
ɇɚ�ɩɪɚɜɚɯ�ɪɭɤɨɩɢɫɢ 
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ɢɦɩɭɥɶɫɚ�ɫ�ɭɱɟɬɨɦ�ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ�ɹɜɥɟɧɢɣ 
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Ɋɚɛɨɬɚ� ɜɵɩɨɥɧɟɧɚ� ɜ� ɮɟɞɟɪɚɥɶɧɨɦ� ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ� ɛɸɞɠɟɬɧɨɦ�
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɦ� ɭɱɪɟɠɞɟɧɢɢ� ɜɵɫɲɟɝɨ� ɨɛɪɚɡɨɜɚɧɢɹ� ©ɋɚɦɚɪɫɤɢɣ�
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ» 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ: ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ��ɞɨɰɟɧɬ 
Ʉɭɞɢɧɨɜ�ɂɝɨɪɶ�ȼɚɫɢɥɶɟɜɢɱ 

Ɉɮɢɰɢɚɥɶɧɵɟ ɨɩɩɨɧɟɧɬɵ� Ʉɚɪɬɚɲɨɜ�ɗɞɭɚɪɞ�Ɇɢɯɚɣɥɨɜɢɱ 
ɞɨɤɬɨɪ�ɮɢɡɢɤɨ ± ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ�ɧɚɭɤ��
ɩɪɨɮɟɫɫɨɪ��ɎȽȻɈɍ�ȼɈ�©ɆɂɊɗȺ�± 
Ɋɨɫɫɢɣɫɤɢɣ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬª, 
ɩɪɨɮɟɫɫɨɪ�ɤɚɮɟɞɪɵ�©ȼɵɫɲɚɹ�ɢ�ɩɪɢɤɥɚɞɧɚɹ�
ɦɚɬɟɦɚɬɢɤɚª 

ɋɭɩɟɥɶɧɹɤ�Ɇɚɤɫɢɦ�ɂɝɨɪɟɜɢɱ 
ɤɚɧɞɢɞɚɬ�ɬɟɯɧɢɱɟɫɤɢɯ�ɧɚɭɤ��ɉȺɈ�
©Ʉɚɥɭɠɫɤɢɣ�ɞɜɢɝɚɬɟɥɶª��ɜɟɞɭɳɢɣ�ɢɧɠɟɧɟɪ-
ɤɨɧɫɬɪɭɤɬɨɪ�ɄȻ�ɪɚɫɱɺɬɨɜ�ɢ�ɧɚɞɺɠɧɨɫɬɢ 

ȼɟɞɭɳɚɹ ɨɪɝɚɧɢɡɚɰɢɹ: Ⱥɤɰɢɨɧɟɪɧɨɟ�ɨɛɳɟɫɬɜɨ�©ɐɟɧɬɪɚɥɶɧɵɣ� 
ɧɚɭɱɧɨ± ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ�ɢɧɫɬɢɬɭɬ� 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɹª 

Ɂɚɳɢɬɚ� ɫɨɫɬɨɢɬɫɹ� ©14» ɮɟɜɪɚɥɹ 2022 ɝ�� ɜ� 15:00 ɱɚɫɨɜ� ɧɚ� ɡɚɫɟɞɚɧɢɢ�
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ� ɫɨɜɟɬɚ Ⱦ� ������������ ɫɨɡɞɚɧɧɨɝɨ� ɧɚ� ɛɚɡɟ� ɮɟɞɟɪɚɥɶɧɨɝɨ�
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ� ɛɸɞɠɟɬɧɨɝɨ� ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ� ɭɱɪɟɠɞɟɧɢɹ� ɜɵɫɲɟɝɨ�
ɨɛɪɚɡɨɜɚɧɢɹ� ©Ɇɨɫɤɨɜɫɤɢɣ� ɚɜɢɚɰɢɨɧɧɵɣ� ɢɧɫɬɢɬɭɬ� �ɧɚɰɢɨɧɚɥɶɧɵɣ�
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ� ɭɧɢɜɟɪɫɢɬɟɬ�ª�� ɩɨ� ɚɞɪɟɫɭ�� �������� ɝ�� Ɇɨɫɤɜɚ��
ȼɨɥɨɤɨɥɚɦɫɤɨɟ�ɲɨɫɫɟ��ɞ� 4. 

ɋ� ɞɢɫɫɟɪɬɚɰɢɟɣ� ɦɨɠɧɨ� ɨɡɧɚɤɨɦɢɬɶɫɹ� ɜ� ɛɢɛɥɢɨɬɟɤɟ� ɢ� ɧɚ� ɫɚɣɬɟ�
ɮɟɞɟɪɚɥɶɧɨɝɨ� ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ� ɛɸɞɠɟɬɧɨɝɨ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ� ɭɱɪɟɠɞɟɧɢɹ�
ɜɵɫɲɟɝɨ� ɨɛɪɚɡɨɜɚɧɢɹ ©Ɇɨɫɤɨɜɫɤɢɣ� ɚɜɢɚɰɢɨɧɧɵɣ� ɢɧɫɬɢɬɭɬ� �ɧɚɰɢɨɧɚɥɶɧɵɣ�
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ� ɭɧɢɜɟɪɫɢɬɟɬ)» 
https://mai.ru/upload/iblock/cd7/f2azsb4ej3ea94jcyfbgl3rs51onbmkd/Dissertatsiya-
ZHukov-V.V..pdf 
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ɍɱɟɧɵɣ�ɫɟɤɪɟɬɚɪɶ 
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ�ɫɨɜɟɬɚ Ⱦ������������ 
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Ɉɛɳɚɹ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ�ɪɚɛɨɬɵ 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ�ɬɟɦɵ�ɞɢɫɫɟɪɬɚɰɢɢ. Ɍɟɩɥɨɮɢɡɢɤɚ�± ɷɬɨ�ɧɚɭɤɚ��ɜ�ɤɨɬɨɪɨɣ�

ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ� ɦɟɬɨɞɚɦɢ� ɢɫɫɥɟɞɭɸɬɫɹ� ɫɜɨɣɫɬɜɚ�
ɜɟɳɟɫɬɜ� ɜ� ɬɜɟɪɞɨɦ�� ɠɢɞɤɨɦ� ɢ� ɝɚɡɨɨɛɪɚɡɧɨɦ� ɫɨɫɬɨɹɧɢɢ� ɩɪɢ� ɩɪɨɬɟɤɚɧɢɢ�
ɩɪɨɰɟɫɫɨɜ� ɬɟɩɥɨ- ɢ� ɦɚɫɫɨɨɛɦɟɧɚ� ɜ� ɲɢɪɨɤɨɦ� ɞɢɚɩɚɡɨɧɟ� ɬɟɦɩɟɪɚɬɭɪ� ɢ�
ɞɚɜɥɟɧɢɣ��ɂɡɜɟɫɬɧɵɟ�ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ�ɦɨɞɟɥɢ�ɭɤɚɡɚɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ�ɨɫɧɨɜɚɧɵ�
ɧɚ�ɩɚɪɚɛɨɥɢɱɟɫɤɢɯ�ɭɪɚɜɧɟɧɢɹɯ��ɜɵɜɟɞɟɧɧɵɯ�ɧɚ�ɨɫɧɨɜɟ�ɭɪɚɜɧɟɧɢɣ�ɬɟɩɥɨɜɨɝɨ�ɢ�
ɦɚɫɫɨɜɨɝɨ� ɛɚɥɚɧɫɨɜ� ɫ� ɭɱɟɬɨɦ� ɷɦɩɢɪɢɱɟɫɤɢɯ� ɡɚɤɨɧɨɜ�Ɏɭɪɶɟ� ɢ�Ɏɢɤɚ��ɉɪɢ� ɢɯ�
ɜɵɜɨɞɟ�ɢɫɩɨɥɶɡɭɸɬɫɹ�ɝɢɩɨɬɟɡɵ�ɨ�ɥɨɤɚɥɶɧɨɦ�ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ�ɪɚɜɧɨɜɟɫɢɢ�
ɢ� ɫɩɥɨɲɧɨɫɬɢ� ɫɪɟɞɵ�� ɫɨɝɥɚɫɧɨ� ɤɨɬɨɪɵɦ� ɩɪɟɧɟɛɪɟɝɚɟɬɫɹ� ɦɨɥɟɤɭɥɹɪɧɨ� ± 
ɚɬɨɦɧɵɦ� ɫɬɪɨɟɧɢɟɦ� ɜɟɳɟɫɬɜɚ�� ɬɨ� ɟɫɬɶ� ɫɱɢɬɚɟɬɫɹ�� ɱɬɨ� ɜ� ɨɛɥɚɫɬɹɯ�
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ� ɢ� ɜɪɟɦɟɧɧyɣ� ɩɟɪɟɦɟɧɧɵɯ�� ɫɨɩɨɫɬɚɜɢɦɵɯ� ɫ� ɞɥɢɧɨɣ� ɢ�
ɜɪɟɦɟɧɟɦ� ɫɜɨɛɨɞɧɨɝɨ� ɩɪɨɛɟɝɚ� ɦɢɤɪɨɱɚɫɬɢɰ� �ɦɨɥɟɤɭɥ�� ɚɬɨɦɨɜ�� ɷɥɟɤɬɪɨɧɨɜ��
ɢɨɧɨɜ�� ɮɨɧɨɧɨɜ��� ɬɟɩɥɨɨɛɦɟɧ� ɩɪɨɢɫɯɨɞɢɬ� ɦɝɧɨɜɟɧɧɨ, ɬɚɤ� ɤɚɤ ɜɟɥɢɱɢɧɚɦɢ��
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɟ� ɫɜɨɣɫɬɜɚ� ɜɟɳɟɫɬɜ� �ɜɪɟɦɹ� ɪɟɥɚɤɫɚɰɢɢ��
ɯɚɪɚɤɬɟɪɧɵɣ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ� ɦɚɫɲɬɚɛ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ± ɞɥɢɧɚ�
ɫɜɨɛɨɞɧɨɝɨ� ɩɪɨɛɟɝɚ� ɦɢɤɪɨɱɚɫɬɢɰ��� ɩɪɟɧɟɛɪɟɝɚɟɬɫɹ� ȼ� ɫɜɹɡɢ� ɫ� ɱɟɦ�� ɜ�
ɤɥɚɫɫɢɱɟɫɤɢɯ� ɦɨɞɟɥɹɯ� ɨɤɚɡɵɜɚɟɬɫɹ� ɡɚɥɨɠɟɧɧɨɣ� ɛɟɫɤɨɧɟɱɧɚɹ� ɫɤɨɪɨɫɬɶ�
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɩɨɬɟɧɰɢɚɥɨɜ� ɢɫɫɥɟɞɭɟɦɵɯ� ɩɨɥɟɣ� ɢ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɨɧɢ� ɧɟ�
ɦɨɝɭɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɞɥɹ� ɨɩɢɫɚɧɢɹ� ɩɪɨɰɟɫɫɨɜ� ɩɟɪɟɧɨɫɚ� ɩɪɢ� ɦɚɥɵɯ� ɢ�
ɫɜɟɪɯɦɚɥɵɯ�ɡɧɚɱɟɧɢɹɯ�ɜɪɟɦɟɧɧɨғɣ�ɢ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ�ɩɟɪɟɦɟɧɧɵɯ��ɜɤɥɸɱɚɹ�
ɧɚɧɨɦɚɬɟɪɢɚɥɵ� ɢ� ɧɚɧɨɩɥɟɧɤɢ��� ɚ� ɬɚɤɠɟ� ɞɥɹ� ɜɫɟɯ� ɛɵɫɬɪɨɩɪɨɬɟɤɚɸɳɢɯ�
ɩɪɨɰɟɫɫɨɜ�� ɜɪɟɦɹ� ɢɡɦɟɧɟɧɢɹ� ɤɨɬɨɪɵɯ� ɫɨɩɨɫɬɚɜɢɦɨ� ɫ� ɜɪɟɦɟɧɟɦ� ɪɟɥɚɤɫɚɰɢɢ��
Ⱦɥɹ�ɨɩɢɫɚɧɢɹ�ɬɚɤɢɯ�ɩɪɨɰɟɫɫɨɜ�ɧɟɨɛɯɨɞɢɦɚ�ɪɚɡɪɚɛɨɬɤɚ�ɧɨɜɵɯ�ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ�
ɦɨɞɟɥɟɣ�� ɨɫɧɨɜɚɧɧɵɯ� ɧɚ� ɭɱɟɬɟ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɫɜɨɣɫɬɜ� ɦɚɬɟɪɢɚɥɨɜ��
ɩɨɡɜɨɥɹɸɳɢɯ� ɭɱɢɬɵɜɚɬɶ� ɤɨɧɟɱɧɭɸ� ɫɤɨɪɨɫɬɶ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɜɨɡɦɭɳɟɧɢɣ�
ɢɫɫɥɟɞɭɟɦɵɯ�ɜɟɥɢɱɢɧ�� 

ɋɬɟɩɟɧɶ�ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ�ɬɟɦɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ɋɚɡɪɚɛɨɬɚɧɵ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ� ɦɨɞɟɥɢ� ɥɨɤɚɥɶɧɨ-ɧɟɪɚɜɧɨɜɟɫɧɵɯ�

ɩɪɨɰɟɫɫɨɜ�ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ��ɤɨɥɟɛɚɧɢɣ�ɬɜɟɪɞɵɯ�ɬɟɥ�ɢ�ɝɚɡɨɜ��ɩɨɥɭɱɟɧɵ�ɢɯ�
ɚɧɚɥɢɬɢɱɟɫɤɢɟ� ɢ� ɱɢɫɥɟɧɧɵɟ� ɪɟɲɟɧɢɹ�� ɩɪɨɜɟɞɟɧɵ� ɫɪɚɜɧɟɧɢɹ� ɫ�
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ�ɞɚɧɧɵɦɢ��ɧɚ�ɨɫɧɨɜɟ�ɤɨɬɨɪɵɯ�ɜɵɩɨɥɧɟɧɚ�ɢɞɟɧɬɢɮɢɤɚɰɢɹ�
ɦɨɞɟɥɟɣ�� 

Ɉɛɴɟɤɬɨɦ� ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ� ɥɨɤɚɥɶɧɨ-ɧɟɪɚɜɧɨɜɟɫɧɵɟ� ɩɪɨɰɟɫɫɵ�
ɩɟɪɟɧɨɫɚ� ɬɟɩɥɚ�� ɦɚɫɫɵ�� ɢɦɩɭɥɶɫɚ� ɫ� ɭɱɟɬɨɦ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɣ�
ɧɟɥɨɤɚɥɶɧɨɫɬɢ��ɩɪɨɬɟɤɚɸɳɢɟ�ɜ�ɪɟɚɥɶɧɵɯ�ɬɟɯɧɢɱɟɫɤɢɯ�ɭɫɬɪɨɣɫɬɜɚɯ� 

ɉɪɟɞɦɟɬɨɦ� ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ� ɬɜɟɪɞɵɟ�� ɠɢɞɤɢɟ� ɢ� ɝɚɡɨɨɛɪɚɡɧɵɟ�
ɫɪɟɞɵ�� ɞɥɹ� ɤɨɬɨɪɵɯ� ɫɨɡɞɚɸɬɫɹ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ� ɦɨɞɟɥɢ� ɫ� ɭɱɟɬɨɦ�
ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ�ɹɜɥɟɧɢɣ� 

ɐɟɥɶɸ�ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ�ɢɫɫɥɟɞɨɜɚɧɢɟ�ɜɧɭɬɪɟɧɧɢɯ�ɦɟɯɚɧɢɡɦɨɜ�ɩɟɪɟɧɨɫɚ�
ɬɟɩɥɚ�� ɦɚɫɫɵ�� ɢɦɩɭɥɶɫɚ� ɧɚ� ɨɫɧɨɜɟ� ɧɨɜɵɯ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ��
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ɭɱɢɬɵɜɚɸɳɢɯ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ� ± ɜɪɟɦɟɧɧɭɸ� ɧɟɥɨɤɚɥɶɧɨɫɬɶ� ɪɟɚɥɶɧɵɯ�
ɮɢɡɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ. 

Ɂɚɞɚɱɢ�ɪɚɛɨɬɵ 
��� Ɇɨɞɟɥɢɪɨɜɚɧɢɟ� ɭɫɥɨɜɢɣ� ɢɧɟɪɰɢɢ� ɢ� ɥɨɤɚɥɢɡɚɰɢɢ� ɬɟɩɥɨɬɵ��

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ� ɤɨɧɟɱɧɭɸ� ɫɤɨɪɨɫɬɶ� ɟɺ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�� ɜ� ɧɟɥɢɧɟɣɧɵɯ�
ɡɚɞɚɱɚɯ�ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ�ɫ�ɧɟɥɢɧɟɣɧɵɦɢ�ɢɫɬɨɱɧɢɤɚɦɢ�ɬɟɩɥɨɬɵ� 

��� Ɇɨɞɟɥɢɪɨɜɚɧɢɟ� ɭɫɥɨɜɢɣ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ� ɬɟɩɥɨɜɨɝɨ� ɜɡɪɵɜɚ�
�ɧɟɨɝɪɚɧɢɱɟɧɧɨɝɨ� ɜɨɡɪɚɫɬɚɧɢɹ� ɬɟɦɩɟɪɚɬɭɪɵ�� ɜ� ɡɚɞɚɱɚɯ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɫ�
ɩɟɪɟɦɟɧɧɵɦɢ�ɮɢɡɢɱɟɫɤɢɦɢ�ɫɜɨɣɫɬɜɚɦɢ�ɫɪɟɞɵ�ɢ� �ɡɚɜɢɫɹɳɢɦɢ�ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ�
ɢɫɬɨɱɧɢɤɚɦɢ�ɬɟɩɥɨɬɵ� 

��� ɂɫɫɥɟɞɨɜɚɧɢɟ� ɜɧɭɬɪɟɧɧɢɯ� ɦɟɯɚɧɢɡɦɨɜ� ɩɟɪɟɧɨɫɚ� ɬɟɩɥɨɬɵ� ɫ� ɭɱɟɬɨɦ�
ɧɟɥɨɤɚɥɶɧɨɫɬɢ� ɪɟɚɥɶɧɵɯ� ɮɢɡɢɱɟɫɤɢɯ� ɩɪɨɰɟɫɫɨɜ� ɧɚ� ɨɫɧɨɜɟ� ɥɨɤɚɥɶɧɨ� ± 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ� ɦɨɞɟɥɟɣ�� ɭɱɢɬɵɜɚɸɳɢɯ� ɦɨɥɟɤɭɥɹɪɧɨ� ± ɚɬɨɦɧɨɟ� ɫɬɪɨɟɧɢɟ�
ɜɟɳɟɫɬɜ� 

��� Ɋɚɡɪɚɛɨɬɤɚ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɦɨɞɟɥɢ� ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ� ɬɪɟɯɦɟɪɧɨɣ�
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɫ� ɭɱɟɬɨɦ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɹɜɥɟɧɢɣ� ɢ� ɩɪɨɝɪɚɦɦɧɨɝɨ�
ɨɛɟɫɩɟɱɟɧɢɹ� ɞɥɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɩɪɨɰɟɫɫɨɜ�
ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ� ɢ� ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ� ɜ� ɬɟɯɧɢɱɟɫɤɢɯ� ɨɛɴɟɤɬɚɯ� ɫɥɨɠɧɨɣ�
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ�ɮɨɪɦɵ� 

��� ɂɫɫɥɟɞɨɜɚɧɢɟ� ɩɪɢɱɢɧ� ɢ� ɭɫɥɨɜɢɣ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ� ɭɞɚɪɧɵɯ� ɜɨɥɧ�
ɧɚɩɪɹɠɟɧɢɣ� ɢ� ɩɟɪɟɦɟɳɟɧɢɣ� ɧɚ� ɨɫɧɨɜɟ� ɥɨɤɚɥɶɧɨ� ± ɧɟɪɚɜɧɨɜɟɫɧɨɣ� ɦɨɞɟɥɢ�
ɧɟɫɜɹɡɚɧɧɨɣ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ�� 

��� Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɤɨɥɟɛɚɧɢɣ� ɝɚɡɚ� ɫ� ɭɱɟɬɨɦ�
ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ�ɹɜɥɟɧɢɣ�ɩɪɢɦɟɧɢɬɟɥɶɧɨ�ɤ�ɬɟɪɦɨɚɤɭɫɬɢɱɟɫɤɢɦ�ɞɜɢɝɚɬɟɥɹɦ� 

ɇɨɜɢɡɧɚ�ɪɟɡɭɥɶɬɚɬɨɜ�ɢɫɫɥɟɞɨɜɚɧɢɣ 
1. ɉɨɥɭɱɟɧɵ� ɧɨɜɵɟ� ɞɚɧɧɵɟ� ɨ� ɩɪɢɱɢɧɚɯ� ɢ� ɭɫɥɨɜɢɹɯ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ�

ɚɜɬɨɦɨɞɟɥɶɧɨɫɬɢ�� ɢɧɟɪɰɢɢ� ɢ� ɥɨɤɚɥɢɡɚɰɢɢ� ɬɟɩɥɨɬɵ� ɜ� ɧɟɥɢɧɟɣɧɵɯ� ɡɚɞɚɱɚɯ�
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ�ɫ�ɧɟɥɢɧɟɣɧɵɦ�ɢɫɬɨɱɧɢɤɨɦ�ɬɟɩɥɨɬɵ��ɩɨɡɜɨɥɢɜɲɢɟ� ɫɞɟɥɚɬɶ�
ɜɵɜɨɞ ɨ� ɫɜɹɡɢ� ɦɟɠɞɭ� ɥɢɧɟɣɧɵɦ� ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɦ� ɢ� ɧɟɥɢɧɟɣɧɵɦ�
ɩɚɪɚɛɨɥɢɱɟɫɤɢɦ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ�ɨɩɟɪɚɬɨɪɚɦɢ� 

2. ɇɚ� ɨɫɧɨɜɟ� ɨɩɪɟɞɟɥɟɧɢɹ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ� ɢɫɤɨɦɵɯ� ɮɭɧɤɰɢɣ� ɢ�
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ� ɝɪɚɧɢɱɧɵɯ� ɭɫɥɨɜɢɣ� ɪɚɡɪɚɛɨɬɚɧ� ɩɪɢɛɥɢɠɟɧɧɵɣ�
ɚɧɚɥɢɬɢɱɟɫɤɢɣ� ɦɟɬɨɞ� ɪɟɲɟɧɢɹ� ɧɟɥɢɧɟɣɧɵɯ� ɡɚɞɚɱ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɫ�
ɧɟɥɢɧɟɣɧɵɦ�ɢɫɬɨɱɧɢɤɨɦ�ɬɟɩɥɨɬɵ��ɩɨɥɭɱɟɧ�ɤɪɢɬɟɪɢɣ��ɩɨɡɜɨɥɹɸɳɢɣ�ɨɬɞɟɥɢɬɶ�
ɫɬɚɰɢɨɧɚɪɧɵɟ� ɩɪɨɰɟɫɫɵ� ɨɬ� ɩɪɨɰɟɫɫɨɜ� ɧɟɨɝɪɚɧɢɱɟɧɧɨɝɨ� ɜɨɡɪɚɫɬɚɧɢɹ�
ɬɟɦɩɟɪɚɬɭɪɵ��ɬɟɩɥɨɜɨɝɨ�ɜɡɪɵɜɚ�� 

3. ɇɚ� ɨɫɧɨɜɟ� ɥɨɤɚɥɶɧɨ� ± ɧɟɪɚɜɧɨɜɟɫɧɵɯ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ��
ɜɤɥɸɱɚɸɳɢɯ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɟ� ɫɜɨɣɫɬɜɚ� ɦɚɬɟɪɢɚɥɨɜ� �ɜɪɟɦɹ� ɪɟɥɚɤɫɚɰɢɢ��
ɯɚɪɚɤɬɟɪɧɵɣ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ� ɦɚɫɲɬɚɛ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ� ɜɵɩɨɥɧɟɧɵ�
ɢɫɫɥɟɞɨɜɚɧɢɹ�ɜɧɭɬɪɟɧɧɢɯ�ɦɟɯɚɧɢɡɦɨɜ�ɩɟɪɟɧɨɫɚ�ɬɟɩɥɨɬɵ. 

4. Ɋɚɡɪɚɛɨɬɚɧɚ� ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ� ɧɟɫɜɹɡɚɧɧɨɣ� ɡɚɞɚɱɢ�
ɞɢɧɚɦɢɱɟɫɤɨɣ� ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ� ɫ� ɭɱɺɬɨɦ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ� ± ɜɪɟɦɟɧɧóɣ�
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ɧɟɥɨɤɚɥɶɧɨɫɬɢ�ɜ�ɬɟɩɥɨɜɨɣ�ɢ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɡɚɞɚɱɚɯ��ɩɨɡɜɨɥɹɸɳɚɹ�ɜɵɩɨɥɧɹɬɶ�
ɢɫɫɥɟɞɨɜɚɧɢɹ�ɭɞɚɪɧɵɯ�ɜɨɥɧ�ɧɚɩɪɹɠɟɧɢɣ�ɢ�ɩɟɪɟɦɟɳɟɧɢɣ�ɩɪɢ�ɜɨɡɞɟɣɫɬɜɢɢ�ɧɚ�
ɦɚɬɟɪɢɚɥɵ�ɦɨɳɧɵɯ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɩɨɬɨɤɨɜ� 

5. Ɋɚɡɪɚɛɨɬɚɧɚ� ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ� ɤɨɥɟɛɚɧɢɣ� ɝɚɡɚ� ɫ� ɭɱɺɬɨɦ� ɟɝɨ�
ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ�ɫɜɨɣɫɬɜ��ɩɨɡɜɨɥɹɸɳɚɹ�ɜɵɩɨɥɧɹɬɶ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɪɟɡɨɧɚɧɫɧɵɯ�
ɢ� ɛɢɮɭɪɤɚɰɢɨɧɧɨ� ± ɮɥɚɬɬɟɪɧɵɯ� ɤɨɥɟɛɚɧɢɣ� �ɛɢɟɧɢɣ�� ɩɪɢ� ɜɨɡɞɟɣɫɬɜɢɢ�
ɜɧɟɲɧɟɣ�ɬɟɩɥɨɜɨɣ�ɢ�ɦɟɯɚɧɢɱɟɫɤɨɣ�ɧɚɝɪɭɡɤɢ� 

6. Ɋɚɡɪɚɛɨɬɚɧɚ�ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ�ɦɨɞɟɥɶ�ɩɪɨɞɨɥɶɧɵɯ�ɤɨɥɟɛɚɧɢɣ�ɫɬɟɪɠɧɹ�
ɫ� ɭɱɟɬɨɦ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɹɜɥɟɧɢɣ� ɢ� ɜɵɩɨɥɧɟɧɚ� ɟɟ� ɜɟɪɢɮɢɤɚɰɢɹ� ɫ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɪɟɡɭɥɶɬɚɬɨɜ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ� 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ�ɡɧɚɱɢɦɨɫɬɶ�ɪɟɡɭɥɶɬɚɬɨɜ�ɢɫɫɥɟɞɨɜɚɧɢɹ� ȼ�ɞɢɫɫɟɪɬɚɰɢɢ�
ɜɩɟɪɜɵɟ�ɩɨɥɭɱɟɧɵ�ɚɧɚɥɢɬɢɱɟɫɤɢɟ�ɪɟɲɟɧɢɹ�ɪɹɞɚ�ɤɪɚɟɜɵɯ�ɡɚɞɚɱ��ɨɩɢɫɵɜɚɸɳɢɯ�
ɩɪɨɰɟɫɫɵ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ�� ɬɟɩɥɨɜɨɝɨ� ɜɡɪɵɜɚ�� ɤɨɥɟɛɚɧɢɣ� ɭɩɪɭɝɢɯ� ɬɜɺɪɞɵɯ�
ɬɟɥ� ɢ� ɝɚɡɨɜ� ɫ� ɭɱɺɬɨɦ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɹɜɥɟɧɢɣ�� ɇɚɣɞɟɧɧɵɟ� ɪɟɲɟɧɢɹ�� ɜɜɢɞɭ�
ɭɱɺɬɚ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɫɜɨɣɫɬɜ� ɦɚɬɟɪɢɚɥɨɜ�� ɹɜɥɹɸɬɫɹ� ɧɚɢɛɨɥɟɟ�
ɩɪɢɛɥɢɠɟɧɧɵɦɢ� ɤ� ɪɟɚɥɶɧɵɦ� ɮɢɡɢɱɟɫɤɢɦ� ɩɪɨɰɟɫɫɚɦ� ɢ� ɩɨɡɜɨɥɢɥɢ� ɩɨɥɭɱɢɬɶ�
ɧɟɤɨɬɨɪɵɟ�ɧɨɜɵɟ��ɧɟɢɡɜɟɫɬɧɵɟ�ɪɚɧɟɟ�ɨɫɨɛɟɧɧɨɫɬɢ�ɢɯ�ɩɪɨɬɟɤɚɧɢɹ�� 

ɉɪɚɤɬɢɱɟɫɤɚɹ� ɡɧɚɱɢɦɨɫɬɶ� ɪɟɡɭɥɶɬɚɬɨɜ� ɢɫɫɥɟɞɨɜɚɧɢɹ� Ɋɚɡɪɚɛɨɬɚɧɚ�
ɤɨɦɩɶɸɬɟɪɧɚɹ� ɩɪɨɝɪɚɦɦɚ� ɞɥɹ� ɪɟɲɟɧɢɹ� ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ� ɬɪɺɯɦɟɪɧɵɯ� ɡɚɞɚɱ�
ɥɨɤɚɥɶɧɨ-ɧɟɪɚɜɧɨɜɟɫɧɨɣ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ�� ɤɨɬɨɪɚɹ� ɩɨɡɜɨɥɹɟɬ� ɨɩɪɟɞɟɥɹɬɶ�
ɡɧɚɱɟɧɢɹ�ɬɟɦɩɟɪɚɬɭɪ�ɢ�ɬɟɩɥɨɜɵɯ�ɩɨɬɨɤɨɜ�ɩɪɢ�ɛɵɫɬɪɨɩɪɨɬɟɤɚɸɳɢɯ�ɩɪɨɰɟɫɫɚɯ�
ɜ� ɬɟɥɚɯ� ɫɥɨɠɧɨɣ� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɮɨɪɦɵ�� Ɋɚɡɪɚɛɨɬɚɧɧɵɟ� ɚɥɝɨɪɢɬɦɵ� ɢ�
ɤɨɦɩɥɟɤɫɵ� ɩɪɨɝɪɚɦɦ�� ɪɟɚɥɢɡɭɸɳɢɟ� ɩɨɥɭɱɟɧɧɵɟ� ɜ� ɞɢɫɫɟɪɬɚɰɢɢ�
ɚɧɚɥɢɬɢɱɟɫɤɢɟ� ɢ� ɱɢɫɥɟɧɧɵɟ� ɪɟɲɟɧɢɹ� ɤɪɚɟɜɵɯ� ɡɚɞɚɱ� ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ��
ɢɫɩɨɥɶɡɨɜɚɧɵ� ɧɚ� ɩɪɟɞɩɪɢɹɬɢɢ� ɊɄɐ� ©ɉɪɨɝɪɟɫɫª� ɩɪɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ��
ɞɨɜɨɞɤɟ��ɢɫɩɵɬɚɧɢɹɯ�ɢ�ɷɤɫɩɥɭɚɬɚɰɢɢ�ɢɡɞɟɥɢɣ�ɤɨɫɦɢɱɟɫɤɨɣ�ɬɟɯɧɢɤɢ� 

Ɇɟɬɨɞɨɥɨɝɢɹ�ɢ�ɦɟɬɨɞɵ�ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
ȼ� ɞɢɫɫɟɪɬɚɰɢɢ� ɪɚɡɜɢɜɚɟɬɫɹ� ɧɨɜɨɟ� ɧɚɭɱɧɨɟ� ɧɚɩɪɚɜɥɟɧɢɟ�� ɫɜɹɡɚɧɧɨɟ� ɫ�

ɪɚɡɪɚɛɨɬɤɨɣ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ� ɥɨɤɚɥɶɧɨ� ± ɧɟɪɚɜɧɨɜɟɫɧɵɯ� ɩɪɨɰɟɫɫɨɜ�
ɩɟɪɟɧɨɫɚ� ɬɟɩɥɚ�� ɦɚɫɫɵ�� ɢɦɩɭɥɶɫɚ� ɫ� ɭɱɟɬɨɦ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɹɜɥɟɧɢɣ�� ȼɵɜɨɞ�
ɦɨɞɟɥɟɣ� ɨɫɧɨɜɚɧ� ɧɚ� ɭɱɟɬɟ� ɜ� ɷɦɩɢɪɢɱɟɫɤɢɯ�ɮɨɪɦɭɥɚɯ� ɡɚɤɨɧɨɜ�Ɏɭɪɶɟ� ɢ� Ƚɭɤɚ�
ɫɤɨɪɨɫɬɟɣ� ɢ� ɭɫɤɨɪɟɧɢɣ� ɞɜɢɠɭɳɢɯ� ɫɢɥ� �ɝɪɚɞɢɟɧɬɨɜ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�
ɜɟɥɢɱɢɧ�� ɢ� ɢɯ� ɫɥɟɞɫɬɜɢɣ� �ɬɟɩɥɨɜɨɝɨ� ɩɨɬɨɤɚ� ɢ� ɧɨɪɦɚɥɶɧɵɯ� ɧɚɩɪɹɠɟɧɢɣ���
ȼɜɟɞɟɧɢɟ�ɜ�ɷɬɢ�ɮɨɪɦɭɥɵ�ɤɨɷɮɮɢɰɢɟɧɬɨɜ�ɪɟɥɚɤɫɚɰɢɢ�ɩɨɡɜɨɥɹɟɬ�ɭɱɟɫɬɶ�ɞɥɢɧɭ�
ɢ� ɜɪɟɦɹ� ɫɜɨɛɨɞɧɨɝɨ� ɩɪɨɛɟɝɚ� ɦɢɤɪɨɱɚɫɬɢɰ� �ɷɥɟɤɬɪɨɧɨɜ�� ɢɨɧɨɜ�� ɚɬɨɦɨɜ��
ɮɨɧɨɧɨɜ� ɢ� ɞɪ���� Ⱦɥɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɥɭɱɟɧɧɵɯ� ɦɨɞɟɥɟɣ� ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ�
ɦɟɬɨɞɵ� ɩɨɥɭɱɟɧɢɹ� ɢɯ� ɩɪɢɛɥɢɠɟɧɧɵɯ� ɢ� ɬɨɱɧɵɯ� ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ�� ɚ�
ɬɚɤɠɟ� ɱɢɫɥɟɧɧɵɟ� ɦɟɬɨɞɵ�� ɉɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɚɧɚɥɢɬɢɱɟɫɤɢɯ� ɦɟɬɨɞɨɜ�
ɢɫɩɨɥɶɡɭɟɬɫɹ� ɧɨɜɨɟ� ɧɚɩɪɚɜɥɟɧɢɟ�� ɨɫɧɨɜɚɧɧɨɟ� ɧɚ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ�
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ�ɢɫɤɨɦɵɯ�ɮɭɧɤɰɢɣ�ɢ�ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɣ� 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ� ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ�
ɚɞɟɤɜɚɬɧɨɫɬɶɸ�ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɦɨɞɟɥɟɣ�ɪɟɚɥɶɧɵɦ�ɩɪɨɰɟɫɫɚɦ��ɩɪɨɢɫɯɨɞɹɳɢɦ�
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ɜ� ɤɨɧɤɪɟɬɧɵɯ� ɭɫɬɪɨɣɫɬɜɚɯ�� ɧɚ� ɫɨɩɨɫɬɚɜɥɟɧɢɢ� ɧɚɣɞɟɧɧɵɯ� ɪɟɲɟɧɢɣ� ɫ�
ɱɢɫɥɟɧɧɵɦɢ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ�ɞɚɧɧɵɦɢ��ɚ�ɬɚɤɠɟ�ɫ�ɬɨɱɧɵɦɢ�ɪɟɲɟɧɢɹɦɢ��
ɩɪɢɜɟɞɟɧɧɵɦɢ�ɜ�ɧɟɡɚɜɢɫɢɦɵɯ�ɢɫɬɨɱɧɢɤɚɯ� 

ɉɨɥɨɠɟɧɢɹ��ɜɵɧɨɫɢɦɵɟ�ɧɚ�ɡɚɳɢɬɭ 
1. Ɋɟɡɭɥɶɬɚɬɵ� ɦɧɨɝɨɜɚɪɢɚɧɬɧɵɯ� ɱɢɫɥɟɧɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɧɟɥɢɧɟɣɧɵɯ�

ɤɪɚɟɜɵɯ�ɡɚɞɚɱ�ɫ�ɧɟɥɢɧɟɣɧɵɦɢ�ɢɫɬɨɱɧɢɤɚɦɢ�ɬɟɩɥɨɬɵ��ɩɨɡɜɨɥɢɜɲɢɟ�ɡɚɤɥɸɱɢɬɶ�
ɨ� ɜɨɡɧɢɤɧɨɜɟɧɢɢ� ɚɜɬɨɦɨɞɟɥɶɧɨɫɬɢ�� ɢɧɟɪɰɢɢ� ɢ� ɥɨɤɚɥɢɡɚɰɢɢ� ɬɟɩɥɨɬɵ��
ɨɛɭɫɥɨɜɥɟɧɧɵɟ�ɤɨɧɟɱɧɨɣ�ɫɤɨɪɨɫɬɶɸ�ɟɺ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� 

2. Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɜɧɭɬɪɟɧɧɢɯ�ɦɟɯɚɧɢɡɦɨɜ� ɩɟɪɟɧɨɫɚ� ɬɟɩɥɨɬɵ�
ɫ�ɭɱɺɬɨɦ�ɧɟɥɨɤɚɥɶɧɨɫɬɢ�ɪɟɚɥɶɧɵɯ�ɮɢɡɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɥɨɤɚɥɶɧɨ�
± ɧɟɪɚɜɧɨɜɟɫɧɵɯ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ�� ɭɱɢɬɵɜɚɸɳɢɯ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɟ�
ɫɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɨɜ� 

3. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ� ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ� ɬɪɺɯɦɟɪɧɨɣ�
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɫ� ɭɱɺɬɨɦ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ� ± ɜɪɟɦɟɧɧɨɣ� ɧɟɥɨɤɚɥɶɧɨɫɬɢ� ɢ�
ɪɟɡɭɥɶɬɚɬɵ� ɪɚɡɪɚɛɨɬɤɢ� ɩɪɨɝɪɚɦɦɧɨɝɨ� ɤɨɦɩɥɟɤɫɚ� �D ± ɦɨɞɟɥɢɪɨɜɚɧɢɹ�
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɢ� ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ� ɫ� ɭɱɺɬɨɦ�
ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ�ɹɜɥɟɧɢɣ�ɞɥɹ�ɤɨɧɫɬɪɭɤɰɢɣ�ɫɥɨɠɧɨɣ�ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ�ɮɨɪɦɵ� 

4. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ� ɧɟɫɜɹɡɚɧɧɨɣ� ɡɚɞɚɱɢ� ɞɢɧɚɦɢɱɟɫɤɨɣ�
ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ� ɫ� ɭɱɺɬɨɦ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ� ± ɜɪɟɦɟɧɧyɣ� ɧɟɥɨɤɚɥɶɧɨɫɬɢ� ɜ�
ɬɟɩɥɨɜɨɣ� ɢ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɡɚɞɚɱɚɯ�� ɩɨɡɜɨɥɹɸɳɚɹ� ɜɵɩɨɥɧɹɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ�
ɭɞɚɪɧɵɯ� ɜɨɥɧ� ɧɚɩɪɹɠɟɧɢɣ� ɢ� ɩɟɪɟɦɟɳɟɧɢɣ� ɩɪɢ� ɜɨɡɞɟɣɫɬɜɢɢ� ɧɚ� ɦɚɬɟɪɢɚɥɵ�
ɦɨɳɧɵɯ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɩɨɬɨɤɨɜ� 

5. Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɡɪɚɛɨɬɤɢ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɦɨɞɟɥɢ� ɩɪɨɞɨɥɶɧɵɯ�
ɤɨɥɟɛɚɧɢɣ� ɫɬɟɪɠɧɹ� ɫ� ɭɱɟɬɨɦ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɹɜɥɟɧɢɣ� ɢ� ɟɟ� ɜɟɪɢɮɢɤɚɰɢɢ� ɧɚ�
ɨɫɧɨɜɟ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ� 

6. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ�ɦɨɞɟɥɶ�ɤɨɥɟɛɚɧɢɣ�ɝɚɡɚ�ɫ�ɭɱɺɬɨɦ�ɟɝɨ�ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ�
ɫɜɨɣɫɬɜ�� ɩɨɡɜɨɥɹɸɳɚɹ� ɜɵɩɨɥɧɹɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɪɟɡɨɧɚɧɫɧɵɯ� ɢ�
ɛɢɮɭɪɤɚɰɢɨɧɧɨ�± ɮɥɚɬɬɟɪɧɵɯ�ɤɨɥɟɛɚɧɢɣ�ɩɪɢ�ɜɨɡɞɟɣɫɬɜɢɢ�ɜɧɟɲɧɟɣ�ɬɟɩɥɨɜɨɣ�
ɢ� ɦɟɯɚɧɢɱɟɫɤɨɣ� ɧɚɝɪɭɡɤɢ� ɩɪɢɦɟɧɢɬɟɥɶɧɨ� ɤ� ɩɧɟɜɦɨ± ɢ� ɬɟɪɦɨɚɤɭɫɬɢɱɟɫɤɢɦ�
ɞɜɢɝɚɬɟɥɹɦ� 

ȼɤɥɚɞ�ɚɜɬɨɪɚ�ɜ�ɩɪɨɜɟɞɟɧɧɨɟ�ɢɫɫɥɟɞɨɜɚɧɢɟ�  
ȼ� ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ�� ɪɚɡɪɚɛɨɬɤɚ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ�

ɥɨɤɚɥɶɧɨ-ɧɟɪɚɜɧɨɜɟɫɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ �ɜ� ɬɨɦ� ɱɢɫɥɟ� ɞɥɹ�
ɬɪɟɯɦɟɪɧɨɝɨ�ɫɥɭɱɚɹ���ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ��ɤɨɥɟɛɚɧɢɣ�ɭɩɪɭɝɢɯ�ɬɟɥ�ɢ�ɝɚɡɨɜ�� 

ȼ� ɪɚɫɱɺɬɧɨɣ ɱɚɫɬɢ: ɪɚɡɪɚɛɨɬɤɚ� ɦɟɬɨɞɨɜ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ�
ɩɪɨɰɟɫɫɨɜ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ�� ɤɨɥɟɛɚɧɢɣ� ɭɩɪɭɝɢɯ� ɬɟɥ� ɢ� ɝɚɡɨɜ�� ɧɚɩɢɫɚɧɢɟ�
ɚɥɝɨɪɢɬɦɨɜ��ɩɨɢɫɤ�ɪɟɲɟɧɢɣ��ɨɰɟɧɤɚ�ɞɨɫɬɨɜɟɪɧɨɫɬɢ�ɩɨɥɭɱɟɧɧɵɯ�ɪɟɲɟɧɢɣ. 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ�� ɩɨɫɬɚɧɨɜɤɚ ɢ� ɜɵɩɨɥɧɟɧɢɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɩɪɨɞɨɥɶɧɵɯ� ɢ� ɩɨɩɟɪɟɱɧɵɯ� ɤɨɥɟɛɚɧɢɣ�
ɫɬɟɪɠɧɟɣ�� ɨɛɪɚɛɨɬɤɚ� ɢ� ɚɧɚɥɢɡ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ�� ɜɟɪɢɮɢɤɚɰɢɹ�
ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ�ɦɨɞɟɥɟɣ� 
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Ⱥɩɪɨɛɚɰɢɹ� ɩɨɥɭɱɟɧɧɵɯ� ɜ� ɞɢɫɫɟɪɬɚɰɢɢ� ɪɟɡɭɥɶɬɚɬɨɜ� ɇɚɢɛɨɥɟɟ� ɜɚɠɧɵɟ�
ɩɨɥɨɠɟɧɢɹ�ɞɢɫɫɟɪɬɚɰɢɢ�ɛɵɥɢ�ɞɨɥɨɠɟɧɵ�ɢ�ɨɛɫɭɠɞɟɧɵ�ɧɚ�Ⱦɟɫɹɬɨɣ�ȼɫɟɪɨɫɫɢɣɫɤɨɣ�
ɤɨɧɮɟɪɟɧɰɢɢ� ɫ� Ɇɟɠɞɭɧɚɪɨɞɧɵɦ� ɭɱɚɫɬɢɟɦ� ©Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɢ�
ɤɪɚɟɜɵɟ� ɡɚɞɚɱɢª� �ɋɚɦɚɪɚ�� ����� ɝ���� XXIX Ɇɟɠɞɭɧɚɪɨɞɧɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ�
©Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ�ɦɟɬɨɞɵ�ɜ�ɬɟɯɧɢɤɟ�ɢ�ɬɟɯɧɨɥɨɝɢɹɯ�± ɆɆɌɌ�± ��ª��ɋɚɦɚɪɚ�������
ɝ����X ȼɫɟɪɨɫɫɢɣɫɤɨɣ�ɤɨɧɮɟɪɟɧɰɢɢ�ɩɨ�ɦɟɯɚɧɢɤɟ�ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ�ɬɜɟɪɞɨɝɨ�ɬɟɥɚ�
�ɋɚɦɚɪɚ�� ������� ɋɟɞɶɦɨɣ� Ɋɨɫɫɢɣɫɤɨɣ� ɧɚɰɢɨɧɚɥɶɧɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ� ɩɨ�
ɬɟɩɥɨɨɛɦɟɧɭ��Ɇɨɫɤɜɚ�������ɝ��� 

ɋɜɹɡɶ� ɞɢɫɫɟɪɬɚɰɢɢ� ɫ� ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ� ɩɪɨɝɪɚɦɦɚɦɢ� ɧɚɭɱɧɵɯ�
ɢɫɫɥɟɞɨɜɚɧɢɣ� ɂɫɫɥɟɞɨɜɚɧɢɹ�ɜɵɩɨɥɧɹɥɢɫɶ�ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�Ⱥɧɚɥɢɬɢɱɟɫɤɨɣ�
ɜɟɞɨɦɫɬɜɟɧɧɨɣ�ɰɟɥɟɜɨɣ�ɩɪɨɝɪɚɦɦɨɣ�©Ɋɚɡɜɢɬɢɟ�ɧɚɭɱɧɨɝɨ�ɩɨɬɟɧɰɢɚɥɚ�ɜɵɫɲɟɣ�
ɲɤɨɥɵª�ɩɨ�ɬɟɦɚɬɢɱɟɫɤɨɦɭ�ɩɥɚɧɭ�ɇɂɊ�ʋ�������, ɩɪɢ�ɮɢɧɚɧɫɨɜɨɣ�ɩɨɞɞɟɪɠɤɟ�
Ɇɢɧɨɛɪɧɚɭɤɢ� Ɋɨɫɫɢɢ� �ɩɪɨɟɤɬ�ʋ�)666-2020-0019), ɩɨ� ɝɪɚɧɬɚɦ ɊɇɎ� �ɩɪɨɟɤɬ�
ʋ�18 ± 79 ± 00171��ɢ�ɊɎɎɂ��ɩɪɨɟɤɬ�ʋ���-38-70021). 

ȼɧɟɞɪɟɧɢɟ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɛɨɬɵ� Ɋɟɡɭɥɶɬɚɬɵ� ɞɢɫɫɟɪɬɚɰɢɢ� ɛɵɥɢ�
ɢɫɩɨɥɶɡɨɜɚɧɵ� ɩɪɢ� ɩɪɨɜɟɞɟɧɢɢ� ɯɨɡɞɨɝɨɜɨɪɧɵɯ� ɪɚɛɨɬ� ɫ� ȼɨɥɠɫɤɨɣ�
ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɣ� ɝɟɧɟɪɢɪɭɸɳɟɣ� ɤɨɦɩɚɧɢɟɣ�� ɚ� ɬɚɤɠɟ� ɜ� ɊɄɐ� ©ɉɪɨɝɪɟɫɫª. 
ɗɤɨɧɨɦɢɱɟɫɤɢɣ�ɷɮɮɟɤɬ��ɩɨɞɬɜɟɪɠɞɟɧɧɵɣ�ɚɤɬɚɦɢ�ɨ�ɜɧɟɞɪɟɧɢɢ��ɩɪɢɜɟɞɺɧɧɵɦɢ�
ɜ�ɩɪɢɥɨɠɟɧɢɹɯ�ɞɢɫɫɟɪɬɚɰɢɢ��ɫɨɫɬɚɜɥɹɟɬ�����ɦɥɧ��ɪɭɛ�  

ɉɭɛɥɢɤɚɰɢɢ ɩɨ�ɬɟɦɟ�ɞɢɫɫɟɪɬɚɰɢɢ. ɉɨ�ɬɟɦɟ�ɞɢɫɫɟɪɬɚɰɢɢ�ɨɩɭɛɥɢɤɨɜɚɧɨ�
���ɪɚɛɨɬ��ɢɡ�ɧɢɯ����ɪɚɛɨɬ�ɹɜɥɹɸɬɫɹ�ɩɭɛɥɢɤɚɰɢɹɦɢ�ɜ�ɪɟɰɟɧɡɢɪɭɟɦɵɯ�ɧɚɭɱɧɵɯ�
ɢɡɞɚɧɢɹɯ�ɢ�ɩɭɛɥɢɤɚɰɢɹɦɢ��ɩɪɢɪɚɜɧɟɧɧɵɦɢ�ɤ�ɧɢɦ� 

Ʉɪɚɬɤɨɟ�ɫɨɞɟɪɠɚɧɢɟ�ɪɚɛɨɬɵ 
ȼ�ɩɟɪɜɨɣ�ɝɥɚɜɟ ɞɚɧ�ɨɛɡɨɪ�ɢ�ɜɵɩɨɥɧɟɧ�ɚɧɚɥɢɡ�ɢɡɜɟɫɬɧɵɯ�ɩɭɛɥɢɤɚɰɢɣ�ɩɨ�

ɬɟɦɟ�ɞɢɫɫɟɪɬɚɰɢɢ��ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɫɭɳɟɫɬɜɭɸɬ�ɪɚɡɥɢɱɧɵɟ�ɦɨɞɟɥɢ�ɥɨɤɚɥɶɧɨ� ± 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ� ɩɪɨɰɟɫɫɨɜ�� Ɉɞɧɚɤɨ�� ɧɟɫɦɨɬɪɹ� ɧɚ� ɧɚɥɢɱɢɟ� ɛɨɥɶɲɨɝɨ� ɱɢɫɥɚ�
ɦɨɞɟɥɟɣ�� ɜ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɨɬɫɭɬɫɬɜɭɟɬ� ɟɞɢɧɚɹ� ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɚɹ� ɬɟɨɪɢɹ�
ɥɨɤɚɥɶɧɨ� ± ɧɟɪɚɜɧɨɜɟɫɧɵɯ� ɩɪɨɰɟɫɫɨɜ�� ɂɡɜɟɫɬɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɡɥɢɱɧɵɯ�
ɬɟɨɪɢɣ� ɧɟ� ɜɫɟɝɞɚ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɫɨɝɥɚɫɭɸɬɫɹ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɧɚɪɹɞɭ� ɫ�
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ� ɢɡɜɟɫɬɧɵɯ� ɦɨɞɟɥɟɣ�� ɧɟɨɛɯɨɞɢɦɚ� ɪɚɡɪɚɛɨɬɤɚ� ɧɨɜɵɯ�
ɬɟɨɪɢɣ�ɥɨɤɚɥɶɧɨ�± ɧɟɪɚɜɧɨɜɟɫɧɵɯ�ɩɪɨɰɟɫɫɨɜ� 

ȼɨ� ɜɬɨɪɨɣ� ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɢ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɱɢɫɥɟɧɧɵɯ�
ɢɫɫɥɟɞɨɜɚɧɢɣ� ɧɟɥɢɧɟɣɧɨɣ� ɡɚɞɚɱɢ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɫ� ɧɟɥɢɧɟɣɧɵɦ�
ɢɫɬɨɱɧɢɤɨɦ� ɬɟɩɥɨɬɵ�� Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɩɨɫɬɚɧɨɜɤɚ� ɡɚɞɚɱɢ� ɞɥɹ� ɛɟɫɤɨɧɟɱɧɨɣ�
ɩɥɚɫɬɢɧɵ� ɫ� ɫɢɦɦɟɬɪɢɱɧɵɦɢ� ɝɪɚɧɢɱɧɵɦɢ� ɭɫɥɨɜɢɹɦɢ� ɩɟɪɜɨɝɨ� ɪɨɞɚ� ɩɪɢ�
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦ� ɢɡɦɟɧɟɧɢɢ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɢ�
ɜɧɭɬɪɟɧɧɟɝɨ�ɢɫɬɨɱɧɢɤɚ�ɬɟɩɥɨɬɵ�ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ� 

))(exp()( 00 ttt �EO O ; ))(exp()( 00 ttt �JZ Z                        (1) 
ɢɦɟɟɬ�ɜɢɞ� 
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0)0,(  [4 ;         (3)         1)Fo,0(  4 ;         (4)         0/)Fo,1(  [w4w ,          (5) 
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Fo,, [4  ± ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɛɟɡɪɚɡɦɟɪɧɵɟ� ɬɟɦɩɟɪɚɬɭɪɚ�� ɤɨɨɪɞɢɧɚɬɚ�� ɜɪɟɦɹ�
�ɱɢɫɥɨ� Ɏɭɪɶɟ��� Po  ± ɱɢɫɥɨ� ɉɨɦɟɪɚɧɰɟɜɚ� 0O , 0Z  ± ɤɨɷɮɮɢɰɢɟɧɬ�
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɢ� ɦɨɳɧɨɫɬɶ� ɢɫɬɨɱɧɢɤɚ� ɬɟɩɥɨɬɵ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� 0tt  ;  
E , J  ± ɤɨɷɮɮɢɰɢɟɧɬɵ�� t  ± ɬɟɦɩɟɪɚɬɭɪɚ; x  ± ɤɨɨɪɞɢɧɚɬɚ�� W  ± ɜɪɟɦɹ�� 
G  ± ɬɨɥɳɢɧɚ� ɩɥɚɫɬɢɧɵ�� 0t  ± ɧɚɱɚɥɶɧɚɹ� ɬɟɦɩɟɪɚɬɭɪɚ�� ɋɌt  ± ɬɟɦɩɟɪɚɬɭɪɚ�
ɫɬɟɧɤɢ�� 
 

 
Ⱥɧɚɥɢɡ� ɪɟɡɭɥɶɬɚɬɨɜ� ɱɢɫɥɟɧɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɡɚɞɚɱɢ� ���� ± ���� ɩɨɡɜɨɥɢɥ�

ɨɛɧɚɪɭɠɢɬɶ� ɹɜɥɟɧɢɹ� ɚɜɬɨɦɨɞɟɥɶɧɨɫɬɢ�� ɢɧɟɪɰɢɢ� ɢ� ɥɨɤɚɥɢɡɚɰɢɢ� ɬɟɩɥɨɬɵ  
�ɫɦ��ɪɢɫ���, 2)��ɚ�ɬɚɤɠɟ�ɧɟɨɝɪɚɧɢɱɟɧɧɨɝɨ�ɭɜɟɥɢɱɟɧɢɹ�ɬɟɦɩɟɪɚɬɭɪɵ��ɬɟɩɥɨɜɨɝɨ�
ɜɡɪɵɜɚ��� ɫɜɹɡɚɧɧɵɟ� ɫ� ɜɧɭɬɪɟɧɧɢɦɢ� ɦɟɯɚɧɢɡɦɚɦɢ� ɬɟɩɥɨɩɟɪɟɧɨɫɚ�� ɂ�� ɜ�
ɱɚɫɬɧɨɫɬɢ�� ɩɪɢ� ɚɜɬɨɦɨɞɟɥɶɧɨɦ� ɢɡɦɟɧɟɧɢɢ� ɬɟɦɩɟɪɚɬɭɪɵ� ɜ� ɨɩɪɟɞɟɥɟɧɧɨɦ�
ɞɢɚɩɚɡɨɧɟ� ɜɪɟɦɟɧɢ� ɧɚɛɥɸɞɚɟɬɫɹ� ɫɚɦɨɩɨɞɨɛɢɟ� ɬɟɦɩɟɪɚɬɭɪɧɵɯ� ɤɪɢɜɵɯ�� ɉɪɢ�
ɢɧɟɪɰɢɢ� ɢ� ɥɨɤɚɥɢɡɚɰɢɢ� ɬɟɩɥɨɬɵ� ɜ� ɧɟɤɨɬɨɪɨɦ� ɢɡɦɟɧɹɸɳɟɦɫɹ� ɜɨ� ɜɪɟɦɟɧɢ�
ɞɢɚɩɚɡɨɧɟ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ� ɩɟɪɟɦɟɧɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɚ� ɧɟ� ɢɡɦɟɧɹɟɬɫɹ�� ɗɬɨɬ�
ɮɚɤɬ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ�ɨ�ɤɨɧɟɱɧɨɣ�ɫɤɨɪɨɫɬɢ�ɟɺ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ��ɧɟɫɦɨɬɪɹ�ɧɚ�
ɬɨ��ɱɬɨ�ɪɟɲɚɟɬɫɹ�ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ�ɭɪɚɜɧɟɧɢɟ�ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ��ȼ�ɪɟɡɭɥɶɬɚɬɟ�
ɜɡɚɢɦɧɨɝɨ� ɜɥɢɹɧɢɹ� ɝɪɚɧɢɱɧɨɝɨ� ɭɫɥɨɜɢɹ� ɢ� ɢɫɬɨɱɧɢɤɚ� ɬɟɩɥɨɬɵ� ɦɨɝɭɬ�
ɧɚɛɥɸɞɚɬɶɫɹ� ɞɜɚ� ɜɚɪɢɚɧɬɚ�� ɫɬɚɰɢɨɧɚɪɧɨɟ� ɫɨɫɬɨɹɧɢɟ�� ɧɟɨɝɪɚɧɢɱɟɧɧɨɟ�
ɭɜɟɥɢɱɟɧɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ� 

 

 
Ɋɢɫ�� ��� Ɋɚɫɩɪɟɞɟɥɟɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� 
ɋɬɚɰɢɨɧɚɪɧɨɟ� ɫɨɫɬɨɹɧɢɟ� ɩɪɢ� 5Fo t  
�ɬɟɩɥɨɜɨɣ�ɜɡɪɵɜ�ɧɟ�ɧɚɛɥɸɞɚɟɬɫɹ� 

Ɋɢɫ�� ��� Ɋɚɫɩɪɟɞɟɥɟɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ
01;,0(  E  )1216,0 J  
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ȼ� ɬɪɟɬɶɟɣ� ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɢ� ɩɪɢɜɨɞɹɬɫɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɬɨɱɧɨɝɨ�
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɪɟɲɟɧɢɹ� ɭɪɚɜɧɟɧɢɹ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ�� ɩɨɥɭɱɟɧɧɨɝɨ� ɫ� ɭɱɟɬɨɦ�
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ�± ɜɪɟɦɟɧɧɨɣ�ɧɟɥɨɤɚɥɶɧɨɫɬɢ��ȼɵɜɨɞ�ɷɬɨɝɨ�ɭɪɚɜɧɟɧɢɹ�ɨɫɧɨɜɚɧ�ɧɚ�
ɭɱɟɬɟ� ɫɤɨɪɨɫɬɢ� ɢɡɦɟɧɟɧɢɹ� ɬɟɩɥɨɜɨɝɨ� ɩɨɬɨɤɚ�  ɨɬ� ɜɪɟɦɟɧɢ� ɢ� ɩɨɬɨɤɚ� ɬɟɩɥɨɜɨɝɨ�
ɩɨɬɨɤɚ� xq ww /  ± ɩɨ�ɤɨɨɪɞɢɧɚɬɟ�ɯ. Ɏɨɪɦɭɥɚ�ɡɚɤɨɧɚ�Ɏɭɪɶɟ�ɞɥɹ�ɬɟɩɥɨɜɨɝɨ�ɩɨɬɨɤɚ�ɜ�
ɞɚɧɧɨɦ�ɫɥɭɱɚɟ�ɢɦɟɟɬ�ɜɢɞ 
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1 ,                                    (6) 

ɝɞɟ� 1W  ± ɜɪɟɦɹ�ɪɟɥɚɤɫɚɰɢɢ��ɫ; l  ± ɞɥɢɧɚ�ɫɜɨɛɨɞɧɨɝɨ�ɩɪɨɛɟɝɚ�ɦɢɤɪɨɱɚɫɬɢɰ��ɦ. 
ɉɨɞɫɬɚɜɥɹɹ��6) ɜ�ɭɪɚɜɧɟɧɢɟ�ɬɟɩɥɨɜɨɝɨ�ɛɚɥɚɧɫɚ� 

xqtTc ww� ww //ȡ ,                                         (7) 
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                             (8) 
ɍɪɚɜɧɟɧɢɟ� �8�� ɨɩɢɫɵɜɚɟɬ� ɢɡɦɟɧɟɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɫ� ɭɱɟɬɨɦ�

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ�± ɜɪɟɦɟɧɧɨɣ�ɧɟɥɨɤɚɥɶɧɨɫɬɢ�ɜɜɢɞɭ�ɭɱɟɬɚ�ɞɥɢɧɵ� l  ɢ�ɜɪɟɦɟɧɢ�
1W  ɫɜɨɛɨɞɧɨɝɨ�ɩɪɨɛɟɝɚ�ɦɢɤɪɨɱɚɫɬɢɰ� 

ɍɪɚɜɧɟɧɢɟ, ɚɧɚɥɨɝɢɱɧɨɟ� ɭɪɚɜɧɟɧɢɸ� �8), ɦɨɠɧɨ� ɩɨɥɭɱɢɬɶ, ɟɫɥɢ� ɜ�
ɷɦɩɢɪɢɱɟɫɤɨɣ�ɮɨɪɦɭɥɟ� ɡɚɤɨɧɚ�Ɏɭɪɶɟ� ɭɱɟɫɬɶ� ɫɤɨɪɨɫɬɢ� ɢɡɦɟɧɟɧɢɹ� ɬɟɩɥɨɜɨɝɨ�
ɩɨɬɨɤɚ�ɢ�ɝɪɚɞɢɟɧɬɚ�ɬɟɦɩɟɪɚɬɭɪɵ��ɬɨ�ɟɫɬɶ� 
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O�                                         (9) 
ɝɞɟ� 2W  ± ɜɪɟɦɹ�ɪɟɥɚɤɫɚɰɢɢ�ɝɪɚɞɢɟɧɬɚ�ɬɟɦɩɟɪɚɬɭɪɵ� 

ɉɨɞɫɬɚɜɥɹɹ�����ɜ�ɭɪɚɜɧɟɧɢɟ�ɬɟɩɥɨɜɨɝɨ�ɛɚɥɚɧɫɚ (7)��ɩɨɥɭɱɚɟɦ� 
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                                    (10) 

Ɍɚɤ� ɤɚɤ� 2
2 Ĳȣ a  �ɝɞɟ� 2Ĳȣ a  ± ɫɤɨɪɨɫɬɶ� ɬɟɩɥɨɜɨɣ� ɜɨɥɧɵ��� ɬɨ 

22
2

2
2 ĲȣĲ la   , ɫɥɟɞɨɜɚɬɟɥɶɧɨ��ɭɪɚɜɧɟɧɢɹ��8), (10��ɢɞɟɧɬɢɱɧɵ� 
ȼ� ɫɥɭɱɚɟ�� ɤɨɝɞɚ� ɜ� ɮɨɪɦɭɥɟ� ɡɚɤɨɧɚ� Ɏɭɪɶɟ� ɭɱɢɬɵɜɚɸɬɫɹ ɫɤɨɪɨɫɬɢ�

ɢɡɦɟɧɟɧɢɹ� ɬɟɩɥɨɜɨɝɨ� ɩɨɬɨɤɚ� ɢ� ɝɪɚɞɢɟɧɬɚ� ɬɟɦɩɟɪɚɬɭɪɵ�� ɚ� ɬɚɤɠɟ� ɭɫɤɨɪɟɧɢɟ�
ɬɟɩɥɨɜɨɝɨ�ɩɨɬɨɤɚ��ɨɧɚ�ɩɪɢɧɢɦɚɟɬ�ɜɢɞ 

.
2

2
2
11

2

2 t
q

t
q

tx
T

x
Tq

w
w

W�
w
w

W�
ww

w
OW�

w
w

O�  
ɉɨɞɫɬɚɜɥɹɹ� ɩɨɫɥɟɞɧɟɟ� ɫɨɨɬɧɨɲɟɧɢɟ ɜ� ɭɪɚɜɧɟɧɢɟ� ɬɟɩɥɨɜɨɝɨ� ɛɚɥɚɧɫɚ� �7), 

ɧɚɯɨɞɢɦ 



10 
 

.
2

3

22

2

3

3
2
12

2

1 tx
Ta

x
Ta

t
T

t
T

t
T

ww
w

W�
w
w

 
w
w

W�
w
w

W�
w
w

                          (11) 
ȿɫɥɢ�ɜɜɟɫɬɢ�ɛɟɡɪɚɡɦɟɪɧɵɟ�ɩɟɪɟɦɟɧɧɵɟ�ɢ�ɩɚɪɚɦɟɬɪɵ ɜɢɞɚ 

ɋɌ

ɋɌ

TT
TT
�
�

 4
0

; 
G

 [
x

; 2
Fo

G
 

at
;  2

1
1 G

W
 

a
F ;  2

2
2 G

W
 

aF ;  2

2

3 G
 

lF ; 32 FF  ,  (12) 

ɬɨ�ɭɪɚɜɧɟɧɢɹ��10), (11) ɩɪɢɦɭɬ ɜɢɞ� 

;
FoFoFo 2

3

22

2

2

2

1 w[w
4w

�
[w
4w

 
w

4w
�

w
4w FF                                  (13) 

.
FoFoFoFo 2

3

22

2

3

3
2

12

2

1 w[w
4w

�
[w
4w

 
w
4w

�
w

4w
�

w
4w FFF                     (14) 

ɇɚɣɞɟɦ� ɪɟɲɟɧɢɟ� ɭɪɚɜɧɟɧɢɹ (13�� ɞɥɹ� ɛɟɫɤɨɧɟɱɧɨɣ� ɩɥɚɫɬɢɧɵ� ɩɪɢ�
ɫɢɦɦɟɬɪɢɱɧɵ� ɝɪɚɧɢɱɧɵɯ� ɭɫɥɨɜɢɹɯ� ɩɟɪɜɨɝɨ� ɪɨɞɚ�� Ʉɪɚɟɜɵɟ� ɭɫɥɨɜɢɹ� ɜ� ɷɬɨɦ�
ɫɥɭɱɚɟ�ɛɭɞɭɬ 

1)0,(  [4 ;      0
Fo

Ĭ�ȟ���
 

w
w

;      0Fo)Ĭ���
 

[w
w  ;      0)Fo,1(  4 .          (15) 

Ɍɨɱɧɨɟ�ɚɧɚɥɢɬɢɱɟɫɤɨɟ�ɪɟɲɟɧɢɟ�ɡɚɞɚɱɢ��13), (15��ɢɦɟɟɬ�ɜɢɞ 

> @ ),
2

cos()Foexp()Foexp()Fo,(
1

221 [
S

� [4 ¦
f

 
rzCzC

k
kkkk                   (16) 

ɝɞɟ� ),2/(]4)1()1([ 11
2

22 FFFFz kkkik Q�Q�rQ��    ( ;2,1 i       12 � kr );  

kkkk zzCC 1221 /� ; )]./1(/[4)1( 12
1

2 kk
k

k zzrC �S� �  
ɂɡ� ɚɧɚɥɢɡɚ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɫɱɟɬɨɜ� ɩɨ� ɮɨɪɦɭɥɟ� ����� ɫɥɟɞɭɟɬ�� ɱɬɨ� ɜ�

ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ� ɬɨɥɳɢɧɵ� ɩɥɚɫɬɢɧɵ� G  ɫɭɳɟɫɬɜɭɟɬ� ɞɜɚ� ɪɟɠɢɦɚ� ɬɟɩɥɨɨɛɦɟɧɚ� ± 
ɞɢɮɮɭɡɢɨɧɧɵɣ� ɢ� ɛɚɥɥɢɫɬɢɱɟɫɤɢɣ�� Ⱦɢɮɮɭɡɢɨɧɧɵɣ� ɪɟɠɢɦ� ɧɚɛɥɸɞɚɟɬɫɹ� ɞɥɹ�
ɬɨɥɳɢɧ� ɩɥɚɫɬɢɧɵ�� ɡɧɚɱɢɬɟɥɶɧɨ� ɩɪɟɜɵɲɚɸɳɢɯ� ɞɥɢɧɭ� ɫɜɨɛɨɞɧɨɝɨ� ɩɪɨɛɟɝɚ�
ɦɢɤɪɨɱɚɫɬɢɰ. Ɋɟɲɟɧɢɟ����) ɜ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɩɨɥɧɨɫɬɶɸ�ɫɨɜɩɚɞɚɟɬ�ɫ�ɤɥɚɫɫɢɱɟɫɤɢɦ�
ɬɨɱɧɵɦ� ɚɧɚɥɢɬɢɱɟɫɤɢɦ� ɪɟɲɟɧɢɟɦ� ɩɚɪɚɛɨɥɢɱɟɫɤɨɝɨ� ɭɪɚɜɧɟɧɢɹ�
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� �ɬɨ� ɟɫɬɶ� ɩɪɢ� 021   FF  ɜ� ɭɪɚɜɧɟɧɢɢ� �13��� ɜɨ� ɜɫɟɦ�
ɞɢɚɩɚɡɨɧɟ� ɜɪɟɦɟɧɢ� ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ� ɩɪɨɰɟɫɫɚ�� ɡɚ� ɢɫɤɥɸɱɟɧɢɟɦ� ɟɝɨ� ɦɚɥɵɯ� ɢ�
ɫɜɟɪɯɦɚɥɵɯ� ɡɧɚɱɟɧɢɣ�� Ⱦɥɹ� ɭɤɚɡɚɧɧɵɯ� ɡɧɚɱɟɧɢɣ� ɜɪɟɦɟɧɢ� ɝɪɚɧɢɱɧɨɟ� ɭɫɥɨɜɢɟ�
ɩɟɪɜɨɝɨ�ɪɨɞɚ��ɬɟɩɥɨɜɨɣ�ɭɞɚɪ��ɧɟ�ɦɨɠɟɬ�ɛɵɬɶ�ɩɪɢɧɹɬɨ�ɦɝɧɨɜɟɧɧɨ ± ɩɪɨɰɟɫɫ�ɟɝɨ�
ɭɫɬɚɧɨɜɥɟɧɢɹ�ɡɚɧɢɦɚɟɬ�ɧɟɤɨɬɨɪɵɣ�ɞɢɚɩɚɡɨɧ�ɧɚɱɚɥɶɧɨɝɨ�ɜɪɟɦɟɧɧɨɝɨ�ɭɱɚɫɬɤɚ�� 

ɋ� ɭɦɟɧɶɲɟɧɢɟɦ� ɬɨɥɳɢɧɵ� ɩɥɚɫɬɢɧɵ� �ɱɬɨ� ɩɪɢ� ɩɪɨɱɢɯ� ɪɚɜɧɵɯ� ɭɫɥɨɜɢɹɯ�
ɩɪɢɜɨɞɢɬ� ɤ� ɭɜɟɥɢɱɟɧɢɸ� 1F  ɢ� 2F  �ɫɦ�� ɨɛɨɡɧɚɱɟɧɢɹ� ��2��� ɞɨ� ɜɟɥɢɱɢɧ��
ɫɨɢɡɦɟɪɢɦɵɯ� ɫ� ɞɥɢɧɨɣ� ɫɜɨɛɨɞɧɨɝɨ� ɩɪɨɛɟɝɚ� ɦɢɤɪɨɱɚɫɬɢɰ�� ɞɢɮɮɭɡɢɨɧɧɵɣ�
ɩɪɨɰɟɫɫ� ɬɟɩɥɨɨɛɦɟɧɚ� ɫɦɟɧɹɟɬɫɹ� ɧɚ� ɛɚɥɥɢɫɬɢɱɟɫɤɢɣ�� ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ�
ɬɟɩɥɨɨɛɦɟɧ�ɩɪɨɬɟɤɚɟɬ�ɩɪɢ�ɩɪɚɤɬɢɱɟɫɤɨɦ�ɨɬɫɭɬɫɬɜɢɢ� ɝɪɚɞɢɟɧɬɚ� ɬɟɦɩɟɪɚɬɭɪɵ�
ɩɨ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ�ɩɟɪɟɦɟɧɧɨɣ� 
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Ɋɟɲɟɧɢɟ� ɭɪɚɜɧɟɧɢɹ� �14�� ɩɪɢ� ɤɪɚɟɜɵɯ� ɭɫɥɨɜɢɹɯ� �15�� �ɤ� ɤɨɬɨɪɵɦ�
ɞɨɛɚɜɥɹɟɬɫɹ�ɟɳɟ�ɨɞɧɨ�ɧɚɱɚɥɶɧɨɟ�ɭɫɥɨɜɢɟ� )0Fo/)0,( 22  w[4w  ɢɦɟɟɬ�ɜɢɞ 

ȟ�
2
ʌcos()()Fo,( Fo

3
Fo

2
Fo

1
1

321 reɋeɋeɋ kkk z
k

z
k

z
k

k
��¦ [4

f

 
,  (r = 2k ± 1),       (17) 

ɝɞɟ� kiz , (i=1, 2, 3) ± ɤɨɪɧɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ�ɭɪɚɜɧɟɧɢɹ�� kic , (i=1, 2, 3) ± 
ɤɨɧɫɬɚɧɬɵ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ�� ɨɩɪɟɞɟɥɹɟɦɵɟ� ɢɡ� ɧɚɱɚɥɶɧɵɯ� ɭɫɥɨɜɢɣ� ɤɪɚɟɜɨɣ�
ɡɚɞɚɱɢ�� 

Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɩɨ� ɮɨɪɦɭɥɟ� �17�� ɞɥɹ� ɦ610 � G  ɩɪɢɜɟɞɟɧɵ� ɧɚ� 
ɪɢɫ��3��ɂɡ�ɢɯ�ɚɧɚɥɢɡɚ�ɫɥɟɞɭɟɬ��ɱɬɨ��ɤɚɤ�ɢ�ɜ�ɩɪɟɞɵɞɭɳɟɦ�ɫɥɭɱɚɟ��ɭɫɬɚɧɨɜɥɟɧɢɟ�
ɝɪɚɧɢɱɧɨɝɨ�ɭɫɥɨɜɢɹ�ɩɟɪɜɨɝɨ�ɪɨɞɚ�ɩɪɨɢɫɯɨɞɢɬ�ɜ�ɬɟɱɟɧɢɟ�ɧɟɤɨɬɨɪɨɝɨ�ɞɢɚɩɚɡɨɧɚ�
ɧɚɱɚɥɶɧɨɝɨ�ɜɪɟɦɟɧɢ��Ɉɞɧɚɤɨ�ɫɭɳɟɫɬɜɟɧɧɵɦ�ɨɬɥɢɱɢɟɦ�ɹɜɥɹɟɬɫɹ�ɬɨɬ�ɮɚɤɬ��ɱɬɨ�
ɬɟɦɩɟɪɚɬɭɪɧɵɟ� ɤɪɢɜɵɟ�� ɜɩɥɨɬɶ� ɞɨ� ɦɨɦɟɧɬɚ� ɜɪɟɦɟɧɢ�� ɤɨɝɞɚ� ɬɟɩɥɨɜɚɹ� ɜɨɥɧɚ�
ɞɨɫɬɢɝɚɟɬ� ɰɟɧɬɪɚ� ɩɥɚɫɬɢɧɵ�� ɩɟɪɟɫɟɤɚɸɬ� ɥɢɧɢɸ� ɧɚɱɚɥɶɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ�

0,1)0,(  [4  ɩɨɞ�ɧɟɤɨɬɨɪɵɦ�ɭɝɥɨɦ� D ��ɗɬɨɬ�ɮɚɤɬ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ�ɨ�ɤɨɧɟɱɧɨɣ�
ɫɤɨɪɨɫɬɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɬɟɩɥɨɬɵ�� ɋ� ɭɦɟɧɶɲɟɧɢɟɦ� ɬɨɥɳɢɧɵ� ɩɥɚɫɬɢɧɵ�
ɜɩɥɨɬɶ�ɞɨ�ɜɟɥɢɱɢɧ�� ɫɨɩɨɫɬɚɜɢɦɵɯ�ɫ�ɞɥɢɧɨɣ�ɢ�ɜɪɟɦɟɧɟɦ�ɫɜɨɛɨɞɧɨɝɨ� ɩɪɨɛɟɝɚ�
ɦɢɤɪɨɱɚɫɬɢɰ��ɩɪɨɢɫɯɨɞɢɬ�ɛɚɥɥɢɫɬɢɱɟɫɤɢɣ�ɩɟɪɟɧɨɫ�ɬɟɩɥɨɬɵ� 

0,4

1,0

0,8

4

0,6

0,2

1,0ȟ0,80,60,4

Į Į Į

 

Ɋɢɫ��3��Ɋɚɫɩɪɟɞɟɥɟɧɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ��
ɫɦa /10 26� ; ɦ610į � ; 
c8

1 105,2Ĳ �� ; c8
2 1025,2 �� W ; 

025,01  F ; 0225,02  F ; 00062,03  F  
ȼ�ɬɪɟɬɶɟɣ�ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɢ�ɩɪɢɜɨɞɹɬɫɹ�ɬɚɤɠɟ�ɪɟɡɭɥɶɬɚɬɵ�ɪɚɡɪɚɛɨɬɤɢ�

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɦɨɞɟɥɢ� ɬɪɟɯɦɟɪɧɨɣ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɫ� ɭɱɟɬɨɦ�
ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɹɜɥɟɧɢɣ�� ɩɨɡɜɨɥɹɸɳɟɣ ɜɵɩɨɥɧɹɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ�
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɢ� ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ� ɜ� ɬɟɥɚɯ�
ɫɥɨɠɧɨɣ� ɤɨɧɮɢɝɭɪɚɰɢɢ�� ɜ� ɬɨɦ� ɱɢɫɥɟ� ɢ� ɜ� ɧɚɧɨɦɚɬɟɪɢɚɥɚɯ� ɉɪɢ� ɜɵɜɨɞɟ�
ɨɩɪɟɞɟɥɹɸɳɟɝɨ� ɭɪɚɜɧɟɧɢɹ� ɩɨ� ɧɚɩɪɚɜɥɟɧɢɹɦ� ɤɨɨɪɞɢɧɚɬɧɵɯ� ɨɫɟɣ� zyx ,,  
ɢɫɩɨɥɶɡɭɸɬɫɹ�ɫɥɟɞɭɸɳɢɟ�ɮɨɪɦɭɥɵ�ɞɥɹ�ɬɟɩɥɨɜɵɯ�ɩɨɬɨɤɨɜ 

tx
T

x
T

t
q

q x
x ww

w
OW�

w
w

O�
w
w

W� 
2

21 ;   
ty

T
y
T

t
q

q y
y ww

w
OW�

w
w
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w

w
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2

21 ;        (18) 

 
tz

T
z
T

t
q

q z
z ww

w
OW�

w
w

O�
w
w

W� 
2

21 , (19) 

ɝɞɟ� 21 , WW ± ɜɪɟɦɟɧɚ�ɪɟɥɚɤɫɚɰɢɢ� 
ɉɨɞɫɬɚɜɥɹɹ��18), (19��ɜ�ɭɪɚɜɧɟɧɢɟ�ɬɟɩɥɨɜɨɝɨ�ɛɚɥɚɧɫɚ 
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z
q

y
q

x
q

t
Tc zyx

w
w
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w

w
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w
w

� 
w
w

U , (20) 

ɩɨɥɭɱɚɟɦ� ɫɥɟɞɭɸɳɟɟ� ɭɪɚɜɧɟɧɢɟ� ɥɨɤɚɥɶɧɨ� ± ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ� ɬɟɩɥɨɨɛɦɟɧɚ��
ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ�ɜ�ɛɟɡɪɚɡɦɟɪɧɨɦ�ɜɢɞɟ 

)
FoFoFoȟ

(Fo
ȟFo

Fo
Fo 2

3

2

3

2

3

22

2

2

2

2

2

2

2

1 wUw
4w

�
wKw
4w

�
ww
4w

�
Uw
4w

�
Kw
4w

�
w
4w

 
w

4w
�

w
4w

,  (21) 

ɝɞɟ� 2
11 /Fo GW a , 2

22 /Fo GW a ± ɛɟɡɪɚɡɦɟɪɧɵɟ�ɜɪɟɦɟɧɚ�ɪɟɥɚɤɫɚɰɢɢ� 
Ʉɪɚɟɜɵɟ� ɭɫɥɨɜɢɹ� ɤ� ɭɪɚɜɧɟɧɢɸ� ��1�� ɞɥɹ� ɤɭɛɚ� ɩɪɢ� ɫɢɦɦɟɬɪɢɱɧɵɯ�

ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɹɯ�ɩɟɪɜɨɝɨ�ɪɨɞɚ�ɢɦɟɸɬ�ɜɢɞ 
1)0,,,(  UK[4 ; 0)Fo,,,0(  UK4 ; 0)Fo,,0,(  U[4 ; 0)Fo,0,,(  K[4 ;

0)Fo,,,1(  UK4 ;     0)Fo,,1,(  U[4 ;     0)Fo,1,,(  K[4 .       (22) 
Ɉɬɥɢɱɢɬɟɥɶɧɨɣ�ɨɫɨɛɟɧɧɨɫɬɶɸ� ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ�ɞɥɹ�ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ� ��1), 

(22) ɩɪɨɝɪɚɦɦɧɨɝɨ� ɤɨɦɩɥɟɤɫɚ� ɹɜɥɹɟɬɫɹ� ɜɨɡɦɨɠɧɨɫɬɶ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ�
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɬɟɩɥɨɨɛɦɟɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ ɞɥɹ� ɬɪɟɯɦɟɪɧɵɯ� ɬɟɥ� ɥɸɛɨɣ�
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɮɨɪɦɵ�� ɜ� ɬɨɦ� ɱɢɫɥɟ� ɢ� ɞɥɹ� ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ�� ɇɚ� ɨɫɧɨɜɟ�
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ� ɦɟɬɨɞɚ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɥɨɤɚɥɶɧɨ ± 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɩɟɪɟɧɨɫɚ� ɬɟɩɥɚ� ɪɚɡɪɚɛɨɬɚɧ� $3'/� ± ɚɥɝɨɪɢɬɦ��
ɩɨɡɜɨɥɢɜɲɢɣ� ɜɩɟɪɜɵɟ� ɢɫɫɥɟɞɨɜɚɬɶ� ɬɟɦɩɟɪɚɬɭɪɧɵɟ� ɩɨɥɹ� ɜ� ɬɟɥɚɯ� ɫɥɨɠɧɨɣ�
�ɩɪɨɢɡɜɨɥɶɧɨɣ�� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɮɨɪɦɵ� ɫ� ɭɱɟɬɨɦ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɹɜɥɟɧɢɣ��
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ� ɩɪɨɝɪɚɦɦɧɵɣ� ɩɪɨɞɭɤɬ� ɩɨɡɜɨɥɹɟɬ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɫɥɟɞɭɸɳɢɟ�
ɫɪɟɞɫɬɜɚ� ɚɜɬɨɦɚɬɢɡɚɰɢɢ� ɪɚɛɨɬɵ� ɫ� ɪɚɫɱɺɬɧɨɣ� ɦɨɞɟɥɶɸ� $16<6�� ɩɨɫɬɪɨɟɧɢɟ�
�ɢɦɩɨɪɬ�� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɦɨɞɟɥɢ�� ɝɟɧɟɪɚɰɢɹ� ɪɚɫɱɺɬɧɨɣ� ɫɟɬɤɢ�� ɧɚɥɨɠɟɧɢɟ�
ɝɪɚɧɢɱɧɵɯ� ɢ� ɧɚɱɚɥɶɧɵɯ� ɭɫɥɨɜɢɣ�� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɦɚɬɪɢɰ� ɬɟɩɥɨɟɦɤɨɫɬɢ� ɢ�
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ��ɪɟɲɟɧɢɟ�ɫɢɫɬɟɦɵ�ɥɢɧɟɣɧɵɯ�ɭɪɚɜɧɟɧɢɣ��ɚ�ɬɚɤɠɟ�ɬɪɺɯɦɟɪɧɨɟ�
ɰɜɟɬɨɝɪɚɮɢɱɟɫɤɨɟ�ɨɬɨɛɪɚɠɟɧɢɟ�ɪɟɡɭɥɶɬɚɬɨɜ�ɪɚɫɱɺɬɚ��ɪɢɫ��4). 

 

ɉɨɥɭɱɟɧɧɵɟ�ɫ�ɩɨɦɨɳɶɸ�ɞɚɧɧɨɝɨ�ɩɪɨɝɪɚɦɦɧɨɝɨ�ɩɪɨɞɭɤɬɚ�ɬɟɦɩɟɪɚɬɭɪɧɵɟ�
ɩɨɥɹ�ɦɨɝɭɬ�ɛɵɬɶ�ɢɫɩɨɥɶɡɨɜɚɧɵ�ɜ�ɫɬɚɧɞɚɪɬɧɵɯ�ɦɨɞɭɥɹɯ�$QV\V��ɬɚɤɢɯ�ɤɚɤ�6WDWLF�
6WUXFWXUDO� ɢ� '\QDPLF� 6WUXFWXUDO� ɞɥɹ� ɧɚɢɛɨɥɟɟ� ɞɨɫɬɨɜɟɪɧɨɝɨ� ɨɩɪɟɞɟɥɟɧɢɹ�
ɜɨɡɧɢɤɚɸɳɢɯ�ɜ�ɪɟɡɭɥɶɬɚɬɟ�ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɨɝɨ�ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ�ɜɨɡɞɟɣɫɬɜɢɹ�

  
Ɋɢɫ��4. ɋɤɪɢɧɢɧɝ�ɪɟɡɭɥɶɬɚɬɨɜ�ɪɚɫɱɟɬɚ�ɩɪɨɝɪɚɦɦɧɨɝɨ�ɤɨɦɩɥɟɤɫɚ��ɫɨɡɞɚɧɧɨɝɨ�ɧɚ�ɛɚɡɟ�Ansys 
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ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ� ɢ� ɞɢɧɚɦɢɱɟɫɤɢɯ� ɬɟɦɩɟɪɚɬɭɪɧɵɯ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɬɜɟɪɞɵɯ�
ɬɟɥɚɯ�ɫɥɨɠɧɨɣ�ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ�ɮɨɪɦɵ� 

ȼ� ɱɟɬɜɟɪɬɨɣ� ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɢ� ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɣ�
ɞɢɧɚɦɢɱɟɫɤɨɣ� ɡɚɞɚɱɢ� ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ� ɞɥɹ� ɛɟɫɤɨɧɟɱɧɨɣ� ɩɥɚɫɬɢɧɵ� ɩɪɢ�
ɬɟɩɥɨɜɨɦ�ɭɞɚɪɟ�ɧɚ�ɝɪɚɧɢɱɧɵɯ�ɩɨɜɟɪɯɧɨɫɬɹɯ�� 

 Ⱦɥɹ� ɭɱɟɬɚ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɫɜɨɣɫɬɜ� ɦɚɬɟɪɢɚɥɨɜ� ɮɨɪɦɭɥɚ� ɡɚɤɨɧɚ� Ƚɭɤɚ�
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ�ɜ�ɜɢɞɟ 

 
ttx

UE
x
UE

w
w

�
ww
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ıĲĲ 1

2

2 , (23) 

ɝɞɟ� V  ± ɧɚɩɪɹɠɟɧɢɟ�� E  ± ɦɨɞɭɥɶ� ɭɩɪɭɝɨɫɬɢ�� U  ± ɩɟɪɟɦɟɳɟɧɢɟ�  
x  ± ɤɨɨɪɞɢɧɚɬɚ� t  ± ɜɪɟɦɹ�� 21 Ĳ,Ĳ  ± ɜɪɟɦɟɧɚ� ɪɟɥɚɤɫɚɰɢɢ� ɧɚɩɪɹɠɟɧɢɹ� ɢ�
ɝɪɚɞɢɟɧɬɚ�ɩɟɪɟɦɟɳɟɧɢɹ� 

ɍɪɚɜɧɟɧɢɟ�ɪɚɜɧɨɜɟɫɢɹ�ɫ�ɭɱɟɬɨɦ�ɫɢɥ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɫɪɟɞɵ�ɢɦɟɟɬ�ɜɢɞ 
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U
, (24) 

ɝɞɟ� ȡ  ± ɩɥɨɬɧɨɫɬɶ��ȕ  ± ɤɨɷɮɮɢɰɢɟɧɬ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ� 
ɉɨɞɫɬɚɜɥɹɹ� �23�� ɜ� �24��� ɫ� ɭɱɟɬɨɦ� ɫɨɨɬɧɨɲɟɧɢɹ� ɦɟɠɞɭ� ɧɚɩɪɹɠɟɧɢɹɦɢ� ɢ�

ɞɟɮɨɪɦɚɰɢɹɦɢ� ɩɨɥɭɱɚɟɦ� ɫɥɟɞɭɸɳɟɟ� ɭɪɚɜɧɟɧɢɟ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɩɟɪɟɦɟɳɟɧɢɹ��
ɡɚɩɢɫɚɧɧɨɟ�ɜ�ɛɟɡɪɚɡɦɟɪɧɨɦ�ɜɢɞɟ 

 ,
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w[w
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w NlNrNN  (25) 

ɝɞɟ G /UN ; G [ /x ; )/()( 0 CTCT TTTT �� 4 ; G ct/Fo ; 12 FF K� K ; 

11FP P ; Ecr /GUE ; Ecl /2U ; GW /11 cF ; GW /22 cF ; EA /1  K ; 
ETT CT /)( 01 �E P .  

ȼ�ɤɚɱɟɫɬɜɟ�ɬɟɦɩɟɪɚɬɭɪɧɨɣ�ɮɭɧɤɰɢɢ� )Fo,([4  ɩɪɢɧɢɦɚɥɨɫɶ�ɫɨɨɬɧɨɲɟɧɢɟ�
(16���ɩɨɥɭɱɟɧɧɨɟ�ɢɡ�ɪɟɲɟɧɢɹ�ɤɪɚɟɜɨɣ�ɡɚɞɚɱɢ��13), (15). 

Ʉɪɚɟɜɵɟ�ɭɫɥɨɜɢɹ�ɤ�ɭɪɚɜɧɟɧɢɸ��25��ɞɥɹ�ɛɟɫɤɨɧɟɱɧɨɣ�ɩɥɚɫɬɢɧɵ�ɢɦɟɸɬ�ɜɢɞ 
0)0,(  [N ;      0Fo/)0,(  w[wN ;      0/)Fo,1(  [wwN ;     0)Fo,0(  N .     (26) 

ɂɫɩɨɥɶɡɭɹ� ɦɟɬɨɞ� Ɏɭɪɶɟ�� ɜ� ɞɢɫɫɟɪɬɚɰɢɢ� ɩɨɥɭɱɟɧɨ� ɫɥɟɞɭɸɳɟɟ� ɬɨɱɧɨɟ�
ɚɧɚɥɢɬɢɱɟɫɤɨɟ�ɪɟɲɟɧɢɟ�ɡɚɞɚɱɢ��25), (26) 

� � ¸
¹
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)12(sin)()Fo,(
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Fo
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Fo
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21 kzAeCeCN
k

kk
z

k
z

k
kk ,            (27) 

ɝɞɟ� kC1 , kC 2 ± ɤɨɧɫɬɚɧɬɵ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɟ� ɢɡ� ɧɚɱɚɥɶɧɵɯ�
ɭɫɥɨɜɢɣ; kz1 , kz 2 ± ɤɨɪɧɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ�ɭɪɚɜɧɟɧɢɹ. 

Ⱥɧɚɥɢɡ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɫɱɟɬɨɜ� ɩɟɪɟɦɟɳɟɧɢɣ� ɩɨ� ɮɨɪɦɭɥɟ� �27�� ɩɨɡɜɨɥɹɟɬ�
ɡɚɤɥɸɱɢɬɶ�� ɱɬɨ� ɩɪɢ� ɬɟɩɥɨɜɨɦ� ɭɞɚɪɟ� ɧɚ ɜɧɟɲɧɢɯ� ɩɨɜɟɪɯɧɨɫɬɹɯ ɜɨɡɧɢɤɚɸɬ�
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ� ɝɚɪɦɨɧɢɱɟɫɤɢɟ� ɤɨɥɟɛɚɧɢɹ� ɩɟɪɟɦɟɳɟɧɢɣ�� ɩɪɢ� ɤɨɬɨɪɵɯ�
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ɩɥɚɫɬɢɧɚ� ɩɟɪɢɨɞɢɱɟɫɤɢ� ɫɠɢɦɚɟɬɫɹ� ɢ� ɪɚɫɲɢɪɹɟɬɫɹ� ɨɬɧɨɫɢɬɟɥɶɧɨ�
ɧɟɩɨɞɜɢɠɧɨɝɨ� ɰɟɧɬɪɚ� ɫɢɦɦɟɬɪɢɢ� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɱɚɫɬɨɬɚ� ɤɨɥɟɛɚɧɢɣ� ɡɚɜɢɫɢɬ�
ɨɬ� ɫɤɨɪɨɫɬɢ� ɡɜɭɤɚ� ɜ� ɬɟɥɟ� �ɫɤɨɪɨɫɬɢ� ɩɟɪɟɦɟɳɟɧɢɹ� ɭɩɪɭɝɨɣ� ɜɨɥɧɵ�� ɢ� ɨɬ�
ɯɚɪɚɤɬɟɪɧɨɝɨ� ɪɚɡɦɟɪɚ�� ɇɚɩɪɢɦɟɪ�� ɞɥɹ� ɫɬɚɥɶɧɨɣ� ɩɥɚɫɬɢɧɵ�� ɬɨɥɳɢɧɨɣ� ���� ɦ, 
ɨɧɚ�ɫɨɫɬɚɜɥɹɟɬ������Ƚɰ. 

ȼ� ɩɹɬɨɣ� ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɢ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɡɪɚɛɨɬɤɢ�
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɦɨɞɟɥɢ� ɩɪɨɞɨɥɶɧɵɯ� ɤɨɥɟɛɚɧɢɣ� ɡɚɤɪɟɩɥɟɧɧɨɝɨ� ɧɚ� ɨɞɧɨɦ� ɢɡ�
ɬɨɪɰɨɜ� ɫɬɟɪɠɧɹ� ɫ� ɭɱɟɬɨɦ� ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɫɜɨɣɫɬɜ� ɦɚɬɟɪɢɚɥɨɜ�� ȼɵɜɨɞ�
ɭɪɚɜɧɟɧɢɹ�ɦɨɞɟɥɢ�ɨɫɧɨɜɚɧ�ɧɚ�ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ�ɮɨɪɦɭɥɟ�ɡɚɤɨɧɚ�Ƚɭɤɚ (23). 
ɉɨɞɫɬɚɜɥɹɹ��23��ɜ�ɭɪɚɜɧɟɧɢɹ�ɞɜɢɠɟɧɢɹ��ɪɚɜɧɨɜɟɫɢɹ��ɫ�ɭɱɟɬɨɦ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�
ɫɪɟɞɵ��ɩɨɥɭɱɚɟɦ�ɫɥɟɞɭɸɳɟɟ�ɭɪɚɜɧɟɧɢɟ��ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ�ɜ�ɛɟɡɪɚɡɦɟɪɧɨɦ�ɜɢɞɟ 
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3  ; e ± ɫɤɨɪɨɫɬɶ�

ɜɨɥɧɵ�� į0 bU  ; b ± ɛɟɡɪɚɡɦɟɪɧɵɣ� ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ� ɧɚɱɚɥɶɧɨɟ�
ɩɟɪɟɦɟɳɟɧɢɟ ɫɬɟɪɠɧɹ�� į  ± ɞɥɢɧɚ� ɫɬɟɪɠɧɹ�� Foȟ�,4  ± ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��
ɛɟɡɪɚɡɦɟɪɧɵɟ� ɩɟɪɟɦɟɳɟɧɢɟ�� ɤɨɨɪɞɢɧɚɬɚ�� ɜɪɟɦɹ� 21 , FF  ± ɛɟɡɪɚɡɦɟɪɧɵɟ�
ɤɨɷɮɮɢɰɢɟɧɬɵ�ɪɟɥɚɤɫɚɰɢɢ�� 3F  ± ɛɟɡɪɚɡɦɟɪɧɵɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�
ɫɪɟɞɵ�� 

ɉɨɥɭɱɟɧɧɨɟ� ɜ� ɞɢɫɫɟɪɬɚɰɢɢ� ɬɨɱɧɨɟ� ɚɧɚɥɢɬɢɱɟɫɤɨɟ� ɪɟɲɟɧɢɟ� ɞɥɹ�
ɡɚɤɪɟɩɥɟɧɧɨɝɨ�ɧɚ�ɨɞɧɨɦ�ɢɡ�ɬɨɪɰɨɜ�ɫɬɟɪɠɧɹ�ɢɦɟɟɬ�ɜɢɞ� 
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f
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®
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3321  ),ȟ
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ʌcos(Fo)exp(  Fo)]ȕsin(Fo)ȕcos( [ Fo)Ȗexp(Fo)ȟ�(

k
kkkkkkk

rzCBB
  
(29) 

ɝɞɟ� kkk z3,,Ȗ E  ± ɤɨɪɧɢ� ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ� ɭɪɚɜɧɟɧɢɹ�� kkk CBB 321 ,,  ± 
ɤɨɧɫɬɚɧɬɵ�ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ��ɨɩɪɟɞɟɥɹɟɦɵɟ�ɢɡ�ɧɚɱɚɥɶɧɵɯ�ɭɫɥɨɜɢɣ�� 

ɇɚ� ɨɫɧɨɜɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ� ɜ� ɊɄɐ� ©ɉɪɨɝɪɟɫɫª�
�ɝ�� ɋɚɦɚɪɚ�, ɜɵɩɨɥɧɟɧɚ� ɜɟɪɢɮɢɤɚɰɢɹ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɦɨɞɟɥɢ� ɩɭɬɟɦ�
ɨɩɪɟɞɟɥɟɧɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ɪɟɥɚɤɫɚɰɢɢ� ɢ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ�� ɢɫɯɨɞɹ� ɢɡ�
ɫɨɜɩɚɞɟɧɢɹ�ɪɟɲɟɧɢɹ��29��ɢ�ɪɟɡɭɥɶɬɚɬɨɜ�ɷɤɫɩɟɪɢɦɟɧɬɚ��ɬɨ�ɟɫɬɶ�ɩɭɬɟɦ�ɪɟɲɟɧɢɹ�
ɨɛɪɚɬɧɨɣ� ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ� Ɋɟɡɭɥɶɬɚɬɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ�
ɩɪɢɜɟɞɟɧɵ�ɧɚ�ɪɢɫ�����ɂɡ�ɢɯ�ɚɧɚɥɢɡɚ�ɫɥɟɞɭɟɬ��ɱɬɨ�ɧɚɛɥɸɞɚɸɬɫɹ�ɞɜɚ�ɜɪɟɦɟɧɧɵɯ�
ɭɱɚɫɬɤɚ, ɫ�ɫɭɳɟɫɬɜɟɧɧɨ�ɨɬɥɢɱɚɸɳɢɦɢɫɹ�ɤɨɥɟɛɚɬɟɥɶɧɵɦɢ�ɩɪɨɰɟɫɫɚɦɢ��Ɍɚɤ��ɧɚ�
ɩɟɪɜɨɦ� ɢɡ� ɧɢɯ� )03,0Ĳ0( ɫdd  ɤɨɧɰɟɜɨɟ� ɫɟɱɟɧɢɟ� ɫɬɟɪɠɧɹ� ɭɱɚɫɬɜɭɟɬ� ɜ� ɞɜɭɯ�
ɤɨɥɟɛɚɬɟɥɶɧɵɯ� ɩɪɨɰɟɫɫɚɯ� ± ɫ� ɦɚɥɨɣ� ɚɦɩɥɢɬɭɞɨɣ� ɢ� ɛɨɥɶɲɨɣ� ɱɚɫɬɨɬɨɣ�
�ɜɪɟɦɟɧɧɵɟ� ɭɱɚɫɬɤɢ� a�� ɢ� ɨɞɧɨɜɪɟɦɟɧɧɨ� ± ɫ� ɛɨɥɶɲɨɣ� ɚɦɩɥɢɬɭɞɨɣ� ɢ� ɦɚɥɨɣ�
ɱɚɫɬɨɬɨɣ��ɜɪɟɦɟɧɧóɣ�ɭɱɚɫɬɨɤ�b). ɇɚ�ɜɬɨɪɨɦ�ɜɪɟɦɟɧɧɨɦ�ɭɱɚɫɬɤɟ�� f�d Ĳ03,0 ) 
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ɩɪɨɢɫɯɨɞɢɬ� ɫɬɚɛɢɥɢɡɚɰɢɹ� ɤɨɥɟɛɚɧɢɣ� ɫ� ɦɨɧɨɬɨɧɧɨ� ɭɦɟɧɶɲɚɸɳɟɣɫɹ�
ɚɦɩɥɢɬɭɞɨɣ�ɩɪɢ� .Ĳ fo  

 

 

 
 
Ɋɢɫ� 5��ɉɟɪɟɦɟɳɟɧɢɟ�
ɫɜɨɛɨɞɧɨɝɨ�ɬɨɪɰɚ�
ɫɬɟɪɠɧɹ  ɜɨ�ɜɪɟɦɟɧɢ 

 
ɍɪɚɜɧɟɧɢɟ�� ɚɧɚɥɨɝɢɱɧɨɟ� ɭɪɚɜɧɟɧɢɸ� �28��� ɩɨɥɭɱɟɧɨ� ɢ� ɞɥɹ� ɭɩɪɭɝɢɯ�

ɤɨɥɟɛɚɧɢɣ ɝɚɡɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ�ɜɧɟɲɧɟɣ�ɧɚɝɪɭɡɤɢ�ɫ�ɭɱɟɬɨɦ�ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ�
ɹɜɥɟɧɢɣ��ɋɪɚɜɧɢɜɚɹ�ɭɪɚɜɧɟɧɢɹ�ɞɥɹ�ɫɬɟɪɠɧɹ�ɢ�ɝɚɡɚ�ɫ�ɭɪɚɜɧɟɧɢɟɦ��14���ɦɨɠɧɨ�
ɡɚɤɥɸɱɢɬɶ�� ɱɬɨ� ɨɧɢ� ɫɨɜɩɚɞɚɸɬ� ɫ� ɬɨɱɧɨɫɬɶɸ� ɞɨ� ɩɨɫɬɨɹɧɧɵɯ� ɜɟɥɢɱɢɧ��
ɋɥɟɞɨɜɚɬɟɥɶɧɨ�� ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ� ɚɧɚɥɨɝɢɹ� ɦɟɠɞɭ� ɬɟɩɥɨɜɵɦɢ� ɩɪɨɰɟɫɫɚɦɢ��
ɨɩɢɫɵɜɚɟɦɵɦɢ� ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɦɢ� ɭɪɚɜɧɟɧɢɹɦɢ� ɢ� ɤɨɥɟɛɚɬɟɥɶɧɵɦɢ�
ɩɪɨɰɟɫɫɚɦɢ�� ɜ� ɬɜɟɪɞɵɯ� ɬɟɥɚɯ�� ɠɢɞɤɨɫɬɹɯ� ɢ� ɝɚɡɚɯ. ɍɱɢɬɵɜɚɹ� ɫɥɨɠɧɨɫɬɢ�
ɜɟɪɢɮɢɤɚɰɢɢ� ɬɟɩɥɨɜɵɯ� ɦɨɞɟɥɟɣ�� ɫɜɹɡɚɧɧɵɟ� ɫ� ɬɪɭɞɧɨɫɬɹɦɢ� ɜɵɩɨɥɧɟɧɢɹ�
ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɞɥɹ� ɫɜɟɪɯɦɚɥɵɯ� ɡɧɚɱɟɧɢɣ� ɜɪɟɦɟɧɢ�� ɞɥɹ� ɢɯ� ɜɟɪɢɮɢɤɚɰɢɢ�
ɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɪɟɡɭɥɶɬɚɬɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ�
ɤɨɥɟɛɚɬɟɥɶɧɵɯ� ɩɪɨɰɟɫɫɨɜ�� ɝɞɟ� ɩɪɨɛɥɟɦɵ�� ɫɜɹɡɚɧɧɵɟ� ɫ� ɨɩɪɟɞɟɥɟɧɢɟɦ�
ɩɨɜɟɞɟɧɢɹ�ɢɫɤɨɦɨɣ�ɮɭɧɤɰɢɢ�ɞɥɹ�ɭɤɚɡɚɧɧɵɯ�ɜɪɟɦɟɧ�ɧɟ�ɜɨɡɧɢɤɚɸɬ� 

ȼ� ɲɟɫɬɨɣ� ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɢ� ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɡɪɚɛɨɬɤɢ�
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ�ɦɨɞɟɥɢ�ɤɨɥɟɛɚɧɢɣ�ɝɚɡɚ�ɫ�ɭɱɺɬɨɦ�ɥɨɤɚɥɶɧɨɣ�ɧɟɪɚɜɧɨɜɟɫɧɨɫɬɢ�
ɪɟɚɥɶɧɵɯ� ɩɪɨɰɟɫɫɨɜ�� ɚ� ɬɚɤɠɟ� ɪɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɭɫɥɨɜɢɣ�
ɜɨɡɧɢɤɧɨɜɟɧɢɹ� ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɜ� ɬɟɪɦɨɚɤɭɫɬɢɤɟ��
ɉɪɟɞɥɨɠɟɧɧɚɹ�ɦɨɞɟɥɶ�ɜɵɜɟɞɟɧɚ�ɧɚ�ɨɫɧɨɜɟ�ɭɱɺɬɚ�ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ�ɫɥɚɝɚɟɦɵɯ�
ɜɨ�ɜɬɨɪɨɦ�ɡɚɤɨɧɟ�ɇɶɸɬɨɧɚ�ɢ�ɡɚɤɨɧɟ�Ƚɭɤɚ��ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ�ɦɨɞɟɥɶ�ɩɨɡɜɨɥɹɟɬ�
ɨɛɧɚɪɭɠɢɜɚɬɶ� ɧɨɜɵɟ� ɮɢɡɢɱɟɫɤɢɟ� ɷɮɮɟɤɬɵ� ɢ� ɦɨɞɟɥɢɪɨɜɚɬɶ� ɩɪɨɰɟɫɫɵ�
ɤɨɥɟɛɚɧɢɣ� ɝɚɡɚ� ɜ� ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ� ɪɟɠɢɦɟ�� ɱɬɨ� ɨɫɨɛɟɧɧɨ� ɜɚɠɧɨ� ɞɥɹ�
ɞɚɥɶɧɟɣɲɟɝɨ� ɪɚɡɜɢɬɢɹ� ɢ� ɦɨɞɟɪɧɢɡɚɰɢɢ� ɬɟɪɦɨɚɤɭɫɬɢɱɟɫɤɢɯ� ɞɜɢɝɚɬɟɥɟɣ�� ɚ�
ɬɚɤɠɟ� ɞɥɹ� ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ� ɢɡɭɱɟɧɢɹ� ɛɨɥɶɲɨɝɨ� ɤɨɥɢɱɟɫɬɜɚ� ɩɪɨɰɟɫɫɨɜ�
ɤɨɥɟɛɚɧɢɣ�ɝɚɡɚ�ɜ�ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ��ɩɟɪɟɯɨɞɧɵɯ��ɪɟɠɢɦɚɯ�ɪɚɛɨɬɵ� 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɩɨɫɬɚɧɨɜɤɚ� ɡɚɞɚɱɢ�� ɨɩɢɫɵɜɚɸɳɟɣ� ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ�
ɜɨɡɧɢɤɧɨɜɟɧɢɟ� ɚɜɬɨɤɨɥɟɛɚɧɢɣ� ɜ� ɪɟɡɨɧɚɬɨɪɟ� Ƚɟɥɶɦɝɨɥɶɰɚ� �ɚɧɚɥɨɝ�
ɬɟɪɦɨɚɤɭɫɬɢɱɟɫɤɨɝɨ�ɞɜɢɝɚɬɟɥɹ�, ɢɦɟɟɬ�ɜɢɞ 

0

0

0,005

0,003

0,001

��0,001

��0,003

��0,005

U

ɦɦ
,

Ĳ c,

aaa

b

0,005 0,010 0,015 0,020 0,025 0,030



16 
 

Q
lV

kx
lV

P
t
x

lSt
x

00

0

0
2

2

ȡ
1

ȡ
S

ȡ
Ȗ �

 �
w
w

�
w
w

;   (30)    ¸
¸
¹

·
¨
¨
©

§
¸̧
¹

·
¨̈
©

§
��� 

w
w

Ȟ

0

Ȟ

S
Į

mc
P

mc
QK

t
Q

,       (31) 

ɝɞɟ� x  ± ɩɟɪɟɦɟɳɟɧɢɟ�� t  ± ɜɪɟɦɹ�� 0ȡ  ± ɩɥɨɬɧɨɫɬɶ� ɝɚɡɚ�� 0P  ± ɚɬɦɨɫɮɟɪɧɨɟ�
ɞɚɜɥɟɧɢɟ�� k  ± ɩɨɤɚɡɚɬɟɥɶ�ɚɞɢɚɛɚɬɵ� S  ± ɩɥɨɳɚɞɶ�ɫɟɱɟɧɢɹ�ɬɪɭɛɤɢ� V  ± ɨɛɴɺɦ�
ɪɟɡɨɧɚɬɨɪɚ; l  ± ɞɥɢɧɚ� ɬɪɭɛɤɢ�� Q  ± ɤɨɥɢɱɟɫɬɜɨ� ɬɟɩɥɨɬɵ; m ± ɦɚɫɫɚ� ɝɚɡɚ;  

Ȟc  ± ɬɟɩɥɨɺɦɤɨɫɬɶ; Į  ± ɤɨɷɮɮɢɰɢɟɧɬ; K  ± ɤɨɷɮɮɢɰɢɟɧɬ�ɬɟɩɥɨɨɬɞɚɱɢ. 
ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ� ɫɢɫɬɟɦɵ� ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�

ɭɪɚɜɧɟɧɢɣ��30), (31��ɩɨɥɭɱɟɧ�ɤɪɢɬɟɪɢɣ��ɨɩɪɟɞɟɥɹɸɳɢɣ�ɭɫɥɨɜɢɹ�ɜɨɡɧɢɤɧɨɜɟɧɢɹ�
ɚɜɬɨɤɨɥɟɛɚɧɢɣ� ɢ� ɡɚɜɢɫɹɳɢɣ� ɨɬ� ɩɟɪɟɩɚɞɚ� ɬɟɦɩɟɪɚɬɭɪ� ɧɚɝɪɟɜɚɬɟɥɹ� ɢ�
ɨɤɪɭɠɚɸɳɟɣ� ɫɪɟɞɵ�� ɨɬ� ɦɚɫɫɵ� ɝɚɡɚ�� ɞɥɢɧɵ� ɢ� ɩɥɨɳɚɞɢ� ɫɟɱɟɧɢɹ� ɬɪɭɛɤɢ�
ɪɟɡɨɧɚɬɨɪɚ��ɚ�ɬɚɤɠɟ�ɨɬ�ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɚɡɚ�ɨ�ɫɬɟɧɤɢ�ɤɚɧɚɥɚ� 
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ɤɪ .                                (32) 

ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɚɜɬɨɤɨɥɟɛɚɧɢɹ� ɜɨɡɧɢɤɚɸɬ� ɜ� ɫɥɭɱɚɟ�� ɟɫɥɢ� ɜɟɥɢɱɢɧɚ�
ɤɪɢɬɟɪɢɹ�ɛɨɥɶɲɟ�ɢɥɢ�ɪɚɜɧɚ ɟɝɨ�ɤɪɢɬɢɱɟɫɤɨɦɭ ɡɧɚɱɟɧɢɸ. ȼ�ɞɢɫɫɟɪɬɚɰɢɢ�ɞɚɧɵ�
ɪɟɤɨɦɟɧɞɚɰɢɢ�ɩɨ�ɪɟɝɭɥɢɪɨɜɚɧɢɸ�ɩɚɪɚɦɟɬɪɨɜ� ɬɟɪɦɨɚɤɭɫɬɢɱɟɫɤɨɝɨ�ɞɜɢɝɚɬɟɥɹ��
ɩɨɡɜɨɥɹɸɳɢɟ�ɨɛɟɫɩɟɱɢɬɶ�ɟɝɨ�ɷɮɮɟɤɬɢɜɧɭɸ�ɢ�ɫɬɚɛɢɥɶɧɭɸ�ɪɚɛɨɬɭ� 

 
Ɂɚɤɥɸɱɟɧɢɟ 

��� ɉɨɥɭɱɟɧɵ� ɧɨɜɵɟ� ɞɚɧɧɵɟ� ɨ� ɩɪɢɱɢɧɚɯ� ɢ� ɭɫɥɨɜɢɹɯ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ�
ɚɜɬɨɦɨɞɟɥɶɧɨɫɬɢ�� ɢɧɟɪɰɢɢ� ɢ� ɥɨɤɚɥɢɡɚɰɢɢ� ɬɟɩɥɨɬɵ� ɜ� ɧɟɥɢɧɟɣɧɵɯ� ɡɚɞɚɱɚɯ�
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɫ� ɧɟɥɢɧɟɣɧɵɦɢ� ɢɫɬɨɱɧɢɤɚɦɢ� ɬɟɩɥɨɬɵ�� ɩɨɡɜɨɥɢɜɲɢɟ�
ɡɚɤɥɸɱɢɬɶ� ɨɛ� ɚɧɚɥɨɝɢɢ� ɦɟɠɞɭ� ɥɢɧɟɣɧɵɦ� ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɦ� ɢ� ɧɟɥɢɧɟɣɧɵɦ�
ɩɚɪɚɛɨɥɢɱɟɫɤɢɦ� ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ� ɨɩɟɪɚɬɨɪɚɦɢ� ɜɫɥɟɞɫɬɜɢɟ� ɜɡɚɢɦɧɨɣ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɦɟɠɞɭ� ɜɪɟɦɟɧɟɦ� ɪɟɥɚɤɫɚɰɢɢ� ɢ� ɡɚɜɢɫɹɳɢɦ� ɨɬ� ɬɟɦɩɟɪɚɬɭɪɵ�
ɤɨɷɮɮɢɰɢɟɧɬɨɦ�ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� 

2�� Ɋɚɡɪɚɛɨɬɚɧɵ� ɥɨɤɚɥɶɧɨ� ± ɧɟɪɚɜɧɨɜɟɫɧɵɟ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ� ɦɨɞɟɥɢ��
ɩɨɡɜɨɥɹɸɳɢɟ� ɜɵɩɨɥɧɹɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜɧɭɬɪɟɧɧɢɯ� ɦɟɯɚɧɢɡɦɨɜ� ɩɟɪɟɧɨɫɚ�
ɬɟɩɥɨɬɵ�ɫ� ɭɱɟɬɨɦ�ɦɨɥɟɤɭɥɹɪɧɨ� ± ɚɬɨɦɧɨɝɨ� ɫɬɪɨɟɧɢɹ� ɜɟɳɟɫɬɜɚ�� ɩɨɫɪɟɞɫɬɜɨɦ�
ɜɜɟɞɟɧɢɹ� ɜɪɟɦɟɧɢ� ɪɟɥɚɤɫɚɰɢɢ� ɢ� ɞɥɢɧɵ� ɫɜɨɛɨɞɧɨɝɨ� ɩɪɨɛɟɝɚ� ɦɢɤɪɨɱɚɫɬɢɰ�
�ɧɨɫɢɬɟɥɟɣ�ɷɧɟɪɝɢɢ�� 

3�� Ɋɚɡɪɚɛɨɬɚɧɚ�ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ�ɦɨɞɟɥɶ� ɬɪɟɯɦɟɪɧɨɣ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɫ�
ɭɱɟɬɨɦ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ± ɜɪɟɦɟɧɧɨɣ� ɧɟɥɨɤɚɥɶɧɨɫɬɢ�� ɩɨɡɜɨɥɹɸɳɚɹ�
ɜɵɩɨɥɧɹɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɬɟɩɥɨɩɟɪɟɧɨɫɚ� ɢ�
ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ� ɜ� ɬɟɥɚɯ� ɫɥɨɠɧɨɣ� ɤɨɧɮɢɝɭɪɚɰɢɢ�� ɜ� ɬɨɦ� ɱɢɫɥɟ� ɢ�
ɧɚɧɨɦɚɬɟɪɢɚɥɚɯ��ɋɨɜɦɟɫɬɧɨ�ɫ�ɁȺɈ�©Cadfem CISª�ɧɚ�ɨɫɧɨɜɟ�ɩɨɫɥɟɞɧɟɣ�ɜɟɪɫɢɢ�
Ansys  2020  R�� ɪɚɡɪɚɛɨɬɚɧɚ� ɤɨɦɩɶɸɬɟɪɧɚɹ� ɩɪɨɝɪɚɦɦɚ� ɞɥɹ� ɪɟɲɟɧɢɹ�
ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ� ɬɪɺɯɦɟɪɧɵɯ� ɡɚɞɚɱ� ɥɨɤɚɥɶɧɨ-ɧɟɪɚɜɧɨɜɟɫɧɨɣ�
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ�� ɤɨɬɨɪɚɹ� ɩɨɡɜɨɥɹɟɬ� ɨɩɪɟɞɟɥɹɬɶ� ɡɧɚɱɟɧɢɹ� ɬɟɦɩɟɪɚɬɭɪ� ɢ�
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ɬɟɩɥɨɜɵɯ� ɩɨɬɨɤɨɜ� ɩɪɢ� ɛɵɫɬɪɨɩɪɨɬɟɤɚɸɳɢɯ� ɩɪɨɰɟɫɫɚɯ� ɜ� ɬɟɥɚɯ� ɫɥɨɠɧɨɣ�
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɮɨɪɦɵ�� ɉɨɥɭɱɟɧɧɵɟ� ɫ� ɩɨɦɨɳɶɸ� ɞɚɧɧɨɝɨ� ɩɪɨɝɪɚɦɦɧɨɝɨ�
ɩɪɨɞɭɤɬɚ� ɬɟɦɩɟɪɚɬɭɪɧɵɟ� ɩɨɥɹ� ɦɨɝɭɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɜ� ɫɬɚɧɞɚɪɬɧɵɯ�
ɦɨɞɭɥɹɯ�$QV\V��ɬɚɤɢɯ�ɤɚɤ�6WDWLF�6WUXFWXUDO�ɢ�'\QDPLF�6WUXFWXUDO��ɞɥɹ�ɧɚɢɛɨɥɟɟ�
ɞɨɫɬɨɜɟɪɧɨɝɨ� ɨɩɪɟɞɟɥɟɧɢɹ� ɜɨɡɧɢɤɚɸɳɢɯ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɨɝɨ�
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ� ɜɨɡɞɟɣɫɬɜɢɹ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ� ɢ� ɞɢɧɚɦɢɱɟɫɤɢɯ�
ɬɟɦɩɟɪɚɬɭɪɧɵɯ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɬɜɟɪɞɵɯ� ɬɟɥɚɯ� ɫɥɨɠɧɨɣ� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ�
ɮɨɪɦɵ� 

4��Ɋɚɡɪɚɛɨɬɚɧɚ�ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ�ɦɨɞɟɥɶ�ɢ�ɩɨɥɭɱɟɧɨ�ɬɨɱɧɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 
ɪɟɲɟɧɢɟ� ɧɟɫɜɹɡɚɧɧɨɣ� ɡɚɞɚɱɢ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ� ɫ� ɭɱɟɬɨɦ�
ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ� ɹɜɥɟɧɢɣ� ɜ� ɬɟɩɥɨɜɨɣ� ɢ� ɞɢɧɚɦɢɱɟɫɤɨɣ� ɡɚɞɚɱɚɯ�� ɩɨɡɜɨɥɹɸɳɚɹ�
ɜɵɩɨɥɧɹɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɭɞɚɪɧɵɯ� ɜɨɥɧ� ɧɚɩɪɹɠɟɧɢɣ� ɢ� ɩɟɪɟɦɟɳɟɧɢɣ� ɩɪɢ�
ɜɨɡɞɟɣɫɬɜɢɢ�ɧɚ�ɦɚɬɟɪɢɚɥɵ�ɦɨɳɧɵɯ�ɩɨɬɨɤɨɜ�ɷɧɟɪɝɢɢ��ɥɚɡɟɪɧɵɯ��ɷɥɟɤɬɪɨɧɧɵɯ��
ɢɨɧɧɵɯ�ɢ�ɞɪ�� 

5�� ɉɨɤɚɡɚɧɚ� ɩɨɥɧɚɹ� ɚɧɚɥɨɝɢɹ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ� ɩɟɪɟɧɨɫɚ� ɬɟɩɥɚ��
ɦɚɫɫɵ�� ɢɦɩɭɥɶɫɚ�� ɩɨɥɭɱɟɧɧɵɯ� ɫ� ɭɱɟɬɨɦ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ� ± ɜɪɟɦɟɧɧɨɣ�
ɧɟɥɨɤɚɥɶɧɨɫɬɢ�� ɱɬɨ� ɩɨɡɜɨɥɹɟɬ� ɭɧɢɮɢɰɢɪɨɜɚɬɶ� ɜɟɪɢɮɢɤɚɰɢɸ� ɦɨɞɟɥɟɣ�
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ��ɢɫɩɨɥɶɡɭɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɞɚɧɧɵɟ�ɩɨ� ɤɨɥɟɛɚɬɟɥɶɧɵɦ�
ɩɪɨɰɟɫɫɚɦ�ɬɜɟɪɞɵɯ�ɬɟɥ��ɞɥɹ�ɤɨɬɨɪɵɯ�ɪɚɡɪɚɛɨɬɚɧɵ�ɜɵɫɨɤɨɬɨɱɧɵɟ�ɬɟɯɧɨɥɨɝɢɢ��
ɩɨɡɜɨɥɹɸɳɢɟ� ɜɵɩɨɥɧɹɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɞɥɹ� ɫɜɟɪɯɦɚɥɵɯ� ɡɧɚɱɟɧɢɣ� ɜɪɟɦɟɧɢ��
ȼɵɩɨɥɧɟɧɧɵɟ�ɬɟɨɪɟɬɢɱɟɫɤɢɟ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɪɨɞɨɥɶɧɵɯ�
ɢ� ɩɨɩɟɪɟɱɧɵɯ� ɤɨɥɟɛɚɧɢɣ� � ɞɥɹ� ɬɜɟɪɞɨɝɨ� ɬɟɥɚ� �ɡɚɤɪɟɩɥɺɧɧɨɝɨ� ɧɚ� ɨɞɧɨɦ� ɢɡ�
ɬɨɪɰɨɜ� ɫɬɟɪɠɧɹ�� ɩɨɞɬɜɟɪɠɞɚɸɬ� � ɩɪɢɦɟɧɢɦɨɫɬɶ� ɢ� ɚɤɬɭɚɥɶɧɨɫɬɶ�
©ɪɟɥɚɤɫɚɰɢɨɧɧɵɯª� ɦɟɬɨɞɢɤ�� ɍɱɟɬ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ɪɟɥɚɤɫɚɰɢɢ� ɩɨɡɜɨɥɹɟɬ�
ɡɧɚɱɢɬɟɥɶɧɨ� ɭɦɟɧɶɲɢɬɶ� ɪɚɫɯɨɠɞɟɧɢɟ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�
ɞɚɧɧɵɯ� ± ɫ� ��� �� ɞɨ� ��� ��� Ɋɟɡɭɥɶɬɚɬɵ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ� ɨ� ɩɨɩɟɪɟɱɧɵɯ�
ɤɨɥɟɛɚɧɢɹɯ� ɫɬɟɪɠɧɹ� ɩɨɡɜɨɥɢɥɢ� ɨɛɧɚɪɭɠɢɬɶ� ɧɚɢɛɨɥɟɟ� ɨɩɚɫɧɵɟ ɫɟɱɟɧɢɹ�� ɜ�
ɤɨɬɨɪɵɯ�ɫɨɡɞɚɸɬɫɹ�ɦɚɤɫɢɦɚɥɶɧɵɟ�ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ�ɤɨɥɟɛɚɧɢɹ��ɨɤɚɡɵɜɚɸɳɢɟ 
ɫɭɳɟɫɬɜɟɧɧɨɟ�ɜɥɢɹɧɢɟ�ɧɚ�ɧɚɞɟɠɧɨɫɬɶ�ɢ�ɞɨɥɝɨɜɟɱɧɨɫɬɶ�ɤɨɧɫɬɪɭɤɰɢɢ� 

6�� Ɋɚɡɪɚɛɨɬɚɧɚ� ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ�� ɨɩɢɫɵɜɚɸɳɚɹ� ɜɨɡɧɢɤɧɨɜɟɧɢɟ�
ɚɜɬɨɤɨɥɟɛɚɧɢɣ� ɝɚɡɚ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ� ɩɨɫɬɨɹɧɧɨɝɨ� �ɧɟɩɟɪɢɨɞɢɱɟɫɤɨɝɨ��
ɢɫɬɨɱɧɢɤɚ� ɬɟɩɥɨɬɵ�� ɂɫɫɥɟɞɨɜɚɧɢɹ� ɬɨɱɧɨɝɨ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɪɟɲɟɧɢɹ�
ɩɨɥɭɱɟɧɧɨɣ� ɦɨɞɟɥɢ� ɩɨɡɜɨɥɢɥɢ� ɨɩɪɟɞɟɥɢɬɶ� ɭɫɥɨɜɢɹ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ�
ɚɜɬɨɤɨɥɟɛɚɧɢɣ�� ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɦɨɝɭɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɩɪɢ�
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ�ɢ�ɪɚɡɪɚɛɨɬɤɟ�ɬɟɪɦɨɚɤɭɫɬɢɱɟɫɤɢɯ�ɞɜɢɝɚɬɟɥɟɣ� 

 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ.  Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɛɨɬɵ� ɩɨɥɭɱɟɧɵ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�
ɨɛɨɪɭɞɨɜɚɧɢɹ� ɰɟɧɬɪɚ� ɤɨɥɥɟɤɬɢɜɧɨɝɨ� ɩɨɥɶɡɨɜɚɧɢɹ� ©ɍɱɟɛɧɨ-ɧɚɭɱɧɵɣ�
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ� ɰɟɧɬɪ� «ȼɢɛɪɚɰɢɨɧɧɚɹ� ɩɪɨɱɧɨɫɬɶ� ɢ� ɧɚɞɟɠɧɨɫɬɶ�
ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɯ� ɢɡɞɟɥɢɣª� ɩɪɢ�ɮɢɧɚɧɫɨɜɨɣ� ɩɨɞɞɟɪɠɤɟ�Ɇɢɧɨɛɪɧɚɭɤɢ� Ɋɨɫɫɢɢ�
�ɩɪɨɟɤɬ� ʋ� )666-2020-0������ ɂɫɫɥɟɞɨɜɚɧɢɟ� ɜɵɩɨɥɧɟɧɨ� ɩɪɢ� ɮɢɧɚɧɫɨɜɨɣ�
ɩɨɞɞɟɪɠɤɟ�ɊɎɎɂ�ɜ�ɪɚɦɤɚɯ�ɧɚɭɱɧɨɝɨ�ɩɪɨɟɤɬɚ�ʋ���-38-70021. 
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ɉɭɛɥɢɤɚɰɢɢ�ɩɨ�ɬɟɦɟ�ɞɢɫɫɟɪɬɚɰɢɢ 
 
ɉɭɛɥɢɤɚɰɢɢ ɜ� ɪɟɰɟɧɡɢɪɭɟɦɵɯ� ɧɚɭɱɧɵɯ� ɢɡɞɚɧɢɹɯ� ɢ� ɩɭɛɥɢɤɚɰɢɢ��
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