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3RVQHU�6FKORVVPDQQ�V\QGURPH�LV�FKDUDFWHUL]HG�ZLWK�D�XQLODWHUDO�SDUR[\VPDO�LQFUHDVH�LQ�LQWUDRFXODU�SUHVVXUH�
DQG�WKH�SUHVHQFH�RI�F\FOLFDO�V\PSWRPV�

,Q�WKH�SUHVHQWHG�FOLQLFDO�FDVH��D����\HDU�ROG�ZRPDQ�H[SHULHQFHG�D�VKDUS�LQFUHDVH�LQ�LQWUDRFXODU�SUHVVXUH�LQ�
WKH�ULJKW�H\H�DQG�WKH�SUHVHQFH�RI�F\FOLF�V\PSWRPV��7KH�FOLQLFDO�SLFWXUH�RI�WKH�DFXWH�IRUP�RI�WKH�GLVHDVH�LV�GHVFULEHG��
$IWHU�WUDGLWLRQDO�RSKWKDOPRORJLFDO�VWXGLHV��WKH�SDWLHQW�ZDV�GLDJQRVHG�ZLWK�3RVQHU�6FKORVVPDQQ�V\QGURPH�

$Q�DQDO\VLV�RI� WKH� UHVXOWV� VKRZHG� WKDW�ZLWK� WKH� FRUUHFW�GLDJQRVLV� DQG� WLPHO\� WUHDWPHQW�� LW� LV�SRVVLEOH� WR�
QRUPDOL]H�WKH�KLJK�LQWUDRFXODU�SUHVVXUH�FDXVHG�E\�3RVQHU�6FKORVVPDQQ�V\QGURPH��UHGXFH�SUHFLSLWDWLRQV��WKHUHE\�
SUHVHUYLQJ�YLVLRQ�DQG�SUHYHQWLQJ�RWKHU�FRPSOLFDWLRQV�

.H\�ZRUGV��3RVQHU�6FKORVVPDQQ�V\QGURPH��DFXWH�JODXFRPD�DWWDFN

Ⱥɯɦɟɞɨɜɚ�Ⱥ�Ⱦ���ɋɟɢɞɨɜɚ�ɋ�Ɇ�

ɋɂɇȾɊɈɆ�ɉɈɁɇȿɊȺ�ɒɅɈɋɋɆȺɇȺ��ɋɅɍɑȺɃ�ɂɁ�ɄɅɂɇɂɄɂ�

ɊȿɁɘɆȿ

ɋɢɧɞɪɨɦ� ɉɨɡɧɟɪɚ�ɒɥɨɫɫɦɚɧɚ� ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ� ɨɞɧɨɫɬɨɪɨɧɧɢɦ� ɩɪɢɫɬɭɩɨɨɛɪɚɡɧɵɦ� ɩɨɜɵɲɟɧɢɟɦ�
ɜɧɭɬɪɢɝɥɚɡɧɨɝɨ�ɞɚɜɥɟɧɢɹ�ɢ�ɧɚɥɢɱɢɟɦ�ɰɢɤɥɢɬɢɱɟɫɤɢɯ�ɫɢɦɩɬɨɦɨɜ�

ȼ� ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ� ɤɥɢɧɢɱɟɫɤɨɦ� ɫɥɭɱɚɟ� ɭ� ���ɥɟɬɧɟɣ� ɠɟɧɳɢɧɵ� ɧɚɛɥɸɞɚɥɨɫɶ� ɪɟɡɤɨɟ� ɩɨɜɵɲɟɧɢɟ�
ɜɧɭɬɪɢɝɥɚɡɧɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɩɪɚɜɨɦ� ɝɥɚɡɭ� F� ɧɚɥɢɱɢɟɦ� ɰɢɤɥɢɱɟɫɤɢɯ� ɫɢɦɩɬɨɦɨɜ�� Ɉɩɢɫɚɧɚ� ɤɥɢɧɢɱɟɫɤɚɹ�
ɤɚɪɬɢɧɚ�ɨɫɬɪɨɣ�ɮɨɪɦɵ�ɡɚɛɨɥɟɜɚɧɢɹ��ɉɨɫɥɟ�ɬɪɚɞɢɰɢɨɧɧɵɯ�ɨɮɬɚɥɶɦɨɥɨɝɢɱɟɫɤɢɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɭ�ɩɚɰɢɟɧɬɚ�
ɛɵɥ�ɞɢɚɝɧɨɫɬɢɪɨɜɚɧ�ɫɢɧɞɪɨɦ�ɉɨɡɧɟɪɚ�ɒɥɨɫɫɦɚɧɚ�

Ⱥɧɚɥɢɡ�ɪɟɡɭɥɶɬɚɬɨɜ�ɩɨɤɚɡɚɥ��ɱɬɨ�ɩɪɢ�ɩɪɚɜɢɥɶɧɨɣ�ɩɨɫɬɚɧɨɜɤɟ�ɞɢɚɝɧɨɡɚ�ɢ�ɫɜɨɟɜɪɟɦɟɧɧɨ�ɩɪɨɜɟɞɟɧɧɨɦ�
ɥɟɱɟɧɢɢ� ɜɨɡɦɨɠɧɨ� ɧɨɪɦɚɥɢɡɨɜɚɬɶ� ɜɵɫɨɤɨɟ� ɜɧɭɬɪɢɝɥɚɡɧɨɟ� ɞɚɜɥɟɧɢɟ�� ɜɵɡɜɚɧɧɨɟ� ɫɢɧɞɪɨɦɨɦ� ɉɨɡɧɟɪɚ�
ɒɥɨɫɫɦɚɧɚ��ɭɦɟɧɶɲɢɬɶ�ɩɪɟɰɢɩɢɬɚɬɵ��ɬɟɦ�ɫɚɦɵɦ�ɫɨɯɪɚɧɢɬɶ�ɡɪɟɧɢɟ�ɢ�ɩɪɟɞɨɬɜɪɚɬɢɬɶ�ɞɪɭɝɢɟ�ɧɚɪɭɲɟɧɢɹ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɫɢɧɞɪɨɦ�ɉɨɡɧɟɪɚ�ɒɥɨɫɫɦɚɧɚ��ɨɫɬɪɵɣ�ɩɪɢɫɬɭɩ�ɝɥɚɭɤɨɦɵ

3R]QHU�ùORVVPDQ�VLQGURPX������FL�LOGԥ�$EUDKDP�6FKORVVPDQ�Yԥ�$GROI�3RVQHU�WԥUԥ¿QGԥQ�[ԥVWԥOԥU�

�]ԥULQGԥ�DSDUÕODQ�P�D\LQԥ�Yԥ�WԥGTLTDWODU�QԥWLFԥVLQGԥ�DúNDU�ROXQPXúGXU��4ODXNRPRWVLNOLWLN�NUL]�J|]GD[LOL�

Wԥ]\LTLQ��*'7��ELUWԥUԥÀL�Yԥ�WXWPDúԥNLOOL�TDO[PDVÕ�Yԥ�WVLNOLWLN�VLPSWRPODUÕQ�ROPDVÕ�LOԥ�[DUDNWHUL]ԥ�ROXQDQ�

VLQGURPGXU�>�@�
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3R]QHU�ùORVVPDQ�VLQGURPX�oR[�D]�UDVW�JԥOLQԥQ�XYHRSDWL\DODUD�DLGGLU�NL��EX�GD�ԥVDVԥQ�RUWD�\DúODUGD�

�������\Dú��Yԥ�[�VXVLOԥ�Gԥ�NLúLOԥUGԥ�P�úDKLGԥ�ROXQXU��%LOLQԥQ�ULVN�IDNWRUODUÕ�\R[GXU��

%X�VLQGURPXQ�ԥVDV�[DUDNWHULVWLNDVÕ�WXWPDODUÕQ�WԥN�J|]Gԥ�Yԥ�GDLP�H\QL�J|]Gԥ�ROPDVÕGÕU��7XWPDODU�

ELU�QHoԥ�J�QGԥQ�ELU�QHoԥ�KԥIWԥ\ԥ�TԥGԥU�X]DQD�ELOԥU��.UL]�]DPDQÕ�*'7�NԥVNLQ�\�NVԥOLU��������PP�F�V����

ODNLQ�WXWPDODU�DUDVÕ�G|YUGԥ�*'7�QRUPDO�RODUDT�TDOÕU��6LQGURP�RIWDOPRKLSHUWHQ]L\D�WLSLQGԥ�JHGLU������

KDOODUGD�WXWPDODU�X]XQP�GGԥWOL�GDPDP�HWGLNGԥ�J|UPԥ�VDKԥVLQGԥ�Yԥ�J|UPԥ�VLQLUL�GLVNLQGԥ�Gԥ\LúLNOLNOԥU�

P�úDKLGԥ�ROXQD�ELOԥU��EXQXQ�GD�EԥWLFԥVLQGԥ� LNLQFLOL�TODXNRPD� LQNLúDI�HGԥ�ELOԥU� >�@�� øNLQFLOL�TODXNRPD�

ELULQFLOL�TODXNRPD�LOԥ�P�TD\LVԥGԥ�GDKD�D÷ÕU�IԥVDGODUOD�QԥWLFԥOԥQԥ�ELOԥU�>�@�

<X[DUÕGD�TH\G�ROXQDQODUÕ�Qԥ]ԥUԥ�DODUDT��QDGLU�UDVW�JԥOLQԥQ�3R]QHU�ùORVVPDQ�VLQGURPX�GLDTQR]X�LOԥ�

NOLQLN�KDO�WԥTGLP�ROXQXU�

.OLQLN�KDO

;ԥVWԥ�$�4��������FÕ�LO�WԥYԥOO�GO��TDGÕQ������FL�LOGԥ�DNDG��=ԥULIԥ�ԤOL\HYD�DGÕQD�0LOOL�2IWDOPRORJL\D�

0ԥUNԥ]LQԥ�GD[LO�ROPXúGXU��$QDPQHVWLN�PԥOXPDWD�J|Uԥ��EX�YD[WD�NLPL�J|UPԥ�LOԥ�ED÷OÕ�KHo�ELU�úLND\ԥWL�

ROPDPÕúGÕU��3DVL\HQW�GLJԥU�RUTDQODUÕQ�Yԥ�VLVWHP�[ԥVWԥOLNOԥULQLQ�P|YFXG�ROPDPDVÕQÕ�TH\G�HGLU��;ԥVWԥ�VD÷�

J|]�QGԥ�RODQ�D÷UÕGDQ�Yԥ�EXODQÕT�J|UPԥGԥQ�úLND\ԥW�HGLUGL��%�W�Q�RIWDOPRORML�P�D\LQԥOԥU�DSDUÕOPÕúGÕU�

�YL]RPHWUL\D�� WRQRPHWUL\D� �4ROGPDQ��� ELRPLNURVNRSL\D�� RIWDOPRVNRSL\D�� SHULPHWUL\D� Yԥ� +H\GHOEHUT�

UHWLQRWRPRTUD¿\D��DSDUÕOPÕúGÕU��

'D[LO�RODUNԥQ��� 9LV�2'� ����� 7Q�2'� ����PP�F�V�

� � � 9LV�26� �������7Q�26� ������PP�F�V�

2E\HNWLY�P�D\LQԥGԥ��2'���J|]�DOPDVÕ�]ԥLI�LQ\HNVL\DOÕ��EX\QX]�TLúDGD�|GHP��HQGRWHOLDO�SUHVLSLWDWODU�

P�úDKLGԥ�ROXQPXúGXU��gQ�NDPHUD�RUWD�GԥULQOLNGԥ��EԥEԥN�GDUGÕU��E�OOXUGD�F�]L�EXODQPD��TRQLRVNRSL\D�

±�|Q�NDPHUD�EXFD÷Õ�DoÕT��RIWDOPRVNRSL\DGD�±�J|UPԥ�VLQLUL�GLVNLQLQ�PԥPԥFL\L�DoÕT�FԥKUD\Õ��K�G�GODUÕ�

D\GÕQ��PDNXO\DU�UHÀHNV�QRUPD�GD[LOLQGԥGLU��úԥN��������

ùԥN����3RVQHU�6FKORVVPDQ�VLQGURPX
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D� E�
ùԥN�����D��;ԥVWԥ�$�4��±�+H\GHOEHUT�UHWLQRWRPRTUD¿\DQÕQ�J|VWԥULFLOԥUL� 

E��3HULPHWUL\DQÕQ�J|VWԥULFLOԥUL�

*'7�QRUPD\D�VDOPDT�PԥTVԥGLOԥ�DQWLTODXNRPDWR]�GԥUPDQODU��ԥODYԥ�RODUDT�VWHURLGOԥU�Yԥ�PLGULDWLNOԥU�

Wԥ\LQ� ROXQPXúGXU� �VRO��7LPRORO�� VRO�'LNORI�� VRO��.RSUHG�� VRO��(GHQRUP�� VRO��0LGULDVLO���0�DOLFԥ� �� D\�

P�GGԥWLQGԥ� GDYDP� HWPLúGLU� Yԥ� EX�P�GGԥW� ԥU]LQGԥ� GԥUPDQODU� WԥGULFԥQ� D]DOGÕOPÕúGÕU��;ԥVWԥ�P�úDKLGԥ�

DOWÕQGD� ROGX÷X� ]DPDQ�*'7� G�úP�ú� Yԥ� GLJԥU� VLPSWRPODU� �|GHP�� SUHVLSLWDWODU�� D]DOPD÷D� EDúODPÕúGÕU��

hPXPL�P�úDKLGԥ�G|YU�����D\�WԥúNLO�HWPLúGLU�

2E\HNWLY�P�D\LQԥGԥ��2'�±�EX\QX]�TLúD�úԥ൵DI��|Q�NDPHUD�RUWD�GԥULQOLNGԥ��EԥEԥN�GDLUԥYLGLU��E�OOXU�

F�]L� EXODQÕTOÕ�� TRQLRVNRSL\DGD� ±� |Q� NDPHUD� EXFD÷Õ� DoÕT�� RIWDOPRVNRSL\DGD� ±� J|UPԥ� VLQLUL� GLVNLQLQ�

PԥPԥFL\L�DoÕT�FԥKUD\Õ��K�G�GODUÕ�D\GÕQ��PDNXO\DU�UHÀHNV�QRUPD�GD[LOLQGԥGLU��

$SDUÕODQ�E�W�Q�RIWDOPRORML�P�D\LQԥOԥUGԥQ�Yԥ�GLDTQR]XQ�WԥVGLTLQGԥQ�VRQUD�[ԥVWԥ\ԥ�PHGLNDPHQWR]�

P�DOLFԥ�Wԥ\LQ�ROXQPXúGXU��0�D\LQԥOԥU�WԥNUDU���FL�KԥIWԥ��������������Yԥ����D\�P�GGԥWOԥULQGԥ�DSDUÕOPÕúGÕU��

hPXPL�P�úDKLGԥ�G|YU�����D\� WԥúNLO�HWPLúGLU��EX�P�GGԥW�ԥU]LQGԥ�RIWDOPRORML�J|VWԥULFLOԥU�VDELW�RODUDT�

TDOPÕúGÕU��WԥNUDU�UHVLGLY�P�úDKLGԥ�ROXQPDPÕúGÕU��FԥGYԥO����

&ԥGYԥO��
ԤVDV�IXQNVLRQDO�J|VWԥULFLOԥULQ�GLQDPLNDVÕ

0�úDKLGԥ�G|YU� *|]GD[LOL�Wԥ]\LT��4ROGPDQ��]Uԥ� *|UPԥ�LWLOL\L
øONLQ�ED[Õú�]DPDQÕ ���PP�F�V� ���
��KԥIWԥ ���PP�F�V� �������
��D\� ���PP�F�V� ���
��D\ ���PP�F�V� ���
��D\ ���PP�F�V� ���
��D\ ���PP�F�V� �������
���D\ ���PP�F�V� �������
���D\ ���PP�F�V� �������
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0�]DNLUԥ

4ODXNRPDWVLNOLWLN� NUL]� D]� UDVW� JԥOLQԥQ� XYHRSDWL\DODUD� DLGGLU��0ԥOXP�ROGX÷X� NLPL�� XYHDO� WUDNWÕQ�

LOWLKDEL�[ԥVWԥOLNOԥULQGԥ�RIWDOPRWRQXVXQ�\�NVԥOPԥVL�XYHDO�TODXNRPD�Yԥ�TODXNRPDWVLNOLWLN�NUL]�VLQGURPX�

WLSL��]Uԥ�|]�Q��ELUX]ԥ�YHULU�>�@�

$QWLTODXNRPDWR]�Yԥ�VWHURLG�GԥUPDQODUOD�P�DOLFԥ\ԥ�WDEH�RODQ�[ԥVWԥOLNGLU��/DNLQ�Eԥ]L�KDOODUGD�P�DOLFԥ�

WDP�H൵HNW�YHUPLU��*'7�G�úP�U��%HOԥ�KDOODUGD�DQWLTODXNRPDWR]�ԥPԥOL\\DWODUÕQ�DSDUÕOPDVÕ�P�WOԥTGLU��

5RGLHU�%RQLIDV� &�� Yԥ� KԥPP�ԥOOLÀԥULQLQ� PԥOXPDWODUÕQD� ԥVDVԥQ�� WXWPDODUDUDVÕ� G|YUGԥ� PԥTVԥGOL�

J|]GD[LOL�Wԥ]\LTԥ�QDLO�ROPDGÕ÷Õ�KDOGD�DQWLTODXNRPDWR]�ԥPԥOL\\DWÕQ�DSDUÕOPDVÕ�J|VWԥULúGLU�>���@��

(WLRSDWRJHQH]L�Yԥ�GLDTQRVWLNDVÕ�oԥWLQ�ROGX÷XQGDQ�Yԥ�EX�J�Qԥ�NLPL�WDP�|\UԥQLOPԥGLUL��o�Q�V|]V�]�

NL�� EX� SUREOHPLQ�P�úDKLGԥVL� Yԥ�P�DOLFԥVL� E|\�N� DNWXDOOÕ÷D�PDOLNGLU��'L൵HUHQVLDVL\DVÕ� ԥVDVԥQ� NԥVNLQ�

TODXNRPD�WXWPDVÕ�LOԥ�DSDUÕOÕU��FԥGYԥO����>�@��

%X�F�U�[ԥVWԥOԥUGԥ�SURTQR]�IԥUTOLGLU��[ԥVWԥOԥULQ�oR[XQGD�����D\GDQ���LOԥGԥN�NUL]�P�úDKLGԥ�ROXQXU��

Eԥ]ԥQ�[ԥVWԥOԥU�|PUOԥUL�ER\X�����GԥIԥ�NUL]�NHoLUOԥU�

&ԥGYԥO��
4ODXNRPRWVLNOLWLN�NUL]�Yԥ�NԥVNLQ�TODXNRPD�WXWPDVÕQÕQ�GL൵HUHQVLDO�

GLDTQRVWLN�ԥODPԥWOԥUL
4ODXNRPRWVLNOLWLN�NUL] .ԥVNLQ�TODXNRPD�WXWPDVÕ

�� *|]Gԥ�D÷ÕUOÕT�KLVVL\DWÕ�Yԥ�Eԥ]ԥQ�Gԥ�J|]�DOPDVÕQÕQ�
]ԥLI�D÷UÕODUÕ�

$GԥWԥQ��UԥNEXODQPD�Yԥ�TXVPD�LOԥ�P�úD\LԥW�ROXQDQ�
J|]Gԥ�Yԥ�EDúÕQ�P�YD¿T�WԥUԥÀԥULQGԥ�D÷UÕODU

�� *|]�DOPDVÕ�]ԥLI�LQ\HNVL\DOÕ��Eԥ]ԥQ�LQ\HNVL\D�
P�úDKLGԥ�ROXQPXU

*|]�DOPDVÕQÕQ�HSLVNOHUDO�GDPDUODUÕQGD�GXU÷XQOX�
LQ\HNVL\D

�� øúÕT�PԥQEԥ\LQԥ�ED[GÕTGD�UԥQJOL�KDOTDODU�J|U�Q�U øúÕT�PԥQEԥ\LQԥ�ED[GÕTGD�UԥQJOL�KDOTDODU�J|U�Q�U

�� %X\QX]�TLúDGD�HSLWHOLDO�|GHPLQ��SUHVLSLWDWODUÕQ�
ROPDVÕ�

%X\QX]�TLúD�HSLWHOLQLQ�|GHPL��EX\QX]�TLúDQÕQ�
KԥVVDVOÕ÷ÕQÕQ�D]DOPDVÕ

�� gQ�NDPHUD�EXFD÷Õ�DúÕTGÕU��RUWD�GԥULQOLNGԥGLU gQ�NDPHUD�GD\D]GÕU

�� %ԥEԥN�GDUGÕU��LúÕ÷D�TDUúÕ�UHDNVL\D�VD[ODQÕOPÕúGÕU %ԥEԥN�JHQGLU��LúÕ÷D�TDUúÕ�UHDNVL\D�]ԥLIGLU

�� 4�]HKOL�TLúDGD�Gԥ\LúLNOLN�ROPXU dR[�YD[W�T�]HKOL�TLúDQÕQ�VHTPHQWDU�DWUR¿\DVÕ�ROXU

�� *'7�\�NVԥOPLú�ROXU *'7�\�NVԥOPLú�ROXU

+ԥU�ELU�Yԥ]L\\ԥWGԥ�LOGԥ�ELU�GԥIԥ�WԥNUDU�P�D\LQԥQLQ�DSDUÕOPDVÕ�PԥTVԥGԥ�X\÷XQGXU�>����@�

<HNXQ

3R]QHU�ùORVVPDQ�VLQGURPX�WXWPDODUÕ�NLUSLNOL�FLVLPGԥ�JHGԥQ�Yԥ�KLSHUWHQ]L\D�LOԥ�P�úD\LԥW�ROXQDQ�

LOWLKDEL�SURVHVOԥULQ�QԥWLFԥVLQGԥ�PH\GDQD�oÕ[ÕU��

$OÕQDQ�QԥWLFԥOԥULQ�WԥKOLOL�J|VWԥUPLúGLU�NL��GLDTQR]�G�]J�Q�TR\XOGXTGD�Yԥ�P�DOLFԥ�YD[WÕQGD�DSDUÕOGÕTGD�

3R]QHU�ùORVVPDQ�VLQGURPX�VԥEԥELQGԥQ�\DUDQDQ�\�NVԥN�J|]GD[LOL�Wԥ]\LTL�QRUPD\D�VDOPDT��SUHVLSLWDWODUÕ�
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