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9HUGL� ��JJUL�DZD�� GLODKLUND�� GL� 7DOX�� .DEXSDWH��

3DVDPD��%DUDW�SDGD�WD�JJDO�����SULO�������/DKLU�GDUL�SDVD�JD��

��DKD�GD� 0DU�XVUL� GD�� ,EX�GD� (UL�� D�DN� SHUWDPD� GDUL� WLJD�

EHUVDXGDUD���

3H�XOLV�PDVXN�6HNRODK��DVDU�GL�6�1����/XKDN�1D���XR�

.DEXSDWH�� 3DVDPD�� %DUDW�� 3URYL�VL� 6XPDWUD� %DUDW� GD�� WDPDW�

SDGD� WDKX�������� 3DGD� WDKX�� ������3H�XOLV�PHOD�MXWND�� SH�GLGLND��NH� 6HNRODK�

0H�H�JDK� 3HUWDPD� 1HJHUL� ��� 3DVDPD��� .DEXSDWH�� 3DVDPD�� %DUDW�� 3URYL�VL�

6XPDWUD�%DUDW� � GD�� WDPDW� SDGD� WDKX�� ������ 3H�XOLV�PHOD�MXWND�� SH�GLGLND�� NH�

6HNRODK�0H�H�JDK� .HMXUXD��1HJHUL� ���7DODPDX��.DEXSDWH�� 7DODPDX�� 3URYL�VL�

6XPDWUD� %DUDW� SDGD� WDKX�� ������ GD�� WDPDW� SDGD� WDKX�� ������ 3DGD� WDKX�� ������

PHODOXL�MDOXU�6HOHNVL�1DVLR�DO�0DVXN�3HUJXUXD��7L�JJL�1HJHUL��610371���SH�XOLV�

GLWHULPD�PH�MDGL�PDKDVLVZD� SDGD�3URJUDP�6WXGL� 3HWHU�DND�� )DNXOWDV� 3HUWD�LD��

GD��3HWHU�DND���8�LYHUVLWDV�,VODP�1HJHUL�6XOWD��6�DULI�.DVLP�5LDX���

3DGD�EXOD��-XOL�VDPSDL��JXVWXV�WDKX��������3H�XOLV�PHODNVD�DND��3UDNWHN�

.HUMD�/DSD�JD��GL�37��KDURH��3RNSKD�G�8�LYHUVLWDV���GDODV�.HFDPDWD��3DXK���

.RWD�3DGD�J��6XPDWHUD�%DUDW��3H�XOLV�PHODNVD�DND��.XOLDK�.HUMD�1�DWD��..1��GL�

.HOXUDKD��%H�DL��.HFDPDWD��%H�DL��.DEXSDWH��.XD�WD��6L�JL�JL�SDGD�EXOD��-XOL�

VDPSDL��JXVWXV� WDKX�� ������ 3DGD� EXOD�� 2NWREHU��HVHPEHU� ������ 3H�XOLV� WHODK�

PHODNVD�DND��SH�HOLWLD���D�J�GLODNXND��GL�.HFDPDWD��%H�DL��.DEXSDWH��.XD�WD��

6L�JL�JL��5LDX� GH�JD�� WRSLN� SH�HOLWLD�� WH�WD�J�.R�GLVL� )LVLRORJLV�6DSL�.XD�WD��

GH�JD�� 6LVWHP� 3HPHOLKDUDD�� ,�WHJUDVL� 7D�DPD�� 3DGL� GL� .DEXSDWH�� .XD�WD��

6L�JL�JL��

3DGD� WD�JJDO� ��� EXOD�� 0HL� WDKX�� ����� GL��DWDND�� OXOXV� GD�� EHUKDN�

PH��D�GD�J�JHODU�6DUMD�D�3HWHU�DND���6�3W��PHODOXL�VLGD�J�WHUWXWXS�3URJUDP�6WXGL�

3HWHU�DND��� )DNXOWDV�3HUWD�LD�� GD�� 3HWHU�DND���8�LYHUVLWDV� ,VODP�1HJHUL� 6XOWD��

6�DULI�.DVLP�5LDX��

�

�

�
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3XML� V�XNXU� SH�XOLV� XFDSND�� NHKDGLUDW��OODK� 6XEKD�DKX�:D�7D�DOD� �D�J�

WHODK�PHPEHULND��UDKPDW�GD��NDUX�LD�1�D��VHKL�JJD�SH�XOLV�GDSDW�PH��HOHVDLND��

VNULSVL� L�L� GH�JD�� MXGXO� �.R�GLVL� )LVLRORJLV� 6DSL� .�D�WD�� GH�JD�� 6LVWHP�

3HPHOLKDUDD�� ,�WHJUDVL� 7D�DPD�� 3DGL� GL� .DE�SDWH�� .�D�WD�� 6L�JL�JL��

VHEDJDL�VDODK�VDWX�V�DUDW�X�WXN�PHPSHUROHK�JHODU�6DUMD�D�3HWHU�DND��GL�)DNXOWDV�

3HUWD�LD��GD��3HWHU�DND��8�LYHUVLWDV�,VODP�1HJHUL�6XOWD��6�DULI�.DVLP�5LDX��

3DGD�NHVHPSDWD��L�L�GLVDPSDLND��WHULPD�NDVLK�NHSDGD�VHPXD�SLKDN��D�J�

WHODK�PHPEHULND��ED�WXD��GD��GRUR�JD���D�J�GLWXMXND��NHSDGD���

��� .HGXD�RUD�J�WXD�VD�D�D�DKD�GD�WHUFL�WD�0DU�XVUL��D�J�PH�MDGL�SD�XWD��VHODPD�

L�L�GD��LEX�GD�(UL�EHOLDX�DGDODK�LEX�GD�WHUKHEDW��D�J�VHODOX�DGD�EXDW�SH�XOLV��

�GLN�SH�XOLV�(�VD�0D�RUL�GD���KXIUR��VHUWD�NHOXDUJD�EHVDU��D�J�WDN�SHU�DK�

ERVD�� PH�JL�JDWND�� SH�XOLV� X�WXN� EHUXVDKD� GD�� VHODOX� EHUGRD� DJDU� VHPXD�

GLSHUPXGDK�ROHK��OODK�6XEKD�DKX�:DWD�DOD��7HULPDNDVLK�NDOLD��WHODK�ED��DN�

PHPEHULND��ED�WXD��PRULO�GD��PDWHULO�VHODPD�SHUNXOLDKD��EHUOD�JVX�J�VDPSDL�

GH�JD��VHOHVDL��

��� %DSDN�3URI���U��+DLUX�DV��0��J�VHODNX�5HNWRU�8�LYHUVLWDV�,VODP�1HJHUL�6XOWD��

6�DULI�.DVLP�5LDX��

��� %DSDN��U���UV�DGL��OL��6�3W���0��JU��6F�VHODNX��HND��)DNXOWDV�3HUWD�LD��GD��

3HWHU�DND��8�LYHUVLWDV�,VODP�1HJHUL�6XOWD��6�DULI�.DVLP�5LDX��

��� %DSDN� �U�� ,UZD�� 7DVODSUDWDPD�� 0�6F� VHODNX� :DNLO� �HND�� ,�� %DSDN� �U��

=XOIDKPL��6�+XW���0�6L�VHODNX�:DNLO��HND��,,�GD��%DSDN��U��6�XNULD�,NKVD��

=DP��6�3G���0�6L�VHODNX�:DNLO��HND��,,,�)DNXOWDV�3HUWD�LD��GD��3HWHU�DND��

8�LYHUVLWDV�,VODP�1HJHUL�6XOWD��6�DULI�.DVLP�5LDX��

��� ,EX�7ULD�L��GHOL�D��6�3W���0�3�VHODNX�.HWXD�3URJUDP�6WXGL�3HWHU�DND��)DNXOWDV�

3HUWD�LD��GD��3HWHU�DND���

��� �U��5HVWX�0LVULD�WL��6�3W���0�6L�VHODNX�GRVH��SHPELPEL�J�,�GD��,EX�=XPDU�L��

6�3W���0�3�VHODNX�GRVH��SHPELPEL�J�,,��D�J�WHODK�ED��DN�PHPEHULND��DUDKD���

PDVXND��VHUWD�PRWLYDVL�VHKL�JJD�SH�XOLV�GDSDW�PH��HOHVDLND��VNULSVL�L�L��

��� %DSDN�GUK��-XOO��+D�GRNR��6�.�/���0�./�VHODNX�SH�JXML�,�GD���U���UV�DGL��OL��

6�3W���0��JU�� 6F� VHODNX� SH�JXML� ,,�� WHULPD� NDVLK� DWDV� NULWLN� GD�� VDUD�� �D�J�

GLEHULND��X�WXN�NHVHPSXU�DD��VNULSVL�L�L��



��� ,EX� =XPDU�L�� 6�3W���0�3� VHODNX� 3H�DVHKDW��NDGHPLN� VD�D�� WHULPDNDVLK� DWDV�

PRWLYDVL�GD��DUDKD���D�VHODPD�SHUNXOLDKD��L�L�

��� 6HOXUXK� �RVH��� .DU�DZD��� GD�� �LYLWDV� DNDGHPLND� )DNXOWDV� 3HUWD�LD�� GD��

3HWHU�DND�� 8�LYHUVLWDV� ,VODP� 1HJHUL� 6XOWD�� 6�DULI� .DVLP� 5LDX� �D�J� WHODK�

PHPED�WX� SH�XOLV� GDODP� PH�JLNXWL� DNWLYLWDV� SHUNXOLDKD�� GD�� �D�J� VHODOX�

PHOD�D�L�GD��PH�GXNX�J�GDODP�KDO�DGPL�LVWUDVL�GH�JD��EDLN��

����7HPD��WHPD��VHSHUMXD�JD��VDWX�WLP�SH�HOLWLD����LD�D�.XU�LD�6DUL��1XU�,�VD�L��

7UL� 5HJL�D� 3XWUL�� 6RILD� +DVD�DK� 6DUDJLK�� 0LIWDNKXO� +DVD�DK�� 0D�OD� 6KRIL�

�OILD�L�� )DLVDO�5DPEH�� )DX�D����LPDK� GD��%XGL� 3UDWDPD� 3XWUD�� �D�J� WHODK�

PH�GXNX�J�GD��PHPED�WX�PH��XVX��VNULSVL�SH�XOLV��

����%XDW�WHPD��WHPD��VHSHUMXD�JD����JNDWD�������GDUL�NHODV���VDPSDL����D�J�

WLGDN�GDSDW�GLVHEXWND��VDWX�SHUVDWX��D�J�WHODK�PHPEHULND��ED��DN�PRWLYDVL�GD��

PH�MDGL�WHPD���D�J�VHODOX�VHWLD�PHPEHUVDPDL�GDODP�PH�MDOD�L�KDUL�KDUL�VD�D�

GL�8,1�6XVND�5LDX��

����6HPXD� SLKDN� �D�J� WLGDN� GDSDW� GLVHEXWND�� VDWX� SHUVDWX� �D�J� WHODK� ED��DN�

PHPED�WX� PHPEHULND�� SHPLNLUD�� GHPL� NHOD�FDUD�� GD�� NHEHUKDVLOD��

SH��XVX�D��VNULSVL�L�L��

7HULPD�NDVLK�X�WXN�VHPXD�ED�WXD���D�J�WHODK�GLEHULND��NHSDGD�SH�XOLV��VHPRJD�

GLEDODV�ROHK��OODK�6XEKD�DKX�:D�7D�DOD���DPLL���DUDEEDO�DOODPL���

�

3HND�EDUX��0HL������

�

3H�XOLV



L�
�
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3XML�V�XNXU�NHKDGLUDW��OODK�6XEEDKD�DKX�ZD�7D�DOD��D�J�WHODK�PHPEHULND��

NHVHKDWD��GD��NHVHODPDWD��NHSDGD�SH�XOLV�VHKL�JJD�GDSDW�PH��HOHVDLND��VNULSVL�

GH�JD��MXGXO��.R�GLVL�)LVLRORJLV�6DSL�.�D�WD��GH�JD��6LVWHP�3HPHOLKDUDD��

,�WHJUDVL�7D�DPD��3DGL�GL�.DE�SDWH��.�D�WD��6L�JL�JL����

6KRODZDW� EHVHUWD� VDODP� WDN� OXSD� SXOD� NLWD� KDGLDKND�� EXDW� MX�MX�JD�� DODP�

�DN�L��DEL�EHVDU�0XKDPPDG�6KDOODODKX�D�ODLKL�:DVDOODP��D�J�WHODK�PHPEDZD�NLWD�

GDUL�DODP�NHERGRKD��KL�JJD�DODP��D�J�EHULOPX�SH�JHWDKXD��VHSHUWL�VHNDUD�J�L�L��

6NULSVL�L�L�GLEXDW�VHEDJDL�V�DUDW�X�WXN�X�WXN�PH�GDSDWND��JHODU�VDUMD�D�SHWHU�DND���

3H�XOLV� PH�JXFDSND�� WHULPD� NDVLK� NHSDGD� ,EX� �U�� 5HVWX�0LVULD�WL�� 6�3W���

0�6L�� VHEDJDL� GRVH�� 3HPELPEL�J� ,� GD�� ,EX� =XPDU�L�� 6�3W���0�3� VHEDJDL� GRVH��

3HPELPEL�J�,,��D�J�WHODK�ED��DN�PHPEHULND��ELPEL�JD���SHWX�MXN�GD��PRWLYDVL�

VDPSDL� VHOHVDL��D� VNULSVL� L�L��3H�XOLV�PH�JXFDSND�� WHULPD�NDVLK�NHSDGD� VHOXUXK�

UHND��UHND���D�J�WHODK�ED��DN�PHPED�WX�SH�XOLV�GDODP�PH��HOHVDLND��VNULSVL�L�L��

3H�XOLV� VD�JDW� PH�JKDUDSND�� NULWLN� GD�� VDUD�� GDUL� SHPEDFD� GHPL�

NHVHPSXU�DD��SH�XOLVD��VNULSVL�L�L��3H�XOLV�EHUKDUDS�VHPRJD�VNULSVL�L�L�EHUPD�IDDW�

EDJL�NLWD�VHPXD�EDLN�X�WXN�PDVD�NL�L�PDXSX��PDVD��D�J�DND��GDWD�J���

�

�
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9HUGL���JJUL�DZD����������������
�L�EDZDK�ELPEL�JD��5HVWX�0LVULD�WL�GD��=XPDU�L�

�
,17,6�5,�

.R�GLVL� ILVLRORJLV� VDSL� NXD�WD�� � GLSH�JDUXKL� ROHK� VLVWHP� SHPHOLKDUDD���
7XMXD��SH�HOLWLD��DGDODK�X�WXN�PHOLKDW�EDJDLPD�D�NR�GLVL�ILVLRORJLV�VDSL�NXD�WD��
GH�JD�� VLVWHP� SHPHOLKDUDD�� L�WHJUDVL� WD�DPD�� SDGL� GL� .DEXSDWH�� .XD�WD��
6L�JL�JL��3H�HOLWLD�� WHODK� GLODNVD�DND�� SDGD�EXOD��2NWREHU� ���HVHPEHU������ GL�
.HFDPDWD�� %H�DL� .DEXSDWH�� .XD�WD�� 6L�JL�JL��0HWRGH� �D�J� GLJX�DND�� GDODP�
SH�HOLWLD��DGDODK�PHWRGH�VXU�H���D�J�GLSHUROHK�GDUL�SHWD�L�SHWHU�DN�VDSL�NXD�WD��
GH�JD�� VLVWHP� SHPHOLKDUDD�� L�WHJUDVL� GH�JD�� WD�DPD�� SDGL�� 3DUDPHWHU� SDGD�
SH�HOLWLD��DGDODK�VXKX�OL�JNX�JD��������NHFHSDWD��D�JL�����−1���VXKX�UHNWDO�������
VXKX� SHUPXNDD�� WXEXK� �R���� IUHNXH�VL� UHVSLUDVL�� IUHNXH�VL� GH��XW� MD�WX�J��
WHPSHUDWXUH� KXPLGLW�� L�GH��� +DVLO� SH�HOLWLD�� PH�X�MXND�� EDKZD� UDWD�UDWD� VXKX�
ND�GD�J�SDGD�SDJL�KDUL�VHEHVDU�������℃�GD��NHFHSDWD��D�JL�������PV����VHGD�JND��
SDGD�VLD�J�KDUL� VXKX�ND�GD�J�������℃�GD��NHFHSDWD��D�JL�������PV����GD��SDGD�
VRUH� KDUL� VXKX� ND�GD�J� ������ ℃� GD�� NHFHSDWD�� D�JL�� ����� PV���� 5DWD�UDWD�
WHPSHUDWXUH�KXPLGLW��L�GH��VDSL�NXD�WD��SDGD�SDJL�KDUL�������GDODP�NHDGD��VWUHV�
UL�JD���SDGD�VLD�J�KDUL�������GDODP�NHDGDD��VWUHV�VHGD�J��GD��SDGD�VRUH�KDUL�������
GDODP�NHDGDD��VWUHV�UL�JD���5DWD�UDWD�IUHNXH�VL�UHVSLUDVL�SDGD�VDSL�NXD�WD���DLWX�
SDGD�SDJL�KDUL�������NDOL�PH�LW��VHGD�JND��SDGD�VLD�J�KDUL��DLWX������NDOL�PH�LW��
GD��SDGD�VRUH�KDUL��DLWX������NDOL�PH�LW��5DWD�UDWD�IUHNXH�VL�GH��XW�MD�WX�J�VDSL�
NXDWD��SDGD�SDJL�KDUL�������NDOL�PH�LW��VHGD�JND��VLD�J�KDUL��DLWX������NDOL�PH�LW��
GD��SDGD�VRUH�KDUL��DLWX������NDOL�PH�LW��5DWD�UDWD�VXKX�SHUPXNDD��WXEXK�SDGD�SDJL��
VLD�J�GD��VRUH�KDUL�GDODP�NR�GLVL��RUPDO��.R�GLVL�ILVLRORJLV�WHU�DN�VDSL�NXD�WD��
�D�J� GLSHOLKDUD� VHFDUD� HNVWH�VLI� �DLWX� � VXKX� WXEXK�� NHOHPEDSD�� XGDUD�� NHSDWD��
D�JL��� IUHNXH�VL� UHVSLUDVL�� GD�� GH��XW� MD�WX�J� EHUDGD� GLNR�GLVL� �RUPDO�� 3DGD�
WHPSHUDWXUH�KXPLGLW��L�GH��WHU�DN�PH�JDODPL�VWUHV�VHGD�J�SDGD�VLD�J�KDUL��NR�GLVL�
L�L�WLGDN�EHUSH�JDUXK�WHUKDGDS�NR�GLVL�ILVLRORJLV�VDSL�NXDWD���
�
.DWD�NX�FL��,NOLP�PLNUR��UHVSR��ILVLRORJLV��VDSL�NXD�WD���
�

�

�

�

�

�
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9HUGL���JJUL�DZD����������������
8�GHU�WKH�JXLGD�FH�RI�5HVWX�0LVULD�WL�D�G�=XPDU�L�

�
��675�.�

7KH�SK�VLRORJLFDO�FR�GLWLR��RI�EXOOV�LV�L�IOXH�FHG�E��WKH�UHDUL�J�V�VWHP��7KH�
SXUSRVH�RI�WKH�VWXG��ZDV�WR�VHH�KRZ�WKH�SK�VLRORJLFDO�FR�GLWLR��RI�FRFR�XW�FRZV�
ZLWK�WKH�PDL�WH�D�FH�V�VWHP�RI�ULFH�SOD�W�L�WHJUDWLR��L��.XD�WD��6L�JL�JL�5HJH�F���
7KH�UHVHDUFK�ZDV� FR�GXFWHG� IURP�2FWREHU� WR��HFHPEHU������ L���H�DL��LVWULFW��
.XD�WD��6L�JL�JL�5HJH�F���7KH�PHWKRG�XVHG� L�� WKH�UHVHDUFK� LV�D� VXU�H��PHWKRG�
REWDL�HG� IURP� IDUPHUV� ZKR� EUHHG� PDOH� FDWWOH� ZLWK� D�� L�WHJUDWHG� PDL�WH�D�FH�
V�VWHP�ZLWK�ULFH�SOD�WV��3DUDPHWHUV�L��WKH�VWXG��ZHUH�H��LUR�PH�WDO� WHPSHUDWXUH�
������ZL�G�VSHHG��PV����� UHFWDO�WHPSHUDWXUH� ������ERG��VXUIDFH� WHPSHUDWXUH��R����
UHVSLUDWLR��IUHTXH�F���KHDUW�UDWH�IUHTXH�F���WHPSHUDWXUH�KXPLGLW��L�GH���7KH�UHVXOWV�
showed�that�the�average�cage�temperature�in�the�morning�was�26.41�℃�and�wind�
VSHHG������PV�1,�while� in� the�afternoon� the�cage�temperature�was�31.00�℃�and�
ZL�G�VSHHG������PV�1,�and�in�the�afternoon�the�cage�temperature�was�29.12�℃�and�
ZL�G�VSHHG������PV����7KH�D�HUDJH�WHPSHUDWXUH�KXPLGLW��L�GH��RI�PDOH�FDWWOH�L��
WKH�PRU�L�J�ZDV�������L��D�VWDWH�RI�PLOG�VWUHVV��L��WKH�DIWHU�RR��������L��D�VWDWH�RI�
PRGHUDWH�VWUHVV��D�G�L��WKH�DIWHU�RR��������L��D�VWDWH�RI�PLOG�VWUHVV��7KH�D�HUDJH�
UHVSLUDWLR��IUHTXH�F��RI�PDOH�FDWWOH�L��WKH�PRU�L�J�ZDV�������WLPHV�PL�XWH��ZKLOH�
L�� WKH� DIWHU�RR�� LW� ZDV� ����� WLPHV�PL�XWH�� D�G� L�� WKH� DIWHU�RR�� LW� ZDV� �����
WLPHV�PL�XWH��7KH�D�HUDJH�KHDUW� UDWH�RI� WKH� FRZV�ZDV�������EHDWV�PL�XWH� L�� WKH�
PRU�L�J�������EHDWV�PL�XWH�L��WKH�DIWHU�RR���D�G������EHDWV�PL�XWH�L��WKH�H�H�L�J��
7KH�D�HUDJH�ERG��VXUIDFH�WHPSHUDWXUH�L��WKH�PRU�L�J��DIWHU�RR��D�G�H�H�L�J�ZDV�
�RUPDO��7KH�SK�VLRORJLFDO�FR�GLWLR��RI�H�WH�VL�HO��UHDUHG�NXD�WD��FDWWOH���DPHO��
ERG��WHPSHUDWXUH��DLU�KXPLGLW���ZL�G�GH�VLW���UHVSLUDWLR��IUHTXH�F���D�G�KHDUW�UDWH�
DUH� L�� �RUPDO� FR�GLWLR��� ,�� WKH� WHPSHUDWXUH� KXPLGLW�� L�GH��� FDWWOH� H�SHULH�FHG�
PRGHUDWH� VWUHVV� GXUL�J� WKH� GD��� WKLV� FR�GLWLR�� GLG� �RW� DIIHFW� WKH� SK�VLRORJLFDO�
FR�GLWLR��RI�WKH�FDWWOH��
�
.H�ZRUGV��0LFURFOLPDWH��SK�VLRORJLFDO�UHVSR�VH��PDOH�FDWWOH��
�
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�
,,,��0�7(5,���1�0(72�(���������������������������������������������������������������������������������
�����7HPSDW�GD��:DNWX�3H�HOLWLD���������������������������������������������������������������������������������
�����0DWHUL�GD��0HWRGH�3H�HOLWLD��������������������������������������������������������������������������������
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�
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������DPEDUD��8PXP�.HFDPDWD��%H�DL��������������������������������������������������������������������
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�������6XKX��.HOHPEDSD��8GDUD��GD��.HFHSDWD����JL��������������������������������������
�������7HPSHUDWXUH��XPLGLW��,�GH���7+,�����������������������������������������������������������
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7DEHO�� � � � � � � � � ���������DODPD���

�����.DWHJRUL�7HPSHUDWXUH��XPLGLW��,�GH�������������������������������������������������������������������

�����5DWDD���6WD�GDU��HYLDVL�6XKX�GD��.HFHSDWD����JL������������������������������������������

�����5DWDD��7HPSHUDWXUH��XPLGLW��,�GH��������������������������������������������������������������������

�����5DWDD��GD��6WD�GDU��HYLDVL�)UHNXH�VL�5HVSLUDVL��NDOL�PH�LW�����������������������������

�����5DWDD��GD��6WD�GDU��HYLDVL�)UHNXH�VL��H��XW�-D�WX�J��NDOL�PH�LW������������������

�����5DWDD��GD��6WD�GDU��HYLDVL�6XKX�3HUPXNDD��7XEXK�����������������������������������������
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������DWDU��HODND�J�

6DSL� ORNDO� SHUOX� GLSHUKDWLND�� NDUH�D� PHPLOLNL� SHUD�� �D�J� SH�WL�J� EDJL�

PDV�DUDNDW�X�WXN�PH�L�JNDWND��SHUHNR�RPLD���6DSL�NXD�WD��PHUXSDND��VDODK�VDWX�

VDSL� ORNDO� ,�GR�HVLD�� �D�J� EHUDVDO� GDUL� 3URYL�VL� 5LDX�� 6DSL� .XD�WD�� GLWHWDSND��

VHEDJDL� UXPSX�� VDSL� ORNDO� ,�GR�HVLD� EHUGDVDUND�� 6.� 0H�WHUL� 3HUWD�LD�� 1R�

�����NSWV�65���������������

6DSL� NXD�WD�� WHUVHEDU� GL� WLJD�.DEXSDWH�� GL�5LDX�� �DLWX�.DEXSDWH��.XD�WD��

6L�JL�JL�� ,�GUDJLUL� +XOX� GD�� ,�GUDJLUL� +LOLU�� %HEHUDSD� NHX�JJXOD�� VDSL� NXD�WD��

DGDODK��VDSL�NXD�WD��PHPLOLNL�GD�D�DGDSWDVL��D�J�EDLN��GD��PHPLOLNL�WHPSHUDPH��

�D�J� ML�DN�� VHKL�JJD� PHPXGDKND�� GDODP� SURVHV� SHPHOLKDUDD��� 6DSL� NXD�WD��

GLEXGLGD�DND��PDV�DUDNDW�VHSD�MD�J�DOLUD��VX�JDL�.XD�WD���XPXP��D�GLSHOLKDUD�

VHFDUD� HNVWH�VLI� GD�� VHPL� L�WH�VLI� GH�JD�� VLVWHP� SHUNDZL�D�� DODP���LOLKDW� GDUL�

XNXUD�� WXEXK��WLGDN�DGD�SHUEHGDD��� UDWDD��XNXUD�� WXEXK� VDSL�NXD�WD��EHWL�D�GD��

VDSL�NXD�WD�� MD�WD��SDGD�EHUEDJDL�WL�JNDWD��XPXU��%HUGDVDUND�� WL�JJL�EDGD���D��

VDSL� L�L� WHUPDVXN�NHORPSRN�VDSL�NHUD�JND�NHFLO��7L�JJL�EDGD��VDSL�NXD�WD���DLWX�

�����“������ FP�� OHELK� NHFLO� GLED�GL�JND�� GH�JD�� WL�JJL� EDGD�� VDSL� %DOL�

��H�GUDOL�D�GNN����������

+XEX�JD�� OD�JVX�J� GH�JD�� OL�JNX�JD�� �PHUXSDND�� VDODK� VDWX� IDNWRU� �D�J�

GDSDW�PHPSH�JDUXKL�SHUIRUPD�VDSL��0H�XUXW�6RHWDU�R� ������� IDNWRU� OL�JNX�JD��

PHPD�J� OHELK� GRPL�D�� EHUSH�JDUXK� GDULSDGD� IDNWRU� JH�HWLN�� 3HUXEDKD��

OL�JNX�JD�� VHSHUWL� NH�DLND�� VXKX�� NHOHPEDED��� NHFHSDWD�� D�JL��� GD�� L�WH�VLWDV�

PDWDKDUL� GDSDW� PHPSH�JDUXKL� NR�GLVL� ILVLRORJLV� WHU�DN� NDUH�D� WHU�DN�

PH�JL�WHJUDVLND��NR�GLVL�OL�JNX�JD��NHPXGLD��PHUHVSR�V�VHFDUD�DGDSWLI�PHODOXL�

SHUXEDKD�� ILVLRORJLV� �D�J� PHOLSXWL� SHUXEDKD�� VXKX� WXEXK�� NHFHSDWD�� GH��XW�

MD�WX�J��GD��SH�L�JNDWD��IUHNXH�VL�UHVSLUDVL���WULD��GD��6KDKU�DU����������

.HDGDD�� OL�JNX�JD�� GDSDW� PHPEHULND�� NH��DPD�D�� SDGD� WHU�DN� X�WXN�

EHUSURGXNVL�VHFDUD�RSWLPDO��.R�GLVL�SD�DV�GL�DWDV��RUPDO��D�J�GLSH�JDUXKL�VXKX��

NHOHPEDED�� UHODWLI�� NHFHSDWD�� D�JL��� GD�� L�WH�VLWDV� UDGLDVL� GDSDW�PHPSH�JDUXKL�

EHED��SH�HULPDD��SD�DV�VHKL�JJD�PHPSH�JDUXKL�SHUIRUPD��SH�JXUD�JD��WL�JNDW�

NH��DPD�D��WHU�DN�GD��GDSDW�PH��HEDEND��NHPDWLD���0DGHU�HW�DO�����������



��
�

-HUDPL�SDGL�GLPD�IDDWND��VHEDJDL�SDND��WHU�DN�VHKL�JJD�PDPSX�PH�JXUD�JL�

ELD�D�SURGXNVL�GD��PH�L�JNDWND��SH�GDSDWD��SHWD�L��%DVX�L�GNN����������1DPX��

MHUDPL�SDGL�PHPLOLNL�ND�GX�JD��VHUDW�NDVDU��D�J�FXNXS�WL�JJL�GD��NDGDU�SURWHL��

�D�J�UH�GDK��-HUDPL�SDGL�MXJD�PHPSX��DL��LODL�NHFHU�DD��EDKD��NHUL�J�GD��EDKD��

RUJD�LN��D�J�UH�GDK���DN�L�EHUWXUXW�WXUXW�D�WDUD���±����GD����±�����:L�XJURKR�

HW�DO�����������DSDW�PHPSH�JDUXKL�VXKX�WXEXK�WHU�DN�VDSL��GLPD�D�EDNWHUL�UXPH��

VDSL� EHUNHUMD� NHUDV� X�WXN� PHFHU�D� MHUDPL�� EDKD�� NHUL�J� SDND�� �D�J� WL�JJL�

FH�GHUX�J�EHUSHOXD�J�PH�JDODPL�FHNDPD��SD�DV��+LOO�GD��:DOO����������

6HMDXK�L�L�EHOXP�WHUVHGLD�L�IRUPDVL�PH�JH�DL�NR�GLVL�ILVLRORJLV�VDSL�NXD�WD��

SDGD�VLVWHP�SHPHOLKDUDD��L�WHJUDVL�GH�JD��WD�DPD��SDGL��6HODL��OL�JNX�JD���VLVWHP�

SHPHOLKDUDD��GD��SHPEHULD��SDND���MXJD�EHUSH�JDUXK�WHUKDGDS�NR�GLVL�ILVLRORJLV��

VDSL�NXD�WD��XPXP��D�GLSHOLKDUD�VHFDUD�L�WHJUDVL�WD�DPD��SDGL��

�����5�P�VD��0DVDODK�

%DJDLPD�D�NR�GLVL�ILVLORJLV�VDSL�NXD�WD��GH�JD��VLVWHP�SHOLKDUDD�� L�WHJUDVL�

WD�DPD��SDGL�GL�.DEXSDWH��.XD�WD��6L�JL�JL��GLOLKDW�GDUL�VXKX�WXEXK��NHFHSDWD��

GH��XW�MD�WX�J��GD��SH�L�JNDWD��IUHNXH�VL�UHVSLUDVL��

�����7�MD��3H�HOLWLD��

�GDSX�� WXMXD��SH�HOLWLD��DGDODK�X�WXN�PHOLKDW�EDJDLPD�D�NR�GLVL� ILVLRORJLV�

VDSL� NXD�WD�� GH�JD�� VLVWHP� SHPHOLKDUDD�� L�WHJUDVL� WD�DPD�� SDGL� GL� .DEXSDWH��

.XD�WD��6L�JL�JL��.HFDPDWD��%H�DL��

�����0D�IDDW�3H�HOLWLD��

�LKDUDSND��KDVLO�SH�HOLWLD��L�L�GDSDW�PH�MDGL�SHGRPD��GD��PHPEDWX�SHWHU�DN�

GDODP�PH�H�WXND��SROD�SHPHOLKDUDD��GLOLKDW�GDUL�NR�GXVL�ILVLRORJLV�VDSL�NXD�WD��

GH�JD��VLVWHP�SHOLKDUDD��L�WHJUDVL�WD�DPD��SDGL�GL�.DEXSDWH��.XD�WD��6L�JL�JL��

�

�

�
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�����6DSL�.�D�WD��

6DSL� NXD�WD�� PHUXSDND�� VDODK� VDWX� WHU�DN� X�JJXOD��PDV�DUDNDW� NDEXSDWH��

.XD�WD��6L�JL�JL��6DSL�NXD�WD��PHUXSDND��DVHW�SH�WL�J�EDJL�PDV�DUDNDW�VHEDJDL�

URGD�SHUHNR�RPLD����LSHOLKDUD�GLVHSD�MD�J�DOLUD��VX�JDL�EDWD�J�NXD�WD���EHWHU�DN�

PHUXSDND��NHJLDWD���D�J�GLODNXND��PDV�DUDNDW�.XD�WD��6L�JL�JL��D�J�WHUL�WHJUDVL�

GH�JD��WD�DPD��SDGL��0LVULD�WL�HW�DO���������PH��DWDND��EDKZD�VDSL�NXD�WD��EHWL�D�

PHPLOLNL�FLUL�ZDU�D�EXOX�GRPL�D��SXWLK�NHFRNHODWD���EH�WXN�WD�GXN�PHOH�JNX�J�

NH�DWDV�GD��EHUWD�GXN�SH�GHN�GD��NHFLO�GD��ZDU�D�NDNL�SXWLK��VHGD�JND��SDGD�VDSL�

NXD�WD�� MD�WD��ZDU�D� EXOX� �D�J� GRPL�D�� �DLWX� ZDU�D� SXWLK� NHFRNHODWD��� WLGDN�

EHUWD�GXN�GD��ZDU�D�NDNL�SXWLK�GDSDW�GLOLKDW�SDGD��DPEDU�������

�
�DPEDU�������6DSL�.XD�WD��
6XPEHU���RNXPH�WDVL�3ULEDGL�

�

6DSL�NXD�WD���D�J�GL�SHOLKDUD�PDV�DUDNDW�.DEXSDWH��.XD�WD��6L�JL�JL� UDWD�

UDWD�GLSHOLKDUD�VHFDUD�GLOHSDV�GL�ODSD�JD��SH�JHPEDODD���D�J�ELDVD�GLVHEXW��VLVWHP�

HNVWH�VLI�GH�JD��SHUNDZL�D��DODP���LOLKDW�GDUL�XNXUD��WXEXK��WLGDN�DGD�SHUEHGDD��

UDWDD�� XNXUD�� WXEXK� VDSL� NXD�WD�� EHWL�D� GD�� VDSL� NXD�WD�� MD�WD�� SDGD� EHUEDJDL�

WL�JNDWD�� XPXU�� %HUGDVDUND�� WL�JJL� EDGD���D�� VDSL� L�L� WHUPDVXN� NHORPSRN� VDSL�

NHUD�JND�NHFLO��7L�JJL�EDGD��VDSL�NXD�WD���DLWX�������FP��OHELK�NHFLO�GLED�GL�JND��

GH�JD��WL�JJL�EDGD��VDSL�%DOL��6XSUL�D�WR�R�HW�DO�����������

6DSL�NXD�WD��PHPLOLNL�YDULDVL�SROD�ZDU�D�EXOX��D�J�EHUEHGD�GH�JD��VDSL�VDSL�

�D�J�ODL���6LIDW�NXDOLWDWLI�VDSL�NXD�WD��EHUEHGD�GH�JD��VDSL�ORNDO�ODL���D��GLPD�D�

ZDU�D� EXOX� VDSL� NXD�WD�� GHZDVD� GRPL�D�� EHUZDU�D� SXWLK� NHFRNHODWD�� VDPSDL�

NHFRNHODWD��KLWDP��KLGX�J�NHSXWLK�SXWLKD���HNRU�EHZDU�D�KLWDP��EH�WXN�PDWD�EXODW��

WD�GXN�PHOH�JNX�J�NH�DWDV�� EHUJHODPELU�SH�GHN�PH�JJHOD�WX�J�VHSD�MD�J� OHKHU�

KL�JJD�WXOD�J�GDGD��0H�WHUL�3HUWD�LD��5HSXEOLN�,�GR�HVLD���������
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�������6�K��7�E�K�

�SDELOD�VDSL�EHUDGD�SDGD�VXKX�OL�JNX�JD��GL�DWDV������PDND�VDSL�DND��EHUDGD�

SDGD� �R�D� WLGDN� ��DPD�� �D�J� GLWD�GDL� GH�JD�� SH�L�JNDWD�� ODMX� SHU�DSDVD���

IUHNXH�VL�GH��XW� MD�WX�J��GD�� VXKX� WXEXK��KDO� WHUVHEXW�PH�JDNLEDWND��VDSL�DND��

PHPSHUWDKD�ND��IUHNXH�VL�SHU�DSDVD���IUHNXH�VL�GH��XW�MD�WX�J��GD��VXKX�WXEXK�

GH�JD��VLVWHP�PHPSHUWDKD�ND��VXKX���6D�WRVR�GD���7DULJD����������0H�XUXW��UDKD�

�������EHUGDVDUND��VXKX�WXEXK��PDNKOXN�KLGXS� WL�JNDW� WL�JJL�VHSHUWL�KHZD��GD��

PD�XVLD�GLEDJL�PH�MDGL�GXD���DLWX�PDNKOXN�KLGXS��D�J�PHPLOLNL�VXKX�WXEXK�UHODWLI�

NR�VWD�� �KRPHRWKHUPV��� GD��PDNKOXN�KLGXS��D�J�EHUDGDSWDVL�GH�JD��SHUXEDKD��

OL�JNX�JD�� �SRLNLORWKHUPV��� 6XKX� L�WL� WXEXK� VD�JDW� GLSH�JDUXKL� ROHK� VXKX�

OL�JNX�JD���D���

6XKX�L�WL�WXEXK�ELDVD��D�GLGHIL�LVLND��VHEDJDL�VXKX�GDUL�KLSRWDODPXV��SXVDW�

SH�JDWXUD��VXKX�WXEXK��0HWRGH��D�J�SDOL�J�SRSXODU�GLJX�DND��X�WXN�PH�JDXNXU�

VXKX�L�WL�WXEXK�DGDODK�VHFDUD�RUDO��PHVNLSX��PHPLOLNL�EHEHUDSD�NHOHPDKD���0HWRGH�

ODL���D�J�VHUL�J�GLJX�DND��X�WXN�SH�JXNXUD��VXKX�L�WL�WXEXK�SDGD�VDDW�PHODNXND��

SH�HOLWLD���ELDVD��D�GH�JD��SH�JXNXUD��SDGD�UHNWDO��%LDVD��D�WHPSHUDWXUH�UHNWDO�

OHELK� WL�JJL� ������ GDULSDGD� VXKX� RUDO�� 0DGHU� ������� PH��DWDND�� NR�GLVL�

OL�JNX�JD��SD�DV�GH�JD��VXKX�OL�JNX�JD���NHOHPEDSD��UHODWLI�GD��UDGLDVL�PDWDKDUL�

GL�DWDV��R�D���DPD���GLWDPEDK�NHFHSDWD��D�JL��UH�GDK�GDSDW�PH�L�JNDWND��EHED��

SD�DV� WHU�DN� VHKL�JJD� ELVD� PH�JDNLEDWND�� SH�XUX�D�� NH��DPD�D�� GD�� NL�HUMD�

WHU�DN�VHUWD�NHPDWLD���

+DO� L�L� GLVHEDEND�� NDUH�D� UH�GDK��D� NHOHPEDED�� EHUKXEX�JD�� GH�JD��

WHPSHUDWXU�OL�JNX�JD���D�J�GLSH�JDUXKL�ROHK�HPSDW�IDNWRU�SHPEH�WXN�LNOLP�XWDPD�

�D�J�EHUL�WHUDNVL��DLWX��VXKX�XGDUD��NHOHPEDED���UDGLDVL�PDWDKDUL�GD��NHFHSDWD��

D�JL�� �7MDV�R�R�� ������� +DVLO� D�DOLVLV� WHUKDGDS� VXKX� GD�� NHOHPEDED�� ND�GD�J�

PH�X�MXNND��EDKZD�VXKX�ND�GD�J�SDGD�SDJL��VLD�J�GD��VRUH�KDUL�EHUDGD�GLDWDV��LODL�

DPED�J��RUPDO��D�J�WHODK�GLWH�WXND���DN�L�������������PH�XUXW��1XUL�DVD���������

3H�L�JNDWD�� VXKX� WXEXK� MXJD� GDSDW� PHPSH�JDUXKL� SH�L�JNDWD�� IUHNXH�VL� GHWDN�

MD�WX�J� X�WXN� PHPSHUFHSDW� SHOHSDVD�� SD�DV� KDVLO� PHWDEROLVPH� WXEXK� PHODOXL�

VLUNXODVL�SHULIHU��6XSUD�RJL�HW�DO����������

�
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��������H���W��D�W��J�

)DNWRU��D�J�PH��HEDEND��FHNDPD��SD�DV�D�WDUD�ODL��SURGXNVL�SD�DV�DNLEDW�

SDND���VXKX�GD��NHOHPEDSD��ND�GD�J��D�J�PHOHELKL�EDWDV�WKHUPR�HXWUDO��R�H��GD��

NDUDNWHULVWLN� WHU�DN� �6XOLVW�RZDWL� HW� DO��� ������� 0H�XUXW� 5HHFH� GNN�� �������

SH�L�JNDWD�� GH��XW� MD�WX�J�PHUXSDND�� VDODK� VDWX� XSD�D� WHU�DN� X�WXN�PH�MDJD�

NHVHLPED�JD�� VXKX� WXEXK�� 3H�L�JNDWD�� L�L�PHUXSDND�� UHVSR�� GDUL� WXEXK� WHU�DN�

X�WXN�PH��HEDUND��SD�DV�WXEXK�KDVLO�PHWDEROLVPH�PHODOXL�SH�L�JNDWD��VLUNXODVL�

GDUDK� �SHULIHU�� VHEDJDL� XSD�D� SHUFHSDWD�� SHOHSDVD�� SD�DV� WXEXK�� 6HGD�JND��

PH�XUXW�SH�GDSDW��3XWUD�GNN����������IDNWRU�IDNWRU�L�L�PHPSH�JDUXKL�SHPHULNVDD��

SDGD� VLD�J� KDUL�� GLPD�D� NR�GLVL� OL�JNX�JD�� SDGD� VLD�J� KDUL� VD�JDW� SD�DV� GD��

PHUXSDND��SX�FDN�WHUWL�JJL�GDUL�VXKX�OL�JNX�JD��MLND�GLED�GL�J�SDJL�GD��VRUH�KDUL��

GLWDPEDK� DNWLILWDV� ILVLN� KHZD�� �DLWX� PDND�� SDND�� GH�JD�� SURWHL�� WL�JJL� �D�J�

PH�L�JNDWND��SURVHV�PHWDEROLVPH�WXEXK���

0H�XUXW�.HOO��HW�DO���������GH��XW�MD�WX�J��D�J��RUPDO�SDGD�VDSL�EHUNLVDU�

������NDOL�SHU�PH�LW��0H�XUXW�6D�WRVR�GD��7DULJD���������IUHNXH�VL�GH��XW�MD�WX�J�

VDSL� EHUDGD� SDGD� SX�FDN��D�� �DLWX� SDGD� VLD�J� KDUL� GH�JD�� VXKX�XGDUD� GL� GDODP�

ND�GD�J� UDWD�UDWD� EHUNLVDU� ������ �D�J� GLLUL�JL� GH�JD�� IUHNXH�VL� GH��XW� MD�WX�J�

VHNLWDU�������NDOL�PH�LW����+DVLO� WHUVHEXW�PH�X�MXNND��UDWD�UDWD�VDSL�PH�JDODPL�

VWUHV�DNLEDW�FHNDPD��SD�DV���

0H�XUXW�+DWWX��������GH��XW�MD�WX�J��D�J�WL�JJL�DND��PHPSHUFHSDW�DOLUD��

GDUDK� NHVHOXUXK� SHUPXNDD�� WXEXK�� VHKL�JJD� VHPDNL�� FHSDW� SHPEXD�JD�� SD�DV�

WXEXK�PDND�NHVHLPED�JD��WXEXK�GDSDW�WHUMDJD��6HODL��LWX��WL�JJL��D�GH��XW�MD�WX�J�

�D�J� DGD� GLSH�JDUXKL� ROHK� EHED�� SD�DV� �D�J� GLWHULPD� WXEXK�� DNLEDW� WHPSHUDWXU�

OL�JNX�JD���D�J� WL�JJL��0H�XUXW� 6ZH�VR�� GD��5HHFH� ������� IDNWRU�IDNWRU��D�J�

GDSDW� PHPH�JDUXKL� IUHNXH�VL� SHU�DIDVD�� D�WDUD� ODL�� XNXUD�� WXEXK�� XPXU�� JHUDN�

RWRW��VXKX�OL�JNX�JD���GD��NHEX�WL�JD���

�������)UHN�H�VL�5HVSLUDVL�

)UHNXH�VL�SHU�DSDVD��SDGD�VLD�J�KDUL�PHPLOLNL��LODL�UDWD�UDWD�EHUNLVDU�������

NDOL�PH�LW��6D�WRVR�GD��7DULJD����������0H�XUXW�.HOO���������IDNWRU��D�J�GDSDW�

PHPSH�JDUXKL�IUHNXH�VL�SHU�DIDVD��D�WDUD�ODL��DGDODK�NR�GLVL�NHVHKDWD��KHZD���

XPXU�� XNXUD�� WXEXK�� DNWLILWDV� ILVLN�� VWDWXV� NHEX�WL�JD��� DGD��D� JD�JJXD�� SDGD�

VDOXUD��SH�FHU�DD���SHU�DIDVD��GD��VWUHV��3URVHV�UHVSLUDVL�GDSDW�GLJX�DND��X�WXN�
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PHOHSDVND�� SD�DV� SDGD� NR�GLVL� WHU�DN� �D�J� PH�JDODPL� VWUHVV� SD�DV� ��O�DKUD��

������� 0H�XUXW� 3XWUD� GNN�� ������� IDNWRU�IDNWRU� L�L� PHPSH�JDUXKL� SHPHULNVDD��

SDGD� VLD�J� KDUL�� GLPD�D� NR�GLVL� OL�JNX�JD�� SDGD� VLD�J� KDUL� VD�JDW� SD�DV� GD��

PHUXSDND��SX�FDN�WHUWL�JJL�GDUL�VXKX�OL�JNX�JD��MLND�GLED�GL�J�SDJL�GD��VRUH�KDUL��

GLWDPEDK� DNWLILWDV� ILVLN� KHZD�� �DLWX� PDND�� SDND�� GH�JD�� SURWHL�� WL�JJL� �D�J�

PH�L�JNDWND��SURVHV�PHWDEROLVPH�WXEXK���

0H�XUXW�6ZH�VR��GD��5HHFH��������IDNWRU�IDNWRU��D�J�GDSDW�PHPH�JDUXKL�

IUHNXH�VL�SHU�DIDVD��D�WDUD�ODL��XNXUD��WXEXK��XPXU��JHUDN�RWRW��VXKX�OL�JNX�JD���

GD�� NHEX�WL�JD��� 0H�XUXW� �D�R�J� ������� SHU�DIDVD�� �D�J� OHELK� GD�JNDO� DND��

PH�XUX�ND�� YROXPH� WLGDO� DWDX� XGDUD� �D�J� PDVXN� GD�� XGDUD� �D�J� NHOXDU� SDGD�

VDOXUD��SHU�DIDVD���

�����)DNWRU��D�J�0HPSH�JDU�KL�.R�GLVL�)LVLRORJL�

� 5HVSR�� ILVLRORJLV� PHUXSDND�� L�GLNDWRU� EDLN� EXUXN��D� NR�GLVL� WHU�DN� �D�J�

GDSDW�GLSH�JDUXKL�ROHK�SDND��GD��WHPSHUDWXU�OL�JNX�JD���5HVSR��ILVLRORJLV��D�J�

WLGDN��RUPDO�PH�D�GDND��DGD��D�JD�JJXD��WHUKDGDS�NHVHKDWD��WHU�DN�GD��GDSDW�

EHUSH�JDUXK�WHUKDGDS�SURGXNWLYLWDV��D��7UHVLD�HW�DO����������3URVHV�ILVLRORJL�WHU�DN�

VHODL��GLSH�JDUXKL�ROHK�IDNWRU�HNVWHU�DO��GDSDW�MXJD�GLSH�JDUXKL�ROHK�IDNWRU�L�WHU�DO��

)DNWRU� L�WHU�DO� VHSHUWL� MH�LV� NHODPL�� GD�� XPXU� GDSDW� PHPSH�JDUXKL� SURVHV�

ILVLRORJLV�WHU�DN��)UD�V�GNN����������0H�XUXW�5H�DXGHDX�HW�DO���������VXKX�XGDUD�

GD��NHOHPEDSD��PHUXSDND�� IDNWRU�WHUSH�WL�J��D�J�PHPEH�WXN�LNOLP�GD��VD�JDW�

PHPSH�JDUXKL�SURVHV�DGDSWDVL�GD��GLVWULEXVL�WHU�DN���

�WULD��GD��6KDKU�DU��������PH��DWDND��EDKZD�SHUXEDKD��OL�JNX�JD��VHSHUWL�

NH�DLND�� VXKX�� NHOHPEDSD��� NHFHSDWD�� D�JL��� GD�� L�WH�VLWDV� PDWDKDUL� GDSDW�

PHPSH�JDUXKL� UHVSR�V� ILVLRORJLV� WHU�DN� �D�J� PHOLSXWL� SHUXEDKD�� VXKX� WXEXK��

NHFHSDWD��GH��XW� MD�WX�J��GD��SH�L�JNDWD�� IUHNXH�VL� UHVSLUDVL��6XKX�XGDUD�DND��

PH�FDSDL�WLWLN�PDNVLPXP�VDDW�L�WH�VLWDV�FDKD�D�PDWDKDUL��D�J�PDVXN�NH�ND�GD�J�

VHPDNL��WL�JJL���GLWLD�HW�DO����������7L�JJL��D�VXKX�XGDUD�ND�GD�J�SDGD�VLD�J�KDUL�

GDSDW�GLVHEDEND��NDUH�D�H�HUJL� UDGLDVL�PDWDKDUL��D�J�PH�FDSDL� WLWLN�PDNVLPXP�

GLVHUDS�ROHK�SDUWLNHO�JDV�GDODP�ND�GD�J��/DNLWD����������8SD�D��D�J�GLODNXND��

X�WXN� PHPSHUNHFLO� SH�JDUXK� PLNURNOLPDW� WHUKDGDS� WHU�DN� GL� D�WDUD��D� DGDODK�

SHPEHULD���DX�JD���SHPLOLKD��EDKD��DWDS�GD��SH�H�WXD��WL�JJL�DWDS�ND�GD�J��VHUWD�

SHPEHULD��DLU�PL�XP���D�L�GD��3XUZD�WR���������
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�����7HPSDW�GD��:DNW��3H�HOLWLD��

3H�HOLWLD��L�L�WHODK�GLODNVD�DND��GL�.DEXSDWH��.XD�WD��6L�JL�JL��SDGD�EXOD��

2NWREHU�±��HVHPEHU�������

�����0DWHUL�GD��0HWRGH�3H�HOLWLD��

0DWHUL� SDGD� SH�HOLWLD�� L�L� DGDODK� VDSL� NXD�WD�� �D�J� WHUVHEDU� GL� .HFDPDWD��

%H�DL�� .DEXSDWH�� .XD�WD�� 6L�JL�JL�� 6HODL�� LWX�� GLJX�DND�� MXJD� VDSL� EDOL� X�WXN�

SHPED�GL�J��3H�HOLWLD��PH�JJX�DND��PHWRGH�VXUYHL��DLWX�VWXGL�NDVXV�GH�JD��FDUD�

PH�JXPSXOND��L�IRUPDVL�GD��GRNXPH�WDVL�PHODOXL�SH�JXPSXOD��GDWD�SULPHU�GD��

GDWD�VHNX�GHU���

�ODW� GD�� EDKD�� �D�J� GLJX�DND�� EHUXSD� DODW� WXOLV�� WHUPRPHWHU� L�IUDUHG��

WHUPRPHWHU�GLJLWDO��WHUPRPHWHU�DLU�UDNVD��DSOLNDVL�D�HPRPHWHU��GD��NDPHUD�GLJLWDO��

5HVSR�GH��SDGD�SH�HOLWLD��L�L�DGDODK�SHWD�L�SHWHU�DN�VDSL�NXD�WD��GH�JD��VLVWHP�

SHPHOLKDUDD��L�WHJUDVL�GH�JD��WD�DPD��SDGL�GL�.DEXSDWH��.XD�WD��6L�JL�JL��

�����7HN�LN�3H�JDPELOD��6DPSHO�

�GDSX�� PHWRGH� SH�JDPELOD�� VDPSHO� �D�J� GLJX�DND�� GDODP� SH�HOLWLD�� L�L�

�DLWX�3XUSRVL�H� 6DPSOL�J��3XUSRVL�H�6DPSOL�J�PHUXSDND��PHWRGH� SH�JDPELOD��

VDPSHO�VHFDUD�DFDN���DLWX�GH�JD��PH�JDPELO� VDPSHO� VDSL� NXD�WD��VHED��DN����

HNRU��D�J�WHUVHEDU�GL�NHFDPWD��%H�DL�GH�JD����NDOL�SH�JXNXUD��NR�GLVL�ILVLRORJLV�

�DLWX�SDGD�SDJL�KDUL��VLD�J�KDUL��GD��VRUH�KDUL��8�WXN�SHUED�GL�JD��GLODNXND��MXJD�

SH�JXNXUD��NR�GLVL�ILVLRORJLV�VDSL�EDOL�VHED��DN����HNRU��D�J�GLSHOLKDUD�GH�JD��

VLVWHP�L�WHJUDVL�GH�JD��WD�DPD��SDGL��

������DULDEOH��D�J��LDPDWL�

D�� 6XKX�/L�JNX�JD��������

3H�JXNXUD��VXKX�OL�JNX�JD��GLODNXND��PH�JJX�DND��WHUPRPHWHU�DLU�UDNVD�

�D�J�GLOHWDNND��SDGD�WHPSDW��D�J�DND��GLXNXU�VXKX��D��NHPXGLD��GLWX�JJX�

����PH�LW��6HWHODK�LWX� VNDOD��D�J�DGD�SDGD� WHUPRPHWHU�DLU�UDNVD���GLWLD��

GNN����������

�

�
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E�� .HFHSDWD����JL�����−1���

.HFHSDWD��D�JL��GLXNXU� GH�JD��PH�JJX�DND��DSOLNDVL�D�HPRPHWHU�SDGD�

KD�GSKR�H�� 3H�JXNXUD�� NHFHSDWD�� D�JL�� GDSDW� GLODNXND�� GH�JD�� FDUD�

PHPHJD�J� DSOLNDVL� D�HPRPHWHU� VHFDUD� YHUWLNDO�� ��JND� NHFHSDWD�� D�JL��

DND��GLWDPSLOND��VHFDUD�RWRPDWLV�SDGD�OD�DU�DSOLNDVL�D�HPRPHWHU��

F�� 6XKX�5HNWDO�������

6XKX�UHNWDO�GLXNXU�GH�JD��PH�JJX�DND�� WHUPRPHWHU�GLJLWDO��3H�JXNXUD��

GLODNXND��GH�JD��PHPDVXNND��WHUPRPHWHU�GLJLWDO�NH�GDODP�UHNWDO�WHU�DN�

VHGDODP�“��FP�VHODPD���PH�LW�DWDX�VDPSDL�DODW�WHUVHEXW�EHUEX��L��NHPXGLD��

VXKX��D�J�WHUWHUD�SDGD�WHUPRPHWHU�GLOLKDW�GD��GLFDWDW���GLWLD��GNN����������

G�� 6XKX�3HUPXNDD��7XEXK�������

6XKX� SHUPXNDD�� WXEXK� GLXNXU� PH�JJX�DND�� WHUPRPHWHU� L�IUDPHUDK��

3H�JXNXUD�� GLODNXND�� GH�JD�� FDUD�PH�JDUDKND�� WHUPRPHWHU� L�IUDPHUDK�

VHODPD�����GHWLN�GH�JD��MDUDN��������FP�NH�EDJLD��WXEXK�WHU�DN�VDSL��%DJLD��

SHUPXNDD�� WXEXK� �D�J� GLXNXU� PHOLSXWL� GDKL� �IRUHKHDG��� NHORSDN� PDWD�

�RUELWDO�DUHD���SLSL��FKHHN���EDKX��VKRXOGHU���SX�JJX�J��EDFN���SHUPXNDD��

UHNWDO��SL�JJXO��UXPS���SHUXW�EDJLD��EDZDK��UHDU�IOD�N���GD��WX�JNDL�DWDV��

3RVLVL�SH�JXNXUD��VXKX�SHUPXNDD��WXEXK�GDSDW�GLOLKDW�SDGD��DPEDU������

�

�

�DPEDU������3RVLVL�3H�JXNXUD��3HUPXND��6XKX�7XEXK�
6XPEHU���RNXPH�WDVL�3ULEDGL�

.HWHUD�JD�����GDKL�����NHORSDN�PDWD�����SLSL�����EDKX�����SX�JJX�J�����SHUPXNDD��
UHNWDO�����SL�JJXO�����SHUXW�EDJLD��EDZDK��GD�����WX�JNDL�DWDV��
�

�
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H�� )UHNXH�VL�5HVSLUDVL��

3H�JXNXUD�� IUHNXH�VL� UHVSLUDVL� GLODNXND�� GH�JD�� PHOHWDNND�� SX�JJX�J�

WD�JD��GL�GHSD��KLGX�J� WHU�DN�GD��PH�JKLWX�J�KHPEXVD���DIDV�GDODP���

PH�LW��8GHK�HW�DO����������3H�JXNXUD��GLODNXND��VHODPD����GHWLN�NHPXGLD��

GLKLWX�J�MXPODK�UHVSLUDVL�GD��GLNDOL���X�WXN�PH�GDSDWND��MXPODK�KHPEXVD��

�DIDV�GDODP���PH�LW��

I�� )UHNXH�VL��H��XW�-D�WX�J��

3H�JXNXUD�� IUHNXH�VL� GH��XW� MD�WX�J� GLODNXND�� GH�JD�� PH�HPSHOND��

WD�JD��SDGD�SHPEXOXK�GDUDK�DUWHUL�FRFF�JHDO�GL�EDZDK�HNRU�EDJLD��WH�JDK�

VHNLWDU� ��� FP� GDUL� D�XV� �.HOO��� ������� 3H�JXNXUD�� GLODNXND�� VHODPD� ���

GHWLN� GD�� GLKLWX�J� MXPODK� GH��XW� NHPXGLD�� GLNDOL� �� X�WXN�PH�GDSDWND��

MXPODK�GH��XW�MD�WX�J�GDODP���PH�LW���GLWLD��GNN����������

J�� 7HPSHUDWXUH��XPLGLW��,�GH���7+,���

+XEX�JD��EHVDUD��VXKX�GD��NHOHPEDED��XGDUD�GLKLWX�J�PH�JJX�DND��7+,�

�7HPSHUDWXUH� �XPLGLW�� ,�GH���� �DLWX� L�GHNV� X�WXN� PH�JXNXU� WL�JNDW�

NH��DPD�D��OL�JNX�JD��WHU�DN��0RGHO�PDWHPDWLND�PH�XUXW��%XOLWWD�HW�DO���

������VHEDJDL�EHULNXW��

7+,� �����ab���5+���ab�±��������������

.HWHUD�JD����

7+,�  �7HPSHUDWXUH�+XPLGLW��,�GH��

���ab�  �6XKX�/L�JNX�JD�������

5+��  �.HOHPEDED��8GDUD�����

�
7L�JNDW� VWUHVV� �D�J� GDSDW� GLWHULPD� ROHK� WHU�DN� UXPL�D�VLD� GLKLWX�J�

PH�JJX�DND���LODL�7+,��7HPSHUDWXUH��XPLGLW��,�GH����GLOLKDW�SDGD�7DEHO������

�
7DEHO�������.DWHJRUL�7HPSHUDWXUH��XPLGLW��,�GH��

1LODL�7+,� .DWDJRUL�VWUHV�SD�DV�
≤ ��� 1RUPDO�
���±���� 6WUHV�UL�JD��
�������� 6WUHV�VHGD�J�
≥ ��� 6WUHV�EHUDW�

�%XOLWWD�HW�DO���������
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�������D�OLVLV��DWD�

�DWD�UHVSR��ILVLRORJLV�GLD�DOLVLV�GH�JD��PH�JJX�DND��VWDWLVWLN�PHOLSXWL�UDWDD���

VWD�GDU�GHYLDVL��GD��XML�7�X�WXN�SHPED�GL�J�UHVSR��ILVLRORJLV�VDSL�NXD�WD��GD��VDSL�

EDOL��

D�� 5DWDD��

�̅���∑
��

�
�

.HWHUD�JD����

��  �5DWD�UDWD�

∑xi�  �-XPODK��D�J�DGD�GDODP�SRSXODVL�

��  �1LODL�UDWD�UDWD�SH�JDPDWD���

�
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