

 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ 
 

 Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ� ɩɨɥɭɱɟɧɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ� ɞɨɫɬɢɝɚɟɬɫɹ� ɡɚ� ɫɱɟɬ�

ɫɬɪɨɝɨɣ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɩɨɫɬɚɧɨɜɤɢ� ɡɚɞɚɱ�� ɩɪɢɦɟɧɟɧɢɹ�

ɦɚɬɟɦɚɬɢɱɟɫɤɢ� ɨɛɨɫɧɨɜɚɧɧɵɯ� ɦɟɬɨɞɨɜ� ɪɟɲɟɧɢɹ� ɢ� ɫɪɚɜɧɟɧɢɹ�

ɱɢɫɥɟɧɧɵɯ�ɪɟɲɟɧɢɣ�ɫ�ɪɟɡɭɥɶɬɚɬɚɦɢ�ɬɨɱɧɵɯ�ɚɧɚɥɢɬɢɱɟɫɤɢɯ�ɪɟɲɟɧɢɣ�

ɞɥɹ� ɫɥɭɱɚɟɜ� ɞɨɩɭɫɤɚɸɳɢɯ� ɩɨɥɭɱɟɧɢɟ� ɚɧɚɥɢɬɢɱɟɫɤɢɯ� ɪɟɲɟɧɢɣ� ɜ�

ɹɜɧɨɦ�ɜɢɞɟ� 

 

 

ɇɚɭɱɧɚɹ�ɧɨɜɢɡɧɚ 
 

ɇɚɭɱɧɭɸ�ɧɨɜɢɡɧɭ�ɫɨɫɬɚɜɥɹɸɬ�ɫɥɟɞɭɸɳɢɟ�ɪɟɡɭɥɶɬɚɬɵ��ɜɵɧɨɫɢɦɵɟ�

ɧɚ�ɡɚɳɢɬɭ: 

 

1. ȼɩɟɪɜɵɟ� ɪɟɲɟɧɚ� ɡɚɞɚɱɚ� ɨɛ� ɷɧɟɪɝɢɢ� ɤɪɢɬɢɱɟɫɤɨɝɨ� ɫɨɫɬɨɹɧɢɹ��

ɜɟɞɭɳɟɝɨ� ɤ� ɪɚɡɪɭɲɟɧɢɸ� ɜ ɡɚɞɚɱɟ ɨ� ɫɬɚɬɢɱɟɫɤɨɦ� ɧɚɝɪɭɠɟɧɢɢ�

ɩɥɨɫɤɨɫɬɢ�ɫ�ɧɚɤɥɨɧɧɨɣ�ɬɪɟɳɢɧɨɣ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɧɚɝɪɭɡɤɨɣ�

ɫɠɚɬɢɹ-ɫɞɜɢɝɚ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɤɨɦɛɢɧɚɰɢɹ� ɫɠɢɦɚɸɳɟɣ�

ɧɚɝɪɭɡɤɢ�ɫ�ɧɚɝɪɭɡɤɨɣ�ɫɞɜɢɝɚ�ɩɨɡɜɨɥɹɟɬ�ɡɧɚɱɢɬɟɥɶɧɨ�ɭɦɟɧɶɲɢɬɶ�

ɷɧɟɪɝɨɡɚɬɪɚɬɵ�ɧɚ�ɪɚɡɪɭɲɟɧɢɟ�ɜ�ɜɟɪɲɢɧɟ�ɢɦɟɸɳɟɣɫɹ�ɬɪɟɳɢɧɵ�

ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɱɢɫɬɨ� ɫɠɢɦɚɸɳɟɣ� ɧɚɝɪɭɡɤɨɣ�� ɉɨɥɭɱɟɧɧɵɣ�

ɬɟɨɪɟɬɢɱɟɫɤɢ� ɜ� ɪɚɦɤɚɯ� ɞɚɧɧɨɣ� ɪɚɛɨɬɵ� ɷɮɮɟɤɬ� ɡɧɚɱɢɬɟɥɶɧɨɝɨ�
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ɭɦɟɧɶɲɟɧɢɹ� ɷɧɟɪɝɨɡɚɬɪɚɬ� ɫɨɜɩɚɞɚɟɬ� ɫ� ɷɮɮɟɤɬɨɦ, ɪɚɧɟɟ�

ɨɛɧɚɪɭɠɟɧɧɵɦ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� 

 

2. ȼɩɟɪɜɵɟ� ɢɫɫɥɟɞɨɜɚɧɵ� ɨɩɬɢɦɚɥɶɧɵɟ� ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɜɨɡɞɟɣɫɬɜɢɣ� ɧɚ� ɬɜɟɪɞɨɟ�

ɤɜɚɡɢɯɪɭɩɤɨɟ� ɬɟɥɨ� ɫ� ɢɦɟɸɳɢɦɢɫɹ� ɞɟɮɟɤɬɚɦɢ� ɞɥɹ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� �ɪɚɡɪɭɲɟɧɢɹ�� ɢɦɟɸɳɢɯɫɹ� ɞɟɮɟɤɬɨɜ��

ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɜɨɡɦɨɠɧɨ� ɨɩɪɟɞɟɥɹɬɶ� ɨɩɬɢɦɚɥɶɧɵɟ�

ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɪɚɡɪɭɲɚɸɳɢɯ�

ɜɨɡɞɟɣɫɬɜɢɣ�ɧɚ�ɨɫɧɨɜɟ�ɩɚɪɚɦɟɬɪɨɜ�ɪɚɡɪɭɲɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɢ�

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ� ɞɟɮɟɤɬɨɜ�� ɩɪɟɨɛɥɚɞɚɸɳɢɯ� ɜ�

ɪɚɡɪɭɲɚɟɦɨɦ�ɬɟɥɟ�� 

 
3. Ɋɚɡɜɢɬ� ɩɨɞɯɨɞ� ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɨɩɬɢɦɚɥɶɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ�

ɡɚɳɢɬɧɵɯ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɛɚɪɶɟɪɨɜ� ɫ� ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦɢ�

ɦɟɬɚɫɬɪɭɤɬɭɪɚɦɢ�� ɇɚ� ɨɫɧɨɜɟ� ɚɧɚɥɢɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ�

ɩɪɨɢɡɜɟɞɟɧɚ�ɜɟɪɢɮɢɤɚɰɢɹ�ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɱɢɫɥɟɧɧɵɯ�ɪɟɲɟɧɢɣ��

ɉɨɥɭɱɟɧɵ� ɡɚɜɢɫɢɦɨɫɬɢ� ɜɥɢɹɧɢɹ� ɦɚɬɟɪɢɚɥɨɜ� ɢ� ɝɟɨɦɟɬɪɢɢ�

ɡɚɳɢɬɧɵɯ� ɛɚɪɶɟɪɨɜ� ɢ� ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ� ɦɟɬɚɫɬɪɭɤɬɭɪ� ɧɚ�

ɫɩɨɫɨɛɧɨɫɬɶ� ɡɚɳɢɬɧɵɯ� ɫɨɨɪɭɠɟɧɢɣ� ɨɫɥɚɛɥɹɬɶ� ɞɟɣɫɬɜɢɟ�

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɯɫɹ�ɜɨɥɧ�ɫɟɣɫɦɢɱɟɫɤɨɣ�ɩɪɢɪɨɞɵ� 

 
4. Ɋɚɡɜɢɬ�ɩɨɞɯɨɞ�ɞɥɹ�ɱɢɫɥɟɧɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɢɧɢɰɢɢɪɨɜɚɧɢɹ��

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɢ�ɨɫɬɚɧɨɜɤɢ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɬɪɟɳɢɧ�ɜ�ɬɜɟɪɞɵɯ�

ɬɟɥɚɯ�� ȼ� ɫɪɚɜɧɟɧɢɢ� ɫ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ� ɪɟɡɭɥɶɬɚɬɚɦɢ�

ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɞɚɧɧɨɝɨ� ɩɨɞɯɨɞɚ� ɜɨɡɦɨɠɧɨ�

ɤɨɪɪɟɤɬɧɨɟ� ɩɪɟɞɫɤɚɡɚɧɢɟ� ɞɢɧɚɦɢɤɢ� ɬɪɟɳɢɧ� ɜ� ɲɢɪɨɤɨɦ�

ɞɢɚɩɚɡɨɧɟ�ɩɪɚɤɬɢɱɟɫɤɢɯ�ɡɚɞɚɱ�ɞɢɧɚɦɢɤɢ�ɪɚɡɪɭɲɟɧɢɹ� 
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5. Ɋɚɡɜɢɬ� ɩɨɞɯɨɞ� ɞɥɹ� ɱɢɫɥɟɧɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɜ�

ɢɡɧɚɱɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɯ� ɬɜɟɪɞɵɯ� ɬɟɥɚɯ ɩɪɢ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ�ɤɨɧɬɚɤɬɧɨɦ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�� ȼ�ɫɪɚɜɧɟɧɢɢ�ɫ�

ɪɚɡɥɢɱɧɵɦɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ�ɪɟɡɭɥɶɬɚɬɚɦɢ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�

ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɞɚɧɧɨɝɨ� ɩɨɞɯɨɞɚ� ɜɨɡɦɨɠɧɨ� ɤɨɪɪɟɤɬɧɨɟ�

ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɷɜɨɥɸɰɢɢ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɤɜɚɡɢɯɪɭɩɤɢɯ�

ɢɡɧɚɱɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɯ� ɬɟɥɚɯ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ�ɭɞɚɪɨɜ�ɫɨ�ɫɬɨɪɨɧɵ�ɞɪɭɝɢɯ�ɨɛɴɟɤɬɨɜ�� 

 

 

Ⱥɩɪɨɛɚɰɢɹ�ɪɚɛɨɬɵ� 
 

Ɋɟɡɭɥɶɬɚɬɵ��ɩɨɥɭɱɟɧɧɵɟ�ɜ�ɞɢɫɫɟɪɬɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɥɢɫɶ�ɧɚ�ɛɨɥɶɲɨɦ�

ɤɨɥɢɱɟɫɬɜɟ�ɦɟɠɞɭɧɚɪɨɞɧɵɯ�ɢ�ɪɨɫɫɢɣɫɤɢɯ�ɧɚɭɱɧɵɯ�ɫɢɦɩɨɡɢɭɦɨɜ��ȼ�

ɱɚɫɬɧɨɫɬɢ�� ɧɚ� ɟɠɟɝɨɞɧɵɯ� ɥɟɬɧɢɯ� ɤɨɧɮɟɪɟɧɰɢɹɯ� ³Ⱥɤɬɭɚɥɶɧɵɟ�

ɩɪɨɛɥɟɦɵ� ɦɟɯɚɧɢɤɢª� �ɋ�-ɉɟɬɟɪɛɭɪɝ�� ������ ������ ������ ������ ������

2014, 2015, 2016, 2017, 2018, 2019, 2020, 2021), ɦɟɠɞɭɧɚɪɨɞɧɵɯ�

ɟɜɪɨɩɟɣɫɤɢɯ� ɤɨɧɮɟɪɟɧɰɢɹɯ� ɩɨ� ɪɚɡɪɭɲɟɧɢɸ� �ECF-15, ɋɬɨɤɝɨɥɶɦ��

ɒɜɟɰɢɹ�� ������ ECF-17, Ȼɪɧɨ�� ɑɟɯɢɹ�� ������ ECF-19, ������ Ʉɚɡɚɧɶ��

Ɋɨɫɫɢɹ��� Ɇɟɠɞɭɧɚɪɨɞɧɵɯ� ɤɨɧɮɟɪɟɧɰɢɹɯ� ɩɨ� ɪɚɡɪɭɲɟɧɢɸ� �ICF-12, 

Ɉɬɬɚɜɚ��Ʉɚɧɚɞɚ���������ȼɫɟɪɨɫɫɢɣɫɤɢɯ�ɫɴɟɡɞɚɯ�ɩɨ�ɦɟɯɚɧɢɤɟ��ɇɢɠɧɢɣ�

ɇɨɜɝɨɪɨɞ�������ɢ�������Ʉɚɡɚɧɶ��������ɍɮɚ�������ɢ�ɦɧɨɝɢɯ�ɞɪɭɝɢɯ�� 

 

Ɋɟɡɭɥɶɬɚɬɵ� ɞɢɫɫɟɪɬɚɰɢɢ� ɩɪɟɞɫɬɚɜɥɹɥɢɫɶ� ɧɚ� ɫɟɦɢɧɚɪɟ� ɂɧɫɬɢɬɭɬɚ�

ɦɟɯɚɧɢɤɢ� ɆȽɍ� �ɪɭɤɨɜɨɞɢɬɟɥɶ� ɫɟɦɢɧɚɪɚ� ɚɤɚɞɟɦɢɤ� ɊȺɇ� ɂ�Ƚ��

Ƚɨɪɹɱɟɜɚ�� ɫɟɦɢɧɚɪɟ� ɱɥ�-ɤɨɪɪ�� ɊȺɇ� ɘ�ȼ�� ɉɟɬɪɨɜɚ; ɫɟɦɢɧɚɪɟ�
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ɋɨɞɟɪɠɚɧɢɟ�ɪɚɛɨɬɵ 
 

 ȼ� ɞɜɭɯ� ɩɟɪɜɵɯ� ɝɥɚɜɚɯ� ɪɚɛɨɬɵ� ɢɫɫɥɟɞɭɸɬɫɹ� ɡɚɞɚɱɢ, 

ɫɜɹɡɚɧɧɵɟ� ɫ� ɦɢɧɢɦɢɡɚɰɢɟɣ� ɷɧɟɪɝɨɡɚɬɪɚɬ� ɧɚ� ɪɚɡɪɭɲɟɧɢɟ���

ȼɨɡɦɨɠɧɨɫɬɶ�ɨɩɬɢɦɢɡɚɰɢɢ� ɷɧɟɪɝɨɡɚɬɪɚɬ�ɧɚ� ɪɚɡɪɭɲɟɧɢɟ�ɦɚɬɟɪɢɚɥɨɜ�

ɩɪɟɞɫɬɚɜɥɹɟɬ�ɛɨɥɶɲɨɣ�ɢɧɬɟɪɟɫ�ɫ�ɬɨɱɤɢ� ɡɪɟɧɢɹ�ɦɧɨɝɢɯ�ɩɪɢɥɨɠɟɧɢɣ��

ȼɚɠɧɟɣɲɟɟ� ɡɧɚɱɟɧɢɟ� ɷɧɟɪɝɨɡɚɬɪɚɬɵ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ� ɩɪɢ�

ɜɨɡɞɟɣɫɬɜɢɢ�ɤɚɤ�ɦɟɞɥɟɧɧɵɦɢ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɦɢ, ɬɚɤ�ɢ�ɢɦɩɭɥɶɫɧɵɦɢ�

ɞɢɧɚɦɢɱɟɫɤɢɦɢ� ɧɚɝɪɭɡɤɚɦɢ� ɩɪɢɨɛɪɟɬɚɸɬ� ɜ� ɬɚɤɢɯ� ɨɛɥɚɫɬɹɯ� ɤɚɤ��

ɧɚɩɪɢɦɟɪ��ɭɞɚɪɧɵɣ��ɜɡɪɵɜɧɨɣ��ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ��ɷɥɟɤɬɪɨɢɦɩɭɥɶɫɧɵɣ�

ɢ� ɞɪɭɝɢɟ� ɫɩɨɫɨɛɵ� ɜɟɞɟɧɢɹ� ɝɨɪɧɵɯ� ɪɚɛɨɬ�� ɛɭɪɟɧɢɟ�� ɩɪɨɰɟɫɫɵ�

ɢɡɦɟɥɶɱɟɧɢɹ� ɢ� ɩɪ�� ȼ� ɷɬɢɯ� ɫɥɭɱɚɹɯ� ɷɧɟɪɝɨɡɚɬɪɚɬɵ� ɫɨɫɬɚɜɥɹɸɬ�

ɡɧɚɱɢɬɟɥɶɧɭɸ��ɟɫɥɢ�ɧɟ�ɧɚɢɛɨɥɶɲɭɸ��ɱɚɫɬɶ�ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ�ɡɚɬɪɚɬ��
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ȿɫɥɢ� ɭɱɟɫɬɶ�� ɱɬɨ� ɄɉȾ� ɬɚɤɢɯ� ɩɪɨɰɟɫɫɨɜ� ɨɛɵɱɧɨ� ɧɟ� ɩɪɟɜɵɲɚɟɬ�

ɧɟɫɤɨɥɶɤɢɯ� ɩɪɨɰɟɧɬɨɜ�� ɜɚɠɧɨɫɬɶ� ɨɩɬɢɦɢɡɚɰɢɢ� ɷɧɟɪɝɨɡɚɬɪɚɬ� ɧɚ�

ɪɚɡɪɭɲɟɧɢɟ�ɫɬɚɧɨɜɢɬɫɹ�ɨɱɟɜɢɞɧɨɣ� 

 

 ȼ�ɝɥɚɜɟ�� ɢɫɫɥɟɞɭɟɬɫɹ�ɡɚɞɚɱɚ�ɨɛ�ɷɧɟɪɝɨɟɦɤɨɫɬɢ�ɢɧɢɰɢɢɪɨɜɚɧɢɹ�

ɦɚɥɨɣ� ɧɚɤɥɨɧɧɨɣ� ɬɪɟɳɢɧɵ� ɜ� ɩɥɨɫɤɨɫɬɢ� ɜ� ɭɫɥɨɜɢɹɯ� ɦɟɞɥɟɧɧɵɯ�

ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢ�ɦɟɧɹɸɳɢɯɫɹ�ɧɚɝɪɭɡɨɤ��Ɂɚɞɚɱɚ�ɪɟɲɚɟɬɫɹ�ɜ�ɭɫɥɨɜɢɹɯ�

ɩɥɨɫɤɨɣ� ɞɟɮɨɪɦɚɰɢɢ�� Ɂɚɞɚɱɚ� ɪɟɲɚɟɬɫɹ� ɚɧɚɥɢɬɢɱɟɫɤɢ�� ɂɫɫɥɟɞɭɟɬɫɹ�

ɧɚɤɨɩɥɟɧɧɚɹ�ɷɧɟɪɝɢɹ��ɤɨɬɨɪɭɸ�ɧɟɨɛɯɨɞɢɦɨ�ɫɨɨɛɳɢɬɶ�ɩɥɨɫɤɨɫɬɢ�ɞɥɹ 

ɫɨɡɞɚɧɢɹ�ɭɫɥɨɜɢɣ��ɜɟɞɭɳɢɯ�ɤ ɢɧɢɰɢɢɪɨɜɚɧɢɸ ɢɦɟɸɳɟɣɫɹ�ɬɪɟɳɢɧɵ�

ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɜɢɞɚɯ� ɧɚɝɪɭɡɤɢ�� ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚ� ɛɟɫɤɨɧɟɱɧɨɫɬɢ��

Ɋɟɲɟɧɢɟ� ɞɚɧɧɨɣ� ɡɚɞɚɱɢ� ɩɨɥɭɱɟɧɨ� ɜɩɟɪɜɵɟ� ɢ� ɩɪɟɞɫɬɚɜɥɹɟɬ�

ɡɧɚɱɢɬɟɥɶɧɵɣ� ɢɧɬɟɪɟɫ� ɞɥɹ� ɩɪɨɰɟɫɫɨɜ�� ɫɜɹɡɚɧɧɵɯ� ɫ� ɢɡɦɟɥɶɱɟɧɢɟɦ� ɢ�

ɮɪɚɝɦɟɧɬɚɰɢɟɣ�ɤɜɚɡɢɯɪɭɩɤɢɯ� ɝɟɬɟɪɨɝɟɧɧɵɯ� ɫɪɟɞ� ɫ� ɫɭɳɟɫɬɜɭɸɳɢɦɢ�

ɞɟɮɟɤɬɚɦɢ��ɬɪɟɳɢɧɚɦɢ�� Ɍɚɤɢɟ�ɩɪɨɰɟɫɫɵ��ɜ�ɱɚɫɬɧɨɫɬɢ��ɫɨɨɬɜɟɬɫɬɜɭɸɬ�

ɩɪɨɦɵɲɥɟɧɧɵɦ� ɩɪɨɰɟɫɫɚɦ�� ɫɜɹɡɚɧɧɵɦ� ɫ� ɩɟɪɟɪɚɛɨɬɤɨɣ� ɩɨɥɟɡɧɵɯ�

ɢɫɤɨɩɚɟɦɵɯ� ɢ� ɝɨɪɧɵɯ� ɩɨɪɨɞ�� ɩɪɢ� ɤɨɬɨɪɵɯ� ɜɚɠɧɟɣɲɢɦ� ɷɬɚɩɨɦ�

ɹɜɥɹɟɬɫɹ� ɩɨɫɬɟɩɟɧɧɨɟ� ɢɡɦɟɥɶɱɟɧɢɟ� ɞɨɛɵɬɨɣ� ɩɨɪɨɞɵ� ɫ� ɩɨɷɬɚɩɧɵɦ�

ɪɚɡɞɟɥɟɧɢɟɦ� ɧɚ� ɮɪɚɤɰɢɢ�� ɉɪɢ� ɷɬɨɦ�� ɬɚɤɢɟ� ɩɪɨɰɟɫɫɵ� ɨɬɥɢɱɚɸɬɫɹ�

ɤɪɚɣɧɟ� ɜɵɫɨɤɨɣ� ɷɧɟɪɝɨɟɦɤɨɫɬɶɸ� ɢ� ɞɚɠɟ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɧɟɛɨɥɶɲɨɟ�

ɭɦɟɧɶɲɟɧɢɟ� ɷɧɟɪɝɨɡɚɬɪɚɬ� ɧɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɢɦɟɸɳɢɯɫɹ� ɜ 

ɦɚɬɟɪɢɚɥɟ� ɞɟɮɟɤɬɨɜ� ɨɛɨɪɚɱɢɜɚɟɬɫɹ� ɡɧɚɱɢɬɟɥɶɧɵɦ� ɷɤɨɧɨɦɢɱɟɫɤɢɦ�

ɷɮɮɟɤɬɨɦ�� ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɦɨɝɭɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɞɥɹ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ� ɨɩɬɢɦɚɥɶɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ�

ɩɪɨɦɵɲɥɟɧɧɵɯ� ɦɚɲɢɧ�� ɪɚɛɨɬɚɸɳɢɯ� ɩɪɢ� ɢɡɦɟɥɶɱɟɧɢɢ� ɢ�

ɮɪɚɝɦɟɧɬɚɰɢɢ�ɤɜɚɡɢɯɪɭɩɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ� 

 

 ȼ� ɝɥɚɜɟ� � ɢɫɫɥɟɞɭɟɬɫɹ ɚɧɚɥɨɝɢɱɧɚɹ� ɡɚɞɚɱɚ� ɜ� ɞɢɧɚɦɢɱɟɫɤɨɣ�

ɩɨɫɬɚɧɨɜɤɟ� ± ɢɫɫɥɟɞɭɸɬɫɹ� ɷɧɟɪɝɨɡɚɬɪɚɬɵ� ɧɚ� ɢɧɢɰɢɢɪɨɜɚɧɢɟ�
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ɢɦɟɸɳɟɣɫɹ� ɜ� ɩɨɥɭɩɥɨɫɤɨɫɬɢ� ɬɪɟɳɢɧɵ� ɩɪɢ� ɜɨɡɞɟɣɫɬɜɢɢ�

ɞɢɧɚɦɢɱɟɫɤɢɦɢ� ɢɦɩɭɥɶɫɧɵɦɢ� ɧɚɝɪɭɡɤɚɦɢ� ɪɚɡɥɢɱɧɨɣ� ɚɦɩɥɢɬɭɞɵ� ɢ�

ɞɥɢɬɟɥɶɧɨɫɬɢ�� ɂɫɫɥɟɞɨɜɚɧɵ� ɤɚɤ� ɫɥɭɱɚɣ� ɧɚɝɪɭɡɤɢ, ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚ�

ɛɟɫɤɨɧɟɱɧɨɫɬɢ�� ɬɚɤ�ɢ� ɫɥɭɱɚɣ�� ɤɨɝɞɚ�ɧɚɝɪɭɡɤɚ�ɩɪɢɥɨɠɟɧɚ�ɧɚ�ɛɟɪɟɝɚɯ�

ɢɦɟɸɳɟɣɫɹ� ɬɪɟɳɢɧɵ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɦɢɧɢɦɭɦɭ� ɷɧɟɪɝɨɡɚɬɪɚɬ� ɧɚ�

ɪɚɡɪɭɲɟɧɢɟ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɫɬɪɨɝɨ� ɨɩɪɟɞɟɥɟɧɧɚɹ� ɤɨɦɛɢɧɚɰɢɹ�

ɚɦɩɥɢɬɭɞɵ� ɢ� ɞɥɢɬɟɥɶɧɨɫɬɢ� ɩɪɢɤɥɚɞɵɜɚɟɦɨɣ� ɧɚɝɪɭɡɤɢ��ɉɨɥɭɱɟɧɧɵɟ�

ɡɚɜɢɫɢɦɨɫɬɢ� ɦɢɧɢɦɢɡɢɪɭɸɳɢɯ� ɷɧɟɪɝɨɡɚɬɪɚɬɵ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ�

ɜɨɡɞɟɣɫɬɜɢɹ� ɨɬ� ɞɥɢɧɵ� ɬɪɟɳɢɧɵ� ɩɨɡɜɨɥɹɸɬ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ�

ɦɢɧɢɦɢɡɢɪɭɸɳɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɪɚɡɪɭɲɚɸɳɢɯ� ɜɨɡɞɟɣɫɬɜɢɣ�

ɢɫɫɥɟɞɨɜɚɧɢɟɦ� ɩɪɟɨɛɥɚɞɚɸɳɟɝɨ� ɪɚɡɦɟɪɚ� ɬɪɟɳɢɧ� ɜ� ɪɚɡɪɭɲɚɟɦɵɯ�

ɦɚɬɟɪɢɚɥɚɯ�� ɱɬɨ� ɩɨɡɜɨɥɹɟɬ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɨɩɬɢɦɚɥɶɧɵɟ�

ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ�ɪɟɠɢɦɵ�ɪɚɛɨɬɵ�ɩɪɨɦɵɲɥɟɧɧɨɝɨ�ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɢɡɦɟɥɶɱɚɸɳɟɝɨ�ɤɜɚɡɢɯɪɭɩɤɢɟ�ɝɟɬɟɪɨɝɟɧɧɵɟ�ɦɚɬɟɪɢɚɥɵ��ɜ�ɱɚɫɬɧɨɫɬɢ��

ɝɨɪɧɵɟ�ɩɨɪɨɞɵ��� 

 

 ȼ�ɝɥɚɜɟ�� ɢɫɫɥɟɞɭɸɬɫɹ ɡɚɞɚɱɢ��ɫɜɹɡɚɧɧɵɟ�ɫ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ�

ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɜɨɥɧ�ɜɛɥɢɡɢ�ɩɨɜɟɪɯɧɨɫɬɢ�ɜ�ɬɜɟɪɞɵɯ�ɬɟɥɚɯ��ȼ�

ɱɚɫɬɧɨɫɬɢ�� ɢɡɭɱɚɸɬɫɹ� ɦɟɯɚɧɢɡɦɵ� ɡɚɳɢɬɵ� ɨɬ� ɜɨɥɧ� ɫɟɣɫɦɢɱɟɫɤɨɣ�

ɩɪɢɪɨɞɵ� ɩɪɢ� ɩɨɦɨɳɢ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɛɚɪɶɟɪɨɜ� ± ɜɤɥɸɱɟɧɢɣ� ɜɛɥɢɡɢ�

ɩɨɜɟɪɯɧɨɫɬɢ�� ɢɡɝɨɬɨɜɥɟɧɧɵɯ� ɢɡ� ɦɚɬɟɪɢɚɥɨɜ� ɫɨ� ɫɜɨɣɫɬɜɚɦɢ�� ɫɢɥɶɧɨ�

ɨɬɥɢɱɚɸɳɢɦɢɫɹ� ɨɬ� ɫɜɨɣɫɬɜ� ɫɪɟɞɵ, ɜ� ɤɨɬɨɪɨɣ� ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ�

ɜɨɡɦɭɳɟɧɢɟ�� Ɉɤɚɡɵɜɚɟɬɫɹ�� ɱɬɨ ɢɫɩɨɥɶɡɭɹ� ɡɚɳɢɬɧɵɟ� ɛɚɪɶɟɪɵ, 

ɢɡɝɨɬɨɜɥɟɧɧɵɟ� ɧɚɩɪɢɦɟɪ�� ɢɡ� ɛɟɬɨɧɚ�� ɞɥɹ� ɡɚɳɢɬɵ� ɨɬ�

ɜɵɫɨɤɨɷɧɟɪɝɢɬɢɱɧɵɯ� ɜɨɥɧ� ɫɟɣɫɦɢɱɟɫɤɨɣ� ɩɪɢɪɨɞɵ��

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɯɫɹ� ɜ� ɝɪɭɧɬɟ� �ɜ� ɨɫɧɨɜɧɨɦ� ɷɬɨ�ɨɬɧɨɫɢɬɫɹ� ɤ� ɜɨɥɧɚɦ�

Ɋɷɥɟɹ��� ɜɨɡɦɨɠɧɨ� ɡɧɚɱɢɬɟɥɶɧɨ� �ɜ� ɧɟɫɤɨɥɶɤɨ� ɪɚɡ�� ɭɦɟɧɶɲɢɬɶ�

ɚɦɩɥɢɬɭɞɵ�ɩɟɪɟɦɟɳɟɧɢɣ�ɢ�ɭɫɤɨɪɟɧɢɣ�ɜ�ɡɚɳɢɳɚɟɦɨɣ�ɨɛɥɚɫɬɢ��Ʉɪɨɦɟ�

ɬɨɝɨ�� ɜ� ɝɥɚɜɟ� �� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɟ� ɫ�
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ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ� ɜɨɥɧ� ɢ� ɤɨɧɰɟɧɬɪɚɰɢɟɣ� ɷɧɟɪɝɢɢ� ɜ� ɡɚɞɚɱɚɯ� ɨ�

ɞɜɢɠɭɳɟɣɫɹ� ɧɚɝɪɭɡɤɟ� ɧɚ� ɩɪɢɦɟɪɟ� ɡɚɞɚɱɢ ɨ� ɞɜɢɠɟɧɢɢ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ�ɫɨɫɬɚɜɚ� 

 

ȼ� ɝɥɚɜɟ� �� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɤɪɢɬɟɪɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ��

ɜɧɟɞɪɟɧɧɨɝɨ� ɜ� ɱɢɫɥɟɧɧɵɟ� ɫɯɟɦɵ� ɧɚ� ɨɫɧɨɜɟ� ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ�� ɢɫɫɥɟɞɭɸɬɫɹ� ɡɚɞɚɱɢ�� ɫɜɹɡɚɧɧɵɟ� ɫ� ɢɧɢɰɢɚɰɢɟɣ��

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ� ɢ� ɨɫɬɚɧɨɜɤɨɣ� ɢɦɟɸɳɢɯɫɹ� ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ�

ɬɪɟɳɢɧ� ɜ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɫɪɟɞɚɯ�� ɧɚɝɪɭɠɚɟɦɵɯ� ɞɢɧɚɦɢɱɟɫɤɢɦɢ�

ɭɞɚɪɧɵɦɢ�ɢ�ɜɡɪɵɜɧɵɦɢ�ɧɚɝɪɭɡɤɚɦɢ�� 

 

 ȼ� ɝɥɚɜɟ� �� ɚɧɚɥɨɝɢɱɧɵɣ� ɩɨɞɯɨɞ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɞɥɹ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ�� ɪɚɡɜɢɬɢɹ�ɢ� ɨɫɬɚɧɨɜɤɢ�ɪɚɡɪɭɲɟɧɢɹ� ɜ�

ɢɡɧɚɱɚɥɶɧɨ�ɛɟɡɞɟɮɟɤɬɧɵɯ�ɫɪɟɞɚɯ��ɧɚɝɪɭɠɚɟɦɵɯ�ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦɢ�

ɭɞɚɪɧɵɦɢ�ɢ�ɜɡɪɵɜɧɵɦɢ�ɜɨɡɞɟɣɫɬɜɢɹɦɢ��ȼ�ɝɥɚɜɚɯ���ɢ���ɩɨɤɚɡɚɧɨ��ɱɬɨ�

ɤɪɢɬɟɪɢɣ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ, ɜɜɟɞɟɧɧɵɣ� ɇ�Ɏ��Ɇɨɪɨɡɨɜɵɦ� ɢ�

ɘ�ȼ�� ɉɟɬɪɨɜɵɦ, ɩɨɡɜɨɥɹɟɬ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɲɢɪɨɱɚɣɲɢɣ� ɞɢɚɩɚɡɨɧ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɧɚɛɥɸɞɚɟɦɵɯ� ɷɮɮɟɤɬɨɜ�� ɫɜɹɡɚɧɧɵɯ� ɫ� ɞɢɧɚɦɢɤɨɣ�

ɪɚɡɪɭɲɟɧɢɹ�ɤɜɚɡɢɯɪɭɩɤɢɯ�ɫɪɟɞ� 

  



�� 

 Ƚɥɚɜɚ��� 

Ɉɩɬɢɦɢɡɚɰɢɹ�ɷɧɟɪɝɨɡɚɬɪɚɬ�ɧɚ�ɪɚɡɪɭɲɟɧɢɟ�

ɩɪɢ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ�ɜɨɡɞɟɣɫɬɜɢɹɯ��ɚɧɚɥɢɡ�

ɷɧɟɪɝɢɢ��ɧɟɨɛɯɨɞɢɦɨɣ�ɞɥɹ�ɢɧɢɰɢɢɪɨɜɚɧɢɹ 

ɧɚɤɥɨɧɧɨɣ�ɬɪɟɳɢɧɵ�ɩɪɢ�ɨɞɧɨɨɫɧɨɦ�ɫɠɚɬɢɢ 

ɢ�ɫɦɟɲɚɧɧɨɦ�ɧɚɝɪɭɠɟɧɢɢ 
 

 Ɉɫɧɨɜɧɚɹ� ɰɟɥɶ� ɷɬɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ� - ɢɫɫɥɟɞɨɜɚɬɶ� ɡɚɬɪɚɬɵ�

ɷɧɟɪɝɢɢ�� ɧɟɨɛɯɨɞɢɦɵɟ� ɞɥɹ� ɢɧɢɰɢɢɪɨɜɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɜ�

ɤɜɚɡɢɯɪɭɩɤɢɯ� ɫɪɟɞɚɯ� ɫ� ɫɭɳɟɫɬɜɭɸɳɢɦɢ� ɞɟɮɟɤɬɚɦɢ�� ȼ� ɤɚɱɟɫɬɜɟ�

ɦɨɞɟɥɶɧɨɣ� ɡɚɞɚɱɢ� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɪɟɲɟɧɢɟ� ɞɥɹ� ɰɟɧɬɪɚɥɶɧɨɣ�

ɬɪɟɳɢɧɵ� ɜ� ɩɥɨɫɤɨɫɬɢ�� ɩɨɞɜɟɪɠɟɧɧɨɣ� ɞɟɣɫɬɜɢɸ� ɧɚɝɪɭɡɤɢ� ɧɚ�

ɛɟɫɤɨɧɟɱɧɨɫɬɢ�� ɂɡɭɱɚɟɬɫɹ� ɷɧɟɪɝɢɢ�� ɤɨɬɨɪɭɸ� ɧɟɨɛɯɨɞɢɦɨ� ɜɜɟɫɬɢ� ɜ�

ɬɟɥɨ ɞɥɹ� ɫɨɡɞɚɧɢɹ� ɭɫɥɨɜɢɣ�� ɩɪɢɜɨɞɹɳɢɯ� ɤ� ɪɚɡɪɭɲɟɧɢɸ� ɜ� ɜɟɪɲɢɧɟ 

ɫɭɳɟɫɬɜɭɸɳɟɣ� ɰɟɧɬɪɚɥɶɧɨɣ� ɬɪɟɳɢɧɵ�� ɂɫɫɥɟɞɭɸɬɫɹ� ɫɢɬɭɚɰɢɢ��

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ� ɬɪɟɳɢɧɚɦ�� ɫɨɡɞɚɧɧɵɦ� ɱɢɫɬɨ� ɫɠɢɦɚɸɳɟɣ�

ɧɚɝɪɭɡɤɨɣ�� ɬɪɟɳɢɧɚɦ�� ɫɨɡɞɚɧɧɵɦ� ɱɢɫɬɵɦ� ɫɞɜɢɝɨɦ�� ɢ� ɬɪɟɳɢɧɚɦ��

ɫɨɡɞɚɧɧɵɦ� ɤɨɦɛɢɧɚɰɢɟɣ� ɫɠɢɦɚɸɳɟɣ� ɢ� ɫɞɜɢɝɚɸɳɟɣ� ɧɚɝɪɭɡɤɢ� ɫ�

ɪɚɡɥɢɱɧɵɦɢ� ɨɬɧɨɲɟɧɢɹɦɢ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�� ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ�

ɫɨɱɟɬɚɧɢɟ� ɫɠɢɦɚɸɳɟɣ� ɢ� ɫɞɜɢɝɚɸɳɟɣ� ɧɚɝɪɭɡɤɢ� ɩɪɢɜɨɞɢɬ� ɤ�

ɡɧɚɱɢɬɟɥɶɧɨ� ɦɟɧɶɲɢɦ� ɡɚɬɪɚɬɚɦ� ɷɧɟɪɝɢɢ� ɧɚ� ɫɨɡɞɚɧɢɟ� ɬɪɟɳɢɧɵ� ɩɨ�

ɫɪɚɜɧɟɧɢɸ� ɫ� ɷɧɟɪɝɢɹɦɢ�� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ� ɱɢɫɬɨ� ɫɠɢɦɚɸɳɟɣ�

ɧɚɝɪɭɡɤɟ�� ɗɬɢ� ɨɰɟɧɤɢ� ɤɚɱɟɫɬɜɟɧɧɨ� ɫɨɜɩɚɞɚɸɬ� ɫ� ɹɜɥɟɧɢɹɦɢ��

ɧɚɛɥɸɞɚɟɦɵɦɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɞɥɹ� ɩɪɨɰɟɫɫɨɜ�� ɫɜɹɡɚɧɧɵɯ� ɫ�

ɢɡɦɟɥɶɱɟɧɢɟɦ� ɢ� ɮɪɚɝɦɟɧɬɚɰɢɟɣ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɝɟɬɟɪɨɝɟɧɧɵɯ� ɫɪɟɞ� ɫ�
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ɫɭɳɟɫɬɜɭɸɳɢɦɢ�ɞɟɮɟɤɬɚɦɢ��ɬɪɟɳɢɧɚɦɢ���Ɋɚɧɟɟ�ɛɵɥɨ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�

ɩɪɢ� ɢɡɦɟɥɶɱɟɧɢɢ� ɝɨɪɧɵɯ� ɩɨɪɨɞ� ɢ� ɞɪɭɝɢɯ� ɩɨɞɨɛɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�

ɞɨɛɚɜɥɟɧɢɟ�ɫɞɜɢɝɨɜɨɝɨ�ɤɨɦɩɨɧɟɧɬɚ�ɤ�ɫɠɢɦɚɸɳɟɣ�ɭɞɚɪɧɨɣ�ɧɚɝɪɭɡɤɟ��

ɩɪɢɤɥɚɞɵɜɚɟɦɨɣ� ɤ� ɬɪɟɳɢɧɨɜɚɬɨɣ� ɫɪɟɞɟ�� ɩɪɢɜɨɞɢɬ� ɤ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ�

ɫɧɢɠɟɧɢɸ�ɷɧɟɪɝɨɡɚɬɪɚɬ�ɩɪɨɰɟɫɫɚ��ɉɨɥɭɱɟɧɧɵɟ�ɜ� ɪɚɛɨɬɟ ɪɟɡɭɥɶɬɚɬɵ�

ɦɨɝɭɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɞɥɹ� ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ� ɨɩɬɢɦɚɥɶɧɵɯ�

ɩɚɪɚɦɟɬɪɨɜ� ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ� ɩɪɨɦɵɲɥɟɧɧɵɯ�ɦɚɲɢɧ�� ɪɚɛɨɬɚɸɳɢɯ�

ɩɪɢ�ɢɡɦɟɥɶɱɟɧɢɢ�ɢ�ɮɪɚɝɦɟɧɬɚɰɢɢ�ɤɜɚɡɢɯɪɭɩɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ� 

 

 

1.1 ȼɜɟɞɟɧɢɟ ɢ�ɨɛɡɨɪ�ɥɢɬɟɪɚɬɭɪɵ 
 

 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ��ɫɦ���ɧɚɩɪ., Vaisberg, Zarogatsky 2000) ɛɵɥɨ�

ɨɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɫɨɱɟɬɚɧɢɟ� ɧɚɝɪɭɡɤɢ� ɫɠɚɬɢɹ� ɢ� ɫɞɜɢɝɚ� ɞɥɹ�

ɩɪɨɦɵɲɥɟɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ�� ɫɜɹɡɚɧɧɵɯ� ɫ� ɪɚɡɪɭɲɟɧɢɟɦ� ɢ�

ɮɪɚɝɦɟɧɬɚɰɢɟɣ� ɝɨɪɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɩɪɢɜɨɞɢɬ� ɤ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ�

ɫɧɢɠɟɧɢɸ�ɷɧɟɪɝɨɡɚɬɪɚɬ ɧɚ�ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫɨ�ɫɥɭɱɚɟɦ��

ɤɨɝɞɚ� ɞɥɹ� ɫɨɡɞɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɬɨɥɶɤɨ� ɫɠɢɦɚɸɳɚɹ 

ɧɚɝɪɭɡɤɚ.  

 

 ȼɨɡɧɢɤɧɨɜɟɧɢɟ� ɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɨɞɢɧɨɱɧɵɯ� ɢ�

ɦɧɨɠɟɫɬɜɟɧɧɵɯ� ɧɚɤɥɨɧɧɵɯ� ɬɪɟɳɢɧ� ɩɪɢ ɨɞɧɨɨɫɧɨɦ� ɢ� ɞɜɭɯɨɫɧɨɦ�

ɧɚɝɪɭɠɟɧɢɢ ɢɡɭɱɚɥɨɫɶ� ɜ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ� ɩɭɛɥɢɤɚɰɢɹɯ� �ɫɦ�, ɧɚɩɪ., 

Erdogan and Sih 1963, Papadopoulos 1988, Khan and Khraisheh 2000, 

Ranji 2015 ɢɥɢ Sutula et al.2017, Perez 2017). ȼ�ɷɬɢɯ�ɪɚɛɨɬɚɯ�ɚɜɬɨɪɵ�

ɨɛɵɱɧɨ� ɢɫɫɥɟɞɭɸɬ� ɩɪɢɦɟɧɢɦɨɫɬɶ� ɪɚɡɥɢɱɧɵɯ� ɤɪɢɬɟɪɢɟɜ��

ɩɪɨɝɧɨɡɢɪɭɸɳɢɯ� ɭɫɥɨɜɢɹ� ɡɚɪɨɠɞɟɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɢ� ɧɚɩɪɚɜɥɟɧɢɟ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧɵ� ɩɪɢ� ɫɦɟɲɚɧɧɨɦ� �ɫɠɚɬɢɟ� ɢ� ɫɞɜɢɝ��
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ɧɚɝɪɭɠɟɧɢɢ� �ɫɦ��� ɧɚɩɪ., Matvienko, �������ȼ ɪɚɡɥɢɱɧɵɯ�ɪɚɛɨɬɚɯ� ɷɬɢ�

ɩɨɞɯɨɞɵ� ɛɵɥɢ� ɪɟɚɥɢɡɨɜɚɧɵ� ɜ� ɱɢɫɥɟɧɧɵɯ� ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ� ɫɯɟɦɚɯ��

ɩɪɨɝɧɨɡɢɪɭɸɳɢɯ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɧɚɝɪɭɠɟɧɧɵɯ� ɬɪɟɳɢɧ� ɜ�

ɫɦɟɲɚɧɧɨɦ�ɪɟɠɢɦɟ�ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ�ɮɨɪɦ�ɢ�ɪɟɠɢɦɨɜ�

ɩɪɢɥɨɠɟɧɢɹ�ɧɚɝɪɭɡɤɢ��ɧɚɩɪ.��:DQJ�HW�DO�������ɢɥɢ�$OLKD�HW�DO���������

Ɍɚɤɠɟ� ɜɨɡɦɨɠɧɨ� ɦɨɞɟɥɢɪɨɜɚɬɶ� ɪɚɡɪɭɲɟɧɢɟ� ɢ� ɞɟɮɨɪɦɚɰɢɸ� ɜ�

ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɦ� ɦɚɫɲɬɚɛɟ�� ɢɫɩɨɥɶɡɭɹ� ɦɨɥɟɤɭɥɹɪɧɭɸ� ɞɢɧɚɦɢɤɭ�

(ɫɦ��� ɧɚɩɪ., Krivtsov 2003, Krivtsov 2004). ɇɟɫɦɨɬɪɹ� ɧɚ� ɛɨɥɶɲɨɟ�

ɤɨɥɢɱɟɫɬɜɨ� ɪɟɡɭɥɶɬɚɬɨɜ� ɜ� ɷɬɨɣ� ɨɛɥɚɫɬɢ�� ɜ� ɛɨɥɶɲɢɧɫɬɜɟ� ɢɡɜɟɫɬɧɵɯ�

ɩɭɛɥɢɤɚɰɢɣ� ɷɧɟɪɝɢɹ�� ɧɟɨɛɯɨɞɢɦɚɹ� ɞɥɹ� ɡɚɪɨɠɞɟɧɢɹ� ɢɥɢ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɷɬɢɯ�ɬɪɟɳɢɧ��ɧɟ�ɢɡɭɱɚɟɬɫɹ��ȼ�ɬɨ�ɠɟ�ɜɪɟɦɹ�ɷɧɟɪɝɢɹ��

ɤɨɬɨɪɚɹ� ɞɨɥɠɧɚ� ɛɵɬɶ� ɩɨɬɪɚɱɟɧɚ� ɧɚ� ɪɚɡɪɭɲɟɧɢɟ�� ɹɜɥɹɟɬɫɹ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ�� ɢɦɟɸɳɟɣ� ɜɚɠɧɟɣɲɟɟ ɡɧɚɱɟɧɢɟ� ɞɥɹ� ɩɪɚɤɬɢɱɟɫɤɢɯ�

ɩɪɢɥɨɠɟɧɢɣ��ɫɜɹɡɚɧɧɵɯ�ɫ�ɢɡɦɟɥɶɱɟɧɢɟɦ�ɢ�ɪɚɡɪɭɲɟɧɢɟɦ�ɦɚɬɟɪɢɚɥɨɜ�

(ɫɦ��� ɧɚɩɪ., Bratov and Petrov ������ ɝɞɟ� ɛɵɥɚ� ɪɟɲɟɧɚ� ɞɢɧɚɦɢɱɟɫɤɚɹ�

ɡɚɞɚɱɚ ɨɛ�ɷɧɟɪɝɨɟɦɤɨɫɬɢ�ɪɚɡɪɭɲɟɧɢɹ�ɫɪɟɞ�ɫ ɬɪɟɳɢɧɚɦɢ���Ʉɨɥɢɱɟɫɬɜɨ�

ɷɬɨɣ� ɷɧɟɪɝɢɢ� ɨɫɨɛɟɧɧɨ� ɜɚɠɧɨ� ɞɥɹ� ɩɪɨɦɵɲɥɟɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ�

ɨɛɪɚɛɨɬɤɢ�ɢ� ɨɛɨɝɚɳɟɧɢɹ� ɝɨɪɧɵɯ�ɩɨɪɨɞ��ɗɬɢ�ɩɪɨɰɟɫɫɵ�ɪɚɛɨɬɚɸɬ�ɧɚ�

ɮɪɚɝɦɟɧɬɚɰɢɸ� ɢ� ɢɡɦɟɥɶɱɟɧɢɟ� ɡɧɚɱɢɬɟɥɶɧɵɯ� ɨɛɴɟɦɨɜ� ɝɨɪɧɨɝɨ�

ɦɚɬɟɪɢɚɥɚ�� ɱɬɨ� ɫɜɹɡɚɧɨ� ɫɨ� ɡɧɚɱɢɬɟɥɶɧɵɦ� ɩɨɬɪɟɛɥɟɧɢɟɦ� ɷɧɟɪɝɢɢ�

�ɷɥɟɤɬɪɢɱɟɫɬɜɚ� ɢɥɢ� ɞɪɭɝɨɝɨ� ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ��� ȼ� ɬɚɤɢɯ� ɩɪɨɰɟɫɫɚɯ�

ɫɬɨɢɦɨɫɬɶ� ɷɧɟɪɝɢɢ� ɨɛɵɱɧɨ� ɫɨɫɬɚɜɥɹɟɬ� ɨɫɧɨɜɧɭɸ� ɱɚɫɬɶ� ɫɬɨɢɦɨɫɬɢ�

ɩɪɨɰɟɫɫɚ� �ɫɦ��� ɧɚɩɪ., 9DLVEHUJ� HW� DO�� ������� � Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ��

ɜɨɡɦɨɠɧɨɫɬɶ�ɞɚɠɟ�ɧɟɛɨɥɶɲɨɝɨ��ɜ�ɩɪɨɰɟɧɬɚɯ��ɫɧɢɠɟɧɢɹ�ɷɧɟɪɝɨɡɚɬɪɚɬ�

ɧɚ� ɩɪɨɰɟɫɫ� ɪɚɡɪɭɲɟɧɢɹ� ɩɨɪɨɞɵ� ɦɨɠɟɬ� ɢɦɟɬɶ� ɨɝɪɨɦɧɵɣ�

ɷɤɨɧɨɦɢɱɟɫɤɢɣ� ɷɮɮɟɤɬ�� ɇɚɫɬɨɹɳɚɹ� ɪɚɛɨɬɚ ɜ� ɩɟɪɜɭɸ� ɨɱɟɪɟɞɶ�

ɫɨɫɪɟɞɨɬɨɱɟɧɚ� ɧɚ� ɚɧɚɥɢɡɟ� ɷɧɟɪɝɢɢ�� ɧɟɨɛɯɨɞɢɦɨɣ� ɞɥɹ� ɡɚɪɨɠɞɟɧɢɹ�

ɫɭɳɟɫɬɜɭɸɳɟɣ�ɬɪɟɳɢɧɵ��ɫɦ���ɧɚɩɪ., Vaisberg and Kameneva�������ɝ���

Vaisberg et al. �����ɝ���ɜ�ɤɜɚɡɢɯɪɭɩɤɨɣ�ɫɪɟɞɟ��ɧɚɝɪɭɠɟɧɧɨɣ�ɨɞɧɨɨɫɧɨɣ�



�� 

ɫɠɢɦɚɸɳɟɣ� ɧɚɝɪɭɡɤɨɣ ɢ� ɫɨɱɟɬɚɧɢɟɦ� ɩɪɢɥɚɝɚɟɦɨɣ� ɫɠɢɦɚɸɳɟɣ� ɢ�

ɫɞɜɢɝɚɸɳɟɣ�ɧɚɝɪɭɡɤɢ, ɧɚ�ɛɨɥɶɲɨɦ�ɭɞɚɥɟɧɢɢ�ɨɬ�ɬɪɟɳɢɧɵ� 

 

 

1.2 ɉɨɫɬɚɧɨɜɤɚ�ɡɚɞɚɱɢ 
 

 ɉɨɫɤɨɥɶɤɭ� ɢɫɫɥɟɞɨɜɚɧɢɟ, ɜ� ɩɟɪɜɭɸ� ɨɱɟɪɟɞɶ, ɧɚɩɪɚɜɥɟɧɨ� ɧɚ�

ɪɚɡɪɭɲɟɧɢɟ�ɢ�ɮɪɚɝɦɟɧɬɚɰɢɸ�ɝɨɪɧɵɯ�ɩɨɪɨɞ��ɤɨɬɨɪɵɟ�ɜ�ɛɨɥɶɲɢɧɫɬɜɟ�

ɫɥɭɱɚɟɜ� ɹɜɥɹɸɬɫɹ� ɤɜɚɡɢɯɪɭɩɤɢɦɢ� ɝɟɬɟɪɨɝɟɧɧɵɦɢ� ɦɚɬɟɪɢɚɥɚɦɢ�� ɜ�

ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ� ɩɨɜɟɞɟɧɢɟ� ɢ� ɩɪɨɱɧɨɫɬɶ� ɦɚɬɟɪɢɚɥɚ� ɦɨɠɧɨ�

ɨɩɢɫɚɬɶ� ɫ� ɩɨɦɨɳɶɸ� ɥɢɧɟɣɧɨɣ� ɭɩɪɭɝɨɫɬɢ� ɢ� ɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɣ�

ɦɟɯɚɧɢɤɢ�ɪɚɡɪɭɲɟɧɢɹ��/()0���ɍɪɚɜɧɟɧɢɹ�ɪɚɜɧɨɜɟɫɢɹ�ɡɚɩɢɫɵɜɚɸɬɫɹ�

ɤɚɤ� ɭɪɚɜɧɟɧɢɹ� Ʌɚɦɟ� ɜ� ɨɬɫɭɬɫɬɜɢɢ ɦɚɫɫɨɜɵɯ� ɫɢɥ� ɢ� ɢɧɟɪɰɢɨɧɧɵɯ�

ɱɥɟɧɨɜ��ɜ�ɩɪɢɛɥɢɠɟɧɢɢ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɣ�ɡɚɞɚɱɢ�� 

 
ሺߣ ൅ ሻߤ ௝࢛ǡ௝௜ ൅ ௜ǡ௝௝࢛ߤ ൌ Ͳǡ     (1.1) 

 

ɝɞɟ� u - ɫɦɟɳɟɧɢɹ� ɜ� ɩɥɨɫɤɨɫɬɢ� ɜ� ɧɚɩɪɚɜɥɟɧɢɹɯ� �� ɢ� ��� Ȝ� ɢ� ȝ� - 

ɤɨɷɮɮɢɰɢɟɧɬɵ� Ʌɚɦɟ�� i ɢ� j ɩɪɢɧɢɦɚɸɬ� ɡɧɚɱɟɧɢɹ� �� ɢ� ��� ɚ� ɡɚɩɹɬɚɹ�

ɨɡɧɚɱɚɟɬ� ɱɚɫɬɧɭɸ� ɩɪɨɢɡɜɨɞɧɭɸ� ɩɨ� ɢɧɞɟɤɫɭ�� ɫɥɟɞɭɸɳɟɦɭ� ɡɚ� ɷɬɨɣ�

ɡɚɩɹɬɨɣ�� ɉɨɞɪɚɡɭɦɟɜɚɟɬɫɹ� ɫɨɝɥɚɲɟɧɢɟ� ɗɣɧɲɬɟɣɧɚ� ɨ� ɫɭɦɦɢɪɨɜɚɧɢɢ�

ɩɨ�ɩɨɜɬɨɪɹɸɳɟɦɭɫɹ�ɢɧɞɟɤɫɭ��ɇɚɩɪɹɠɟɧɢɹ�ɫɜɹɡɚɧɵ�ɫ�ɞɟɮɨɪɦɚɰɢɹɦɢ�

ɫɥɟɞɭɹ�ɡɚɤɨɧɭ�Ƚɭɤɚ� 

 

࣌௜௝ ൌ ௜௝࢛௞ǡ௞ߜߣ ൅ ሺ࢛௜ǡ௝ߤ ൅ ௝࢛ǡ௜ሻǡ     (1.2) 

 



�� 

ɝɞɟ�࣌௜௝  - ɤɨɦɩɨɧɟɧɬɵ� ɬɟɧɡɨɪɚ� ɧɚɩɪɹɠɟɧɢɣ�� ɚߜ�௜௝�  - ɞɟɥɶɬɚ-ɮɭɧɤɰɢɹ��

ɩɪɢɧɢɦɚɸɳɚɹ�ɡɧɚɱɟɧɢɟ����ɤɨɝɞɚ� i=j��ɢ�ɩɪɢɧɢɦɚɸɳɚɹ�ɡɧɚɱɟɧɢɟ���ɜɨ�

ɜɫɟɯ�ɨɫɬɚɥɶɧɵɯ�ɫɥɭɱɚɹɯ�� 

 

Ƚɟɨɦɟɬɪɢɹ�ɪɟɲɚɟɦɨɣ�ɡɚɞɚɱɢ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ��.1. 

 

 

Ɋɢɫɭɧɨɤ���� 

 ɇɚɤɥɨɧɧɚɹ�ɬɪɟɳɢɧɚ�ɜ�ɩɥɨɫɤɨɫɬɢ��ɧɚɝɪɭɠɟɧɧɚɹ�ɫɨɱɟɬɚɧɢɟɦ�

ɫɠɢɦɚɸɳɟɣ�ɢ�ɫɞɜɢɝɚɸɳɟɣ�ɧɚɝɪɭɡɤɢ��ɩɪɢɥɨɠɟɧɧɨɣ�ɧɚ�

ɛɟɫɤɨɧɟɱɧɨɫɬɢ� 

 

Ʉɚɤ� ɫɥɟɞɭɟɬ ɢɡ� ɪɢɫɭɧɤɚ� �.1�� ɜ� ɛɟɫɤɨɧɟɱɧɨɣ� ɩɥɨɫɤɨɫɬɢ� ɢɦɟɟɬɫɹ�

ɬɪɟɳɢɧɚ�ɞɥɢɧɨɣ��D��ɪɚɫɩɨɥɨɠɟɧɧɚɹ�ɩɨɞ�ɭɝɥɨɦ�గ
ସ
െ �ɤ�ɧɚɩɪɚɜɥɟɧɢɸ ߙ

ɫɠɢɦɚɸɳɢɯ� ɧɚɩɪɹɠɟɧɢɣ�� ɢɦɟɸɳɢɯ� ɢɧɬɟɧɫɢɜɧɨɫɬɶ� �ɚɦɩɥɢɬɭɞɭ�ߪ�଴ . 



�� 

Ʉɪɨɦɟ� ɬɨɝɨ�� ɧɚ� ɛɟɫɤɨɧɟɱɧɨɫɬɢ� ɩɪɢɤɥɚɞɵɜɚɸɬɫɹ� ɤɚɫɚɬɟɥɶɧɵɟ�

ɧɚɩɪɹɠɟɧɢɹ�ɫ�ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ�߬଴.   

 

1.3 Ɋɚɡɪɭɲɚɸɳɢɟ�ɧɚɝɪɭɡɤɢ� 
 

 ȼ� ɤɚɱɟɫɬɜɟ� ɩɟɪɜɨɝɨ� ɲɚɝɚ� ɜɵɹɫɧɢɦ�� ɤɚɤɢɟ� ɤɨɦɛɢɧɚɰɢɢ�

ɫɠɢɦɚɸɳɢɯ� ɧɚɩɪɹɠɟɧɢɣ� ଴ߪ  ɢ� ɤɚɫɚɬɟɥɶɧɵɯ� ɧɚɩɪɹɠɟɧɢɣ� ߬଴  ɦɨɝɭɬ�

ɩɪɢɜɟɫɬɢ�ɤ�ɪɚɡɪɭɲɟɧɢɸ�ɜ�ɜɟɪɲɢɧɚɯ�ɢɦɟɸɳɟɣɫɹ ɬɪɟɳɢɧɵ��ɂɫɩɨɥɶɡɭɹ�

ɢɡɜɟɫɬɧɵɟ� ɮɨɪɦɭɥɵ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ� ɬɟɧɡɨɪɚ� ɧɚɩɪɹɠɟɧɢɣ�� ɦɨɠɧɨ�

ɧɚɣɬɢ�ɧɚɩɪɹɠɟɧɢɹ�ɜ�ɧɚɝɪɭɠɟɧɧɨɣ�ɩɥɨɫɤɨɫɬɢ��ɛɟɡ�ɭɱɟɬɚ�ɧɚɩɪɹɠɟɧɢɣ��

ɜɨɡɧɢɤɚɸɳɢɯ� ɢɡ-ɡɚ� ɧɚɥɢɱɢɹ� ɬɪɟɳɢɧɵ�� ɞɥɹ� ɫɢɫɬɟɦɵ� ɤɨɨɪɞɢɧɚɬ� ɫ�

ɨɞɧɨɣ�ɢɡ�ɨɫɟɣ��ɫɨɜɩɚɞɚɸɳɟɣ�ɫ�ɧɚɩɪɚɜɥɟɧɢɟɦ�ɬɪɟɳɢɧɵ� 
 

௧ߪ ൌ  (ߙ�ሻFRVߙ)݊݅ݏ଴߬ 2+(ߙ)ଶ݊݅ݏ଴ߪ

௡ߪ ൌ  (1.3)             (ߙ�ሻFRVߙ)݊݅ݏ଴߬ 2-(ߙ)ଶݏ݋଴ܿߪ

߬௡௧ ൌ െߪ଴݊݅ݏ�ߙሻFRV�ߙ�+ ߬଴ሺܿݏ݋ଶ�݊݅ݏ��ߙଶ�ߙ�), 

 

ɝɞɟ�ɧɚɩɪɚɜɥɟɧɢɟ�n - ɧɚɩɪɚɜɥɟɧɢɟ��ɫɨɨɫɧɨɟ ɫ�ɬɪɟɳɢɧɨɣ��ɚ�ɧɚɩɪɚɜɥɟɧɢɟ�

t ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ�ɧɚɩɪɚɜɥɟɧɢɸ�ɬɪɟɳɢɧɵ� 

 

Ɍɟɩɟɪɶ� ɧɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ��

ɜɨɡɧɢɤɚɸɳɢɟ�ɜ�ɨɛɥɚɫɬɹɯ��ɨɤɪɭɠɚɸɳɢɯ�ɜɟɪɲɢɧɵ�ɬɪɟɳɢɧ� 

 

ூܭ ൌ  ܽߨ௧ξߪ

ூூܭ ൌ ߬௡௧ξ(1.4)       . ܽߨ 

 

ɉɨɞɫɬɚɜɥɹɹ� �1.��� ɜ� �1.���� ɩɨɥɭɱɚɟɦ� ɭɪɚɜɧɟɧɢɹ� ɞɥɹ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɜɟɪɲɢɧɟ� ɬɪɟɳɢɧɵ� ɞɥɹ� ɩɟɪɜɨɣ� ��୍ܭ� ɢ�



�� 

ɜɬɨɪɨɣ��୍୍ܭ��ɦɨɞɵ��ɜɨɡɧɢɤɚɸɳɢɯ�ɜ ɪɟɲɚɟɦɨɣ�ɡɚɞɚɱɟ��ɇɚ�ɪɢɫɭɧɤɟ�1.2 

ɦɨɠɧɨ� ɭɜɢɞɟɬɶ� ɩɪɢɦɟɪɵ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɭɝɥɚ� ɨɪɢɟɧɬɚɰɢɢ�

ɬɪɟɳɢɧɵ� Į� ɞɥɹ� ɪɚɡɥɢɱɧɵɯ� ɤɨɦɛɢɧɚɰɢɣ� ɧɚɩɪɹɠɟɧɢɣ� ɫɠɚɬɢɹ� ଴ߪ  ɢ�

ɪɚɫɬɹɝɢɜɚɸɳɢɯ� ɧɚɩɪɹɠɟɧɢɣ ߬଴ �� ɩɪɢɥɨɠɟɧɧɵɯ� ɧɚ� ɛɟɫɤɨɧɟɱɧɨɫɬɢ��

ɉɪɢɦɟɱɚɬɟɥɶɧɵɦɢ� ɹɜɥɹɸɬɫɹ� ɩɪɟɞɟɥɶɧɵɟ� ɫɢɬɭɚɰɢɢ�� ଴ߪ ߬଴ൗ ൌ λ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɫɢɬɭɚɰɢɢ� ɛɟɡ� ɩɪɢɥɨɠɟɧɢɹ� ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɧɚɝɪɭɡɤɢ� - 

ɪɚɡɪɭɲɟɧɢɟ� ɦɨɠɟɬ� ɜɨɡɧɢɤɧɭɬɶ� ɬɨɥɶɤɨ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɞɟɣɫɬɜɢɹ�

ɫɠɢɦɚɸɳɟɣ� ɧɚɝɪɭɡɤɢ� ɢ� ଴ߪ ߬଴ൗ ൌ Ͳ �� ɤɨɝɞɚ� ɫɠɢɦɚɸɳɚɹ� ɧɚɝɪɭɡɤɚ� ɧɟ�

ɩɪɢɥɨɠɟɧɚ� ɢ� ɪɚɡɪɭɲɟɧɢɟ� ɦɨɠɟɬ� ɩɪɨɢɡɨɣɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ� ɞɟɣɫɬɜɢɹ 

ɬɨɥɶɤɨ� ɫɞɜɢɝɨɜɨɣ� ɧɚɝɪɭɡɤɢ�� Ⱦɪɭɝɢɟ� ɫɢɬɭɚɰɢɢ� ɫɨɨɬɜɟɬɫɬɜɭɸɬ�

ɪɚɡɥɢɱɧɵɦ ɤɨɦɛɢɧɚɰɢɹɦ� ɧɚɩɪɹɠɟɧɢɣ� ɫɠɚɬɢɹ� ɢ� ɫɞɜɢɝɚ� ɫ� ɪɚɡɧɵɦɢ�

ɨɬɧɨɲɟɧɢɹɦɢ�� ȼ� ɢɫɩɨɥɶɡɭɟɦɨɦ� ɩɪɢɛɥɢɠɟɧɢɢ� ɧɟ� ɭɱɢɬɵɜɚɟɬɫɹ�

ɜɥɢɹɧɢɟ�ɛɟɪɟɝɨɜ� ɬɪɟɳɢɧɵ�ɞɪɭɝ�ɧɚ�ɞɪɭɝɚ�� ɬ�ɟ�� ɝɪɚɧɢ� ɬɪɟɳɢɧɵ�ɦɨɝɭɬ�

ɩɟɪɟɤɪɵɜɚɬɶɫɹ�� ɱɬɨ� ɩɪɢɜɨɞɢɬ� ɤ� ɩɨɹɜɥɟɧɢɸ� ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ�

ɤɨɷɮɮɢɰɢɟɧɬɚ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ�KI ɜ�ɜɟɪɲɢɧɟ�ɬɪɟɳɢɧɵ� 
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Ɋɢɫɭɧɨɤ 1.2  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɹ�ɞɥɹ�ɩɟɪɜɨɣܭ�ூ ɢ�

ɜɬɨɪɨɣܭ�ூூ ɦɨɞɵ�ɤɚɤ�ɮɭɧɤɰɢɢ�ɨɪɢɟɧɬɚɰɢɢ�ɬɪɟɳɢɧɵ�ɞɥɹ�

ɪɚɡɥɢɱɧɵɯ�ɫɨɨɬɧɨɲɟɧɢɣ ߪ଴ ߬଴ൗ . 

 

ȼɜɨɞɹ�ɩɨɥɹɪɧɭɸ�ɫɢɫɬɟɦɭ�ɤɨɨɪɞɢɧɚɬ�ɫ�ɩɨɥɸɫɨɦ�ɜ�ɜɟɪɲɢɧɟ�ɬɪɟɳɢɧɵ�

�ɫɦ��ɪɢɫɭɧɨɤ�1.����ɦɨɠɧɨ�ɹɜɧɨ�ɩɪɟɞɫɬɚɜɢɬɶ�ɧɚɩɪɹɠɟɧɢɹ�ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�

ɢɫɫɥɟɞɭɟɦɨɣ�ɜɟɪɲɢɧɵ�ɬɪɟɳɢɧɵ� 

 

௥ߪ ൌ
ͳ

ʹξʹݎߨ
൤ܭூሺ͵ െ �ݏ݋ሻܿߠ���

ߠ
ʹ

൅ ͵ூூሺܭ ��� ߠ െ ͳሻ݊݅ݏ
ߠ
ʹ
൨ ൅  ߠଶ݊݅ݏ௡ߪ

ఏߪ ൌ
ͳ

ʹξʹݎߨ
ݏ݋ܿ

ߠ
ʹ
ሾܭூሺͳ ൅ �ሻߠ��� െ ሿߠ݊݅ݏூூܭ͵

൅  ߠଶݏ݋௡ܿߪ

(1.5) 



�� 

߬௥ఏ ൌ
ͳ

ʹξʹݎߨ
ݏ݋ܿ

ߠ
ʹ
ሾܭூ ��� ߠ ൅ ͵ூூሺܭ ��� ߠ െ ͳሻሿ

െ ௡ߪ ��� ߠ ���  ߠ
 

 

Ɋɢɫɭɧɨɤ 1.3. 

 ɉɨɥɹɪɧɚɹ�ɫɢɫɬɟɦɚ�ɤɨɨɪɞɢɧɚɬ��ɫɜɹɡɚɧɧɚɹ�ɫ�ɜɟɪɲɢɧɨɣ�

ɢɫɫɥɟɞɭɟɦɨɣ�ɬɪɟɳɢɧɵ. 

 

 

1.4 Ʉɪɢɬɟɪɢɣ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɜɟɪɲɢɧɟ�ɬɪɟɳɢɧɵ� 
 

Ⱦɥɹ�ɚɧɚɥɢɡɚ�ɚɦɩɥɢɬɭɞ�ɧɚɝɪɭɡɨɤ��ɩɪɢɜɨɞɹɳɢɯ�ɤ�ɪɚɡɪɭɲɟɧɢɸ�ɜɟɪɲɢɧɵ�

ɬɪɟɳɢɧɵ�� ɧɟɨɛɯɨɞɢɦɨ� ɜɜɟɫɬɢ� ɤɪɢɬɟɪɢɣ� ɪɚɡɪɭɲɟɧɢɹ�� ɇɚɩɪɢɦɟɪ�� ɜ�

�6KDKDQL� DQG� 7DEDWDEDHL�� ������ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɢɛɨɥɟɟ� ɱɚɫɬɨ�

ɢɫɩɨɥɶɡɭɟɦɵɟ� ɤɪɢɬɟɪɢɢ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɫɥɭɱɚɟ� ɫɦɟɲɚɧɧɨɣ� ɧɚɝɪɭɡɤɢ��

ɇɟɤɨɬɨɪɵɟ� ɢɡ� ɷɬɢɯ� ɩɨɞɯɨɞɨɜ� ɨɫɧɨɜɚɧɵ� ɧɚ� ɜɟɥɢɱɢɧɚɯ� ɮɚɤɬɨɪɨɜ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ�� Ⱦɥɹ� ɞɪɭɝɨɣ� ɝɪɭɩɩɵ� ɦɨɞɟɥɟɣ� ɬɪɟɳɢɧ� ɜ�

ɤɚɱɟɫɬɜɟ� ɨɫɧɨɜɧɨɝɨ� ɩɚɪɚɦɟɬɪɚ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�



�� 

ɥɨɤɚɥɶɧɵɯ�ɩɨɥɟɣ�ɧɚɩɪɹɠɟɧɢɣ��ɋ�ɞɪɭɝɨɣ�ɫɬɨɪɨɧɵ��ɪɹɞ�ɢɫɫɥɟɞɨɜɚɧɢɣ�

ɨɩɢɪɚɟɬɫɹ� ɧɚ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ� ɪɚɫɫɭɠɞɟɧɢɹ�� Ɉɛɫɭɠɞɟɧɢɟ� ɪɚɡɥɢɱɧɵɯ�

ɤɪɢɬɟɪɢɟɜ� ɪɚɡɪɭɲɟɧɢɹ� ɜɵɯɨɞɢɬ� ɡɚ� ɪɚɦɤɢ� ɞɚɧɧɨɣ� ɪɚɛɨɬɵ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɪɚɡɧɵɯ� ɤɪɢɬɟɪɢɟɜ� ɪɚɡɪɭɲɟɧɢɹ� ɩɪɢɜɟɞɟɬ� ɤ� ɧɟɦɧɨɝɨ�

ɪɚɡɧɵɦ��ɧɨ�ɜɫɟ�ɠɟ�ɤɚɱɟɫɬɜɟɧɧɨ�ɨɱɟɧɶ�ɩɨɯɨɠɢɦ�ɪɟɡɭɥɶɬɚɬɚɦ�ɫ�ɬɨɱɤɢ�

ɡɪɟɧɢɹ�ɷɧɟɪɝɢɢ��ɧɟɨɛɯɨɞɢɦɨɣ�ɞɥɹ�ɡɚɪɨɠɞɟɧɢɹ�ɢɫɫɥɟɞɭɟɦɨɣ�ɬɪɟɳɢɧɵ�� 

 

 Ⱦɥɹ� ɞɚɥɶɧɟɣɲɟɝɨ� ɚɧɚɥɢɡɚ� ɩɪɢɦɟɦ� ɤɪɢɬɟɪɢɣ� ɪɚɡɪɭɲɟɧɢɹ��

ɩɪɟɞɥɨɠɟɧɧɵɣ�ɇɟɣɛɟɪɨɦ�ɢ�ɇɨɜɨɠɢɥɨɜɵɦ��1HXEHU�������ɇɨɜɨɠɢɥɨɜ�

������� Ⱥɧɚɥɨɝɢɱɧɵɣ� ɩɨɞɯɨɞ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɜ� �Matvienko�� ������� ɝɞɟ�

ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɨɰɟɧɤɢ�� ɩɨɥɭɱɟɧɧɵɟ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɨɩɢɫɚɧɧɨɝɨ�

ɩɨɞɯɨɞɚ�� ɧɚɢɥɭɱɲɢɦ� ɨɛɪɚɡɨɦ� ɫɨɜɩɚɞɚɸɬ� ɫ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɞɥɹ�

ɤɪɢɬɢɱɟɫɤɢɯ� ɧɚɝɪɭɡɨɤ�� ɩɪɢɜɨɞɹɳɢɯ� ɤ� ɡɚɪɨɠɞɟɧɢɸ� ɬɪɟɳɢɧ�� ɢ� ɞɥɹ�

ɧɚɩɪɚɜɥɟɧɢɹ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧɵ�� ɧɚɛɥɸɞɚɟɦɨɝɨ� ɜ� ɪɟɚɥɶɧɵɯ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɭɫɥɨɜɢɹɯ�� Ʉɪɢɬɟɪɢɣ� ɇɟɣɛɟɪɚ-ɇɨɜɨɲɢɥɨɜɚ�

ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ�ɜ�ɜɢɞɟ��ɫɦ���ɧɚɩɪ., Bratov, Morozov and Petrov, 2009): 

 
ଵ
ௗ ׬ ݎሻ݀ݎఏሺߪ ൒ ௖ߪ

ௗ
଴ ,      (1.6) 

 

ɝɞɟ� ௖ߪ  - ɤɪɢɬɢɱɟɫɤɨɟ� ɧɚɩɪɹɠɟɧɢɟ� ɪɚɫɬɹɠɟɧɢɹ� �ɩɪɟɞɟɥɶɧɨɟ�

ɧɚɩɪɹɠɟɧɢɟ��� ɯɚɪɚɤɬɟɪɧɨɟ� ɞɥɹ� ɪɚɡɪɭɲɟɧɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɩɪɢ�

ɧɚɝɪɭɠɟɧɢɢ�ɨɛɪɚɡɰɚ�ɛɟɡ�ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ�ɞɟɮɟɤɬɨɜ��ɇɢɠɧɢɣ�ɩɪɟɞɟɥ�

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɬɨɱɤɟ, ɜ� ɤɨɬɨɪɨɣ� ɩɪɨɢɫɯɨɞɢɬ ɨɰɟɧɤɚ 

ɪɚɡɪɭɲɟɧɢɹ �ɜ� ɧɚɲɟɦ� ɫɥɭɱɚɟ� ɷɬɨ� ɜɟɪɲɢɧɚ� ɬɪɟɳɢɧɵ���

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ� ɡɧɚɱɟɧɢɟ� d ɜɵɛɢɪɚɟɬɫɹ� ɢɡ� ɭɫɥɨɜɢɹ� ɫɨɨɬɜɟɬɫɬɜɢɹ�

ɤɪɢɬɟɪɢɹ� �1.��� ɤɪɢɬɟɪɢɸ� Ƚɪɢɮɮɢɬɫɚ-ɂɪɜɢɧɚ� �*ULIILWK� ������ ,UZLQH�

1957) ɞɥɹ�ɤɪɢɬɢɱɟɫɤɨɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ�ɜ�

ɫɥɭɱɚɟ�ɫɢɧɝɭɥɹɪɧɨɣ�ɤɨɪɧɟɜɨɣ�ɚɫɢɦɩɬɨɬɢɤɢ� ɨɤɚɡɵɜɚɸɳɟɣ�ɨɫɧɨɜɧɨɟ�



�� 

ɜɥɢɹɧɢɟ�ɧɚ ɩɨɥɟ�ɧɚɩɪɹɠɟɧɢɣ�ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�ɜɟɪɲɢɧɵ�ɬɪɟɳɢɧɵ�(ɫɦ���

ɧɚɩɪ.,  Bratov and Petrov, 2011): ݀ ൌ ʹ
ቀߨ

ܥܫܭ
ܿߪ

ቁ
ʹ
�� ɝɞɟܭ�ூ஼  - ɤɪɢɬɢɱɟɫɤɢɣ�

ɤɨɷɮɮɢɰɢɟɧɬ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ�� ɯɚɪɚɤɬɟɪɧɵɣ� ɞɥɹ�

ɪɚɡɪɭɲɟɧɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ�� ɉɪɢɦɟɧɹɹ� ɤɪɢɬɟɪɢɣ� ɪɚɡɪɭɲɟɧɢɹ� �1.��� ɤ�

ɚɧɚɥɢɡɭ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɫɥɭɱɚɟ�ɩɨɥɹ�ɧɚɩɪɹɠɟɧɢɣ��ɡɚɞɚɧɧɨɝɨ�ɮɨɪɦɭɥɨɣ�

(1.����ɩɨɥɭɱɢɦ� 

 

തఏߪ ൌ
ଵ
ௗ ׬ ݎሻ݀ݎఏሺߪ ൌ ට ଶ

గௗ
��� ఏ

ଶ
ቂܭூ ���ଶ

ఏ
ଶ
െ ଷ

ଶ
ூூܭ ��� ቃߠ ൅ ௡ߪ ���ଶ ߠ

ௗ
଴ (1.7) 

 

 

1.5 ɇɚɩɪɚɜɥɟɧɢɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɢɧɢɰɢɢɪɨɜɚɧɧɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ 
 

ɇɚɩɪɚɜɥɟɧɢɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧɵ� ɦɨɠɧɨ� ɧɚɣɬɢ� ɤɚɤ�

ɧɚɩɪɚɜɥɟɧɢɟ�� ɞɥɹ� ɤɨɬɨɪɨɝɨ� ɜɵɩɨɥɧɹɟɬɫɹ� ɭɫɥɨɜɢɟ� ɪɚɡɪɭɲɟɧɢɹ� ɞɥɹ�

ɧɚɢɦɟɧɶɲɟɣ�ɜɨɡɦɨɠɧɨɣ�ɚɦɩɥɢɬɭɞɵ�ɪɚɡɪɭɲɚɸɳɟɣ�ɧɚɝɪɭɡɤɢ� 

 

ఏതതതߪ߲
ߠ߲

ൌ Ͳǡ
߲ଶߪఏതതത
ଶߠ߲

൏ Ͳ 

 

ɂɥɢ��ɩɨɞɫɬɚɜɥɹɹ�������ɜ�ɜɵɪɚɠɟɧɢɟ�ɜɵɲɟ� 

 
డఙഇതതതത
డఏ

ൌ ூܭ ��� ଴ߠ ൅ ͵ூூሺܭ ��� ଴ߠ െ ͳሻ െ ଼ఙ೙
ଷ
ξʹ݀ߨ ��� ଴ߠ ���

ఏబ
ଶ
ൌ Ͳ,     (1.8) 

 

ɝɞɟ� ଴ߠ  ɡɚɞɚɫɬ� ɧɚɩɪɚɜɥɟɧɢɟ� ɩɪɨɝɧɨɡɢɪɭɟɦɨɝɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�

ɬɪɟɳɢɧɵ�� Ɋɟɡɭɥɶɬɚɬɵ�� ɩɨɥɭɱɟɧɧɵɟ� ɞɥɹ� ɚɦɩɥɢɬɭɞɵ� ɤɪɢɬɢɱɟɫɤɨɣ�

ɧɚɝɪɭɡɤɢ�ɢ�ɧɚɩɪɚɜɥɟɧɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧɵ��ɦɨɠɧɨ�ɫɪɚɜɧɢɬɶ�



�� 

ɫ� ɧɚɛɥɸɞɚɟɦɵɦɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� �ɫɦ��� ɧɚɩɪ., Matvienko, 2012). 

Ɋɚɫɱɟɬɧɵɣ� ɭɝɨɥ� ɡɚɪɨɠɞɟɧɢɹ� ɬɪɟɳɢɧɵ�ɜ� ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ� ɧɚɱɚɥɶɧɨɝɨ�

ɧɚɤɥɨɧɚ� ɬɪɟɳɢɧɵ� ɞɥɹ� ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ� ɫɠɢɦɚɸɳɢɯ� ɢ�

ɫɞɜɢɝɚɸɳɢɯ� ɧɚɝɪɭɡɨɤ� ɩɪɟɞɫɬɚɜɥɟɧ� ɧɚ� ɪɢɫɭɧɤɟ� 1.��� Ɋɚɡɪɵɜɵ� ɧɚ�

ɝɪɚɮɢɤɟ� ɭɝɥɚ ɡɚɪɨɠɞɟɧɢɹ ɬɪɟɳɢɧɵ�� ɨɛɨɡɧɚɱɟɧɧɵɟ� ɜɟɪɬɢɤɚɥɶɧɨɣ�

ɩɭɧɤɬɢɪɧɨɣ�ɥɢɧɢɟɣ��ɨɛɭɫɥɨɜɥɟɧɵ�ɬɟɦ��ɱɬɨ�ɭɝɨɥ�ɡɚɪɨɠɞɟɧɢɹ�ɞɨɫɬɢɝɚɟɬ 

ɡɧɚɱɟɧɢɹ�ɜ ����ɝɪɚɞɭɫɨɜ� 
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଴ߪ ߬଴ൗ ൌ λ 

 

 

 

 
଴ߪ ߬଴ൗ ൌ ͳ 
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଴ߪ ߬଴ൗ ൌ Ͳ 

 

 

 
଴ߪ ߬଴ൗ ൌ ͳͲ 

 

 

 



�� 

 

 
଴ߪ ߬଴ൗ ൌ ͳȀͳͲ 

 

 

Ɋɢɫɭɧɨɤ 1.4 

 ɍɝɨɥ�ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɬɪɟɳɢɧɵ�ɤɚɤ�ɮɭɧɤɰɢɹ�ɧɚɱɚɥɶɧɨɝɨ�ɭɝɥɚ�

ɨɪɢɟɧɬɚɰɢɢ�ɬɪɟɳɢɧɵ�ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�ɫɨɨɬɧɨɲɟɧɢɣ ߪ଴ ߬଴ൗ . 

 

 

1.6 ȼɵɱɢɫɥɟɧɢɟ� ɭɞɟɥɶɧɨɣ� ɷɧɟɪɝɢɢ�� ɧɟɨɛɯɨɞɢɦɨɣ� ɞɥɹ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɪɚɡɪɭɲɟɧɢɹ 
 

 ȿɫɥɢ� ɫɜɨɣɫɬɜɚ� ɦɚɬɟɪɢɚɥɚ� ɡɚɞɚɧɵ (ɨɩɪɟɞɟɥɟɧɵ ɩɪɟɞɟɥɶɧɨɟ�

ɧɚɩɪɹɠɟɧɢɟ� ɢ� ɤɪɢɬɢɱɟɫɤɢɣ� ɤɨɷɮɮɢɰɢɟɧɬ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ��� ɢɫɩɨɥɶɡɭɹ� ɮɨɪɦɭɥɭ� �1.���� ɞɥɹ� ɤɚɠɞɨɝɨ� ɨɬɧɨɲɟɧɢɹ�
଴ߪ ߬଴ൗ ɦɨɠɧɨ� ɧɚɣɬɢ�ɦɢɧɢɦɚɥɶɧɭɸ� ɚɦɩɥɢɬɭɞɭ� ɧɚɝɪɭɡɤɢ�� ɩɪɢ� ɤɨɬɨɪɨɣ�

ɩɪɨɢɡɨɣɞɟɬ� ɪɚɡɪɭɲɟɧɢɟ ɜ� ɜɟɪɲɢɧɟ� ɬɪɟɳɢɧɵ�� ɉɨɫɥɟ� ɷɬɨɝɨ� ɦɨɠɧɨ�



�� 

ɨɰɟɧɢɬɶ� ɦɢɧɢɦɚɥɶɧɭɸ� ɭɞɟɥɶɧɭɸ� �ɧɚ� ɟɞɢɧɢɰɭ� ɨɛɴɟɦɚ�� ɷɧɟɪɝɢɸ��

ɧɚɤɨɩɥɟɧɧɭɸ� ɜ ɩɥɨɫɤɨɫɬɢ�� ɤ� ɦɨɦɟɧɬɭ�� ɨɬɜɟɱɚɸɳɟɦɭ� ɡɚɪɨɠɞɟɧɢɸ 

ɬɪɟɳɢɧɵ� 

 

E=ߪ௜௝ߝ௜௝ܸ݀ ൌ ቀఙబ
మ

ா
൅ ఛబమ

ீ
ቁ ܸ݀.               (1.9) 

 

ɗɬɚ�ɭɞɟɥɶɧɚɹ�ɷɧɟɪɝɢɹ�ɛɭɞɟɬ�ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ�ɦɢɧɢɦɚɥɶɧɨɦɭ�ɜɤɥɚɞɭ 

ɷɧɟɪɝɢɢ��ɬɪɟɛɭɟɦɨɦɭ�ɞɥɹ�ɫɨɡɞɚɧɢɹ�ɭɫɥɨɜɢɣ��ɧɟɨɛɯɨɞɢɦɵɯ�ɞɥɹ�ɪɨɫɬɚ�

ɫɭɳɟɫɬɜɭɸɳɟɣ� ɬɪɟɳɢɧɵ� ɜ� ɨɛɴɟɦɟ� ɢɫɫɥɟɞɭɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ��

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ� ɩɨɞɯɨɞ� ɦɨɠɟɬ� ɛɵɬɶ� ɩɪɢɦɟɧɟɧ� ɞɥɹ� ɚɧɚɥɢɡɚ�

ɪɚɡɪɭɲɟɧɢɹ�ɪɟɚɥɶɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ��ȼ�ɤɚɱɟɫɬɜɟ�ɦɨɞɟɥɶɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�

ɜɵɛɪɚɧ ɝɪɚɧɢɬ�ɫɨ�ɫɥɟɞɭɸɳɢɦɢ�ɫɜɨɣɫɬɜɚɦɢ��ɦɨɞɭɥɶ�ɘɧɝɚ�E = 50 GPa, 

ɦɨɞɭɥɶ� ɫɞɜɢɝɚ� G = 24e9 Pa�� ɤɪɢɬɢɱɟɫɤɨɟ� ɧɚɩɪɹɠɟɧɢɟ� ɧɚ� ɪɚɡɪɵɜ 

�ɩɪɟɞɟɥɶɧɨɟ� ɧɚɩɪɹɠɟɧɢɟ�� ıɋ = 20e6 Pa�� ɤɪɢɬɢɱɟɫɤɢɣ� ɤɨɷɮɮɢɰɢɟɧɬ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ�KIC = 1.7e6 Pa¥m. ɉɪɢ�ɷɬɨɦ�ɨɱɟɜɢɞɧɨ��ɱɬɨ�

ɩɨɥɭɱɚɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ� ɤɚɱɟɫɬɜɟɧɧɨ ɩɪɢɦɟɧɢɦɵ ɤ� ɲɢɪɨɱɚɣɲɟɦɭ 

ɤɪɭɝɭ� ɪɚɡɥɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ ɢ ɝɨɪɧɵɯ� ɩɨɪɨɞ�� ɇɚ� ɪɢɫɭɧɤɟ� 1.5 

ɩɨɤɚɡɚɧɵ� ɪɚɫɱɟɬɧɵɟ� ɡɚɜɢɫɢɦɨɫɬɢ� ɞɥɹ� ɦɢɧɢɦɚɥɶɧɨɣ� ɭɞɟɥɶɧɨɣ�

ɷɧɟɪɝɢɢ�� ɤɨɬɨɪɭɸ� ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɞɚɬɶ ɦɚɬɟɪɢɚɥɭ�� ɞɥɹ� ɬɨɝɨ� ɱɬɨɛɵ�

ɫɨɡɞɚɬɶ�ɪɚɡɪɭɲɟɧɢɟ ɜ�ɜɟɪɲɢɧɟ�ɫɭɳɟɫɬɜɭɸɳɟɣ�ɧɚɤɥɨɧɧɨɣ�ɬɪɟɳɢɧɵ��

ɗɬɚ� ɭɞɟɥɶɧɚɹ� ɷɧɟɪɝɢɹ� ɩɨɫɬɪɨɟɧɚ ɤɚɤ� ɮɭɧɤɰɢɹ� ɨɪɢɟɧɬɚɰɢɢ�

ɫɭɳɟɫɬɜɭɸɳɟɣ�ɬɪɟɳɢɧɵ�ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�ɫɨɨɬɧɨɲɟɧɢɣߪ�଴ ߬଴ൗ . 

 



�� 

 
 

 
 

 



�� 

 

 
 

Ɋɢɫɭɧɨɤ 1.5 

Ɇɢɧɢɦɚɥɶɧɚɹ�ɭɞɟɥɶɧɚɹ�ɷɧɟɪɝɢɹ (J/m2), ɧɟɨɛɯɨɞɢɦɚɹ�ɞɥɹ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɜɟɪɲɢɧɟ�ɬɪɟɳɢɧɵ, ɤɚɤ�ɮɭɧɤɰɢɹ�

ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ�ɨɪɢɟɧɬɚɰɢɢ�ɬɪɟɳɢɧɵ�ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�

ɫɨɨɬɧɨɲɟɧɢɣߪ�଴ ߬଴ൗ . 

 

ɇɚ�ɪɢɫɭɧɤɟ�1.��ɩɨɤɚɡɚɧɚ�ɦɢɧɢɦɚɥɶɧɚɹ�ɭɞɟɥɶɧɚɹ�ɷɧɟɪɝɢɹ��ɧɟɨɛɯɨɞɢɦɚɹ�

ɞɥɹ� ɢɧɢɰɢɢɪɨɜɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ�� ɤɚɤ� ɮɭɧɤɰɢɹ� ɨɬɧɨɲɟɧɢɹ� ߬଴ ଴ൗߪ  

ɦɟɠɞɭ�ɢɧɬɟɧɫɢɜɧɨɫɬɹɦɢ�ɫɠɢɦɚɸɳɟɣ�ɢ�ɫɞɜɢɝɚɸɳɟɣ�ɧɚɝɪɭɡɤɢ� 

 



�� 

 

Ɋɢɫɭɧɨɤ���� 

Ɇɢɧɢɦɚɥɶɧɚɹ�ɭɞɟɥɶɧɚɹ�ɷɧɟɪɝɢɹ��ɧɟɨɛɯɨɞɢɦɚɹ�ɞɥɹ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɪɚɡɪɭɲɟɧɢɹ��ɤɚɤ�ɮɭɧɤɰɢɹ�ɨɬɧɨɲɟɧɢɹ�߬଴ ଴ൗߪ . 

 

Ɇɢɧɢɦɚɥɶɧɚɹ� ɭɞɟɥɶɧɚɹ� ɷɧɟɪɝɢɹ� ɹɜɥɹɟɬɫɹ� ɜɚɠɧɨɣ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ��

ɫɜɹɡɚɧɧɨɣ� ɫ� ɦɢɧɢɦɚɥɶɧɨ� ɜɨɡɦɨɠɧɨɣ� ɷɧɟɪɝɢɟɣ�� ɧɟɨɛɯɨɞɢɦɨɣ� ɞɥɹ�

ɨɛɪɚɡɨɜɚɧɢɹ�ɬɪɟɳɢɧɵ�ɫ�ɧɚɢɛɨɥɟɟ�ɛɥɚɝɨɩɪɢɹɬɧɨɣ�ɨɪɢɟɧɬɚɰɢɟɣ��ȼ�ɬɨ�

ɠɟ� ɜɪɟɦɹ� ɞɥɹ� ɪɟɚɥɶɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɨɞɧɨɤɪɚɬɧɨɟ� ɜɨɡɞɟɣɫɬɜɢɟ�

ɪɚɡɪɭɲɚɸɳɟɣ� ɦɚɲɢɧɵ ɞɨɥɠɧɨ� ɩɪɢɜɨɞɢɬɶ� ɤ� ɩɪɢɪɚɳɟɧɢɸ� ɞɥɢɧɵ�

ɬɪɟɳɢɧɵ ɞɥɹ ɛɨɥɶɲɨɝɨ�ɤɨɥɢɱɟɫɬɜɚ�ɫɭɳɟɫɬɜɭɸɳɢɯ�ɬɪɟɳɢɧ�ɫ�ɰɟɥɵɦ�

ɫɩɟɤɬɪɨɦ�ɪɚɡɧɵɯ ɨɪɢɟɧɬɚɰɢɣ��Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��ɦɨɠɧɨ�ɜɜɟɫɬɢ�ɟɳɟ�ɨɞɧɭ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ� - ɭɞɟɥɶɧɭɸ�ɷɧɟɪɝɢɸ��ɧɟɨɛɯɨɞɢɦɭɸ�ɞɥɹ�ɩɪɢɪɚɳɟɧɢɹ�

ɞɥɢɧɵ ���� ɫɭɳɟɫɬɜɭɸɳɢɯ� ɬɪɟɳɢɧ� �ɩɪɢ� ɭɫɥɨɜɢɢ� ɪɚɜɧɨɦɟɪɧɨɝɨ�

ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɨɪɢɟɧɬɚɰɢɢ� ɬɪɟɳɢɧ��� ɗɬɨ� ɡɧɚɱɟɧɢɟ� ɛɭɞɟɬ� ɫɜɹɡɚɧɨ� ɫ�

ɷɧɟɪɝɢɟɣ��ɧɟɨɛɯɨɞɢɦɨɣ�ɞɥɹ�ɭɜɟɥɢɱɟɧɢɹ�����ɬɪɟɳɢɧ��ɫɭɳɟɫɬɜɭɸɳɢɯ�

ɜ�ɨɛɴɟɦɟ�ɬɪɟɳɢɧɨɜɚɬɨɣ�ɫɪɟɞɵ��ɇɚ�ɪɢɫɭɧɤɟ�1.��ɩɨɤɚɡɚɧɚ�ɡɚɜɢɫɢɦɨɫɬɶ�

ɷɬɨɣ�ɭɞɟɥɶɧɨɣ�ɷɧɟɪɝɢɢ�ɨɬ�ɨɬɧɨɲɟɧɢɹ�߬଴ ଴ൗߪ . 



