
0LOLFD�0LOHQNRYL`

,VSLWLYDQMH�MRQRL]PHQMLYDaNLK�VYRMVWDYD
EHQWRQLWVNH�JOLQH�VD�ORNDOLWHWD
*XEHUHYDF�NRG�/HVNRYFD

8�RYRP�UDGX�LVSLWLYDQL�VX�KHPLMVNL�VDVWDY�L�VWUXNWXUD�SULURGQRJ�X]RUND�JOLQH�VD
ORNDOLWHWD�*XEHUHYDF�NRG�/HVNRYFD�X�FLOMX�QMHQH�NDUDNWHUL]DFLMH��,VSLWLYDQ�MH�DIL�
QLWHW� X]RUND�SULURGQH�JOLQH� L�X]RUND�JOLQH� WUHWLUDQH�NRQFHQWURYDQLP�UDVWYRURP
1D&O�SUHPD�L]PHQL�NDWMRQD��&D����0J���L�)H����1D�RVQRYX�LVSLWLYDQMD�KHPLMVNRJ
VDVWDYD�L�VWUXNWXUQLK�NDUDNWHULVWLND�SULURGQRJ�X]RUND�JOLQH�XWYU_HQR�MH�GD�MH�LVSL�
WLYDQL�X]RUDN�&D�PRQWPRULORQLWVND�JOLQD�VD�QH^WR�SRYH`DQLP�VDGUCDMHP�JYRC_D�
5H]XOWDWL�GRELMHQL�LVSLWLYDQMHP�NDSDFLWHWD�L]PHQH�NDWMRQD�SRND]XMX�GD�X]RUDN�SUL�
URGQH�JOLQH�SRVHGXMH�DILQLWHW�SUHPD�L]PHQL�NDWMRQD��&D����0J���L�)H����7UHWLUDQMH
JOLQH�UDVWYRURP�1D&O�SURX]URNRYDOR�MH�QMHQH�EROMH�MRQRL]PHQMLYDaNH�NDUDNWHULV�
WLNH��1D�RYDM�QDaLQ�L]PHQD�NDWMRQD�&D���SRYH`DQD�MH�RNR�WUL�SXWD��0J���RNR���
SXWD��GRN�MH�L]PHQD�)H���NDWMRQD�QH]QDWQR�SRYH`DQD�

8YRG
-RQRL]PHQMLYDaL�VX�VXSVWDQFH�NRMH�PRJX�GD�L]PHQH�HNYLYDOHQWQX

NROLaLQX�MRQD�VD�RNROLQRP��2QL�KHPLMVNL�UHDJXMX��DOL�VH�VWUXNWXUQR�QH�PHQ�
MDMX��3UHPD�SULURGL�GHOH�VH�QD�RUJDQVNH�L�QHRUJDQVNH��D�SUHPD�SRUHNOX�QD
SULURGQH�L�VLQWHWVNH��)LOLSRYL`��/LSDQRYL`��������6YL�MRQRL]PHQMLYDaL
VDGUCH�RVQRYQX�VWUXNWXUX�L�IXQNFLRQDOQH�JUXSH��3UHPD�NDUDNWHUX�MRQD�NRML
VH�YH]XMX�]D�IXQNFLRQDOQH�JUXSH�L]PHQMLYDaL�VH�GHOH�QD��'HOL`�������

¬ NDWMRQVNH�¬�NRG�NRMLK�IXQNFLRQDOQH�JUXSH�LPDMX�DQMRQVNL�NDUDNWHU
�L]PHQMXMX�VH�NDWMRQL�

¬ DQMRQVNH�¬�NRG�NRMLK�IXQNFLRQDOQH�JUXSH�LPDMX�NDWMRQVNL�NDUDNWHU
�L]PHQMXMX�VH�DQMRQL�

6YL�JOLQHQL�PLQHUDOL�VX�SR�KHPLMVNRP�VDVWDYX�KLGURVLOLNDWL�DOXPLQL�
MXPD�NRG�NRMLK�PRCH�GR`L�GR�SRWSXQH�LOL�GHOLPLaQH�L]RVWUXNWXUQH�]DPHQH
DOXPLQLMXPD�PDJQH]LMXPRP�L�JYRC_HP��.RG�QHNLK�JOLQHQLK�PLQHUDOD�NDR
RVQRYQL�VDVWRMFL�VH�QDOD]H�DONDOQL�L�]HPQRDONDOQL�PHWDOL�

8�VDVWDY�NULVWDOQH�UH^HWNH�VYDNRJ�JOLQHQRJ�PLQHUDOD�XOD]H�WHWUDHGDUVNL
L�RNWDHGDUVNL�WLS�VORMD��7HWUDHGDUVNL�VORMHYL�QDVWDMX�PH_XVREQLP�VSDMDQMHP

0LOLFD�0LOHQNRYL`
��������/HVNRYDF�
/HS^H�6WDPHQNRYL`
��$��XaHQLFD���
UD]UHGD�0HGLFLQVNH
^NROH�X�/HVNRYFX
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WHWUDHGDUD�NRG�NRMLK�VH�VLOLFLMXP�QDOD]L�X�FHQWUX��D�aHWLUL�NLVHRQLND�QD�UR�
JOMHYLPD�WHWUDHGUD��2NWDHGDUVNL�VORMHYL�QDVWDMX�PH_XVREQLP�VSDMDQMHP�RN�
WDHGDUD�NRG�NRMLK�VH�X�FHQWUX�QDOD]L�DWRP�DOXPLQLMXPD��D�^HVW�KLGURNVLOQLK
JUXSD�QD�URJOMHYLPD�RNWDHGUD�

=DYLVQR�RG�QDaLQD�VSDMDQMD�WHWUDHGDUVNLK�L�RNWDHGDUVNLK�VORMHYD
UD]OLNXMX�VH�GYD�RVQRYQD�WLSD�JOLQHQLK�PLQHUDOD�

¬ NDROLQLWL��WLS�VORMD�����
¬ PRQWPRULORQLWL��WLS�VORMD�����
.DROLQLWVNL�WLS�VORMD�QDVWDMH�NRQGHQ]DFLMRP�MHGQRJ�WHWUDHGDUVNRJ�L�MHG�

QRJ�RNWDHGDUVNRJ�VORMD�NRMD�VH�PRCH�SUHGVWDYLWL�VOHGH`RP�MHGQDaLQRP�
+�6L�2����$O��2+��� �$O��6L�2���2+������+�2

,]PH_X�SRMHGLQLK�VORMHYD�NDROLQLWD�VH�IRUPLUDMX�YRGRQLaQH�YH]H�NRMH
IRUPLUD�YRGRQLN�L]�KLGURNVLOQLK�JUXSD�RNWDHGDUVNRJ�VORMD��NRMH�VH�SUL�VOD�
JDQMX�VORMHYD�QDOD]H�QDVSUDP�NLVHRQLNRYLK�DWRPD�X�WHWUDHGDUVNRP�VORMX�
.DROLQLW�LPD�PDOX�VSRVREQRVW�SULPDQMD�VWUDQLK�NDWMRQD�XQXWDU�VWUXNWXUH��SD
LK�YH]XMH�VDPR�SR�LYLFDPD�aHVWLFD�

0RQWPRULORQLWVNL�WLS�VORMD�QDVWDMH�NRQGHQ]DFLMRP�GYD�WHWUDHGDUVND�L
MHGQRJ�RNWDHGDUVNRJ�VORMD��WDNR�GD�MH�RNWDHGDUVNL�VORM�VD�REH�VWUDQH
REORCHQ�WHWUDHGDUVNLP�VORMHYLPD��7HWUDHGDUVNL�VORMHYL�VX�NRQGHQ]RYDQL�VD
RNWDHGDUVNLP�WDNR�GD�VX�VYH�KLGURNVLOQH�JUXSH�VD�YUKRYD�WHWUDHGDUD�VD�SR
MHGQRP�KLGURNVLOQRP�JUXSRP�L]�RNWDHGDUVNRJ�VORMD�VWYRULOH�]DMHGQLaNL
NLVHRQLaQL�VORM�X]�L]GYDMDQMH�MHGQRJ�PROHNXOD�YRGH�SR�VYDNRM�QDVWDORM�YH]L�

3URFHV�VH�PRCH�SUHGVWDYLWL�VOHGH`RP�MHGQDaLQRP�
�+�6L�2����$O��2+��� �$O��6L�2����2+������+�2

9UKRYL�WHWUDHGDUD�L]�MHGQRJ�L�GUXJRJ�WHWUDHGDUVNRJ�VORMD�XVPHUHQL�VX
ND�VUHGLQL�PRQWPRULORQLWVNRJ�VORMD�WDNR�GD�VSROMQH�VWUDQH�PRQWPRULORQLW�
VNRJ�VORMD�L]JUD_XMX�NLVHRQLaQH�UDYQL�KHNVDJRQDOQR�XPUHCHQLK�DWRPD
NLVHRQLND�VD�SUDYLOQRP�UDVSRGHORP�KHNVDJRQDOQLK�SUD]QLQD��0RQWPRULORQLW
PRCH�GD�DSVRUEXMH�VWUDQH�NDWMRQH�QH�VDPR�QD�LYLFDPD�VWUXNWXUH�YH`�L�X
XQXWUD^QMRVWL�

%HQWRQLWL�VX�JOLQH�NRMH�VDGUCH�L]QDG�����PLQHUDOD�PRQWPRULORQLWD�
=ERJ�PRJX`QRVWL�SRMDYH�L]RVWUXNWXUQH�L]PHQH�NDWMRQD�DOXPLQLMXPD�X

RNWDHGDUVNLP�L�VLOLFLMXPD�X�WHWUDHGDUVNLP�VORMHYLPD�GUXJLP�NDWMRQLPD�
SRVWRML�YHOLNL�EURM�PLQHUDOD�NRML�VX�VURGQL�PRQWPRULORQLWX��=D�VYH�RYH�PLQ�
HUDOH�XVYRMHQ�MH�]DMHGQLaNL�QD]LY�VPHNWLWL��6PHNWLWL�SRVHGXMX�L]UD]LWR�YL�
VRNX�YUHGQRVW�NDSDFLWHWD�L]PHQH�NDWMRQD�^WR�MH�SRVOHGLFD�SRVWRMDQMD
QHXUDYQRWHCHQLK�QDHOHNWULVDQMD�VWUXNWXUQLK�VORMHYD�RYLK�VLOLNDWD�

.DSDFLWHW�L]PHQH�NDWMRQD�NRG�JOLQHQLK�PLQHUDOD�SUHGVWDYOMD�VSRVRE�
QRVW�JOLQH�GD�DGVRUEXMH�LOL�L]PHQL�NDWMRQH��.DSDFLWHW�L]PHQH�NDWMRQD�NRG
JOLQHQLK�PLQHUDOD�SRVOHGLFD�MH�YL^H�X]URND�RG�NRMLK�VX�QDMYDCQLML�VOHGH`L�
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¬ QH]DVL`HQH�YDOHQFH�SURL]YHGHQH�XVOHG�SUHNLQXWLK�YH]D�QD�LYLFDPD
VLOLNDWQLK�VORMHYD

¬ QHXUDYQRWHCHQD�QDHOHNWULVDQMD�SURL]YHGHQD�L]RVWUXNWXUQRP�L]PH�
QRP�DWRPD�XQXWDU�NULVWDOQH�UH^HWNH�PLQHUDOD�MHGQRJ�NDWMRQD�GUX�
JLP�QLCH�YDOHQFH

¬ GLVRFLMDFLMD�YRGRQLNRYLK�MRQD�L]�L]ORCHQLK�VWUXNWXUQLK�2+�JUXSD
¬ PRJX`QRVW�]DPHQH�NDWMRQD�L]�VDPH�NULVWDOQH�VWUXNWXUH�NRML�SRG

RGUH_HQLP�XVORYLPD�PRJX�ELWL�SULVWXSDaQL�UHDNFLMDPD�L]PHQH
�3UHPD�MRQLPD�LVWH�YDOHQFH�DILQLWHW�JOLQHQLK�PLQHUDOD�UDVWH�VD�RSDGD�

QMHP�KLGUDWDFLRQRJ�MRQVNRJ�UDGLMXVD��0DQMH�KLGUDWLVDQL�L�YL^H�YDOHQWQL�MRQL
VH�ODN^H�DGVRUEXMX��+LGUDWDFLMD�NDWMRQD�RSDGD�VD�SRYH`DQMHP�NULVWDORJUDI�
VNRJ�UDGLMXVD��D�UDVWH�VD�SRYH`DQMHP�QDHOHNWULVDQMD�NDWMRQD�

6SRVREQRVW�MHGQRJ�NDWMRQD�GD�L]PHQL�GUXJL�GDWD�MH�VOHGH`RP��+RI�
PHLVWHURYRP��VHULMRP�

�+��!�$O���!�%D���!�&D���!�0J���!�1+���!�.��!�1D��!�/L��
3UHPD�GDWRM�VHULML�VYDNL�MRQ�PRCH�SRWLVQXWL�MRQ�NRML�VH�X�RYRP�QL]X

QDOD]L�VD�QMHJRYH�GHVQH�VWUDQH��3URFHVL�L]PHQH�NDWMRQD�NRG�JOLQD�VX
SRYUDWQH�UHDNFLMH�L�SRGOHCX�]DNRQX�R�GHMVWYX�PDVD��5HDNFLMH�L]PHQH�LPDMX
L]YHVQH�VOLaQRVWL�VD�DGVRUSFLMRP��D�UD]OLND�MH�X�WRPH�̂ WR�VX�UHDNFLMH�L]PHQH
VWHKLRPHWULMVNH��1D�VYDNL�PRO�MRQD�DGVRUERYDQRJ�L]�UDVWYRUD��L]PHQMLYDa
LVWRYUHPHQR�GDMH�MHGDQ�PRO�GUXJRJ�MRQD�LVWRJ�QDHOHNWULVDQMD��^WR�NRG�DG�
VRUSFLMH�QLMH�VOXaDM��3UL�UHDNFLMDPD�L]PHQH�SRMHGLQLK�aODQRYD�X�QL]X��]DY�
LVQR�RG�QMLKRYRJ�SRORCDMD��XVSRVWDYOMD�VH�IDYRUL]RYDQD�LOL�QHIDYRUL]RYDQD
UDYQRWHCD��7HFLOD]L`�6WHYDQRYL`��������

0RQWPRULORQLW�LPD�L]UD]LWH�NRORLGQH�RVRELQH��-DNR�EXEUL�L�SRGOHCH
MRQVNRM�L]PHQL��*OLQH�L]�JUXSH�PRQWPRULORQLWD��EHQWRQLWD��SULPHQMXMX�VH�X
LQGXVWULML�NDR�DGVRUEHQVL�L�MRQRL]PHQMLYDaL��0RQWPRULORQLW�X�L]YRUQRP
REOLNX�SRVHGXMH�RGUH_HQH�DGVRUSFLRQH�RVRELQH�NRMH�VH�PRJX�SREROM^DWL�GH�
MVWYRP�NLVHOLQD�QD�QMHJD��W]Y��NLVHOLQVND�DNWLYDFLMD���1HGHOMNRYL`��������

-RQRL]PHQMLYDaL�VH�NRULVWH�]D�RWNODQMDQMH�VWDOQH�WYUGR`H�YRGH��-RQ
&D���L]�YRGH�PRCH�ODNR�GD�]DPHQL�SRVWRMH`L�MRQ�1D��L]�VWUXNWXUH�RYLK�MHG�
LQMHQMD��3RVWXSDN�VH�VDVWRML�X�WRPH�GD�VH�WYUGD�YRGD�NRMD�VDGUCL�&D���
0J���LOL�)H���GRYHGH�X�GRGLU�VD�MRQRL]PHQMLYDaHP�aLML�MH�SRNUHWQL�MRQ
1D���,]PHQD�VH�PRCH�SULND]DWL�VOHGH`RP�UDYQRWHCRP�

&D�������1D�MRQVNL�L]PHQMLYDa� ���1D����&D��MRQVNL�L]PHQMLYDa
.RQVWDQWD�UDYQRWHCH�MH�UHGD�YHOLaLQH����LOL�QH^WR�PDQMD��$NR�CHOLPR

GD�SRPHULPR�UDYQRWHCX�YL^H�QDGHVQR��WYUGX�YRGX�PRUDPR�SURYHVWL�NUR]
YH`X�NROLaLQX�MRQRL]PHQMLYDaD��5HJHQHUDFLMD�MRQRL]PHQMLYDaD�L]YRGL�VH
UDVWYRURP�1D&O�YH`H�NRQFHQWUDFLMH��^WR�SRPLaH�UDYQRWHCX�XOHYR��)LOLSRYL`�
/LSDQRYL`�������

8YR_HQMH�1D��MRQD�X�VWUXNWXUX�SULURGQRJ�PRQWPRULORQLWD�SREROM^DOR
EL�QMHJRYH�MRQRL]PHQMLYDaNH�NDUDNWHULVWLNH��MHU�YHOLNL�EURM�NDWMRQD�PRCH
L]PHQLWL�MRQ�1D��L]�JOLQH��+RIPHLVWHURYD�VHULMD��
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8�RYRP�UDGX�MH�L]YU^HQD�NDUDNWHUL]DFLMD�SULURGQRJ�PDWHULMDOD�L]�JUXSH
PRQWPRULORQLWD�VD�OHCL^WD�*XEHUHYDF�NRG�/HVNRYFD�

&LOM�RYRJ�UDGD�ELR�MH�LVSLWLYDQMH�MRQRL]PHQMLYDaNLK�NDUDNWHULVWLND
JOLQH�VD�ORNDOLWHWD�*XEHUHYDF�SUHPD�L]PHQL�MRQD�&D����0J���L�)H���L�WR�

¬ SULURGQRJ�X]RUND�JOLQH
¬ X]RUND�JOLQH�NRML�MH�WUHWLUDQ�UDVWYRURP�1D&O

(NVSHULPHQWDOQL�GHR
,VSLWLYDQMD�X]RUND�SULURGQH�JOLQH�VD�ORNDOLWHWD�*XEHUHYDF�XUD_HQD�VX

GD�EL�VH�XWYUGLR�QMHQ�KHPLMVNL�VDVWDY��NDR�L�VWUXNWXUQH�L�WHUPLaNH�RVRELQH�
1D�LVSLWLYDQRP�X]RUNX�L]YU^HQD�MH�JUDQXORPHWULMVND�DQDOL]D��QDNRQ

aHJD�VX�QD�IUDNFLML���µP�SULPHQMHQH�VOHGH`H�PHWRGH��KHPLMVND�DQDOL]D�
WHUPLaND�DQDOL]D�L�VWUXNWXUQD�DQDOL]D�SULPHQRP�PHWRGH�GLIUDNFLMH�;�]UDND
�DQDOL]H�NRMH�MH�XUDGLR�,+70¬%HRJUDG�

*UDQXORPHWULMVND�DQDOL]D�YU^HQD�MH�QD�SUREQRP�X]RUNX�����J��X�FLOMX
RGUH_LYDQMD�SURFHQWXDOQH�]DVWXSOMHQRVWL�IUDNFLMD�UD]OLaLWLK�YHOLaLQD�]UQD
SULVXWQLK�X�X]RUNX��8�WX�VYUKX�SULPHQMHQD�MH�PHWRGD�GHNDQWDFLMH��3RKDUF�
/RJDU�������.RVWL`�*YR]GHQRYL`�������

5HQGJHQVND�LVSLWLYDQMD�REDYOMHQD�VX�QD�GLIUDNWRPHWUX�]D�SUDK�PDUNH
3+,/,36� 3:� ����� VD� EDNDUQRP� DQWLNDWRGRP� WDODVQH� GXCLQH
O� ���������$�L�VD�JUDILWQLP�PRQRKURPDWRURP��8VORYL�VQLPDQMD�ELOL�VX
VOHGH`L��QDSRQ����N9��MDaLQD�VWUXMH����P$��VOLW�����L�����PP��8]RUDN�MH
SULSUHPOMHQ�X�VWDQGDUGQRP�DOXPLQLMXPVNRP�UDPX�L�VQLPOMHQ�X�RSVHJX���T
RG���GR���~�

7HUPLaND�LVSLWLYDQMD�YU^HQD�VX�QD�DSDUDWX�PDUNH�'HULYDWRJUDSK�&�
020�%XGLPSH^WD��+HPLMVND�DQDOL]D�L]YU^HQD�MH�NODVLaQRP�VLOLNDWQRP
DQDOL]RP��.RVWL`�*YR]GHQRYL`��������.DSDFLWHW�L]PHQH�]D�X]RUDN�SULURGQH
JOLQH�LVSLWLYDQ�MH�QD�VOHGH`L�QDaLQ�

8�����PO�UDVWYRUD�&D&O���0J&O��L�)H&O���NRQFHQWUDFLMH�SULEOLCQR
�����PRO�GP��SRWDSDQR�MH�SR����J�JOLQH��5DVWYRUL�VD�JOLQRP�VX�RVWDYOMHQL
GD�VWRMH����K�QD�VREQRM�WHPSHUDWXUL�X]�SRYUHPHQR�PH^DQMH��D�SR�LVWHNX
RYRJ�YUHPHQD�X]RUFL�VX�SURFH_HQL��2GUH_HQD�MH�NROLaLQD�&D����)H��� L
0J���X�VYLP�UDVWYRULPD�SUH�L�SRVOH�SRWDSDQMD�JOLQH�

6DGUCDM�&D���L�0J���MH�RGUH_HQ�NRPSOHNVRPHWULMVNL��6DYL`��������D
VDGUCDM�)H���RGUH_HQ�MH�DWRPVNRP�DSVRUSFLRQRP�VSHNWURIRWRPHWULMRP��3\
8QLFDP�VS���

8]RUFL�JOLQH�WUHWLUDQL�UDVWYRURP�1D&O�SULSUHPOMHQL�VX�WDNR�^WR�MH�SR
����J�JOLQH�SRWDSDQR�X�����J�����UDVWYRUD�1D&O�L�RVWDYOMHQR�GD�VWRML���
aDVD�QD�VREQRM�WHPSHUDWXUL�X]�SRYUHPHQR�PH^DQMH��3R�LVWHNX�RYRJ�YUH�
PHQD�JOLQD�MH�GHNDQWRYDQMHP�RGYRMHQD�RG�UDVWYRUD��D�]DWLP�LVSUDQD�GHVWL�
ORYDQRP�YRGRP��1DNRQ�LVSLUDQMD�JOLQD�MH�RVX^HQD�X�VX^QLFL�QD�WHPSHUDWXUL
RG����~&��,VSLWLYDQMH�MRQRL]PHQMLYDaNLK�NDUDNWHULVWLND�DNWLYLUDQH�JOLQH
REDYOMHQR�MH�QD�LVWL�QDaLQ�NDR�L�NRG�SULURGQRJ�X]RUND�
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5H]XOWDWL�L�GLVNXVLMD
5H]XOWDWL�JUDQXORPHWULMVNH�DQDOL]H�X]RUND�SULURGQH�JOLQH�VD�ORNDOLWHWD

*XEHUHYDF�SULND]DQL�VX�X�WDEHOL���

7DEHOD����5H]XOWDWL�JUDQXORPHWULMVNH�DQDOL]H�X]RUND�SULURGQH�JOLQH�VDORNDOLWHWD�*XEHUHYDF
NODVD��PP� PDVD��J� WHCLQVNL�� NXPXODWLYQL��
!������ ���� ���� ����
�����¬����� ����� ����� �����
�����¬����� ���� ����� �����
������� ����� ����� ������

5H]XOWDWL�JUDQXORPHWULMVNH�DQDOL]H�SRND]XMX�GD�VH�X]RUDN�SULURGQH
JOLQH�PRCH�R]QDaLWL�NDR�SUD^NDVWR�JOLQRYLW��VD�VDGUCDMHP�JOLQRYLWH�NRPSR�
QHQWH������µP��RG������SUD^NDVWH�NRPSRQHQWH�RG�����������µP��L�SHVND
�!�����µP���'LIUDNWRJUDP�IUDNFLMH�����µP�SULND]DQ�MH�QD�VOLFL����D�UH]XO�
WDWL�X�WDEHOL���

1D�RVQRYX�GRELMHQRJ�GLIUDNWRJUDPD�L�NRULV`HQMHP�$670�GDWRWHNH�X
X]RUNX�MH�XWYU_HQR�SULVXVWYR�JOLQRYLWLK�PLQHUDOD�VPHNWLWVNH�L�LOLWVNH�JUXSH�
NYDUFD�L�IHOGVSDWD��$VLPHWULaQRVW�SLNRYD�NRML�SRWLaX�RG�JOLQRYLWH�NRPSR�
QHQWH�XND]XMH�QD�SULVXVWYR�QHXUH_HQH�VWUXNWXUH�

6OLND����
'LIUDNWRJUDP�X]RUNDSULURGQH�JOLQH�VDORNDOLWHWD�*XEHUHYDF

)LJXUH���
'LIIUDFWRJUDP�RI
QDWXUDO�FOD\�VDPSOHIURP�*XEHUHYDF
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7DEHOD����5H]XOWDWL�UHQGJHQVNH�GLIUDNFLMH�X]RUND�SULURGQH�JOLQH�VDORNDOLWHWD�*XEHUHYDF��IUDNFLMD�����PP�
G��$� ,�,R���� PLQHUDO
������� ����� 6
������� ����� ,
������ ����� 6
������ ������ 6
������ ����� 4
������ ����� )
������ ����� 6
������ ����� 6
������ ����� 6
������ ����� 6
6�¬�VPHNWLW��4�¬�NYDUF��,�¬�LOLW��)�¬�IHOGVSDW

5H]XOWDWD�WHUPLaNLK�LVSLWLYDQMD�NRMH�MH�XUDGLR�,+70¬%HRJUDG�SUL�
ND]DQL�VX�QD�VOLFL���

6OLND����
7HUPRJUDYLPHWULMVNDNULYD��7*��L�NULYDGRELMHQD�PHWRGRP
GLIHUHQFLMDOQHWHUPRJUDYLPHWULMH�'7$��]D�LVSLWLYDQL
X]RUDN�JOLQH�VDORNDOLWHWD�*XEHUHYDF�

)LJXUH���
7KHUPRJUDYLPHWULFFXUYH��7*��DQG�FXUYHREWDLQHG�E\
GLIIHUHQWLDOWKHUPRJUDYLPHWU\�'7$��IRU�WKH
DQDO\]HG�FOD\�VDPSOHIURP�*XEHUHYDF
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1D�RVQRYX�L]JOHGD�L�SRORCDMD�SLNRYD�QD�'7$�NULYRM�PRCH�VH�]DN�
OMXaLWL�GD�MH�LVSLWLYDQL�X]RUDN�VPHNWLW�PRQWPRULORQLW��1D����~&�SRMDYOMXMH
VH�MDN�HQGRWHUPQL�SLN�NRML�RGJRYDUD�JXELWNX�PH_XVORMQH�YRGH�L�NRML�MH
SUD`HQ�JXELWNRP�PDVH�RG���������1D�GHVQRM�VWUDQL�RYRJ�SLND�XRaDYD�VH
SUHJLE�QD����¬���~&�NDUDNWHULVWLaDQ�]D�VPHNWLWH�NRML�LPDMX�&D�NDR�GRPL�
QDQWDQ�PH_XVORMQL�NDWMRQ��'UXJL�HQGRWHUPQL�SLN�NRML�RGJRYDUD�SURFHVX�RV�
ORED_DQMD�2+�JUXSH�L]�VWUXNWXUH�QDOD]L�VH�QD����~&�L�SUD`HQ�MH�JXELWNRP
PDVH�RG��������.DR�SRVOHGLFD�QH^WR�SRYH`DQRJ�VDGUCDMD�)H��SRORCDM�RYRJ
SLND�MH�QD�QHVWR�QLCRM�WHPSHUDWXUL�X�RGQRVX�QD�NULYH�PRQWPRULORQLWD�EH]
)H��1DMVODELML�HQGRWHUPQL�SLN�QDOD]L�VH�QD�RNR����~&�L�SUD`HQ�MH�VODELP
HJ]RWHUPQLP�SLNRP�QD����~&��7KRUH]�������

5H]XOWDWL�KHPLMVNH�DQDOL]H�SULURGQRJ�X]RUND�JOLQH�VD�ORNDOLWHWD�*XEH�
UHYDF�IUDNFLMH���PP�SULND]DQL�VX�X�WDEHOL����5H]XOWDWL�KHPLMVNH�DQDOL]H
SRGUCDYDMX�UH]XOWDWH�GRELMHQH�SULPHQRP�RVWDOLK�PHWRGD��,VSLWLYDQL�X]RUDN
SUHGVWDYOMD�&D�PRQWPRULORQLWVNX�JOLQX�VD�QH^WR�SRYH`DQLP�VDGUCDMHP�)H�
'HR�VLOLFLMXPD�X�X]RUNX�MH�YH]DQ�]D�NYDUF�L�RVWDOH�VLOLNDWQH�PLQHUDOH�GH�
WHNWRYDQH�X�VPH^L��LOLW�L�IHOGVSDWH���GHR�.�2�YH]DQ�MH�]D�LOLW��D�GHR�&D2
L�1D�2�]D�IHOGVSDWH�

�
7DEHOD����5H]XOWDWL�KHPLMVNH�DQDOL]H�SULURGQRJ�X]RUND�JOLQH�VDORNDOLWHWD�*XEHUHYDF��IUDNFLMD�����PP�
RNVLG ]DVWXSOMHQRVW���� RNVLG ]DVWXSOMHQRVW����
6L2� ����� 0Q2 ����
$O�2� ����� 7L2� ����
)H�2� ���� &2� ¬
&D2 ���� 2UJ��PDWHULMD ����
0J2 ���� +�2��� �����
1D�2 ���� +�2����� ����
.�2 ���� 62� WUDJRYL

�5H]XOWDWL�LVSLWLYDQMD�NDSDFLWHWD�L]PHQH�NDWMRQD�SULURGQRJ�X]RUND
JOLQH�SULND]DQL�VX�X�WDEHOL����

5H]XOWDWL�LVSLWLYDQMD�NDSDFLWHWD�L]PHQH�NDWMRQD�X]RUND�JOLQH�NRML�MH
WUHWLUDQ�UDVWYRURP�1D&O�SULND]DQL�VX�X�WDEHOL���

5H]XOWDWL�GRELMHQL�LVSLWLYDQMHP�NDSDFLWHWD�L]PHQH�NDWMRQD�SULURGQRJ
X]RUND�JOLQH�XND]XMX�QD�WR�GD�X]RUDN�SULURGQH�JOLQH�SRVHGXMH�DILQLWHW�SUH�
PD�L]PHQL�NDWMRQD�&D����0J���L�)H����-RQVND�L]PHQD�MH�QDML]UDCHQLMD�NRG
NDWMRQD�)H����]DWLP�&D����D�QDMPDQMH�NRG�0J����^WR�MH�X�VNODGX�VD�WHRUL�
MVNLP�SRGDFLPD��-RQVNL�UDGLMXV�&D����������QP��YH`L�MH�RG�MRQVNRJ�UDGL�
MXVD� 0J��������� QP�� L� )H��������� QP���.DWMRQ�&D��� LPD� PDQML
KLGUDWDFLRQL�UDGLMXV�RG�NDWMRQD�0J���L�)H���]DWR�^WR�KLGUDWDFLMD�NDWMRQD
RSDGD�VD�SRYH`DQMHP�MRQVNRJ�UDGLMXVD��D�UDVWH�VD�QDHOHNWULVDQMHP�NDWMRQD
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�)LOLSRYL`��/LSDQRYL`��������3UHPD�MRQLPD�LVWH�YDOHQFH�DILQLWHW�JOLQHQLK
PLQHUDOD�UDVWH�VD�RSDGDQMHP�KLGUDWDFLRQRJ�MRQVNRJ�UDGLMXVD�L�SRUDVWRP
QDHOHNWULVDQMD��7HFLOD]L`�6WHYDQRYL`��������

7DEHOD����5H]XOWDWL�LVSLWLYDQMD�NDSDFLWHWD�L]PHQH�NDWMRQD�SULURGQRJX]RUND�JOLQH
NDWMRQ��PPRO�
&D�� 0J�� )H��

NROLaLQD�NDWMRQD�XUDVWYRUX�SUH�SRWDSDQMDJOLQH ����� ����� �����

NROLaLQD�NDWMRQD�XUDVWYRULPD�QDNRQSRWDSDQMD�JOLQH�]D�SHWSURED
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VUHGQMD�YUHGQRVW�NROLaLQHNDWMRQD�X�UDVWYRULPDQDNRQ�SRWDSDQMD�JOLQH ����� ����� �����
VUHGQMD�YUHGQRVWSURPHQH�NROLaLQH�NDWMRQDX�UDVWYRUX ����� ����� �����

7DEHOD����5H]XOWDWL�LVSLWLYDQMD�NDSDFLWHWD�L]PHQH�NDWMRQD�X]RUND�JOLQHNRML�MH�WUHWLUDQ�UDVWYRURP�1D&O
NDWMRQ��PPRO�
&D�� 0J�� )H��

NROLaLQD�NDWMRQD�XUDVWYRUX�SUH�SRWDSDQMDJOLQH ����� ����� �����

NROLaLQD�NDWMRQD�XUDVWYRULPD�QDNRQSRWDSDQMD�JOLQH�]D�SHWSURED
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VUHGQMD�YUHGQRVW�NROLaLQHNDWMRQD�X�UDVWYRULPDQDNRQ�SRWDSDQMD�JOLQH ����� ����� �����
VUHGQMD�YUHGQRVW�SURPHQHNROLaLQH�NDWMRQD�X�UDVWYRUX ����� ����� �����
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5H]XOWDWL�LVSLWLYDQMD�NDSDFLWHWD�L]PHQH�NDWMRQD�X]RUND�JOLQH�NRML�MH
WUHWLUDQ�UDVWYRURP�1D&O�SRND]XMX�SREROM^DQMH�MRQRL]PHQMLYDaNLK�NDUDNWHU�
LVWLND�RYDNR�L]PHQMHQH�JOLQH��,]PHQD�NDWMRQD�&D���SRND]XMH�JRWRYR�WURV�
WUXNR�SRYH`DQMH��L]PHQD�NDWMRQD�0J���SRYH`DQD�MH�RNR����SXWD��D�GR^OR
MH�L�GR�QH^WR�YH`H�L]PHQH�NDWMRQD�)H����3REROM^DQMH�MRQRL]PHQMLYDaNLK
NDUDNWHULVWLND�SRVOHGLFD�MH�XJUD_LYDQMD�1D��X�VWUXNWXUX�JOLQH�QDNRQ�WUHWL�
UDQMD�UDVWYRURP�1D&O��.DWMRQL�0J����&D���L�)H���VH�QD�RYDM�QDaLQ�ODN^H
XNODQMDMX�L]�UDVWYRUD�VYRMLK�VROL�X�NRMLPD�MH�SRWRSOMHQD�JOLQD��1D��NDR
L]PHQMLYL�NDWMRQ�QDMODN^H�QDSX^WD�JOLQX��MHU�LPD�PDQML�DILQLWHW�GD�VH�]D�QMX
YHCH�X�RGQRVX�QD�GUXJH�NDWMRQH��=QDWQR�SRYH`DQMH�MRQVNH�L]PHQH�0J��
QDMYHURYDWQLMH�MH�SRVOHGLFD�SURPHQH�NULVWDOQH�VWUXNWXUH�PLQHUDOD��D�VDPLP
WLP�L�SURPHQH�QDHOHNWULVDQMD�NULVWDOQLK�VORMHYD�JOLQH�

=DNOMXaDN
1D�RVQRYX�LVSLWLYDQMD�KHPLMVNRJ�VDVWDYD�L�VWUXNWXUQLK�NDUDNWHULVWLND

SULURGQRJ�X]RUND�JOLQH�VD�ORNDOLWHWD�*XEHUHYDF�XWYU_HQR�MH�GD�MH�LVSLWLYDQL
X]RUDN�&D�PRQWPRULORQLWVND�JOLQD�VD�QH^WR�SRYH`DQLP�VDGUCDMHP�JYRC_D�

5H]XOWDWL�GRELMHQL�LVSLWLYDQMHP�NDSDFLWHWD�L]PHQH�NDWMRQD�SRND]XMX�GD
X]RUDN�SULURGQH�JOLQH�SRVHGXMH�DILQLWHW�SUHPD�L]PHQL�NDWMRQD�&D����0J��
L�)H����7UHWLUDQMH�JOLQH�UDVWYRURP�1D&O�SURX]URNRYDOR�MH�QMHQH�EROMH
MRQRL]PHQMLYDaNH�NDUDNWHULVWLNH�

1D�RYDM�QDaLQ�L]PHQD�NDWMRQD�&D���SRYH`DQD�MH�RNR�WUL�SXWD��0J��
RNR����SXWD��GRN�MH�L]PHQD�)H���NDWMRQD�QH]QDWQR�SRYH`DQD�

,]�GRELMHQLK�UH]XOWDWD�PRCH�VH�]DNOMXaLWL�GD�VH�WUHWLUDQMHP�JOLQH
UDVWYRURP�1D&O�GRELMD�MRQRL]PHQMLYDa�EROMLK�NDUDNWHULVWLND��NRML�EL�VH
PRJDR�XSRWUHELWL�]D�XNODQMDQMH�VWDOQH�WYUGR`H�YRGH�

=D�NRUL^`HQMH�RYH�JOLQH�NDR�MRQRL]PHQMLYDaD�]D�SUHaL^`DYDQMH�LQGXV�
WULMVNLK�RWSDGQLK�YRGD�SRWUHEQR�MH�LVSLWDWL�L�DILQLWHW�JOLQH�SUHPD�L]PHQL�NDW�
MRQD�&X����=Q����)H���L�3E���

=DKYDOQRVW��=DKYDOMXMHP�VH�SURI��9HVQL�3RKDUF�/RJDU��,+70�FHQWDU
]D�KHPLMX�¬�%HRJUDG��QD�SRPR`L�X�RGUH_LYDQMX�KHPLMVNRJ�VDVWDYD�L�VWUXN�
WXUQR�WHUPLaNLK�NDUDNWHULVWLND�X]RUND�JOLQH��

/LWHUDWXUD
$670�WDEOLFH
'HOL`�'��������1HRUJDQVND�KHPLMVND�WHKQRORJLMD��%HRJUDG��7HKQROR^NR�PHWDOXU^NL�IDNXOWHW
)LOLSRYL`�,���/LSDQRYL`�6��������2S`D�L�DQRUJDQVND�NHPLMD��=DJUHE��>NRO�VND�NQMLJD

�����• ��3(71,A.(�69(6.(��� '(2��,,



.RVWL`�*YR]GHQRYL`�/M��������3UDNWLNXP�L]�WHKQRORJLMH�NHUDPLNH��%HR�JUDG��7HKQROR^NR�PHWDOXU^NL�IDNXOWHW
1HGHOMNRYL`�-��������'LSORPVNL�UDG�3ULSUHPD�DGVRUEHQDVD�NLVHOLQVNRP�DN�WLYDFLMRP�EHQWRQLWVNLK�JOLQD��7HKQROR^NL�IDNXOWHW�X�1RYRP�6DGX
3RKDUF�/RJDU�9��������0HWRGH�LVSLWLYDQMD�PLQHUDOD��%HRJUDG��5XGDUVNR�JHROR^NL�IDNXOWHW
6DYL`�-���6DYL`�0��������2VQRYL�DQDOLWLaNH�KHPLMH��NODVLaQH�PHWRGH��6DUDMHYR��=DYRG�]D�XGCEHQLNH�L�QDVWDYQD�VUHGVWYD
7KRUH]�-��������3UDFWLFDO�LGHQWLILFDWLRQ�RI�FOD\�PLQHUDOV��(G��*��/HOORWH%�����'LVRQ��%HOJLTXH
7HFLOD]L`�6WHYDQRYL`�0��������2VQRYL�WHKQRORJLMH�NHUDPLNH��%HRJUDG�7HKQROR^NR�PHWDOXU^NL�IDNXOWHW
:LOVRQ�0��-��������$�KDQGERRN�RI�GHWHUPLQDWLYH�PHWKRGV�LQ�FOD\�PLQHU�DORJ\��*ODVJRZ��%ODFNLH�DQG�6RQ

0LOLFD�0LOHQNRYL`
$QDO\VLV�RI�,RQ�&KDQJLQJ�&KDUDFWHULVWLFV�RI�%HQWRQLWH�&OD\
IURP�*XEHUHYDF�6LWH�1HDU�/HVNRYDF

,Q�WKLV�SDSHU�WKH�FKHPLFDO�FRPSRVLWLRQ�DQG�VWUXFWXUH�RI�D�QDWXUDO�FOD\
VDPSOH�IURP�WKH�*XEHUHYDF�VLWH�QHDU�WKH�FLW\�RI�/HVNRYDF�ZHUH�DQDO\]HG�
7KH�DIILQLW\�RI�WKH�QDWXUDO�FOD\�VDPSOH�DQG�D�FOD\�VDPSOH�WUHDWHG�ZLWK�D
FRQFHQWUDWHG�1D&O�VROXWLRQ�WRZDUGV�WKH�H[FKDQJH�RI�&D����0J���DQG�)H��
FDWLRQV�ZDV�DQDO\]HG��%DVHG�RQ�WKH�FKHPLFDO�FRPSRVLWLRQ�DQDO\VLV�DQG�WKH
VWUXFWXUDO�FKDUDFWHULVWLFV�RI�WKH�QDWXUDO�FOD\�VDPSOH�LW�ZDV�GHWHUPLQHG�WKH
DQDO\]HG�VDPSOH�LV�&D�PRQWPRULOORQLWH�FOD\�ZLWK�D�VOLWJKO\�LQFUHDVHG�LURQ
FRQWHQW��7KH�UHVXOWV�REWDLQHG�E\�WKH�DQDO\VHV�RI�WKH�LRQ�FKDQJLQJ�FDSDFLW\
VKRZ�WKDW�WKH�QDWXUDO�FOD\�VDPSOH�KDV�DQ�DIILQLW\�WRZDUGV�WKH�H[FKDQJH�RI
&D����0J���DQG�)H���FDWLRQV��7UHDWLQJ�WKH�FOD\�ZLWK�WKH�1D&O�VROXWLRQ
UHVXOWHG�LQ�EHWWHU�LRQ�FKDQJLQJ�FKDUDFWHULVWLFV��,Q�WKLV�ZD\��WKH�H[FKDQJH
RI�&D���FDWLRQV�ZDV�LQFUHDVHG�WKUHH�WLPHV��0J���DURXQG����WLPHV��ZKLOH
WKH�H[FKDQJH�RI�)H���FDWLRQV�ZDV�RQO\�VOLJKWO\�LQFUHDVHG�
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