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ɟɤɫɩɥɭɚɬɚɰɿʀ� ȼɄɌ�� ɪɿɞɢɧɚ� ɦɨɠɟ� ɫɬɢɫɤɭɜɚɬɢɫɶ� ɿ�
ɜɢɦɿɪɸɜɚɥɶɧɚ� ɥɿɧɿɹ� ɦɨɠɟ� ɩɟɪɟɬɜɨɪɢɬɢɫɶ� ɜ� ɧɟɥɿɧɿɣɧɭ�
ɿɧɟɪɰɿɣɧɭ�ɫɢɫɬɟɦɭ��Ⱦɚɬɱɢɤɢ�ɬɢɫɤɭ�ɽ��ɹɤ�ɩɪɚɜɢɥɨ��ɥɿɧɿɣɧɨɸ�
ɿɧɟɪɰɿɣɧɨɸ� ɫɢɫɬɟɦɨɸ�� Ɉɬɠɟ�� ɜɟɫɶ� ȼɄɌ� ɦɨɠɟ� ɛɭɬɢ�
ɧɟɥɿɧɿɣɧɢɦ� ɿɧɟɪɰɿɣɧɢɦ�� Ⱦɥɹ� ɜɢɦɿɪɸɜɚɥɶɧɢɯ� ɫɢɫɬɟɦ�
ɧɟɥɿɧɿɣɧɿɫɬɶ� ɽ� ɧɟɞɨɩɭɫɬɢɦɨɸ�� ȼ� ɨɤɪɟɦɢɯ� ɜɢɩɚɞɤɚɯ� ɞɥɹ�
ɜɢɦɿɪɸɜɚɧɧɹ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɥɿɧɿɣɧɚ� ɱɚɫɬɢɧɚ�
ɧɟɥɿɧɿɣɧɨʀ�ɮɭɧɤɰɿʀ� ɩɟɪɟɬɜɨɪɟɧɧɹ�� ɚɥɟ� ɞɥɹ�ɰɶɨɝɨ� ɨɫɬɚɧɧɸ�
ɩɨɬɪɿɛɧɨ� ɡɧɚɬɢ�� Ɍɟɯɧɿɱɧɢɦɢ� ɦɟɬɨɞɚɦɢ� ɦɨɠɧɚ�
ɩɨɡɛɚɜɢɬɢɫɶ�ɜɿɞ�ɧɟɥɿɧɿɣɧɨɫɬɿ�ɡɚɡɧɚɱɟɧɨʀ�ɮɭɧɤɰɿʀ��ɳɨ�ɱɚɫɬɨ�
ɽ� ɧɟɞɨɰɿɥɶɧɢɦ� ɡɚ� ɟɤɨɧɨɦɿɱɧɢɦɢ� ɩɨɤɚɡɧɢɤɚɦɢ�� Ɍɨɦɭ�
ɜɚɠɥɢɜɢɦ�ɪɿɲɟɧɧɹɦ�ɽ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɧɟɥɿɧɿɣɧɢɯ�ȼɄɌ��ɚ�ɰɟ�
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ɧɟɥɿɧɿɣɧɢɯ� ɿɧɟɪɰɿɣɧɢɯ� ɫɢɫɬɟɦ� ɽ� ɦɟɬɨɞ�� ɳɨ� ɲɬɭɱɧɨ�
ɪɨɡɞɿɥɹɽ�ɮɭɧɤɰɿʀ�ɧɟɥɿɧɿɣɧɨɫɬɿ�ɬɚ�ɿɧɟɪɰɿɣɧɨɫɬɿ�ȼɄɌ�ɜ�ɞɜɨɯ�
ɭɹɜɧɢɯ� ɛɥɨɤɚɯ� ±� ɥɿɧɿɣɧɨɝɨ� ɿɧɟɪɰɿɣɧɨɝɨ� ɬɚ� ɧɟɥɿɧɿɣɧɨɝɨ�
ɧɟɿɧɟɪɰɿɣɧɨɝɨ�� ɉɟɪɲɢɦ� ɛɥɨɤɨɦ� ɦɨɠɟ� ɛɭɬɢ�� ɧɚɩɪɢɤɥɚɞ��
ɧɟɥɿɧɿɣɧɚ� ɧɟɿɧɟɪɰɿɣɧɚ� ɜɢɦɿɪɸɜɚɥɶɧɚ� ɥɿɧɿɹ�� ɚ� ɞɪɭɝɢɦ� ��
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ɡɚɜɠɞɢ� ɭɫɤɥɚɞɧɸɽ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɩɪɚɤɬɢɱɧɢɯ� ɡɚɞɚɱ�� ɋɥɿɞ�
ɨɱɿɤɭɜɚɬɢ�� ɳɨ� ɩɪɢ� ɨɤɪɟɦɢɯ� ɜɢɞɚɯ� ɧɟɥɿɧɿɣɧɨɫɬɿ� ɫɢɫɬɟɦɢ�
ɦɨɠɥɢɜɚ� ɥɿɧɟɚɪɢɡɚɰɿɹ� ɮɭɧɤɰɿʀ� ɩɟɪɟɬɜɨɪɟɧɧɹ�� Ɇɟɬɨɞɢ�
ɫɬɚɬɢɫɬɢɱɧɨʀ� ɥɿɧɟɚɪɢɡɚɰɿʀ� ɧɟɥɿɧɿɣɧɢɯ� ɧɟɿɧɟɪɰɿɣɧɢɯ�
ɫɢɫɬɟɦ� ɪɨɡɝɥɹɧɭɬɿ� ɜ� >��� �@�� ȼ� ɧɟɥɿɧɿɣɧɢɯ� ɿɧɟɪɰɿɣɧɢɯ�
ɫɢɫɬɟɦɚɯ�ɧɚ�ɰɟɣ�ɱɚɫ�ɦɟɬɨɞɢ�ɥɿɧɟɚɪɢɡɚɰɿʀ�ɧɟ�ɜɩɪɨɜɚɞɠɟɧɿ��

Ɇɟɬɨɸ� ɫɬɚɬɬɿ� ɽ� ɪɨɡɪɨɛɤɚ� ɦɟɬɨɞɭ� ɫɬɚɬɢɫɬɢɱɧɨʀ�
ɥɿɧɟɚɪɢɡɚɰɿʀ� ɧɟɥɿɧɿɣɧɢɯ� ɿɧɟɪɰɿɣɧɢɯ� ɫɢɫɬɟɦ�� Ⱦɥɹ�
ɞɨɫɹɝɧɟɧɧɹ� ɰɿɽʀ� ɦɟɬɢ� ɩɨɬɪɿɛɧɨ� ɩɨɞɚɬɢ� ɫɢɫɬɟɦɭ� ɭ� ɜɢɝɥɹɞɿ�
ɦɨɞɟɥɿ� Ƚɚɦɦɟɪɲɬɟɣɧɚ� ɿ� ɩɨɟɬɚɩɧɨ� ɜɢɡɧɚɱɢɬɢ� ɧɟɨɛɯɿɞɧɿ�
ɜɯɿɞɧɿ� ɬɚ� ɜɢɯɿɞɧɿ� ɫɢɝɧɚɥɢ� ɛɥɨɤɿɜ�� ɳɨ� ɜɯɨɞɹɬɶ� ɞɨ� ɰɿɽʀ�
ɦɨɞɟɥɿ���



Ɍɟɯɧɨɥɨɝɢɹ�ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ���¶�����

���

Ɇɟɬɨɞ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɡɚɞɚɱɿ� ɥɿɧɟɚɪɢɡɚɰɿʀ�
ɜɢɦɿɪɸɜɚɥɶɧɨʀ� ɫɢɫɬɟɦɢ� ɩɪɢ� ɜɿɞɨɦɿɣ� ɪɟɚɥɿɡɚɰɿʀ�
ɜɯɿɞɧɨɝɨ�ɩɪɨɰɟɫɭ�

Ɇɟɬɨɞɢ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɡɚɞɚɱɿ� ɥɿɧɟɚɪɢɡɚɰɿʀ� ɮɭɧɤɰɿɣ�
ɩɟɪɟɬɜɨɪɟɧɧɹ� ɧɟɥɿɧɿɣɧɢɯ� ɿɧɟɪɰɿɣɧɢɯ� ɫɢɫɬɟɦ� ɽ� ɜɿɞɨɦɢɦɢ�
>��� �@�� ɉɪɢ� ɡɚɫɬɨɫɭɜɚɧɧɿ� ɦɨɞɟɥɿ� Ƚɚɦɦɟɪɲɬɟɣɧɚ� ɜɨɧɢ�
ɦɨɠɭɬɶ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɶ�ɞɥɹ�ɧɟɥɿɧɿɣɧɨɝɨ�ɧɟɿɧɟɪɰɿɣɧɨɝɨ�
ɛɥɨɤɭ��Ⱦɥɹ�ɰɶɨɝɨ�ɩɨɬɪɿɛɧɨ� ɡɧɚɬɢ�ɜɯɿɞɧɭ� � �[ W � ɬɚ�ɜɢɯɿɞɧɭ�

� �] W �ɪɟɚɥɿɡɚɰɿʀ�ɜɿɞɩɨɜɿɞɧɢɯ�ɜɢɩɚɞɤɨɜɢɯ�ɩɪɨɰɟɫɿɜ��ɋɢɝɧɚɥ�

� �[ W �ɦɨɠɟ�ɛɭɬɢ�ɬɟɫɬɨɜɢɦ��ɚ�ɫɢɝɧɚɥ� � �] W �ɬɪɟɛɚ�ɜɢɡɧɚɱɚɬɢ�

ɲɥɹɯɨɦ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɨɛɟɪɧɟɧɨʀ� ɡɚɞɚɱɿ� ɜɢɦɿɪɸɜɚɧɶ� ɩɪɢ�
ɜɿɞɨɦɿɣ�ɪɟɚɥɿɡɚɰɿʀ� � �\ W ��

Ɉɬɠɟ�� ɛɭɞɟɦɨ� ɜɜɚɠɚɬɢ�� ɳɨ� ɪɟɚɥɿɡɚɰɿɹ� � �] W

ɜɢɩɚɞɤɨɜɨɝɨ� ɩɪɨɰɟɫɭ� � �WK � ɜɠɟ� ɜɢɡɧɚɱɟɧɚ� ɡ� ɩɪɢɣɧɹɬɧɨɸ�

ɬɨɱɧɿɫɬɸ�� Ⱦɚɥɿ� ɫɤɨɪɢɫɬɚɽɦɨɫɶ� ɜɿɞɨɦɢɦ� ɦɟɬɨɞɨɦ�
ɫɬɚɬɢɫɬɢɱɧɨʀ�ɥɿɧɟɚɪɢɡɚɰɿʀ��ɹɤɢɣ�ɫɤɥɚɞɚɽɬɶɫɹ�ɭ�ɜɢɡɧɚɱɟɧɧɿ�
ɬɚɤɨʀ� ɥɿɧɿɣɧɨʀ� � ɮɭɧɤɰɿʀ� ɩɟɪɟɬɜɨɪɟɧɧɹ� ɧɟɥɿɧɿɣɧɨɝɨ�
ɧɟɿɧɟɪɰɿɣɧɨɝɨ� ɛɥɨɤɭ� �ɪɢɫ������ ɹɤɚ� ɛ� ɧɚɣɤɪɚɳɢɦ� ɱɢɧɨɦ�
ɥɿɧɟɚɪɢɡɭɜɚɥɚ�ɧɟɥɿɧɿɣɧɭ�ɮɭɧɤɰɿɸ�ɩɟɪɟɬɜɨɪɟɧɧɹ��

Ɇɿɠ� ɜɢɩɚɞɤɨɜɢɦɢ� ɩɪɨɰɟɫɚɦɢ� � �W[ � ɬɚ� � �WK � ɿɫɧɭɽ�

ɧɟɜɿɞɨɦɢɣ� ɧɟɥɿɧɿɣɧɢɣ� ɡɜ
ɹɡɨɤ� ɜɢɞɭ� � � � �� �W I WK [ ��

ȼɜɚɠɚɽɦɨ��ɳɨ�ɬɚɤɢɣ�ɠɟ�ɡɜ
ɹɡɨɤ�ɿɫɧɭɽ�ɦɿɠ�ʀɯ�ɪɟɚɥɿɡɚɰɿɹɦɢ��
ɬɨɛɬɨ� � � � �� �] W I [ W ��

Ʉɪɢɬɟɪɿɽɦ� ɛɥɢɡɶɤɨɫɬɿ� ɧɟɥɿɧɿɣɧɨʀ� ɬɚ� ɥɿɧɿɣɧɨʀ�
ɮɭɧɤɰɿɣ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɩɟɪɲɨɝɨ�ɛɥɨɤɭ�ɜɜɚɠɚɽɦɨ��ɹɤ�ɿ�ɜ�>�@��
ɤɪɢɬɟɪɿɣ� ɦɿɧɿɦɭɦɭ� ɫɟɪɟɞɧɶɨɝɨ� ɤɜɚɞɪɚɬɭ� ɩɨɯɢɛɤɢ�� Ⱦɥɹ�
ɡɚɞɚɱɿ��ɳɨ�ɪɨɡɝɥɹɞɚɽɬɶɫɹ�� ɰɟɣ� ɤɪɢɬɟɪɿɣ� ɜ�ɦɚɬɟɦɚɬɢɱɧɨɦɭ�
ɜɢɝɥɹɞɿ�ɞɨɰɿɥɶɧɨ�ɩɪɟɞɫɬɚɜɢɬɢ�ɬɚɤɢɦ�ɱɢɧɨɦ��

� � � �� �^ `�� Ö( 0 W WK K � �� ����

ɞɟ� 0 ��� ɡɧɚɤ� ɦɚɬɟɦɚɬɢɱɧɨɝɨ� ɫɩɨɞɿɜɚɧɧɹ�� ɚ� � �Ö WK ���

ɥɿɧɿɣɧɚ� ɮɭɧɤɰɿɹ�� ɹɤɚ� ɧɚɣɤɪɚɳɢɦ� ɱɢɧɨɦ� ɚɩɪɨɤɫɢɦɭɽ�
ɧɟɥɿɧɿɣɧɭ� ɮɭɧɤɰɿɸ� � � � �� �W I WK [ �� ȼ� ɡɚɝɚɥɶɧɨɦɭ� ɜɢɝɥɹɞɿ�

ɞɥɹ�ɛɭɞɶ�ɹɤɨɝɨ�ɦɨɦɟɧɬɭ�ɱɚɫɭ�

�Ö N NK [ � � �� ����
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ȼ� ɮɨɪɦɭɥɚɯ� ����� ���� ɩɨɡɧɚɱɟɧɨ�� � � �' 0 P[ [[ � ���

ɞɢɫɩɟɪɫɿɹ� ɜɯɿɞɧɨɝɨ� ɩɪɨɰɟɫɭ� � �W[ �� � �P 0[ [ �� � �P 0K K ���

ɦɚɬɟɦɚɬɢɱɧɿ� ɫɩɨɞɿɜɚɧɧɹ� ɜɢɩɚɞɤɨɜɢɯ� ɩɪɨɰɟɫɿɜ� � �W[ � ɬɚ�

� �WK ��

ȼɜɚɠɚɽɦɨ� ɫɩɨɱɚɬɤɭ�� ɳɨ� ɜɯɿɞɧɚ� ɪɟɚɥɿɡɚɰɿɹ� ɚɛɨ�
ɬɟɫɬɨɜɢɣ� ɫɢɝɧɚɥ� � �W[ � ɽ� ɜɿɞɨɦɢɦɢ�� ɉɪɢɤɥɚɞ� ɪɟɚɥɿɡɚɰɿʀ�

ɬɚɤɨɝɨ�ɫɢɝɧɚɥɭ�ɡɨɛɪɚɠɟɧɢɣ�ɧɚ�ɪɢɫ������

Ɋɢɫ�����ɉɪɢɤɥɚɞ�ɪɟɚɥɿɡɚɰɿʀ�ɜɯɿɞɧɨɝɨ�ɫɢɝɧɚɥɭ� � �[ W

�Ⱦɥɹ� ɪɿɡɧɢɯ� ɜɢɞɿɜ� ɪɟɚɥɿɡɚɰɿɣ� � �W[ � ɬɚ� � �WK � ɬɪɟɛɚ�

ɩɪɨɜɟɫɬɢ�ɫɬɚɬɢɫɬɢɱɧɭ�ɨɛɪɨɛɤɭ�ɿ�ɨɬɪɢɦɚɬɢ�ɤɨɟɮɿɰɿɽɧɬɢ� N
ɬɚ� �N � ɡ� ɜɢɪɚɡɿɜ� ����� ����� Ɍɨɞɿ� ɥɿɧɿɣɧɚ� ɮɭɧɤɰɿɹ�

ɩɟɪɟɬɜɨɪɟɧɧɹ� ȼɄɌ�� ɹɤɚ� ɡɚɦɿɧɢɥɚ� ɧɟɥɿɧɿɣɧɭ� ɮɭɧɤɰɿɸ��
ɨɩɢɫɭɽɬɶɫɹ�ɮɨɪɦɭɥɨɸ�

�� � � ��OLQ] W N N [ W � � � ����

Ɋɟɡɭɥɶɬɚɬɢ�ɦɨɞɟɥɸɜɚɧɧɹ�
ɋɬɚɬɢɫɬɢɱɧɚ� ɨɛɪɨɛɤɚ� ɩɪɨɜɨɞɢɥɚɫɶ� ɩɨ� ����

ɪɟɚɥɿɡɚɰɿɹɦ� ɜɢɩɚɞɤɨɜɢɯ� ɩɪɨɰɟɫɿɜ� � �W[ �� � �WK �� ɳɨ�

ɫɬɜɨɪɢɥɨ� ɭɦɨɜɢ� ɞɥɹ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɮɨɪɦɭɥ� ����� ����� �����
Ƚɪɚɮɿɤɢ� ɥɿɧɟɚɪɢɡɨɜɚɧɨʀ� ɮɭɧɤɰɿʀ�� ɚ� ɬɚɤɨɠ� ɧɟɥɿɧɿɣɧɨʀ�
ɮɭɧɤɰɿʀ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɤɚɧɚɥɭ�ɩɪɢɜɟɞɟɧɿ�ɧɚ�ɪɢɫ�����

ɇɚ�ɪɢɫ����ɡɨɛɪɚɠɟɧɿ�ɮɭɧɤɰɿɹ� � �] W ��ɳɨ�ɨɬɪɢɦɚɧɚ�ɧɚ�

ɨɫɧɨɜɿ� ɧɟɥɿɧɿɣɧɨɝɨ� ɩɟɪɟɬɜɨɪɟɧɧɹ� � � � � � ��] W I [ W ��

ɡɚɥɟɠɧɿɫɬɶ� � �OLQ] W �� ɳɨ� ɨɛɱɢɫɥɟɧɚ� ɡ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɥɿɧɿɣɧɨʀ�ɮɭɧɤɰɿʀ�ɩɟɪɟɬɜɨɪɟɧɧɹ��ɚ�ɬɚɤɨɠ�ɮɭɧɤɰɿɹ� FRY � �UH] W ��

ɹɤɚ� ɽ� ɪɟɡɭɥɶɬɚɬɨɦ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɨɛɟɪɧɟɧɨʀ� ɡɚɞɚɱɿ�
ɜɢɦɿɪɸɜɚɧɶ��



Ɍɟɯɧɨɥɨɝɢɹ�ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ���¶�����

��

Ɋɢɫ�����Ƚɪɚɮɿɤ�ɧɟɥɿɧɿɣɧɨʀ��ɫɭɰɿɥɶɧɚ�ɥɿɧɿɹ��ɬɚ�ɟɤɜɿɜɚɥɟɧɬɧɨʀ�ʀɣ�
ɨɩɬɢɦɚɥɶɧɨʀ�ɥɿɧɿɣɧɨʀ�ɮɭɧɤɰɿʀ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɧɟɥɿɧɿɣɧɨɝɨ�ɛɥɨɤɭ���

�ɲɬɪɢɯɨɜɚ�ɥɿɧɿɹ��]

Ɋɢɫ�����ɉɪɢɤɥɚɞ�ɪɟɚɥɿɡɚɰɿɣ�ɜɢɯɿɞɧɢɯ�ɫɢɝɧɚɥɿɜ�ɧɟɥɿɧɿɣɧɨɝɨ�ɛɥɨɤɭ��
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ�ɫɢɝɧɚɥɭ� � �] W ���ɫɭɰɿɥɶɧɚ�ɥɿɧɿɹ���ɫɢɝɧɚɥɭ�

FRY � �UH] W ��ɳɨ�ɨɬɪɢɦɚɧɢɣ�ɜ�ɪɟɡɭɥɶɬɚɬɿ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɨɛɟɪɧɟɧɨʀ�

ɡɚɞɚɱɿ�ɜɢɦɿɪɸɜɚɧɶ��ɲɬɪɢɯɨɜɚ�ɥɿɧɿɹ���ɬɚ�ɫɢɝɧɚɥɭ� � �OLQ] W ��ɹɤɢɣ�
ɨɛɱɢɫɥɟɧɢɣ�ɡ�ɞɨɩɨɦɨɝɨɸ�ɥɿɧɿɣɧɨʀ�ɮɭɧɤɰɿʀ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɤɚɧɚɥɭ�

�ɲɬɪɢɯ�ɩɭɧɤɬɢɪɧɚ�ɥɿɧɿɹ�

Ʌɿɧɟɚɪɢɡɨɜɚɧɭ� ɮɭɧɤɰɿɸ� ɩɟɪɟɬɜɨɪɟɧɧɹ� ȼɄɌ�
ɧɟɨɛɯɿɞɧɨ� ɨɬɪɢɦɭɜɚɬɢ� ɩɨ� ɫɭɤɭɩɧɨɫɬɿ� ɩɚɪ� ɪɟɚɥɿɡɚɰɿɣ��

� �^ `� ��[ W ] W ��ɚɥɟ�ɩɪɢ�ɜɿɞɫɭɬɧɨɫɬɿ�ɜɿɪɬɭɚɥɶɧɨɝɨ�ɫɢɝɧɚɥɭ� � �] W
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ɪɨɡɜ¶ɹɡɚɧɧɿ� ɨɛɟɪɧɟɧɨʀ� ɡɚɞɚɱɿ� >�@�� ɜɢɧɢɤɚɸɬɶ� ɩɨɯɢɛɤɢ�
ɡɧɚɯɨɞɠɟɧɧɹ� ɤɨɟɮɿɰɿɽɧɬɿɜ� N � ɬɚ� �N �� ɚ� ɡɧɚɱɢɬɶ�� ɿ�
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ɉɨɪɿɜɧɹɽɦɨ � �OLQ\ W � ɬɚ� ɪɟɚɥɶɧɢɣ� ɫɢɝɧɚɥ� � �\ W � ɧɚ�

ɨɞɧɨɦɭ�ɝɪɚɮɿɤɭ��ɪɢɫ������
əɤ� ɜɢɞɧɨ� ɡ� ɪɢɫ�� ��� ɪɟɚɥɿɡɚɰɿɹ� ɜɢɯɿɞɧɨɝɨ� ɫɢɝɧɚɥɭ�

ȼɄɌ� � �OLQ\ W �� ɳɨ� ɪɨɡɪɚɯɨɜɚɧɚ� ɡ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɥɿɧɟɚɪɢɡɨɜɚɧɨʀ�ɮɭɧɤɰɿʀ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɤɚɧɚɥɭ��ɧɟ�ɫɩɿɜɩɚɞɚɽ�
ɡ� ɪɟɚɥɶɧɨɸ� ɪɟɚɥɿɡɚɰɿɽɸ� ɫɢɝɧɚɥɭ� � �\ W � ɧɚ� ɿɧɬɟɪɜɚɥɿ�

ɫɩɨɫɬɟɪɟɠɟɧɧɹ�� ɯɨɱɚ� ɫɟɪɟɞɧɿ� ɡɧɚɱɟɧɧɹ� ɜɿɡɭɚɥɶɧɨ� ɽ�
ɛɥɢɡɶɤɢɦɢ��

Ɋɢɫ�����ɉɪɢɤɥɚɞ�ɪɟɚɥɿɡɚɰɿʀ��ɜɢɯɿɞɧɨɝɨ�ɫɢɝɧɚɥɭ���ɫɭɰɿɥɶɧɚ�ɥɿɧɿɹ���
ɬɚ�ɜɢɯɿɞɧɨɝɨ�ɫɢɝɧɚɥɭ��ɪɨɡɪɚɯɨɜɚɧɨɝɨ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɥɿɧɟɚɪɢɡɨɜɚɧɨʀ�ɮɭɧɤɰɿʀ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɜɢɦɿɪɸɜɚɥɶɧɨɝɨ�ɤɚɧɚɥɭ�
�ɲɬɪɢɯɨɜɚ�ɥɿɧɿɹ��

Ɉɬɠɟ�� ɲɥɹɯɨɦ� ɫɬɚɬɢɫɬɢɱɧɨʀ� ɥɿɧɟɚɪɢɡɚɰɿʀ� ɜɞɚɥɨɫɶ�
ɦɨɞɟɥɶ� ɧɟɥɿɧɿɣɧɨɝɨ� ɿɧɟɪɰɿɣɧɨɝɨ� ȼɄɌ� ɡɜɟɫɬɢ� ɞɨ� ɦɨɞɟɥɿ�
ɥɿɧɿɣɧɨɝɨ� ɿɧɟɪɰɿɣɧɨɝɨ� ȼɄɌ�� ɬɨɛɬɨ� ɞɨ� ɬɚɤɨʀ� ɦɨɞɟɥɿ�� ɳɨ� ɽ�
ɩɪɢɜɚɛɥɢɜɨɸ�ɞɥɹ�ɿɧɠɟɧɟɪɧɢɯ�ɞɨɫɥɿɞɠɟɧɶ��

Ɇɟɬɨɞ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɡɚɞɚɱɿ� ɥɿɧɟɚɪɢɡɚɰɿʀ�
ɜɢɦɿɪɸɜɚɥɶɧɨʀ� ɫɢɫɬɟɦɢ� ɩɪɢ� ɧɟɜɿɞɨɦɿɣ� ɪɟɚɥɿɡɚɰɿʀ�
ɜɯɿɞɧɨɝɨ�ɩɪɨɰɟɫɭ�

ɇɚ�ɠɚɥɶ��ɜ�ɮɨɪɦɭɥɚɯ�����ɿ����� P[ �� � ��P [ �� � �0 K [�

ɽ� ɧɟɜɿɞɨɦɢɦɢ� ɫɤɥɚɞɨɜɢɦɢ�� ɬɨɛɬɨ� ɫɤɥɚɞɨɜɢɦɢ�� ɳɨ�
ɩɨɜ¶ɹɡɚɧɿ�ɡ�ɧɟɜɿɞɨɦɢɦ�ɜɯɿɞɧɢɦ�ɩɪɨɰɟɫɨɦ� � �W[ ��

Ɇɚɬɟɦɚɬɢɱɧɿ� ɫɩɨɞɿɜɚɧɧɹ� P[ � ɬɚ� � ��P [
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ɜɢɩɚɞɤɨɜɨʀ� ɜɟɥɢɱɢɧɢ� [ �� ɳɨ� ɧɚɛɭɜɚɽ� ɩɪɢ� ɜɢɦɿɪɸɜɚɧɧɿ�
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əɤɳɨ�ɜɪɚɯɭɜɚɬɢ��ɳɨ�ɜ����� � � � ��0 . P P[ KK[ K [ � � ��
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ɬɨɛɬɨ� ɞɥɹ� ɜɢɡɧɚɱɟɧɧɹ� ɤɨɟɮɿɰɿɽɧɬɚ� N � ɧɟɨɛɯɿɞɧɨ�
ɡɧɚɬɢ� ɜɡɚɽɦɧɭ� ɤɨɪɟɥɹɰɿɣɧɭ� ɮɭɧɤɰɿɸ� � �� �. K [ � ɬɚ�

ɞɢɫɩɟɪɫɿɸ�ɜɯɿɞɧɨɝɨ�ɩɪɨɰɟɫɭ� � �W[ ��ɹɤɢɣ�ɱɚɫɬɨ�ɧɚ�ɩɪɚɤɬɢɰɿ�

ɡɚɥɢɲɚɽɬɶɫɹ�ɧɟɜɿɞɨɦɢɦ��
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ɞɟ� � �� � �� � �[ W ] WZ ��� ɞɜɨɦɿɪɧɚ� ɳɿɥɶɧɿɫɬɶ� ɣɦɨɜɿɪɧɨɫɬɿ�

ɫɭɤɭɩɧɨɫɬɿ� ɜɢɩɚɞɤɨɜɢɯ� ɜɟɥɢɱɢɧ� [ � ɬɚ� K �� ɹɤɿ�

ɜɿɞɨɛɪɚɠɚɸɬɶ�ɜɿɞɩɨɜɿɞɧɿ�ɜɢɩɚɞɤɨɜɿ�ɩɪɨɰɟɫɢ��
ȼɧɚɫɥɿɞɨɤ� ɧɚɹɜɧɨɫɬɿ� ɧɟɜɟɥɢɤɨʀ� ɤɿɥɶɤɨɫɬɿ�

ɿɧɮɨɪɦɚɰɿʀ�ɩɪɨ�ɫɬɚɬɢɱɧɿ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɜɯɿɞɧɨɝɨ�ɩɪɨɰɟɫɭ�

� �W[ �ɬɚ�ɜɢɞɭ�ɧɟɥɿɧɿɣɧɨɫɬɿ�ɮɭɧɤɰɿʀ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɩɟɪɲɨɝɨ�

ɛɥɨɤɭ��ɪɢɫ������ɜɢɡɧɚɱɢɬɢ�ɤɨɟɮɿɰɿɽɧɬɢ� �N �ɬɚ� N �ɧɚ�ɞɚɧɨɦɭ�

ɟɬɚɩɿ�ɧɟɦɨɠɥɢɜɨ��ɉɿɞɿɣɞɟɦɨ�ɞɨ�ɰɿɽʀ�ɡɚɞɚɱɿ�ɡ�ɿɧɲɨɝɨ�ɛɨɤɭ��
ȼ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ� ���� ɩɪɢ� ɪɨɡɜ¶ɹɡɚɧɧɿ� ɨɛɟɪɧɟɧɨʀ� ɡɚɞɚɱɿ�
ɜɢɦɿɪɸɜɚɧɶ�ɞɥɹ�ɤɨɠɧɨʀ�ɪɟɚɥɿɡɚɰɿʀ� � �[ W �ɜɯɿɞɧɨɝɨ�ɩɪɨɰɟɫɭ�

� �W[ � ɜɢɡɧɚɱɚɽɬɶɫɹ� ɪɟɚɥɿɡɚɰɿɹ� � �] W � ɜɢɩɚɞɤɨɜɨɝɨ� ɩɪɨɰɟɫɭ�

� �WK �� Ɉɬɠɟ�� ɜɢɪɚɡ� ���� ɞɥɹ� ɤɨɠɧɨʀ� ɪɟɚɥɿɡɚɰɿʀ� ɦɨɠɧɚ�

ɡɚɩɢɫɚɬɢ�ɭ�ɜɢɝɥɹɞɿ�

� �^ `�� Ö0 ] ]H  � �� �����

Ɍɭɬ� ɦɢ� ɦɚɽɦɨ� ɤɨɧɤɪɟɬɧɭ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�
ɨɬɪɢɦɚɧɭ�ɡɚɥɟɠɧɿɫɬɶ� � �] W �ɬɚ�ɜɢɞ�ɥɿɧɿɣɧɨʀ�ɮɭɧɤɰɿʀ�
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Ⱦɚɥɿ� ɦɟɬɨɞɨɦ� ɫɬɚɬɢɫɬɢɱɧɨʀ� ɨɩɬɢɦɿɡɚɰɿʀ�

�ɝɟɧɟɬɢɱɧɢɣ� ɚɥɝɨɪɢɬɦ�� ɦɿɧɿɦɿɡɭɽɬɶɫɹ� ɡɧɚɱɟɧɧɹ� �H
ɲɥɹɯɨɦ� ɜɚɪɿɚɰɿʀ� ɤɨɟɮɿɰɿɽɧɬɿɜ� �N � ɬɚ� N � ɩɪɢ� ɤɨɠɧɨɦɭ�

ɤɨɧɤɪɟɬɧɨɦɭ�ɡɧɚɱɟɧɧɿ� ] ��ɜ�ɞɢɫɤɪɟɬɧɿ�ɦɨɦɟɧɬɢ�ɱɚɫɭ���Ⱦɥɹ�
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ɞɟ� � '[[V  �� ɬɨ� ɩɿɞɫɬɚɜɥɹɸɱɢ� ɜɢɪɚɡ� ����� ɜ� ����� ɡ�

ɜɿɞɨɦɨɸ�ɥɿɜɨɸ�ɱɚɫɬɢɧɨɸ��ɜɢɡɧɚɱɚɽɦɨ� �
[V �ɚɛɨ� '[ ��

Ɍɟɩɟɪ� ɜɠɟ� ɡ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ����ɚ�� ɨɬɪɢɦɭɽɦɨ�
ɜɡɚɽɦɧɭ�ɤɨɪɟɥɹɰɿɣɧɭ�ɮɭɧɤɰɿɸ� � �� �. ȟK �ɦɿɠ�ɜɢɩɚɞɤɨɜɢɦɢ�

� �WK � ɬɚ� � �W[ ��Ɉɫɤɿɥɶɤɢ� ɩɟɪɲɢɣ�ɛɥɨɤ�ȼɄɌ� ɽ�ɧɟɥɿɧɿɣɧɢɦ��

ɬɨ� ɜ�ɮɨɪɦɭɥɿ� ����� ɧɟɦɚɽ� ɫɟɧɫɭ� ɜɪɚɯɨɜɭɜɚɬɢ� ɱɚɫ� ɿ� ɡɚɦɿɫɬɶ�

� �� � �� � �[ W ] WZ �ɜɢɤɨɪɢɫɬɨɜɭɽɦɨ� � �� � �[ ]Z ��

ȼɢɫɧɨɜɤɢ�
Ɍɨɱɧɿ� ɦɟɬɨɞɢ� ɚɧɚɥɿɡɭ� ɧɟɥɿɧɿɣɧɢɯ� ɿɧɟɪɰɿɣɧɢɯ�

ɜɢɦɿɪɸɜɚɥɶɧɢɯ� ɫɢɫɬɟɦ� ɬɢɫɤɭ� ɽ� ɫɤɥɚɞɧɢɦɢ� ɿ� ʀɯ� ɫɤɥɚɞɧɨ�
ɪɟɚɥɿɡɨɜɭɜɚɬɢ� ɧɚ� ɩɪɚɤɬɢɰɿ�� ɉɟɪɟɯɿɞ� ɞɨ� ɦɨɞɟɥɟɣ�
Ƚɚɦɦɟɪɲɬɟɣɧɚ� ɫɩɪɨɳɭɽ� ɡɚɞɚɱɭ�� ɚɥɟ� ɧɟ� ɡɚɜɠɞɢ�
ɡɚɞɨɜɨɥɶɧɹɽ� ɩɨɬɪɟɛ� ɩɪɚɤɬɢɤɢ�� ȱɞɟɚɥɶɧɢɦ� ɜɚɪɿɚɧɬɨɦ� ɽ�
ɡɚɦɿɧɚ� ɧɟɥɿɧɿɣɧɨɝɨ� ɿɧɟɪɰɿɣɧɨɝɨ� ɤɚɧɚɥɭ� ɥɿɧɿɣɧɢɦ�
ɿɧɟɪɰɿɣɧɢɦ�� Ⱦɥɹ� ɰɶɨɝɨ� ɜ� ɫɬɚɬɬɿ� ɜɞɨɫɤɨɧɚɥɟɧɢɣ� ɜɿɞɨɦɢɣ�
ɦɟɬɨɞ� ɫɬɚɬɢɫɬɢɱɧɨʀ� ɥɿɧɟɚɪɢɡɚɰɿʀ� ɮɭɧɤɰɿʀ� ɩɟɪɟɬɜɨɪɟɧɧɹ�
ɤɚɧɚɥɭ�� ɳɨ� ɪɨɡɝɥɹɞɚɽɬɶɫɹ�� ɡ� ɜɪɚɯɭɜɚɧɧɹɦ� ɿɧɟɪɰɿɣɧɨɫɬɿ�
ɫɢɫɬɟɦɢ�� ɐɟ� ɜɢɦɚɝɚɽ� ɿɧɮɨɪɦɚɰɿʀ� ɩɪɨ� ɿɦɩɭɥɶɫɧɭ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ�ɥɿɧɿɣɧɨɝɨ�ɛɥɨɤɭ�ɦɨɞɟɥɿ�Ƚɚɦɦɟɪɲɬɟɣɧɚ�ɬɚ�
ɧɚɛɥɢɠɟɧɨɝɨ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɨɛɟɪɧɟɧɨʀ� ɡɚɞɚɱɿ� ɜɢɦɿɪɸɜɚɧɶ��
ɹɤɟ�ɽ�ɨɞɧɿɽɸ�ɡ�ɝɨɥɨɜɧɢɯ�ɩɪɢɱɢɧ�ɩɨɯɢɛɨɤ�ɥɿɧɿɣɧɨʀ�ɮɭɧɤɰɿʀ�
ɩɟɪɟɬɜɨɪɟɧɧɹ�� � ɋɬɚɬɢɫɬɢɱɧɚ� ɥɿɧɟɚɪɢɡɚɰɿɹ� ɧɟɥɿɧɿɣɧɨʀ�
ɮɭɧɤɰɿʀ� ɩɟɪɟɬɜɨɪɟɧɧɹ� ɧɟɥɿɧɿɣɧɨɝɨ� ɛɥɨɤɭ� ɩɨɬɪɟɛɭɽ�
ɿɧɮɨɪɦɚɰɿʀ�ɩɪɨ�ɪɟɚɥɿɡɚɰɿɸ�ɜɯɿɞɧɨɝɨ�ɜɢɩɚɞɤɨɜɨɝɨ�ɩɪɨɰɟɫɭ��
ȼ� ɫɬɚɬɬɿ� ɪɨɡɪɨɛɥɟɧɿ� ɩɪɨɩɨɡɢɰɿʀ� ɳɨɞɨ� ɫɬɚɬɢɫɬɢɱɧɨʀ�
ɥɿɧɟɚɪɢɡɚɰɿʀ�ɜɢɦɿɪɸɜɚɥɶɧɨɝɨ�ɤɚɧɚɥɭ�ɜ�ɭɦɨɜɚɯ�ɜɿɞɫɭɬɧɨɫɬɿ�
ɿɧɮɨɪɦɚɰɿʀ�ɩɪɨ�ɜɯɿɞɧɭ�ɪɟɚɥɿɡɚɰɿɸ��ɉɨɞɚɥɶɲɿ�ɞɨɫɥɿɞɠɟɧɧɹ�
ɩɨɜɢɧɧɿ�ɛɭɬɢ�ɫɩɪɹɦɨɜɚɧɿ� ɧɚ�ɜɫɬɚɧɨɜɥɟɧɧɿ�ɨɛɦɟɠɟɧɶ��ɩɪɢ�
ɹɤɢɯ� ɫɬɚɬɢɫɬɢɱɧɚ� ɥɿɧɟɚɪɢɡɚɰɿɹ� ɤɚɧɚɥɭ� ɦɚɽ� ɫɟɧɫ�� ɩɪɢ�
ɹɤɨɦɭ�ɜɢɞɿ�ɧɟɥɿɧɿɣɧɨɫɬɿ�� ɞɿɚɩɚɡɨɧɭ�ɡɦɿɧɸɜɚɧɧɹ�ɩɨɫɬɿɣɧɨʀ�
ɱɚɫɭ�� ɜɢɞɭ� ɜɯɿɞɧɨʀ� ɪɟɚɥɿɡɚɰɿʀ�� ɪɿɜɧɹ� ɜɯɿɞɧɢɯ� ɲɭɦɿɜ��
ɬɨɱɧɨɫɬɿ� ɜɢɦɿɪɸɜɚɧɧɹ� ɿɦɩɭɥɶɫɧɨʀ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�
ɥɿɧɿɣɧɨɝɨ� ɛɥɨɤɭ� ɬɚ� ɜɢɯɿɞɧɨɝɨ� ɫɢɝɧɚɥɭ� ɜɢɦɿɪɸɜɚɥɶɧɨɝɨ�
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