�� 

 

 

 

Ɋɢɫɭɧɨɤ���7 

ɍɞɟɥɶɧɚɹ�ɷɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ�ɞɥɹ�ɢɧɢɰɢɢɪɨɜɚɧɢɹ�

ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɜɟɪɲɢɧɚɯ�30% ɫɭɳɟɫɬɜɭɸɳɢɯ�ɬɪɟɳɢɧ 

(ɩɪɟɞɩɨɥɚɝɚɹ�ɪɚɜɧɨɦɟɪɧɨɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɨɪɢɟɧɬɚɰɢɣ�

ɫɭɳɟɫɬɜɭɸɳɢɯ�ɬɪɟɳɢɧ) ɤɚɤ�ɮɭɧɤɰɢɹ�ɨɬɧɨɲɟɧɢɹ ߬଴ ଴ൗߪ Ǥ  

 

 

1.7 ȼɵɜɨɞɵ 
 

 Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɪɢɫɭɧɤɨɜ� 1.�� ɢ� 1.��� ɩɨɩɵɬɤɚ� ɢɧɢɰɢɢɪɨɜɚɬɶ�

ɪɚɡɪɭɲɟɧɢɟ� ɜ� ɜɟɪɲɢɧɟ� ɫɭɳɟɫɬɜɭɸɳɟɣ� ɬɪɟɳɢɧɵ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�

ɱɢɫɬɨ� ɫɠɢɦɚɸɳɟɣ� ɧɚɝɪɭɡɤɢ� ɹɜɥɹɟɬɫɹ� ɧɚɢɦɟɧɟɟ� ɷɧɟɪɝɟɬɢɱɟɫɤɢ�

ɜɵɝɨɞɧɨɣ� ɢɡ� ɜɫɟɯ� ɪɚɫɫɦɨɬɪɟɧɧɵɯ� ɜɨɡɦɨɠɧɨɫɬɟɣ� ɧɚɝɪɭɠɟɧɢɹ��

Ⱦɨɛɚɜɥɟɧɢɟ� ɫɞɜɢɝɚɸɳɟɝɨ� ɤɨɦɩɨɧɟɧɬɚ� ɤ� ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚɝɪɭɡɤɟ�



�� 

ɩɪɢɜɨɞɢɬ� ɤ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɫɧɢɠɟɧɢɸ� ɷɧɟɪɝɢɢ�� ɧɟɨɛɯɨɞɢɦɨɣ� ɞɥɹ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɜɟɪɲɢɧɟ�ɫɭɳɟɫɬɜɭɸɳɟɣ�ɬɪɟɳɢɧɵ��Ⱦɥɹ�

ɨɬɧɨɲɟɧɢɹ�߬଴ ଴ൗߪ ൎ ͳ �ɚɦɩɥɢɬɭɞɚ� ɫɠɢɦɚɸɳɟɣ� ɢ� ɫɞɜɢɝɚɸɳɟɣ� ɧɚɝɪɭɡɨɤ�

ɩɪɢɦɟɪɧɨ� ɪɚɜɧɵ�� ɬɪɟɛɭɟɦɚɹ� ɷɧɟɪɝɢɹ� ɫɧɢɠɚɟɬɫɹ� ɩɨɱɬɢ� ɜ� �� ɪɚɡ��

Ⱦɚɥɶɧɟɣɲɟɟ� ɭɜɟɥɢɱɟɧɢɟ� ɚɦɩɥɢɬɭɞɵ� ɫɞɜɢɝɚɸɳɟɣ� ɧɚɝɪɭɡɤɢ� ɧɟ�

ɩɪɢɜɨɞɢɬ� ɤ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɫɧɢɠɟɧɢɸ� ɦɢɧɢɦɚɥɶɧɨɣ� ɷɧɟɪɝɢɢ��

ɧɟɨɛɯɨɞɢɦɨɣ� ɞɥɹ� ɫɨɡɞɚɧɢɹ ɪɚɡɪɭɲɟɧɢɹ ɜ� ɜɟɪɲɢɧɟ� ɢɦɟɸɳɢɣɫɹ�

ɬɪɟɳɢɧɵ� 

 

ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɤɚɱɟɫɬɜɟɧɧɨ� ɫɨɜɩɚɞɚɸɬ� ɫ� ɧɚɛɥɸɞɚɟɦɵɦɢ�

ɷɮɮɟɤɬɚɦɢ��ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɛɵɥɨ� ɩɨɤɚɡɚɧɨ� �9DLVEHUJ� HW� DO��������

ɱɬɨ� ɞɨɛɚɜɥɟɧɢɟ� ɫɞɜɢɝɨɜɨɝɨ� ɤɨɦɩɨɧɟɧɬɚ� ɤ� ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚɝɪɭɡɤɟ�

ɩɪɢɜɨɞɢɬ� ɤ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɫɧɢɠɟɧɢɸ ɷɧɟɪɝɢɢ�� ɩɨɬɪɟɛɥɹɟɦɨɣ�

ɩɪɨɰɟɫɫɚɦɢ� ɢɡɦɟɥɶɱɟɧɢɹ� ɢ� ɮɪɚɝɦɟɧɬɚɰɢɢ� ɝɨɪɧɵɯ� ɩɨɪɨɞ� ɢ� ɞɪɭɝɢɯ�

ɤɜɚɡɢɯɪɭɩɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ� ɜ� ɪɚɛɨɬɟ ɪɟɡɭɥɶɬɚɬɵ�

ɦɨɝɭɬ� ɛɵɬɶ� ɩɪɢɦɟɧɟɧɵ� ɞɥɹ� ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ� ɨɩɬɢɦɚɥɶɧɵɯ�

ɩɚɪɚɦɟɬɪɨɜ� ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ� ɞɥɹ� ɩɪɨɦɵɲɥɟɧɧɵɯ� ɭɫɬɪɨɣɫɬɜ��

ɪɚɛɨɬɚɸɳɢɯ� ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɢ� ɮɪɚɝɦɟɧɬɚɰɢɢ� ɤɜɚɡɢɯɪɭɩɤɢɯ�

ɦɚɬɟɪɢɚɥɨɜ�� 

 

ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɧɵɣ� ɷɮɮɟɤɬ� ɩɨɥɭɱɟɧ� ɜ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ�

ɭɫɥɨɜɢɹɯ� ɞɥɹ� ɨɞɢɧɨɱɧɨɣ� ɬɪɟɳɢɧɵ� ɜ� ɛɟɫɤɨɧɟɱɧɨɣ� ɩɥɨɫɤɨɫɬɢ��

Ɋɟɚɥɶɧɵɟ� ɝɨɪɧɵɟ� ɩɨɪɨɞɵ� ɫɨɞɟɪɠɚɬ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ� ɬɪɟɳɢɧɵ� ɫ�

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ�ɪɚɡɦɟɪɨɜ�ɢ�ɨɪɢɟɧɬɚɰɢɣ��ɤɨɬɨɪɵɟ�ɦɨɠɧɨ�ɢɫɫɥɟɞɨɜɚɬɶ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� �ɧɚɩɪɢɦɟɪ�� ɫ� ɩɨɦɨɳɶɸ� ɪɟɧɬɝɟɧɨɜɫɤɨɣ�

ɤɨɦɩɶɸɬɟɪɧɨɣ�ɬɨɦɨɝɪɚɮɢɢ���Ɍɚɤɠɟ�ɩɨɤɚ�ɨɫɬɚɟɬɫɹ�ɨɬɤɪɵɬɵɦ�ɜɨɩɪɨɫ��

ɞɟɣɫɬɜɢɬɟɥɶɧɨ� ɥɢ� ɞɢɧɚɦɢɱɟɫɤɢɟ� �ɢɧɟɪɰɢɨɧɧɵɟ�� ɷɮɮɟɤɬɵ�

ɫɭɳɟɫɬɜɟɧɧɨ� ɜɥɢɹɸɬ� ɧɚ� ɪɚɡɪɭɲɟɧɢɟ� ɢ� ɩɪɨɱɧɨɫɬɶ� ɩɪɨɦɵɲɥɟɧɧɨ�

ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ� ɝɨɪɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� Ⱦɚɥɶɧɟɣɲɢɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜ�
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ɷɬɨɣ� ɨɛɥɚɫɬɢ� ɞɨɥɠɧɵ� ɜɤɥɸɱɚɬɶ� ɤɚɤ� ɚɧɚɥɢɡ� ɦɚɫɫɢɜɚ� ɬɪɟɳɢɧ� ɫ�

ɪɚɡɥɢɱɧɵɦɢ� ɪɚɡɦɟɪɚɦɢ� ɢ� ɨɪɢɟɧɬɚɰɢɹɦɢ�� ɬɚɤ� ɢ� ɢɡɭɱɟɧɢɟ�

ɞɢɧɚɦɢɱɟɫɤɢɯ�ɡɚɞɚɱ��ɭɱɢɬɵɜɚɸɳɢɯ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɜɨɥɧ�ɢ�ɷɮɮɟɤɬɵ�

ɢɧɟɪɰɢɢ�  

 

ȼ�ɫɥɟɞɭɸɳɟɣ�ɝɥɚɜɟ�ɢɫɫɥɟɞɭɟɬɫɹ�ɡɚɞɚɱɚ�ɨɛ�ɨɩɬɢɦɢɡɚɰɢɢ�ɷɧɟɪɝɨɡɚɬɪɚɬ�

ɧɚ� ɪɚɡɪɭɲɟɧɢɟ� ɩɪɢ� ɜɨɡɞɟɣɫɬɜɢɢ� ɧɚ� ɬɟɥɨ� ɫ� ɬɪɟɳɢɧɨɣ� ɞɢɧɚɦɢɱɟɫɤɨɣ�

ɭɞɚɪɧɨɣ�ɧɚɝɪɭɡɤɨɣ�� 
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Ƚɥɚɜɚ 2 

 Ɉɩɬɢɦɢɡɚɰɢɹ�ɷɧɟɪɝɨɡɚɬɪɚɬ�ɧɚ�ɪɚɡɪɭɲɟɧɢɟ�

ɦɚɬɟɪɢɚɥɨɜ�ɩɪɢ�ɢɦɩɭɥɶɫɧɵɯ�ɜɨɡɞɟɣɫɬɜɢɹɯ: 

ɢɫɫɥɟɞɨɜɚɧɢɟ�ɨɩɬɢɦɚɥɶɧɵɯ�ɮɨɪɦ�ɭɞɚɪɧɵɯ 

ɪɚɡɪɭɲɚɸɳɢɯ�ɜɨɡɞɟɣɫɬɜɢɣ 
 

 

2.1 ȼɜɟɞɟɧɢɟ�ɢ�ɨɛɡɨɪ�ɥɢɬɟɪɚɬɭɪɵ 
 

 ȼ� ɝɥɚɜɟ� �� ɪɚɫɫɦɨɬɪɟɧɚ� ɫɬɚɬɢɱɟɫɤɚɹ� ɡɚɞɚɱɚ� ɨɛ� ɢɧɢɰɢɢɪɨɜɚɧɢɢ�

ɢɦɟɸɳɟɣɫɹ� ɬɪɟɳɢɧɵ� ɜ�ɩɨɥɭɩɥɨɫɤɨɫɬɢ��Ɉɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɫɨɱɟɬɚɧɢɟ�

ɫɠɢɦɚɸɳɟɣ� ɢ� ɫɞɜɢɝɚɸɳɟɣ� ɧɚɝɪɭɡɤɢ� ɩɪɢɜɨɞɢɬ� ɤ� ɡɧɚɱɢɬɟɥɶɧɨ�

ɦɟɧɶɲɢɦ� ɡɚɬɪɚɬɚɦ� ɷɧɟɪɝɢɢ� ɧɚ� ɫɨɡɞɚɧɢɟ� ɬɪɟɳɢɧɵ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ�

ɷɧɟɪɝɢɹɦɢ�� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ� ɱɢɫɬɨ� ɫɠɢɦɚɸɳɟɣ� ɧɚɝɪɭɡɤɟ� Ɂɚɞɚɱɚ�

ɡɧɚɱɢɬɟɥɶɧɨ� ɭɫɥɨɠɧɹɟɬɫɹ� ɜ� ɫɥɭɱɚɟ�� ɤɨɝɞɚ� ɧɟɨɛɯɨɞɢɦɨ� ɢɫɫɥɟɞɨɜɚɬɶ�

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ� ɢɦɟɸɳɟɝɨɫɹ� ɜ� ɦɚɬɟɪɢɚɥɟ� ɞɟɮɟɤɬɚ� �ɬɪɟɳɢɧɵ�� ɫ�

ɧɚɛɟɝɚɸɳɟɣ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɜɨɥɧɨɣ� Ɍɚɤɨɦɭ� ɫɥɭɱɚɸ�� ɜ� ɱɚɫɬɧɨɫɬɢ��

ɫɨɨɬɜɟɬɫɬɜɭɸɬ�ɩɪɨɦɵɲɥɟɧɧɵɟ�ɩɪɨɰɟɫɫɵ�ɩɟɪɟɪɚɛɨɬɤɢ�ɢ�ɢɡɦɟɥɶɱɟɧɢɹ�

ɝɨɪɧɵɯ�ɩɨɪɨɞ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɭɞɚɪɧɵɯ�ɢ�ɜɡɪɵɜɧɵɯ�

ɧɚɝɪɭɡɨɤ�� ɋɥɨɠɧɨɫɬɢ� ɫɜɹɡɚɧɵ� ɤɚɤ� ɫ� ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ� ɪɟɲɟɧɢɹ�

ɜɨɥɧɨɜɨɣ� ɡɚɞɚɱɢ� ɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� ɜɨɥɧɵ� ɫ� ɬɪɟɳɢɧɨɣ�� ɬɚɤ� ɢ� ɫ�

ɜɵɛɨɪɨɦ� ɤɪɢɬɟɪɢɹ� ɪɚɡɪɭɲɟɧɢɹ�� ɩɪɢɦɟɧɢɦɨɝɨ� ɞɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ�

ɭɫɥɨɜɢɣ�� ɩɪɢ� ɤɨɬɨɪɵɯ� ɩɪɨɢɡɨɣɞɟɬ� ɩɪɢɪɚɳɟɧɢɟ� ɞɥɢɧɵ� ɢɦɟɸɳɟɣɫɹ�

ɬɪɟɳɢɧɵ�� ɇɟɬ� ɜɨɡɦɨɠɧɨɫɬɢ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ� ɨ�

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� ɧɚɛɟɝɚɸɳɟɣ� ɜɨɥɧɵ� ɫ� ɤɨɧɟɱɧɨɣ� ɬɪɟɳɢɧɨɣ� ɜ�
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ɩɥɨɫɤɨɫɬɢ�� Ʉɪɨɦɟ ɬɨɝɨ�� ɤɚɤ� ɫɥɟɞɭɟɬ� ɢɡ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ� ɢɡɜɟɫɬɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ� (ɫɦ�, ɧɚɩɪ�� Morozov and Petrov 

2000), ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɟ� ɤɪɢɬɟɪɢɢ� ɪɚɡɪɭɲɟɧɢɹ, ɨɛɫɭɠɞɚɟɦɵɟ� ɢ�

ɩɪɢɦɟɧɟɧɧɵɟ�ɜ� ɝɥɚɜɟ� �� ɞɥɹ�ɨɰɟɧɤɢ� ɭɫɥɨɜɢɣ�ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɜɟɪɲɢɧɟ�

ɬɪɟɳɢɧɵ, ɧɟ� ɩɪɢɦɟɧɢɦɵ� ɞɥɹ� ɞɢɧɚɦɢɱɟɫɤɢ� ɦɟɧɹɸɳɟɝɨɫɹ�

ɧɚɩɪɹɠɟɧɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ� ɜ� ɨɤɪɟɫɬɧɨɫɬɢ� ɜɟɪɲɢɧɵ� ɢɦɟɸɳɟɣɫɹ�

ɬɪɟɳɢɧɵ��Ɂɚɞɚɱɭ�ɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɜɨɥɧɨɜɨɝɨ�ɮɪɨɧɬɚ�

ɫ� ɢɦɟɸɳɟɣɫɹ� ɬɪɟɳɢɧɨɣ� ɧɟɨɛɯɨɞɢɦɨ� ɪɟɲɚɬɶ� ɱɢɫɥɟɧɧɨ�� ɧɚɩɪɢɦɟɪ�� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ�� ɪɟɲɚɸɳɟɝɨ�

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ� ɭɪɚɜɧɟɧɢɹ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ��

Ʉɪɨɦɟ� ɬɨɝɨ�� ɱɢɫɥɟɧɧɨɟ� ɪɟɲɟɧɢɟ� ɧɟɨɛɯɨɞɢɦɨ� ɞɨɩɨɥɧɢɬɶ� ɤɪɢɬɟɪɢɟɦ�

ɪɚɡɪɭɲɟɧɢɹ�� ɩɪɢɦɟɧɢɦɵɦ� ɞɥɹ� ɨɰɟɧɤɢ� ɦɨɦɟɧɬɚ� ɢɧɢɰɢɢɪɨɜɚɧɢɹ�

ɬɪɟɳɢɧɵ� ɜ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɫɪɟɞɚɯ� ɩɪɢ� ɞɢɧɚɦɢɱɟɫɤɨɦ� ɭɞɚɪɧɨɦ�

ɧɚɝɪɭɠɟɧɢɢ��ȼ�ɤɚɱɟɫɬɜɟ�ɬɚɤɨɝɨ�ɤɪɢɬɟɪɢɹ�ɞɚɥɟɟ�ɛɭɞɟɬ�ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɩɪɟɞɥɨɠɟɧɧɵɣ� ɘ�ȼ�� ɉɟɬɪɨɜɵɦ� ɢ� ɇ�Ɏ�� Ɇɨɪɨɡɨɜɵɦ� ɤɪɢɬɟɪɢɣ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�(Petrov 1991, Morozov 

and Petrov 1994), ɯɨɪɨɲɨ�ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɣ�ɫɟɛɹ�ɞɥɹ�ɩɪɟɞɫɤɚɡɚɧɢɹ�

ɦɨɦɟɧɬɚ� ɢɧɢɰɢɢɪɨɜɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɫɪɟɞɚɯ� ɩɨɞ�

ɞɟɣɫɬɜɢɟɦ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɭɞɚɪɧɵɯ�ɢ�ɜɡɪɵɜɧɵɯ�ɧɚɝɪɭɡɨɤ�  

 

ȼ�ɫɥɟɞɭɸɳɢɯ�ɩɚɪɚɝɪɚɮɚɯ�ɜɜɟɞɟɦ�ɨɫɧɨɜɧɵɟ�ɩɨɧɹɬɢɹ�ɢ�ɮɨɪɦɭɥɢɪɨɜɤɢ�

ɩɨɞɯɨɞɚ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɜ�ɦɟɯɚɧɢɤɟ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�ɢ�

ɨɛɫɭɞɢɦ�ɫɨɜɦɟɫɬɧɨɟ�ɩɪɢɦɟɧɟɧɢɟ�ɬɚɤɨɝɨ�ɩɨɞɯɨɞɚ�ɫ�ɦɟɬɨɞɨɦ�ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ�� ɪɟɲɚɸɳɢɦ� ɞɢɧɚɦɢɱɟɫɤɭɸ� ɜɨɥɧɨɜɭɸ� ɡɚɞɚɱɭ� ɥɢɧɟɣɧɨɣ�

ɬɟɨɪɢɢ�ɭɩɪɭɝɨɫɬɢ. 
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2.2 Ʉɪɢɬɟɪɢɣ� ɪɚɡɪɭɲɟɧɢɹ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɝɟɬɟɪɨɝɟɧɧɵɯ�

ɦɚɬɟɪɢɚɥɨɜ�ɩɪɢ�ɜɨɡɞɟɣɫɬɜɢɢ�ɞɢɧɚɦɢɱɟɫɤɢɦɢ�ɭɞɚɪɧɵɦɢ�

ɢ�ɜɡɪɵɜɧɵɦɢ�ɧɚɝɪɭɡɤɚɦɢ 
 

Ⱦɚɥɟɟ� ɛɭɞɟɬ ɨɛɫɭɠɞɚɬɶɫɹ� ɤɪɢɬɟɪɢɣ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ�

ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɭɫɥɨɜɢɣ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɜ�

ɞɢɧɚɦɢɱɟɫɤɢ� ɧɚɝɪɭɠɚɟɦɨɦ� ɦɚɬɟɪɢɚɥɟ�� ɉɨɞɯɨɞ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ�ɬɚɤɠɟ�ɦɨɠɟɬ�ɩɪɢɦɟɧɹɬɶɫɹ�ɞɥɹ�ɩɪɟɞɫɤɚɡɚɧɢɹ�ɲɢɪɨɤɨɝɨ�ɤɪɭɝɚ�

ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ �ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ��ɞɢɧɚɦɢɱɟɫɤɨɣ�ɩɥɚɫɬɢɱɧɨɫɬɢ��ɮɚɡɨɜɵɯ�ɩɪɟɜɪɚɳɟɧɢɣ�ɩɨɞ�

ɞɟɣɫɬɜɢɟɦ� ɢɧɬɟɧɫɢɜɧɵɯ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ�

ɧɚɝɪɭɡɨɤ�� ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ� ɩɪɨɛɨɹ�� ɤɚɜɢɬɚɰɢɢ� ɢ� ɬ�ɞ���� ɂɡɧɚɱɚɥɶɧɨ�

ɩɨɞɯɨɞ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɛɵɥ� ɩɪɟɞɥɨɠɟɧ� ɜ� ɪɚɛɨɬɚɯ� (Petrov 

1991, Morozov and Petrov 1994) ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ�

ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɬɜɟɪɞɵɯ�ɬɟɥɚɯ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�ɩɪɢɥɨɠɟɧɧɵɯ�

ɞɢɧɚɦɢɱɟɫɤɢɯ�ɭɞɚɪɧɵɯ�ɧɚɝɪɭɡɨɤ��Ɉɬɦɟɬɢɦ�ɜɚɠɧɟɣɲɭɸ�ɨɫɨɛɟɧɧɨɫɬɶ 

ɤɪɢɬɟɪɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ�� ɞɚɧɧɵɣ�

ɩɨɞɯɨɞ ɨɛɟɫɩɟɱɢɜɚɟɬ�ɤɨɪɪɟɤɬɧɵɣ�ɩɟɪɟɯɨɞ�ɤ�ɫɬɚɬɢɱɟɫɤɨɣ�ɫɢɬɭɚɰɢɢ�ɫ�

ɦɟɞɥɟɧɧɨ� ɞɟɣɫɬɜɭɸɳɢɦɢ� ɧɚɝɪɭɡɤɚɦɢ�� ɬɪɚɧɫɮɨɪɦɢɪɭɹɫɶ� ɜ� ɷɬɨɦ�

ɫɥɭɱɚɟ� ɜ� ɤɥɚɫɫɢɱɟɫɤɢɟ� ɤɪɢɬɟɪɢɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� �ɤɪɢɬɟɪɢɣ�

ɤɪɢɬɢɱɟɫɤɨɝɨ� ɧɚɩɪɹɠɟɧɢɹ� ɜ� ɫɥɭɱɚɟ� ɪɚɡɪɭɲɟɧɢɹ� ɢɡɧɚɱɚɥɶɧɨ�

ɛɟɡɞɟɮɟɤɬɧɵɯ� ɫɪɟɞ�� ɥɢɛɨ� ɤɪɢɬɟɪɢɣ� ɤɪɢɬɢɱɟɫɤɨɝɨ� ɤɨɷɮɮɢɰɢɟɧɬɚ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ�ɞɥɹ�ɫɥɭɱɚɹ�ɪɚɡɪɭɲɟɧɢɹ�ɬɟɥ�ɫ�ɬɪɟɳɢɧɚɦɢ�. 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɧɟɬ� ɩɨɬɪɟɛɧɨɫɬɢ� ɜ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɪɚɡɥɢɱɧɵɯ�

ɤɪɢɬɟɪɢɟɜ�ɞɥɹ�ɩɪɟɞɫɤɚɡɚɧɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�©ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɣª�ɥɢɛɨ�

©ɞɢɧɚɦɢɱɟɫɤɨɣª� ɫɢɬɭɚɰɢɢ�� Ɉɬɩɚɞɚɟɬ� ɢ� ɫɚɦɚ� ɧɟɨɛɯɨɞɢɦɨɫɬɶ�

ɪɚɡɞɟɥɟɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɧɚ� ©ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɟª� ɢ� ©ɞɢɧɚɦɢɱɟɫɤɨɟª��

ɯɨɬɹ� ɢɦɟɧɧɨ� ɢɞɟɹ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɞɚɟɬ� ɟɫɬɟɫɬɜɟɧɧɭɸ�

ɜɨɡɦɨɠɧɨɫɬɶ�ɬɚɤɨɝɨ�ɪɚɡɞɟɥɟɧɢɹ� 



�� 

 

ȼ�ɲɢɪɨɤɨɦ�ɪɹɞɟ�ɩɨɫɥɟɞɭɸɳɢɯ�ɪɚɛɨɬ��ɫɦ���ɧɚɩɪ���Morozon and Petrov 

2000, Petrov et al. 2003, Petrov 2004, Petrov and Sitnikova 2004, Bratov 

and Petrov 2007, Bratov 2021��ɚɜɬɨɪɵ��ɦɨɞɟɥɢɪɭɹ�ɭɫɥɨɜɢɹ�ɪɚɡɥɢɱɧɵɯ�

ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɧɚ�ɞɢɧɚɦɢɱɟɫɤɨɟ�ɪɚɡɪɭɲɟɧɢɟ��ɞɨɤɚɡɚɥɢ�ɩɪɢɦɟɧɢɦɨɫɬɶ�

ɩɪɟɞɥɨɠɟɧɧɨɝɨ� ɩɨɞɯɨɞɚ� ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɭɫɥɨɜɢɣ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɯɪɭɩɤɢɯ� ɬɟɥ�� ȼ� ɷɬɢɯ� ɠɟ� ɪɚɛɨɬɚɯ� ɞɥɹ�

ɲɢɪɨɤɨɝɨ� ɤɪɭɝɚ� ɦɚɬɟɪɢɚɥɨɜ� ɛɵɥɚ� ɨɩɪɟɞɟɥɟɧɚ� ɜɜɟɞɟɧɧɚɹ�

ɦɚɬɟɪɢɚɥɶɧɚɹ� ɤɨɧɫɬɚɧɬɚ�� ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ� ɜɪɟɦɟɧɧɭɸ� ɩɪɨɱɧɨɫɬɶ�

ɪɚɡɪɭɲɚɟɦɨɣ�ɫɪɟɞɵ��ɢɧɤɭɛɚɰɢɨɧɧɨɟ�ɜɪɟɦɹ�ɩɪɨɰɟɫɫɚ�ɪɚɡɪɭɲɟɧɢɹ� 

 

ɉɪɢ� ɪɟɲɟɧɢɢ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɡɚɞɚɱ� ɭɩɪɭɝɨɫɬɢ� ɨɫɨɛɭɸ� ɜɚɠɧɨɫɬɶ�

ɩɪɢɨɛɪɟɬɚɸɬ�ɱɢɫɥɟɧɧɵɟ�ɦɟɬɨɞɵ��ɗɬɨ�ɜ�ɩɟɪɜɭɸ�ɨɱɟɪɟɞɶ�ɫɜɹɡɚɧɨ�ɫ�ɬɟɦ��

ɱɬɨ ɜ�ɩɨɞɚɜɥɹɸɳɟɦ�ɛɨɥɶɲɢɧɫɬɜɟ� ɫɥɭɱɚɟɜ�ɨɬɫɭɬɫɬɜɭɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ�

ɩɨɫɬɪɨɟɧɢɹ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɪɟɲɟɧɢɹ� ɩɨɫɬɚɜɥɟɧɧɨɣ� ɞɢɧɚɦɢɱɟɫɤɨɣ�

ɡɚɞɚɱɢ��ɉɪɢ�ɩɟɪɟɯɨɞɟ�ɤ�ɢɡɭɱɟɧɢɸ�ɷɜɨɥɸɰɢɢ��ɪɚɡɜɢɬɢɹ�ɢ�ɨɫɬɚɧɨɜɤɢ��

ɪɚɡɪɭɲɟɧɢɹ� ɩɪɚɤɬɢɱɟɫɤɚɹ� ɜɨɡɦɨɠɧɨɫɬɶ� ɩɨɫɬɪɨɟɧɢɹ� ɚɧɚɥɢɬɢɱɟɫɤɢɯ�

ɪɟɲɟɧɢɣ�� ɜɨɨɛɳɟ� ɝɨɜɨɪɹ�� ɨɬɫɭɬɫɬɜɭɟɬ�� Ɍɟɨɪɟɬɢɱɟɫɤɢɣ� ɚɧɚɥɢɡ�

ɧɟɥɢɧɟɣɧɵɯ� ɷɮɮɟɤɬɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ� ɜ� ɡɚɞɚɱɚɯ� ɞɢɧɚɦɢɤɢ� ɬɪɟɳɢɧ, 

ɩɪɟɞɥɨɠɟɧ�ɜ�ɪɚɛɨɬɟ�(Naimark and Uvarov 2004). 

 

ȼ�ɩɨɫɥɟɞɧɟɟ�ɜɪɟɦɹ�ɪɚɡɪɚɛɨɬɚɧ�ɩɨɞɯɨɞ��ɩɨɡɜɨɥɹɸɳɢɣ�ɢɧɬɟɝɪɢɪɨɜɚɬɶ�

ɤɪɢɬɟɪɢɣ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɜ� ɱɢɫɥɟɧɧɵɟ� ɫɯɟɦɵ� ɧɚ� ɨɫɧɨɜɟ�

ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ� �ɫɦ��� ɧɚɩɪ��� Bratov and Petrov 2007a, 

2007b, 2007c��� ɂɫɩɨɥɶɡɭɹ� ɞɚɧɧɵɣ� ɩɨɞɯɨɞ�� ɛɵɥɨ� ɩɪɨɜɟɞɟɧɨ�

ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɧɟɫɤɨɥɶɤɢɯ� ɢɡɜɟɫɬɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɩɨ� ɭɞɚɪɧɨɦɭ�

ɪɚɡɪɭɲɟɧɢɸ� �Bratov and Petrov 2007c, Bratov et al. 2008)�� ȼ� ɷɬɢɯ�

ɪɚɛɨɬɚɯ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɤɪɢɬɟɪɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ�� ɜɧɟɞɪɟɧɧɨɝɨ� ɜ� ɦɟɬɨɞ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ�� ɩɨɡɜɨɥɹɟɬ� ɫ�



�� 

ɯɨɪɨɲɟɣ�ɬɨɱɧɨɫɬɶɸ�ɩɪɟɞɫɤɚɡɵɜɚɬɶ�ɜɨɡɧɢɤɧɨɜɟɧɢɟ��ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�

ɢ�ɨɫɬɚɧɨɜɤɭ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�� 

 

 

2.3 Ʉɪɢɬɟɪɢɣ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɞɥɹ�ɩɪɢɦɟɧɟɧɢɹ�

ɫɨɜɦɟɫɬɧɨ�ɫ�ɦɟɬɨɞɨɦ�ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ 
 

 Ʉɪɢɬɟɪɢɣ�ɞɥɹ�ɨɰɟɧɤɢ�ɭɫɥɨɜɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɬɨɱɤɟ�x ɜ�ɦɨɦɟɧɬ�

ɜɪɟɦɟɧɢ�t ɡɚɩɢɫɵɜɚɟɬɫɹ�ɜ�ɜɢɞɟ��Petrov and Morozov 1994, Morozov and 

Petrov 2000, Petrov et al. 2003): 

 

ଵ
ఛ
ଵ
ௗ ׬

௫
௫ିௗ ׬ ɐሺݔᇱǡ ԢݐԢ݀ݔԢሻ݀ݐ ൒ ௖ߪ

௧
୲ିத ,                                                 (2.1) 

 

ɝɞɟ� W - ɢɧɤɭɛɚɰɢɨɧɧɨɟ� ɜɪɟɦɹ� ɪɚɡɪɭɲɟɧɢɹ� ± ɩɚɪɚɦɟɬɪ��

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ� ɨɬɤɥɢɤ� ɪɚɡɪɭɲɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ� ɧɚ� ɞɢɧɚɦɢɱɟɫɤɢ�

ɩɪɢɤɥɚɞɵɜɚɟɦɵɟ�ɧɚɝɪɭɡɤɢ��ɬ�ɟ��W ɹɜɥɹɟɬɫɹ�ɤɨɧɫɬɚɧɬɨɣ�ɞɥɹ�ɜɵɛɪɚɧɧɨɝɨ�

ɦɚɬɟɪɢɚɥɚ�ɢ�ɧɟ� ɡɚɜɢɫɢɬ�ɨɬ� ɝɟɨɦɟɬɪɢɢ�ɨɛɪɚɡɰɚ�� ɫɩɨɫɨɛɚ�ɩɪɢɥɨɠɟɧɢɹ�

ɧɚɝɪɭɡɤɢ��ɜɪɟɦɟɧɧɨɣ�ɮɨɪɦɵ�ɢ�ɚɦɩɥɢɬɭɞɵ�ɢɦɩɭɥɶɫɚ�ɜɨɡɞɟɣɫɬɜɢɹ���d 

ɢɦɟɟɬ� ɫɦɵɫɥ� ɯɚɪɚɤɬɟɪɧɨɝɨ� ɪɚɡɦɟɪɚ� ɪɚɡɪɭɲɟɧɢɹ� ɢ� ɡɚɜɢɫɢɬ� ɨɬ�

ɜɵɛɪɚɧɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɢ�ɦɚɫɲɬɚɛɧɨɝɨ�ɭɪɨɜɧɹ��ɧɚ�ɤɨɬɨɪɨɦ�ɩɪɨɜɨɞɢɬɫɹ�

ɷɤɫɩɟɪɢɦɟɧɬ��ɐ - ɧɚɩɪɹɠɟɧɢɟ� ɜ� ɬɨɱɤɟ�� ɦɟɧɹɸɳɟɟɫɹ� ɜɨ� ɜɪɟɦɟɧɢߪ��௖ - 

ɟɝɨ� ɤɪɢɬɢɱɟɫɤɨɟ� ɡɧɚɱɟɧɢɟ� ɜ� ɭɫɥɨɜɢɹɯ� ɫɬɚɬɢɤɢ�� ɯɚɪɚɤɬɟɪɧɨɟ� ɞɥɹ�

ɢɫɫɥɟɞɭɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɢ�ɜɵɛɪɚɧɧɨɝɨ�ɦɚɫɲɬɚɛɧɨɝɨ�ɭɪɨɜɧɹ��[¶ ɢ�W¶ - 

ɥɨɤɚɥɶɧɵɟ�ɤɨɨɪɞɢɧɚɬɚ�ɢ�ɜɪɟɦɹ� 

 

ɉɨɥɚɝɚɹ��ɱɬɨ: 

 



�� 

�݀ ൌ ʹ
ߨ ቀ

ܥܫܭ
ܿߪ
ቁ
ʹ
,                                                                                  (2.2) 

 

ɝɞɟ�KIC ± ɤɪɢɬɢɱɟɫɤɢɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ�ɞɥɹ�

ɬɪɟɳɢɧ�� ɧɚɝɪɭɠɚɟɦɵɯ� ɩɨ� ɦɨɞɟ� ,�� ɦɨɠɧɨ� ɩɨɤɚɡɚɬɶ�� ɱɬɨ� ɜ� ɪɚɦɤɚɯ�

ɥɢɧɟɣɧɨɣ�ɦɟɯɚɧɢɤɢ�ɪɚɡɪɭɲɟɧɢɹ��2.���ɜ�ɫɥɭɱɚɟ�ɬɪɟɳɢɧ��ɧɚɝɪɭɠɚɟɦɵɯ�

ɩɨ�ɦɨɞɟ�,��ɫɬɚɧɨɜɢɬɫɹ�ɷɤɜɢɜɚɥɟɧɬɧɨ: 

 

ଵ
ఛ ׬ ԢݐԢሻ݀ݐ஁ሺܭ ൒ ஁େܭ

௧
୲ିத .                                                                     (2.3) 

 

ɍɫɥɨɜɢɟ� �2.��� ɜɨɡɧɢɤɚɟɬ� ɢɡ� ɬɪɟɛɨɜɚɧɢɹ� ɫɨɨɬɜɟɬɫɬɜɢɹ� ɤɪɢɬɟɪɢɹ� �2.3) 

ɤɥɚɫɫɢɱɟɫɤɨɦɭ�ɭɫɥɨɜɢɸ�ɤɪɢɬɢɱɟɫɤɨɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ��KI  KIC ���ɜ�ɫɥɭɱɚɟ�ɫɬɚɬɢɤɢ�� tof). 

 

ȿɳɟ� ɪɚɡ� ɨɬɦɟɬɢɦ� ɬɨɬ� ɮɚɤɬ�� ɱɬɨ� ɞɥɹ� ɦɟɞɥɟɧɧɨ� ɩɪɢɤɥɚɞɵɜɚɟɦɵɯ�

ɧɚɝɪɭɡɨɤ� ɢ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɜɪɟɦɟɧ� ɞɨ� ɪɚɡɪɭɲɟɧɢɹ�� ɡɧɚɱɢɬɟɥɶɧɨ�

ɩɪɟɜɨɫɯɨɞɹɳɢɯ�W�� ɭɫɥɨɜɢɟ� �2.��� ɜɵɪɨɠɞɚɟɬɫɹ� ɜ� ɤɥɚɫɫɢɱɟɫɤɢɣ�

ɤɪɢɬɟɪɢɣ� ɂɪɜɢɧɚ�� ȼ� ɫɥɭɱɚɟ� ɨɬɫɭɬɫɬɜɢɹ� ɫɢɧɝɭɥɹɪɧɨɫɬɢ� ɜ� ɩɨɥɟ�

ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɨɤɪɟɫɬɧɨɫɬɢ� ɬɨɱɤɢ� x �ɥɨɤɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɣ�

ɦɚɬɟɪɢɚɥ��ɜ�ɭɫɥɨɜɢɹɯ�ɦɟɞɥɟɧɧɨ�ɦɟɧɹɸɳɢɯɫɹ�ɧɚɝɪɭɡɨɤ�ɤɪɢɬɟɪɢɣ��2.1) 

ɜɵɪɨɠɞɚɟɬɫɹ� ɜ� ɤɪɢɬɟɪɢɣ� ɤɪɢɬɢɱɟɫɤɨɝɨ� ɧɚɩɪɹɠɟɧɢɹ� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�

ɤɪɢɬɟɪɢɣ� �2.��� ɦɨɠɟɬ� ɩɪɢɦɟɧɹɬɶɫɹ� ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ�

ɛɟɡɞɟɮɟɤɬɧɵɯ�ɫɪɟɞ��ɱɬɨ�ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ�ɜ�ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ�ɪɚɛɨɬɚɯ�

�ɫɦ���ɧɚɩɪ���Morozov and Petrov 2000, Petrov et al. 2004, Petrov 2004, 

Bratov at al. 2009��� Ɉɬɦɟɬɢɦ�� ɱɬɨ� ɭɫɥɨɜɢɟ� �2.��� ɜ� ɭɫɥɨɜɢɹɯ� ɫɬɚɬɢɤɢ�

ɪɚɜɧɨɫɢɥɶɧɨ� ɤɪɢɬɟɪɢɸ� ɤɪɢɬɢɱɟɫɤɨɝɨ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɜ�

ɩɪɟɞɩɨɥɨɠɟɧɢɢ� ɫɩɪɚɜɟɞɥɢɜɨɫɬɢ� ɤɨɪɧɟɜɨɣ� ɚɫɢɦɩɬɨɬɢɤɢ� ɩɨɥɟɣ� ɜ�

ɨɤɪɟɫɬɧɨɫɬɢ� ɜɟɪɲɢɧɵ� ɬɪɟɳɢɧɵ�� ȼ� ɫɥɭɱɚɟ� ɫɢɧɝɭɥɹɪɧɵɯ� ɩɨɥɟɣ�



�� 

ɧɚɩɪɹɠɟɧɢɣ�ɫ�ɚɫɢɦɩɬɨɬɢɤɚɦɢ��ɨɬɥɢɱɧɵɦɢ�ɨɬ�ɤɨɪɧɟɜɨɣ��ɧɚɩɪɢɦɟɪ��ɜ�

ɩɪɢɫɭɬɫɬɜɢɢ�ɤɨɧɰɟɧɬɪɚɬɨɪɨɜ�ɜ�ɮɨɪɦɟ�ɭɝɥɨɜɨɝɨ�ɜɵɪɟɡɚ�ɢ�ɬ�ɩ����ɤɨɝɞɚ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɤɪɢɬɟɪɢɹ�Ƚɪɢɮɮɢɬɫɚ�- ɂɪɜɢɧɚ�ɧɟɜɨɡɦɨɠɧɨ��ɤɪɢɬɟɪɢɣ�

(2.���ɦɨɠɟɬ�ɤɨɪɪɟɤɬɧɨ�ɩɪɢɦɟɧɹɬɶɫɹ�ɞɥɹ�ɨɰɟɧɤɢ�ɭɫɥɨɜɢɣ�ɪɚɡɪɭɲɟɧɢɹ�

ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�ɬɚɤɨɝɨ�ɪɨɞɚ�ɨɫɨɛɵɯ�ɬɨɱɟɤ (Bratov et al 2009).  

 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɩɪɢɦɟɧɟɧɢɟ� ɤɪɢɬɟɪɢɹ� �1.��� ɚɜɬɨɦɚɬɢɱɟɫɤɢ�

ɨɛɟɫɩɟɱɢɜɚɟɬ�ɤɨɪɪɟɤɬɧɵɣ�ɩɟɪɟɯɨɞ�ɜ�ɫɬɚɬɢɤɭ�ɜ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɲɢɪɨɤɨɦ�

ɤɪɭɝɟ� ɡɚɞɚɱ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ�� ȼɨ� ɦɧɨɝɢɯ� ɪɚɛɨɬɚɯ� �ɫɦ��� ɧɚɩɪ���

Petrov 1991, Petrov and Morozov 1994, Morozov and Petrov 2000��ɛɵɥɨ�

ɞɨɤɚɡɚɧɨ�� ɱɬɨ ɤɪɢɬɟɪɢɣ� �2.���� ɩɪɢ� ɩɪɚɜɢɥɶɧɨ� ɨɩɪɟɞɟɥɟɧɧɨɦ�

ɢɧɤɭɛɚɰɢɨɧɧɨɦ�ɜɪɟɦɟɧɢ�ɩɪɨɰɟɫɫɚ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�W��ɤɨɪɪɟɤɬɧɨ�

ɩɪɟɞɫɤɚɡɵɜɚɟɬ� ɭɫɥɨɜɢɹ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɵɜɚ� �ɜ� ɫɥɭɱɚɟ�

ɪɚɡɪɭɲɟɧɢɹ� ɢɡɧɚɱɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɯ� ɬɟɥ�� ɢ� ɢɧɢɰɢɚɰɢɢ�

ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ� ɬɪɟɳɢɧ� ɜ� ɭɫɥɨɜɢɹɯ� ɭɞɚɪɧɨɝɨ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɧɚɝɪɭɠɟɧɢɹ� 

 

ȼ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ ɛɭɞɟɬ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɤɪɢɬɟɪɢɣ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɜɢɞɟ�

(2.��� ɦɨɠɟɬ� ɩɪɢɦɟɧɹɬɶɫɹ� ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɪɚɡɜɢɬɢɹ� ɯɪɭɩɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ� �ɪɚɡɪɭɲɟɧɢɟ�ɢ�ɮɪɚɝɦɟɧɬɚɰɢɹ�ɢɡɧɚɱɚɥɶɧɨ�ɛɟɡɞɟɮɟɤɬɧɵɯ�

ɬɟɥ��ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ�ɬɪɟɳɢɧ�ɢ�ɬ�ɞ��� 

 

 

2.4 ɑɢɫɥɟɧɧɚɹ�ɪɟɚɥɢɡɚɰɢɹ 
 

 ɉɪɢ�ɩɟɪɟɯɨɞɟ�ɤ�ɱɢɫɥɟɧɧɨɣ�ɪɟɚɥɢɡɚɰɢɢ�ɧɟɨɛɯɨɞɢɦɨ�ɪɟɲɢɬɶ�ɪɹɞ�

ɜɨɩɪɨɫɨɜ�� 

 



�� 

 

2.4.1 Ʉɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ�ɪɚɡɛɢɟɧɢɟ 

 

ȿɞɢɧɫɬɜɟɧɧɨɟ� ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ� ɬɪɟɛɨɜɚɧɢɟ� ɤ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɦɭ�

ɪɚɡɛɢɟɧɢɸ� ɤɚɫɚɟɬɫɹ� ɪɚɡɦɟɪɚ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ� ɜ� ɨɤɪɟɫɬɧɨɫɬɢ�

ɬɨɱɟɤ�� ɜ� ɤɨɬɨɪɵɯ� ɜɨɡɦɨɠɧɨ� ɪɚɡɪɭɲɟɧɢɟ�� ɉɨɧɹɬɧɨ�� ɱɬɨ� ɪɚɡɦɟɪ�

ɷɥɟɦɟɧɬɚ�ɜ�ɷɬɢɯ�ɡɨɧɚɯ�ɧɟ�ɞɨɥɠɟɧ�ɩɪɟɜɵɲɚɬɶ�d �ɫɦ��ɮɨɪɦɭɥɭ��2.�����ȼ�

ɩɪɨɬɢɜɧɨɦ� ɫɥɭɱɚɟ� ɧɟ� ɛɭɞɟɬ� ɜɨɡɦɨɠɧɨɫɬɢ� ɩɪɨɢɡɜɟɫɬɢ� ɞɨɫɬɚɬɨɱɧɨ�

ɬɨɱɧɨɟ�ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ�ɩɨ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ�ɤɨɨɪɞɢɧɚɬɟ� ɜ� ɭɫɥɨɜɢɢ�

ɪɚɡɪɭɲɟɧɢɹ� �2.���� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɫɜɨɣɫɬɜɚ� ɦɚɬɟɪɢɚɥɚ� ɢ� ɤɥɚɫɫ�

ɪɟɲɚɟɦɵɯ� ɡɚɞɚɱ� ɨɩɪɟɞɟɥɹɸɬ� ɪɚɡɦɟɪ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ�

ɞɢɫɤɪɟɬɢɡɚɰɢɢ�� Ɍɚɤɠɟ� ɩɪɢ� ɜɵɛɨɪɟ� ɪɚɡɛɢɟɧɢɹ� ɧɟɨɛɯɨɞɢɦɨ� ɢɦɟɬɶ� ɜ�

ɜɢɞɭ� ɜɨɡɦɨɠɧɨɫɬɶ� ɪɚɡɞɟɥɟɧɢɹ� ɦɚɬɟɪɢɚɥɚ� ɩɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɭɫɥɨɜɢɹ�

ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɤɚɤɨɣ-ɥɢɛɨ� ɟɝɨ� ɬɨɱɤɟ�� ɗɬɨ� ɨɬɧɨɫɢɬɫɹ� ɤɚɤ� ɤ� ɜɵɛɨɪɭ�

ɧɚɱɚɥɶɧɨɝɨ� ɪɚɡɛɢɟɧɢɹ� ɜ� ɡɚɞɚɱɚɯ� ɛɟɡ� ɚɞɚɩɬɢɜɧɨɝɨ� ɪɚɡɛɢɟɧɢɹ�

�ɪɚɡɛɢɟɧɢɟ�ɧɟ�ɦɟɧɹɟɬɫɹ�ɜ�ɬɟɱɟɧɢɟ�ɜɫɟɝɨ�ɜɪɟɦɟɧɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�, ɬɚɤ�

ɢ� ɤ� ɜɵɛɨɪɭ� ɚɞɚɩɬɢɜɧɨɝɨ� ɪɚɡɛɢɟɧɢɹ�� ɤɨɬɨɪɨɟ� ɦɨɠɟɬ� ɡɚɜɢɫɟɬɶ� ɨɬ�

ɬɟɤɭɳɟɣ�ɝɟɨɦɟɬɪɢɢ�ɪɚɡɪɭɲɟɧɧɨɣ�ɨɛɥɚɫɬɢ�ɢ�ɨɬ�ɞɪɭɝɢɯ�ɮɚɤɬɨɪɨɜ� 

 

 

2.4.2 ɒɚɝ�ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ�ɩɨ�ɜɪɟɦɟɧɢ 

 

ɍɫɥɨɜɢɟɦ� ɞɨɫɬɚɬɨɱɧɨ� ɬɨɱɧɨɝɨ� ɢɧɬɟɪɝɢɪɨɜɚɧɢɹ� ɩɨ� ɜɪɟɦɟɧɧɨɣ�

ɤɨɨɪɞɢɧɚɬɟ� ɜ� ɤɪɢɬɟɪɢɢ� �2.��� ɹɜɥɹɟɬɫɹ� ɦɚɥɨɫɬɶ� ɲɚɝɚ� ɜɪɟɦɟɧɧɨɝɨ�

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɢɧɤɭɛɚɰɢɨɧɧɵɦ�ɜɪɟɦɟɧɟɦ�W��Ɍɚɤɢɦ�

ɨɛɪɚɡɨɦ�� ɨɝɪɚɧɢɱɟɧɢɟ� ɧɚ� ɪɚɡɦɟɪ� ɜɪɟɦɟɧɧɨɝɨ� ɲɚɝɚ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ��

ɨɩɪɟɞɟɥɹɸɳɟɟɫɹ�ɬɪɟɛɨɜɚɧɢɟɦ�ɫɯɨɞɢɦɨɫɬɢ�ɩɨ�ɜɪɟɦɟɧɢ��ɞɨɩɨɥɧɹɟɬɫɹ�



�� 

ɟɳɟ�ɨɞɧɢɦ�ɭɫɥɨɜɢɟɦ� 

 

 

 2.4.3 Ʉɨɧɬɪɨɥɶ�ɜɵɩɨɥɧɟɧɢɹ�ɭɫɥɨɜɢɹ�ɪɚɡɪɭɲɟɧɢɹ 

 

Ɋɟɚɥɢɡɚɰɢɹ� ɤɨɧɬɪɨɥɹ� ɜɵɩɨɥɧɟɧɢɹ� ɭɫɥɨɜɢɹ� ɪɚɡɪɭɲɟɧɢɹ� �2.��� ɫɢɥɶɧɨ�

ɡɚɜɢɫɢɬ� ɨɬ� ɭɫɥɨɜɢɣ� ɪɟɲɚɟɦɨɣ� ɡɚɞɚɱɢ�� ȼ� ɧɟɤɨɬɨɪɵɯ� ɡɚɞɚɱɚɯ�

�ɧɚɩɪɢɦɟɪ�� ɜ� ɛɨɥɶɲɢɧɫɬɜɟ� ɡɚɞɚɱ� ɨ� ɞɜɢɠɟɧɢɢ� ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ�

ɬɪɟɳɢɧɵ�ɜ�ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ�ɨɛɥɚɫɬɢ��ɪɚɡɪɭɲɟɧɢɟ�ɜɨɡɦɨɠɧɨ�ɬɨɥɶɤɨ�ɜ�

ɜɟɪɲɢɧɟ� ɢɦɟɸɳɟɣɫɹ� ɬɪɟɳɢɧɵ�� ȼ� ɬɚɤɢɯ� ɡɚɞɚɱɚɯ� ɞɨɫɬɚɬɨɱɧɨ�

ɨɬɫɥɟɠɢɜɚɬɶ� ɜɵɩɨɥɧɟɧɢɟ� ɭɫɥɨɜɢɹ� �2.��� ɜ� ɨɞɧɨɣ� ɢɥɢ� ɧɟɫɤɨɥɶɤɢɯ�

ɬɨɱɤɚɯ�� ȼ� ɞɪɭɝɢɯ� ɡɚɞɚɱɚɯ� �ɧɚɩɪɢɦɟɪ�� ɜ� ɛɨɥɶɲɢɧɫɬɜɟ� ɡɚɞɚɱ� ɨ�

ɪɚɡɪɭɲɟɧɢɢ� ɢɡɧɚɱɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɯ� ɫɪɟɞ�� ɧɟɨɛɯɨɞɢɦɨ� ɩɪɨɜɟɪɹɬɶ 

ɜɵɩɨɥɧɟɧɢɟ�ɭɫɥɨɜɢɹ��2.���ɜ�ɞɨɫɬɚɬɨɱɧɨ�ɨɛɲɢɪɧɨɣ�ɨɛɥɚɫɬɢ�ɢɥɢ�ɞɚɠɟ�

ɜɨ� ɜɫɟɦ� ɪɚɡɪɭɲɚɟɦɨɦ� ɬɟɥɟ�� ɉɪɢ� ɨɩɪɟɞɟɥɟɧɢɢ� ɨɛɥɚɫɬɢ�� ɜ� ɤɨɬɨɪɨɣ�

ɧɟɨɛɯɨɞɢɦɨ�ɩɪɨɜɨɞɢɬɶ�ɩɪɨɜɟɪɤɭ�ɜɵɩɨɥɧɟɧɢɹ�ɭɫɥɨɜɢɹ�ɪɚɡɪɭɲɟɧɢɹ��ɚ�

ɬɚɤɠɟ�ɩɪɢ�ɩɪɚɜɢɥɶɧɨɦ�ɜɵɛɨɪɟ�ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɝɨ�ɪɚɡɛɢɟɧɢɹ�ɜ�ɷɬɨɣ�

ɨɛɥɚɫɬɢ�ɢ�ɲɚɝɚ�ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ�ɩɨ�ɜɪɟɦɟɧɢ�ɜɵɱɢɫɥɟɧɢɟ�ɥɟɜɨɣ�ɱɚɫɬɢ�

ɤɪɢɬɟɪɢɹ��2.���ɧɟ�ɩɪɟɞɫɬɚɜɥɹɟɬ�ɫɭɳɟɫɬɜɟɧɧɨɣ�ɫɥɨɠɧɨɫɬɢ��ȼ�ɩɪɢɦɟɪɚɯ��

ɩɪɢɜɟɞɟɧɧɵɯ� ɜ� ɷɬɨɣ� ɪɚɛɨɬɟ�� ɩɪɨɜɟɪɤɚ� ɤɪɢɬɟɪɢɹ� ɪɚɡɪɭɲɟɧɢɹ�

ɩɪɨɢɡɜɨɞɢɬɫɹ�ɩɪɢ�ɩɨɦɨɳɢ�ɨɬɞɟɥɶɧɨɣ�ɩɪɨɝɪɚɦɦɵ�ɩɨɫɥɟ�ɤɚɠɞɨɝɨ�ɲɚɝɚ�

ɜɵɱɢɫɥɟɧɢɣ�ɩɨ�ɜɪɟɦɟɧɢ��Ɉɞɧɚɤɨ�ɫɨ�ɜɪɟɦɟɧɟɦ�ɩɥɚɧɢɪɭɟɬɫɹ�ɫɨɡɞɚɧɢɟ�

ɫɩɟɰɢɚɥɶɧɵɯ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ� ɞɥɹ� ɤɨɦɦɟɪɱɟɫɤɢɯ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɯ� ɩɚɤɟɬɨɜ� �ɧɚɩɪ��� $%$486 (Smith 2009) ɢɥɢ 

ANSYS (ANSYS 2006))��ɜ�ɮɨɪɦɭɥɢɪɨɜɤɭ�ɤɨɬɨɪɵɯ�ɜ�ɹɜɧɨɦ�ɜɢɞɟ�ɛɭɞɟɬ�

ɡɚɥɨɠɟɧ�ɤɪɢɬɟɪɢɣ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɜɢɞɟ��2.����ɋɨɡɞɚɧɢɟ�ɬɚɤɢɯ�ɷɥɟɦɟɧɬɨɜ�

ɡɧɚɱɢɬɟɥɶɧɨ� ɭɩɪɨɫɬɢɬ� ɡɚɞɚɱɭ� ɢ� ɩɨɡɜɨɥɢɬ� ɩɨɥɧɨɫɬɶɸ�

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ� ɱɢɫɥɟɧɧɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɞɢɧɚɦɢɤɢ� ɯɪɭɩɤɨɝɨ�



�� 

ɪɚɡɪɭɲɟɧɢɹ� 

 

 

2.4.4 Ʌɢɧɟɣɧɵɣ�ɪɚɡɦɟɪ�ɩɪɢɪɚɳɟɧɢɹ�ɞɟɮɟɤɬɚ��ɞɜɭɦɟɪɧɚɹ�

ɩɨɫɬɚɧɨɜɤɚ� 

 

ȼ� ɬɟɨɪɢɢ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɜɜɨɞɢɬɫɹ�

ɥɢɧɟɣɧɵɣ� ɪɚɡɦɟɪ�� ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ� ɫɨɛɨɣ� ɷɥɟɦɟɧɬɚɪɧɭɸ� ɹɱɟɣɤɭ�

ɪɚɡɪɭɲɟɧɢɹ� ɧɚ� ɞɚɧɧɨɦ� ɦɚɫɲɬɚɛɧɨɦ� ɭɪɨɜɧɟ�� ɗɬɨɬ� ɪɚɡɦɟɪ��

ɯɚɪɚɤɬɟɪɧɵɣ� ɞɥɹ� ɦɚɫɲɬɚɛɧɨɝɨ� ɭɪɨɜɧɹ�� ɧɚ� ɤɨɬɨɪɨɦ� ɩɪɨɢɡɜɨɞɢɬɫɹ�

ɨɩɵɬ�� ɪɚɜɟɧ�d ɢ�ɦɨɠɟɬ�ɛɵɬɶ�ɨɩɪɟɞɟɥɟɧ� ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɮɨɪɦɭɥɵ�

(2.���� Ʌɨɝɢɱɧɨ� ɫɱɢɬɚɬɶ�� ɱɬɨ� ɩɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɭɫɥɨɜɢɹ� �2.��� ɜ� ɤɚɤɨɣ-

ɥɢɛɨ� ɬɨɱɤɟ� ɬɟɥɚ� ɩɨɜɟɪɯɧɨɫɬɶ� ɪɚɡɪɭɲɟɧɢɹ� ɞɨɥɠɧɚ� ɭɜɟɥɢɱɢɬɶɫɹ� ɧɚ�

ɜɟɥɢɱɢɧɭ�ɷɥɟɦɟɧɬɚɪɧɨɣ�ɹɱɟɣɤɢ�ɪɚɡɪɭɲɟɧɢɹ� 

 

 

2.4.5 Ɉɛɪɚɡɨɜɚɧɢɟ�ɧɨɜɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ 

 

ȼ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ� ɮɨɪɦɭɥɢɪɨɜɤɟ� ɫɭɳɟɫɬɜɭɟɬ� ɧɟɫɤɨɥɶɤɨ�

ɜɨɡɦɨɠɧɨɫɬɟɣ� ɞɥɹ� ɫɨɡɞɚɧɢɹ� ɧɨɜɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɪɢ� ɪɚɡɪɵɜɟ�

ɦɚɬɟɪɢɚɥɚ�� ȼ� ɫɥɭɱɚɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧɵ� ɜɞɨɥɶ� ɥɢɧɢɢ�

ɫɢɦɦɟɬɪɢɢ� ɜ� ɡɚɞɚɱɚɯ�� ɨɛɥɚɞɚɸɳɢɯ� ɫɢɦɦɟɬɪɢɟɣ�� ɦɨɠɧɨ� ɩɪɢɦɟɧɹɬɶ�

ɬɟɯɧɢɤɭ�ɜɵɫɜɨɛɨɠɞɟɧɢɹ�ɭɡɥɨɜ��ɫɦ���ɧɚɩɪ���Bratov and Petrov 2007a, Xu 

and Needleman 1994, Camacho and Ortiz 1996��� ȼ� ɡɚɞɚɱɚɯ�� ɧɟ�

ɩɪɟɞɩɨɥɚɝɚɸɳɢɯ� ɢɡɦɟɧɟɧɢɹ� ɪɚɡɛɢɟɧɢɹ� ɩɪɢ� ɢɡɦɟɧɟɧɢɢ� ɝɟɨɦɟɬɪɢɢ�

ɞɟɮɟɤɬɚ�� ɦɨɠɟɬ� ɩɪɢɦɟɧɹɬɶɫɹ� ɬɟɯɧɢɤɚ� ɪɚɡɞɟɥɟɧɢɹ� ɭɡɥɨɜ (Bratov and 

Petrov 2007c, Xu and Needleman 1994, Camacho and Ortiz 1996, Ortiz 



�� 

and Pandolfi 1999, Song et al. 2008, Ȼɭɪɚɝɨ�2008��Ɏɨɦɢɧ�ɢ�ɞɪ�� ������

ɋɚɞɵɪɢɧ�������Ɏɨɧɚɪɟɜ������ ɥɢɛɨ�ɬɟɯɧɢɤɚ��ɫɧɢɦɚɸɳɚɹ�ɨɝɪɚɧɢɱɟɧɢɹ�

ɧɚ�ɫɬɟɩɟɧɢ�ɫɜɨɛɨɞɵ�ɭɡɥɨɜ�(Bratov and Petrov 2007c, Xu and Needleman 

1994, Camacho and Ortiz 1996, Ortiz and Pandolfi 1999, Song et al. 2008, 

Ȼɭɪɚɝɨ� 2008�� Ɏɨɦɢɧ� ɢ� ɞɪ�� ������ ɋɚɞɵɪɢɧ� ������ Ɏɨɧɚɪɟɜ� ������� ȼ�

ɨɛɳɟɣ� ɫɢɬɭɚɰɢɢ� ɦɨɠɧɨ� ɩɪɢɦɟɧɹɬɶ� ɱɢɫɥɟɧɧɵɟ� ɫɯɟɦɵ��

ɩɪɟɞɩɨɥɚɝɚɸɳɢɟ� ɩɟɪɟɪɚɡɛɢɟɧɢɟ� ɦɨɞɟɥɢɪɭɟɦɨɣ� ɨɛɥɚɫɬɢ� ɩɪɢ�

ɢɡɦɟɧɟɧɢɢ� ɝɟɨɦɟɬɪɢɢ� ɞɟɮɟɤɬɚ� �ɟɝɨ� ɩɪɢɪɚɳɟɧɢɢ��� ɗɬɨɬ� ɫɩɨɫɨɛ�

ɹɜɥɹɟɬɫɹ� ɫɚɦɵɦ� ɭɧɢɜɟɪɫɚɥɶɧɵɦ�� ɧɨ� ɩɪɢ� ɷɬɨɦ� ɢ� ɫɚɦɵɦ� ɫɥɨɠɧɵɦ� ɫ�

ɬɨɱɤɢ�ɡɪɟɧɢɹ�ɪɟɚɥɢɡɚɰɢɢ� �ɤɪɨɦɟ�ɢɡɦɟɧɟɧɢɹ�ɫɟɬɤɢ�ɪɚɡɛɢɟɧɢɹ�ɜ�ɷɬɨɦ�

ɫɥɭɱɚɟ� ɜɨɡɧɢɤɚɸɬ� ɩɪɨɛɥɟɦɵ�� ɫɜɹɡɚɧɧɵɟ� ɫ� ɩɟɪɟɫɱɟɬɨɦ� ɡɧɚɱɟɧɢɣ�

ɩɟɪɟɦɟɳɟɧɢɣ��ɫɤɨɪɨɫɬɟɣ�ɢ�ɭɫɤɨɪɟɧɢɣ�ɧɚ�ɧɨɜɵɟ�ɭɡɥɵ���ȼɨɨɛɳɟ�ɝɨɜɨɪɹ��

ɞɥɹ� ɤɚɠɞɨɣ� ɤɨɧɤɪɟɬɧɨɣ� ɡɚɞɚɱɢ� ɧɟɨɛɯɨɞɢɦɨ� ɜɵɛɢɪɚɬɶ� ɩɨɞɯɨɞɹɳɢɣ�

ɫɩɨɫɨɛ�ɫɨɡɞɚɧɢɹ�ɩɨɜɟɪɯɧɨɫɬɢ��ɨɪɢɟɧɬɢɪɭɹɫɶ�ɧɚ�ɡɚɬɪɚɬɵ��ɫɜɹɡɚɧɧɵɟ�ɫ�

ɪɟɚɥɢɡɚɰɢɟɣ� ɡɚɞɚɱɢ� ɢ� ɜɪɟɦɟɧɟɦ�� ɧɟɨɛɯɨɞɢɦɵɦ� ɞɥɹ� ɩɪɨɜɟɞɟɧɢɹ�

ɜɵɱɢɫɥɟɧɢɣ� 

 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ�ɪɚɛɨɬɵ��ɧɚɩɪ�, Morozov and Petrov 2000, Petrov et al. 

2003) ɩɨɤɚɡɵɜɚɸɬ�� ɱɬɨ�� ɩɪɢɦɟɧɹɹ� ɤɪɢɬɟɪɢɣ� �2.���� ɜɨɡɦɨɠɧɨ�

ɞɨɫɬɚɬɨɱɧɨ� ɬɨɱɧɨɟ� ɨɩɢɫɚɧɢɟ� ɫɬɚɪɬɚ� ɞɢɧɚɦɢɱɟɫɤɢ� ɧɚɝɪɭɠɚɟɦɵɯ�

ɬɪɟɳɢɧ�� ȿɳɟ� ɪɚɡ� ɨɬɦɟɬɢɦ�� ɱɬɨ� ɞɥɹ� ɦɟɞɥɟɧɧɨ� ɩɪɢɤɥɚɞɵɜɚɟɦɵɯ�

ɧɚɝɪɭɡɨɤ� ɢ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɜɪɟɦɟɧ� ɞɨ� ɪɚɡɪɭɲɟɧɢɹ, ɡɧɚɱɢɬɟɥɶɧɨ�

ɩɪɟɜɨɫɯɨɞɹɳɢɯ� W�� ɭɫɥɨɜɢɟ� �2.��� ɜɵɪɨɠɞɚɟɬɫɹ� ɜ� ɤɥɚɫɫɢɱɟɫɤɢɣ�

ɤɪɢɬɟɪɢɣ� ɂɪɜɢɧɚ�� ȼ� ɬɨ� ɠɟ� ɜɪɟɦɹ� ɩɪɢɦɟɧɟɧɢɟ� ɤɪɢɬɟɪɢɹ� �2.��� ɞɥɹ�

ɨɰɟɧɤɢ�ɩɪɨɰɟɫɫɨɜ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�ɫ�ɜɪɟɦɟɧɚɦɢ�ɞɨ�ɪɚɡɪɭɲɟɧɢɹ��

ɫɨɩɨɫɬɚɜɢɦɵɦɢ� ɫ� ɜɪɟɦɟɧɟɦ� W�� ɜɨɡɦɨɠɧɨ� ɤɚɤ� ɨɩɢɫɚɧɢɟ� ɜɫɟɝɨ�

ɪɚɡɧɨɨɛɪɚɡɢɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɧɚɛɥɸɞɚɟɦɵɯ� ɷɮɮɟɤɬɨɜ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� �ɫɦ��� ɧɚɩɪ��� Petrov 2004, Petrov and 

Sitnikova 2004, Bratov and Petrov 2007b), ɬɚɤ�ɢ�ɩɪɟɞɫɤɚɡɚɧɢɟ�ɧɨɜɵɯ�



�� 

ɷɮɮɟɤɬɨɜ�ɞɢɧɚɦɢɤɢ�ɪɚɡɪɭɲɟɧɢɹ��ɫɦ���ɧɚɩɪ���Bratov and Petrov 2007a, 

2007c).  

 

 

2.5 ɂɫɫɥɟɞɨɜɚɧɢɟ� ɷɧɟɪɝɨɡɚɬɪɚɬ� ɧɚ� ɢɧɢɰɢɢɪɨɜɚɧɢɟ�

ɰɟɧɬɪɚɥɶɧɨɣ� ɬɪɟɳɢɧɵ�� ɞɢɧɚɦɢɱɟɫɤɢ� ɧɚɝɪɭɠɚɟɦɨɣ� ɩɨ�

ɩɟɪɜɨɣ�ɦɨɞɟ 
 

 ɂɫɫɥɟɞɭɟɦ� ɷɧɟɪɝɨɡɚɬɪɚɬɵ� ɧɚ� ɩɪɨɞɜɢɠɟɧɢɟ� ɰɟɧɬɪɚɥɶɧɨɣ�

ɬɪɟɳɢɧɵ�� ɧɚɝɪɭɠɚɟɦɨɣ� ɩɨ� ɩɟɪɜɨɣ� ɦɨɞɟ, ɜ� ɨɛɪɚɡɰɟ�� ɧɚɯɨɞɹɳɟɦɫɹ� ɜ�

ɭɫɥɨɜɢɹɯ� ɩɥɨɫɤɨɝɨ� ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ�� Ɋɚɫɫɦɨɬɪɢɦ� ɞɜɚ�

ɜɨɡɦɨɠɧɵɯ� ɜɚɪɢɚɧɬɚ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɧɚɝɪɭɠɟɧɢɹ�� ȼ� ɩɟɪɜɨɦ� ɫɥɭɱɚɟ�

ɧɚɝɪɭɡɤɚ� ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ� ɧɚ� ɛɟɫɤɨɧɟɱɧɨɫɬɢ�� ɬ�ɟ�� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ�

ɡɚɞɚɱɚ�ɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�ɪɚɡɥɢɱɧɵɯ�ɜɨɥɧɨɜɵɯ�ɩɚɤɟɬɨɜ��ɩɪɨɯɨɞɹɳɢɯ�

ɨɛɥɚɫɬɶ� ɫ� ɬɪɟɳɢɧɨɣ�� ɧɚɩɪɚɜɥɟɧɧɨɣ� ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ� ɫɤɨɪɨɫɬɢ�

ɮɪɨɧɬɚ�ɜɨɥɧɨɜɨɝɨ�ɩɚɤɟɬɚ�ɫ�ɷɬɨɣ�ɬɪɟɳɢɧɨɣ��ȼɨ�ɜɬɨɪɨɦ�ɫɥɭɱɚɟ�ɧɚɝɪɭɡɤɚ�

ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ�ɧɚ�ɛɟɪɟɝɚɯ�ɬɪɟɳɢɧɵ�� 

 

ɋɥɟɞɭɹ� ɩɪɢɧɰɢɩɭ� ɫɭɩɟɪɩɨɡɢɰɢɢ�� ɫɩɨɫɨɛ� ɩɪɢɥɨɠɟɧɢɹ� ɧɚɝɪɭɡɤɢ� ɧɟ�

ɞɨɥɠɟɧ� ɜɥɢɹɬɶ� ɧɚ ɧɚɩɪɹɠɟɧɧɨɟ� ɫɨɫɬɨɹɧɢɟ� ɜ� ɨɤɪɟɫɬɧɨɫɬɢ� ɬɪɟɳɢɧɵ��

Ɉɞɧɚɤɨ�ɹɫɧɨ��ɱɬɨ�ɫ�ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ�ɬɨɱɤɢ�ɡɪɟɧɢɹ�ɭɤɚɡɚɧɧɵɟ�ɫɩɨɫɨɛɵ�

ɩɪɢɥɨɠɟɧɢɹ� ɧɚɝɪɭɡɤɢ� ɧɟ� ɷɤɜɢɜɚɥɟɧɬɧɵ�� Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ�� ɩɪɢ�

ɩɪɢɥɨɠɟɧɢɢ�ɞɨɤɪɢɬɢɱɟɫɤɨɣ��ɧɟ�ɜɵɡɵɜɚɸɳɟɣ�ɪɚɡɪɭɲɟɧɢɹ��ɧɚɝɪɭɡɤɢ��

ɞɟɣɫɬɜɭɸɳɟɣ� ɩɨ� ɡɚɤɨɧɭ� ɏɟɜɢɫɚɣɞɚ�� ɧɚ� ɛɟɪɟɝɚɯ� ɬɪɟɳɢɧɵ� ɱɟɪɟɡ�

ɩɪɨɦɟɠɭɬɨɤ�ɜɪɟɦɟɧɢ�ɩɨɪɹɞɤɚ�ɧɟɫɤɨɥɶɤɢɯ�ɜɪɟɦɟɧ�ɩɪɨɛɟɝɚ�ɜɨɥɧɨɣ�ɩɨ�

ɞɥɢɧɟ�ɬɪɟɳɢɧɵ�ɧɚɩɪɹɠɟɧɧɨɟ�ɫɨɫɬɨɹɧɢɟ�ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�ɬɪɟɳɢɧɵ��ɤɚɤ�

ɢ� ɜɨ� ɜɫɟɦ� ɨɛɪɚɡɰɟ�� ɩɪɢɯɨɞɢɬ� ɤ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɦɭ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ��

ɱɟɪɟɡ� ɭɤɚɡɚɧɧɵɣ� ɩɪɨɦɟɠɭɬɨɤ� ɜɪɟɦɟɧɢ� ɩɪɚɤɬɢɱɟɫɤɢ� ɩɪɟɤɪɚɳɚɟɬɫɹ�



�� 

ɷɧɟɪɝɨɨɛɦɟɧ� ɦɟɠɞɭ� ɡɚɝɪɭɠɚɸɳɢɦ� ɭɫɬɪɨɣɫɬɜɨɦ� ɢ� ɨɛɪɚɡɰɨɦ�� ɢ�

ɤɢɧɟɬɢɱɟɫɤɨɣ�ɷɧɟɪɝɢɟɣ�ɞɟɮɨɪɦɚɰɢɢ�ɦɨɠɧɨ�ɩɪɟɧɟɛɪɟɱɶ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�

ɫ� ɩɨɬɟɧɰɢɚɥɶɧɨɣ� ɷɧɟɪɝɢɟɣ�� Ⱦɟɮɨɪɦɚɰɢɢ�� ɧɚɩɪɹɠɟɧɢɹ� ɢ� ɫɤɨɪɨɫɬɢ� ɜ�

ɬɨɱɤɚɯ��ɭɞɚɥɟɧɧɵɯ�ɨɬ�ɬɪɟɳɢɧɵ��ɢɫɱɟɡɚɸɳɟ�ɦɚɥɵ�� 

 

ɉɪɢ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� ɜɨɥɧɨɜɨɝɨ� ɩɚɤɟɬɚ�� ɩɪɢɯɨɞɹɳɟɝɨ� ɢɡ�

ɛɟɫɤɨɧɟɱɧɨɫɬɢ�ɫ�ɬɪɟɳɢɧɨɣ��ɤɜɚɡɢɫɬɚɬɢɤɚ��ɜɨɨɛɳɟ�ɝɨɜɨɪɹ��ɧɢɤɨɝɞɚ�ɧɟ�

ɛɭɞɟɬ� ɞɨɫɬɢɝɧɭɬɚ�� ɜɪɟɦɹ� ɨɛɦɟɧɚ� ɷɧɟɪɝɢɟɣ� ɦɟɠɞɭ� ɨɛɪɚɡɰɨɦ� ɢ�

ɡɚɝɪɭɠɚɸɳɢɦ� ɭɫɬɪɨɣɫɬɜɨɦ� ɧɟ� ɨɝɪɚɧɢɱɟɧɨ�� ɜ� ɨɤɪɟɫɬɧɨɫɬɢ� ɬɪɟɳɢɧɵ�

ɧɚɯɨɞɢɬɫɹ�ɥɢɲɶ�ɧɟɛɨɥɶɲɚɹ�ɱɚɫɬɶ�ɷɧɟɪɝɢɢ�ɫɢɫɬɟɦɵ� 

 

 

2.6 ɋɥɭɱɚɣ�ɜɨɥɧɵ��ɩɪɢɯɨɞɹɳɟɣ�ɢɡ�ɛɟɫɤɨɧɟɱɧɨɫɬɢ 
  

Ɋɚɫɫɦɨɬɪɢɦ� ɛɟɫɤɨɧɟɱɧɭɸ� ɩɨɥɨɫɭ� ɫ� ɰɟɧɬɪɚɥɶɧɨɣ� ɬɪɟɳɢɧɨɣ�

�Ɋɢɫ��2.1). 
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Ɋɢɫɭɧɨɤ�2.1 

Ȼɟɫɤɨɧɟɱɧɚɹ�ɩɨɥɨɫɚ�ɫ�ɰɟɧɬɪɚɥɶɧɨɣ�ɬɪɟɳɢɧɨɣ. 

 

 ɒɢɪɢɧɭ�ɩɨɥɨɫɵ�ɩɪɢɦɟɦ�ɢɡ�ɪɚɫɱɟɬɚ�
2

)( *T
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� ��ɝɞɟ�a - ɩɨɥɭɲɢɪɢɧɚ�

ɩɨɥɨɫɵ�� l  - ɩɨɥɭɞɥɢɧɚ�ɬɪɟɳɢɧɵ�� c  - ɫɤɨɪɨɫɬɶ�ɫɚɦɨɣ�ɛɵɫɬɪɨɣ�ɜɨɥɧɵ�ɜ 

ɦɚɬɟɪɢɚɥɟ ɨɛɪɚɡɰɚ�� *T  - ɜɪɟɦɹ�ɨɬ�ɧɚɱɚɥɚ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɜɨɥɧɨɜɨɝɨ�

ɩɚɤɟɬɚ� ɫ� ɬɪɟɳɢɧɨɣ� ɞɨ� ɦɨɦɟɧɬɚ� ɫɬɚɪɬɚ� ɬɪɟɳɢɧɵ�� Ɍɟɦ� ɫɚɦɵɦ� ɦɵ�

ɝɚɪɚɧɬɢɪɭɟɦ��ɱɬɨ�ɜ�ɬɟɱɟɧɢɟ�ɜɫɟɝɨ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɜɨɥɧɵ�ɜɨɡɦɭɳɟɧɢɹ��

ɜɵɡɜɚɧɧɨɝɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ� ɜɨɥɧɨɜɨɝɨ� ɩɚɤɟɬɚ� ɫ� ɬɪɟɳɢɧɨɣ�� ɧɟ�

ɜɟɪɧɭɬɫɹ�ɤ�ɬɪɟɳɢɧɟ�ɩɨɫɥɟ�ɨɬɪɚɠɟɧɢɹ�ɨɬ�ɝɪɚɧɢɰ�ɩɨɥɨɫɵ��ɉɟɪɟɦɟɳɟɧɢɹ�

ɬɨɱɟɤ�ɩɨɥɨɫɵ�ɨɩɢɫɵɜɚɸɬɫɹ�ɭɪɚɜɧɟɧɢɹɦɢ�Ʌɚɦɟ� 
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ɝɞɟ�Ɍ- ɜɪɟɦɹ�ɞɟɣɫɬɜɢɹ�ɧɚɝɪɭɡɤɢ��ɍɫɥɨɜɢɹ�ɧɚ�ɤɪɚɹɯ�ɩɨɥɨɫɵ� 
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r r axxyaxx VV .               (2.7) 

 

ɍɫɥɨɜɢɹ�ɧɚ�ɛɟɪɟɝɚɯ�ɪɚɡɪɟɡɚ� 
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 r  r ylxxyylxy VV .               (2.8) 

 

ɇɚɩɪɹɠɟɧɢɹ�ɫɜɹɡɚɧɵ�ɫ�ɞɟɮɨɪɦɚɰɢɹɦɢ�ɫɨɨɬɧɨɲɟɧɢɹɦɢ�ɡɚɤɨɧɚ�Ƚɭɤɚ� 
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ɉɨɫɬɚɜɥɟɧɧɭɸ� ɡɚɞɚɱɭ� ɛɭɞɟɦ� ɪɟɲɚɬɶ� ɱɢɫɥɟɧɧɨ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�

ɦɟɬɨɞɚ�ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ� 
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2.6.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɜɨɥɧɵ��ɩɪɢɲɟɞɲɟɣ�

ɢɡ�ɛɟɫɤɨɧɟɱɧɨɫɬɢ, ɫ�ɪɚɡɪɟɡɨɦ 

 

 Ɇɟɬɨɞɨɦ�ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ�ɩɪɨɢɡɜɟɞɟɧ�ɚɧɚɥɢɡ�ɩɨɫɬɚɜɥɟɧɧɨɣ�

ɡɚɞɚɱɢ� ����-2.9)�� ɉɪɢɧɢɦɚɹ� ɜɨ� ɜɧɢɦɚɧɢɟ� ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ� ɨɛɪɚɡɰɚ�

ɨɬɧɨɫɢɬɟɥɶɧɨ�ɨɫɟɣ�[�ɢ�\��ɚɧɚɥɢɡ�ɩɪɨɢɡɜɨɞɢɥɫɹ�ɞɥɹ�ɱɟɬɜɟɪɬɢ�ɨɛɪɚɡɰɚ��

ȼ� ɨɛɥɚɫɬɢ�� ɩɪɢɥɟɝɚɸɳɟɣ� ɤ� ɜɟɪɲɢɧɟ� ɪɚɡɪɟɡɚ�� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ�

ɪɚɡɛɢɟɧɢɟ� ɫɨɫɬɨɹɥɨ� ɢɡ� ɬɪɟɭɝɨɥɶɧɵɯ� ɢɡɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ� ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ� ɫɨ� ɫɪɟɞɢɧɧɵɦɢ� ɭɡɥɚɦɢ� ɫɬɨɪɨɧ, ɫɯɨɞɹɳɢɯɫɹ� ɜ� ɜɟɪɲɢɧɟ�

ɬɪɟɳɢɧɵ��ɫɞɜɢɧɭɬɵɦɢ�ɧɚ�ɱɟɬɜɟɪɬɶ�ɞɥɢɧɵ�ɫɬɨɪɨɧɵ�ɩɨ�ɧɚɩɪɚɜɥɟɧɢɸ�ɤ�

ɜɟɪɲɢɧɟ�ɬɪɟɳɢɧɵ��Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɝɟɨɦɟɬɪɢɹ�ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ�ɜ�

ɨɤɪɟɫɬɧɨɫɬɢ� ɬɪɟɳɢɧɵ� ɩɪɟɞɩɨɥɚɝɚɟɬ� ɤɨɪɧɟɜɭɸ� ɫɢɧɝɭɥɹɪɧɨɫɬɶ�

ɧɚɩɪɹɠɟɧɢɣ-ɞɟɮɨɪɦɚɰɢɣ�� 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ� ɩɪɨɜɨɞɢɥɨɫɶ� ɞɥɹ ɦɚɬɟɪɢɚɥɚ� ɫɨ� ɫɜɨɣɫɬɜɚɦɢ ɝɪɚɧɢɬɚ�

�ȿ ����� Ƚɉɚ�� U  ����� ɦ�ɫ��Q  ������ ɝɞɟ� ȿ- ɦɨɞɭɥɶ� ɭɩɪɭɝɨɫɬɢ�� U - 

ɩɥɨɬɧɨɫɬɶ�� Q - ɤɨɷɮɮɢɰɢɟɧɬ� ɉɭɚɫɫɨɧɚ��� ȼ� ɭɫɥɨɜɢɹɯ� ɩɥɨɫɤɨɝɨ�

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ� ɢɫɫɥɟɞɨɜɚɥɨɫɶ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�

ɩɥɨɫɤɨɣ� ɜɨɥɧɵ�� ɩɪɢɲɟɞɲɟɣ� ɢɡ� ɛɟɫɤɨɧɟɱɧɨɫɬɢ�� ɫ� ɰɟɧɬɪɚɥɶɧɨɣ�

ɬɪɟɳɢɧɨɣ� ɜ� ɩɥɚɫɬɢɧɤɟ��ɒɢɪɢɧɚ� ɢ� ɞɥɢɧɚ� ɩɥɚɫɬɢɧɤɢ� ɜɵɛɢɪɚɥɢɫɶ� ɢɡ�

ɭɫɥɨɜɢɹ��ɱɬɨ�ɜɨɥɧɵ�ɢɫɤɚɠɟɧɢɹ��ɜɵɡɜɚɧɧɵɟ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ�ɩɥɨɫɤɨɣ�

ɜɨɥɧɵ� ɫ� ɬɪɟɳɢɧɨɣ�� ɨɬɪɚɡɢɜɲɢɫɶ� ɨɬ� ɤɪɚɟɜ� ɩɥɚɫɬɢɧɤɢ�� ɜɧɨɜɶ� ɧɟ�

ɞɨɫɬɢɝɧɭɬ�ɬɪɟɳɢɧɵ�ɜ�ɬɟɱɟɧɢɟ�ɷɤɫɩɟɪɢɦɟɧɬɚ��ɬ�ɟ��
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ɝɞɟ�a  - ɩɨɥɭɲɢɪɢɧɚ�ɩɨɥɨɫɵ�� l  - ɩɨɥɭɞɥɢɧɚ�ɬɪɟɳɢɧɵ��h  - ɩɨɥɭɞɥɢɧɚ�

ɩɨɥɨɫɵ��Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɪɟɲɚɟɦɚɹ�ɡɚɞɚɱɚ�ɞɥɹ�ɨɤɪɟɫɬɧɨɫɬɢ�ɬɪɟɳɢɧɵ�

ɢɞɟɧɬɢɱɧɚ�ɡɚɞɚɱɟ�ɞɥɹ�ɛɟɫɤɨɧɟɱɧɨɣ�ɨɛɥɚɫɬɢ�� 

 



�� 

ɇɚ� ɷɬɨɦ� ɷɬɚɩɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɢɦɩɭɥɶɫ� ɜɨɡɞɟɣɫɬɜɢɹ� ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ�

ɛɟɫɤɨɧɟɱɧɵɦ�� ɬ�ɟ�� ɜ� ɜɵɪɚɠɟɧɢɢ� (2.5�� Ɍ ��� ɇɚ� ɜɵɯɨɞɟ� ɚɧɚɥɢɡɚ�

ɢɡɭɱɚɥɚɫɶ� ɜɪɟɦɟɧɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ� �.I�� ɜ� ɜɟɪɲɢɧɟ� ɬɪɟɳɢɧɵ� ɩɪɢ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� ɫ�

ɩɪɨɯɨɞɹɳɢɦɢ� ɜɨɥɧɨɜɵɦɢ� ɩɚɤɟɬɚɦɢ ɪɚɡɥɢɱɧɨɣ� ɚɦɩɥɢɬɭɞɵ�� ɇɚ�

ɪɢɫɭɧɤɟ 2.2 ɩɪɟɞɫɬɚɜɥɟɧɚ�ɬɢɩɢɱɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�.I ɨɬ�ɜɪɟɦɟɧɢ�� 

 

 

 
 

Ɋɢɫɭɧɨɤ�2.2 

Ɍɢɩɢɱɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�.I ɨɬ�ɜɪɟɦɟɧɢ 

 

Ʉɚɤ�ɜɢɞɧɨ�ɢɡ�ɩɪɢɜɟɞɟɧɧɨɝɨ�ɝɪɚɮɢɤɚ��.I ɞɨɜɨɥɶɧɨ�ɛɵɫɬɪɨ�ɜɵɯɨɞɢɬ�ɧɚ�

ɫɬɚɬɢɱɟɫɤɢɣ�ɭɪɨɜɟɧɶ��ȼɪɟɦɹ�ɩɟɪɟɯɨɞɚ�ɤ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɣ�ɫɢɬɭɚɰɢɢ�ɜ�

ɨɤɪɟɫɬɧɨɫɬɢ� ɜɟɪɲɢɧɵ� ɬɪɟɳɢɧɵ�� ɢɫɯɨɞɹ� ɢɡ� ɩɨɥɭɱɟɧɧɵɯ� ɞɚɧɧɵɯ��



�� 

ɦɨɠɧɨ�ɨɰɟɧɢɬɶ� ɤɚɤ� ɜ� �-���ɪɚɡ� ɛɨɥɶɲɟɟ� ɜɪɟɦɟɧɢ�ɩɪɨɛɟɝɚ� ɜɨɥɧɨɣ�ɩɨ�

ɩɨɥɭɞɥɢɧɟ�ɬɪɟɳɢɧɵ�� 

 

ɇɚ� ɨɫɧɨɜɚɧɢɢ� ɩɨɥɭɱɟɧɧɵɯ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɞɚɧɧɵɯ� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɜɜɟɞɟɧɧɨɝɨ�ɜɵɲɟ ɤɪɢɬɟɪɢɹ�ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɬɪɟɳɢɧɵ 

ɧɚ� ɨɫɧɨɜɟ� ɩɨɧɹɬɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ�

ɦɚɬɟɪɢɚɥɨɜ ɢɫɫɥɟɞɭɟɦ� ɡɚɜɢɫɢɦɨɫɬɶ� *T - ɜɪɟɦɟɧɢ� ɞɨ� ɧɚɱɚɥɚ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧɵ� ɨɬ� ɚɦɩɥɢɬɭɞɵ� ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚ�

ɛɟɫɤɨɧɟɱɧɨɫɬɢ�ɧɚɝɪɭɡɤɢ� P . 

 

 

2.6.2 ɋɬɪɭɤɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɣ� ɤɪɢɬɟɪɢɣ� ɢɧɢɰɢɢɪɨɜɚɧɢɹ�

ɬɪɟɳɢɧɵ 

 

 ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ� ɤɪɢɬɟɪɢɟɦ� �2.3��� ɩɨɫɬɪɨɢɦ� ɡɚɜɢɫɢɦɨɫɬɶ�

ɜɪɟɦɟɧɢ� ɞɨ� ɪɚɡɪɭɲɟɧɢɹ� ɨɬ� ɚɦɩɥɢɬɭɞɵ� ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚɝɪɭɡɤɢ� ɞɥɹ�

ɝɪɚɧɢɬɚ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɜɪɟɦɟɧɧɨɣ� ɡɚɜɢɫɢɦɨɫɬɢ� ɤɨɷɮɮɢɰɢɟɧɬɚ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ��ɩɨɥɭɱɟɧɧɨɣ�ɢɡ ɱɢɫɥɟɧɧɨɝɨ�ɷɤɫɩɟɪɢɦɟɧɬɚ�

(ɪɢɫɭɧɨɤ 2.3��� ɂɫɩɨɥɶɡɨɜɚɧɵ� ɡɧɚɱɟɧɢɹ� IcK  ����0ɉD m , ߬ ��� ɦɤɫ��

ɯɚɪɚɤɬɟɪɧɵɟ� ɞɥɹ� ɢɫɫɥɟɞɭɟɦɨɝɨ� ɝɪɚɧɢɬɚ�� ɉɨ� ɨɫɢ� ɚɛɫɰɢɫɫ� ɨɬɥɨɠɟɧɨ�

ɜɪɟɦɹ� ɨɬ� ɧɚɱɚɥɚ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɜɨɥɧɨɜɨɝɨ� ɩɚɤɟɬɚ� ɫ� ɬɪɟɳɢɧɨɣ� ɞɨ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɬɪɟɳɢɧɵ��ɩɨ�ɨɫɢ�ɨɪɞɢɧɚɬ ɨɬɥɨɠɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ�

ɬɚɤɢɦ�ɜɪɟɦɟɧɚɦ�ɚɦɩɥɢɬɭɞɚ�ɩɪɢɥɨɠɟɧɧɨɣ�ɧɚ�ɛɟɫɤɨɧɟɱɧɨɫɬɢ�ɧɚɝɪɭɡɤɢ� 

 



�� 

 
 

Ɋɢɫɭɧɨɤ�2.3 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɜɪɟɦɟɧɢ�ɞɨ�ɪɚɡɪɭɲɟɧɢɹ�ɨɬ�ɚɦɩɥɢɬɭɞɵ�ɩɪɢɥɨɠɟɧɧɨɣ�

ɧɚɝɪɭɡɤɢ 

 

ɂɧɬɟɝɪɢɪɨɜɚɧɢɟ� ɜɪɟɦɟɧɧɨɣ� ɡɚɜɢɫɢɦɨɫɬɢ� ɤɨɷɮɮɢɰɢɟɧɬɚ�

ɤɨɧɰɟɧɬɪɚɰɢɢ�ɧɚɩɪɹɠɟɧɢɣ�ɜɵɩɨɥɧɟɧɨ�ɱɢɫɥɟɧɧɨ�ɦɟɬɨɞɨɦ�ɋɢɦɩɫɨɧɚ��

Ʉɚɤ� ɫɥɟɞɭɟɬ� ɢɡ� ɩɪɢɜɟɞɟɧɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ�� ɩɪɨɞɜɢɠɟɧɢɟ� ɬɪɟɳɢɧɵ� ɜ�

ɦɨɞɟɥɢɪɭɟɦɨɣ�ɫɢɬɭɚɰɢɢ�ɜɨɡɦɨɠɧɨ�ɞɥɹ�ɜɪɟɦɟɧ, ɦɟɧɶɲɢɯ������ɦɤɫ�� 

 

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɟɧɚ�ɤɪɢɬɢɱɟɫɤɚɹ�ɚɦɩɥɢɬɭɞɚ�ɩɪɢɤɥɚɞɵɜɚɟɦɨɣ�

ɧɚɝɪɭɡɤɢ�ɞɥɹ�ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɢ� ɝɟɨɦɟɬɪɢɢ�± ɚɦɩɥɢɬɭɞɚ��

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ�ɦɚɤɫɢɦɚɥɶɧɨ�ɜɨɡɦɨɠɧɨɦɭ�ɜɪɟɦɟɧɢ�ɞɨ�ɪɚɡɪɭɲɟɧɢɹ��

ɉɪɢɥɨɠɟɧɢɟ� ɧɚɝɪɭɡɤɢ� ɫ� ɚɦɩɥɢɬɭɞɨɣ, ɦɟɧɶɲɟɣ� ɤɪɢɬɢɱɟɫɤɨɣ, ɧɟ�

ɜɵɡɵɜɚɟɬ�ɩɪɨɪɚɫɬɚɧɢɹ�ɬɪɟɳɢɧɵ�� 

 

 



�� 

2.6.3 Ɂɚɜɢɫɢɦɨɫɬɶ� ɷɧɟɪɝɨɡɚɬɪɚɬ� ɧɚ� ɪɚɡɪɭɲɟɧɢɟ� ɨɬ�

ɚɦɩɥɢɬɭɞɵ�ɢ�ɞɥɢɬɟɥɶɧɨɫɬɢ�ɩɪɢɥɨɠɟɧɧɨɣ�ɧɚɝɪɭɡɤɢ 

 

 Ɋɚɫɫɦɨɬɪɢɦ�ɢɦɩɭɥɶɫ�ɜɨɡɞɟɣɫɬɜɢɹ�ɡɚɝɪɭɠɚɸɳɟɝɨ�ɭɫɬɪɨɣɫɬɜɚ�ɧɚ�

ɛɟɫɤɨɧɟɱɧɭɸ�ɩɨɥɨɫɭ�ɫ�ɪɚɡɪɟɡɨɦ��ȼ�ɧɚɲɟɦ�ɫɥɭɱɚɟ 

 

))()0(()( THHPtP � ,             (2.10) 

 

ɬɨɝɞɚ�ɢɦɩɭɥɶɫ�ɜɨɡɞɟɣɫɬɜɢɹ�ɛɭɞɟɬ�ɪɚɜɟɧ� 

 

PaTR  .               (2.11) 

 

 ɇɚ� ɪɢɫɭɧɤɟ 2.4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɝɢɛɚɸɳɚɹ� ɦɧɨɠɟɫɬɜɚ� ɢɦɩɭɥɶɫɨɜ�

ɜɨɡɦɨɠɧɵɯ�ɪɚɡɪɭɲɚɸɳɢɯ�ɜɨɡɞɟɣɫɬɜɢɣ�ɪɚɡɥɢɱɧɨɣ�ɞɥɢɬɟɥɶɧɨɫɬɢ� 
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Ɋɢɫɭɧɨɤ�2.4 

Ɉɝɢɛɚɸɳɚɹ�ɦɧɨɠɟɫɬɜɚ�ɢɦɩɭɥɶɫɨɜ�ɜɨɡɦɨɠɧɵɯ�ɪɚɡɪɭɲɚɸɳɢɯ�

ɜɨɡɞɟɣɫɬɜɢɣ�ɪɚɡɥɢɱɧɨɣ�ɞɥɢɬɟɥɶɧɨɫɬɢ 

 

Ɂɚɬɟɦɧɟɧɧɨɣ�ɨɛɥɚɫɬɢ�ɧɚ�ɝɪɚɮɢɤɟ�ɫɨɨɬɜɟɬɫɬɜɭɟɬ�ɦɧɨɠɟɫɬɜɨ�ɡɧɚɱɟɧɢɣ�

ɢɦɩɭɥɶɫɚ�� ɩɪɢ� ɤɨɬɨɪɵɯ� ɩɪɨɢɫɯɨɞɢɬ� ɩɪɨɪɚɫɬɚɧɢɟ� ɬɪɟɳɢɧɵ�� Ⱦɥɹ�

ɡɧɚɱɟɧɢɣ� ɜɧɟ� ɷɬɨɣ� ɨɛɥɚɫɬɢ� ɩɪɨɞɜɢɠɟɧɢɹ� ɬɪɟɳɢɧɵ� ɧɟ� ɩɪɨɢɫɯɨɞɢɬ��

Ɇɢɧɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɪɚɡɪɭɲɚɸɳɟɝɨ� ɢɦɩɭɥɶɫɚ� ɜ� ɢɫɫɥɟɞɭɟɦɨɣ�

ɫɢɬɭɚɰɢɢ� ɞɨɫɬɢɝɚɟɬɫɹ� ɩɪɢ� ɞɥɢɬɟɥɶɧɨɫɬɢ� ɜɨɡɞɟɣɫɬɜɢɹ�� ɪɚɜɧɨɣ� �����

ɦɤɫ�� ɢ� ɚɦɩɥɢɬɭɞɟ� ɜɨɡɞɟɣɫɬɜɢɹ� ɛɨɥɟɟ�� ɱɟɦ� ɧɚ� ���� ɩɪɟɜɨɫɯɨɞɹɳɟɣ�

ɤɪɢɬɢɱɟɫɤɭɸ�� 

 

Ɉɰɟɧɢɦ� ɷɧɟɪɝɢɸ�� ɩɟɪɟɞɚɧɧɭɸ� ɡɚɝɪɭɠɚɸɳɢɦ� ɭɫɬɪɨɣɫɬɜɨɦ� ɨɛɪɚɡɰɭ�

ɩɪɢ� ɧɚɝɪɭɠɟɧɢɢ� ɩɨɥɨɫɵ� ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ� ɧɚɝɪɭɡɤɨɣ� ɜɢɞɚ� �2.10). 

ȼɨɫɩɨɥɶɡɭɟɦɫɹ� ɮɨɪɦɭɥɨɣ�� ɜɵɜɟɞɟɧɧɨɣ� ɜ� ɫɬɚɬɶɟ� (Bratov and Petrov 



�� 

2007a), ɞɥɹ� ɨɰɟɧɤɢ� ɭɞɟɥɶɧɨɣ� �ɧɚ� ɟɞɢɧɢɰɭ� ɩɨɜɟɪɯɧɨɫɬɢ� ɤɨɧɬɚɤɬɚ��

ɷɧɟɪɝɢɢ, ɩɟɪɟɞɚɧɧɨɣ� ɩɨɥɭɩɥɨɫɤɨɫɬɢ�� ɧɚɝɪɭɠɚɟɦɨɣ� ɧɚ� ɝɪɚɧɢɰɟ�

ɧɚɝɪɭɡɤɨɣ�ɩɪɨɢɡɜɨɥɶɧɨɝɨ�ɩɪɨɮɢɥɹ� 

 

³ 
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c 0

2 )(1
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(2.12) 

 

ȼ� ɫɥɭɱɚɟ� ɧɚɝɪɭɠɟɧɢɹ� ɩɨɥɨɫɵ� ɫ� ɪɚɡɪɟɡɨɦ� ɧɚ� ɛɟɫɤɨɧɟɱɧɨɫɬɢ�

ɩɪɢɦɟɧɟɧɢɟ� ɞɚɧɧɨɣ� ɮɨɪɦɭɥɵ� ɩɪɚɜɨɦɟɪɧɨ�� ɬɚɤ� ɤɚɤ� ɷɧɟɪɝɨɨɛɦɟɧ�

ɨɛɪɚɡɰɚ�ɢ�ɧɚɝɪɭɠɚɸɳɟɝɨ�ɭɫɬɪɨɣɫɬɜɚ�ɡɚɤɚɧɱɢɜɚɟɬɫɹ�ɞɨ�ɩɪɢɯɨɞɚ�ɜɨɥɧ��

ɨɬɪɚɠɟɧɧɵɯ�ɨɬ�ɪɚɡɪɟɡɚ�ɤ�ɩɨɜɟɪɯɧɨɫɬɢ�ɤɨɧɬɚɤɬɚ� 

 

ɉɨɞɫɬɚɜɥɹɹ� ɜɵɪɚɠɟɧɢɟ� ɞɥɹ� ɞɚɜɥɟɧɢɹ (2.10�� ɜ� �2.12��� ɩɨɥɭɱɢɦ�

U
H

c
TP

spec

2

 �� ɉɥɨɳɚɞɶ� ɩɨɜɟɪɯɧɨɫɬɢ� �ɜ� ɧɚɲɟɦ� ɫɥɭɱɚɟ� ɩɥɨɫɤɨɝɨ�

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ� ɞɥɢɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ�� ɤɨɧɬɚɤɬɚ� ɪɚɜɧɚ�

ɲɢɪɢɧɟ� ɩɨɥɨɫɵ� - a �� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɷɧɟɪɝɢɹ�� ɩɟɪɟɞɚɧɧɚɹ� ɩɨɥɨɫɟ��

ɛɭɞɟɬ�ɪɚɜɧɚ� 

 

U
H

c
TaP 2

 .               (2.13) 

 

Ⱥɧɚɥɨɝɢɱɧɨ� ɪɢɫɭɧɤɭ� 2.4 ɩɨɫɬɪɨɢɦ� ɨɝɢɛɚɸɳɭɸ� ɦɧɨɠɟɫɬɜɚ�

ɜɨɡɦɨɠɧɵɯ� ɪɚɡɪɭɲɚɸɳɢɯ� ɡɧɚɱɟɧɢɣ� ɷɧɟɪɝɢɢ�� ɩɟɪɟɞɚɧɧɨɣ� ɨɛɪɚɡɰɭ 

ɧɚɝɪɭɠɚɸɳɢɦ�ɭɫɬɪɨɣɫɬɜɨɦ��ɪɢɫɭɧɨɤ 2.5). 
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Ɇɢɧɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɷɧɟɪɝɢɢ� ɞɨɫɬɢɝɚɟɬɫɹ� ɞɥɹ� ɜɨɡɞɟɣɫɬɜɢɣ� ɫ�

ɞɥɢɬɟɥɶɧɨɫɬɶɸ� ����� ɦɤɫ�� Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɩɪɢɜɟɞɟɧɧɨɝɨ� ɝɪɚɮɢɤɚ�� ɞɥɹ�

ɞɥɢɬɟɥɶɧɨɫɬɟɣ� ɜɨɡɞɟɣɫɬɜɢɹ, ɞɚɥɟɤɢɯ� ɨɬ� ɦɢɧɢɦɢɡɢɪɭɸɳɟɣ�

ɦɢɧɢɦɚɥɶɧɵɟ�ɷɧɟɪɝɨɡɚɬɪɚɬɵ�ɧɚ�ɩɪɨɞɜɢɠɟɧɢɟ�ɬɪɟɳɢɧɵ, ɡɧɚɱɢɬɟɥɶɧɨ�

ɩɪɟɜɨɫɯɨɞɹɬ�ɦɢɧɢɦɚɥɶɧɨɟ�ɡɧɚɱɟɧɢɟ��Ɍɚɤ��ɧɚɩɪɢɦɟɪ��ɞɥɹ�ɧɚɝɪɭɠɟɧɢɣ�

ɞɥɢɬɟɥɶɧɨɫɬɶɸ� ��� ɦɤɫ�� ɤɨɝɞɚ� ɜɨɡɦɨɠɧɨ� ɪɚɡɪɭɲɟɧɢɟ� ɩɨɪɨɝɨɜɵɦ�

ɢɦɩɭɥɶɫɨɦ� ɦɢɧɢɦɚɥɶɧɨɣ� ɚɦɩɥɢɬɭɞɵ�� ɦɢɧɢɦɚɥɶɧɚɹ� ɷɧɟɪɝɢɹ��

ɫɨɨɛɳɚɸɳɚɹ�ɩɪɢɪɚɳɟɧɢɟ�ɬɪɟɳɢɧɟ��ɛɭɞɟɬ�ɭɠɟ�ɧɚ�����ɛɨɥɶɲɟ��ɚ�ɩɪɢ�

ɞɥɢɬɟɥɶɧɨɫɬɢ����ɦɤɫ�ɛɨɥɟɟ, ɱɟɦ�ɜ�ɞɜɚ�ɪɚɡɚ�ɛɨɥɶɲɟ� 

 

 

 

2.7 ɋɥɭɱɚɣ�ɧɚɝɪɭɡɤɢ��ɩɪɢɥɨɠɟɧɧɨɣ�ɩɨ�ɛɟɪɟɝɚɦ ɪɚɡɪɟɡɚ 
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Ɂɚɞɚɱɚ��2.14��ɚɧɚɥɨɝɢɱɧɚ�ɡɚɞɚɱɟ��2.4) - (2.9���ɧɨ�ɜ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɧɚɝɪɭɡɤɚ�

ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ�ɧɟ�ɧɚ�ɛɟɫɤɨɧɟɱɧɨɫɬɢ��ɚ�ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ�ɧɚ�ɛɟɪɟɝɚɯ�

ɬɪɟɳɢɧɵ� 

 



�� 

Ɋɟɲɢɦ� ɩɨɫɬɚɜɥɟɧɧɭɸ� ɡɚɞɚɱɭ� ɱɢɫɥɟɧɧɨ�� ɢɫɩɨɥɶɡɭɹ� ɦɟɬɨɞ� ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ�� Ɉɱɟɜɢɞɧɨ�� ɫɥɟɞɭɹ� ɩɪɢɧɰɢɩɭ� ɫɭɩɟɪɩɨɡɢɰɢɢ�� ɪɟɲɟɧɢɟ�

ɩɨɫɬɚɜɥɟɧɧɨɣ� ɡɚɞɚɱɢ� ɛɭɞɟɬ� ɢɞɟɧɬɢɱɧɨ� ɪɚɧɟɟ� ɢɫɫɥɟɞɨɜɚɧɧɨɣ� ɡɚɞɚɱɟ�

(2.4)-(2.9�� ɨɛ� ɭɞɚɪɧɨɦ� ɪɚɫɬɹɠɟɧɢɢ� ɩɨɥɨɫɵ� ɫ� ɪɚɡɪɟɡɨɦ� ɧɚɝɪɭɡɤɨɣ��

ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚ� ɛɟɫɤɨɧɟɱɧɨɫɬɢ�� ȼ� ɬɨ�ɠɟ� ɜɪɟɦɹ� ɪɚɧɟɟ� ɨɛɫɭɠɞɚɥɨɫɶ�

ɪɚɡɥɢɱɢɟ� ɷɬɢɯ� ɞɜɭɯ� ɡɚɞɚɱ� ɫ� ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ� ɬɨɱɤɢ� ɡɪɟɧɢɹ�� Ɍɚɤɢɦ�

ɨɛɪɚɡɨɦ, ɞɥɹ�ɞɚɧɧɨɣ�ɡɚɞɚɱɢ�ɨɫɬɚɸɬɫɹ�ɫɩɪɚɜɟɞɥɢɜɵɦɢ�ɜɫɟ�ɫɥɟɞɫɬɜɢɹ�

ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ� ɞɥɹ� ɧɚɝɪɭɡɤɢ�� ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚ� ɛɟɫɤɨɧɟɱɧɨɫɬɢ�� ɡɚ�

ɢɫɤɥɸɱɟɧɢɟɦ� ɨɰɟɧɨɤ� ɷɧɟɪɝɨɟɦɤɨɫɬɢ� ɩɪɨɞɜɢɠɟɧɢɹ� ɬɪɟɳɢɧɵ�� ɋɬɨɢɬ�

ɨɬɦɟɬɢɬɶ��ɱɬɨ�ɞɥɹ�ɷɬɨɝɨ�ɫɥɭɱɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɦɢɧɢɦɚɥɶɧɨ�ɜɨɡɦɨɠɧɨɝɨ�

ɢɦɩɭɥɶɫɚ� ɨɬ� ɞɥɢɬɟɥɶɧɨɫɬɢ� ɜɨɡɞɟɣɫɬɜɢɹ� ɛɭɞɟɬ� ɬɚɤɨɣ� ɠɟ�� ɤɚɤ� ɢ� ɞɥɹ�

ɫɥɭɱɚɹ�ɧɚɝɪɭɡɤɢ��ɩɪɢɥɨɠɟɧɧɨɣ�ɧɚ�ɛɟɫɤɨɧɟɱɧɨɫɬɢ��ɫ�ɬɨɣ ɪɚɡɧɢɰɟɣ��ɱɬɨ�

ɜ� ɮɨɪɦɭɥɟ� �2.11�� ɜɦɟɫɬɨ� ɲɢɪɢɧɵ� ɩɨɥɨɫɵ� a  ɧɚɞɨ� ɜɡɹɬɶ� ɞɥɢɧɭ�

ɬɪɟɳɢɧɵ� l ��ɱɬɨ�ɤɚɱɟɫɬɜɟɧɧɨ�ɧɟ�ɢɡɦɟɧɢɬ�ɪɢɫ��2.4. 

