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Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɤɨɦɩɨɡɢɬɧɚ�ɰɢɥɿɧɞɪɢɱɧɚ�ɨɛɨɥɨɧɤɚ��
ɩɪɹɦɨɤɭɬɧɿ�ɨɬɜɨɪɢ��ɫɬɚɬɢɱɧɟ�ɧɚɜɚɧ�
ɬɚɠɟɧɧɹ��ɧɟɥɿɧɿɣɧɨ�ɩɪɭɠɧɢɣ�ɫɬɚɧ��
ɤɨɧɰɟɧɬɪɚɰɿɹ�ɧɚɩɪɭɠɟɧɶ��ɦɟɬɨɞ�
ɫɤɿɧɱɟɧɧɢɯ�ɟɥɟɦɟɧɬɿɜ�

Ⱦɚɧɨ�ɩɨɫɬɚɧɨɜɤɭ� ɿ� ɪɨɡɪɨɛɥɟɧɨ� ɱɢɫɟɥɶɧɭ�ɦɟɬɨɞɢɤɭ� ɪɨɡɜ¶ɹɡɚɧɧɹ�ɮɿ�
ɡɢɱɧɨ�ɧɟɥɿɧɿɣɧɢɯ�ɡɚɞɚɱ�ɫɬɚɬɢɤɢ�ɞɥɹ�ɤɨɦɩɨɡɢɬɧɨʀ�ɰɢɥɿɧɞɪɢɱɧɨʀ ɨɛɨ�
ɥɨɧɤɢ�� ɨɫɥɚɛɥɟɧɨʀ ɞɟɤɿɥɶɤɨɦɚ� ɩɪɹɦɨɤɭɬɧɢɦɢ ɨɬɜɨɪɚɦɢ�� ɋɢɫɬɟɦɭ�
ɪɨɡɜ¶ɹɡɭɜɚɥɶɧɢɯ� ɪɿɜɧɹɧɶ� ɨɬɪɢɦɚɧɨ� ɧɚ� ɨɫɧɨɜɿ� ɫɩɿɜɜɿɞɧɨɲɟɧɶ� ɬɟɨɪɿʀ�
ɬɨɧɤɢɯ�ɨɛɨɥɨɧɨɤ�Ʉɿɪɯɝɨɮɚ±Ʌɹɜɚ�ɿ�ɞɟɮɨɪɦɚɰɿɣɧɨʀ�ɬɟɨɪɿʀ�ɩɥɚɫɬɢɱɧɨ�
ɫɬɿ�ɚɧɿɡɨɬɪɨɩɧɢɯ�ɫɟɪɟɞɨɜɢɳ ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɦɟɬɨɞɿɜ�ɇɶɸɬɨɧɚ��ɞɨ�
ɞɚɬɤɨɜɢɯ�ɧɚɩɪɭɠɟɧɶ�ɿ�ɫɤɿɧɱɟɧɧɢɯ�ɟɥɟɦɟɧɬɿɜ� Ⱦɨɫɥɿɞɠɟɧɨ�ɜɩɥɢɜ�ɧɟ�
ɥɿɧɿɣɧɨʀ�ɩɪɭɠɧɨɫɬɿ�ɦɚɬɟɪɿɚɥɭ�ɿ ɞɨɜɠɢɧɢ�ɩɟɪɟɦɢɱɤɢ ɧɚ�ɤɨɧɰɟɧɬɪɚɰɿɸ
ɧɚɩɪɭɠɟɧɶ�ɜ�ɨɛɥɚɫɬɿ�ɞɜɨɯ ɨɞɧɚɤɨɜɢɯ ɤɜɚɞɪɚɬɧɢɯ ɨɬɜɨɪɿɜ�ɧɚ�ɛɿɱɧɿɣ�
ɩɨɜɟɪɯɧɿ ɨɪɬɨɬɪɨɩɧɨʀ� ɰɢɥɿɧɞɪɢɱɧɨʀ� ɨɛɨɥɨɧɤɢ�� ɧɚɜɚɧɬɚɠɟɧɨʀ� ɨɫɶɨ�
ɜɢɦɢ�ɪɨɡɬɹɝɭɜɚɥɶɧɢɦɢ�ɫɢɥɚɦɢ�
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.H\�ZRUGV�
FRPSRVLWH�F\OLQGULFDO�VKHOO��
UHFWDQJXODU�KROHV��VWDWLF�ORDG��
QRQOLQHDU�HODVWLF�VWDWH��VWUHVV�
FRQFHQWUDWLRQ��ILQLWH�HOHPHQW�PHWKRG�

7KLQ�F\OLQGULFDO�VKHOOV�ZLWK�KROHV�RI�YDULRXV�VKDSHV��DV�EHDULQJ�HOHPHQWV�
RI�PRGHUQ� VWUXFWXUHV�� DUH� ZLGHO\� XVHG� LQ� YDULRXV� DUHDV� RI� WHFKQRORJ\��
DYLDWLRQ� DLUFUDIW� DQG� URFNHW� EXLOGLQJ�� VKLSEXLOGLQJ�� FKHPLFDO� DQG�
SHWUROHXP� HQJLQHHULQJ�� 2I� SDUWLFXODU� LQWHUHVW� DUH� VWXGLHV� RI� WKH� VWUHVV�
FRQFHQWUDWLRQ�QHDU�WKH�KROHV�LQ WKH�VKHOOV��WDNLQJ�LQWR�DFFRXQW�QRQOLQHDU�
IDFWRUV��QRQOLQHDU�HODVWLFLW\��SODVWLF�GHIRUPDWLRQV��ILQLWH�GHIOHFWLRQV��HWF���
7KH�VROXWLRQ�RI�QRQOLQHDU�SUREOHPV�RI�VWUHVV�FRQFHQWUDWLRQ�LQ�F\OLQGULFDO�
VKHOOV�ZLWK�KROHV�LV�DVVRFLDWHG�ZLWK�FRQVLGHUDEOH�PDWKHPDWLFDO�GLIILFXOWLHV�
DQG� LV� FRQVLGHUHG� LQ� D� OLPLWHG�QXPEHU�RI� SDSHUV��)URP� WKH� DQDO\VLV� RI�
SXEOLFDWLRQV�RQ�WKLV�LVVXH��LW�IROORZV�WKDW�WKHRUHWLFDO�VWXGLHV�GHYRWHG�WR�WKH�
VWXG\�RI�WKH�QRQOLQHDUO\�HODVWLF�VWDWH�RI�DQLVRWURSLF�F\OLQGULFDO�VKHOOV�ZLWK�
UHFWDQJXODU� KROHV� DUH� FXUUHQWO\� ODFNLQJ� LQ� WKH� VFLHQWLILF� OLWHUDWXUH��
7KHUHIRUH��WKH�SDSHU�SUHVHQWV�WKH�IRUPXODWLRQ�RI�WZR�GLPHQVLRQDO�VWDWLF�
SUREOHPV�IRU�FRPSRVLWH�F\OLQGULFDO�VKHOOV�ZHDNHQHG�E\�UHFWDQJXODU�KROHV��
WDNLQJ� LQWR� DFFRXQW� WKH� UHDO� SURSHUWLHV� RI� WKH� PDWHULDO� �QRQOLQHDU�
HODVWLFLW\���GHVFULEHV� WKH�PHWKRG� IRU�QXPHULFDO� VROXWLRQ�RI�SUREOHPV�RI�
WKLV�FODVV�DQG�SUHVHQWV�VSHFLILF�QXPHULFDO�UHVXOWV�

$�WKLQ�F\OLQGULFDO�VKHOO�PDGH�RI�DQ�RUWKRWURSLF�FRPSRVLWH�PDWHULDO�DQG�
ZHDNHQHG�E\�WZR�RU�PRUH�UHFWDQJXODU�KROHV�LV�FRQVLGHUHG��,W�LV�DVVXPHG�
WKDW�DW�HOHYDWHG�OHYHOV�RI�DFWLQJ�ORDGV��WKH�SURSHUWLHV�RI�WKH�VKHOO�PDWHULDO�
DUH�GHVFULEHG�E\�QRQ�OLQHDU�GHIRUPDWLRQ�GLDJUDPV�

*HRPHWULF�UHODWLRQVKLSV�DUH�ZULWWHQ�LQ�YHFWRU�IRUP�DFFRUGLQJ�WR�WKH�WKHRU\�
RI� QRQ�KDELWDEOH� VKHOOV�� EDVHG� RQ� WKH� .LUFKKRII�/RYH� K\SRWKHVHV�� DQG�
SK\VLFDO� � EDVHG�RQ� WKH�GHIRUPDWLRQ� WKHRU\�RI�SODVWLFLW\�RI� DQLVRWURSLF�
PHGLD�� 3K\VLFDO� UHODWLRQVKLSV� DUH� HVVHQWLDOO\� QRQOLQHDU� DQG� LQWUDFWDEOH�
DQDO\WLFDOO\�ZLWK�UHVSHFW�WR�VWUHVVHV��7KHUHIRUH��LQ�WKH�ZRUN��WKH�LQYHUVLRQ�
RI�SK\VLFDO�UHODWLRQV�ZLWK�UHVSHFW�WR�VWUHVVHV�LV�SHUIRUPHG�QXPHULFDOO\� �
E\�WKH�1HZWRQ�PHWKRG�

$� QXPHULFDO� PHWKRG� ZDV� GHYHORSHG� IRU� VROYLQJ� VWDWLF� SUREOHPV� IRU�
RUWKRWURSLF�F\OLQGULFDO�VKHOOV�ZHDNHQHG�E\�UHFWDQJXODU�KROHV��WDNLQJ�LQWR�
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DFFRXQW� SK\VLFDO QRQOLQHDULW\�� EDVHG� RQ� WKH� XVH� RI� WKH� PHWKRG� RI�
DGGLWLRQDO� VWUHVVHV� DQG� WKH� ILQLWH� HOHPHQW� PHWKRG� �)(0��� 7KH�
LPSOHPHQWDWLRQ� RI� WKH� PHWKRG� RI� DGGLWLRQDO� VWUHVVHV� LQYROYHV� WKH�
UHSUHVHQWDWLRQ�RI�H[SUHVVLRQV�IRU�VWUHVVHV��IRUFHV�DQG�PRPHQWV�DV�D�VXP�
RI�OLQHDU DQG�QRQ�OLQHDU�WHUPV��,Q�HDFK�DSSUR[LPDWLRQ�RI�WKH�PHWKRG�RI�
DGGLWLRQDO�VWUHVVHV��QRQOLQHDU�FRPSRQHQWV�RI�VWUHVVHV��IRUFHV�DQG�PRPHQWV�
DUH�FRQVLGHUHG�NQRZQ�IURP�WKH�SUHYLRXV�DSSUR[LPDWLRQ�DQG�GR�QRW�YDU\��
7KH� UHVXOWLQJ� VHTXHQFH� RI� OLQHDUO\� HODVWLF� SUREOHPV� LV� VROYHG� E\� D�
PRGLILHG�)(0��7KH�SHFXOLDULW\�RI�WKH�SURSRVHG�)(0�LV�WKDW�WKH�URWDWLRQ�
DQJOH� YHFWRU� LV� QRW� GHWHUPLQHG� XVLQJ� IRUPXODV�� DV� LV� FXVWRPDU\� LQ�
WUDGLWLRQDO� )(0� IRU� WKLQ� VKHOOV�� EXW� LV� DSSUR[LPDWHG� E\� D� ELTXDGUDWLF�
VHUHQGLS�W\SH�SRO\QRPLDO�ZLWK�.LUFKKRII�/RYH�K\SRWKHVHV�DW�WKH�QRGHV�
RI�WKH�ILQLWH�HOHPHQW�

8VLQJ� WKH�GHYHORSHG� WHFKQLTXH�� WKH�HIIHFW�RI�QRQOLQHDU�HODVWLFLW\�RI� WKH�
PDWHULDO�DQG�WKH�OHQJWK�RI�WKH�MXPSHU�RQ�WKH�VWUHVV�FRQFHQWUDWLRQ�LQ�WKH�
UHJLRQ� RI� WZR� LGHQWLFDO� VTXDUH� KROHV� RQ� WKH� ODWHUDO� VXUIDFH� RI� DQ�
RUJDQRSODVWLF� F\OLQGULFDO� VKHOO� ORDGHG� ZLWK� D[LDO� WHQVLOH� IRUFHV� ZDV�
LQYHVWLJDWHG�

ȼɫɬɭɩ�� Ɍɨɧɤɿ� ɨɛɨɥɨɧɤɢ�� ɹɤ� ɧɟɫɭɱɿ� ɟɥɟ�
ɦɟɧɬɢ�ɫɭɱɚɫɧɢɯ�ɤɨɧɫɬɪɭɤɰɿɣ��ɡɧɚɯɨɞɹɬɶ�ɲɢ�
ɪɨɤɟ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɜ� ɪɿɡɧɢɯ� ɨɛɥɚɫɬɹɯ� ɬɟɯ�
ɧɿɤɢ�� ɚɜɿɚ� ɿ� ɫɭɞɧɨɛɭɞɭɜɚɧɧɿ�� ɪɚɤɟɬɨɛɭɞɭ�
ɜɚɧɧɿ��ɯɿɦɿɱɧɨɦɭ�ɿ�ɧɚɮɬɨɜɨɦɭ�ɦɚɲɢɧɨɛɭɞɭ�
ɜɚɧɧɿ�� Ⱦɨɫɢɬɶ� ɱɚɫɬɨ� ɡ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ� ɚɛɨ�
ɬɟɯɧɨɥɨɝɿɱɧɢɯ�ɦɿɪɤɭɜɚɧɶ ɬɚɤɿ�ɟɥɟɦɟɧɬɢ�ɦɚ�
ɸɬɶ� ɨɬɜɨɪɢ� ɿ� ɜɢɪɿɡɢ� ɧɚɣɪɿɡɧɨɦɚɧɿɬɧɿɲɨʀ�
ɮɨɪɦɢ��

ɉɿɞɜɢɳɟɧɢɣ� ɿɧɬɟɪɟɫ� ɜɢɤɥɢɤɚɸɬɶ ɞɨɫɥɿ�
ɞɠɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ� ɧɚɩɪɭɠɟɧɶ� ɛɿɥɹ� ɨɬɜɨ�
ɪɿɜ� ɜ� ɨɛɨɥɨɧɤɚɯ ɡ� ɜɪɚɯɭɜɚɧɧɹɦ� ɧɟɥɿɧɿɣɧɢɯ�
ɮɚɤɬɨɪɿɜ��ɧɟɥɿɧɿɣɧɨʀ�ɩɪɭɠɧɨɫɬɿ��ɩɥɚɫɬɢɱɧɢɯ�
ɞɟɮɨɪɦɚɰɿɣ�� ɫɤɿɧɱɟɧɧɢɯ� ɩɪɨɝɢɧɿɜ� ɬɨɳɨ���
Ȼɿɥɶɲɿɫɬɶ�ɪɟɡɭɥɶɬɚɬɿɜ�ɡ ɰɿɽʀ�ɩɪɨɛɥɟɦɢ�ɨɬɪɢ�
ɦɚɧɨ�ɞɥɹ�ɨɛɨɥɨɧɨɤ�ɨɛɟɪɬɚɧɧɹ�ɩɪɢ�ɜɿɫɟɫɢɦɟ�
ɬɪɢɱɧɨɦɭ�ɧɚɜɚɧɬɚɠɟɧɧɿ� Ɋɨɡɝɥɹɧɭɬɿ�ɡɞɟɛɿɥɶ�
ɲɨɝɨ�ɫɮɟɪɢɱɧɿ�ɬɚ�ɟɥɿɩɫɨʀɞɚɥɶɧɿ�ɨɛɨɥɨɧɤɢ�ɡ�
ɜɿɥɶɧɢɦ�ɚɛɨ�ɩɿɞɤɪɿɩɥɟɧɢɦ�ɨɬɜɨɪɨɦ��ɚ�ɬɚɤɨɠ�
ɡ¶ɽɞɧɚɧɧɹ�ɨɛɨɥɨɧɨɤ�ɪɿɡɧɨʀ�ɮɨɪɦɢ�

ɇɚɣɛɿɥɶɲɨɝɨ� ɩɨɲɢɪɟɧɧɹ� ɜ� ɿɧɠɟɧɟɪɧɿɣ�
ɩɪɚɤɬɢɰɿ� ɧɚɛɭɥɢ� ɰɢɥɿɧɞɪɢɱɧɿ� ɨɛɨɥɨɧɤɢ��
Ɋɨɡɜ¶ɹɡɚɧɧɹ� ɞɜɨɜɢɦɿɪɧɢɯ� ɧɟɥɿɧɿɣɧɢɯ� ɡɚɞɚɱ�
ɩɪɨ�ɤɨɧɰɟɧɬɪɚɰɿɸ�ɧɚɩɪɭɠɟɧɶ� ɭ�ɰɢɥɿɧɞɪɢɱ�
ɧɢɯ�ɨɛɨɥɨɧɤɚɯ�ɡ�ɨɬɜɨɪɚɦɢ�ɧɚ�ɛɿɱɧɿɣ�ɩɨɜɟɪ�
ɯɧɿ� ɫɩɪɹɠɟɧɟ� ɿɡ� ɡɧɚɱɧɢɦɢ� ɦɚɬɟɦɚɬɢɱɧɢɦɢ�
ɬɪɭɞɧɨɳɚɦɢ�ɿ�ɪɨɡɝɥɹɧɭɬɟ�ɜ ɨɛɦɟɠɟɧɿɣ�ɤɿɥɶ�
ɤɨɫɬɿ�ɪɨɛɿɬ��Ɇɚɣɠɟ�ɜɫɿ�ɪɟɡɭɥɶɬɚɬɢ�ɜ�ɰɢɯ�ɪɨ�
ɛɨɬɚɯ�ɨɬɪɢɦɚɧɿ�ɞɥɹ�ɜɢɩɚɞɤɭ��ɤɨɥɢ�ɨɛɨɥɨɧɤɢ�
ɜɢɝɨɬɨɜɥɟɧɿ� ɡ� ɦɟɬɚɥɿɜ� ɚɛɨ� ʀɯ� ɫɩɥɚɜɿɜ�� Ɍɚɤ��
ɩɪɭɠɧɨɩɥɚɫɬɢɱɧɢɣ� ɫɬɚɧ ɰɢɥɿɧɞɪɢɱɧɨʀ� ɨɛɨ�
ɥɨɧɤɢ�ɡ�ɤɪɭɝɨɜɢɦ�ɚɛɨ�ɩɪɹɦɨɤɭɬɧɢɦ ɨɬɜɨɪɨɦ�
ɞɨɫɥɿɞɠɟɧɨ�ɜ�ɪɨɛɨɬɚɯ�>����@��ɚ�ɝɟɨɦɟɬɪɢɱɧɨ�
ɧɟɥɿɧɿɣɧɟ�ɞɟɮɨɪɦɭɜɚɧɧɹ�ɿɡɨɬɪɨɩɧɨʀ�ɰɢɥɿɧɞ�
ɪɢɱɧɨʀ�ɩɚɧɟɥɿ�ɡ�ɤɪɭɝɨɜɢɦ�ɚɛɨ�ɩɪɹɦɨɤɭɬɧɢɦ�

ɜɢɪɿɡɨɦ�± ɜ�>����@��Ɋɨɡɜ¶ɹɡɤɢ ɤɪɚɣɨɜɢɯ�ɡɚɞɚɱ�
ɞɥɹ�ɰɢɥɿɧɞɪɢɱɧɨʀ ɨɛɨɥɨɧɤɢ��ɨɫɥɚɛɥɟɧɨʀ ɤɪɢ�
ɜɨɥɿɧɿɣɧɢɦ��ɤɪɭɝɨɜɢɦ�ɚɛɨ�ɟɥɿɩɬɢɱɧɢɦ� ɨɬɜɨ�
ɪɨɦ��ɩɪɢ�ɨɞɧɨɱɚɫɧɨɦɭ�ɜɪɚɯɭɜɚɧɧɿ�ɮɿɡɢɱɧɨʀ
ɬɚ� ɝɟɨɦɟɬɪɢɱɧɨʀ� ɧɟɥɿɧɿɣɧɨɫɬɟɣ� ɨɬɪɢɦɚɧɿ ɜ�
ɪɨɛɨɬɚɯ�>�� �@� Ɍɚɤɨɠ�ɜɢɜɱɟɧɨ�ɜɩɥɢɜ�ɧɟɥɿɧɿɣ�
ɧɢɯ�ɮɚɤɬɨɪɿɜ�ɧɚ�ɪɨɡɩɨɞɿɥ�ɩɨɥɿɜ�ɩɟɪɟɦɿɳɟɧɶ��
ɞɟɮɨɪɦɚɰɿɣ�ɿ�ɧɚɩɪɭɠɟɧɶ�ɧɚɜɤɨɥɨ�ɞɜɨɯ�ɤɪɭ�
ɝɨɜɢɯ�>�@�ɬɚ�ɞɜɨɯ�ɚɛɨ�ɬɪɶɨɯ�ɩɪɹɦɨɤɭɬɧɢɯ�>�@�
ɨɬɜɨɪɿɜ� ɧɚ� ɛɿɱɧɿɣ� ɩɨɜɟɪɯɧɿ� ɰɢɥɿɧɞɪɢɱɧɨʀ�
ɨɛɨɥɨɧɤɢ�� ɜɢɝɨɬɨɜɥɟɧɨʀ� ɡ� ɚɥɸɦɿɧɿɽɜɨɝɨ�
ɫɩɥɚɜɭ� ȱ ɥɢɲɟ�ɜ�ɪɨɛɨɬɿ�>�@�ɧɚɜɟɞɟɧɿ�ɤɨɧɤɪɟ�
ɬɧɿ� ɱɢɫɥɨɜɿ� ɪɟɡɭɥɶɬɚɬɢ� ɪɨɡɪɚɯɭɧɤɭ� ɧɟɥɿ�
ɧɿɣɧɨ�ɩɪɭɠɧɨɝɨ�ɞɟɮɨɪɦɭɜɚɧɧɹ�ɨɪɬɨɬɪɨɩɧɨʀ�
ɰɢɥɿɧɞɪɢɱɧɨʀ�ɨɛɨɥɨɧɤɢ�ɡ�ɤɪɭɝɨɜɢɦ�ɜɢɪɿɡɨɦ�

Ɍɨɦɭ� ɜ ɪɨɛɨɬɿ� ɞɚɧɨ ɩɨɫɬɚɧɨɜɤɭ ɞɜɨɜɢ�
ɦɿɪɧɢɯ�ɡɚɞɚɱ�ɫɬɚɬɢɤɢ�ɞɥɹ ɤɨɦɩɨɡɢɬɧɢɯ ɰɢɥɿ�
ɧɞɪɢɱɧɢɯ ɨɛɨɥɨɧɨɤ�� ɨɫɥɚɛɥɟɧɢɯ�ɩɪɹɦɨɤɭɬ�
ɧɢɦɢ� ɨɬɜɨɪɚɦɢ�� ɡ� ɜɪɚɯɭɜɚɧɧɹɦ� ɪɟɚɥɶɧɢɯ�
ɜɥɚɫɬɢɜɨɫɬɟɣ�ɦɚɬɟɪɿɚɥɭ��ɧɟɥɿɧɿɣɧɨʀ�ɩɪɭɠɧɨ�
ɫɬɿ� ɿ ɨɩɢɫɚɧɨ ɦɟɬɨɞɢɤɭ� ɱɢɫɟɥɶɧɨɝɨ�
ɪɨɡɜ¶ɹɡɚɧɧɹ ɡɚɞɚɱ� ɞɚɧɨɝɨ� ɤɥɚɫɭ�� ɉɪɟɞɫɬɚɜ�
ɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ� ɞɨɫɥɿɞɠɟɧɧɹ� ɧɟɥɿɧɿɣɧɨ�
ɩɪɭɠɧɨɝɨ ɫɬɚɧɭ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜɨʀ ɰɢɥɿɧɞ�
ɪɢɱɧɨʀ�ɨɛɨɥɨɧɤɢ ɡ ɞɜɨɦɚ�ɨɞɧɚɤɨɜɢɦɢ�ɤɜɚɞ�
ɪɚɬɧɢɦɢ�ɨɬɜɨɪɚɦɢ�ɩɪɢ�ɞɿʀ ɨɫɶɨɜɢɯ ɪɨɡɬɹɝɭ�
ɜɚɥɶɧɢɯ ɫɢɥ�

ɉɨɫɬɚɧɨɜɤɚ�ɡɚɞɚɱɿ��Ɉɫɧɨɜɧɿ�ɫɩɿɜɜɿɞɧɨ�
ɲɟɧɧɹ��Ɋɨɡɝɥɹɧɟɦɨ�ɬɨɧɤɭ�ɰɢɥɿɧɞɪɢɱɧɭ�ɨɛɨ�
ɥɨɧɤɭ�ɪɚɞɿɭɫɚ� 5 ɿ�ɬɨɜɳɢɧɢ� K ��ɜɢɝɨɬɨɜɥɟɧɭ�
ɡ� ɨɪɬɨɬɪɨɩɧɨɝɨ� ɤɨɦɩɨɡɢɬɧɨɝɨ� ɦɚɬɟɪɿɚɥɭ�
�ɄɆ��ɣ�ɨɫɥɚɛɥɟɧɭ�ɞɜɨɦɚ�ɚɛɨ�ɛɿɥɶɲɨɸ�ɤɿɥɶ�
ɤɿɫɬɸ�ɩɪɹɦɨɤɭɬɧɢɯ�ɨɬɜɨɪɿɜ� �ɪɢɫ������ȼɿɞɧɟ�
ɫɟɦɨ�ɫɟɪɟɞɢɧɧɭ�ɩɨɜɟɪɯɧɸ�ɨɛɨɥɨɧɤɢ��6 ��ɞɨ�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

ɤɪɢɜɨɥɿɧɿɣɧɨʀ�ɨɪɬɨɝɨɧɚɥɶɧɨʀ�ɫɢɫɬɟɦɢ�ɤɨɨɪ�
ɞɢɧɚɬ� � �\[� ��ɞɟ� [ ɿ� \ ± ɞɨɜɠɢɧɢ�ɬɜɿɪɧɨʀ�ɬɚ�
ɞɭɝɢ�ɩɨ�ɧɚɩɪɹɦɧɿɣ��ɉɨ�ɧɨɪɦɚɥɿ�ɞɨ�ɫɟɪɟɞɢɧ�
ɧɨʀ� ɩɨɜɟɪɯɧɿ� ɜɿɞɪɚɯɨɜɭɜɚɬɢɦɟɦɨ ɤɨɨɪɞɢɧɚ�
ɬɭ� J �

Ɋɢɫ���� ɐɢɥɿɧɞɪɢɱɧɚ�ɨɛɨɥɨɧɤɚ�ɡ�ɩɪɹɦɨɤɭɬɧɢɦɢ
ɨɬɜɨɪɚɦɢ

ɉɪɢɣɦɚɽɦɨ��ɳɨ�ɩɪɢ�ɩɿɞɜɢɳɟɧɢɯ�ɪɿɜɧɹɯ�

ɞɿɸɱɢɯ� ɩɨɜɟɪɯɧɟɜɢɯ� ^ ` ^ `7SSSS ��� �� ɿ�

ɤɪɚɣɨɜɢɯ� ^ ` ^ `7NNNNN 0467P ��� ɧɚɜɚɧɬɚ�

ɠɟɧɶ� ɜɥɚɫɬɢɜɨɫɬɿ� ɦɚɬɟɪɿɚɥɭ� ɨɛɨɥɨɧɤɢ� ɨɩɢ�
ɫɭɸɬɶɫɹ� ɧɟɥɿɧɿɣɧɢɦɢ� ɞɿɚɝɪɚɦɚɦɢ� ɞɟɮɨɪɦɭ�
ɜɚɧɧɹ�

Ƚɟɨɦɟɬɪɢɱɧɿ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ȼɜɚɠɚ�
ɽɦɨ��ɳɨ�ɝɟɨɦɟɬɪɢɱɧɿ ɬɚ�ɦɟɯɚɧɿɱɧɿ�ɯɚɪɚɤɬɟɪɢ�
ɫɬɢɤɢ�ɨɛɨɥɨɧɤɢ��ɫɩɨɫɨɛɢ�ʀʀ�ɡɚɤɪɿɩɥɟɧɧɹ�ɣ�ɧɚ�
ɜɚɧɬɚɠɟɧɧɹ�ɬɚɤɿ��ɳɨ�ɞɥɹ�ɨɩɢɫɭ�ɩɪɨɰɟɫɭ�ɞɟ�
ɮɨɪɦɭɜɚɧɧɹ�ɦɨɠɧɚ�ɡɚɫɬɨɫɭɜɚɬɢ ɜɚɪɿɚɧɬ�ɬɟɨ�
ɪɿʀ�ɧɟɩɨɥɨɝɢɯ�ɨɛɨɥɨɧɨɤ��ɹɤɚ�ɛɚɡɭɽɬɶɫɹ�ɧɚ�ɝɿ�
ɩɨɬɟɡɚɯ�Ʉɿɪɯɝɨɮɚ±Ʌɹɜɚ� >��@�� Ɂɚɩɢɲɟɦɨ�ɜɢ�
ɪɚɡɢ�ɞɥɹ�ɞɟɮɨɪɦɚɰɿɣ�ɭ�ɜɟɤɬɨɪɧɿɣ�ɮɨɪɦɿ�
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ɞɟ� LMH ɿ LMP ± ɤɨɦɩɨɧɟɧɬɢ� ɦɟɦɛɪɚɧɧɨʀ� ɿ

ɡɝɢɧɧɨʀ� ɞɟɮɨɪɦɚɰɿɣ� ɨɛɨɥɨɧɤɢ��
QZHYHXX \[
GGGG

�� ± ɜɟɤɬɨɪ� ɩɟɪɟɦɿɳɟɧɶ� ɬɨ�

ɱɨɤ� ɫɟɪɟɞɢɧɧɨʀ ɩɨɜɟɪɯɧɿ�� � �[ \H H Q ± ɨɪɬɢ�

ɤɪɢɜɨɥɿɧɿɣɧɨʀ�ɨɪɬɨɝɨɧɚɥɶɧɨʀ�ɫɢɫɬɟɦɢ�ɤɨɨɪ�
ɞɢɧɚɬ� � �J�� \[ �� \\[[ HH

GGG
MMM � ± ɜɟɤɬɨɪ�ɤɭ�

ɬɿɜ ɩɨɜɨɪɨɬɭ�ɞɨɬɢɱɧɢɯ�ɞɨ�ɤɨɨɪɞɢɧɚɬɧɢɯ�ɥɿ�
ɧɿɣ��ɹɤɿ�ɜɢɡɧɚɱɚɸɬɶɫɹ�ɡɚ�ɮɨɪɦɭɥɚɦɢ��
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Ɏɿɡɢɱɧɿ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ɉɪɢɩɭɫɤɚɸɱɢ��
ɳɨ�ɧɚɜɚɧɬɚɠɟɧɧɹ�ɩɪɨɫɬɟ��ɫɤɨɪɢɫɬɚɽɦɨɫɹ�ɧɟ�
ɥɿɧɿɣɧɢɦɢ�ɮɿɡɢɱɧɢɦɢ�ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦɢ�ɞɟ�
ɮɨɪɦɚɰɿɣɧɨʀ�ɬɟɨɪɿʀ�ɩɥɚɫɬɢɱɧɨɫɬɿ�ɚɧɿɡɨɬɪɨɩ�
ɧɢɯ�ɫɟɪɟɞɨɜɢɳ��ɭ�ɹɤɿɣ�ɩɪɢɣɧɹɬɚ�ɭɦɨɜɚ�ɩɥɚɫ�
ɬɢɱɧɨɫɬɿ ɜɢɞɭ�>��@�
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Ɍɭɬ� VI ± ɞɨɞɚɬɧɚ�ɦɚɬɟɪɿɚɥɶɧɚ�ɤɨɧɫɬɚɧɬɚ�

Ɍɚɤɨɠ�ɩɪɢɣɦɟɦɨ��ɳɨ�ɦɚɬɟɪɿɚɥ� ɡɦɿɰɧɸ�
ɽɬɶɫɹ� ɬɿɥɶɤɢ�ɬɨɞɿ��ɤɨɥɢ�ɜɢɤɨɧɭɽɬɶɫɹ�ɪɨɛɨɬɚ�
ɩɥɚɫɬɢɱɧɢɯ�ɞɟɮɨɪɦɚɰɿɣ
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ɬɨɛɬɨ�ɩɪɢ� VI It

� �S:II  ɬɚ� � �I:: SS  � ���

Ɂɚɥɟɠɧɨɫɬɿ� ɦɿɠ� ɤɨɦɩɨɧɟɧɬɚɦɢ� ɧɚɩɪɭ�
ɠɟɧɶ� ɿ� ɞɟɮɨɪɦɚɰɿɣ� ɞɥɹ ɩɥɨɫɤɨɝɨ ɧɚɩɪɭɠɟ�
ɧɨɝɨ ɫɬɚɧɭ ɭ�ɜɢɩɚɞɤɭ�ɡɛɿɝɭ�ɧɚɩɪɹɦɤɿɜ�ɨɪɬɨ�
ɬɪɨɩɿʀ�ɦɚɬɟɪɿɚɥɭ�ɡ�ɧɚɩɪɹɦɤɚɦɢ�ɨɫɟɣ�ɤɨɨɪɞɢ�
ɧɚɬ� � �J�� \[ ɦɚɸɬɶ�ɜɢɝɥɹɞ�>��@�
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ɞɟ� ��( � ��( � ��* � ��Q � ��Q ± ɩɪɭɠɧɿ�ɫɬɚɥɿ ɤɨɦ�

ɩɨɡɢɬɚ�� ����T � ����T � ����T �� ����T ± ɤɨɦɩɨɧɟɧɬɢ�
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ɬɟɧɡɨɪɚ�� ɳɨ� ɜɪɚɯɨɜɭɽ� ɚɧɿɡɨɬɪɨɩɿɸ� ɧɟɥɿɧɿɣ�
ɧɢɯ�ɜɥɚɫɬɢɜɨɫɬɟɣ�ɄɆ�� � �I< ± ɮɭɧɤɰɿɹ��ɹɤɚ

ɨɩɢɫɭɽ�ɧɟɥɿɧɿɣɧɟ�ɞɟɮɨɪɦɭɜɚɧɧɹ�ɦɚɬɟɪɿɚɥɭ ɿ
ɨɛɱɢɫɥɸɽɬɶɫɹ�ɡɚ ɮɨɪɦɭɥɨɸ >��@�
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ȼɿɞɡɧɚɱɢɦɨ�� ɳɨ� ɮɭɧɤɰɿɹ� ɡɦɿɰɧɟɧɧɹ
� �I:: SS  ɿ� ɡɧɚɱɟɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ� ����T �

����T � ����T � ����T ɜɢɡɧɚɱɚɸɬɶɫɹ�ɡɚ�ɞɨɩɨɦɨ�
ɝɨɸ�ɦɟɬɨɞɢɤɢ��ɜɢɤɥɚɞɟɧɨʀ�ɜ�ɪɨɛɨɬɚɯ�>������@�

Ɇɟɬɨɞɢɤɚ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɮɿɡɢɱɧɨ� ɧɟɥɿ�
ɧɿɣɧɢɯ�ɤɪɚɣɨɜɢɯ�ɡɚɞɚɱ�ɞɥɹ�ɤɨɦɩɨɡɢɬɧɢɯ�
ɰɢɥɿɧɞɪɢɱɧɢɯ�ɨɛɨɥɨɧɨɤ�ɡ�ɩɪɹɦɨɤɭɬɧɢɦɢ�
ɨɬɜɨɪɚɦɢ�� ȼɢɤɥɚɞɟɦɨ� ɱɢɫɟɥɶɧɭ� ɦɟɬɨɞɢɤɭ�
ɪɨɡɜ¶ɹɡɚɧɧɹ�ɡɚɞɚɱ�ɫɬɚɬɢɤɢ�ɞɥɹ�ɨɪɬɨɬɪɨɩɧɢɯ�
ɰɢɥɿɧɞɪɢɱɧɢɯ� ɨɛɨɥɨɧɨɤ�� ɨɫɥɚɛɥɟɧɢɯ� ɨɬɜɨ�
ɪɚɦɢ�� ɡ�ɜɪɚɯɭɜɚɧɧɹɦ�ɮɿɡɢɱɧɨʀ�ɧɟɥɿɧɿɣɧɨɫɬɿ��
ɹɤɚ�ɛɚɡɭɽɬɶɫɹ�ɧɚ�ɜɢɤɨɪɢɫɬɚɧɧɿ�ɦɟɬɨɞɭ�ɞɨɞɚ�
ɬɤɨɜɢɯ� ɧɚɩɪɭɠɟɧɶ�� ɦɟɬɨɞɭ� ɇɶɸɬɨɧɚ� ɿ� ɦɟ�
ɬɨɞɭ�ɫɤɿɧɱɟɧɧɢɯ�ɟɥɟɦɟɧɬɿɜ��Ɇɋȿ��

Ɋɟɚɥɿɡɚɰɿɹ� ɦɟɬɨɞɭ� ɞɨɞɚɬɤɨɜɢɯ� ɧɚɩɪɭ�
ɠɟɧɶ�ɩɟɪɟɞɛɚɱɚɽ�ɩɨɞɚɧɧɹ ɜɢɪɚɡɿɜ�ɞɥɹ�ɧɚɩɪɭ�

ɠɟɧɶ�ɭ�ɜɢɝɥɹɞɿ�ɫɭɦɢ�ɥɿɧɿɣɧɢɯ�� �
LMV ��ɿ�ɧɟɥɿɧɿɣ�
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Ⱦɥɹ� ɜɧɭɬɪɿɲɧɿɯ� ɡɭɫɢɥɶ� ɿ� ɦɨɦɟɧɬɿɜ�

^ ` ^ `Ɍ000777P ������������ ����� ɡ� ɜɪɚɯɭ�
ɜɚɧɧɹɦ�ɪɿɜɧɨɫɬɟɣ�����ɦɚɽɦɨ�ɜɢɪɚɡɢ�
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ɞɟ� ^ ` ^ `Ɍ������������ ������ PPPHHHH  ± ɜɟɤɬɨɪ�
ɤɨɦɩɨɧɟɧɬɿɜ�ɦɟɦɛɪɚɧɧɨʀ� ɬɚ� ɡɝɢɧɧɨʀ� ɞɟɮɨɪ�
ɦɚɰɿɣ�ɨɛɨɥɨɧɤɢ� > @' ± ɦɚɬɪɢɰɹ�ɠɨɪɫɬɤɨɫɬɟɣ�

ɨɛɨɥɨɧɤɢ�� ɟɥɟɦɟɧɬɢ� ɹɤɨʀ� ɨɛɱɢɫɥɸɸɬɶɫɹ� ɡɚ
ɮɨɪɦɭɥɚɦɢ�

�KFG NONO  ������   �� ONON GG
�

� �� �� � � �� �����N O NOG ɫ K N O� �   ���

ɋɢɫɬɟɦɭ�ɪɨɡɜ¶ɹɡɭɜɚɥɶɧɢɯ�ɪɿɜɧɹɧɶ�ɨɬɪɢ�
ɦɚɽɦɨ ɡ�ɜɚɪɿɚɰɿɣɧɨɝɨ�ɪɿɜɧɹɧɧɹ�Ʌɚɝɪɚɧɠɚ

^ ` > @^ `7
' GG H H

6

6  ³³
^ ` ^ `Ɍ ɇ

S$ P GG G H
6

 � 6³³ � ����

Ɍɭɬ� S$ ± ɪɨɛɨɬɚ�ɡɨɜɧɿɲɧɿɯ�ɫɢɥ�

ȼɜɚɠɚɸɱɢ��ɳɨ�ɜ�ɪɿɜɧɹɧɧɿ������ɧɟɥɿɧɿɣɧɿ�

ɫɤɥɚɞɨɜɿ�ɡɭɫɢɥɶ�ɿ�ɦɨɦɟɧɬɿɜ�^ `ɇP ɜɿɞɨɦɿ�ɡ�ɩɨ�
ɩɟɪɟɞɧɶɨɝɨ�ɧɚɛɥɢɠɟɧɧɹ�ɿ�ɧɟ�ɜɚɪɿɸɸɬɶɫɹ��ɜɢ�
ɯɿɞɧɭ�ɮɿɡɢɱɧɨ ɧɟɥɿɧɿɣɧɭ ɡɚɞɚɱɭ�ɦɟɬɨɞɨɦ�ɞɨ�
ɞɚɬɤɨɜɢɯ� ɧɚɩɪɭɠɟɧɶ� ɡɜɨɞɢɦɨ ɞɨ� ɩɨɫɥɿɞɨɜ�
ɧɨɫɬɿ�ɥɿɧɿɣɧɨ�ɩɪɭɠɧɢɯ�ɡɚɞɚɱ� ɍ�ɤɨɠɧɨɦɭ�ɧɚ�
ɛɥɢɠɟɧɧɿ� ɦɟɬɨɞɭ ɞɨɞɚɬɤɨɜɢɯ� ɧɚɩɪɭɠɟɧɶ

ɩɪɢ�ɨɛɱɢɫɥɟɧɧɿ�ɧɟɥɿɧɿɣɧɢɯ ɱɥɟɧɿɜ� ^ `ɇP ɧɟ�
ɨɛɯɿɞɧɨ� ɩɨɩɟɪɟɞɧɶɨ� ɜɢɪɚɡɢɬɢ� ɧɚɩɪɭɠɟɧɧɹ�
ɱɟɪɟɡ� ɜɿɞɨɦɿ� ɞɟɮɨɪɦɚɰɿʀ�� ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ�
ɪɿɜɧɨɫɬɿ� ����� Ɏɿɡɢɱɧɿ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ���� ɽ�
ɫɭɬɬɽɜɨ�ɧɟɥɿɧɿɣɧɢɦɢ�ɣ�ɧɟɪɨɡɜ¶ɹɡɧɢɦɢ�ɚɧɚɥɿ�
ɬɢɱɧɨ� ɜɿɞɧɨɫɧɨ ɧɚɩɪɭɠɟɧɶ�� Ɂɚɩɢɲɟɦɨ� ɪɿɜ�
ɧɹɧɧɹ�����ɭ�ɜɢɝɥɹɞɿ�

^ ` ^ `� �� � � ������L) H LV   � ����

ɞɟ�^ ` ^ `�� �� ��� � �
7V V V V ^ ` ^ `�� �� ��� �

7
H H H H ±

ɜɟɤɬɨɪɢ�ɧɚɩɪɭɠɟɧɶ�ɿ�ɞɟɮɨɪɦɚɰɿɣ�ɭ�ɞɨɜɿɥɶɧɿɣ�
ɬɨɱɰɿ�ɨɛɨɥɨɧɤɢ�

Ɋɨɡɜ¶ɹɠɟɦɨ�ɧɟɥɿɧɿɣɧɭ�ɫɢɫɬɟɦɭ� �����ɜɿɞ�
ɧɨɫɧɨ�ɧɚɩɪɭɠɟɧɶ�ɦɟɬɨɞɨɦ�ɇɶɸɬɨɧɚ

^ `^ ` � � ������ML
L M

)
) LV

V
w

� '   
w

�

^ ` ^ ` ^ `�M M MV V V�  � ' � ����

ɜɢɛɢɪɚɸɱɢ�ɡɚ�ɩɨɱɚɬɤɨɜɟ�ɧɚɛɥɢɠɟɧɧɹ�ɧɚɩɪɭ�

ɠɟɧɧɹ�ɞɥɹ�ɥɿɧɿɣɧɨ�ɩɪɭɠɧɨɝɨ�ɬɿɥɚ ^ `�V �

ɉɿɫɥɹ�ɱɢɫɟɥɶɧɨɝɨ�ɨɛɟɪɧɟɧɧɹ ɪɿɜɧɹɧɶ�����
ɜɿɞɧɨɫɧɨ� ɧɚɩɪɭɠɟɧɶ� ɦɚɬɢɦɟɦɨ ɡɚɥɟɠɧɨɫɬɿ�
ɜɢɞɭ

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

ɉɨɫɥɿɞɨɜɧɿɫɬɶ ɥɿɧɿɣɧɨ�ɩɪɭɠɧɢɯ� ɡɚɞɚɱ
ɪɨɡɜ¶ɹɡɭɽɬɶɫɹ� ɦɨɞɢɮɿɤɨɜɚɧɢɦ Ɇɋȿ� Ɉɫɨɛ�
ɥɢɜɿɫɬɶ��ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɜɚɪɿɚɧɬɚ Ɇɋȿ ɩɨ�
ɥɹɝɚɽ�ɜ�ɬɨɦɭ��ɳɨ�ɜɟɤɬɨɪ�ɤɭɬɿɜ�ɩɨɜɨɪɨɬɭ�M

G
ɧɟ�

ɜɢɡɧɚɱɚɽɬɶɫɹ�ɡɚ�ɞɨɩɨɦɨɝɨɸ ɮɨɪɦɭɥ���� ɞɥɹ�

[M ɿ� \M �� ɹɤ� ɰɟ� ɩɪɢɣɧɹɬɨ� ɜ� ɬɪɚɞɢɰɿɣɧɨɦɭ�

Ɇɋȿ� ɞɥɹ� ɬɨɧɤɢɯ� ɨɛɨɥɨɧɨɤ�� ɚ� ɚɩɪɨɤɫɢɦɭ�
ɽɬɶɫɹ� ɛɿɤɜɚɞɪɚɬɢɱɧɢɦ� ɩɨɥɿɧɨɦɨɦ ɫɟɪɟɧ�
ɞɢɩɨɜɨɝɨ� ɬɢɩɭ� ɡ� ɜɢɤɨɧɚɧɧɹɦ� ɝɿɩɨɬɟɡ�
Ʉɿɪɯɝɨɮɚ±Ʌɹɜɚ ɭ� ɜɭɡɥɚɯ� ɫɤɿɧɱɟɧɧɨɝɨ� ɟɥɟ�
ɦɟɧɬɚ�>�����@�

Ɂɚɫɬɨɫɨɜɭɸɱɢ� Ɇɋȿ�� ɡ� ɪɿɜɧɹɧɧɹ� Ʌɚɝ�
ɪɚɧɠɚ������ɨɞɟɪɠɢɦɨ ɫɢɫɬɟɦɭ�ɚɥɝɟɛɪɚʀɱɧɢɯ�
ɪɿɜɧɹɧɶ��ɹɤɚ�ɦɨɞɟɥɸɽ�ɧɟɥɿɧɿɣɧɨ�ɩɪɭɠɧɟ ɞɟ�
ɮɨɪɦɭɜɚɧɧɹ�ɤɨɦɩɨɡɢɬɧɨʀ�ɰɢɥɿɧɞɪɢɱɧɨʀ�ɨɛɨ�
ɥɨɧɤɢ��ɨɫɥɚɛɥɟɧɨʀ�ɩɪɹɦɨɤɭɬɧɢɦɢ�ɨɬɜɨɪɚɦɢ�

> @^ ` ^ ` ^ `�:� 3T. ����

ɞɟ� > @. ± ɝɥɨɛɚɥɶɧɚ�ɦɚɬɪɢɰɹ ɠɨɪɫɬɤɨɫɬɿ�ɥɿ�

ɧɿɣɧɨ�ɩɪɭɠɧɨʀ� ɨɛɨɥɨɧɤɢ�� ^ `T � ^ `3 � ^ `: ±
ɝɥɨɛɚɥɶɧɿ� ɜɟɤɬɨɪɢ� ɜɭɡɥɨɜɢɯ� ɫɬɭɩɟɧɿɜ� ɫɜɨ�
ɛɨɞɢ��ɧɚɜɚɧɬɚɠɟɧɶ�ɿ�ɧɟɥɿɧɿɣɧɨɫɬɟɣ��

ȼɿɞɡɧɚɱɢɦɨ�� ɳɨ� ɞɥɹ� ɟɥɟɦɟɧɬɚ� ��H ɦɚɬ�
ɪɢɰɹ� ɠɨɪɫɬɤɨɫɬɿ� ɬɚ� ɜɟɤɬɨɪɢ� ɧɚɜɚɧɬɚɠɟɧɶ� ɿ�
ɧɟɥɿɧɿɣɧɨɫɬɟɣ�ɨɛɱɢɫɥɸɸɬɶɫɹ�ɡɚ ɮɨɪɦɭɥɚɦɢ��

> @ > @ > @> @ �������

��

6 ³³
6

G%'%. H7HH

H

^ ` > @ ^ ` �
��

S

���� 6 ³³
6

GSI3
H

7HH ����

^ ` > @ ^ ` �
��

���� 6 : ³³
6

GP%
H

ɇ7HH

Ɍɭɬ� � �HIª º¬ ¼ �
� �H%ª º¬ ¼ ± ɦɚɬɪɢɰɿ ɮɭɧɤɰɿɣ�ɮɨɪɦɢ�

ɩɟɪɟɦɿɳɟɧɶ ɿ�ɞɟɮɨɪɦɚɰɿɣ�

ɑɢɫɥɨɜɿ ɪɟɡɭɥɶɬɚɬɢ�ɿ�ʀɯ�ɚɧɚɥɿɡ��Ⱦɨɫɥɿ�
ɞɢɦɨ� ɧɟɥɿɧɿɣɧɨ�ɩɪɭɠɧɢɣ� ɫɬɚɧ ɤɨɦɩɨɡɢɬɧɨʀ�
ɰɢɥɿɧɞɪɢɱɧɨʀ� ɨɛɨɥɨɧɤɢ� ɩɨɫɬɿɣɧɨʀ� ɬɨɜɳɢɧɢ�
K ɿ�ɪɚɞɿɭɫɚ� ���5 K  ��ɨɫɥɚɛɥɟɧɨʀ ɞɜɨɦɚ�ɨɞ�
ɧɚɤɨɜɢɦɢ� ɤɜɚɞɪɚɬɧɢɦɢ� ɨɬɜɨɪɚɦɢ� ɡɿ� ɫɬɨɪɨ�
ɧɨɸ ��D K  �� ɰɟɧɬɪɢ� ɹɤɢɯ� ɡɧɚɯɨɞɹɬɶɫɹ� ɧɚ�
ɫɩɿɥɶɧɿɣ�ɧɚɩɪɹɦɧɿɣ��Ⱦɨɜɠɢɧɚ ɨɛɨɥɨɧɤɢ�ɫɬɚ�
ɧɨɜɢɬɶ� ���/ K  ��ɚ�ɜɿɞɫɬɚɧɶ�ɦɿɠ�ɤɨɧɬɭɪɚɦɢ�
ɨɬɜɨɪɿɜ��ɞɨɜɠɢɧɚ�ɩɟɪɟɦɢɱɤɢ &'��ɩɪɢ�ɜɢɤɨ�
ɧɚɧɧɿ� ɪɨɡɪɚɯɭɧɤɿɜ� ɡɦɿɧɸɜɚɥɚɫɹ� ɜ� ɦɟɠɚɯ��
�� ��G Kd d � Ɉɛɨɥɨɧɤɚ�ɜɢɝɨɬɨɜɥɟɧɚ�ɡ�ɨɪɬɨ�
ɬɪɨɩɧɨɝɨ� ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ�� ɞɥɹ� ɹɤɨɝɨ�ɧɚ� ɨɫ�
ɧɨɜɿ�ɞɿɚɝɪɚɦ�ɞɟɮɨɪɦɭɜɚɧɧɹ�ɜ� >������@ ɩɨɛɭ�
ɞɨɜɚɧɚ�ɮɭɧɤɰɿɹ�ɡɦɿɰɧɟɧɧɹ�

� �
�� �

� � �

V

QS
V V

I I
:

F I I I I

d° ® ª º� !° ¬ ¼¯
����� F Ɇɉɚ� � Q �� ������ � VI Ɇɉɚ

ɿ�ɜɢɡɧɚɱɟɧɿ�ɮɿɡɢɤɨ�ɦɟɯɚɧɿɱɧɿ ɩɚɪɚɦɟɬɪɢ��ɹɤɿ�
ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ�ɥɿɧɿɣɧɭ ɬɚ ɧɟɥɿɧɿɣɧɭ ɫɬɚɞɿʀ
ɞɟɮɨɪɦɭɜɚɧɧɹ�

�� ����(  Ƚɉɚ�� �� ����(  Ƚɉɚ�

�����  * Ƚɉɚ� ��������  Q
�������  T �� �������  T �

��������  T ��� ��������  T �

Ɂ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɪɨɡɪɨɛɥɟɧɨʀ�ɦɟɬɨɞɢɤɢ�
ɪɨɡɜ¶ɹɡɚɧɿ�ɥɿɧɿɣɧɿ��ɅɁ� ɿ�ɧɟɥɿɧɿɣɧɿ��ɇɁ��ɡɚɞɚɱɿ�
ɩɪɢ�ɞɿʀ�ɧɚ ɬɨɪɰɹɯ�ɨɛɨɥɨɧɤɢ�ɪɨɡɬɹɝɭɜɚɥɶɧɢɯ�

ɡɭɫɢɥɶ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ� ����
a  3 �3 K  

���3 � ɉɚ��
ɇɚ�ɪɢɫ� � ɩɨɤɚɡɚɧɚ ɡɚɥɟɠɧɿɫɬɶ�ɦɚɤɫɢɦɚ�

ɥɶɧɢɯ�ɧɚɩɪɭɠɟɧɶ� PD[
aV � �

PD[PD[ ��a � VV ɉɚ��

ɜɿɞ� ɡɜɟɞɟɧɨʀ� ɞɨɜɠɢɧɢ� ɩɟɪɟɦɢɱɤɢ� G G D ��
ɉɭɧɤɬɢɪɧɚ� ɤɪɢɜɚ� ɜɿɞɩɨɜɿɞɚɽ� ɪɨɡɜ¶ɹɡɤɭ� ɥɿ�
ɧɿɣɧɨ�ɩɪɭɠɧɨʀ�ɡɚɞɚɱɿ��ɚ�ɫɭɰɿɥɶɧɚ�± ɪɨɡɜ¶ɹɡɤɭ�
ɧɟɥɿɧɿɣɧɨʀ�ɡɚɞɚɱɿ�

ɍ�ɬɚɛɥ� ��ɧɚɜɟɞɟɧɿ�ɡɧɚɱɟɧɧɹ�ɧɚɣɛɿɥɶɲɢɯ�
ɧɚɩɪɭɠɟɧɶ�� [Va ��ɭ�ɰɟɧɬɪɿ�ɩɟɪɟɦɢɱɤɢ��ɭ�ɬɨɱɰɿ�
Ɉ�� ɞɥɹ� ɪɹɞɭ� ɡɧɚɱɟɧɶ� ʀʀ� ɞɨɜɠɢɧɢ��

���������������G  �� Ⱦɚɧɿ� ɨɬɪɢɦɚɧɿ� ɩɪɢ�
ɪɨɡɜ¶ɹɡɚɧɧɿ�ɡɚɞɚɱ�ɭ�ɥɿɧɿɣɧɿɣ�ɿ�ɧɟɥɿɧɿɣɧɿɣ�ɩɨ�
ɫɬɚɧɨɜɤɚɯ�

ȱɡ� ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ� ɜɢɩɥɢɜɚɽ��ɳɨ�
ɧɚɣɛɿɥɶɲɿ� ɧɚɩɪɭɠɟɧɧɹ� ɜ� ɨɛɨɥɨɧɰɿ� ɦɚɸɬɶ�
ɦɿɫɰɟ ɜ�ɤɭɬɨɜɿɣ ɬɨɱɰɿ�%�ɧɚ�ɡɨɜɧɿɲɧɿɣ�ɩɨɜɟɪ�
ɯɧɿ�� ɚ� ɜ�ɰɟɧɬɪɿ� ɩɟɪɟɦɢɱɤɢ� �ɜ� ɬɨɱɰɿ�Ɉ�� ± ɧɚ�
ɜɧɭɬɪɿɲɧɿɣ� ɩɨɜɟɪɯɧɿ�� Ɂɿ� ɡɦɟɧɲɟɧɧɹɦ� ɞɨɜ�
ɠɢɧɢ� ɩɟɪɟɦɢɱɤɢ� ɧɚɣɛɿɥɶɲɿ� ɧɚɩɪɭɠɟɧɧɹ� ɜ�
ɰɟɧɬɪɿ� ɩɟɪɟɦɢɱɤɢ� ɡɛɿɥɶɲɭɸɬɶɫɹ� ɭ� ���� ɪɚɡɚ
ɹɤ�ɞɥɹ�ɅɁ��ɬɚɤ�ɿ�ɇɁ��ɚ�ɜ�ɤɭɬɨɜɿɣ�ɬɨɱɰɿ %�± ɭ�
����ɪɚɡɚ ɞɥɹ�ɅɁ�ɿ�ɜ�����ɪɚɡɚ ɞɥɹ�ɇɁ�

ȼɪɚɯɭɜɚɧɧɹ� ɮɿɡɢɱɧɨʀ� ɧɟɥɿɧɿɣɧɨɫɬɿ� ɩɪɢ�
ɜɨɞɢɬɶ�ɞɨ�ɡɦɟɧɲɟɧɧɹ�ɦɚɤɫɢɦɚɥɶɧɢɯ�ɧɚɩɪɭ�
ɠɟɧɶ�ɜ�ɨɛɨɥɨɧɰɿ�ɭ�ɩɨɪɿɜɧɹɧɧɿ�ɡ�ɪɟɡɭɥɶɬɚɬɚɦɢ�
ɥɿɧɿɣɧɨ�ɩɪɭɠɧɨɝɨ�ɪɨɡɜ¶ɹɡɤɭ�� ɜɿɞɩɨɜɿɞɧɨ��ɧɚ�
������ɞɥɹ� ���G D  ��ɧɚ������ɞɥɹ� ���G D  
ɿ� ɧɚ� ����� ɞɥɹ� ���G D  �� ȼɨɞɧɨɱɚɫ ɦɚɤɫɢ�
ɦɚɥɶɧɿ� ɧɚɩɪɭɠɟɧɧɹ� ɭ� ɰɟɧɬɪɿ� ɩɟɪɟɦɢɱɤɢ��
ɨɬɪɢɦɚɧɿ ɡ�ɪɨɡɜ¶ɹɡɤɿɜ�ɅɁ�ɿ�ɇɁ��ɞɥɹ�ɜɫɿɯ�ɡɧɚ�
ɱɟɧɶ�ɞɨɜɠɢɧɢ�ɩɟɪɟɦɢɱɤɢ� G ɩɪɚɤɬɢɱɧɨ�ɡɛɿ�
ɝɚɸɬɶɫɹ�
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

Ɋɢɫ���� Ɂɚɥɟɠɧɿɫɬɶ�ɦɚɤɫɢɦɚɥɶɧɢɯ�ɧɚɩɪɭɠɟɧɶ�ɜɿɞ�ɞɨɜɠɢɧɢ�ɩɟɪɟɦɢɱɤɢ

Ɍɚɛɥ� ��Ɇɚɤɫɢɦɚɥɶɧɿ�ɧɚɩɪɭɠɟɧɧɹ�ɜ�ɰɟɧɬɪɿ�ɩɟɪɟɦɢɱɤɢ��ɜ�ɬɨɱɰɿ�Ɉ�

G
a ��� ��� ��� ��� ��� ��� ��� ���

[Va
ɅɁ ���� ���� ���� ���� ���� ���� ���� ����
ɇɁ ���� ���� ���� ���� ���� ���� ���� ����

Ⱥɧɚɥɿɡ�ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ�ɬɚɤɨɠ�
ɞɨɡɜɨɥɹɽ� ɡɪɨɛɢɬɢ� ɜɢɫɧɨɜɨɤ�ɩɪɨ� ɬɟ��ɳɨ�ɩɪɢ�
ɞɨɫɥɿɞɠɟɧɧɿ� ɧɚɩɪɭɠɟɧɨ�ɞɟɮɨɪɦɨɜɚɧɨɝɨ�
ɫɬɚɧɭ �ɇȾɋ�� ɤɨɦɩɨɡɢɬɧɢɯ� ɰɢɥɿɧɞɪɢɱɧɢɯ�
ɨɛɨɥɨɧɨɤ�� ɨɫɥɚɛɥɟɧɢɯ� ɞɜɨɦɚ� ɤɜɚɞɪɚɬɧɢɦɢ�
ɚɛɨ�ɩɪɹɦɨɤɭɬɧɢɦɢ�ɨɬɜɨɪɚɦɢ��ɡ�ɜɪɚɯɭɜɚɧɧɹɦ�
ɧɟɥɿɧɿɣɧɢɯ�ɜɥɚɫɬɢɜɨɫɬɟɣ�ɦɚɬɟɪɿɚɥɭ ɞɥɹ�ɞɨɜ�
ɠɢɧɢ�ɩɟɪɟɦɢɱɤɢ��ɹɤɚ�ɩɟɪɟɜɢɳɭɽ�ɱɨɬɢɪɢ�ɞɨ�
ɜɠɢɧɢ�ɫɬɨɪɨɧɢ�ɨɬɜɨɪɭ�� �� tDG ���ɜɡɚɽɦɧɢɦ�
ɜɩɥɢɜɨɦ� ɤɨɧɬɭɪɿɜ� ɨɬɜɨɪɿɜ� ɦɨɠɧɚ� ɡɧɟɯɬɭ�
ɜɚɬɢ�

ȼɢɫɧɨɜɤɢ�� Ɉɬɠɟ�� ɭ ɪɨɛɨɬɿ� ɪɨɡɪɨɛɥɟɧɨ�
ɱɢɫɟɥɶɧɭ� ɦɟɬɨɞɢɤɭ ɪɨɡɜ¶ɹɡɚɧɧɹ� ɞɜɨɜɢɦɿɪ�
ɧɢɯ� ɧɟɥɿɧɿɣɧɨ�ɩɪɭɠɧɢɯ ɡɚɞɚɱ� ɫɬɚɬɢɤɢ� ɞɥɹ�
ɬɨɧɤɢɯ�ɰɢɥɿɧɞɪɢɱɧɢɯ�ɨɛɨɥɨɧɨɤ��ɜɢɝɨɬɨɜɥɟ�
ɧɢɯ�ɡ�ɤɨɦɩɨɡɢɬɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɿ�ɨɫɥɚɛɥɟɧɢɯ�
ɞɟɤɿɥɶɤɨɦɚ�ɩɪɹɦɨɤɭɬɧɢɦɢ ɨɬɜɨɪɚɦɢ��ɉɨɛɭ�
ɞɨɜɚɧɚ�ɦɟɬɨɞɢɤɚ ɛɚɡɭɽɬɶɫɹ�ɧɚ�ɜɢɤɨɪɢɫɬɚɧɧɿ�
ɜɚɪɿɚɰɿɣɧɨɝɨ� ɪɿɜɧɹɧɧɹ� Ʌɚɝɪɚɧɠɚ�� ɦɟɬɨɞɭ

ɇɶɸɬɨɧɚ�� ɦɟɬɨɞɭ� ɩɨɱɚɬɤɨɜɢɯ� ɧɚɩɪɭɠɟɧɶ� ɿ�
ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ�Ɇɋȿ��Ɉɫɨɛɥɢɜɿɫɬɶ� � ɡɚɩɪɨ�
ɩɨɧɨɜɚɧɨɝɨ ɜɚɪɿɚɧɬɚ Ɇɋȿ ɩɨɥɹɝɚɽ�ɭ�ɜɢɤɨɪɢ�
ɫɬɚɧɧɿ�ɜɟɤɬɨɪɧɨʀ�ɮɨɪɦɢ�ɝɟɨɦɟɬɪɢɱɧɢɯ�ɫɩɿɜ�
ɜɿɞɧɨɲɟɧɶ�ɿ�ɞɢɫɤɪɟɬɧɿɣ�ɪɟɚɥɿɡɚɰɿʀ�ɝɟɨɦɟɬɪɢ�
ɱɧɨʀ�ɱɚɫɬɢɧɢ�ɝɿɩɨɬɟɡ�Ʉɿɪɯɝɨɮɚ±Ʌɹɜɚ��Ɂ ɜɢɤɨ�
ɪɢɫɬɚɧɧɹɦ� ɪɨɡɪɨɛɥɟɧɨʀ� ɦɟɬɨɞɢɤɢ� ɿ� ɫɤɥɚɞɟ�
ɧɢɯ� ɩɪɢɤɥɚɞɧɢɯ� ɩɪɨɝɪɚɦ ɞɨɫɥɿɞɠɟɧɨ� ɨɫɶɨ�
ɜɢɣ�ɪɨɡɬɹɝ�ɧɟɥɿɧɿɣɧɨ�ɩɪɭɠɧɨʀ�ɰɢɥɿɧɞɪɢɱɧɨʀ�
ɨɛɨɥɨɧɤɢ ɡ� ɞɜɨɦɚ� ɤɜɚɞɪɚɬɧɢɦɢ� ɨɬɜɨɪɚɦɢ�
ɉɪɟɞɫɬɚɜɥɹɽ� ɩɨɞɚɥɶɲɢɣ� ɿɧɬɟɪɟɫ� ɜɢɜɱɟɧɧɹ�
ɇȾɋ� ɤɨɦɩɨɡɢɬɧɢɯ� ɨɛɨɥɨɧɨɤ� ɡ� ɩɪɹɦɨɤɭɬ�
ɧɢɦɢ ɨɬɜɨɪɚɦɢ ɩɪɢ� ɫɭɦɿɫɧɨɦɭ� ɜɪɚɯɭɜɚɧɧɿ�
ɮɿɡɢɱɧɨʀ�ɬɚ�ɝɟɨɦɟɬɪɢɱɧɨʀ�ɧɟɥɿɧɿɣɧɨɫɬɟɣ�

ɇɚɭɤɨɜɿ� ɞɨɫɥɿɞɠɟɧɧɹ�� ɪɟɡɭɥɶɬɚɬɢ� ɹɤɢɯ�
ɨɩɭɛɥɿɤɨɜɚɧɨ�ɜ�ɞɚɧɿɣ�ɫɬɚɬɬɿ��ɜɢɤɨɧɚɧɨ�ɡɚ�ɪɚ�
ɯɭɧɨɤ� ɤɨɲɬɿɜ� ɛɸɞɠɟɬɧɨʀ� ɩɪɨɝɪɚɦɢ� ©ɉɿɞ�
ɬɪɢɦɤɚ�ɩɪɿɨɪɢɬɟɬɧɢɯ�ɧɚɩɪɹɦɿɜ�ɧɚɭɤɨɜɢɯ�ɞɨ�
ɫɥɿɞɠɟɧɶª��ɄɉɄȼɄ����������
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

Ʌɿɬɟɪɚɬɭɪɚ

�� ɋɚɜɟɥɶɟɜ�Ʌ��Ɇ���ɏɚɡɚɧɨɜ�ɏ��ɋ��ɍɩɪɭɝɨ�ɩɥɚɫɬɢɱɟɫɤɢɟ�ɞɟɮɨɪɦɚɰɢɢ�ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ�ɨɛɨɥɨɱɤɢ�ɫ�
ɤɪɭɝɨɜɵɦ�ɨɬɜɟɪɫɬɢɟɦ��Ɍɟɨɪɢɹ�ɨɛɨɥɨɱɟɤ�ɢ�ɩɥɚɫɬɢɧ��Ɇɨɫɤɜɚ��ɇɚɭɤɚ��������ɋ�����±�����

�� Ⱦɟɦɢɞɨɜ�Ⱥ��ɂ��Ʉ�ɜɨɩɪɨɫɭ�ɨ�ɩɪɢɦɟɧɢɦɨɫɬɢ�ɬɟɨɪɢɢ�ɦɚɥɵɯ�ɭɩɪɭɝɨ�ɩɥɚɫɬɢɱɟɫɤɢɯ�ɞɟɮɨɪɦɚɰɢɣ�ɩɪɢ�
ɪɚɫɱɟɬɟ� ɨɛɨɥɨɱɟɤ� ɩɪɢ� ɧɟɭɩɪɭɝɨɦ� ɩɨɜɟɞɟɧɢɢ� ɦɚɬɟɪɢɚɥɚ� Ɇɟɬɚɥɥɢɱɟɫɤɢɟ� ɤɨɧɫɬɪɭɤɰɢɢ�� ������
Ɍ� ����ʋ����ɋ�����±����

�� Ɂɚɰɟɩɢɧɚ�Ɇ��ȼ���ɏɚɡɚɧɨɜ�ɏ��ɋ��ȼɚɪɢɚɰɢɨɧɧɵɟ�ɭɪɚɜɧɟɧɢɹ�ɞɥɹ�ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ�ɨɛɨɥɨɱɤɢ�ɫ�ɤɪɭɝ�
ɥɵɦ� ɨɬɜɟɪɫɬɢɟɦ� ɩɪɢ� ɛɨɥɶɲɢɯ� ɩɪɨɝɢɛɚɯ� Ɍɪ�� Ʉɭɣɛɵɲɟɜ�� ɚɜɢɚɰ�� ɢɧ�ɬɚ�� ������ ȼɵɩ� ����
ɋ�����±����

�� Ʉɨɪɧɢɲɢɧ�Ɇ��ɋ���ɉɟɬɭɯɨɜ�ɇ��ɉ��Ʉ�ɪɚɫɱɟɬɭ�ɧɚ�ɢɡɝɢɛ�ɝɢɛɤɢɯ�ɩɥɚɫɬɢɧ�ɢ�ɩɨɥɨɝɢɯ�ɩɚɧɟɥɟɣ�ɫɨ�ɫɥɨɠ�
ɧɵɦ�ɨɱɟɪɬɚɧɢɟɦ�ɤɨɧɬɭɪɚ�ɦɟɬɨɞɨɦ�ɛɥɨɱɧɨɣ�ɢɬɟɪɚɰɢɢ� Ɍɪɭɞɵ�ɫɟɦɢɧɚɪɚ�ɩɨ�ɬɟɨɪɢɢ�ɨɛɨɥɨɱɟɤ��Ʉɚ�
ɡɚɧɫɤɢɣ�ɮɢɡ��ɬɟɯɧ��ɢɧ�ɬ�Ⱥɇ�ɋɋɋɊ��������ȼɵɩ�����ɋ����±���

�� &KHUQ\VKHQNR�,� 6���6WRUR]KXN�(� $��,QHODVWLF�'HIRUPDWLRQ�RI�)OH[LEOH�&\OLQGULFDO�6KHOOV�ZLWK�D�&XU�
YLOLQHDU�+ROH� ,QW��$SSO��0HFK� ������9RO������1R�����3������±�����

�� &KHUQ\VKHQNR�,� 6���6WRUR]KXN�(� $���.DG\URY�)� '�� ,QHODVWLF�'HIRUPDWLRQ�RI�)OH[LEOH�&\OLQGULFDO�
6KHOOV�ZLWK�DQ�(OOLSWLF�+ROH��,QW��$SSO��0HFK��������9RO������1R����3�����±����

�� *X]�$� 1���6WRUR]KXN�(� $���&KHUQ\VKHQNR�,� 6��(ODVWRSODVWLF�6WDWH�RI�)OH[LEOH�&\OLQGULFDO�6KHOOV�ZLWK�
7ZR�&LUFXODU�+ROHV��,QW� $SSO��0HFK��������9RO������1R�����3������±������

�� +XGUDPRYLFK�9��6���+DUW�(��/���.OLPHQNR�'��9���5MDERNRQ¶�6��$��0XWXDO�LQIOXHQFH�RI�WKH�FXWV�RQ�WKH�
VWUHQJWK�RI�WKH�VKHOO�VWUXFWXUHV�DW�WKH�SODVWLF�GHIRUPDWLRQ��6WUHQJWK�RI�0DWHULDOV��������9RO������1R����
3� �±��

�� 0DNVLP\XN�9� $���&KHUQ\VKHQNR�,� 6��6WUHVV�6WDWH�DURXQG�+ROHV� LQ�2UWKRWURSLF�&\OLQGULFDO�6KHOOV�
ZLWK�$OORZDQFH�IRU�1RQOLQHDUO\�(ODVWLF�0DWHULDO�3URSHUWLHV��,QW��$SSO��0HFK��������9RO������1R ����
3�����±�����

��� Ƚɭɡɶ�Ⱥ� ɇ���Ʉɨɫɦɨɞɚɦɢɚɧɫɤɢɣ�Ⱥ� ɋ���ɒɟɜɱɟɧɤɨ�ȼ� ɉ� Ɇɟɯɚɧɢɤɚ�ɤɨɦɩɨɡɢɬɨɜ��ɦɨɧɨɝɪɚɮɢɹ��ɜ��� ɬ�
Ʉɢɟɜ��©Ⱥ�ɋ�Ʉ�ª��������Ɍ�����Ʉɨɧɰɟɧɬɪɚɰɢɹ�ɧɚɩɪɹɠɟɧɢɣ������ɫ�

��� Ʌɨɦɚɤɢɧ�ȼ� Ⱥ��Ɉ� ɬɟɨɪɢɢ� ɩɥɚɫɬɢɱɧɨɫɬɢ� ɚɧɢɡɨɬɪɨɩɧɵɯ� ɫɪɟɞ��ȼɟɫɬɧɢɤ�Ɇɨɫɤɨɜɫɤɨɝɨ� ɭɧɢɜɟɪɫɢ�
ɬɟɬɚ��&ɟɪɢɹ ���Ɇɚɬɟɦɚɬɢɤɚ��Ɇɟɯɚɧɢɤɚ� ������ʋ����ɋ����±���

��� $UHLDV 3� 0� $���6RQJ -��+���%HO\WVFKNR 7��$ ILQLWH�VWUDLQ TXDGULODWHUDO VKHOO HOHPHQW EDVHG RQ GLVFUHWH
.LUFKKRII±/RYH FRQVWUDLQWV��,QW��-��1XPHU��0HWK��(QJ��������9RO������1R ���3������±������

5()(5(1&(6

�� 6DYHOLHY��/� 0��	 .KD]DQRY� .K� 6����������(ODVWLF�SODVWLF�GHIRUPDWLRQV�RI�D�F\OLQGULFDO�VKHOO�ZLWK�D�
FLUFXODU�KROH��,Q��7KHRU\�RI�VKHOOV�DQG�SODWHV �SS�����±������0RVNRZ��1DXND��LQ�5XVVLDQ��

�� 'HPLGRY��$� ,����������5HYLVWLQJ�WKH�SHUWLQHQFH�RI�WKHRU\�RI�OLWWOH�HODVWR�SODVWLF�VWUDLQ�ZKHQ�FDOFXODWLQJ�
VKHOOV� LQ� WKH� SURFHVV� RI� LQHODVWLF� EHKDYLRU� RI�PDWHULDO��0HWDOOLFKHVNLH� NRQVWUXNFLL��9RO�� ����1R�� ��
SS�����±�����LQ�5XVVLDQ���

�� =DWVHSLQD��0� 9��	�.KD]DQRY��.K� 6����������9DULDWLRQDO�HTXDWLRQV�IRU�D�F\OLQGULFDO�VKHOO�ZLWK�D�URXQG�
KROH�ZLWK�ODUJH�GHIOHFWLRQV��7UXG\�.XME\VKHYVNRJR�DYLDFLRQQRJR�LQVWLWXWD��,VV������SS�����±�����LQ�
5XVVLDQ���

�� .RUQLVKLQ��0� 6��	�3HWXNKRY��1� 3����������)RU�WKH�FDOFXODWLRQ�RI�WKH�EHQGLQJ�RI�IOH[LEOH�SODWHV�DQG�
IODW�SDQHOV�ZLWK�D�FRPSOH[�FRQWRXU�XVLQJ� WKH�EORFN� LWHUDWLRQ�PHWKRG��7UXG\�VHPLQDUD�SR� WHRULL�RE�
RORFKHN��.D]DQVNL\�IL]LNR�WHKQLFKHVNL\�LQVWLWXW�$1�6665��,VV�����SS����±����LQ�5XVVLDQ���

�� &KHUQ\VKHQNR��,� 6��	�6WRUR]KXN��(� $����������,QHODVWLF�'HIRUPDWLRQ�RI�)OH[LEOH�&\OLQGULFDO�6KHOOV�
ZLWK�D�&XUYLOLQHDU�+ROH��,QW��$SSO��0HFK��9RO������1R������SS������±������

�� &KHUQ\VKHQNR�� ,� 6���6WRUR]KXN��(� $��	�.DG\URY��)� '���������� ,QHODVWLF�'HIRUPDWLRQ�RI�)OH[LEOH�
&\OLQGULFDO�6KHOOV�ZLWK�DQ�(OOLSWLF�+ROH��,QW��$SSO��0HFK��9RO������1R�����SS�����±����
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

�� *X]��$� 1���6WRUR]KXN��(� $��	�&KHUQ\VKHQNR��,� 6����������(ODVWRSODVWLF�6WDWH�RI�)OH[LEOH�&\OLQGULFDO�
6KHOOV�ZLWK�7ZR�&LUFXODU�+ROHV��,QW��$SSO��0HFK��9RO������1R������SS������±������

�� +XGUDPRYLFK��9��6���+DUW��(��/���.OLPHQNR��'��9��	�5MDERNRQ¶��6��$����������0XWXDO�LQIOXHQFH�RI�WKH�
FXWV�RQ�WKH�VWUHQJWK�RI�WKH�VKHOO�VWUXFWXUHV�DW�WKH�SODVWLF�GHIRUPDWLRQ��6WUHQJWK�RI�0DWHULDOV��9RO������
1R�����SS���±��

�� 0DNVLP\XN��9� $��	�&KHUQ\VKHQNR��,� 6����������6WUHVV�6WDWH�DURXQG�+ROHV�LQ�2UWKRWURSLF�&\OLQGULFDO�
6KHOOV�ZLWK�$OORZDQFH�IRU�1RQOLQHDUO\�(ODVWLF�0DWHULDO�3URSHUWLHV��,QW��$SSO��0HFK���9RO������1R������
SS�����±�����

��� *X]��$� 1���.RVPRGDPLDQVNLL��$� 6��	�6KHYFKHQNR��9� 3����������0HFKDQLFV�RI�&RPSRVLWH�0DWHULDOV��
�YRO�����6WUHVV�&RQFHQWUDWLRQ��.\LY��$�6�.���LQ�5XVVLDQ���

��� /RPDNLQ��9� $����������2Q WKH�WKHRU\�RI�DQLVRWURSLF�SODVWLFLW\��9HVWQLN�0RVNRYVNRJR�XQLYHUVLWHWD��
6HULMD �� 0DWHPDWLND��0HNKDQLND��1R�����SS����±����LQ�5XVVLDQ���

��� $UHLDV�3� 0� $���6RQJ�-��+���%HO\WVFKNR�7����������$�ILQLWH�VWUDLQ�TXDGULODWHUDO�VKHOO�HOHPHQW�EDVHG�RQ�
GLVFUHWH�.LUFKKRII±/RYH�FRQVWUDLQWV��,QW��-��1XPHU��0HWK��(QJ��9RO������1R�����SS������±�����


