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ɍȾɄ������������

Ƚ��Ɇ��Ƚɪɢɝɨɪɟɧɤɨ��ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ���Ɇ��Ⱥ��ɉɨɥɟɳɭɤ���ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��Ʌ��ɂ��Ⱥɞɟɟɜɚ���
Ⱥ��ɘ��Ɍɭɧɢɤ���ȼ��ɂ��Ɂɟɥɟɧɢɧ���ȼ��ɂ��Ʌɭɤɚɲ�� ɤɚɧɞɢɞɚɬɵ�ɬɟɯɧɢɱɟɫɤɢɯ�ɧɚɭɤ��ȿ��ȼ��Ɂɟɥɟɧɢɧ���

ɋ��Ⱦ��Ɂɚɛɨɥɨɬɧɵɣ���ɘ��Ⱥ��ɇɢɤɢɬɸɤ���ɢɧɠɟɧɟɪɵ

�ɂɧɫɬɢɬɭɬ�ɷɥɟɤɬɪɨɫɜɚɪɤɢ�ɢɦ��ȿ��Ɉ��ɉɚɬɨɧɚ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɭɥ��Ʉɚɡɢɦɢɪɚ�Ɇɚɥɟɜɢɱɚ�����
������ɝ��Ʉɢɟɜ�ɍɤɪɚɢɧɚ��H�PDLO��RIILFH#SDWRQ�NLHY�XD

�ɂɧɫɬɢɬɭɬ�ɫɜɟɪɯɬɜɟɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢɦ��ȼ��ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɭɥ��Ⱥɜɬɨɡɚɜɨɞɫɤɚɹ����
������ɝ��Ʉɢɟɜ� H�PDLO��OXNYD#LVP�NLHY�XD

ɋɌɊɍɄɌɍɊȺ�ɂ�ɋȼɈɃɋɌȼȺ�ȻɂɆȿɌȺɅɅɈȼ��
ɋȼȺɊȿɇɕɏ�ɌɊȿɇɂȿɆ�ɋ�ɉȿɊȿɆȿɒɂȼȺɇɂȿɆ

ɂɫɫɥɟɞɨɜɚɧɵ ɫɬɪɭɤɬɭɪɵ� ɢ� ɫɜɨɣɫɬɜɚ� ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ� ɫɨɟɞɢɧɟɧɢɣ� ɪɚɡɧɨɪɨɞɧɵɯ� ɦɟɬɚɥɥɨɜ��
ɩɨɥɭɱɟɧɧɵɯ�ɫɜɚɪɤɨɣ�ɬɪɟɧɢɟɦ�ɫ�ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ� ɂɫɫɥɟɞɨɜɚɧɵ�ɫɢɫɬɟɦɵ�ɫ�ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ �1L±&X��ɢ�
ɫ� ɨɝɪɚɧɢɱɟɧɧɨɣ� �&X±)H�� ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ�� ɚ� ɬɚɤɠɟ� ɫ� ɨɬɫɭɬɫɬɜɢɟɦ� ɪɚɫɬɜɨɪɢɦɨɫɬɢ� �$O±)H��
ɤɨɦɩɨɧɟɧɬɨɜ� ɜ� ɬɜɟɪɞɨɦ� ɫɨɫɬɨɹɧɢɢ�� ɋɜɚɪɤɨɣ� ɬɪɟɧɢɟɦ� ɫ� ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ� ɛɵɥɢ� ɩɨɥɭɱɟɧɵ�
ɤɚɱɟɫɬɜɟɧɧɵɟ� ɫɨɟɞɢɧɟɧɢɹ� ɫ� ɜɡɚɢɦɧɵɦ� ɩɪɨɧɢɤɧɨɜɟɧɢɟɦ�ɨɞɧɨɝɨ� � ɦɟɬɚɥɥɚ� ɜ� ɞɪɭɝɨɣ��Ɉɫɧɨɜɧɭɸ� ɪɨɥɶ� ɜ�
ɷɬɨɦ�ɩɪɨɰɟɫɫɟ�ɢɝɪɚɟɬ�ɦɟɯɚɧɢɱɟɫɤɨɟ�ɩɟɪɟɦɟɲɢɜɚɧɢɟ�ɦɟɬɚɥɥɨɜ�ɢ�ɢɡɦɟɥɶɱɟɧɢɟ�ɫɬɪɭɤɬɭɪɵ��ɉɪɢ�ɷɬɨɦ�
ɞɢɮɮɭɡɢɨɧɧɵɟ� ɩɪɨɰɟɫɫɵ� ɧɟɡɧɚɱɢɬɟɥɶɧɵ�� ȼ� ɩɪɨɰɟɫɫɟ� ɫɜɚɪɤɢ� ɩɪɨɢɫɯɨɞɢɬ� ɡɧɚɱɢɬɟɥɶɧɨɟ� ɢɡɦɟɥɶɱɟɧɢɟ�
ɡɟɪɧɚ�ɤɚɤ�ɜ�ɡɨɧɟ�ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ��ɬɚɤ�ɢ�ɜ�ɡɨɧɚɯ�ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ�ɢ�ɬɟɪɦɢɱɟɫɤɨɝɨ�ɜɥɢɹɧɢɹ��

ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɫɜɚɪɤɢ�ɬɪɟɧɢɟɦ� ɫ� ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ� �ɋɌɉ�� ɚɥɸɦɢɧɢɹ� ɫ�ɠɟɥɟɡɨɦ� ɨɛɪɚɡɨɜɚɥɚɫɶ�
ɡɨɧɚ�ɫɨɟɞɢɧɟɧɢɹ�ɡɧɚɱɢɬɟɥɶɧɨɝɨ�ɨɛɴɟɦɚ�ɫ�ɩɪɨɧɢɤɧɨɜɟɧɢɟɦ�ɚɥɸɦɢɧɢɹ�ɜ�ɠɟɥɟɡɨ�ɧɚ�ɝɥɭɛɢɧɭ�ɞɨ�����ɦɦ��
ɉɪɢ� ɷɬɨɦ� ɩɪɨɢɫɯɨɞɢɬ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ� ɦɟɬɚɥɥɨɜ�� ɦɚɫɫɨɩɟɪɟɧɨɫ� ɜ� ɩɟɪɜɭɸ� ɨɱɟɪɟɞɶ� ɚɥɸɦɢɧɢɹ� ɢ�
ɩɨɫɥɟɞɭɸɳɟɟ�ɨɛɪɚɡɨɜɚɧɢɟ�ɫɨɟɞɢɧɟɧɢɣ�)�$O���)H$O���

Ɋɟɡɭɥɶɬɚɬɵ�ɩɪɨɜɟɞɟɧɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɩɨɡɜɨɥɹɸɬ�ɪɟɤɨɦɟɧɞɨɜɚɬɶ�ɞɚɧɧɵɣ�ɫɩɨɫɨɛ�ɫɜɚɪɤɢ�ɞɥɹ�
ɩɨɥɭɱɟɧɢɹ�ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ�ɫɨɟɞɢɧɟɧɢɣ�ɪɚɡɧɨɪɨɞɧɵɯ�ɦɟɬɚɥɥɨɜ��ɢɦɟɸɳɢɯ�ɪɚɡɥɢɱɧɭɸ�ɪɚɫɬɜɨɪɢɦɨɫɬɶ�
ɷɥɟɦɟɧɬɨɜ�ɜ�ɬɜɟɪɞɨɦ�ɫɨɫɬɨɹɧɢɢ��

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɛɢɦɟɬɚɥɥ�� ɫɜɚɪɤɚ�ɬɪɟɧɢɟɦ� ɫ� ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ� �ɋɌɉ��� ɫɜɚɪɧɨɟ� ɫɨɟɞɢɧɟɧɢɟ��
ɦɟɯɚɧɢɱɟɫɤɨɟ��ɞɢɮɮɭɡɢɹ��ɪɚɫɬɜɨɪɢɦɨɫɬɶ�ɜ�ɬɜɟɪɞɨɣ�ɮɚɡɟ��ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ��ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ�
ɦɢɤɪɨɚɧɚɥɢɡ��ɷɥɟɦɟɧɬɧɵɣ�ɫɨɫɬɚɜ��ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ�

ɂɫɩɨɥɶɡɨɜɚɧɢɟ�ɛɢɦɟɬɚɥɥɨɜ�ɩɨɡɜɨɥɹɟɬ�ɫɨɱɟɬɚɬɶ�ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ�ɫɜɨɣɫɬɜɚ�ɩɪɢɫɭɳɢɟ�
ɪɚɡɧɨɪɨɞɧɵɦ� ɦɟɬɚɥɥɚɦ� ɜ� ɨɞɧɨɦ� ɢɡɞɟɥɢɢ� ± ɷɬɨ� ɤɨɪɪɨɡɢɨɧɧɚɹ� ɫɬɨɣɤɨɫɬɶ�� ɦɟɯɚɧɢɱɟɫɤɚɹ�



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

���

ɩɪɨɱɧɨɫɬɶ��ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ��ɠɚɪɨɩɪɨɱɧɨɫɬɶ�ɢ�ɬ� ɞ��ɉɨɷɬɨɦɭ�ɛɢɦɟɬɚɥɥɵ�ɧɚɯɨɞɹɬ�ɜɫɟ�ɛɨɥɟɟ�
ɲɢɪɨɤɨɟ� ɩɪɢɦɟɧɟɧɢɟ� ɜ� ɫɨɜɪɟɦɟɧɧɨɣ� ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ�� ȼ� ɫɢɥɭ� ɪɚɡɧɨɪɨɞɧɨɫɬɢ� ɫɜɨɣɫɬɜ�
ɧɟɤɨɬɨɪɵɯ� ɦɟɬɚɥɥɨɜ�� ɜ� ɱɚɫɬɧɨɫɬɢ� ɜ� ɛɨɥɶɲɟɣ� ɪɚɡɧɢɰɟ� ɜ� ɬɟɦɩɟɪɚɬɭɪɟ� ɩɥɚɜɥɟɧɢɹ�� ɢɯ�
ɫɨɟɞɢɧɟɧɢɟ� ɜ� ɤɚɱɟɫɬɜɟ� ɛɢɦɟɬɚɥɥɨɜ�� ɧɚɩɪɢɦɟɪ�� ɫɜɚɪɤɨɣ� ɩɥɚɜɥɟɧɢɟɦ� ɧɟɜɨɡɦɨɠɧɨ�� ɂɦɟɧɧɨ�
ɋɌɉ�>�@�ɨɬɤɪɵɥɨ�ɡɧɚɱɢɬɟɥɶɧɵɟ�ɜɨɡɦɨɠɧɨɫɬɢ�ɞɥɹ�ɢɯ�ɛɨɥɟɟ�ɲɢɪɨɤɨɝɨ�ɩɪɢɦɟɧɟɧɢɹ��

Ȼɨɥɶɲɢɧɫɬɜɨ� ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ� ɭɤɚɡɵɜɚɟɬ� ɧɚ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ� ɩɪɟɢɦɭɳɟɫɬɜɚ� ɋɌɉ� ɩɨ�
ɫɪɚɜɧɟɧɢɸ� ɫ� ɞɪɭɝɢɦɢ� ɫɩɨɫɨɛɚɦɢ� ɩɨɥɭɱɟɧɢɹ� ɧɟɪɚɡɴɟɦɧɵɯ� ɫɨɟɞɢɧɟɧɢɣ� >�±�@�� ɫɨɯɪɚɧɟɧɢɟ� ɜ�
ɡɧɚɱɢɬɟɥɶɧɨɣ� ɦɟɪɟ� ɫɜɨɣɫɬɜ� ɨɫɧɨɜɧɨɝɨ� ɦɟɬɚɥɥɚ ɜ� ɡɨɧɟ� ɫɨɟɞɢɧɟɧɢɹ�� ɨɬɫɭɬɫɬɜɢɟ� ɜɪɟɞɧɵɯ�
ɢɫɩɚɪɟɧɢɣ�ɢ�ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ�ɢɡɥɭɱɟɧɢɹ�ɜ�ɩɪɨɰɟɫɫɟ�ɫɨɟɞɢɧɟɧɢɹ��ɜɨɡɦɨɠɧɨɫɬɶ�ɩɨɥɭɱɟɧɢɹ�
ɛɟɡɞɟɮɟɤɬɧɵɯ� ɲɜɨɜ� ɧɚ� ɫɩɥɚɜɚɯ�� ɨɬɫɭɬɫɬɜɢɟ� ɧɟɨɛɯɨɞɢɦɨɫɬɢ� ɜ� ɩɪɢɦɟɧɟɧɢɢ� ɩɪɢɫɚɞɨɱɧɵɯ�
ɦɚɬɟɪɢɚɥɨɜ�ɢ�ɡɚɳɢɬɧɵɯ�ɝɚɡɨɜ�

ɇɚ� ɩɪɚɤɬɢɤɟ� ɦɟɬɨɞ�ɋɌɉ� ɩɪɢɦɟɧɹɸɬ�ɞɥɹ� ɫɨɟɞɢɧɟɧɢɹ�ɦɧɨɝɢɯ� ɪɚɡɧɨɪɨɞɧɵɯ�ɦɟɬɚɥɥɨɜ��
Ɍɚɤ�ɜ�ɪɚɛɨɬɚɯ�>�±���ɩɪɢɜɟɞɟɧɵ�ɪɟɡɭɥɶɬɚɬɵ�ɫɜɚɪɤɢ�ɚɥɸɦɢɧɢɹ�ɢ�ɫɬɚɥɢ��ɚɥɸɦɢɧɢɹ�ɢ�ɦɚɝɧɢɹ��ɜ�
ɪɚɛɨɬɚɯ�>��� ��@�± $O±&X��1L±&X��Ʉɚɤ�ɨɬɦɟɱɚɸɬ�ɚɜɬɨɪɵ�ɷɬɢɯ�ɩɭɛɥɢɤɚɰɢɣ��ɪɟɲɚɸɳɟɟ�ɜɥɢɹɧɢɟ�
ɧɚ� ɫɜɚɪɢɜɚɟɦɨɫɬɶ� ɪɚɡɧɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ� ɨɤɚɡɵɜɚɟɬ� ɬɟɦɩɟɪɚɬɭɪɚ� ɩɥɚɜɥɟɧɢɹ��
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɚɹ� ɫɨɜɦɟɫɬɢɦɨɫɬɶ�� ɨɩɪɟɞɟɥɹɟɦɚɹ� ɜɡɚɢɦɧɨɣ� ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ� ɫɨɟɞɢɧɹɟɦɵɯ�
ɦɟɬɚɥɥɨɜ� ɜ� ɠɢɞɤɨɦ� ɢ� ɜ� ɬɜɟɪɞɨɦ� ɫɨɫɬɨɹɧɢɢ�� ɚ� ɬɚɤɠɟ� ɨɛɪɚɡɨɜɚɧɢɟ� ɯɪɭɩɤɢɯ� ɯɢɦɢɱɟɫɤɢɯ�
ɫɨɟɞɢɧɟɧɢɣ�± ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ�

ɐɟɥɶɸ� ɧɚɫɬɨɹɳɟɣ� ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ� ɩɨɥɭɱɟɧɢɟ� ɦɟɬɨɞɨɦ� ɋɌɉ� ɛɢɦɟɬɚɥɥɨɜ�� � ɢɡɭɱɟɧɢɟ�
ɨɫɨɛɟɧɧɨɫɬɟɣ�ɢɯ�ɫɬɪɭɤɬɭɪɵ�ɢ�ɫɜɨɣɫɬɜ�ɫ�ɪɚɡɥɢɱɧɨɣ�ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ�ɤɨɦɩɨɧɟɧɬɨɜ�ɜ�ɬɜɟɪɞɨɦ�
ɫɨɫɬɨɹɧɢɢ��ɂɫɫɥɟɞɨɜɚɥɢɫɶ�ɫɨɟɞɢɧɟɧɢɹ�ɧɚɯɥɟɫɬɨɱɧɨɝɨ�ɬɢɩɚ��ɩɨɥɭɱɟɧɧɵɟ�ɫɩɨɫɨɛɨɦ�ɋɌɉ��

Ɍɟɯɧɨɥɨɝɢɹ�ɫɜɚɪɤɢ��ɢ�ɢɫɩɨɥɶɡɭɟɦɵɣ�ɩɪɢ�ɷɬɨɦ�ɢɧɫɬɪɭɦɟɧɬ�ɪɚɫɫɦɨɬɪɟɧɵ�ɜ�>������@�
Ⱦɥɹ� ɋɌɉ� ɛɵɥɢ� ɨɬɨɛɪɚɧɵ� ɩɥɚɫɬɢɧɵ� ɢɫɯɨɞɧɵɯ� ɫɩɥɚɜɨɜ�� ɦɟɞɢ�� ɧɢɤɟɥɹ�� ɫɬɚɥɢ� ���

ɚɥɸɦɢɧɢɹ�ɢ�ɚɪɦɤɨ�ɠɟɥɟɡɚ���
Ɋɟɠɢɦɵ�ɋɌɉ�ɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ�ɫɜɚɪɢɜɚɟɦɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥ����

Ɍɚɛɥɢɰɚ��� Ɋɟɠɢɦɵ�ɋɌɉ�ɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ�ɫɜɚɪɢɜɚɟɦɵɯ�ɦɚɬɟɪɢɚɥɨɜ

Ɍɢɩ�
ɛɢɦɟɬɚɥɥɢɱ��
ɫɨɟɞɢɧɟɧɢɹ

Ɇɚɪɤɚ�ɦɚɬɟɪɢɚɥɚ�
ɜɟɪɯɧɟɣ�ɧɢɠɧɟɣ�

ɩɥɚɫɬɢɧɵ

Ɍɨɥɳɢɧɚ�
ɩɥɚɫɬɢɧ��

ɦɦ

Ƚɥɭɛɢɧɚ�
ɩɨɝɪɭɠɟɧɢɹ��
ɢɧɫɬɪɭɦɟɧɬɚ�

ɦɦ

Ɇɢɤɪɨ�
ɬɜɟɪɞɨɫɬɶ�

ɩɥɚɫɬɢɧ��Ɇɉɚ

ɋɤɨɪɨɫɬɶ�
ɫɜɚɪɤɢ��
ɦɦ�ɦɢɧ

ɋɤɨɪɨɫɬɶ�
ɜɪɚɳɟɧɢɹ��
ɢɧɫɬɪɭɦɟɧɬɚ��

ɨɛ�ɦɢɧ
1L � &X ɇ����Ɇ� ���� ��� ��������� �� ����

&X � ɋɬɚɥɶ Ɇ����ɋɬ�� ��� ��� ��������� �� ����
$O � )H ȺɆɝ�������ɀɊ ��� ��� �������� �� ����

ɉɪɢ� ɩɪɨɜɟɞɟɧɢɢ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɤɨɦɩɥɟɤɫɧɭɸ� ɦɟɬɨɞɢɤɭ�� ɜɤɥɸɱɚɸɳɭɸ�
ɦɟɬɚɥɥɨɝɪɚɮɢɸ� �ɨɩɬɢɱɟɫɤɢɣ� ɦɢɤɪɨɫɤɨɩ� ©ɇɟɨɮɨɬ���ª�� ɢ� ɞɸɪɨɦɟɬɪɢɱɟɫɤɢɣ� ɚɧɚɥɢɡ�
�ɬɜɟɪɞɨɦɟɪ�Ɇ�����ɮɢɪɦɵ�©/(&2ª�ɩɪɢ�ɧɚɝɪɭɡɤɟ�������ɢ�������ɇ���ɗɥɟɤɬɪɨɧɧɨɟ�ɢɫɫɥɟɞɨɜɚɧɢɟ�
ɫɬɪɭɤɬɭɪɵ� ɢ� ɨɩɪɟɞɟɥɟɧɢɟ� ɟɟ� ɷɥɟɦɟɧɬɧɨɝɨ� ɫɨɫɬɚɜɚ� ɦɟɬɨɞɨɦ� ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ�
ɦɢɤɪɨɚɧɚɥɢɡɚ� �ɊɋɆȺ�� ɩɪɨɜɨɞɢɥɢ� ɧɚ� ɛɚɡɟ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɤɨɦɩɥɟɤɫɚ�� ɫɨɫɬɨɹɳɟɝɨ� ɢɡ�
ɫɤɚɧɢɪɭɸɳɟɝɨ� ɷɥɟɤɬɪɨɧɧɨɝɨ� ɦɢɤɪɨɫɤɨɩɚ� -60���� &)� ɮɢɪɦɵ� ©-(2/ª� �əɩɨɧɢɹ�� ɢ�
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ�ɫɩɟɤɬɪɨɦɟɬɪɚ�ɫ�ɞɢɫɩɟɪɫɢɟɣ�ɩɨ�ɷɧɟɪɝɢɢ�ɪɟɧɬɝɟɧɨɜɫɤɢɯ�ɤɜɚɧɬɨɜ��ɦɨɞɟɥɶ�,1&$�
(QHUJ\����� ɮɢɪɦɵ� ©2[IRUG� ,QVWUXPHQWVª� �ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ���� Ⱦɥɹ� ɜɵɹɜɥɟɧɢɹ� ɫɬɪɭɤɬɭɪɵ�
ɢɫɫɥɟɞɭɟɦɵɯ�ɫɨɟɞɢɧɟɧɢɣ�ɢɫɩɨɥɶɡɨɜɚɥɢ�ɯɢɦɢɱɟɫɤɢɟ�ɪɟɚɤɬɢɜɵ�>��@��

Ɇɟɬɨɞɨɦ� ɋɌɉ� ɛɵɥɨ� ɩɨɥɭɱɟɧɨ� ɢ� ɢɫɫɥɟɞɨɜɚɧɨ� ɫɨɟɞɢɧɟɧɢɟ� 1L�&X�� ɤɚɤ ɦɟɬɚɥɥɨɜ� ɫ�
ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ�ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ�ɷɥɟɦɟɧɬɨɜ�ɞɪɭɝ�ɜ�ɞɪɭɝɟ��ȼ�ɡɨɧɟ�ɫɨɟɞɢɧɟɧɢɹ�ɧɢɤɟɥɹ�ɢ�ɦɟɞɢ�



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

���

ɩɪɨɢɫɯɨɞɢɬ� ɜɡɚɢɦɧɨɟ� ɩɪɨɧɢɤɧɨɜɟɧɢɟ� ɷɬɢɯ� ɦɟɬɚɥɥɨɜ� ɧɚ� ɝɥɭɛɢɧɭ� ɞɨ� �� ɦɦ� �ɪɢɫ�� ����
Ɇɚɫɫɨɩɟɪɟɧɨɫ� ɦɟɬɚɥɥɨɜ� ɨɬɦɟɱɟɧ� ɜ� ɜɢɞɟ� ɜɡɚɢɦɨɩɪɨɧɢɤɚɸɳɢɯ� ɱɟɪɟɞɭɸɳɢɯɫɹ� ɩɨɥɨɫ��
ɧɚɩɪɚɜɥɟɧɧɵɯ�ɜ�ɫɬɨɪɨɧɭ�ɞɜɢɠɟɧɢɹ�± ɢɧɫɬɪɭɦɟɧɬɚ��ɪɢɫ� ���

ɚ ɛ
Ɋɢɫ�� ��� Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ� ɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ� � ɫɨɟɞɢɧɟɧɢɹ� 1L�ɋX� �ɩɨɩɟɪɟɱɧɨɟ� ɫɟɱɟɧɢɟ��� ɚ� ±
ɨɛɳɢɣ ɜɢɞ��u�����ɛ�± ɨɛɥɚɫɬɶ�ɦɚɫɫɨɩɟɪɟɧɨɫɚ�1L�ɜ�&X��u���

ɚ ɛ

ɜ ɝ
Ɋɢɫ�� ��� Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ� ɫɜɚɪɧɨɝɨ� ɫɨɟɞɢɧɟɧɢɹ� 1L�ɋX� �ɩɪɨɞɨɥɶɧɨɟ� ɫɟɱɟɧɢɟ��� ɚ�� ɛ� ± ɡɨɧɚ�
ɦɚɫɫɨɩɟɪɟɧɨɫɚ� 1L� ɜ� &X�� ɜ� ± ɡɨɧɚ� ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ� ɜɥɢɹɧɢɹ� ɜ� 1L�� ɝ� ± ɡɨɧɚ�
ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ�ɜɥɢɹɧɢɹ�ɜ�&X��ɞ��ɟ�± ɡɨɧɚ�ɜɡɚɢɦɨɞɢɮɮɭɡɢɢ�&X�ɢ�1L��ɚ�� u����ɛ±ɞ�± u������
ɟ�± u����



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

���

ɞ ɟ
Ɉɤɨɧɱɚɧɢɟ�ɪɢɫ���

ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ� ɭɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɜɡɚɢɦɨɞɢɮɮɭɡɢɹ� ɦɟɞɢ� ɢ� ɧɢɤɟɥɹ� ɩɪɨɢɫɯɨɞɢɬ�
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ� ɩɨ� ɝɪɚɧɢɰɚɦ� ɡɟɪɟɧ� ɉɪɢ� ɷɬɨɦ ɜɟɞɭɳɭɸ� ɪɨɥɶ� ɜ� ɩɪɨɰɟɫɫɟ� ɋɌɉ� ɢɝɪɚɟɬ�
ɦɚɫɫɨɩɟɪɟɧɨɫ�ɦɟɬɚɥɥɨɜ��ɜ�ɡɧɚɱɢɬɟɥɶɧɨ�ɦɟɧɶɲɟɣ�ɫɬɟɩɟɧɢ�± ɢɯ�ɜɡɚɢɦɨɞɢɮɮɭɡɢɹ�

ɋ� ɰɟɥɶɸ� ɢɡɭɱɟɧɢɹ� ɜɨɡɦɨɠɧɨɫɬɢ� ɩɨɥɭɱɟɧɢɹ� ɫɩɨɫɨɛɨɦ�ɋɌɉ� ɫɨɟɞɢɧɟɧɢɹ� ɪɚɡɧɨɪɨɞɧɵɯ�
ɦɟɬɚɥɥɨɜ� ɫ� ɨɝɪɚɧɢɱɟɧɧɨɣ� ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ� ɤɨɦɩɨɧɟɧɬɨɜ� ɜ� ɬɜɟɪɞɨɦ� ɫɨɫɬɨɹɧɢɢ� ɛɵɥɚ�
ɪɚɫɫɦɨɬɪɟɧɚ�ɫɢɫɬɟɦɚ�ɦɟɞɶ�± ɠɟɥɟɡɨ��

ɂɡɜɟɫɬɧɨ�� ɱɬɨ� ɞɨɛɚɜɤɚ� ɭɝɥɟɪɨɞɚ� ɜ�ɠɟɥɟɡɨ� � ɧɟɫɤɨɥɶɤɨ� ɭɦɟɧɶɲɚɟɬ� ɪɚɫɬɜɨɪɢɦɨɫɬɶ�ɦɟɞɢ� ɜ�
ɬɜɟɪɞɨɦ� ɠɟɥɟɡɟ�� ɧɨ� ɧɟ� ɦɟɧɹɟɬ� ɨɛɳɟɣ� ɤɚɪɬɢɧɵ�� ɉɨɷɬɨɦɭ� ɞɥɹ� ɚɧɚɥɢɡɚ� ɩɪɨɰɟɫɫɚ� ɪɚɫɫɦɚɬɪɢɜɚɥɢ�
ɫɜɚɪɧɨɣ�ɲɨɜ�ɦɟɞɧɨɣ�ɩɥɚɫɬɢɧɵ�ɢ�ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɨɣ�ɫɬɚɥɢ��ɪɟɠɢɦɵ�ɫɜɚɪɤɢ�ɩɪɢɜɟɞɟɧɵ ɜ�ɬɚɛɥ�����

ɂɫɫɥɟɞɨɜɚɧɢɟ�ɫɟɱɟɧɢɣ�ɫɜɚɪɧɨɝɨ�ɫɨɟɞɢɧɟɧɢɹ�ɩɨɤɚɡɚɥɨ��ɨɬɫɭɬɫɬɜɢɟ�ɬɪɟɳɢɧ��ɧɟɩɪɨɜɚɪɨɜ�ɢ�
ɩɨɪ��ɪɢɫ������ɉɨɫɤɨɥɶɤɭ�ɫɬɚɥɶ�ɢɦɟɟɬ�ɬɜɟɪɞɨɫɬɶ�ɝɨɪɚɡɞɨ�ɛɨɥɶɲɟ�ɦɟɞɢ��ɬɨ�ɜ�ɩɨɩɟɪɟɱɧɨɦ�ɫɟɱɟɧɢɢ�
ɡɨɧɵ�ɫɨɟɞɢɧɟɧɢɹ�ɧɟ�ɩɪɨɢɡɨɲɥɨ�ɨɛɪɚɡɨɜɚɧɢɟ�ɤɥɚɫɫɢɱɟɫɤɨɝɨ�ɨɜɚɥɶɧɨɝɨ�ɹɞɪɚ �ɪɢɫ��� ɚ���

ɚ ɛ ɜ
Ɋɢɫ�� ��� Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ�� ɫɨɟɞɢɧɟɧɢɹ� &X±�ɋɬ���� ɩɨɥɭɱɟɧɧɨɝɨ� ɋɌɉ�� ɚ ± ɩɨɩɟɪɟɱɧɨɟ� ɫɟɱɟɧɢɟ
�u���� ɛ�± ɨɛɥɚɫɬɶ�ɩɟɪɟɦɟɲɢɜɚɧɢɹ� ɜ�± ɩɪɨɞɨɥɶɧɨɟ�ɫɟɱɟɧɢɟ��u����

Ɂɨɧɚ�ɫɨɟɞɢɧɟɧɢɹ�ɜ�ɜɟɪɯɧɟɣ�ɱɚɫɬɢ�ɫɨɫɬɨɢɬ�ɢɡ�ɦɟɞɢ��ɚ�ɧɢɠɧɹɹ�ɱɚɫɬɶ�± ɢɡ�ɫɦɟɫɢ�ɫɬɚɥɶɧɵɯ�
ɱɚɫɬɢɱɟɤ� ɪɚɡɥɢɱɧɨɣ� ɜɟɥɢɱɢɧɵ� ɜ� ɦɟɞɧɨɣ� ɦɚɬɪɢɰɟ�� ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɜ� ɩɪɨɞɨɥɶɧɨɦ� ɫɟɱɟɧɢɢ�
ɫɨɟɞɢɧɟɧɢɟ� ɧɨɫɢɬ� ɡɭɛɱɚɬɵɣ� ɯɚɪɚɤɬɟɪ�� ȼ� ɦɟɞɢ� ɧɚɛɥɸɞɚɸɬɫɹ� ɤɥɢɧɨɨɛɪɚɡɧɵɟ� ɜɧɟɞɪɟɧɢɹ� )H��
ɧɚɤɥɨɧɟɧɧɵɟ� ɜ� ɫɬɨɪɨɧɭ� ɧɚɩɪɚɜɥɟɧɢɹ� ɫɜɚɪɤɢ�� Ɇɚɤɫɢɦɚɥɶɧɚɹ� ɝɥɭɛɢɧɚ� ɢɯ� ɩɪɨɧɢɤɧɨɜɟɧɢɹ�
ɫɨɫɬɚɜɢɥɚ�����ɦɤɦ��ɗɬɚ�ɨɛɥɚɫɬɶ�ɫɨɫɬɨɢɬ�ɢɡ�ɜɧɟɞɪɟɧɧɵɯ�ɜ�ɞɟɮɨɪɦɢɪɨɜɚɧɧɭɸ�ɦɟɞɶ�ɦɟɥɶɱɚɣɲɢɯ�
ɫɬɚɥɶɧɵɯ�ɱɚɫɬɢɰ�ɪɚɡɦɟɪɨɦ��±���ɦɤɦ��ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ��ɷɬɢɯ�ɭɱɚɫɬɤɨɜ�����±�����Ɇɉɚ��



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

���

ɇɚɞ� ɬɚɤɢɦɢ� ɤɥɢɧɨɨɛɪɚɡɧɵɦɢ� ɜɧɟɞɪɟɧɢɹɦɢ� ɧɚɯɨɞɢɬɫɹ� ɭɱɚɫɬɨɤ� ɧɟɩɨɥɧɨɣ�
ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɦɟɞɢ� ± ɡɟɪɧɚ� ɨɤɪɭɝɥɨɣ� ɮɨɪɦɵ� ɪɚɡɦɟɪɨɦ� ��±���� ɦɤɦ�� ɯɚɨɬɢɱɧɨ�
ɪɚɫɩɨɥɨɠɟɧɧɵɟ�ɦɟɠɞɭ�ɡɟɪɧɚɦɢ�ɨɫɧɨɜɧɨɝɨ�ɦɟɬɚɥɥɚ�ɦɟɞɢ��

ɒɢɪɢɧɚ� ɡɨɧɵ� ɁɌȼ� ɜ� ɫɬɚɥɢ� � ɞɨɫɬɢɝɚɟɬ� ���� ɦɦ�� ɑɟɬɤɨ� ɩɪɨɫɦɚɬɪɢɜɚɸɬɫɹ� ɭɱɚɫɬɤɢ�
ɧɟɩɨɥɧɨɣ� ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�� ɦɟɥɤɨɝɨ� ɢ� ɫɪɟɞɧɟɝɨ� ɡɟɪɧɚ�� ɍɱɚɫɬɨɤ� ɫɪɟɞɧɟɝɨ� ɡɟɪɧɚ
ɪɚɫɩɨɥɨɠɟɧ�ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ�ɜ�ɡɨɧɟ�ɫɨɟɞɢɧɟɧɢɹ�ɫ�ɦɟɞɶɸ��ȼ�ɡɨɧɟ�ɤɨɧɬɚɤɬɚ�ɪɚɡɦɟɪ�ɡɟɪɧɚ�ɫɬɚɥɢ�
ɧɚ� ɩɨɪɹɞɨɤ� ɦɟɧɶɲɟ�� ɱɟɦ� ɜ� ɨɫɧɨɜɧɨɦ� ɦɟɬɚɥɥɟ�� Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ� ɷɬɨɝɨ� ɭɱɚɫɬɤɚ� ɫɨɫɬɚɜɥɹɟɬ�
����������ɜ�ɬɨ�ɜɪɟɦɹ�ɤɚɤ�ɮɟɪɪɢɬɧɨ�ɩɟɪɥɢɬɧɨɣ�ɫɬɚɥɢ�± ���������Ɇɉɚ��

Ʉɚɤ� ɩɨɤɚɡɚɥɢ� ɢɫɫɥɟɞɨɜɚɧɢɹ �ɪɢɫ�� ���� ɤɥɢɧɨɨɛɪɚɡɧɵɟ� ɜɧɟɞɪɟɧɢɹ� ɢɦɟɸɬ� ɮɟɪɪɢɬɧɨ�
ɩɟɪɥɢɬɧɭɸ� ɫɬɪɭɤɬɭɪɭ� ɢ� ɩɪɚɤɬɢɱɟɫɤɢ� ɧɟ� ɫɨɞɟɪɠɚɬ�ɦɟɞɢ�� ȼ� ɡɨɧɟ� ɫɨɟɞɢɧɟɧɢɹ� ɦɟɞɢ� ɫɨ� ɫɬɚɥɶɸ�
ɨɬɦɟɱɟɧɨ� ɨɛɪɚɡɨɜɚɧɢɟ� ɛɨɥɶɲɨɝɨ� ɤɨɥɢɱɟɫɬɜɚ� ɜɤɥɸɱɟɧɢɣ� ɠɟɥɟɡɚ� ɜɧɟɞɪɟɧɧɵɯ� ɜ� ɦɟɞɶ� ɜ� ɜɢɞɟ�
ɨɬɞɟɥɶɧɵɯ� ɩɨɥɨɫ� ɢ� ɦɟɯɚɧɢɱɟɫɤɨɣ� ɫɦɟɫɢ� ɦɟɞɢ� ɫɨ� ɫɬɚɥɶɸ�� ȼ� ɦɟɞɧɨɣ�ɦɚɬɪɢɰɟ� ɡɚɮɢɤɫɢɪɨɜɚɧɨ�
ɡɧɚɱɢɬɟɥɶɧɨɟ�ɤɨɥɢɱɟɫɬɜɨ�ɠɟɥɟɡɚ�������±������ɦɚɫ�����ɜ�ɜɢɞɟ�ɞɢɫɩɟɪɫɧɵɯ�ɜɤɥɸɱɟɧɢɣ��ɬɚɛɥ������

ɚ� ɛ� ɜ
Ɋɢɫ�� ��� ɂɡɨɛɪɚɠɟɧɢɟ� ɡɨɧɵ� ɩɟɪɟɦɟɲɢɜɚɧɢɹ� &X�ɋɬ��� ɜɨ� ɜɬɨɪɢɱɧɵɯ� ɷɥɟɤɬɪɨɧɚɯ� �ɚ���
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɦ�ɢɡɥɭɱɟɧɢɢ�&X��ɛ��ɢ�)H��ɜ��

Ɍɚɛɥɢɰɚ��� ɏɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�ɢɫɫɥɟɞɭɟɦɵɯ�ɭɱɚɫɬɤɨɜ��ɨɬɦɟɱɟɧɧɵɯ�ɧɚ�ɪɢɫ���

ɂɫɫɥɟɞɭɟɦɵɣ�
ɭɱɚɫɬɨɤ

ɏɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ��ɦɚɫ��ɚɬ�
6L 0Q )H &X

� � ��������� ����������� �����������
� ��������� ��������� ����������� ���������

ɂɫɫɥɟɞɨɜɚɜ�ɝɪɚɧɢɱɧɵɟ�ɭɱɚɫɬɤɢ�ɜɧɟɞɪɟɧɧɨɣ�ɫɬɚɥɶɧɨɣ�ɩɨɥɨɫɵ��ɪɢɫ������ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�
ɩɪɟɞɩɨɥɨɠɟɧɢɟ�ɨ�ɬɨɦ��ɱɬɨ�ɧɚɪɹɞɭ�ɫ�ɜɤɪɚɩɥɟɧɢɹɦɢ�ɦɟɞɢ�ɩɪɨɯɨɞɹɬ�ɩɪɨɰɟɫɫɵ�ɜɡɚɢɦɨɞɢɮɮɭɡɢɢ�
ɦɟɠɞɭ�ɦɟɬɚɥɥɚɦɢ�ɫ�ɨɛɪɚɡɨɜɚɧɢɟɦ�ɬɜɟɪɞɨɝɨ�ɪɚɫɬɜɨɪɚ��

ɋɨɟɞɢɧɟɧɢɹ� ɪɚɡɧɨɪɨɞɧɵɯ� ɦɟɬɚɥɥɨɜ� ɫɩɨɫɨɛɨɦ� ɋɌɉ� ɩɪɢ� ɨɬɫɭɬɫɬɜɢɢ� ɜɡɚɢɦɧɨɣ�
ɪɚɫɬɜɨɪɢɦɨɫɬɢ� ɷɥɟɦɟɧɬɨɜ� ɜ� ɬɜɟɪɞɨɣ� ɮɚɡɟ� ɛɵɥɚ� ɢɡɭɱɟɧɚ� ɧɚ� ɩɪɢɦɟɪɟ� ɫɢɫɬɟɦɵ� )H±$O�� ȼ�
ɩɨɩɟɪɟɱɧɨɦ�ɫɟɱɟɧɢɢ�ɡɨɧɵ�ɫɨɟɞɢɧɟɧɢɹ�ɨɛɪɚɡɭɟɬɫɹ�ɹɞɪɨ�ɪɚɡɦɟɪɨɦ����î����ɦɦ�ɢ�ɤɥɢɧɨɨɛɪɚɡɧɨɟ�
ɜɧɟɞɪɟɧɢɟ� ɠɟɥɟɡɚ� ɧɚ� ɝɥɭɛɢɧɭ� �� ɦɦ� ɫ� ɞɜɭɯ� ɫɬɨɪɨɧ� ɨɬ� ɹɞɪɚ� �ɪɢɫ�� ���� ɋɬɪɭɤɬɭɪɚ� ɹɞɪɚ�
ɧɟɨɞɧɨɪɨɞɧɚɹ�� ɫɨɫɬɨɢɬ� ɢɡ� ɬɪɟɯ� ɡɨɧ�� əɞɪɨ� ɜ� ɩɟɪɜɭɸ� ɨɱɟɪɟɞɶ� ɨɛɪɚɡɨɜɚɥɨɫɶ� ɜ� ɪɟɡɭɥɶɬɚɬɟ�
ɦɚɫɫɨɩɟɪɟɧɨɫɚ�ɚɥɸɦɢɧɢɹ��ɬɚɤ�ɤɚɤ�ɜɫɟ�ɡɨɧɵ�ɩɨ�ɞɚɧɧɵɦ�ɊɋɆȺ�ɢɦɟɸɬ�ɚɥɸɦɢɧɢɟɜɭɸ�ɦɚɬɪɢɰɭ��



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

���

ɚ� ɛ

ɜ� ɝ
Ɋɢɫ�����Ɉɛɳɢɣ�ɜɢɞ��ɚ��ɢ�ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ��ɛ±ɝ��ɩɨɩɟɪɟɱɧɨɝɨ�ɲɥɢɮɚ�ɫɜɚɪɧɨɝɨ�ɫɨɟɞɢɧɟɧɢɹ�
)H�$O��ɩɨɥɭɱɟɧɧɨɝɨ�ɋɌɉ��ɚ�± u����ɛ±ɝ�± u����

ȼ ɡɨɧɟ�ɹɞɪɚ��ɤɨɬɨɪɚɹ�ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ�ɤɨɧɬɚɤɬɢɪɭɟɬ�ɫ�ɠɟɥɟɡɨɦ��ɨɫɧɨɜɧɨɣ�ɫɬɪɭɤɬɭɪɧɨɣ�
ɫɨɫɬɚɜɥɹɸɳɟɣ� ɹɜɥɹɟɬɫɹ� ɚɥɸɦɢɧɢɞɵ� )H�$O�� ɢ� )H$O��� ɤɨɬɨɪɵɟ� ɨɛɪɚɡɭɸɬ� ɹɡɵɤɨɨɛɪɚɡɧɵɟ�
ɜɧɟɞɪɟɧɢɹ� ɜ� )H��Ⱥɥɸɦɢɧɢɞɵ�ɠɟɥɟɡɚ� ɪɚɫɩɨɥɨɠɟɧɵ�ɜ�$O�ɦɚɬɪɢɰɟ�� ɩɨɷɬɨɦɭ� �ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ�
ɷɬɨɣ�ɡɨɧɵ�ɧɟɜɟɥɢɤɚ�± ����±�����Ɇɉɚ��ɨɬɧɨɫɢɬɟɥɶɧɨ�ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ�ɫɚɦɢɯ�ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ�
�a������Ɇɉɚ���ȼ�ɫɬɪɭɤɬɭɪɟ�ɹɞɪɚ�ɧɚɛɥɸɞɚɟɬɫɹ�ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɶ��ɱɬɨ�ɨɱɟɜɢɞɧɨ�ɨɛɭɫɥɨɜɥɟɧɧɚɹ�
ɨɛɪɚɡɨɜɚɧɢɟɦ�ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ�ɮɚɡ��ɉɨ�ɞɚɧɧɵɦ�ɊɋɆȺ�ɜ�$O�± ɫɩɥɚɜɟ�ɢ�ɜ�)H�ɧɚ�ɪɚɫɫɬɨɹɧɢɢ�
��±���ɦɤɦ�ɨɬ�ɹɞɪɚ�ɜɡɚɢɦɨɞɢɮɮɭɡɢɹ�ɷɥɟɦɟɧɬɨɜ�ɧɟ�ɧɚɛɥɸɞɚɟɬɫɹ�

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ� ɫɨɟɞɢɧɟɧɢɹ $O�)H�
ɭɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�ɜ�ɩɪɨɰɟɫɫɟ�ɋɌɉ�ɩɪɨɢɫɯɨɞɢɬ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ� �ɦɟɬɚɥɥɨɜ� ± ɦɚɫɫɨɩɟɪɟɧɨɫ��ɜ�
ɩɟɪɜɭɸ� ɨɱɟɪɟɞɶ� ɚɥɸɦɢɧɢɹ�� ɢ� ɩɨɫɥɟɞɭɸɳɟɟ� ɨɛɪɚɡɨɜɚɧɢɟ� ɫɨɟɞɢɧɟɧɢɣ�� )H$O��� )H�$O��� )H$O���
ɇɚɢɛɨɥɟɟ� ɬɜɟɪɞɵɟ� ɭɱɚɫɬɤɢ� ɡɨɧɵ� ɫɨɟɞɢɧɟɧɢɹ�� ɫɨɫɬɨɹɳɢɟ� ɢɡ� ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ� ɜ� $O�ɦɚɬɪɢɰɟ��
ɛɨɥɟɟ�ɱɟɦ�ɜ���ɪɚɡɚ�ɦɹɝɱɟ�ɚɥɸɦɢɧɢɞɨɜ�ɠɟɥɟɡɚ��

ɉɪɢ� ɢɫɫɥɟɞɨɜɚɧɢɢ� ɩɪɨɞɨɥɶɧɨɝɨ� ɫɟɱɟɧɢɹ� ɡɨɧɵ� ɫɨɟɞɢɧɟɧɢɹ� ɨɛɧɚɪɭɠɟɧɨ�� ɱɬɨ� ɨɧɚ�
ɫɩɥɨɲɧɚɹ��ɧɟ�ɫɨɞɟɪɠɢɬ�ɞɟɮɟɤɬɨɜ�ɢ�ɧɨɫɢɬ�ɜɨɥɧɨɨɛɪɚɡɧɵɣ�ɯɚɪɚɤɬɟɪ��ɢɡɦɟɧɹɹɫɶ�ɩɨ�ɲɢɪɢɧɟ�ɨɬ���
ɞɨ� �� ɦɦ�� ȿɟ� ɫɬɪɭɤɬɭɪɚ� ɫɨɫɬɨɢɬ� ɢɡ� ɭɱɚɫɬɤɨɜ�� ɚɧɚɥɨɝɢɱɧɵɯ� ɜɵɲɟ� ɨɩɢɫɚɧɧɵɦ�� ɩɪɢ� ɚɧɚɥɢɡɟ�
ɩɨɩɟɪɟɱɧɨɝɨ�ɫɟɱɟɧɢɹ�ɞɚɧɧɨɝɨ�ɫɜɚɪɧɨɝɨ�ɫɨɟɞɢɧɟɧɢɹ��

ȼɵɜɨɞɵ�
ɉɪɢ� ɋɌɉ� &X�1L ɩɨɥɭɱɚɟɬɫɹ� ɛɢɦɟɬɚɥɥɢɱɟɫɤɨɟ� ɫɨɟɞɢɧɟɧɢɟ�� ɫ� ɜɡɚɢɦɧɵɦ�

ɩɪɨɧɢɤɧɨɜɟɧɢɟɦ� ɨɞɧɨɝɨ� ɦɟɬɚɥɥɚ� ɜ� ɞɪɭɝɨɣ� ɧɚ� ɝɥɭɛɢɧɭ� a� ɦɦ�� ɉɪɢ� ɷɬɨɦ� ɩɪɨɢɫɯɨɞɢɬ�
ɢɡɦɟɥɶɱɟɧɢɟ�ɫɬɪɭɤɬɭɪɵ��ȼɟɞɭɳɭɸ�ɪɨɥɶ�ɜ�ɩɪɨɰɟɫɫɟ�ɋɌɉ�ɢɝɪɚɟɬ�ɦɚɫɫɨɩɟɪɟɧɨɫ�ɦɟɬɚɥɥɨɜ�ɢ�ɜ�
ɦɟɧɶɲɟɣ�ɫɬɟɩɟɧɢ�ɢɯ�ɜɡɚɢɦɨɞɢɮɮɭɡɢɹ��



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

���

ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɫɜɚɪɧɨɝɨ� ɫɨɟɞɢɧɟɧɢɹ� ɋX� ɫɨ� ɫɬɚɥɶɸ�� ɭɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ�
ɜɟɞɭɳɭɸ� ɪɨɥɶ�ɤɚɤɢ� ɜ� ɩɪɟɞɵɞɭɳɟɣ� ɫɢɫɬɟɦɟ�� ɢɝɪɚɟɬ� ɦɚɫɫɨɩɟɪɟɧɨɫ� ɦɟɬɚɥɥɚ� ɉɪɢ� ɷɬɨɦ
ɡɧɚɱɢɬɟɥɶɧɨɟ� ɢɡɦɟɥɶɱɟɧɢɟ� ɡɟɪɧɚ� ɩɪɨɢɫɯɨɞɢɬ�� ɤɚɤ� ɜ� ɡɨɧɟ� ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�� ɬɚɤ� ɢ� ɜ� ɡɨɧɚɯ�
ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ�ɢ�ɬɟɪɦɢɱɟɫɤɨɝɨ�ɜɥɢɹɧɢɹ��

ɉɪɢ� ɫɜɚɪɤɟ� $O�)H� ɨɛɪɚɡɨɜɵɜɚɟɬɫɹ� ɡɨɧɚ� ɫɨɟɞɢɧɟɧɢɹ� ɫ� ɩɪɨɧɢɤɧɨɜɟɧɢɟɦ� $O� ɜ� )H� ɧɚ�
ɝɥɭɛɢɧɭ� ɞɨ� ���� ɦɦ�� ɋ� ɨɛɪɚɡɨɜɚɧɢɟɦ� ɫɨɟɞɢɧɟɧɢɣ�� )H$O��� )H�$O��� )H$O��� ɇɚɢɛɨɥɟɟ� ɬɜɟɪɞɵɟ�
ɭɱɚɫɬɤɢ� ɡɨɧɵ� ɫɨɟɞɢɧɟɧɢɹ� �����±�����Ɇɉɚ�� ɫɨɫɬɨɹɬ� ɢɡ� ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ�� ɪɚɫɩɨɥɨɠɟɧɧɵɯ� ɜ�
$O�ɦɚɬɪɢɰɟ��ɩɨɷɬɨɦɭ�ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ�ɷɬɨɣ�ɫɬɪɭɤɬɭɪɵ�ɜ�ɧɟɫɤɨɥɶɤɨ�ɪɚɡ�ɧɢɠɟ�ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ�
ɫɚɦɢɯ�ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ�

Ɋɟɡɭɥɶɬɚɬɵ� ɩɪɨɜɟɞɟɧɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɩɨɡɜɨɥɹɸɬ� ɪɟɤɨɦɟɧɞɨɜɚɬɶ� ɦɟɬɨɞ� ɋɌɉ� ɞɥɹ�
ɩɨɥɭɱɟɧɢɹ� ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɩɪɢ� ɷɬɨɦ� ɜɨɡɦɨɠɧɨ� ɫɨɡɞɚɜɚɬɶ� ɛɢɦɟɬɚɥɥ� ɩɨ� ɬɢɩɭ�
ɧɚɩɥɚɜɤɢ���

Ⱦɨɫɥɿɞɠɟɧɨ� ɫɬɪɭɤɬɭɪɢ� ɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɛɿɦɟɬɚɥɟɜɢɯ� ɡ
ɽɞɧɚɧɶ� ɪɿɡɧɨɪɿɞɧɢɯ� ɦɟɬɚɥɿɜ�� ɨɬɪɢɦɚɧɢɯ�
ɡɜɚɪɸɜɚɧɧɹɦ�ɬɟɪɬɹɦ� ɡ� ɩɟɪɟɦɿɲɭɜɚɧɧɹɦ� Ⱦɨɫɥɿɞɠɟɧɨ� ɫɢɫɬɟɦɢ� ɡ� ɧɟɨɛɦɟɠɟɧɨɸ� �1L�&X�� ɿ� ɡ� ɨɛɦɟɠɟɧɨɸ�
�&X�)H�� ɪɨɡɱɢɧɧɿɫɬɸ�� ɚ� ɬɚɤɨɠ� ɡ� ɜɿɞɫɭɬɧɿɫɬɸ� ɪɨɡɱɢɧɧɨɫɬɿ� �$O�)H�� ɤɨɦɩɨɧɟɧɬɿɜ� ɜ� ɬɜɟɪɞɨɦɭ� ɫɬɚɧɿ�
Ɂɜɚɪɸɜɚɧɧɹɦ�ɬɟɪɬɹɦ�ɡ�ɩɟɪɟɦɿɲɭɜɚɧɧɹɦ�ɛɭɥɢ�ɨɬɪɢɦɚɧɿ�ɹɤɿɫɧɿ�ɡ
ɽɞɧɚɧɧɹ�ɡ�ɜɡɚɽɦɧɢɦ�ɩɪɨɧɢɤɧɟɧɧɹɦ�ɨɞɧɨɝɨ
ɦɟɬɚɥɭ�ɜ� ɿɧɲɢɣ� Ɉɫɧɨɜɧɭ�ɪɨɥɶ�ɜ�ɰɶɨɦɭ�ɩɪɨɰɟɫɿ� ɜɿɞɿɝɪɚɽ�ɦɟɯɚɧɿɱɧɟ�ɩɟɪɟɦɿɲɭɜɚɧɧɹ�ɦɟɬɚɥɿɜ� ɿ�ɩɨɞɪɿɛɧɟɧɧɹ�
ɫɬɪɭɤɬɭɪɢ�� ɉɪɢ� ɰɶɨɦɭ� ɞɢɮɭɡɿɣɧɿ� ɩɪɨɰɟɫɢ� ɧɟɡɧɚɱɧɿ�� ɍ� ɩɪɨɰɟɫɿ� ɡɜɚɪɸɜɚɧɧɹ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɡɧɚɱɧɟ�
ɩɨɞɪɿɛɧɟɧɧɹ�ɡɟɪɧɚ�ɹɤ�ɜ�ɡɨɧɿ�ɪɟɤɪɢɫɬɚɥɿɡɚɰɿʀ��ɬɚɤ�ɿ�ɜ�ɡɨɧɚɯ�ɬɟɪɦɨɦɟɯɚɧɿɱɧɨɝɨ�ɿ�ɬɟɪɦɿɱɧɨɝɨ�ɜɩɥɢɜɭ�

ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɡɜɚɪɸɜɚɧɧɹ� ɬɟɪɬɹɦ� ɡ� ɩɟɪɟɦɿɲɭɜɚɧɧɹɦ� �ɋɌɉ�� ɚɥɸɦɿɧɿɸ� ɡ� ɡɚɥɿɡɨɦ� ɭɬɜɨɪɢɥɚɫɹ�
ɡɨɧɚ� ɡ
ɽɞɧɚɧɧɹ� ɡɧɚɱɧɨɝɨ� ɨɛɫɹɝɭ� ɡ� ɩɪɨɧɢɤɧɟɧɧɹɦ�ɚɥɸɦɿɧɿɸ� ɜ� ɡɚɥɿɡɨ� ɧɚ� ɝɥɢɛɢɧɭ� ɞɨ� ����ɦɦ� ɉɪɢ�ɰɶɨɦɭ�
ɜɿɞɛɭɜɚɽɬɶɫɹ�ɜɡɚɽɦɨɞɿɹ�ɦɟɬɚɥɿɜ��ɦɚɫɨɩɟɪɟɧɨɫ�ɜ�ɩɟɪɲɭ�ɱɟɪɝɭ�ɚɥɸɦɿɧɿɸ�ɿ�ɩɨɞɚɥɶɲɟ�ɭɬɜɨɪɟɧɧɹ�ɡ
ɽɞɧɚɧɶ�
)�$O���)H$O��

Ɋɟɡɭɥɶɬɚɬɢ�ɩɪɨɜɟɞɟɧɢɯ�ɞɨɫɥɿɞɠɟɧɶ�ɞɨɡɜɨɥɹɸɬɶ�ɪɟɤɨɦɟɧɞɭɜɚɬɢ�ɞɚɧɢɣ�ɫɩɨɫɿɛ�ɡɜɚɪɸɜɚɧɧɹ�ɞɥɹ�
ɨɬɪɢɦɚɧɧɹ� ɛɿɦɟɬɚɥɟɜɢɯ� ɡ
ɽɞɧɚɧɶ� ɪɿɡɧɨɪɿɞɧɢɯ� ɦɟɬɚɥɿɜ�� ɳɨ� ɦɚɸɬɶ� ɪɿɡɧɭ� ɪɨɡɱɢɧɧɿɫɬɶ� ɟɥɟɦɟɧɬɿɜ� ɭ�
ɬɜɟɪɞɨɦɭ�ɫɬɚɧɿ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɛɿɦɟɬɚɥ�� ɡɜɚɪɸɜɚɧɧɹ� ɬɟɪɬɹɦ� ɡ� ɩɟɪɟɦɿɲɭɜɚɧɧɹɦ� �ɁɌɉ��� ɡɜɚɪɧɟ� ɡ
ɽɞɧɚɧɧɹ��
ɦɟɯɚɧɿɱɧɟ��ɞɢɮɭɡɿɹ��ɪɨɡɱɢɧɧɿɫɬɶ�ɜ�ɬɜɟɪɞɿɣ�ɮɚɡɿ��ɦɿɤɪɨɫɬɪɭɤɬɭɪɚ��ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɢɣ�ɦɿɤɪɨɚɧɚɥɿɡ��
ɟɥɟɦɟɧɬɧɢɣ�ɫɤɥɚɞ��ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ�

*� 0��*ULJRUHQNR��0� $��3ROHVKFKXN� /� ,��$GHHYD��$� <X��7XQLN��9� ,��=HOHQLQ��9� $��/XNDVK��
(� 9��=HOHQLQ��6� '��=DERORWQLH��<X� 1��1LNLW\XN

6758&785(�$1'�3523(57,(6�2)�%,0(7$/6�'5,('�%<�)5,&7,21�:,7+�0,;,1*
7KH�VWUXFWXUHV�DQG�SURSHUWLHV�RI�ELPHWDOOLF�FRPSRXQGV�RI�GLVVLPLODU�PHWDOV�REWDLQHG�E\�IULFWLRQ�VWLU�

ZHOGLQJ��)6:��ZHUH�VWXGLHG� 6\VWHPV�ZLWK�XQOLPLWHG��1L�&X��DQG�OLPLWHG��&X�)H��VROXELOLW\��DV�ZHOO�DV� WKH�
DEVHQFH�RI�VROXELOLW\��$O�)H��RI� WKH�FRPSRQHQWV� LQ� WKH�VROLG�VWDWH�DUH� LQYHVWLJDWHG� %\�IULFWLRQ�VWLU�ZHOGLQJ��
ZHUH�REWDLQHG�TXDOLWDWLYH�FRPSRXQGV�ZLWK�PXWXDO�SHQHWUDWLRQ�RI�RQH�PHWDO� LQWR�DQRWKHU� 7KH�PDLQ�UROH� LQ�
WKLV�SURFHVV� LV� WKH�PHFKDQLFDO�PL[LQJ�RI�PHWDOV�DQG�JULQGLQJ�RI� WKH� VWUXFWXUH��7KH�GLIIXVLRQ�SURFHVVHV�DUH�
LQVLJQLILFDQW� ,Q� WKH� SURFHVV� RI� ZHOGLQJ�� WKHUH� LV� D� VLJQLILFDQW JULQGLQJ� RI� WKH� JUDLQ� ERWK� LQ� WKH�
UHFU\VWDOOL]DWLRQ�]RQH�DQG�LQ�WKH�]RQHV�RI�WKHUPRPHFKDQLFDO�DQG�WKHUPDO�LQIOXHQFH�

$V�D�UHVXOW�RI�IULFWLRQ�VWLU�ZHOGLQJ�RI�DOXPLQXP�ZLWK�LURQ��D�]RQH�RI�FRQVLGHUDEOH�YROXPH�ZDV�IRUPHG�
ZLWK�SHQHWUDWLRQ�RI�DOXPLQXP� LQWR� LURQ� WR�D�GHSWK�RI�����PP� ,Q� WKLV� FDVH�� WKH� LQWHUDFWLRQ�RI�PHWDOV� WDNHV�
SODFH��PDVV�WUDQVIHU�SULPDULO\�RI�DOXPLQXP�DQG�WKH�VXEVHTXHQW�IRUPDWLRQ�RI�WKH�FRPSRXQGV�)�$O���)H$O��

7KH�UHVXOWV�RI�WKH�FRQGXFWHG�LQYHVWLJDWLRQV�DOORZ�XV�WR�UHFRPPHQG�WKLV�ZHOGLQJ�PHWKRG�IRU�REWDLQLQJ�
ELPHWDOOLF�FRPSRXQGV�RI�GLVVLPLODU�PHWDOV�KDYLQJ�GLIIHUHQW�VROXELOLW\�RI�WKH�HOHPHQWV�LQ�WKH�VROLG�VWDWH�

.H\� ZRUGV�� ELPHWDO�� IULFWLRQ� VWLU� ZHOGLQJ� �67)��� ZHOGHG� MRLQW�� PHFKDQLFDO�� GLIIXVLRQ�� VROXELOLW\� LQ�
VROLG�SKDVH��PLFURVWUXFWXUH��;�UD\�PLFURDQDO\VLV��HOHPHQWDO�FRPSRVLWLRQ��PLFURKDUGQHVV�



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

���

Ʌɢɬɟɪɚɬɭɪɚ
�� *%�3DWɟQW�ʋ �����������)ULFWLRQ�VWLU�EXWW�ZHOGLQJ���:�0��7KRPDV��(��'��1LFKRODV��-��&��

1HHGDP�HW�DO��± 3XEO��2FW�������
�� ȼɢɥɥɶ�ȼ��ɂ��ɋɜɚɪɤɚ�ɬɪɟɧɢɟɦ�ɦɟɬɚɥɥɨɜ��± Ʌ���Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ��������± ����ɫ�
�� ɋɜɚɪɤɚ�ɬɪɟɧɢɟɦ��ɫɩɪɚɜɨɱɧɢɤ���ȼ� Ʉ��Ʌɟɛɟɞɟɜ��ɂ� Ⱥ��ɑɟɪɧɟɧɤɨ��Ɋ��Ɇɢɯɚɥɶɫɤɢ�ɢ�ɞɪ��±

Ʌ���Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ��������± ����ɫ�
�� 0LVKUDD�5�� 6���0D� =��<�)ULFWLRQ� VWLU�ZHOGLQJ� DQG� SURFHVVLQJ� ���0DWHU�� 6FL�� DQG�(QJ�� ±

������± ����± Ɋ���±���
�� ɗɪɢɤɫɫɨɧ�Ʌ��Ƚ�� Ʌɚɪɫɫɨɧ�Ɋ�� Ɋɨɬɚɰɢɨɧɧɚɹ�ɫɜɚɪɤɚ�ɬɪɟɧɢɟɦ� ± ɧɚɭɱɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɢ�

ɧɨɜɵɟ�ɨɛɥɚɫɬɢ�ɩɪɢɦɟɧɟɧɢɹ����Ɍɟɯɧɨɥɨɝɢɹ�ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ��± ������± ʋ����± &����±���
�� Ʌɸɞɦɢɪɫɤɢɣ� ɘ�� Ƚ��� Ʉɨɬɥɵɲɟɜ� 3�� 3�� ɋɜɚɪɤɚ� ɬɪɟɧɢɟɦ� ɫ� ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ�

ɚɥɸɦɢɧɢɟɜɵɯ� ɫɩɥɚɜɨɜ� ɜ� ɫɬɪɨɢɬɟɥɶɫɬɜɟ� ��� ɇɚɭɱ�� ɜɟɫɬɧ�� ȼȽȺɋɍ�� ɋɬɪ�ɜɨ� ɢ�
ɚɪɯɢɬɟɤɬɭɪɚ��± ������± ʋ����± ɋ����±���

�� Ɍɟɯɧɨɥɨɝɢɹ� ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ� ɪɟɦɨɧɬɚ� ɫɥɹɛɨɜɵɯ� ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ� ɆɇɅɁ�
ɧɚɩɥɚɜɤɨɣ� ɬɪɟɧɢɟɦ� ɫ� ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ� ��ɘ��ɇ��ɇɢɤɢɬɸɤ��Ƚ��Ɇ��Ƚɪɢɝɨɪɟɧɤɨ�� ȼ��ɂ��
Ɂɟɥɟɧɢɧ�ɢ�ɞɪ�����ɋɨɜɪɟɦɟɧ��ɷɥɟɤɬɪɨɦɟɬɚɥɥɭɪɝɢɹ��± ������± ʋ����± ɋ����±���

�� :DWDQDEH�+���7DND\DPD�+���<DQDJLVDZD�$��-RLQLQJ�RI�DOXPLQXP�DOOR\�WR�VWHHO�E\�IULFWLRQ�
VWLU�ZHOGLQJ����-��0DWHU��3URF��7HFKQRO��± ������± �����± 3�����±����

�� ,QWHUIDFLDOUHDFWLRQ�LQ�VWHHO�DOXPLQXP�MRLQWV�PDGH�E\�IULFWLRQ�VWLU�ZHOGLQJ���:��%� /HH��0��
6FKPXHFNHU��8��$��0HUFDUGR�HW�DO�����6FULSWD�0DWHU��± ������± ����± 3�����±����

��� 0LFURVWUXFWXUH RI� IULFWLRQ� VWLU� ZHOGLQJ� RI� DOXPLQLXP� DOOR\� WR� PDJQHVLXP� DOOR\� �� $��
.RVWND��5� 6��&RHOKR��-��GRV�6DQWRV��$�5��3\]D����,ELG��± ������± ����± 3�����±����

��� .ZRQ�<��-����6KLJHPDWVX�,���6DLWR�1��'LVVLPLODU�IULFWLRQ�VWLU�ZHOGLQJ�EHWZHHQ�PDJQHVLXP�
DQG�DOXPLQLXP�DOOR\V����0DWHULDOV�/HWWHUV��± ������± ����± 3������±�����

��� (IIHFW��RI�IULFWLRQ�VWLU�ZHOGLQJ�SDUDPHWHUV�RQ�WKH�PLFURVWUXFWXUH�DQG�PHFKDQLFDO�SURSHUWLHV�
RI�WKH�GLVVLPLODU�$O²ɫX�MRLQWV���3��;XH��'�5��1L��'��:DQJ�HW�DO�����0DWHU��6FL��DQG�(QJ��±
������± �����± 3������±�����

��� 6DHLGD� 7��� $EGROODK�=DGHKE� $��� 6D]JDULE� %��:HOGDELOLW\� DQG� PHFKDQLFDO� SURSHUWLHV� RI�
GLVVLPLODU� DOXPLQXP�FRSSHU� ODS� MRLQWV� PDGH� E\� IULFWLRQ� VWLU� ZHOGLQJ� ��� -�� $OOR\V� DQG�
&RPSRXQGV��± ������± �����± 3�����±����

��� Ɍɟɯɧɨɥɨɝɢɹ� ɪɟɦɨɧɬɚ� ɦɟɞɧɵɯ� ɫɥɹɛɨɜɵɯ� ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ� ɧɚɩɥɚɜɤɨɣ� ɬɪɟɧɢɟɦ� ɫ�
ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ � ɘ�� Ⱥ�� ɇɢɤɢɬɸɤ� ȼ�� ɂ�� Ɂɟɥɟɧɢɧ�� Ɇ�� Ⱥ�� ɉɨɥɟɳɭɤɢ� ɞɪ� ��
ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢ� ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ± ɬɟɯɧɢɤɚ��
ɬɟɯɧɨɥɨɝɢɹ� ɟɝɨ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɢ� ɩɪɢɦɟɧɟɧɢɹ�� ȼɵɩ�� ���� ± Ʉ��� ɂɋɆ�ɢɦ�� ȼ�ɇ�� Ȼɚɤɭɥɹ�
ɇȺɇ�ɍɤɪɚɢɧɵ��������± ɋ�����±����

��� ɉɚɬɟɧɬ� ɧɚ� ɩɪɨɦɢɫɥɨɜɢɣ� ɡɪɚɡɨɤ ʋ� ������� ɍɤɪɚʀɧɚ�� ȼɫɬɚɜɤɚ� ɪɨɛɨɱɨɝɨ� ɿɧɫɬɪɭɦɟɧɬɭ�
ɭɫɬɚɧɨɜɤɢ�ɞɥɹ�ɡɜɚɪɸɜɚɧɧɹ� ɿ�ɧɚɩɥɚɜɥɟɧɧɹ�ɦɟɬɨɞɨɦ�ɬɟɪɬɹ�ɡ�ɩɟɪɟɦɿɲɭɜɚɧɧɹɦ���Ɇ��Ⱥ��
ɉɨɥɟɳɭɤ��Ƚ��Ɇ��Ƚɪɢɝɨɪɟɧɤɨ��ɉ��Ɇ��Ʉɚɜɭɧɟɧɤɨ�ɬɚ�ɿɧ��± Ɉɩɭɛɥ������������Ȼɸɥ��ʋ����

��� Ȼɟɤɤɟɪɬ�Ɇ��Ʉ���Ʉɥɟɦɦ�ɏ��&ɩɨɫɨɛɵ�ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ�ɬɪɚɜɥɟɧɢɹ�� Fɩɪɚɜɨɱɧɢɤ��±
Ɇ���Ɇɟɬɚɥɥɭɪɝɢɹ��������± ����ɫ�

ɉɨɫɬɭɩɢɥɚ���������

5HIHUHQFHV
�� 7KRPDV��:� 0�� 1LFKRODV��(��'�� 1HHGDP� -��&�� HW�DO����������3DWɟQW���������� RI�*%��
�� 9LOO� 9��,����������6YDUND�WUHQLHP�PHWDOORY >)ULFWLRQ�ZHOGLQJ�RI�PHWDOV@� /HQLQJUDG��

0DVKLQRVWURHQLH >LQ�5XVVLDQ@�



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

���

�� /HEHGHY� 9� .���&KHUQHQNR� ,� $���0LNKDOVNL� 5�� HW�DO� ������� 6YDUND�WUHQLHP��
VSUDYRFKQLN�>)ULFWLRQ�ZHOGLQJ��D�JXLGH@� /HQLQJUDG��0DVKLQRVWURHQLH >LQ�5XVVLDQ@�

�� 0LVKUDD� 5��6���	�0D� =��<� ������� )ULFWLRQ�VWLU�ZHOGLQJ�DQG�SURFHVVLQJ� 0DWHU��6FL��DQG�
(QJ�� ��� �±���

�� (ULNVVRQ�/��*�� 	�/DUVVRQ�5��������� 5RWDWVLRQQDLD�VYDUND�WUHQLHP�± QDXFKQ\H�
LVVOHGRYDQLLD�L�QRY\H�REODVWL�SULPHQHQLLD�>5RWDWLRQDO�IULFWLRQ�ZHOGLQJ�± VFLHQWLILF�UHVHDUFK�
DQG�QHZ�DSSOLFDWLRQV@� 7HNKQRORJL\D�PDVKLQRVWURHQL\D ± 7HFKQRORJ\ RI PHFKDQLFDO
HQJLQHHULQJ@���� ��±�� >LQ�5XVVLDQ@�

�� /\XGPLUVNL\� <X��*�� 	�.RWO\VKHY� 3��3����������6YDUND�WUHQLHP�V�SHUHPHVKLYDQLHP�
DOLXPLQLHY\NK�VSODYRY�Y�VWURLWHOVWYH�>)ULFWLRQ�ZHOGLQJ�ZLWK�PL[LQJ�RI�DOXPLQXP�DOOR\V�LQ�
FRQVWUXFWLRQ@� 1DXFK��YHVWQ��9*$68��6WU�YR�L�DUNKLWHNWXUD ± 6FLHQWLILF�+HUDOG�RI�9*$68��
&RQVWUXFWLRQ�DQG�DUFKLWHFWXUH� �� ��±�� >LQ�5XVVLDQ@�

�� 1LNLWLXN��<X��1�� *ULJRUHQNR��*��0�� =HOHQLQ� 9��,���(W�DO��������� 7HNKQRORJLLD�
YRVVWDQRYLWHOQRJR�UHPRQWD�VOLDERY\NK�NULVWDOOL]DWRURY�01/=�QDSODYNRL WUHQLHP�V�
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