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$NDG��=ΩULIΩ�ΨOL\HYD�DGÕQD�0LOOL�2IWDOPRORJL\D�0ΩUNΩ]L��%DNÕ�úΩK���$]ΩUED\FDQ
Ψ�ΨOL\HY� DGÕQD�$]ΩUED\FDQ�'|YOΩW�+ΩNLPOΩUL� 7ΩNPLOOΩúGLUPΩ� øQVWLWXWXQXQ� DQHVWH]LRORJL\D� YΩ� UHDQLPDWRORJL\D
NDIHGUDVÕ��%DNÕ�úΩK�

$oDU V|]OԥU� YLWUHRUHWLQDO�ΩPΩOL\\DWODU��DQHVWH]L\D

*|]�Q�DU[D�VHTPHQWLQGԥ�DSDUÕODQ�YLWUHRUHWLQDO�ԥPԥOL\\DWODU�RIWDOPRORMÕ�ԥPԥOL\\DWODU�DUDVÕQGD�X]XQP�GGԥWOL�
Yԥ� P�UԥNNԥE� ԥPԥOL\\DWODU� KHVDE� ROXQXU� >�@�� %X� ԥPԥOL\\DWODU� ]DPDQÕ� DQHVWH]LRORTODUÕQ� TDUúÕODúGÕTODUÕ
SUREOHPOԥUGԥQ�ELUL�RNXORYLVVHUDO�UHÀHNVOԥULQ��[�VXVLOԥ�Gԥ�RNXORTDVWUDO�UHÀHNVLQ��245��NOLQLN�Wԥ]DK�UOԥULGLU�>���
�@��+DO�KD]ÕUGD�EX�UHÀHNVLQ�SUR¿ODNWLNDVÕQÕQ�GԥTLT�VWUDWHJL\DVÕ�LúOԥQLOPԥ\LE�>�@��7ԥGTLTDWODUD�ԥVDVԥQ��PXPL�Yԥ
VXEWHQRQ��EXSLYDNDLQ�LOԥ��DQHVWH]L\DODUÕQÕQ�NRPELQԥ�HGLOPԥVL�ԥPԥOL\\DWGDQ�VRQUDNÕ�G|YUGԥ�D÷UÕQÕ�DUDGDQ�TDOGÕUÕU��
RNXORNDUGLDO� Yԥ� RNXORTDVWUDO� UHÀHNVOԥULQ� \DUDQPD� WH]OL\LQLQ� D]DOPDVÕQD� JԥWLULE� oÕ[DUÕU� >�@�� 'LJԥU� WԥGTLTDWGD
J|VWԥULOLU�NL��oԥSJ|]O�N�ԥPԥOL\\DWODU�]DPDQÕ��PXPL�Yԥ�UHWUREXOEDU�DQHVWH]L\DODUÕQ�P�úWԥUԥN�LVWLIDGԥVL�ԥPԥOL\\DW�
]DPDQÕ� Yԥ� ԥPԥOL\\DWGDQ� VRQUDNÕ� G|YUGԥ� HIIHNWLY� D÷UÕVÕ]ODúGÕUPDQÕ� WԥPLQ� HGLU�� RNXORNDUGLDO� Yԥ� RNXORTDVWUDO�
UHÀHNVOԥULQ�\DUDQPDVÕQÕ�D]DOGÕU�>�@�

0ԥTVԥG���P�[WԥOLI�DQHVWH]L\D��VXOODUÕQÕQ�LVWLIDGԥVL�LOԥ�YLWUHRUHWLQDO�ԥPԥOL\\DWODU�DSDUÕODQ�[ԥVWԥOԥUGԥ�245�LQ�
\DUDQPD�WH]OL\LQLQ�P�TD\LVԥOL�|\UԥQLOPԥVL�

0DWHULDO Yԥ PHWRGODU
7ԥGTLTDW� LúL� ��� LOԥ� ��� \Dú� DUDVÕQGD� RODQ� ���� ����� NLúL� Yԥ� ���� TDGÕQ�� [ԥVWԥQLQ� �]ԥULQGԥ� DSDUÕOPÕú� FԥUUDKL

ԥPԥOL\\DWODUÕQ�QԥWLFԥOԥULQLQ�|\UԥQLOPԥVLQԥ�ԥVDVODQÕU��ԤPԥOL\\DWODU�]DPDQÕ�LVWLIDGԥ�ROXQPXú�DQHVWH]L\D��VXOODUÕQD�
ԥVDVԥQ�[ԥVWԥOԥU���TUXSD�E|O�QP�úG�U����FL�TUXSGD�±��PXPL�DQHVWH]L\D����FL�TUXSGD�±��PXPL�DQHVWH]L\D�Yԥ�VXEWHQRQ�
DQHVWH]L\DQÕQ�ELUJԥ�LVWLIDGԥVL����F��TUXSGD�±��PXPL�DQHVWH]L\D��VXEWHQRQ�DQHVWH]L\D�Yԥ�DSSOLNDVL\RQ�DQHVWH]L\DQÕQ�
ELUTԥ�LVWLIDGԥVL�WԥWELT�HGLOPLúGLU�

,�TUXSD�GD[LO�HGLOPLú�����[ԥVWԥGԥ�ԥPԥOL\\DWÕQ�EDúODPDVÕQGDQ����GԥTLTԥ�ԥYYԥO�DSDUÕODQ�SUHPHGLNDVL\D��GLPHGURO
���PT��UHODQLXP�\D[XG�GRUPLNXP�����PT�NT��SURPHGRO�����PT����NT�GD[LOGLU��$QHVWH]L\D\D�LQGXNVL\D��LQWUDYHQR]
SURSRIRO�����PT�NT�Yԥ�IHQWDQLO���PNT�NT��VRQUD�DUGXDQ������PT�NT�\D[XG�HVPHURQ�����PT�NT�LOԥ�PLRUHODNVDVL\D�
DSDUÕOÕE��+LSHUYHQWLO\DVL\DGDQ� VRQUD� WUD[H\D� LQWXEDVL\D� ROXQXE� Yԥ� [ԥVWԥOԥU� 67$�NHoLULOLE��$QHVWH]L\D� SURSRIRO�
���PT�NT�VDDW�� IHQWDQLO�����PNT�NT��VDDW��PLRSOHTL\D���DUGXDQ������PNT�NT��\D[XG�HVPHURQ�����PT�NT�GR]DGD�
\HULGLOPԥNOԥ�GDYDP�HWGLULOLE��ԤPԥOL\\DWÕ�ELWLUGLNGԥQ�VRQUD�Yԥ�ԥ]ԥOԥ�WRQXVXQXQ��ODULQJHDO�IDULQJHDO�UHÀHNVOԥULQ�Yԥ�
DGHNYDW�VSRQWDQ�WԥQԥII�V�Q�EԥUSDVÕQGDQ�VRQUD�[ԥVWԥOԥU�HNVWXEDVL\D�HWGLOLULOLE�

,,�TUXSD�GD[LO�HGLOPLú����[ԥVWԥGԥ��P�PL�DQHVWH]L\D�Yԥ�VXEWHQRQ�DQHVWH]L\D�NRPELQDVL\DVÕQGDQ�LVWLIDGԥ�HGLOLE��
6XEWHQRQ� DQHVWH]L\D� DúD÷ÕGD� TH\G� ROXQDQ� NLPL� DSDUÕOÕE��$úD÷Õ� NYDGUDQWODUÕQ� ELULQGԥ� OLPEGԥQ� ������PP� DUDOÕ
NRQ\XQNWLYD�Yԥ�DOWÕQGDNÕ�WHQRQ�NDSVXOD�\DUÕOÕU��Ԥ\UL�úSDWHO�YDVLWԥVLOԥ�WHQRQ�IDVVL\DVÕ�VNOHUDGDQ�N�W��VXOOD�D\UÕOÕU�
*|]�DOPDVÕQÕQ�IRUPDVÕQD�X\÷XQ�RODQ�N�W�ԥ\UL�NDQ\XOD�VNOHUD�Yԥ�WHQRQ�NDSVXOODUÕQÕQ�DUDVÕ�LOԥ�J|]�DOPDVÕQÕQ�DU[D
T�WE�Qԥ�\D[ÕQODúGÕUÕOÕU��.DQ\XOD\D�ELUOԥúGLULOPLú�úSULV�YDVLWԥVLOԥ���PO�������URSLYDNDLQ�PԥKOXOX�\HULGLOLU�

,,,� TUXSD� GD[LO� HGLOPLú� ��� [ԥVWԥGԥ� �PXPL� DQHVWH]L\D� LOԥ� VXEWHQRQ� Yԥ� DSSOLNDVL\RQ� DQHVWH]L\DODUÕQ
NRPELQDVL\DVÕQGDQ�LVWLIDGԥ�HGLOLE��$SSOLNDVL\RQ�DQHVWH]L\D��VXOX�J|]�DOPDVÕQÕQ��]ԥULQԥ��ԥ]ԥOԥOԥULQ�SUR\HNVL\DVÕQD
X\÷XQ��URSLYDNDLQ�JHOLQLQ�oԥNLOPԥVLQGԥQ�LEDUԥWGLU��%XQXQOD�EXUDGD�RODQ�VԥUEԥVW�VLQLU�XoOXTODUÕQÕQ�DQHVWH]L\DVÕQD�
QDLO�ROXQXU��5RSLYDNDLQ�JHOLQLQ�DOÕQPDVÕ��o�Q�QDURSLQ�PԥKOXOX�Yԥ�YLVNRHODVWLN�EԥUDEԥU�SURSRUVL\DGD�KԥOO�ROXQXU�

%L]�245�Yԥ�EX�UHÀHNVLQ�NOLQLN�Wԥ]DK�UOԥULQL���UԥNEXODQPD��ELUGԥIԥOLN�Yԥ�WԥNUDU�ROXQDQ�TXVPD��WԥGTLT�HWPLúLN�
;ԥVWԥOԥULQ�P�[WԥOLI�TUXSODUGD�2*5�QÕQ�LQNLúDI�WH]OL\LQԥ�J|Uԥ�DOÕQPÕú�QԥWLFԥOԥU�VWDWLVWLN�WԥKOLO�HGLOPLúGLU�

1ԥWLFԥOԥU Yԥ RQODUÕQ P�]DNLUԥVL
2*5�QÕQ� \DUDQPD� WH]OL\L� Yԥ�2*5�ÕQ� [�VXVL\\ԥWOԥUL� KDTTÕQGD�PԥOXPDWODU� FԥGYԥO� �� Yԥ� FԥGYԥO� ��Gԥ� WԥTGLP

ROXQXU�
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&ԥGYԥO��
0�[WԥOLI DQHVWH]L\D �VXOODUÕQÕQ LVWLIDGԥVL LOԥ YLWUHRUHWLQDO ԥPԥOL\\DWODU DSDUÕODQ [ԥVWԥOԥUGԥ

245�ÕQ \DUDQPD WH]OL\L

6WDWLVWLN J|VWԥULFL
4UXSODU

1 2 3

;ԥVWԥOԥULQ �PXPL VD\Õ Q ��� �� ��

245 \DUDQPÕú [ԥVWԥOԥULQ VD\Õ
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��
����
����
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����
����
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�����
����

4H\G� , TUXSOD P�TD\LVԥGԥ ±  � 0�0�� � 0�01� 
,, TUXSOD P�TD\LVԥGԥ ± � � 0�0�

&ԥGYԥO��
$QHVWH]L\D �VXOOXQGDQ DVÕOOÕ RODUDT 245�ÕQ [DUDNWHULVWLNDVÕ

2NXORTDVWUDO UHÀHNV
4UXS

, ,, ,,,

hUԥNEXODQPD � � �

hUԥNEXODQPD Yԥ ELUGԥIԥOLN TXVPD �� � �

hUԥNEXODQPD Yԥ WԥNUDU TXVPD �� � �

2*5 \DUDQPÕú [ԥVWԥOԥULQ �PXPL VD\Õ �� �� �

&ԥGYԥOOԥUGԥQ� J|U�QG�\�� NLPL�� ,� TUXS� [ԥVWԥOԥUGԥ� 245�ÕQ� ԥQ� \�NVԥN� \DUDQPD� WH]OL\L� TH\G� ROXQPXúGXU� ±�
���������[ԥVWԥGԥ��UԥNEXODQPD�����[ԥVWԥGԥ��UԥNEXODQPD�Yԥ�ELUGԥIԥOLN�TXVPD��%XQXQOD�ԥODTԥGDU���PO�LQWUDYHQR]
FHUXNDO�Wԥ\LQ�ROXQPXúGXU��7ԥNUDU�TXVPD����[ԥVWԥGԥ�TH\G�ROXQPXúGXU��%XQXQOD�ԥODTԥGDU�LQWUDYHQR]���PO�FHUXNDO��
ԥ]ԥOԥGD[LOL���PO�NHWRQDO�Wԥ\LQ�ROXQPXúGXU��

,,� TUXSD� GD[LO� RODQ� [ԥVWԥOԥULQ� DUDVÕQGD� 245�ÕQ� WH]OL\LQLQ� ������ԥ� TԥGԥU� D]DOPDVÕ� TH\G� ROXQVD� GD� KԥPLQ
IԥUT�VWDWLVWLN�G�U�VW�ROPDPÕúGÕU��%X�TUXSGD���[ԥVWԥGԥ��UԥNEXODQPD����[ԥVWԥGԥ��UԥNEXODQPD�Yԥ�ELUGԥIԥOLN�TXVPD�
P�úDKLGԥ�HGLOPLúGLU��%XQXQOD�ԥODTԥGDU�LQWUDYHQR]���PO�FHUXNDO�Wԥ\LQ�ROXQPXúGXU��7ԥNUDU�TXVPD���[ԥVWԥGԥ�TH\G�
ROXQXE��%XQXQOD�ԥODTԥGDU�LQWUDYHQR]���PO�FHUXNDO��ԥ]ԥOԥGD[LOL���PO�NHWRQDO�Wԥ\LQ�ROXQPXúGXU��

,,,�TUXSGD�245�LQ�WH]OL\L�ԥQ�DúD÷Õ�VԥYL\\ԥGԥ���������ROPXúGXU��(\QL�]DPDQGD�RQX�GD�TH\G�HWPԥN�OD]ÕPGÕU�NL�
,,,�TUXS�[ԥVWԥOԥUGԥ�2*5�ÕQ�WH]OL\L�,�TUXS�[ԥVWԥOԥUOԥ�P�TD\LVԥGԥ�VWDWLVWLN�G�U�VW�RODUDT�D]DOPÕúGÕU��ɪ��������%HOԥ�NL�
,,,�TUXS�[ԥVWԥOԥUGԥ�,,�TUXS�[ԥVWԥOԥU�LOԥ�P�TD\LVԥGԥ�2*5�ÕQ�WH]OL\L�J|VWԥULFLOԥUL�VWDWLVWLN�G�U�VW�RODUDT�D]�ROPXúGXU�
�ɪ��������%X�TUXSGD��UԥNEXODQPD�Yԥ�ELUGԥIԥOLN�TXVPD���[ԥVWԥGԥ�TH\G�ROXQPXúGXU��%XQXQOD�ԥODTԥGDU�LQWUDYHQR]
��PO� FHUXNDO� Wԥ\LQ� ROXQPXúGXU��7ԥNUDU� TXVPD��� [ԥVWԥGԥ�TH\G�ROXQPXúGXU��%XQXQOD� ԥODTԥGDU� LQWUDYHQR]���PO
FHUXNDO��ԥ]ԥOԥGD[LOL���PO�NHWRQDO�Wԥ\LQ�ROXQPXúGXU�

ԤPԥOL\\DWODUÕQ�DQHVWH]LRORMÕ�WԥPLQDWÕQD�P�DVLU�ELU�\DQDúPD��RIWDOPRORMÕ�ԥPԥOL\\DWODU�GD�GD[LO�ROPDTOD��DIIHUHQW�
KԥVVDVOÕT�LQQHUYDVL\DVÕQÕQ�E�W�Q�VԥYL\\ԥOԥUGԥ�±�\HUOL�D÷UÕ��QRVLUHVHSWRUODU��UHVHSWRUODU��JDQJOL\DODU��PԥUNԥ]L�VLQLU�
VLVWHPLQ�DSDUÕFÕ�\ROODUÕQ�Yԥ�PԥUNԥ]L�VLQLU�VLVWHPLQ�UHVHSWRUODUÕ�GD[LO�ROPDTOD�QRVLVHSWLY�EORNDGDVÕQÕ�Qԥ]ԥUGԥ�WXWXU�
>�@�

0ԥOXP� ROGX÷X� NLPL�� J|]�Q� KԥVVDV� LQQHUYDVL\DVÕ�� WULJHPLQDO� VLQLULQ� ELULQFL� úD[ԥVL� Yԥ� LNLQFL� úD[ԥVLQLQ� ELU�
KLVVԥVLQGԥQ�NHoLU��*|]�Q�PRWRU�LQQHUYDVL\DVÕ� LVԥ�,,,��,9��9,�Yԥ�9,,�F�W�NԥOOԥ�EH\LQ�VLQLUOԥULQ�N|Pԥ\L�LOԥ�Kԥ\DWD
NHoLULOLU��*|]�Q�UHÀHNV�DUTDVÕ��T|YV���TÕVDGÕU�Yԥ�VLQLU�VLVWHPLQLQ�PԥUNԥ]L�KLVVԥVL�LOԥ�Kԥ\DWD�NHoLULOLU�

%HOԥ� NL�� QRVLVHSWLY� EORN� WԥPLQ� ROXQPD\DQ� KDOODUGD� WULJHPLQDO� VLQLULQ� PԥUNԥ]LQGԥQ� D]DQ� VLQLULQ� PԥUNԥ]LQԥ�
R\DQPD� NHoLULOLU� Yԥ� RNXORYLVVHUDO� UHÀHNVOԥULQ� ԥPԥOԥ� JԥOPԥVLQԥ� VԥEԥE� ROXU�� 0ԥK]� EX� DPLOOԥUL� Qԥ]ԥUԥ� DODUDT�
RIWDOPRORMÕ�ԥPԥOL\\DWODU�]DPDQÕ�DSDUÕODQ�DQHVWH]L\D�[�VXVL�\DQDúPDVÕQGDQ�LVWLIDGԥ�HGLOPԥVLQL�WԥOԥE�HGLU�>�@��

9LWUHRUHWLQDO�ԥPԥOL\\DW�NHoLULOԥQ�[ԥVWԥOԥU��o�Q�SRVWRSHUDWLY�G|YU�Q�VWDELO�NHoPԥVL�E|\�N�ԥKԥPL\\ԥW�NԥVE�HGLU�
%X�G|YU��o�Q�\DWDT�UHMLPL��KԥUԥNԥWVL]OLN��DGHNYDW�D÷UÕVÕ]ODúGÕUPD�Yԥ�V��Pԥ[VXV�ROPDOÕGÕU��hUԥN�EXODQPD��TXVPD�
�ELUGԥIԥOLN�Yԥ�WԥNUDU��ԥPԥOL\\DW�ROXQPXú�J|]Gԥ�ú�úԥYDUL�FLVPԥ�WԥNUDU�TDQVÕ]PD��WRU�TLúDQÕQ�TRSPDVÕ�Yԥ�V��IԥVDGODUÕQ�
\DUDQPD�VԥEԥEL�ROD�ELOԥU��%X�LVԥ�ԥPԥOL\\DWÕQ�QԥWLFԥOԥULQԥ�PԥQ¿�WԥVLU�J|VWԥUԥ�ELOԥU�Yԥ�[ԥVWԥOԥU�WԥNUDU�YLWUHRUHWLQDO�
ԥPԥOL\\DWODUD�PԥUX]�TDOD�ELOԥUOԥU�
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<HNXQ
%HOԥOLNOԥ��WԥGTLTDWD�ԥVDVԥQ��PXPL��VXEWHQRQ�Yԥ�DSSOLNDVL\RQ�DQHVWH]L\DODUÕQÕQ�NRPELQԥ�LVWLIDGԥVL�YLWUHRUHWLQDO

ԥPԥOL\\DWODU�]DPDQÕ�EDú�YHUԥQ�RNXORTDVWUDO�UHÀHNVLQ�\DUDQPD�WH]OL\LQLQ�HQPԥVLQԥ�LPNDQ�\DUDGÕU�

Ԥ'Ԥ%ø<<$7

�� Ƚɥɢɧɱɭɤ�ə�ɂ���Ⱦɟɟɜ�Ʌ�Ⱥ���ɘɝɚɣ�Ⱥ�Ƚ���Ʌɟɲɬɚɟɜɚ�Ƚ�ȼ��Ⱥɧɟɫɬɟɡɢɨɥɨɝɢɱɟɫɤɢɟ�ɩɪɨɛɥɟɦɵ�ɩɪɢ�ɜɢɬɪɷɤɬɨ�
ɦɢɢ���ɋɛ��ɧɚɭɱ��ɬɪ��±�Ɉɛɟɡɛɨɥɢɜɚɧɢɟ�ɜ�ɨɮɬɚɥɶɦɨɯɢɪɭɪɝɢɢ���ɩɨɞ�ɪɟɞ��ɋ�ɇ�Ɏɟɞɨɪɨɜɚ��Ɇɨɫɤɜɚ�������
F�������

�� Ƚɚɞɠɢɦɭɪɚɞɨɜ�Ʉ�ɇ���ɏɚɝɜɟɪɞɢɟɜ�Ɏ�Ɍ��Ɉɛɟɫɩɟɱɟɧɢɟ�ɛɟɡɨɩɚɫɧɨɫɬɢ�ɩɚɰɢɟɧɬɨɜ�ɩɪɢ�ɜɢɬɪɟɨɪɟɬɢɧɚɥɶ�
ɧɵɯ�ɨɩɟɪɚɰɢɹɯ��ɨɛɡɨɪ�ɥɢɬɟɪɚɬɭɪɵ�����ȼLɫɧɢɤ�ɩɪɨɛɥɟɦ�ɛLɨɥɨɝLL�L�ɦɟɞɢɰɢɧɢ��������ɜ����ɬ���������F����
���

�� ɋɪɟɞɧɹɤɨɜ�ȼ�Ⱥ���Ɍɸɥɹɟɜ�Ⱥ�ɉ��Ɇɧɨɝɨɭɪɨɜɧɟɜɵɣ�ɦɟɬɨɞ�ɚɧɟɫɬɟɡɢɢ�ɩɪɢ�ɩɨɜɬɨɪɧɵɯ�ɨɮɬɚɥɶɦɨɯɢɪɭɪ�
ɝɢɱɟɫɤɢɯ�ɜɦɟɲɚɬɟɥɶɫɬɜɚɯ�ɧɚ�ɡɚɞɧɟɦ�ɨɬɪɟɡɤɟ�ɝɥɚɡɚ����Ɉɮɬɚɥɶɦɨɯɢɪɭɪɝɢɹ��������ʋ���ɫ�������

�� Ɂɚɝɢɬɨɜɚ�Ʌ�Ƚ���ɏɚɦɡɢɧ�Ⱥ�Ɋ��Ɉɫɨɛɟɧɧɨɫɬɢ�ɚɧɟɫɬɟɡɢɢ�ɜ�ɨɮɬɚɥɶɦɨɥɨɝɢɢ���&ɛ��ɧɚɭɱ��ɬɪ��ɧɚɭɱ��ɩɪɚɤɬɢɱ�
ɤɨɧɮ��ɩɨ�ɨɮɬɚɥɶɦɨɯɢɪɭɪɝɢɢ�ɫ�ɦɟɠɞɭɧɚɪɨɞɧɵɦ�ɭɱɚɫɬɢɟɦ�©ȼɨɫɬɨɤ�Ɂɚɩɚɞª��Ƚɍ�©ɍɮɢɦɫɤɢɣ�ɧɚɭɱɧɨ�
��ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ�ɢɧɫɬɢɬɭɬ�ɝɥɚɡɧɵɯ�ɛɨɥɟɡɧɟɣª�Ⱥ+�Ɋɟɫɩɭɛɥɢɤɢ�Ȼɚɲɤɨɪɬɨɫɬɚɧ���ɩɨɞ�ɪɟɞ��Ɇ��Ɇ�
Ȼɢɤɛɨɜɚ��ɍɮɚ��Ⱦɢɡɚɣɧ�ɉɨɥɢɝɪɚɮ�ɋɟɪɜɢɫ��������F����������

�� %DUN� 5�+���$EGHOD]L]� +�0�� 6XEWHQRQ� EXSLYDFDLQH� LQMHFWLRQ� IRU� SRVWRSHUDWLYH� SDLQ� UHOLHI� IROORZLQJ�
SHGLDWULF�VWUDELVPXV�VXUJHU\��D�UDQGRPL]HG�FRQWUROOHG�GRXEOH�EOLQG�WULDO����0LGGOH�(DVW�-��$QDHVWKHVLRO��
������Y��������S��������

�� Ⱦɭɛɨɤ�Ⱥ�Ⱦ��Ɇɧɨɝɨɤɨɦɩɨɧɟɧɬɧɚɹ�ɚɧɟɫɬɟɡɢɹ�ɩɪɢ�ɭɫɬɪɚɧɟɧɢɢ�ɤɨɫɨɝɥɚɡɢɹ�ɭ�ɞɟɬɟɣ���Ɏɟɞɨɪɨɜɫɤɢɟ�ɱɬɟ�
ɧɢɹ�±�������Ɋɚɡɞɟɥ�,;��ɉɚɬɨɥɨɝɢɹ�ɝɥɚɡɨɞɜɢɝɚɬɟɥɶɧɨɣ�ɫɢɫɬɟɦɵ�ɢ�ɛɢɧɨɤɭɥɹɪɧɨɝɨ�ɡɪɟɧɢɹ�

�� ɉɟɬɪɨɜ�ɋ�ɘ��Ⱥɧɚɬɨɦɢɹ�ɝɥɚɡɚ�ɢ�ɟɝɨ�ɩɪɢɞɚɬɨɱɧɨɝɨ�ɚɩɩɚɪɚɬɚ��Ɇ���ȽɗɈɌȺɊ�ɆȿȾ������������ɫ�

Ƚɚɞɠɢɦɭɪɚɞɨɜ�Ʉ�ɇ���Ʉɚɫɢɦɨɜ�ɗ�Ɇ��ɏɚɝɜɟɪɞɢɟɜ�Ɏ�Ɍ�

ɋɊȺȼɇɂɌȿɅɖɇɈȿ�ɂɁɍɑȿɇɂȿ�ɗɎɎȿɄɌɂȼɇɈɋɌɂ�ɊȺɁɅɂɑɇɕɏ
ɆȿɌɈȾɈȼ�ȺɇȿɋɌȿɁɂɂ�ȼ�ɉɊɈɎɂɅȺɄɌɂɄȿ�ɈɄɍɅɈȽȺɋɌɊȺɅɖɇɈȽɈ
ɊȿɎɅȿɄɋȺ�ɉɊɂ�ȼɂɌɊȿɈɊȿɌɂɇȺɅɖɇɕɏ�ɈɉȿɊȺɐɂəɏ

ɇɚɰɢɨɧɚɥɶɧɵɣ�ɐɟɧɬɪ�Ɉɮɬɚɥɶɦɨɥɨɝɢɢ�ɢɦɟɧɢ�ɚɤɚɞ��Ɂɚɪɢɮɵ�Ⱥɥɢɟɜɨɣ��ɝ�Ȼɚɤɭ��Ⱥɡɟɪɛɚɣɞɠɚɧ
Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ�Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɂɧɫɬɢɬɭɬ�ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ� ɜɪɚɱɟɣ� ɢɦɟɧɢ�Ⱥ��Ⱥɥɢɟɜɚ�� ɤɚɮɟɞɪɚ�
ɚɧɟɫɬɟɡɢɨɥɨɝɢɢ�ɪɟɚɧɢɦɚɰɢɢ��ɝ�Ȼɚɤɭ

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ� ɜɢɬɪɟɨɪɟɬɢɧɚɥɶɧɵɟ�ɨɩɟɪɚɰɢɢ��ɚɧɟɫɬɟɡɢɹ�

ɊȿɁɘɆȿ

ɐɟɥɶ���ɫɪɚɜɧɢɬɶ�ɱɚɫɬɨɬɭ�ɪɚɡɜɢɬɢɹ�ɨɤɭɥɨɝɚɫɬɪɚɥɶɧɨɝɨ�ɪɟɮɥɟɤɫɚ��ɈȽɊ��ɩɪɢ�ɜɢɬɪɟɨɪɟɬɢɧɚɥɶɧɵɯ�ɨɩɟɪɚɰɢ�
ɹɯ��ɩɪɨɜɨɞɢɦɵɯ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɪɚɡɥɢɱɧɵɯ�ɦɟɬɨɞɨɜ�ɚɧɟɫɬɟɡɢɢ��

Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ 
Ɉɛɫɥɟɞɨɜɚɧ�����ɩɚɰɢɟɧɬ�ɜ�ɜɨɡɪɚɫɬɟ�ɨɬ����ɞɨ����ɥɟɬ��ɉɚɰɢɟɧɬɵ�ɪɚɡɞɟɥɟɧɵ�ɧɚ���ɝɪɭɩɩɵ��ɜ�,�ɝɪɭɩɩɟ�ɢɫɩɨɥɶ�

ɡɨɜɚɥɚɫɶ�ɨɛɳɚɹ�ɚɧɟɫɬɟɡɢɹ��ɜɨ�,,�ɝɪɭɩɩɟ�±�ɫɨɱɟɬɚɧɢɟ�ɨɛɳɟɣ�ɢ�ɫɭɛɬɟɧɨɧɨɜɨɣ�ɚɧɟɫɬɟɡɢɢ��ɜ�,,,�ɝɪɭɩɩɟ�±�ɫɨɱɟɬɚ�
ɧɢɟ�ɨɛɳɟɣ��ɫɭɛɬɟɧɨɧɨɜɨɣ�ɢ�ɚɩɩɥɢɤɚɰɢɨɧɧɨɣ�ɚɧɟɫɬɟɡɢɢ�

ȼ�,�ɝɪɭɩɩɟ�ɱɚɫɬɨɬɚ�ɈȽɊ�ɫɨɫɬɚɜɢɥɚ��������ȼɨ�,,�ɝɪɭɩɩɟ�ɱɚɫɬɨɬɚ�ɈȽɊ�ɫɨɫɬɚɜɢɥɚ��������ɍ�ɩɚɰɢɟɧɬɨɜ�,,,
ɝɪɭɩɩɵ�ɱɚɫɬɨɬɚ�ɈȽɊ�ɫɨɫɬɚɜɢɥɚ�������

Ɂɚɤɥɸɱɟɧɢɟ
Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ�ɨ�ɬɨɦ��ɱɬɨ�ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɦɟɬɨɞɢɤɢ�ɚɧɟɫɬɟɡɢɢ��ɨɫɧɨɜɚɧɧɨɣ�

ɧɚ�ɫɨɱɟɬɚɧɢɢ�ɨɛɳɟɣ��ɫɭɛɬɟɧɨɧɨɜɨɣ�ɢ�ɚɩɩɥɢɤɚɰɢɨɧɧɨɣ�ɚɧɟɫɬɟɡɢɢ��ɫɩɨɫɨɛɫɬɜɭɟɬ�ɡɧɚɱɢɬɟɥɶɧɨɦɭ�ɫɧɢɠɟɧɢɸ
ɱɚɫɬɨɬɵ�ɈȽɊ�ɩɪɢ�ɩɪɨɜɟɞɟɧɢɢ�ɜɢɬɪɟɨɪɟɬɢɧɚɥɶɧɵɯ�ɨɩɟɪɚɰɢɣ�
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+DMLPXUDGRY�.�1���4DVLPRY�(�0���+DTYHUGL\HY�)�7�

&203$5$7,9(�678'<�2)�7+(�())(&7,9(1(66�2)�9$5,286
$1(67+(6,$�0(7+2'6�,1�35(9(17,21�2)�7+(�2&8/2*$675$/
5()/(;�$7�9,75(25(7+,1$/�23(5$7,216

1DWLRQDO�2SKWKDOPRORJ\�&HQWUH�QDPHG�DIWHU�DFDG��=DULID�$OL\HYD�%DNX��$]HUEDLMDQ
$]HUEDLMDQ�6WDWH�,QVWLWXWH�RI�3KLVLFLDQV�$GYDQFHG�7UDLQLQJ�QDPHG�DIWHU�$�$OL\HY��GHSDUWPHQW�RI�$QDHVWKHVLRORJ\�
5HDQLPDWRORJ\��%DNX

.H\ ZRUGV� YLWUHRUHWLQDO�RSHUDWLRQV��DQHVWKHVLD

6800$5<

$LP���WKH�VWXG\�FRPSDUHG�WKH�IUHTXHQF\�RI�GHYHORSPHQW�RI�RFXORJDVWUDO�UHÀH[��2*5��LQ�YLWUHRUHWLQDO�RSHUDWLRQV�
XVLQJ�YDULRXV�PHWKRGV�RI�DQHVWKHVLD�

0DWHULDO DQG PHWKRGV 
7KH�VWXG\� LQFOXGHG�����SDWLHQW�DJHG���� WR����\HDUV��'HSHQGLQJ�RQ� WKH�PHWKRG�RI�DQHVWKHVLD�SDWLHQWV�ZHUH�

GLYLGHG�LQWR���JURXSV��,�JURXS� �JHQHUDO�DQHVWKHVLD��,,�JURXS���JHQHUDO�DQHVWKHVLD�DQG�VXEWHQRQ�DQHVWKHVLD��,,,�JURXS
��FRPELQDWLRQ�RI�JHQHUDO�DQHVWKHVLD��VXEWHQRQ�DQHVWKHVLD�DQG�DSSOLFDWLRQ�DQHVWKHVLD�

5HVXOWV 
,Q� WKH� JURXS� ,� WKH� LQFLGHQFH� RI� GHYHORSPHQWDO�2*5�ZDV� ������� ,Q� WKH� �QG� JURXS� WKH� LQFLGHQFH� RI�2*5�

GHFUHDVHG�WR���������,Q�SDWLHQWV�RI�WKH��UG�JURXS�WKH�LQFLGHQFH�RI�2*5�ZDV���������PXFK�ORZHU�WKDQ�LQ�WKH��VW�
DQG�,,�JURXSV�

&RQFOXVLRQ 
7KXV��WKH�XVH�RI�DQHVWKHVLD�WHFKQLTXH�EDVHG�RQ�D�FRPELQDWLRQ�RI�JHQHUDO�DQHVWKHVLD��VXEWHQRQ�DQHVWKHVLD�DQG�

DSSOLFDWLRQ�DQHVWKHVLD�UHGXFHG�WKH�IUHTXHQF\�RI�RFXORJDVWUDO�UHÀH[�GHYHORSPHQW�GXULQJ�YLWUHRUHWLQDO�RSHUDWLRQV�

.RUUHVSRQGHQVL\D��o�Q�
+DFÕPXUDGRY� .DPLO� 1L]DP� R÷OX�� SURIHVVRU�� Ψ�ΨOL\HY� DGÕQD� $]ΩUED\FDQ� '|YOΩW� +ΩNLPOΩUL� 7ΩNPLOOΩúGLUPΩ
øQVWLWXWXQXQ�DQHVWH]LRORJL\D�YΩ�UHDQLPDWRORJL\D�NDIHGUDVÕQÕQ�P�GLUL
+DTYHUGL\HY�)ΩUKDQ�7D÷Õ�R÷OX��DNDG��=ΩULIΩ�ΨOL\HYD�DGÕQD�0LOOL�2IWDOPRORJL\D�0ΩUNΩ]LQLQ�DQHVWH]LRORJL\D�
UHDQLPDVL\D�YΩ�LQWHQVLY�WHUDSL\D�ú|EΩVLQLQ�KΩNLP�DQHVWH]LRORTX
hQYDQ��$=������%DNÕ�úΩK���&DYDGDQ�N�o���PΩKΩOOΩ�������
7HO�������������������
(�PDLO��GU�IDUKDQ#PDLO�UX���Z�Z�Z�RIWDO�MXUQDO#H\H�JRY�D]�


