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1DMSRPHPEQHM§L� FLOML�� NL� MLK� ©HOL� GRVH³L� GU©DYD� SUHN� XNUHSRY� HNRQRPVNH� SROLWLNH� VR� REL³DMQR�
]DGRYROMLYD� VWRSQMD� JRVSRGDUVNH� UDVWL�� QL]ND� VWRSQMD� LQIODFLMH�� SROQD� ]DSRVOHQRVW�� Y]GU©HQ� ILVNDOQL
SROR©DM� LQ� Y]GU©HQ� VDOGR� WHNR³HJD� UD³XQD� SOD³LOQH� ELODQFH�� =DGQMH� SRPHQL� WDN§HQ� VDOGR� WHNR³HJD
UD³XQD��NL�VR�JD�QHUH]LGHQWL�GU©DYH�SULSUDYOMHQL�ILQDQFLUDWL�LQ�MH�Y]GU©HQ�QD�GDOM§L�URN�

3OD³LOQD�ELODQFD�VRGL�PHG�WHPHOMQH�PDNURHNRQRPVNH�VWDWLVWLNH�GU©DYH��=ELUQR�SULND]XMH�JRVSRGDUVNH
RGQRVH� V� WXMLQR� LQ� RGVHYD� WDNR� QRWUDQMH� NRW� WXGL� ]XQDQMH� SRJRMH� JRVSRGDUMHQMD�� 9� 6ORYHQLML� LPDMR
JRVSRGDUVNL� RGQRVL� V� WXMLQR� YHOLN� GHOH©� Y� EUXWR� GRPD³HP� SURL]YRGX�� 3R]QDYDQMH� LQ� UD]XPHYDQMH
GHMDYQLNRY�� NL� YSOLYDMR� QD� PHGQDURGQR� PHQMDYR� EODJD�� VWRULWHY� LQ� LPHWLM� MH� ]DWR� SRPHPEQR� SUL
QD³UWRYDQMX� XNUHSRY� HNRQRPVNH� SROLWLNH�� VDM� WL� GHMDYQLNL� YSOLYDMR� WXGL� QD� UDVW� EUXWR� GRPD³HJD
SURL]YRGD�

(PSLUL³QH�UD]LVNDYH�ND©HMR��GD�VR�RGSUWD�JRVSRGDUVWYD�Y�]DGQMLK�WUHK�GHVHWOHWMLK�UDVOD�GRVWL�KLWUHMH�NRW
YLVRNR� ]D§³LWHQD� JRVSRGDUVWYD�� 'U©DYH�� NMHU� MH� PHQMDYD� SURVWD�� LPDMR� NRULVWL� QD� §WLULK� SRGUR³LM
�.QLJKW��6FDFFLDYLOODQL��������VWU�����

� YHOLN�PHGQDURGQL�WUJ�RPRJR³D�SUHOLYDQMH�WHKQROR§NLK�]QDQM�L]�WXMLQH��VSLOORYHU�HIIHFWV��
� Y�VHNWRUMX�UD]LVNDY�LQ�UD]YRMD�VR�SULVRWQH�HNRQRPLMH�REVHJD�
� YHOLNR�PHGQDURGQR�WU©L§³H�QXGL�YH³ML�GREL³HN�LQRYDWRUMHP�
� L]RJLEDQMH� SRQRYQHPX� YODJDQMX� QDSRUD� Y� HQDNH� DOL� SRGREQH� UD]LVNDYH� LQ� HQDNH� DOL� SRGREQH

UD]YRMQH�SURMHNWH�

9� QDGDOMHYDQMX� QDMSUHM� SULND]XMHPR� ND]DOFH�� V� SRPR³MR� NDWHULK� ODKNR� RFHQLPR�� NDN§HQ� MH� SRPHQ
HNRQRPVNLK�RGQRVRY�V�WXMLQR�]D�VORYHQVNR�JRVSRGDUVWYR��7HPX�VOHGL�REUDYQDYD�UD]OL³QLK�SULVWRSRY�N
DQDOL]L�SOD³LOQH�ELODQFH�� LQ�SUHGYVHP�QMHQHJD� WHNR³HJD�UD³XQD��=�UD]YRMHP�VH�QD³LQ�DQDOL]H�SOD³LOQH
ELODQFH�VSUHPLQMD��1DMSUHM�QD�NUDWNR�RSLVXMHPR�0XQGHOO�)OHPLQJRY�PRGHO�LQ�QDWR�§H�DQDOL]R�SOD³LOQH
ELODQFH� NRW� LQYHVWLFLMVNR� YDU³HYDOQH� YU]HOL�� .HU� MH� L]YR]� ]D� 6ORYHQLMR� SRPHPEHQ� GHMDYQLN� UDVWL�
SULND]XMHPR� Y� QDVOHGQMHP� SRJODYMX� WHRULMR� L]YR]QR� VSRGEXMHQH� UDVWL�� =DNOMX³XMHPR� ]� REUDYQDYR
YSOLYD�QHFHQRYQH�NRQNXUHQ³QRVWL�QD�WRN�PHQMDYH�EODJD�PHG�JRVSRGDUVWYL�

����7(0(/-,�$1$/,=(�3/$²,/1(�%,/$1&(�,1�1-(1(*$�7(.2²(*$�5$²81$

3OD³LOQD�ELODQFD� MH�VHVWDYOMHQD� L]� WHNR³HJD� WHU�NDSLWDOVNHJD� LQ� ILQDQ³QHJD� UD³XQD��9� WHNR³HP�UD³XQX
VSUHPOMDPR� WRNRYH� EODJD� LQ� VWRULWHY� PHG� UH]LGHQWL� LQ� QHUH]LGHQWL��� 7X� VSUHPOMDPR� WXGL� WHNR³H
WUDQVIHUMH��EODJD��VWRULWHY�WHU�ILQDQ³QLK�LPHWLM���9�NDSLWDOVNHP�LQ�ILQDQ³QHP�UD³XQX�EHOH©LPR�WRNRYH
ILQDQ³QLK�LPHWLM�

3OD³LOQR�ELODQFR� ODKNR� VHVWDYLPR�]D�SROMXEQR�REGREMH��2EL³DMQR� VH� VHVWDYOMD�PHVH³QR�� ³HWUWOHWQR� LQ
OHWQR�� 3UHGVWDYOMD� VSUHPHPEH�� NL� VR� QDVWDOH� PHG� GYHPD� VWDQMHPD� PHGQDURGQLK� QDOR©E�� =DMHPD� OH

                                             
��5H]LGHQW�MH�LQVWLWXFLRQDOQD�HQRWD��NL�LPD�QD�R]HPOMX�GU©DYH�ELYDOL§³H��PHVWR�SURL]YRGQMH��VUHGL§³H�SRVORYQH�GHMDYQRVWL��DOL�GUXJR�ORNDFLMR�
QD�NDWHUL�DOL�V�NDWHUH�RSUDYOMD�DOL�LPD�QDPHQ�RSUDYOMDWL�HNRQRPVNR�GHMDYQRVW�LQ�DOL�HNRQRPVNH�WUDQVDNFLMH�Y�]QDWQHP�REVHJX�]D�QHGROR³HQR
DOL�GROR³HQR��YHQGDU�GDOM§H��REGREMH��6\VWHP�RI�1DWLRQDO�$FFRXQWV��������VWU�������
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WUDQVDNFLMH� �� SR� QD³HOX� IDNWXULUDQH� UHDOL]DFLMH� ��PHG� UH]LGHQWL� WHU� QHUH]LGHQWL� LQ� QH� SOD³LO�� -H� ]DSLV
WRNRY�LQ�QH�VWDQM��

.RW� ND]DOHF� SRPHQD� WXMLQH� ]D� GRPD³H� JRVSRGDUVWYR� LQ� NRW� PHULOR� RGSUWRVWL� HNRQRPLMH� REL³DMQR
XSRUDEOMDPR�]XQDQMHWUJRYLQVNL�NRHILFLHQW��7D�SULPHUMD�YUHGQRVW� L]YR]D� WHU�XYR]D�EODJD� LQ�VWRULWHY�]
EUXWR� GRPD³LP� SURL]YRGRP� �Y� QDGDOMHYDQMX� %'3�� LQ� ND©H� QD� UHODWLYQR� SRPHPEQRVW� PHGQDURGQH
PHQMDYH� ]D� QDURGQR� JRVSRGDUVWYR��%ROM� RGSUWD� MH� GU©DYD�� SRPHPEQHM§L� VR� REL³DMQR� ]DQMR� RGQRVL� V
WXMLQR� LQ�SOD³LOQRELODQ³QL�SROR©DM�GU©DYH��2GQRVL� V� WXMLQR� VR�SRPHPEQL� WXGL� ]D�6ORYHQLMR�� NDU�ND©H
VSRGQMD�WDEHOD�

7DEHOD��� ,]YR]� LQ� XYR]� EODJD� LQ� VWRULWHY� WHU� %'3� Y� PLR� 86'� LQ� ]XQDQMHWUJRYLQVNL� NRHILFLHQW
6ORYHQLMH�Y�REGREMX�RG�OHWD������GR�OHWD�����

,=92= 892= %'3 =7
%ODJR 6WRULWYH %ODJR 6WRULWYH

���� ���� ���� ���� ���� ����� �����
���� ���� ���� ���� ���� ����� �����
���� ���� ���� ���� ���� ����� �����
���� ���� ���� ���� ���� ����� �����
���� ���� ���� ���� ���� ����� �����
���� ���� ���� ���� ���� ����� �����

���9LU��%LOWHQ�%DQNH�6ORYHQLMH�LQ�L]UD³XQ�

*OHGH� QD� YUHGQRVW� ]XQDQMHWUJRYLQVNHJD� NRHILFLHQWD� ODKNR� UH³HPR�� GD� VSDGD� 6ORYHQLMD� PHG� RGSUWD
JRVSRGDUVWYD���2VWDOL�ND]DOFL�]XQDQMHJD�VHNWRUMD�]D�6ORYHQLMR�VR�UD]YLGQL�L]��WDEHOH���

3R]QDYDQMH�SOD³LOQH�ELODQFH�MH�SRPHPEQR�L]�QDVOHGQMLK�UD]ORJRY�

� 3OD³LOQD�ELODQFD�MH�RVQRYQL�HOHPHQW�GHQDUQH�SROLWLNH�
� 'ROR³D�JLEDQMD�Y�GHYL]QLK�UH]HUYDK�
� 2GUD©D�PHGQDURGQR�VRGHORYDQMH�
� .D©H�PHGQDURGQR�NRQNXUHQ³QRVW�JRVSRGDUVWYD�

3R]QDYDQMH� SOD³LOQRELODQ³QLK� WRNRY� MH� SRPHPEQR� WXGL� ]DWR�� NHU� YSOLYD� DJUHJDW� HNRQRPVNLK� WRNRY
PHG� GU©DYDPL� QD� ILQDQ³QH� VSUHPHQOMLYNH�� NRW� VR� REUHVWQH� PHUH� LQ� GHYL]QL� WH³DM�� NL� VR� RVQRYD
RGOR³DQMD��9D©QR�MH��NDNR�VR�WUDQVDNFLMH�ILQDQFLUDQH�LQ�NDNR�DJUHJDWL�YSOLYDMR�QD�GHYL]QL�WUJ�

6DOGR� WHNR³HJD� UD³XQD� MH� RGUD]� VWDQMD� PDNURHNRQRPVNLK� SROLWLN� LQ� LQIRUPDFLMD� R� REQD§DQMX
HNRQRPVNLK� VXEMHNWRY�� -H� WXGL� ND]DOHF� ]XQDQMHJD� �QH�UDYQRWH©MD��0HUL� GHO� VSUHPHPEH� Y� WXML� DNWLYL
JRVSRGDUVWYD�� NL� MH� SRVOHGLFD� WUDQVDNFLM�� 3ULPDQMNOMDM� WHNR³HJD� UD³XQD� SOD³LOQH� ELODQFH� QH� SRPHQL
QXMQR�SRWUHEH�SR�SULODJRGLWYL��NHU�MH�ODKNR�OH�]D³DVHQ��6WDOQR�SULVRWHQ�SULPDQMNOMDM�Y�WHNR³HP�UD³XQX
SD�]DKWHYD�XVWUH]HQ�RG]LY�HNRQRPVNH�SROLWLNH�

1HXJRGQD� JLEDQMD� Y� L]YR]X� LQ� XYR]X�EODJD�� NL� SULYHGHMR� GR� SULPDQMNOMDMD� WHNR³HJD� UD³XQD� SOD³LOQH
ELODQFH�LPDMR�SRVOHGLFH�WXGL�Y�UHDOQHP�GHOX�JRVSRGDUVWYD��3UL]DGHQHMR�SURL]YRGQR
DNWLYQRVW�LQ�GRPD³R�]DSRVOHQRVW�Y�SRVDPH]QLK�VHNWRUMLK�JRVSRGDUVWYD�

                                             
��6WDQMD��LVWLK��SRVWDYN�VR�UD]YLGQD�L]�SULND]D�VWDQMD�PHGQDURGQLK�QDOR©E��=D�6ORYHQLMR�MH�ELOD�QDYHGHQD�WDEHOD�VHVWDYOMHQD�]D�VWDQMD�NRQHF�OHW
�����������������LQ�������%LOWHQ�%DQNH�6ORYHQLMH��QRYHPEHU�������VWU���������
��9UHGQRVW�]XQDQMHWUJRYLQVNHJD�NRHILFLHQWD�]D�='$�MH�Y�OHWX������]QD§DOD��������]D�1L]R]HPVNR�SD��������
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7DEHOD�����.D]DOFL�]XQDQMHJD�VHNWRUMD�JRVSRGDUVWYD�Y�REGREMX����������

9LU��%LOWHQ�%DQNH�6ORYHQLMH�LQ�L]UD³XQ�

3ULVWRS�N�DQDOL]L�SOD³LOQH�ELODQFH�LQ�QMHQHJD�WHNR³HJD�UD³XQD�VH�MH�Y�³DVX�VSUHPLQMDO�LQ�MH�RGYLVHQ�WXGL
RG�UD]YLWRVWL�JRVSRGDUVWYD��3UL�DQDOL]L�VR�SRPHPEQL�UD]OL³QL�SOD³LOQRELODQ³QL�SULND]L��NL�MLK�ERPR�]DWR
RSUHGHOLOL� QDSUHM�� 9� QDGDOMHYDQMX� RSLVXMHPR� UD]OL³QH� SULVWRSH� N� DQDOL]L� �WHNR³HJD� UD³XQD�� SOD³LOQH
ELODQFH��RG�0XQGHOO�)OHPLQJRYHJD�PRGHOD� L]����LK� OHW�GR�DQDOL]H� WHNR³HJD� UD³XQD�NRW� LQYHVWLFLMVNR
YDU³HYDOQH�YU]HOL�WHU�QRYHM§LK�WHRULM�

3OD³LOQD�ELODQFD�NRW� FHORWD� QH�PRUH�ELWL� QLNGDU� Y� SULPDQMNOMDMX� DOL� SUHVH©NX� ]DUDGL� QD³HOD� GYRMQHJD
NQMLJRYRGVWYD���2� SUHVH©NX� DOL� SULPDQMNOMDMX� SOD³LOQH� ELODQFH� JRYRULPR� OH�� NR� LPDPR�Y�PLVOLK� QHN
SUHUH]�SOD³LOQH�ELODQFH��1DMSRJRVWHM§L�VR�QDVOHGQML�SUHUH]L�

� 6DOGR� WHNR´LK� WUDQVDNFLM�� 9VH� RVWDOH� SRVWDYNH� QDP� SRYHGR�� NDNR� MH� SULPDQMNOMDM� DOL� SUHVH©HN
WHNR³HJD�UD³XQD�ILQDQFLUDQ��3ULPDQMNOMDM��SUHVH©HN��Y�WHNR³HP�UD³XQX�MH�ILQDQFLUDQ�]�QHWR�SULWRNL
�RGWRNL��NDSLWDOD�DOL�]�]PDQM§DQMHP��SRYH³DQMHP��GHYL]QLK�UH]HUY�

� 7UJRYLQVND�ELODQFD�ND©H�SULVSHYHN�QHWR�L]YR]D�EODJD�SRVDPH]QH�GU©DYH�N�SRYH³DQMX�QMHQH�]XQDQMH
NXSQH�PR³L�

� 2VQRYQD�ELODQFD��EDVLF�EDODQFH��MH�YVRWD�ELODQFH�WHNR³HJD�UD³XQD�LQ�ELODQFH�GROJRUR³QLK�SRUWIROLR
WUDQVDNFLM�LQ�GLUHNWQLK�LQYHVWLFLM�

� &HORWQL� VDOGR� �RYHUDOO� EDODQFH�� ]DMHPD� VDOGR� WHNR³HJD� GHOD� SOD³LOQH� ELODQFH� VNXSDM� ]� YVHPL
NDSLWDOVNLPL� LQ� ILQDQ³QLPL� WUDQVDNFLMDPL�� NL� VH� QH� SRMPXMHMR� NRW� YLUL� ILQDQFLUDQMD�� (QDND� MH
VSUHPHPEDP�Y�PHGQDURGQLK�GHQDUQLK�� W�M��XUDGQLK�UH]HUYDK���3RG�³UWR�VR�VSUHPHPEH�Y�QHWR� WXML
DNWLYL� PRQHWDUQLK� REODVWL� LQ� QHDYWRQRPQL� YLUL� ILQDQFLUDQMD�� 7D� ELODQFD� MH� SRPHPEHQ� ND]DOHF
]XQDQMHJD� SOD³LOQHJD� SROR©DMD�� 3ULPDQMNOMDML� VR� REL³DMQR� ILQDQFLUDQL� ]� ]PDQM§DQMHP� QHWR� WXMH
DNWLYH��NL�ND©H�REVHJ�ILQDQFLUDQMD�SOD³LOQLK�QHUDYQRWH©LM�V�VWUDQL�FHQWUDOQH�EDQNH��Y�SULPHUX�WUGQLK
GHYL]QLK� WH³DMHY�� R]�� XUDYQDYDQMD� QHUDYQRWH©LM� SRVUHGQR� ]� LQWHUYHQFLMR� QD� GHYL]QLK� WUJLK� �Y
SULPHUX�VLVWHPD�GUVH³HJD�GHYL]QHJD�WH³DMD��

                                             
��0RUHELWQH�QDSDNH�VR�SULND]DQH�Y�SRVHEQL�SRVWDYNL�QHWR�QDSDNH�LQ�L]SXVWLWYH�
��9NOMX³LWHY�GHYL]QLK�UH]HUY�EDQN�N�PHGQDURGQLP�GHQDUQLP�UH]HUYDP�MH�RGYLVQD�RG�VWRSQMH�QDG]RUD��NL�JD� LPD�FHQWUDOQD�EDQND�QDG�WHPL
VUHGVWYL�

���� ���� ���� ���� ���� ����

��� 6DOGR�WHNRaHJD�UDaXQD

���Y�PLR�86' ����� ����� ����� ����� ���� ����

���Y���%'3 ��� ��� ��� ���� ��� ���

����0HGQDURGQH�GHY��UH]HUYH

���Y�PLR�86'��VWDQMH�������� ������ ������ ������ ������ ������ ������

���Y���%'3 ��� ���� ���� ���� ���� ����

���Y�PHVHFLK�XYR]D��EO��VWRULWYH� ��� ��� ��� ��� ��� ���

��� =XQDQML�GROJ

���Y�PLR�86'��VWDQMH�������� ������ ������ ������ ������ ������ ������

���Y���%'3 ���� ���� ���� ���� ���� ����

���GHOHC�Y�L]YR]X�EO��VWRULWHY ���� ���� ���� ���� ���� ����

��� 'HYL]QH�UH]HUYH���]XQDQML�GROJ ���� ���� ����� ����� ����� �����
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�����0XQGHOO�)OHPLQJRY�PRGHO

0XQGHOO�)OHPLQJRY� PRGHO� MH� UD]§LULWHY� ,6�/0� PRGHOD� QD� RGSUWR� JRVSRGDUVWYR�� 2PRJR³D� DQDOL]R
XNUHSRY� HNRQRPVNH� SROLWLNH� RE� SUHGSRVWDYNDK� UD]OL³QH� VWRSQMH�PHGQDURGQH�PRELOQRVWL� NDSLWDOD� LQ
UD]OL³QLK� VLVWHPRY� REOLNRYDQMD� GHYL]QHJD� WH³DMD� WHU� DQDOL]R� YSOLYRY� VSUHPHPE� Y� YUHGQRVWL
SRVDPH]QLK� VSUHPHQOMLYN� PRGHOD� QD� WHNR³L� UD³XQ� SOD³LOQH� ELODQFH�� 3UHGSRVWDYNH� 0XQGHOO�
)OHPLQJRYHJD�PRGHOD�VR��'HODNRUGD��������VWU������

� *RVSRGDUVWYR�VH�QH�QDKDMD�Y�WR³NL�SROQH�]DSRVOHQRVWL�
� &HQH�VR�ULJLGQH�
� 9HOMDWL�PRUD�0DUVKDOO�/HUQHUMHY�SRJRM�
� 3RYSUD§HYDQMH�SR�GHQDUMX�QL�RGYLVQR�RG�SRUWIHOMD�SRVDPH]QLNRY�
� +LWURVW�SULODJDMDQMD�QD�WUJX�EODJD�MH�HQDND�NRW�QD�GHQDUQHP�WUJX�

0XQGHOO�)OHPLQJRY�PRGHO�L]KDMD�L]�SUHGSRVWDYNH�KNUDWQHJD�GRVHJDQMD�QRWUDQMHJD�UDYQRWH©MD��YLVRND
]DSRVOHQRVW�� LQ� ]XQDQMHJD� UDYQRWH©MD� �UDYQRWH©MH� Y� SOD³LOQL� ELODQFL���� 0RGHO� VHVWDYOMDMR� QDVOHGQMH
HQD³EH�

< $ < * L 1; < (= +� � � � � � � �����
0 3 / < L= � � � �����
1; < ( .1 L� � � � �+ = � �����

3RPHQ�R]QDN�
<� ���UHDOQL�QDFLRQDOQL�GRKRGHN�
$�� ���IXQNFLMD�UHDOQH�GRPD³H�DEVRUEFLMH�
*�� ���MDYQD�SRUDED�
L��� ���UHDOQD�REUHVWQD�PHUD�
1;� ���IXQNFLMD�VDOGD�WUJRYLQVNH�ELODQFH�
0�3� ���UHDOQD�SRQXGED�GHQDUMD�
/�� ���IXQNFLMD�UHDOQHJD�SRYSUD§HYDQMD�SR�GHQDUMX�
(�� ���UHDOQL�GHYL]QL�WH³DM�
.1� ���IXQNFLMD�VDOGD�NDSLWDOVNH�ELODQFH�

(QD³ED�������ND©H�UDYQRWH©MH�QD�WUJX�EODJD��HQD³ED�������QD�GHQDUQHP�WUJX�LQ�HQD³ED�������UDYQRWH©MH
Y�SOD³LOQL�ELODQFL��9�RGSUWHP�JRVSRGDUVWYX� OR³LPR�� ]D� UD]OLNR�RG�]DSUWHJD�JRVSRGDUVWYD�� DEVRUEFLMR
�$�� RG� DJUHJDWQHJD� SRYSUD§HYDQMD� �<��� $EVRUEFLMD� PHUL� L]GDWNH� UH]LGHQWRY� ]D� GRPD³H� LQ� XYR©HQR
EODJR�WHU�VWRULWYH��$JUHJDWQR�SRYSUD§HYDQMH�]DMHPD�SROHJ�DEVRUEFLMH�§H�VDOGR�WUJRYLQVNH�ELODQFH��1;��

8³LQHN� UHDOQH� GHSUHFLDFLMH� QD� WHNR³L� UD³XQ� SOD³LOQH� ELODQFH� MH� QHJRWRY�� 3RJRMH�� GD� � GHSUHFLDFLMD
L]EROM§D�WHNR³L�UD³XQ�SOD³LOQH�ELODQFH��GROR³D�0DUVKDOO�/HUQHUMHY�SRJRM��

0XQGHOO�)OHPLQJRY�PRGHO�VH�MH�L]ND]DO�]D�NRULVWQHJD�SUL�VNOHSDQMX�R�X³LQNLK�HNRQRPVNH�SROLWLNH�QD
UHDOQL�GRKRGHN��REUHVWQH�PHUH�LQ�R�SURFHVX�SULODJDMDQMD�SOD³LOQH�ELODQFH�Y�UD]OL³QLK�VLVWHPLK�GROR³DQMD
GHYL]QHJD� WH³DMD��.HU� OR³L�PHG� WHNR³LPL� LQ�NDSLWDOVNLPL� WUDQVDNFLMDPL��JD� ODKNR�XSRUDELPR� WXGL�SUL
XJRWDYOMDQMX� YSOLYD�� NL� JD� ERGR� LPHOH� VSUHPHPEH� Y� HNRQRPVNL� SROLWLNL� QD� WHNR³L� UD³XQ� SOD³LOQH
ELODQFH��.QLJKW�LQ�6FDFFLDYLOODQL��������VWU�����

6ODERVW�PRGHOD� MH�Y�QMHJRYL�VWDWL³QRVWL� LQ�RVUHGRWR³HQRVWL�QD�NUDWHN�URN��7DNR�]DQHPDUMD�YSOLY�QHWR
LQYHVWLFLM�QD�REVHJ�NDSLWDOD� LQ� WHNR³HJD�QHUDYQRWH©MD�Y�SOD³LOQL�ELODQFL�QD�QHWR�]XQDQMR�]DGRO©HQRVW�

                                             
�� 9�PRGHOX� VH� GROR³L� NRPELQDFLMD� UHDOQHJD� GRKRGND� LQ� REUHVWQH�PHUH�� LQ� VLFHU� Y� SUHVH³L§³X� NULYXOM� ,6� �UDYQRWH©MH� QD� WUJX� EODJD��� /0
�UDYQRWH©MH� QD� GHQDUQHP� WUJX�� LQ�%3� �UDYQRWH©MH� Y� SOD³LOQL� ELODQFL���*UH� ]D� NRPELQDFLMR� REHK� VSUHPHQOMLYN�� NL� ND©H� SUL� NDWHUL� YUHGQRVWL
UHDOQHJD�GRKRGND�LQ�REUHVWQH�PHUH�ERGR�KNUDWL�Y�UDYQRWH©MX�WUJ�EODJD��GHQDUQL�WUJ�LQ�GHYL]QL�WUJ��0RGHO�RPRJR³D�DQDOL]R�SRG�SUHGSRVWDYNR�
GD� QL� PHGQDURGQH� PRELOQRVWL� NDSLWDOD�� DOL� SD� SRG� SUHGSRVWDYNR�� GD� MH� NDSLWDO� �SRSROQRPD� DOL� GHOQR�� PHGQDURGQR� PRELOHQ�� 3UL� GDQHP
UHDOQHP�GHYL]QHP� WH³DMX� LQ�PRELOQRVWL� NDSLWDOD�� SRY]UR³L� SRUDVW� GRPD³HJD�GRKRGND�SULPDQMNOMDM� Y� WHNR³HP� UD³XQX�SOD³LOQH� ELODQFH��'R
XUDYQRWH©HQMD�SOD³LOQH�ELODQFH��YVRWH�WHNR³HJD�LQ�NDSLWDOVNHJD�UD³XQD��SULGH�V�SRYH³DQMHP�GRPD³LK�REUHVWQLK�PHU�UHODWLYQR�JOHGH�QD�WXMLQR�
SULGH�GR�QHWR�NDSLWDOVNHJD�SULWRND��NL�UDYQR�SRNULMH�SULPDQMNOMDM�Y�WHNR³HP�UD³XQX�
3RPHPEHQ�MH�WXGL�QDNORQ�NULYXOM��VDM�ER�WD�RGOR³DO�R�WHP��NDN§HQ�ER�X³LQHN�UD]OL³QLK�HNRQRPVNLK�SROLWLN�QD�WHNR³L�UD³XQ�SOD³LOQH�ELODQFH�

��3RJRM�SUDYL��GD�VH�ER�VDOGR�WHNR³HJD�UD³XQD�SOD³LOQH�ELODQFH��NL� MH�Y�L]KRGL§³X�HQDN�QL³�� L]EROM§DO�Y�SULPHUX�UHDOQH�GHSUHFLDFLMH�GRPD³H
YDOXWH�OH��³H�MH�YVRWD�FHQRYQH�HODVWL³QRVWL�L]YR]D�LQ�XYR]D�YH³MD�RG�HQD��.UXJPDQ��2EVWIHOG��������VWU������
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3UL³DNRYDQMD� JOHGH� GHYL]QHJD� WH³DMD� VR� VWDWL³QD�� 6� SRPR³MR�PRGHOD� ODKNR� RSL§HPR� OH� NUDWNRUR³QH
X³LQNH�HNRQRPVNH�SROLWLNH�QD�WHNR³L�UD³XQ�SOD³LOQH�ELODQFH��QH�SD�GROJRUR³QHJD�UD]YRMD��NL�L]KDMD�L]
PHGVHERMQLK� SRYH]DY� PHG� VWDQML� LQ� WRNRYL�� 0XQGHOO�)OHPLQJRY� PRGHO� MH� SUHYH³� SRHQRVWDYOMHQ
SULEOL©HN� UHDOQRVWL�� GD� EL� ODKNR� SRMDVQLO� GROJRUR³QL� UD]YRM� WHNR³HJD� UD³XQD� LQ� ]� QMLP� SRYH]DQH
VSUHPHPEH�Y�VWDQMX�PHGQDURGQLK�LPHWLM�LQ�REYH]QRVWL�

������,QYHVWLFLMVNR�YDU´HYDOQD�YU]HO

7HNR³L�UD³XQ�SOD³LOQH�ELODQFH�RGUD©D�UD]YRM�Y�³DVX�VWDQMD�QHWR�WHUMDWHY�DOL�REYH]QRVWL�GR�WXMLQH��7DNR
RGUD©D� PHG³DVRYQH� RGOR³LWYH� GRPD³LK� LQ� WXMLK� UH]LGHQWRY� R� YDU³HYDQMX�� LQYHVWLUDQMX�� VSUHPHPEH
ILVNDOQHJD� SROR©DMD� LQ� GHPRJUDIVNLK� GHMDYQLNRY�� =DWR� ©HOLMR� WLVWL�� NL� RGOR³DMR� R� HNRQRPVNL� SROLWLNL
SR]QDWL� UD]ORJH� JLEDQMD�� RFHQLWL� Y]GU©QRVW� VWDQMD� LQ� YSOLYDWL� QD� VDOGR� SUHN� UD]OL³QLK� XNUHSRY
HNRQRPVNH�SROLWLNH�

3RJODYLWQH�SRYH]DYH�SOD³LOQH�ELODQFH�]�RVWDOLPL�VWDWLVWLNDPL�VR�UD]YLGQH�L]�QDVOHGQMLK�REUD]FHY�

*'3 & * , ; 0= + + + − � �����
&$% ; 0 1< 1&7= − + + �����
*1'< *'3 1< 1&7 & * , &$%= + + = + + + �����
6 *1'< & * , &$%= − − = + �����
&$% 6 , 6 , 6 ,S S J J= − = − + −� � � � �����

)LQDQFLUDQMH�SOD³LOQH�ELODQFH�

&$% 1.$ 57= + �����
6 , 1.$ 57− = + ������

3RPHQ�R]QDN�

*'3 ���EUXWR�GRPD³L�SURL]YRG�
&� ���RVHEQD�SRUDED�
*� ���GU©DYQD�SRUDED�
,� ���LQYHVWLFLMH�
;� ���L]YR]�EODJD�LQ�VWRULWHY�
0� ���XYR]�EODJD�LQ�VWRULWHY�
&$%� ���WHNR³L�UD³XQ�SOD³LOQH�ELODQFH�
1<� ���QHWR�GRKRGNL�RG�NDSLWDOD�LQ�GHOD�L]�WXMLQH�
1&7� ���QHWR�WHNR³L�WUDQVIHUML�
*1'< ���EUXWR�QDFLRQDOQL�UD]SROR©OMLYL�GRKRGHN�
S� ���SULYDWQL�VHNWRU�
J� ���GU©DYQL�VHNWRU�
1.$ ���NDSLWDOVNL�LQ�ILQDQ³QL�UD³XQ�SOD³LOQH�ELODQFH�
57� ���UH]HUYQD�LPHWMD��GHYL]QH�UH]HUYH���WUDQVDNFLMH�

(QD³ED�������SUHGVWDYOMD�YU]HO�PHG�SULKUDQNL�LQ�LQYHVWLFLMDPL��VDYLQJV�LQYHVWPHQWV�JDS��LQ�VH�SRJRVWR
XSRUDEOMD� ]D� DQDOL]R� VDOGD� WHNR³HJD� UD³XQD� SOD³LOQH� ELODQFH��� ,]EROM§DQMH� VDOGD� WHNR³HJD� UD³XQD
SOD³LOQH� ELODQFH� SRPHQL�� GD� MH� SUL§OR� GR� ]PDQM§DQMD� SURUD³XQVNHJD� SULPDQMNOMDMD� �R]�� SRYH³DQMD
SURUD³XQVNHJD� SUHVH©ND��� SRYH³DQMD� SULYDWQLK� SULKUDQNRY� LQ�DOL� ]PDQM§DQMD� SULYDWQLK� LQYHVWLFLM�� =D
6ORYHQLMR�VR�WHPHOMQL�DJUHJDWL�SULND]DQL�Y�WDEHOL���

9�SURX³HYDQHP�REGREMX�VH�MH�GHOH©�LQYHVWLFLM�Y�%'3�SRYH³DO�]D�����RGVWRWQH�WR³NH��'HOH©�GRPD³LK
SULKUDQNRY�Y�%'3�VH�MH�Y�WHP�REGREMX�JLEDO�Y�UD]SRQX�RG�������GR��������]�L]MHPR�OHWD�������NR�MH
]QD§DO�OH�������

                                             
��0XQGHOO�)OHPLQJRY�PRGHO� MH� NUDWNRUR³HQ� LQ� QH�PRUH� GDWL� RGJRYRUD� R� GROJRUR³QL� Y]GU©QRVWL� SOD³LOQRELODQ³QLK� SULPDQMNOMDMHY�� ²H� LPD
GU©DYD�PR©QRVWL� ]D� LQYHVWLUDQMH�� NL� VR� UHODWLYQR�YH³MH� RG� QDJQMHQRVWL� N� YDU³HYDQMX�� MH� SOD³LOQRELODQ³QL� SULPDQMNOMDM� ODKNR� Y]GU©HQ� GDOM§H
REGREMH��*UH�]D�EROM�GROJRUR³QL�SRJOHG�
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7DEHOD��� 1DURGQRJRVSRGDUVNR� YDU³HYDQMH�� LQYHVWLFLMH� LQ� VDOGR� WHNR³HJD� UD³XQD� SOD³LOQH� ELODQFH� Y
REGREMX������������Y���%'3�

�

9DUaHYDQMH ,QYHVWLFLMH 6DOGR�WHN�

UDaXQD

���� ���� ���� ���

���� ���� ���� ���

���� ���� ���� ���

���� ���� ���� ���

���� ���� ���� ���
���� ���� ���� ���

9LU��2FHQD�8UDGD�5HSXEOLNH�6ORYHQLMH�]D�PDNURHNRQRPVNH�DQDOL]H�LQ�UD]YRM��������VWU�����LQ�����D��VWU������

1L]HN�GHOH©� LQYHVWLFLM�Y�%'3�Y�SUYHP� OHWX�SR�RVDPRVYRMLWYL�RGUD©D� WH©DYH�SRGMHWLM�� NL� VR�QDVWDOH� ]
]PDQM§DQMHP�WUJD�]D�QMLKRYH�L]GHONH�LQ�QXMQRVW�GD�SRL§³HMR�]D�REVWRMH³H�SURL]YRGQH�NDSDFLWHWH�QRYD
WU©L§³D�� 'HOH©� YDU³HYDQMD� Y� %'3� MH� OHWD� ����� WDNR� ELVWYHQR� SUHVHJDO� GHOH©� LQYHVWLFLM�� WHNR³L� UD³XQ
SOD³LOQH�ELODQFH�MH�L]ND]RYDO�YLVRN�SUHVH©HN��3UHVH©HN�Y�WHNR³HP�UD³XQX�SOD³LOQH�ELODQFH�MH�ELO�YLVRN
WXGL�Y�OHWX�������9�WHP�OHWX�VR�VH�LQYHVWLFLMH�VLFHU�©H�GHORPD�RNUHSLOH��PR³QR�SD�VH�MH�SRYH³DO�GHOH©
YDU³HYDQMD�Y�%'3��/H�WR�VH�MH�Y�OHWX������SRQRYQR�]PDQM§DOR��2E�PR³QHP�SRUDVWX�GHOH©D�LQYHVWLFLM�Y
%'3�VH�MH�VDOGR�WHNR³HJD�UD³XQD�SOD³LOQH�ELODQFH�SRVODE§DO�JOHGH�QD�SUHGKRGQR�OHWR�NDU�]D���RGVWRWQH
WR³NH�%'3�MD�

������0RQHWDUQL�SULVWRS

3UL�PRQHWDUQHP�SULVWRSX�VR�SRYH]DYH�PHG�UHDOQLPL�VSUHPHQOMLYNDPL� LQ�GHYL]QLPL� WH³DML� WHU� VDOGRP
WHNR³HJD� UD³XQD� EROM� ]DPHJOMHQH�� 3UHGSRVWDYOMD� VH�� GD� GU©L� SDULWHWD� NXSQH� PR³L�� SUHJOHG� SD� VH
RVUHGRWR³D�QD�WUL�VSUHPHQOMLYNH��SRQXGER�GHQDUMD��SRYSUD§HYDQMH�SR�GHQDUMX�LQ�DEVROXWQR�UDYHQ�FHQ�Y
YVDNL�GU©DYL��.HU�Y�YVDNHP� WUHQXWNX�YHOMD�SUHGSRVWDYND�R�SDULWHWL� NXSQH�PR³L�� ODKNR� VSUHPHPEH�Y
UHDOQHP�GHYL]QHP�WH³DMX�]DQHPDULPR��1RPLQDOQL�GHYL]QL� WH³DM�GROR³D�QDVOHGQMD�HQD³ED��]DSLVDQD�Y
UHGXFLUDQL�REOLNL��.QLJKW��6FDFFLDYLOODQL��������VWU������

H P P \ \ L LW W W W W W= − − − + −� � � � � �
 
 
α γ ������

3RPHQ�R]QDN�

HW � ���QDUDYQL�ORJDULWHP�QRPLQDOQHJD�GHYL]QHJD�WH³DMD��FHQD�WXMHJD�GHQDUMD�Y�HQRWDK
��� �����GRPD³HJD�GHQDUMD��

PW �� ���QDUDYQL�ORJDULWHP�QRPLQDOQH�SRQXGEH�GHQDUMD�
\W �� ���QDUDYQL�ORJDULWHP�QRPLQDOQHJD�%'3�
LW ��� ���REUHVWQD�PHUD�

2]QDND� 
� SRPHQL�� GD� JUH� ]D� VSUHPHQOMLYNH� Y� WXMLQL�� 3RG� SUHGSRVWDYNR� QHSRNULWH� REUHVWQH� SDULWHWH
� � � � ��
( H H L LW W W W W+ − = −� Ω ��LQ�³H�]DQHPDULPR�X³LQHN�PRQHWDUQH�HNVSDQ]LMH�QD�SUL³DNRYDQH�ERGR³H

VSRW�GHYL]QH�WH³DMH��HQD³ED�SUDYL��GD�ER�SURSRUFLRQDOQD�VSUHPHPED�Y� PW �UHODWLYQR�JOHGH�QD� PW


 ��RE

RVWDOHP� QHVSUHPHQMHQHP�� SULYHGOD� GR� SURSRUFLRQDOQR� HQDNH� VSUHPHPEH� Y� QRPLQDOQHP� GHYL]QHP
WH³DMX��=DWR�PRGHO� QH�PRUH�QL³HVDU� SRYHGDWL� R� X³LQNX�GHQDUQH� SROLWLNH� QD� WHNR³L� UD³XQ��6HYHGD�SD
PRUDPR� XSR§WHYDWL� YSOLY� GHQDUQLK� §RNRY� QD� SUL³DNRYDQMD� R� ERGR³HP� VSRW� GHYL]QHP� WH³DMX� LQ� QD
UD]OLNH�Y�GHORYDQMX�QD� WUJLK�EODJD� LQ�GHQDUMD��0HGWHP�NR�GR�SULODJRGLWYH�QD�GHQDUQHP� WUJX� LQ� WUJX
YUHGQRVWQLK�SDSLUMHY�SULGH� WDNRM�� VH�FHQH�EODJD�GROR³DMR�QD� WUJLK��NMHU� VH�SRQXGED� LQ�SRYSUD§HYDQMH

                                             
��=DSLVDQR�SRPHQL�� GD� MH�SUL³DNRYDQD� VSUHPHPED�GHYL]QHJD� WH³DMD�� RE�GDQLK�SRJRMLK�� HQDND� UD]OLNL�PHG�GRPD³R� LQ� WXMR�REUHVWQR�PHUR�
2]QDND� Ω �SUHGVWDYOMD�]ELU�LQIRUPDFLM��QD�SRGODJL�NDWHULK�VH�REOLNXMHMR�SUL³DNRYDQMD�
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XVNODGLWD� UHODWLYQR� SR³DVL�� 3URFHV� SULEOL©HYDQMD� QRYHPX� UDYQRWH©MX� MH� QD� WUJLK� EODJD� SR³DVQHM§L�
1HSUL³DNRYDQL�PRQHWDUQL�§RNL�ERGR�]DWR�LPHOL�UHDOQH�X³LQNH��.QLJKW��6FDFFLDYLOODQL��������VWU������

5D]OL³QD�KLWURVW�SULODJDMDQMD�QD�GHQDUQHP��R]��ILQDQ³QHP��WUJX�LQ�QD�WUJX�EODJD�LPD�]D�SRVOHGLFR��GD
ER�Y�SULPHUX�QHSUL³DNRYDQH�PRQHWDUQH�HNVSDQ]LMH�QRPLQDOQL�GHYL]QL� WH³DM�GRPD³H�YDOXWH�QD�NUDWHN
URN�GHSUHFLUDO�YH³�NRW�SURSRUFLRQDOQR�JOHGH�QD�SRUDVW�NROL³LQH�GHQDUMD��*UH�]D�W�L���RYHUVKRRWLQJ���NL
MH� SULVRWHQ� GROR³HQR� REGREMH�� RGYLVQR� RG� YHOLNRVWL� §RND� LQ� KLWURVWL� SULODJDMDQMD� QD� WUJX� GREULQ�� 7R
SRPHQL�� GD� ER� YUHGQRVW� GRPD³H� YDOXWH� Y� REGREMX� SULODJDMDQMD� SRGFHQMHQD�� 3ULODJRGLWHY� VH� ER� QD
]D³HWNX� RGUD]LOD� Y� SRYH³DQMX� SUHVH©ND� Y� WHNR³HP� UD³XQX�� NL� SD� VH� ER� SR³DVL� YUQLO� Y� GROJRUR³QR
UDYQRWH©MH�

�� 7(25,-$� ,=92=12�632'%8-(1(�5$67,� ,1�3/$²,/1$�%,/$1&$�.27� 20(-,79(1,
'(-$91,.

'DQHV� MH� ]D�PQRJD� JRVSRGDUVWYD� ]QD³LOQD�PR³QD�PHGVHERMQD� SRYH]DQRVW� SUHN�PHGQDURGQLK� WRNRY
EODJD�� VWRULWHY� LQ� LPHWLM�� +NUDWL� V� WHPL� SRYH]DYDPL� SRVWDMD� QMLKRYD� JRVSRGDUVND� UDVW� YHGQR� EROM
RGYLVQD�WXGL�RG�WXMLQH�LQ�QH�OH�RG�UD]PHU�]QRWUDM�GRPD³HJD�JRVSRGDUVWYD��3UL�DQDOL]L�JRVSRGDUVWHY��NRW
MH� VORYHQVNR�� NL� MH�PR³QR� RGSUWR�� MH� QDPUH³� �� NDU� MH� ELOR� WXGL� HPSLUL³QR� SRWUMHQR ��� �� JRVSRGDUVNR
GRJDMDQMH�GRPD�RGYLVQR�WXGL��DOL�SD�FHOR�Y�SUHWH©QL�PHUL��RG�GRJDMDQMD�Y�WXMLQL��6DOGR�WHNR³HJD�UD³XQD
SOD³LOQH�ELODQFH�ODKNR�SUHGVWDYOMD���NRW�ER�SRMDVQMHQR�NDVQHMH���RPHMLWHY�JRVSRGDUVNL�UDVWL�

*RVSRGDUVND�UDVW�MH�HQD�L]PHG�NOMX³QLK�PDNURHNRQRPVNLK�VSUHPHQOMLYN��'HMDYQLNL�JRVSRGDUVNH�UDVWL
VR�SRJRVWR�SUHGPHW�UD]OL³QLK�DQDOL]��=D�6ORYHQLMR�MH�SRPHPEQR��GD�EL�GRVHJOD�KLWUHM§R�JRVSRGDUVNR
UDVW�� NRW� WLVWD� Y� UD]YLWHM§LK� HYURSVNLK� JRVSRGDUVWYLK�� 7DNR� EL� VH� SRVWRSRPD� ]PDQM§DO� UD]NRUDN�PHG
JRVSRGDUVNR�UD]YLWRVWMR�WHK�GU©DY�LQ�6ORYHQLMH��PHUMHQ�Y�%'3�QD�SUHELYDOFD�

*RVSRGDUVND�UDVW�ODKNR�L]YLUD�L]�GRPD³HJD�DOL�WXMHJD�SRYSUD§HYDQMD��9�6ORYHQLML�MH�WXMH�SRYSUD§HYDQMH
]ODVWL�Y�OHWX������SULVSHYDOR�N�KLWUHM§L�JRVSRGDUVNL�UDVWL��JOHM�WDEHOR����

1D�RVQRYL�RFHQH�]D� OHWR������ LQ�QDSRYHGL�]D� OHWR������QDM�EL� WXMH�SRYSUD§HYDQMH�Y� WHK� �GYHK� OHWLK
UDVOR� KLWUHMH� RG� GRPD³HJD� SRYSUD§HYDQMD�� 0R³QD� PHGQDURGQD� SRYH]DQRVW� 6ORYHQLMH� Y� REGREMX
UHODWLYQR� XJRGQHM§H� PHGQDURGQH� NRQMXQNWXUH� RPRJR³D� KLWUHM§R� GRPD³R� JRVSRGDUVNR� UDVW�� 1D
JRVSRGDUVNL�UDVWL�VH��Y�ERGR³H��ODKNR�RGUD]LMR�WXGL�WH©DYH�SUL�QDMSRPHPEQHM§LK�SDUWQHULFDK�

0HG� VNXSLQDPL� GRPD³HJD� SRYSUD§HYDQMD� QDMKLWUHMH� UDVWH� GHOH©� LQYHVWLFLMVNHJD� SRYSUD§HYDQMD�� UDVW
NRQ³QH� SRUDEH� LQ� UHSURGXNFLMVNHJD� SRYSUD§HYDQMD� SD� MH� Y� QDYHGHQLK� OHWLK� QL©MD� RG� UDVWL� VNXSQHJD
GRPD³HJD�SRYSUD§HYDQMD�

(NRQRPLVWL�� NL� VH� XNYDUMDMR� ]� DQDOL]R� YLURY� JRVSRGDUVNH� UDVWL� SULSLVXMHMR� UD]OL³QR� SRPHPEQRVW
SRVDPH]QLP�GHMDYQLNRP�JRVSRGDUVNH� UDVWL��1HRNODVL³QD� UD]ODJD�JRVSRGDUVNH� UDVWL� VH�RVUHGRWR³D�QD
DQDOL]R� SRQXGEH� SURL]YRGQLK� GHMDYQLNRY�� 2EVHJ� SURL]YRGQLK� GHMDYQLNRY� MH� SR� QMLKRYHP� PQHQMX
RGOR³LOQL�GHMDYQLN�JRVSRGDUVNH�UDVWL�

'UXJD�VNXSLQD�WHRULM�VH�EROM�SRVYH³D�DQDOL]L�SRYSUD§HYDQMD��6DPD�VWUDQ�SRQXGEH�QH�PRUH�]DJRWRYLWL
JRVSRGDUVNH� UDVWL�� =DJRYRUQLNL� WH� WHRULMH� YLGLMR� YORJR� GHMDYQLND� UDVWL� Y� SRYSUD§HYDQMX� �RE
SUHGSRVWDYNL�� GD� QD� VWUDQL� SRQXGEH� QL� RPHMLWHY�� NDU� MH� ]QD³LOQRVW� SRVDPH]QLK� REGRELM��� 7R� YORJR
LPDMR�SRJRVWR�LQYHVWLFLMH��WX�SD�SULND]XMHPR�WHRULMR��NL�GDMH�RVUHGQMH�PHVWR�L]YR]X�

                                             
���&LPSHUPDQ��������VWU�����



3ULND]L�LQ�DQDOL]H�9,����GHFHPEHU��������/MXEOMDQD��$��6WURMDQ

y�~{�
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

z}w|�~xv�

�

7DEHOD����6WRSQMH�UDVWL�WXMHJD�LQ�GRPD³HJD�SRYSUD§HYDQMD��Y����Y�OHWLK����������

9LU��8UDG�5HSXEOLNH�6ORYHQLMH�]D�PDNURHNRQRPVNH�DQDOL]H�LQ�UD]YRM������E��VWU�����

�1DSRYHG

������1HRNODVL´QD�WHRULMD�UD]OLN�Y�JRVSRGDUVNL�UDVWL

1HRNODVL³QL� SULVWRS� N� DQDOL]L� UD]OLN� Y� JRVSRGDUVNL� UDVWL� VH� RVUHGRWR³D� QD� SRQXGEHQR� VWUDQ� LQ� QD
NRQFHSW�SURGXNFLMVNH�IXQNFLMH��3URGXNFLMVND�IXQNFLMD�MH�WHKQROR§ND�SRYH]DYD��NL�SRMDVQMXMH�SURL]YRG
]� YOR©NRP� UD]OL³QLK� SURL]YRGQLK� GHMDYQLNRY�� NRW� VR� NDSLWDO�� GHOR�� ]HPOMD�� WHKQRORJLMD�� X³LQNRYLWRVW
YRGHQMD� LQ� GUXJL� GHMDYQLNL�� 9� SUDNVL� VH� NRW� SRMDVQMHYDOQH� VSUHPHQOMLYNH� REL³DMQR� SRMDYOMDMR� GHOR�
NDSLWDO�LQ�WHKQRORJLMD�

6SOR§HQ�]DSLV�SURGXNFLMVNH�IXQNFLMH�MH�QDVOHGQML�

� 4 ) / . WW W W
= � � � � �����

4�� ���SURL]YRG�
/��� ���GHOR��§WHYLOR�]DSRVOHQLK�DOL�§WHYLOR�XU�GHOD��
.��� ���NDSLWDO�
W��� ���QHYWUDOQD�WHKQROR§ND�VSUHPHPED��NL�V�³DVRP�GYLJD�SURGXNFLMVNR�IXQNFLMR�

²H�HQD³ER�������]DSL§HPR�Y�VWRSQMDK�UDVWL��GRELPR�L]UD]���

T O NW W W W W W= + +α β λ �����

=� λ � � = �

4

)

W

∂
∂

�� MH� R]QD³HQ� WHKQL³QL� QDSUHGHN��PHGWHP� NR� VWD� α
∂
∂

� �= /

4

)

/
� LQ� β

∂
∂

� �= .

4

)

.

HODVWL³QRVWL� SURL]YRGD� JOHGH� QD� GHOR� LQ� NDSLWDO��9VRWD� REHK� NRHILFLHQWRY� MH� Y� SULPHUX� NRQVWDQWQHJD
GRQRVD�QD�REVHJ�GHMDYQLNRY�HQDND�HQD��9�WHP�SULPHUX�ER�HQD³ED�QDVOHGQMD�

T O NW W W W W W= + − +α α λ� �� �����

1HRNODVL³QL�SULVWRS�N�DQDOL]L�JRVSRGDUVNH� UDVWL� OH�WR�SRMDVQMXMH�V�SULVSHYNL�SRVDPH]QLK�SURL]YRGQLK
GHMDYQLNRY��SUL�³HPHU�XJRWDYOMD�SULVSHYHN�GHOD�LQ�NDSLWDOD��SULVSHYHN�WHKQL³QHJD�QDSUHGND�DOL�FHORWQH
IDNWRUVNH� SURGXNWLYQRVWL� SD� GRELPR� NRW� RVWDQHN�� 5DVW� FHORWQH� IDNWRUVNH� SURGXNWLYQRVWL� MH� WDNR
L]UD³XQDQD�QD�VOHGH³L�QD³LQ�

λ W W W W W WT D O D N= − + −� � � �� �����

                                             
���(QD³ER�RGYDMDPR�JOHGH�QD�³DV�LQ�GHOLPR�REH�VWUDQL�V�4��0DOH�³UNH�SRPHQLMR�VWRSQMH�UDVWL�VSUHPHQOMLYNH�

���� ���� ���� �����


6NXSQR�DJUHJDWQR�SRYSUD^HYDQMH ��� ��� ��� ���

����7XMH�SRYSUD^HYDQMH ��� ���� ��� ���

����'RPDaH�SRYSUD^HYDQMH ��� ��� ��� ���

������UHSURGXNFLMVNR ��� ��� ��� ���

������NRQaQD�SRWUR^QMD ��� ��� ��� ���

������LQYHVWLFLMVNR ��� ���� ��� ���
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$QDOL]R� UDVWL� SURL]YRGD� SRG� UD]OL³QLPL� SUHGSRVWDYNDPL� RPRJR³D� HQD³ED� �0F&RPELH�� 7KLUOZDOO�
������VWU������

T Y 5 D O D N GL L L L L= + + + − + ∑∑∑� � � �
 
ρ � �����

3RPHQ�SRVDPH]QLK�R]QDN�

Y ���GRQRV�QD�REVHJ��UDVWR³��NRQVWDQWHQ�DOL�SDGDMR³��
5��� ���RVWDQHN�
ρ �� ���VWRSQMD�QHYWUDOQHJD�WHKQL³QHJD�QDSUHGND�

O L

 �� ���UDVW�UD]OL³QLK�HOHPHQWRY�GHOD�

N L

 � ���UDVW�UD]OL³QLK�HOHPHQWRY�NDSLWDOD��NRW�VR�RSUHPD��]JUDGEH�LSG��

GL � ��SULVSHYHN�N�UDVWL��NL�JD�SRY]UR³DMR�GHMDYQLNL��QHUDYQRWH©MD��QSU��L]EROM§DQD�UD]PHVWLWHY�YLURY�

2]QDND� 
� SRPHQL�� GD� MH� PRJR³H� SRVDPH]QH� HOHPHQWH� XVWUH]QR� SULODJRGLWL�� QSU�� GHORYQR� VLOR� ]D
VSUHPHPEH�Y�NYDOLWHWL�GHOD�

1D�SRGODJL�JRUQMH�HQD³EH� MH�QHNDM�DYWRUMHY�RFHQLOR�SULVSHYNH�SRVDPH]QLK�HOHPHQWRY�N�JRVSRGDUVNL
UDVWL�L]EUDQLK�GU©DY�Y�GROR³HQHP�REGREMX��7DNR�MH�QSU��'HQLVRQ�]D�1HP³LMR�RFHQLO�]D�REGREMH������
������GD�V� VSUHPHPER�REVHJD�]DSRVOLWYH�SURL]YRGQLK�GHMDYQLNRY�SRMDVQL� OH�����JRVSRGDUVNH� UDVWL�
.HQGULFN�]D�REGREMH�����������XJRWDYOMD�����SRMDVQMHQRVW��3UYL�DYWRU�]D�='$�XJRWDYOMD�]D�REGREMH
���������������GUXJL�SD�]D�REGREMH�����������SULEOL©QR�����SRMDVQMHQRVW��0F&RPELH��7KLUOZDOO�
���������

������1HRNODVL´QD�WHRULMD�SOD´LOQRELODQ´QHJD�SULODJDMDQMD

1HRNODVL³QD� WHRULMD� SOD³LOQH� ELODQFH� NRW� RPHMLWYHQHJD� GHMDYQLND� UDVWL� QL� SRVHEHM� XSR§WHYDOD�
'HSUHFLDFLMD� QDM� EL� ELOD� SRW� ]D� RGSUDYR� SOD³LOQRELODQ³QHJD� SULPDQMNOMDMD�� 9HQGDU� QL� QXMQR�� GD� ER
GHSUHFLDFLMD�SULYHGOD�GR�©HOHQHJD� UH]XOWDWD�� W�M�� GR�RGSUDYH�SOD³LOQRELODQ³QHJD�SULPDQMNOMDMD��9DOXWD
GU©DYH�� NL� LPD�SULPDQMNOMDM� Y� WHNR³HP� UD³XQX�SOD³LOQH�ELODQFH�� QH�ER�QXMQR�GHSUHFLUDOD�� NHU� YLVRNH
SUL³DNRYDQH�UHDOQH�REUHVWQH�PHUH�SULWHJQHMR�]DGRVWL�WXMHJD�NDSLWDOD��NL�SULPDQMNOMDM�SRNULMH�

'UXJD� UD]ODJD� L]KDMD� L]� HODVWL³QRVWL� XYR]D� LQ� L]YR]D� QD� UHODWLYQH� FHQH� LQ� W�LP�� X³LQND� -�NULYXOMH
�.UXJPDQ��2EVWIHOG��������VWU������������2E�GHSUHFLDFLML�QDPUH³�SRYSUD§HYDQMH�SR�L]YR]X�QH�SRUDVWH
GRYROM�LQ�DOL�SR�XYR]X�QH�XSDGH�GRYROM��GD�EL�QDGRPHVWLOR�SDGHF�FHQ�L]YR]D�Y�WXML�YDOXWL�LQ�SRYH³DQMH
FHQ�XYR]D�Y�GRPD³L�YDOXWL��7R�MH�ODKNR�§H�SRVHEHM�SULVRWQR�QD�NUDWHN�URN�LQ�-�X³LQHN�YRGL�GR�WHJD��GD
QHWR�WXML�]DVOX©NL�XSDGHMR�QHSRVUHGQR�SR�GHYDOYDFLML�SUHGHQ�VH�]DUHV�SRYH³DMR��2E�GHSUHFLDFLML� WRUHM
QH� VPHPR� SUL³DNRYDWL� WDNRM§QMLK� SR]LWLYQLK� X³LQNRY� Y� ELODQFL� PHQMDYH�� 3ULVRWQRVW� -�X³LQND� MH� ELOD
WHVWLUDQD�]D�QHNDM�GU©DY��PHG�GUXJLP�WXGL�]D�1HP³LMR��8JRWRYLOL�VR��GD�MH�GR�-�X³LQND�Y�1HP³LML�SUL§OR
Y�OHWX�������9�WHP�OHWX�VH�MH��NOMXE����UHDOQL�DSUHFLDFLML�QHP§NH�PDUNH��WUJRYLQVNL�SUHVH©HN�1HP³LMH
SRYH³DO�]D����PUG�'(0��&ORVWHUPDQ��������VWU�����

1HRNODVL³QD�WHRULMD�WRUHM�SRMDVQMXMH�UD]OLNH�Y�JRVSRGDUVNL�UDVWL�]�UD]OLNDPL�Y�UDVWL�REVHJD�SURL]YRGQLK
GHMDYQLNRY��Y�SRQXGEL�OH�WHK��LQ�QMLKRYL�SURGXNWLYQRVWL��3RPDQMNOMLYRVW�SULVWRSD�MH��GD�QH�SRMDVQL��RG
NRG�L]YLUDMR�UD]OLNH�Y�UDVWL�SURL]YRGQLK�GHMDYQLNRY�LQ�Y�SURGXNWLYQRVWL��3UDY�WDNR�QHRNODVL³QD�WHRULMD
QH�XSR§WHYD�GHMDYQLNRY�NRW�VR�LQVWLWXFLRQDOQL�RNYLU��RUJDQL]DFLMD�SRGMHWMD�LSG����7L�GHMDYQLNL�YSOLYDMR
QD�KLWURVW�XSRUDEH�QRYLK�WHKQLN�Y�SRGMHWMLK��6NXSDM�MLK�R]QD³LPR�]�L]UD]RP�;�X³LQNRYLWRVW�

                                             
���2VWDOL�GHMDYQLNL�JRVSRGDUVNH�UDVWL��NRW�VR�HNRQRPLMD�REVHJD��HNVRJHQL�WHKQL³QL�QDSUHGHN�LGU��VR�WRUHM�SUDY�WDNR�DOL�YVDM�HQDNR�SRPHPEQL�
9�SULPHUX�1HP³LMH�GDMH�HNRQRPLMD�REVHJD�Y�REGREMX�����������SULEOL©QR�����SRMDVQMHQRVWL��=D�NDVQHM§D�REGREMD�.HQGULFN�XJRWDYOMD��GD
MH�SULVSHYHN�RVWDOLK�GHMDYQLNRY�PDQM§L�LQ�GD�YH³ML�GHO�VSUHPHPEH�ODKNR�SRMDVQLPR�V�NODVL³QLPD�GHMDYQLNRPD��]�GHORP�LQ�V�NDSLWDORP��1L©MD
JRVSRGDUVND�UDVW�LQ�PDQM§L�SULVSHYHN�RVWDOLK�GHMDYQLNRY�Y�NDVQHM§HP�REGREMX��SR�OHWX�������MH�ODKNR�SRVOHGLFD�YLVRNLK�FHQ�QDIWH�LQ
SUREOHPRY�PHUMHQMD�REVHJD�NDSLWDOD��'R�SUHFHQMHQRVWL�WH�NDWHJRULMH�QDM�EL�SUL§OR�QD�SRGODJL�XSRUDEOMHQLK�PHWRG�PHUMHQMD��LQ�VLFHU�SUHGYVHP
]DUDGL�YLVRNHJD�SRUDVWD�FHQ��SUDY�WDP��

���2PHQLWL�MH�SRWUHEQR�WXGL�SUREOHPH�PHUMHQMD��¨H�VDPR�RFHQMHYDQMH�SULVSHYND�GHOD�LQ�NDSLWDOD�MH�]HOR�WH©DYQR��VDM�GHOR�LQ�NDSLWDO�REL³DMQR
QLVWD� QHVNRQ³QR� ]DPHQOMLYD� SURL]YRGQD� GHMDYQLND�� NRW� L]KDMD� L]� SRMPRYDQMD� SURGXNFLMVNH� IXQNFLMH�� WHPYH³� QDYDGQR� GRSROQMXMR³D� VH
HOHPHQWD��7R�SRY]UR³D�VWDWLVWL³QH�SUREOHPH�SUL�RFHQMHYDQMX�SULVSHYND�SRVDPH]QHJD�HOHPHQWD�
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1HRNODVL³QD� WHRULMD� WXGL� YHGQR� SUHGSRVWDYOMD� SROQR� ]DSRVOHQRVW� SURL]YRGQLK� GHMDYQLNRY�
UD]PHVWLWYHQR�LQ�SURL]YRGQR�X³LQNRYLWRVW��5DVW�GHOD�SRMPXMH�NRW�UDVW�SRSXODFLMH��WHKQL³QL�QDSUHGHN�MH
HNVRJHQ�

.RW�UH³HQR��QHRNODVL³QD�WHRULMD�QH�UD]OR©L�RG�NRG�UD]OLNH�Y�UDVWL�SURL]YRGQLK�GHMDYQLNRY��7X�SRPDJD
SULVWRS�V�VWUDQL�SRYSUD§HYDQMD�

������3OD´LOQD�ELODQFD�NRW�RPHMLWYHQL�GHMDYQLN�UDVWL

9�QDGDOMHYDQMX�SUHGVWDYOMHQD� WHRULMD� WHPHOML�QD�SRYSUD§HYDQMX��3RQXGED�VH�SRYSUD§HYDQMX��Y�RNYLUX
RPHMLWHY��SULODJRGL��3RYSUD§HYDQMH��LQ�]�QMLP�JRVSRGDUVND�UDVW��SD�Y�SRVDPH]QLK�JRVSRGDUVWYLK�UDVWH
UD]OL³QR�KLWUR��9]URN�]D�UD]OLNH�Y�UDVWL�SRYSUD§HYDQMD�OH©L�Y�RPHMLWYDK�SOD³LOQH�ELODQFH�

2VQRYQL�PRGHO�GROJRUR³QR�Y]GU©QH� UDVWL� MH� UD]YLO�7KLUOZDOO� �0F&RPELH��7KLUOZDOO�������� VWU�������
,]KRGL§³H� MH� HQD³ED� UDYQRWH©MD� Y� WHNR³HP� UD³XQX� SOD³LOQH� ELODQFH�� NL� MR� Y� GRPD³L� YDOXWL� ]DSL§HPR
WDNROH�

3 ; ) 3 0(G I+ = �����

2]QDNH�LPDMR�QDVOHGQML�SRPHQ�

;��� ���REVHJ�L]YR]D���NROL³LQH���
0�� ���REVHJ�XYR]D���NROL³LQH���
)��� ����QHWR��QRPLQDOQL�SULWRN�NDSLWDOD��PHUMHQ�Y�GRPD³L�YDOXWL�
3G � ���FHQD�L]YR]D��PHUMHQD�Y�GRPD³L�YDOXWL�
3I � ���FHQD�XYR]D��PHUMHQD�Y�WXML�YDOXWL�
(��� ���GHYL]QL�WH³DM��§WHYLOR�HQRW�GRPD³H�YDOXWH�]D�HQR�HQRWR�WXMH�YDOXWH��SR]LWLYQD

������NRWDFLMD��

=JRUQMR�HQD³ER�]DSL§HPR�WDNR��GD�L]UD©D�VSUHPHPEH�Y�YUHGQRVWLK�SRVDPH]QLK�VSUHPHQOMLYN��1D�WDN
QD³LQ�GRELPR�SRJRM�]D�VSOR§QR�SOD³LOQRELODQ³QR�UDYQRWH©QR�UDVW��6WRSQMD�UDVWL�YUHGQRVWL�XYR]D�PRUD
ELWL� HQDND� WHKWDQHPX� SRYSUH³MX� UDVWL� YUHGQRVWL� L]YR]D� LQ� VWRSQML� UDVWL� YUHGQRVWL� QHWR� NDSLWDOVNHJD
XYR]D��R]��]DSLVDQR�Y�HQD³EL���

� θ θ( ) ( )p x f p m ed f+ + − = + +1 �����

2]QDND�θ �SRPHQL�GHOH©�L]YR]D�����θ ��SD�GHOH©�QHWR�NDSLWDOVNLK�WRNRY�Y�FHORWQLK�SUHMHPNLK�L]�WXMLQH�
7R�ODKNR�]DSL§HPR�WXGL�WDNROH�

θ θ=
+

− =
+

3 ;

3 ; )

)

3 ; )

G

G G

� �� �����

1D� SRGODJL� GRVHGDQMLK� HQD³E� ODKNR� ]DSL§HPR� XYR]QR� ������ LQ� L]YR]QR� ������� IXQNFLMR� QD� QDVOHGQML
QD³LQ�

0 D
3 (

3
<I

G

= � �ψ π �����

; E
3

3 (
=G

I

= � �η ε ������

                                             
���0DOH�³UNH�SRPHQLMR�VWRSQMH�UDVWL�VSUHPHQOMLYNH�
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3RPHQ�R]QDN�MH�QDVOHGQML�

D�E� ���NRQVWDQWL�
ψ � ���FHQRYQD�HODVWL³QRVW�SRYSUD§HYDQMD�SR�XYR]X��ψ ����
η �� ���FHQRYQD�HODVWL³QRVW�SRYSUD§HYDQMD�SR�L]YR]X��η ����
ε �� ���GRKRGNRYQD�HODVWL³QRVW�SRYSUD§HYDQMD�SR�L]YR]X�� ε > 0��
π �� ���GRKRGNRYQD�HODVWL³QRVW�SRYSUD§HYDQMD�SR�XYR]X�� π > 0 ��
<���� ���GRPD³L�UHDOQL�GRKRGHN�
=��� ���UDYHQ��UHDOQHJD��GRKRGND�QD�L]YR]QLK�WUJLK�

9�XYR]QL�HQD³EL�SULPHUMDPR�XYR]QH�FHQH��PHUMHQH�Y�GRPD³L�YDOXWL��V�FHQR�EODJD��NL� MH�QDGRPHVWHN
XYR]QHPX� EODJX�� 9� L]YR]QL� HQD³EL� SULPHUMDPR� L]YR]QR� FHQR� V� FHQR� EODJD� �Y� GRPD³L� YDOXWL��� NL
L]YR]QHPX�EODJX�NRQNXULUD�

,]YR]QD�LQ�XYR]QD�HQD³ED��L]UD©HQL�Y�VWRSQMDK�UDVWL��VWD�QDVOHGQML�

P S H S \I G= + − +ψ π� � ������

[ S H S ]G I= − − +η ε� � ������

²H�YVWDYLPR��������LQ��������Y��������GRELPR�L]UD]���������NMHU�\
�SRPHQL�V�SOD³LOQR�ELODQFR�RPHMHQR
UDVW�UHDOQHJD�GRKRGND�

\
S H S S H S ] I SG I G I G



� �� � � � � �� �

=
+ − − + − − + + − −θ η ψ θ ε θ

π
�

��� �������

3UYL� L]UD]� QD� GHVQL� VWUDQL� HQD³EH� ������� ND©H� X³LQNH� VSUHPHPE� Y� REVHJX� PHQMDYH� �QD� WUJRYLQVNR
ELODQFR���NL�MLK�LPDMR�VSUHPHPEH�UHODWLYQLK�FHQ�QD�V�SOD³LOQR�ELODQFR�RPHMHQR�UDVW�UHDOQHJD�GRKRGND�
'UXJL� GHO� HQD³EH� ND©H� YSOLY� SRJRMHY� PHQMDYH�� WUHWML� X³LQHN� HNVRJHQLK� VSUHPHPE� Y� UDVWL� UHDOQHJD
GRKRGND� QD� L]YR]QLK� WUJLK�� =DGQML� GHO� L]UD]D� ND©H� X³LQHN� VWRSQMH� UDVWL� QHWR� NDSLWDOVNLK� WRNRY� QD
GRPD³R�UDVW�UHDOQHJD�GRKRGND�

2E� XSR§WHYDQMX� SUL³DNRYDQLK� YUHGQRVWL� FHQRYQLK� �ψ < � �� η < � �� LQ� GRKRGNRYQLK� � ε > � �
π > � �� HODVWL³QRVWL� SRYSUD§HYDQMD� SR� L]YR]X� LQ� XYR]X� Y� HQD³EL� ������� ODKNR� UH³HPR� WXGL� WROH
�0F&RPELH��7KLUOZDOO��������VWU�����������

� 'RPD³D� LQIODFLMD� UHODWLYQR� JOHGH� QD� WXMR� ER� YSOLYDOD� QHJDWLYQR� QD� SOD³LOQRELODQ³QR� UDYQRWH©QR
VWRSQMR�UDVWL��³H�MH�YVRWD�FHQRYQLK�HODVWL³QRVWL�L]YR]D�LQ�XYR]D�DEVROXWQR�JOHGDQR�YH³MD�RG�HQD���

� 6WDOQD� GHYDOYDFLMD� R]�� GHSUHFLDFLMD� YDOXWH� �H!��� ER� L]EROM§DOD� SOD³LOQR� ELODQFR� LQ� SRYH³DOD
UDYQRWH©QR�UDVW��³H�MH�YVRWD�FHQRYQLK�HODVWL³QRVWL�L]YR]D�LQ�XYR]D�DEVROXWQR�JOHGDQR�YH³MD�RG�HQD�

� +LWUHM§D� UDVW� VYHWRYQHJD� GRKRGND� ER� SRYH³DOD� V� SOD³LOQR� ELODQFR� GROR³HQR� UDYQRWH©QR� UDVW�� =D
NROLNR�MH�RGOR³LOQR�RGYLVQR�RG�GRKRGNRYQH�HODVWL³QRVWL�SRYSUD§HYDQMD�SR�L]YR]X�

� 9L§MD�GRKRGNRYQD�HODVWL³QRVW�SRYSUD§HYDQMD�SR�XYR]X�ER�YSOLYDOD�Y�REUDWQL�VPHUL��]PDQM§DOD�ER
UDVW��

������+DUURGRY�]XQDQMHWUJRYLQVNL�PXOWLSOLNDWRU

5DVW�L]YR]D�GROR³D�UDVW�SURL]YRGD�SUHGHORYDOQH�LQGXVWULMH�SUHN�PXOWLSOLNDFLMVNHJD�X³LQND��+DUURGRYD
LGHMD�MH��GD�MH�KLWURVW�UDVWL�RGSUWHJD�JRVSRGDUVWYD�SRMDVQMHQD�]�]XQDQMHWUJRYLQVNLP�PXOWLSOLNDWRUMHP��NL
MH�KNUDWL� WXGL�PHKDQL]HP�]D�RKUDQMDQMH�SOD³LOQRELODQ³QHJD� UDYQRWH©MD� �0F&RPELH��7KLUOZDOO�� �����
VWU�������

                                             
���*UH�]D�W�LP��0DUVKDOO�/HUQHUMHY�SRJRM�
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3UHGSRVWDYNH�Y�PRGHOX�VR��NRQVWDQWQL�UHDOQL�SRJRML�PHQMDYH��Y�PRGHOX�QL�YDU³HYDQMD�LQ�LQYHVWLFLM�LQ
WXGL�QL�GU©DYH�

9HOMD� < & ;= + ������

< & 0= + ������

(QD³ED��������SUHGVWDYOMD�HQD³ER�XVWYDUMDQMD�GRKRGND��NL�QDVWDQH�V�SURL]YRGQMR�SRWUR§QLK�GREULQ��&�
LQ�]� L]YR]RP��;���(QD³ED�������� MH�HQD³ED�SRUDEH�GRKRGND��NL�VH�QDPHQL�]D�GRPD³R�SRUDER�GREULQ
�&��LQ�]D�XYR]��0���'RGDWQL�SRJRM�Y�PRGHOX�MH�; 0�

)XQNFLMR�XYR]D�]DSL§HPR�WDNROH�

0 0 <= +� µ ������

NMHU� 0� �SRPHQL�DYWRQRPQL�XYR]�� µ �SD�PHMQR�QDJQMHQRVW�N�XYR]X��.HU�YHOMD�; 0��ODKNR�]DSL§HPR
QDVOHGQMR�HQDNRVW�
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,]UD]� �
µ � MH� VWDWL³QL� +DUURGRY� ]XQDQMHWUJRYLQVNL� PXOWLSOLNDWRU���� NL� ER� YHGQR� SULSHOMDO� SOD³LOQR

ELODQFR� QD]DM� Y� UDYQRWH©MH�� SUHN� VSUHPHPE� Y� GRKRGNX�� NL� ERGR� QDVWDOH� NRW� SRVOHGLFD� VSUHPHPE� Y
L]YR]X� DOL� Y� DYWRQRPQHP� XYR]X�� 'LQDPL]LUDQMH� VWDWL³QHJD� +DUURGRYHJD� ]XQDQMHWUJRYLQVNHJD
PXOWLSOLNDWRUMD�GD�HQD³ER��������

∆ ∆<
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*RVSRGDUVND� UDVW� GU©DYH� QDM� EL� ELOD� HQDND� JRUQMHPX� L]UD]X�� 5D]ORJ� ]D� RGVWRSDQMD� VR� ODKNR� OH
VSUHPHPEH� Y� UHDOQLK� SRJRMLK� PHQMDYH� LQ� NDSLWDOVNL� SULWRNL�� NL� RPRJR³LMR�� GD� GRPD³L� L]GDWNL� QLVR
HQDNL� GRKRGNRP� LQ� YRGLMR� GR� QHUDYQRWH©MD� WHNR³HJD� UD³XQD� SOD³LOQH� ELODQFH�� 9� PRGHOX� � �� ]DUDGL
SUHGSRVWDYN���YHOMD�]DSLVDQD�HQDNRVW�

²H�Y�HQD³EL��������SUHGSRVWDYLPR� S H SG I= + ��UHODWLYQH�FHQH��PHUMHQH�Y�VNXSQL�YDOXWL�RVWDQHMR�QD
GROJL�URN�QHVSUHPHQMHQH���SRWHP�GRELPR�QDVOHGQML�L]UD]�

\
] I SG
 � �� �

=
+ − −θε θ

π
�

������

�2E�GRGDWQL�SUHGSRVWDYNL��GD�QL�NDSLWDOVNLK�SULWRNRY��YHOMD�QDVOHGQMH�

\ [
 = π ������

(PSLUL³QR� WHVWLUDQMH� MH� SRND]DOR�� GD� GDMH� HQD³ED� ������� EROM§H� UH]XOWDWH� NRW� XSRUDED� SUHSURVWHJD
+DUURGRYHJD�]XQDQMHWUJRYLQVNHJD�PXOWLSOLNDWRUMD��0F&RPELH��7KLUOZDOO��������VWU�������

                                             
���+DUURGRY�PXOWLSOLNDWRU�QH�XSR§WHYD�PR©QRVWL�NDSLWDOVNLK�SULWRNRY�LQ�VSUHPHPE�Y�UHODWLYQLK�FHQDK�



3ULND]L�LQ�DQDOL]H�9,����GHFHPEHU��������/MXEOMDQD��$��6WURMDQ

y�~{�
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

z}w|�~xv�

��

²H� MH� JRVSRGDUVND� UDVW� UHV� RPHMHQD� QD� VWUDQL� SRYSUD§HYDQMD�� QDVWRSL� YSUD§DQMH�� ]DNDM� VR� QHNDWHUH
GU©DYH� SRND]DOH� WROLNR� YH³MR� JRVSRGDUVNR� UDVW� NRW� GUXJH�� 9� RGSUWL� HNRQRPLML�� NL� VH� QH� VRR³D� V
SUREOHPL� SRPDQMNDQMD� YLURY�� MH� UDYHQ� GRKRGND� RGYLVQD� RG� REVHJD� L]YR]D�� ,]YR]� SUHGVWDYOMD
DYWRQRPQR� VHVWDYLQR� SRYSUD§HYDQMD�� SRGREQR� NRW� LQYHVWLFLMH� Y� NH\QHVLDQVNHP� PRGHOX� ]DSUWHJD
JRVSRGDUVWYD�� 9� SULPHUX� WUGQHJD� GHYL]QHJD� WH³DMD�� DOL� NDGDU� VWD� REVHJ� L]YR]D� LQ� XYR]D� UHODWLYQR
QHRE³XWOMLYD�QD�JLEDQMH�UHODWLYQLK�FHQ��MH�UDYHQ�SURL]YRGD�WLVWD��NL�VH�SULODJRGL��GD�]DJRWRYL�UDYQRWH©MH
Y� SOD³LOQL� ELODQFL�� 3RVNXVL�� GD� EL� SRYH³DOL� UDVW� L]YR]D� SUHN� PDNURHNRQRPVNLK� SROLWLN�� NRW� MH
SULODJRGLWHY�GHYL]QHJD�WH³DMD��YHUMHWQR�QH�ERGR�XVSH§QL�

3UL� SRMDVQMHYDQMX� YSOLYD� L]YR]D� QD� JRVSRGDUVNR� UDVW� EL� ELOR� SRWUHEQR� XSR§WHYDWL� WXGL� RGSUWRVW
JRVSRGDUVWYD�� VDM� ODKNR� UDVW� L]YR]D� GRVWL� EROM� YSOLYD� QD� JRVSRGDUVNR� UDVW� RGSUWLK� JRVSRGDUVWHY
�PHUMHQR�]�GHOH©HP�L]YR]D�Y�%'3���NRW�Y�PDQM�RGSUWLK�

=DNDM� VH� WRUHM� SOD³LOQRELODQ³QD� UDYQRWH©QD� UDVW�PHG� GU©DYDPL� UD]OLNXMH"�9HUMHWQR� MH� WR� SRYH]DQR� ]
]QD³LOQRVWPL� EODJD�� NL� JD� GU©DYD� SURL]YDMD�� 6WUXNWXUD� EODJD� GROR³D� GRKRGNRYQR� HODVWL³QRVW
SRYSUD§HYDQMD�SR�L]YR]X�GU©DYH�LQ�QDJQMHQRVW�GU©DYH�N�XYR]X�

=D�SULEOL©HYDQMH�6ORYHQLMH� LQ�GUXJLK�GU©DY��NL�VH�©HOLMR�SULNOMX³LWL�GU©DYDP�(8��ER�SRWUHEQD�KLWUHM§D
UDVW�%'3�QD�SUHELYDOFD�RG�QMHJRYH�UDVWL�Y�(8��6�WHP�EL�VH�UD]OLNH�Y�UD]YLWRVWL�PHG�REHPD�VNXSLQDPD
GU©DY�]PDQM§DOH��.DN§QD� MH�YORJD�RPHMLWHY�JRVSRGDUVNH� UDVWL��NL� L]YLUDMR� L]�SOD³LOQH�ELODQFH�� MH�ELOR
PHG�GUXJLP�WXGL�]D�6ORYHQLMR�SUHYHUMHQR�Y�³ODQNX�/DQGHVPDQQD�LQ�3RHVFKOD��������

3OD³LOQRELODQ³QL�SULPDQMNOMDM�MH�Y�GU©DYDK�Y�WUDQ]LFLML�SRJRVW��2E�YVHP�HQDNHP�SRPHQL�QL©MR�UDVW�RG
UDVWL�Y�VWDQMX� UDYQRWH©MD�� UD]HQ�³H�VR�NDSLWDOVNL�SULWRNL�]DGRVWQL��GD�SULPDQMNOMDM�SRNULMHMR� �DOL�SD�VR
WXGL� YL§ML� RG� QMHJD��� 2E� SUHGSRVWDYNL� R� YUHGQRVWL� FHQRYQLK� HODVWL³QRVWL� LPD� UHDOQD� GHSUHFLDFLMD
SR]LWLYQH��DSUHFLDFLMD�SD�QHJDWLYQH�X³LQNH�QD�JRVSRGDUVNR�UDVW�

3RPHPEHQ�GHMDYQLN�SURFHVD�SULEOL©HYDQMD� UD]YLWHM§LP�GU©DYDP� MH� WXGL� L]EROM§HYDQMH�NYDOLWHWH�GRPD
SURL]YHGHQHJD�EODJD��7R�ODKNR�YNOMX³LPR�Y�PRGHO�WDNR��GD�GUXJD³H�RSUHGHOLPR� 3G ��V�³LPHU�GRELPR
]D� VSUHPHPER� Y� NYDOLWHWL� SULODJRMHQR� FHQR� L]YR©HQHJD� DOL� GRPD� SURGDQHJD� EODJD�� 6SUHPHPED� Y
NYDOLWHWL��W�M��QMHQR�L]EROM§DQMH��LPD�HQDN�X³LQHN�NRW�UHDOQD�GHSUHFLDFLMD�LQ�WDNR�SUHGVWDYOMD�X³LQNRYLWR
SURWLXWH©�UD]OLNDP�Y�LQIODFLMVNLK�VWRSQMDK�GRPD³LK�LQ�WXMLK�SURL]YDMDOFHY�

9� NUDWNHP� ³DVX� QLVR�PR©QH� ]QDWQH� VSUHPHPEH� Y� NYDOLWHWL� EODJD��5HDOQD� GHSUHFLDFLMD�� NRW� VUHGVWYR
SRYH³HYDQMD� NRQNXUHQ³QRVWL� LQ� VSRGEXMDQMD� JRVSRGDUVNH� UDVWL� MH� ]DWR� QD� ]D³HWNX� SURFHVD� WUDQ]LFLMH
NRULVWQD�� .R� SRVWDQHMR� FHQRYQH� HODVWL³QRVWL� SR³DVL� �QRUPDOQH��� SULGREL� QD� SRPHQX� WXGL� UHODWLYQD
VWUR§NRYQD�R]��FHQRYQD�NRQNXUHQ³QRVW��*RVSRGDUVWYR�SUHLGH�SR³DVL�Y�VWDQMH�VWDELOQH�UDVWL�

6ORYHQLMD�QDM�EL�RE�VFHQDULMX�YNOMX³LWYH�Y�(8�SR�PQHQMX�/DQGHVPDQQD�LQ�3RHVFKOD��������VWU������Y
QDVOHGQMLK� GHVHWLK� OHWLK� SRYH³DOD�%'3� QD� SUHELYDOFD� QD� ���� SRYSUH³MD� Y� (8�� RE� QHVSUHPHQMHQHP
VWDQMX� QD� ���� LQ� RE� QDMEROM� QHXJRGQHP� VFHQDULMX� �NU³HQMH� RGQRVRY� ]� (8�� RPHMLWYH� PHQMDYH�� QD
������

7KLUOZDOO� MH� V� VYRMLP� PRGHORP� WRUHM� SRND]DO�� GD� MH� UDVW� GRPD³HJD� GRKRGND� SRG� GROR³HQLPL
SUHGSRVWDYNDPL� HQDND� HQRVWDYQHPX� GLQDPL³QHPX� +DUURGRYHPX� PXOWLSOLNDWRUMX�� 1D� SRGODJL
HPSLUL³QHJD�WHVWLUDQMD�QDM�EL�ELO�WDN�L]UD³XQ�]HOR�EOL]X�GHMDQVNL�JRVSRGDUVNL�UDVWL��1REHQD�GU©DYD�QDM
EL�QH�ELOD�VSRVREQD�QD�GDOM§L�URN�UDVWL�KLWUHMH��NRW�WR�RPRJR³D�SOD³LOQD�ELODQFD�
.OMX³QR�YORJR�SUL�JRVSRGDUVNL�UDVWL�SD�LPD�L]YR]��(PSLUL³QH�XJRWRYLWYH�ND©HMR��GD�MH�WD�]HOR�SRYH]DQ
V�NYDOLWHWR��REOLNRYDQMHP��GRVWDYR�LQ�GUXJLPL�QHFHQRYQLPL�GHMDYQLNL��FHQRYQL�GHMDYQLNL�VR�UHODWLYQR
PDQM�SRPHPEQL��5DVW� L]YR]D� ODKNR�VSURVWL�SOD³LOQRELODQ³QH�RPHMLWYH� LQ�RPRJR³L�KLWUHM§R�UDVW��³H� MH
VHYHGD� QD� YROMR� XVWUH]QD� NROL³LQD� SURL]YRGQLK� GHMDYQLNRY�� 5DVW� L]YR]D� ODKNR� SUDY� WDNR� VSRGEXGL
JRVSRGDUVNR�UDVW�SUHN�SRYH]DYH�]�UDVWMR�SURL]YRGQMH�LQ�SURGXNWLYQRVWL�

                                             
���6LPXODFLMH��NL�VWD�MLK�L]YHGOD��VR�SRND]DOH��GD�MH�SRYH]DYD�PHG�V�SOD³LOQR�ELODQFR�RPHMHQR�VWRSQMR�JRVSRGDUVNH�UDVWL�LQ�UHDOQLP�HIHNWLYQLP
WH³DMHP�]HOR�RE³XWOMLYD��.UDWNRUR³QL�SULWLVNL�N�DSUHFLDFLML�UHDOQHJD�HIHNWLYQHJD�WH³DMD��NL�VH�QH�QDGRPHVWLMR�]�L]EROM§DQR�NYDOLWHWR�VR�§NRGOMLYL
]D�SOD³LOQRELODQ³QL�SROR©DM�GU©DY�6UHGQMH�LQ�9]KRGQH�(YURSH�LQ�V�WHP�WXGL�]D�QMLKRYR�JRVSRGDUVNR�UDVW�
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����1(&(1291$�.21.85(1&$

3RPDQMNOMLYRVW� PRGHOD� ������� MH�� GD� QH� YNOMX³XMH� W�LP�� QHFHQRYQLK� GHMDYQLNRY ���� NL� SUDY� WDNR
SRPHPEQR�YSOLYDMR�QD�REVHJ�PHQMDYH��9�JUREHP�MLK�ODKNR�UD]GHOLPR�Y�GYH�VNXSLQL�

� SURGDMD��PDUNHWLQJ�
� ]QD³LOQRVWL�SURL]YRGD��YNOMX³QR�]�REOLNRYDQMHP��NYDOLWHWR��]DQHVOMLYRVWMR��SRSURGDMQLPL�VWRULWYDPL�

1HFHQRYQD� NRQNXUHQFD� MH� SRVWDOD� ]� YHGQR� YH³MR� GLIHUHQFLDFLMR� SURL]YRGRY� YVH� SRPHPEQHM§D� LQ� MH
SRJRVWR�YD©QHM§D�NRW� VDPD�FHQD�SURL]YRGD��9�QDGDOMHYDQMX�QD�NUDWNR�SULND]XMHPR�6FKRWW�RY�PRGHO
�0F&RPELH�� 7KLUOZDOO�� ������ VWU�� ���������� NL� SRND©H� NDN§HQ� YSOLY� LPD� QHFHQRYQD� NRQNXUHQFD� QD
RGOR³LWYH�SRVDPH]QLNRY�R�QDNXSX�

6OLND����6FKRWW�RY�PRGHO

&HQD �5%

NROHV

G

D H �3%

I �5$

E

J �3$

; : < =

3RWUR^QLNL�JOHGH�QD�GRKRGHN

9LU��3ULUHMHQR�SR�0F&RPELH��7KLUOZDOO��������VWU������

9�PRGHOX�GYH�GU©DYL�SURL]YDMDWD�QHNR�YUVWR�EODJD��QSU��NROR��%ODJR�VH�PHG�GU©DYDPD�UD]OLNXMH�OH�Y
NYDOLWHWL�� ]DUDGL� ³HVDU� EODJR� SUYH� GU©DYH� �$�� QL� SRSROQ� QDGRPHVWHN� ]D� EODJR� GUXJH� GU©DYH� �%��
3UHRVWDOH�SUHGSRVWDYNH�PRGHOD�VR��0F&RPELH��7KLUOZDOO��������VWU�������

� ²H�EL�ELOR�EODJR�REHK�GU©DY�HQDNH�NYDOLWHWH��EL�SRWUR§QLNL�NXSRYDOL�EODJR�WLVWH�GU©DYH��NL�JD�SURGDMD
FHQHM§H�

� .XSFL�ERGR�NXSRYDOL�NYDOLWHWQHM§L�SURL]YRG��³H�GROR³HQL�SURL]YRG�SRQXMDWD�REH�GU©DYL�SR�LVWL�FHQL�
� .DGDU� SRWUR§QLNL� NXSXMHMR� SURL]YRG� LQ� VR� VRR³HQL� ]� UD]OL³QLPL� NRPELQDFLMDPL� FHQH� LQ� NYDOLWHWH�

ERGR�R�QDNXSX�RGOR³DOL�GRKRGNL�LQ�RNXVL�SRWUR§QLNRY�

1DMSUHM�VH�RPHMLPR�OH�QD�GU©DYR�$��&HQD�NROHV��NL�MLK�SURL]YDMD�WD�GU©DYD�MH�Y�VOLNL���R]QD³HQD�V�3$��6
SUHPLFR�5$�MH�R]QD³HQD�FHQD��SUL�NDWHUL�MH�SRWUR§QLNX�YVHHQR��DOL�NROR�NXSL�DOL�QH��UHVHUYDWLRQ�SULFH��
3UHGSRVWDYND� MH�� GD� MH� WD� FHQD� SUL� SRWUR§QLNLK� ]� YL§MLPL� GRKRGNL� YL§MD�� ]DWR� MH� QDNORQ� SUHPLFH
SR]LWLYHQ�� ²H� RVWDQHPR� OH� SUL� GU©DYL� $�� SRWHP� SRWUR§QLNL� REUDYQDYDQH� GU©DYH�� NL� VR� SR� GRKRGNX
UD]YU§³HQL�OHYR�RG�;��GRKRGHN�UDVWH�RG�OHYH�SURWL�GHVQL��NROHVD�QH�ERGR�NXSLOL��'HMDQVND�FHQD�]DQM�MH
YH³MD� RG� WR³NH� LQGLIHUHQWQRVWL�� 3URL]YDMDOHF� NROHV� Y� GU©DYL� $� ODKNR� SRYH³D� SURGDMR� NROHV� QD� GYD
QD³LQD�

� ]QL©D�FHQR�NROHV��SUHPLFD�3$�VH�SUHPDNQH�QDY]GRO��DOL
� SURL]YHGH�EROM�NYDOLWHWQD�NROHVD��SUHPLFD�5$�VH�SUHPDNQH�QDY]JRU��

                                             
���1RYHM§H� WHRULMH�PHQMDYH�SRXGDUMDMR�SRPHQ�QHFHQRYQH�NRQNXUHQFH�]D�PHQMDYR� LQ�SRVNX§DMR� V� WHP� UD]OR©LWL� SRMDY�PHQMDYH� ]QRWUDM� LVWH
SDQRJH��LQWUD�LQGXVWU\�WUDGH���3RVHEHM�MH�QHFHQRYQD�NRQNXUHQFD�SRPHPEQD�]D�SURL]YRGH��NL�YVHEXMHMR�YHOLNR�GRGDQH�YUHGQRVWL�
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.ROHVD�GU©DYH�%�VR�EROM§H�NYDOLWHWH�LQ�LPDMR�YL§MR�FHQR��9SUD§DQMH��QD�NDWHUHJD�RGJRYDUMD�V OLND����MH�
SRG� NDWHULPL� SRJRML� ERGR� SRWUR§QLNL� NXSRYDOL� NROHVD� GU©DYH� %"� 9SUD§DQMH� MH� ]DQLPLYR� OH� ]D� WLVWH
SRWUR§QLNH��NL�VR�UD]YU§³HQL�GHVQR�RG�:��VDM�

� SRWUR§QLNL��UD]YU§³HQL�OHYR�RG�;��QH�ERGR�NXSRYDOL�NROHV�
� SRWUR§QLNL�� UD]YU§³HQL�RG�;�GR�:��ERGR�NXSRYDOL�NROHVD�GU©DYH�$��/H�Y� WHP�SULPHUX� MH�QMLKRYD

SUHPLFD�LQGLIHUHQWQRVWL�YL§MD�RG�GHMDQVNH�FHQH�

9�WR³NL�:�VR�SRWUR§QLNL�LQGLIHUHQWQL�GR�WHJD��DOL�NXSLMR�NROR�GU©DYH�%��DOL�QH��3UL�NROHVLK�GU©DYH�$�MH
GHMDQVND� FHQD� QL©MD� RG� LQGLIHUHQ³QD� NULYXOMH� LQ� UD]OLNR� ODKNR� SRLPHQXMHPR� SRWUR§QLNRY� SUHVH©HN�
7R³ND�D� Y� GLDJUDPX�SUHGVWDYOMD�PDQM§R� NRULVWQRVW� ]D� SRWUR§QLND� NRW� WR³ND� E�� ]DWR� VH� ER� RGOR³LO� ]D
QDNXS�NROHVD�GU©DYH�$��3UHORPQD�WR³ND�Y�VOLNL���MH�R]QD³HQD�]�<��5D]OLNL�PHG�GHMDQVNR�FHQR�LQ�FHQR�
NL�MR�ND©HWD�LQGLIHUHQ³QL�SUHPLFL�VWD�Y�SULPHUX�REHK�GU©DY�HQDNL��GH�]D�NROHVD�GU©DYH�%�LQ�IJ�]D�NROHVD
GU©DYH�$��2G�WH�WR³NH�QDSUHM�ERGR�SRWUR§QLNL�NXSRYDOL�NYDOLWHWQHM§D�LQ�GUD©MD�NROHVD��NL�MLK�SURL]YDMD
GU©DYD�%�

,]�RSLVDQHJD�PRGHOD� L]KDMD��GD� ODKNR�GU©DYD�SRYH³D�VYRM� WU©QL�GHOH©�R]��SURGDMR�VYRMLK� L]GHONRY�QD
GYD�QD³LQD�� ]� ]QL©DQMHP�FHQH�SURL]YRGD�DOL� V�SRYH³DQMHP�NYDOLWHWH�SURL]YRGD��=� UD]YRMHP�GRKRGNL
SRWUR§QLNRY� UDVWHMR� LQ� V� WHP� VH� SRYH³XMH� SRYSUD§HYDQMH� SR� NYDOLWHWQHM§HP� SURL]YRGX�� =D� GU©DYR�$
VDPR� ]QL©HYDQMH� FHQH� L]GHOND� QL� SUDYD� UH§LWHY�� ²H� GU©DYD� QH� SRYH³XMH� WXGL� NYDOLWHWH� L]GHONRY�� ER
L]JXEOMDOD�WU©QL�GHOH©�R]��Y�VNUDMQL�WR³NL�VSORK�QH�ER�YH³�PRJOD�SURGDMDWL�VYRMLK�L]GHONRY�


�
�


1HRNODVL³QD� WHRULMD� WRUHM� REUDYQDYD�JRVSRGDUVNR� UDVW� SUHGYVHP� V� SRQXGEHQH� VWUDQL��3RMDVQMXMH� MR� ]
UDVWMR� REVHJD� LQ� SURGXNWLYQRVWL� SRVDPH]QLK� SURL]YRGQLK� GHMDYQLNRY�� 3OD³LOQH� ELODQFH� Y� DQDOL]R� QH
YNOMX³XMH��7HRULMD�JRVSRGDUVNH�UDVWL��NL�WHPHOML�SUHWH©QR�QD�SRYSUD§HYDQMX��SD�QD�GUXJL�VWUDQL�GDMH�SUDY
DQDOL]L� GHMDYQLNRY�� NL� L]KDMDMR� L]� SOD³LOQH� ELODQFH�� SRPHPEQR� PHVWR�� 0HG� GU©DYDPL� VH� QDPUH³
FHQRYQH� WHU�GRKRGNRYQH�HODVWL³QRVWL� SRYSUD§HYDQMD�SR� L]YR]X� LQ�XYR]X� UD]OLNXMHMR��²H� MH� L]SROQMHQ
0DUVKDOO�/HUQHUMHY� SRJRM�� ER� UHDOQD� GHSUHFLDFLMD� GRPD³H� YDOXWH� L]EROM§DOD� VDOGR� WHNR³HJD� UD³XQD
SOD³LOQH�ELODQFH�LQ�YSOLYDOD�QD�SRYH³DQMH�GRPD³H�JRVSRGDUVNH�UDVWL��5HDOQL�GHSUHFLDFLML�GRPD³H�YDOXWH
HQDN�X³LQHN�ER�LPHOR�WXGL�UHODWLYQR��JOHGH�QD�WXMLQR��L]EROM§DQMH�NYDOLWHWH�GRPD�SURL]YHGHQHJD�EODJD�
*UH� ]D� QHFHQRYQL� YLGLN� NRQNXUHQ³QRVWL� JRVSRGDUVWYD�� NL� QD� WHNR³L� UD³XQ� SOD³LOQH� ELODQFH� YSOLYD
SRGREQR�NRW�L]EROM§DQMH�FHQRYQH�NRQNXUHQ³QRVWL�



3ULND]L�LQ�DQDOL]H�9,����GHFHPEHU��������/MXEOMDQD��$��6WURMDQ
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$QDOL]D� JRVSRGDUVNLK� JLEDQM� Y� OHWX� ����� V� FLOMQR� SURMHNFLMR� UD]YRMD� GR� OHWD� ������ 3RPODGDQVNR
SRUR³LOR�������/MXEOMDQD��8UDG�5HSXEOLNH�6ORYHQLMH�]D�PDNURHNRQRPVNH�DQDOL]H�LQ�UD]YRM����������
VWU�

$QDOL]D� JRVSRGDUVNLK� JLEDQM� Y� OHWX� ����� ]� RFHQR�PR©QRVWL� UD]YRMD� Y� OHWX� ������ -HVHQVNR� SRUR³LOR
������/MXEOMDQD��8UDG�5HSXEOLNH�6ORYHQLMH�]D�PDNURHNRQRPVNH�DQDOL]H�LQ�UD]YRM������D�����VWU�

%LOWHQ�%DQNH�6ORYHQLMH��/MXEOMDQD��UD]OL³QH�§WHYLONH�

&LPSHUPDQ�)HOLNV�HW�DO���.YDUWDOQL�HNRQRPHWUL´QL�PRGHO�VORYHQVNHJD�JRVSRGDUVWYD��/MXEOMDQD��8UDG
]D�PDNURHNRQRPVNH�DQDOL]H�LQ�UD]YRM������������VWU�

&ORVWHUPDQ� -RHUJ�� 7KH� ,PSDFW� RI� WKH� ([FKDQJH� 5DWH� RQ� *HUPDQ\�V� %DODQFH� RI� 7UDGH�� 'LVFXVVLRQ
3DSHU�������(FRQRPLF�5HVHDUFK�*URXS�RI�WKH�'HXWVFKH�%XQGHVEDQN��'HXWVFKH�%XQGHVEDQN����������
VWU�

'HODNRUGD�$OH§��$QDOL]D� JLEDQMD� WH´DMD� WRODUMD��'LSORPVNR�GHOR�9,,�� VWRSQMH��0DULERU��8QLYHU]D� Y
0DULERUX��(NRQRPVNR�SRVORYQD�IDNXOWHWD�����������VWU�

(85267$7��,0)��2(&'��81��:RUOG�%DQN��6\VWHP�RI�1DWLRQDO�$FFRXQWV������������VWU�

.QLJKW� 0DOFROP�� 6FDFFLDYLOODQL� )DELR�� &XUUHQW� $FFRXQWV�� :KDW� LV� 7KHLU� 5HOHYDQFH� IRU� (FRQRPLF
3ROLF\PDNLQJ"�,0)�:RUNLQJ�3DSHU��������:DVKLQJWRQ��,QWHUQDWLRQDO�0RQHWDU\�)XQG�����������VWU�

.UXJPDQ� 3DXO�5���2EVWIHOG�0DXULFH�� ,QWHUQDWLRQDO� (FRQRPLFV�� 7KHURU\� DQG� 3ROLF\�� 7KLUG� (GLWLRQ�
1HZ�<RUN��+DUSHU�&ROOLQV�&ROOHJH�3XEOLVKHUV������������VWU�

/DQGHVPDQQ� 0LFKDHO�� 3RHVFKO� -RVHI�� %DODQFH�RI�3D\PHQWV� &RQVWUDLQHG� *URZWK� LQ� &HQWUDO� DQG
(DVWHUQ�(XURSH�DQG�6FHQDULRV�RI�(DVW�:HVW� ,QWHJUDWLRQ��5HVHDUFK� UHSRUWV��7KH�9LHQQD� ,QVWLWXWH� IRU
&RPSDUDWLYH�(FRQRPLF�6WXGLHV��:,,:������������VWU�

0F&RPELH�-�6�/���7KLUOZDOO�$�3���(FRQRPLF�*URZWK�DQG�WKH�%DODQFH�RI�3D\PHQWV�&RQVWUDLQW��1HZ
<RUN��6W��0DUWLQ�V�3UHVV������������VWU�


