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ɇɈȼɕȿ�ɋȼȿɊɏɌȼȿɊȾɕȿ�ɆȺɌȿɊɂȺɅɕ��ɌȿɈɊɂə�ɂ�ɗɄɋɉȿɊɂɆȿɇɌ

ȼ� ɫɬɚɬɶɟ� ɞɚɟɬɫɹ� ɨɛɳɢɣ� ɨɛɡɨɪ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɢ� ɭɥɶɬɪɚɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɤɨɬɨɪɵɟ�
ɜɤɥɸɱɚɸɬ�ɨɤɫɢɞɵ��ɛɨɪɢɞɵ��ɧɢɬɪɢɞɵ�ɭɝɥɟɪɨɞɚ��ɤɭɛɢɱɟɫɤɢɣ�ɧɢɬɪɢɞ�ɛɨɪɚ��F�%1���ɚɥɦɚɡ�ɢ�ɞɪɭɝɢɟ��ɗɬɢ�
ɦɚɬɟɪɢɚɥɵ�ɲɢɪɨɤɨ�ɩɪɢɦɟɧɹɸɬɫɹ�ɜɨ�ɦɧɨɝɢɯ�ɩɪɨɦɵɲɥɟɧɧɵɯ�ɨɬɪɚɫɥɹɯ��ɝɞɟ�ɨɫɧɨɜɧɵɦɢ�ɬɪɟɛɨɜɚɧɢɹɦɢ�
ɹɜɥɹɸɬɫɹ� ɜɵɫɨɤɚɹ� ɬɜɟɪɞɨɫɬɶ�� ɜɵɫɨɤɚɹ� ɧɟɫɠɢɦɚɟɦɨɫɬɶ�� ɯɢɦɢɱɟɫɤɚɹ� ɢɧɟɪɬɧɨɫɬɶ� ɬɟɪɦɢɱɟɫɤɚɹ�
ɫɬɚɛɢɥɶɧɨɫɬɶ�� ɉɪɨɜɟɞɟɧ� ɨɛɡɨɪ� ɦɟɬɨɞɨɜ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɪɚɫɱɟɬɨɜ� ɫɬɪɭɤɬɭɪɵ� ɦɚɬɟɪɢɚɥɚ� ɢ� ɢɯ�
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ� ɩɪɨɜɟɪɤɢ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ� ɩɨɫɬɚɜɥɟɧɧɵɯ� ɰɟɥɟɣ� ɩɪɢ� ɫɨɡɞɚɧɢɢ�
ɧɨɜɵɯ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɧɟɨɛɯɨɞɢɦɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɫɥɟɞɭɸɳɢɟ� ɫɪɟɞɫɬɜɚ� ɭɩɪɚɜɥɟɧɢɹ�
ɫɬɪɭɤɬɭɪɨɣ� ɢ� ɫɜɨɣɫɬɜɚɦɢ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�� ɜɵɛɨɪ� ɫɨɟɞɢɧɟɧɢɣ� ɫ� ɬɪɟɯɦɟɪɧɨɣ� VS��ɫɬɪɭɤɬɭɪɨɣ��
ɤɨɪɨɬɤɢɦɢ� ɯɢɦɢɱɟɫɤɢɦɢ� ɫɜɹɡɹɦɢ�� ɜɵɫɨɤɨɣ� ɩɥɨɬɧɨɫɬɶɸ� ɷɥɟɤɬɪɨɧɨɜ� ɢ� ɜɚɥɟɧɬɧɵɯ� ɫɜɹɡɟɣ� ɢ� ɧɢɡɤɨɣ�
ɢɨɧɧɨɫɬɶɸ� ɫɜɹɡɟɣ�� ɚ� ɬɚɤɠɟ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɩɪɢ� ɜɵɫɨɤɢɯ� ɞɚɜɥɟɧɢɹɯ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚɧɨɦɟɬɪɢɱɟɫɤɨɝɨ�
ɞɢɚɩɚɡɨɧɚ��� ȼ� ɫɨɜɨɤɭɩɧɨɫɬɢ� ɷɬɨ� ɩɨɡɜɨɥɢɬ� ɩɨɥɭɱɚɬɶ� ɫɜɟɪɯɬɜɟɪɞɵɟ� ɢ� ɭɥɶɬɪɚɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ� ɫ�
ɜɵɫɨɤɢɦ�ɭɪɨɜɧɟɦ�ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ��ɩɪɨɱɧɨɫɬɢ�ɢ�ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ��ɱɬɨ�ɩɨɡɜɨɥɹɟɬ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɟɝɨ�
ɞɥɹ�ɨɫɧɚɳɟɧɢɹ�ɪɚɡɥɢɱɧɨɝɨ�ɜɢɞɚ�ɢɧɫɬɪɭɦɟɧɬɨɜ�

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ��ɬɜɟɪɞɨɫɬɶ�� ɫɜɟɪɯɬɜɟɪɞɵɣ� ɦɚɬɟɪɢɚɥ�� ɭɥɶɬɪɚɬɜɟɪɞɵɣ� ɦɚɬɟɪɢɚɥ�� ɜɵɫɨɤɨɟ�
ɞɚɜɥɟɧɢɟ��ɤɜɚɧɬɨɦɟɯɚɧɢɱɟɫɤɢɣ�ɪɚɫɱɟɬ

ɋɢɧɬɟɡ� ɧɨɜɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɫ� ɬɜɟɪɞɨɫɬɶɸ�� ɫɨɩɨɫɬɚɜɢɦɨɣ� ɢɥɢ� ɞɚɠɟ� ɩɪɟɜɵɲɚɸɳɟɣ�
ɬɜɟɪɞɨɫɬɶ� ɚɥɦɚɡɚ� ± ɜɚɠɧɚɹ� ɰɟɥɶ�� ɪɟɚɥɢɡɚɰɢɢ� ɤɨɬɨɪɨɣ� ɜ� ɩɨɫɥɟɞɧɢɟ� ɝɨɞɵ� ɩɨɫɜɹɳɟɧɵ�
ɢɫɫɥɟɞɨɜɚɧɢɹ�ɭɱɟɧɵɯ�ɪɚɡɧɵɯ�ɫɬɪɚɧ��ɭɫɢɥɢɹ�ɤɨɬɨɪɵɯ�ɧɚɩɪɚɜɥɟɧɵ�ɧɚ�ɩɨɢɫɤ�ɢ�ɪɚɡɜɢɬɢɟ�ɧɨɜɵɯ�
ɩɪɢɧɰɢɩɨɜ�ɫɨɡɞɚɧɢɹ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ��ɱɬɨ�ɩɪɟɞɫɬɚɜɥɹɟɬ�ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɣ�ɧɚɭɱɧɵɣ�
ɢɧɬɟɪɟɫ�ɢ�ɛɨɥɶɲɨɟ�ɩɪɚɤɬɢɱɟɫɤɨɟ�ɡɧɚɱɟɧɢɟ�

ɋɜɟɪɯɬɜɟɪɞɵɟ� ɦɚɬɟɪɢɚɥɵ �ɋɌɆ��� ɨɩɪɟɞɟɥɹɟɦɵɟ� ɜ� ɩɨɫɥɟɞɧɢɟ� ɞɟɫɹɬɢɥɟɬɢɹ� ɤɚɤ�
ɦɚɬɟɪɢɚɥɵ�ɫ�ɬɜɟɪɞɨɫɬɶɸ�ɩɨ�ȼɢɤɤɟɪɫɭ�ɜɵɲɟ����Ƚɉɚ�>�@��ɢɦɟɸɬ�ɜɚɠɧɨɟ�ɡɧɚɱɟɧɢɟ�ɤɚɤ�ɜ�ɫɥɭɱɚɟ�
ɩɪɨɦɵɲɥɟɧɧɨɝɨ� ɢɯ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� �ɪɟɠɭɳɢɟ ɢɧɫɬɪɭɦɟɧɬɵ ɜ� ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ�� ɜ� ɛɭɪɨɜɵɯ�
ɞɨɥɨɬɚɯ� ɞɥɹ� ɞɨɛɵɱɢ�ɧɟɮɬɢ�ɢ� ɝɚɡɚ�� ɜ� ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɵɯ� ɤɨɪɨɧɤɚɯ�ɢ� ɬ�� ɞ���� ɬɚɤ�ɢ� ɧɚɭɱɧɨɝɨ�
ɩɪɢɦɟɧɟɧɢɹ�� ɧɚɩɪɢɦɟɪ�� ɩɪɢ� ɫɨɡɞɚɧɢɢ� ɚɩɩɚɪɚɬɨɜ� ɜɵɫɨɤɨɝɨ� ɞɚɜɥɟɧɢɹ� ɫ� ɚɥɦɚɡɧɵɦɢ�
ɧɚɤɨɜɚɥɶɧɹɦɢ�ɞɥɹ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɦɚɬɟɪɢɚɥɨɜ�ɩɪɢ�ɫɜɟɪɯɜɵɫɨɤɢɯ�ɞɚɜɥɟɧɢɹɯ��

Ɍɢɩɢɱɧɵɦɢ� ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ� ɷɬɨɝɨ� ɤɥɚɫɫɚ� ɦɚɬɟɪɢɚɥɨɜ�� ɲɢɪɨɤɨ� ɢɫɩɨɥɶɡɭɟɦɵɦɢ� ɜ�
ɪɚɡɥɢɱɧɵɯ� ɨɬɪɚɫɥɹɯ� ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ� ɹɜɥɹɸɬɫɹ� ɚɥɦɚɡ� ɢ� ɤɭɛɢɱɟɫɤɢɣ� ɧɢɬɪɢɞ� ɛɨɪɚ� �F%1���
ɜɵɫɨɤɚɹ� ɬɜɟɪɞɨɫɬɶ� ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɛɥɚɝɨɞɚɪɹ� ɠɟɫɬɤɨ� ɧɚɩɪɚɜɥɟɧɧɵɦ� ɯɢɦɢɱɟɫɤɢɦ�
ɫɜɹɡɹɦ��ɫɨɡɞɚɜɚɟɦɵɦ�ɜɚɥɟɧɬɧɵɦɢ�ɷɥɟɤɬɪɨɧɚɦɢ� Ɍɟɦ�ɧɟ�ɦɟɧɟɟ��ɛɭɪɧɨɟ�ɪɚɡɜɢɬɢɟ�ɫɨɜɪɟɦɟɧɧɵɯ�
ɬɟɯɧɨɥɨɝɢɣ�� ɫɨɩɪɨɜɨɠɞɚɟɦɨɟ� ɫɨɡɞɚɧɢɟɦ ɧɨɜɵɯ� ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɬɪɟɛɭɸɳɢɯ�
ɨɫɨɛɵɯ�ɫɩɨɫɨɛɨɜ�ɢɯ�ɦɟɯɚɧɢɱɟɫɤɨɣ�ɨɛɪɚɛɨɬɤɢ��ɫɨɯɪɚɧɹɟɬ ɩɟɪɟɞ�ɦɚɬɟɪɢɚɥɨɜɟɞɚɦɢ�ɚɤɬɭɚɥɶɧɨɣ�
ɡɚɞɚɱɭ ɩɨɢɫɤɚ ɧɨɜɵɯ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɨɛɥɚɞɚɸɳɢɯ� ɨɩɬɢɦɚɥɶɧɵɦ� ɫɨɱɟɬɚɧɢɟɦ�
ɜɵɫɨɤɨɣ�ɬɜɟɪɞɨɫɬɢ��ɭɞɚɪɧɨɣ�ɜɹɡɤɨɫɬɢ�ɢ�ɬɟɪɦɢɱɟɫɤɨɣ�ɫɬɚɛɢɥɶɧɨɫɬɢ��

ȼ� ɨɞɧɨɣ� ɢɡ� ɩɟɪɜɵɯ� ɪɚɛɨɬ�� ɜ� ɤɨɬɨɪɨɣ� ɧɚ� ɨɫɧɨɜɚɧɢɢ� ɨɛɨɛɳɟɧɢɹ� ɧɚɤɨɩɥɟɧɧɵɯ�
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ�ɩɨ�ɜɡɚɢɦɨɫɜɹɡɢ�ɫɬɪɭɤɬɭɪɵ�ɢ�ɫɜɨɣɫɬɜ�ɦɚɬɟɪɢɚɥɨɜ��ɩɨɥɭɱɟɧɧɵɯ�ɜ�
ɪɚɡɧɵɯ� ɭɫɥɨɜɢɹɯ�� ɛɵɥɢ� ɨɱɟɪɱɟɧɵ� ɮɢɡɢɱɟɫɤɢɟ� ɢ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ� ɨɫɧɨɜɵ� ɫɨɡɞɚɧɢɹ�
ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢ�ɩɪɟɞɥɨɠɟɧɚ��ɬɚɤ�ɧɚɡɵɜɚɟɦɚɹ�ɩɢɪɚɦɢɞɚ�ɬɜɟɪɞɨɫɬɢ��ɪɢɫ������ɤɨɬɨɪɚɹ��



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

���

ɩɨ� ɦɧɟɧɢɸ� ɚɜɬɨɪɨɜ� ɞɨɥɠɧɚ� ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ� ɦɚɬɟɪɢɚɥɨɜɟɞɚɦ� ɜɵɛɢɪɚɬɶ� ɩɪɚɜɢɥɶɧɨɟ�
ɧɚɩɪɚɜɥɟɧɢɟ� ɩɪɢ� ɩɨɢɫɤɟ� ɫɪɟɞɢ� ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ� ɬɭɝɨɩɥɚɜɤɢɯ� ɫɨɟɞɢɧɟɧɢɣ� ɜɟɳɟɫɬɜ��

ɨɛɥɚɞɚɸɳɢɯ� ɨɫɨɛɨɣ� ɬɜɟɪɞɨɫɬɶɸ� >�@� Ⱥ�
ɨɞɧɢɦɢ ɢɡ� ɩɟɪɜɵɯ� ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɯ
ɪɚɫɱɟɬɨɜ� ɷɥɟɤɬɪɨɧɧɨɝɨ� ɫɬɪɨɟɧɢɹ�
ɦɨɥɟɤɭɥɹɪɧɵɯ� ɤɨɦɩɥɟɤɫɨɜ� ɢ� ɮɪɚɝɦɟɧɬɨɜ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ� ɫɬɪɭɤɬɭɪ��
ɦɨɞɟɥɢɪɭɸɳɢɯ� ɫɜɨɣɫɬɜɚ� ɫɜɟɪɯɬɜɟɪɞɵɯ�
ɦɚɬɟɪɢɚɥɨɜ�� ɛɵɥɢ� ɪɚɫɱɟɬɵ� ɜɵɩɨɥɧɟɧɧɵɟ
Ⱦ�� Ⱥ�� ɀɨɝɨɥɟɜɵɦ� ɫ� ɤɨɥɥɟɝɚɦɢ� >�±�@��
Ɋɚɫɱɟɬɵ� ɨɫɧɨɜɵɜɚɥɢɫɶ� ɧɚ� ɯɚɪɚɤɬɟɪɧɨɣ�
ɱɟɪɬɟ� ɷɥɟɤɬɪɨɧɧɨɝɨ� ɫɬɪɨɟɧɢɹ� ɚɥɦɚɡɚ��
ɨɩɪɟɞɟɥɹɸɳɟɣ�ɭɧɢɤɚɥɶɧɭɸ�ɟɝɨ�ɬɜɟɪɞɨɫɬɶ��
± ɷɬɨ� ɧɚɥɢɱɢɟ� ɜ� ɜɚɥɟɧɬɧɨɣ� ɨɛɨɥɨɱɤɟ�
ɤɚɠɞɨɝɨ� ɚɬɨɦɚ� ɭɝɥɟɪɨɞɚ� ɱɟɬɵɪɟɯ�
ɷɥɟɤɬɪɨɧɨɜ�� ɫɩɨɫɨɛɧɵɯ� ɭɱɚɫɬɜɨɜɚɬɶ� ɜ�
ɨɛɪɚɡɨɜɚɧɢɢ� ɱɟɬɵɪɟɯ� ɩɪɨɱɧɵɯ��

ɬɟɬɪɚɷɞɪɢɱɟɫɤɢ� ɧɚɩɪɚɜɥɟɧɧɵɯ� ɤɨɜɚɥɟɧɬɧɵɯ� ɫɜɹɡɟɣ� >�@�� ɋɥɟɞɨɜɚɬɟɥɶɧɨ�� ɨɞɢɧ� ɢɡ� ɜɨɡɦɨɠɧɵɯ�
ɩɭɬɟɣ� ɫɨɡɞɚɧɢɹ� ɧɨɜɵɯ� ɋɌɆ� ɥɟɠɢɬ� ɜ� ɫɢɧɬɟɡɟ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɢɡɨɷɥɟɤɬɪɨɧɧɵɯ� ɚɥɦɚɡɭ�
ɫɨɟɞɢɧɟɧɢɣ�ɢɡ�ɚɬɨɦɨɜ�ɦɚɥɵɯ�ɪɚɡɦɟɪɨɜ�ɫ�ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ�ɤɨɜɚɥɟɧɬɧɵɦ�ɬɢɩɨɦ�ɦɟɠɚɬɨɦɧɵɯ�
�ɦɟɠɭɡɟɥɶɧɵɯ��ɫɜɹɡɟɣ��ɉɨɡɞɧɟɟ�ɚɧɚɥɨɝɢɱɧɵɣ�ɜɵɜɨɞ�ɧɚ�ɨɫɧɨɜɚɧɢɢ�ɚɧɚɥɢɡɚ�ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɯ�
ɡɚɜɢɫɢɦɨɫɬɟɣ� ɦɟɠɞɭ� ɨɛɴɟɦɧɵɦ� ɦɨɞɭɥɟɦ� ɫɠɚɬɢɹ� �ɜɟɥɢɱɢɧɚ� ɤɨɬɨɪɨɝɨ� ɤɨɪɟɥɥɢɪɭɟɬ� ɫ�
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�ɜɟɥɢɱɢɧɨɣ�ɬɜɟɪɞɨɫɬɢ��ɢ�ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ�ɱɢɫɥɨɦ ɞɥɹ�ɫɨɟɞɢɧɟɧɢɣ��ɢɦɟɸɳɢɯ�
ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ�ɤɨɨɪɞɢɧɚɰɢɸ�ɫɜɹɡɟɣ�ɚɬɨɦɨɜ�ɜ�ɷɥɟɦɟɧɬɚɪɧɨɣ�ɹɱɟɣɤɟ�ɛɵɥ�ɫɞɟɥɚɧ�Ɇ��Ʉɨɷɧɨɦ�>�@��

Ɉɞɧɢɦ�ɢɡ�ɪɟɡɭɥɶɬɚɬɨɜ�ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɯ�ɪɚɫɱɟɬɨɜ�Ⱦ��Ⱥ��ɀɨɝɨɥɟɜɚ�ɫ�ɫɨɬɪɭɞɧɢɤɚɦɢ�
ɛɵɥ�ɩɪɨɝɧɨɡ�ɩɪɨɹɜɥɟɧɢɹ�ɜɵɫɨɤɨɣ�ɬɜɟɪɞɨɫɬɢ�ɜ�ɬɚɤɢɯ�ɦɚɬɟɪɢɚɥɚɯ��ɤɚɤ��ɧɚɩɪɢɦɟɪ��&�1���%�1��
%�&���%�12��

ɇɚ�ɫɟɝɨɞɧɹɲɧɢɣ�ɞɟɧɶ�ɜ�ɪɟɡɭɥɶɬɚɬɟ�ɢɡɭɱɟɧɢɹ�ɨɫɨɛɟɧɧɨɫɬɟɣ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�
ɜɵɫɨɤɢɦɢ� ɮɢɡɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɢɦɢ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ�� ɩɪɢɦɟɧɟɧɢɹ� ɧɨɜɟɣɲɢɯ� ɬɟɯɧɨɥɨɝɢɣ� ±
ɬɟɯɧɢɤɢ� ɫɜɟɪɯɜɵɫɨɤɢɯ� ɞɚɜɥɟɧɢɣ� �!� ��� Ƚɉɚ��� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚɧɨɫɬɪɭɤɬɭɪɧɨɝɨ�
ɞɢɚɩɚɡɨɧɚ�� ɫɩɟɰɢɚɥɶɧɵɯ� ɦɟɬɨɞɨɜ� ɜɨɡɞɟɣɫɬɜɢɹ� ɧɚ� ɦɚɬɟɪɢɚɥ� ± ɫɭɳɟɫɬɜɟɧɧɨ� ɩɨɩɨɥɧɢɥɫɹ�
ɩɟɪɟɱɟɧɶ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɜ� ɬɨɦ� ɱɢɫɥɟ� ɛɵɥɢ� ɩɨɥɭɱɟɧɵ� ɦɚɬɟɪɢɚɥɵ�� ɬɜɟɪɞɨɫɬɶ�
ɤɨɬɨɪɵɯ�ɩɪɟɜɵɲɚɟɬ�ɬɜɟɪɞɨɫɬɶ�ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ�ɩɪɢɪɨɞɧɨɝɨ�ɚɥɦɚɡɚ��ɬɚɛɥ� ���

Ɍɚɛɥɢɰɚ����ɇɨɜɨɟ�ɩɨɤɨɥɟɧɢɟ�ɋɌɆ

ɋɨɫɬɚɜ�ɦɚɬɟɪɢɚɥɚ Ɍɜɟɪɞɨɫɬɶ��
+9�����Ƚɉɚ

Ɋɚɡɪɚɛɨɬɱɢɤ ɋɩɨɫɨɛ�ɩɨɥɭɱɟɧɢɹ

� � � �
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ɩɪɟɫɫɨɜɚɧɢɟ
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ɩɪɟɫɫɨɜɚɧɢɟ
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Ɋɢɫ�����ɉɢɪɚɦɢɞɚ�ɬɜɟɪɞɨɫɬɢ�
ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ�ɬɭɝɨɩɥɚɜɤɢɯ�ɫɨɟɞɢɧɟɧɢɣ�>�@
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ȼɵɫɨɤɢɟ�ɞɚɜɥɟɧɢɹ


 ± ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ�ɩɥɚɫɬɢɧɚ


 ± ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ�ɚɥɦɚɡɧɚɹ�ɨɛɨɥɨɱɤɚ�ɜɨɤɪɭɝ�&9'�ɚɥɦɚɡɚ

ɇɚ� ɨɫɧɨɜɟ� ɨɛɨɛɳɟɧɢɹ� ɧɚɤɨɩɥɟɧɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ� ɩɨ� ɜɡɚɢɦɨɫɜɹɡɢ�
ɫɬɪɭɤɬɭɪɵ�ɢ�ɫɜɨɣɫɬɜ�ɦɚɬɟɪɢɚɥɨɜ��ɩɨɥɭɱɟɧɧɵɯ�ɜ�ɪɚɡɧɵɯ�ɭɫɥɨɜɢɹɯ��ɜ�ɬɨɦ�ɱɢɫɥɟ�ɜ�ɭɫɥɨɜɢɹɯ�ɜɵɫɨɤɢɯ�
ɞɚɜɥɟɧɢɣ� ɢ� ɬɟɦɩɟɪɚɬɭɪ� ɧɚɦɢ� ɛɵɥɚ� ɩɪɟɞɥɨɠɟɧɚ� ɤɨɧɰɟɩɰɢɹ� >��@�� ɩɨɡɜɨɥɹɸɳɚɹ� ɨɩɪɟɞɟɥɹɬɶ�
ɩɟɪɫɩɟɤɬɢɜɧɵɟ� ɧɚɩɪɚɜɥɟɧɢɹ� ɫɨɡɞɚɧɢɹ� ɧɨɜɵɯ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ�
ɧɚɡɧɚɱɟɧɢɹ�ɫ�ɭɧɢɤɚɥɶɧɵɦ�ɫɨɱɟɬɚɧɢɟɦ�ɮɢɡɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɢɯ�ɫɜɨɣɫɬɜ��ɬɚɛɥ������

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ� ɪɟɡɭɥɶɬɚɬɨɦ�� ɩɪɟɞɥɨɠɟɧɧɨɣ� ɤɨɧɰɟɩɰɢɢ� ɫɬɚɥɨ� ɩɨɥɭɱɟɧɢɟ� ɫ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɬɟɯɧɢɤɢ� ɜɵɫɨɤɢɯ� ɞɚɜɥɟɧɢɣ� ɧɨɜɨɝɨ� ɫɜɟɪɯɬɜɟɪɞɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɧɚ� ɨɫɧɨɜɟ�
$O%��&��>�@��ɚɥɦɚɡɧɵɯ�ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ�ɤɨɦɩɨɡɢɬɨɜ�ɪɚɡɥɢɱɧɨɝɨ�ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ�
>����������@��ɝɢɛɪɢɞɧɵɯ�ɚɥɦɚɡɧɵɯ�ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ�>������@��Ȼɨɥɟɟ�ɩɨɞɪɨɛɧɨ�
ɪɟɡɭɥɶɬɚɬɵ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɢ ɫɜɨɣɫɬɜɚ�ɩɨɥɭɱɟɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɨɛɡɨɪɚɯ�>������@�



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

���

Ɍɚɛɥɢɰɚ��� Ʉɨɧɰɟɩɰɢɹ ɩɨɥɭɱɟɧɢɹ�ɧɨɜɵɯ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�

ɉɪɚɜɢɥɨ�ɨɛɪɚɡɨɜɚɧɢɹ�ɫɨɟɞɢɧɟɧɢɣ�ɫ�ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɣ�
ɤɨɨɪɞɢɧɚɰɢɟɣ�� ɹɜɥɹɸɳɢɯɫɹ� ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɦɢ�
ɚɧɚɥɨɝɚɦɢ� ɷɥɟɦɟɧɬɚɪɧɵɯ� ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ�
ɱɟɬɜɟɪɬɨɣ�ɝɪɭɩɩɵ�
ɗɥɟɦɟɧɬɵ� ɞɨɥɠɧɵ� ɩɪɢɧɚɞɥɟɠɚɬɶ� ɤ� ɝɪɭɩɩɚɦ��
ɪɚɜɧɨɨɬɫɬɨɹɳɢɦ�ɨɬ�ɱɟɬɜɟɪɬɨɣ�ɝɪɭɩɩɵ��ɫɪɟɞɧɟɟ�ɱɢɫɥɨ�
ɜɚɥɟɧɬɧɵɯ� ɷɥɟɤɬɪɨɧɨɜ� ɧɚ� ɚɬɨɦ� ɫɨɟɞɢɧɟɧɢɹ� ɞɨɥɠɧɨ�
ɪɚɜɧɹɬɶɫɹ�ɱɟɬɵɪɟɦ�

%1
%3

ɇɚɧɨɩɨɪɨɲɤɢ�
ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɚɥɦɚɡɧɵɯ� ɧɚɧɨɩɨɪɨɲɤɨɜ� ɢ� ɞɪɭɝɢɯ�
ɢɫɬɨɱɧɢɤɨɜ�ɭɝɥɟɪɨɞɚ�ɧɚɧɨɦɟɬɪɢɱɟɫɤɭɸ�ɞɢɚɩɚɡɨɧɚ

ɋɨɨɬɧɨɲɟɧɢɟ� ɏɨɥɚ�ɉɟɬɱɚ� �ɞɥɹ�
ɩɪɢɪɨɫɬɚ�ɬɜɟɪɞɨɫɬɢ��
'+Y  �\āN\āG�����
\  � +Y�VV �+Y ± ɬɜɟɪɞɨɫɬɶ� ɞɟɮ��
ɦɚɬɟɪɢɚɥɚ��VV ± ɩɪɟɞɟɥ�ɬɟɤɭɱɟɫɬɢ���
N\ ± ɩɨɫɬɨɹɧɧɚɹ�ɏɨɥɚ�ɉɟɬɱɚ
Ⱦɨɛɚɜɤɢ�Q�ɫɥɨɣɧɵɯ�ɝɪɚɮɟɧɨɜ

Ⱥɥɦɚɡɵ�ɪɚɡɥɢɱɧɨɝɨ�ɝɟɧɟɡɢɫɚ Ƚɢɛɪɢɞɧɵɟ�ɚɥɦɚɡɧɵɟ�ɦɚɬɟɪɢɚɥɵ
Ɍɜɟɪɞɵɟ�ɪɚɫɬɜɨɪɵ %�&[�1

%�2[�1
%�3[�1
6L&�&

Ɉɛɴɟɦɧɵɣ�ɦɨɞɭɥɶ�ɫɠɚɬɢɹ
�ȼɟɳɟɫɬɜɚ� ɫ� ɛɨɥɶɲɢɦ� ɦɨɞɭɥɟɦ� ɨɛɴɟɦɧɨɝɨ� ɫɠɚɬɢɹ�
�ɜɟɥɢɱɢɧɚ�ɤɨɬɨɪɨɝɨ�ɤɨɪɪɟɥɢɪɭɟɬ�ɫ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�
ɜɟɥɢɱɢɧɨɣ� ɬɜɟɪɞɨɫɬɢ�� ɨɛɪɚɡɨɜɚɧɵ� ɧɟɛɨɥɶɲɢɦɢ�
ɚɬɨɦɚɦɢ� ɫ� ɞɨɫɬɚɬɨɱɧɵɦ� ɞɥɹ� ɮɨɪɦɢɪɨɜɚɧɢɹ�
ɤɨɜɚɥɟɧɬɧɵɯ� ɫɜɹɡɟɣ� ɜ� ɬɪɟɯ� ɧɚɩɪɚɜɥɟɧɢɹɯ�
ɤɨɥɢɱɟɫɬɜɨɦ�ɷɥɟɤɬɪɨɧɨɜ�

&�1� �ɤɭɛ���ɪɚɫɱ��
ɡɧ��

����Ƚɉɚ

& �ɚɥɦɚɡ� ����Ƚɉɚ
%&�1 ����Ƚɉɚ
ɫ%1 ����Ƚɉɚ

ȼɥɢɹɧɢɟ�ɜɵɫɨɤɢɯ�ɞɚɜɥɟɧɢɣ� 6L&�&��
+9  ����Ƚɉɚ��ɝɨɪɹɱɟɟ�
ɩɪɟɫɫɨɜɚɧɢɟ��
+9  ����Ƚɉɚ��ɪ� �����Ƚɉɚ��

ȼ� ɩɨɫɥɟɞɧɟɟ� ɞɟɫɹɬɢɥɟɬɢɟ� ɛɥɚɝɨɞɚɪɹ� ɚɤɬɢɜɧɨɦɭ� ɪɚɡɜɢɬɢɸ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɢ�
ɤɜɚɧɬɨɦɟɯɚɧɢɱɟɫɤɢɯ�ɦɟɬɨɞɨɜ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɪɚɡɥɢɱɧɵɯ�ɫɬɪɭɤɬɭɪ�ɫ�ɯɢɦɢɱɟɫɤɢɦɢ�ɫɜɹɡɹɦɢ�&±
&��%±&��%±%��&±1��%±1±2 ɢ�ɢɯ�ɤɨɦɛɢɧɚɰɢɣ� ɚ�ɬɚɤɠɟ�ɬɚɤɢɯ�ɫɨɟɞɢɧɟɧɢɣ��ɤɚɤ��ɧɚɩɪɢɦɟɪ��:��&U��
5H ɫ�ɛɨɪɨɦ�ɢ�ɭɝɥɟɪɨɞɨɦ��ɛɵɥ�ɬɟɨɪɟɬɢɱɟɫɤɢ�ɩɪɟɞɫɤɚɡɚɧ�ɪɹɞ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�>��±��@��
ɋɥɟɞɭɟɬ��ɨɞɧɚɤɨ��ɨɬɦɟɬɢɬɶ��ɱɬɨ�ɡɧɚɱɢɬɟɥɶɧɚɹ�ɱɚɫɬɶ�ɩɪɟɞɫɤɚɡɚɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɟɳɟ�ɨɠɢɞɚɟɬ�
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ�ɩɨɞɬɜɟɪɠɞɟɧɢɹ��ɚ�ɜɵɫɨɤɢɟ�ɡɧɚɱɟɧɢɹ�ɬɜɟɪɞɨɫɬɢ�ɧɟɤɨɬɨɪɵɯ�ɢɡ�ɧɢɯ��ɬɚɤɢɯ��
ɤɚɤ�ɧɚɩɪɢɦɟɪ��5H%���:%��� ɜɵɡɵɜɚɸɬ�ɫɨɦɧɟɧɢɹ� >��@��ɋ�ɞɨɫɬɢɝɧɭɬɵɦɢ�ɧɚ�ɫɟɝɨɞɧɹɲɧɢɣ�ɞɟɧɶ�
ɪɟɡɭɥɶɬɚɬɚɦɢ� ɤɜɚɧɬɨɦɟɯɚɧɢɱɟɫɤɢɯ� ɪɚɫɱɟɬɨɜ�� ɩɨɡɜɨɥɹɸɳɢɯ� ɩɪɟɞɫɤɚɡɚɬɶ� ɜɵɫɨɤɭɸ� ɬɜɟɪɞɨɫɬɶ�
ɦɨɞɟɥɢɪɭɟɦɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɚ� ɬɚɤɠɟ� ɫ� ɢɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ� ɩɪɨɜɟɪɤɨɣ� ɦɨɠɧɨ� ɩɨɞɪɨɛɧɨ�
ɨɡɧɚɤɨɦɢɬɶɫɹ� ɜ� ɪɚɛɨɬɚɯ� >��±��@�� ɋɥɟɞɭɟɬ� ɨɫɨɛɨ� ɨɬɦɟɬɢɬɶ�� ɱɬɨ� ɧɚɢɛɨɥɟɟ� ɚɤɬɢɜɧɨ� ɪɚɛɨɬɵ� ɜ�
ɨɛɥɚɫɬɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɧɨɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢ��ɜ�ɱɚɫɬɧɨɫɬɢ��ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚɱɚɥɢ�
ɩɪɨɜɨɞɢɬɶɫɹ� ɫ� ɩɨɹɜɥɟɧɢɟɦ� ɧɨɜɵɯ� ɚɥɝɨɪɢɬɦɨɜ�� ɩɨɡɜɨɥɹɸɳɢɯ� ɡɧɚɱɢɬɟɥɶɧɨ� ɭɩɪɨɫɬɢɬɶ� ɢ�
ɭɫɤɨɪɢɬɶ�ɜɵɱɢɫɥɟɧɢɹ��

Ɉɞɧɢɦ� ɢɡ� ɬɚɤɢɯ� ɷɮɮɟɤɬɢɜɧɵɯ� ɚɥɝɨɪɢɬɦɨɜ� ɫɬɚɥ� ɦɟɬɨɞ� 863(;�� ɪɚɡɪɚɛɨɬɚɧɧɵɣ�
ɩɪɨɮɟɫɫɨɪ�Ⱥ��Ɋ��Ɉɝɚɧɨɜɵɦ�ɫ�ɤɨɥɥɟɝɚɦɢ�>������@��ɗɬɨɬ�ɦɟɬɨɞ�ɹɜɥɹɟɬɫɹ�ɦɟɬɨɞɨɦ�ɤɨɦɩɶɸɬɟɪɧɨɝɨ�
ɩɪɟɞɫɤɚɡɚɧɢɹ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ� ɫɬɪɭɤɬɭɪ�ɩɪɢ�ɩɪɨɢɡɜɨɥɶɧɵɯ�S�7 ɭɫɥɨɜɢɹɯ��ɢɫɯɨɞɹ�ɢɡ� ɡɧɚɧɢɹ�



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

ɬɨɥɶɤɨ�ɯɢɦɢɱɟɫɤɨɝɨ�ɫɨɫɬɚɜɚ�ɦɚɬɟɪɢɚɥɚ��ɇɚ�ɫɟɝɨɞɧɹɲɧɢɣ�ɞɟɧɶ�863(;�ɢɫɩɨɥɶɡɭɸɬ�ɧɟɫɤɨɥɶɤɨ�
ɬɵɫɹɱ� ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ� ɩɨ� ɜɫɟɦɭ� ɦɢɪɭ�� Ɍɚɤɚɹ� ɩɨɩɭɥɹɪɧɨɫɬɶ� ɨɛɴɹɫɧɹɟɬɫɹ� ɜɵɫɨɤɨɣ�
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ� ɢ� ɧɚɞɺɠɧɨɫɬɶɸ� ɷɬɨɝɨ� ɦɟɬɨɞɚ�� ȼɦɟɫɬɨ� ɬɨɝɨ� ɱɬɨɛɵ� ©ɜ� ɥɨɛª� ɩɟɪɟɛɢɪɚɬɶ� ɜɫɟ�
ɜɨɡɦɨɠɧɵɟ�ɜɚɪɢɚɧɬɵ��ɷɜɨɥɸɰɢɨɧɧɵɣ�ɚɥɝɨɪɢɬɦ�ɩɪɨɜɨɞɢɬ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ�ɪɚɫɱɟɬɵ��ɨɬɛɢɪɚɟɬ�
ɧɚɢɛɨɥɟɟ� ɩɟɪɫɩɟɤɬɢɜɧɵɟ� ɜɚɪɢɚɧɬɵ�� ɚ� ɡɚɬɟɦ� ɭɬɨɱɧɹɟɬ� ɢɯ� ɜ� ɞɥɢɧɧɨɣ� ɫɟɪɢɢ� ɢɬɟɪɚɰɢɣ� ©ɨɬ�
ɩɪɨɫɬɨɝɨ� ɤ� ɫɥɨɠɧɨɦɭª� ± ɩɨɤɚ� ɧɚɤɨɧɟɰ� ɧɟ� ɩɨɥɭɱɢɬ� ɫɚɦɵɟ� ɫɬɚɛɢɥɶɧɵɟ� ɫɬɪɭɤɬɭɪɵ� ɫ�
ɦɢɧɢɦɚɥɶɧɨɣ�ɷɧɟɪɝɢɟɣ��ɞɥɹ�ɤɨɬɨɪɵɯ�ɡɚɬɟɦ�ɦɨɠɧɨ�ɪɚɫɫɱɢɬɚɬɶ�ɫɜɨɣɫɬɜɚ�

ɇɚɩɪɢɦɟɪ��ɤɚɤ�ɜɫɩɨɦɢɧɚɥ�ɜ�ɨɞɧɨɦ�ɢɡ�ɫɜɨɢɯ�ɢɧɬɟɪɜɶɸ�Ⱥ��Ɋ��Ɉɝɚɧɨɜ��ɛɵɥɚ��ɩɨɫɬɚɜɥɟɧɚ�
ɡɚɞɚɱɚ�ɧɚɣɬɢ�ɜɟɳɟɫɬɜɨ�ɫ�ɦɚɤɫɢɦɚɥɶɧɨɣ�ɬɜɟɪɞɨɫɬɶɸ��Ȼɵɥ�ɡɚɞɚɧ�ɞɢɚɩɚɡɨɧ�ɯɢɦɢɱɟɫɤɢɯ�ɫɨɫɬɚɜɨɜ��
± ɨɬ� ɱɢɫɬɨɝɨ� ɭɝɥɟɪɨɞɚ� ɞɨ� ɱɢɫɬɨɝɨ� ɚɡɨɬɚ�� ± ɢ� ɜɫɟ�� ɱɬɨ� ɩɨɫɟɪɟɞɢɧɟ�� ɜɫɟ� ɜɨɡɦɨɠɧɵɟ� ɧɢɬɪɢɞɵ�
ɭɝɥɟɪɨɞɚ�ɜɤɥɸɱɟɧɵ�ɜ�ɪɚɫɱɟɬ��ɢ�ɫɞɟɥɚɧɚ�ɩɨɩɵɬɤɚ�ɧɚɣɬɢ�ɜɫɟ�ɛɨɥɟɟ�ɢ�ɛɨɥɟɟ�ɬɜɟɪɞɵɟ�ɫɨɫɬɚɜɵ�ɢ�
ɫɬɪɭɤɬɭɪɵ��ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɫɚɦɵɦ�ɬɜɟɪɞɵɦ�ɜɟɳɟɫɬɜɨɦ�ɜ�ɷɬɨɣ�ɫɢɫɬɟɦɟ�ɨɤɚɡɚɥɫɹ�ɬɨɬ�ɠɟ�ɚɥɦɚɡ��ɢ�
ɞɨɛɚɜɤɚ� ɚɡɨɬɚ� ɤ� ɭɝɥɟɪɨɞɭ� ɧɢɱɟɝɨ� ɧɟ� ɭɥɭɱɲɚɥɚ� ɜ� ɷɬɨɣ� ɫɢɫɬɟɦɟ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɝɢɩɨɬɟɡɭ� ɨ�
ɧɢɬɪɢɞɚɯ�ɭɝɥɟɪɨɞɚ�ɤɚɤ�ɜɟɳɟɫɬɜɚɯ�ɬɜɟɪɠɟ�ɚɥɦɚɡɚ�ɦɨɠɧɨ�ɛɵɥɨ�ɩɨɯɨɪɨɧɢɬɶ�>��@�

ȼ� ɬɨ� ɠɟ� ɜɪɟɦɹ� ɩɪɢ� ɦɨɞɟɥɢɪɨɜɚɧɢɢ� ɫɬɪɭɤɬɭɪ� ɧɚ� ɨɫɧɨɜɟ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɛɨɪɚ� ɛɵɥɚ�
ɨɬɤɪɵɬɚ�ɧɨɜɚɹ�ɫɜɟɪɯɬɜɟɪɞɚɹ�ɦɨɞɢɮɢɤɚɰɢɹ�ɛɨɪɚ�± ɪɨɦɛɨɷɞɪɢɱɟɫɤɢɣ�ɛɨɪ��J�%��� >��@��ɜɵɫɨɤɚɹ�
ɬɜɟɪɞɨɫɬɶ�ɤɨɬɨɪɨɝɨ��ɨɤɨɥɨ����Ƚɉɚ��ɛɵɥɚ�ɩɨɞɬɜɟɪɠɞɟɧɚ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�>��@��

Ɍɚɤɠɟ�ɫ�ɩɨɦɨɳɶɸ�ɦɟɬɨɞɚ�863(;�ɛɵɥ�ɩɪɟɞɫɤɚɡɚɧ�ɪɹɞ�ɞɪɭɝɢɯ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɮɚɡ��ɬɚɤɢɯ�
ɤɚɤ� ɮɚɡɵ� ɜ� ɫɢɫɬɟɦɟ� ɜɨɥɶɮɪɚɦ� ± ɛɨɪ�� ɯɪɨɦ� ± ɛɨɪ� ɢ� ɬɚɤ� ɞɚɥɟɟ�� ȼɫɟ� ɷɬɢ� ɮɚɡɵ� ɹɜɥɹɸɬɫɹ�
ɫɜɟɪɯɬɜɟɪɞɵɦɢ��ɧɨ�ɢɯ�ɬɜɟɪɞɨɫɬɢ�ɜɫɟ�ɠɟ�ɩɪɢɧɚɞɥɟɠɚɬ�ɤ�ɧɢɠɧɟɣ�ɱɚɫɬɢ�ɷɬɨɝɨ�ɞɢɚɩɚɡɨɧɚ��Ɉɧɢ�
ɛɥɢɠɟ�ɤ�ɨɬɦɟɬɤɟ�ɜ����Ƚɉɚ��Ȼɨɥɶɲɢɦ�ɞɨɫɬɢɠɟɧɢɟɦ�ɞɚɧɧɨɝɨ�ɦɟɬɨɞɚ�ɹɜɥɹɟɬɫɹ�ɬɚɤɠɟ�ɨɬɤɪɵɬɢɟ�
ɫɜɟɪɯɬɜɟɪɞɨɣ�ɦɨɧɨɤɥɢɧɧɨɣ�ɦɨɞɢɮɢɤɚɰɢɢ�ɭɝɥɟɪɨɞɚ��0�FDUERQ���ɪɚɫɱɟɬɧɚɹ�ɬɜɟɪɞɨɫɬɶ�ɤɨɬɨɪɨɣ�
ɫɨɫɬɚɜɥɹɟɬ����Ƚɉɚ�>��@�

ɋɨɡɞɚɧɢɟ�ɲɢɪɨɤɨɝɨ�ɤɪɭɝɚ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɜɵɫɨɤɨɣ�ɬɜɟɪɞɨɫɬɶɸ�ɬɪɟɛɭɟɬ�ɧɨɜɨɝɨ�ɩɨɞɯɨɞɚ�ɤ�
ɤɥɚɫɫɢɮɢɤɚɰɢɢ�ɷɬɢɯ�ɦɚɬɟɪɢɚɥɨɜ��ɑɚɳɟ�ɜɫɟɝɨ�>�����@�ɩɪɟɞɥɚɝɚɸɬ�ɪɚɡɞɟɥɟɧɢɟ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɬɪɢ�
ɤɥɚɫɫɚ� ɩɨ� ɬɜɟɪɞɨɫɬɢ� ± ɬɜɟɪɞɵɟ� �ɧɢɠɟ� ��� Ƚɉɚ��� ɫɜɟɪɯɬɜɟɪɞɵɟ� ���±��� Ƚɉɚ�� ɢ�
ɭɥɶɬɪɚɬɜɟɪɞɵɟ�ɜɵɲɟ����Ƚɉɚ���ɪɢɫ�����

Ɋɢɫ�����Ʉɥɚɫɫɢɮɢɤɚɰɢɹ�ɦɚɬɟɪɢɚɥɨɜ�ɩɨ�ɬɜɟɪɞɨɫɬɢ�>��@

Ɉɞɧɚɤɨ��ɤɚɤ�ɧɚɦɢ�ɭɠɟ�ɪɚɧɟɟ�ɨɬɦɟɱɚɥɨɫɶ�>��@��ɬɚɤɨɟ�ɪɚɡɞɟɥɟɧɢɟ�ɹɜɥɹɟɬɫɹ�ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ�
ɫɬɟɩɟɧɢ� ɢɫɤɭɫɫɬɜɟɧɧɵɦ�� ȼɨ�ɩɟɪɜɵɯ�� ɩɪɢ� ɬɚɤɨɦ� ɩɨɞɯɨɞɟ� ɢɡ� ɪɚɡɪɹɞɚ� ɫɜɟɪɯɬɜɟɪɞɵɯ�
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɜɵɩɚɞɚɟɬ� ɪɹɞ� ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�



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

���

ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɚɥɦɚɡɚ�ɢ�ɤɭɛɢɱɟɫɤɨɝɨ�ɧɢɬɪɢɞɚ�ɛɨɪɚ��ɧɚɩɪɢɦɟɪ��ɚɦɛɨɪɢɬ�ɢɥɢ�ɤɢɛɨɪɢɬ��
ɤɨɬɨɪɵɟ�ɬɪɚɞɢɰɢɨɧɧɨ�ɨɬɧɨɫɹɬɫɹ ɤ�ɫɜɟɪɯɬɜɟɪɞɵɦ��ȼɨ�ɜɬɨɪɵɯ��ɧɚ�ɫɟɝɨɞɧɹɲɧɢɣ�ɞɟɧɶ�ɧɟɬ�ɟɞɢɧɨɣ�
ɮɢɡɢɱɟɫɤɢɟ�ɬɟɨɪɢɢ� ɜ�ɪɚɦɤɚɯ�ɤɨɬɨɪɨɣ ɫ ɟɞɢɧɵɯ�ɩɨɡɢɰɢɣ�ɦɨɠɧɨ�ɨɩɢɫɚɬɶ ɬɜɟɪɞɨɫɬɶ�ɪɚɡɥɢɱɧɵɯ�
ɦɚɬɟɪɢɚɥɨɜ ɢɡ�ɡɚ�ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨ�ɦɧɨɝɨɨɛɪɚɡɢɹ�ɮɚɤɬɨɪɨɜ��ɨɬ�ɤɨɬɨɪɵɯ�ɨɧɚ�ɡɚɜɢɫɢɬ��ɉɨɷɬɨɦɭ�
ɩɨɧɹɬɢɟ� ©ɬɜɟɪɞɨɫɬɶª� ɛɟɡ� ɭɤɚɡɚɧɢɹ� ɦɟɬɨɞɚ� ɢ� ɭɫɥɨɜɢɣ� ɢɡɦɟɪɟɧɢɹ� ɹɜɥɹɟɬɫɹ� ɧɟɨɩɪɟɞɟɥɟɧɧɵɦ��
Ƚɨɜɨɪɹ�ɨ�ɬɜɟɪɞɨɫɬɢ��ɩɨɞɪɚɡɭɦɟɜɚɸɬ�ɧɟ�ɮɢɡɢɱɟɫɤɭɸ�ɩɨɫɬɨɹɧɧɭɸ��ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ�ɦɚɬɟɪɢɚɥ��
ɚ�ɨɞɧɭ�ɢɡ�ɜɟɥɢɱɢɧ��ɢɡɦɟɪɟɧɧɭɸ�ɩɨ�ɨɞɧɨɦɭ�ɢɡ�ɦɟɬɨɞɨɜ�ɢ�ɡɚɜɢɫɹɳɭɸ�ɧɟ�ɬɨɥɶɤɨ�ɨɬ�ɦɚɬɟɪɢɚɥɚ��ɧɨ�
ɢ� ɨɬ� ɭɫɥɨɜɢɣ� ɢ� ɦɟɬɨɞɚ� ɢɡɦɟɪɟɧɢɹ� >��@� ɉɨɷɬɨɦɭ� ɩɪɢ ɫɨɡɞɚɧɢɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ� ɲɤɚɥɵ�
ɦɚɬɟɪɢɚɥɨɜ�ɩɨ�ɬɜɟɪɞɨɫɬɢ�ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ�ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɫɧɨɜɵɜɚɬɶɫɹ�ɧɚ�ɩɨɞɯɨɞɟ��ɩɨɤɚɡɚɜɲɟɦ�
ɫɜɨɸ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɩɪɢ� ɫɨɡɞɚɧɢɢ ɜ� ���� ɝ�� ɢ� ɚɤɬɭɚɥɶɧɨɣ� ɞɨ� ɧɚɫɬɨɹɳɟɝɨ� ɜɪɟɦɟɧɢ�
ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɣ ɲɤɚɥɵ ɬɜɺɪɞɨɫɬɢ ± ɲɤɚɥɵ�Ɇɨɨɫɚ >��@� ɩɪɟɞɥɚɝɚɸɳɟɦ�ɜ�ɤɚɱɟɫɬɜɟ�ɷɬɚɥɨɧɨɜ
ɬɜɟɪɞɨɫɬɢ�ɜɵɛɢɪɚɬɶ�ɜɟɥɢɱɢɧɵ�ɬɜɟɪɞɨɫɬɢ�ɨɩɪɟɞɟɥɟɧɧɵɯ�ɦɢɧɟɪɚɥɨɜ� ȼ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɬɚɤɢɦ�
ɩɨɞɯɨɞɨɦ� ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ� ɟɫɬɟɫɬɜɟɧɧɵɦ�� ɤɚɤ� ɧɢɠɧɢɣ� ɩɪɟɞɟɥ� ɞɥɹ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ
ɭɫɬɚɧɨɜɢɬɶ� ɜɟɥɢɱɢɧɭ� ɬɜɟɪɞɨɫɬɢ ɜ ��� Ƚɉɚ >�@� ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɬɜɟɪɞɨɫɬɢ� ɩɪɢɪɨɞɧɨɝɨ�
ɤɨɪɭɧɞɚ�� ɚ� ɜɟɪɯɧɢɣ� ɩɪɟɞɟɥ ± ��� Ƚɉɚ >��@� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ� ɬɜɟɪɞɨɫɬɢ� ɝɪɚɧɢ� ������
ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ�ɩɪɢɪɨɞɧɨɝɨ�ɚɥɦɚɡɚ��ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ��ɦɚɬɟɪɢɚɥɵ�ɫ�ɬɜɟɪɞɨɫɬɶɸ�ɜɵɲɟ ����Ƚɉɚ�
ɛɭɞɭɬ�ɨɬɧɨɫɢɬɶɫɹ�ɤ�ɭɥɶɬɪɚɬɜɟɪɞɵɦ��ɉɪɢɱɟɦ�ɭɤɚɡɚɧɧɵɟ�ɡɧɚɱɟɧɢɹ�ɞɨɥɠɧɵ�ɛɵɬɶ�ɩɨɥɭɱɟɧɵ�ɩɪɢ�
ɢɡɦɟɪɟɧɢɢ�ɬɜɟɪɞɨɫɬɢ�ɩɢɪɚɦɢɞɨɣ�ȼɢɤɤɟɪɫɚ�ɩɪɢ�ɧɚɝɪɭɡɤɟ�ɧɚ�ɢɧɞɟɧɬɨɪ�����ɇ >��@�

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɩɨɫɬɚɜɥɟɧɧɵɯ�ɰɟɥɟɣ�ɩɪɢ�ɫɨɡɞɚɧɢɢ�ɧɨɜɵɯ�ɫɜɟɪɯɬɜɟɪɞɵɯ�
ɦɚɬɟɪɢɚɥɨɜ�ɧɟɨɛɯɨɞɢɦɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɫɥɟɞɭɸɳɢɟ�ɫɪɟɞɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ�ɫɬɪɭɤɬɭɪɨɣ�ɢ�ɫɜɨɣɫɬɜɚɦɢ�
ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�� ɜɵɛɨɪ� ɫɨɟɞɢɧɟɧɢɣ� ɫ� ɬɪɟɯɦɟɪɧɨɣ� VS��ɫɬɪɭɤɬɭɪɨɣ�� ɤɨɪɨɬɤɢɦɢ� ɯɢɦɢɱɟɫɤɢɦɢ�
ɫɜɹɡɹɦɢ��ɜɵɫɨɤɨɣ�ɩɥɨɬɧɨɫɬɶɸ�ɷɥɟɤɬɪɨɧɨɜ�ɢ�ɜɚɥɟɧɬɧɵɯ�ɫɜɹɡɟɣ�ɢ�ɧɢɡɤɨɣ�ɢɨɧɧɨɫɬɶɸ�ɫɜɹɡɟɣ��ɚ�ɬɚɤɠɟ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɩɪɢ� ɜɵɫɨɤɢɯ� ɞɚɜɥɟɧɢɹɯ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚɧɨɦɟɬɪɢɱɟɫɤɨɝɨ� ɞɢɚɩɚɡɨɧɚ��� ɜɜɟɞɟɧɢɟ�
ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ� ɚɤɬɢɜɢɪɭɸɳɢɯ� ɩɪɨɰɟɫɫ� ɫɩɟɤɚɧɢɹ� ɞɨɛɚɜɨɤ�� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ�
ɧɚɧɨɪɚɡɦɟɪɧɵɯ�ɞɨɛɚɜɨɤ�ɭɝɥɟɪɨɞɚ��ɧɚɩɪɢɦɟɪ��Q�ɫɥɨɣɧɵɯ�ɝɪɚɮɟɧɨɜ���ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɩɪɢ�ɫɩɟɤɚɧɢɢ�
ɤɨɦɩɨɧɟɧɬɨɜ� ɚɥɦɚɡɚ� ɪɚɡɥɢɱɧɨɝɨ� ɝɟɧɟɡɢɫɚ�� ɩɨɡɜɨɥɹɸɳɢɯ� ɦɚɤɫɢɦɚɥɶɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ�
ɩɪɟɢɦɭɳɟɫɬɜɚ� ɬɟɯɧɢɤɢ� ɜɵɫɨɤɢɯ� ɞɚɜɥɟɧɢɣ� ɢ�&9'�ɦɟɬɨɞɚ� �ɝɢɛɪɢɞɧɵɟ�ɦɚɬɟɪɢɚɥɵ� ± ɝɢɛɪɢɞɚɣɬ��
ɝɢɛɪɢɞɧɚɹ� ȺɌɉ��� ȼ� ɫɨɜɨɤɭɩɧɨɫɬɢ� ɷɬɨ� ɩɨɡɜɨɥɢɬ� ɩɨɥɭɱɚɬɶ� ɫɜɟɪɯɬɜɟɪɞɵɟ� ɢ� ɭɥɶɬɪɚɬɜɟɪɞɵɟ�
ɦɚɬɟɪɢɚɥɵ� ɫ� ɜɵɫɨɤɢɦ� ɭɪɨɜɧɟɦ� ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ�� ɩɪɨɱɧɨɫɬɢ ɢ� ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ�� ɱɬɨ� ɩɨɡɜɨɥɹɟɬ�
ɢɫɩɨɥɶɡɨɜɚɬɶ�ɟɝɨ�ɞɥɹ�ɨɫɧɚɳɟɧɢɹ�ɪɚɡɥɢɱɧɨɝɨ�ɜɢɞɚ�ɢɧɫɬɪɭɦɟɧɬɨɜ�

ɍ�ɫɬɚɬɬɿ�ɞɚɽɬɶɫɹ�ɡɚɝɚɥɶɧɢɣ�ɨɝɥɹɞ�ɧɚɞɬɜɟɪɞɢɯ�ɿ�ɭɥɶɬɪɚɬɜɟɪɞɢɯ�ɦɚɬɟɪɿɚɥɿɜ��ɹɤɿ�ɜɤɥɸɱɚɸɬɶ�
ɨɤɫɢɞɢ�� ɛɨɪɢɞɢ�� ɧɿɬɪɢɞɢ� ɜɭɝɥɟɰɸ�� ɤɭɛɿɱɧɢɣ�ɧɿɬɪɢɞ� ɛɨɪɭ� �F�%1��� ɚɥɦɚɡ� ɿ� ɿɧɲɿ��ɐɿ�ɦɚɬɟɪɿɚɥɢ�ɲɢɪɨɤɨ�
ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ�ɜ�ɛɚɝɚɬɶɨɯ�ɩɪɨɦɢɫɥɨɜɢɯ�ɡɚɫɬɨɫɭɜɚɧɧɹɯ��ɞɟ�ɨɫɧɨɜɧɢɦɢ�ɜɢɦɨɝɚɦɢ�ɽ�ɜɢɫɨɤɚ�ɬɜɟɪɞɿɫɬɶ��
ɜɢɫɨɤɚ�ɧɟɫɬɢɫɥɢɜɿɫɬɶ��ɚ�ɿɧɨɞɿ�ɿ�ɯɿɦɿɱɧɚ�ɿɧɟɪɬɧɿɫɬɶ�ɿ�ɬɟɪɦɿɱɧɚ�ɫɬɚɛɿɥɶɧɿɫɬɶ��ɉɪɨɜɟɞɟɧɨ�ɨɝɥɹɞ�ɦɟɬɨɞɿɜ�
ɬɟɨɪɟɬɢɱɧɢɯ� ɪɨɡɪɚɯɭɧɤɿɜ� ɫɬɪɭɤɬɭɪɢ� ɦɚɬɟɪɿɚɥɭ� ɿ� ʀɯ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ� ɩɟɪɟɜɿɪɤɢ� ɉɨɤɚɡɚɧɨ�� ɳɨ� ɜ�
ɡɚɥɟɠɧɨɫɬɿ� ɜɿɞ� ɩɨɫɬɚɜɥɟɧɢɯ� ɰɿɥɟɣ� ɩɪɢ� ɫɬɜɨɪɟɧɧɿ� ɧɨɜɢɯ� ɧɚɞɬɜɟɪɞɢɯ� ɦɚɬɟɪɿɚɥɿɜ� ɧɟɨɛɯɿɞɧɨ�
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɬɚɤɿ�ɡɚɫɨɛɢ�ɭɩɪɚɜɥɿɧɧɹ�ɫɬɪɭɤɬɭɪɨɸ�ɿ�ɜɥɚɫɬɢɜɨɫɬɹɦɢ�ɩɨɥɿɤɪɢɫɬɚɥɿɜ��ɜɢɛɿɪ�ɫɩɨɥɭɤ�ɡ�
ɬɪɢɜɢɦɿɪɧɨɸ� VS��ɫɬɪɭɤɬɭɪɨɸ�� ɤɨɪɨɬɤɢɦɢ� ɯɿɦɿɱɧɢɦɢ� ɡɜ
ɹɡɤɚɦɢ�� ɜɢɫɨɤɨɸ� ɳɿɥɶɧɿɫɬɸ� ɟɥɟɤɬɪɨɧɿɜ� ɿ�
ɜɚɥɟɧɬɧɢɯ�ɡɜ
ɹɡɤɿɜ�ɿ�ɧɢɡɶɤɨɸ�ɢɨɧɧɿɫɬɸ�ɡɜ
ɹɡɤɿɜ��ɚ�ɬɚɤɨɠ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɩɪɢ�ɜɢɫɨɤɨɦɭ�ɬɢɫɤɭ�ɦɚɬɟɪɿɚɥɿɜ�
ɧɚɧɨɦɟɬɪɢɱɧɨɝɨ�ɞɿɚɩɚɡɨɧɭ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɬɜɟɪɞɿɫɬɶ�� ɧɚɞɬɜɟɪɞɢɣ ɦɚɬɟɪɿɚɥ�� ɭɥɶɬɪɚɬɜɟɪɞɢɣ� ɦɚɬɟɪɿɚɥ�� ɜɢɫɨɤɢɣ� ɬɢɫɤ��
ɤɜɚɧɬɨɦɟɯɚɧɿɱɧɢɣ ɪɨɡɪɚɯɭɧɨɤ

$��1��6RNRORY
9��1��%DNXO�,QVWLWXWH�IRU�VXSHUKDUG�PDWHULDOV�RI�1$6�RI�8NUDLQH

1(:�683(5+$5'�0$7(5,$/6��7+(25<�$1'�(;3(5,0(17
7KLV� DUWLFOH� JLYHV� JHQHUDO� RYHUYLHZ� RI� VXSHUKDUG� DQG� XOWUDKDUG� PDWHULDOV�� ZKLFK� LQFOXGH� R[LGHV��

ERULGHV�� QLWULGHV� FDUERQ� QLWULGHV�� FXELF� ERURQ� QLWULGH� �F�%1��� GLDPRQG�� HW� DO�� 7KHVH�PDWHULDOV� DUH� ZLGHO\�
DGRSWHG�LQ�PDQ\�LQGXVWULDO�DSSOLFDWLRQV�ZKHUH�KLJK�KDUGQHVV��KLJK�LQFRPSUHVVLELOLW\�DQG�VRPHWLPHV�FKHPLFDO�
LQHUWQHVV�DQG�WKHUPDO�VWDELOLW\�DUH�SULPDU\�UHTXLUHPHQWV��$�UHYLHZ�RI�WKH�PHWKRGV�RI�WKHRUHWLFDO�FDOFXODWLRQV�



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

KWWS��DOWLV�LVP�RUJ�XD

���

RI�WKH�VWUXFWXUH�RI�WKH�PDWHULDO�DQG�WKHLU�H[SHULPHQWDO�YHULILFDWLRQ� ,W�LV�FRQFOXGHG�WKDW��GHSHQGLQJ�RQ�WKH�JRDOV��
ZKHQ�FUHDWLQJ�QHZ�VXSHUKDUG�PDWHULDOV��LW�LV�QHFHVVDU\�WR�XVH�WKH�IROORZLQJ�PHDQV�IRU�FRQWUROOLQJ�WKH�VWUXFWXUH�
DQG�SURSHUWLHV�RI�SRO\FU\VWDOV��FKRRVLQJ�FRPSRXQGV�ZLWK�D�WKUHH�GLPHQVLRQDO�VS��VWUXFWXUH��VKRUW�FKHPLFDO�
ERQGV��KLJK�HOHFWURQ�DQG�YDOHQFH�ERQG�GHQVLW\��DQG�ORZ�LRQLFLW\�RI�ERQGV��DV�ZHOO�DV�XVLQJ�DW�KLJK�SUHVVXUHV�
RI�PDWHULDOV�LQ�WKH�QDQRPHWULF�UDQJH���7RJHWKHU��WKLV�ZLOO�PDNH�LW�SRVVLEOH�WR�REWDLQ�VXSHUKDUG�DQG�XOWUDKDUG�
PDWHULDOV�ZLWK�D�KLJK�OHYHO�RI�KHDW�UHVLVWDQFH��VWUHQJWK�DQG�ZHDU�UHVLVWDQFH��ZKLFK�DOORZV�LW�WR�EH�XVHG�WR�HTXLS�
YDULRXV�W\SHV�RI�WRROV�

.H\�ZRUGV��KDUGQHVV�� VXSHUKDUG�PDWHULDO��XOWUDKDUG�PDWHULDO��KLJK�SUHVVXUH��TXDQWXP�PHFKDQLFDO�
FDOFXODWLRQ

Ʌɢɬɟɪɚɬɭɪɚ
�� .DUYDQNRYD�3���9HSUHN� 6��'LIIHUHQW�$SSURDFKHV� WR�([WULQVLFDOO\�6XSHUKDUG�0DWHULDOV� ���

3URFHHGLQJ� RI� �VW� ,QWHUQDWLRQDO� :RUNVKRS� RQ� $GYDQFHG� 6XSHUKDUG� 0DWHULDOV�� ������
'HFHPEHU��������9LOOHWDQHXVH��)UDQFH��������&'�520��&RS\ULJKW �����/3070�&156
>ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ@��± Ɋɟɠɢɦ ɞɨɫɬɭɩɚ� ZZZ�OSPWP�XQLY�SDULV���IU�

�� ɇɨɜɢɤɨɜ� ɇ�� ȼ��� Ʉɢɫɥɵɣ� ɉ�� ɋ��� Ⱥɧɞɪɟɟɜ� ȼ�� Ⱦ��� ɂɜɚɯɧɟɧɤɨ� ɋ�� Ⱥ�� Ɏɢɡɢɱɟɫɤɢɟ� ɢ�
ɬɟɯɧɢɱɟɫɤɢɟ� ɨɫɧɨɜɵ� ɫɨɡɞɚɧɢɹ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ��� ɋɢɧɬɟɬɢɱɟɫɤɢɟ�
ɫɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ��ȼ���ɬ��Ɍ�����ɋɢɧɬɟɡ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ���Ɋɟɞɤɨɥ��ɇ��ȼ��
ɇɨɜɢɤɨɜ��ɨɬɜ��ɪɟɞ���ɢ�ɞɪ��± Ʉ���ɇɚɭɤ��ɞɭɦɤɚ��������±ɋ����±���

�� ɀɨɝɨɥɟɜ� Ⱦ�� Ⱥ�� Ɉɩɪɟɞɟɥɟɧɢɟ� ɫɨɫɬɚɜɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɬɜɟɪɞɵɯ� ɪɚɫɬɜɨɪɨɜ��
ɢɡɨɷɥɟɤɬɪɨɧɧɵɯ�ɨɞɧɨɚɬɨɦɧɵɦ�ɦɚɬɟɪɢɚɥɚɦ�ɢɡ�ɷɥɟɦɟɧɬɨɜ�,,,±,9�ɝɪɭɩɩ�ɉɟɪɢɨɞɢɱɟɫɤɨɣ�
ɬɚɛɥɢɰɵ�� Ɍɟɡɢɫɵ� ɞɨɤɥɚɞɨɜ� Ɍɪɟɬɶɟɣ� ȼɫɟɫɨɸɡɧɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ� ɩɨ� ɤɪɢɫɬɚɥɥɨɯɢɦɢɢ�
ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ�ɫɨɟɞɢɧɟɧɢɣ��Ʌɶɜɨɜ��ȼɢɳɚ�ɲɤɨɥɚ��������± ɋ����±���

�� =KRJROHY�'� $���%XJDHWV�2� 3���0DUXVKNR�,� $��&RPSRXQGV�LVRHOHFWURQLF�ZLWK�GLDPRQG�DV�
D� EDVLV� IRU� WKH� FUHDWLRQ� RI� QHZ� KDUG� DQG� VXSHU�KDUG� PDWHULDOV� ��� -RXUQDO� RI� 6WUXFWXUDO�
&KHPLVWU\��± ������± ����± 1����± 3����±���

�� Ɇɚɪɭɲɤɨ�ɂ��Ⱥ���ɀɨɝɨɥɟɜ�Ⱦ��Ⱥ��ȼɵɱɢɫɥɟɧɢɟ�ɫɢɥɨɜɨɣ�ɦɚɬɪɢɰɵ�ɤɪɢɫɬɚɥɥɚ�ɜ� ɡɨɧɧɨɣ�
ɬɟɨɪɢɢ����ɍɎɀ��± ������± ����± ʋ����± ɋ����±���

�� &RKHQ�0��/��&DOFXODWLRQ�RI�EXON�PRGXOL�RI�GLDPRQG�DQG�]LQF�EOHQGH�VROLGV��� 3K\V��5HZ��±
������± %����± 1�����± Ɋ������±�����

�� ɉɚɬ�� �������� ɋɒȺ�� ɆɄɂ� &��% �������� &��. �������� 6XSHUDEUDVLYH� ERULGH� DQG� D�
PHWKRG�RI�SUHSDULQJ�WKH�VDPH�E\�PHFKDQLFDO�DOOR\LQJ�DQG�KRW�SUHVVLQJ���&RRN�%UXFH�$���
+DUULQJD�-RHO�/���5XVVHOO�$ODQ�0��± Ɉɩɭɛɥ�������������

�� ɒɭɥɶɠɟɧɤɨ� Ⱥ�� Ⱥ��� ɋɨɤɨɥɨɜ� Ⱥ�� ɇ�� ɇɨɜɵɣ� ɫɜɟɪɯɬɜɟɪɞɵɣ� ɦɚɬɟɪɢɚɥ� ɧɚ� ɨɫɧɨɜɟ� ɛɨɪɚ��
ɩɨɥɭɱɟɧɧɵɣ�ɩɪɢ�ɜɵɫɨɤɢɯ�ɞɚɜɥɟɧɢɢ�ɢ�ɬɟɦɩɟɪɚɬɭɪɟ�����ɋɜɟɪɯɬɜ��ɦɚɬɟɪɢɚɥɵ��± ������±
ʋ����± ɋ����±���

�� ɒɭɥɶɠɟɧɤɨ� Ⱥ�� Ⱥ��� ɋɨɤɨɥɨɜ� Ⱥ�� ɇ�� ɋɨɟɞɢɧɟɧɢɟ� $O%��&� ± ɧɨɜɵɣ� ɫɜɟɪɯɬɜɟɪɞɵɣ�
ɦɚɬɟɪɢɚɥ����ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ�ɢ�ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ�ɢɧɫɬɪɭɦɟɧɬ�± ɬɟɯɧɢɤɚ��
ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ� ɩɪɢɦɟɧɟɧɢɹ�� Ɇɚɬɟɪɢɚɥɵ� 9 ɦɟɠɞɭɧɚɪɨɞɧɨɣ�
ɤɨɧɮɟɪɟɧɰɢɢ����±���ɫɟɧɬɹɛɪɹ������ɝ��Ʉɪɵɦ��ɩ��Ɇɨɪɫɤɨɟ�ɋɭɞɚɤɫɤɨɝɨ�ɪ�ɧɚ��± Ʉ���ɂɋɆ�
ɇȺɇ�ɍɤɪɚɢɧɵ��������± ɋ�����±����

��� +LJK�SUHVVXUH��KLJK�WHPSHUDWXUH�6XSHUKDUG�0DWHULDO�&RPSDUDEOH�LQ�+DUGQHVV�WR�'LDPRQG�
V\QWKHVLV� DQG� FKDUDFWHUL]DWLRQ� RI� ERURQ� VXER[LGH� �%�2�� �� +� +XEHUW�� /� *DUYLH�� %�
'HYRXDUG� HW�DO�����-��&KHP��0DWHU��± ������± ����± 3������±�����

���ɒɭɥɶɠɟɧɤɨ�Ⱥ��Ⱥ���ɋɨɤɨɥɨɜ�Ⱥ��ɇ���Ⱦɭɛ�ɋ��ɇ���Ȼɟɥɹɜɢɧɚ�ɇ��ɇ��Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ�ɫɬɪɭɤɬɭɪɚ�
ɢ� ɫɜɨɣɫɬɜɚ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɮɚɡ�� ɨɛɪɚɡɭɸɳɢɯɫɹ� ɜ� ɫɢɫɬɟɦɟ� %±%�2�±%1ɝ ɜ� ɭɫɥɨɜɢɹɯ�
ɜɵɫɨɤɢɯ�ɞɚɜɥɟɧɢɣ�ɢ�ɬɟɦɩɟɪɚɬɭɪ����ɋɜɟɪɯɬɜ��ɦɚɬɟɪɢɚɥɵ��± ������± ʋ����± ɋ����±���
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���

��� 6+6�RI�QHZ�VXSHUKDUG�PDWHULDO�EDVHG�RQ�QRQVWRLFKLRPHWULF�E�6L&���0� *DG]\UD��*� *QHVLQ��
2� 0LNKDLO\N�� HW� DO� �� ,QWHUQDWLRQDO� -RXUQDO� RI� 6HOI�3URSDJDLQJ� +LJK�7HPSHUDWXUH�
6\QWKHVLV��± ������± ���± 1����± 3����±���

��� 3K\VLFDO�SURSHUWLHV�RI�VXSHUKDUG�DQG�XOWUDKDUG�IXOOHULWHV�FUHDWHG�IURP�VROLG�&���E\�KLJK�
SUHVVXUH�KLJK�WHPSHUDWXUH�WUHDWPHQW���9� '� %ODQN��6� *� %XJD��1� 5� 6HUHEU\DQD\D��HW�DO��
���$SSO��3K\V��± ������± $����± 3�����±����

��� 6ROR]KHQNR�9��/���'XE�6��1���1RYLNRY�1��9��0HFKDQLFDO�SURSHUWLHV�RI�FXELF�%&�1��D�QHZ�
VXSHUKDUG�SKDVH����'LDPRQG�DQG�5HODWHG�0DWHULDOV��± ������± ����± 1�����± 3������±�����

��� ɋɨɤɨɥɨɜ� Ⱥ�� ɇ��� ɒɭɥɶɠɟɧɤɨ� Ⱥ�� Ⱥ��� Ƚɚɪɝɢɧ� ȼ�� Ƚ�� ɋɜɟɪɯɬɜɟɪɞɵɣ� ɧɚɧɨɚɥɦɚɡɧɵɣ�
ɤɨɦɩɨɡɢɬ�ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ����Ɋɨɫ��ɯɢɦ��ɠ���ɀ��Ɋɨɫ��ɯɢɦ��ɨɛ±ɜɚ�ɢɦ��Ⱦ�ɂ��
Ɇɟɧɞɟɥɟɟɜɚ���± ������± ��� ± ʋ����± ɋ����±���

��� +LWRVKL� 6��� ,ULIXQH� 7�� )RUPDWLRQ� PHFKDQLVP� DQG� VRPH� SURSHUWLHV� RI� VXSHUKDUG�
QDQRSRO\FU\VWDOOLQH�GLDPRQG�V\QWKHVL]HG�E\�GLUHFW�FRQYHUVLRQ�VLQWHULQJ����-��-DS��6RF��RI�
3RZGHU�DQG�3RZGHU�0HWDOOXUJ\��± ������± ����± 1����± 3�����±����

��� ɒɭɥɶɠɟɧɤɨ� Ⱥ�� Ⱥ��� ɋɬɪɚɬɢɣɱɭɤ� Ⱦ�� Ⱥ��� Ƚɚɪɝɢɧ� ȼ�� Ƚ��� Ȼɟɥɹɜɢɧɚ� ɇ�� ɇ�� ɉɨɥɭɱɟɧɢɟ� ɢ�
ɮɢɡɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɤɟɪɦɟɬɚ�ɧɚ�ɨɫɧɨɜɟ�%±&±6L ���ɋɜɟɪɯɬɜ��ɦɚɬɟɪɢɚɥɵ��±
������± ʋ����± ɋ����±���

��� ɋɨɥɨɠɟɧɤɨ�ȼ��Ʌ���Ʉɭɪɚɤɟɜɢɱ�Ⱥ��Ⱥ���Ɉɝɚɧɨɜ�Ⱥ��Ɋ��Ɉ� ɬɜɟɪɞɨɫɬɢ�ɧɨɜɨɣ�ɮɚɡɵ�ɛɨɪɚ� ±
ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ�J�ɛɨɪɚ����ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ��± ������± ʋ����± ɋ����±���

��� ɇɨɜɵɣ�ɝɢɛɪɢɞɧɵɣ�ɭɥɶɬɪɚɬɜɟɪɞɵɣ�ɦɚɬɟɪɢɚɥ���Ⱥ��Ⱥ��ɒɭɥɶɠɟɧɤɨ��ȿ��ȿ��Ⱥɲɤɢɧɚɡɢ��Ⱥ��
ɇ��ɋɨɤɨɥɨɜ�ɢ�ɞɪ�����ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ��± ������± ʋ����± ɋ���±���

��� Ƚɢɛɪɢɞɧɚɹ�ɚɥɦɚɡɧɨ�ɬɜɟɪɞɨɫɩɥɚɜɧɚɹ�ɩɥɚɫɬɢɧɚ���Ⱥ��Ⱥ��ɒɭɥɶɠɟɧɤɨ��Ⱥ��ɇ��ɋɨɤɨɥɨɜ��Ʌ��
ɂ�� Ⱥɥɟɤɫɚɧɞɪɨɜɚ� ɢ� ɞɪ�� ��� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ�
ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ�� ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ�ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ�ɩɪɢɦɟɧɟɧɢɹ��ȼɵɩ�� ���� ± Ʉ���
ɂɋɆ�ɢɦ��ȼ�ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��������± ɋ�����±����

��� ɇɨɜɵɣ� ɢɡɧɨɫɨɫɬɨɣɤɢɣ� ɫɜɟɪɯɬɜɟɪɞɵɣ� ɚɥɦɚɡɧɵɣ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ�
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ�ɦɚɬɟɪɢɚɥ���Ⱥ��Ⱥ��ɒɭɥɶɠɟɧɤɨ��Ʌ��əɜɨɪɫɤɚ��Ⱥ��ɇ��ɋɨɤɨɥɨɜ�ɢ�ɞɪ��
���ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ��± ������± ʋ����± ɋ���±���

��� ɋɨɤɨɥɨɜ� Ⱥ�� ɇ��� ɒɭɥɶɠɟɧɤɨ� Ⱥ�� Ⱥ�� ɋɬɪɚɬɟɝɢɹ� ɫɨɡɞɚɧɢɹ� ɧɨɜɵɯ� ɫɜɟɪɯɬɜɟɪɞɵɯ�
ɦɚɬɟɪɢɚɥɨɜ� ��� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ±
ɬɟɯɧɢɤɚ��ɬɟɯɧɨɥɨɝɢɹ�ɟɝɨ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɢ�ɩɪɢɦɟɧɟɧɢɹ��ȼɵɩ�����± Ʉɢɟɜ��ɂɋɆ�ɢɦ��ȼ�ɇ��
Ȼɚɤɭɥɹ��������ɋ�����±����

��� ɒɭɥɶɠɟɧɤɨ�Ⱥ��Ⱥ���ɋɨɤɨɥɨɜ�Ⱥ��ɇ���Ƚɚɪɝɢɧ�ȼ��Ƚ��ɇɨɜɵɟ�ɫɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ�ɧɚ�ɨɫɧɨɜɟ�
ɚɥɦɚɡɚ��ɩɨɥɭɱɟɧɢɟ��ɫɜɨɣɫɬɜɚ��Ɉɛɡɨɪ����ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪ��± ������± ʋ����± ɋ����±���

���ɒɭɥɶɠɟɧɤɨ� Ⱥ�� Ⱥ��� ɋɨɤɨɥɨɜ� Ⱥ�� ɇ��� Ƚɚɪɝɢɧ� ȼ�� Ƚ�� ɇɨɜɵɟ� ɭɥɶɬɪɚɬɜɟɪɞɵɟ�
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ� ɦɚɬɟɪɢɚɥɵ� ��� ɇɚɭɤɚ� ɩɪɨ� ɦɚɬɟɪɿɚɥɢ��
ɞɨɫɹɝɧɟɧɧɹ�ɬɚ�ɩɟɪɫɩɟɤɬɢɜɢ��ɍ���ɯ�ɬ��Ɍ������Ɋɟɞɤɨɥ���Ʌ��Ɇ��Ʌɨɛɚɧɨɜ��ɝɨɥɨɜɚ��ɬɚ�ɿɧ���ɇȺɇ�
ɍɤɪɚʀɧɢ��± Ʉ���Ⱥɤɚɞɟɦɩɟɪɿɨɞɢɤɚ��������± ɋ�����±����

��� ,RQLF�KLJK�SUHVVXUH� IRUP�RI�HOHPHQWDO�ERURQ � $� 5� 2JDQRY�� -� &KHQ��&� *DWWL�� HW� DO�� ���
1DWXUH��± ������± 9RO�������± 3�����±����

��� 6XSHUKDUG�PRQRFOLQLF�SRO\PRUSK�RI�FDUERQ����4� /L��<� 0D��$� 5� 2JDQRY��HW�DO�����3K\VLFDO�
5HYLHZ�/HWWHUV��² ������± 9RO�������± 1�����± 3���������

��� 'RQJ�+���2JDQRY�$��5���=KX�4���4LDQ�*��5��7KH�SKDVH�GLDJUDP�DQG�KDUGQHVV�RI�FDUERQ�
QLWULGHV����6FLHQWLILF�5HSRUWV��± ������± ���1����GRL���������VUHS������

��� 1RYHO�VXSHUKDUG�%±&±2�SKDVHV�SUHGLFWHG�IURP�ILUVW�SULQFLSOHV���6��:DQJ��$��5��2JDQRY��*��
4LDQ��HW�DO�����3K\VLFDO�&KHPLVWU\�&KHPLFDO�3K\VLFV��± ������± ����± 1����± 3������±�����

��� 6XSHUKDUG� RUWKRUKRPELF� SKDVH� RI�%�&2� FRPSRXQG� �� &�� /LX�� =�� =KDR�� .�� /XR�� HW� DO�� ���
'LDPRQG�DQG�5HODWHG�0DWHULDOV��± ������± ����± 3� ��±���

��� 7HWUDJRQDO�6WUXFWXUH�%&� DV�D�6XSHUKDUG�0DWHULDO���/��/LX��=��=KDR��6��=KDQJ��HW�DO�����7KH�
-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�&��± ������± �����± 1�����± 3�������±������
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���

��� $� QRYHO� VXSHUKDUG� WXQJVWHQ� QLWULGH� SUHGLFWHG� E\� PDFKLQH�OHDUQLQJ� DFFHOHUDWHG� FU\VWDO�
VWUXFWXUH�VHDUFK � .��;LD��+��*DR��&��/LX��HW�DO�� ���6FLHQFH�%XOOHWLQ� ± ����� GRL��KWWSV����
GRL�RUJ���������M�VFLE�������������

��� 0LFURVWUXFWXUH� 3URSHUW\�&RUUHODWLRQV� IRU�+DUG�� 6XSHUKDUG�� DQG�8OWUDKDUG�0DWHULDOV� ��9��
.DQ\DQWD��(G����± 6ZLW]HUODQG��6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ��������± ����S�

��� &RPSUHKHQVLYH�KDUG�PDWHULDOV��9�����6XSHU�KDUG�PDWHULDOV���&��(��1HEHO��(G����9��.��6DULQ�
�(GLWRU�LQ�FKLHI���± (OVHYLHU��������± ����S�

��� /RZWKHU�-��(��7KH�5ROH�3OD\HG�E\�&RPSXWDWLRQ�LQ�8QGHUVWDQGLQJ�+DUG�0DWHULDOV ���
0DWHULDOV��± ������± ���± ����±�����

��� &��:��*ODVVD��$��5��2JDQRY��1��+DQVHQ��863(;�± (YROXWLRQDU\�FU\VWDO�VWUXFWXUH�
SUHGLFWLRQ����&RPSXWHU�3K\VLFV�&RPPXQLFDWLRQV��± ������± �����± 1��������± 3�����±����

��� 8QLYHUVDO� 6WUXFWXUH� 3UHGLFWRU�� (YROXWLRQDU\� ;WDOORJUDSK\� >ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ@�� ±
Ɋɟɠɢɦ ɞɨɫɬɭɩɚ��KWWSV���XVSH[�WHDP�RUJ�HQ�XVSH[�RYHUYLHZ�

��� Ɉɝɚɧɨɜ� Ⱥ�� Ɇɨɠɧɨ� ɥɢ� ɫɨɡɞɚɬɶ� ɦɚɬɟɪɢɚɥ� ɬɜɟɪɠɟ� ɚɥɦɚɡɚ" >ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ@�� ±
Ɋɟɠɢɦ ɞɨɫɬɭɩɚ��KWWSV���SRVWQDXND�UX�YLGHR�������

��� Ⱥɫɥɚɧɹɧ�ɗ��Ƚ��Ɇɟɬɪɨɥɨɝɢɱɟɫɤɨɟ�ɨɛɟɫɩɟɱɟɧɢɟ�ɢɡɦɟɪɟɧɢɣ�ɬɜɟɪɞɨɫɬɢ����ɂɡɦɟɪɢɬɟɥɶɧɚɹ�
ɬɟɯɧɢɤɚ��± �����± ʋ���

��� 0RKV�VFDOH�RI�PLQHUDO�KDUGQHVV >ɗɥɟɤɬɪɨɧɧɵɣ�ɪɟɫɭɪɫ@��± Ɋɟɠɢɦ�ɞɨɫɬɭɩɚ�
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�0RKVBVFDOHBRIBPLQHUDOBKDUGQHVV�

ɉɨɫɬɭɩɢɥɚ���������

5HIHUHQFHV
�� .DUYDQNRYD� 3��� 9HSUHN� 6�� �������� 'LIIHUHQW� $SSURDFKHV� WR� ([WULQVLFDOO\� 6XSHUKDUG�

0DWHULDOV� 3URFHHGLQJ�RI��VW�,QWHUQDWLRQDO�:RUNVKRS�RQ�$GYDQFHG�6XSHUKDUG�0DWHULDOV��
9LOOHWDQHXVH��)UDQFH��5HWULHYHG�IURP ZZZ�OSPWP�XQLY�SDULV���IU�

�� 1RYLNRY��1��9���NLVO\L��3��6���$QGUHHY��9��'���	�,YDNKQHQNR��6��$��������� 3K\VLFDO�DQG�
WHFKQLFDO� IXQGDPHQWDOV� RI� FUHDWLQJ� VXSHUKDUG�PDWHULDOV� 6XSHUKDUG�0DWHULDOV 9�,� 1��9��
1RYLNRY��(G�����9ROV���±���9RO����� ɄLHY��1DXNRYD�GXPND�>LQ�5XVVLDQ@�

�� =KRKROHY��'��$��������� 2SUHGHOHQLH VRVWDYD PQRKRNRPSRQHQWQ\NK WYHUG\NK UDVWYRURY��
L]RHOHNWURQQ\NK RGQRDWRPQ\P PDWHULDODP L] HOHPHQWRY ,,,±,9 KUXSS 3HULRGLFKHVNRL
WDEOL]\ >'HWHUPLQDWLRQ�RI�WKH�FRPSRVLWLRQ�RI�PXOWLFRPSRQHQW VROLG�VROXWLRQV��LVRHOHFWURQLF�
PRQDWRPLF�PDWHULDOV�IURP�HOHPHQWV�RI�JURXSV�,,,�± ,9�RI�WKH�3HULRGLF�WDEOH@� $EVWUDFWV�IURP
&U\VWDO�FKHPLVWU\�RI�LQWHUPHWDOOLF�FRPSRXQGV¶����,,,�9VHVRLX]QDLD�NRQIHUHQWVLLD ± �QG�$OO�
8QLRQ�&RQIHUHQFH�������KRG����SS����±�����/YRY��9\VKFKD�VKNROD�>LQ�5XVVLDQ@�

�� =KRJROHY� '� $���%XJDHWV� 2� 3���	�0DUXVKNR� ,� $��������� &RPSRXQGV�LVRHOHFWURQLF�ZLWK�
GLDPRQG� DV� D� EDVLV� IRU� WKH� FUHDWLRQ� RI� QHZ� KDUG� DQG� VXSHU�KDUG� PDWHULDOV� -RXUQDO� RI�
6WUXFWXUDO�&KHPLVWU\� ��� �� ��±���

�� 0DUXVKNR��,� $���	�=KRKROHY��'��$����������9\FKLVOHQLH VLORYRL PDWULWV\ NULVWDOOD�Y�]RQQRL�
WHRULL�>&DOFXODWLRQ�RI�WKH�FU\VWDO�SRZHU�PDWUL[�LQ�EDQG�WKHRU\@�8NUDLQVNLL�IL]LFKHVNLL�]KXUQDO�
± 8NUDLQLDQ�SK\VLFDO�MRXUQDO����� �� ��±�� >LQ�5XVVLDQ@�

�� &RKHQ� 0��/����������&DOFXODWLRQ�RI�EXON�PRGXOL�RI�GLDPRQG�DQG�]LQF�EOHQGH�VROLGV��3K\V��
5HZ�� %��� ��� ����±�����

�� &RRN� %� $���+DUULQJD� -� /���	�5XVVHOO� $� 0� ������� 3DWHQW�RI�86$ ��������
�� 6KXO]KHQNR��$��$���6RNRORY��$��1����������1RY\L VYHUNKWYHUG\L PDWHULDO QD RVQRYH ERUD��

SROXFKHQQ\L SUL Y\VRNLNK� GDYOHQLL� ,� WHPSHUDWXUH� >7KH� QHZ� VXSHUKDUG�PDWHULDO� EDVHG� RQ�
ERURQ�SURGXFHG�DW�KLJK�SUHVVXUH�DQG�WHPSHUDWXUH@��6YHUNKWYHUG\H�PDWHULDO\�± -��6XSHUKDUG�
PDWHULDOV� �� ��±�� >LQ�5XVVLDQ@�



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

���

�� 6KXO]KHQNR�� $�� $��� 6RNRORY�� $�� 1�� ������� 6RHGLQHQLH $O%��&� ± QRY\L� VYHUNKWYHUG\L�
PDWHULDO� >$O%��&� &RPSRXQG� ± 1HZ� 6XSHUKDUG� 0DWHULDO@� 3URFHHGLQJV� IURP 5RFN�
'HVWUXFWLRQ�DQG�0HWDO�:RUNLQJ�7RROV�± 7HFKQLTXHV�DQG�7HFKQRORJ\�RI�WKH�7RRO�3URGXFWLRQ�
DQG�$SSOLFDWLRQV¶����9�0H]KGXQDURGQDLD�NRQIHUHQWVLLD����±���VHQWLDEULD������KRGD��± �QG�
,QWHUQDWLRQDO�&RQIHUHQFH���SS�����±����� .LHY��,60�1$1�8NUDLQ\ >LQ�5XVVLDQ@�

��� +XEHUW�� +�� *DUYLH�� /�� 'HYRXDUG�� %�� HW� DO�� ������� +LJK�SUHVVXUH�� KLJK�WHPSHUDWXUH�
6XSHUKDUG�0DWHULDO�&RPSDUDEOH�LQ�+DUGQHVV�WR�'LDPRQG�V\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ�RI�
ERURQ�VXER[LGH��%�2�� -��&KHP��0DWHU� ��� ����±�����

��� 6KXO]KHQNR��$��$���6RNRORY��$��1���'XE��6��1���	�%HOLDYLQD��1��1����������.ULVWDOOLFKHVNDLD
VWUXNWXUD , VYRLVWYD VYHUNKWYHUG\NK� ID]�� REUDVXLXVKFKLNKVLD� Y� VLVWHPH %±%�2�±%1K Y�
XVORYLLDNK�Y\VRNLNK�GDYOHQLL�,�WHPSHUDWXUH�>&U\VWDO�VWUXFWXUH�DQG�SURSHUWLHV�RI�VXSHUKDUG�
SKDVHV� IRUPHG� LQ� WKH� %±%�2�±%1K V\VWHP� DW� KLJK� SUHVVXUHV� DQG� WHPSHUDWXUHV@�
6YHUNKWYHUG\H�PDWHULDO\�± -��6XSHUKDUG�PDWHULDOV� �� ��±�� >LQ�5XVVLDQ@�

��� *DG]\UD��0�� *QHVLQ��*�� 0LNKDLO\N��2�� HW�DO��������� 6+6�RI�QHZ�VXSHUKDUG�PDWHULDO�EDVHG�
RQ�QRQVWRLFKLRPHWULF�ȕ�6L&� ,QWHUQDWLRQDO�-RXUQDO�RI�6HOI�3URSDJDLQJ�+LJK�7HPSHUDWXUH�
6\QWKHVLV� �� �� ��±���

��� %ODQN�� 9�� '�� %XJD�� 6�� *�� 6HUHEU\DQD\D�� 1�� 5�� HW� DO�� ������� 3K\VLFDO� SURSHUWLHV� RI�
VXSHUKDUG� DQG� XOWUDKDUG� IXOOHULWHV� FUHDWHG� IURP� VROLG� &��� E\� KLJK�SUHVVXUH�KLJK�
WHPSHUDWXUH�WUHDWPHQW� $SSO��3K\V�� $��� ���±����

��� 6ROR]KHQNR�9��/���'XE�6��1���	�1RYLNRY�1��9����������0HFKDQLFDO�SURSHUWLHV�RI�FXELF�
%&�1��D�QHZ�VXSHUKDUG�SKDVH� 'LDPRQG�DQG�5HODWHG�0DWHULDOV� ��� ��� ����±�����

��� 6RNRORY��$��1���6KXO]KHQNR��$��$���	�+DUKLQ��9��+�� ��������6YHUNKWYHUG\L�QDQRDOPD]Q\L�
NRPSR]LW� LQVWUXPHQWDOQRKR� QD]QDFKHQLLD� >1DQRGLDPRQG� FRPSRVLWH� VXSHUKDUG� LQVWUXPHQWDO�
SXUSRVH@�5RVVLLVNLL�NKLPLFKHVNLL�]KXUQDO�±5XVVLDQ�FKHPLFDO�MRXUQDO� ��� �� ��±�� >LQ�5XVVLDQ@�

��� +LWRVKL� 6��� ,ULIXQH� 7�� ������� )RUPDWLRQ�PHFKDQLVP�DQG�VRPH�SURSHUWLHV�RI� VXSHUKDUG�
QDQRSRO\FU\VWDOOLQH� GLDPRQG� V\QWKHVL]HG� E\� GLUHFW� FRQYHUVLRQ� VLQWHULQJ� -�� -DS�� 6RF�� RI�
3RZGHU�DQG�3RZGHU�0HWDOOXUJ\� ��� �� ���±����

��� 6KXO]KHQNR��$��$���6WUDWLLFKXN��'��$���+DUKLQ��9��+���	�%HOLDYLQD��1��1����������3ROXFKHQLH
L IL]LNR�PHNKDQLFKHVNLH VYRLVWYD� NHUPHWD� QD� RVQRYH� %±&±6L >2EWDLQLQJ� DQG�
SK\VLFRPHFKDQLFDO�SURSHUWLHV�RI�FHUPHW�RQ�%�± &�± 6L EDVHG@� 6YHUNKWYHUG\H�PDWHULDO\�± -��
6XSHUKDUG�PDWHULDOV� �� ��±�� >LQ�5XVVLDQ@�

��� 6ROR]KHQNR��9��/���.XUDNHYLFK��$��$���	�2KDQRY��$��5� ������� 2 WYHUGRVWL QRYRL ID]\ ERUD
± URPERHGULFKHVNRKR�J�ERUD�>2Q�WKH�KDUGQHVV�RI�D�QHZ�SKDVH�RI�ERURQ�� UKRPERKHGUDO�J�
ERURQ@� 6YHUNKWYHUG\H�PDWHULDO\�± -��6XSHUKDUG�PDWHULDOV� �� ��±�� >LQ�5XVVLDQ@�

��� 6KXO]KHQNR�� $�� $��� $VKNLQD]L�� (�� (��� 6RNRORY�� $�� 1��� HW� DO�� �������� 1RY\L KLEULGQ\L
XOWUDWYHUG\L PDWHULDO >1HZ� K\EULG� XOWUDKDUG� PDWHULDO@�� 6YHUNKWYHUG\H� PDWHULDO\� ± -��
6XSHUKDUG�PDWHULDOV� �� �±�� >LQ�5XVVLDQ@�

��� 6KXO]KHQNR��$��$���6RNRORY��$��1���$OHNVDQGURYD��/��,���HW�DO� ��������+LEULGQDLD DOPD]QR�
WYHUGRVSODYQDLD SODVWLQD >+\EULG�&DUELGH�'LDPRQG�3ODWH@� 5RFN�'HVWUXFWLRQ�DQG�0HWDO�
:RUNLQJ�7RROV�± 7HFKQLTXHV�DQG�7HFKQRORJ\�RI�WKH�7RRO�3URGXFWLRQ�DQG�$SSOLFDWLRQV�����
���±�����.LHY��,60�1$1�8NUDLQ\ >LQ�5XVVLDQ@�

��� 6KXO]KHQNR�� $�� $��� ,DYRUVND�� /��� 6RNRORY�� $�� 1��� HW DO�� �������� 1RY\L L]QRVRVWRLNLL
VYHUNKWYHUG\L DOPD]Q\L NRPSR]LWVLRQQ\L PDWHULDO >1HZ�ZHDU�UHVLVWDQW�VXSHUKDUG�GLDPRQG�
FRPSRVLWH�SRO\FU\VWDOOLQH�PDWHULDO@� ��6YHUNKWYHUG\H�PDWHULDO\�± -��6XSHUKDUG�PDWHULDOV� ��
�±�� >LQ�5XVVLDQ@�

��� 6RNRORY��$���1���	�6KXO]KHQNR�$��$�� ��������6WUDWHKLLD VR]GDQLLD QRY\NK VYHUWYHUG\NK
PDWHULDORY >7KH�VWUDWHJ\�RI�FUHDWLQJ�QHZ�VXSHUKDUG�PDWHULDOV� 5RFN�'HVWUXFWLRQ�DQG�0HWDO�
:RUNLQJ�7RROV�± 7HFKQLTXHV�DQG�7HFKQRORJ\�RI�WKH�7RRO�3URGXFWLRQ�DQG�$SSOLFDWLRQV����
ɋ�����±�����.LHY��,60�1$1�8NUDLQ\ >LQ�5XVVLDQ@�
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��� 6KXO]KHQNR��$��$���6RNRORY��$��1���	�+DUKLQ��9��+� ��������1RY\H VYHUNKWYHUG\H PDWHULDO\
QD RVQRYH DOPD]D�� SROXFKHQLH�� VYRLVWYD�� 2E]RU� >1HZ� VXSHUKDUG� PDWHULDOV� EDVHG� RQ�
GLDPRQG�� SURGXFWLRQ�� SURSHUWLHV�� 2YHUYLHZ@� 6YHUNKWYHUG\H� PDWHULDO\� ± -�� 6XSHUKDUG�
PDWHULDOV� �� ��±�� >LQ�5XVVLDQ@�

��� 6KXO]KHQNR��$��$���6RNRORY��$��1���	�+DUKLQ��9��+� ��������1HZ�8OWUDKDUG�3RO\FU\VWDOOLQH�
&RPSRVLWH�0DWHULDOV�0DWHULDOV�6FLHQFH��$FKLHYHPHQWV�DQG�3URVSHFWV��9���� /��0��/REDQRY
�(G����1$1�8NUDLQH� �9ROV��±���9RO������Ʉ\LY��$NDGHPSHULRG\ND�>LQ�5XVVLDQ@�

��� 2JDQRY��$��5�� &KHQ�� -�� *DWWL��&��� HW� DO�� ������� ,RQLF� KLJK�SUHVVXUH� IRUP�RI� HOHPHQWDO�
ERURQ� 1DWXUH� ���� ���±����

��� /L��4���0D��<���2JDQRY��$��5���HW�DO����������6XSHUKDUG�PRQRFOLQLF�SRO\PRUSK�RI�FDUERQ��
3K\VLFDO�5HYLHZ�/HWWHUV� ���� ��� �������

��� 'RQJ� +���2JDQRY� $��5���=KX� 4���	�4LDQ� *��5����������7KH�SKDVH�GLDJUDP�DQG�KDUGQHVV�
RI�FDUERQ�QLWULGHV� 6FLHQWLILF�5HSRUWV� �� ���GRL���������VUHS������

��� :DQJ��6�� 2JDQRY��$��5�� 4LDQ��*�� HW�DO����������1RYHO�VXSHUKDUG�%±&±2�SKDVHV�SUHGLFWHG�
IURP�ILUVW�SULQFLSOHV� 3K\VLFDO�&KHPLVWU\�&KHPLFDO�3K\VLFV� ��� �� ����±�����

��� /LX��&�� =KDR��=�� /XR��.�� HW�DO����������6XSHUKDUG�RUWKRUKRPELF�SKDVH�RI�%�&2�FRPSRXQG�
'LDPRQG�DQG�5HODWHG�0DWHULDOV� ��� ��±���

��� /LX��/�� =KDR��=�� =KDQJ��6�� HW�DO����������7HWUDJRQDO�6WUXFWXUH�%&� DV�D�6XSHUKDUG�0DWHULDO�
7KH�-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�&� ���� ��� �����±������

��� ;LD��.�� *DR��+�� /LX��&�� HW�DO�� ��������$�QRYHO� VXSHUKDUG� WXQJVWHQ�QLWULGH�SUHGLFWHG�E\�
PDFKLQH�OHDUQLQJ� DFFHOHUDWHG� FU\VWDO� VWUXFWXUH� VHDUFK� 6FLHQFH� %XOOHWLQ�� GRL�� KWWSV����
GRL�RUJ���������M�VFLE�������������

���0LFURVWUXFWXUH� 3URSHUW\� &RUUHODWLRQV� IRU� +DUG�� 6XSHUKDUG�� DQG� 8OWUDKDUG� 0DWHULDOV�
��������9��.DQ\DQWD��(G����6ZLW]HUODQG��6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ�

��� &RPSUHKHQVLYH�KDUG�PDWHULDOV��9�,,,��6XSHU�KDUG�PDWHULDOV����������&��(��1HEHO��(G����9��
.��6DULQ��(GLWRU�LQ�FKLHI���(OVHYLHU�

��� /RZWKHU� -��(����������7KH�5ROH�3OD\HG�E\�&RPSXWDWLRQ�LQ�8QGHUVWDQGLQJ�+DUG�0DWHULDOV�
0DWHULDOV� �� ����±�����

��� *ODVVD��&��:�� 2JDQRY��$��5�� 	�+DQVHQ 1� ��������863(;�± (YROXWLRQDU\�FU\VWDO�VWUXFWXUH�
SUHGLFWLRQ� &RPSXWHU�3K\VLFV�&RPPXQLFDWLRQV� ���� ������ ���±����

��� 8QLYHUVDO�6WUXFWXUH�3UHGLFWRU��(YROXWLRQDU\�;WDOORJUDSK\� �Q�G����XVSH[�WHDP�RUJ�5HWULHYHG�
IURP KWWSV���XVSH[�WHDP�RUJ�HQ�XVSH[�RYHUYLHZ�

��� 2JDQRY��$����������0R]KQR OL VR]GDW PDWHULDO WYHU]KH DOPD]D" >,V�LW�SRVVLEOH�WR�FUHDWH�D�
PDWHULDO� KDUGHU� WKDQ� GLDPRQG"@�� SRVWQDXND�UX� 5HWULHYHG� IURP
KWWSV���SRVWQDXND�UX�YLGHR�������

��� $VODQLDQ (��+����������Ⱥɫɥɚɧɹɧ ɗ��Ƚ��0HWURORKLFKHVNRH REHVSHFKHQLH L]PHUHQLL WYHUGRVWL
>0HWURORJLFDO� VXSSRUW� IRU� KDUGQHVV�PHDVXUHPHQWV@� ,]PHULWHOQDLD� WHNKQLND� ± 0HDVXULQJ�
WHFKQLTXH� �� 5HWULHYHG� IURP KWWS���ZZZ�WYHUGRPHU�UX�DERXW�VFLHQWLILF�
SXEOLFDWLRQV�L]PHULWHOQD\D�WHKQLND��������

��� 0RKV� VFDOH� RI� PLQHUDO� KDUGQHVV� HQ�ZLNLSHGLD�RUJ� 5HWULHYHG� IURP
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�0RKVBVFDOHBRIBPLQHUDOBKDUGQHVV�


