
Ɇɢɧɨɛɪɧɚɭɤɢ�Ɋɨɫɫɢɢ
Ɏɟɞɟɪɚɥɶɧɨɟ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ�ɛɸɞɠɟɬɧɨɟ�ɭɱɪɟɠɞɟɧɢɟ�ɧɚɭɤɢ

ɂɧɫɬɢɬɭɬ�ɮɢɡɢɱɟɫɤɨɣ�ɯɢɦɢɢ�ɢ�ɷɥɟɤɬɪɨɯɢɦɢɢ�
ɢɦ��Ⱥ�ɇ�Ɏɪɭɦɤɢɧɚ�Ɋɨɫɫɢɣɫɤɨɣ�ɚɤɚɞɟɦɢɢ�ɧɚɭɤ

;,,, ɄɈɇɎȿɊȿɇɐɂə
ɆɈɅɈȾɕɏ�ɍɑȿɇɕɏ��ȺɋɉɂɊȺɇɌɈȼ�

ɂ�ɋɌɍȾȿɇɌɈȼ�ɂɎɏɗ�ɊȺɇ

ɎɂɁɂɄɈɏɂɆɂə�± ����

� ± � ɞɟɤɚɛɪɹ�����

Ɍɟɡɢɫɵ�ɞɨɤɥɚɞɨɜ

Ɇɨɫɤɜɚ�����



ɍȾɄ����

ȻȻɄ�����

Ɏ��

ɍɬɜɟɪɠɞɟɧɨ�ɤ�ɩɟɱɚɬɢ�Ɏɟɞɟɪɚɥɶɧɵɦ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ�ɛɸɞɠɟɬɧɵɦ�ɭɱɪɟɠɞɟɧɢɟɦ�ɧɚɭɤɢ
ɂɧɫɬɢɬɭɬɨɦ�ɮɢɡɢɱɟɫɤɨɣ�ɯɢɦɢɢ�ɢ�ɷɥɟɤɬɪɨɯɢɦɢɢ�ɢɦ��Ⱥ�ɇ�Ɏɪɭɦɤɢɧɚ�

Ɋɨɫɫɢɣɫɤɨɣ�ɚɤɚɞɟɦɢɢ�ɧɚɭɤ

Ɏ�� ɎɂɁɂɄɈɏɂɆɂə ± ������;,,, Ʉɨɧɮɟɪɟɧɰɢɹ�ɦɨɥɨɞɵɯ�ɭɱɟɧɵɯ��ɚɫɩɢɪɚɧɬɨɜ�ɢ�
ɫɬɭɞɟɧɬɨɜ�ɂɎɏɗ�ɊȺɇ������ɞɟɤɚɛɪɹ��������ɋɛɨɪɧɢɤ�ɬɟɡɢɫɨɜ�ɞɨɤɥɚɞɨɜ� ± Ɇ���ɂɎɏɗ�
ɊȺɇ��������± ���ɫ��,6%1 �����������������

Ʉɨɧɮɟɪɟɧɰɢɹ�ɦɨɥɨɞɵɯ�ɭɱɟɧɵɯ��ɚɫɩɢɪɚɧɬɨɜ�ɢ�ɫɬɭɞɟɧɬɨɜ�± ɟɠɟɝɨɞɧɨɟ�ɧɚɭɱɧɨɟ�ɦɟɪɨɩɪɢɹɬɢɟ��
ɨɪɝɚɧɢɡɭɟɦɨɟ� ɢ� ɩɪɨɜɨɞɢɦɨɟ� ɞɢɪɟɤɰɢɟɣ�� ɋɨɜɟɬɨɦ ɦɨɥɨɞɵɯ� ɭɱɟɧɵɯ�� ɧɚɭɱɧɨ�
ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɦ� ɤɨɦɩɥɟɤɫɨɦ ɢ� ɍɱɟɧɵɦ� ɫɨɜɟɬɨɦ ɂɎɏɗ� ɊȺɇ�� ɐɟɥɶɸ� ɤɨɧɮɟɪɟɧɰɢɢ�
ɹɜɥɹɟɬɫɹ� ɨɡɧɚɤɨɦɥɟɧɢɟ� ɦɨɥɨɞɵɯ� ɭɱɟɧɵɯ� ɫ� ɩɟɪɫɩɟɤɬɢɜɚɦɢ� ɢ� ɧɨɜɟɣɲɢɦɢ� ɞɨɫɬɢɠɟɧɢɹɦɢ�
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ� ɢ� ɩɪɢɤɥɚɞɧɵɯ� ɧɚɭɱɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɩɨ� ɬɚɤɢɦ� ɧɚɩɪɚɜɥɟɧɢɹɦ�� ɤɚɤ�
ɤɨɥɥɨɢɞɧɨ�ɩɨɜɟɪɯɧɨɫɬɧɵɟ� ɹɜɥɟɧɢɹ� ɢ� ɚɞɫɨɪɛɰɢɨɧɧɵɟ� ɩɪɨɰɟɫɫɵ�� ɮɢɡɢɤɨɯɢɦɢɹ� ɧɚɧɨ� ɢ�
ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɵɯ� ɫɢɫɬɟɦ�� ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɟ� ɩɪɨɛɥɟɦɵ� ɤɨɪɪɨɡɢɢ� ɢ� ɡɚɳɢɬɵ� ɨɬ� ɧɟɟ��
ɷɥɟɤɬɪɨɯɢɦɢɹ�� ɡɚɳɢɬɧɵɟ� ɩɨɤɪɵɬɢɹ�� ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ�� ɪɚɞɢɨɯɢɦɢɹ� ɢ� ɯɢɦɢɹ� ɜɵɫɨɤɢɯ�
ɷɧɟɪɝɢɣ�

Ʉɨɧɮɟɪɟɧɰɢɹ� ɩɪɨɜɨɞɢɬɫɹ� ɜ� ɮɨɪɦɟ� ɫɟɤɰɢɨɧɧɵɯ� ɡɚɫɟɞɚɧɢɣ� ɩɨ� ɫɥɟɞɭɸɳɢɦ�
ɧɚɩɪɚɜɥɟɧɢɹɦ�� ©Ɏɢɡɢɤɨɯɢɦɢɹ� ɧɚɧɨ� ɢ� ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɵɯ� ɫɢɫɬɟɦª�� ©ɉɨɜɟɪɯɧɨɫɬɧɵɟ�
ɹɜɥɟɧɢɹ� ɜ� ɤɨɥɥɨɢɞɧɨ�ɞɢɫɩɟɪɫɧɵɯ� ɫɢɫɬɟɦɚɯ�� ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɚɹ� ɦɟɯɚɧɢɤɚ� ɢ�
ɚɞɫɨɪɛɰɢɨɧɧɵɟ� ɩɪɨɰɟɫɫɵª�� ©ɏɢɦɢɹ� ɢ� ɬɟɯɧɨɥɨɝɢɹ� ɪɚɞɢɨɚɤɬɢɜɧɵɯ� ɷɥɟɦɟɧɬɨɜ��
ɪɚɞɢɨɷɤɨɥɨɝɢɹ�ɢ�ɪɚɞɢɚɰɢɨɧɧɚɹ�ɯɢɦɢɹª��©ɏɢɦɢɱɟɫɤɨɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɦɚɬɟɪɢɚɥɨɜ��ɡɚɳɢɬɚ�
ɦɟɬɚɥɥɨɜ� ɢ� ɞɪɭɝɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɨɬ� ɤɨɪɪɨɡɢɢ� ɢ� ɨɤɢɫɥɟɧɢɹª�� ©ɗɥɟɤɬɪɨɯɢɦɢɹª�� Ɇɨɥɨɞɵɟ�
ɭɱɟɧɵɟ�ɢɦɟɸɬ�ɜɨɡɦɨɠɧɨɫɬɶ�ɞɨɥɨɠɢɬɶ�ɪɟɡɭɥɶɬɚɬɵ�ɫɜɨɟɣ�ɪɚɛɨɬɵ�ɜ�ɮɨɪɦɟ�ɭɫɬɧɵɯ�ɞɨɤɥɚɞɨɜ�
ɜ�ɯɨɞɟ�ɫɟɤɰɢɨɧɧɵɯ�ɡɚɫɟɞɚɧɢɣ��ȼ�ɪɚɦɤɚɯ�ɤɨɧɮɟɪɟɧɰɢɢ�ɩɪɨɜɨɞɢɬɫɹ�ɤɨɧɤɭɪɫ�ɧɚɭɱɧɵɯ�ɪɚɛɨɬ�
ɧɚ�ɫɨɢɫɤɚɧɢɟ�ɩɪɟɦɢɣ�ɢɦɟɧɢ�ɜɵɞɚɸɳɢɯɫɹ�ɭɱɟɧɵɯ�ɂɎɏɗ�ɊȺɇ��ɚ�ɬɚɤɠɟ�ɤɨɧɤɭɪɫ�ɧɚɭɱɧɵɯ�
ɪɚɛɨɬ�ɭɱɚɫɬɧɢɤɨɜ�ɤɨɧɮɟɪɟɧɰɢɢ��ɩɨ�ɢɬɨɝɚɦ�ɤɨɬɨɪɨɝɨ�ɩɪɢɫɭɠɞɚɸɬɫɹ�,��,, ɢ�,,, ɦɟɫɬɚ�

ɇɚɭɱɧɨɟ�ɢɡɞɚɧɢɟ

ɉɨɞɝɨɬɨɜɤɚ�ɦɚɬɟɪɢɚɥɨɜ� Ɍ�Ⱥ��Ʉɭɥɶɤɨɜɚ
Ⱦɢɡɚɣɧ�ɨɛɥɨɠɤɢ� ɇ�Ⱥ��ɉɨɥɹɤɨɜ

ɉɟɱɚɬɶ��Ⱦ�ɇ��Ɍɸɪɢɧ

Ɉɬɩɟɱɚɬɚɧɨ�ɜ�Ɏɟɞɟɪɚɥɶɧɨɦ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ
ɛɸɞɠɟɬɧɨɦ�ɭɱɪɟɠɞɟɧɢɢ ɧɚɭɤɢ
ɂɧɫɬɢɬɭɬɟ�ɮɢɡɢɱɟɫɤɨɣ�ɯɢɦɢɢ�ɢ�ɷɥɟɤɬɪɨɯɢɦɢɢ
ɢɦ��Ⱥ�ɇ�Ɏɪɭɦɤɢɧɚ�Ɋɨɫɫɢɣɫɤɨɣ�ɚɤɚɞɟɦɢɢ�ɧɚɭɤ
Ɇɨɫɤɜɚ��Ʌɟɧɢɧɫɤɢɣ�ɩɪɨɫɩɟɤɬ��ɞ�����ɤɨɪɩ���

��Ɏɟɞɟɪɚɥɶɧɨɟ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ�ɛɸɞɠɟɬɧɨɟ�
ɭɱɪɟɠɞɟɧɢɟ�ɧɚɭɤɢ
ɂɧɫɬɢɬɭɬ�ɮɢɡɢɱɟɫɤɨɣ�ɯɢɦɢɢ�ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ
ɢɦ��Ⱥ�ɇ�Ɏɪɭɦɤɢɧɚ�Ɋɨɫɫɢɣɫɤɨɣ�ɚɤɚɞɟɦɢɢ�ɧɚɭɤ
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͞͠͞

ɍȾɄ������������

ȼɅɂəɇɂȿ�ɆɈɅɂȻȾȿɇȺ�ɂ�ɐɂɊɄɈɇɂə�ɇȺ�ɋɌɊɍɄɌɍɊɍ�ɂ�
ȽɂȾɊɈɅɂɌɂɑȿɋɄɍɘ�ɍɋɌɈɃɑɂȼɈɋɌɖ�

ȺɅɘɆɈɀȿɅȿɁɈɎɈɋɎȺɌɇɈȽɈ�ɋɌȿɄɅȺ�ȾɅə�
ɂɆɆɈȻɂɅɂɁȺɐɂɂ�ɊȺȾɂɈȺɄɌɂȼɇɕɏ�ɈɌɏɈȾɈȼ �

Ɏɪɨɥɨɜɚ�Ⱥ�ȼ������Ⱦɚɧɢɥɨɜ�ɋ�ɋ����Ʉɨɧɨɧɤɨɜɚ�ɇ�ɇ����Ƚɪɨɦɹɤ�ɂ�ɇ����
Ɍɸɩɢɧɚ�ȿ�Ⱥ������ȼɢɧɨɤɭɪɨɜ�ɋ�ȿ� �

�ȽȿɈɏɂ ɊȺɇ��Ɇɨɫɤɜɚ� Ʉɨɫɵɝɢɧɚ���� H�PDLO� DQQDY����#JPDLO�FRP
��ɊɏɌɍ ɢɦ��Ⱦ�ɂ��Ɇɟɧɞɟɥɟɟɜɚ��Ɇɨɫɤɜɚ��Ɇɢɭɫɫɤɚɹ�ɩɥ����

� ɇɂəɍ�ɆɂɎɂ� Ɇɨɫɤɜɚ��Ʉɚɲɢɪɫɤɨɟ�ɲ���ɞ����

ɋɢɧɬɟɡɢɪɨɜɚɧɵ� ɨɛɪɚɡɰɵ� ɧɚɬɪɢɣɚɥɸɦɨɠɟɥɟɡɨɮɨɫɮɚɬɧɨɝɨ� ɫɬɟɤɥɚ��
ɫɨɞɟɪɠɚɳɢɟ�����ɦɚɫ��0R2��ɢ�=U2���ɂɡɭɱɟɧɚ�ɫɬɪɭɤɬɭɪɚ�ɢ�ɝɢɞɪɨɥɢɬɢɱɟɫɤɚɹ�
ɭɫɬɨɣɱɢɜɨɫɬɶ� ɩɨɥɭɱɟɧɧɵɯ� ɨɛɪɚɡɰɨɜ�� ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɜɵɫɨɤɨɣ�
ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ�ɭɫɬɨɣɱɢɜɨɫɬɶɸ�ɨɛɥɚɞɚɸɬ�ɨɛɪɚɡɰɵ�ɫɬɺɤɨɥ�ɩɪɢ�ɜɤɥɸɱɟɧɢɢ�
ɞɨ���ɦɚɫ��0R2� ɢ���ɦɚɫ��=U2���

6DPSOHV� RI� VRGLXPDOXPLQXPLURQSKRVSKDWH� JODVV� FRQWDLQLQJ� ���� ZW��
0R2� DQG�=U2� ZHUH�V\QWKHVL]HG��7KH�VWUXFWXUH�DQG�K\GURO\WLF�VWDELOLW\�RI� WKH�
REWDLQHG�VDPSOHV�ZDV�VWXGLHG��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�JODVV�VDPSOHV�SRVVHVV�
KLJK� K\GURO\WLF� VWDELOLW\�ZLWK� WKH� LQFOXVLRQ� RI� XS� WR� ��ZW��0R2� DQG� ��ZW��
=U2��

Ⱦɥɹ� ɨɬɜɟɪɠɞɟɧɢɹ� ɜɵɫɨɤɨɚɤɬɢɜɧɵɯ� ɨɬɯɨɞɨɜ� �ȼȺɈ�� ɧɚ� ɎȽɍɉ� ©ɉɈ�
©Ɇɚɹɤª� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɚɥɸɦɨɮɨɫɮɚɬɧɨɟ� ɫɬɟɤɥɨ�� Ⱦɥɹ� ɨɫɬɟɤɥɨɜɵɜɚɧɢɹ�
ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɯ� ȼȺɈ� ɧɚɦɢ� ɪɚɧɟɟ� ɛɵɥ� ɪɚɡɪɚɛɨɬɚɧ� ɫɨɫɬɚɜ� ɫ�
ɷɤɜɢɦɨɥɹɪɧɵɦ� ɫɨɞɟɪɠɚɧɢɟɦ� $O�2� ɢ� )H�2� �a��� ɦɨɥ��� >�@�� ɨɛɥɚɞɚɸɳɢɣ�
ɧɚɢɛɨɥɶɲɟɣ� ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ� ɭɫɬɨɣɱɢɜɨɫɬɶɸ� ɢ� ɭɫɬɨɣɱɢɜɨɫɬɶɸ� ɤ�
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ��Ɇɨɥɢɛɞɟɧ�ɢ�ɰɢɪɤɨɧɢɣ��ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ�ɜ�ɫɨɫɬɚɜɟ�ȼȺɈ��ɜ�
ɫɢɥɭ�ɫɜɨɢɯ�ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɯ�ɫɜɨɣɫɬɜ��ɧɟ�ɫɩɨɫɨɛɧɵ�ɩɪɨɱɧɨ�ɜɤɥɸɱɚɬɶɫɹ�ɜ�
ɫɬɪɭɤɬɭɪɭ� ɫɬɟɤɨɥ�� ɚ� ɬɚɤɠɟ� ɦɟɲɚɸɬ� ɢɦɦɨɛɢɥɢɡɚɰɢɢ� ɜ� ɫɬɟɤɥɨ� ɞɪɭɝɢɯ�
ɷɥɟɦɟɧɬɨɜ�

ɋɢɧɬɟɡ� ɫɬɟɤɨɥ�� ɫɨɞɟɪɠɚɳɢɯ���� ��ɢ���ɦɚɫ��0R2��ɢ�=U2��� ɩɪɨɜɨɞɢɥɢ�
ɩɪɢ�ɩɥɚɜɥɟɧɢɢ�ɲɢɯɬɵ�ɫɨɫɬɚɜɚ��ɦɨɥ�����1D�2���$O�2����)H�2����3�2���ɩɪɢ�
�����ɋ� ɫ� ɩɨɫɥɟɞɭɸɳɟɣ� ɜɵɞɟɪɠɤɨɣ� ɜ� ɬɟɱɟɧɢɟ� ɱɚɫɚ�� Ɉɛɪɚɡɰɵ� ɫɬɟɤɨɥ�
ɩɨɥɭɱɚɥɢ�ɨɯɥɚɠɞɟɧɢɟɦ�ɪɚɫɩɥɚɜɚ�ɧɚ�ɩɨɞɞɨɧɟ�ɢɡ�ɧɟɪɠɚɜɟɸɳɟɣ�ɫɬɚɥɢ��

ɋɬɪɭɤɬɭɪɭ� ɦɚɬɪɢɰɵ� ɨɛɪɚɡɰɨɜ� ɫɬɟɤɥɚ� ɚɧɚɥɢɡɢɪɨɜɚɥɢ� ɦɟɬɨɞɨɦ� ɂɄ�
ɫɩɟɤɬɪɨɦɟɬɪɢɢ�ɧɚ�ɂɄ�Ɏɭɪɶɟ�ɫɩɟɤɬɪɨɦɟɬɪɟ�7KHUPR 6FLHQWLILF 1LFROHW ,5 ����
)7�,5 ɜ� ɞɢɚɩɚɡɨɧɟ� ɞɥɢɧ� ɜɨɥɧ� ����� ± ���� ɫɦ��� ɢ� ɦɟɬɨɞɨɦ� ɪɟɧɬɝɟɧɨ�

� Ɋɚɛɨɬɚ�ɜɵɩɨɥɧɟɧɚ�ɩɪɢ�ɮɢɧɚɧɫɨɜɨɣ�ɩɨɞɞɟɪɠɤɟ�ɊɎɎɂ��ɩɪɨɟɤɬ�ʋ�������������
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ɫɩɟɤɬɪɚɥɶɧɨɝɨ�ɦɢɤɪɨɚɧɚɥɢɡɚ�ɧɚ�ɩɪɢɛɨɪɟ�&DPHFD 6;�����Ƚɢɞɪɨɥɢɬɢɱɟɫɤɭɸ�
ɭɫɬɨɣɱɢɜɨɫɬɶ� ɨɛɪɚɡɰɨɜ� ɨɩɪɟɞɟɥɹɥɢ� ɩɪɢ� �����ɋ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ�
ɦɟɠɞɭɧɚɪɨɞɧɵɦ� ɫɬɚɧɞɚɪɬɨɦ� ɊɋɌ� >�@�� Ʉɨɧɰɟɧɬɪɚɰɢɸ� ɜɵɳɟɥɨɱɟɧɧɵɯ�
ɷɥɟɦɟɧɬɨɜ� ɨɩɪɟɞɟɥɹɥɢ� ɦɟɬɨɞɨɦ� ɚɬɨɦɧɨ�ɷɦɢɫɫɢɨɧɧɨɣ� ɫɩɟɤɬɪɨɫɤɨɩɢɢ� ɫ�
ɢɧɞɭɤɬɢɜɧɨ�ɫɜɹɡɚɧɧɨɣ� ɩɥɚɡɦɨɣ� �Ⱥɗɋ�ɂɋɉ�� ɧɚ� ɩɪɢɛɨɪɟ� L&$3������ 'XR�
�7KHUPR6FLHQWLILF��ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ���

Ɇɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɢɟ� ɫɬɟɤɥɚ� ɢɦɟɸɬ� ɫɬɪɭɤɬɭɪɭ�� ɯɚɪɚɤɬɟɪɧɭɸ� ɞɥɹ�
ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ� ± ɲɢɪɨɤɢɟ�ɩɨɥɨɫɵ�ɩɨɝɥɨɳɟɧɢɹ�� ɡɚ� ɢɫɤɥɸɱɟɧɢɟɦ�
ɡɚɦɟɬɧɨɝɨ�ɪɚɫɫɥɨɟɧɢɹ�ɩɢɤɨɜ�ɜ�ɩɨɥɨɫɚɯ�ɩɨɝɥɨɳɟɧɢɹ�ɜ�ɞɢɚɩɚɡɨɧɟ���������ɫɦ��

ɨɛɭɫɥɨɜɥɟɧɵ� ɜɚɥɟɧɬɧɵɦɢ� ɤɨɥɟɛɚɧɢɹɦɢ� ɫɜɹɡɟɣ�$O�2� ɜ� ɩɨɥɢɷɞɪɚɯ�$O2Q� �ɪɢɫ��
����ɇɚɛɥɸɞɚɟɬɫɹ�ɫɭɠɟɧɢɟ�ɩɨɥɨɫ�ɫɩɟɤɬɪɨɜ�ɜ�ɨɛɪɚɡɰɚɯ��ɫɨɞɟɪɠɚɳɢɯ���ɢ���ɦɚɫ��
=U2��� ɱɬɨ� ɯɚɪɚɤɬɟɪɧɨ� ɞɥɹ�ɩɪɨɰɟɫɫɨɜ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɫɬɟɤɨɥ�� ɬɚɤ� ɤɚɤ�ɢɦɟɧɧɨ�
ɞɥɹ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ� ɜɟɳɟɫɬɜ� ɯɚɪɚɤɬɟɪɧɵ� ɭɡɤɢɟ� ɩɨɥɨɫɵ� ɩɨɝɥɨɳɟɧɢɹ� ɢ�
ɭɜɟɥɢɱɟɧɢɟ�ɢɯ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ��ɪɢɫ������

Ɋɢɫɭɧɨɤ����ɂɄ�ɫɩɟɤɬɪɵ�ɦɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɢɯ��ɚ��ɢ�ɰɢɪɤɨɧɢɣɫɨɞɟɪɠɚɳɢɯ��ɛ��ɨɛɪɚɡɰɨɜ

ɉɨɞɬɜɟɪɠɞɟɧɨ�� ɱɬɨ� ɜɫɟ� ɦɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɢɟ� ɨɛɪɚɡɰɵ� ɢɦɟɸɬ�
ɚɦɨɪɮɧɭɸ� ɫɬɪɭɤɬɭɪɭ�� ɜ� ɬɨ� ɜɪɟɦɹ�� ɤɚɤ� ɫɪɟɞɢ� ɰɢɪɤɨɧɢɣɫɨɞɟɪɠɚɳɢɯ�
ɨɛɪɚɡɰɨɜ� ɚɦɨɪɮɧɭɸ�ɫɬɪɭɤɬɭɪɭ�ɢɦɟɟɬ� ɬɨɥɶɤɨ����ɵɣ�ɨɛɪɚɡɟɰ� �ɪɢɫ�� ����Ⱦɥɹ�
ɰɢɪɤɨɧɢɣɫɨɞɟɪɠɚɳɢɯ� ɨɛɪɚɡɰɨɜ� ɫ� �� ɢ� �� ɦɚɫ�� =U2� ɯɚɪɚɤɬɟɪɟɧ�
ɧɟɨɞɧɨɪɨɞɧɵɣ�ɱɟɬɵɪɟɯɮɚɡɧɵɣ�ɫɨɫɬɚɜ��ɬɚɛɥ�����

Ɍɚɛɥɢɰɚ ���ɋɨɫɬɚɜ�ɮɚɡ�ɨɛɪɚɡɰɨɜ�ɫɬɟɤɨɥ
Ɉɛɪɚɡɟɰ Ɏɚɡɚ 1D�2��� $O�2���� 3�2���� )H2��� =U2����
��ɦɚɫ��0R2� � ���� ����� ����� ����� ����
��ɦɚɫ��0R2� � ���� ����� ����� ����� ����
��ɦɚɫ��0R2� � ���� ����� ����� ����� ����
��ɦɚɫ��=U2� � ���� ����� ����� ����� ����
��ɦɚɫ��=U2� � ����� ���� ����� ����� ����
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Ɋɢɫɭɧɨɤ����ɂɡɨɛɪɚɠɟɧɢɹ�ɨɛɪɚɡɰɨɜ����± ɨɫɧɨɜɧɚɹ�ɮɚɡɚ��������± ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ�ɮɚɡɵ

ɍɫɬɚɧɨɜɥɟɧɚ� ɜɵɫɨɤɚɹ� ɝɢɞɪɨɥɢɬɢɱɟɫɤɚɹ� ɭɫɬɨɣɱɢɜɨɫɬɶ� ɨɛɪɚɡɰɨɜ�
ɫɬɟɤɥɚ�� ɫɨɞɟɪɠɚɳɟɝɨ� ��� �� ɢ� �� ɦɚɫ�� ɨɤɫɢɞɚ� ɦɨɥɢɛɞɟɧɚ ɢ� �� ɦɚɫ�� ɨɤɫɢɞɚ�
ɰɢɪɤɨɧɢɹ� Ɇɚɤɫɢɦɚɥɶɧɚɹ� ɫɤɨɪɨɫɬɶ� ɜɵɳɟɥɚɱɢɜɚɧɢɹ� ɧɚɬɪɢɹ� ɢɡ�
ɦɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɟɝɨ� ɫɬɟɤɥɚ� ɫɨɫɬɚɜɢɥɚ� ���Â���� ɝ��ɫɦ�Âɫɭɬ��� ɚ� ɢɡ� �� ɦɚɫ��
ɰɢɪɨɧɢɣɫɨɞɟɪɠɚɳɟɝɨ�ɫɬɟɤɥɚ ���Â���� ɝ��ɫɦ�Âɫɭɬ���Ɉɛɪɚɡɰɵ�ɫ�ɫɨɞɟɪɠɚɧɢɟɦ���
ɢ���ɦɚɫ��=U2� ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ�ɫɤɨɪɨɫɬɹɦɢ�ɜɵɳɟɥɚɱɢɜɚɧɢɹ�ɩɨɪɹɞɤɚ���

���
�����ɝ��ɫɦ�Âɫɭɬ���

ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɜɫɟ� ɦɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɢɟ� ɨɛɪɚɡɰɵ� ɢɦɟɸɬ�
ɚɦɨɪɮɧɭɸ� ɫɬɪɭɤɬɭɪɭ�� ɯɚɪɚɤɬɟɪɧɭɸ� ɞɥɹ� ɫɬɟɤɨɥ�� ɜ� ɬɨ� ɜɪɟɦɹ� ɤɚɤ� ɞɥɹ�
ɰɢɪɤɨɧɢɣɫɨɞɟɪɠɚɳɢɯ� ɨɛɪɚɡɰɨɜ� ɬɚɤɚɹ� ɫɬɪɭɤɬɭɪɚ� ɯɚɪɚɤɬɟɪɧɚ� ɬɨɥɶɤɨ� ɞɥɹ�
ɨɛɪɚɡɰɚ� ɫ� �� ɦɚɫ��=UɈ��� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɜ� ɧɚɬɪɢɣɚɥɸɦɨɠɟɥɟɡɨɮɨɫɮɚɬɧɨɟ�
ɫɬɟɤɥɨ�ɧɚɞɺɠɧɨ�ɢɦɦɨɛɢɥɢɡɭɟɬɫɹ�ɞɨ���ɦɚɫ��0R2� ɢ���ɦɚɫ��=U2��

Ʌɢɬɟɪɚɬɭɪɚ
�� ɋɬɟɮɚɧɨɜɫɤɢɣ�ɋ��ȼ���ɋɬɟɮɚɧɨɜɫɤɚɹ�Ɉ��ɂ���ȼɢɧɨɤɭɪɨɜ�ɋ��ȿ��ɢ�ɞɪ�����Ɋɚɞɢɨɯɢɦɢɹ�������
Ɍ������1 ���ɋ����������
�� $670�6WDQGDUG�&����������6WDQGDUG�7HVW�0HWKRGV�IRU�'HWHUPLQLQJ�&KHPLFDO�'XUDELOLW\�
RI�1XFOHDU�:DVWH�*ODVVHV��WKH�3URGXFW�&RQVLVWHQF\�7HVW��3&7���$670��3KLODGHOSKLD�������


