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Ɉ� ɂ� Ɂɚɩɨɪɨɠɟɰ� ɤɚɧɞ��ɮɢɡ��ɦɚɬ��ɧɚɭɤ���ɂ� Ⱥ� ɉɟɬɪɭɲɚ��ɋ� ɇ� Ⱦɭɛ� ɞɨɤɬɨɪɚ�ɬɟɯɧɢɱɟɫɤɢɯ�
ɧɚɭɤ���ȼ� Ⱥ�Ɇɢɯɚɣɥɨɜɫɤɢɣ� ɤɚɧɞ��ɮɢɡ��ɦɚɬ��ɧɚɭɤ���ɇ� Ⱥ� Ⱦɨɪɞɢɟɧɤɨ� Ⱥ� Ⱥ� Ƚɚɥɤɢɧɚ�
ɢɧɠɟɧɟɪɵ���ȼ� ɇ� Ȼɭɲɥɹ���Ⱥ� ɋ� Ɉɫɢɩɨɜ���ɘ� Ⱥ� Ɇɟɥɶɧɢɣɱɭɤ�� Ɍ� ɂ� ɋɦɢɪɧɨɜɚ��

ɤɚɧɞɢɞɚɬɵ�ɬɟɯɧɢɱɟɫɤɢɯ�ɧɚɭɤ

�ɂɧɫɬɢɬɭɬ�ɦɟɬɚɥɥɨɮɢɡɢɤɢ�ɢɦ� Ƚ� ȼ� Ʉɭɪɞɸɦɨɜɚ�ɇȺɇ�ɍɤɪɚɢɧɵ�
ɛ�ɪ�Ⱥɤɚɞɟɦɢɤɚ�ȼɟɪɧɚɞɫɤɨɝɨ�������������ɝ� Ʉɢɟɜ��H�PDLO��]DSXV�XD#JPDLO�FRP
�ɂɧɫɬɢɬɭɬ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢɦ��ȼ� ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ�

ɭɥ��Ⱥɜɬɨɡɚɜɨɞɫɤɚɹ�����������ɝ��Ʉɢɟɜ��H�PDLO��GLDODE#LVP�NLHY�XD
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H�PDLO��YRORG\P\U�EXVKO\D#LSURG�OWK�VH

ɍɉɊɍȽɂȿ�ɋȼɈɃɋɌȼȺ�ɂ�ɉɅȺɋɌɂɑɇɈɋɌɖ�ɉɈɅɂɄɊɂɋɌȺɅɅɈȼ�ɂ
Ɋȿɀɍɓɂɏ�ɄɈɆɉɈɁɂɐɂɈɇɇɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɇȺ�ɈɋɇɈȼȿ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ

Ɋɚɛɨɬɚ� ɧɚɩɪɚɜɥɟɧɚ� ɧɚ� ɢɡɭɱɟɧɢɟ� ɢ� ɨɛɨɛɳɟɧɧɵɣ� ɚɧɚɥɢɡ� ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ� ɭɩɪɭɝɢɯ�
ɫɜɨɣɫɬɜ� ɢ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɥɚɫɬɢɱɧɨɫɬɢ� ɪɹɞɚ� ɤɨɦɦɟɪɱɟɫɤɢ� ɞɨɫɬɭɩɧɵɯ� ɪɟɠɭɳɢɯ� ɤɨɦɩɨɡɢɬɨɜ� ɢ�
ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� ɤɭɛɢɱɟɫɤɨɝɨ� ɧɢɬɪɢɞɚ� ɛɨɪɚ� �F%1��� ɩɨɥɭɱɟɧɧɵɯ� ɪɚɡɥɢɱɧɵɦɢ� ɫɩɨɫɨɛɚɦɢ� ɜ� ɭɫɥɨɜɢɹɯ�
ɜɵɫɨɤɢɯ�ɞɚɜɥɟɧɢɣ�ɢ�ɬɟɦɩɟɪɚɬɭɪ��ȼ�ɨɛɳɟɣ�ɫɥɨɠɧɨɫɬɢ�ɢɡɭɱɟɧɨ��� ɪɚɡɥɢɱɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�
F%1�� ɨɬɥɢɱɚɸɳɢɯɫɹ� ɫɨɫɬɚɜɨɦ� ɢ� ɨɫɨɛɟɧɧɨɫɬɹɦɢ� ɫɬɪɭɤɬɭɪɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ�� ɏɚɪɚɤɬɟɪɢɡɚɰɢɹ�
ɢɫɫɥɟɞɭɟɦɵɯ� ɨɛɪɚɡɰɨɜ� ɛɚɡɢɪɨɜɚɥɢɫɶ� ɧɚ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɦɟɬɨɞɨɜ� ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ� ɢɦɩɭɥɶɫɧɨɝɨ�
ɬɟɫɬɢɪɨɜɚɧɢɹ� ɩɪɢ� ɨɩɪɟɞɟɥɟɧɢɢ� ɦɨɞɭɥɟɣ� ɫɞɜɢɝɚ� �*��� ɘɧɝɚ� �(��� ɨɛɴɟɦɧɨɣ� ɭɩɪɭɝɨɫɬɢ� �%�� ɢ
ɤɨɷɮɮɢɰɢɟɧɬɚ�ɉɭɚɫɫɨɧɚ��K���Ɂɧɚɱɟɧɢɹ�K ɢ�ɬɜɟɪɞɨɫɬɢ�ɩɨ�ȼɢɤɤɟɪɫɭ��+9��ɞɥɹ�ɜɫɟɯ�ɢɡɭɱɟɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�
ɢɫɩɨɥɶɡɨɜɚɧɵ� ɞɥɹ� ɨɰɟɧɤɢ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɥɚɫɬɢɱɧɨɫɬɢ� �G+�� ɜ� ɪɚɦɤɚɯ� ɤɨɧɰɟɩɰɢɢ�� ɩɪɟɞɥɨɠɟɧɧɨɣ�
ɘ� ȼ� Ɇɢɥɶɦɚɧɨɦ� ɫ� ɫɨɚɜɬɨɪɚɦɢ��ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɦɚɫɫɢɜ� ɩɨɥɭɱɟɧɧɵɯ� ɞɚɧɧɵɯ� ɩɨ� ɜɡɚɢɦɨɫɜɹɡɢ�K ɫ�
ɩɚɪɚɦɟɬɪɨɦ�*�%�ɨɬɜɟɱɚɟɬ�ɬɟɨɪɟɬɢɱɟɫɤɨɣ�ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ�ɞɥɹ�ɫɥɭɱɚɹ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ�ɨɞɧɨɪɨɞɧɵɯ�
ɢɡɨɬɪɨɩɧɵɯ� ɬɜɟɪɞɵɯ� ɬɟɥ�� ȼ� ɤɨɨɪɞɢɧɚɬɚɯ� G+ ɨɬ� ��±K±�K���+9�( ɪɟɡɭɥɶɬɚɬɵ� ɞɟɦɨɧɫɬɪɢɪɭɸɬ�
ɥɢɧɟɣɧɭɸ�ɡɚɜɢɫɢɦɨɫɬɶ��ɜ�ɤɨɬɨɪɨɣ ɩɨɥɢɤɪɢɫɬɚɥɥɵ�F%1�ɪɚɫɩɨɥɨɠɟɧɵ�ɜ�ɨɛɥɚɫɬɢ�ɫɪɚɜɧɢɬɟɥɶɧɨ�ɧɢɡɤɨɣ�
ɩɥɚɫɬɢɱɧɨɫɬɢ��ɚ�ɨɛɥɚɫɬɶ�ɩɨɜɵɲɟɧɧɨɣ�ɩɥɚɫɬɢɱɧɨɫɬɢ�ɯɚɪɚɤɬɟɪɧɚ�ɞɥɹ�ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�
ɨɫɧɨɜɟ�F%1��ɉɪɢɦɟɧɢɬɟɥɶɧɨ�ɤ�F%1�ɨɰɟɧɤɢ�G+ ɜɵɩɨɥɧɟɧɵ�ɜɩɟɪɜɵɟ�ɢ�ɦɨɝɭɬ�ɩɪɟɞɫɬɚɜɥɹɬɶ�ɨɩɪɟɞɟɥɟɧɧɵɣ�
ɩɪɚɤɬɢɱɟɫɤɢɣ� ɢɧɬɟɪɟɫ�� ɜ� ɱɚɫɬɧɨɫɬɢ� ɞɥɹ� ɫɩɟɰɢɚɥɢɫɬɨɜ� ɜ� ɫɮɟɪɟ� ɪɚɡɪɚɛɨɬɤɢ�� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɢ�
ɩɪɢɦɟɧɟɧɢɹ�ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɤɭɛɢɱɟɫɤɨɝɨ�ɧɢɬɪɢɞɚ�ɛɨɪɚ�

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɤɭɛɢɱɟɫɤɢɣ� ɧɢɬɪɢɞ� ɛɨɪɚ�� ɩɨɥɢɤɪɢɫɬɚɥɥɵ�� ɤɨɦɩɨɡɢɬɵ�� ɭɩɪɭɝɢɟ� ɫɜɨɣɫɬɜɚ��
ɩɥɚɫɬɢɱɧɨɫɬɶ�

ȼɟɞɟɧɢɟ�
Ʉɭɛɢɱɟɫɤɢɣ�ɧɢɬɪɢɞ�ɛɨɪɚ��F%1��± ɫɜɟɪɯɬɜɟɪɞɨɟ�ɚɥɦɚɡɨɩɨɞɨɛɧɨɟ�ɫɨɟɞɢɧɟɧɢɟ�ɫ�ɩɨɥɹɪɧɨɣ�

ɤɨɜɚɥɟɧɬɧɨɣ�ɫɜɹɡɶɸ�ɦɟɠɞɭ�ɚɬɨɦɚɦɢ��ɨɪɝɚɧɢɡɨɜɚɧɧɵɦɢ�ɜ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ�ɫɬɪɭɤɬɭɪɭ�ɩɨ�ɬɢɩɭ�
ɰɢɧɤɨɜɨɣ� ɨɛɦɚɧɤɢ� �ɫɮɚɥɟɪɢɬɚ��� Ɇɟɠɚɬɨɦɧɨɟ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ� ɧɨɫɢɬ� ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ�
ɤɨɜɚɥɟɧɬɧɵɣ�ɯɚɪɚɤɬɟɪ��Ⱦɨɥɹ�ɢɨɧɧɨɣ�ɫɨɫɬɚɜɥɹɸɳɟɣ�ɩɨ�ɉɨɥɢɧɝɭ�ɫɨɫɬɚɜɥɹɟɬ��� ���ɚ�ɷɮɮɟɤɬɢɜɧɵɣ�
ɡɚɪɹɞ�ɧɚ�ɚɬɨɦɚɯ�ɩɨ�ɋɰɢɝɟɬɬɢ��ɢɫɯɨɞɹ�ɢɡ�ɨɩɬɢɱɟɫɤɢɯ�ɢɡɦɟɪɟɧɢɣ�ɪɟɡɨɧɚɧɫɧɵɯ�ɫɜɨɣɫɬɜ�ɜ�ɨɛɥɚɫɬɢ�
ɨɫɬɚɬɨɱɧɵɯ�ɥɭɱɟɣ�� ɪɚɜɟɧ������ ɡɚɪɹɞɚ� ɷɥɟɤɬɪɨɧɚ� >�@��Ʉɚɤ�ɢ� ɜ� ɫɥɭɱɚɟ� ɫ� ɚɥɦɚɡɨɦ�� F%1�ɹɜɥɹɟɬɫɹ�
ɫɬɚɛɢɥɶɧɨɣ�ɮɚɡɨɣ� ɜɵɫɨɤɨɝɨ� ɞɚɜɥɟɧɢɹ��ɉɪɢ� ɧɨɪɦɚɥɶɧɨɦ� ɞɚɜɥɟɧɢɢ�ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ� ɫɨɫɬɨɹɧɢɟ�
ɩɪɨɹɜɥɹɟɬ� ɡɧɚɱɢɬɟɥɶɧɭɸ� ɭɫɬɨɣɱɢɜɨɫɬɶ� ɜɩɥɨɬɶ� ɞɨ� ɬɟɦɩɟɪɚɬɭɪ� ɩɨɥɢɦɨɪɮɧɨɝɨ� ɩɪɟɜɪɚɳɟɧɢɹ� ɜ�
ɫɬɚɛɢɥɶɧɭɸ� ɝɪɚɮɢɬɨɩɨɞɨɛɧɭɸ� ɦɨɞɢɮɢɤɚɰɢɸ� %1� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɚɯ� ɨɤɨɥɨ� ���� qɋ�� ɱɬɨ�
ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɩɪɚɤɬɢɱɟɫɤɨɝɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɷɬɨɝɨ� ɜɚɠɧɟɣɲɟɝɨ�
ɚɥɦɚɡɨɩɨɞɨɛɧɨɝɨ�ɫɨɟɞɢɧɟɧɢɹ�ɢ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ��ɋɌɆ��ɧɚ�ɟɝɨ�ɨɫɧɨɜɟ�
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ɉɪɚɤɬɢɱɟɫɤɨɟ�ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ�ɩɪɢ�ɛɟɡɭɫɥɨɜɧɵɯ�ɞɨɫɬɢɠɟɧɢɹɯ�ɜ�ɨɛɥɚɫɬɢ�ɫɢɧɬɟɡɚ�F%1�
ɞɨ�ɫɢɯ�ɩɨɪ�ɧɟ�ɞɟɦɨɧɫɬɪɢɪɭɟɬ�ɡɚɦɟɬɧɵɯ�ɭɫɩɟɯɨɜ�ɜ�ɨɛɥɚɫɬɢ�ɬɟɯɧɨɥɨɝɢɣ�ɜɵɪɚɳɢɜɚɧɢɹ�ɤɪɭɩɧɵɯ�
ɫɨɜɟɪɲɟɧɧɵɯ�ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ�F%1��ȼɦɟɫɬɟ�ɫ�ɬɟɦ��ɩɪɨɦɵɲɥɟɧɧɵɟ�ɬɟɯɧɨɥɨɝɢɢ��ɢɫɩɨɥɶɡɭɸɳɢɟ�
ɦɟɬɨɞɵ� ɫɩɨɧɬɚɧɧɨɣ� ɦɚɫɫɨɜɨɣ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɤɭɛɢɱɟɫɤɨɝɨ� %1�� ɡɧɚɱɢɬɟɥɶɧɨ� ɪɚɡɜɢɬɵ��
Ɇɢɥɥɢɨɧɵ�ɤɚɪɚɬ�ɦɢɤɪɨ� ɢ�ɲɥɢɮɩɨɪɨɲɤɨɜ�F%1��ɫɢɧɬɟɡɢɪɭɟɦɵɯ�ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɜɟɞɭɳɢɦɢ�
ɦɢɪɨɜɵɦɢ�ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ��ɩɪɟɞɧɚɡɧɚɱɟɧɵ�ɞɥɹ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɚɛɪɚɡɢɜɧɨɝɨ�ɢɧɫɬɪɭɦɟɧɬɚ��ɧɨ�
ɧɚɢɛɨɥɟɟ� ɚɤɬɢɜɧɨ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɩɪɢ� ɩɨɥɭɱɟɧɢɢ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɪɟɠɭɳɢɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɜ�
ɱɚɫɬɧɨɫɬɢ� ɜ� ɧɨɜɟɣɲɢɯ� ɪɚɡɪɚɛɨɬɤɚɯ� ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ� ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ� ɤɨɦɩɨɡɢɬɨɜ� ɧɚ�
ɨɫɧɨɜɟ�F%1�ɞɥɹ�ɦɟɬɚɥɥɨɨɛɪɚɛɨɬɤɢ�>�@�

Ɋɟɠɭɳɢɟ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ� ɦɚɬɟɪɢɚɥɵ� ɧɚ� ɨɫɧɨɜɟ� F%1� �Ʉ�F%1�� ɬɪɚɞɢɰɢɨɧɧɨ� ɩɨɥɭɱɚɸɬ�
ɫɩɟɤɚɧɢɟɦ�ɩɨɪɨɲɤɨɜ�ɫɨ�ɫɩɟɰɢɚɥɶɧɵɦɢ�ɞɨɛɚɜɤɚɦɢ�ɩɪɢ�ɜɵɫɨɤɨɦ�ɞɚɜɥɟɧɢɢ��ɪ���ɦɟɬɨɞ�ɋȼȾ��>�±�@��
ɉɨɥɢɤɪɢɫɬɚɥɥɵ� F%1� �ɉ�F%1�� ɩɨɥɭɱɚɸɬ� ɬɚɤɠɟ� ɩɨ� ɬɟɯɧɨɥɨɝɢɢ� ɋȼȾ�� ɧɨ� ɛɟɡ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ�
ɚɤɬɢɜɢɪɭɸɳɢɯ�ɫɩɟɤɚɧɢɟ�ɞɨɛɚɜɨɤ�ɢ� ɨɛɵɱɧɨ�ɩɪɢ�ɩɨɜɵɲɟɧɧɵɯ�ɬɟɦɩɟɪɚɬɭɪɚɯ� �Ɍ��� �Ʉɪɨɦɟ� ɷɬɨɝɨ��
ɩɨɥɭɱɟɧɢɟ� ɉ�F%1� ɜɨɡɦɨɠɧɨ� ɦɟɬɨɞɚɦɢ� ɬɜɟɪɞɨɮɚɡɧɨɝɨ� ɩɪɟɜɪɚɳɟɧɢɹ� �ɌɎɉ�� ɢ� ɩɪɹɦɨɝɨ�
ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ� ɫɩɟɤɚɧɢɹ� �ɉɄɋ�� ɝɪɚɮɢɬɨɩɨɞɨɛɧɨɝɨ� ɧɢɬɪɢɞɚ� ɛɨɪɚ� �JU�%1��� ɩɪɢɦɟɧɹɟɦɨɝɨ�
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɜ� ɜɢɞɟ� ɩɥɨɬɧɵɯ� ɩɥɚɫɬɢɧ� ɢ� ɩɨɪɨɲɤɚ >�@�� Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ� ɩɟɪɫɩɟɤɬɢɜɵ�
ɩɨɥɭɱɚɟɦɵɯ� ɤɨɦɩɚɤɬɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɫɨɜɨɤɭɩɧɨɫɬɶɸ� ɢɯ� ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɯ� ɢ�
ɦɟɯɚɧɢɱɟɫɤɢɯ�ɫɜɨɣɫɬɜ�� ɜɚɠɧɟɣɲɢɦɢ�ɢɡ�ɤɨɬɨɪɵɯ�ɹɜɥɹɸɬɫɹ�ɭɩɪɭɝɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ��Ɉɱɟɜɢɞɧɨ��
ɫɜɨɣɫɬɜɚ�ɉ�F%1�ɢ�Ʉ�F%1�ɞɨɥɠɧɵ�ɡɚɦɟɬɧɨ�ɨɬɥɢɱɚɬɶɫɹ��ɜ�ɫɜɹɡɢ�ɫ�ɪɚɡɥɢɱɢɟɦ�ɫɩɨɫɨɛɨɜ�ɢ�ɭɫɥɨɜɢɣ�ɢɯ�
ɩɨɥɭɱɟɧɢɹ��ɨɩɪɟɞɟɥɹɸɳɢɯ�ɫɨɫɬɚɜ�ɢ�ɞɨɫɬɢɝɚɟɦɭɸ�ɩɥɨɬɧɨɫɬɶ�ɦɚɬɟɪɢɚɥɨɜ��ɞɢɫɩɟɪɫɧɨɫɬɶ�ɡɟɪɟɧɧɨɣ�
ɫɬɪɭɤɬɭɪɵ��ɫɨɜɟɪɲɟɧɫɬɜɨ�ɜɧɭɬɪɟɧɧɢɯ�ɝɪɚɧɢɰ��ɦɟɠɡɟɪɟɧɧɵɯ�ɢ�ɦɟɠɮɚɡɧɵɯ���ɫɭɛɫɬɪɭɤɬɭɪɭ�ɡɟɪɟɧ�ɢ�
ɧɚɥɢɱɢɟ� ɩɪɢɦɟɫɟɣ�� ȼ� ɧɚɫɬɨɹɳɟɣ� ɪɚɛɨɬɟ� ɢɫɫɥɟɞɨɜɚɧɵ� ɭɩɪɭɝɢɟ� ɫɜɨɣɫɬɜɚ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� ɢ�
ɪɚɡɧɨɨɛɪɚɡɧɵɯ�ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�ɪɟɠɭɳɢɯ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�F%1�ɪɚɡɥɢɱɧɨɝɨ�ɩɪɨɢɫɯɨɠɞɟɧɢɹ�
ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɦɟɬɨɞɨɜ�ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ��ɍɁ��ɢɦɩɭɥɶɫɧɨɝɨ�ɬɟɫɬɢɪɨɜɚɧɢɹ��ȼ�ɤɨɦɩɢɥɢɪɨɜɚɧɧɨɦ�
ɜɢɞɟ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɨɩɪɟɞɟɥɟɧɢɹ� ɡɧɚɱɟɧɢɣ� ɦɨɞɭɥɟɣ� ɫɞɜɢɝɚ� �*��� ɘɧɝɚ� �(���
ɜɫɟɫɬɨɪɨɧɧɟɝɨ�ɫɠɚɬɢɹ��%��ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ�ɉɭɚɫɫɨɧɚ��K��ɞɥɹ�ɜɫɟɯ�ɢɡɭɱɟɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ��

ɋɥɟɞɭɸɳɢɦ��ɧɟ�ɦɟɧɟɟ�ɜɚɠɧɵɦ�ɩɚɪɚɦɟɬɪɨɦ�ɦɟɯɚɧɢɱɟɫɤɨɝɨ�ɩɨɜɟɞɟɧɢɹ��ɪɚɫɫɦɨɬɪɟɧɧɵɦ�
ɜ� ɪɚɛɨɬɟ�� ɹɜɥɹɟɬɫɹ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ� ɩɥɚɫɬɢɱɧɨɫɬɢ� ɦɚɬɟɪɢɚɥɨɜ�� ɉɥɚɫɬɢɱɧɨɫɬɶ� ɨɛɫɭɠɞɚɟɬɫɹ� ɫ�
ɬɨɱɤɢ� ɡɪɟɧɢɹ� ɫɨɨɬɧɨɲɟɧɢɹ� ɭɩɪɭɝɢɯ� ɦɨɞɭɥɟɣ�� ɩɨɫɤɨɥɶɤɭ� ɜ� ɤɚɱɟɫɬɜɟ� ɤɪɢɬɟɪɢɹ� ɯɪɭɩɤɨ�
ɩɥɚɫɬɢɱɧɨɝɨ�ɩɟɪɟɯɨɞɚ�ɱɚɫɬɨ�ɢɫɩɨɥɶɡɭɸɬ�ɦɨɞɟɥɶ�>����@��ɜ�ɪɚɦɤɚɯ�ɤɨɬɨɪɨɣ�ɦɚɬɟɪɢɚɥ�ɨɬɧɨɫɹɬ�ɤ�
ɯɪɭɩɤɨɦɭ�� ɟɫɥɢ� ɨɬɧɨɲɟɧɢɟ� *�%� !� ����� �ɤɪɢɬɟɪɢɣ� 3XJK��� Ɇɚɥɵɟ� ɡɧɚɱɟɧɢɹ� ɩɚɪɚɦɟɬɪɚ� *�%
ɨɡɧɚɱɚɸɬ� ɥɭɱɲɭɸ� ɩɥɚɫɬɢɱɧɨɫɬɶ�� Ʉɪɨɦɟ� ɷɬɨɝɨ�� ɧɟɞɚɜɧɨ� ɨɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɬɜɟɪɞɨɫɬɶ�
ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɯɨɪɨɲɨ�ɤɨɪɪɟɥɢɪɭɟɬ�ɫ�ɜɟɥɢɱɢɧɨɣ�*�% >�@��ȼ�ɱɚɫɬɧɨɫɬɢ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�
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ȼ� ɪɚɦɤɚɯ� ɩɪɟɞɫɬɚɜɥɟɧɢɣ�ɘ� ȼ� Ɇɢɥɶɦɚɧɚ� ɫ� ɫɨɚɜɬɨɪɚɦɢ� >�@ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ� ɨɰɟɧɤɭ�
ɫɤɥɨɧɧɨɫɬɢ�ɦɚɬɟɪɢɚɥɚ�ɤ�ɩɥɚɫɬɢɱɟɫɤɨɣ�ɞɟɮɨɪɦɚɰɢɢ� ɫɜɹɡɵɜɚɸɬ�ɫ�ɛɟɡɪɚɡɦɟɪɧɵɦ�ɩɚɪɚɦɟɬɪɨɦ��
ɨɩɪɟɞɟɥɹɟɦɵɦ�ɞɨɥɟɣ ɩɥɚɫɬɢɱɟɫɤɨɣ�ɞɟɮɨɪɦɚɰɢɢ�ɜ�ɨɛɳɟɣ�ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ��ȼ�ɫɥɭɱɚɟ��ɤɨɝɞɚ�
ɢɡɦɟɪɟɧɚ� ɬɜɟɪɞɨɫɬɶ� ɢ� ɢɡɜɟɫɬɧɵ� ɩɚɪɚɦɟɬɪɵ� ɭɩɪɭɝɨɫɬɢ� ɦɚɬɟɪɢɚɥɚ�� ɟɝɨ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ�
ɩɥɚɫɬɢɱɧɨɫɬɢ��G+��ɦɨɠɧɨ�ɨɰɟɧɢɬɶ��ɢɫɯɨɞɹ�ɢɡ�ɩɪɟɞɥɨɠɟɧɧɨɝɨ�ɚɜɬɨɪɚɦɢ�ɫɨɨɬɧɨɲɟɧɢɹ
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ɍɤɚɡɚɧɧɵɣ� ɩɨɞɯɨɞ� ɩɨɡɜɨɥɹɟɬ� ɨɩɪɟɞɟɥɹɬɶ� ɢ� ɫɪɚɜɧɢɜɚɬɶ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɩɥɚɫɬɢɱɧɨɫɬɶ�
ɪɚɡɥɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɯɪɭɩɤɢɯ� ɩɪɢ� ɢɫɩɵɬɚɧɢɢ� ɧɚ� ɪɚɫɬɹɠɟɧɢɟ� �ɈɐɄ� ɦɟɬɚɥɥɵ� ɧɢɠɟ�
ɬɟɦɩɟɪɚɬɭɪɵ�ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ��ɤɟɪɚɦɢɤɚ�� ɚɦɨɪɮɧɵɟ�ɦɟɬɚɥɥɢɱɟɫɤɢɟ�ɫɩɥɚɜɵ��ɧɚɧɨɦɚɬɟɪɢɚɥɵ��
ɤɜɚɡɢɤɪɢɫɬɚɥɥɵ��ɮɭɥɥɟɪɢɬɵ�ɢ� ɪɚɡɥɢɱɧɵɟ� ɤɨɦɩɨɡɢɬɵ��� ȼ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ� ɜɩɟɪɜɵɟ� ɨɰɟɧɤɭ� G+
ɨɫɭɳɟɫɬɜɢɥɢ�ɩɪɢɦɟɧɢɬɟɥɶɧɨ�ɤ�ɋɌɆ�ɧɚ�ɨɫɧɨɜɟ�F%1��ɉ�F%1�ɢ�Ʉ�F%1����
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���

ɋɥɟɞɭɟɬ� ɨɬɦɟɬɢɬɶ�� ɱɬɨ� ɭɥɶɬɪɚɡɜɭɤɨɜɨɟ� ɬɟɫɬɢɪɨɜɚɧɢɟ� ɹɜɥɹɟɬɫɹ� ɦɟɬɨɞɨɦ�
ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ�ɤɨɧɬɪɨɥɹ��ɨɯɜɚɬɵɜɚɸɳɟɝɨ�ɩɪɨɬɹɠɟɧɧɵɟ�ɨɛɥɚɫɬɢ�ɜ�ɫɬɪɭɤɬɭɪɟ�ɢɫɫɥɟɞɭɟɦɨɝɨ�
ɨɛɪɚɡɰɚ��ɢ��ɩɨ�ɫɭɬɢ��ɯɚɪɚɤɬɟɪɢɡɭɟɬ�ɨɛɴɟɦɧɵɟ�ɫɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɚ��ɇɚɩɪɨɬɢɜ��ɢɧɞɟɧɬɢɪɨɜɚɧɢɟ�
ɧɟɢɡɛɟɠɧɨ� ɩɪɢɜɨɞɢɬ� ɤ� ɧɚɪɭɲɟɧɢɹɦ� ɫɬɪɭɤɬɭɪɵ� ɜ� ɥɨɤɚɥɶɧɵɯ� ɡɨɧɚɯ� ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɝɨ�
ɧɚɝɪɭɠɟɧɢɹ� ɜɫɥɟɞɫɬɜɢɟ� ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ� ɞɟɮɨɪɦɚɰɢɢ� ɦɚɬɟɪɢɚɥɚ� ɜ� ɬɨɧɤɢɯ�
ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ� ɫɥɨɹɯ� ɨɛɪɚɡɰɚ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɭɩɪɭɝɢɯ� ɢ� ɩɥɚɫɬɢɱɟɫɤɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɋɌɆ� ɜ� ɪɚɦɤɚɯ� ɟɞɢɧɨɝɨ� ɩɨɞɯɨɞɚ� ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ� ɜɚɠɧɵɦ ɧɟ� ɬɨɥɶɤɨ� ɞɥɹ�
ɩɨɧɢɦɚɧɢɹ�ɡɚɜɢɫɢɦɨɫɬɟɣ�ɫɜɨɣɫɬɜ�ɦɚɬɟɪɢɚɥɨɜ�ɨɬ�ɢɯ�ɫɬɪɭɤɬɭɪɵ�ɢ�ɫɨɫɬɚɜɚ��ɧɨ�ɢ�ɫ�ɬɨɱɤɢ�ɡɪɟɧɢɹ�
ɩɪɨɝɧɨɡɧɵɯ�ɨɰɟɧɨɤ�ɩɪɢ�ɪɚɡɪɚɛɨɬɤɚɯ�ɧɨɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ�

ɂɡɭɱɟɧɧɵɟ�ɦɚɬɟɪɢɚɥɵ�ɢ�ɦɟɬɨɞɵ�ɢɯ�ɢɫɫɥɟɞɨɜɚɧɢɹ
ɂɡɭɱɟɧɧɵɟ� ɦɚɬɟɪɢɚɥɵ� ȼ� ɪɚɛɨɬɟ� ɢɫɫɥɟɞɨɜɚɧɵ� ��� ɪɚɡɥɢɱɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� F%1��

ɩɨɥɭɱɟɧɧɵɯ� ɩɨ� ɢɡɜɟɫɬɧɵɦ� ɬɟɯɧɨɥɨɝɢɹɦ� ɫ� ɩɪɢɦɟɧɟɧɢɟɦ� ɜɵɫɨɤɢɯ� ɞɚɜɥɟɧɢɣ� ɢ� ɬɟɦɩɟɪɚɬɭɪ�
�ɪ  �±� Ƚɉɚ��Ɍ  ����±���� qɋ���Ɇɨɧɨɮɚɡɧɵɟ ɫɬɪɭɤɬɭɪɵ ɯɚɪɚɤɬɟɪɧɵ�ɞɥɹ���ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�±
ɉ�ɫ%1��±���� ɝɞɟ� ɜ� ɫɤɨɛɤɚɯ� ɩɪɢɜɟɞɟɧɚ� ɧɭɦɟɪɚɰɢɹ� ɨɛɪɚɡɰɨɜ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɬɚɛɥ�� ���
Ɉɫɬɚɜɲɢɟɫɹ� ��� ɨɛɪɚɡɰɨɜ� ɨɬɧɨɫɹɬɫɹ� ɤ� ɝɟɬɟɪɨɮɚɡɧɵɦ� ɪɟɠɭɳɢɦ� ɤɨɦɩɨɡɢɬɚɦ� Ʉ�ɫ%1��±���� F�
ɪɚɡɥɢɱɧɵɦ� ɫɨɞɟɪɠɚɧɢɟɦ� ɫ%1�� ɫɪɟɞɢ� ɤɨɬɨɪɵɯ� �� ɹɜɥɹɸɬɫɹ� ɤɨɦɦɟɪɱɟɫɤɢ� ɞɨɫɬɭɩɧɵɦɢ�
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɦɢ�ɦɚɬɟɪɢɚɥɚɦɢ�ɧɚ�ɨɫɧɨɜɟ�F%1��ɜɵɩɭɫɤɚɟɦɵɦɢ�ɡɚɪɭɛɟɠɧɵɦɢ�ɤɨɦɩɚɧɢɹɦɢ�
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Ɍɚɛɥɢɰɚ ��� ɉɟɪɟɱɟɧɶ� ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢ� ɡɧɚɱɟɧɢɹ� ɨɫɧɨɜɧɵɯ� ɢɡɦɟɪɹɟɦɵɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ��ʋ�± ɧɨɦɟɪ�ɨɛɪɚɡɰɚ�

ʋ�
Ɉɛɨɡɧɚɱɟɧɢɟ�ɢ�ɤɪɚɬɤɢɟ�
ɫɜɟɞɟɧɢɹ�ɨ�ɦɚɬɟɪɢɚɥɟ

ɉɥɨɬɧɨɫɬɶ��
ɝ�ɫɦ�

Ɍɜɟɪɞɨɫɬɶ�
+9��Ƚɉɚ�
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Ɇɚɬɟɪɢɚɥɵ�ɂɋɆ�ɇȺɇ�ɍɤɪɚɢɧɵ� ɩɨɥɢɤɪɢɫɬɚɥɥɵ��ɉ�F%1��ɢ�ɪɟɠɭɳɢɟ�ɤɨɦɩɨɡɢɬɵ��Ʉ�F%1�

� ɉ�ɫ%1�����±����ɦɤɦ���ɌɎɉ ����� �����r ��� ����� �����

� ɉ�ɫ%1���±��ɦɤɦ���ɌɎɉ ����� �����r ��� ����� �����

� ɉ�ɫ%1��a���ɦɤɦ���ɌɎɉ ����� �����r ��� ����� ������

� ɉ�ɫ%1��ɦɟɬɨɞ�ɉɄɋ� ����� �� r ��� ������� ������

� ɉ�ɫ%1��ɦɟɬɨɞ�ɋȼȾ� ����� ���� r ��� ������� ������

� Ʉ�ɫ%1��%61£��ɝɪɭɩɩɚ�%+� ����� �����r ��� ������� ������

� Ʉ�ɫ%1��%61£��ɝɪɭɩɩɚ�%+� ����� �����r ��� ������� �������

Ɇɚɬɟɪɢɚɥɵ�6HFR�7RROV�$%� ɪɟɠɭɳɢɟ�ɤɨɦɩɨɡɢɬɵ�ɧɚ�ɨɫɧɨɜɟ�ɫ%1�ɦɚɪɨɤ &%1�
� &%1������ɝɪɭɩɩɚ�%/� ����� ���� r ��� ������� ������

� &%1������ɝɪɭɩɩɚ�%+� ����� ���� r ��� ������� ������

�� &%1�������ɝɪɭɩɩɚ�%+� ����� ���� r ��� ������� ������

�� &%1������ɝɪɭɩɩɚ�%+� ����� ���� r ��� ������� ������

Ɇɚɬɟɪɢɚɥɵ�&HUDP7HF�*PE+� ɪɟɠɭɳɢɟ�ɤɨɦɩɨɡɢɬɵ�ɧɚ�ɨɫɧɨɜɟ�ɫ%1�ɦɚɪɨɤ:%1�
�� :%1������ɝɪɭɩɩɚ�%+� ����� ���� r ��� ������� ������

�� :%1������ɝɪɭɩɩɚ�%+� ����� ���� r ��� ������� ������

�� :%1 �����ɝɪɭɩɩɚ�%/� ����� ���������� ������� ������

Ɇɚɬɟɪɢɚɥ�.\RFHUD�3UHFLVLRQ�7RROV��,QF�� ɪɟɠɭɳɢɣ�ɤɨɦɩɨɡɢɬ�ɧɚ�ɨɫɧɨɜɟ�ɫ%1 ɦɚɪɤɢ .%1�
�� .%1��� �ɝɪɭɩɩɚ�%+� ����� �����r ��� ������� ������
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Ɉɛɪɚɡɰɵ� Ʉ�ɫ%1�� ɢ ����� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� &%1� ���� ɢ� :%1� ����� ɢɡɜɟɫɬɧɵ� ɤɚɤ�
ɪɟɠɭɳɢɟ�ɤɨɦɩɨɡɢɬɵ�ɝɪɭɩɩɵ�%/��ɤɨɬɨɪɵɟ�ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�,62 �����������(��ɞɨɥɠɧɵ�ɫɨɞɟɪɠɚɬɶ�
����� ɨɛ� ��ɫ%1�ɜ� ɜɢɞɟ� ɨɞɧɨɪɨɞɧɨ�ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ�ɦɢɤɪɨɱɚɫɬɢɰ� ɜ�ɤɟɪɚɦɢɱɟɫɤɨɣ�ɦɚɬɪɢɰɟ��
Ɉɛɵɱɧɨ�ɦɚɬɪɢɰɚ�ɫɮɨɪɦɢɪɨɜɚɧɚ�ɧɚ�ɨɫɧɨɜɟ�ɬɭɝɨɩɥɚɜɤɢɯ�ɫɨɟɞɢɧɟɧɢɣ�ɬɢɬɚɧɚ��7L%���7L&��7L�&�1��
ɢɥɢ�7L1�>�@���ɱɬɨ�ɨɛɭɫɥɨɜɥɟɧɨ�ɤɚɤ�ɢɯ�ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ��ɬɚɤ�ɢ�ɫɬɨɣɤɨɫɬɶɸ�ɤ�ɬɪɢɛɨɯɢɦɢɱɟɫɤɢɦ�
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦ�ɜ�ɤɨɧɬɚɤɬɧɨɣ� ɡɨɧɟ�ɢɧɫɬɪɭɦɟɧɬ�ɞɟɬɚɥɶ��Ʉɚɤ�ɩɪɚɜɢɥɨ��ɩɨɪɨɲɤɢ�ɦɚɬɪɢɱɧɨɝɨ�
ɤɨɦɩɨɧɟɧɬɚ�ɢɫɩɨɥɶɡɭɸɬ�ɜ�ɡɧɚɱɢɬɟɥɶɧɨ�ɛɨɥɟɟ�ɞɢɫɩɟɪɫɧɨɦ�ɫɨɫɬɨɹɧɢɢ��ɜ�ɫɪɚɜɧɟɧɢɢ�ɫ�ɩɨɪɨɲɤɚɦɢ�
ɤɭɛɢɱɟɫɤɨɝɨ� %1�� ɱɬɨɛɵ� ɜ� ɦɚɤɫɢɦɚɥɶɧɨɣ� ɫɬɟɩɟɧɢ� ɪɟɚɥɢɡɨɜɚɬɶ� ɷɮɮɟɤɬ� ©ɡɚɳɢɬɧɨɝɨ�
ɨɛɜɨɥɚɤɢɜɚɧɢɹª�ɱɚɫɬɢɰ�F%1 ɜ�ɤɨɦɩɨɡɢɬɟ�

Ɉɛɪɚɡɰɵ� Ʉ�ɫ%1��±�� ɢ ���� ɨɬɧɨɫɹɬɫɹ� ɤ� ɤɨɦɩɨɡɢɬɚɦ� ɝɪɭɩɩɵ� %+ ɫ� ɩɨɜɵɲɟɧɧɵɦ�
ɫɨɞɟɪɠɚɧɢɟɦ� ɦɢɤɪɨɱɚɫɬɢɰ� ɫ%1� ������ ɨɛ� ���� ɧɚɩɨɥɧɹɸɳɢɯ� ɦɟɬɚɥɥɢɱɟɫɤɭɸ� ɦɚɬɪɢɰɭ�� ɤɚɤ�
ɩɪɚɜɢɥɨ� ɧɚ� ɨɫɧɨɜɟ� ɤɨɛɚɥɶɬɚ� ɢ� ɧɢɤɟɥɹ� >�@�� ɒɢɪɨɤɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧ� ɬɚɤɠɟ� ɫɢɧɬɟɬɢɱɟɫɤɢɣ�
ɫɜɹɡɵɜɚɸɳɢɣ� ɤɨɦɩɨɧɟɧɬ�� ɫɨɫɬɨɹɳɢɣ� ɢɡ� ɛɨɪɢɞɨɜ� ɢ� ɧɢɬɪɢɞɚ� ɚɥɸɦɢɧɢɹ�� ɨɛɪɚɡɭɸɳɢɯɫɹ� ɜ�
ɩɪɨɰɟɫɫɟ� ɪɟɚɤɰɢɨɧɧɨɝɨ� ɫɩɟɤɚɧɢɹ� ɦɢɤɪɨɩɨɪɨɲɤɚ� ɫ%1� ɜ� ɩɪɢɫɭɬɫɬɜɢɢ� ɪɚɫɩɥɚɜɚ� $O�� ɤɚɤ��
ɧɚɩɪɢɦɟɪ�� ɜ� ɫɥɭɱɚɟ� .%1 ���� ± Ʉ�ɫ%1����� ɝɪɭɩɩɵ� %+ �ɬɚɛɥ�� ���� Ʉ� ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɦ�
ɦɚɬɟɪɢɚɥɚɦ� ɝɪɭɩɩɵ� %+ ɨɬɧɨɫɹɬ� ɬɚɤɠɟ� ɢ� Ʉ�F%1��� ɢ ��� ± ɤɨɦɩɨɡɢɬɵ� ɫɢɫɬɟɦɵ� ɫ%1�6L�1�

�Ȼɨɪɫɢɧɢɬ��%61£��ɫ�ɫɨɞɟɪɠɚɧɢɟɦ�ɫ%1 �����ɨɛ� ��>�@� Ɍɟɯɧɨɥɨɝɢɹ�ɋȼȾ�ɤɨɦɩɨɡɢɬɨɜ Ʉ�F%1��±
����ɩɪɟɞɩɨɥɚɝɚɟɬ� ɜɨ� ɜɫɟɯ� ɫɥɭɱɚɹɯ�ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɧɧɵɯ� ɫɦɟɫɟɣ�� ɫɨɞɟɪɠɚɳɢɯ�
ɦɢɤɪɨɩɨɪɨɲɤɢ�F%1�ɫ�ɪɚɡɥɢɱɧɵɦɢ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ�ɞɨɛɚɜɤɚɦɢ��

ȼ�ɨɫɧɨɜɟ� ɫɩɨɫɨɛɨɜ�ɩɨɥɭɱɟɧɢɹ�ɦɨɧɨɮɚɡɧɵɯ�ɩɪɨɞɭɤɬɨɜ� �ɉ�F%1��ɥɟɠɚɬ�ɦɟɬɨɞɵ�ɋȼȾ�ɫ�
ɧɟɤɨɬɨɪɵɦɢ� ɨɫɨɛɟɧɧɨɫɬɹɦɢ�� ɉ�F%1���� ɫɩɟɤɚɥɢ� ɛɟɡ� ɩɪɢɦɟɧɟɧɢɹ� ɤɚɤɢɯ�ɥɢɛɨ� ɚɤɬɢɜɢɪɭɸɳɢɯ�
ɞɨɛɚɜɨɤ��ɚɧɚɥɨɝɢɱɧɨ�ɤɚɤ�ɨɛ�ɷɬɨɦ�ɫɨɨɛɳɚɥɨɫɶ�ɜ�>��@��ȼ�ɧɚɲɟɣ�ɪɚɛɨɬɟ�ɢɫɩɨɥɶɡɨɜɚɥɢ�ɢɫɯɨɞɧɵɣ�
ɦɢɤɪɨɩɨɪɨɲɨɤ�F%1�ɫ�ɪɚɡɦɟɪɨɦ�ɱɚɫɬɢɰ���±���ɦɤɦ�ɦɚɪɤɢ�*UDGH���3&$%1&586+�ɤɨɦɩɚɧɢɢ�
(OHPHQW� 6L[�� ɋɬɪɭɤɬɭɪɟ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� ɩɨɞɨɛɧɨɝɨ� ɪɨɞɚ� ɫɜɨɣɫɬɜɟɧɧɵ� ɡɧɚɱɢɬɟɥɶɧɵɟ�
ɦɢɤɪɨɢɫɤɚɠɟɧɢɹ�ɢ�ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɟ�ɧɟɫɨɜɟɪɲɟɧɫɬɜɨ�ɦɟɠɡɟɪɟɧɧɵɯ�ɝɪɚɧɢɰ��ɨɛɪɚɡɨɜɚɧɧɵɯ�ɧɚ�
ɨɫɧɨɜɟ� ɦɟɠɱɚɫɬɢɱɧɵɯ� ɤɨɧɬɚɤɬɨɜ�� ɯɨɬɹ� ɧɟɤɨɬɨɪɚɹ� ɞɨɥɹ� ɥɨɤɚɥɶɧɵɯ� ɨɛɴɟɦɨɜ� ɦɚɬɟɪɢɚɥɚ� ɫ�
ɜɵɫɨɤɨɣ� ɫɬɟɩɟɧɶɸ� ɩɥɚɫɬɢɱɟɫɤɨɣ� ɞɟɮɨɪɦɚɰɢɢ�ɦɨɠɟɬ� ɛɵɬɶ� ɨɯɜɚɱɟɧɚ� ɩɪɨɰɟɫɫɚɦɢ� ɩɟɪɜɢɱɧɨɣ�
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� >��@�� ȼ� ɫɩɟɱɟɧɧɵɯ�ɩɨɥɢɤɪɢɫɬɚɥɥɚɯ� ɬɚɤɠɟ�ɦɨɝɭɬ� ɧɚɛɥɸɞɚɬɶɫɹ� ɜɤɥɸɱɟɧɢɹ�
©ɫɠɚɬɨɝɨª�ɧɢɡɤɨɦɨɞɭɥɶɧɨɝɨ�JU�%1��ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɝɨ�ɜ�ɨɛɥɚɫɬɹɯ�ɳɟɥɟɜɢɞɧɵɯ�ɦɢɤɪɨɩɨɪ�

Ɉɛɪɚɡɟɰ� ɉ�F%1���� ɩɨɥɭɱɟɧ� ɦɟɬɨɞɨɦ� ɉɄɋ�� ɨɫɭɳɟɫɬɜɥɹɟɦɨɝɨ� ɜ� ɭɫɥɨɜɢɹɯ� ɜɵɫɨɤɢɯ�
ɞɚɜɥɟɧɢɣ� ɢ� ɬɟɦɩɟɪɚɬɭɪ�� ɩɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɜɵɫɨɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɩɨɪɨɲɤɚ� ɧɚ� ɨɫɧɨɜɟ�
ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ� ɝɪɚɮɢɬɨɩɨɞɨɛɧɨɣ� ɦɨɞɢɮɢɤɚɰɢɣ� ɧɢɬɪɢɞɚ� ɛɨɪɚ� �K%1�� >�@�� � ɇɚ� ɫɬɚɞɢɢ�
ɡɚɜɟɪɲɟɧɢɹ� ɮɚɡɨɜɨɝɨ� ɩɪɟɜɪɚɳɟɧɢɹ� K%1oF%1� ɮɨɪɦɢɪɭɟɬɫɹ� ɬɚɤɠɟ� ɩɨɥɢɤɪɢɫɬɚɥɥ� F%1� ɫ�
ɞɨɜɨɥɶɧɨ� ɜɵɫɨɤɢɦ� ɭɪɨɜɧɟɦ� ɦɢɤɪɨɢɫɤɚɠɟɧɢɣ� ɫɬɪɭɤɬɭɪɵ�� ɮɢɤɫɢɪɭɟɦɵɯ� ɦɟɬɨɞɨɦ�
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ� ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ� ɚɧɚɥɢɡɚ�� Ʉɪɨɦɟ� ɬɨɝɨ�� ɞɥɹ� ɉ�F%1���� ɯɚɪɚɤɬɟɪɧɨ� ɧɚɥɢɱɢɟ�
ɦɢɤɪɨɩɪɢɦɟɫɟɣ��ɭɧɚɫɥɟɞɨɜɚɧɧɵɯ�ɨɬ�ɢɫɯɨɞɧɨɝɨ�ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ�ɩɪɨɞɭɤɬɚ�K%1�

Ɉɛɪɚɡɰɵ� ɉ�F%1��±��� ɹɜɥɹɸɬɫɹ� ɜɵɫɨɤɨɱɢɫɬɵɦɢ� ɦɨɧɨɮɚɡɧɵɦɢ� ɦɚɬɟɪɢɚɥɚɦɢ��
ɨɛɥɚɞɚɸɳɢɦɢ� ɢɫɬɢɧɧɨ� ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ� ɫɬɪɭɤɬɭɪɨɣ� ɫ� ɫɨɜɟɪɲɟɧɧɵɦɢ� ɦɟɠɡɟɪɟɧɧɵɦɢ�
ɝɪɚɧɢɰɚɦɢ� ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɝɨ� ɩɪɨɢɫɯɨɠɞɟɧɢɹ�� ɉɨɥɢɤɪɢɫɬɚɥɥɵ� ɩɨɥɭɱɟɧɵ� ɜ� ɪɚɦɤɚɯ�
ɟɞɢɧɨɣ� ɬɟɯɧɨɥɨɝɢɢ� ɩɨ� ɦɟɬɨɞɭ� ɩɪɹɦɨɝɨ� ɌɎɉ�� ɪɟɚɥɢɡɭɟɦɨɝɨ� ɜ� ɦɚɫɫɢɜɧɨɦ� ɩɢɪɨɥɢɬɢɱɟɫɤɨɦ�
ɦɚɬɟɪɢɚɥɟ� JU�%1�� ɂɡɜɟɫɬɧɨ� >�@�� ɱɬɨ� ɧɚ� ɷɬɚɩɟ� ɡɚɜɟɪɲɟɧɨɝɨ� ɩɪɟɜɪɚɳɟɧɢɹ� ɧɟɭɫɬɨɣɱɢɜɚɹ�
ɤɜɚɡɢɚɦɨɪɮɧɚɹ� ɫɬɪɭɤɬɭɪɚ� F%1� ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ� ɜ� ɛɨɥɟɟ� ɫɬɚɛɢɥɶɧɭɸ�
ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ�� Ⱦɚɥɟɟ�� ɩɪɢ� ɛɨɥɟɟ� ɜɵɫɨɤɢɯ� ɬɟɦɩɟɪɚɬɭɪɚɯ� ɪ�Ɍ�ɜɨɡɞɟɣɫɬɜɢɹ��
ɨɛɪɚɡɭɟɬɫɹ� ɦɟɥɤɨ� ɢ ɝɪɭɛɨɡɟɪɧɢɫɬɚɹ� ɫɬɪɭɤɬɭɪɵ� ɜɫɥɟɞɫɬɜɢɟ� ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ� ɩɪɨɰɟɫɫɨɜ�
ɫɨɛɢɪɚɬɟɥɶɧɨɣ� ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�� Ⱦɥɹ� ɢɫɫɥɟɞɭɟɦɵɯ� ɉ�F%1��±��� ɯɚɪɚɤɬɟɪɧɨ� ɫɬɪɭɤɬɭɪɧɨɟ�
ɫɨɫɬɨɹɧɢɟ�ɫ�ɪɚɡɦɟɪɚɦɢ�ɡɟɪɟɧ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ����±������±��ɢ�a ���ɦɤɦ��ɬɚɛɥ�����

Ɇɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ��Ɉɛɪɚɡɰɵ�ɢɦɟɥɢ ɮɨɪɦɭ� ɤɪɭɝɥɵɯ�ɩɥɚɫɬɢɧ� ɬɨɥɳɢɧɨɣ� ɨɬ� ���� ɞɨ�



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

���

���� ɦɦ�ɢ�ɞɢɚɦɟɬɪɨɦ�ɨɬ������ɞɨ������ɦɦ��ɦɚɫɫɚ�ɤɨɬɨɪɵɯ�ɫɨɫɬɚɜɥɹɥɚ����±��ɝ��ɂɡɦɟɪɟɧɢɟ�ɦɚɫɫɵ�
ɨɫɭɳɟɫɬɜɥɹɥɢ�ɫ�ɩɨɦɨɳɶɸ�ɜɟɫɨɜ�ɦɨɞɟɥɢ�ȼɅɊ����ɫ�ɞɨɩɭɫɤɚɟɦɨɣ�ɩɨɝɪɟɲɧɨɫɬɶɸ�ɜɡɜɟɲɢɜɚɧɢɹ�
r ����� ɦɝ��ɉɪɢ�ɨɩɪɟɞɟɥɟɧɢɢ�ɩɥɨɬɧɨɫɬɢ�ɨɛɪɚɡɰɨɜ�U ɢɫɩɨɥɶɡɨɜɚɥɢ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ�ɦɟɬɨɞ�
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ� ɜɡɜɟɲɢɜɚɧɢɹ� ɫ� ɩɪɢɦɟɧɟɧɢɟɦ� ɤɜɚɪɰɟɜɨɝɨ� ɷɬɚɥɨɧɚ� >��@�� ɱɬɨ� ɩɨɡɜɨɥɹɥɨ�
ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ�ɜɨɡɦɨɠɧɵɟ�ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ�ɨɲɢɛɤɢ�

ɉɨɞɝɨɬɨɜɤɚ� ɨɛɪɚɡɰɨɜ� ɞɥɹ� ɢɡɦɟɪɟɧɢɣ� ɬɜɟɪɞɨɫɬɢ� ɜɤɥɸɱɚɥɚ� ɩɨɥɢɪɨɜɚɧɢɟ� ɨɞɧɨɣ� ɢɡ�
ɲɥɢɮɨɜɚɧɧɵɯ� ɩɥɨɫɤɢɯ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɢɫɯɨɞɧɵɯ� ɩɥɚɫɬɢɧ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɫɩɟɰɢɚɥɶɧɵɯ�
ɚɥɦɚɡɧɵɯ� ɩɚɫɬ�� ɂɧɞɟɧɬɨɪ� ɫ� ɩɢɪɚɦɢɞɨɣ� ȼɢɤɤɟɪɫɚ� ɜɧɟɞɪɹɥɢ� ɜ� ɦɚɬɟɪɢɚɥ� ɫɨ� ɫɬɨɪɨɧɵ�
ɩɨɥɢɪɨɜɚɧɧɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɪɢ� ɧɚɝɪɭɡɤɟ� ���� ɇ�� ɨɫɭɳɟɫɬɜɥɹɹ� ɧɚ� ɤɚɠɞɨɦ� ɨɛɪɚɡɰɟ� ɩɨ� �±��
ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ� ɜ� ɰɟɧɬɪɚɥɶɧɨɣ� ɡɨɧɟ� ɤɪɭɝɥɨɣ� ɩɥɚɫɬɢɧɵ� �ɜɛɥɢɡɢ� ɜɵɯɨɞɚ� ɨɫɢ� ɨɛɪɚɡɰɚ���
ɂɡɦɟɪɟɧɢɟ� ɪɚɡɦɟɪɨɜ� ɩɨɥɭɱɟɧɧɵɯ� ɨɬɩɟɱɚɬɤɨɜ� ɢ� ɪɚɫɱɟɬ� +9 ɜɵɩɨɥɧɹɥɢ� ɩɨ� ɨɛɳɟɩɪɢɧɹɬɨɣ�
ɦɟɬɨɞɢɤɟ��ɢɫɩɨɥɶɡɭɹ�ɫɨɨɬɧɨɲɟɧɢɟ�+9  ������ � ) � ɚ���ɝɞɟ�) ± ɧɚɝɪɭɡɤɚ�ɧɚ�ɢɧɞɟɧɬɨɪ���ɚ ± ɞɥɢɧɚ�
ɞɢɚɝɨɧɚɥɢ�ɨɬɩɟɱɚɬɤɚ��Ɋɟɡɭɥɶɬɚɬɵ�ɢɡɦɟɪɟɧɢɣ�ɩɨɞɜɟɪɝɚɥɢɫɶ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɨɛɪɚɛɨɬɤɟ�

ɍɁ� ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ� ɧɚ� ɱɚɫɬɨɬɚɯ� ��±��� ɆȽɰ� ɩɪɢ� ɤɨɦɧɚɬɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɟ� ɫ�
ɩɨɦɨɳɶɸ� ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ� ɢɦɩɭɥɶɫɧɨɣ� ɭɫɬɚɧɨɜɤɢ� >���� ��@�� Ⱦɥɹ� ɜɨɡɛɭɠɞɟɧɢɹ� ɢ� ɩɪɢɟɦɚ�
ɩɪɨɞɨɥɶɧɵɯ� ɢ� ɩɨɩɟɪɟɱɧɵɯ� ɍɁ� ɜɨɥɧ� ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ� ɩɴɟɡɨɞɚɬɱɢɤɢ� ɢɡ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ�ɩɥɚɫɬɢɧ�ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ�ɧɢɨɛɚɬɚ�ɥɢɬɢɹ��ɋɤɨɪɨɫɬɶ�ɍɁ�ɢɡɦɟɪɹɥɚɫɶ�ɜ�
ɨɫɟɜɨɦ�ɧɚɩɪɚɜɥɟɧɢɢ�ɩɨ�ɜɪɟɦɟɧɧɨɦɭ�ɢɧɬɟɪɜɚɥɭ�ɦɟɠɞɭ�ɩɪɨɯɨɠɞɟɧɢɹɦɢ�ɱɟɪɟɡ�ɧɭɥɟɜɨɟ�ɡɧɚɱɟɧɢɟ�
ɢɞɟɧɬɢɱɧɵɯ�ɩɟɪɢɨɞɨɜ� ɜɵɛɪɚɧɧɨɣ� ɩɚɪɵ� ɷɯɨ�ɪɚɞɢɨɢɦɩɭɥɶɫɨɜ� ɫ� ɨɞɧɨɜɪɟɦɟɧɧɵɦ� ɢɡɦɟɪɟɧɢɟɦ�
ɬɨɥɳɢɧɵ�ɨɛɪɚɡɰɚ�ɧɚ�ɟɝɨ�ɩɪɨɡɜɭɱɢɜɚɟɦɨɦ�ɭɱɚɫɬɤɟ��ɉɪɢ�ɢɡɦɟɪɟɧɢɹɯ�ɩɨɩɟɪɟɱɧɨɣ�ɫɤɨɪɨɫɬɢ�ɍɁ�
ɞɥɹ�ɤɚɠɞɨɝɨ�ɢɡ�ɨɛɪɚɡɰɨɜ�ɢɫɫɥɟɞɨɜɚɥɢɫɶ�ɭɝɥɨɜɵɟ�ɡɚɜɢɫɢɦɨɫɬɢ�YW�M��ɩɭɬɟɦ�ɜɪɚɳɟɧɢɹ�ɜɟɤɬɨɪɚ�
ɩɨɥɹɪɢɡɚɰɢɢ�ɧɚ�ɭɝɨɥ�M  ��±��� q ɢ�ɨɩɪɟɞɟɥɹɥɢɫɶ�ɟɟ�ɦɢɧɢɦɚɥɶɧɨɟ�ɢ�ɦɚɤɫɢɦɚɥɶɧɨɟ�ɡɧɚɱɟɧɢɹ��
Ɍɚɤɢɟ�ɢɡɦɟɪɟɧɢɹ�ɩɨɡɜɨɥɹɥɢ�ɜɵɹɜɥɹɬɶ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ�ɭɩɪɭɝɭɸ�ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ�ɨɛɪɚɡɰɨɜ�ɢ�
ɢɯ�ɜɨɡɦɨɠɧɭɸ�ɬɟɤɫɬɭɪɨɜɚɧɧɨɫɬɶ� Ɉɞɧɚɤɨ��ɭɤɚɡɚɧɧɵɟ�ɷɮɮɟɤɬɵ�ɞɥɹ�ɢɫɫɥɟɞɨɜɚɧɧɵɯ�ɨɛɪɚɡɰɨɜ�ɧɟ�
ɩɪɟɜɵɲɚɥɢ� ���±�� ��� Ʉɚɤ� ɢ� ɜ� ɫɥɭɱɚɟ� ɫ� ɢɧɞɟɧɬɢɪɨɜɚɧɢɟɦ�� ɭɥɶɬɪɚɡɜɭɤɨɜɵɟ� ɢɡɦɟɪɟɧɢɹ�
ɨɫɭɳɟɫɬɜɥɹɥɢ� ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ� ɜ� ɰɟɧɬɪɚɥɶɧɨɣ� ɡɨɧɟ� ɤɪɭɝɥɨɣ� ɩɥɚɫɬɢɧɵ� ɦɚɬɟɪɢɚɥɚ��
ɂɧɫɬɪɭɦɟɧɬɚɥɶɧɚɹ�ɩɨɝɪɟɲɧɨɫɬɶ�ɢɡɦɟɪɟɧɢɣ�ɚɛɫɨɥɸɬɧɵɯ�ɡɧɚɱɟɧɢɣ�ɫɤɨɪɨɫɬɢ�ɍɁ�ɧɚ�ɛɚɡɟ���ɦɤɫ�
ɨɰɟɧɢɜɚɥɚɫɶ� ɡɧɚɱɟɧɢɟɦ� a��� ɦ�ɫ�� Ɂɧɚɱɟɧɢɹ� ɩɚɪɚɦɟɬɪɨɜ� ɭɩɪɭɝɨɫɬɢ� ɪɚɫɫɱɢɬɵɜɚɥɢ� ɜ�
ɩɪɟɞɩɨɥɨɠɟɧɢɢ� ɢɡɨɬɪɨɩɢɢ� ɢ� ɨɞɧɨɪɨɞɧɨɫɬɢ� ɭɩɪɭɝɢɯ� ɫɜɨɣɫɬɜ� ɦɚɬɟɪɢɚɥɨɜ�� ɏɚɪɚɤɬɟɪɢɫɬɢɤɭ�
ɩɥɚɫɬɢɱɧɨɫɬɢ��G+��ɨɰɟɧɢɜɚɥɢ�ɩɨ�ɫɨɨɬɧɨɲɟɧɢɸ�����

Ɉɫɧɨɜɧɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɢ�ɚɧɚɥɢɡ�ɩɨɝɪɟɲɧɨɫɬɟɣ�ɢɡɦɟɪɟɧɢɣ
ȼ� ɬɚɛɥ�� ��� ɤɪɨɦɟ� ɩɟɪɟɱɧɹ� ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɩɪɢɜɟɞɟɧɵ� ɬɚɤɠɟ� ɡɧɚɱɟɧɢɹ�

ɨɫɧɨɜɧɵɯ�ɢɡɦɟɪɹɟɦɵɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ��

Ɍɚɛɥɢɰɚ ���Ɉɫɧɨɜɧɵɟ�ɢ�ɩɪɨɢɡɜɨɞɧɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫ�ɩɨɝɪɟɲɧɨɫɬɹɦɢ�ɢɯ�ɨɩɪɟɞɟɥɟɧɢɹ�
ɧɚ�ɩɪɢɦɟɪɟ�ɨɛɪɚɡɰɚ�ʋ����ɫɦ��ɬɚɛɥ����

ʋ
ɩ�ɩ

Ɇɟɬɨɞɵ�ɢɡɦɟɪɟɧɢɹ��ɨɫɧɨɜɧɵɟ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ��ɢ�ɨɩɪɟɞɟɥɹɸɳɢɟ�

ɫɨɨɬɧɨɲɟɧɢɹ��ɩɪɨɢɡɜɨɞɧɵɟ
ɜɟɥɢɱɢɧɵ�

Ɂɧɚɱɟɧɢɟ�ɜɟɥɢɱɢɧɵ��[���ɚɛɫɨɥɸɬɧɚɹ���'[��ɢ�
ɨɬɧɨɫɢɬɟɥɶɧɚɹ��D��ɩɨɝɪɟɲɧɨɫɬɢ�ɨɩɪɟɞɟɥɟɧɢɹ�

�ɨɛɪɚɡɟɰ�ʋ���± ɉ�F%1�
�
[ '[ �r� D '[ ��[���

� � � � �
� U ± ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ�ɜɡɜɟɲɢɜɚɧɢɟ ������ɝ�ɫɦ� �������ɝ�ɫɦ� ����

� QO ± ɢɦɩɭɥɶɫɧɨɟ�ɍɁ�ɬɟɫɬɢɪɨɜɚɧɢɟ ������ɦ�ɫ a���ɦ�ɫ ����

� QW� ± ɢɦɩɭɥɶɫɧɨɟ�ɍɁ�ɬɟɫɬɢɪɨɜɚɧɢɟ ������ɦ�ɫ a���ɦ�ɫ ����

� D  �QO��QW ����� ������ ����

� $� ���D� ± ������D� ± �� ����� ������ ����
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Ɉɤɨɧɱɚɧɢɟ�ɬɚɛɥ���
� � � � �

� *� U�QW� ������Ƚɉɚ ����Ƚɉɚ ����

� ( �*� $ ������Ƚɉɚ ����Ƚɉɚ ����

� %  � *� $����±$� ������Ƚɉɚ ����Ƚɉɚ ����

� K (��*±� �D�±�������D�± �� ����� ����� ����

�� +9 ± ɢɧɞɟɧɬɢɪɨɜɚɧɢɟ��ɭɫɢɥɢɟ���� ɇ� �����Ƚɉɚ ����Ƚɉɚ ����

�� G+ �±������±K±�K����+9���( ���� ���� ����


�ɡɧɚɱɟɧɢɹ�ɩɨɝɪɟɲɧɨɫɬɟɣ�ɬɢɩɢɱɧɵ�ɞɥɹ�ɜɫɟɯ�ɢɡɭɱɟɧɧɵɯ�ɨɛɪɚɡɰɨɜ

ɍɤɚɡɚɧɧɚɹ� ɚɛɫɨɥɸɬɧɚɹ� ɩɨɝɪɟɲɧɨɫɬɶ�+9 ɹɜɥɹɟɬɫɹ� ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦ� ɨɬɤɥɨɧɟɧɢɟɦ��
Ɋɚɫɱɟɬ� ɡɧɚɱɟɧɢɣ� ɩɪɨɢɡɜɨɞɧɵɯ� ɜɟɥɢɱɢɧ� ɜɵɩɨɥɧɹɥɢ� ɩɨ� ɢɡɜɟɫɬɧɵɦ� ɮɨɪɦɭɥɚɦ� �ɬɚɛɥ�� ����
ɉɨɫɤɨɥɶɤɭ� ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ� ɩɨɝɪɟɲɧɨɫɬɢ� ɢɡɦɟɪɟɧɢɣ� ɨɫɧɨɜɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɢɡɜɟɫɬɧɵ��
ɚɛɫɨɥɸɬɧɭɸ� ɩɨɝɪɟɲɧɨɫɬɶ� ɩɪɨɢɡɜɨɞɧɵɯ� ɜɟɥɢɱɢɧ� ɧɚɯɨɞɢɥɢ� ɤɚɤ� ɩɨɥɧɵɣ� ɞɢɮɮɟɪɟɧɰɢɚɥ�
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɮɭɧɤɰɢɣ�ɧɟɫɤɨɥɶɤɢɯ�ɩɟɪɟɦɟɧɧɵɯ��ȼ�ɤɚɱɟɫɬɜɟ�ɤɨɧɤɪɟɬɧɨɝɨ�ɩɪɢɦɟɪɚ�ɜ�ɬɚɛɥ��
��ɩɪɢɜɟɞɟɧɵ�ɞɚɧɧɵɟ�ɞɥɹ�ɨɞɧɨɝɨ�ɢɡ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�F%1��ɨɛɪɚɡɟɰ�ʋ���ɜ�ɬɚɛɥ�����

Ⱥɛɫɨɥɸɬɧɵɟ� ɩɨɝɪɟɲɧɨɫɬɢ� ɨɩɪɟɞɟɥɟɧɢɹ� ɡɧɚɱɟɧɢɣ� ɭɩɪɭɝɢɯ� ɦɨɞɭɥɟɣ� *� (� %�
ɤɨɷɮɮɢɰɢɟɧɬɚ�ɉɭɚɫɫɨɧɚ�K ɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɥɚɫɬɢɱɧɨɫɬɢ�G+ ɭɫɬɚɧɨɜɥɟɧɵ�ɞɥɹ�ɤɚɠɞɨɝɨ�ɢɡ�
ɢɡɭɱɟɧɧɵɯ� ��� ɨɛɪɚɡɰɨɜ� ɢ� ɢɧɞɢɜɢɞɭɚɥɶɧɵ� ɞɥɹ� ɤɚɠɞɨɝɨ� ɢɡ� ɧɢɯ�� ɍɫɪɟɞɧɟɧɧɵɟ� ɞɚɧɧɵɟ�
�ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ� ɫɪɟɞɧɢɟ� ɡɧɚɱɟɧɢɹ�� ɩɨ� ɜɫɟɣ� ɫɨɜɨɤɭɩɧɨɫɬɢ� ɢɡ� ��� ɨɛɪɚɡɰɨɜ� ɜ� ɰɟɥɨɦ�
ɯɚɪɚɤɬɟɪɢɡɭɸɬ� ɬɨɱɧɨɫɬɶ�� ɫ� ɤɨɬɨɪɨɣ� ɭɫɬɚɧɨɜɥɟɧɵ� ɤɨɧɟɱɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ�� ɜ� ɱɚɫɬɧɨɫɬɢ� ɞɥɹ�

ɨɬɧɨɫɢɬɟɥɶɧɨɣ�ɩɨɝɪɟɲɧɨɫɬɢ�D�[� '[�[���D ���*�  ���������D ���(�  ��������D ���%�  ��������

D ���K�  ��������D ���G+�  ��������

ɉɨɥɭɱɟɧɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɢ�ɢɯ�ɨɛɫɭɠɞɟɧɢɟ
Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɩɪɨɢɡɜɨɞɧɵɯ� ɜɟɥɢɱɢɧ� �ɩɚɪɚɦɟɬɪɨɜ� ɭɩɪɭɝɨɫɬɢ� ɢ� ɩɥɚɫɬɢɱɧɨɫɬɢ��

ɩɪɢɜɟɞɟɧɵ ɜ�ɬɚɛɥ� ���ɜ�ɤɨɬɨɪɨɣ�ɩɟɪɟɱɟɧɶ�ɦɚɬɟɪɢɚɥɨɜ�ɢ�ɧɭɦɟɪɚɰɢɹ�ɨɛɪɚɡɰɨɜ�ɧɚɯɨɞɹɬɫɹ�ɜ�ɩɨɥɧɨɦ�
ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɬɚɛɥ���

Ɍɚɛɥɢɰɚ� ��� ɍɩɪɭɝɢɟ� ɫɜɨɣɫɬɜɚ� ɢ� ɩɥɚɫɬɢɱɧɨɫɬɶ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� ɢ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�
ɪɟɠɭɳɢɯ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�F%1
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�ȼ ɫɤɨɛɤɚɯ�ɭɤɚɡɚɧ�ɫɪɟɞɧɢɣ�ɪɚɡɦɟɪ�ɡɟɪɟɧ�ɜ�ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɫɬɪɭɤɬɭɪɟ�F%1


�Ɉɛɪɚɡɰɵ�ɨɬɥɢɱɚɸɬɫɹ�ɩɥɨɬɧɨɫɬɶɸ��ɫɦ��ɬɚɛɥ����

ɉɪɟɞɩɨɥɚɝɚɹ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ�ɨɞɧɨɪɨɞɧɨɫɬɶ�ɢ�ɢɡɨɬɪɨɩɧɨɫɬɶ�ɫɬɪɭɤɬɭɪ�ɢɫɫɥɟɞɭɟɦɵɯ�
ɦɚɬɟɪɢɚɥɨɜ��ɫɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɩɪɢɜɟɞɟɧɧɵɯ�ɞɚɧɧɵɯ�ɦɨɠɧɨ�ɜɵɩɨɥɧɢɬɶ�ɜ�ɪɚɦɤɚɯ�ɨɛɳɢɯ�
ɩɨɥɨɠɟɧɢɣ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ�� ɨɞɧɢɦ� ɢɡ� ɜɵɪɚɠɟɧɢɣ� ɤɨɬɨɪɨɣ� ɹɜɥɹɟɬɫɹ� ɡɚɜɢɫɢɦɨɫɬɶ�
ɤɨɷɮɮɢɰɢɟɧɬɚ�ɉɭɚɫɫɨɧɚ�ɨɬ�ɩɚɪɚɦɟɬɪɚ�3XJK�*�%��ɩɨɥɭɱɟɧɧɚɹ�ɢɡ�ɢɡɜɟɫɬɧɵɯ�ɫɨɨɬɧɨɲɟɧɢɣ�ɞɥɹ�
ɢɡɨɬɪɨɩɧɨɝɨ�ɬɜɟɪɞɨɝɨ�ɬɟɥɚ

K  ����± �*�%����������*�%���������������������������������������������������������������

ȼɧɚɱɚɥɟ� ɰɟɥɟɫɨɨɛɪɚɡɧɨ� ɫɨɩɨɫɬɚɜɢɬɶ� ɫɜɨɣɫɬɜɚ� ɉ�F%1� ɢ� Ʉ�F%1� ɜ� ɨɛɳɟɦ� ɤɨɧɬɟɤɫɬɟ� ɫ�
ɞɪɭɝɢɦɢ�ɦɚɬɟɪɢɚɥɚɦɢ�ɪɚɡɥɢɱɧɨɣ�ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɨɣ�ɩɪɢɪɨɞɵ��ɜ�ɫɜɹɡɢ�ɫ�ɱɟɦ�ɧɢɠɟ�ɩɪɢɜɟɞɟɧɵ�
ɧɟɞɚɜɧɢɟ�ɨɛɨɛɳɟɧɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɩɨ�ɢɦɟɸɳɢɦɫɹ�ɥɢɬɟɪɚɬɭɪɧɵɦ�ɞɚɧɧɵɦ��ɫɨɛɪɚɧɧɵɦ�;�:DQJ�
ɫ�ɫɨɚɜɬɨɪɚɦɢ�>�@��ɪɢɫ�����ɚ��

ɚ ɛ

Ɋɢɫ���� Ɂɚɜɢɫɢɦɨɫɬɢ�ɭɩɪɭɝɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɨɬ�ɩɚɪɚɦɟɬɪɚ�3XJK��*�%���ɚ�± ɞɚɜɥɟɧɢɟ�
Ʉɨɲɢ��ɋ�� ± ɋ����ȼ��ɢ�K ɤɚɤ�ɮɭɧɤɰɢɢ�ɨɬ�*�%�ɞɥɹ�ɝɟɤɫɚɝɨɧɚɥɶɧɵɯ��ɤɭɛɢɱɟɫɤɢɯ��ɬɟɬɪɚɝɨɧɚɥɶɧɵɯ�
ɢ� ɨɪɬɨɪɨɦɛɢɱɟɫɤɢɯ� � ɫɬɪɭɤɬɭɪ�� ɚ� ɬɚɤɠɟ�ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ� ɫɬɟɤɥɚ� >�@�� ɛ� ± ɤɨɷɮɮɢɰɢɟɧɬɵ�
ɉɭɚɫɫɨɧɚ�ɞɥɹ�ɉ�F%1�ɢ�Ʉ�F%1�ɧɚ�ɮɨɧɟ�ɬɟɨɪɟɬɢɱɟɫɤɨɣ�ɡɚɜɢɫɢɦɨɫɬɢ�K ɨɬ�*�%



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

Ⱥɜɬɨɪɵ� >�@�ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɥɢ�ɛɨɥɟɟ�ɫɟɦɢɫɨɬ�ɧɚɛɨɪɨɜ�ɞɚɧɧɵɯ�ɩɨ�ɭɩɪɭɝɢɦ�ɫɜɨɣɫɬɜɚɦ�
ɦɟɬɚɥɥɨɜ�� ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ�� ɫɩɥɚɜɨɜ� ɢ� ɬɜɟɪɞɵɯ� ɪɚɫɬɜɨɪɨɜ� ɫ� ɪɚɡɥɢɱɧɨɣ� ɫɢɦɦɟɬɪɢɟɣ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ� ɪɟɲɟɬɨɤ�� Ɋɚɫɫɦɨɬɪɟɧɵ� ɬɚɤɠɟ� ɚɦɨɪɮɧɵɟ� ɫɬɪɭɤɬɭɪɵ�� ɤɨɜɚɥɟɧɬɧɵɟ�
ɫɨɟɞɢɧɟɧɢɹ�� ɜɤɥɸɱɚɹ� ɤɪɟɦɧɢɣ� ɢ� ɚɥɦɚɡ�� ɉɨ� ɫɫɵɥɤɟ� >�@� ɜ� ɨɬɤɪɵɬɨɦ� ɞɨɫɬɭɩɟ� ɢɦɟɟɬɫɹ�
ɷɥɟɤɬɪɨɧɧɵɣ�ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ�ɪɟɫɭɪɫ��(6,�IRU�7KH�5R\DO�6RFLHW\�RI�&KHPLVWU\�$GYDQFHV�����������
ɫɨɞɟɪɠɚɳɢɣ� ɩɨɥɧɵɣ� ɩɟɪɟɱɟɧɶ� ɜɫɟɯ� ɦɚɬɟɪɢɚɥɨɜ� ɫ� ɢɯ� ɫɜɨɣɫɬɜɚɦɢ�� Ⱥɧɚɥɢɡ� ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ�
ɡɚɜɢɫɢɦɨɫɬɟɣ�ɩɨɤɚɡɵɜɚɟɬ��ɱɬɨ�ɨɛɥɚɫɬɶ�ɜɵɲɟ�ɧɭɥɟɜɨɣ�ɥɢɧɢɢ�ɞɚɜɥɟɧɢɹ�Ʉɨɲɢ��ɫɥɟɜɚ��ɯɚɪɚɤɬɟɪɧɚ�
ɞɥɹ� ɦɟɬɚɥɥɨɜ� �ɪɢɫ�� �� ɚ��� Ɍɢɩɢɱɧɨ� ɤɨɜɚɥɟɧɬɧɵɟ� ɦɚɬɟɪɢɚɥɵ� �6L�� ɚɥɦɚɡ�� ɥɨɤɚɥɢɡɨɜɚɧɵ� ɜ�
ɨɬɪɢɰɚɬɟɥɶɧɨɣ� ɧɢɠɧɟɣ� ɩɪɚɜɨɣ� ɨɛɥɚɫɬɢ�� ɚ� ɬɢɩɢɱɧɨ�ɢɨɧɧɵɟ�ɦɚɬɟɪɢɚɥɵ� �ɳɟɥɨɱɧɵɟ� ɝɚɥɨɢɞɵ��
ɪɚɫɩɨɥɨɠɟɧɵ�ɜ�ɩɟɪɟɯɨɞɧɨɣ�ɡɨɧɟ��

ɉɪɢ�ɨɩɢɫɚɧɢɢ�ɡɚɜɢɫɢɦɨɫɬɢ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɉɭɚɫɫɨɧɚ�ɨɬ�ɩɚɪɚɦɟɬɪɚ�*�% ɩɨɥɚɝɚɸɬ��ɱɬɨ�
ɡɧɚɱɟɧɢɹ�K  ����ɢ������ɯɚɪɚɤɬɟɪɧɵ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɞɥɹ�ɫɨɟɞɢɧɟɧɢɣ�ɫ�ɤɨɜɚɥɟɧɬɧɨɣ�ɢ�ɢɨɧɧɨɣ�
ɯɢɦɢɱɟɫɤɨɣ� ɫɜɹɡɶɸ�� ɚ� ɦɚɬɟɪɢɚɥɵ� ɫ� � K ! ����� ɩɟɪɟɯɨɞɹɬ� ɜ� ɨɛɥɚɫɬɶ� ɜɵɫɨɤɨɣ� ɩɥɚɫɬɢɱɧɨɫɬɢ��
ɍɫɥɨɜɧɨ�ɜɫɸ�ɡɚɜɢɫɢɦɨɫɬɶ�K ɨɬ *�%�ɞɟɥɹɬ�ɧɚ���ɡɨɧɵ�ɩɨ�ɬɢɩɚɦ�ɦɟɠɚɬɨɦɧɨɣ�ɫɜɹɡɢ��ɪɢɫ����ɚ ɢ�ɛ���
,�± ɦɟɬɚɥɥɢɱɟɫɤɚɹ��ɨɛɥɚɫɬɶ�ɩɥɚɫɬɢɱɧɨɫɬɢ���,,�± ɢɨɧɧɨ�ɦɟɬɚɥɥɢɱɟɫɤɚɹ��,,,�± ɢɨɧɧɨ�ɤɨɜɚɥɟɧɬɧɚɹ��
,9�± ɤɨɜɚɥɟɧɬɧɚɹ��ɯɪɭɩɤɚɹ�ɨɛɥɚɫɬɶ����Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��ɩɚɪɚɦɟɬɪ���*�% ɦɨɠɧɨ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɜ�
ɤɚɱɟɫɬɜɟ�ɢɧɞɢɤɚɬɨɪɚ�ɬɢɩɚ�ɯɢɦɢɱɟɫɤɨɣ�ɫɜɹɡɢ��ɜ�ɬɨɦ�ɱɢɫɥɟ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɞɥɹ�ɨɩɢɫɚɧɢɹ�ɯɪɭɩɤɨ�
ɩɥɚɫɬɢɱɟɫɤɨɝɨ�ɩɟɪɟɯɨɞɚ�ɜ�ɦɚɬɟɪɢɚɥɚɯ�ɪɚɡɥɢɱɧɨɣ�ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɨɣ�ɩɪɢɪɨɞɵ��

ɇɚɛɨɪ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ� ɞɚɧɧɵɯ� ɜ� ɤɨɨɪɞɢɧɚɬɚɯ� K ɨɬ� *�% ɨɛɪɚɡɭɟɬ� ɤɜɚɡɢɥɢɧɟɣɧɭɸ�
ɡɚɜɢɫɢɦɨɫɬɶ��ɪɢɫ����ɚ���ɇɚɢɛɨɥɟɟ�ɬɨɱɧɨɣ�ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ�ɷɬɨɝɨ�ɦɚɫɫɢɜɚ�ɬɨɱɟɤ��ɤɚɤ�ɩɨɤɚɡɚɥɢ�
ɧɚɲɢ� ɪɚɫɱɟɬɵ� ɹɜɥɹɟɬɫɹ ɩɨɥɢɧɨɦ� \  ������� ± ������ɯ � ��������[� ± ��������[��� ɤɨɬɨɪɵɣ�
ɩɪɚɤɬɢɱɟɫɤɢ�ɫɥɢɜɚɟɬɫɹ�ɫ�ɬɟɨɪɟɬɢɱɟɫɤɨɣ�ɤɪɢɜɨɣ������;� :DQJ�ɫ�ɫɨɚɜɬɨɪɚɦɢ�ɨɬɦɟɱɚɸɬ� ɱɬɨ�ɤɪɨɦɟ�
ɢɡɜɟɫɬɧɵɯ� ɪɚɫɱɟɬɧɵɯ� ɡɧɚɱɟɧɢɣ� ɭɩɪɭɝɢɯ� ɤɨɧɫɬɚɧɬ�� ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�
ɪɟɡɭɥɶɬɚɬɵ�� ɤɨɦɩɢɥɢɪɨɜɚɧɧɵɟ� ɢɡ� ɞɚɧɧɵɯ� ɞɥɹ� ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ�� ɉɨɷɬɨɦɭ� ɥɢɧɟɣɧɚɹ�
ɡɚɜɢɫɢɦɨɫɬɶ� �ɋ�� ± ɋ����ȼ ɨɬ� *�% ɦɨɠɟɬ� ɧɟ� ɪɚɛɨɬɚɬɶ� ɞɥɹ� ɦɭɥɶɬɢɮɚɡɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɜ�
ɨɫɨɛɟɧɧɨɫɬɢ� ɫ� ɪɚɡɥɢɱɧɵɦɢ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ� ɫɬɪɭɤɬɭɪɚɦɢ�� ɤɚɤ� ɷɬɨ� ɢɦɟɟɬ� ɦɟɫɬɨ� ɜ� ɫɥɭɱɚɟ�
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ��Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��ɜɨɡɦɨɠɧɵ�ɨɬɤɥɨɧɟɧɢɹ�ɢ�ɨɬ�ɡɚɜɢɫɢɦɨɫɬɢ�������

ȼɦɟɫɬɟ�ɫ�ɬɟɦ��ɤɚɤ�ɜɢɞɧɨ�ɢɡ�ɪɢɫ�����ɛ ɢ�ɪɢɫ�����ɚ �ɜ�ɭɜɟɥɢɱɟɧɧɨɦ�ɦɚɫɲɬɚɛɟ��ɤɨɷɮɮɢɰɢɟɧɬɵ�
ɉɭɚɫɫɨɧɚ��ɪɚɫɫɱɢɬɚɧɧɵɟ�ɞɥɹ�ɉ�F%1�ɢ�Ʉ�F%1��ɜ�ɰɟɥɨɦ�ɯɨɪɨɲɨ�ɫɨɨɬɜɟɬɫɬɜɭɸɬ�ɬɟɨɪɟɬɢɱɟɫɤɨɣ�
ɡɚɜɢɫɢɦɨɫɬɢ��ɡɚ�ɢɫɤɥɸɱɟɧɢɟɦ�ɨɛɪɚɡɰɨɜ�������ɢ����

ɇɚɛɥɸɞɚɟɦɵɟ�ɨɬɤɥɨɧɟɧɢɹ�ɞɥɹ�ɷɬɢɯ�ɨɛɪɚɡɰɨɜ�ɦɨɝɭɬ�ɛɵɬɶ�ɫɜɹɡɚɧɵ�ɫ�ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ�
ɦɚɬɟɪɢɚɥɚ��ɟɝɨ�ɧɟɭɱɬɟɧɧɨɣ�ɚɧɢɡɨɬɪɨɩɢɟɣ��ɝɟɬɟɪɨɮɚɡɧɨɫɬɶɸ�ɢɥɢ�ɧɟɜɟɪɧɵɦ�ɭɫɪɟɞɧɟɧɢɟɦ�ɩɪɢ�
ɢɡɦɟɪɟɧɢɹɯ�ɢɥɢ�ɪɚɫɱɟɬɚɯ�ɢɡɨɬɪɨɩɧɵɯ�ɭɩɪɭɝɢɯ�ɩɚɪɚɦɟɬɪɨɜ��

Ʉɚɤ� ɨɠɢɞɚɥɨɫɶ�� ɢɡɭɱɟɧɧɵɟ� ɦɚɬɟɪɢɚɥɵ� ɩɨɩɚɞɚɸɬ� ɜ� ɡɨɧɭ� ,,,� ɫɨɟɞɢɧɟɧɢɣ� ɫ� ɢɨɧɧɨ�
ɤɨɜɚɥɟɧɬɧɨɣ�ɫɜɹɡɶɸ��ɩɪɢɦɵɤɚɹ�ɤ�ɡɨɧɟ�ɤɨɜɚɥɟɧɬɧɨɫɬɢ��ɏɨɬɹ�ɩɨ�ɜɟɥɢɱɢɧɟ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɉɭɚɫɫɨɧɚ�
ɨɛɪɚɡɰɵ�ɉ�F%1�ɢ�Ʉ�F%1�ɪɚɫɩɨɥɚɝɚɸɬɫɹ�ɜ�ɞɨɜɨɥɶɧɨ�ɲɢɪɨɤɨɦ�ɢɧɬɟɪɜɚɥɟ�ɡɧɚɱɟɧɢɣ��ɬɨɱɤɚ�ɯɪɭɩɤɨ�
ɩɥɚɫɬɢɱɧɨɝɨ� ɩɟɪɟɯɨɞɚ� ɩɪɢ� *�%  � ����� ɧɟ� ɞɨɫɬɢɝɚɟɬɫɹ�� ɱɬɨ� ɜ� ɰɟɥɨɦ� ɨɡɧɚɱɚɟɬ� ɯɪɭɩɤɨɫɬɶ� ɤɚɤ�
ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�F%1��ɬɚɤ�ɢ�ɪɟɠɭɳɢɯ�ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɟɝɨ�ɨɫɧɨɜɟ��ȼɦɟɫɬɟ�ɫ�ɬɟɦ��
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ� ɩɥɚɫɬɢɱɧɨɫɬɢ� ɦɨɠɟɬ� ɛɵɬɶ� ɤɨɧɤɪɟɬɢɡɢɪɨɜɚɧɚ� ɞɥɹ� ɤɚɠɞɨɝɨ� ɢɡ� ɢɫɫɥɟɞɨɜɚɧɧɵɯ�
ɦɚɬɟɪɢɚɥɨɜ� ɜ� ɪɚɦɤɚɯ� ɩɨɞɯɨɞɚ� ɘ� ȼ� Ɇɢɥɶɦɚɧɚ� ɫ� ɫɨɚɜɬɨɪɚɦɢ� ���� >�@�� ɩɨɫɤɨɥɶɤɭ� ɢɡɜɟɫɬɧɵ� ɢ�
ɡɧɚɱɟɧɢɹ�ɬɜɟɪɞɨɫɬɢ� ɢ�ɤɨɷɮɮɢɰɢɟɧɬɵ�ɉɭɚɫɫɨɧɚ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɨɛɪɚɡɰɨɜ��ɬɚɛɥ����ɢ�ɬɚɛɥ������

Ɂɚɜɢɫɢɦɨɫɬɶ�Gɇ ɨɬ�ɩɚɪɚɦɟɬɪɚ���±K±�K����+9���( ɨɤɚɡɚɥɚɫɶ�ɥɢɧɟɣɧɨɣ��ɪɢɫ����ɛ��ɞɥɹ�ɜɫɟɝɨ�
ɦɚɫɫɢɜɚ� ɨɛɪɚɡɰɨɜ�� ɩɪɢɱɟɦ� ɨɧɚ� ɪɚɫɩɚɞɚɟɬɫɹ� ɧɚ� ɞɜɟ� ɨɛɥɚɫɬɢ�� ɉɟɪɜɚɹ� ɨɛɥɚɫɬɶ� ɨɛɪɚɡɰɨɜ� ɫ�
ɨɬɧɨɫɢɬɟɥɶɧɨ� ɧɢɡɤɨɣ� ɩɥɚɫɬɢɱɧɨɫɬɶɸ� ɨɛɴɟɞɢɧɹɟɬ� ɬɨɥɶɤɨ� ɩɨɥɢɤɪɢɫɬɚɥɥɵ� F%1� ɢ� ɜɨ� ɜɬɨɪɭɸ�
ɨɛɥɚɫɬɶ�ɫ�ɩɨɜɵɲɟɧɧɵɦɢ�ɡɧɚɱɟɧɢɹɦɢ�Gɇ ɜɯɨɞɹɬ�ɜɫɟ�ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ�ɦɚɬɟɪɢɚɥɵ�ɧɚ�ɨɫɧɨɜɟ�F%1��



ɊȺɁȾȿɅ����ɂɇɋɌɊɍɆȿɇɌȺɅɖɇɕȿ��ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ�ɂ�ɎɍɇɄɐɂɈɇȺɅɖɇɕȿ�ɆȺɌȿɊɂȺɅɕ
ɇȺ�ɈɋɇɈȼȿ�ȺɅɆȺɁȺ�ɂ�ɄɍȻɂɑȿɋɄɈȽɈ�ɇɂɌɊɂȾȺ�ȻɈɊȺ
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ɚ ɛ
Ɋɢɫ�� �� Ƚɪɚɮɢɱɟɫɤɢɟ� ɢɡɨɛɪɚɠɟɧɢɹ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɫɱɟɬɨɜ� ɞɥɹ� ɉ�F%1� ɢ� Ʉ�F%1�

�ɧɭɦɟɪɚɰɢɹ�ɨɛɪɚɡɰɨɜ�ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɬɚɛɥ����ɢ�ɬɚɛɥ������ɚ�± ɡɚɜɢɫɢɦɨɫɬɶ�K ɨɬ�*�%�ɧɚ�
ɮɨɧɟ� ɬɟɨɪɟɬɢɱɟɫɤɨɣ� ɡɚɜɢɫɢɦɨɫɬɢ� ����� ɛ� ± ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ� ɩɥɚɫɬɢɱɧɨɫɬɢ� Gɇ ɜ� ɪɚɦɤɚɯ�
ɩɨɞɯɨɞɚ�ɘ� ȼ� Ɇɢɥɶɦɚɧɚ����>�@

Ʉɚɤ� ɜɢɞɧɨ�� ɜ� ɫɥɭɱɚɟ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� ɉ�F%1��±���� ɩɨɥɭɱɟɧɧɵɯ� ɜ� ɪɚɦɤɚɯ� ɟɞɢɧɨɣ�
ɬɟɯɧɨɥɨɝɢɢ��ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ�ɨ�ɩɨɜɵɲɟɧɢɢ�ɩɥɚɫɬɢɱɧɨɫɬɢ�Gɇ ɫ�ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ�ɡɟɪɧɚ�G�ɜ
ɫɬɪɭɤɬɭɪɟ�ɩɪɢ�ɩɪɚɤɬɢɱɟɫɤɢ�ɨɞɢɧɚɤɨɜɨɣ��ɩɪɟɞɟɥɶɧɨɣ��ɩɥɨɬɧɨɫɬɢ��ɬɚɛɥ� ����ɂɡɦɟɧɟɧɢɟ�G ɨɬ����±
���� ɞɨ� a ��� ɦɤɦ� ɩɪɢɜɨɞɢɬ� ɤ� ɭɜɟɥɢɱɟɧɢɸ� Gɇ ɜ� ɩɨɥɬɨɪɚ� ɪɚɡɚ�� ɋ� ɞɪɭɝɨɣ� ɫɬɨɪɨɧɵ�� ɷɬɨ�
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ�ɨɞɧɨɜɪɟɦɟɧɧɵɦ�ɭɦɟɧɶɲɟɧɢɟɦ�ɬɜɟɪɞɨɫɬɢ�ɉ�F%1��±����ɪɢɫ�����

Ɋɢɫ���� Ʉɨɦɩɢɥɹɰɢɹ�ɪɟɡɭɥɶɬɚɬɨɜ�ɩɨ�ɡɧɚɱɟɧɢɹɦ�ɬɜɟɪɞɨɫɬɢ�+9 ɢ�ɩɥɚɫɬɢɱɧɨɫɬɢ�Gɇ ɞɥɹ�
ɜɫɟɯ�ɢɫɫɥɟɞɨɜɚɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ��ɧɭɦɟɪɚɰɢɹ�ɨɛɪɚɡɰɨɜ�ɫɨɨɬɜɟɬɫɬɜɭɟɬ�ɬɚɛɥ����ɢ�ɬɚɛɥ����
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ȼ� ɫɥɭɱɚɟ� ɫɩɟɤɚɧɢɹ� ɩɨɪɨɲɤɨɜ� F%1 ɭɜɟɥɢɱɟɧɢɟ� ɬɜɟɪɞɨɫɬɢ� ɉ�F%1� ɧɚɛɥɸɞɚɟɬɫɹ� ɩɪɢ�
ɭɦɟɧɶɲɟɧɢɢ�ɢɫɯɨɞɧɨɝɨ�ɪɚɡɦɟɪɚ�ɫɩɟɤɚɟɦɵɯ�ɱɚɫɬɢɰ� >��@��ɱɬɨ�ɨɱɟɜɢɞɧɨ��ɭɤɚɡɵɜɚɟɬ�ɧɚ�ɨɛɳɭɸ�
ɩɪɢɪɨɞɭ� ɜɡɚɢɦɨɫɜɹɡɢ� ɫɬɪɭɤɬɭɪɚ�ɫɜɨɣɫɬɜɨ� ɫ� ɨɛɪɚɡɰɚɦɢ� ɬɢɩɚ� ɉ�F%1��±���� ɞɢɫɩɟɪɫɧɨɫɬɶ�
ɫɬɪɭɤɬɭɪɵ� ɤɨɬɨɪɵɯ� ɫɜɹɡɚɧɚ� ɫ� ɩɪɨɰɟɫɫɚɦɢ� ɫɨɛɢɪɚɬɟɥɶɧɨɣ� ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� >��@�� � Ⱦɥɹ�
ɞɢɚɩɚɡɨɧɚ� ɪɚɡɦɟɪɨɜ� ɡɟɪɟɧ�� ɧɚɛɥɸɞɚɟɦɵɯ� ɜ� ɫɬɪɭɤɬɭɪɚɯ� ɉ�F%1��±���� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�
ɪɟɡɭɥɶɬɚɬɵ� ɩɨ� +9 ɧɚɯɨɞɹɬɫɹ� ɜ� ɯɨɪɨɲɟɦ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɡɚɤɨɧɨɦ� ɏɨɥɥɚ�ɉɟɬɱɚ��
Ⱥɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɨɟ� ɜɵɪɚɠɟɧɢɟ�� ɩɨɥɭɱɟɧɧɨɟ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɭɫɪɟɞɧɟɧɧɵɯ� ɞɚɧɧɵɯ� ɩɨ�
ɪɚɡɦɟɪɚɦ� ɡɟɪɟɧ�� ɢɦɟɟɬ� ɜɢɞ +9  ���� � ���� � G����� ɝɞɟ�G ɧɟɨɛɯɨɞɢɦɨ�ɩɨɞɫɬɚɜɥɹɬɶ� ɜ�ɦɤɦ�ɩɪɢ�
ɡɧɚɱɟɧɢɹɯ�ɬɜɟɪɞɨɫɬɢ�ɜ�Ƚɉɚ��Ʉɚɤ�ɢɡɜɟɫɬɧɨ�>��@��ɧɨɪɦɚɥɶɧɵɣ�ɡɚɤɨɧ�ɪɚɛɨɬɚɟɬ�ɞɨ�G a ���ɧɦ��ɩɨɫɥɟ�
ɱɟɝɨ� ɞɚɥɶɧɟɣɲɟɟ� ɭɦɟɧɶɲɟɧɢɟ� ɪɚɡɦɟɪɚ� ɡɟɪɧɚ� ɩɪɢɜɨɞɢɬ� ɤ� ɪɟɡɤɨɦɭ� ɩɚɞɟɧɢɸ� ɬɜɟɪɞɨɫɬɢ�� ɱɬɨ�
ɨɛɭɫɥɨɜɥɟɧɨ�ɫɦɟɧɨɣ�ɮɢɡɢɱɟɫɤɢɯ�ɦɟɯɚɧɢɡɦɨɜ�ɞɟɮɨɪɦɚɰɢɢ��ɨɛɪɚɬɧɵɣ�ɷɮɮɟɤɬ�ɏɨɥɥɚ�ɉɟɬɱɚ��

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ� ɨɬɦɟɬɢɦ�� ɱɬɨ� ɭɦɟɧɶɲɟɧɢɟ� ɩɥɚɫɬɢɱɧɨɫɬɢ� ɦɨɠɧɨ� ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ� ɤɚɤ�
ɭɜɟɥɢɱɟɧɢɟ� ɩɪɨɱɧɨɫɬɢ� ɦɚɬɟɪɢɚɥɚ�� ɭɱɢɬɵɜɚɹ� ɦɨɞɟɥɶ� ɬɜɟɪɞɨɫɬɢ ɯɪɭɩɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ� >��@��
ɨɩɪɟɞɟɥɹɸɳɟɣ�ɦɟɯɚɧɢɡɦɵ�ɩɪɨɰɟɫɫɨɜ�ɪɚɡɪɭɲɟɧɢɹ�ɩɪɢ�ɤɨɧɬɚɤɬɧɨɦ�ɧɚɝɪɭɠɟɧɢɢ�ɢ�ɞɟɮɨɪɦɚɰɢɸ�ɜ�
ɪɚɡɥɢɱɧɵɯ�ɡɨɧɚɯ�ɤɨɧɬɚɤɬɚ��

Ⱦɥɹ� ɦɚɬɟɪɢɚɥɨɜ� ɢɡ� ɜɬɨɪɨɣ� ɨɛɥɚɫɬɢ� �Ʉ�F%1� ɝɪɭɩɩɵ� %/ ɢ� %+�� ɯɚɪɚɤɬɟɪɧɚ� ɩɪɢɦɟɪɧɨ�
ɨɞɢɧɚɤɨɜɚɹ�ɢ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɧɟɜɵɫɨɤɚɹ�ɬɜɟɪɞɨɫɬɶ�+9§ �� Ƚɉɚ���ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ�ɦɟɧɶɲɟ�ɬɜɟɪɞɨɫɬɢ�
ɜɵɫɨɤɨɱɢɫɬɵɯ�ɬɨɧɤɨɡɟɪɧɢɫɬɵɯ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�F%1��±����ȼɦɟɫɬɟ�ɫ�ɬɟɦ��ɤɨɦɩɨɡɢɬɚɦ�ɫɜɨɣɫɬɜɟɧɧɵ�
ɛɨɥɟɟ�ɜɵɫɨɤɢɟ�ɡɧɚɱɟɧɢɹ�Gɇ �ɩɨ�ɫɪɟɞɧɢɦ�ɡɧɚɱɟɧɢɹɦ�ɜ�����ɪɚɡɚ�ɜɵɲɟ��ɱɟɦ�ɭ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�ɉ�
F%1��±����� � ɇɚ� ɩɪɢɦɟɪɟ� ɨɛɪɚɡɰɨɜ� Ʉ�F%1�� ɢ ��� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ� U  ������ ɢ� ������ ɝ�ɫɦ���
ɩɨɥɭɱɟɧɧɵɯ�ɜ�ɩɪɟɞɟɥɚɯ�ɟɞɢɧɨɣ�ɬɟɯɧɨɥɨɝɢɢ��ɜɢɞɧɚ�ɡɚɜɢɫɢɦɨɫɬɶ�ɫɜɨɣɫɬɜ�ɨɬ�ɩɥɨɬɧɨɫɬɢ�ɫɩɟɱɟɧɧɨɝɨ�
ɤɨɦɩɨɡɢɬɚ��ɩɪɢɱɟɦ�ɩɨɜɵɲɟɧɢɟ�ɩɥɨɬɧɨɫɬɢ�ɩɪɢɜɨɞɢɬ�ɨɞɧɨɜɪɟɦɟɧɧɨ�ɤ�ɭɜɟɥɢɱɟɧɢɸ�ɤɚɤ�ɬɜɟɪɞɨɫɬɢ��
ɬɚɤ�ɢ�ɩɥɚɫɬɢɱɧɨɫɬɢ�Gɇ ɦɚɬɟɪɢɚɥɚ��Ȼɟɡɭɫɥɨɜɧɨ��ɧɚ�ɭɩɪɭɝɢɟ�ɫɜɨɣɫɬɜɚ��ɬɜɟɪɞɨɫɬɶ�ɢ�ɩɥɚɫɬɢɱɧɨɫɬɶ�Ʉ�
F%1� ɜɥɢɹɸɬ ɧɟ� ɬɨɥɶɤɨ� ɞɢɫɩɟɪɫɧɨɫɬɶ� ɢɯ� ɫɬɪɭɤɬɭɪɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ�� ɧɨ� ɬɚɤɠɟ� ɫɨɜɟɪɲɟɧɫɬɜɨ�
ɦɟɠɡɟɪɟɧɧɵɯ� ɢ� ɦɟɠɮɚɡɧɵɯ� ɝɪɚɧɢɰ�� ɢɯ� ɩɪɨɱɧɨɫɬɶ�� ɫɨɞɟɪɠɚɧɢɟ� ɢ� ɯɚɪɚɤɬɟɪ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ�
ɫɜɹɡɭɸɳɢɯ�ɮɚɡ�

ȼɵɜɨɞɵ
ɉɨɥɭɱɟɧɧɵɟ� ɜ� ɪɚɛɨɬɟ� ɪɟɡɭɥɶɬɚɬɵ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ� ɨ� ɬɨɦ�� ɱɬɨ� ɭɩɪɭɝɢɟ� ɫɜɨɣɫɬɜɚ� ɢ�

ɩɥɚɫɬɢɱɧɨɫɬɶ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� ɢ� ɪɟɠɭɳɢɯ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚ� ɨɫɧɨɜɟ� F%1
ɫɭɳɟɫɬɜɟɧɧɨ�ɡɚɜɢɫɹɬ�ɨɬ�ɢɯ�ɫɬɪɭɤɬɭɪɧɨɝɨ�ɫɨɫɬɨɹɧɢɹ��ɧɚɥɢɱɢɹ�ɫɜɹɡɭɸɳɢɯ�ɮɚɡ�ɢ�ɢɯ�ɫɨɞɟɪɠɚɧɢɹ��
Ʉɨɷɮɮɢɰɢɟɧɬɵ�ɉɭɚɫɫɨɧɚ��ɪɚɫɫɱɢɬɚɧɧɵɟ�ɞɥɹ�ɉ�F%1�ɢ�Ʉ�F%1��ɜ�ɰɟɥɨɦ�ɯɨɪɨɲɨ�ɫɨɨɬɜɟɬɫɬɜɭɸɬ�
ɬɟɨɪɟɬɢɱɟɫɤɨɣ� ɡɚɜɢɫɢɦɨɫɬɢ�ɞɥɹ�ɨɞɧɨɪɨɞɧɵɯ�ɢɡɨɬɪɨɩɧɵɯ�ɬɜɟɪɞɵɯ�ɬɟɥ�K  � ���± �*�%�� �� �����
�*�%���Ɉɰɟɧɤɚ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɩɥɚɫɬɢɱɧɨɫɬɢ� ɜ� ɪɚɦɤɚɯ� ɤɨɧɰɟɩɰɢɢ�ɘ� ȼ� Ɇɢɥɶɦɚɧɚ�ɩɨɤɚɡɚɥɚ��
ɱɬɨ� ɩɨɥɢɤɪɢɫɬɚɥɥɵ�ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ� ɨɬɧɨɫɢɬɟɥɶɧɨ�ɧɢɡɤɨɣ� ɩɥɚɫɬɢɱɧɨɫɬɶɸ� �G+  � ����±�������
ɉɪɢ�ɷɬɨɦ��ɬɜɟɪɞɨɫɬɶ�ɉ�F%1 ɩɨɞɱɢɧɹɟɬɫɹ�ɡɚɤɨɧɭ�ɏɨɥɥɚ�ɉɟɬɱɚ +9  ���� � ���� � G�����ɝɞɟ�G ɜ�
ɦɤɦ�ɢ�+9 ɜ�Ƚɉɚ��Ɋɟɠɭɳɢɦ�ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ�ɦɚɬɟɪɢɚɥɚɦ�ɧɚ�ɨɫɧɨɜɟ�F%1�ɫɜɨɣɫɬɜɟɧɧɵ�ɛɨɥɟɟ�
ɜɵɫɨɤɢɟ�ɩɨɤɚɡɚɬɟɥɢ�G+  �����±������Ɉɰɟɧɤɢ�G+ ɞɥɹ�ɋɌɆ�ɧɚ�ɨɫɧɨɜɟ�F%1�ɜɵɩɨɥɧɟɧɵ�ɜɩɟɪɜɵɟ ɢ�
ɦɨɝɭɬ� ɩɪɟɞɫɬɚɜɥɹɬɶ� ɨɩɪɟɞɟɥɟɧɧɵɣ� ɩɪɚɤɬɢɱɟɫɤɢɣ� ɢɧɬɟɪɟɫ�� ɜ� ɱɚɫɬɧɨɫɬɢ� ɞɥɹ� ɫɩɟɰɢɚɥɢɫɬɨɜ��
ɪɚɛɨɬɚɸɳɢɯ��ɜ�ɫɮɟɪɟ�ɪɚɡɪɚɛɨɬɤɢ��ɢɫɫɥɟɞɨɜɚɧɢɹ�ɢ�ɩɪɢɦɟɧɟɧɢɹ�ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�
ɧɚ�ɨɫɧɨɜɟ�ɤɭɛɢɱɟɫɤɨɝɨ�ɧɢɬɪɢɞɚ�ɛɨɪɚ�

Ɉɱɟɜɢɞɧɨ�� ɱɬɨ� ɩɪɢ� ɫɨɡɞɚɧɢɢ� ɜɵɫɨɤɨɩɪɨɱɧɵɯ� ɢɡɧɨɫɨɫɬɨɣɤɢɯ� ɪɟɠɭɳɢɯ� ɦɚɬɟɪɢɚɥɨɜ�
ɤɨɧɤɪɟɬɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɧɟɨɛɯɨɞɢɦ� ɩɨɢɫɤ� ɨɩɬɢɦɚɥɶɧɵɯ� ɫɨɨɬɧɨɲɟɧɢɣ� ɩɪɨɱɧɨɫɬɢ��
ɩɥɚɫɬɢɱɧɨɫɬɢ� ɢ� ɬɜɟɪɞɨɫɬɢ�� ɉɪɢ� ɷɬɨɦ� ɧɟɨɛɯɨɞɢɦɨ� ɭɱɢɬɵɜɚɬɶ�� ɱɬɨ� ɨɛɵɱɧɨ� ɞɥɹ� ɯɪɭɩɤɢɯ�
ɦɚɬɟɪɢɚɥɨɜ�ɩɨɜɵɲɟɧɢɟ�ɩɥɚɫɬɢɱɧɨɫɬɢ�ɦɨɠɟɬ�ɩɪɢɜɨɞɢɬɶ�ɤ�ɫɧɢɠɟɧɢɸ�ɩɪɨɱɧɨɫɬɢ�ɦɚɬɟɪɢɚɥɚ�



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

���

Ɋɚɛɨɬɚ� ɜɵɩɨɥɧɟɧɚ� ɩɪɢ� ɮɢɧɚɧɫɨɜɨɦ� ɫɨɞɟɣɫɬɜɢɢ� ɇȺɇ� ɍɤɪɚɢɧɵ� ɜ� ɪɚɦɤɚɯ� ɧɚɭɱɧɨ�
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ� ɬɟɦɚɬɢɤɢ� ɂɧɫɬɢɬɭɬɚ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢɦ�� ȼ� ɇ� Ȼɚɤɭɥɹ� ɇȺɇ�
ɍɤɪɚɢɧɵ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɧɚɭɱɧɨɣ� ɪɚɛɨɬɨɣ ʋ�� ,,,������ �ɬɟɦɚ� ������ ©Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ�
ɮɨɪɦɢɪɨɜɚɧɢɹ�ɫɬɪɭɤɬɭɪɵ�ɢ�ɫɜɨɣɫɬɜ�ɬɟɪɦɨɫɬɚɛɢɥɶɧɵɯ�ɢɡɧɨɫɨɫɬɨɣɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ�ɤɭɛɢɱɟɫɤɨɝɨ�
%1�ɩɪɢ�ɤɨɧɜɟɪɫɢɨɧɧɨɦ�ɫɩɟɤɚɧɢɢ�ɢ�ɫɩɟɤɚɧɢɢ�ɫ�ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦɢ�ɨɞɧɨɮɚɡɧɵɦɢ�ɫɜɹɡɤɚɦɢª

Ɋɨɛɨɬɚ� ɫɩɪɹɦɨɜɚɧɚ� ɧɚ� ɜɢɜɱɟɧɧɹ� ɿ� ɭɡɚɝɚɥɶɧɟɧɢɣ� ɚɧɚɥɿɡ� ɪɟɡɭɥɶɬɚɬɿɜ� ɞɨɫɥɿɞɠɟɧɶ� ɩɪɭɠɧɢɯ�
ɜɥɚɫɬɢɜɨɫɬɟɣ� ɿ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɥɚɫɬɢɱɧɨɫɬɿ� ɪɹɞɭ� ɤɨɦɟɪɰɿɣɧɨ� ɞɨɫɬɭɩɧɢɯ� ɪɿɠɭɱɢɯ� ɤɨɦɩɨɡɢɬɿɜ� ɿ�
ɩɨɥɿɤɪɢɫɬɚɥɿɜ�ɤɭɛɿɱɧɨɝɨ�ɧɿɬɪɢɞɭ�ɛɨɪɭ��F%1���ɨɬɪɢɦɚɧɢɯ�ɪɿɡɧɢɦɢ�ɫɩɨɫɨɛɚɦɢ�ɜ�ɭɦɨɜɚɯ�ɜɢɫɨɤɢɯ�ɬɢɫɤɿɜ�ɿ�
ɬɟɦɩɟɪɚɬɭɪ�� Ɂɚɝɚɥɨɦ� ɜɢɜɱɟɧɨ� ��� ɪɿɡɧɢɯ� ɦɚɬɟɪɿɚɥɿɜ� ɧɚ� ɨɫɧɨɜɿ� F%1�� ɳɨ� ɜɿɞɪɿɡɧɹɸɬɶɫɹ� ɫɤɥɚɞɨɦ� ɬɚ�
ɨɫɨɛɥɢɜɨɫɬɹɦɢ� ɫɬɪɭɤɬɭɪɧɨɝɨ� ɫɬɚɧɭ�� ɏɚɪɚɤɬɟɪɢɡɚɰɿɹ� ɡɪɚɡɤɿɜ�� ɳɨ� ɞɨɫɥɿɞɠɭɜɚɥɢɫɹ�� ɛɚɡɭɜɚɥɚɫɹ� ɧɚ�
ɜɢɤɨɪɢɫɬɚɧɧɿ�ɦɟɬɨɞɿɜ�ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ�ɿɦɩɭɥɶɫɧɨɝɨ�ɬɟɫɬɭɜɚɧɧɹ�ɩɪɢ�ɜɢɡɧɚɱɟɧɧɿ�ɦɨɞɭɥɿɜ�ɡɫɭɜɭ��*���ɘɧɝɚ�
�(���ɨɛ
ɽɦɧɨʀ�ɩɪɭɠɧɨɫɬɿ��%��ɬɚ�ɤɨɟɮɿɰɿɽɧɬɚ�ɉɭɚɫɫɨɧɚ��K���Ɂɧɚɱɟɧɧɹ�K ɿ�ɬɜɟɪɞɨɫɬɿ�ɩɨ�ȼɿɤɤɟɪɫɭ��+9��ɞɥɹ�
ɜɫɿɯ�ɜɢɜɱɟɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɜɢɤɨɪɢɫɬɚɧɿ�ɞɥɹ�ɨɰɿɧɤɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɩɥɚɫɬɢɱɧɨɫɬɿ��G+��ɜ�ɪɚɦɤɚɯ�ɤɨɧɰɟɩɰɿʀ��
ɳɨ� ɡɚɩɪɨɩɨɧɨɜɚɧɚ�ɘ�� ȼ�� Ɇɿɥɶɦɚɧɨɦ� ɡ� ɫɩɿɜɚɜɬɨɪɚɦɢ�� ȼɫɬɚɧɨɜɥɟɧɨ�� ɳɨ� ɦɚɫɢɜ� ɨɞɟɪɠɚɧɢɯ� ɞɚɧɢɯ ɩɨ�
ɜɡɚɽɦɨɡɜ
ɹɡɤɭ� ɦɿɠ� K ɿ� ɩɚɪɚɦɟɬɪɨɦ� *�% ɜɿɞɩɨɜɿɞɚɽ� ɬɟɨɪɟɬɢɱɧɿɣ� ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ� ɞɥɹ� ɩɪɨɫɬɨɪɨɜɨ�
ɨɞɧɨɪɿɞɧɢɯ�ɿɡɨɬɪɨɩɧɢɯ�ɬɜɟɪɞɢɯ�ɬɿɥ��ɍ�ɤɨɨɪɞɢɧɚɬɚɯ�G+ ɜɿɞ���±K±�K���+9�( ɪɟɡɭɥɶɬɚɬɢ�ɞɟɦɨɧɫɬɪɭɸɬɶ�
ɥɿɧɿɣɧɭ�ɡɚɥɟɠɧɿɫɬɶ��ɭ�ɹɤɨʀ�ɩɨɥɿɤɪɢɫɬɚɥɢ�F%1�ɪɨɡɬɚɲɨɜɚɧɿ�ɜ�ɨɛɥɚɫɬɿ�ɩɨɪɿɜɧɹɧɨ�ɧɢɡɶɤɨʀ�ɩɥɚɫɬɢɱɧɨɫɬɿ��ɚ�
ɞɿɚɩɚɡɨɧ�ɩɿɞɜɢɳɟɧɢɯ�ɡɧɚɱɟɧɶ�G+ ɯɚɪɚɤɬɟɪɧɢɣ�ɞɥɹ�ɤɨɦɩɨɡɢɰɿɣɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɧɚ�ɨɫɧɨɜɿ�F%1��ȼ�ɪɚɡɿ�F%1�
ɨɰɿɧɤɢ�G+ ɜɢɤɨɧɚɧɿ�ɜɩɟɪɲɟ�ɿ�ɦɨɠɭɬɶ�ɦɚɬɢ�ɩɟɜɧɢɣ�ɩɪɚɤɬɢɱɧɢɣ�ɿɧɬɟɪɟɫ��ɡɨɤɪɟɦɚ�ɞɥɹ�ɮɚɯɿɜɰɿɜ�ɭ�ɫɮɟɪɿ�
ɪɨɡɪɨɛɤɢ��ɞɨɫɥɿɞɠɟɧɧɹ�ɿ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɿɧɫɬɪɭɦɟɧɬɚɥɶɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɤɭɛɿɱɧɨɝɨ�ɧɿɬɪɢɞɭ�ɛɨɪɭ�

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɤɭɛɿɱɧɢɣ�ɧɿɬɪɢɞ�ɛɨɪɭ��ɩɨɥɿɤɪɢɫɬɚɥɢ��ɤɨɦɩɨɡɢɬɢ� ɩɪɭɠɧɿ�ɦɨɞɭɥɿ��ɩɥɚɫɬɢɱɧɿɫɬɶ
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DQG�9LFNHUV�KDUGQHVV��+9��IRU�DOO�WKH�PDWHULDOV�VWXGLHG�ZHUH�XVHG�WR�HYDOXDWH�WKH�SODVWLFLW\�FKDUDFWHULVWLFV�RI�
�G+��ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�FRQFHSW�SURSRVHG�E\�<X� 9� 0LOPDQ�HW�DO��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�DQ�DUUD\�
RI�GDWD�REWDLQHG�RQ�LQWHUUHODWLRQ EHWZHHQ�K DQG�*�%�SDUDPHWHU�FRUUHVSRQGV�WR�WKH�WKHRUHWLFDO�UHJXODULW\�IRU�
VSDWLDOO\�KRPRJHQHRXV�LVRWURSLF�VROLGV��,Q�FRRUGLQDWHV�RI�G+�YV���±K±�K���+9�(�WKH�UHVXOWV�GHPRQVWUDWH D�
OLQHDU�GHSHQGHQFH�IRU�ZKLFK�F%1�SRO\FU\VWDOV�DUH�ORFDWHG�LQ�D�UHJLRQ�RI�UHODWLYHO\�ORZ�SODVWLFLW\ DQG�D�UHJLRQ�
RI�LQFUHDVHG�SODVWLFLW\ LV�UHOHYDQW�IRU�FRPSRVLWH�PDWHULDOV�RQ�F%1�EDVH��$V�IRU�ɫ%1�WKH�HVWLPDWHV�RI�G+ ZHUH�
SHUIRUPHG�IRU�WKH�ILUVW�WLPH�DQG�PD\�EH�RI�GHILQLWH�SUDFWLFDO�LQWHUHVW��LQ�SDUWLFXODU�IRU�VSHFLDOLVWV�LQ�DUHD�RI�
GHYHORSPHQW��UHVHDUFK�DQG�DSSOLFDWLRQ�RI�WRRO�PDWHULDOV�RQ�FXELF�ERURQ�QLWULGH�EDVH�

.H\�ZRUGV� FXELF�ERURQ�QLWULGH��SRO\FU\VWDOV��FRPSRVLWHV��HODVWLF�SURSHUWLHV��SODVWLFLW\

Ʌɢɬɟɪɚɬɭɪɚ
�� /DWWLFH LQIUDUHG VSHFWUD RI ERURQ QLWULGH DQG ERURQ PRQRSKRVSKLGH �� 3� -� *LHOLVVH��

6� 6� 0LWUD��-� 1� 3OHQGOH��HW DO�����3K\V��5HY��± ������± �����± ���± 3������±�����
�� 7RRO�OLIH�DQG�ZHDU�PHFKDQLVPV�RI�&%1�WRROV�LQ�PDFKLQLQJ�RI�,QFRQHO���� ��-� 3� &RVWHV��

<� *XLOOHW�� *� 3RXODFKRQ�� DQG�0� 'HVVRO\� ��� ,QWHUQDWLRQDO� -RXUQDO� RI�0DFKLQH� 7RROV� 	�
0DQXIDFWXUH��± ������± 9������± 3������±�����
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���

�� .OLPF]\N�3���)LJLHO�3���3HWUXVKD�,���2OV]\QD $��&XELF ERURQ QLWULGH EDVHG FRPSRVLWHV IRU
FXWWLQJ DSSOLFDWLRQV ��� -RXUQDO RI $FKLHYHPHQWV LQ 0DWHULDOV DQG 0DQXIDFWXULQJ
(QJLQHHULQJ��± ������± ����± ���± 3�����±�����

�� 3UHYHQWLYH� $FWLRQ� RI� 6LOLFRQ� 1LWULGH� DW� +7�+3� 6LQWHULQJ� RI� &XELF� %RURQ� 1LWULGH �
,� $� 3HWUXVKD�� $� 6 2VLSRY��0� 9 1LNLVKLQD�� HW DO�� ��� -RXUQDO� RI� 6XSHUKDUG�0DWHULDOV�� ±
������± ����± ���±3�����±����

�� Ɉɫɨɛɥɢɜɨɫɬɿ� � ɫɬɪɭɤɬɭɪɢ� � ɩɨɥɿɤɪɢɫɬɚɥɿɜ� � ɤɭɛɿɱɧɨɝɨ� %1�� � ɨɞɟɪɠɚɧɢɯ� � ɩɪɹɦɢɦ��
ɤɨɧɜɟɪɫɿɣɧɢɦ� � ɫɩɿɤɚɧɧɹɦ� �� ȱ� Ⱥ� ɉɟɬɪɭɲɚ�� ȼ� Ɂ� Ɍɭɪɤɟɜɢɱ�� Ɉ� ɋ� Ɉɫɿɩɨɜ� ɬɚ� ɿɧ� ���
ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ�ɢ�ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ�ɢɧɫɬɪɭɦɟɧɬ�± ɬɟɯɧɢɤɚ��ɬɟɯɧɨɥɨɝɢɹ�
ɟɝɨ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɢ�ɩɪɢɦɟɧɟɧɢɹ��ȼɵɩ������± Ʉ���ɂɋɆ�ɢɦ��ȼ�ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��
������± ɋ�����±����

�� 3XJK 6� )��5HODWLRQV�EHWZHHQ�WKH�HODVWLF�PRGXOL�DQG�WKH�SODVWLF�SURSHUWLHV�RI�SRO\FU\VWDOOLQH�
SXUH�PHWDOV����7KH�/RQGRQ��(GLQEXUJK��DQG�'XEOLQ�3KLORVRSKLFDO�0DJD]LQH�DQG�-RXUQDO�RI�
6FLHQFH��± ������± ����± ���± Ɋ�����±����

�� 'XFWLOH�WR�EULWWOH�WUDQVLWLRQ�DQG�PDWHULDO
V�UHVLVWDQFH�WR�DPRUSKL]DWLRQ�E\�LUUDGLDWLRQ�GDPDJH�
��;� :DQJ��<��7� =KDQJ��3��&� /LX��HW�DO�����56&�$GY��± ������± ���± 3�������±������

�� &KHQ ;��4���1LX +���/L '���DQG�/L <��0RGHOLQJ�KDUGQHVV�RI�SRO\FU\VWDOOLQH�PDWHULDOV�DQG�
EXON�PHWDOOLF�JODVVHV����,QWHUPHWDOOLFV��± �����± ����± 3� ����±�����

�� 0LOPDQ <X� 9�� &KXJXQRYD 6� ,��� *RQFKDURYD ,� 9��� DQG� *ROXEHQNR Ⱥ� Ⱥ�� 3ODVWLFLW\� RI�
0DWHULDOV�'HWHUPLQHG�E\�WKH�LQ�,QGHQWDWLRQ�0HWKRG��� 3URJ��3K\V��0HW��± ������± ����± ���±
3�����±����

��� 7DQLJXFKL 7�� $NDLVKL 0���<DPDRND 6��6LQWHULQJ�RI�FXELF�ERURQ�QLWULGH�ZLWKRXW�DGGLWLYHV�DW�
����*3D�DQG�DERYH������q&����-� 0DWHU��5HV��± ������± ����± ���± 3�����±����

��� 3HWUXVKD ,� $���2OHLQLN *� 6���'DQLOHQNR 1� 9��0HFKDQLVPV�RI�SULPDU\�UHFU\VWDOOL]DWLRQ�LQ�
VLQWHULQJ�RI�PDWHULDOV�EDVHG�RQ�FDWDO\WLFDOO\�V\QWKHVL]HG�F%1�SRZGHUV����-��6XSHUKDUG�0DWHU��
± ������± ����±���± 3����±���

��� %RFKNR $� 9��� =DSRUR]KHWV 2� ,�� (ODVWLF� &RQVWDQWV� DQG� (ODVWLFLW\� 0RGXOL� RI� &XELF DQG�
:XUFLWH�%RURQ�1LWULGH����3RZGHU�0HWDOO��0HW��&HUDP��± ������± ����± �����± 3�����±����

��� 8OWUDVRQLF� LQYHVWLJDWLRQ� RI� PDFUR� UHVLGXDO� VWUHVVHV� LQ� ��&U�10)$� VWHHO� DIWHU� XQLD[LDO�
FRPSUHVVLRQ� ��2� ,� =DSRUR]KHWV��6� $� .RWUHFKNR��1� $� 'RUGLHQNR��HW�DO�� ���3UREOHPV�RI�
$WRPLF�6FLHQFH�DQG�7HFKQRORJ\��± ������± ���± ����± 3�����±����

��� 8OWUDVRQLF�VWXGLHV�RI�WH[WXUH�LQKRPRJHQHLWLHV�LQ���.K�1Ɇ)Ⱥ�VWHHO�VXEMHFWHG�WR�XOWUDVRQLF�
LPSDFW� WUHDWPHQW� DQG� VKRFN� FRPSUHVVLRQ� �� 2� ,� =DSRUR]KHWV�� %� 1� 0RUG\XN��
1� Ⱥ� 'RUGLHQNR��HW�DO�����6XUI��&RDW��7HFKQRO��± ������± �����± SDUW�$��± 3�����±����

��� Ɂɚɥɟɠɧɿɫɬɶ��ɬɜɟɪɞɨɫɬɿ��ɱɢɫɬɢɯ��ɩɨɥɿɤɪɢɫɬɚɥɿɱɧɢɯ��ɦɚɬɟɪɿɚɥɿɜ��ɤɭɛɿɱɧɨɝɨ��ɧɿɬɪɢɞɭ��ɛɨɪɭ��
ɜɿɞ��ɫɬɪɭɤɬɭɪɧɢɯ��ɩɚɪɚɦɟɬɪɿɜ���Ɇ� ȼ� ɇɿɤɿɲɢɧɚ��ɇ� Ɇ� Ȼɿɥɹɜɢɧɚ��Ɍ� ɉ� Ȼɚɪɫɭɤɨɜɚ�ɬɚ�ɿɧ��
��� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ� ɢ�
ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ� ɩɪɢɦɟɧɟɧɢɹ��ȼɵɩ�� ���� ± Ʉ���ɂɋɆ�ɢɦ��ȼ� ɇ� Ȼɚɤɭɥɹ�
ɇȺɇ�ɍɤɪɚɢɧɵ��������± ɋ�����±����

��� 6XSHUKDUG QDQRFRPSRVLWH RI GHQVH SRO\PRUSKV RI ERURQ QLWULGH��1RQFDUERQ PDWHULDO KDV
UHDFKHG GLDPRQG KDUGQHVV �� 1� 'XEURYLQVNDLD�� 9� /� 6ROR]KHQNR�� 1� 0L\DMLPD HW DO�� ���
$SSO��3K\V��/HWW��± ������± ����± 3����������±���������

��� Ƚɚɥɚɧɨɜ Ȼ� Ⱥ��� Ƚɪɢɝɨɪɶɟɜ Ɉ� ɇ�� Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ� ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ� ɯɪɭɩɤɢɯ�
ɦɚɬɟɪɢɚɥɨɜ����ɗɥɟɤɬɪɨɧɧɚɹ�ɦɢɤɪɨɫɤɨɩɢɹ�ɢ�ɩɪɨɱɧɨɫɬɶ�ɦɚɬɟɪɢɚɥɨɜ��± ������± ����± ɋ���±����

ɉɨɫɬɭɩɢɥɚ ��������
5HIHUHQFHV

�� *LHOLVVH� 3� -�� 0LWUD� 6� 6�� 3OHQGOH� -� 1��� HW DO�� �������� /DWWLFH LQIUDUHG VSHFWUD RI ERURQ
QLWULGH DQG ERURQ�PRQRSKRVSKLGH��3K\V��5HY���9RO��������� ����±�����
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���

�� &RVWHV� -� 3�� *XLOOHW� <��� 3RXODFKRQ� *��� 	� 'HVVRO\�� 0�� ������� 7RRO�OLIH� DQG� ZHDU�
PHFKDQLVPV�RI�&%1�WRROV�LQ�PDFKLQLQJ�RI�,QFRQHO������,QWHUQDWLRQDO�-RXUQDO�RI�0DFKLQH�
7RROV�	�0DQXIDFWXUH��9RO����� ����±�����

�� .OLPF]\N�� 3��� )LJLHO�� 3��� 3HWUXVKD�� ,���	�2OV]\QD��$�� �������� &XELF� ERURQ� QLWULGH� EDVHG�
FRPSRVLWHV� IRU� FXWWLQJ� DSSOLFDWLRQV�� -RXUQDO� RI� $FKLHYHPHQWV� LQ� 0DWHULDOV� DQG�
0DQXIDFWXULQJ�(QJLQHHULQJ��9RO�������� ���±����

�� 3HWUXVKD� ,� $���2VLSRY� $� 6���1LNLVKLQD� 0� 9���HW�DO����������3UHYHQWLYH�$FWLRQ�RI�6LOLFRQ�
1LWULGH�DW�+7�+3�6LQWHULQJ�RI�&XELF�%RURQ�1LWULGH��-RXUQDO�RI�6XSHUKDUG�0DWHULDOV��9RO��
������ ���±����

�� 3HWUXVKD� ,� $��� 7XUNHYLFK� 9� =��� 2VLSRY� $� 6�� HW DO� �������� 2VREO\YRVWL VWUXFWXU\
SROLNU\VWDOLY NXELFKQRKR %1��RGHU]KDQLNK SULDP\P NRQYHUVLLQ\P VSLNDQQLDP >6WUXFWXUH
SHFXOLDULWLHV RI WKH FXELF %1 SRO\FU\VWDOV IDEULFDWHG E\ GLUHFW FRQYHUVLRQ VLQWHULQJ@��
3RURGRUD]UXVKDLXVKFKLL L PHWDOORREUDEDW\YDLXVKFKLL LQVWUXPHQW ± WHNKQLND L WHNKQRORJLLD
HJR L]JRWRYOHQLLD L SULPHQHQLLD ± 5RFN 'HVWUXFWLRQ DQG 0HWDO�:RUNLQJ 7RROV ± 7HFKQLTXHV
DQG 7HFKQRORJ\ RI WKH 7RRO 3URGXFWLRQ DQG $SSOLFDWLRQV����� ���±����>LQ 5XVVLDQ@�

�� 3XJK� 6� )� �������� 5HODWLRQV� EHWZHHQ� WKH� HODVWLF� PRGXOL� DQG� WKH� SODVWLF� SURSHUWLHV� RI�
SRO\FU\VWDOOLQH�SXUH�PHWDOV��7KH�/RQGRQ��(GLQEXUJK��DQG�'XEOLQ�3KLORVRSKLFDO�0DJD]LQH�
DQG�-RXUQDO�RI�6FLHQFH��9RO� ����������±����

�� :DQJ� ;���=KDQJ� <��7���/LX� 3��&���HW�DO����������'XFWLOH�WR�EULWWOH�WUDQVLWLRQ DQG�PDWHULDO
V�
UHVLVWDQFH�WR�DPRUSKL]DWLRQ�E\�LUUDGLDWLRQ�GDPDJH��56&�$GY���9RO���� �����±������

�� &KHQ� ;��4��� 1LX� +��� /L� '��� 	� /L� <�� ������� 0RGHOLQJ� KDUGQHVV� RI� SRO\FU\VWDOOLQH�
PDWHULDOV�DQG�EXON�PHWDOOLF�JODVVHV��,QWHUPHWDOOLFV��9RO� ��� ����±�����

�� 0LOPDQ� <X� 9��� &KXJXQRYD� 6� ,��� *RQFKDURYD� ,� 9��� 	� *ROXEHQNR� Ⱥ� Ⱥ� ��������
3ODVWLFLW\�RI�0DWHULDOV�'HWHUPLQHG�E\�WKH�LQ�,QGHQWDWLRQ�0HWKRG��3URJ��3K\V��0HW�� 9RO������
�� ���±�����

��� 7DQLJXFKL� 7���$NDLVKL� 0���<DPDRND� 6����������6LQWHULQJ�RI�FXELF�ERURQ�QLWULGH�ZLWKRXW�
DGGLWLYHV�DW�����*3D�DQG�DERYH������q&��-� 0DWHU��5HV���9RO������������±����

��� 3HWUXVKD� ,� $��� 2OHLQLN� *� 6��� 'DQLOHQNR� 1� 9�� �������� 0HFKDQLVPV� RI� SULPDU\�
UHFU\VWDOOL]DWLRQ�LQ�VLQWHULQJ�RI�PDWHULDOV�EDVHG�RQ�FDWDO\WLFDOO\�V\QWKHVL]HG�F%1�SRZGHUV����
-��6XSHUKDUG�0DWHU���9RO�����������±���

��� %RFKNR� $� 9���=DSRUR]KHWV� 2� ,����������(ODVWLF�&RQVWDQWV�DQG�(ODVWLFLW\�0RGXOL�RI�&XELF�
DQG�:XUFLWH�%RURQ�1LWULGH��3RZGHU�0HWDOO��0HW��&HUDP���9RO���������� ���±����

��� =DSRUR]KHWV� 2� ,��� .RWUHFKNR� 6� $��� 'RUGLHQNR� 1� $��� HW� DO�� �������� 8OWUDVRQLF�
LQYHVWLJDWLRQ�RI�PDFUR�UHVLGXDO�VWUHVVHV�LQ���&U�10)$�VWHHO�DIWHU�XQLD[LDO�FRPSUHVVLRQ��
3UREOHPV�RI�$WRPLF�6FLHQFH�DQG�7HFKQRORJ\��9RO�������� ���±����

��� =DSRUR]KHWV� 2� ,���0RUG\XN� %� 1���'RUGLHQNR� 1� $���HW�DO����������8OWUDVRQLF�VWXGLHV�RI�
WH[WXUH�LQKRPRJHQHLWLHV�LQ���.K�1Ɇ)Ⱥ�VWHHO�VXEMHFWHG�WR�XOWUDVRQLF�LPSDFW�WUHDWPHQW�DQG�
VKRFN�FRPSUHVVLRQ��6XUI��&RDW��7HFKQRO���9RO�������3DUW�$� ���±����

��� 1LNLVKLQD� 0� 9���%HO\DYLQD� 1� 0���%DUVXNRYD� 7� 3��� HW� DO�� �������� �=DOH]KQLVW� WYHUGRVWL�
FKLVW\K�SROLNU\VWDOOLFKQ\K�PDWHULDOLY�NXELFKQRKR�QLWU\GX�ERUX�YLG�VWUXNWXUQ\K�SDUDPHWULY�
>+DUGQHVV� GHSHQGHQFH� RQ� VWUXFWXUDO� SDUDPHWHUV� RI� WKH� SXUH� FXELF� ERURQ� QLWULGH�
SRO\FU\VWDOOLQH�PDWHULDOV@��3RURGRUD]UXVKDLXVKFKLL�L�PHWDOORREUDEDW\YDLXVKFKLL LQVWUXPHQW
± WHNKQLND L WHNKQRORJLLD HJR L]JRWRYOHQLLD L SULPHQHQLLD ± 5RFN 'HVWUXFWLRQ DQG 0HWDO�
:RUNLQJ 7RROV ± 7HFKQLTXHV DQG 7HFKQRORJ\ RI WKH 7RRO 3URGXFWLRQ DQG $SSOLFDWLRQV�����
���±��� >LQ 5XVVLDQ@�

��� 'XEURYLQVNDLD� 1�� 6ROR]KHQNR� 9� /�� 0L\DMLPD� 1��� HW DO�� �������� 6XSHUKDUG�
QDQRFRPSRVLWH� RI� GHQVH� SRO\PRUSKV� RI� ERURQ� QLWULGH�� 1RQFDUERQ�PDWHULDO� KDV� UHDFKHG�
GLDPRQG�KDUGQHVV���$SSO��3K\V��/HWW���9RO���������������±����������

��� *DODQRY� %� $���*ULJRUHY� 2� 1�� �������$QDOLWLFKHVNDLD�PRGHO� LQGHQWLURYDQLLD�NKUXSNLNK�
PDWHULDORY� >$QDO\WLFDO� PRGHO� RI� WKH� LQGHQWDWLRQ� RI� EULWWOH� PDWHULDOV@�� (OHNURQQDLD�
PLFURVNRSLD� L� SURFKQRVW� PDWHULDORY ± (OHFWURQ� PLFURVFRS\� DQG� VWUHQJWK� RI� PDWHULDOV��
9RO� �����±����LQ�5XVVLDQ��


