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ÖZ

$PDo��0HODWRQLQ�Y�FXWWD�ELUoRN�EL\RORMLN�G�]HQOHPHGH�J|UHY�DODQ�YH�RNVLGDWLI�VWUHV-
OH�LOLúNLOL�ELU�Q|URWUDQVPLWWHUGLU��Ǻ�HQGRU¿Q�LVH�PRU¿Q�EHQ]HUL�|]HOOL÷L�RODQ�YH�EHQ]HU�
úHNLOGH�D÷UÕ�YH�RNVLGDWLI�VWUHVOH� LOLúNLOL�GXUXPODUGD�KLSR¿]�EH]LQGHQ�VDOJÕODQDQ�GR-

÷DO�ELU�QDUNRWLNWLU��%L]�EX�oDOÕúPDGD��HOHNWLI�VH]DU\HQ�LOH�GR÷XP�\DSDQ�YH\D�QRUPDO�
GR÷XP�H\OHPL�EDúODGÕNWDQ�VRQUD�VH]DU\HQ� LOH�GR÷XP�\DSDQ�JHEHOHUGH��PDWHUQDO�
NDQGD�YH�NRUG�NDQÕQGD��PHODWRQLQ�YH�ȕ�HQGRU¿Q�VHYL\HOHULQL�DUDúWÕUPD\Õ�DPDoODGÕN�

*HUHo�YH�<|QWHP��dDOÕúPDPÕ]D��VH]DU\HQ�LOH�GR÷XP�\DSDQ����JHEH�GDKLO�HGLOPLúWLU��
1RUPDO�GR÷XP�H\OHPL�EDúODGÕNWDQ�VRQUD�VH]DU\HQ�LOH�GR÷XPXQ�JHUoHNOHúWL÷L�ROJXODU�
*UXS��� �Q ����� HOHNWLI� VH]DU\HQ� LOH�GR÷XPXQ�JHUoHNOHúWL÷L� ROJXODU�*UXS��� �Q ����
RODUDN�DGODQGÕUÕOGÕ�� øNL�JUXEXQ�GHPRJUD¿N�YH�NOLQLN�YHULOHUL�ND\GHGLOGL��0DWHUQDO�YH�
NRUG�NDQÕQGDQ�DOÕQDQ�YHQ|]�NDQGDQ�HOGH�HGLOHQ�VHUXP�|UQHNOHULQGH�PHODWRQLQ�YH�
ȕ�HQGRU¿Q�G�]H\OHUL�DQDOL]�HGLOGL��(OGH�HGLOHQ�GDWDODU�LNL�JUXS�DUDVÕQGD�NDUúÕODúWÕUÕOGÕ�

%XOJXODU��8PELOLNDO�NRUG�PHODWRQLQ�YH�PDWHUQDO�ȕ�HQGRU¿Q�G�]H\OHUL�NDUúÕODúWÕUÕOGÕ-
÷ÕQGD� LVH�KHU� LNL�KRUPRQ�G�]H\LQLQ�GH�JUXS��¶GH�JUXS��¶\H�NÕ\DVOD�DQODPOÕ�RODUDN�
GDKD�\�NVHN�ROGX÷X�WHVSLW�HGLOGL� �VÕUDVÕ\OD��S ������S ��������0DWHUQDO�PHODWRQLQ�
YH�PDWHUQDO�ȕ�HQGRU¿Q�G�]H\OHUL�DoÕVÕQGDQ�LNL�JUXS�DUDVÕQGD�LVWDWLNVHO�DQODPOÕ�IDUN�
VDSWDQPDGÕ��VÕUDVÕ\OD��S ������S �������

6RQXo��0HODWRQLQ�YH�ȕ�HQGRU¿Q�G�]H\OHULQLQ�RNVLGDWLI�VWUHV�LOH�LOLúNLOL�ROGX÷X�ELOLQPHN-
WHGLU�YH�EX�KRUPRQODUÕQ�G�]H\LQLQ�QRUPDO�GR÷XP�EDúODGÕNWDQ�VRQUD�\DSÕODQ�VH]DU-
\HQ�GR÷XPODUGDNL�NRUG�NDQÕQGD�DQODPOÕ�RODUDN�GDKD�\�NVHN�ROGX÷X�VDSWDQPÕúWÕU��%X�
EXOJXODU��PHODWRQLQ�YH�ȕ�HQGRU¿QLQ�VSRQWDQ�GR÷XPXQ�EDúODQJÕFÕQGD�YH\D�VSRQWDQ�
GR÷XP�V�UHFLQGH�URO�DODELOHFHN�RODVÕ�¿]\RORMLN�\RODNODUGD�J|UHY�DODELOHFH÷LQL�G�ú�Q-

G�UPHNWHGLU��0HODWRQLQ�YH�ȕ�HQGRU¿QLQ�\HQLGR÷DQGDNL�RODVÕ�HWNLOHULQL�GH�DUDúWÕUPDN�
LoLQ�� HOHNWLI� VH]DU\HQ� GR÷XPODUGDQ� YH� VSRQWDQ� GR÷XP� H\OHPL� EDúODGÕNWDQ� VRQUD�
JHUoHNOHúWLULOHQ� VH]DU\HQ� GR÷XPODUGDQ� VRQUDNL� \HQLGR÷DQ� L]OHPLQL� GH� GDKLO� HGHQ�
oDOÕúPDODU�SODQODQDELOLU�

$QDKWDU�.HOLPHOHU��(QGRU¿Q��0HODWRQLQ��2NVLGDWLI�VWUHV��6H]DU\HQ�GR÷XP��6SRQWDQ�
GR÷XP�H\OHPL�

$%675$&7

$LP��0HODWRQLQ�LV�D�QHXURWUDQVPLWWHU�UHOHDVHG�XQGHU�R[LGDWLYH�VWUHVV�FRQGLWLRQ�DQG�
LQYROYHG�LQ�D�QXPEHU�RI�ELRORJLFDO�UHJXODWRU\�SDWKZD\V��ȕ�HQGRUSKLQ�LV�D�QDWXUDO�QDU-
FRWLF�ZLWK�PRUSKLQH�OLNH�SURSHUWLHV�DQG�VLPLODUO\�VHFUHWHG�IURP�WKH�SLWXLWDU\�JODQG�LQ�
FDVHV�DVVRFLDWHG�ZLWK�SDLQ�DQG�R[LGDWLYH�VWUHVV�� ,Q�WKLV�VWXG\��ZH�DLPHG�WR� LQYHV-
WLJDWH� WKH�PHODWRQLQ�DQG�ȕ�HQGRUSKLQ� OHYHOV� LQ�PDWHUQDO�DQG�FRUG�EORRG�VHUXP�RI�
SUHJQDQW�ZRPHQ�ZKR�GHOLYHUHG�E\�FHVDUHDQ�DIWHU�QRUPDO�ODERU�VWDUWHG�FRPSDUHG�WR�
SUHJQDQW�ZRPHQ�GHOLYHUHG�E\�HOHFWLYH�FHVDUHDQ�

0DWHULDOV�DQG�0HWKRG�����SUHJQDQW�ZRPHQ�ZKR�JDYH�ELUWK�E\�FHVDUHDQ�GHOLYHU\�ZHUH�
LQFOXGHG��7KH�FHVDUHDQ�GHOLYHULHV�SHUIRUPHG�DIWHU�QRUPDO�ODERU�VWDUWHG�FRQVLVWHG�RI�
*URXS�Q �����DQG�WKH�HOHFWLYH�FHVDUHDQ�GHOLYHULHV�ZHUH�LQFOXGHG�LQ�*URXS���Q �����
6RFLRGHPRJUDSKLF�FKDUDFWHULVWLFV��DQG�FOLQLFDO�IHDWXUHV�RI�WKH�JURXSV�ZHUH�UHFRUGHG��
6HUXP�VDPSOHV�IURP�PDWHUQDO�DQG�FRUG�YHQRXV�EORRG�ZHUH�DQDO\]HG�IRU�PHODWRQLQ�
DQG�ȕ�HQGRUSKLQ�OHYHOV�ZHUH�DQDO\]HG�IURP��7KH�GDWD�ZHUH�FRPSDUHG�EHWZHHQ�WKH�
WZR�JURXSV�

5HVXOWV��7KH�XPELOLFDO�FRUG�PHODWRQLQ�OHYHOV�DQG�PDWHUQDO�ȕ�HQGRUSKLQ�OHYHOV�ERWK�
ZHUH�IRXQG�WR�EH�VLJQL¿FDQWO\�LQFUHDVHG�LQ�JURXS����FRPSDUHG�WR�JURXS����S ������
S �������UHVSHFWLYHO\���7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�
WZR�JURXSV�LQ�WHUPV�RI�PDWHUQDO�PHODWRQLQ�DQG�PDWHUQDO�ȕ�HQGRUSKLQ�OHYHOV��S ������
S ������UHVSHFWLYHO\���

&RQFOXVLRQ��7KH�VHUXP� OHYHO�RI�PHODWRQLQ�DQG�ȕ�HQGRUSKLQ�ZKLFK�KDYH�NQRZQ� WR�
EH�UHODWHG�ZLWK�R[LGDWLYH�VWUHVV�ZHUH�IRXQG�WR�EH�VLJQL¿FDQWO\�LQFUHDVHG�LQ�WKH�FRUG�
EORRG��LQ�FHVDUHDQ�GHOLYHULHV�SHUIRUPHG�DIWHU�WKH�RQVHW�RI�QRUPDO�ODERU��7KLV�¿QGLQJ�
VKRXOG�EH�FRQVLGHUHG�WR�LQGLFDWH�WKH�SRVVLEOH�SK\VLRORJLFDO�SDWKZD\V�WKURXJK�ZKLFK�
PHODWRQLQ�DQG�ȕ�HQGRUSKLQ�PD\�WDNH�UROH�DW�RQVHW�RI�VSRQWDQHRXV�ODERU�RU�GXULQJ�WKH�
VSRQWDQHRXV�GHOLYHU\�SURFHVV��6WXGLHV�PD\�EH�SODQQHG�WKURXJK�QHRQDWDO�IROORZ�XS�
WR�LQYHVWLJDWH�WKH�SRVVLEOH�HIIHFWV�RI�PHODWRQLQ�DQG�ȕ�HQGRUSKLQ�UHJDUGLQJ�WR�HOHFWLYH�
FHVDUHDQ�GHOLYHULHV�DQG�FHVDUHDQ�GHOLYHULHV�DIWHU�WKH�RQVHW�RI�VSRQWDQHRXV�ODERU�

.H\ZRUGV��&HVDUHDQ�GHOLYHU\��(QGRUSKLQ��0HODWRQLQ��2[LGDWLYH�VWUHVV��6SRQWDQHRXV�
ODERU�

6RUXPOX�<D]DU��&RUUHVSRQGLQJ�$XWKRU��(VLQ�0HUYH�(URO�.Ro
$GUHV��'HSDUWPHQW�RI�2EVWHWULFV�DQG�*\QHFRORJ\��$QNDUD�&LW\�+RVSLWDO��$QNDUD��7XUNH\
(�PDLO��HVLQPHUYH��#JPDLO�FRP
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*(5(d�9(�<g17(0

0HODWRQLQ� �1�DFHW\O���PHWKR[\WULSWDPLQH�07��� EDúOÕFD� HSL¿]�
EH]LQGHQ�VDOJÕODQDQ�GR÷DO�ELU�Q|URWUDQVPLWWHUGLU���������07¶QLQ�
LQVDQ�EL\RULWPL� �VLUNDGL\HQ�ULWLP���DQWLRNVLGDQ�HWNL��K�FUH�\HQL-
OHQPHVL��NDQVHUH�NDUúÕ�NRUXPD�JLEL�ELUoRN�EL\RORMLN�YH�¿]\RORMLN�
IRQNVL\RQX�RODQ�ELU�PROHN�OG�U���������0DWHUQDO�NDQGD�07�VH-

YL\HVL�JHEHOLN�V�UHVLQFH�NDGHPHOL�RODUDN�DUWDUDN�WHUPGH�PDN-

VLPXP� G�]H\H� XODúÕU� ���� ���� 3RVWSDUWXP� LNLQFL� J�QGH� LVH�07�
VHYL\HVL�ED]DO�G�]H\H�LQHU������3ODVHQWD�YH�YLOO|]�WURIREODVWODU-
GDQ�07��UHWLOGL÷L�G�ú�Q�OPHNOH�ELUOLNWH�HVDV�RODUDN�IHWDO�07¶QLQ�
PDWHUQDO�RUMLQOL�ROGX÷X�G�ú�Q�OPHNWHGLU���������<DSÕODQ�oDOÕúPD-

ODUGD� J|VWHULOPLúWLU� NL� XPELOLNDO� NRUG� �8&��PHODWRQLQ� NRQVDQW-
UDV\RQX��PDWHUQDO�YHQ|]�NDQ�LOH�|QHPOL�GHUHFHGH�NRUHOHGLU������
gQFHNL�oDOÕúPDODUGD�07�LOH�GR÷XP�EDúODPD�]DPDQÕ�DUDVÕQGD�
LOLúNL�RODELOHFH÷L�GH�|QH�V�U�OPHNWHGLU�����������(N�RODUDN��07�
WHUDSLVLQLQ� \HQLGR÷DQGD� UHVSLUDWXDU� GLVWUHV� VHQGURPX� �5'6���
SHULQDWDO�EH\LQ�KDVDUÕ�YH�VHSVLVH�NDUúÕ�NRUX\XFX�HWNLVL�ROGX÷X�
J|VWHULOPLúWLU�� %X� GXUXPXQ� 07¶QLQ� DQWLRNVLGDQ� YH� VLUNDGL\HQ�
ULWPL�G�]HQOH\LFL�HWNLVLQGHQ�ND\QDNODGÕ÷Õ�G�ú�Q�OPHNWHGLU�����
�����

Ǻ�HQGRU¿Q�LVH�PRU¿Q�EHQ]HUL�GR÷DO�ELU�QDUNRWLNWLU��$÷UÕ�YH�RNVL-
GDWLI� VWUHV�GXUXPODUÕQGD�KLSR¿]GHQ�VDOÕQÕU��*HEHOLNWH�DUWPD\D�
EDúOD\DQ�PDWHUQDO�HQGRU¿Q�VHYL\HVL�GR÷XP�DQÕQGD�DUWDQ�VWUHV-

OH�SLN�\DSDU��'R÷XP�H\OHPL�EDúODGÕNWDQ�VRQUD�ROXúDQ�VWUHV�VR-

QXFXQGD�SLWXLWHU�EH]GHQ�HQGRU¿Q�VDOÕQÕPÕ�DUWPDNWDGÕU�YH�EX�GD�
DQQHQLQ�XWHULQ�NRQWUDNVL\RQODU�VRQXFX�KLVVHWWL÷L�VDQFÕODUOD�EDú�
HWPHVLQH�\DUGÕP�HWPHNWHGLU������

/LWHUDW�UGH� NÕVÕWOÕ� VD\ÕGD� oDOÕúPDGD�07�YH�ȕ�HQGRU¿Q� VHYL\H-

OHUL� GR÷XP� H\OHPLQLQ� úHNOLQH� J|UH� NDUúÕODúWÕUÕOPÕúWÕU� ������ %L]�
EX� oDOÕúPDGD� VH]DU\HQ� LOH� GR÷XP� \DSPÕú� ROJXODUÕ�� VH]DU\HQ�
|QFHVL�VSRQWDQ�QRUPDO�GR÷XP�H\OHPL�EDúODPÕú�RODQ�YH�HOHNWLI�
VH]DU\HQ�\DSÕODQ�ROJXODU�ROPDN��]HUH�LNL�JUXSWD�NDUúÕODúWÕUGÕN��
0DWHUQDO�YHQ|]�NDQ�|UQHNOHULQGH�YH�IHWDO�XPELOLNDO�NRUG�NDQ�|U-
QHNOHULQGH�KRUPRQDO�FHYDSODUÕ�DQDOL]�HGHUHN��KHU�LNL�JUXS�DUD-

VÕQGD�RNVLGDWLI�VWUHVOH�LOLúNLOL�KRUPRQODU�RODQ�07�YH�ȕ�HQGRU¿Q�
VHYL\HOHULQL�NDUúÕODúWÕUPD\Õ�DPDoODGÕN�

%X�SURVSHNWLI� J|]OHPVHO� oDOÕúPD�6D÷OÕN�%LOLPOHUL�hQLYHUVLWHVL��
=HNDL�7DKLU�%XUDN�.DGÕQ�6D÷OÕ÷Õ�(÷LWLP�YH�$UDúWÕUPD�+DVWDQHVL��
2EVWHWUL�.OLQL÷L¶QGH�\DSÕOGÕ��dDOÕúPD��KDVWDQHPL]�ORNDO�HWLN�NR-

PLWHVL�WDUDIÕQGDQ�RQD\ODQGÕ������������������dDOÕúPD�+HOVLQNL�
ELOGLUJHVL� SUHQVLSOHUL� HVDV� DOÕQDUDN� \DSÕOGÕ� YH� NDWÕOÕPFÕODUGDQ�

oDOÕúPD\D� GDKLO� HGLOPHGHQ� |QFH� ELOJLOHQGLULOPLú� RQDP� DOÕQGÕ��
dDOÕúPD\D�GR÷XPKDQH\H���2FDN���������1LVDQ������WDULKOHUL�
DUDVÕQGD�EDúYXUDQ����JHEH�GDKLO�HGLOGL��2OJXODU��QRUPDO�GR÷XP�
H\OHPL�EDúODGÕNWDQ�VRQUD�VH]DU\HQOH�GR÷XP�\DSWÕUÕODQ� �Q ����
*UXS����YH�QRUPDO�GR÷XP�H\OHPL�EDúODPDGDQ�|QFH�\DQL�HOHNWLI�
VH]DU\HQOH�GR÷XP�\DSWÕUÕODQ� �Q ����*UXS����JHEHOLNOHU�ROPDN�
�]HUH�LNL�JUXED�D\UÕOGÕ��

+HU� LNL�JUXSWD�GD�����JHEHOLN�KDIWDVÕQGDQ�N�o�N�YH\D�����JH-

EHOLN�KDIWDVÕQGDQ�E�\�N�JHEHOLNOHU��NDUGL\RYDVN�OHU�KDVWDOÕNODU��
KLSHUWDQVL\RQ�� GL\DEHW�� KLSRWLURLGL�� KLSHUWLURLGL�� DQHPL� �KHPRJ-

ORELQ����J�GO��RODQODU�� LQWUDXWHULQ�IHWDO�JHOLúLP�NÕVÕWOÕOÕ÷Õ�RODQODU��
oR÷XO�JHEHOLNOHU�YH�VH]DU\HQ�HQGLNDV\RQX�IHWDO�GLVWUHV�RODQ�JH-

EHOLNOHU�oDOÕúPD\D�GDKLO�HGLOPHGL��

+DVWDODUÕQ�\DúÕ��Y�FXW�NLWOH�LQGHNVL��9.ø���JUDYLGD�YH�SDULWHOHUL��
GR÷XPGDNL�JHEHOLN�KDIWDVÕ��EHEHNOHULQ�GR÷XP�NLORVX��$3*$5�
VNRUODUÕ�YH�EHEHNOHULQ�\HQLGR÷DQ�\R÷XQ�EDNÕP�JHUHNVLQLPL�ROXS�
ROPDGÕ÷Õ�ND\GHGLOGL�

7�P�NDGÕQODU�VWDQGDUW�DQWHQDWDO�EDNÕP�KL]PHWL�DOGÕODU�YH�JHEH-

OHULQ�DQWHQDWDO�L]OHP�ND\ÕWODUÕ�KDVWDQHPL]�YHUL�WDEDQÕQGDQ�HOGH�
HGLOGL�� ø]OHPOHU� GR÷UXOWXVXQGD� G�ú�N� ULVNOL� SRS�ODV\RQD� GDKLO�
RODQ�JHEHOHU�oDOÕúPD\D�DOÕQGÕ��

6H]DU\HQ�HVQDVÕQGD�PDWHUQDO�NDQ�|UQH÷L�GR÷XPX�WDNLEHQ����
����VDQL\H�LoHULVLQGH�DQQHQLQ�|Q�NROXQGDQ�DQWHN�ELWDO�YHQGHQ�
DOÕQGÕ��.RUG� NDQÕ� LVH� NRUGXQ�SODVHQWDO� YH� IHWDO� XoODUÕ� NOHPSOH�
WXWXOXS�NHVLOGLNWHQ�VRQUD�XPELOLNDO�YHQLQ�SODVHQWDO�WDUDIWD�NDODQ�
NÕVPÕQGDQ� DOÕQGÕ�� gUQHNOHU� ('7$� DQWLNRDJ�ODQ� LoHUHQ� YDNXP�
W�SOHU� LoLQH� WRSODQGÕ�� (OGH� HGLOHQ� NDQ� |UQHNOHUL� ����� USP¶GH��
��� GDNLND� V�UH\OH� VDQWULI�M� HGLOHUHN�� HOGH� HGLOHQ� VHUXP� NÕVPÕ�
|Oo�POHU�\DSÕODQD�NDGDU������&¶GH�EHNOHWLOGL��0HODWRQLQ�G�]H-

\L� DQDOL]L�� (DVWELRSKDUP�(/,6$� NLWL� �+DQJ]KRX�(DVWELRSKDUP�
&R��/WG��� LOH�(/,6$�$825(61(66� �&KHPZHOO������$/*(1��
�]HULQGH� JHUoHNOHúWLULOGL�� .LW�� QXPXQHOHUGHNL� 07� VHYL\HVLQL�
WHVSLW�HWPHN� LoLQ�oLIW�DQWLNRUOX�ELU�VDQGYLo�HQ]LP�ED÷ODQWÕOÕ� LP-

P�QRVRUEHQW� WHVWL�NXOODQPDNWDGÕU��%X�oDOÕúPD�LoLQ� LQWUD�DVVD\�
YH� LQWHU�DVVD\���&9� �NDWVD\Õ� YDU\DV\RQX�� GH÷HUOHUL� VÕUDVÕ\OD�
����� YH� ����� RODUDN� YHULOPLúWLU�� ȕ�HQGRU¿Q� G�]H\L� DQDOL]L��
(DVWELRSKDUP� (/,6$� NLWL� �+DQJ]KRX� (DVWELRSKDUP� &R�� /WG���
LOH� (/,6$�$825(61(66� �&KHPZHOO� �����$/*(1�� �]HULQGH�
JHUoHNOHúWLULOGL�� .LW�� QXPXQHOHUGHNL� ȕ�HQGRU¿Q� G�]H\LQL� WHVSLW�
HWPHN� LoLQ� oLIW� DQWLNRUOX�ELU� VDQGYLo�HQ]LP�ED÷ODQWÕOÕ� LPP�QR-

VRUEHQW�WHVWL�NXOODQPDNWDGÕU��%X�oDOÕúPD�LoLQ�LQWUD�DVVD\�YH�LQ-

WHU�DVVD\���&9��NDWVD\Õ�YDU\DV\RQX��GH÷HUOHUL�VÕUDVÕ\OD������
YH������RODUDN�YHULOPLúWLU�

øVWDWLNVHO�DQDOL]�LoLQ�6366�VWDWLVWLFV�9���IRU�0DF�\D]ÕOÕPÕ�NXOOD-

QÕOGÕ��9HULOHULQ�GD÷ÕOÕPÕQÕQ�QRUPDO�ROXS�ROPDGÕ÷ÕQÕ�GH÷HUOHQGLU-

*ø5øù
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PHGH�.ROPRJRURY±6PLUQRY�WHVWL�NXOODQÕOGÕ��%D÷ÕPVÕ]�JUXSODUÕQ�NDUúÕODúWÕUÕOPDVÕQGD�QRUPDO�GD÷ÕOÕP�J|VWHUHQ�YHULOHULQ�DQDOL]LQGH�
6WXGHQW�W�WHVW�NXOODQÕOGÕ��VRQXoODU�RUWDODPD���VWDQGDUW�VDSPD�RODUDN�VXQXOGX��1RUPDO�GD÷ÕOÕPD�X\PD\DQ�YHULOHULQ�DQDOL]LQGH�LVH�
0DQQ�:KLWQH\�8� WHVW�NXOODQÕOGÕ��VRQXoODU�RUWDQFD� �PLQLPXP�PDNVLPXP��RODUDN�VXQXOGX��3�GH÷HULQLQ�������ROPDVÕ� LVWDWLVWLNVHO�
RODUDN�DQODPOÕ�NDEXO�HGLOGL�

dDOÕúPDPÕ]GD�WRSODP����ROJXQXQ�YHULOHUL�DQDOL]�HGLOGL��(\OHP�EDúODGÕNWDQ�VRQUD�VH]DU\HQH�DOÕQDQ�KDVWDODUÕQ���¶VÕ�VHIDORSHOYLN�
X\XPVX]OXN������������¶VL�LOHUOHPH\HQ�H\OHP�����������¶X�JHoLULOPLú�VH]DU\HQ����������¶��LVH�PDNDW�SUH]HQWDV\RQ��������WDQÕVÕ\OD�
RSHUH�HGLOGL��(OHNWLI� VH]DU\HQH�DOÕQDQ�JUXEXQ�\Dú�RUWDODPDVÕ�DQODPOÕ� RODUDN�GDKD�\�NVHNWL� ���� ��������� ��� ��������� S ��������
*UXSODUÕQ�GHPRJUD¿N�YH�NOLQLN�|]HOOLNOHUL�WDEOR��¶GH�NDUúÕODúWÕUÕOPÕúWÕU�

7DEOR����*UXSODUÕQ�GHPRJUD¿N�|]HOOLNOHUL�YH�REVWHWULN�YH�QHRQDWDO�VRQXoODUÕ�LoHUHQ�NOLQLN�EXOJXODUÕ�

*UXSODUÕQ�07�YH�ȕ�HQGRU¿Q�G�]H\OHUL�WDEOR��¶GH�J|VWHULOPLúWLU��'R÷XP�H\OHPL�EDúODGÕNWDQ�VRQUD�VH]DU\HQ�RODQODUGD�IHWDO�XPELOLNDO�
NRUG�07�YH�ȕ�HQGRU¿Q�G�]H\OHULQLQ��HOHNWLI� VH]DU\HQH�DOÕQDQ�ROJXODUD�NÕ\DVOD�DQODPOÕ�RODUDN�GDKD�\�NVHNWL� �VÕUDVÕ\OD��S ������
S ������

7DEOR����6HUXP�ȕ�HQGRU¿Q�YH�PHODWRQLQ�G�]H\OHULQLQ�JUXSODU�DUDVÕQGD�NDUúÕODúWÕUÕOPDVÕ��

%8/*8/$5

'H÷൴úNHQOHU�†
*UXS��

�Q ���

*UXS��

�Q ���
P

<Dú�\ÕO 28 (21-36) 29 (23-37) 0,78
9.ø�kg/m² 29,82 (24,31-40) 29,35 (22,71-37,05) 0,65
*UDY൴GD�n 2 (1-7) 2 (1-4) 0,001*
3DU൴WH�n 1 (0-5) 0 (0-3) <0,001*
'R÷XPGDN൴�JHEHO൴N�KDIWDVÕ 39 (38-42) 39 (36-42) 0,14
'R÷XP�D÷ÕUOÕ÷Õ�g 3340 (2550-4150) 3530 (2390-4320) 0,06
$3*$5�VNRUX�1. dk 8 (7-9) 8 (7-9) 0,13
$3*$5�VNRUX�5. dk 9 (8-10) 9 (8-10) 0,11
† 'H÷൴úNHQOHU൴Q�൴VWDW൴VW൴NVHO�DQDO൴]൴QGH�0DQQ�:K൴WQH\�8�WHVW�NXOODQÕOPÕúWÕU��6RQXoODU�RUWDQFD��P൴Q൴-
PXP�PDNV൴PXP��RODUDN�VXQXOPXúWXU�

9.ø��9�FXW�N൴WOH�൴QGHNV൴


�S�������൴VWDW൴VW൴NVHO�RODUDN�DQODPOÕ�NDEXO�HG൴OP൴úW൴U�

'H÷൴úNHQOHU�†
*UXS��

�Q ���

*UXS��

�Q ���
P

0DWHUQDO�07�G�]H\൴�SJ�PO 257,97 (68,9-1212,90) 244,6 (13,6-1326) 0,18
8PE൴O൴NDO�NRUG�07�G�]H\൴�SJ�PO 1296,8 (149,50-259,68) 821,3 (40,07-2895,99) 0,04*
0DWHUQDO�ȕ�HQGRUI൴Q�G�]H\൴�SJ�PO 172,29 (11,64-2256) 146,11 (53,88-2280) 0,16
8PE൴O൴NDO�NRUG�ȕ�HQGRUI൴Q�G�]H\൴�SJ�PO 982,29 (671,80-1996,14) 1190,4 (821,9-2296,3) 0,001*
† 'H÷൴úNHQOHU൴Q�൴VWDW൴VW൴NVHO�DQDO൴]൴QGH�0DQQ�:K൴WQH\�8�WHVW�NXOODQÕOPÕúWÕU��6RQXoODU�RUWDQFD��P൴Q൴PXP�PDNV൴PXP��
RODUDN�VXQXOPXúWXU�

07��0HODWRQ൴Q


�S�������൴VWDW൴VW൴NVHO�RODUDN�DQODPOÕ�NDEXO�HG൴OP൴úW൴U�
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*�Q�P�]GH�DUWDQ�VD\ÕGD�DQQH�� WUDYPDWLN�GR÷XP�H\OHPLQGHQ�
NDoÕQPDN�LoLQ�HOHNWLI�VH]DU\HQ��H\OHP�EDúODPDGDQ��WDOHS�HWPH�
HWPH�H÷LOLPLQGHGLU�������%L]�EX�oDOÕúPDGD��QRUPDO�GR÷XP�H\-

OHPLQLQ� EDúOD\ÕS� EDúODPDPDVÕQD� J|UH� VH]DU\HQ� X\JXODQDQ�
ROJXODUGD��RNVLGDWLI�VWUHV�KRUPRQODUÕ�RODQ�07�YH�ȕ�HQGRU¿Q�G�-

]H\OHULQL� RUWD\D� NR\PD\Õ� DPDoODGÕN��dDOÕúPDPÕ]GD�� XPELOLNDO�
NRUG�07�G�]H\LQLQ��QRUPDO�GR÷XP�H\OHPL�EDúODGÕNWDQ�VRQUD�VH-

]DU\HQH�DOÕQDQ�ROJXODUGD�DQODPOÕ�GHUHFHGH�GDKD�\�NVHN�ROGX-

÷X�VDSWDQGÕ��8PELOLNDO�NRUG�ȕ�HQGRU¿Q�G�]H\OHULQLQ�GH�EHQ]HU�
úHNLOGH�H\OHP�EDúODGÕNWDQ�VRQUD�VH]DU\HQ�RODQ�JUXSWD�DQODPOÕ�
RODUDN�GDKD�\�NVHN�ROGX÷X�J|U�OG���

'R÷XPXQ�EDúODPDVÕ�LoLQ�DQQH�NDGDU�EHEH÷LQ�GH�GR÷XPD�KD]ÕU�
ROPDVÕ�JHUHNOLGLU��1RUPDO�WHUP�ELU�\HQLGR÷DQGD�QRUPDO�GR÷XP�
H\OHPLQLQ�EDúODPD�V�UHFLQGH�KRUPRQODUÕQ�|QHPOL�IRQNVL\RQODUÕ�
EXOXQPDNWDGÕU��%X�KD]ÕUOÕN�V�UHFL��SODVHQWD�� IHWDO�PHPEUDQODU��
IHWXV� YH�PDWHUQDO� HQGRNULQ� VLVWHPLQ� HWNLOHúLPL\OH� JHUoHNOHúWL-
ULOLU� ������ 'R÷XP�� EX� NRPSOHNV�PXOWLIDNW|UL\HO� V�UHo� VRQXQGD�
P\RPHWULXPXQ�DNWLYH�ROPDVÕ�YH�XWHULQ�NRQWUDNVL\RQODUÕQ�ROXú-

PDVÕ\OD�EDúODU��6NDUNH\�YH�DUN���GR÷XP�HVQDVÕQGD�P\RPHWUL-
XPGD�RNVLWRVLQ�YH�07�UHVHSW|U�VD\ÕVÕQGD�DUWÕú�ROGX÷XQX��D\UÕFD�
GR÷XP�H\OHPL� EDúODPDPÕú� RODQ� WHUP�JHEHOHUGH� UHVHSW|U� VD-

\ÕODUÕQÕQ�G�ú�N�ROGX÷XQX�VDSWDPÕúODUGÕU��%XUDGDQ�\ROD�oÕNDUDN�
6NDUNH\�YH�DUN���GR÷XP�HVQDVÕQGD�PHODWRQLQLQ�SURNRQWUDNWLO�ELU�
URO� R\QD\DELOHFH÷LQL� |QHUPLúOHUGLU� ������ <HQLGR÷DQGD�� 07¶QLQ�
VLUNDGL\HQ� ULWPL� ��� VDDWWH� ROXúPD\D� EDúODPDNWDGÕU�� %XQXQOD�
ELUOLNWH��XPELOLNDO�NRUG�PHODWRQLQ�G�]H\L�GR÷XPXQ�EDúODPDVÕ\OD�
LOLúNLOL�RODUDN�GH÷LúHELOLU�������%D÷FÕ�YH�DUN��\DSWÕ÷Õ�ELU�oDOÕúPDGD�
DFLO�VH]DU\HQH�DOÕQDQ�ROJXODUOD�HOHNWLI�VH]DU\HQ�LOH�GR÷XP�\D-

SDQ�ROJXODUÕQ�NRUG�NDQÕQGD�07�G�]H\OHUL�NDUúÕODúWÕUÕOPÕú�YH�DFLO�
VH]DU\HQ�JUXEXQGD�07�G�]H\L�DQODPOÕ�RODUDN�GDKD�\�NVHN�VDS-

WDQPÕúWÕU�������%LU�EDúND�oDOÕúPDGD��.DW]HU�YH�DUN�������ROJXGD�
JHFH� VSRQWDQ� YDMLQDO� GR÷XP�� J�QG�]� VSRQWDQ� YDMLQDO� GR÷XP�
YH� HOHNWLI� VH]DU\HQ� ROJXODUÕ� DUDVÕQGD� XPELOLNDO� NRUG� NDQÕQGD�
07�G�]H\LQL�GH÷HUOHQGLUPLú�YH�HQ�G�ú�N�07�G�]H\LQLQ�HOHNWLI�
VH]DU\HQ�JUXEXQGD�ROGX÷XQX�VDSWDPÕúWÕU�������%X�GR÷UXOWXGD��
oDOÕúPDPÕ]ÕQ�VRQXoODUÕ��07¶QLQ�¿]\RORMLN�HWNLOHUL�YH�OLWHUDW�UGHNL�
GL÷HU�oDOÕúPDODUOD�WXWDUOÕ�J|U�QPHNWHGLU��

6SRQWDQ� GR÷XPXQ� EDúODPDVÕ� V�UHFLQGH�07¶QLQ� HWNLOL� RODELOH-

FH÷L�|QFHNL�oDOÕúPDODUGD�J|VWHULOPLúWLU��.DOHP�YH�DUN���GR÷XP�
\DSPÕú�RODQ�����NDGÕQÕ�LoHUHQ�ELU�oDOÕúPDGD�NRORVWUXPGD�PH-

ODWRQLQ� VHYL\HOHUL� |Oo�OP�úW�U��1RUPDO� VSRQWDQ� YDMLQDO� GR÷XP�
\DSDQ� JUXSWD�07� VHYL\HVLQLQ� HQ� \�NVHN�� VH]DU\HQ� JUXEXQGD�
LVH�HQ�G�ú�N�ROGX÷X�VDSWDPÕúWÕU�������%X�VRQXoODU��DUWDQ�PHOD-

WRQLQ�G�]H\LQLQ�GR÷XPXQ�EDúODQJÕFÕQGD�¿]\RORMLN�V�UHFL�EDúOD-

WDELOHFH÷LQL�G�ú�QG�UPHNWHGLU��%L]LP�oDOÕúPDPÕ]GD�GD�QRUPDO�
VSRQWDQ� GR÷XP� H\OHPL� EDúODGÕNWDQ� VRQUD� &�6¶\H� DOÕQDQODUGD�
07� G�]H\L� GDKD� \�NVHN� ROPDNOD� ELUOLNWH�� EX� IDUN� LVWDWLVWLNVHO�
RODUDN�DQODPOÕ�EXOXQPDPÕúWÕU��%X�GXUXP�KHU�QH�NDGDU�GR÷XP�
H\OHPL� EDúODPÕú� ROVD� GD� GR÷XP� H\OHPLQLQ� WDPDPODQPDVÕQD�
GHN� JHoHFHN� RODQ� V�UHFLQ� WDPDPÕQÕQ� \DúDQPDPÕú� ROPDVÕQ-

GDQ�ND\QDNODQDELOLU��%XQXQOD�ELUOLNWH�XPELOLNDO�NRUG�NDQÕQGD�07�
NRQVDQWUDV\RQXQX�GR÷XP�H\OHPL�EDúODGÕNWDQ�VRQUD�VH]DU\HQH�
DOÕQDQ�JUXSWD�\�NVHN�EXOPDPÕ]��GR÷XP�H\OHPLQGHNL�¿]\RORMLN�
V�UHoOHUGH�07¶QLQ�URO�Q��RUWD\D�NR\DQ�OLWHUDW�U��GHVWHNOHPHN-

WHGLU�

$XULFK�YH�DUN��\DSWÕNODUÕ�oDOÕúPDGD��GR÷XP�HVQDVÕQGD�SOD]PD�
ȕ� HQGRU¿Q� NRQVDQWUDV\RQXQ� DUWWÕ÷Õ� YH� HUNHQ� SRVWSDUWXP� G|-

QHPGH� GH� \�NVHN� NDOPD\D� GHYDP� HWWL÷LQL� J|VWHULOPLúWLU� ������
%DFLJDOXSR�YH�DUN�� \DSWÕ÷Õ� ��� YDNDOÕN�KDVWD� VHULVLQGH�QRUPDO�
GR÷XP�\DSDQODUGD�ȕ�HQGRU¿Q�G�]H\LQL�VH]DU\HQ�LOH�GR÷XP�\D-

SDQODUD�J|UH�GDKD�\�NVHN�EXOPXúODUGÕU��$\UÕFD�QRUPDO�GR÷XP�
\DSDQODUGD�H\OHP�V�UHVL�X]DGÕNoD�ȕ�HQGRU¿Q�G�]H\LQLQ�GH�DUW-
WÕ÷ÕQÕ�J|VWHUPLúOHUGLU� ������=DQDUGR�YH�DUN�� \DSWÕ÷Õ� oDOÕúPDGD�
WHUPGH� YDJLQDO� GR÷XP�\DSDQ�� SUHWHUP� YDJLQDO� GR÷XP�\DSDQ�
YH� WHUPGH� HOHNWLI� VH]DU\HQ� LOH� GR÷XP� \DSDQ� JHEHOHU� �� JUXS�
RODUDN� NDUúÕODúWÕUÕOPÕúWÕU�� .RORVWUXPGD�EDNÕODQ� ȕ�HQGRU¿Q� NRQ-

VDQWUDV\RQX��SUHWHUP�YDMLQDO�GR÷XP�\DSDQ�JUXSWD�HQ�\�NVHN�
ROGX÷X�EXOXQPXúWXU��(OHNWLI�VH]DU\HQ�JUXEXQGD�LVH�ȕ�HQGRU¿Q�
G�]H\LQLQ�HQ�G�ú�N�ROGX÷X�VDSWDQPÕúWÕU��dDOÕúPDPÕ]GD�QRUPDO�
VSRQWDQ�GR÷XP�H\OHPL�EDúODGÕNWDQ�VRQUD�VH]DU\HQ�LOH�GR÷XP�
\DSDQODUGD�ȕ�HQGRU¿Q�G�]H\L�GDKD�\�NVHN�ROPDNOD�ELUOLNWH��EX�
IDUN� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� EXOXQPDPÕúWÕU�� $QFDN� XPELOL-
NDO�NRUG�NDQÕQGD�ȕ�HQGRU¿Q�NRQVDQWUDV\RQXQX�GR÷XP�H\OHPL�
EDúODGÕNWDQ�VRQUD�VH]DU\HQ�\DSÕODQ�JUXSWD�\�NVHN�EXOPDPÕ]��
ȕ�HQGRU¿Q� G�]H\LQLQ� GR÷XPGDNL� VWUHV� GXUXPX\OD� ELUOLNWH� DUW-
WÕ÷ÕQÕ�YH� IHWXVXQ�SRVWQDWDO�DGDSWDV\RQ�PHNDQL]PDVÕ� LOH� LOLúNLOL�
RODUDN�\�NVHOHELOHFH÷LQL�GHVWHNOHU�QLWHOLNWHGLU�

6HUXP�07�YH�ȕ�HQGRU¿Q�G�]H\L�¿]\RORMLN�VWUHV�NDGDU�SVLNROR-

MLN�VWUHV�GXUXPX� LOH�GH�GH÷LúHELOPHNWHGLU� ����������dDOÕúPD\D�
EDúODPDGDQ� |QFH� JHEHOHULQ� DQNVL\HWH� GXUXPXQXQ� GH÷HUOHQ-

GLULOPHPLú� ROPDVÕ�� oDOÕúPDPÕ]ÕQ� OLPLWDV\RQODUÕ� DUDVÕQGDGÕU��
dDOÕúPDPÕ]ÕQ�\DSÕOGÕ÷Õ�PHUNH]GH�HOHNWLI�VH]DU\HQLQ�GDKD�oRN�
J�QG�]�úDUWODUÕQGD�X\JXODQPDNWD�ROPDVÕ� YH�EX�QHGHQOH�KDV-

WDODUÕQ�JHFH�YH\D�J�QG�]�D\UÕPÕ�\DSÕODPDGDQ�oDOÕúPD\D�GDKLO�
HGLOHELOPLú�ROPDVÕ�GD�oDOÕúPDPÕ]ÕQ�OLPLWDV\RQODUÕ�DUDVÕQGDGÕU��

5(68/767$57,ù0$
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/,0,7$7,216

dDOÕúPDPÕ]GD� VSRQWDQ� GR÷XP� H\OHPL� EDúODGÕNWDQ� VRQUD� VH-

]DU\HQH�DOÕQDQ�JUXSWD�07�YH�ȕ�HQGRU¿QLQ�PDWHUQDO�VHUXP�G�-

]H\OHUL�DQODPOÕ�DUWPÕú�EXOXQPDPDNOD�ELUOLNWH��NRUG�VHUXPXQGDNL�
G�]H\OHULQLQ�DQODPOÕ�RODUDN�DUWWÕ÷Õ�J|U�OP�úW�U��%X�GR÷UXOWXGD�
oDOÕúPDPÕ]ÕQ�VRQXoODUÕ��07�YH�ȕ�HQGRU¿QLQ�VSRQWDQ�QRUPDO�GR-

÷XP�H\OHPL�YH�¿]\RORMLN�VWUHVOH�RODQ�LOLúNLVLQL�GHVWHNOHU�QLWHOLNWH-

GLU��)L]\RORMLN�GR÷XP�V�UHFL�EDúODPDNVÕ]ÕQ�\DSÕODQ�VH]DU\HQOHU-
GH�VHUXP�07�YH�ȕ�HQGRU¿Q�G�]H\OHULQLQ�GDKD�G�ú�N�ROPDVÕQÕQ�
IHWXV��]HULQGHNL�RODVÕ�ROXPVX]�HWNLOHULQLQ�RUWD\D�NR\XODELOPHVL�
LoLQ��\HQLGR÷DQÕQ�L]OHPLQL�LoHUHQ�YH�GDKD�ID]OD�VD\ÕGD�KDVWDQÕQ�
GDKLO�HGLOGL÷L�oDOÕúPDODU�SODQODQDELOLU�

��� %U]H]LQVNL� $�� 0HODWRQLQ� LQ� KXPDQV�� 1� (QJO� -� 0HG��
�������������������

��� &DUULOOR�9LFR�$��&DOYR�-5��$EUHX�3��/DUGRQH�3-��*DU-
FtD�0DXULxR�6��5HLWHU�5-��HW�DO��(YLGHQFH�RI�PHODWRQLQ�V\QWKH-

VLV�E\�KXPDQ� O\PSKRF\WHV�DQG� LWV� SK\VLRORJLFDO� VLJQL¿FDQFH��
SRVVLEOH�UROH�DV�LQWUDFULQH��DXWRFULQH��DQG�RU�SDUDFULQH�VXEVWDQ-

FH��)$6(%�-�������������������

��� &ODXVWUDW� %�� %UXQ� -�� &KD]RW� *�� 7KH� EDVLF� SK\VL-
RORJ\� DQG� SDWKRSK\VLRORJ\� RI� PHODWRQLQ�� 6OHHS� 0HG� 5HY��
����������������

��� 7DQ�';��0DQFKHVWHU�/&��6DQFKH]�%DUFHOR�(��0HGLD-

YLOOD�0'��5HLWHU�5-��6LJQL¿FDQFH�RI�KLJK�OHYHOV�RI�HQGRJHQRXV�
PHODWRQLQ�LQ�0DPPDOLDQ�FHUHEURVSLQDO�ÀXLG�DQG�LQ�WKH�FHQWUDO�
QHUYRXV�V\VWHP��&XUU�1HXURSKDUPDFRO������������������

��� 5HLWHU� 5-�� 7DQ� ';�� .RUNPD]� $�� 5RVDOHV�&RUUDO�
6$�� 0HODWRQLQ� DQG� VWDEOH� FLUFDGLDQ� UK\WKPV� RSWLPL]H� PD-

WHUQDO�� SODFHQWDO� DQG� IHWDO� SK\VLRORJ\�� +XP� 5HSURG� 8SGDWH��
�������������������

��� 7DPXUD�+��1DNDPXUD�<��7HUURQ�03��)ORUHV�/-��0DQF-

KHVWHU�/&��7DQ�';��HW�DO��0HODWRQLQ�DQG�SUHJQDQF\�LQ�WKH�KX-

PDQ��5HSURG�7R[LFRO���������������������

��� 6DJULOOR�)DJXQGHV�/��6ROLPDQ�$��9DLOODQFRXUW�&��0D-

WHUQDO�DQG�SODFHQWDO�PHODWRQLQ��DFWLRQV�DQG�LPSOLFDWLRQ�IRU�VXF-

FHVVIXO�SUHJQDQFLHV��0LQHUYD�*\QHFRO��������������������

��� /DQRL[�'��%HJKGDGL�+��/DIRQG�-��9DLOODQFRXUW�&��+X-

PDQ�SODFHQWDO�WURSKREODVWV�V\QWKHVL]H�PHODWRQLQ�DQG�H[SUHVV�
LWV�UHFHSWRUV��-�3LQHDO�5HV�������������������

��� 2NDWDQL�<��2NDPRWR�.��+D\DVKL�.��:DNDWVXNL�$��7D-

PXUD�6��6DJDUD�<��0DWHUQDO�IHWDO�WUDQVIHU�RI�PHODWRQLQ�LQ�SUHJ-

QDQW�ZRPHQ�QHDU�WHUP��-�3LQHDO�5HV��������������������

���� 'XFVD\�&$��<HOORQ�60��3KRWRSHULRG�UHJXODWLRQ�RI�XWH-

ULQH�DFWLYLW\�DQG�PHODWRQLQ�UK\WKPV�LQ�WKH�SUHJQDQW�UKHVXV�PD-

FDTXH��%LRO�5HSURG��������������������

���� 0nUWHQVVRQ� /*��$QGHUVVRQ� 5*�� %HUJ� *�� 0HODWRQLQ�
WRJHWKHU�ZLWK�QRUDGUHQDOLQH�DXJPHQWV�FRQWUDFWLRQV�RI�KXPDQ�
P\RPHWULXP��(XU�-�3KDUPDFRO����������������������

���� 6KDQJ�<��;X�63��:X�<��-LDQJ�<;��:X�=<��<XDQ�6<��
HW�DO��0HODWRQLQ�UHGXFHV�DFXWH�OXQJ�LQMXU\�LQ�HQGRWR[HPLF�UDWV��
&KLQ�0HG�-��(QJO������������������������

���� /HNLF�7��0DQDHQNR�$��5ROODQG�:��9LUEHO�.��+DUWPDQ�
5��7DQJ�-��HW�DO��1HXURSURWHFWLRQ�E\�PHODWRQLQ�DIWHU�JHUPLQDO�
PDWUL[� KHPRUUKDJH� LQ� QHRQDWDO� UDWV�� $FWD� 1HXURFKLU� 6XSSO��
���������������

���� *LWWR�(��.DUERZQLN�0��5HLWHU�5-��7DQ�';��&X]]RFUHD�
6��&KLXUD]]L�3��HW�DO��(IIHFWV�RI�PHODWRQLQ� WUHDWPHQW� LQ�VHSWLF�
QHZERUQV��3HGLDWU�5HV��������������������
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