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øPDODW�HQG�VWULVLQGHNL�HQ�|QHPOL�NRQXODUGDQ�ELUL�PDO]HPH�VWRN�\|QHWLPL�YH�
RSWLPL]DV\RQ�NRQXVXGXU��%LUoRN��UHWLP�LúOHWPHVLQGH��GLQDPLN�RUWDPODU�LoLQ�
X\JXQ� ROPD\DQ� PHYFXW� PDO]HPH� SODQODPD� DOJRULWPDVÕQÕQ� NXOODQÕOPDVÕ�
QHGHQL\OH� GHSRODUÕQGD� ID]OD� YH� HVNL� PDO]HPHOHU� J|U�OHELOLU�� %X� VRQXo��
úLUNHWOHULQ� Lú� VRQXoODUÕQÕ� ROXPVX]� \|QGH� HWNLOHU�� øúOHWPH� VHUPD\HVL� VWRNODUD�
ED÷ODQGÕ÷Õ� LoLQ� JHUHNWL÷LQGH� NXOODQÕODPD]�� RSHUDV\RQ� PDOL\HWOHU� DUWDU� YH�
�UHWLP�]DPDQÕ�X]DU��

.ODVLN�PDO]HPH� LKWL\Do�SODQODPDVÕ� �053��0DWHULDO�5HTXLUHPHQW�3ODQQLQJ��
\D]ÕOÕPODUÕQGD� oDOÕúDQ� VWDWLN� (24� �(NRQRPLN� 6LSDULú� 0LNWDUÕ�� PRGHOOHUL��
WDOHELQ�VDELW�YH�|QJ|U�OHELOLU�ROGX÷X�GXUXPODUGD�VWRN�\|QHWLPLQGH�X\JXQ�ELU�
DOWHUQDWLI�RODELOPHNWHGLU��$QFDN�WDOHS�GH÷LúNHQOL÷L�NDUúÕVÕQGD�KHU�]DPDQ�oRN�
GR÷UX� VRQXoODU� �UHWHPHPHNWH� YH� VWRN� VHYL\HOHUL� LVWHQLOHQ� VHYL\HOHUH�
LQGLUJHQHPHPHNWHGLU��%X�GXUXP�NDUúÕVÕQGD�LúOHWPHOHULQ��KHU�GHIDVÕQGD�GR÷UX�
VLSDULú�PLNWDUÕQÕ�EHOLUOH\HELOPHOHUL�LoLQ�053�VLVWHPOHULQGHQ�WDOHS�GH÷LúLPLQL�
V�UHNOL� L]OHPHOHUL� YH� JHUHNWL÷L� DQODUGD� PDO]HPHOHULQ� VLSDULú� PLNWDUODUÕ� YH�
\HQLGHQ� VLSDULú� YHUPH� VHYL\HOHULQL� V�UHNOL� RODUDN� J�QFHOOHPHOHUL� JHUHNOLGLU��
øúOHWPH� VWRNODUÕQGD� ELQOHUFH� PDO]HPH� ROGX÷X� J|]� |Q�QGH�
EXOXQGXUXOGX÷XQGD�� EX� V�UHFLQ� LQVDQ� HPH÷L� LOH� \DSÕODELOPHVL� SHN� RODQDNOÕ�
J|]�NPHPHNWHGLU��

%X�oDOÕúPDGD��PDO]HPH�LKWL\Do�SODQODPD�V�UHFLQLQ�WDOHS�GH÷LúNHQOL÷LQH�NDUúÕ�
GDKD� GX\DUOÕ� ROPDVÕQÕ� VD÷OD\DFDN� DNÕOOÕ� YH� GLQDPLN� ELU� PRGHO� DOJRULWPDVÕ�
|QHULOPLúWLU�� gQHULOHQ� PRGHOLQ� DQDOLWLN� IRUP�OOHUL� oÕNDUÕOPÕú�� ELOJLVD\DU�
RUWDPÕQGD�VLP�ODV\RQODUÕ�\DSÕODUDN�JHoHUOLOL÷L�WHVW�HGLOPLú�YH�PRGHOLQ�GR÷UX�
VRQXoODU��UHWWL÷L� J|]OHQPLúWLU��dDOÕúPD� VRQXFXQGD� VWRN� VHYL\HOHULQLQ��053�
VLVWHPOHUL�DUNDVÕQGD�oDOÕúDFDN�GLQDPLN�YH�DNÕOOÕ�DOJRULWPDODU��]HULQGHQ�DúD÷Õ�
DOÕQDELOHFH÷L�VRQXFXQD�XODúÕOPÕúWÕU���

$QDKWDU�.HOLPHOHU� 'LQDPLN�(24��053�$OJRULWPDVÕ��6WRN�<|QHWLPL��


'U�� g÷U�� h\HV൴�� )HQHUEDKoH� hQ൴YHUV൴WHV൴�� 0�KHQG൴VO൴N� YH� 0൴PDUOÕN� )DN�OWHV൴�� (QG�VWU൴

0�KHQG൴VO൴÷൴�%|O�P���/XWIL�DSLOLRJXOODUL#OHDQRILV�FRP��2UFLG�1R����������������������

0DNDOH�*|QGHULOPH�7DULKL�����1LVDQ������0DNDOH�.DEXO�7DULKL����(NLP������
0DNDOH�7�U���$UDúWÕUPD�0DNDOHVL
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2QH� RI� WKH� PDLQ� LVVXHV� LQ� PDQXIDFWXULQJ� LQGXVWU\� LV� PDWHULDOV� VWRFN�
PDQDJHPHQW�DQG�RSWLPL]DWLRQ�VXEMHFW��,Q�PDQ\�PDQXIDFWXULQJ�EXVLQHVVHV�LW�
FDQ�KDYH�VHHQ�H[FHVV�DQG�REVROHWH�PDWHULDOV�LQ�WKHLU�ZDUHKRXVH�GXH�WR�XVLQJ�
RI� H[LVWLQJ� PDWHULDOV� SODQQLQJ� DOJRULWKP� WKDW� LV� QRW� VXLWDEOH� IRU� G\QDPLF�
HQYLURQPHQWV�� 7KLV� UHVXOW� DIIHFWV� FRPSDQ\¶V� EXVLQHVV� UHVXOWV� LQ� D� QHJDWLYH�
ZD\�� ,W� FDXVHV�ZRUNLQJ� FDSLWDO� WR� EH� VSHQW� RQ� VWRFNV�� LQFUHDVLQJ� RSHUDWLQJ�
FRVWV�DQG�SURGXFWLRQ�WLPH��

6WDWLF� HRT� �(FRQRPLF� 2UGHU� 4XDQWLW\�� PRGHOV� UXQQLQJ� LQ� FODVVLF� PDWHULDO�
UHTXLUHPHQW� 3ODQQLQJ� �053�� VRIWZDUH� FDQ� EH� D� VXLWDEOH� DOWHUQDWLYH� WR�
LQYHQWRU\�PDQDJHPHQW�ZKHQ�GHPDQG�LV�FRQVWDQW�DQG�SUHGLFWDEOH��%XW�LQ�WKH�
IDFH� RI� GHPDQG� YDULDELOLW\�� LW� FDQQRW� DOZD\V� SURGXFH� YHU\� DFFXUDWH� UHVXOWV�
DQG�LQYHQWRU\�OHYHOV�FDQQRW�EH�UHGXFHG�WR�WKH�GHVLUHG�OHYHOV��,Q� WKH�IDFH�RI�
WKLV� VLWXDWLRQ��EXVLQHVVHV�QHHG� WR�FRQVWDQWO\�PRQLWRU� WKH�FKDQJH� LQ�GHPDQG�
IURP�053� V\VWHPV� DQG� FRQVWDQWO\� XSGDWH� WKH� RUGHU� TXDQWLWLHV� DQG� UHRUGHU�
OHYHOV� RI�PDWHULDOV�ZKHQ� QHFHVVDU\�� VR� WKDW� WKH\� FDQ� GHWHUPLQH� WKH� FRUUHFW�
RUGHU�TXDQWLW\�HDFK�WLPH��&RQVLGHULQJ�WKDW�WKHUH�DUH�WKRXVDQGV�RI�PDWHULDOV�LQ�
WKH� RSHUDWLQJ� VWRFNV�� LW� VHHPV� XQOLNHO\� WKDW� WKLV� SURFHVV� FDQ� EH� GRQH�ZLWK�
KXPDQ�ODERU��

,Q�WKLV�VWXG\��DQ�LQWHOOLJHQW�DQG�G\QDPLF�PRGHO�DOJRULWKP�KDV�EHHQ�SURSRVHG�
WKDW�ZLOO� DOORZ�WKH�PDWHULDO�QHHGV�SODQQLQJ�SURFHVV� WR�EH�PRUH� VHQVLWLYH� WR�
GHPDQG� YDULDELOLW\�� $QDO\WLFDO� IRUPXODV� RI� WKH� SURSRVHG� PRGHO� ZHUH�
H[WUDFWHG��WKHLU�YDOLGLW\�ZDV�WHVWHG�E\�SHUIRUPLQJ�VLPXODWLRQV�LQ�D�FRPSXWHU�
HQYLURQPHQW��DQG�LW�ZDV�REVHUYHG�WKDW�WKH�PRGHO�SURGXFHG�DFFXUDWH�UHVXOWV��
$V�D� UHVXOW�RI� WKH� VWXG\�� LW�ZDV�FRQFOXGHG� WKDW�VWRFN� OHYHOV�FDQ�EH� ORZHUHG�
WKURXJK� G\QDPLF� DQG� LQWHOOLJHQW� DOJRULWKPV� WKDW� ZLOO� ZRUN� EHKLQG� 053�
V\VWHPV��

.H\ZRUGV��'\QDPLF�(24��053�$OJRULWKP��6WRFN�0DQDJHPHQW�

*LULú�

0DO]HPH� LKWL\Do� SODQODPDVÕ� YH� VWRN� \|QHWLPL� NRQXVX� �UHWLP� HQG�VWULVL�
LúOHWPHOHULQLQ�VÕNÕ�WDNLS�HWWL÷L�NRQXODUÕQ�EDúÕQGD�JHOPHNWHGLU��6�UHNOL�GH÷LúHQ�
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YH�|QJ|U�OHPH\HQ�P�úWHUL�EHNOHQWLOHULQH�]DPDQÕQGD�KÕ]OÕ�FHYDS�YHUHELOPHN�
LoLQ� ED]Õ� PDO]HPHOHULQ� V�UHNOL� VWRNODUGD� ROPDVÕ� LVWHQLUNHQ�� RSHUDV\RQHO�
YHULP�YH�NDUOÕOÕN�DoÕVÕQGDQ� LVH�PDO]HPH�VWRNODUÕQÕQ�RODELOGL÷LQFH�D]�ROPDVÕ�
JHUHNOLGLU� �$SLOLR÷XOODUÕ�� ������� %LU� SDUDGRNVD� EHQ]H\HQ� EX� V�UHFLQ� HWNLQ�
\|QHWLPL�� J�Q�P�]� UHNDEHW� NRúXOODUÕQGD� JLGHUHN� GDKD� ID]OD� |QHP� DU]�
HWPHNWHGLU��

*�Q�P�]��UHWLP� LúOHWPHOHULQGH� EX�V�UHFLQ� HWNLQ� \|QHWLOHELOPHVL� LoLQ�053�
�0DWHULDO� 5HTXLUHPHQW� 3ODQQLQJ�� \D]ÕOÕPODUÕQGDQ� ID\GDODQÕOPDNWDGÕU�
�0DVVDKLDQ� YH� *RGLFKDXG�� ������� %X� \D]ÕOÕPODUÕQ� WHPHO� oDOÕúPD� SUHQVLEL�
PDO]HPH� VWRN� PLNWDUÕQÕQ� EHOLUOHQHQ� VHYL\HQLQ� DOWÕQD� G�úW�÷�QGH� �5R3��
5HRUGHU� 3RLQW��� WDQÕPODQDQ� NDGDU� VLSDULúLQ� �4�� 2UGHU� 4XDQWLW\�� RWRPDWLN�
RODUDN� VLVWHP� WDUDIÕQGDQ� DoÕOPDVÕ� NRQVHSWLQH� GD\DQÕU� �$SLOLR÷XOODUÕ�� �������
45� SROLWLNDVÕ� RODUDN� WDQÕPODQ� EX� VLVWHPGH� DQD� WHPD� VWRN� VHYL\HVL� µ5¶� QLQ�
DOWÕQD�G�úW�÷�QGH�µ4¶�NDGDU�VLSDULúLQ�DoÕOPDVÕGÕU��6DUNDU����������

45� VWUDWHMLVLQLQ� HWNLQ� oDOÕúDELOPHVL� LoLQ�053� VLVWHPLQH� KHU� PDO]HPH� LoLQ�
µ4¶� YH� µ5¶� GH÷HUOHULQLQ� JLULOPHVL�� JLULOPHVL� LoLQ� KHVDSODQPDVÕ�EHOLUOHQPHVL�
JHUHNOLGLU��+HVDSODPD�\D�GD�EHOLUOHPH�NDSVDPÕQGD�WHPHOGH�LNL�W�U�\DNODúÕP�
YDUGÕU�� ��6H]JLVHO�� ��$QDOLWLN� \DNODúÕP�� 6H]JLVHO� \DNODúÕP� GHQH\LPOHU� YH�
WDKPLQOHU�VRQXFXQGD�HOGH�HGLOHQ�YDUVD\ÕPODU�LOH�HOGH�HGLOLU��$QFDN��\DQÕOPD�
SD\Õ� ROGXNoD� \�NVHNWLU�� $QDOLWLN� \DNODúÕPGD� LVH� JHOHFHN� WDKPLQOHPHVL� YH�
VLVWHPH�JLULOHFHN�µ4¶�YH�µ5¶�GH÷HUOHUL�PDWHPDWLNVHO�PRGHOOHPHOHU��]HULQGHQ�
\DSÕOÕU� �/HYL� YH� .DPLQVNL�� ������� gUQH÷LQ�� LúOHWPH� DoÕVÕQGDQ� RSWLPXP�

VLSDULú� PLNWDUÕQÕQ� EXOXQDELOPHVL� LoLQ� � ൌ ට
ଶ


� � � IRUP�O�QGHQ�� \HQLGHQ�

VLSDULú� VHYL\HVLQLQ� EHOLUOHQHELOPHVL� LoLQ ܴܲ ൌ


ଷ
ݔ �ܶܮ � IRUP�OOHULQGHQ�

ID\GDODQÕOÕU� �$SLOLR÷XOODUÕ�� �������$QDOLWLN� \|QWHPOHUOH� VH]JLVHO� \|QWHPOHUH�
J|UH� GDKD� oRN� WXWDUOÕ� VRQXoODU� HOGH� HGLOLU�� 45� SROLWLNDVÕQÕQ� 053� VLVWHPL�
�]HULQGHQ� HWNLQ� ELU� úHNLOGH� \�U�W�OPHVL� LoLQ� 4� YH� 5� PLNWDUODUÕQÕQ� GR÷UX�
ROPDVÕ� LON� NRúXOGXU�� d�QN�� 053� VLVWHPLQH� KDQJL� PLNWDU� WDQÕPODQPÕú� LVH�
VLVWHP�R�NDGDUOÕN�VLSDULú�DoDU��45�SROLWLNDVÕ�LoLQ�JHUHNOL�RODQ�LNLQFL�|Q�NRúXO�
LVH� GH÷LúHQ� WDOHSOHU� GR÷UXOWXVXQGD� GH÷LúLP� J|VWHUHQ� 4� YH� 5� PLNWDUODUÕQÕQ�
J�QFHOOHQHUHN�053�VLVWHPLQH�\HQLGHQ� WDQÕPODQPDVÕQÕQ�JHUHNOLOL÷LGLU��(÷HU�
VLVWHPH�ELU�P�GDKDOHGH�EXOXQXOPD]�LVH�053�VLVWHPL�V�UHNOL�RODUDN�|QFHGHQ�
WDQÕPODQPÕú� 4� YH� 5� GH÷HUOHUL� �]HULQGHQ� V�UHFL� \|QHWLU�� $QFDN�� 4� YH� 5�
KHVDSODQPDVÕQGD�NXOODQÕODQ�YH�IRUP�O��HWNLOH\HQ�ELOHúHQOHU�]DPDQOD�GH÷LúLU��
%XQXQ� VRQXFXQGD� 4� YH� 5� GH÷HUOHUL� GH� GH÷LúLP� J|VWHULU�� gUQH÷LQ�� µ4¶�
KHVDSODPDVÕ� IRUP�O�QGHNL� µ.��7DOHS¶�PLNWDUÕQÕQ�GH÷LúNHQ�ROPDVÕ�GR÷UXGDQ�
µ4¶�VLSDULú�PLNWDUÕQÕQ�GH÷LúLPLQH�QHGHQ�ROPDNWDGÕU���



�ǯȱ��G�G�<������ȱ
,�tȱ���¢��ȱ��������ȱ������û�ûȱ�������Ȧȱ�������ȱ��ȱ���������ȱ��ȱ������ȱ��������ȱ
����Ǳȱŗŗǰȱ��¢ÍǱȱŘǰȱ��Í�ȱŘŖŘŖȱȦȱ������Ǳȱŗŗǰȱ�����ǱȱŘǰȱ��������ȱŘŖŘŖǱȱřŚřȬřśşǯȱ

����

$QFDN��053�VLVWHPOHUL� µ4¶�KHVDSODPDVÕQÕ�PDO]HPH�VLVWHPH� WDQÕWÕOÕUNHQ�ELU�
GHID\D�PDKVXV� \DSPDNWD�� LOHUOH\HQ� G|QHPOHUGHNL� VLSDULú�PLNWDUODUÕQÕ� WDOHS�
GDOJDODQPDODUÕQGDNL� GH÷LúLPOHUL� J|]� |Q�QH� DOPDGDQ� LON� VHIHU� \DSÕODQ�
KHVDSODPDGDNL� GH÷HUOHU� �\HQLGHQ� VLSDULú� VHYL\HVL� YH� VLSDULú� PLNWDUÕ��
�]HULQGHQ� EHOLUOHPHNWHGLU�� %XQXQ� VRQXFXQGD� µ4¶� VLSDULú� PLNWDUÕ� WDOHS�
GH÷LúNHQOL÷LQH� NDUúÕ� GX\DUOÕ� RODPDPDNWD�� V�UHNOL� YH� VDELW� RODUDN� LON�
KHVDSODQDQ�GH÷HUOHU��]HULQGHQ�VLSDULú�DoPDNWD�YH�EX�GXUXP�VWRN�D]OÕ÷ÕQD�\D�
GD� ID]ODOÕ÷ÕQD� VHEHS� RODELOPHNWHGLU�� %X� GXUXPXQ� HWNLVLQL� D]DOWPDN� LoLQ�
PDO]HPH� SODQODPDFÕODU� ]DPDQ� ]DPDQ�PDQXHO� \|QWHPOHUOH�PDO]HPHOHULQ�4�
YH� 5� GH÷HUOHULQL� GH÷LúWLUPHN� LVWHVH� GH� ED]Õ� LúOHWPHOHUGH� ELQOHUFH�PDO]HPH�
ROGX÷X� G�ú�Q�OG�÷�QGH� EX� V�UHFLQ� LQVDQ� J�F�� LOH� VD÷OÕNOÕ� YH� HIHNWLI�
\DSÕODELOPHVL�SHN�RODQDNOÕ�GH÷LOGLU��(\QDQ�YH�.URSS���������

øúOHWPHOHULQ� EX� VRUXQXQX� o|]HELOPHN� YH� VWRN� PLNWDUODUÕQÕ� ROPDVÕ� JHUHNHQ�
VHYL\HOHUGH� WXWDELOPHOHUL� LoLQ� 053� VLVWHPLQLQ� V�UHNOL� J�QFHO� 4� YH� 5�
GH÷HUOHUL\OH� oDOÕúÕU� GXUXPGD� ROPDVÕ� JHUHNOLGLU�� %XQXQ� LoLQ� GH� 053�
VLVWHPLQLQ� KHU� PDO]HPHQLQ� 4� YH� 5� GH÷HUOHULQL� GH÷LúHQ� NRúXOODU� DOWÕQGD�
V�UHNOL� J�QFHOOHPHVL� JHUHNOLGLU�� %X� GD� DQFDN� 053� VLVWHPLQLQ� DUNDVÕQGD�
RWRPDWLN�oDOÕúDFDN�ELU�DOJRULWPD�LOH�JHUoHNOHúWLULOHELOLU��

'H÷LúLPH�HWNL�HGHQ�WDOHS��.���VLSDULú�PDOL\HWL��'���WHVOLPDW�V�UHVL��/7���VWRN�
PDOL\HWL� �KF��JLEL�ELUoRN�IDNW|U�YDUGÕU��%X�oDOÕúPDGD�GH÷LúLPH�HQ�NROD\�VÕN�
HWNL� HGHQ� WDOHS�GDOJDODQPDODUÕ� �.��NDUúÕVÕQGD� �GL÷HU� IDNW|UOHU�EX� oDOÕúPDGD�
VDELW� NDEXO� HGLOPLúWLU�� J�QFHO� 4� GH÷HULQL� KHVDSOD\DUDN�� KHU� VLSDULú�
G|QHPLQGH�J�QFHO�4�GH÷HULQH�J|UH�VLSDULú�ELOJLVL�YHUHQ�ELU�DOJRULWPD�PRGHOL�
|QHULVLQGH� EXOXQXOPXú�� PRGHO� H[FHO� �]HULQGH� VLP�ODV\RQD� WDEL� WXWXODUDN�
oDOÕúÕUOÕ÷Õ� WHVW� HGLOPLúWLU�� gQHULOHQ� DOJRULWPDQÕQ� 053� VLVWHPLQH� HQWHJUH�
HGLOPHVL�LOH�053�VLVWHPL�KHU�\HQLGHQ�VLSDULú�VHYL\HVLQH�JHOLQGL÷LQGH��JHoPLú�
YHULOHUL�ED]�DODUDN�J�QFHO�4�YH�5�GH÷HUOHULQL�NHQGLVL�KHVDSOD\DELOLU�YH�LQVDQ�
P�GDKDOHVLQH�JHUHN�NDOPDGDQ�GR÷UX�4�VHYL\HOHUL\OH�VLSDULúOHU�DoÕODUDN��VWRN�
\|QHWLPLQGH�G�]HQOHPH�\DSÕODELOLU���

���0DO]HPH�3ODQODPD�YH�(NRQRPLN�6LSDULú�0LNWDUÕ�

0DO]HPH� SODQODPDVÕ� KHU� PDO]HPH� JUXEX� LoLQ� IDUNOÕ� úHNLOGH� \DSÕOÕU�� +HU�
�U�QGH� RODQ� \D� GD� oRN� VÕN� NXOODQÕODQ� ELU� PDO]HPH� LOH� ROGXNoD� QDGLU�
NXOODQÕODQ� ELU� PDO]HPHQLQ� VWRN� SODQODPDVÕ� D\QÕ� úHNLOGH� \DSÕOPD]��
0DO]HPHQLQ� NXOODQÕP� VÕNOÕ÷Õ�� SDKD� GH÷HUL�� KDFPL� JLEL� IDNW|UOHULQ�PDO]HPH�
SODQODPD�V�UHFLQGH�HWNLOHUL�YDUGÕU��

%X�oDOÕúPDGD�W�NHWLP�PLNWDUÕ�NULWHULQH�J|UH�WHGDULN�HGLOHQ�PDO]HPH�JUXSODUÕ�
LoLQ�LUGHOHPHOHUGH�EXOXQXOPXúWXU��

����$%&�$QDOL]L��
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øúOHWPH� LoLQGH� NXOODQÕODQ� PDO]HPHOHUL� JUXSODPDN� LoLQ� IDUNOÕ� \|QWHPOHU�
NXOODQÕOÕU�� $%&� DQDOL]L� PDO]HPHOHULQ� W�NHWLP� PLNWDUÕQD� J|UH�
JUXSODQGÕUÕOPDVÕ� \|QWHPLGLU��$%&�DQDOL]LQGH�PDO]HPHOHU� SDUHWR� DQDOL]L� LOH�
�o�DQD�JUXED�D\UÕOÕUODU��$��%�YH�&�JUXSODUÕ��/HYL�YH�.DPLQVNL���������

ùHNLO����3DUHWR�<|QWHPL\OH�$%&�$QDOL]L�

$�*UXEX��7RSODP�PLNWDUÕQ�LON�\�]GH���¶ÕQD�JLUHQ��NXOODQÕPÕ�oRN�VÕN�YH�KHU�
]DPDQ� LúOHWPH� VWRNODUÕQGD� ROPDVÕ� EHNOHQHQ�PDO]HPHOHUGLU�� %X�PDO]HPHOHU�
µoRN�NXOODQÕODQ��KLJK�UXQQHU�¶�RODUDN�WDQÕPODQÕU���

%�*UXEX�� %X� JUXED� JLUHQ� SDUHWR� DQDOL]LQGH� \�]GH� ��� LOH� \�]GH� ��� DUDVÕQÕ�
ROXúWXUXUODU�� 1H� oRN� VÕN� QH� GH� ROGXNoD� D]� NXOODQÕOÕUODU�� %X� JUXED� JLUHQ�
PDO]HPHOHU� µWHNUDU� HGHQ� �UHSHDWHU�¶� RODUDN� WDQÕPODQÕUODU� YH� VWRNODUGD� ROXS��
ROPDPDVÕ�LúOHWPH�VWUDWHMLVLQH�J|UH�GH÷LúNHQOLN�J|VWHUHELOLU��

&� *UXEX�� 6LSDULúH� ED÷ÕPOÕ� RODUDN� QDGLUHQ� \D� GD� oRN� D]� NXOODQÕODQ�
PDO]HPHOHUGLU�� %X� PDO]HPHOHU� JHQHOGH� VWRNODUGD� EXOXQGXUXOPD]�� 6LSDULúH�
J|UH�WHGDULN�HGLOLUOHU�YH�µD]�NXOODQÕODQ��VWUDQJHU�¶�RODUDN�WDQÕPODQÕUODU���

����(NRQRPLN�6LSDULú�0LNWDUÕ��(24��

$� JUXEX� PDO]HPHOHU� KHU� GDLP� VWRNWD� EXOXQPDVÕ� JHUHNHQ�� G�]HQOL� WHGDUL÷L�
RODQ� PDO]HPHOHUGLU�� %X� JUXED� JLUHQ� PDO]HPHOHULQ� VWRN� SR]LV\RQODPDVÕ� YH�
WHGDULN�HWPH�VWUDWHMLOHULQLQ�RSHUDV\RQHO�NDUOÕOÕ÷D�GR÷UXGDQ�HWNLVL�YDUGÕU��/HYL�
YH� .DPLQVNL�� ������� *HUHN� PDO]HPH\L� JHUH÷LQGHQ� ID]OD� DOPDPDN� JHUHNVH�
VDWÕQ�DOPD�PDOL\HWOHULQL�DVJDUL�G�]H\H�oHNHELOPHN� LoLQ�EX�V�UHFLQ�RSWLPXP�
VHYL\HOHUGH� \|QHWLOPHVL� JHUHNLU� �*KDVHPL� YH� 1DGMDIL�� ������ 7HGDULN�
V�UHFLQGH�VDWÕQ�DOPD�V�UHFL�PDOL\HWL�LNL�ELOHúHQGHQ�ROXúXU�����6WRN�PDOL\HWL��
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��� 6LSDULú� YHUPH� PDOL\HWL�� +HU� LNL� PDOL\HWLQ� WRSODPÕ� JHUoHN� PDOL\HWL�
ROXúWXUXU�� øGHDOGH� WRSODP�PDOL\HWLQ� HQ� G�ú�N� ROGX÷X� \HU� HNRQRPLN� VLSDULú�
YHUPH�PLNWDUÕ�RODUDN�WDQÕPODQÕU�YH�(24�LOH�J|VWHULOLU��+RVVHLQ�YH� �+RVHLQ��
�������

ùHNLO����(NRQRPLN�6LSDULú�0LNWDUÕ��(24��

(NRQRPLN�VLSDULú�PLNWDUÕ�KHVDSODPDVÕQGD�NXOODQÕODQ�QRWDV\RQODU�7DEOR��¶GH�
EHOLUWLOPLúWLU��

7DEOR�����1RWDV\RQODU�

ܭ '|QHPVHO�WDOHS��

Ǥܦ %LULP�VLSDULú�YHUPH�PDOL\HWL�

݄ୡ %LULP�VWRN�HOGH�WXWPD�PDOL\HWL�

ܳ (NRQRPLN� VLSDULú� PLNWDUÕ� �(24��
(FRQRPLFDO�2UGHU�4XDQWLW\��

��� 6WRNWD�WXWPD�PDOL\HWL�

��� 6LSDULú�YHUPH�PDOL\HWL�

670� �&DUU\LQJ� &RVW��� HOGH� WXWPD� PDOL\HWL� �KROGLQJ� FRVW�� YH� PDO]HPHQLQ�
VWRNWD�QH�NDGDU�V�UH�NDOGÕ÷Õ� LOH�LOLQWLOLGLU�� �6WRN�PLNWDUÕ�DUWÕNoD�VWRNWD�WXWPD�
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PDOL\HWL� GH� DUWDU�� +HU� VHIHULQGH� 4� PLNWDUÕQGD� VLSDULú� YHULOLS�� VWRN� PLNWDUÕ�
VÕIÕUD�LQGL÷LQGH�\HQLGHQ�4�PLNWDUÕQGD�VLSDULú�DoÕODFD÷Õ�G�ú�Q�O�UVH�RUWDODPD�
VWRN�PLNWDUÕ� �4���� ��� IRUP�O�QGHQ�4��� ROGX÷X� KHVDSODQÕU�� 2UWDODPD� VWRN��
HOGH�WXWPD�PDOL\HWL�LOH�oDUSÕODUDN�VWRNWD�WXWPD�PDOL\HWL�KHVDSODQÕU��

��� ൌ
ொ

ଶ
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690��2UGHULQJ�&RVW��� NDo�GHID� VLSDULú�YHULOGL÷L� YH�'� LOH� LOLQWLOLGLU��6LSDULú�
PLNWDUÕ�DUWÕNoD�VLSDULú�YHUPH�PDOL\HWL�D]DOÕU���

��� ൌ
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%LUoRN� ILUPD� VLSDULú� YHUPH� PDOL\HWOHULQL� DúD÷Õ� oHNHELOPHN� LoLQ� VLSDULú�
E�\�NO�÷�Q�� DUWÕUÕU�� $QFDN� EX� \|QWHP� D\QÕ� ]DPDQGD� VWRN� PLNWDUÕQÕ� GD�
DUWÕUDFD÷Õ� LoLQ� VWRNWD� WXWPD� PDOL\HWOHUL� GH� DUWDU�� %X� GXUXPXQ� WDP� DNVL�
GXUXPGD�\DQL�VLSDULúLQ�N�o�N�YH�oRN�VÕN�YHULOPHVL�GXUXPXQGD�VWRNWD�WXWPD�
PDOL\HWOHUL� D]DOÕUNHQ��VLSDULú�YHUPH�PDOL\HWOHUL� DUWDU��%X�QHGHQOH�HNRQRPLN�
VLSDULú�PLNWDUÕ�KHU�LNL�PDOL\HWLQ�HúLW�ROGX÷X�\D�GD�WRSODP�PDOL\HWLQ�HQ�G�ú�N�
ROGX÷X�\HU�RODUDN�WDQÕPODQÕU��

��� ൌ ܯܶܵ
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/LWHUDW�UGH�� HNRQRPLN� VLSDULú� PLNWDUÕ� YH� GLQDPLN� PRGHOOHPH� �]HULQH�
ROGXNoD� oDOÕúPD� \DSÕOPDVÕQD� NDUúÕQ� 053� DUNDVÕQGD� oDOÕúDFDN� WDOHS�
GH÷LúLPLQH� GX\DUOÕ� DNÕOOÕ� DOJRULWPD� WDVDUÕPÕ� �]HULQH� oRN� ID]OD� VD\ÕGD�
oDOÕúPD\D�UDVWODQPDPÕúWÕU���$JDUZDO���������oDOÕúPDVÕQGD�VDELW�SHUL\RW��VDELW�
PLNWDU� �]HULQH� KLEULG� PRGHO� oDOÕúPDODUÕ� \DSPÕú� DQFDN� |QHULOHQ� VLVWHPLQ�
GH÷LúLPH� NDUúÕ� GX\DUOÕOÕ÷ÕQD� GH÷LQPHPLúWLU�� *KDVHPL� ������� LVH� VLSDULú�
PLNWDUÕQÕQ� GH÷LúLPLQL� VWRNXQ� HOGH� WXWXOPDVÕ� DoÕVÕQGDQ�� &KDQJ� ������� WDOHS�
GH÷LúLPLQLQ� VLSDULú� PLNWDUÕQD� HWNLVLQL� LUGHOHPLú�� V�UHFL� IRUP�O�]H� HWPLú�
DQFDN�053�LOH�LOLúNLVLQH�GH÷LQPHPLúWLU���
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���gQHULOHQ�$OJRULWPD��

0RGHO� |QHULOPHGHQ� |QFH� JHUHNOLOL÷LQLQ� DUDúWÕUÕOPDVÕ� V�UHFLQGH� 053�
NXOODQDQ� RWX]� �UHWLP� LúOHWPHVL� PDO]HPH� SODQODPD� \|QHWLFLVL� LOH� ELUHELU�
J|U�úPHOHU�\DSÕOPÕú�YH�úX�VRUXODU�VRUXOPXúWXU��

����$QNHW�6RUXODUÕ�YH�'H÷HUOHQGLUPHVL�

$QNHWWH� WRSODP� �o� VRUX� VRUXOPXúWXU�� (24� KHVDSODPDVÕQÕ� QDVÕO�
\DSÕ\RUVXQX]"�6H]JLVHO���$QDOLWLN�

053� GH� (24� J�QFHOOHPHVL� \DSÕOÕ\RU� PXGXU"� <DSÕOÕ\RU� LVH� 053� VLVWHPL�
NHQGLVL� PL� J�QFHOOL\RU� \RNVD� VL]� PDQXHO� PL� \DSÕ\RUVXQX]"� 053�
VLVWHPLQL]LQ� RWRPDWLN� RODUDN� (24� GH÷HULQL� KHVDSODPDVÕQÕ� YH� EXQX� KHU�
VLSDULú� |QFHVL� J�QFHO� DQDOLWLN� VRQUDVÕQGD� NHQGLOL÷LQGHQ� \DSPDVÕQÕ� LVWHU�
PL\GLQL]"�.HVLQOLNH�HYHW��RODELOLU��JHUHN�\RN��

2WX]�IDUNOÕ�LúOHWPHGH�\DSÕODQ�DQNHW�VRQXoODUÕQD�J|UH�LúOHWPHOHULQ�\LUPL�G|UW�
WDQHVLQGH� DQDOLWLN� (24� KHVDSODPDVÕ� \DSPDGDQ�� VH]JLVHO� \DNODúÕPODU�
�]HULQGHQ�053�VLVWHPLQH�\HQLGHQ�VLSDULú� VHYL\HVL� �5R3��YH� VLSDULú�PLNWDUÕ�
�RUGHU� TXDQWLW\�� ELOJLVLQL� JLUPHNWH� ROGX÷X�� JHUL� NDODQ� DOWÕ� LúOHWPHQLQ� (24�
KHVDSODPDVÕQÕQ�053� VLVWHPL� �]HULQGHQ� DQDOLWLN� RODUDN� \DSÕOGÕ÷Õ�� (24� YH�
\HQLGHQ� VLSDULú� VHYL\HVL� J�QFHOOHPHVLQLQ� KLoELU� LúOHWPHQLQ� 053¶VLQGH�
RWRPDWLN� \DSÕOPDGÕ÷Õ�� VDGHFH� �� LúOHWPHGH� G�]HQOL� DUDOÕNODU� LOH� EX� LúOHPLQ�
PDQXHO� RODUDN� \DSÕOGÕ÷Õ�� (24� J�QFHOOHPHVLQLQ� RWRPDWLN� RODUDN� VLVWHP�
WDUDIÕQGDQ�\DSÕODELOPHVLQLQ�ROXPOX�RODFD÷Õ�L]OHQLPL�HGLQLOPLúWLU��+HU�LúOHWPH�
053�VLVWHPLQLQ�RWRPDWLN�RODUDN�(24�KHVDEÕ�\DSPDVÕ�VRUXVXQD�HYHW�FHYDEÕ�
YHUPLúWLU��%XUDGDQ�oÕNDQ�VRQXFD�J|UH�RWRPDWLN�(24�KHVDSODPDVÕ�\DSDQ�ELU�
DOJRULWPDQÕQ�ELU�JHUHNVLQLP�ROGX÷X�J|U�OPHNWHGLU��

����gQHULOHQ�$OJRULWPDQÕQ�dDOÕúPD�3UHQVLEL�

$OJRULWPDQÕQ� WHPHOLQGH� KHU� VLSDULú� YHUPH� V�UHFLQGH� 4� YH� 5� GH÷HUOHULQLQ��
GLQDPLN� RODUDN� \HQLGHQ� KHVDSODQPDVÕ� PDQWÕ÷Õ� \DWPDNWDGÕU�� 6LVWHP� ELU�
WDKPLQ�\D�GD�ELU�KHVDSODPD\D�GD\DOÕ� HOGH� HGLOHQ� UHIHUDQV�YHULOHU� LOH� V�UHFH�
EDúODPDNWDGÕU��=DWHQ�QRUPDO�úDUWODUGD�GD�053�VLVWHPOHULQH�ELU�GHID�JLULOHQ�
4� YH� 5� GH÷HUOHULQLQ� KHVDSODQPDVÕQGD� NXOODQÕODQ� .� GH÷HUL� LoLQ� |QJ|U�GH�
EXOXQXODUDN� KHVDSODPDODU� \DSÕOPDNWDGÕU��2� QHGHQOH� DOJRULWPDQÕQ� EDúODQJÕo�
GH÷HUL�LOH�QRUPDO�úDUWODUGD�HOGH�HGLOHQ�4�YH�5�GH÷HUOHUL�DUDVÕQGD�IDUN�\RNWXU���

$OJRULWPDQÕQ� HQ� |QHPOL� NDUDNWHULVWL÷L� EDúODQJÕoWD� VWRNWD� 4� NDGDU� EXOXQDQ�
PDO]HPH�PLNWDUÕQÕQ� W�NHWLP� VRQXFXQGD� \HQLQGHQ� VLSDULú� YHUPH� VHYL\HVLQH�
G�úW�÷�QGH��ELU�VRQUDNL�VLSDULúL�DoPDGDQ�|QFH�R�]DPDQD�NDGDU�RODQ�JHUoHN�
W�NHWLP� PLNWDUÕQD� J|UH� RUWDODPD� J�QO�N� W�NHWLPL� KHVDSODPDVÕ�� J�QO�N�
W�NHWLPL����� LOH� oDUSDUDN� �ELU� \ÕO� ����DOÕQPÕúWÕU�� \HQL�\ÕOOÕN� WDOHS�PLNWDUÕQÕ�
�.Q�� KHVDSODPDVÕ� YH� \HQL� .Q� GH÷HULQH� J|UH� DoÕODFDN� \HQL� VLSDULú� VHYL\HVL�



�ǯȱ��G�G�<������ȱ
,�tȱ���¢��ȱ��������ȱ������û�ûȱ�������Ȧȱ�������ȱ��ȱ���������ȱ��ȱ������ȱ��������ȱ
����Ǳȱŗŗǰȱ��¢ÍǱȱŘǰȱ��Í�ȱŘŖŘŖȱȦȱ������Ǳȱŗŗǰȱ�����ǱȱŘǰȱ��������ȱŘŖŘŖǱȱřŚřȬřśşǯȱ

����

�4Q�� LOH� ELU� VRQUDNL� \HQLGHQ� VLSDULú� DoPD� VHYL\HVL� GH÷HUOHULQLQ�
KHVDSODPDVÕGÕU��$OJRULWPD�EX�LúOHPL�KHU�\HQLGHQ�VLSDULú�DoPD�G|QHPLQGH��R�
DQD� NDGDU� RODQ� W�P� JHoPLú� YHULOHUL� NXOODQDUDN� KHVDSODPD� \DSWÕ÷Õ� LoLQ� KHU�
\HQL�VLSDULú�G|QHPLQGH�GDKD�GR÷UX�VRQXoODU��UHWHELOPHNWHGLU���

0RGHOGH�NXOODQÕODQ�QRWDV\RQODU�7DEOR��¶GH�EHOLUWLOPLúWLU��

7DEOR����$OJRULWPDGD�.XOODQÕODQ�1RWDV\RQODU�

୬ܭ '|QHPVHO� WDOHS� �EDúODQJÕo� |Q� J|U�V�� ��ܭ � LOHULOL� G|QHP�
KHVDSODPDODUÕܭ�୬��

ܳ୬

ܳ ൌ ඨ
ܦܭʹ

݄ୡ

'|QHPVHO� HNRQRPLN� VLSDULú� PLNWDUÕ� �EDúODQJÕo� |QJ|U�V�� ܳ���
LOHULNL�G|QHP�KHVDSODPDODUÕ�ܳ୬��

Ǥܦ %LULP� VLSDULú� YHUPH� PDOL\HWL� �EX� oDOÕúPDGD� GH÷LúPHGL÷L�
YDUVD\ÕOPÕúWÕU��

݄ୡ %LULP� VWRN� HOGH� WXWPD� PDOL\HWL� �EX� oDOÕúPDGD� GH÷LúPHGL÷L�
YDUVD\ÕOPÕúWÕU��

ܴ ୬ܲ '|QHPVHO� \HQLGHQ� VLSDULú� YHUPH� PLNWDUÕ� �EDúODQJÕo� KHVDSODPDVÕ�
ܴ ܲ���LOHULOL�G|QHP�KHVDSODPDODUÕ�ܴܱ୬��

ܴ ܲ ൌ
బ

ଷ
ݔ ܶܮ

ݐ 6�UHFLQ�EDúODWÕOGÕ÷Õ�LON�UHIHUDQV�WDULK��

୬ݐ '|QHP� LoLQ� VWRN� PLNWDUÕQÕQ� \HQLGHQ� VLSDULú� YHUPH� VHYL\HVLQH�
G�úW�÷��WDULK��

ݐ' 7RSODP�JHoHQ�V�UH�'ݐ ൌ ݐ െ ݐ

݀ܿ୬ '|QHPVHO�J�QO�N�W�NHWLP�PLNWDUÕ�

�� 6LSDULú�YHUPH�LOH�JHOPHVL�DUDVÕQGD�JHoHQ�V�UH��EX�oDOÕúPDGD�VDELW�
DOÕQPÕúWÕU����
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ùHNLO���gQHULOHQ�'LQDPLN�45�$OJRULWPDVÕ�

����$OJRULWPDQÕQ�dDOÕúPDVÕ�YH�+HVDSODPDODU��

%DúODQJÕo�SHUL\RGX� LoLQ�ܳ�YH�ܴ ܲ�GH÷HUOHUL�|QJ|U�OHQ�µܭ¶�� µ'¶�� µ݄ୡ¶�YH�
µ/7¶�GH÷HUOHULQH�ED÷OÕ�RODUDN�DúD÷ÕGDNL�IRUP�OOHUH�J|UH�KHVDSODQÕU��6LVWHPݐ�
DQÕQGD� LON� VLSDULúLQL� DoDU� YH� VLVWHPH� ܳ� PLNWDUÕQGD� PDO]HPH� JLULúL� ROXU��
hUHWLP� \DSÕOGÕNoD� VWRN� D]DOÕU� YH� VWRN� PLNWDUÕ� ܴ ܲ� � VHYL\HVLQLQ� DOWÕQD�
G�úW�÷ݐ��ଵ�]DPDQÕQGD�\HQLGHQ�VLSDULú�DoÕOPDVÕ�JHUHNOLGLU��

ܳ ൌ ට
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ܴ ܲ ൌ
బ

ଷ
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0DO]HPH� VWRN� PLNWDUÕ� \HQLGHQ� VLSDULú� YHUPH� VHYL\HVLQLQ� DOWÕQD� G�ú�QFH�
VLVWHP� �ଵݐ WDULKLQL� ND\ÕW� DOWÕQD� DOÕU� YH� ଵݐ' ൌ ଵݐ െ �ݐ � KHVDSODPDVÕ� LOH� ܳ
VHYL\HVLQGHQ�ܴ ܲ�VHYL\HVLQH�NDGDU�JHoHQ�V�UH\L��ሺܳ െ ܴ ܲሻ�KHVDSODPDVÕ�
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LOH� � �ଵݐ' ]DPDQÕQD� NDGDU� RODQ� W�NHWLPL� KHVDSODU�� øON� SHUL\RG� LoLQGH�
JHUoHNOHúHQ�݀ܿଵ�J�QO�N�W�NHWLP�PLNWDUÕQÕ�KHVDSODU���

݀ܿଵ ൌ
ሺொబିோబሻ

ο௧భ
� � � ������

%LU� VRQUDNL� G|QHPOHU� LoLQ� JHoHUOL� RODQ� ݀ܿ� GH÷HUL� LoLQ� \LQH� EHQ]HU� LúOHP�
X\JXODQÕU�� %DúODQJÕo� DQÕ� �ݐ ]DPDQÕQGDQ� �ݐ DQÕQD� NDGDU� RODQ� V�UH� � ݐ' ൌ
ݐ െ �ݐ � � IRUP�O�\OH�� WRSODP� W�NHWLP� PLNWDUÕ� LVH� R� DQD� NDGDU� RODQ� W�P�
W�NHWLPOHULQ� WRSODQPDVÕ� LOH� HOGH� HGLOLU�� 7RSODP� W�NHWLPLQ�� WRSODP� ]DPDQD�
E|O�QPHVL�LOH�J�QFHO�݀ܿ୬��J�QO�N�W�NHWLP�PLNWDUÕ��KHVDSODQÕU��

݀ܿଶ ൌ
ሺொబାொభିோభሻ

ο௧మ

݀ܿଷ ൌ
ሺொబାொభାொమିோమሻ

ο௧య

݀ܿ୬ ൌ
ሺொబାொభାڮାொషభିோషభሻ

ο௧
� ��������������������

%XUDGDQ�\ROD�oÕNDUDN�݀ܿ୬�JHQHO�IRUP�O��DúD÷ÕGDNL�JLEL�WDQÕPODQDELOLU��

݀ܿ୬ ൌ
ሺσ ொ�ሻ

షభ
సబ ିோሺషభሻ

ο௧
� � ������

%XOXQDQ� GH÷HU� ���� �ELU� \ÕO� ���� J�Q� DOÕQPÕúWÕU�� LOH� oDUSDUDN� ELU� VRQUDNL�
SHUL\RG�LoLQ�NXOODQÕODFDN�\ÕOOÕN�\HQL�W�NHWLP�PLNWDUÕ�RODQܭ��KHVDSODQÕU��

ଵܭ ൌ ݀ܿ �Ͳ͵�ݔ � � � ������

%XUDGDQ�\ROD�oÕNÕODUDNܭ�୬�DúD÷ÕGDNL�úHNLOGH�KHVDSODQÕU��

୬ܭ ൌ
ሺσ ொ�ሻ

షభ
సబ ିோሺషభሻ

ο௧
�Ͳ͵�ݔ � ������

%X�SHUL\RGGD��YH�GL÷HU�W�P�SHUL\RGODUGD��µ'¶��µ݄¶�YH�µ/7¶�GH÷LúNHQOHULQLQ�
VDELW�ROGX÷X�YDUVD\ÕODUDN�\HQL�KHVDSODQDQܭ��୬��GH÷HULQH�J|UH�LOJLOL�SHUL\RGXQ�
ܳ�VHYL\HVL�DúD÷ÕGDNL�IRUP�OH�J|UH�KHVDSODQÕU��

ܳଵ ൌ ට
ଶభ

ౙ

ܳଵ ൌ ට
ଶభబ

ౙబ
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ܳଵ ൌ ට
ଶబభ

ౙబ

ܳଵ ൌ ට
ଶబ

ౙ
ට
భ

బ

ܳଵ ൌ ܳට
భ

బ
� � � ������������������ �

%XUDGDQ�\ROD�oÕNDUDN�Q��SHUL\RG�LoLQ�JHUHNOL�RODQ�ܳ୬�KHVDSODPDVÕ�DúD÷ÕGDNL�
úHNLOGH�IRUP�O�]H�HGLOHELOLU��

ܳ୬ ൌ ܳට


బ
� � � � ������

�୬ܭ YH� ܳ୬ KHVDSODQGÕNWDQ� VRQUD� \HQL� G|QHP� LoLQ� \HQLGHQ� VLSDULú� VHYL\HVL�
KHVDSODQPDOÕGÕU��%XQXQ�LoLQ�DúD÷ÕGDNL�IRUP�O�NXOODQÕOÕU��

ܴ ܲ ൌ ݀ܿݔ ܶܮ

ܴ ଵܲ ൌ ݀ܿଵݔ ܶܮ

ோబ

ோభ
ൌ

ௗబ௫ ்

ௗభ௫ ்

ܴ ଵܲ ൌ
ௗభ௫ ோబ

ௗబ

ܴ ଵܲ ൌ
ௗభ௫ ோబ
బ

ଷൗ

ܴ ଵܲ ൌ
ቀ
భ

ଷൗ ቁ௫ ோబ
బ

ଷൗ

ܴ ଵܲ ൌ
భ

బ
ݔ ܴ ܲ� � � �������

%XUDGDQ� \ROD� oÕNDUDN� Q�� SHUL\RG� LoLQ� JHUHNOL� RODQ� �୬ܴܳ KHVDSODPDVÕ�
DúD÷ÕGDNL�úHNLOGH�IRUP�O�]H�HGLOHELOLU��

ܴ ܲ ൌ


బ
ݔ ܴ ܲ� � � �������

053� VLVWHPL� KHVDSODQDQ� ܳଵ� GH÷HULQH� J|UH� VLSDULú� DoDU� YH� \HQL� VLSDULú�
G|QHPL� ܳଶ� KHVDSODPDVÕ�� VWRN� PLNWDUÕ� ܴ ଵܲVHYL\HVLQH� G�ú�QFH\H� NDGDU�
EDúODPD]��6WRN�PLNWDUÕ�\HQLGHQ�VLSDULú�VHYL\HVLQLQ�DOWÕQD�G�úW�÷�QGH�VLVWHP�
�ଶݐ WDULKLQL� ND\ÕW� DOWÕQD� DOÕU��'ݐଶ ൌ ଶݐ െ �ݐ KHVDSODPDVÕ� LOH�ܳ� VHYL\HVLQGHQ�
ܴ ଵܲ�VHYL\HVLQH�NDGDU�JHoHQ�V�UH\L��ሺܳ  ܳଵ െ ܴ ଵܲሻ�KHVDSODPDVÕ�LOH��'ݐଶ
]DPDQÕQD� LoLQGH�RODQ� W�NHWLPL�KHVDSODU��%X�SHUL\RG� LoLQGH�JHUoHNOHúHQ�݀ܿଵ
J�QO�N�W�NHWLP�PLNWDUÕQÕ�DúD÷ÕGDNL�IRUP�OH�J|UH�KHVDSODU��
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݀ܿଵ ൌ
ሺொబାொభିோభሻ

ο௧మ
� � � �������

%XOXQDQ�GH÷HUL����� LOH�oDUSDUDN�ELU�VRQUDNL�SHUL\RG� LoLQ�NXOODQÕODFDN�\ÕOOÕN�
\HQL�W�NHWLP�PLNWDUÕ�RODQܭ�ଶ¶\L�KHVDSODU��

ଶܭ ൌ ݀ܿଵݔ��͵Ͳ� � � � �������

øOHULNL� SHUL\RGODU� LoLQ� JHUHNOL� RODQܭ�୬� KHVDSODPDODUÕ� DúD÷ÕGDNL� IRUP�O� LOH�
KHVDSODQÕU��

ଵܭ ൌ
ሺொబିோబሻ

ο௧భ
Ͳ͵�ݔ�

ଶܭ ൌ
ሺொబାொభିோ భሻ

ο௧మ
Ͳ͵�ݔ�

୬ܭ ൌ
ሺொబାொభାڮାொሺషభሻିோሺషభሻ

ο௧
Ͳ͵�ݔ�

୬ܭ ൌ
ሺσ ொ�ሻ

షభ
సబ ିோሺషభሻ

ο௧
�Ͳ͵�ݔ� � �������

+HVDSODQDQ� �ଶܭ� � GH÷HULQH� J|UH� ELU� VRQUDNL� SHUL\RG�ܳଶ� YH� �ଶܴܳ� � VHYL\HVL�
DúD÷ÕGDNL�IRUP�OOHUH�J|UH�KHVDSODQÕU��

ܳଶ ൌ ܳට
మ

బ
� � � � �������

ܴ ଶܲ ൌ
మ

బ
ܴ�ݔ ܲ� � � �������

ùHNLO����$OJRULWPDQÕQ�6LP�ODV\RQX�
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053� VLVWHPL� KHVDSODQDQ� ܳଶ� GH÷HULQH� J|UH� VLSDULú� DoDU� YH� \HQL� VLSDULú�
G|QHPL� ܳଷ� KHVDSODPDVÕ�� VWRN� PLNWDUÕ� ܴ ଶܲ� VHYL\HVLQH� G�ú�QFH\H� NDGDU�
EDúODPD]�� 6LVWHP� EX� úHNLOGH� GLQDPLN� RODUDN�� GH÷LúNHQ� ܳ୬� YH ܴ ܲ

VHYL\HOHULQGH�GHYDP�HGHU��

����$OJRULWPDQÕQ�([FHO�6LP�ODV\RQX�

([FHO� �]HULQGHQ� DOJRULWPD� VLP�ODV\RQX�7DEOR� �µGH� J|VWHULOPLúWLU��%XUDGDQ�
J|U�OG�÷���]HUH� WDOHS�GH÷LúLPOHULQH�NDUúÕ� DOJRULWPD� WHSNLVHO�GDYUDQÕú�YH�4�
YH�5R3�GH÷HUOHULQL�GH÷LúLPLQ�HWNLOHULQH�J|UH�\HQLGHQ�X\DUODPÕúWÕU��

7DEOR�����$OJRULWPD�([FHO�6LP�ODV\RQX�

6LP�ODV\RQ�NDSVDPÕQGD�/7�V�UHVL��VLSDULú�PLNWDUÕQGDQ�ED÷ÕPVÕ]�RODUDN�VDELW�
DOÕQPÕúWÕU��7DOHS�GH÷LúLPOHUL�\HQLGHQ�VLSDULú�YHUPH�V�UHVLQGHNL�GH÷LúLPOHU�LOH�
VLPXOH� HGLOPLú�� GH÷LúLP� VRQXoODUÕ� µ.¶�� µ4¶�� µ5R3¶� YH� µ*�QO�N� RUWDODPD�
W�NHWLP¶�NRORQODUÕQGD�D\UÕ�D\UÕ�J|VWHULOPLúWLU���

(÷HU�VLVWHP�GH÷LúLPH�NDUúÕ�GX\DUOÕ�ROPDGDQ��VDELW�4�YH�5�SROLWLNDVÕ�LOH�V�UHFL�
\|QHWVH\GL�V�UHo�LoLQGH�JHUH÷LQGHQ�ID]OD�VWRN�ROXúDFDNWÕ�� �%X�VRQXo�úHNLO���
µGH�NL�µ4¶�JUDIL÷LQGHQ�J|U�OHELOLU��=LUD��VDELW�4�SROLWLNDVÕQGD�VLVWHPLQ�V�UHNOL�
RODUDN� µ���� DGHW¶� VLSDULú� JHoPHVL� JHUHNLUGL�� 2\VD�� GLQDPLN� DOJRULWPD� 4�
VHYL\HVLQL� WDOHEH� J|UH� V�UHNOL� D\DUOD\DUDN�� KHU� GHIDVÕQGDQ�
J�QFHO�G�]HQOHQPLú�VLSDULú�PLNWDUÕQÕ��UHWPLúWLU��

Y Y�Ŭƺŵ < � d � d�Ŭƺŵ ZŽW 'ŶůŬ͘dŬƚ >d
Ͳ ���������� ϭϬϬ��� ϭϬϬ����������� ϭ͘ϮϬϬ�������� Ͳ ��� ϱϬ��� ϯ����� ϭϱ�

ϭ͕ϬϬ������� ϭϬϬ��� ϮϬϬ����������� ϭ͘ϮϬϬ�������� ϭϱ���� ϭϱ��������� ϱϬ��� ϯ����� ϭϱ�
Ϯ͕ϬϬ������� ϵϴ������ Ϯϵϴ����������� ϭ͘ϭϰϵ�������� ϯϮ���� ϰϳ��������� ϰϴ��� ϯ����� ϭϱ�
ϯ͕ϬϬ������� ϵϱ������ ϯϵϯ����������� ϭ͘Ϭϴϰ�������� ϯϲ���� ϴϯ��������� ϰϱ��� ϯ����� ϭϱ�
ϰ͕ϬϬ������� ϴϳ������ ϰϴϬ����������� ϵϬϭ������������� ϱϲ���� ϭϯϵ������ ϯϴ��� ϯ����� ϭϱ�
ϱ͕ϬϬ������� ϴϳ������ ϱϲϲ����������� ϴϵϵ������������� ϯϴ���� ϭϳϳ������ ϯϳ��� Ϯ����� ϭϱ�
ϲ͕ϬϬ������� ϴϵ������ ϲϱϱ����������� ϵϰϳ������������� Ϯϰ���� ϮϬϭ������ ϯϵ��� ϯ����� ϭϱ�
ϳ͕ϬϬ������� ϵϬ������ ϳϰϱ����������� ϵϲϯ������������� Ϯϵ���� ϮϯϬ������ ϰϬ��� ϯ����� ϭϱ�
ϴ͕ϬϬ������� ϵϮ������ ϴϯϲ����������� ϭ͘ϬϬϲ�������� ϮϮ���� ϮϱϮ������ ϰϮ��� ϯ����� ϭϱ�
ϵ͕ϬϬ������� ϵϯ������ ϵϮϵ����������� ϭ͘Ϭϯϲ�������� Ϯϰ���� Ϯϳϲ������ ϰϯ��� ϯ����� ϭϱ�

ϭϬ͕ϬϬ���� ϵϰ������ ϭ͘ϬϮϯ������ ϭ͘Ϭϲϯ�������� Ϯϰ���� ϯϬϬ������ ϰϰ��� ϯ����� ϭϱ�
ϭϭ͕ϬϬ���� ϵϮ������ ϭ͘ϭϭϱ������ ϭ͘Ϭϭϴ�������� ϰϲ���� ϯϰϲ������ ϰϮ��� ϯ����� ϭϱ�
ϭϮ͕ϬϬ���� ϵϰ������ ϭ͘ϮϬϵ������ ϭ͘Ϭϱϱ�������� ϮϬ���� ϯϲϲ������ ϰϰ��� ϯ����� ϭϱ�
ϭϯ͕ϬϬ���� ϵϮ������ ϭ͘ϯϬϭ������ ϭ͘ϬϮϯ�������� ϰϰ���� ϰϭϬ������ ϰϯ��� ϯ����� ϭϱ�
ϭϰ͕ϬϬ���� ϵϮ������ ϭ͘ϯϵϯ������ ϭ͘ϬϬϳ�������� ϰϬ���� ϰϱϬ������ ϰϮ��� ