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ɍȾɄ���������

ɍɅɖɌɊȺɁȼɍɄɈȼɈɃ�ɆȿɌɈȾ ɂɋɋɅȿȾɈȼȺɇɂə�
ɌȼȿɊȾȿɇɂə�ȽɂɉɋɈȼɕɏ�ȼəɀɍɓɂɏ

Ʉɟɪɲ�ȼ�ə���ɤ�ɬ�ɧ���ɩɪɨɮ���Ʉɨɥɟɫɧɢɤɨɜ�Ⱥ�ȼ���ɤ�ɬ�ɧ��ɞɨɰ�
Ɉɞɟɫɫɤɚɹ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ�ɚɤɚɞɟɦɢɹ�ɫɬɪɨɢɬɟɥɶɫɬɜɚ�ɢ�ɚɪɯɢɬɟɤɬɭɪɵ

ɋɨɜɪɟɦɟɧɧɵɟ� ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ� ɢ� ɨɬɞɟɥɨɱɧɵɟ� ɦɚɬɟɪɢɚɥɵ��
ɢɫɩɨɥɶɡɭɟɦɵɟ� ɜ� ɫɬɪɨɢɬɟɥɶɧɨɣ� ɢɧɞɭɫɬɪɢɢ�� ɞɨɥɠɧɵ� ɭɞɨɜɥɟɬɜɨɪɹɬɶ�
ɫɨɜɨɤɭɩɧɨɫɬɢ� ɬɪɟɛɨɜɚɧɢɣ� ɢ� ɨɝɪɚɧɢɱɟɧɢɣ� ɩɨ� ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ� ɢ�
ɷɤɨɥɨɝɢɱɟɫɤɢɦ� ɫɜɨɣɫɬɜɚɦ�� ɩɪɢ� ɧɟɜɵɫɨɤɨɣ� ɫɬɨɢɦɨɫɬɢ�� ȼ� ɱɚɫɬɧɨɫɬɢ�� ɨɧɢ�
ɞɨɥɠɧɵ� ɢɦɟɬɶ� ɞɨɫɬɚɬɨɱɧɭɸ� ɩɪɨɱɧɨɫɬɶ�� ɜɨɞɨɫɬɨɣɤɨɫɬɶ� ɢ� ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ�
ɧɢɡɤɢɦɢ� ɡɧɚɱɟɧɢɹɦɢ� ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ� ɢ� ɡɜɭɤɨɩɪɨɧɢɰɚɟɦɨɫɬɢ�� ɗɬɢɦ�
ɬɪɟɛɨɜɚɧɢɹɦ�� ɜ� ɡɧɚɱɢɬɟɥɶɧɨɣ� ɫɬɟɩɟɧɢ�� ɭɞɨɜɥɟɬɜɨɪɹɸɬ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ�
ɦɚɬɟɪɢɚɥɵ� ɧɚ� ɨɫɧɨɜɟ� ɝɢɩɫɚ�� ɟɫɥɢ� ɩɪɟɨɞɨɥɟɬɶ� ɢɯ� ɢɡɧɚɱɚɥɶɧɨ� ɧɢɡɤɭɸ�
ɜɨɞɨɫɬɨɣɤɨɫɬɶ� ɩɟɪɟɯɨɞɨɦ� ɤ� ɝɢɩɫɨɰɟɦɟɧɬɧɨ�ɩɭɰɰɨɥɚɧɨɜɨɦɭ� ɜɹɠɭɳɟɦɭ�
�Ƚɐɉȼ��ɢ�ɢɯ�ɚɧɚɥɨɝɚɦ��ɚ�ɬɚɤɠɟ�ɝɢɞɪɨɮɨɛɢɡɚɰɢɟɣ� Ⱦɥɹ� ɩɨɥɧɨɣ�
ɪɟɚɥɢɡɚɰɢɢ�ɪɟɡɟɪɜɚ�ɩɨɥɟɡɧɵɯ�ɫɜɨɣɫɬɜ�ɢ�ɧɢɜɟɥɢɪɨɜɚɧɢɹ�ɧɟɞɨɫɬɚɬɤɨɜ�ɝɢɩɫɨɜɵɯ�
ɤɨɦɩɨɡɢɬɨɜ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ� ɪɟɠɢɦ� ɢɯ� ɩɪɢɝɨɬɨɜɥɟɧɢɹ� ɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ
ɞɨɥɠɟɧ�ɛɵɬɶ�ɫɨɝɥɚɫɨɜɚɧ�ɫɨ�ɫɪɨɤɚɦɢ�ɫɯɜɚɬɵɜɚɧɢɹ��ɩɪɢɞɚɧɢɟ��ɮɨɪɦɵ�ɢɡɞɟɥɢɹɦ�
ɢɡ� ɝɢɩɫɨɜɵɯ� ɤɨɦɩɨɡɢɬɨɜ� ɜɨɡɦɨɠɧɨ� ɬɨɥɶɤɨ� ɜ� ɫɥɭɱɚɟ� ɩɥɚɫɬɢɱɧɨ�ɜɹɡɤɨɝɨ�
ɫɨɫɬɨɹɧɢɹ� ɜɹɠɭɳɟɝɨ� ɬɟɫɬɚ� �ɞɨ� ɧɚɱɚɥɚ� ɫɯɜɚɬɵɜɚɧɢɹ��� ȼ� ɤɨɧɰɟ� ɩɟɪɢɨɞɚ�
ɫɯɜɚɬɵɜɚɧɢɹ�ɤɨɦɩɨɡɢɬ�ɭɠɟ�ɫɩɨɫɨɛɟɧ�ɜɵɞɟɪɠɢɜɚɬɶ�ɧɚɝɪɭɡɤɢ��Ɉɞɧɨɣ�ɢɡ�ɡɚɞɚɱ�ɜ�
ɨɛɥɚɫɬɢ�ɝɢɩɫɨɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɹɜɥɹɟɬɫɹ�ɪɟɝɭɥɢɪɨɜɚɧɢɟ�ɫɪɨɤɨɜ�ɧɚɱɚɥɚ�ɢ�ɤɨɧɰɚ�
ɫɯɜɚɬɵɜɚɧɢɹ� ɩɪɢ� ɩɨɦɨɳɢ� ɞɨɛɚɜɨɤ�� ɫɨɞɟɪɠɚɳɢɯ� ɩɨɜɟɪɯɧɨɫɬɧɨ�ɚɤɬɢɜɧɵɟ�
ɜɟɳɟɫɬɜɚ�ɢ�ɨɪɝɚɧɢɱɟɫɤɢɟ�ɤɢɫɥɨɬɵ��ɉɪɢ�ɷɬɨɦ�ɜɚɠɧɨ�ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ�ɩɪɨɰɟɫɫ�
ɫɬɪɭɤɬɭɪɨɛɪɚɡɨɜɚɧɢɹ�ɤɨɦɩɨɡɢɬɚ��

ɋ� ɜɧɟɞɪɟɧɢɟɦ� ɜ� ɩɪɚɤɬɢɤɭ� ɫɨɜɪɟɦɟɧɧɨɝɨ� ɫɬɪɨɢɬɟɥɶɫɬɜɚ� ɦɚɬɟɪɢɚɥɨɜ�
ɫɥɨɠɧɨɣ� ɫɬɪɭɤɬɭɪɵ�� ɢ� ɫɨɞɟɪɠɚɳɢɯ�� ɜ� ɱɚɫɬɧɨɫɬɢ�� ɤɪɭɩɧɵɣ� ɡɚɩɨɥɧɢɬɟɥɶ� ±
ɝɪɚɧɭɥɵ� ɤɟɪɚɦɡɢɬɚ�� ɩɟɧɨɩɨɥɢɫɬɢɪɨɥɚ� ɢ� ɩɨɞɨɛɧɵɯ� ɢɦ� ɤɪɭɩɧɨɪɚɡɦɟɪɧɵɯ�
ɱɚɫɬɢɰ�� ɫɬɚɧɞɚɪɬɧɚɹ� ɦɟɬɨɞɢɤɚ� ɨɩɪɟɞɟɥɟɧɢɹ� ɫɪɨɤɨɜ� ɫɯɜɚɬɵɜɚɧɢɹ� ɫ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɩɪɢɛɨɪɚ� ȼɢɤɚ� ɫɬɚɧɨɜɢɬɫɹ� ɧɟɨɫɭɳɟɫɬɜɢɦɨɣ�� Ⱦɥɹ� ɬɚɤɢɯ�
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɧɟɨɛɯɨɞɢɦɚ� ɪɚɡɪɚɛɨɬɤɚ� ɩɪɢɧɰɢɩɢɚɥɶɧɨ�
ɢɧɵɯ�� ɜ� ɩɟɪɜɭɸ�ɨɱɟɪɟɞɶ�� � ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ�ɦɟɬɨɞɨɜ��Ɉɞɧɢɦ�ɢɡ� ɩɨɞɯɨɞɨɜ�
ɦɨɠɟɬ� ɛɵɬɶ� ɫɥɟɞɭɸɳɢɣ�� ɜɵɛɢɪɚɟɬɫɹ� ɤɚɤɨɟ�ɥɢɛɨ� ɫɜɨɣɫɬɜɨ� ɜɹɠɭɳɟɝɨ��
ɫɭɳɟɫɬɜɟɧɧɨ�ɡɚɜɢɫɹɳɟɟ�ɨɬ�ɫɨɫɬɨɹɧɢɹ�ɫɯɜɚɬɵɜɚɸɳɟɝɨɫɹ�ɬɟɫɬɚ��ɫɪɨɤɢ�ɧɚɱɚɥɚ�ɢ�
ɤɨɧɰɚ� ɫɯɜɚɬɵɜɚɧɢɹ�� ɨɩɪɟɞɟɥɟɧɧɵɟ� ɩɨ� ɷɬɨɦɭ� ɫɜɨɣɫɬɜɭ�� ©ɭɜɹɡɵɜɚɸɬɫɹª� ɫɨ�
ɫɬɪɭɤɬɭɪɧɨ�ɦɟɯɚɧɢɱɟɫɤɢɦɢ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ�� ɧɚɢɛɨɥɟɟ� ɢɧɬɟɪɟɫɧɵɦɢ� ɞɥɹ�
ɫɬɪɨɢɬɟɥɶɧɨɝɨ�ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ� ɢ�ɩɪɨɟɰɢɪɭɸɬɫɹ�ɧɚ�ɤɨɦɩɨɡɢɬɧɵɟ�ɫɨɫɬɚɜɵ��
Ɍɚɤɢɦɢ� ©ɢɧɞɢɤɚɬɨɪɧɵɦɢª� ɫɜɨɣɫɬɜɚɦɢ� ɦɨɝɭɬ� ɹɜɥɹɬɶɫɹ�� ɜ� ɱɚɫɬɧɨɫɬɢ��
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɜ�ɦɚɬɟɪɢɚɥɟ�ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ��ɍɁ��ɢɦɩɭɥɶɫɨɜ��



���

Ɉɞɧɢɦ� ɢɡ� ɩɪɟɢɦɭɳɟɫɬɜ� ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ� ɦɟɬɨɞɢɤɢ� ɹɜɥɹɟɬɫɹ� ɟɟ� ɩɪɨɫɬɚɹ�
ɦɟɬɨɞɢɱɟɫɤɚɹ�ɢ�ɩɪɢɛɨɪɧɚɹ�ɪɟɚɥɢɡɚɰɢɹ >���@� ɂɡɦɟɪɢɬɟɥɶɧɚɹ�ɭɫɬɚɧɨɜɤɚ�ɫɨɫɬɨɢɬ�
ɢɡ� ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɯ� ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ� �ɩɟɪɟɞɚɬɱɢɤɚ� ɢ� ɩɪɢɟɦɧɢɤɚ���
ɤɨɧɬɟɣɧɟɪɚ�ɞɥɹ�ɨɛɪɚɡɰɨɜ��ɧɚɩɨɥɧɟɧɧɨɝɨ�ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ��ɜɹɠɭɳɢɦ�ɬɟɫɬɨɦ�ɧɚ�
ɨɫɧɨɜɟ� ɝɢɩɫɚ�� ɩɪɢɛɨɪɚ� ɞɥɹ� ɍɁ� ɤɨɧɬɪɨɥɹ� ɤɨɧɫɬɪɭɤɰɢɣ� ɍɄ���ɉɆɋ� ȼ� ɯɨɞɟ
ɢɫɩɵɬɚɧɢɹ�ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɣ�ɍɁ� ɢɦɩɭɥɶɫ�ɩɪɨɩɭɫɤɚɟɬɫɹ�ɱɟɪɟɡ�ɦɚɬɟɪɢɚɥ�

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ�ɜɵɜɨɞɢɦɵɦ�ɧɚ�ɬɚɛɥɨ�ɩɪɢɛɨɪɚ�ɪɟɡɭɥɶɬɚɬɨɦ�ɢɡɦɟɪɟɧɢɣ�
ɹɜɥɹɟɬɫɹ ɜɪɟɦɹ�ɩɪɨɯɨɠɞɟɧɢɹ�ɍɁ�ɢɦɩɭɥɶɫɨɜ�ɱɟɪɟɡ�ɞɢɫɩɟɪɫɧɭɸ�ɫɢɫɬɟɦɭ�W��ɦɤɫ��
ɋɬɪɨɢɬɫɹ ɝɪɚɮɢɤ� ɢɡɦɟɧɟɧɢɹ� ɜɪɟɦɟɧɢ� ɩɪɨɯɨɠɞɟɧɢɹ� ɭɥɶɬɪɚɡɜɭɤɚ� W� ɜ�
ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɜɪɟɦɟɧɢ ɬɜɟɪɞɟɧɢɹ�7��ɦɢɧ��ȼ�ɤɚɱɟɫɬɜɟ�ɦɨɞɟɥɶɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�
ɞɥɹ�ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ�ɦɟɬɨɞɢɤɢ�ɢɡɦɟɪɟɧɢɹ�ɢɫɩɨɥɶɡɨɜɚɧ�ɫɬɪɨɢɬɟɥɶɧɵɣ�ɝɢɩɫ�
Ƚ���ɉɪɢɦɟɪ�ɩɨɥɭɱɟɧɧɵɯ�ɡɚɜɢɫɢɦɨɫɬɟɣ�ɞɥɹ��ɩɹɬɢ�ɨɩɵɬɧɵɯ�ɫɨɫɬɚɜɨɜ�ɩɪɢɜɟɞɟɧ�

ɧɚ�ɪɢɫ���W��ɋɤɨɪɨɫɬɶ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɍɁ ɫɢɝɧɚɥɚ�ɜɵɱɢɫɥɹɥɚɫɶ�ɤɚɤ WO9  ��ɝɞɟ�

W � ɜɪɟɦɹ�ɩɪɨɯɨɠɞɟɧɢɹ�ɍɁ�ɢɦɩɭɥɶɫɨɦ�ɩɭɬɢ�O �ɛɚɡɚ� ɱɟɪɟɡ�ɬɜɟɪɞɟɸɳɢɣ�ɨɛɪɚɡɟɰ�
�ɪɢɫ���Y��

Ɋɢɫ�����ȼɪɟɦɹ�ɩɪɨɯɨɠɞɟɧɢɹ��ɱɟɪɟɡ�ɬɜɟɪɞɟɸɳɢɣ�ɦɚɬɟɪɢɚɥ��W��ɢ�ɫɤɨɪɨɫɬɶ��Y��
ɭɥɶɬɪɚɡɜɭɤɚ�ɞɥɹ�ɩɹɬɢ�ɨɛɪɚɡɰɨɜ

ɉɪɢɜɟɞɟɧɧɵɟ� ɝɪɚɮɢɤɢ� ɩɨɞɬɜɟɪɠɞɚɸɬ� ɜɵɫɨɤɭɸ� ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ�
ɪɟɡɭɥɶɬɚɬɨɜ� ɢɡɦɟɪɟɧɢɣ� � ɞɥɹ� ɨɞɢɧɚɤɨɜɵɯ� ɫɨɫɬɚɜɨɜ� ɩɪɢ� ɮɢɤɫɢɪɨɜɚɧɧɵɯ�
ɭɫɥɨɜɢɹɯ�� Ɉɬɪɚɠɟɧɧɵɟ� ɧɚ� ɧɢɯ� ɞɚɧɧɵɟ� ɩɨɡɜɨɥɹɸɬ�� ɜ� ɩɪɢɧɰɢɩɟ� ɧɟɫɤɨɥɶɤɢɦɢ�
ɫɩɨɫɨɛɚɦɢ��ɨɩɪɟɞɟɥɢɬɶ�ɫɪɨɤɢ�ɧɚɱɚɥɚ�ɢ ɤɨɧɰɚ�ɫɯɜɚɬɵɜɚɧɢɹ��

Ɉɩɪɟɞɟɥɟɧɢɟ� ɧɚɱɚɥɚ� ɫɯɜɚɬɵɜɚɧɢɹ� ɦɨɠɟɬ� ɛɵɬɶ� ɨɫɧɨɜɚɧɨ� ɧɚ�
ɫɭɳɟɫɬɜɟɧɧɨɦ� ɜɨɡɪɚɫɬɚɧɢɢ� ɫɤɨɪɨɫɬɢ� ɭɥɶɬɪɚɡɜɭɤɚ� ɩɪɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ�
ɡɜɭɤɨɩɪɨɜɨɞɹɳɟɣ� � ɫɬɪɭɤɬɭɪɵ� � ɤɨɦɩɨɡɢɬɚ�� ɨɛɪɚɡɨɜɚɧɧɨɣ� ɦɢɤɪɨɤɪɢɫɬɚɥɥɚɦɢ�
ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ��ɱɚɫɬɢɰɚɦɢ�ɧɚɩɨɥɧɢɬɟɥɟɣ��ɞɨɛɚɜɨɤ ɢ�ɝɪɚɧɭɥɚɦɢ�ɡɚɩɨɥɧɢɬɟɥɹ��
ɫɨɟɞɢɧɟɧɧɵɦɢ�ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɦɢ�ɤɨɧɬɚɤɬɚɦɢ�ɢ�ɚɞɝɟɡɢɨɧɧɵɦɢ�ɫɜɹɡɹɦɢ�� �
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ�ɨɫɬɨɜɚ�ɩɟɪɤɨɥɹɰɢɨɧɧɨɝɨ�ɤɥɚɫɬɟɪɚ��Ⱦɨ�ɷɬɨɝɨ�ɫɤɚɱɤɚ�ɫɤɨɪɨɫɬɶ�
ɭɥɶɬɪɚɡɜɭɤɚ�ɜ�ɠɢɞɤɨɣ�ɫɦɟɫɢ�ɦɚɥɚ��ɜ�ɬɟɱɟɧɢɟ�����ɦɢɧ����ɜɧɟ�ɩɪɟɞɟɥɨɜ�ɢɡɦɟɪɟɧɢɹ�



���

ɩɪɢɛɨɪɚ��ɗɬɨɬ�ɮɚɤɬ�ɩɨɡɜɨɥɹɟɬ�ɩɪɢɛɥɢɠɟɧɧɨ�ɨɬɨɠɞɟɫɬɜɢɬɶ�ɪɟɡɤɨɟ�ɜɨɡɪɚɫɬɚɧɢɟ�
ɫɤɨɪɨɫɬɢ� ɩɪɢ� ɧɚɱɚɥɟ� ɫɯɜɚɬɵɜɚɧɢɹ� ɫ� ɦɨɦɟɧɬɨɦ� ɩɟɪɜɨɝɨ� ɫɪɚɛɚɬɵɜɚɧɢɹ�
ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ� ɭɫɬɚɧɨɜɤɢ� �a�� ɦɢɧ��� Ʉɨɧɟɰ� ɫɯɜɚɬɵɜɚɧɢɹ� ɧɚɝɥɹɞɧɟɟ�
ɨɩɪɟɞɟɥɹɟɬɫɹ� ɢɫɯɨɞɹ� ɢɡ� ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ� ɝɪɚɮɢɤɚ� ɞɥɹ� ɜɪɟɦɟɧɢ�
ɩɪɨɯɨɠɞɟɧɢɹ�ɭɥɶɬɪɚɡɜɭɤɚ��ɪɢɫ������

Ɂɚ�ɨɤɨɧɱɚɧɢɟ�ɫɯɜɚɬɵɜɚɧɢɹ�ɩɪɢɧɢɦɚɟɬɫɹ�ɦɨɦɟɧɬ��ɩɪɢ�ɤɨɬɨɪɨɦ�ɫɝɥɚɠɟɧɧɚɹ�
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ�ɤɪɢɜɚɹ�ɫɭɳɟɫɬɜɟɧɧɨ�ɩɪɢɛɥɢɠɚɟɬɫɹ�ɤ�ɫɜɨɟɣ�ɚɫɢɦɩɬɨɬɟ�� ɨɫɢ�
ɚɛɫɰɢɫɫ�� Ɍɚɤ�� ɭɜɟɥɢɱɟɧɢɸ� ɡɧɚɱɟɧɢɹ� ɩɪɨɢɡɜɨɞɧɨɣ� ɜ� ��� ɪɚɡ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ�
ɧɚɱɚɥɶɧɵɦɢ� ɡɧɚɱɟɧɢɹɦɢ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� 7ɤɫa�� ɦɢɧ� �ɪɢɫ����� ɱɬɨ� ɩɪɟɞɫɬɚɜɥɹɟɬ�
ɚɞɟɤɜɚɬɧɭɸ�ɨɰɟɧɤɭ�ɞɥɹ�ɝɢɩɫɚ�Ƚ��
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ȼɪɟɦɹ�ɫɯɜɚɬɵɜɚɧɢɹ��ɦɢɧ

Ɋɢɫ�����Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ�ɤɪɢɜɚɹ�ɜɪɟɦɟɧɢ�ɩɪɨɯɨɠɞɟɧɢɹ�ɭɥɶɬɪɚɡɜɭɤɚ

Ⱦɪɭɝɨɣ�ɦɟɬɨɞ�ɨɫɧɨɜɚɧ�ɧɚ� ɟɞɢɧɫɬɜɟ� ɫɬɪɭɤɬɭɪɧɨɝɨ�ɦɟɯɚɧɢɡɦɚ�ɢɡɦɟɧɟɧɢɹ�
ɩɥɚɫɬɢɱɟɫɤɨɣ� ɩɪɨɱɧɨɫɬɢ� ɢ� ɡɜɭɤɨɩɪɨɜɨɞɹɳɢɯ� ɫɜɨɣɫɬɜ� ɤɨɦɩɨɡɢɬɚ��
ɉɪɢɧɢɦɚɟɬɫɹ�� ɱɬɨ� ɫɪɨɤɢ� ɫɯɜɚɬɵɜɚɧɢɹ�� ɨɩɪɟɞɟɥɹɟɦɵɟ� ɩɨ� ɡɧɚɱɟɧɢɸ�
ɩɥɚɫɬɢɱɟɫɤɨɣ�ɩɪɨɱɧɨɫɬɢ�ɢ�ɢɡɦɟɧɟɧɢɸ�ɫɤɨɪɨɫɬɢ�ɭɥɶɬɪɚɡɜɭɤɚ��ɨɞɢɧɚɤɨɜɵ��Ⱦɥɹ�
ɩɥɚɫɬɢɱɟɫɤɨɣ� ɩɪɨɱɧɨɫɬɢ� 3P ɢɡɜɟɫɬɧɵ� ɡɧɚɱɟɧɢɹ�� ɯɚɪɚɤɬɟɪɧɵɟ� ɞɥɹ� ɫɪɨɤɨɜ�
ɫɯɜɚɬɵɜɚɧɢɹ�� ɇɚɱɚɥɨ� ɫɯɜɚɬɵɜɚɧɢɹ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɡɧɚɱɟɧɢɸ� 3P� � ���� ɤɝ�ɫɦ���
ɤɨɧɟɰ�ɫɯɜɚɬɵɜɚɧɢɹ�± 3P� ���ɤɝ�ɫɦ��>�@��ɋɪɨɤɢ�ɫɯɜɚɬɵɜɚɧɢɹ��ɨɩɪɟɞɟɥɟɧɧɵɟ�ɩɨ�
ɡɧɚɱɟɧɢɹɦ� 3P�� ɩɪɢɜɨɞɹɬɫɹ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɟ� ɫɨ� ɡɧɚɱɟɧɢɹɦɢ� ɫɤɨɪɨɫɬɟɣ�
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɍɁ� ɫɢɝɧɚɥɨɜ� ɜ� ɬɜɟɪɞɟɸɳɟɦ� ɜɹɠɭɳɟɦ�� ɯɚɪɚɤɬɟɪɧɵɦɢ� ɞɥɹ�
ɧɚɱɚɥɚ�ɢ�ɤɨɧɰɚ�ɫɯɜɚɬɵɜɚɧɢɹ��ɗɬɢ�ɡɧɚɱɟɧɢɹ�ɫɤɨɪɨɫɬɢ�ɭɥɶɬɪɚɡɜɭɤɚ�ɮɢɤɫɢɪɭɸɬɫɹ�
ɢ�ɩɪɢɧɢɦɚɸɬɫɹ�ɩɨɫɬɨɹɧɧɵɦɢ�ɞɥɹ�ɫɟɪɢɢ�ɧɚɩɨɥɧɟɧɧɵɯ�ɤɨɦɩɨɡɢɬɨɜ�ɧɚ�ɞɚɧɧɨɦ�
ɜɹɠɭɳɟɦ� �ɪɢɫ����� Ⱦɥɹ� ɧɚɱɚɥɚ� ɫɯɜɚɬɵɜɚɧɢɹ� ɝɢɩɫɚ� Ƚ�� ɯɚɪɚɤɬɟɪɧɨ� ɡɧɚɱɟɧɢɟ�
ɫɤɨɪɨɫɬɢ�ɭɥɶɬɪɚɡɜɭɤɚ�����ɦ�ɫ��ɞɥɹ�ɤɨɧɰɚ�ɫɯɜɚɬɵɜɚɧɢɹ�± �����ɦ�ɫ��ɇɚ�ɨɫɧɨɜɟ�
ɝɪɚɮɢɤɨɜ� ɢɡɦɟɧɟɧɢɹ� ɫɤɨɪɨɫɬɢ� ɭɥɶɬɪɚɡɜɭɤɚ� ɜ� ɞɪɭɝɢɯ� ɨɛɪɚɡɰɚɯ� �ɪɢɫ�� ����
ɨɰɟɧɢɜɚɟɦ�ɫɪɨɤɢ�ɫɯɜɚɬɵɜɚɧɢɹ��ɫɨɫɬɚɜɥɹɸɳɢɟ�a���ɢ�a���ɦɢɧ��ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�



���

Ɋɢɫ� ���Ɉɩɪɟɞɟɥɟɧɢɟ�ɫɤɨɪɨɫɬɢ�ɭɥɶɬɪɚɡɜɭɤɚ�ɜ�ɦɨɦɟɧɬɵ�ɧɚɱɚɥɚ�ɢ�ɤɨɧɰɚ
ɫɯɜɚɬɵɜɚɧɢɹ�ɧɚ�ɨɫɧɨɜɟ�ɢɡɦɟɪɟɧɢɣ�ɩɥɚɫɬɢɱɟɫɤɨɣ�ɩɪɨɱɧɨɫɬɢ

Ɉɛɚ� ɨɩɢɫɚɧɧɵɟ� ɜɵɲɟ� ɦɟɬɨɞɵ� ɩɪɢɜɨɞɹɬ� ɤ� ɫɯɨɞɧɵɦ� ɪɟɡɭɥɶɬɚɬɚɦ��
ɍɫɪɟɞɧɟɧɢɟ� ɨɩɪɟɞɟɥɟɧɧɵɯ� ɪɚɡɧɵɦɢ� ɦɟɬɨɞɚɦɢ� � ɫɪɨɤɨɜ� ɫɯɜɚɬɵɜɚɧɢɹ�
ɩɨɡɜɨɥɹɟɬ� ɩɨɜɵɫɢɬɶ� ɢɯ� ɨɛɴɟɤɬɢɜɧɨɫɬɶ�� Ɍɚɤɢɟ� ɡɧɚɱɟɧɢɹ� ɦɨɝɭɬ� ɛɵɬɶ�
ɢɫɩɨɥɶɡɨɜɚɧɵ� ɜ� ɩɨɫɬɪɨɟɧɢɢ� ɱɚɫɬɧɵɯ� ɤɪɢɬɟɪɢɟɜ� ɨɩɬɢɦɢɡɚɰɢɢ�
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ��

�� Ʉɟɪɲ� ȼ�ə�� Ɏɨɳ� Ⱥ�ȼ�� ©ɋɩɨɫɿɛ� ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ� � ɤɨɧɬɪɨɥɸ� ɩɪɨɰɟɫɭ�
ɫɬɪɭɤɬɭɪɨɭɬɜɨɪɟɧɧɹ�ɛɟɬɨɧɧɨʀ�ɫɭɦɿɲɿª��ɉɚɬɟɧɬ�ɍɤɪɚʀɧɢ�ʋ��������ɆɉɄ��������

�� /HH�+�.���/HH�.�0���.LP�<�+���<LP�+��%DH�'�%��8OWUDVRQLF�LQ�VLWX�PRQLWRULQJ�RI�
VHWWLQJ�SURFHVV�RI�KLJK�SHUIRUPDQFH�FRQFUHWH��&HP�&RQFU�5HV���������������±����

�� Ʉɨɥɟɫɧɢɤɨɜ�ȼ�Ⱥ���ɉɥɚɬɨɧɨɜɚ�Ɇ�ɉ���Ƚɥɢɧɤɚ�Ɍ�ɉ���Ʉɚɥɚɲɧɢɤɨɜɚ�ɋ�Ɏ��Ɇɟɬɨɞɵ�
ɢɫɫɥɟɞɨɜɚɧɢɹ�ɢ�ɤɨɧɬɪɨɥɹ�ɫɬɢɪɨɢɬɟɥɶɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ��Ɇɟɬɨɞɢɱɟɫɤɢɟ�ɭɤɚɡɚɧɢɹ�
ɤ�ɥɚɛɨɪɚɬɨɪɧɵɦ�ɪɚɛɨɬɚɦ��Ɉɞɟɫɫɚ��Ɉɂɋɂ�����������ɫ��

8/75$621,&�0(7+2'�)25�,19(67,*,1*�7+(�+$5'1(66�2)�
*<3680�&20326,7,216

7KH�DUWLFOH�GHDOV�ZLWK�WKH�XOWUDVRQLF�PHWKRG�RI�VWXG\LQJ�WKH�VWUXFWXUH�IRUPDWLRQ�RI�J\SVXP�
FRPSRVLWHV��$QDO\VLV�RI�FKDQJHV�LQ�WKH�WLPH�RI�SDVVDJH�DQG�VSHHG�RI�XOWUDVRXQG�GXULQJ�
WKH�SURFHVV�RI�VHWWLQJ�WKH�FRPSRVLWH�DOORZV�WR�GHWHUPLQH�WKH�WLPLQJ�RI�WKH�EHJLQQLQJ�DQG�
HQG�RI�VHWWLQJ�RI�WKH�VWXGLHG�PDWHULDOV�
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