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

���

ɧɚɧɨɬɟɯɧɨɥɨɝɢɹª��ɋɚɧɤɬ�ɉɟɬɟɪɛɭɪɝ�± ɏɢɥɨɜɨ����±���ɫɟɧɬɹɛɪɹ������ɝ����ɬɟɡ��ɞɨɤɥ��±
ɋɉɛ��ɋɉɛȽɌɂ��Ɍɍ���������± ɋ����±����
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�� Ʉɨɜɚɥɟɜ� ɇ�� ɇ�� ɏɨɥɢɧɷɫɬɟɪɚɡɵ� ± ɛɢɨɯɢɦɢɱɟɫɤɢɟ� ɦɟɯɚɧɢɡɦɵ� ɚɞɚɩɬɚɰɢɢ�
ɝɢɞɪɨɛɢɨɧɬɨɜ��ɞɢɫɫ«�ɞ�ɪɚ�ɛɢɨɥ��ɧɚɭɤ��± ȼɥɚɞɢɜɨɫɬɨɤ��������± ����ɫ�

�� ɍɥɶɬɪɚɞɢɫɩɟɪɫɧɵɟ� ɚɥɦɚɡɵ� ɞɟɬɨɧɚɰɢɨɧɧɨɝɨ ɫɢɧɬɟɡɚ� ɤɚɤ� ɫɪɟɞɫɬɜɨ� ɤɨɪɪɟɤɰɢɢ�
ɩɪɨɰɟɫɫɨɜ� ɩɟɪɨɤɫɢɞɚɰɢɢ� ɛɟɥɤɨɜ� ɢ� ɥɢɩɢɞɨɜ� ɩɪɢ� ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɦ� ɪɨɫɬɟ� ��
ɂ� ȼ� ɒɭɝɚɥɟɣ�� ɇ� ɉ� Ⱦɭɛɹɝɨ�� ɋ� ɇ� Ʌɶɜɨɜ� ɢ� ɞɪ�� ��� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ�
ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ� ɢ� ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ�
ɩɪɢɦɟɧɟɧɢɹ� ɫɛ��ɧɚɭɱ��ɬɪ��± Ʉ���ɂɋɆ�ɢɦ��ȼ� ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ�������± ȼɵɩ�����
± ɋ�����±����

�� Ⱦɭɛɢɧɢɧɚ� ȿ�� ȿ�� �ɉɪɨɞɭɤɬɵ�ɦɟɬɚɛɨɥɢɡɦɚ� ɤɢɫɥɨɪɨɞɚ� ɜ� ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ� ɚɤɬɢɜɧɨɫɬɢ�
ɤɥɟɬɨɤ� �ɀɢɡɧɶ� ɢ� ɫɦɟɪɬɶ�� ɫɨɡɢɞɚɧɢɟ� ɢ� ɪɚɡɪɭɲɟɧɢɟ��� Ɏɢɡɢɨɥɨɝɢɱɟɫɤɢɟ� ɢ� ɤɥɢɧɢɤɨ�
ɛɢɨɯɢɦɢɱɟɫɤɢɟ�ɩɪɨɰɟɫɫɵ��± ɋɉɛ��Ɇɟɞ��ɉɪɟɫɫɚ��������± ����ɫ�

��� Ʌɭɤɨɝɨɪɫɤɚɹ ɋ� Ⱥ�� ɇɟɤɨɬɨɪɵɟ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ� ɩɪɨɰɟɫɫɨɜ� ɩɟɪɨɤɫɢɞɧɨɝɨ�
ɩɨɜɪɟɠɞɟɧɢɹ� ɩɨɥɢɩɟɩɬɢɞɧɨɣ� ɰɟɩɢ� ɛɟɥɤɨɜ� ɪɚɡɥɢɱɧɨɝɨ� ɬɢɩɚ�� ɚɜɬɨɪɟɮ«� ɤɚɧɞ�� ɯɢɦ��
ɧɚɭɤ��± ɋɉɛ��������± ���ɫ�

ɉɨɫɬɭɩɢɥɚ���������

ɍȾɄ����������±�������

Ⱥ� Ⱥ� ɒɭɥɶɠɟɧɤɨ��ɱɥɟɧ�ɤɨɪ��ɇȺɇ�ɍɤɪɚɢɧɵ�� Ⱥ� ɋ� ɉɨɩɨɜ���
ȼ� ə� Ƚɚɣɜɨɪɨɧɫɤɢɣ���ɤɚɧɞ��ɮɢɡ��ɦɚɬ��ɧɚɭɤ� ȼ� Ƚ� Ƚɚɪɝɢɧ��Ⱥ� ɇ� ɋɨɤɨɥɨɜ��ɤɚɧɞɢɞɚɬɵ�

ɬɟɯɧɢɱɟɫɤɢɯ�ɧɚɭɤ�� Ɍ� Ⱥ� ɉɪɢɯɧɚ� ɱɥɟɧ�ɤɨɪ��ɇȺɇ�ɍɤɪɚɢɧɵ�� Ɍ� ȼ��Ȼɚɫɸɤ��ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ�
Ɍ� ȿ� Ʉɨɧɫɬɚɧɬɢɧɨɜɚ���ɞ�ɪ�ɮɢɡ��ɦɚɬ��ɧɚɭɤ��Ⱥ� Ⱦ� ɒɟɜɱɟɧɤɨ���ɞ�ɪ�ɬɟɯɧ� ɧɚɭɤ�

�ɂɧɫɬɢɬɭɬ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢɦ��ȼ��ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ�
�ɂɧɫɬɢɬɭɬ�ɮɢɡɢɤɢ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ

�Ⱦɨɧɟɰɤɢɣ�ɮɢɡɢɤɨ�ɬɟɯɧɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ�ɢɦ��Ⱥ��Ⱥ��Ƚɚɥɤɢɧɚ�ɇȺɇ�ɍɤɪɚɢɧɵ
�ɂɧɫɬɢɬɭɬ�ɦɟɬɚɥɥɨɮɢɡɢɤɢ�ɢɦ��Ƚ��ȼ��Ʉɭɪɞɸɦɨɜɚ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ

ɈɄɋɂȾɇȺə�ɈɉɌɂɑȿɋɄȺə�ɇȺɇɈɄȿɊȺɆɂɄȺ��ɉɈɅɍɑȿɇɇȺə�ȼ�ɍɋɅɈȼɂəɏ�
ȼɕɋɈɄɈȽɈ�ȾȺȼɅȿɇɂə�ɂ�ɌȿɆɉȿɊȺɌɍɊɕ

ɂɡɭɱɟɧɨ� ɜɥɢɹɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɫɩɟɤɚɧɢɹ� ɩɪɢ� ɜɵɫɨɤɨɦ� ɞɚɜɥɟɧɢɢ� ɧɚ� ɨɩɬɢɱɟɫɤɢɟ�
ɫɜɨɣɫɬɜɚ� ɧɚɧɨɤɟɪɚɦɢɤɢ� ɢɡ� <�$O�2�� �<$*��� ȼɫɟ� ɷɤɫɩɟɪɢɦɟɧɬɵ� ɩɨɤɚɡɚɥɢ� ɫɭɳɟɫɬɜɟɧɧɨɟ�
ɢɡɦɟɧɟɧɢɟ� ɨɩɬɢɱɟɫɤɨɝɨ� ɨɬɤɥɢɤɚ� ɩɪɢ� ɢɡɦɟɧɟɧɢɢ�ɬɟɦɩɟɪɚɬɭɪɵ� ɫɩɟɤɚɧɢɹ��ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ�
ɛɨɥɶɲɢɧɫɬɜɨ� ɩɨɥɭɱɟɧɧɵɯ� ɨɛɪɚɡɰɨɜ� <$* �ɤɟɪɚɦɢɤɢ� ɨɛɥɚɞɚɸɬ� ɷɮɮɟɤɬɨɦ� ɫɚɦɨɮɨɤɭɫɢɪɨɜɤɢ�
ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ��ɗɬɨ�ɝɨɜɨɪɢɬ�ɨ�ɬɨɦ��ɱɬɨ�ɢɫɫɥɟɞɭɟɦɵɟ�ɨɛɪɚɡɰɵ�ɹɜɥɹɸɬɫɹ�ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ�
ɦɚɬɟɪɢɚɥɚɦɢ�ɞɥɹ�ɩɪɢɦɟɧɟɧɢɹ�ɜ�ɧɟɥɢɧɟɣɧɨɣ�ɨɩɬɢɤɟ�

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ� ɤɟɪɚɦɢɤɚ�� ɢɬɬɪɢɣ�ɚɥɸɦɢɧɢɟɜɵɣ� ɝɪɚɧɚɬ�� ɜɵɫɨɤɨɟ� ɞɚɜɥɟɧɢɟ��
ɫɩɟɤɚɧɢɟ��ɨɩɬɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�

ȼɜɟɞɟɧɢɟ
ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɜɨ� ɦɧɨɝɢɯ� ɨɛɥɚɫɬɹɯ� ɧɚɭɤɢ� ɢ� ɬɟɯɧɢɤɢ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɪɚɡɥɢɱɧɵɟ�

ɜɢɞɵ� ɤɟɪɚɦɢɤɢ�� ɤɨɬɨɪɵɟ� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɫɨɛɨɣ� ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ� ɦɚɬɟɪɢɚɥɵ�� Ɉɞɧɢɦ� ɢɡ�



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

���

ɧɚɢɛɨɥɟɟ� ɚɤɬɭɚɥɶɧɵɯ� ɧɚɩɪɚɜɥɟɧɢɣ� ɹɜɥɹɟɬɫɹ� ɪɚɡɪɚɛɨɬɤɚ� ɬɟɯɧɨɥɨɝɢɣ� ɫɨɡɞɚɧɢɹ� ɩɪɨɡɪɚɱɧɨɣ�
ɤɟɪɚɦɢɤɢ��ɬ�ɟ��ɤɟɪɚɦɢɤɢ��ɫɩɨɫɨɛɧɨɣ�ɩɪɨɩɭɫɤɚɬɶ�ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ�ɢɡɥɭɱɟɧɢɟ��ɢ��ɜ�ɱɚɫɬɧɨɫɬɢ��
ɨɩɬɢɱɟɫɤɨɣ� ɤɟɪɚɦɢɤɢ� ɜɢɞɢɦɨɣ� ɨɛɥɚɫɬɢ� ɫɩɟɤɬɪɚ�� ɉɪɨɡɪɚɱɧɵɟ� ɤɟɪɚɦɢɱɟɫɤɢɟ� ɦɚɬɟɪɢɚɥɵ��
ɫɨɡɞɚɧɧɵɟ� ɧɚ� ɨɫɧɨɜɟ� ɨɤɫɢɞɨɜ�� ɧɚɩɪɢɦɟɪ�� ɧɚ� ɨɫɧɨɜɟ� <�$O�2�� >�� �@�� ɩɨ� ɦɧɨɝɢɦ� ɮɢɡɢɤɨ�
ɯɢɦɢɱɟɫɤɢɦ� ɫɜɨɣɫɬɜɚɦ�� ɬɚɤɢɦ� ɤɚɤ� ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ�� ɬɟɦɩɟɪɚɬɭɪɚ� ɩɥɚɜɥɟɧɢɹ�� ɦɟɯɚɧɢɱɟɫɤɚɹ�
ɩɪɨɱɧɨɫɬɶ� ɢ� ɬ� ɞ�� ɩɪɟɜɨɫɯɨɞɹɬ� ɫɬɟɤɥɨ� ɢ� ɜ� ɪɹɞɟ� ɫɥɭɱɚɟɜ� ɦɨɧɨɤɪɢɫɬɚɥɥɵ�� ɚ� ɢɯ� ɩɪɨɢɡɜɨɞɫɬɜɨ�
ɷɧɟɪɝɟɬɢɱɟɫɤɢ�ɢ�ɷɤɨɧɨɦɢɱɟɫɤɢ�ɛɨɥɟɟ�ɜɵɝɨɞɧɨ��ɱɟɦ�ɩɨɥɭɱɟɧɢɟ�ɩɨɫɥɟɞɧɢɯ��

Ʉɚɤ� ɢɡɜɟɫɬɧɨ�� ɱɟɦ� ɦɟɧɶɲɟ� ɪɚɡɦɟɪ� ɡɟɪɟɧ� ɢ� ɱɢɫɥɨ� ɞɟɮɟɤɬɨɜ�� ɬɟɦ� ɜɵɲɟ� ɞɨɥɠɧɚ� ɛɵɬɶ�
ɩɪɨɡɪɚɱɧɨɫɬɶ� ɦɚɬɟɪɢɚɥɚ�� ɉɨɷɬɨɦɭ� ɫɨɜɪɟɦɟɧɧɵɟ� ɦɟɬɨɞɵ� ɩɨɥɭɱɟɧɢɹ� ɩɪɨɡɪɚɱɧɵɯ� ɤɟɪɚɦɢɤ�
ɨɫɧɨɜɚɧɵ��ɝɥɚɜɧɵɦ�ɨɛɪɚɡɨɦ��ɧɚ�ɢɫɩɨɥɶɡɨɜɚɧɢɢ�ɧɚɧɨɩɨɪɨɲɤɨɜ��

Ⱦɥɹ� ɨɛɟɫɩɟɱɟɧɢɹ� ɜɵɫɨɤɨɣ� ɩɪɨɡɪɚɱɧɨɫɬɢ� ɦɚɬɟɪɢɚɥɚ� ɨɧ� ɞɨɥɠɟɧ�� ɜ� ɱɚɫɬɧɨɫɬɢ�� ɢɦɟɬɶ�
ɩɪɚɤɬɢɱɟɫɤɢ�ɛɟɫɩɨɪɢɫɬɭɸ�ɫɬɪɭɤɬɭɪɭ��ɪɟɚɥɢɡɚɰɢɹ�ɤɨɬɨɪɨɣ�ɹɜɥɹɟɬɫɹ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ�ɫɥɨɠɧɨɣ�
ɡɚɞɚɱɟɣ� ɭɱɢɬɵɜɚɹ�� ɱɬɨ� ɧɚɧɨɱɚɫɬɢɰɵ�� ɤɚɤ� ɩɪɚɜɢɥɨ�� ɢɦɟɸɬ� ɫɥɨɠɧɭɸ�ɦɨɪɮɨɥɨɝɢɸ� �ɧɟ� ɜɫɟɝɞɚ�
ɫɮɟɪɢɱɟɫɤɭɸ��ɢ�ɫɨɫɬɨɹɬ�ɢɡ�ɭɫɬɨɣɱɢɜɵɯ�ɬɪɭɞɧɨɪɚɡɪɭɲɚɟɦɵɯ�ɚɝɥɨɦɟɪɚɬɨɜ��

ȿɳɟ� ɨɞɧɚ� ɫɥɨɠɧɚɹ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ� ɡɚɞɚɱɚ�� ɤɨɬɨɪɭɸ� ɩɪɢɯɨɞɢɬɫɹ� ɪɟɲɚɬɶ� ɩɪɢ�
ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɧɚɧɨɪɚɡɦɟɪɧɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ± ɷɬɨ� ɫɨɯɪɚɧɟɧɢɟ� ɜ� ɩɪɨɰɟɫɫɟ� ɫɩɟɤɚɧɢɹ�
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɫɬɪɭɤɬɭɪɵ�ɤɟɪɚɦɢɤɢ�

ɗɬɢ� ɭɫɥɨɜɢɹ� ɬɪɭɞɧɨ� ɜɵɩɨɥɧɢɬɶ� ɬɪɚɞɢɰɢɨɧɧɵɦɢ� ɦɟɬɨɞɚɦɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɤɟɪɚɦɢɤɢ�
�ɲɥɢɤɟɪɧɨɣ�ɥɢɬɶɟ�� ɷɤɫɬɪɭɡɢɹ�� ɫɬɚɬɢɱɟɫɤɢɟ� ɜɢɞɵ�ɩɪɟɫɫɨɜɚɧɢɹ��� ɩɨɷɬɨɦɭ� ɚɤɬɭɚɥɶɧɨɣ� ɡɚɞɚɱɟɣ�
ɹɜɥɹɟɬɫɹ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɧɨɜɵɯ� ɦɟɬɨɞɨɜ� ɤɨɧɫɨɥɢɞɚɰɢɢ� ɩɨɪɨɲɤɨɜ�� ɤ� ɤɨɬɨɪɵɦ�� ɜ� ɩɟɪɜɭɸ�
ɨɱɟɪɟɞɶ��ɨɬɧɨɫɢɬɫɹ�ɬɟɯɧɢɤɚ�ɫɜɟɪɯɜɵɫɨɤɢɯ�ɞɚɜɥɟɧɢɣ�>�@��Ʉɚɤ�ɨɬɦɟɱɚɟɬɫɹ�ɜ�>�@��ɫɩɟɤɚɧɢɟ�ɩɪɢ�
ɜɵɫɨɤɨɦ� ɞɚɜɥɟɧɢɢ� ɩɨɡɜɨɥɹɟɬ� ɤɨɧɫɨɥɢɞɢɪɨɜɚɬɶ� ɧɚɧɨɩɨɪɨɲɤɢ� ɡɚ� ɫɱɟɬ� ɜɨɡɧɢɤɚɸɳɢɯ�
ɫɠɢɦɚɸɳɢɯ� ɢ� ɫɞɜɢɝɨɜɵɯ� ɞɟɮɨɪɦɚɰɢɣ�� ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ� ɪɚɡɪɭɲɟɧɢɸ� ɚɝɥɨɦɟɪɚɬɨɜ��
ɜɡɚɢɦɧɨɦɭ�ɩɟɪɟɦɟɳɟɧɢɸ�ɱɚɫɬɢɰ�ɢ�ɭɦɟɧɶɲɟɧɢɸ�ɩɨɪɢɫɬɨɫɬɢ�ɤɨɦɩɚɤɬɨɜ��ɗɬɨɬ�ɦɟɬɨɞ�ɹɜɥɹɟɬɫɹ�
ɩɟɪɫɩɟɤɬɢɜɧɵɦ�ɞɥɹ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɜɵɫɨɤɨɩɥɨɬɧɨɣ�ɤɟɪɚɦɢɤɢ�ɫ�ɨɞɧɨɜɪɟɦɟɧɧɨɣ�ɜɨɡɦɨɠɧɨɫɬɶɸ�
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ɐɟɥɶ� ɞɚɧɧɨɣ� ɪɚɛɨɬɵ� ± ɢɫɫɥɟɞɨɜɚɬɶ� ɜɥɢɹɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɫɩɟɤɚɧɢɹ� ɩɪɢ� ɜɵɫɨɤɨɦ�
ɞɚɜɥɟɧɢɢ�ɧɚ�ɨɩɬɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɧɚɧɨɤɟɪɚɦɢɤɢ�ɢɡ�<�$O�2���

Ɇɚɬɟɪɢɚɥɵ�ɢ�ɦɟɬɨɞɢɤɢ�ɢɫɫɥɟɞɨɜɚɧɢɣ
ȼ�ɤɚɱɟɫɬɜɟ�ɢɫɯɨɞɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɞɥɹ� ɫɩɟɤɚɧɢɹ� ɤɟɪɚɦɢɤɢ�ɢɫɩɨɥɶɡɨɜɚɥɢ�ɧɚɧɨɩɨɪɨɲɨɤ�

ɢɬɬɪɢɣ�ɚɥɸɦɢɧɢɟɜɨɝɨ� ɝɪɚɧɚɬɚ� �<$*��
± <�$O�2���

ɇɚɧɨɤɟɪɚɦɢɤɚ� ɮɨɪɦɢɪɨɜɚɥɚɫɶ�
ɜ� ɭɫɥɨɜɢɹɯ� ɜɵɫɨɤɨɝɨ� ɞɚɜɥɟɧɢɹ� �a�
��� Ƚɉɚ��ɢ�ɬɟɦɩɟɪɚɬɭɪɟ�����±����qɋ��ɜ�
ɬɟɱɟɧɢɟ� ���� ɦɢɧ�� ɜ� ɚɩɩɚɪɚɬɟ� ɬɢɩɚ�
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ɋɩɟɤɚɧɢɟ� ɩɪɨɜɨɞɢɥɢ� ɫ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɩɪɟɫɫɨɜɨɣ� ɭɫɬɚɧɨɜɤɢ�
ȾɈ������ ɪɚɡɜɢɜɚɸɳɟɣ� ɭɫɢɥɢɟ� ɞɨ�
��Ɇɇ��

ɋɩɟɰɢɚɥɶɧɨ� ɪɚɡɪɚɛɨɬɚɧɧɚɹ�
ɫɯɟɦɚ� ɫɧɚɪɹɠɟɧɢɹ� ɹɱɟɣɤɢ� ɜɵɫɨɤɨɝɨ�
ɞɚɜɥɟɧɢɹ� �ɪɢɫ�� ��� ɨɛɟɫɩɟɱɢɥɚ�
ɫɨɯɪɚɧɟɧɢɟ� ɯɢɦɢɱɟɫɤɨɣ� ɱɢɫɬɨɬɵ�
ɧɚɧɨɤɟɪɚɦɢɤɢ� ɡɚ� ɫɱɟɬ� ɪɚɡɦɟɳɟɧɢɹ�
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ� ɫɩɪɟɫɫɨɜɚɧɧɨɝɨ�
ɢɫɯɨɞɧɨɝɨ�ɩɨɪɨɲɤɚ�ɜ�ɡɚɳɢɬɧɵɣ�ɷɤɪɚɧ�
ɢɡ� ɬɚɧɬɚɥɨɜɨɣ� ɮɨɥɶɝɢ� ɦɟɠɞɭ� ɞɜɭɦɹ�
ɞɢɫɤɚɦɢ� ɢɡ� ɦɨɥɢɛɞɟɧɚ�� ɑɬɨɛɵ�

Ɋɢɫ� ��ɋɯɟɦɚ�ɫɧɚɪɹɠɟɧɢɟ�ɹɱɟɣɤɢ�ɜɵɫɨɤɨɝɨ�
ɞɚɜɥɟɧɢɹ����± ɤɨɥɶɰɨ����± ɜɬɭɥɤɚ����± ɬɪɭɛɱɚɬɵɣ�
ɧɚɝɪɟɜɚɬɟɥɶ����± ɷɤɪɚɧ�ɢɡ�ɬɚɧɬɚɥɨɜɨɣ�ɮɨɥɶɝɢ����±
ɧɚɧɨɩɨɪɨɲɨɤ�<$*����± ɞɢɫɤ�ɦɨɥɢɛɞɟɧɨɜɵɣ����±

ɞɢɫɤ�ɬɜɟɪɞɨɫɩɥɚɜɧɵɣ��ȼɄ�����± ɞɢɫɤ�ɢɡ�
ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ�ɧɢɬɪɢɞɚ�ɛɨɪɚ����± ɞɢɫɤ�
ɝɪɚɮɢɬɨɜɵɣ�����± ɞɢɫɤ�ɩɢɪɨɮɢɥɥɢɬɨɜɵɣ
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���

ɢɡɛɟɠɚɬɶ� ɜɨɝɧɭɬɨɫɬɢ� ɧɚɧɨɤɟɪɚɦɢɤɢ� ɩɨɫɥɟ� ɫɩɟɤɚɧɢɹ�� ɡɚɝɨɬɨɜɤɭ� ɪɚɡɦɟɳɚɥɢ� ɦɟɠɞɭ� ɞɜɭɦɹ�
ɞɢɫɤɚɦɢ� ɢɡ� ɬɜɟɪɞɨɝɨ� ɫɩɥɚɜɚ�� Ⱦɥɹ� ɨɛɟɫɩɟɱɟɧɢɹ� ɤɜɚɡɢɝɢɞɪɨɫɬɚɬɢɱɧɨɫɬɢ� ɜ� ɪɚɛɨɱɟɦ� ɨɛɴɟɦɟ�
ɢɫɩɨɥɶɡɨɜɚɥɢ�ɞɢɫɤɢ�ɢɡ� ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ�ɧɢɬɪɢɞɚ�ɛɨɪɚ�� ɤɨɬɨɪɵɟ�ɪɚɫɩɨɥɚɝɚɥɢ�ɧɚɞ�ɞɢɫɤɚɦɢ�ɢɡ�
ɬɜɟɪɞɨɝɨ�ɫɩɥɚɜɚ�

ȼɢɡɭɚɥɶɧɨ� ɨɰɟɧɤɭ� ɤɚɱɟɫɬɜɚ� ɩɨɥɭɱɟɧɧɵɯ� ɨɛɪɚɡɰɨɜ� ɨɤɫɢɞɧɨɣ� ɨɩɬɢɱɟɫɤɨɣ� ɤɟɪɚɦɢɤɢ�
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ɮɢɤɫɚɰɢɢ� ɢɡɨɛɪɚɠɟɧɢɣ� ɢɫɫɥɟɞɭɟɦɵɯ� ɨɛɴɟɤɬɨɜ� ɫ� ɩɨɫɥɟɞɭɸɳɟɣ� ɢɯ ɨɛɪɚɛɨɬɤɨɣ� ɫ� ɩɨɦɨɳɶɸ�
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ɋɩɟɤɬɪɵ� ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ� ɞɨɥɝɨɠɢɜɭɳɢɯ� ɫɨɫɬɨɹɧɢɣ� ɢɫɫɥɟɞɨɜɚɥɢɫɶ� ɫ�
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ɚɡɨɬɧɨɝɨ� ɥɚɡɟɪɚ� ����� ɧɦ�� ɫ� ɞɥɢɬɟɥɶɧɨɫɬɶɸ� ɢɦɩɭɥɶɫɚ� �� ɧɫ� ɢ� ɱɚɫɬɨɬɨɣ� ɩɨɜɬɨɪɟɧɢɹ� ���� Ƚɰ��
ɋɪɟɞɧɹɹ� ɦɨɳɧɨɫɬɶ� ɢɦɩɭɥɶɫɚ� ɫɨɫɬɚɜɥɹɥɚ� ��� ɦȼɬ�� ɋɢɝɧɚɥ� ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ� ɩɨɫɥɟ�
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Ɇɚɝɧɢɬɧɵɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɨɛɪɚɡɰɨɜ� ɤɟɪɚɦɢɤɢ�� ɩɨɥɭɱɟɧɧɵɯ� ɜ� ɭɫɥɨɜɢɹɯ� ɜɵɫɨɤɨɝɨ�
ɞɚɜɥɟɧɢɹ�� ɢɫɫɥɟɞɨɜɚɥɢ� ɦɟɬɨɞɨɦ� ɦɚɝɧɢɬɨɦɟɬɪɢɢ� ɧɚ� ɜɢɛɪɚɰɢɨɧɧɨɦ� ɦɚɝɧɢɬɨɦɟɬɪɟ ©9LEUDWLQJ�
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ɩɨɡɜɨɥɹɟɬ� ɜɵɩɨɥɧɹɬɶ� ɢɡɦɟɪɟɧɢɹ� ɦɚɝɧɢɬɧɨɝɨ� ɦɨɦɟɧɬɚ� ɧɚ� ɨɛɪɚɡɰɚɯ� ɦɚɫɫɨɣ� ɩɨɪɹɞɤɚ� ɟɞɢɧɢɰ�
ɦɢɥɥɢɝɪɚɦɦɚ�� Ɇɚɫɫɚ� ɢɫɫɥɟɞɭɟɦɵɯ� ɨɛɪɚɡɰɨɜ� ɨɩɪɟɞɟɥɹɥɚɫɶ� ɫ� ɩɨɦɨɳɶɸ� ɷɥɟɤɬɪɨɧɧɵɯ�
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Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɢ�ɢɯ�ɨɛɫɭɠɞɟɧɢɟ
ɗɥɟɤɬɪɨɧɧɨ�ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɦɢ� ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ� ɢɫɯɨɞɧɨɝɨ� ɧɚɧɨɩɨɪɲɤɚ� ȺɂȽ�

ɭɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɨɧ� ɩɪɟɞɫɬɚɜɥɟɧ� ɜ� ɜɢɞɟ� ɚɝɪɟɝɚɬɨɜ� ɪɚɡɦɟɪɨɦ� ɩɨɪɹɞɤɚ� �±�� ɦɤɦ�� ɚ� ɬɚɤɠɟ�
ɨɬɞɟɥɶɧɵɯ�ɱɚɫɬɢɰ�ɪɚɡɦɟɪɨɦ�ɨɬ����ɞɨ�����ɧɦ��ɪɢɫ������

Ɋɢɫ�����ɗɥɟɤɬɪɨɧɧɨ�ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ�ɢɡɨɛɪɚɠɟɧɢɟ�ɩɨɪɨɲɤɚ�<�$O�2��



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

���

Ⱥɝɪɟɝɚɬɵ�ɱɚɫɬɢɰ�ɞɨɫɬɚɬɨɱɧɨ�ɠɟɫɬɤɢɟ�ɢ�ɢɦɟɸɬ�ɮɨɪɦɭ�ɩɥɚɫɬɢɧ��ɉɨ�ɜɢɞɢɦɨɦɭ��ɚɝɪɟɝɚɬɵ�
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ɧɚɛɥɸɞɚɟɬɫɹ� ɞɢɮɪɚɤɰɢɹ� ɜ� ɜɢɞɟ� ɤɨɥɟɰ� ɫ� ɧɟɨɞɧɨɪɨɞɧɵɦ� ɩɨ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ�
ɪɟɮɥɟɤɫɨɜ� ɩɨ� ɤɨɥɶɰɭ�� Ɋɚɫɱɟɬ� ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɵ� ɞɚɟɬ� ɯɨɪɨɲɟɟ� ɫɨɜɩɚɞɟɧɢɟ� ɫ� ɬɚɛɥɢɱɧɵɦɢ�
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���� ���� ���� ��� <�$O�2�� ���
���� ���� ���� ��� <�$O�2�� ��

ɇɚɧɨɤɟɪɚɦɢɤɭ�ɫɩɟɤɚɥɢ�ɩɪɢ�ɜɵɫɨɤɨɦ�ɞɚɜɥɟɧɢɢ��a�����Ƚɉɚ��ɢ�ɬɟɦɩɟɪɚɬɭɪɟ�����±����qɋ��
ɜ� ɬɟɱɟɧɢɟ� ���� ɦɢɧ�� ɜ� ɚɩɩɚɪɚɬɟ� ɬɢɩɚ� ©ɬɨɪɨɢɞª�� ɇɢɠɟ� ɜ� ɬɚɛɥ�� �� ɩɪɢɜɟɞɟɧɚ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ�
ɩɨɥɭɱɟɧɧɵɯ�ɨɛɪɚɡɰɨɜ�

Ɍɚɛɥɢɰɚ���ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ�ɧɚɧɨɤɟɪɚɦɢɤɢ�ɢɡ�ɧɚɧɨɩɨɪɨɲɤɚ�<$* ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�
ɬɟɦɩɟɪɚɬɭɪɵ�ɫɩɟɤɚɧɢɹ

Ɉɛɪɚɡɟɰ Ɍɟɦɩɟɪɚɬɭɪɚ�ɫɩɟɤɚɧɢɹ��qɋ ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ
� ��� ɩɨɥɭɩɪɨɡɪɚɱɧɵɣ
� ��� ɩɪɨɡɪɚɱɧɵɣ��ɧɟɫɤɨɥɶɤɨ�ɯɭɠɟ�

ɨɛɪɚɡɰɚ��
� ��� ɩɪɨɡɪɚɱɧɵɣ
� ��� ɩɪɨɡɪɚɱɧɵɣ��ɥɭɱɲɢɣ�ɢɡ�

ɩɨɥɭɱɟɧɧɵɯ
� ��� ɩɪɨɡɪɚɱɧɵɣ

Ʉɟɪɚɦɢɤɭ��ɩɨɥɭɱɟɧɧɭɸ�ɩɪɢ�����qɋ��ɩɨɤɚɡɚɧɨ�ɧɚ�ɪɢɫ���� ȼɵɫɨɤɭɸ�ɱɢɫɬɨɬɭ�ɫɩɟɱɟɧɧɵɯ�
ɨɛɪɚɡɰɨɜ� ɧɚɧɨɤɟɪɚɦɢɤɢ� ɩɨɬɜɟɪɠɞɚɸɬ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɢɯ� ɦɚɝɧɢɬɧɵɯ� ɫɜɨɣɫɬɜ�� ɇɚ� ɪɢɫ�� ��
ɩɪɢɜɟɞɟɧɚ� ɡɚɜɢɫɢɦɨɫɬɶ� ɭɞɟɥɶɧɨɝɨ� ɦɚɝɧɢɬɧɨɝɨ� ɦɨɦɟɧɬɚ� P �HPX�J�� ɨɬ� ɧɚɩɪɹɠɺɧɧɨɫɬɢ�
ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ�ɇ �ɷɪɫɬɟɞɵ��ɞɥɹ�ɩɨɥɭɱɟɧɧɨɝɨ�ɩɪɢ�����qɋ ɨɛɪɚɡɰɚ�<�$O�2���

Ɋɢɫ�����Ʉɟɪɚɦɢɤɚ�ɢɡ�ɧɚɧɨɩɨɪɨɲɤɚ�<�$O�2����
ɩɨɥɭɱɟɧɧɨɣ�ɩɪɢ�����qɋ

Ɋɢɫ�����Ɂɚɜɢɫɢɦɨɫɬɶ�ɭɞɟɥɶɧɨɝɨ�ɦɚɝɧɢɬɧɨɝɨ�
ɦɨɦɟɧɬɚ�ɨɬ�ɧɚɩɪɹɠɺɧɧɨɫɬɢ�ɦɚɝɧɢɬɧɨɝɨ�
ɞɥɹ�<�$O�2���ɨɛɪɚɡɰɚ��ɩɨɥɭɱɟɧɧɨɝɨ�ɜ�ɭɫɥɨɜɢɹɯ�

ɜɵɫɨɤɨɝɨ�ɞɚɜɥɟɧɢɹ�ɢ�ɬɟɦɩɟɪɚɬɭɪɵ



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

���

ɂɡ�ɪɢɫ����ɜɢɞɧɨ��ɱɬɨ�ɡɚɜɢɫɢɦɨɫɬɶ�P� �I�+� ɢɦɟɟɬ�ɜɢɞ��ɯɚɪɚɤɬɟɪɧɵɣ�ɞɥɹ�ɞɢɚɦɚɝɧɟɬɢɤɚ��
ɱɬɨ� ɭɤɚɡɵɜɚɟɬ� ɧɚ� ɞɨɫɬɚɬɨɱɧɨ� ɜɵɫɨɤɭɸ� ɱɢɫɬɨɬɭ� ɩɨɥɭɱɟɧɧɵɯ� ɨɛɪɚɡɰɨɜ�<�$O�2���� ɍɞɟɥɶɧɵɣ�
ɦɚɝɧɢɬɧɵɣ� ɦɨɦɟɧɬ� ɩɪɢ� ɧɚɩɪɹɠɺɧɧɨɫɬɢ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ�ɇ  � ����� ɷɪɫɬɟɞ ɫɨɫɬɚɜɥɹɟɬ�P  �
��������HPX�J��ɉɪɢ�ɷɬɨɦ�ɜɟɥɢɱɢɧɚ�ɭɞɟɥɶɧɨɣ�ɦɚɝɧɢɬɧɨɣ�ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�ɞɥɹ�ɞɢɚɦɚɝɧɢɬɧɨɝɨ�
ɦɚɬɟɪɢɚɥɚ�<�$O�2�� ɪɚɜɧɚ�±Ȥ�§����������� ɦ��ɤɝ�

ɇɚɦɢ�ɛɵɥɚ�ɩɪɟɞɩɪɢɧɹɬɚ�ɩɨɩɵɬɤɚ� ɨɰɟɧɢɬɶ� ɷɮɮɟɤɬɢɜɧɵɣ�ɪɚɡɦɟɪ� ɡɟɪɟɧ� ɜ� ɩɨɥɭɱɟɧɧɵɯ�
ɤɟɪɚɦɢɱɟɫɤɢɯ�ɨɛɪɚɡɰɚɯ�<�$O�2����Ɉɞɧɢɦ�ɢɡ�ɜɨɡɦɨɠɧɵɯ�ɫɩɨɫɨɛɨɜ�ɨɰɟɧɤɢ�ɪɚɡɦɟɪɚ�ɝɪɚɧɭɥ�ɢɥɢ�
ɡɟɪɟɧ�ɜ�ɬɨɧɤɢɯ�ɨɛɪɚɡɰɚɯ�ɹɜɥɹɟɬɫɹ�ɩɪɢɦɟɧɟɧɢɟ�ɬɟɨɪɢɢ�Ɋɷɥɟɹ�Ƚɚɧɫɚ�Ⱦɟɛɚɹ�>�@��ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�
ɤɨɬɨɪɨɣ�� ɟɫɥɢ� ɩɪɟɧɟɛɪɟɱɶ� ɩɨɥɹɪɢɡɚɰɢɟɣ� ɫɜɟɬɚ�� ɤɨɬɨɪɵɣ� ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ� ɞɟɬɟɤɬɨɪɨɦ�� ɬɨ�
ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ�ɢɧɬɟɧɫɢɜɧɨɫɬɶ�ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ�ɜ�ɜɢɞɟ�

���

ɝɞɟ� O ± ɪɚɫɫɬɨɹɧɢɟ�ɦɟɠɞɭ� ɪɟɝɢɫɬɪɢɪɭɸɳɢɦ� ɭɫɬɪɨɣɫɬɜɨɦ� ɢ� ɨɛɪɚɡɰɨɦ�� ȕ� ɭɝɨɥ� ɪɚɫɫɟɹɧɢɹ�� ǻQ
ɪɚɡɧɢɰɚ�ɦɟɠɞɭ ɩɨɤɚɡɚɬɟɥɹɦɢ�ɩɪɟɥɨɦɥɟɧɢɹ�ɪɚɫɫɟɢɜɚɸɳɟɝɨ�ɰɟɧɬɪɚ�ɢ�ɨɤɪɭɠɚɸɳɟɝɨ�ɜɟɳɟɫɬɜɚ��
ȜP ɞɥɢɧɧɚ� ɜɨɥɧɵ� ɫɜɟɬɚ� ɜ� ɜɟɳɟɫɬɜɟ�� ɚ� ɮɚɤɬɨɪ� ɪɚɫɫɟɹɧɢɹ�� ɤɨɬɨɪɵɣ� ɞɥɹ�

ɫɮɟɪɢɱɟɫɤɨɝɨ�ɡɟɪɧɚ�ɪɚɜɟɧ�>�@�

���

���

ɝɞɟ�U�± ɪɚɞɢɭɫ�ɪɚɫɫɟɢɜɚɸɳɟɣ�ɫɮɟɪɵ��ɡɟɪɧɚ��
Ʉɚɤ�ɭɠɟ�ɜɵɲɟ�ɨɬɦɟɱɚɥɨɫɶ�� ɫɨɝɥɚɫɧɨ�ɪɟɡɭɥɶɬɚɬɚɦ�ɷɥɟɤɬɪɨɧɧɨɣ�ɦɢɤɪɨɫɤɨɩɢɢ�ɱɚɫɬɢɰɵ�

ɩɨɪɨɲɤɚ�� ɢɡ� ɤɨɬɨɪɨɝɨ� ɛɵɥɢ�
ɢɡɝɨɬɨɜɥɟɧɵ� ɨɛɪɚɡɰɵ�� ɢɦɟɥɢ�
ɪɚɡɦɟɪ���±����ɧɦ�ɞɨ�ɫɩɟɤɚɧɢɹ��ɗɬɢ�
ɡɧɚɱɟɧɢɹ� ɩɨɫɥɭɠɢɥɢ� ɧɚɱɚɥɶɧɵɦ�
ɩɪɢɛɥɢɠɟɧɢɟɦ� ɜ� ɪɚɫɱɟɬɚɯ�� Ɉɰɟɧɤɚ�
ɷɮɮɟɤɬɢɜɧɨɝɨ� ɪɚɡɦɟɪɚ� ɡɟɪɧɚ�
ɩɪɨɯɨɞɢɥɚ� ɩɭɬɟɦ� ɦɢɧɢɦɢɡɚɰɢɢ�
ɫɭɦɦɵ� ɤɜɚɞɪɚɬɨɜ� ɨɬɤɥɨɧɟɧɢɣ�
ɡɧɚɱɟɧɢɣ� ɮɭɧɤɰɢɢ� ���� ɢ�
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ�
ɩɨɥɭɱɟɧɧɵɯ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�
ɧɟɩɪɟɪɵɜɧɨɝɨ� Ⱦɉɋɋ� ɥɚɡɟɪɚ� ɫ�
ɞɥɢɧɧɨɣ�ɜɨɥɧɵ�Ȝ� �����ɧɦ��ɪɢɫ������
ɉɨɤɚɡɚɬɟɥɶ� ɩɪɟɥɨɦɥɟɧɢɹ� ɜɟɳɟɫɬɜɚ�
Q  ��������>�@�

Ɋɟɡɭɥɶɬɚɬɵ� ɨɰɟɧɤɢ�
ɷɮɮɟɤɬɢɜɧɨɝɨ� ɪɚɡɦɟɪɚ� ɡɟɪɟɧ� ɜ�

ɢɫɫɥɟɞɭɟɦɵɯ�ɨɛɪɚɡɰɚɯ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɜ�ɬɚɛɥ�����ɚ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ�ɨɛɪɚɡɰɨɜ�
ɢ�ɢɯ�ɦɚɪɤɢɪɨɜɤɚ�ɜ�ɬɚɛɥ����

Ɋɢɫ�����Ɂɧɚɱɟɧɢɹ�ɫɭɦɦɵ�ɤɜɚɞɪɚɬɨɜ�
ɨɬɤɥɨɧɟɧɢɣ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɷɮɮɟɤɬɢɜɧɨɝɨ�

ɪɚɡɦɟɪɚ�ɡɟɪɧɚ



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

���

Ɍɚɛɥɢɰɚ��� Ɋɟɡɭɥɶɬɚɬɵ�ɨɰɟɧɤɢ�ɷɮɮɟɤɬɢɜɧɨɝɨ�ɪɚɡɦɟɪɚ ɡɟɪɟɧ�ɜ�ɢɫɫɥɟɞɭɟɦɵɯ�ɨɛɪɚɡɰɚɯ

Ɉɛɪɚɡɟɰ Ɍɟɦɩɟɪɚɬɭɪɚ��ɨɋ ɗɮɮɟɤɬɢɜɧɵɣ�ɪɚɡɦɟɪ�ɡɟɪɧɚ��ɦɤɦ
6� ��� �����
6� ��� �����
6� ��� �����
6� ��� �����

Ɍɚɛɥɢɰɚ��� ɍɫɥɨɜɧɚɹ�ɦɚɪɤɢɪɨɜɤɚ�ɨɛɪɚɡɰɨɜ�ɢ�ɩɚɪɚɦɟɬɪɵ�ɢɯ�ɩɨɥɭɱɟɧɢɹ

Ɉɛɨɡɧɚɱɟɧɢɟ

ɉɚɪɚɦɟɬɪɵ�ɩɨɥɭɱɟɧɢɹ�ɨɛɪɚɡɰɨɜ
Ɍɨɥɳɢɧɚ�

ɨɛɪɚɡɰɚ��ɦɦȾɚɜɥɟɧɢɟ��
Ƚɉɚ

Ɍɟɦɩɟɪɚɬɭɪɚ��
R&

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ�
ɫɩɟɤɚɧɢɹ��ɦɢɧ

6� ��� ��� ��� ����

6� ��� ��� ��� ����

6� ��� ��� ��� �����

6� ��� ��� ��� �����

Ⱦɥɹ�ɨɩɬɢɱɟɫɤɨɣ�ɚɬɬɟɫɬɚɰɢɢ�ɨɛɪɚɡɰɨɜ��ɬɚɛɥ�����ɩɪɨɜɨɞɢɥɢ�ɢɫɫɥɟɞɨɜɚɧɢɟ�ɤɚɤ�ɥɢɧɟɣɧɨ�
ɨɩɬɢɱɟɫɤɢɯ�ɬɚɤ�ɢ�ɧɟɥɢɧɟɣɧɨ�ɨɩɬɢɱɟɫɤɢɯ�ɫɜɨɣɫɬɜ�

Ʉ� ɥɢɧɟɣɧɨ�ɨɩɬɢɱɟɫɤɢɦ� ɫɜɨɣɫɬɜɚɦ� ɨɬɧɨɫɹɬ� ɢɡɦɟɪɟɧɢɟ� ɫɩɟɤɬɪɨɜ� ɩɪɨɩɭɫɤɚɧɢɹ� ɜ�
ɜɢɞɢɦɨɣ� ɨɛɥɚɫɬɢ� ����±���� ɧɦ��� ɫɩɟɤɬɪɨɜ� ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ� ����±���� ɧɦ��� ɚ� ɬɚɤ� ɠɟ�
ɢɧɞɢɤɚɬɪɢɫɵ�ɨɩɬɢɱɟɫɤɨɝɨ� ɪɚɫɫɟɹɧɢɹ�ɩɪɢ� ɜɨɡɛɭɠɞɟɧɢɢ�ɧɟɩɪɟɪɵɜɧɵɦ�ɥɚɡɟɪɧɵɦ�ɢɡɥɭɱɟɧɢɟɦ�
�&:�� ɧɚ� ɞɥɢɧɟ� ɜɨɥɧɵ� ���� ɧɦ�� Ⱦɥɹ� ɢɡɭɱɟɧɢɹ� ɧɟɥɢɧɟɣɧɨ�ɨɩɬɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ� ɩɪɨɜɨɞɢɥɫɹ�
ɤɨɧɬɪɨɥɶ�ɬɪɚɧɫɮɨɪɦɚɰɢɢ�ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ��ɩɪɨɲɟɞɲɟɝɨ�ɱɟɪɟɡ�ɨɛɪɚɡɟɰ��&: O  �����ɧɦ�������
ɧɦ���ɢ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɵɯ�ɢɡɦɟɧɟɧɢɣ�ɩɨɥɧɨɝɨ�ɢ�ɨɤɨɥɨɨɫɟɜɨɝɨ�ɩɪɨɩɭɫɤɚɧɢɹ�
ɨɛɪɚɡɰɨɜ� ɤɚɤ� ɩɪɢ� ɧɟɩɪɟɪɵɜɧɨɦ� ɥɚɡɟɪɧɨɦ� ɜɨɡɛɭɠɞɟɧɢɢ� ����� ɧɦ�� ����� ɧɦ��� ɬɚɤ� ɢ� ɩɪɢ�
ɢɦɩɭɥɶɫɧɨɦ�������ɧɦ��

ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɩɪɨɜɟɞɟɧɢɹ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɭɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɜɟɥɢɱɢɧɚ� ɩɪɨɩɭɫɤɚɧɢɹ�
ɨɛɪɚɡɰɨɜ�ɜɨɡɪɚɫɬɚɟɬ�ɨɬ�a������ɞɨ����ɫ�ɭɜɟɥɢɱɟɧɢɟɦ�ɞɥɢɧɵ�ɜɨɥɧɵ��ɪɢɫ�����

ɉɨɥɭɱɟɧɧɵɟ� ɡɧɚɱɟɧɢɹ�
ɫɭɳɟɫɬɜɟɧɧɨ� ɡɚɧɢɠɟɧɵ� ɢɡ�ɡɚ� ɬɨɝɨ�� ɱɬɨ�
ɨɛɪɚɡɰɵ� ɹɜɥɹɸɬɫɹ� ɫɢɥɶɧɨ�
ɪɚɫɫɟɢɜɚɸɳɢɦɢ� ɜ� ɞɢɚɩɚɡɨɧɟ� ɢɡɦɟɪɟɧɢɣ��
Ɂɚɜɢɫɢɦɨɫɬɢ� ɩɪɨɩɭɫɤɚɧɢɹ� ɨɬ� ɞɥɢɧɵ�
ɜɨɥɧɵ� ɨɛɪɚɡɰɨɜ� 6�� ɢ� 6�� ɞɟɦɨɧɫɬɪɢɪɭɸɬ�
ɫɯɨɠɢɣ� ɦɨɧɨɬɨɧɧɵɣ� ɪɨɫɬ�� ɤɨɬɨɪɵɣ�
ɨɬɥɢɱɚɟɬɫɹ� ɨɬ� ɞɪɭɝɢɯ ɨɛɪɚɡɰɨɜ�� Ɉɛɪɚɡɟɰ�
6�� ɢɦɟɟɬ� ɧɚɢɛɨɥɶɲɢɟ� ɡɧɚɱɟɧɢɹ�
ɩɪɨɩɭɫɤɚɧɢɹ�ɜ�ɞɢɚɩɚɡɨɧɟ����±����ɧɦ�

ɂɡ� ɫɩɟɤɬɪɨɜ� ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ�
ɞɨɥɝɨɠɢɜɭɳɢɯ� ɫɨɫɬɨɹɧɢɣ� �ɪɢɫ�� ��� ɱɟɬɤɨ�
ɜɢɞɧɨ�� ɱɬɨ� ɫɩɟɤɬɪ� ɫɨɫɬɨɢɬ� ɤɚɤ� ɦɢɧɢɦɭɦ�
ɢɡ� ɞɜɭɯ� ɩɢɤɨɜ� ɪɚɡɧɨɣ� ɚɦɩɥɢɬɭɞɵ� ɢ�
ɲɢɪɢɧɵ�

Ɋɢɫ�����ɋɩɟɤɬɪɵ�ɩɪɨɩɭɫɤɚɧɢɹ�ɨɩɬɢɱɟɫɤɨɣ�<$*
ɧɚɧɨɤɟɪɚɦɢɤɢ



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

���

Ȼɵɥɚ� ɩɪɨɜɟɞɟɧɚ� ɨɰɟɧɤɚ� ɚɦɩɥɢɬɭɞɵ��
ɩɨɥɭɲɢɪɢɧɵ� �):+0��ɢ�ɩɨɥɨɠɟɧɢɹ�ɩɨ�ɩɢɤɭ�
ɫ�ɧɚɢɛɨɥɶɲɟɣ�ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ��ɍɫɬɚɧɨɜɥɟɧɨ��
ɱɬɨ� ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɨɫɧɨɜɧɨɝɨ� ɩɢɤɚ�
ɧɟɦɨɧɨɬɨɧɧɨ� ɢɡɦɟɧɹɟɬɫɹ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ�
ɬɟɦɩɟɪɚɬɭɪɵ� ɫɩɟɤɚɧɢɹ�� ɉɪɢ� ɪɨɫɬɟ�
ɬɟɦɩɟɪɚɬɭɪɵ� ɫɩɟɤɚɧɢɹ� ɩɨɥɨɠɟɧɢɟ�
ɦɚɤɫɢɦɭɦɚ� ɩɢɤɚ� ɫɦɟɳɚɟɬɫɹ� ɜ�
ɤɨɪɨɬɤɨɜɨɥɧɨɜɭɸ�ɨɛɥɚɫɬɶ�

Ɍɚɤɠɟ� ɛɵɥ� ɩɪɨɜɟɞɟɧ� ɤɨɧɬɪɨɥɶ�
ɢɡɦɟɧɟɧɢɹ� ɩɪɨɮɢɥɹ� ɥɚɡɟɪɧɨɝɨ� ɩɭɱɤɚ� ɡɚ�
ɨɛɪɚɡɰɨɦ� ɫ� ɩɨɦɨɳɶɸ� &&'�ɤɚɦɟɪɵ� 2SKLU�
6SLULFRQ�63����8��ȼɨɡɛɭɠɞɟɧɢɟ�ɩɪɨɜɨɞɢɥɨɫɶ�
ɫ� ɩɨɦɨɳɶɸ� ɧɟɩɪɟɪɵɜɧɨɝɨ� ɥɚɡɟɪɧɨɝɨ�
ɢɡɥɭɱɟɧɢɹ�ɧɚ�ɞɥɢɧɚɯ�ɜɨɥɧ�����ɢ������ɧɦ�

ɉɪɨɮɢɥɢ�ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ�ɡɚ�ɨɛɪɚɡɰɨɦ��
ɩɨɥɭɱɟɧɧɵɟ�ɩɪɢ�ɜɨɡɛɭɠɞɟɧɢɢ�ɧɚ�ɞɥɢɧɚɯ�ɜɨɥɧ�

����ɧɦ�ɢ������ɧɦ��ɫɢɥɶɧɨ�ɨɬɥɢɱɚɸɬɫɹ�ɞɪɭɝ�ɨɬ�ɞɪɭɝɚ��ɪɢɫ������ȿɫɥɢ�ɜ�ɜɢɞɢɦɨɦ�ɞɢɚɩɚɡɨɧɟ������ɧɦ��
ɧɚɛɥɸɞɚɟɬɫɹ�ɪɚɡɜɢɬɚɹ�ɤɚɪɬɢɧɚ�ɪɚɫɫɟɹɧɢɹ�ɢ�ɩɨɥɧɨɟ�ɪɚɡɪɭɲɟɧɢɟ�ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ��ɬɨ�ɜ�ɛɥɢɠɧɟɦ�
ɂɄ�ɞɢɚɩɚɡɨɧɟ�������ɧɦ��ɩɪɨɮɢɥɶ�ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ�ɩɪɚɤɬɢɱɟɫɤɢ�ɧɟ�ɢɡɦɟɧɢɬɫɹ��

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɰɟɥɟɫɨɨɛɪɚɡɧɨ� ɩɪɨɜɨɞɢɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɷɮɮɟɤɬɨɜ� ɪɚɫɫɟɹɧɢɹ� ɜ�
ɨɛɪɚɡɰɚɯ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɢɡɥɭɱɟɧɢɹ� ɧɚ� ɞɥɢɧɟ� ɜɨɥɧɵ� ���� ɧɦ�� ɚ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɢɡɦɟɧɟɧɢɣ�
ɩɨɥɧɨɝɨ�ɢ�ɩɪɢɨɫɟɜɨɝɨ�ɩɪɨɩɭɫɤɚɧɢɹ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɜɨɡɛɭɠɞɟɧɢɹ�ɧɚ�ɞɥɢɧɟ�ɜɨɥɧɵ������ɧɦ�

Ɋɟɡɭɥɶɬɚɬɵ� ɢɡɭɱɟɧɢɹ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫɟɱɟɧɢɹ� ɨɩɬɢɱɟɫɤɨɝɨ�
ɪɚɫɫɟɹɧɢɹ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɧɚ�ɪɢɫ����

Ɋɢɫ�����ɋɟɱɟɧɢɟ�ɨɩɬɢɱɟɫɤɨɝɨ�ɪɚɫɫɟɹɧɢɹ�ɜ�ɩɟɪɟɞɧɸɸ�ɩɨɥɭɫɮɟɪɭ�ɧɟɩɪɟɪɵɜɧɨɦ�ɥɚɡɟɪɧɨɦ�
ɜɨɡɛɭɠɞɟɧɢɢ�ɧɚ�ɞɥɢɧɟ�ɜɨɥɧɵ�����ɧɦ

Ɋɢɫ�����ɉɪɨɮɢɥɢ�ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ�ɡɚ�ɨɛɪɚɡɰɨɦ�6���ɩɨɥɭɱɟɧɧɵɟ�ɫ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�&&'�ɤɚɦɟɪɵ

Ɋɢɫ�����ɋɩɟɤɬɪɵ�ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ�
ɨɩɬɢɱɟɫɤɨɣ�<$* ɧɚɧɨɤɟɪɚɦɢɤɢ



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

���

Ȼɵɥɚ� ɩɪɨɜɟɞɟɧɚ� ɬɚɤɠɟ� ɨɰɟɧɤɚ� ɩɨɬɟɪɶ� ɧɚ� ɪɚɫɫɟɹɧɢɟ� ɧɚ� ɨɫɧɨɜɟ� ɪɚɫɫɱɟɬɚ� ɢɧɬɟɝɪɚɥɶɧɨɝɨ�
ɤɨɷɮɮɢɰɢɟɧɬɚ�ɪɚɫɫɟɹɧɢɹ�ɜ�ɩɟɪɟɞɧɸɸ�ɩɨɥɭɫɮɟɪɭ�>�@��Ɋɟɡɭɥɶɬɚɬɵ�ɪɚɫɱɟɬɚ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥ����

Ɍɚɛɥɢɰɚ��� ɉɨɥɧɵɟ�ɩɨɬɟɪɢ�ɧɚ�ɪɚɫɫɟɹɧɢɟ�ɞɥɹ�ɨɛɪɚɡɰɨɜ�<�$O�2��

Ɉɛɪɚɡɟɰ Ɍɟɦɩɟɪɚɬɭɪɚ��R& Ɍɨɥɳɢɧɚ��ɦɦ
ɉɨɬɟɪɢ�ɧɚ�ɪɚɫɫɬɨɹɧɢɢ��

��

6� ��� ���� ����

6� ��� ���� ����

6� ��� ���� ����

6� ��� ���� ����

ɂɡ� ɬɚɛɥ�� �� ɱɟɬɤɨ� ɜɢɞɧɨ�� ɱɬɨ� ɜɫɟ� ɨɛɪɚɡɰɵ� ɹɜɥɹɸɬɫɹ� ɫɢɥɶɧɨɪɚɫɫɟɢɜɚɸɳɢɦɢ� ɧɚ� ɞɥɢɧɟ�
ɜɨɥɧɵ�����ɧɦ��ɉɪɢɱɟɦ�ɨɛɪɚɡɟɰ�6��ɨɛɥɚɞɚɟɬ�ɧɚɢɦɟɧɶɲɢɦ�ɤɨɷɮɮɢɰɢɟɧɬɨɦ�ɪɚɫɫɟɹɧɢɹ�ɢ�ɫɚɦɨɣ�
ɭɡɤɨɣ� ɩɨ� ɮɨɪɦɟ� ɢɧɞɢɤɚɬɪɢɫɨɣ� ɨɩɬɢɱɟɫɤɨɝɨ� ɪɚɫɫɟɹɧɢɹ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɨɫɬɚɥɶɧɵɦɢ�
ɨɛɪɚɡɰɚɦɢ��Ɉɱɟɜɢɞɧɨ��ɱɬɨ�ɨɫɧɨɜɧɨɣ�ɜɤɥɚɞ�ɜ�ɪɚɫɫɟɹɧɢɟ�ɜɧɨɫɢɬ�ɷɮɮɟɤɬ�ɞɜɭɥɭɱɟɩɪɢɥɨɦɥɟɧɢɹ�
ɢɡ�ɡɚ�ɩɪɨɢɡɜɨɥɶɧɨɣ�ɨɪɢɟɧɬɚɰɢɢ ɡɟɪɟɧ�ɜ�ɦɚɬɟɪɢɚɥɟ��

ɂɡɦɟɪɟɧɢɟ�ɩɨɥɧɨɝɨ�ɩɪɨɩɭɫɤɚɧɢɹ��ɉɉ��ɩɪɨɜɨɞɢɥɢɫɶ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɞɜɭɯ�ɪɚɡɥɢɱɧɵɯ�
ɢɫɬɨɱɧɢɤɨɜ�ɧɟɩɪɟɪɵɜɧɨɝɨ�ɥɚɡɟɪɧɨɝɨ�ɢɡɥɭɱɟɧɢɹ�ɧɚ�ɞɥɢɧɟ�ɜɨɥɧɵ�Ȝ� �����ɧɦ�ɢ������ɧɦ�>�@�

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ�ɩɪɨɮɢɥɶ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɩɭɱɤɚ�ɤɨɧɬɪɨɥɢɪɨɜɚɥɫɹ�ɫ�ɩɨɦɨɳɶɸ�&&'�
ɥɢɧɟɣɤɢ��ɂɡɦɟɧɟɧɢɟ�ɩɨɥɧɨɝɨ�ɩɪɨɩɭɫɤɚɧɢɹ�ɨɛɪɚɡɰɨɜ�ɨɬ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɩɚɞɚɸɳɟɝɨ�ɥɚɡɟɪɧɨɝɨ�
ɢɡɥɭɱɟɧɢɹ� ɨɰɟɧɢɜɚɥɨɫɶ� ɩɨ� ɞɟɮɨɪɦɚɰɢɢ� ɫɮɨɤɭɫɢɪɨɜɚɧɧɨɝɨ� ɥɚɡɟɪɧɨɝɨ� ɩɭɱɤɚ� ɩɪɨɲɟɞɲɟɝɨ
ɱɟɪɟɡ�ɨɛɪɚɡɟɰ��ɉɨɥɭɱɟɧɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɩɪɢɜɟɞɟɧɵ�ɧɚ�ɪɢɫ�����

Ɋɢɫ������Ɂɚɜɢɫɢɦɨɫɬɶ�ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ�ɩɨɥɧɨɝɨ�ɩɪɨɩɭɫɤɚɧɢɹ�ɨɛɪɚɡɰɨɜ�<�$O�2�� ɨɬ�
ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɟɩɪɟɪɵɜɧɨɝɨ�ɥɚɡɟɪɧɨɝɨ�ɢɡɥɭɱɟɧɢɹ�ɧɚ�ɞɥɢɧɚɯ�ɜɨɥɧ�����ɢ������ɧɦ

ȼ� ɬɚɛɥ�� �� ɩɪɢɜɟɞɟɧɵ� ɡɧɚɱɟɧɢɹ� ɩɨɥɧɨɝɨ� ɩɪɨɩɭɫɤɚɧɢɹ� ɢɫɫɥɟɞɭɟɦɵɯ� ɨɛɪɚɡɰɨɜ� ɢ� ɢɯ�
ɫɪɚɜɧɟɧɢɟ� ɫ� ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ� ɡɧɚɱɟɧɢɹɦɢ�� ɩɨɥɭɱɟɧɧɵɦɢ� ɫ� ɭɱɟɬɨɦ� ɞɜɭɯ� ɨɬɪɚɠɟɧɢɣ� ɨɬ�
ɩɨɜɟɪɯɧɨɫɬɢ�� ɢ� ɥɢɬɟɪɚɬɭɪɧɵɦɢ� ɞɚɧɧɵɦɢ� ɩɨ� ɩɪɨɩɭɫɤɚɧɢɸ� ɨɛɪɚɡɰɨɜ�� ɢɡɝɨɬɨɜɥɟɧɧɵɯ� ɫ�
ɩɪɢɦɟɧɟɧɢɟɦ�ɜɵɫɨɤɢɯ�ɞɚɜɥɟɧɢɣ�ɢ�ɬɟɦɩɟɪɚɬɭɪ�>�@�



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

���

Ɍɚɛɥɢɰɚ���ɋɪɚɜɧɟɧɢɟ� ɩɨɥɧɨɝɨ� ɩɪɨɩɭɫɤɚɧɢɹ� ���� ɨɛɪɚɡɰɨɜ� ɜ� ɜɢɞɢɦɨɦ� ����� ɢ� ���� ɧɦ�� ɢ�
ɛɥɢɠɧɟɦ� ɂɄ� ����� ɧɦ�� ɞɢɚɩɚɡɨɧɚɯ� ɫ� ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ� ɡɧɚɱɟɧɢɹɦɢ��
ɩɨɥɭɱɟɧɧɵɦɢ� ɫ� ɭɱɟɬɨɦ� ɞɜɭɯ� ɨɬɪɚɠɟɧɢɣ� ɨɬ� ɩɨɜɟɪɯɧɨɫɬɢ�� ɢ� ɥɢɬɟɪɚɬɭɪɧɵɦɢ�
ɞɚɧɧɵɦɢ�ɩɨ�ɩɪɨɩɭɫɤɚɧɢɸ�ɨɛɪɚɡɰɨɜ��ɢɡɝɨɬɨɜɥɟɧɧɵɯ�ɫ�ɩɪɢɦɟɧɟɧɢɟɦ�ɜɵɫɨɤɢɯ�
ɞɚɜɥɟɧɢɣ�ɢ�ɬɟɦɩɟɪɚɬɭɪ�>�@

Ɉɛɪɚɡɟɰ Ɍɨɥɳɢɧɚ��ɦɦ Ɍɟɦɩɟɪɚɬɭɪɚ�
ɫɩɟɤɚɧɢɹ��qɋ

Ⱦɥɢɧɚ�ɜɨɥɧɵ��ɧɦ
��� ��� ����

ɩɨɥɧɨɟ�ɩɪɨɩɭɫɤɚɧɢɟ����
6� ���� ��� �� �� ��
6� ���� ��� �� �� ��
6� ���� ��� �� �� ��
6� ���� ��� �� �� ��
>�@ ���� ��� �� �� ��
>�@ ���� ��� �� �� ��

<$*�ɬɟɨɪ�� ± ± �� �� ��

Ʉɚɤ� ɜɢɞɢɦ�� ɡɧɚɱɟɧɢɟ� ɩɪɨɩɭɫɤɚɧɢɹ� ɨɛɪɚɡɰɨɜ� ɧɚ� ɞɥɢɧɟ� ɜɨɥɧɵ� ����� ɧɦ� ± ����� ɱɬɨ�
ɩɪɚɤɬɢɱɟɫɤɢ�ɜ�ɞɜɚ�ɪɚɡɚ�ɛɨɥɶɲɟ�ɱɟɦ�ɩɪɨɩɭɫɤɚɧɢɹ�ɨɛɪɚɡɰɨɜ�ɧɚ�ɞɥɢɧɟ�ɜɨɥɧɵ�����ɧɦ��ɋɧɢɠɟɧɢɟ�
ɩɪɨɩɭɫɤɚɧɢɹ� ɧɚ� ɞɥɢɧɟ� ɜɨɥɧɵ� ���� ɧɦ� ɦɨɠɟɬ� ɛɵɬɶ� ɫɜɹɡɚɧɨ�� ɤɚɤ� ɛɭɞɟɬ� ɩɨɤɚɡɚɧɨ� ɧɢɠɟ�� ɫ�

ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɵɦ� ɩɨɝɥɨɳɟɧɢɟɦ�
ɨɛɪɚɡɰɨɜ��ɉɪɨɩɭɫɤɚɧɢɟ�ɨɛɪɚɡɰɚ�6��ɧɚ�ɞɥɢɧɟ�
ɜɨɥɧɵ� ����� ɧɦ� ɪɚɜɧɨ� ��� ��� ɱɬɨ� ɯɨɪɨɲɨ�
ɫɨɝɥɚɫɭɟɬɫɹ�ɫ�ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ�ɞɚɧɧɵɦɢ�

Ɏɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɵɟ� ɢɡɦɟɧɟɧɢɹ�
ɩɪɨɩɭɫɤɚɧɢɹ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɦɚɥɵ�� ȼɫɟ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɩɪɨɩɭɫɤɚɧɢɹ� ɛɵɥɢ�
ɧɨɪɦɢɪɨɜɚɧɵ� ɧɚ� ɡɧɚɱɟɧɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ�
ɩɪɨɩɭɫɤɚɧɢɹ� ɨɛɪɚɡɰɨɜ� �ɥɢɧɟɣɧɨɟ�
ɩɪɨɩɭɫɤɚɧɢɹ� ɧɚ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ� ɞɥɢɧɟ�
ɜɨɥɧɵ��� ɉɨɥɭɱɟɧɧɵɟ� ɜ� ɪɟɡɭɥɶɬɚɬɟ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ�
ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ� ɩɪɨɩɭɫɤɚɧɢɹ�
ɩɪɟɞɫɬɚɜɥɟɧɵ�ɧɚ�ɪɢɫ�����

Ʉɚɤ� ɫɥɟɞɭɟɬ� ɢɡ� ɪɢɫ�� ���� ɜɫɟ�
ɢɫɫɥɟɞɭɟɦɵɟ� ɨɛɪɚɡɰɵ� ɩɨɤɚɡɵɜɚɸɬ�
ɭɦɟɧɶɲɟɧɢɟ�ɩɪɨɩɭɫɤɚɧɢɹ�ɩɪɢ� ɜɨɡɛɭɠɞɟɧɢɢ�

ɧɚ� ɞɥɢɧɟ� ɜɨɥɧɵ� ���� ɧɦ� �ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɨɟ� ɡɚɬɟɦɧɟɧɢɟ��� ɬɨɝɞɚ� ɤɚɤ� ɩɪɢ� ɜɨɡɛɭɠɞɟɧɢɢ� ɧɚ�
ɞɥɢɧɟ� ɜɨɥɧɵ� ����� ɧɦ� ɜ� ɢɫɯɨɞɧɨɦ� ɞɢɚɩɚɡɨɧɟ� ɷɧɟɪɝɢɣ� ɩɪɨɢɫɯɨɞɢɬ� ɭɜɟɥɢɱɟɧɢɟ� ɩɪɨɩɭɫɤɚɧɢɹ�
�ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɨɟ�ɩɪɨɫɜɟɬɥɟɧɢɟ��

Ⱦɥɹ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɡɚɜɢɫɢɦɨɫɬɢ�ɮɨɪɦɵ�ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ�
ɫɩɟɤɚɧɢɹ� ɩɪɨɜɨɞɢɥɚɫɶ� ɪɟɝɢɫɬɪɚɰɢɹ� ɩɪɨɮɢɥɟɣ� ɥɚɡɟɪɧɨɝɨ� ɩɭɱɤɚ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� &&'�
ɤɚɦɟɪɵ� >��@�� ȼɨɡɛɭɠɞɟɧɢɟ� ɩɪɨɢɡɜɨɞɢɥɨɫɶ� ɧɟɩɪɟɪɵɜɧɵɦ� ɥɚɡɟɪɧɵɦ� ɢɡɥɭɱɟɧɢɟɦ� ɧɚ� ɞɥɢɧɟ�
ɜɨɥɧɵ� ����� ɧɦ�� ɉɨɥɭɱɟɧɧɵɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɥɚɡɟɪɧɨɝɨ� ɢɡɥɭɱɟɧɢɹ��
ɩɪɨɲɟɞɲɟɝɨ�ɱɟɪɟɡ�ɨɛɪɚɡɟɰ��ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ�ɧɚ�ɪɢɫ�����

Ɋɢɫ������Ɂɚɜɢɫɢɦɨɫɬɶ�ɮɨɬɨɢɞɭɰɢɪɨɜɚɧɧɨɝɨ�
ɩɨɥɧɨɝɨ�ɩɪɨɩɭɫɤɚɧɢɹ�ɨɛɪɚɡɰɨɜ�<�$O�2�� ɨɬ�
ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɧɟɩɪɟɪɵɜɧɨɝɨ�ɥɚɡɟɪɧɨɝɨ�
ɢɡɥɭɱɟɧɢɹ�ɧɚ�ɞɥɢɧɚɯ�ɜɨɥɧ�����ɢ �����ɧɦ



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

���

Ɋɢɫ������Ɋɚɫɩɪɟɞɟɥɟɧɢɟ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ�ɜ�ɨɛɪɚɡɰɚɯ�<�$O�2����ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�
ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ�ɫɩɟɤɚɧɢɹ

Ɉɰɟɧɤɚ� ɪɚɞɢɭɫɚ� ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ�ɩɪɨɜɨɞɢɥɚɫɶ� ɫ� ɩɨɦɨɳɶɸ�ɚɩɩɪɨɤɫɢɦɚɰɢɢ�ɮɭɧɤɰɢɟɣ�
Ƚɚɭɫɫɚ�� ɇɚɱɚɥɶɧɵɣ� ɪɚɞɢɭɫ� ɩɭɱɤɚ� ɛɵɥ� ɪɚɜɟɧ� ����� ɦɦ�� ɉɨɥɭɱɟɧɧɵɟ� ɡɧɚɱɟɧɢɹ� ɪɚɞɢɭɫɨɜ�
ɥɚɡɟɪɧɵɯ�ɩɭɱɤɨɜ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɜ�ɬɚɛɥ�����

Ɍɚɛɥɢɰɚ���ɒɢɪɢɧɚ�ɩɪɨɮɢɥɹ�ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ�ɫ�ɚɩɩɪɨɤɫɢɦɚɰɢɢ�ɮɭɧɤɰɢɟɣ�Ƚɚɭɫɫɚ

Ɉɛɪɚɡɟɰ ɒɢɪɢɧɚ�ɩɭɱɤɚ�Z��ɦɦ Z�Z�� ɭ��ɟ�

ɇɚɱɚɥɶɧɵɣ�ɥɚɡɟɪɧɵɣ�ɩɭɱɨɤ��Z�� ���� �

6� ���� ����

6� ���� ����

6� ���� ����

6� ���� ����

Ʉɚɤ� ɜɢɞɢɦ�� ɜɫɟ� ɨɛɪɚɡɰɵ� ɡɚ� ɢɫɤɥɸɱɟɧɢɟɦ� ɨɛɪɚɡɰɚ� 6�� ɨɛɥɚɞɚɸɬ� ɷɮɮɟɤɬɨɦ�
ɫɚɦɨɮɨɤɭɫɢɪɨɜɤɢ� ɥɚɡɟɪɧɨɝɨ� ɩɭɱɤɚ�� ɪɚɡɦɟɪ� ɩɭɱɤɚ� ɩɨɫɥɟ� ɤɨɬɨɪɨɝɨ� ɨɫɬɚɟɬɫɹ� ɫɪɚɜɧɢɬɟɥɶɧɨ�
ɧɟɢɡɦɟɧɧɵɦ�� ɗɬɨ� ɝɨɜɨɪɢɬ� ɨ� ɬɨɦ�� ɱɬɨ� ɢɫɫɥɟɞɭɟɦɵɟ� ɨɛɪɚɡɰɵ� ɹɜɥɹɸɬɫɹ� ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ�
ɦɚɬɟɪɢɚɥɚɦɢ�ɞɥɹ�ɩɪɢɦɟɧɟɧɢɹ�ɜ�ɧɟɥɢɧɟɣɧɨɣ�ɨɩɬɢɤɟ�

ȼɵɜɨɞɵ
��� Ɋɚɡɪɚɛɨɬɚɧɚ� ɦɟɬɨɞɢɤɚ� ɩɨɥɭɱɟɧɢɹ� ɜɵɫɨɤɨɱɢɫɬɨɣ� ɨɩɬɢɱɟɫɤɨɣ� ɧɚɧɨɤɟɪɚɦɢɤɢ�

ɫɩɟɤɚɧɢɟɦ� ɧɚɧɨɩɨɪɨɲɤɨɜ� ɢɬɬɪɢɣ�ɚɥɸɦɢɧɢɟɜɨɝɨ� ɝɪɚɧɚɬɚ� �<$*�� ɩɪɢ� ɜɵɫɨɤɢɯ� ɞɚɜɥɟɧɢɢ� ɢ�
ɬɟɦɩɟɪɚɬɭɪɟ�

��� ɇɚ� ɨɫɧɨɜɟ� ɬɟɨɪɢɢ� Ɋɷɥɟɹ�Ƚɚɧɫɚ�Ⱦɟɛɚɹ ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɞɚɧɧɵɯ� ɷɥɟɤɬɪɨɧɧɨɣ�
ɫɩɟɤɬɪɨɫɤɨɩɢɢ� ɩɪɨɜɟɞɟɧɚ� ɨɰɟɧɤɚ� ɷɮɮɟɤɬɢɜɧɨɝɨ� ɪɚɡɦɟɪɚ� ɡɟɪɟɧ� ɜ� ɨɛɪɚɡɰɚɯ ɨɩɬɢɱɟɫɤɨɣ�
ɤɟɪɚɦɢɤɢ� ɩɨɥɭɱɟɧɧɵɯ�ɩɪɢ�ɫɩɟɤɚɧɢɢ�ɢɬɬɪɢɣ�ɚɥɸɦɢɧɢɟɜɨɝɨ�ɝɪɚɧɚɬɚ��<$*���ɍɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�
ɷɮɮɟɤɬɢɜɧɵɣ�ɪɚɡɦɟɪ�ɡɟɪɧɚ�ɜ�ɤɟɪɚɦɢɤɟ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ�ɫɩɟɤɚɧɢɹ�ɧɚɯɨɞɢɬɫɹ�ɜ�
ɢɧɬɟɪɜɚɥɟ� ��±����ɧɦ�� ɩɪɢɱɟɦ�ɦɢɧɢɦɚɥɶɧɵɣ�ɪɚɡɦɟɪ� ɡɟɪɧɚ�ɢɦɟɟɬ� ɤɟɪɚɦɢɤɚ��ɩɨɥɭɱɟɧɧɚɹ�ɩɪɢ�
����qɋ��Ʉɪɢɜɚɹ�ɬɟɦɩɟɪɚɬɭɪɧɨɣ�ɡɚɜɢɫɢɦɨɫɬɢ�ɷɮɮɟɤɬɢɜɧɨɝɨ�ɪɚɡɦɟɪɚ�ɜ�ɢɫɫɥɟɞɭɟɦɨɦ�ɢɧɬɟɪɜɚɥɟ�
ɬɟɦɩɟɪɚɬɭɪ� ɢɦɟɟɬ� ɦɚɤɫɢɦɭɦ� ����� ɧɦ�� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ɫɩɟɤɚɧɢɹ� ���� qɋ�� Ɋɚɡɦɟɪ� ɢɫɯɨɞɧɵɯ�
ɱɚɫɬɢɰ�ɩɨɪɨɲɤɚ�ɧɚɯɨɞɢɥɫɹ�ɜ�ɢɧɬɟɪɜɚɥɟ���±����ɧɦ�

��� ɂɫɫɥɟɞɨɜɚɧɵ� ɨɩɬɢɱɟɫɤɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� <$*�ɤɟɪɚɦɢɤɢ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ�
ɬɟɦɩɟɪɚɬɭɪɵ� ɫɩɟɤɚɧɢɹ�� ɚ� ɢɦɟɧɧɨ� ɫɩɟɤɬɪɵ� ɨɩɬɢɱɟɫɤɨɝɨ� ɩɪɨɩɭɫɤɚɧɢɹ�� ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ��



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

���

ɡɚɜɢɫɢɦɨɫɬɶ�ɩɨɥɧɨɝɨ�ɩɪɨɩɭɫɤɚɧɢɹ�ɨɛɪɚɡɰɨɜ�ɨɬ�ɦɨɳɧɨɫɬɢ�ɢɡɥɭɱɟɧɢɹ�ɥɚɡɟɪɚ�ɧɚ�ɞɥɢɧɚɯ�ɜɨɥɧ�
����� ɢ� ���� ɧɦ�� ȼɫɟ� ɷɤɫɩɟɪɢɦɟɧɬɵ� ɩɨɤɚɡɚɥɢ� ɫɭɳɟɫɬɜɟɧɧɨɟ� ɢɡɦɟɧɟɧɢɟ� ɨɩɬɢɱɟɫɤɨɝɨ� ɨɬɤɥɢɤɚ�
ɩɪɢ�ɢɡɦɟɧɟɧɢɢ�ɬɟɦɩɟɪɚɬɭɪɵ�ɨɬɠɢɝɚ�

��� ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɛɨɥɶɲɢɧɫɬɜɨ� ɩɨɥɭɱɟɧɧɵɯ� ɨɛɪɚɡɰɨɜ� <$*�ɤɟɪɚɦɢɤɢ� ɨɛɥɚɞɚɸɬ�
ɷɮɮɟɤɬɨɦ�ɫɚɦɨɮɨɤɭɫɢɪɨɜɤɢ�ɥɚɡɟɪɧɨɝɨ�ɩɭɱɤɚ��ɗɬɨ�ɝɨɜɨɪɢɬ�ɨ�ɬɨɦ��ɱɬɨ�ɢɫɫɥɟɞɭɟɦɵɟ�ɨɛɪɚɡɰɵ�
ɹɜɥɹɸɬɫɹ�ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ�ɦɚɬɟɪɢɚɥɚɦɢ�ɞɥɹ�ɩɪɢɦɟɧɟɧɢɹ�ɜ�ɧɟɥɢɧɟɣɧɨɣ�ɨɩɬɢɤɟ�

���ɉɨɤɚɡɚɧɨ��ɱɬɨ�ɫɩɟɤɚɧɢɟɦ�ɧɚɧɨɩɨɪɨɲɤɚ�<$*��ɩɪɢ�ɞɚɜɥɟɧɢɢ�����Ƚɉɚ�ɢ�ɬɟɦɩɟɪɚɬɭɪɟ�
���� qɋ�ɩɨɥɭɱɟɧ�ɨɛɪɚɡɟɰ� ɤɟɪɚɦɢɤɢ�� ɩɨɥɧɨɟ�ɩɪɨɩɭɫɤɚɧɢɟ� ɤɨɬɨɪɨɝɨ� ɜ� ɛɥɢɠɧɟɦ�ɂɄ� ������ɧɦ��
ɞɢɚɩɚɡɨɧɟ�ɛɥɢɡɤɨ�ɤ�ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ�

Ɋɚɛɨɬɚ�ɜɵɩɨɥɧɟɧɚ�ɩɪɢ�ɮɢɧɚɧɫɨɜɨɣ�ɩɨɞɞɟɪɠɤɟ�ɇɚɰɢɨɧɚɥɶɧɨɣ�ɚɤɚɞɟɦɢɢ�ɧɚɭɤ�ɍɤɪɚɢɧɵ�
�ɩɪɨɟɤɬ�ʋ�������ɇ��

ȼɢɜɱɟɧɨ� ɜɩɥɢɜ� ɬɟɦɩɟɪɚɬɭɪɢ� ɫɩɿɤɚɧɧɹ� ɩɪɢ� ɜɢɫɨɤɨɦɭ� ɬɢɫɤɭ� ɧɚ� ɨɩɬɢɱɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ�
ɧɚɧɨɤɟɪɚɦɿɤɢ�ɡ�<�$O�2�� �<$*���ȼɫɿ�ɟɤɫɩɟɪɢɦɟɧɬɢ�ɩɨɤɚɡɚɥɢ�ɫɭɬɬɽɜɭ�ɡɦɿɧɭ�ɨɩɬɢɱɧɨɝɨ�ɜɿɞɝɭɤɭ�
ɩɪɢ� ɡɦɿɧɿ� ɬɟɦɩɟɪɚɬɭɪɢ� ɫɩɿɤɚɧɧɹ�� ȼɫɬɚɧɨɜɥɟɧɨ�� ɳɨ� ɛɿɥɶɲɿɫɬɶ� ɨɬɪɢɦɚɧɢɯ� ɡɪɚɡɤɿɜ� <$*�
ɤɟɪɚɦɿɤɢ� ɦɚɸɬɶ� ɟɮɟɤɬ� ɫɚɦɨɮɨɤɭɫɭɜɚɧɧɹ ɥɚɡɟɪɧɨɝɨ� ɩɭɱɤɚ�� ɐɟ� ɝɨɜɨɪɢɬɶ� ɩɪɨ� ɬɟ�� ɳɨ�
ɞɨɫɥɿɞɠɭɜɚɧɿ�ɡɪɚɡɤɢ�ɽ�ɩɟɪɫɩɟɤɬɢɜɧɢɦɢ�ɦɚɬɟɪɿɚɥɚɦɢ�ɞɥɹ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɜ�ɧɟɥɿɧɿɣɧɿɣ�ɨɩɬɢɰɿ�

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ� ɤɟɪɚɦɿɤɚ��ɿɬɪɿɣ�ɚɥɸɦɿɧɿɽɜɢɣ ɝɪɚɧɚɬ��ɜɢɫɨɤɢɣ ɬɢɫɤ��ɫɩɿɤɚɧɧɹ��ɨɩɬɢɱɧɿ
ɜɥɚɫɬɢɜɨɫɬɿ�

7KH� LQIOXHQFH� RI� VLQWHULQJ� WHPSHUDWXUH� XQGHU� KLJK� SUHVVXUH� RQ� WKH� RSWLFDO� SURSHUWLHV� RI�
QDQRFHUDPLFV�<�$O�2�� �<$*��ZDV�VWXGLHG��$OO�H[SHULPHQWV�VKRZHG�HVVHQWLDO�FKDQJH�RI�DQ�RSWLFDO�
UHVSRQVH�DW�FKDQJH�RI�WHPSHUDWXUH�RI�DQQHDOLQJ��,W�LV�HVWDEOLVKHG�WKDW�WKH�PDMRULW\�RI�WKH�UHFHLYHG�
VDPSOHV�RI�<$*�FHUDPLFV�SRVVHVV�HIIHFW�RI�VHOI�IRFXVLQJ�RI�D�ODVHU�EXQFK��7KLV�LQGLFDWHV�WKDW�WKH�WHVW�
VDPSOHV�DUH�SURPLVLQJ�PDWHULDOV�IRU�DSSOLFDWLRQV�LQ�QRQOLQHDU�RSWLFV�

.H\�ZRUGV� FHUDPLF��\WWULXP�DOXPLQXP�JDUQHW��KLJK�SUHVVXUH��VLQWHULQJ��WKH�RSWLFDO�SURSHUWLHV�

Ʌɢɬɟɪɚɬɭɪɚ
�� ɉɨɥɭɱɟɧɢɟ� ɩɪɨɡɪɚɱɧɨɣ� ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɣ� ɤɟɪɚɦɢɤɢ� <�$O�2�� �� ȿ� Ⱥ� ȼɨɜɤ��

Ɍ� Ƚ�Ⱦɟɣɧɟɤɚ��Ⱥ� Ƚ� Ⱦɨɪɨɲɟɧɤɨ�ɢ�ɞɪ�� ���ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪ� ± ����� ±ʋ��� ± ɋ� ��±���
�� ([SHULPHQWDO� IHDWXUHV� DIIHFWLQJ� WKH� WUDQVSDUHQF\� RI� <$*� FHUDPLFV �� /� (VSRVLWR��

$� 3LDQFDVWHOOL��$� /� &RVWD HW DO ���2SWLFDO 0DWHULDOV� ± ����� ± ��� ± 3� ���±����
�� ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ� ɉɨɥɭɱɟɧɢɟ�ɢ�ɩɪɢɦɟɧɟɧɢɟ� Ɍ� ���ɋɢɧɬɟɡ�ɚɥɦɚɡɚ�ɢ�ɩɨɞɨɛɧɵɯ�

ɦɚɬɟɪɢɚɥɨɜ� �� Ɉɬɜ� ɪɟɞ� Ⱥ� Ⱥ� ɒɭɥɶɠɟɧɤɨ� ± Ʉ��� ɂɋɆ� ɢɦ� ȼ�� ɇ� Ȼɚɤɭɥɹ� ɂɉɐ�
©ȺɅɄɈɇª� ����� ± ����ɫ�

�� ɉɨɱɟɦɭ�ɞɢɨɤɫɢɞɰɢɪɤɨɧɢɟɜɚɹ�ɤɟɪɚɦɢɤɚ�ɦɨɠɟɬ�ɛɵɬɶ�ɩɪɨɡɪɚɱɧɨɣ"���Ɍ� ȿ� Ʉɨɧɫɬɚɧɬɢɧɨɜɚ��
Ⱥ� Ⱦ� ɒɟɜɱɟɧɤɨ�� Ⱥ� Ⱥ�� ɒɭɥɶɠɟɧɤɨ� ɢ� ɞɪ� ��� Ɍɟɡɢɫɵ� ɞɨɤɥɚɞɨɜ� ���ɣ� Ɇɟɠɞɭɧɚɪɨɞɧɨɣ�
ɤɨɧɮɟɪɟɧɰɢɢ�©ȼɵɫɨɤɢɟ�ɞɚɜɥɟɧɢɹ±������Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ�ɢ�ɩɪɢɤɥɚɞɧɵɟ�ɜɨɩɪɨɫɵª���±
���ɫɟɧɬɹɛɪɹ������ɝ� ɋɭɞɚɤ��Ʉɪɵɦ� ± Ⱦɨɧɟɰɤ������� ± ɋ� ����

�� 5� $SHW] DQG 0� 3� %� YDQ %UXJJHQ 7UDQVSDUHQW DOXPLQD��$ OLJKW�VFDWWHULQJ PRGHO ��� -�RI
$PHULFDQ &HUDPLFV 6RFLHW\� ± ����� ± �� 1��� ± 3� ���±����

�� 6FDWWHULQJ�RI�/LJKW�DQG�2WKHU�(OHFWURPDJQHWLF�UDGLDWLRQ��$FDGHPLF�3UHVV�������
�� +DQGERRN�RI�2SWLFV���UG�HGLWLRQ��9RO�����0F*UDZ�+LOO������
�� $��%RUVKFK��0��%URG\Q��9��*D\YRURQVN\��3��0DNV\XWHQNR��9��6WDUNRY��8NU��-��3K\V������±

������± Ɋ� ���±����
�� 9�� *D\YRURQVN\� HW�� DO��� ³7HFKQLTXHV� WR� &KDUDFWHUL]H� WKH� 1RQOLQHDU� 2SWLFDO� 5HVSRQVH� RI�

'RSHG�1HPDWLF�/LTXLG�&U\VWDOV´��0RO��&U\VW��/LT��&U\VW���9RO�������������± 3�����±����
��� 9��*D\YRURQVN\�HW��DO���³6HOI�IRFXVLQJ�HIIHFW�RQ�WKH�VHFRQG�KDUPRQLF�JHQHUDWLRQ�LQ�WKH�.'3�

VLQJOH�FU\VWDOV�ZLWK�LQFRUSRUDWHG�DQDWDVH�QDQRSDUWLFOHV´��)XQ��0DW������1R����������
ɉɨɫɬɭɩɢɥɚ���������


