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Ⱦ�ɬ�ɧ���ȼ�ɇ��Ƚɭɪɢɧ��ɤ�ɬ�ɧ��ȼ�ȼ��ɇɟɜɥɸɞɨɜɚ��ɤ�ɬ�ɧ��Ʉ�Ʌ��ɏɪɭɫɬɚɥɟɜ��Ⱦ�ȼ��Ƚɭɪɢɧ��ɏɚɪɶɤɨɜɫɤɢɣ�
ɧɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɢ�

ɉɪɨɜɟɞɟɧ� ɚɧɚɥɢɡ� ɫɭɳɟɫɬɜɭɸɳɢɯ� ɦɟɬɨɞɨɜ�
ɜɬɨɪɢɱɧɨɣ� ɮɨɪɦɨɜɤɢ� ɩɨɫɥɟ� ɩɪɨɜɟɞɟɧɢɹ� ɨɩɟɪɚɰɢɢ�
ɩɢɪɨɥɢɡɚ�� ɞɥɹ� ɩɨɥɭɱɟɧɢɹ� ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ� ɫɥɨɹ�
ɞɢɨɤɫɢɞɚ�ɦɚɪɝɚɧɰɚ��ɉɪɟɞɥɨɠɟɧɚ�ɬɟɯɧɨɥɨɝɢɹ�ɢɦɩɭɥɶɫɧɨɣ
ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ� ɜɬɨɪɢɱɧɨɣ� ɮɨɪɦɨɜɤɢ� ɫɨɜɦɟɳɟɧɧɨɣ� ɫ�
ɩɪɨɩɢɬɤɨɣ�ɫɟɤɰɢɣ�ɜ��ɪɚɫɬɜɨɪɟ�ɚɡɨɬɧɨɤɢɫɥɨɝɨ�ɦɚɪɝɚɧɰɚ���

ɉɪɨɜɟɞɟɧɨ� ɚɧɚɥɿɡ� ɿɫɧɭɸɱɢɯ� ɦɟɬɨɞɿɜ� ɜɬɨɪɢɧɧɨɝɨ�
ɮɨɪɦɭɜɚɧɧɹ� ɩɿɫɥɹ� ɩɪɨɜɟɞɟɧɧɹ� ɨɩɟɪɚɰɿʀ� ɩɿɪɨɥɿɡɭ�� ɞɥɹ�
ɨɬɪɢɦɚɧɧɹ� ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɨɝɨ� ɲɚɪɭ� ɞɿɨɤɫɢɞɭ�
ɦɚɪɝɚɧɰɸ�� Ɂɚɩɪɨɩɨɧɨɜɚɧɨ� ɬɟɯɧɨɥɨɝɿɸ� ɿɦɩɭɥɶɫɧɨɝɨ�
ɡɧɚɤɨɡɦɿɧɧɨɝɨ� ɜɬɨɪɢɧɧɨɝɨ� ɮɨɪɦɭɜɚɧɧɹ� ɩɨɽɞɧɚɧɨʀ� ɡ�
ɩɪɨɫɨɱɟɧɧɹɦ�ɫɟɤɰɿɣ�ɜ�ɪɨɡɱɢɧɿ�ɚɡɨɬɧɨɤɢɫɥɨɝɨ�ɦɚɪɝɚɧɰɸ���
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Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɜɬɨɪɢɱɧɚɹ� ɮɨɪɦɨɜɤɚ�� ɩɢɪɨɥɢɡ��
ɞɢɨɤɫɢɞ�ɦɚɪɝɚɧɰɚ��ɢɦɩɭɥɶɫɧɵɟ�ɦɟɬɨɞɵ�

ȼɜɟɞɟɧɢɟ�
Ɉɤɫɢɞɧɨ�ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ� ɤɨɧɞɟɧɫɚɬɨɪɵ��

ɩɪɢɦɟɧɹɟɦɵɟ� ɜ� ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ� � ɚɩɩɚɪɚɬɭɪɟ��
ɩɨɥɶɡɭɸɬɫɹ� ɛɨɥɶɲɢɦ� ɫɩɪɨɫɨɦ� ɡɚ� ɫɱɟɬ� ɨɩɬɢɦɚɥɶɧɨɝɨ�
ɫɨɨɬɧɨɲɟɧɢɹ� � ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ� ɪɚɡɦɟɪɨɜ�� ɲɢɪɨɤɨɣ�
ɧɨɦɟɧɤɥɚɬɭɪɟ� ɢ� ɫɨɨɬɧɨɲɟɧɢɸ� � ɰɟɧɵ� ɢ� ɤɚɱɟɫɬɜɚ� >���@��
Ɉɞɧɚɤɨ��ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɤɨɧɞɟɧɫɚɬɨɪɨɜ�ɦɨɠɧɨ�
ɫɞɟɥɚɬɶ� ɛɨɥɟɟ� ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ� ɡɚ� ɫɱɟɬ�
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɩɪɨɰɟɫɫɚ�
ɞɥɢɬɟɥɶɧɵɯ� ɩɨ� ɜɪɟɦɟɧɢ� ɨɩɟɪɚɰɢɣ�� Ɉɞɧɨɣ� ɢɡ� ɬɚɤɢɯ�
ɨɩɟɪɚɰɢɣ� ɹɜɥɹɟɬɫɹ� ɩɪɨɦɟɠɭɬɨɱɧɨɟ� ɚɧɨɞɢɪɨɜɚɧɢɟ��
�ɩɨɞɮɨɪɦɨɜɤɚ�� ɩɨɫɥɟ� ɧɚɧɟɫɟɧɢɹ� ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ��
ɫɥɨɹ��

ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ� ɫɥɨɣ� � ɆQɈ�� ɮɨɪɦɢɪɭɸɬ� ɧɚ�
ɩɨɜɟɪɯɧɨɫɬɢ� ɞɢɷɥɟɤɬɪɢɤɚ� ɩɢɪɨɥɢɬɢɱɟɫɤɢɦ� ɪɚɡɥɨɠɟɧɢɟɦ�
ɜɨɞɧɨɝɨ�ɪɚɫɬɜɨɪɚ�ɧɢɬɪɚɬɚ�ɦɚɪɝɚɧɰɚ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�����
�����Ʉ��

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ� ɨɛɪɚɛɨɬɤɚ� ɚɧɨɞɧɵɯ�
ɨɤɫɢɞɧɵɯ� ɩɥɟɧɨɤ� �ȺɈɉ�� ɩɪɢɜɨɞɢɬ� ɤ� ɭɯɭɞɲɟɧɢɸ�
ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɫɢɫɬɟɦɵ� ɡɚ� ɫɱɟɬ�
ɬɟɪɦɢɱɟɫɤɨɝɨ� ɧɚɪɭɲɟɧɢɹ� ɫɬɟɯɢɨɦɟɬɪɢɢ� ɞɢɷɥɟɤɬɪɢɤɚ� ɩɨ�
ɤɢɫɥɨɪɨɞɭ�>�@��

Ⱦɥɹ�ɭɫɬɪɚɧɟɧɢɹ�ɧɟɝɚɬɢɜɧɨɝɨ�ɞɟɣɫɬɜɢɹ�ɩɨɜɵɲɟɧɧɨɣ�
ɬɟɦɩɟɪɚɬɭɪɵ�ɜ�ɩɪɨɰɟɫɫɟ�ɩɢɪɨɥɢɡɚ�ɩɟɪɢɨɞɢɱɟɫɤɢ�ɩɪɨɜɨɞɹɬ�
ɩɪɨɦɟɠɭɬɨɱɧɨɟ� ɚɧɨɞɢɪɨɜɚɧɢɟ�� ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ�
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ� ɟɝɨ� ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ� ɫɨɫɬɚɜɚ�� ȼ�
ɩɪɨɰɟɫɫɟ� ɧɚɧɟɫɟɧɢɹ� ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ� ɩɨɞɮɨɪɦɨɜɤɚ�
ɬɪɟɛɭɟɬ�ɜ������ɪɚɡ�ɛɨɥɶɲɟ�ɜɪɟɦɟɧɢ��ɱɟɦ�ɩɢɪɨɥɢɡ��ɩɨɷɬɨɦɭ�
ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ� ɷɬɢɯ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɨɩɟɪɚɰɢɣ� ɫ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� � ɢɦɩɭɥɶɫɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɱɪɟɡɜɵɱɚɣɧɨ�
ɜɚɠɧɚ�>�@��

Ⱦɥɹ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ� ɞɢɷɥɟɤɬɪɢɤɚ� ɩɨɫɥɟ� ɩɢɪɨɥɢɡɚ�
ɩɪɨɦɟɠɭɬɨɱɧɨɟ�ɚɧɨɞɢɪɨɜɚɧɢɟ��ɩɨɞɮɨɪɦɨɜɤɚ��ɜɟɧɬɢɥɶɧɵɯ
ɦɟɬɚɥɥɨɜ� ɨɛɵɱɧɨ� ɩɪɨɜɨɞɢɬɫɹ� ɜ� ɪɚɡɛɚɜɥɟɧɧɵɯ� ɪɚɫɬɜɨɪɚɯ
ɫɥɚɛɵɯ� ɷɥɟɤɬɪɨɥɢɬɨɜ�� ɨɛɥɚɞɚɸɳɢɯ� ɛɭɮɟɪɧɵɦɢ�
ɫɜɨɣɫɬɜɚɦɢ��

ȼ� ɤɚɱɟɫɬɜɟ� ɷɥɟɤɬɪɨɥɢɬɚ� ɞɥɹ� ɩɨɞɮɨɪɦɨɜɤɢ� ɚɧɨɞɨɜ�
ɢɡ� ɧɢɨɛɢɹ� ɢ� ɬɚɧɬɚɥɚ� � ɜ� ɡɚɦɟɧ� ɫɦɟɫɢ� ɛɨɪɧɨɣ� ɤɢɫɥɨɬɵ� ɢ
ɛɭɪɵ�� ɩɪɢɦɟɧɹɟɦɵɯ� ɪɚɧɟɟ�� ɛɵɥ� ɩɪɟɞɥɨɠɟɧ� ɷɥɟɤɬɪɨɥɢɬ�
ɞɥɹ� ɩɨɞɮɨɪɦɨɜɤɢ� ɧɟ� ɬɪɟɛɭɸɳɢɣ� ɨɬɦɵɜɤɢ� ɧɚ� ɨɫɧɨɜɟ�
ɭɤɫɭɫɧɨɣ� ɤɢɫɥɨɬɵ� ������� ɭɞɟɥɶɧɨɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɟ��
ɤɨɬɨɪɨɝɨ� ɧɚɯɨɞɢɬɫɹ� ɜ� ɞɢɚɩɚɡɨɧɟ� ɡɧɚɱɟɧɢɣ� � ���«������
ɈɦÂɫɦ���

Ɋɟɡɭɥɶɬɚɬɵ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɢ�ɢɯ�ɨɛɫɭɠɞɟɧɢɟ�
ɉɨɞɮɨɪɦɨɜɤɚ� ɩɨɪɢɫɬɵɯ� ɚɧɨɞɨɜ� ɢɡ� ɜɟɧɬɢɥɶɧɵɯ�

ɦɟɬɚɥɥɨɜ� �� ɫɥɨɠɧɵɣ� ɩɪɨɰɟɫɫ�� ɤɨɬɨɪɵɣ� ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ
ɧɟɫɤɨɥɶɤɨ�ɪɟɚɤɰɢɣ��

Ⱥɧɚɥɢɡ�ɜɨɡɦɨɠɧɨɝɨ�ɩɪɨɬɟɤɚɧɢɹ�ɪɟɚɤɰɢɣ�ɜ�ɫɢɫɬɟɦɟ�
ɦɟɬɚɥɥ� �� ɨɤɫɢɞ�ɩɨɥɭɩɪɨɜɨɞɧɢɤ� ɩɨɤɚɡɵɜɚɟɬ�� ɱɬɨ� ɨɧɢ�
ɡɚɜɢɫɹɬ� ɨɬ� ɪɹɞɚ� ɮɚɤɬɨɪɨɜ�� ɞɢɮɮɭɡɢɨɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ�
ɩɨɞɜɨɞɚ�ɢɫɯɨɞɧɵɯ�ɜɟɳɟɫɬɜ�ɢ�ɨɬɜɨɞɚ�ɩɪɨɞɭɤɬɨɜ�ɪɟɚɤɰɢɣ��
ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɤɨɧɰɟɧɬɪɚɰɢɢ� � ɷɥɟɤɬɪɨɥɢɬɚ� ɜɧɭɬɪɢ�
ɩɨɪɢɫɬɨɝɨ�ɬɟɥɚ��ɪɇ��ɷɥɟɤɬɪɨɥɢɬɚ�ɜɧɭɬɪɢ�ɫɟɤɰɢɢ��

�ɗɤɫɩɟɪɢɦɟɧɬɵ�� ɩɪɨɜɟɞɟɧɧɵɟ� ɧɚ� ɨɛɪɚɡɰɚɯ��
ɩɨɪɢɫɬɨɝɨ� ɚɥɸɦɢɧɢɹ� ɩɨɡɜɨɥɢɥɢ� ɭɫɬɚɧɨɜɢɬɶ�� ɱɬɨ� ɪɇ��
ɩɨɞɮɨɪɦɨɜɨɱɧɨɝɨ� ɪɚɫɬɜɨɪɚ� ɢɡɦɟɧɹɟɬɫɹ� ɨɬ� �� ɞɨ� �>�@��
Ʉɢɫɥɨɬɧɨɫɬɶ� ɪɚɫɬɜɨɪɚ� ɫɭɳɟɫɬɜɟɧɧɨ� ɜɥɢɹɟɬ� ɧɚ� ɫɨɫɬɚɜ��
ɫɨɟɞɢɧɟɧɢɣ� ɚɥɸɦɢɧɢɹ�� ɉɪɢ� ɪɇ�  � ����� ɚɥɸɦɢɧɢɣ�

ɫɭɳɟɫɬɜɭɟɬ� � ɜɢɞɟ� ȺO���� $O�2+���� �
���2+$O � ɢ� ɦɨɥɟɤɭɥ�

$O�2+����
Ɉɫɧɨɜɧɚɹ� ɪɟɚɤɰɢɹ� ɩɨɞɮɨɪɦɨɜɤɢ� ±� ɨɤɫɢɞɢɪɨɜɚɧɢɟ�

ɞɟɮɟɤɬɚ� ɜ�ɦɟɬɚɥɥɟ� �7D��1E��$O�� F�ɨɛɪɚɡɨɜɚɧɢɟɦ�ɮɚɡɨɜɨɝɨ�
ɨɤɫɢɞɚ�$O�2����1E�2���7D�2���

��o� PQ+20H2P+Q0H PQ� �� � ����

ɉɪɢ� ɫɧɢɠɟɧɢɢ� ɪɇ� ɞɥɹ� ɚɥɸɦɢɧɢɹ� ɜɨɡɦɨɠɧɚ�
ɩɨɛɨɱɧɚɹ�ɪɟɚɤɰɢɹ��
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ɇɚ� ɩɪɢɦɟɫɹɯ� ɜ� ɦɟɬɚɥɥɟ� ɦɨɠɟɬ� ɜɵɞɟɥɹɬɶɫɹ��
ɤɢɫɥɨɪɨɞ��
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��
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Ɉɤɢɫɥɟɧɢɟ�ɧɢɡɲɢɯ�ɨɤɫɢɞɨɜ�ɦɚɪɝɚɧɰɚ��

H+0Q22+20Q ��� ����
��o� � � � ����
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ɇɚɩɪɹɠɟɧɢɟ�ɩɪɢ�ɩɨɞɮɨɪɦɨɜɤɟ�ɫɟɤɰɢɣ�ɢɡ�ɧɢɨɛɢɹ�ɢ�
ɬɚɧɬɚɥɚ� ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ� ɦɟɧɶɲɟ� ɮɨɪɦɨɜɨɱɧɨɝɨ��
ɫɧɢɠɚɟɬɫɹ� ɩɨɫɥɟ� ɤɚɠɞɨɝɨ� ɫɥɨɹ� ɢ� ɩɨɞɚɟɬɫɹ� ɩɨɫɬɟɩɟɧɧɨ�
Ɍɨɤ� ɩɪɢ� ɷɬɨɦ� ɫɩɚɞɚɟɬ� ɢ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɧɟɤɨɬɨɪɨɦɭ�
ɨɫɬɚɬɨɱɧɨɦɭ� ɡɧɚɱɟɧɢɸ�� ɤɨɬɨɪɨɟ� ɤɨɪɪɟɥɢɪɭɟɬ� ɫ� ɬɨɤɨɦ�
ɭɬɟɱɤɢ� ɞɢɷɥɟɤɬɪɢɤɚ�� ɩɪɢ� ɷɬɨɦ� � ɜɪɟɦɹ� ɩɨɞɮɨɪɦɨɜɤɢ��
ɫɨɫɬɚɜɥɹɟɬ�����ɱɚɫɚ��

Ⱦɥɹ� ɭɫɤɨɪɟɧɢɹ� ɩɪɨɰɟɫɫɨɜ� ɩɨɞɮɨɪɦɨɜɤɢ� ɫɟɤɰɢɣ�
ɤɨɧɞɟɧɫɚɬɨɪɨɜ� ɩɪɢɦɟɧɹɸɬ� ɞɢɧɚɦɢɱɟɫɤɢɣ� ɫɩɨɫɨɛ�
ɩɨɞɮɨɪɦɨɜɤɢ�� ɤɚɫɫɟɬɵ� ɫ� ɫɟɤɰɢɹɦɢ� ɞɜɢɠɭɬɫɹ� ɩɨ�
ɧɚɩɪɚɜɥɹɸɳɢɦ�� ɚ� ɩɪɨɬɨɱɧɵɣ� ɷɥɟɤɬɪɨɥɢɬ� ɞɜɢɠɟɬɫɹ�
ɧɚɜɫɬɪɟɱɭ� ɫɟɤɰɢɹɦ�� ɨɛɦɵɜɚɟɬ� ɢɯ�� ɭɧɨɫɢɬ� ɩɪɨɞɭɤɬɵ�
ɪɟɚɤɰɢɢ�>�@���ȼɪɟɦɹ�ɩɨɞɮɨɪɦɨɜɤɢ����ɦɢɧɭɬ��Ɍɟɦɩɟɪɚɬɭɪɚ�
ɷɥɟɤɬɪɨɥɢɬɚ� ɞɨɥɠɧɚ� ɛɵɬɶ� � ɧɟ� ɜɵɲɟ� ��� �ɋ�� ɉɪɢ�
ɩɨɜɵɲɟɧɢɢ�ɬɟɦɩɟɪɚɬɭɪɵ�ɭɫɢɥɢɜɚɟɬɫɹ�ɩɪɨɰɟɫɫ� ɬɪɚɜɥɟɧɢɹ
ɨɤɫɢɞɧɨɣ� ɩɥɟɧɤɢ�� Ɂɚɬɟɦ�� ɩɟɪɟɞ� ɧɚɧɟɫɟɧɢɟɦ� ɩɟɪɟɯɨɞɧɵɯ
ɩɨɤɪɵɬɢɣ��ɫɥɟɞɭɟɬ�ɩɪɨɦɵɜɤɚ�ɢ�ɫɭɲɤɚ�ɫɟɤɰɢɣ���

ɋ� ɭɱɟɬɨɦ� ɨɩɢɫɚɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɜ� ɪɚɛɨɬɟ�
ɩɪɟɞɥɨɠɟɧɚ� ɬɟɯɧɨɥɨɝɢɹ�� ɩɨɡɜɨɥɹɸɳɚɹ� ɡɧɚɱɢɬɟɥɶɧɨ�
ɫɨɤɪɚɬɢɬɶ� ɜɪɟɦɹ� ɩɪɨɜɟɞɟɧɢɹ� ɨɩɟɪɚɰɢɢ� ɢ� ɭɥɭɱɲɢɬɶ�
ɤɚɱɟɫɬɜɨ�ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ�ɩɥɟɧɤɢ�ɢ�ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ�
ɫɥɨɹ� ɡɚ� ɫɱɟɬ� ɫɨɜɦɟɳɟɧɢɹ� ɨɩɟɪɚɰɢɣ� ɢ� ɩɪɢɦɟɧɟɧɢɹ�
ɢɦɩɭɥɶɫɧɨɝɨ�ɬɨɤɚ�ɩɪɢ�ɩɨɞɮɨɪɦɨɜɤɟ��

ɗɮɮɟɤɬɢɜɧɨɫɬɶ� ɜɥɢɹɧɢɹ� ɢɦɩɭɥɶɫɧɨɝɨ� ɬɨɤɚ�
ɨɩɪɟɞɟɥɹɟɬɫɹ�ɟɝɨ�ɩɚɪɚɦɟɬɪɚɦɢ�ɢ�ɫɬɟɩɟɧɶɸ�ɧɟɨɛɪɚɬɢɦɨɫɬɢ�
ɷɥɟɤɬɪɨɞɧɨɝɨ� ɩɪɨɰɟɫɫɚ�� ɱɬɨ� ɫɞɟɥɚɥɨ� ɜɨɡɦɨɠɧɵɦ� ɟɝɨ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɞɥɹ� ɫɨɜɦɟɳɟɧɢɹ� ɞɜɭɯ� ɨɩɟɪɚɰɢɣ� ɜ�
ɩɪɨɢɡɜɨɞɫɬɜɟ� ɈɉɄ� ±� ɩɪɨɩɢɬɤɚ� ɫɟɤɰɢɣ� ɜ� ɪɚɫɬɜɨɪɟ�
ɚɡɨɬɧɨɤɢɫɥɨɝɨ� ɦɚɪɝɚɧɰɚ� ɫ� ɢɯ� ɩɨɞɮɨɪɦɨɜɤɨɣ� ɜ� ɷɬɨɦ� ɠɟ�
ɪɚɫɬɜɨɪɟ�>���@��

Ʉɚɤ� ɛɵɥɨ� ɩɨɤɚɡɚɧɨ� ɪɚɧɟɟ�� ɩɨ� ɫɭɳɟɫɬɜɭɸɳɟɣ�
ɬɟɯɧɨɥɨɝɢɢ� ɩɨɫɥɟ� ɩɢɪɨɥɢɬɢɱɟɫɤɨɝɨ� ɧɚɧɟɫɟɧɢɹ� ɨɤɫɢɞɚ�
ɦɚɪɝɚɧɰɚ� ɧɚ� ɨɛɴɟɦɧɨɩɨɪɢɫɬɵɟ� ɧɢɨɛɢɟɜɵɟ� ɢ� ɬɚɧɬɚɥɨɜɵɟ�
ɚɧɨɞɵ� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɩɪɨɦɟɠɭɬɨɱɧɨɟ� ɚɧɨɞɢɪɨɜɚɧɢɟ� ɜ�
ɪɚɡɛɚɜɥɟɧɧɵɯ� ɪɚɫɬɜɨɪɚɯ� ɫɥɚɛɵɯ� ɷɥɟɤɬɪɨɥɢɬɨɜ��
ɨɛɥɚɞɚɸɳɢɯ� ɛɭɮɟɪɧɵɦɢ� ɫɜɨɣɫɬɜɚɦɢ� ������� ɪɚɫɬɜɨɪ�
ɭɤɫɭɫɧɨɣ� ɤɢɫɥɨɬɵ�� ɭɞɟɥɶɧɨɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɟ� ɤɨɬɨɪɨɝɨ�
���������ɈɦÂɫɦ���

ɉɨɞɮɨɪɦɨɜɤɚ� ɩɨɪɢɫɬɵɯ� ɚɧɨɞɨɜ� ɢɡ� ɜɟɧɬɢɥɶɧɵɯ�
ɦɟɬɚɥɥɨɜ� ɩɪɢ� ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ� ɩɨɥɹɪɢɡɚɰɢɢ� ±� ɫɥɨɠɧɵɣ�
ɩɪɨɰɟɫɫ�� ɤɨɬɨɪɵɣ� ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ� ɩɪɨɬɟɤɚɧɢɟ�
ɯɢɦɢɱɟɫɤɢɯ� ɪɟɚɤɰɢɣ�� ɉɪɢ� ɷɬɨɦ� ɧɟɨɛɯɨɞɢɦɨ� ɭɱɢɬɵɜɚɬɶ��
ɱɬɨ� ɜɟɧɬɢɥɶɧɵɟ� ɦɟɬɚɥɥɵ� ±� ɧɢɨɛɢɣ� ɢ� ɬɚɧɬɚɥ� ɨɛɪɚɡɭɸɬ�
ɚɧɨɞɧɵɣ� ɨɤɫɢɞ� ɫ� ɪɚɡɥɢɱɧɵɦɢ� ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ�
ɫɜɨɣɫɬɜɚɦɢ� ɢ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ�� ɫ� ɪɚɡɥɢɱɧɵɦ�
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ� ɨɛɪɚɬɧɨɦɭ� ɬɨɤɭ�� Ʉɪɨɦɟ� ɬɨɝɨ��
ɩɨɞɮɨɪɦɨɜɤɚ� ɨɛɴɟɦɧɨɩɨɪɢɫɬɵɯ� ɚɧɨɞɨɜ� ɩɪɨɢɡɜɨɞɢɬɫɹ�
ɩɨɫɥɟ� ɤɚɠɞɵɯ� ɞɜɭɯ� ɰɢɤɥɨɜ� ɩɢɪɨɥɢɡɚ�� ɫɥɟɞɨɜɚɬɟɥɶɧɨ��
ɝɪɚɧɢɰɚ� ɪɚɡɞɟɥɚ� �ɦɟɬɚɥɥ�ɨɤɫɢɞ�ɞɢɨɤɫɢɞ� ɦɚɪɝɚɧɰɚ�� ±�
ɷɥɟɤɬɪɨɥɢɬ�ɛɭɞɟɬ�ɤɚɠɞɵɣ�ɪɚɡ�ɢɧɚɹ��

Ⱥɧɚɥɢɡ� ɜɨɡɦɨɠɧɨɝɨ� ɩɪɨɬɟɤɚɧɢɹ� � ɪɟɚɤɰɢɣ�
ɩɨɤɚɡɵɜɚɟɬ�� ɱɬɨ� ɨɧɢ� ɡɚɜɢɫɹɬ� ɨɬ� ɪɹɞɚ� ɮɚɤɬɨɪɨɜ��
ɞɢɮɮɭɡɢɨɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɩɨɞɜɨɞɚ� ɢɫɯɨɞɧɵɯ� ɜɟɳɟɫɬɜ� ɢ�
ɨɬɜɨɞɚ� ɩɪɨɞɭɤɬɨɜ� ɪɟɚɤɰɢɣ�� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɤɨɧɰɟɧɬɪɚɰɢɢ�
ɷɥɟɤɬɪɨɥɢɬɚ� ɜɧɭɬɪɢ� � ɨɛɴɟɦɧɨɩɨɪɢɫɬɨɝɨ� ɚɧɨɞɚ�� ɪɇ�
ɷɥɟɤɬɪɨɥɢɬɚ�ɜɧɭɬɪɢ�ɚɧɨɞɚ��

Ⱦɥɹ� ɨɩɢɫɚɧɢɹ� ɩɪɨɰɟɫɫɨɜ�� ɩɪɨɬɟɤɚɸɳɢɯ� ɩɪɢ�
ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ� ɩɨɥɹɪɢɡɚɰɢɢ�� ɧɟɨɛɯɨɞɢɦɨ� ɪɚɫɫɦɨɬɪɟɬɶ
ɦɨɞɟɥɶ� ɝɪɚɧɢɰɵ� ɪɚɡɞɟɥɚ�� ɤɨɬɨɪɚɹ� ɪɟɚɥɢɡɭɟɬɫɹ� ɩɪɢ�

ɩɨɞɮɨɪɦɨɜɤɟ� ɨɛɴɟɦɧɨɩɨɪɢɫɬɵɯ� ɚɧɨɞɨɜ� � ɜ� ɪɚɫɬɜɨɪɚɯ�
ɚɡɨɬɧɨɤɢɫɥɨɝɨ�ɦɚɪɝɚɧɰɚ��

�ɉɪɢ� ɩɟɪɜɨɣ� ɩɪɨɩɢɬɤɟ� ɨɤɫɢɞɢɪɨɜɚɧɧɵɯ�
ɨɛɴɟɦɧɨɩɨɪɢɫɬɵɯ� ɚɧɨɞɨɜ� ɢɡ� ɧɢɨɛɢɹ� ɢ� ɬɚɧɬɚɥɚ� � ɢɦɟɟɬɫɹ
ɝɪɚɧɢɰɚ� ɦɟɬɚɥɥ�ɨɤɫɢɞ�ɞɢɨɤɫɢɞ� ɦɚɪɝɚɧɰɚ�
�ɩɨɥɭɩɪɨɜɨɞɧɢɤ��±�ɷɥɟɤɬɪɨɥɢɬ��

ɂɫɫɥɟɞɨɜɚɧ� ɪɟɠɢɦ� ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ� ɩɨɥɹɪɢɡɚɰɢɢ�
ɚɧɨɞɨɜ�� ɚɧɨɞɧɨɣ� ɜ� ɞɢɚɩɚɡɨɧɟ� ɨɬ� ����� ɞɨ� ���� ȼ� 8ɮɨɪɦ���
ɤɚɬɨɞɧɨɣ�ɨɬ�������ɞɨ�±�������ȼ��8ɮɨɪɦ��

ȼ� ɤɚɱɟɫɬɜɟ� ɷɥɟɤɬɪɨɥɢɬɚ� ɞɥɹ� ɩɪɨɩɢɬɤɢ� ɢ�
ɩɨɞɮɨɪɦɨɜɤɢ� ɚɧɨɞɨɜ� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɪɚɫɬɜɨɪ�
ɚɡɨɬɧɨɤɢɫɥɨɝɨ�ɦɚɪɝɚɧɰɚ�ɫɥɟɞɭɸɳɢɯ�ɤɨɧɰɟɧɬɪɚɰɢɣ��������
����������

ȼɨɡɦɨɠɧɨɫɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ�
ɩɨɥɹɪɢɡɚɰɢɢ�ɞɥɹ�ɩɨɞɮɨɪɦɨɜɤɢ�ɨɛɴɟɦɧɨɩɨɪɢɫɬɵɯ�ɚɧɨɞɨɜ�
ɢɡ�ɬɚɧɬɚɥɚ�ɢ�ɧɢɨɛɢɹ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɬɟɦ��ɱɬɨ�ɤɚɬɨɞɧɵɣ�ɬɨɤ�
ɧɟ� ɞɨɥɠɟɧ� ɪɚɫɯɨɞɨɜɚɬɶɫɹ� ɧɚ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ� ɨɤɫɢɞɚ��
ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ�ɜ�ɚɧɨɞɧɵɣ�ɩɟɪɢɨɞ�>�@��

�ɉɪɢ�ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ�ɩɨɥɹɪɢɡɚɰɢɢ�ɚɧɨɞɨɜ�ɨɛɳɢɣ�
ɬɨɤ�� ɩɪɨɬɟɤɚɸɳɢɣ� ɜ� ɫɢɫɬɟɦɟ� ɦɟɬɚɥɥ� ±� ɨɤɫɢɞ� �� ɞɢɨɤɫɢɞ
ɦɚɪɝɚɧɰɚ���ɷɥɟɤɬɪɨɥɢɬ�ɪɚɡɞɟɥɹɟɬɫɹ�ɧɚ�ɬɨɤ�ɩɪɨɜɨɞɢɦɨɫɬɢ�ɢ�
ɟɦɤɨɫɬɧɨɣ� ɬɨɤ�� ɉɟɪɜɵɣ� ɜɵɡɵɜɚɟɬ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ�
ɩɪɟɜɪɚɳɟɧɢɹ� ɢ� ɟɝɨ� ɫɥɟɞɭɟɬ� ɨɬɧɟɫɬɢ� ɤ� ɮɚɪɚɞɟɟɜɫɤɢɦ�
ɬɨɤɚɦ�� ȿɦɤɨɫɬɧɨɣ� ɬɨɤ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ� ɩɪɟɜɪɚɳɟɧɢɣ�
ɧɟ� ɜɵɡɵɜɚɟɬ�� ɚ� ɨɛɟɫɩɟɱɢɜɚɟɬ� ɩɟɪɟɡɚɪɹɞ� ɞɜɨɣɧɨɝɨ�
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ�ɫɥɨɹ�>����@��

Ɉɫɧɨɜɧɚɹ� ɪɟɚɤɰɢɹ� ɩɨɞɮɨɪɦɨɜɤɢ� ±� ɚɧɨɞɧɨɟ�
ɨɤɫɢɞɢɪɨɜɚɧɢɟ� ɞɟɮɟɤɬɚ� ɜ� ɨɤɫɢɞɟ� ɫ� ɨɛɪɚɡɨɜɚɧɢɟɦ�
ɮɚɡɨɜɨɝɨ�ɨɤɫɢɞɚ�7D�2���ɢ���1E�2���

H+20H2+0H ������ ��� �� � � � � ����

ɇɟɡɚɜɢɫɢɦɨ� ɨɬ� ɫɨɫɬɚɜɚ� ɷɥɟɤɬɪɨɥɢɬɚ� ɝɥɚɜɧɵɦ�
ɩɨɫɬɚɜɳɢɤɨɦ� ɤɢɫɥɨɪɨɞɚ� ɞɥɹ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɚɧɨɞɧɨɣ�
ɩɥɟɧɤɢ� ɹɜɥɹɟɬɫɹ� ɜɨɞɚ�� ȿɫɥɢ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ� ɚɧɨɞɚ�
ɩɪɢɫɭɬɫɬɜɭɟɬ�ɞɢɨɤɫɢɞ�ɦɚɪɝɚɧɰɚ��ɷɥɟɤɬɪɨɥɢɬ�ɩɪɨɩɢɬɵɜɚɟɬ�
ɷɬɨ� ɫɥɨɣ� ɢ� ɪɟɚɤɰɢɹ� ���� ɩɪɨɬɟɤɚɟɬ� ɧɚ� ɝɪɚɧɢɰɟ� ɨɤɫɢɞ�
ɷɥɟɤɬɪɨɥɢɬ��

Ⱥɡɨɬɧɨɤɢɫɥɵɣ� ɦɚɪɝɚɧɟɰ� ɜ� ɜɨɞɧɨɦ� ɪɚɫɬɜɨɪɟ�
ɞɢɫɫɨɰɢɢɪɭɟɬ��ɧɚ�ɢɨɧɵ��

�� �� �
�

�� ��� 120Q120Q ����

ȼɨɞɚ�ɧɚ�ɢɨɧɵ���

�� �� 2++2+ � � � � � � ����

ɉɪɢ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ� � ɢɨɧɚ� � �
�12 � ɫ� ɩɪɨɬɨɧɨɦ�

ɜɨɡɦɨɠɧɨ�ɨɛɪɚɡɨɜɚɧɢɟ�ɚɡɨɬɧɨɣ�ɤɢɫɥɨɬɵ��ɤɨɬɨɪɚɹ�ɹɜɥɹɟɬɫɹ�
ɫɢɥɶɧɵɦ� ɨɤɢɫɥɢɬɟɥɟɦ�� ɱɬɨ� ɛɭɞɟɬ� ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ�
ɩɚɫɫɢɜɚɰɢɢ�ɜɟɧɬɢɥɶɧɨɝɨ�ɦɟɬɚɥɥɚ��ɪɟɚɤɰɢɹ�����

Ⱥɧɨɞɧɵɟ� ɨɤɫɢɞɧɵɟ� ɩɥɟɧɤɢ�� ɩɨɥɭɱɟɧɧɵɟ� ɧɚ�
ɦɟɬɚɥɥɚɯ� ɩɟɪɟɯɨɞɧɵɯ� ɝɪɭɩɩ�� ɢɦɟɸɬ� ɫɥɨɠɧɨɟ�
ɝɟɬɟɪɨɝɟɧɧɨɟ�ɫɬɪɨɟɧɢɟ��Ȼɨɥɶɲɚɹ�ɱɚɫɬɶ�ɩɥɟɧɤɢ�ɝɨɦɨɝɟɧɧɚ��
ɫɨɫɬɨɢɬ� ɢɡ� ɚɦɨɪɮɧɨɝɨ� ɨɤɫɢɞɚ�� ɫ� ɜɵɫɨɤɢɦ�
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ�� ȼɫɟ� ɩɪɢɥɨɠɟɧɧɨɟ� ɜ� ɚɧɨɞɧɵɣ�
ɩɨɥɭɩɟɪɢɨɞ� ɧɚɩɪɹɠɟɧɢɟ� ɩɚɞɚɟɬ� ɜ� ɩɥɟɧɤɟ�� ɧɚ� ɝɪɚɧɢɰɟ�
ɨɤɫɢɞ�ɷɥɟɤɬɪɨɥɢɬ� ɧɚɩɪɹɠɟɧɢɟ�� ɞɨɫɬɚɬɨɱɧɨɟ� ɞɥɹ�
ɪɚɡɥɨɠɟɧɢɹ�ɜɨɞɵ��ɧɟ�ɞɨɫɬɢɝɚɟɬɫɹ�ɢ�ɤɢɫɥɨɪɨɞ�ɜɵɞɟɥɹɬɶɫɹ�
ɧɟ�ɦɨɠɟɬ�>��@��



Ɍɟɯɧɨɥɨɝɢɹ�ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ���¶�����

���

Ɉɞɧɚɤɨ��ɜ�ɨɤɫɢɞɟ�ɫɭɳɟɫɬɜɭɸɬ�ɥɨɤɚɥɶɧɵɟ�ɭɱɚɫɬɤɢ�ɫ�
ɩɨɜɵɲɟɧɧɨɣ� ɩɪɨɜɨɞɢɦɨɫɬɶɸ� ɢ�� ɧɚ� ɷɬɢɯ� ɭɱɚɫɬɤɚɯ�
ɩɪɨɢɫɯɨɞɢɬ�ɜɵɞɟɥɟɧɢɟ�ɤɢɫɥɨɪɨɞɚ��

H+22+ �� ��� �� � � � � ����

Ʉɪɨɦɟ� ɬɨɝɨ�� ɩɪɢ� ɚɧɨɞɧɨɣ� ɩɨɥɹɪɢɡɚɰɢɢ� ɜ� ɆɈɉ�
ɫɢɫɬɟɦɟ�ɜɨɡɦɨɠɧɨ�ɨɤɢɫɥɟɧɢɟ�ɧɢɡɲɢɯ�ɨɤɫɢɞɨɜ�ɦɚɪɝɚɧɰɚ�

H+0Q22+20Q ��� ���� �� � � � � �����

H+0Q20Q22+ �� �
� � � � �����

ɉɪɢ� ɤɚɬɨɞɧɨɣ� ɩɨɥɹɪɢɡɚɰɢɢ� ɜ� ɤɢɫɥɨɦ� ɪɚɫɬɜɨɪɟ�
ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ�ɢɨɧɵ�ɜɨɞɨɪɨɞɚ��

2++H2+
�

���� � � � �� � � � �����

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ�� ɱɬɨ� ɩɪɢ� ɤɚɬɨɞɧɨɣ� ɩɨɥɹɪɢɡɚɰɢɢ�
ɫɢɫɬɟɦɵ�ɆɈɗ�ɢ�ɆɈɉ� ɩɪɨɬɨɧɵ�� ɩɨɫɬɭɩɚɸɳɢɟ� ɫ� ɢɨɧɚɦɢ�
ɝɢɞɪɨɤɫɨɧɢɹ� � ɇ�Ɉ

�� ɤ� ɩɨɜɟɪɯɧɨɫɬɢ� ɨɤɫɢɞɚ�� ɦɨɝɭɬ� ɱɟɪɟɡ�
ɫɥɨɣ�Ƚɟɥɶɦɝɨɥɶɰɚ�ɩɪɨɧɢɤɚɬɶ�ɜ�ɩɥɟɧɤɭ�ɢ�ɦɢɝɪɢɪɨɜɚɬɶ�ɩɨɞ�
ɞɟɣɫɬɜɢɟɦ�ɩɨɥɹ� ɤ� ɝɪɚɧɢɰɟ� ɪɚɡɞɟɥɚ�ɦɟɬɚɥɥ�ȺɈɉ��ɇɚ� ɷɬɨɣ�
ɝɪɚɧɢɰɟ� ɨɧɢ� ɪɚɡɪɹɠɚɸɬɫɹ�� ɡɚɯɜɚɬɵɜɚɹ� ɷɥɟɤɬɪɨɧɵ� ɢɡ�
ɦɟɬɚɥɥɚ�� ɚ� ɨɛɪɚɡɭɸɳɢɣɫɹ� ɚɬɨɦɚɪɧɵɣ� ɜɨɞɨɪɨɞ� ɢɥɢ�
ɪɚɫɬɜɨɪɹɟɬɫɹ�ɜ�ɦɟɬɚɥɥɟ��ɢɥɢ�ɞɢɮɮɭɧɞɢɪɭɟɬ�ɱɟɪɟɡ�ɨɤɫɢɞ�ɤ�
ɜɧɟɲɧɟɣ�ɝɪɚɧɢɰɟ��ɝɞɟ�ɜɵɞɟɥɹɟɬɫɹ�ɜɢɞɟ�ɝɚɡɚ��

Ɉɫɧɨɜɵɜɚɹɫɶ� ɧɚ� ɷɬɢɯ� ɞɚɧɧɵɯ�� ɦɨɠɧɨ�
ɩɪɟɞɩɨɥɨɠɢɬɶ�� ɱɬɨ� ɩɨɩɚɞɚɸɳɢɟ� ɜ�ȺɈɉ� ɚɬɨɦɵ� ɜɨɞɨɪɨɞɚ�
ɹɜɥɹɸɬɫɹ� ɞɨɧɨɪɚɦɢ�� ɭɜɟɥɢɱɢɜɚɸɳɢɦɢ� ɷɥɟɤɬɪɨɧɧɭɸ�
ɩɪɨɜɨɞɢɦɨɫɬɶ�ɨɤɫɢɞɚ��

Ʉɪɨɦɟ�ɬɨɝɨ��ɩɪɢ�ɤɚɬɨɞɧɨɣ�ɩɨɥɹɪɢɡɚɰɢɢ�ɞɥɹ�ɧɢɨɛɢɹ�
ɜɨɡɦɨɠɧɨ� ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ� 1E��� � ɜ� � 1E���� ɗɬɨɬ� ɩɪɨɰɟɫɫ�
ɢɞɟɬ�ɫ�ɜɵɯɨɞɨɦ�ɩɨ�ɬɨɤɭ�������ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɬɨɥɳɢɧɵ�
ȺɈɉ��

ɉɪɢɜɟɞɟɧɧɵɣ�ɚɧɚɥɢɡ�ɩɪɨɰɟɫɫɨɜ��ɩɪɨɬɟɤɚɸɳɢɯ�ɩɪɢ�
ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ� ɩɨɥɹɪɢɡɚɰɢɢ� ɭɤɚɡɵɜɚɟɬ� ɧɚ�
ɧɟɨɛɯɨɞɢɦɨɫɬɶ� ɨɝɪɚɧɢɱɟɧɢɹ� ɜɟɥɢɱɢɧɵ� ɤɚɬɨɞɧɨɝɨ��
ɢɦɩɭɥɶɫɚ� ���� ȼ��� ɋ� ɭɜɟɥɢɱɟɧɢɟɦ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɧɢɬɪɚɬɚ
ɦɚɪɝɚɧɰɚ� ɧɚɩɪɹɠɟɧɢɟ� ɤɚɬɨɞɧɨɝɨ� ɢɦɩɭɥɶɫɚ� ɧɟ� ɞɨɥɠɧɨ�
ɩɪɟɜɵɲɚɬɶ�������ȼ��

ɉɪɢ� ɤɚɬɨɞɧɨɣ� ɩɨɥɹɪɢɡɚɰɢɢ� ɜɨɡɦɨɠɧɨ�
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ�ɚɧɢɨɧɨɜ��

2+12+H12 ��� � �o�� ��� � � �����

2+12+H12 �� ��� �o�� �� �����

Ɉɞɧɚɤɨ�� ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ� ɪɟɚɤɰɢɣ� ���� ��� ɛɨɥɶɲɟ�
ɱɟɦ������ɢ�ɩɨɷɬɨɦɭ�ɢɯ�ɩɪɨɬɟɤɚɧɢɟ�ɩɪɨɛɥɟɦɚɬɢɱɧɨ��

ɉɪɢ� ɫɦɟɧɟ� ɧɚɩɪɚɜɥɟɧɢɹ� ɬɨɤɚ� ɛɭɞɭɬ� ɩɪɨɢɫɯɨɞɢɬɶ�
ɩɪɨɰɟɫɫɵ� ɢɨɧɢɡɚɰɢɢ� ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ� ɜɨɞɨɪɨɞɚ��
ɨɤɢɫɥɟɧɢɟ� ɱɚɫɬɢɱɧɨ� ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ� ɨɤɫɢɞɨɜ� ɧɢɨɛɢɹ� ɢ
ɬɚɧɬɚɥɚ��ɚ�ɡɚɬɟɦ�ɨɤɫɢɞɢɪɨɜɚɧɢɟ��ɩɨɞɮɨɪɦɨɜɤɚ��ȺɈɉ��

Ɋɟɡɭɥɶɬɚɬɵ�ɩɪɢɦɟɧɟɧɢɹ�ɢɦɩɭɥɶɫɧɨɣ�ɩɨɞɮɨɪɦɨɜɤɢ��
ɫɨɜɦɟɳɟɧɧɨɣ� ɫ� ɩɪɨɩɢɬɤɨɣ� ɜ� ɚɡɨɬɧɨɤɢɫɥɨɦ� ɦɚɪɝɚɧɰɟ�
ɩɪɟɞɫɬɚɜɥɟɧɵ�ɜ�ɬɚɛɥɢɰɟ����

ɉɪɨɜɟɞɟɧɵ� � ɢɫɩɵɬɚɧɢɹ� ���� ɧɢɨɛɢɟɜɵɯ�
ɤɨɧɞɟɧɫɚɬɨɪɨɜ�ɧɚ� ɞɨɥɝɨɜɟɱɧɨɫɬɶ� ɜ� ɬɟɱɟɧɢɟ� ɞɟɫɹɬɢ� ɬɵɫɹɱ�
ɱɚɫɨɜ�ɩɪɢ�����ɧɨɦɢɧɚɥɶɧɨɝɨ�ɧɚɩɪɹɠɟɧɢɹ���Ɋɟɡɭɥɶɬɚɬɵ�

Ɍɚɛɥɢɰɚ����
ɋɪɟɞɧɢɟ�ɡɧɚɱɟɧɢɹ�ɬɨɤɨɜ�ɭɬɟɱɤɢ�ɧɢɨɛɢɟɜɵɯ�

ɤɨɧɞɟɧɫɚɬɨɪɨɜ�ɧɨɦɢɧɚɥɚ���u ���ɦɤɎ��7D�2���ɢ���1E�2��

ɢɡɦɟɪɟɧɢɹ� � ɬɨɤɚ� ɭɬɟɱɤɢ� ɢ� � WJį� � ɩɨɤɚɡɚɥɢ�� ɱɬɨ� ɨɧɢ��
ɢɡɦɟɧɢɥɢɫɶ� ɧɟ� ɡɧɚɱɢɬɟɥɶɧɨ� ±� ɭɜɟɥɢɱɢɥɢɫɶ� ɜ� ɩɪɟɞɟɥɚɯ�
ɞɟɫɹɬɢ� ɩɪɨɰɟɧɬɨɜ� ɨɬ� ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ� ɢ� ɩɨ�ɩɪɟɠɧɟɦɭ�
ɫɨɨɬɜɟɬɫɬɜɭɸɬ�ɬɪɟɛɨɜɚɧɢɹɦ�ɧɨɪɦɚɬɢɜɧɨɣ�ɞɨɤɭɦɟɧɬɚɰɢɢ�

ȼɵɜɨɞɵ�
ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɩɪɨɜɟɞɟɧɧɨɣ�ɪɚɛɨɬɵ�ɭɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�

ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɢɦɩɭɥɶɫɧɨɣ�ɩɨɞɮɨɪɦɨɜɤɢ��ɫɨɜɦɟɳɟɧɧɨɣ�ɫ
ɩɪɨɩɢɬɤɨɣ�ɜ�ɚɡɨɬɧɨɤɢɫɥɨɦ�ɦɚɪɝɚɧɰɟ��ɩɨɡɜɨɥɹɟɬ�ɜ�ɬɪɢ�ɪɚɡɚ�
ɫɨɤɪɚɬɢɬɶ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ� ɰɢɤɥ� ɧɚɧɟɫɟɧɢɹ�
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ�ɫɥɨɹ�ɢ�ɧɚ�ɱɟɬɜɟɪɬɶ�ɭɦɟɧɶɲɢɬɶ�ɜɪɟɦɹ�
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ� ɜɨɡɞɟɣɫɬɜɢɹ� ɩɢɪɨɥɢɡɚ� ɧɚ�
ɞɢɷɥɟɤɬɪɢɤ��ɚ�ɬɚɤɠɟ�ɨɛɟɫɩɟɱɢɬɶ�ɧɚɞɟɠɧɭɸ�ɷɤɫɩɥɭɚɬɚɰɢɸ�
ɤɨɧɞɟɧɫɚɬɨɪɨɜ�

ɋɉɂɋɈɄ��ɅɂɌȿɊȺɌɍɊɕ��
�� Ʉɨɧɞɟɧɫɚɬɨɪɵ� ɨɤɫɢɞɧɨ�ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ�� ɜɢɞɵ� ɢ�

ɞɨɫɬɨɢɧɫɬɜɚ� >�ɗɥɟɤɬɪɨɧɵɣ�ɪɟɫɭɪɫ@�� ±�Ɋɟɠɢɦ�ɞɨɫɬɭɩɚ��ZZZ���
HOHFWUDPLVW�FRP�RNVLGQR�SROXSURYRGQLNRY\H�NRQGHQVDWRU\�WLS\�
SUHLPXVKFKHVWYD���±�������������

�� Ȼɟɥɟɧɶɤɢɣ�Ȼ��Ɍɚɧɬɚɥɨɜɵɟ�ɤɨɧɞɟɧɫɚɬɨɪɵ�±�ɩɪɨɛɥɟɦɵ�
ɢ� ɩɟɪɫɩɟɤɬɢɜɵ�� �� Ȼ�Ȼɟɥɟɧɶɤɢɣ�� ɇ�Ƚɨɪɛɭɧɨɜ� ��� ɗɥɟɤɬɪɨɧɢɤɚ��
ɇɚɭɤɚ��ɬɟɯɧɨɥɨɝɢɹ��ɛɢɡɧɟɫ�±�ȼɵɩɭɫɤ�ʋ����������

�� Ȼɚɣɪɚɱɧɵɣ� Ȼ�ɂ��� Ƚɨɦɨɡɨɜ� ȼ�ɉ��� Ƚɭɪɢɧ� ȼ�ɇ��� Ʌɹɲɨɤ�
Ʌ�ȼ�� Ɉɪɟɯɨɜɚ� Ɍ�ȼ��� ȼɢɧɚɪɫɤɢɣ� ɘ�ɂ�� ɋɩɨɫɨɛ� ɮɨɪɦɢɪɨɜɚɧɢɹ�
ɤɚɬɨɞɧɨɝɨ� ɩɨɤɪɵɬɢɹ� ɨɤɫɢɞɧɨ�ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ�
ɤɨɧɞɟɧɫɚɬɨɪɨɜ��Ⱥ�ɋ��ʋ����������������������

�� ȼ�ɇ��Ƚɭɪɢɧ��Ɉɩɬɢɦɢɡɚɰɢɹ�ɬɟɯɧɨɥɨɝɢɢ�ɮɨɪɦɢɪɨɜɚɧɢɹ�
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ� ɨɛɤɥɚɞɤɢ� ɜ� ɨɤɫɢɞɧɨ�ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ�
ɤɨɧɞɟɧɫɚɬɨɪɚɯ� ��� ȼɟɫɬɧɢɤ� Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ� ɋɥɚɜɹɧɫɤɨɝɨ
ɍɧɢɜɟɪɫɢɬɟɬɚ��ɋɟɪɢɹ�©Ɍɟɯɧɢɱɟɫɤɢɟ�ɧɚɭɤɢª��ʋ����������±�ɋ������
����

�� Ȼɚɣɪɚɱɧɵɣ� Ȼ�Ƚ�� Ɏɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɟ� ɨɫɧɨɜɵ�
ɩɪɨɢɡɜɨɞɫɬɜɚ� ɨɤɫɢɞɧɨ�ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ� ɤɨɧɞɟɧɫɚɬɨɪɨɜ��
ɭɱɟɛ��ɩɨɫɨɛɢɟ���Ȼ�Ƚ��Ȼɚɣɪɚɱɧɵɣ��ȼ�ɇ��Ƚɭɪɢɧ��Ʌ�ȼ��Ʌɹɲɨɤ��±�Ʉɢɟɜ��
ɍɆɄ�ȼ�Ɉ���������±�����ɫ��

�� Ƚɭɪɢɧ� � ȼ�ɇ��� � Ɇɚɪɲɟɜɚ� � Ʌ�Ɇ��� ɉɚɪɤɚɱɟɜɚ� Ʌ�ɂ���
ɉɨɡɞɟɟɜ� ɘ�Ʌ��� Ȼɚɬɚɲɟɜɚ� Ʌ�Ʌ�� ɋɩɨɫɨɛ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɨɤɫɢɞɧɨ�
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ�ɤɨɧɞɟɧɫɚɬɨɪɨɜ��Ⱥ�ɋ��ʋ���������������������

�� Ƚɭɪɢɧ� ȼ�ɇ�� Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ� ɩɪɨɰɟɫɫɨɜ� ɩɪɨɩɢɬɤɢ� ɢ�
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ� ɚɧɨɞɢɪɨɜɚɧɢɹ� ɨɤɫɢɞɧɨ�ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ�
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