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ɍȾɄ��������������������������������������������

ɇ� Ɉ��Ɉɥɿɣɧɢɤ��ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ���Ƚ�Ⱥ��Ȼɚɡɚɥɿɣ ɧɚɭɤ��ɫɩɿɜɪɨɛ��
Ƚ� Ⱦ��ȱɥɶɧɢɰɶɤɚ��ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��Ɇ� Ⱥ��Ɇɚɪɿɧɿɱ��ɤɚɧɞ��ɯɿɦ��ɧɚɭɤ��

Ɉ� Ɇ� ɋɢɡɨɧɟɧɤɨ��ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ�

�ȱɧɫɬɢɬɭɬ�ɧɚɞɬɜɟɪɞɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɿɦ��ȼ�Ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚʀɧɢ��
ɜɭɥ��Ⱥɜɬɨɡɚɜɨɞɫɶɤɚ�����Ʉɢʀɜ���������ɍɤɪɚʀɧɚ��H�PDLO��ROH\QLNBQRQQD#XNU�QHW

�ȱɧɫɬɢɬɭɬ�ɿɦɩɭɥɶɫɧɢɯ�ɩɪɨɰɟɫɿɜ�ɿ�ɬɟɯɧɨɥɨɝɿɣ�ɇȺɇ�ɍɤɪɚʀɧɢ�
Ȼɨɝɨɹɜɥɟɧɫɶɤɢɣ��ɀɨɜɬɧɟɜɢɣ��ɩɪɨɫɩɟɤɬ����ɚ���������Ɇɢɤɨɥɚʀɜ��ɍɤɪɚʀɧɚ

ɆɈȾɂɎȱɄɈȼȺɇȱ�ɉɈɊɈɒɄɂ ȼɍȽɅȿɐȿȼɂɏ�ɇȺɇɈɌɊɍȻɈɄ�
ȾɅə�ȺȻɊȺɁɂȼɇɈȽɈ�ȱɇɋɌɊɍɆȿɇɌɍ

ɇɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ�ɞɨɫɥɿɞɠɟɧɧɹ� ɜɩɥɢɜɭ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ ɩɨɪɨɲɤɭ� ɜɭɝɥɟɰɟɜɢɯ� ɧɚɧɨɬɪɭɛɨɤ� ±
ɩɨɫɥɿɞɨɜɧɨɝɨ� ɡɚɫɬɨɫɭɜɚɧɧɹ ɿɦɩɭɥɶɫɧɨʀ� ɨɛɪɨɛɤɢ� ɜɢɫɨɤɨɜɨɥɶɬɧɢɦɢ� ɟɥɟɤɬɪɢɱɧɢɦɢ� ɪɨɡɪɹɞɚɦɢ�
ɫɟɞɢɦɟɧɬɚɰɿʀ��ɯɿɦɿɱɧɨʀ�ɬɚ�ɟɥɟɤɬɪɨɯɿɦɿɱɧɨʀ�ɨɛɪɨɛɨɤ�± ɧɚ�ʀɯɧɿ�ɮɿɡɢɤɨ�ɯɿɦɿɱɧɿ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ��ɪɨɡɩɨɞɿɥ�
ɱɚɫɬɢɧɨɤ� ɩɨɪɨɲɤɭ� ɬɚ� ɨɞɧɨɪɿɞɧɿɫɬɶ� ɡɚ� ɪɨɡɦɿɪɚɦɢ�� Ɋɨɡɪɨɛɥɟɧɨ� ɧɨɜɭ� ɬɟɯɧɨɥɨɝɿɸ� ɦɨɞɢɮɿɤɭɜɚɧɧɹ�
ɩɨɪɨɲɤɭ�� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɹɤɨʀ� ɞɚɽ� ɡɦɨɝɭ� ɨɬɪɢɦɚɬɢ� ɬɨɧɤɨɞɢɫɩɟɪɫɧɢɣ�� ɨɞɧɨɪɿɞɧɢɣ� ɡɚ� ɪɨɡɦɿɪɚɦɢ�� ɡ�
ɧɢɡɶɤɢɦ� ɜɦɿɫɬɨɦ� ɞɨɦɿɲɨɤ�� ɡ� ɝɿɞɪɨɮɨɛɧɨɸ� ɟɧɟɪɝɟɬɢɱɧɨ� ɚɤɬɢɜɧɨɸ� ɩɨɜɟɪɯɧɟɸ� ɩɨɪɨɲɨɤ� ɧɨɜɨʀ� ɦɚɪɤɢ�
ɆɍɇɌ�ɉɏɈ��Ɂɚɫɬɨɫɭɜɚɧɧɹ�ɩɨɪɨɲɤɭ�ɞɥɹ�ɜɢɝɨɬɨɜɥɟɧɧɹ� ɤɨɦɩɨɡɢɰɿɣɧɨɝɨ�ɩɨɤɪɢɬɬɹ�ɚɥɦɚɡɭ�ɞɚɥɨ� ɡɦɨɝɭ�
ɨɬɪɢɦɚɬɢ�ɪɟɝɭɥɹɪɧɭ�ɫɤɟɥɟɬɧɭ�ɫɬɪɭɤɬɭɪɭ�ɩɨɤɪɢɬɬɹ�ɡ�ɪɨɡɜɢɧɟɧɨɸ�ɩɥɨɳɟɸ�ɣɨɝɨ�ɩɨɜɟɪɯɧɿ��ɳɨ�ɫɩɪɢɹɽ�
ɩɿɞɜɢɳɟɧɧɸ�ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ�ɲɥɿɮɭɜɚɥɶɧɢɯ�ɤɪɭɝɿɜ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɩɨɪɨɲɤɢ� ɜɭɝɥɟɰɟɜɢɯ� ɧɚɧɨɬɪɭɛɨɤ�� ɦɨɞɢɮɿɤɭɜɚɧɧɹ� ɩɨɪɨɲɤɭ�� ɮɿɡɢɤɨ�ɯɿɦɿɱɧɿ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ��ɤɨɦɩɨɡɢɰɿɣɧɿ�ɩɨɤɪɢɬɬɹ

ɉɿɞɜɢɳɟɧɧɹ� ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ� ɚɥɦɚɡɧɨ�ɚɛɪɚɡɢɜɧɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ� ɦɨɠɥɢɜɟ� ɡɚ� ɪɚɯɭɧɨɤ�
ɫɬɜɨɪɟɧɧɹ�ɤɨɦɩɨɡɢɰɿɣɧɢɯ�ɩɨɤɪɢɬɬɿɜ�ɚɛɪɚɡɢɜɧɨɝɨ�ɫɤɥɚɞɧɢɤɚ�ɬɚ�ɩɿɞɜɢɳɟɧɧɹ�ɚɥɦɚɡɨɭɬɪɢɦɚɧɧɹ�>�@��

ȼɢɫɨɤɚ� ɦɿɰɧɿɫɬɶ� ���±���� Ƚɉɚ�� ɦɨɞɭɥɶ� ɩɪɭɠɧɨɫɬɿ� ���±���� Ƚɉɚ� >�@�� ɪɨɡɜɢɧɭɬɚ� ɩɢɬɨɦɚ�
ɩɥɨɳɚ� ɩɨɜɟɪɯɧɿ ɫɬɜɨɪɸɸɬɶ� ɩɟɪɫɩɟɤɬɢɜɭ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɩɨɪɨɲɤɿɜ� ɜɭɝɥɟɰɟɜɢɯ� ɧɚɧɨɬɪɭɛɨɤ� ɹɤ�
ɧɚɩɨɜɧɸɜɚɱɿɜ�ɤɨɦɩɨɡɢɰɿɣɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ�>�@��

ȼɿɞɨɦɨ�� ɳɨ� ɦɨɞɢɮɿɤɭɜɚɧɧɹ� ɩɨɪɨɲɤɭ� ɡɦɿɧɸɽ� ɯɿɦɿɱɧɢɣ� ɬɚ� ɟɧɟɪɝɟɬɢɱɧɢɣ� ɫɬɚɧ� ɣɨɝɨ�
ɩɨɜɟɪɯɧɿ�ɬɚ�ɜɩɥɢɜɚɽ�ɧɚ�ɮɿɡɢɤɨ�ɯɿɦɿɱɧɿ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɨɪɨɲɤɭ�>�@� Ⱦɥɹ�ɜɜɟɞɟɧɧɹ�ɩɨɪɨɲɤɿɜ�



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

���

ɜɭɝɥɟɰɟɜɢɯ� ɧɚɧɨɬɪɭɛɨɤ� ɞɨ� ɫɤɥɚɞɭ� ɤɨɦɩɨɡɢɰɿɣɧɨɝɨ� ɦɚɬɟɪɿɚɥɭ� ɩɨɪɨɲɨɤ� ɦɚɽ� ɛɭɬɢ�
ɬɨɧɤɨɞɢɫɩɟɪɫɧɢɦ��ɨɞɧɨɪɿɞɧɢɦ�ɡɚ�ɪɨɡɦɿɪɚɦɢ�ɬɚ�ɡ�ɩɟɜɧɢɦ�ɟɧɟɪɝɟɬɢɱɧɢɦ�ɫɬɚɧɨɦ�ɩɨɜɟɪɯɧɿ�>�@��

ȼ� ɍɤɪɚʀɧɿ� ɞɥɹ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɜ� ɤɨɦɩɨɡɢɰɿɣɧɢɯ� ɦɚɬɟɪɿɚɥɚɯ� ɪɟɤɨɦɟɧɞɨɜɚɧɨ� ɩɨɪɨɲɨɤ�
ɦɚɪɤɢ�ɆɍɇɌ�Ⱥ��Ɍɍ ɍ ����� ������������������ ɡ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ��ɧɚɜɟɞɟɧɢɦɢ�ɜ�ɬɚɛɥ� ���

Ɍɚɛɥɢɰɹ��� Ɉɫɧɨɜɧɿ�ɮɿɡɢɤɨ�ɯɿɦɿɱɧɿ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɨɪɨɲɤɭ�ɛɚɝɚɬɨɲɚɪɨɜɢɯ�ɜɭɝɥɟɰɟɜɢɯ�
ɧɚɧɨɬɪɭɛɨɤ�ɦɚɪɤɢ�ɆɍɇɌ�Ⱥ�

ɉɨɤɚɡɧɢɤɢ
ɉɨɪɨɲɨɤ

ɦɚɪɤɢ�ɆɍɇɌ�Ⱥ
ɉɢɬɨɦɚ�ɩɥɨɳɚ�ɩɨɜɟɪɯɧɿ��ɦ��ɝ ���±���
ɋɭɦɚɪɧɢɣ�ɨɛ¶ɽɦ�ɩɨɪ��ɦɥ�ɝ ���±���
ɋɟɪɟɞɧɿɣ�ɪɚɞɿɭɫ�ɩɨɪ��c ��±���
Ɇɚɫɨɜɚ�ɱɚɫɬɤɚ�ɞɨɦɿɲɨɤ�����ɧɟ�ɛɿɥɶɲɟ ���
Ɇɚɫɨɜɚ�ɱɚɫɬɤɚ�ɪɨɡɱɢɧɧɢɯ��1L��0J��)H��ɞɨɦɿɲɨɤ�����ɧɟ�ɛɿɥɶɲɟ� ����
ȼɦɿɫɬ�ɞɨɦɿɲɨɤ�ɚɦɨɪɮɧɨɝɨ�ɜɭɝɥɟɰɸ��ɦɚɫ����ɧɟ�ɛɿɥɶɲɟ� ����
ɉɢɬɨɦɢɣ�ɟɥɟɤɬɪɨɨɩɿɪ��ɈɦÂɦ��ɧɟ�ɦɟɧɲɟ ������
ɉɢɬɨɦɚ�ɦɚɝɧɿɬɧɚ�ɫɩɪɢɣɧɹɬɥɢɜɿɫɬɶ������uɦ��ɤɝ��ɧɟ�ɛɿɥɶɲɟ �����

Ɂ� ɬɚɛɥ� �� ɜɢɯɨɞɢɬɶ�� ɳɨ� ɩɨɤɚɡɧɢɤɢ� ɮɿɡɢɤɨ�ɯɿɦɿɱɧɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɨɪɨɲɤɭ� ɦɚɪɤɢ�
ɆɍɇɌ�Ⱥ�ɜɚɪɿɸɸɬɶɫɹ�ɜ�ɲɢɪɨɤɨɦɭ�ɞɿɚɩɚɡɨɧɿ�ɬɚ�ɧɟ�ɜɿɞɨɛɪɚɠɚɸɬɶ�ɞɿɚɩɚɡɨɧ�ɪɨɡɦɿɪɿɜ�ɱɚɫɬɢɧɨɤ�
ɩɨɪɨɲɤɭ�� ɣɨɝɨ� ɨɞɧɨɪɿɞɧɿɫɬɶ� ɡɚ� ɪɨɡɦɿɪɚɦɢ� ɬɚ� ɟɧɟɪɝɟɬɢɱɧɢɣ� ɫɬɚɧ� ɩɨɜɟɪɯɧɿ�� Ɍɨɦɭ� ɞɥɹ�
ɟɮɟɤɬɢɜɧɨɝɨ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɩɨɪɨɲɤɭ�ɩɨɬɪɿɛɧɨ�ɣɨɝɨ�ɪɨɡɲɢɪɟɧɟ�ɞɨɫɥɿɞɠɟɧɧɹ�ɬɚ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ�
ɞɥɹ� ɫɬɜɨɪɟɧɧɹ� � ɩɨɪɨɲɤɭ� ɬɨɧɤɨɞɢɫɩɟɪɫɧɨɝɨ�� ɨɞɧɨɪɿɞɧɨɝɨ� ɡɚ� ɪɨɡɦɿɪɚɦɢ�� ɡ� ɩɟɜɧɢɦɢ�
ɝɚɪɚɧɬɨɜɚɧɢɦɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ�ɩɨɜɟɪɯɧɿ�

ȼɿɞɨɦɨ��ɳɨ ɤɨɠɧɚ�ɮɿɡɢɱɧɚ�ɚɛɨ�ɯɿɦɿɱɧɚ�ɞɿɹ�ɧɚ�ɩɨɪɨɲɨɤ�ɜɭɝɥɟɰɟɜɢɯ�ɧɚɧɨɬɪɭɛɨɤ�ɜɩɥɢɜɚɽ�
ɧɚ�ɪɨɡɦɿɪɢ�ɱɚɫɬɢɧɨɤ�ɩɨɪɨɲɤɭ��ɜɦɿɫɬ�ɞɨɦɿɲɨɤ��ɡɦɿɧɸɽ�ɩɢɬɨɦɭ�ɩɥɨɳɭ�ɩɨɜɟɪɯɧɿ��ɚɞɫɨɪɛɰɿɣɧɭ�
ɫɩɪɨɦɨɠɧɿɫɬɶ�� ɝɿɞɪɨɮɿɥɶɧɨ�ɝɿɞɪɨɮɨɛɧɢɣ� ɛɚɥɚɧɫ� >��� �@��Ⱥɥɟ�ɳɟ� ɧɟ� ɜɢɜɱɟɧɨ� ɫɭɦɚɪɧɢɣ� ɜɩɥɢɜ�
ɫɩɨɫɨɛɿɜ�ɨɛɪɨɛɥɟɧɧɹ�ɬɚ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ�ɧɚ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɨɪɨɲɤɭ�

Ɇɟɬɚ�ɪɨɛɨɬɢ ± ɞɨɫɥɿɞɠɟɧɧɹ�ɜɩɥɢɜɭ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ�ɩɨɪɨɲɤɿɜ�ɜɭɝɥɟɰɟɜɢɯ�ɧɚɧɨɬɪɭɛɨɤ�
ɧɚ� ʀɯɧɿ� ɮɿɡɢɤɨ�ɯɿɦɿɱɧɿ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɬɚ� ɪɨɡɩɨɞɿɥ� ɡɚ� ɪɨɡɦɿɪɚɦɢ�� ɫɬɜɨɪɟɧɧɹ� ɩɨɪɨɲɤɭ� ɞɥɹ�
ɜɢɝɨɬɨɜɥɟɧɧɹ� ɹɤɿɫɧɨɝɨ� ɤɨɦɩɨɡɢɰɿɣɧɨɝɨ� ɩɨɤɪɢɬɬɹ� ɚɥɦɚɡɭ� ɬɚ� ɪɨɡɪɨɛɤɚ� ɬɟɯɧɨɥɨɝɿʀ� ɨɬɪɢɦɚɧɧɹ�
ɩɨɪɨɲɤɭ�

Ɇɟɬɨɞɢɤɚ�� Ɋɨɛɨɬɭ� ɩɪɨɜɟɞɟɧɨ� ɜ� ɞɜɚ� ɟɬɚɩɢ� ɧɚ� ɡɪɚɡɤɭ� ɩɨɪɨɲɤɭ� ɧɚɧɨɬɪɭɛɨɤ� ɦɚɪɤɢ�
ɆɍɇɌ� Ⱥ�� ɜɢɝɨɬɨɜɥɟɧɨɝɨ� ɜ� ȱɇɆ� ɿɦ�� ȼ�Ɇ�� Ȼɚɤɭɥɹ� ɇȺɇ� ɍɤɪɚʀɧɢ� ɡ� ɩɪɨɞɭɤɬɭ ɩɿɪɨɥɿɡɭ�&9'�
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ɜɭɝɥɟɰɟɜɢɯ� ɧɚɧɨɬɪɭɛɨɤ� ɦɚɪɤɢ� ɆɍɇɌ�Ⱥ� ���� ɬɚ� ɩɨɪɨɲɤɭ�
ɩɿɫɥɹ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ����



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

���

ɩɨɪɨɲɤɭ� ɜɿɞ� �� ɞɨ� ����� ɫɬɚɧɨɜɢɬɶ� ����±������ ȱɧɬɟɪɜɚɥ� ɚɩɪɨɤɫɢɦɚɰɿʀ� ɪɨɡɩɨɞɿɥɭ ɞɥɹ�ɩɨɪɨɲɤɭ�
ɆɍɇɌ�Ⱥ� ɫɬɚɧɨɜɢɬɶ� �����±������� ɦɤɦ�� ɞɥɹ� ɩɨɪɨɲɤɭ� ɩɿɫɥɹ� ɦɨɞɢɮɿɤɭɜɚɧɧɹ� ± ����±������ ɦɤɦ��
Ʉɨɟɮɿɰɿɽɧɬɢ�ɪɿɜɧɹɧɧɹ�ɞɥɹ�ɪɨɡɩɨɞɿɥɭ�ɱɚɫɬɢɧɨɤ�ɩɨɪɨɲɤɭ�ɆɍɇɌ�Ⱥ�ɞɨɪɿɜɧɸɸɬɶ�Q ������E �������
ɩɨɪɨɲɤɭ�ɩɿɫɥɹ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ�Q ������E �������

ɍ�ɤɨɨɪɞɢɧɚɬɚɯ�OJ��OJ��������5�� ± OJ�[ ɪɿɜɧɹɧɧɹ�Ɋɨɡɿɧɚ�Ɋɚɦɦɥɟɪɚ�ɦɚɽ�ɜɢɝɥɹɞ�ɩɪɹɦɨʀ��ɞɟ�
ɤɨɟɮɿɰɿɽɧɬ� Q ± ɬɚɧɝɟɧɫ� ɤɭɬɚ� ɧɚɯɢɥɭ� ɩɪɹɦɨʀ�� OJ� �E OJH�� ± ɜɿɞɪɿɡɨɤ�� ɳɨ� ɜɿɞɫɿɤɚɽɬɶɫɹ� ɧɚ� ɨɫɿ�
ɨɪɞɢɧɚɬ��ɑɢɦ�ɜɢɳɟ�ɤɨɟɮɿɰɿɽɧɬ�©Qª��ɬɢɦ�ɜ�ɛɿɥɶɲ�ɜɭɡɶɤɨɦɭ�ɞɿɚɩɚɡɨɧɿ�ɪɨɡɦɿɪɿɜ�ɫɤɨɧɰɟɧɬɪɨɜɚɧɨ�
ɦɚɬɟɪɿɚɥ� ± ɬɨɛɬɨ� ɦɚɬɟɪɿɚɥ� ɛɿɥɶɲ� ɨɞɧɨɪɿɞɧɢɣ� ɡɚ� ɪɨɡɦɿɪɨɦ�� ɋɭɞɹɱɢ� ɡ� ɰɶɨɝɨ�� ɨɞɧɨɪɿɞɧɿɫɬɶ�
ɩɨɪɨɲɤɭ�ɩɿɫɥɹ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ�ɩɿɞɜɢɳɭɽɬɶɫɹ�

Ɇɟɬɨɸ� ɯɿɦɿɱɧɨɝɨ� ɨɛɪɨɛɥɟɧɧɹ� ɩɨɪɨɲɤɭ�� ɹɤɟ� ɡɞɿɣɫɧɸɜɚɥɢ� ɩɿɫɥɹ� ȼȿɊ�ɨɛɪɨɛɤɢ� ɬɚ�
ɫɟɞɢɦɟɧɬɚɰɿʀ�� ɛɭɞɨ� ɜɢɞɚɥɟɧɧɹ� ɞɨɦɿɲɨɤ� ɪɿɡɧɨɝɨ� ɩɨɯɨɞɠɟɧɧɹ�� Ⱦɥɹ� ɫɬɜɨɪɟɧɧɹ� ɯɿɦɿɱɧɨ�
ɨɞɧɨɪɿɞɧɨʀ�ɝɿɞɪɨɮɨɛɧɨʀ�ɩɨɜɟɪɯɧɿ�ɩɨɪɨɲɤɭ�ɛɭɥɨ�ɜɢɜɱɟɧɨ�ɤɿɧɟɬɢɤɭ�ɟɥɟɤɬɪɨɯɿɦɿɱɧɢɯ�ɩɪɨɰɟɫɿɜ�
ɚɞɫɨɪɛɰɿʀ�ɜɨɞɧɸ��

ɇɚ� ɪɢɫ�� �� ɧɚɜɟɞɟɧɨ� ɩɨɬɟɧɰɿɨɞɢɧɚɦɿɱɧɿ� ɩɨɥɹɪɢɡɚɰɿɣɧɿ� ɤɪɢɜɿ� ɩɪɨɰɟɫɿɜ� � ɚɞɫɨɪɛɰɿʀ� ɬɚ�
ɜɢɞɿɥɟɧɧɹ�ɜɨɞɧɸ�ɡ����ɧ�ɪɨɡɱɢɧɭ�+�62� ɧɚ�ɩɨɜɟɪɯɧɿ�ɩɨɪɨɲɤɭ�ɜɭɝɥɟɰɟɜɢɯ�ɧɚɧɨɬɪɭɛɨɤ�ɦɚɪɤɢ�
ɆɍɇɌ�Ⱥ�ɬɚ�ɧɚ�ɪɿɡɧɢɯ�ɫɬɚɞɿɹɯ�ɩɿɫɥɹ�ɣɨɝɨ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ��

əɤ� ɜɢɞɧɨ� ɡ� ɪɢɫ�� ��� ɜ�
ɿɧɬɟɪɜɚɥɿ� ɜɿɞ¶ɽɦɧɢɯ�
ɩɨɬɟɧɰɿɚɥɿɜ� ���±���� ȼ�
ɜɿɞɛɭɜɚɽɬɶɫɹ� ɚɞɫɨɪɛɰɿɹ�
ɜɨɞɧɸ�ɧɚ�ɩɨɜɟɪɯɧɿ�ɩɨɪɨɲɤɭ��
ɧɚɞɚɥɿ� ± ɣɨɝɨ� ɜɢɞɿɥɟɧɧɹ�� Ɂɚ�
ɩɨɬɟɧɰɿɚɥɭ� ±���� ȼ� ɩɪɨɰɟɫ�
ɚɞɫɨɪɛɰɿʀ� ɜɨɞɧɸ� ɩɟɪɟɯɨɞɢɬɶ�
ɭ� ɩɪɨɰɟɫ� ɣɨɝɨ� ɜɢɞɿɥɟɧɧɹ�� Ɂɚ�
ɬɚɤɨɝɨ� ɩɨɬɟɧɰɿɚɥɭ� ɳɿɥɶɧɿɫɬɶ�
ɫɬɪɭɦɭ� ɚɞɫɨɪɛɰɿʀ� ɜɨɞɧɸ� ɧɚ�
ɩɨɜɟɪɯɧɿ�ɜɢɯɿɞɧɨɝɨ�ɩɨɪɨɲɤɭ�
ɆɍɇɌ�Ⱥ� �ɤɪɢɜɚ� ���
ɫɬɚɧɨɜɢɬɶ� �� ɦȺ�ɫɦ� �� ɳɨ�
ɡɧɚɱɧɨ� ɧɢɠɱɟ�� ɧɿɠ� ɩɿɫɥɹ�
ɯɿɦɿɱɧɨʀ� ɨɛɪɨɛɤɢ� � ± ����
ɦȺ�ɫɦ� �ɤɪɢɜɚ� ���� ɬɚ� ɩɿɫɥɹ�
ɜɫɶɨɝɨ�ɰɢɤɥɭ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ�
± ���� ɦȺ�ɫɦ� �ɤɪɢɜɚ� ����
ɒɜɢɞɤɿɫɬɶ� ɚɞɫɨɪɛɰɿʀ� ɜɨɞɧɸ�
ɧɚ�ɩɨɜɟɪɯɧɿ�ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ�
ɩɨɪɨɲɤɭ� ɡɧɚɱɧɨ� ɛɿɥɶɲɚ� �ɧɚ�

���� ����ɧɿɠ�ɧɚ�ɩɨɜɟɪɯɧɿ�ɜɢɯɿɞɧɨɝɨ�
ȱɦɨɜɿɪɧɨ�� ɩɿɞɜɢɳɟɧɧɹ� ɲɜɢɞɤɨɫɬɿ� ɚɞɫɨɪɛɰɿʀ� ɜɨɞɧɸ� ɧɚ� ɩɨɜɟɪɯɧɿ� ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ�

ɩɨɪɨɲɤɭ� ɬɚ� ɳɿɥɶɧɨɫɬɿ� ɫɬɪɭɦɭ� ɡɚ� ɩɨɬɟɧɰɿɚɥɭ� ±��� ȼ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɡɚ� ɪɚɯɭɧɨɤ� ɨɱɢɳɟɧɧɹ
ɜɭɝɥɟɰɟɜɢɯ� ɧɚɧɨɬɪɭɛɨɤ� ɜɿɞ� ɞɨɦɿɲɨɤ�� ɳɨ� ɭɡɝɨɞɠɭɽɬɶɫɹ� ɡ� ɩɨɤɚɡɧɢɤɚɦɢ� ɮɿɡɢɤɨ�ɯɿɦɿɱɧɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɩɨɪɨɲɤɭ�ɜɢɯɿɞɧɨɝɨ�ɬɚ�ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ��ɬɚɛɥ�����

Ɋɢɫ� ��� ɉɨɬɟɧɰɿɨɞɢɧɚɦɿɱɧɿ� ɤɚɬɨɞɧɿ� ɩɨɥɹɪɢɡɚɰɿɣɧɿ� ɤɪɢɜɿ�
ɩɪɨɰɟɫɭ�ɚɞɫɨɪɛɰɿʀ�ɬɚ�ɜɢɞɿɥɟɧɧɹ�ɜɨɞɧɸ�ɡ����ɧ�ɪɨɡɱɢɧɭ�+�62��

ɧɚ�ɩɨɜɟɪɯɧɿ�ɩɨɪɨɲɤɭ�ɜɭɝɥɟɰɟɜɢɯ�ɧɚɧɨɬɪɭɛɨɤ�ɦɚɪɤɢ�ɆɍɇɌ�Ⱥ�
���� ɬɚ� ɩɨɫɥɿɞɨɜɧɨɝɨ� ɨɛɪɨɛɥɟɧɧɹ�� ȼȿɊ�ɨɛɪɨɛɤɢ� ɬɚ�
ɫɟɞɢɦɟɧɬɚɰɿʀ�����ɬɚ�ɩɿɫɥɹ�ɩɨɜɧɨɝɨ�ɰɢɤɥɭ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ����



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

���

Ɍɚɛɥɢɰɹ���Ɏɿɡɢɤɨ�ɯɿɦɿɱɧɿ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɨɪɨɲɤɭ�ɜɭɝɥɟɰɟɜɢɯ�ɧɚɧɨɬɪɭɛɨɤ�ɦɚɪɤɢ�
ɆɍɇɌ�Ⱥ�ɜɢɯɿɞɧɨɝɨ�ɬɚ�ɩɿɫɥɹ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ�

ɉɨɤɚɡɧɢɤɢ
ɉɨɪɨɲɨɤ�ɜɭɝɥɟɰɟɜɢɯ�ɧɚɧɨɬɪɭɛɨɤ

ɆɍɇɌ�Ⱥ�ɩɿɫɥɹ�
ɦɨɞɢɮɿɤɭɜɚɧɧɹ

ɆɍɇɌ�Ⱥ

ɋɟɪɟɞɧɿɣ�ɞɿɚɦɟɬɪ�ɱɚɫɬɢɧɨɤ��ɦɤɦ ����� �����
ɉɢɬɨɦɚ�ɩɥɨɳɚ�ɩɨɜɟɪɯɧɿ��ɦ��ɝ ����� �����
ɋɭɦɚɪɧɢɣ�ɨɛ
ɽɦ�ɩɨɪ��ɦɥ�ɝ ����� �����
ɋɟɪɟɞɧɿɣ�ɪɚɞɿɭɫ�ɩɨɪ��c ���� ����
Ɇɚɫɨɜɚ�ɱɚɫɬɤɚ�ɞɨɦɿɲɨɤ����� ��� ���
Ɇɚɫɨɜɚ� ɱɚɫɬɤɚ� ɪɨɡɱɢɧɧɢɯ� �1L�� 0J��
)H��ɞɨɦɿɲɨɤ����

��� ����

ɉɢɬɨɦɢɣ�ɟɥɟɤɬɪɨɨɩɿɪ��ɈɦÂɦ ������ ������
ɉɢɬɨɦɚ�ɦɚɝɧɿɬɧɚ�ɫɩɪɢɣɧɹɬɥɢɜɿɫɬɶ��
ɯ������ɦ��ɤɝ

���� �����

ȿɥɟɤɬɪɨɤɿɧɟɬɢɱɧɢɣ ɩɨɬɟɧɰɿɚɥ� ɦȼ ����� ±�����
ȼɿɥɶɧɚ� ɟɧɟɪɝɿɹ� ɧɚɫɢɱɟɧɧɹ� ɩɨɜɟɪɯɧɿ�
ɩɚɪɚɦɢ�ɜɨɞɢ�� Ⱦɠ�ɦɨɥɶÂɝ

���� ����

Ɂɚ�ɪɟɡɭɥɶɬɚɬɚɦɢ��ɧɚɜɟɞɟɧɢɦɢ�ɭ�ɬɚɛɥ� ���ɪɨɛɢɦɨ�ɜɢɫɧɨɜɨɤ��ɳɨ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ�ɩɨɜɟɪɯɧɿ�
ɩɨɪɨɲɤɭ�ɩɪɢɜɟɥɨ� ɞɨ� ɡɧɢɠɟɧɧɹ� ɜɦɿɫɬɭ� ɞɨɦɿɲɨɤ�� ɜɿɥɶɧɨʀ� ɟɧɟɪɝɿʀ� ɧɚɫɢɱɟɧɧɹ�ɩɨɜɟɪɯɧɿ� ɩɚɪɚɦɢ�
ɜɨɞɢ� ɩɢɬɨɦɨʀ�ɦɚɝɧɿɬɧɨʀ� ɫɩɪɢɣɧɹɬɥɢɜɨɫɬɿ�� ɟɥɟɤɬɪɨɤɿɧɟɬɢɱɧɨɝɨ�ɩɨɬɟɧɰɿɚɥɭ ɬɚ�ɞɨ�ɩɿɞɜɢɳɟɧɧɹ�
ɩɢɬɨɦɨʀ�ɩɥɨɳɿ�ɩɨɜɟɪɯɧɿ��ɨɛ¶ɽɦɭ�ɩɨɪ��ɩɢɬɨɦɨɝɨ�ɟɥɟɤɬɪɨɨɩɨɪɭ�

Ɉɬɠɟ��ɞɨɫɥɿɞɠɟɧɧɹɦɢ�ɜɢɯɿɞɧɨɝɨ�ɬɚ�ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ�ɩɨɪɨɲɤɭ�ɜɭɝɥɟɰɟɜɢɯ�ɧɚɧɨɬɪɭɛɨɤ
ɦɚɪɤɢ� ɆɍɇɌ�Ⱥ� ɿɡ� ɩɨɫɥɿɞɨɜɧɢɦ� ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɿɦɩɭɥɶɫɧɨʀ� ɨɛɪɨɛɤɢ� ɜɢɫɨɤɨɜɨɥɶɬɧɢɦɢ�
ɟɥɟɤɬɪɢɱɧɢɦɢ�ɪɨɡɪɹɞɚɦɢ��ɫɟɞɢɦɟɧɬɚɰɿʀ��ɯɿɦɿɱɧɨʀ�ɬɚ�ɟɥɟɤɬɪɨɯɿɦɿɱɧɨʀ�ɨɛɪɨɛɨɤ�ɜɫɬɚɧɨɜɥɟɧɨ��ɳɨ�
ɦɨɞɢɮɿɤɭɜɚɧɧɹ�ɫɩɪɢɹɽ�

� ɨɞɧɨɪɿɞɧɨɦɭ�ɪɨɡɩɨɞɿɥɭ� ɱɚɫɬɢɧɨɤ�ɩɨɪɨɲɤɭ�� ȱɧɬɟɪɜɚɥ� ɪɨɡɩɨɞɿɥɭ� ɱɚɫɬɢɧɨɤ�ɩɨɪɨɲɤɭ� ɡɚ�
ɪɨɡɦɿɪɚɦɢ�ɡɜɭɠɭɽɬɶɫɹ�ɜ�����ɪɚɡɭ��ɫɟɪɟɞɧɿɣ�ɞɿɚɦɟɬɪ�ɱɚɫɬɢɧɨɤ�ɡɦɟɧɲɭɽɬɶɫɹ�ɜ���ɪɚɡɿɜ�

� ɨɱɢɳɟɧɧɸ� ɩɨɪɨɲɤɭ� ɜɿɞ� ɞɨɦɿɲɨɤ� ɬɚ� ɡɦɿɧɿ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɨɪɨɲɤɭ�� Ɂɦɟɧɲɭɸɬɶɫɹ�
ɦɚɫɨɜɚ� ɱɚɫɬɤɚ� ɞɨɦɿɲɨɤ� ɜ� ���� ɪɚɡɭ�� ɦɚɫɨɜɚ� ɱɚɫɬɤɚ� ɪɨɡɱɢɧɧɢɯ� ɞɨɦɿɲɨɤ� ± ɭ� �� ɪɚɡɿɜ��
ɩɢɬɨɦɚ�ɦɚɝɧɿɬɧɚ� ɫɩɪɢɣɧɹɬɥɢɜɿɫɬɶ� ± ɭ� ���� ɪɚɡɭ�� ɟɥɟɤɬɪɨɤɿɧɟɬɢɱɧɢɣ� ɩɨɬɟɧɰɿɚɥ� ± ɭ� ����
ɪɚɡɭ��ȼɿɞɛɭɜɚɽɬɶɫɹ�ɡɪɨɫɬɚɧɧɹ�ɩɢɬɨɦɨɝɨ�ɟɥɟɤɬɪɨɨɩɨɪɭ�ɜ�����ɪɚɡɭ��

� ɡɦɿɧɿ�ɚɞɫɨɪɛɰɿɣɧɨ�ɫɬɪɭɤɬɭɪɧɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɩɨɪɨɲɤɭ��ɉɿɞɜɢɳɭɽɬɶɫɹ�ɩɢɬɨɦɚ�ɩɥɨɳɚ�
ɩɨɜɟɪɯɧɿ� ɩɨɪɨɲɤɭ� ɜ� ���� ɪɚɡɭ�� ɜɿɥɶɧɚ� ɟɧɟɪɝɿɹ� ɧɚɫɢɱɟɧɧɹ� ɩɨɜɟɪɯɧɿ� ɩɚɪɨɸ ɜɨɞɢ�
ɡɧɢɠɭɽɬɶɫɹ� ɧɚ� ������� ɬɨɛɬɨ� ɩɨɜɟɪɯɧɹ� ɫɬɚɽ� ɛɿɥɶɲ� ɝɿɞɪɨɮɨɛɧɨɸ�� ȼɿɞɛɭɜɚɽɬɶɫɹ�
ɡɪɨɫɬɚɧɧɹ�ɲɜɢɞɤɨɫɬɿ�ɚɞɫɨɪɛɰɿʀ� ɜɨɞɧɸ�ɧɚ�ɩɨɜɟɪɯɧɿ�ɩɨɪɨɲɤɭ�ɧɚ�������ɬɚ�ɩɿɞɜɢɳɟɧɧɹ�
ɳɿɥɶɧɨɫɬɿ�ɫɬɪɭɦɭ�ɧɚ�������ɡɚ�ɩɨɬɟɧɰɿɚɥɭ�±����ȼ��
Ɂ�ɭɪɚɯɭɜɚɧɧɹɦ�ɪɟɡɭɥɶɬɚɬɿɜ�ɞɨɫɥɿɞɠɟɧɧɹ�ɛɭɥɨ�ɪɨɡɪɨɛɥɟɧɨ�ɬɟɯɧɨɥɨɝɿɸ��ɹɤɚ�ɫɤɥɚɞɚɽɬɶɫɹ�

ɡ� ɬɪɶɨɯ� ɫɬɚɞɿɣ� ɨɛɪɨɛɥɟɧɧɹ� ɩɨɪɨɲɤɭ� ɆɍɇɌ�Ⱥ� �ɩɨɫɥɿɞɨɜɧɨɝɨ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɿɦɩɭɥɶɫɧɨʀ�
ɨɛɪɨɛɤɢ� ɜɢɫɨɤɨɜɨɥɶɬɧɢɦɢ� ɟɥɟɤɬɪɢɱɧɢɦɢ� � ɪɨɡɪɹɞɚɦɢ� ɬɚ� ɫɟɞɢɦɟɧɬɚɰɿʀ�� ɯɿɦɿɱɧɨʀ� ɬɚ�
ɟɥɟɤɬɪɨɯɿɦɿɱɧɨʀ�ɨɛɪɨɛɨɤ���ɹɤɿ�ɮɨɪɦɭɸɬɶ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɨɪɨɲɤɭ��Ɉɮɨɪɦɥɟɧɨ�ɬɟɯɧɨɥɨɝɿɱɧɭ�
ɞɨɤɭɦɟɧɬɚɰɿɸ� ɞɥɹ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɬɟɯɧɨɥɨɝɿʀ� ɬɚ� ɨɬɪɢɦɚɧɧɹ� ɩɨɪɨɲɤɭ� ɦɚɪɤɢ� ɆɍɇɌ�ɉɏɈ� �Ɍȱ�
������������� Ɍɍ ɍ ������������������������� ȼɢɝɨɬɨɜɥɟɧɨ� ɡɪɚɡɨɤ� ɩɨɪɨɲɤɭ�� ȱɡ� ɣɨɝɨ�



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

���

ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɫɬɜɨɪɟɧɨ� ɤɨɦɩɨɡɢɰɿɣɧɟ� ɩɨɤɪɢɬɬɹ� ɩɨɜɟɪɯɧɿ� ɩɨɪɨɲɤɭ� ɚɥɦɚɡɭ� ɦɚɪɤɢ�
Ⱥɋ�� ������� ɡɿ� ɫɤɟɥɟɬɧɨɸ� ɫɬɪɭɤɬɭɪɨɸ� ɬɚ� ɡɛɿɥɶɲɟɧɨɸ� ɩɢɬɨɦɨɸ� ɩɥɨɳɟɸ� ɩɨɜɟɪɯɧɿ�� ɳɨ�
ɩɿɞɜɢɳɭɽ�ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ�ɲɥɿɮɭɜɚɥɶɧɢɯ�ɤɪɭɝɿɜ�>��@�

ȼɢɫɧɨɜɤɢ
���Ɋɨɡɪɨɛɥɟɧɨ�ɦɟɬɨɞ�ɦɨɞɢɮɿɤɭɜɚɧɧɹ�ɩɨɪɨɲɤɭ�ɜɭɝɥɟɰɟɜɢɯ�ɧɚɧɨɬɪɭɛɨɤ��ɹɤɢɣ��ɞɚɽ�ɡɦɨɝɭ�

ɨɬɪɢɦɚɬɢ�ɩɨɪɨɲɨɤ�ɬɨɧɤɨɞɢɫɩɟɪɫɧɢɣ��ɨɞɧɨɪɿɞɧɢɣ�ɡɚ�ɪɨɡɦɿɪɚɦɢ��ɡ�ɧɢɡɶɤɢɦ�ɜɦɿɫɬɨɦ�ɞɨɦɿɲɨɤ��
ɡ� ɝɿɞɪɨɮɨɛɧɨɸ� ɟɧɟɪɝɟɬɢɱɧɨ� ɚɤɬɢɜɧɨɸ� ɩɨɜɟɪɯɧɟɸ�� Ɂɚɫɬɨɫɭɜɚɧɧɹ� ɩɨɪɨɲɤɭ� ɩɿɞ� ɱɚɫ�
ɜɢɝɨɬɨɜɥɟɧɧɹ� ɤɨɦɩɨɡɢɰɿɣɧɨɝɨ� ɩɨɤɪɢɬɬɹ� ɚɥɦɚɡɭ� ɞɚɥɨ� ɡɦɨɝɭ� ɨɬɪɢɦɚɬɢ� ɪɟɝɭɥɹɪɧɭ� ɫɤɟɥɟɬɧɭ�
ɫɬɪɭɤɬɭɪɭ�ɩɨɤɪɢɬɬɹ�ɡ�ɪɨɡɜɢɧɟɧɨɸ�ɩɥɨɳɟɸ�ɩɨɜɟɪɯɧɿ�

�� Ɋɨɡɪɨɛɥɟɧɨ�ɬɟɯɧɨɥɨɝɿɸ�ɬɚ�ɨɮɨɪɦɥɟɧɨ�ɬɟɯɧɨɥɨɝɿɱɧɭ�ɞɨɤɭɦɟɧɬɚɰɿɸ�ɞɥɹ�ɜɢɝɨɬɨɜɥɟɧɧɹ�
ɩɨɪɨɲɤɭ� ɜɭɝɥɟɰɟɜɢɯ�ɧɚɧɨɬɪɭɛɨɤ�ɦɚɪɤɢ�ɆɍɇɌ�ɉɏɈ� �Ɍȱ �������������Ɍɍ�ɍ� ��������������
������������

ɉɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜɥɢɹɧɢɹ� ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɩɨɪɨɲɤɚ� ɭɝɥɟɪɨɞɧɵɯ�
ɧɚɧɨɬɪɭɛɨɤ ± ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ� ɩɪɢɦɟɧɟɧɢɹ� ɢɦɩɭɥɶɫɧɨɣ� ɨɛɪɚɛɨɬɤɢ� ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ�
ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ� ɪɚɡɪɹɞɚɦɢ� ɫɟɞɢɦɟɧɬɚɰɢɢ�� ɯɢɦɢɱɟɫɤɨɣ� ɢ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ� ɨɛɪɚɛɨɬɨɤ� ± ɧɚ� ɢɯ�
ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɱɚɫɬɢɰ�ɩɨɪɨɲɤɚ�ɢ� ɨɞɧɨɪɨɞɧɨɫɬɶ�ɩɨ� ɪɚɡɦɟɪɚɦ��
Ɋɚɡɪɚɛɨɬɚɧɚ� ɧɨɜɚɹ� ɬɟɯɧɨɥɨɝɢɹ� ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ� ɩɨɪɨɲɤɚ�� ɩɪɢɦɟɧɟɧɢɟ� ɤɨɬɨɪɨɣ� ɩɨɡɜɨɥɹɟɬ�
ɩɨɥɭɱɢɬɶ� ɦɟɥɤɨɡɟɪɧɢɫɬɵɣ�� ɨɞɧɨɪɨɞɧɵɣ� ɩɨ� ɪɚɡɦɟɪɚɦ�� ɫ� ɧɢɡɤɢɦ� ɫɨɞɟɪɠɚɧɢɟɦ� ɩɪɢɦɟɫɟɣ�� ɫ�
ɝɢɞɪɨɮɨɛɧɨɣ� ɷɧɟɪɝɟɬɢɱɟɫɤɢ�ɚɤɬɢɜɧɨɣ�ɩɨɜɟɪɯɧɨɫɬɶɸ�ɩɨɪɨɲɨɤ�ɧɨɜɨɣ�ɦɚɪɤɢ ɆɍɇɌ�ɉɏɈ��ɉɪɢɦɟɧɟɧɢɟ�
ɩɨɪɨɲɤɚ� ɩɪɢ� ɢɡɝɨɬɨɜɥɟɧɢɢ� ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ� ɩɨɤɪɵɬɢɹ� ɚɥɦɚɡɚ� ɩɨɡɜɨɥɢɥɨ� ɩɨɥɭɱɢɬɶ� ɪɟɝɭɥɹɪɧɭɸ�
ɫɤɟɥɟɬɧɭɸ� ɫɬɪɭɤɬɭɪɭ� ɩɨɤɪɵɬɢɹ� ɫ� ɪɚɡɜɢɬɨɣ� ɩɥɨɳɚɞɶɸ ɟɝɨ� ɩɨɜɟɪɯɧɨɫɬɢ�� ɱɬɨ� ɫɩɨɫɨɛɫɬɜɭɟɬ�
ɩɨɜɵɲɟɧɢɸ�ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ�ɲɥɢɮɨɜɚɥɶɧɵɯ�ɤɪɭɝɨɜ�

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɩɨɪɨɲɤɢ� ɭɝɥɟɪɨɞɧɵɯ� ɧɚɧɨɬɪɭɛɨɤ�� ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɩɨɪɨɲɤɚ�� ɮɢɡɢɤɨ�
ɯɢɦɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ��ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ�ɩɨɤɪɵɬɢɹ�

1��2OLLQ\N��*��%D]DOLL��*��,OQLWVND��0��0DULQLFK��2� 6L]RQHQNR
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7KH� UHVXOWV� RI� WKH� LQYHVWLJDWLRQ� RI� WKH� LQIOXHQFH� RI� WKH� PRGLILFDWLRQ� RI� FDUERQ� QDQRWXEH� SRZGHU��
VXFFHVVLYH�DSSOLFDWLRQ�RI�SXOVHG�SURFHVVLQJ�E\�KLJK�YROWDJH�HOHFWULFDO�GLVFKDUJHV� VHGLPHQWDWLRQ�� FKHPLFDO�
DQG� HOHFWURFKHPLFDO� WUHDWPHQWV� RQ� WKHLU� SK\VLFDO� DQG FKHPLFDO� FKDUDFWHULVWLFV�� WKH� GLVWULEXWLRQ� RI�SRZGHU�
SDUWLFOHV�DQG�XQLIRUPLW\� LQ� VL]H�DUH�SUHVHQWHG��$�QHZ� WHFKQRORJ\�RI�SRZGHU�PRGLILFDWLRQ� LV�GHYHORSHG�� WKH�
DSSOLFDWLRQ�RI�ZKLFK�DOORZV�WR�REWDLQ�ILQHO\�GLVSHUVHG��XQLIRUPLW\�LQ�VL]H��ZLWK�ORZ�FRQWHQW�RI�LPSXULWLHV��ZLWK�
D�K\GURSKRELF� HQHUJHWLFDOO\�DFWLYH�VXUIDFH�RI�D�SRZGHU�RI�WKH�QHZ�EUDQG�0:&17�3&2��7KH�XVH�RI�SRZGHU�
LQ� WKH�PDQXIDFWXUH� RI� FRPSRVLWH� FRDWLQJ� RI�GLDPRQG�DOORZHG� WR� REWDLQ� D� UHJXODU� VNHOHWDO� VWUXFWXUH� RI� WKH�
FRDWLQJ� ZLWK� D� GHYHORSHG� DUHD� RI LWV� VXUIDFH�� ZKLFK� FRQWULEXWHV� WR� LQFUHDVLQJ� WKH� ZHDU� UHVLVWDQFH� RI� WKH�
JULQGLQJ�ZKHHOV�

.H\� ZRUGV�� FDUERQ� QDQRWXEH� SRZGHUV�� SRZGHU� PRGLILFDWLRQ�� SK\VLFRFKHPLFDO� FKDUDFWHULVWLFV��
FRPSRVLWH�FRDWLQJV

Ʌɿɬɟɪɚɬɭɪɚ
�� ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ�� ɩɨɥɭɱɟɧɢɟ� ɢ� ɩɪɢɦɟɧɟɧɢɟ��Ɇɨɧɨɝɪɚɮɢɹ� ɜ� �� ɬɨɦɚɯ� �� ɉɨɞ�

ɨɛɳɟɣ�ɪɟɞ��ɇ��ȼ��ɇɨɜɢɤɨɜɚ��Ɍɨɦ��� Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ�ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ�ɦɚɬɟɪɢɚɥɵ��
ɉɨɞ ɪɟɞ��Ⱥ� ȿ��ɒɢɥɨ� ± Ʉɢɟɜ��ɂɋɆ�ɢɦ��ȼ��ɇ��Ȼɚɤɭɥɹ��ɂɉɐ�©ȺɅɄɈɇª�ɇȺɇɍ��������
± ����ɫ�



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

���

�� ȼɥɢɹɧɢɟ�ɤɨɧɰɟɧɬɪɚɰɢɢ�ɭɝɥɟɪɨɞɧɵɯ�ɜɨɥɨɤɨɧ�ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɤɟɪɚɦɢɤɢ�ɧɚ�
ɨɫɧɨɜɟ� ɤɚɪɛɢɞɚ� ɛɨɪɚ ɩɨɥɭɱɟɧɧɨɣ� ɦɟɬɨɞɨɦ� ɢɧɮɢɥɶɬɪɚɰɢɢ� �� Ɇ�� ə� ȼɬɟɪɤɨɜɫɶɤɢɣ��
ȯ� ȼ� ɋɨɥɨɞɤɢɣ��ɘ��ɂ� Ȼɨɝɨɦɨɥ�ɢ�ɞɪ� ��Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ�ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ��
ɦɚɬɟɪɢɚɥɵ�9,�Ɇɟɠɞɭɧɚɪ��ɤɨɧɮ� ɤ�����ɥɟɬɢɸ�Ƚ��ȼ��ɋɚɦɫɨɧɨɜɚ ����± ���ɦɚɹ �����ɝ�����
± Ʉɢɟɜ� ɍɤɪɚɢɧɚ��± &� ���

�� Ɍɤɚɱɟɜ� Ⱥ�� Ƚ��� Ɂɨɥɨɬɭɯɢɧ� ɂ�� ȼ�� Ⱥɩɩɚɪɚɬɭɪɚ� ɢ� ɦɟɬɨɞɵ� ɫɢɧɬɟɡɚ� ɬɜɟɪɞɨɬɟɥɶɧɵɯ�
ɧɚɧɨɫɬɪɭɤɬɭɪ��± Ɇ���Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ��������± ����ɫ�

�� ɂɫɫɥɟɞɨɜɚɧɢɟ� ɚɞɫɨɪɛɰɢɨɧɧɨ�ɫɬɪɭɤɬɭɪɧɵɯ� ɢ� ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ�
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ� ɭɝɥɟɪɨɞɧɵɯ� ɧɚɧɨɬɪɭɛɨɤ� � Ƚ� Ⱥ� Ȼɚɡɚɥɢɣ�� Ƚ� Ⱦ� ɂɥɶɧɢɰɤɚɹ��
ɇ� Ⱥ� Ɉɥɟɣɧɢɤ� ɢ� ɞɪ�� ��� ɇɚɧɨɫɢɫɬɟɦɢ�� ɧɚɧɨɦɚɬɟɪɿɚɥɢ�� ɧɚɧɨɬɟɯɧɨɥɨɝɿʀ�� ɳɨɤɜɚɪɬ�� ɡɛ��
ɧɚɭɤ��ɩɪ��± .���ȱɧɫɬɢɬɭɬ��ɦɟɬɚɥɨɮɿɡɢɤɢ�ɿɦ��Ƚ��ȼ��Ʉɭɪɞɸɦɨɜɚ�ɇȺɇ�ɍɤɪɚʀɧɢ��������± Ɍ��
����± ȼɢɩ�����± ɋ�����±����

�� ɂɫɫɥɟɞɨɜɚɧɢɟ� ɜɥɢɹɧɢɹ� ɯɢɦɢɱɟɫɤɢɯ� ɨɛɪɚɛɨɬɨɤ� ɧɚ� ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ�
ɭɝɥɟɪɨɞɧɵɯ�ɧɚɧɨɬɪɭɛɨɤ� ��Ƚ� ɉ� Ȼɨɝɚɬɵɪɺɜɚ��Ɇ� Ⱥ� Ɇɚɪɢɧɢɱ��Ƚ� Ⱥ� Ȼɚɡɚɥɢɣ�ɢ�ɞɪ�� ���
ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ� ɢ�
ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ� ɩɪɢɦɟɧɟɧɢɹ�� ɫɛ�� ɧɚɭɱ�� ɬɪ�� ± Ʉɢɟɜ��ɂɋɆ ɢɦ�� ȼ�� ɇ��
Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��������± ȼɵɩ������± ɋ�����±����

�� ȼɩɥɢɜ�ɜɢɫɨɤɨɜɨɥɶɬɧɢɯ�ɟɥɟɤɬɪɢɱɧɢɯ�ɪɨɡɪɹɞɿɜ�ɧɚ�ɮɿɡɢɤɨ�ɯɿɦɿɱɧɿ�ɬɚ�ɮɿɡɢɤɨ�ɦɟɯɚɧɿɱɧɿ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɧɚɧɨɬɪɭɛɨɤ���Ƚ��ɉ� Ȼɨɝɚɬɢɪɶɨɜɚ��Ɉ��Ɇ� ɋɢɡɨɧɟɧɤɨ��ɇ��Ɉ� Ɉɥɿɣɧɢɤ�ɬɚ�
ɿɧ�� ��� ɇɚɭɤɨɜɿ ɧɨɬɚɬɤɢ�� ɦɿɠɜɭɡ�� ɡɛ�� ɧɚɭɤ�� ɩɪ�� ± Ʌɭɰɶɤ�� Ʌɭɰɶɤɢɣ� ɧɚɰɿɨɧɚɥɶɧɢɣ�
ɬɟɯɧɿɱɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ��������± ȼɢɩ������± ɋ����±���

�� Ɇɟɬɨɞɢɤɚ� ɨɩɪɟɞɟɥɟɧɢɹ� ɭɞɟɥɶɧɨɣ� ɦɚɝɧɢɬɧɨɣ� ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ� ɩɨɪɨɲɤɨɜ�
ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ��ɋɌɆ�� Ɇ���ɍɤɪɚɢɧɵ ������±������± Ʉ���ɂɋɆ ɢɦ��ȼ��ɇ��
Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��������± ��ɫ�

�� Ɇɟɬɨɞɢɱɟɫɤɢɟ� ɪɟɤɨɦɟɧɞɚɰɢɢ� ɩɨ� ɢɡɭɱɟɧɢɸ� ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ�
ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ��ɋɌɆ����ɉɨɞ ɪɟɞ��Ƚ��ɉ��Ȼɨɝɚɬɵɪɟɜɨɣ� ± Ʉ���ɂɋɆ�ɢɦ��ȼ��ɇ��
Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ�������± ���ɫ�

�� Ɇɟɬɨɞɢɤɚ� ɨɩɪɟɞɟɥɟɧɢɹ� ɭɞɟɥɶɧɨɝɨ� ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɞɢɫɩɟɪɫɧɵɯ�
ɩɨɪɨɲɤɨɜ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ��Ɇ ����±����������± Ʉ���ɂɋɆ�ɢɦ��ȼ��ɇ��Ȼɚɤɭɥɹ�
ɇȺɇ�ɍɤɪɚɢɧɵ��������± � ɫ�

���Ɇɟɬɨɞ� ɨɩɪɟɞɟɥɟɧɢɹ� ɷɥɟɤɬɪɨɤɢɧɟɬɢɱɟɫɤɨɝɨ� ɩɨɬɟɧɰɢɚɥɚ� ɧɚɧɨɩɨɪɨɲɤɨɜ� ɚɥɦɚɡɚ�
ɞɟɬɨɧɚɰɢɨɧɧɨɝɨ� ɫɢɧɬɟɡɚ�� Ɇ� ����±���������� ± Ʉ��� ɂɋɆ� ɢɦ�� ȼ�� ɇ�� Ȼɚɤɭɥɹ� ɇȺɇ�
ɍɤɪɚɢɧɵ��������± �� ɫ�

��� ȼɹɱɟɫɥɚɜɨɜ� Ⱥ� ɋ��� ɉɨɦɟɪɚɧɰɟɜɚ ȿ� Ⱥ� ɂɡɦɟɪɟɧɢɟ� ɩɥɨɳɚɞɢ� ɩɨɜɟɪɯɧɨɫɬɢ� ɢ�
ɩɨɪɢɫɬɨɫɬɢ�ɦɟɬɨɞɨɦ� ɤɚɩɢɥɥɹɪɧɨɣ� ɤɨɧɞɟɧɫɚɰɢɢ� ɚɡɨɬɚ��Ɇɟɬɨɞɢɱɟɫɤɚɹ� ɪɚɡɪɚɛɨɬɤɚ�� ±
Ɇ���Ɇɨɫɤɨɜɫɤɢɣ�Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɍɧɢɜɟɪɫɢɬɟɬ�ɢɦ��Ɇ��ȼ��Ʌɨɦɨɧɨɫɨɜɚ��������± ���ɫ�

��� Ƚɪɟɝ�ɋ���ɋɢɧɝ�Ʉ��Ⱥɞɫɨɪɛɰɢɹ�� ɭɞɟɥɶɧɚɹ�ɩɨɜɟɪɯɧɨɫɬɶ�� ɩɨɪɢɫɬɨɫɬɶ� ��ɉɟɪ�� ɫ� ɚɧɝɥ�� ɩɨɞ�
ɪɟɞ��Ʉ��ȼ��ɑɦɭɬɨɜɚ��± Ɇ���Ɇɢɪ��������± ����ɫ�

���Ɇɟɬɨɞɢɤɚ� ɨɰɟɧɤɢ� ɫɬɟɩɟɧɢ� ɯɢɦɢɱɟɫɤɨɣ� ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ� ɩɨɜɟɪɯɧɨɫɬɢ� ɞɢɫɩɟɪɫɧɵɯ�
ɚɥɦɚɡɧɵɯ� ɧɚɧɨɩɨɪɨɲɤɨɜ�� Ɇ� ����±���������� ± Ʉ��� ɂɋɆ� ɢɦ�� ȼ�� ɇ�� Ȼɚɤɭɥɹ� ɇȺɇ�
ɍɤɪɚɢɧɵ��������± ��ɫ��

��� Ⱥɧɞɪɟɟɜ�ɋ��ȼ���ɉɟɪɨɜ�ȼ��Ⱥ���Ɂɜɟɪɟɜɢɱ�ȼ��ȼ��Ⱦɪɨɛɥɟɧɢɟ��ɢɡɦɟɥɶɱɟɧɢɟ�ɢ�ɝɪɨɯɨɱɟɧɢɟ�
ɩɨɥɟɡɧɵɯ�ɢɫɤɨɩɚɟɦɵɯ��± Ɇ���ɇɟɞɪɚ��������± ����ɫ�

��� ȼɥɢɹɧɢɟ�ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɯ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ� ɩɨɤɪɵɬɢɣ� ɫ� ɞɨɛɚɜɤɚɦɢ� ɭɝɥɟɪɨɞɧɵɯ�
ɧɚɧɨɬɪɭɛɨɤ� ɧɚ� ɷɤɩɫɩɥɭɚɬɚɰɢɨɧɧɵɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɲɥɢɮɨɜɚɥɶɧɨɝɨ� ɢɧɫɬɪɭɦɟɧɬɚ� ��



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

���

ȼ� ɂ� Ʌɚɜɪɢɧɟɧɤɨ��Ƚ��Ⱦ��ɂɥɶɧɢɰɤɚɹ��ȼ��ȼ� ɒɚɬɨɯɢɧ�ɢ� ɞɪ� ���ɋɨɜɪɟɦɟɧɧɵɟ ɜɨɩɪɨɫɵ�
ɩɪɨɢɡɜɨɞɫɬɜɚ� ɢ� ɪɟɦɨɧɬɚ� ɜ� ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ� ɢ� ɧɚ� ɬɪɚɧɫɩɨɪɬɟ�� ɦɚɬɟɪɢɚɥɵ� ���ɝɨ�
Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ� ɧɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɨɝɨ� ɫɟɦɢɧɚɪɚ� ���±��� ɮɟɜɪɚɥɹ� ����� ɝ��� ɝ�� Ȼɪɧɨ�
ɑɟɲɫɤɚɹ�Ɋɟɫɩɭɛɥɢɤɚ���± Ʉɢɟɜ��ȺɌɆ�ɍɤɪɚɢɧɵ��������± ɋ�����±����

ɇɚɞɿɣɲɥɚ ��������

5HIHUHQFHV
�� 6K\OR��$��(���(GV������������.RPSR]LWVLRQQ\H LQVWUXPHQWDOQ\H PDWHULDO\ >&RPSRVLWH�7RRO�

0DWHULDOV@�� 6YHUKWYHUG\H� PDWHULDO\�� 3ROXFKHQLH� L� SULPHQHQLH >6XSHUKDUG� PDWHULDOV��
SURGXFWLRQ�DQG�XVH@��1�9��1RYLNRY��(G����.LHY�,60�LP��9� 1��%DNXO\D��,3&�©$/.21ª�
1$18���9ROV���±���9RO����� >LQ�5XVVLDQ@�

�� 9WHUNRYVNLL��0��,D���6RORGNLL��(��9���%RKRPRO��<X��,���HW DO����������9OL\DQLH�NRQWVHQWUDWVLL�
XKOHURGQ\NK� YRORNRQ� QD� PHNKDQLFKHVNLH� VYR\LVWYD� NHUDPLNL� QD� RVQRYH� NDUELGD� ERUD�
SROXFKHQQR\L�PHWRGRP�LQILOWUDWVLL >,QIOXHQFH�RI�WKH�FRQFHQWUDWLRQ�RI�FDUERQ�ILEHUV�RQ�WKH�
PHFKDQLFDO� SURSHUWLHV� RI� FHUDPLFV� EDVHG� RQ� ERURQ� FDUELGH� REWDLQHG� E\� WKH� LQILOWUDWLRQ�
PHWKRG@�� 3URFHHGLQJV� IURP� 0DWHULDO� VFLHQFH� RI� UHIUDFWRU\� FRPSRXQGV� µ���� 9,�
0H]KGXQDURGQDLD�QDXFKQDLD�NRQIHUHQWVLLD����±���PDLD������KRGD���± �QG�,QWHUQDWLRQDO�
6FLHQWLILF�&RQIHUHQFH���S�������.LHY��>LQ�5XVVLDQ@�

�� 7NDFKRY��$��+���	�=RORWXNKLQ�� ,��9�� ��������$SSDUDWXUD� L�PHWRG\� VLQWH]D� WYHUGRWHOQ\NK�
QDQRVWUXNWXU >(TXLSPHQW� DQG� PHWKRGV� IRU� WKH� V\QWKHVLV� RI� VROLG�VWDWH� QDQRVWUXFWXUHV@�
0RVNRZ��0DVKLQRVWURHQLH�>LQ�5XVVLDQ@�

�� %D]DOL\��*��$���ȱOQLWVND\D� *� '���2OHLQLN��1��$���HW�DO����������,VVOHGRYDQLH�DGVRUEWKLRQQR�
VWUXNWXUQ\NK� L� HOHNWURIL]LFKHVNLNK� NKDUDNWHULVWLN� PRGLILWVLURYDQQ\NK� XKOHURGQ\NK�
QDQRWUXERN >,QYHVWLJDWLRQ� RI� DGVRUSWLRQ�VWUXFWXUDO� DQG� HOHFWURSK\VLFDO� FKDUDFWHULVWLFV� RI�
PRGLILHG�FDUERQ�QDQRWXEHV@��1DQRVLVWHP\��QDQRPDWHULDO\��QDQRWHNKQRORKLL >1DQRV\VWHPV��
QDQRPDWHULDOV��QDQRWHFKQRORJ\@� ����������±���� >LQ�5XVVLDQ@�

�� %RJDW\UHYD��*��3���0DULQLFK��0��$���%D]DOL\��*��$���HW�DO�� ��������,VVOHGRYDQLH�YOL\DQL\D�
NKLPLFKHVNLNK� REUDERWRN� QD� IL]LNR�NKHPLFKHVNLH� VYRL\VWYD� XKOHURGQ\NK� QDQRWUXERN
>,QYHVWLJDWLRQ�RI�WKH�LQIOXHQFH�RI�FKHPLFDO�WUHDWPHQWV�RQ�WKH�SK\VLFRFKHPLFDO�SURSHUWLHV�
RI�FDUERQ�QDQRWXEHV@��3RURGRUD]UXVKD\XVKFKL\�L�PHWDOORREUDEDW\YD\XVKFKL\�LQVWUXPHQW�±
WHNKQLND�L�WHNKQRORKL\D�HJR�L]KRWRYOHQL\D >5RFN�'HVWUXFWLRQ�DQG�0HWDO�:RUNLQJ�7RROV�±
7HFKQLTXHV�DQG�7HFKQRORJ\�RI� WKH�7RRO�3URGXFWLRQ�DQG�$SSOLFDWLRQV@� �������±����� >LQ�
5XVVLDQ@�

�� %RJDW\UHYD��*��3���6L]RQHQNR��Ɉ� Ɇ�� 2OLLQ\N��1��2���HW�DO����������9SO\Y�Y\VRNRYROWQ\NK�
HOHNWU\VKQ\NK� UR]U\DGLY� QD� IL]LNR�NKHPLFKQL� WD� IL]LNR�PHFKDQLFKQL� NKDUDNWHU\VW\N\�
QDQRWUXERN ,QIOXHQFH� RI� KLJK�YROWDJH� HOHFWULFDO� GLVFKDUJHV� RQ� SK\VLFDO�FKHPLFDO� DQG�
SK\VLFDO�PHFKDQLFDO� FKDUDFWHULVWLFV�RI�QDQRWXEHV@��1DXNRYL�QRWDWN\� ]E��QDXN��SU��/178�
>6FLHQWLILF� 1RWHV�� ,QWHUXQLYHUVLW\� &ROOHFWLRQ� RI� 6FLHQWLILF� 3DSHUV� /178� ���� ��±���� >LQ�
8NUDLQLDQ@�

�� 0HWRGLND� RSUHGHOHQLLD� XGHOQRL PDJQLWQRL YRVSULLPFKLYRVWL� SRURVKNRY� VYHUKWYHUG\K�
PDWHULDORY �670� >0HWKRG� IRU� GHWHUPLQLQJ� WKH� VSHFLILF� PDJQHWLF� VXVFHSWLELOLW\� RI�
SRZGHUV�RI�VXSHUKDUG�PDWHULDOV� �6+0�@��0���8NUDLQ\ ������±����� ��������.LHY�� ,60�
LP��9��1��%DNXO\D�1$1�8NUDLQ\��>LQ�5XVVLDQ@�

�� %RJDW\UHYD�� *�� 3�� �(GV���� �������� 0HWRGLFKHVNLH UHNRPHQGDWVLL SR L]XFKHQL\X IL]LNR�
NKHPLFKHVNLNK VYRL\VWY VYHUKWYHUG\K� PDWHULDORY� �670� >0HWKRGRORJLFDO
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���

UHFRPPHQGDWLRQV IRU VWXG\LQJ WKH SK\VLFR�FKHPLFDO SURSHUWLHV RI VXSHUKDUG PDWHULDOV
�6+0�@��.LHY��,60�LP��9��1��%DNXO\D�1$1�8NUDLQ\��>LQ�5XVVLDQ@�

�� 0HWRGLND�RSUHGHOHQL\D�XGHOQRJR�HKOHNWULFKHVNRJR�VRSURWLYOHQL\D�GLVSHUVQ\NK�SRURVKNRY�
VYHUKWYHUG\NK� PDWHULDORY >0HWKRG� IRU� GHWHUPLQLQJ� WKH� VSHFLILF� HOHFWULFDO� UHVLVWDQFH� RI�
GLVSHUVHG�SRZGHUV�RI�VXSHUKDUG�PDWHULDOV@� 0�����±��������� ��������.LHY�� ,60�LP��9��
1��%DNXO\D�1$1�8NUDLQ\��>LQ�5XVVLDQ@�

��� 0HWRG� RSUHGHOHQL\D� HKOHNWURNLQHWLFKHVNRJR� SRWHQWVLDOD QDQRSRURVKNRY� DOPD]RY
GHWRQDWVLRQQRJR VLQWH]D >0HWKRG�IRU�GHWHUPLQLQJ�WKH�HOHFWURNLQHWLF�SRWHQWLDO�RI�GLDPRQG�
QDQRSRZGHUV� LQ� GHWRQDWLRQ� V\QWKHVLV@��0� ����±���������� ������� .LHY�� ,60� LP��9� 1��
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��� 9\DFKHVODYRY��$��6���	�3RPHUDQWVHYD��(��$����������,]PHUHQLH�SORVKFKDGL�SRYHUNKQRVWL�L�
SRULVWRVWL� PHWRGRP� NDSLOO\DUQR\� NRQGHQVDWVLL� D]RWD�� 0HWRGLFKHVND\D� UD]UDERWND
>0HDVXUHPHQW� RI� VXUIDFH� DUHD� DQG� SRURVLW\� E\� FDSLOODU\� QLWURJHQ� FRQGHQVDWLRQ��
0HWKRGRORJLFDO�ZRUNLQJ�RXW@� 0RVFRZ��0*8�LP��0��9� /RPRQRVRYD��>LQ�5XVVLDQ@�

��� *UHJ�� 6���6LQJ��.�� ��������$GVRUSWVL\D�� XGHOQD\D�SRYHUNKQRVW��SRULVWRVW�� �.��&KPXWRYD��
7UDQV���0RVNRZ��0LU��>LQ�5XVVLDQ@�

��� 0HWRGLND� RWVHQNL VWHSHQL NKLPLFKHVNRL QHRGQRURGQRVWL SRYHUNKQRVWL GLVSHUVQ\NK�
DOPD]Q\NK QDQRSRURVKNRY 0HWKRG�IRU�DVVHVVLQJ�WKH�GHJUHH�RI�FKHPLFDO�KHWHURJHQHLW\�RI�
WKH� VXUIDFH� RI� GLVSHUVHG� GLDPRQG� QDQRSRZGHUV@��0� ����±��������� ������� .LHY�� ,60�
LP��9� 1��%DNXO\D�1$1�8NUDLQ\� >LQ�5XVVLDQ@�

��� $QGUHHY�� 6�� 9��� 3HWURY�� 	� 9�� $��� =YHUHYLFK�� 9�� 9�� �������� 'UREOHQLH�� L]PHOFKHQLH��
JURNKRFKHQLH� SROH]Q\NK� LVNRSDHP\NK >&UXVKLQJ�� JULQGLQJ� DQG� VLIWLQJ� RI� PLQHUDOV@�
0RVFRZ��1HGUD��>LQ�5XVVLDQ@�

��� /DYULQHQNR� 9�� ,��� ȱOQLWVND\D� *� '��� 6KDWRNKLQ�� 9�� 9��� HW� DO�� �������� 9OL\DQLH�
PHWDOL]LURYDQQ\NK� NRPSR]LWVLRQQ\NK� SRNU\WL\� QD� HNVSOXDWDWVLRQQ\H� NKDUDNWHULVWLNL�
LQVWUXPHQWD�� 3URFHHGLQJV� IURP�0RGHUQ� LVVXHV� RI� SURGXFWLRQ� DQG� UHSDLU� LQ� LQGXVWU\� DQG�
WUDQVSRUW µ���� ;9,,,� 0H]KGXQDURGQL\� QDXFKQR�WHNKQLFKHVNL\� VHPLQDU� ���±��� IHYUDO\D�
�����KRGD��%UQR� ± ��WK�,QWHUQDWLRQDO�6FLHQWLILF�DQG�7HFKQLFDO�6HPLQDU���SS�����±������±
.LHY� $70�8NUDLQ\� >LQ�5XVVLDQ@�


