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ɋ��Ⱥ��Ʉɭɯɚɪɟɧɤɨ� ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ

ɂɧɫɬɢɬɭɬ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢɦ��ȼ��ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɭɥ��Ⱥɜɬɨɡɚɜɨɞɫɤɚɹ�����
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ɂɋɋɅȿȾɈȼȺɇɂȿ�ȼɅɂəɇɂə�ɋɂɅɕ�ɉɈɅə�ɊȺɁɅɂɑɇɕɏ�ɄȺɌɂɈɇɈȼ�ɇȺ�
ɂɈɇɇɍɘ�ȾɂɎɎɍɁɂɘ�ȼ�ɆɇɈȽɈɄɈɆɉɈɇȿɇɌɇɕɏ�ɋɂɅɂɄȺɌɇɕɏ�ɋɂɋɌȿɆȺɏ

ɂɡɥɨɠɟɧɵ� ɨɫɧɨɜɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜɥɢɹɧɢɹ� ɫɢɥɵ� ɩɨɥɹ� ɪɚɡɥɢɱɧɵɯ� ɤɚɬɢɨɧɨɜ� ɧɚ�
ɢɨɧɧɭɸ� ɞɢɮɮɭɡɢɸ� ɜ� ɫɢɥɢɤɚɬɧɵɯ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɫɢɫɬɟɦɚɯ�� ɤɨɬɨɪɵɟ� ɲɢɪɨɤɨ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɜ�
ɤɚɱɟɫɬɜɟ�ɫɜɹɡɭɸɳɢɯ�ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ�ɚɛɪɚɡɢɜɫɨɞɟɪɠɚɳɢɯ�ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɪɚɡɥɢɱɧɨɝɨ�
ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɉɨɤɚɡɚɧɨ�� ɱɬɨ�� ɷɮɮɟɤɬɢɜɧɵɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɞɢɮɮɭɡɢɢ� ɳɟɥɨɱɧɨɝɨ� ɢ�
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɨɝɨ� ɤɚɬɢɨɧɨɜ� ɜ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɚɪɟ� ɧɟ� ɹɜɥɹɸɬɫɹ� ɨɞɧɨɡɧɚɱɧɨɣ� ɮɭɧɤɰɢɟɣ� ɢɨɧɧɨɝɨ�
ɪɚɞɢɭɫɚ�ɤɚɬɢɨɧɚ��ɚ�ɡɚɜɢɫɹɬ�ɨɬ�ɫɬɪɭɤɬɭɪɧɵɯ�ɮɚɤɬɨɪɨɜ�ɢ�ɷɧɟɪɝɢɢ�ɫɜɹɡɢ�ɫ�ɞɪɭɝɢɦɢ�ɢɨɧɚɦɢ�ɪɚɫɩɥɚɜɚ��

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ� ɫɬɟɤɥɨ�� ɳɟɥɨɱɧɵɟ� ɢ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɟ� ɤɚɬɢɨɧɵ�� ɞɢɮɮɭɡɢɹ�� ɷɧɟɪɝɢɹ�
ɚɤɬɢɜɚɰɢɢ�ɞɢɮɮɭɡɢɢ��ɷɮɮɟɤɬɢɜɧɵɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɞɢɮɮɭɡɢɢ� ɚɛɪɚɡɢɜɫɨɞɟɪɠɚɳɢɟ�ɤɨɦɩɨɡɢɬɵ�

ȼɜɟɞɟɧɢɟ
ɉɪɢ� ɢɡɝɨɬɨɜɥɟɧɢɢ� ɚɛɪɚɡɢɜɧɨɝɨ� ɢɧɫɬɪɭɦɟɧɬɚ� ɢɡ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ� �ɋɌɆ�� ɧɚ�

ɤɟɪɚɦɢɱɟɫɤɢɯ�ɫɜɹɡɤɚɯ�ɜ�ɤɚɱɟɫɬɜɟ�ɫɜɹɡɭɸɳɟɝɨ�ɧɚɲɥɢ�ɩɪɢɦɟɧɟɧɢɟ�ɫɬɟɤɥɨɨɛɪɚɡɧɵɟ�ɦɚɬɟɪɢɚɥɵ��
ɨɛɥɚɞɚɸɳɢɟ� ɞɨɫɬɚɬɨɱɧɨɣ� ɬɜɟɪɞɨɫɬɶɸ�� ɩɪɨɱɧɨɫɬɶɸ� ɢ� ɚɞɝɟɡɢɟɣ� ɤ� ɩɨɪɨɲɤɚɦ� ɋɌɆ��
ɋɬɟɤɥɨɨɛɪɚɡɧɵɟ�ɫɜɹɡɭɸɳɢɟ�ɨɬɥɢɱɚɸɬɫɹ�ɧɟɜɵɫɨɤɨɣ�ɚɞɝɟɡɢɟɣ�ɤ�ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ�ɦɚɬɟɪɢɚɥɚɦ��



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɗɬɨ� ɩɨɡɜɨɥɹɟɬ� ɫɨɡɞɚɬɶ� ɜ� ɡɨɧɟ� ɨɛɪɚɛɨɬɤɢ� ɭɫɥɨɜɢɹ�� ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ� ɜɵɫɨɤɢɟ�
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ�ɨɛɪɚɛɨɬɤɢ�ɢ�ɤɚɱɟɫɬɜɨ�ɨɛɪɚɛɨɬɚɧɧɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�

Ɉɫɧɨɜɧɵɦ� ɬɪɟɛɨɜɚɧɢɟɦ�� ɩɪɟɞɴɹɜɥɹɟɦɵɦ� ɤ� ɫɬɟɤɥɨɨɛɪɚɡɧɵɦ� ɫɜɹɡɭɸɳɢɦ� ɞɥɹ�
ɢɡɝɨɬɨɜɥɟɧɢɹ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɧɚ� ɨɫɧɨɜɟ� ɩɨɪɨɲɤɨɜ� ɚɥɦɚɡɚ� ɢ� ɤɭɛɢɱɟɫɤɨɝɨ�
ɧɢɬɪɢɞɚ� ɛɨɪɚ� �ɫ%1��� ɹɜɥɹɟɬɫɹ�ɧɢɡɤɚɹ� ɬɟɦɩɟɪɚɬɭɪɚ� ɪɚɡɦɹɝɱɟɧɢɹ�� ɤɨɬɨɪɚɹ� ɞɨɥɠɧɚ�ɛɵɬɶ�ɧɢɠɟ�
ɩɨɪɨɝɨɜɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ� ɧɚɱɚɥɚ� ɨɤɢɫɥɟɧɢɹ� ɩɨɪɨɲɤɨɜ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� Ɍɚɤ� ɤɚɤ�
ɬɟɦɩɟɪɚɬɭɪɚ�ɨɤɢɫɥɟɧɢɹ�ɩɨɪɨɲɤɨɜ�ɋɌɆ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɡɟɪɧɢɫɬɨɫɬɢ�ɫɨɫɬɚɜɥɹɟɬ����±��� �ɋ��
ɜ� ɤɚɱɟɫɬɜɟ� ɫɬɟɤɥɨɨɛɪɚɡɧɵɯ� ɫɜɹɡɭɸɳɢɯ� ɰɟɥɟɫɨɨɛɪɚɡɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɥɟɝɤɨɩɥɚɜɤɢɟ� ɫɬɟɤɥɚ� ɫ�
ɬɟɦɩɟɪɚɬɭɪɨɣ�ɬɪɚɧɫɮɨɪɦɚɰɢɢ�ɧɢɠɟ���� �ɋ��

ɋɪɟɞɢ�ɦɧɨɝɨɨɛɪɚɡɢɹ�ɥɟɝɤɨɩɥɚɜɤɢɯ�ɫɬɟɤɨɥ�ɧɚɢɛɨɥɟɟ�ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ�ɫ�ɬɨɱɤɢ�ɡɪɟɧɢɹ�ɢɯ�
ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɜ� ɤɚɱɟɫɬɜɟ� ɨɫɧɨɜɵ� ɫɬɟɤɥɨɤɨɦɩɨɡɢɰɢɨɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ�
ɧɚɡɧɚɱɟɧɢɹ� ɦɨɝɭɬ� ɛɵɬɶ� ɫɬɟɤɥɚ� ɫɜɢɧɟɰɫɨɞɟɪɠɚɳɢɯ� ɫɢɫɬɟɦ� ɜ� ɫɦɟɫɢ� ɫɨ� ɫɬɟɤɥɚɦɢ� ɪɚɡɥɢɱɧɵɯ�
ɫɢɥɢɤɚɬɧɵɯ� ɫɢɫɬɟɦ� ɫ� ɞɨɛɚɜɤɨɣ� ɨɤɫɢɞɨɜ� ɳɟɥɨɱɧɵɯ� ɢ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɦɟɬɚɥɥɨɜ��
ɋɜɢɧɟɰɫɨɞɟɪɠɚɳɢɟ� ɫɬɟɤɥɚ� ɢɦɟɸɬ�� ɤɚɤ� ɩɪɚɜɢɥɨ�� ɧɢɡɤɭɸ� ɬɟɦɩɟɪɚɬɭɪɭ� ɪɚɡɦɹɝɱɟɧɢɹ� ɢ� ɜ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɫɨɫɬɚɜɚ� ɨɬɥɢɱɚɸɬɫɹ� ɜɵɫɨɤɨɣ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ� ɫɩɨɫɨɛɧɨɫɬɶɸ�� ɋɬɟɤɥɚ� ɜ�
ɫɢɥɢɤɚɬɧɵɯ�ɫɢɫɬɟɦɚɯ�ɧɚ�ɨɫɧɨɜɟ�ɨɤɫɢɞɨɜ�ɳɟɥɨɱɧɵɯ�ɢ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɦɟɬɚɥɥɨɜ�ɨɬɥɢɱɚɸɬɫɹ�
ɜɵɫɨɤɨɣ�ɫɦɚɱɢɜɚɸɳɟɣ�ɫɩɨɫɨɛɧɨɫɬɶɸ�ɤ�ɚɥɦɚɡɭ�ɢ�F%1�ɢ�ɯɢɦɢɱɟɫɤɢ�ɧɟ�ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ�ɫ�ɧɢɦɢ�ɜ�
ɢɧɬɟɪɜɚɥɟ�ɬɟɦɩɟɪɚɬɭɪ����±���� �ɋ�ɫ�ɜɵɞɟɥɟɧɢɟɦ�ɝɚɡɨɨɛɪɚɡɧɵɯ�ɜɟɳɟɫɬɜ�ɧɚ�ɝɪɚɧɢɰɟ�ɪɚɡɞɟɥɚ�ɮɚɡ�

ɋ� ɰɟɥɶɸ� ɩɨɥɭɱɟɧɢɹ� ɫɬɟɤɥɨɦɚɬɟɪɢɚɥɨɜ� ɫɨ� ɫɩɟɰɢɚɥɶɧɵɦɢ� ɫɜɨɣɫɬɜɚɦɢ� ɢɫɩɨɥɶɡɭɸɬ�
ɫɩɨɫɨɛ�ɫɨɟɞɢɧɟɧɢɹ�ɩɪɢ�ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ�ɫɬɟɤɨɥ�ɪɚɡɥɢɱɧɨɝɨ�ɯɢɦɢɱɟɫɤɨɝɨ�ɫɨɫɬɚɜɚ��ɜ�ɬɨɦ�ɱɢɫɥɟ�
ɢ� ɫɜɢɧɟɰɫɨɞɟɪɠɚɳɢɯ� Fɨ� ɫɬɟɤɥɚɦɢ� ɜ� ɫɢɥɢɤɚɬɧɵɯ� ɫɢɫɬɟɦɚɯ� ɧɚ� ɨɫɧɨɜɟ� ɨɤɫɢɞɨɜ� ɳɟɥɨɱɧɵɯ� ɢ�
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɦɟɬɚɥɥɨɜ�� ȼ� ɩɪɨɰɟɫɫɟ� ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ� ɛɨɥɟɟ� ɥɟɝɤɨɩɥɚɜɤɨɟ� ɫɬɟɤɥɨ�
ɪɚɫɬɜɨɪɹɟɬ� ɬɭɝɨɩɥɚɜɤɨɟ�� ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɫɦɟɫɢ� ɞɜɭɯ� ɢ� ɛɨɥɟɟ� ɫɬɟɤɨɥ� ɜ� ɪɚɡɥɢɱɧɵɯ�
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɨɤɫɢɞɧɵɯ� ɫɢɫɬɟɦɚɯ� ɫ� ɪɚɡɧɵɦɢ� ɬɟɦɩɟɪɚɬɭɪɚɦɢ� ɬɪɚɧɫɮɨɪɦɚɰɢɢ�
ɩɨɡɜɨɥɹɟɬ� ɩɨɥɭɱɚɬɶ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ� ɦɚɬɟɪɢɚɥɵ� ɫ� ɜɵɫɨɤɢɦɢ� ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ�� ɉɪɢ� ɷɬɨɦ� ɬɟɦɩɟɪɚɬɭɪɵ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɤɨɦɩɨɡɢɬɨɜ� ɧɚɦɧɨɝɨ� ɧɢɠɟ�� ɱɟɦ�
ɬɟɦɩɟɪɚɬɭɪɵ� ɞɥɹ� ɬɚɤɨɜɵɯ� ɧɚ� ɨɫɧɨɜɟ� ɱɢɫɬɵɯ� ɫɬɟɤɨɥ�� ɱɬɨ� ɫɭɳɟɫɬɜɟɧɧɨ� ɩɨɜɵɲɚɟɬ�
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ� ɢ� ɜ� ɬɨɠɟ� ɜɪɟɦɹ� ɩɨɡɜɨɥɹɟɬ� ɩɨɜɵɫɢɬɶ� ɮɢɡɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ�
ɤɨɦɩɨɡɢɬɨɜ�ɡɚ�ɫɱɟɬ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɫɬɟɤɥɨɨɫɧɨɜɵ�ɪɚɡɥɢɱɧɨɝɨ�ɯɢɦɢɱɟɫɤɨɝɨ�ɫɨɫɬɚɜɚ�>�@�

Ʉ� ɦɚɥɨɢɡɭɱɟɧɧɵɦ� ɨɬɧɨɫɹɬɫɹ� ɜɨɩɪɨɫɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɦɢɝɪɚɰɢɨɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɜ�
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɫɢɥɢɤɚɬɧɵɯ� ɫɢɫɬɟɦɚɯ� ɢ� ɜɥɢɹɧɢɟ� ɫɨɫɬɚɜɨɜ� ɫɬɟɤɨɥ� ɧɚ� ɷɬɢ� ɩɪɨɰɟɫɫɵ��
ɂɫɫɥɟɞɨɜɚɧɢɸ� ɜɥɢɹɧɢɹ� ɪɚɡɦɟɪɚ� ɢ� ɡɚɪɹɞɚ� ɳɟɥɨɱɧɵɯ� ɢ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� � ɤɚɬɢɨɧɨɜ� ɜ�
ɫɢɥɢɤɚɬɧɵɯ� ɫɬɟɤɥɚɯ� ɧɚ� ɢɯ� ɦɢɝɪɚɰɢɨɧɧɵɟ� ɫɜɨɣɫɬɜɚ� ɩɨɫɜɹɳɟɧɨ� ɫɪɚɜɧɢɬɟɥɶɧɨ� ɧɟɛɨɥɶɲɨɟ�
ɤɨɥɢɱɟɫɬɜɨ�ɪɚɛɨɬ� >�±�@��ɞɚ�ɢ�ɜ� ɬɟɯ�ɢɧɬɟɪɩɪɟɬɚɰɢɹ�ɪɟɡɭɥɶɬɚɬɨɜ�ɞɚɧɚ�ɛɟɡ ɞɟɬɚɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�
ɜɥɢɹɧɢɹ�ɩɪɢɪɨɞɵ�ɤɚɬɢɨɧɚ�ɧɚ�ɞɢɮɮɭɡɢɨɧɧɵɟ�ɩɪɨɰɟɫɫɵ��

Ɂɚɞɚɱɚ� ɧɚɫɬɨɹɳɟɝɨ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɫɨɫɬɨɹɥɚ� ɜ� ɢɡɭɱɟɧɢɢ� ɞɢɮɮɭɡɢɢ� ɳɟɥɨɱɧɵɯ� ɢ�
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɢɨɧɨɜ� /L��� 1D��� .��� &V��� &D���� %D���� 0J�� ɜ� ɫɜɢɧɰɨɜɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ
ɫɬɟɤɥɨ��ɋɨɫɬɚɜɵ�ɫɬɟɤɨɥ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥ�����

Ɍɚɛɥɢɰɚ��� ɋɨɫɬɚɜɵ�ɢɫɫɥɟɞɭɟɦɵɯ�ɫɬɟɤɨɥ

ɇɨɦɟɪ
ɫɬɟɤɥɚ

ɋɨɫɬɚɜ�ɫɬɟɤɥɚ�����ɦɨɥ��
1D�2 /L�2 .�2 &V�2 &D2 %�2� 6L2� 3E2 =Q2 0J2 %D2 7L2�

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



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

���

� �� ± ± ± ± �� �� ± ± � ± ±
� �� ± ± ± ± �� �� ± ± ± � ±
� ± ± ± ± ± �� � �� �� ± ± ±
ɂɡɭɱɟɧɢɟ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ� ɞɢɮɮɭɡɢɢ� ɢɨɧɨɜ� ɩɨɦɨɝɭɬ� ɩɪɢ� ɪɟɲɟɧɢɢ� ɦɧɨɝɢɯ�

ɩɪɚɤɬɢɱɟɫɤɢɯ� ɡɚɞɚɱ�� ɫɜɹɡɚɧɧɵɯ� ɫ� ɫɨɡɞɚɧɢɟɦ� ɧɨɜɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɫ� ɡɚɞɚɧɧɵɦɢ� ɫɜɨɣɫɬɜɚɦɢ��
ɬɚɤ ɤɚɤ�ɦɧɨɝɢɟ�ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɟ�ɩɪɨɰɟɫɫɵ��ɚ�ɬɚɤɠɟ�ɫɜɨɣɫɬɜɚ�ɨɤɫɢɞɧɵɯ�ɫɬɟɤɨɥ�ɢ�ɪɚɫɩɥɚɜɨɜ�
ɨɩɪɟɞɟɥɹɸɬɫɹ�ɞɢɮɮɭɡɢɨɧɧɨɣ�ɩɨɞɜɢɠɧɨɫɬɶɸ�ɤɚɬɢɨɧɨɜ�ɥɢɛɨ�ɚɧɢɨɧɧɵɯ�ɝɪɭɩɩ��

Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɢ�ɢɯ�ɨɛɫɭɠɞɟɧɢɟ
Ȼɨɥɶɲɢɧɫɬɜɨ� ɫɬɟɤɨɥ�� ɤɨɬɨɪɵɟ� ɧɚɯɨɞɹɬ� ɩɪɚɤɬɢɱɟɫɤɨɟ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɹɜɥɹɸɬɫɹ�

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦɢ�� Ɉɞɧɚɤɨ� ɞɨ� ɧɚɫɬɨɹɳɟɝɨ� ɜɪɟɦɟɧɢ� ɦɟɬɨɞɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ�
ɢɫɫɥɟɞɨɜɚɧɢɹ� ɞɢɮɮɭɡɢɨɧɧɵɯ� �ɦɢɝɪɚɰɢɨɧɧɵɯ�� ɩɪɨɰɟɫɫɨɜ�� ɚ� ɬɚɤɠɟ� ɤɨɧɤɪɟɬɧɵɟ�
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ�ɪɚɫɱɟɬɧɵɟ�ɦɟɬɨɞɵ�ɞɥɹ�ɧɢɯ��ɨɫɬɚɸɬɫɹ�ɧɟ�ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ�

Ⱦɥɹ� ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɫɬɟɤɨɥ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɞɢɮɮɭɡɢɢ� ɨɩɪɟɞɟɥɹɥɢ� ɢɡ� ɪɟɲɟɧɢɹ�
ɧɚɱɚɥɶɧɨ�ɤɪɚɟɜɨɣ�ɡɚɞɚɱɢ�ɞɥɹ�ɜɬɨɪɨɝɨ� ɡɚɤɨɧɚ�Ɏɢɤɚ��ɜɵɪɚɠɚɸɳɟɝɨ�ɢɡɦɟɧɟɧɢɟ�ɤɨɧɰɟɧɬɪɚɰɢɢ�
ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ�ɜɟɳɟɫɬɜɚ�ɜɨ�ɜɪɟɦɟɧɢ�ɫ�ɟɟ�ɢɡɦɟɧɟɧɢɟɦ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɟ��Ⱦɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�
ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ɜ� ɜɵɪɚɠɟɧɢɢ� ɩɨɬɨɤɚ� ɦɚɫɫɵ� �ɤɨɧɰɟɧɬɪɚɰɢɢ�� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɦɟɬɨɞ�
ɫɨɩɪɹɠɟɧɧɵɯ� ɝɪɚɞɢɟɧɬɨɜ� ɫ� ɤɨɧɟɱɧɨ� ɪɚɡɧɨɫɬɧɨɣ� ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ� ɝɪɚɞɢɟɧɬɚ�� ɗɮɮɟɤɬɢɜɧɵɟ�
ɤɨɷɮɮɢɰɢɟɧɬɵ� ɞɢɮɮɭɡɢɢ� ɩɪɢɜɟɞɟɧɵ� ɜ� ɬɚɛɥ�� �� ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ� ɜɟɪɨɹɬɧɨɫɬɶɸ� ��� ��
ɨɬɧɨɫɢɬɟɥɶɧɚɹ�ɨɲɢɛɤɚ�ɧɟ�ɩɪɟɜɵɲɚɥɚ��� ��

Ɍɚɛɥɢɰɚ� �� ɗɮɮɟɤɬɢɜɧɵɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɞɢɮɮɭɡɢɢ� �'ɷɮ�� ɫɦ��ɫ� ɜ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɚɪɟ�
ɳɟɥɨɱɧɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ±ɫɜɢɧɰɨɜɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ� ɫɬɟɤɥɨ� ɩɪɢ� ɪɚɡɥɢɱɧɵɯ�
ɬɟɦɩɟɪɚɬɭɪɚɯ�ɞɢɮɮɭɡɢɨɧɧɨɝɨ�ɨɬɠɢɝɚ

Ɍ� qɋ 1D� .� &V� 0J�� &D�� %D��

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

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

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

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

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

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

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

Ⱦɥɹ�ɨɩɢɫɚɧɢɹ�ɬɟɦɩɟɪɚɬɭɪɧɨɣ�ɡɚɜɢɫɢɦɨɫɬɢ�ɤɢɧɟɬɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ� ± ɫɚɦɨɞɢɮɮɭɡɢɢ��
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ��ɜɧɭɬɪɟɧɧɟɝɨ�ɬɪɟɧɢɹ��ɜɹɡɤɨɝɨ�ɬɟɱɟɧɢɹ�� ɫɤɨɪɨɫɬɢ�ɯɢɦɢɱɟɫɤɢɯ�ɪɟɚɤɰɢɣ�ɢ�

ɞɪɭɝɢɯ� ± ɨɛɵɱɧɨ� ɢɫɩɨɥɶɡɭɸɬ� ɭɪɚɜɧɟɧɢɟ� Ⱥɪɪɟɧɢɭɫɚ� �H[S��
57

(
''

'
� �� ɨɩɢɫɵɜɚɸɳɟɟ�

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɧɚɛɥɸɞɚɟɦɭɸ� ɥɢɧɟɣɧɭɸ� ɡɚɜɢɫɢɦɨɫɬɶ� ɦɟɠɞɭ� ɥɨɝɚɪɢɮɦɨɦ� ɢɫɫɥɟɞɭɟɦɨɝɨ�
ɫɜɨɣɫɬɜɚ� ɢ� ɨɛɪɚɬɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɨɣ�� ɉɚɪɚɦɟɬɪɵ� ɬɟɦɩɟɪɚɬɭɪɧɨɣ� ɡɚɜɢɫɢɦɨɫɬɢ�
�ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ� ɦɧɨɠɢɬɟɥɶ� 'ɨ ɢ� ɷɧɟɪɝɢɹ� ɚɤɬɢɜɚɰɢɢ� ¨ȿ�� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɩɪɢɪɨɞɨɣ�
ɦɢɝɪɢɪɭɸɳɢɯ�ɤɚɬɢɨɧɨɜ�ɢ�ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɦɢ� ɫɜɨɣɫɬɜɚɦɢ� ɜɟɳɟɫɬɜɚ� >�±�@��Ⱦɥɹ�ɩɪɨɰɟɫɫɨɜ�
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ� ɞɢɮɮɭɡɢɢ� ɜɟɥɢɱɢɧɵ� ¨ȿ� ɢ�'ɨ ɮɢɡɢɱɟɫɤɨɝɨ� ɫɦɵɫɥɚ� ɧɟ� ɢɦɟɸɬ� ɢ� ɦɨɝɭɬ�
ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ�ɬɨɥɶɤɨ�ɤɚɤ�ɮɨɪɦɚɥɶɧɵɟ�ɩɚɪɚɦɟɬɪɵ�ɬɟɦɩɟɪɚɬɭɪɧɨɣ�ɡɚɜɢɫɢɦɨɫɬɢ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

Ʉɨɷɮɮɢɰɢɟɧɬɵ� ɜɡɚɢɦɨɞɢɮɮɭɡɢɢ� ɹɜɥɹɸɬɫɹ� ɫɥɨɠɧɵɦɢ� ɮɭɧɤɰɢɹɦɢ� ɤɢɧɟɬɢɱɟɫɤɢɯ� ɢ�
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ� ɫɢɫɬɟɦɵ� ɢ� � ɡɚɜɢɫɹɬ� ɨɬ� ɫɨɫɬɚɜɚ�
ɫɢɥɢɤɚɬɧɨɝɨ� ɪɚɫɩɥɚɜɚ�� ɂɡɦɟɧɟɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɧɟɨɞɢɧɚɤɨɜɨ� ɜɥɢɹɟɬ� ɧɚ� ɜɟɥɢɱɢɧɭ� ɷɬɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɢ� ɚɪɪɟɧɢɭɫɨɜɫɤɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɞɥɹ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ɜɡɚɢɦɧɨɣ� ɞɢɮɮɭɡɢɢ� ɜ�
ɨɛɳɟɦ� ɫɥɭɱɚɟ� ɜɵɩɨɥɧɹɬɶɫɹ� ɧɟ� ɞɨɥɠɧɚ�� ɚ� ɷɧɟɪɝɢɹ� ɚɤɬɢɜɚɰɢɢ� ɜɡɚɢɦɨɞɢɮɮɭɡɢɢ��

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɨɩɪɟɞɟɥɹɟɦɚɹ� ɤɚɤ�
����

OQ

7G

'G
5( � ' ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ� ɧɟ� ɬɨɥɶɤɨ� ɨɬ�

ɤɨɧɰɟɧɬɪɚɰɢɢ��ɧɨ�ɢ�ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ�
Ɉɞɧɚɤɨ� ɜ� ɢɫɫɥɟɞɨɜɚɧɧɨɦ� ɢɧɬɟɪɜɚɥɟ� ɬɟɦɩɟɪɚɬɭɪ� ɞɥɹ� ɜɫɟɯ� ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɫɬɟɤɨɥ� ɩɪɢ�

ɮɢɤɫɢɪɨɜɚɧɧɨɣ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɜɟɥɢɱɢɧɚ� OQ� ' ɹɜɥɹɟɬɫɹ� ɥɢɧɟɣɧɨɣ� ɮɭɧɤɰɢɟɣ� ��Ɍ�� ɗɬɨ�
ɢɥɥɸɫɬɪɢɪɭɟɬ� ɪɢɫ�� ��� ɝɞɟ� ɩɪɢɜɟɞɟɧɚ� ɡɚɜɢɫɢɦɨɫɬɶ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɨɞɜɢɠɧɨɫɬɢ� �OJ� '��
ɳɟɥɨɱɧɵɯ�ɢ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɤɚɬɢɨɧɨɜ�ɨɬ�ɨɛɪɚɬɧɨɣ�ɬɟɦɩɟɪɚɬɭɪɵ�ɞɥɹ�ɳɟɥɨɱɧɨɫɢɥɢɤɚɬɧɵɯ�
ɫɬɟɤɨɥ�ɜ�ɢɧɬɟɪɜɚɥɟ�ɬɟɦɩɟɪɚɬɭɪ����±��� qɋ�

Ɋɢɫ�� ��� Ɍɟɦɩɟɪɚɬɭɪɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɷɮɮɟɤɬɢɜɧɵɯ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ɞɢɮɮɭɡɢɢ� ɪɚɡɥɢɱɧɵɯ�
ɤɚɬɢɨɧɨɜ�ɜ�ɪɚɫɩɥɚɜɟ�ɫɬɟɤɥɚ�ɫɢɫɬɟɦɵ�3E2±=Q2±%�2�±6L2�

ȼ�ɢɧɬɟɪɜɚɥɟ�ɬɟɦɩɟɪɚɬɭɪ����±��� qɋ�ɡɚɜɢɫɢɦɨɫɬɶ�OJ�'�ɳɟɥɨɱɧɵɯ�ɢ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�
ɤɚɬɢɨɧɨɜ� ɨɬ� ɨɛɪɚɬɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ� ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ� ɨɩɢɫɵɜɚɟɬɫɹ� ɭɪɚɜɧɟɧɢɟɦ�
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�� ɝɞɟ� '� ± ɤɨɷɮɮɢɰɢɟɧɬ� ɞɢɮɮɭɡɢɢ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� 7� .�� 'ɨ� ±
ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ� ɦɧɨɠɢɬɟɥɶ�� (ɞɢɮɮ�� ± ɷɧɟɪɝɢɹ� ɚɤɬɢɜɚɰɢɢ� ɞɢɮɮɭɡɢɢ�� 5� ± ɝɚɡɨɜɚɹ�
ɩɨɫɬɨɹɧɧɚɹ��

Ɍɚɤ� ɤɚɤ� ɨɩɵɬɧɵɦ� ɩɭɬɟɦ� ɨɩɪɟɞɟɥɟɧɵ� ɡɧɚɱɟɧɢɹ� ɷɮɮɟɤɬɢɜɧɵɯ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ�
ɞɢɮɮɭɡɢɢ� ɩɪɢ� ɫɟɦɢ� ɪɚɡɥɢɱɧɵɯ� ɬɟɦɩɟɪɚɬɭɪɚɯ�� ɦɨɠɧɨ� ɫɨɫɬɚɜɢɬɶ� ɫɟɦɶ� ɭɫɥɨɜɧɵɯ� ɭɪɚɜɧɟɧɢɣ��
ɗɬɚ� ɫɢɫɬɟɦɚ� ɭɪɚɜɧɟɧɢɣ� ɩɪɢɜɨɞɢɬɫɹ� ɤ� ɞɜɭɦ� ɧɨɪɦɚɥɶɧɵɦ� ɭɪɚɜɧɟɧɢɹɦ� ɨɬɧɨɫɢɬɟɥɶɧɨ�



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

���

ɧɟɢɡɜɟɫɬɧɵɯ� OJ� 'ɨ� ɢ� (ɞɢɮɮ�� Ɋɟɲɚɹ� ɷɬɢ� ɭɪɚɜɧɟɧɢɹ�� ɩɨɥɭɱɢɥɢ� ɩɚɪɚɦɟɬɪɵ� ɬɟɦɩɟɪɚɬɭɪɧɨɣ�
ɡɚɜɢɫɢɦɨɫɬɢ�ɤɨɷɮɮɢɰɢɟɧɬɨɜ�ɞɢɮɮɭɡɢɢ��ɤɨɬɨɪɵɟ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥ����
Ɍɚɛɥɢɰɚ��� Ⱦɢɮɮɭɡɢɹ�ɳɟɥɨɱɧɵɯ ɢ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɤɚɬɢɨɧɨɜ�ɜ�ɞɢɮɮɭɡɢɨɧɧɨɣ�ɩɚɪɟ�

ɳɟɥɨɱɧɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ±ɫɜɢɧɰɨɜɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ� ɫɬɟɤɥɨ� ɜ� ɢɧɬɟɪɜɚɥɟ�
ɬɟɦɩɟɪɚɬɭɪ����±��� ɋ

Ʉɚɬɢɨɧ ± OJ�'ɨ��ɫɦ��ɫ (ɞɢɮɮ��ɤȾɠ�ɦɨɥɶ
1D� ��� �����
.� ��� �����
&V� ���� �����
0J�� ���� �����
&D�� ����� �����
%D�� ����� �����

ɇɚ� ɪɢɫ�� �� ɩɪɢɜɟɞɟɧɵ� ɡɚɜɢɫɢɦɨɫɬɢ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɨɞɜɢɠɧɨɫɬɢ ɳɟɥɨɱɧɵɯ� ɢ�
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɤɚɬɢɨɧɨɜ�ɳɟɥɨɱɧɨɫɢɥɢɤɚɬɧɵɯ� ɫɬɟɤɨɥ� ɜ� ɪɚɫɩɥɚɜɟ� ɫɬɟɤɥɚ� ɫɢɫɬɟɦɵ� 3E2±
=Q2±%�2�±6L2� ɨɬ�ɜɟɥɢɱɢɧɵ�ɢɨɧɧɨɝɨ�ɪɚɞɢɭɫɚ�ɤɚɬɢɨɧɨɜ�ɩɪɢ ��� qɋ��

Ɋɢɫ�� ��� Ɂɚɜɢɫɢɦɨɫɬɶ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɨɞɜɢɠɧɨɫɬɢ� ɳɟɥɨɱɧɵɯ� ���� ɢ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ����
ɤɚɬɢɨɧɨɜ�ɜ�ɪɚɫɩɥɚɜɟ�ɫɬɟɤɥɚ�ɫɢɫɬɟɦɵ�3E2±=Q2±%�2�±6L2� ɨɬ�ɜɟɥɢɱɢɧɵ�ɢɯ�ɢɨɧɧɨɝɨ�ɪɚɞɢɭɫɚ�
ɩɪɢ ��� qɋ��
�ɢ�ɲɬɪɢɯɨɜɵɟ�ɥɢɧɢɢ�± ɞɚɧɧɵɟ�ɥɢɬɟɪɚɬɭɪɧɵɯ�ɢɫɬɨɱɧɢɤɨɜ�

ɇɚɢɛɨɥɶɲɟɣ�ɞɢɮɮɭɡɢɨɧɧɨɣ�ɩɨɞɜɢɠɧɨɫɬɶɸ�ɨɛɥɚɞɚɸɬ�ɢɨɧɵ�ɧɚɬɪɢɹ��ɜɯɨɞɹɳɢɟ�ɜ�ɫɨɫɬɚɜ�
ɳɟɥɨɱɧɨɫɢɥɢɤɚɬɧɨɝɨ�ɫɬɟɤɥɚ��ɉɨɞɜɢɠɧɨɫɬɶ�ɳɟɥɨɱɧɵɯ�ɤɚɬɢɨɧɨɜ�ɫ�ɛɨɥɶɲɢɦ�ɪɚɞɢɭɫɨɦ��ɤɚɥɢɹ�
ɢ�ɰɟɡɢɹ��ɪɟɡɤɨ�ɭɦɟɧɶɲɚɟɬɫɹ�ɩɪɢ�ɭɜɟɥɢɱɟɧɢɢ�ɢɯ�ɢɨɧɧɨɝɨ�ɪɚɞɢɭɫɚ��ɚ�ɤɨɷɮɮɢɰɢɟɧɬɵ�ɞɢɮɮɭɡɢɢ�
ɰɟɡɢɹ�ɜ�ɢɧɬɟɪɜɚɥɟ�ɬɟɦɩɟɪɚɬɭɪ����±��� qɋ ɧɚ�ɬɪɢ�ɱɟɬɵɪɟ�ɩɨɪɹɞɤɚ�ɦɟɧɶɲɟ��ɱɟɦ�'1D �ɫɦ��ɬɚɛɥ��
����Ⱦɢɮɮɭɡɢɹ�ɢɨɧɨɜ�/L� ɢ�5E� ɧɚɦɢ�ɧɟ�ɢɫɫɥɟɞɨɜɚɥɚɫɶ��ɧɨ�ɞɚɧɧɵɟ�ɥɢɬɟɪɚɬɭɪɧɵɯ�ɢɫɬɨɱɧɢɤɨɜ�
>�@�� ɝɞɟ� ɩɪɢɜɟɞɟɧɵ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɞɢɮɮɭɡɢɢ� ɤɚɬɢɨɧɨɜ� /L� ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɬɟɦɩɟɪɚɬɭɪɚɯ� ɜ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɥɢɬɢɟɜɨɫɢɥɢɤɚɬɧɨɦ� ɫɬɟɤɥɟ� ɢ� >�@�� ɝɞɟ� ɨɩɪɟɞɟɥɟɧɵ� ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ 1D� ɢ 5E� ɜ
ɫɬɟɤɥɚɯ ɫɢɫɬɟɦɵ� �,±;�1D�2±;5E�2±�6L2� ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ� ɜɩɢɫɵɜɚɸɬɫɹ� ɜ� ɡɚɜɢɫɢɦɨɫɬɶ�
ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɨɞɜɢɠɧɨɫɬɢ�� ɩɪɢɜɟɞɟɧɧɭɸ� ɧɚ� ɪɢɫ�� �� ɢ� ɢɦɟɸɬ� ɬɭ� ɠɟ� ɬɟɧɞɟɧɰɢɸ�� ɱɬɨ� ɢ�
ɢɫɫɥɟɞɨɜɚɧɧɵɟ� ɧɚɦɢ� ɳɟɥɨɱɧɵɟ� ɤɚɬɢɨɧɵ�� ɬ� ɟ�� ɩɪɢ� ɭɜɟɥɢɱɟɧɢɢ� ɢɨɧɧɨɝɨ� ɪɚɞɢɭɫɚ�
ɞɢɮɮɭɡɢɨɧɧɚɹ�ɩɨɞɜɢɠɧɨɫɬɶ�ɤɚɬɢɨɧɚ�ɭɦɟɧɶɲɚɟɬɫɹ�

ɋ� ɩɨɜɵɲɟɧɢɟɦ� ɬɟɦɩɟɪɚɬɭɪɵ� ɞɨ� ��� qɋ� ɪɚɡɥɢɱɢɟ� ɜ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɨɞɜɢɠɧɨɫɬɢ�
ɧɟɫɤɨɥɶɤɨ�ɭɦɟɧɶɲɚɟɬɫɹ��ɨɞɧɚɤɨ�ɜɨ�ɜɫɟɦ�ɢɫɫɥɟɞɨɜɚɧɧɨɦ�ɢɧɬɟɪɜɚɥɟ�ɬɟɦɩɟɪɚɬɭɪ� ����±��� qɋ��
'/L� ! '1D�! '. ! '5E ! '&V�� ɏɚɪɚɤɬɟɪ� ɡɚɜɢɫɢɦɨɫɬɢ� ɞɥɹ� ɜɫɟɯ� ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɫɬɟɤɨɥ� ɢɦɟɟɬ�
ɨɞɢɧɚɤɨɜɵɟ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ�� ɱɬɨ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨ� ɬɨɦ�� ɱɬɨ� ɦɟɯɚɧɢɡɦ� ɞɢɮɮɭɡɢɢ�
ɨɞɢɧɚɤɨɜɵɣ� ɜɨ� ɜɫɟɯ� ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ� ɫɥɭɱɚɹɯ� ɢ� ɫɜɹɡɚɧ� ɫ� ɨɫɨɛɟɧɧɨɫɬɹɦɢ� ɫɬɪɨɟɧɢɹ�
ɩɨɜɟɪɯɧɨɫɬɧɵɯ�ɫɥɨɟɜ�ɫɬɟɤɥɚ�

Ɂɚɜɢɫɢɦɨɫɬɶ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɨɞɜɢɠɧɨɫɬɢ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɤɚɬɢɨɧɨɜ� ɨɬ� ɪɚɡɦɟɪɚ�
ɤɚɬɢɨɧɚ� ɢɦɟɟɬ� ɞɪɭɝɨɣ� ɯɚɪɚɤɬɟɪ�� Ⱦɢɮɮɭɡɢɨɧɧɚɹ� ɩɨɞɜɢɠɧɨɫɬɶ� &D�� ɢ� %D�� ɦɟɧɹɟɬɫɹ�
ɧɟɡɧɚɱɢɬɟɥɶɧɨ�ɢ�ɛɥɢɡɤɚ�ɤ�ɩɨɞɜɢɠɧɨɫɬɢ�ɰɟɡɢɹ��ȼ�ɷɬɨɣ�ɠɟ�ɨɛɥɚɫɬɢ�ɧɚɯɨɞɢɬɫɹ�ɢ�ɫɬɪɨɧɰɢɣ�>��@��
ɂɡ� ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɫɬɟɤɨɥ� ɦɢɧɢɦɚɥɶɧɚɹ� ɫɤɨɪɨɫɬɶ� ɞɢɮɮɭɡɢɢ ɨɬɦɟɱɟɧɚ� ɭ� ɤɚɬɢɨɧɨɜ� 0J����
ɤɨɬɨɪɵɣ�ɢɦɟɟɬ�ɦɟɧɶɲɢɣ�ɢɨɧɧɵɣ�ɪɚɞɢɭɫ� �ɢɨɧɧɵɣ�ɪɚɞɢɭɫ� ɭɦɟɧɶɲɚɟɬɫɹ� ɜ� ɪɹɞɭ�%D��ĺ6U��ĺ�
&D��ĺ0J��ĺ%H����� Ʉɚɬɢɨɧ� ɛɟɪɢɥɥɢɹ� ɢɦɟɟɬ� ɧɚɢɦɟɧɶɲɢɣ� ɪɚɡɦɟɪ� ɢ� ɟɝɨ� ɞɢɮɮɭɡɢɨɧɧɚɹ�
ɩɨɞɜɢɠɧɨɫɬɶ��ɫɭɞɹ�ɩɨ�>�����@�ɦɟɧɶɲɟ��ɱɟɦ�ɭ�ɦɚɝɧɢɹ�

ɂɡ� ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ� ɫɥɟɞɭɟɬ�� ɱɬɨ� ɤɨɷɮɮɢɰɢɟɧɬ� ɞɢɮɮɭɡɢɢ� ɳɟɥɨɱɧɵɯ� ɢ�
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɤɚɬɢɨɧɨɜ�ɜ�ɩɚɪɟ�ɳɟɥɨɱɧɨɫɢɥɢɤɚɬɧɨɟ± ɫɜɢɧɰɨɜɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ ɫɬɟɤɥɨ�ɧɟ�
ɹɜɥɹɟɬɫɹ�ɨɞɧɨɡɧɚɱɧɨɣ�ɮɭɧɤɰɢɟɣ�ɢɨɧɧɨɝɨ�ɪɚɞɢɭɫɚ�ɳɟɥɨɱɧɵɯ�ɢ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɤɚɬɢɨɧɨɜ��
ɚ�ɡɚɜɢɫɢɬ�ɨɬ�ɦɧɨɠɟɫɬɜɚ�ɮɚɤɬɨɪɨɜ��ɜ�ɬ� ɱ��ɫɬɪɭɤɬɭɪɧɵɯ��ɯɢɦɢɱɟɫɤɢɯ��ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�

Ɉɬɦɟɱɟɧɧɵɟ�ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ�ɩɨ�ɜɥɢɹɧɢɸ�ɜɟɥɢɱɢɧɵ�ɢɨɧɧɨɝɨ�ɪɚɞɢɭɫɚ�ɤɚɬɢɨɧɚ�ɧɚ�ɟɝɨ�
ɞɢɮɮɭɡɢɨɧɧɭɸ�ɩɨɞɜɢɠɧɨɫɬɶ�ɫɯɨɠɢ�ɟɳɟ�ɫ�ɨɞɧɢɦ�ɫɜɨɣɫɬɜɨɦ�ɫɬɟɤɥɚ��ɡɚɜɢɫɹɳɢɦ�ɨɬ�ɫɬɪɭɤɬɭɪɵ�
± ɫɦɚɱɢɜɚɧɢɟɦ� ɪɚɡɥɢɱɧɵɯ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɪɚɫɩɥɚɜɚɦɢ� ɫɬɟɤɨɥ�� Ⱦɥɹ� ɳɟɥɨɱɧɵɯ� ɤɚɬɢɨɧɨɜ� ɫ�
ɭɜɟɥɢɱɟɧɢɟɦ�ɢɯ�ɪɚɞɢɭɫɚ�ɭɦɟɧɶɲɚɟɬɫɹ�ɩɨɞɜɢɠɧɨɫɬɶ�ɢ�ɡɧɚɱɢɬɟɥɶɧɨ�ɭɯɭɞɲɚɟɬɫɹ�ɫɦɚɱɢɜɚɸɳɚɹ�
ɫɩɨɫɨɛɧɨɫɬɶ�� ɬ�� ɟ�� ɱɟɦ� ɛɨɥɶɲɟ� ɪɚɞɢɭɫ� ɜɜɨɞɢɦɨɝɨ� ɢɨɧɚ�� ɬɟɦ� ɫɦɚɱɢɜɚɧɢɟ� ɯɭɠɟ�� ɂɫɤɥɸɱɟɧɢɟ�
ɫɨɫɬɚɜɥɹɸɬ�ɬɨɥɶɤɨ�ɥɢɬɢɟɜɵɟ�ɪɚɫɩɥɚɜɵ��ɋɥɟɞɨɜɚɥɨ�ɨɠɢɞɚɬɶ��ɱɬɨ�ɥɢɬɢɟɜɵɟ�ɪɚɫɩɥɚɜɵ�ɞɨɥɠɧɵ�
ɥɭɱɲɟ�ɫɦɚɱɢɜɚɬɶ�ɩɨɜɟɪɯɧɨɫɬɢ��ɱɟɦ�ɧɚɬɪɢɟɜɵɟ��ɬɚɤ�ɤɚɤ�ɪɚɞɢɭɫ�ɢɨɧɚ�ɥɢɬɢɹ�ɦɟɧɶɲɟ��ɱɟɦ�ɢɨɧɚ�
ɧɚɬɪɢɹ��Ɉɞɧɚɤɨ�ɩɪɢ�ɫɦɚɱɢɜɚɧɢɢ�ɥɢɬɢɟɜɵɦ�ɫɬɟɤɥɨɦ�ɧɚɛɥɸɞɚɟɬɫɹ�ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ�ɪɚɫɩɥɚɜɚ��ɢ�
ɫɦɚɱɢɜɚɧɢɟ�ɭɯɭɞɲɚɟɬɫɹ�>��@�

ɋɦɚɱɢɜɚɧɢɟ�ɪɚɡɥɢɱɧɵɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ�ɩɪɢ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ�ɢɫɩɨɥɶɡɨɜɚɧɢɢ�ɜ�ɫɬɟɤɥɚɯ�
ɨɤɫɢɞɨɜ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɦɟɬɚɥɥɨɜ� ɜ� ɷɤɜɢɦɨɥɹɪɧɵɯ� ɤɨɥɢɱɟɫɬɜɚɯ� ɬɚɤɠɟ� ɡɚɜɢɫɢɬ� ɨɬ�
ɜɟɥɢɱɢɧɵ� ɢɨɧɧɨɝɨ� ɪɚɞɢɭɫɚ� ɤɚɬɢɨɧɚ�� ɬ� ɟ�� ɫ� ɜɨɡɪɚɫɬɚɧɢɟɦ� ɢɨɧɧɨɝɨ� ɪɚɞɢɭɫɚ� ɫɦɚɱɢɜɚɧɢɟ�
ɭɥɭɱɲɚɟɬɫɹ�ɜ�ɪɹɞɭ�0J�� ĺ�&D�� ĺ�%D��� ɢ�=Q���ĺ�&G����ȼ�ɬɚɤɨɦ�ɠɟ�ɩɨɪɹɞɤɟ�ɭɜɟɥɢɱɢɜɚɟɬɫɹ�ɢ�
ɩɨɞɜɢɠɧɨɫɬɶ�ɤɚɬɢɨɧɨɜ�

ɋɨɩɨɫɬɚɜɥɟɧɢɟ� ɞɢɮɮɭɡɢɨɧɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɳɟɥɨɱɧɵɯ� ɢ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�
ɤɚɬɢɨɧɨɜ�ɜ�ɞɢɮɮɭɡɢɨɧɧɨɣ�ɩɚɪɟ�ɳɟɥɨɱɧɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ± ɫɜɢɧɰɨɜɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ�ɫɬɟɤɥɨ�ɫ�
ɢɨɧɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ�ɤɚɬɢɨɧɚ�=�5��ɝɞɟ�= ± ɡɚɪɹɞ�ɢɨɧɚ��5 ± ɟɝɨ�ɪɚɞɢɭɫ��ɩɪɢɜɟɞɟɧɨ�ɜ�ɬɚɛɥ����

ɋ�ɩɨɜɵɲɟɧɢɟɦ�ɬɟɦɩɟɪɚɬɭɪɵ�ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ�ɞɨ���� �ɋ�ɷɧɟɪɝɢɹ�ɚɤɬɢɜɚɰɢɢ�ɞɢɮɮɭɡɢɢ�
ɭɦɟɧɶɲɚɟɬɫɹ� ɡɚ� ɫɱɟɬ� ɩɨɜɵɲɟɧɢɹ� ɪɚɡɧɢɰɵ� ɦɨɥɶɧɵɯ� ɨɛɴɟɦɨɜ� ɡɚɦɟɳɚɸɳɢɯɫɹ� ɤɨɦɩɨɧɟɧɬɨɜ�
ɫɬɟɤɨɥ�� ɩɪɢɱɟɦ� ɷɧɟɪɝɢɹ� ɚɤɬɢɜɚɰɢɢ� ɞɢɮɮɭɡɢɢ� ɜ� ɩɪɟɞɟɥɚɯ� ���±��� qɋ� ɜ� a���±���� ɪɚɡɚ� ɜɵɲɟ�
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɚɤɬɢɜɚɰɢɢ�ɧɚ�ɭɱɚɫɬɤɟ����±��� qɋ��ɫɦ��ɬɚɛɥ����ɢ����

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɬɚɛɥ�� �� � ɞɥɹ� ɨɞɧɨɡɚɪɹɞɧɵɯ� ɳɟɥɨɱɧɵɯ� ɢɨɧɨɜ� ɫ� ɭɦɟɧɶɲɟɧɢɟɦ� ɢɨɧɧɨɝɨ�
ɩɨɬɟɧɰɢɚɥɚ� ɤɚɬɢɨɧɚ� ɩɪɨɢɫɯɨɞɢɬ� ɦɨɧɨɬɨɧɧɨɟ� ɭɦɟɧɶɲɟɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɞɢɮɮɭɡɢɢ� ɢ
ɭɜɟɥɢɱɟɧɢɟ�ɷɧɟɪɝɢɢ�ɚɤɬɢɜɚɰɢɢ�ɞɢɮɮɭɡɢɢ��Ⱦɜɭɯɡɚɪɹɞɧɵɟ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɟ�ɤɚɬɢɨɧɵ�ɦɨɠɧɨ�



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

���

ɪɚɡɞɟɥɢɬɶ� ɧɚ� ɞɜɟ� ɝɪɭɩɩɵ�� ɜ� ɤɨɬɨɪɵɯ� ɤɨɷɮɮɢɰɢɟɧɬ� ɞɢɮɮɭɡɢɢ� ɩɪɚɤɬɢɱɟɫɤɢ� ɩɨɫɬɨɹɧɧɵɣ��
ɩɟɪɜɚɹ�ɝɪɭɩɩɚ�± %D����6U����&D�� ɢ�ɜɬɨɪɚɹ�±0J����%H���

Ɍɚɛɥɢɰɚ ��ɉɚɪɚɦɟɬɪɵ� ɞɢɮɮɭɡɢɢ� ɳɟɥɨɱɧɵɯ� ɢ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɤɚɬɢɨɧɨɜ� ɜ�
ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɚɪɟ� ɳɟɥɨɱɧɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ±ɫɜɢɧɰɨɜɨɛɨɪɨɫɢɥɢɤɚɬɧɨɟ�
ɫɬɟɤɥɨ�ɜ�ɢɧɬɟɪɜɚɥɟ�ɬɟɦɩɟɪɚɬɭɪ����±��� ɋ

Ʉɚɬɢɨɧ ɂɨɧɧɵɣ�ɩɨɬɟɧɰɢɚɥ�
ɤɚɬɢɨɧɚ��=�5

'��� qɋ��ɫɦ��ɫ ɗɧɟɪɝɢɹ�ɚɤɬɢɜɚɰɢɢ� (ɞɢɮɮ��
ɤȾɠ�ɦɨɥɶ

/L� ���� �������±� >�@ ±
1D� ���� �������±� �����
.� ���� �������±� �����
5E� ���� �������±� >�@ ±
&V� ���� �������±�� �����
%D�� ���� �������±�� ������
6U�� ���� �������±�� >��@ ±
&D�� ���� �������±�� ������
0J�� ���� �������±�� �����
%H�� ���� �������±�� >��@ ±

Ɂɚɜɢɫɢɦɨɫɬɶ�ɷɧɟɪɝɢɢ�ɚɤɬɢɜɚɰɢɢ�ɞɢɮɮɭɡɢɢ�ɳɟɥɨɱɧɵɯ�ɢ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɤɚɬɢɨɧɨɜ�
ɨɬ�ɜɟɥɢɱɢɧɵ�ɢɨɧɧɨɝɨ�ɪɚɞɢɭɫɚ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫ� ���

Ɋɢɫ�� ��� Ɂɚɜɢɫɢɦɨɫɬɶ� ɷɧɟɪɝɢɢ� ɚɤɬɢɜɚɰɢɢ� ɞɢɮɮɭɡɢɢ� ɳɟɥɨɱɧɵɯ� ���� ɢ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ����
ɤɚɬɢɨɧɨɜ� ɜ� ɪɚɫɩɥɚɜɟ� ɫɬɟɤɥɚ� ɫɢɫɬɟɦɵ� 3E2±=Q2±%�2�±6L2� ɨɬ� ɜɟɥɢɱɢɧɵ� ɢɨɧɧɨɝɨ� ɪɚɞɢɭɫɚ�
ɤɚɬɢɨɧɨɜ�ɜ�ɢɧɬɟɪɜɚɥɟ�ɬɟɦɩɟɪɚɬɭɪ����±��� qɋ

Ʉ� ɫɨɠɚɥɟɧɢɸ�� ɜ� ɥɢɬɟɪɚɬɭɪɟ� ɩɨɥɧɨɫɬɶɸ� ɨɬɫɭɬɫɬɜɭɸɬ� ɞɚɧɧɵɟ� ɨɛ� ɢɫɫɥɟɞɨɜɚɧɢɢ�
ɞɢɮɮɭɡɢɨɧɧɨɣ�ɩɨɞɜɢɠɧɨɫɬɢ�ɳɟɥɨɱɧɵɯ�ɢ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɤɚɬɢɨɧɨɜ�ɩɪɢ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�
ɪɚɫɩɥɚɜɥɟɧɧɵɯ�ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ�ɫɬɟɤɨɥ�ɢ�ɢɯ�ɫɪɚɜɧɢɬɟɥɶɧɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɨɬ�ɜɟɥɢɱɢɧɵ�
ɢɨɧɧɨɝɨ� ɪɚɞɢɭɫɚ�� ɜ� ɨɫɧɨɜɧɨɦ� ɜɫɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɫɜɹɳɟɧɵ� ɢɡɭɱɟɧɢɸ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�
ɪɚɫɩɥɚɜɨɜ� ɫɬɟɤɨɥ� ɫ� ɪɚɫɩɥɚɜɚɦɢ� ɫɨɥɟɣ�� ɉɨɷɬɨɦɭ� ɡɚɜɢɫɢɦɨɫɬɶ� ɷɧɟɪɝɢɢ� ɚɤɬɢɜɚɰɢɢ� ɞɢɮɮɭɡɢɢ�
ɳɟɥɨɱɧɵɯ�ɢ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɤɚɬɢɨɧɨɜ�ɜ ɪɚɫɩɥɚɜɟ�ɫɬɟɤɥɚ�ɫɢɫɬɟɦɵ�3E2±=Q2±%�2�±6L2� ɨɬ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɜɟɥɢɱɢɧɵ� ɢɨɧɧɨɝɨ� ɪɚɞɢɭɫɚ� ɤɚɬɢɨɧɨɜ� ɧɟ� ɦɨɠɟɬ� ɛɵɬɶ� ɫɪɚɜɧɟɧɚ� ɫ� ɤɚɤɢɦɢ�ɥɢɛɨ� ɞɪɭɝɢɦɢ�
ɪɟɡɭɥɶɬɚɬɚɦɢ� Ɉɞɧɚɤɨ�� ɢɡɜɟɫɬɧɨ� >��@�� ɱɬɨ� ɜɫɥɟɞɫɬɜɢɟ� ɪɚɡɥɢɱɢɹ� ɩɨɞɜɢɠɧɨɫɬɟɣ� ɢɨɧɨɜ� ɧɚ�
ɝɪɚɧɢɰɟ� ɪɚɫɩɥɚɜɨɜ� ɜɨɡɧɢɤɚɟɬ� ɞɢɮɮɭɡɢɨɧɧɚɹ� ɪɚɡɧɨɫɬɶ� ɩɨɬɟɧɰɢɚɥɨɜ�� ɤɨɬɨɪɚɹ� ɬɨɪɦɨɡɢɬ�
ɞɜɢɠɟɧɢɟ� ɛɨɥɟɟ� ɛɵɫɬɪɨɝɨ� ɢɨɧɚ� ɢ� ɭɫɤɨɪɹɟɬ� ɞɜɢɠɟɧɢɟ� ɛɨɥɟɟ� ɦɟɞɥɟɧɧɨɝɨ�� ȿɫɬɟɫɬɜɟɧɧɨ�� ɱɬɨ�
ɭɤɚɡɚɧɧɵɣ� ɷɮɮɟɤɬ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɪɚɡɧɨɫɬɢ� ɩɨɬɟɧɰɢɚɥɨɜ� ɩɪɨɹɜɥɹɟɬɫɹ� ɬɟɦ� ɜ�
ɛɨɥɟɟ� ɫɢɥɶɧɨɣ� ɫɬɟɩɟɧɢ�� ɱɟɦ� ɛɨɥɶɲɟ� ɪɚɡɥɢɱɢɟ� ɩɨɞɜɢɠɧɨɫɬɟɣ� ɨɛɦɟɧɢɜɚɸɳɢɯɫɹ� ɤɚɬɢɨɧɨɜ��
ɉɨɷɬɨɦɭ�ɜ�ɫɥɭɱɚɟ�ɜɡɚɢɦɧɨɣ�ɞɢɮɮɭɡɢɢ�%D�� ɢ�.���ɚ�ɬɚɤɠɟ�1D���ɩɪɢ�ɭɜɟɥɢɱɟɧɢɢ�ɬɟɦɩɟɪɚɬɭɪɵ�
ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ� ɪɚɫɩɥɚɜɨɜ� ɫɬɟɤɨɥ� ɫɥɟɞɭɟɬ� ɨɠɢɞɚɬɶ� ɫɛɥɢɠɟɧɢɹ�ɩɨɞɜɢɠɧɨɫɬɟɣ� ɷɬɢɯ�ɢɨɧɨɜ�ɢ�
ɫɧɢɠɟɧɢɹ� ɜɥɢɹɧɢɹ� ɞɢɮɮɭɡɢɨɧɧɨɝɨ� ɩɨɬɟɧɰɢɚɥɚ� ɢɡ�ɡɚ� ɧɢɜɟɥɢɪɨɜɚɧɢɹ� ɪɚɡɥɢɱɢɹ� ɜ� ɪɚɡɦɟɪɚɯ�
ɢɨɧɨɜ� ɢ� ɩɪɨɱɧɨɫɬɢ� ɢɯ� ɡɚɤɪɟɩɥɟɧɢɹ� ɜ� ɤɚɪɤɚɫɟ� ɫɬɟɤɥɚ� �ɫɦ�� ɪɢɫ�� ���� ɚ� ɜ� ɫɥɭɱɚɟ� ɜɡɚɢɦɧɨɣ�
ɞɢɮɮɭɡɢɢ� %D��ļ�/L� ɧɚɨɛɨɪɨɬ�� ɋ� ɩɨɜɵɲɟɧɢɟɦ� ɬɟɦɩɟɪɚɬɭɪɵ� ɪɚɡɥɢɱɢɹ� ɩɨɞɜɢɠɧɨɫɬɟɣ�
ɞɢɮɮɭɧɞɢɪɭɸɳɢɯ�ɢɨɧɨɜ�ɧɢɜɟɥɢɪɭɸɬɫɹ�

ɉɨ�ɜɢɞɢɦɨɦɭ�� ɧɚ� ɦɢɝɪɚɰɢɨɧɧɵɟ� ɩɪɨɰɟɫɫɵ� ɜ� ɪɚɫɩɥɚɜɚɯ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɫɬɟɤɨɥ�
ɜɥɢɹɟɬ�ɧɟ�ɬɨɥɶɤɨ�ɜɟɥɢɱɢɧɚ�ɢɨɧɧɨɝɨ�ɪɚɞɢɭɫɚ�ɢ�ɩɪɨɱɧɨɫɬɶ�ɡɚɤɪɟɩɥɟɧɢɹ�ɤɚɬɢɨɧɚ�ɜ�ɨɤɪɭɠɚɸɳɟɦ�
ɟɝɨ� ɤɢɫɥɨɪɨɞɧɨɦ� ɬɟɬɪɚɷɞɪɟ�� ɧɨ� ɢ� ɜɨɡɦɨɠɧɵɟ� ɥɨɤɚɥɶɧɵɟ� ɢɡɦɟɧɟɧɢɹ� ɜ� ɚɧɢɨɧɧɨɣ� ɦɚɬɪɢɰɟ�
ɫɬɟɤɥɚ�ɩɪɢ�ɞɢɮɮɭɡɢɢ�ɜ�ɧɟɟ�ɤɚɬɢɨɧɚ��

ȼ�ɨɬɥɢɱɢɟ�ɨɬ�ɤɪɢɫɬɚɥɥɨɜ��ɫɬɟɤɥɨ�ɧɟ�ɢɦɟɟɬ�ɞɟɮɟɤɬɨɜ�ɬɢɩɚ�ɜɚɤɚɧɫɢɣ��ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ�
ɞɢɮɮɭɡɢɨɧɧɨɟ� ɞɜɢɠɟɧɢɟ� ɱɚɫɬɢɰ�� Ⱦɢɮɮɭɡɢɹ� ɜ� ɫɬɟɤɥɚɯ� ɨɛɭɫɥɨɜɥɟɧɚ� ɜ� ɨɫɧɨɜɧɨɦ�
ɮɥɭɤɬɭɚɰɢɨɧɧɵɦɢ�ɦɢɤɪɨɩɭɫɬɨɬɚɦɢ�� ɤɨɬɨɪɵɟ� ɨɛɪɚɡɭɸɬɫɹ� ɩɪɢ� ɬɟɩɥɨɜɵɯ� ɤɨɥɟɛɚɧɢɹɯ� ɚɬɨɦɨɜ�
ɪɟɲɟɬɤɢ�� Ɍɨɥɶɤɨ� ɱɚɫɬɢɰɵ�� ɜ� ɨɤɪɟɫɬɧɨɫɬɢ� ɤɨɬɨɪɵɯ� ɜɨɡɧɢɤɚɸɬ� ɦɢɤɪɨɩɭɫɬɨɬɵ�� ɢɦɟɸɬ�
ɜɨɡɦɨɠɧɨɫɬɶ�ɫɨɜɟɪɲɚɬɶ�ɩɟɪɟɫɤɨɤɢ�ɢɡ�ɨɞɧɨɝɨ�ɪɚɜɧɨɜɟɫɧɨɝɨ�ɩɨɥɨɠɟɧɢɹ�ɜ�ɞɪɭɝɨɟ�

ȼɵɜɨɞɵ
ȼ� >�@� ɜɫɬɪɟɱɚɸɬɫɹ� ɡɚɜɢɫɢɦɨɫɬɢ� ɷɧɟɪɝɢɢ� ɚɤɬɢɜɚɰɢɢ� ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ� ɬɜɟɪɞɵɯ�

ɫɬɟɤɨɥ� ɨɬ� ɜɟɥɢɱɢɧɵ� ɡɚɪɹɞɚ� ɤɚɬɢɨɧɨɜ�� ɏɚɪɚɤɬɟɪ� ɡɚɜɢɫɢɦɨɫɬɢ� ɩɪɚɤɬɢɱɟɫɤɢ� ɬɚɤɨɣ� ɠɟ�� ɤɚɤ� ɜ�
ɧɚɫɬɨɹɳɟɦ� ɢɫɫɥɟɞɨɜɚɧɢɢ�� ɧɨ� ɜɟɥɢɱɢɧɵ� ɷɧɟɪɝɢɢ� ɚɤɬɢɜɚɰɢɢ� ɝɨɪɚɡɞɨ� ɦɟɧɶɲɟ�� ɩɪɢɱɟɦ� ɞɥɹ�
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɤɚɬɢɨɧɨɜ� ɪɚɡɥɢɱɢɟ� ɝɨɪɚɡɞɨ� ɛɨɥɶɲɟ�� ɱɟɦ� ɞɥɹ� ɨɞɧɨɡɚɪɹɞɧɵɯ� ɳɟɥɨɱɧɵɯ��
ɉɨ�ɜɢɞɢɦɨɦɭ�� ɩɪɢ� ɫɚɦɨɞɢɮɮɭɡɢɢ� ɤɚɬɢɨɧ�� ɩɪɟɨɞɨɥɟɜɲɢɣ� ɩɨɬɟɧɰɢɚɥɶɧɵɣ� ɛɚɪɶɟɪ� ɢ�
ɫɨɜɟɪɲɢɜɲɢɣ� ɞɢɮɮɭɡɢɨɧɧɵɣ� ɫɤɚɱɨɤ�� ɩɟɪɟɯɨɞɢɬ� ɜ� ɜɚɤɚɧɬɧɵɣ� ɭɡɟɥ� ɢɥɢ� ɦɟɠɞɨɭɡɥɢɟ� ɢ�
ɩɨɩɚɞɚɟɬ� ɜ� ɩɨɡɢɰɢɸ�� ɷɤɜɢɜɚɥɟɧɬɧɭɸ� ɬɨɣ�� ɝɞɟ� ɨɧ� ɧɚɯɨɞɢɥɫɹ�� ȼ� ɧɚɲɟɦ� ɫɥɭɱɚɟ�� ɫɨɜɟɪɲɢɜ�
ɞɢɮɮɭɡɢɨɧɧɵɣ�ɫɤɚɱɨɤ��ɤɚɬɢɨɧ�ɨɤɚɡɵɜɚɟɬɫɹ�ɜ�ɭɡɥɟ�ɢɥɢ�ɦɟɠɞɨɭɡɥɢɢ��ɜ�ɤɢɫɥɨɪɨɞɧɨɦ�ɩɨɥɢɷɞɪɟ��
ɧɟ� ɨɬɜɟɱɚɸɳɟɦ� ɟɝɨ� ɤɨɨɪɞɢɧɚɰɢɢ�� ȼɟɪɨɹɬɧɨ�� ɪɚɡɥɢɱɢɟ� ɜ� ɜɟɥɢɱɢɧɚɯ� ɷɧɟɪɝɢɢ� ɚɤɬɢɜɚɰɢɢ� ɢ�
ɡɚɤɥɸɱɚɟɬɫɹ� ɜɨ� ɜɤɥɚɞɟ� ɜ� ɷɧɟɪɝɢɸ� ɚɤɬɢɜɚɰɢɢ� ɜɟɥɢɱɢɧɵ�� ɧɟɨɛɯɨɞɢɦɨɣ� ɞɥɹ� ɩɟɪɟɫɬɪɨɣɤɢ�
ɤɪɟɦɧɟɤɢɫɥɨɪɨɞɧɨɣ� ɦɚɬɪɢɰɵ� ɫɬɟɤɥɚ� � ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦɢ� ɬɪɟɛɨɜɚɧɢɹɦɢ�
ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ�ɤɚɬɢɨɧɚ�

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɩɪɢ� ɩɟɪɟɯɨɞɟ� ɨɬ� ɫɬɟɤɨɥ� ɫ� ɳɟɥɨɱɧɵɦɢ� ɤɚɬɢɨɧɚɦɢ� �1D��� .��� &V��� ɤ�
ɫɬɟɤɥɚɦ� ɫ� ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɦɢ� ɤɚɬɢɨɧɚɦɢ� �0J���� &D���� %D���� ɜ� ɢɧɬɟɪɜɚɥɟ� ɬɟɦɩɟɪɚɬɭɪ� ���±
��� qɋ� ɫɤɨɪɨɫɬɶ� ɞɢɮɮɭɡɢɢ� ɭɦɟɧɶɲɚɟɬɫɹ�� ɚ� ɷɧɟɪɝɢɹ� ɚɤɬɢɜɚɰɢɢ� ɭɜɟɥɢɱɢɜɚɟɬɫɹ� ɞɜɭɤɪɚɬɧɨ� ɡɚ�
ɫɱɟɬ�ɭɜɟɥɢɱɟɧɢɹ�ɷɧɟɪɝɢɢ�ɩɟɪɟɧɨɫɚ�ɞɜɭɯɡɚɪɹɞɧɵɯ�ɢɨɧɨɜ��

Ɋɟɝɭɥɢɪɭɹ� ɩɪɨɰɟɫɫɵ� ɜɡɚɢɦɨɩɪɨɧɢɤɧɨɜɟɧɢɹ� ɢɨɧɨɜ�� ɤɨɬɨɪɵɟ� ɪɚɡɜɢɜɚɸɬɫɹ� ɜ�
ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɯ� ɫɢɫɬɟɦɚɯ�� ɩɭɬɟɦ� ɜɚɪɶɢɪɨɜɚɧɢɹ� ɫɨɫɬɚɜɨɜ� ɢ� ɪɟɠɢɦɨɜ� ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ�
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɫɬɟɤɨɥ� � ɦɨɠɧɨ� ɩɨɥɭɱɚɬɶ� ɫɬɟɤɥɨɤɨɦɩɨɡɢɬɵ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ�
ɧɚɡɧɚɱɟɧɢɹ�ɫ�ɧɟɨɛɯɨɞɢɦɵɦɢ�ɮɢɡɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɢɦɢ�ɫɜɨɣɫɬɜɚɦɢ�

ȼɢɤɥɚɞɟɧɨ�ɨɫɧɨɜɧɿ�ɪɟɡɭɥɶɬɚɬɢ�ɞɨɫɥɿɞɠɟɧɧɹ�ɜɩɥɢɜɭ�ɫɢɥɢ�ɩɨɥɹ�ɪɿɡɧɢɯ�ɤɚɬɿɨɧɿɜ�ɧɚ�ɿɨɧɧɭ�ɞɢɮɭɡɿɸ�
ɜ� ɫɢɥɿɤɚɬɧɢɯ� ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ� ɫɢɫɬɟɦɚɯ�� ɹɤɿ� ɲɢɪɨɤɨ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɜ� ɹɤɨɫɬɿ� ɡɜ¶ɹɡɭɸɱɢɯ�



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

���

ɿɧɫɬɪɭɦɟɧɬɚɥɶɧɢɯ�ɚɛɪɚɡɢɜɨɜɦɿɫɧɢɯ�ɤɨɦɩɨɡɢɰɿɣɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɪɿɡɧɨɝɨ�ɮɭɧɤɰɿɨɧɚɥɶɧɨɝɨ�ɩɪɢɡɧɚɱɟɧɧɹ��
ɉɨɤɚɡɚɧɨ��ɳɨ�� ɟɮɟɤɬɢɜɧɿ� ɤɨɟɮɿɰɿɽɧɬɢ� ɞɢɮɭɡɿʀ� ɥɭɠɧɨɝɨ�ɬɚ� ɥɭɠɧɨɡɟɦɟɥɶɧɨɝɨ� ɤɚɬɿɨɧɿɜ� ɜ� ɞɢɮɭɡɿɣɧɨʀ�
ɩɚɪɿ� ɧɟ� ɽ�ɨɞɧɨɡɧɚɱɧɨɸ�ɮɭɧɤɰɿɽɸ� ɿɨɧɧɨɝɨ�ɪɚɞɿɭɫɚ� ɤɚɬɿɨɧɚ��ɚ� ɡɚɥɟɠɚɬɶ� ɜɿɞ� ɫɬɪɭɤɬɭɪɧɢɯ�ɮɚɤɬɨɪɿɜ� ɿ�
ɟɧɟɪɝɿʀ�ɡɜ
ɹɡɤɭ�ɡ�ɿɧɲɢɦɢ�ɿɨɧɚɦɢ�ɪɨɡɩɥɚɜɭ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ� ɫɤɥɨ�� ɥɭɠɧɿ� ɬɚ� ɥɭɠɧɨɡɟɦɟɥɶɧɿ� ɤɚɬɿɨɧɢ�� ɞɢɮɭɡɿɹ�� ɟɧɟɪɝɿɹ� ɚɤɬɢɜɚɰɿʀ� ɞɢɮɭɡɿʀ��
ɟɮɟɤɬɢɜɧɢɣ�ɤɨɟɮɿɰɿɽɧɬ�ɞɢɮɭɡɿʀ��ɚɛɪɚɡɢɜɨɜɦɿɫɧɿ�ɤɨɦɩɨɡɢɬɢ�

6��$��.XNKDUHQNR
,19(67,*$7,21�2)�7+( ,1)/8(1&(�2)�7+(�32:(5�2)�7+(�),(/'�2)�9$5,286�

&$7,216�21�,21�',))86,21�,1�08/7,&20321(17�6,/,&$7(�6<67(06
7KH� PDLQ� UHVXOWV� RI� WKH� LQYHVWLJDWLRQ� RI� WKH� HIIHFW� RI� WKH� ILHOG� VWUHQJWK� RI� YDULRXV� FDWLRQV� RQ� LRQ�

GLIIXVLRQ�LQ�VLOLFDWH�PXOWLFRPSRQHQW�V\VWHPV�DUH ZLGHO\�XVHG�DV�ERQGLQJ�WRRO�DEUDVLYH�FRPSRVLWH�PDWHULDOV�RI�
YDULRXV� IXQFWLRQDO�SXUSRVHV�� ,W� LV�VKRZQ�WKDW� WKH�HIIHFWLYH�GLIIXVLRQ�FRHIILFLHQWV�RI�DONDOL�DQG�DONDOLQH�HDUWK�
FDWLRQV�LQ�WKH�GLIIXVLRQ�YDSRU�DUH�QRW�D�VLQJOH�YDOXHG�IXQFWLRQ�RI�WKH�LRQLF�UDGLXV RI�WKH�FDWLRQ��EXW�GHSHQG�RQ�
VWUXFWXUDO�IDFWRUV�DQG�ELQGLQJ�HQHUJ\�ZLWK�RWKHU�LRQV�RI�WKH�PHOW�

.H\�ZRUGV��JODVV��DONDOLQH�DQG�DONDOLQH�HDUWK�FDWLRQV��GLIIXVLRQ��GLIIXVLRQ�DFWLYDWLRQ�HQHUJ\��HIIHFWLYH�
GLIIXVLRQ�FRHIILFLHQW��DEUDVLYH�FRQWDLQLQJ�FRPSRVLWHV

Ʌɢɬɟɪɚɬɭɪɚ
�� Ʉɭɯɚɪɟɧɤɨ� ɋ�� Ⱥ���ɒɢɥɨ�Ⱥ�� ȿ��� Ȼɨɧɞɚɪɟɜ� ȿ�� Ʉ�� ɋɬɪɭɤɬɭɪɧɵɟ� ɩɪɟɜɪɚɳɟɧɢɹ� ɜ� ɫɦɟɫɢ�

ɫɬɟɤɨɥ�ɧɚɬɪɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɣ�ɢ�ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɣ�ɫɢɫɬɟɦ�ɩɪɢ�ɧɚɝɪɟɜɟ
���ɋɜɟɪɯɬɜ��ɦɚɬɟɪɢɚɥɵ��± ������± ʋ����± ɋ����±���

�� 6HQ�6���6WHEELQV�-� )��1D�LRQ�WUDQVSRUW�LQ ERUDWH�DQG�JHUPDQDWH�JODVVHV�DQG�OLTXLGV��D�1D��

DQG�%�� 105�VSLQ�ODWWLFH�UHOD[DWLRQ�VWXG\����3K\VLFDO�5HYLHZ�%��± ������± ����± 1����± 3��
����±�����

�� $KPHG�$� $���$EGDOODK�(� :��(IIHFW�RI�LRQ�H[FKDQJH�DQG�KHDW�WUHDWPHQW�FRQGLWLRQV�RQ�WKH�
GLIIXVLRQ� RI� VLOYHU� LQWR� D� VRGD�OLPH�VLOLFD� JODVV� ��� 3K\VLFV� DQG� &KHPLVWU\� RI� *ODVVHV�� ±
������± ����± 1����± 3����±���

�� .LUFKKHLP�5��2Q�WKH�PRELOLW\�RI�DONDOLQH�HDUWK�LRQV�LQ�PL[HG�DONDOL�DONDOLQH�HDUWK�VLOLFDWH�
JODVVHV����-��1RQ�&U\VWDOOLQH�6ROLGV��± ������± �����± 1��±�� ± 3�����±����

�� $QGHUVRQ�2� /���6WXDUW�'� $��&DOFXODWLRQ�RI�DFWLYDWLRQ�HQHUJ\�RI�LRQLF�FRQGXFWLYLW\�LQ�VLOLFD�
JODVVHV�E\�FODVVLFDO�PHWKRGV����-��$PHU��&HUDP��6RF��± ������± ����± 1 ����± 3�����±����

�� Ɏɢɥɢɩɨɜɢɱ� ȼ� ɇ� Ɍɟɨɪɢɹ� ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ� ɞɜɭɳɟɥɨɱɧɵɯ� ɫɢɥɢɤɚɬɧɵɯ� ɫɬɟɤɨɥ� ɢ�
ɩɨɥɢɳɟɥɨɱɧɨɣ�ɷɮɮɟɤɬ����Ɏɢɡɢɤɚ�ɢ�ɯɢɦɢɹ�ɫɬɟɤɥɚ��± ������± ���± ʋ����± ɋ�����±����

�� .LUFKKHLP� 5�� ,QIOXHQFH� RI� GLVRUGHU� RQ� WKH� GLIIXVLRQ� RI� DONDOL� LRQV� LQ� 6L2� DQG� *H2�

JODVVHV����-��1RQ�&U\VWDOOLQH�6ROLGV��± ������± ����± 1����± 3�����±����
�� /L :��� *DURIDOLQL� 6� +�� 0ROHFXODU� G\QDPLFV� VLPXODWLRQ� RI� OLWKLXP� GLIIXVLRQ� LQ� /L�2±

$O�2�±6L2� JODVVHV����6ROLG�6WDWH�,RQLFV��± ������± �����± 3�����±�����
�� 0F9D\� *� /��� 'D\� '� (�� 'LIIXVLRQ� DQG� LQWHUQDO� IULFWLRQ� LQ� 1D±5E� VLOLFDWH� JODVVHV� ��� -��

$PHU��&HUDP��6RF� ± ������± ����± 1����± 3�����±����
��� 9DUVKQH\D�$� .���&RRSHU�$� 5��'LIIXVLRQ� LQ� WKH� V\VWHP�.�2±6U2±6L2��� ,,�� FDWLRQ� VHOI�

GLIIXVLRQ�FRHIILFLHQWV ���-��$PHU��&HUDP��6RF��± ������± ����± 1 ���± 3�����±����
���Ɇɨɢɫɟɟɜ� ȼ� ȼ��� ɉɟɪɦɹɤɨɜɚ� Ɍ� ȼ��� ɋɨɛɨɥɟɜ� ȿ� ȼ��� ɋɨɤɨɥɨɜɚ� ɗ� Ⱥ�� ɂɡɭɱɟɧɢɟ�

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɳɟɥɨɱɧɨɫɢɥɢɤɚɬɧɵɯ� ɫɬɟɤɨɥ� ɫ� ɪɚɫɩɥɚɜɚɦɢ� ɫɨɥɟɣ�� ɫɨɞɟɪɠɚɳɢɦɢ�
ɞɨɛɚɜɤɢ�ɞɜɭɯɜɚɥɟɧɬɧɵɯ�ɤɚɬɢɨɧɨɜ�ɫɬɟɤɨɥ����Ɏɢɡɢɤɚ�ɢ�ɯɢɦɢɹ�ɫɬɟɤɥɚ��± ������± ���± ʋ�
���± ɋ����±���

���ɒɢɥɨ�Ⱥ� ȿ��ɋɬɟɤɥɨɩɨɤɪɵɬɢɹ�ɞɥɹ�ɩɨɪɨɲɤɨɜ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ��± Ʉɢɟɜ� ɇɚɭɤ��
ɞɭɦɤɚ��������± ����ɫ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

��� ɋɜɢɪɢɞɨɜ� ɋ� ɂ��� Ʌɨɩɚɬɢɧɚ� ɇ� ɉ��� Ɇɚɤɟɟɜɚ� ɇ� Ɇ��� ɀɚɛɪɟɜ� ȼ� Ⱥ�� ɂɡɭɱɟɧɢɟ�
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