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Ⱥ� Ʉ� ɋɭɞɚɤɨɜ��ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ���ɂ� ɂ��Ɇɚɪɬɵɧɟɧɤɨ���Ⱦ� Ⱥ��ɋɭɞɚɤɨɜɚ��ɤɚɧɞɢɞɚɬɵ
ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ�
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ɇȺɍɑɇȺə�ɒɄɈɅȺ�Ȼ�Ⱥ�Ɇ��± ɉɈɄɈɅȿɇɂə�ɍɑȿɇɂɄɈȼ�ɂ�ɂɇɇɈȼȺɐɂɈɇɇɕɏ�
ɌȿɏɇɈɅɈȽɂɃ

ɐɟɥɶɸ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɹɜɥɹɟɬɫɹ� ɩɨɜɵɲɟɧɢɟ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɢɡɨɥɹɰɢɨɧɧɵɯ� ɪɚɛɨɬ� ɜ� ɛɭɪɨɜɵɯ�
ɫɤɜɚɠɢɧɚɯ��ɞɨɫɬɢɝɚɟɦɨɟ�ɡɚ�ɫɱɟɬ�ɩɪɢɦɟɧɟɧɢɹ�ɢ�ɚɧɚɥɢɡɚ�ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ�ɬɟɯɧɨɥɨɝɢɣ�ɬɚɦɩɨɧɢɪɨɜɚɧɢɹ�
ɩɨɝɥɨɳɚɸɳɢɯ� ɝɨɪɢɡɨɧɬɨɜ�� ɪɚɡɪɚɛɨɬɚɧɧɵɯ� ɭɱɟɧɢɤɚɦɢ� Ⱥ�Ɇ�� Ȼɪɚɠɟɧɟɧɤɨ�� ɉɨɫɬɚɜɥɟɧɧɵɟ� ɡɚɞɚɱɢ�
ɪɟɲɚɥɢɫɶ� ɤɨɦɩɥɟɤɫɧɵɦ� ɦɟɬɨɞɨɦ� ɢɫɫɥɟɞɨɜɚɧɢɹ�� ɜɤɥɸɱɚɸɳɢɦ� ɚɧɚɥɢɡ� ɢ� ɨɛɨɛɳɟɧɢɟ� ɥɢɬɟɪɚɬɭɪɧɵɯ� ɢ�
ɩɚɬɟɧɬɧɵɯ�ɢɫɬɨɱɧɢɤɨɜ��ɩɪɨɜɟɞɟɧɢɟ�ɚɧɚɥɢɬɢɱɟɫɤɢɯ��ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ��ɋɮɨɪɦɢɪɨɜɚɧɚ�
ɧɚɭɱɧɚɹ� ɲɤɨɥɚ�� ɨɫɧɨɜɨɩɨɥɨɠɧɢɤɨɦ� ɤɨɬɨɪɨɣ� ɫɬɚɥ� Ⱥ�� Ɇ�� Ȼɪɚɠɟɧɟɧɤɨ�� Ɍɪɟɦɹ� ɩɨɤɨɥɟɧɢɹɦɢ�
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ� ɪɚɡɪɚɛɨɬɚɧɵ� ɢ� ɨɛɨɫɧɨɜɚɧɵ� ɢɧɧɨɜɚɰɢɨɧɧɵɟ� ɬɟɯɧɨɥɨɝɢɢ� ɢɡɨɥɹɰɢɢ� ɩɨɝɥɨɳɚɸɳɢɯ�
ɝɨɪɢɡɨɧɬɨɜ�ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɦɢ� �ɥɟɝɤɨɩɥɚɜɤɢɦɢ�� ɦɚɬɟɪɢɚɥɚɦɢ�� ɞɥɹ� ɪɟɚɥɢɡɚɰɢɢ� ɤɨɬɨɪɵɯ� ɧɟɨɛɯɨɞɢɦɨ�
ɜɵɩɨɥɧɢɬɶ�� ɞɨɫɬɚɜɤɭ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚ� ɡɚɛɨɣ� ɫɤɜɚɠɢɧɵ�� ɩɥɚɜɥɟɧɢɟ� �ɧɚɝɪɟɜ��
ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢ� ɢɯ� ɡɚɞɚɜɥɢɜɚɧɢɟ� ɜ� ɤɚɧɚɥɵ� ɩɨɝɥɨɳɟɧɢɹ�� Ⱦɥɹ� ɪɚɡɥɢɱɧɵɯ� ɝɟɨɥɨɝɨ�
ɬɟɯɧɢɱɟɫɤɢɯ�ɭɫɥɨɜɢɣ�ɛɭɪɟɧɢɹ�ɧɚ�ɤɚɮɟɞɪɟ�ɬɟɯɧɢɤɢ�ɪɚɡɜɟɞɤɢ�ɦɟɫɬɨɪɨɠɞɟɧɢɣ�ɩɨɥɟɡɧɵɯ�ɢɫɤɨɩɚɟɦɵɯ��ɩɨɞ�
ɪɭɤɨɜɨɞɫɬɜɨɦ� Ⱥ�� Ɇ�� Ȼɪɚɠɟɧɟɧɤɨ�� ɪɚɡɪɚɛɨɬɚɧɵ� ɬɚɦɩɨɧɚɠɧɵɟ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ� �ɥɟɝɤɨɩɥɚɜɤɢɟ��
ɦɚɬɟɪɢɚɥɵ�ɢ�ɬɟɯɧɨɥɨɝɢɢ�ɢɡɨɥɹɰɢɢ�ɩɨɝɥɨɳɚɸɳɢɯ�ɝɨɪɢɡɨɧɬɨɜ�ɛɭɪɨɜɵɯ�ɫɤɜɚɠɢɧ�

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɛɭɪɟɧɢɟ� ɫɤɜɚɠɢɧ�� ɩɨɝɥɨɳɚɸɳɢɣ� ɝɨɪɢɡɨɧɬ�� ɢɡɨɥɹɰɢɹ�� ɬɚɦɩɨɧɚɠɧɵɟ�
ɦɚɬɟɪɢɚɥɵ

ɉɨɫɬɚɧɨɜɤɚ�ɩɪɨɛɥɟɦɵ� ɍɤɪɚɢɧɚ�ɢɦɟɟɬ�ɡɧɚɱɢɬɟɥɶɧɵɟ�ɡɚɩɚɫɵ�ɩɨɥɟɡɧɵɯ�ɢɫɤɨɩɚɟɦɵɯ��Ⱦɥɹ�
ɜɨɜɥɟɱɟɧɢɹ� ɷɬɢɯ� ɡɚɩɚɫɨɜ� ɜ� ɷɤɫɩɥɭɚɬɚɰɢɸ� ɧɟɨɛɯɨɞɢɦɨ� ɡɧɚɱɢɬɟɥɶɧɨɟ� ɭɜɟɥɢɱɟɧɢɟ� ɨɛɴɟɦɨɜ�
ɪɚɡɜɟɞɨɱɧɵɯ�ɢ�ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ�ɫɤɜɚɠɢɧ��ɉɪɨɰɟɫɫ�ɛɭɪɟɧɢɹ�ɫɤɜɚɠɢɧ�ɫɜɹɡɚɧ�ɫ�ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ�
ɨɫɥɨɠɧɟɧɢɹɦɢ��ɇɚɢɛɨɥɟɟ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ�ɨɫɥɨɠɧɟɧɢɟɦ�ɹɜɥɹɟɬɫɹ�ɩɨɝɥɨɳɟɧɢɟ�ɩɪɨɦɵɜɨɱɧɨɣ�
ɠɢɞɤɨɫɬɢ��ɇɚ�ɥɢɤɜɢɞɚɰɢɸ�ɩɨɝɥɨɳɟɧɢɣ�ɬɪɚɬɢɬɫɹ�ɡɧɚɱɢɬɟɥɶɧɚɹ�ɱɚɫɬɶ�ɜɪɟɦɟɧɢ�ɢ�ɫɪɟɞɫɬɜ�ɨɬ�ɨɛɳɢɯ�
ɪɚɫɯɨɞɨɜ�ɧɚ� ɛɭɪɟɧɢɟ� ɫɤɜɚɠɢɧ��ɉɨɝɥɨɳɟɧɢɟ�ɩɪɢɜɨɞɢɬ� ɤ�ɧɚɪɭɲɟɧɢɸ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɪɟɠɢɦɚ�
ɛɭɪɟɧɢɹ��ɰɟɥɨɫɬɧɨɫɬɢ�ɫɬɟɧɨɤ�ɫɤɜɚɠɢɧɵ��ɩɪɨɜɨɰɢɪɭɟɬ�ɚɜɚɪɢɢ�>�@�

Ⱥɧɚɥɢɡ� ɩɨɫɥɟɞɧɢɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɢ� ɨɩɪɟɞɟɥɟɧɢɟ� ɧɟɪɟɲɟɧɧɨɣ� ɩɪɨɛɥɟɦɵ� Ⱦɥɹ�
ɥɢɤɜɢɞɚɰɢɢ�ɩɨɝɥɨɳɟɧɢɹ�ɩɪɨɦɵɜɨɱɧɨɣ�ɠɢɞɤɨɫɬɢ�ɩɪɢɦɟɧɹɸɬ�ɬɚɦɩɨɧɚɠɧɵɟ�ɫɦɟɫɢ�ɧɚ�ɜɨɞɧɨɣ�
ɨɫɧɨɜɟ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɪɚɡɥɢɱɧɵɯ�ɦɢɧɟɪɚɥɨɜɹɠɭɳɢɯ� ɢ� ɫɢɧɬɟɬɢɱɟɫɤɢɯ� ɜɟɳɟɫɬɜ�� ɤɨɬɨɪɵɟ�
ɞɨɫɬɢɝɥɢ� ɩɪɟɞɟɥɚ� ɫɜɨɟɣ� ɦɨɞɟɪɧɢɡɚɰɢɢ�� ȼ� ɩɨɫɥɟɞɧɢɟ� ɞɟɫɹɬɢɥɟɬɢɹ ɪɚɛɨɬɵ� ɩɨ� ɭɥɭɱɲɟɧɢɸ�
ɫɜɨɣɫɬɜ� ɬɚɦɩɨɧɚɠɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɫɜɨɞɹɬɫɹ�ɤ� ɪɟɲɟɧɢɸ�ɦɟɫɬɧɵɯ� ɡɚɞɚɧɢɣ�� ɚ�ɧɟ� ɝɥɚɜɧɨɦɭ�ɢɯ�
ɧɟɞɨɫɬɚɬɤɭ� � ɭɫɬɪɚɧɟɧɢɸ� ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ� ɤ� ɪɚɡɛɚɜɥɟɧɢɸ� ɜɨɞɨɣ� >�@�� ȼ� ɫɜɹɡɢ� ɫ�
ɧɟɢɡɛɟɠɧɨɫɬɶɸ�ɤɨɧɬɚɤɬɚ�ɬɚɦɩɨɧɚɠɧɨɣ�ɫɦɟɫɢ�ɫ�ɠɢɞɤɨɫɬɶɸ�ɜ�ɫɤɜɚɠɢɧɟ�ɢ�ɩɥɚɫɬɟ�ɬɚɤɚɹ�ɫɦɟɫɶ��
ɪɚɫɬɜɨɪɹɹɫɶ�� ɬɟɪɹɟɬ� ɫɜɨɢ� ɢɫɯɨɞɧɵɟ� ɫɜɨɣɫɬɜɚ�� ɪɚɫɬɟɤɚɹɫɶ� ɨɬ� ɫɤɜɚɠɢɧɵ� ɧɚ� ɡɧɚɱɢɬɟɥɶɧɵɟ�
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ɪɚɫɫɬɨɹɧɢɹ�� ɱɬɨ� ɩɪɢɜɨɞɢɬ� ɤ� ɧɟɨɛɯɨɞɢɦɨɫɬɢ� ɦɧɨɝɨɤɪɚɬɧɨɝɨ� ɩɨɜɬɨɪɟɧɢɹ� ɨɩɟɪɚɰɢɣ� ɩɨ�
ɬɚɦɩɨɧɢɪɨɜɚɧɢɸ�� ɩɟɪɟɪɚɫɯɨɞɭ� ɬɚɦɩɨɧɚɠɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɬɪɭɞɚ� ɢ� ɜɪɟɦɟɧɢ� >�@�� ɉɨ� ɞɚɧɧɵɦ�
ɪɟɡɭɥɶɬɚɬɨɜ�ɢɫɫɥɟɞɨɜɚɧɢɣ��ɧɚ�ɥɢɤɜɢɞɚɰɢɸ�ɩɨɝɥɨɳɟɧɢɹ�ɬɪɚɬɹɬ�ɛɨɥɟɟ�����ɜɪɟɦɟɧɢ�ɢ�ɫɪɟɞɫɬɜ�
ɨɬ�ɨɛɳɢɯ�ɪɚɫɯɨɞɨɜ�ɧɚ�ɫɨɨɪɭɠɟɧɢɟ�ɫɤɜɚɠɢɧɵ�>����@�

Ɉɫɨɡɧɚɜɚɹ�� ɱɬɨ� ɩɪɢ� ɛɭɪɟɧɢɢ� ɪɚɡɜɟɞɨɱɧɵɯ�� ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ� ɢ� ɬɟɯɧɢɱɟɫɤɢɯ� ɫɤɜɚɠɢɧ�
ɧɭɠɧɵ�ɛɨɥɟɟ�ɷɮɮɟɤɬɢɜɧɵɟ�ɬɚɦɩɨɧɚɠɧɵɟ�ɦɚɬɟɪɢɚɥɵ�ɢ�ɬɟɯɧɨɥɨɝɢɢ��ɜ�ɨɫɧɨɜɟ�ɤɨɬɨɪɵɯ�ɛɵɥɢ�ɛɵ�

ɩɨɥɨɠɟɧɵ�ɢɧɵɟ�ɩɪɢɧɰɢɩɵ�ɨɛɪɚɡɨɜɚɧɢɹ�ɬɚɦɩɨɧɚɠɧɨɝɨ�
ɤɚɦɧɹ��Ȼɪɚɠɟɧɟɧɤɨ�Ⱥɧɚɬɨɥɢɣ�Ɇɚɤɚɪɨɜɢɱ�ɜ�ɧɚɱɚɥɟ����ɯ�
ɝɨɞɨɜ� ɩɪɨɲɥɨɝɨ� ɫɬɨɥɟɬɢɹ� ɩɪɟɞɥɨɠɢɥ� ɩɪɢɦɟɧɹɬɶ�
ɬɟɯɧɨɥɨɝɢɢ� ɢɡɨɥɹɰɢɢ�� ɨɫɧɨɜɚɧɧɵɟ� ɧɚ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ�
ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɵɯ�ɤ�ɪɚɡɛɚɜɥɟɧɢɸ�ɜɨɞɨɣ�ɬɚɦɩɨɧɚɠɧɵɯ�
ɦɚɬɟɪɢɚɥɨɜ�� Ɋɚɫɩɥɚɜ� ɬɚɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɩɪɨɧɢɤɚɹ� ɜ�
ɤɚɧɚɥɵ� ɩɨɝɥɨɳɟɧɢɹ� ɫ� ɩɨɫɥɟɞɭɸɳɢɦ� ɢɡɦɟɧɟɧɢɟɦ�
ɚɝɪɟɝɚɬɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ�� ɨɛɪɚɡɭɟɬ� ɦɚɥɨɨɛɴɟɦɧɭɸ�� ɧɨ�
ɧɚɞɟɠɧɭɸ� ɢɡɨɥɹɰɢɨɧɧɭɸ� ɨɛɨɥɨɱɤɭ� ɜɨɤɪɭɝ� ɫɬɜɨɥɚ�
ɛɭɪɨɜɨɣ�ɫɤɜɚɠɢɧɵ�

Ⱥ�� Ɇ�� Ȼɪɚɠɟɧɟɧɤɨ� ɩɨɫɥɟ� ɨɤɨɧɱɚɧɢɹ� Ƚɨɪɧɨɝɨ�
ɢɧɫɬɢɬɭɬɚ� ɜ� ����� ɝɨɞɭ� ɛɵɥ� ɧɚɩɪɚɜɥɟɧ� ɧɚ� ɪɚɛɨɬɭ� ɜ� ɝ��
ɉɨɥɬɚɜɭ�� ɝɞɟ� ɫɧɚɱɚɥɚ� ɪɚɛɨɬɚɥ� ɩɨɦɨɳɧɢɤɨɦ�
ɛɭɪɢɥɶɳɢɤɚ�� ɢɧɠɟɧɟɪɨɦ� ɬɪɟɫɬɚ�
©ɉɨɥɬɚɜɚɧɟɮɬɟɝɚɡɪɚɡɜɟɞɤɚª�� ɚ� ɩɨɬɨɦ� ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ�
ɫɩɟɰ�ɞɢɫɰɢɩɥɢɧ�ɜ�ɉɌɍ�ʋ ��ɦ��ɉɨɥɬɚɜɵ��ȼ�ɷɬɨ�ɜɪɟɦɹ�
ɧɚɱɚɥɚɫɶ� ɩɨɞɝɨɬɨɜɤɚ� ɛɭɪɢɥɶɳɢɤɨɜ� ɢ� ɛɭɪɨɜɵɯ�
ɦɚɫɬɟɪɨɜ� ɞɥɹ� ɩɨɬɪɟɛɧɨɫɬɟɣ� ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɨɣ�
ɨɬɪɚɫɥɢ� ɢ� ɧɟɮɬɟɝɚɡɨɞɨɛɵɜɚɸɳɟɣ� ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ�

ɋɟɜɟɪɨ�ɜɨɫɬɨɱɧɵɯ�ɢ�ɐɟɧɬɪɚɥɶɧɵɯ�ɨɛɥɚɫɬɟɣ�ɍɤɪɚɢɧɵ�>�@�
ȼ� ����� ɝɨɞɭ� ɩɨɫɬɭɩɢɥ� ɜ� ɚɫɩɢɪɚɧɬɭɪɭ� ɤɚɮɟɞɪɵ� Ɍɟɯɧɢɤɢ� ɪɚɡɜɟɞɤɢ� ɊɄɄ

Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɝɨ� ɝɨɪɧɨɝɨ� ɢɧɫɬɢɬɭɬɚ�� ȼ� ����� ɝɨɞɭ� ɭɫɩɟɲɧɨ� ɡɚɳɢɬɢɥ� ɞɢɫɫɟɪɬɚɰɢɸ� ɧɚ�
ɫɨɢɫɤɚɧɢɟ�ɧɚɭɱɧɨɣ�ɫɬɟɩɟɧɢ�ɤɚɧɞɢɞɚɬɚ�ɬɟɯɧɢɱɟɫɤɢɯ�ɧɚɭɤ��ɋ������ɝɨɞɚ�ɪɚɛɨɬɚɥ�ɚɫɫɢɫɬɟɧɬɨɦ��ɫ�
����� ɝɨɞɚ� ± ɞɨɰɟɧɬɨɦ�� ɫ� ���������� ɝɝ�� ± ɡɚɜɟɞɭɸɳɢɦ� ɤɚɮɟɞɪɨɣ� Ɍɟɯɧɢɤɢ� ɪɚɡɜɟɞɤɢ� ɊɄɄ�� ɋ�
�����ɝɨɞɚ�ɞɨ������ɝɨɞɚ�ɪɚɛɨɬɚɥ ɧɚ�ɞɨɥɠɧɨɫɬɢ�ɞɨɰɟɧɬɚ�ɤɚɮɟɞɪɵ�Ɍɟɯɧɢɤɢ�ɪɚɡɜɟɞɤɢ�ɊɄɄ�

Ⱥɧɚɬɨɥɢɣ�Ɇɚɤɚɪɨɜɢɱ�ɜ�ɬɟɱɟɧɢɟ����ɥɟɬ������±�����ɝɝ���ɢɫɩɨɥɧɹɥ�ɨɛɹɡɚɧɧɨɫɬɢ�ɭɱɟɧɨɝɨ�
ɫɟɤɪɟɬɚɪɹ�ɋɨɜɟɬɚ�ɩɨ�ɡɚɳɢɬɟ�ɞɢɫɫɟɪɬɚɰɢɣ��Ɉɩɭɛɥɢɤɨɜɚɥ�ɫɜɵɲɟ�����ɧɚɭɱɧɵɯ�ɬɪɭɞɨɜ��

ȼɩɟɪɜɵɟ� ɜ� ɩɪɨɦɵɲɥɟɧɧɨɦ� ɦɚɫɲɬɚɛɟ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ� ɦɚɬɟɪɢɚɥɵ� ɭɫɩɟɲɧɨ�
ɩɪɢɦɟɧɟɧɵ� ɞɥɹ� ɡɚɤɪɟɩɥɟɧɢɹ� ɮɭɧɞɚɦɟɧɬɚ� ȾɧɟɩɪɨȽɗɋɚ� ɩɪɢ� ɟɟ� ɫɬɪɨɢɬɟɥɶɫɬɜɟ� >�@�� ɇɨ�
ɞɚɥɶɧɟɣɲɟɟ� ɩɪɢɦɟɧɟɧɢɟ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ� �ɥɟɝɤɨɩɥɚɜɤɢɯ�� ɦɚɬɟɪɢɚɥɨɜ� ɩɪɢ� ɛɭɪɟɧɢɢ�
ɪɚɡɜɟɞɨɱɧɵɯ��ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ�ɫɤɜɚɠɢɧ�ɭɫɩɟɯɚ�ɧɟ�ɢɦɟɥɚ�>�@�

ɐɟɥɶɸ� ɪɚɛɨɬ� ɹɜɥɹɟɬɫɹ� ɩɨɜɵɲɟɧɢɟ� ɤɚɱɟɫɬɜɚ� ɢɡɨɥɹɰɢɨɧɧɵɯ� ɡɚɜɟɫ� ɛɭɪɨɜɵɯ� ɫɤɜɚɠɢɧ��
ɞɨɫɬɢɝɚɟɦɨɟ� ɡɚ� ɫɱɟɬ� ɪɚɡɪɚɛɨɬɤɢ� ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ�� ɧɟ� ɪɚɫɬɜɨɪɢɦɵɯ� ɩɥɚɫɬɨɜɵɦɢ� ɜɨɞɚɦɢ�
ɬɚɦɩɨɧɚɠɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢ�ɬɟɯɧɨɥɨɝɢɣ�ɢɯ�ɩɪɢɦɟɧɟɧɢɹ�

ɉɨɞ� ɪɭɤɨɜɨɞɫɬɜɨɦ� Ⱥ�� Ɇ�� Ȼɪɚɠɟɧɟɧɤɨ� ɜɵɩɨɥɧɟɧɨ� ɢ� ɭɫɩɟɲɧɨ� ɡɚɳɢɳɟɧɵ� ɬɪɢ�
ɤɚɧɞɢɞɚɬɫɤɢɯ� ɞɢɫɫɟɪɬɚɰɢɢ�� ɞɜɟ� ɢɡ� ɤɨɬɨɪɵɯ� ɛɵɥɢ� ɩɨɫɜɹɳɟɧɵ� ɥɢɤɜɢɞɚɰɢɢ� ɩɨɝɥɨɳɟɧɢɹ�
ɩɪɨɦɵɜɨɱɧɨɣ�ɠɢɞɤɨɫɬɢ�ɫ�ɩɪɢɦɟɧɟɧɢɟɦ�ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ��ɥɟɝɤɨɩɥɚɜɤɢɯ��ɦɚɬɟɪɢɚɥɨɜ�

Ɍɟɯɧɨɥɨɝɢɹ� ɢɡɨɥɹɰɢɢ� ɡɨɧ� ɩɨɝɥɨɳɟɧɢɣ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ� ɫ� ɩɪɢɦɟɧɟɧɢɟɦ�
ɬɚɦɩɨɧɚɠɧɵɯ�ɫɦɟɫɟɣ�ɧɚ�ɨɫɧɨɜɟ�ɛɢɬɭɦɚ� Ɋɚɛɨɬɵ�ɜɵɩɨɥɧɹɥɢɫɶ�Ɇɚɪɬɵɧɟɧɤɨ�ɂ��ɂ��ɜ�ɨɩɵɬɧɨ�
ɦɟɬɨɞɢɱɟɫɤɨɣ� ɩɚɪɬɢɢ� ɧɨɜɨɣ� ɬɟɯɧɢɤɢ� ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ� ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ� ɨɛɴɟɞɢɧɟɧɢɹ�
©ɋɟɜɭɤɪɝɟɨɥɨɝɢɹª�>�@�

ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɩɪɨɜɟɞɟɧɧɵɯ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɜ�
ɥɚɛɨɪɚɬɨɪɧɵɯ� ɢ� ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ� ɭɫɥɨɜɢɹɯ�� ɚ� ɬɚɤɠɟ� ɜɵɩɨɥɧɟɧɧɵɯ� ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ�
ɪɚɡɪɚɛɨɬɨɤ�

Ⱥɧɚɬɨɥɢɣ�Ɇɚɤɚɪɨɜɢɱ�Ȼɪɚɠɟɧɟɧɤɨ�



ɁɇȺɆȿɇȺɌȿɅɖɇɕȿ�ȾȺɌɕ� ɂɋɌɈɊɂə

��

��� ȼɩɟɪɜɵɟ� ɪɚɡɪɚɛɨɬɚɧɚ� ɤɥɚɫɫɢɮɢɤɚɰɢɹ� ɢ� ɪɚɡɞɟɥɟɧɢɟ� ɧɚ� ɝɪɭɩɩɵ� ɜɢɞɨɜ� ɩɨɝɥɨɳɟɧɢɣ� ɜ�
ɫɤɜɚɠɢɧɚɯ� ɫɟɜɟɪɨ�ɡɚɩɚɞɧɨɣ� ɱɚɫɬɢ� ɍɤɪɚɢɧɫɤɨɝɨ� ɳɢɬɚ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɤɨɷɮɮɢɰɢɟɧɬɚ�
ɮɢɥɶɬɪɚɰɢɢ� ɢ� ɢɯ� ɤɨɥɢɱɟɫɬɜɚ�� Ɉɩɪɟɞɟɥɟɧɨ�� ɱɬɨ� ɫɪɟɞɧɢɟ� ɦɨɳɧɨɫɬɢ� ɡɨɧ� ɨɫɥɨɠɧɟɧɢɣ� ɜ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ� ɩɨɪɨɞɚɯ� ɪɚɣɨɧɚ� ɪɚɛɨɬ� ɧɚɯɨɞɹɬɫɹ� ɜ� ɩɪɟɞɟɥɚɯ� ɨɬ� ���� ɞɨ� ���� ɦ�� ɱɬɨ� ɝɨɜɨɪɢɬ� ɨ�
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ�ɩɪɢɦɟɧɟɧɢɹ�ɞɥɹ�ɥɢɤɜɢɞɚɰɢɢ�ɩɨɝɥɨɳɟɧɢɣ�ɦɟɬɨɞɨɜ�ɥɨɤɚɥɶɧɨɝɨ�ɜɨɡɞɟɣɫɬɜɢɹ�

��� ȼɵɩɨɥɧɟɧɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɫɨɫɬɚɜɨɜ� ɛɢɬɭɦɧɵɯ� ɫɦɟɫɟɣ�� ɩɨɡɜɨɥɢɜɲɢɟ� ɪɚɡɪɚɛɨɬɚɬɶ�
ɪɟɰɟɩɬɭɪɭ� ɬɚɦɩɨɧɚɠɧɨɣ� ɫɦɟɫɢ�� ɭɞɨɜɥɟɬɜɨɪɹɸɳɭɸ� ɬɪɟɛɨɜɚɧɢɹɦ� ɩɟɪɟɤɪɵɬɢɹ� ɩɨɝɥɨɳɚɸɳɢɯ�
ɤɚɧɚɥɨɜ� ɜ� ɫɤɜɚɠɢɧɚɯ�� ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ�ɩɨɪɨɞɚɦɢ�� ɫɨɫɬɨɹɳɭɸ�ɢɡ� ɛɢɬɭɦɚ��
ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ�ɢ�ɧɚɩɨɥɧɢɬɟɥɹ�>�@�

Ɉɛɥɚɫɬɶ� ɩɪɢɦɟɧɟɧɢɹ� ɫɦɟɫɢ� ɧɚ� ɛɢɬɭɦɧɨɣ� ɨɫɧɨɜɟ� ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ� ɧɚɥɢɱɢɟɦ� ɤɚɜɟɪɧ�� ɚ�
ɬɚɤɠɟ�ɫɵɩɭɱɢɯ��ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ�ɩɵɥɟɜɚɬɵɯ�ɩɨɪɨɞ�

��� Ɋɚɡɪɚɛɨɬɚɧ� ɫɩɨɫɨɛ� ɥɢɤɜɢɞɚɰɢɢ� ɝɟɨɥɨɝɢɱɟɫɤɢɯ� ɨɫɥɨɠɧɟɧɢɣ�� ɜɨɡɧɢɤɚɸɳɢɯ� ɜ�
ɫɤɜɚɠɢɧɚɯ�� ɨɬɥɢɱɚɸɳɢɣɫɹ� ɬɟɦ�� ɱɬɨ�� ɫ� ɰɟɥɶɸ� ɥɢɤɜɢɞɚɰɢɢ� ɩɨɝɥɨɳɟɧɢɣ� ɩɪɨɦɵɜɨɱɧɨɣ�
ɠɢɞɤɨɫɬɢ�� ɨɛɜɚɥɨɜ� ɫɬɟɧɨɤ� ɫɤɜɚɠɢɧ�� ɚ� ɬɚɤɠɟ� ɢɡɨɥɹɰɢɢ� ɛɚɲɦɚɤɚ� ɨɛɫɚɞɧɵɯ� ɤɨɥɨɧɧ��
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ� ɩɪɢɦɟɧɟɧɢɟ� ɬɚɦɩɨɧɢɪɭɸɳɟɣ� ɫɦɟɫɢ� ɧɚ� ɛɢɬɭɦɧɨɣ� ɨɫɧɨɜɟ�� ɞɨɫɬɚɜɥɹɟɦɨɣ� ɜ�
ɡɨɧɭ�ɨɫɥɨɠɧɟɧɢɹ�ɜ�ɬɜɟɪɞɨɦ�ɜɢɞɟ�>�@�

���ȼɵɩɨɥɧɟɧɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɪɨɰɟɫɫɚ�ɬɚɦɩɨɧɢɪɨɜɚɧɢɹ�ɫɦɟɫɶɸ�ɧɚ�ɛɢɬɭɦɧɨɣ ɨɫɧɨɜɟ�
ɩɨɡɜɨɥɢɥɢ�ɜɩɟɪɜɵɟ�ɨɩɪɟɞɟɥɢɬɶ�ɢ�ɨɛɨɫɧɨɜɚɬɶ�ɨɩɬɢɦɚɥɶɧɵɟ�ɪɟɠɢɦɵ�ɪɚɡɛɭɪɢɜɚɧɢɹ�ɛɢɬɭɦɧɨɣ�
ɫɦɟɫɢ�� ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ� ɧɟɨɛɯɨɞɢɦɭɸ� ɬɟɦɩɟɪɚɬɭɪɭ� ɢ� ɭɫɥɨɜɢɹ� ɞɥɹ� ɪɚɡɦɹɝɱɟɧɢɹ� ɢ�
ɡɚɞɚɜɥɢɜɚɧɢɹ�ɟɟ�ɜ�ɬɪɟɳɢɧɵ�>�@�

��� ɉɪɟɞɥɨɠɟɧɚ� ɧɨɦɨɝɪɚɦɦɚ� ɨɩɪɟɞɟɥɟɧɢɹ� ɪɟɠɢɦɚ� ɪɚɡɛɭɪɢɜɚɧɢɹ� ɛɢɬɭɦɧɨɣ� ɫɦɟɫɢ� ɜ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɞɢɚɦɟɬɪɚ� ɫɤɜɚɠɢɧɵ� ɢ� ɨɫɟɜɨɣ� ɧɚɝɪɭɡɤɢ� ɞɥɹ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɜ�
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ�ɭɫɥɨɜɢɹɯ�

��� Ɋɚɡɪɚɛɨɬɚɧɚ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ� ɥɢɧɢɹ�� ɩɨɡɜɨɥɹɸɳɚɹ� ɦɟɯɚɧɢɡɢɪɨɜɚɬɶ� ɩɪɨɰɟɫɫ�
ɩɪɢɝɨɬɨɜɥɟɧɢɹ�ɢ�ɡɚɬɚɪɢɜɚɧɢɹ�ɛɢɬɭɦɧɨɣ�ɬɚɦɩɨɧɢɪɭɸɳɟɣ�ɫɦɟɫɢ�ɜ�ɤɨɧɬɟɣɧɟɪɵ��Ɋɚɡɪɚɛɨɬɚɧɧɚɹ�
ɤɨɧɫɬɪɭɤɰɢɹ� ɤɨɧɬɟɣɧɟɪɚ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ� ɬɚɦɩɨɧ�� ɨɬɥɢɱɚɸɳɟɣɫɹ� ɬɟɦ�� ɱɬɨ ɫ� ɰɟɥɶɸ�
ɩɨɜɵɲɟɧɢɹ� ɧɚɞɟɠɧɨɫɬɢ� ɢ� ɭɞɨɛɫɬɜɚ� ɜ� ɪɚɛɨɬɟ� ɩɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɜɹɡɤɨɩɥɚɫɬɢɱɧɨɝɨ�
ɬɚɦɩɨɧɢɪɭɸɳɟɝɨ�ɦɚɬɟɪɢɚɥɚ�ɤɥɚɩɚɧɧɵɣ�ɭɡɟɥ�ɜɵɩɨɥɧɟɧ�ɜ�ɜɢɞɟ�ɤɚɪɦɚɧɚ�ɢɡ�ɞɜɭɯ�ɫɨɟɞɢɧɟɧɧɵɯ�
ɦɟɠɞɭ�ɫɨɛɨɣ�ɩɨɥɨɜɢɧ�>�@�

��� Ɋɚɡɪɚɛɨɬɚɧɵ� ɤɨɧɫɬɪɭɤɰɢɢ� ɬɚɦɩɨɧɢɪɭɸɳɢɯ� ɫɧɚɪɹɞɨɜ�� ɤɨɬɨɪɵɟ� ɩɨɡɜɨɥɹɸɬ�
ɫɨɜɦɟɫɬɢɬɶ�ɩɪɨɰɟɫɫ�ɞɨɫɬɚɜɤɢ�ɫɦɟɫɢ�ɜ�ɡɨɧɭ�ɨɫɥɨɠɧɟɧɢɹ�ɢ�ɬɚɦɩɨɧɢɪɨɜɚɧɢɟ�ɜ�ɨɞɧɨɦ�ɪɟɣɫɟ��ɚ�
ɬɚɤɠɟ� ɩɪɨɜɨɞɢɬɶ� ɬɚɦɩɨɧɢɪɨɜɚɧɢɟ� ɩɪɢ� ɧɚɥɢɱɢɢ� ɜ� ɢɧɬɟɪɜɚɥɟ� ɩɨɝɥɨɳɟɧɢɹ� ɨɛɪɭɲɟɧɧɨɣ� ɫɨ�
ɫɬɟɧɨɤ�ɫɤɜɚɠɢɧɵ�ɩɨɪɨɞɵ�>�����@��

Ɍɟɯɧɨɥɨɝɢɹ� ɢɡɨɥɹɰɢɢ� ɡɨɧ� ɩɨɝɥɨɳɟɧɢɣ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ� ɫ� ɩɪɢɦɟɧɟɧɢɟɦ�
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��� Ɋɚɡɪɚɛɨɬɚɧɚ� ɢ� ɨɛɨɫɧɨɜɚɧɚ� ɪɟɰɟɩɬɭɪɚ� ɬɚɦɩɨɧɚɠɧɨɝɨ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ�
ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ� �ɌɉɄɆ�� >���� ��@�� ȼɵɩɨɥɧɟɧɧɵɦɢ� ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ�
ɩɨɞɬɜɟɪɠɞɟɧɚ� ɜɨɡɦɨɠɧɨɫɬɶ� ɩɪɢɦɟɧɟɧɢɹ� ɌɉɄɆ�� ɜ� ɤɚɱɟɫɬɜɟ� ɛɚɡɵ� ɤɨɬɨɪɨɝɨ� ɜɵɫɬɭɩɚɸɬ�
ɢɧɟɪɬɧɵɟ�ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ�ɛɵɬɨɜɵɟ�ɨɬɯɨɞɵ�ɧɚ�ɨɫɧɨɜɟ�ɜɬɨɪɢɱɧɨɝɨ�ɉɗɌ��ɋ�ɜɜɟɞɟɧɢɟɦ�ɜ�ɟɝɨ�
ɫɨɫɬɚɜ� ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ� ɧɚɩɨɥɧɢɬɟɥɹ� ɤɪɭɩɧɨɫɬɶɸ� ɦɟɧɟɟ� ���� ɦɦ� ɜ� ɫɨɨɬɧɨɲɟɧɢɢ� ����� ɱɬɨ�
ɨɛɟɫɩɟɱɢɥɨ�� ɜ� ɜɨɡɪɚɫɬɟ� ��� ɦɢɧ� ɩɪɨɱɧɨɫɬɧɵɟ� ɫɜɨɣɫɬɜɚ� ɜ� ����� ɪɚɡ� ɜɵɲɟ� ɩɪɨɱɧɨɫɬɢ�
ɬɚɦɩɨɧɚɠɧɨɝɨ�ɤɚɦɧɹ�ɧɚ�ɰɟɦɟɧɬɧɨɣ�ɨɫɧɨɜɟ�ɜɨɡɪɚɫɬɨɦ���ɫɭɬɨɤ��ɜ�ɞɢɚɩɚɡɨɧɟ�ɬɟɦɩɟɪɚɬɭɪ�����±
���� �ɋ ɪɚɫɬɟɤɚɧɢɟ� ɫɨɩɨɫɬɚɜɢɦɨ� ɫ� ɪɚɫɬɟɤɚɧɢɟɦ� ɧɨɪɦɚɥɶɧɨɝɨ� ɬɚɦɩɨɧɚɠɧɨɝɨ� ɰɟɦɟɧɬɧɨɝɨ�
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��

ɪɚɫɬɜɨɪɚ�� ɨɬɫɭɬɫɬɜɢɟ ɩɪɨɧɢɰɚɟɦɨɫɬɢ� ɬɚɦɩɨɧɚɠɧɨɝɨ� ɤɚɦɧɹ� ɩɪɢ� ɩɟɪɟɩɚɞɟ� ɞɚɜɥɟɧɢɹ� ���Ɇɉɚ��
ɧɚɢɜɵɫɲɭɸ�ɫɬɟɩɟɧɶ�ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ�ɢ�ɚɛɪɚɡɢɜɧɨɫɬɢ�ɦɚɬɟɪɢɚɥɚ�>������@��

��� Ɍɟɨɪɟɬɢɱɟɫɤɢ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɩɨɤɚɡɚɧɚ� ɜɨɡɦɨɠɧɨɫɬɶ� ɢɡɝɨɬɨɜɥɟɧɢɹ�
ɛɪɢɤɟɬɢɪɨɜɚɧɧɨɝɨ� ɌɉɄɆ�� Ɋɚɡɪɚɛɨɬɚɧɚ� ɬɟɯɧɨɥɨɝɢɹ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɌɉɄɆ� ɧɚ� ɨɫɧɨɜɟ� ɉɗɌ��
ɤɨɬɨɪɚɹ�ɫɨɫɬɨɢɬ�ɢɡ�ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɝɨ�ɷɬɚɩɚ��ɷɬɚɩɚ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɢ�ɮɨɪɦɨɜɚɧɢɹ��Ɉɛɨɫɧɨɜɚɧɵ�
ɪɚɰɢɨɧɚɥɶɧɵɟ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ�ɪɟɠɢɦɵ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɌɉɄɆ��

��� Ɋɚɡɪɚɛɨɬɚɧɚ� ɢ� ɨɛɨɫɧɨɜɚɧɚ� ɬɟɯɧɨɥɨɝɢɹ� ɢɡɨɥɹɰɢɢ� ɩɨɝɥɨɳɚɸɳɢɯ� ɝɨɪɢɡɨɧɬɨɜ� ɫ�
ɩɪɢɦɟɧɟɧɢɟɦ� ɌɉɄɆ� ɧɚ� ɨɫɧɨɜɟ� ɉɗɌ�� ɞɥɹ� ɪɟɚɥɢɡɚɰɢɢ� ɤɨɬɨɪɨɣ� ɧɟɨɛɯɨɞɢɦɨ� ɜɵɩɨɥɧɢɬɶ�
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ� ɨɩɟɪɚɰɢɢ�� ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɛɪɢɤɟɬɨɜ�
ɌɉɄɆ�� ɞɢɚɦɟɬɪɨɦ� ɧɚ� �±��� ɦɦ� ɦɟɧɶɲɟ� ɞɢɚɦɟɬɪɚ� ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɟɝɨ� ɢɧɫɬɪɭɦɟɧɬɚ� ɤ�
ɩɨɝɥɨɳɚɸɳɟɦɭ�ɝɨɪɢɡɨɧɬɭ�ɛɭɪɨɜɨɣ�ɫɤɜɚɠɢɧɵ�� ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɟ�ɩɥɚɜɥɟɧɢɟ�ɌɉɄɆ�ɜ� ɡɨɧɟ�
ɩɨɝɥɨɳɟɧɢɹ� ɛɭɪɨɜɨɣ� ɫɤɜɚɠɢɧɵ�� ɡɚɞɚɜɥɢɜɚɧɢɟ� ɩɟɪɟɝɪɟɬɨɝɨ� ɌɉɄɆ� ɜ� ɤɚɧɚɥɵ� ɩɨɝɥɨɳɟɧɢɹ��
ɋɩɨɫɨɛ�ɢɡɨɥɹɰɢɢ�ɩɨɝɥɨɳɚɸɳɢɯ�ɝɨɪɢɡɨɧɬɨɜ�ɫ�ɩɪɢɦɟɧɟɧɢɟɦ�ɌɉɄɆ�ɧɚ�ɨɫɧɨɜɟ�ɉɗɌ�ɡɚɳɢɳɟɧ�
ɩɚɬɟɧɬɚɦɢ�ɍɤɪɚɢɧɵ�>��±��@�

��� ɇɚ� ɨɫɧɨɜɚɧɢɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɨɛɨɫɧɨɜɚɧɚ�
ɪɚɰɢɨɧɚɥɶɧɚɹ� ɨɛɥɚɫɬɶ� ɩɪɢɦɟɧɟɧɢɹ� ɪɚɡɪɚɛɨɬɚɧɧɨɣ� ɬɟɯɧɨɥɨɝɢɢ�� ɚ� ɬɚɤɠɟ� ɭɫɥɨɜɢɹ� ɢɡɨɥɹɰɢɢ�
ɩɨɝɥɨɳɚɸɳɢɯ�ɝɨɪɢɡɨɧɬɨɜ�

���ȼ�ɯɨɞɟ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɬɟɨɪɟɬɢɱɟɫɤɢɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɨɛɨɫɧɨɜɚɧɵ�ɪɚɰɢɨɧɚɥɶɧɵɟ�
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ�ɪɟɠɢɦɵ�ɫɤɜɚɠɢɧɧɨɝɨ�ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ�ɩɥɚɜɥɟɧɢɹ�ɌɉɄɆ�ɧɚ�ɨɫɧɨɜɟ�ɉɗɌ��
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ�ɌɉɄɆ�ɪɟɤɨɦɟɧɞɭɟɬɫɹ�ɩɪɢɦɟɧɹɬɶ�ɜ�ɫɤɜɚɠɢɧɧɵɯ�ɭɫɥɨɜɢɹɯ�ɜ�ɫɨɱɟɬɚɧɢɢ�ɫ�ɨɫɟɜɨɣ�
ɧɚɝɪɭɡɤɨɣ�ɧɟ�ɦɟɧɟɟ�����ɞɚɇ�ɩɪɢ�ɱɚɫɬɨɬɟ�ɜɪɚɳɟɧɢɹ�ɢɧɫɬɪɭɦɟɧɬɚ�����ɦɢɧ�� >��@�

��� ɇɚ� ɨɫɧɨɜɚɧɢɢ� ɚɧɚɥɢɬɢɱɟɫɤɢɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɫɨɫɬɚɜɥɟɧɚ� ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ�
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ� ɩɨɥɹ�� ɨɩɢɫɵɜɚɸɳɚɹ� ɩɪɨɰɟɫɫ� ɬɟɩɥɨɩɟɪɟɞɚɱɢ� ɩɪɢ� ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɦ�
ɩɥɚɜɥɟɧɢɢ�ɌɉɄɆ�ɜ�ɡɨɧɟ�ɨɫɥɨɠɧɟɧɢɹ�ɛɭɪɨɜɨɣ�ɫɤɜɚɠɢɧɵ�>��±��@�

���ȼɵɩɨɥɧɟɧɚ�ɨɰɟɧɤɚ�ɢ�ɞɨɤɚɡɚɧɚ�ɷɤɨɧɨɦɢɱɟɫɤɚɹ�ɷɮɮɟɤɬɢɜɧɨɫɬɶ�ɩɪɢɦɟɧɟɧɢɹ�ɬɟɯɧɨɥɨɝɢɢ�
ɢɡɨɥɹɰɢɢ� ɩɨɝɥɨɳɚɸɳɢɯ� ɝɨɪɢɡɨɧɬɨɜ� ɌɉɄɆ� ɧɚ� ɨɫɧɨɜɟ� ɉɗɌ�� ɋɬɨɢɦɨɫɬɶ� ɩɪɨɜɟɞɟɧɢɹ�
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɨɩɟɪɚɰɢɣ�� ɫɜɹɡɚɧɧɵɯ� ɫ� ɬɚɦɩɨɧɢɪɨɜɚɧɢɟɦ� ɩɨɝɥɨɳɚɸɳɢɯ� ɝɨɪɢɡɨɧɬɨɜ�� ɜ�
ɫɪɚɜɧɟɧɢɢ�ɫ�ɰɟɦɟɧɬɢɪɨɜɚɧɢɟɦ�ɦɨɠɟɬ�ɛɵɬɶ�ɫɧɢɠɟɧɨ�ɧɚ�����±�����ɬɵɫ��ɝɪɧ� ɧɚ�ɨɞɧɭ�ɨɩɟɪɚɰɢɸ�

���� ɍɫɬɚɧɨɜɥɟɧɵ� ɧɟɨɛɯɨɞɢɦɵɟ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ� ɩɚɪɚɦɟɬɪɵ� ɬɚɦɩɨɧɢɪɨɜɚɧɢɹ� ɢ�
ɪɚɞɢɚɥɶɧɵɟ� ɪɚɡɦɟɪɵ� ɢɡɨɥɹɰɢɨɧɧɨɣ� ɨɛɨɥɨɱɤɢ�� ɱɬɨ� ɞɚɥɨ� ɜɨɡɦɨɠɧɨɫɬɶ� ɨɛɨɫɧɨɜɚɬɶ� ɢ�
ɪɚɡɪɚɛɨɬɚɬɶ� ©Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ� ɪɟɝɥɚɦɟɧɬ� ɢɡɨɥɹɰɢɢ� ɩɨɝɥɨɳɚɸɳɢɯ� ɝɨɪɢɡɨɧɬɨɜ� ɌɉɄɆ� ɧɚ�
ɨɫɧɨɜɟ�ɉɗɌª�� ɞɟɣɫɬɜɭɸɳɢɣ� ɤɚɤ� ɧɨɪɦɚɬɢɜɧɵɣ� ɞɨɤɭɦɟɧɬ� ɜ� ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ� ɨɪɝɚɧɢɡɚɰɢɹɯ�
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ�ɫɥɭɠɛɵ�ɝɟɨɥɨɝɢɢ�ɢ�ɧɟɞɪ�ɍɤɪɚɢɧɵ�

���� Ɋɟɡɭɥɶɬɚɬɵ� ɜɵɩɨɥɧɟɧɧɨɝɨ� ɤɨɦɩɥɟɤɫɚ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�
ɢɫɫɥɟɞɨɜɚɧɢɣ� ɧɚɲɥɢ� ɩɪɚɤɬɢɱɟɫɤɨɟ� ɩɪɢɦɟɧɟɧɢɟ� ɩɪɢ� ɨɩɵɬɧɨ�ɩɪɨɦɵɲɥɟɧɧɨɦ� ɜɧɟɞɪɟɧɢɢ�
ɬɟɯɧɨɥɨɝɢɢ� ɥɢɤɜɢɞɚɰɢɢ� ɩɨɝɥɨɳɟɧɢɹ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ� ɌɉɄɆ� ɜ� ɭɫɥɨɜɢɹɯ�
ɤɨɦɦɟɪɱɟɫɤɨɝɨ� ɩɪɟɞɩɪɢɹɬɢɹ� ɈɈɈ� ©ɉɪɨɦɵɲɥɟɧɧɨ�ɝɟɨɥɨɝɢɱɟɫɤɨɣ� ɝɪɭɩɩɵ�
©Ⱦɧɟɩɪɨɝɢɞɪɨɫɬɪɨɣª�>��@�

ȼɵɜɨɞɵ
ɋɮɨɪɦɢɪɨɜɚɧɚ� ɧɚɭɱɧɚɹ�ɲɤɨɥɚ�� ɨɫɧɨɜɨɩɨɥɨɠɧɢɤɨɦ� ɤɨɬɨɪɨɣ� ɫɬɚɥ�Ⱥ��Ɇ�� Ȼɪɚɠɟɧɟɧɤɨ��

Ɍɪɟɦɹ�ɩɨɤɨɥɟɧɢɹɦɢ�ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ�ɪɚɡɪɚɛɨɬɚɧɵ�ɢ�ɨɛɨɫɧɨɜɚɧɵ�ɢɧɧɨɜɚɰɢɨɧɧɵɟ�ɬɟɯɧɨɥɨɝɢɢ�
ɢɡɨɥɹɰɢɢ� ɩɨɝɥɨɳɚɸɳɢɯ� ɝɨɪɢɡɨɧɬɨɜ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɦɢ� �ɥɟɝɤɨɩɥɚɜɤɢɦɢ�� ɦɚɬɟɪɢɚɥɚɦɢ�� ɞɥɹ�
ɪɟɚɥɢɡɚɰɢɢ� ɤɨɬɨɪɵɯ� ɧɟɨɛɯɨɞɢɦɨ� ɜɵɩɨɥɧɢɬɶ�� ɞɨɫɬɚɜɤɭ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚ�
ɡɚɛɨɣ� ɫɤɜɚɠɢɧɵ�� ɩɥɚɜɥɟɧɢɟ� �ɧɚɝɪɟɜ�� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢ� ɢɯ� ɡɚɞɚɜɥɢɜɚɧɢɟ� ɜ�
ɤɚɧɚɥɵ�ɩɨɝɥɨɳɟɧɢɹ��

Ⱦɥɹ� ɪɚɡɥɢɱɧɵɯ� ɝɟɨɥɨɝɨ�ɬɟɯɧɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɣ� ɛɭɪɟɧɢɹ� ɧɚ� ɤɚɮɟɞɪɟ� ɬɟɯɧɢɤɢ� ɪɚɡɜɟɞɤɢ�
ɦɟɫɬɨɪɨɠɞɟɧɢɣ� ɩɨɥɟɡɧɵɯ� ɢɫɤɨɩɚɟɦɵɯ� ɩɨɞ� ɪɭɤɨɜɨɞɫɬɜɨɦ� Ⱥ�� Ɇ�� Ȼɪɚɠɟɧɟɧɤɨ� ɪɚɡɪɚɛɨɬɚɧɵ�
ɬɚɦɩɨɧɚɠɧɵɟ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ� �ɥɟɝɤɨɩɥɚɜɤɢɟ�� ɦɚɬɟɪɢɚɥɵ� ɢ� ɬɟɯɧɨɥɨɝɢɢ� ɢɡɨɥɹɰɢɢ�
ɩɨɝɥɨɳɚɸɳɢɯ�ɝɨɪɢɡɨɧɬɨɜ�ɛɭɪɨɜɵɯ�ɫɤɜɚɠɢɧ�
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Ɇɟɬɨɸ�ɞɨɫɥɿɞɠɟɧɶ�ɽ�ɩɿɞɜɢɳɟɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɿɡɨɥɹɰɿɣɧɢɯ�ɪɨɛɿɬ�ɭ�ɛɭɪɨɜɢɯ�ɫɜɟɪɞɥɨɜɢɧɚɯ��ɳɨ�
ɞɨɫɹɝɚɽɬɶɫɹ�ɡɚ�ɪɚɯɭɧɨɤ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɿ�ɚɧɚɥɿɡɭ�ɧɟɬɪɚɞɢɰɿɣɧɢɯ�ɬɟɯɧɨɥɨɝɿɣ�ɬɚɦɩɨɧɭɜɚɧɧɹ�ɩɨɝɥɢɧɚɸɱɢɯ�
ɝɨɪɢɡɨɧɬɿɜ��ɪɨɡɪɨɛɥɟɧɢɯ�ɭɱɧɹɦɢ�Ⱥ��Ɇ��Ȼɪɚɠɟɧɟɧɤɨ��ɉɨɫɬɚɜɥɟɧɿ�ɡɚɜɞɚɧɧɹ�ɜɢɪɿɲɭɜɚɥɢɫɹ�ɤɨɦɩɥɟɤɫɧɢɦ�
ɦɟɬɨɞɨɦ� ɞɨɫɥɿɞɠɟɧɧɹ�� ɳɨ� ɜɤɥɸɱɚɽ� ɚɧɚɥɿɡ� ɿ� ɭɡɚɝɚɥɶɧɟɧɧɹ� ɥɿɬɟɪɚɬɭɪɧɢɯ� ɿ� ɩɚɬɟɧɬɧɢɯ� ɞɠɟɪɟɥ��
ɩɪɨɜɟɞɟɧɧɹ� ɚɧɚɥɿɬɢɱɧɢɯ�� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ�ɞɨɫɥɿɞɠɟɧɶ��ɋɮɨɪɦɨɜɚɧɚ�ɧɚɭɤɨɜɚ�ɲɤɨɥɚ�� ɡɚɫɧɨɜɧɢɤɨɦ
ɹɤɨʀ�ɫɬɚɜ�Ⱥ��Ɇ��Ȼɪɚɠɟɧɟɧɤɨ��Ɍɪɶɨɦɚ�ɩɨɤɨɥɿɧɧɹɦɢ�ɞɨɫɥɿɞɧɢɤɿɜ�ɪɨɡɪɨɛɥɟɧɿ� ɿ�ɨɛʉɪɭɧɬɨɜɚɧɿ� ɿɧɧɨɜɚɰɿɣɧɿ�
ɬɟɯɧɨɥɨɝɿʀ� ɿɡɨɥɹɰɿʀ� ɩɨɝɥɢɧɚɸɱɢɯ� ɝɨɪɢɡɨɧɬɿɜ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɢɦɢ� �ɥɟɝɤɨɩɥɚɜɤɢɦɢ�� ɦɚɬɟɪɿɚɥɚɦɢ�� ɞɥɹ�
ɪɟɚɥɿɡɚɰɿʀ� ɹɤɢɯ� ɧɟɨɛɯɿɞɧɨ� ɜɢɤɨɧɚɬɢ�� ɞɨɫɬɚɜɤɭ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɢɯ� ɦɚɬɟɪɿɚɥɿɜ� ɧɚ� ɜɢɛɿɣ� ɫɜɟɪɞɥɨɜɢɧɢ��
ɩɥɚɜɥɟɧɧɹ� �ɧɚɝɪɿɜ��ɬɟɪɦɨɩɥɚɫɬɢɱɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ� ɿ� ʀɯ� ɡɚɞɚɜɥɸɜɚɧɧɹ� ɜ� ɤɚɧɚɥɢ� ɩɨɝɥɢɧɚɧɧɹ�� Ⱦɥɹ� ɪɿɡɧɢɯ�
ɝɟɨɥɨɝɨ�ɬɟɯɧɢɱɧɢɯ� ɭɦɨɜ� ɛɭɪɿɧɧɹ� ɧɚ� ɤɚɮɟɞɪɿ� ɬɟɯɧɿɤɢ� ɪɨɡɜɿɞɤɢ� ɪɨɞɨɜɢɳ� ɤɨɪɢɫɧɢɯ� ɤɨɩɚɥɢɧɢ�� ɩɿɞ�
ɤɟɪɿɜɧɢɰɬɜɨɦ�Ⱥ��Ɇ��Ȼɪɚɠɟɧɟɧɤɨ��ɪɨɡɪɨɛɥɟɧɿ�ɬɚɦɩɨɧɚɠɧɿ�ɬɟɪɦɨɩɥɚɫɬɢɱɧɿ��ɥɟɝɤɨɩɥɚɜɤɿ��ɦɚɬɟɪɿɚɥɢ�ɿ�
ɬɟɯɧɨɥɨɝɿʀ�ɿɡɨɥɹɰɿʀ�ɩɨɝɥɢɧɚɸɱɢɯ�ɝɨɪɢɡɨɧɬɿɜ�ɛɭɪɨɜɢɯ�ɫɜɟɪɞɥɨɜɢɧ�

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɛɭɪɿɧɧɹ�ɫɜɟɪɞɥɨɜɢɧ��ɩɨɝɥɢɧɚɸɱɢɣ�ɝɨɪɢɡɨɧɬ��ɿɡɨɥɹɰɿɹ��ɬɚɦɩɨɧɚɠɧɿ�ɦɚɬɟɪɿɚɥɢ

Ⱥ��6XGDNRY��,��0DUW\QHQNR��'��6XGDNRYɚ
�1DWLRQDO�WHFKQLFDO�XQLYHUVLW\�©'QLSUR�3RO\WHFKQLFª��8NUDLQH

�3XEOLF�VHUYLFH�RI�JHRORJ\�DQG�VXEVRLO�RI�8NUDLQH
6&,(17,),&�6&+22/�%�$�0��± *(1(5$7,216�2)�6&,(17,),&�

$1'�,1129$7,9(�7(&+12/2*,(6
7KH� DLP� RI� WKH� UHVHDUFK� LV� WR� LQFUHDVH� WKH� HIILFLHQF\� RI� LQVXODWLRQ� ZRUN� LQ� ERUHKROHV�� DFKLHYHG�

WKURXJK� WKH�XVH�DQG�DQDO\VLV�RI� LQQRYDWLYH� WHFKQRORJLHV� IRU�DEVRUELQJ�KRUL]RQV�GHYHORSHG�E\� IROORZHUV�RI�
$�0��%UD]KHQHQNR��7KH�WDVNV�ZHUH�VROYHG�E\�D�FRPSOH[�UHVHDUFK�PHWKRG��LQFOXGLQJ�DQDO\VLV�DQG�V\QWKHVLV RI�
OLWHUDU\�DQG�SDWHQW�VRXUFHV��FRQGXFWLQJ�DQDO\WLFDO��H[SHULPHQWDO�VWXGLHV��$�VFLHQWLILF�VFKRRO�ZDV�IRUPHG��WKH�
IRXQGHU�RI�ZKLFK�ZDV�$�0��%UD]HQHQNR��7KUHH�JHQHUDWLRQV�RI�UHVHDUFKHUV�KDYH�GHYHORSHG�DQG�VXEVWDQWLDWHG�
LQQRYDWLYH� WHFKQRORJLHV� IRU� LVRODWLQJ� DEVRUELQJ� KRUL]RQV� E\� WKHUPRSODVWLF� �ORZ�PHOWLQJ�� PDWHULDOV�� WKH�
LPSOHPHQWDWLRQ�RI�ZKLFK�UHTXLUHV�SHUIRUPLQJ��GHOLYHULQJ�WKHUPRSODVWLF�PDWHULDOV�WR�WKH�ERWWRP�RI�WKH�ZHOO��
PHOWLQJ� �KHDWLQJ�� WKHUPRSODVWLF� PDWHULDOV� DQG� SXVKLQJ� WKHP� LQWR� DEVRUSWLRQ� FKDQQHOV� )RU� YDULRXV�
JHRORJLFDO� DQG� WHFKQLFDO� FRQGLWLRQV� RI� GULOOLQJ� DW� WKH� 'HSDUWPHQW� RI� 0LQHUDO� 5HVRXUFHV� ([SORUDWLRQ�
7HFKQLTXHV�� XQGHU� WKH� GLUHFWLRQ� RI� $�0�� %UD]HQHQNR�� JURXWLQJ� WKHUPRSODVWLF� �ORZ�PHOWLQJ��PDWHULDOV� DQG�
WHFKQRORJLHV�IRU�LVRODWLQJ�DEVRUELQJ�KRUL]RQV�RI�ERUHKROHV�ZHUH�GHYHORSHG�

.H\�ZRUGV� GULOOLQJ��DEVRUELQJ�KRUL]RQ��LQVXODWLRQ��JURXWLQJ�PDWHULDOV

Ʌɢɬɟɪɚɬɭɪɚ
�� Ȼɪɚɠɟɧɟɧɤɨ� Ⱥ� Ɇ��� Ƚɨɲɨɜɫɤɢɣ� ɋ� ȼ��� Ʉɨɠɟɜɧɢɤɨɜ� Ⱥ� Ⱥ�� ɢ� ɞɪ�� Ɍɚɦɩɨɧɚɠ� ɝɨɪɧɵɯ�

ɩɨɪɨɞ�ɩɪɢ�ɛɭɪɟɧɢɢ�ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɵɯ�ɫɤɜɚɠɢɧ�ɥɟɝɤɨɩɥɚɜɤɢɦɢ�ɦɚɬɟɪɢɚɥɚɦɢ��ɭɱɟɛ��
ɩɨɫ��± Ʉ���ɍɤɪȽȽɊɂ��������± ����ɫ��

�� ɋɭɞɚɤɨɜ� Ⱥ�Ʉ��� Ⱦɡɸɛɢɤ� Ⱥ�Ɋ��� Ʉɭɡɿɧ� ɘ�Ʌ��� ɇɚɡɚɪ� ȱ�Ȼ��� ɋɭɞɚɤɨɜɚ� Ⱦ�Ⱥ�� ȱɡɨɥɹɰɿɹ�
ɩɨɝɥɢɧɚɸɱɢɯ� ɝɨɪɢɡɨɧɬɿɜ� ɛɭɪɨɜɢɯ� ɫɜɟɪɞɥɨɜɢɧ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɢɦɢ� ɦɚɬɟɪɿɚɥɚɦɢ��
ɦɨɧɨɝɪɚɮɿɹ���± Ⱦɪɨɝɨɛɢɱ���ɉɪɨɫɜɿɬ��������± ����ɫ�

�� Ɏɨɤɢɧ� ȼ�� ȼ� ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ� ɦɟɬɨɞɨɜ� ɛɨɪɶɛɵ� ɫ� ɩɨɝɥɨɳɟɧɢɹɦɢ� ɜ� ɢɧɬɪɭɡɢɹɯ�
ɞɨɥɟɪɢɬɨɜ� ɝɥɭɛɨɤɢɯ� ɪɚɡɜɟɞɨɱɧɵɯ� ɫɤɜɚɠɢɧ� ɋɢɛɢɪɫɤɨɣ� ɩɥɚɬɮɨɪɦɵ�� ɞɢɫ�� «� ɤɚɧɞ��
ɬɟɯɧ��ɧɚɭɤ������������± Ɇ���������± ����ɫ�

�� Ⱥɧɚɬɨɥɿɣ� Ɇɚɤɚɪɨɜɢɱ� Ȼɪɚɠɟɧɟɧɤɨ�� ± >ɗɥɟɤɬɪɨɧɧɵɣ� ɪɟɫɭɪɫ@�� ± Ɋɟɠɢɦ� ɞɨɫɬɭɩɚ��
KWWS���WUUNN�QPX�RUJ�XD�XD�&ROOHFWLYH�EUDJKHQHQNR�SKS

�� ɒɪɟɣɛɟɪ�Ȼ�ɉ��Ȼɢɬɭɦɢɡɚɰɢɹ�ɜ�ɩɨɞɡɟɦɧɨɦ�ɫɬɪɨɢɬɟɥɶɫɬɜɟ���Ɇ���ɇɟɞɪɚ��������± ����ɫ�
�� Ɇɚɪɬɵɧɟɧɤɨ� ɂ�ɂ�� ɂɫɫɥɟɞɨɜɚɧɢɹ�� ɪɚɡɪɚɛɨɬɤɚ� ɢ� ɜɧɟɞɪɟɧɢɟ� ɬɟɯɧɨɥɨɝɢɢ� ɥɢɤɜɢɞɚɰɢɢ�

ɝɟɨɥɨɝɢɱɟɫɤɢɯ� ɨɫɥɨɠɧɟɧɢɣ� ɬɚɦɩɨɧɢɪɭɸɳɢɦɢ� ɫɦɟɫɹɦɢ� ɧɚ� ɛɢɬɭɦɧɨɣ� ɨɫɧɨɜɟ��
ɚɜɬɨɪɟɮ��ɞɢɫ«ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ�������������Ⱦɧɟɩɪɨɩɟɬ��ɝɨɪɧ��ɢɧ�ɬ��± Ⱦ���������± ���ɫ�

�� Ⱥɜɬɨɪɫɤɨɟ�ɫɜɢɞɟɬɟɥɶɫɬɜɨ�ɋɋɋɊ�ʋ����������ȿ���ȼ���������Ɍɚɦɩɨɧɚɠɧɚɹ�ɫɦɟɫɶ���Ⱥ�Ȼ��
Ⱥɛɪɚɦɱɭɤ� Ɉ�Ʌ�� Ɂɚɣɨɧɰ�� ȼ�ɂ�� Ɂɛɚɧɚɰɤɢɣ�� ɂ�ɂ�� Ɇɚɪɬɵɧɟɧɤɨ�� ± Ȼɸɥɥɟɬɟɧɶ�
ɢɡɨɛɪɟɬɟɧɢɣ�ʋ�����

�� Ɇɚɪɬɵɧɟɧɤɨ� ɂ�ɂ�� Ʌɢɤɜɢɞɚɰɢɹ� ɝɟɨɥɨɝɢɱɟɫɤɢɯ� ɨɫɥɨɠɧɟɧɢɣ� ɬɚɦɩɨɧɢɪɭɸɳɢɦɢ�
ɫɦɟɫɹɦɢ� ɧɚ� ɛɢɬɭɦɧɨɣ� ɨɫɧɨɜɟ�� ɉɟɪɟɞɨɜɨɣ� ɧɚɭɱɧɨ�ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ� ɨɩɵɬ��
ɪɟɤɨɦɟɧɞɭɟɦɵɣ� ɞɥɹ� ɜɧɟɞɪɟɧɢɹ� ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɨɣ� ɨɬɪɚɫɥɢ�� ɧɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɢɣ�
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��

ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ� ɫɛɨɪɧɢɤ� �� ɗɤɨɧɨɦɢɤɚ� ɦɢɧɟɪɚɥɶɧɨɝɨ� ɫɵɪɶɹ� ɢ� ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɵɯ�
ɪɚɛɨɬ��± ȼɂɗɆɋ�������

�� Ⱥɜɬɨɪɫɤɨɟ�ɫɜɢɞɟɬɟɥɶɫɬɜɨ�ɋɋɋɊ�ʋ����������ȿ���ȼ���������Ɍɚɦɩɨɧ�ɞɥɹ�ɥɢɤɜɢɞɚɰɢɢ�
ɩɨɝɥɨɳɟɧɢɣ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ� ɢ� ɜɨɞɨɩɪɢɬɨɤɨɜ� �� ɂ�ɂ�� Ɇɚɪɬɵɧɟɧɤɨ�� ȼ�ɇ��
ɋɟɥɨɜ��± Ȼɸɥɥɟɬɟɧɶ�ɢɡɨɛɪɟɬɟɧɢɣ�ʋ����������

��� Ⱥɜɬɨɪɫɤɨɟ�ɫɜɢɞɟɬɟɥɶɫɬɜɨ�ɋɋɋɊ�ʋ����������ȿ���ȼ���������Ɍɚɦɩɨɧɚɠɧɵɣ�ɫɧɚɪɹɞ���Ⱥ�Ȼ��
Ⱥɛɪɚɦɱɭɤ��Ƚ�Ⱥ��Ƚɨɥɭɛɟɜ��ɂ�ɂ��Ɇɚɪɬɵɧɟɧɤɨ��± Ȼɸɥɥɟɬɟɧɶ�ɢɡɨɛɪɟɬɟɧɢɣ�ʋ�����������

��� Ⱥɜɬɨɪɫɤɨɟ�ɫɜɢɞɟɬɟɥɶɫɬɜɨ�ɋɋɋɊ�ʋ����������ȿ���ȼ���������Ɍɚɦɩɨɧɢɪɭɸɳɢɣ�ɫɧɚɪɹɞ���
ɂ�ɂ��Ɇɚɪɬɵɧɟɧɤɨ��ɂ�Ɏ��ȼɟɤɥɢɱ��ɉ�Ⱦ��Ɇɟɝɚɥ��± Ȼɸɥɥɟɬɟɧɶ�ɢɡɨɛɪɟɬɟɧɢɣ�ʋ�����������

��� ɋɭɞɚɤɨɜ� Ⱥ�Ʉ�� Ɍɟɯɧɨɥɨɝɢɹ� ɢɡɨɥɹɰɢɢ� ɡɨɧ� ɩɨɝɥɨɳɟɧɢɹ� ɛɭɪɨɜɵɯ� ɫɤɜɚɠɢɧ� ɫ�
ɩɪɢɦɟɧɟɧɢɟɦ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɚɜɬɨɪɟɮ�� ɞɢɫ�� ɧɚ� ɫɨɢɫɤ�� ɧɚɭɱ� ɫɬɟɩ��
ɤɚɧɞ�� ɬɟɯɧ�� ɧɚɭɤ�� ɫɩɟɰ� ��������� ©Ȼɭɪɟɧɢɟ� ɫɤɜɚɠɢɧª� �� Ⱥ�Ʉ�� ɋɭɞɚɤɨɜ�� ±
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ��������± ���ɫ�

��� ɋɭɞɚɤɨɜ�Ⱥ�Ʉ��ɋɨɜɪɟɦɟɧɧɵɟ�ɬɟɯɧɨɥɨɝɢɢ�ɢ�ɦɚɬɟɪɢɚɥɵ��ɩɪɢɦɟɧɹɟɦɵɟ�ɞɥɹ�ɥɢɤɜɢɞɚɰɢɢ�
ɩɨɝɥɨɳɟɧɢɣ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ�� ��� ɇɚɭɤɨɜɢɣ� ɜɿɫɧɢɤ� ɇȽȺ� ɍɤɪɚʀɧɢ�� ± ������ ±
ʋ���± ɋ���±����

��� ɋɭɞɚɤɨɜ� Ⱥ�Ʉ�� ɉɪɢɦɟɧɟɧɢɟ� ɩɪɢɪɨɞɧɨɣ� ɫɟɪɵ� ɜ� ɤɚɱɟɫɬɜɟ� ɬɚɦɩɨɧɚɠɧɨɝɨ�
ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ����ɋɛ��ɧɚɭɱɧ��ɬɪɭɞɨɜ�ɇȽȺ�ɍɤɪɚʀɧɢ��± ������± ʋ���± Ɍɨɦ�
���± ɋ�����±����

��� %UD]HQLHQNR� $�0��� 'XGOD� 1�$��� 6XGDNRZ� $�.��� =LH
ED� $�� 1RZD� WHFKQRORJLD� L]RODFML
KRU\]RQWRZ�FKORQQ\FK����:\GDZQLFWZR�$*+��± .UDNRZ��± ������± Ɋ����±���

��� Ȼɪɚɠɟɧɟɧɤɨ� Ⱥ�Ɇ��� Ⱦɭɞɥɹ� ɇ�Ⱥ��� ɋɭɞɚɤɨɜ� Ⱥ�Ʉ�� Ɉ� ɜɨɡɦɨɠɧɨɫɬɢ� ɩɪɢɦɟɧɟɧɢɹ�
ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɞɥɹ�ɢɡɨɥɹɰɢɢ�ɩɨɝɥɨɳɚɸɳɢɯ�ɝɨɪɢɡɨɧɬɨɜ�ɩɪɢ�ɛɭɪɟɧɢɢ�
ɫɤɜɚɠɢɧ����ɋɬɪɨɢɬɟɥɶɫɬɜɨ�ɧɟɮɬɹɧɵɯ�ɢ�ɝɚɡɨɜɵɯ�ɫɤɜɚɠɢɧ�ɧɚ�ɫɭɲɟ�ɢ�ɧɚ�ɦɨɪɟ��± ������±
ʋ �� ���± ɋ����±���

��� ɋɭɞɚɤɨɜ�Ⱥ�Ʉ��Ɇɟɬɨɞɢɤɚ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɥɢɤɜɢɞɚɰɢɢ�ɩɨɝɥɨɳɟɧɢɣ�ɨɱɢɫɬɧɨɝɨ�ɚɝɟɧɬɚ�
ɡɨɧ�ɛɭɪɨɜɵɯ�ɫɤɜɚɠɢɧ����ɇɚɭɤɨɜɢɣ�ɜɿɫɧɢɤ�ɇȽȺ�ɍɤɪɚʀɧɢ��± ������± ʋ���± ɋ��������

��� ɉɚɬɟɧɬ�ʋ�������Ⱥ�8$��ɆɄɂ�ȿ���ȼ�������ɋɩɨɫɿɛ�ɬɚɦɩɨɧɭɜɚɧɧɹ�ɫɜɟɪɞɥɨɜɢɧ���Ⱥ�Ɇ��
Ȼɪɚɠɟɧɟɧɤɨ��Ɇ�Ⱥ��Ⱦɭɞɥɹ��Ɉ�Ɇ��Ⱦɚɜɿɞɟɧɤɨ��Ⱥ�Ʉ��ɋɭɞɚɤɨɜ��8$���± ʋ�����������Ɂɚɹɜɥ��
����������Ɉɩɭɛɥ������������Ȼɸɥ��ʋ���± ɋ����

��� ɋɭɞɚɤɨɜ� Ⱥ�Ʉ�� ȼɵɛɨɪ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ� ɫɯɟɦɵ� ɢɡɨɥɹɰɢɢ� ɩɨɝɥɨɳɚɸɳɢɯ� ɝɨɪɢɡɨɧɬɨɜ�
ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɦɢ�ɦɚɬɟɪɢɚɥɚɦɢ� ���ɋɛ��ɧɚɭɱɧ��ɬɪɭɞɨɜ�ɇȽȺ�ɍɤɪɚɢɧɵ��± ������± ʋ���
± Ɍɨɦ���± ɋ����±���

��� Ȼɪɚɠɟɧɟɧɤɨ�Ⱥ�Ɇ���Ⱦɭɞɥɹ�ɇ�Ⱥ���ɋɭɞɚɤɨɜ�Ⱥ�Ʉ���Ɉɦɟɥɶɹɧ�ȿ�Ɇ��Ɍɟɦɩɟɪɚɬɭɪɧɨɟ�ɩɨɥɟ�ɜ�ɡɨɧɟ�
ɞɟɣɫɬɜɢɹ�ɫɤɜɚɠɢɧɧɨɝɨ�ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ�����Ɍɪɭɞɵ�ɧɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɨɣ�ɤɨɧɮɟɪɟɧɰɢɢ�
³ɗɩɲɬɟɣɧɨɜɫɤɢɟ�ɱɬɟɧɢɹ´��± Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ��ɇȽȺɍ��± ������± ɋ����±���

��� 6XGDNRY�� Ⱥ�Ʉ��� 'UHXV�� $�<X��� .KRPHQNR� Ɉ�<H��� 	� 6XGDNRYD�� '�$�� �������� $QDO\WLF�
VWXG\� RI� KHDW� WUDQVIHU� LQ� DEVRUELQJ� KRUL]RQ� RI� ERUHKROHV� LQ� WKH� IRUPDWLRQ� RI� SURWHFWLRQ�
FU\RJHQLF�SOXJJLQJ�PDWHULDO��1DXNRY\L�9LVQ\N�1DWVLRQDOQRKR�+LUQ\FKRKR�8QLYHUV\WHWX��
± ��������± �������

��� 6XGDNRY�� $��� 'UHXV�� Ⱥ��� 5DWRY�� %��� 	� 'HOLNHVKHYD�� '�� �������� 7KHRUHWLFDO� EDVHV� RI�
LVRODWLRQ�WHFKQRORJ\�IRU�VZDOORZLQJ�KRUL]RQV�XVLQJ�WKHUPRSODVWLF�PDWHULDOV��1HZV�RI�WKH�
QDWLRQDO�DFDGHP\�RI�VFLHQFHV�RI�WKH�UHSXEOLF�RI�.D]DNKVWDQ��± ��������± ������

��� 6XGDNRY�Ⱥ�Ʉ��.KRPHQNR�Ɉ�<H��� ,VDNRYD�0��/���	�6XGDNRYD��'�$�� ��������&RQFHSW�RI�
QXPHULFDO� H[SHULPHQW� RI� LVRODWLRQ� RI� DEVRUSWLYH� KRUL]RQV� E\� WKHUPRSODVWLF� PDWHULDOV��
1DXNRY\L�9LVQ\N�1DWVLRQDOQRKR�+LUQ\FKRKR�8QLYHUV\WHWX��± ������± 9ROXPH����������±
ɪɪ����±���

��� .KRPHQNR�� 2�<H��� 6XGDNRY�� $�.��� 0DODQFKXN�� =�5��� 	� 0DODQFKXN�� <H�=�� ��������
3ULQFLSOHV� RI� URFN� SUHVVXUH� HQHUJ\� XVDJH� GXULQJ� XQGHUJURXQG� PLQLQJ� RI� GHSRVLWV��
1DXNRY\L�9LVQ\N�1DWVLRQDOQRKR�+LUQ\FKRKR�8QLYHUV\WHWX��± ��������± �������
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��

��� ɋɭɞɚɤɨɜɚ�Ⱦ�Ⱥ��Ɉɛʉɪɭɧɬɭɜɚɧɧɹ�ɩɚɪɚɦɟɬɪɿɜ�ɿɡɨɥɹɰɿʀ�ɩɨɝɥɢɧɚɸɱɢɯ�ɝɨɪɢɡɨɧɬɿɜ�ɛɭɪɨɜɢɯ�
ɫɜɟɪɞɥɨɜɢɧ�� ɚɜɬɨɪɟɮ�� ɞɢɫ�� ɧɚ� ɡɞɨɛɭɜ�� ɧɚɭɱ�� ɫɬɟɩ�� ɤɚɧɞ�� ɬɟɯɧ�� ɧɚɭɤ�� ɫɩɟɰ� ���������
©Ȼɭɪɿɧɧɹ�ɫɜɟɪɞɥɨɜɢɧª���Ⱦ�Ⱥ��ɋɭɞɚɤɨɜɚ��± ȱɜɚɧɨ�Ɏɪɚɧɤɿɜɫɶɤ�������± ���ɫ�

��� ɋɭɞɚɤɨɜɚ� Ⱦ�� Ⱥ�� Ɋɟɡɭɥɶɬɚɬɵ� ɚɧɚɥɢɡɚ� ɬɟɯɧɨɥɨɝɢɣ� ɬɚɦɩɨɧɢɪɨɜɚɧɢɹ� ɩɨɝɥɨɳɚɸɳɢɯ�
ɝɨɪɢɡɨɧɬɨɜ�ɛɭɪɨɜɵɯ�ɫɤɜɚɠɢɧ��ɒɤɨɥɚ�ɩɿɞɡɟɦɧɨʀ�ɪɨɡɪɨɛɤɢ��;,�Ɇɿɠɧɚɪɨɞɧɚ�ɧɚɭɤɨɜɨ�
ɩɪɚɤɬɢɱɧɚ�ɤɨɧɮɟɪɟɧɰɿɹ��Ȼɟɪɞɹɧɫɶɤ��ɜɟɪɟɫɟɧɶ������ɪ����± Ȼɟɪɞɹɧɫɶɤ��ɇȽɍ��������± ɋ��
���± ����

��� Ʉɭɡɢɧ� ɘ�� Ʌ��� ɋɭɞɚɤɨɜɚ� Ⱦ�� Ⱥ�� Ɉ� ɜɨɡɦɨɠɧɨɫɬɢ� ɩɪɢɦɟɧɟɧɢɹ� ɛɵɬɨɜɵɯ� ɨɬɯɨɞɨɜ� ɞɥɹ�
ɢɡɨɥɹɰɢɢ� ɩɨɝɥɨɳɚɸɳɢɯ� ɝɨɪɢɡɨɧɬɨɜ� ɛɭɪɨɜɵɯ� ɫɤɜɚɠɢɧ�� ��� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ�
ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ� ɢ� ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ�
ɩɪɢɦɟɧɟɧɢɹ��ɫɛ��ɧɚɭɱ��ɬɪ����ɂɋɆ�ɇȺɇ�ɍɤɪɚɢɧɵ��± Ʉ���������± ȼɵɩ������± ɋ����±���

��� ɋɭɞɚɤɨɜɚ� Ⱦ�� Ⱥ�� Ɉ� ɜɨɡɦɨɠɧɨɫɬɢ� ɩɪɢɦɟɧɟɧɢɹ� ɛɵɬɨɜɵɯ� ɨɬɯɨɞɨɜ� ɜ� ɤɚɱɟɫɬɜɟ�
ɬɚɦɩɨɧɚɠɧɨɝɨ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ�� Ɇɨɥɨɞɶ�� ɧɚɭɤɚ� ɬɚ� ɿɧɧɨɜɚɰɿʀ� ± ������
ɉ¶ɹɬɚ�ɜɫɟɭɤɪɚʀɧɫɶɤɚ�ɧɚɭɤɨɜɨ�ɬɟɯɧɿɱɧɚ�ɤɨɧɮɟɪɟɧɰɿɹ�ɫɬɭɞɟɧɬɿɜ��ɚɫɩɿɪɚɧɬɿɜ� ɿ�ɦɨɥɨɞɢɯ�
ɭɱɟɧɢɯ��Ⱦɧɿɩɪɨ�����± ���ɥɢɫɬɨɩɚɞɚ������ɪ����± Ⱦɧɿɩɪɨ��������± ɋ����±���

��� ,VDNRYD� 0�� 6XGDNRYD� '�� 7KHUPRSODVWLF� PDWHULDOV� RQ� WKH� EDVLV� RI�
SRO\HWK\OHQHɬɟUɟSKWKDODWH�� 7KH� ��WK� ,QWHUQDWLRQDO� )RUXP� IRU� 6WXGHQWV� DQG� <RXQJ�
5HVHDUFKHUV���'QLSURSHWURYVN��DSULO��������± 'QLSURSHWURYVN��ɇȽɍ��������± S�����

��� Ʉɭɡɢɧ� ɘ�� Ʌ�� ɋɭɞɚɤɨɜɚ� Ⱦ�� Ⱥ��� Ʌɭɤɶɹɧɟɧɤɨ� Ɇ�� ȼ�� Ɋɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɣ�
ɦɟɯɚɧɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ� ɬɚɦɩɨɧɚɠɧɨɝɨ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ� ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ�
ɦɚɬɟɪɢɚɥɚ� ɧɚ� ɨɫɧɨɜɟ� ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ�� Ɏɨɪɭɦ� ɝɨɪɧɹɤɨɜ� ± ������ ɦɚɬɟɪɢɚɥ�
ɦɟɠɞɭɧɚɪɨɞɧɨɣ�ɧɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɨɣ�ɤɨɧɮɟɪɟɧɰɢɢ��ɝ��Ⱦɧɟɩɪ����± ��ɨɤɬɹɛɪɹ������ɝ��±
Ⱦɧɟɩɪ��������± ɋ����±����

��� ɋɭɞɚɤɨɜɚ�Ⱦ��Ⱥ��Ɇɟɯɚɧɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɬɚɦɩɨɧɚɠɧɨɝɨ�ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�
ɧɚ�ɨɫɧɨɜɟ�ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ�� ���ȼɿɫɬɿ�Ⱦɨɧɟɰɶɤɨɝɨ�ɝɿɪɧɢɱɨɝɨ� ɿɧɫɬɢɬɭɬɭ� ��ȾȼɇɁ�
©ȾɨɧɇɌɍª��± ɉɨɤɪɨɜɫɶɤ��������± ʋ���± ɋ�����±����

��� ɉɚɬɟɧɬ�ʋ�������ɍɤɪɚʀɧɚ��ɆɉɄ�ȿ����ȼ��������Ɍɚɦɩɨɧɚɠɧɚ�ɫɭɦɿɲ���Ⱥ�Ʉ��ɋɭɞɚɤɨɜ��ɘ�Ʌ��
Ʉɭɡɿɧ��Ⱦ�Ⱥ��ɋɭɞɚɤɨɜɚ��± ʋX�����������ɡɚɹɜɥ��������������ɨɩɭɛɥ��������������Ȼɸɥ��ʋ ���

��� ɉɚɬɟɧɬ�ʋ�������ɍɤɪɚʀɧɚ��ɆɉɄ� ȿ� ��� ȼ� ������� ɋɩɨɫɿɛ� ɬɚɦɩɨɧɭɜɚɧɧɹ� ɫɜɟɪɞɥɨɜɢɧ� ��
Ⱥ�Ʉ��ɋɭɞɚɤɨɜ��ɘ�Ʌ��Ʉɭɡɿɧ��Ⱦ�Ⱥ��ɋɭɞɚɤɨɜɚ��± ʋX�����������ɡɚɹɜɥ��������������ɨɩɭɛɥ��
������������Ȼɸɥ��ʋ ��

��� ɉɚɬɟɧɬ�ʋ�������ɍɤɪɚʀɧɚ��ɆɉɄ�ȿ����ȼ��������ɋ����Ʉ�������Ɍɚɦɩɨɧɚɠɧɨ�ɛɭɞɿɜɟɥɶɧɢɣ�
ɦɚɬɟɪɿɚɥ� �� Ⱥ�Ʉ�� ɋɭɞɚɤɨɜ�� ɘ�Ʌ�� Ʉɭɡɿɧ�� Ɉ�ɇ�� Ɇɨɫɬɢɧɟɰɶ�� Ⱦ�Ⱥ�� ɋɭɞɚɤɨɜɚ�� ±
ʋX�����������ɡɚɹɜɥ� ������������ɨɩɭɛɥ��������������Ȼɸɥ��ʋ ����

��� ɉɚɬɟɧɬ�ʋ�������ɍɤɪɚʀɧɚ��ɆɉɄ�ȿ����ȼ��������ɋ����Ʉ�������Ɍɚɦɩɨɧɚɠɧɨ�ɛɭɞɿɜɟɥɶɧɢɣ�
ɦɚɬɟɪɿɚɥ� �� Ⱥ�Ʉ�� ɋɭɞɚɤɨɜ�� ɘ�Ʌ�� Ʉɭɡɿɧ�� Ɉ�ɇ�� Ɇɨɫɬɢɧɟɰɶ�� Ⱦ�Ⱥ�� ɋɭɞɚɤɨɜɚ�� ±
ʋX�����������ɡɚɹɜɥ��������������ɨɩɭɛɥ��������������Ȼɸɥ��ʋ ���

��� ɉɚɬɟɧɬ�ʋ�������ɍɤɪɚʀɧɚ��ɆɉɄ� ȿ� ��� ȼ� ������� ɋɩɨɫɿɛ� ɬɚɦɩɨɧɭɜɚɧɧɹ� ɫɜɟɪɞɥɨɜɢɧ� ��
Ⱥ�Ʉ�� ɋɭɞɚɤɨɜ�� ɘ�Ʌ�� Ʉɭɡɿɧ�� Ⱥ�ɘ�� Ⱦɪɟɭɫ�� Ⱦ�Ⱥ�� ɋɭɞɚɤɨɜɚ�� ± ʋX����������� ɡɚɹɜɥ��
������������ɨɩɭɛɥ��������������Ȼɸɥ��ʋ ����

��� ɉɚɬɟɧɬ� ʋ������� ɍɤɪɚʀɧɚ�� ɆɉɄ� ȿ� ��� ȼ� ������� ɋɩɨɫɿɛ� ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ�
ɬɚɦɩɨɧɚɠɧɨɝɨ� ɦɚɬɟɪɿɚɥɭ� �� Ⱥ�Ʉ�� ɋɭɞɚɤɨɜ�� ɘ�Ʌ�� Ʉɭɡɿɧ�� Ⱦ�Ⱥ�� ɋɭɞɚɤɨɜɚ�� ±
ʋX�����������ɡɚɹɜɥ��������������ɨɩɭɛɥ��������������Ȼɸɥ��ʋ ����

��� ɉɚɬɟɧɬ�ʋ�������ɍɤɪɚʀɧɚ��ɆɉɄ�ȿ����ȼ��������Ɍɟɪɦɨɦɟɯɚɧɿɱɧɢɣ�ɫɩɨɫɿɛ�ɬɚɦɩɨɧɭɜɚɧɧɹ�
ɩɪɨɧɢɤɧɢɯ�ɝɨɪɢɡɨɧɬɿɜ�ɛɭɪɨɜɢɯ�ɫɜɟɪɞɥɨɜɢɧ��ɋɭɞɚɤɨɜ�Ⱥ��Ʉ���Ʉɭɡɿɧ�ɘ��Ʌ���Ⱦɪɟɭɫ�Ⱥ��ɘ���
ɋɭɞɚɤɨɜɚ�Ⱦ��Ⱥ��ʋX�����������ɡɚɹɜɥ��������������ɨɩɭɛɥ��������������Ȼɸɥ��ʋ ���

��� .X]LQ� -���0RVWLQHWV� Ɉ��� 6XGDNRYD� '��� ,VDNRYD�0�� ,VRODWLRQ� WHFKQRORJ\� IRU� VZDOORZLQJ�
]RQHV� E\� WKHUPRSODVWLF� PDWHULDOV� RQ� WKH� EDVLV� RI� SRO\HWK\OHQHɬɟUɟSKWKDODWH�� 1DXNRY\L�
9LVQ\N�1DWVLRQDOQRKR�+LUQ\FKRKR�8QLYHUV\WHWX��± ������± 9����± Ɋ����±���
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��� ɋɭɞɚɤɨɜɚ� Ⱦ�� Ⱥ�� ɇɟɬɪɚɞɢɰɢɨɧɧɚɹ� ɬɟɯɧɨɥɨɝɢɹ� ɛɨɪɶɛɵ� ɫ� ɩɨɝɥɨɳɟɧɢɟɦ� ɛɭɪɨɜɵɯ�
ɪɚɫɬɜɨɪɨɜ�ɜ�ɫɤɜɚɠɢɧɚɯ����ȼɿɫɬɿ�Ⱦɨɧɟɰɶɤɨɝɨ�ɝɿɪɧɢɱɨɝɨ�ɿɧɫɬɢɬɭɬɭ���ȾȼɇɁ�©ȾɨɧɇɌɍª��
± ɉɨɤɪɨɜɫɶɤ��������± ʋ�������± ɋ�����±����

��� Ʉɭɡɿɧ� ɘ�� Ʌ��� ɋɭɞɚɤɨɜɚ� Ⱦ�� Ⱥ�� Ɍɟɪɦɨɦɟɯɚɧɿɱɧɢɣ� ɫɩɨɫɿɛ� ɬɚɦɩɨɧɭɜɚɧɧɹ� ɩɪɨɧɢɤɧɢɯ�
ɝɨɪɢɡɨɧɬɿɜ� ɛɭɪɨɜɢɯ� ɫɜɟɪɞɥɨɜɢɧ �� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ�
ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ� ɢ� ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ� ɩɪɢɦɟɧɟɧɢɹ�� ɫɛ�� ɧɚɭɱ�� ɬɪ�� ��
ɂɋɆ�ɇȺɇ�ɍɤɪɚɢɧɵ��± Ʉ���������± ȼɵɩ����� ± ɋ� ��±����

��� Ʉɭɡɢɧ� ɘ�� Ʌ�� ɋɭɞɚɤɨɜɚ� Ⱦ�� Ⱥ�� ɂɧɧɨɜɚɰɢɨɧɧɨɟ� ɪɚɡɜɢɬɢɟ� ɬɟɯɧɨɥɨɝɢɣ� ɥɢɤɜɢɞɚɰɢɢ�
ɩɨɝɥɨɳɟɧɢɹ�ɩɪɨɦɵɜɨɱɧɵɯ�ɠɢɞɤɨɫɬɟɣ�ɩɪɢ�ɛɭɪɟɧɢɢ�ɫɤɜɚɠɢɧ�� ȱɧɧɨɜɚɰɿʀ�ɬɚ�ɬɪɚɧɫɮɟɪ�
ɬɟɯɧɨɥɨɝɿɣ��9ȱȱ�ɧɚɭɤɨɜɨ�ɩɪɚɤɬɢɱɧɚ�ɤɨɧɮɟɪɟɧɰɿɹ��Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ��ɬɪɚɜɟɧɶ������ɪ���
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ��ɇȽɍ��������± ɋ� ��±���

��� ɋɭɞɚɤɨɜɚ� Ⱦ�� Ⱥ�� Ɋɟɡɭɥɶɬɚɬɵ� ɫɬɟɧɞɨɜɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ�
ɬɟɯɧɨɥɨɝɢɢ�ɢɡɨɥɹɰɢɢ�ɩɨɝɥɨɳɚɸɳɢɯ�ɝɨɪɢɡɨɧɬɨɜ�ɬɚɦɩɨɧɚɠɧɢɦɢ�ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɦɢ�
ɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ�ɦɚɬɟɪɢɚɥɚɦɢ�����Ɂɛɿɪɤɚ�ɧɚɭɤɨɜɢɯ�ɩɪɚɰɶ�ɇɚɰɿɨɧɚɥɶɧɨɝɨ�ɝɿɪɧɢɱɨɝɨ�
ɭɧɿɜɟɪɫɢɬɟɬɭ���ȾȼɇɁ�©ɇȽɍª��± Ⱦɧɿɩɪɨ��������± ʋ����± ɋ�����±����

��� Ⱦɪɟɭɫ�� Ⱥ�ɘ��� ɋɭɞɚɤɨɜɚ�� Ⱦ�Ⱥ�� �������� Ɇɨɞɟɥɢɪɨɜɚɧɢɟ� ɬɟɩɥɨɜɵɯ� ɩɪɨɰɟɫɫɨɜ� ɜ�
ɬɟɯɧɨɥɨɝɢɢ� ɩɪɢɝɨɬɨɜɥɟɧɢɹ� ɬɚɦɩɨɧɚɠɧɨɝɨ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ� ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ�
ɦɚɬɟɪɢɚɥɚ�� ��� Ɍɟɩɥɨɬɟɯɧɿɤɚ�� ɟɧɟɪɝɟɬɢɤɚ� ɬɚ� ɟɤɨɥɨɝɿɹ� ɜ� ɦɟɬɚɥɭɪɝɿʀ�� ɤɨɥɟɤɬɢɜɧɚ�
ɦɨɧɨɝɪɚɮɿɹ��ɍ�ɞɜɨɯ�ɤɧɢɝɚɯ��± Ʉɧɢɝɚ�ɩɟɪɲɚ���ɉɿɞ�ɡɚɝɚɥɶɧɨɸ�ɪɟɞɚɤɰɿɽɸ�ɞ�ɬ�ɧ���ɩɪɨɮ��
ɘ�ɋ��ɉɪɨɣɞɚɤɚ��± Ⱦɧɿɩɪɨ��ɇɨɜɚ�ɿɞɟɨɥɨɝɿɹ��������± ɋ�����±����

��� 6XGDNRY�Ⱥ���'UHXV�$���6XGDNRYɚ�'���.KDPLQLQFK�Ɉ���������7KH�VWXG\�RI�PHOWLQJ�SURFHVV�
RI� WKH� QHZ� SOXJJLQJ� PDWHULDO� DW� WKHUPRPHFKDQLFDO� LVRODWLRQ� WHFKQRORJ\� RI� SHUPHDEOH�
KRUL]RQV� RI� PLQH� RSHQLQJ�� (�6� :HE� RI� &RQIHUHQFHV�� ± 9� ���� ± �±����
'2,� KWWSV���GRL�RUJ���������H�VFRQI�������������

��� ɋɭɞɚɤɨɜɚ� Ⱦ�� Ⱥ�� Ɋɟɡɭɥɶɬɚɬɵ� ɜɧɟɞɪɟɧɢɹ� ɬɟɯɧɨɥɨɝɢɢ� ɢɡɨɥɹɰɢɢ� ɩɨɝɥɨɳɚɸɳɢɯ�
ɝɨɪɢɡɨɧɬɨɜ� ɬɚɦɩɨɧɚɠɧɢɦɢ� ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɦɢ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ� ɦɚɬɟɪɢɚɥɚɦɢ��
ɇɚɮɬɨɝɚɡɨɜɚ� ɝɚɥɭɡɶ�� ɩɟɪɫɩɟɤɬɢɜɢ� ɧɚɪɨɳɭɜɚɧɧɹ� ɪɟɫɭɪɫɧɨʀ� ɛɚɡɢ�� Ɇɿɠɧɚɪɨɞɧɚ�
ɧɚɭɤɨɜɨ�ɬɟɯɧɿɱɧɚ� ɤɨɧɮɟɪɟɧɰɿɹ�� ȱɜɚɧɨ�Ɏɪɚɧɤɿɜɫɶɤ�� ɬɪɚɜɟɧɶ� ����� ɪ�� ± ȱɜɚɧɨ�
Ɏɪɚɧɤɿɜɫɶɤ��������± ɋ�����±����

ɉɨɫɬɭɩɢɥɚ���������

5HIHUHQFHV
�� %UD]KQHQNR�� $��0��� *RVKRYVNL\�� 6�� 9��� .R]KHYQLNRY�� $�� $�� HW DO�� ��������7DPSRQD]K�

JRUQ\LK� SRURG� SUL� EXUHQLL� JHRORJRUD]YHGRFKQ\LK� VNYD]KLQ� OHJNRSODYNLPL� PDWHULDODPL�
>7DPSRQDJH� RI� URFNV� ZKHQ� GULOOLQJ� JHRORJLFDO� H[SORUDWLRQ� ZHOOV� ZLWK� ORZ�PHOWLQJ�
PDWHULDOV@� .���8NU**5,�>LQ�5XVVLDQ@�

�� 6XGDNRY�� $�.��� ']\XELN�� $�5��� .X]ɿQ�� <X�/��� HW DO�� �������� ȱ]RO\DWVɿ\D� SRJOLQD\XFKLNK�
JRUL]RQWɿY� EXURYLNK� VYHUGORYLQ� WHUPRSODVWLFKQLPL� PDWHUɿDODPL�� PRQRJUDIɿ\D� >,QVXODWLRQ
RI KRUL]RQV RI GULOOLQJ VYHUGORYLQV ZLWK WKHUPRSODVWLF PDWHULDOV�� PRQRJUDSKV@�
'URJRELFK���3URVYɿW�>LQ�8NUDLQLDQ@�

�� )RNLQ��9��9��������� 6RYHUVKHQVWYRYDQLH�PHWRGRY�ERUE\L�V�SRJORVFKHQL\DPL�Y�LQWUX]L\DK�
GROHULWRY� JOXERNLK� UD]YHGRFKQ\LK� VNYD]KLQ� 6LELUVNR\� SODWIRUP\L� >,PSURYHPHQW� RI�
PHWKRGV�IRU�FRQWUROOLQJ�DEVRUSWLRQ�LQ�WKH�LQWUXVLRQV�RI�GROHULWHV�RI�GHHS�H[SORUDWRU\�ZHOOV�
RI�WKH�6LEHULDQ�SODWIRUP@��&DQGLGDWH¶V�WKHVLV�0RVNYD�>LQ�5XVVLDQ@��

�� $QDWROɿ\� 0DNDURYLFK� %UD]KHQHQNR� >)HGHUDO� /DZ� ©2Q� $GYHUWLVLQJª@�� �Q�G����
WUUNN�QPX�RUJ�XD�� 5HWULHYHG� IURP� KWWS���WUUNN�QPX�RUJ�XD�XD�&ROOHFWLYH�EUDJKHQHQNR�SKS�
>LQ�8NUDLQLDQ@�

�� 6KUH\EHU�� %�3�� �������� %LWXPL]DWVL\D� Y� SRG]HPQRP� VWURLWHO
VWYH� >%LWXPLQL]DWLRQ� LQ�
XQGHUJURXQG�FRQVWUXFWLRQ@�0���1HGUD�>LQ�5XVVLDQ@��
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�� 0DUW\LQHQNR�� ,�� ,�� �������� ,VVOHGRYDQL\D�� UD]UDERWND� L� YQHGUHQLH� WHKQRORJLL� OLNYLGDWVLL�
JHRORJLFKHVNLK�RVOR]KQHQL\�WDPSRQLUX\XVFKLPL�VPHV\DPL�QD�ELWXPQR\�RVQRYH�>5HVHDUFK��
GHYHORSPHQW� DQG� LQWURGXFWLRQ� RI� WHFKQRORJ\� IRU� OLTXLGDWLRQ� RI� JHRORJLFDO� FRPSOLFDWLRQV�
E\� WDPSRQL]LQJ� PL[WXUHV� RQ� ELWXPHQ� EDVH@�� ([WHQGHG� DEVWUDFW� RI� FDQGLGDWH¶V� WKHVLV��
'QHSURSHWURYVN�>LQ�5XVVLDQ@��

�� $EUDPFKXN��$�%���=D\RQWV��2�/���0DUW\QHQNR��,�,��HW�DO����������3DWHQW�RI�8665�ʋ ��������
�� 0DUW\LQHQNR�� ,�� ,�� ��������/LNYLGDWVL\D�JHRORJLFKHVNLNK�RVOR]KQHQL\� WDPSRQLUX\XVKFKLPL�

VPHV\DPL� QD� ELWXPQR\� RVQRYH�� 3HUHGRYR\� QDXFKQR�SURL]YRGVWYHQQ\\� RS\W��
UHNRPHQGXHP\\� GO\D� YQHGUHQL\D� JHRORJRUD]YHGRFKQR\� RWUDVOL�� QDXFKQR�WHNKQLFKHVNL\�
LQIRUPDWVLRQQ\\� VERUQLN� �HNRQRPLND�PLQHUDO
QRJR� V\U
\D� L� JHRORJRUD]YHGRFKQ\NK� UDERW�
>(OLPLQDWLRQ�RI�JHRORJLFDO�FRPSOLFDWLRQV�ZLWK�ELWXPHQ�EDVHG�ELWXPHQ�PL[WXUHV��$GYDQFHG�
VFLHQWLILF� DQG� SURGXFWLRQ� H[SHULHQFH�� UHFRPPHQGHG� IRU� WKH� LPSOHPHQWDWLRQ� RI� WKH�
H[SORUDWLRQ� LQGXVWU\�� VFLHQWLILF� DQG� WHFKQLFDO� LQIRUPDWLRQ� FROOHFWLRQ� �� HFRQRPLFV� RI�
PLQHUDO�UDZ�PDWHULDOV�DQG�JHRORJLFDO�H[SORUDWLRQ@� 9,(06�>LQ�5XVVLDQ@�

�� 0DUW\QHQNR��,�,���6HORY��9�1����������3DWHQW�RI�8665�ʋ���������
��� $EUDPFKXN��$�%���*ROXEHY��*�$���	�0DUW\QHQNR��,�,����������3DWHQW�RI�8665�ʋ ��������
���0DUW\QHQNR��,�,���9HNOLFK��,�)���	�0HJDO��3�'����������3DWHQW�RI�8665�ʋ���������
��� 6XGDNRY�� $�� .�� �������� 7HKQRORJL\D� L]RO\DWVLL� ]RQ� SRJORVFKHQL\D� EXURY\LK� VNYD]KLQ� V�

SULPHQHQLHP�WHUPRSODVWLFKQ\LK�PDWHULDORY�>7HFKQRORJ\�RI� LVRODWLRQ�RI�DEVRUSWLRQ�]RQHV�
RI� ERUHKROHV� ZLWK� DSSOLFDWLRQ� RI� WKHUPRSODVWLF� PDWHULDOV@�� ([WHQGHG� DEVWUDFW� RI�
FDQGLGDWH¶V�WKHVLV��'QHSURSHWURYVN�>LQ�8NUDLQLDQ@��

��� 6XGDNRY�� Ⱥ�Ʉ�� �������� 6RYUHPHQQ\H� WHNKQRORJLL� L� PDWHULDO\�� SULPHQ\DHP\H� GO\D�
OLNYLGDWVLL� SRJORVKFKHQL\� SURP\YRFKQR\� ]KLGNRVWL� >0RGHUQ� WHFKQRORJLHV� DQG� PDWHULDOV�
XVHG� WR� HOLPLQDWH� WKH� DEVRUSWLRQ� RI�ZDVKLQJ� OLTXLG@��1DXNRY\L� 9LVQ\N�1*$�8NUDLQ\�����
��±����>LQ�5XVVLDQ@�

��� 6XGDNRY�� Ⱥ�Ʉ�� �������� 3ULPHQHQLH� SULURGQR\� VHU\� Y� NDFKHVWYH� WDPSRQD]KQRJR�
WHUPRSODVWLFKQRJR�PDWHULDOD�>8VH�RI�QDWXUDO�VXOIXU�DV�D�JURXWLQJ�WKHUPRSODVWLF�PDWHULDO@��
=ERUQLN�QDXFKQLNK�WUXGRY�1*$�8NUDLQ\������� ���±����>LQ�5XVVLDQ@�

��� %UD]KHQHQNR�� $�0��� 'XGO\D�� 1�$��� 6XGDNRY�� $�.�� HW� DO�� �������� 1RYD\D� WHNKQRORJL\D�
L]RO\DWVLL� DEVRUELUX\XVKFKLNK� JRUL]RQWRY� >1HZ� WHFKQRORJ\� IRU� LQVXODWLRQ� RI� DEVRUEHQW�
KRUL]RQV@�:\GDZQLFWZR�$*+����±���>LQ�3ROLVK@�

��� %UD]KHQHQNR��$�0���'XGO\D��1�$���6XGDNRY��$�.����������2�YR]PR]KQRVWL�SULPHQHQL\D�
WHUPRSODVWLFKQRJR�PDWHULDOD� GO\D� L]RO\DWVLL� SRJORVKFKD\XVKFKLNK� JRUL]RQWRY� SUL� EXUHQLL�
VNYD]KLQ� >2Q� WKH� SRVVLELOLW\� RI� XVLQJ� WKHUPRSODVWLF� PDWHULDO� IRU� LVRODWLQJ� DEVRUELQJ�
KRUL]RQV� LQ� GULOOLQJ� ZHOOV@�� 6WURLWHO
VWYR� QHIW\DQ\NK� L� JD]RY\NK� VNYD]KLQ� QD� VXVKH� L� QD�
PRUH����������±���>LQ�5XVVLDQ@�

��� 6XGDNRY��$�.����������0HWRGLND�SURHNWLURYDQL\D�OLNYLGDWVLL�SRJORVKFKHQL\�RFKLVWQRJR�DJHQWD�
]RQ� EXURY\NK� VNYD]KLQ� >7HFKQLTXH� IRU� WKH� GHVLJQ� RI� WKH� HOLPLQDWLRQ� RI� DEVRUSWLRQ� RI� WKH�
FOHDQLQJ�DJHQW�]RQHV�RI�ERUHKROHV@��1DXNRY\L�9LVQ\N�1*$�8NUDLQ\�����������>LQ�5XVVLDQ@�

��� %UD]KHQHQNR��$�0���'XGO\D��0�$���6XGDNRY��$�.��HW�DO����������3DWHQW�RI�8NUDLQH�ʋ ������
��� 6XGDNRY��$�.����������9\ERU�WHNKQRORJLFKHVNR\�VNKHP\�L]RO\DWVLL�SRJORVKFKD\XVKFKLNK�

JRUL]RQWRY� WHUPRSODVWLFKQ\PL� PDWHULDODPL� >7KH� FKRLFH� RI� WKH� WHFKQRORJLFDO� VFKHPH� RI�
LQVXODWLRQ�DEVRUELQJ�KRUL]RQV�WKHUPRSODVWLF�PDWHULDOV@��1DXNRY\L�9LVQ\N�1*$�8NUDLQ\�����
��±���>LQ�5XVVLDQ@�
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��� %UD]KHQHQNR�$�0���'XGO\D�0�$���6XGDNRY�$�.��HW�DO����������7HPSHUDWXUQRH�SROH�Y�]RQH�
GH\VWYL\D� VNYD]KLQQRJR� HOHNWURQDJUHYDWHO\D� >7HPSHUDWXUH� ILHOG� LQ� WKH� DUHD� RI� WKH�
GRZQKROH� HOHFWULF� KHDWHU@�� 7UXG\� QDXFKQR�WHNKQLFKHVNR\� NRQIHUHQWVLL� ©(SVKWH\QRYVNLH�
FKWHQL\Dª����±���>LQ�5XVVLDQ@�

��� 6XGDNRY��Ⱥ�Ʉ���'UHXV��$�<X���6XGDNRYD��'�$��HW�DO�� ��������$QDOLWLFKHVNRH�LVVOHGRYDQLH�
WHSORREPHQD� Y� SRJORVKFKD\XVKFKHP� JRUL]RQWH� VNYD]KLQ� SUL� IRUPLURYDQLL ]DVKFKLWQRJR�
NULRJHQQRJR�]DNXSRULYD\XVKFKHJR�PDWHULDOD�>$QDO\WLF�VWXG\�RI�KHDW�WUDQVIHU�LQ�DEVRUELQJ�
KRUL]RQ� RI� ERUHKROHV� LQ� WKH� IRUPDWLRQ� RI� SURWHFWLRQ� FU\RJHQLF� SOXJJLQJ� PDWHULDO@��
1DXNRY\L�9LVQ\N�1DWVLRQDOQRKR�+LUQ\FKRKR�8QLYHUV\WHWX����������������>LQ (QJOLVK@�

��� 6XGDNRY��Ⱥ���'UHXV��$���5DWRY��%���HW�DO����������7HRUHWLFKHVNLH�RVQRY\L�WHKQRORJLL�L]RO\DWVLL�
GO\D�SRJORVFKD\XVFKLK�JRUL]RQWRY�V�LVSRO]RYDQLHP�WHUPRSODVWLFKQ\LK�PDWHULDORY�>7KHRUHWLFDO�
EDVHV�RI�LVRODWLRQ�WHFKQRORJ\�IRU�VZDOORZLQJ�KRUL]RQV�XVLQJ WKHUPRSODVWLF�PDWHULDOV@��1RYRVWL�
1DWVLRQDOQR\� DNDGHPLL� QDXN� 5HVSXEOLNL� .D]DKVWDQ�² 1HZV� RI� WKH� 1DWLRQDO� $FDGHP\� RI�
6FLHQFHV�RI�WKH�5HSXEOLF�RI�.D]DNKVWDQ�������������± ���>LQ�(QJOLVK@�

��� 6XGDNRY��Ⱥ��Ʉ��.KRPHQNR��Ɉ��(���,VDNRYD��0��/���HW�DO����������.RQWVHSWVL\D�FKLVOHQQRJR�
HNVSHULPHQWD� L]RO\DWVLL� SRJORVFKD\XVFKLK� JRUL]RQWRY� WHUPRSODVWLFKQ\LPL� PDWHULDODPL�
>&RQFHSW� RI� QXPHULFDO� H[SHULPHQW� RI� LVRODWLRQ� RI� DEVRUSWLYH� KRUL]RQV� E\� WKHUPRSODVWLF�
PDWHULDOV@��1DXNRY\L�9LVQ\N�1DWVLRQDOQRKR�+LUQ\FKRKR�8QLYHUV\WHWX�± 6FLHQWLILF�EXOOHWLQ�
RI�1DWLRQDO�0LQLQJ�8QLYHUVLW\��������� ������>LQ�(QJOLVK@��

��� .KRPHQNR�� 2�<H��� 6XGDNRY�� $�.��� 0DODQFKXN�� =�5��� HW� DO�� �������� 3ULQWVLS\�
LVSRO
]RYDQL\D� HQHUJLL� JRUQRJR� GDYOHQL\D� SUL� SRG]HPQR\� UD]UDERWNH� PHVWRUR]KGHQL\�
>3ULQFLSOHV� RI� URFN� SUHVVXUH� HQHUJ\� XVDJH� GXULQJ� XQGHUJURXQG� PLQLQJ� RI� GHSRVLWV@��
1DXNRY\L�9LVQ\N�1DWVLRQDOQRKR�+LUQ\FKRKR�8QLYHUV\WHWX����������������>LQ�(QJOLVK@�

��� 6XGDNRYD��'��$����������2EʉUXQWXYDQQ\D�SDUDPHWUɿY�ɿ]RO\DWVɿʀ�SRJOLQD\XFKLNK�JRUL]RQWɿY�
EXURYLNK� VYHUGORYLQ� >6XEVWDQWLDWLRQ� RI� LQVXODWLRQ� SDUDPHWHUV� RI� DEVRUELQJ� KRUL]RQV� RI�
GULOOLQJ�ZHOOV@��([WHQGHG�DEVWUDFW�RI�FDQGLGDWH¶V�WKHVLV��ȱYDQR�)UDQNɿYV
N�>LQ�8NUDLQLDQ@�

��� 6XGDNRYD�� '�� $�� 5H]XO
WDW\� DQDOL]D� WHNKQRORJL\� WDPSRQLURYDQL\D� SRJORVKFKD\XVKFKLNK�
JRUL]RQWRY� EXURY\NK� VNYD]KLQ� >7KH� UHVXOWV� RI� WKH� DQDO\VLV� RI� WHFKQRORJ\� SOXJJLQJ�
DEVRUELQJ�KRUL]RQV�RI�ERUHKROHV@��6FKRRO�S]G]HPQRL�UR]URENL��;,�0ɿ]KQDURGQD�QDXNRYR�
SUDNWLFKQD�NRQIHUHQWVɿ\D��YHUHVHQ
������KRGD����SS�����² ������%HUG\DQV
N>LQ�5XVVLDQ@�

��� .X]LQ��<X�/���	�6XGDNRYD� '�$�����������2�YR]PR]KQRVWL�SULPHQHQL\D�E\WRY\NK�RWNKRGRY�
GO\D�L]RO\DWVLL�SRJORVKFKD\XVKFKLNK�JRUL]RQWRY�EXURY\NK�VNYD]KLQ�>$ERXW�WKH�SRVVLELOLW\�RI�
XVLQJ�KRXVHKROG�ZDVWH�WR�LVRODWH�DEVRUELQJ�KRUL]RQV�RI�ERUHKROHV@��3RURGRUD]UXVKD\XVFKL\�L�
PHWDOORREUDEDW\LYD\XVFKL\� LQVWUXPHQW� ² WHKQLND� L� WHKQRORJL\D� HJR� L]JRWRYOHQL\D� L�
SULPHQHQL\D�± 5RFN�'HVWUXFWLRQ�DQG�0HWDO�:RUNLQJ�7RROV�± 7HFKQLTXHV�DQG�7HFKQRORJ\�RI�
WKH�7RRO�3URGXFWLRQ�DQG�$SSOLFDWLRQV��������±���>LQ�5XVVLDQ@��

��� 6XGDNRYD�� '�� $�� 2� YR]PR]KQRVWL� SULPHQHQL\D� E\WRY\NK� RWNKRGRY� Y� NDFKHVWYH�
WDPSRQD]KQRJR�WHUPRSODVWLFKQRJR�PDWHULDOD�>2Q�WKH�SRVVLELOLW\�RI�XVLQJ�KRXVHKROG�ZDVWH�
DV� D� JURXWLQJ� WKHUPRSODVWLF� PDWHULDO@�� <RXQJ�� VFLHQFH� DQG� LQQRYDWLRQ� ± ������ 3¶\DWD�
YVHXNUDʀQV
ND�QDXNRYR�WHNKQɿFKQD�NRQIHUHQWVɿ\D�VWXGHQWɿY��DVSɿUDQWɿY�ɿ�PRORGLNK�XFKHQLNK�
���±���OLVWRSDGD������KRGD�� �SS����������'QHSU�>LQ�5XVVLDQ@�

��� ,VDNRYD�� 0��� 	� 6XGDNRYD�� '�� �������� 7HUPRSODVWLFKQ\H� PDWHULDO\� QD� RVQRYH�
SROLHWLOHQWHUHIWDODWD� >7KHUPRSODVWLF�PDWHULDOV� RQ� WKH� EDVLV� RI� SRO\HWK\OHQHɬɟUɟSKWKDODWH@��
7KH���WK�,QWHUQDWLRQDO�)RUXP�IRU�6WXGHQWV�DQG�<RXQJ�5HVHDUFKHUV��DSULO�������� �S�������
'QHSU�>LQ�(QJOLVK@�
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��� .X]LQ�� <X�/��� 6XGDNRYD�� '�$��� 	� /XN
\DQHQNR�� 0�9�� 5H]XO
WDW\� LVVOHGRYDQL\�
PHNKDQLFKHVNLNK�VYR\VWY�WDPSRQD]KQRJR�WHUPRSODVWLFKQRJR�NRPSR]LWVLRQQRJR�PDWHULDOD�
QD�RVQRYH�SROLHWLOHQWHUHIWDODWD�>7KH�UHVXOWV�RI�VWXGLHV�RI�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�
JURXWLQJ�WKHUPRSODVWLF�FRPSRVLWH�PDWHULDO�EDVHG�RQ�SRO\HWK\OHQH�WHUHSKWKDODWH@��)RUXP�RI�
WKH� PLQHUV� � ������ PDWHULDO� PH]KGXQDURGQR\� QDXFKQR�WHNKQLFKHVNR\� NRQIHUHQWVLL�
�RNW\DEU
������KRGD�� �SS������������'QHSU�>LQ�5XVVLDQ@�

��� 6XGDNRYD�� '�� $��� �������� 0HNKDQLFKHVNLH� VYR\VWYD� WDPSRQD]KQRJR� WHUPRSODVWLFKQRJR�
PDWHULDOD�QD�RVQRYH�SROLHWLOHQWHUHIWDODWD�>0HFKDQLFDO�SURSHUWLHV�RI�JURXWLQJ�WKHUPRSODVWLF�
PDWHULDO�EDVHG�RQ�SRO\HWK\OHQH�WHUHSKWKDODWH@��1DXNRYL�SUDWVL�'RQ178�² 6FLHQWLILF�ZRUNV�
RI�'RQ178��������±����>LQ�5XVVLDQ@�

��� 6XGDNRY��$�.���.X]ɿQ��<X�/���6XGDNRYD��'�$����������3DWHQW�RI�8NUDLQH�ʋ��������
��� 6XGDNRY��$�.���.X]ɿQ��<X�/���6XGDNRYD��'�$����������3DWHQW�RI�8NUDLQH�ʋ��������
��� 6XGDNRY��$�.���.X]ɿQ��<X�/���0RVWLQHWV��2�1��HW�DO����������3DWHQW�RI�8NUDLQH�ʋ��������
��� 6XGDNRY��$�.���.X]ɿQ��<X�/���0RVWLQHWV��2�1��HW�DO����������3DWHQW�RI�8NUDLQH�ʋ��������
��� 6XGDNRY��$�.���.X]ɿQ��<X�/���'UHXV��$�<X��HW�DO����������3DWHQW�RI�8NUDLQH�ʋ��������
��� 6XGDNRY��$�.���.X]ɿQ��<X�/���6XGDNRYD�'�$��HW�DO����������3DWHQW�RI�8NUDLQH�ʋ��������
��� 6XGDNRY��$�.���.X]ɿQ��<X�/���'UHXV��$�<X��HW�DO����������3DWHQW�RI�8NUDLQH�ʋ��������
��� .X]LQ�� -�� /��� ,VDNRYD�� 0�� /��� 6XGDNRYD�� '�� $��� HW� DO�� �������� 7HKQRORJL\D� L]RO\DWVLL�

SRJORVFKD\XVFKLK� JRUL]RQWRY� EXURY\LK� VNYD]KLQ� WHUPRSODVWLFKQ\LPL�PDWHULDODPL�QD� RVQRYH�
SROLHWLOHQWHUHIWDODWD�>,VRODWLRQ�WHFKQRORJ\�IRU�VZDOORZLQJ�]RQHV�E\�WKHUPRSODVWLF�PDWHULDOV�RQ�
WKH� EDVLV� RI� SRO\HWK\OHQHɬɟUɟSKWKDODWH@�� 1DXNRY\L� 9LVQ\N� 1DWVLRQDOQRKR� +LUQ\FKRKR�
8QLYHUV\WHWX�² 6FLHQWLILF�EXOOHWLQ�RI�1DWLRQDO�0LQLQJ�8QLYHUVLW\�����������>LQ�(QJOLVK@��

��� 6XGDNRYD�� '�� $��� �������� 1HWUDGLWVLRQQD\D� WHNKQRORJL\D� ERU
E\� V� SRJORVKFKHQLHP�
EXURY\NK�UDVWYRURY�Y�VNYD]KLQDNK�>8QFRQYHQWLRQDO�WHFKQRORJ\�WR�FRPEDW�WKH�DEVRUSWLRQ�
RI� GULOOLQJ� IOXLGV� LQ�ZHOOV@��1DXNRYL� SUDWVL�'RQ178�² 6FLHQWLILF�ZRUNV� RI�'RQ178�����
���±����>LQ�5XVVLDQ@�

��� .X]LQ�� <X�/��� 	� 6XGDNRYD�� '�$��� �������� 7HUPRPHNKDQɿFKQL\� VSRVɿE� WDPSRQXYDQQ\D�
SURQLNQLNK� JRUL]RQWɿY� EXURYLNK� VYHUGORYLQ� >7KHUPRPHFKDQLFDO� PHWKRG� RI� WLOLQJ�
SHUPHDEOH� KRUL]RQV� RI� GULOOLQJ� ZHOOV@�� 3RURGRUD]UXVKD\XVFKL\� L�
PHWDOORREUDEDW\LYD\XVFKL\� LQVWUXPHQW� ² WHKQLND� L� WHKQRORJL\D� HJR� L]JRWRYOHQL\D� L�
SULPHQHQL\D�± 5RFN�'HVWUXFWLRQ�DQG�0HWDO�:RUNLQJ�7RROV�± 7HFKQLTXHV�DQG�7HFKQRORJ\�
RI�WKH�7RRO�3URGXFWLRQ�DQG�$SSOLFDWLRQV����� �������>LQ�8NUDLQLDQ@�

��� .X]LQ��<X�/���	�6XGDNRYD��'�$�����������,QQRYDWVLRQQRH�UD]YLWLH�WHNKQRORJL\�OLNYLGDWVLL�
SRJORVKFKHQL\D�SURP\YRFKQ\NK�]KLGNRVWH\�SUL�EXUHQLL�VNYD]KLQ�>,QQRYDWLYH�GHYHORSPHQW�
RI�WHFKQRORJ\�WR�HOLPLQDWH�WKH�DEVRUSWLRQ�RI�GULOOLQJ�IOXLGV�LQ�GULOOLQJ�ZHOOV@��ȱQQRYDWVɿʀ�WD�
WUDQVIHU� WHNKQRORJɿ\��9ȱȱ�QDXNRYR�SUDNWLFKQD�NRQIHUHQWVɿ\D� �WUDYHQ������ URNX�� �SS�����
�����'QHSU�>LQ�5XVVLDQ@�

��� 6XGDNRYD�� '�� $��� �������� 5H]XO
WDW\� VWHQGRY\NK� LVVOHGRYDQL\� WHUPRPHNKDQLFKHVNR\�
WHNKQRORJLL�L]RO\DWVLL�SRJORVKFKD\XVKFKLNK�JRUL]RQWRY�WDPSRQD]KQLPL�WHUPRSODVWLFKQ\PL�
NRPSR]LWVLRQQ\PL�PDWHULDODPL� >7KH� UHVXOWV� RI� WKH� EHQFK� UHVHDUFK� RI� WKHUPRPHFKDQLFDO�
WHFKQRORJ\�RI� LVRODWLRQ� RI� DEVRUELQJ�KRUL]RQV�E\� WKHUPRSODVWLF� WKHUPRSODVWLF� FRPSRVLWH�
PDWHULDOV@��=EɿUQLN�QDXNRYLNK�SUDWV
�1*8����������² ����>LQ�5XVVLDQ@�

��� 'UHXV�� $�<X��� 	� 6XGDNRYD�� '�$�� �������� 6LPXODWLRQ� RI� WKHUPDO� SURFHVVHV� LQ� WKH�
SUHSDUDWLRQ� WHFKQRORJ\� RI� JURXWLQJ� WKHUPRSODVWLF� FRPSRVLWH�PDWHULDO��+HDW� HQJLQHHULQJ��
SRZHU� HQJLQHHULQJ� DQG� HFRORJ\� LQ� WKH� PHWDO� LQGXVWU\�� FROOHFWLYH� PRQRJUDSK�� <X�6��
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3UR\GDND�(G���� 0LQLVWHUVWYR� REUD]RYDQL\D� L� QDXNL� XNUDLQ\�� 1DWVLRQDO
QD\D�
0HWDOOXUJLFKHVND\D�$NDGHPL\D�8NUDLQ\���9ROV�������9RO������'QɿSUR���1RYD�ɿGHRORJɿ\D�

��� 6XGDNRY�� Ⱥ��� 'UHXV�� $��� 6XGDNRYɚ�� '��� HW� DO�� �������� ,VVOHGRYDQLH� SURWVHVVD� SODYOHQL\D�
QRYRJR� WDPSRQD]KQRJR� PDWHULDOD� SUL� WHNKQRORJLL� WHUPRPHNKDQLFKHVNR\� L]RO\DWVLL�
SURQLWVDHP\NK� JRUL]RQWRY� YVNU\WL\D� VKDNKW\� >7KH� VWXG\� RI�PHOWLQJ� SURFHVV� RI� WKH� QHZ�
SOXJJLQJ� PDWHULDO DW� WKHUPRPHFKDQLFDO� LVRODWLRQ� WHFKQRORJ\� RI� SHUPHDEOH� KRUL]RQV� RI�
PLQH�RSHQLQJ@��(�6�:HE�RI�&RQIHUHQFHV�������±���>LQ�(QJOLVK@�

��� 6XGDNRYD�� '�$��� �������� 5H]XO
WDW\� YQHGUHQL\D� WHNKQRORJLL� L]RO\DWVLL�
SRJORVKFKD\XVKFKLNK� JRUL]RQWRY� WDPSRQD]KQLPL� WHUPRSODVWLFKQ\PL� NRPSR]LWVLRQQ\PL�
PDWHULDODPL�>7KH�UHVXOWV�RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�LQVXODWLRQ�WHFKQRORJ\�RI�DEVRUELQJ�
KRUL]RQV� E\� WKHUPRSODVWLF� WKHUPRSODVWLF� FRPSRVLWH� PDWHULDOV@�� 1DIWRJD]RYD� JDOX]��
SHUVSHNWLYL�QDURVKFKXYDQQ\D�UHVXUVQRʀ�ED]L��WUDYHQ������URNX��² 0ɿ]KQDURGQD�QDXNRYR�
WHNKQɿFKQD�NRQIHUHQWVɿ\D���SS�����±������,YDQR�)UDQNRYVN�>LQ�5XVVLDQ@�

ɍȾɄ������� '2,������������������������������������

$� .R]KHYQ\NRY���$��'UHXV���%��5DWRY���$��6XGDNRY�

�1DWLRQDO�78�'QLSUR�3RO\WHFKQLF��'P\WUD�<DYRUQ\FNRKR�DYH��������������'QLSUR��8NUDLQH
�2OHV�+RQFKDU 'QLSUR�1DWLRQDO�8QLYHUVLW\��*DJDURLQD�DYH��������������'QLSUR��8NUDLQH��

(�PDLO��GUHXV#PPI�GQXOLYH�GS�XD
�&DVSLDQ�8QLYHUVLW\��6HLIXOOLQ�DYH����������������$OPDW\��.D]DNKVWDQ

7+(�'5,//�%,76��+,6725<�$1'�02'(51 (;3(5,(1&(

3XUSRVH�RI�WKH�ZRUN�LV�D�EULHI�KLVWRULFDO�UHYLHZ�RI�WKH�GHYHORSPHQW�RI�GLDPRQG�GULOO�ELWV�RI�YDULRXV�
W\SHV�DQG�WKH�SUHVHQWDWLRQ�RI�WKH�SURVSHFWLYH�ZD\V�LQ�WKLV�DUHD�

0HWKRGRORJ\��$QDO\VLV�DQG�VXPPDU\�RI�VFLHQWLILF�DQG�WHFKQLFDO�DFKLHYHPHQWV��OLWHUDU\�RYHUYLHZ�
5HVXOWV��3URFHVVHV�RI�IRUPDWLRQ�RI�URFN�FXWWLQJ�WRROV��QDPHO\�ELJ�GLDPRQG�GULOO�ELWV��VPDOO�GLDPRQG�GULOO�

ELWV�� WKH� ELWV� HTXLSSHG� ZLWK� V\QWKHWLF� GLDPRQGV�� WKH� ELWV� DUPHG� E\� FRPSRVLWH� PDWHULDOV� XVLQJ� GLDPRQGV� DUH�
FRQVLGHUHG��6WDJHV�RI�LQQRYDWLYH�GHYHORSPHQW�DQG�QHZ�DSSURDFKHV�WR�GULOOLQJ�WHFKQRORJLHV�DUH�SUHVHQWHG�

1RYHOW\�DQG�SUDFWLFDO�YDOXH��,Q�WKH�KLVWRULFDO�FRQWH[W��WKH�QHFHVVLW\�RI�LPSURYHPHQW�D�GULOOLQJ�WRRO�LV�
VKRZQ��WKH�QHZ�SURPLVLQJ�ZD\V�IRU�WKH�GHYHORSPHQW�RI�GLDPRQG�GULOO�ELWV�DQG�WHFKQRORJLHV�DUH�SUHVHQWHG�

.H\�ZRUGV� GULOO�ELWV��GLDPRQG�GULOOLQJ��KLVWRULFDO�UHYLHZ��QHZ�GULOOLQJ�WHFKQRORJLHV
,QWURGXFWLRQ
'ULOOLQJ� EHJDQ� LQ� WKH� ODWH�3DOHROLWKLF� DQG�1HROLWKLF� ���±��0LOOHQQLXP�%&���$Q\�SURFHVV�RI�

FUHDWLQJ�KROHV�FDQ�EH�VHHQ�DV�ERULQJ RU�GULOOLQJ��'ULOO�ELWV�DUH�RQH�RI�WKH�PDLQ�W\SHV�RI�GULOOLQJ�WRROV��
0RGHUQ� URFN� GULOOLQJ� LV� D� KLJK±WHFK� DQG� KLJK±HQG� SURFHVV� DQG� KDV� JUHDW� LPSRUWDQFH� WR� HQVXUH� WKH�
VXLWDEOH�GHYHORSPHQW�RI�QDWLRQDO�HFRQRP\�DQG�HQHUJ\�VHOI±VXIILFLHQF\�RI�ZRUOG�FRXQWULHV��'HVSLWH�WKH�
VHHPLQJ�VLPSOLFLW\�RI�FRQVWUXFWLRQ��PRGHUQ�GULOOLQJ�ELWV�DUH�WKH�KLJK�WHFK�SURGXFWV��7KHUH�DUH�GLIIHUHQW�
W\SHV�RI�GULOOLQJ�FRUH�ELWV�ZKLFK�DSSO\�DW�URWDU\�H[SORUDWLRQ�GULOOLQJ��'HSHQGLQJ�RQ�WKH�W\SH�RI�URFN�
FXWWLQJ�HOHPHQWV��WKHUH�DUH�GLVWLQJXLVKHV�EHWZHHQ�GLDPRQG�DQG�FDUELGH�GULOO�ELWV��7KH�HIIHFWLYHQHVV�RI�
URFN�GULOOLQJ�WHFKQRORJLHV�GHSHQGV�RQ�WKH�RSHUDWLRQDO�FDSDELOLWLHV�RI�GULOOLQJ�WRRO�XVHG�

7KH�KLVWRU\�RI�GLIIHUHQW� W\SHV�RI�GULOOLQJ� WRROV�DQG�GULOOLQJ� WHFKQRORJLHV�ZDV�FRQVLGHUHG� LQ�
QXPEHU�ZRUNV�>�±�@��7KLV�SDSHU�LV�IRFXVHG�WR�WKH�KLVWRU\�RI�GULOO�ELWV�DQG�PDWHULDOV�IRU�LWV��7KH�VRPH�
UHVXOWV�RI�DXWKRUV�RZQ�LQYHVWLJDWLRQV�LQ�WKLV�GLUHFWLRQ�DUH�SUHVHQWHG�

7KH�EULHI�UHYLHZ�RI�GLDPRQG�GULOO�ELW�KLVWRU\
7KH� LQYHQWLRQ�RI�ELJ�GLDPRQG�GULOO�ELW� 1RWH�� WKDW�D�NLQG�RI�GLDPRQG�URWDU\�GULOOLQJ�ZDV�XVHG�

�����\HDUV�DJR�LQ�DQFLHQW�(J\SW�WR�TXDUU\�VWRQH��$�KROORZ�ZRRGHQ�URG��ODWHU�PHWDO��KDUGHQHG�E\�ILUH�


