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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������
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ɇȿɋɌȺɐȱɈɇȺɊɇȿ�ɌȿɆɉȿɊȺɌɍɊɇȿ�ɉɈɅȿ�ȼ�ɐɂɅȱɇȾɊȱ�
Ɂ�ɉɈɄɊɂɌɌəɆ�ɉɊɂ�ɁɆȱɒȺɇɈɆɍ�ɇȺȽɊȱȼȺɇɇȱ

Ƚ��Ɍ��ɋɭɥɢɦ���ȱ��Ɇ��Ɍɭɪɱɢɧ�����Ƚ��ȼ��ȼɚɫɢɥɶɤɨ�

�Ʌɶɜɿɜɫɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɿɦ� ȱɜɚɧɚ�Ɏɪɚɧɤɚ�
�ɍɧɿɜɟɪɫɢɬɟɬ�Ʉɚɡɢɦɢɪɚ�ȼɟɥɢɤɨɝɨ
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Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɧɟɫɬɚɰɿɨɧɚɪɧɚ�ɡɚɞɚɱɚ�ɬɟɩɥɨɩɪɨɜɿɞ�
ɧɨɫɬɿ��ɡɦɿɲɚɧɿ�ɤɪɚɣɨɜɿ�ɭɦɨɜɢ��ɩɨɥɿ�
ɧɨɦɢ�Ʌɚɝɟɪɪɚ��ɩɚɪɧɿ�ɿɧɬɟɝɪɚɥɶɧɿ�ɪɿɜ�
ɧɹɧɧɹ�

Ɂ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɿɧɬɟɝɪɚɥɶɧɢɯ�ɩɟɪɟɬɜɨɪɟɧɶ�Ʌɚɝɟɪɪɚ�ɬɚ�Ɏɭɪ¶ɽ ɩɨɛɭ�
ɞɨɜɚɧɨ� ɪɨɡɜ¶ɹɡɨɤ� ɨɫɟɫɢɦɟɬɪɢɱɧɨʀ� ɧɟɫɬɚɰɿɨɧɚɪɧɨʀ� ɡɚɞɚɱɿ� ɬɟɩɥɨɩɪɨ�
ɜɿɞɧɨɫɬɿ�ɞɥɹ�ɰɢɥɿɧɞɪɚ�ɡ�ɩɨɤɪɢɬɬɹɦ��ɧɚ�ɝɪɚɧɢɰɿ�ɹɤɨɝɨ�ɜ�ɤɿɥɶɰɿ�ɡɚɞɚɧɚ�
ɬɟɦɩɟɪɚɬɭɪɚ��ɚ�ɡɨɜɧɿ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɬɟɩɥɨɨɛɦɿɧ�ɡɚ�ɡɚɤɨɧɨɦ�ɇɶɸɬɨɧɚ��
Ɋɨɡɜ¶ɹɡɨɤ�ɫɢɫɬɟɦ�ɩɚɪɧɢɯ�ɿɧɬɟɝɪɚɥɶɧɢɯ�ɪɿɜɧɹɧɶ��ɨɬɪɢɦɚɧɢɯ�ɩɪɢ�ɪɨɡɝ�
ɥɹɞɿ�ɡɦɿɲɚɧɢɯ�ɭɦɨɜ�ɧɚɝɪɿɜɭ�ɝɪɚɧɢɱɧɨʀ�ɩɨɜɟɪɯɧɿ��ɛɭɞɭɽɬɶɫɹ�ɡ�ɜɢɤɨɪɢ�
ɫɬɚɧɧɹɦ�ɦɟɬɨɞɭ�ɪɹɞɿɜ�ɇɟɣɦɚɧɚ��Ɉɬɪɢɦɚɧɿ�ɜ�ɪɟɡɭɥɶɬɚɬɿ�ɛɟɡɦɟɠɧɿ�ɫɢ�
ɫɬɟɦɢ�ɚɥɝɟɛɪɚʀɱɧɢɯ�ɪɿɜɧɹɧɶ�ɞɨɡɜɨɥɹɸɬɶ�ɨɛʉɪɭɧɬɭɜɚɬɢ�ɡɚɫɬɨɫɭɜɚɧɧɹ�
ɞɨ�ʀɯ�ɪɨɡɜ¶ɹɡɭɜɚɧɧɹ�ɦɟɬɨɞɭ�ɪɟɞɭɤɰɿʀ��Ɉɫɬɚɬɨɱɧɨ�ɪɨɡɜ¶ɹɡɨɤ�ɩɨɞɚɽɬɶɫɹ�
ɭ�ɜɢɝɥɹɞɿ�ɪɹɞɭ�ɡɚ�ɩɨɥɿɧɨɦɚɦɢ�Ʌɚɝɟɪɪɚ�ɡ�ɤɨɟɮɿɰɿɽɧɬɚɦɢ��ɳɨ�ɜɢɡɧɚɱɚ�
ɸɬɶɫɹ�ɡ�ɨɬɪɢɦɚɧɢɯ�ɜ�ɪɨɛɨɬɿ�ɪɟɤɭɪɟɧɬɧɢɯ�ɫɩɿɜɜɿɞɧɨɲɟɧɶ�
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.H\�ZRUGV�
XQVWHDG\�KHDW�FRQGXFWLYLW\�SUREOHP��
PL[HG�ERXQGDU\�FRQGLWLRQV��/DJXHUUH�
SRO\QRPLDOV��GXDO�LQWHJUDO�HTXDWLRQV�

$QDO\VLV�RI�WKHUPDO�VWUHVVHV�LQ�ERGLHV�ZLWK�FRDWLQJV�LV�LPSRUWDQW�IRU�PDQ\�
HQJLQHHULQJ� UHVHDUFKHV�� 7DNLQJ� LQWR� DFFRXQW� WKH� DFWXDO� RSHUDWLQJ�
FRQGLWLRQV�RI�WKHVH�VWUXFWXUHV�IUHTXHQWO\�OHDGV�WR�PL[HG�KHDWLQJ�FRQGLWLRQ��
7KH�VWHDG\�SUREOHP�RI�WKHUPRHODVWLFLW\�ZLWK�PL[HG�ERXQGDU\�FRQGLWLRQV�
FXUUHQWO\� LV� VXIILFLHQWO\� LQYHVWLJDWHG�� +RZHYHU�� WKH� FRUUHVSRQGLQJ�
WUDQVLHQW�SUREOHP��GHVSLWH�LWV�UHOHYDQFH��LV�SRRUO\�XQGHUVWRRG��7KLV�LV�GXH�
WR�PDWKHPDWLFDO� GLIILFXOWLHV� WKDW� DULVH� LQ� DSSO\LQJ� WKH� LQWHJUDO� /DSODFH�
WUDQVIRUP��7KH�DXWKRUV�RI�WKLV�SDSHU�GHYHORSHG�D�QHZ�HIIHFWLYH�PHWKRG�RI�
FRQVWUXFWLQJ�VROXWLRQV�RI�PL[HG�ERXQGDU\�YDOXH�QRQ�VWDWLRQDU\�SUREOHPV��

,Q�WKLV�ZRUN�FRQVLGHU�WKH�F\OLQGHU�ZLWK�D�FRDWLQJ�RQ�WKH�VXUIDFH�RI�ZKLFK�
RQ�WKH�EDQG�ZLGWK�LW�LV�NQRZQ�WHPSHUDWXUH�GLVWULEXWLRQ�DQG�RXWVLGH�WKLV�
DUHD� WKH� KHDW� WUDQVIHU� E\� 1HZWRQ¶V� ODZ� LV� SHUIRUPHG�� 2Q� WKH� VXUIDFH�
VHSDUDWLRQ�RI�PDWHULDOV�RI�F\OLQGHU�DQG�FRYHULQJ�WKH�FRQGLWLRQV�RI�LGHDO�
WKHUPDO�FRQWDFW�DUH�VDWLVILHG��7KH�LQLWLDO� WHPSHUDWXUH�RI�WKH�FRDWLQJ�DQG�
F\OLQGHU�LV�HTXDO�WR�]HUR�

7R�WKH�QRQVWDWLRQDU\�KHDW�FRQGXFWLYLW\�SUREOHP�LW�LV�DSSOLHG�WKH�/DJXHUUH�
LQWHJUDO� WUDQVIRUPDWLRQ� LQ� WLPH� YDULDEOHV� DQG� LQWHJUDO� )RXULHU�
WUDQVIRUPDWLRQ�LQ�VSDWLDO�YDULDEOH��$V�D�UHVXOW�WKH�WULDQJXODU�VHTXHQFH�RI�
RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV LV�REWDLQHG��7KH�JHQHUDO�VROXWLRQ�RI�WKHVH�
VHTXHQFHV�LV�REWDLQHG�LQ�WKH�IRUP�RI�DOJHEUDLF�FRQYROXWLRQ��7DNLQJ�LQWR�
DFFRXQW�WKH�PL[HG�ERXQGDU\�FRQGLWLRQV�OHDGV�WR�GXDO�LQWHJUDO�HTXDWLRQV��
)RU�VROXWLRQ�RI�WKLV�SUREOHP�LW�LV�SURSRVHG�WKH�PHWKRG�RI�1HZWRQ¶V�VHULHV��
%\�WKLV�PHWKRG�WKH�SUREOHP�LV�UHGXFHG�WR�WKH�LQILQLWH�V\VWHP�RI�DOJHEUDLF�
HTXDWLRQV��IRU�ZKLFK�WKH�FRQYHUJHQFH�RI�UHGXFWLRQ�SURFHGXUH�LV�SURYHG�

ȼɫɬɭɩ� ɉɪɢ� ɦɚɬɟɦɚɬɢɱɧɨɦɭ� ɦɨɞɟɥɸ�
ɜɚɧɧɿ� ɩɪɨɰɟɫɿɜ� ɬɟɩɥɨɩɟɪɟɧɨɫɭ��ɳɨ� ɜɿɞɛɭɜɚ�
ɸɬɶɫɹ�ɜ�ɟɥɟɦɟɧɬɚɯ�ɤɨɧɫɬɪɭɤɰɿɣ�ɬɚ�ɩɪɢɥɚɞɚɯ�

ɿɡ�ɭɪɚɯɭɜɚɧɧɹɦ�ɪɟɚɥɶɧɢɯ�ɭɦɨɜ�ɟɤɫɩɥɭɚɬɚɰɿʀ�
ɱɢ� ɜɢɝɨɬɨɜɥɟɧɧɹ� ɱɚɫɬɨ� ɜɢɧɢɤɚɽ� ɩɨɬɪɟɛɚ�
ɜɪɚɯɭɜɚɧɧɹ�ɧɟɫɬɚɰɿɨɧɚɪɧɨɫɬɿ�ɩɪɨɰɟɫɭ�ɬɚ�ɡɦɿ�
ɲɚɧɢɯ�ɤɪɚɣɨɜɢɯ�ɭɦɨɜ�ɭ�ɜɢɯɿɞɧɢɯ�ɦɨɞɟɥɶɧɢɯ�
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ɩɨɛɭɞɨɜɚɯ�� Ɉɫɨɛɥɢɜɨ� ɰɟ� ɫɬɨɫɭɽɬɶɫɹ� ɜɢɩɚɞ�
ɤɿɜ��ɤɨɥɢ�ɞɿɹ�ɡɨɜɧɿɲɧɿɯ�ɱɢɧɧɢɤɿɜ�ɡɜɨɞɢɬɶɫɹ�
ɞɨ� ɡɦɿɧɸɜɚɧɨɝɨ� ɜ� ɱɚɫɿ� ɜɢɫɨɤɨɿɧɬɟɧɫɢɜɧɨɝɨ�
ɧɚɝɪɿɜɚɧɧɹ�ɝɪɚɧɢɱɧɢɯ�ɩɨɜɟɪɯɨɧɶ�>�@�

Ʉɥɚɫɢɱɧɢɦ ɚɧɚɥɿɬɢɱɧɢɦ ɦɟɬɨɞɨɦ ɩɨɛɭ�
ɞɨɜɢ� ɪɨɡɜ¶ɹɡɤɿɜ� ɩɪɨɫɬɨɪɨɜɢɯ� ɧɟɫɬɚɰɿɨɧɚɪ�
ɧɢɯ�ɡɚɞɚɱ�ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ�ɽ�ɦɟɬɨɞ�ɿɧɬɟɝɪɚ�
ɥɶɧɨɝɨ�ɩɟɪɟɬɜɨɪɟɧɧɹ�Ʌɚɩɥɚɫɚ� >�@��ɉɪɨɬɟ� ɡɚ�
ɧɚɹɜɧɨɫɬɿ�ɡɦɿɲɚɧɢɯ�ɤɪɚɣɨɜɢɯ�ɭɦɨɜ�>�@��ɨɫɨ�
ɛɥɢɜɨ� ɞɥɹ� ɧɟɨɞɧɨɪɿɞɧɢɯ� ɬɿɥ� ɰɢɥɿɧɞɪɢɱɧɨʀ�
ɮɨɪɦɢ� ɩɪɹɦɟ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɰɶɨɝɨ�ɩɟɪɟɬɜɨ�
ɪɟɧɧɹ� ɫɬɜɨɪɸɽ� ɡɧɚɱɧɿ� ɬɪɭɞɧɨɳɿ�ɩɪɢ� ɡɧɚɯɨ�
ɞɠɟɧɧɿ�ɧɚɜɿɬɶ�ɬɪɚɧɫɮɨɪɦɚɧɬ�ɡɚ�Ʌɚɩɥɚɫɨɦ��ɧɟ�
ɤɚɠɭɱɢ� ɜɠɟ� ɩɪɨ� ɦɚɬɟɦɚɬɢɱɧɨ� ɨɛʉɪɭɧɬɨɜɚ�
ɧɢɣ�ɩɟɪɟɯɿɞ�ɞɨ�ɨɪɢɝɿɧɚɥɿɜ��

Ɇɟɬɨɸ�ɞɚɧɨʀ�ɪɨɛɨɬɢ�ɽ�ɪɨɡɪɨɛɤɚ�ɟɮɟɤɬɢ�
ɜɧɨʀ� ɚɧɚɥɿɬɢɱɧɨʀ� ɦɟɬɨɞɢɤɢ� ɩɨɛɭɞɨɜɢ�
ɪɨɡɜ¶ɹɡɤɭ� ɧɟɫɬɚɰɿɨɧɚɪɧɢɯ� ɡɚɞɚɱ� ɬɟɩɥɨɩɪɨ�
ɜɿɞɧɨɫɬɿ� ɞɥɹ�ɰɢɥɿɧɞɪɢɱɧɨ�ɲɚɪɭɜɚɬɢɯ� ɬɿɥ� ɡɚ�
ɡɦɿɲɚɧɢɯ�ɭɦɨɜ�ɧɚɝɪɿɜɚɧɧɹ��ɹɤɚ�ʉɪɭɧɬɭɽɬɶɫɹ�
ɧɚ� ɜɢɤɨɪɢɫɬɚɧɧɿ� ɿɧɬɟɝɪɚɥɶɧɨɝɨ� ɩɟɪɟɬɜɨ�
ɪɟɧɧɹ�Ʌɚɝɟɪɪɚ� >���@ ɿ�ɞɨɫɥɿɞɠɟɧɧɹ�ɧɚ� ʀʀ�ɨɫ�
ɧɨɜɿ�ɩɟɪɟɯɿɞɧɢɯ�ɬɟɦɩɟɪɚɬɭɪɧɢɯ�ɩɨɥɿɜ�ɭ ɰɢ�
ɥɿɧɞɪɿ� ɿɡ� ɩɨɤɪɢɬɬɹɦ� ɡɭɦɨɜɥɟɧɢɯ� ɭɦɨɜɚɦɢ�
ɥɨɤɚɥɶɧɨɝɨ�ɧɚɝɪɿɜɚɧɧɹ�ɡɦɿɲɚɧɨɝɨ�ɬɢɩɭ�

Ɏɨɪɦɭɥɸɜɚɧɧɹ� ɡɚɞɚɱɿ� Ɋɨɡɝɥɹɧɟɦɨ�
ɛɟɡɦɟɠɧɢɣ�ɧɟɨɞɧɨɪɿɞɧɢɣ�ɰɢɥɿɧɞɪ��ɳɨ�ɫɤɥɚ�
ɞɚɽɬɶɫɹ�ɿɡ�ɫɭɰɿɥɶɧɨɝɨ�ɰɢɥɿɧɞɪɚ�ɪɚɞɿɭɫɚ� �5 ɬɚ�

ɧɚɧɟɫɟɧɨɝɨ�ɩɨɤɪɢɬɬɹ�� ɹɤɟ� ɜɜɚɠɚɬɢɦɟɦɨ�ɩɨ�
ɪɨɠɧɢɫɬɢɦ�ɰɢɥɿɧɞɪɨɦ ɿɡ�ɜɧɭɬɪɿɲɧɿɦ�ɪɚɞɿɭ�
ɫɨɦ� �5 ɬɚ�ɡɨɜɧɿɲɧɿɦ�ɪɚɞɿɭɫɨɦ� �5 ��Ɂ�ɦɨɦɟɧɬɭ�

ɱɚɫɭ� �!W ɧɚ�ɩɨɜɟɪɯɧɿ�ɩɨɤɪɢɬɬɹ� � � �U 5 5

ɡɚɞɚɽɬɶɫɹ� ɪɨɡɩɨɞɿɥ� ɬɟɦɩɟɪɚɬɭɪɢ�

� � � � � �� ��� � H[SF7 ] W 7 ] W W � � �� ɫɢɦɟɬɪɢɱɧɨ�

ɪɨɡɩɨɞɿɥɟɧɨʀ� ɜ� ɤɿɥɶɰɿ� ɲɢɪɢɧɢ� �G �� Ɂɨɜɧɿ�
ɰɶɨɝɨ�ɤɿɥɶɰɹ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɬɟɩɥɨɨɛɦɿɧ�ɡɚ�ɡɚ�
ɤɨɧɨɦ�ɇɶɸɬɨɧɚ� ɿɡ� ɡɨɜɧɿɲɧɿɦ� ɫɟɪɟɞɨɜɢɳɟɦ�
ɧɭɥɶɨɜɨʀ� ɬɟɦɩɟɪɚɬɭɪɢ�� ȼɜɚɠɚɽɬɶɫɹ�� ɳɨ� ɩɨ�
ɱɚɬɤɨɜɚ� ɬɟɦɩɟɪɚɬɭɪɚ� ɧɟɨɞɧɨɪɿɞɧɨɝɨ� ɰɢɥɿɧ�
ɞɪɚ� ɪɿɜɧɚ� ɧɭɥɸ�� ɚ� ɧɚ� ɩɨɜɟɪɯɧɿ ɩɨɞɿɥɭ� ɣɨɝɨ�
ɦɚɬɟɪɿɚɥɿɜ� ɜɢɤɨɧɭɸɬɶɫɹ� ɭɦɨɜɢ� ɿɞɟɚɥɶɧɨɝɨ�
ɬɟɩɥɨɜɨɝɨ�ɤɨɧɬɚɤɬɭ�

Ɂɜɚɠɚɸɱɢ�ɧɚ�ɜɫɿ�ɩɟɪɟɥɿɱɟɧɿ�ɜɢɳɟ�ɭɦɨɜɢ�
ɫɮɨɪɦɭɥɸɽɦɨ� ɧɟɫɬɚɰɿɨɧɚɪɧɭ� ɡɚɞɚɱɭ� ɬɟɩɥɨ�
ɩɪɨɜɿɞɧɨɫɬɿ�ɜ�ɡɧɟɪɨɡɦɿɪɟɧɨɦɭ�ɜɢɝɥɹɞɿ�ɧɚɫɬɭ�
ɩɧɢɦ�ɱɢɧɨɦ�

ɪɿɜɧɹɧɧɹ�ɧɟɫɬɚɰɿɨɧɚɪɧɨʀ�ɬɟɩɥɨɩɪɨɜɿɞɧɨ�
ɫɬɿ�ɞɥɹ�ɜɧɭɬɪɿɲɧɶɨɝɨ�ɿ�ɡɨɜɧɿɲɧɶɨɝɨ�ɰɢɥɿɧɞ�
ɪɿɜ
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ɡɦɿɲɚɧɿ� ɭɦɨɜɢ� ɧɚɝɪɿɜɚɧɧɹ� ɡɨɜɧɿɲɧɶɨɝɨ�
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ȼɢɤɨɧɚɧɧɹ�ɭɦɨɜ������ɫɜɿɞɱɢɬɶ�ɩɪɨ�ɤɜɚɡɿɪɟɝɭ�
ɥɹɪɧɿɫɬɶ�ɫɢɫɬɟɦ������ ɿ� ɡɚɛɟɡɩɟɱɭɽ�ɡɛɿɠɧɿɫɬɶ�
ɱɢɫɥɨɜɨʀ�ɩɪɨɰɟɞɭɪɢ�ɪɟɞɭɤɰɿʀ��

Ɂɧɚɯɨɞɠɟɧɧɹ� ɧɟɜɿɞɨɦɢɯ� �Q ND ɡ� ɫɢɫɬɟɦ�

����� ɡɚɜɟɪɲɭɽ� ɩɨɛɭɞɨɜɭ� ɪɨɡɜ¶ɹɡɤɭ� ɜɢɯɿɞɧɨʀ�
ɡɚɞɚɱɿ� ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ��ɉɪɢ�ɰɶɨɦɭ�ɬɟɦɩɟ�
ɪɚɬɭɪɧɟ�ɩɨɥɟ�ɜ�ɩɨɤɪɢɬɬɿ�ɬɚ�ɰɢɥɿɧɞɪɿ�ɪɨɡɪɚ�
ɯɨɜɭɽɬɶɫɹ�ɡɚ�ɮɨɪɦɭɥɨɸ
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ȼɢɫɧɨɜɨɤ��Ɉɬɠɟ� ɭ�ɪɨɛɨɬɿ�ɨɬɪɢɦɚɧɨ�ɬɨ�
ɱɧɢɣ�ɚɧɚɥɿɬɢɱɧɢɣ�ɪɨɡɜ¶ɹɡɨɤ�ɨɫɟɫɢɦɟɬɪɢɱɧɨʀ�
ɧɟɫɬɚɰɿɨɧɚɪɧɨʀ�ɡɚɞɚɱɿ�ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ�ɞɥɹ�
ɫɢɫɬɟɦɢ�ɞɜɨɯ ɰɢɥɿɧɞɪɿɜ��ɳɨ�ɧɚɝɪɿɜɚɸɬɶɫɹ�ɧɚ�
ɨɛɦɟɠɟɧɿɣ� ɱɚɫɬɢɧɿ� ɝɪɚɧɢɱɧɨʀ� ɩɨɜɟɪɯɧɿ� ɬɚ�
ɨɯɨɥɨɞɠɭɸɬɶɫɹ� ɩɨɡɚ� ɧɟʀ�� Ɋɨɡɜ¶ɹɡɨɤ� ɨɬɪɢ�
ɦɚɧɨ�ɿɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɿɧɬɟɝɪɚɥɶɧɨɝɨ�ɩɟɪɟɬ�
ɜɨɪɟɧɧɹ�Ʌɚɝɟɪɪɚ�ɡɚ�ɱɚɫɨɜɨɸ�ɡɦɿɧɧɨɸ�ɬɚ�ɿɧ�
ɬɟɝɪɚɥɶɧɨɝɨ� ɩɟɪɟɬɜɨɪɟɧɧɹ� Ɏɭɪ¶ɽ� ɭ� ɜɢɝɥɹɞɿ�
ɪɹɞɭ� ɡɚ� ɩɨɥɿɧɨɦɚɦɢ� Ʌɚɝɟɪɪɚ�� Ʉɨɟɮɿɰɿɽɧɬɢ�
ɰɶɨɝɨ�ɪɹɞɭ�ɡɧɚɯɨɞɹɬɶɫɹ�ɿɡ�ɪɟɤɭɪɟɧɬɧɢɯ�ɫɩɿɜ�
ɜɿɞɧɨɲɟɧɶ��Ɉɛɝɨɜɨɪɸɸɬɶɫɹ�ɩɪɨɛɥɟɦɢ�ɡɛɿɠ�
ɧɨɫɬɿ�ɬɚ�ɫɬɿɣɤɨɫɬɿ�ɱɢɫɥɨɜɨʀ�ɪɟɚɥɿɡɚɰɿʀ�ɡɚɩɪɨ�
ɩɨɧɨɜɚɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�

Ʌɿɬɟɪɚɬɭɪɚ
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���� S�

�� Ʉɨɥɹɧɨ ɘ� Ɇ� Ɇɟɬɨɞɵ�ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ�ɢ�ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ�ɧɟɨɞɧɨɪɨɞɧɨɝɨ�ɬɟɥɚ� Ʉɢɟɜ��ɇɚɭɤ��
ɞɭɦɤɚ������������ɫ�

�� 6QHGGRQ ,�� 0L[HG� %RXQGDU\�9DOXH� 3UREOHPV� LQ� 3RWHQWLDO� 7KHRU\� $PVWHUGDP� 1RUWK�+ROO�� 3XEO��
&RPS�������������S�

�� *DOD]\XN 9� $���7XUFKLQ ,� 0��4XDVLVWDWLF�WKHUPDO�VWUHVV�VWDWH�RI�D�OD\HU�ZLWK�PL[HG�KHDWLQJ�FRQGL�
WLRQV� ,QWHUQDWLRQDO�$SSOLHG�0HFKDQLFV� ������9RO� ����1R����3� ���±����

�� 7XUFKLQ ,� 0��1RQVWDWLRQDU\�HQG�KHDWLQJ�RI�D�PXOWLOD\HU� VHPLLQILQLWH�SODWH� -RXUQDO�RI�(QJLQHHULQJ�
3K\VLFV�DQG�7KHUPRSK\VLFV� ������9RO� ����,VV���� Ɋ������±�����
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�� 6QHGGRQ�,��)RXULH�WUDQVIRUPV� 1HZ�<RUN� 0F&UDZ�+LOO�%RRN�&RPSDQ\������������S�

5HIHUHQFHV
�� 9DMWDL��5���(G�����������6SULQJHU�+DQGERRN�RI�1DQRPDWHULDOV��6SULQJHU�6FLHQFH�	�%XVLQHVV�0HGLD�
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