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ȼ� Ɂ��Ɍɭɪɤɟɜɢɱ��ɚɤɚɞɟɦɿɤ ɇȺɇ�ɍɤɪɚʀɧɢ��Ⱥ� ɉ��Ɂɚɤɨɪɚ��ɘ� Ɉ��Ɇɟɥɶɧɢɣɱɭɤ��Ɇ� ȼ��ɋɭɩɪɭɧ��
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ɆȿɌɈȾ�ɈɐȱɇɄɂ�ɉɊȺɐȿɁȾȺɌɇɈɋɌȱ�ȺɌɉ�ȾɅə�ȻɍɊɈȼɈȽɈ�
ȽȿɈɅɈȽɈɊɈɁȼȱȾɍȼȺɅɖɇɈȽɈ�ȱɇɋɌɊɍɆȿɇɌɍ

Ɇɟɬɨɸ ɰɿɽʀ� ɪɨɛɨɬɢ� ɛɭɥɚ� ɪɨɡɪɨɛɤɚ� ɦɟɬɨɞɭ� ɟɤɫɩɪɟɫ�ɨɰɿɧɤɢ� ɬɚ� ɞɟɬɚɥɶɧɟ� ɞɨɫɥɿɞɠɟɧɧɹ�
ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ� ȺɌɉ� ɡ� ɚɤɬɢɜɭɸɱɢɦɢ� ɞɨɛɚɜɤɚɦɢ� ɩɿɞ� ɱɚɫ� ɪɭɣɧɭɜɚɧɧɹ� ɬɜɟɪɞɨʀ� ɝɿɪɫɶɤɨʀ� ɩɨɪɨɞɢ�
ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ� ɞɨɫɥɿɞɠɟɧɧɹ� ɩɪɨɜɨɞɢɥɢɫɶ� ɡɚ� ɩɨɡɞɨɜɠɧɶɨɝɨ� ɪɿɡɚɧɧɹ� ɡ� ɡɚɞɚɧɨɸ� ɝɥɢɛɢɧɨɸ�
ɜɩɪɨɜɚɞɠɟɧɧɹ�ɩɨɜɟɪɯɧɿ�ɤɟɪɧɚ�ɝɪɚɧɿɬɭ�;�ɤɚɬɟɝɨɪɿʀ�ɡɚ�ɛɭɪɢɦɿɫɬɸ��Ʉɿɧɟɬɢɤɭ�ɡɧɨɲɭɜɚɧɧɹ�ɩɥɚɫɬɢɧ�ȺɌɉ�
ɩɪɢ�ɪɿɡɚɧɧɿ�ɜ�ɪɟɠɢɦɿ�ɪɟɚɥɶɧɨɝɨ�ɱɚɫɭ�ɜɢɜɱɚɥɢ�ɡ�ɭɪɚɯɭɜɚɧɧɹɦ�ɡɦɿɧɢ�ɫɤɥɚɞɧɢɤɿɜ�ɫɢɥɢ�ɪɿɡɚɧɧɹ��ɉɥɚɫɬɢɧɢ�
ȺɌɉ�ɡ�ɚɤɬɢɜɭɸɱɨɸ�ɞɨɛɚɜɤɨɸ�ɤɪɟɦɧɿɸ�ɩɨɤɚɡɚɥɢ�ɛɿɥɶɲɭ�ɧɚ�����ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ� ɪɿɡɚɥɶɧɨʀ�ɤɪɚɣɤɢ�ɩɪɢ�
ɪɭɣɧɭɜɚɧɧɿ�ɬɜɟɪɞɨʀ�ɝɿɪɫɶɤɨʀ�ɩɨɪɨɞɢ�ɩɨɪɿɜɧɹɧɨ�ɡ�ɪɨɛɨɬɨɸ�ɩɥɚɫɬɢɧɢ�ȺɌɉ�ɫɟɪɿɣɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ�ȱɇɆ��
ɚ� ɬɚɤɨɠ� ɜɢɳɿ� ɜ����� ɪɚɡɢ� ɫɟɪɟɞɧɿ� ɩɨɤɚɡɧɢɤɢ� ɜɟɪɬɢɤɚɥɶɧɨɝɨ� ɫɤɥɚɞɧɢɤɚ� ɫɢɥɢ ɪɿɡɚɧɧɹ� 3<�� ɉɢɬɨɦɚ�
ɟɧɟɪɝɨɽɦɧɿɫɬɶ�ɪɭɣɧɭɜɚɧɧɹ�ɩɨɪɨɞɢ�J ɩɪɢ�ɪɨɛɨɬɿ�ɩɥɚɫɬɢɧɨɸ�ɡ�ɚɤɬɢɜɭɸɱɨɸ�ɞɨɛɚɜɤɨɸ�ɛɭɥɚ�ɜ������ɪɚɡɿɜ�
ɦɟɧɲɨɸ�� ɧɿɠ� ɩɿɞ� ɱɚɫ� ɪɨɛɨɬɢ ɫɟɪɿɣɧɨɸ� ɩɥɚɫɬɢɧɨɸ� ɡɚ� ɪɚɯɭɧɨɤ� ɛɿɥɶɲɨɝɨ� �ɜ� ����� ɪɚɡɢ�� ɨɛ¶ɽɦɭ�
ɡɪɭɣɧɨɜɚɧɨʀ�ɩɨɪɨɞɢ��ɳɨ�ɫɜɿɞɱɢɬɶ�ɩɪɨ�ɛɿɥɶɲɭ�ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ�ɩɥɚɫɬɢɧɢ�ɡ�ɚɤɬɢɜɭɸɱɨɸ�ɞɨɛɚɜɤɨɸ��ɹɤɚ�
ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ� ɛɿɥɶɲɨɸ� ɡɧɨɫɨɫɬɿɣɤɿɫɬɸ� ʀʀ� ɪɿɡɚɥɶɧɨʀ� ɤɪɚɣɤɢ�� ȼɢɤɨɪɢɫɬɚɧɧɹ� ɩɥɚɫɬɢɧ� ȺɌɉ� ɡ�
ɚɤɬɢɜɭɸɱɨɸ� ɞɨɛɚɜɤɨɸ� ɤɪɟɦɧɿɸ� ɭ� ɝɟɨɥɨɝɨɪɨɡɜɿɞɭɜɚɥɶɧɢɯ� ɛɭɪɨɜɢɯ� ɤɨɪɨɧɤɚɯ�ɦɨɠɟ� ɛɭɬɢ� ɟɮɟɤɬɢɜɧɢɦ�
ɞɥɹ�ɪɨɡɲɢɪɟɧɧɹ�ɞɿɚɩɚɡɨɧɭ�ɬɜɟɪɞɢɯ ɝɿɪɫɶɤɢɯ�ɩɨɪɿɞ��ɳɨ�ɛɭɪɹɬɶɫɹ��ɡɚ�ɪɚɯɭɧɨɤ�ɛɿɥɶɲɨʀ�ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ�ʀɯ
ɪɿɡɚɥɶɧɢɯ ɤɪɚɣɨɤ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ�� ȺɌɉ�� ɚɤɬɢɜɭɸɱɿ� ɞɨɛɚɜɤɢ�� ɬɜɟɪɞɚ� ɝɿɪɫɶɤɚ� ɩɨɪɨɞɚ��
ɡɧɨɲɭɜɚɧɧɹ��ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ��ɫɢɥɢ�ɪɿɡɚɧɧɹ��ɪɿɠɭɱɚ�ɤɪɨɦɤɚ��ɛɭɪɨɜɚ�ɤɨɪɨɧɤɚ�

ȼɫɬɭɩ
Ȼɭɪɿɧɧɹ� ɝɟɨɥɨɝɨɪɨɡɜɿɞɭɜɚɥɶɧɢɯ� ɫɜɟɪɞɥɨɜɢɧ� ɩɿɞ� ɱɚɫ� ɪɨɡɜɿɞɤɢ� ɪɨɞɨɜɢɳ� ɤɨɪɢɫɧɢɯ�

ɤɨɩɚɥɢɧ� ɹɤ� ɫɮɟɪɚ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɚɥɦɚɡɧɨɝɨ� ɩɨɪɨɞɨɪɭɣɧɿɜɧɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɚ� ɩɿɞɜɢɳɟɧɨʀ�
ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ�ɽ�ɨɞɧɿɽɸ�ɡ�ɧɚɣɛɿɥɶɲ�ɩɨɬɪɿɛɧɢɯ��ɚɥɟ�ɣ�ɧɚɣɛɿɥɶɲ�ɫɤɥɚɞɧɢɯ�ɡ�ɨɝɥɹɞɭ�ɧɚ�ɭɦɨɜɢ�
ɣɨɝɨ� ɪɨɛɨɬɢ�� ɉɪɢ� ɰɶɨɦɭ� ɱɚɫɬɤɚ� ɜɢɬɪɚɬ� ɧɚ� ɿɧɫɬɪɭɦɟɧɬ� ɭ� ɡɚɝɚɥɶɧɿɣ� ɜɚɪɬɨɫɬɿ�
ɝɟɨɥɨɝɨɪɨɡɜɿɞɭɜɚɥɶɧɢɯ�ɪɨɛɿɬ�ɡ�ɛɭɪɿɧɧɹ ɫɜɟɪɞɥɨɜɢɧ ɬɢɦ�ɜɢɳɚ��ɱɢɦ�ɛɿɥɶɲ�ɜɚɠɤɨɪɭɣɧɿɜɧɢɦɢ�ɬɚ�
ɚɛɪɚɡɢɜɧɿɲɢɦɢ� ɽ� ɝɿɪɫɶɤɿ� ɩɨɪɨɞɢ�� Ɍɨɦɭ� ɭ� ɫɩɨɠɢɜɚɱɿɜ� ɰɶɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ� ɿɫɧɭɽ� ɩɨɫɬɿɣɧɢɣ�
ɿɧɬɟɪɟɫ�ɞɨ�ɩɿɞɜɢɳɟɧɧɹ�ɣɨɝɨ�ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ��ɨɫɧɨɜɧɢɦ�ɤɪɢɬɟɪɿɽɦ�ɹɤɨʀ�ɽ�ɣɨɝɨ�ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ�

Ɉɞɧɢɦ� ɡ� ɨɫɧɨɜɧɢɯ� ɧɚɩɪɹɦɿɜ� ɬɟɯɧɿɱɧɨɝɨ� ɩɪɨɝɪɟɫɭ� ɜ� ɩɪɨɰɟɫɿ� ɩɨɲɭɤɭ� ɬɚ� ɪɨɡɜɿɞɤɢ�
ɪɨɞɨɜɢɳ�ɤɨɪɢɫɧɢɯ�ɤɨɩɚɥɢɧ�ɦɚɽ�ɛɭɬɢ�ɡɧɢɠɟɧɧɹ�ɦɚɬɟɪɿɚɥɶɧɢɯ�ɿ�ɬɪɭɞɨɜɢɯ�ɜɢɬɪɚɬ�ɧɚ�ɨɞɢɧɢɰɸ�
ɪɨɡɜɿɞɚɧɢɯ� ɡɚɩɚɫɿɜ�� Ⱦɨɫɹɝɚɽɬɶɫɹ� ɰɟ� ɩɟɪɟɞɭɫɿɦ ɡɚ� ɪɚɯɭɧɨɤ� ɫɬɜɨɪɟɧɧɹ� ɿ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɧɨɜɢɯ�
ɦɚɪɨɤ� ɧɚɞɬɜɟɪɞɢɯ� ɦɚɬɟɪɿɚɥɿɜ� ɜ� ɛɭɪɨɜɨɦɭ� ɿɧɫɬɪɭɦɟɧɬɿ�� ɉɿɞɜɢɳɟɧɧɹ� ɮɿɡɢɤɨ�ɦɟɯɚɧɿɱɧɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɚɥɦɚɡɧɢɯ� ɤɨɦɩɨɡɢɰɿɣɧɢɯ� ɦɚɬɟɪɿɚɥɿɜ� ɦɨɠɟ� ɛɭɞɟ� ɞɨɫɹɝɧɭɬɨ� ɡɚ� ɪɚɯɭɧɨɤ�
ɨɩɬɢɦɿɡɚɰɿʀ� ɯɿɦɿɱɧɨɝɨ� ɫɤɥɚɞɭ� ɦɚɬɪɢɱɧɨʀ� ɤɨɦɩɨɡɢɰɿʀ� ɲɥɹɯɨɦ� ɩɨɽɞɧɚɧɧɹ� ɪɿɡɧɢɯ� ɡɚ� ɪɨɡɦɿɪɨɦ�
ɡɟɪɟɧ�ɚɥɦɚɡɧɢɯ�ɩɨɪɨɲɤɿɜ� ɡ�ɨɩɬɢɦɚɥɶɧɢɦ�ɜɿɞɫɨɬɤɨɜɢɦ�ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ�ɪɨɡɦɿɪɭ�ɬɚ�ɮɨɪɦɨɸ�
ɡɟɪɟɧ� ɡɧɨɫɨɫɬɿɣɤɨɝɨ� ɤɨɦɩɨɡɢɬɧɨɝɨ� ɧɚɩɨɜɧɸɜɚɱɚ�� ɚ� ɬɚɤɨɠ� ɭɞɨɫɤɨɧɚɥɟɧɧɹ� ɬɟɯɧɨɥɨɝɿɱɧɢɯ�
ɩɪɨɰɟɫɿɜ�ɜɢɝɨɬɨɜɥɟɧɧɹ�ɩɨɪɨɞɨɪɭɣɧɿɜɧɢɯ�ɟɥɟɦɟɧɬɿɜ�ɬɚ�ɿɧɫɬɪɭɦɟɧɬɭ�ɡɚɝɚɥɨɦ >�@�

əɤ�ɜɿɞɨɦɨ��ɩɿɞ�ɱɚɫ�ɛɭɪɿɧɧɹ�ɜ�ɬɜɟɪɞɢɯ�ɩɨɪɨɞɚɯ�ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ�ɿɧɫɬɪɭɦɟɧɬɭ��ɨɫɧɚɳɟɧɨɝɨ�
ɚɥɦɚɡɧɨ�ɬɜɟɪɞɨɫɩɥɚɜɧɢɦɢ�ɩɥɚɫɬɢɧɚɦɢ��ȺɌɉ���ɡɧɢɠɭɽɬɶɫɹ�ɬɚ�ɩɨɫɬɭɩɚɽɬɶɫɹ�ɭ�ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ�
ɚɥɦɚɡɧɢɦ� ɛɭɪɨɜɢɦ� ɤɨɪɨɧɤɚɦ�� Ɍɨɦɭ� ɛɿɥɶɲɿɫɬɶ� ɪɨɡɪɨɛɧɢɤɿɜ� ȺɌɉ� ɚɤɬɢɜɧɨ� ɩɪɚɰɸɸɬɶ� ɧɚɞ�
ɫɬɜɨɪɟɧɧɹɦ� ɬɟɪɦɨɫɬɿɣɤɢɯ� ɟɥɟɦɟɧɬɿɜ�� ɡɞɚɬɧɢɯ� ɛɭɪɢɬɢ� ɫɜɟɪɞɥɨɜɢɧɢ� ɧɟ� ɬɿɥɶɤɢ� ɭ� ɦ¶ɹɤɢɯ�
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ɩɨɪɨɞɚɯ��ɚ�ɣ�ɭ� ɬɜɟɪɞɢɯ�ɬɚ�ɫɟɪɟɞɧɶɨʀ� ɬɜɟɪɞɨɫɬɿ��ɞɟ�ɩɨɤɚɡɧɢɤɢ�ɛɭɪɿɧɧɹ�ɚɥɦɚɡɧɢɦɢ�ɤɨɪɨɧɤɚɦɢ�
ɿɫɬɨɬɧɨ� ɩɟɪɟɜɢɳɭɸɬɶ� ɩɨɤɚɡɧɢɤɢ� ɛɭɪɿɧɧɹ� ɤɨɪɨɧɤɚɦɢ�� ɨɫɧɚɳɟɧɢɦɢ� ɬɜɟɪɞɨɫɩɥɚɜɧɢɦɢ
ɪɿɡɚɥɶɧɢɦɢ�ɟɥɟɦɟɧɬɚɦɢ�>�@�

Ɋɿɡɚɥɶɧɚ� ɤɪɚɣɤɚ� ©ɬɪɚɞɢɰɿɣɧɨʀª� ɩɥɚɫɬɢɧɢ� ȺɌɉ� ɭ� ɩɪɨɰɟɫɿ� ɪɨɛɨɬɢ� ɜ� ɬɜɟɪɞɢɯ� ɩɨɪɨɞɚɯ�
ɩɪɢɬɭɩɥɹɽɬɶɫɹ��ɟɧɟɪɝɨɽɦɧɿɫɬɶ�ɪɭɣɧɭɜɚɧɧɹ�ɝɿɪɫɶɤɨʀ�ɩɨɪɨɞɢ�ɩɨɫɬɭɩɨɜɨ�ɩɿɞɜɢɳɭɽɬɶɫɹ��ɨɫɤɿɥɶɤɢ�
ɡɛɿɥɶɲɭɽɬɶɫɹ� ɩɥɨɳɚ� ɤɨɧɬɚɤɬɭ� ɿɡ� ɡɚɛɨɽɦ� ɝɿɪɫɶɤɨʀ� ɩɨɪɨɞɢ�� ɉɪɢ� ɰɶɨɦɭ� ɿɫɬɨɬɧɨ� ɡɧɢɠɭɽɬɶɫɹ�
ɦɟɯɚɧɿɱɧɚ�ɲɜɢɞɤɿɫɬɶ� ɛɭɪɿɧɧɹ��Ⱦɥɹ�ɩɿɞɬɪɢɦɚɧɧɹ�ɩɨɫɬɿɣɧɨʀ�ɦɟɯɚɧɿɱɧɨʀ�ɲɜɢɞɤɨɫɬɿ� ɛɭɪɿɧɧɹ�ɧɚ�
ɩɪɚɤɬɢɰɿ� ɡɚɡɜɢɱɚɣ� ɿɧɬɟɧɫɢɜɧɿɲɟ� ɩɿɞɜɢɳɭɸɬɶ� ɨɫɶɨɜɟ� ɧɚɜɚɧɬɚɠɟɧɧɹ� ɧɚ� ɩɨɪɨɞɨɪɭɣɧɿɜɧɢɣ�
ɿɧɫɬɪɭɦɟɧɬ��ɳɨ��ɡɿ�ɫɜɨɝɨ�ɛɨɤɭ��ɩɪɢɡɜɨɞɢɬɶ�ɞɨ�ɲɜɢɞɲɨɝɨ�ɡɧɨɲɭɜɚɧɧɹ�ɩɥɚɫɬɢɧ�ȺɌɉ��Ɂɚɡɜɢɱɚɣ�
ɞɥɹ� ɡɦɟɧɲɟɧɧɹ� ɡɧɨɫɭ� ɪɿɡɚɥɶɧɨʀ� ɤɪɚɣɤɢ� ȺɌɉ� ɡɛɿɥɶɲɭɸɬɶ� ʀʀ� ɜɢɫɨɬɭ� ɿ� ɩɿɞɜɢɳɭɸɬɶ�
ɬɟɪɦɨɫɬɚɛɿɥɶɧɿɫɬɶ� ɩɥɚɫɬɢɧɢ�� Ʉɪɿɦ� ɬɨɝɨ�� ɞɥɹ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɜ� ɭɦɨɜɚɯ� ɛɭɪɿɧɧɹ� ɫɜɟɪɞɥɨɜɢɧ� ɜ�
ɬɜɟɪɞɢɯ�ɿ�ɬɪɿɳɢɧɭɜɚɬɢɯ�ɩɨɪɨɞɚɯ�ɧɚ�ɩɨɜɟɪɯɧɸ�ȺɌɉ�ɧɚɧɨɫɹɬɶ�ɞɟɦɩɮɭɸɱɟ�ɞɜɨɲɚɪɨɜɟ�ɩɨɤɪɢɬɬɹ�
>�@��Ɂɚɡɧɚɱɟɧɿ�ɬɟɯɧɿɱɧɿ�ɪɿɲɟɧɧɹ�ɩɟɜɧɨɸ�ɦɿɪɨɸ�ɡɦɟɧɲɭɸɬɶ�ɡɧɨɲɭɜɚɧɧɹ�ɩɥɚɫɬɢɧ�ȺɌɉ��ɚɥɟ�ɰɟ�
ɧɟ�ɩɪɢɡɜɨɞɢɬɶ�ɞɨ�ɜɿɞɱɭɬɧɨɝɨ�ɩɿɞɜɢɳɟɧɧɹ�ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ�ɛɭɪɿɧɧɹ�

Ɉɞɧɢɦ� ɡ ɦɟɬɨɞɿɜ� ɩɿɞɜɢɳɟɧɧɹ� ɬɟɪɦɨɫɬɿɣɤɨɫɬɿ� ɬɚ� ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ� ɪɿɡɚɥɶɧɨʀ� ɤɪɚɣɤɢ� ɽ�
ɞɨɞɚɜɚɧɧɹ�ɞɨ�ɚɥɦɚɡɨɜɦɿɫɧɨɝɨ�ɲɚɪɭ�ȺɌɉ�ɚɤɬɢɜɭɸɱɢɯ�ɞɨɛɚɜɨɤ�ɩɨɪɨɲɤɿɜ�ɤɪɟɦɧɿɸ�ɚɛɨ�ɬɢɬɚɧɭ�
>�@�

Ⱦɥɹ�ɟɮɟɤɬɢɜɧɨɝɨ� ɡɚɫɬɨɫɭɜɚɧɧɹ�ɜ�ɛɭɪɨɜɨɦɭ� ɿɧɫɬɪɭɦɟɧɬɿ�ɩɨɪɨɞɨɪɭɣɧɿɜɧɢɯ�ɟɥɟɦɟɧɬɿɜ� ɡ�
ɧɨɜɢɯ�ɧɚɞɬɜɟɪɞɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɧɟɨɛɯɿɞɧɨ�ɩɪɨɜɟɫɬɢ�ɛɿɥɶɲ�ɹɤɿɫɧɿ�ɿ�ɦɟɧɲ�ɡɚɬɪɚɬɧɿ�ɞɨɫɥɿɞɠɟɧɧɹ�ɡ�
ɨɰɿɧɸɜɚɧɧɹ�ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ�ʀɯ�ɭ�ɩɪɨɰɟɫɿ�ɪɭɣɧɭɜɚɧɧɹ�ɬɜɟɪɞɨʀ�ɝɿɪɫɶɤɨʀ�ɩɨɪɨɞɢ�

ȼɿɞɨɦɿ�ɧɚ�ɫɶɨɝɨɞɧɿ�ɦɟɬɨɞɢ�ɨɰɿɧɸɜɚɧɧɹ�ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ�ɩɨɪɨɞɨɪɭɣɧɿɜɧɢɯ�ɟɥɟɦɟɧɬɿɜ�ɞɥɹ�
ɛɭɪɨɜɨɝɨ�ɿɧɫɬɪɭɦɟɧɬɭ�ɦɚɸɬɶ�ɫɤɥɚɞɧɿɫɬɶ�ɜ�ɨɛɪɨɛɰɿ�ɿɧɮɨɪɦɚɰɿʀ�ɧɚ�ɡɚɫɬɚɪɿɥɨɦɭ�ɨɛɥɚɞɧɚɧɧɿ�ɚɛɨ�
ɦɚɥɭ� ɿɧɮɨɪɦɚɬɢɜɧɿɫɬɶ�ɩɪɨɰɟɫɭ� ɿ�ɝɪɨɦɿɡɞɤɿɫɬɶ�ɩɪɨɝɪɚɦɧɨɝɨ�ɡɚɛɟɡɩɟɱɟɧɧɹ��ɹɤɟ�ɩɪɢɡɜɨɞɢɥɨ�ɞɨ�
ɜɟɥɢɤɢɯ�ɜɢɬɪɚɬ�ɪɨɛɨɱɨɝɨ�ɱɚɫɭ�ɧɚ�ɪɨɡɪɚɯɭɧɤɢ�>�@�

Ɇɟɬɚ� ɩɪɨɩɨɧɨɜɚɧɨʀ� ɪɨɛɨɬɢ� ± ɪɨɡɪɨɛɤɚ� ɦɟɬɨɞɭ� ɟɤɫɩɪɟɫ�ɨɰɿɧɤɢ� ɬɚ� ɞɟɬɚɥɶɧɟ�
ɞɨɫɥɿɞɠɟɧɧɹ� ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ� ȺɌɉ� ɡ� ɚɤɬɢɜɭɸɱɢɦɢ� ɞɨɛɚɜɤɚɦɢ� ɩɿɞ� ɱɚɫ� ɪɭɣɧɭɜɚɧɧɹ ɬɜɟɪɞɨʀ�
ɝɿɪɫɶɤɨʀ�ɩɨɪɨɞɢ�

Ɇɚɬɟɪɿɚɥɢ�ɬɚ�ɦɟɬɨɞɢ�ɞɨɫɥɿɞɠɟɧɶ�
əɤ�ɦɚɬɟɪɿɚɥɢ�ɞɥɹ�ɩɪɨɜɟɞɟɧɧɹ�ɩɨɪɿɜɧɹɥɶɧɢɯ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ�ɞɨɫɥɿɞɠɟɧɶ�ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ

ɩɨɪɨɞɨɪɭɣɧɿɜɧɢɯ� ɟɥɟɦɟɧɬɿɜ� ɞɥɹ� ɛɭɪɨɜɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ� ɛɭɥɨ� ɜɢɤɨɪɢɫɬɚɧɨ� ɚɥɦɚɡɧɨ�
ɬɜɟɪɞɨɫɩɥɚɜɧɿ� ɩɥɚɫɬɢɧɢ� ȺɌɉ� ɫɟɪɿɣɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜɚ� ȱɇɆ� ɬɚ� ɩɥɚɫɬɢɧɢ� ɡ� ɚɤɬɢɜɭɸɱɨɸ�
ɞɨɛɚɜɤɨɸ� � ɦɚɫ��� 6L�� ɳɨ� ɩɨɤɚɡɚɥɢ� ɜɿɞɧɨɫɧɨ� ɜɢɫɨɤɭ� ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ� ɜ� ɩɨɩɟɪɟɞɧɿɯ�
ɞɨɫɥɿɞɠɟɧɧɹɯ�>�@�

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ�ɞɨɫɥɿɞɠɟɧɧɹ� ɩɪɨɜɨɞɢɥɢɫɶ� ɩɿɞ� ɱɚɫ� ɩɨɡɞɨɜɠɧɶɨɝɨ� ɪɿɡɚɧɧɹ� ɡ� ɡɚɞɚɧɨɸ�
ɝɥɢɛɢɧɨɸ�ɜɩɪɨɜɚɞɠɟɧɧɹ�ɩɨɜɟɪɯɧɿ�ɤɟɪɧɚ�ɤɨɪɨɫɬɢɲɿɜɫɶɤɨɝɨ�ɝɪɚɧɿɬɭ�;�ɤɚɬɟɝɨɪɿʀ�ɡɚ�ɛɭɪɢɦɿɫɬɸ��
ɳɨ� ɯɚɪɚɤɬɟɪɢɡɭɽɬɶɫɹ� ɫɬɚɛɿɥɶɧɢɦɢ� ɜɥɚɫɬɢɜɨɫɬɹɦɢ�� ɜɢɫɨɤɨɸ� ɬɜɟɪɞɿɫɬɸ� ɿ� ɜɿɞɧɨɫɧɨ� ɜɢɫɨɤɨɸ�
ɚɛɪɚɡɢɜɧɿɫɬɸ�� ɧɚ� ɫɩɟɰɿɚɥɶɧɨɦɭ� ɫɬɟɧɞɿ�� ɫɬɜɨɪɟɧɨɦɭ� ɧɚ� ɛɚɡɿ� ɬɨɤɚɪɧɨ�ɝɜɢɧɬɨɪɿɡɧɨɝɨ� ɜɟɪɫɬɚɬɚ�
ɬɢɩɭ�ɎɌ�����ɪɢɫ�����

ɋɤɥɚɞɨɜɿ� ɫɢɥɢ� ɪɿɡɚɧɧɹ� ɜɢɦɿɪɸɜɚɥɢɫɹ� ɜɫɬɚɧɨɜɥɟɧɢɦ� ɧɚ� ɫɩɟɰɿɚɥɶɧɨɦɭ� ɫɬɟɧɞɿ�
ɭɧɿɜɟɪɫɚɥɶɧɢɦ� ɞɢɧɚɦɨɦɟɬɪɨɦ� ɍȾɆ������ ɤɨɧɫɬɪɭɤɰɿʀ� ȼɇȱ ȱɧɫɬɪɭɦɟɧɬɚ�� Ɍɚɪɭɜɚɧɧɹ�
ɞɢɧɚɦɨɦɟɬɪɭ�ɩɪɨɜɨɞɢɥɢ�ɭ�ɫɩɟɰɿɚɥɶɧɨɦɭ�ɩɪɢɫɬɪɨʀ�ɡɪɚɡɤɨɜɢɦ�ɞɢɧɚɦɨɦɟɬɪɨɦ�ȾɈɋɆ������Ⱦɚɧɿ�
ɜɢɦɿɪɸɜɚɧɶ�ɫɤɥɚɞɨɜɢɯ�ɫɢɥɢ�ɪɿɡɚɧɧɹ�ɮɿɤɫɭɜɚɥɢɫɹ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɫɩɟɰɿɚɥɶɧɨ�ɪɨɡɪɨɛɥɟɧɨɝɨ�ɿ�
ɜɢɝɨɬɨɜɥɟɧɨɝɨ� ɚɩɚɪɚɬɧɨ�ɩɪɨɝɪɚɦɧɨɝɨ� ɤɨɦɩɥɟɤɫɭ�� ɳɨ� ɦɚɽ� ɦɨɞɭɥɶ� ɜɢɦɿɪɸɜɚɧɧɹ�� ɨɫɧɚɳɟɧɢɣ�
ɚɧɚɥɨɝɨ�ɰɢɮɪɨɜɢɦ� ɩɟɪɟɬɜɨɪɸɜɚɱɟɦ� �Ⱥɐɉ��� ɿ� ɨɛɪɨɛɥɸɜɚɥɢɫɶ� ɧɚ� ɩɟɪɫɨɧɚɥɶɧɨɦɭ� ɤɨɦɩ
ɸɬɟɪɿ�
�ɉɄ��ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɫɩɟɰɿɚɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ�©7HQ]RVDWLRQ �ª��ɐɟ�ɞɚɥɨ�ɡɦɨɝɭ�ɩɪɨɜɨɞɢɬɢ�ɡɚɩɢɫ�ɿ�
ɨɛɪɨɛɤɭ�ɿɧɮɨɪɦɚɰɿʀ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɉɄ�ɜ�ɪɟɠɢɦɿ�ɪɟɚɥɶɧɨɝɨ�ɱɚɫɭ�



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

��

Ʉɿɧɟɬɢɤɭ� ɡɧɨɲɭɜɚɧɧɹ� ɩɥɚɫɬɢɧ� ȺɌɉ� ɩɿɞ� ɱɚɫ� ɪɿɡɚɧɧɹ� ɜ� ɪɟɠɢɦɿ� ɪɟɚɥɶɧɨɝɨ� ɱɚɫɭ� ɬɚɤɨɠ�
ɜɢɜɱɚɥɢ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɡɦɿɧɢ� ɫɤɥɚɞɨɜɢɯ� ɫɢɥɢ� ɪɿɡɚɧɧɹ�� ɹɤɿ� ɜɢɦɿɪɸɜɚɥɢ� ɭɧɿɜɟɪɫɚɥɶɧɢɦ�
ɞɢɧɚɦɨɦɟɬɪɨɦ� ɍȾɆ������� Ɉɬɪɢɦɚɧɿ� ɞɚɧɿ� ɮɿɤɫɭɜɚɥɢ� ɜ� ɚɩɚɪɚɬɧɨ�ɩɪɨɝɪɚɦɧɨɦɭ� ɤɨɦɩɥɟɤɫɿ� ɡ�
ɦɨɞɭɥɟɦ�ɜɢɦɿɪɸɜɚɧɧɹ�ɡ�Ⱥɐɉ�ɬɚ�ɨɩɪɚɰɶɨɜɭɜɚɥɢ�ɧɚ�ɉɄ� ɇɚ�ɜɢɩɪɨɛɭɜɚɧɧɹɯ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɨɫɹ�
ɫɩɟɰɿɚɥɶɧɟ� ɩɪɢɫɬɨɫɭɜɚɧɧɹ� ɞɥɹ� ɡɚɤɪɿɩɥɟɧɧɹ� ɤɟɪɧɚ� ɝɿɪɫɶɤɨʀ� ɩɨɪɨɞɢ� ɭ� ɜɢɝɥɹɞɿ� ɪɨɡɪɿɡɧɨɝɨ�
ɰɢɥɿɧɞɪɚ�ɿ�ɫɤɥɹɧɤɢ��ɚ�ɬɚɤɨɠ�ɫɩɟɰɿɚɥɶɧɢɣ�ɪɿɡɟɰɶ�ɞɥɹ�ɡɚɤɪɿɩɥɟɧɧɹ�ɡɪɚɡɤɚ�ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ�ȺɌɉ�

Ⱦɨɫɥɿɞɧɢɣ�ɡɪɚɡɨɤ�ȺɌɉ ɡɚɤɪɿɩɥɸɜɚɜɫɹ�ɜ�ɫɩɟɰɿɚɥɶɧɨɦɭ�ɪɿɡɰɿ� ɿ�ɩɿɞɜɨɞɢɜɫɹ�ɞɨ�ɩɨɜɟɪɯɧɿ�
ɤɟɪɧɚ� ɝɿɪɫɶɤɨʀ� ɩɨɪɨɞɢ�� ɞɟ� ɿ� ɡɞɿɣɫɧɸɜɚɥɨɫɹ� ɣɨɝɨ� ɩɨɡɞɨɜɠɧɽ� ɪɿɡɚɧɧɹ� ɡ� ɡɚɞɚɧɨɸ� ɝɥɢɛɢɧɨɸ�
ɜɩɪɨɜɚɞɠɟɧɧɹ�� Ƚɟɨɦɟɬɪɢɱɧɿ� ɩɚɪɚɦɟɬɪɢ� ɪɿɡɚɥɶɧɨʀ� ɱɚɫɬɢɧɢ� ɫɩɟɰɿɚɥɶɧɨɝɨ� ɪɿɡɰɹ�� ɩɟɪɟɞɧɿɣ� ɤɭɬ�
J  �±�����ɡɚɞɧɿɣ�ɤɭɬ�Į� ������

əɤ� ɝɿɪɫɶɤɭ� ɩɨɪɨɞɭ� ɞɥɹ� ɜɢɩɪɨɛɭɜɚɧɶ� ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ� ɩɥɚɫɬɢɧ� ȺɌɉ� ɜɢɛɪɚɧɨ�
ɤɨɪɨɫɬɢɲɿɜɫɶɤɢɣ� ɝɪɚɧɿɬ� ;� ɤɚɬɟɝɨɪɿʀ� ɡɚ ɛɭɪɢɦɿɫɬɸ�� ɳɨ� ɯɚɪɚɤɬɟɪɢɡɭɽɬɶɫɹ� ɫɬɚɛɿɥɶɧɢɦɢ�
ɜɥɚɫɬɢɜɨɫɬɹɦɢ�� ɜɢɫɨɤɨɸ� ɬɜɟɪɞɿɫɬɸ� ɬɚ� ɦɚɥɨɸ� ɚɛɪɚɡɢɜɧɿɫɬɸ� Ɉɫɧɨɜɧɿ� ɮɿɡɢɤɨ�ɦɟɯɚɧɿɱɧɿ�
ɜɥɚɫɬɢɜɨɫɬɿ�ɤɨɪɨɫɬɢɲɿɜɫɶɤɨɝɨ�ɝɪɚɧɿɬɭ��ɬɜɟɪɞɿɫɬɶ�ɡɚ�ɲɬɚɦɩɨɦ�3ɲ  �����ɞɚɇ�ɦɦ���ɚɛɪɚɡɢɜɧɿɫɬɶ�
± ����ɨɛ¶ɽɞɧɚɧɢɣ�ɩɨɤɚɡɧɢɤ�ɛɭɪɢɦɨɫɬɿ�ȡɦ  ������·�������

ɉɪɚɰɟɡɞɚɬɧɿɫɬɶ�ɞɨɫɥɿɞɠɭɜɚɧɢɯ�ɩɥɚɫɬɢɧ�ȺɌɉ�ɨɰɿɧɸɜɚɥɢ�ɡɚ ɿɧɬɟɧɫɢɜɧɿɫɬɸ�ɡɧɨɲɭɜɚɧɧɹ�
ɡɚ� ɦɚɫɨɸ� ɿ� ɤɨɧɬɪɨɥɶɧɢɦ� ɜɢɦɿɪɨɦ� ɜɢɫɨɬɢ� ɩɥɨɳɚɞɤɢ� ɡɧɨɫɭ�ɦɿɤɪɨɫɤɨɩɨɦ�ɆȻɋ��� ɡ� ɩɨɯɢɛɤɨɸ�
ɜɢɦɿɪɸɜɚɧɶ� �� ����� ɦɦ�� ɚ� ɬɚɤɨɠ� ɡɚ� ɪɨɡɪɚɯɨɜɚɧɢɦɢ� ɩɨɤɚɡɧɢɤɚɦɢ� ɩɢɬɨɦɨʀ� ɟɧɟɪɝɨɽɦɧɨɫɬɿ�
ɪɭɣɧɭɜɚɧɧɹ�Jɞɥɹ�ɤɨɠɧɨɝɨ�ɿɡ�ɡɪɚɡɤɿɜ��

ȱɧɬɟɧɫɢɜɧɿɫɬɶ� ɡɧɨɲɭɜɚɧɧɹ� ɡɚ�ɦɚɫɨɸ� , �ɦɝ�ɤɦ�� ɜɢɡɧɚɱɚɥɚɫɶ� ɹɤ�ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ɜɬɪɚɬɢ�
ɦɚɫɢ�ɩɨɪɨɞɨɪɭɣɧɿɜɧɨʀ�ɜɫɬɚɜɤɢ�ǻP �Pɩ ± Pɤ ɞɨ�ɜɟɥɢɱɢɧɢ�ɩɪɨɯɨɞɤɢ�ɧɚ�ɟɥɟɦɟɧɬ�/��ɞɟ�Pɩ ɬɚ�Pɤ

�ɦɝ��± ɦɚɫɚ�ɡɪɚɡɤɚ��ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɿ�ɩɿɫɥɹ�ɬɟɫɬɭɜɚɧɧɹ
P

,
/

'
 �

ɞɟ� ܮ ൌ
஠஽௡

଺଴
�ݐ� �' ± ɞɿɚɦɟɬɪ� ɤɟɪɧɭ�� ɦ�� Q ± ɱɚɫɬɨɬɚ ɨɛɟɪɬɚɧɧɹ� ɲɩɢɧɞɟɥɹ� ɫɬɚɧɤɚ�� ɨɛ�ɯɜ�� W� ± ɱɚɫ�

ɪɿɡɚɧɧɹ��ɯɜ��
Ɇɚɫɭ� ɞɨɫɥɿɞɧɢɯ� ɩɥɚɫɬɢɧ� ȺɌɉ� ɜɢɦɿɪɸɜɚɥɢ� ɧɚ� ɟɥɟɤɬɪɨɧɧɢɯ� ɜɚɝɚɯ� ɬɢɩɭ� 6DUWRULXV� ɡ�

ɬɨɱɧɿɫɬɸ�ɞɨ��������ɝ�
Ʉɨɧɬɪɨɥɶɨɜɚɧɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ� ɩɿɞ� ɱɚɫ� ɪɿɡɚɧɧɹ� ɛɭɥɢ� ɝɥɢɛɢɧɚ� ɜɩɪɨɜɚɞɠɟɧɧɹ� �ɡ�

ɬɨɱɧɿɫɬɸ�ɞɨ������ɦɦ��ɿ�ɱɚɫ�ɪɿɡɚɧɧɹ��ɡ�ɬɨɱɧɿɫɬɸ�ɞɨ���ɫ��
ɉɨɪɿɜɧɹɥɶɧɿ�ɜɢɩɪɨɛɭɜɚɧɧɹ�ɡɪɚɡɤɿɜ�ɩɥɚɫɬɢɧ�ȺɌɉ�ɫɟɪɿɣɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ�ɬɚ�ɩɥɚɫɬɢɧ�ɡ�

ɚɤɬɢɜɭɸɱɨɸ� ɞɨɛɚɜɤɨɸ� � ɦɚɫ��� 6L ɩɪɨɜɨɞɢɥɢ� ɩɪɢ� ɧɚɫɬɭɩɧɢɯ� ɩɚɪɚɦɟɬɪɚɯ� ɪɟɠɢɦɭ� ɪɿɡɚɧɧɹ��
ɱɚɫɬɨɬɚ ɨɛɟɪɬɚɧɧɹ� ± ���� ɨɛ�ɯɜ� ɝɥɢɛɢɧɚ� ɜɩɪɨɜɚɞɠɟɧɧɹ� ± ���� ɦɦ�� ɉɪɢ� ɰɶɨɦɭ� ɪɨɡɪɚɯɭɧɤɨɜɿ�

Ɋɢɫ�����ȼɢɩɪɨɛɭɜɚɧɧɹ�ɧɚ�ɿɧɬɟɧɫɢɜɧɿɫɬɶ�ɡɧɨɲɭɜɚɧɧɹ�ɧɚ ɬɨɤɚɪɧɨ�
ɝɜɢɧɬɨɪɿɡɧɨɦɭ�ɜɟɪɫɬɚɬɿ�ɎɌ�� ��



ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

��

ɩɚɪɚɦɟɬɪɢ� ɫɬɚɧɨɜɢɥɢ�� ɲɜɢɞɤɿɫɬɶ� ɪɿɡɚɧɧɹ� ± �����ɦ�ɫ��ɲɥɹɯ� ɬɨɱɿɧɧɹ� ± �����ɦ�� ɱɚɫ� ɬɨɱɿɧɧɹ� ±
���� ɫ�

ɋɥɿɞ� ɡɚɡɧɚɱɢɬɢ�� ɳɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ� ɩɨɪɨɞɨɪɭɣɧɿɜɧɢɯ� ɟɥɟɦɟɧɬɿɜ� ɡ� ȺɌɉ�
ɩɪɢ ɪɿɡɚɧɧɿ�ɤɟɪɧɭ�ɝɪɚɧɿɬɭ�ɩɪɨɜɨɞɢɥɢ�ɩɪɢ�ɩɪɢɦɭɫɨɜɨɦɭ�ɨɯɨɥɨɞɠɟɧɧɿ�ɡɨɧɢ�ɪɿɡɚɧɧɹ�ɩɪɨɬɨɱɧɨɸ�
ɜɨɞɨɸ�� ɳɨ� ɿɦɿɬɭɽ� ɩɪɨɰɟɫ� ɩɪɨɦɢɜɚɧɧɹ� ɿ� ɨɯɨɥɨɞɠɟɧɧɹ� ɛɭɪɨɜɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ� ɧɚ� ɜɢɛɨʀ�
ɫɜɟɪɞɥɨɜɢɧɢ�

Ɋɟɡɭɥɶɬɚɬɢ�ɞɨɫɥɿɞɠɟɧɧɹ�ɬɚ�ʀɯ�ɨɛɝɨɜɨɪɟɧɧɹ
ɋɭɞɹɱɢ� ɡ� ɪɟɡɭɥɶɬɚɬɿɜ� ɩɨɪɿɜɧɹɥɶɧɢɯ� ɜɢɩɪɨɛɭɜɚɧɶ� ɚɥɦɚɡɧɨ�ɬɜɟɪɞɨɫɩɥɚɜɧɢɯ� ɩɥɚɫɬɢɧ��

ɨɬɪɢɦɚɧɿ� ɩɨɤɚɡɧɢɤɢ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ� ɡɧɨɲɭɜɚɧɧɹ� ɜɿɞɩɨɜɿɞɧɨ� ɞɥɹ� ɩɥɚɫɬɢɧ� ȺɌɉ� ɫɟɪɿɣɧɨɝɨ�
ɜɢɪɨɛɧɢɰɬɜɚ� ɬɚ� ɩɥɚɫɬɢɧ� ɡ� ɚɤɬɢɜɭɸɱɨɸ�ɞɨɛɚɜɤɨɸ���ɦɚɫ���6L ɛɥɢɡɶɤɿ� ɞɨ�ɩɨɩɟɪɟɞɧɿɯ�� ɚ� ɫɚɦɟ�
����� ɦɝ�ɤɦ� ɬɚ� ����� ɦɝ�ɤɦ� �ɬɚɛɥ����� Ɍɨɛɬɨ� ɨɱɟɜɢɞɧɟ� ɡɧɢɠɟɧɧɹ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ� ɡɧɨɲɭɜɚɧɧɹ� ɧɚ�
����ɭ�ɩɥɚɫɬɢɧ�ɡ�ɚɤɬɢɜɭɸɱɨɸ�ɞɨɛɚɜɤɨɸ���ɦɚɫ���6L ɩɨɪɿɜɧɹɧɨ�ɡ�ɩɥɚɫɬɢɧɚɦɢ�ȺɌɉ�ɫɟɪɿɣɧɨɝɨ�
ɜɢɪɨɛɧɢɰɬɜɚ�ȱɇɆ�

Ɍɚɛɥɢɰɹ���ɉɨɪɿɜɧɹɥɶɧɿ�ɜɢɩɪɨɛɭɜɚɧɧɹ�ɩɥɚɫɬɢɧ�ȺɌɉ�ɫɟɪɿɣɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ�ɬɚ�ɩɥɚɫɬɢɧ�ɡ�
ɚɤɬɢɜɭɸɱɨɸ� ɞɨɛɚɜɤɨɸ� �� ɦɚɫ��� 6L ɩɪɢ� ɪɿɡɚɧɧɿ� ɤɨɪɨɫɬɢɲɿɜɫɶɤɨɝɨ� ɝɪɚɧɿɬɭ� ;�
ɤɚɬɟɝɨɪɿʀ�ɡɚ�ɛɭɪɢɦɿɫɬɸ

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ�
ɩɥɚɫɬɢɧɢ�ȺɌɉ

Ɇɚɫɚ�ɩɥɚɫɬɢɧɢ��
ɦɝ Ɂɧɨɫ�ɩɨ�

ɦɚɫɿ��ɦɝ

ȱɧɬɟɧɫɢɜɧɿɫɬɶ
ɡɧɨɲɭɜɚɧɧɹ�ɩɨ
ɦɚɫɿ��,�ɦɝ�ɤɦ

ȼɢɫɨɬɚ�ɩɥɨɳɚɞɤɢ�
ɡɧɨɫɭ��K�

ɦɦɇɚɱɚɥɶɧɚ Ʉɿɧɰɟɜɚ

ɫɟɪɿɣɧɚ ������ ������ ���� ���� ���
ɡ�ɚɤɬɢɜɭɸɱɨɸ�
ɞɨɛɚɜɤɨɸ

������ ������ ���� ���� ���

Ʉɪɿɦ� ɬɨɝɨ�� ɜɢɦɿɪɸɜɚɧɧɹ� ɜɢɫɨɬɢ� ɩɥɨɳɚɞɤɢ� ɡɧɨɫɭ� K ɭ� ɨɛɨɯ� ɡɪɚɡɤɿɜ� ɩɥɚɫɬɢɧ� ȺɌɉ ɬɚ�
ɯɚɪɚɤɬɟɪ�ɡɧɨɲɟɧɧɹ�ɪɿɠɭɱɨʀ�ɤɪɨɦɤɢ��ɪɢɫ����ɬɟɠ�ɩɨɤɚɡɚɥɨ�ɩɟɪɟɜɚɝɭ� ɜ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ�ɩɥɚɫɬɢɧ�
ȺɌɉ�ɡ�ɚɤɬɢɜɭɸɱɨɸ�ɞɨɛɚɜɤɨɸ�� ɦɚɫ���6L ɜɿɞɧɨɫɧɨ�ɩɥɚɫɬɢɧ�ɫɟɪɿɣɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ�

ɚ ɛ
Ɋɢɫ� ���ȼɢɝɥɹɞ�ɩɥɨɳɚɞɤɢ�ɡɧɨɫɭ�ɩɥɚɫɬɢɧ�ȺɌɉ� ɚ ± ɫɟɪɿɣɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ��ɛ ± ɡ�ɚɤɬɢɜɭɸɱɨɸ�

ɞɨɛɚɜɤɨɸ

ɍ�ɩɪɨɰɟɫɿ�ɩɪɨɜɟɞɟɧɧɹ�ɞɨɫɥɿɞɠɟɧɶ�ɨɬɪɢɦɚɧɨ�ɞɚɧɿ�ɜɢɦɿɪɸɜɚɧɧɹ�ɨɫɧɨɜɧɢɯ�ɫɤɥɚɞɨɜɢɯ�
ɫɢɥɢ�ɪɿɡɚɧɧɹ��3= ɬɚ�3<���ɹɤɿ�ɞɚɸɬɶ�ɡɦɨɝɭ�ɞɟɬɚɥɶɧɿɲɟ�ɩɪɨɜɟɫɬɢ�ɨɰɿɧɤɭ�ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ�ɩɥɚɫɬɢɧ�
ȺɌɉ��ɳɨ�ɞɨɫɥɿɞɠɭɜɚɥɢɫɶ��ɬɚɛɥ� ���



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

��

Ⱥɧɚɥɿɡ�ɪɟɡɭɥɶɬɚɬɿɜ�ɜɢɦɿɪɸɜɚɧɧɹ�ɨɫɧɨɜɧɢɯ�ɫɤɥɚɞɧɢɤɿɜ�ɫɢɥɢ�ɪɿɡɚɧɧɹ�ɩɥɚɫɬɢɧ�ȺɌɉ�ɬɚ�
ɩɢɬɨɦɨʀ�ɟɧɟɪɝɨɽɦɧɨɫɬɿ�ɧɚɜɟɞɟɧɢɯ�ɜ�ɬɚɛɥ� ��ɩɨɤɚɡɚɜ��ɳɨ�ɜ�ɩɪɨɰɟɫɿ�ɪɭɣɧɭɜɚɧɧɹ�ɝɪɚɧɿɬɭ�ɭ�ɨɛɨɯ�
ɡɪɚɡɤɿɜ�ɩɥɚɫɬɢɧ�ȺɌɉ�ɝɨɪɢɡɨɧɬɚɥɶɧɚ�ɫɤɥɚɞɨɜɚ�ɫɢɥɢ�ɪɿɡɚɧɧɹ3=ɦɚɣɠɟ�ɧɟ�ɜɿɞɪɿɡɧɹɥɚɫɶ�ɧɚ�
ɜɿɞɦɿɧɭ�ɜɿɞ�ɜɟɪɬɢɤɚɥɶɧɨʀ�ɫɤɥɚɞɨɜɨʀ�ɫɢɥɢ�ɪɿɡɚɧɧɹ�3<��ɫɟɪɟɞɧɿɣ�ɩɨɤɚɡɧɢɤ�ɹɤɨʀ�ɭ�ɩɥɚɫɬɢɧɢ�ɡ�
ɚɤɬɢɜɭɸɱɨɸ�ɞɨɛɚɜɤɨɸ�ɛɭɜ�ɜ������ɪɚɡɢ ɛɿɥɶɲɢɦ�

Ɍɚɛɥɢɰɹ� ��� ɋɟɪɟɞɧɿ� ɩɨɤɚɡɧɢɤɢ� ɨɫɧɨɜɧɢɯ� ɫɤɥɚɞɨɜɢɯ� ɫɢɥɢ� ɪɿɡɚɧɧɹ� ɩɥɚɫɬɢɧ� ȺɌɉ� ɬɚ�
ɩɢɬɨɦɨʀ� ɟɧɟɪɝɨɽɦɧɨɫɬɿ� ɩɪɢ� ɪɭɣɧɭɜɚɧɧɿ� ɤɨɪɨɫɬɢɲɿɜɫɶɤɨɝɨ� ɝɪɚɧɿɬɭ� ;�
ɤɚɬɟɝɨɪɿʀ�ɡɚ�ɛɭɪɢɦɿɫɬɸ

ɏɚɪɚɤɬɟɪɢɫ�
ɬɢɤɚ�ȺɌɉ

ɒɜɢɞɤɿɫɬɶ�
ɪɿɡɚɧɧɹ�
ɦ�ɫ

Ƚɥɢɛɢɧɚ�
ɜɩɪɨɜɚɞɠ
ɟɧɧɹ��ɦɦ

3=�
ɇ

3<�
ɇ

Ɉɛ¶ɽɦ�
ɡɪɭɣɧɨɜɚɧɨʀ�
ɩɨɪɨɞɢ�
9��ɦɦ�

ɉɢɬɨɦɚ�
ɟɧɟɪɝɨɽɦɧɿɫɬɶ�
ɪɭɣɧɭɜɚɧɧɹ��J��

ɇɦ�ɦɦ�

ɫɟɪɿɣɧɚ ���� ��� ���� ����� ���� ����
ɡ�

ɚɤɬɢɜɭɸɱɨɸ�
ɞɨɛɚɜɤɨɸ

���� ��� ���� ����� ���� ����

ɉɪɢ� ɰɶɨɦɭ� ɩɢɬɨɦɚ� ɟɧɟɪɝɨɽɦɧɿɫɬɶ� ɪɭɣɧɭɜɚɧɧɹ� ɩɨɪɨɞɢ� Jɩɪɢ� ɪɨɛɨɬɿ� ɩɥɚɫɬɢɧɨɸ� ɡ�
ɚɤɬɢɜɭɸɱɨɸ� ɞɨɛɚɜɤɨɸ� ɛɭɥɚ� ɜ� ����� ɪɚɡɿɜ� ɦɟɧɲɨɸ� ɧɿɠ� ɩɪɢ� ɪɨɛɨɬɿ� ɫɟɪɿɣɧɨɸ� ɩɥɚɫɬɢɧɨɸ� ɡɚ�
ɪɚɯɭɧɨɤ� ɛɿɥɶɲɨɝɨ� �ɜ� ����� ɪɚɡɢ�� ɨɛ¶ɽɦɭ� ɡɪɭɣɧɨɜɚɧɨʀ� ɩɨɪɨɞɢ�� ɐɟ� ɫɜɿɞɱɢɬɶ� ɩɪɨ� ɛɿɥɶɲɭ�
ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ� ɩɥɚɫɬɢɧɢ� ɡ� ɚɤɬɢɜɭɸɱɨɸ� ɞɨɛɚɜɤɨɸ�� ɳɨ� ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ� ɛɿɥɶɲɨɸ�
ɡɧɨɫɨɫɬɿɣɤɿɫɬɸ�ʀʀ�ɪɿɠɭɱɨʀ�ɤɪɨɦɤɢ�ɩɨɪɿɜɧɹɧɨ�ɡ�ɪɨɛɨɬɨɸ�ɩɥɚɫɬɢɧɢ�ȺɌɉ�ɫɟɪɿɣɧɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ�
ȱɇɆ� ɩɪɢ� ɪɭɣɧɭɜɚɧɧɿ� ɦɨɧɨɥɿɬɧɨʀ� ɬɜɟɪɞɨʀ� ɝɿɪɫɶɤɨʀ� ɩɨɪɨɞɢ�� Ⱦɚɧɿ ɜɢɦɿɪɸɜɚɧɧɹ� ɨɫɧɨɜɧɢɯ�
ɫɤɥɚɞɨɜɢɯ� ɫɢɥɢ� ɪɿɡɚɧɧɹ� ɩɥɚɫɬɢɧ� ȺɌɉ� ɞɟɳɨ� ɡɛɿɝɚɸɬɶɫɹ� ɡ� ɩɪɨɜɟɞɟɧɢɦɢ� ɪɚɧɿɲɟ� ɜ� ȱɇɆ�
ɞɨɫɥɿɞɠɟɧɧɹɦɢ�>�@��

ȼɢɫɧɨɜɤɢ
Ɋɨɡɪɨɛɥɟɧɢɣ�ɦɟɬɨɞ�ɟɤɫɩɪɟɫ�ɨɰɿɧɤɢ�ɞɚɽ�ɡɦɨɝɭ�ɞɟɬɚɥɶɧɿɲɟ�ɞɨɫɥɿɞɠɭɜɚɬɢ�ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ�

ɧɨɜɢɯ�ȺɌɉ�ɜ�ɥɚɛɨɪɚɬɨɪɧɢɯ�ɭɦɨɜɚɯ�
Ɂɚ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɜɢɤɨɧɚɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ�� ɞɨɯɨɞɢɦɨ� ɜɢɫɧɨɜɤɭ�� ɳɨ� ɩɥɚɫɬɢɧɢ� ȺɌɉ� ɡ�

ɚɤɬɢɜɭɸɱɨɸ� ɞɨɛɚɜɤɨɸ� ɤɪɟɦɧɿɸ� ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɥɢ� ɛɿɥɶɲɭ� ɧɚ� ���� ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ� ɪɿɠɭɱɨʀ�
ɤɪɨɦɤɢ� ɩɿɞ� ɱɚɫ� ɪɭɣɧɭɜɚɧɧɹ� ɦɨɧɨɥɿɬɧɨʀ� ɬɜɟɪɞɨʀ� ɝɿɪɫɶɤɨʀ� ɩɨɪɨɞɢ� ɩɨɪɿɜɧɹɧɨ� ɡ� ɪɨɛɨɬɨɸ�
ɩɥɚɫɬɢɧɢ� ȺɌɉ� ɫɟɪɿɣɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜɚ� ȱɇɆ�� ɚ� ɬɚɤɨɠ� ɜɢɳɿ� ɜ����� ɪɚɡɢ� ɫɟɪɟɞɧɿ� ɩɨɤɚɡɧɢɤɢ�
ɜɟɪɬɢɤɚɥɶɧɨɝɨ�ɫɤɥɚɞɧɢɤɚ�ɫɢɥɢ�ɪɿɡɚɧɧɹ�3<��

ɉɢɬɨɦɚ� ɟɧɟɪɝɨɽɦɧɿɫɬɶ� ɪɭɣɧɭɜɚɧɧɹ� ɩɨɪɨɞɢ� Jɩɪɢ� ɪɨɛɨɬɿ� ɩɥɚɫɬɢɧɨɸ� ɡ� ɚɤɬɢɜɭɸɱɨɸ�
ɞɨɛɚɜɤɨɸ� ɛɭɥɚ� ɜ� ����� ɪɚɡɿɜ� ɦɟɧɲɨɸ�� ɧɿɠ� ɩɪɢ� ɪɨɛɨɬɿ� ɫɟɪɿɣɧɨɸ� ɩɥɚɫɬɢɧɨɸ� ɡɚ� ɪɚɯɭɧɨɤ�
ɛɿɥɶɲɨɝɨ� �ɜ� ����� ɪɚɡɢ�� ɨɛ¶ɽɦɭ� ɡɪɭɣɧɨɜɚɧɨʀ� ɩɨɪɨɞɢ��ɐɟ� ɫɜɿɞɱɢɬɶ� ɩɪɨ�ɛɿɥɶɲɭ� ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ�
ɩɥɚɫɬɢɧɢ� ɡ� ɚɤɬɢɜɭɸɱɨɸ� ɞɨɛɚɜɤɨɸ�� ɳɨ� ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ� ɛɿɥɶɲɨɸ� ɡɧɨɫɨɫɬɿɣɤɿɫɬɸ� ʀʀ� ɪɿɠɭɱɨʀ�
ɤɪɨɦɤɢ� ɩɨɪɿɜɧɹɧɨ� ɡ� ɪɨɛɨɬɨɸ� ɩɥɚɫɬɢɧɢ� ȺɌɉ� ɫɟɪɿɣɧɨɝɨ� ɜɢɪɨɛɧɢɰɬɜɚ� ȱɇɆ� ɩɪɢ� ɪɭɣɧɭɜɚɧɧɿ�
ɦɨɧɨɥɿɬɧɨʀ�ɬɜɟɪɞɨʀ�ɝɿɪɫɶɤɨʀ�ɩɨɪɨɞɢ�

ɇɚ� ɩɿɞɫɬɚɜɿ� ɜɢɳɟɫɤɚɡɚɧɨɝɨ� ɞɨɯɨɞɢɦɨ� ɜɢɫɧɨɜɤɭ�� ɳɨ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɥɚɫɬɢɧ� ȺɌɉ� ɡ�
ɚɤɬɢɜɭɸɱɨɸ� ɞɨɛɚɜɤɨɸ� ɤɪɟɦɧɿɸ� ɭ� ɝɟɨɥɨɝɨɪɨɡɜɿɞɭɜɚɥɶɧɢɯ� ɛɭɪɨɜɢɯ� ɤɨɪɨɧɤɚɯ� ɦɨɠɟ� ɛɭɬɢ�
ɟɮɟɤɬɢɜɧɢɦ� ɞɥɹ� ɪɨɡɲɢɪɟɧɧɹ� ɞɿɚɩɚɡɨɧɭ� ɬɜɟɪɞɢɯ� ɝɿɪɫɶɤɢɯ� ɩɨɪɿɞ�� ɳɨ� ɛɭɪɹɬɶɫɹ�� ɡɚ� ɪɚɯɭɧɨɤ�
ɛɿɥɶɲɨʀ�ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ�ʀʀ�ɪɿɠɭɱɨʀ�ɤɪɨɦɤɢ�

ɐɟɥɶɸ�ɞɚɧɧɨɣ�ɪɚɛɨɬɵ�ɛɵɥɚ�ɪɚɡɪɚɛɨɬɤɚ�ɦɟɬɨɞɚ�ɷɤɫɩɪɟɫɫ�ɨɰɟɧɤɢ�ɢ�ɞɟɬɚɥɶɧɨɟ�ɢɫɫɥɟɞɨɜɚɧɢɟ�
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ� ȺɌɉ� ɫ� ɚɤɬɢɜɢɪɭɸɳɢɦɢ� ɞɨɛɚɜɤɚɦɢ� ɩɪɢ� ɪɚɡɪɭɲɟɧɢɢ� ɬɜɟɪɞɨɣ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ��



ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

��

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɪɨɜɨɞɢɥɢɫɶ� ɩɪɢ� ɩɪɨɞɨɥɶɧɨɦ� ɪɟɡɚɧɢɢ� ɫ� ɡɚɞɚɧɧɨɣ� ɝɥɭɛɢɧɨɣ�
ɜɧɟɞɪɟɧɢɹ�ɩɨɜɟɪɯɧɨɫɬɢ�ɤɟɪɧɚ�ɝɪɚɧɢɬɚ�;�ɤɚɬɟɝɨɪɢɢ�ɩɨ�ɛɭɪɢɦɨɫɬɢ��Ʉɢɧɟɬɢɤɚ�ɢɡɧɚɲɢɜɚɧɢɹ�ɩɥɚɫɬɢɧ�
ȺɌɉ� ɩɪɢ� ɪɟɡɚɧɢɢ� ɜ� ɪɟɠɢɦɟ� ɪɟɚɥɶɧɨɝɨ� ɜɪɟɦɟɧɢ� ɢɡɭɱɚɥɢ ɫ� ɭɱɟɬɨɦ� ɢɡɦɟɧɟɧɢɹ� ɫɨɫɬɚɜɥɹɸɳɢɯ� ɫɢɥɵ�
ɪɟɡɚɧɢɹ�� ɉɥɚɫɬɢɧɵ� ȺɌɉ� ɫ� ɚɤɬɢɜɢɪɭɸɳɟɣ� ɞɨɛɚɜɤɨɣ� ɤɪɟɦɧɢɹ� ɩɨɤɚɡɚɥɢ� ɛɨɥɶɲɭɸ� ɧɚ� ����
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ�ɪɟɠɭɳɟɣ�ɤɪɨɦɤɢ�ɩɪɢ�ɪɚɡɪɭɲɟɧɢɢ�ɬɜɟɪɞɨɣ�ɝɨɪɧɨɣ�ɩɨɪɨɞɵ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɪɚɛɨɬɨɣ�
ɩɥɚɫɬɢɧɵ� ȺɌɉ� ɫɟɪɢɣɧɨɝɨ� ɩɪɨɢɡɜɨɞɫɬɜɚ� ɂɋɆ�� ɚ� ɬɚɤɠɟ� ɜɵɲɟ� ɜ� ����� ɪɚɡɚ� ɫɪɟɞɧɢɟ� ɩɨɤɚɡɚɬɟɥɢ�
ɜɟɪɬɢɤɚɥɶɧɨɣ� ɫɨɫɬɚɜɥɹɸɳɟɣ� ɫɢɥɵ� ɪɟɡɚɧɢɹ� 3<�� ɍɞɟɥɶɧɚɹ� ɷɧɟɪɝɨɟɦɤɨɫɬɶ� ɪɚɡɪɭɲɟɧɢɹ� ɩɨɪɨɞɵ� J ɩɪɢ�
ɪɚɛɨɬɟ� ɩɥɚɫɬɢɧɨɣ� ɫ� ɚɤɬɢɜɢɪɭɸɳɟɣ� ɞɨɛɚɜɤɨɣ� ɛɵɥɚ� ɜ� ����� ɪɚɡ� ɦɟɧɶɲɟ�� ɱɟɦ� ɩɪɢ� ɪɚɛɨɬɟ� ɫɟɪɢɣɧɨɣ�
ɩɥɚɫɬɢɧɨɣ� ɡɚ� ɫɱɟɬ� ɛɨɥɶɲɟɝɨ� �ɜ� ����� ɪɚɡɚ�� ɨɛɴɟɦɚ� ɪɚɡɪɭɲɟɧɧɨɣ� ɩɨɪɨɞɵ�� ɱɬɨ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨ�
ɛɨɥɶɲɟɣ�ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ�ɩɥɚɫɬɢɧɵ�ɫ�ɚɤɬɢɜɢɪɭɸɳɟɣ�ɞɨɛɚɜɤɨɣ��ɤɨɬɨɪɚɹ�ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ�ɛɨɥɶɲɟɣ�
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ� ɟɟ� ɪɟɠɭɳɟɣ� ɤɪɨɦɤɢ�� ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɩɥɚɫɬɢɧ� ȺɌɉ� ɫ� ɚɤɬɢɜɢɪɭɸɳɟɣ� ɞɨɛɚɜɤɨɣ�
ɤɪɟɦɧɢɹ� ɜ� ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɵɯ� ɛɭɪɨɜɵɯ� ɤɨɪɨɧɤɚɯ� ɦɨɠɟɬ� ɛɵɬɶ� ɷɮɮɟɤɬɢɜɧɵɦ� ɞɥɹ� ɪɚɫɲɢɪɟɧɢɹ�
ɞɢɚɩɚɡɨɧɚ�ɛɭɪɢɦɵɯ�ɬɜɟɪɞɵɯ�ɝɨɪɧɵɯ�ɩɨɪɨɞ�ɡɚ�ɫɱɟɬ�ɛɨɥɶɲɟɣ�ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ�ɟɟ�ɪɟɠɭɳɟɣ�ɤɪɨɦɤɢ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ� ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ��ȺɌɉ��ɚɤɬɢɜɢɪɭɸɳɢɟ�ɞɨɛɚɜɤɢ��ɬɜɟɪɞɚɹ�ɝɨɪɧɚɹ�ɩɨɪɨɞɚ��
ɢɡɧɨɫ��ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ��ɫɢɥɵ�ɪɟɡɚɧɢɹ��ɪɟɠɭɳɚɹ�ɤɪɨɦɤɚ��ɛɭɪɨɜɚɹ�ɤɨɪɨɧɤɚ�

9� =��7XUNHYLFK��$� 3��=DNRUD��,� $��0HOQLLFKXN��0� 9��6XSUXQ��/� )��6WDVLXN��
'� $��6WUDWLLFKXN� ,� $��=DNRUD

0(7+2'�)25�$66(66,1*�7+(�3(5)250$1&(�2)�3'&
)25�$�'5,//,1*�(;3/25$7,21722/6

7KH� SXUSRVH� RI� WKLV� ZRUN� ZDV� WR� GHYHORS� D� UDSLG� DVVHVVPHQW�PHWKRG� DQG� D� GHWDLOHG� VWXG\� RI� WKH�
SHUIRUPDQFH� RI�3'&�ZLWK� DFWLYDWLQJ� DGGLWLYHV� LQ� WKH� GHVWUXFWLRQ� RI� VROLG� URFN��([SHULPHQWDO� VWXGLHV�ZHUH�
FDUULHG�RXW�ZLWK�ORQJLWXGLQDO�FXWWLQJ�ZLWK�D�JLYHQ�GHSWK�RI�SHQHWUDWLRQ�RI�WKH�FRUH�VXUIDFH�RI�JUDQLWH�;�RI�WKH�
FDWHJRU\� E\� GULOODELOLW\�� 7KH� ZHDU� NLQHWLFV� RI� 3'&� GXULQJ� FXWWLQJ� LQ� UHDO� WLPH� ZHUH� VWXGLHG� WDNLQJ� LQWR�
DFFRXQW� WKH� FKDQJH� LQ� WKH� FRPSRQHQWV� RI� WKH� FXWWLQJ� IRUFH�� 7KH� 3'&� ZLWK� DQ� DFWLYDWLQJ� VLOLFRQ� DGGLWLYH�
VKRZHG�D�����KLJKHU�ZHDU�UHVLVWDQFH�RI� WKH�FXWWLQJ�HGJH�LQ� WKH�GHVWUXFWLRQ�RI�VROLG�URFN�FRPSDUHG�WR� WKH�
ZRUN�RI�WKH�3'&�RI�WKH�VHULDO�SURGXFWLRQ�RI�WKH�,60��DQG�DOVR������WLPHV�KLJKHU�WKDQ�WKH�DYHUDJH�YDOXH�RI�
WKH� YHUWLFDO� FRPSRQHQW� RI� WKH� FXWWLQJ� IRUFH� 3<�� 6SHFLILF� HQHUJ\� FRQVXPSWLRQ� RI� URFN� GHVWUXFWLRQ� J ZKHQ�
ZRUNLQJ�ZLWK�D�SODWH�ZLWK�DQ�DFWLYDWLQJ�DGGLWLYH�ZDV������WLPHV�ORZHU�WKDQ�ZKHQ�RSHUDWHG�E\�D�VHULDO�SODWH�
GXH� WR� D� ODUJHU� �LQ� ����� WLPHV�� YROXPH�RI� WKH� GHVWUR\HG� URFN�� ZKLFK� LQGLFDWHV� D�PRUH� HIILFLHQW� SODWH� ZLWK�
DFWLYDWLQJ�DGGLWLYH��ZKLFK�LV�SURYLGHG�JUHDWHU�ZHDU�UHVLVWDQFH�RI� LWV�FXWWLQJ�HGJH��7KH�XVH�RI�3'&�ZLWK�DQ�
DFWLYDWLQJ�VLOLFRQ�DGGLWLYH�LQ�H[SORUDWRU\�GULOO�ELWV�FDQ�EH�HIIHFWLYH�LQ�H[WHQGLQJ�WKH�UDQJH�RI�VROLG�URFN�WR�EH�
GULOOHG�GXH�WR�JUHDWHU�ZHDU�UHVLVWDQFH�RI�LWV�FXWWLQJ�HGJH�

.H\ ZRUGV� ZRUNLQJ�FDSDFLW\��3'&��DFWLYDWLQJ�DGGLWLYHV��KDUG�URFN��ZHDU��ZHDU�UHVLVWDQFH��FXWWLQJ�
IRUFHV��FXWWLQJ�HGJH��GULOO�ELW�

Ʌɿɬɟɪɚɬɭɪɚ
�� ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ� ɜ� ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɨɦ� ɛɭɪɟɧɢɢ� �� ɉ�� ȼ� Ɂɵɛɢɧɫɤɢɣ�� Ɋ�� Ʉ��

Ȼɨɝɞɚɧɨɜ��Ⱥ��ɉ��Ɂɚɤɨɪɚ��Ⱥ��ɉ��ɂɫɨɧɤɢɧ��± Ⱦɨɧɟɰɤ��ɇɈɊȾ�ɉɊȿɋɋ�������±��� ɫ��
�� Ɂɚɤɨɪɚ Ⱥ� ɉ���ɋɬɚɫɸɤ�Ʌ� Ɏ���Ȼɨɝɞɚɧɨɜ Ɋ� Ʉ��ɢ�ɞɪ��ɂɫɫɥɟɞɨɜɚɧɢɟ�ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ�

ɛɭɪɨɜɨɣ� ɤɨɪɨɧɤɢ�� ɨɫɧɚɳɟɧɧɨɣ� ɝɢɛɪɢɞɧɵɦɢ� ɚɥɦɚɡɧɨ�ɬɜɟɪɞɨɫɩɥɚɜɧɵɦɢ�
ɩɥɚɫɬɢɧɚɦɢ ��� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ±
ɬɟɯɧɢɤɚ� ɢ� ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ� ɩɪɢɦɟɧɟɧɢɹ� � ɋɛ�� ɧɚɭɱ�� ɬɪ�� ± ȼɵɩ����� ±
Ʉɢɟɜ��ɂɋɆ�ɢɦ��ȼ�ɇ��Ȼɚɤɭɥɹ��± ������ɋ� �±��

�� ɉɚɬ�� ʋ� �������� ɊɎ�� ɆɉɄ� ȿ��� ȼ������� Ⱦɨɥɨɬɨ� ɞɥɹ� ɜɪɚɳɚɬɟɥɶɧɨɝɨ� ɛɭɪɟɧɢɹ� ��
Ʉɪɚɫɧɢɤ� ȼ� Ƚ��� Ⱦɚɛɢɠɚ� ȿ� ȼ�� ɋɜɟɲɧɢɤɨɜ� ɂ� Ⱥ�� ɢ� ɞɪ�� ± Ɂɚɹɜɥ�� ���������� Ɉɩɭɛɥ��
������������Ȼɸɥ��ʋ����

�� Ɍɭɪɤɟɜɢɱ� ȼ� Ɂ��� ɋɬɚɫɸɤ� Ʌ� ɉ��� ɋɬɪɚɬɿɣɱɭɤ� Ⱦ� Ⱥ� ɬɚ� ɿɧ�� Ⱦɨɫɥɿɞɠɟɧɧɹ� ɩɪɨɰɟɫɿɜ�
ɮɚɡɨɭɬɜɨɪɟɧɧɹ�ɩɪɢ�ɫɩɿɤɚɧɧɿ ȺɌɉ�ɡ�ɚɤɬɢɜɭɸɱɢɦɢ�ɞɨɛɚɜɤɚɦɢ����ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ�
ɢ�ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ�ɢɧɫɬɪɭɦɟɧɬ�± ɬɟɯɧɢɤɚ�ɢ�ɬɟɯɧɨɥɨɝɢɹ�ɟɝɨ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɢ�



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

��

ɩɪɢɦɟɧɟɧɢɹ�� ɋɛ��ɧɚɭɱ��ɬɪ��± ȼɵɩ������ Ʉɢɟɜ��ɂɋɆ�ɢɦ��ȼ�ɇ��Ȼɚɤɭɥɹ��ɇȺɇ�ɍɤɪɚɢɧɵ��
������ɫ����±����

�� ɋɌɉ� ����� ��������� ���� ������ Ɇɟɬɨɞ ɨɰɟɧɤɢ� ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ� ɚɥɦɚɡɧɨ�
ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ�ɩɥɚɫɬɢɧ��ɋɬɚɧɞɚɪɬ�ɩɪɟɞɩɪɢɹɬɢɹ��± Ʉ���������± ���ɫ�

�� ɋɜɟɲɧɢɤɨɜ� ɂ� Ⱥ��� Ⱦɪɚɝɚɧɱɭɤ� Ɉ� Ƚ��� Ɂɚɛɨɥɨɬɧɵɣ� ɋ� Ⱦ�� ɢ� ɞɪ�� ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ�
ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɪɚɛɨɬɵ� ɢɧɫɬɪɭɦɟɧɬɚ� ɩɨ� ɡɚɛɨɸ� ɩɪɨɱɧɨɣ� ɬɪɟɳɢɧɨɜɚɬɨɣ� ɩɨɪɨɞɵ� ���
ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ� ɢ�
ɬɟɯɧɨɥɨɝɢɹ�ɟɝɨ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɢ�ɩɪɢɦɟɧɟɧɢɹ�� ɋɛ��ɧɚɭɱ��ɬɪ��± ȼɵɩ����± Ʉɢɟɜ��ɂɋɆ�ɢɦ��
ȼ�ɇ��Ȼɚɤɭɥɹ��± ������ɫ� ��±���

ɇɚɞɿɣɲɥɚ���������

5HIHUHQFHV
�� =\ELQVNLL��3� 9���%RJGDQRY��5� .���=DNRUD��$� 3���	�,VRQNLQ��$�0����������6YHUKWYHUG\H�

PDWHULDO\�Y�JHRORJRUD]YHGRFKQRP�EXUHQLL >6XSHUKDUG�PDWHULDOV�LQ�H[SORUDWLRQ GULOOLQJ@�
125'�35(66�>LQ5XVVLDQ@��

�� =DNRUD�� $� 3��� 6WDVLXN�� /� )��� %RJGDQRY�� 5� .�� HW DO�� �������� ,VVOHGRYDQLLH�
UDERWRVSRVREQRVWL�EXURYRL NRURQNL��RVQDVKFKHQQRL JLEULGQ\PL�DOPD]QR�WYHUGRVSODYQ\PL�
SODVWLQDPL� >5HVHDUFK SHUIRUPDQFH GULOO ELWHTXLSSHG ZLWK D K\EULG SODWHV 3'&@�
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
8NUDLQLDQ@�

�� .UDVQLN�� 9�� *��� 'DEL]KD�� (�� 9��� 6YHVKQLNRY�� ,�� $�� (W DO�� �������� 3DWHQW RI 5XVVLDQ�
)HGHUDWLRQ �������

�� 7XUNHY\FK��9� =���6WDVLXN�/� )���6WUDWɿLFKXN�'� $�� HW DO�� ��������'RVOɿG]KHQQLD�SURFHVɿY�
ID]RXWYRUHQQLD� SUL� VSɿNDQQɿ� $73� ]� DNWLYXLXFKLPL� GREDYNDPL� >,QYHVWLJDWLRQ RI WKH
IRUPDWLRQ GXULQJ VLQWHULQJ GLDPRQG�FDUELGH SODWHV ZLWK DFWLYDWLRQ DGGLWLRQV@��
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�
8NUDLQDQ@�

�� 673� ����� ��������� ���� ������0HWRG� RWVHQNL� L]QRVRVWRLNRVWL� DOPD]QR�WYHUGRVSODYQ\NK�
SODVWLQ >0HWKRG� IRU� HYDOXDWLQJ� WKH� ZHDU� UHVLVWDQFH� RI� GLDPRQG�FDUELGH� SODWHV@�� ��������
673� ����� ��������� ��������� .LHY�� 9�� %DNXO ,QVWLWXWH� IRU� 6XSHUKDUG� PDWHULDOV >LQ�
5XVVLDQ@�

�� 6YHVKQLNRY�� ,� $��� 'UDJDQFKXN�� 2� *��� =DERORWQ\L�� 6� '�� HW DO�� (NVSHULPHQWDOQRLH�
PRGHOLURYDQLLH� UDERW\� LQVWUXPHQWD� SR� ]DERLX� SURFKQRL WUHVKFKLQRYDWRL SRURG\�
>([SHULPHQWDO�PRGHOLQJ� RI� WKH�ZRUN� RI� WKH� WRRO� IRU� WKH� VODXJKWHU� RI� D� VWURQJ� IUDFWXUHG�
URFN@�� 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@�


