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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661����������

ɍȾɄ��������
ɇȿɋɌȺɐȱɈɇȺɊɇȺ�ȾȿɎɈɊɆȺɐȱə�ɐɂɅȱɇȾɊɂɑɇɈȲ�ɈȻɈɅɈɇɄɂ�ɍ�ɉɊɍɀɇɈɆɍ�ɉɊɈɋɌɈɊȱ�ɉȱȾ�Ⱦȱȯɘ�ɉɈȼȿɊɏɇȿȼɂɏ�ɇȺȼȺɇɌȺɀȿɇɖ��ɓɈ�ɊɈɁɒɂɊɘɘɌɖɋə

�ɉɨɠɭɽɜ�Ⱥ��ȼ����Ɏɚɫɨɥɹɤ�Ⱥ��ȼ�
�Ɂɚɩɨɪɿɡɶɤɚ�ɞɟɪɠɚɜɧɚ�ɿɧɠɟɧɟɪɧɚ�ɚɤɚɞɟɦɿɹ�ɩɪɨɫɩ��ɋɨɛɨɪɧɢɣ�������Ɂɚɩɨɪɿɠɠɹ���������ɍɤɪɚʀɧɚ

�Ɂɚɩɨɪɿɡɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɬɟɯɧɿɱɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɜɭɥ��ɀɭɤɨɜɫɶɤɨɝɨ������Ɂɚɩɨɪɿɠɠɹ���������ɍɤɪɚʀɧɚ
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Ɋɨɡɝɥɹɞɚɽɬɶɫɹ� ɬɪɢɜɢɦɿɪɧɢɣ� ɩɪɭɠɧɢɣ� ɩɪɨɫɬɿɪ� ɡ� ɰɢɥɿɧɞɪɢɱɧɢɦ� ɜɤɥɸɱɟɧɧɹɦ�� ɩɿɞɤɪɿɩɥɟɧɢɦ�ɨɛɨɥɨɧɤɨɸ�� Ɋɨɡɝɥɹɧɭɬɨ� ɜɢɩɚɞɤɢ�� ɤɨɥɢ� ɧɚ� ɩɨɜɟɪɯɧɸ� ɨɛɨɥɨɧɤɢ� ɞɿɸɬɶ� ɜɿɫɟɫɢɦɟɬɪɢɱɧɿ� ɞɢɧɚɦɿɱɧɿ�ɧɨɪɦɚɥɶɧɿ�ɧɚɜɚɧɬɚɠɟɧɧɹ��Ɋɭɯ�ɩɪɨɫɬɨɪɭ�ɨɩɢɫɭɜɚɜɫɹ�ɞɢɧɚɦɿɱɧɢɦɢ�ɪɿɜɧɹɧɧɹɦɢ�ɬɟɨɪɿʀ�ɩɪɭɠɧɨɫɬɿ��ɚ�ɪɭɯ� ɨɛɨɥɨɧɤɢ� ɨɩɢɫɭɜɚɜɫɹ� ɬɪɶɨɦɚ� ɦɟɬɨɞɚɦɢ�� ɞɢɧɚɦɿɱɧɢɦɢ� ɪɿɜɧɹɧɧɹɦɢ� ɬɟɨɪɿʀ� ɩɪɭɠɧɨɫɬɿ��ɪɿɜɧɹɧɧɹɦɢ��ɹɤɿ�ɜɪɚɯɨɜɭɸɬɶ�ɩɨɩɟɪɟɱɧɢɣ�ɡɫɭɜ�ɬɚ�ɿɧɟɪɰɿɸ�ɨɛɟɪɬɚɧɧɹ��ɨɛɨɥɨɧɤɚ�ɬɢɩɭ�Ɍɢɦɨɲɟɧɤɨ���ɚ� ɬɚɤɨɠ�ɤɥɚɫɢɱɧɢɦɢ�ɪɿɜɧɹɧɧɹɦɢ�ɬɟɨɪɿʀ� ɬɨɧɤɢɯ�ɨɛɨɥɨɧɨɤ�� ɹɤɿ� ʉɪɭɧɬɭɸɬɶɫɹ�ɧɚ� ɝɿɩɨɬɟɡɿ�Ʉɿɪɯɝɨɮɚ�Ʌɹɜɚ�� Ɂɚɞɚɱɚ� ɪɨɡɜ¶ɹɡɚɧɚ� ɦɟɬɨɞɨɦ� ɿɧɬɟɝɪɚɥɶɧɢɯ� ɩɟɪɟɬɜɨɪɟɧɶ� Ɏɭɪ¶ɽ� �ɡɚ� ɨɫɶɨɜɨɸ� ɡɦɿɧɧɨɸ��� ɬɚ�Ʌɚɩɥɚɫɚ� �ɡɚ� ɡɦɿɧɧɨɸ� ɱɚɫɭ��� ɨɛɟɪɧɟɧɧɹ� ɹɤɢɯ� ɩɪɨɜɨɞɢɥɨɫɶ� ɱɢɫɟɥɶɧɨ�� Ɉɬɪɢɦɚɧɿ� ɪɟɡɭɥɶɬɚɬɢ�ɩɪɨɿɥɸɫɬɪɨɜɚɧɨ�ɝɪɚɮɿɱɧɨ�Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɰɢɥɿɧɞɪɢɱɧɚ� ɨɛɨɥɨɧɤɚ�� ɩɪɭɠɧɢɣ� ɩɪɨɫɬɿɪ�� ɞɢɧɚɦɿɱɧɟ� ɧɚɜɚɧɬɚɠɟɧɧɹ�� ɜɿɫɟɫɢɦɟɬɪɢɱɧɚ�ɡɚɞɚɱɚ�
ɇȿɋɌȺɐɂɈɇȺɊɇȺə�ȾȿɎɈɊɆȺɐɂə�ɐɂɅɂɇȾɊɂɑȿɋɄɈɃ�ɈȻɈɅɈɑɄɂ�ȼ�ɍɉɊɍȽɈɆ�ɉɊɈɋɌɊȺɇɋɌȼȿ�ɉɈȾ�ȾȿɃɋɌȼɂȿɆ�ɊȺɋɒɂɊəɘɓɂɏɋə�ɉɈȼȿɊɏɇɈɋɌɇɕɏ�ɇȺȽɊɍɁɈɄ

�ɉɨɠɭɟɜ�Ⱥ��ȼ����Ɏɚɫɨɥɹɤ�Ⱥ��ȼ�
�Ɂɚɩɨɪɨɠɫɤɚɹ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ�ɢɧɠɟɧɟɪɧɚɹ�ɚɤɚɞɟɦɢɹ�ɩɪɨɫɩ� ɋɨɛɨɪɧɵɣ�������Ɂɚɩɨɪɨɠɶɟ���������ɍɤɪɚɢɧɚ
�Ɂɚɩɨɪɨɠɫɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɭɥ�ɀɭɤɨɜɫɤɨɝɨ������Ɂɚɩɨɪɨɠɶɟ���������ɍɤɪɚɢɧɚ
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Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɬɪɟɯɦɟɪɧɨɟ� ɭɩɪɭɝɨɟ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɫ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ� ɜɤɥɸɱɟɧɢɟɦ��ɩɨɞɤɪɟɩɥɟɧɧɵɦ� ɨɛɨɥɨɱɤɨɣ�� Ɋɚɫɫɦɨɬɪɟɧɵ� ɫɥɭɱɚɢ�� ɤɨɝɞɚ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɶ� ɨɛɨɥɨɱɤɢ� ɞɟɣɫɬɜɭɸɬ�ɨɫɟɫɢɦɦɟɬɪɢɱɟɫɤɢɟ�ɧɨɪɦɚɥɶɧɵɟ�ɧɚɝɪɭɡɤɢ��Ⱦɜɢɠɟɧɢɟ�ɩɪɨɫɬɪɚɧɫɬɜɚ�ɨɩɢɫɵɜɚɟɬɫɹ�ɞɢɧɚɦɢɱɟɫɤɢɦɢ�ɭɪɚɜɧɟɧɢɹɦɢ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ�� ɚ� ɞɜɢɠɟɧɢɟ� ɨɛɨɥɨɱɤɢ� ɨɩɢɫɵɜɚɟɬɫɹ� ɬɪɟɦɹ� ɦɟɬɨɞɚɦɢ��ɞɢɧɚɦɢɱɟɫɤɢɦɢ� ɭɪɚɜɧɟɧɢɹɦɢ� ɬɟɨɪɢɢ� ɭɩɪɭɝɨɫɬɢ�� ɭɪɚɜɧɟɧɢɹɦɢ�� ɤɨɬɨɪɵɟ� ɭɱɢɬɵɜɚɸɬ�ɩɨɩɟɪɟɱɧɵɣ�ɫɞɜɢɝ� ɢ� ɢɧɟɪɰɢɸ� ɜɪɚɳɟɧɢɹ� �ɨɛɨɥɨɱɤɚ� ɬɢɩɚ� Ɍɢɦɨɲɟɧɤɨ��� ɚ� ɬɚɤɠɟ� ɤɥɚɫɫɢɱɟɫɤɢɦɢ� ɭɪɚɜɧɟɧɢɹɦɢ�ɬɟɨɪɢɢ� ɬɨɧɤɢɯ� ɨɛɨɥɨɱɟɤ�� ɤɨɬɨɪɵɟ� ɭɞɨɜɥɟɬɜɨɪɹɸɬ� ɝɢɩɨɬɟɡɟ� Ʉɢɪɯɝɨɮɚ�Ʌɹɜɚ�� Ɂɚɞɚɱɚ� ɪɟɲɟɧɚ�ɦɟɬɨɞɨɦ�ɢɧɬɟɝɪɚɥɶɧɵɯ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ�Ɏɭɪɶɟ��ɩɨ�ɨɫɟɜɨɣ�ɤɨɨɪɞɢɧɚɬɟ��ɢ�Ʌɚɩɥɚɫɚ��ɩɨ�ɩɟɪɟɦɟɧɧɨɣ�ɜɪɟɦɟɧɢ��� ɨɛɪɚɳɟɧɢɟ� ɤɨɬɨɪɵɯ� ɩɪɨɜɨɞɢɥɨɫɶ� ɱɢɫɥɟɧɧɨ�� ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ�ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɵ�ɝɪɚɮɢɱɟɫɤɢ�Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ� ɨɛɨɥɨɱɤɚ�� ɭɩɪɭɝɨɟ� ɩɪɨɫɬɪɚɧɫɬɜɨ�� ɞɢɧɚɦɢɱɟɫɤɚɹ� ɧɚɝɪɭɡɤɚ��ɨɫɟɫɢɦɦɟɬɪɢɱɟɫɤɚɹ�ɡɚɞɚɱɚ�
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,QILQLWH�F\OLQGULFDO�VKHOO��HPEGHG�LQ�WKUHH�GLPHQVLRQDO�HODVWLF�VSDFH�LV FRQVLGHUHG��&DVH��ZKHQ�H[WHQGHG�LPSXOVLYH�D[L�V\PPHWULFDO�QRUPDO�ORDG�LV�VXEMHFWHG�WR�VXUIDFH�RI�WKH�VKHOO��LV�VWXGLHG��$[L�V\PPHWULFDO�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

QRUPDO�ORDG��ZKLFK�GHSHQGV RQ�WLPH�DV�XQLW�+HDYLVLGH�IXQFWLRQ�LV�FRQVLGHUHG�WRR��)RU�WKH�UHVXOWV�WR�EH�FRPSDUHG��VWDWLF ORDG�FRUUHVSRQGLQJ�WR�WKH�VHFRQG�G\QDPLF�ORDG�LV�FRQVLGHUHG��6SDFH� PRWLRQ� LV� GHVFULEHG� E\� HODVWLF� WKHRU\� G\QDPLF� HTXDWLRQV�� 6KHOO¶V� PRWLRQV�� ZLWK� SXUSRVH� WR�FRPSDUH� UHVXOWV�� DUH GHVFULEHG� E\� WKUHH� PHWKRGV�� HODVWLF� WKHRU\� G\QDPLF� HTXDWLRQV�� HTXDWLRQV�� WKDW�FRQVLGHU� WUDQVYHUVDO� VKLIW� DQG� URWDU\� LQHUWLD� �7LPRVKHQNR¶V� VKHOO�� DQG� FODVVLF� WKLQ� VKHOOV� WKHRU\�HTXDWLRQV��EDVHG�RQ�.LUKKRII�/RYH�WKHRU\�(ODVWLF� WKHRU\� G\QDPLF� HTXDWLRQV� DUH VROYHG� E\� PHWKRG� RI� WZR� SRWHQWLDO� IXQFWLRQV�� 7KHQ� LQWHJUDO�WUDQVIRUP� WHFKQLTXH� LV� XVHG�� )RXULHU� WUDQVIRUP� RQ� D[LDO� YDULDEOH�� DQG� /DSODFH� WUDQVIRUP� RQ� WLPH� DUH�XVHG�7UDQVIRUP�VROXWLRQV�IRU�GLVSODFHPHQWV�DQG�VWUHVVHV�DUH LQYHUVHG�QXPHULFDOO\��)LORQ¶V�PHWKRG��WR�LQYHUVH�)RXULHU� WUDQVIRUP��DQG� WKH�GLVSODFHG�/HJHQGUH¶V�SRO\QRPV�PHWKRG� �WR� LQYHUVH�/DSODFH� WUDQVIRUP��DUH�XVHG�'HSHQGHQFH� RI� VKHOO¶V� UDGLDO� GLVSODFHPHQWV� DQG� VWUHVVHV� RQ� ORDG¶V� H[WHQVLRQ� YHORFLW\� LV� VWXGLHG�� ,W� LV�VKRZQ� WKDW��VKHOO¶V�UDGLDO�GLVSODFHPHQWV�DQG�VWUHVVHV�DVSLUH�WR�]HUR�LQ�ODUJH�WLPHVFDOHV5DGLDO�GLVSODFHPHQWV�DQG�VWUHVVHV�IRU�QRUPDO�ORDG��WKDW�GHSHQG�RQ�WLPH�DV�XQLW�+HDYLVLGH�IXQFWLRQ��DUH�REVHUYHG�WR�DVSLUH�WR�VWDWLF�VROXWLRQ�LQ�ODUJH�WLPHVFDOHV�%DVHG� RQ� WKH� UHFHLYHG� UHVXOWV�� ZH� FDQ� FRQFOXGH� WKDW� WKH� UHVXOWV� RI� VKHOO¶V� PRWLRQV� DSSUR[LPDWH�GHVFULSWLYH�PHWKRGV�DQG�H[DFW�VROXWLRQV�DUH�DOPRVW�FRLQFLGH�ZLWK�WKDW�ZDV�VKRZQ�RQ�JUDSKV� 7KHUHIRUH�LQ� WKH� IROORZLQJ� ZRUNV� ZH� FDQ� XVH� RQO\� RQH� RI� WKH� JLYHQ� � VKHOO¶V� PRWLRQV� DSSUR[LPDWH� GHVFULSWLYH�PHWKRGV�.H\ ZRUGV��F\OLQGULFDO VKHOO��HODVWLF VSDFH��G\QDPLF�ORDGV��D[L�V\PPHWULFDO�SUREOHP�
ȼɋɌɍɉ

Ɂɚɞɚɱɿ�ɩɪɨ�ɫɬɚɰɿɨɧɚɪɧɭ�ɞɢɧɚɦɿɱɧɭ�ɩɨɜɟɞɿɧɤɭ�ɧɟɫɤɿɧɱɟɧɧɨ�ɞɨɜɝɢɯ�ɰɢɥɿɧɞɪɢɱɧɢɯ�ɨɛɨɥɨɧɨɤ��ɹɤɿ�ɡɧɚɯɨɞɹɬɶɫɹ� ɜ� ɧɟɨɛɦɟɠɟɧɨɦɭ� ɿɧɟɪɰɿɣɧɨɦɭ� ɩɪɭɠɧɨɦɭ� ɫɟɪɟɞɨɜɢɳɿ� ɩɿɞ� ɞɿɽɸ� ɪɭɯɨɦɢɯ�ɧɚɜɚɧɬɚɠɟɧɶ� ɪɚɧɿɲɟ�ɪɨɡɝɥɹɞɚɥɢɫɶ�ɜ�ɪɨɛɨɬɚɯ�>���@��ɚ�ɬɚɤɨɠ�ɭ�ɦɨɧɨɝɪɚɮɿʀ�>�@��ɍ�ɪɨɛɨɬɚɯ�>�� �@ɪɨɡɝɥɹɧɭɬɿ� ɩɨɞɿɛɧɿ� ɡɚɞɚɱɿ� ɭ� ɧɟɫɬɚɰɿɨɧɚɪɧɿɣ� ɩɨɫɬɚɧɨɜɰɿ�� ɚɥɟ� ɪɨɡɝɥɹɞ� ɨɛɦɟɠɟɧɨ� ɜɢɩɚɞɤɚɦɢ��ɤɨɥɢ� ɞɥɹ� ɨɛɨɥɨɧɤɢ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɤɥɚɫɢɱɧɿ� ɪɿɜɧɹɧɧɹ�� ɚ� ɞɥɹ� ɨɩɢɫɭ� ɪɟɚɤɰɿʀ� ɫɟɪɟɞɨɜɢɳɚ�ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɧɚɛɥɢɠɟɧɚ� ɦɨɞɟɥɶ� ɬɢɩɭ� ȼɥɚɫɨɜɚ�ɉɚɫɬɟɪɧɚɤɚ�� ɹɤɚ� ɧɟ� ɞɨɡɜɨɥɹɽ� ɡɧɚɣɬɢ�ɧɚɩɪɭɠɟɧɧɹ� ɿ� ɩɟɪɟɦɿɳɟɧɧɹ� ɭ� ɩɪɭɠɧɨɦɭ� ɩɪɨɫɬɨɪɿ�� ɬɚ� ɨɛɦɟɠɭɽ� ɞɨɫɥɿɞɠɟɧɧɹ� ɧɟɫɬɚɰɿɨɧɚɪɧɨʀ�ɩɨɜɟɞɿɧɤɢ�ɨɛɨɥɨɧɤɢ�
ɉɈɋɌȺɇɈȼɄȺ�ɁȺȾȺɑȱ

Ɋɨɡɝɥɹɞɚɽɬɶɫɹ� ɜɿɫɟɫɢɦɟɬɪɢɱɧɚ� ɧɟɫɬɚɰɿɨɧɚɪɧɚ� ɞɟɮɨɪɦɚɰɿɹ� ɧɟɫɤɿɧɱɟɧɧɨ� ɞɨɜɝɨʀ� ɰɢɥɿɧɞɪɢɱɧɨʀ�ɨɛɨɥɨɧɤɢ�� ɹɤɚ� ɡɧɚɯɨɞɢɬɶɫɹ� ɜ� ɥɿɧɿɣɧɨ�ɩɪɭɠɧɨɦɭ�� ɨɞɧɨɪɿɞɧɨɦɭ� ɬɚ� ɿɡɨɬɪɨɩɧɨɦɭ� ɩɪɨɫɬɨɪɿ� ɩɿɞ�ɞɿɽɸ�ɧɚɜɚɧɬɚɠɟɧɶ��ɳɨ�ɪɭɯɚɸɬɶɫɹ�ɜɡɞɨɜɠ�ɨɫɿ�ɨɛɨɥɨɧɤɢ��ɇɟɯɚɣ�ɨɛɨɥɨɧɤɚ�ɬɚ�ɩɪɨɫɬɿɪ�ɜɿɞɧɟɫɟɧɿ�
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ɫɭɰɿɥɶɧɿ� ɤɪɢɜɿ� ɜɿɞɩɨɜɿɞɚɸɬɶ� ɪɟɡɭɥɶɬɚɬɚɦ�� ɤɨɥɢ� ɪɭɯ� ɨɛɨɥɨɧɤɢ� ɨɩɢɫɭɽɬɶɫɹ� ɞɢɧɚɦɿɱɧɢɦɢ�
ɪɿɜɧɹɧɧɹɦɢ� ɬɟɨɪɿʀ� ɩɪɭɠɧɨɫɬɿ�� ɚ� ɩɭɧɤɬɢɪɨɦ� ɿ� ɲɬɪɢɯ�ɩɭɧɤɬɢɪɨɦ� ɜɿɞɩɨɜɿɞɚɸɬɶ� ɬɟɨɪɿʀ�
Ɍɢɦɨɲɟɧɤɨ� ɿ� Ʉɿɪɯɝɨɮɚ�Ʌɹɜɚ� ɜɿɞɩɨɜɿɞɧɨ�� ɇɚ� ɪɢɫ� �� ɧɚɜɟɞɟɧɿ� ɚɧɚɥɨɝɿɱɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɞɥɹ�
ɧɨɪɦɚɥɶɧɢɯ�ɧɚɩɪɭɠɟɧɶ�
ɇɚ� ɪɢɫ� �� ɩɨɤɚɡɚɧɨ�� ɹɤ� ɡɦɿɧɸɸɬɶɫɹ� ɪɚɞɿɚɥɶɧɿ� ɩɟɪɟɦɿɳɟɧɧɹ� ɧɚ� ɦɟɠɿ� ɤɨɧɬɚɤɬɭ� ɨɛɨɥɨɧɤɢ� ɿ�
ɩɪɭɠɧɨɝɨ� ɩɪɨɫɬɨɪɭ� � �
  U �� ɡɚ� ɨɫɶɨɜɨɸ� ɤɨɨɪɞɢɧɚɬɨɸ� ɭ� ɪɿɡɧɿ� ɦɨɦɟɧɬɢ� ɱɚɫɭ� ɩɪɢ� ���
  F �� ɚ�
ɪɢɫ� �� ɿɥɸɫɬɪɭɽ� ɚɧɚɥɨɝɿɱɧɢɣ�ɪɨɡɩɨɞɿɥ�ɞɥɹ�ɛɿɥɶɲ�ɜɢɫɨɤɨʀ�ɲɜɢɞɤɨɫɬɿ�ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ�ɬɢɫɤɭ��
ɤɨɥɢ� ���
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Ɋɢɫ���� Ɂɦɿɧɚ�ɧɨɪɦɚɥɶɧɢɯ�ɩɟɪɟɦɿɳɟɧɶ�ɡɚ�ɨɫɶɨɜɨɸ�ɤɨɨɪɞɢɧɚɬɨɸ�ɩɪɢ�ɪɿɡɧɢɯ�ɡɧɚɱɟɧɶ�ɪɚɞɿɚɥɶɧɨʀ�ɤɨɨɪɞɢɧɚɬɢ�ɧɚ�
ɦɟɠɿ�ɤɨɧɬɚɤɬɭ�ɨɛɨɥɨɧɤɢ�ɿ�ɩɪɭɠɧɨɝɨ�ɩɪɨɫɬɨɪɭ�ɞɥɹ�ɧɚɜɚɧɬɚɠɟɧɧɹ��ɳɨ�ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɱɚɫɭ��ɹɤ�ɨɞɢɧɢɱɧɚ�ɮɭɧɤɰɿɹ�

ɏɟɜɿɫɚɣɞɚ

Ɋɢɫ���� Ɂɦɿɧɚ�ɧɨɪɦɚɥɶɧɢɯ�ɧɚɩɪɭɠɟɧɶ�ɡɚ�ɨɫɶɨɜɨɸ�ɤɨɨɪɞɢɧɚɬɨɸ�ɩɪɢ�ɪɿɡɧɢɯ�ɡɧɚɱɟɧɧɹɯ�ɪɚɞɿɚɥɶɧɨʀ�ɤɨɨɪɞɢɧɚɬɢ�ɧɚ�
ɦɟɠɿ�ɤɨɧɬɚɤɬɭ�ɨɛɨɥɨɧɤɢ�ɿ�ɩɪɭɠɧɨɝɨ�ɩɪɨɫɬɨɪɭ�ɞɥɹ�ɧɚɜɚɧɬɚɠɟɧɧɹ��ɳɨ�ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɱɚɫɭ��ɹɤ�ɨɞɢɧɢɱɧɚ�ɮɭɧɤɰɿɹ�

ɏɟɜɿɫɚɣɞɚ
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661����������

ȼɂɋɇɈȼɄɂ
Ɉɬɪɢɦɚɧɨ� ɪɨɡɜ¶ɹɡɨɤ� ɜɿɫɟɫɢɦɟɬɪɢɱɧɨʀ� ɡɚɞɚɱɿ� ɞɥɹ� ɰɢɥɿɧɞɪɢɱɧɨʀ� ɨɛɨɥɨɧɤɢ�� ɪɨɡɬɚɲɨɜɚɧɨʀ� ɭ�ɩɪɭɠɧɨɦɭ� ɩɪɨɫɬɨɪɿ�� ɧɚ� ɹɤɭ� ɞɿɸɬɶ� ɧɚɜɚɧɬɚɠɟɧɧɹ�� ɳɨ� ɪɨɡɲɢɪɸɽɬɶɫɹ�� ɬɚ� ɧɚɜɚɧɬɚɠɟɧɧɹ�� ɹɤɟ�ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɱɚɫɭ�� ɹɤ� ɨɞɢɧɢɱɧɚ� ɮɭɧɤɰɿɹ� ɏɟɜɿɫɚɣɞɚ�� Ⱦɥɹ� ɧɚɜɚɧɬɚɠɟɧɧɹ�� ɳɨ� ɪɨɡɛɿɝɚɽɬɶɫɹ��ɞɨɫɥɿɞɠɟɧɨ� ɡɚɥɟɠɧɿɫɬɶ� ɧɨɪɦɚɥɶɧɢɯ� ɩɟɪɟɦɿɳɟɧɶ� ɬɚ� ɧɚɩɪɭɠɟɧɶ� ɜɿɞ� ɲɜɢɞɤɨɫɬɿ� ɪɨɡɛɿɝɚɧɧɹ�ɧɚɜɚɧɬɚɠɟɧɧɹ��ɬɚ�ʀɯ�ɪɨɡɩɨɞɿɥɟɧɧɹ�ɡɚ�ɨɫɶɨɜɨʀ�ɤɨɨɪɞɢɧɚɬɨɸ�ɜ�ɪɿɡɧɿ�ɦɨɦɟɧɬɢ�ɱɚɫɭ��
Ⱦɥɹ�ɧɚɜɚɧɬɚɠɟɧɧɹ��ɳɨ� ɡɚɥɟɠɢɬɶ� ɜɿɞ�ɱɚɫɭ�ɹɤ�ɨɞɢɧɢɱɧɚ�ɮɭɧɤɰɿɹ�ɏɟɜɿɫɚɣɞɚ��ɛɭɥɨ�ɞɨɫɥɿɞɠɟɧɨ�ɪɨɡɩɨɞɿɥɟɧɧɹ�ɧɨɪɦɚɥɶɧɢɯ�ɩɟɪɟɦɿɳɟɧɶ�ɬɚ�ɧɚɩɪɭɠɟɧɶ�ɡɚ�ɨɫɶɨɜɨɸ�ɬɚ�ɪɚɞɿɚɥɶɧɨɸ�ɤɨɨɪɞɢɧɚɬɨɸ�ɜ�ɪɿɡɧɿ�ɦɨɦɟɧɬɢ�ɱɚɫɭ�
ɉɨɪɿɜɧɹɧɨ� ɪɿɡɧɿ� ɦɟɬɨɞɢ� ɨɩɢɫɚɧɧɹ� ɪɭɯɭ� ɨɛɨɥɨɧɤɢ� ɬɚ� ɩɨɤɚɡɚɧɨ�� ɳɨ� ɪɟɡɭɥɶɬɚɬɢ�� ɨɬɪɢɦɚɧɿ� ɧɚ�ɨɫɧɨɜɿ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɰɢɯ� ɦɟɬɨɞɿɜ�� ɦɚɥɨ� ɜɿɞɪɿɡɧɹɸɬɶɫɹ�� ɇɚ� ɨɫɧɨɜɿ� ɰɶɨɝɨ� ɦɨɠɧɚ� ɡɪɨɛɢɬɢ�ɜɢɫɧɨɜɨɤ��ɳɨ�ɩɪɢ�ɪɨɜ¶ɹɡɚɧɧɿ�ɛɿɥɶɲ�ɫɤɥɚɞɧɢɯ�ɡɚɞɚɱ�ɦɨɠɧɚ�ɡɚɫɬɨɫɨɜɭɜɚɬɢ�ɨɞɧɭ�ɡ�ɧɚɛɥɢɠɟɧɢɯ�ɦɨɞɟɥɟɣ�ɨɩɢɫɚɧɧɹ�ɪɭɯɭ�ɨɛɨɥɨɧɤɢ�

ɅȱɌȿɊȺɌɍɊȺ
�� Ʌɶɜɨɜɫɤɢɣ ȼ� Ɇ� ɍɫɬɚɧɨɜɢɜɲɢɟɫɹ� ɤɨɥɟɛɚɧɢɹ� ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ� ɨɛɨɥɨɱɤɢ� ɜ� ɭɩɪɭɝɨɣ� ɫɪɟɞɟ� ɩɨɞ�ɞɟɣɫɬɜɢɟɦ� ɩɨɞɜɢɠɧɨɣ� ɧɚɝɪɭɡɤɢ� �� ȼ� Ɇ� Ʌɶɜɨɜɫɤɢɣ�� ȼ� ɂ� Ɉɧɢɳɟɧɤɨ�� ȼ� ɂ� ɉɨɠɭɟɜ� ��� ȼɨɩɪɨɫɵ�ɩɪɨɱɧɨɫɬɢ�ɢ�ɩɥɚɫɬɢɱɧɨɫɬɢ��± Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ������� ± &���������
�� ɉɨɠɭɟɜ ȼ� ɂ��Ⱦɟɣɫɬɜɢɟ� ɩɨɞɜɢɠɧɨɣ� ɧɚɝɪɭɡɤɢ� ɧɚ� ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ� ɨɛɨɥɨɱɤɭ� ɜ� ɭɩɪɭɝɨɣ� ɫɪɟɞɟ� ��ȼ� ɂ� ɉɨɠɭɟɜ ���ɋɬɪɨɢɬɟɥɶɧɚɹ�ɦɟɯɚɧɢɤɚ�ɢ�ɪɚɫɱɟɬ�ɫɨɨɪɭɠɟɧɢɣ��± ������± ʋ���± &��������
�� ɉɨɠɭɟɜ ȼ� ɂ�� Ɋɟɚɤɰɢɹ� ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ� ɨɛɨɥɨɱɤɢ�� ɧɚɯɨɞɹɳɟɣɫɹ� ɜ� ɬɪɚɧɫɜɟɪɫɚɥɶɧɨ�ɢɡɨɬɪɨɩɧɨɣ�ɫɪɟɞɟ��ɧɚ�ɞɟɣɫɬɜɢɟ�ɩɨɞɜɢɠɧɨɣ�ɧɚɝɪɭɡɤɢ���ȼ� ɂ� ɉɨɠɭɟɜ����ɉɪɢɤɥɚɞɧɚɹ�ɦɟɯɚɧɢɤɚ��± ������± 7������ʋ�����± &��������
�� Ƚɨɪɲɤɨɜ Ⱥ� Ƚ�� ɉɥɚɫɬɢɧɵ� ɢ� ɨɛɨɥɨɱɤɢ� ɧɚ� ɢɧɟɪɰɢɨɧɧɨɦ� ɨɫɧɨɜɚɧɢɢ ɩɪɢ� ɞɟɣɫɬɜɢɢ� ɩɨɞɜɢɠɧɵɯ�ɧɚɝɪɭɡɨɤ���Ⱥ� Ƚ� Ƚɨɪɲɤɨɜ��ȼ� ɂ� ɉɨɠɭɟɜ��± Ɇ����ɂɡɞ�ɜɨ�ɆȺɂ�������± ����ɫ�
�� ɉɨɠɭɟɜ ȼ� ɂ��ɇɟɫɬɚɰɢɨɧɚɪɧɚɹ�ɪɟɚɤɰɢɹ�ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ�ɨɛɨɥɨɱɤɢ�ɜ�ɭɩɪɭɝɨɣ�ɫɪɟɞɟ�ɧɚ�ɞɟɣɫɬɜɢɟ�ɧɟɨɫɟɫɢɦɦɟɬɪɢɱɟɫɤɨɣ�ɩɨɞɜɢɠɧɨɣ�ɧɚɝɪɭɡɤɢ���ȼ� ɂ� ɉɨɠɭɟɜ��Ɇɨɯɚɦɦɟɞ�ɀɢɛɢɬɚɣ����ɂɡɜ��ȼɍɁɨɜ��ɋɬɪɨɢɬɟɥɶɫɬɜɨ�ɢ�ɚɪɯɢɬɟɤɬɭɪɚ��± ����� ± ʋ �� ± &��������
�� ɉɨɠɭɟɜ ȼ� ɂ�� ɇɟɫɬɚɰɢɨɧɚɪɧɵɟ� ɤɨɥɟɛɚɧɢɹ� ɬɪɭɛɨɩɪɨɜɨɞɚ� ɤɨɧɟɱɧɨɣ� ɞɥɢɧɵ�� ɨɞɧɨɫɬɨɪɨɧɧɟ�ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɟɝɨ� ɫ� ɢɧɟɪɰɢɨɧɧɨɣ� ɫɪɟɞɨɣ� �� �� ȼ� ɂ� ɉɨɠɭɟɜ�� Ɇɨɯɚɦɦɟɞ� ɀɢɛɢɬɚɣ� ��� ɂɡɜ��ȼɍɁɨɜ��ɋɬɪɨɢɬɟɥɶɫɬɜɨ��± ������± ʋ����± ɋ��������
�� Ʉɪɵɥɨɜ ȼ� ɂ�� ɋɩɪɚɜɨɱɧɚɹ� ɤɧɢɝɚ� ɩɨ� ɱɢɫɥɟɧɧɨɦɭ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɸ� �� ȼ� ɂ� Ʉɪɵɥɨɜ��Ʌ� Ɍ� ɒɭɥɶɝɢɧɚ��± Ɇ����ɇɚɭɤɚ��������± ����ɫ�
�� Ʉɪɵɥɨɜ ȼ� ɂ�� Ɇɟɬɨɞɵ� ɩɪɢɛɥɢɠɟɧɧɨɝɨ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ� Ɏɭɪɶɟ� ɢ� ɨɛɪɚɳɟɧɢɹ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�Ʌɚɩɥɚɫɚ���ȼ� ɂ� Ʉɪɵɥɨɜ��ɇ� ɋ� ɋɤɨɛɥɹ��± Ɇ����ɇɚɭɤɚ��������± ����ɫ�
�� ɇɨɜɚɰɤɢɣ ȼ��Ɍɟɨɪɢɹ�ɭɩɪɭɝɨɫɬɢ���ȼ� ɇɨɜɚɰɤɢɣ� ± Ɇ����Ɇɢɪ��������± ����ɫ�
��� ȼɨɥɶɦɢɪ Ⱥ� ɋ��ɇɟɥɢɧɟɣɧɚɹ�ɞɢɧɚɦɢɤɚ�ɩɥɚɫɬɢɧɨɤ�ɢ�ɨɛɨɥɨɱɟɤ���Ⱥ� ɋ� ȼɨɥɶɦɢɪ��± Ɇ����ɇɚɭɤɚ��������± ����ɫ�

5()(5(1&(6
�� /YRYVNL\� 9�0���2QLVKHQNR� 9�,��DQG 3R]KXHY� 9�,����������³6WHDG\ IOXFWXDWLRQV RI F\OLQGULFDO VKHOOLQ HODVWLF PHGLXP VXEMHFWHG WR PRYLQJ ORDGV´��9RSURV\ SURFKQRVWL L SODVWLFKQRVWL��SS���������
�� 3R]KXHY� 9�,� �������� ³$FWLRQ� PRYLQJ� ORDG� RQ� F\OLQGULFDO� VKHOO� LQ� HODVWLF� PHGLXP´�� 6WURLWHOQD\D�PHNKDQLND�L�UDVFKHW�NRQVWUXNWVL\��QR�����SS��������
�� 3R]KXHY� 9�,� ��������³5HVSRQVH�RI�F\OLQGULFDO�VKHOO��VLWXDWHG�LQ�WUDQVYHUVDO�DQG�LVRWURSLF�PHGLXP�RQ�DFWLRQ�PRYLQJ�ORDG´��3ULNODGQD\D�PHNKDQLND��YRO������QR������SS��������
�� *RUVKNRY��$�*��DQG�3R]KXHY��9�,����������3ODVWLQ\�L�RERORFKNL�QD�LQHUWV\DOQRP�RVQRYDQLL�SUL�GH\VWYLL�SRGYL]KQ\NK�QDJUX]RN >3ODWHV DQG�VKHOOV�RQ�LQHUWLDO�IRXQGDWLRQV�VXEMHFWHG�RQ�PRYLQJ�ORDGV@��0RVFRZ��5XVVLD�
�� 3R]KXHY��9�,�� DQG� =K\ELWD\��0RNKDPPHG� �������� ³1RQ�VWDWLRQDU\ UHVSRQVH� RI� F\OLQGULFDO� VKHOOV� LQ�HODVWLF�PHGLXP�RQ�QRQ�D[L�V\PPHWULFDO�PRYLQJ� ORDG´�� ,]YHVWL\D�98=RY��6WURLWHOVWYR� L� DUNKHWHFWXUD��QR�����SS��������



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

ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

�� 3R]KXHY�� 9�,�� DQG� =K\ELWD\�� 0RNKDPPHG� �������� ³1RQ�VWDWLRQDU\ IOXFWXDWLRQV� RI� ILQLWH� OHQJWK�SLSHOLQH��XQLODWHUDOO\�LQWHUDFWV�ZLWK�LQHUWLDO�PHGLXP´��,]YHVWL\D�98=RY��6WURLWHOVWYR��QR�����SS��������
�� .U\ORY�� 9�,�� DQG� 6KXOLQD�� /�7�� �������� 6SUDYRFKQD\D� NQLJD� SR� FKLVOHQQRPX� LQWHJULURYDQL\X>5HIHUHQFH�ERRN RI�QXPHULFDO�LQWHJUDWLRQV@��1DXND��ɆRVFRZ��5XVVLD�
�� .U\ORY��9�,��DQG 6NREO\D��1�6����������0HWRG\�SULEOL]KRQQRJR�SUHREUD]RYDQL\D�)XU\H�L�REUDVFKHQL\D�SUHREUD]RYDQL\D� /DSODVD >0HWKRGV� RI� DSSUR[LPDWHO\� )RXULHU� WUDQVIRUP� DQG� LQYHUVH� RI� /DSODFH�WUDQVIRUP@��1DXND��ɆRVFRZ��5XVVLD�
�� 1RYDWVNL\��9����������7HRUL\D�XSUXJRVWL >(ODVWLF�WKHRU\@��0LU��0RVFRZ��5XVVLD�
��� 9ROPLU��$�6����������1HOLQH\QD\D�GLQDPLND�SODVWLQRN�,�RERORFKHN >1RQ�OLQHDU�G\QDPLF�RI�SODQHV�DQG�VKHOOV@��1DXND��0RVFRZ��5XVVLD�

8'&�����������������
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5RPDQXNH�9��9�� SURIHVVRU��G��W��V���DVVRFLDWH�SURIHVVRU
.KPHOQLWVNL\�1DWLRQDO�8QLYHUVLW\��,QVWLWXWVND\D�VWU�������.KPHOQLWVNL\���������8NUDLQH

URPDQXNHYDGLPY#PDLO�UX
$Q� LQILQLWH� VHW� RI� K\SHUSDUDOOHOHSLSHGV� LQ� (XFOLGHDQ� DULWKPHWLFDO� VSDFH� LV� FRQVLGHUHG�� (DFK�K\SHUSDUDOOHOHSLSHG�LV�FORVHG��,W�LV�GHILQHG�E\�ILYH�SDUDPHWHUV��7KH\�DUH�WKH�VHTXHQFH�RUGHU�QXPEHU�DQG�TXDGUXSOH� RI� SRVLWLYH� LQWHJHUV�� JLYLQJ� WZR� QXPHUDWRUV� DQG� WZR� GHQRPLQDWRUV� RI� WZR� IUDFWLRQV�� 7KHVH�IUDFWLRQV� DUH� VXFK� WKDW� WKH� QXPHUDWRU� LV� DOZD\V� OHVV� WKDQ� WKH� GHQRPLQDWRU��2QH� IUDFWLRQ� LV� VXEWUDFWHG�IURP�WKH�VHTXHQFH�RUGHU�QXPEHU��DQRWKHU�RQH�LV�DGGHG�WR�WKLV�QXPEHU��7KH�GHQRPLQDWRUV�DUH�UDLVHG�WR�WKH� SRZHU� ZKLFK� LV� DFWXDOO\� WKDW� VHTXHQFH� RUGHU� QXPEHU�� $V� D� FDVH� VWXG\�� WKH� XQLRQ� RI� WKRVH�K\SHUSDUDOOHOHSLSHGV� LV� IRXQG��7KH�JRDO� LV� WR�DVFHUWDLQ�ZKHWKHU� WKH�RUGLQDU\�/HEHVJXH�PHDVXUH�RI� WKH�K\SHUSDUDOOHOHSLSHGV¶� XQLRQ� LV� ILQLWH� DQG�� LI� ILQLWH�� WR� FDOFXODWH� LW�� %HVLGHV�� LW� LV� WDVNHG� WR� ILQG� DQ\�RYHUODSSLQJV� ZLWKLQ� WKH� LQILQLWH� VHW� RI� K\SHUSDUDOOHOHSLSHGV� E\� WKH� FRQVWUDLQWHG� IUDFWLRQV�� ,Q� WKH�EHJLQQLQJ��FRQFHSWV�RI�RYHUODSSLQJ�DQG�QRQRYHUODSSLQJ�DUH�VWDWHG��2YHUODSSLQJ�DQG�QRQRYHUODSSLQJ�DUH�FRQFHLYHG� DW� YDULRXV� OHYHOV�� 1XPEHU� RI� WKHVH� OHYHOV� LV� GHILQHG� E\� WKH� (XFOLGHDQ� DULWKPHWLFDO� VSDFH�GLPHQVLRQ�� 1RQRYHUODSSLQJ�� KRZHYHU�� GRHV� QRW� VSHFLI\� RYHUODSSLQJ� LQ� ORZHU� GLPHQVLRQV�� 7KH�QRQRYHUODSSLQJ�LV�SHUFHLYHG�DW�D�OHYHO�LPSO\LQJ�WKH�VLPSOHU�QRQRYHUODSSLQJV�ZKLFK�FRUUHVSRQG�WR�KLJKHU�GLPHQVLRQV��7KXV��QRQRYHUODSSLQJ�LV�VSHFLILHG�QRW�WKURXJK�DOO�WKH�OHYHOV��EXW�MXVW�DW�WKH�EDVLF�OHYHO�ZKLFK�LV�QRW�LPSOLHG�HOVHZKHUH��)XUWKHU��FRQGLWLRQV�RI�ZKHQ�RYHUODSSLQJ�H[LVWV�DUH�VWDWHG�LQ�IRXU�WKHRUHPV��,W�LV�UHYHDOHG� WKDW� RQO\� VLQJOH� RYHUODSSLQJ� FDQ� EH�� DQG� RQO\� ILUVW� WZR� QXPEHUHG� K\SHUSDUDOOHOHSLSHGV� FDQ�RYHUODS��7KH�RUGLQDU\�/HEHVJXH�PHDVXUH�RI� WKH�K\SHUSDUDOOHOHSLSHGV¶�XQLRQ� LV�DOZD\V� ILQLWH��%RWK� IRU�QRQRYHUODSSLQJ�DQG�RYHUODSSLQJ��WZR�IRUPXODV�IRU�FDOFXODWLQJ�WKH�PHDVXUH�DUH�VWDWHG��,Q�WKH�FRQFOXVLRQ��LW� LV�PHQWLRQHG�DERXW� WKUHH�FDVHV�ZKHQ�HDFK�K\SHUSDUDOOHOHSLSHG� LV�RSHQ�RU�KDOI�RSHQ�� ,Q WKHVH�FDVHV��K\SHUSDUDOOHOHSLSHGV� FDQQRW� RYHUODS� DW� D� VLQJOH� SRLQW�� 1RQHWKHOHVV�� WKH� PHDVXUH� FDOFXODWLRQ� IRUPXODV�KROG�.H\ ZRUGV��LQILQLWH�VHW�RI�K\SHUSDUDOOHOHSLSHGV��XQLRQ��RYHUODSSLQJ��ILQLWH�/HEHVJXH�PHDVXUH�
ɍɋɅɈȼɂə�ɉȿɊȿɄɊɕɌɂə�ȼ ɈȾɇɈɆ�ȻȿɋɄɈɇȿɑɇɈɆ�ɆɇɈɀȿɋɌȼȿ�ȽɂɉȿɊɉȺɊȺɅɅȿɅȿɉɂɉȿȾɈȼ�ȼ�ȿȼɄɅɂȾɈȼɈɆ�ȺɊɂɎɆȿɌɂɑȿɋɄɈɆ�ɉɊɈɋɌɊȺɇɋɌȼȿ�ɂ�ɄɈɇȿɑɇȺə�ɆȿɊȺ�ɅȿȻȿȽȺ�ɂɏ�ɈȻɔȿȾɂɇȿɇɂə

Ɋɨɦɚɧɸɤ�ȼ��ȼ���ɩɪɨɮɟɫɫɨɪ��ɞ��ɬ��ɧ���ɞɨɰɟɧɬ
ɏɦɟɥɶɧɢɰɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ��ɭɥ��ɂɧɫɬɢɬɭɬɫɤɚɹ������ɝ��ɏɦɟɥɶɧɢɰɤɢɣ���������ɍɤɪɚɢɧɚ
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