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ɍȾɄ��������

ɋ��Ⱥ��Ʉɭɯɚɪɟɧɤɨ��ɤɚɧɞ� ɬɟɯɧ� ɧɚɭɤ��ȼ��ɇ��Ɍɤɚɱ��ɞ�ɪ�ɮɢɡ��ɦɚɬ��ɧɚɭɤ��
Ⱥ��Ƚ��Ⱦɨɜɝɚɧɶ� ȿ��Ⱥ��Ȼɚɪɚɧɨɜɫɤɚɹ

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

ɂɋɋɅȿȾɈȼȺɇɂȿ�ȾɂɎɎɍɁɂɈɇɇɕɏ�ɉɊɈɐȿɋɋɈȼ�ɉɊɂ�ɄɈɇɌȺɄɌȿ�
ɓȿɅɈɑɇɈɋɂɅɂɄȺɌɇɕɏ�ɂ�ɋȼɂɇɐɈȼɕɏ�ɋɌȿɄɈɅ�

ɂɡɥɨɠɟɧɵ�ɢ�ɨɛɨɛɳɟɧɵ�ɨɫɧɨɜɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɞɢɮɮɭɡɢɨɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ�
ɧɚ�ɦɟɠɮɚɡɧɨɣ�ɝɪɚɧɢɰɟ��ɨɛɪɚɡɨɜɚɧɧɨɣ ɪɚɫɩɥɚɜɚɦɢ�ɳɟɥɨɱɧɨɫɢɥɢɤɚɬɧɵɯ�ɢ�ɫɜɢɧɰɨɜɵɯ�ɫɬɟɤɨɥ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ� ɫɬɟɤɥɨ��ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ��ɫɬɟɤɥɨɚɛɪɚɡɢɜɧɵɟ�ɤɨɦɩɨɡɢɬɵ��ɞɢɮɮɭɡɢɹ��
ɦɟɠɮɚɡɧɚɹ�ɝɪɚɧɢɰɚ�

ȼɜɟɞɟɧɢɟ
Ʌɟɝɤɨɩɥɚɜɤɢɟ�ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɟ�ɫɢɫɬɟɦɵ�ɲɢɪɨɤɨ�ɢɫɩɨɥɶɡɭɸɬ�ɜ�ɤɚɱɟɫɬɜɟ�ɫɜɹɡɭɸɳɢɯ�

ɞɥɹ� ɪɚɡɪɚɛɨɬɤɢ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɪɚɡɥɢɱɧɨɝɨ� ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ��
Ɋɟɝɭɥɢɪɭɹ�ɩɪɨɰɟɫɫɵ�ɜɡɚɢɦɨɩɪɨɧɢɤɧɨɜɟɧɢɹ�ɢɨɧɨɜ��ɤɨɬɨɪɵɟ�ɪɚɡɜɢɜɚɸɬɫɹ�ɜ�ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɯ�
ɫɢɫɬɟɦɚɯ�� ɩɭɬɟɦ� ɜɚɪɶɢɪɨɜɚɧɢɹ� ɫɨɫɬɚɜɨɜ� ɢ� ɪɟɠɢɦɨɜ� ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ�
ɫɬɟɤɨɥ� � ɩɨɥɭɱɚɸɬ� ɫɬɟɤɥɨɚɛɪɚɡɢɜɧɵɟ� ɤɨɦɩɨɡɢɬɵ� ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɫ�
ɧɟɨɛɯɨɞɢɦɵɦɢ�ɮɢɡɢɤɨ�ɦɟɯɚɧɢɱɟɫɤɢɦɢ�ɫɜɨɣɫɬɜɚɦɢ�

Ɋɟɡɭɥɶɬɚɬɵ� ɚɧɚɥɢɡɚ� ɥɢɬɟɪɚɬɭɪɧɵɯ� ɢɫɬɨɱɧɢɤɨɜ� ɩɨ� ɞɢɮɮɭɡɢɢ� ɜ� ɫɬɟɤɥɚɯ� ɩɨɤɚɡɚɥɢ�� ɱɬɨ�
ɨɫɧɨɜɧɨɟ� ɜɧɢɦɚɧɢɟ� ɜ� ɧɢɯ� ɭɞɟɥɹɟɬɫɹ� ɢɡɭɱɟɧɢɸ� ɜɥɢɹɧɢɹ� ɫɨɫɬɚɜɚ� ɫɬɟɤɥɚ� ɧɚ� ɤɨɷɮɮɢɰɢɟɧɬ�
ɫɚɦɨɞɢɮɮɭɡɢɢ�ɳɟɥɨɱɧɨɝɨ�ɤɚɬɢɨɧɚ�>�±�@��Ɉɞɧɚɤɨ�ɜɨɩɪɨɫɵ�ɤɢɧɟɬɢɤɢ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɪɚɡɥɢɱɧɵɯ�
ɩɨ� ɫɨɫɬɚɜɭ� ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɯ� ɪɚɫɩɥɚɜɨɜ�� ɫɜɹɡɚɧɧɨɣ� ɫ� ɞɢɮɮɭɡɢɟɣ� ɤɚɬɢɨɧɨɜ� ɢ� ɩɨɞɜɢɠɧɨɫɬɶɸ�
ɚɧɢɨɧɧɨɣ� ɦɚɬɪɢɰɵ� ɪɚɫɩɥɚɜɚ�� ɧɟ� ɢɫɫɥɟɞɭɸɬɫɹ�� Ⱦɢɮɮɭɡɢɨɧɧɚɹ� ɩɨɞɜɢɠɧɨɫɬɶ� ɢɨɧɨɜ� ɜ� ɫɬɟɤɥɚɯ�
ɫɪɚɜɧɢɬɟɥɶɧɨ�ɦɚɥɨ�ɢɡɭɱɟɧɚ��ɗɬɨ�ɨɬɧɨɫɢɬɫɹ�ɩɪɟɠɞɟ� ɜɫɟɝɨ� ɤ�ɦɟɯɚɧɢɡɦɭ� ɞɢɮɮɭɡɢɢ�ɢɨɧɨɜ�� ɫɜɹɡɢ�
ɞɢɮɮɭɡɢɢ�ɫ�ɞɪɭɝɢɦɢ�ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɦɢ�ɫɜɨɣɫɬɜɚɦɢ�ɢ�ɫɬɪɭɤɬɭɪɨɣ�ɫɬɟɤɥɚ�

ȼ� ɫɜɹɡɢ� ɫ� ɢɡɥɨɠɟɧɧɵɦ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɜɡɚɢɦɨɞɢɮɮɭɡɢɢ� ɤɚɬɢɨɧɨɜ� ɳɟɥɨɱɧɵɯ��
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ� ɦɟɬɚɥɥɨɜ� ɫ� ɨɞɧɨɣ� ɫɬɨɪɨɧɵ� ɢ� ɤɚɬɢɨɧɨɜ� ɫɜɢɧɰɚ� ɢ� ɰɢɧɤɚ� ± ɫ� ɞɪɭɝɨɣ�� ɜ�
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ɤɨɧɬɚɤɬɧɨɣ� ɡɨɧɟ�� ɨɛɪɚɡɨɜɚɧɧɨɣ� ɪɚɡɥɢɱɧɵɦɢ� ɪɚɫɩɥɚɜɚɦɢ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɫɬɟɤɨɥ��
ɹɜɥɹɟɬɫɹ�ɚɤɬɭɚɥɶɧɵɦ�

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ�ɢɯ�ɨɛɫɭɠɞɟɧɢɟ
Ⱦɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ� ɤɨɥɢɱɟɫɬɜɚ� ɧɟɡɚɜɢɫɢɦɵɯ� ɩɨɬɨɤɨɜ� ɢ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ɞɢɮɮɭɡɢɢ� ɜ�

ɜɵɛɪɚɧɧɵɯ� ɫɢɫɬɟɦɚɯ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɪɚɫɩɥɚɜɨɜ� ɫɬɟɤɨɥ� ɫ� ɩɨɦɨɳɶɸ� ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ�
ɦɢɤɪɨɚɧɚɥɢɡɚɬɨɪɚ�ɩɨɫɥɟ�ɞɢɮɮɭɡɢɨɧɧɨɝɨ�ɨɬɠɢɝɚ�ɩɨɥɭɱɢɥɢ�ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ�ɩɪɨɮɢɥɢ�ɜɫɟɯ�
ɯɢɦɢɱɟɫɤɢɯ�ɷɥɟɦɟɧɬɨɜ�

Ɉɛɪɚɡɰɵ� ɞɥɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɦɢɝɪɚɰɢɨɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɜ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ�
ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɯ�ɫɢɫɬɟɦɚɯ�ɩɪɟɞɫɬɚɜɥɹɥɢ�ɫɨɛɨɣ�ɱɚɫɬɢɰɵ�ɫɢɥɢɤɚɬɧɵɯ�ɫɬɟɤɨɥ�ɪɚɡɦɟɪɨɦ�a����
ɦɤɦ�� ɧɚɯɨɞɹɳɢɟɫɹ� ɜ� ɩɪɨɫɥɨɣɤɟ� ɢɡ� ɫɬɟɤɥɚ� ɫɢɫɬɟɦɵ� 3E2±=Q2±%�2�±6L2� �ɪɢɫ� � ɚ���
ɋɨɨɬɧɨɲɟɧɢɟ� � ɨɛɴɟɦɨɜ� ɱɚɫɬɢɰ� ɢ� ɩɪɨɫɥɨɣɤɢ� ɫɨɫɬɚɜɥɹɥɨ� ����� Ɍɚɤɨɣ� ɜɵɛɨɪ� ɫɨɨɬɧɨɲɟɧɢɹ�
ɨɛɴɟɦɨɜ� ɩɨɡɜɨɥɢɥ ɩɪɟɞɨɬɜɪɚɬɢɬɶ� ɪɚɡɪɭɲɟɧɢɟ� ɱɚɫɬɢɰ� ɫɢɥɢɤɚɬɧɵɯ� ɫɬɟɤɨɥ� ɦɟɯɚɧɢɱɟɫɤɢɦɢ�
ɧɚɩɪɹɠɟɧɢɹɦɢ�� ɜɨɡɧɢɤɚɸɳɢɦɢ� � ɜɫɥɟɞɫɬɜɢɟ� ɪɚɡɧɢɰɵ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ɬɟɪɦɢɱɟɫɤɨɝɨ�
ɪɚɫɲɢɪɟɧɢɹ� ɫɬɟɤɨɥ�� ɢ� ɞɨɫɬɚɬɨɱɧɨ� ɬɨɱɧɨ� ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ� ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ� ɩɪɨɮɢɥɢ�
ɳɟɥɨɱɧɵɯ��ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɤɚɬɢɨɧɨɜ�ɜ�ɤɭɫɨɱɤɚɯ�ɫɢɥɢɤɚɬɧɵɯ�ɫɬɟɤɨɥ�ɢ�ɤɚɬɢɨɧɵ�ɫɜɢɧɰɚ�ɢ�
ɰɢɧɤɚ�ɜ�ɩɪɨɫɥɨɣɤɟ�ɢɡ�ɫɜɢɧɰɨɜɨɫɢɥɢɤɚɬɧɨɝɨ�ɫɬɟɤɥɚ��

ȼ� ɤɚɱɟɫɬɜɟ�ɩɪɢɦɟɪɚ�ɧɚ� ɪɢɫ�� � ɛ ɩɨɤɚɡɚɧɚ� ɡɨɧɚ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ɫɬɟɤɥɚ� ɫɢɫɬɟɦɵ�.�2±
&D2±%�2�±6L2� ɫɨ� ɫɬɟɤɥɨɦ� ɫɢɫɬɟɦɵ� 3E2±=Q2±%�2�±6L2��� Ɍɟɦɩɟɪɚɬɭɪɚ� ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ�
ɨɛɪɚɡɰɨɜ�ɫɨɫɬɚɜɥɹɥɚ���� qɋ��ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ�± ��ɱ�

ɂɡ� ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɷɥɟɦɟɧɬɨɜ�� ɤɨɬɨɪɨɟ� ɨɩɪɟɞɟɥɹɥɢ� ɫ� ɩɨɦɨɳɶɸ�
ɷɥɟɤɬɪɨɧɧɨɝɨ� ɦɢɤɪɨɚɧɚɥɢɡɚɬɨɪɚ� ɜ� ɱɚɫɬɢɰɚɯ� ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɥɚ� ɢ� ɩɪɨɫɥɨɣɤɟ�
ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɥɚ� �ɪɢɫ�� ���� ɜɢɞɧɨ�� ɱɬɨ� ɩɪɨɢɫɯɨɞɢɬ� ɜɡɚɢɦɨɞɢɮɮɭɡɢɹ�
ɤɚɬɢɨɧɨɜ�.���&D����6L�� ɢɡ�ɳɟɥɨɱɧɨɝɨ�ɫɬɟɤɥɚ�ɢ�3E����=Q�� ɢɡ�ɫɜɢɧɰɨɜɨɝɨ�ɫɬɟɤɥɚ�

ɚ ɛ
Ɋɢɫ�����ɊɗɆ�ɢɡɨɛɪɚɠɟɧɢɟ�ɫɬɪɭɤɬɭɪɵ�ɢɫɫɥɟɞɭɟɦɨɝɨ�ɨɛɪɚɡɰɚ��ɫɨɫɬɨɹɳɟɝɨ�ɢɡ�ɱɚɫɬɢɰ�

ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ�ɫɬɟɤɥɚ�ɢ�ɩɪɨɫɥɨɣɤɢ�ɫɜɢɧɰɨɜɨɝɨ�ɫɬɟɤɥɚ �ɚ��ɢ�ɡɨɧɵ�ɤɨɧɬɚɤɬɚ�ɦɟɠɞɭ�
ɧɢɦɢ��ɛ�

ɉɨɞ�ɜɡɚɢɦɨɞɢɮɮɭɡɢɟɣ�ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ�ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɜɟɳɟɫɬɜɚ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɢ�
ɜɪɟɦɟɧɢ� ɩɨɞ� ɜɥɢɹɧɢɟɦ� ɝɪɚɞɢɟɧɬɚ� ɤɨɧɰɟɧɬɪɚɰɢɣ�� ɗɬɨɬ� ɩɪɨɰɟɫɫ� ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ�
ɤɨɷɮɮɢɰɢɟɧɬɨɦ� ɜɡɚɢɦɨɞɢɮɮɭɡɢɢ�� ɟɫɥɢ� ɧɚɜɫɬɪɟɱɭ� ɞɪɭɝ� ɞɪɭɝɭ� ɧɚɩɪɚɜɥɟɧɵ� ɞɜɚ� ɩɨɬɨɤɚ�
ɜɟɳɟɫɬɜɚ�� ɢɥɢ� ɷɮɮɟɤɬɢɜɧɵɦ� ɤɨɷɮɮɢɰɢɟɧɬɨɦ� ɞɢɮɮɭɡɢɢ� ɜ� ɫɥɭɱɚɟ� ɧɟɫɤɨɥɶɤɢɯ� ɜɫɬɪɟɱɧɵɯ�
ɩɨɬɨɤɨɜ�ɜɟɳɟɫɬɜɚ��Ɋɚɧɟɟ�ɤɨɷɮɮɢɰɢɟɧɬ�ɞɢɮɮɭɡɢɢ�ɫɱɢɬɚɥɫɹ�ɷɮɮɟɤɬɢɜɧɵɦ��ɟɫɥɢ�ɧɟ�ɡɚɜɢɫɟɥ�ɨɬ�
ɤɨɧɰɟɧɬɪɚɰɢɢ� ɷɥɟɦɟɧɬɨɜ�� ȼ� ɛɨɥɶɲɢɧɫɬɜɟ� ɫɥɭɱɚɟɜ� ɜɨ� ɜɡɚɢɦɨɞɢɮɮɭɡɢɨɧɧɨɦ� ɩɪɨɰɟɫɫɟ�
ɭɱɚɫɬɜɭɸɬ� ɧɟ� ɞɜɚ� ɧɚɩɪɚɜɥɟɧɧɵɯ� ɞɪɭɝ� ɤ� ɞɪɭɝɭ� ɢɨɧɚ�� ɚ� ɧɟɫɤɨɥɶɤɨ�� Ⱦɥɹ� ɬɚɤɨɝɨ� ɫɥɭɱɚɹ�
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ� ɞɢɮɮɭɡɢɢ�� ɤɚɤ� ɨɬɦɟɬɢɥ� ȼ�Ⱥ� ɀɚɛɪɟɜ� >�@�� ɩɨɞ� ɷɮɮɟɤɬɢɜɧɵɦ�
ɤɨɷɮɮɢɰɢɟɧɬɨɦ�ɞɢɮɮɭɡɢɢ�ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ�ɤɨɷɮɮɢɰɢɟɧɬ�ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ�ɜ�ɜɵɪɚɠɟɧɢɢ�



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

���

ɩɨɬɨɤɨɜ�ɨɩɪɟɞɟɥɟɧɧɨɝɨ� ɷɥɟɦɟɧɬɚ� ɜ� ɫɜɨɛɨɞɧɨɦ�ɢɥɢ� ɫɜɹɡɚɧɧɨɦ� � ɜɢɞɟ�ɩɨɞ� ɜɥɢɹɧɢɟɦ� ɫɢɥɨɜɵɯ�
ɩɨɥɟɣ�ɜɫɟɯ�ɷɥɟɦɟɧɬɨɜ�ɫɢɫɬɟɦɵ�

Ⱦɥɹ�ɩɨɞɬɜɟɪɠɞɟɧɢɹ�ɞɢɮɮɭɡɢɨɧɧɨɣ�ɤɢɧɟɬɢɤɢ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɩɨɫɬɪɨɢɥɢ�ɡɚɜɢɫɢɦɨɫɬɢ�
ɤɨɧɰɟɧɬɪɚɰɢɢ� ɷɥɟɦɟɧɬɨɜ� ɨɬ� ɨɬɧɨɲɟɧɢɹ� ɯ��W ɜ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɚɪɟ�.�2±&D2±%�2�±6L2� ɢ�
3E2±=Q2±%�2�±6L2� �ɪɢɫ�� ���� ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ� ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ� ɩɪɨɮɢɥɢ� ɢ�
ɤɨɷɮɮɢɰɢɟɧɬɵ� ɞɢɮɮɭɡɢɢ� ɢɨɧɨɜ�� ɩɪɢɲɥɢ� ɤ� ɜɵɜɨɞɭ� ɨɛ� ɨɩɪɟɞɟɥɹɸɳɟɣ� ɪɨɥɢ� ɩɨɬɨɤɨɜ� ɢɨɧɨɜ�
ɤɪɟɦɧɢɹ� ɢ� ɤɚɥɢɹ� ɢɡ� ɨɞɧɨɝɨ� ɪɚɫɩɥɚɜɚ� ɢ� ɫɜɢɧɰɚ� ɢ� ɰɢɧɤɚ� ɢɡ� ɞɪɭɝɨɝɨ� ɪɚɫɩɥɚɜɚ� ɜ� ɤɢɧɟɬɢɤɟ�
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�� ȼ� ɩɪɟɞɟɥɚɯ� ɨɲɢɛɤɢ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɤɨɧɰɟɧɬɪɚɰɢɹ� ɷɬɢɯ� ɢɨɧɨɜ� ɦɨɧɨɬɨɧɧɨ�
ɭɦɟɧɶɲɚɟɬɫɹ� � ɜ� ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ� ɢɯ� ɫɨɞɟɪɠɚɧɢɹ� ɜ�ɢɫɯɨɞɧɨɦ�ɪɚɫɩɥɚɜɟ�ɞɨ�ɧɭɥɹ��ɉɨɫɬɨɹɧɫɬɜɨ�
ɤɨɧɰɟɧɬɪɚɰɢɢ�ɤɚɥɶɰɢɹ�ɩɨ�ɜɫɟɣ�ɲɢɪɢɧɟ�ɞɢɮɮɭɡɢɨɧɧɨɣ�ɡɨɧɵ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ�ɨ�ɬɨɦ��ɱɬɨ�ɟɝɨ�
ɩɨɬɨɤɚ�ɜ�ɷɬɨɣ�ɫɢɫɬɟɦɟ�ɧɟ�ɧɚɛɥɸɞɚɟɬɫɹ�

Ɋɟɡɭɥɶɬɚɬɵ� ɫɨɩɨɫɬɚɜɥɟɧɢɹ� ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ� ɩɪɨɮɢɥɟɣ� ɤɪɟɦɧɢɹ�� ɤɚɥɢɹ� ɢɡ� ɫɬɟɤɥɚ�
ɫɢɫɬɟɦɵ� .�2±&D2±%�2�±6L2� ɢ� ɫɜɢɧɰɚ�� ɰɢɧɤɚ� ɢɡ� ɫɬɟɤɥɚ� ɫɢɫɬɟɦɵ� 3E2±=Q2±%�2�±6L2� ɜ�
ɤɨɨɪɞɢɧɚɬɚɯ� 1  � I �ɯ��W�� �ɫɦ�� ɪɢɫ�� ���� ɩɨɥɭɱɟɧɧɵɯ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ��� �ɋ� ɢ� ɪɚɡɥɢɱɧɨɣ�
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ� ��� ɢ� �� ɱ��� ɩɨɞɬɜɟɪɞɢɥɢ� ɞɢɮɮɭɡɢɨɧɧɭɸ� ɤɢɧɟɬɢɤɭ�
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ��ɬɚɤ�ɤɚɤ�ɜ�ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ�ɭɫɥɨɜɢɹɯ�ɞɥɹ�ɨɞɧɨɣ�ɢ�ɬɨɣ�ɠɟ�ɤɨɧɰɟɧɬɪɚɰɢɢ�ɢɨɧɨɜ�1
ɨɬɧɨɲɟɧɢɟ ɯ��W �ɝɞɟ�1 ± ɤɨɧɰɟɧɬɪɚɰɢɹ��ɧɨɪɦɢɪɨɜɚɧɧɚɹ�ɧɚ�ɟɞɢɧɢɰɭ� ɯ ± ɝɥɭɛɢɧɚ�ɩɪɨɧɢɤɧɨɜɟɧɢɹ�
ɩɪɢ�ɤɨɧɰɟɧɬɪɚɰɢɢ�1��ɫɦ� W ± ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ�ɞɢɮɮɭɡɢɨɧɧɨɝɨ�ɨɬɠɢɝɚ� ɩɨɫɬɨɹɧɧɨ�

Ɋɟɡɭɥɶɬɢɪɭɸɳɢɣ�ɞɢɮɮɭɡɢɨɧɧɵɣ�ɩɨɬɨɤ�ɫɨɫɬɨɢɬ�ɢɡ�ɩɨɬɨɤɚ�ɤɚɬɢɨɧɨɜ�ɤɚɥɢɹ�ɢ�ɤɪɟɦɧɢɹ��
ɧɟ� ɢɡɦɟɧɹɸɳɟɝɨ� ɫɭɦɦɵ� ɢɯ� ɤɨɧɰɟɧɬɪɚɰɢɣ� ɜ� ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɦ� ɫɬɟɤɥɟ�� ɢ� ɩɨɬɨɤɚ�
ɧɟɦɨɫɬɢɤɨɜɨɝɨ� ɤɢɫɥɨɪɨɞɚ�� ɩɪɢɜɨɞɹɳɟɝɨ� ɤ� ɢɡɦɟɧɟɧɢɸ� ɫɭɦɦɵ� ɢɯ� ɤɨɧɰɟɧɬɪɚɰɢɣ� ɢ�
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɸ�ɜ�ɫɜɢɧɰɨɜɨɦ�ɫɬɟɤɥɟ�

Ɋɢɫ�����Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɨɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�
ɷɥɟɦɟɧɬɨɜ�ɜ�ɨɛɪɚɡɰɚɯ�ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ�
ɢ�ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ�ɫɬɟɤɨɥ��
ɨɛɪɚɛɨɬɚɧɧɵɯ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ���� qɋ�ɜ�

ɬɟɱɟɧɢɟ���ɱ

Ɋɢɫ�����Ɂɚɜɢɫɢɦɨɫɬɢ�ɤɨɧɰɟɧɬɪɚɰɢɢ�ɨɤɫɢɞɨɜ�
ɤɪɟɦɧɢɹ������ɤɚɥɢɹ������ɫɜɢɧɰɚ�����ɢ�ɰɢɧɤɚ�����
ɨɬ�ɨɬɧɨɲɟɧɢɹ�ɯ��W ɜ�ɞɢɮɮɭɡɢɨɧɧɨɣ�ɩɚɪɟ�

.�2±&D2±%�2�±6L2� ɢ�3E2±=Q2±%�2�±6L2�

ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ���� �ɋ�ɢ�
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ����± ��ɱ��ƕ�± ��ɱ

Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ�ɩɪɨɮɢɥɢ�ɤɚɥɢɹ ɢ�ɤɪɟɦɧɢɹ�ɦɨɧɨɬɨɧɧɨ�ɫɧɢɠɚɸɬɫɹ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�
ɫɨɞɟɪɠɚɧɢɹ� ɤɨɦɩɨɧɟɧɬɨɜ� ɜ� ɢɫɯɨɞɧɨɦ� ɳɟɥɨɱɧɨɫɢɥɢɤɚɬɧɨɦ� ɪɚɫɩɥɚɜɟ� ɞɨ� ɧɭɥɹ� ɜ� ɫɜɢɧɰɨɜɨɦ�
ɫɬɟɤɥɟ�� ɩɪɢ� ɷɬɨɦ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɫɜɢɧɰɚ� ɢ�ɰɢɧɤɚ� ɩɨɫɬɨɹɧɧɵ�ɩɨ� ɜɫɟɣ�ɲɢɪɢɧɟ� ɞɢɮɮɭɡɢɨɧɧɨɣ�
ɡɨɧɵ�ɜ�ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɦ�ɫɬɟɤɥɟ�



ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

���

Ɍɚɤɨɣ�ɠɟ�ɯɚɪɚɤɬɟɪ�ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɤɚɬɢɨɧɨɜ�ɧɚɛɥɸɞɚɟɬɫɹ�ɞɥɹ�ɞɪɭɝɢɯ�
ɞɢɮɮɭɡɢɨɧɧɵɯ�ɩɚɪ�ɪɚɫɩɥɚɜɨɜ��1D�2±&D2±%�2�±6L2� ɢ�3E2±=Q2±%�2�±6L2���&V�2±&D2±%�2�±
6L2� ɢ� 3E2±=Q2±%�2�±6L2��� ȼ� ɩɪɢɜɟɞɟɧɧɵɯ� ɤɨɨɪɞɢɧɚɬɚɯ� ɜ� ɩɪɟɞɟɥɚɯ� ɨɲɢɛɤɢ� ɷɤɫɩɟɪɢɦɟɧɬɚ�
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ�ɩɪɨɮɢɥɢ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɞɥɹ�ɤɚɠɞɨɝɨ�ɢɡ�ɤɚɬɢɨɧɨɜ�ɫɨɜɩɚɞɚɸɬ�

ɋɥɟɞɭɟɬ� ɨɬɦɟɬɢɬɶ�� ɱɬɨ� ɢɡɦɟɧɟɧɢɟ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɤɨɦɩɨɧɟɧɬɨɜ�� ɭɱɚɫɬɜɭɸɳɢɯ� ɜ�
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ�ɞɢɮɮɭɡɢɢ��ɬɚɤ�ɧɚɡɵɜɚɟɦɵɣ��ɞɢɮɮɭɡɢɨɧɧɵɣ�ɩɭɬɶ��ɞɥɹ�ɜɫɟɯ�ɢɫɫɥɟɞɭɟɦɵɯ�
ɩɚɪ�ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ�ɪɚɫɩɥɚɜɨɜ�ɧɨɫɢɬ� V�ɨɛɪɚɡɧɵɣ�ɯɚɪɚɤɬɟɪ��ɗɬɨ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ�ɨ� ɬɨɦ��
ɱɬɨ� ɞɢɮɮɭɡɢɨɧɧɵɣ� ɩɭɬɶ� ɜ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ� ɫɢɫɬɟɦɟ� ɞɚɠɟ� ɞɥɹ� ɨɞɧɨɝɨ� ɢ� ɬɨɝɨ� ɠɟ�
ɫɨɨɬɧɨɲɟɧɢɹ� ɩɨɞɜɢɠɧɨɫɬɟɣ� ɞɢɮɮɭɧɞɢɪɭɸɳɢɯ� ɤɚɬɢɨɧɨɜ� ɡɚɜɢɫɢɬ� ɨɬ� ɧɚɩɪɚɜɥɟɧɢɣ�
ɞɢɮɮɭɡɢɨɧɧɵɯ�ɩɨɬɨɤɨɜ�

ɗɮɮɟɤɬɢɜɧɵɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɞɢɮɮɭɡɢɢ� ɤɚɬɢɨɧɨɜ� ɜ� ɫɬɟɤɥɚɯ� ɢɫɫɥɟɞɭɟɦɨɣ� ɫɢɫɬɟɦɵ��
ɨɛɪɚɛɨɬɚɧɧɨɣ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ��� qɋ� ɜ� ɬɟɱɟɧɢɟ� �� ɱ �ɫɦ�� ɬɚɛɥɢɰɭ��� ɜ� ɧɟɫɤɨɥɶɤɨ� ɪɚɡ�
ɩɪɟɜɵɲɚɸɬ�ɷɮɮɟɤɬɢɜɧɵɟ�ɤɨɷɮɮɢɰɢɟɧɬɵ�ɞɢɮɮɭɡɢɢ�ɧɟɦɨɫɬɢɤɨɜɨɝɨ�ɤɢɫɥɨɪɨɞɚ��ɉɨɝɪɟɲɧɨɫɬɶ�
ɨɩɪɟɞɟɥɟɧɢɹ�ɧɟ�ɩɪɟɜɵɲɚɟɬ���±����

ɗɮɮɟɤɬɢɜɧɵɟ�ɤɨɷɮɮɢɰɢɟɧɬɵ�ɞɢɮɮɭɡɢɢ�ɜ�ɞɢɮɮɭɡɢɨɧɧɨɣ�ɩɚɪɟ�.�2±&D2±%�2�±6L2� ɢ�
3E2±=Q2±%�2�±6L2� ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ���� �ɋ
Ⱦɢɮɮɭɧɞɢɪɭɸɳɢɣ�

ɤɚɬɢɨɧ
.� 6L�� 3E�� =Q�� 2�±

'ɷɮ��ɫɦ��ɫ �������±�� �������±�� �������±� �������±� �������±��

Ʉ�ɨɞɧɨɡɧɚɱɧɨɦɭ�ɜɵɜɨɞɭ�ɨ�ɩɪɢɪɨɞɟ�ɨɛɦɟɧɢɜɚɸɳɢɯɫɹ�ɤɚɬɢɨɧɨɜ�ɬɨɥɶɤɨ� �ɧɚ�ɨɫɧɨɜɚɧɢɢ�
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ� ɩɪɨɮɢɥɟɣ� ɩɪɢɣɬɢ� ɧɟ� ɭɞɚɥɨɫɶ�� ɩɨɷɬɨɦɭ� ɞɥɹ� ɨɛɴɹɫɧɟɧɢɹ� ɩɪɨɰɟɫɫɚ�
ɞɢɮɮɭɡɢɢ�ɢɫɩɨɥɶɡɨɜɚɥɢ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ�ɬɟɪɦɢɱɟɫɤɢɣ�ɢ�ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ�ɚɧɚɥɢɡɵ��

ɂɨɧɵ�� ɜɯɨɞɹɳɢɟ� ɜ� ɪɚɫɩɥɚɜ� ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɥɚ�� ɞɢɮɮɭɧɞɢɪɭɸɬ� ɜ� ɪɚɫɩɥɚɜ�
ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɥɚ� ɢ� ɫɬɚɧɨɜɹɬɫɹ� ɰɟɧɬɪɚɦɢ� ɧɭɤɥɟɚɰɢɢ� ± ɨɛɪɚɡɨɜɚɧɢɹ�
ɡɚɪɨɞɵɲɟɣ�ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�ɢ�ɞɚɥɶɧɟɣɲɟɝɨ�ɪɨɫɬɚ�ɤɪɢɫɬɚɥɥɨɜ�ɧɨɜɨɣ�ɮɚɡɵ��ɱɬɨ� ɫɩɨɫɨɛɫɬɜɭɟɬ�
ɫɧɢɠɟɧɢɸ�ɬɟɦɩɟɪɚɬɭɪɵ�ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ�ɫɬɟɤɥɚ��Ʉɚɤ�ɜɢɞɧɨ�ɢɡ�
ɤɪɢɜɨɣ�ȾɌȺ��ɪɢɫ������ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ�ɦɚɤɫɢɦɭɦ��ɨɬɜɟɱɚɸɳɢɣ�ɡɚ�ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ����� qɋ���
ɫɞɜɢɝɚɟɬɫɹ� ɤ� ɛɨɥɟɟ� ɧɢɡɤɨɣ� � ɬɟɦɩɟɪɚɬɭɪɟ� ± ��� qɋ� ɩɪɢ� ɜɜɟɞɟɧɢɢ� ��±���� �ɨɛ���
ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɥɚ� ɜ� ɫɜɢɧɰɨɜɨɟ�� ɉɪɢ� ɷɬɨɦ� ɫɭɳɟɫɬɜɟɧɧɨ� ɫɧɢɠɚɟɬɫɹ� ɬɟɦɩɟɪɚɬɭɪɚ�
ɪɚɡɦɹɝɱɟɧɢɹ� ɫɜɢɧɰɨɜɨɝɨ� ɫɬɟɤɥɚ�� ɚ� ɩɪɟɞɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɣ� ɩɟɪɢɨɞ� ɜ� ɷɬɨɦ� ɫɬɟɤɥɟ�
ɭɜɟɥɢɱɢɜɚɟɬɫɹ�� ɉɨɫɤɨɥɶɤɭ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ� ɩɪɨɢɫɯɨɞɢɬ� ɢɡ� ɪɚɫɩɥɚɜɚ�� ɨɱɟɜɢɞɧɨ�� ɱɬɨ�
ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɟ� ɫɬɟɤɥɨ� ɹɜɥɹɟɬɫɹ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ� ɰɟɧɬɪɨɦ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�
ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɥɚ�� ɋɬɪɭɤɬɭɪɧɵɟ� ɢɡɦɟɧɟɧɢɹ�� ɩɪɨɢɫɯɨɞɹɳɢɟ� ɩɨɫɥɟ�
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɥɚ�� ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ� ɝɥɭɛɨɤɢɦ�
ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɦ�ɷɮɮɟɤɬɨɦ�ɧɚ�ɤɪɢɜɨɣ�ȾɌȺ�ɢɫɯɨɞɧɨɝɨ�ɫɬɟɤɥɚ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ���� qɋ�

ɋɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɟ� ɫɬɟɤɥɨ� ɧɚɱɢɧɚɟɬ� ɫɩɟɤɚɬɶɫɹ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ��� �ɋ�� ɉɪɢ�
ɬɟɦɩɟɪɚɬɭɪɟ���� �ɋ�ɨɛɪɚɡɭɟɬɫɹ�ɩɟɪɜɚɹ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ�ɫɬɪɭɤɬɭɪɚ�± ɛɨɪɚɬɵ�ɫɜɢɧɰɚ��3E2�%�2����
ɉɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ���� �ɋ��ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�ɦɚɤɫɢɦɭɦɭ�ɨɫɧɨɜɧɨɝɨ�ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ�ɷɮɮɟɤɬɚ�ɧɚ�
ɤɪɢɜɨɣ�ȾɌȺ����ɧɚ�ɪɢɫ������ɨɛɪɚɡɭɟɬɫɹ�ɜɬɨɪɚɹ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ�ɮɚɡɚ� ɪɟɡɭɥɶɬɚɬɵ�ɚɧɚɥɢɡɚ�ɤɨɬɨɪɨɣ�
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ�ɨ�ɜɵɞɟɥɟɧɢɢ�ɨɪɬɨɫɢɥɢɤɚɬɚ�ɫɜɢɧɰɚ���3E2�6L2���

ȼɫɟ� ɪɚɫɫɦɨɬɪɟɧɧɵɟ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ� ɛɵɥɢ� ɩɨɞɬɜɟɪɠɞɟɧɵ� ɞɚɧɧɵɦɢ� ɷɥɟɤɬɪɨɧɧɨɣ�
ɦɢɤɪɨɫɤɨɩɢɢ�� Ɍɚɤ�� ɜ� ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɦ� ɫɬɟɤɥɟ�� ɨɛɪɚɛɨɬɚɧɧɨɦ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ�
��� qɋ�� ɧɚɪɹɞɭ� ɫ� ɥɢɤɜɚɰɢɨɧɧɨɣ� ɫɬɪɭɤɬɭɪɨɣ� ɩɨɹɜɥɹɸɬɫɹ� ɢɝɥɨɩɨɞɨɛɧɵɟ� ɤɪɢɫɬɚɥɥɵ� ɞɥɢɧɨɣ� ɞɨ�
�� ɦɤɦ��Ʉɪɨɦɟ�ɧɢɯ�ɧɚɛɥɸɞɚɸɬɫɹ�ɨɬɞɟɥɶɧɵɟ�ɛɨɥɟɟ�ɢɡɨɦɟɬɪɢɱɧɵɟ�ɤɪɢɫɬɚɥɥɵ��ɉɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�
���±��� qɋ� ɡɚɮɢɤɫɢɪɨɜɚɧɨ� ɩɨɹɜɥɟɧɢɟ� ɤɪɢɫɬɚɥɥɨɜ� ɤɭɛɢɱɟɫɤɨɣ� ɮɨɪɦɵ�� ɋɨɝɥɚɫɧɨ� ɞɚɧɧɵɦ�
ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ� ɜɵɞɟɥɹɟɬɫɹ� ɛɨɪɚɬ� ɫɜɢɧɰɚ� �3E2�ȼ�2��� ɫ� ɤɪɢɫɬɚɥɥɚɦɢ� ɪɚɡɦɟɪɨɦ�
ɨɤɨɥɨ��� ɦɤɦ��ɉɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ���� qɋ��ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�ɦɚɤɫɢɦɭɦɭ�ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ�ɷɮɮɟɤɬɚ�
ɧɚ�ɤɪɢɜɨɣ�ȾɌȺ��ɨɛɧɚɪɭɠɟɧɵ�ɤɪɢɫɬɚɥɥɵ�ɫɢɥɢɤɚɬɚ�ɫɜɢɧɰɚ��ɫɦ��ɪɢɫ��� ɛ��



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

���

ɉɪɢɜɟɞɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɩɨɡɜɨɥɹɸɬ� ɩɪɟɞɩɨɥɨɠɢɬɶ� ɫɥɟɞɭɸɳɭɸ� ɢɧɬɟɪɩɪɟɬɚɰɢɸ�
ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ�ɭɱɚɫɬɤɚ�ɧɚ�ɤɪɢɜɨɣ�ȾɌȺ�ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ�ɫɬɟɤɥɚ�ɜ�ɬɟɦɩɟɪɚɬɭɪɧɨɦ�
ɢɧɬɟɪɜɚɥɟ� ���±��� qɋ� �ɤɪɢɜɚɹ� �� ɧɚ� ɪɢɫ�� ���� Ɂɧɚɱɟɧɢɟ� ɜɹɡɤɨɫɬɢ�� ɞɨɫɬɢɝɚɟɦɨɟ� ɫɬɟɤɥɨɦ� ɩɪɢ�
ɪɚɡɦɹɝɱɟɧɢɢ�� ɩɪɢɜɨɞɢɬ� ɤ� ɩɨɜɵɲɟɧɢɸ� ɫɤɨɪɨɫɬɢ� ɞɢɮɮɭɡɢɨɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ�� ɱɬɨ� ɫɩɨɫɨɛɫɬɜɭɟɬ�
ɪɨɫɬɭ� ɥɢɤɜɚɰɢɨɧɧɵɯ� ɤɚɩɟɥɶ� ɜ� ɦɚɬɪɢɱɧɨɦ� ɪɚɫɩɥɚɜɟ�� ɋɤɨɪɨɫɬɶ� ɬɚɤɨɝɨ� ɪɨɫɬɚ� ɫɬɚɧɨɜɢɬɫɹ�
ɦɚɤɫɢɦɚɥɶɧɨɣ� ɩɪɢ� ɞɨɫɬɢɠɟɧɢɢ� ɬɟɦɩɟɪɚɬɭɪɵ� ɩɥɚɜɥɟɧɢɹ� ɫɬɟɤɥɚ�� ɉɪɢ� ɪɚɡɦɹɝɱɟɧɢɢ� ɢɫɯɨɞɧɨɝɨ�
ɫɬɟɤɥɚ� ɢ� ɜɵɞɟɥɹɸɳɟɣɫɹ� ɤɚɩɟɥɶɧɨɣ� ɮɚɡɟ� ɭɫɢɥɢɜɚɟɬɫɹ� ɫɜɹɡɧɨɫɬɶ� ɥɢɤɜɚɰɢɨɧɧɨɣ� ɫɬɪɭɤɬɭɪɵ�� ȼ
ɪɟɡɭɥɶɬɚɬɟ� ɧɚɥɨɠɟɧɢɹ� ɩɪɨɰɟɫɫɨɜ� ɪɚɡɦɹɝɱɟɧɢɹ�� ɩɟɪɟɫɬɪɨɣɤɢ� ɥɢɤɜɚɰɢɨɧɧɨɣ� ɫɬɪɭɤɬɭɪɵ� ɢ�
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɧɚ� ɤɪɢɜɨɣ� ȾɌȺ� ɜɨɡɧɢɤɚɟɬ� ɩɥɨɳɚɞɤɚ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɜ� ɫɬɟɤɥɟ� ɫɩɟɤɚɧɢɟ�
ɩɪɨɬɟɤɚɟɬ�ɩɪɢ�ɟɝɨ�ɪɚɡɦɹɝɱɟɧɢɢ��ɚ�ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�ɩɪɟɞɲɟɫɬɜɭɟɬ�ɢ�ɫɩɨɫɨɛɫɬɜɭɟɬ�ɦɢɤɪɨɥɢɤɜɚɰɢɹ��

ɂɄ�ɫɩɟɤɬɪɵ�ɩɨɝɥɨɳɟɧɢɹ�ɫɬɟɤɨɥ�ɜ�ɫɢɫɬɟɦɟ�3E2±=Q2±%�2�±6L2� �ɤɪɢɜɚɹ���ɧɚ�ɪɢɫ����
ɫɨɫɬɨɹɬ�ɢɡ�ɲɢɪɨɤɢɯ�ɩɨɥɨɫ�� ɤɨɬɨɪɵɟ� ɫɨɝɥɚɫɧɨ� >�@�ɦɨɠɧɨ� ɭɫɥɨɜɧɨ�ɪɚɡɞɟɥɢɬɶ�ɧɚ� ɬɪɢ� ɝɪɭɩɩɵ��
ɉɟɪɜɚɹ� � ɢɡ� ɧɢɯ� ɫ� ɦɚɤɫɢɦɭɦɨɦ� ɜ� ɨɛɥɚɫɬɢ� ����±���� ɫɦ±� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɫɩɟɤɬɪɚɦ� ɫɬɟɤɨɥ� ɫ�
ɫɨɞɟɪɠɚɧɢɟɦ���±���ɦɨɥ���3E2��ȼɬɨɪɚɹ�ɲɢɪɨɤɚɹ�ɩɨɥɨɫɚ�ɩɨɹɜɥɹɟɬɫɹ�ɜ�ɫɩɟɤɬɪɟ�ɬɚɤɢɯ�ɫɬɟɤɨɥ�ɜ�
ɨɛɥɚɫɬɢ� ���±��� ɫɦ±��� ɬɪɟɬɶɹ� ± ɜ� ɨɛɥɚɫɬɢ� ���±��� ɫɦ±��� ȼ� ɥɢɬɟɪɚɬɭɪɧɵɯ� ɢɫɬɨɱɧɢɤɚɯ� ɧɟ�
ɩɪɢɜɨɞɹɬɫɹ� ɞɚɧɧɵɟ� ɩɨ� ɫɩɟɤɬɪɚɯ� ɩɨɝɥɨɳɟɧɢɹ� ɬɚɤɢɯ� ɫɬɟɤɨɥ�� ɩɪɨɲɟɞɲɢɯ� ɨɛɪɚɛɨɬɤɭ� ɩɪɢ�
ɬɟɦɩɟɪɚɬɭɪɟ� ��� qɋ� ɢ� ɜɵɲɟ�� ȼ� ɰɟɥɨɦ� ɢɡ� ɚɧɚɥɢɡɚ� ɞɚɧɧɵɯ� ɂɄ�ɫɩɟɤɬɪɨɫɤɨɩɢɢ� ɪɚɡɥɢɱɧɵɯ�
ɫɢɫɬɟɦ� ɫɜɢɧɰɨɜɵɯ� ɫɬɟɤɨɥ�� ɫɨɞɟɪɠɚɳɢɯ� ɞɨ� ��� �� �ɦɨɥ��� 3E2�� ɫɥɟɞɭɟɬ�� ɱɬɨ� ɞɢɚɝɪɚɦɦɚ�
ɫɨɫɬɨɹɧɢɹ�ɧɟ�ɨɬɪɚɠɚɟɬ�ɜɫɟɯ�ɫɨɟɞɢɧɟɧɢɣ�ɢɥɢ�ɦɨɞɢɮɢɤɚɰɢɣ�ɢɡɜɟɫɬɧɵɯ�ɫɨɟɞɢɧɟɧɢɣ��ɤɨɬɨɪɵɟ�ɜ�
ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ�ɫɭɳɟɫɬɜɭɸɬ�ɜ�ɫɬɟɤɥɚɯ�ɫɢɫɬɟɦɵ�3E2±=Q2±%�2�±6L2� ɢ�ɦɨɝɭɬ�ɭɱɚɫɬɜɨɜɚɬɶ�ɜ�
ɮɨɪɦɢɪɨɜɚɧɢɢ�ɫɬɪɭɤɬɭɪɵ�ɫɬɟɤɨɥ�

ɂɄ�ɫɩɟɤɬɪɵ� ɫɦɟɫɟɣ� ɫɬɟɤɥɚ� ɫɢɫɬɟɦɵ� 3E2±=Q2±%�2�±6L2� ɫ� ɤɭɛɨɧɢɬɨɦ� ɦɚɪɤɢ� ɄɆ ����
�ɨɛɥɚɫɬɶ�����±���� ɫɦ±����ɨɛɪɚɛɨɬɚɧɧɵɯ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ����±��� qɋ��ɫɭɳɟɫɬɜɟɧɧɨ�ɨɬɥɢɱɚɸɬɫɹ�
ɨɬ�ɫɩɟɤɬɪɚ�ɢɫɯɨɞɧɨɣ�ɫɦɟɫɢ��ɫɦ��ɪɢɫ������ɂɡɜɟɫɬɧɨ�>�@��ɱɬɨ�ɷɮɮɟɤɬ�ɜ�ɷɬɨɣ�ɨɛɥɚɫɬɢ�ɞɚɟɬ�ɨɤɢɫɥɟɧɢɟ�
ɤɭɛɨɧɢɬɚ� ɫ� ɨɛɪɚɡɨɜɚɧɢɟɦ� ɨɤɫɢɞɚ� ɛɨɪɚ� ɧɚ� ɦɟɠɮɚɡɧɨɣ� ɝɪɚɧɢɰɟ� �ɫɩɟɤɬɪɵ� ɩɨɝɥɨɳɟɧɢɹ� ɜ� ɷɬɨɦ�
ɞɢɚɩɚɡɨɧɟ� ɫɨɨɬɜɟɬɫɬɜɭɸɬ� ɤɨɥɟɛɚɧɢɹɦ� ɤɨɥɟɰ� ɛɨɪɚ� ɜ� ɬɪɨɣɧɨɣ� ɤɨɨɪɞɢɧɚɰɢɢ��� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ��
ɦɨɠɧɨ�ɫɱɢɬɚɬɶ��ɱɬɨ�ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ�ɫɦɟɫɟɣ�ɤɭɛɨɧɢɬ�± ɫɬɟɤɥɨ�ɩɪɢɜɨɞɢɬ�ɤ�ɨɤɢɫɥɟɧɢɸ�ɤɭɛɨɧɢɬɚ��
ɂɡɦɟɧɟɧɢɟ�ɫɩɟɤɬɪɨɜ�ɜ�ɨɛɥɚɫɬɹɯ����±����ɢ����±���� ɫɦ±� ɫɜɹɡɚɧɨ�ɫɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ�ɫɬɟɤɥɚ�ɢ�
ɤɭɛɨɧɢɬɚ��ɤɨɬɨɪɨɟ�ɭɫɢɥɢɜɚɟɬɫɹ�ɩɨ�ɦɟɪɟ�ɩɨɜɵɲɟɧɢɹ�ɬɟɦɩɟɪɚɬɭɪɵ�ɞɨ���� qɋ�

ȼ� ɫɦɟɫɢ� ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɢ� ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɨɥ�� ɫɩɟɱɟɧɧɨɣ�
ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ��� qɋ� �ɪɢɫ�� � ɚ�� ɫɭɳɟɫɬɜɭɸɬ� ɭɩɨɪɹɞɨɱɟɧɧɵɟ� ɭɱɚɫɬɤɢ�� ɢɝɪɚɸɳɢɟ� ɪɨɥɶ�
ɩɪɟɞɡɚɪɨɞɵɲɟɜɵɯ�ɝɪɭɩɩ�ɢ�ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ�ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ�
ɫɬɟɤɥɚ�� ɉɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ��� qɋ� ɜɨɡɧɢɤɚɸɬ� ɹɜɧɨ� ɜɵɪɚɠɟɧɧɵɟ� ɢ� ɤɚɱɟɫɬɜɟɧɧɨ� ɪɚɡɥɢɱɧɵɟ�
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ�� ɹɜɥɹɸɳɢɟɫɹ� ɪɟɡɭɥɶɬɚɬɨɦ� ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ� ɦɢɤɪɨɥɢɤɜɚɰɢɢ� ɫɬɟɤɥɚ��
ɡɚɬɭɯɚɸɳɟɣ� ɫ� ɩɪɢɛɥɢɠɟɧɢɟɦ� ɤ� ɬɟɦɩɟɪɚɬɭɪɟ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�� ɢ� ɩɨɹɜɥɹɸɬɫɹ� ɩɟɪɜɵɟ�
ɤɪɢɫɬɚɥɥɢɤɢ�� ɤɨɬɨɪɵɟ� ɡɚɬɟɦ� ɩɨ� ɦɟɪɟ� ɩɨɜɵɲɟɧɢɹ� ɬɟɦɩɟɪɚɬɭɪɵ� ɞɨ� ��� qɋ� ɭɜɟɥɢɱɢɜɚɸɬɫɹ� ɢ�
ɡɚɩɨɥɧɹɸɬ�ɜɫɸ�ɩɨɜɟɪɯɧɨɫɬɶ��ɪɢɫ��� ɛ���

ɉɪɢ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɥɚ� ɥɢɤɜɚɰɢɨɧɧɵɟ�
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ� ɧɟ� ɪɚɡɪɭɲɚɸɬɫɹ�� ɧɨ� ɢ� ɧɟ� ɭɜɟɥɢɱɢɜɚɸɬɫɹ�� Ɋɚɫɬɭɳɢɟ� ɤɪɢɫɬɚɥɥɵ� ɥɚɪɫɟɧɢɬɚ�
3E=Q6L2��� ɥɢɧɢɢ� ɤɨɬɨɪɨɝɨ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɦɟɠɩɥɨɫɤɨɫɬɧɵɦɢ� ɪɚɫɫɬɨɹɧɢɹɦɢ� ����� ������ ������
�������������������������������������������������������������±�� ɦ�>�@�� ɡɚɩɨɥɧɹɸɬ�ɩɪɨɫɬɪɚɧɫɬɜɨ�ɢ�
ɤɨɧɫɟɪɜɢɪɭɸɬ�ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ��ȼ�ɬɨ�ɠɟ�ɜɪɟɦɹ�ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɚɹ�ɫɬɪɭɤɬɭɪɚ�ɜ�ɷɬɨɦ�ɫɬɟɤɥɟ�
ɧɟ� ɨɝɪɚɧɢɱɢɜɚɟɬ� ɪɚɡɦɟɪɨɜ� ɤɪɢɫɬɚɥɥɨɜ� ɢ� ɫ� ɩɨɜɵɲɟɧɢɟɦ� ɬɟɦɩɟɪɚɬɭɪɵ� ɨɧɢ� ɩɟɪɟɯɨɞɹɬ� ɜ�
ɦɨɧɨɤɪɢɫɬɚɥɥɵ��



ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

���

Ɋɢɫ�����Ʉɪɢɜɵɟ�ȾɌȺ�
ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ�

ɫɬɟɤɥɚ�����ɢ�ɢ�ɟɝɨ�ɫɦɟɫɢ�ɫ��� ɨɛ���
ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ�ɫɬɟɤɥɚ����

Ɋɢɫ�����ɂɄ�ɫɩɟɤɬɪɵ�ɩɨɝɥɨɳɟɧɢɹ�ɦɢɤɪɨɩɨɪɨɲɤɨɜ�
ɤɭɛɨɧɢɬɚ�ɄɆ����������ɫɬɟɤɥɚ�ɫɢɫɬɟɦɵ�3E2±=Q2±
%�2�±6L2� ����ɢ�ɢɯ�ɦɟɯɚɧɢɱɟɫɤɢɯ�ɫɦɟɫɟɣ�ɜ�ɢɫɯɨɞɧɨɦ�
ɫɨɫɬɨɹɧɢɢ�����ɢ�ɩɨɫɥɟ�ɨɛɪɚɛɨɬɤɢ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�

����qɋ����������qɋ����������qɋ�����ɢ�����qɋ����

ɚ ɛ
Ɋɢɫ� ���Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ�ɤɨɦɩɨɡɢɬɚ�ɧɚ�ɨɫɧɨɜɟ�ɫɦɟɫɢ�ɫɬɟɤɨɥ�ɜ�ɫɢɫɬɟɦɟ�.�2±&D2±%�2�±6L2�

ɢ�3E2±=Q2±%�2�±6L2���ɫɩɟɱɟɧɧɨɝɨ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�����qɋ��ɚ��ɢ�����qɋ��ɛ����î�����

ȼɵɜɨɞɵ
Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɜ� ɩɪɟɞɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɣ� ɩɟɪɢɨɞ� ɜ� ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɦ�

ɫɬɟɤɥɟ� ɧɚɛɥɸɞɚɸɬɫɹ� ɫɥɨɠɧɵɟ� ɫɬɪɭɤɬɭɪɧɵɟ� ɩɪɨɰɟɫɫɵ�� ɧɚɪɹɞɭ� ɫɨ� ɜɡɚɢɦɨɩɪɨɧɢɤɚɸɳɟɣ�
ɥɢɤɜɚɰɢɨɧɧɨɣ� ɫɬɪɭɤɬɭɪɨɣ� ɩɨɹɜɥɹɸɬɫɹ� ɨɬɞɟɥɶɧɵɟ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ� ɡɚɪɨɞɵɲɢ� ɤɪɢɬɢɱɟɫɤɨɝɨ�
ɪɚɡɦɟɪɚ�� ɤɨɬɨɪɵɟ� ɫ� ɩɨɜɵɲɟɧɢɟɦ� ɬɟɦɩɟɪɚɬɭɪɵ� ɭɜɟɥɢɱɢɜɚɸɬɫɹ� ɢ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ��� qɋ�
ɨɛɪɚɡɭɸɬ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ�ɮɚɡɭ��ɱɬɨ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ�ɨ�ɜɵɞɟɥɟɧɢɢ�ɥɚɪɫɟɧɢɬɚ�

ȼ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɢɡɥɨɠɟɧɧɵɦ� ɩɪɢɯɨɞɢɦ� ɤ� ɜɵɜɨɞɭ�� ɱɬɨ� ɜ� ɞɢɮɮɭɡɢɨɧɧɨɣ� ɩɚɪɟ��
ɫɨɫɬɨɹɳɟɣ� ɢɡ� ɤɚɥɢɣɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɢ� ɫɜɢɧɰɨɜɨɰɢɧɤɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ� ɫɬɟɤɨɥ�� ɜ� ɨɛɥɚɫɬɢ�
ɬɟɦɩɟɪɚɬɭɪɵ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɫɬɟɤɥɚ� ɫɢɫɬɟɦɵ� 3E2±=Q2±%�2�±6L2� ɧɚɛɥɸɞɚɸɬɫɹ� ɞɜɚ� ɬɢɩɚ�
ɞɢɮɮɭɡɢɨɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ��ɢɧɬɟɧɫɢɜɧɚɹ�ɜɡɚɢɦɨɞɢɮɮɭɡɢɹ�ɳɟɥɨɱɧɨɝɨ�ɢ�ɫɜɢɧɰɨɜɨɝɨ�ɤɚɬɢɨɧɨɜ�
ɢ� ɞɢɮɮɭɡɢɹ� ɧɟɦɨɫɬɢɤɨɜɨɝɨ� ɤɢɫɥɨɪɨɞɚ�� ɩɪɢɜɨɞɹɳɚɹ� ɤ� ɢɡɦɟɧɟɧɢɸ� ɫɭɦɦɵ� � ɤɨɧɰɟɧɬɪɚɰɢɣ�
ɨɤɫɢɞɨɜ� ɜ� ɤɚɠɞɨɦ� ɢɡ� ɫɬɟɤɨɥ�� Ⱦɢɮɮɭɡɢɹ� ɧɟɦɨɫɬɢɤɨɜɨɝɨ� ɤɢɫɥɨɪɨɞɚ� ɜ� ɞɟɫɹɬɤɢ� ɪɚɡ� ɫɥɚɛɟɟ�



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

���

ɜɡɚɢɦɨɞɢɮɮɭɡɢɢ� ɤɚɬɢɨɧɨɜ� ɤɚɥɢɹ� ɢ� ɫɜɢɧɰɚ�� Ⱦɢɮɮɭɡɢɹ� ɤɚɥɶɰɢɹ� ɢ� ɰɢɧɤɚ� ɜ� ɢɫɫɥɟɞɭɟɦɨɣ�
ɨɛɥɚɫɬɢ�ɧɟɡɧɚɱɢɬɟɥɶɧɚ��

ȼɢɤɥɚɞɟɧɨ� ɬɚ� ɭɡɚɝɚɥɶɧɟɧɨ� ɨɫɧɨɜɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɞɨɫɥɿɞɠɟɧɧɹ� ɞɢɮɭɡɿɣɧɢɯ� ɩɪɨɰɟɫɿɜ� ɧɚ�
ɦɿɠɮɚɡɧɿɣ�ɝɪɚɧɢɰɿ��ɭɬɜɨɪɟɧɿɣ�ɪɨɡɩɥɚɜɚɦɢ�ɥɭɠɧɨɫɢɥɿɤɚɬɧɢɯ�ɬɚ�ɫɜɢɧɰɟɜɢɯ�ɫɬɟɤɨɥ�

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ� ɫɤɥɨ��ɤɪɢɫɬɚɥɿɡɚɰɿɹ��ɫɤɥɨɚɛɪɚɡɢɜɧɿ�ɤɨɦɩɨɡɢɬɢ��ɞɢɮɭɡɿɹ��ɦɿɠɮɚɡɧɚ�ɝɪɚɧɢɰɹ�

7KH�PDLQ�UHVXOWV�RI�WKH�GLIIXVLRQ�SURFHVVHV�DW�WKH�LQWHUIDFH�IRUPHG�PHOWV�FDXVWLF�VLOLFDWH�DQG�
OHDG�JODVVHV�KDV�EHHQ�SUHVHQWHG�DQG�VXPPDUL]HG�

.H\ ZRUGV��JODVV��FU\VWDOOL]DWLRQ� JODVV�DEUDVLYH�FRPSRVLWHV��GLIIXVLRQ��LQWHUSKDVH�ERXQGDU\�

Ʌɢɬɟɪɚɬɭɪɚ
�� )WLVFKDW *�+��,RQLF GLIIXVLRQ LQ R[LGH JODVVHV��± $HGHUPDQQGRUI��7UDQV��7HFKQ��3XEO���������± ����S�
��Ȼɨɣɤɨ Ƚ�Ƚ���ɉɚɪɤɚɱɟɜ Ⱥ�ȼ� ɂɡɭɱɟɧɢɟ�ɦɟɯɚɧɢɡɦɚ�ɞɢɮɮɭɡɢɢ�ɢɨɧɨɜ�ɜ�ɪɚɫɩɥɚɜɟ�1D�2±=Q2±3�2�

ɦɟɬɨɞɨɦ�ɦɨɥɟɤɭɥɹɪɧɨɣ�ɞɢɧɚɦɢɤɢ����Ɏɢɡɢɤɚ�ɢ�ɯɢɦɢɹ�ɫɬɟɤɥɚ��± ������± ����ʋ����± ɋ����±���
��Ȼɟɥɹɟɜ�Ɇ�ȼ��Ɇɨɞɟɥɶ� ©ɪɟɚɤɬɢɜɧɨɣ� ɞɢɮɮɭɡɢɢª� ɩɪɢ� ɢɨɧɧɨɦ� ɨɛɦɟɧɟ� ɢ� ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɢ� ɜ�
ɫɬɟɤɥɟ����Ɏɢɡɢɤɚ�ɢ�ɯɢɦɢɹ�ɫɬɟɤɥɚ��± ������± ����ʋ����± ɋ�����±����

��.LUFKKHLP�5��2Q�WKH�PRELOLW\�RI�DONDOLQH�HDUWK�LRQV�LQ�PL[HG�DONDOL�DONDOLQH�HDUWK�VLOLFDWH�JODVVHV�
���-��1RQ�&U\VWDOOLQH�6ROLGV��± ������± �����1��±���± 3�����±����

��ɀɚɛɪɟɜ�ȼ�Ⱥ��Ⱦɢɮɮɭɡɢɨɧɧɵɟ�ɩɪɨɰɟɫɫɵ�ɜ�ɫɬɟɤɥɚɯ�ɢ�ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɯ�ɪɚɫɩɥɚɜɚɯ��± ɋɉɛ���
ɂɏɋ�ɊȺɇ��������± ����ɫ�

��ɂɧɮɪɚɤɪɚɫɧɵɟ ɫɩɟɤɬɪɵ� ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ� ɫɬɟɤɨɥ� ɢ� ɤɪɢɫɬɚɥɥɨɜ� �� ɩɨɞ ɪɟɞ�� Ⱥ�Ƚ�� ȼɥɚɫɨɜɚ��
ȼ�Ⱥ� Ɏɥɨɪɢɧɫɤɨɣ��± Ʌ���ɏɢɦɢɹ��������± ����ɫ�

��ɒɢɥɨ� Ⱥ�ȿ�� ɋɬɟɤɥɨɩɨɤɪɵɬɢɹ� ɞɥɹ� ɩɨɪɨɲɤɨɜ� ɫɜɟɪɯɬɜɟɪɞɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� Ʉ��� ɇɚɭɤ�� ɞɭɦɤɚ��
������± ����ɫ�

��Ɇɢɯɟɟɜ�ȼ�ɂ� Ɋɟɧɬɝɟɧɨɦɟɬɪɢɱɟɫɤɢɣ�ɨɩɪɟɞɟɥɢɬɟɥɶ�ɦɢɧɟɪɚɥɨɜ��± Ɇ���Ƚɨɫɝɟɨɥɬɟɯɢɡɞɚɬ��������
± Ɍ�����± ����ɫ�

ɉɨɫɬɭɩɢɥɚ���������


