
ɊȺɁȾȿɅ����ɌȿɏɇɂɄȺ�ɂ�ɌȿɏɇɈɅɈȽɂə�ɉɊɈɂɁȼɈȾɋɌȼȺ�ɌȼȿɊȾɕɏ�ɋɉɅȺȼɈȼ�
ɂ�ɂɏ�ɉɊɂɆȿɇȿɇɂȿ�ȼ�ɂɇɋɌɊɍɆȿɇɌȿ�ȾɅə�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅȿɃ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɍȾɄ����������������

Ɉ� ɇ� Ʉɚɣɞɚɲ��ȼ� ȼ� ɂɜɠɟɧɤɨ��ɤɚɧɞɢɞɚɬɵ�ɬɟɯɧɢɱɟɫɤɢɯ�ɧɚɭɤ��
Ɇ� Ⱥ� Ɇɚɪɢɧɢɱ� ɤɚɧɞ��ɯɢɦ��ɧɚɭɤ� ɂ� ɉ� Ɏɟɫɟɧɤɨ��ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ��
Ƚ� Ɏ� ɋɚɪɧɚɜɫɤɚɹ� ȼ� ɇ��Ɍɤɚɱ� ɞ�ɪ�ɮɢɡ��ɦɚɬ��ɧɚɭɤ� ȼ� ɋ� Ȼɟɥɨɜɨɥ

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

ɂɋɋɅȿȾɈȼȺɇɂȿ�ȽɂȾɊɈȺȻɊȺɁɂȼɇɈȽɈ�ɂɁɇɈɋȺ�ȽɈɊəɑȿɉɊȿɋɋɈȼȺɇɇɕɏ�
ɆȺɌȿɊɂȺɅɈȼ ɋɂɋɌȿɆɕ�%�&±7L%�

ɂɡɭɱɟɧɚ� ɭɫɬɨɣɱɢɜɨɫɬɶ� ɤɟɪɚɦɢɱɟɫɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɫɢɫɬɟɦɵ ȼ�ɋ±7Lȼ� ɤ�
ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɦɭ ɢɡɧɨɫɭ�ɜ�ɦɨɪɫɤɨɣ�ɜɨɞɟ�ɢ ɩɭɥɶɩɟ ɢɡ ɦɨɪɫɤɨɣ ɜɨɞɵ ɫ�ɩɟɫɤɨɦ��ȼ�ɰɟɥɹɯ�ɷɬɨɝɨ�
ɢɡɦɟɪɟɧɚ� ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ�ɪɚɫɬɜɨɪɟɧɢɹ� ɩɪɢ� ɜɵɛɪɚɧɧɨɦ�ɩɨɬɟɧɰɢɚɥɟ�ĳ  ���� ȼ��ɇɚɢɛɨɥɟɟ�
ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɣ� ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɣ� ɤɟɪɚɦɢɱɟɫɤɢɣ� ɦɚɬɟɪɢɚɥ� ȼ�ɋ±��� 7Lȼ� ɢɦɟɟɬ�
ɜɵɫɨɤɭɸ�ɬɜɟɪɞɨɫɬɶ�+.1����� Ƚɉɚ�ɢ�ɩɨɜɵɲɟɧɧɭɸ�ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ�Ʉ�ɫ ± ��� ɆɉɚÂɦ����

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɤɟɪɚɦɢɱɟɫɤɢɣ� ɦɚɬɟɪɢɚɥ�� ȼ�ɋ±7Lȼ�� ɝɢɞɪɨɚɛɪɚɡɢɜɧɵɣ ɢɡɧɨɫ��
ɤɨɪɪɨɡɢɨɧɧɚɹ�ɫɬɨɣɤɨɫɬɶ��ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ�ɪɚɫɬɜɨɪɟɧɢɹ�

ɂɡɧɨɫ�ɞɟɬɚɥɟɣ�ɦɚɲɢɧ�ɡɚɜɢɫɢɬ�ɨɬ�ɭɫɥɨɜɢɣ�ɬɪɟɧɢɹ��ɫɜɨɣɫɬɜ�ɦɚɬɟɪɢɚɥɨɜ�ɢ�ɤɨɧɫɬɪɭɤɰɢɢ��
ɂɡɧɨɫ� ɦɨɠɧɨ� ɪɚɫɫɦɚɬɪɢɜɚɬɶ� ɤɚɤ� ɦɟɯɚɧɢɱɟɫɤɢɣ� ɩɪɨɰɟɫɫ�� ɨɫɥɨɠɧɺɧɧɵɣ� ɞɟɣɫɬɜɢɟɦ�
ɮɢɡɢɱɟɫɤɢɯ� ɢ� ɯɢɦɢɱɟɫɤɢɯ� ɮɚɤɬɨɪɨɜ�� ɜɵɡɵɜɚɸɳɢɯ� ɫɧɢɠɟɧɢɟ� ɩɪɨɱɧɨɫɬɢ� ɦɢɤɪɨɨɛɴɺɦɨɜ�
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ� ɫɥɨɹ��ɉɨ� ɭɫɥɨɜɢɹɦ� ɜɧɟɲɧɟɝɨ� ɜɨɡɞɟɣɫɬɜɢɹ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɧɵɣ� ɫɥɨɣ�ɦɨɠɧɨ�
ɜɵɞɟɥɢɬɶ�ɚɛɪɚɡɢɜɧɵɣ ɢɡɧɨɫ��ɝɚɡɨɚɛɪɚɡɢɜɧɵɣ��ɝɢɞɪɨɚɛɪɚɡɢɜɧɵɣ��

Ƚɢɞɪɨɚɛɪɚɡɢɜɧɨɦɭ� ɢɡɧɨɫɭ� ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɟɬɚɥɢ� ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ� ɦɚɲɢɧ� ɢ�
ɬɪɭɛɨɩɪɨɜɨɞɨɜ� �ɪɚɛɨɱɢɟ� ɤɨɥɺɫɚ�� ɤɨɪɩɭɫɚ� ɝɪɭɧɬɨɜɵɯ� ɧɚɫɨɫɨɜ�� ɭɥɢɬɤɢ� ɡɟɦɫɧɚɪɹɞɨɜ��
ɭɩɥɨɬɧɹɸɳɢɟ�ɭɫɬɪɨɣɫɬɜɚ��ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ�ɚɪɦɚɬɭɪɚ��ɥɨɩɚɫɬɢ�ɢ�ɤɚɦɟɪɵ�ɝɢɞɪɨɬɭɪɛɢɧ�ɢ�ɞɪ����
ɂɧɬɟɧɫɢɜɧɨɫɬɶ� ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɝɨ� ɢɡɧɨɫɚ� ɡɚɜɢɫɢɬ� ɨɬ� ɤɚɱɟɫɬɜɚ� ɢɡɧɚɲɢɜɚɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ��
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɝɢɞɪɨɫɦɟɫɢ�� ɤɨɪɪɨɡɢɨɧɧɨɣ� ɚɤɬɢɜɧɨɫɬɢ� ɠɢɞɤɨɣ� ɫɪɟɞɵ�� ɫɤɨɪɨɫɬɢ� ɢ� ɭɝɥɚ�
ɩɟɪɟɦɟɳɟɧɢɹ� ɱɚɫɬɢɰ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɢɡɧɚɲɢɜɚɟɦɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ� ɢ� ɩɪ�� ɍɜɟɥɢɱɟɧɢɸ�
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ� ɢɡɞɟɥɢɣ� ɫɩɨɫɨɛɫɬɜɭɟɬ� ɩɪɢɦɟɧɟɧɢɟ� ɦɚɬɟɪɢɚɥɨɜ� ɫ� ɜɵɫɨɤɨɣ�
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ�� Ɉɫɧɨɜɧɨɣ� ɦɟɯɚɧɢɱɟɫɤɨɣ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ�� ɤɨɬɨɪɭɸ� ɱɚɫɬɨ� ɢɫɩɨɥɶɡɭɸɬ�
ɞɥɹ�ɨɰɟɧɤɢ�ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ��ɹɜɥɹɟɬɫɹ�ɬɜɟɪɞɨɫɬɶ� >�±�@��Ɋɚɧɟɟ�ɛɵɥɢ�ɩɪɟɞɩɪɢɧɹɬɵ�ɩɨɩɵɬɤɢ�
ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ� ɬɜɟɪɞɨɫɬɶ� ɤɚɤ� ɩɚɪɚɦɟɬɪ�� ɨɩɪɟɞɟɥɹɸɳɢɣ� ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ� ɦɚɬɟɪɢɚɥɚ��
Ɉɞɧɚɤɨ�ɢɡɜɟɫɬɧɵ�ɷɤɫɩɟɪɢɦɟɧɬɵ��ɜ�ɪɟɡɭɥɶɬɚɬɟ�ɤɨɬɨɪɵɯ�ɛɵɥɨ�ɩɨɤɚɡɚɧɨ��ɱɬɨ� ɜ�ɪɹɞɟ�ɫɥɭɱɚɟɜ�
ɛɨɥɶɲɢɦ�ɡɧɚɱɟɧɢɹɦ�ɬɜɟɪɞɨɫɬɢ�ɦɨɠɟɬ�ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ�ɛɨɥɶɲɢɣ�ɢɡɧɨɫ��ɱɬɨ�ɨɛɭɫɥɨɜɥɢɜɚɥɨɫɶ�
ɯɪɭɩɤɨɫɬɶɸ�ɦɚɬɟɪɢɚɥɚ��Ȼɵɥɨ�ɭɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�ɤɥɸɱɟɜɵɦɢ�ɮɚɤɬɨɪɚɦɢ�ɜɥɢɹɧɢɹ�ɧɚ�ɫɤɨɪɨɫɬɶ�
ɷɪɨɡɢɢ�ɹɜɥɹɸɬɫɹ�ɬɜɟɪɞɨɫɬɶ�ɢ�ɭɞɚɪɧɚɹ�ɜɹɡɤɨɫɬɶ�>�@��

Ʌɢɞɟɪɫɤɭɸ� ɩɨɡɢɰɢɸ� ɫɪɟɞɢ� ɢɡɧɨɫɨɫɬɨɣɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɩɨ�ɩɪɟɠɧɟɦɭ� ɭɞɟɪɠɢɜɚɸɬ�
ɤɟɪɚɦɢɱɟɫɤɢɟ� ɦɚɬɟɪɢɚɥɵ� ɧɚ� ɨɫɧɨɜɟ� ɤɚɪɛɢɞɚ� ɛɨɪɚ� >�� �@�� Ⱦɥɹ� ɭɥɭɱɲɟɧɢɹ� ɭɩɥɨɬɧɟɧɢɹ��
ɩɨɜɵɲɟɧɢɹ�ɜɹɡɤɨɫɬɢ�ɦɚɬɟɪɢɚɥɨɜ�ɢ�ɫɧɢɠɟɧɢɹ�ɬɟɦɩɟɪɚɬɭɪɵ�ɝɨɪɹɱɟɝɨ�ɩɪɟɫɫɨɜɚɧɢɹ�ɢɫɩɨɥɶɡɭɸɬ�
ɞɨɛɚɜɤɢ� ɞɢɛɨɪɢɞɨɜ� ɩɟɪɟɯɨɞɧɵɯ� ɦɟɬɚɥɥɨɜ� ,9±9, ɝɪɭɩɩ� ɉɟɪɢɨɞɢɱɟɫɤɨɣ� ɫɢɫɬɟɦɵ� ɷɥɟɦɟɧɬɨɜ�
>�� �@��ɐɟɥɶ�ɧɚɫɬɨɹɳɟɣ�ɪɚɛɨɬɵ�± ɭɫɬɚɧɨɜɢɬɶ�ɜɡɚɢɦɨɫɜɹɡɶ�ɦɟɯɚɧɢɱɟɫɤɢɯ�ɫɜɨɣɫɬɜ�ɤɟɪɚɦɢɱɟɫɤɢɯ�
ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɤɚɪɛɢɞɚ�ɛɨɪɚ�ɫɨ�ɫɬɨɣɤɨɫɬɶɸ�ɤ�ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɦɭ�ɢɡɧɨɫɭ�

ɂɡɭɱɚɥɢ� ɨɬɧɨɫɢɬɟɥɶɧɭɸ� ɩɥɨɬɧɨɫɬɶ�� ɦɟɯɚɧɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ� >�@� ɢ� ɫɬɨɣɤɨɫɬɶ� ɤ�
ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɦɭ� ɢɡɧɨɫɭ� ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɨɣ� ɤɟɪɚɦɢɤɢ� ɫɢɫɬɟɦɵ� %�&±7L%��� ɋɨɞɟɪɠɚɧɢɟ�
ɞɨɛɚɜɤɢ� ɞɢɛɨɪɢɞɚ� ɬɢɬɚɧɚ� ɢɡɦɟɧɹɥɢ� ɨɬ� ��� ɞɨ� ����� Ɂɞɟɫɶ� ɢ� ɞɚɥɟɟ� ɩɨ� ɬɟɤɫɬɭ��� �ɩɨ�ɦɚɫɫɟ���
Ɍɟɦɩɟɪɚɬɭɪɚ�ɝɨɪɹɱɟɝɨ�ɩɪɟɫɫɨɜɚɧɢɹ�ɫɨɫɬɚɜɥɹɥɚ�����±���� �ɋ�ɩɪɢ�ɞɚɜɥɟɧɢɢ�ɩɪɟɫɫɨɜɚɧɢɹ����
Ɇɉɚ�ɜ�ɬɟɱɟɧɢɟ����ɦɢɧ��Ɇɚɬɟɪɢɚɥɵ�ɢɦɟɥɢ�ɜɵɫɨɤɭɸ�ɩɥɨɬɧɨɫɬɶ������±����� ɬɟɨɪɟɬɢɱɟɫɤɨɣ���
ȼ� ɤɚɱɟɫɬɜɟ� ɷɬɚɥɨɧɚ� ɢɡɝɨɬɨɜɢɥɢ� ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɟ� ɩɥɨɬɧɵɟ� ɨɛɪɚɡɰɵ� ɫɨɫɬɚɜɚ� ȼ�ɋ±�� ɋ��
Ⱦɥɹ� ɷɤɫɩɪɟɫɫ�ɨɰɟɧɤɢ ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɝɨ� ɢɡɧɨɫɚ� ɢɡɭɱɚɥɢ� ɤɨɪɪɨɡɢɨɧɧɭɸ� ɫɬɨɣɤɨɫɬɶ�



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

���

ɦɚɬɟɪɢɚɥɨɜ� �ɢɡɦɟɪɹɥɢ ɫɢɥɭ ɬɨɤɚ ɪɚɫɬɜɨɪɟɧɢɹ�� ɫ� ɩɨɦɨɳɶɸ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ� ɭɫɬɚɧɨɜɤɢ�
ɂɋɆ�ɢɦ��ȼ�ɇ� Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚɢɧɵ��ɫɨɫɬɨɹɳɟɣ�ɢɡ�ɩɨɬɟɧɰɢɨɫɬɚɬɚ�ɉ�������ɜɪɚɳɚɸɳɟɝɨɫɹ�
ɞɢɫɤɨɜɨɝɨ� ɷɥɟɤɬɪɨɞɚ� ɫ� ɤɨɥɶɰɨɦ� ɢ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ� ɹɱɟɣɤɢ�� Ɇɟɬɨɞɢɤɚ� ɪɚɛɨɬɵ� ɫ�
ɜɪɚɳɚɸɳɢɦɫɹ� ɞɢɫɤɨɜɵɦ� ɷɥɟɤɬɪɨɞɨɦ� ɨɩɢɫɚɧɚ� ɜ� >�@�� ȼ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ� ɹɱɟɣɤɭ�
ɩɨɝɪɭɠɚɸɬ�ɬɪɢ�ɷɥɟɤɬɪɨɞɚ��Ɋɚɛɨɱɢɣ�ɷɥɟɤɬɪɨɞ�ɫɨɫɬɨɢɬ�ɢɡ�ɮɬɨɪɨɩɥɚɫɬɨɜɨɣ�ɬɪɭɛɤɢ�ɤɨɠɭɯɚ��ɜ�
ɧɢɠɧɸɸ� ɱɚɫɬɶ� ɤɨɬɨɪɨɣ� ɩɨɦɟɳɚɸɬ� ɞɢɫɤ±ɨɛɪɚɡɟɰ� ɢɡ� ɢɫɫɥɟɞɭɟɦɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɞɢɚɦɟɬɪɨɦ�
�� ɦɦ�� Ʉ� ɨɛɪɚɬɧɨɣ� ɫɬɨɪɨɧɟ� ɞɢɫɤɚ� ɩɨɞɜɨɞɹɬ� ɷɥɟɤɬɪɨɞ�� ɤɨɬɨɪɵɣ� ɩɪɨɯɨɞɢɬ� ɜɧɭɬɪɢ�
ɮɬɨɪɨɩɥɚɫɬɨɜɨɣ� ɬɪɭɛɤɢ�� ȼ� ɷɬɨɣ� ɠɟ� ɹɱɟɣɤɟ� ɷɥɟɤɬɪɨɞɨɦ� ɫɪɚɜɧɟɧɢɹ� ɛɵɥ� ɯɥɨɪ�ɫɟɪɟɛɪɹɧɵɣ�
ɷɥɟɤɬɪɨɞ�� ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ� ± ɩɥɚɬɢɧɨɜɵɣ� ɷɥɟɤɬɪɨɞ�� ɇɚ� ɪɚɛɨɱɟɦ� ɷɥɟɤɬɪɨɞɟ� ɞɥɹ� ɪɚɡɧɵɯ�
ɦɚɬɟɪɢɚɥɨɜ� ɫɧɢɦɚɥɢ� ɚɧɨɞɧɵɟ� ɩɨɬɟɧɰɢɨɫɬɚɬɢɱɟɫɤɢɟ� ɤɪɢɜɵɟ� >�@�� ɉɨ� ɩɨɥɭɱɟɧɧɵɦ�
ɩɨɬɟɧɰɢɨɫɬɚɬɢɱɟɫɤɢɦ� ɤɪɢɜɵɦ� ɜɵɛɪɚɥɢ� ɩɨɬɟɧɰɢɚɥ�� ɩɪɢ� ɤɨɬɨɪɨɦ� ɩɪɨɢɫɯɨɞɢɬ� ɩɪɨɰɟɫɫ�
ɚɤɬɢɜɧɨɝɨ� ɪɚɫɬɜɨɪɟɧɢɹ� ɢɫɫɥɟɞɭɟɦɵɯ� ɦɚɬɟɪɢɚɥɨɜ� �ĳ  ���� ȼ��� ȼ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ�
ɹɱɟɣɤɭ�� ɡɚɩɨɥɧɟɧɧɭɸ� ɦɨɪɫɤɨɣ� ɜɨɞɨɣ� ɢɥɢ� ɩɭɥɶɩɨɣ� ɢɡ� ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ� ɱɚɫɬɢɰ� ɩɟɫɤɚ� ɢ�
ɦɨɪɫɤɨɣ�ɜɨɞɵ��ɩɨɦɟɳɚɥɢ�ɢɡɭɱɚɟɦɵɣ ɦɚɬɟɪɢɚɥ�ɜɨ�ɮɬɨɪɨɩɥɚɫɬɨɜɨɣ�ɜɬɭɥɤɟ��ɩɨɞɤɥɸɱɚɥɢ�ɟɝɨ�ɤ�
ɩɨɬɟɧɰɢɨɫɬɚɬɭ� ɢ� ɭɫɬɚɧɚɜɥɢɜɚɥɢ� ɜɵɛɪɚɧɧɵɣ� ɪɚɧɟɟ� ɩɨɬɟɧɰɢɚɥ�� Ⱦɚɥɟɟ� ɜ� ɬɟɱɟɧɢɟ� ɱɚɫɚ�
ɩɪɨɢɡɜɨɞɢɥɢ� ɜɪɚɳɟɧɢɟ� ɨɛɪɚɡɰɚ� ɫ� ɪɚɡɥɢɱɧɨɣ� ɫɤɨɪɨɫɬɶɸ�� ɇɟ� ɨɫɬɚɧɚɜɥɢɜɚɹ� ɜɪɚɳɟɧɢɹ��
ɢɡɦɟɪɹɥɢ� ɫɢɥɭ� ɬɨɤɚ� ɪɚɫɬɜɨɪɟɧɢɹ�� ɉɨɤɚɡɚɬɟɥɟɦ� ɫɤɨɪɨɫɬɢ� ɩɪɨɰɟɫɫɚ� ɪɚɫɬɜɨɪɟɧɢɹ� ɹɜɥɹɟɬɫɹ�
ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ�ɪɚɫɬɜɨɪɟɧɢɹ�L��ɤɨɬɨɪɭɸ�ɦɨɠɧɨ�ɨɩɪɟɞɟɥɢɬɶ�ɤɚɤ�ɱɚɫɬɧɨɟ�ɨɬ�ɞɟɥɟɧɢɹ�ɫɢɥɵ�ɬɨɤɚ�
ɪɚɫɬɜɨɪɟɧɢɹ�ɧɚ�ɩɥɨɳɚɞɶ�ɢɫɫɥɟɞɭɟɦɨɝɨ�ɨɛɪɚɡɰɚ��ɑɟɦ�ɜɵɲɟ�ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ�ɪɚɫɬɜɨɪɟɧɢɹ��ɬɟɦ�
ɧɢɠɟ� ɤɨɪɪɨɡɢɨɧɧɚɹ� ɫɬɨɣɤɨɫɬɶ� ɩɨɥɭɱɟɧɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ�� Ɂɧɚɱɟɧɢɹ� ɩɥɨɬɧɨɫɬɢ� ɬɨɤɚ�
ɪɚɫɬɜɨɪɟɧɢɹ�ȼ�ɋ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɪɚɡɥɢɱɧɵɦ�ɫɨɞɟɪɠɚɧɢɟɦ�7L%� ɜ�ɦɨɪɫɤɨɣ�ɜɨɞɟ�ɩɨɤɚɡɚɧɵ�ɧɚ�
ɪɢɫ� ���ɜ�ɩɭɥɶɩɟ�ɢɡ�ɦɨɪɫɤɨɣ�ɜɨɞɵ�ɫ�ɩɟɫɤɨɦ�± ɧɚ�ɪɢɫ� ���

Ɋɢɫ�����Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ�ɬɨɤɚ�
ɪɚɫɬɜɨɪɟɧɢɹ�L ɨɬ�ɫɨɞɟɪɠɚɧɢɹ�ɞɨɛɚɜɤɢ�7L%�
ɜ�ɤɟɪɚɦɢɤɟ�%�&±7L%� ɢ�ɱɚɫɬɨɬɵ�ɜɪɚɳɟɧɢɹ�
ɞɢɫɤɨɜɨɝɨ�ɷɥɟɤɬɪɨɞɚ�ɜ�ɦɨɪɫɤɨɣ�ɜɨɞɟ��

��± �����ɦɢɧ������± �����ɦɢɧ������± �����ɦɢɧ��

Ɋɢɫ�����Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ�ɬɨɤɚ�
ɪɚɫɬɜɨɪɟɧɢɹ�L ɨɬ�ɫɨɞɟɪɠɚɧɢɹ�ɞɨɛɚɜɤɢ�7L%�
ɜ�ɤɟɪɚɦɢɤɟ�%�&±7L%� ɢ�ɱɚɫɬɨɬɵ�ɜɪɚɳɟɧɢɹ�
ɞɢɫɤɨɜɨɝɨ�ɷɥɟɤɬɪɨɞɚ�ɜ�ɩɭɥɶɩɟ�ɢɡ�ɦɨɪɫɤɨɣ�
ɜɨɞɵ�ɢ�ɩɟɫɤɚ����± �����ɦɢɧ������± �����ɦɢɧ����

��± ���� ɦɢɧ��

ɂɡ� ɞɚɧɧɵɯ� ɪɢɫ�� �� ɢ� �� ɫɥɟɞɭɟɬ�� ɱɬɨ� ɧɚɢɜɵɫɲɟɣ� ɤɨɪɪɨɡɢɨɧɧɨɣ� ɫɬɨɣɤɨɫɬɶɸ� ɨɛɥɚɞɚɟɬ�
ɱɢɫɬɵɣ�ȼ�ɋ��ɋ� ɭɜɟɥɢɱɟɧɢɟɦ� ɫɨɞɟɪɠɚɧɢɹ� ɞɢɛɨɪɢɞɚ� ɬɢɬɚɧɚ� ɞɨ ���� ɜ�ȼ�ɋ±7Lȼ� ɤɨɪɪɨɡɢɨɧɧɚɹ�
ɫɬɨɣɤɨɫɬɶ�ɤɟɪɚɦɢɤɢ�ɫɧɢɠɚɟɬɫɹ��ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ�ɪɚɫɬɜɨɪɟɧɢɹ� L ɜ�ɦɨɪɫɤɨɣ�ɜɨɞɟ�ɩɨɜɵɲɚɟɬɫɹ�ɧɚ�
ɩɨɪɹɞɨɤ�ɫ�������ɞɨ������ Ⱥāɦ����ɩɪɢ�ɪɚɛɨɬɟ�ɜ�ɩɭɥɶɩɟ�ɢɡ�ɦɨɪɫɤɨɣ�ɜɨɞɵ�ɫ�ɩɟɫɤɨɦ�± ɫ�������ɞɨ�������
Ⱥāɦ����ɋ�ɩɨɜɵɲɟɧɢɟɦ�ɱɚɫɬɨɬɵ� ɜɪɚɳɟɧɢɹ�ɫ����� ɞɨ������ɦɢɧ�� ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ� ɪɚɫɬɜɨɪɟɧɢɹ�ɜ�
ɦɨɪɫɤɨɣ� ɜɨɞɟ� ɩɨɜɵɫɢɥɚɫɶ� ɜ� ��� ɪɚɡɚ�� ɇɚɩɪɢɦɟɪ�� ɞɥɹ� ɧɚɢɥɭɱɲɟɝɨ� ɫɨɫɬɚɜɚ�%�&±��� 7L%� ± ɫ�
������ɞɨ�������Ⱥāɦ�� �ɪɢɫ������Ⱦɥɹ�ɷɬɨɝɨ�ɠɟ�ɫɨɫɬɚɜɚ�ɫ�ɩɨɜɵɲɟɧɢɟɦ�ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɣ�ɧɚɝɪɭɡɤɢ�



ɊȺɁȾȿɅ����ɌȿɏɇɂɄȺ�ɂ�ɌȿɏɇɈɅɈȽɂə�ɉɊɈɂɁȼɈȾɋɌȼȺ�ɌȼȿɊȾɕɏ�ɋɉɅȺȼɈȼ�
ɂ�ɂɏ�ɉɊɂɆȿɇȿɇɂȿ�ȼ�ɂɇɋɌɊɍɆȿɇɌȿ�ȾɅə�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅȿɃ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

�ɩɨɜɵɲɟɧɢɟ� ɱɚɫɬɨɬɵ� ɜɪɚɳɟɧɢɹ� ɫ� ����� ɞɨ� ����� ɦɢɧ�� ɜ� ɩɭɥɶɩɟ� ɢɡ� ɦɨɪɫɤɨɣ� ɜɨɞɵ� ɢ� ɩɟɫɤɚ��
ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ�ɪɚɫɬɜɨɪɟɧɢɹ�ɩɨɜɵɫɢɥɚɫɶ�ɜ���� ɪɚɡɚ�± ɫ�������ɞɨ�������Ⱥāɦ�� �ɪɢɫ� ���

ɂɡɭɱɟɧɢɟ� ɩɪɨɰɟɫɫɨɜ�� ɩɪɨɢɫɯɨɞɹɳɢɯ� ɩɪɢ� ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɦ� ɢɡɧɨɫɟ�� ɛɵɥɨ� ɞɨɩɨɥɧɟɧɨ�
ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ�ɫɬɪɭɤɬɭɪɵ�ɩɨɥɭɱɟɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ��Ɍɚɤɢɟ�ɪɚɛɨɬɵ�ɞɨɜɨɥɶɧɨ�ɫɥɨɠɧɵɟ��ɬɚɤ�
ɤɚɤ� ɹɜɥɹɸɬɫɹ� ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɦɢ� ɢ� ɬɪɟɛɭɸɬ� ɩɪɢɜɥɟɱɟɧɢɹ� ɫɩɟɰɢɚɥɢɫɬɨɜ� ɩɨ�
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɸ��ɷɥɟɤɬɪɨɯɢɦɢɢ��ɦɟɯɚɧɢɤɟ�ɪɚɡɪɭɲɟɧɢɹ��Ʉɨɪɪɨɡɢɨɧɧɨɟ�ɩɨɜɟɞɟɧɢɟ ± ɨɞɧɚ�
ɢɡ�ɧɚɢɛɨɥɟɟ�ɫɥɨɠɧɵɯ�ɞɥɹ�ɩɨɧɢɦɚɧɢɹ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɤɟɪɚɦɢɤɢ�

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ�ɮɚɡɨɜɨɝɨ�ɚɧɚɥɢɡɚ�ɩɨɤɚɡɚɥɢ��ɱɬɨ�ɩɨɫɥɟ�ɝɨɪɹɱɟɝɨ�ɩɪɟɫɫɨɜɚɧɢɹ�
ɜ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ� ɩɪɢɫɭɬɫɬɜɭɸɬ� ɤɚɪɛɢɞ� ɛɨɪɚ�� ɞɢɛɨɪɢɞ� ɬɢɬɚɧɚ� ɢ� ɧɟɤɨɬɨɪɨɟ� ɤɨɥɢɱɟɫɬɜɨ�
ɫɜɨɛɨɞɧɨɝɨ�ɭɝɥɟɪɨɞɚ��Ɋɟɡɭɥɶɬɚɬɵ�ɫɤɚɧɢɪɭɸɳɟɣ�ɷɥɟɤɬɪɨɧɧɨɣ�ɦɢɤɪɨɫɤɨɩɢɢ��6(0��ɩɨɤɚɡɚɧɵ�ɧɚ�
ɪɢɫ� ���ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�± ɧɚ�ɪɢɫ����ɢ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ�

Ɋɢɫ� �� ɂɡɨɛɪɚɠɟɧɢɟ�ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ�
ɩɨɜɟɪɯɧɨɫɬɢ�ɲɥɢɮɚ�ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɨɝɨ�

ɦɚɬɟɪɢɚɥɚ�ȼ�ɋ±����7Lȼ�

Ɋɢɫ� ���Ɋɚɫɩɨɥɨɠɟɧɢɟ�ɡɨɧ�
ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�ɜ�

ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ�ɲɥɢɮɚ�ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɨɝɨ�
ɦɚɬɟɪɢɚɥɚ�ȼ�ɋ±��� 7Lȼ�

Ɋɟɡɭɥɶɬɚɬɵ�ɫɩɟɤɬɪɚɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ȼ�ɋ±
���ɦɚɫɫ� 7Lȼ�

ɋɩɟɤɬɪ ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ�ɮɚɡɵ�

ɋɨɞɟɪɠɚɧɢɟ�ɷɥɟɦɟɧɬɨɜ� ��ɚɬ�

% & 7L
ɩɪɢɦɟɫɟɣ

&U )H =U
� Ɇɟɠɡɟɪɟɧɧɚɹ�7L%� ����� ���� ����� ���� ���� ����

� Ɇɟɠɡɟɪɟɧɧɚɹ 7L%� ����� ���� ����� ���� ���� ����

� Ɇɟɠɡɟɪɟɧɧɚɹ 7L%� ����� ���� ����� ���� ���� ����

� Ɇɟɠɡɟɪɟɧɧɚɹ 7L%� ����� ���� ����� ���� ���� ����

� Ɉɫɧɨɜɧɚɹ��ɦɚɬɪɢɱɧɚɹ��%�& ����� ����� ���� ���� ���� ����

� Ɉɫɧɨɜɧɚɹ��ɦɚɬɪɢɱɧɚɹ��%�& ����� ����� ���� ���� ���� ����

� Ɉɫɧɨɜɧɚɹ��ɦɚɬɪɢɱɧɚɹ��%�& ����� ����� ���� ���� ���� ����

Ʉɚɤ� ɢ� ɞɪɭɝɢɟ� ɯɪɭɩɤɢɟ� ɦɚɬɟɪɢɚɥɵ�� ɩɨɥɭɱɟɧɧɚɹ� ɤɟɪɚɦɢɤɚ� ɧɚ� ɨɫɧɨɜɟ� ɤɚɪɛɢɞɚ� ɛɨɪɚ�
ɧɨɫɢɬ� ɚɧɬɢɛɚɬɧɵɣ� ɯɚɪɚɤɬɟɪ� ɡɚɜɢɫɢɦɨɫɬɢ� ɦɟɠɞɭ� ɢɡɦɟɪɟɧɧɨɣ� ɬɜɟɪɞɨɫɬɶɸ� ɢ� ɜɹɡɤɨɫɬɶɸ�
ɪɚɡɪɭɲɟɧɢɹ� �ɪɢɫ� ���� ɇɚɢɛɨɥɟɟ� ɬɜɟɪɞɵɦ� ɢ� ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɦ� ɹɜɥɹɟɬɫɹ� ɱɢɫɬɵɣ� ȼ�ɋ��
ɨɞɧɚɤɨ� ɟɦɭ� ɩɪɢɫɭɳɚ� ɜɵɫɨɤɚɹ� ɯɪɭɩɤɨɫɬɶ� ± ɟɝɨ� ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ� ɧɟ� ɩɪɟɜɵɲɚɟɬ� ����



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

���

Ɇɉɚāɦ����� Ɍɨ� ɟɫɬɶ� ɩɪɢ ɜɵɛɨɪɟ� ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɫɢɫɬɟɦɵ� ȼ�ɋ±7Lȼ� ɫɥɟɞɭɟɬ�
ɭɱɢɬɵɜɚɬɶ�ɧɟɤɨɬɨɪɵɟ�ɨɩɬɢɦɚɥɶɧɵɟ�ɡɧɚɱɟɧɢɹ�ɨɛɟɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ��

Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɩɨɤɚɡɚɥɢ��ɱɬɨ�ɫ�ɭɜɟɥɢɱɟɧɢɟɦ�ɫɨɞɟɪɠɚɧɢɹ�ɞɢɛɨɪɢɞɚ�ɬɢɬɚɧɚ�
ɭɩɥɨɬɧɟɧɢɟ�ɜ�ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɯ�ɦɚɬɟɪɢɚɥɚɯ�ɫɢɫɬɟɦɵ�ȼ�ɋ±7Lȼ� ɚɤɬɢɜɢɪɭɟɬɫɹ��ɚ�ɬɜɟɪɞɨɫɬɶ�

ɩɨ�Ʉɧɭɩɭ�ɩɥɚɜɧɨ� ɫɧɢɠɚɟɬɫɹ� ɫ� ��� ɞɨ� ���
Ƚɉɚ� �ɪɢɫ� ���� ɋɧɢɠɟɧɢɟ� ɬɜɟɪɞɨɫɬɢ�
ɤɨɦɩɨɡɢɬɨɜ�� ɩɨ� ɜɫɟɣ� ɜɟɪɨɹɬɧɨɫɬɢ��
ɫɜɹɡɚɧɨ� ɫ� ɨɫɚɠɞɟɧɢɟɦ� ɩɪɨɫɥɨɟɤ�
ɫɜɨɛɨɞɧɨɝɨ� ɭɝɥɟɪɨɞɚ� ɧɚ� ɝɪɚɧɢɰɚɯ�
ɪɚɡɞɟɥɚ� ɮɚɡ� ɩɪɢ� ɫɩɟɤɚɧɢɢ�� ɇɚɩɪɨɬɢɜ��
ɩɪɢɫɭɬɫɬɜɢɟ� ɜ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ� ɤɚɪɛɢɞɚ�
ɛɨɪɚ� ɱɚɫɬɢɰ� 7Lȼ� ɜ ɦɟɠɡɟɪɟɧɧɵɯ�
ɝɪɚɧɢɰɚɯ ɢ� ɦɟɠɞɭɭɡɥɢɹɯ ɷɮɮɟɤɬɢɜɧɨ�
ɩɪɟɩɹɬɫɬɜɭɟɬ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ�ɬɪɟɳɢɧ��
ɜɫɥɟɞɫɬɜɢɟ� ɷɬɨɝɨ� ɜɹɡɤɨɫɬɶ� ɪɚɡɪɭɲɟɧɢɹ�
Ʉ�ɫ ɜɨɡɪɚɫɬɚɟɬ� ɧɚ� ���� ± ɫ� ���� ɞɨ�
�Ɇɉɚāɦ���� ɇɚɢɛɨɥɟɟ� ɜɵɫɨɤɨɣ�
ɤɨɪɪɨɡɢɨɧɧɨɣ� ɫɬɨɣɤɨɫɬɶɸ� ɢɡ�
ɢɫɫɥɟɞɨɜɚɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɨɛɥɚɞɚɟɬ�
ȼ�ɋ±��� 7Lȼ��� ɩɪɢ� ɷɬɨɦ� ɨɧ�
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ� ɬɚɤɠɟ� ɜɵɫɨɤɨɣ�
ɬɜɟɪɞɨɫɬɶɸ� +.1����� Ƚɉɚ�� ɢ�
ɩɨɜɵɲɟɧɧɨɣ� ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶɸ�Ʉ�ɫ ±
����Ɇɉɚāɦ����

ȼɵɜɨɞɵ
��� ɂɡɭɱɟɧɚ� ɫɬɨɣɤɨɫɬɶ� ɤɟɪɚɦɢɱɟɫɤɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɫɢɫɬɟɦɵ ȼ�ɋ±7Lȼ� ɤ�

ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɦɭ ɢɡɧɨɫɭ�ɜ�ɦɨɪɫɤɨɣ�ɜɨɞɟ�ɢ ɩɭɥɶɩɟ ɢɡ ɦɨɪɫɤɨɣ ɜɨɞɵ ɫ�ɩɟɫɤɨɦ��ɋ�ɷɬɨɣ�ɰɟɥɶɸ
ɢɡɦɟɪɟɧɚ�ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ�ɪɚɫɬɜɨɪɟɧɢɹ�L ɩɪɢ�ɜɵɛɪɚɧɧɨɦ�ɩɨɬɟɧɰɢɚɥɟ�ĳ  �����ȼ�

��� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɫɨɞɟɪɠɚɧɢɹ ɞɨɛɚɜɤɢ ɞɢɛɨɪɢɞɚ� ɬɢɬɚɧɚ� ɜ� ȼ�ɋ±7Lȼ�

ɤɨɪɪɨɡɢɨɧɧɚɹ�ɫɬɨɣɤɨɫɬɶ�ɤɟɪɚɦɢɤɢ�ɫɧɢɠɚɟɬɫɹ��ɩɥɨɬɧɨɫɬɶ�ɬɨɤɚ�ɪɚɫɬɜɨɪɟɧɢɹ�L ɜ�ɦɨɪɫɤɨɣ�ɜɨɞɟ�
ɩɨɜɵɲɚɟɬɫɹ�ɧɚ�ɩɨɪɹɞɨɤ�ɫ�������ɞɨ������ Ⱥāɦ����ɩɪɢ�ɪɚɛɨɬɟ�ɜ�ɩɭɥɶɩɟ�± ɫ�������ɞɨ�������Ⱥāɦ���

���ɋ�ɭɜɟɥɢɱɟɧɢɟɦ�ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɣ�ɧɚɝɪɭɡɤɢ�ɤɨɪɪɨɡɢɨɧɧɚɹ�ɫɬɨɣɤɨɫɬɶ�ɫɧɢɠɚɟɬɫɹ��Ⱦɥɹ�
ɧɚɢɥɭɱɲɟɝɨ� ɫɨɫɬɚɜɚ� %�&±��� 7L%� ɩɥɨɬɧɨɫɬɶ� ɬɨɤɚ� ɪɚɫɬɜɨɪɟɧɢɹ� L ɜ� ɦɨɪɫɤɨɣ� ɜɨɞɟ�
ɩɨɜɵɲɚɟɬɫɹ�ɜ���� ɪɚɡɚ�ɫ�������ɞɨ�������Ⱥāɦ����ɜ�ɩɭɥɶɩɟ�± ɜ���� ɪɚɡɚ��ɫ�������ɞɨ������ Ⱥāɦ����

���ɇɚɢɛɨɥɟɟ�ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɣ�ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɣ�ɤɟɪɚɦɢɱɟɫɤɢɣ�ɦɚɬɟɪɢɚɥ�ȼ�ɋ±����
7Lȼ� ɢɦɟɟɬ� ɜɵɫɨɤɭɸ� ɬɜɟɪɞɨɫɬɶ� +.1 ����� Ƚɉɚ� ɢ� ɩɨɜɵɲɟɧɧɭɸ� ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ� Ʉ�ɫ ����
Ɇɉɚāɦ����

7KH UHVLVWDQFH�RI %�&±7L%� FHUDPLF�PDWHULDOV WR K\GURDEUDVLYH ZHDU LQ�WKH�VHD�ZDWHU�DQG
WKH�SXOS RI VHD�ZDWHU ZLWK�VDQG�ZDV�VWXGLHG��)RU�WKLV�SXUSRVH� WKH�DPSHUDJH�ZDV PHDVXUHG�DW�WKH�
FKRVHQ SRWHQWLDO ĳ  ���� 9� 7KH� EHVW� FRUURVLRQ� UHVLVWDQW KRW�SUHVVHG %�&±��� 7L%� FHUDPLF�
PDWHULDO KDV�KLJK�KDUGQHVV +.1����� *3D DQG�LQFUHDVHG IUDFWXUH�WRXJKQHVV .�F ± ��� 03DÂP����

.H\�ZRUGV��FHUDPLF�PDWHULDO��%�&±7L%���K\GURDEUDVLYH ZHDU��FRUURVLRQ�UHVLVWDQW��DPSHUDJH�

ȼɢɜɱɟɧɨ ɫɬɿɣɤɿɫɬɶ ɤɟɪɚɦɿɱɧɢɯ ɦɚɬɟɪɿɚɥɿɜ� ɫɢɫɬɟɦɢ ȼ�ɋ±7Lȼ� ɞɨ ɝɿɞɪɨɚɛɪɚɡɢɜɧɨɝɨ
ɡɧɨɫɭ ɜ�ɦɨɪɫɶɤɿɣ ɜɨɞɿ�ɬɚ�ɩɭɥɶɩɿ ɡ�ɦɨɪɫɶɤɨʀ�ɜɨɞɢ ɿ�ɩɿɫɤɭ� Ɂ ɰɿɽɸ�ɦɟɬɨɸ ɜɢɦɿɪɹɧɨ ɳɿɥɶɧɿɫɬɶ
ɫɬɪɭɦɭ ɪɨɡɱɢɧɟɧɧɹ ɩɪɢ� ɜɢɛɪɚɧɨɦɭ ɩɨɬɟɧɰɿɚɥɿ ĳ  ���� ȼ� ɇɚɣɛɿɥɶɲ ɤɨɪɨɡɿɣɧɨɫɬɿɣɤɢɣ
ɝɚɪɹɱɟɩɪɟɫɨɜɚɧɢɣ ɤɟɪɚɦɿɱɧɢɣ�ɦɚɬɟɪɿɚɥ ȼ�ɋ±��� 7Lȼ� ɦɚɽ�ɜɢɫɨɤɭ�ɬɜɟɪɞɿɫɬɶ +.1����� Ƚɉɚ
ɬɚ�ɩɿɞɜɢɳɟɧɭ ɬɪɿɳɢɧɨɫɬɿɣɤɿɫɬɶ Ʉ�ɫ ± ��� ɆɉɚÂɦ����

Ɋɢɫ� ���Ⱥɧɬɢɛɚɬɧɵɣ�ɯɚɪɚɤɬɟɪ�ɡɚɜɢɫɢɦɨɫɬɢ�
ɬɜɟɪɞɨɫɬɢ�ɩɨ�Ʉɧɭɩɭ�+.1 ��� ɢ�

ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ�.�F ����ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɯ
ɦɚɬɟɪɢɚɥɨɜ ȼ�ɋ±7Lȼ� ɜ ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ
ɤɨɥɢɱɟɫɬɜɚ�ɭɩɥɨɬɧɹɸɳɟɣ�ɞɨɛɚɜɤɢ 7Lȼ�



ɊȺɁȾȿɅ����ɌȿɏɇɂɄȺ�ɂ�ɌȿɏɇɈɅɈȽɂə�ɉɊɈɂɁȼɈȾɋɌȼȺ�ɌȼȿɊȾɕɏ�ɋɉɅȺȼɈȼ�
ɂ�ɂɏ�ɉɊɂɆȿɇȿɇɂȿ�ȼ�ɂɇɋɌɊɍɆȿɇɌȿ�ȾɅə�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅȿɃ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɤɟɪɚɦɿɱɧɢɣ ɦɚɬɟɪɿɚɥ�� %�&±7L%�� ɝɿɞɪɨɚɛɪɚɡɢɜɧɢɣ ɡɧɨɫ�� ɤɨɪɨɡɿɣɧɚ�
ɫɬɿɣɤɿɫɬɶ��ɳɿɥɶɧɿɫɬɶ ɫɬɪɭɦɭ ɪɨɡɱɢɧɟɧɧɹ�

Ʌɢɬɟɪɚɬɭɪɚ
�� :HDU RI ERURQ FDUELGH FHUDPLFV E\ DEUDVLYH ZDWHUMHWV�� .� $� 6FKZHW]��/� 6� 6LJO� -� *UHLP��

+� .QRFK ���:HDU��± ������± ���±�����± 3DUW���± 3�����±����
�� 'HQJ� -��� 6XQ� -� 6DQG� HURVLRQ� SHUIRUPDQFH� RI�%�&�EDVHG� FHUDPLF� QR]]OHV ��� ,QWHUQ�� -�� RI�

5HIUDFWRU\�0HWDOV�DQG�+DUG�0DWHU��± ������± ����± 1����± 3� ���±�����
�� 6XQ -� 'HYHORSPHQW� RI� QHZ� %�&� FRPSRVLWH� FHUDPLF� QR]]OH� DQG� VWXG\� RQ� LWV� HURVLRQ�

PHFKDQLVPV���3K'�'LVVHUWDWLRQ��6KDQGRQJ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��3HRSOH
V�
5HSXEOLF�RI�&KLQD� ����� ± ����S�

�� (URVLRQ�EHKDYLRU�RI�%�&�EDVHG�FHUDPLF�QR]]OHV�E\�DEUDVLYH�DLU�MHW � -� 6XQ� &� /LX� -� 7LDQ�
%� )HQJ ���&HUDPLFV ,QWHUQ��± ������± ��� ± 1 ���± 3������±����

�� +LJK� VWUHQJWK� %�&±7L%� FRPSRVLWHV� IDEULFDWHG� E\� UHDFWLRQ� KRW�SUHVVLQJ� �� 6� <DPDGD��
.� +LUDR��<� <DPDXFKL��6� .DQ]DNL����-��(XU��&HUDPLF 6RF� ± ������± ����± 1 ���± 3������±
�����

�� Ɉɫɨɛɟɧɧɨɫɬɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɫɬɪɭɤɬɭɪɵ� ɢ� ɫɜɨɣɫɬɜ� ɜ� ɫɢɫɬɟɦɟ ȼ�ɋ ± ɌLɇ� ɩɪɢ�
ɪɟɚɤɰɢɨɧɧɨɦ� ɫɩɟɤɚɧɢɢ� ɩɨɞ� ɞɚɜɥɟɧɢɟɦ� �� ȼ� ȼ� ɂɜɠɟɧɤɨ�� Ɉ� ɇ� Ʉɚɣɞɚɲ��
Ƚ� Ɏ� ɋɚɪɧɚɜɫɤɚɹ� ɢ�ɞɪ� ���ɋɜɟɪɯɬɜɟɪɞɵɟ�ɦɚɬɟɪ��± ������± ʋ����± ɋ����±���

�� Ⱥɧɨɞɧɨɟ� ɪɚɫɬɜɨɪɟɧɢɟ� ɫɟɪɟɛɪɚ� ɜ� ɪɚɫɬɜɨɪɚɯ� 1D2+� �� ɇ� ɇ� Ʌɟɫɧɵɯ�� Ʌ� ȿ� ȼɨɥɤɨɜɚ��
ɇ� Ɇ� Ɍɭɬɤɢɧɚ��ɂ� Ʉ� Ɇɚɪɲɚɤɨɜ����Ʉɨɪɪɨɡɢɹ��ɦɚɬɟɪɢɚɥɵ��ɡɚɳɢɬɚ��± ������±ʋ ���± ɋ���±��

�� Ⱥɧɬɪɨɩɨɜ�Ʌ�ɂ��Ɍɟɨɪɟɬɢɱɟɫɤɚɹ�ɷɥɟɤɬɪɨɯɢɦɢɹ��± �ɟ�ɢɡɞ��± Ɇ���ȼɵɫɲ��ɲɤ��± ������± ����
ɫ�

ɉɨɫɬɭɩɢɥɚ���������

ɍȾɄ���������

Ⱥ� Ɇ��Ʉɭɡɟɣ��ɞɨɤɬ��ɬɟɯɧ��ɧɚɭɤ��ȼ� ə��Ʌɟɛɟɞɟɜ��ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��
ɇ� ɂ��Ʌɚɳ��Ⱥ� ȼ��Ɏɪɚɧɰɤɟɜɢɱ

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ�ɧɚɭɱɧɨɟ�ɭɱɪɟɠɞɟɧɢɟ�©Ɏɢɡɢɤɨ�ɬɟɯɧɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ�ɧɚɰɢɨɧɚɥɶɧɨɣ�
ɚɤɚɞɟɦɢɢ�ɧɚɭɤ�Ȼɟɥɚɪɭɫɢª��ɝ��Ɇɢɧɫɤ

ɋɌɊɍɄɌɍɊɇɈ�ɎȺɁɈȼɕȿ�ɉɊȿȼɊȺɓȿɇɂə�ɉɊɂ�ɋɉȿɄȺɇɂɂ�
ȺɅɆȺɁɈɋɈȾȿɊɀȺɓɂɏ�ɄɈɆɉɈɁɂɐɂɈɇɇɕɏ�ɆȺɌȿɊɂȺɅɈȼ�ɇȺ�ɆȿɌȺɅɅɈ�

ɋɌȿɄɅəɇɇɕɏ�ɋȼəɁɄȺɏ

Ɇɟɬɨɞɚɦɢ� ɨɩɬɢɱɟɫɤɨɣ ɢ ɷɥɟɤɬɪɨɧɧɨɣ� ɦɢɤɪɨɫɤɨɩɢɢ�� ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ� ɚɧɚɥɢɡɚ��
ɢɫɫɥɟɞɨɜɚɧɵ� ɩɪɨɰɟɫɫɵ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɚɥɦɚɡ� ± ɦɟɞɧɨ�
ɨɥɨɜɹɧɧɵɣ�ɫɩɥɚɜ�± ɫɬɟɤɥɨ��ɉɨɤɚɡɚɧɨ��ɱɬɨ�ɩɪɨɫɥɨɣɤɢ�ɫɬɟɤɥɚ�ɜ�ɤɨɦɩɨɡɢɰɢɨɧɧɨɦ�ɦɚɬɟɪɢɚɥɟ�
ɜɵɩɨɥɧɹɸɬ�ɮɭɧɤɰɢɸ�ɚɪɦɢɪɭɸɳɟɝɨ�ɤɨɦɩɨɧɟɧɬɚ�ɢ�ɚɞɝɟɡɢɨɧɧɨɝɨ�ɩɨɤɪɵɬɢɹ�ɚɥɦɚɡɧɵɯ�ɡɟɪɟɧ�

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ� ɚɥɦɚɡɨɫɨɞɟɪɠɚɳɢɟ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ� ɦɚɬɟɪɢɚɥɵ�� ɫɩɟɤɚɧɢɟ��
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ��ɤɨɧɬɚɤɬɧɨɟ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ

ȼɜɟɞɟɧɢɟ
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ� ɩɪɨɰɟɫɫɵ� ɩɨɥɭɱɟɧɢɹ� ɚɥɦɚɡɨɚɛɪɚɡɢɜɧɵɯ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�

ɦɚɬɟɪɢɚɥɨɜ� ɦɟɬɨɞɚɦɢ� ɩɨɪɨɲɤɨɜɨɣ� ɦɟɬɚɥɥɭɪɝɢɢ� ɜɤɥɸɱɚɸɬ� ɱɟɬɵɪɟ� ɨɫɧɨɜɧɵɟ� ɨɩɟɪɚɰɢɢ��
ɫɦɟɲɟɧɢɟ� ɤɨɦɩɨɧɟɧɬɨɜ� �ɩɨɥɭɱɟɧɢɟ� ɚɥɦɚɡɨɫɨɞɟɪɠɚɳɟɣ� ɲɢɯɬɵ��� ɯɨɥɨɞɧɨɟ� ɩɪɟɫɫɨɜɚɧɢɟ�


