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ɋȼɈɃɋɌȼȺ�ȾɂɋɄɊȿɌɇɕɏ��
ɉɊȿɈȻɊȺɁɈȼȺɇɂɃ�ɎɍɊɖȿ�ɉɈ�ɋɂɋɌȿɆȿ�
ɆɍɅɖɌɂɉɅɂɄȺɌɂȼɇɕɏ�ɎɍɇɄɐɂɃ��

Ɇ��Ⱥ��Ʉɭɡɧɟɰɨɜɚ

ɋɚɪɚɬɨɜɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ɋɨɫɫɢɹ�
(�PDLO��NX]QHWVRYDPD#LQIR�VJX�UX�

ȼ�ɫɬɚɬɶɟ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɨɛɨɛɳɟɧɢɹ�ɫɜɨɣɫɬɜ�ɞɢɫɤɪɟɬɧɵɯ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ�Ɏɭɪɶɟ�ɩɨ�ɫɢɫ�
ɬɟɦɚɦ�ȼɢɥɟɧɤɢɧɚ�Ʉɪɟɫɬɟɧɫɨɧɚ�ɧɚ�ɫɢɫɬɟɦɵ�ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɵɯ�ɮɭɧɤɰɢɣ��ɩɨɪɨɠɞɟɧɧɵɯ�ɩɨ�
ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ�ɩɚɥɢɧɞɪɨɦɚɦɢ��Ɉɩɢɫɚɧɵ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ��ɤɨɬɨɪɵɦ�ɩɨɞɜɟɪɝɚɟɬɫɹ�ɜɟɤɬɨɪ�
ɫɩɟɤɬɪɚɥɶɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɪɢ� ɪɚɫɬɹɠɟɧɢɢ�ɭɞɥɢɧɟɧɢɢ� ɢɫɯɨɞɧɨɝɨ� ɜɟɤɬɨɪɚ��Ɉɫɧɨɜɧɵɦ�ɪɟ�
ɡɭɥɶɬɚɬɨɦ�ɹɜɥɹɸɬɫɹ�ɨɰɟɧɤɢ�ɩɨɝɪɟɲɧɨɫɬɢ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�ɞɥɹ�ɡɨɧɧɨɝɨ�ɫɠɚɬɢɹ�ɢɧɮɨɪɦɚɰɢɢ�ɫ�
ɩɨɦɨɳɶɸ�ɞɢɫɤɪɟɬɧɨɝɨ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�Ɏɭɪɶɟ�ɩɨ�ɞɚɧɧɨɣ�ɫɢɫɬɟɦɟ���

3523(57,(6�2)�7+(�',6&5(7(�)285,(5�
75$16)250�86,1*�7+(�08/7,3/,&$7,9(��

)81&7,216�6<67(0�
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OHQNLQ�&UHVWHQVRQ� IXQFWLRQV� RQ� WKH� RQHV� XVLQJ�PXOWLSOLFDWLYH� IXQFWLRQV� JHQHUDWHG�ZLWK� WKH� SDOLQ�
GURPH�VHTXHQFHV��7KH�WUDQVIRUPDWLRQV�RI�WKH�VSHFWUDO�FRHIILFLHQWV�YHFWRU�LQIOXHQFHG�E\�WKH�RULJLQDO�
YHFWRU�WHQVLRQ�SURORQJDWLRQ�DUH�GHVFULEHG��7KH�PDLQ�UHVXOW�LV�WKH�HVWLPDWLRQ�RI�WKH�UHFRYHU\�HUURU�IRU�
]RQH�FRPSUHVVLRQ�RI�LQIRUPDWLRQ�XVLQJ�WKH�GLVFUHWH�)RXULHU�WUDQVIRUP�XVLQJ�WKH�FRQVLGHUHG�V\VWHP��

ɉɭɫɬɶ� ^ `Q
MMQ S3
� 

 ²� ɤɨɧɟɱɧɚɹ� ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ� ɧɚɬɭɪɚɥɶɧɵɯ� ɱɢɫɟɥ�

ɞɥɢɧɵ� �tQ ��ɬɚɤɚɹ�ɱɬɨ��ɩɪɢ�ɜɫɟɯ� QM dd� �ɜɵɩɨɥɧɟɧɨ �tMS ��ȼɜɟɞɟɦ�ɦɧɨɠɟɫɬɜɚ�

^ �̀����� � MM S= � �� ɢ� ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ�^ `QLLP � �� ��  P �� VV SSP �� �� �� �tV ��

Ɍɨɝɞɚ�ɞɥɹ�ɥɸɛɨɣ�ɞɪɨɛɢ� QPO[ � ��ɝɞɟ�ɰɟɥɨɟ�ɧɟɨɬɪɢɰɚɬɟɥɶɧɨɟ� QPO � ��ɫɩɪɚɜɟɞɥɢ�
ɜɨ�ɫɥɟɞɭɸɳɟɟ�ɪɚɡɥɨɠɟɧɢɟ��
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Ɋɚɡɥɨɠɟɧɢɹ� �������� ɦɨɠɧɨ� ɪɚɫɫɦɚɬɪɢɜɚɬɶ� ɤɚɤ� ɨɛɨɛɳɟɧɢɟ� ɪɚɡɥɨɠɟɧɢɣ� ɜ�
ɫɢɫɬɟɦɟ�ɫɱɢɫɥɟɧɢɹ�ɫ�ɨɫɧɨɜɚɧɢɟɦ� S ��ɤɨɝɞɚ�ɜɫɟ� �SSL  

Ȼɭɞɟɦ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɞɢɫɤɪɟɬɧɵɟ�ɮɭɧɤɰɢɢ� I ��ɡɚɞɚɧɧɵɟ�ɜɟɤɬɨɪɚɦɢ�ɫɜɨɢɯ�

ɡɧɚɱɟɧɢɣ�ɜ�ɬɨɱɤɚɯ� QPO � �� �
��� �

  QP
OOII ��ȼɜɟɞɟɦ�ɫɢɫɬɟɦɭ�ɞɢɫɤɪɟɬɧɵɯ�ɦɭɥɶɬɢɩɥɢ�
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ɝɞɟ� ɞɥɹ� [N � ɫɩɪɚɜɟɞɥɢɜɵ� ɪɚɡɥɨɠɟɧɢɹ� ��������� Ɉɬɦɟɬɢɦ�� ɱɬɨ� ɩɪɢ� f Q ɜ�

ɪɚɡɥɨɠɟɧɢɢ�����ɦɨɠɟɬ�ɛɵɬɶ�ɩɪɟɞɫɬɚɜɥɟɧɨ�ɥɸɛɨɟ�ɱɢɫɥɨ� ����>�[ ��ɟɫɥɢ�ɛɪɚɬɶ�ɛɟɫ�
ɤɨɧɟɱɧɭɸ�ɫɭɦɦɭ��ɜ�ɪɚɡɥɨɠɟɧɢɢ� ���� ��=N �� ɚ�ɮɨɪɦɭɥɚ�����ɡɚɞɚɟɬ�ɨɪɬɨɧɨɪɦɢɪɨ�
ɜɚɧɧɭɸ�ɫɢɫɬɟɦɭ�ɮɭɧɤɰɢɣ�ȼɢɥɟɧɤɢɧɚ��

ȼɜɟɞɟɦ�ɤɨɦɩɥɟɤɫɧɭɸ�ɦɚɬɪɢɰɭ � � �
�����
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PO
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% F ��ɫ�ɩɨɦɨɳɶɸ�ɤɨɬɨɪɨɣ�

ɧɚɯɨɞɢɬɫɹ� ȾɉɎ� �ɞɢɫɤɪɟɬɧɨɟ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ� Ɏɭɪɶɟ�� %II  Ö �ɩɨ� ɫɢɫɬɟɦɟ� & ��
ɉɭɫɬɶ� ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ� Q3 �ɹɜɥɹɟɬɫɹ� ɩɚɥɢɧɞɪɨɦɨɦ�� ɬ�ɟ�� MQM SS � �� �� QM dd
Ɍɨɝɞɚ� � ������ QOQN PNPO FF  �� ɢ� ɨɛɪɚɬɧɨɟ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ� ɜɵɩɨɥɧɹɟɬɫɹ� ɫ� ɩɨɦɨ�

ɳɶɸ�ɦɚɬɪɢɰɵ� %PQ �� I%PI Q
Ö ��Ʉɪɨɦɟ�ɬɨɝɨ��ɞɥɹ�ɬɚɤɢɯ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ�ɞɨ�

ɩɭɫɤɚɸɬ� ɨɛɨɛɳɟɧɢɟ� ɧɟɤɨɬɨɪɵɟ� ɫɜɨɣɫɬɜɚ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ� ɩɨ� ȼɄɎ� �ɫɢɫɬɟɦɚɦ�
ɮɭɧɤɰɢɣ�ȼɢɥɟɧɤɢɧɚ�Ʉɪɟɫɬɟɧɫɨɧɚ�� SSL  �� QL ���� ����
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MMJJ �� J%J V Ö �� QV � ��ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ� V3 �ɹɜɥɹɟɬɫɹ� ɩɪɟ�

ɮɢɤɫɨɦ� Q3 �� ɧɨ� ɧɟ� ɨɛɹɡɚɬɟɥɶɧɨ� ɩɚɥɢɧɞɪɨɦɨɦ��� ȼɜɟɞɟɦ� ɫɥɟɞɭɸɳɢɟ� ɨɩɟɪɚɰɢɢ�
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�ɜɟɤɬɨɪɚ�ɪɚɡɦɟɪɧɨɫɬɢ� VP �ɜ�ɜɟɤɬɨɪ�ɪɚɡɦɟɪɧɨɫɬɢ� QP ��
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���ɍɞɥɢɧɟɧɢɟ���ɬɢɩɚ�� ��� J/I  ��ɟɫɥɢ�
OPMM JI � ��

Ɂɞɟɫɶ� @>� �ɨɛɨɡɧɚɱɚɟɬ� ɜɡɹɬɢɟ� ɰɟɥɨɣ� ɱɚɫɬɢ�� ɚ�� �²� ɧɚɯɨɠɞɟɧɢɟ� ɨɫɬɚɬɤɚ� ɩɨ�
ɦɨɞɭɥɸ�� ɋɜɨɣɫɬɜɚ� ɫɩɟɤɬɪɨɜ� ɮɭɧɤɰɢɣ� ɩɨɫɥɟ� ɞɚɧɧɵɯ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ� ɜ� ɫɥɭɱɚɟ�
ȼɄɎ�ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ�ɜ�>�@��ɩɪɢɜɟɞɟɦ�ɬɟɨɪɟɦɭ��ɨɛɨɛɳɚɸɳɭɸ�ɷɬɢ�ɪɟɡɭɥɶɬɚɬɵ��

Ɍɟɨɪɟɦɚ��� ɉɭɫɬɶ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ� Q3 �ɹɜɥɹɟɬɫɹ�ɩɚɥɢɧɞɪɨɦɨɦ��Ɍɨɝɞɚ

��� J6I  � �Ö��Ö J/I  �� ��� J/I  � �Ö��Ö J6I  �� ��� J6I  � OQPJ/I � ��Ö��Ö ��

��� J/I  � OQPJ6I � 
�Ö��Ö ��
Ɍɟɨɪɟɦɚ���ɢɦɟɟɬ�ɫɥɟɞɭɸɳɢɣ�ɫɦɵɫɥ��ɜɨ�ɦɧɨɝɢɯ�ɫɥɭɱɚɹɯ�ɫɢɝɧɚɥ�ɧɟ�ɢɦɟɟɬ�

ɧɭɠɧɨɣ�ɞɥɢɧɵ�ɞɥɹ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�ɢ�ɟɝɨ�ɩɪɢɯɨɞɢɬɫɹ�ɥɢɛɨ�ɪɚɫɬɹɝɢɜɚɬɶ��ɩɨɜɬɨ�
ɪɹɹ�ɨɞɧɨ�ɡɧɚɱɟɧɢɟ�ɧɟɫɤɨɥɶɤɨ�ɪɚɡ�ɢɥɢ�ɞɨɛɚɜɥɹɹ�ɧɭɥɢ�ɩɨɫɥɟ�ɤɚɠɞɨɝɨ�ɨɬɫɱɟɬɚ��ɥɢ�
ɛɨ�ɭɞɥɢɧɹɬɶ��ɩɪɢɩɢɫɵɜɚɹ�ɜ�ɤɨɧɟɰ�ɧɭɥɢ�ɢɥɢ�ɩɨɜɬɨɪɹɹ�ɫɢɝɧɚɥ�ɧɟɫɤɨɥɶɤɨ�ɪɚɡ��Ɍɨ�
ɝɞɚ�ɪɟɡɭɥɶɬɚɬɵ�ɨɛɴɹɫɧɹɸɬ�ɜɡɚɢɦɨɫɜɹɡɶ�ɦɟɠɞɭ�ɫɩɟɤɬɪɚɦɢ�ɢɫɯɨɞɧɨɝɨ�ɫɢɝɧɚɥɚ�ɢ�
ɩɨɥɭɱɟɧɧɨɝɨ��

Ɋɚɫɫɦɨɬɪɢɦ�ɜɨɡɦɨɠɧɨɟ�ɩɪɢɦɟɧɟɧɢɟ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�Ɏɭɪɶɟ�ɩɨ�& �ɞɥɹ�ɡɨɧ�
ɧɨɝɨ� ɫɠɚɬɢɹ�ɢɧɮɨɪɦɚɰɢɢ��ɑɚɫɬɨ�ɜ� ɡɚɞɚɱɚɯ� ɫɠɚɬɢɹ�ɞɚɧɧɵɯ�ɢɡɦɟɧɹɸɬ�ɢ� ɯɪɚɧɹɬ�



���

ɜɟɤɬɨɪ�ɤɨɷɮɮɢɰɢɟɧɬɨɜ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�Ɏɭɪɶɟ��ȼ�>�@�ɛɵɥɨ�ɩɪɟɞɥɨɠɟɧɨ�ɢɫɩɨɥɶ�
ɡɨɜɚɬɶ�ȼɄɎ�ɞɥɹ�ɡɨɧɧɨɝɨ�ɫɠɚɬɢɹ��ɤɨɝɞɚ�ɧɭɥɹɦɢ�ɡɚɦɟɧɹɸɬɫɹ�ɰɟɥɵɟ�ɛɥɨɤɢ�ɤɨɷɮ�
ɮɢɰɢɟɧɬɨɜ��ɦɚɥɵɯ�ɩɨ�ɦɨɞɭɥɸ��ɭɞɨɛɫɬɜɨ�ɡɚɦɟɧɵ�ɰɟɥɨɝɨ�ɛɥɨɤɚ�ɨɛɭɫɥɨɜɥɟɧɨ�ɧɟ�
ɨɛɯɨɞɢɦɨɫɬɶɸ�ɩɨɫɥɟɞɭɸɳɟɝɨ�ɜɵɱɢɫɥɟɧɢɹ�ɨɛɪɚɬɧɨɝɨ�ȾɉɎ���ɉɨɞɨɛɧɵɟ�ɪɟɡɭɥɶ�
ɬɚɬɵ�ɢɡɜɟɫɬɧɵ�ɞɥɹ�ȾɉɎ�ɩɨ�ɷɤɫɩɨɧɟɧɬɚɦ��ɧɨ�ɨɰɟɧɤɢ�ɩɨɝɪɟɲɧɨɫɬɢ�ɜɨɫɫɬɚɧɨɜɥɟ�
ɧɢɹ� ɝɚɪɚɧɬɢɪɭɸɬ� ɯɭɞɲɢɣ� ɪɟɡɭɥɶɬɚɬ�� ɱɟɦ� ɜ� ɫɥɭɱɚɟ� ɛɚɡɢɫɚ� ȼɄɎ�� ɉɟɪɟɣɞɟɦ� ɤ�
ɨɛɨɛɳɟɧɢɸ�ɞɚɧɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɞɥɹ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ�ɩɚɥɢɧɞɪɨɦɨɜ��
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�� �� ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ� ɫɥɟɞɭɸ�

ɳɢɣ� ɜɚɪɢɚɧɬ� ɡɨɧɧɨɝɨ� ɫɠɚɬɢɹ�� ɫɱɢɬɚɟɦ�ȾɉɎ�� ɡɚɦɟɧɹɟɦ� ɤɚɤɭɸ�ɥɢɛɨ� ɩɚɱɤɭ� ɢɥɢ�
ɩɨɞɩɚɱɤɭ� ɧɭɥɹɦɢ�� ɯɪɚɧɢɦ� ɧɟɧɭɥɟɜɵɟ� ɤɨɦɩɨɧɟɧɬɵ� ɢɡɦɟɧɟɧɧɨɝɨ� ɜɟɤɬɨɪɚ� ɤɨɷɮ�
ɮɢɰɢɟɧɬɨɜ��ɋɥɟɞɭɸɳɚɹ�ɬɟɨɪɟɦɚ�ɨɩɢɫɵɜɚɟɬ�ɬɨɱɧɨɫɬɶ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�ɢɫɯɨɞɧɨɝɨ�
ɜɟɤɬɨɪɚ�ɩɪɢ�ɬɚɤɨɦ�ɫɠɚɬɢɢ��
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ɉɨɥɭɱɟɧɧɵɟ� ɨɰɟɧɤɢ� ɝɨɜɨɪɹɬ� ɨ� ɬɨɦ�� ɱɬɨ� ɞɥɹ� ɦɢɧɢɦɚɥɶɧɨɣ� ɩɨɝɪɟɲɧɨɫɬɢ�
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�ɧɭɠɧɨ�ɨɛɧɭɥɹɬɶ�ɥɢɛɨ�ɩɨɫɥɟɞɧɸɸ�ɩɚɱɤɭ�ɫ�ɧɨɦɟɪɨɦ� ��Q ��ɥɢɛɨ�
ɧɟɫɤɨɥɶɤɨ�ɫɪɟɞɧɢɯ��ɩɨɞɩɚɱɟɤ�ɩɨɫɥɟɞɧɟɣ�ɩɚɱɤɢ�ɫ�ɧɨɦɟɪɚɦɢ� @��>Q| �ɜ�ɡɚɜɢɫɢɦɨ�
ɫɬɢ� ɨɬ� ɬɨɝɨ�� ɧɚɫɤɨɥɶɤɨ� ɫɢɥɶɧɨɝɨ� ɫɠɚɬɢɹ� ɧɟɨɛɯɨɞɢɦɨ� ɞɨɫɬɢɱɶ�� ɩɨɞɪɨɛɧɟɟ� ɫɦ��
>ɫ������ �@��� ȼ� ɞɚɥɶɧɟɣɲɟɦ� ɩɥɚɧɢɪɭɟɬɫɹ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɩɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ�
ɞɥɹ�ɫɠɚɬɢɹ�ɞɚɧɧɵɯ�ɧɚ�ɩɪɚɤɬɢɤɟ��

ɋɉɂɋɈɄ�ɅɂɌȿɊȺɌɍɊɕ�

�� Ɍɪɚɯɬɦɚɧ�Ⱥ��ɇ���Ɍɪɚɯɬɦɚɧ�ȼ��Ⱥ��Ɉɫɧɨɜɵ�ɬɟɨɪɢɢ�ɞɢɫɤɪɟɬɧɵɯ�ɫɢɝɧɚɥɨɜ�ɧɚ�ɤɨɧɟɱɧɵɯ�
ɢɧɬɟɪɜɚɥɚɯ��Ɇ����ɋɨɜɟɬɫɤɨɟ�ɪɚɞɢɨ������������ɫ��

�� Ƚɨɥɭɛɨɜ�Ȼ��ɂ���ȿɮɢɦɨɜ�Ⱥ��ȼ���ɋɤɜɨɪɰɨɜ�ȼ��Ⱥ��Ɋɹɞɵ�ɢ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�ɍɨɥɲɚ��ɬɟɨɪɢɹ�
ɢ�ɩɪɢɦɟɧɟɧɢɟ��Ɇ���ɇɚɭɤɚ������������ɫ��


