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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

ɍȾɄ������ '2,������������������������������

ɂɇɌȿȽɊȺɅɖɇɈȿ�ɉɊȿȾɋɌȺȼɅȿɇɂȿ�ɊȺɁɊɕȼɇɈȽɈ�Ɋȿɒȿɇɂə�
ɁȺȾȺɑɂ��ɈɉɂɋɕȼȺɘɓȿɃ�ɈȻɈȻɓȿɇɇɈȿ�ɉɅɈɋɄɈȿ�

ɗɅȿɄɌɊɈɍɉɊɍȽɈȿ�ɋɈɋɌɈəɇɂȿ�ɉɖȿɁɈɗɅȿɄɌɊɂɑȿɋɄɈɃ�
ɉɅȺɋɌɂɇɕ

Ʌɟɜɚɞɚ�ȼ��ɋ���ɤ��ɬ��ɧ���ɞɨɰɟɧɬ��Ʌɟɜɢɰɤɚɹ�Ɍ��ɂ���ɤ��ɬ��ɧ���ɞɨɰɟɧɬ�
ɉɨɠɭɟɜɚ�ɂ��ɋ���ɤ�ɬ�ɧ���ɞɨɰɟɧɬ��ɏɢɠɧɹɤ�ȼ��Ʉ���ɤ��ɮ��ɦ��ɧ���ɞɨɰɟɧɬ

Ɂɚɩɨɪɨɠɫɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ�
ɭɥ��ɀɭɤɨɜɫɤɨɝɨ����� ɝ� Ɂɚɩɨɪɨɠɶɟ���������ɍɤɪɚɢɧɚ
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Ɉɩɢɪɚɹɫɶ� ɧɚ� ɫɨɨɬɧɨɲɟɧɢɹ�� ɫɜɹɡɵɜɚɸɳɢɟ� ɩɪɨɢɡɜɨɞɧɵɟ� ɩɟɪɟɦɟɳɟɧɢɣ� ɢ� ɩɨɬɟɧɰɢɚɥɚ�
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ�ɩɨɥɹ�� ɤɚɤ�ɨɛɨɛɳɟɧɧɵɟ�ɮɭɧɤɰɢɢ�� ɫ� ɨɛɵɱɧɵɦɢ�ɩɪɨɢɡɜɨɞɧɵɦɢ�� ɩɨɥɭɱɟɧɚ� ɫɢɫɬɟɦɚ�
ɥɢɧɟɣɧɵɯ� ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ� ɭɪɚɜɧɟɧɢɣ� ɜ� ɱɚɫɬɧɵɯ� ɩɪɨɢɡɜɨɞɧɵɯ�� ɉɪɚɜɵɟ� ɱɚɫɬɢ� ɭɪɚɜɧɟɧɢɣ�
ɫɨɞɟɪɠɚɬ� ɨɛɨɛɳɟɧɧɵɟ� ɮɭɧɤɰɢɢ�� ɡɚɜɢɫɹɳɢɟ� ɨɬ� ɫɤɚɱɤɨɜ� ɩɟɪɟɦɟɳɟɧɢɣ�� ɧɚɩɪɹɠɟɧɢɣ�� ɩɨɬɟɧɰɢɚɥɚ�
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ� ɩɨɥɹ�� ɷɥɟɤɬɪɢɱɟɫɤɨɣ� ɢɧɞɭɤɰɢɢ�� Ɋɟɲɟɧɢɟ� ɫɢɫɬɟɦɵ� ɩɨɥɭɱɟɧɨ� ɜ� ɜɢɞɟ� ɫɜɟɪɬɤɢ�
ɦɚɬɪɢɰɵ� ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ� ɪɟɲɟɧɢɣ� ɫɨ� ɫɬɨɥɛɰɨɦ� ɩɪɚɜɵɯ� ɱɚɫɬɟɣ� ɫɢɫɬɟɦɵ�� ɉɨɥɭɱɟɧɧɨɟ�
ɢɧɬɟɝɪɚɥɶɧɨɟ�ɩɪɟɞɫɬɚɜɥɟɧɢɟ�ɦɨɠɟɬ�ɛɵɬɶ�ɢɫɩɨɥɶɡɨɜɚɧɨ�ɞɥɹ�ɫɜɟɞɟɧɢɹ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɤɪɚɟɜɵɯ�
ɡɚɞɚɱ�ɤ�ɫɢɥɶɧɨɫɢɧɝɭɥɹɪɧɵɦ�ɢɧɬɟɝɪɚɥɶɧɵɦ�ɭɪɚɜɧɟɧɢɹɦ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ� ɩɥɚɫɬɢɧɚ��ɪɟɝɭɥɹɪɧɵɟ�ɨɛɨɛɳɟɧɧɵɟ�ɮɭɧɤɰɢɢ��ɷɥɟɤɬɪɨɭɩɪɭɝɨɫɬɶ��ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɨɟ�
ɧɚɩɪɹɠɟɧɢɟ��ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ�ɩɪɨɧɢɰɚɟɦɨɫɬɶ��ɜɟɤɬɨɪ�ɷɥɟɤɬɪɢɱɟɫɤɨɣ�ɢɧɞɭɤɰɢɢ�

ȱɇɌȿȽɊȺɅɖɇȿ�ɉɊȿȾɋɌȺȼɅȿɇɇə�ɊɈɁɊɂȼɇɈȽɈ�ɊɈɁȼCəɁɄɍ�ɁȺȾȺɑȱ��
ɓɈ�Ɉɉɂɋɍȯ�ɍɁȺȽȺɅɖɇȿɇɂɃ�ɉɅɈɋɄɂɃ�ȿɅȿɄɌɊɈɉɊɍɀɇɂɃ�ɋɌȺɇ�

ɉ¶ȯɁɈȿɅȿɄɌɊɂɑɇɈȲ�ɉɅȺɋɌɂɇɂ

Ʌɟɜɚɞɚ�ȼ��ɋ���ɤ��ɬ��ɧ���ɞɨɰɟɧɬ��Ʌɟɜɢɰɶɤɚ�Ɍ��ȱ���ɤ��ɬ��ɧ���ɞɨɰɟɧɬ�
ɉɨɠɭɽɜɚ�ȱ��ɋ���ɤ��ɬ��ɧ���ɞɨɰɟɧɬ��ɏɢɠɧɹɤ�ȼ��Ʉ���ɤ��ɮ��ɦ��ɧ���ɞɨɰɟɧɬ

Ɂɚɩɨɪɿɡɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɬɟɯɧɿɱɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�
ɜɭɥ��ɀɭɤɨɜɫɶɤɨɝɨ������ɦ��Ɂɚɩɨɪɿɠɠɹ���������ɍɤɪɚʀɧɚ
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ɉɪɟɞɫɬɚɜɥɟɧɚ� ɪɨɛɨɬɚ� ɽ� ɛɟɡɩɨɫɟɪɟɞɧɿɦ� ɩɪɨɞɨɜɠɟɧɧɹɦ� ɪɨɛɿɬ� >�� �@�� Ⱦɨɫɥɿɞɠɟɧɧɹ� ɧɚɩɪɭɠɟɧɨ�
ɞɟɮɨɪɦɨɜɚɧɨɝɨ� ɫɬɚɧɭ� ɬɜɟɪɞɢɯ� ɬɿɥ�� ɳɨ� ɞɟɮɨɪɦɭɸɬɶɫɹ� ɬɚ� ɹɤɿ� ɦɿɫɬɹɬɶ� ɞɟɮɟɤɬɢ�� ɽ� ɜɚɠɥɢɜɨɸ�
ɩɪɨɛɥɟɦɨɸ�� ɬɢɦ� ɛɿɥɶɲɟ� ɜ� ɡɚɫɬɨɫɭɜɚɧɧɿ� ɞɨ� ɩ¶ɽɡɨɟɥɟɤɬɪɢɱɧɢɯ� ɬɿɥ�� ɹɤɿ� ɡɧɚɯɨɞɹɬɶ� ɲɢɪɨɤɟ�
ɡɚɫɬɨɫɭɜɚɧɧɹ�ɜ�ɪɿɡɧɢɯ�ɝɚɥɭɡɹɯ�ɧɚɭɤɢ�ɿ�ɬɟɯɧɿɤɢ��ȼɨɞɧɨɱɚɫ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɜɿɞɩɨɜɿɞɧɢɯ�ɤɪɚɣɨɜɢɯ�ɡɚɞɚɱ�
ɜɢɤɥɢɤɚɽ�ɫɟɪɣɨɡɧɿ�ɦɚɬɟɦɚɬɢɱɧɿ�ɬɪɭɞɧɨɳɿ��ȼ�>�� �@�ɨɬɪɢɦɚɧɨ�ɿɧɬɟɝɪɚɥɶɧɿ�ɩɪɟɞɫɬɚɜɥɟɧɧɹ�ɪɨɡɜ¶ɹɡɤɿɜ�
ɬɚɤɢɯ�ɡɚɞɚɱ�ɞɥɹ�ɚɧɿɡɨɬɪɨɩɧɢɯ�ɫɟɪɟɞɨɜɢɳ��Ⱦɨ�ɰɶɨɝɨ�ɠ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ�ɡɜ¶ɹɡɨɤ�ɦɿɠ�ɡɜɢɱɚɣɧɢɦɢ�
ɣ� ɭɡɚɝɚɥɶɧɟɧɢɦɢ�ɩɨɯɿɞɧɢɦɢ�ɪɟɝɭɥɹɪɧɢɯ� ɭɡɚɝɚɥɶɧɟɧɢɯ�ɮɭɧɤɰɿɣ��ɐɹ�ɦɟɬɨɞɢɤɚ� ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ� ɿ� ɜ�
ɰɿɣ�ɪɨɛɨɬɿ��Ⱦɥɹ�ɪɨɡɜ¶ɹɡɚɧɧɹ��ɡɚɞɚɱ��ɩɨɜ¶ɹɡɚɧɢɯ�ɿɡ�ɪɨɡɪɚɯɭɧɤɨɦ�ɩɨɞɿɛɧɢɯ�ɬɿɥ��Ƚ� ə� ɉɨɩɨɜɢɦ�ɛɭɥɨ�
ɡɚɩɪɨɩɨɧɨɜɚɧɨ� ɭɡɚɝɚɥɶɧɟɧɢɣ� ɦɟɬɨɞ� ɿɧɬɟɝɪɚɥɶɧɢɯ� ɩɟɪɟɬɜɨɪɟɧɶ�� ɐɟɣ� ɦɟɬɨɞ� ɨɬɪɢɦɚɜ� ɪɨɡɜɢɬɨɤ� ɭ�
ɪɨɛɨɬɚɯ� Ƚ� Ⱥ� Ɇɨɪɚɪɹ� ɬɚ� ɿɧɲɢɯ� ɞɨɫɥɿɞɧɢɤɿɜ�� ɋ� Ʉɪɚɭɱɟɦ� ɛɭɜ� ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ� ɦɟɬɨɞ� ɪɨɡɪɢɜɧɢɯ�
ɡɫɭɜɿɜ� ɹɤ� ɜɚɪɿɚɧɬ� ɦɟɬɨɞɭ� ɝɪɚɧɢɱɧɢɯ� ɟɥɟɦɟɧɬɿɜ� �ɆȽȿ��� ȼɿɞɩɨɜɿɞɧɿ� ɝɪɚɧɢɱɧɿ� ɟɥɟɦɟɧɬɢ� ɞɥɹ�
ɚɧɿɡɨɬɪɨɩɧɢɯ� ɫɟɪɟɞɨɜɢɳ� ɛɭɥɨ� ɨɬɪɢɦɚɧɨ� ɭ� ɩɨɩɟɪɟɞɧɿɯ� ɪɨɛɨɬɚɯ�� ɉɪɢ� ɰɶɨɦɭ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ�
ɡɜ¶ɹɡɨɤ�ɦɿɠ�ɡɜɢɱɚɣɧɢɦɢ�ɣ�ɭɡɚɝɚɥɶɧɟɧɢɦɢ�ɩɨɯɿɞɧɢɦɢ�ɪɟɝɭɥɹɪɧɢɯ�ɭɡɚɝɚɥɶɧɟɧɢɯ�ɮɭɧɤɰɿɣ�
ɋɩɢɪɚɸɱɢɫɶ� ɧɚ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ��ɳɨ� ɩɨɜ¶ɹɡɭɸɬɶ� ɩɨɯɿɞɧɿ� ɩɟɪɟɦɿɳɟɧɶ� ɿ� ɩɨɬɟɧɰɿɚɥɭ� ɟɥɟɤɬɪɢɱɧɨɝɨ�
ɩɨɥɹ�� ɹɤ� ɭɡɚɝɚɥɶɧɟɧɿ� ɮɭɧɤɰɿʀ�� ɡɿ� ɡɜɢɱɚɣɧɢɦɢ� ɩɨɯɿɞɧɢɦɢ�� ɛɭɥɨ� ɨɬɪɢɦɚɧɨ� ɫɢɫɬɟɦɭ� ɥɿɧɿɣɧɢɯ�
ɞɢɮɟɪɟɧɰɿɣɧɢɯ� ɪɿɜɧɹɧɶ� ɭ� ɱɚɫɬɢɧɧɢɯ� ɩɨɯɿɞɧɢɯ�� ɉɪɚɜɿ� ɱɚɫɬɢɧɢ� ɪɿɜɧɹɧɶ� ɦɿɫɬɹɬɶ� ɭɡɚɝɚɥɶɧɟɧɿ�
ɮɭɧɤɰɿʀ�� ɳɨ� ɡɚɥɟɠɚɬɶ� ɜɿɞ� ɫɬɪɢɛɤɿɜ� ɩɟɪɟɦɿɳɟɧɶ�� ɧɚɩɪɭɠɟɧɶ�� ɩɨɬɟɧɰɿɚɥɭ� ɟɥɟɤɬɪɢɱɧɨɝɨ� ɩɨɥɹ��
ɟɥɟɤɬɪɢɱɧɨʀ� ɿɧɞɭɤɰɿʀ�� Ɋɨɡɜ¶ɹɡɨɤ� ɫɢɫɬɟɦɢ� ɨɬɪɢɦɚɧɨ� ɭ� ɜɢɝɥɹɞɿ� ɡɝɨɪɬɤɢ�ɦɚɬɪɢɰɿ� ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɯ�
ɪɿɲɟɧɶ� ɡɿ� ɫɬɨɜɩɰɟɦ� ɩɪɚɜɢɯ� ɱɚɫɬɢɧ� ɫɢɫɬɟɦɢ�� Ɉɬɪɢɦɚɧɟ� ɿɧɬɟɝɪɚɥɶɧɟ� ɩɪɟɞɫɬɚɜɥɟɧɧɹ� ɦɨɠɟ� ɛɭɬɢ�
ɜɢɤɨɪɢɫɬɚɧɨ� ɞɥɹ� ɡɜɟɞɟɧɧɹ� ɜɿɞɩɨɜɿɞɧɢɯ� ɤɪɚɣɨɜɢɯ� ɡɚɞɚɱ� ɞɨ� ɫɢɥɶɧɨɫɢɧɝɭɥɹɪɧɢɯ� ɿɧɬɟɝɪɚɥɶɧɢɯ�
ɪɿɜɧɹɧɶ��ɹɤɿ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɪɨɡɜ¶ɹɡɚɧɿ�ɦɟɬɨɞɨɦ�ɝɪɚɧɢɱɧɢɯ�ɟɥɟɦɟɧɬɿɜ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɩɥɚɫɬɢɧɚ�� ɪɟɝɭɥɹɪɧɿ� ɭɡɚɝɚɥɶɧɟɧɿ� ɮɭɧɤɰɿʀ�� ɟɥɟɤɬɪɨɩɪɭɠɧɿɫɬɶ�� ɩ¶ɽɡɨɟɥɟɤɬɪɢɱɧɿ�
ɧɚɜɚɧɬɚɠɟɧɧɹ��ɞɿɟɥɟɤɬɪɢɱɧɚ�ɩɪɨɧɢɤɧɿɫɬɶ��ɜɟɤɬɨɪ�ɟɥɟɤɬɪɢɱɧɨʀ�ɿɧɞɭɤɰɿʀ�



9LVQ\N�RI�=DSRUL]K]K\D�1DWLRQDO�8QLYHUVLW\��3K\VLFDO�DQG�0DWKHPDWLFDO�6FLHQFHV ��

ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������
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7KH� VWXG\� RI� WKH� VWUHVV�VWUDLQ� VWDWH� RI� VROLG� GHIRUPDEOH� ERGLHV� FRQWDLQLQJ� GHIHFWV� LV� DQ� LPSRUWDQW�
SUREOHP��HVSHFLDOO\�ZKHQ�DSSOLHG�WR�SLH]RHOHFWULF�ERGLHV�WKDW�DUH�ZLGHO\�XVHG�LQ�YDULRXV�ILHOGV�RI�VFLHQFH�
DQG� WHFKQRORJ\��$W� WKH� VDPH� WLPH�� WKH� VROXWLRQ�RI� WKH�FRUUHVSRQGLQJ�ERXQGDU\�YDOXH�SUREOHPV�FDXVHV�
VHULRXV�PDWKHPDWLFDO�GLIILFXOWLHV��7R�VROYH�WKHVH�SUREOHPV�*�<D��3RSRY�SURSRVHG�D�JHQHUDOL]HG�PHWKRG�
RI� LQWHJUDO� WUDQVIRUPDWLRQV�� 7KLV� PHWKRG� ZDV� GHYHORSHG� LQ� WKH� ZRUNV� RI� *�$�� 0RUDU� DQG� RWKHU�
UHVHDUFKHUV��&URXFK�SURSRVHG�WKH�PHWKRG�RI�GLVFRQWLQXRXV�GLVSODFHPHQWV�DV�D�YDULDQW�RI�WKH�PHWKRG�RI�
ERXQGDU\�HOHPHQWV��0%(���7KH�FRUUHVSRQGLQJ�ERXQGDU\�HOHPHQWV�IRU�DQLVRWURSLF�PHGLD�ZHUH�REWDLQHG�
HDUOLHU��,Q�WKH�ZRUNV�>����@�LQWHJUDO�UHSUHVHQWDWLRQV�RI�VROXWLRQV�RI�VXFK�SUREOHPV�IRU�DQLVRWURSLF�PHGLD�
ZHUH�REWDLQHG�� ,Q� WKLV�FRQQHFWLRQ�� WKH�FRQQHFWLRQ�EHWZHHQ� WKH�RUGLQDU\�DQG�JHQHUDOL]HG�GHULYDWLYHV�RI�
UHJXODU�JHQHUDOL]HG�IXQFWLRQV�ZDV�XVHG��7KLV�WHFKQLTXH�LV�DOVR�XVHG�LQ�WKLV�ZRUN��7KH�SUHVHQW�SDSHU�LV�D�
GLUHFW�FRQWLQXDWLRQ�RI�WKH�ZRUNV�>����@�
5HO\LQJ�RQ�WKH�UHODWLRQVKLSV�FRQQHFWLQJ�WKH�GHULYDWLYHV�RI�GLVSODFHPHQWV�DQG�WKH�SRWHQWLDO�RI�WKH�HOHFWULF�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

� ����

� ����

� ����

ɍɫɬɪɟɦɥɹɹ� ɜ� ����� ���� ���� ɬɨɱɤɭ� ɤ� � �� ɢ� ɭɱɢɬɵɜɚɹ� ɡɚɞɚɧɧɵɟ� ɭɫɥɨɜɢɹ� ɧɚ� ��

ɩɨɥɭɱɢɦ�ɫɢɥɶɧɨ�ɫɢɧɝɭɥɹɪɧɭɸ�ɫɢɫɬɟɦɭ�ɝɪɚɧɢɱɧɵɯ�ɢɧɬɟɝɪɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ��ɤɨɬɨɪɭɸ�ɦɨɠɧɨ�
ɪɟɲɚɬɶ�ɆȽɗ�

ȼɕȼɈȾɕ

ɉɨɥɭɱɟɧɨ� ɢɧɬɟɝɪɚɥɶɧɨɟ� ɩɪɟɞɫɬɚɜɥɟɧɢɟ� ɪɚɡɪɵɜɧɨɝɨ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ�� ɨɩɢɫɵɜɚɸɳɟɣ�
ɨɛɨɛɳɟɧɧɨɟ� ɩɥɨɫɤɨɟ� ɷɥɟɤɬɪɨɭɩɪɭɝɨɟ� ɫɨɫɬɨɹɧɢɟ� ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɨɣ� ɩɥɚɫɬɢɧɵ�� ɫɨɞɟɪɠɚɳɟɣ�
ɞɟɮɟɤɬɵ� �ɤɪɢɜɵɟ�� ɧɚ� ɤɨɬɨɪɵɯ� ɬɟɪɩɹɬ� ɪɚɡɪɵɜɵ�� ɩɟɪɟɦɟɳɟɧɢɹ�� ɧɚɩɪɹɠɟɧɢɹ�� ɩɨɬɟɧɰɢɚɥɵ��
ɢɧɞɭɤɰɢɹ��� ɉɨɥɭɱɟɧɧɨɟ� ɩɪɟɞɫɬɚɜɥɟɧɢɟ� ɩɨɡɜɨɥɹɟɬ� ɫɜɟɫɬɢ� ɤɪɚɟɜɭɸ� ɡɚɞɚɱɭ� ɤ� ɫɢɫɬɟɦɟ�
ɢɧɬɟɝɪɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�

ɅɂɌȿɊȺɌɍɊȺ

�� /HYDGD 9� 6���.KL]KQLDN 9� .���/HYLWVND\D 7� ,�� ,QWHJUDO� UHSUHVHQWDWLRQ�GLVFRQWLQXRXV� VROXWLRQ�RI� WKH�
SUREOHP� RI� EHQGLQJ� RI� DQLVRWURSLF� SODWHV� ɇɨɜɿ� ɦɚɬɟɪɿɚɥɢ� ɿ� ɬɟɯɧɨɥɨɝɿʀ� ɜ� ɦɟɬɚɥɭɪɝɿʀ� ɬɚ�
ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɿ��������ʋ �� ɋ� ���±����

�� Ʌɟɜɚɞɚ ȼ� ɋ�� Ʌɟɜɢɰɤɚɹ Ɍ� ɂ��� ɏɢɠɧɹɤ ȼ� Ʉ�� ɂɧɬɟɝɪɚɥɶɧɨɟ� ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɚɡɪɵɜɧɨɝɨ� ɪɟɲɟɧɢɹ�
ɩɥɨɫɤɨɣ�ɡɚɞɚɱɢ�ɬɟɨɪɢɢ�ɭɩɪɭɝɨɫɬɢ�ɞɥɹ�ɚɧɢɡɨɬɪɨɩɧɨɣ�ɫɪɟɞɵ��ȼɿɫɧɢɤ�Ɂɇɍ��Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ
ɧɚɭɤɢ��������ʋ �� ɋ� ���±����

�� Ʌɟɜɚɞɚ ȼ� ɋ��� Ʌɟɜɢɰɤɚɹ Ɍ� ɂ��� ɉɨɠɭɟɜɚ ɂ� ɋ��� ɏɢɠɧɹɤ ȼ� Ʉ�� ɉɨɫɬɪɨɟɧɢɟ� ɦɚɬɪɢɰɵ�
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ� ɪɟɲɟɧɢɣ� ɫɢɫɬɟɦɵ� ɭɪɚɜɧɟɧɢɣ�� ɨɩɢɫɵɜɚɸɳɢɯ� ɨɛɨɛɳɟɧɧɨɟ� ɩɥɨɫɤɨɟ�
ɷɥɟɤɬɪɨɭɩɪɭɝɨɟ� ɫɨɫɬɨɹɧɢɟ� ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɨɣ� ɩɥɚɫɬɢɧɨɣ�� ȼɿɫɧɢɤ� Ɂɇɍ�� Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�
ɧɚɭɤɢ��������ʋ����ɋ�����±����

� � � � � � � �� � � ��� �� �� �� � � � � �L

L

Q

L
Y [ \ [ \ [ \ GVK [ K[ K V [ K [ K [ K� * � � * � � * � � �ª º¬ ¼³

� � � � � � � �� � � � ��� �� �� �� � � � � �L

L

Q

L
' [ \ [ \ [ \ GV [ KM [ K [ K [ K [ K� * � � * � � * � �ª º¬ ¼³

� � � �
� �

� � � ��� ��
�

� � � �L

L

N
Q

L

Y [ \ X Y [ \ GV[ [ K[ K
V M [ K

 

§
ª º * � � �¨ ¬ ¼¨

©
¦ ³

� �
� �

� � � � � �
� �

� � � ��� ��� �� �
� � � � � �L L

L L

Q QX Y [ \ GV ' X Y [ \ GVK [ K [ K[ K [ K
V M [ K M [ Kª º ª º� * � � � � * � � �¬ ¼ ¬ ¼³ ³

� � � � � � � �� � � ��� �� �� �� � � � � �L

L

Q

L
X [ \ [ \ [ \ GV[ [ K[ K V [ K [ K [ K� * � � * � � * � � �ª º¬ ¼³

� � � � � � � �� � � ��� �� �� �� � � � � �L

L

Q

L
Y [ \ [ \ [ \ GVK [ K[ K V [ K [ K [ K� * � � * � � * � � �ª º¬ ¼³

� � � � � � � �� � � � ��� �� �� �� � � � � �L

L

Q

L
' [ \ [ \ [ \ GV [ KM [ K [ K [ K [ K� * � � * � � * � �ª º¬ ¼³

� � � �
� �

� � � ��� ��
�

� � � �L

L

N
Q

L

[ \ X Y [ \ GV[ [ K[ K
M V M [ K

 

§
ª º * � � �¨ ¬ ¼¨

©
¦ ³

� �
� �

� � � � � �
� �

� � � ��� ��� �� �
� � � � � �L L

L L

Q QX Y [ \ GV ' X Y [ \ GVK [ K [ K[ K [ K
V M [ K M [ Kª º ª º� * � � � * � � �¬ ¼ ¬ ¼³ ³

� � � � � � � �� � � ��� �� �� �� � � � � �L

L

Q

L
X [ \ [ \ [ \ GV[ [ K[ K V [ K [ K [ K� * � � * � � * � � �ª º¬ ¼³

� � � � � � � �� � � ��� �� �� �� � � � � �L

L

Q

L
Y [ \ [ \ [ \ GVK [ K[ K V [ K [ K [ K� * � � * � � * � � �ª º¬ ¼³

� � � � � � � �� � � � ��� �� �� �� � � � � �L

L

Q

L
' [ \ [ \ [ \ GV [ KM [ K [ K [ K [ K� * � � * � � * � �ª º¬ ¼³

� ��[ \ L ��L N L



�� 9uVQLN�=DSRUu]үNRJR�QDFuRQDOүQRJR�XQuYHUVLWHWX��)u]LNR�PDWHPDWLþQu�QDXNL

Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

5()(5(1&(6

�� /HYDGD��9�� 6��� .KL]KQLDN��9��.��	� /HYLWVND\D�� 7�� ,�� �������� ,QWHJUDO UHSUHVHQWDWLRQ GLVFRQWLQXRXV
VROXWLRQ RI WKH SUREOHP�RI�EHQGLQJ�RI�DQLVRWURSLF�SODWHV� 1RYL PDWHULDO\ L WHNKQRORKL\L Y PHWDOXUKL\L WD
PDVK\QREXGXYDQQL� 1R���� SS�����±����

�� /HYDGD��9�� 6���/HYLWVND\D��7��,��	 .KL]KQLDN��9��.��������� ,QWHJUDO�UHSUHVHQWDWLRQV�RI�GLVFRQWLQXRXV�
VROXWLRQV� RI� SODQH� SUREOHPV� RI� WKHRU\� RI� HODVWLFLW\� IRU� DQ� DQLVRWURSLF�PHGLXP��9uVQLN�=DSRUu]މNRJR�
QDFuRQDOމQRJR�XQuYHUVLWHWX��)u]LNR�PDWHPDWLþQu�QDXNL� 1R���� SS� ���±����

�� /HYDGD��9�� 6��� /HYLWVND\D�� 7�� ,��� 3R]KXHYD� ,� 6��	 .KL]KQLDN��9��.�� ��������&RQVWUXFWLRQ� RI� WKH�
PDWUL[�RI�IXQGDPHQWDO�VROXWLRQV�RI�WKH�V\VWHP�RI�HTXDWLRQV�GHVFULELQJ�WKH�JHQHUDOL]HG�SODQH�HOHFWULFDO�
HODVWLF� VWDWH RI� WKH� SLH]RHOHFWULF� SODWH� 9uVQLN� =DSRUu]މNRJR� QDFuRQDOމQRJR� XQuYHUVLWHWX�� )u]LNR�
PDWHPDWLþQu�QDXNL� ����� 1R� �� SS�����±����

ɍȾɄ������ '2,������������������������������

ɆȿɌɈȾ�ɁɇȺɏɈȾɀȿɇɇə�ɊɈɁɉɈȾȱɅɍ�ɄɈɊɂɋɇɂɏ�ɄɈɉȺɅɂɇ�
ɍɒȺɏɌɇȱɃ�ɋȿɃɋɆȱɑɇȱɃ�ɌɈɆɈȽɊȺɎȱȲ

Ʌɢɬɜɢɧ�Ɉ��Ɇ�� ɞ��ɮ��ɦ��ɧ���ɩɪɨɮɟɫɨɪ��Ⱦɪɚɝɭɧ�ȼ��ȼ���ɚɫɩɿɪɚɧɬ

ɍɤɪɚʀɧɫɶɤɚ�ɿɧɠɟɧɟɪɧɨ�ɩɟɞɚɝɨɝɿɱɧɚ�ɚɤɚɞɟɦɿɹ�
ɜɭɥ��ɍɧɿɜɟɪɫɢɬɟɬɫɶɤɚ����� ɦ��ɏɚɪɤɿɜ��ɍɤɪɚʀɧɚ

YGUDJXQ���#JPDLO�FRP

Ɇɿɠɫɜɟɪɞɥɨɜɢɧɧɚ� ɬɨɦɨɝɪɚɮɿɹ� ɽ� ɜɚɠɥɢɜɢɦ� ɿɧɫɬɪɭɦɟɧɬɨɦ� ɭ� ɦɨɧɿɬɨɪɢɧɝɭ� ɜɨɞɨɫɯɨɜɢɳ�� ɪɨɡɜɿɞɰɿ
ɤɨɪɢɫɧɢɯ� ɤɨɩɚɥɢɧ�� ɛɭɞɿɜɧɢɰɬɜɿ� ɬɚ� ɞɨɫɥɿɞɠɟɧɧɹɯ�� ɩɨɜ¶ɹɡɚɧɢɯ� ɡ� ɭɬɢɥɿɡɚɰɿɽɸ� ɪɚɞɿɨɚɤɬɢɜɧɢɯ�
ɜɿɞɯɨɞɿɜ�
ɉɪɨɬɟ�ɠɨɞɟɧ�ɿɡ�ɜɿɞɨɦɢɯ�ɦɟɬɨɞɿɜ�ɦɿɠɫɜɟɪɞɥɨɜɢɧɧɨʀ�ɫɟɣɫɦɿɱɧɨʀ�ɬɨɦɨɝɪɚɮɿʀ�ɧɟ�ɞɚɽ�ɬɨɱɧɨʀ�ɤɚɪɬɢɧɢ�
ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ� ɪɟɝɿɨɧɭ�� ɍ� ɡɜ¶ɹɡɤɭ� ɿɡ� ɰɢɦ� ɜɢɧɢɤɚɽ� ɧɟɨɛɯɿɞɧɿɫɬɶ� ɞɨɫɥɿɞɢɬɢ� ɦɨɠɥɢɜɿɫɬɶ�
ɜɢɤɨɪɢɫɬɚɧɧɹ� ɦɟɬɨɞɿɜ� ɤɨɦɩ¶ɸɬɟɪɧɨʀ� ɬɨɦɨɝɪɚɮɿʀ� ɜ� ɲɚɯɬɧɿɣ� ɫɟɣɫɦɿɱɧɿɣ� ɬɨɦɨɝɪɚɮɿʀ� ɞɥɹ�
ɡɧɚɯɨɞɠɟɧɧɹ ɦɨɠɥɢɜɨɫɬɿ�ɩɨɥɿɩɲɟɧɧɹ�ɪɟɡɭɥɶɬɚɬɿɜ�ɞɨɫɥɿɞɠɟɧɶ�
ɍ� ɰɿɣ� ɫɬɚɬɬɿ� ɦɢ� ɩɪɨɩɨɧɭɽɦɨ� ɜɿɞɧɨɜɢɬɢ� ɡɧɚɱɟɧɧɹ� ɩɨɜɿɥɶɧɨɫɬɿ� ɧɟɜɿɞɨɦɨʀ� ɨɛɥɚɫɬɿ� ɜ� ɲɚɯɬɧɿɣ�
ɫɟɣɫɦɿɱɧɿɣ� ɬɨɦɨɝɪɚɮɿʀ�� ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ� ɬɜɟɪɞɠɟɧɧɹ� ɪɨɛɿɬ� >�� �@�� ɞɥɹ� ɱɚɫɬɢɧɢ� ɡɟɦɧɨʀ� ɤɨɪɢ��
ɧɚɜɤɨɥɨ�ɹɤɨʀ�ɡ�ɭɫɿɯ�ɱɨɬɢɪɶɨɯ�ɫɬɨɪɿɧ�ɽ�ɲɬɪɟɤɢ��ɇɚ�ɫɬɨɪɨɧɚɯ�ɰɶɨɝɨ�ɪɟɝɿɨɧɭ ɦɢ�ɦɨɠɟɦɨ�ɪɨɡɦɿɫɬɢɬɢ�
ɫɟɣɫɦɿɱɧɿ� ɩɪɢɣɦɚɱɿ� ɿ� ɫɬɜɨɪɸɜɚɬɢ� ɫɟɣɫɦɿɱɧɿ� ɫɢɝɧɚɥɢ� ɧɚ� ɿɧɲɢɯ� ɫɬɨɪɨɧɚɯ�� ɍ ɪɟɡɭɥɶɬɚɬɿ� ɦɢ�
ɨɬɪɢɦɚɽɦɨ�ɱɚɫ�ɩɪɨɯɨɞɠɟɧɧɹ�ɫɟɣɫɦɿɱɧɨɝɨ�ɫɢɝɧɚɥɭ�ɱɟɪɟɡ�ɞɨɫɥɿɞɠɭɜɚɧɢɣ�ɪɟɝɿɨɧ��ɬɨɛɬɨ�ɩɪɨɟɤɰɿɣɧɿ�
ɞɚɧɿ� ± ɿɧɬɟɝɪɚɥɢ� ɜɡɞɨɜɠ� ɥɿɧɿɣ�� ɳɨ� ɩɟɪɟɬɢɧɚɸɬɶ� ɞɨɫɥɿɞɠɭɜɚɧɢɣ� ɨɛ¶ɽɤɬ�� ȼɿɞɩɨɜɿɞɧɨ� ɞɨ� ɦɟɬɨɞɭ��
ɨɩɢɫɚɧɨɝɨ�ɜ�>�@��ɪɿɲɟɧɧɹ�ɡɚɞɚɱɿ�ɦɨɠɧɚ�ɨɬɪɢɦɚɬɢ�ɹɤ�ɫɭɦɭ�Ɏɭɪ¶ɽ��Ɉɫɨɛɥɢɜɿɫɬɸ�ɿ�ɩɟɪɟɜɚɝɨɸ�ɦɟɬɨɞɭ��
ɨɩɢɫɚɧɨɝɨ�ɜ�>����@��ɽ�ɹɜɧɿ�ɮɨɪɦɭɥɢ�ɞɥɹ�ɧɚɛɥɢɠɟɧɨɝɨ�ɪɨɡɪɚɯɭɧɤɭ�ɤɨɟɮɿɰɿɽɧɬɿɜ�Ɏɭɪ¶ɽ�ɮɭɧɤɰɿʀ�ɞɜɨɯ�
ɡɦɿɧɧɢɯ�� ɱɚɫɿɜ� ɩɪɢɯɨɞɭ� ɫɟɣɫɦɿɱɧɢɯ� ɯɜɢɥɶ� ɜɿɞ� ɫɢɫɬɟɦɢ� ɞɠɟɪɟɥ� ɞɨ� ɫɢɫɬɟɦɢ� ɩɪɢɣɦɚɱɿɜ�� ɐɟ�
ɞɨɡɜɨɥɢɥɨ� ɫɤɨɪɨɬɢɬɢ� ɜɢɪɿɲɟɧɧɹ� ɡɚɞɚɱɿ� ɞɨ� ɡɚɞɚɱɿ� ɨɛɱɢɫɥɟɧɧɹ� ɤɨɟɮɿɰɿɽɧɬɿɜ� Ɏɭɪ¶ɽ��
ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ� ɮɨɪɦɭɥɢ�� ɡɚɩɪɨɩɨɧɨɜɚɧɿ� ɜ� >�� �@�� ɬɚ� ɜɢɛɨɪɭ� ɫɢɫɬɟɦ� ɩɪɹɦɢɯ�� ɹɤɢɦɢ� ɡɚɞɚɸɬɶɫɹ�
ɩɪɨɟɤɰɿɣɧɿ�ɞɚɧɿ�
Ɍɚɤɨɠ� ɭ� ɰɿɣ� ɫɬɚɬɬɿ� ɽ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ� ɟɤɫɩɟɪɢɦɟɧɬ� ɞɥɹ� ɫɢɧɬɟɬɢɱɧɨʀ� ɮɭɧɤɰɿʀ�� ɹɤɚ� ɽ� ɪɨɡɩɨɞɿɥɨɦ�
ɩɨɜɿɥɶɧɨɫɬɿ� ɱɨɬɢɪɢɤɭɬɧɨʀ� ɨɛɥɚɫɬɿ�� ɇɚɜɟɞɟɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ� ɟɤɫɩɟɪɢɦɟɧɬɭ�
ɩɨɤɚɡɭɸɬɶ�� ɳɨ� ɜɠɟ� ɩɪɢ� ɧɟɜɟɥɢɤɨɦɭ� ɩɨɪɹɞɤɭ� ɫɭɦ�Ɏɭɪ¶ɽ� ɬɚ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɞɚɧɢɯ� ɪɟɡɭɥɶɬɚɬɢ�
ɨɬɪɢɦɚɧɿ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɦɟɬɨɞɭ� ɨɩɢɫɚɧɨɝɨ�ɜ�ɪɨɛɨɬɚɯ�>����@� ɛɥɢɡɶɤɿ�ɞɨ�ɬɟɫɬɨɜɢɯ�ɡɧɚɱɟɧɶ�ɮɭɧɤɰɿɣ��
ɳɨ�ɨɩɢɫɭɽ�ɡɚɞɚɧɟ�ɡɨɛɪɚɠɟɧɧɹ�ɪɟɥɶɽɮɭ�
Ɋɨɡɝɥɹɧɭɬɢɣ� ɩɪɢɤɥɚɞ�ɩɿɞɬɜɟɪɞɠɭɽ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ�ɦɟɬɨɞɭ��Ƀɨɝɨ� ɚɧɚɥɿɡ� ɞɨɡɜɨɥɹɽ�
ɡɪɨɛɢɬɢ� ɜɢɫɧɨɜɨɤ ɩɪɨ� ɬɟ�� ɳɨ� ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ� ɦɟɬɨɞ� ɦɨɠɟ� ɛɭɬɢ� ɜɢɤɨɪɢɫɬɚɧɢɣ� ɩɪɢ� ɧɟɜɟɥɢɤɿɣ�
ɤɿɥɶɤɨɫɬɿ� ɞɠɟɪɟɥ� ɿ� ɩɪɢɣɦɚɱɿɜ�� ɳɨ� ɽ� ɜɚɠɥɢɜɢɦ� ɡ� ɩɪɚɤɬɢɱɧɨʀ� ɬɨɱɤɢ� ɡɨɪɭ�� ɉɪɨɬɟ� ɧɟɨɛɯɿɞɧɨ�
ɞɨɫɥɿɞɢɬɢ�ɦɨɠɥɢɜɿɫɬɶ�ɩɨɥɿɩɲɟɧɧɹ�ɦɟɬɨɞɭ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɬɜɟɪɞɠɟɧɶ�ɪɨɛɿɬ� >�@�� ɚ� ɬɚɤɨɠ�ɩɪɨɜɟɫɬɢ�
ɜɢɩɪɨɛɭɜɚɧɧɹ�ɧɚ�ɪɟɚɥɶɧɢɯ�ɞɚɧɢɯ�
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