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Ɇɨɳɧɨɫɬɶ� ɷɦɢɫɫɢɢ� ɬɨɤɫɢɱɧɵɯ� ɜɟɳɟɫɬɜ� ɜ� ɨɬɪɚɛɨɬɚɜɲɢɯ� ɝɚɡɚɯ�
ɨɬɞɟɥɶɧɨ� ɞɥɹ� ɤɚɠɞɨɝɨ� ɝɚɡɨɨɛɪɚɡɧɨɝɨ� ɜɟɳɟɫɬɜɚ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɩɨ�
ɮɨɪɦɭɥɟ��
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ɝɞɟ�T�±�ɦɨɳɧɨɫɬɶ�ɷɦɢɫɫɢɢ�ɞɚɧɧɨɝɨ�ɜɢɞɚ�ɡɚɝɪɹɡɧɟɧɢɣ�ɨɬ�ɬɪɚɧɫɩɨɪɬɧɨɝɨ�
ɩɨɬɨɤɚ� ɧɚ� ɤɨɧɤɪɟɬɧɨɦ� ɭɱɚɫɬɤɟ� ɞɨɪɨɝɢ�� ɝ�ɦāɫ�� ���������� ±� ɤɨɷɮɮɢɰɢɟɧɬ�
ɩɟɪɟɯɨɞɚ� ɤ� ɩɪɢɧɹɬɵɦ� ɟɞɢɧɢɰɚɦ� ɢɡɦɟɪɟɧɢɹ�� P� ±� ɤɨɷɮɮɢɰɢɟɧɬ��
ɭɱɢɬɵɜɚɸɳɢɣ�ɞɨɪɨɠɧɵɟ�ɢ�ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɟ�ɭɫɥɨɜɢɹ��ɩɪɢɧɢɦɚɟɬɫɹ�ɜ�
ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɫɪɟɞɧɟɣ�ɫɤɨɪɨɫɬɢ�ɬɪɚɧɫɩɨɪɬɧɨɝɨ�ɩɨɬɨɤɚ�� LN* ±�ɫɪɟɞɧɢɣ�

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ� ɪɚɫɯɨɞ� ɬɨɩɥɢɜɚ� ɞɥɹ� ɞɚɧɧɨɝɨ� ɬɢɩɚ� �ɦɚɪɤɢ��
ɤɚɪɛɸɪɚɬɨɪɧɵɯ� ɚɜɬɨɦɨɛɢɥɟɣ�� ɥ�ɤɦ�� LG* � ±� ɬɨ� ɠɟ� ɞɥɹ� ɞɢɡɟɥɶɧɵɯ�

ɚɜɬɨɦɨɛɢɥɟɣ�� ɥ�ɤɦ�� LN1 � ±� ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɞɜɢɠɟɧɢɹ� ɤɚɠɞɨɝɨ�

ɜɵɞɟɥɟɧɧɨɝɨ� ɬɢɩɚ� ɤɚɪɛɸɪɚɬɨɪɧɵɯ� ɚɜɬɨɦɨɛɢɥɟɣ�� ɚɜɬ��ɱ��� LG1 � ±� ɬɨ�ɠɟ��

ɞɥɹ� ɞɢɡɟɥɶɧɵɯ� ɚɜɬɨɦɨɛɢɥɟɣ�� ɚɜɬ��ɱ��� N. � ɢ� G. � ±� ɤɨɷɮɮɢɰɢɟɧɬɵ��

ɩɪɢɧɢɦɚɟɦɵɟ�ɞɥɹ�ɞɚɧɧɨɝɨ�ɤɨɦɩɨɧɟɧɬɚ�ɡɚɝɪɹɡɧɟɧɢɹ�ɞɥɹ�ɤɚɪɛɸɪɚɬɨɪɧɵɯ�
ɢ�ɞɢɡɟɥɶɧɵɯ�ɬɢɩɨɜ�ɞɜɢɝɚɬɟɥɟɣ��

Ʉɨɧɰɟɧɬɪɚɰɢɹ�ɡɚɝɪɹɡɧɟɧɢɣ�ɚɬɦɨɫɮɟɪɧɨɝɨ�ɜɨɡɞɭɯɚ�ɨɤɢɫɶɸ�ɭɝɥɟɪɨɞɚ��
ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ�� ɨɤɢɫɥɚɦɢ� ɚɡɨɬɚ� ɜɞɨɥɶ� ɚɜɬɨɦɨɛɢɥɶɧɨɣ� ɞɨɪɨɝɢ�
ɨɩɪɟɞɟɥɹɟɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ�
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ɝɞɟ�&� ±� ɤɨɧɰɟɧɬɪɚɰɢɹ� ɞɚɧɧɨɝɨ� ɜɢɞɚ� ɡɚɝɪɹɡɧɟɧɢɹ� ɜ� ɜɨɡɞɭɯɟ�� ɝ�ɦ��V � ±�
ɫɬɚɧɞɚɪɬɧɨɟ� ɨɬɤɥɨɧɟɧɢɟ� Ƚɚɭɫɫɨɜɨɝɨ� ɪɚɫɫɟɢɜɚɧɢɹ� ɜ� ɜɟɪɬɢɤɚɥɶɧɨɦ�
ɧɚɩɪɚɜɥɟɧɢɢ�� ɦ�� 9 ±� ɫɤɨɪɨɫɬɶ� ɜɟɬɪɚ�� ɩɪɟɨɛɥɚɞɚɸɳɟɝɨ� ɜ� ɪɚɫɱɟɬɧɵɣ�
ɦɟɫɹɰ� ɥɟɬɧɟɝɨ� ɩɟɪɢɨɞɚ�� ɦ�ɫ�� M � ±� ɭɝɨɥ�� ɫɨɫɬɚɜɥɹɟɦɵɣ� ɧɚɩɪɚɜɥɟɧɢɟɦ�

ɜɟɬɪɚ�ɤ�ɬɪɚɫɫɟ�ɞɨɪɨɝɢ��)�±�ɮɨɧɨɜɚɹ�ɤɨɧɰɟɧɬɪɚɰɢɹ�ɡɚɝɪɹɡɧɟɧɢɹ�ɜɨɡɞɭɯɚ��ɝ�ɦ���
Ʉɨɧɰɟɩɰɢɹ�ɩɨɞɯɨɞɚ���±�Ɋɟɝɭɥɢɪɭɟɦɵɣ�ɩɟɪɟɤɪɟɫɬɨɤ
Ⱦɚɧɧɵɣ� ɩɨɞɯɨɞ� ɫɮɨɪɦɢɪɨɜɚɧ� ɞɥɹ� ɪɚɫɱɟɬɚ� ɭɞɟɥɶɧɵɯ� ɜɵɛɪɨɫɨɜ�

ɡɚɝɪɹɡɧɹɸɳɢɯ� ɜɟɳɟɫɬɜ� ɩɪɢ� ɞɜɢɠɟɧɢɢ� ɚɜɬɨɦɨɛɢɥɟɣ� ɧɚ� ɭɱɚɫɬɤɚɯ�
ɝɨɪɨɞɫɤɢɯ�ɚɜɬɨɞɨɪɨɝ��ɩɟɪɟɝɨɧɚɯ���ɚ�ɬɚɤɠɟ�ɜ�ɭɫɥɨɜɢɹɯ�ɢɯ�ɩɪɟɛɵɜɚɧɢɹ�ɧɚ�
ɩɟɪɟɫɟɱɟɧɢɹɯ�ɝɨɪɨɞɫɤɢɯ�ɚɜɬɨɞɨɪɨɝ�ɫ�ɭɱɟɬɨɦ�ɫɬɪɭɤɬɭɪɵ��ɢɧɬɟɧɫɢɜɧɨɫɬɢ�
ɢ� ɯɚɪɚɤɬɟɪɚ� ɞɜɢɠɟɧɢɹ� ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ� ɩɨ� ɚɜɬɨɞɨɪɨɝɚɦ� ɭɥɢɱɧɨ�
ɞɨɪɨɠɧɨɣ�ɫɟɬɢ��



���

ɉɪɢ� ɨɩɪɟɞɟɥɟɧɢɢ� ɭɞɟɥɶɧɵɯ� ɜɵɛɪɨɫɨɜ� ɡɚɝɪɹɡɧɹɸɳɢɯ� ɜɟɳɟɫɬɜ� ɞɥɹ�
ɚɜɬɨɞɨɪɨɝ� ɧɟɨɛɯɨɞɢɦɨ� ɭɱɢɬɵɜɚɬɶ� ɬɨ�� ɱɬɨ� ɜ� ɝɨɪɨɞɫɤɢɯ� ɭɫɥɨɜɢɹɯ�
ɚɜɬɨɦɨɛɢɥɶ�ɧɚ�ɤɨɧɤɪɟɬɧɨɦ�ɭɱɚɫɬɤɟ�ɚɜɬɨɞɨɪɨɝɢ�ɫɨɜɟɪɲɚɟɬ�ɧɟɩɪɟɪɵɜɧɵɟ�
ɪɚɡɝɨɧɵ�ɢ�ɬɨɪɦɨɠɟɧɢɹ��ɩɟɪɟɦɟɳɚɹɫɶ�ɫ�ɧɟɤɨɬɨɪɨɣ�ɫɪɟɞɧɟɣ�ɫɤɨɪɨɫɬɶɸ��
ɨɩɪɟɞɟɥɹɟɦɨɣ�ɞɨɪɨɠɧɵɦɢ�ɭɫɥɨɜɢɹɦɢ���

ɉɪɢ� ɪɚɫɱɟɬɟ� ɭɞɟɥɶɧɵɯ� ɜɵɛɪɨɫɨɜ� ɡɚɝɪɹɡɧɹɸɳɢɯ� ɜɟɳɟɫɬɜ� ɬɚɤɠɟ�
ɧɟɨɛɯɨɞɢɦɨ�ɩɪɢɧɢɦɚɬɶ�ɜɨ�ɜɧɢɦɚɧɢɟ�ɬɨ��ɱɬɨ�ɜ�ɭɫɥɨɜɢɹɯ�ɩɪɟɛɵɜɚɧɢɹ�ɜ�
ɡɨɧɟ� ɩɟɪɟɤɪɟɫɬɤɚ� ɚɜɬɨɦɨɛɢɥɶ�� ɤɪɨɦɟ� ɬɨɪɦɨɠɟɧɢɹ� ɢ� ɪɚɡɝɨɧɚ��
ɨɩɪɟɞɟɥɟɧɧɭɸ�ɱɚɫɬɶ�ɜɪɟɦɟɧɢ�ɦɨɠɟɬ�ɫɬɨɹɬɶ�ɩɪɢ�ɡɚɩɪɟɳɚɸɳɟɦ�ɫɢɝɧɚɥɟ�
ɫɜɟɬɨɮɨɪɚ� ɩɪɢ� ɪɚɛɨɬɟ� ɞɜɢɝɚɬɟɥɹ� ɧɚ� ɪɟɠɢɦɟ� ©ɯɨɥɨɫɬɨɝɨ� ɯɨɞɚª�Ʉɪɨɦɟ�
ɷɬɨɝɨ��ɩɪɢ�ɮɨɪɦɢɪɨɜɚɧɢɢ�ɪɚɫɱɟɬɧɨɣ�ɦɨɞɟɥɢ�ɭɱɢɬɵɜɚɸɬɫɹ�ɤɚɬɟɝɨɪɢɢ�ɚɜ�
ɬɨɦɨɛɢɥɟɣ�ɢ�ɜɢɞɵ�ɡɚɝɪɹɡɧɹɸɳɢɯ�ɜɟɳɟɫɬɜ��ɩɨɫɬɭɩɚɸɳɢɯ�ɜ�ɚɬɦɨɫɮɟɪɭ�ɫ�
ɨɬɪɚɛɨɬɚɜɲɢɦɢ�ɝɚɡɚɦɢ�ɚɜɬɨɦɨɛɢɥɟɣ��

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��ɭɱɢɬɵɜɚɹ�ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɭɸ�ɤɨɧɰɟɩɰɢɸ�ɩɨɞɯɨɞɚ��
ɜɵɩɢɲɟɦ�ɟɝɨ�ɚɥɝɨɪɢɬɦ��

���Ⱦɥɹ�ɚɜɬɨɞɨɪɨɝɢ��ɢɥɢ�ɟɟ�ɭɱɚɫɬɤɚ��ɩɪɢ�ɧɚɥɢɱɢɢ�ɧɚ�ɧɟɣ�ɪɟɝɭɥɢɪɭɟ�
ɦɨɝɨ�ɩɟɪɟɤɪɟɫɬɤɚ�ɫɭɦɦɚɪɧɵɣ�ɜɵɛɪɨɫ�Ɇ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ��
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� �ɉ ɉ ɉ ɉ0 0 0 0 �±�ɜɵɛɪɨɫ�ɜ�ɚɬɦɨɫɮɟɪɭ�ɚɜɬɨɦɨɛɢɥɹɦɢ��ɧɚɯɨɞɹɳɢ�

ɦɢɫɹ� ɜ� ɡɨɧɟ� ɩɟɪɟɤɪɟɫɬɤɚ� ɩɪɢ� ɡɚɩɪɟɳɚɸɳɟɦ� ɫɢɝɧɚɥɟ� ɫɜɟɬɨɮɨɪɚ�

� � � �
� � �/ / / /0 0 0 0 � ±� ɜɵɛɪɨɫ� ɜ� ɚɬɦɨɫɮɟɪɭ� ɚɜɬɨɦɨɛɢɥɹɦɢ�� ɞɜɢɠɭɳɢ�

ɦɢɫɹ�ɩɨ�ɞɚɧɧɨɣ�ɚɜɬɨɞɨɪɨɝɟ�ɜ�ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ�ɩɟɪɢɨɞ�ɜɪɟɦɟɧɢ��Q�ɢ�P�±�
ɱɢɫɥɨ�ɨɫɬɚɧɨɜɨɤ�ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɨɝɨ�ɩɨɬɨɤɚ�ɩɟɪɟɞ�ɩɟɪɟɤɪɟɫɬɤɨɦ�ɢ�ɧɚ�ɨɞ�
ɧɨɣ�ɢ�ɞɪɭɝɨɣ�ɚɜɬɨɞɨɪɨɝɚɯ��ɟɝɨ�ɨɛɪɚɡɭɸɳɢɯ�ɡɚ����ɬɢ�ɦɢɧɭɬɧɵɣ�ɢɧɬɟɪɜɚɥ�
ɜɪɟɦɟɧɢ�� �Q ɢ� �P �±�ɱɢɫɥɨ�ɩɟɪɢɨɞɨɜ�ɞɜɢɠɟɧɢɹ�ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɨɝɨ�ɩɨ�

ɬɨɤɚ�ɜ�ɪɚɣɨɧɟ�ɩɟɪɟɤɪɟɫɬɤɚ�ɩɪɢ�ɪɚɡɪɟɲɚɸɳɟɦ�ɫɢɝɧɚɥɟ�ɫɜɟɬɨɮɨɪɚ�ɡɚ����
ɬɢ�ɦɢɧɭɬɧɵɣ�ɢɧɬɟɪɜɚɥ�ɜɪɟɦɟɧɢ��

ɂɧɞɟɤɫɵ���ɢ���ɫɨɨɬɜɟɬɫɬɜɭɸɬ�ɤɚɠɞɨɦɭ�ɢɡ���ɯ�ɧɚɩɪɚɜɥɟɧɢɣ�ɞɜɢɠɟɧɢɹ�
ɧɚ�ɚɜɬɨɞɨɪɨɝɟ�ɫ�ɛɨɥɶɲɟɣ�ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ�ɞɜɢɠɟɧɢɹ��ɚ���ɢ���±�ɞɥɹ�ɚɜɬɨ�
ɞɨɪɨɝɢ�ɫ�ɦɟɧɶɲɟɣ�ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ�ɞɜɢɠɟɧɢɹ��

���Ɋɚɫɱɟɬ�ɜɵɛɪɨɫɨɜ�ɨɬ�ɞɜɢɠɭɳɟɝɨɫɹ�ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ�
ȼɵɛɪɨɫ� L�ɝɨ�ɡɚɝɪɹɡɧɹɸɳɟɝɨ�ɜɟɳɟɫɬɜɚ� �ɝ�ɫ��ɞɜɢɠɭɳɢɦɫɹ�ɚɜɬɨɬɪɚɧɫ�

ɩɨɪɬɧɵɦ�ɩɨɬɨɤɨɦ�ɧɚ�ɚɜɬɨɞɨɪɨɝɟ��ɢɥɢ�ɟɟ�ɭɱɚɫɬɤɟ��ɮɢɤɫɢɪɨɜɚɧɧɨɣ�ɩɪɨɬɹ�
ɠɟɧɧɨɫɬɢ�/��ɤɦ��ɨɩɪɟɞɟɥɹɟɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ��
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N L0 ��ɝ�ɤɦ��±�ɭɞɟɥɶɧɵɣ�ɩɪɨɛɟɝɨɜɵɣ�ɜɵɛɪɨɫ�L�ɝR�ɜɪɟɞɧɨɝɨ�ɜɟɳɟɫɬɜɚ�ɚɜ�

ɬɨɦɨɛɢɥɹɦɢ�N�ɣ�ɤɚɬɟɝɨɪɢɢ��ɯ�±�ɤɨɥɢɱɟɫɬɜɨ�ɤɚɬɟɝɨɪɢɣ�ɚɜɬɨɦɨɛɢɥɟɣ� N*
���ɱɚɫ��±�ɮɚɤɬɢɱɟɫɤɚɹ�ɧɚɢɛɨɥɶɲɚɹ�ɢɧɬɟɧɫɢɜɧɨɫɬɶ�ɞɜɢɠɟɧɢɹ�ɚɜɬɨɦɨɛɢ�
ɥɟɣ�N�ɣ� ɤɚɬɟɝɨɪɢɢ��ɩɪɨɯɨɞɹɳɢɯ�ɱɟɪɟɡ�ɮɢɤɫɢɪɨɜɚɧɧɨɟ�ɫɟɱɟɧɢɟ�ɚɜɬɨɞɨ�
ɪɨɝɢ��ɢɥɢ�ɟɟ�ɭɱɚɫɬɤɚ��ɜ�ɨɛɨɢɯ�ɧɚɩɪɚɜɥɟɧɢɹɯ�ɩɨ�ɜɫɟɦ�ɩɨɥɨɫɚɦ�ɞɜɢɠɟɧɢɹ�
�ɡɚ����ɦɢɧɭɬ�ɧɚɛɥɸɞɟɧɢɹ���

�9N L
U �±�ɩɨɩɪɚɜɨɱɧɵɣ�ɤɨɷɮɮɢɰɢɟɧɬ��ɭɱɢɬɵɜɚ�

ɸɳɢɣ�ɫɪɟɞɧɸɸ�ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�ɬɪɚɧɫɩɨɪɬɧɨɝɨ�ɩɨɬɨɤɚ� �N L9

�ɤɦ�ɱɚɫ��ɧɚ�ɜɵɛɪɚɧɧɨɣ�ɚɜɬɨɞɨɪɨɝɟ��ɢɥɢ�ɟɟ�ɭɱɚɫɬɤɟ���/��ɤɦ�±�ɩɪɨɬɹɠɟɧ�
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Ɉɞɧɨɣ�ɢɡ�ɧɚɢɛɨɥɟɟ�ɢɧɬɟɪɟɫɧɵɯ�ɢ�ɢɡɭɱɚɟɦɵɯ�ɜ�ɩɨɫɥɟɞɧɟɟ�ɜɪɟɦɹ�ɩɪɨ�
ɛɥɟɦ�ɜ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ�ɬɟɨɪɢɢ�ɷɜɨɥɸɰɢɢ�ɹɜɥɹɟɬɫɹ�ɩɪɨɛɥɟɦɚ�ɭɫɬɨɣɱɢɜɨ�
ɫɬɢ� ɪɚɡɥɢɱɧɵɯ� ɫɢɦɛɢɨɬɢɱɟɫɤɢɯ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ� �ɤɚɤ� ɜɧɭɬɪɢɜɢɞɨɜɵɯ��
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ɜɧɟɞɪɟɧɢɟ�ɜ�ɩɨɞɨɛɧɨɟ�ɝɚɪɦɨɧɢɱɧɨɟ�ɫɨɨɛɳɟɫɬɜɨ�ɨɪɝɚɧɢɡɦɨɜ�ɫ�ɚɥɶɬɟɪɧɚ�
ɬɢɜɧɵɦɢ�ɭɫɬɚɧɨɜɤɚɦɢ�ɧɟ�ɦɨɠɟɬ�ɞɚɬɶ�ɢɦ�ɩɪɟɢɦɭɳɟɫɬɜ�ɜ�ɫɦɵɫɥɟ�ɟɫɬɟ�
ɫɬɜɟɧɧɨɝɨ�ɨɬɛɨɪɚ�>�@��ȼ�ɨɛɳɟɦ�ɫɥɭɱɚɟ��ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ�ɤɚɠɞɨɝɨ�ɜɚ�
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