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�� ɂɧɮɢɥɶɬɪɚɰɢɨɧɧɵɟ� ɹɜɥɟɧɢɹ� ɜ� ɭɫɥɨɜɢɹɯ� ɜɵɫɨɤɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɪɢ� ɫɩɟɤɚɧɢɢ�
ɤɭɛɢɱɟɫɤɨɝɨ�ɧɢɬɪɢɞɚ�ɛɨɪɚ���ɂ� Ⱥ� ɉɟɬɪɭɲɚ� Ɇ� ȼ� ɇɢɤɢɲɢɧɚ��ɂ� Ⱥ� Ȼɨɪɢɦɫɤɢɣ�ɢ�ɞɪ��
��� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ� ɢ�
ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ� ɩɪɢɦɟɧɟɧɢɹ�� ɋɛ�� ɧɚɭɱ�� ɬɪ�� ± Ʉ��� ɂɋɆ� ɢɦ�� ȼ�� ɇ��
Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��������± ȼɵɩ����� ± ɋ�����±����

�� ɇɢɤɢɲɢɧɚ� Ɇ� ȼ��� ɉɟɬɪɭɲɚ� ɂ�Ⱥ��� ɋɦɢɪɧɨɜɚ� Ɍ�ɂ�� ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ� ɫɩɟɤɚɧɢɟ��
ɤɭɛɢɱɟɫɤɨɝɨ�ɧɢɬɪɢɞɚ�ɛɨɪɚ�ɫ�ɭɱɚɫɬɢɟɦ�ɦɟɯɚɧɢɡɦɚ�ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ�ɩɨɥɡɭɱɟɫɬɢ�
��� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ� ɢ�
ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ� ɩɪɢɦɟɧɟɧɢɹ�� ɋɛ�� ɧɚɭɱ�� ɬɪ�� ± Ʉ��� ɂɋɆ� ɢɦ�� ȼ�� ɇ��
Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��������± ȼɵɩ����� ± ɋ�����±����

�� ɉɨɝɪɟɛɧɹɤ�Ⱥ�Ⱦ���ɒɩɚɤ�Ⱥ�ɉ���Ⱥɡɚɪɟɧɤɨɜ�ɇ�Ⱥ���Ȼɟɪɟɫɧɟɜ�ȼ�Ɇ��ɋɬɪɭɤɬɭɪɚ�ɢ�ɫɜɨɣɫɬɜɚ�
ɬɜɺɪɞɵɯ�ɢ�ɫɜɟɪɯɬɜɺɪɞɵɯ�ɧɚɧɨɤɨɦɩɨɡɢɬɧɵɯ�ɩɨɤɪɵɬɢɣ����ɍɫɩɟɯɢ�ɮɢɡ��ɧɚɭɤ��± ������±
Ɍ�������ʋ����± ɋ����±����

ɉɨɫɬɭɩɢɥɚ���������

ɍȾɄ����������

Ɍ� Ⱥ��Ƚɚɪɛɭɡ��ɤɚɧɞ�ɬɟɯɧ��ɧɚɭɤ

ɂɧɫɬɢɬɭɬ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢɦ��ȼ�ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ

ɈɋɈȻȿɇɇɈɋɌɂ�ɎɈɊɆɂɊɈȼȺɇɂə�ɋɌɊɍɄɌɍɊɕ�ɂ�ɋȼɈɃɋɌȼ�ɋȼȿɊɏɌȼȿɊȾɕɏ�
ɄɈɆɉɈɁɂɌɈȼ�ȼ�ɋɂɋɌȿɆȿ F%1�%�2�$O

ɉɪɢɜɟɞɟɧɵ�ɪɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɤɨɦɩɨɡɢɬɨɜ��ɩɨɥɭɱɟɧɧɵɯ�ɜ�ɫɢɫɬɟɦɟ�F%1�%�2�$O�
ɩɪɢ� ɫɩɟɤɚɧɢɢ� ɜ� ɚɩɩɚɪɚɬɚɯ� ɜɵɫɨɤɨɝɨ� ɞɚɜɥɟɧɢɹ� ɬɢɩɚ� ©ɱɟɱɟɜɢɰɚª� ɩɪɢ� ���� Ƚɉɚ� ɢ� ����� Ʉ��
ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ�ɪɟɚɤɰɢɨɧɧɨɟ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�ɩɪɨɢɫɯɨɞɢɬ� ɫ� ɭɱɚɫɬɢɟɦ� ɜɫɟɯ� ɤɨɦɩɨɧɟɧɬɨɜ�
ɲɢɯɬɵ��Ɉɩɪɟɞɟɥɟɧɨ�ɨɩɬɢɦɚɥɶɧɨɟ�ɫɨɞɟɪɠɚɧɢɟ�ɫɭɛɨɤɫɢɞɚ�ɛɨɪɚ�ɜ�ɲɢɯɬɟ�± ɞɨ����ɦɚɫ�����ɩɪɢ�
ɫɨɞɟɪɠɚɧɢɢ����ɦɚɫ����$O

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɤɭɛɢɱɟɫɤɢɣ� ɧɢɬɪɢɞ� ɛɨɪɚ� �F%1��� ɫɭɛɨɤɫɢɞ� ɛɨɪɚ� �%�2��� ɚɩɩɚɪɚɬ�
ɜɵɫɨɤɨɝɨ�ɞɚɜɥɟɧɢɹ��ȺȼȾ��ɬɢɩɚ�©ɱɟɱɟɜɢɰɚª��ɫɜɟɪɯɬɜɟɪɞɚɹ�ɮɚɡɚ��ɩɚɪɚɦɟɬɪɵ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�
ɪɟɲɟɬɤɢ��ɬɜɟɪɞɨɫɬɶ��ɩɥɨɬɧɨɫɬɶ�



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

ȼɜɟɞɟɧɢɟ
ɉɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ�ɫɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ�ɧɚ� ɨɫɧɨɜɟ� ɤɭɛɢɱɟɫɤɨɝɨ�ɧɢɬɪɢɞɚ�ɛɨɪɚ�

�3&%1�� ɲɢɪɨɤɨ� ɢɡɜɟɫɬɧɵ� ɤɚɤ� ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ� ɦɚɬɟɪɢɚɥɵ� ɜɵɫɨɤɨɣ� ɬɜɟɪɞɨɫɬɢ��
ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ�� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɧɵɟ� ɤ� ɠɟɥɟɡɨɭɝɥɟɪɨɞɢɫɬɵɦ� ɫɩɥɚɜɚɦ��
Ɍɚɤɢɟ� ɫɜɨɣɫɬɜɚ ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ� ɷɮɮɟɤɬɢɜɧɨɟ� ɩɪɢɦɟɧɟɧɢɟ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� ɧɚ� ɨɫɧɨɜɟ� F%1�
ɞɥɹ� ɨɛɪɚɛɨɬɤɢ� ɡɚɤɚɥɟɧɧɵɯ� ɫɬɚɥɟɣ� ɢ� ɱɭɝɭɧɨɜ�� ɤɨɝɞɚ� ɢɯ� ɧɟɥɶɡɹ� ɡɚɦɟɧɢɬɶ� ɛɨɥɟɟ� ɬɜɟɪɞɵɦɢ�
ɚɥɦɚɡɧɵɦɢ�ɦɚɬɟɪɢɚɥɚɦɢ��ɢ�ɢɯ�ɭɫɩɟɲɧɨɟ�ɤɨɧɤɭɪɢɪɨɜɚɧɢɟ�ɫ�ɨɤɫɢɞɧɨɣ�ɤɟɪɚɦɢɤɨɣ�ɢ�ɬɜɟɪɞɵɦɢ�
ɫɩɥɚɜɚɦɢ�� ɉɨɥɭɱɚɸɬ� ɬɚɤɢɟ� ɦɚɬɟɪɢɚɥɵ� ɫɩɟɤɚɧɢɟɦ� ɩɪɢ� ɜɵɫɨɤɨɦ� ɞɚɜɥɟɧɢɢ� ɢ� ɜɵɫɨɤɨɣ�
ɬɟɦɩɟɪɚɬɭɪɟ� �ɇɊɇɌ�� ɩɨɪɨɲɤɨɜ� ɤɭɛɢɱɟɫɤɨɝɨ� ɧɢɬɪɢɞɚ� ɛɨɪɚ� ɫ� ɞɨɛɚɜɤɚɦɢ�� ɋɩɟɤɬɪ� ɞɨɛɚɜɨɤ� ±
ɦɟɬɚɥɥɵ��$O��7L��&R�ɢ�ɞɪ���ɢ�ɬɭɝɨɩɥɚɜɤɢɟ�ɛɟɫɤɢɫɥɨɪɨɞɧɵɟ�ɫɨɟɞɢɧɟɧɢɹ��7L1��7L&��7L&1��:&�ɢ�
ɞɪ���� Ʉɢɫɥɨɪɨɞ� ɫɩɨɫɨɛɫɬɜɭɟɬ� ɮɚɡɨɜɨɦɭ� ɩɪɟɜɪɚɳɟɧɢɸ� F%1� ɜ� K%1�� ɩɨɷɬɨɦɭ� ɫɨɟɞɢɧɟɧɢɹ�
ɤɢɫɥɨɪɨɞɚ�ɤɚɤ�ɞɨɛɚɜɤɢ�ɢɫɩɨɥɶɡɭɸɬ�ɪɟɞɤɨ��ɧɨ�ɢɧɨɝɞɚ�ɬɚɤɨɣ�ɨɩɵɬ�ɭɫɩɟɲɧɵɣ��Ɍɚɤ��ɡɚɪɭɛɟɠɧɵɟ�
ɢɫɫɥɟɞɨɜɚɬɟɥɢ� >�@� ɜ� ɫɢɫɬɟɦɟ� $O�2�±ɫ%1� ɩɨɥɭɱɢɥɢ� ɤɨɦɩɨɡɢɬ� ɬɜɟɪɞɨɫɬɶɸ� ��� Ƚɉɚ� ɢ�
ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶɸ� ɞɨ� ��� Ɇɉɚāɦ����� ɍɫɩɟɲɧɟɟ ɨɤɚɡɚɥɢɫɶ� ɨɩɵɬɵ� ɜ� ɫɢɫɬɟɦɟ� ɫ%1�$O�2� >�@��
ɤɨɝɞɚ�ɩɪɢ�ɜɵɫɨɤɨɦ�ɞɚɜɥɟɧɢɢ����Ƚɉɚ��ɩɨɥɭɱɢɥɢ�ɦɚɬɟɪɢɚɥ�ɬɜɟɪɞɨɫɬɶɸ����Ƚɉɚ�

ȼ�ɩɨɫɥɟɞɧɟɟ�ɜɪɟɦɹ�ɫɢɧɬɟɡɢɪɨɜɚɧɵ�ɧɨɜɵɟ�ɫɜɟɪɯɬɜɟɪɞɵɟ�ɮɚɡɵ��F%&[1��F%&���Ȗ�%����%�2�
>�@�ɢ�ɞɪ���ɨɫɧɨɜɧɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɤɨɬɨɪɵɯ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥ� ��

Ɍɚɛɥɢɰɚ����Ɏɢɡɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɮɚɡ�ɧɚ�ɨɫɧɨɜɟ�ɛɨɪɚ�>�±�@

ɋɜɟɪɯɬɜɟɪɞɚɹ�ɮɚɡɚ F%1 %��1� %�& F%&� %&[ %�2 ȕ�%�2�

Ɍɜɟɪɞɨɫɬɶ�+9��ȽɉD� �� �� ������ �� ± ����
��±��

��

Ɍɜɟɪɞɨɫɬɶ +.1��ȽɉD� �� ± ± ± ± ±

Ɍɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ�Ʉ�ɫ��
Ɇɉɚāɦ���

�����
���

± �±� ��� ± ��� ±

ɉɥɨɬɧɨɫɬɶ�ȡ��ɝ�ɫɦ�� ����� ����� ����� ����� ± ����� �����

Ɇɨɞɭɥɶ�ɘɧɝɚ�ȿ��Ƚɉɚ� ��� ± ± ± ± ± ±

Ɇɨɞɭɥɶ�ɨɛɴɟɦɧɨɝɨ�
ɫɠɚɬɢɹ�Ʉ��Ƚɉɚ�

�����
���

��� �����
���

��� ��±�� ��� ���

ɋɭɛɨɤɫɢɞ� ɛɨɪɚ� %�2� ɹɜɥɹɟɬɫɹ� ɨɞɧɢɦ� ɢɡ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɫɨɟɞɢɧɟɧɢɣ� ɛɨɪɚ�� Ɍɜɟɪɞɨɫɬɶ� ɩɨ�
ȼɢɤɤɟɪɫɭ�%�2�ɫɨɫɬɚɜɥɹɟɬ���±���Ƚɉɚ��ɩɪɢ�ɷɬɨɦ�%�2�ɢɦɟɟɬ�ɩɨɜɵɲɟɧɧɭɸ�ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ������

Ɇɉɚǜɦ������ ɧɢɡɤɭɸ� ɩɥɨɬɧɨɫɬɶ� ������ ɝ�ɫɦ����
ɜɵɫɨɤɭɸ�ɯɢɦɢɱɟɫɤɭɸ�ɫɬɨɣɤɨɫɬɶ�ɜ�ɚɝɪɟɫɫɢɜɧɨɣ�
ɠɢɞɤɨɫɬɢ� ɢɥɢ� ɨɤɢɫɥɢɬɟɥɶɧɨɣ� ɚɬɦɨɫɮɟɪɟ��
Ɍɚɤɢɟ� ɜɵɫɨɤɢɟ� ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ�
ɫɭɛɨɤɫɢɞɚ� ɛɨɪɚ� ɨɛɟɫɩɟɱɢɜɚɸɬ� ɤɨɪɨɬɤɢɟ� ɢ�
ɫɢɥɶɧɵɟ�ɤɨɜɚɥɟɧɬɧɵɟ�ɫɜɹɡɢ�ɜ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�
ɪɟɲɟɬɤɟ�>�@�

ɋɬɪɭɤɬɭɪɚ� ɫɭɛɨɤɫɢɞɚ� ɛɨɪɚ� �%�2��
ɨɬɧɨɫɢɬɫɹ� ɤ� ɬɢɩɭ� Į�%�� ɢ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ�
ɝɪɭɩɩɟ� 5��P� �ɬɪɢɝɨɧɚɥɶɧɚɹ� ɫɢɧɝɨɧɢɹ� D  �
��������ɧɦ��F  ���������ɧɦ���ɍ %�2�ɫɥɨɠɧɚɹ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ� ɫɬɪɭɤɬɭɪɚ� ± ɜ� ɜɟɪɲɢɧɚɯ�
ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ� ɪɟɲɟɬɤɢ� ɪɚɡɦɟɳɟɧɵ� ��
ɢɤɨɫɚɷɞɪɨɜ�� ɤɚɠɞɵɣ� ɢɤɨɫɚɷɞɪ� ɫɨɫɬɨɢɬ� ɢɡ� ���
ɚɬɨɦɨɜ� ɛɨɪɚ�� ɞɜɚ� ɚɬɨɦɚ� ɤɢɫɥɨɪɨɞɚ�

ɪɚɫɩɨɥɨɠɟɧɵ�ɜ�ɩɪɨɦɟɠɭɬɤɚɯ�ɜɞɨɥɶ�ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ�ɧɚɩɪɚɜɥɟɧɢɹ��ɪɢɫ�����

Ɋɢɫ�����Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ�ɫɬɪɭɤɬɭɪɚ�ɮɚɡɵ�
%�2�>�@



ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���

Ɏɚɡɨɜɚɹ� ɞɢɚɝɪɚɦɦɚ� ɫɢɫɬɟɦɵ� %±%�2���
ɩɨɥɭɱɟɧɧɚɹ� ɩɪɢ� �� Ƚɉɚ�� ɩɨɤɚɡɚɧɚ� ɧɚ� ɪɢɫ�� �� >�@��
ɋɨɝɥɚɫɧɨ� ɮɚɡɨɜɨɣ� ɞɢɚɝɪɚɦɦɟ� ɫɭɛɨɤɫɢɞ� ɛɨɪɚ�
ɭɫɬɨɣɱɢɜ� ɞɨ� ɬɟɦɩɟɪɚɬɭɪɵ� ɜɵɲɟ� ����� Ʉ� ɢ� ɧɟ�
ɢɦɟɟɬ� ɨɛɥɚɫɬɢ� ɝɨɦɨɝɟɧɧɨɫɬɢ�� Ɉɞɧɚɤɨ�� %�2� ±
ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ� ɫɨɟɞɢɧɟɧɢɟ� ɫ� ɲɢɪɨɤɨɣ�
ɨɛɥɚɫɬɶɸ� ɝɨɦɨɝɟɧɧɨɫɬɢ� ɩɪɢ� ɚɬɦɨɫɮɟɪɧɨɦ�
ɞɚɜɥɟɧɢɢ�����±������>�@��ɚ�ɩɪɢ�ɜɵɫɨɤɨɦ�ɞɚɜɥɟɧɢɢ�
ɦɨɠɧɨ�ɩɨɥɭɱɢɬɶ�ɩɨɱɬɢ�ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ�ɮɚɡɭ�
%�2���� ��� Ƚɉɚ�� ����� �ɋ�� >�@�� ɋɨɞɟɪɠɚɧɢɟ�
ɤɢɫɥɨɪɨɞɚ� ɜ� ɫɭɛɨɤɫɢɞɟ� ɛɨɪɚ� ɜɥɢɹɟɬ� ɧɚ�
ɩɚɪɚɦɟɬɪɵ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ� ɪɟɲɟɬɤɢ� ɮɚɡɵ�
�ɬɚɛɥ�� ���� Ɉɛɴɟɦ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ� ɪɟɲɟɬɤɢ�
ɭɦɟɧɶɲɚɟɬɫɹ� ɩɨ� ɦɟɪɟ� ɩɪɢɛɥɢɠɟɧɢɹ� ɤ�
ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɦɭ�ɫɨɫɬɚɜɭ�ɫɭɛɨɤɫɢɞɚ�ɛɨɪɚ�

Ɍɚɛɥɢɰɚ����Ƚɨɦɨɝɟɧɧɨɫɬɶ�ɮɚɡɵ�ɫɭɛɨɤɫɢɞɚ�ɛɨɪɚ

Ɏɚɡɚ F�D 9��ɧɦ� ɍɫɥɨɜɢɹ�ɩɨɥɭɱɟɧɢɹ Ʌɢɬɟɪɚɬɭɪɧɵɣ�ɢɫɬɨɱɧɢɤ

%�2���� ����� ������� Ⱦɚɜɥɟɧɢɟ�ɨɤɪɭɠɚɸɳɟɣ�
ɫɪɟɞɵ
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6KDEDODOD�������ɝ��

Ɂɚɜɢɫɢɦɨɫɬɶ� ɬɟɨɪɟɬɢɱɟɫɤɨɣ� ɩɥɨɬɧɨɫɬɢ� �ɞɚɧɧɵɟ� ɜɡɹɬɵ� ɫ� ,QWHUQDWLRQDO� &HQWUH� IRU�
'LIIUDFWLRQ�'DWD��,&''��FDUG��ɨɬ�ɫɨɞɟɪɠɚɧɢɹ�ɤɢɫɥɨɪɨɞɚ�ɯ ɜ�%�2ɯ ɩɨɤɚɡɚɧɚ�ɧɚ�ɪɢɫ�����Ʉɚɤ�ɜɢɞɢɦ�
ɫ�ɭɜɟɥɢɱɟɧɢɟɦ�ɫɨɞɟɪɠɚɧɢɹ�ɤɢɫɥɨɪɨɞɚ�ɩɨɜɵɲɚɟɬɫɹ�ɬɟɨɪɟɬɢɱɟɫɤɚɹ�ɩɥɨɬɧɨɫɬɶ��ɍɫɬɚɧɨɜɥɟɧɨ�>���
�@�� ɱɬɨ� ɩɪɢɫɭɬɫɬɜɢɟ� ɫɨɟɞɢɧɟɧɢɹ�%�2� ɜ� ɢɫɯɨɞɧɨɦ� ɩɨɪɨɲɤɟ� ɫɭɛɨɤɫɢɞɚ� ɛɨɪɚ� ɦɨɠɟɬ� ɫɧɢɠɚɬɶ�
ɩɥɨɬɧɨɫɬɶ� ɫɩɟɱɟɧɧɵɯ� ɤɨɦɩɚɤɬɨɜ�� Ɍɟɨɪɟɬɢɱɟɫɤɚɹ� ɩɥɨɬɧɨɫɬɶ� ɫɭɛɨɤɫɢɞɚ� ɛɨɪɚ� ɡɚɜɢɫɢɬ� ɨɬ�
ɫɬɟɯɢɨɦɟɬɪɢɱɧɨɫɬɢ� ɮɚɡɵ�� ɧɚɢɛɨɥɟɟ� ɩɥɨɬɧɵɣ� ɦɚɬɟɪɢɚɥ� ɩɨɥɭɱɚɟɬɫɹ� ɩɪɢ� ɩɪɢɛɥɢɠɟɧɢɢ� ɤ�
ɫɬɟɯɢɨɦɟɬɪɢɢ�ɫɨɟɞɢɧɟɧɢɹ�

Ɋɢɫ���� Ɏɚɡɨɜɚɹ�ɞɢɚɝɪɚɦɦɚ�ɫɢɫɬɟɦɵ�
%±%�2� ɩɪɢ���Ƚɉɚ�>�@



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

ɋɨɩɨɫɬɚɜɢɜ� ɢɡɜɟɫɬɧɵɟ� ɞɚɧɧɵɟ� ɩɥɨɬɧɨɫɬɢ� ɫɭɛɨɤɫɢɞɚ� ɛɨɪɚ� ɢ� ɝɪɚɮɢɤ� ɧɚ� ɪɢɫ� ���
ɭɫɬɚɧɨɜɢɥɢ��ɱɬɨ�ɩɥɨɬɧɨɫɬɶ������ɝ�ɫɦ� ɧɟɫɤɨɥɶɤɨ�ɡɚɜɵɲɟɧɚ��ɚ�ɷɬɨ�ɨɡɧɚɱɚɟɬ��ɱɬɨ�ɜ�ɪɚɫɱɟɬɚɯ�ɧɟ�
ɭɱɢɬɵɜɚɥɢ�ɫɬɟɯɢɨɦɟɬɪɢɸ�ɮɚɡɵ�

Ȼɥɚɝɨɞɚɪɹ� ɜɵɫɨɤɢɦ� ɮɢɡɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɢɦ� ɫɜɨɣɫɬɜɚɦ� �ɬɜɟɪɞɨɫɬɶ�� ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ��
ɬɭɝɨɩɥɚɜɤɨɫɬɶ�� ɫɭɛɨɤɫɢɞ� ɛɨɪɚ�
ɹɜɥɹɟɬɫɹ� ɩɟɪɫɩɟɤɬɢɜɧɵɦ�
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɦ� ɦɚɬɟɪɢɚɥɨɦ� ɜ�
ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɬɪɟɛɨɜɚɧɢɟɦ�
ɜɵɫɨɤɨɣ� ɚɛɪɚɡɢɜɧɨɣ�
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ�� ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ�
ɫɩɟɱɟɧɧɵɯ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�
ɦɚɬɟɪɢɚɥɨɜ� ɧɚ� ɨɫɧɨɜɟ� ɫɭɛɨɤɫɢɞɚ�
ɛɨɪɚ� ɩɪɢɜɟɞɟɧɵ� ɜ� ɬɚɛɥ�� ��� ȼ� ɬɚɤɢɯ�
ɦɚɬɟɪɢɚɥɚɯ� ɦɨɠɧɨ� ɞɨɫɬɢɱɶ�
ɜɵɫɨɤɨɣ�ɬɜɟɪɞɨɫɬɢ��ɞɨ����Ƚɉɚ���ɩɪɢ�
ɷɬɨɦ� ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ� ɫɨɫɬɚɜɥɹɟɬ�
a���� Ɇɉɚǜɦ����� Ɉɩɬɢɦɚɥɶɧɨɟ�
ɫɨɞɟɪɠɚɧɢɟ� ɫɜɟɪɯɬɜɟɪɞɨɝɨ�
ɫɨɟɞɢɧɟɧɢɹ��F%1��%�&��± ���ɦɚɫ����

ȼ�ɞɚɧɧɨɣ�ɪɚɛɨɬɟ�ɪɚɫɫɦɨɬɪɢɦ�ɮɨɪɦɢɪɨɜɚɧɢɟ�ɫɬɪɭɤɬɭɪɵ�ɢ�ɫɜɨɣɫɬɜ�ɦɚɬɟɪɢɚɥɚ�ɫɢɫɬɟɦɵ�
ɫ%1�ȼ�2�$O�ɩɪɢ�ɫɩɟɤɚɧɢɢ�ɜ�ɭɫɥɨɜɢɹɯ�ɜɵɫɨɤɨɝɨ�ɞɚɜɥɟɧɢɹ�

Ɇɚɬɟɪɢɚɥɵ�ɢ�ɦɟɬɨɞɵ�
ɢɫɫɥɟɞɨɜɚɧɢɹ

ȼ� ɧɚɫɬɨɹɳɟɣ� ɪɚɛɨɬɟ�
ɢɫɩɨɥɶɡɨɜɚɥɢ�ɩɨɪɨɲɤɢ�F%1�ɦɚɪɤɢ�
ɄɆ�������ɫɪɟɞɧɢɣ�ɪɚɡɦɟɪ�ɡɟɪɟɧ�G  �
��ɦɤɦ���ɚɥɸɦɢɧɢɹ�ɮɪɚɤɰɢɢ� ���� �G
 ����ɦɤɦ��ɢ�ɫɭɛɦɢɤɪɨɧɧɨɝɨ�%�2��G
 � ���� ɦɤɦ��� Ɉɛɪɚɡɰɵ� ɩɨɥɭɱɚɥɢ�
ɪɟɚɤɰɢɨɧɧɵɦ� ɫɩɟɤɚɧɢɟɦ�
ɝɨɦɨɝɟɧɧɨɣ� ɫɦɟɫɢ� ɜ� ɚɩɩɚɪɚɬɟ�
ɜɵɫɨɤɨɝɨ� ɞɚɜɥɟɧɢɹ� ɬɢɩɚ�
©ɧɚɤɨɜɚɥɶɧɹ� ɫ� ɭɝɥɭɛɥɟɧɢɟɦª�
�©ɱɟɱɟɜɢɰɚª���ɪɢɫ�����ɩɪɢ�ɞɚɜɥɟɧɢɢ�
����Ƚɉɚ�ɢ�ɬɟɦɩɟɪɚɬɭɪɟ������Ʉ�

ɉɨɥɭɱɟɧɧɵɟ� ɨɛɪɚɡɰɵ�
ɩɨɞɝɨɬɨɜɢɥɢ� ɤ� ɫɬɪɭɤɬɭɪɧɵɦ�
ɢɫɫɥɟɞɨɜɚɧɢɹɦ� ɩɭɬɟɦ� ɚɥɦɚɡɧɨɝɨ�
ɲɥɢɮɨɜɚɧɢɹ� ɢ� ɩɨɥɢɪɨɜɤɢ� ɫ�
ɬɚɤɢɦɢ� ɤɨɧɟɱɧɵɦɢ� ɪɚɡɦɟɪɚɦɢ��
ɞɢɚɦɟɬɪɨɦ� ��� ɦɦ� ɢ� ɜɵɫɨɬɨɣ� ��
ɦɦ��Ɏɚɡɨɜɵɣ� ɫɨɫɬɚɜ� ɢ� ɫɬɪɭɤɬɭɪɭ�
ɨɛɪɚɡɰɨɜ� ɢɫɫɥɟɞɨɜɚɥɢ� ɦɟɬɨɞɚɦɢ�
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ� ɚɧɚɥɢɡɚ�
�ȾɊɈɇ���� &X.Į±ɢɡɥɭɱɟɧɢɟ�� ɢ�
ɷɥɟɤɬɪɨɧɧɨɣ� ɦɢɤɪɨɫɤɨɩɢɢ� �=HLVV�
8OWUD�SOXV��ɉɨɥɶɲɚ��81,35(66���

Ɋɢɫ�����Ɂɚɜɢɫɢɦɨɫɬɶ�ɬɟɨɪɟɬɢɱɟɫɤɨɣ�ɩɥɨɬɧɨɫɬɢ�
ɫɭɛɨɤɫɢɞɚ�ɛɨɪɚ�ɨɬ�ɯ�ɜ�%�2ɯ >�@

Ɋɢɫ�� ��� ɋɯɟɦɚ� ɚɩɩɚɪɚɬɚ� ɜɵɫɨɤɨɝɨ� ɞɚɜɥɟɧɢɹ� ɬɢɩɚ�
©ɱɟɱɟɜɢɰɚª� �� ± ɲɢɯɬɚ� ɞɥɹ� ɫɩɟɤɚɧɢɹ� ��� �� ±
ɩɪɟɫɫɨɜɚɧɧɵɟ� ɞɢɫɤɢ� ɫ� ɝɪɚɮɢɬɚ� �� ± ɲɚɣɛɚ� ɫ�
ɥɢɬɨɝɪɚɮɫɤɨɝɨ�ɤɚɦɧɹ� ��± ɬɨɪɰɟɜɨɣ�ɧɚɝɪɟɜɚɬɟɥɶ� ��±
ɬɪɭɛɱɚɬɵɣ� ɝɪɚɮɢɬɨɜɵɣ� ɧɚɝɪɟɜɚɬɟɥɶ� �� ± ɜɬɭɥɤɚ� ɫ�
ɩɢɪɨɮɢɥɥɢɬɚ� ��± ɤɨɧɬɟɣɧɟɪ�ɫ�ɥɢɬɨɝɪɚɮɫɤɨɝɨ�ɤɚɦɧɹ�
��± ɦɭɮɬɚ� �ɩɨɥɢɯɥɨɪɜɢɧɢɥ�� ���± ɦɚɬɪɢɰɚ� �Ɋ�Ɇ��ɢɥɢ�
Ɋ���� ���± ɛɥɨɤ�ɫɤɪɟɩɥɹɸɳɢɯ�ɤɨɥɟɰ



ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

ɋɩɟɱɟɧɧɵɟ� ɤɨɦɩɚɤɬɵ� ɛɵɥɢ� ɩɪɚɜɢɥɶɧɨɣ� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɮɨɪɦɵ�� ɩɨɷɬɨɦɭ� ɩɥɨɬɧɨɫɬɶ�
ɨɛɪɚɡɰɨɜ�ɪɚɫɫɱɢɬɵɜɚɥɢ�ɩɨ�ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ�ɪɚɡɦɟɪɚɦ�ɢ�ɦɚɫɫɟ��Ɍɜɟɪɞɨɫɬɶ�ɨɩɪɟɞɟɥɹɥɢ�ɦɟɬɨɞɨɦ�
ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɚɥɦɚɡɧɨɣ� ɩɢɪɚɦɢɞɵ� Ʉɧɭɩɚ� ɧɚ� ɬɜɟɪɞɨɦɟɪɟ� ɉɆɌ��� ɩɪɢ�
ɧɚɝɪɭɡɤɟ�����ɇ�

Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɢ�ɢɯ�ɨɛɫɭɠɞɟɧɢɟ
Ɏɚɡɨɜɵɣ� ɫɨɫɬɚɜ� ɲɢɯɬɵ� ɢ� ɞɚɧɧɵɟ� ;5'� ɨ� ɮɚɡɨɜɨɦ� ɫɨɫɬɚɜɟ� ɤɨɦɩɨɡɢɬɨɜ� ɩɪɢɜɟɞɟɧɵ� ɜ�

ɬɚɛɥ�����Ɉɛɪɚɡɰɵ���ɢ���ɛɵɥɢ�ɤɨɧɬɪɨɥɶɧɵɟ��ɩɨɥɭɱɟɧɧɵɟ�ɜ�ɫɢɫɬɟɦɟ�ɫ%1±$O�ɛɟɡ�%�2��Ɉɛɪɚɡɟɰ���
ɫɨɞɟɪɠɚɥ���ɢɧɬ����ɝɪɚɮɢɬɨɩɨɞɨɛɧɨɝɨ�ɝɟɤɫɚɝɨɧɚɥɶɧɨɝɨ�%1�

Ɍɚɛɥɢɰɚ����Ɏɚɡɨɜɵɣ�ɫɨɫɬɚɜ�ɲɢɯɬɵ�ɢ�ɩɨɥɭɱɟɧɧɵɯ�ɢɡ�ɧɟɟ�ɤɨɦɩɨɡɢɬɨɜ
ɇɨɦɟɪ�
ɨɛɪɚɡɰɚ

ɋɨɫɬɚɜ�ɲɢɯɬɵ��
ɦɚɫ��

ɋɨɫɬɚɜ�ɤɨɦɩɨɡɢɬɚ��ɢɧɬ����

ɫ%1 $O %�2 ɫ%1 $O1 $O%� %�2 Į$O%�� ȕ$O%�� $O%��

� ���� ��� ��� �� � � � � ± ±
� ���� ��� ��� �� � � � � ± �
� �� ��� ���� �� � � �� ± ± �
� �� ��� ���� �� � �� � ± � ±
� �� � ± ���� � � ± ± ± �
� �� �� ± �� � � � � ± ±

�Ƚɪɚɮɢɬɨɩɨɞɨɛɧɵɣ�ɝɟɤɫɚɝɨɧɚɥɶɧɵɣ�%1�

Ɂɚɜɢɫɢɦɨɫɬɢ�ɮɚɡɨɜɨɝɨ�ɫɨɫɬɚɜɚ�ɤɨɦɩɨɡɢɬɨɜ�ɩɨ�ɞɚɧɧɵɦ�;5'�ɨɬ�ɫɨɞɟɪɠɚɧɢɹ�ɫɭɛɨɤɫɢɞɚ�
ɛɨɪɚ�ɜ�ɲɢɯɬɟ�ɩɨɤɚɡɚɧɵ�ɧɚ�ɪɢɫ����

Ɋɢɫ�����Ɂɚɜɢɫɢɦɨɫɬɢ�ɮɚɡɨɜɨɝɨ�ɫɨɫɬɚɜɚ�ɤɨɦɩɨɡɢɬɨɜ��ɩɨɥɭɱɟɧɧɵɯ�ɜ�ɫɢɫɬɟɦɚɯ�F%1±$O�ɢ�F%1±
$O±%�2��ɨɬ�ɫɨɞɟɪɠɚɧɢɹ�ɫɭɛɨɤɫɢɞɚ�ɛɨɪɚ�ɜ�ɲɢɯɬɟ

Ɋɟɡɭɥɶɬɚɬɵ�;5'�ɚɧɚɥɢɡɚ� �ɬɚɛɥ�� ��� ɪɢɫ�� ��� ɭɤɚɡɵɜɚɸɬ�ɧɚ�ɯɢɦɢɱɟɫɤɨɟ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�
ɤɨɦɩɨɧɟɧɬɨɜ� ɲɢɯɬɵ� ɩɪɢ� ɇɊɇɌ� ɫɩɟɤɚɧɢɢ�� ɋɩɟɱɟɧɧɵɟ� ɤɨɦɩɨɡɢɬɵ� ɢɦɟɸɬ� ɦɧɨɝɨɮɚɡɧɭɸ�
ɫɬɪɭɤɬɭɪɭ�ɢ�ɫɨɞɟɪɠɚɬ�F%1��$O1��$O%���%�2��ɜ�ɧɟɤɨɬɨɪɵɯ�ɨɛɪɚɡɰɚɯ�ɜ�ɧɟɛɨɥɶɲɨɦ�ɤɨɥɢɱɟɫɬɜɟ�
�a�±��ɢɧɬ�����ɩɪɢɫɭɬɫɬɜɭɸɬ�ɮɚɡɵ�$O%����Į�$O%����ȕ�$O%�� �ɬɚɛɥ�����



ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���

ɇɚɢɛɨɥɟɟ�ɜɟɪɨɹɬɧɵɟ�ɪɟɚɤɰɢɢ�ɜ�ɲɢɯɬɟ�
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Ɋɚɫɫɱɢɬɚɧɧɵɣ� ɩɨ� ɛɚɥɚɧɫɭ� ɦɚɫɫɵ� ɜ� ɯɢɦɢɱɟɫɤɢɯ� ɪɟɚɤɰɢɹɯ� ���� ± ���� ɮɚɡɨɜɵɣ� ɫɨɫɬɚɜ�
ɤɨɦɩɨɡɢɬɨɜ� ɩɪɢɜɟɞɟɧ� ɜ� ɬɚɛɥ�� ��� ɚ� ɨɩɪɟɞɟɥɟɧɧɚɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɢ� ɪɚɫɫɱɢɬɚɧɧɚɹ� ɩɨ�
ɮɚɡɨɜɨɦɭ�ɫɨɫɬɚɜɭ�ɩɥɨɬɧɨɫɬɶ�ɤɨɦɩɨɡɢɬɨɜ�± ɜ�ɬɚɛɥ�����ɧɭɦɟɪɚɰɢɹ�ɤɨɦɩɨɡɢɬɨɜ�ɤɚɤ�ɜ�ɬɚɛɥ�����

Ɍɚɛɥɢɰɚ����Ɋɚɫɫɱɢɬɚɧɧɵɣ�ɮɚɡɨɜɵɣ�ɫɨɫɬɚɜ�ɤɨɦɩɨɡɢɬɨɜ�ɫ�ɭɱɟɬɨɦ�ɬɨɝɨ��ɱɬɨ�ɪɟɚɤɰɢɨɧɧɨɟ�
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ�ɩɨ�ɨɞɧɨɣ�ɢɡ�ɪɟɚɤɰɢɣ����±���

ɇɨɦɟɪ�ɨɛɪɚɡɰɚ Ɋɚɫɫɱɢɬɚɧɧɵɣ�ɫɨɫɬɚɜ�ɤɨɦɩɨɡɢɬɚ��ɦɚɫ��� Ɋɚɫɱɟɬ ɩɨ�
ɪɟɚɤɰɢɢɫ%1 $O1 $O%� %�2 $O%�� $O�2�

� ���� ��� ��� ��� ± ± ���
���� ��� ± ��� ��� ± ���

� ���� ��� ��� ��� ± ± ���
�� ��� ± ��� ��� ± ���

� ���� ��� ��� ���� ± ± ���
���� ��� ± ���� ��� ± ���

� ���� � ��� ���� ± ± ���
���� ��� ± ���� ��� ± ���
�� ± ���� ���� ± ��� ���
�� ± ± ���� ���� ��� ���

Ɍɚɛɥɢɰɚ����ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ�ɢ�ɪɚɫɫɱɢɬɚɧɧɚɹ�ɩɨ�ɮɚɡɨɜɨɦɭ�ɫɨɫɬɚɜɭ�ɩɥɨɬɧɨɫɬɶ�ɲɢɯɬɵ�
ɢ�ɤɨɦɩɨɡɢɬɨɜ

ɇɨɦɟɪ�
ɨɛɪɚɡɰɚ

Ɋɚɫɱɟɬɧɚɹ�
ɩɥɨɬɧɨɫɬɶ�
ɲɢɯɬɵ

Ɋɚɫɫɱɢɬɚɧɧɚɹ�ɩɥɨɬɧɨɫɬɶ�ɤɨɦɩɨɡɢɬɚ
ɩɨ ɞɚɧɧɵɦ�

;5'
ɩɨ�ɛɚɥɚɧɫɭ�ɦɚɫɫɵ�ɜ�
ɪɟɚɤɰɢɹɯ�����± ���

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ

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

Ɋɟɡɭɥɶɬɚɬɵ�ɚɧɚɥɢɡɚ�ɞɚɧɧɵɯ�ɬɚɛɥ�������ɢ�ɪɢɫ����ɭɤɚɡɵɜɚɸɬ�ɧɚ�ɬɨ��ɱɬɨ�ɜ�ɩɪɨɰɟɫɫɟ�ɇɊɇɌ�
ɫɩɟɤɚɧɢɹ�ɲɢɯɬɵ�F%1±%�2±$O�ɨɞɧɨɜɪɟɦɟɧɧɨ�ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ�ɩɨ�ɧɟɫɤɨɥɶɤɢɦ�
ɢɡ�ɪɟɚɤɰɢɣ�����± �����Ɉɫɨɛɟɧɧɨ�ɷɬɨ�ɜɢɞɧɨ�ɧɚ�ɩɪɢɦɟɪɟ�ɨɛɪɚɡɰɚ����ɫɦ��ɬɚɛɥ�����ɫ�ɫɨɞɟɪɠɚɧɢɟɦ�
ɫɭɛɨɤɫɢɞɚ� ɛɨɪɚ� ɜ� ɲɢɯɬɟ� ���� ɦɚɫ�� ��� ɝɞɟ� ɧɚɪɹɞɭ� ɫ� $O1� �ɤɨɬɨɪɵɣ� ɨɛɪɚɡɭɟɬɫɹ� ɩɪɢ�
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�%1� ɫ�$O�� ɫɨɞɟɪɠɢɬɫɹ�ɦɧɨɝɨ�$O%� ���� ɢɧɬ����� ɢ�ɩɨɹɜɥɹɟɬɫɹ�ɮɚɡɚ� ȕ$O%�� ���
ɢɧɬ������ɗɬɨ�ɜɨɡɦɨɠɧɨ�ɬɨɥɶɤɨ�ɩɪɢ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�%�2�ɫ�$O�ɩɨ�ɪɟɚɤɰɢɹɦ�����ɢ������Ɇɟɬɨɞɨɦ�



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

;5'�ɧɟ�ɜɵɹɜɥɟɧɨ�$O�2���ɤɨɬɨɪɨɝɨ�ɫɨɝɥɚɫɧɨ�ɪɟɚɤɰɢɹɦɢ�����ɢ�����ɞɨɥɠɧɨ�ɛɵɬɶ�ɞɨɫɬɚɬɨɱɧɨ�ɞɥɹ�
ɜɵɹɜɥɟɧɢɹ�� ɉɪɢɱɢɧɚ� ɦɨɠɟɬ� ɫɨɫɬɨɹɬɶ ɜ� ɧɚɥɢɱɢɢ� ɧɟɫɤɨɥɶɤɢɯ� ɫɬɪɭɤɬɭɪɧɵɯ� ɦɨɞɢɮɢɤɚɰɢɣ�
$O�2��� ɤɨɬɨɪɵɟ� ɦɨɝɥɢ� ɨɞɧɨɜɪɟɦɟɧɧɨ� ɫɢɧɬɟɡɢɪɨɜɚɬɶɫɹ� ɜ� ɤɨɦɩɨɡɢɬɟ�� Ɉɫɨɛɨɝɨ� ɜɧɢɦɚɧɢɹ�
ɡɚɫɥɭɠɢɜɚɟɬ� ɨɛɪɚɡɟɰ� �� �ɫɦ�� ɬɚɛɥ� ���� ɜ� ɤɨɦɩɨɡɢɬɟ� ɤɨɬɨɪɨɝɨ�� ɩɨɥɭɱɟɧɧɨɝɨ� ɢɡ�ɲɢɯɬɵ� ɫɨɫɬɚɜɚ�
ɫ%1±$O�� ɨɛɧɚɪɭɠɟɧ� �� ɢɧɬ���� ɮɚɡɵ�%�2�� ɋ� ɭɱɟɬɨɦ� ɬɨɝɨ�� ɱɬɨ� ɜ� ɫ%1�ɦɨɠɟɬ� ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ�
ɬɜɟɪɞɵɣ�ɪɚɫɬɜɨɪ�ɤɢɫɥɨɪɨɞɚ�ɩɭɬɟɦ�ɝɟɬɟɪɨɜɚɥɟɧɬɧɨɝɨ�ɡɚɦɟɳɟɧɢɹ�ɢɦ�ɚɡɨɬɚ��ɤɨɦɩɨɧɟɧɬɵ�ɦɨɝɭɬ�
ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ�ɩɨ�ɫɥɟɞɭɸɳɟɣ�ɪɟɚɤɰɢɢ�

2%����$O%����$O1����21%����$O ������������ �� � � ���

Ɋɚɫɫɦɨɬɪɢɦ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ�ɫɬɪɭɤɬɭɪɭ��ɚ�ɢɦɟɧɧɨ�ɨɛɴɟɦɵ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ�ɪɟɲɟɬɨɤ�ɮɚɡ�
F%1��%�2��$O1�ɢ�$O%��� ɤɨɬɨɪɵɟ�ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɥɢ�ɦɟɬɨɞɚɦɢ�;5'�ɜ�ɤɨɦɩɨɡɢɬɚɯ�ɩɨɫɥɟ�ɇɊɇɌ�
ɫɩɟɤɚɧɢɹ��ɪɢɫ���±����ɋɨɝɥɚɫɧɨ�ɥɢɬɟɪɚɬɭɪɧɵɦ�ɞɚɧɧɵɦ�ɨɛɴɟɦ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɪɟɲɟɬɤɢ�ɫɭɛɨɤɫɢɞɚ�
ɛɨɪɚ��ɩɨɥɭɱɟɧɧɨɝɨ�ɩɪɢ�ɞɚɜɥɟɧɢɢ���Ƚɉɚ�ɢ�ɬɟɦɩɟɪɚɬɭɪɟ�������ɋ� ɪɚɜɟɧ�������� ɧɦ� ɢ�ɫɨɨɬɧɨɲɟɧɢɟ�
ɫ�ɚ  �������>�@��ɉɪɢ�ɷɬɨɦ�ɫɨɞɟɪɠɚɧɢɟ�ɤɢɫɥɨɪɨɞɚ�ɜ�%�2�ɫɨɫɬɚɜɥɹɟɬ�������ɫɦ��ɬɚɛɥ������Ʉɚɤ�ɜɢɞɢɦ�ɧɚ�
ɪɢɫ�����ɜɨ�ɜɫɟɯ�ɢɫɫɥɟɞɭɟɦɵɯ�ɜ�ɫɢɫɬɟɦɚɯ�F%1±$O�ɢ�F%1±$O±%�2�ɨɛɪɚɡɰɚɯ�ɨɛɴɟɦ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�
ɪɟɲɟɬɤɢ�%�2�ɡɧɚɱɢɬɟɥɶɧɨ�ɩɪɟɜɵɲɚɟɬ�ɭɫɬɚɧɨɜɥɟɧɧɵɣ�ɜ�>�@��9ɫɪ�%�2  ���������ɧɦ���ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�
ɧɚɛɥɸɞɚɟɬɫɹ�ɨɛɳɚɹ�ɬɟɧɞɟɧɰɢɹ�ɤ� ɫɧɢɠɟɧɢɸ�ɨɛɴɟɦɚ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɪɟɲɟɬɤɢ� ɫɭɛɨɤɫɢɞɚ�ɛɨɪɚ��
ɱɬɨ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨɛ� ɨɬɤɥɨɧɟɧɢɢ� ɫɬɟɯɢɨɦɟɬɪɢɱɧɨɫɬɢ� ɷɬɨɝɨ� ɫɨɟɞɢɧɟɧɢɹ�� ɋ� ɭɱɟɬɨɦ�
ɥɢɬɟɪɚɬɭɪɧɵɯ� ɞɚɧɧɵɯ�� ɩɪɟɞɩɨɥɨɠɢɦ�� ɱɬɨ� ɜ� ɩɪɨɜɟɞɟɧɧɵɯ� ɜ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ�
ɫɭɛɨɤɫɢɞ�ɛɨɪɚ�ɛɵɥ�ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɧ�ɩɨ�ɤɢɫɥɨɪɨɞɭ�
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ɪɟɲɟɬɤɢ�ɢ�ɫɨɨɬɧɨɲɟɧɢɟ�ɫ�ɚ�ɮɚɡɵ�%�2 ɜ�
ɤɨɦɩɨɡɢɬɚɯ�ɩɨɫɥɟ�ɇɊɇɌ ɫɩɟɤɚɧɢɹ�ɨɬ�
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Ɋɢɫ�����Ɂɚɜɢɫɢɦɨɫɬɢ ɨɛɴɟɦɨɜ�
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Ɋɢɫ�� ��� Ɂɚɜɢɫɢɦɨɫɬɢ� ɨɛɴɟɦɨɜ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ� ɪɟɲɟɬɨɤ� ɮɚɡ� $O1�
ɢ� $O%�� ɜ� ɤɨɦɩɨɡɢɬɚɯ� ɩɨɫɥɟ� ɇɊɇɌ�
ɫɩɟɤɚɧɢɹ�ɨɬ�ɫɨɞɟɪɠɚɧɢɹ�ɫɭɛɨɤɫɢɞɚ�
ɛɨɪɚ�ɜ�ɲɢɯɬɟ



ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���

ɉɪɢ� ɧɟɛɨɥɶɲɨɦ� ɫɨɞɟɪɠɚɧɢɢ� ɫɭɛɨɤɫɢɞɚ� ɛɨɪɚ� ɜ� ɲɢɯɬɟ� ɮɚɡɚ� %�2� ɩɪɢɛɥɢɠɚɟɬɫɹ� ɤ�
ɫɬɟɯɢɨɦɟɬɪɢɱɧɨɦɭ� ɫɨɫɬɚɜɭ�� ɩɪɢ� ɛɨɥɶɲɨɦ� ɫɬɟɯɢɨɦɟɬɪɢɱɧɨɫɬɶ� ɧɢɠɟ�� ɱɬɨ� ɨɛɭɫɥɨɜɥɟɧɨ�
ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶɸ�ɢɫɬɨɱɧɢɤɨɜ�ɤɢɫɥɨɪɨɞɚ��Ʉɪɨɦɟ� ɬɨɝɨ�� ɩɪɢ� ɜɵɫɨɤɨɦ� ɫɨɞɟɪɠɚɧɢɢ� ɫɭɛɨɤɫɢɞɚ�
ɛɨɪɚ�ɜ�ɢɫɯɨɞɧɨɣ�ɫɦɟɫɢ�ɩɨɪɨɲɤɨɜ�ɩɥɨɳɚɞɶ�ɤɨɧɬɚɤɬɚ�ɫ�$O�ɜ�%�2�ɛɨɥɶɲɟ��ɱɟɦ�ɜ�F%1�

Ɉɛɴɟɦɵ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ�ɪɟɲɟɬɨɤ�F%1�ɢ�%�2�ɢɡɦɟɧɹɥɢɫɶ�ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ��ɫɦ��ɪɢɫ��
���� Ɉɛɴɟɦ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ� %�2� ɧɟɡɧɚɱɢɬɟɥɶɧɨ� ɢɡɦɟɧɹɥɫɹ� ɩɪɢ� ɧɟɛɨɥɶɲɨɦ�
ɫɨɞɟɪɠɚɧɢɢ� %�2� ɜ� ɲɢɯɬɟ� �ɞɨ� ��� ɦɚɫ� �� %�2��� ɗɬɨ� ɨɡɧɚɱɚɟɬ�� ɱɬɨ� ɜ� ɩɪɨɰɟɫɫɟ� ɫɩɟɤɚɧɢɹ�
ɩɪɨɢɫɯɨɞɹɬ� ɯɢɦɢɱɟɫɤɢɟ� ɩɪɟɜɪɚɳɟɧɢɹ�� ɜɨɡɦɨɠɧɨ� ɨɛɪɚɡɨɜɚɧɢɟ� ɬɜɟɪɞɵɯ� ɪɚɫɬɜɨɪɨɜ� ɧɚ� ɨɫɧɨɜɟ�
F%1�� ɉɪɢ� ɫɨɞɟɪɠɚɧɢɢ� ɜ� ɲɢɯɬɟ� ���� ɦɚɫ�� �� ɢ� ɛɨɥɟɟ� %�2�� ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ� ɪɟɲɟɬɤɚ� F%1�
ɭɜɟɥɢɱɢɜɚɟɬɫɹ�� ɚ� %�2� ɭɦɟɧɶɲɚɟɬɫɹ�� ɗɬɨɬ� ɮɚɤɬ� ɬɚɤɠɟ� ɭɤɚɡɵɜɚɟɬ� ɧɚ� ɬɨ�� ɱɬɨ� ɜ� ɩɪɨɰɟɫɫɟ�
ɫɩɟɤɚɧɢɹ� ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ� ɯɢɦɢɱɟɫɤɨɟ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ� ɩɨ� ɪɟɚɤɰɢɢ� ���� ± ���� ɫ� ɨɛɪɚɡɨɜɚɧɢɟɦ�
ɨɤɫɢɞɚ��ɞɢ�ɞɨɞɟɤɚɛɨɪɢɞɚ�ɚɥɸɦɢɧɢɹ�ɢ�ȼ�Ɉ��ɥɢɛɨ�ɬɜɟɪɞɨɝɨ�ɪɚɫɬɜɨɪɚ�$O±%±2�

Ɋɢɫ�� �� ɩɨɤɚɡɵɜɚɟɬ� ɢɡɦɟɧɟɧɢɟ� ɨɛɴɟɦɨɜ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ� ɪɟɲɟɬɨɤ� ɧɢɬɪɢɞɚ� ɢ� ɛɨɪɢɞɨɜ�
ɚɥɸɦɢɧɢɹ�� ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ� ɜ� ɩɪɨɰɟɫɫɟ� ɇɊɇɌ� ɫɩɟɤɚɧɢɹ�� Ⱦɨɛɚɜɤɚ� %�2� ɜ� ɲɢɯɬɭ� F%1±$O� ɜ�
ɤɨɥɢɱɟɫɬɜɟ�������ɦɚɫɫ��ɢ�ɜɵɲɟ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɨɛɪɚɡɨɜɚɧɢɟ�ɫɬɚɛɢɥɶɧɵɯ�ɮɚɡ�$O1�ɢ�$O%��

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ�ɩɨɥɭɱɟɧɧɵɯ�ɨɛɪɚɡɰɨɜ�ɜ�ɫɢɫɬɟɦɟ�F%1±$O±����%�2�ɩɨɤɚɡɚɧɚ�ɧɚ�ɪɢɫ�����
Ʉɚɤ� ɜɢɞɢɦ�� ɤɨɦɩɨɡɢɬɵ� ɢɦɟɸɬ� ɨɞɧɨɪɨɞɧɭɸ� ɫɬɪɭɤɬɭɪɭ�� ɨɛɪɚɡɨɜɚɧɧɭɸ� ɜ� ɩɪɨɰɟɫɫɟ�
ɪɟɚɤɰɢɨɧɧɨɝɨ� ɫɩɟɤɚɧɢɹ�� Ɂɟɪɧɚ� ɤɭɛɢɱɟɫɤɨɝɨ� ɧɢɬɪɢɞɚ� ɛɨɪɚ� ɢɡɨɥɢɪɨɜɚɧɵ� ɞɪɭɝ� ɨɬ� ɞɪɭɝɚ�
ɧɚɧɨɪɚɡɦɟɪɧɨɣ�ɫɜɹɡɤɨɣ�

ɚ ɛ
Ɋɢɫ�����Ɉɛɳɢɣ�ɜɢɞ�ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ�ɤɨɦɩɨɡɢɬɚ��ɩɨɥɭɱɟɧɧɨɝɨ�ɜ�ɫɢɫɬɟɦɟ�F%1±$O±%�2�ɫ�

ɞɨɛɚɜɥɟɧɢɟɦ�����ɦɚɫ����ɫɭɛɨɤɫɢɞɚ�ɛɨɪɚ�ɩɪɢ�ɪɚɡɧɨɦ�ɭɜɟɥɢɱɟɧɢɢ

ɋɜɨɣɫɬɜɚ� ɤɨɦɩɨɡɢɬɨɜ��ɩɨɥɭɱɟɧɧɵɯ�ɜ� ɫɢɫɬɟɦɚɯ� F%1±$O�ɢ� F%1±$O±%�2�ɩɪɢ�ɞɚɜɥɟɧɢɢ�
����Ƚɉɚ�ɢ�ɬɟɦɩɟɪɚɬɭɪɟ������Ʉ��ɩɨɤɚɡɚɧɵ�ɧɚ�ɪɢɫ������ɉɥɨɬɧɨɫɬɶ��ɪɢɫ� ��ɚ��ɢ�ɬɜɟɪɞɨɫɬɶ��ɪɢɫ��
��ɛ�� ɤɨɦɩɨɡɢɬɨɜ� ɫɧɢɠɚɟɬɫɹ� ɩɪɢ� ɭɦɟɧɶɲɟɧɢɢ� ɜ� ɧɢɯ� ɫɨɞɟɪɠɚɧɢɹ� ɫɜɟɪɯɬɜɟɪɞɨɣ� ɮɚɡɵ� F%1��
Ɉɱɟɧɶ� ɧɢɡɤɢɟ� ɬɜɟɪɞɨɫɬɶ� ɢ� ɩɥɨɬɧɨɫɬɶ� ɤɨɦɩɨɡɢɬɚ�� ɩɨɥɭɱɟɧɧɨɝɨ� ɛɟɡ� ɞɨɛɚɜɨɤ� ɫɭɛɨɤɫɢɞɚ� ɛɨɪɚ��
ɨɛɭɫɥɨɜɥɟɧɵ�ɫɨɞɟɪɠɚɧɢɟɦ�ɜ�ɤɨɦɩɨɡɢɬɟ�ɨɤɨɥɨ���ɢɧɬ����ɮɚɡɵ�K%1��ɬɜɟɪɞɨɫɬɶ�± ɦɟɧɟɟ���Ƚɉɚ��
ɢ�ɜɵɫɨɤɨɣ�ɩɨɪɢɫɬɨɫɬɶɸ������

ȼ� ɪɚɛɨɬɟ� ɜ� ɤɚɱɟɫɬɜɟ� ɢɫɯɨɞɧɨɣ� ɛɪɚɥɚɫɶ� ɲɢɯɬɚ� ɫ� �� ɦɚɫ�� ��$O�� ɬ�ɟ�� ɜɚɠɧɨ� ɭɦɟɧɶɲɢɬɶ�
ɩɨɪɢɫɬɨɫɬɶ��ɩɨɞɚɜɢɬɶ�ɮɚɡɨɜɨɟ�ɩɪɟɜɪɚɳɟɧɢɟ�ɫ%1ĺK%1��ɩɨɜɵɫɢɬɶ�ɬɜɟɪɞɨɫɬɶ��ɉɟɪɫɩɟɤɬɢɜɧɵɦ�
ɹɜɥɹɟɬɫɹ�ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɲɢɯɬɵ�ɫ�ɫɨɞɟɪɠɚɧɢɟɦ��� ɦɚɫ����$O�ɢ�ɞɨ����ɦɚɫ����%�2��Ɍɚɤɨɣ�ɫɨɫɬɚɜ�
ɲɢɯɬɵ� ɛɭɞɟɬ� ɛɥɚɝɨɩɪɢɹɬɧɵɦ�ɞɥɹ� ɯɢɦɢɱɟɫɤɨɝɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɩɪɟɠɞɟ� ɜɫɟɝɨ�ɦɟɠɞɭ� ɫ%1� ɢ�
$O��ɚ�ɫɨɞɟɪɠɚɳɢɣɫɹ�%�2�ɛɭɞɟɬ�ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ�ɟɝɨ�ɞɚɥɶɧɟɣɲɟɦɭ�ɨɛɪɚɡɨɜɚɧɢɸ�ɢɡ�ɤɢɫɥɨɪɨɞɚ��



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

���

ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ� ɢ� ɫɜɹɡɚɧɧɨɝɨ� ɜ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ� ɪɟɲɟɬɤɟ� ɫ%1�� Ɍɚɤɚɹ�
ɫɬɪɭɤɬɭɪɚ�ɛɭɞɟɬ�ɞɢɫɩɟɪɫɢɨɧɧɨ�ɭɩɪɨɱɧɟɧɚ�ɫɭɛɦɢɤɪɨɧɧɵɦ�%�2�ɢ�ɢɦɟɬɶ�ɜɵɫɨɤɭɸ�ɬɜɟɪɞɨɫɬɶ�
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Ɋɢɫ������Ɂɚɜɢɫɢɦɨɫɬɢ�ɩɥɨɬɧɨɫɬɢ��ɚ��ɢ�ɬɜɟɪɞɨɫɬɢ�ɩɨ�Ʉɧɭɩɭ��ɛ��ɩɨɥɭɱɟɧɧɵɯ�ɤɨɦɩɨɡɢɬɨɜ�ɨɬ�
ɫɨɞɟɪɠɚɧɢɹ�ɫɭɛɨɤɫɢɞɚ�ɛɨɪɚ�ɜ�ɲɢɯɬɟ

ȼɵɜɨɞɵ
�� ȼ� ɫɢɫɬɟɦɟ� F%1±%�2±$O� ɩɪɢ� ɞɚɜɥɟɧɢɢ� ���� Ƚɉɚ� ɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ����� Ʉ� ɩɪɨɢɫɯɨɞɢɬ�

ɪɟɚɤɰɢɨɧɧɨɟ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ� ɫ� ɭɱɚɫɬɢɟɦ� ɜɫɟɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɲɢɯɬɵ�� Ɍɢɩ� ɪɟɚɤɰɢɨɧɧɨɝɨ�
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɫɨɞɟɪɠɚɧɢɟɦ�ɮɚɡ�ɜ�ɲɢɯɬɟ�ɢ�ɢɯ�ɭɞɟɥɶɧɨɣ�ɩɨɜɟɪɯɧɨɫɬɶɸ�

�� ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɢɡɦɟɪɟɧɧɚɹ�ɩɥɨɬɧɨɫɬɶ�ɤɨɦɩɨɡɢɬɨɜ�ɛɥɢɡɤɚ�ɤ�ɪɚɫɱɟɬɧɨɣ��ɜ�ɪɚɫɱɟɬɟ�
ɭɱɢɬɵɜɚɥɢ�ɞɚɧɧɵɟ�;5'�ɚɧɚɥɢɡɚ�ɢ�ɛɚɥɚɧɫ�ɦɚɫɫ�ɜ�ɤɨɦɩɨɡɢɬɟ�ɩɨɫɥɟ�ɪɟɚɤɰɢɨɧɧɨɝɨ�ɫɩɟɤɚɧɢɹ�

�� Ɍɜɟɪɞɨɫɬɶ� ɤɨɦɩɨɡɢɬɨɜ� ɫɧɢɠɚɥɚɫɶ� ɫ� ��� ɞɨ� ��� Ƚɉɚ� ɩɪɢ� ɭɜɟɥɢɱɟɧɢɢ� ɫɨɞɟɪɠɚɧɢɹ�
ɫɭɛɨɤɫɢɞɚ�ɛɨɪɚ�ɜ�ɲɢɯɬɟ��ɍ�ɤɨɦɩɨɡɢɬɨɜ��ɩɨɥɭɱɟɧɧɵɯ�ɢɡ�ɲɢɯɬɵ��ɫɨɞɟɪɠɚɳɟɣ�����± ����ɦɚɫ����
ɫɭɛɨɤɫɢɞɚ� ɛɨɪɚ�� ɨɬɦɟɱɟɧɵ� ɜɵɫɨɤɚɹ� ɬɜɟɪɞɨɫɬɶ� ɢ� ɨɞɧɨɪɨɞɧɚɹ� ɧɚ� ɦɢɤɪɨɭɪɨɜɧɟ� ɫɬɪɭɤɬɭɪɚ�� ɜ�
ɤɨɬɨɪɨɣ� ɡɟɪɧɚ� ɫ%1� ɨɤɪɭɠɟɧɵ� ɧɚɧɨɪɚɡɦɟɪɧɨɣ� ɫɜɹɡɤɨɣ� �ɩɪɨɞɭɤɬɚɦɢ� ɪɟɚɤɰɢɨɧɧɨɝɨ�
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ��

�� ɉɟɪɫɩɟɤɬɢɜɧɵɦ�ɹɜɥɹɟɬɫɹ�ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɲɢɯɬɵ�ɫ�ɫɨɞɟɪɠɚɧɢɟɦ����ɦɚɫ����$O�ɢ�ɞɨ����
ɦɚɫ�� �� %�2�� Ɍɚɤɨɣ� ɫɨɫɬɚɜ� ɲɢɯɬɵ� ɛɥɚɝɨɩɪɢɹɬɟɧ� ɞɥɹ� ɯɢɦɢɱɟɫɤɨɝɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɩɪɟɠɞɟ�
ɜɫɟɝɨ� ɫ%1� ɢ� $O�� ɚ� ɫɨɞɟɪɠɚɳɢɣɫɹ� %�2� ɫɩɨɫɨɛɫɬɜɭɟɬ� ɟɝɨ� ɨɛɪɚɡɨɜɚɧɢɸ� ɢɡ� ɤɢɫɥɨɪɨɞɚ��
ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ� ɢ� ɫɜɹɡɚɧɧɨɝɨ� ɜ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ� ɪɟɲɟɬɤɟ� ɫ%1�� Ɍɚɤɚɹ�
ɫɬɪɭɤɬɭɪɚ�ɞɢɫɩɟɪɫɢɨɧɧɨ�ɭɩɪɨɱɧɢɬɫɹ�ɫɭɛɦɢɤɪɨɧɧɵɦ�%�2�ɢ�ɛɭɞɟɬ�ɢɦɟɬɶ�ɜɵɫɨɤɭɸ�ɬɜɟɪɞɨɫɬɶ�

ɇɚɜɟɞɟɧɨ�ɪɟɡɭɥɶɬɚɬɢ�ɞɨɫɥɿɞɠɟɧɧɹ�ɤɨɦɩɨɡɢɬɿɜ��ɨɬɪɢɦɚɧɢɯ�ɭ�ɫɢɫɬɟɦɿ�F%1�%�2�$O�ɩɪɢ�
ɫɩɿɤɚɧɧɿ�ɜ�ɚɩɚɪɚɬɚɯ�ɜɢɫɨɤɨɝɨ�ɬɢɫɤɭ��ȺȼɌ��ɬɢɩɭ�©ɱɟɱɟɜɢɰɹª�ɩɪɢ�����Ƚɉɚ�ɿ������Ʉ��ȼɫɬɚɧɨɜɥɟɧɨ��
ɳɨ� ɪɟɚɤɰɿɣɧɚ� ɜɡɚɽɦɨɞɿɹ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɡɚ� ɭɱɚɫɬɸ� ɜɫɿɯ� ɤɨɦɩɨɧɟɧɬɿɜ� ɲɢɯɬɢ�� ȼɢɡɧɚɱɟɧɨ�
ɨɩɬɢɦɚɥɶɧɢɣ�ɜɦɿɫɬ�ɫɭɛɨɤɫɢɞɭ�ɛɨɪɭ�ɭ�ɲɢɯɬɿ�± ɞɨ����ɦɚɫ����ɩɪɢ�ɜɦɿɫɬɿ����ɦɚɫ���$O�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɤɭɛɿɱɧɢɣ� ɧɿɬɪɢɞ� ɛɨɪɭ� �F%1��� ɫɭɛɨɤɫɢɞ� ɛɨɪɭ� �%�2��� ɚɩɚɪɚɬ� ɜɢɫɨɤɨɝɨ�
ɬɢɫɤɭ��ȺȼɌ��ɬɢɩɭ�©ɱɟɱɟɜɢɰɹª��ɧɚɞɬɜɟɪɞɚ�ɮɚɡɚ��ɩɚɪɚɦɟɬɪɢ�ɤɪɢɫɬɚɥɿɱɧɨʀ�ʉɪɚɬɤɢ��ɬɜɟɪɞɿɫɬɶ��
ɝɭɫɬɢɧɚ�

7KH�UHVXOWV�RI�VWXGLHV�RI�FRPSRVLWHV�REWDLQHG�LQ�WKH�V\VWHP�F%1�%�2�$O�E\�VLQWHULQJ�LQ�WKH�
KLJK�SUHVVXUH�DSSDUDWXV�©OHQWLOVª�DW� ����*3D�DQG������.�� ,W� LV� IRXQG� WKDW�DOO� WKH� FRPSRQHQWV�RI�
PL[WXUH�SDUWLFLSDWH� LQ� WKH� UHDFWLRQDU\� LQWHUDFWLRQ��7KH�RSWLPXP�FRQWHQW�RI� WKH�ERURQ� VXER[LGH� LQ�
PL[WXUH�LV�XS�WR����ZW�����ZKHQ�DQ�DPRXQW�RI�DOXPLQLXP�LV����ZW���

.H\� ZRUGV�� FXELF� ERURQ� QLWULGH� �F%1��� ERURQ� VXER[LGH� �%�2��� KLJK�SUHVVXUH� DSSDUDWXV�
�+3$��©OHQWLOVª��VXSHUKDUG�SKDVH��ODWWLFH�SDUDPHWHUV��KDUGQHVV��GHQVLW\�



ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

���

Ʌɢɬɟɪɚɬɭɪɚ
�� 0DNLQRUL�+RWWD��'HQVLILFDWLRQ�DQG�PLFURVWUXFWXUH�RI�$O�2�±F%1�FRPSRVLWHV�SUHSDUHG�E\�

VSDUN�SODVPD�VLQWHULQJ���+RWWD�0DNLQRUL��*RWR�7DNDVKL����-��RI�WKH�&HUDPLF�6RF��RI�-DSDQ��
± ������± 9�������± 1����± Ɋ�����±����

�� +LGHDNL�,WRK� %�2±F%1�&RPSRVLWHV�3UHSDUHG�E\�+LJK�3UHVVXUH�6LQWHULQJ��� ,WRK�+LGHDNL��5��
<DPDPRWR��+��,ZDKDUD����-��RI�WKH�$PHULFDQ�&HUDPLF�6RF��± ������±9������± 3�����±����

�� Ʉɭɪɚɤɟɜɢɱ� Ⱥ�Ⱥ�� ɋɜɟɪɯɬɜɟɪɞɵɟ� ɮɚɡɵ� ɩɪɨɫɬɵɯ� ɜɟɳɟɫɬɜ� ɢ� ɞɜɨɣɧɵɯ� ɫɨɟɞɢɧɟɧɢɣ�
ɫɢɫɬɟɦɵ� %±&±1±2�� ɨɬ� ɚɥɦɚɡɚ� ɞɨ� ɩɨɫɥɟɞɧɢɯ� ɪɟɡɭɥɶɬɚɬɨɜ� �ɨɛɡɨɪ� ��� ɋɜɟɪɯɬɜɟɪɞɵɟ�
ɦɚɬɟɪ��± ������± ʋ����± ɋ���±���

�� 8OWLPDWH�PHWDVWDEOH�VROXELOLW\�RI�ERURQ�LQ�GLDPRQG��6\QWKHVLV�RI�VXSHUKDUG�GLDPRQG�OLNH�
%&� ��9�/��6ROR]KHQNR��2�2��.XUDNHY\FK��'��$QGUDXOW�HW�DO�����3K\V��5HY��/HWW��± ������±
�����± 1����± 3���������

�� %RURQ�VXER[LGH��$V�KDUG�DV�FXELF�ERURQ�QLWULGH���'�:��+H��<�6��=KDR��/��'DHPHQ�HW�DO� ���
$SSO��3K\V��/HWW��± ������± ����± 1����± 3�����±����

�� -RKQVRQ�2�7��,PSURYHPHQW�RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�ERURQ�VXER[LGH��%�2��EDVHG�
FRPSRVLWHV�XVLQJ�RWKHU�FRPSRXQGV�DV�VHFRQG�SKDVH���2�7� -RKQVRQ����'LVVHUWDWLRQ IRU�WKH�
GHJUHH� RI� 0DVWHU� RI� 6FLHQFH� LQ� (QJLQHHULQJ�� )DFXOW\� RI� (QJLQHHULQJ� DQG� WKH� %XLOW�
(QYLURQPHQW��8QLYHUVLW\�RI�WKH�:LWZDWHUVUDQG� ± -RKDQQHVEXUJ��������± ����S�

�� 7KHUPRHOHFWULF� 3URSHUWLHV� RI +RW�SUHVVHG� %RURQ� 6XER[LGH� �%�2�� �� 7DND\D� $NDVKL��
7VX\RVKL�,WRK��,WDUX�*XQMLVKLPD�HW�DO� ���0DWHU��7UDQVDFWLRQV��± ������± 9������± 1����± 3��
����±�����

�� +DUG� DQG� WRXJK�ERURQ� VXER[LGH�EDVHG�FRPSRVLWHV� �� 7�&��6KDEDODOD��'�6��0F/DFKODQ�� ,��
6LJDODV��0��+HUUPDQQ����&HUDPLFV�,QWHUQDWLRQDO��± ������± 9������± ,V�����± 3������±�����

�� 6KDEDODOD� 7�&�� 7KH� SUHSDUDWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� ERURQ� VXER[LGH� �%�2�� EDVHG�
FRPSRVLWHV���7�&��6KDEDODOD����3K'�WKHVLV��8QLYHU��RI�WKH�:LWZDWHUVWDQG� ± �����

��� ,WRK� +� 0LFURVWUXFWXUH� DQG� PHFKDQLFDO� SURSHUWLHV� RI� %�2±%�&� VLQWHUHG� FRPSRVLWHV�
SUHSDUHG�XQGHU�KLJK�SUHVVXUH���+��,WRK��,��0DHNDZD��+��,ZDKDUD����-��RI�0DWHU��6FL��± ������
± 9������± 3�����±����

��� +LJK�3UHVVXUH�� +LJK�7HPSHUDWXUH� 6\QWKHVLV� DQG� &KDUDFWHUL]DWLRQ� RI� ERURQ� VXER[LGH�
�%�2����+��+XEHUW��/��*DUYLH��%��'HYRXDUG��HW�DO� ���&KHPLVWU\�RI�PDWHU��± ������± 9������±
3������±�����

��� +LJK�SUHVVXUH�FRQVROLGDWLRQ�RI�%�2�GLDPRQG�PL[WXUHV���5��6DVDL��+��)XNDWVX��7��.RMLPD��
+��,WRK����-��RI�0DWHU��6FL��± ������± 9������± 3������±�����

ɉɨɫɬɭɩɢɥɚ�����������


