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$NDG��=ΩULIΩ�ΨOL\HYD�DGÕQD�0LOOL�2IWDOPRORJL\D�0ΩUNΩ]L��%DNÕ�úΩK���$]ΩUED\FDQ

$oDU V|]OԥU� NHUDWRNRQXV��EX\QX]�TÕúDQÕQ�WRSRTUD¿N�J|VWΩULFLOΩUL��EX\QX]�TLúDQÕQ�NURVVOLQNLQTLUU

.HUDWRNRQXV�EX\QX]�TLúDQÕQ�ԥ\ULOL\LQLQ�DUWPDVÕ��SURTUHVVLYOԥúPLú�QD]LOPԥVL�Yԥ�VRQ�QԥWLFԥGԥ�oDSÕTODúPDVÕ�LOԥ
[DUDNWHUL]ԥ� ROXQDQ� [ԥVWԥOLN� ROXE�� EX\QX]� TLúDQÕQ� TH\UL�LOWLKDEL� GHJHQHUDWLY� HNWD]L\DVÕGÕU�� (NWD]L\D� QԥWLFԥVLQGԥ
EX\QX]�TLúDQÕQ�LQFԥOPԥVL�Yԥ�GDKD�TDEDUÕT�ROPDVÕ�EDú�YHULU�NL��EX�GD�PLRSL\D�Yԥ�TH\UL�P�QWԥ]ԥP�DVWLTPDWL]Pԥ�VԥEԥE
ROXU��6RQ�YD[WODU�HNRORJL\DQÕQ�SLVOԥúPԥVL��[�VXVԥQ�ú�DODQPD�IRQXQXQ�DUWPDVÕ�LOԥ�ԥODTԥGDU�RODUDT�NHUDWRNRQXVOD�
[ԥVWԥOԥQPԥ�KDOODUÕQÕQ�VD\Õ�[H\OL�DUWPÕúGÕU�>�������@��.HUDWRNRQXV�[ԥVWԥOԥULQLQ�ԥQ�|QԥPOL�ԥODPԥWOԥUL��GDYDPOÕ�Gԥ\LúԥQ
H\QԥN�Q|PUԥOԥUL��DUWDQ�PLRSL\D�Yԥ�DVWLTPDWL]P��H\QԥNGԥ�EHOԥ�D\GÕQ�J|UPԥPԥ��DOOHUJL\D��TDúÕQWÕ�Yԥ�RYDODPD��LúLTODUÕQ
J|]�ԥWUDIÕQGD�GD÷ÕOPDODUÕGÕU��%D[PD\DUDT�NL��NHUDWRNRQXV�[ԥVWԥOL\LQLQ�HWLRORJL\DVÕ��WDP�VԥEԥEL�KԥOԥ�DúNDUODQPD\ÕE��
JHQHWLND� Yԥ� PH[DQLNL� ]ԥGԥOԥULQ� EX� [ԥVWԥOL\LQ� LQNLúDIÕQGD� UROX� E|\�NG�U� >�����@�� ;ԥVWԥOL\LQ� UDVWJԥOPԥ� WH]OL\L�
��������QԥIԥU�ԥKDOL\ԥ��������QԥIԥU�WԥúNLO�HGLU�>���@��;ԥVWԥOL\LQ�YD[WÕQGD�DúNDU�ROXQPDVÕ�Yԥ�G�]J�Q�GLDTQRVWLNDVÕ��
P�DOLFԥGԥQ�ԥYYԥO�Yԥ�VRQUD�P�úDKLGԥVL�ԥQ�D]�P�DOLFԥ�TԥGԥU�|QԥPOLGLU�>���@��;ԥVWԥOL\LQ�GLDTQRVWLNDVÕQGD�EX\QX]
TÕúDQÕQ�WRSRTUD¿\DVÕQÕQ�UROX�ԥYԥ]ROXQPD]�Yԥ�FR[�ԥKԥPL\\ԥWOLGLU��0ԥK]��EX�P�D\LQԥQLQ�NHUDWRNRQXV�[ԥVWԥOԥULQԥ�
KDQVÕ�P�DOLFԥ�Q|Y�Q�Q�VHoLOLE�TԥUDU�YHULOPԥVLQGԥ�E|\�N�UROX�YDUGÕU��.HUDWDNRQXV�[ԥVWԥOL\LQLQ�P�DOLFԥVL�[ԥVWԥOL\LQ�
PԥUKԥOԥVLQGԥQ�DVOÕ�RODUDT�Gԥ\LúLU�>����@�

%X\QX]�TLúDQÕQ�NURVVOLQNLQTL�NHUDWRNRQXV�[ԥVWԥOL\LQLQ�LQNLúDIÕQÕ�GD\DQGÕUPDT��o�Q�LVWLIDGԥ�ROXQDQ�P�DOLFԥL
�VXOODUÕQGDQ�ELULGLU��%X�]DPDQ�SURVHVLQ�SURTUHVLYOԥúPԥVLQLQ�TDUúÕVÕQÕ�DOPDT�PԥTVԥGL�LOԥ�ULERÀDYLQ�Yԥ�89�ú�DODQPD
LOԥ�EX\QX]�TLúD�P|KNԥPOԥQGLULOLU�

øQWUDVWURPDO� KDOTDODUÕQ� LPSODQWDVL\DVÕ� ±� EX\QX]� TLúDQÕQ� VWURPDVÕQD� \HUOԥúGLULOԥQ� úԥIIDI� LPSODQW� KDOTDODU�
EX\QX]�TLúDQÕQ�UHO\H¿QL�G�]ԥOGԥUԥN��J|]ԥ�G�úԥQ�LúÕT�ú�DODUÕQÕQ�G�]J�Q�\D\ÕOPDVÕQÕ�WԥPLQ�HGLU�

.HUDWRSODVWLND� ±�[ԥVWԥOL\LQ� VRQ�� LQNLúDI� HWPLú�PԥUKԥOԥVLQGԥ�EX\QX]�TLúDQÕQ� WDPOÕ÷ÕQÕ�Yԥ� úԥIIDÀÕ÷ÕQÕ� LWLUGL\L
KDOGD�WԥWELT�ROXQXU�>����@�

0ԥTVԥG ±�NHUDWRNRQXVOX�J|]OԥUGԥ�LFUD�ROXQDQ�NURVVOLQNLQT�FԥUUDKL\\ԥ�ԥPԥOL\\DWÕQGDQ�VRQUD�EX\QX]�TLúDQÕQ
PԥUNԥ]L�TDOÕQOÕ÷Õ�Yԥ�EX\QX]�TLúD�KԥFPLQGԥNL�Gԥ\LúLNOLNOԥULQ�TL\PԥWOԥQGLULOPԥVL�

0DWHULDO Yԥ PHWRGODU 
0�úDKLGԥPL]�]DPDQÕ�:DYH/LJKW��2FXO\]HU��,,Á��$/&21��DSDUDWÕQÕQ�ùH\PSÀ�T�NDPHUDVÕQGD�NHUDWRNRQXV

[ԥVWԥOԥULQLQ�EX\QX]�TÕúDODUÕQÕQ�DúD÷ÕGD�TH\G�ROXQDQ�WRSRTUD¿N�SDUDPHWUOԥUL�Gԥ\ԥUOԥQGLULOGL��úԥN����
� %X\QX]�TLúDQÕQ�PԥUNԥ]L�TDOÕQOÕ÷Õ�±�%04
� %X\QX]�TLúDQÕQ�KԥFPL�±�%+��úԥN���
7ԥGTLTDW� LúLQGԥ� DUDúGÕUPD� DSDUGÕ÷ÕPÕ]� [ԥVWԥOԥUԥ� 9(*$� &%0�;�/LQNHU� �øWDOL\D�� DSDUDWÕQÕQ� N|Pԥ\L� LOԥ�

NURVVOLQNLQT�FԥUUDKL�ԥPԥOL\\DWÕ�LFUD�ROXQPXúGXU��úԥN����
$NDG��=ԥULIԥ�ԤOL\HYD�DGÕQD�0LOOL�2IWDOPRORJL\D�0ԥUNԥ]LQLQ�HNVLPHU�OD]HU�ú|EԥVLQGԥ�P�D\LQԥGԥQ�NHoԥQ��\DúODUÕ

������DUDVÕ�Gԥ\LúԥQ�����[ԥVWԥ�����J|]���]ԥULQGԥ�DUDúGÕUPDODU�DSDUÕOPÕúGÕU��%�W�Q�[ԥVWԥOԥUGԥ�J|UPԥ�LWLOL\LQLQ�Wԥ\LQL
�NRUUHNVL\D�LOԥ�Yԥ�NRUUHNVL\DVÕ]���ELRPLNURVNRSL\D��UHIUDNWRPHWUL\D��WRQRPHWUL\D��J|]�GLEL�P�D\LQԥVL�Yԥ�ԥQ�|QԥPOL
P�D\LQԥOԥUGԥQ� ELUL� RODQ�:DYH/LJKW�� 2FXO\]HU�� ,,Á� �$/&21�� WRSRTUD¿\DVÕQÕQ� N|Pԥ\L� LOԥ� EX\QX]� TLúDQÕQ�
Yԥ]L\\ԥWLQLQ�TL\PԥWOԥQGLULOPԥVL�LFUD�ROXQPXúGXU��$UDúGÕUPD\D�DOGÕ÷ÕPÕ]�[ԥVWԥOԥUGԥ�ԥODYԥ�KHo�ELU�ELRPLNURVNRSLN�
Gԥ\LúLNOLNOԥU�TH\G�ROXQPDPÕúGÕU��7RSRTUD¿N�P�D\LQԥ�]DPDQÕ�EX\QX]�TLúDQÕQ�PԥUNԥ]L�TDOÕQOÕ÷Õ�Yԥ�EX\QX]�TLúD
KԥFPL�NLPL�WRSRTUD¿N�SDUDPHWUOԥUL�NURVVOLQNLQT�ԥPԥOL\\DWÕQGDQ�ԥYYԥO�Yԥ�ԥPԥOL\\DWGDQ������Yԥ���D\�VRQUD�P�TD\LVԥOL�
úԥNLOGԥ�Gԥ\ԥUOԥQGLULOPLúGLU��0�úDKLGԥ\ԥ�DOÕQDQ�[ԥVWԥOԥULQ�UHIUDNWLY�Gԥ\ԥUOԥUL�RUWDODPD����������'��NHUDWRPHWULN�
J|VWԥULFLOԥUL�������������EX\QX]�TLúDQÕQ�PԥUNԥ]L�TDOÕQOÕJÕ��������ȝP�Yԥ�EX\QX]�TLúD�KԥFPL������������PP�
WԥúNLO�HWPLúGLU�
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ùԥN�1� :DYH/LJKW� 2FXO\]HU� ,,Á ($/&21)

ùԥN�2� .URVVOLQNLQT FԥUUDKL ԥPԥOL\\DWÕQGDQ ԥYYԥO NHUDWRNRQXV [ԥVWԥVLQLQ WRSRTUD¿N J|U�QW�V�

ùԥN�3� .URVVOLQNLQT FԥUUDKL ԥPԥOL\\DWÕQÕQ JHGLúL

1ԥWLFԥOԥU Yԥ P�]DNLUԥOԥU
%X�WԥGTLTDWODU�QԥWLFԥVLQGԥ�EX\QX]�TLúDQÕQ�PԥUNԥ]L�TDOÕQOÕ÷Õ�Yԥ�EX\QX]�TLúD�KԥFPL�RODQ�WRSRTUD¿N�SDUDPHWUOԥUGԥ

EX\QX]�TLúDQÕQ�NURVVOLQNLQTL�FԥUUDKL�ԥPԥOL\\DWÕQGDQ�VRQUD�ԥVDVOÕ�Gԥ\LúLNOLNOԥU�ROGX÷XQX�DúNDU�HWPLú�ROGXT�
0�úDKLGԥ\ԥ�DOGÕ÷ÕPÕ]�E�W�Q�[ԥVWԥOԥUԥ�EX\QX]�TLúDQÕQ�NURVVOLQNLQTL�ԥPԥOL\\DWÕ� LFUD�ROXQPXúGXU��ԤPԥOL\\DW�

]DPDQÕ�\DUÕP�VDDW�ԥU]LQGԥ�ULERÀDYLQ�Yԥ�Q|YEԥWL�\DUÕP�VDDW�ԥU]LQGԥ�LVԥ�ULERÀDYLQOԥ�\DQDúÕ�RODUDT�XOWUDEԥQ|Yúԥ\L
�8%��ú�DODQPD�LOԥ���PXPLOLNGԥ�ELU�VDDW�P�GGԥWLQGԥ��NHUDWRNRQXVOX�[ԥVWԥOԥULQ�EX\QX]�TLúDVÕ�P|KNԥPOԥQGLULOGL�
5LERÀDYLQ�WԥUNLEL�YLWDPLQ�RODQ��9LWDPLQ�%���Yԥ�KHo�ELU�WRNVLNL�HIIHNWL�ROPD\DQ�GԥUPDQ�YDVLWԥVLGLU�>��@��5LERÀDYLQ�
D÷ÕU�PROHNXO\DU�oԥNL\ԥ�VDKLE�ROGX÷XQD�J|Uԥ��VD÷ODP�HSLWHO�RQXQ��o�Q�EDU\HU�UROXQX�R\QD\ÕU�>�����@��%X�VԥEԥEGԥQ�
ULERÀDYLQLQ� EX\QX]� TLúDQÕQ� VWURPD� Yԥ� GLJԥU� TDWODUÕQD� GLIIX]� HWPԥVÕ� �o�Q� EX\QX]� TÕúD� GHHSLWHOL]DVL\D� ROXQXU�
.URVVOLQNLQT�FԥUUDKL�ԥPԥOL\\DWÕ�]DPDQÕ�LVWLIDGԥ�ROXQDQ�8%�ú�DVÕQÕQ�GDO÷D�X]XQOX÷X�����QP�WԥúNLO�HWPLúGLU��8%�
ú�DODQPD�LOԥ�ELUOLNGԥ�ULERÀDYLQ�\HQL�NLP\ԥYL�ED÷ODU�\DUDGDUDT�EX\QX]�TLúDQÕQ�P|KNԥPOԥQPԥVLQԥ�VԥEԥE�ROPXúGXU�
>��@��úԥN����

+ԥU�ELU�[ԥVWԥQLQ�D\UÕ�D\UÕOÕTGD�ԥPԥOL\\DWGDQ�ԥYYԥO�Yԥ�VRQUD�WRSRTUD¿N�SDUDPHWUOԥUL�:DYH/LJKW��2FXO\]HU�
,,Á��$/&21��WRSRTUD¿\DVÕ�YDVLWԥVLOԥ�KHVDEODQPÕú�Yԥ�QԥWLFԥOԥU�DúD÷ÕGDNÕ�FԥGYԥOGԥ�|]�ԥNVLQL�WDSPÕúGÕU��FԥGYԥO�����
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øFUD�ROXQDQ�FԥUUDKL�ԥPԥOL\\DWGDQ�ELU�D\�VRQUD��EX\QX]�TLúDQÕQ�PԥUNԥ]L�TDOÕQOÕ÷Õ�RUWDODPD��������ȝP�YH�EX\QX]
TLúD�KԥFPL�RUWDODPD������������PP��WԥúNLO�HWPLúGLU��6WDWLVWLN�RODUDT�KԥU� LNL�J|VWԥULFLQLQ�ԥKԥPL\\ԥWOL�GԥUԥFԥGԥ�
D]DOGÕ÷Õ�P�úDKLGԥ�HGLOGL��S��������

�.URVVOLQNLQT�ԥPԥOL\\DWÕQGDQ��o�D\�VRQUD��EX\QX]�TLúD�TDOÕQOÕ÷ÕQGD��RUWDODPD��������ȝP��Qԥ]ԥUԥ�oDUSDQ�ELU�
D]DOPD��S������DúNDU�ROXQGX��1ԥLQNL�EX\QX]�TLúDQÕQ�TDOÕQOÕ÷ÕQÕQ��KԥPoLQLQ�EX\QX]�TLúD�KԥFPLQLQ�Gԥ�ԥPԥOL\\DWGDQ
�o�D\�VRQUD�D]DOGÕ÷Õ��S�������J|U�Q�UG���RUWDODPD������������PP����úԥN�����ùԥNLOGԥQ�Gԥ�PԥOXP�ROGX÷X�NLPL��
EX\QX]�TLúD�SDUDPHWUOԥULQLQ�ԥPԥOL\DWGDQ�VRQUD�FLGGL�Gԥ\LúLOGL\L�|]�QX�ELUX]ԥ�YHUPԥNGԥGLU�

&ԥUUDKL�ԥPԥOL\\DWGDQ�DOWÕ� D\� VRQUD� LVԥ�EX\QX]�TLúDQÕQ�PԥUNԥ]L�TDOÕQOÕ÷ÕQGD� �RUWDODPD��������ȝP�� VWDWLVWLN�
RODUDT�DQODPOÕ�ELU�DUWPDVÕ��S�������Yԥ�H\QL�LOԥ�EX\QX]�TLúD�KԥFPLQLQ�Gԥ�DQODPOÕ�\�NVԥOPԥVL��S������TH\Gԥ�DOÕQGÕ
�RUWDODPD�����������PP����úԥN����

ùԥN��� .URVVOLQNLQT FԥUUDKL ԥPԥOL\\DWÕQGDQ LNL D\ VRQUD [ԥVWԥQLQ WRSRTUD¿N J|U�QW�V�

ùԥN���Gԥ�J|U�QG�\��NLPL�ԥPԥOL\\DWGDQ�VRQUD�EX\QX]�TLúDQÕQ�VWUXNWXUX��UHO\H¿�ԥKԥPL\\ԥWOL�GԥUԥFԥGԥ�Gԥ\LúLOPLú�
EX\QX]�TLúD�ԥ\ULOL\L�D]DOPÕú��VԥWKL�KDPDUODúPÕú�Yԥ�WRSRTUD¿N�SDUDPHWUOԥUL�Qԥ]ԥUԥ�oDUSDFDT�úԥNLOGԥ�DUWPÕúGÕU��%X�GD
NURVVOLQNLQT�FԥUUDKL�ԥPԥOL\\DWÕQÕQ�NHUDWRNRQXV�[ԥVWԥOL\LQLQ�LONLQ�PԥUKԥOԥOԥULQGԥ�SURTUHVVLYOԥúPԥVLQL�|QOԥPԥNGԥ�
E|\�N��VW�QO�NOԥULQLQ�ROGX÷XQX�J|VWԥUPԥNGԥGLU�

ùԥN��� .URVVOLQNLQT (&&/) FԥUUDKL ԥPԥOL\\DWÕQGDQ ELU LO VRQUD [ԥVWԥVLQLQ WRSRTUD¿N J|U�QW�V�

�&ԥGYԥO��
BX\QX] TÕúDQÕQ WRSRTUD¿N J|VWԥULFLOԥULQLQ P�TD\LVԥOL DQDOL]L

0�D\LQԥ P�GGԥWL B04 BH
ԥPԥOL\\DWGDQ�ԥYYԥO ���������ȝP �������������PP�
ԥPԥOL\\DWGDQ���D\�VRQUD ���������ȝP �������������PP�
ԥPԥOL\\DWGDQ���D\�VRQUD ���������ȝP �������������PP�
ԥPԥOL\\DWGDQ���D\�VRQUD ���������ȝP ������������PP�
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<HNXQ
$UDúGÕUPDODU�GDKD�E|\�N�ԥKDOL�DUDVÕQGD�GDYDPOÕ� WԥGTLTDWODUGD�WԥVGLT�ROXQPDOÕ�Yԥ�GDKD�X]XQ�WԥTLE�ROXQPDOÕ�

ROVD�GD��EL]LP�DOWÕ�D\�ԥU]LQGԥ�DSDUÕODQ�P�úDKLGԥOԥULPL]�NURVVOLQNLQT�FԥUUDKL�ԥPԥOL\\DWÕQGDQ�VRQUD�EX\QX]�TÕúDGD
VWUXNWXU�Gԥ\LúLNOLNOԥULQ�ROGX÷XQX�J|VWԥUPԥNGԥGLU�

%HOԥOLNOԥ��NHUDWRNRQXV�[ԥVWԥOԥULQLQ�ԥPԥOL\\DWGDQ�ԥYYԥO�Yԥ�VRQUD�WRSRTUD¿N�QԥWLFԥOԥULQLQ�WԥKOLOL�EX\QX]�TLúDQÕQ
PԥUNԥ]L�TDOÕQOÕ÷Õ�Yԥ�KԥFPL�NLPL�SDUDPHWUOԥULQ�ԥVDV�J|VWԥULFLOԥU�ROGX÷XQX�ELOGLULU�

Ԥ'Ԥ%ø<<$7�

�� $EGXOԥOL\HYD� )�ø�� .OLQLN� Yԥ� VXENOLQLN� NHUDWRNRQXVXQ� GԥUԥFԥOԥULQLQ� GLDTQRVWLNDVÕQGD� EX\QX]� TLúD�
SDUDPHWUOԥULQLQ�\HQL�TL\PԥWOԥQGLUPԥ�PH\DUODUÕ����2IWDOPRORJL\D��ʋ���������V������

�� Ʉɟɪɢɦɨɜ� Ʉ�Ɍ�� Ɇɟɞɢɤɨ�� ɫɨɰɢɚɥɶɧɵɟ� ɚɫɩɟɤɬɵ� ɫɥɚɛɨɜɢɞɟɧɢɹ� ɜ� Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɨɣ� Ɋɟɫɩɭɛɥɢɤɟ� ���
Ⱥɡɟɪɛ��Ɇɟɞ��ɀɭɪɧɚɥ��������ʋ����ɫ��������

�� Ƚɨɪɫɤɨɜɚ�ȿ�ɇ��Ʉɥɢɧɢɤɚ��ɩɚɬɨɝɟɧɟɬɢɱɟɫɤɢɟ�ɜɚɪɢɚɧɬɵ�ɬɟɱɟɧɢɹ��ɞɢɚɝɧɨɫɬɢɤɚ�ɢ�ɪɨɥɶ�ɦɟɞɢɤɚɦɟɧɬɨɡ�
ɧɵɯ�ɫɪɟɞɫɬɜ�ɜ�ɥɟɱɟɧɢɢ�ɤɟɪɚɬɨɤɨɧɭɫɚ��Ⱥɮɬɨɪɟɮ��ɞɢɫ«�ɞ�ɪɚ�ɦɟɞ��ɇɚɭɤ�Ɇ����������ɫ�

�� Ɇɨɪɨɡ�Ɂ�ɂ���Ʉɚɥɢɧɤɨɜɚ�ɘ�ɘ���Ʉɨɜɲɭɧ�ȿ�ȼ��ɢ�ɞɪ��Ⱦɨɫɬɢɠɟɧɢɹ�ɲɤɨɥɵ�ɋ�ɇ�Ɏɟɞɨɪɨɜɚ� ɜ� ɨɛɥɚɫɬɢ
ɤɟɪɚɬɨɩɥɚɫɬɢɤɢ�ɢ�ɤɟɪɚɬɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ����Ɉɮɬɚɥɶɦɨɯɢɪɭɪɝɢɹ��������ʋ���ɫ��������

�� &KHQ�'���/DP�$�.�&�5HOLDELOLW\� DQG� UHSHDELOLW\� RI� WKH�3HQWDFRPRQ� FRUQHDO� FXUYDWXUHV� ���&OLQ��([S��
23720���������Y�����S��������

�� -DIUL�%���/L�;���<DQJ�+��(W�DO��+LJKHU�RUGHU�DEEHUDWLRQ�DQG�WRSRJUDS\�LQ�HDUO\�DQG�VXVSHFWHG�NHUDWRFRQXV�
���-�5HIUDFW��6XUJ��������Y�����S���������

�� 6LQMDE�0�0��5HDGLQJ�3HQWDFDP�7RSRJUDSK\����%DVLFV�DQG�&DVH�6WXG\�6HULHV��������S���������
�� *DUJ�$���$OLR� /�-�� )HPWRVHFRQG� /DVHU� 7HFKQLTXHV� 	� 7HFKQRORJ\� ��� HG�� (�'�'RQQHQIHOG�� -$<3((�

+L*+/L*+76��0HGLFDO�3XEO���������Y����S������
�� 5DELQRZLW]�<�6��.HUDWRFRQXV����6XUY�2SKWDOPRO���������Y�����S��������
��� /LP�/���:HL�5�+���&KDQ�:�.��HW�DO��(YDOXWLRQ�RI�KLJHU�RUGHU�RFXODU�DEHUUDWLRQ�LQ�SDWLHQWV�ZLWK�NHUDWRFRQXV

���-��5HIUDFW��6XUJ���������Y�����S��������
��� 5REHUWR�3LQHOOL��$QWRQLR�/HFFLVRWWL��.HUDWRFRQXV� VXUJHU\� DQG� FURVV�OLQNLQJ� ���7HFKQLTXH�RI�&ROODJHQ

FURVV�OLQNLQJ�ZLWK�ULERÀDYLQ�DQG�89$�OLJKW��������S������

Ⱥɥɢɟɜɚ�ɋ�ɒ�

ɈɐȿɇɄȺ�ɂɁɆȿɇȿɇɂɃ�ɐȿɇɌɊȺɅɖɇɈɃ�ɌɈɅɓɂɇɕ�ɂ�ɈȻɔȿɆȺ
ɊɈȽɈȼɂɐɕ�ɉɈɋɅȿ�ɈɉȿɊȺɐɂɂ�ɄɊɈɋɋɅɂɇɄɂɇȽ�ɇȺ�ȽɅȺɁȺɏ�ɋ
ɄȿɊȺɌɈɄɈɇɍɋɈɆ

ɇɚɰɢɨɧɚɥɶɧɵɣ�ɐɟɧɬɪ�Ɉɮɬɚɥɶɦɨɥɨɝɢɢ�ɢɦɟɧɢ�ɚɤɚɞ��Ɂɚɪɢɮɵ�Ⱥɥɢɟɜɨɣ��Ȼɚɤɭ��Ⱥɡɟɪɛɚɣɞɠɚɧ�

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ� ɤɟɪɚɬɨɤɨɧɭɫ��ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɟ�ɩɨɤɚɡɚɬɟɥɢ�ɪɨɝɨɜɢɰɵ��ɤɪɨɫɫɥɢɧɤɢɧɝ�ɪɨɝɨɜɢɰɵ

ɊȿɁɘɆȿ

ɐɟɥɶ�±�ɨɰɟɧɢɬɶ�ɢɡɦɟɧɟɧɢɹ�ɰɟɧɬɪɚɥɶɧɨɣ�ɬɨɥɳɢɧɵ�ɢ�ɨɛɴɟɦɚ�ɪɨɝɨɜɢɰɵ�ɩɨɫɥɟ�ɩɪɨɜɟɞɟɧɢɹ�ɨɩɟɪɚɰɢɢ�ɤɪɨɫ�
ɫɥɢɧɤɢɧɝ�ɧɚ�ɝɥɚɡɚɯ�ɫ�ɤɟɪɚɬɨɤɨɧɭɫɨɦ��

Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ
ɉɨɞ�ɧɚɛɥɸɞɟɧɢɟɦ�ɧɚɯɨɞɢɥɢɫɶ����ɛɨɥɶɧɵɯ�����ɝɥɚɡ���ɨɛɪɚɬɢɜɲɢɯɫɹ�ɜ�ɷɤɫɢɦɟɪ�ɥɚɡɟɪɧɨɟ�ɨɬɞɟɥɟɧɢɟ�ɇɚɰɢ�

ɨɧɚɥɶɧɨɝɨ�ɐɟɧɬɪɚ�Ɉɮɬɚɥɶɦɨɥɨɝɢɢ�ɢɦɟɧɢ�ɚɤɚɞ��Ɂɚɪɢɮɵ�Ⱥɥɢɟɜɨɣ��Ɍɨɩɨɝɪɚɮɢɱɟɫɤɢɟ�ɩɚɪɚɦɟɬɪɵ��ɰɟɧɬɪɚɥɶ�
ɧɚɹ�ɬɨɥɳɢɧɚ�ɢ�ɨɛɴɟɦ�ɪɨɝɨɜɢɰɵ��ɞɨ�ɢ��������ɦɟɫɹɰɟɜ�ɩɨɫɥɟ�ɨɩɟɪɚɰɢɢ�ɤɪɨɫɫɥɢɧɤɢɧɝ�ɨɰɟɧɢɜɚɥɢɫɶ�ɫ�ɩɨɦɨɳɶɸ�
ɬɨɩɨɝɪɚɮɚ�:DYH/LJKW��2FXO\]HU��,,Á��$/&21���ɋɪɟɞɧɢɟ�ɩɨɤɚɡɚɬɟɥɢ�ɪɟɮɪɚɤɰɢɢ�ɫɨɫɬɚɜɢɥɢ�������������'�
ɤɟɪɚɬɨɦɟɬɪɢɢ�±��������������ɰɟɧɬɪɚɥɶɧɨɣ�ɬɨɥɳɢɧɵ�ɪɨɝɨɜɢɰɵ�±����������ȝP�ɢ�ɨɛɴɟɦɚ�ɪɨɝɨɜɢɰɵ�����������
�����PP��
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Ɋɟɡɭɥɶɬɚɬɵ
ɑɟɪɟɡ�ɦɟɫɹɰ�ɩɨɫɥɟ�ɤɪɨɫɫɥɢɧɤɢɧɝɚ�ɪɨɝɨɜɢɰɵ�ɩɨɤɚɡɚɬɟɥɢ�ɰɟɧɬɪɚɥɶɧɨɣ�ɬɨɥɳɢɧɵ�ɢ�ɨɛɴɟɦɚ�ɪɨɝɨɜɢɰɵ�ɫɬɚ�

ɬɢɫɬɢɱɟɫɤɢ�ɞɨɫɬɨɜɟɪɧɨ�ɭɦɟɧɶɲɢɥɢɫɶ��S��������ɢ�ɫɨɫɬɚɜɢɥɢ�ɜ�ɫɪɟɞɧɟɦ��������ȝP�ɢ������������PP��ɫɨ�
ɨɬɜɟɬɫɬɜɟɧɧɨ��ɑɟɪɟɡ�ɬɪɢ�ɦɟɫɹɰɚ�ɩɨɫɥɟ�ɨɩɟɪɚɰɢɢ�ɩɨɤɚɡɚɬɟɥɢ�ɰɟɧɬɪɚɥɶɧɨɣ�ɬɨɥɳɢɧɵ�ɪɨɝɨɜɢɰɵ��S�������ɢ�
ɨɛɴɟɦɚ�ɪɨɝɨɜɢɰɵ��S��������ɞɨɫɬɨɜɟɪɧɨ�ɭɦɟɧɶɲɢɥɢɫɶ�ɢ�ɫɨɫɬɚɜɢɥɢ�ɜ�ɫɪɟɞɧɟɦ��������ȝP�ɢ������������PP�
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��ɑɟɪɟɡ���ɦɟɫɹɰɟɜ�ɩɨɫɥɟ�ɨɩɟɪɚɰɢɢ�ɤɪɨɫɫɥɢɧɤɢɧɝ�ɩɨɤɚɡɚɬɟɥɢ�ɰɟɧɬɪɚɥɶɧɨɣ�ɬɨɥɳɢɧɵ�ɪɨɝɨɜɢ�
ɰɵ�ɫɬɚɬɢɫɬɢɱɟɫɤɢ�ɞɨɫɬɨɜɟɪɧɨ�ɭɜɟɥɢɱɢɥɢɫɶ��S��������ɢ�ɫɨɫɬɚɜɢɥɢ�ɜ�ɫɪɟɞɧɟɦ��������ȝP��ɩɨɤɚɡɚɬɟɥɢ�ɨɛɴɟɦɚ�
ɪɨɝɨɜɢɰɵ�ɬɚɤɠɟ�ɫɬɚɬɢɫɬɢɱɟɫɤɢ�ɞɨɫɬɨɜɟɪɧɨ�ɭɜɟɥɢɱɢɥɢɫɶ��S�������ɢ�ɫɨɫɬɚɜɢɥɢ�ɜ�ɫɪɟɞɧɟɦ�����������PP��

Ɂɚɤɥɸɱɟɧɢɟ
Ɋɟɡɭɥɶɬɚɬɵ�ɧɚɲɢɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɩɨɫɥɟ�ɤɪɨɫɫɥɢɧɤɢɧɝɚ�ɪɨɝɨɜɢɰɵ�ɜ�ɬɟɱɟɧɢɟ���ɬɢ�ɦɟɫɹɰɟɜ�ɜɵɹɜɢɥɢ�ɫɬɪɭɤ�

ɬɭɪɧɵɟ�ɢɡɦɟɧɟɧɢɹ�ɜ�ɪɨɝɨɜɢɰɟ�
ɂɫɫɥɟɞɨɜɚɧɢɹ�ɩɨɤɚɡɚɥɢ��ɱɬɨ�ɫɪɟɞɢ�ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɨɜ�ɭ�ɛɨɥɶɧɵɯ�ɫ�ɤɟɪɚɬɨɤɨɧɭɫɨɦ�ɩɨɫɥɟ�ɤɪɨɫ�

ɫɥɢɧɤɢɧɝɚ�ɨɫɧɨɜɧɵɦɢ�ɩɨɤɚɡɚɬɟɥɹɦɢ�ɹɜɥɹɸɬɫɹ�ɰɟɧɬɪɚɥɶɧɚɹ�ɬɨɥɳɢɧɚ�ɢ�ɨɛɴɟɦ�ɪɨɝɨɜɢɰɵ�

ȺOL\HYD�6�6K�

&+$1*(6�$66(60(17�2)�&(175$/�7+ø&.1(66�$1'�92/80(�2)
&251($�$)7(5�&5266/ø1.ø1*�685*(5<�ø1�7+(�(<(6�2)�3$7ø(176�
:ø7+�.(5$72&2186

1DWLRQDO�2SKWDOPRORJ\�&HQWUH�QDPHG�DIWHU�DFDG��=DULID�$OL\HYD�%DNX��$]HUEDLMDQ

.H\ ZRUGV� NHUDWRFRQXV��FRUQHDO�WRSRJUDSKLF�SDUDPHWHUV��FRUQHDO�FURVVOLQNLQJ

6800$5<

$LP� ±� WR� HYDOXDWH� WKH� FKDQJHV� LQ� FHQWUDO� FRUQHDO� WKLFNQHVV� �&&7�� DQG� FRUQHDO� YROXPH� �&9�� LQ� H\HV� WKDW�
XQGHUZHQW�FRUQHDO�FURVVOLQNLQJ��&&/�

0DWHULDO DQG PHWKRGV
&&7�DQG�&9�REWDLQHG�ZLWK�WKH�:DYH/LJKW��2FXO\]HU��,,Á��$/&21��EHIRUH�������DQG���PRQWKV�DIWHU�&&/�ZHUH

DQDO\]HG�LQ����H\HV�RI����SDWLHQWV�ZLWK�D�PHDQ�SUHRSHUDWLYH�UHIUDFWLRQ�RI��������������'��DQG�PHDQ�SUHRSHUDWLYH
6LP�.�RI��������������'��PHDQ�&&7�RI�����������P�DQG�PHDQ�&9�RI��������������PP��

5HVXOWV 
2QH�PRQWK�DIWHU�&&/�ZH�REVHUYHG�D�VWDWLVWLFDOO\�VLJQL¿FDQW�GHFUHDVH��S�������ERWK�LQ�&&7��PHDQ����������

�P��DQG�&9��PHDQ��������������PP����7KUHH�PRQWKV�DIWHU�&&/�ZH�REVHUYHG�D�IXUWKHU�QRQ�VLJQL¿FDQW�GHFUHDVH�
�S������LQ�&&7��PHDQ�����������P��DQG�D�VLJQL¿FDQW�GHFUHDVH��S�������LQ�&9��PHDQ��������������PP����6L[
PRQWKV�DIWHU�&&/�ZH�REVHUYHG�D�VWDWLVWLFDOO\�VLJQL¿FDQW�LQFUHDVH��S�������LQ�&&7��PHDQ�����������P��DQG�QR
VLJQL¿FDQW�LQFUHDVH��S������LQ�&9��PHDQ�������������PP���

&RQFOXVLRQ
(YHQ�LI�RXU�UHVXOWV�KDYH�WR�EH�FRQ¿UPHG�LQ�IXUWKHU�VWXGLHV�ZLWK�ODUJHU�SRSXODWLRQ�DQG�ORQJHU�IROORZ�XS��RXU�

¿QGLQJV�VXJJHVW�WKDW�WKHUH�LV�D�FRUQHDO�UHPRGHOOLQJ�DIWHU�&&/�XS�WR�VL[�PRQWKV�
6R��WKH�VWXG\�RI�WRSRJUDSKLF�SDUDPHWHUV�VXFK�DV�WKH�FHQWUDO�WKLFNQHVV�DQG�YROXPH�RI�WKH�FRUQHD�LQ�SDWLHQWV�ZLWK�

NHUDWRFRQXV�EHIRUH�DQG�DIWHU�VXUJHU\�DUH�WKH�PDLQ�LQGLFDWRUV�

.RUUHVSRQGHQVL\D��o�Q��
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ú|EΩVLQLQ�KΩNLP�RIWDOPRORTX
hQYDQ��$=������%DNÕ�úΩK���&DYDG[DQ�N�o���PΩKΩOOΩ�������7HO�������������������
(�PDLO�DGPLQLVWDWRU#H\H�D]��ZZZ�H\H�JRY�D]