 

Ʉ�ɫɨɠɚɥɟɧɢɸ��ɨɰɟɧɢɬɶ�ɚɧɚɥɢɬɢɱɟɫɤɢ�ɷɧɟɪɝɢɸ��ɩɟɪɟɞɚɧɧɭɸ�ɨɛɪɚɡɰɭ�ɜ�

ɫɥɭɱɚɟ� ɧɚɝɪɭɡɤɢ�� ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚ� ɛɟɪɟɝɚɯ� ɬɪɟɳɢɧɵ�� ɧɟ�

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ� ɜɨɡɦɨɠɧɵɦ�� ɨɞɧɚɤɨ� ɦɵ� ɦɨɠɟɦ� ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ�

ɢɦɟɸɳɢɦɫɹ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɦ� ɪɟɲɟɧɢɟɦ� ɢ� ɨɰɟɧɢɬɶ� ɷɧɟɪɝɢɸ��

ɫɨɞɟɪɠɚɳɭɸɫɹ� ɜ� ɨɛɪɚɡɰɟ�� ɱɢɫɥɟɧɧɨ�� ɇɚ� ɪɢɫ�� 2.6 ɩɪɟɞɫɬɚɜɥɟɧɚ�

ɬɢɩɢɱɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɩɨɜɟɞɟɧɢɹ� ɩɨɥɧɨɣ�� ɤɢɧɟɬɢɱɟɫɤɨɣ� ɢ�

ɩɨɬɟɧɰɢɚɥɶɧɨɣ�ɷɧɟɪɝɢɣ�ɞɟɮɨɪɦɚɰɢɢ�ɧɚɝɪɭɠɚɟɦɨɝɨ�ɨɛɪɚɡɰɚ� 

 



�� 

 
 

Ɋɢɫɭɧɨɤ�2.6 

Ɍɢɩɢɱɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɩɨɜɟɞɟɧɢɹ�ɩɨɥɧɨɣ��ɤɢɧɟɬɢɱɟɫɤɨɣ�ɢ�

ɩɨɬɟɧɰɢɚɥɶɧɨɣ�ɷɧɟɪɝɢɣ�ɞɟɮɨɪɦɚɰɢɢ�ɧɚɝɪɭɠɚɟɦɨɝɨ�ɨɛɪɚɡɰɚ 

 

ȼ� ɧɚɱɚɥɶɧɵɟ� ɦɨɦɟɧɬɵ� ɜɪɟɦɟɧɢ� ɤɚɤ� ɤɢɧɟɬɢɱɟɫɤɚɹ�� ɬɚɤ� ɢ�

ɩɨɬɟɧɰɢɚɥɶɧɚɹ�ɷɧɟɪɝɢɢ�ɫɢɫɬɟɦɵ�ɥɢɧɟɣɧɨ�ɜɨɡɪɚɫɬɚɸɬ��ɬɚɤ�ɠɟ�ɤɚɤ ɢ ɜ�

ɫɥɭɱɚɟ� ɧɚɝɪɭɠɟɧɢɹ� ɩɨɥɭɩɥɨɫɤɨɫɬɢ�� Ɉɞɧɚɤɨ� ɜ� ɦɨɦɟɧɬ� ɜɪɟɦɟɧɢ��

ɪɚɜɧɵɣ�ɜɪɟɦɟɧɢ�ɩɪɨɛɟɝɚ�ɜɨɥɧɨɣ�ɩɨ�ɩɨɥɭɞɥɢɧɟ�ɬɪɟɳɢɧɵ��ɧɚɱɢɧɚɟɬɫɹ�

ɩɟɪɟɯɨɞ� ɤɢɧɟɬɢɱɟɫɤɨɣ� ɷɧɟɪɝɢɢ� ɬɨɱɟɤ� ɨɛɪɚɡɰɚ� ɜ� ɩɨɬɟɧɰɢɚɥɶɧɭɸ�

ɷɧɟɪɝɢɸ� ɞɟɮɨɪɦɚɰɢɢ�� ɢ� ɞɚɠɟ� ɧɟɤɨɬɨɪɵɣ� ɜɨɡɜɪɚɬ� ɷɧɟɪɝɢɢ� ɨɛɪɚɡɰɨɦ�

ɧɚɝɪɭɠɚɸɳɟɦɭ�ɭɫɬɪɨɣɫɬɜɭ� 

 

ɉɨɫɬɪɨɟɧɧɚɹ�ɨɝɢɛɚɸɳɚɹ�ɦɧɨɠɟɫɬɜɚ�ɪɚɡɪɭɲɚɸɳɢɯ�ɡɧɚɱɟɧɢɣ�ɷɧɟɪɝɢɢ�

ɩɪɢ�ɪɚɡɥɢɱɧɵɯ�ɞɥɢɬɟɥɶɧɨɫɬɹɯ�ɜɨɡɞɟɣɫɬɜɢɹ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɧɚ�ɪɢɫ��2.7. 

 



�� 

 
 

Ɋɢɫɭɧɨɤ�2.7 

Ɉɝɢɛɚɸɳɚɹ�ɦɧɨɠɟɫɬɜɚ�ɪɚɡɪɭɲɚɸɳɢɯ�ɡɧɚɱɟɧɢɣ�ɷɧɟɪɝɢɢ�ɩɪɢ�

ɪɚɡɥɢɱɧɵɯ�ɞɥɢɬɟɥɶɧɨɫɬɹɯ�ɜɨɡɞɟɣɫɬɜɢɹ 

 

Ʉɚɤ� ɜɢɞɧɨ�� ɜ� ɫɥɭɱɚɟ� ɧɚɝɪɭɡɤɢ�� ɩɪɢɥɨɠɟɧɧɨɣ� ɩɨ� ɛɟɪɟɝɚɦ� ɬɪɟɳɢɧɵ��

ɡɚɜɢɫɢɦɨɫɬɶ�ɷɧɟɪɝɨɟɦɤɨɫɬɢ�ɩɪɨɞɜɢɠɟɧɢɹ�ɬɪɟɳɢɧɵ�ɨɬ�ɞɥɢɬɟɥɶɧɨɫɬɢ�

ɞɟɣɫɬɜɢɹ�ɧɚɝɪɭɡɤɢ�ɧɟ�ɢɦɟɟɬ�ɜɵɪɚɠɟɧɧɨɝɨ�ɦɢɧɢɦɭɦɚ��ɉɪɢ�ɭɜɟɥɢɱɟɧɢɢ�

ɞɥɢɬɟɥɶɧɨɫɬɢ�ɜɨɡɞɟɣɫɬɜɢɹ�ɷɧɟɪɝɨɟɦɤɨɫɬɶ�ɪɚɡɪɭɲɟɧɢɹ�ɭɦɟɧɶɲɚɟɬɫɹ�ɢ�

ɞɨɫɬɢɝɚɟɬ� ɦɢɧɢɦɚɥɶɧɨɝɨ� ɡɧɚɱɟɧɢɹ� ɞɥɹ� ɦɚɤɫɢɦɚɥɶɧɨ� ɜɨɡɦɨɠɧɨɝɨ�

ɜɪɟɦɟɧɢ�ɞɨ�ɪɚɡɪɭɲɟɧɢɹ�� 

 

ɍɜɟɥɢɱɢɦ� ɨɛɥɚɫɬɶ�� ɩɪɢɦɵɤɚɸɳɭɸ� ɤ� ɬɨɱɤɟ�� ɜ� ɤɨɬɨɪɨɣ� ɩɟɪɟɞɚɧɧɚɹ�

ɨɛɪɚɡɰɭ� ɷɧɟɪɝɢɹ� ɞɨɫɬɢɝɚɟɬ ɦɢɧɢɦɚɥɶɧɨɝɨ� ɡɧɚɱɟɧɢɹ� ɧɚ� ɪɢɫ�� 2.7 �ɫɦ��

ɪɢɫ��2.8) 

 



�� 

 
 

Ɋɢɫɭɧɨɤ�2.8 

Ɉɝɢɛɚɸɳɚɹ�ɦɧɨɠɟɫɬɜɚ�ɪɚɡɪɭɲɚɸɳɢɯ�ɡɧɚɱɟɧɢɣ�ɷɧɟɪɝɢɢ�ɩɪɢ�

ɪɚɡɥɢɱɧɵɯ�ɞɥɢɬɟɥɶɧɨɫɬɹɯ�ɜɨɡɞɟɣɫɬɜɢɹ �ɭɜɟɥɢɱɟɧɢɟ� 

 

Ʉɚɤ� ɫɥɟɞɭɟɬ� ɢɡ� ɩɪɢɜɟɞɟɧɧɨɝɨ� ɪɢɫɭɧɤɚ�� ɞɥɹ� ɧɚɝɪɭɡɨɤ� ɫ�

ɞɥɢɬɟɥɶɧɨɫɬɹɦɢ�� ɥɟɠɚɳɢɦɢ� ɜ� ɧɟɤɨɬɨɪɨɣ� ɨɤɪɟɫɬɧɨɫɬɢ� ɬɨɱɤɢ��

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�ɦɚɤɫɢɦɚɥɶɧɨ�ɜɨɡɦɨɠɧɨɦɭ�ɜɪɟɦɟɧɢ�ɞɨ�ɪɚɡɪɭɲɟɧɢɹ�

������ɦɤɫ�ɜ�ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ�ɫɥɭɱɚɟ���ɷɧɟɪɝɨɡɚɬɪɚɬɵ�ɧɚ�ɩɪɨɞɜɢɠɟɧɢɟ�

ɬɪɟɳɢɧɵ�ɭɜɟɥɢɱɢɜɚɸɬɫɹ�ɧɟɡɧɚɱɢɬɟɥɶɧɨ� 

 

 

 

 



�� 

2.7.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɜɨɡɞɟɣɫɬɜɢɣ� ɦɢɧɢɦɢɡɢɪɭɸɳɢɯ�

ɷɧɟɪɝɢɸ��ɡɚɬɪɚɱɢɜɚɟɦɭɸ�ɧɚ�ɩɪɨɞɜɢɠɟɧɢɟ�ɬɪɟɳɢɧ 

 

Ʉɚɤ� ɩɪɚɜɢɥɨ�� ɩɪɢ� ɧɟɜɡɪɵɜɧɨɦ� ɯɚɪɚɤɬɟɪɟ� ɜɨɡɞɟɣɫɬɜɢɹ� ɧɚ�

ɦɚɬɟɪɢɚɥ�ɜ�ɩɪɨɰɟɫɫɚɯ�ɟɝɨ�ɪɚɡɪɭɲɟɧɢɹ��ɡɚɞɚɱɢ�ɛɭɪɟɧɢɹ��ɞɪɨɛɥɟɧɢɹ�ɢ�

ɞɪ���ɜɨɡɦɨɠɧɨ�ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ�ɱɚɫɬɨɬɭ�ɢ�ɚɦɩɥɢɬɭɞɭ�ɜɨɡɞɟɣɫɬɜɢɹ�ɧɚ�

ɦɚɬɟɪɢɚɥ� ɫɨ� ɫɬɨɪɨɧɵ� ɪɚɡɪɭɲɚɸɳɟɣ� ɦɚɲɢɧɵ�� ɉɪɨɜɟɞɟɧɧɨɟ�

ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɩɨɤɚɡɵɜɚɟɬ�� ɱɬɨ� ɩɪɢ� ɨɩɪɟɞɟɥɟɧɧɵɯ� ɞɥɢɬɟɥɶɧɨɫɬɹɯ�

ɜɨɡɞɟɣɫɬɜɢɹ��ɩɪɢ�ɭɞɚɪɧɨɦ�ɪɚɡɪɭɲɟɧɢɢ�ɛɨɥɶɲɢɯ�ɨɛɴɟɦɨɜ�ɦɚɬɟɪɢɚɥɚ�ɫ�

ɬɪɟɳɢɧɚɦɢ� ɞɥɢɬɟɥɶɧɨɫɬɶ� ɜɨɡɞɟɣɫɬɜɢɹ� ɫɜɹɡɚɧɚ� ɫ� ɱɚɫɬɨɬɨɣ� ɭɞɚɪɨɜ�

ɦɚɲɢɧɵ��� ɷɧɟɪɝɨɡɚɬɪɚɬɵ� ɧɚ� ɩɪɨɞɜɢɠɟɧɢɟ� ɬɪɟɳɢɧ� ɜ� ɦɚɬɟɪɢɚɥɟ�

ɩɪɢɧɢɦɚɸɬ�ɦɢɧɢɦɚɥɶɧɨɟ�ɡɧɚɱɟɧɢɟ� 

 

Ⱥɧɚɥɨɝɢɱɧɨ� ɪɢɫɭɧɤɭ 2.5 ɦɨɠɧɨ� ɩɨɫɬɪɨɢɬɶ� ɨɝɢɛɚɸɳɭɸ� ɦɧɨɠɟɫɬɜɚ�

ɡɧɚɱɟɧɢɣ�ɷɧɟɪɝɢɢ��ɜɟɞɭɳɢɯ�ɤ�ɩɪɨɞɜɢɠɟɧɢɸ�ɬɪɟɳɢɧɵ�ɜ�ɨɛɪɚɡɰɟ�ɩɪɢ�

ɪɚɡɥɢɱɧɵɯ�ɚɦɩɥɢɬɭɞɚɯ�ɜɨɡɞɟɣɫɬɜɢɹ��ɪɢɫɭɧɨɤ 2.9).  

 

 

 



�� 

 
 

Ɋɢɫɭɧɨɤ�2.9 

Ɉɝɢɛɚɸɳɚɹ�ɦɧɨɠɟɫɬɜɚ�ɡɧɚɱɟɧɢɣ�ɷɧɟɪɝɢɢ��ɜɟɞɭɳɢɯ�ɤ�ɩɪɨɞɜɢɠɟɧɢɸ�

ɬɪɟɳɢɧɵ�ɜ�ɨɛɪɚɡɰɟ�ɩɪɢ�ɪɚɡɥɢɱɧɵɯ�ɚɦɩɥɢɬɭɞɚɯ�ɜɨɡɞɟɣɫɬɜɢɹ 

 

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɜɨɡɦɨɠɧɨ�ɨɩɪɟɞɟɥɢɬɶ�ɞɢɚɩɚɡɨɧɵ�ɱɚɫɬɨɬ�ɢ�ɚɦɩɥɢɬɭɞ�

ɜɨɡɞɟɣɫɬɜɢɹ�� ɡɚɜɢɫɹɳɢɟ� ɨɬ� ɫɜɨɣɫɬɜ� ɪɚɡɪɭɲɚɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ��

ɩɪɟɨɛɥɚɞɚɸɳɢɯ� ɞɥɢɧ� ɢɦɟɸɳɢɯɫɹ� ɜ� ɦɚɬɟɪɢɚɥɟ� ɬɪɟɳɢɧ� ɢ� ɫɩɨɫɨɛɚ�

ɧɚɝɪɭɠɟɧɢɹ�� ɩɪɢ� ɤɨɬɨɪɵɯ� ɷɧɟɪɝɨɡɚɬɪɚɬɵ� ɧɚ� ɪɚɡɪɭɲɟɧɢɟ� ɦɚɬɟɪɢɚɥɚ�

ɛɭɞɭɬ�ɦɢɧɢɦɚɥɶɧɵ�� 

 

 

 

 



�� 

2.7.2 Ɂɚɜɢɫɢɦɨɫɬɶ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɜɨɡɞɟɣɫɬɜɢɣ, 

ɦɢɧɢɦɢɡɢɪɭɸɳɢɯ� ɷɧɟɪɝɢɸ�� ɡɚɬɪɚɱɢɜɚɟɦɭɸ� ɧɚ�

ɩɪɨɞɜɢɠɟɧɢɟ�ɬɪɟɳɢɧɵ�ɨɬ�ɞɥɢɧɵ�ɬɪɟɳɢɧɵ 

 

Ȼɵɥɚ� ɢɫɫɥɟɞɨɜɚɧɚ� ɡɚɜɢɫɢɦɨɫɬɶ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɜɨɡɞɟɣɫɬɜɢɣ��

ɦɢɧɢɦɢɡɢɪɭɸɳɢɯ� ɷɧɟɪɝɢɸ�� ɡɚɬɪɚɱɢɜɚɟɦɭɸ� ɧɚ� ɩɪɨɞɜɢɠɟɧɢɟ�

ɬɪɟɳɢɧɵ�� ɨɬ� ɞɥɢɧɵ� ɬɪɟɳɢɧɵ�� ɉɨɥɭɱɟɧɧɵɟ� ɡɚɜɢɫɢɦɨɫɬɢ�

ɩɪɟɞɫɬɚɜɥɟɧɵ�ɧɚ�ɪɢɫ��2.10. 

 

 
Ɋɢɫɭɧɨɤ�2.10 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɜɨɡɞɟɣɫɬɜɢɣ��ɦɢɧɢɦɢɡɢɪɭɸɳɢɯ�

ɷɧɟɪɝɢɸ��ɡɚɬɪɚɱɢɜɚɟɦɭɸ�ɧɚ�ɩɪɨɞɜɢɠɟɧɢɟ�ɬɪɟɳɢɧɵ��ɨɬ�ɞɥɢɧɵ�

ɬɪɟɳɢɧɵ 

 

Ʉɚɤ�ɜɢɞɧɨ��ɞɥɢɬɟɥɶɧɨɫɬɢ�ɜɨɡɞɟɣɫɬɜɢɣ��ɦɢɧɢɦɢɡɢɪɭɸɳɢɯ�ɢɦɩɭɥɶɫ�ɢ�

ɷɧɟɪɝɢɸ�� ɡɚɬɪɚɱɢɜɚɟɦɭɸ�ɧɚ�ɪɚɡɪɭɲɟɧɢɟ�� ɥɢɧɟɣɧɨ� ɡɚɜɢɫɹɬ� ɨɬ�ɞɥɢɧɵ�



�� 

ɧɚɝɪɭɠɚɟɦɨɣ�ɬɪɟɳɢɧɵ��ɉɪɢ�ɷɬɨɦ�ɩɪɢ�ɫɬɪɟɦɥɟɧɢɢ�ɞɥɢɧɵ�ɬɪɟɳɢɧɵ�ɤ�

ɧɭɥɸ�� ɞɥɢɬɟɥɶɧɨɫɬɶ� ɜɨɡɞɟɣɫɬɜɢɹ�� ɦɢɧɢɦɢɡɢɪɭɸɳɟɝɨ� ɢɦɩɭɥɶɫ��

ɫɬɪɟɦɢɬɫɹ� ɤ� ɧɭɥɸ�� ɚ� ɞɥɢɬɟɥɶɧɨɫɬɶ� ɢɦɩɭɥɶɫɚ�� ɦɢɧɢɦɢɡɢɪɭɸɳɟɝɨ�

ɷɧɟɪɝɢɸ�� ɫɬɪɟɦɢɬɫɹ� ɤ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɨɦɭ� ɜɪɟɦɟɧɢ� ɩɪɨɰɟɫɫɚ�

ɪɚɡɪɭɲɟɧɢɹ�� Ɇɚɤɫɢɦɚɥɶɧɨ� ɜɨɡɦɨɠɧɨɟ� ɜɪɟɦɹ� ɞɨ� ɪɚɡɪɭɲɟɧɢɹ� ɬɚɤɠɟ�

ɥɢɧɟɣɧɨ� ɡɚɜɢɫɢɬ� ɨɬ� ɞɥɢɧɵ� ɬɪɟɳɢɧɵ�� ɢ� ɩɪɢ� ɫɬɪɟɦɥɟɧɢɢ� ɞɥɢɧɵ�

ɬɪɟɳɢɧɵ� ɤ� ɧɭɥɸ� ɫɬɪɟɦɢɬɫɹ� ɤ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɨɦɭ� ɜɪɟɦɟɧɢ��

Ⱥɦɩɥɢɬɭɞɵ� ɜɨɡɞɟɣɫɬɜɢɹ�� ɦɢɧɢɦɢɡɢɪɭɸɳɢɟ� ɢɦɩɭɥɶɫ� ɢ� ɷɧɟɪɝɢɸ��

ɩɪɟɞɫɬɚɜɥɟɧɵ�ɧɚ�ɪɢɫ��2.11.  

 

 
Ɋɢɫɭɧɨɤ�2.11 

Ⱥɦɩɥɢɬɭɞɵ�ɜɨɡɞɟɣɫɬɜɢɹ��ɦɢɧɢɦɢɡɢɪɭɸɳɢɟ�ɢɦɩɭɥɶɫ�ɢ�ɷɧɟɪɝɢɸ 

 

Ʉɚɤ� ɢ� ɫɥɟɞɨɜɚɥɨ� ɨɠɢɞɚɬɶ�� ɚɦɩɥɢɬɭɞɚ� ɩɨɪɨɝɨɜɨɝɨ� ɜɨɡɞɟɣɫɬɜɢɹ�

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ଵ
ξ௟
�Ǥ Ɂɚɜɢɫɢɦɨɫɬɶ� ɚɦɩɥɢɬɭɞɵ� ɜɨɡɞɟɣɫɬɜɢɹ��

ɦɢɧɢɦɢɡɢɪɭɸɳɟɝɨ� ɷɧɟɪɝɢɸ�� ɛɥɢɡɤɚ� ɤ ଵ
ξ௟
�ǡ  ɚ� ɚɦɩɥɢɬɭɞɵ��



�� 

ɦɢɧɢɦɢɡɢɪɭɸɳɟɣ� ɢɦɩɭɥɶɫ� ɤ ଵ
௟
Ǥ �� ɉɪɢ� ɦɚɥɵɯ� ɪɚɡɦɟɪɚɯ� ɬɪɟɳɢɧɵ�

ɚɦɩɥɢɬɭɞɚ� ɜɨɡɞɟɣɫɬɜɢɣ, ɦɢɧɢɦɢɡɢɪɭɳɢɯ� ɷɧɟɪɝɢɸ, ɛɥɢɡɤɚ� ɤ�

ɩɨɪɨɝɨɜɨɣ�� ɨɞɧɚɤɨ� ɩɪɢ� ɭɜɟɥɢɱɟɧɢɢ� ɞɥɢɧɵ� ɬɪɟɳɢɧɵ� ɡɚɜɢɫɢɦɨɫɬɶ�

ɚɦɩɥɢɬɭɞɵ, ɦɢɧɢɦɢɡɢɪɭɸɳɟɣ�ɷɧɟɪɝɢɸ, ɜɫɟ�ɫɢɥɶɧɟɟ�ɨɬɤɥɨɧɹɟɬɫɹ�ɨɬ�

ɩɨɪɨɝɨɜɨɝɨ�ɡɧɚɱɟɧɢɹ�ɚɦɩɥɢɬɭɞɵ�(ɪɢɫ��2.12). 

 

 
 

Ɋɢɫɭɧɨɤ�2.12 

Ⱥɦɩɥɢɬɭɞɵ�ɜɨɡɞɟɣɫɬɜɢɹ��ɦɢɧɢɦɢɡɢɪɭɸɳɢɟ�ɷɧɟɪɝɢɸ, ɢ�

ɩɨɪɨɝɨɜɚɹ ɚɦɩɥɢɬɭɞɚ 
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2.8 ȼɵɜɨɞɵ 
 

ɉɨɥɭɱɟɧɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɝɨɜɨɪɹɬ�ɨ�ɜɨɡɦɨɠɧɨɫɬɢ�ɦɢɧɢɦɢɡɚɰɢɣ�

ɡɚɬɪɚɬ�ɧɚ�ɪɚɡɪɭɲɟɧɢɟ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɬɪɟɳɢɧɚɦɢ��ɬɚɤɢɯ�ɤɚɤ��ɧɚɩɪɢɦɟɪ��

ɝɨɪɧɵɟ�ɩɨɪɨɞɵ�� 

 

Ⱦɚɧɧɵɟ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ�ɨ�ɬɨɦ��ɱɬɨ�ɷɧɟɪɝɨɡɚɬɪɚɬɵ�ɧɚ�ɩɪɨɞɜɢɠɟɧɢɟ�

ɬɪɟɳɢɧɵ� ɫɭɳɟɫɬɜɟɧɧɨ� ɡɚɜɢɫɹɬ� ɨɬ� ɚɦɩɥɢɬɭɞɵ� ɢ� ɱɚɫɬɨɬɵ�

ɩɪɢɤɥɚɞɵɜɚɟɦɨɣ�ɧɚɝɪɭɡɤɢ�- ɩɪɢ�ɨɬɤɥɨɧɟɧɢɢ�ɱɚɫɬɨɬɵ�ɜɨɡɞɟɣɫɬɜɢɣ�ɧɚ�

���� ɨɬ� ɦɢɧɢɦɢɡɢɪɭɸɳɟɣ� ɷɧɟɪɝɨɡɚɬɪɚɬɵ� ɧɚ� ɪɚɡɪɭɲɟɧɢɟ� ɜ�

ɢɫɫɥɟɞɨɜɚɧɧɨɦ�ɫɥɭɱɚɟ�ɜɨɡɪɚɫɬɚɸɬ�ɛɨɥɟɟ, ɱɟɦ�ɧɚ����� 

 

ɉɨɫɬɪɨɟɧɧɵɟ� ɡɚɜɢɫɢɦɨɫɬɢ� ɦɢɧɢɦɢɡɢɪɭɸɳɢɯ� ɷɧɟɪɝɨɡɚɬɪɚɬɵ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɜɨɡɞɟɣɫɬɜɢɹ� ɨɬ� ɞɥɢɧɵ� ɬɪɟɳɢɧɵ� ɩɨɡɜɨɥɹɸɬ�

ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɦɢɧɢɦɢɡɢɪɭɸɳɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɪɚɡɪɭɲɚɸɳɢɯ�

ɜɨɡɞɟɣɫɬɜɢɣ� ɢɫɫɥɟɞɨɜɚɧɢɟɦ� ɩɪɟɨɛɥɚɞɚɸɳɟɝɨ� ɪɚɡɦɟɪɚ� ɬɪɟɳɢɧ� ɜ�

ɪɚɡɪɭɲɚɟɦɵɯ�ɦɚɬɟɪɢɚɥɚɯ�� 

 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɜ� ɩɟɪɜɵɯ� ɞɜɭɯ� ɝɥɚɜɚɯ� ɢɫɫɥɟɞɨɜɚɧɵ� ɡɚɞɚɱɢ�

ɨɩɬɢɦɢɡɚɰɢɢ� �ɦɢɧɢɦɢɡɚɰɢɢ�� ɷɧɟɪɝɨɡɚɬɪɚɬ� ɧɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�

ɢɦɟɸɳɢɯɫɹ� ɜ� ɦɚɬɟɪɢɚɥɟ� ɬɪɟɳɢɧ� ɜ� ɫɬɚɬɢɱɟɫɤɨɣ� ɢ� ɞɢɧɚɦɢɱɟɫɤɨɣ�

ɩɨɫɬɚɧɨɜɤɚɯ�� ɉɪɟɞɫɤɚɡɚɧɵ� ɨɩɬɢɦɚɥɶɧɵɟ� ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ�

ɫɩɨɫɨɛɵ� ɩɪɢɥɨɠɟɧɢɹ� ɧɚɝɪɭɡɤɢ� ɢ� ɢɫɫɥɟɞɨɜɚɧɵ� ɨɩɬɢɦɚɥɶɧɵɟ�

ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɜɨɡɞɟɣɫɬɜɢɣ�

ɪɚɡɪɭɲɚɸɳɢɯ� ɤɜɚɡɢɯɪɭɩɤɢɟ� ɦɚɬɟɪɢɚɥɵ� ɇɚ� ɨɫɧɨɜɟ� ɩɨɥɭɱɟɧɧɵɯ�

ɪɟɡɭɥɶɬɚɬɨɜ� ɜɨɡɦɨɠɧɨ� ɩɪɨɢɡɜɨɞɢɬɶ� ɨɰɟɧɤɢ� ɨɩɬɢɦɚɥɶɧɵɯ�

ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɪɚɛɨɬɵ� ɩɪɨɦɵɲɥɟɧɧɨɝɨ�

ɨɛɨɪɭɞɨɜɚɧɢɹ�� ɢɫɩɨɥɶɡɭɟɦɨɝɨ� ɞɥɹ� ɪɚɡɪɭɲɟɧɢɹ� ɛɨɥɶɲɢɯ� ɨɛɴɟɦɨɜ�

ɤɜɚɡɢɯɪɭɩɤɢɯ� ɝɟɬɟɪɨɝɟɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ȼ� ɨɫɧɨɜɧɨɦ� ɪɟɱɶ� ɢɞɟɬ� ɨ�
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ɬɚɤɢɯ�ɦɚɬɟɪɢɚɥɚɯ� ɤɚɤ� ɝɨɪɧɵɟ�ɩɨɪɨɞɵ�� ɨɞɧɚɤɨ�ɩɨɥɭɱɟɧɧɵɟ�ɪɟɲɟɧɢɹ�

ɬɚɤɠɟ�ɦɨɝɭɬ�ɩɪɢɦɟɧɹɬɶɫɹ�ɢ�ɞɥɹ�ɚɧɚɥɢɡɚ�ɪɚɡɪɭɲɟɧɢɹ�ɬɚɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ�

ɤɚɤ�� ɧɚɩɪɢɦɟɪ�� ɞɪɟɜɟɫɢɧɚ�� ɪɚɡɪɭɲɚɟɦɚɹ� ɜ� ɛɨɥɶɲɢɯ� ɨɛɴɟɦɚɯ� ɩɪɢ�

ɩɪɨɢɡɜɨɞɫɬɜɟ�ɛɭɦɚɝɢ�ɢ�ɬ�ɞ� 
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Ƚɥɚɜɚ�� 

 Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɭɩɪɭɝɢɯ ɢ�ɩɨɜɟɪɯɧɨɫɬɧɵɯ�

ɜɨɥɧ��ɤɨɧɰɟɧɬɪɚɰɢɹ�ɷɧɟɪɝɢɢ�ɢ�ɡɚɳɢɬɚ�ɨɬ�

ɫɟɣɫɦɢɱɟɫɤɢɯ�ɜɨɥɧ 
 

 

3.1 ȼɜɟɞɟɧɢɟ�ɢ�ɨɛɡɨɪ�ɥɢɬɟɪɚɬɭɪɵ 
 
 ȼ�ɩɪɟɞɵɞɭɳɟɣ�ɝɥɚɜɟ�ɩɪɢ�ɩɨɦɨɳɢ�ɚɧɚɥɢɬɢɱɟɫɤɢɯ�ɢ�ɱɢɫɥɟɧɧɵɯ�

ɪɟɲɟɧɢɣ��ɢɡɭɱɚɥɨɫɶ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�ɧɚɛɟɝɚɸɳɟɣ�ɜɨɥɧɵ�ɫ�ɢɦɟɸɳɟɣɫɹ�

ɜ� ɦɚɬɟɪɢɚɥɟ� ɬɪɟɳɢɧɨɣ�� Ʉ� ɫɨɠɚɥɟɧɢɸ�� ɞɥɹ� ɛɨɥɶɲɢɧɫɬɜɚ� ɡɚɞɚɱ�

ɜɨɥɧɨɜɨɣ� ɦɟɯɚɧɢɤɢ� ɨɬɫɭɬɫɬɜɭɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɩɨɥɭɱɟɧɢɹ� ɬɨɱɧɵɯ�

ɚɧɚɥɢɬɢɱɟɫɤɢɯ� ɪɟɲɟɧɢɣ� ɭɪɚɜɧɟɧɢɣ�� ɨɩɢɫɵɜɚɸɳɢɯ� ɩɨɜɟɞɟɧɢɟ�

ɫɢɫɬɟɦɵ��Ɍɨɱɧɵɟ�ɚɧɚɥɢɬɢɱɟɫɤɢɟ�ɪɟɲɟɧɢɹ�ɢɡɜɟɫɬɧɵ�ɬɨɥɶɤɨ�ɞɥɹ�ɭɡɤɨɝɨ�

ɤɪɭɝɚ� ɡɚɞɚɱ� ɫ� ɩɪɟɞɟɥɶɧɨ� ɩɪɨɫɬɨɣ� ɝɟɨɦɟɬɪɢɟɣ. ɇɚɩɪɢɦɟɪ, ɜ� ɤɧɢɝɟ 

(Kausel 2005) ɩɪɢɫɭɬɫɬɜɭɟɬ� ɩɪɚɤɬɢɱɟɫɤɢ� ɢɫɱɟɪɩɵɜɚɸɳɢɣ ɫɩɢɫɨɤ 

ɞɨɫɬɭɩɧɵɯ�ɚɧɚɥɢɬɢɱɟɫɤɢɯ�ɪɟɲɟɧɢɣ. Ɍɚɤɢɟ�ɪɟɲɟɧɢɹ��ɤɚɤ�ɩɪɚɜɢɥɨ��ɧɟ�

ɩɪɢɦɟɧɢɦɵ�ɞɥɹ�ɚɧɚɥɢɡɚ�ɪɟɚɥɶɧɵɯ�ɡɚɞɚɱ��ɧɨ�ɦɨɝɭɬ�ɩɪɢɦɟɧɹɬɶɫɹ�ɞɥɹ�

ɜɚɥɢɞɚɰɢɢ�ɢ�ɨɰɟɧɤɢ�ɬɨɱɧɨɫɬɢ�ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɱɢɫɥɟɧɧɵɯ�ɦɨɞɟɥɟɣ��ȼ�

ɛɨɥɶɲɢɧɫɬɜɟ� ɫɥɭɱɚɟɜ� ɩɨɫɬɚɜɥɟɧɧɭɸ� ɡɚɞɚɱɭ� ɦɨɠɧɨ� ɪɟɲɚɬɶ� ɬɨɥɶɤɨ�

ɱɢɫɥɟɧɧɨ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɩɪɢɛɥɢɠɟɧɧɵɯ� ɦɟɬɨɞɨɜ� ɪɟɲɟɧɢɹ�

ɩɨɥɭɱɚɟɦɵɯ�ɫɢɫɬɟɦ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ��ɫɦ���ɧɚɩɪ���Bratov 

2011).  

 

ȼ� ɞɚɧɧɨɣ� ɝɥɚɜɟ� ɛɭɞɭɬ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɲɟɧɢɹ�� ɩɨɡɜɨɥɹɸɳɢɟ�

ɢɫɫɥɟɞɨɜɚɬɶ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɭɩɪɭɝɢɯ� ɜɨɥɧ� ɜ� ɫɪɟɞɚɯ�� ɫɨɫɬɨɹɳɢɯ�ɢɡ�



�� 

ɧɟɫɤɨɥɶɤɢɯ�ɪɚɡɥɢɱɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ��Ɉɞɧɚ�ɢɡ�ɪɟɲɚɟɦɵɯ�ɡɚɞɚɱ�ɫɜɹɡɚɧɚ�

ɫ� ɤɪɚɣɧɟ� ɚɤɬɭɚɥɶɧɨɣ� ɩɪɨɛɥɟɦɨɣ� ɫɟɣɫɦɨɡɚɳɢɬɵ� ± ɜɨɡɦɨɠɧɨɫɬɶɸ�

ɥɨɤɚɥɶɧɨ�ɭɦɟɧɶɲɢɬɶ�ɜɨɡɞɟɣɫɬɜɢɟ�ɧɚɛɟɝɚɸɳɢɯ�ɩɨɜɟɪɯɧɨɫɬɧɵɯ�ɜɨɥɧ�ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɛɚɪɶɟɪɨɜ�� ȼ� ɞɪɭɝɨɣ� ɡɚɞɚɱɟ� ɛɭɞɟɬ�

ɢɫɫɥɟɞɨɜɚɬɶɫɹ� ɚɤɤɭɦɭɥɹɰɢɹ� ɷɧɟɪɝɢɢ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ�� ɜɵɡɵɜɚɟɦɚɹ�

ɜɨɡɞɟɣɫɬɜɢɟɦ� ɞɜɢɠɭɳɟɣɫɹ� ɫɢɥɵ� ± ɡɚɞɚɱɚ� ɨ� ɞɜɢɠɟɧɢɢ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ� ɫɨɫɬɚɜɚ�� Ɋɟɲɟɧɢɹ� ɛɭɞɭɬ�

ɩɨɥɭɱɟɧɵ� ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɱɢɫɥɟɧɧɨɝɨ� ɩɨɞɯɨɞɚ� ɧɚ� ɨɫɧɨɜɟ� ɦɟɬɨɞɚ�

ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ�� Ⱦɥɹ� ɜɚɥɢɞɚɰɢɢ� ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ� ɱɢɫɥɟɧɧɵɯ�

ɪɟɲɟɧɢɣ�ɛɭɞɭɬ�ɢɫɩɨɥɶɡɨɜɚɧɵ�ɚɧɚɥɢɬɢɱɟɫɤɢɟ�ɪɟɲɟɧɢɹ��ɤɨɬɨɪɵɟ�ɦɨɝɭɬ�

ɛɵɬɶ�ɩɨɥɭɱɟɧɵ�ɞɥɹ�ɪɹɞɚ�ɩɪɨɫɬɵɯ�ɫɥɭɱɚɟɜ�� 

 

 

3.2 ɋɟɣɫɦɢɱɟɫɤɢɟ�ɛɚɪɶɟɪɵ ɞɥɹ�ɡɚɳɢɬɵ�ɨɬ�ɩɨɜɟɪɯɧɨɫɬɧɵɯ�

ɢ�ɝɨɥɨɜɧɵɯ�ɜɨɥɧ 
 

 ɋɟɣɫɦɢɱɟɫɤɢɟ� ɛɚɪɶɟɪɵ� ɩɪɟɞɧɚɡɧɚɱɟɧɵ� ɞɥɹ� ɡɚɳɢɬɵ�

ɡɞɚɧɢɣ� ɢ� ɫɨɨɪɭɠɟɧɢɣ� ɨɬ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɩɨɜɟɪɯɧɨɫɬɧɵɯ� ɜɨɥɧ�

ɪɚɡɥɢɱɧɨɣ� ɷɬɢɨɥɨɝɢɢ�� ɜɤɥɸɱɚɹ� ɜɨɥɧɵ� Ɋɷɥɟɹ�� ɜɨɥɧɵ� Ɋɷɥɟɹ� ± Ʌɷɦɛɚ�

�ɜɨɥɧɵ��ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɟɫɹ�ɜ�ɫɥɨɢɫɬɨɦ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ���ɜɨɥɧɵ�

Ʌɹɜɚ�� ɚ� ɬɚɤɠɟ� ɝɨɥɨɜɧɵɟ� 63� ɜɨɥɧɵ�� ɉɨɫɥɟɞɧɢɟ� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɫɨɛɨɣ�

ɜɟɫɶɦɚ� ɨɩɚɫɧɵɣ� ɬɢɩ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɜɨɥɧ�� ɜɨɡɧɢɤɚɸɳɢɯ� ɩɪɢ�

ɤɨɪɨɬɤɨɮɨɤɭɫɧɵɯ� ɡɟɦɥɟɬɪɹɫɟɧɢɹɯ� ɢ� ɩɨɞɡɟɦɧɵɯ� ɜɡɪɵɜɚɯ� (Cerveny 

2001, Smith and Hetherington 1994, Nagy et. al 2010, Ibrahim and Nabil 

2020, Helmberger and Malone 1975)�� ȼ� ɧɚɫɬɨɹɳɟɣ� ɪɚɛɨɬɟ�

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ� ɜɟɪɬɢɤɚɥɶɧɵɟ� ɫɟɣɫɦɢɱɟɫɤɢɟ� ɛɚɪɶɟɪɵ, ɢɦɟɸɳɢɟ� ɜ�

ɫɜɨɟɦ� ɫɨɫɬɚɜɟ� ɤɚɤ� ɫɩɟɰɢɚɥɶɧɵɟ� ɪɚɫɫɟɢɜɚɸɳɢɟ� ɷɥɟɦɟɧɬɵ�� ɬɚɤ� ɢ�



�� 

ɦɟɬɚɦɚɬɟɪɢɚɥɵ�� ɨɛɥɚɞɚɸɳɢɟ� ɩɨɜɵɲɟɧɧɨɣ� ɞɢɫɫɢɩɚɰɢɟɣ� ɜɨɥɧɨɜɨɣ�

ɷɧɟɪɝɢɢ�� 

 

ɇɢɠɟ� ɞɚɟɬɫɹ� ɨɛɡɨɪ� ɨɫɧɨɜɧɵɯ� ɬɢɩɨɜ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɜɨɥɧ�� ɞɥɹ�

ɡɚɳɢɬɵ�ɨɬ�ɤɨɬɨɪɵɯ�ɬɪɟɛɭɸɬɫɹ�ɜɟɪɬɢɤɚɥɶɧɵɟ�ɫɟɣɫɦɢɱɟɫɤɢɟ�ɛɚɪɶɟɪɵ� 

 

 

 3.2.1 Ɋɷɥɟɟɜɫɤɢɟ�ɜɨɥɧɵ�� 
 

Ɋɷɥɟɟɜɫɤɢɟ� ɜɨɥɧɵ� ɧɚɢɛɨɥɟɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ� ɢ� ɯɨɪɨɲɨ�

ɢɡɭɱɟɧɧɵɦ�ɬɢɩɨɦ�ɩɨɜɟɪɯɧɨɫɬɧɵɯ�ɜɨɥɧ��ɜɨɡɧɢɤɚɸɳɢɯ�ɜ�ɝɨɦɨɝɟɧɧɨɦ�

ɭɩɪɭɝɨɦ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ�� ɗɬɢ� ɜɨɥɧɵ� ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ� �L��

ɫɤɨɪɨɫɬɶɸ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�� ɧɟ ɡɚɜɢɫɹɳɟɣ� ɨɬ� ɱɚɫɬɨɬɵ� �ɨɬɫɭɬɫɬɜɢɟ�

ɞɢɫɩɟɪɫɢɢ��� �LL�� ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦ� ɡɚɬɭɯɚɧɢɟɦ� ɚɦɩɥɢɬɭɞ�

ɩɟɪɟɦɟɳɟɧɢɣ� ɩɨ� ɝɥɭɛɢɧɟ� ɢ� ɥɨɤɚɥɢɡɚɰɢɟɣ� ɷɧɟɪɝɢɢ� ɜɨɥɧɵ� ɜ�

ɨɬɧɨɫɢɬɟɥɶɧɨ�ɭɡɤɨɦ�ɩɨɜɟɪɯɧɨɫɬɧɨɦ�ɫɥɨɟ��ɱɬɨ�ɩɨɡɜɨɥɹɟɬ�ɷɬɢɦ�ɜɨɥɧɚɦ�

ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ�ɧɚ�ɡɧɚɱɢɬɟɥɶɧɨ�ɛɨɥɶɲɢɟ�ɪɚɫɫɬɨɹɧɢɹ��ɩɨ�ɫɪɚɜɧɟɧɢɸ�

ɫ�ɨɛɴɟɦɧɵɦɢ�ɜɨɥɧɚɦɢ�(Ben-Menahem and Singh 2000, Aki and Richards 

2009)��ɢ��LLL��ɫɨɨɬɧɨɲɟɧɢɟɦ�ɦɟɠɞɭ�ɤɨɦɩɨɧɟɧɬɚɦɢ�ɩɟɪɟɦɟɳɟɧɢɣ��ɩɪɢ�

ɤɨɬɨɪɨɦ� ɜɟɪɬɢɤɚɥɶɧɚɹ� ɤɨɦɩɨɧɟɧɬɚ� ɜɨɥɧɵ� ɩɪɢɦɟɪɧɨ� ɜ� ɩɨɥɬɨɪɚ� ɪɚɡɚ�

ɛɨɥɶɲɟ� ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ� (Aki and Richards 2009)�� ɉɨɫɥɟɞɧɟɟ�

ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ� ɞɟɥɚɟɬ� ɷɬɨɬ� ɬɢɩ� ɜɨɥɧ� ɨɫɨɛɟɧɧɨ� ɨɩɚɫɧɵɦɢ� ɞɥɹ�

ɩɪɨɬɹɠɟɧɧɵɯ� ɫɨɨɪɭɠɟɧɢɣ��Ɉɫɨɛɟɧɧɨɫɬɢ�� ɫɜɹɡɚɧɧɵɟ� ɫ� ɥɨɤɚɥɢɡɚɰɢɟɣ�

ɷɧɟɪɝɢɢ�ɷɬɢɯ�ɜɨɥɧ�ɜ�ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ�ɫɥɨɟ�ɡɟɦɧɨɣ�ɤɨɪɵ��ɩɪɢɜɨɞɹɬ�ɤ�

ɬɨɦɭ��ɱɬɨ�ɪɷɥɟɟɜɫɤɢɟ�ɜɨɥɧɵ�ɦɨɝɭɬ�ɨɝɢɛɚɬɶ�ɡɟɦɧɨɣ�ɲɚɪ�ɧɟɫɤɨɥɶɤɨ�ɪɚɡ��

ɫɦ�� ɪɢɫɭɧɨɤ 3.��� ɝɞɟ� ɩɪɢɜɟɞɟɧɚ� ɫɟɣɫɦɨɝɪɚɦɦɚ� ɩɪɢɯɨɞɚ� ɪɷɥɟɟɜɫɤɢɯ�

ɜɨɥɧ��ɨɛɨɝɧɭɜɲɢɯ�ɜɨɫɟɦɶ�ɪɚɡ�ɡɟɦɧɨɣ�ɲɚɪ�(Aki 1972).  
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Ɋɢɫɭɧɨɤ������ 

ɋɟɣɫɦɨɝɪɚɦɦɚ�ɩɪɢɯɨɞɚ�ɪɷɥɟɟɜɫɤɨɣ�ɜɨɥɧɵ�ɧɚ�ɫɬɚɧɰɢɸ�&0%��%HUNHOH\�

'LJLWDO�6HLVPLF�1HWZRUN��%'61���ɜɪɟɦɹ�ɧɚɛɥɸɞɟɧɢɹ�a���ɱɚɫ�(Aki 

1972). 

 

ȼ� ɧɟɞɚɜɧɟɦ� ɩɪɨɲɥɨɦ� ɦɨɞɟɥɶ� ɝɨɦɨɝɟɧɧɨɝɨ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ�

ɲɢɪɨɤɨ� ɩɪɢɦɟɧɹɥɚɫɶ� ɞɥɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜɨɥɧɨɜɵɯ� ɩɪɨɰɟɫɫɨɜ� ɩɪɢ�

ɡɟɦɥɟɬɪɹɫɟɧɢɹɯ� ɢ� ɩɨɞɡɟɦɧɵɯ� ɜɡɪɵɜɚɯ�� (ɫɦ��Kanamori and Anderson 

1975)��ɝɞɟ�ɨɬɦɟɱɚɟɬɫɹ��ɱɬɨ�ɪɷɥɟɟɜɫɤɢɟ�ɜɨɥɧɵ�ɦɨɝɭɬ�ɜɨɡɧɢɤɚɬɶ�ɢ�ɩɪɢ�

ɝɥɭɛɨɤɨɮɨɤɭɫɧɵɯ� ɡɟɦɥɟɬɪɹɫɟɧɢɹɯ�� Ʉɪɨɦɟ� ɬɨɝɨ�� ɷɬɢ� ɜɨɥɧɵ�

ɝɟɧɟɪɢɪɭɸɬɫɹ� ɞɜɢɠɭɳɢɦɫɹ� ɪɟɥɶɫɨɜɵɦ� ɢ� ɚɜɬɨɦɨɛɢɥɶɧɵɦ�

ɬɪɚɧɫɩɨɪɬɨɦ�(Yang et al. 2003, Gunn at al. 2015)��ȼ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɜ�

ɝɟɨɮɢɡɢɱɟɫɤɢɯ�ɢ� ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ�ɩɪɢɥɨɠɟɧɢɹɯ�ɦɨɞɟɥɶ� ɝɨɦɨɝɟɧɧɨɝɨ�

ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ�ɡɚɦɟɧɹɸɬ�ɧɚ�ɦɨɞɟɥɢ�ɫɥɨɢɫɬɵɯ�ɢɥɢ�ɮɭɧɤɰɢɨɧɚɥɶɧɨ�

ɝɪɚɞɢɟɧɬɧɵɯ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜ�� ɜ� ɤɨɬɨɪɵɯ� ɪɚɫɫɦɚɬɪɢɜɚɸɬ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɞɢɫɩɟɪɫɢɨɧɧɵɯ� ɜɨɥɧ� Ɋɷɥɟɹ ± Ʌɷɦɛɚ� (Kuznetsov 

2019a).  

 

 



�� 

 3.2.2 ȼɨɥɧɵ�Ɋɷɥɟɹ�± Ʌɷɦɛɚ�� 

 

ɋɥɟɞɭɸɳɢɣ� ɬɢɩ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɜɨɥɧ� ± ɜɨɥɧɵ� Ɋɷɥɟɹ� ± Ʌɷɦɛɚ��

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɟɫɹ�ɜ�ɫɥɨɢɫɬɨɦ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ��Ɉɬɥɢɱɢɬɟɥɶɧɨɣ�

ɱɟɪɬɨɣ�ɬɚɤɢɯ�ɜɨɥɧ�ɹɜɥɹɟɬɫɹ�ɞɢɫɩɟɪɫɢɹ��ɬ�ɟ��ɡɚɜɢɫɢɦɨɫɬɶ�ɫɤɨɪɨɫɬɢ�ɨɬ�

ɱɚɫɬɨɬɵ��ɟɫɥɢ�ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ�ɝɚɪɦɨɧɢɱɟɫɤɢɟ�ɜɨɥɧɵ�Ɋɷɥɟɹ�± Ʌɷɦɛɚ�

(ɪɢɫ. 3.2).  

 

 

  

Ɋɢɫɭɧɨɤ������ 

Ⱦɢɫɩɟɪɫɢɨɧɧɵɟ�ɤɪɢɜɵɟ�ɞɥɹ�ɜɨɥɧ�Ɋɷɥɟɹ�± Ʌɷɦɛɚ�ɜ�ɦɧɨɝɨɫɥɨɣɧɨɦ�

ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ��ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ�ɨɫɶ�± ɮɚɡɨɜɚɹ�ɫɤɨɪɨɫɬɶ��

ɜɟɪɬɢɤɚɥɶɧɚɹ�ɨɫɶ�± ɤɪɭɝɨɜɚɹ�ɱɚɫɬɨɬɚ� 

 

ɇɟɫɦɨɬɪɹ�ɧɚ�ɜɟɫɶɦɚ�ɫɥɨɠɧɭɸ�ɞɢɫɩɟɪɫɢɨɧɧɭɸ�ɤɚɪɬɢɧɭ��ɩɪɢɜɟɞɟɧɧɭɸ�

ɧɚ� ɪɢɫɭɧɤɟ 3.��� ɫ� ɬɨɱɤɢ� ɡɪɟɧɢɹ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɜɨɡɞɟɣɫɬɜɢɣ� ɧɚ�

ɫɨɨɪɭɠɟɧɢɹ� ɨɬ� ɡɟɦɥɟɬɪɹɫɟɧɢɣ�� ɡɧɚɱɢɬɟɥɶɧɵɣ� ɢɧɬɟɪɟɫ� ɩɪɟɞɫɬɚɜɥɹɟɬ�
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ɬɚɤ� ɧɚɡɵɜɚɟɦɚɹ� ɜɬɨɪɚɹ� ɩɪɟɞɟɥɶɧɚɹ� ɮɚɡɨɜɚɹ� ɫɤɨɪɨɫɬɶ�� ɨɩɪɟɞɟɥɹɟɦɚɹ�

ɤɚɤ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ�ɩɪɟɞɟɥ: 

 

 2,lim
0

lim ( )ɫ F
Zo

 Z
 (3.1) 

 
ɝɞɟ�ɫ ɮɚɡɨɜɚɹ�ɫɤɨɪɨɫɬɶ��ɚ�߱ ± ɤɪɭɝɨɜɚɹ�ɱɚɫɬɨɬɚ��ȼ�ɫɥɨɢɫɬɵɯ�ɫɢɫɬɟɦɚɯ�

ɞɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ� ɫɤɨɪɨɫɬɢ ܿଶǡ௟௜௠   ɩɪɢɦɟɧɹɸɬ� ɥɢɛɨ� ɪɚɡɥɢɱɧɵɟ�

ɧɢɡɤɨɱɚɫɬɨɬɧɵɟ�ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ�ɦɟɬɨɞɵ�(Kaplunov and Nolde 2002, 

Zakharov et al. 2011, Kuznetsov 2019b)�� ɥɢɛɨ� ɢɫɩɨɥɶɡɭɸɬ�

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ�ɜɵɱɢɫɥɟɧɢɟ�ɩɨ�ɩɪɟɞɟɥɶɧɨɣ�ɮɨɪɦɭɥɟ (3.1) (Mallah 

1999, Dejeran-Maigre et al. 2007, Kuznetsov 2004).  

 

 

3.2.3 ȼɨɥɧɵ�Ʌɹɜɚ 

 

 Ɍɚɤɠɟ� ɤɚɤ�ɢ� ɜɨɥɧɵ�Ɋɷɥɟɹ� ± Ʌɷɦɛɚ�� ɜɨɥɧɵ�Ʌɹɜɚ�ɩɪɟɞɫɬɚɜɥɹɸɬ�

ɫɨɛɨɣ� ɞɢɫɩɟɪɫɢɨɧɧɵɟ� ɜɨɥɧɵ�� ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɟɫɹ� ɜ� ɫɢɫɬɟɦɟ�

ɜɤɥɸɱɚɸɳɟɣ� ɭɩɪɭɝɨɟ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ� ɢ� ɤɨɧɬɚɤɬɢɪɭɸɳɢɣ� ɫ� ɧɢɦ�

ɭɩɪɭɝɢɣ� ɫɥɨɣ� �ɢɥɢ� ɧɟɫɤɨɥɶɤɨ� ɫɥɨɟɜ��� ȼɨɥɧɵ� Ʌɹɜɚ� ɢɦɟɸɬ�

ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ� ɩɨɩɟɪɟɱɧɭɸ� ɩɨɥɹɪɢɡɚɰɢɸ� ɢ� ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ�

ɡɚɬɭɯɚɸɬ�ɫ�ɝɥɭɛɢɧɨɣ�� 

 

ɋ�ɬɨɱɤɢ�ɡɪɟɧɢɹ�ɫɟɣɫɦɨɥɨɝɢɢ��ɜɨɥɧɵ�Ʌɹɜɚ�ɜ�ɨɫɧɨɜɧɨɦ�ɩɪɟɞɫɬɚɜɥɹɸɬ�

ɢɧɬɟɪɟɫ�ɜ�ɫɜɹɡɢ�ɫ�ɦɢɤɪɨɫɟɣɫɦɚɦɢ�ɦɚɥɨɣ�ɚɦɩɥɢɬɭɞɵ��ɝɟɧɟɪɢɪɭɟɦɵɦɢ�

ɜɨɥɧɚɦɢ�ɜ�ɨɤɟɚɧɟ�(Saito 2010, Gualtieri et al. 2018)��ȼ�ɬɨ�ɠɟ�ɜɪɟɦɹ��ɩɪɢ�

ɫɢɥɶɧɵɯ� ɡɟɦɥɟɬɪɹɫɟɧɢɹɯ� ɚɦɩɥɢɬɭɞɵ� ɜɨɥɧ� Ʌɹɜɚ� ɧɟ� ɞɨɫɬɢɝɚɸɬ�

ɡɧɚɱɟɧɢɣ��ɯɚɪɚɤɬɟɪɧɵɯ�ɞɥɹ�ɨɛɴɟɦɧɵɯ�6�ɜɨɥɧ�ɢ�ɜɨɥɧ�Ɋɷɥɟɹ� ± Ʌɷɦɛɚ�

(Ilyashenko and Kuznetsov 2018, Ekstrom at al. 1997)�� Ɍɟɦ� ɧɟ�ɦɟɧɟɟ��
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ɜɟɪɬɢɤɚɥɶɧɵɟ� ɫɟɣɫɦɢɱɟɫɤɢɟ� ɛɚɪɶɟɪɵ� ɦɨɝɭɬ� ɩɪɢɦɟɧɹɬɶɫɹ� ɢ� ɞɥɹ�

ɡɚɳɢɬɵ�ɨɬ�ɜɨɥɧ�Ʌɹɜɚ�(Dudchenko at al. 2021, Kuznetsov 2011).  

 

 

3.2.4 Ƚɨɥɨɜɧɵɟ�63�ɜɨɥɧɵ 

 

 Ƚɨɥɨɜɧɵɟ�63�ɜɨɥɧɵ�ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ�ɩɚɪɚɥɥɟɥɶɧɨ�ɫɜɨɛɨɞɧɨɣ�

ɩɨɜɟɪɯɧɨɫɬɢ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ�ɫɨ�ɫɤɨɪɨɫɬɶɸ�3�ɜɨɥɧɵ��ɢ�ɜɨɡɧɢɤɚɸɬ�

ɧɚ� ɧɟɤɨɬɨɪɨɦ� ɪɚɫɫɬɨɹɧɢɢ� ݀ௌ்  ɨɬ� ɷɩɢɰɟɧɬɪɚ� ɤɨɪɨɬɤɨɮɨɤɭɫɧɨɝɨ�

ɡɟɦɥɟɬɪɹɫɟɧɢɹ� ɢɥɢ� ɩɨɞɡɟɦɧɨɝɨ� ɜɡɪɵɜɚ� (ɪɢɫ. 3.3)�� ɗɬɨ� ɪɚɫɫɬɨɹɧɢɟ�

ɡɚɜɢɫɢɬ�ɨɬ�ɝɥɭɛɢɧɵ�ɢɫɬɨɱɧɢɤɚ�݄ ɢ�ɮɢɡɢɱɟɫɤɢɯ�ɫɜɨɣɫɬɜ�ɫɪɟɞɵ�(Kausel 

and Manolis 1999, Angelsky et al. 2020, Kuznetsov and Terentjeva 2015), 

ɩɪɢɱɟɦ 
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Ƚɞɟ ܿ௦  ɢ� ܿ௣  ± ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɫɤɨɪɨɫɬɢ� ɩɨɩɟɪɟɱɧɨɣ� ɢ� ɩɪɨɞɨɥɶɧɨɣ�

ɨɛɴɟɦɧɵɯ�ɜɨɥɧ� 
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b) 

Ɋɢɫɭɧɨɤ 3.3.  

ɋɯɟɦɵ�ɜɨɡɧɢɤɧɨɜɟɧɢɹ�ɝɨɥɨɜɧɵɯ�ɜɨɥɧ��ɚ��ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ��E��ɱɚɫɬɶ�

ɫɮɟɪɢɱɟɫɤɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ� 

 6��ɢ�6��± ɩɨɩɟɪɟɱɧɵɟ�ɜɨɥɧɵ��ɪɚɫɯɨɞɹɳɢɟɫɹ�ɨɬ�ɝɢɩɨɰɟɧɬɪɚ�

ɡɟɦɥɟɬɪɹɫɟɧɢɹ�ɢɥɢ�ɩɨɞɡɟɦɧɨɝɨ�ɜɡɪɵɜɚ 

SP2 ± �ɢɫɬɢɧɧɚɹ��ɝɨɥɨɜɧɚɹ�ɜɨɥɧɚ��ɧɚ�ɮɢɝ���ɛ�ɜɨɥɧɚ�63��± ɤɜɚɡɢ�

ɝɨɥɨɜɧɚɹ� 

 

 ɇɚ� ɪɢɫɭɧɤɟ 3.�� ɜɨɥɧɚ� 6�� ɩɚɞɚɟɬ� ɧɚ� ɫɜɨɛɨɞɧɭɸ� ɩɨɜɟɪɯɧɨɫɬɶ��

ɨɛɪɚɡɭɹ�ɨɬɪɚɠɟɧɧɵɟ�ɜɨɥɧɵ��ɩɨɩɟɪɟɱɧɭɸ��66���ɢ�ɩɪɨɞɨɥɶɧɭɸ��63����

ɚɧɚɥɨɝɢɱɧɵɦ�ɨɛɪɚɡɨɦ�� ɜɨɥɧɚ�6��ɩɚɞɚɟɬ�ɧɚ� ɫɜɨɛɨɞɧɭɸ�ɩɨɜɟɪɯɧɨɫɬɶ��

ɨɛɪɚɡɭɹ� ɨɬɪɚɠɟɧɧɵɟ� ɜɨɥɧɵ� �66��� ɢ� ɩɪɨɞɨɥɶɧɭɸ� �63���� ɩɨɫɥɟɞɧɹɹ�

ɞɜɢɠɟɬɫɹ� ɩɚɪɚɥɥɟɥɶɧɨ� ɫɜɨɛɨɞɧɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ�� ɨɛɪɚɡɭɹ� ɝɨɥɨɜɧɭɸ�

ɜɨɥɧɭ��ɍɝɨɥ��ɩɨɞ�ɤɨɬɨɪɵɦ�ɩɚɞɚɟɬ�ɜɨɥɧɚ�6���ɧɚɡɵɜɚɟɬɫɹ�ɤɪɢɬɢɱɟɫɤɢɦ�



�� 

ɭɝɥɨɦ�� ɨɧ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɫɥɟɞɭɸɳɢɦ� ɜɵɪɚɠɟɧɢɟɦ� (Kuznetsov and 

Terentjeva 2015):  
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c
c

§ ·
D  ¨ ¸

© ¹ . (3.3) 
 
 ɉɨɫɤɨɥɶɤɭ� ɝɨɥɨɜɧɵɟ� ɢɥɢ� ɤɜɚɡɢ-ɝɨɥɨɜɧɵɟ� ɜɨɥɧɵ� ɦɨɝɭɬ�

ɩɟɪɟɧɨɫɢɬɶ� ɡɧɚɱɢɬɟɥɶɧɭɸ� ɷɧɟɪɝɢɸ� ɢ� ɩɪɢɜɨɞɹɳɢɦ� ɤ�

ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɦ� ɪɚɡɪɭɲɟɧɢɹɦ� (ɧɚɩɪ�, Cerveny 2001, Smith and 

Hetherington 1994)��ɞɥɹ�ɡɚɳɢɬɵ�ɨɬ�ɷɬɢɯ�ɜɨɥɧ�ɬɪɟɛɭɸɬɫɹ�ɜɟɪɬɢɤɚɥɶɧɵɟ�

ɫɟɣɫɦɢɱɟɫɤɢɟ� ɛɚɪɶɟɪɵ�� ɚɧɚɥɨɝɢɱɧɵɟ� ɩɪɢɦɟɧɹɟɦɵɦ� ɞɥɹ� ɡɚɳɢɬɵ� ɨɬ�

ɜɨɥɧ�Ɋɷɥɟɹ�± Ʌɷɦɛɚ�� 

 

 

3.2.5 ɑɚɫɬɨɬɧɵɟ�ɞɢɚɩɚɡɨɧɵ 

 

 Ⱦɥɹ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɫɢɫɬɟɦ� ɫɟɣɫɦɢɱɟɫɤɨɣ� ɡɚɳɢɬɵ� ɨɬ�

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ�ɬɢɩɨɜ�ɫɟɣɫɦɢɱɟɫɤɢɯ�ɜɨɥɧ�ɧɟɨɛɯɨɞɢɦɵ�ɩɪɢɦɟɪɧɵɟ�

ɨɰɟɧɤɢ�ɱɚɫɬɨɬɧɨɝɨ�ɞɢɚɩɚɡɨɧɚ��ɜ�ɤɨɬɨɪɨɦ�ɥɨɤɚɥɢɡɨɜɚɧɚ�ɡɧɚɱɢɬɟɥɶɧɚɹ�

ɞɨɥɹ�ɫɟɣɫɦɢɱɟɫɤɨɣ�ɷɧɟɪɝɢɢ� 

 

ɉɨ�ɨɰɟɧɤɚɦ�(Ambraseys et al. 2005, Akkar et al. 2011, Takewaki 2005, 

Takewaki 2004) ɜ� ɫɥɭɱɚɟ� ɡɟɦɥɟɬɪɹɫɟɧɢɣ� ɟɫɬɟɫɬɜɟɧɧɨɣ� ɩɪɢɪɨɞɵ�

ɧɚɢɛɨɥɟɟ�ɨɩɚɫɧɵɦɢ�ɞɥɹ�ɛɨɥɶɲɢɧɫɬɜɚ�ɡɞɚɧɢɣ�ɢ�ɫɨɨɪɭɠɟɧɢɣ��ɜɤɥɸɱɚɹ�

ɨɛɴɟɤɬɵ� ɚɬɨɦɧɨɣ� ɷɧɟɪɝɟɬɢɤɢ�� ɹɜɥɹɸɬɫɹ� ɱɚɫɬɨɬɵ� �·��� Ƚɰ� ɫ�

ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ�ɩɢɤɚɦɢ�ɜ�ɪɚɣɨɧɟ��·��Ƚɰ�ɢ���·���Ƚɰ�(ɪɢɫ. 3.4).  

 



�� 

 
Ɋɢɫɭɧɨɤ 3.4.  

Ⱥɦɩɥɢɬɭɞɧɵɣ�ɫɩɟɤɬɪ�Ɏɭɪɶɟ��)$6���ɫɬɚɧɰɢɹ�*HE]H-Arçelik, 

ɚɮɬɟɪɲɨɤ�ɡɟɦɥɟɬɪɹɫɟɧɢɹ�'�]FH��Ɍɭɪɰɢɹ�������������ɝ��(Akkar et al. 

2011).  

 

Ɂɟɦɥɟɬɪɹɫɟɧɢɹ� ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ� ɩɪɨɢɫɯɨɠɞɟɧɢɹ�� ɜɵɡɜɚɧɧɵɟ�

ɩɨɞɡɟɦɧɵɦɢ� ɜɡɪɵɜɚɦɢ�� ɨɬɥɢɱɚɸɬɫɹ�� ɤɚɤ� ɩɪɚɜɢɥɨ�� ɛɨɥɟɟ� ɜɵɫɨɤɢɦɢ�

ɱɚɫɬɨɬɚɦɢ�(Li et al. 2017, Bahadori et al. 2016)��ɇɚɩɪɢɦɟɪ��ɩɨ�ɞɚɧɧɵɦ�

(Li et al. 2017) ɧɚ�ɛɥɢɡɤɢɯ�ɪɚɫɫɬɨɹɧɢɹɯ�ɨɬ�ɷɩɢɰɟɧɬɪɚ�ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ�

ɱɚɫɬɨɬɵ�ɜɩɥɨɬɶ�ɞɨ�����Ƚɰ��ɨɝɪɚɧɢɱɟɧɧɵɟ�ɪɚɡɪɟɲɚɸɳɟɣ�ɫɩɨɫɨɛɧɨɫɬɶɸ�

ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ�� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɪɚɫɫɬɨɹɧɢɹ� ɜɵɫɨɤɢɟ� ɱɚɫɬɨɬɵ�

ɡɚɬɭɯɚɸɬ��ɨɬɞɟɥɶɧɵɟ�ɜɫɩɥɟɫɤɢ�ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ�ɧɚ�ɱɚɫɬɨɬɚɯ�ɞɨ����Ƚɰ��

ɚ�ɦɚɤɫɢɦɭɦ�ɚɦɩɥɢɬɭɞ�ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ�ɧɚ�ɱɚɫɬɨɬɟ�a���Ƚɰ�� 

 

 

 

 



�� 

3.2.6 ɋɤɨɪɨɫɬɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɜɨɥɧ� ɜ�

ɜɟɪɯɧɢɯ�ɨɬɞɟɥɚɯ�ɡɟɦɧɨɣ�ɤɨɪɵ 

 

 Ⱦɥɹ� ɜɵɛɨɪɚ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ� ɢ� ɮɢɡɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ�

ɫɟɣɫɦɢɱɟɫɤɢɯ� ɛɚɪɶɟɪɨɜ� ɩɨɦɢɦɨ� ɱɚɫɬɨɬɵ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɜɨɥɧ�

ɬɪɟɛɭɟɬɫɹ�ɡɧɚɧɢɟ�ɫɤɨɪɨɫɬɟɣ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɨɛɴɟɦɧɵɯ�ɢ�ɪɷɥɟɟɜɫɤɢɯ�

ɜɨɥɧ�� ɉɨ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɦ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ� ɢɫɫɥɟɞɨɜɚɧɢɹɦ�

(ɧɚɩɪ�, Uyanik 2019, Building Seismic Safety Council 2004, Lee at al. 

2003)�� ɫɤɨɪɨɫɬɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɜɨɥɧ� ɜ� ɜɟɪɯɧɢɯ�

ɨɬɞɟɥɚɯ�ɡɟɦɧɨɣ�ɤɨɪɵ�ɢɦɟɸɬ�ɫɥɟɞɭɸɳɢɟ�ɡɧɚɱɟɧɢɹ�(ɫɦ��ɬɚɛɥ��3.1). 

 

 

Ɍɚɛɥɢɰɚ 3.1.  

ɋɤɨɪɨɫɬɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɨɛɴɟɦɧɵɯ�ɜɨɥɧ�ɜ�ɩɨɪɨɞɚɯ�ɡɟɦɧɨɣ�ɤɨɪɵ� 

ɉɨɪɨɞɵ ɋɤɨɪɨɫɬɶ�3�ɜɨɥɧɵ��

ɦ�ɫ 

ɋɤɨɪɨɫɬɶ�6�ɜɨɥɧɵ��

ɦ�ɫ 

Ɏɥɸɜɢɚɥɶɧɵɟ� 1400 200 

Ⱥɥɥɸɜɢɚɥɶɧɵɟ 1500 250 

Ɇɨɪɟɧɵ 2000 700 

Ʉɨɪɧɟɜɵɟ�ɩɨɪɨɞɵ 4000 2500 

 

ɋɤɨɪɨɫɬɶ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɪɷɥɟɟɜɫɤɨɣ�ɜɨɥɧɵ�ɦɨɠɟɬ�ɛɵɬɶ�ɨɩɪɟɞɟɥɟɧɚ�

ɥɢɛɨ�ɤɚɤ�ɤɨɪɟɧɶ�ɭɪɚɜɧɟɧɢɹ�Ɋɷɥɟɹ��ɥɢɛɨ�ɩɨ�ɨɞɧɨɣ�ɢɡ�ɩɪɢɛɥɢɠɟɧɧɵɯ�

ɮɨɪɦɭɥ� (Pham and Malischewsky 2007, Mozhaev 1991)�� ɩɪɢ� ɷɬɨɦ�

ɤɨɷɮɮɢɰɢɟɧɬ� ɉɭɚɫɫɨɧɚ� Q  ɨɩɪɟɞɟɥɹɟɬɫɹ� ɩɨ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ�

ɫɤɨɪɨɫɬɹɦ�ɨɛɴɟɦɧɵɯ�ɜɨɥɧ�� 

 



�� 
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3.2.7 Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ� ɦɨɞɟɥɢ� ɞɥɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ�

ɜɟɪɬɢɤɚɥɶɧɵɯ�ɛɚɪɶɟɪɨɜ 

 

 Ɉɛɵɱɧɨ� ɞɥɹ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɛɚɪɶɟɪɨɜ�

ɢɫɩɨɥɶɡɭɸɬ� ɥɢɛɨ� ɩɥɨɫɤɢɟ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɟ�ɦɨɞɟɥɢ�� ɫɜɹɡɚɧɧɵɟ� ɫ�

ɱɢɫɥɟɧɧɵɦ� ɪɟɲɟɧɢɟɦ� ɜɧɟɲɧɟɣ� ɡɚɞɚɱɢ� Ʌɷɦɛɚ�� ɜ� ɤɨɬɨɪɨɣ� ɭɞɚɟɬɫɹ�

ɩɨɥɭɱɢɬɶ�ɧɟɨɛɯɨɞɢɦɭɸ�ɪɷɥɟɟɜɫɤɭɸ�ɜɨɥɧɭ (ɪɢc���ɚ) (Bratov et al. 2020, 

Kravtsov et al. 2011, Dudchenko et al. 2021), ɥɢɛɨ� ɪɚɫɫɦɚɬɪɢɜɚɸɬ�

ɪɟɲɟɧɢɟ�ɛɨɥɟɟ�ɫɥɨɠɧɨɣ�ɜɧɭɬɪɟɧɧɟɣ�ɡɚɞɚɱɢ�Ʌɷɦɛɚ��ɜ�ɤɨɬɨɪɨɣ�ɧɚɪɹɞɭ�

ɫ� ɪɷɥɟɟɜɫɤɨɣ� ɜɨɥɧɨɣ� ɭɞɚɟɬɫɹ� ɫɦɨɞɟɥɢɪɨɜɚɬɶ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�

ɝɨɥɨɜɧɨɣ�63�ɜɨɥɧɵ (ɫɦ��ɪɢɫ. 3.5b) (Kuznetsov and Terentjeva 2015).  

 

 
a                                                             b 

Ɋɢɫɭɧɨɤ 3.5.  

ɚ��ȼɧɟɲɧɹɹ�ɢ�E��ɜɧɭɬɪɟɧɧɹɹ�ɡɚɞɚɱɢ�Ʌɷɦɛɚ�ɫ�ɜɟɪɬɢɤɚɥɶɧɵɦɢ�

ɛɚɪɶɟɪɚɦɢ� 

 



��� 

ȼɜɢɞɭ�ɛɨɥɟɟ�ɜɵɫɨɤɢɯ�ɬɪɟɛɨɜɚɧɢɣ�ɤ�ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ�ɪɟɫɭɪɫɚɦ��

ɡɧɚɱɢɬɟɥɶɧɨ�ɪɟɠɟ�ɩɪɢɦɟɧɹɸɬ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ�ɦɨɞɟɥɢ�ɞɥɹ�ɪɟɲɟɧɢɹ�

ɡɚɞɚɱɢ�Ʌɷɦɛɚ�ɫ�ɛɚɪɶɟɪɨɦ�(ɫɦ� Pecker 2015)��ȼ�ɫɥɭɱɚɟ��ɤɨɝɞɚ�ɧɟɨɛɯɨɞɢɦ�

ɭɱɟɬ�ɭɩɪɭɝɨɣ�ɚɧɢɡɨɬɪɨɩɢɢ�ɩɨɥɭɩɥɨɫɤɨɫɬɢ�ɢɥɢ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ��ɞɥɹ�

ɪɟɲɟɧɢɹ� ɡɚɞɚɱ� Ʌɷɦɛɚ� ɦɨɝɭɬ� ɩɪɢɦɟɧɹɬɶɫɹ� ɦɟɬɨɞɵ� ɝɪɚɧɢɱɧɵɯ�

ɢɧɬɟɝɪɚɥɶɧɵɯ� ɭɪɚɜɧɟɧɢɣ� ɫ� ɩɨɫɬɪɨɟɧɢɟɦ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�

ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ� ɪɟɲɟɧɢɣ� (Kausel 2012, Kuznetsov 2005, Sanches-

Sesma and Iturraran-Viveros 2006).  

 

 

3.2.8 ɍɪɚɜɧɟɧɢɹ�ɫɨɫɬɨɹɧɢɹ�ɞɥɹ�ɨɩɢɫɚɧɢɹ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ�ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ�ɦɟɬɚɦɚɬɟɪɢɚɥɨɜ 

 

Ⱦɥɹ� ɨɩɢɫɚɧɢɹ� ɩɨɜɟɞɟɧɢɹ� ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ� ɦɟɬɚɦɚɬɟɪɢɚɥɨɜ� ɩɪɢ�

ɞɟɣɫɬɜɢɢ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɧɚɝɪɭɡɨɤ� ɨɛɵɱɧɨ� ɩɪɢɦɟɧɹɸɬ� ɭɪɚɜɧɟɧɢɹ�

ɛɢɦɨɞɭɥɶɧɨɣ�ɬɟɨɪɢɢ�ɭɩɪɭɝɨɫɬɢ�ɩɪɢ�ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ�ɜ�ɭɩɪɭɝɨɣ�ɡɨɧɟ�

(Maslov and Mosolov 1985, Maslov and Antsiferova 1988, Gavrilov and 

Herman 2012): 

 

 ( , , )I II III � <H H H HV , (3.5) 
 
ɝɞɟ�V  - ɬɟɧɡɨɪ�ɧɚɩɪɹɠɟɧɢɣ�� H  - ɬɟɧɡɨɪ�ɞɟɮɨɪɦɚɰɢɣ��<  - ɫɤɚɥɹɪɧɵɣ�

ɝɢɩɟɪɭɩɪɭɝɢɣ�ɩɨɬɟɧɰɢɚɥ�� , ,I II IIIH H H - ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɢɧɜɚɪɢɚɧɬɵ�

ɬɟɧɡɨɪɚ�ɞɟɮɨɪɦɚɰɢɣ��ɩɪɢɱɟɦ�ɪɚɡɧɨɦɨɞɭɥɶɧɨɫɬɶ�ɦɨɠɟɬ�ɛɵɬɶ�ɭɱɬɟɧɚ�

ɩɨɬɟɧɰɢɚɥɨɦ�ɜɢɞɚ� 

 

 � �~ 2 ~ ~,I II I II I IIH H H H H H< { D �E � J
, (3.6) 



��� 

 

ɝɞɟ� , ,D E J  ɭɩɪɭɝɢɟ� ɩɨɫɬɨɹɧɧɵɟ�� ɧɟ� ɡɚɜɢɫɹɳɢɟ� ɨɬ� ɬɟɧɡɨɪɧɵɯ�

ɢɧɜɚɪɢɚɧɬɨɜ�ɞɟɮɨɪɦɚɰɢɣ��ȼɨɥɧɵ�ɜ�ɧɟɥɢɧɟɣɧɵɯ�ɫɪɟɞɚɯ��ɨɩɢɫɵɜɚɟɦɵɯ�

ɩɨɬɟɧɰɢɚɥɚɦɢ�ɜɢɞɚ�(3.6) ɢɫɫɥɟɞɨɜɚɥɢɫɶ�ɜ�(Gavrilov and Herman 2012, 

Molinari and Daraio 2009). 

 

ȼ� ɫɥɭɱɚɟ�� ɤɨɝɞɚ� ɞɟɜɢɚɬɨɪɧɵɟ� ɫɨɫɬɚɜɥɹɸɳɢɟ� ɬɟɧɡɨɪɚ�

ɧɚɩɪɹɠɟɧɢɣ� ɞɨɫɬɢɝɚɸɬ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɥɚɫɬɢɱɧɨɫɬɢ�� ɩɪɢɦɟɧɹɸɬ�

ɭɪɚɜɧɟɧɢɹ�ɩɥɚɫɬɢɱɟɫɤɨɝɨ�ɬɟɱɟɧɢɹ��ɩɪɢɱɟɦ�ɧɚɪɹɞɭ�ɫ�ɦɨɞɟɥɹɦɢ�Ɇɨɪɚ�± 

Ʉɭɥɨɧɚ� ɢ� Ⱦɪɚɤɟɪɚ� ± ɉɪɚɝɟɪɚ� ɢɫɩɨɥɶɡɭɸɬ� ɦɨɞɟɥɢ� ɤɪɢɬɢɱɟɫɤɨɝɨ�

ɫɨɫɬɨɹɧɢɹ��ɧɚɩɪɢɦɟɪ�ɤɷɦ-ɤɥɟɣ�ɦɨɞɟɥɢ�(Goldstein at al. 2016, Kuznetsov 

and Maigre 2019, Nedderman 2005�� ɫɦ�� ɬɚɤɠɟ� Witarto 2019)�� ɝɞɟ�

ɩɪɟɞɫɬɚɜɥɟɧɵ� ɦɨɞɟɥɢ ɦɟɬɚɦɚɬɟɪɢɚɥɨɜ�� ɨɛɥɚɞɚɸɳɢɯ ɫɜɨɣɫɬɜɚɦɢ�

ɮɨɧɨɧɧɵɯ� ɤɪɢɫɬɚɥɥɨɜ�� ɋ� ɬɨɱɤɢ� ɡɪɟɧɢɹ� ɫɟɣɫɦɢɱɟɫɤɨɣ� ɡɚɳɢɬɵ� ɨɬ�

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ� ɩɨɜɟɪɯɧɨɫɬɧɵɯ� ɜɨɥɧ ɡɧɚɱɢɬɟɥɶɧɵɣ� ɢɧɬɟɪɟɫ�

ɩɪɟɞɫɬɚɜɥɹɸɬ�ɦɟɬɚɩɨɜɟɪɯɧɨɫɬɢ�(Wotton et al. 2019). 

 

 

3.2.9 ɑɢɫɥɟɧɧɵɟ�ɪɟɲɟɧɢɹ�ɞɥɹ�ɜɟɪɬɢɤɚɥɶɧɵɯ�ɛɚɪɶɟɪɨɜ�ɫ�

ɦɟɬɚɫɬɪɭɤɬɭɪɚɦɢ  

 

Ʉ� ɫɨɠɚɥɟɧɢɸ�� ɞɥɹ� ɛɨɥɶɲɢɧɫɬɜɚ� ɡɚɞɚɱ� ɜɨɥɧɨɜɨɣ� ɦɟɯɚɧɢɤɢ�

ɨɬɫɭɬɫɬɜɭɟɬ�ɜɨɡɦɨɠɧɨɫɬɶ�ɩɨɥɭɱɟɧɢɹ�ɬɨɱɧɵɯ�ɚɧɚɥɢɬɢɱɟɫɤɢɯ�ɪɟɲɟɧɢɣ�

ɭɪɚɜɧɟɧɢɣ�� ɨɩɢɫɵɜɚɸɳɢɯ� ɩɨɜɟɞɟɧɢɟ� ɫɢɫɬɟɦɵ�� Ɍɨɱɧɵɟ�

ɚɧɚɥɢɬɢɱɟɫɤɢɟ� ɪɟɲɟɧɢɹ� ɢɡɜɟɫɬɧɵ� ɬɨɥɶɤɨ� ɞɥɹ� ɭɡɤɨɝɨ� ɤɪɭɝɚ� ɡɚɞɚɱ� ɫ�

ɩɪɟɞɟɥɶɧɨ� ɩɪɨɫɬɨɣ� ɝɟɨɦɟɬɪɢɟɣ� �ɫɦ��� ɧɚɩɪ�� Kausel 2005 ɞɥɹ�

ɩɪɚɤɬɢɱɟɫɤɢ� ɢɫɱɟɪɩɵɜɚɸɳɟɝɨ� ɫɩɢɫɤɚ� ɞɨɫɬɭɩɧɵɯ� ɪɟɲɟɧɢɣ��� Ɍɚɤɢɟ�



��� 

ɪɟɲɟɧɢɹ��ɤɚɤ�ɩɪɚɜɢɥɨ� ɧɟ�ɩɪɢɦɟɧɢɦɵ�ɞɥɹ�ɚɧɚɥɢɡɚ�ɪɟɚɥɶɧɵɯ�ɡɚɞɚɱ��ɧɨ�

ɦɨɝɭɬ�ɩɪɢɦɟɧɹɬɶɫɹ�ɞɥɹ�ɜɚɥɢɞɚɰɢɢ�ɢ�ɨɰɟɧɤɢ�ɬɨɱɧɨɫɬɢ�ɪɚɡɪɚɛɨɬɚɧɧɵɯ�

ɱɢɫɥɟɧɧɵɯ� ɦɨɞɟɥɟɣ�� ȼ� ɛɨɥɶɲɢɧɫɬɜɟ� ɫɥɭɱɚɟɜ� ɩɨɫɬɚɜɥɟɧɧɭɸ� ɡɚɞɚɱɭ�

ɦɨɠɧɨ� ɪɟɲɚɬɶ� ɬɨɥɶɤɨ� ɱɢɫɥɟɧɧɨ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɩɪɢɛɥɢɠɟɧɧɵɯ�

ɦɟɬɨɞɨɜ�ɪɟɲɟɧɢɹ�ɩɨɥɭɱɚɟɦɵɯ�ɫɢɫɬɟɦ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�

(ɫɦ���ɧɚɩɪ���Bratov 2021, Kazarinov et al. 2014).  

 

ɋ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɱɢɫɥɟɧɧɨɝɨ�ɦɟɬɨɞɚ� ɛɭɞɟɦ� ɪɟɲɚɬɶ� ɡɚɞɚɱɭ� ɨ�

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� ɧɚɛɟɝɚɸɳɟɣ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɜɨɥɧɵ� ɜ� ɭɩɪɭɝɨɣ�

ɩɨɥɭɩɥɨɫɤɨɫɬɢ� ɫ� ɜɤɥɸɱɟɧɢɟɦ�� ɩɪɟɞɫɬɚɜɥɹɸɳɢɦ� ɜɟɪɬɢɤɚɥɶɧɵɣ�

ɫɟɣɫɦɢɱɟɫɤɢɣ�ɛɚɪɶɟɪ��ɫɦ��ɪɢɫ. 3.����Ȼɭɞɟɦ�ɨɰɟɧɢɜɚɬɶ�ɷɮɮɟɤɬɢɜɧɨɫɬɶ�

ɬɨɝɨ� ɢɥɢ� ɢɧɨɝɨ� ɬɢɩɚ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɛɚɪɶɟɪɨɜ� �ɪɢɫ. 3.6b ɢ� 3.6c�� ɩɨ�

ɭɦɟɧɶɲɟɧɢɸ� ɚɦɩɥɢɬɭɞ� ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɭɫɤɨɪɟɧɢɣ� ɜ� ɬɨɱɤɚɯ�

ɩɨɜɟɪɯɧɨɫɬɢ� ɡɚ� ɫɟɣɫɦɢɱɟɫɤɢɦ� ɛɚɪɶɟɪɨɦ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɪɟɲɟɧɢɟɦ�

ɚɧɚɥɨɝɢɱɧɨɣ� ɡɚɞɚɱɢ� ɞɥɹ� ɩɨɥɭɩɥɨɫɤɨɫɬɢ� ɛɟɡ� ɫɟɣɫɦɢɱɟɫɤɨɝɨ� ɛɚɪɶɟɪɚ�

(ɪɢɫ. 3.6a).  

 

Ȼɭɞɭɬ� ɪɚɫɫɦɨɬɪɟɧɵ� ɪɚɡɥɢɱɧɵɟ� ɤɨɦɛɢɧɚɰɢɢ� ɭɩɪɭɝɢɯ� ɫɜɨɣɫɬɜ�

ɫɟɣɫɦɢɱɟɫɤɨɝɨ�ɛɚɪɶɟɪɚ�ɢ�ɪɚɫɩɨɥɨɠɟɧɧɵɯ�ɧɚ�ɛɚɪɶɟɪɟ�ɦɟɬɚɫɬɪɭɤɬɭɪ�ɢ�

ɪɚɡɥɢɱɧɵɟ�ɝɟɨɦɟɬɪɢɢ�ɦɟɬɚɫɬɪɭɤɬɭɪ�� 

 



��� 

 
Ɋɢɫɭɧɨɤ����a 

ɍɩɪɭɝɚɹ�ɩɨɥɭɩɥɨɫɤɨɫɬɶ�ɛɟɡ�ɡɚɳɢɬɧɨɝɨ�ɛɚɪɶɟɪɚ 

 

 
Ɋɢɫɭɧɨɤ����b 

ɍɩɪɭɝɚɹ�ɩɨɥɭɩɥɨɫɤɨɫɬɶ�ɫ�ɡɚɳɢɬɧɵɦ ɛɚɪɶɟɪɨɦ 



��� 

 
Ɋɢɫɭɧɨɤ����ɫ 

ɍɩɪɭɝɚɹ�ɩɨɥɭɩɥɨɫɤɨɫɬɶ�ɫ�ɡɚɳɢɬɧɵɦ ɛɚɪɶɟɪɨɦ�ɫ�

ɦɟɬɚɫɬɪɭɤɬɭɪɚɦɢ 

 

 

3.2.10 Ɇɨɞɟɥɶɧɚɹ� ɡɚɞɚɱɚ� ɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ� ɭɩɪɭɝɨɣ�

ɜɨɥɧɵ�ɜ�ɭɩɪɭɝɨɣ�ɩɨɥɭɩɥɨɫɤɨɫɬɢ 

 

 ɉɨɫɬɚɜɥɟɧɧɭɸ� ɡɚɞɚɱɭ� ɛɭɞɟɦ� ɪɟɲɚɬɶ� ɱɢɫɥɟɧɧɨ� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ�� Ɋɟɲɟɧɢɹ� ɛɭɞɭɬ�

ɩɨɥɭɱɟɧɵ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɤɨɦɦɟɪɱɟɫɤɨɝɨ�ɩɚɤɟɬɚ�$16<6� (ANSYS 

2020)�� ɇɚ� ɩɟɪɜɨɦ� ɷɬɚɩɟ� ɪɟɲɢɦ� ɡɚɞɚɱɭ� ɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ� ɜɨɥɧɵ� ɜ�

ɭɩɪɭɝɨɦ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ� �ɪɢɫ. 3.6a��� ȼɨɥɧɚ� ɜɨɡɛɭɠɞɚɟɬɫɹ� ɩɪɢ�

ɩɨɦɨɳɢ� ɜɨɡɦɭɳɟɧɢɹ�� ɩɪɢɥɨɠɟɧɧɨɝɨ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ�� ɧɚ� ɧɟɤɨɬɨɪɨɦ�

ɪɚɫɫɬɨɹɧɢɢ� ɨɬ� ɬɨɱɤɢ�� ɜ� ɤɨɬɨɪɨɣ� ɛɭɞɟɦ� ɩɪɨɢɡɜɨɞɢɬɶ� ɢɡɦɟɪɟɧɢɟ�

ɜɨɡɧɢɤɚɸɳɢɯ� ɚɦɩɥɢɬɭɞ� ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɭɫɤɨɪɟɧɢɣ�� ɉɪɨɮɢɥɶ�



��� 

ɡɚɜɢɫɢɦɨɫɬɢ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɞɟɣɫɬɜɭɸɳɟɣ� ɫɢɥɵ� ɨɬ� ɜɪɟɦɟɧɢ�

ɩɪɟɞɫɬɚɜɥɟɧ�ɧɚ�ɪɢɫɭɧɤɟ�3.7. 

 

 
Ɋɢɫɭɧɨɤ 3.7. 

ȼɪɟɦɟɧɧɨɣ�ɩɪɨɮɢɥɶ�ɚɦɩɥɢɬɭɞɵ�ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ�ɫɢɥɵ��

ɞɟɣɫɬɜɭɸɳɟɣ�ɧɚ�ɝɪɚɧɢɰɭ�ɩɨɥɭɩɥɨɫɤɨɫɬɢ 

  

ɇɚ� ɩɨɜɟɪɯɧɨɫɬɢ�� ɧɚ� ɧɟɤɨɬɨɪɨɦ� ɪɚɫɫɬɨɹɧɢɢ� ɨɬ� ɬɨɱɤɢ� ɩɪɢɥɨɠɟɧɢɹ�

ɫɢɥɵ��ɩɨɥɭɱɢɦ�ɡɚɜɢɫɢɦɨɫɬɢ�ɩɟɪɟɦɟɳɟɧɢɣ�ɢ�ɭɫɤɨɪɟɧɢɣ�ɩɨ�ɨɛɟɢɦ�ɨɫɹɦ�

ɨɬ�ɜɪɟɦɟɧɢ��Ⱦɥɹ�ɞɚɧɧɨɣ�ɩɪɨɫɬɨɣ�ɡɚɞɚɱɢ�ɪɟɲɟɧɢɟ�ɜɨɡɦɨɠɧɨ�ɩɨɥɭɱɢɬɶ�

ɚɧɚɥɢɬɢɱɟɫɤɢ��ɜɵɱɢɫɥɢɜ�ɫɜɟɪɬɤɭ�ɪɟɲɟɧɢɹ�ɞɥɹ G-ɮɭɧɤɰɢɢ�ɩɨ�ɜɪɟɦɟɧɢ�

ɢ�ɩɪɨɫɬɪɚɧɫɬɜɭ�ɢ�ɫɢɥɵ��ɩɪɢɥɨɠɟɧɧɨɣ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ��ɪɢɫ��3.����Ɍɚɤɚɹ�

ɡɚɞɚɱɚ� ɨɛɵɱɧɨ� ɧɚɡɵɜɚɟɬɫɹ� ɞɜɭɦɟɪɧɨɣ� ɜɧɟɲɧɟɣ� ɡɚɞɚɱɟɣ� Ʌɷɦɛɚ� ɢ� ɟɟ�

ɚɧɚɥɢɬɢɱɟɫɤɨɟ�ɪɟɲɟɧɢɟ�ɢɡɜɟɫɬɧɨ��ɫɦ���ɧɚɩɪ���Eringen and Suhubi 1975). 

Ⱦɥɹ� ɜɚɥɢɞɚɰɢɢ� ɩɨɥɭɱɚɟɦɨɝɨ� ɱɢɫɥɟɧɧɨɝɨ� ɪɟɲɟɧɢɹ� ɫɪɚɜɧɢɦ�



��� 

ɩɨɥɭɱɚɟɦɵɟ� ɡɚɜɢɫɢɦɨɫɬɢ� ɞɥɹ� ɩɟɪɟɦɟɳɟɧɢɣ� ɫ� ɜɵɱɢɫɥɟɧɧɵɦɢ�

ɚɧɚɥɢɬɢɱɟɫɤɢ� 

 

ȼ� ɫɥɭɱɚɟ� ɩɨɥɭɩɥɨɫɤɨɫɬɢ�� ɧɚɝɪɭɠɟɧɧɨɣ� ɢɦɩɭɥɶɫɧɨɣ� ɧɚɝɪɭɡɤɨɣ� ɜ�

ɧɚɩɪɚɜɥɟɧɢɢ� ɧɨɪɦɚɥɶɧɨɦ� ɤ� ɩɨɜɟɪɯɧɨɫɬɢ �ɧɚɩɪɚɜɥɟɧɢɟ� z) ɢ�

ɧɚɩɪɚɜɥɟɧɢɢ� ɜɞɨɥɶ� ɩɨɜɟɪɯɧɨɫɬɢ �ɧɚɩɪɚɜɥɟɧɢɟ� x)�� ɩɪɢɥɨɠɟɧɧɨɣ� ɜ�

ɧɚɱɚɥɟ�ɤɨɨɪɞɢɧɚɬ� 

 

௫݂ሺݔǡ ሻݐ ൌ  ሻݐሺߜሻݔሺߜ�ܲ

௭݂ሺݔǡ ሻݐ ൌ  ,ሻݐሺߜሻݔሺߜ�ܲ

 

ɪɟɲɟɧɢɟ�ɞɥɹ�ɩɟɪɟɦɟɳɟɧɢɣ�ɞɥɹ�ɬɨɱɤɢ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ��ɪɚɫɩɨɥɨɠɟɧɧɨɣ�

ɧɚ� ɪɚɫɫɬɨɹɧɢɢ� x ɨɬ� ɧɚɱɚɥɚ� ɤɨɨɪɞɢɧɚɬ�� ɦɨɠɟɬ� ɛɵɬɶ� ɩɨɥɭɱɟɧɨ� ɤɚɤ 

(Kausel 2012):  

 

, 

 

ɞɥɹ�ɩɟɪɟɦɟɳɟɧɢɣ�ɜ�ɧɚɩɪɚɜɥɟɧɢɢ�ɜɞɨɥɶ�ɩɨɜɟɪɯɧɨɫɬɢ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�

ɫɢɥɵ�� ɩɪɢɥɨɠɟɧɧɨɣ� ɜɞɨɥɶ� ɩɨɜɟɪɯɧɨɫɬɢ�� Ⱦɥɹ� ɩɟɪɟɦɟɳɟɧɢɣ� ɜ�



��� 

ɧɚɩɪɚɜɥɟɧɢɢ� ɧɨɪɦɚɥɶɧɨɦ� ɤ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ� ɫɢɥɵ��

ɞɟɣɫɬɜɭɸɳɟɣ�ɧɨɪɦɚɥɶɧɨ�ɤ�ɩɨɜɟɪɯɧɨɫɬɢ� 

 

. 

 

Ⱦɥɹ�ɩɟɪɟɦɟɳɟɧɢɣ�ɜ�ɧɚɩɪɚɜɥɟɧɢɢ�ɜɞɨɥɶ�ɩɨɜɟɪɯɧɨɫɬɢ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�

ɫɢɥɵ��ɞɟɣɫɬɜɭɸɳɟɣ�ɧɨɪɦɚɥɶɧɨ�ɤ�ɩɨɜɟɪɯɧɨɫɬɢ� 

 

. 

 

Ⱦɥɹ� ɩɟɪɟɦɟɳɟɧɢɣ� ɜ� ɧɚɩɪɚɜɥɟɧɢɢ� ɧɨɪɦɚɥɶɧɨɦ� ɤ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɨɞ�

ɞɟɣɫɬɜɢɟɦ�ɫɢɥɵ��ɞɟɣɫɬɜɭɸɳɟɣ�ɜɞɨɥɶ�ɩɨɜɟɪɯɧɨɫɬɢ� 

 

. 

 



��� 

ɉɪɢ� ɷɬɨɦ�� ɜ� ɜɵɲɟɫɬɨɹɳɢɯ� ɮɨɪɦɭɥɚɯ� ɩɪɢɧɹɬɵ� ɫɥɟɞɭɸɳɢɟ�

ɨɛɨɡɧɚɱɟɧɢɹ� 

 

 

 

ɝɞɟ�D ɢ�E, - ɫɤɨɪɨɫɬɢ�ɩɪɨɞɨɥɶɧɨɣ�ɢ�ɩɨɩɟɪɟɱɧɨɣ�ɜɨɥɧ��ɋR- ɫɤɨɪɨɫɬɶ�

ɜɨɥɧɵ�Ɋɟɥɟɹ��G ± ɞɟɥɶɬɚ-ɮɭɧɤɰɢɹ�Ⱦɢɪɚɤɚ�� 

 

ɉɨɧɹɬɧɨ��ɱɬɨ�ɢɫɩɨɥɶɡɭɹ�ɜɵɩɢɫɚɧɧɨɟ�ɜɵɲɟ�ɪɟɲɟɧɢɟ�ɜ�ɹɜɧɨɦ�ɜɢɞɟ��ɩɪɢ�

ɩɨɦɨɳɢ� ɫɜɟɪɬɤɢ� ɩɨ� ɜɪɟɦɟɧɢ� ɢ� ɤɨɨɪɞɢɧɚɬɟ� ɜɞɨɥɶ� ɝɪɚɧɢɰɵ�

ɩɨɥɭɩɥɨɫɤɨɫɬɢ�� ɦɨɠɧɨ� ɥɟɝɤɨ� ɩɨɥɭɱɢɬɶ� ɪɟɲɟɧɢɟ� ɞɥɹ� ɩɪɨɢɡɜɨɥɶɧɨɣ�

ɫɢɫɬɟɦɵ� ɫɢɥ�� ɩɪɢɥɨɠɟɧɧɨɣ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ� ɫ� ɩɪɨɢɡɜɨɥɶɧɵɦ�

ɜɪɟɦɟɧɧɵɦ� ɩɪɨɮɢɥɟɦ�� ɉɪɨɢɡɜɟɞɹ� ɫɜɟɪɬɤɭ� ɪɟɲɟɧɢɹ� ɫ� ɜɪɟɦɟɧɧɵɦ�

ɩɪɨɮɢɥɟɦ� ɧɚɝɪɭɡɤɢ� ɜ� ɧɚɲɟɣ� ɡɚɞɚɱɟ�� ɡɚɞɚɧɧɵɦ� ɧɚ� ɝɪɚɮɢɤɟ� �����

ɩɨɥɭɱɢɦ�ɬɨɱɧɵɟ�ɪɟɲɟɧɢɹ�ɞɥɹ�ɩɟɪɟɦɟɳɟɧɢɣ�ɜ�ɩɪɨɢɡɜɨɥɶɧɵɯ�ɬɨɱɤɚɯ�

ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�� 

 

ɋɪɚɜɧɢɦ� ɪɟɲɟɧɢɹ�� ɩɨɥɭɱɚɟɦɵɟ� ɩɪɢ� ɩɨɦɨɳɢ� ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ�ɞɥɹ�ɫɥɭɱɚɹ��ɤɨɝɞɚ ɫɟɣɫɦɢɱɟɫɤɢɣ�ɛɚɪɶɟɪ�ɨɬɫɭɬɫɬɜɭɟɬ �ɪɢɫ. 

���ɚ�, ɫ� ɬɨɱɧɵɦ� ɚɧɚɥɢɬɢɱɟɫɤɢɦ� ɪɟɲɟɧɢɟɦ� ɇɚ� ɪɢɫɭɧɤɟ� 3.8 

ɩɪɟɞɫɬɚɜɥɟɧ� ɩɨɥɭɱɚɟɦɵɣ� ɜɪɟɦɟɧɧɨɣ� ɩɪɨɮɢɥɶ� ɩɟɪɟɦɟɳɟɧɢɹ� ɞɥɹ�

ɜɟɪɬɢɤɚɥɶɧɨɣ� ɤɨɨɪɞɢɧɚɬɵ�� ɜɵɱɢɫɥɟɧɧɵɣ� ɱɢɫɥɟɧɧɨ�� ɜ� ɫɪɚɜɧɟɧɢɢ� ɫ�

ɚɧɚɥɢɬɢɱɟɫɤɢɦ� ɬɨɱɧɵɦ� ɪɟɲɟɧɢɟɦ�� Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ�

ɝɪɚɮɢɤɨɜ��ɱɢɫɥɟɧɧɨɟ�ɪɟɲɟɧɢɟ�ɞɨɫɬɚɬɨɱɧɨ�ɯɨɪɨɲɨ�ɩɨɜɬɨɪɹɟɬ�ɬɨɱɧɨɟ�



��� 

ɚɧɚɥɢɬɢɱɟɫɤɨɟ� ɪɟɲɟɧɢɟ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɦɨɠɧɨ� ɫɞɟɥɚɬɶ� ɜɵɜɨɞ� ɨ�

ɩɪɢɦɟɧɢɦɨɫɬɢ� ɢ� ɞɨɫɬɚɬɨɱɧɨɣ� ɬɨɱɧɨɫɬɢ� ɩɨɥɭɱɟɧɧɨɝɨ� ɱɢɫɥɟɧɧɨɝɨ�

ɪɟɲɟɧɢɹ�ɞɥɹ�ɪɟɲɟɧɢɹ�ɢɫɫɥɟɞɭɟɦɨɝɨ�ɤɥɚɫɫɚ�ɡɚɞɚɱ�� 

 
Ɋɢɫɭɧɨɤ 3.8. 

ȼɪɟɦɟɧɧɨɣ�ɩɪɨɮɢɥɶ�ɩɟɪɟɦɟɳɟɧɢɹ�ɞɥɹ�ɜɟɪɬɢɤɚɥɶɧɨɣ�ɤɨɨɪɞɢɧɚɬɵ��

ɋɪɚɜɧɟɧɢɟ�ɱɢɫɥɟɧɧɨɝɨ��ɤɪɚɫɧɚɹ�ɥɢɧɢɹ��ɢ�ɬɨɱɧɨɝɨ�ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ�

ɪɟɲɟɧɢɹ��ɱɟɪɧɚɹ�ɥɢɧɢɹ� 

 

Ⱦɚɥɟɟ� ɩɨɥɭɱɢɦ� ɦɚɤɫɢɦɚɥɶɧɵɟ� �ɩɨ� ɜɪɟɦɟɧɢ�� ɚɦɩɥɢɬɭɞɵ�

ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɭɫɤɨɪɟɧɢɣ� ɩɨ� ɨɛɨɢɦ� ɧɚɩɪɚɜɥɟɧɢɹɦ�� Ⱦɚɥɟɟ� ɞɚɧɧɵɟ�

ɜɟɥɢɱɢɧɵ�ɛɭɞɭɬ�ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ�ɞɥɹ�ɧɨɪɦɚɥɢɡɚɰɢɢ�ɩɪɢ�ɨɩɪɟɞɟɥɟɧɢɢ 

ɡɚɳɢɬɧɨɝɨ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɪɚɡɥɢɱɧɵɯ� ɬɢɩɨɜ� ɛɚɪɶɟɪɨɜ� ɢ� ɡɚɳɢɬɧɵɯ�

ɦɟɬɚɫɬɪɭɤɬɭɪ�� Ⱦɥɹ� ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɜɨɡɞɟɣɫɬɜɢɹ�

�ɞɥɢɬɟɥɶɧɨɫɬɶ�����ɦɢɤɪɨɫɟɤɭɧɞ��ɦɚɤɫɢɦɚɥɶɧɚɹ�ɚɦɩɥɢɬɭɞɚ������ɇ��ɢ�



��� 

ɫɜɨɣɫɬɜ� ɫɪɟɞɵ�� ɩɪɢɧɹɬɵɯ� ɪɚɜɧɵɦ� ɬɢɩɢɱɧɵɦ� ɞɥɹ� ɝɪɭɧɬɚ� �� Ɇɨɞɭɥɶ�

ɘɧɝɚ�� ( ��Ɇɉɚ�� ɤɨɷɮɮɢɰɢɟɧɬ� ɉɭɚɫɫɨɧɚ� Q ������ ɩɥɨɬɧɨɫɬɶ�

U=����ɤɝ�ɦ��, ɩɨɥɭɱɟɧɧɵɟ� ɦɚɤɫɢɦɚɥɶɧɵɟ� ɡɧɚɱɟɧɢɹ� ɚɦɩɥɢɬɭɞɵ�

ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɭɫɤɨɪɟɧɢɣ� ɩɨ� ɞɜɭɦ� ɧɚɩɪɚɜɥɟɧɢɹɦ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɜ�

ɬɚɛɥɢɰɟ 3.2. 

Ɍɚɛɥɢɰɚ 3.2. 

Ɇɚɤɫɢɦɚɥɶɧɵɟ�ɡɧɚɱɟɧɢɹ�ɚɦɩɥɢɬɭɞ�ɩɟɪɟɦɟɳɟɧɢɣ�ɢ�ɭɫɤɨɪɟɧɢɣ�ɜ�

ɬɨɱɤɟ�ɧɚ�ɪɚɫɫɬɨɹɧɢɢ�ɨɬ�ɦɟɫɬɚ ɩɪɢɥɨɠɟɧɢɹ�ɧɚɝɪɭɡɤɢ� 

 

Ɇɚɤɫɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɭɫɤɨɪɟɧɢɹ�

ɩɨ�ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ�ɨɫɢ� �����ɦ�ɫ� 

Ɇɢɧɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɭɫɤɨɪɟɧɢɹ�

ɩɨ�ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ�ɨɫɢ -�����ɦ�ɫ� 

Ɇɚɤɫɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɭɫɤɨɪɟɧɢɹ�

ɩɨ�ɜɟɪɬɢɤɚɥɶɧɨɣ�ɨɫɢ ������ɦ�ɫ� 

Ɇɢɧɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɭɫɤɨɪɟɧɢɹ�

ɩɨ�ɜɟɪɬɢɤɚɥɶɧɨɣ�ɨɫɢ -������ɦ�ɫ� 

Ɇɚɤɫɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ�

ɩɟɪɟɦɟɳɟɧɢɹ� ɩɨ� ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ�

ɨɫɢ 4,70E-���ɦ� 

Ɇɢɧɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ�

ɩɟɪɟɦɟɳɟɧɢɹ� ɩɨ� ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ�

ɨɫɢ -1,40E-���ɦ 

Ɇɚɤɫɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ�

ɩɟɪɟɦɟɳɟɧɢɹ�ɩɨ�ɜɟɪɬɢɤɚɥɶɧɨɣ�ɨɫɢ 1,20E-���ɦ 

Ɇɢɧɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ�

ɩɟɪɟɦɟɳɟɧɢɹ�ɩɨ�ɜɟɪɬɢɤɚɥɶɧɨɣ�ɨɫɢ -7,50E-���ɦ 

 



��� 

 

Ⱦɚɥɟɟ� ɛɭɞɟɦ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɞɚɧɧɵɟ� ɚɦɩɥɢɬɭɞɵ� ɞɥɹ�

ɧɨɪɦɚɥɢɡɚɰɢɢ�ɢ�ɨɩɪɟɞɟɥɟɧɢɹ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɡɚɳɢɬɵ�ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�

ɬɢɩɨɜ�ɛɚɪɶɟɪɨɜ�� 

 

Ʉɪɨɦɟ�ɬɨɝɨ��ɢɫɫɥɟɞɭɟɦ�ɡɚɜɢɫɢɦɨɫɬɶ�ɦɚɤɫɢɦɚɥɶɧɨɣ�ɚɦɩɥɢɬɭɞɵ�

ɜɨɡɧɢɤɚɸɳɢɯ� ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɭɫɤɨɪɟɧɢɣ� ɨɬ� ɪɚɫɫɬɨɹɧɢɹ� ɨɬ� ɬɨɱɤɢ�

ɩɪɢɥɨɠɟɧɢɹ� ɧɚɝɪɭɡɤɢ�� Ɍɚɤɢɟ� ɨɰɟɧɤɢ� ɜɨɡɦɨɠɧɨ� ɩɪɨɜɟɫɬɢ� ɤɚɤ�

ɚɧɚɥɢɬɢɱɟɫɤɢ�� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɬɨɱɧɨɝɨ� ɪɟɲɟɧɢɹ�� ɬɚɤ� ɢ� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɪɚɡɪɚɛɨɬɚɧɧɨɣ� ɱɢɫɥɟɧɧɨɣ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ�

ɦɨɞɟɥɢ�� ɇɚ� ɪɢɫɭɧɤɟ� 3.�� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɡɚɜɢɫɢɦɨɫɬɶ� ɦɚɤɫɢɦɚɥɶɧɨɣ�

ɚɦɩɥɢɬɭɞɵ�ɜɨɡɧɢɤɚɸɳɢɯ� ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ�ɩɟɪɟɦɟɳɟɧɢɣ�ɜ� ɭɫɥɨɜɢɹɯ�

ɪɟɲɚɟɦɨɣ�ɡɚɞɚɱɢ� 

 

 

 

 



��� 

 
Ɋɢɫɭɧɨɤ���9. 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɦɚɤɫɢɦɚɥɶɧɨɣ�ɚɦɩɥɢɬɭɞɵ�ɜɨɡɧɢɤɚɸɳɢɯ�ɧɚ�

ɩɨɜɟɪɯɧɨɫɬɢ�ɩɨɥɭɩɥɨɫɤɨɫɬɢ�ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ�ɩɟɪɟɦɟɳɟɧɢɣ�ɨɬ�

ɪɚɫɫɬɨɹɧɢɹ�ɨɬ�ɬɨɱɤɢ�ɩɪɢɥɨɠɟɧɢɹ�ɧɚɝɪɭɡɤɢ��ɋɪɚɜɧɟɧɢɟ�ɱɢɫɥɟɧɧɨɝɨ�

�ɤɪɚɫɧɚɹ�ɥɢɧɢɹ��ɢ�ɬɨɱɧɨɝɨ�ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ�ɪɟɲɟɧɢɹ��ɱɟɪɧɚɹ�ɥɢɧɢɹ� 

 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ� ɧɚ� ɪɢɫɭɧɤɟ 3.9, 

ɱɢɫɥɟɧɧɨɟ� ɪɟɲɟɧɢɟ� ɯɨɪɨɲɨ� ɩɨɜɬɨɪɹɟɬ� ɬɨɱɧɨɟ� ɚɧɚɥɢɬɢɱɟɫɤɨɟ�

ɪɟɲɟɧɢɟ�� ɱɬɨ� ɟɳɟ� ɪɚɡ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨ� ɩɪɢɦɟɧɢɦɨɫɬɢ�

ɪɚɡɪɚɛɨɬɚɧɧɨɣ� ɦɨɞɟɥɢ� ɞɥɹ� ɚɧɚɥɢɡɚ� ɪɟɲɚɟɦɨɝɨ� ɤɥɚɫɫɚ� ɡɚɞɚɱ�� Ʉɪɨɦɟ�

ɬɨɝɨ�� ɩɨɥɭɱɟɧɧɵɟ� ɡɚɜɢɫɢɦɨɫɬɢ� ɦɚɤɫɢɦɚɥɶɧɵɯ� ɚɦɩɥɢɬɭɞ�

ɩɟɪɟɦɟɳɟɧɢɣ�ɢ�ɭɫɤɨɪɟɧɢɣ�ɞɚɥɟɟ�ɛɭɞɭɬ�ɩɪɢɦɟɧɹɬɶɫɹ�ɞɥɹ�ɚɧɚɥɢɡɚ�ɬɚɤ�

ɧɚɡɵɜɚɟɦɵɯ� ©ɡɨɧ� ɬɟɧɢª� - ɨɛɥɚɫɬɟɣ� ɡɚ� ɡɚɳɢɬɧɵɦɢ� ɛɚɪɶɟɪɚɦɢ�� ɜ�

ɤɨɬɨɪɵɯ� ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɡɧɚɱɢɬɟɥɶɧɨɟ� ɭɦɟɧɶɲɟɧɢɟ� ɩɟɪɟɦɟɳɟɧɢɣ� ɢ�



��� 

ɭɫɤɨɪɟɧɢɣ�� ɜɵɡɜɚɧɧɵɯ� ɧɚɛɟɝɚɸɳɢɦɢ� ɜɨɥɧɚɦɢ� ɫɟɣɫɦɢɱɟɫɤɨɣ�

ɩɪɢɪɨɞɵ��Ʌɢɧɟɣɧɵɣ� ɪɚɡɦɟɪ� ©ɡɨɧɵ� ɬɟɧɢª�� ɨɛɟɫɩɟɱɢɜɚɟɦɵɣ� ɬɟɦ� ɢɥɢ�

ɢɧɵɦ� ɬɢɩɨɦ� ɛɚɪɶɟɪɚ�� ɧɚɪɹɞɭ� ɫ� ɤɨɷɮɮɢɰɢɟɧɬɨɦ� ɡɚɳɢɬɵ� ɹɜɥɹɟɬɫɹ�

ɨɞɧɨɣ� ɢɡ� ɜɚɠɧɟɣɲɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɡɚɳɢɬɧɨɝɨ� ɫɟɣɫɦɢɱɟɫɤɨɝɨ�

ɛɚɪɶɟɪɚ�� 

 

Ɍɚɤɠɟ� ɧɚ� ɨɫɧɨɜɟ� ɚɧɚɥɢɡɚ� ɡɚɜɢɫɢɦɨɫɬɟɣ� ɦɚɤɫɢɦɚɥɶɧɵɯ�

ɚɦɩɥɢɬɭɞ� ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɭɫɤɨɪɟɧɢɣ� ɨɬ� ɪɚɫɫɬɨɹɧɢɹ� ɨɬ� ɬɨɱɤɢ�

ɩɪɢɥɨɠɟɧɢɹ� ɧɚɝɪɭɡɤɢ�� ɦɨɠɧɨ� ɩɪɨɜɟɫɬɢ� ɨɰɟɧɤɭ� ɪɚɡɦɟɪɨɜ� ɨɛɥɚɫɬɢ�

ɜɛɥɢɡɢ� ɬɨɱɤɢ� ɩɪɢɥɨɠɟɧɢɹ� ɧɚɝɪɭɡɤɢ�� ɜ� ɤɨɬɨɪɨɣ� ɜɚɠɧɨ� ɜɥɢɹɧɢɟ�

ɨɛɴɟɦɧɵɯ�ɜɨɥɧ� 

 

 

3.2.11 Ȼɨɥɟɟ�ɠɟɫɬɤɢɣ�ɢ�ɦɟɧɟɟ�ɠɟɫɬɤɢɣ�ɛɚɪɶɟɪ 

 

 Ⱦɚɥɟɟ� ɚɧɚɥɨɝɢɱɧɚɹ� ɡɚɞɚɱɚ� ɪɟɲɚɥɚɫɶ� ɞɥɹ� ɡɚɳɢɬɧɵɯ�

ɫɟɣɫɦɢɱɟɫɤɢɯ� ɛɚɪɶɟɪɨɜ� �ɪɢɫ�� 3.6b), ɜɵɩɨɥɧɟɧɧɵɯ� ɢɡ� ɝɨɪɚɡɞɨ� ɛɨɥɟɟ�

ɠɟɫɬɤɨɝɨ����ɫɥɭɱɚɣ�- ɦɨɞɭɥɶ�ɘɧɝɚ�ɛɨɥɶɲɟ�ɜ����ɪɚɡ��ɩɥɨɬɧɨɫɬɶ�ɛɨɥɶɲɟ�

ɜ���ɪɚɡ����ɫɥɭɱɚɣ�- ɦɨɞɭɥɶ�ɘɧɝɚ�ɛɨɥɶɲɟ�ɜ�����ɪɚɡ��ɩɥɨɬɧɨɫɬɶ�ɛɨɥɶɲɟ�

ɜ����ɪɚɡ���ɢ�ɝɨɪɚɡɞɨ�ɦɟɧɟɟ�ɠɟɫɬɤɨɝɨ����ɫɥɭɱɚɣ�- ɦɨɞɭɥɶ�ɘɧɝɚ�ɦɟɧɶɲɟ�

ɜ����ɪɚɡ��ɩɥɨɬɧɨɫɬɶ�ɦɟɧɶɲɟ�ɜ���ɪɚɡ����ɫɥɭɱɚɣ�- ɦɨɞɭɥɶ�ɘɧɝɚ�ɦɟɧɶɲɟ�ɜ�

���� ɪɚɡ�� ɩɥɨɬɧɨɫɬɶ� ɦɟɧɶɲɟ� ɜ� ��� ɪɚɡ��� ɦɚɬɟɪɢɚɥɨɜ�� Ⱦɥɹ� ɫɥɭɱɚɹ� ��

ɬɢɩɢɱɧɵɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɚɳɢɬɵ� ɛɚɪɶɟɪɨɜ� �ɨɬɧɨɲɟɧɢɟ�

ɦɚɤɫɢɦɚɥɶɧɨɝɨ� ɡɧɚɱɟɧɢɹ� ɩɟɪɟɦɟɳɟɧɢɹ�ɭɫɤɨɪɟɧɢɹ� ɜ� ɫɥɭɱɚɟ�

ɨɬɫɭɬɫɬɜɢɹ� ɛɚɪɶɟɪɚ� ɤ� ɚɧɚɥɨɝɢɱɧɨɦɭ� ɡɧɚɱɟɧɢɸ� ɩɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ�

ɛɚɪɶɟɪɚ��ɞɥɹ�ɜɵɛɪɚɧɧɨɝɨ�ɫɥɭɱɚɹ�ɫɨɫɬɚɜɥɹɸɬ����-����ɞɥɹ�ɭɫɤɨɪɟɧɢɣ�ɢ�

ɩɪɢɦɟɪɧɨ� ɫɬɨɥɶɤɨ� ɠɟ� ɞɥɹ� ɩɟɪɟɦɟɳɟɧɢɣ�� ȼ� ɫɥɭɱɚɟ� �� ɬɢɩɢɱɧɵɟ�



��� 

ɤɨɷɮɮɢɰɢɟɧɬɵ�ɡɚɳɢɬɵ�ɛɚɪɶɟɪɨɜ�ɞɥɹ�ɜɵɛɪɚɧɧɨɝɨ�ɫɥɭɱɚɹ�ɫɨɫɬɚɜɥɹɸɬ�

10-���ɞɥɹ�ɭɫɤɨɪɟɧɢɣ�ɢ����-����ɞɥɹ�ɩɟɪɟɦɟɳɟɧɢɣ� 

 

 

3.2.12 Ȼɚɪɶɟɪɵ�ɫ�ɦɟɬɚɫɬɪɭɤɬɭɪɚɦɢ 

 

Ⱦɚɥɟɟ�ɡɚɞɚɱɚ�ɪɟɲɚɥɚɫɶ�ɞɥɹ�ɡɚɳɢɬɧɵɯ�ɫɟɣɫɦɢɱɟɫɤɢɯ�ɛɚɪɶɟɪɨɜ�ɫ�

ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦɢ�ɦɟɬɚɫɬɪɭɤɬɭɪɚɦɢ� �ɪɢɫ��3.�ɫ���Ȼɵɥɢ�ɪɚɫɫɦɨɬɪɟɧɵ�

ɪɚɡɥɢɱɧɵɟ� ɤɨɦɛɢɧɚɰɢɢ� ɭɩɪɭɝɢɯ� ɫɜɨɣɫɬɜ� ɛɚɪɶɟɪɨɜ� ɢ� ɦɟɬɚɫɬɪɭɤɬɭɪ��

Ʉɪɨɦɟ�ɬɨɝɨ��ɢɫɫɥɟɞɨɜɚɧɨ�ɜɥɢɹɧɢɟ�ɤɨɥɢɱɟɫɬɜɚ�ɢ�ɪɚɡɦɟɪɚ�ɤɨɦɩɨɧɟɧɬɨɜ�

ɦɟɬɚɫɬɪɭɤɬɭɪ�ɧɚ�ɨɛɟɫɩɟɱɢɜɚɟɦɵɟ�ɤɨɷɮɮɢɰɢɟɧɬɵ�ɡɚɳɢɬɵ�� 

 

Ʉɚɤ� ɩɨɤɚɡɚɥɢ� ɩɪɨɜɟɞɟɧɧɵɟ� ɪɚɫɱɟɬɵ�� ɜ� ɧɟɤɨɬɨɪɵɯ� ɫɥɭɱɚɹɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɦɟɬɚɫɬɪɭɤɬɭɪ�� ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ� ɜ� ɡɚɳɢɬɧɵɣ�

ɫɟɣɫɦɢɱɟɫɤɢɣ�ɛɚɪɶɟɪ�ɩɨɡɜɨɥɹɟɬ�ɡɧɚɱɢɬɟɥɶɧɨ�ɭɜɟɥɢɱɢɬɶ�ɤɨɷɮɮɢɰɢɟɧɬ�

ɡɚɳɢɬɵ��ȼ�ɱɚɫɬɧɨɫɬɢ��ɞɥɹ�ɧɟɤɨɬɨɪɵɯ�ɫɥɭɱɚɟɜ��ɧɚɩɪ�, ɛɨɥɟɟ�ɦɹɝɤɢɣ��ɩɨ�

ɨɬɧɨɲɟɧɢɸ�ɤ�ɫɪɟɞɟ��ɛɚɪɶɟɪ�ɫ�ɛɨɥɟɟ�ɠɟɫɬɤɢɦɢ��ɩɨ�ɨɬɧɨɲɟɧɢɸ�ɤ�ɫɪɟɞɟ��

ɦɟɬɚɫɬɪɭɤɬɭɪɚɦɢ��� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɫɧɢɠɟɧɢɹ� ɦɚɝɧɢɬɭɞ� ɦɨɝɭɬ�

ɞɨɫɬɢɝɚɬɶ�����ɂɧɵɦɢ�ɫɥɨɜɚɦɢ��ɩɪɢ� ɬɚɤɨɣ�ɤɨɧɮɢɝɭɪɚɰɢɢ�ɧɚɝɪɭɡɤɢ�ɢ�

ɡɚɳɢɬɧɨɝɨ�ɛɚɪɶɟɪɚ��ɩɟɪɟɦɟɳɟɧɢɹ�ɢ�ɭɫɤɨɪɟɧɢɹ�ɜ�ɡɚɳɢɳɚɟɦɨɣ�ɨɛɥɚɫɬɢ�

ɭɦɟɧɶɲɚɸɬɫɹ�ɜ����ɪɚɡ��ȼ�ɬɨ�ɠɟ�ɜɪɟɦɹ��ɧɟɤɨɬɨɪɵɟ�ɤɨɦɛɢɧɚɰɢɢ�ɫɜɨɣɫɬɜ�

ɛɚɪɶɟɪɚ� ɢ� ɡɚɳɢɬɧɵɯ� ɦɟɬɚɫɬɪɭɤɬɭɪ� ɧɟ� ɭɜɟɥɢɱɢɜɚɸɬ� ɤɨɷɮɮɢɰɢɟɧɬ�

ɡɚɳɢɬɵ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɛɚɪɶɟɪɨɦ� ɛɟɡ� ɦɟɬɚɫɬɪɭɤɬɭɪ� ɥɢɛɨ� ɞɚɠɟ�

ɧɟɦɧɨɝɨ� ɭɦɟɧɶɲɚɸɬ� ɟɝɨ�� Ɇɨɠɧɨ� ɫɞɟɥɚɬɶ� ɜɵɜɨɞ� ɨ� ɬɨɦ�� ɱɬɨ� ɞɥɹ�

ɤɨɧɤɪɟɬɧɵɯ�ɫɥɭɱɚɟɜ�ɫɜɨɣɫɬɜ�ɦɚɬɟɪɢɚɥɚ�ɫɪɟɞɵ��ɜɨɡɦɨɠɧɵɯ�ɫɜɨɣɫɬɜ�ɢ�

ɪɚɡɦɟɪɨɜ�ɡɚɳɢɬɧɨɝɨ�ɛɚɪɶɟɪɚ�ɢ�ɦɟɬɚɫɬɪɭɤɬɭɪ�ɧɟɨɛɯɨɞɢɦɨ�ɩɪɨɜɨɞɢɬɶ�

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ� ɚɧɚɥɢɡ� ɫ�ɰɟɥɶɸ�ɜɵɹɜɥɟɧɢɹ�ɧɚɢɛɨɥɟɟ� ɷɮɮɟɤɬɢɜɧɵɯ�



��� 

ɤɨɦɛɢɧɚɰɢɣ�ɡɚɳɢɬɧɨɝɨ�ɛɚɪɶɟɪɚ�ɞɥɹ�ɤɨɧɤɪɟɬɧɨɝɨ�ɫɥɭɱɚɹ�ɜɨɡɦɨɠɧɵɯ�

ɜɨɡɞɟɣɫɬɜɢɣ�ɫɟɣɫɦɢɱɟɫɤɨɣ�ɩɪɢɪɨɞɵ� 

 

 

3.2.13 ȼɵɜɨɞɵ 

 

ɉɪɨɜɟɞɟɧɧɵɦɢ� ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ� ɢ� ɱɢɫɥɟɧɧɵɦɢ� ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ�

ɭɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɜ� ɪɚɦɤɚɯ� ɪɚɫɫɦɨɬɪɟɧɧɵɯ� ɭɩɪɭɝɢɯ� ɦɨɞɟɥɟɣ� ɫ�

ɩɨɦɨɳɶɸ�ɜɟɪɬɢɤɚɥɶɧɵɯ�ɫɟɣɫɦɢɱɟɫɤɢɯ�ɛɚɪɶɟɪɨɜ�ɜ�ɜɢɞɟ�ɦɟɬɚɫɬɪɭɤɬɭɪ�

ɭɞɚɟɬɫɹ� ɡɧɚɱɢɬɟɥɶɧɨ� ɫɧɢɡɢɬɶ� ɦɚɝɧɢɬɭɞɧɵɟ� ɡɧɚɱɟɧɢɹ� ɤɨɥɟɛɚɧɢɣ� ɜ�

ɡɚɳɢɳɚɟɦɨɣ� ɡɨɧɟ� ɩɨ ɫɪɚɜɧɟɧɢɸ� ɫ� ɦɨɧɨɝɟɧɧɵɦɢ� ɛɚɪɶɟɪɚɦɢ�

ɩɪɹɦɨɭɝɨɥɶɧɨɣ�ɮɨɪɦɵ��ɩɪɢɱɟɦ�ɭɪɨɜɟɧɶ�ɫɧɢɠɟɧɢɹ�ɤɨɥɟɛɚɧɢɣ�ɜ�ɡɨɧɚɯ�

ɬɟɧɢ�ɡɚ�ɛɚɪɶɟɪɨɦ�ɨɤɚɡɵɜɚɟɬɫɹ�ɫɭɳɟɫɬɜɟɧɧɨ�ɛɨɥɶɲɢɦ�� 

 

Ʉɪɨɦɟ�ɬɨɝɨ��ɩɪɨɜɟɞɟɧɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɭɤɚɡɵɜɚɸɬ�ɧɚ�ɫɭɳɟɫɬɜɟɧɧɨɟ�

ɭɜɟɥɢɱɟɧɢɟ�ɩɪɨɬɹɠɟɧɧɨɫɬɢ�ɡɨɧɵ�ɬɟɧɢ. Ɍɚɤɢɟ�ɪɟɡɭɥɶɬɚɬɵ ɨɬɤɪɵɜɚɸɬ�

ɩɟɪɫɩɟɤɬɢɜɵ� ɩɪɢɦɟɧɟɧɢɹ� ɦɟɬɚɫɬɪɭɤɬɭɪɧɵɯ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɛɚɪɶɟɪɨɜ�

ɞɥɹ� ɡɚɳɢɬɵ� ɩɪɨɬɹɠɟɧɧɵɯ� ɨɛɴɟɤɬɨɜ�� ɧɚɩɪɢɦɟɪ�� ɦɨɫɬɨɜ�� ɚɤɜɟɞɭɤɨɜ, 

ɜɡɥɟɬɧɵɯ�ɩɨɥɨɫ�ɚɷɪɨɞɪɨɦɨɜ��ɢ�ɬ�ɩ�� 
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3.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ� ɞɜɢɠɟɧɢɹ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ�

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ� ɬɪɚɧɫɩɨɪɬɚ. Ⱥɤɤɭɦɭɥɹɰɢɹ� ɷɧɟɪɝɢɢ�ɜ�

ɡɚɞɚɱɟ�ɨ�ɞɜɢɠɭɳɟɣɫɹ�ɧɚɝɪɭɡɤɟ 
 

 Ʉɪɨɦɟ� ɡɚɞɚɱ� ɫɟɣɫɦɢɤɢ� ɞɪɭɝɨɣ� ɨɛɥɚɫɬɶɸ, ɞɥɹ� ɤɨɬɨɪɨɣ� ɤɪɚɣɧɟ�

ɜɚɠɧɵ�ɪɟɲɟɧɢɹ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɡɚɞɚɱ�ɨ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ�ɜɨɥɧ�ɜ�ɫɪɟɞɚɯ�

ɫɨ� ɫɥɨɠɧɨɣ� ɝɟɨɦɟɬɪɢɟɣ, ɹɜɥɹɸɬɫɹ� ɡɚɞɚɱɢ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ�

ɬɪɚɧɫɩɨɪɬɚ� ɢ�� ɜ� ɱɚɫɬɧɨɫɬɢ�� ɡɚɞɚɱɚ� ɨ� ɞɜɢɠɟɧɢɢ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ�

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ� ɫɨɫɬɚɜɚ�� Ɉɞɧɚ� ɢɡ� ɨɫɧɨɜɧɵɯ� ɩɪɨɛɥɟɦ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ� ɩɟɪɟɜɨɡɨɤ� ɫɜɹɡɚɧɚ� ɫ� ɬɟɦ�� ɱɬɨ�

ɩɪɢ�ɜɵɫɨɤɨɣ�ɫɤɨɪɨɫɬɢ�ɞɜɢɠɟɧɢɹ�ɫɨɫɬɚɜɚ��ɫɨɩɨɫɬɚɜɢɦɨɣ�ɫɨ�ɫɤɨɪɨɫɬɶɸ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɜɨɥɧ� ɜ� ɝɪɭɧɬɟ�� ɧɚ� ɤɨɬɨɪɨɦ� ɫɨɨɪɭɠɟɧɚ�

ɠɟɥɟɡɧɨɞɨɪɨɠɧɚɹ�ɧɚɫɵɩɶ��ɷɧɟɪɝɢɹ, ɩɟɪɟɞɚɜɚɟɦɚɹ�ɫɨɫɬɚɜɨɦ�ɧɚɫɵɩɢ�ɢ�

ɝɪɭɧɬɭ��ɧɟ�ɭɫɩɟɜɚɟɬ�ɩɨɤɢɧɭɬɶ�ɨɛɥɚɫɬɶ�ɞɜɢɠɟɧɢɹ�ɫɨɫɬɚɜɚ��ɜ�ɪɟɡɭɥɶɬɚɬɟ�

ɱɟɝɨ�ɩɪɨɢɫɯɨɞɢɬ�ɚɤɤɭɦɭɥɹɰɢɹ�ɷɧɟɪɝɢɢ�ɜ�ɡɨɧɟ�ɞɜɢɠɭɳɟɝɨɫɹ�ɫɨɫɬɚɜɚ��

Ɍɚɤɨɝɨ� ɪɨɞɚ� ɷɮɮɟɤɬɵ�� ɫɜɹɡɚɧɧɵɟ� ɫɨ� ɡɧɚɱɢɬɟɥɶɧɨɣ ɥɨɤɚɥɶɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ� ɷɧɟɪɝɢɢ�� ɦɨɝɭɬ� ɜɟɫɬɢ� ɤ� ɫɭɳɟɫɬɜɟɧɧɨɦɭ� ɭɜɟɥɢɱɟɧɢɸ�

ɪɚɫɱɟɬɧɵɯ�ɚɦɩɥɢɬɭɞ�ɩɟɪɟɦɟɳɟɧɢɣ�ɢ�ɭɫɤɨɪɟɧɢɣ�ɜ�ɧɚɫɵɩɢ�ɱɬɨ��ɜ�ɫɜɨɸ�

ɨɱɟɪɟɞɶ�� ɦɨɠɟɬ� ɜɟɫɬɢ� ɤ� ɭɫɤɨɪɟɧɧɨɣ� ɞɟɝɪɚɞɚɰɢɢ� ɢ� ɞɚɠɟ� ɜɧɟɡɚɩɧɨɦɭ�

ɫɭɳɟɫɬɜɟɧɧɨɦɭ�ɩɨɜɪɟɠɞɟɧɢɸ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ�ɩɭɬɢ� 

 

 ȼ�ɪɚɛɨɬɟ�ɧɚ�ɨɫɧɨɜɟ�ɪɚɡɪɚɛɨɬɚɧɧɨɣ�ɱɢɫɥɟɧɧɨɣ�ɦɨɞɟɥɢ�ɚɧɚɥɢɡɢɪɭɟɬɫɹ�

ɞɢɧɚɦɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ�ɧɚɫɵɩɢ ɢ�ɩɨɞɥɟɠɚɳɟɝɨ 

ɝɪɭɧɬɚ�� ɑɢɫɥɟɧɧɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɜɵɩɨɥɧɟɧɨ� ɞɥɹ� ɝɟɨɦɟɬɪɢɢ�

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ� ɧɚɫɵɩɢ�� ɢɫɩɨɥɶɡɭɟɦɨɣ� ɜ� Ɋɨɫɫɢɣɫɤɨɣ�Ɏɟɞɟɪɚɰɢɢ��

ɍɫɥɨɜɢɹ� ɧɚɝɪɭɠɟɧɢɹ� ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ� ɫɢɥɚɦ�� ɫɨɡɞɚɜɚɟɦɵɦ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦ� ɩɨɟɡɞɨɦ� ɋȺɉɋȺɇ� �Siemens Velaro Rus) ɢ�

ɮɪɚɧɰɭɡɫɤɢɦ� ɫɨɫɬɚɜɨɦ 7*9�� ɉɨɫɤɨɥɶɤɭ� ɧɟ� ɛɵɥɨ� ɜɨɡɦɨɠɧɨɫɬɢ�



��� 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɢɡɦɟɪɢɬɶ� ɫɦɟɳɟɧɢɹ� ɢ� ɭɫɤɨɪɟɧɢɹ� ɜɧɭɬɪɢ�

ɛɚɥɥɚɫɬɧɨɝɨ�ɫɥɨɹ��ɜɵɡɜɚɧɧɵɟ�ɞɜɢɠɟɧɢɟɦ�ɩɨɟɡɞɚ 6$36$1��ɱɢɫɥɟɧɧɚɹ�

ɦɨɞɟɥɶ� ɛɵɥɚ� ɩɪɨɜɟɪɟɧɚ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�

ɢɡɦɟɪɟɧɧɵɯ� ɫɦɟɳɟɧɢɣ� ɢ� ɭɫɤɨɪɟɧɢɣ�� ɜɨɡɧɢɤɚɸɳɢɯ� ɜɧɭɬɪɢ�

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ� ɧɚɫɵɩɢ� ɩɪɢ� ɞɜɢɠɟɧɢɢ� ɝɪɭɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, 

ɞɜɢɠɭɳɟɝɨɫɹ ɫ� ɧɟɫɤɨɥɶɤɢɦɢ� ɪɚɡɧɵɦɢ� ɫɤɨɪɨɫɬɹɦɢ� ���-���� ɤɦ�ɱ����

ɉɪɨɜɟɪɟɧɧɚɹ� ɬɚɤɢɦ� ɨɛɪɚɡɨɦ� ɦɨɞɟɥɶ� ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ� ɞɥɹ�

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ�ɫɦɟɳɟɧɢɣ�ɢ�ɭɫɤɨɪɟɧɢɣ��ɜɵɡɵɜɚɟɦɵɯ�ɜ�ɛɚɥɥɚɫɬɧɨɦ�

ɫɥɨɟ� ɩɪɢ� ɞɜɢɠɟɧɢɢ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ (50-���� ɤɦ� �� ɱ�� ɫɨɫɬɚɜɚ 

ɋȺɉɋȺɇ. 

 

ȼ� ����� ɝɨɞɭ� ɧɨɜɵɟ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɟ� ɩɨɟɡɞɚ� ɋȺɉɋȺɇ� �Siemens 

Velaro Rus) ɛɵɥɢ� ɡɚɩɭɳɟɧɵ� ɞɥɹ� ɨɫɭɳɟɫɬɜɥɟɧɢɹ� ɩɚɫɫɚɠɢɪɫɤɢɯ�

ɝɪɭɡɨɩɟɪɟɜɨɡɨɤ� ɦɟɠɞɭ� ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɨɦ� ɢ� Ɇɨɫɤɜɨɣ� -  

ɤɪɭɩɧɟɣɲɢɦɢ� ɝɨɪɨɞɚɦɢ� Ɋɨɫɫɢɢ�� ȼ� ����� ɝɨɞɭ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɟ�

ɫɨɨɛɳɟɧɢɟ� ɛɵɥɨ�ɩɪɨɞɥɟɧɨ�ɢɡ�Ɇɨɫɤɜɵ�ɜ�ɇɢɠɧɢɣ�ɇɨɜɝɨɪɨɞ��ɉɨɟɡɞɚ�

ɤɭɪɫɢɪɭɸɬ� ɩɨ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ� ɧɚɫɵɩɹɦ�� ɢɡɧɚɱɚɥɶɧɨ�

ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɵɦ�ɢ�ɩɨɫɬɪɨɟɧɧɵɦ�ɞɥɹ�ɞɜɢɠɟɧɢɹ�ɫ�ɝɨɪɚɡɞɨ�ɦɟɧɶɲɟɣ�

ɫɤɨɪɨɫɬɶɸ��ɞɨ�����ɤɦ�ɱ���ɉɪɢ�ɷɬɨɦ ɩɥɚɧɢɪɭɟɬɫɹ�ɫɬɪɨɢɬɟɥɶɫɬɜɨ�ɧɨɜɨɝɨ 

ɨɬɞɟɥɶɧɨɝɨ� ɩɭɬɢ ɞɥɹ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɬɨɥɶɤɨ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦɢ 

ɫɨɫɬɚɜɚɦɢ�� ɉɪɟɞɫɬɚɜɥɟɧɧɨɟ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɛɵɥɨ� ɢɧɢɰɢɢɪɨɜɚɧɨ�

ɤɨɦɩɚɧɢɟɣ� ©ɊɀȾª� ɫ� ɰɟɥɶɸ� ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ� ɩɨɜɟɞɟɧɢɹ�

ɫɭɳɟɫɬɜɭɸɳɟɣ� ɧɚɫɵɩɢ ɜ� ɭɫɥɨɜɢɹɯ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ� ɞɜɢɠɟɧɢɹ� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɫɨɫɬɚɜɨɜ�ɋȺɉɋȺɇ��Ⱦɪɭɝɨɣ�ɰɟɥɶɸ�ɛɵɥɨ�ɩɪɟɞɥɨɠɢɬɶ�

ɜɨɡɦɨɠɧɵɟ� ɦɨɞɢɮɢɤɚɰɢɢ� ɝɟɨɦɟɬɪɢɢ� ɢ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚɫɵɩɢ�� ɱɬɨɛɵ�

ɫɞɟɥɚɬɶ� ɟɟ� ɛɨɥɟɟ� ɩɪɢɝɨɞɧɨɣ� ɞɥɹ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ� ɞɜɢɠɟɧɢɹ� �ɫɦ�, 

ɧɚɩɪ��Chrismer 1985). 

 



��� 

Ɉɫɧɨɜɧɚɹ� ɰɟɥɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɡɚɤɥɸɱɚɥɚɫɶ� ɜ� ɫɨɡɞɚɧɢɢ� ɦɨɞɟɥɢ��

ɩɨɡɜɨɥɹɸɳɟɣ� ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ� ɩɨɜɟɞɟɧɢɟ� ɧɚɫɵɩɢ� ɩɪɢ� ɞɜɢɠɟɧɢɢ�

ɩɨɟɡɞɚ� ɋȺɉɋȺɇ� ɫ� ɪɚɡɥɢɱɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ�� Ɋɟɡɭɥɶɬɚɬɵ� ɬɚɤɠɟ�

ɫɪɚɜɧɢɜɚɥɢɫɶ� ɫ� ɪɟɡɭɥɶɬɚɬɚɦɢ�� ɩɨɥɭɱɟɧɧɵɦɢ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�

ɧɚɝɪɭɡɨɤ�� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ� ɞɜɢɠɟɧɢɸ� ɮɪɚɧɰɭɡɫɤɨɝɨ ɩɨɟɡɞɚ TGV. 

ɉɨɫɤɨɥɶɤɭ�ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ�ɜɨɡɦɨɠɧɨɫɬɢ�ɞɨɫɬɚɬɨɱɧɨ�ɨɝɪɚɧɢɱɟɧɵ��ɧɟ�

ɛɵɥɨ� ɜɨɡɦɨɠɧɨɫɬɢ� ɜɵɩɨɥɧɢɬɶ� ɞɢɧɚɦɢɱɟɫɤɨɟ� ɬɪɟɯɦɟɪɧɨɟ�

ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɩɪɨɰɟɫɫɚ�� ɑɬɨɛɵ� ɩɪɟɨɞɨɥɟɬɶ� ɷɬɭ� ɬɪɭɞɧɨɫɬɶ��

ɫɬɚɬɢɱɟɫɤɨɟ� ɬɪɟɯɦɟɪɧɨɟ� ɪɟɲɟɧɢɟ� ɫɪɚɜɧɢɜɚɥɨɫɶ� ɫɨ� ɫɬɚɬɢɱɟɫɤɢɦ�

ɞɜɭɦɟɪɧɵɦ�ɪɟɲɟɧɢɟɦ�ɞɥɹ�ɩɨɩɟɪɟɱɧɨɝɨ�ɫɟɱɟɧɢɹ�ɧɚɫɵɩɢ�(Esweld 2001, 

Jacobsson 2005, Mohammadi and Karabalis 1995, Adam et al. 2000, Selig 

and Waters 1994)�� ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɛɵɥɚ� ɩɪɟɞɥɨɠɟɧɚ� ɩɪɨɰɟɞɭɪɚ�

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ� ɤɨɪɪɟɤɬɧɨɝɨ� ɬɪɟɯɦɟɪɧɨɝɨ� ɪɟɲɟɧɢɹ� ɢɡ� ɞɜɭɦɟɪɧɵɯ�

ɪɚɫɱɟɬɨɜ� ɜ� ɫɬɚɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɹɯ�� ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ�� ɱɬɨ� ɬɭ� ɠɟ�

ɩɪɨɰɟɞɭɪɭ� ɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɞɥɹ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ� ɬɪɟɯɦɟɪɧɨɝɨ�

ɪɟɲɟɧɢɹ�ɢɡ�ɞɜɭɦɟɪɧɨɣ�ɦɨɞɟɥɢ�ɜ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɫɢɬɭɚɰɢɢ��ɉɨɫɤɨɥɶɤɭ�

ɪɨɫɫɢɣɫɤɢɟ� ɫɬɚɧɞɚɪɬɵ� ɨɝɪɚɧɢɱɢɜɚɸɬ� ɦɚɤɫɢɦɚɥɶɧɵɟ� ɫɦɟɳɟɧɢɹ� ɜ�

ɧɚɫɵɩɢ�� ɚɧɚɥɢɡ� ɛɵɥ� ɜ� ɨɫɧɨɜɧɨɦ� ɫɨɫɪɟɞɨɬɨɱɟɧ� ɧɚ� ɫɦɟɳɟɧɢɹɯ��

ɜɨɡɧɢɤɚɸɳɢɯ� ɜ� ɧɚɫɵɩɢ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɧɚɝɪɭɡɤɢ�� ɜɵɡɜɚɧɧɨɣ�

ɞɜɢɠɭɳɢɦɫɹ�ɩɨɟɡɞɨɦ� 

 

 

3.3.1 ɋɬɚɬɢɱɟɫɤɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ� 

 

 Ⱦɟɮɨɪɦɚɰɢɢ� ɧɚɫɵɩɢ� ɜ� ɫɬɚɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɹɯ� �ɫɬɨɹɳɢɣ� ɢɥɢ�

ɦɟɞɥɟɧɧɨ� ɞɜɢɠɭɳɢɣɫɹ� ɩɨɟɡɞ�� ɢɡɭɱɚɥɢɫɶ� ɜ� ɬɪɟɯɦɟɪɧɨɣ�

(ɤɨɦɦɟɪɱɟɫɤɢɣ�ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɣ�ɩɚɤɟɬ�ANSYS (ANSYS 2006���ɢ�ɜ�

ɞɜɭɦɟɪɧɨɣ (ɤɨɦɦɟɪɱɟɫɤɢɣ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɣ� ɩɚɤɟɬ� ABAQUS 



��� 

(SIMULIA 2008��ɩɨɫɬɚɧɨɜɤɚɯ��ɇɚ�ɪɢɫɭɧɤɟ�3.10 ɩɨɤɚɡɚɧɚ ɬɪɟɯɦɟɪɧɚɹ 

ɦɨɞɟɥɶ ɜ� ɫɪɟɞɟ $16<6�� ɇɚ� ɪɢɫɭɧɤɟ� 3.11 ɩɪɢɜɟɞɟɧɵ� ɪɚɫɱɟɬɧɵɟ�

ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɟ�ɩɟɪɟɦɟɳɟɧɢɹ�ɞɥɹ�ɧɚɝɪɭɡɤɢ�ɧɚ� ɤɨɥɟɫɨ�� ɪɚɜɧɨɣ�����

ɤɇ�������ɬɨɧɧ���ɇɚ�ɷɬɨɦ�ɷɬɚɩɟ�ɜɫɟ�ɷɥɟɦɟɧɬɵ�ɧɚɫɵɩɢ�ɦɨɞɟɥɢɪɭɸɬɫɹ�ɤɚɤ�

ɥɢɧɟɣɧɨ-ɭɩɪɭɝɢɟ� ɦɚɬɟɪɢɚɥɵ� ɫɨ� ɫɜɨɣɫɬɜɚɦɢ�� ɭɤɚɡɚɧɧɵɦɢ� ɜ� ɬɚɛɥɢɰɟ�

3.3. 

 

 
Ɋɢɫɭɧɨɤ���10. 

Ɍɪɟɯɦɟɪɧɚɹ�ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɚɹ�ɦɨɞɟɥɶ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ�ɧɚɫɵɩɢ�ɜ�

ɫɪɟɞɟ�ANSYS 

 

 



��� 

 
Ɋɢɫɭɧɨɤ���11. 

Ɋɚɫɫɱɢɬɚɧɧɵɟ�ɜɟɪɬɢɤɚɥɶɧɵɟ�ɩɟɪɟɦɟɳɟɧɢɹ�ɞɥɹ�ɧɚɝɪɭɡɤɢ�ɧɚ�ɤɨɥɟɫɨ��

ɪɚɜɧɨɣ�����ɤɇ�������ɬɨɧɧ�� 
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 ɒɩɚɥɚ Ȼɚɥɥɚɫɬ ɋɭɛɛɚɥɥɚɫɬ Ƚɪɭɧɬ 

Ɇɨɞɭɥɶ�

ɭɩɪɭɝɨɫɬɢ�� ȿ��

Ɇɉɚ 

30000 168 180 289 

Ʉɨɷɮɮɢɰɢɟɧɬ�

ɉɭɚɫɫɨɧɚ��Q 

0.25 0.35 0.35 0.313 

ɉɥɨɬɧɨɫɬɶ��U, 

ɤɝ�ɦ3 

2400 2135 2135 1960 

 

Ɍɚɛɥɢɰɚ�3.3 

ɋɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɨɜ��ɢɫɩɨɥɶɡɭɟɦɵɯ�ɞɥɹ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�

ɤɨɦɩɨɧɟɧɬɨɜ�ɧɚɫɵɩɢ 

 

Ɋɟɲɟɧɢɟ� ɫɪɚɜɧɢɜɚɟɬɫɹ� ɫ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɫɬɚɬɢɱɟɫɤɨɝɨ� ɞɜɭɦɟɪɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɩɨɩɟɪɟɱɧɨɝɨ� ɫɟɱɟɧɢɹ� ɧɚɫɵɩɢ�� Ⱦɜɭɦɟɪɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɛɵɥɨ� ɜɵɩɨɥɧɟɧɨ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� $16<6�� ɩɨɫɥɟ�

ɱɟɝɨ� ɚɧɚɥɢɡ� ɛɵɥ� ɩɨɜɬɨɪɟɧ ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɩɚɤɟɬɚ� $%$486��

ɤɨɬɨɪɵɣ�ɢɫɩɨɥɶɡɨɜɚɥɫɹ�ɞɥɹ�ɩɨɫɥɟɞɭɸɳɟɝɨ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɚɧɚɥɢɡɚ� 

 

Ⱦɜɭɦɟɪɧɚɹ�ɝɟɨɦɟɬɪɢɹ�ɩɨɩɟɪɟɱɧɨɝɨ�ɫɟɱɟɧɢɹ�ɧɚɫɵɩɢ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɧɚ�

ɪɢɫɭɧɤɟ 3.12.  

 



��� 

 

Ɋɢɫɭɧɨɤ���12. 

Ⱦɜɭɦɟɪɧɚɹ�ɦɨɞɟɥɶ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ�ɧɚɫɵɩɢ 

 

Ɉɫɧɨɜɧɚɹ�ɩɪɨɛɥɟɦɚ��ɤɨɬɨɪɭɸ�ɧɟɨɛɯɨɞɢɦɨ�ɪɟɲɢɬɶ�ɞɥɹ�ɡɚɦɟɧɵ�ɩɨɥɧɨɣ�

ɬɪɟɯɦɟɪɧɨɣ� ɦɨɞɟɥɢ� ɭɩɪɨɳɟɧɧɨɣ� ɞɜɭɦɟɪɧɨɣ� ɦɨɞɟɥɶɸ�� ɫɨɫɬɨɢɬ� ɜ�

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�ɮɨɪɦɭɥɢɪɨɜɤɟ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɣ�ɞɥɹ�ɞɜɭɦɟɪɧɨɣ�

ɩɨɫɬɚɧɨɜɤɢ��ɇɚ�ɩɟɪɜɵɣ�ɜɡɝɥɹɞ�ɦɨɠɟɬ�ɩɨɤɚɡɚɬɶɫɹ��ɱɬɨ�ɨɫɟɜɚɹ�ɧɚɝɪɭɡɤɚ�

�ɜ� ɧɚɲɟɦ� ɫɥɭɱɚɟ� ���� ɤɇ�� ɞɨɥɠɧɚ� ɛɵɬɶ� ɪɚɫɩɪɟɞɟɥɟɧɚ� ɩɨ� ɩɥɨɳɚɞɢ��

ɡɚɞɚɧɧɨɣ� ɩɥɨɳɚɞɶɸ� ɤɨɧɬɚɤɬɚ� ɪɟɥɶɫɚ� �ɲɢɪɢɧɨɣ� ����� ɦ�� ɢ� ɲɩɚɥɵ 

�ɲɢɪɢɧɨɣ� ���� ɦ��� Ɋɟɡɭɥɶɬɚɬɵ� ɞɜɭɦɟɪɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ��

ɩɨɥɭɱɟɧɧɵɟ� ɩɪɢ� ɬɚɤɨɦ� ɩɪɟɞɩɨɥɨɠɟɧɢɢ�� ɫɢɥɶɧɨ� ɨɬɥɢɱɚɸɬɫɹ� ɨɬ�

ɪɟɡɭɥɶɬɚɬɨɜ� ɬɪɟɯɦɟɪɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ�� ɉɪɨɫɬɨɣ� ɚɧɚɥɢɡ�

ɩɨɤɚɡɵɜɚɟɬ��ɱɬɨ�ɧɚɝɪɭɡɤɚ�ɨɬ�ɨɫɢ�ɩɨɟɡɞɚ�ɞɥɹ�ɞɜɭɦɟɪɧɨɣ�ɮɨɪɦɭɥɢɪɨɜɤɢ�

ɞɨɥɠɧɚ� ɪɚɫɩɪɟɞɟɥɹɬɶɫɹ� ɧɚ� ɞɥɢɧɭ, ɪɚɜɧɭɸ ɪɚɫɫɬɨɹɧɢɸ� ɦɟɠɞɭ�



��� 

ɲɩɚɥɚɦɢ ������ ɦ��� ɚ� ɧɟ� ɲɢɪɢɧɟ� ɫɬɹɠɤɢ�� ɗɬɨ� ɞɚɟɬ� ɭɦɟɧɶɲɟɧɢɟ�

ɚɦɩɥɢɬɭɞɵ� ɧɚɝɪɭɡɤɢ� ɜ� ���� ɪɚɡɚ�� ɇɚ� ɪɢɫɭɧɤɟ� 3.13 ɫɪɚɜɧɢɜɚɸɬɫɹ�

ɜɟɪɬɢɤɚɥɶɧɵɟ� ɩɟɪɟɦɟɳɟɧɢɹ� ɞɥɹ� ɩɨɥɧɨɣ� ɬɪɟɯɦɟɪɧɨɣ� ɢ� ɭɩɪɨɳɟɧɧɨɣ�

ɞɜɭɦɟɪɧɨɣ�ɩɨɫɬɚɧɨɜɨɤ�  

 

 

Ɋɢɫɭɧɨɤ�����ɚ. 

ȼɟɪɬɢɤɚɥɶɧɵɟ�ɩɟɪɟɦɟɳɟɧɢɹ�ɜ�ɧɚɫɵɩɢ�± ɪɟɡɭɥɶɬɚɬɵ�ɞɜɭɦɟɪɧɵɯ�

ɪɚɫɱɟɬɨɜ� 

 



��� 

 

Ɋɢɫɭɧɨɤ���13b. 

ȼɟɪɬɢɤɚɥɶɧɵɟ�ɩɟɪɟɦɟɳɟɧɢɹ�ɜ�ɧɚɫɵɩɢ�± ɪɟɡɭɥɶɬɚɬɵ�ɬɪɟɯɦɟɪɧɵɯ�

ɪɚɫɱɟɬɨɜ� 

 



��� 

 

Ɋɢɫɭɧɨɤ�����ɫ. 

ȼɟɪɬɢɤɚɥɶɧɵɟ�ɩɟɪɟɦɟɳɟɧɢɹ�ɜ�ɧɚɫɵɩɢ��ɩɨɫɬɪɨɟɧɧɵɟ�ɜɞɨɥɶ�ɥɢɧɢɢ��

ɫɨɟɞɢɧɹɸɳɟɣ�ɫɟɪɟɞɢɧɭ�ɡɨɧɵ�ɤɨɧɬɚɤɬɚ�ɪɟɥɶɫɚ�ɫɨ�ɲɩɚɥɨɣ�ɢ�ɧɢɠɧɸɸ�

ɝɪɚɧɢɰɭ�ɦɨɞɟɥɢ�± ɪɟɡɭɥɶɬɚɬɵ�ɞɜɭɦɟɪɧɵɯ�ɪɚɫɱɟɬɨɜ� 

 



��� 

 

Ɋɢɫɭɧɨɤ���13d. 

ȼɟɪɬɢɤɚɥɶɧɵɟ�ɩɟɪɟɦɟɳɟɧɢɹ�ɜ�ɧɚɫɵɩɢ��ɩɨɫɬɪɨɟɧɧɵɟ�ɜɞɨɥɶ�ɥɢɧɢɢ��

ɫɨɟɞɢɧɹɸɳɟɣ�ɫɟɪɟɞɢɧɭ�ɡɨɧɵ�ɤɨɧɬɚɤɬɚ�ɪɟɥɶɫɚ�ɫɨ�ɲɩɚɥɨɣ�ɢ�ɧɢɠɧɸɸ�

ɝɪɚɧɢɰɭ�ɦɨɞɟɥɢ�± ɪɟɡɭɥɶɬɚɬɵ�ɬɪɟɯɦɟɪɧɵɯ�ɪɚɫɱɟɬɨɜ� 

 

Ʉɚɤ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɪɢɫɭɧɨɤ 3.13�� ɜɟɪɬɢɤɚɥɶɧɵɟ� ɫɦɟɳɟɧɢɹ��

ɜɨɡɧɢɤɚɸɳɢɟ�ɜ�ɧɚɫɵɩɢ��ɩɨɞɜɟɪɠɟɧɧɨɣ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɦ�ɧɚɝɪɭɡɤɚɦ��

ɦɨɠɧɨ� ɫ� ɯɨɪɨɲɟɣ� ɬɨɱɧɨɫɬɶɸ� ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ� ɫ� ɩɨɦɨɳɶɸ�

ɭɩɪɨɳɟɧɧɨɣ� ɞɜɭɦɟɪɧɨɣ� ɦɨɞɟɥɢ�� Ɍɚɤɚɹ� ɠɟ� ɞɜɭɦɟɪɧɚɹ� ɦɨɞɟɥɶ� ɛɵɥɚ�

ɫɨɡɞɚɧɚ�ɜ�ɫɪɟɞɟ�$%$486��Ɋɟɡɭɥɶɬɚɬɵ��ɩɨɥɭɱɟɧɧɵɟ�ɜ�ɫɪɟɞɟ�ABAQUS, 

ɩɨɥɧɨɫɬɶɸ� ɫɨɜɩɚɞɚɸɬ� ɫ� ɪɟɡɭɥɶɬɚɬɚɦɢ� $16<6�� ɋɨɝɥɚɫɧɨ�

ɩɪɟɞɩɨɥɨɠɟɧɢɸ��ɞɥɹ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɡɚɞɚɱ�ɪɟɡɭɥɶɬɚɬɵ��ɩɨɥɭɱɟɧɧɵɟ�ɫ�



��� 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɭɩɪɨɳɟɧɧɨɣ�ɞɜɭɦɟɪɧɨɣ�ɦɨɞɟɥɢ��ɬɚɤɠɟ�ɛɭɞɭɬ�ɛɥɢɡɤɢ�

ɤ� ɪɟɲɟɧɢɹɦ�� ɤɨɬɨɪɵɟ� ɦɨɝɭɬ� ɛɵɬɶ� ɩɨɥɭɱɟɧɵ� ɩɪɢ� ɪɟɲɟɧɢɢ� ɡɚɞɚɱɢ� ɜ�

ɩɨɥɧɨɣ�ɬɪɟɯɦɟɪɧɨɣ�ɩɨɫɬɚɧɨɜɤɟ� 

 

Ⱦɜɭɦɟɪɧɚɹ�ɦɨɞɟɥɶ� ɜ� ɫɪɟɞɟ�$%$486�ɞɥɹ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɧɚɫɵɩɢ�

ɛɵɥɚ� ɦɨɞɢɮɢɰɢɪɨɜɚɧɚ� ɫ� ɰɟɥɶɸ� ɭɱɟɬɚ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɷɮɮɟɤɬɨɜ��

ɜɤɥɸɱɚɹ�ɜɨɡɦɨɠɧɨɫɬɶ�ɩɪɢɥɨɠɟɧɢɹ�ɧɚɝɪɭɡɤɢ��ɡɚɜɢɫɹɳɟɣ�ɨɬ�ɜɪɟɦɟɧɢ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ� ɞɜɢɠɭɳɟɦɭɫɹ� ɫɨɫɬɚɜɭ ɢ� ɭɱɟɬɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�

ɭɩɪɭɝɢɯ�ɜɨɥɧ�ɜɧɭɬɪɢ�ɧɚɫɵɩɢ��Ɉɫɧɨɜɧɚɹ�ɫɥɨɠɧɨɫɬɶ�ɫɜɹɡɚɧɚ�ɫ�ɧɢɠɧɟɣ�

ɱɚɫɬɶɸ�ɦɨɞɟɥɢɪɭɟɦɨɣ� ɡɨɧɵ� �ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ� ɝɪɭɧɬ� ɩɨɞ� ɧɚɫɵɩɶɸ���

ɇɚ�ɫɚɦɨɦ�ɞɟɥɟ�ɷɬɚ�ɡɨɧɚ�ɩɪɚɤɬɢɱɟɫɤɢ�ɛɟɫɤɨɧɟɱɧɚ��ɢ�ɜɨɥɧɵ��ɢɡɥɭɱɚɟɦɵɟ�

ɜ� ɩɨɱɜɭ�� ɧɟ� ɞɨɥɠɧɵ� ɜɨɡɜɪɚɳɚɬɶɫɹ ɜ� ɡɨɧɭ� ɧɚɫɵɩɢ� �ɧɟ� ɫɱɢɬɚɹ�

ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɦɟɥɤɢɯ� ɨɬɪɚɠɟɧɢɣ� ɨɬ� ɜɤɥɸɱɟɧɢɣ��� ɂɡ-ɡɚ�

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ� ɫɥɨɠɧɨɫɬɟɣ ɧɟɜɨɡɦɨɠɧɨ� ɫɦɨɞɟɥɢɪɨɜɚɬɶ� ɛɨɥɶɲɭɸ�

ɩɥɨɳɚɞɶ�ɢ�ɪɚɡɦɟɫɬɢɬɶ�ɝɪɚɧɢɰɭ�ɧɚ�ɪɚɫɫɬɨɹɧɢɢ��ɤɨɬɨɪɨɟ�ɝɚɪɚɧɬɢɪɭɟɬ��

ɱɬɨ�ɜɨɥɧɵ��ɨɬɪɚɠɟɧɧɵɟ�ɨɬ�ɷɬɨɣ�ɝɪɚɧɢɰɵ��ɧɟ�ɜɟɪɧɭɬɫɹ�ɜ�ɡɨɧɭ ɧɚɫɵɩɢ ɜ�

ɬɟɱɟɧɢɟ�ɜɪɟɦɟɧɢ�ɪɚɫɱɟɬɚ��ɉɪɨɛɥɟɦɚ�ɛɵɥɚ�ɪɟɲɟɧɚ�ɩɭɬɟɦ�ɞɨɛɚɜɥɟɧɢɹ�

©ɛɟɫɤɨɧɟɱɧɵɯª� ɷɥɟɦɟɧɬɨɜ�� ɞɨɫɬɭɩɧɵɯ� ɜ� $%$486�([SOLFLW�� ɧɚ�

ɧɢɠɧɸɸ� ɝɪɚɧɢɰɭ� ɞɜɭɦɟɪɧɨɣ� ɦɨɞɟɥɢ�� ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ� ɧɚ� ɪɢɫ�� �.12. 

ɗɬɢ� ɷɥɟɦɟɧɬɵ� �&,13(��� ɨɛɟɫɩɟɱɢɜɚɸɬ� ɧɟɨɬɪɚɠɚɸɳɢɟ� ɝɪɚɧɢɱɧɵɟ�

ɭɫɥɨɜɢɹ� ɞɥɹ� ɝɪɚɧɢɰɵ�� ɧɚ� ɤɨɬɨɪɨɣ� ɨɧɢ� ɪɚɡɦɟɳɟɧɵ�� Ɇɨɞɟɥɶ� ɛɵɥɚ�

ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ� ɧɚ� ɪɟɚɤɰɢɸ� ɩɨɫɥɟ� ɨɞɧɨɤɪɚɬɧɨɝɨ� ɭɞɚɪɚ� ɨ� ɲɩɚɥɭ 

�ɫɨɨɬɜɟɬɫɬɜɭɟɬ�ɩɪɨɯɨɠɞɟɧɢɸ�ɨɞɢɧɨɱɧɨɝɨ�ɤɨɥɟɫɚ�ɩɨɟɡɞɚ�ɩɨ�ɲɩɚɥɟ���ɢ�

ɛɵɥɨ� ɨɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɷɥɟɦɟɧɬɵ� $%$486� �� ([SOLFLW� &,13(�� ɜ�

ɭɫɥɨɜɢɹɯ�ɪɟɲɚɟɦɨɣ�ɡɚɞɚɱɢ�ɨɬɪɚɠɚɸɬ�ɦɟɧɟɟ����ɫɢɝɧɚɥɚ��ɩɪɢɯɨɞɹɳɟɝɨ�

ɧɚ ɝɪɚɧɢɰɭ��ɧɚ�ɤɨɬɨɪɨɣ�ɨɧɢ�ɪɚɡɦɟɳɟɧɵ� 

 

 



��� 

3.3.2 ɂɫɫɥɟɞɨɜɚɧɢɟ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɨɬɤɥɢɤɚ�

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ�ɧɚɫɵɩɢ 

 

 ɉɨɫɬɪɨɟɧɧɚɹ� ɦɨɞɟɥɶ� ɛɵɥɚ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɞɥɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɨɬɤɥɢɤɚ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ� ɧɚɫɵɩɢ� ɧɚ� ɞɜɢɠɟɧɢɟ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ� ɫɨɫɬɚɜɚ ɋȺɉɋȺɇ� ɫ� ɪɚɡɧɵɦɢ� ɫɤɨɪɨɫɬɹɦɢ��

ɇɚɝɪɭɡɤɚ�� ɩɪɢɥɨɠɟɧɧɚɹ� ɤ� ɪɚɡɪɚɛɨɬɚɧɧɨɣ� ɞɜɭɦɟɪɧɨɣ� ɦɨɞɟɥɢ�� ɛɵɥɚ�

ɡɚɞɚɧɚ�ɤɚɤ�ɫɢɥɚ��ɢɡɦɟɧɹɸɳɚɹɫɹ�ɜɨ�ɜɪɟɦɟɧɢ��ɩɪɢɥɨɠɟɧɧɚɹ�ɤ�ɲɩɚɥɟ ɧɚ�

ɥɢɧɢɢ��ɝɞɟ�ɩɪɨɢɫɯɨɞɢɬ�ɟɟ�ɤɨɧɬɚɤɬ�ɫ�ɪɟɥɶɫɨɦ�(Anderson and Fair 2008, 

Suiker 2002)�� Ƚɪɚɮɢɤ� ɧɚɝɪɭɡɤɢ� ɜɨ ɜɪɟɦɟɧɢ� ɩɪɟɞɫɬɚɜɥɟɧ� ɧɚ� ɪɢɫɭɧɤɟ�

3.14. 

 
Ɋɢɫɭɧɨɤ�����ɚ. 

ȼɪɟɦɟɧɧɨɣ�ɩɪɨɮɢɥɶ�ɧɚɝɪɭɡɤɢ�ɞɥɹ�ɫɨɫɬɚɜɚ�TGV 



��� 

 
Ɋɢɫɭɧɨɤ���14b. 

ȼɪɟɦɟɧɧɨɣ�ɩɪɨɮɢɥɶ�ɧɚɝɪɭɡɤɢ�ɞɥɹ�ɫɨɫɬɚɜɚ�ɋȺɉɋȺɇ 

 

ȼɪɟɦɹ� ɦɟɠɞɭ� ɫɨɫɟɞɧɢɦɢ� ɩɢɤɚɦɢ� ɜ� ɨɞɧɨɦ� ɰɢɤɥɟ� ɧɚɝɪɭɡɤɢ� ɪɚɜɧɨ�

ɪɚɫɫɬɨɹɧɢɸ� ɦɟɠɞɭ� ɤɨɥɟɫɚɦɢ� ɜ� ɤɨɥɟɫɧɨɣ� ɩɚɪɟ� ɩɨɟɡɞɚ�� ɞɟɥɟɧɨɦɭ� ɧɚ�

ɫɤɨɪɨɫɬɶ� ɩɨɟɡɞɚ�� Ⱥɦɩɥɢɬɭɞɚ� ɧɚɝɪɭɡɤɢ� ɜɵɛɢɪɚɟɬɫɹ� ɢɡ� ɫɨɨɬɜɟɬɫɬɜɢɹ�

ɢɦɟɸɳɢɦɫɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ� ɞɚɧɧɵɦ�� ɂɡɜɟɫɬɧɨ�� ɱɬɨ� ɚɦɩɥɢɬɭɞɚ�

ɧɚɝɪɭɡɤɢ�ɬɚɤɠɟ�ɡɚɜɢɫɢɬ�ɨɬ�ɫɤɨɪɨɫɬɢ�ɩɨɟɡɞɚ�(Majka and Hartnet 2008, 

Gullers et al. 2008, Oscarsson and Dahlberg 1998, Lombaert at al 2006). 

ɗɬɭ�ɡɚɜɢɫɢɦɨɫɬɶ�ɦɨɠɧɨ�ɢɡɦɟɪɢɬɶ��ɪɢɫɭɧɨɤ�3.15). 

 



��� 

 
Ɋɢɫɭɧɨɤ������ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɢɡɦɟɪɟɧɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɚɦɩɥɢɬɭɞɵ�ɧɚɝɪɭɡɤɢ�

ɨɬ�ɫɤɨɪɨɫɬɢ�ɫɨɫɬɚɜɚ��ɧɨɪɦɢɪɨɜɚɧɧɚɹ�ɧɚ�ɫɬɚɬɢɱɟɫɤɭɸ�ɚɦɩɥɢɬɭɞɭ� 

 

ɍɤɚɡɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ� ɞɥɹ� ɭɜɟɥɢɱɟɧɢɹ ɚɦɩɥɢɬɭɞɵ� ɧɚɝɪɭɡɤɢ� ɩɪɢ�

ɭɜɟɥɢɱɟɧɢɢ�ɫɤɨɪɨɫɬɢ�ɫɨɫɬɚɜɚ�ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ�ɞɥɹ�ɜɫɟɯ�ɩɨɫɥɟɞɭɸɳɢɯ�

ɜɵɱɢɫɥɟɧɢɣ�� ɇɚ� ɪɢɫ�� 3.16 ɩɪɟɞɫɬɚɜɥɟɧɚ� ɢɫɬɨɪɢɹ� ɨɛɳɟɝɨ�

ɜɟɪɬɢɤɚɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɜ�ɬɨɱɤɟ�ɤɨɧɬɚɤɬɚ�ɦɟɠɞɭ�ɪɟɥɶɫɨɦ�ɢ�ɲɩɚɥɨɣ�

ɞɥɹ�ɫɨɫɬɚɜɚ�SAPSAN��ɞɜɢɠɭɳɟɝɨɫɹ ɫ�ɪɚɡɥɢɱɧɵɦɢ�ɫɤɨɪɨɫɬɹɦɢ. 

 



��� 

 
Ɋɢɫɭɧɨɤ�����ɚ. 

ɂɫɬɨɪɢɹ�ɨɛɳɟɝɨ�ɜɟɪɬɢɤɚɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɜ�ɬɨɱɤɟ�ɤɨɧɬɚɤɬɚ�ɦɟɠɞɭ�

ɪɟɥɶɫɨɦ�ɢ�ɲɩɚɥɨɣ��ɋɨɫɬɚɜ�ɋȺɉɋȺɇ, ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�����ɤɦ�ɱ 

 

 
Ɋɢɫɭɧɨɤ����6b. 

ɂɫɬɨɪɢɹ�ɨɛɳɟɝɨ�ɜɟɪɬɢɤɚɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɜ�ɬɨɱɤɟ�ɤɨɧɬɚɤɬɚ�ɦɟɠɞɭ�

ɪɟɥɶɫɨɦ�ɢ�ɲɩɚɥɨɣ��ɋɨɫɬɚɜ�ɋȺɉɋȺɇ, ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�235 ɤɦ�ɱ 

 

 

 



��� 

 
Ɋɢɫɭɧɨɤ����6c. 

ɂɫɬɨɪɢɹ�ɨɛɳɟɝɨ�ɜɟɪɬɢɤɚɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɜ�ɬɨɱɤɟ�ɤɨɧɬɚɤɬɚ�ɦɟɠɞɭ�

ɪɟɥɶɫɨɦ�ɢ�ɲɩɚɥɨɣ��ɋɨɫɬɚɜ�ɋȺɉɋȺɇ, ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�315 ɤɦ�ɱ 

 

Ɉɬɦɟɬɢɦ��ɱɬɨ�ɩɟɪɢɨɞɢɱɧɨɫɬɶ�ɧɚ�ɷɬɨɦ�ɢ�ɫɥɟɞɭɸɳɢɯ�ɝɪɚɮɢɤɚɯ�ɫɜɹɡɚɧɚ�

ɫ� ɰɢɤɥɢɱɧɨɫɬɶɸ� ɩɪɢɤɥɚɞɵɜɚɟɦɨɣ� ɧɚɝɪɭɡɤɢ� ² ɤɚɠɞɵɣ� ɰɢɤɥ�

ɫɨɨɬɜɟɬɫɬɜɭɟɬ�ɩɪɨɯɨɠɞɟɧɢɸ�ɨɞɧɨɝɨ�ɜɚɝɨɧɚ�ɩɨɟɡɞɚ� 

 

Ɋɟɡɭɥɶɬɚɬɵ� ɩɪɨɜɟɞɟɧɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɩɨɡɜɨɥɹɸɬ� ɛɨɥɟɟ� ɱɟɬɤɨ�

ɩɨɧɹɬɶ� ɩɪɢɱɢɧɵ�� ɜɟɞɭɳɢɟ� ɤ� ɜɟɪɬɢɤɚɥɶɧɵɦ� ɫɦɟɳɟɧɢɹɦ� ɬɨɱɟɤ�

ɜɟɪɯɧɟɝɨ� ɫɬɪɨɟɧɢɹ� ɩɭɬɢ� �ɩɪɨɫɚɞɤɚ�� ɢ� ɞɚɬɶ� ɢɦ� ɛɨɥɟɟ� ɬɨɱɧɨɟ�

ɨɩɪɟɞɟɥɟɧɢɟ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɨɛɳɚɹ� �ɚɛɫɨɥɸɬɧɚɹ�� ɩɪɨɫɚɞɤɚ�

ɫɤɥɚɞɵɜɚɟɬɫɹ� ɢɡ� ɞɜɭɯ� ɫɨɫɬɚɜɥɹɸɳɢɯ� ² ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ� ɢ�

ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ�ɱɚɫɬɟɣ� 

 

įabs �įdef��įavd . 

 

Ⱦɥɹ� ɚɧɚɥɢɡɚ� ɩɪɨɱɧɨɫɬɧɵɯ� ɢ� ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ� ɫɜɨɣɫɬɜ�

ɜɟɪɯɧɟɝɨ�ɫɬɪɨɟɧɢɹ�ɩɭɬɢ�ɩɪɟɞɫɬɚɜɥɹɟɬ�ɢɧɬɟɪɟɫ�ɥɢɲɶ�ɞɟɮɨɪɦɚɰɢɨɧɧɚɹ�

ɱɚɫɬɶ�� ɉɨɫɬɭɩɚɬɟɥɶɧɚɹ� ɱɚɫɬɶ� ɩɪɨɫɚɞɤɢ� ± ɷɬɨ� ɞɜɢɠɟɧɢɟ� ɡɟɦɥɹɧɨɝɨ�

ɩɨɥɨɬɧɚ�ɢ�ɡɧɚɱɢɬɟɥɶɧɨɣ�ɨɛɥɚɫɬɢ�ɩɨɞɫɬɢɥɚɸɳɟɝɨ�ɝɪɭɧɬɚ�ɤɚɤ�ɟɞɢɧɨɝɨ�

ɰɟɥɨɝɨ��Ⱦɟɮɨɪɦɚɰɢɨɧɧɚɹ�ɱɚɫɬɶ�ɨɫɚɞɤɢ�ɩɭɬɢ��ɩɪɢɜɟɞɟɧɧɚɹ�ɧɚ ɪɢɫɭɧɤɟ 



��� 

3.17�� ɚ� ɬɚɤɠɟ� ɧɚ� ɩɨɫɥɟɞɭɸɳɢɯ� ɝɪɚɮɢɤɚɯ�� ɩɨɥɭɱɚɟɬɫɹ� ɤɚɤ� ɪɚɡɧɢɰɚ�

ɫɦɟɳɟɧɢɣ� ɧɚ� ɜɟɪɯɧɟɣ� �ɲɩɚɥɚ�� ɢ� ɧɢɠɧɟɣ� ɝɪɚɧɢɰɟ� ɦɨɞɟɥɢɪɭɟɦɨɣ�

ɨɛɥɚɫɬɢ� 

 

 
Ɋɢɫɭɧɨɤ�����ɚ. 

ɂɫɬɨɪɢɹ�ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ�ɱɚɫɬɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɜ�ɬɨɱɤɟ�

ɤɨɧɬɚɤɬɚ�ɦɟɠɞɭ�ɪɟɥɶɫɨɦ�ɢ�ɲɩɚɥɨɣ��ɋɨɫɬɚɜ�ɋȺɉɋȺɇ, ɫɤɨɪɨɫɬɶ�

ɞɜɢɠɟɧɢɹ�315 ɤɦ�ɱ��Ɇɚɬɟɪɢɚɥ�ɛɚɥɥɚɫɬɚ�± ɝɪɚɧɢɬ�ɫ�ɦɨɞɭɥɟɦ�

ɭɩɪɭɝɨɫɬɢ�����Ɇɉɚ� 

 

 

 

 



��� 

 
 

Ɋɢɫɭɧɨɤ����7b. 

ɂɫɬɨɪɢɹ�ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ�ɱɚɫɬɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ�ɫɦɟɳɟɧɢɹ�ɜ�ɬɨɱɤɟ�

ɤɨɧɬɚɤɬɚ�ɦɟɠɞɭ�ɪɟɥɶɫɨɦ�ɢ�ɲɩɚɥɨɣ��ɋɨɫɬɚɜ�TGV, ɫɤɨɪɨɫɬɶ�

ɞɜɢɠɟɧɢɹ�315 ɤɦ�ɱ��Ɇɚɬɟɪɢɚɥ�ɛɚɥɥɚɫɬɚ�± ɝɪɚɧɢɬ�ɫ�ɦɨɞɭɥɟɦ�

ɭɩɪɭɝɨɫɬɢ��0��Ɇɉɚ� 

 

Ȼɵɥɨ�ɨɛɧɚɪɭɠɟɧɨ��ɱɬɨ�ɝɟɨɦɟɬɪɢɹ�ɩɨɟɡɞɚ�7*9��ɞɥɹ�ɬɨɣ�ɠɟ�ɫɤɨɪɨɫɬɢ�

ɩɨɟɡɞɚ� ɢ� ɚɧɚɥɨɝɢɱɧɨɣ� ɨɫɟɜɨɣ� ɧɚɝɪɭɡɤɢ�� ɨɛɟɫɩɟɱɢɜɚɟɬ� ɦɟɧɶɲɢɟ�

ɫɦɟɳɟɧɢɹ�ɜ�ɧɚɫɵɩɢ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɝɟɨɦɟɬɪɢɟɣ�ɩɨɟɡɞɚ�ɋȺɉɋȺɇ��ɇɚ�

ɪɢɫɭɧɤɟ�3.18 ɩɨɤɚɡɚɧɨ�ɦɚɤɫɢɦɚɥɶɧɨɟ�ɫɦɟɳɟɧɢɟ��ɤɨɬɨɪɨɟ�ɩɨɹɜɥɹɟɬɫɹ�ɜ�

ɧɚɫɵɩɢ�ɤɚɤ�ɮɭɧɤɰɢɹ�ɫɤɨɪɨɫɬɢ�ɩɨɟɡɞɚ� 

 



��� 

 
Ɋɢɫɭɧɨɤ����8. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ�ɫɦɟɳɟɧɢɟ��ɤɨɬɨɪɨɟ�ɩɨɹɜɥɹɟɬɫɹ�ɜ�ɧɚɫɵɩɢ�ɤɚɤ�ɮɭɧɤɰɢɹ�

ɫɤɨɪɨɫɬɢ�ɩɨɟɡɞɚ��ɋɨɫɬɚɜ�ɋȺɉɋȺɇ. 

 

Ʉɚɤ�ɜɢɞɧɨ�ɢɡ�ɫɪɚɜɧɟɧɢɹ�ɪɢɫɭɧɤɨɜ����� ɢ�3.18, ɫɤɨɪɨɫɬɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�

ɦɚɤɫɢɦɚɥɶɧɵɯ� ɩɪɨɫɚɞɨɤ� ɩɭɬɢ� ɞɨɫɬɚɬɨɱɧɨ� ɛɥɢɡɤɨ� ɩɨɜɬɨɪɹɟɬ�

ɫɤɨɪɨɫɬɧɭɸ�ɡɚɜɢɫɢɦɨɫɬɶ�ɞɥɹ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɞɢɧɚɦɢɱɧɨɫɬɢ��ȼ�ɬɨ�ɠɟ�

ɜɪɟɦɹ�ɦɟɠɞɭ�ɷɬɢɦɢ�ɡɚɜɢɫɢɦɨɫɬɹɦɢ�ɟɫɬɶ�ɢ�ɨɬɥɢɱɢɹ��ɇɚ�ɪɢɫɭɧɤɟ����� 

ɩɪɟɞɫɬɚɜɥɟɧɚ� ɫɤɨɪɨɫɬɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɩɪɨɫɚɞɨɤ� ɩɭɬɢ� ɜ� ɬɨɦ� ɫɥɭɱɚɟ��

ɟɫɥɢ�ɩɪɢ�ɪɚɫɱɟɬɚɯ�ɧɟ�ɛɭɞɟɬ�ɭɱɢɬɵɜɚɬɶɫɹ�ɤɨɷɮɮɢɰɢɟɧɬ�ɞɢɧɚɦɢɱɧɨɫɬɢ��

Ɏɚɤɬɢɱɟɫɤɢ� ɷɬɨ� ɢ� ɟɫɬɶ� ɪɚɡɧɢɰɚ� ɦɟɠɞɭ� ɫɤɨɪɨɫɬɧɨɣ� ɡɚɜɢɫɢɦɨɫɬɶɸ�

ɦɚɤɫɢɦɚɥɶɧɵɯ�ɩɪɨɫɚɞɨɤ�ɢ� ɫɤɨɪɨɫɬɧɨɣ� ɡɚɜɢɫɢɦɨɫɬɶɸ�ɤɨɷɮɮɢɰɢɟɧɬɚ�

ɞɢɧɚɦɢɱɧɨɫɬɢ� 



��� 

 
Ɋɢɫɭɧɨɤ����9. 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɦɚɤɫɢɦɚɥɶɧɨɣ�ɩɪɨɫɚɞɤɢ�ɨɬ�ɫɤɨɪɨɫɬɢ�ɞɜɢɠɟɧɢɹ��ɤɦ�ɱ��

ɫɨɫɬɚɜɚ�ɋȺɉɋȺɇ �ɛɟɡ�ɭɱɟɬɚ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɞɢɧɚɦɢɱɧɨɫɬɢ� 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɨɟ� ɧɚ� ɪɢɫɭɧɤɟ� 3.19 ɩɨɜɟɞɟɧɢɟ� ɩɪɨɫɚɞɤɢ� ɹɜɥɹɟɬɫɹ�

ɩɪɹɦɵɦ� ɫɥɟɞɫɬɜɢɟɦ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɩɨɫɬɚɧɨɜɤɢ� ɡɚɞɚɱɢ� �ɛɟɡ� ɭɱɟɬɚ�

ɪɨɫɬɚ� ɚɦɩɥɢɬɭɞɵ� ɜɨɡɞɟɣɫɬɜɢɹ� ɫ� ɪɨɫɬɨɦ� ɫɤɨɪɨɫɬɢ� ɫɨɫɬɚɜɚ��� Ⱦɚɧɧɵɣ�

ɝɪɚɮɢɤ� ɩɨɤɚɡɵɜɚɟɬ�� ɱɬɨ� ɜ� ɢɫɫɥɟɞɭɟɦɨɦ� ɞɢɚɩɚɡɨɧɟ� ɫɤɨɪɨɫɬɟɣ� ɧɟ�

ɧɚɛɥɸɞɚɟɬɫɹ� ɡɧɚɱɢɬɟɥɶɧɨɝɨ� ɪɨɫɬɚ� ɩɪɨɫɚɞɨɤ�� ɨɛɭɫɥɨɜɥɟɧɧɵɯ�

ɞɢɧɚɦɢɱɟɫɤɢɦɢ�ɷɮɮɟɤɬɚɦɢ�ɜ�ɩɨɩɟɪɟɱɧɨɦ�ɫɟɱɟɧɢɢ�ɩɭɬɢ��Ɉɞɧɚɤɨ��ɷɬɨ�

ɧɟ� ɨɡɧɚɱɚɟɬ�� ɱɬɨ� ɬɚɤɨɝɨ� ɪɨɞɚ� ɷɮɮɟɤɬɵ� ɧɟ� ɛɭɞɭɬ� ɜɨɡɧɢɤɚɬɶ� ɩɪɢ�

ɞɚɥɶɧɟɣɲɟɦ�ɭɜɟɥɢɱɟɧɢɢ�ɫɤɨɪɨɫɬɟɣ�ɞɜɢɠɟɧɢɹ�ɫɨɫɬɚɜɨɜ� 

 

Ɍɚɤɠɟ� ɛɵɥɨ� ɢɡɭɱɟɧɨ� ɜɥɢɹɧɢɟ� ɫɜɨɣɫɬɜ� ɦɚɬɟɪɢɚɥɚ� ɛɚɥɥɚɫɬɚ� ɧɚ�

ɦɚɤɫɢɦɚɥɶɧɵɟ� ɫɦɟɳɟɧɢɹ�� ɉɨɥɭɱɟɧɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɞɥɹ� ɨɞɧɨɣ� ɢɡ�



��� 

ɝɟɨɦɟɬɪɢɣ�ɩɨɟɡɞɚ��ɫɨɫɬɚɜ ɋȺɉɋȺɇ��ɢ�ɨɞɧɨɣ�ɢɡ�ɫɤɨɪɨɫɬɟɣ�ɩɨɟɡɞɚ������

ɤɦ���ɱ��ɩɪɟɞɫɬɚɜɥɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ�����. 

 

 
Ɋɢɫɭɧɨɤ���20. 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɦɚɤɫɢɦɚɥɶɧɨɣ�ɩɪɨɫɚɞɤɢ�ɨɬ�ɦɨɞɭɥɹ�ɭɩɪɭɝɨɫɬɢ�

ɛɚɥɥɚɫɬɚ���ɋɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�ɫɨɫɬɚɜɚ�ɋȺɉɋȺɇ - ����ɤɦ�ɱ�) 

 

Ⱦɥɹ� ɩɪɨɜɟɪɤɢ� ɩɪɢɦɟɧɢɦɨɫɬɢ� ɦɨɞɟɥɢ� ɛɵɥɨ� ɩɪɨɜɟɞɟɧɨ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ� ɢɡɦɟɪɟɧɢɟ� ɭɫɤɨɪɟɧɢɣ� ɜ� ɧɚɫɵɩɢ� ɜɫɥɟɞɫɬɜɢɟ 

ɞɜɢɠɟɧɢɹ� ɫɨɫɬɚɜɚ� ɋȺɉɋȺɇ�� ɂɡɦɟɪɟɧɧɵɟ� ɞɚɧɧɵɟ� ɞɥɹ� ɭɫɤɨɪɟɧɢɣ�

ɫɨɜɩɚɞɚɸɬ�ɫ�ɪɟɡɭɥɶɬɚɬɚɦɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ��ɫɦ���ɧɚɩɪ.��ɪɢɫɭɧɨɤ�����) 

ɤɚɤ�ɤɚɱɟɫɬɜɟɧɧɨ��ɬɚɤ�ɢ�ɤɨɥɢɱɟɫɬɜɟɧɧɨ� 



��� 

 
Ɋɢɫɭɧɨɤ���21. 

ȼɪɟɦɟɧɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɭɫɤɨɪɟɧɢɣ�ɜ�ɛɚɥɥɚɫɬɟ���ɋɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�

ɫɨɫɬɚɜɚ�ɋȺɉɋȺɇ - ����ɤɦ�ɱ�) 

 

3.3.3 ȼɵɜɨɞɵ 

 

ɉɨɫɬɪɨɟɧɧɚɹ� ɦɨɞɟɥɶ� ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ� ɞɥɹ� ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ�

ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɭɫɤɨɪɟɧɢɣ�� ɜɵɡɵɜɚɟɦɵɯ� ɜ� ɛɚɥɥɚɫɬɧɨɦ� ɫɥɨɟ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦ� ���-���� ɤɦ� �� ɱ�� ɩɨɟɡɞɨɦ� ɋȺɉɋȺɇ�� Ȼɵɥɢ�

ɢɫɩɵɬɚɧɵ� ɧɟɫɤɨɥɶɤɨ� ɪɚɡɥɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɤɨɬɨɪɵɟ� ɦɨɝɭɬ� ɛɵɬɶ�

ɢɫɩɨɥɶɡɨɜɚɧɵ�ɞɥɹ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɛɚɥɥɚɫɬɚ�ɪɟɥɶɫɨɜɨɝɨ�ɩɭɬɢ��ɉɪɨɜɟɞɟɧɚ�

ɨɰɟɧɤɚ� ɡɚɜɢɫɢɦɨɫɬɢ� ɦɚɤɫɢɦɚɥɶɧɵɯ� ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɭɫɤɨɪɟɧɢɣ��

ɧɚɛɥɸɞɚɟɦɵɯ� ɜ� ɧɚɫɵɩɢ�� ɨɬ� ɫɜɨɣɫɬɜ� ɦɚɬɟɪɢɚɥɨɜ�� ɢɫɩɨɥɶɡɭɟɦɵɯ� ɞɥɹ�

ɮɨɪɦɢɪɨɜɚɧɢɹ� ɛɚɥɥɚɫɬɧɵɯ� ɫɥɨɟɜ� ɪɟɥɶɫɨɜɨɝɨ� ɩɭɬɢ�� Ɍɚɤɠɟ�

ɢɫɫɥɟɞɨɜɚɥɚɫɶ� ɡɚɜɢɫɢɦɨɫɬɶ�ɧɚɛɥɸɞɚɟɦɵɯ�ɧɚ�ɧɚɫɵɩɢ�ɦɚɤɫɢɦɚɥɶɧɵɯ�

ɩɟɪɟɦɟɳɟɧɢɣ�ɢ�ɭɫɤɨɪɟɧɢɣ�ɨɬ�ɫɤɨɪɨɫɬɢ�ɞɜɢɠɟɧɢɹ�ɩɨɟɡɞɚ��ȼ�ɧɟɤɨɬɨɪɵɯ�

ɫɥɭɱɚɹɯ� ɩɟɪɟɦɟɳɟɧɢɹ� ɦɨɝɭɬ� ɩɪɟɜɵɲɚɬɶ� ɦɚɤɫɢɦɚɥɶɧɨ� ɜɨɡɦɨɠɧɵɟ�

ɩɟɪɟɦɟɳɟɧɢɹ��ɨɝɪɚɧɢɱɟɧɧɵɟ�ɪɨɫɫɢɣɫɤɢɦɢ�ɫɬɚɧɞɚɪɬɚɦɢ�ɛɟɡɨɩɚɫɧɨɫɬɢ�

ɠɟɥɟɡɧɵɯ� ɞɨɪɨɝ�� ɇɚɩɪɢɦɟɪ�� ɞɥɹ� ���� ɤɦ� �� ɱ� ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɜɨɞɨɢɡɦɟɳɟɧɢɟ�ɜ�����ɪɚɡɚ�ɛɨɥɶɲɟ��ɱɟɦ�ɞɥɹ�ɦɟɞɥɟɧɧɨɝɨ����±����ɤɦ���ɱ��



��� 

ɩɨɟɡɞɚ�� Ɇɚɤɫɢɦɚɥɶɧɵɟ� ɫɦɟɳɟɧɢɹ� ɢ� ɭɫɤɨɪɟɧɢɹ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ�

ɧɚɫɵɩɢ�� ɪɚɫɫɱɢɬɚɧɧɵɟ� ɞɥɹ� ɩɨɟɡɞɚ� ɋȺɉɋȺɇ�� ɫɪɚɜɧɢɜɚɥɢɫɶ� ɫ�

ɪɚɫɫɱɢɬɚɧɧɵɦɢ� ɞɥɹ� ɝɟɨɦɟɬɪɢɢ� ɩɨɟɡɞɚ�� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�

ɮɪɚɧɰɭɡɫɤɨɦɭ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦɭ� ɩɨɟɡɞɭ� 7*9�� Ȼɵɥɨ� ɨɛɧɚɪɭɠɟɧɨ��

ɱɬɨ�ɩɪɨɟɡɞ�ɩɨɟɡɞɚ�7*9�ɜɵɡɵɜɚɟɬ�ɦɟɧɶɲɢɟ�ɫɦɟɳɟɧɢɹ�ɢ�ɭɫɤɨɪɟɧɢɹ�ɜ�

ɛɚɥɥɚɫɬɧɨɦ� ɫɥɨɟ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɩɨɟɡɞɨɦ� ɋȺɉɋȺɇ �ɩɨɟɡɞɚ��

ɞɜɢɠɭɳɢɟɫɹ�ɫ�ɨɞɢɧɚɤɨɜɨɣ�ɫɤɨɪɨɫɬɶɸ�ɢ�ɢɦɟɸɳɢɟ�ɨɞɢɧɚɤɨɜɭɸ�ɨɫɟɜɭɸ�

ɧɚɝɪɭɡɤɭ�� 

 

ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ� ɨɛ� ɭɜɟɥɢɱɟɧɢɢ�

ɦɚɤɫɢɦɚɥɶɧɵɯ�ɩɪɨɫɚɞɨɤ�ɧɚɫɵɩɢ�ɩɪɢ�ɪɨɫɬɟ�ɫɤɨɪɨɫɬɢ�ɞɜɢɠɟɧɢɹ�ɩɨɟɡɞɚ�

ɋȺɉɋȺɇ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɨɩɪɟɞɟɥɹɟɦɵɟ� ȽɈɋɌɨɦ� ɦɚɤɫɢɦɚɥɶɧɵɟ�

ɚɦɩɥɢɬɭɞɵ�ɩɟɪɟɦɟɳɟɧɢɣ�ɦɨɝɭɬ�ɩɪɟɜɵɲɚɬɶɫɹ��ɱɬɨ�ɦɨɠɟɬ�ɩɪɢɜɨɞɢɬɶ�ɤ�

ɪɚɡɪɭɲɟɧɢɸ�ɩɭɬɢ��ȼ�ɧɟɤɨɬɨɪɵɯ�ɫɥɭɱɚɹɯ�ɧɟɨɛɯɨɞɢɦɨ�ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ�

ɢɫɫɥɟɞɨɜɚɧɢɟ�ɤɨɧɤɪɟɬɧɵɯ�ɭɱɚɫɬɤɨɜ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ�ɩɟɪɟɝɨɧɨɜ�ɧɚ�

ɫɨɨɬɜɟɬɫɬɜɢɟ� ɩɪɟɞɟɥɶɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɫɦɟɳɟɧɢɣ� ɫɭɳɟɫɬɜɭɸɳɢɦ�

ȽɈɋɌɚɦ�� ɉɪɢ� ɷɬɨɦ� ɦɨɠɟɬ� ɩɨɬɪɟɛɨɜɚɬɶɫɹ� ɤɚɤ� ɢɡɦɟɧɟɧɢɟ�

ɫɭɳɟɫɬɜɭɸɳɢɯ� ȽɈɋɌɨɜ� ɞɥɹ� ɫɨɨɬɜɟɬɫɬɜɢɹ� ɧɨɜɵɦ� ɫɤɨɪɨɫɬɧɵɦ�

ɪɟɠɢɦɚɦ��ɬɚɤ�ɢ ɢɡɦɟɧɟɧɢɟ�ɝɟɨɦɟɬɪɢɢ�ɢ�ɦɚɬɟɪɢɚɥɨɜ�ɛɚɥɥɚɫɬɚ�ɢ�ɬɢɩɚ�

ɝɪɭɧɬɚ� 

 

ɉɨ�ɪɟɡɭɥɶɬɚɬɚɦ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɞɨ�ɫɤɨɪɨɫɬɟɣ�ɞɜɢɠɟɧɢɹ�

ɫɨɫɬɚɜɨɜ�ɩɨɪɹɞɤɚ����-����ɤɢɥɨɦɟɬɪɨɜ�ɜ�ɱɚɫ��ɩɪɢ�ɭɫɥɨɜɢɢ�ɢɞɟɚɥɶɧɨɝɨ�

ɫɨɫɬɨɹɧɢɹ� ɩɨɞɜɢɠɧɨɝɨ� ɫɨɫɬɚɜɚ�� ɜɨɡɧɢɤɚɸɳɢɟ� ɩɪɨɫɚɞɤɢ� ɦɚɥɨ�

ɨɬɥɢɱɚɸɬɫɹ� ɨɬ� ɫɬɚɬɢɱɟɫɤɢɯ�� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ� ɞɚɧɧɨɦɭ� ɫɨɫɬɚɜɭ��

ɞɜɢɠɭɳɟɦɭɫɹ� ɫ� ɦɚɥɵɦɢ� ɫɤɨɪɨɫɬɹɦɢ�� ȼ� ɬɟɯ� ɠɟ� ɭɫɥɨɜɢɹɯ� ɩɪɢ�

ɩɨɜɵɲɟɧɢɢ� ɫɤɨɪɨɫɬɢ� ɞɜɢɠɟɧɢɹ� ɞɨ� ���� ɤɢɥɨɦɟɬɪɨɜ� ɜ� ɱɚɫ�

ɦɚɤɫɢɦɚɥɶɧɵɟ� ɡɧɚɱɟɧɢɹ� ɩɪɨɫɚɞɨɤ� ɭɜɟɥɢɱɢɜɚɸɬɫɹ� ɧɚ� ���� ɩɨ�

ɫɪɚɜɧɟɧɢɸ�ɫɨ�ɫɬɚɬɢɱɟɫɤɢɦɢ��ɉɪɢ�ɩɨɜɵɲɟɧɢɢ�ɫɤɨɪɨɫɬɢ�ɞɜɢɠɟɧɢɹ�ɞɨ�



��� 

���� ɤɢɥɨɦɟɬɪɨɜ� ɜ� ɱɚɫ� ɦɚɤɫɢɦɚɥɶɧɵɟ� ɡɧɚɱɟɧɢɹ� ɩɪɨɫɚɞɨɤ�

ɭɜɟɥɢɱɢɜɚɸɬɫɹ�ɧɚ�����ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫɨ�ɫɬɚɬɢɱɟɫɤɢɦɢ��ɉɨɜɵɲɟɧɢɟ�

ɫɤɨɪɨɫɬɢ� ɞɜɢɠɟɧɢɹ� ɞɨ� ���� ɤɢɥɨɦɟɬɪɨɜ� ɜ� ɱɚɫ� ɩɪɢɜɨɞɢɬ� ɤ� ɪɨɫɬɭ�

ɩɪɨɫɚɞɨɤ�ɧɚ�����ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫɨ�ɫɬɚɬɢɱɟɫɤɢɦɢ��ɬɨ�ɟɫɬɶ�ɫɦɟɳɟɧɢɹ�

ɩɪɚɤɬɢɱɟɫɤɢ�ɭɞɜɚɢɜɚɸɬɫɹ�� 

 

ɉɨ� ɪɟɡɭɥɶɬɚɬɚɦ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜɚɠɧɵɟ� ɜɵɜɨɞɵ� ɦɨɠɧɨ� ɫɞɟɥɚɬɶ� ɢ� ɨ�

ɩɪɢɱɢɧɚɯ, ɜɟɞɭɳɢɯ� ɤ� ɫɦɟɳɟɧɢɹɦ� ɬɨɱɟɤ� ɩɨɩɟɪɟɱɧɨɝɨ� ɩɪɨɮɢɥɹ� ɩɭɬɢ�

�ɩɪɨɫɚɞɤɟ�, ɢ�ɞɚɬɶ�ɟɣ�ɛɨɥɟɟ�ɬɨɱɧɨɟ�ɨɩɪɟɞɟɥɟɧɢɟ��ɉɨɤɚɡɚɧɨ��ɱɬɨ�ɨɛɳɚɹ�

�ɚɛɫɨɥɸɬɧɚɹ�� ɩɪɨɫɚɞɤɚ� ɫɤɥɚɞɵɜɚɟɬɫɹ� ɢɡ� ɞɜɭɯ� ɫɨɫɬɚɜɥɹɸɳɢɯ� ² 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ�ɢ�ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ�ɱɚɫɬɟɣ��ɉɪɢ� ɷɬɨɦ�ɩɪɚɤɬɢɱɟɫɤɢɣ�

ɫɦɵɫɥ�ɩɪɢ�ɚɧɚɥɢɡɟ�ɩɪɨɱɧɨɫɬɧɵɯ�ɢ�ɩɪɨɱɢɯ�ɫɜɨɣɫɬɜ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ�

ɧɚɫɵɩɢ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɞɟɮɨɪɦɚɰɢɨɧɧɚɹ� ɱɚɫɬɶ�� ɉɨɫɬɭɩɚɬɟɥɶɧɚɹ� ɱɚɫɬɶ�

ɩɪɨɫɚɞɤɢ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ� ɞɜɢɠɟɧɢɟ� ɧɚɫɵɩɢ� ɢ� ɡɧɚɱɢɬɟɥɶɧɨɣ�

ɨɛɥɚɫɬɢ�ɝɪɭɧɬɚ��ɩɪɢɦɵɤɚɸɳɟɝɨ�ɤ�ɧɚɫɵɩɢ, ɤɚɤ�ɟɞɢɧɨɝɨ�ɰɟɥɨɝɨ� 

 

ȼɚɠɧɵɟ�ɜɵɜɨɞɵ�ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�ɢɡ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɜɥɢɹɧɢɹ�ɦɚɬɟɪɢɚɥɚ�

ɛɚɥɥɚɫɬɚ� ɧɚ� ɩɨɜɟɞɟɧɢɟ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ� ɧɚɫɵɩɢ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ�

ɢɡɦɟɧɟɧɢɟ�ɦɚɬɟɪɢɚɥɚ�ɛɚɥɥɚɫɬɚ�ɦɨɠɟɬ�ɡɧɚɱɢɬɟɥɶɧɨ��ɞɨ���-�����ɜɥɢɹɬɶ�

ɧɚ�ɜɟɥɢɱɢɧɵ�ɜɨɡɧɢɤɚɸɳɢɯ�ɩɪɨɫɚɞɨɤ�� 

 

ɉɪɢ� ɷɬɨɦ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɫɤɨɪɨɫɬɢ� ɞɜɢɠɟɧɢɹ� ɫɨɫɬɚɜɨɜ� ɜɥɢɹɧɢɟ�

ɦɚɬɟɪɢɚɥɚ� ɛɚɥɥɚɫɬɚ� ɭɜɟɥɢɱɢɜɚɟɬɫɹ�� ȿɫɥɢ� ɜ� ɫɬɚɬɢɱɟɫɤɨɦ� ɫɥɭɱɚɟ�

ɢɡɦɟɧɟɧɢɟ� ɦɚɬɟɪɢɚɥɚ� ɢ� ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ� ɫɨɫɬɚɜɚ� ɧɟ� ɨɤɚɡɵɜɚɟɬ�

ɡɧɚɱɢɬɟɥɶɧɨɝɨ� ɜɥɢɹɧɢɹ� ɧɚ� ɦɚɤɫɢɦɚɥɶɧɵɟ� ɩɪɨɫɚɞɤɢ, ɬɨ� ɜ� ɫɥɭɱɚɟ�

ɞɜɢɠɟɧɢɹ� ɫɨɫɬɚɜɨɜ� ɫ� ɡɧɚɱɢɬɟɥɶɧɵɦɢ� �ɛɨɥɟɟ� ���� ɤɢɥɨɦɟɬɪɨɜ� ɜ� ɱɚɫ��

ɫɤɨɪɨɫɬɹɦɢ� ɡɚɦɟɧɚ� ɦɚɬɟɪɢɚɥɚ� ɢɥɢ� ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ� ɫɨɫɬɚɜɚ�

ɦɨɠɟɬ�ɨɤɚɡɚɬɶ�ɡɚɦɟɬɧɨɟ�ɜɥɢɹɧɢɟ�ɧɚ�ɩɨɜɟɞɟɧɢɟ�ɛɚɥɥɚɫɬɧɨɣ�ɩɪɢɡɦɵ� 

 



��� 

 

 

3.4 Ɂɚɤɥɸɱɟɧɢɟ 
 

ȼ�ɝɥɚɜɟ���ɩɪɟɞɫɬɚɜɥɟɧɵ�ɱɢɫɥɟɧɧɵɟ�ɪɟɲɟɧɢɹ�ɞɜɭɯ�ɡɚɞɚɱ��ɫɜɹɡɚɧɧɵɯ�ɫ�

ɞɢɧɚɦɢɤɨɣ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɭɩɪɭɝɢɯ� ɜɨɥɧ� ɜ� ɫɪɟɞɚɯ� ɫɨ� ɫɥɨɠɧɨɣ�

ɝɟɨɦɟɬɪɢɟɣ�� ɂɫɫɥɟɞɨɜɚɧɚ� ɡɚɞɚɱɚ� ɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� ɩɨɜɟɪɯɧɨɫɬɧɵɯ�

ɜɨɥɧ� ɫɟɣɫɦɢɱɟɫɤɨɣ� ɩɪɢɪɨɞɵ� ɫ� ɡɚɳɢɬɧɵɦɢ� ɫɨɨɪɭɠɟɧɢɹɦɢ� ɫ�

ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦɢ� ɦɟɬɚɫɬɪɭɤɬɭɪɚɦɢ�� ɂɡɭɱɟɧɵ� ɷɮɮɟɤɬɵ��

ɨɤɚɡɵɜɚɟɦɵɟ� ɝɟɨɦɟɬɪɢɟɣ� ɢ� ɦɚɬɟɪɢɚɥɚɦɢ� ɡɚɳɢɬɧɵɯ� ɛɚɪɶɟɪɨɜ� ɢ�

ɦɟɬɚɫɬɪɭɤɬɭɪ�ɧɚ�ɭɦɟɧɶɲɟɧɢɟ�ɚɦɩɥɢɬɭɞ�ɩɟɪɟɦɟɳɟɧɢɣ�ɢ�ɭɫɤɨɪɟɧɢɣ�ɜ�

ɡɚɳɢɳɚɟɦɨɣ� ɨɛɥɚɫɬɢ�� Ɉɩɪɟɞɟɥɟɧɵ� ɨɩɬɢɦɚɥɶɧɵɟ� ɤɨɧɮɢɝɭɪɚɰɢɢ��

Ɍɚɤɠɟ� ɢɫɫɥɟɞɨɜɚɧɚ� ɡɚɞɚɱɚ� ɨ� ɞɜɢɠɟɧɢɢ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ�

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ� ɫɨɫɬɚɜɚ� ɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ� ɜɨɡɦɭɳɟɧɢɹ��

ɜɵɡɜɚɧɧɨɝɨ�ɟɝɨ�ɞɜɢɠɟɧɢɟɦ��ɜ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ�ɧɚɫɵɩɢ�ɢ�ɝɪɭɧɬɟ��ɧɚ�

ɤɨɬɨɪɨɦ�ɫɨɨɪɭɠɟɧɚ�ɧɚɫɵɩɶ� Ɉɫɧɨɜɧɨɣ�ɨɫɨɛɟɧɧɨɫɬɶɸ�ɩɪɢɦɟɧɟɧɧɨɝɨ�

ɦɟɬɨɞɚ� ɹɜɥɹɟɬɫɹ� ɩɨɤɚɡɚɧɧɚɹ� ɜɨɡɦɨɠɧɨɫɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ�

ɭɩɪɨɳɟɧɧɨɝɨ�ɞɜɭɦɟɪɧɨɝɨ�ɜɚɪɢɚɧɬ�ɚ�ɞɥɹ�ɚɧɚɥɢɡɚ�ɫɥɨɠɧɨɣ�ɬɪɟɯɦɟɪɧɨɣ�

ɡɚɞɚɱɢ�� Ⱦɚɧɧɵɣ� ɩɨɞɯɨɞ� ɩɨɡɜɨɥɹɟɬ� ɦɨɞɟɥɢɪɨɜɚɬɶ� ɨɫɨɛɟɧɧɨɫɬɢ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɜɨɥɧɨɜɨɝɨ�ɩɨɥɹ�ɧɚ�ɨɫɧɨɜɟ�ɚɧɚɥɢɡɚ�ɞɢɧɚɦɢɤɢ�ɩɥɨɫɤɢɯ�

ɫɟɱɟɧɢɣ��  Ɉɫɨɛɨɟ� ɜɧɢɦɚɧɢɟ� ɭɞɟɥɹɥɨɫɶ� ɢɫɫɥɟɞɨɜɚɧɢɸ� ɜɨɡɦɨɠɧɨɣ�

ɚɤɤɭɦɭɥɹɰɢɢ� ɷɧɟɪɝɢɢ� ɜ� ɞɚɧɧɨɣ� ɡɚɞɚɱɟ�� Ȼɵɥɨ� ɨɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɞɥɹ�

ɢɫɫɥɟɞɭɟɦɨɝɨ�ɫɥɭɱɚɹ��ɫɨɫɬɚɜ�ɋȺɉɋȺɇ��ɞɜɢɠɭɳɢɣɫɹ�ɫɨ�ɫɤɨɪɨɫɬɹɦɢ�

ɞɨ� ���� ɤɦ�ɱ� ɧɚ� ɫɬɚɧɞɚɪɬɧɵɯ� ɧɚɫɵɩɹɯ�� ɢɫɩɨɥɶɡɭɟɦɵɯ� ɜ� Ɋɨɫɫɢɣɫɤɨɣ�

Ɏɟɞɟɪɚɰɢɢ�ɢ�ɧɚ�ɝɪɭɧɬɚɯ, ɨɛɵɱɧɵɯ�ɞɥɹ�ɦɚɪɲɪɭɬɚ�ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ�± 

Ɇɨɫɤɜɚ��ɡɧɚɱɢɬɟɥɶɧɨɣ�ɚɤɤɭɦɭɥɹɰɢɢ�ɷɧɟɪɝɢɢ�ɜ�ɡɨɧɟ�ɞɜɢɠɟɧɢɹ�ɫɨɫɬɚɜɚ�

ɦɨɠɧɨ�ɧɟ�ɨɠɢɞɚɬɶ� ɉɪɢ�ɷɬɨɦ�ɩɪɨɢɡɜɟɞɟɧɚ�ɨɰɟɧɤɚ�ɜɥɢɹɧɢɹ�ɦɚɬɟɪɢɚɥɨɜ�

ɛɚɥɥɚɫɬɧɨɣ� ɩɪɢɡɦɵ� ɧɚ� ɜɨɡɧɢɤɚɸɳɢɟ� ɩɪɢ� ɞɜɢɠɟɧɢɢ�



��� 

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ�ɫɨɫɬɚɜɨɜ�ɩɟɪɟɦɟɳɟɧɢɹ�ɢ�ɭɫɤɨɪɟɧɢɹ��ɉɨɤɚɡɚɧɨ��ɱɬɨ�

ɜ� ɨɩɪɟɞɟɥɟɧɧɵɯ� ɭɫɥɨɜɢɹɯ� ɡɚɦɟɧɚ� ɦɚɬɟɪɢɚɥɚ� ɛɚɥɥɚɫɬɧɨɣ� ɩɪɢɡɦɵ� ɧɚ�

ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ�� ɫɩɨɫɨɛɧɚ� ɡɧɚɱɢɬɟɥɶɧɨ� ɭɦɟɧɶɲɢɬɶ� ɜɨɡɧɢɤɚɸɳɢɟ� ɜ�

ɛɚɥɥɚɫɬɧɨɣ� ɩɪɢɡɦɟ� ɩɟɪɟɦɟɳɟɧɢɹ� ɢ� ɭɞɨɜɥɟɬɜɨɪɢɬɶ� ɬɪɟɛɨɜɚɧɢɹɦ�

ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ� ɫɬɚɧɞɚɪɬɨɜ� ɧɚ� ɨɪɝɚɧɢɡɚɰɢɸ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ�

ɞɜɢɠɟɧɢɹ��Ɉɫɨɛɟɧɧɨ�ɜɚɠɧɨɟ�ɡɧɚɱɟɧɢɟ�ɪɚɡɥɢɱɢɹ�ɜ�ɦɚɬɟɪɢɚɥɟ�ɛɚɥɥɚɫɬɚ�

ɧɚɱɢɧɚɸɬ�ɢɦɟɬɶ�ɞɥɹ� ɜɵɫɨɤɢɯ� �ɛɨɥɟɟ� ���� ɤɦ�ɱ�� ɫɤɨɪɨɫɬɟɣ�ɞɜɢɠɟɧɢɹ�

ɫɨɫɬɚɜɚ� 

  



��� 

 

Ƚɥɚɜɚ�4 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ�ɢɧɢɰɢɢɪɨɜɚɧɢɟ��

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɢ�ɨɫɬɚɧɨɜɤɚ�ɬɪɟɳɢɧ ɜ�

ɤɜɚɡɢɯɪɭɩɤɢɯ�ɬɟɥɚɯ 
 

 

4.1 ȼɜɟɞɟɧɢɟ�ɢ�ɨɛɡɨɪ�ɥɢɬɟɪɚɬɭɪɵ 
 

 ɉɟɪɜɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧ 

ɨɬɧɨɫɹɬɫɹ�ɤ�ɩɟɪɜɨɣ�ɩɨɥɨɜɢɧɟ�ɏɏ ɜɟɤɚ��ɤɨɝɞɚ�ɛɵɥɢ�ɩɨɥɭɱɟɧɵ�ɩɟɪɜɵɟ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɨ� ɪɚɡɪɭɲɟɧɢɢ, ɤɨɬɨɪɨɟ� ɜɵɡɜɚɧɨ�

ɢɧɬɟɧɫɢɜɧɵɦɢ� ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦɢ� ɩɪɢɥɨɠɟɧɧɵɦɢ� ɧɚɝɪɭɡɤɚɦɢ�

(Hopkinson 1901; Wallner 1938; Schardin and Struth 1939; Wells and Post 

������� ȼ� ɧɚɱɚɥɟ� ɜɬɨɪɨɣ� ɩɨɥɨɜɢɧɵ� ɏɏ ɜɟɤɚ� ɩɨɹɜɢɥɢɫɶ� ɩɟɪɜɵɟ�

ɚɧɚɥɢɬɢɱɟɫɤɢɟ� ɪɟɲɟɧɢɹ� ɞɥɹ� ɬɪɟɳɢɧ�� ɞɜɢɠɭɳɢɯɫɹ� ɫɨ� ɫɤɨɪɨɫɬɶɸ��

ɫɨɩɨɫɬɚɜɢɦɨɣ�ɫɨ�ɫɤɨɪɨɫɬɶɸ�ɜɨɥɧɵ�Ɋɷɥɟɹ��Yoffe 1951; Broberg 1960; 

Atkinson and Eshelby �������ɉɨɡɠɟ��ɜ�����-ɯ�ɢ�ɧɚɱɚɥɟ�����-ɯ�ɝɨɞɨɜ��

ɞɢɧɚɦɢɤɚ� ɪɚɡɪɭɲɟɧɢɹ� ɫɬɚɥɚ� ɨɫɨɛɨɣ� ɨɛɥɚɫɬɶɸ� ɢɧɬɟɪɟɫɚ� ɞɥɹ�

ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɨɜ�� ɢ� ɢɦɟɧɧɨ� ɬɨɝɞɚ� ɨɫɧɨɜɧɵɟ� ɷɮɮɟɤɬɵ��

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ� ɪɚɡɪɭɲɟɧɢɟ� ɩɪɢ� ɜɵɫɨɤɢɯ� ɫɤɨɪɨɫɬɹɯ� ɧɚɝɪɭɠɟɧɢɹ��

ɛɵɥɢ� ɨɛɧɚɪɭɠɟɧɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� �%UDGOH\� DQG� .RED\DVKL� ������

Kobayashi et al.1974; Dally 1979 ; Ravi-Chandar and Knauss 1984a, 

1984b, 1984c, 1984d; Dally and Shukla 1980; Kalthoff 1986, Dally and 

Barker 1988; Rosakes and Zender ������� ɇɚɪɹɞɭ� ɫ� ɷɬɢɦ� ɛɵɥɨ�



��� 

ɨɩɭɛɥɢɤɨɜɚɧɨ� ɛɨɥɶɲɢɧɫɬɜɨ� ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ� ɞɥɹ� ɡɚɞɚɱ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧ��)UHXQG�����D��1972b, 1972c; 

Kostrov 1966; Kostrov and Nikitin 1970; Achenbach 1974; Willis, 1975; 

Freund 1990; Broberg 1989). 1980-ɟ ɢ� ɧɚɱɚɥɨ 1990-ɯ� ɝɨɞɨɜ� ɛɵɥɢ�

ɜɪɟɦɟɧɟɦ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɫɨɜɪɟɦɟɧɧɵɯ� ɩɨɞɯɨɞɨɜ� ɜ ɞɢɧɚɦɢɤɟ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧ. 

 

ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɫɭɳɟɫɬɜɭɟɬ� ɞɜɚ ɨɫɧɨɜɧɵɯ� ɩɨɞɯɨɞɚ� ɤ ɨɩɢɫɚɧɢɸ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɡɚɪɨɠɞɟɧɢɹ� ɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧ�� ɉɟɪɜɵɣ 

ɩɨɞɯɨɞ�� ɜɨɡɧɢɤɲɢɣ� ɢɡ� ɪɚɛɨɬ� Ȼɟɧɚ� Ɏɪɟɧɞɚ� �Freund 1972a, 1972b, 

1972F�� ɢ� ɩɨɡɞɧɟɟ� ɪɚɡɜɢɬɵɣ� Ⱥɪɟɫɨɦ� Ɋɨɡɚɤɟɫɨɦ (Rosakes and Zender 

1985)�� ɨɫɧɨɜɚɧ� ɧɚ� ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ� ɬɨɦ�� ɱɬɨ� ɤɪɢɬɟɪɢɣ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧɵ ɦɨɠɟɬ�ɛɵɬɶ�ɜɵɪɚɠɟɧ�ɤɚɤ�

ɮɭɧɤɰɢɹ� ɫɤɨɪɨɫɬɢ� ɢɡɦɟɧɟɧɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ: ܭௗ ൏ ஼ௗܭ ቀܭሶ ሺݐሻቁǡ ɝɞɟܭ�ௗ  - ɤɨɷɮɮɢɰɢɟɧɬ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɧɚɩɪɹɠɟɧɢɹ�� ɢɡɦɟɧɹɸɳɢɣɫɹ� ɜɨ ɜɪɟɦɟɧɢܭ��஼ௗ  - ɟɝɨ�

ɤɪɢɬɢɱɟɫɤɨɟ�ɡɧɚɱɟɧɢɟ. Ɍɨɱɤɚ�ɨɡɧɚɱɚɟɬ ɩɪɨɢɡɜɨɞɧɭɸ ɩɨ�ɜɪɟɦɟɧɢ��ɗɬɨɬ�

ɩɨɞɯɨɞ� ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɚɧɢɟ ɧɟɤɨɬɨɪɵɯ ɢɡ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�

ɧɚɛɥɸɞɚɟɦɵɯ� ɹɜɥɟɧɢɣ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɨɫɧɨɜɧɨɦ� ɜ�

ɫɥɭɱɚɟ� ɯɨɪɨɲɨ� ɪɚɡɜɢɬɨɣ� ɩɥɚɫɬɢɱɧɨɫɬɢ� �ɯɨɬɹ� ɜɫɟ� ɟɳɟ� ɜ� ɪɚɦɤɚɯ�

ɦɟɥɤɨɦɚɫɲɬɚɛɧɨɣ�ɬɟɤɭɱɟɫɬɢ���Ɉɝɪɚɧɢɱɟɧɢɟ�ɷɬɨɝɨ�ɩɨɞɯɨɞɚ�ɫɨɫɬɨɢɬ�ɜ�

ɬɨɦ��ɱɬɨ��ɤɚɤ�ɩɨɤɚɡɚɧɨ�ɜɨ�ɦɧɨɝɢɯ�ɪɚɛɨɬɚɯ��ɧɚɩɪ., Owen et al. 1998), ܭ஼ௗ, 

ɢɫɩɨɥɶɡɭɟɦɵɣ� ɜ� ɩɪɟɞɥɚɝɚɟɦɨɦ� ɤɪɢɬɟɪɢɢ�� ɧɟ� ɬɨɥɶɤɨ� ɡɚɜɢɫɢɬ ɨɬ�

ɫɤɨɪɨɫɬɢ� ɧɚɝɪɭɠɟɧɢɹ� ɢ� ɫɜɨɣɫɬɜ� ɪɚɡɪɭɲɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ�� ɧɨ� ɬɚɤɠɟ�

ɹɜɥɹɟɬɫɹ� ɮɭɧɤɰɢɟɣ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ� ɝɟɨɦɟɬɪɢɢ� ɢ� ɭɫɥɨɜɢɣ�

ɩɪɢɥɨɠɟɧɢɹ ɡɚɝɪɭɡɤɢ�� ɗɬɨ� ɨɡɧɚɱɚɟɬ�� ɱɬɨ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�

ɢɡɦɟɪɟɧɧɵɟ� ɡɧɚɱɟɧɢɹ ܭ஼ௗ  ɧɟ� ɦɨɝɭɬ� ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ� ɤɚɤ� ɫɜɨɣɫɬɜɨ�

ɦɚɬɟɪɢɚɥɚ� ɢ� ɧɟ� ɦɨɝɭɬ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ� ɞɥɹ�



��� 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɫ�ɞɪɭɝɢɦɢ�ɝɟɨɦɟɬɪɢɹɦɢ�ɢ�ɭɫɥɨɜɢɹɦɢ�

ɧɚɝɪɭɠɟɧɢɹ�  

 

Ʉɪɨɦɟ� ɬɨɝɨ�� ɢɡ� ɚɧɚɥɢɡɚ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�

ɪɟɡɭɥɶɬɚɬɨɜ� (ɧɚɩɪ�, Kalthoff and Shockey 1977, Ravi-Chandar and 

Knauss 1984a)��ɫɬɚɧɨɜɢɬɫɹ�ɨɱɟɜɢɞɧɵɦ�(Morozov and Petrov 2000)��ɱɬɨ�

ɨɩɢɫɚɧɢɟ� ɢ� ɩɪɟɞɫɤɚɡɚɧɢɟ� ɞɢɧɚɦɢɤɢ� ɪɚɡɪɭɲɟɧɢɹ� ɧɟɜɨɡɦɨɠɧɨ� ɧɚ�

ɨɫɧɨɜɟ� ɫɬɚɧɞɚɪɬɧɵɯ� ɩɨɞɯɨɞɨɜ� ɥɢɧɟɣɧɨɣ� ɦɟɯɚɧɢɤɢ� ɪɚɡɪɭɲɟɧɢɹ��

Ɉɤɚɡɵɜɚɟɬɫɹ��ɱɬɨ�ɜ�ɫɥɭɱɚɟ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɛɵɫɬɪɨɦɟɧɹɸɳɢɯɫɹ�ɩɨɥɟɣ�

ɦɟɯɚɧɢɱɟɫɤɢɯ� ɧɚɩɪɹɠɟɧɢɣ� ɬɪɟɳɢɧɵ� ɜ� ɛɨɥɶɲɢɧɫɬɜɟ� ɫɥɭɱɚɟɜ�

ɢɧɢɰɢɢɪɭɸɬɫɹ��ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ�ɢ�ɨɫɬɚɧɚɜɥɢɜɚɸɬɫɹ�ɩɪɢ�ɡɧɚɱɟɧɢɹɯ�

ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɜɟɪɲɢɧɟ� ɬɪɟɳɢɧɵ��

ɡɧɚɱɢɬɟɥɶɧɨ� ɨɬɥɢɱɚɸɳɟɝɨɫɹ� ɨɬ� ɡɧɚɱɟɧɢɹ� ɤɪɢɬɢɱɟɫɤɨɝɨ�

ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ�� ɯɚɪɚɤɬɟɪɧɨɝɨ� ɞɥɹ�

ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɣ� (Bratov et al. 2009)�� ɉɪɢ� ɷɬɨɦ� ɡɚɱɚɫɬɭɸ�

ɢɦɟɟɬ� ɦɟɫɬɨ� ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ� ɤɪɢɬɢɱɟɫɤɢɯ� ɩɪɨɱɧɨɫɬɧɵɯ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɦɚɬɟɪɢɚɥɚ� ± ɜ� ɨɞɧɨɦ� ɢ� ɬɨɦ� ɠɟ� ɦɚɬɟɪɢɚɥɟ�� ɜ�

ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɭɫɥɨɜɢɣ� ɷɤɫɩɟɪɢɦɟɧɬɚ�� ɬɪɟɳɢɧɚ� ɦɨɠɟɬ� ɫɬɚɪɬɨɜɚɬɶ��

ɪɚɫɩɪɨɫɬɪɚɧɹɬɫɹ�ɢ�ɨɫɬɚɧɚɜɥɢɜɚɬɶɫɹ�ɩɪɢ�ɤɚɪɞɢɧɚɥɶɧɨ�ɨɬɥɢɱɚɸɳɢɯɫɹ�

ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɜɟɪɲɢɧɟ�

ɬɪɟɳɢɧɵ�(Petrov et al. 2003).  

 

Ɋɹɞ� ɚɜɬɨɪɨɜ� ɞɟɦɨɧɫɬɪɢɪɭɸɬ�� ɱɬɨ, ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɭɫɥɨɜɢɣ�

ɷɤɫɩɟɪɢɦɟɧɬɚ�� ɜ� ɨɞɧɨɦ� ɢ� ɬɨɦ� ɠɟ� ɦɚɬɟɪɢɚɥɟ�� ɬɪɟɳɢɧɚ� ɦɨɠɟɬ�

ɢɧɢɰɢɢɪɨɜɚɬɶɫɹ� ɤɚɤ� ɩɪɢ� ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ� �Ʉɂɇ��� ɡɧɚɱɢɬɟɥɶɧɨ� ɩɪɟɜɵɲɚɸɳɢɯ� ɤɪɢɬɢɱɟɫɤɨɟ�

ɡɧɚɱɟɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�� ɯɚɪɚɤɬɟɪɧɨɝɨ� ɞɥɹ�

ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɣ�� ɬɚɤ� ɢ� ɩɪɢ� ɡɧɚɱɟɧɢɹɯ� Ʉɂɇ, ɡɧɚɱɢɬɟɥɶɧɨ�

ɦɟɧɶɲɢɯ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɝɨ� ɩɪɟɞɟɥɚ� (Petrov 2004)�� ɉɪɢ� ɷɬɨɦ�



��� 

ɡɚɱɚɫɬɭɸ�ɬɪɟɳɢɧɵ�ɢɧɢɰɢɢɪɭɸɬɫɹ�ɜ�ɦɨɦɟɧɬ��ɤɨɝɞɚ�Ʉɂɇ�ɭɦɟɧɶɲɚɟɬɫɹ�

± ɫɤɨɪɨɫɬɶ�ɢɡɦɟɧɟɧɢɹ�Ʉɂɇ�ɨɬɪɢɰɚɬɟɥɶɧɚ�(Petrov et al. 2003)��ɂɫɯɨɞɹ�

ɢɡ� ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɩɨɧɹɬɧɨ�� ɱɬɨ� ɩɨɩɵɬɤɢ� ɩɨɫɬɪɨɟɧɢɹ� ɤɪɢɬɟɪɢɹ�

ɪɚɡɪɭɲɟɧɢɹ� ɧɚ� ɨɫɧɨɜɟ� ɬɟɤɭɳɟɝɨ� ɡɧɚɱɟɧɢɹ� Ʉɂɇ�� ɜɜɨɞɹ� ɫɤɨɪɨɫɬɧɵɟ�

ɡɚɜɢɫɢɦɨɫɬɢ�ɧɟ�ɦɨɝɭɬ�ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ�ɧɚɛɥɸɞɚɟɦɵɦ�ɷɮɮɟɤɬɚɦ� 

 

ȼɬɨɪɨɣ�ɢɡɜɟɫɬɧɵɣ�ɩɨɞɯɨɞ�ɜ ɞɢɧɚɦɢɤɟ�ɪɚɡɪɭɲɟɧɢɹ�ɭɠɟ�ɩɪɟɞɫɬɚɜɥɹɥɫɹ�

ɢ� ɢɫɩɨɥɶɡɨɜɚɥɫɹ� ɜ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ�� ȼ� ɝɥɚɜɟ 2 ɛɵɥ ɜɜɟɞɟɧ� ɤɪɢɬɟɪɢɣ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɧɚ� ɨɫɧɨɜɟ� ɩɨɧɹɬɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ�ɤɜɚɡɢɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ, ɩɪɟɞɥɨɠɟɧɧɵɣ�ɘ�ȼ��ɉɟɬɪɨɜɵɦ�

ɢ�ɇ�Ɏ��Ɇɨɪɨɡɨɜɵɦ� (Petrov and Morozov 1994 ɢ Morozov and Petrov 

2000). Ɍɚɤɠɟ� ɜ ɝɥɚɜɟ� �� ɨɛɫɭɠɞɚɥɢɫɶ� ɜɨɡɦɨɠɧɨɫɬɢ� ɢ� ɫɩɨɫɨɛɵ�

ɩɪɢɦɟɧɟɧɢɹ�ɞɚɧɧɨɝɨ�ɤɪɢɬɟɪɢɹ�ɞɥɹ�ɩɪɟɞɫɤɚɡɚɧɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɢ�

ɨɫɬɚɧɨɜɤɢ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɦɚɬɟɪɢɚɥɚɯ. ȼ� ɷɬɨɣ� ɝɥɚɜɟ�

ɛɭɞɭɬ�ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ�ɩɪɢɦɟɪɵ�ɩɪɢɦɟɧɟɧɢɹ�ɤɪɢɬɟɪɢɹ�ɉɟɬɪɨɜɚ-

Ɇɨɪɨɡɨɜɚ� ɞɥɹ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɪɟɚɥɶɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɞɢɧɚɦɢɤɢ�

ɪɚɡɪɭɲɟɧɢɹ�� 

 

ȼ�ɛɨɥɶɲɨɦ�ɪɹɞɟ�ɪɚɛɨɬ�ɩɨɤɚɡɚɧɨ��ɧɚɩɪ�, Petrov et al. 2003, Morozov and 

Petrov 2000, Petrov and Sitnikova 2005, Petrov 2004)�� ɱɬɨ, ɩɪɢɦɟɧɹɹ�

ɤɪɢɬɟɪɢɣ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɉɟɬɪɨɜɚ-

Ɇɨɪɨɡɨɜɚ, ɜɨɡɦɨɠɧɨ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɜɫɟ� ɧɚɛɥɸɞɚɟɦɨɟ� ɪɚɡɧɨɨɛɪɚɡɢɟ�

ɷɮɮɟɤɬɨɜ, ɫɜɹɡɚɧɧɵɯ� ɫ� ɢɧɢɰɢɢɪɨɜɚɧɢɟɦ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɬɪɟɳɢɧ� ɜ�

ɤɜɚɡɢɯɪɭɩɤɢɯ�ɦɚɬɟɪɢɚɥɚɯ�� 

 

ȿɳɟ�ɪɚɡ�ɧɚɩɨɦɧɢɦ�ɨɛ�ɨɫɧɨɜɧɵɯ�ɩɪɢɧɰɢɩɚɯ�ɩɨɞɯɨɞɚ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ�ɜ� ɞɢɧɚɦɢɤɟ� ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�� ɪɚɡɪɭɲɟɧɢɟ� ɜ� ɬɨɱɤɟ� x ɜ�

ɦɨɦɟɧɬ�ɜɪɟɦɟɧɢ�t ɜɨɡɦɨɠɧɨ�ɜ�ɫɥɭɱɚɟ��ɤɨɝɞɚ 
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௧
୲ିத ,                                                 (4.1) 

 

ɝɞɟ� Ĳ� - ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɨɟ ɜɪɟɦɹ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ� �ɢɥɢ�

ɢɧɤɭɛɚɰɢɨɧɧɨɟ ɜɪɟɦɹ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ�� - ɩɚɪɚɦɟɬɪ��

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ� ɪɟɚɤɰɢɸ� ɦɚɬɟɪɢɚɥɚ� ɧɚ� ɩɪɢɥɨɠɟɧɧɵɟ�

ɞɢɧɚɦɢɱɟɫɤɢɟ� ɧɚɝɪɭɡɤɢ� �ɬ�� ɟ�� Ĳ� ɹɜɥɹɟɬɫɹ� ɩɨɫɬɨɹɧɧɵɦ� ɞɥɹ� ɞɚɧɧɨɝɨ�

ɦɚɬɟɪɢɚɥɚ� ɢ� ɧɟ� ɡɚɜɢɫɢɬ� ɨɬ� ɝɟɨɦɟɬɪɢɢ� ɡɚɞɚɱɢ� ɫɩɨɫɨɛɚ ɩɪɢɥɨɠɟɧɢɹ 

ɧɚɝɪɭɡɤɢ�� ɮɨɪɦɵ ɢɦɩɭɥɶɫɚ� ɧɚɝɪɭɡɤɢ� ɢɥɢ� ɟɝɨ� ɚɦɩɥɢɬɭɞɵ). d - 

ɯɚɪɚɤɬɟɪɧɵɣ� ɪɚɡɦɟɪ� ɡɨɧɵ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ�� ɩɨɫɬɨɹɧɧɵɣ� ɞɥɹ�

ɞɚɧɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɢ� ɜɵɛɪɚɧɧɨɝɨ� ɦɚɫɲɬɚɛɚ�� ı� - ɧɨɪɦɚɥɶɧɨɟ�

ɧɚɩɪɹɠɟɧɢɟ�ɜ�ɬɨɱɤɟ��ɢɡɦɟɧɹɸɳɟɟɫɹ�ɜɨ�ɜɪɟɦɟɧɢ��ɚ�ıc - ɟɝɨ�ɤɪɢɬɢɱɟɫɤɨɟ�

ɡɧɚɱɟɧɢɟ� �ɩɪɟɞɟɥɶɧɨɟ� ɧɚɩɪɹɠɟɧɢɟ� ɢɥɢ� ɤɪɢɬɢɱɟɫɤɨɟ� ɪɚɫɬɹɝɢɜɚɸɳɟɟ�

ɧɚɩɪɹɠɟɧɢɟ��ɢɡɦɟɪɟɧɧɨɟ ɜ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ�ɭɫɥɨɜɢɹɯ��� 

 

ɉɨɥɚɝɚɹ: 
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ʹ
,                                                                                  (4.2) 

 

ɝɞɟ�KIC ± ɤɪɢɬɢɱɟɫɤɢɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ�ɞɥɹ�

ɬɪɟɳɢɧ�� ɧɚɝɪɭɠɚɟɦɵɯ� ɩɨ� ɦɨɞɟ� ,�� ɦɨɠɧɨ� ɩɨɤɚɡɚɬɶ�� ɱɬɨ� ɜ� ɪɚɦɤɚɯ�

ɥɢɧɟɣɧɨɣ�ɦɟɯɚɧɢɤɢ�ɪɚɡɪɭɲɟɧɢɹ��4.���ɜ�ɫɥɭɱɚɟ�ɬɪɟɳɢɧ��ɧɚɝɪɭɠɚɟɦɵɯ�

ɩɨ�ɦɨɞɟ�,��ɫɬɚɧɨɜɢɬɫɹ�ɷɤɜɢɜɚɥɟɧɬɧɨ: 

 

ଵ
ఛ ׬ ԢݐԢሻ݀ݐ஁ሺܭ ൒ ஁େܭ

௧
୲ିத .                                                                     (4.3) 

 



��� 

ɍɫɥɨɜɢɟ� �4.��� ɜɨɡɧɢɤɚɟɬ� ɢɡ� ɬɪɟɛɨɜɚɧɢɹ� ɫɨɨɬɜɟɬɫɬɜɢɹ� ɤɪɢɬɟɪɢɹ� �2.3) 

ɤɥɚɫɫɢɱɟɫɤɨɦɭ�ɭɫɥɨɜɢɸ�ɤɪɢɬɢɱɟɫɤɨɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ��KI  KIC ���ɜ�ɫɥɭɱɚɟ�ɫɬɚɬɢɤɢ�� tof).  

 

ȼ� ɪɚɡɥɢɱɧɵɯ� ɪɚɛɨɬɚɯ ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɩɪɢɦɟɧɟɧɢɟ� ɩɨɞɯɨɞɚ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɩɨɡɜɨɥɹɟɬ�

ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɜɫɟ� ɪɚɡɧɨɨɛɪɚɡɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɧɚɛɥɸɞɚɟɦɵɯ�

ɷɮɮɟɤɬɨɜ��ɫɜɹɡɚɧɧɵɯ�ɫ�ɞɢɧɚɦɢɤɨɣ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ��Ɋɟɱɶ�ɢɞɟɬ�ɨɛ�

ɷɮɮɟɤɬɟ� ɡɚɞɟɪɠɤɢ� ɪɚɡɪɭɲɟɧɢɹ�� ɨ� ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɚɡɪɭɲɟɧɢɢ, 

ɜɵɡɜɚɧɧɨɦ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɣ�ɢ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɧɚɝɪɭɡɤɨɣ��ɨɛ�ɷɮɮɟɤɬɟ�

ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ� ɩɪɨɱɧɨɫɬɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɜ� ɞɢɧɚɦɢɤɟ ɢ� ɬ�� ɞ��

Ⱥɜɬɨɪɨɦ�ɞɚɧɧɨɣ�ɪɚɛɨɬɵ�ɫɨɜɦɟɫɬɧɨ�ɫ�ɘ�ȼ��ɉɟɬɪɨɜɵɦ�ɜɩɟɪɜɵɟ�ɛɵɥɨ�

ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɤɪɢɬɟɪɢɣ�ɧɚ�ɨɫɧɨɜɟ�ɩɨɧɹɬɢɹ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�

ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɦɨɠɟɬ� ɭɫɩɟɲɧɨ� ɩɪɢɦɟɧɹɬɶɫɹ� ɞɥɹ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɢ�ɩɪɟɞɫɤɚɡɚɧɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɢ�ɨɫɬɚɧɨɜɤɢ�ɬɪɟɳɢɧ�

ɜ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɜɨɥɧɨɜɵɯ�ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ�ɭɫɥɨɜɢɹɯ�� 

 

Ⱦɚɥɟɟ� ɜ� ɝɥɚɜɟ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɧɟɫɤɨɥɶɤɨ� ɪɚɡɥɢɱɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ� 

ɫɜɹɡɚɧɧɵɯ� ɫ� ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ� ɷɜɨɥɸɰɢɢ� ɪɚɡɪɭɲɟɧɢɹ� ɩɪɢ� ɩɨɦɨɳɢ�

ɱɢɫɥɟɧɧɵɯ� ɦɟɬɨɞɨɜ� ɧɚ� ɨɫɧɨɜɟ� ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ� ɫ�

ɜɧɟɞɪɟɧɧɵɦ� ɤɪɢɬɟɪɢɟɦ� ɪɚɡɪɭɲɟɧɢɹ� ɧɚ� ɨɫɧɨɜɟ� ɩɨɧɹɬɢɹ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɩɪɨɰɟɫɫɚ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�� 

 

 

4.2 Ⱦɢɧɚɦɢɱɟɫɤɨɟ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɢ�ɨɫɬɚɧɨɜɤɚ�ɬɪɟɳɢɧ�

ɩɨɞ ɞɟɣɫɬɜɢɟɦ� ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɨɣ� ɞɢɧɚɦɢɱɟɫɤɨɣ�

ɭɞɚɪɧɨɣ�ɧɚɝɪɭɡɤɢ 
 



��� 

ɂɫɩɨɥɶɡɭɹ� ɨɩɢɫɚɧɧɨɣ� ɜɵɲɟ� ɩɨɞɯɨɞ� ɤ� ɪɟɲɟɧɢɸ� ɡɚɞɚɱɢ�

ɥɢɧɟɣɧɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ�� ɩɨɥɭɱɚɟɦɨɦɭ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɝɨ�ɩɚɤɟɬɚ�$16<6��ɦɨɞɟɥɢɪɭɸɬɫɹ�ɤɥɚɫɫɢɱɟɫɤɢɟ�ɞɥɹ�

ɞɢɧɚɦɢɤɢ� ɪɚɡɪɭɲɟɧɢɹ� ɷɤɫɩɟɪɢɦɟɧɬɵ� Ɋɚɜɢ-ɑɚɧɞɚɪɚ� ɢ� Ʉɧɚɭɫɫɚ� ɩɨ�

ɞɢɧɚɦɢɱɟɫɤɨɦɭ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ� ɬɪɟɳɢɧ� ɜ� Ƚɨɦɚɥɢɬɟ-100 (Ravi-

Chandar and Knauss 1984a)�� ȼ� ɷɬɢɯ� ɨɩɵɬɚɯ� ɩɥɚɫɬɢɧɤɚ� ɫ� ɪɚɡɪɟɡɨɦ��

ɦɨɞɟɥɢɪɭɸɳɢɦ� ɬɪɟɳɢɧɭ�� ɧɚɝɪɭɠɚɥɚɫɶ� ɢɧɬɟɧɫɢɜɧɵɦ�

ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦ� ɢɦɩɭɥɶɫɨɦ� ɞɚɜɥɟɧɢɹ�� ɩɪɢɥɨɠɟɧɧɵɦ� ɩɨ� ɛɟɪɟɝɚɦ�

ɪɚɡɪɟɡɚ�� ȼɪɟɦɟɧɧɚɹ� ɮɨɪɦɚ� ɩɪɢɤɥɚɞɵɜɚɟɦɨɣ� ɧɚɝɪɭɡɤɢ� ɨɩɢɫɵɜɚɟɬɫɹ�

ɞɜɭɦɹ�ɫɥɟɞɭɸɳɢɦɢ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ�ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɦɢ�ɢɦɩɭɥɶɫɚɦɢ 

(ɪɢɫɭɧɨɤ�������ɉɪɢ�ɢɫɩɨɥɶɡɨɜɚɧɢɢ�ɞɚɧɧɨɣ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ�ɫɯɟɦɵ�

ɧɚɛɥɸɞɚɟɬɫɹ� ɢɧɢɰɢɚɥɢɡɚɰɢɹ�� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�� ɨɫɬɚɧɨɜɤɚ� ɢ�

ɩɨɫɥɟɞɭɸɳɚɹ� ɪɟɢɧɢɰɢɚɥɢɡɚɰɢɹ� ɬɪɟɳɢɧɵ�� ȼ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ�

ɫɧɢɦɚɥɚɫɶ�ɜɪɟɦɟɧɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɩɪɢɪɚɳɟɧɢɹ�ɞɥɢɧɵ�ɬɪɟɳɢɧɵ��Ʉɚɤ�

ɛɭɞɟɬ� ɩɨɤɚɡɚɧɨ� ɞɚɥɟɟ� ɩɨɥɭɱɚɟɦɵɟ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɦ�

ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ�ɡɚɜɢɫɢɦɨɫɬɢ�ɞɥɢɧɵ�ɬɪɟɳɢɧɵ�ɨɬ�ɜɪɟɦɟɧɢ�ɜ�ɭɫɥɨɜɢɹɯ�

ɩɪɨɜɨɞɢɦɵɯ�Ɋɚɜɢ-ɑɚɧɞɚɪɨɦ�ɢ�Ʉɧɚɭɫɫɨɦ�ɨɩɵɬɨɜ�ɯɨɪɨɲɨ�ɫɨɜɩɚɞɚɸɬ�ɫ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɧɚɛɥɸɞɚɟɦɵɦɢ� Ɋɟɡɭɥɶɬɚɬɵ� ɞɚɧɧɨɣ� ɪɚɛɨɬɵ�

ɩɨɡɜɨɥɹɸɬ� ɝɨɜɨɪɢɬɶ� ɨ� ɩɪɢɦɟɧɢɦɨɫɬɢ� ɤɪɢɬɟɪɢɹ�� ɨɫɧɨɜɚɧɧɨɝɨ� ɧɚ�

ɩɨɧɹɬɢɢ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ��ɞɥɹ�ɨɩɢɫɚɧɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɢ�

ɨɫɬɚɧɨɜɤɢ�ɞɢɧɚɦɢɱɟɫɤɢ�ɧɚɝɪɭɠɚɟɦɵɯ�ɬɪɟɳɢɧ� 

 

 

4.2.1 Ʉɥɚɫɫɢɱɟɫɤɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɵ� Ɋɚɜɢ-ɑɚɧɞɚɪɚ� ɢ�

Ʉɧɚɭɫɫɚ 

 

Ⱦɥɹ� ɩɪɨɜɟɪɤɢ� ɩɪɢɦɟɧɢɦɨɫɬɢ� ɤɪɢɬɟɪɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ ɞɥɹ� ɨɩɢɫɚɧɢɹ� ɞɢɧɚɦɢɤɢ�



��� 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧ� ɛɵɥɨ� ɩɪɨɜɟɞɟɧɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɭɫɥɨɜɢɣ�

ɤɥɚɫɫɢɱɟɫɤɢɯ� ɞɥɹ� ɞɢɧɚɦɢɤɢ� ɪɚɡɪɭɲɟɧɢɹ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� Ɋɚɜɢ-

ɑɚɧɞɚɪɚ� ɢ� Ʉɧɚɭɫɫɚ� �Ravi-Chandar and Knauss 1984a��� ȼ� ɷɬɢɯ�

ɷɤɫɩɟɪɢɦɟɧɬɚɯ� ɩɪɹɦɨɭɝɨɥɶɧɵɣ� ɨɛɪɚɡɟɰ� ɫ� ɪɚɡɪɟɡɨɦ ɧɚɝɪɭɠɚɥɫɹ� ɩɨ�

ɛɟɪɟɝɚɦ�ɪɚɡɪɟɡɚ�ɞɢɧɚɦɢɱɟɫɤɢɦ�ɢɦɩɭɥɶɫɨɦ�ɜɨɡɞɟɣɫɬɜɢɹ��ɪɚɜɧɨɦɟɪɧɨ�

ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ� ɩɨ� ɞɥɢɧɟ� ɬɪɟɳɢɧɵ �ɪɢɫɭɧɨɤ� ������ ȼɪɟɦɟɧɧɚɹ�

ɡɚɜɢɫɢɦɨɫɬɶ�ɞɚɜɥɟɧɢɹ�ɯɨɪɨɲɨ�ɩɪɢɛɥɢɠɚɟɬɫɹ�ɞɜɭɦɹ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ�

ɫɥɟɞɭɸɳɢɦɢ�ɬɪɚɩɟɰɢɹɦɢ��ɪɢɫɭɧɨɤ��.2).  

 

 
Ɋɢɫɭɧɨɤ���� 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ�ɫɯɟɦɚ��ɢɫɩɨɥɶɡɭɟɦɚɹ�Ɋɚɜɢ-ɑɚɧɞɚɪɨɦ�ɢ�

Ʉɧɚɭɫɫɨɦ��Ravi-Chandar and Knauss (1984a)) 



��� 

 
 

Ɋɢɫɭɧɨɤ�4.2 

ȼɪɟɦɟɧɧɚɹ�ɮɨɪɦɚ�ɞɚɜɥɟɧɢɹ��ɩɪɢɤɥɚɞɵɜɚɟɦɨɝɨ�ɩɨ�ɛɟɪɟɝɚɦ�ɪɚɡɪɟɡɚ 

 

ɉɨɜɟɞɟɧɢɟ� ɫɢɫɬɟɦɵ� ɨɩɢɫɵɜɚɟɬɫɹ� ɫɨɨɬɧɨɲɟɧɢɹɦɢ� ɥɢɧɟɣɧɨɣ� ɬɟɨɪɢɢ�

ɭɩɪɭɝɨɫɬɢ� 

 

௜ǡ௧௧࢛ߩ ൌ ሺߣ ൅ ሻߤ ௝࢛ǡ௝௜ ൅  ௜ǡ௝௝,                                                (4.4)࢛ߤ

 

ɝɞɟ�ɡɚɩɹɬɚɹ��",") ɨɡɧɚɱɚɟɬ�ɱɚɫɬɧɭɸ�ɩɪɨɢɡɜɨɞɧɭɸ�ɩɨ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�

ɜɪɟɦɟɧɧɨɣ� ɢɥɢ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ� ɤɨɨɪɞɢɧɚɬɟ�� U - ɦɚɫɫɨɜɚɹ�

ɩɥɨɬɧɨɫɬɶ�� ɢɧɞɟɤɫɵ� i ɢ� j ɩɪɢɧɢɦɚɸɬ� ɡɧɚɱɟɧɢɹ� �� ɢ� ���ɉɟɪɟɦɟɳɟɧɢɹ�



��� 

ɡɚɞɚɧɵ�ui ɜ� ɧɚɩɪɚɜɥɟɧɢɢ� xi. t ɨɛɨɡɧɚɱɚɟɬ� ɜɪɟɦɹ��  ɢ�  - ɤɨɧɫɬɚɧɬɵ�

Ʌɚɦɟ��ɇɚɩɪɹɠɟɧɢɹ�ɫɜɹɡɚɧɵ�ɫ�ɞɟɮɨɪɦɚɰɢɹɦɢ�ɡɚɤɨɧɨɦ�Ƚɭɤɚ� 

 

࣌௜௝ ൌ ௜௝࢛௞ǡ௞ߜߣ ൅ ሺ࢛௜ǡ௝ߤ ൅ ௝࢛ǡ௜ሻ,                     (4.5) 

 

ɝɞɟ� ࣌௜௝  - ɧɚɩɪɹɠɟɧɢɹ� ɜ� ɧɚɩɪɚɜɥɟɧɢɢ� ij, ߜ௜௝�  - ɞɟɥɶɬɚ� ɮɭɧɤɰɢɹ�

Ʉɪɨɧɟɤɟɪɚ��ȼ�ɦɨɦɟɧɬ�ɜɪɟɦɟɧɢݐ� ൌ Ͳ ɨɛɪɚɡɟɰ�ɫɜɨɛɨɞɟɧ�ɨɬ�ɧɚɩɪɹɠɟɧɢɣ�

ɢ�ɫɤɨɪɨɫɬɢ�ɜɫɟɯ�ɬɨɱɟɤ�ɧɭɥɟɜɵɟ� 

 

.                                                                        (4.6) 

 

ɍɫɥɨɜɢɹ�ɧɚ�ɪɚɡɪɟɡɟ� 

 

.                                                                            (4.7) 

 

ȼɨɡɞɟɣɫɬɜɢɟ�ɧɚ�ɨɛɪɚɡɟɰ�ɡɚɞɚɧɨ�ɧɨɪɦɚɥɶɧɵɦ�ɞɚɜɥɟɧɢɟɦ�ɧɚ�ɪɚɡɪɟɡɟ� 

 

.                                                              (4.8) 

 

ȼɪɟɦɟɧɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� f(t) ɡɚɞɚɟɬɫɹ� ɧɚ� ɪɢɫɭɧɤɟ 4.2, A ± ɚɦɩɥɢɬɭɞɚ�

ɩɪɢɤɥɚɞɵɜɚɟɦɨɣ�ɧɚɝɪɭɡɤɢ� ɇɚɝɪɭɡɤɚ�ɫɨɡɞɚɜɚɥɚɫɶ�ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ�

ɫɩɨɫɨɛɨɦ� ɩɪɢ� ɩɨɦɨɳɢ� ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 

ɭɫɬɚɧɨɜɤɢ��Ⱥɜɬɨɪɚɦɢ ɫɨɡɞɚɜɚɥɫɹ ɢɧɬɟɧɫɢɜɧɵɣ�ɷɥɟɤɬɪɢɱɟɫɤɢɣ�ɪɚɡɪɹɞ��

ɩɪɨɩɭɫɤɚɟɦɵɣ ɱɟɪɟɡ�ɩɥɨɫɤɢɣ�ɩɪɨɜɨɞɧɢɤ��ɪɚɫɩɨɥɨɠɟɧɧɵɣ� ɜ�ɬɪɟɳɢɧɟ�
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�ɪɢɫ. 4.1). ɋɨɡɞɚɜɚɟɦɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ�ɪɚɡɪɹɞ�ɜɵɡɵɜɚɟɬ�ɨɬɬɚɥɤɢɜɚɧɢɟ�

ɦɟɠɞɭ�ɱɚɫɬɹɦɢ�ɩɪɨɜɨɞɧɢɤɚ��ɜ�ɤɨɬɨɪɵɯ�ɬɨɤ�ɬɟɱɟɬ�ɜ�ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ�

ɧɚɩɪɚɜɥɟɧɢɹɯ�� ɱɬɨ�� ɜ� ɫɜɨɸ� ɨɱɟɪɟɞɶ�� ɫɨɡɞɚɟɬ� ɪɚɜɧɨɦɟɪɧɵɣ ɩɨ�

ɩɨɜɟɪɯɧɨɫɬɢ� ɬɪɟɳɢɧɵ ɢɦɩɭɥɶɫ� ɞɚɜɥɟɧɢɹ. Ɏɨɪɦɚ� ɢ� ɚɦɩɥɢɬɭɞɚ 

ɢɦɩɭɥɶɫɚ�ɞɚɜɥɟɧɢɹ�ɩɨɥɧɨɫɬɶɸ�ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ�ɬɨɤɨɦ�ɜ�

ɩɪɨɜɨɞɧɢɤɟ��ɤɨɬɨɪɵɣ�ɦɨɠɧɨ�ɥɟɝɤɨ�ɢɡɦɟɪɢɬɶ ɜ�ɯɨɞɟ�ɷɤɫɩɟɪɢɦɟɧɬɚ��ɇɚ�

ɪɢɫɭɧɤɚɯ 4.�ɚ� ɢ� 4.3b ɩɪɟɞɫɬɚɜɥɟɧɵ� ɧɟɤɨɬɨɪɵɟ� ɪɟɡɭɥɶɬɚɬɵ��

ɩɨɥɭɱɟɧɧɵɟ Ɋɚɜɢ-ɑɚɧɞɚɪɨɦ� ɢ� Ʉɧɚɭɫɫɨɦ�� ɇɚ� ɪɢɫɭɧɤɟ 4.�ɚ�

ɩɪɟɞɫɬɚɜɥɟɧɚ� ɢɫɬɨɪɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ ɜ�

ɜɟɪɲɢɧɟ� ɬɪɟɳɢɧɵ ɞɥɹ� ɱɟɬɵɪɟɯ� ɩɪɨɜɟɞɟɧɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ�� ɇɚ�

ɪɢɫɭɧɤɟ 4.3b ɩɪɢɜɟɞɟɧɵ�ɢɫɬɨɪɢɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧ�ɞɥɹ�ɬɟɯ�ɠɟ�

ɷɤɫɩɟɪɢɦɟɧɬɨɜ�� 

 



��� 

 
Ɋɢɫɭɧɨɤ����ɚ 

ɂɫɬɨɪɢɢ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ�ɞɥɹ�ɱɟɬɵɪɟɯ�

ɷɤɫɩɟɪɢɦɟɧɬɨɜ��Ravi-Chandar and Knauss (1984a)) 

 



��� 

 
Ɋɢɫɭɧɨɤ�4.3b 

ɂɫɬɨɪɢɢ�ɢɡɦɟɧɟɧɢɹ�ɞɥɢɧɵ�ɬɪɟɳɢɧɵ�ɱɟɬɵɪɟɯ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ��Ravi-

Chandar and Knauss (1984a)) 

 

ɇɟɫɦɨɬɪɹ�ɧɚ�ɬɨ��ɱɬɨ�ɜɫɟ�ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ�ɷɤɫɩɟɪɢɦɟɧɬɵ�ɩɪɨɜɨɞɢɥɢɫɶ�

ɜ� ɧɨɦɢɧɚɥɶɧɨ� ɢɞɟɧɬɢɱɧɵɯ� ɭɫɥɨɜɢɹɯ�� ɢɡ� ɩɪɢɜɟɞɺɧɧɵɯ� ɝɪɚɮɢɤɨɜ�

ɜɢɞɧɨ�� ɱɬɨ� ɢɡɦɟɪɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɡɥɢɱɚɸɬɫɹ�� ɗɬɨ� ɦɨɠɧɨ�

ɨɛɴɹɫɧɢɬɶ� ɧɟɦɧɨɝɨ� ɪɚɡɥɢɱɚɸɳɢɦɫɹ ɡɚɪɹɞɨɦ�� ɧɚɤɨɩɥɟɧɧɵɦ� ɜ�

ɤɨɧɞɟɧɫɚɬɨɪɚɯ� ɩɟɪɟɞ� ɪɚɡɪɹɞɨɦ� ɱɟɪɟɡ� ɩɪɨɜɨɞɧɢɤ�� ɱɬɨ� ɩɪɢɜɨɞɢɬ� ɤ�

ɧɟɦɧɨɝɨ� ɪɚɡɥɢɱɧɨɣ ɚɦɩɥɢɬɭɞɟ� ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ� ɩɨɬɨɤɚ� ɢ��

ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɞɪɭɝɨɣ� ɚɦɩɥɢɬɭɞɟ� ɞɚɜɥɟɧɢɹ�� ɫɨɡɞɚɜɚɟɦɨɝɨ� ɧɚ�



��� 

ɩɨɜɟɪɯɧɨɫɬɹɯ�ɬɪɟɳɢɧɵ��Ⱦɪɭɝɚɹ�ɜɨɡɦɨɠɧɚɹ�ɩɪɢɱɢɧɚ�ɷɬɨɝɨ ɪɚɡɥɢɱɢɹ��

ɭɩɨɦɢɧɚɟɦɚɹ� ɚɜɬɨɪɚɦɢ�� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɧɟɛɨɥɶɲɢɯ� ɪɚɡɥɢɱɢɹɯ ɜ 

ɝɟɨɦɟɬɪɢɢ�ɨɛɪɚɡɰɚ�ɨɬ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɤ�ɷɤɫɩɟɪɢɦɟɧɬɭ��Ʉ�ɫɨɠɚɥɟɧɢɸ��ɜ�

ɫɬɚɬɶɟ�Ɋɚɜɢ-ɑɚɧɞɚɪɚ ɢ�Ʉɧɚɭɫɫɚ��Ravi-Chandar and Knauss 1984a) ɧɟɬ�

ɢɧɮɨɪɦɚɰɢɢ�ɨɛ�ɚɦɩɥɢɬɭɞɟ�ɞɚɜɥɟɧɢɹ��ɫɨɡɞɚɜɚɟɦɨɝɨ�ɜ�ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ�

ɷɤɫɩɟɪɢɦɟɧɬɚɯ�� Ɍɚɤɠɟ�� ɤɚɤ� ɜɢɞɧɨ� ɢɡ� ɪɢɫ�� 4.3b�� ɩɪɢݐ� ൌ Ͳ  ɢɫɯɨɞɧɚɹ�

ɬɪɟɳɢɧɚ�ɭɠɟ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ�ɧɚɩɪɹɠɟɧɚܭ�஁ሺͲሻ ് Ͳ. 

 

Ⱦɥɹ� ɩɪɨɜɟɪɤɢ� ɩɪɢɦɟɧɢɦɨɫɬɢ� ɤɪɢɬɟɪɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ�

ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ (4.1) ɞɥɹ�ɨɩɢɫɚɧɢɹ�ɞɢɧɚɦɢɤɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�

ɬɪɟɳɢɧ� ɭɫɥɨɜɢɹ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ�� ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ� ɜ� ɪɚɛɨɬɟ� (Ravi-

Chandar and Knauss 1984a)��ɛɵɥɢ�ɫɦɨɞɟɥɢɪɨɜɚɧɵ�ɩɪɢ�ɩɨɦɨɳɢ�ɦɟɬɨɞɚ�

ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ� 

 

 

4.2.2 Ʉɨɧɟɱɧɨɷɥɟɦɟɧɬɧɚɹ�ɦɨɞɟɥɶ 

 

Ⱦɥɹ�ɩɨɥɭɱɟɧɢɹ�ɡɚɦɤɧɭɬɨɝɨ�ɨɩɢɫɚɧɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧɵ�

ɜ� ɢɫɫɥɟɞɭɟɦɨɣ� ɡɚɞɚɱɟ� ɭɪɚɜɧɟɧɢɹ� �4.4)-(4.8�� ɞɨɩɨɥɧɹɸɬɫɹ� ɭɫɥɨɜɢɟɦ�

ɪɚɡɪɭɲɟɧɢɹ� ɧɚ� ɨɫɧɨɜɟ� ɩɨɧɹɬɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ� (4.���� ɂɡ-ɡɚ� ɫɢɦɦɟɬɪɢɢ� ɡɚɞɚɱɢ� ɬɪɟɳɢɧɚ� ɦɨɠɟɬ�

ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ� ɬɨɥɶɤɨ� ɜɞɨɥɶ� ɨɫɢ� x1�� ɉɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɤɪɢɬɟɪɢɹ�

(4.��� ɝɞɟ-ɥɢɛɨ� ɧɚ� ɨɫɢ� x1 ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ� ɨɛɪɚɡɨɜɚɧɢɟ� ɧɨɜɨɣ�

ɩɨɜɟɪɯɧɨɫɬɢ�ɜ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�ɬɨɱɤɟ� ɂɧɬɟɝɪɢɪɨɜɚɧɢɟ�ɩɨ�ɜɪɟɦɟɧɢ�

ɜ�������ɩɪɨɢɡɜɨɞɢɬɫɹ�ɱɢɫɥɟɧɧɨ��ɫɥɟɞɭɹ ɩɪɚɜɢɥɭ�ɬɪɚɩɟɰɢɣ�� 

 

Ɂɚɞɚɱɚ� �4.1), (4.4)-(4.8�� ɪɟɲɚɟɬɫɹ� ɱɢɫɥɟɧɧɨ�� Ʉɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɣ�

ɩɚɤɟɬ�$16<6��ANSYS 2006��ɢɫɩɨɥɶɡɭɟɬɫɹ�ɞɥɹ�ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ��4.4)-



��� 

(4.8��� ɚ�ɜɵɩɨɥɧɟɧɢɟ�ɭɫɥɨɜɢɹ� �4.���ɩɪɨɜɟɪɹɟɬɫɹ�ɜɧɟɲɧɟɣ�ɩɪɨɝɪɚɦɦɨɣ�

ɩɨɫɥɟ�ɤɚɠɞɨɝɨ�ɜɪɟɦɟɧɧɨɝɨ�ɲɚɝɚ�ɱɢɫɥɟɧɧɵɯ�ɪɚɫɱɟɬɨɜ� 

 

ɉɪɢ� ɪɚɡɛɢɟɧɢɢ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɩɪɹɦɨɭɝɨɥɶɧɵɟ� ɱɟɬɵɪɟɯɭɡɥɨɜɵɟ�

ɷɥɟɦɟɧɬɵ�� ȼ� ɝɥɚɜɟ� �� ɩɨɞɪɨɛɧɨ� ɨɛɫɭɠɞɚɟɬɫɹ� ɪɟɚɥɢɡɚɰɢɹ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ� ɫɯɟɦɵ� ȼ� ɨɤɪɟɫɬɧɨɫɬɢ ɩɪɨɞɨɥɠɟɧɢɹ� ɬɪɟɳɢɧɵ�

ɪɚɡɦɟɪ�ɷɥɟɦɟɧɬɨɜ�ɜ�ɬɨɱɧɨɫɬɢ�ɪɚɜɟɧ�݀ ൌ ଶ
గ
௄಺಴
మ

ఙ೎మ
. ɉɪɢɱɢɧɚ�ɬɚɤɨɝɨ�ɜɵɛɨɪɚ�

ɪɚɡɦɟɪɚ� ɷɥɟɦɟɧɬɚ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɬɨɦ�� ɱɬɨ� d - ɷɬɨ� ɪɚɡɦɟɪ�� ɤɨɬɨɪɵɣ 

ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɪɚɡɪɭɲɟɧɢɹ ɧɚ ɜɵɛɪɚɧɧɨɦ� ɦɚɫɲɬɚɛɧɨɦ�

ɭɪɨɜɧɟ�� ɋ� ɷɬɨɣ� ɬɨɱɤɢ� ɡɪɟɧɢɹ� ɜɫɟ� ɞɟɮɟɤɬɵ� ɢ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ�

ɪɚɡɪɵɜɵ�ɫ�ɪɚɡɦɟɪɚɦɢ�ɫɭɳɟɫɬɜɟɧɧɨ�ɦɟɧɶɲɟ�d ɧɟ�ɦɨɝɭɬ�ɛɵɬɶ�ɧɚɡɜɚɧɵ�

ɬɪɟɳɢɧɚɦɢ� ɧɚ ɞɚɧɧɨɦ ɦɚɫɲɬɚɛɧɨɦ� ɭɪɨɜɧɟ�� ɉɨɫɤɨɥɶɤɭ� ɧɚɦɢ�

ɢɫɩɨɥɶɡɭɸɬɫɹ� ɤɪɢɬɢɱɟɫɤɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ ( ஁େܭ ) ɢ� ɤɪɢɬɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ� ɪɚɡɪɵɜ� � ʠߪ ), 

ɨɰɟɧɟɧɧɵɟ� ɜ� ɥɚɛɨɪɚɬɨɪɧɵɯ� ɭɫɥɨɜɢɹɯ�� ɬɨ�� ɬɚɤɢɦ� ɨɛɪɚɡɨɦ��

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ� ɲɤɚɥɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ� ɥɚɛɨɪɚɬɨɪɧɨɦɭ�

ɦɚɫɲɬɚɛɧɨɦɭ�ɭɪɨɜɧɸ��ȿɫɥɢ�ɩɪɢ�ɨɩɪɟɞɟɥɟɧɢɢ ܭ஁େ ɢߪ�ʠ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɷɤɫɩɟɪɢɦɟɧɬɵ�� ɩɪɨɜɟɞɟɧɧɵɟ� ɧɚ�� ɧɚɩɪɢɦɟɪ�� ɝɟɨɥɨɝɢɱɟɫɤɨɦ� ɢɥɢ�

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɦ� ɦɚɫɲɬɚɛɧɨɦ� ɭɪɨɜɧɟ, ɬɨ�� ɜɟɪɨɹɬɧɨ�� ɛɭɞɭɬ�

ɩɨɥɭɱɟɧɵ�ɡɧɚɱɟɧɢɹܭ�஁େ ɢߪ�ʠ��ɨɬɥɢɱɧɵɟ�ɨɬ�ɩɨɥɭɱɟɧɧɵɯ�ɩɪɢ�ɢɫɩɵɬɚɧɢɢ�

ɨɛɪɚɡɰɨɜ� ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ� ɦɚɫɲɬɚɛɟ�� ɢ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɩɨɥɭɱɢɬɫɹ�

ɞɪɭɝɨɟ� ɡɧɚɱɟɧɢɟ� d�� ɞɚɸɳɟɟ� ɯɚɪɚɤɬɟɪɧɵɣ� ɪɚɡɦɟɪ� ɲɤɚɥɵ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ�ɢɫɩɨɥɶɡɭɟɦɵɦ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ�ɞɚɧɧɵɦ.  

 

ɋɥɟɞɭɹ�ɢɡɥɨɠɟɧɧɨɦɭ�ɜɵɲɟ�ɩɨɞɯɨɞɭ��ɪɚɡɦɟɪ�ɷɥɟɦɟɧɬɚ��ɢɫɩɨɥɶɡɭɟɦɵɣ 

ɜ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ� ɦɨɞɟɥɢ ɜɞɨɥɶ� ɬɪɚɟɤɬɨɪɢɢ� ɬɪɟɳɢɧɵ�� ɹɜɥɹɟɬɫɹ�

ɦɢɧɢɦɚɥɶɧɵɦ� ɪɚɡɦɟɪɨɦ� ɪɚɡɪɭɲɟɧɢɹ�� ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɧɚɡɜɚɬɶ�

©ɬɪɟɳɢɧɨɣª��Ⱥɧɚɥɨɝɢɱɧɨ��d ² ɷɬɨ�ɦɢɧɢɦɚɥɶɧɨɟ�ɩɪɢɪɚɳɟɧɢɟ�ɞɥɢɧɵ�



��� 

ɬɪɟɳɢɧɵ�� ɤɨɬɨɪɨɟ�ɦɨɠɧɨ ɧɚɡɜɚɬɶ� ©ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ� ɬɪɟɳɢɧɵª� ɧɚ 

ɜɵɛɪɚɧɧɨɦ�ɦɚɫɲɬɚɛɧɨɦ�ɭɪɨɜɧɟ��ȼ�ɢɫɩɨɥɶɡɭɟɦɨɣ�ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ�

ɦɨɞɟɥɢ� ɨɫɜɨɛɨɠɞɟɧɢɟ� ɭɡɥɚ� ɧɚ ɩɭɬɢ� ɬɪɟɳɢɧɵ� ɭɜɟɥɢɱɢɜɚɟɬ� ɞɥɢɧɭ�

ɫɭɳɟɫɬɜɭɸɳɟɣ� ɬɪɟɳɢɧɵ� ɧɚ� d - ɩɪɨɢɫɯɨɞɢɬ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�

ɨɫɧɨɜɧɨɣ�ɬɪɟɳɢɧɵ��Ɍɚɤɨɣ�ɜɵɛɨɪ�ɪɚɡɦɟɪɚ�ɷɥɟɦɟɧɬɚ�ɬɚɤɠɟ�ɭɩɪɨɳɚɟɬ�

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ�ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ�ɜ�(4.1). 

 

ɂɫɩɨɥɶɡɭɹ�ɫɢɦɦɟɬɪɢɸ�ɡɚɞɚɱɢ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɨɫɢ�x1��ɡɚɞɚɱɚ�ɪɟɲɚɟɬɫɹ�

ɬɨɥɶɤɨ� ɞɥɹ� ɜɟɪɯɧɟɣ� ɩɨɥɨɜɢɧɵ� ɨɛɪɚɡɰɚ�� Ɋɚɡɦɟɪɵ� ɨɛɪɚɡɰɚ�

ɫɨɨɬɜɟɬɫɬɜɭɸɬ� ɪɚɡɦɟɪɚɦ� ɨɛɪɚɡɰɨɜ� ɜ� ɦɨɞɟɥɢɪɭɟɦɵɯ� ɨɩɵɬɚɯ Ɋɚɜɢ-

ɑɚɧɞɚɪɚ�ɢ�Ʉɧɚɭɫɫɚ�(Ravi-Chandar and Knauss 1984a). ɇɚ�ɪɢɫɭɧɤɟ����a 

ɩɪɟɞɫɬɚɜɥɟɧɨ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ� ɪɚɡɛɢɟɧɢɟ�� ɢɫɩɨɥɶɡɭɟɦɨɟ� ɩɪɢ�

ɪɟɲɟɧɢɢ� ɡɚɞɚɱɢ��ɇɚ� ɪɢɫɭɧɤɟ� ���b ɩɪɟɞɫɬɚɜɥɟɧɨ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ�

ɪɚɡɛɢɟɧɢɟ�ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�ɜɟɪɲɢɧɵ�ɬɪɟɳɢɧɵ� 

 



��� 

 
Ɋɢɫɭɧɨɤ�4.4 

a) Ɋɚɡɛɢɟɧɢɟ, ɢɫɩɨɥɶɡɭɟɦɨɟ�ɜ�ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ�ɦɨɞɟɥɢ 

b) Ɋɚɡɛɢɟɧɢɟ�ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�ɜɟɪɲɢɧɵ�ɬɪɟɳɢɧɵ 

 

 

Ɍɪɟɳɢɧɚ�ɦɨɠɟɬ�ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ�ɜɞɨɥɶ�ɨɫɢ�x1 ɜ�ɡɨɧɟ�ɛɨɥɟɟ�ɦɟɥɤɨɝɨ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɝɨ� ɪɚɡɛɢɟɧɢɹ�� ɩɪɢɦɵɤɚɸɳɟɣ� ɤ� ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ�

ɜɟɪɲɢɧɟ�ɬɪɟɳɢɧɵ��Ⱦɥɢɧɚ�ɷɬɨɣ�ɡɨɧɵ�ɪɚɜɧɚ����ɦɦ� 

 



��� 

ɍɡɥɵ�ɧɚ�ɩɪɨɞɨɥɠɟɧɢɢ�ɬɪɟɳɢɧɵ�ɩɨɞɜɟɪɠɟɧɵ�ɫɢɦɦɟɬɪɢɱɧɵɦ�ɤɪɚɟɜɵɦ�

ɭɫɥɨɜɢɹɦ �ɧɟɞɨɩɭɫɬɢɦɵ� ɩɟɪɟɦɟɳɟɧɢɹ� ɩɨ� ɨɫɢ� ɧɨɪɦɚɥɶɧɨɣ� ɤ� ɛɟɪɟɝɭ�

ɬɪɟɳɢɧɵ� ɜɩɥɨɬɶ� ɞɨ� ɦɨɦɟɧɬɚ�� ɤɨɝɞɚ� ɜ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ� ɭɡɥɟ�

ɜɵɩɨɥɧɹɟɬɫɹ� ɭɫɥɨɜɢɟ� �4.���� ȼ� ɷɬɨɬ� ɦɨɦɟɧɬ� ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ�

ɩɟɪɟɦɟɳɟɧɢɹ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ� ɭɡɥɚ� ɭɞɚɥɹɸɬɫɹ�� ɢ� ɩɪɨɢɫɯɨɞɢɬ�

ɨɛɪɚɡɨɜɚɧɢɟ�ɧɨɜɨɣ�ɫɜɨɛɨɞɧɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ��ɪɚɡɪɭɲɟɧɢɟ��� 

 

Ɏɨɪɦɚ�ɢɦɩɭɥɶɫɚ�ɞɚɜɥɟɧɢɹ��ɩɪɢɥɨɠɟɧɧɨɝɨ�ɤ�ɛɟɪɟɝɚɦ�ɬɪɟɳɢɧɵ��ɡɚɞɚɧɚ 

ɧɚ�ɪɢɫɭɧɤɟ 4.���ɚ�ɟɝɨ�ɚɦɩɥɢɬɭɞɚ�$�ɢɡɦɟɧɹɟɬɫɹ�ɩɪɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɢ� 

 

ȼ�ɬɚɛɥɢɰɟ. 4.���ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɚ��ɢɫɩɨɥɶɡɭɟɦɨɝɨ�ɩɪɢ�

ɦɨɞɟɥɢɪɨɜɚɧɢɢ� 



��� 

 

ɉɥɨɬɧɨɫɬɶ��U,  1230 

Ɇɨɞɭɥɶ�ɘɧɝɚ��(�Ɇɉɚ 3900 

Ʉɨɷɮɮɢɰɢɟɧɬ�ɉɭɚɫɫɨɧɚ��  0.35 

Ʉɪɢɬɢɱɟɫɤɢɣ�ɤɨɷɮɮɢɰɢɟɧɬ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ��

 

0.48 

Ʉɪɢɬɢɱɟɫɤɨɟ�ɧɚɩɪɹɠɟɧɢɟ�ɧɚ�ɪɚɡɪɵɜ��

, Ɇɉɚ 
35 

ɂɧɤɭɛɚɰɢɨɧɧɨɟ�ɜɪɟɦɹ�ɩɪɨɰɟɫɫɚ�

ɪɚɡɪɭɲɟɧɢɹ�� , ɦɫ 
9 

 

Ɍɚɛɥɢɰɚ�4.1 

ɋɜɨɣɫɬɜɚ�Ƚɨɦɚɥɢɬɚ-100, ɢɫɩɨɥɶɡɭɟɦɵɟ�ɜ�ɜɵɱɢɫɥɟɧɢɹɯ 

 

ɂɧɤɭɛɚɰɢɨɧɧɨɟ ɜɪɟɦɹ� ɩɪɨɰɟɫɫɚ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� Ĳ� ɞɥɹ�

Ƚɨɦɚɥɢɬɚ-����ɛɵɥɨ�ɨɩɪɟɞɟɥɟɧɨ�ɉɟɬɪɨɜɵɦ�ɢ�ɞɪ���Petrov at al. ������ɢɡ�

ɚɧɚɥɢɡɚ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� Ɋɚɜɢ-ɑɚɧɞɚɪɚ� ɢ� Ʉɧɚɭɫɫɚ� �Ravi-Chandar and 

Knauss ����D���Ɂɧɚɱɟɧɢɹ�ɤɪɢɬɢɱɟɫɤɨɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ� ɢ� ɩɪɟɞɟɥɶɧɨɝɨ� ɧɚɩɪɹɠɟɧɢɹ� ɪɚɫɬɹɠɟɧɢɹ� ɞɚɸɬ� ɡɧɚɱɟɧɢɟ�

ɞɥɹ�d��Ⱦɥɹ�Ƚɨɦɚɥɢɬɚ-100 ɥɢɧɟɣɧɵɣ�ɪɚɡɦɟɪ�d ɫɨɫɬɚɜɥɹɟɬ�����ɦɦ, ɩɪɢ�

ɢɫɩɨɥɶɡɨɜɚɧɢɢ�ɩɪɨɱɧɨɫɬɧɵɯ�ɫɜɨɣɫɬɜ��ɨɩɪɟɞɟɥɟɧɧɵɯ�ɧɚ�ɥɚɛɨɪɚɬɨɪɧɨɦ 

ɦɚɫɲɬɚɛɧɨɦ�ɭɪɨɜɧɟ.  

 

ɉɨɫɬɪɨɟɧɧɚɹ� ɦɨɞɟɥɶ� ɩɪɨɜɟɪɟɧɚ� ɧɚ� ɫɯɨɞɢɦɨɫɬɶ�� ɂɫɩɨɥɶɡɨɜɚɧɢɟ�

ɦɟɧɶɲɢɯ� ɜɪɟɦɟɧɧɵɯ� ɲɚɝɨɜ� ɢ� ɦɟɧɶɲɢɯ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ� ɧɟ�

ɨɤɚɡɵɜɚɟɬ� ɫɭɳɟɫɬɜɟɧɧɨɝɨ� ɜɥɢɹɧɢɹ� ɧɚ� ɪɟɡɭɥɶɬɚɬɵ� ɜɵɱɢɫɥɟɧɢɣ��

ɋɩɨɫɨɛɧɨɫɬɶ� ɪɚɡɪɚɛɨɬɚɧɧɨɣ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ� ɦɨɞɟɥɢ� ɪɟɲɚɬɶ 

3ɦ
ɤɝ

ɦɆɉɚK C ,,

cV

W



��� 

ɩɨɫɬɚɜɥɟɧɧɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ� ɡɚɞɚɱɭ� ɛɵɥɚ� ɬɚɤɠɟ� ɩɪɨɜɟɪɟɧɚ� ɩɭɬɟɦ�

ɫɪɚɜɧɟɧɢɹ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɫɱɟɬɚ� ɫ� ɚɧɚɥɢɬɢɱɟɫɤɢɦ� ɪɟɲɟɧɢɟɦ� ɞɥɹ�

ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɜɟɪɲɢɧɟ� ɬɪɟɳɢɧɵ� ɞɨ�

ɧɚɱɚɥɚ� ɪɨɫɬɚ� ɬɪɟɳɢɧɵ�� Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ� ɪɟɲɟɧɢɟ� ɜɪɟɦɟɧɧɨɣ�

ɡɚɜɢɫɢɦɨɫɬɢ� KI ɜ� ɢɫɫɥɟɞɭɟɦɨɣ� ɡɚɞɚɱɟ� ɞɚɧɨ�� ɧɚɩɪɢɦɟɪ�� ɜ� ɪɚɛɨɬɟ�

ɉɟɬɪɨɜɚ� ɢ� Ɇɨɪɨɡɨɜɚ� �Petrov and Morozov 1994). ȼɪɟɦɟɧɧɚɹ�

ɡɚɜɢɫɢɦɨɫɬɶ� KI�� ɪɚɫɫɱɢɬɚɧɧɚɹ� ɦɟɬɨɞɨɦ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ, 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ� ɪɚɫɱɟɬɭ ɫ� ɦɚɤɫɢɦɚɥɶɧɵɦ�

ɪɚɫɯɨɠɞɟɧɢɟɦ�ɧɟ�ɛɨɥɟɟ�����ɏɨɪɨɲɟɟ�ɫɨɨɬɜɟɬɫɬɜɢɟ�ɦɟɠɞɭ�ɪɚɫɱɟɬɧɵɦ�

ɢ� ɚɧɚɥɢɬɢɱɟɫɤɢɦ� ɪɟɡɭɥɶɬɚɬɨɦ� ɩɨɤɚɡɵɜɚɟɬ� ɩɪɢɦɟɧɢɦɨɫɬɶ�

ɩɨɫɬɪɨɟɧɧɨɣ� ɦɨɞɟɥɢ� ɤ� ɢɫɫɥɟɞɨɜɚɧɢɸ� ɡɚɞɚɱɢ�� ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɣ� ɜ�

(4.4) - (4.����ɇɚ�ɪɢɫɭɧɤɟ�4.��ɩɨɤɚɡɚɧɨ�ɫɪɚɜɧɟɧɢɟ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�

ɞɚɧɧɵɯ�Ɋɚɜɢ-ɑɚɧɞɚɪɚ�ɢ�Ʉɧɚɭɫɫɚ��Ravi-Chandar and Kanuss ����D��ɞɥɹ�

ɤɨɷɮɮɢɰɢɟɧɬɚ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɹ�ɩɪɢ�ɡɚɪɨɠɞɟɧɢɢ�ɬɪɟɳɢɧɵ�

ɞɥɹ� ɪɚɡɧɵɯ ɜɪɟɦɟɧ� ɞɨ� ɪɚɡɪɭɲɟɧɢɹ� �ɬ.ɟ. ɪɚɡɧɵɯ� ɚɦɩɥɢɬɭɞ�

ɩɪɢɥɨɠɟɧɧɨɝɨ� ɢɦɩɭɥɶɫɚ� ɧɚɝɪɭɡɤɢ A�� ɢ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɪɟɲɟɧɢɹ� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɤɪɢɬɟɪɢɹ� �4.���� Ɋɢɫɭɧɨɤ� ɩɟɪɟɩɟɱɚɬɚɧ� ɢɡ� ɪɚɛɨɬɵ�

ɉɟɬɪɨɜɚ� ɢ� Ɇɨɪɨɡɨɜɚ� �Petrov and Morozov 1994). ɉɪɟɞɫɬɚɜɥɟɧɧɨɟ 

ɫɪɚɜɧɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ�� ɱɬɨ� ɤɪɢɬɟɪɢɣ� �4.���� ɛɭɞɭɱɢ� ɛɨɥɟɟ� ɨɛɳɟɣ�

ɮɨɪɦɨɣ� �4.���� ɦɨɠɟɬ� ɩɪɚɜɢɥɶɧɨ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ ɡɚɪɨɠɞɟɧɢɟ�

ɞɢɧɚɦɢɱɟɫɤɨɣ ɬɪɟɳɢɧɵ ɜ�ɪɟɲɚɟɦɨɣ�ɡɚɞɚɱɟ. 

 



��� 

 
 

Ɋɢɫɭɧɨɤ�4.5 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ�ɜ�ɜɟɪɲɢɧɟ�ɬɪɟɳɢɧɵ�ɜ�ɦɨɦɟɧɬ�ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɬɪɟɳɢɧɵ�

ɨɬ�ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɞɨ�ɪɚɡɪɭɲɟɧɢɹ��ɋɪɚɜɧɟɧɢɟ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ�Ɋɚɜɢ-ɑɚɧɞɚɪɚ�ɢ�Ʉɧɚɭɫɫɚ��5DYL-Chandar 

DQG�.QDXVV�����D��ɫ�ɪɟɡɭɥɶɬɚɬɚɦɢ�ɪɚɫɱɟɬɨɜ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�

ɤɪɢɬɟɪɢɹ������� 



��� 

 

 

4.2.3 Ɋɟɡɭɥɶɬɚɬɵ 

 

ɉɨɫɥɟ� ɪɟɲɟɧɢɹ� ɩɨɫɬɚɜɥɟɧɧɨɣ� ɡɚɞɚɱɢ� ɩɪɢ� ɩɨɦɨɳɢ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɝɨ� ɩɚɤɟɬɚ� $16<6 (ANSYS 2006) ɢ� ɜɧɟɲɧɟɣ�

ɩɪɨɝɪɚɦɦɵ�� ɤɨɧɬɪɨɥɢɪɭɸɳɟɣ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɬɪɟɳɢɧɵ�� ɞɚɧɧɵɟ� ɨ�

ɜɪɟɦɟɧɧɨɣ� ɡɚɜɢɫɢɦɨɫɬɢ�KI ɢ� ɢɫɬɨɪɢɹ� ɩɪɢɪɚɳɟɧɢɹ� ɞɥɢɧɵ� ɬɪɟɳɢɧɵ�

ɩɪɟɞɨɫɬɚɜɥɹɸɬɫɹ� ɞɥɹ� ɞɚɥɶɧɟɣɲɟɝɨ� ɚɧɚɥɢɡɚ� KI(t) ɜɵɱɢɫɥɹɟɬɫɹ� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɩɨɥɭɱɚɟɦɨɣ�ɱɢɫɥɟɧɧɨ�ɚɫɢɦɩɬɨɬɢɤɢ�ɩɨɜɟɞɟɧɢɹ�ɩɨɥɹ�

ɧɚɩɪɹɠɟɧɢɣ�ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�ɜɟɪɲɢɧɵ�ɬɪɟɳɢɧɵ� 

 

Ȼɵɥɨ� ɨɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɚɦɩɥɢɬɭɞɵ� ɩɪɢɥɨɠɟɧɧɨɝɨ�

ɢɦɩɭɥɶɫɚ� ɞɚɜɥɟɧɢɹ� A ɜɨɡɦɨɠɧɵ� ɬɪɢ� ɪɚɡɥɢɱɧɵɯ� ɪɟɠɢɦɚ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧɵ�� ɉɟɪɜɵɣ� ɬɪɢɜɢɚɥɟɧ� - ɫɥɢɲɤɨɦ� ɧɢɡɤɚɹ�

ɚɦɩɥɢɬɭɞɚ�ɧɟ�ɩɪɢɜɨɞɢɬ�ɤ�ɪɚɫɲɢɪɟɧɢɸ�ɬɪɟɳɢɧɵ� ȼɬɨɪɚɹ�- ɷɬɨ�ɦɨɞɚ��

ɧɚɛɥɸɞɚɟɦɚɹ� Ɋɚɜɢ-ɑɚɧɞɚɪɨɦ� ɢ� Ʉɧɚɭɫɫɨɦ� �ɪɢɫ�� 4.�E��� Ɍɪɟɳɢɧɚ�

ɧɚɱɢɧɚɟɬ� ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ� ɫ� ɩɨɫɬɨɹɧɧɨɣ� ɫɤɨɪɨɫɬɶɸ�� Ɂɚɬɟɦ� ɨɧɚ�

ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ� ɢɡ-ɡɚ� ɭɦɟɧɶɲɟɧɢɹ� ɩɨɬɨɤɚ� ɷɧɟɪɝɢɢ� ɜ� ɜɟɪɲɢɧɭ�

ɬɪɟɳɢɧɵ�� ɬɚɤ� ɤɚɤ� ɟɝɨ ɭɠɟ� ɧɟɞɨɫɬɚɬɨɱɧɨ� ɞɥɹ� ɟɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. 

Ʉɨɝɞɚ�ɷɧɟɪɝɢɹ�ɨɬ�ɜɬɨɪɨɣ�ɬɪɚɩɟɰɢɢ�ɢɦɩɭɥɶɫɚ�ɧɚɝɪɭɠɟɧɢɹ �ɫɦ. ɪɢɫ. 4.2) 

ɩɪɢɛɥɢɠɚɟɬɫɹ� ɤ� ɨɛɥɚɫɬɢ� ɜɟɪɲɢɧɵ� ɬɪɟɳɢɧɵ�� ɬɪɟɳɢɧɚ� ɩɨɜɬɨɪɧɨ�

ɢɧɢɰɢɢɪɭɟɬɫɹ� ɢ� ɧɚɱɢɧɚɟɬ� ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ� ɩɪɢɦɟɪɧɨ� ɫ� ɬɨɣ� ɠɟ�

ɫɤɨɪɨɫɬɶɸ�� ɱɬɨ� ɢ� ɧɚ� ɩɟɪɜɨɦ� ɷɬɚɩɟ� ɫɜɨɟɝɨ� ɪɚɫɲɢɪɟɧɢɹ� �ɪɢɫ�� 4.�ɚ���

Ⱦɚɥɶɧɟɣɲɟɟ� ɭɜɟɥɢɱɟɧɢɟ� ɚɦɩɥɢɬɭɞɵ� ɧɚɝɪɭɡɤɢ� A ɩɪɢɜɨɞɢɬ� ɤ�

ɢɡɦɟɧɟɧɢɸ� ɪɟɠɢɦɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧɵ�� Ɍɟɩɟɪɶ� ɬɪɟɳɢɧɚ�

ɢɧɢɰɢɢɪɭɟɬɫɹ��ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ�ɫ�ɧɟɤɨɬɨɪɨɣ�ɩɨɫɬɨɹɧɧɨɣ�ɫɤɨɪɨɫɬɶɸ��

ɢ, ɤɨɝɞɚ�ɷɧɟɪɝɢɹ�ɨɬ�ɜɬɨɪɨɣ�ɱɚɫɬɢ�ɢɦɩɭɥɶɫɚ�ɧɚɝɪɭɡɤɢ�ɞɨɫɬɚɜɥɹɟɬɫɹ�ɜ�



��� 

ɨɛɥɚɫɬɶ��ɩɪɢɦɵɤɚɸɳɭɸ ɤ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ��ɬɪɟɳɢɧɚ�ɭɫɤɨɪɹɟɬɫɹ�ɢ�

ɩɪɨɞɨɥɠɚɟɬ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɫ�ɛɨɥɟɟ�ɜɵɫɨɤɨɣ�ɫɤɨɪɨɫɬɶɸ��ɪɢɫ��4.6b). 

 

 
 

 

 



��� 

 
 

Ɋɢɫɭɧɨɤ�4.6 

a) ɉɨɥɭɱɚɟɦɚɹ�ɢɫɬɨɪɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧɵ�ɩɪɢ�

ɚɦɩɥɢɬɭɞɟ�ɜɨɡɞɟɣɫɬɜɢɹ��Ɇɉɚ 

b) ɉɨɥɭɱɚɟɦɚɹ�ɢɫɬɨɪɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧɵ�ɩɪɢ�

ɚɦɩɥɢɬɭɞɟ�ɜɨɡɞɟɣɫɬɜɢɹ���Ɇɉɚ 

 

 

ɉɪɢ� ɪɚɫɱɟɬɚɯ�� ɦɟɧɹɹ� ɚɦɩɥɢɬɭɞɭ� ɢɦɩɭɥɶɫɚ� ɞɚɜɥɟɧɢɹ� A�� ɛɵɥɨ�

ɨɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɞɥɹ� ɚɦɩɥɢɬɭɞ�� ɛɥɢɡɤɢɯ� ɤ� �� Ɇɉɚ� ɢɫɬɨɪɢɢ�

ɩɪɢɪɚɳɟɧɢɹ� ɬɪɟɳɢɧɵ� ɛɥɢɡɤɢ� ɢɫɬɨɪɢɹɦ�� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�

ɧɚɛɥɸɞɚɟɦɵɦ�Ɋɚɜɢ-ɑɚɧɞɚɪɨɦ�ɢ�Ʉɧɚɭɫɫɨɦ��Ravi-Chandar and Knauss 

1984a��� ɇɚ� ɪɢɫɭɧɤɟ 4.7 ɪɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɣ� ɞɥɹ� ɢɦɩɭɥɶɫɚ� ɫ�

ɚɦɩɥɢɬɭɞɨɣ�A=5.1 Ɇɉɚ ɫɪɚɜɧɟɧ� ɫ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɧɚɛɥɸɞɚɟɦɨɣ�

ɢɫɬɨɪɢɟɣ�ɩɪɨɞɜɢɠɟɧɢɹ�ɬɪɟɳɢɧɵ �ɫɦ. ɪɢɫ. 4.3b). 

 

 



��� 

 
 

Ɋɢɫɭɧɨɤ�4.7 

ɂɫɬɨɪɢɹ�ɩɪɨɞɜɢɠɟɧɢɹ�ɬɪɟɳɢɧɵ��ɋɪɚɜɧɟɧɢɟ�ɪɟɡɭɥɶɬɚɬɨɜ�

ɱɢɫɥɟɧɧɵɯ�ɪɚɫɱɟɬɨɜ�ɫ�ɨɩɵɬɧɵɦɢ�ɞɚɧɧɵɦɢ� 

 

 

4.2.4 ɉɪɢɦɟɧɢɦɨɫɬɶ�ɤɪɢɬɟɪɢɹ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�

ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɢ� ɨɫɬɚɧɨɜɤɢ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ 

 

ɇɚ� ɞɚɧɧɨɦ� ɷɬɚɩɟ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ, ɢɫɩɨɥɶɡɭɹ� ɆɄɗ�� ɪɟɲɚɸɳɢɣ�

ɞɢɧɚɦɢɱɟɫɤɭɸ� ɡɚɞɚɱɭ� ɥɢɧɟɣɧɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ� ɫɨɜɦɟɫɬɧɨ� ɫ�

ɤɪɢɬɟɪɢɟɦ� �4.���� ɢɫɩɨɥɶɡɭɟɦɵɦ� ɞɥɹ� ɨɰɟɧɤɢ� ɤɪɢɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɣ�



��� 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧ�� ɜɨɡɦɨɠɧɨ� ɤɨɪɪɟɤɬɧɨɟ� ɨɩɢɫɚɧɢɟ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɞɢɧɚɦɢɱɟɫɤɢ� ɧɚɝɪɭɠɚɟɦɵɯ� ɬɪɟɳɢɧ�� ȼɢɞɧɨ�� ɱɬɨ�

ɤɪɢɬɟɪɢɣ� �1.��� ɫ� ɜɟɥɢɱɢɧɨɣ� d�� ɜɵɛɪɚɧɧɨɣ� ɢɡ� ɭɫɥɨɜɢɹ� ɫɨɨɬɜɟɬɫɬɜɢɹ�

ɤɪɢɬɟɪɢɹ (1.��� ɤɪɢɬɟɪɢɸ� ɪɚɡɪɭɲɟɧɢɹ� ɂɪɜɢɧɚ� ɜ� ɭɫɥɨɜɢɹɯ�

ɤɜɚɡɢɫɬɚɬɢɤɢ��ɦɨɠɟɬ�ɛɵɬɶ�ɢɫɩɨɥɶɡɨɜɚɧ�ɞɥɹ�ɨɩɢɫɚɧɢɹ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɫɬɚɪɬɚ��ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɢ�ɨɫɬɚɧɨɜɤɢ�ɬɪɟɳɢɧ� 

 

Ʉɪɢɬɟɪɢɣ� �4.��� ɜ� ɨɬɥɢɱɢɟ� ɨɬ� �4.���� ɤɨɬɨɪɵɣ� ɩɪɢɦɟɧɢɦ� ɬɨɥɶɤɨ� ɞɥɹ�

ɩɪɟɞɫɤɚɡɚɧɢɹ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɬɪɟɳɢɧɵ��ɬɚɤɠɟ�ɦɨɠɟɬ�ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ�

ɤɚɤ� ɭɫɥɨɜɢɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɢ� ɨɫɬɚɧɨɜɤɢ� ɬɪɟɳɢɧɵ�� ȼ�

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ� ɦɨɞɟɥɢ� �4.��� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɤɚɤ� ɭɫɥɨɜɢɟ� ɞɥɹ�

ɨɫɜɨɛɨɠɞɟɧɢɹ� ɭɡɥɨɜ�� ɤ� ɤɨɬɨɪɵɦ� ɩɪɢɥɨɠɟɧɵ� ɫɢɦɦɟɬɪɢɱɧɵɟ�

ɝɪɚɧɢɱɧɵɟ� ɭɫɥɨɜɢɹ. ɇɚ� ɫɚɦɨɦ� ɞɟɥɟ�� ɷɬɨɬ� ɩɨɞɯɨɞ ɞɚɠɟ� ɧɟ� ɬɪɟɛɭɟɬ�

ɧɚɥɢɱɢɹ�ɬɪɟɳɢɧɵ - ɭɫɥɨɜɢɟ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɢ�ɨɫɬɚɧɨɜɤɢ�ɬɪɟɳɢɧɵ�

ɜɨɡɧɢɤɚɟɬ� ɚɜɬɨɦɚɬɢɱɟɫɤɢ: ɬɪɟɳɢɧɚ� ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ�� ɩɨɤɚ� ɭɫɥɨɜɢɟ�

(4.1) ɜɵɩɨɥɧɹɟɬɫɹ�ɞɥɹ�ɭɡɥɨɜ�ɩɟɪɟɞ�ɞɜɢɠɭɳɟɣɫɹ�ɜɟɪɲɢɧɨɣ�ɬɪɟɳɢɧɵ.  

ȼ ɩɪɨɬɢɜɧɨɦ�ɫɥɭɱɚɟ�ɬɪɟɳɢɧɚ�ɨɫɬɚɧɨɜɢɬɫɹ� 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɬɚɤɨɝɨ� ɩɨɞɯɨɞɚ� ɜɨɡɦɨɠɧɨ� ɬɚɤɠɟ� ɞɥɹ� ɨɩɢɫɚɧɢɹ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧ�ɫ�ɡɚɪɚɧɟɟ�ɧɟɢɡɜɟɫɬɧɨɣ�ɬɪɚɟɤɬɨɪɢɟɣ��ɬɪɟɳɢɧ��

ɢɦɟɸɳɢɯ� ɜɨɡɦɨɠɧɨɫɬɶ� ɢɡɦɟɧɹɬɶ� ɧɚɩɪɚɜɥɟɧɢɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɢ�

ɞɚɠɟ�ɜɟɬɜɢɬɶɫɹ���ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ� ɤɨɧɬɪɨɥɶ�ɜɵɩɨɥɧɟɧɢɹ�ɭɫɥɨɜɢɹ� �1.1) 

ɞɨɥɠɟɧ� ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ� ɧɚ� ɜɫɟɯ� ɩɥɨɳɚɞɤɚɯ, ɩɪɨɯɨɞɹɳɢɯ� ɱɟɪɟɡ�

ɜɟɪɲɢɧɭ� ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ� ɬɪɟɳɢɧɵ� ȼ� ɩɨɫɥɟɞɭɸɳɢɯ� ɪɚɡɞɟɥɚɯ 

ɪɚɛɨɬɵ�ɛɭɞɭɬ�ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ�ɬɚɤɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ� 

 

ɋɨɝɥɚɫɧɨ� ɩɨɞɯɨɞɭ�� ɨɫɧɨɜɚɧɧɨɦɭ� ɧɚ ɩɨɧɹɬɢɢ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� 

ɜɪɟɦɟɧɢ�ɉɟɬɪɨɜɚ ɢ�Ɇɨɪɨɡɨɜɚ �ɫɦ��Petrov 1991, Petrov and Morozov 

1994)��� ɜ� ɫɨɱɟɬɚɧɢɢ� ɫ� ɪɚɡɥɢɱɧɵɦɢ ɲɢɪɨɤɨ� ɢɡɜɟɫɬɧɵɦɢ�



��� 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ� ɧɚɛɥɸɞɟɧɢɹɦɢ�� ɤɪɢɬɢɱɟɫɤɢɣ� ɤɨɷɮɮɢɰɢɟɧɬ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ ɜ ɦɨɦɟɧɬ ɟɟ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ�  ɩɪɢ� ɜɵɫɨɤɢɯ� ɧɚɝɪɭɡɤɚɯ� ɦɨɠɟɬ�� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ�

ɝɟɨɦɟɬɪɢɢ�ɷɤɫɩɟɪɢɦɟɧɬɚ��ɭɫɥɨɜɢɣ�ɢ�ɢɫɬɨɪɢɢ�ɧɚɝɪɭɠɟɧɢɹ��ɛɵɬɶ�ɥɢɛɨ�

ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ�� ɥɢɛɨ� ɡɧɚɱɢɬɟɥɶɧɨ� ɛɨɥɶɲɟ�� ɱɟɦ� .IC�� ɗɬɚ�

ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɜɹɡɤɨɫɬɢ� ɪɚɡɪɭɲɟɧɢɹ� ɨɫɨɛɟɧɧɨ�

ɨɱɟɜɢɞɧɚ� ɩɪɢ� ɫɪɚɜɧɟɧɢɢ� ɞɜɭɯ� ɪɚɡɥɢɱɧɵɯ� ɢɫɬɨɪɢɣ� ɩɪɢɥɨɠɟɧɢɹ�

ɧɚɝɪɭɡɤɢ��Petrov at al. �������ȼ�ɩɟɪɜɨɦ�ɫɥɭɱɚɟ�ɜɧɟɡɚɩɧɨ�ɩɪɢɥɨɠɟɧɧɚɹ�

ɞɢɧɚɦɢɱɟɫɤɚɹ� ɧɚɝɪɭɡɤɚ� ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ� ɧɚ� ɩɨɫɬɨɹɧɧɨɦ� ɭɪɨɜɧɟ� ɞɨ�

ɦɨɦɟɧɬɚ ɡɚɪɨɠɞɟɧɢɹ� ɬɪɟɳɢɧɵ� �ɧɚɩɪ., Smith 1975; Ravi-Chandar and 

Knauss 1984a; Rizal and Homma 2000; Homma et al. ������� ȼ� ɷɬɨɦ�

ɫɥɭɱɚɟ�.I
d ɨɛɵɱɧɨ�ɡɧɚɱɢɬɟɥɶɧɨ�ɩɪɟɜɵɲɚɟɬ�ɫɬɚɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ KIC. 

ȼɨ� ɜɬɨɪɨɦ� ɫɥɭɱɚɟ�� ɤɨɝɞɚ� ɧɚ� ɬɪɟɳɢɧɭ ɜɨɡɞɟɣɫɬɜɭɸɬ ɤɨɪɨɬɤɢɦɢ�

ɢɦɩɭɥɶɫɚɦɢ� ɧɚɝɪɭɡɤɢ� ɫ� ɜɪɟɦɟɧɧɨɣ� ɮɨɪɦɨɣ�� ɛɥɢɡɤɨɣ� ɤ� ɞɟɥɶɬɚ-

ɮɭɧɤɰɢɢ��ɩɨɪɨɝɨɜɚɹ�ɚɦɩɥɢɬɭɞɚ��.I
d ɨɛɵɱɧɨ�ɡɧɚɱɢɬɟɥɶɧɨ�ɦɟɧɶɲɟ��ɱɟɦ�

KIC �ɧɚɩɪ., Atroshenko et al. 2002; Shokey et al. 1986). 

 

ɗɬɢ ɪɚɫɫɭɠɞɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ�� ɱɬɨ� ɞɢɧɚɦɢɱɟɫɤɚɹ� ɜɹɡɤɨɫɬɶ�

ɪɚɡɪɭɲɟɧɢɹ�.I
d ɧɟ�ɹɜɥɹɟɬɫɹ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ�ɦɚɬɟɪɢɚɥɚ��ɉɨɧɹɬɧɨ� ɱɬɨ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɤɪɢɬɟɪɢɹ�ɤɪɢɬɢɱɟɫɤɨɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ��.I(t) ��.I
d��ɞɥɹ�ɨɩɢɫɚɧɢɹ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɢɧɢɰɢɢɪɨɜɚɧɢɹ�

ɪɚɡɪɭɲɟɧɢɹ�ɧɟ�ɦɨɠɟɬ�ɛɵɬɶ�ɩɪɚɜɢɥɶɧɵɦ ɞɥɹ�ɩɪɨɢɡɜɨɥɶɧɨɣ�ɝɟɨɦɟɬɪɢɢ�

ɨɛɪɚɡɰɚ� ɢ� ɢɫɬɨɪɢɢ� ɧɚɝɪɭɠɟɧɢɹ�� ɉɨ� ɬɟɦ� ɠɟ� ɩɪɢɱɢɧɚɦ� ɧɟɜɨɡɦɨɠɧɨ�

ɨɩɢɫɚɬɶ�ɞɢɧɚɦɢɱɟɫɤɨɟ�ɢɧɢɰɢɢɪɨɜɚɧɢɟ�ɬɪɟɳɢɧɵ�ɫ�ɩɨɦɨɳɶɸ�ɩɨɞɯɨɞɚ��

ɢɫɩɨɥɶɡɭɸɳɟɝɨ� ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ� ɫɤɨɪɨɫɬɢ� ɢɡɦɟɧɟɧɢɹ� KI ɜ� ɤɚɱɟɫɬɜɟ�

ɨɫɧɨɜɵ�ɤɪɢɬɟɪɢɹ�ɢɧɢɰɢɢɪɨɜɚɧɢɹ�ɥɢɛɨ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧɵ.  

 

ɉɪɢɦɟɧɟɧɢɟ� ɩɨɞɯɨɞɚ�� ɨɫɧɨɜɚɧɧɨɝɨ� ɧɚ� ɢɧɤɭɛɚɰɢɨɧɧɨɦ� ɜɪɟɦɟɧɢ 

ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ�� ɩɨɡɜɨɥɹɟɬ� ɨɩɢɫɚɬɶ� ɜɫɟ� ɪɚɡɧɨɨɛɪɚɡɢɟ�



��� 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɧɚɛɥɸɞɚɟɦɵɯ� ɷɮɮɟɤɬɨɜ� ɜ� ɞɢɧɚɦɢɤɟ�ɪɚɡɪɭɲɟɧɢɹ��

ȼɚɠɧɵɦ�ɫɥɟɞɫɬɜɢɟɦ�ɷɬɨɝɨ�ɩɨɞɯɨɞɚ�ɹɜɥɹɟɬɫɹ�ɬɨ��ɱɬɨ�ɨɧ�ɨɛɟɫɩɟɱɢɜɚɟɬ�

ɷɮɮɟɤɬɢɜɧɵɣ� ɫɩɨɫɨɛ� ɨɰɟɧɤɢ ɞɢɧɚɦɢɱɟɫɤɨɣ� ɩɪɨɱɧɨɫɬɢ� ɦɚɬɟɪɢɚɥɨɜ�

ɩɭɬɟɦ� ɩɪɹɦɨɝɨ� ɢɡɦɟɪɟɧɢɹ� Ĳ - ɩɚɪɚɦɟɬɪɚ�� ɹɜɥɹɸɳɟɝɨɫɹ� ɫɜɨɣɫɬɜɨɦ 

ɦɚɬɟɪɢɚɥɚ ɢ� ɧɟ� ɡɚɜɢɫɹɳɟɝɨ� ɨɬ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ� ɝɟɨɦɟɬɪɢɢ� ɢɥɢ�

ɫɩɨɫɨɛɚ�ɩɪɢɥɨɠɟɧɢɹ�ɧɚɝɪɭɡɤɢ��Petrov 2004).  

 

Ɋɟɡɭɥɶɬɚɬɵ�� ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ� ɜ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ�� ɩɨɤɚɡɵɜɚɸɬ�� ɱɬɨ�

ɚɧɚɥɨɝɢɱɧɵɣ�ɩɨɞɯɨɞ�ɦɨɠɟɬ�ɛɵɬɶ�ɭɫɩɟɲɧɨ�ɢɫɩɨɥɶɡɨɜɚɧ�ɞɥɹ�ɨɩɢɫɚɧɢɹ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧ� ɢ� ɢɯ� ɨɫɬɚɧɨɜɤɢ�� Ɂɚɦɟɬɧɵɣ�

ɩɪɨɝɪɟɫɫ� ɜ� ɫɨɜɪɟɦɟɧɧɨɣ� ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ� ɞɢɧɚɦɢɤɟ� ɪɚɡɪɭɲɟɧɢɹ�

ɫɜɹɡɚɧ�ɫ�ɜɜɟɞɟɧɢɟɦ�ɦɨɞɟɥɟɣ�ɤɨɝɟɡɢɨɧɧɵɯ�ɡɨɧ�ɜ�ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɟ�

ɢ�ɞɪɭɝɢɟ�ɱɢɫɥɟɧɧɵɟ�ɫɯɟɦɵ��ɂɞɟɹ��ɤɨɬɨɪɭɸ�Ȼɚɪɟɧɛɥɚɬɬ�ɩɟɪɜɨɧɚɱɚɥɶɧɨ�

ɩɪɟɞɥɨɠɢɥ� ɜ� ɤɚɱɟɫɬɜɟ� ɦɨɞɟɥɢ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ� ɬɪɟɳɢɧ� �%DUHQEODWW�

������� ɨɤɚɡɚɥɚɫɶ� ɨɱɟɧɶ� ɩɨɥɟɡɧɨɣ� ɬɚɤɠɟ� ɞɥɹ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɬɪɟɳɢɧ�

�ɧɚɩɪ., Xu and Needleman 1995; Camacho and Ortiz 1996; Remmers et 

DO���������Ȼɵɥɨ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɤɪɢɬɟɪɢɣ�ɪɚɡɪɭɲɟɧɢɹ�ɧɚ�ɨɫɧɨɜɟ�ɩɨɧɹɬɢɹ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɦɨɠɧɨ�ɩɟɪɟɮɨɪɦɭɥɢɪɨɜɚɬɶ�ɜ�ɜɢɞɟ�ɧɟɤɨɟɝɨ�

ɤɨɝɟɡɢɨɧɧɨɝɨ ɡɚɤɨɧɚ� �Morozov and Petrov ������� ɗɬɨ ɨɡɧɚɱɚɟɬ�� ɱɬɨ�

ɦɨɠɧɨ� ɫɨɡɞɚɬɶ� ɦɨɞɟɥɶ� ɤɨɝɟɡɢɨɧɧɨɣ� ɡɨɧɵ�� ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ�

ɪɟɡɭɥɶɬɚɬɵ�� ɢɞɟɧɬɢɱɧɵɟ� ɩɨɥɭɱɟɧɧɵɦ� ɜ� ɬɟɤɭɳɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ� ɫ�

ɩɨɦɨɳɶɸ�ɩɨɞɯɨɞɚ��ɨɫɧɨɜɚɧɧɨɝɨ�ɧɚ�ɤɪɢɬɟɪɢɢ������. 

 

 



��� 

4.3 ȼɡɚɢɦɨɫɜɹɡɶ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ� ɢ� ɫɤɨɪɨɫɬɢ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɬɪɟɳɢɧɵ��

Ⱦɢɧɚɦɢɱɟɫɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɬɪɟɳɢɧ�� ɜɵɡɜɚɧɧɨɟ�

ɞɢɧɚɦɢɱɟɫɤɨɣ�ɧɚɝɪɭɡɤɨɣ 

 

ɂɡɜɟɫɬɧɨ�� ɱɬɨ� ɜ� ɪɚɦɤɚɯ� ɥɢɧɟɣɧɨɣ� ɦɟɯɚɧɢɤɢ� ɪɚɡɪɭɲɟɧɢɹ� �ɅɆɊ��

ɩɪɢ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ� ɧɚɝɪɭɡɤɚɯ� ɩɨɥɟ� ɦɟɯɚɧɢɱɟɫɤɢɯ� ɧɚɩɪɹɠɟɧɢɣ� ɜ�

ɨɤɪɟɫɬɧɨɫɬɢ ɜɟɪɲɢɧɵ� ɫɢɦɦɟɬɪɢɱɧɨ� ɧɚɝɪɭɠɟɧɧɨɣ� ɬɪɟɳɢɧɵ��

ɩɪɟɞɫɬɚɜɥɹɟɦɨɣ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ� ɥɢɧɟɣɧɵɦ� ɪɚɡɪɟɡɨɦ�� ɨɩɢɫɵɜɚɟɬɫɹ�

ɤɨɷɮɮɢɰɢɟɧɬɨɦ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ� �Ʉɂɇ�� IK  ɞɥɹ� ɩɟɪɜɨɣ�

ɦɨɞɵ� ɧɚɝɪɭɠɟɧɢɹ�� ɞɥɹ� ɤɨɬɨɪɨɝɨ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɨɩɪɟɞɟɥɹɟɬɫɹ�

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ� ɤɪɢɬɢɱɟɫɤɨɟ� ɡɧɚɱɟɧɢɟ�� ɒɢɪɨɤɨ� ɩɪɢɦɟɧɹɟɦɵɣ� ɜ�

ɢɧɠɟɧɟɪɧɨɣ� ɩɪɚɤɬɢɤɟ� ɤɪɢɬɟɪɢɣ� ɤɪɢɬɢɱɟɫɤɨɝɨ� ɤɨɷɮɮɢɰɢɟɧɬɚ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɜɨ� ɦɧɨɝɢɯ� ɪɚɛɨɬɚɯ� ɩɨɥɭɱɢɥ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɢ� ɧɚ�

ɫɥɭɱɚɣ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� (ɫɦ��� ɧɚɩɪ��� Owen et al. 1998, 

Freund 1998): 

 

ǡݐ൫୍ܭ ܲሺݐሻǡ ȳሺݐሻǡ ሻሶݐሺܮ ൯ ൑ ሻሶݐሺ୍ܭௗ൫୍ܭ ǡ ܶǡ ǥ ൯   (4.9) 

 

ȼ�ɞɚɧɧɨɦ�ɩɪɟɞɟɥɶɧɨɦ�ɭɫɥɨɜɢɢ�ܲሺݐሻ�± ɞɢɧɚɦɢɱɟɫɤɚɹ�ɧɚɝɪɭɡɤɚ�ɨɛɳɟɝɨ�

ɜɢɞɚ�� ȳሺݐሻ െ� ɬɟɤɭɳɚɹ� ɝɟɨɦɟɬɪɢɹ� ɨɛɪɚɡɰɚ�� ɜɤɥɸɱɚɸɳɚɹ� ɜ� ɫɟɛɹ�

ɢɡɦɟɧɹɸɳɢɣɫɹ� ɜɨ� ɜɪɟɦɟɧɢ� ɪɚɡɦɟɪ� ɬɪɟɳɢɧɵ� ሻݐሺܮ ሻሶݐሺܮ , ൌ ݐȀ݀ܮ݀ െ

� ɬɟɤɭɳɚɹ� ɫɤɨɪɨɫɬɶ� ɩɪɨɞɜɢɠɟɧɢɹ� ɬɪɟɳɢɧɵ�� ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ�� ɱɬɨ� ɜ�

ɩɪɨɰɟɫɫɟ� ɩɪɨɞɜɢɠɟɧɢɹ� ɬɪɟɳɢɧɵ� ɨɬ� ɦɨɦɟɧɬɚ� ɫɬɚɪɬɚ� ɞɨ� ɦɨɦɟɧɬɚ�



��� 

ɨɫɬɚɧɨɜɤɢ�ɜ� �4.9��ɪɟɚɥɢɡɭɟɬɫɹ�ɡɧɚɤ�ɪɚɜɟɧɫɬɜɚ��ɋɩɪɚɜɚ�ɜ�ɧɟɪɚɜɟɧɫɬɜɟ�

(4.9�� ɫɬɨɢɬ� ɮɭɧɤɰɢɹ�� ɧɚɡɵɜɚɟɦɚɹ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɜɹɡɤɨɫɬɶɸ�

ɪɚɡɪɭɲɟɧɢɹ୍ܭ�ௗ��ɤɨɬɨɪɚɹ�ɜ�ɛɨɥɶɲɢɧɫɬɜɟ�ɫɥɭɱɚɟɜ�ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ�ɤɚɤ�

ɦɚɬɟɪɢɚɥɶɧɚɹ�ɮɭɧɤɰɢɹ�ɥɨɤɚɥɶɧɨɣ��ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�ɜɟɪɲɢɧɵ�ɬɪɟɳɢɧɵ��

ɫɤɨɪɨɫɬɢ� ɧɚɝɪɭɠɟɧɢɹ� ሻሶݐሺ୍ܭ ൌ ݐȀ୍݀ܭ݀ , ɬɟɦɩɟɪɚɬɭɪɵ� ܶ  ɢ� ɞɪɭɝɢɯ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɷɤɫɩɟɪɢɦɟɧɬɚ�� ɉɪɢ� ɪɚɫɱɟɬɟ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ�

ɩɪɚɜɚɹ�ɱɚɫɬɶ�ɜ��4.9��ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ�a priori ɢɡɜɟɫɬɧɨɣ�ɢ�ɨɩɪɟɞɟɥɹɟɦɨɣ�

ɢɡ�ɨɩɵɬɨɜ�ɞɥɹ�ɞɚɧɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ��ȼ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɞɚɧɧɵɣ�ɩɨɞɯɨɞ�

ɞɨɫɬɚɬɨɱɧɨ� ɲɢɪɨɤɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧ� ɞɥɹ� ɨɩɢɫɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ �ɫɦ�, ɧɚɩɪ�, ȼɜɟɞɟɧɢɟ��� Ɍɟɦ� ɧɟ� ɦɟɧɟɟ�� ɦɧɨɝɢɟ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ�� ɧɚɩɪɢɦɟɪ�� ɩɨɥɭɱɟɧɧɵɟ� ɚɜɬɨɪɚɦɢ�

ɪɚɛɨɬ� (Ravi-Chandar and Knauss 1984a, 1984b, Berezkin et al. 2000), 

ɫɬɚɜɹɬ� ɩɨɞ� ɫɨɦɧɟɧɢɟ� ɚɧɚɥɢɡ�� ɨɫɧɨɜɚɧɧɵɣ� ɧɚ� ɩɪɢɦɟɧɟɧɢɢ� ɤɪɢɬɟɪɢɹ�

(4.9), ɢ, ɜ� ɱɚɫɬɧɨɫɬɢ, ɧɚɥɢɱɢɟ� ɜɵɜɨɞɢɦɨɣ� ɢɡ� ɩɨɥɨɠɟɧɢɣ� ɅɆɊ�

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ� ɫɜɹɡɢ� ɬɟɤɭɳɟɝɨ� ɤɪɢɬɢɱɟɫɤɨɝɨ� ɡɧɚɱɟɧɢɹ�

ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ ୍ܭ�  ɫɨ� ɫɤɨɪɨɫɬɶɸ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�

ɬɪɟɳɢɧɵ�� ȼ� (Ravi-Chandar and Knauss 1984a, 1984b, Berezkin et al. 

2000) ɛɵɥɨ�ɭɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�ɜ�ɫɥɭɱɚɟ��ɤɨɝɞɚ�ɨɛɪɚɡɰɵ�ɩɨɞɜɟɪɝɚɸɬɫɹ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦɭ� ɭɞɚɪɧɨɦɭ� ɜɨɡɞɟɣɫɬɜɢɸ�� ɢɧɢɰɢɢɪɭɸɳɟɦɭ�

ɛɵɫɬɪɵɣ� ɪɨɫɬ� ɬɪɟɳɢɧɵ�� ɫɤɨɪɨɫɬɶ� ɬɪɟɳɢɧɵ� ɦɨɠɟɬ� ɨɫɬɚɜɚɬɶɫɹ�

ɩɪɚɤɬɢɱɟɫɤɢ�ɩɨɫɬɨɹɧɧɨɣ�ɞɚɠɟ�ɩɪɢ� ɜɟɫɶɦɚ� ɡɧɚɱɢɬɟɥɶɧɨɦ�ɢɡɦɟɧɟɧɢɢ�

ɡɧɚɱɟɧɢɣ� ɬɟɤɭɳɟɝɨ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� Ⱥɜɬɨɪɵ�

ɭɩɨɦɹɧɭɬɵɯ�ɪɚɛɨɬ�ɩɪɟɞɩɨɥɨɠɢɥɢ��ɱɬɨ�ɩɨɬɨɤ�ɷɧɟɪɝɢɢ��ɨɩɪɟɞɟɥɹɟɦɵɣ�

ɬɟɤɭɳɢɦ� ɤɨɷɮɮɢɰɢɟɧɬɨɦ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ�� ɜɨɜɫɟ� ɧɟ�

ɫɜɹɡɚɧ� ɨɞɧɨɡɧɚɱɧɨ� ɫ� ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ� ɫɤɨɪɨɫɬɶɸ� ɩɪɨɞɜɢɠɟɧɢɹ�

ɬɪɟɳɢɧɵ��ɯɨɬɹ�ɢ�ɫɭɳɟɫɬɜɟɧɧɵɦ�ɨɛɪɚɡɨɦ�ɜɥɢɹɟɬ ɧɚ�ɫɬɪɭɤɬɭɪɭ�ɜɧɨɜɶ�

ɨɛɪɚɡɭɸɳɟɣɫɹ� ɩɨɜɟɪɯɧɨɫɬɢ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɫɞɟɥɚɧɧɵɟ� ɜ� (Ravi-

Chandar and Knauss 1984a, 1984b, Berezkin et al. 2000) ɜɵɜɨɞɵ�
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ɨɩɪɨɜɟɪɝɚɸɬ� ɩɪɢɧɹɬɵɣ� ɦɧɨɝɢɦɢ� ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ� ɦɟɬɨɞ��

ɨɫɧɨɜɚɧɧɵɣ�ɧɚ�ɩɪɢɦɟɧɟɧɢɢ�ɅɆɊ�ɢ�ɩɪɟɞɟɥɶɧɨɝɨ�ɭɫɥɨɜɢɹ��4.9).  

 

Ɉɤɚɡɚɥɨɫɶ�� ɱɬɨ� ɧɚɛɥɸɞɚɟɦɵɟ� ɜ� (Ravi-Chandar and Knauss 1984a, 

1984b, Berezkin et al. 2000) ɷɮɮɟɤɬɵ� ɩɨɜɟɞɟɧɢɹ� ɬɪɟɳɢɧ� ɩɪɢ�

ɫɤɨɪɨɫɬɧɵɯ� ɭɞɚɪɧɵɯ� ɧɚɝɪɭɡɤɚɯ� ɯɨɪɨɲɨ� ɩɪɨɝɧɨɡɢɪɭɸɬɫɹ� ɢ�

ɦɨɞɟɥɢɪɭɸɬɫɹ� ɧɚ� ɨɫɧɨɜɟ� ɫɬɪɭɤɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɝɨ� ɩɨɞɯɨɞɚ��

ɨɫɧɨɜɚɧɧɨɝɨ� ɧɚ� ɩɨɧɹɬɢɢ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ ɯɪɭɩɤɨɝɨ 

ɪɚɡɪɭɲɟɧɢɹ� (Berezkin et al. 2000, Petrov 1996, Petrov and Morozov 

1994). 

 

ɋ� ɞɪɭɝɨɣ� ɫɬɨɪɨɧɵ� ɜɨ� ɦɧɨɝɢɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ� ɞɟɣɫɬɜɢɬɟɥɶɧɨ 

ɧɚɛɥɸɞɚɟɬɫɹ ɹɜɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ�ɫɤɨɪɨɫɬɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧɵ�

ሻሶݐሺܮ  ɨɬ�ɟɟ�ɞɥɢɧɵܮ�ሺݐሻ �ɱɬɨ�ɬɪɚɤɬɭɟɬɫɹ�ɢ�ɤɚɤ�ɡɚɜɢɫɢɦɨɫɬɶ�ɨɬܭ�ூ̱ξܮ).  

ɇɚɩɪɢɦɟɪ�� ɬɚɤɭɸ� ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɠɧɨ� ɧɚɛɥɸɞɚɬɶ� ɜ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɪɚɛɨɬɚɯ (Fineberg et al. 1992) ɢ� (Sharon and 

Fineberg 1999)�� ɜ� ɤɨɬɨɪɵɯ� ɨɛɪɚɡɰɵ� ɜ� ɜɢɞɟ� ɩɥɨɫɤɢɯ� ɩɥɚɫɬɢɧ� ɫ�

ɧɚɱɚɥɶɧɵɦɢ� ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɬɪɟɳɢɧɚɦɢ� ɩɨɞɜɟɪɝɚɥɢɫɶ�

ɦɟɞɥɟɧɧɨɦɭ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɦɭ� ɪɚɫɬɹɠɟɧɢɸ�� ɤɨɬɨɪɨɟ� ɜ� ɧɟɤɨɬɨɪɵɣ�

ɦɨɦɟɧɬ� ɩɪɢɜɨɞɢɥɨ� ɤ� ɢɧɢɰɢɢɪɨɜɚɧɢɸ�� ɪɚɡɝɨɧɭ� ɢ� ɩɨɫɥɟɞɭɸɳɟɦɭ�

ɛɵɫɬɪɨɦɭ�ɞɢɧɚɦɢɱɟɫɤɨɦɭ�ɩɪɨɞɜɢɠɟɧɢɸ�ɬɪɟɳɢɧɵ�ɩɨ�ɜɫɟɣ�ɩɥɚɫɬɢɧɟ��

ɇɚɛɥɸɞɚɟɦɨɟ� ɜ� (Fineberg et al. 1992, Sharon and Fineberg 1999) 

ɩɨɜɟɞɟɧɢɟ� ɜ� ɩɪɢɧɰɢɩɟ� ɧɟ� ɩɪɨɬɢɜɨɪɟɱɢɬ� ɫɯɟɦɟ�� ɡɚɥɨɠɟɧɧɨɣ� ɜ�

ɤɪɢɬɟɪɢɣ (4.9��� ɨɞɧɚɤɨ� ɬɪɟɛɭɟɬ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ� ɜɟɫɶɦɚ� ɫɥɨɠɧɨɝɨ� ɢ�

ɞɨɪɨɝɨɝɨ� ɨɩɪɟɞɟɥɟɧɢɹ� ɮɭɧɤɰɢɨɧɚɥɚ� ɩɪɚɜɨɣ� ɱɚɫɬɢ� ɞɚɧɧɨɝɨ�

ɩɪɟɞɟɥɶɧɨɝɨ� ɭɪɚɜɧɟɧɢɹ�� Ʉɪɨɦɟ� ɬɨɝɨ�� ɜ� ɫɥɭɱɚɟ� ɩɪɢɦɟɧɟɧɢɹ� ɞɚɧɧɨɣ�
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ɫɯɟɦɵ�� ɩɨ-ɩɪɟɠɧɟɦɭ� ɨɫɬɚɟɬɫɹ� ɩɪɨɛɥɟɦɚ� ɨɛɴɹɫɧɟɧɢɹ� ɢ� ɭɱɟɬɚ�

ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ� ɩɪɢɦɟɧɹɟɦɵɯ� ɫɤɨɪɨɫɬɧɵɯ� ɡɚɜɢɫɢɦɨɫɬɟɣ� ɜɹɡɤɨɫɬɢ�

ɪɚɡɪɭɲɟɧɢɹܭ�ூௗ��ɤɨɬɨɪɚɹ�ɧɚɛɥɸɞɚɟɬɫɹ�ɜɨ�ɦɧɨɝɢɯ�ɞɪɭɝɢɯ�ɢɫɩɵɬɚɧɢɹɯ� 

 

ɋɪɚɜɧɢɜɚɹ�ɷɤɫɩɟɪɢɦɟɧɬɵ��ɩɪɨɜɨɞɢɦɵɟ�ɩɪɢ�ɪɚɡɥɢɱɧɵɯ�ɭɫɥɨɜɢɹɯ�ɞɥɹ�

ɨɞɧɨɝɨ�ɢ�ɬɨɝɨ�ɠɟ�ɦɚɬɟɪɢɚɥɚ��ɦɨɠɧɨ�ɡɚɤɥɸɱɢɬɶ��ɱɬɨ�ɞɚɠɟ�ɩɪɢ�ɹɜɧɨɦ�

ɭɱɟɬɟ� ɫɤɨɪɨɫɬɧɵɯ� ɡɚɜɢɫɢɦɨɫɬɟɣ� �ɤɚɤ�� ɧɚɩɪ.�� ɜ� �4.9��� ɤɪɢɬɢɱɟɫɤɢɣ�

ɤɨɷɮɮɢɰɢɟɧɬ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ� ɜɫɟ� ɠɟ� ɧɟɥɶɡɹ� ɫɱɢɬɚɬɶ�

ɢɧɜɚɪɢɚɧɬɧɨɣ� ɩɨ� ɨɬɧɨɲɟɧɢɸ� ɤ� ɢɫɬɨɪɢɢ� ɢ� ɭɫɥɨɜɢɹɦ� ɧɚɝɪɭɠɟɧɢɹ�

ɮɭɧɤɰɢɟɣ� ɦɚɬɟɪɢɚɥɚ�� ɩɨɥɧɨɫɬɶɸ� ɨɩɪɟɞɟɥɹɸɳɟɣ� ɞɢɧɚɦɢɱɟɫɤɨɟ�

ɩɪɨɞɜɢɠɟɧɢɟ�ɬɪɟɳɢɧɵ�� 

 

ȼ�ɪɚɛɨɬɚɯ� (Petrov 1996, Petrov and Morozov 1994, Petrov et al. 2003) 

ɛɵɥɨ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɞɥɹ� ɨɛɴɹɫɧɟɧɢɹ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧ� ɩɨɞ�

ɞɟɣɫɬɜɢɟɦ� ɫɤɨɪɨɫɬɧɵɯ� ɭɞɚɪɧɵɯ� ɧɚɝɪɭɡɨɤ� ɫɥɟɞɭɟɬ� ɭɱɢɬɵɜɚɬɶ�

ɢɧɤɭɛɚɰɢɨɧɧɵɟ�ɩɪɨɰɟɫɫɵ��ɫɨɩɪɨɜɨɠɞɚɸɳɢɟ�ɦɚɤɪɨɪɚɡɪɵɜ�ɦɚɬɟɪɢɚɥɚ��

ɇɚ�ɷɬɨɣ�ɨɫɧɨɜɟ�ɜ�ɧɚɱɚɥɟ�ɞɚɧɧɨɣ�ɝɥɚɜɵ��ɚ�ɬɚɤɠɟ�ɜ (Bratov and Petrov 

2007a) ɛɵɥɢ�ɭɫɩɟɲɧɨ�ɱɢɫɥɟɧɧɨ�ɫɦɨɞɟɥɢɪɨɜɚɧɵ�ɷɤɫɩɟɪɢɦɟɧɬɵ�(Ravi-

Chandar and Knauss 1984a), ɩɪɟɞɫɤɚɡɵɜɚɸɳɢɟ ɧɚɱɚɥɨ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧɵ��ɟɟ�ɩɪɨɞɜɢɠɟɧɢɟ�ɢ�ɨɫɬɚɧɨɜɤɭ��Ɋɟɡɭɥɶɬɚɬɵ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɩɨɤɚɡɚɧɵ�ɧɚ�ɪɢɫɭɧɤɟ��.7. 

 

ɉɨɤɚɠɟɦ�� ɱɬɨ� ɪɟɡɭɥɶɬɚɬɵ� ɨɛɨɢɯ� ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ� ɬɢɩɨɜ�

ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɦɨɝɭɬ� ɛɵɬɶ� ɭɫɩɟɲɧɨ� ɨɛɴɹɫɧɟɧɵ� ɫ� ɩɨɦɨɳɶɸ�

ɫɬɪɭɤɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɝɨ� ɩɨɞɯɨɞɚ�� ɉɪɢɦɟɧɢɦ� ɱɢɫɥɟɧɧɨɟ� ɆɄɗ�
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ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɢɡ�ɪɚɛɨɬ (Fineberg et al. 1992, Sharon 

and Fineberg 1999) ɫ�ɪɟɚɥɢɡɚɰɢɟɣ�ɦɟɬɨɞɚ��ɨɫɧɨɜɚɧɧɨɝɨ�ɧɚ�ɜɧɟɞɪɟɧɢɢ�ɜ�

ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɭɸ� ɫɯɟɦɭ� ɤɪɢɬɟɪɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ�

ɪɚɡɪɭɲɟɧɢɹ�(Bratov and Petrov 2007a). 

 

ɋɥɟɞɭɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ� ɫɯɟɦɟ (Fineberg et al. 1992, Sharon and 

Fineberg 1999)��ɪɚɫɫɦɨɬɪɢɦ�ɧɚɱɚɥɶɧɨ-ɤɪɚɟɜɭɸ�ɡɚɞɚɱɭ�ɞɥɹ�ɩɥɚɫɬɢɧɤɢ�

ɢɡ�ɉɆɆȺ�ɫɨ�ɫɥɟɞɭɸɳɢɦɢ�ɞɢɚɩɚɡɨɧɚɦɢ�ɪɚɡɦɟɪɨɜ��ɲɢɪɢɧɚ�² 10-20 

ɫɦ�� ɜɵɫɨɬɚ� ² 14-��� ɫɦ�� ɬɨɥɳɢɧɚ� ² 1.6-���� ɦɦ� �ɞɥɹ� ɱɢɫɥɟɧɧɨɝɨ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɛɵɥɢ�ɜɵɛɪɚɧɵ�ɨɛɪɚɡɰɵ�ɫ�ɦɚɤɫɢɦɚɥɶɧɵɦɢ�ɪɚɡɦɟɪɚɦɢ�

ɩɨ� ɲɢɪɢɧɟ� ɢ� ɜɵɫɨɬɟ� ɢ� ɬɨɥɳɢɧɨɣ� �� ɦɦ��� ȼ� ɩɥɚɫɬɢɧɟ� ɫɨɡɞɚɟɬɫɹ�

ɧɚɱɚɥɶɧɚɹ� ɬɪɟɳɢɧɚ� ɞɥɢɧɨɣ� �-�� ɦɦ�� Ⱦɚɥɟɟ� ɜɟɪɯɧɢɣ� ɢ� ɧɢɠɧɢɣ� ɤɪɚɹ�

ɨɛɪɚɡɰɚ� ɮɢɤɫɢɪɭɸɬɫɹ� ɜ� ɡɚɯɜɚɬɚɯ� ɪɚɫɬɹɝɢɜɚɸɳɟɣ� ɦɚɲɢɧɵ�� ɤɨɬɨɪɵɟ�

ɧɚɱɢɧɚɸɬ� ɞɜɢɝɚɬɶɫɹ� ɫ� ɞɨɫɬɚɬɨɱɧɨ� ɦɚɥɟɧɶɤɨɣ� ɞɥɹ� ɩɪɟɧɟɛɪɟɠɟɧɢɹ�

ɜɨɥɧɨɜɵɦɢ� ɷɮɮɟɤɬɚɦɢ� ɫɤɨɪɨɫɬɶɸ�� Ⱥɜɬɨɪɵ� (Fineberg et al. 1992, 

Sharon and Fineberg 1999) ɢɦɟɥɢ�ɜɨɡɦɨɠɧɨɫɬɶ�ɫɥɟɞɢɬɶ�ɡɚ�ɩɨɥɨɠɟɧɢɟɦ�

ɜɟɪɲɢɧɵ� ɬɪɟɳɢɧɵ� ɢ� ɢɡɦɟɪɹɬɶ� ɫɤɨɪɨɫɬɶ� ɟɺ� ɩɪɨɞɜɢɠɟɧɢɹ�� Ɍɚɤɠɟ�

ɮɢɤɫɢɪɨɜɚɥɨɫɶ� ɧɚɩɪɹɠɟɧɢɟ�� ɧɟɨɛɯɨɞɢɦɨɟ� ɞɥɹ� ɫɬɚɪɬɚ� ɬɪɟɳɢɧɵ��

ɤɨɬɨɪɨɟ�ɛɵɥɨ�ɢɫɩɨɥɶɡɨɜɚɧɨ�ɩɪɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɢ� 

 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ� ɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɟ� ɩɨɜɟɞɟɧɢɟ� ɩɥɨɫɤɨɣ� ɨɛɥɚɫɬɢ��

ɦɨɞɟɥɢɪɭɸɳɟɣ� ɩɥɚɫɬɢɧɭ�� ɜɨ� ɜɫɟ� ɦɨɦɟɧɬɵ� ɜɪɟɦɟɧɢ�� ɉɨɥɹ�

ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɧɚɩɪɹɠɟɧɢɣ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɞɢɧɚɦɢɱɟɫɤɢɦɢ�

ɭɪɚɜɧɟɧɢɹɦɢ�ɥɢɧɟɣɧɨɣ�ɬɟɨɪɢɢ�ɭɩɪɭɝɨɫɬɢ 
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ߩ
߲ଶ ௜ܷ

ଶݐ߲
ൌ ሺߣ ൅ ׏௜൫׏ሻߤ ή ܷ൯ ൅ οߤ ௜ܷ 

௜ǡ௝ߪ ൌ ׏ߣ௜ǡ௝ߜ ή ܷ ൅ ߤ� ቆ
߲ ௜ܷ

௝ݔ߲
൅
߲ ௝ܷ

௜ݔ߲
ቇ 

 

                                                (4.10) 

 

ɩɪɢ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɝɪɚɧɢɱɧɵɯ�ɢ�ɧɚɱɚɥɶɧɵɯ�ɭɫɥɨɜɢɹɯ� 

 

ܷሺܺǡ ݐ ൌ Ͳሻ ൌ
߲ܷ
ݐ߲

ሺܺǡ ݐ ൌ Ͳሻ ൌ Ͳ 

௜ǡ௝ሺܺǡߪ ݐ ൌ Ͳሻ ൌ
௜ǡ௝ߪ߲
ݐ߲

ሺܺǡ ݐ ൌ Ͳሻ

ൌ Ͳ 

ܷ௬ሺܺ א Ȟଵǡ ሻݐ ൌ  ݐݒ

ܷ௬ሺܺ א Ȟଶǡ ሻݐ ൌ Ͳ  ± ɭɫɥɨɜɢɟ�

ɫɢɦɦɟɬɪɢɢ 

௬ሺܺߪ א Ȟଷǡ ሻݐ ൌ ௫௬ሺܺߪ א Ȟଶ ׫

Ȟଷǡ ሻݐ ൌ Ͳ�. 

 

                                       (4.11) 

 

Ɂɞɟɫɶ�ܺ ൌ ሺݔଵǡ ଶሻݔ ൌ ሺݔǡ ሻݕ  ɢ�ܷ ൌ ሺ ଵܷǡ ଶܷሻ ൌ ൫ ௫ܷǡ ܷ௬൯ ݒ .  ± ɫɤɨɪɨɫɬɶ�

ɞɜɢɠɟɧɢɹ� ɡɚɯɜɚɬɨɜ� ɪɚɫɬɹɝɢɜɚɸɳɟɣ� ɦɚɲɢɧɵ�� ȼ� ɫɢɥɭ� ɫɢɦɦɟɬɪɢɢ�

ɡɚɞɚɱɢ�ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ�ɬɨɥɶɤɨ�ɩɨɥɨɜɢɧɚ�ɩɥɚɫɬɢɧɵ��ɉɪɢ�ɷɬɨɦ�ɥɢɧɢɹ�

ɫɢɦɦɟɬɪɢɢ� ɫɨɜɩɚɞɚɟɬ� ɫ� ɬɪɚɟɤɬɨɪɢɟɣ ɩɪɨɞɜɢɠɟɧɢɹ� ɬɪɟɳɢɧɵ� �ɫɦ. 

ɪɢɫɭɧɨɤ 4.8��� Ɂɚ� ɧɚɱɚɥɶɧɵɣ� ɦɨɦɟɧɬ� ɜɪɟɦɟɧɢ� ɩɪɢɧɢɦɚɟɬɫɹ� ɦɨɦɟɧɬ�

ɫɬɚɪɬɚ�ɞɜɢɠɟɧɢɹ�ɡɚɯɜɚɬɨɜ�� 



��� 

 

 

Ɋɢɫɭɧɨɤ�4.8 

ɋɯɟɦɚ, ɢɫɩɨɥɶɡɭɟɦɚɹ�ɩɪɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɢ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ� 

Ⱦ��Ɏɚɣɧɛɟɪɝɚ�(Fineberg et al. 1992, Sharon and Fineberg 1999). 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ�ɩɪɨɢɡɜɨɞɢɬɫɹ�ɜ�ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɦ�ɩɚɤɟɬɟ�$16<6�ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɨɬɞɟɥɶɧɨɝɨ�ɩɪɨɝɪɚɦɦɧɨɝɨ�ɦɨɞɭɥɹ��ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ�

ɤɨɧɬɪɨɥɶ�ɜɵɩɨɥɧɟɧɢɹ�ɤɪɢɬɟɪɢɹ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɪɚɡɪɭɲɟɧɢɹ�

(4.���ɢ�ɪɟɚɥɢɡɚɰɢɸ�ɩɪɨɞɜɢɠɟɧɢɹ�ɬɪɟɳɢɧɵ� 

 



��� 

Ɋɚɡɦɟɪ� ɫɟɬɤɢ� ɪɚɡɛɢɟɧɢɹ� ɨɛɥɚɫɬɢ� ɛɵɥ� ɩɪɨɞɢɤɬɨɜɚɧ� ɢɫɩɨɥɶɡɭɟɦɵɦ�

ɤɪɢɬɟɪɢɟɦ� ɪɚɡɪɭɲɟɧɢɹ� ² ɪɚɡɦɟɪ� ɤɜɚɞɪɚɬɧɵɯ� ɷɥɟɦɟɧɬɨɜ��

ɩɪɢɥɟɝɚɸɳɢɯ�ɤ�ɩɭɬɢ�ɩɪɨɞɜɢɠɟɧɢɹ�ɬɪɟɳɢɧɵ��ɛɵɥ�ɜɵɛɪɚɧ�ɪɚɜɧɵɦ�����

ɦɦ�� Ⱦɚɧɧɨɟ� ɡɧɚɱɟɧɢɟ� ɫɨɜɩɚɞɚɟɬ� ɫ� ɪɚɡɦɟɪɨɦ� ɫɬɪɭɤɬɭɪɧɨɣ� ɹɱɟɣɤɢ�

ɪɚɡɪɭɲɟɧɢɹ�ɞɥɹ�ɦɚɫɲɬɚɛɧɨɝɨ�ɭɪɨɜɧɹ�ɷɤɫɩɟɪɢɦɟɧɬɚ��4.2). 

 

Ɂɧɚɱɟɧɢɹܭ�ூ௖ ɢߪ�௖ ɛɵɥɢ�ɩɨɥɭɱɟɧɵ�ɩɪɢ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ�ɢɫɩɵɬɚɧɢɹɯ�

ɨɛɪɚɡɰɨɜ�� ɫɪɚɜɧɢɦɵɯ� ɩɨ� ɪɚɡɦɟɪɚɦ� ɫ� ɩɥɚɫɬɢɧɚɦɢ� ɜ� ɦɨɞɟɥɢɪɭɟɦɵɯ�

ɷɤɫɩɟɪɢɦɟɧɬɚɯ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɢɯ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɤɨɪɪɟɤɬɧɨ� ɞɥɹ�

ɜɵɱɢɫɥɟɧɢɹ�݀ ɩɪɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɢ�ɞɚɧɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ�� Ɂɚɦɟɬɢɦ��

ɱɬɨ�ɩɪɢ�ɬɚɤɨɦ�ɜɵɛɨɪɟ�ɪɚɡɦɟɪɚ�ɷɥɟɦɟɧɬɚ�ɦɢɧɢɦɚɥɶɧɨɟ�ɩɪɨɞɜɢɠɟɧɢɟ�

ɬɪɟɳɢɧɵ� ɪɚɜɧɨ�݀ �� ɱɬɨ� ɤɨɪɪɟɤɬɧɨ� ɫɨɨɬɧɨɫɢɬɫɹ� ɫ� ɬɪɚɤɬɨɜɤɨɣ� ɷɬɨɝɨ�

ɩɚɪɚɦɟɬɪɚ�ɤɚɤ�ɯɚɪɚɤɬɟɪɧɨɝɨ�ɪɚɡɦɟɪɚ�ɡɨɧɵ�ɪɚɡɪɭɲɟɧɢɹ� 

 

ɉɪɨɞɜɢɠɟɧɢɟ� ɬɪɟɳɢɧɵ� ɪɟɚɥɢɡɭɟɬɫɹ� ɡɚ� ɫɱɟɬ� ɫɧɹɬɢɹ� ɡɚɤɪɟɩɥɟɧɢɹ� ɜ�

ɭɡɥɟ��ɜ�ɤɨɬɨɪɨɦ�ɜɵɩɨɥɧɢɥɫɹ�ɤɪɢɬɟɪɢɣ��4.1). 

 

ȼ� ɬɚɛɥɢɰɟ 4.2 ɩɪɟɞɫɬɚɜɥɟɧɵ� ɩɚɪɚɦɟɬɪɵ� ɦɚɬɟɪɢɚɥɚ�� ɤɨɬɨɪɵɟ�

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ� ɩɪɢ� ɦɨɞɟɥɢɪɨɜɚɧɢɢ. ɇɚ� ɪɢɫɭɧɤɟ 4.9 ɩɪɢɜɟɞɟɧɵ�

ɪɟɡɭɥɶɬɚɬɵ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� �ɫɜɟɬɥɚɹ� ɥɢɧɢɹ�� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�

ɞɚɧɧɵɟ� �ɬɟɦɧɚɹ�ɥɢɧɢɹ���ɋɤɨɪɨɫɬɶ�ɬɪɟɳɢɧɵ�ɜ�ɫɬɚɰɢɨɧɚɪɧɨɦ�ɪɟɠɢɦɟ�

ɞɜɢɠɟɧɢɹ� ɞɨɫɬɚɬɨɱɧɨ� ɬɨɱɧɨ� ɫɨɜɩɚɞɚɟɬ� ɫ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ�

ɡɧɚɱɟɧɢɹɦɢ�� ɉɪɢ� ɫɬɚɪɬɟ� ɬɪɟɳɢɧɚ� ɞɜɢɠɟɬɫɹ� ɫ� ɨɱɟɧɶ� ɜɵɫɨɤɢɦ�

ɭɫɤɨɪɟɧɢɟɦ��ɡɚɬɟɦ�ɫɤɨɪɨɫɬɶ�ɬɪɟɳɢɧɵ�ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ� 

 



��� 

 

 

       Ɇɨɞɭɥɶ�ɘɧɝɚܧ� ����Ƚɩɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ�ɉɭɚɫɫɨɧɚ0.32 ߥ� 

ɉɥɨɬɧɨɫɬɶߩ� �����ɤɝ�ɫɦ3 

Ʉɪɢɬɢɱɟɫɤɨɟ� ɧɚɩɪɹɠɟɧɢɟ�

 ˔ߪ

���Ɇɩɚ 

Ʉɪɢɬɢɱɟɫɤɢɣ�Ʉɂɇ ����Ɇɩɚή ξˏ 

 ݀ ����ɦɦ 

 ߬ ����ɦɤɫ 

 

Ɍɚɛɥɢɰɚ�4.2 

ɋɜɨɣɫɬɜɚ�ɉɆɆȺ��ɢɫɩɨɥɶɡɭɟɦɵɟ�ɜ�ɜɵɱɢɫɥɟɧɢɹɯ 

 

 



��� 

 

Ɋɢɫɭɧɨɤ�4.9 

Ɋɟɡɭɥɶɬɚɬɵ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧɵ��

ɜɵɡɜɚɧɧɨɝɨ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɦ�ɧɚɝɪɭɠɟɧɢɟɦ. Ɂɚɜɢɫɢɦɨɫɬɶ�

ɫɤɨɪɨɫɬɢ�ɬɪɟɳɢɧɵ�ɨɬ�ɞɥɢɧɵ�ɬɪɟɳɢɧɵ� 

 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɩɪɢɦɟɧɟɧɢɟ� ɫɬɪɭɤɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɝɨ�

ɩɨɞɯɨɞɚ�ɢ�ɤɪɢɬɟɪɢɹ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɪɚɡɪɭɲɟɧɢɹ�ɩɨɡɜɨɥɹɟɬ�

ɭɫɩɟɲɧɨ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɪɟɡɭɥɶɬɚɬɵ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɤɚɤ� ɩɨ�

ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɦɭ�(Fineberg et al. 1992, Sharon and Fineberg 1999)��ɬɚɤ�

ɢ�ɩɨ�ɞɢɧɚɦɢɱɟɫɤɨɦɭ�(Ravi-Chandar and Knauss 1984a, 1984b, Berezkin 

et al. 2000) ɧɚɝɪɭɠɟɧɢɸ�ɨɛɪɚɡɰɨɜ�ɫ�ɬɪɟɳɢɧɨɣ� 

 



��� 

ɉɪɟɞɥɨɠɟɧɧɵɣ� ɩɨɞɯɨɞ� ɞɟɥɚɟɬ� ɜɨɡɦɨɠɧɵɦ� ɨɬɤɚɡ� ɨɬ� ɬɪɚɞɢɰɢɨɧɧɨɝɨ�

ɦɟɬɨɞɚ��ɨɫɧɨɜɚɧɧɨɝɨ�ɧɚ�ɜɜɟɞɟɧɢɢ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɜɹɡɤɨɫɬɢ�ɪɚɡɪɭɲɟɧɢɹ�

�ௗ��ɤɨɬɨɪɚɹ�ɜ�ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ�ɧɟ�ɹɜɥɹɟɬɫɹ�ɫɜɨɣɫɬɜɨɦ�ɦɚɬɟɪɢɚɥɚ�ɢ୍ܭ

ɧɟ� ɦɨɠɟɬ� ɛɵɬɶ� ɷɮɮɟɤɬɢɜɧɨɣ� ɞɥɹ� ɨɩɢɫɚɧɢɹ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɫɢɥɭ�ɟɟ�ɫɢɥɶɧɨɣ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɢɫɬɨɪɢɢ�ɧɚɝɪɭɠɟɧɢɹ�

(Petrov 1996, Petrov and Morozov 1994, Petrov et al. 2003)��ɂɡ� ɪɚɛɨɬ�

(Ravi-Chandar and Knauss 1984a, 1984b, Berezkin et al. 2000, Bratov and 

Petrov 2007a) ɢ�ɩɪɨɜɟɞɟɧɧɵɯ�ɪɚɫɱɟɬɨɜ�ɫɬɚɧɨɜɢɬɫɹ�ɬɚɤɠɟ�ɹɫɧɨ��ɱɬɨ�ɢ�

ɡɚɜɢɫɢɦɨɫɬɶ� ɫɤɨɪɨɫɬɢ� ɬɪɟɳɢɧɵ� ɨɬ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ�

ɧɚɩɪɹɠɟɧɢɣ�ɧɟ�ɦɨɠɟɬ�ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ�ɤɚɤ�ɦɚɬɟɪɢɚɥɶɧɵɣ�ɡɚɤɨɧ��ɬɚɤ�

ɤɚɤ� ɯɚɪɚɤɬɟɪ� ɞɚɧɧɨɣ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɩɪɟɞɟɥɹɟɬɫɹ�� ɜ� ɬɨɦ� ɱɢɫɥɟ��

ɝɟɨɦɟɬɪɢɟɣ�ɨɛɪɚɡɰɚ��ɢɫɬɨɪɢɟɣ�ɢ�ɫɩɨɫɨɛɨɦ�ɧɚɝɪɭɠɟɧɢɹ�� 

 

Ʉɨɪɪɟɤɬɧɨɟ� ɩɪɟɞɫɤɚɡɚɧɢɟ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɜɨɡɦɨɠɧɨ� ɧɚ�

ɨɫɧɨɜɟ� ɫɬɪɭɤɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɝɨ� ɤɪɢɬɟɪɢɹ�� ɭɱɢɬɵɜɚɸɳɟɝɨ�

ɫɨɩɪɨɜɨɠɞɚɸɳɢɟ�ɞɢɧɚɦɢɱɟɫɤɢɣ�ɪɚɡɪɵɜ�ɢɧɤɭɛɚɰɢɨɧɧɵɟ�ɩɪɨɰɟɫɫɵ�ɢ�

ɫɨɞɟɪɠɚɳɟɝɨ�ɧɨɜɵɣ�ɮɢɡɢɱɟɫɤɢɣ�ɩɚɪɚɦɟɬɪ�² ɢɧɤɭɛɚɰɢɨɧɧɨɟ�ɜɪɟɦɹ�߬, 

ɤɨɬɨɪɨɟ� ɹɜɥɹɟɬɫɹ� ɤɨɧɫɬɚɧɬɨɣ� ɦɚɬɟɪɢɚɥɚ� ɜ� ɩɪɟɞɟɥɚɯ� ɜɵɛɪɚɧɧɨɝɨ�

ɦɚɫɲɬɚɛɧɨɝɨ� ɭɪɨɜɧɹ�� ɂɧɤɭɛɚɰɢɨɧɧɨɟ� ɜɪɟɦɹ�ɦɨɠɟɬ� ɛɵɬɶ� ɧɚɣɞɟɧɨ� ɜ�

ɧɟɡɚɜɢɫɢɦɵɯ�ɷɤɫɩɟɪɢɦɟɧɬɚɯ�ɢ�ɡɚɬɟɦ�ɢɫɩɨɥɶɡɨɜɚɧɨ�ɞɥɹ�ɩɪɟɞɫɤɚɡɚɧɢɹ�

ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɲɢɪɨɤɨɦ� ɞɢɚɩɚɡɨɧɟ� ɫɤɨɪɨɫɬɟɣ� ɜɨɡɞɟɣɫɬɜɢɹ� - ɨɬ�

ɦɟɞɥɟɧɧɵɯ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ� ɞɨ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɭɞɚɪɧɨ-

ɜɨɥɧɨɜɵɯ��Ⱦɨɩɨɥɧɢɜ�ɟɝɨ�ɫɬɚɧɞɚɪɬɧɵɦɢ�ɫɩɪɚɜɨɱɧɵɦɢ�ɩɚɪɚɦɟɬɪɚɦɢ�ɢ�

ɷɥɟɦɟɧɬɚɪɧɨ� ɜɵɱɢɫɥɹɟɦɵɦ� ɪɚɡɦɟɪɨɦ� ɫɬɪɭɤɬɭɪɧɨɝɨ� ɷɥɟɦɟɧɬɚ� ݀ǡ 

ɦɨɠɧɨ��ɤɚɤ�ɩɨɤɚɡɚɧɨ�ɜɵɲɟ��ɩɪɟɞɫɤɚɡɵɜɚɬɶ�ɲɢɪɨɤɢɣ�ɫɩɟɤɬɪ�ɷɮɮɟɤɬɨɜ��

ɫɨɩɪɨɜɨɠɞɚɸɳɢɯ� ɞɢɧɚɦɢɱɟɫɤɢɣ� ɪɨɫɬ� ɬɪɟɳɢɧ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ��

ɪɚɡɜɢɬɵɣ�ɩɨɞɯɨɞ�ɦɨɠɟɬ�ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ�ɤɚɤ�ɞɨɫɬɚɬɨɱɧɨ�ɩɪɨɫɬɨɣ��ɧɨ�



��� 

ɜ� ɬɨ� ɠɟ� ɜɪɟɦɹ� ɷɮɮɟɤɬɢɜɧɵɣ� ɢɧɫɬɪɭɦɟɧɬ� ɤɚɤ� ɞɥɹ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ�

ɢɫɫɥɟɞɨɜɚɧɢɣ��ɬɚɤ�ɢ�ɞɥɹ�ɢɧɠɟɧɟɪɧɨɣ�ɩɪɚɤɬɢɤɢ� 

 

 

4.4 ȼɵɜɨɞɵ� 

 

 ȼ�ɝɥɚɜɟ�4 ɩɨɤɚɡɚɧɨ��ɱɬɨ, ɢɫɩɨɥɶɡɭɹ�ɦɟɬɨɞ�ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ�

ɫ�ɜɧɟɞɪɟɧɧɵɦ�ɤɪɢɬɟɪɢɟɦ�ɪɚɡɞɟɥɟɧɢɹ�ɦɚɬɟɪɢɚɥɚ�ɧɚ�ɨɫɧɨɜɟ�ɤɪɢɬɟɪɢɹ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ�� ɜɨɡɦɨɠɧɨ� ɫ 

ɞɨɫɬɚɬɨɱɧɨɣ� ɬɨɱɧɨɫɬɶɸ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɜɫɟ� ɪɚɡɧɨɨɛɪɚɡɢɟ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɧɚɛɥɸɞɚɟɦɵɯ� ɷɮɮɟɤɬɨɜ, ɫɜɹɡɚɧɧɵɯ� ɫ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ� ɬɪɟɳɢɧ� ɜ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɦɚɬɟɪɢɚɥɚɯ�� ɉɨɤɚɡɚɧɨ��

ɱɬɨ�� ɢɫɩɨɥɶɡɭɹ� ɩɨɞɯɨɞ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ�� ɩɪɟɞɩɨɥɚɝɚɸɳɢɣ�

ɜɜɟɞɟɧɢɟ� ɨɞɧɨɝɨ� ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ� ɩɪɨɱɧɨɫɬɧɨɝɨ� ɩɚɪɚɦɟɬɪɚ��

ɨɬɜɟɱɚɸɳɟɝɨ� ɡɚ� ɨɬɤɥɢɤ� ɩɪɨɱɧɨɫɬɧɵɯ� ɫɜɨɣɫɬɜ� ɦɚɬɟɪɢɚɥɚ� ɧɚ� ɛɵɫɬɪɨ�

ɦɟɧɹɸɳɢɟɫɹ� ɩɨɥɹ� ɧɚɩɪɹɠɟɧɢɣ�� ɨɤɚɡɵɜɚɟɬɫɹ� ɜɨɡɦɨɠɧɵɦ� ɤɨɪɪɟɤɬɧɨ�

ɨɩɢɫɵɜɚɬɶ� ɢɧɢɰɢɚɰɢɸ�� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɢ� ɨɫɬɚɧɨɜɤɭ� ɯɪɭɩɤɢɯ�

ɬɪɟɳɢɧ� ɜ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɹɯ�� ɇɟɨɛɯɨɞɢɦɨɫɬɶ� ɜɜɟɞɟɧɢɹ� ɢ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɨɩɪɟɞɟɥɟɧɢɹ� ɜɫɟɝɨ� ɥɢɲɶ� ɨɞɧɨɝɨ� ɩɚɪɚɦɟɬɪɚ� ɜ�

ɞɨɩɨɥɧɟɧɢɟ� ɤ� ɫɬɚɧɞɚɪɬɧɨɦɭ� ɧɚɛɨɪɭ� ɩɪɨɱɧɨɫɬɧɵɯ� ɫɜɨɣɫɬɜ� ɜɵɝɨɞɧɨ�

ɨɬɥɢɱɚɟɬ� ɢɫɩɨɥɶɡɭɟɦɵɣ� ɩɨɞɯɨɞ� ɨɬ� ɞɪɭɝɢɯ� ɱɚɫɬɨ� ɢɫɩɨɥɶɡɭɟɦɵɯ�

ɦɨɞɟɥɟɣ�ɩɨɜɟɞɟɧɢɹ�ɦɚɬɟɪɢɚɥɚ�ɜ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɭɫɥɨɜɢɹɯ. 

 

ȼ� ɫɥɟɞɭɸɳɟɣ� ɝɥɚɜɟ� ɩɨɞɯɨɞ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ� ɛɭɞɟɬ� ɩɪɢɦɟɧɟɧ� ɞɥɹ� ɚɧɚɥɢɡɚ� ɪɚɡɪɭɲɟɧɢɹ� ɢɡɧɚɱɚɥɶɧɨ�



��� 

ɛɟɡɞɟɮɟɤɬɧɵɯ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɩɪɢ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ�

ɤɨɧɬɚɤɬɧɨɦ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�� Ȼɭɞɟɬ� ɢɫɫɥɟɞɨɜɚɧɨ� ɭɞɚɪɧɨɟ�

ɤɪɚɬɟɪɨɨɛɪɚɡɨɜɚɧɢɟ�� ɷɪɨɡɢɹ� ɦɚɬɟɪɢɚɥɚ� ɩɪɢ� ɭɞɚɪɚɯ� ɱɚɫɬɢɰ��

ɩɪɨɛɢɜɚɧɢɟ� ɩɪɟɝɪɚɞ� ɭɞɚɪɧɢɤɚɦɢ�� Ȼɭɞɟɬ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɬɚɤɢɟ� ɡɚɞɚɱɢ�

ɦɨɝɭɬ� ɛɵɬɶ� ɷɮɮɟɤɬɢɜɧɨ� ɪɟɲɟɧɵ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɤɪɢɬɟɪɢɹ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ�� ɜɧɟɞɪɟɧɧɨɝɨ� ɜ� ɱɢɫɥɟɧɧɭɸ� ɫɯɟɦɭ� ɦɟɬɨɞɚ�

ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ� 

  



��� 

Ƚɥɚɜɚ�� 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ� ɪɚɡɪɭɲɟɧɢɟ� ɢɡɧɚɱɚɥɶɧɨ�

ɛɟɡɞɟɮɟɤɬɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɭɞɚɪɧɨɟ�

ɤɪɚɬɟɪɨɨɛɪɚɡɨɜɚɧɢɟ, ɷɪɨɡɢɹ�� ɩɪɨɛɨɣ�

ɦɚɬɟɪɢɚɥɚ�ɭɞɚɪɧɢɤɚɦɢ 
 

 

5.1 ȼɜɟɞɟɧɢɟ�ɢ�ɨɛɡɨɪ�ɥɢɬɟɪɚɬɭɪɵ 
 

 ȼ� ɝɥɚɜɟ� �� ɩɪɢ� ɩɨɦɨɳɢ� ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ� ɫ�

ɜɧɟɞɪɟɧɧɵɦ� ɜ ɧɟɝɨ� ɤɪɢɬɟɪɢɟɦ� ɪɚɡɪɭɲɟɧɢɹ� ɧɚ� ɨɫɧɨɜɟ� ɩɨɧɹɬɢɹ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɢɫɫɥɟɞɨɜɚɥɢɫɶ� ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ� ɫ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ� ɢ� ɨɫɬɚɧɨɜɤɨɣ� ɢɦɟɸɳɢɯɫɹ� ɜ� ɦɚɬɟɪɢɚɥɟ�

ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ� ɬɪɟɳɢɧ��Ʉɚɤ�ɭɠɟ�ɭɩɨɦɢɧɚɥɨɫɶ�ɪɚɧɟɟ� ɜ�ɝɥɚɜɟ���ɢ�

ɝɥɚɜɟ����ɤɪɢɬɟɪɢɣ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɬɚɤɠɟ�ɦɨɠɟɬ�ɩɪɢɦɟɧɹɬɶɫɹ�

ɞɥɹ� ɨɰɟɧɤɢ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɫɥɭɱɚɟ� ɨɬɫɭɬɫɬɜɢɹ� ɢɡɧɚɱɚɥɶɧɵɯ�

ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ� ɪɚɡɪɭɲɟɧɢɣ� ɜ� ɦɚɬɟɪɢɚɥɟ�� ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ�

ɧɟɨɛɯɨɞɢɦɨ� ɩɪɨɢɡɜɨɞɢɬɶ� ɨɰɟɧɤɭ� ɜɵɩɨɥɧɟɧɢɹ� ɤɪɢɬɟɪɢɹ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɤɚɠɞɵɣ� ɦɨɦɟɧɬ�

ɜɪɟɦɟɧɢ� ɜ� ɤɚɠɞɨɣ� ɬɨɱɤɟ� ɨɛɪɚɡɰɚ� ɜ� ɤɚɠɞɨɦ� ɢɡ� ɜɨɡɦɨɠɧɵɯ�

ɧɚɩɪɚɜɥɟɧɢɣ�� ȼ� ɦɨɦɟɧɬ� ɜɵɩɨɥɧɟɧɢɹ ɤɪɢɬɟɪɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɞɨɥɠɧɨ�

ɩɪɨɢɫɯɨɞɢɬɶ� ɨɛɪɚɡɨɜɚɧɢɟ� ɧɨɜɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ� ɜ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�

ɬɨɱɤɟ�ɜ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ�ɧɚɩɪɚɜɥɟɧɢɢ�� 

 



��� 

ȼ� ɞɚɧɧɨɣ� ɝɥɚɜɟ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɬɚɤɨɝɨ�ɪɨɞɚ�ɩɪɨɰɟɫɫɨɜ� 

 

Ɋɚɫɫɦɨɬɪɢɦ� ɨɫɧɨɜɧɵɟ� ɦɨɞɟɥɢ�� ɢɫɩɨɥɶɡɭɟɦɵɟ� ɜ� ɥɢɬɟɪɚɬɭɪɟ� ɞɥɹ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ� ɪɚɡɪɭɲɟɧɢɹ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ. 

ɋɪɟɞɢ� ɦɨɞɟɥɟɣ�� ɧɚɢɛɨɥɟɟ� ɱɚɫɬɨ� ɢɫɩɨɥɶɡɭɟɦɵɯ� ɞɥɹ� ɱɢɫɥɟɧɧɨɝɨ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɩɨɜɟɞɟɧɢɹ� ɢ� ɪɚɡɪɭɲɟɧɢɹ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ��

ɫɬɨɢɬ� ɜɵɞɟɥɢɬɶ� ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɭɸ� ɜɟɪɫɢɸ� ɦɨɞɟɥɢ� ɏɨɥɦɤɜɢɫɬɚ� ± 

Ⱦɠɨɧɫɨɧɚ�± Ʉɭɤɚ��0+-&��(ɫɦ�, ɧɚɩɪ�, Polanco et al., 2008, Khan et al., 

2020, Fawaz et al 2004, Bresciani et al 2018, Hetherington 1992, Madhu 

et al 2006, Zaera and Sanchez-Galvez 1998, Lopez-Puente et al. 2006, Tan 

et al. 2010, Chi et al. 2013, Serjouei et al. 2015, Pawar et al. 2016, Khan et 

al. 2019, Krishnan et al. 2010, Burger et al. 2012, Naik et al. 2013, 

Mayseless et al. 1987, Shockey et al. 1990, Rahbek et al. 2017), 

ɜɞɨɯɧɨɜɥɟɧɧɭɸ� ɦɨɞɟɥɶɸ� ɏɨɥɦɤɜɢɫɬɚ� ± Ⱦɠɨɧɫɨɧɚ� ± Ʉɭɤɚ� �+-&��

(Holmquist et al., 1993, Johnson and Holmquist 1994, Johnson and Cook 

1985, 1983, Holmquist et al. 2001��� ɗɬɚ� ɦɨɞɟɥɶ� ɧɚɢɛɨɥɟɟ� ɱɚɫɬɨ�

ɩɪɢɦɟɧɹɟɬɫɹ� ɞɥɹ� ɱɢɫɥɟɧɧɨɝɨ� ɚɧɚɥɢɡɚ� ɞɟɮɨɪɦɚɰɢɢ� ɢ� ɪɚɡɪɭɲɟɧɢɹ 

ɤɜɚɡɢɯɪɭɩɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɢɯ�ɤɚɤ�ɝɨɪɧɵɟ�ɩɨɪɨɞɵ��ɤɟɪɚɦɢɤɢ�ɢ�ɞɚɠɟ�

ɪɚɡɥɢɱɧɨɝɨ�ɪɨɞɚ�ɫɬɟɤɥɚ�� 

 

Ⱦɥɹ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɩɨɜɟɞɟɧɢɹ�ɩɨɪɢɫɬɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�

ɭɞɚɪɧɵɯ�ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ�ɧɚɝɪɭɡɨɤ�ɢɫɩɨɥɶɡɭɟɬɫɹ�ɦɨɞɟɥɶ�325(467�

(Tokheim et al., 1973), ɡɚɞɚɸɳɚɹ ɭɪɚɜɧɟɧɢɹ� ɫɨɫɬɨɹɧɢɹ� ɦɚɬɟɪɢɚɥɚ��

ɨɩɪɟɞɟɥɹɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ� ɨɬ� ɞɚɜɥɟɧɢɹ� �ɦɨɞɟɥɶ�

Ⱦɪɭɤɟɪɚ� ± ɉɪɚɝɟɪɚ��� ɇɚɩɪɢɦɟɪ�� ɜ� (Hébert et al. 2017) ɷɬɚ ɦɨɞɟɥɶ�

ɢɫɩɨɥɶɡɨɜɚɧɚ�ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɤɪɚɬɟɪɨɨɛɪɚɡɨɜɚɧɢɹ�ɢ�

ɝɥɭɛɨɤɨɝɨ� ɩɪɨɧɢɤɧɨɜɟɧɢɹ� ɫɜɟɪɯɫɤɨɪɨɫɬɧɨɝɨ� �����±4500 ɦ�ɫ) 

ɭɞɚɪɧɢɤɚ ɜ� ɩɨɪɢɫɬɵɣ� ɝɪɚɮɢɬ� Ʉɪɨɦɟ� ɭɩɨɦɹɧɭɬɵɯ� ɢɡɜɟɫɬɧɨ 



��� 

ɡɧɚɱɢɬɟɥɶɧɨɟ�ɤɨɥɢɱɟɫɬɜɨ�ɪɚɡɧɨɨɛɪɚɡɧɵɯ�ɦɨɞɟɥɟɣ��ɫɦ�, ɧɚɩɪ�, Knight 

et al. 1977, Florence 1969, Sarva et al. 2007, Savio et al. 2011, Recht 1967, 

Tate 1985, Mazars and Grange 2017, Pontiroli et al. 2010, Krieg 1978, 

Swenson and Taylor 1983, Cusatis et al. 2011, Dragon and Mroz 1979, 

Horii and Nemat-Nasser 1986, Denoual and Hild 2000, Forquin and Hild 

2010, Forquin and Erzar 2010), ɤɨɬɨɪɵɟ� ɫ� ɬɟɦɢ� ɢɥɢ� ɢɧɵɦɢ�

ɦɨɞɢɮɢɤɚɰɢɹɦɢ� ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɨɜɦɟɫɬɧɨ� ɫ� ɱɢɫɥɟɧɧɵɦɢ� ɫɯɟɦɚɦɢ��

ɩɪɢɦɟɧɹɟɦɵɦɢ ɞɥɹ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɞɟɮɨɪɦɚɰɢɢ� ɢ� ɪɚɡɪɭɲɟɧɢɹ�

ɤɜɚɡɢɯɪɭɩɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ� 

 

Ɉɛɳɢɦ� ɢ� ɫɚɦɵɦ� ɝɥɚɜɧɵɦ� ɧɟɞɨɫɬɚɬɤɨɦ� ɨɬɦɟɱɟɧɧɵɯ� ɜɵɲɟ� ɦɨɞɟɥɟɣ�

ɹɜɥɹɟɬɫɹ� ɛɨɥɶɲɨɟ� �ɜ� ɧɟɤɨɬɨɪɵɯ� ɫɥɭɱɚɹɯ� ɞɨ� ���� ɤɨɥɢɱɟɫɬɜɨ�

ɩɚɪɚɦɟɬɪɨɜ�� ɤɨɬɨɪɵɟ� ɡɚɱɚɫɬɭɸ� ɹɜɥɹɸɬɫɹ� ©ɩɨɞɝɨɧɨɱɧɵɦɢª�� ɧɟ� ɢɦɟɹ�

ɩɨɧɹɬɧɨɝɨ�ɮɢɡɢɱɟɫɤɨɝɨ�ɫɦɵɫɥɚ�ɢ�ɫɩɨɫɨɛɚ�ɢɡɦɟɪɟɧɢɹ��Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��

ɩɪɢ� ɦɨɞɟɥɢɪɨɜɚɧɢɢ� ɤɨɧɤɪɟɬɧɨɝɨ� ɷɤɫɩɟɪɢɦɟɧɬɚ� ɩɭɬɟɦ� ©ɧɚɫɬɪɨɣɤɢª�

ɢɫɩɨɥɶɡɭɟɦɵɯ� ɩɚɪɚɦɟɬɪɨɜ�� ɤɚɤ� ɩɪɚɜɢɥɨ�� ɭɞɚɟɬɫɹ� ɞɨɛɢɜɚɬɶɫɹ� ɨɱɟɧɶ�

ɯɨɪɨɲɟɝɨ� ɫɨɨɬɜɟɬɫɬɜɢɹ� ɪɟɡɭɥɶɬɚɬɨɜ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɪɟɡɭɥɶɬɚɬɚɦ�

ɷɤɫɩɟɪɢɦɟɧɬɚ�� Ɉɞɧɚɤɨ�� ɩɪɢ� ɩɨɩɵɬɤɟ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ�

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɯ�ɬɚɤɢɦ�ɨɛɪɚɡɨɦ�ɩɚɪɚɦɟɬɪɨɜ�ɞɥɹ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�

ɩɨɜɟɞɟɧɢɹ� ɬɨɝɨ� ɠɟ� ɦɚɬɟɪɢɚɥɚ� ɜ� ɨɬɥɢɱɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�

ɭɫɥɨɜɢɹɯ�� ɤɚɤ� ɩɪɚɜɢɥɨ�� ɨɤɚɡɵɜɚɟɬɫɹ�� ɱɬɨ� ɞɨɛɢɬɶɫɹ� ɫɨɜɩɚɞɟɧɢɹ�

ɪɟɡɭɥɶɬɚɬɨɜ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɧɚɛɥɸɞɚɟɦɵɦ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɧɟ�

ɭɞɚɟɬɫɹ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɷɬɢ� ɦɨɞɟɥɢ� ɡɚɱɚɫɬɭɸ� ɩɪɢɨɛɪɟɬɚɸɬ�

ɨɩɢɫɚɬɟɥɶɧɵɣ� ɯɚɪɚɤɬɟɪ�� ɧɟ� ɞɚɜɚɹ� ɜɨɡɦɨɠɧɨɫɬɢ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ�

ɩɨɜɟɞɟɧɢɟ� ɦɚɬɟɪɢɚɥɚ� ɢ� ɤɨɧɫɬɪɭɤɰɢɣ� ɢɡ� ɧɟɝɨ, ɫɨɡɞɚɧɧɵɯ� ɜ� ɧɨɜɵɯ��

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɧɟ�ɢɫɫɥɟɞɨɜɚɧɧɵɯ�ɭɫɥɨɜɢɹɯ� 

 

Ⱦɚɥɟɟ� ɛɭɞɟɬ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɜɧɟɞɪɟɧɢɟ ɤɪɢɬɟɪɢɹ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ�� ɢɫɩɨɥɶɡɭɸɳɟɝɨ ɜɫɟɝɨ� ɨɞɢɧ�



��� 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ� ɩɚɪɚɦɟɬɪ� ɦɚɬɟɪɢɚɥɚ� �ɢɧɤɭɛɚɰɢɨɧɧɨɟ� ɜɪɟɦɹ�

ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ��� ɢɦɟɸɳɢɣ� ɩɨɧɹɬɧɵɣ� ɮɢɡɢɱɟɫɤɢɣ� ɫɦɵɫɥ� ɢ�

ɞɨɫɬɚɬɨɱɧɨ�ɩɪɨɫɬɨɣ�ɫɩɨɫɨɛ�ɢɡɦɟɪɟɧɢɹ�ɜ�ɧɟɡɚɜɢɫɢɦɨɦ�ɷɤɫɩɟɪɢɦɟɧɬɟ��

ɜ� ɱɢɫɥɟɧɧɵɟ� ɫɯɟɦɵ� ɪɚɫɱɟɬɨɜ�� ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɷɮɮɟɤɬɵ�

ɞɢɧɚɦɢɤɢ�ɪɚɡɪɭɲɟɧɢɹ�ɢ�ɮɪɚɝɦɟɧɬɚɰɢɢ�ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɜ�

ɪɚɡɧɨɨɛɪɚɡɧɵɯ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɭɫɥɨɜɢɹɯ�� 

 

5.2 Ⱦɢɧɚɦɢɱɟɫɤɨɟ� ɤɪɚɬɟɪɨɨɛɪɚɡɨɜɚɧɢɟ�� Ɇɨɞɟɥɢɪɨɜɚɧɢɟ�

ɤɨɧɬɚɤɬɚ�ɫɩɭɬɧɢɤɚ�60$57��ɫ�ɩɨɜɟɪɯɧɨɫɬɶɸ�Ʌɭɧɵ 
 

 

5.2.1 ȼɜɟɞɟɧɢɟ� 

 
�� ɫɟɧɬɹɛɪɹ� ����� ɝɨɞɚ� ɫɩɭɬɧɢɤ� ȿɜɪɨɩɟɣɫɤɨɝɨ� Ʉɨɫɦɢɱɟɫɤɨɝɨ�

Ⱥɝɟɧɬɫɬɜɚ��ȿɄȺ��60$57��ɩɪɨɢɡɜɟɥ�ɠɟɫɬɤɭɸ�ɩɨɫɚɞɤɭ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɶ�

Ʌɭɧɵ��Ʉɨɧɬɚɤɬ�ɫɩɭɬɧɢɤɚ��ɢɦɟɜɲɟɝɨ�ɮɨɪɦɭ��ɛɥɢɡɤɭɸ�ɤ�ɤɭɛɢɱɟɫɤɨɣ��ɫ�

ɯɚɪɚɤɬɟɪɧɵɦ�ɪɚɡɦɟɪɨɦ�ɩɨɪɹɞɤɚ�ɨɞɧɨɝɨ�ɦɟɬɪɚ�ɢ�ɦɚɫɫɭ�����ɤɢɥɨɝɪɚɦɦ�

ɫ� ɥɭɧɧɨɣ� ɩɨɜɟɪɯɧɨɫɬɶɸ� ɩɪɨɢɡɨɲɟɥ� ɧɚ� ɫɤɨɪɨɫɬɢ� ɩɨɪɹɞɤɚ� ����� ɦ�ɫ��

ɇɚɛɥɸɞɚɟɦɵɟ� ɪɚɡɦɟɪɵ� ɞɟɮɟɤɬɚ� �ɤɪɚɬɟɪɚ��� ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ� ɧɚ�

ɩɨɜɟɪɯɧɨɫɬɢ� Ʌɭɧɵ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɤɨɧɬɚɤɬɚ�� ɞɢɚɦɟɬɪ� �� ����� ɦɟɬɪɨɜ��

ɝɥɭɛɢɧɚ�����ɦɟɬɪɚ��ɉɪɢ�ɩɨɦɨɳɢ�ɦɟɬɨɞɚ�ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ��ɆɄɗ��ɫ�

ɜɜɟɞɟɧɧɵɦ� ɜ� ɧɟɝɨ� ɤɪɢɬɟɪɢɟɦ� ɪɚɡɪɭɲɟɧɢɹ�� ɨɫɧɨɜɚɧɧɨɦ� ɧɚ� ɩɨɧɹɬɢɢ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ�� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɤɨɦɩɶɸɬɟɪɧɨɟ�

ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɤɨɧɬɚɤɬɚ�ɫɩɭɬɧɢɤɚ�60$57��ɫ�ɥɭɧɧɨɣ�ɩɨɜɟɪɯɧɨɫɬɶɸ��

ɉɪɢ� ɩɨɦɨɳɢ� ɪɚɡɪɚɛɨɬɚɧɧɨɣ� ɱɢɫɥɟɧɧɨɣ� ɦɨɞɟɥɢ� ɞɟɥɚɟɬɫɹ� ɩɨɩɵɬɤɚ�

ɨɩɪɟɞɟɥɟɧɢɹ� ɪɚɡɦɟɪɨɜ� ɤɪɚɬɟɪɚ�� ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ�

Ʌɭɧɵ� ɞɥɹ� ɩɨɫɥɟɞɭɸɳɟɝɨ� ɫɪɚɜɧɟɧɢɹ� ɫ� ɧɚɛɥɸɞɚɟɦɵɦɢ� ɜ�



��� 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ�� ȼ� ɩɪɟɞɵɞɭɳɢɯ� ɝɥɚɜɚɯ� ɛɵɥɨ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ��

ɩɪɢɦɟɧɹɹ�ɩɨɞɯɨɞ��ɨɫɧɨɜɚɧɧɵɣ�ɧɚ�ɩɨɧɹɬɢɢ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�

ɩɪɨɰɟɫɫɚ�ɪɚɡɪɭɲɟɧɢɹ��ɜɨɡɦɨɠɧɨ�ɨɩɢɫɚɧɢɟ�ɢɧɢɰɢɚɰɢɢ��Ɇɨɪɨɡɨɜ�ɢ�ɞɪ��

������3HWURY�DQG�0RUR]RY�������3HWURY�������Ȼɪɚɬɨɜ�ɢ�ɞɪ��������%UDWRY�

DQG�3HWURY�����E���ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ��Ȼɪɚɬɨɜ�ɢ�ɉɟɬɪɨɜ�������%UDWRY�DQG�

3HWURY�����D��ɢ�ɨɫɬɚɧɨɜɤɢ� �Ȼɪɚɬɨɜ�ɢ�ɉɟɬɪɨɜ�������%UDWRY�DQG�3HWURY�

����D��ɬɪɟɳɢɧ�ɜ�ɬɜɟɪɞɵɯ�ɬɟɥɚɯ��ɉɨɥɭɱɟɧɧɵɟ�ɜ�ɞɚɧɧɨɣ�ɪɚɛɨɬɟ�ɞɚɧɧɵɟ�

ɩɨɡɜɨɥɹɸɬ� ɝɨɜɨɪɢɬɶ� ɨ� ɩɪɢɦɟɧɢɦɨɫɬɢ� ɩɨɞɯɨɞɚ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ� ɞɥɹ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɢɡɧɚɱɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɯ�

ɫɪɟɞ� 

 

 

5.2.2 ɑɢɫɥɟɧɧɚɹ�ɦɨɞɟɥɶ 

 

ȼ�ɝɥɚɜɟ���ɢ�ɝɥɚɜɟ���ɛɵɥ�ɫɮɨɪɦɭɥɢɪɨɜɚɧ�ɤɪɢɬɟɪɢɣ�ɪɚɡɪɭɲɟɧɢɹ�ɧɚ�

ɨɫɧɨɜɟ� ɩɨɧɹɬɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ��

Ɍɚɤɠɟ� ɜ� ɷɬɢɯ� ɝɥɚɜɚɯ� ɛɵɥɨ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɩɨɞɯɨɞ�� ɫɜɹɡɚɧɧɵɣ� ɫ�

ɢɧɤɭɛɚɰɢɨɧɧɵɦ� ɜɪɟɦɟɧɟɦ�� ɦɨɠɟɬ� ɛɵɬɶ� ɭɫɩɟɲɧɨ� ɩɪɢɦɟɧɟɧ� ɞɥɹ�

ɨɩɢɫɚɧɢɹ� ɢɧɢɰɢɚɰɢɢ�� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɢ� ɨɫɬɚɧɨɜɤɢ� ɞɢɧɚɦɢɱɟɫɤɢ�

ɧɚɝɪɭɠɚɟɦɵɯ�ɬɪɟɳɢɧ�� 

 

ȿɳɟ� ɪɚɡ� ɧɚɩɨɦɧɢɦ� ɨɫɧɨɜɧɵɟ� ɩɨɥɨɠɟɧɢɹ� ɬɟɨɪɢɢ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ��Ⱦɥɹ�ɨɰɟɧɤɢ�ɜɨɡɦɨɠɧɨɫɬɢ�ɪɚɡɪɭɲɟɧɢɹ�

ɜ�ɬɨɱɤɟ�[�ɜ�ɦɨɦɟɧɬ�ɜɪɟɦɟɧɢ�W�ɤɪɢɬɟɪɢɣ�ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ�ɜ�ɜɢɞɟ� 
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��� 

ɝɞɟ� W - ɢɧɤɭɛɚɰɢɨɧɧɨɟ� ɜɪɟɦɹ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ� ± ɩɚɪɚɦɟɬɪ��

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ� ɨɬɤɥɢɤ� ɦɚɬɟɪɢɚɥɚ� ɧɚ� ɞɢɧɚɦɢɱɟɫɤɢɟ�

ɩɪɢɤɥɚɞɵɜɚɟɦɵɟ� ɧɚɝɪɭɡɤɢ� �W ɹɜɥɹɟɬɫɹ� ɤɨɧɫɬɚɧɬɨɣ� ɞɥɹ� ɜɵɛɪɚɧɧɨɝɨ�

ɦɚɬɟɪɢɚɥɚ�ɢ�ɧɟ� ɡɚɜɢɫɢɬ�ɨɬ� ɝɟɨɦɟɬɪɢɢ�ɨɛɪɚɡɰɚ�� ɫɩɨɫɨɛɚ�ɩɪɢɥɨɠɟɧɢɹ�

ɧɚɝɪɭɡɤɢ�� ɜɪɟɦɟɧɧɨɣ�ɮɨɪɦɵ�ɢ� ɚɦɩɥɢɬɭɞɵ�ɢɦɩɭɥɶɫɚ� ɜɨɡɞɟɣɫɬɜɢɹ���G�

ɢɦɟɟɬ� ɫɦɵɫɥ� ɯɚɪɚɤɬɟɪɧɨɝɨ� ɪɚɡɦɟɪɚ� ɪɚɡɪɭɲɟɧɢɹ� ɢ� ɡɚɜɢɫɢɬ� ɨɬ�

ɜɵɛɪɚɧɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɢ�ɦɚɫɲɬɚɛɧɨɝɨ�ɭɪɨɜɧɹ��ɧɚ�ɤɨɬɨɪɨɦ�ɩɪɨɜɨɞɢɬɫɹ�

ɷɤɫɩɟɪɢɦɟɧɬ�� V �� ɧɨɪɦɚɥɶɧɨɟ� ɧɚɩɪɹɠɟɧɢɟ� ɜ� ɬɨɱɤɟ�� ɦɟɧɹɸɳɟɟɫɹ� ɜɨ�

ɜɪɟɦɟɧɢ�� Vc� �� ɟɝɨ� ɤɪɢɬɢɱɟɫɤɨɟ� ɡɧɚɱɟɧɢɟ� ɜ� ɭɫɥɨɜɢɹɯ� ɫɬɚɬɢɤɢ��

ɯɚɪɚɤɬɟɪɧɨɟ�ɞɥɹ�ɢɫɫɥɟɞɭɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɢ�ɜɵɛɪɚɧɧɨɝɨ�ɦɚɫɲɬɚɛɧɨɝɨ�

ɭɪɨɜɧɹ��[
�ɢ�W
���ɥɨɤɚɥɶɧɵɟ�ɤɨɨɪɞɢɧɚɬɚ�ɢ�ɜɪɟɦɹ� 

 

ȼ�ɫɥɭɱɚɟ�ɤɜɚɡɢɫɬɚɬɢɤɢ��ݐ ՜ λ��������ɫɨɜɩɚɞɚɟɬ�ɫ�ɢɡɜɟɫɬɧɵɦ�ɤɪɢɬɟɪɢɟɦ�

ɪɚɡɪɭɲɟɧɢɹ� ɇɨɜɨɠɢɥɨɜɚ�ɇɟɣɛɟɪɚ� �1HXEHU� ������ 1RYR]KLORY� �������

ɍɫɥɨɜɢɟɦ� ɩɪɢɦɟɧɢɦɨɫɬɢ� ɤɪɢɬɟɪɢɹ� ������ ɞɥɹ� ɨɩɢɫɚɧɢɹ�

ɦɟɞɥɟɧɧɨɬɟɤɭɳɢɯ�ɩɪɨɰɟɫɫɨɜ�ɹɜɥɹɟɬɫɹ�ɟɝɨ�ɫɨɨɬɜɟɬɫɬɜɢɟ�ɤɥɚɫɫɢɱɟɫɤɢɦ�

ɞɥɹ� ɫɬɚɬɢɤɢ� ɤɪɢɬɟɪɢɹɦ� ɪɚɡɪɭɲɟɧɢɹ� �ɤɪɢɬɟɪɢɣ� ɤɪɢɬɢɱɟɫɤɨɝɨ�

ɧɚɩɪɹɠɟɧɢɹ� ɞɥɹ� ɛɟɡɞɟɮɟɤɬɧɵɯ� ɫɪɟɞ� ɢ� ɤɪɢɬɟɪɢɣ� ɤɪɢɬɢɱɟɫɤɨɝɨ�

ɤɨɷɮɮɢɰɢɟɧɬɚ�ɧɚɩɪɹɠɟɧɢɣ�ɞɥɹ�ɬɟɥ�ɫ�ɬɪɟɳɢɧɚɦɢ���Ɉɱɟɜɢɞɧɨ��ɱɬɨ�ɞɥɹ�

ɫɥɭɱɚɹ�ɛɟɡɞɟɮɟɤɬɧɵɯ�ɫɪɟɞ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ�ɧɚɝɪɭɡɨɤ��

������ ɷɤɜɢɜɚɥɟɧɬɧɨ� ɭɫɥɨɜɢɸ� ɞɨɫɬɢɠɟɧɢɹ� ɧɚɩɪɹɠɟɧɢɣ� ɤɪɢɬɢɱɟɫɤɨɝɨ�

ɭɪɨɜɧɹ��ߪ ൒ �ɜ��௖���ȼ�ɫɥɭɱɚɟ�ɦɟɞɥɟɧɧɨ�ɧɚɝɪɭɠɚɟɦɵɯ�ɬɟɥ�ɫ�ɬɪɟɳɢɧɚɦɢߪ

ɭɫɥɨɜɢɹɯ� ɩɪɢɦɟɧɢɦɨɫɬɢ� ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ� ɩɪɟɞɫɬɚɜɥɟɧɢɹ� ɩɨɥɹ�

ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɨɤɪɟɫɬɧɨɫɬɢ� ɜɟɪɲɢɧɵ� ɬɪɟɳɢɧɵ� ɫ� ɤɨɪɧɟɜɨɣ�

ɨɫɨɛɟɧɧɨɫɬɶɸ�� ɦɨɠɧɨ� ɩɨɤɚɡɚɬɶ�� ɱɬɨ� ɜ� ɫɥɭɱɚɟ� ɜɵɛɨɪɚ� ɯɚɪɚɤɬɟɪɧɨɝɨ�

ɪɚɡɦɟɪɚ� 
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��� 

 

ɝɞɟ�.,&�±�ɤɪɢɬɢɱɟɫɤɢɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɚɩɪɹɠɟɧɢɣ�ɞɥɹ�

ɬɪɟɳɢɧ�� ɧɚɝɪɭɠɚɟɦɵɯ� ɩɨ� ɦɨɞɟ� ,�� ɤɪɢɬɟɪɢɣ� ������ ɜ� ɫɥɭɱɚɟ� ɬɪɟɳɢɧ��

ɧɚɝɪɭɠɚɟɦɵɯ� ɩɨ� ɦɨɞɟ� ,�� ɫɬɚɧɨɜɢɬɫɹ� ɷɤɜɢɜɚɥɟɧɬɧɵɦ� ɤɥɚɫɫɢɱɟɫɤɨɦɭ�

ɭɫɥɨɜɢɸ� ɤɪɢɬɢɱɟɫɤɨɝɨ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ�

ɂɪɜɢɧɚ� � ୍ܭ ൒ ��େ୍ܭ ��� ȼɚɠɧɨɣ� ɨɫɨɛɟɧɧɨɫɬɶɸ� ɤɪɢɬɟɪɢɹ� ������

�ɩɨɜɬɨɪɹɸɳɟɝɨ� ɤɪɢɬɟɪɢɣ� ɇɟɣɛɟɪɚ�ɇɨɜɨɠɢɥɨɜɚ� ɜ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ�

ɭɫɥɨɜɢɹɯ�� ɹɜɥɹɟɬɫɹ� ɜɨɡɦɨɠɧɨɫɬɶ� ɤɨɪɪɟɤɬɧɨɝɨ� ɨɩɢɫɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ�

ɬɟɥ� ɫ� ɦɚɥɵɦɢ� ɬɪɟɳɢɧɚɦɢ�� ɂɦɟɸɬɫɹ� ɜ� ɜɢɞɭ� ɬɪɟɳɢɧɵ�� ɞɨɫɬɚɬɨɱɧɨ�

ɛɨɥɶɲɢɟ�ɞɥɹ�ɬɨɝɨ��ɱɬɨɛɵ�ɧɟɥɶɡɹ�ɛɵɥɨ�ɩɪɟɧɟɛɪɟɝɚɬɶ�ɢɯ�ɜɥɢɹɧɢɟɦ�ɧɚ�

ɜɧɟɲɧɟɟ� ɩɨɥɟ�� ɧɨ� ɩɪɢ� ɷɬɨɦ� ɧɟɞɨɫɬɚɬɨɱɧɨ� ɡɧɚɱɢɬɟɥɶɧɵɟ� ɞɥɹ� ɬɨɝɨ��

ɱɬɨɛɵ�ɩɨɥɟ�ɜɛɥɢɡɢ�ɜɟɪɲɢɧ�ɩɨɥɧɨɫɬɶɸ�ɨɩɪɟɞɟɥɹɥɨɫɶ�ɤɨɷɮɮɢɰɢɟɧɬɨɦ�

ɢɧɬɟɧɫɢɜɧɨɫɬɢ�� Ʉɪɨɦɟ� ɬɨɝɨ�� ɤɪɢɬɟɪɢɣ� ������ ɜɨɡɦɨɠɧɨ� ɩɪɢɦɟɧɹɬɶ� ɜ�

ɫɥɭɱɚɟ� ɨɫɨɛɟɧɧɨɫɬɢ� ɜ� ɩɨɥɟ� ɧɚɩɪɹɠɟɧɢɣ�� ɨɬɥɢɱɧɨɣ� ɨɬ� ɤɨɪɧɟɜɨɣ�

�ɧɚɩɪɢɦɟɪ��ɜ�ɫɥɭɱɚɟ�ɭɝɥɨɜɵɯ�ɜɵɪɟɡɨɜ��� 

 

Ⱦɚɥɟɟ� ɩɪɢ� ɩɨɦɨɳɢ� ɆɄɗ� ɫ� ɜɧɟɞɪɟɧɧɵɦ� ɜ� ɧɟɝɨ� ɤɪɢɬɟɪɢɟɦ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ� ɢɫɫɥɟɞɨɜɚɧɚ� ɡɚɞɚɱɚ�

ɩɪɨɧɢɤɧɨɜɟɧɢɹ�±�ɩɪɨɛɥɟɦɚ��ɫɜɹɡɚɧɧɚɹ�ɫ�ɞɢɧɚɦɢɱɟɫɤɢɦ�ɪɚɡɪɭɲɟɧɢɟɦ�

ɢɡɧɚɱɚɥɶɧɨ�ɛɟɡɞɟɮɟɤɬɧɨɣ�ɫɪɟɞɵ� 

 

 

5.2.3 ɑɢɫɥɟɧɧɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɤɨɧɬɚɤɬɚ� ɫɩɭɬɧɢɤɚ� ɫ�

ɩɨɜɟɪɯɧɨɫɬɶɸ�Ʌɭɧɵ 

 

 �� ɫɟɧɬɹɛɪɹ� ����� ɝɨɞɚ� ɫɩɭɬɧɢɤ� ȿɜɪɨɩɟɣɫɤɨɝɨ� Ʉɨɫɦɢɱɟɫɤɨɝɨ�

Ⱥɝɟɧɬɫɬɜɚ��ȿɄȺ��60$57��ɩɪɨɢɡɜɟɥ�ɠɟɫɬɤɭɸ�ɩɨɫɚɞɤɭ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɶ�

Ʌɭɧɵ� �(6$� ����D�� ����E�� Ɇɨɪɨɡɨɜ� ɢ� ɞɪ�� ������� Ʉɨɧɬɚɤɬ� ɫɩɭɬɧɢɤɚ��



��� 

ɢɦɟɜɲɟɝɨ� ɮɨɪɦɭ�� ɛɥɢɡɤɭɸ� ɤ� ɤɭɛɢɱɟɫɤɨɣ�� ɫ� ɯɚɪɚɤɬɟɪɧɵɦ� ɪɚɡɦɟɪɨɦ�

ɩɨɪɹɞɤɚ�ɨɞɧɨɝɨ�ɦɟɬɪɚ�ɢ�ɦɚɫɫɭ�����ɤɢɥɨɝɪɚɦɦ�ɫ�ɥɭɧɧɨɣ�ɩɨɜɟɪɯɧɨɫɬɶɸ�

ɩɪɨɢɡɨɲɟɥ� ɧɚ� ɫɤɨɪɨɫɬɢ� ɩɨɪɹɞɤɚ� ����� ɦ�ɫ�� ɇɚɛɥɸɞɚɟɦɵɟ� ɪɚɡɦɟɪɵ�

ɞɟɮɟɤɬɚ� �ɤɪɚɬɟɪɚ��� ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ� Ʌɭɧɵ� ɜ�

ɪɟɡɭɥɶɬɚɬɟ�ɤɨɧɬɚɤɬɚ��ɞɢɚɦɟɬɪ��������ɦɟɬɪɨɜ��ɝɥɭɛɢɧɚ�����ɦɟɬɪɚ��ɐɟɥɶɸ�

ɞɚɧɧɨɝɨ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɹɜɥɹɟɬɫɹ�ɫɪɚɜɧɟɧɢɟ�ɪɟɚɥɶɧɵɯ�ɪɚɡɦɟɪɨɜ�ɤɪɚɬɟɪɚ�

ɫ� ɩɨɥɭɱɚɟɦɵɦɢ� ɩɪɢ� ɦɨɞɟɥɢɪɨɜɚɧɢɢ� ɩɪɨɰɟɫɫɚ� ɦɟɬɨɞɨɦ� Ʉɗ� ɫ�

ɜɜɟɞɟɧɧɵɦ� ɤɪɢɬɟɪɢɟɦ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ�� ɢɫɩɨɥɶɡɭɟɦɵɦ� ɞɥɹ�

ɨɰɟɧɤɢ�ɜɨɡɦɨɠɧɨɫɬɢ�ɪɚɡɪɭɲɟɧɢɹ�ɦɚɬɟɪɢɚɥɚ� 

 

Ɍɪɚɞɢɰɢɨɧɧɵɣ�ɫɩɨɫɨɛ�ɫɨɡɞɚɧɢɹ�ɧɨɜɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɜ�ɆɄɗ�ɫɜɹɡɚɧ�ɫ�

ɪɚɡɞɟɥɟɧɢɟɦ� ɭɡɥɨɜ�� ɗɬɨɬ� ɧɚɢɛɨɥɟɟ� ɭɞɨɛɧɵɣ� ɜ� ɛɨɥɶɲɢɧɫɬɜɟ� ɫɥɭɱɚɟɜ�

ɩɨɞɯɨɞ��ɬɟɦ�ɧɟ�ɦɟɧɟɟ��ɫɜɹɡɚɧ�ɫ�ɞɨɫɬɚɬɨɱɧɨ�ɞɥɢɬɟɥɶɧɵɦɢ�ɩɪɨɰɟɞɭɪɚɦɢ�

ɩɟɪɟɪɚɡɛɢɟɧɢɹ�ɢ�ɩɟɪɟɫɱɟɬɚ�ɩɟɪɟɦɟɳɟɧɢɣ��ɞɟɮɨɪɦɚɰɢɣ�ɢ�ɫɤɨɪɨɫɬɟɣ�ɧɚ�

ɧɨɜɵɟ� ɭɡɥɵ�� Ⱦɥɹ� ɬɨɝɨ�� ɱɬɨɛɵ� ɝɚɪɚɧɬɢɪɨɜɚɬɶ� ɤɨɪɪɟɤɬɧɨɟ�

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ�ɜ��������ɧɟɨɛɯɨɞɢɦɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɦɚɥɟɧɶɤɢɟ�ɲɚɝɢ�ɩɨ�

ɜɪɟɦɟɧɢ�� ȼ� ɷɬɢɯ� ɭɫɥɨɜɢɹɯ� ɪɚɡɞɟɥɟɧɢɟ� ɭɡɥɨɜ� ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ� ɧɟ�

ɥɭɱɲɢɦ� ɪɟɲɟɧɢɟɦ�� ȼ� ɢɫɩɨɥɶɡɨɜɚɧɧɨɦ� ɦɟɬɨɞɟ� ɤɨɧɟɱɧɵɟ� ɷɥɟɦɟɧɬɵ��

ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ� Ʌɭɧɭ�� ɢɡɧɚɱɚɥɶɧɨ� ɧɟ� ɢɦɟɸɬ� ɨɛɳɢɯ� ɭɡɥɨɜ�� Ⱦɨ�

ɦɨɦɟɧɬɚ�ɪɚɡɪɭɲɟɧɢɹ�� ɫɬɟɩɟɧɢ� ɫɜɨɛɨɞɵ�ɭɡɥɨɜ�� ɧɚɯɨɞɹɳɢɯɫɹ� ɜ� ɨɞɧɨɣ�

ɬɨɱɤɟ��ɠɟɫɬɤɨ�ɫɜɹɡɚɧɵ��ɪɢɫ�������� 

 



��� 

 

Ɋɢɫɭɧɨɤ�5.1 

Ʉɨɧɟɱɧɨɷɥɟɦɟɧɬɧɚɹ�ɦɨɞɟɥɶ�ɫ�ɷɥɟɦɟɧɬɚɦɢ�ɛɟɡ�ɨɛɳɢɯ�ɭɡɥɨɜ. 

 

Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɫɨɜɩɚɞɚɟɬ� ɫ� ɪɟɲɟɧɢɟɦ� ɡɚɞɚɱɢ� ɞɥɹ�

ɷɥɟɦɟɧɬɨɜ� ɫ� ɨɛɳɢɦ� ɭɡɥɨɦ�� Ɋɚɡɦɟɪ� ɤɚɠɞɨɝɨ� ɷɥɟɦɟɧɬɚ� ɜ� ɬɨɱɧɨɫɬɢ�

ɪɚɜɧɹɥɫɹ� G� �G� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɢɡ� �������� ɉɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɭɫɥɨɜɢɹ�

ɪɚɡɪɭɲɟɧɢɹ�ɨɝɪɚɧɢɱɟɧɢɟ�ɧɚ�ɫɬɟɩɟɧɢ�ɫɜɨɛɨɞɵ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɭɡɥɨɜ�

ɫɧɢɦɚɸɬɫɹ�±�ɨɛɪɚɡɨɜɚɧɚ�ɧɨɜɚɹ�ɩɨɜɟɪɯɧɨɫɬɶ� 

 

ɇɚ� ɪɢɫɭɧɤɟ� ���� ɞɚɧɨ� ɫɯɟɦɚɬɢɱɧɨɟ� ɩɪɟɞɫɬɚɜɥɟɧɢɟ� ɜɧɭɬɪɟɧɧɢɯ� ɬɨɱɟɤ�

ɪɚɡɪɭɲɚɟɦɨɝɨ�ɬɟɥɚ��ɂɡɧɚɱɚɥɶɧɨ�ɫɬɟɩɟɧɢ�ɫɜɨɛɨɞɵ�ɭɡɥɨɜ��ɧɚɯɨɞɹɳɢɯɫɹ�



��� 

ɜ� ɨɞɧɨɣ� ɬɨɱɤɟ�� ɫɜɹɡɚɧɵ�� ɍɫɥɨɜɢɟ� ɪɚɡɪɭɲɟɧɢɹ� ������ ɞɥɹ� ɬɚɤɨɣ� ɬɨɱɤɢ�

ɦɨɠɟɬ�ɛɵɬɶ�ɩɟɪɟɩɢɫɚɧɨ� 

 

ଵ
ఛ ׬ ɐ௜௜ሺݐԢሻ݀ݐԢ ൒ ௖ߪ

௧
୲ିத ,                                                                  (5.3) 

 

ɝɞɟ� L� ɩɪɢɧɢɦɚɟɬ� ɡɧɚɱɟɧɢɹ� �� ɢ� ���ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ�

ɢɫɱɟɡɚɟɬ��ɬ�ɤ��ɜ�ɆɄɗ�ɧɚɩɪɹɠɟɧɢɹ�ɜ�ɞɚɧɧɨɦ�ɭɡɥɟ�ɢ�ɬɚɤ�ɩɪɟɞɫɬɚɜɥɹɸɬ�

ɫɨɛɨɣ� ɭɫɪɟɞɧɟɧɧɨɟ� ɡɧɚɱɟɧɢɟ� ɩɨ� ɪɚɫɫɬɨɹɧɢɸ� ɩɨɪɹɞɤɚ� ɪɚɡɦɟɪɚ�

ɷɥɟɦɟɧɬɚ�� 

 

Ɂɚɞɚɱɚ� ɪɟɲɚɟɬɫɹ� ɞɥɹ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ� \���� ɉɨɜɟɞɟɧɢɟ� ɦɚɬɟɪɢɚɥɚ�

ɨɩɪɟɞɟɥɹɟɬɫɹ� ɥɢɧɟɣɧɨɣ� ɬɟɨɪɢɟɣ� ɭɩɪɭɝɨɫɬɢ�� ȼ� ɧɚɱɚɥɶɧɵɣ� ɦɨɦɟɧɬ�

ɜɪɟɦɟɧɢ� ɧɚɩɪɹɠɟɧɢɹ� ɜ� ɦɚɬɟɪɢɚɥɟ�� ɩɪɟɞɫɬɚɜɥɹɸɳɟɦ� Ʌɭɧɭ��

ɨɬɫɭɬɫɬɜɭɸɬ�ɢ�ɜɫɟ�ɬɨɱɤɢ�ɧɚɯɨɞɹɬɫɹ�ɜ�ɩɨɤɨɟ��Ɋɟɲɚɟɬɫɹ�ɡɚɞɚɱɚ�ɫ�ɨɫɟɜɨɣ�

ɫɢɦɦɟɬɪɢɟɣ�� ɋɜɨɣɫɬɜɚ� ɦɚɬɟɪɢɚɥɚ�� ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ� Ʌɭɧɭ�� ɜɡɹɬɵ�

ɪɚɜɧɵɦɢ� ɫɪɟɞɧɢɦ� ɞɥɹ� ɡɟɦɧɨɝɨ� ɛɚɡɚɥɶɬɚ�� ɂɫɩɨɥɶɡɭɟɦɵɟ� ɩɚɪɟɦɟɬɪɵ�

ɩɪɟɞɫɬɚɜɥɟɧɵ�ɜ�ɬɚɛɥɢɰɟ������ 
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       Ɇɨɞɭɥɶ�ɘɧɝɚ60 ܧ� Ƚɩɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ�ɉɭɚɫɫɨɧɚ0.25 ߥ� 

ɉɥɨɬɧɨɫɬɶ2850 ߩ� ɤɝ�ɫɦ3 

Ʉɪɢɬɢɱɟɫɤɨɟ� ɧɚɩɪɹɠɟɧɢɟ�

 ˔ߪ

10.5 Ɇɩɚ 

Ʉɪɢɬɢɱɟɫɤɢɣ�Ʉɂɇ 2.94 Ɇɩɚή ξˏ 

 ݀ 5 cɦ 

 ߬ 80 ɦɤɫ 

 

Ɍɚɛɥɢɰɚ�5.1 

ɋɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɚ��ɢɫɩɨɥɶɡɭɟɦɵɟ�ɜ�ɜɵɱɢɫɥɟɧɢɹɯ 

 

ɐɢɥɢɧɞɪ� ɞɢɚɦɟɬɪɨɦ� ɜ� �� ɦɟɬɪ� ɢ� ɜɵɫɨɬɨɣ� ɜ� �� ɦɟɬɪ� ɩɚɞɚɟɬ� ɧɚ�

ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ� ɧɚ� ɫɤɨɪɨɫɬɢ� ����� ɦ�ɫɟɤ�� ɉɥɨɬɧɨɫɬɶ� ɦɚɬɟɪɢɚɥɚ�

ɰɢɥɢɧɞɪɚ�ɩɨɞɨɛɪɚɧɚ�ɬɚɤɢɦ�ɨɛɪɚɡɨɦ��ɱɬɨɛɵ�ɟɝɨ�ɨɛɳɚɹ�ɦɚɫɫɚ�ɪɚɜɧɹɥɚɫɶ�

���� ɤɝ�� Ɋɢɫɭɧɨɤ� �� ɞɚɟɬ� ɩɪɟɞɫɬɚɜɥɟɧɢɟ� ɨɛ� ɢɫɩɨɥɶɡɭɟɦɨɣ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ�ɦɨɞɟɥɢ��Ɋɚɡɦɟɪɵ�ɜɵɛɪɚɧɵ�ɬɚɤɢɦ�ɨɛɪɚɡɨɦ��ɱɬɨɛɵ�

ɜɨɥɧɵ�� ɨɬɪɚɠɟɧɧɵɟ� ɨɬ� ɝɪɚɧɢɰ� ɨɛɪɚɡɰɚ�� ɧɟ� ɜɨɡɜɪɚɳɚɥɢɫɶ� ɜ�

ɪɚɡɪɭɲɚɟɦɭɸ�ɨɛɥɚɫɬɶ�ɜ�ɬɟɱɟɧɢɢ�ɷɤɫɩɟɪɢɦɟɧɬɚ� 

 



��� 

 

Ɋɢɫɭɧɨɤ�5.2 

Ɉɛɳɢɣ�ɜɢɞ�ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ�ɦɨɞɟɥɢ. 

 

Ⱦɥɹ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ� ɥɢɧɟɣɧɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ� ɢɫɩɨɥɶɡɨɜɚɥɫɹ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɣ�ɩɚɤɟɬ�$16<6���������ȼɵɩɨɥɧɟɧɢɟ�ɭɫɥɨɜɢɹ�������

ɜɨ� ɜɫɟɯ� ɭɡɥɚɯ� ɨɛɪɚɡɰɚ� ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ� ɩɪɢ� ɩɨɦɨɳɢ� ɨɬɞɟɥɶɧɨɣ�

ɩɨɞɩɪɨɝɪɚɦɦɵ�ɧɚ�ɹɡɵɤɟ�$16<6�$'3/� 

 

ɇɚ� ɪɢɫɭɧɤɟ� ���� ɢɡɨɛɪɚɠɟɧɨ� ɫɨɫɬɨɹɧɢɟ� ɨɛɪɚɡɰɚ� ɩɨɫɥɟ� ɡɚɜɟɪɲɟɧɢɹ�

ɷɤɫɩɟɪɢɦɟɧɬɚ�� Ɋɚɡɪɭɲɟɧɢɟ� ɜ� ɧɢɠɧɟɣ� ɱɚɫɬɢ� ɨɛɪɚɡɰɚ� ɜɨɡɧɢɤɥɨ�

ɜɫɥɟɞɫɬɜɢɟ� ɨɬɤɨɥɚ� ɦɚɬɟɪɢɚɥɚ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɨɬɪɚɠɟɧɢɹ� ɜɨɥɧ� ɨɬ� ɟɝɨ�

ɧɢɠɧɟɣ� ɝɪɚɧɢɰɵ�� ɇɚ� ɪɢɫɭɧɤɟ� ���� ɧɚ� ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ� ɫɟɬɤɟ�

ɨɬɦɟɱɟɧɵ�ɭɡɥɵ��ɜ�ɤɨɬɨɪɵɯ�ɩɪɨɢɡɨɲɥɨ�ɪɚɡɞɟɥɟɧɢɟ�ɦɚɬɟɪɢɚɥɚ��Ɍɚɤɢɦ�



��� 

ɨɛɪɚɡɨɦ��ɦɨɠɧɨ�ɨɰɟɧɢɬɶ�ɪɚɡɦɟɪ�ɨɬɩɟɱɚɬɤɚ��ɤɪɚɬɟɪɚ���ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ�

ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɭɞɚɪɚ� ɫɩɭɬɧɢɤɚ� ɨ� ɩɨɜɟɪɯɧɨɫɬɶ� Ʌɭɧɵ�� Ʉɚɤ� ɜɢɞɧɨ� ɢɡ�

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ�� ɩɨɜɪɟɠɞɟɧɧɚɹ� ɡɨɧɚ� ɢɦɟɟɬ� ɞɢɚɦɟɬɪ�

ɩɨɪɹɞɤɚ� ��� ɦɟɬɪɨɜ� ɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ� ɜɝɥɭɛɶ� ɩɪɢɦɟɪɧɨ� ɧɚ� �� ɦɟɬɪɚ��

Ɂɨɧɭ�� ɝɞɟ�ɦɚɬɟɪɢɚɥ�ɩɨɥɧɨɫɬɶɸ�ɮɪɚɝɦɟɧɬɢɪɨɜɚɧ��ɦɨɠɧɨ�ɨɰɟɧɢɬɶ� ɤɚɤ�

ɢɦɟɸɳɭɸ������ɦɟɬɪɨɜ�ɜ�ɞɢɚɦɟɬɪɟ�ɢ���ɦɟɬɪɚ�ɜ�ɝɥɭɛɢɧɭ��ɗɬɢ�ɪɟɡɭɥɶɬɚɬɵ�

ɨɱɟɧɶ� ɯɨɪɨɲɨ� ɫɨɜɩɚɞɚɸɬ� ɫ� ɨɰɟɧɤɚɦɢ� ɪɚɡɦɟɪɚ� ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ�

ɤɪɚɬɟɪɚ�ɩɪɨɜɟɞɟɧɧɵɦɢ�ȿɄȺ��(6$�����D������E�� 

 

 

Ɋɢɫɭɧɨɤ�5.3 

Ɉɛɪɚɡɟɰ�ɩɨɫɥɟ�ɭɞɚɪɧɨɝɨ�ɜɨɡɞɟɣɫɬɜɢɹ�ɫɩɭɬɧɢɤɚ. 

 



��� 

 

Ɋɢɫɭɧɨɤ�5.4 

ɍɡɥɵ, ɜ�ɤɨɬɨɪɵɯ�ɩɪɨɢɡɨɲɥɨ�ɪɚɡɪɭɲɟɧɢɟ. 

 

 

5.2.4 ȼɵɜɨɞɵ 

  

 ɉɨɤɚɡɚɧɨ��ɱɬɨ�ɨɛɥɚɫɬɶ�ɩɪɢɦɟɧɢɦɨɫɬɢ�ɤɪɢɬɟɪɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɧɚ�

ɨɫɧɨɜɟ� ɩɨɧɹɬɢɹ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ�

ɞɨɫɬɚɬɨɱɧɨ� ɨɛɲɢɪɧɚ�� Ɍɚɤ� ɤɚɤ� ɛɨɥɶɲɢɧɫɬɜɨ� ɩɪɢɤɥɚɞɧɵɯ� ɡɚɞɚɱ�

ɞɢɧɚɦɢɱɟɫɤɨɣ� ɭɩɪɭɝɨɫɬɢ� ɧɟ� ɢɦɟɟɬ� ɹɜɧɨɝɨ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɪɟɲɟɧɢɹ��

ɛɨɥɶɲɢɧɫɬɜɨ� ɡɚɞɚɱ� ɬɪɟɛɭɟɬ�ɩɪɢɦɟɧɟɧɢɹ�ɱɢɫɥɟɧɧɵɯ� ɫɯɟɦ�ɪɚɫɱɟɬɚ��ȼ�

ɷɬɨɣ� ɫɜɹɡɢ� ɩɨɞɯɨɞ�� ɫɜɹɡɚɧɧɵɣ� ɫ� ɢɧɤɭɛɚɰɢɨɧɧɵɦ� ɜɪɟɦɟɧɟɦ�� ɢɦɟɟɬ�

ɡɧɚɱɢɬɟɥɶɧɵɟ� ɩɪɟɢɦɭɳɟɫɬɜɚ� ±� ɨɧ� ɩɪɢɦɟɧɢɦ� ɞɥɹ� ɨɩɢɫɚɧɢɹ� ɤɚɤ�

ɞɢɧɚɦɢɤɢ�� ɬɚɤ� ɢ� ɫɬɚɬɢɤɢ� ɪɚɡɪɭɲɟɧɢɹ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɧɟɬ�

ɧɟɨɛɯɨɞɢɦɨɫɬɢ� ɜɜɟɞɟɧɢɹ� ɪɚɡɥɢɱɧɵɯ� ɤɪɢɬɟɪɢɟɜ� ɪɚɡɪɭɲɟɧɢɹ� ɞɥɹ�

ɪɚɡɧɵɯ� ɫɤɨɪɨɫɬɟɣ� ɩɪɢɥɨɠɟɧɢɹ� ɧɚɝɪɭɡɤɢ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ�� ɢɫɩɨɥɶɡɭɹ�

ɤɪɢɬɟɪɢɣ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ�� ɜɧɟɞɪɟɧɧɵɣ� ɜ� ɫɯɟɦɭ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɯ�ɪɚɫɱɟɬɨɜ��ɜɨɡɦɨɠɧɨ�ɤɨɪɪɟɤɬɧɨɟ�ɨɩɢɫɚɧɢɟ�ɫɬɚɪɬɚ�



��� 

�Ɇɨɪɨɡɨɜ�ɢ�ɞɪ��������3HWURY�DQG�0RUR]RY�������3HWURY�������Ȼɪɚɬɨɜ�ɢ�

ɞɪ��������%UDWRY�DQG�3HWURY�����E���ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ��Ȼɪɚɬɨɜ�ɢ�ɉɟɬɪɨɜ�

������ %UDWRY� DQG� 3HWURY� ����D�� ɢ� ɨɫɬɚɧɨɜɤɢ� �Ȼɪɚɬɨɜ� ɢ�ɉɟɬɪɨɜ� ������

%UDWRY� DQG� 3HWURY� ����D�� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɬɪɟɳɢɧ�� ȼ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ�

ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɚɧɚɥɨɝɢɱɧɵɣ� ɩɨɞɯɨɞ� ɜ� ɫɨɫɬɨɹɧɢɢ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ�

ɪɚɡɪɭɲɟɧɢɟ�ɢɡɧɚɱɚɥɶɧɨ�ɛɟɡɞɟɮɟɤɬɧɵɯ�ɫɪɟɞ�� 

 

Ⱦɚɥɟɟ� ɪɚɫɫɦɨɬɪɢɦ� ɡɚɞɚɱɭ� ɨɛ� ɷɪɨɡɢɢ�� ɜɵɡɜɚɧɧɨɣ� ɞɢɧɚɦɢɱɟɫɤɢɦɢ�

ɭɞɚɪɧɵɦɢ�ɜɨɡɞɟɣɫɬɜɢɹɦɢ� 

 

 

5.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ� ɪɚɡɪɭɲɟɧɢɹ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ�

ɩɨɤɪɵɬɢɹ�ɲɢɩɚɦɢ�ɩɪɨɬɢɜɨɫɤɨɥɶɠɟɧɢɹ 
 

 

5.3.1 ȼɜɟɞɟɧɢɟ 

 

 ɑɚɫɬɨ� ɫɱɢɬɚɟɬɫɹ�� ɱɬɨ� ɨɫɧɨɜɧɨɣ� ɜɤɥɚɞ� ɜ� ɪɚɡɪɭɲɟɧɢɟ� ɢ�

ɞɟɮɨɪɦɚɰɢɸ� ɩɨɤɪɵɬɵɯ� ɚɫɮɚɥɶɬɨɦ� ɞɨɪɨɠɧɵɯ� ɩɨɤɪɵɬɢɣ� ɜɧɨɫɢɬ�

ɬɹɠɟɥɵɣ�ɬɪɚɧɫɩɨɪɬ��Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ��ɩɪɢ�ɧɢɡɤɨɫɤɨɪɨɫɬɧɨɦ�ɞɜɢɠɟɧɢɢ�

ɬɹɠɟɥɵɟ� ɬɪɚɧɫɩɨɪɬɧɵɟ� ɫɪɟɞɫɬɜɚ� �ɝɪɭɡɨɜɢɤɢ�� ɚɜɬɨɛɭɫɵ� ɢ� ɬɚɤ ɞɚɥɟɟ) 

ɫɨɡɞɚɸɬ� ɧɚ� ɞɨɪɨɠɧɨɟ� ɩɨɤɪɵɬɢɟ ɧɚɝɪɭɡɤɢ�� ɤɨɬɨɪɵɟ� ɡɧɚɱɢɬɟɥɶɧɨ�

ɩɪɟɜɵɲɚɸɬ� ɧɚɝɪɭɡɤɢ�� ɫɨɡɞɚɜɚɟɦɵɟ� ɝɨɪɚɡɞɨ� ɛɨɥɟɟ� ɥɟɝɤɢɦɢ�

ɚɜɬɨɦɨɛɢɥɹɦɢ�� ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɞɨɪɨɠɧɨɟ� ɩɨɤɪɵɬɢɟ� ɧɚɝɪɭɠɚɟɬɫɹ�

ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢ�� ɉɪɨɰɟɫɫ� ɞɟɮɨɪɦɚɰɢɢ� ɢ� ɪɚɡɪɭɲɟɧɢɹ� ɞɨɪɨɠɧɨɝɨ�

ɩɨɤɪɵɬɢɹ� ɜ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɦ ɫɥɭɱɚɟ� ɞɨɫɬɚɬɨɱɧɨ� ɯɨɪɨɲɨ� ɢɡɭɱɟɧ��

ɋɢɬɭɚɰɢɹ� ɦɨɠɟɬ� ɫɭɳɟɫɬɜɟɧɧɨ� ɢɡɦɟɧɢɬɶɫɹ�� ɟɫɥɢ� ɭɱɟɫɬɶ�



��� 

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ�ɬɪɚɮɢɤ��ɉɪɢ�ɞɜɢɠɟɧɢɢ�ɩɨ�ɪɨɫɫɢɣɫɤɢɦ�ɫɤɨɪɨɫɬɧɵɦ�

ɚɜɬɨɦɚɝɢɫɬɪɚɥɹɦ� ɦɨɠɧɨ� ɡɚɦɟɬɢɬɶ�� ɱɬɨ� ɨɫɧɨɜɧɨɣ� ɭɳɟɪɛ� ɞɨɪɨɠɧɨɦɭ�

ɩɨɤɪɵɬɢɸ� ɩɪɢɯɨɞɢɬɫɹ� ɧɚ� ɥɟɜɵɟ� �ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɟ�� ɩɨɥɨɫɵ�

ɞɜɢɠɟɧɢɹ��Ɍɚɤɠɟ�ɜɢɞɧɨ��ɱɬɨ�ɷɬɢ ɩɨɜɪɟɠɞɟɧɢɹ ɜɵɡɜɚɧɵ ɷɪɨɡɢɨɧɧɵɦ�

ɪɚɡɪɭɲɟɧɢɟɦ� ɩɨɜɟɪɯɧɨɫɬɢ� ɚɫɮɚɥɶɬɚ� �ɢɡɧɨɫ�� ɫɜɹɡɚɧɧɵɣ ɫ� ɜɵɧɨɫɨɦ�

ɦɚɬɟɪɢɚɥɚ��� ȼ� ɬɨ� ɠɟ� ɜɪɟɦɹ� ɬɹɠɟɥɵɟ� ɝɪɭɡɨɜɢɤɢ� ɤɪɚɣɧɟ� ɪɟɞɤɨ�

ɩɟɪɟɞɜɢɝɚɸɬɫɹ� ɩɨ� ɷɬɢɦ� ɩɨɥɨɫɚɦ�� Ɉɱɟɜɢɞɧɨ�� ɷɬɨ� ɩɨɜɪɟɠɞɟɧɢɟ�

ɜɵɡɵɜɚɸɬ� ɛɵɫɬɪɨ� ɞɜɢɠɭɳɢɟɫɹ� ɥɟɝɤɨɜɵɟ� ɚɜɬɨɦɨɛɢɥɢ� Ⱦɥɹ�

ɚɜɬɨɦɨɛɢɥɹ�� ɞɜɢɠɭɳɟɝɨɫɹ� ɫɨ� ɫɤɨɪɨɫɬɶɸ� ���� ɤɦ� �� ɱ�� ɜɪɟɦɹ�

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɲɢɧɵ� ɫ� ɞɨɪɨɝɨɣ� ɫɨɫɬɚɜɥɹɟɬ� ɨɤɨɥɨ� �� ɦɢɥɥɢɫɟɤɭɧɞ��

ɍɞɚɪ�ɲɢɩɚ�ɲɢɧɵ�ɨ�ɩɨɜɟɪɯɧɨɫɬɶ�ɞɨɪɨɝɢ�ɞɥɢɬɫɹ��-��ɦɢɤɪɨɫɟɤɭɧɞɵ��ɢ�

ɷɧɟɪɝɢɹ� ɷɬɨɝɨ� ɭɞɚɪɚ� ɭɜɟɥɢɱɢɜɚɟɬɫɹ� ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ� ɤɜɚɞɪɚɬɭ�

ɫɤɨɪɨɫɬɢ� ɬɪɚɧɫɩɨɪɬɧɨɝɨ� ɫɪɟɞɫɬɜɚ�� Ʌɨɝɢɱɧɨ� ɩɪɟɞɩɨɥɨɠɢɬɶ�� ɱɬɨ�

ɨɫɧɨɜɧɚɹ�ɩɪɢɱɢɧɚ�ɷɪɨɡɢɨɧɧɨɝɨ ɩɨɜɪɟɠɞɟɧɢɹ ɥɟɜɵɯ�ɩɨɥɨɫ�ɞɜɢɠɟɧɢɹ�

ɧɚ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɞɨɪɨɝɚɯ� - ɷɬɨ� ɪɟɡɭɥɶɬɚɬ� ɭɞɚɪɨɜ�ɲɢɩɚɦɢ�ɲɢɧ�

ɬɪɚɧɫɩɨɪɬɧɵɯ�ɫɪɟɞɫɬɜ��ɞɜɢɠɭɳɢɯɫɹ�ɫ�ɛɨɥɶɲɨɣ�ɫɤɨɪɨɫɬɶɸ� 

 

ɂɡɭɱɢɦ� ɭɫɥɨɜɢɹ�� ɤɨɬɨɪɵɟ� ɦɨɝɭɬ� ɩɪɢɜɨɞɢɬɶ� ɤ� ɨɛɪɚɡɨɜɚɧɢɸ�

ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɦ� ɩɨɤɪɵɬɢɢ� ɩɪɢ� ɭɞɚɪɟ� ɫɨ� ɫɬɨɪɨɧɵ�

ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ� ɲɢɩɚ� ɩɪɨɬɢɜɨɫɤɨɥɶɠɟɧɢɹ�� ɉɪɢ� ɚɧɚɥɢɡɟ� ɛɭɞɟɦ�

ɢɫɩɨɥɶɡɨɜɚɬɶ�ɨɛɫɭɠɞɚɜɲɢɣɫɹ�ɪɚɧɟɟ�ɤɪɢɬɟɪɢɣ�ɪɚɡɪɭɲɟɧɢɹ�ɧɚ�ɨɫɧɨɜɟ�

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ������ - ������� Ɍɚɤɠɟ�

ɢɫɩɨɥɶɡɭɟɦ� ɱɢɫɥɟɧɧɭɸ� ɦɨɞɟɥɶ, ɚɧɚɥɨɝɢɱɧɭɸ� ɦɨɞɟɥɢ��

ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ�ɞɥɹ�ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ�ɨɛ�ɭɞɚɪɟ� ɫɩɭɬɧɢɤɚ� SMART1 ɨ�

ɩɨɜɟɪɯɧɨɫɬɶ�Ʌɭɧɵ��Ɇɨɞɢɮɢɤɚɰɢɢ�ɱɢɫɥɟɧɧɨɣ�ɫɯɟɦɵ�ɫɜɹɡɚɧɵ�ɫ�ɞɪɭɝɢɦ�

ɦɚɫɲɬɚɛɧɵɦ�ɭɪɨɜɧɟɦ�ɩɪɨɰɟɫɫɚ��ɢɧɵɦɢ�ɫɜɨɣɫɬɜɚɦɢ�ɪɚɡɪɭɲɚɟɦɨɝɨ�ɢ�

ɧɚɝɪɭɠɚɸɳɟɝɨ� ɦɚɬɟɪɢɚɥɚ�� ɢɧɵɦɢ� ɝɪɚɧɢɱɧɵɦɢ� ɢ� ɧɚɱɚɥɶɧɵɦɢ�

ɭɫɥɨɜɢɹɦɢ� 

 



��� 

ȼ� ɩɟɪɜɨɣ� ɚɩɩɪɨɤɫɢɦɚɰɢɢ� ɪɚɫɫɦɨɬɪɢɦ� ɡɚɞɚɱɭ ɨɛ� ɨɬɤɨɥɟ� ɜ�

ɩɥɚɫɬɢɧɟ��ɜɵɩɨɥɧɟɧɧɨɣ�ɢɡ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ��ɉɨɥɭɱɚɟɦɵɟ�ɪɟɡɭɥɶɬɚɬɵ�

ɛɭɞɭɬ� ɧɟɫɤɨɥɶɤɨ� ɞɚɥɟɤɢ� ɨɬ� ɩɪɚɤɬɢɤɢ�� ɨɞɧɚɤɨ� ɞɚɞɭɬ� ɨɛɳɟɟ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ� ɨ� ɧɚɝɪɭɡɤɚɯ�� ɫɩɨɫɨɛɧɵɯ� ɜɵɡɜɚɬɶ� ɪɚɡɪɭɲɟɧɢɟ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ� ɩɨɤɪɵɬɢɹ� ɢ�� ɱɬɨ� ɨɫɨɛɟɧɧɨ� ɰɟɧɧɨ�� ɨ� ɜɥɢɹɧɢɢ�

ɫɜɨɣɫɬɜ� ɪɚɡɪɭɲɚɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɧɚ� ɚɦɩɥɢɬɭɞɵ� ɢ� ɞɥɢɬɟɥɶɧɨɫɬɢ�

ɜɨɡɞɟɣɫɬɜɢɣ��ɫɩɨɫɨɛɧɵɯ�ɜɵɡɜɚɬɶ�ɪɚɡɪɭɲɟɧɢɟ� 

 

ɇɚ� ɫɥɟɞɭɸɳɟɦ� ɷɬɚɩɟ� ɪɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶ� ɧɚ� ɨɫɧɨɜɟ� ɡɚɞɚɱɢ�

Ƚɟɪɰɚ� ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɭɫɥɨɜɢɣ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ�

ɷɪɨɡɢɨɧɧɨɝɨ� ɬɢɩɚ� ɩɪɢ� ɭɞɚɪɟ� ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ�ɲɢɩɚ� ɨɛ� ɚɫɮɚɥɶɬɨɜɨɟ�

ɩɨɤɪɵɬɢɟ�� ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɞɚɸɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɤɚɱɟɫɬɜɟɧɧɨ�

ɨɰɟɧɢɬɶ�ɤɪɢɬɢɱɟɫɤɢɟ�ɫɤɨɪɨɫɬɢ�ɲɢɩɚ��ɢ��ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��ɚɜɬɨɦɨɛɢɥɹ���

ɧɚɱɢɧɚɹ� ɫ� ɤɨɬɨɪɵɯ� ɩɪɨɢɫɯɨɞɢɬ� ɨɛɪɚɡɨɜɚɧɢɟ� ɞɟɮɟɤɬɨɜ� ɜ� ɫɬɪɭɤɬɭɪɟ�

ɜɹɠɭɳɟɝɨ��ɱɬɨ�ɫɨ�ɜɪɟɦɟɧɟɦ�ɩɪɢɜɟɞɟɬ�ɤ�ɪɚɡɪɭɲɟɧɢɸ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ��

Ɍɚɤɠɟ� ɧɚ� ɨɫɧɨɜɟ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ� Ƚɟɪɰɚ� ɜɨɡɦɨɠɧɵ� ɨɰɟɧɤɢ� ɜɥɢɹɧɢɹ�

ɫɜɨɣɫɬɜ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ� ɧɚ� ɤɪɢɬɢɱɟɫɤɢɟ� ɩɨɪɨɝɨɜɵɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�

ɪɚɡɪɭɲɟɧɢɹ�� 

 

ȼ� ɧɚɫɬɨɹɳɢɣ� ɦɨɦɟɧɬ� ɦɨɞɟɥɶ�� ɨɫɧɨɜɚɧɧɚɹ� ɧɚ� ɪɟɲɟɧɢɢ� ɡɚɞɚɱɢ�

Ƚɟɪɰɚ�ɨɛ�ɭɞɚɪɟ�ɱɚɫɬɢɰɵ�ɨ�ɝɪɚɧɢɰɭ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ��ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ�

ɧɚɢɛɨɥɟɟ� ɛɥɢɡɤɨɣ� ɤ� ɪɟɚɥɶɧɨɦɭ� ɜɨɡɞɟɣɫɬɜɢɸ� ɞɥɹ� ɲɢɩɨɜɚɧɧɨɣ�

ɚɜɬɨɦɨɛɢɥɶɧɨɣ�ɲɢɧɵ�ɫɪɟɞɢ�ɜɨɡɦɨɠɧɵɯ�ɚɧɚɥɢɬɢɱɟɫɤɢɯ�ɪɟɲɟɧɢɣ��ɇɚ�

ɨɫɧɨɜɚɧɢɢ� ɤɥɚɫɫɢɱɟɫɤɨɣ� ɫɯɟɦɵ� Ƚɟɪɰɚ� ɦɨɠɧɨ� ɜɵɱɢɫɥɢɬɶ�

ɦɚɤɫɢɦɚɥɶɧɨɟ� ɧɚɩɪɹɠɟɧɢɟ� ɜ� ɫɪɟɞɟ� ɢ� ɞɥɢɬɟɥɶɧɨɫɬɶ� ɜɨɡɞɟɣɫɬɜɢɹ��

ɜɨɡɧɢɤɚɸɳɟɝɨ�ɜ�ɪɟɡɭɥɶɬɚɬɟ�ɭɞɚɪɚ�ɱɚɫɬɢɰɟɣ�ɪɚɞɢɭɫɚ�  ɫɨ�ɫɤɨɪɨɫɬɶɸ�

ɨɛ�ɭɩɪɭɝɨɟ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ� 
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��� 

ȼ� ɩɨɫɥɟɞɧɟɣ� ɱɚɫɬɢ� ɪɚɛɨɬɵ� ɡɚɞɚɱɚ� ɨɛ� ɭɞɚɪɟ� ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ�

ɲɢɩɚ� ɨ� ɩɨɤɪɵɬɢɟ� ɪɟɲɚɥɚɫɶ� ɱɢɫɥɟɧɧɨ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɦɟɬɨɞɚ�

ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ�� ɉɨɥɭɱɟɧɧɨɟ� ɪɟɲɟɧɢɟ� ɹɜɥɹɟɬɫɹ� ɧɚɢɛɨɥɟɟ�

ɛɥɢɡɤɢɦ� ɤ� ɪɟɚɥɶɧɨɣ� ɡɚɞɚɱɟ� ɨɛ� ɭɞɚɪɟ� ɲɢɩɚ� ɨɛ� ɚɫɮɚɥɶɬɨɛɟɬɨɧ�� ɇɚ�

ɨɫɧɨɜɟ�ɪɟɲɟɧɢɹ�ɞɟɥɚɸɬɫɹ�ɜɵɜɨɞɵ�ɨ�ɤɪɢɬɢɱɟɫɤɢɯ�ɫɤɨɪɨɫɬɹɯ�ɞɜɢɠɟɧɢɹ�

ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ�� ɧɚɱɢɧɚɹ� ɫ� ɤɨɬɨɪɵɯ� ɫɥɟɞɭɟɬ� ɨɠɢɞɚɬɶ� ɧɚɱɚɥɨ�

ɷɪɨɡɢɨɧɧɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ, ɢ� ɨ� ɜɥɢɹɧɢɢ� ɫɜɨɣɫɬɜ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ�ɧɚ�ɞɚɧɧɵɟ�ɤɪɢɬɢɱɟɫɤɢɟ�ɫɤɨɪɨɫɬɢ� 

 

 

5.3.2 ɋɜɨɣɫɬɜɚ�ɪɚɡɪɭɲɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ��ɚɫɮɚɥɶɬɨɛɟɬɨɧ� 

 

 Ⱦɥɹ�ɞɚɥɶɧɟɣɲɢɯ�ɨɰɟɧɨɤ�ɩɨɬɪɟɛɭɸɬɫɹ�ɩɚɪɚɦɟɬɪɵ�ɦɚɬɟɪɢɚɥɚ�ɞɥɹ�

ɪɚɡɪɭɲɚɟɦɨɣ�ɫɪɟɞɵ��ȼɵɛɨɪ�ɫɜɨɣɫɬɜ�ɧɚ�ɫɨɜɫɟɦ�ɨɱɟɜɢɞɟɧ��ɫɭɳɟɫɬɜɭɟɬ�

ɛɨɥɶɲɨɟ� ɤɨɥɢɱɟɫɬɜɨ� ɪɚɡɧɨɨɛɪɚɡɧɵɯ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ� ɫɦɟɫɟɣ��

ɲɢɪɨɤɨ�ɢɫɩɨɥɶɡɭɟɦɵɯ�ɧɚ�ɩɪɚɤɬɢɤɟ��ɂɯ�ɦɟɯɚɧɢɱɟɫɤɢɟ�ɢ�ɩɪɨɱɧɨɫɬɧɵɟ�

ɫɜɨɣɫɬɜɚ� ɫɭɳɟɫɬɜɟɧɧɨ� ɪɚɡɥɢɱɚɸɬɫɹ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɫɜɨɣɫɬɜ�

ɤɨɦɩɨɧɟɧɬɨɜ� ɫɦɟɫɢ� ɢ� ɢɯ� ɩɪɨɩɨɪɰɢɣ�� ɉɪɢɱɟɦ� ɞɥɹ� ɷɬɨɝɨ� ɤɥɚɫɫɚ�

ɦɚɬɟɪɢɚɥɨɜ�ɯɚɪɚɤɬɟɪɧɚ�ɫɭɳɟɫɬɜɟɧɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɫɜɨɣɫɬɜ�ɦɚɬɟɪɢɚɥɚ�

ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ� 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɫɨɫɪɟɞɨɬɨɱɟɧɵ� ɧɚ� ɯɪɭɩɤɨɦ�

ɪɚɡɪɭɲɟɧɢɢ� ɚɫɮɚɥɶɬɚ� ɩɪɢ� ɭɞɚɪɟ� ɫɨ� ɫɬɨɪɨɧɵ� ɚɜɬɨɦɨɛɢɥɶɧɵɯ�ɲɢɩɨɜ�

ɩɪɨɬɢɜɨɫɤɨɥɶɠɟɧɢɹ��ɂɡɜɟɫɬɧɨ��ɱɬɨ�ɛɨɥɟɟ�ɧɢɡɤɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ�ɨɛɵɱɧɨ�

ɩɪɢɜɨɞɹɬ�ɤ�©ɛɨɥɟɟ�ɯɪɭɩɤɨɦɭª�ɩɨɜɟɞɟɧɢɸ�ɦɚɬɟɪɢɚɥɚ��ɭɜɟɥɢɱɢɜɚɟɬɫɹ�

ɜɟɪɨɹɬɧɨɫɬɶ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�� 

 



��� 

Ɂɚ� ɷɬɚɥɨɧɧɭɸ� ɬɟɦɩɟɪɚɬɭɪɭ� ɚɫɮɚɥɶɬɨɜɨɝɨ� ɫɥɨɹ� ɦɵ� ɩɪɢɦɟɦ�

ɬɟɦɩɟɪɚɬɭɪɭ� -�� ɩɨ� ɐɟɥɶɫɢɸ�� ɱɬɨ� ɹɜɥɹɟɬɫɹ� ɧɨɪɦɚɥɶɧɨɣ� ɡɢɦɧɟɣ�

ɬɟɦɩɟɪɚɬɭɪɨɣ� ɞɥɹ� ɟɜɪɨɩɟɣɫɤɨɣ� ɱɚɫɬɢ� Ɋɨɫɫɢɢ�� Ȼɨɥɟɟ� ɜɵɫɨɤɢɟ�

ɬɟɦɩɟɪɚɬɭɪɵ�ɩɪɢɜɟɞɭɬ�ɤ�ɦɟɧɶɲɟɣ�ɜɟɪɨɹɬɧɨɫɬɢ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�

�ɛɨɥɟɟ� ɜɵɫɨɤɢɟ� ɤɪɢɬɢɱɟɫɤɢɟ� ɫɤɨɪɨɫɬɢ� ɚɜɬɨɦɨɛɢɥɹ�� ɜɟɞɭɳɢɟ� ɤ�

ɪɚɡɪɭɲɟɧɢɸ� ɚɫɮɚɥɶɬɚ��� Ȼɨɥɟɟ� ɧɢɡɤɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɛɭɞɭɬ� ɢɦɟɬɶ�

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ�ɜɥɢɹɧɢɟ� 

 

ɇɚ� ɨɫɧɨɜɚɧɢɢ� ɢɦɟɸɳɢɯɫɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ� (Bragov and 

Lomunov 1995, Ravi-Chandar 1998, Ɇɚɤɚɪɨɜ�ɢ�ɞɪ������, Molenaar et al. 

2001, Ʉɢɪɤɠɢɩ�������Ɂɨɥɨɬɚɪɟɜ�����, McQuillen 1987, Ȼɚɬɪɚɤɨɜ�����, 

Mull et al. 2002, Ʌɹɩɢɧ�������ɉɟɱɟɧɵɣ�����) ɞɥɹ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɛɵɥɢ�

ɜɵɛɪɚɧɵ� ɫɥɟɞɭɸɳɢɟ� ɫɜɨɣɫɬɜɚ� ɦɚɬɟɪɢɚɥɚ�� ɬɢɩɢɱɧɵɟ ɞɥɹ� ɚɫɮɚɥɶɬɚ��

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɢ� ɫɨɨɪɭɠɟɧɢɢ� ɜɟɪɯɧɟɝɨ� ɫɥɨɹ� Ɋɨɫɫɢɣɫɤɢɯ�

ɚɜɬɨɦɨɛɢɥɶɧɵɯ�ɞɨɪɨɝ��ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�-��ɝɪɚɞɭɫɨɜ�ɐɟɥɶɫɢɹ (ɬɚɛɥɢɰɚ 

5.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 



��� 

       Ɇɨɞɭɥɶ�ɘɧɝɚ1.1 ܧ� Ƚɩɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ�ɉɭɚɫɫɨɧɚ0.3 ߥ� 

ɉɥɨɬɧɨɫɬɶ2100 ߩ� ɤɝ�ɫɦ3 

Ʉɪɢɬɢɱɟɫɤɨɟ� ɧɚɩɪɹɠɟɧɢɟ�

 ˔ߪ

4.5 Ɇɩɚ 

Ʉɪɢɬɢɱɟɫɤɢɣ�Ʉɂɇ 0.114 Ɇɩɚή ξˏ 

 ݀ 0.4 ɦɦ 

 ߬ 12 ɦɤɫ 

 

Ɍɚɛɥɢɰɚ�5.2 

Ɍɢɩɢɱɧɵɟ�ɫɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɚ��ɚɫɮɚɥɶɬɨɛɟɬɨɧ���ɢɫɩɨɥɶɡɭɟɦɵɟ�ɜ�

ɜɵɱɢɫɥɟɧɢɹɯ 

 

ɗɬɨɬ� ɬɢɩɢɱɧɵɣ ɦɚɬɟɪɢɚɥ� ɛɭɞɟɬ� ɫɪɚɜɧɢɜɚɬɶɫɹ� ɫ�

©ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢª�ɚɫɮɚɥɶɬɨɜɵɦɢ�ɫɦɟɫɹɦɢ��ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ��ɱɬɨ�

ɫɭɳɟɫɬɜɭɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɢɡɦɟɧɟɧɢɹ� ɦɨɞɭɥɹ� ɭɩɪɭɝɨɫɬɢ� ɦɚɬɟɪɢɚɥɚ�

�ɦɨɞɭɥɹ� ɘɧɝɚ�� ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ �ɧɚɩɪɢɦɟɪ�� ɩɭɬɟɦ� ɜɜɟɞɟɧɢɹ�

ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ��� ȼɥɢɹɧɢɟ� ɢɡɦɟɧɟɧɢɹ� ɦɨɞɭɥɹ� ɭɩɪɭɝɨɫɬɢ� ɧɚ� ɞɪɭɝɢɟ�

ɩɚɪɚɦɟɬɪɵ� ɦɚɬɟɪɢɚɥɚ� ɦɨɠɧɨ� ɨɰɟɧɢɬɶ� ɧɚ� ɨɫɧɨɜɚɧɢɢ� ɩɪɟɞɵɞɭɳɢɯ�

ɢɫɫɥɟɞɨɜɚɧɢɣ�  �ɉɟɬɪɨɜ�����, Bratov and Petrov 2007a, 2007b, Ȼɪɚɬɨɜ�

2009)��ɋɥɟɞɭɹ��Ƚɪɭɡɞɤɨɜ�ɢ�ɞɪ���������ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ��ɱɬɨ�ɢɡɦɟɧɟɧɢɟ�

ɦɨɞɭɥɹ� ɭɩɪɭɝɨɫɬɢ� ɫɭɳɟɫɬɜɟɧɧɨ� ɧɟ� ɜɥɢɹɟɬ� ɧɚ� ɩɪɟɞɟɥ� ɩɪɨɱɧɨɫɬɢ� ɢ�

ɤɨɷɮɮɢɰɢɟɧɬ� ɤɪɢɬɢɱɟɫɤɨɣ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ�� Ɍɚɤɢɦ�

ɨɛɪɚɡɨɦ��ɫɬɪɭɤɬɭɪɧɵɣ�ɪɚɡɦɟɪ�d ɬɚɤɠɟ�ɫɭɳɟɫɬɜɟɧɧɨ�ɧɟ�ɢɡɦɟɧɹɟɬɫɹ��ȼ�

[17@� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɢɧɤɭɛɚɰɢɨɧɧɨɟ ɜɪɟɦɹ ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ ɞɥɹ�

ɦɧɨɝɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ� ɫɬɪɭɤɬɭɪɧɨɦɭ� ɪɚɡɦɟɪɭ� d ɢ�

ɨɛɪɚɬɧɨ�ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ�ɫɤɨɪɨɫɬɢ�ɜɨɥɧ�ɜ�ɪɚɡɪɭɲɟɧɧɨɦ�ɦɚɬɟɪɢɚɥɟ��



��� 

ɋɤɨɪɨɫɬɶ�ɡɜɭɤɨɜɨɣ ɜɨɥɧɵ�ɞɥɹ�ɬɨɧɤɨɝɨ�ɫɬɟɪɠɧɹ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ�ʠ ൌ

ටா
ఘ
��ɉɪɟɞɩɨɥɚɝɚɹ��ɱɬɨ�ɩɥɨɬɧɨɫɬɶ�ɦɚɬɟɪɢɚɥɚ�ɫɭɳɟɫɬɜɟɧɧɨ�ɧɟ�ɦɟɧɹɟɬɫɹ, 

ɦɨɠɧɨ� ɩɨɥɭɱɢɬɶ�� ɱɬɨ� ɜ� ɢɫɫɥɟɞɭɟɦɨɦ� ɫɥɭɱɚɟ� ɢɧɤɭɛɚɰɢɨɧɧɨɟ ɜɪɟɦɹ�

ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ ɞɨɥɠɧɨ� ɛɵɬɶ� ɨɛɪɚɬɧɨ� ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ�

ɤɜɚɞɪɚɬɧɨɦɭ�ɤɨɪɧɸ�ɢɡ�ɦɨɞɭɥɹ�ɭɩɪɭɝɨɫɬɢ� 

 

 

5.3.3 Ɉɬɤɨɥɶɧɨɟ�ɪɚɡɪɭɲɟɧɢɟ� 

 

 ȼ�ɤɚɱɟɫɬɜɟ�ɩɟɪɜɨɝɨ�ɩɪɢɛɥɢɠɟɧɢɹ�ɢ�ɞɥɹ�ɨɰɟɧɤɢ�ɜɥɢɹɧɢɹ�ɫɜɨɣɫɬɜ�

ɦɚɬɟɪɢɚɥɚ� ɧɚ� ɪɚɡɪɭɲɟɧɢɟ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ� ɪɚɫɫɦɨɬɪɟɧɚ� ɡɚɞɚɱɚ� ɨɛ�

ɨɬɤɨɥɟ� ɜ� ɩɥɚɫɬɢɧɚɯ�� ɢɡɝɨɬɨɜɥɟɧɧɵɯ� ɢɡ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ��

ɉɪɟɞɩɨɥɨɠɢɦ�� ɱɬɨ� ɢɦɩɭɥɶɫ� ɜɨɡɞɟɣɫɬɜɢɹ� ɢɦɟɟɬ� ɩɪɹɦɨɭɝɨɥɶɧɭɸ�

ɮɨɪɦɭ��ɜ�ɭɫɥɨɜɢɹɯ�ɪɟɲɚɟɦɨɣ�ɭɩɪɨɳɟɧɧɨɣ�ɡɚɞɚɱɢ�ɬɚɤɨɟ�ɜɨɡɞɟɣɫɬɜɢɟ�

ɧɚɢɛɨɥɟɟ� ɛɥɢɡɤɨ� ɨɬɪɚɠɚɟɬ� ɜɨɡɞɟɣɫɬɜɢɟ� ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ� ɲɢɩɚ� ɧɚ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɟ� ɩɨɤɪɵɬɢɟ�� ɩɪɢ� ɷɬɨɦ� ɞɥɢɬɟɥɶɧɨɫɬɶ� ɬɚɤɨɝɨ�

ɜɨɡɞɟɣɫɬɜɢɹ� ɫɜɹɡɚɧɚ� ɫ� ɞɥɢɧɨɣ� ɲɢɩɚ�� ɚ� ɟɝɨ� ɚɦɩɥɢɬɭɞɚ� ɫɜɹɡɚɧɚ� ɫɨ�

ɫɤɨɪɨɫɬɶɸ�ɭɞɚɪɚ��ɬ�ɟ��ɫɨ�ɫɤɨɪɨɫɬɶɸ�ɚɜɬɨɦɨɛɢɥɹ��� 

 

ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɦɨɠɟɬ� ɛɵɬɶ� ɩɨɥɭɱɟɧɨ� ɚɧɚɥɢɬɢɱɟɫɤɨɟ� ɪɟɲɟɧɢɟ�

ɬɚɤɨɣ� ɡɚɞɚɱɢ� ɪɚɡɪɭɲɟɧɢɹ� �ɡɚɞɚɱɢ� ɨ� ɧɚɯɨɠɞɟɧɢɢ� ɩɪɟɞɟɥɶɧɵɯ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɜɨɡɞɟɣɫɬɜɢɹ��ɜɟɞɭɳɟɝɨ�ɤ�ɜɨɡɧɢɤɧɨɜɟɧɢɸ�ɪɚɡɪɭɲɟɧɢɹ�

ɜ� ɩɥɚɫɬɢɧɟ� ɢɡ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ��� ȼ� ɤɚɱɟɫɬɜɟ� ɤɪɢɬɟɪɢɹ� ɪɚɡɪɭɲɟɧɢɹ�

ɩɪɢɧɢɦɚɟɬɫɹ� ɤɪɢɬɟɪɢɣ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� �5.���� ɉɚɪɚɦɟɬɪɵ��

ɧɟɨɛɯɨɞɢɦɵɟ� ɞɥɹ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ�� ɨɛɫɭɠɞɚɥɢɫɶ� ɜ� ɩɪɟɞɵɞɭɳɟɦ�

ɩɚɪɚɝɪɚɮɟ� 

 



��� 

Ⱥɜɬɨɦɨɛɢɥɶɧɵɟ� ɲɢɧɵ� ɨɛɨɪɭɞɭɸɬ� ɲɢɩɚɦɢ�� ɢɡɝɨɬɨɜɥɟɧɧɵɦɢ� ɢɡ�

ɪɚɡɥɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢ� ɢɦɟɸɳɢɦɢ� ɪɚɡɥɢɱɧɭɸ� ɝɟɨɦɟɬɪɢɸ�� Ⱦɥɹ�

ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ� ɜɵɛɟɪɟɦ ɫɥɟɞɭɸɳɢɟ� ɩɚɪɚɦɟɬɪɵ� ɦɚɬɟɪɢɚɥɚ�� ɢɡ�

ɤɨɬɨɪɨɝɨ� ɢɡɝɨɬɨɜɥɟɧ� ɚɜɬɨɦɨɛɢɥɶɧɵɣ� ɲɢɩ� ɩɪɨɬɢɜɨɫɤɨɥɶɠɟɧɢɹ 

(ɬɚɛɥɢɰɚ�����:  

 

 

       Ɇɨɞɭɥɶ�ɘɧɝɚ200 ܧ� Ƚɩɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ�ɉɭɚɫɫɨɧɚ0.25 ߥ� 

ɉɥɨɬɧɨɫɬɶ7800 ߩ� ɤɝ�ɫɦ3 

 

Ɍɚɛɥɢɰɚ�5.3 

ɋɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɚ�ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ�ɲɢɩɚ�ɩɪɨɬɢɜɨɫɤɨɥɶɠɟɧɢɹ�

�ɫɬɚɥɶ���ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ�ɜɵɱɢɫɥɟɧɢɹɯ 

 

Ɍɚɤɢɟ�ɩɚɪɚɦɟɬɪɵ�ɯɚɪɚɤɬɟɪɧɵ�ɞɥɹ�ɫɬɚɥɢ� 

 

ɍɱɢɬɵɜɚɹ�� ɱɬɨ� ɨɛɵɱɧɵɣ� ɪɚɡɦɟɪ� �ɞɥɢɧɚ�� ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ� ɲɢɩɚ�

ɩɪɨɬɢɜɨɫɤɨɥɶɠɟɧɢɹ� ɪɚɜɟɧ� ��� ɦɦ�� ɚ� ɫɤɨɪɨɫɬɶ� ɩɪɨɞɨɥɶɧɨɣ� ɜɨɥɧɵ� ɜ�

ɫɬɚɥɢ� ɩɨɪɹɞɤɚ� ����� ɦɟɬɪɨɜ� ɜ� ɫɟɤɭɧɞɭ�� ɧɚɣɞɟɦ� ɱɬɨ� ɭɞɚɪ� ɲɢɩɚ� ɨɛ�

ɚɫɮɚɥɶɬ� ɩɪɨɞɨɥɠɚɟɬɫɹ� ɩɨɪɹɞɤɚ� ���� ɦɢɤɪɨɫɟɤɭɧɞ�� Ⱥɦɩɥɢɬɭɞɚ� ɷɬɨɝɨ�

ɭɞɚɪɚ� ɛɭɞɟɬ� ɡɚɜɢɫɟɬɶ� ɨɬ� ɫɤɨɪɨɫɬɢ� ɲɢɩɚ�� ɤɨɬɨɪɚɹ�� ɜ� ɫɜɨɸ� ɨɱɟɪɟɞɶ��

ɛɭɞɟɬ�ɡɚɜɢɫɟɬɶ�ɨɬ�ɫɤɨɪɨɫɬɢ�ɚɜɬɨɦɨɛɢɥɹ� 

 

Ɋɟɲɟɧɢɟ� ɡɚɞɚɱɢ� ɜ� ɧɚɩɪɹɠɟɧɢɹɯ� ɩɨɥɭɱɚɟɬɫɹ� ɤɚɤ� ɫɭɦɦɚ� ɩɪɹɦɨɣ� ɢ�

ɨɬɪɚɠɟɧɧɨɣ�ɜɨɥɧ��ɝɞɟ�ɩɪɹɦɚɹ�ɜɨɥɧɚ ɦɨɠɟɬ�ɛɵɬɶ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɤɚɤ: 

 



��� 

, 

 

ɝɞɟ� P - ɚɦɩɥɢɬɭɞɚ� ɧɚɝɪɭɡɤɢ�� Ɍ ± ɟɟ� ɞɥɢɬɟɥɶɧɨɫɬɶ�� ɇ ɨɛɨɡɧɚɱɚɸɬ�

ɫɬɭɩɟɧɱɚɬɭɸ� ɮɭɧɤɰɢɸ� ɏɟɜɢɫɚɣɞɚ�� t ± ɜɪɟɦɹ�� t=0 ɫɨɨɬɜɟɬɫɬɜɭɟɬ�

ɜɪɟɦɟɧɢ� ɩɪɢɯɨɞɚ� ɢɫɯɨɞɧɨɣ� ɜɨɥɧɵ� ɧɚ� ɝɪɚɧɢɰɭ� ɨɛɪɚɡɰɚ�� x2 ± 

ɤɨɨɪɞɢɧɚɬɚ� ɧɨɪɦɚɥɶɧɚɹ� ɤ� ɩɥɨɫɤɨɫɬɢ� ɩɥɚɫɬɢɧɵ�� x2 �� ɫɨɨɬɜɟɬɫɬɜɭɟɬ�

ɩɥɨɫɤɨɫɬɢ� ɩɥɚɫɬɢɧɵ�� ɨɬ� ɤɨɬɨɪɨɣ� ɩɪɨɢɫɯɨɞɢɬ� ɨɬɪɚɠɟɧɢɟ� ɢɫɯɨɞɧɨɣ�

ɜɨɥɧɵ� 

 

Ɉɬɪɚɠɟɧɧɚɹ�ɜɨɥɧɚ�ɦɨɠɟɬ�ɛɵɬɶ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɤɚɤ: 

 

. 

 

Ɍɨɝɞɚ� ɪɟɲɟɧɢɟ� ɞɥɹ� ɧɚɩɪɹɠɟɧɢɣ� ɦɨɠɟɬ� ɛɵɬɶ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɤɚɤ�

.  

 

ɉɪɢɦɟɧɢɦ ɤɪɢɬɟɪɢɣ�ɪɚɡɪɭɲɟɧɢɹ� �5.���ɤ�ɩɨɥɭɱɟɧɧɨɦɭ�ɪɟɲɟɧɢɸ�ɞɥɹ�

ɧɚɩɪɹɠɟɧɢɣ�� ɍɱɢɬɵɜɚɹ�� ɱɬɨ� ɢɧɤɭɛɚɰɢɨɧɧɨɟ� ɜɪɟɦɹ� ɪɚɡɪɭɲɟɧɢɹ� W 

ɩɪɟɜɵɲɚɟɬ�ɞɥɢɬɟɥɶɧɨɫɬɶ�ɜɨɡɞɟɣɫɬɜɢɹ�T��ɩɨɥɭɱɢɦ� 

 

 

 

ɉɪɢ� ɧɚɪɭɲɟɧɢɢ� ɷɬɨɝɨ� ɧɟɪɚɜɟɧɫɬɜɚ� ɛɭɞɟɬ� ɩɪɨɢɫɯɨɞɢɬɶ� ɪɚɡɪɭɲɟɧɢɟ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ� ɨɛɪɚɡɰɚ�� Ʉɪɢɬɢɱɟɫɤɨɣ� ɚɦɩɥɢɬɭɞɟ� ɧɚɝɪɭɡɤɢ�

�ɤɪɢɬɢɱɟɫɤɨɣ�ɫɤɨɪɨɫɬɢ�ɲɢɩɚ�ɢɥɢ��ɱɬɨ�ɟɫɬɶ�ɬɨ�ɠɟ�ɫɚɦɨɟ��ɤɪɢɬɢɱɟɫɤɨɣ�

ɫɤɨɪɨɫɬɢ� ɚɜɬɨɦɨɛɢɥɹ�� ɩɪɢɜɨɞɹɳɟɣ� ɤ� ɪɚɡɪɭɲɟɧɢɸ� ɚɫɮɚɥɶɬɨɜɨɝɨ�
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ɩɨɥɨɬɧɚ�� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɪɚɜɟɧɫɬɜɨ� ɩɪɚɜɨɣ� ɢ� ɥɟɜɨɣ� ɱɚɫɬɟɣ� ɷɬɨɝɨ�

ɧɟɪɚɜɟɧɫɬɜɚ��ɉɨɥɭɱɢɦ: 

 

. 

 

ɉɨɫɬɪɨɢɦ� ɡɚɜɢɫɢɦɨɫɬɶ� ɤɪɢɬɢɱɟɫɤɨɣ� ɚɦɩɥɢɬɭɞɵ�  ɨɬ� ɦɨɞɭɥɹ�

ɭɩɪɭɝɨɫɬɢ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ��ɪɢɫɭɧɨɤ����).  

 

 
Ɋɢɫɭɧɨɤ 5.5 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɤɪɢɬɢɱɟɫɤɨɣ�ɫɤɨɪɨɫɬɢ��ɚɦɩɥɢɬɭɞɵ�ɞɚɜɥɟɧɢɹ��ɨɬ�

ɦɨɞɭɥɹ�ɭɩɪɭɝɨɫɬɢ�ɪɚɡɪɭɲɚɟɦɨɝɨ�ɚɫɮɚɥɶɬɨɜɨɝɨ�ɫɥɨɹ 

 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɩɪɢɜɟɞɟɧɧɨɝɨ� ɪɢɫɭɧɤɚ�� ɭɦɟɧɶɲɟɧɢɟ� ɭɩɪɭɝɨɝɨ�ɦɨɞɭɥɹ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ� ɜɟɞɟɬ� ɤ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɭɜɟɥɢɱɟɧɢɸ� ɤɪɢɬɢɱɟɫɤɨɣ�

ɫɤɨɪɨɫɬɢ�� ɧɚɱɢɧɚɹ� ɫ� ɤɨɬɨɪɨɣ� ɛɭɞɟɬ� ɩɪɨɢɫɯɨɞɢɬɶ� ɪɚɡɪɭɲɟɧɢɟ�
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��� 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ� ɩɨɥɨɬɧɚ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ� ɭɞɚɪɧɵɯ� ɧɚɝɪɭɡɨɤ��

ɜɵɡɜɚɧɧɵɯ� ɭɞɚɪɨɦ� ɲɢɩɚ� ɚɜɬɨɦɨɛɢɥɶɧɨɣ� ɲɢɧɵ� ɨ� ɩɨɜɟɪɯɧɨɫɬɶ�

ɚɜɬɨɞɨɪɨɝɢ�� 

 

ȼ�ɤɚɱɟɫɬɜɟ�ɫɥɟɞɭɸɳɟɝɨ�ɩɪɢɛɥɢɠɟɧɢɹ�ɤ�ɪɟɲɟɧɢɸ�ɡɚɞɚɱɢ�ɪɚɡɪɭɲɟɧɢɹ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ� ɩɨɤɪɵɬɢɹ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ� ɭɞɚɪɧɵɯ� ɧɚɝɪɭɡɨɤ� ɫɨ�

ɫɬɨɪɨɧɵ� ɤɨɥɟɫɧɵɯ� ɲɢɩɨɜ� ɚɜɬɨɦɨɛɢɥɟɣ�� ɞɜɢɠɭɳɢɯɫɹ� ɫ� ɛɨɥɶɲɢɦɢ�

ɫɤɨɪɨɫɬɹɦɢ�� ɪɚɫɫɦɨɬɪɢɦ� ɪɟɲɟɧɢɟ� ɡɚɞɚɱɢ� Ƚɟɪɰɚ� ɨɛ� ɭɞɚɪɟ� ɠɟɫɬɤɨɣ�

ɫɮɟɪɢɱɟɫɤɨɣ� ɱɚɫɬɢɰɵ� ɨ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ�� Ɍɚɤɚɹ� ɡɚɞɚɱɚ� ɩɨ� ɫɜɨɟɣ�

ɩɨɫɬɚɧɨɜɤɟ�ɨɱɟɧɶ�ɛɥɢɡɤɚ�ɤ�ɪɟɲɚɟɦɨɣ�ɡɚɞɚɱɟ� 

 

 

5.3.4 Ɂɚɞɚɱɚ�Ƚɟɪɰɚ�ɨɛ�ɭɞɚɪɟ�ɱɚɫɬɢɰɵ�ɨ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ�

�ɷɪɨɡɢɨɧɧɨɟ�ɪɚɡɪɭɲɟɧɢɟ� 

 

 Ɋɚɫɫɦɨɬɪɢɦ� ɠɟɫɬɤɭɸ� ɫɮɟɪɢɱɟɫɤɭɸ� ɱɚɫɬɢɰɭ� ɪɚɞɢɭɫɚ� R, 

ɩɚɞɚɸɳɭɸ� ɫɨ� ɫɤɨɪɨɫɬɶɸ� v ɧɚ� ɝɪɚɧɢɰɭ� ɭɩɪɭɝɨɝɨ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ��

ɂɫɩɨɥɶɡɭɹ�ɚɩɩɪɨɤɫɢɦɚɰɢɸ�ɤɥɚɫɫɢɱɟɫɤɨɣ�ɬɟɨɪɢɢ�Ƚɟɪɰɚ��ɫɱɢɬɚɟɦ��ɱɬɨ�

ɞɜɢɠɟɧɢɟ� ɱɚɫɬɢɰɵ� ɨɩɢɫɵɜɚɟɬɫɹ� ɫɥɟɞɭɸɳɢɦ� ɭɪɚɜɧɟɧɢɟɦ� �ɉɟɬɪɨɜ� ɢ�

ɋɦɢɪɧɨɜ�������Ʉɨɥɟɫɧɢɤɨɜ�ɢ�Ɇɨɪɨɡɨɜ�������Lawn and Wilshaw 1975): 

 

,                                                                               

(5.4)

  

ɝɞɟ�P�± ɦɚɫɫɚ�ɱɚɫɬɢɰɵ��)�ɡɚɞɚɟɬɫɹ�ɫɥɟɞɭɸɳɢɦ�ɜɵɪɚɠɟɧɢɟɦ� 
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.                                          

(5.5)

  

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ� ɩɟɪɟɞ� ɧɚɱɚɥɨɦ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɫɮɟɪɢɱɟɫɤɨɣ�

ɱɚɫɬɢɰɵ�ɢ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ� 

 

. 

 

Ɇɚɤɫɢɦɚɥɶɧɨɟ� ɩɪɨɧɢɤɧɨɜɟɧɢɟ� ɱɚɫɬɢɰɵ�  ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɦɨɦɟɧɬɭ�

ɜɪɟɦɟɧɢ��ɤɨɝɞɚ 

 

. 

 

Ɋɟɲɢɦ�ɭɪɚɜɧɟɧɢɹ��5.4-5.5): 

 

 

, 

 

ɝɞɟ� - ɞɥɢɬɟɥɶɧɨɫɬɶ� ɜɨɡɞɟɣɫɬɜɢɹ� ɱɚɫɬɢɰɵ� ɧɚ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ�

�ɞɥɢɬɟɥɶɧɨɫɬɶ� ɭɞɚɪɚ��� ȼɪɟɦɟɧɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɩɪɨɧɢɤɧɨɜɟɧɢɹ� h(t) 

ɦɨɠɟɬ� ɛɵɬɶ� ɩɪɢɛɥɢɠɟɧɚ� ɫɥɟɞɭɸɳɟɣ� ɡɚɜɢɫɢɦɨɫɬɶɸ� (Lawn and 

Wilshaw 1975): 
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. 

 

Ɇɚɤɫɢɦɭɦ� ɪɚɫɬɹɝɢɜɚɸɳɢɯ� ɧɚɩɪɹɠɟɧɢɣ� ɞɨɫɬɢɝɚɟɬɫɹ� ɜ� ɰɟɧɬɪɟ� ɩɹɬɧɚ�

ɤɨɧɬɚɤɬɚ� ɱɚɫɬɢɰɵ� ɫ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨɦ� ɢ� ɦɨɠɟɬ� ɛɵɬɶ� ɩɪɢɛɥɢɠɟɧ�

ɫɥɟɞɭɸɳɢɦ�ɫɨɨɬɧɨɲɟɧɢɟɦ�(Lawn and Wilshaw 1975): 

 

 

 

ɝɞɟ 

 

. 

 

ɍɫɥɨɜɢɟ�ɪɚɡɪɭɲɟɧɢɹ��5.���ɜ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɦɨɠɟɬ�ɛɵɬɶ�ɩɟɪɟɩɢɫɚɧɨ� 

 

. 

 

ɉɪɢɱɟɦ� ɤɪɢɬɢɱɟɫɤɨɣ� ɫɢɬɭɚɰɢɢ�� ɜɟɞɭɳɟɣ� ɤ� ɪɚɡɪɭɲɟɧɢɸ�

ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ��ɨɬɜɟɱɚɟɬ�ɫɥɟɞɭɸɳɟɟ�ɭɫɥɨɜɢɟ� 

 

 .                                                                 (5.6). 
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ɂɫɩɨɥɶɡɭɹ� ɭɫɥɨɜɢɟ� ��.6��� ɧɚɯɨɞɢɬɫɹ� ɩɨɪɨɝɨɜɚɹ� ɫɤɨɪɨɫɬɶ� v ɱɚɫɬɢɰɵ��

ɜɟɞɭɳɚɹ� ɤ� ɢɧɢɰɢɢɪɨɜɚɧɢɸ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɨɛɥɚɫɬɢ�� ɜ� ɤɨɬɨɪɭɸ�

ɜɪɟɡɚɟɬɫɹ�ɱɚɫɬɢɰɚ�� 

 

Ɇɚɫɫɭ�ɱɚɫɬɢɰɵ�ɩɪɢɦɟɦ�ɪɚɜɧɨɣ�ɦɚɫɫɟ�ɫɬɚɧɞɚɪɬɧɨɝɨ�ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ�

ɲɢɩɚ�ɩɪɨɬɢɜɨɫɤɨɥɶɠɟɧɢɹ�± ���ɝ�� 

 

Ɋɚɞɢɭɫ�ɱɚɫɬɢɰɵ�5�ɧɚɣɞɟɦ�ɢɡ� ɭɫɥɨɜɢɹ�� ɱɬɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�ɱɚɫɬɢɰɵ�

�ɲɢɩɚ��ɢ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ�ɩɪɨɞɨɥɠɚɟɬɫɹ�����ɦɢɤɪɨɫɟɤɭɧɞɵ: 

 

. 

 

Ɋɟɲɢɜ�ɭɪɚɜɧɟɧɢɹ�ɨɬɧɨɫɢɬɟɥɶɧɨ�v �ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɫɮɟɪɢɱɟɫɤɨɣ�

ɱɚɫɬɢɰɵ�� ɧɚɣɞɟɦ� ɡɚɜɢɫɢɦɨɫɬɶ� ɤɪɢɬɢɱɟɫɤɨɣ� ɫɤɨɪɨɫɬɢ� �ɫɤɨɪɨɫɬɢ, 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ� ɪɚɜɟɧɫɬɜɭ� ��.6��� ɨɬ� ɦɨɞɭɥɹ� ɭɩɪɭɝɨɫɬɢ�

ɪɚɡɪɭɲɚɟɦɨɝɨ� ɫɥɨɹ�� Ɂɚɜɢɫɢɦɨɫɬɶ� ɞɪɭɝɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɚɫɮɚɥɶɬɚ� ɨɬ�

ɦɨɞɭɥɹ� ɭɩɪɭɝɨɫɬɢ� ɭɱɢɬɵɜɚɟɬɫɹ� ɚɧɚɥɨɝɢɱɧɨ� ɩɪɟɞɵɞɭɳɟɦɭ� ɩɪɢɦɟɪɭ�

�ɨɬɤɨɥ�� 

 

ɇɚ� ɪɢɫɭɧɤɟ� 5.6 ɩɪɟɞɫɬɚɜɥɟɧɚ� ɩɨɥɭɱɟɧɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɤɪɢɬɢɱɟɫɤɨɣ�

ɫɤɨɪɨɫɬɢ�ɨɬ�ɦɨɞɭɥɹ�ɭɩɪɭɝɨɫɬɢ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ�� 
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Ɋɢɫɭɧɨɤ���� 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɤɪɢɬɢɱɟɫɤɨɣ�ɫɤɨɪɨɫɬɢ�ɱɚɫɬɢɰɵ�ɨɬ�ɦɨɞɭɥɹ�ɭɩɪɭɝɨɫɬɢ�

ɪɚɡɪɭɲɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ 

 

ȼɢɞɧɨ�� ɱɬɨ� ɩɪɢ� ɭɦɟɧɶɲɟɧɢɢ� ɭɩɪɭɝɨɝɨ� ɦɨɞɭɥɹ� ɪɚɡɪɭɲɚɟɦɨɝɨ�

ɦɚɬɟɪɢɚɥɚ� ɤɪɢɬɢɱɟɫɤɚɹ� ɫɤɨɪɨɫɬɶ� ɜɨɡɞɟɣɫɬɜɢɹ� ɜɨɡɪɚɫɬɚɟɬ�� Ɍɚɤɢɦ�

ɨɛɪɚɡɨɦ��ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɭɦɟɧɶɲɟɧɢɟ�ɭɩɪɭɝɨɝɨ�ɦɨɞɭɥɹ�ɜɥɟɱɟɬ�ɡɚ�ɫɨɛɨɣ�

ɭɜɟɥɢɱɟɧɢɟ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɩɪɨɱɧɨɫɬɧɵɯ� ɫɜɨɣɫɬɜ� ɪɚɡɪɭɲɚɟɦɨɝɨ�

ɦɚɬɟɪɢɚɥɚ��ɉɨɥɭɱɟɧɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɞɨɥɠɧɚ�ɤɚɱɟɫɬɜɟɧɧɨ�ɫɨɜɩɚɞɚɬɶ�ɫ�

ɡɚɜɢɫɢɦɨɫɬɶɸ� ɞɥɹ� ɤɪɢɬɢɱɟɫɤɨɣ� ɫɤɨɪɨɫɬɢ� ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ� ɲɢɩɚ�

ɩɪɨɬɢɜɨɫɤɨɥɶɠɟɧɢɹ�� ɜɵɡɵɜɚɸɳɟɝɨ� ɪɚɡɪɭɲɟɧɢɟ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ�

ɩɨɤɪɵɬɢɹ� �ɪɚɡɪɭɲɟɧɢɟ� ɷɪɨɡɢɨɧɧɨɝɨ� ɬɢɩɚ��� ȼ� ɬɨ� ɠɟ� ɜɪɟɦɹ�

ɤɨɥɢɱɟɫɬɜɟɧɧɨ�ɷɬɢ�ɡɚɜɢɫɢɦɨɫɬɢ�ɫɪɚɜɧɢɜɚɬɶ�ɧɟɥɶɡɹ��ɗɬɨ�ɫɜɹɡɚɧɨ�ɫ�ɬɟɦ��

ɱɬɨ� ɩɪɢ� ɭɞɚɪɟ� ɲɢɩɚ� ɮɨɪɦɚ� ɢɦɩɭɥɶɫɚ� ɞɚɜɥɟɧɢɹ� ɛɥɢɡɤɚ� ɤ�

ɩɪɹɦɨɭɝɨɥɶɧɨɣ� ɢ� ɷɧɟɪɝɢɹ�� ɩɟɪɟɞɚɜɚɟɦɚɹ� ɪɚɡɪɭɲɚɟɦɨɣ� ɨɛɥɚɫɬɢ, 

ɡɧɚɱɢɬɟɥɶɧɨ�ɛɨɥɶɲɟ�ɷɧɟɪɝɢɢ��ɩɟɪɟɞɚɜɚɟɦɨɣ ɪɚɡɪɭɲɚɟɦɨɣ�ɨɛɥɚɫɬɢ�ɜ�



��� 

ɫɥɭɱɚɟ�ɭɞɚɪɚ�ɫɮɟɪɢɱɟɫɤɨɣ�ɱɚɫɬɢɰɵ��ȼɪɟɦɟɧɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɞɚɜɥɟɧɢɹ�

ɜ�ɫɥɭɱɚɟ�ɜɨɡɞɟɣɫɬɜɢɹ�ɜ�ɡɚɞɚɱɟ�Ƚɟɪɰɚ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 5.7.  

 

 
 

Ɋɢɫɭɧɨɤ 5.7 

ȼɪɟɦɟɧɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɞɚɜɥɟɧɢɹ, ɨɤɚɡɵɜɚɟɦɨɝɨ�ɫɮɟɪɢɱɟɫɤɨɣ�

ɱɚɫɬɢɰɟɣ�ɧɚ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ 

 

ȼ�ɩɨɫɥɟɞɧɟɣ�ɢɡ�ɪɚɫɫɦɨɬɪɟɧɧɵɯ�ɡɚɞɚɱ�ɪɚɡɪɭɲɟɧɢɟ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ�

ɩɨɤɪɵɬɢɹ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ� ɭɞɚɪɨɜ� ɚɜɬɨɦɨɛɢɥɶɧɵɯ� ɲɢɩɨɜ�

ɦɨɞɟɥɢɪɨɜɚɥɨɫɶ� ɱɢɫɥɟɧɧɨ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ�� Ɍɚɤɚɹ� ɩɨɫɬɚɧɨɜɤɚ� ɡɚɞɚɱɢ� ɹɜɥɹɟɬɫɹ� ɧɚɢɛɨɥɟɟ� ɛɥɢɡɤɨɣ� ɤ�

ɪɟɚɥɶɧɨɣ�ɡɚɞɚɱɟ�ɨɛ�ɭɞɚɪɟ�ɲɢɩɚ�ɨɛ�ɚɫɮɚɥɶɬɨɛɟɬɨɧ�ɢ�ɞɚɟɬ�ɜɨɡɦɨɠɧɨɫɬɶ�

ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ� ɨɰɟɧɤɢ� ɤɪɢɬɢɱɟɫɤɢɯ� ɫɤɨɪɨɫɬɟɣ� ɞɜɢɠɟɧɢɹ�

ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ� ɬɪɚɧɫɩɨɪɬɚ�� ɩɪɢ� ɤɨɬɨɪɵɯ� ɧɚɱɧɟɬɫɹ� ɷɪɨɡɢɨɧɧɨɟ�

ɪɚɡɪɭɲɟɧɢɟ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ� ɩɨɤɪɵɬɢɹ� ɫɤɨɪɨɫɬɧɵɯ�

ɚɜɬɨɦɚɝɢɫɬɪɚɥɟɣ�� 

 

 



��� 

5.3.5 Ʉɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɭɞɚɪɚ�ɲɢɩɚ�ɨɛ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧ 
 
 Ɋɟɲɟɧɢɟ�� ɧɚɢɛɨɥɟɟ� ɛɥɢɡɤɨɟ� ɭɫɥɨɜɢɹɦ� ɪɟɚɥɶɧɨɝɨ� ɭɞɚɪɚ� ɲɢɩɚ�

ɚɜɬɨɦɨɛɢɥɶɧɨɣ� ɲɢɧɵ� ɨɛ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɟ� ɩɨɤɪɵɬɢɟ�� ɦɨɠɧɨ�

ɩɨɥɭɱɢɬɶ�ɩɭɬɟɦ�ɱɢɫɥɟɧɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɩɪɨɰɟɫɫɚ�

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɲɢɩɚ�ɢ�ɪɚɡɪɭɲɚɟɦɨɝɨ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ��ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�

ɜɨɡɧɢɤɚɟɬ�ɧɟɨɛɯɨɞɢɦɨɫɬɶ�ɪɟɲɟɧɢɹ�ɤɨɧɬɚɤɬɧɨɣ�ɡɚɞɚɱɢ��ɭɱɢɬɵɜɚɸɳɟɣ�

ɞɢɧɚɦɢɤɭ�ɷɬɨɝɨ�ɩɪɨɰɟɫɫɚ� 

 

Ȼɭɞɟɦ� ɪɟɲɚɬɶ� ɨɫɟɫɢɦɦɟɬɪɢɱɧɭɸ� ɤɨɧɬɚɤɬɧɭɸ� ɡɚɞɚɱɭ� ɧɨɪɦɚɥɶɧɨɝɨ�

ɭɞɚɪɚ�ɫɬɚɥɶɧɨɝɨ�ɰɢɥɢɧɞɪɚ��ɚɜɬɨɦɨɛɢɥɶɧɵɣ�ɲɢɩ��ɨ�ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ�

�ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɟ ɩɨɤɪɵɬɢɟ�� 

ɉɨɜɟɞɟɧɢɟ� ɫɢɫɬɟɦɵ� ɨɩɢɫɵɜɚɟɬɫɹ� ɫɨɨɬɧɨɲɟɧɢɹɦɢ� ɥɢɧɟɣɧɨɣ� ɬɟɨɪɢɢ�

ɭɩɪɭɝɨɫɬɢ� 

 

௜ǡ௧௧࢛ߩ ൌ ሺߣ ൅ ሻߤ ௝࢛ǡ௝௜ ൅  ௜ǡ௝௝,                                                                 (5.7)࢛ߤ

 

ɝɞɟ� ���� ɨɡɧɚɱɚɟɬ� ɱɚɫɬɧɭɸ� ɩɪɨɢɡɜɨɞɧɭɸ� ɩɨ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�

ɜɪɟɦɟɧɧɨɣ� ɢɥɢ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ� ɤɨɨɪɞɢɧɚɬɟ�� U - ɦɚɫɫɨɜɚɹ�

ɩɥɨɬɧɨɫɬɶ�� ɢɧɞɟɤɫɵ� i ɢ� j ɩɪɢɧɢɦɚɸɬ� ɡɧɚɱɟɧɢɹ� �� ɢ� ���ɉɟɪɟɦɟɳɟɧɢɹ�

ɡɚɞɚɧɵ� ui ɜ� ɧɚɩɪɚɜɥɟɧɢɢ� xi. t ɨɛɨɡɧɚɱɚɟɬ� ɜɪɟɦɹ��  ɢ�  - ɤɨɧɫɬɚɧɬɵ�

Ʌɚɦɟ��ɇɚɩɪɹɠɟɧɢɹ�ɫɜɹɡɚɧɵ�ɫ�ɞɟɮɨɪɦɚɰɢɹɦɢ�ɡɚɤɨɧɨɦ�Ƚɭɤɚ� 

 

࣌௜௝ ൌ ௜௝࢛௞ǡ௞ߜߣ ൅ ሺ࢛௜ǡ௝ߤ ൅ ௝࢛ǡ௜ሻ,                                                               (5.8) 

 

Ȝ ȝ



��� 

ɝɞɟ� ࣌௜௝   - ɧɚɩɪɹɠɟɧɢɹ� ɜ� ɧɚɩɪɚɜɥɟɧɢɢ� ij, ߜ௜௝�  - ɞɟɥɶɬɚ� ɮɭɧɤɰɢɹ�

Ʉɪɨɧɟɤɟɪɚ�� ȼ� ɦɨɦɟɧɬ� ɜɪɟɦɟɧɢ� ݐ ൌ Ͳ  ɨɛɪɚɡɟɰ�� ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧ�� ɫɜɨɛɨɞɟɧ� ɨɬ� ɧɚɩɪɹɠɟɧɢɣ� ɢ� ɫɤɨɪɨɫɬɢ� ɜɫɟɯ� ɬɨɱɟɤ�

ɧɭɥɟɜɵɟ� 

 

.                                                                            (5.9) 

 

ɐɢɥɢɧɞɪɢɱɟɫɤɢɣ� ɭɞɚɪɧɢɤ�� ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ� ɚɜɬɨɦɨɛɢɥɶɧɵɣ�ɲɢɩ�� ɜ�

ɧɚɱɚɥɶɧɵɣ� ɦɨɦɟɧɬ� ɜɪɟɦɟɧɢ� ɫɜɨɛɨɞɟɧ� ɨɬ� ɧɚɩɪɹɠɟɧɢɣ� ɢ� ɢɦɟɟɬ�

ɫɤɨɪɨɫɬɶ�v: 

 

.                                                                                  (5.10) 

 

ɒɢɩ� ɦɨɞɟɥɢɪɭɟɬɫɹ� ɤɚɤ� ɥɢɧɟɣɧɨ� ɭɩɪɭɝɢɣ� ɦɚɬɟɪɢɚɥ� ɫɨ� ɫɜɨɣɫɬɜɚɦɢ��

ɯɚɪɚɤɬɟɪɧɵɦɢ� ɞɥɹ� ɫɬɚɥɢ� �ɫɜɨɣɫɬɜɚ� ɩɪɢɜɟɞɟɧɵ� ɜ� ɩɪɟɞɵɞɭɳɢɯ�

ɪɚɡɞɟɥɚɯ���Ɋɚɡɦɟɪɵ�ɰɢɥɢɧɞɪɚ��ɦɨɞɟɥɢɪɭɸɳɟɝɨ�ɲɢɩ� 

 

x ɜɵɫɨɬɚ��ɞɥɢɧɚ��± ���ɦɦ 

x ɪɚɞɢɭɫ�����ɦɦ. 

 

Ɇɚɫɫɚ�ɲɢɩɚ��ɭɱɢɬɵɜɚɹ�ɫɜɨɣɫɬɜɚ�ɫɬɚɥɢ��ɩɪɢɜɟɞɟɧɧɵɟ�ɜɵɲɟ�� ± 2.1 

ɝɪɚɦɦɚ�� ɱɬɨ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɫɬɚɧɞɚɪɬɧɨɦɭ� ɚɜɬɨɦɨɛɢɥɶɧɨɦɭ� ɲɢɩɭ��

ɢɫɩɨɥɶɡɭɟɦɨɦɭ� ɜ� ɥɟɝɤɨɜɵɯ� ɚɜɬɨɦɨɛɢɥɶɧɵɯ� ɲɢɧɚɯ� ɧɚ� ɷɬɚɩɟ�

ɷɤɫɩɥɭɚɬɚɰɢɢ� 
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��� 

Ɇɨɞɟɥɢɪɭɟɦɚɹ� ɨɛɥɚɫɬɶ�� ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ� ɚɫɮɚɥɶɬɨɛɟɬɨɧ�� ɢɦɟɥɚ�

ɤɨɧɟɱɧɵɟ�ɪɚɡɦɟɪɵ��ɨɞɧɚɤɨ�ɷɬɢ�ɪɚɡɦɟɪɵ�ɜɵɛɢɪɚɥɢɫɶ�ɢɡ�ɭɫɥɨɜɢɹ��ɱɬɨ�

ɜɨɥɧɵ�� ɨɬɪɚɠɟɧɧɵɟ ɨɬ� ɜɧɟɲɧɢɯ� ɝɪɚɧɢɰ�� ɧɟ� ɜɨɡɜɪɚɳɚɸɬɫɹ� ɜ� ɡɨɧɭ�

ɤɨɧɬɚɤɬɚ�ɲɢɩɚ� ɢ� ɚɫɮɚɥɶɬɚ� ɜ� ɬɟɱɟɧɢɟ� ɜɪɟɦɟɧɢ� ɷɤɫɩɟɪɢɦɟɧɬɚ�� Ɍɚɤɨɟ�

ɭɫɥɨɜɢɟ� ɞɟɥɚɟɬ� ɪɟɲɟɧɢɟ� ɡɚɞɚɱɢ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ� ɪɟɲɟɧɢɸ� ɡɚɞɚɱɢ�

ɞɥɹ�ɛɟɫɤɨɧɟɱɧɨɣ�ɨɛɥɚɫɬɢ�� 

 

Ⱦɥɹ� ɜɫɟɯ� ɬɨɱɟɤ� ɨɛɪɚɡɰɚ�� ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ� ɚɫɮɚɥɶɬɨɛɟɬɨɧ��

ɩɪɨɜɟɪɹɟɬɫɹ� ɜɵɩɨɥɧɟɧɢɟ� ɤɪɢɬɟɪɢɹ� ɪɚɡɪɭɲɟɧɢɹ� �5.���� ɉɪɢ�

ɜɵɩɨɥɧɟɧɢɢ� ɭɫɥɨɜɢɹ� ɪɚɡɪɭɲɟɧɢɹ� ɞɨɥɠɧɨ� ɩɪɨɢɡɨɣɬɢ� ɪɚɡɪɭɲɟɧɢɟ� ± 

ɨɛɪɚɡɨɜɚɧɢɟ�ɧɨɜɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ� ɍɫɥɨɜɢɟ�ɪɚɡɪɭɲɟɧɢɹ��5.���ɞɥɹ�ɬɚɤɨɣ�

ɬɨɱɤɢ�ɦɨɠɟɬ�ɛɵɬɶ�ɩɟɪɟɩɢɫɚɧɨ� 

 

,                                                                    (5.11) 

 

ɝɞɟ� i ɩɪɢɧɢɦɚɟɬ� ɡɧɚɱɟɧɢɹ� �� ɢ� ���ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ�

ɢɫɱɟɡɚɟɬ��ɬ�ɤ��ɜ�ɆɄɗ�ɧɚɩɪɹɠɟɧɢɹ�ɜ�ɞɚɧɧɨɦ�ɭɡɥɟ�ɢ�ɬɚɤ�ɩɪɟɞɫɬɚɜɥɹɸɬ�

ɫɨɛɨɣ� ɭɫɪɟɞɧɟɧɧɨɟ� ɡɧɚɱɟɧɢɟ� ɩɨ� ɪɚɫɫɬɨɹɧɢɸ� ɩɨɪɹɞɤɚ� ɪɚɡɦɟɪɚ�

ɷɥɟɦɟɧɬɚ�� 

 

Ɂɚɞɚɱɚ� ɪɟɲɚɟɬɫɹ� ɞɥɹ� ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ� y<0�� ɉɨɜɟɞɟɧɢɟ�

ɦɚɬɟɪɢɚɥɚ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɥɢɧɟɣɧɨɣ�ɬɟɨɪɢɟɣ�ɭɩɪɭɝɨɫɬɢ�� 

 

Ⱦɥɹ�ɪɟɲɟɧɢɹ�ɡɚɞɚɱɢ�ɥɢɧɟɣɧɨɣ�ɬɟɨɪɢɢ�ɭɩɪɭɝɨɫɬɢ�ɢɫɩɨɥɶɡɨɜɚɥɫɹ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɣ� ɩɚɤɟɬ� $16<6�� ȼɵɩɨɥɧɟɧɢɟ� ɭɫɥɨɜɢɹ� �5.11�� ɜɨ�

ɜɫɟɯ� ɭɡɥɚɯ� ɨɛɪɚɡɰɚ� ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ� ɩɪɢ� ɩɨɦɨɳɢ� ɨɬɞɟɥɶɧɨɣ�

ɩɨɞɩɪɨɝɪɚɦɦɵ�ɧɚ�ɹɡɵɤɟ�$16<6�$'3/� 
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��� 

 

ɇɚ�ɪɢɫɭɧɤɟ�5.8 ɩɪɟɞɫɬɚɜɥɟɧɨ�ɩɨɥɟ�ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ�

ɢ�ɫɨɫɬɨɹɧɢɟ�ɫɢɫɬɟɦɵ�ɜ�ɩɪɨɰɟɫɫɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ� 

 

 
 

Ɋɢɫɭɧɨɤ 5.8 

ɉɨɥɟ�ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ�ɜ�ɩɪɨɰɟɫɫɟ�ɤɨɧɬɚɤɬɚ�ɲɢɩɚ�ɫ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɦ�ɩɨɤɪɵɬɢɟɦ 

 

ɇɚ� ɪɢɫɭɧɤɟ� ��� ɢɡɨɛɪɚɠɟɧɨ� ɫɨɫɬɨɹɧɢɟ� ɨɛɪɚɡɰɚ� ɩɨɫɥɟ� ɡɚɜɟɪɲɟɧɢɹ�

ɷɤɫɩɟɪɢɦɟɧɬɚ�ɜ�ɫɥɭɱɚɟ�ɭɞɚɪɚ�ɲɢɩɚ�ɧɚ�ɞɨɫɬɚɬɨɱɧɨ�ɛɨɥɶɲɨɣ�ɫɤɨɪɨɫɬɢ��

ɇɚ�ɪɢɫɭɧɤɟ�ɧɚ�ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ�ɫɟɬɤɟ�ɨɬɦɟɱɟɧɵ�ɭɡɥɵ��ɜ�ɤɨɬɨɪɵɯ�

ɩɪɨɢɡɨɲɥɨ�ɪɚɡɞɟɥɟɧɢɟ�ɦɚɬɟɪɢɚɥɚ� 



��� 

 
 

Ɋɢɫɭɧɨɤ 5.9 

ɋɨɫɬɨɹɧɢɟ ɨɛɪɚɡɰɚ�ɜ�ɩɪɨɰɟɫɫɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɭɞɚɪɚ�ɞɨɫɬɚɬɨɱɧɨ�

ɛɨɥɶɲɨɣ�ɫɤɨɪɨɫɬɢ��Ɍɨɱɤɚɦɢ��ɞɥɹ�ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ�ɨɛɪɚɡɰɚ��

ɨɬɦɟɱɟɧɵ�ɭɡɥɵ��ɜ�ɤɨɬɨɪɵɯ�ɩɪɨɢɡɨɲɥɨ�ɪɚɡɪɭɲɟɧɢɟ 

 

ɇɚ� ɪɢɫ�� 5.10 ɩɪɟɞɫɬɚɜɥɟɧɚ� ɬɢɩɢɱɧɚɹ� ɜɪɟɦɟɧɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ�

ɧɚɩɪɹɠɟɧɢɣ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ� ɩɨɤɪɵɬɢɹ� ɜɛɥɢɡɢ�

ɤɨɧɬɚɤɬɚ�ɫ�ɚɜɬɨɦɨɛɢɥɶɧɵɦ�ɲɢɩɨɦ� 

 



��� 

 
 

Ɋɢɫɭɧɨɤ����� 

Ɍɢɩɢɱɧɚɹ�ɜɪɟɦɟɧɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ�ɧɚɩɪɹɠɟɧɢɣ�ɧɚ�

ɩɨɜɟɪɯɧɨɫɬɢ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ�ɩɨɤɪɵɬɢɹ�ɜɛɥɢɡɢ�ɤɨɧɬɚɤɬɚ�ɫ�

ɚɜɬɨɦɨɛɢɥɶɧɵɦ�ɲɢɩɨɦ 

 

ɉɪɨɜɨɞɢɥɨɫɶ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɩɨɜɟɞɟɧɢɹ� ɪɹɞɚ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɜ�

�ɫɬɚɧɞɚɪɬɧɨɝɨ� ɢ� ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ��� ɨɬɥɢɱɚɸɳɢɯɫɹ� ɫɜɨɢɦɢ�

ɫɜɨɣɫɬɜɚɦɢ�� Ⱦɥɹ� ɤɚɠɞɨɝɨ� ɢɡ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɜ� ɩɪɨɜɨɞɢɥɚɫɶ� ɫɟɪɢɹ�

ɱɢɫɥɟɧɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɫ� ɰɟɥɶɸ� ɨɩɪɟɞɟɥɟɧɢɹ� ɤɪɢɬɢɱɟɫɤɨɣ�

ɫɤɨɪɨɫɬɢ� v ɭɞɚɪɧɢɤɚ� �ɲɢɩɚ��� ɩɪɢ� ɤɨɬɨɪɨɣ� ɧɚɱɢɧɚɟɬɫɹ� ɨɛɪɚɡɨɜɚɧɢɟ�

ɬɪɟɳɢɧ�ɜ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɟ��ɇɚ�ɪɢɫɭɧɤɟ����� ɩɪɟɞɫɬɚɜɥɟɧɚ�ɩɨɥɭɱɟɧɧɚɹ�

ɡɚɜɢɫɢɦɨɫɬɶ� ɤɪɢɬɢɱɟɫɤɨɣ� ɫɤɨɪɨɫɬɢ� ɚɜɬɨɦɨɛɢɥɹ�� ɩɪɢ� ɞɨɫɬɢɠɟɧɢɢ�

ɤɨɬɨɪɨɣ� ɫɥɟɞɭɟɬ� ɨɠɢɞɚɬɶ� ɧɚɱɚɥɚ� ɦɢɤɪɨɪɚɫɬɪɟɫɤɢɜɚɧɢɹ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ�ɩɨɤɪɵɬɢɹ�ɨɬ�ɦɨɞɭɥɹ�ɭɩɪɭɝɨɫɬɢ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ� 



��� 

 
Ɋɢɫɭɧɨɤ 5.11 

 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɤɪɢɬɢɱɟɫɤɨɣ�ɫɤɨɪɨɫɬɢ�ɚɜɬɨɦɨɛɢɥɹ��ɩɪɢ�ɞɨɫɬɢɠɟɧɢɢ�

ɤɨɬɨɪɨɣ�ɫɥɟɞɭɟɬ�ɨɠɢɞɚɬɶ�ɧɚɱɚɥɚ�ɦɢɤɪɨɪɚɫɬɪɟɫɤɢɜɚɧɢɹ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ�ɩɨɤɪɵɬɢɹ�ɨɬ�ɦɨɞɭɥɹ�ɭɩɪɭɝɨɫɬɢ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ 

 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɩɪɢɜɟɞɟɧɧɵɯ� ɝɪɚɮɢɤɨɜ�� ɞɥɹ� ɫɬɚɧɞɚɪɬɧɨɝɨ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ� ɤɪɢɬɢɱɟɫɤɚɹ� ɫɤɨɪɨɫɬɶ� ɥɟɝɤɨɜɨɝɨ� ɚɜɬɨɦɨɛɢɥɹ�� ɩɪɢ�

ɤɨɬɨɪɨɣ� ɧɚɱɢɧɚɟɬɫɹ� ɷɪɨɡɢɨɧɧɨɟ� ɪɚɡɪɭɲɟɧɢɟ� ɚɫɮɚɥɶɬɨɜɨɝɨ� ɩɨɥɨɬɧɚ��

ɫɨɫɬɚɜɥɹɟɬ� ��� ɤɦ / ɱ�� ɉɪɢ� ɭɦɟɧɶɲɟɧɢɢ� ɭɩɪɭɝɨɝɨ� ɦɨɞɭɥɹ�

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ� ɢ�� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�� ɭɜɟɥɢɱɟɧɢɢ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ�ɤɪɢɬɢɱɟɫɤɚɹ�ɫɤɨɪɨɫɬɶ�

ɜɨɡɪɚɫɬɚɟɬ� 

 

 

 



��� 

5.3.6 ȼɵɜɨɞɵ 
 
 ȼ� ɪɚɛɨɬɟ� ɧɚ� ɨɫɧɨɜɟ� ɦɨɞɟɥɶɧɵɯ� ɡɚɞɚɱ� �ɞɢɧɚɦɢɱɟɫɤɢɣ� ɨɬɤɨɥ� ɜ�

ɩɥɚɫɬɢɧɚɯ�� ɤɨɧɬɚɤɬɧɚɹ� ɡɚɞɚɱɚ� Ƚɟɪɰɚ�� ɢ� ɱɢɫɥɟɧɧɵɯ� ɪɚɫɱɟɬɨɜ��

ɦɚɤɫɢɦɚɥɶɧɨ� ɩɪɢɛɥɢɠɟɧɧɵɯ� ɤ� ɪɟɚɥɶɧɨɫɬɢ�� ɢɫɫɥɟɞɨɜɚɧɚ� ɡɚɞɚɱɚ�

ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ� ɭɞɚɪɨɜ�

ɚɜɬɨɦɨɛɢɥɶɧɵɯ� ɲɢɩɨɜ� ɩɪɨɬɢɜɨɫɤɨɥɶɠɟɧɢɹ� ɬɪɚɧɫɩɨɪɬɧɵɯ� ɫɪɟɞɫɬɜ��

ɞɜɢɠɭɳɢɯɫɹ�ɫ�ɜɵɫɨɤɢɦɢ�ɫɤɨɪɨɫɬɹɦɢ�� 

 

ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɞɥɹ� ɫɬɚɧɞɚɪɬɧɨɝɨ� ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ� ɤɪɢɬɢɱɟɫɤɚɹ�

ɫɤɨɪɨɫɬɶ� ɚɜɬɨɦɨɛɢɥɹ� �ɫɬɚɧɞɚɪɬɧɵɟ� ɲɢɩɵ�� ɢɞɟɚɥɶɧɨ�

ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɟ�ɤɨɥɟɫɨ��ɨɩɬɢɦɚɥɶɧɨɟ�ɞɚɜɥɟɧɢɟ�ɜ�ɲɢɧɟ��ɫɨɫɬɚɜɥɹɟɬ�

���ɤɦ / ɱ��ɗɬɢ�ɪɚɫɱɟɬɵ�ɯɨɪɨɲɨ�ɤɨɪɪɟɥɢɪɭɸɬɫɹ�ɫ�ɞɚɧɧɵɦɢ�ɞɨɪɨɠɧɵɯ�

ɫɥɭɠɛ Ɏɢɧɥɹɧɞɢɢ��ɝɞɟ�ɜ�ɩɟɪɢɨɞ�ɩɪɢɦɟɧɟɧɢɹ�ɲɢɩɨɜ�ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ�

ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�ɬɪɚɧɫɩɨɪɬɚ ����ɤɦ / ɱ� ɢ�ɪɚɡɪɟɲɟɧɵ�ɤ�ɩɪɢɦɟɧɟɧɢɸ�

ɲɢɩɵ�ɦɟɧɶɲɟɣ�ɦɚɫɫɵ�� 

 

ɉɨɤɚɡɚɧɨ�ɜɥɢɹɧɢɟ�ɦɨɞɭɥɹ�ɭɩɪɭɝɨɫɬɢ�ɧɚ�ɫɤɨɪɨɫɬɧɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�

ɬɪɚɧɫɩɨɪɬɚ�� ɂɡ� ɩɪɢɜɟɞɟɧɧɵɯ� ɪɚɫɱɟɬɨɜ� ɫɥɟɞɭɟɬ�� ɱɬɨ� ɭɦɟɧɶɲɟɧɢɟ�

ɦɨɞɭɥɹ� ɭɩɪɭɝɨɫɬɢ� ɫɥɨɹ� ɢɡɧɨɫɚ� ɩɨɡɜɨɥɹɟɬ� ɡɧɚɱɢɬɟɥɶɧɨ� ɭɜɟɥɢɱɢɬɶ�

ɤɪɢɬɢɱɟɫɤɢɟ� ɫɤɨɪɨɫɬɢ� ɚɜɬɨɦɨɛɢɥɟɣ�� ɜɥɟɤɭɳɢɟ� ɡɚ� ɫɨɛɨɣ� ɷɪɨɡɢɨɧɧɨɟ�

ɪɚɡɪɭɲɟɧɢɟ� ɞɨɪɨɠɧɨɝɨ� ɩɨɥɨɬɧɚ�� ɱɬɨ� ɞɚɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɭɩɪɚɜɥɟɧɢɹ�

ɩɪɨɰɟɫɫɚɦɢ�ɩɨɹɜɥɟɧɢɹ�ɢɡɧɨɫɚ�� 

 

Ⱦɚɥɟɟ� ɪɚɫɫɦɨɬɪɢɦ� ɡɚɞɚɱɭ�� ɜ� ɤɨɬɨɪɨɣ� ɢɫɫɥɟɞɭɸɬɫɹ� ɛɨɥɶɲɢɟ�

ɫɤɨɪɨɫɬɢ� ɭɞɚɪɧɢɤɨɜ� ɢ�� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�� ɛɨɥɶɲɟɟ� ɤɨɥɢɱɟɫɬɜɨ�

ɫɨɡɞɚɜɚɟɦɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�± ɡɚɞɚɱɢ�ɩɪɨɛɢɜɚɧɢɹ�ɤɜɚɡɢɯɪɭɩɤɢɯ ɩɥɚɫɬɢɧ�

ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ�ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦɢ�ɭɞɚɪɧɢɤɚɦɢ�� 

 



��� 

5.4 ɑɢɫɥɟɧɧɵɣ� ɚɧɚɥɢɡ� ɩɪɨɛɢɜɚɧɢɹ� ɩɥɚɫɬɢɧ��

ɢɡɝɨɬɨɜɥɟɧɧɵɯ� ɢɡ� ɉɆɆȺ, ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦɢ�ɭɞɚɪɧɢɤɚɦɢ 
 

5.4.1 ȼɜɟɞɟɧɢɟ 

 

ɂɡɭɱɟɧɢɟ ɷɮɮɟɤɬɨɜ ɢ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɜ� ɡɚɞɚɱɚɯ ɩɪɨɛɢɜɚɧɢɹ 

ɦɚɬɟɪɢɚɥɨɜ ɢ� ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ�

ɜɨɡɞɟɣɫɬɜɢɹɯ ɢɦɟɟɬ�ɛɨɥɶɲɨɟ�ɩɪɚɤɬɢɱɟɫɤɨɟ�ɡɧɚɱɟɧɢɟ�ɞɥɹ�ɢɧɠɟɧɟɪɧɵɯ�

ɩɪɢɥɨɠɟɧɢɣ��Ɉɛɥɚɫɬɢ��ɞɥɹ�ɤɨɬɨɪɵɯ�ɜɚɠɧɵ�ɷɮɮɟɤɬɵ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɩɪɨɛɢɜɚɧɢɹ ɞɨɫɬɚɬɨɱɧɨ� ɲɢɪɨɤɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɧɚ� ɩɪɚɤɬɢɤɟ: 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ� ɫɢɫɬɟɦ� ɜɨɟɧɧɨɣ� ɡɚɳɢɬɵ� �ɩɭɥɟɧɟɩɪɨɛɢɜɚɟɦɵɟ�

ɠɢɥɟɬɵ�� ɛɪɨɧɹ� ɬɪɚɧɫɩɨɪɬɧɵɯ� ɫɪɟɞɫɬɜ� ɢ� ɬ�� ɞ.), ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɟ�

�ɛɟɡɨɩɚɫɧɨɫɬɶ� ɩɪɢ� ɚɜɚɪɢɹɯ��� ɚɜɢɚɰɢɹ ɢ� ɤɨɫɦɨɧɚɜɬɢɤɚ �ɭɞɚɪɵ� ɩɬɢɰ��

ɭɝɪɨɡɚ� ɫɨ� ɫɬɨɪɨɧɵ� ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɭɫɨɪɚ, ɷɪɨɡɢɹ� ɥɨɩɚɬɨɤ� ɬɭɪɛɢɧɵ�

ɬɜɟɪɞɵɦɢ� ɱɚɫɬɢɰɚɦɢ)�� ɬɟɪɪɨɪɢɫɬɢɱɟɫɤɚɹ ɭɝɪɨɡɚ�� ɷɥɟɤɬɪɨɧɢɤɚ�

(ɩɚɞɟɧɢɟ� ɩɨɪɬɚɬɢɜɧɵɯ� ɭɫɬɪɨɣɫɬɜ ɧɚ� ɬɜɟɪɞɵɟ� ɩɨɜɟɪɯɧɨɫɬɢ�� ɢ� ɬ�� ɞ��

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ� ɢɡɭɱɟɧɢɟ� ɷɮɮɟɤɬɨɜ� ɭɞɚɪɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ 

ɦɚɬɟɪɢɚɥɨɜ�ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ ɜɪɟɦɟɧɧɵɯ ɢ�ɮɢɧɚɧɫɨɜɵɯ�ɡɚɬɪɚɬ��

ɗɬɨ� ɜ� ɩɟɪɜɭɸ� ɨɱɟɪɟɞɶ� ɫɜɹɡɚɧɨ� ɫ� ɬɪɟɛɨɜɚɧɢɹɦɢ� ɤ� ɧɚɝɪɭɠɚɸɳɢɦ�

ɭɫɬɪɨɣɫɬɜɚɦ�� ɛɟɡɨɩɚɫɧɨɫɬɢ�� ɧɚɥɢɱɢɸ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɫɢɫɬɟɦ�

ɪɟɝɢɫɬɪɚɰɢɢ�ɢ�ɬɨɱɧɨɣ�ɫɢɧɯɪɨɧɢɡɚɰɢɢ�ɨɛɨɪɭɞɨɜɚɧɢɹ��Ʉɪɨɦɟ�ɬɨɝɨ��ɷɬɢ�

ɷɤɫɩɟɪɢɦɟɧɬɵ�ɦɨɝɭɬ� ɛɵɬɶ� ɞɨɜɨɥɶɧɨ� ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ�� ȼ� ɷɬɨɣ� ɫɜɹɡɢ�

ɱɢɫɥɟɧɧɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ�ɡɚɞɚɱɚɯ�ɩɪɨɛɢɜɚɧɢɹ�ɩɪɢɨɛɪɟɬɚɟɬ�ɨɫɨɛɭɸ�

ɰɟɧɧɨɫɬɶ, ɬɚɤ ɤɚɤ ɦɨɠɟɬ� ɫɥɭɠɢɬɶ� ɢɧɫɬɪɭɦɟɧɬɨɦ� ɞɥɹ� ɨɩɬɢɦɢɡɚɰɢɢ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɢɡɞɟɥɢɣ�

ɛɥɚɝɨɞɚɪɹ� ɩɨɫɬɨɹɧɧɨ� ɪɚɫɬɭɳɢɦ� ɜɨɡɦɨɠɧɨɫɬɹɦ� ɫɨɜɪɟɦɟɧɧɵɯ�

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ� ɫɢɫɬɟɦ��ȼ�ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɜ� ɥɢɬɟɪɚɬɭɪɟ� ɢɡɜɟɫɬɧɨ 



��� 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɱɢɫɥɟɧɧɵɯ�ɩɨɞɯɨɞɨɜ�ɜ ɡɚɞɚɱɚɯ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ (Xu and Needleman 1995, Liu and Liu 2010, 

Johnson 1996, Kosteski et al. 2015, Belytchko et al. 1997, Lee et al. 2016, 

(Lawn and Wilshaw 1975)Demmie and Silling 2007)��Ɉɞɧɚɤɨ��ɩɨɦɢɦɨ�

ɜɵɛɨɪɚ� ɱɢɫɥɟɧɧɨɣ� ɫɯɟɦɵ� ɧɟɨɛɯɨɞɢɦɨ� ɨɛɟɫɩɟɱɢɬɶ ɦɨɞɟɥɶ�

ɪɚɡɪɭɲɟɧɢɹ�� ɩɪɢɦɟɧɢɦɭɸ� ɞɥɹ� ɤɥɚɫɫɚ� ɪɟɲɚɟɦɵɯ� ɡɚɞɚɱ�� Ʉɚɤ�

ɧɟɨɞɧɨɤɪɚɬɧɨ�ɨɛɫɭɠɞɚɥɨɫɶ�ɜɵɲɟ��ɦɚɬɟɪɢɚɥɵ�ɦɨɝɭɬ�ɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ�

ɫɥɨɠɧɨɟ� ɩɨɜɟɞɟɧɢɟ� ɩɪɢ� ɢɧɬɟɧɫɢɜɧɨɦ� ɞɢɧɚɦɢɱɟɫɤɨɦ� ɧɚɝɪɭɠɟɧɢɢ��

ɭɜɟɥɢɱɟɧɢɟ�ɩɪɨɱɧɨɫɬɢ�ɫ�ɪɨɫɬɨɦ�ɫɤɨɪɨɫɬɢ�ɞɟɮɨɪɦɚɰɢɢ�(Cadoni et al. 

2006, Bragov and Lomunov 1995)�� ɨɫɨɛɟɧɧɨɫɬɢ�� ɫɜɹɡɚɧɧɵɟ� ɫ�

ɞɢɧɚɦɢɱɟɫɤɢɦ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ� ɬɪɟɳɢɧɵ� (Ravi-Chandar 1998, 

Fineberg and Bouchbinder 2015)��ɡɚɞɚɱɢ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɮɪɚɝɦɟɧɬɚɰɢɢ 

ɬɜɟɪɞɵɯ� ɬɟɥ� (Grady 2008)�� ɋɨɝɥɚɫɧɨ� ɨɞɧɨɦɭ� ɢɡ� ɧɚɢɛɨɥɟɟ�

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ� ɩɨɞɯɨɞɨɜ� ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɫɤɨɪɨɫɬɢ� ɞɟɮɨɪɦɚɰɢɢ� ɹɜɧɨ� ɜɜɨɞɹɬɫɹ� ɜ�

ɦɨɞɟɥɢ�ɦɚɬɟɪɢɚɥɨɜ��Ɇɨɞɟɥɶ�Ⱦɠɨɧɫɨɧɚ-Ʉɭɤɚ�(Johnson and Cook 1985, 

1983) - ɨɞɢɧ�ɢɡ ɹɪɤɢɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɷɬɨɝɨ�ɩɨɞɯɨɞɚ, ɢ ɢɦɟɧɧɨ�ɨɧɚ 

ɹɜɥɹɟɬɫɹ�ɨɞɧɨɣ�ɢɡ�ɧɚɢɛɨɥɟɟ�ɱɚɫɬɨ�ɢɫɩɨɥɶɡɭɟɦɵɯ�ɦɨɞɟɥɟɣ�ɩɨɜɟɞɟɧɢɹ�

ɦɚɬɟɪɢɚɥɨɜ� ɜ� ɨɛɥɚɫɬɢ� ɭɞɚɪɧɨɝɨ� ɧɚɝɪɭɠɟɧɢɹ� ɢ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ�� ɗɬɚ� ɦɨɞɟɥɶ� ɭɫɩɟɲɧɨ� ɩɪɢɦɟɧɹɥɚɫɶ� ɜ� ɡɧɚɱɢɬɟɥɶɧɨɦ�

ɤɨɥɢɱɟɫɬɜɟ�ɪɚɛɨɬ��ɨɞɧɚɤɨ�ɨɧɚ�ɫɨɞɟɪɠɢɬ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɛɨɥɶɲɨɣ�ɧɚɛɨɪ�

ɩɚɪɚɦɟɬɪɨɜ�� ɤɨɬɨɪɵɟ� ɧɟɨɛɯɨɞɢɦɨ� ɨɩɪɟɞɟɥɢɬɶ� ɫ� ɩɨɦɨɳɶɸ� ɞɨɜɨɥɶɧɨ�

ɫɥɨɠɧɵɯ�ɩɪɨɰɟɞɭɪ�(Iqbal et al. 2015, Allen et al. 1997)��Ʉɪɨɦɟ�ɬɨɝɨ� ɧɟ�

ɜɫɟ� ɷɬɢ� ɩɚɪɚɦɟɬɪɵ� ɢɦɟɸɬ� ɱɟɬɤɭɸ� ɮɢɡɢɱɟɫɤɭɸ� ɢɧɬɟɪɩɪɟɬɚɰɢɸ��

Ⱥɧɚɥɨɝɢɱɧɵɣ� ɩɨɞɯɨɞ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɞɥɹ� ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ�

ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɨɛɪɚɡɰɚɯ� ɫ� ɬɪɟɳɢɧɚɦɢ�� ɤɥɚɫɫɢɱɟɫɤɢɣ�

ɤɪɢɬɟɪɢɣ� ɪɚɡɪɭɲɟɧɢɹ� ɂɪɜɢɧɚ� (Irwin 1957) ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ� ɧɚ�

ɞɢɧɚɦɢɱɟɫɤɢɣ� ɫɥɭɱɚɣ� ɩɭɬɟɦ� ɜɜɟɞɟɧɢɹ� ɡɚɜɢɫɢɦɨɫɬɟɣ� ɨɬ� ɫɤɨɪɨɫɬɢ�

ɞɟɮɨɪɦɚɰɢɢ�ɢ�ɡɚɦɟɧɵ�ɩɚɪɚɦɟɬɪɨɜ�ɦɚɬɟɪɢɚɥɚ�ɮɭɧɤɰɢɨɧɚɥɚɦɢ�(Freund 
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1990, Rosakis and Zender 1985)�� ɗɬɢ� ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ�

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ� ɤɚɤ� ɫɜɨɣɫɬɜɚ� ɦɚɬɟɪɢɚɥɚ�� ɤɨɬɨɪɵɟ� ɫɥɟɞɭɟɬ�

ɨɩɪɟɞɟɥɹɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�� ȼ� ɰɟɥɨɦ ɦɨɠɧɨ� ɡɚɤɥɸɱɢɬɶ�� ɱɬɨ 

ɦɨɞɟɥɢ�ɪɚɡɪɭɲɟɧɢɹ��ɜɜɨɞɹɳɢɟ�ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ�ɫɤɨɪɨɫɬɢ�ɞɟɮɨɪɦɚɰɢɢ��

ɨɫɧɨɜɚɧɵ� ɧɚ� ɫɪɚɜɧɢɬɟɥɶɧɨ� ɛɨɥɶɲɢɯ� ɧɚɛɨɪɚɯ� ɩɚɪɚɦɟɬɪɨɜ� ɢ�

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ� ɡɚɜɢɫɢɦɨɫɬɟɣ�� ɤɨɬɨɪɵɟ� ɨɛɵɱɧɨ ɬɪɭɞɧɨ� ɢɥɢ� ɞɚɠɟ�

ɧɟɜɨɡɦɨɠɧɨ� ɨɩɪɟɞɟɥɢɬɶ� ɢɡ� ɫɬɚɧɞɚɪɬɧɵɯ� ɢɥɢ� ɞɚɠɟ� ɧɨɜɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ (Chung Kim Yuen 2017, Zhao 1998). 

 

Ⱦɪɭɝɚɹ� ɝɪɭɩɩɚ� ɤɪɢɬɟɪɢɟɜ� ɨɫɧɨɜɚɧɚ� ɧɚ� ɜɪɟɦɟɧɧɵɯ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ� ɩɪɨɰɟɫɫɚ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ�� Ʉɚɤ� ɢ� ɜ�

ɩɪɟɞɵɞɭɳɢɯ� ɪɟɡɭɥɶɬɚɬɚɯ�� ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ� ɜ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ�� ɛɭɞɟɦ�

ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɞɟɥɶ�ɪɚɡɪɭɲɟɧɢɹ�ɧɚ�ɨɫɧɨɜɟ�ɩɨɧɹɬɢɹ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ (5.1) (Petrov and Utkin 1989, Petrov 1991, Petrov and Morozov 

1994). ɋ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɦɟɬɨɞɚ�ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ�ɫ�ɜɧɟɞɪɟɧɧɵɦ�

ɤɪɢɬɟɪɢɟɦ�ɪɚɡɪɭɲɟɧɢɹ�ɧɚ�ɨɫɧɨɜɟ�ɩɨɧɹɬɢɹ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�

ɯɪɭɩɤɨɝɨ� ɪɚɡɪɭɲɟɧɢɹ� ɩɪɨɜɟɞɟɦ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ�

ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɩɨ� ɩɪɨɛɢɜɚɧɢɸ� ɩɥɚɫɬɢɧ� ɢɡ� ɉɆɆȺ 

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦɢ� ɭɞɚɪɧɢɤɚɦɢ�� Ɍɚɤɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɵ� ɛɵɥɢ 

ɩɪɨɜɟɞɟɧɵ�ɜ�ɇɢɠɟɝɨɪɨɞɫɤɨɦ�Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɦ�ɭɧɢɜɟɪɫɢɬɟɬɟ�ɝɪɭɩɩɨɣ 

ɩɪɨɮ�� Ⱥ�Ɇ�� Ȼɪɚɝɨɜɚ (Kazarinov et al. 2020)�� ȼ� ɷɬɢɯ� ɢɫɩɵɬɚɧɢɹɯ�

ɪɟɝɢɫɬɪɢɪɨɜɚɥɨɫɶ ɩɚɞɟɧɢɟ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ�ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ�

ɰɟɥɶɸ ± ɩɥɚɫɬɢɧɚɦɢ� ɪɚɡɥɢɱɧɨɣ� ɬɨɥɳɢɧɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɦɢ� ɢɡ�

ɉɆɆȺ�� ɗɤɫɩɟɪɢɦɟɧɬɵ� ɩɪɨɜɨɞɢɥɢɫɶ� ɧɚ� ɨɛɪɚɡɰɚɯ� ɫ� ɬɪɟɦɹ ɪɚɡɧɵɦɢ 

ɬɨɥɳɢɧɚɦɢ: �ɦɦ�� �ɦɦ� ɢ� ��ɦɦ�� ȼɵɛɨɪ� ɉɆɆȺ ɜ� ɤɚɱɟɫɬɜɟ�

ɢɫɫɥɟɞɭɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɫɜɹɡɚɧ�ɫ�ɬɟɦ��ɱɬɨ�ɟɝɨ�ɦɨɠɧɨ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�

ɤɚɤ� ɷɬɚɥɨɧɧɵɣ� ɦɚɬɟɪɢɚɥ� ɞɥɹ� ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ�� ɗɬɨɬ� ɦɚɬɟɪɢɚɥ ɞɨɫɬɚɬɨɱɧɨ� ɯɨɪɨɲɨ� ɢɡɭɱɟɧ��

ɉɪɢɜɥɟɤɚɬɟɥɶɧɵɟ� ɞɥɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɢɡɭɱɟɧɢɹ� ɫɜɨɣɫɬɜɚ�
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ɞɚɧɧɨɦɭ� ɦɚɬɟɪɢɚɥɭ� ɨɛɟɫɩɟɱɢɜɚɸɬ� ɨɩɬɢɱɟɫɤɢɟ� �ɨɧ� ɩɪɨɡɪɚɱɟɧ� ɢ�

ɨɛɥɚɞɚɟɬ�ɞɜɨɣɧɵɦ�ɥɭɱɟɩɪɟɥɨɦɥɟɧɢɟɦ��ɩɨɷɬɨɦɭ�ɩɪɢɦɟɧɢɦɵ�ɦɟɬɨɞɵ�

ɤɚɭɫɬɢɱɟɫɤɨɝɨ� ɚɧɚɥɢɡɚ�� ɢ� ɩɪɨɱɧɨɫɬɧɵɟ� �ɉɆɆȺ� ɹɜɥɹɟɬɫɹ�

ɤɜɚɡɢɯɪɭɩɤɢɦ� ɦɚɬɟɪɢɚɥɨɜ� ɜ� ɲɢɪɨɱɚɣɲɟɦ� ɞɢɚɩɚɡɨɧɟ� ɞɚɜɥɟɧɢɣ� ɢ�

ɫɤɨɪɨɫɬɟɣ� ɧɚɝɪɭɠɟɧɢɹ� ɫɜɨɣɫɬɜɚ�� ɗɬɨɬ� ɦɚɬɟɪɢɚɥ� ɢɫɩɨɥɶɡɨɜɚɥɫɹ� ɜ�

ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ� ɪɚɛɨɬɚɯ� ɩɨ� ɞɢɧɚɦɢɱɟɫɤɨɦɭ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ�

ɬɪɟɳɢɧ�(Fineberg at al. 1992, Smirnov et al. 2019)��ɭɞɚɪɭ�(Dorogoy et al. 

2018,Stenzler and Goulbourne 2011), ɨɬɤɨɥɭ�(Kanel 2010, Parkhomenko 

and Utkin 1990), ɢ ɟɝɨ�ɩɪɨɱɧɨɫɬɧɵɟ�ɩɚɪɚɦɟɬɪɵ�ɢ�ɩɨɜɟɞɟɧɢɟ�ɯɨɪɨɲɨ�

ɢɡɭɱɟɧɵ�� ɋ� ɞɪɭɝɨɣ� ɫɬɨɪɨɧɵ�� ɉɆɆȺ� ɲɢɪɨɤɨ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɞɥɹ�

ɪɚɡɥɢɱɧɵɯ� ɢɧɠɟɧɟɪɧɵɯ� ɩɪɢɥɨɠɟɧɢɣ� (Rosenberg et al. 2005)�� ɢ�

ɪɟɡɭɥɶɬɚɬɵ� ɷɬɨɣ�ɪɚɛɨɬɵ� �ɤɚɤ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�� ɬɚɤ�ɢ� ɱɢɫɥɟɧɧɵɟ��

ɦɨɝɭɬ�ɛɵɬɶ�ɩɨɥɟɡɧɵ�ɞɥɹ�ɩɪɚɤɬɢɱɟɫɤɢɯ�ɧɭɠɞ� 

 

 

5.4.2 ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨ�ɩɪɨɛɢɜɚɧɢɸ ɩɥɚɫɬɢɧ�ɢɡ�ɉɆɆȺ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ�� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɤɨɬɨɪɵɯ�

ɛɭɞɟɬ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɞɚɥɟɟ�� ɛɵɥɢ� ɩɪɨɜɟɞɟɧɧɵɟ� ɜ� ɇɢɠɟɝɨɪɨɞɫɤɨɦ�

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɦ� ɭɧɢɜɟɪɫɢɬɟɬɟ� ɝɪɭɩɩɨɣ� ɩɪɨɮ�� Ⱥ�Ɇ�� Ȼɪɚɝɨɜɚ�

(Kazarinov et al. 2020). ȼ�ɷɬɢɯ�ɷɤɫɩɟɪɢɦɟɧɬɚɯ�ɤɜɚɞɪɚɬɧɵɟ�ɩɥɚɫɬɢɧɵ�ɢɡ�

ɉɆɆȺ�ɫ�ɪɚɡɦɟɪɚɦɢ����ɦɦ�ɧɚ����ɦɦ�ɢ�ɬɨɥɳɢɧɚɦɢ��ɦɦ���ɦɦ�ɢ���ɦɦ�

ɡɚɠɢɦɚɥɢɫɶ�ɜ�ɫɩɟɰɢɚɥɶɧɨɦ�ɮɢɤɫɢɪɭɸɳɟɦ�ɭɫɬɪɨɣɫɬɜɟ��ɫɦ. ɪɢɫ. 5.12). 
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Ɋɢɫɭɧɨɤ����2 

 

ɉɥɚɫɬɢɧɚ�ɢɡ�ɉɆɆȺ��ɡɚɮɢɤɫɢɪɨɜɚɧɧɚɹ�ɜ�ɫɩɟɰɢɚɥɶɧɨɦ�ɭɫɬɪɨɣɫɬɜɟ� 

 

ɇɚɝɪɭɠɟɧɢɟ� ɩɪɨɢɡɜɨɞɢɥɨɫɶ� ɩɪɢ� ɩɨɦɨɳɢ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ�

ɭɞɚɪɧɢɤɨɜ�� ɧɨɪɦɚɥɶɧɨ� ɭɞɚɪɹɸɳɢɯ� ɜ� ɰɟɧɬɪ� ɩɥɚɫɬɢɧɵ�� ɍɞɚɪɧɢɤɢ�

ɩɪɟɞɫɬɚɜɥɹɥɢ�ɫɨɛɨɣ�ɫɬɚɥɶɧɵɟ�ɰɢɥɢɧɞɪɵ�ɫ�ɞɢɚɦɟɬɪɨɦ���ɦɦ��ɞɥɢɧɨɣ����

ɦɦ� ɢ� ɦɚɫɫɨɣ� ���� ɝɪɚɦɦɚ�� Ɉɛɨɪɭɞɨɜɚɧɢɟ� ɧɚ� ɨɫɧɨɜɟ� ɝɚɡɨɜɨɣ� ɩɭɲɤɢ�

ɩɨɡɜɨɥɹɥɨ� ɪɚɡɝɨɧɹɬɶ� ɞɚɧɧɵɟ� ɭɞɚɪɧɢɤɢ� ɞɨ� ɩɪɨɢɡɜɨɥɶɧɨɣ� ɫɤɨɪɨɫɬɢ� ɜ�

ɩɪɟɞɟɥɚɯ�ɨɬ����ɦ�ɫ�ɞɨ�����ɦ�ɫ��ɇɚɱɚɥɶɧɚɹ��ɞɨ�ɫɨɭɞɚɪɟɧɢɹ�ɫ�ɩɥɚɫɬɢɧɨɣ�

ɢɡ�ɉɆɆȺ��ɫɤɨɪɨɫɬɶ�ɭɞɚɪɧɢɤɚ�ɫ�ɜɵɫɨɤɨɣ�ɬɨɱɧɨɫɬɶɸ�ɮɢɤɫɢɪɨɜɚɥɚɫɶ�

ɩɪɢ�ɩɨɦɨɳɢ�ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ�ɞɚɬɱɢɤɨɜ��Ɋɚɡɪɭɲɟɧɢɟ�ɩɥɚɫɬɢɧɵ�ɩɪɢ�

ɭɞɚɪɟ�� ɚ ɬɚɤɠɟ� ɫɤɨɪɨɫɬɶ� ɭɞɚɪɧɢɤɚ� ɩɨɫɥɟ� ɩɪɨɛɢɜɚɧɢɹ� ɩɥɚɫɬɢɧɵ�

ɮɢɤɫɢɪɨɜɚɥɢɫɶ�ɩɪɢ�ɩɨɦɨɳɢ�ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ�ɜɢɞɟɨɫɴɟɦɤɢ�� 

 



��� 

ȼ� ɩɪɨɜɟɞɟɧɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ� ɞɥɹ� ɬɪɟɯ� ɪɚɡɧɵɯ� ɬɨɥɳɢɧ�

ɩɥɚɫɬɢɧ� ɢɡ� ɉɆɆȺ� ɢɫɫɥɟɞɨɜɚɥɚɫɶ� ɡɚɜɢɫɢɦɨɫɬɶ� ɫɤɨɪɨɫɬɢ� ɭɞɚɪɧɢɤɚ�

ɩɨɫɥɟ�ɩɪɨɛɢɜɚɧɢɹ�ɩɥɚɫɬɢɧɵ�ɨɬ�ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ��Ɉɫɨɛɨɟ�

ɜɧɢɦɚɧɢɟ� ɜ� ɢɫɫɥɟɞɨɜɚɧɢɹɯ� ɭɞɟɥɹɥɨɫɶ� ɫɤɨɪɨɫɬɹɦ, ɛɥɢɡɤɢɦ� ɤ�

ɛɚɥɥɢɫɬɢɱɟɫɤɨɦɭ� ɩɪɟɞɟɥɭ� ± ɤɪɢɬɢɱɟɫɤɨɣ� ɫɤɨɪɨɫɬɢ� ɭɞɚɪɧɢɤɚ�� ɩɪɢ�

ɤɨɬɨɪɨɣ�ɩɪɨɢɫɯɨɞɢɬ�ɩɪɨɛɢɜɚɧɢɟ�ɰɟɥɢ� 

 

 

5.4.3 ɑɢɫɥɟɧɧɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɩɪɨɛɢɜɚɧɢɹ� ɩɥɚɫɬɢɧ�ɢɡ�

ɉɆɆȺ 

 

Ⱦɥɹ�ɱɢɫɥɟɧɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɛɵɥɚ�ɢɫɩɨɥɶɡɨɜɚɧɚ�ɱɢɫɥɟɧɧɚɹ�

ɫɯɟɦɚ� ɢ ɤɪɢɬɟɪɢɣ� ɪɚɡɪɭɲɟɧɢɹ, ɢɞɟɧɬɢɱɧɵɟ� ɢɫɩɨɥɶɡɭɟɦɵɦ� ɪɚɧɟɟ� ɜ�

ɞɚɧɧɨɣ� ɝɥɚɜɟ�� ɇɚ� ɪɢɫɭɧɤɟ� ����ɚ� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɚɹ�

ɝɟɨɦɟɬɪɢɹ� ɱɢɫɥɟɧɧɨɣ� ɦɨɞɟɥɢ�� Ɋɢɫɭɧɨɤ� ����b ɭɜɟɥɢɱɢɜɚɟɬ� ɡɨɧɭ�

ɤɨɧɬɚɤɬɚ�ɭɞɚɪɧɢɤɚ�ɢ�ɦɢɲɟɧɢ�� 

 



��� 

 
Ɋɢɫɭɧɨɤ�����ɚ 

 

Ʉɨɧɟɱɧɨɷɥɟɦɟɧɬɧɚɹ�ɦɨɞɟɥɶ� 

 



��� 

 
Ɋɢɫɭɧɨɤ����3b 

 

Ʉɨɧɟɱɧɨɷɥɟɦɟɧɬɧɚɹ�ɦɨɞɟɥɶ��ɍɜɟɥɢɱɟɧɢɟ�ɡɨɧɵ�ɤɨɧɬɚɤɬɚ�ɭɞɚɪɧɢɤɚ�ɢ�

ɦɢɲɟɧɢ�� 

 

ɋɜɨɣɫɬɜɚ� ɦɚɬɟɪɢɚɥɨɜ�� ɢɫɩɨɥɶɡɭɟɦɵɟ� ɩɪɢ� ɦɨɞɟɥɢɪɨɜɚɧɢɢ, 

ɩɪɟɞɫɬɚɜɥɟɧɵ� ɜ� ɬɚɛɥɢɰɚɯ� ��4 ɢ� ��5�� Ⱦɥɹ� ɦɢɲɟɧɢ� ɢɫɩɨɥɶɡɨɜɚɧɵ�

ɫɜɨɣɫɬɜɚ� ɉɆɆȺ�� ɞɥɹ� ɭɞɚɪɧɢɤɚ - ɫɜɨɣɫɬɜɚ� ɫɬɚɥɢ, ɢɡ� ɤɨɬɨɪɨɣ�

ɢɡɝɨɬɨɜɥɹɥɢɫɶ�ɭɞɚɪɧɢɤɢ� 

 

 



��� 

       Ɇɨɞɭɥɶ�ɘɧɝɚ3.3 ܧ� Ƚɩɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ�ɉɭɚɫɫɨɧɚ0.35 ߥ� 

ɉɥɨɬɧɨɫɬɶ1180 ߩ� ɤɝ�ɦ3 

Ʉɪɢɬɢɱɟɫɤɨɟ� ɧɚɩɪɹɠɟɧɢɟ�

 ˔ߪ

72 Ɇɩɚ 

Ʉɪɢɬɢɱɟɫɤɢɣ�Ʉɂɇ 1.7 Ɇɩɚή ξˏ 

 ݀ 0.1 ɦɦ 

 ߬ 1 ɦɤɫ 

 

Ɍɚɛɥɢɰɚ�5.4 

ɋɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɚ�ɦɢɲɟɧɶ�, ɢɫɩɨɥɶɡɭɟɦɵɟ�ɜ�ɜɵɱɢɫɥɟɧɢɹɯ 

 

       Ɇɨɞɭɥɶ�ɘɧɝɚ209 ܧ� Ƚɩɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ�ɉɭɚɫɫɨɧɚ0.28 ߥ� 

ɉɥɨɬɧɨɫɬɶ7720 ߩ� ɤɝ�ɦ3 

 

Ɍɚɛɥɢɰɚ�5.5 

ɋɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɚ��ɭɞɚɪɧɢɤ���ɢɫɩɨɥɶɡɭɟɦɵɟ�ɜ�ɜɵɱɢɫɥɟɧɢɹɯ 

 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ�ɱɢɫɥɟɧɧɚɹ�ɫɯɟɦɚ�ɜɧɟɞɪɟɧɚ�ɜ�ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɣ�

ɩɚɤɟɬ� LS-DYNA�� ɢɫɩɨɥɶɡɭɸɳɢɣ� ɹɜɧɭɸ� ɫɯɟɦɭ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ� ɩɨ�

ɜɪɟɦɟɧɢ��Ⱦɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɜɵɩɨɥɧɟɧɢɹ�ɤɪɢɬɟɪɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɜɨ�ɜɫɟɯ�

ɬɨɱɤɚɯ� ɨɛɪɚɡɰɚ� ɪɚɡɪɚɛɨɬɚɧɚ� ɩɪɨɰɟɞɭɪɚ� ɧɚ� ɹɡɵɤɟ� FORTRAN ɞɥɹ�

ɫɨɜɦɟɫɬɧɨɝɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɫ� ɩɪɨɝɪɚɦɦɨɣ� LS-DYNA. ɉɪɢ�

ɜɵɩɨɥɧɟɧɢɢ�ɭɫɥɨɜɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɤɚɤɨɦ-ɥɢɛɨ�ɷɥɟɦɟɧɬɟ�ɩɪɢɦɟɧɹɟɬɫɹ�

ɬɟɯɧɢɤɚ� ©ɫɦɟɪɬɢª� ɷɥɟɦɟɧɬɚ� ± ɦɨɞɭɥɶ� ɭɩɪɭɝɨɫɬɢ� ɢɫɤɭɫɫɬɜɟɧɧɨ�



��� 

ɭɦɟɧɶɲɚɟɬɫɹ�ɩɪɚɤɬɢɱɟɫɤɢ�ɞɨ��, ɢ�ɷɥɟɦɟɧɬ�ɮɚɤɬɢɱɟɫɤɢ�ɩɟɪɟɫɬɚɟɬ�ɧɟɫɬɢ�

ɤɚɤɭɸ-ɥɢɛɨ�ɧɚɝɪɭɡɤɭ� 

 

ɇɚ�ɪɢɫɭɧɤɟ������ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ�ɜɢɞ�ɨɛɪɚɡɰɨɜ�ɬɨɥɳɢɧɨɣ����

ɦɦ�ɩɨɫɥɟ�ɢɫɩɵɬɚɧɢɣ�ɫ�ɪɚɡɥɢɱɧɵɦɢ�ɫɤɨɪɨɫɬɹɦɢ�ɫɪɚɜɧɢɜɚɟɬɫɹ�ɫ�ɜɢɞɨɦ�

ɚɧɚɥɨɝɢɱɧɵɯ�ɨɛɪɚɡɰɨɜ�ɩɪɢ�ɚɧɚɥɨɝɢɱɧɨɦ�ɜɨɡɞɟɣɫɬɜɢɢ�ɩɪɢ�ɱɢɫɥɟɧɧɨɦ�

ɷɤɫɩɟɪɢɦɟɧɬɟ� 

 

 

 

 



��� 

 
Ɋɢɫɭɧɨɤ����4 

 

ɋɪɚɜɧɟɧɢɟ�ɜɧɟɲɧɟɝɨ�ɜɢɞɚ�ɢɫɩɵɬɚɧɧɵɯ�ɩɥɚɫɬɢɧɨɤ�ɢɡ�ɉɆɆȺ�ɩɪɢ�

ɪɚɡɥɢɱɧɵɯ�ɧɚɱɚɥɶɧɵɯ�ɫɤɨɪɨɫɬɹɯ�ɭɞɚɪɧɢɤɚ��ɋɥɟɜɚ�± ɪɟɡɭɥɶɬɚɬɵ�

ɧɚɬɭɪɧɵɯ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ��ɫɩɪɚɜɚ�± ɪɟɡɭɥɶɬɚɬɵ�ɱɢɫɥɟɧɧɨɝɨ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ�� 

 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ� ɢɥɥɸɫɬɪɚɰɢɢ�� ɪɟɡɭɥɶɬɚɬɵ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɞɥɹ�ɩɨɜɪɟɠɞɟɧɢɣ��ɧɚɧɟɫɟɧɧɵɯ�ɨɛɪɚɡɰɭ� ɜ�ɪɟɡɭɥɶɬɚɬɟ�

ɭɞɚɪɚ��ɯɨɪɨɲɨ�ɫɨɜɩɚɞɚɸɬ�ɫ�ɧɚɛɥɸɞɚɟɦɵɦɢ�ɜ�ɷɤɫɩɟɪɢɦɟɧɬɟ�� 



��� 

Ⱦɚɥɟɟ� ɫɪɚɜɧɢɦ� ɡɚɜɢɫɢɦɨɫɬɢ� ɫɤɨɪɨɫɬɢ� ɭɞɚɪɧɢɤɚ� ɩɨɫɥɟ�

ɩɪɨɛɢɜɚɧɢɹ� ɦɢɲɟɧɢ� ɨɬ� ɧɚɱɚɥɶɧɨɣ� ɫɤɨɪɨɫɬɢ�� ɧɚɛɥɸɞɚɟɦɵɟ� ɜ�

ɷɤɫɩɟɪɢɦɟɧɬɟ�� ɫ� ɚɧɚɥɨɝɢɱɧɵɦɢ� ɡɚɜɢɫɢɦɨɫɬɹɦɢ�� ɩɨɥɭɱɚɟɦɵɦɢ� ɜ�

ɪɟɡɭɥɶɬɚɬɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ�� Ɋɟɡɭɥɶɬɚɬɵ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɧɚ� ɪɢɫɭɧɤɟ�

5.15. 

 

Ɋɢɫɭɧɨɤ�����ɚ 

 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ�ɩɨɫɥɟ�ɩɪɨɛɢɜɚɧɢɹ�ɦɢɲɟɧɢ�ɨɬ�

ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ��Ɍɨɥɳɢɧɚ�ɦɢɲɟɧɢ��ɦɦ� 

 



��� 

 

Ɋɢɫɭɧɨɤ����5b 

 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ�ɩɨɫɥɟ�ɩɪɨɛɢɜɚɧɢɹ�ɦɢɲɟɧɢ�ɨɬ�

ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ��Ɍɨɥɳɢɧɚ�ɦɢɲɟɧɢ�6ɦɦ� 

 



��� 

 

Ɋɢɫɭɧɨɤ����5c 

 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ�ɩɨɫɥɟ�ɩɪɨɛɢɜɚɧɢɹ�ɦɢɲɟɧɢ�ɨɬ�

ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ��Ɍɨɥɳɢɧɚ�ɦɢɲɟɧɢ�10ɦɦ� 

 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ� ɞɚɧɧɵɯ�� ɞɥɹ� ɜɫɟɯ� ɬɪɟɯ�

ɢɫɫɥɟɞɨɜɚɧɧɵɯ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɬɨɥɳɢɧ�ɩɪɟɝɪɚɞ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�

ɧɚɛɥɸɞɚɟɦɵɟ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɱɟɧɶ�ɯɨɪɨɲɨ�ɫɨɜɩɚɞɚɸɬ�ɫ�ɪɟɡɭɥɶɬɚɬɚɦɢ�

ɱɢɫɥɟɧɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ�� Ʉɪɨɦɟ� ɬɪɟɯ� ɬɨɥɳɢɧ� ɦɢɲɟɧɢ��

ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�� ɱɢɫɥɟɧɧɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɛɵɥɨ�

ɩɪɨɜɟɞɟɧɨ� ɞɥɹ� ɩɪɨɛɢɜɚɧɢɹ� ɦɢɲɟɧɢ� ɢɡ� ɉɆɆȺ� ɬɨɥɳɢɧɨɣ� �ɦɦ��

Ɋɟɡɭɥɶɬɚɬɵ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɞɥɹ� ɷɬɨɝɨ� ɫɥɭɱɚɹ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɧɚ�

ɪɢɫɭɧɤɟ����� 

 



��� 

 

Ɋɢɫɭɧɨɤ����6 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ�ɩɨɫɥɟ�ɩɪɨɛɢɜɚɧɢɹ�ɦɢɲɟɧɢ�ɨɬ�

ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ��Ɍɨɥɳɢɧɚ�ɦɢɲɟɧɢ��ɦɦ� 

 

ɍɱɢɬɵɜɚɹ� ɤɪɚɣɧɟ� ɯɨɪɨɲɟɟ� ɫɨɜɩɚɞɟɧɢɟ� ɪɟɡɭɥɶɬɚɬɨɜ� ɞɥɹ� ɜɫɟɯ�

ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɬɨɥɳɢɧ�ɦɢɲɟɧɟɣ�� ɫɥɟɞɭɟɬ� ɨɠɢɞɚɬɶ, ɱɬɨ� ɪɟɡɭɥɶɬɚɬɵ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɞɥɹ� ɬɨɥɳɢɧɵ� �� ɦɦ� ɬɚɤɠɟ� ɛɭɞɭɬ� ɫɨɜɩɚɞɚɬɶ� ɫ�

ɪɟɚɥɶɧɵɦɢ�� ɇɚ� ɪɢɫɭɧɤɟ� ����� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɡɚɜɢɫɢɦɨɫɬɶ�

ɛɚɥɥɢɫɬɢɱɟɫɤɨɝɨ� ɩɪɟɞɟɥɚ� �ɤɪɢɬɢɱɟɫɤɨɣ� ɫɤɨɪɨɫɬɢ�� ɩɨɫɥɟ� ɤɨɬɨɪɨɣ�

ɩɪɨɢɫɯɨɞɢɬ� ɩɪɨɛɢɜɚɧɢɟ� ɩɪɟɝɪɚɞɵ�� ɨɬ� ɬɨɥɳɢɧɵ� ɩɪɨɛɢɜɚɟɦɨɣ�

ɦɢɲɟɧɢ� 

 



��� 

 

Ɋɢɫɭɧɨɤ����7 

 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɛɚɥɥɢɫɬɢɱɟɫɤɨɝɨ�ɩɪɟɞɟɥɚ�ɨɬ�ɬɨɥɳɢɧɵ�

ɩɪɨɛɢɜɚɟɦɨɣ�ɦɢɲɟɧɢ��ɋɪɚɜɧɟɧɢɟ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢɡɦɟɪɟɧɢɣ�ɢ�

ɪɟɡɭɥɶɬɚɬɨɜ�ɱɢɫɥɟɧɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ��Ⱦɥɹ�ɬɨɥɳɢɧɵ�ɦɢɲɟɧɢ��ɦɦ�

ɩɪɟɞɫɬɚɜɥɟɧɵ�ɬɨɥɶɤɨ�ɪɟɡɭɥɶɬɚɬɵ�ɱɢɫɥɟɧɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ� 

 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɪɢɫɭɧɤɚ� 5.17, ɪɟɡɭɥɶɬɚɬɵ� ɱɢɫɥɟɧɧɨɝɨ�

ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɯɨɪɨɲɨ� ɫɨɨɬɜɟɬɫɬɜɭɸɬ� ɛɚɥɥɢɫɬɢɱɟɫɤɨɦɭ� ɩɪɟɞɟɥɭ, 

ɩɨɥɭɱɟɧɧɨɦɭ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�� ɉɨɥɭɱɟɧɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɛɥɢɡɤɚ� ɤ�

ɥɢɧɟɣɧɨɣ��ɱɬɨ�ɨɛɵɱɧɨ�ɢ�ɧɚɛɥɸɞɚɟɬɫɹ�ɜ�ɷɤɫɩɟɪɢɦɟɧɬɚɯ�ɧɚ ɩɪɨɛɢɜɚɧɢɟ 

ɯɪɭɩɤɢɯ�ɦɢɲɟɧɟɣ� 



��� 

 

 

5.4.4 Ɂɚɤɥɸɱɟɧɢɟ 

 

ȼ�ɪɚɛɨɬɟ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɱɢɫɥɟɧɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�

ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɩɨ ɭɞɚɪɧɨɦɭ� ɩɪɨɛɢɜɚɧɢɸ� ɩɥɚɫɬɢɧ� ɢɡ� ɉɆɆȺ�

ɪɚɡɥɢɱɧɨɣ� ɬɨɥɳɢɧɵ� ɫɬɚɥɶɧɵɦ� ɫɧɚɪɹɞɨɦ�� Ɋɚɧɟɟ� ɡɚɜɢɫɢɦɨɫɬɶ�ɦɟɠɞɭ�

ɧɚɱɚɥɶɧɨɣ� ɫɤɨɪɨɫɬɶɸ� ɭɞɚɪɧɢɤɚ� ɢ� ɨɫɬɚɬɨɱɧɨɣ� ɫɤɨɪɨɫɬɶɸ� ɭɞɚɪɧɢɤɚ�

ɛɵɥɚ� ɨɰɟɧɟɧɚ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ (Kazarinov et al. 2020). ɍɞɚɪɧɢɤɢ�

ɪɚɡɝɨɧɹɥɢɫɶ�ɞɨ�ɪɚɡɥɢɱɧɵɯ�ɧɚɱɚɥɶɧɵɯ�ɫɤɨɪɨɫɬɟɣ�ɩɪɢ�ɩɨɦɨɳɢ�ɝɚɡɨɜɨɣ�

ɩɭɲɤɢ�� ɚ� ɫɤɨɪɨɫɬɶ� ɭɞɚɪɧɢɤɚ� ɩɨɫɥɟ� ɩɪɨɛɢɜɚɧɢɹ� ɦɢɲɟɧɢ�

ɪɟɝɢɫɬɪɢɪɨɜɚɥɚɫɶ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ�ɜɢɞɟɨɫɴɟɦɤɢ. 

Ʉɪɨɦɟ� ɬɨɝɨ�� ɛɵɥ� ɩɨɥɭɱɟɧ� ɛɚɥɥɢɫɬɢɱɟɫɤɢɣ� ɩɪɟɞɟɥ� ɞɥɹ� ɬɪɟɯ� ɬɢɩɨɜ 

ɬɨɥɳɢɧ ɨɛɪɚɡɰɨɜ�� ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɞɚɧɧɵɟ� ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ� ɞɥɹ�

ɩɪɨɜɟɪɤɢ� ɢ� ɜɟɪɢɮɢɤɚɰɢɢ ɱɢɫɥɟɧɧɨɝɨ� ɩɨɞɯɨɞɚ� ɧɚ� ɨɫɧɨɜɟ ɦɟɬɨɞɚ 

ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ� ɫ� ɜɧɟɞɪɟɧɧɨɣ� ɦɨɞɟɥɶɸ ɪɚɡɪɭɲɟɧɢɹ� ɧɚ� ɨɫɧɨɜɟ�

ɩɨɧɹɬɢɹ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ.  

 

ɋɥɟɞɭɟɬ� ɨɬɦɟɬɢɬɶ�� ɱɬɨ� ɢɫɩɨɥɶɡɭɟɦɵɣ� ɩɨɞɯɨɞ� ɧɟ� ɫɨɞɟɪɠɢɬ�

ɩɨɞɝɨɧɨɱɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ��ȼɫɟ�ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ�ɩɚɪɚɦɟɬɪɵ�ɦɚɬɟɪɢɚɥɚ�

ɜɡɹɬɵ� ɢɡ� ɩɚɫɩɨɪɬɚ� ɦɚɬɟɪɢɚɥɚ� ɥɢɛɨ� ɢɡ� ɛɨɥɟɟ� ɪɚɧɧɢɯ� ɪɚɛɨɬ��

ɂɫɩɨɥɶɡɭɟɦɵɣ� ɩɨɞɯɨɞ� ɩɪɟɞɩɨɥɚɝɚɟɬ� ɨɞɢɧ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ�

ɩɪɨɱɧɨɫɬɧɨɣ� ɩɚɪɚɦɟɬɪ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɫɬɚɧɞɚɪɬɧɵɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ�

ɦɚɬɟɪɢɚɥɚ�� Ɋɟɡɭɥɶɬɚɬɵ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɱɟɧɶ� ɯɨɪɨɲɨ� ɫɨɜɩɚɞɚɸɬ� ɫ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ� ɧɚɛɥɸɞɟɧɢɹɦɢ�� ɤɚɤ� ɛɚɥɥɢɫɬɢɱɟɫɤɢɟ� ɩɪɟɞɟɥɵ�

ɞɥɹ� ɤɨɧɤɪɟɬɧɵɯ� ɦɢɲɟɧɟɣ ɢ� ɫɧɚɪɹɞɚ�� ɬɚɤ� ɢ� ɡɚɜɢɫɢɦɨɫɬɶ� ɫɤɨɪɨɫɬɢ�

ɭɞɚɪɧɢɤɚ�ɩɨɫɥɟ�ɩɪɨɛɢɜɚɧɢɹ�ɨɬ�ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɩɪɟɞɫɤɚɡɵɜɚɸɬɫɹ�

ɫ� ɯɨɪɨɲɟɣ� ɬɨɱɧɨɫɬɶɸ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɦɨɠɧɨ� ɡɚɤɥɸɱɢɬɶ�� ɱɬɨ 



��� 

ɪɚɡɪɚɛɨɬɚɧɧɵɣ� ɱɢɫɥɟɧɧɵɣ� ɩɨɞɯɨɞ� ɦɨɠɟɬ� ɩɪɢɦɟɧɹɬɶɫɹ� ɞɥɹ�

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ� ɞɢɧɚɦɢɤɢ ɪɚɡɪɭɲɟɧɢɹ� ɢ ɜ� ɞɪɭɝɢɯ� ɫɥɭɱɚɹɯ�� ɞɥɹ�

ɞɪɭɝɢɯ� ɯɪɭɩɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ� �ɧɚɩɪɢɦɟɪ�� ɤɟɪɚɦɢɤɢ�� ɢ� ɞɪɭɝɢɯ 

ɤɨɧɮɢɝɭɪɚɰɢɣ ɨɛɪɚɡɰɨɜ ɢ�ɫɩɨɫɨɛɚ�ɧɚɝɪɭɠɟɧɢɹ. 

 

5.5 ɑɢɫɥɟɧɧɨɟ�ɢɫɫɥɟɞɨɜɚɧɢɟ�ɪɚɡɪɭɲɟɧɢɹ�ɢ�ɮɪɚɝɦɟɧɬɚɰɢɢ�

ɤɟɪɚɦɢɱɟɫɤɢɯ� ɩɥɚɫɬɢɧ� ɩɪɢ� ɤɨɧɬɚɤɬɧɨɦ� ɭɞɚɪɧɨɦ�

ɧɚɝɪɭɠɟɧɢɢ 
 

ȼ� ɩɪɟɞɵɞɭɳɟɦ� ɪɚɡɞɟɥɟ� ɜ� ɬɪɟɯɦɟɪɧɨɣ� ɩɨɫɬɚɧɨɜɤɟ� ɛɵɥɚ�

ɪɚɫɫɦɨɬɪɟɧɚ� ɡɚɞɚɱɚ� ɨ� ɩɪɨɛɢɜɚɧɢɢ� ɩɪɟɝɪɚɞɵ� ɢɡ� ɉɆɆȺ�

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦ�ɭɞɚɪɧɢɤɨɦ��Ɉɫɧɨɜɧɨɣ�ɭɩɨɪ�ɞɟɥɚɥɫɹ�ɧɚ�ɩɨɜɟɞɟɧɢɟ�

ɩɚɪɚɦɟɬɪɨɜ�� ɤɨɬɨɪɵɟ� ɤɨɧɬɪɨɥɢɪɨɜɚɥɢɫɶ� ɜ� ɦɨɞɟɥɢɪɭɟɦɵɯ�

ɷɤɫɩɟɪɢɦɟɧɬɚɯ�� ɛɚɥɥɢɫɬɢɱɟɫɤɨɦ� ɩɪɟɞɟɥɟ� ɢ� ɡɚɜɢɫɢɦɨɫɬɢ� ɫɤɨɪɨɫɬɢ�

ɭɞɚɪɧɢɤɚ�ɩɨɫɥɟ�ɩɪɨɛɢɜɚɧɢɹ�ɩɪɟɝɪɚɞɵ�ɨɬ�ɟɝɨ�ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ��ȼ�

ɞɚɧɧɨɦ�ɪɚɡɞɟɥɟ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɚɧɚɥɨɝɢɱɧɨɣ�ɦɨɞɟɥɢ�ɜ�ɞɜɭɦɟɪɧɨɣ�

ɩɨɫɬɚɧɨɜɤɟ� ɢɫɫɥɟɞɭɟɦ� ɮɪɚɝɦɟɧɬɚɰɢɸ� ɩɪɟɝɪɚɞɵ�� ɢɡɝɨɬɨɜɥɟɧɧɨɣ� ɢɡ�

ɯɪɭɩɤɢɯ�ɤɟɪɚɦɢɤ, ɩɪɢ�ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ�ɭɞɚɪɟ�� 

 

ȼ�ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧ� ɫɪɚɜɧɢɬɟɥɶɧɵɣ�ɱɢɫɥɟɧɧɵɣ�ɚɧɚɥɢɡ� ɞɜɭɯ�

ɤɟɪɚɦɢɱɟɫɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɩɨɞɜɟɪɝɲɢɯɫɹ� ɭɞɚɪɧɨɦɭ� ɧɚɝɪɭɠɟɧɢɸ��

ɂɫɫɥɟɞɨɜɚɧɵ ɤɟɪɚɦɢɤɢ =U2���<�2���ɢ�$O�2���Ɉɫɧɨɜɧɚɹ�ɰɟɥɶ�ɪɚɛɨɬɵ�

- ɢɡɭɱɢɬɶ� ɜɥɢɹɧɢɟ� ɪɚɡɥɢɱɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɦɚɬɟɪɢɚɥɚ� ɧɚ�

ɛɚɥɥɢɫɬɢɱɟɫɤɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɤɟɪɚɦɢɱɟɫɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɪɨɰɟɫɫɚ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɮɪɚɝɦɟɧɬɚɰɢɢ� �ɞɪɨɛɥɟɧɢɹ). 

ɉɪɢɦɟɧɹɟɦɚɹ� ɱɢɫɥɟɧɧɚɹ� ɫɯɟɦɚ� ɚɧɚɥɨɝɢɱɧɚ� ɢɫɩɨɥɶɡɭɟɦɨɣ� ɜ�

ɩɪɟɞɵɞɭɳɢɯ� ɪɚɡɞɟɥɚɯ� ± ɪɟɲɟɧɢɟ� ɩɨɥɭɱɚɟɬɫɹ� ɩɪɢ� ɩɨɦɨɳɢ� ɦɟɬɨɞɚ�



��� 

ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ�ɫ�ɜɧɟɞɪɟɧɧɵɦ�ɤɪɢɬɟɪɢɟɦ�ɪɚɡɪɭɲɟɧɢɹ�ɧɚ�ɨɫɧɨɜɟ�

ɩɨɧɹɬɢɹ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ������� 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɪɚɡɪɭɲɟɧɢɹ�ɤɟɪɚɦɢɱɟɫɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ�

ɢɦɟɟɬ�ɛɨɥɶɲɨɟ�ɡɧɚɱɟɧɢɟ�ɞɥɹ�ɢɧɠɟɧɟɪɧɵɯ�ɩɪɢɥɨɠɟɧɢɣ��ɗɬɢ�ɯɪɭɩɤɢɟ�

ɦɚɬɟɪɢɚɥɵ� ɭɫɩɟɲɧɨ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɜ� ɫɢɫɬɟɦɚɯ� ɡɚɳɢɬɵ� �ɛɪɨɧɹ��

ɛɪɨɧɟɠɢɥɟɬɵ�� ɛɥɚɝɨɞɚɪɹ� ɫɜɨɢɦ� ɡɚɦɟɱɚɬɟɥɶɧɵɦ� ɦɟɯɚɧɢɱɟɫɤɢɦ� ɢ�

ɩɪɨɱɧɨɫɬɧɵɦ�ɫɜɨɣɫɬɜɚɦ��ɋ�ɨɞɧɨɣ�ɫɬɨɪɨɧɵ��ɤɟɪɚɦɢɤɚ�ɞɟɦɨɧɫɬɪɢɪɭɟɬ�

ɜɵɫɨɤɭɸ�ɩɪɨɱɧɨɫɬɶ��ɩɪɢ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ�ɢɡɝɨɬɨɜɥɟɧɢɢ���ɫ�ɞɪɭɝɨɣ�

ɫɬɨɪɨɧɵ�� ɤɟɪɚɦɢɱɟɫɤɢɟ� ɦɚɬɟɪɢɚɥɵ� ɫɩɨɫɨɛɧɵ� ɩɨɝɥɨɳɚɬɶ�

ɡɧɚɱɢɬɟɥɶɧɨɟ� ɤɨɥɢɱɟɫɬɜɨ� ɷɧɟɪɝɢɢ� ɭɞɚɪɚ� ɢɡ-ɡɚ� ɨɛɲɢɪɧɨɣ�

ɮɪɚɝɦɟɧɬɚɰɢɢ� ɢ�� ɬɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɦɨɝɭɬ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɜ� ɤɚɱɟɫɬɜɟ�

ɠɟɪɬɜɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ� ɜ� ɡɚɳɢɬɧɵɯ� ɫɢɫɬɟɦɚɯ� (Healey at al. 2017). 

ɑɬɨɛɵ�ɷɮɮɟɤɬɢɜɧɨ�ɩɪɨɟɤɬɢɪɨɜɚɬɶ�ɤɟɪɚɦɢɱɟɫɤɢɟ�ɫɢɫɬɟɦɵ�ɡɚɳɢɬɵ�ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ�ɭɫɥɨɜɢɹɯ�ɭɞɚɪɧɨɝɨ�ɧɚɝɪɭɠɟɧɢɹ��ɧɟɨɛɯɨɞɢɦɨ�ɢɦɟɬɶ�

ɜɨɡɦɨɠɧɨɫɬɶ� ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ� ɞɢɧɚɦɢɱɟɫɤɨɟ� ɪɚɡɪɭɲɟɧɢɟ�

ɤɟɪɚɦɢɱɟɫɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɉɨɫɤɨɥɶɤɭ� ɚɧɚɥɢɬɢɱɟɫɤɢɟ� ɪɟɲɟɧɢɹ�

ɪɟɚɥɶɧɵɯ� ɩɪɨɛɥɟɦ� �ɤɨɧɟɱɧɵɟ� ɪɚɡɦɟɪɵ� ɨɛɪɚɡɰɚ�� ɩɪɨɢɡɜɨɥɶɧɵɟ�

ɬɪɚɟɤɬɨɪɢɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɬɪɟɳɢɧɵ�ɢ�ɬ��ɞ.) ɧɟɞɨɫɬɭɩɧɵ��ɱɢɫɥɟɧɧɨɟ�

ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ�ɟɞɢɧɫɬɜɟɧɧɵɦ�ɜɨɡɦɨɠɧɵɦ�ɫɩɨɫɨɛɨɦ�

ɨɩɬɢɦɢɡɚɰɢɢ� ɜɵɛɨɪɚ� ɦɚɬɟɪɢɚɥɚ� ɞɥɹ� ɨɩɪɟɞɟɥɟɧɧɨɝɨ� ɢɧɠɟɧɟɪɧɨɝɨ�

ɩɪɢɥɨɠɟɧɢɹ�� ɑɢɫɥɟɧɧɵɟ� ɫɯɟɦɵ�� ɩɪɢɦɟɧɹɟɦɵɟ� ɞɥɹ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ�

ɭɞɚɪɚ�� ɞɨɥɠɧɵ� ɭɱɢɬɵɜɚɬɶ� ɞɢɧɚɦɢɱɟɫɤɢɟ� ɨɫɨɛɟɧɧɨɫɬɢ� ɩɪɨɰɟɫɫɚ�

ɪɚɡɪɭɲɟɧɢɹ� ɢ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɞɨɥɠɧɵ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ�

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɭɫɥɨɜɢɹ�ɪɚɡɪɭɲɟɧɢɹ�  

 

ȼ� ɞɚɧɧɨɦ� ɪɚɡɞɟɥɟ� ɤɚɤ� ɢ� ɜ� ɩɪɟɞɵɞɭɳɢɯ� ɩɪɢɦɟɧɟɧɚ� ɱɢɫɥɟɧɧɚɹ�

ɫɯɟɦɚ��ɢɫɩɨɥɶɡɭɸɳɚɹ�ɤɪɢɬɟɪɢɣ�ɪɚɡɪɭɲɟɧɢɹ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ 

(5.1) (Petrov and Utkin 1989, Bratov et al. 2015, Petrov 1991, Evstifeev et 



��� 

al. 2018)�� Ɋɚɡɪɚɛɨɬɚɧɧɚɹ� ɫɯɟɦɚ� ɨɫɧɨɜɚɧɚ� ɧɚ� ɦɟɬɨɞɟ� ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ� ɜ� ɞɜɭɦɟɪɧɨɣ� ɨɫɟɫɢɦɦɟɬɪɢɱɧɨɣ� ɩɨɫɬɚɧɨɜɤɟ�� Ɍɚɤɚɹ�

ɩɨɫɬɚɧɨɜɤɚ�ɡɚɞɚɱɢ�ɩɨɞɪɚɡɭɦɟɜɚɟɬ�ɨɝɪɚɧɢɱɟɧɢɹ�ɧɚ�ɝɟɨɦɟɬɪɢɸ�ɨɛɪɚɡɰɚ�

ɢ� ɭɞɚɪɧɢɤɚ ± ɜɫɟ� ɦɨɞɟɥɢɪɭɟɦɵɟ� ɨɛɴɟɤɬɵ� ɞɨɥɠɧɵ� ɛɵɬɶ 

ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɦɢ� Ʉɪɨɦɟ� ɬɨɝɨ�� ɧɟɜɨɡɦɨɠɧɨ� ɦɨɞɟɥɢɪɨɜɚɬɶ�

ɪɚɞɢɚɥɶɧɵɟ� ɬɪɟɳɢɧɵ� ɫ� ɩɨɦɨɳɶɸ� ɞɜɭɦɟɪɧɨɣ� ɫɯɟɦɵ��Ɉɞɧɚɤɨ, ɬɚɤɨɣ�

ɩɨɞɯɨɞ� ɜɵɱɢɫɥɢɬɟɥɶɧɨ� ɷɮɮɟɤɬɢɜɟɧ� ɢ� ɞɚɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɫɪɚɜɧɢɜɚɬɶ�

�ɯɨɬɹ� ɛɵ� ɤɚɱɟɫɬɜɟɧɧɨ�� ɦɚɬɟɪɢɚɥɵ� ɫ� ɪɚɡɥɢɱɧɵɦɢ� ɦɟɯɚɧɢɱɟɫɤɢɦɢ�

ɫɜɨɣɫɬɜɚɦɢ� ɢ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɜɵɛɢɪɚɬɶ� ɧɚɢɛɨɥɟɟ� ɩɨɞɯɨɞɹɳɢɣ�

ɦɚɬɟɪɢɚɥ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɧɵɯ�ɭɫɥɨɜɢɣ�ɧɚɝɪɭɠɟɧɢɹ� 

 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɜ� ɪɚɛɨɬɟ� ɢɫɫɥɟɞɨɜɚɧɨ� ɭɞɚɪɧɨɟ� ɪɚɡɪɭɲɟɧɢɟ�

ɤɪɭɝɥɵɯ�ɨɛɪɚɡɰɨɜ�ɨɞɢɧɚɤɨɜɨɣ�ɮɨɪɦɵ�ɢɡ ɞɜɭɯ�ɪɚɡɥɢɱɧɵɯ�ɤɟɪɚɦɢɤ� - 

$O�2�� ɢ� =U2�� �<�2���� ȼ� ɨɛɨɢɯ� ɫɥɭɱɚɹɯ� ɢɫɩɨɥɶɡɨɜɚɥɫɹ� ɫɬɚɥɶɧɨɣ�

ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ� ɭɞɚɪɧɢɤ�� Ⱦɥɹ� ɞɜɭɯ� ɦɚɬɟɪɢɚɥɨɜ� ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ�

ɡɚɜɢɫɢɦɨɫɬɶ� ɩɥɨɳɚɞɢ� ɩɨɜɟɪɯɧɨɫɬɢ� ɪɚɡɪɭɲɟɧɢɹ� ɨɬ� ɫɤɨɪɨɫɬɢ�

ɭɞɚɪɧɢɤɚ�� Ʉɪɨɦɟ� ɬɨɝɨ�� ɱɢɫɥɟɧɧɨ� ɢɫɫɥɟɞɨɜɚɥɚɫɶ� ɞɢɧɚɦɢɱɟɫɤɚɹ�

ɮɪɚɝɦɟɧɬɚɰɢɹ�ɤɟɪɚɦɢɱɟɫɤɢɯ�ɦɢɲɟɧɟɣ� 

 

5.5.1 ɑɢɫɥɟɧɧɚɹ�ɦɨɞɟɥɶ� 

 

ɉɨɞɯɨɞ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ, ɜɧɟɞɪɟɧɧɵɣ� ɜ� ɤɚɱɟɫɬɜɟ�

ɤɪɢɬɟɪɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�ɦɟɬɨɞ�ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ� ɞɚɟɬ�ɜɨɡɦɨɠɧɨɫɬɶ�

ɭɱɢɬɵɜɚɬɶ� ɫɭɳɟɫɬɜɟɧɧɨ� ɧɟɥɢɧɟɣɧɵɟ� ɩɪɨɰɟɫɫɵ� ɪɚɡɪɭɲɟɧɢɹ� ɩɪɢ�

ɪɟɲɟɧɢɢ� ɡɚɞɚɱɢ ɥɢɧɟɣɧɨɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ�� Ɉɛɚ� ɦɚɬɟɪɢɚɥɚ�

�ɤɟɪɚɦɢɱɟɫɤɚɹ� ɦɢɲɟɧɶ� ɢ� ɫɬɚɥɶɧɨɣ� ɭɞɚɪɧɢɤ�� ɫɱɢɬɚɸɬɫɹ� ɭɩɪɭɝɢɦɢ. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɫɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɨɜ�ɜɡɹɬɵ�ɢɡ�ɥɢɬɟɪɚɬɭɪɵ�(Masaki 

1986, Winnburst 1983, Jiusti et al. 2017) ɢ�ɩɟɪɟɱɢɫɥɟɧɵ�ɜ�ɬɚɛɥɢɰɟ�5.6. 



��� 

 

 Al2O3 ZrO2(Y2O3) ɋɬɚɥɶɧɨɣ�

ɭɞɚɪɧɢɤ 

ʛˑˇ˖ˎ˟�ʭːˆ˃�

 ˃ǡ�ʒʞܧ

366 200 200 

ʙˑˠ˗˗ˋ˙ˋˈː˕�

ʞ˖˃˔˔ˑː˃ߥ� 

0.21 0.25 0.25 

ʞˎˑ˕ːˑ˔˕˟�

ǡߩ ˍˆȀˏ͵ 

3800 6000 7860 

Ʉɪɢɬɢɱɟɫɤɨɟ�

ɧɚɩɪɹɠɟɧɢɟ�ɧɚ�

ɪɚɡɪɵɜ�Vc, Ɇɉɚ 

260 750 - 

ɂɧɤɭɛɚɰɢɨɧɧɨɟ�

ɜɪɟɦɹ��ɦɤɫ 

1 1 - 

 

Ɍɚɛɥɢɰɚ�5.6 

ɋɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɨɜ��ɢɫɩɨɥɶɡɭɟɦɵɟ�ɜ�ɜɵɱɢɫɥɟɧɢɹɯ 

 

Ɇɢɲɟɧɶ�ɢɦɟɟɬ�ɫɥɟɞɭɸɳɢɟ�ɪɚɡɦɟɪɵ��ɞɢɚɦɟɬɪ�����ɦɦ��ɬɨɥɳɢɧɚ�

��� ɦɦ�� ɞɥɢɧɚ� ɫɬɚɥɶɧɨɝɨ� ɭɞɚɪɧɢɤɚ� - ���� ɦɦ�� ɞɢɚɦɟɬɪ� - ��� ɦɦ��

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ� ɱɢɫɥɟɧɧɚɹ� ɫɯɟɦɚ� ɨɫɧɨɜɚɧɚ� ɧɚ� ɦɟɬɨɞɟ� ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ� ɜ� ɞɜɭɦɟɪɧɨɣ� ɨɫɟɫɢɦɦɟɬɪɢɱɧɨɣ� ɩɨɫɬɚɧɨɜɤɟ�� Ⱦɥɹ� ɪɚɫɱɟɬɚ�

ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ� ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɣ� ɤɨɦɦɟɪɱɟɫɤɢɣ� ɩɚɤɟɬ� ANSYS (ANSYS 2006). 

ȼɵɩɨɥɧɟɧɢɟ�ɤɪɢɬɟɪɢɹ�ɪɚɡɪɭɲɟɧɢɹ (5.1) ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ�ɩɪɢ�ɩɨɦɨɳɢ�

ɫɩɟɰɢɚɥɶɧɨɣ� ɜɧɟɲɧɟɣ� ɩɪɨɝɪɚɦɦɵ� ɇɚ� ɪɢɫɭɧɤɟ� 5.18 ɩɨɤɚɡɚɧɚ� ɱɚɫɬɶ�

ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɝɨ� ɪɚɡɛɢɟɧɢɹ� ɢ ɩɨɥɧɚɹ� ɦɨɞɟɥɶ, ɪɚɡɜɟɪɧɭɬɚɹ� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɨɫɟɜɨɣ�ɫɢɦɦɟɬɪɢɢ� 



��� 

 

 

Ɋɢɫɭɧɨɤ�����ɚ 

 

Ʉɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ�ɪɚɡɛɢɟɧɢɟ�ɜ�ɡɨɧɟ�ɤɨɧɬɚɤɬɚ 



��� 

 

Ɋɢɫɭɧɨɤ����8b 

 

ɉɨɥɧɚɹ�ɦɨɞɟɥɶ��ɪɚɡɜɟɪɧɭɬɚɹ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɨɫɟɜɨɣ�

ɫɢɦɦɟɬɪɢɢ 

 

ȼ� ɞɚɧɧɨɦ� ɫɥɭɱɚɟ� ɫɟɬɤɚ� ɞɥɹ� ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ� ɪɟɲɟɧɢɹ�

ɫɬɪɨɢɥɚɫɶ�ɜɪɭɱɧɭɸ��ɗɥɟɦɟɧɬɵ�ɧɟ�ɢɦɟɸɬ�ɨɛɳɢɯ�ɭɡɥɨɜ��ɨɞɧɚɤɨ�ɭɡɥɵ�ɫ�

ɪɚɜɧɵɦɢ� ɤɨɨɪɞɢɧɚɬɚɦɢ� ɢɦɟɸɬ� ɫɜɹɡɚɧɧɵɟ� ɫɬɟɩɟɧɢ� ɫɜɨɛɨɞɵ�� ɗɬɨ�

ɨɝɪɚɧɢɱɟɧɢɟ� ɫɨɯɪɚɧɹɟɬɫɹ� ɞɨ� ɬɟɯ� ɩɨɪ�� ɩɨɤɚ� ɧɟ� ɛɭɞɟɬ� ɜɵɩɨɥɧɟɧɨ�

ɭɫɥɨɜɢɟ ɧɚ� ɪɚɡɪɭɲɟɧɢɟ� (5.1). ȼ� ɦɨɦɟɧɬ� ɜɵɩɨɥɧɟɧɢɹ� ɭɫɥɨɜɢɹ� ���1) 

ɭɡɥɵ� ɪɚɡɴɟɞɢɧɹɸɬɫɹ� ɢ ɷɥɟɦɟɧɬɵ� ɪɚɡɞɟɥɹɸɬɫɹ�� ɱɬɨ� ɩɪɢɜɨɞɢɬ� ɤ�

ɨɛɪɚɡɨɜɚɧɢɸ� ɧɨɜɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ� �ɫɦ�� Ɋɢɫɭɧɨɤ� 5.19��� ɉɨɫɤɨɥɶɤɭ�

ɩɪɢɦɟɧɹɟɬɫɹ�ɨɫɟɜɚɹ�ɫɢɦɦɟɬɪɢɹ��ɨɛɪɚɡɨɜɚɜɲɚɹɫɹ�ɩɨɜɟɪɯɧɨɫɬɶ�ɜɧɨɫɢɬ�

ɜɤɥɚɞ�ɜ�ɨɛɳɭɸ�ɩɥɨɳɚɞɶ�ɩɨɜɟɪɯɧɨɫɬɢ�ɬɪɟɳɢɧɵ��ܵ��ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�



��� 

ɭɪɚɜɧɟɧɢɟɦ�ܵ  = ܵ �R, ɝɞɟ R ɷɬɨ - ɪɚɫɫɬɨɹɧɢɟ�ɞɨ�ɨɛɪɚɡɨɜɚɜɲɟɣɫɹߨ2כ 4݀ + 

ɩɨɜɟɪɯɧɨɫɬɢ�ɨɬ�ɨɫɢ�ɫɢɦɦɟɬɪɢɢ� 

 

 

Ɋɢɫɭɧɨɤ����9 

 

ɋɧɹɬɢɟ�ɨɝɪɚɧɢɱɟɧɢɣ�ɧɚ�ɫɬɟɩɟɧɢ�ɫɜɨɛɨɞɵ�ɢ�ɨɛɪɚɡɨɜɚɧɢɟ�ɧɨɜɨɣ�

ɩɨɜɟɪɯɧɨɫɬɢ�ɩɪɢ�ɜɵɩɨɥɧɟɧɢɢ�ɜ�ɬɨɱɤɢ�ɭɫɥɨɜɢɹ�ɪɚɡɪɭɲɟɧɢɹ 

 

Ɋɚɡɦɟɪ� ɷɥɟɦɟɧɬɚ� ɪɚɜɟɧ d ɢ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɦɢɧɢɦɚɥɶɧɨɟ�

ɩɪɢɪɚɳɟɧɢɟ� ɪɚɡɦɟɪɚ� ɪɚɡɪɭɲɟɧɢɹ ɬɚɤɠɟ� ɪɚɜɧɨ� d�� ɱɬɨ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ�

ɢɞɟɨɥɨɝɢɢ ɩɨɞɯɨɞɚ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɜɪɟɦɟɧɢ��ɒɚɝ� ɩɨ� ɜɪɟɦɟɧɢ� ɞɥɹ�

ɱɢɫɥɟɧɧɨɝɨ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ� ɩɪɢ� ɪɟɲɟɧɢɢ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɡɚɞɚɱɢ�

ɪɟɲɟɧɢɹ�ɜɵɛɢɪɚɟɬɫɹ�ɦɟɧɶɲɟ��ɱɟɦ�ɜɪɟɦɹ��ɧɟɨɛɯɨɞɢɦɨɟ�ɫɚɦɨɣ�ɛɵɫɬɪɨɣ�

ɜɨɥɧɟ�ɞɥɹ�ɩɪɨɯɨɠɞɟɧɢɹ�ɪɚɫɫɬɨɹɧɢɹ, ɪɚɜɧɨɝɨ�ɪɚɡɦɟɪɭ�ɨɞɧɨɝɨ�ɷɥɟɦɟɧɬɚ�

- d.  

 

Ⱦɥɹ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɮɪɚɝɦɟɧɬɚɰɢɢ�ɤɟɪɚɦɢɱɟɫɤɢɯ�ɦɢɲɟɧɟɣ�ɛɵɥɚ�

ɪɚɡɪɚɛɨɬɚɧɚ� ɨɬɞɟɥɶɧɚɹ� ɩɪɨɝɪɚɦɦɚ�� ɋɟɬɤɚ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ�

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɤɚɤ� ɝɪɚɮ�� ɷɥɟɦɟɧɬɵ� ɫɟɬɤɢ� ɤɨɬɨɪɨɝɨ� ɹɜɥɹɸɬɫɹ ɟɝɨ�

ɭɡɥɚɦɢ��Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��ɨɬɞɟɥɶɧɵɟ�ɮɪɚɝɦɟɧɬɵ�ɤɟɪɚɦɢɱɟɫɤɨɣ�ɦɢɲɟɧɢ 

ɹɜɥɹɸɬɫɹ�ɫɜɹɡɧɵɦɢ�ɤɨɦɩɨɧɟɧɬɚɦɢ�ɬɚɤɨɝɨ�ɝɪɚɮɚ. 

 



��� 

 

5.5.2 Ɋɟɡɭɥɶɬɚɬɵ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ� 

 

Ɉɛɪɚɡɨɜɚɜɲɚɹɫɹ�ɧɨɜɚɹ�ɩɨɜɟɪɯɧɨɫɬɶ�ɪɚɡɪɭɲɟɧɢɹ. ɇɚ�ɪɢɫɭɧɤɟ�

5.20 ɩɨɤɚɡɚɧɚ� ɬɢɩɢɱɧɚɹ� ɷɜɨɥɸɰɢɹ� ɩɨɜɟɪɯɧɨɫɬɢ� ɪɚɡɪɭɲɟɧɢɹ� ɜɨ�

ɜɪɟɦɟɧɢ�� ɪɟɡɤɢɣ� ɪɨɫɬ� ɩɥɨɳɚɞɢ� ɩɨɜɟɪɯɧɨɫɬɢ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨɛ�

ɚɤɬɢɜɧɨɦ�ɪɚɫɬɪɟɫɤɢɜɚɧɢɢ�ɨɛɪɚɡɰɚ��ɚ�ɜɟɥɢɱɢɧɚ�ɩɥɨɳɚɞɢ�ɩɨɜɟɪɯɧɨɫɬɢ�

ɪɚɡɪɭɲɟɧɢɹ�ɞɨɫɬɢɝɚɟɬ�ɫɜɨɟɝɨ�ɦɚɤɫɢɦɭɦɚ�ɢ�ɩɟɪɟɫɬɚɟɬ�ɭɜɟɥɢɱɢɜɚɬɶɫɹ, 

ɤɨɝɞɚ�ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ�ɡɚɜɟɪɲɟɧ. 

 

 

 

 

 



��� 

 
 

Ɋɢɫɭɧɨɤ���20 

ɗɜɨɥɸɰɢɹ�ɩɥɨɳɚɞɢ�ɩɨɜɟɪɯɧɨɫɬɢ�ɪɚɡɪɭɲɟɧɢɹ�ɜɨ�ɜɪɟɦɟɧɢ. 

ɉɪɢɜɟɞɟɧɵ�ɞɚɧɧɵɟ�ɞɥɹ�ɦɢɲɟɧɢ�ɢɡ�$O�2��ɢ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ�����

ɦ�ɫ� 

 

Ɋɚɫɱɟɬɵ� ɛɵɥɢ� ɜɵɩɨɥɧɟɧɵ� ɞɥɹ ɜɟɥɢɱɢɧɵ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ 

ɜɪɟɦɟɧɢ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ, ɪɚɜɧɨɝɨ���ɦɤɫ�ɞɥɹ�ɨɛɨɢɯ�ɦɚɬɟɪɢɚɥɨɜ��

Ɂɚɜɢɫɢɦɨɫɬɶ� ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ� ɩɨɫɥɟ� ɭɞɚɪɚ� ɩɥɨɳɚɞɢ� ɩɨɜɟɪɯɧɨɫɬɢ�

ɪɚɡɪɭɲɟɧɢɹ� ɨɬ� ɫɤɨɪɨɫɬɢ� ɭɞɚɪɧɢɤɚ� ɩɨɤɚɡɚɧɚ� ɧɚ� ɪɢɫɭɧɤɟ� ������ Ⱦɥɹ�

ɢɫɫɥɟɞɨɜɚɧɧɵɯ�ɫɤɨɪɨɫɬɧɵɯ�ɪɟɠɢɦɨɜ�ɞɥɹ�ɦɚɬɟɪɢɚɥɚ�$O�2� ɩɥɨɳɚɞɶ�

ɩɨɜɟɪɯɧɨɫɬɢ�ɪɚɡɪɭɲɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ�ɫ�ɪɨɫɬɨɦ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ��

Ɉɞɧɚɤɨ� ɞɥɹ� ɤɟɪɚɦɢɤɢ� =U2�� �<�2��, ɧɚɱɢɧɚɹ� ɫɨ� ɫɤɨɪɨɫɬɢ, ɪɚɜɧɨɣ�

ɩɪɢɦɟɪɧɨ� ���� ɦ�ɫ�� ɪɟɡɭɥɶɬɚɬɵ� ɫɬɚɛɢɥɢɡɢɪɭɸɬɫɹ�� ɗɬɨ� ɦɨɠɟɬ�



��� 

ɭɤɚɡɵɜɚɬɶ�ɧɚ�ɬɨ��ɱɬɨ�ɦɚɤɫɢɦɚɥɶɧɵɣ�ɜɨɡɦɨɠɧɵɣ�ɭɪɨɜɟɧɶ�ɩɨɝɥɨɳɟɧɢɹ�

ɷɧɟɪɝɢɢ�ɦɚɬɟɪɢɚɥɨɦ�ɩɪɢ�ɪɚɡɪɭɲɟɧɢɢ�ɞɨɫɬɢɝɚɟɬɫɹ�ɢɦɟɧɧɨ�ɩɪɢ�ɬɚɤɨɣ�

ɫɤɨɪɨɫɬɢ� ɭɞɚɪɚ. Ʉɪɨɦɟ� ɬɨɝɨ�� ɩɨɥɭɱɟɧɧɵɟ� ɡɚɜɢɫɢɦɨɫɬɢ� ɩɨɡɜɨɥɹɸɬ�

ɨɰɟɧɢɬɶ� ɞɢɧɚɦɢɱɟɫɤɢɣ� ɚɧɚɥɨɝ� ɷɧɟɪɝɢɢ� Ƚɪɢɮɮɢɬɫɚ� (Griffith 1920�� ɜ�

ɪɟɲɚɟɦɨɣ� ɡɚɞɚɱɟ�� ɂɫɩɨɥɶɡɭɹ� ɬɨɬ� ɮɚɤɬ�� ɱɬɨ� ɜ� ɞɚɧɧɨɦ� ɱɢɫɥɟɧɧɨɦ�

ɷɤɫɩɟɪɢɦɟɧɬɟ�ɥɟɝɤɨ�ɨɰɟɧɢɬɶ�ɜɥɨɠɟɧɧɭɸ�ɷɧɟɪɝɢɸ��ɤɚɤ�ɤɢɧɟɬɢɱɟɫɤɭɸ�

ɷɧɟɪɝɢɸ�ɫɧɚɪɹɞɚ�ɞɨ�ɧɚɱɚɥɚ� ɤɨɧɬɚɤɬɚ� ɫ�ɩɪɟɝɪɚɞɨɣ� ܧ� ൌ ௠௏మ

ଶ
), ɦɨɠɧɨ�

ɩɨɫɱɢɬɚɬɶ� ɷɧɟɪɝɢɸ�� ɚɧɚɥɨɝɢɱɧɭɸ� ɷɧɟɪɝɢɢ� Ƚɪɢɮɮɢɬɫɚ� ± ɭɞɟɥɶɧɨɣ�

ɩɨɜɟɪɯɧɨɫɬɧɨɣ�ɪɚɡɪɭɲɟɧɢɹ�ɤɚɤܩ�ௗ௬௡ ൌ ௗா
ௗௌ

 ɩɪɢ�ܵ ՜ Ͳ��ɝɞɟ�S- ɩɥɨɳɚɞɶ�

ɧɨɜɨɣ� ɨɛɪɚɡɨɜɵɜɚɸɳɟɣɫɹ� ɩɨɜɟɪɯɧɨɫɬɢ�� ȼ� ɞɚɧɧɨɦ� ɫɥɭɱɚɟ�� ɤɚɤ� ɢ ɜ�

ɪɚɛɨɬɟ� �Bratov et al. 2004)�� ɝɞɟ� ɞɢɧɚɦɢɱɟɫɤɢɣ� ɚɧɚɥɨɝ� ɤɨɧɫɬɚɧɬɵ�

Ƚɪɢɮɮɢɬɫɚ�ɛɵɥ�ɨɩɪɟɞɟɥɟɧ�ɞɥɹ�ɉɆɆȺ�ɢɡ�ɚɧɚɥɢɡɚ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɧɚ�

ɞɢɧɚɦɢɱɟɫɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɪɟɳɢɧ�� ɜɟɥɢɱɢɧɚ� ɷɧɟɪɝɢɢ�

ɪɚɡɪɭɲɟɧɢɹ� ɩɪɢɦɟɪɧɨ� ɧɚ� ɩɨɪɹɞɨɤ� ɩɪɟɜɨɫɯɨɞɢɬ� ɡɧɚɱɟɧɢɟ�

ɩɨɜɟɪɯɧɨɫɬɧɨɣ� ɷɧɟɪɝɢɢ� Ƚɪɢɮɮɢɬɫɚ�� ɯɚɪɚɤɬɟɪɧɨɟ� ɞɥɹ� ɞɚɧɧɨɝɨ�

ɦɚɬɟɪɢɚɥɚ�ɜ�ɫɥɭɱɚɟ�ɦɟɞɥɟɧɧɨɝɨ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɝɨ�ɧɚɝɪɭɠɟɧɢɹ�� 

 



��� 

 
 

Ɋɢɫɭɧɨɤ����� 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɩɥɨɳɚɞɢ�ɧɨɜɨɣ�ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɬ�

ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ. 

 

Ɉɫɬɚɬɨɱɧɚɹ� ɫɤɨɪɨɫɬɶ� ɭɞɚɪɧɢɤɚ. Ⱦɚɥɟɟ� ɢɫɫɥɟɞɨɜɚɥɚɫɶ�

ɫɤɨɪɨɫɬɶ� ɭɞɚɪɧɢɤɚ� ɩɨɫɥɟ� ɡɚɜɟɪɲɟɧɢɹ� ɤɨɧɬɚɤɬɚ� ɫ� ɤɟɪɚɦɢɱɟɫɤɨɣ�

ɩɪɟɝɪɚɞɨɣ�� ɇɚ� ɪɢɫɭɧɤɟ� ���� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɡɚɜɢɫɢɦɨɫɬɶ� ɨɫɬɚɬɨɱɧɨɣ�

ɫɤɨɪɨɫɬɢ� ɭɞɚɪɧɢɤɚ� ɨɬ� ɧɚɱɚɥɶɧɨɣ� ɫɤɨɪɨɫɬɢ. Ɉɬɪɢɰɚɬɟɥɶɧɵɟ�

ɨɫɬɚɬɨɱɧɵɟ�ɫɤɨɪɨɫɬɢ�ɭɤɚɡɵɜɚɸɬ�ɧɚ�ɬɨ��ɱɬɨ�ɭɞɚɪɧɢɤ�ɧɟ�ɩɪɨɛɢɥ�ɰɟɥɶ�ɢ�

ɛɵɥ� ɨɬɪɚɠɟɧ� ɜ� ɨɛɪɚɬɧɨɦ� ɧɚɩɪɚɜɥɟɧɢɢ�� Ⱦɥɹ� ɨɛɨɢɯ� ɦɚɬɟɪɢɚɥɨɜ�

ɨɫɬɚɬɨɱɧɚɹ� ɫɤɨɪɨɫɬɶ� ɭɞɚɪɧɢɤɚ� ɥɢɧɟɣɧɨ� ɡɚɜɢɫɢɬ� ɨɬ� ɧɚɱɚɥɶɧɨɣ�

ɫɤɨɪɨɫɬɢ� ɭɞɚɪɧɢɤɚ� ɩɪɢ ɭɫɥɨɜɢɢ ɩɪɨɛɢɬɢɹ ɰɟɥɢ�� ȼ� ɰɟɥɨɦ� ɤɟɪɚɦɢɤɚ�



��� 

=U2�� �<�2��� ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɚ� ɝɨɪɚɡɞɨ� ɥɭɱɲɢɟ� ɛɚɥɥɢɫɬɢɱɟɫɤɢɟ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɫ� ɝɨɪɚɡɞɨ� ɛɨɥɟɟ� ɜɵɫɨɤɨɣ� ɩɪɟɞɟɥɶɧɨɣ� ɫɤɨɪɨɫɬɶɸ�

�ɨɤɨɥɨ� ���� ɦ� �� ɫ�� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ��� ɦ� �� ɫ� ɞɥɹ� ɦɢɲɟɧɢ� ɢɡ� $O�2���

Ɋɚɫɱɟɬɵ� ɛɵɥɢ� ɜɵɩɨɥɧɟɧɵ� ɞɥɹ ɜɟɥɢɱɢɧɵ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɜɪɟɦɟɧɢ�

ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ, ɪɚɜɧɨɝɨ���ɦɤɫ�ɞɥɹ�ɨɛɨɢɯ�ɦɚɬɟɪɢɚɥɨɜ 

 

 
Ɋɢɫɭɧɨɤ���22 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɨɫɬɚɬɨɱɧɨɣ�ɫɤɨɪɨɫɬɢ�ɨɬ�ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�

ɭɞɚɪɧɢɤɚ. 

 

 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ�ɮɪɚɝɦɟɧɬɚɰɢɹ��Ʉɨɥɢɱɟɫɬɜɨ�ɮɪɚɝɦɟɧɬɨɜ� ɇɚ�

ɪɢɫɭɧɤɟ� ���� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɡɚɜɢɫɢɦɨɫɬɶ� ɨɛɳɟɝɨ� ɤɨɥɢɱɟɫɬɜɚ�

ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ� ɮɪɚɝɦɟɧɬɨɜ� ɪɚɡɪɭɲɟɧɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ ɨɬ� ɫɤɨɪɨɫɬɢ�



��� 

ɭɞɚɪɧɢɤɚ�� Ȼɨɥɟɟ� ɜɵɫɨɤɢɟ� ɫɤɨɪɨɫɬɢ ɭɞɚɪɧɢɤɚ� ɩɪɢɜɨɞɹɬ� ɤ� ɛɨɥɟɟ�

ɨɛɲɢɪɧɨɦɭ� ɞɪɨɛɥɟɧɢɸ� ɰɟɥɢ� ɢ� ɛɨɥɶɲɟɦɭ� ɨɛɳɟɦɭ� ɤɨɥɢɱɟɫɬɜɭ�

ɨɫɤɨɥɤɨɜ�� ɗɬɨɬ� ɪɟɡɭɥɶɬɚɬ� ɟɫɬɟɫɬɜɟɧɧɵɦ� ɨɛɪɚɡɨɦ� ɤɨɪɪɟɥɢɪɭɟɬ� ɫ�

ɡɚɜɢɫɢɦɨɫɬɶɸ� ɞɥɹ� ɩɥɨɳɚɞɢ� ɧɨɜɨɣ� ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ� ɩɨɜɟɪɯɧɨɫɬɢ� ɨɬ�

ɫɤɨɪɨɫɬɢ� ɭɞɚɪɧɢɤɚ� �ɪɢɫɭɧɨɤ� ����)�� Ⱦɥɹ� ɤɟɪɚɦɢɤɢ� ZrO2(Y2O3) 

ɤɨɥɢɱɟɫɬɜɨ� ɮɪɚɝɦɟɧɬɨɜ ɨɫɬɚɟɬɫɹ� ɩɪɚɤɬɢɱɟɫɤɢ� ɧɟɢɡɦɟɧɧɵɦ ɞɥɹ�

ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ�����ɦ���ɫ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫɨ�ɡɧɚɱɟɧɢɟɦ��ɩɨɥɭɱɟɧɧɵɦ�

ɞɥɹ�ɫɤɨɪɨɫɬɢ�����ɦ���ɫ� 

 

 
Ɋɢɫɭɧɨɤ���23 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɤɨɥɢɱɟɫɬɜɚ�ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ�ɮɪɚɝɦɟɧɬɨɜ�ɨɬ�

ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ� 

 



��� 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ� ɮɪɚɝɦɟɧɬɚɰɢɹ�� Ɋɚɫɩɪɟɞɟɥɟɧɢɟ� ɮɪɚɝɦɟɧɬɨɜ�

ɩɨ� ɪɚɡɦɟɪɚɦ� Ⱦɚɥɟɟ� ɢɡɭɱɚɟɬɫɹ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɮɪɚɝɦɟɧɬɨɜ ɩɨ�

ɪɚɡɦɟɪɚɦ�� Ʉɭɦɭɥɹɬɢɜɧɚɹ� ɦɚɫɫɨɜɚɹ� ɞɨɥɹ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ�

ɩɨ� ɪɚɡɦɟɪɚɦ� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ�

ɦɚɫɲɬɚɛɚ�� Ɋɚɡɦɟɪ� ɮɪɚɝɦɟɧɬɚ ɢɡɦɟɪɹɟɬɫɹ� ɤɨɥɢɱɟɫɬɜɨɦ� ɤɨɧɟɱɧɵɯ�

ɷɥɟɦɟɧɬɨɜ��ɢɡ�ɤɨɬɨɪɵɯ�ɨɧ�ɫɨɫɬɨɢɬ��ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�

ɩɪɨɰɟɫɫɚ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɮɪɚɝɦɟɧɬɚɰɢɢ�ɨɛɵɱɧɨ�ɜɵɹɜɥɹɸɬ� ɫɬɟɩɟɧɧɨɟ�

ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɮɪɚɝɦɟɧɬɨɜ� (Grady 2018)�� ɉɪɢɛɥɢɠɟɧɢɟ� ɫɬɟɩɟɧɧɨɝɨ�

ɡɚɤɨɧɚ� �ɩɪɹɦɚɹ� ɥɢɧɢɹ� ɜ� ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ� ɦɚɫɲɬɚɛɟ�� ɞɨɫɬɚɬɨɱɧɨ�

ɯɨɪɨɲɨ� ɪɚɛɨɬɚɟɬ� ɞɥɹ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟɛɨɥɶɲɢɯ� ɮɪɚɝɦɟɧɬɨɜ�� ɬɨɝɞɚ�

ɤɚɤ�ɞɥɹ�ɛɨɥɟɟ�ɤɪɭɩɧɵɯ�ɮɪɚɝɦɟɧɬɨɜ�ɦɨɝɭɬ�ɜɫɬɪɟɱɚɬɶɫɹ�ɪɚɫɯɨɠɞɟɧɢɹ��

ɇɚ� ɪɢɫɭɧɤɟ 5.24 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɮɪɚɝɦɟɧɬɨɜ� ɩɨ�

ɪɚɡɦɟɪɚɦ�� ɩɨɥɭɱɟɧɧɨɟ� ɜ ɪɚɛɨɬɟ (Bergstrom et al. 1961)�� ɝɞɟ�

ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ�ɭɤɚɡɚɧɧɚɹ�ɜɵɲɟ�ɬɟɧɞɟɧɰɢɹ� 

 
Ɋɢɫɭɧɨɤ���24 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɧɚɛɥɸɞɚɟɦɚɹ�ɮɪɚɝɦɟɧɬɚɰɢɹ�ɜ�ɫɬɟɤɥɟ. 

Ɋɢɫɭɧɨɤ�ɩɟɪɟɩɟɱɚɬɚɧ�ɢɡ�ɪɚɛɨɬɵ�(Bergstrom et al. 1961). 



��� 

 

ɉɨɥɭɱɟɧɧɵɟ� ɱɢɫɥɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɤɚɱɟɫɬɜɟɧɧɨ� ɩɨɯɨɠɢ� ɧɚ�

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɞɚɧɧɵɟ�± ɥɢɧɟɣɧɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�

ɞɥɹ� ɤɭɦɭɥɹɬɢɜɧɨɣ� ɦɚɫɫɨɜɨɣ� ɞɨɥɢ ɧɚɛɥɸɞɚɟɬɫɹ� ɞɥɹ� ɛɨɥɟɟ� ɦɟɥɤɢɯ�

ɨɫɤɨɥɤɨɜ�� Ⱦɥɹ� ɫɪɟɞɧɢɯ� ɢ� ɛɨɥɟɟ� ɤɪɭɩɧɵɯ� ɮɪɚɝɦɟɧɬɨɜ ɡɚɜɢɫɢɦɨɫɬɶ�

ɧɚɱɢɧɚɟɬ� ɨɬɥɢɱɚɬɶɫɹ� ɨɬ� ɥɢɧɟɣɧɨɣ. Ʉɚɤ� ɫɥɟɞɭɟɬ� ɢɡ� ɩɨɥɭɱɟɧɧɵɯ�

ɪɟɡɭɥɶɬɚɬɨɜ�� ɮɪɚɝɦɟɧɬɵ� ɫ� ɨɩɪɟɞɟɥɟɧɧɵɦɢ� ɪɚɡɦɟɪɚɦɢ� ɜɧɨɫɹɬ�

ɦɟɧɶɲɢɣ�ɜɤɥɚɞ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɞɪɭɝɢɦɢ�ɪɚɡɦɟɪɚɦɢ�ɮɪɚɝɦɟɧɬɨɜ��ɇɚ�

ɪɢɫɭɧɤɟ� 5.25 ɩɪɟɞɫɬɚɜɥɟɧɵ� ɬɢɩɢɱɧɵɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɨɫɤɨɥɤɨɜ ɩɨ�

ɪɚɡɦɟɪɚɦ ɞɥɹ�ɨɛɨɢɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢ�ɫɤɨɪɨɫɬɢ�ɭɞɚɪɧɢɤɚ�����ɦ�ɫ�� 

 

 
 

Ɋɢɫɭɧɨɤ���25a 

ɑɢɫɥɟɧɧɨ�ɩɨɥɭɱɟɧɧɚɹ ɮɪɚɝɦɟɧɬɚɰɢɹ�ɜ�ɤɟɪɚɦɢɤɟ�Al2O3. 

 

 



��� 

 
Ɋɢɫɭɧɨɤ���25b 

ɑɢɫɥɟɧɧɨ�ɩɨɥɭɱɟɧɧɚɹ ɮɪɚɝɦɟɧɬɚɰɢɹ�ɜ�ɤɟɪɚɦɢɤɟ�ZrO2(Y2O3). 

 

5.5.3 ȼɵɜɨɞɵ 

 

ȼ�ɞɚɧɧɨɦ�ɪɚɡɞɟɥɟ ɫɪɚɜɧɢɜɚɸɬɫɹ�ɩɪɨɱɧɨɫɬɧɵɟ�ɢ�ɷɧɟɪɝɢɬɢɱɟɫɤɢɟ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɞɜɭɯ� ɤɟɪɚɦɢɱɟɫɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ� - $O�2�� ɢ� =U22 

�<�2��� ɜ� ɭɫɥɨɜɢɹɯ� ɭɞɚɪɧɨɝɨ� ɧɚɝɪɭɠɟɧɢɹ�� Ɇɨɞɟɥɶ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�

ɜɪɟɦɟɧɢ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɜ� ɤɚɱɟɫɬɜɟ� ɤɪɢɬɟɪɢɹ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ�� Ȼɨɥɟɟ� ɜɵɫɨɤɢɣ� ɩɪɟɞɟɥ� ɩɪɨɱɧɨɫɬɢ� ɩɪɢ� ɪɚɫɬɹɠɟɧɢɢ� ɞɥɹ�

ɤɟɪɚɦɢɤɢ� ZrO2 �<�2��� ɨɩɪɟɞɟɥɢɥ� ɥɭɱɲɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɷɬɨɝɨ 

ɦɚɬɟɪɢɚɥɨɜ� ɫ� ɬɨɱɤɢ ɡɪɟɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɩɪɨɧɢɤɧɨɜɟɧɢɸ 

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ� ɭɞɚɪɧɢɤɚ�� Ɍɚɤɠɟ� ɱɢɫɥɟɧɧɨ� ɢɫɫɥɟɞɨɜɚɧɚ 

ɮɪɚɝɦɟɧɬɚɰɢɹ ɨɛɨɢɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɨɰɟɧɢɜɚɥɚɫɶ ɡɚɜɢɫɢɦɨɫɬɶ� ɨɛɳɟɝɨ�

ɤɨɥɢɱɟɫɬɜɚ� ɮɪɚɝɦɟɧɬɨɜ� ɨɬ� ɫɤɨɪɨɫɬɢ� ɭɞɚɪɧɢɤɚ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ�

ɪɚɡɦɟɪɨɜ�ɨɫɤɨɥɤɨɜ�ɛɵɥɨ�ɨɰɟɧɟɧɨ�ɞɥɹ�ɪɚɡɥɢɱɧɵɯ�ɫɤɨɪɨɫɬɟɣ�ɭɞɚɪɧɢɤɚ��

ȼɨ�ɜɫɟɯ�ɫɥɭɱɚɹɯ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ�ɦɟɥɤɢɯ�ɮɪɚɝɦɟɧɬɨɜ�ɩɨɞɱɢɧɹɟɬɫɹ�



��� 

ɫɬɟɩɟɧɧɨɦɭ�ɡɚɤɨɧɭ��ɩɪɹɦɚɹ�ɥɢɧɢɹ�ɜ�ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ�ɤɨɨɪɞɢɧɚɬɚɯ���

ɚ�ɞɥɹ�ɛɨɥɟɟ�ɤɪɭɩɧɵɯ�ɮɪɚɝɦɟɧɬɨɜ�ɧɚɛɥɸɞɚɸɬɫɹ�ɪɚɫɯɨɠɞɟɧɢɹ��Ɍɚɤɨɟ�

ɩɨɜɟɞɟɧɢɟ� ɯɚɪɚɤɬɟɪɧɨ� ɞɥɹ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɞɪɨɛɥɟɧɢɹ� ɯɪɭɩɤɢɯ�

ɦɚɬɟɪɢɚɥɨɜ� 

 

5.6 ȼɵɜɨɞɵ� 
 

 ȼ� ɝɥɚɜɟ� �� ɤɪɢɬɟɪɢɣ� ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ� ɜɪɟɦɟɧɢ� ɯɪɭɩɤɨɝɨ�

ɪɚɡɪɭɲɟɧɢɹ� ɩɪɢɦɟɧɹɥɫɹ� ɫɨɜɦɟɫɬɧɨ� ɫ� ɱɢɫɥɟɧɧɨɣ� ɫɯɟɦɨɣ� ɧɚ� ɨɫɧɨɜɟ�

ɦɟɬɨɞɚ� ɤɨɧɟɱɧɵɯ� ɷɥɟɦɟɧɬɨɜ� ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɪɚɡɪɭɲɟɧɢɹ�

ɢɡɧɚɱɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɯ� ɫɪɟɞ�� Ȼɵɥɨ� ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɩɪɢɦɟɧɟɧɢɟ�

ɩɨɞɯɨɞɚ�ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ�ɜɪɟɦɟɧɢ�ɯɪɭɩɤɨɝɨ�ɪɚɡɪɭɲɟɧɢɹ�ɫɨɜɦɟɫɬɧɨ�ɫ�

ɱɢɫɥɟɧɧɵɦ�ɦɟɬɨɞɨɦ�ɧɚ�ɨɫɧɨɜɟ�ɦɟɬɨɞɚ�ɤɨɧɟɱɧɵɯ�ɷɥɟɦɟɧɬɨɜ�ɩɨɡɜɨɥɹɟɬ�

ɫ� ɞɨɫɬɚɬɨɱɧɨɣ� ɬɨɱɧɨɫɬɶɸ� ɩɪɟɞɫɤɚɡɵɜɚɬɶ� ɭɞɚɪɧɨɟ 

ɤɪɚɬɟɪɨɨɛɪɚɡɨɜɚɧɢɟ�� ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ� ɞɢɧɚɦɢɱɟɫɤɭɸ� ɷɪɨɡɢɸ��

ɩɨɥɭɱɚɬɶ� ɬɨɱɧɵɟ� ɨɰɟɧɤɢ� ɞɥɹ� ɩɪɨɰɟɫɫɚ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɩɪɨɛɢɜɚɧɢɹ�

ɤɜɚɡɢɯɪɭɩɤɢɯ�ɩɪɟɝɪɚɞ�� 

 

Ʌɨɝɢɱɧɨ� ɩɪɟɞɩɨɥɨɠɢɬɶ�� ɱɬɨ� ɪɚɡɜɢɜɚɟɦɵɣ� ɩɨɞɯɨɞ� ɦɨɠɟɬ�

ɭɫɩɟɲɧɨ�ɩɪɢɦɟɧɹɬɶɫɹ�ɞɥɹ�ɝɨɪɚɡɞɨ�ɛɨɥɟɟ�ɲɢɪɨɤɨɝɨ�ɤɪɭɝɚ�ɦɚɬɟɪɢɚɥɨɜ 

ɢ� ɞɥɹ� ɞɨɫɬɚɬɨɱɧɨ� ɩɪɨɢɡɜɨɥɶɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɭɫɥɨɜɢɣ�� ȼ�

ɞɚɧɧɨɣ� ɝɥɚɜɟ� ɨɛɫɭɠɞɚɥɨɫɶ� ɞɢɧɚɦɢɱɟɫɤɨɟ� ɪɚɡɪɭɲɟɧɢɟ� ɛɚɡɚɥɶɬɚ� �ɤɚɤ�

ɦɚɬɟɪɢɚɥɚ, ɩɨ� ɫɜɨɣɫɬɜɚɦ�ɦɚɤɫɢɦɚɥɶɧɨ� ɩɪɢɛɥɢɠɟɧɧɨɝɨ� ɤ� ɦɚɬɟɪɢɚɥɭ�

Ʌɭɧɵ��� ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ� ɩɨɤɪɵɬɢɹ� ɢ� ɩɨɥɢɦɟɬɢɥɦɟɬɚɚɤɪɢɥɚɬɚ�

�ɉɆɆȺ��� ɋɥɟɞɭɟɬ� ɨɠɢɞɚɬɶ� ɱɬɨ� ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ� ɩɨɞɯɨɞ� ɦɨɠɟɬ�

ɭɫɩɟɲɧɨ� ɩɪɢɦɟɧɹɬɶɫɹ� ɞɥɹ� ɛɨɥɶɲɢɧɫɬɜɚ� ɦɚɬɟɪɢɚɥɨɜ��

ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɯ� ɤɜɚɡɢɯɪɭɩɤɢɣ� ɯɚɪɚɤɬɟɪ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɭɫɥɨɜɢɹɯ�

ɦɨɞɟɥɢɪɭɟɦɨɝɨ�ɩɪɨɰɟɫɫɚ�� 



��� 

 

Ʉɪɨɦɟ� ɬɨɝɨ�� ɨɱɟɜɢɞɧɨ�� ɱɬɨ� ɞɚɧɧɵɣ� ɩɨɞɯɨɞ� ɦɨɠɟɬ ɭɫɩɟɲɧɨ�

ɩɪɢɦɟɧɹɬɶɫɹ� ɞɥɹ ɪɟɲɟɧɢɹ ɲɢɪɨɱɚɣɲɟɝɨ� ɤɪɭɝɚ� ɡɚɞɚɱ�� ɫɜɹɡɚɧɧɨɝɨ� ɫ�

ɦɟɯɚɧɢɤɨɣ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ� ɤɨɧɬɚɤɬɧɨɝɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ��

ɍɫɥɨɜɢɹɦɢ�ɞɥɹ�ɭɫɩɟɲɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɹɜɥɹɸɬɫɹ�ɞɨɦɢɧɢɪɨɜɚɧɢɟ�

ɤɜɚɡɢɯɪɭɩɤɨɝɨ�ɯɚɪɚɤɬɟɪɚ�ɪɚɡɪɭɲɟɧɢɹ�ɦɚɬɟɪɢɚɥɚ��ɛɟɡ�ɩɪɟɜɚɥɢɪɭɸɳɟɣ�

ɩɥɚɫɬɢɱɧɨɫɬɢ��ɩɥɚɜɥɟɧɢɹ�ɢ�ɬ�ɞ���ɢ�ɫɨɨɬɜɟɬɫɬɜɢɟ�ɦɚɫɲɬɚɛɧɨɝɨ�ɭɪɨɜɧɹ�

ɩɪɨɰɟɫɫɚ� ɭɪɨɜɧɸ, ɧɚ� ɤɨɬɨɪɨɦ� ɛɵɥɢ� ɨɩɪɟɞɟɥɟɧɵ� ɩɚɪɚɦɟɬɪɵ�

ɦɚɬɟɪɢɚɥɚ��ɢɫɩɨɥɶɡɭɟɦɵɟ�ɩɪɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɢ�� 

  



��� 

 

Ɂɚɤɥɸɱɟɧɢɟ 
 

ȼ� ɪɚɛɨɬɟ� ɢɫɫɥɟɞɨɜɚɧɵ� ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ� ɫ� ɷɧɟɪɝɨɺɦɤɨɫɬɶɸ�

ɩɪɨɰɟɫɫɚ�ɪɚɡɪɭɲɟɧɢɹ�ɫɪɟɞ�ɫ�ɞɟɮɟɤɬɚɦɢ�ɜ�ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ�ɭɫɥɨɜɢɹɯ�

ɢ� ɜ� ɭɫɥɨɜɢɹɯ� ɞɢɧɚɦɢɱɟɫɤɨɝɨ� ɧɚɝɪɭɠɟɧɢɹ�� ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ�

ɩɨɡɜɨɥɹɸɬ� ɝɨɜɨɪɢɬɶ� ɨ� ɪɚɡɪɚɛɨɬɤɟ� ɧɨɜɨɝɨ� ɤɥɚɫɫɚ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ�

ɩɨɞɯɨɞɨɜ��ɩɨɡɜɨɥɹɸɳɢɯ�ɢɫɫɥɟɞɨɜɚɬɶ�ɷɧɟɪɝɨɡɚɬɪɚɬɵ�ɧɚ�ɪɚɡɪɭɲɟɧɢɟ�ɢ�

ɩɪɨɜɨɞɢɬɶ�ɨɩɬɢɦɢɡɚɰɢɸ�ɷɧɟɪɝɨɡɚɬɪɚɬ�ɧɚ�ɪɚɡɪɭɲɟɧɢɟ�ɜ�ɩɪɚɤɬɢɱɟɫɤɢɯ�

ɡɚɞɚɱɚɯ�� ɂɫɫɥɟɞɨɜɚɧɵ� ɡɚɞɚɱɢ�� ɫɜɹɡɚɧɧɵɟ� ɫ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ� ɜɨɥɧ�

ɫɟɣɫɦɢɱɟɫɤɨɣ�ɩɪɢɪɨɞɵ�ɫ�ɢɫɤɭɫɫɬɜɟɧɧɵɦɢ�ɩɪɟɝɪɚɞɚɦɢ��ɫɨɡɞɚɧɧɵɦɢ�ɫ�

ɰɟɥɶɸ� ɡɚɳɢɬɵ� ɫɨɨɪɭɠɟɧɢɣ� ɢ� ɤɨɧɫɬɪɭɤɰɢɣ� ɨɬ� ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɧɵɯ�

ɩɨɜɟɪɯɧɨɫɬɧɵɯ� ɜɨɥɧ�� Ɋɚɡɪɚɛɨɬɚɧɵ� ɢ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɞɥɹ� ɪɟɲɟɧɢɹ�

ɩɪɚɤɬɢɱɟɫɤɢɯ� ɡɚɞɚɱ� ɦɟɬɨɞɵ� ɱɢɫɥɟɧɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɞɢɧɚɦɢɤɢ�

ɪɚɡɪɭɲɟɧɢɹ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɢɡɧɚɱɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɯ� ɬɟɥ� ɢ� ɬɟɥ� ɫ�

ɢɡɧɚɱɚɥɶɧɨ�ɩɪɢɫɭɬɫɬɜɭɸɳɢɦɢ�ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɦɢ�ɬɪɟɳɢɧɚɦɢ� 

 

ɋɮɨɪɦɭɥɢɪɭɟɦ�ɪɟɡɭɥɶɬɚɬɵ��ɜɵɧɨɫɢɦɵɟ�ɧɚ�ɡɚɳɢɬɭ: 

 

��� ȼɩɟɪɜɵɟ� ɪɟɲɟɧɚ� ɡɚɞɚɱɚ� ɨɛ� ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ� ɛɚɥɚɧɫɟ� ɞɥɹ�

ɡɚɞɚɱɢ�ɨ�ɫɬɚɬɢɱɟɫɤɨɦ�ɧɚɝɪɭɠɟɧɢɢ�ɩɥɨɫɤɨɫɬɢ�ɫ�ɧɚɤɥɨɧɧɨɣ�ɬɪɟɳɢɧɨɣ�

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɧɚɝɪɭɡɤɨɣ� ɫɠɚɬɢɹ-ɫɞɜɢɝɚ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ�

ɤɨɦɛɢɧɚɰɢɹ� ɫɠɢɦɚɸɳɟɣ� ɧɚɝɪɭɡɤɢ� ɫ� ɧɚɝɪɭɡɤɨɣ� ɫɞɜɢɝɚ� ɩɨɡɜɨɥɹɟɬ�

ɡɧɚɱɢɬɟɥɶɧɨ� ɭɦɟɧɶɲɢɬɶ� ɷɧɟɪɝɨɡɚɬɪɚɬɵ� ɧɚ� ɪɚɡɪɭɲɟɧɢɟ� ɜ� ɜɟɪɲɢɧɟ�

ɢɦɟɸɳɟɣɫɹ�ɬɪɟɳɢɧɵ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɱɢɫɬɨ�ɫɠɢɦɚɸɳɟɣ�ɧɚɝɪɭɡɤɨɣ��

ɉɨɥɭɱɟɧɧɵɣ� ɬɟɨɪɟɬɢɱɟɫɤɢ� ɜ� ɪɚɦɤɚɯ� ɞɚɧɧɨɣ� ɪɚɛɨɬɵ� ɷɮɮɟɤɬ�



��� 

ɡɧɚɱɢɬɟɥɶɧɨɝɨ�ɭɦɟɧɶɲɟɧɢɹ�ɷɧɟɪɝɨɡɚɬɪɚɬ�ɫɨɜɩɚɞɚɟɬ�ɫ�ɷɮɮɟɤɬɨɦ, ɪɚɧɟɟ�

ɨɛɧɚɪɭɠɟɧɧɵɦ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� 

 

��� ȼɩɟɪɜɵɟ� ɢɫɫɥɟɞɨɜɚɧɵ� ɨɩɬɢɦɚɥɶɧɵɟ� ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɜɨɡɞɟɣɫɬɜɢɣ�ɧɚ�ɬɜɟɪɞɨɟ�ɤɜɚɡɢɯɪɭɩɤɨɟ�

ɬɟɥɨ� ɫ� ɢɦɟɸɳɢɦɢɫɹ� ɞɟɮɟɤɬɚɦɢ� ɞɥɹ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� �ɪɚɡɪɭɲɟɧɢɹ��

ɢɦɟɸɳɢɯɫɹ� ɞɟɮɟɤɬɨɜ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɜɨɡɦɨɠɧɨ� ɨɩɪɟɞɟɥɹɬɶ�

ɨɩɬɢɦɚɥɶɧɵɟ� ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɪɚɡɪɭɲɚɸɳɢɯ�

ɜɨɡɞɟɣɫɬɜɢɣ� ɧɚ� ɨɫɧɨɜɟ� ɩɚɪɚɦɟɬɪɨɜ� ɪɚɡɪɭɲɚɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɢ�

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ� ɞɟɮɟɤɬɨɜ�� ɩɪɟɨɛɥɚɞɚɸɳɢɯ� ɜ� ɪɚɡɪɭɲɚɟɦɨɦ�

ɬɟɥɟ� 

 

���Ɋɚɡɜɢɬ�ɩɨɞɯɨɞ�ɞɥɹ�ɩɪɟɞɫɤɚɡɚɧɢɹ�ɨɩɬɢɦɚɥɶɧɵɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�

ɡɚɳɢɬɧɵɯ� ɫɟɣɫɦɢɱɟɫɤɢɯ� ɛɚɪɶɟɪɨɜ� ɫ� ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦɢ�

ɦɟɬɚɫɬɪɭɤɬɭɪɚɦɢ�� ɇɚ� ɨɫɧɨɜɟ� ɚɧɚɥɢɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ� ɩɪɨɢɡɜɟɞɟɧɚ�

ɜɟɪɢɮɢɤɚɰɢɹ� ɪɚɡɪɚɛɨɬɚɧɧɵɯ� ɱɢɫɥɟɧɧɵɯ� ɪɟɲɟɧɢɣ�� ɉɨɥɭɱɟɧɵ�

ɡɚɜɢɫɢɦɨɫɬɢ�ɜɥɢɹɧɢɹ�ɦɚɬɟɪɢɚɥɨɜ�ɢ�ɝɟɨɦɟɬɪɢɢ�ɡɚɳɢɬɧɵɯ�ɛɚɪɶɟɪɨɜ�ɢ�

ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ� ɦɟɬɚɫɬɪɭɤɬɭɪ� ɧɚ� ɫɩɨɫɨɛɧɨɫɬɶ� ɡɚɳɢɬɧɵɯ�

ɫɨɨɪɭɠɟɧɢɣ� ɨɫɥɚɛɥɹɬɶ� ɞɟɣɫɬɜɢɟ� ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɯɫɹ� ɜɨɥɧ�

ɫɟɣɫɦɢɱɟɫɤɨɣ�ɩɪɢɪɨɞɵ. 

 

��� Ɋɚɡɜɢɬ� ɩɨɞɯɨɞ� ɞɥɹ� ɱɢɫɥɟɧɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ�

ɢɧɢɰɢɢɪɨɜɚɧɢɹ��ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɢ�ɨɫɬɚɧɨɜɤɢ�ɞɢɧɚɦɢɱɟɫɤɢɯ�ɬɪɟɳɢɧ�

ɜ� ɬɜɟɪɞɵɯ� ɬɟɥɚɯ��ȼ� ɫɪɚɜɧɟɧɢɢ� ɫ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ� ɪɟɡɭɥɶɬɚɬɚɦɢ�

ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɞɚɧɧɨɝɨ� ɩɨɞɯɨɞɚ� ɜɨɡɦɨɠɧɨ�

ɤɨɪɪɟɤɬɧɨɟ� ɩɪɟɞɫɤɚɡɚɧɢɟ� ɞɢɧɚɦɢɤɢ� ɬɪɟɳɢɧ� ɜ� ɲɢɪɨɤɨɦ� ɞɢɚɩɚɡɨɧɟ�

ɩɪɚɤɬɢɱɟɫɤɢɯ�ɡɚɞɚɱ�ɞɢɧɚɦɢɤɢ�ɪɚɡɪɭɲɟɧɢɹ� 

 



��� 

���Ɋɚɡɜɢɬ�ɩɨɞɯɨɞ�ɞɥɹ�ɱɢɫɥɟɧɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɪɚɡɪɭɲɟɧɢɹ�ɜ�

ɢɡɧɚɱɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɯ� ɬɜɟɪɞɵɯ� ɬɟɥɚɯ� ɩɪɢ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ�

ɤɨɧɬɚɤɬɧɨɦ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�� ȼ� ɫɪɚɜɧɟɧɢɢ� ɫ� ɪɚɡɥɢɱɧɵɦɢ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ�ɪɟɡɭɥɶɬɚɬɚɦɢ�ɩɨɤɚɡɚɧɨ�� ɱɬɨ� ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�

ɞɚɧɧɨɝɨ� ɩɨɞɯɨɞɚ� ɜɨɡɦɨɠɧɨ� ɤɨɪɪɟɤɬɧɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɷɜɨɥɸɰɢɢ�

ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɤɜɚɡɢɯɪɭɩɤɢɯ� ɢɡɧɚɱɚɥɶɧɨ� ɛɟɡɞɟɮɟɤɬɧɵɯ� ɬɟɥɚɯ� ɩɨɞ�

ɞɟɣɫɬɜɢɟɦ�ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ�ɭɞɚɪɨɜ�ɫɨ�ɫɬɨɪɨɧɵ�ɞɪɭɝɢɯ�ɨɛɴɟɤɬɨɜ� 
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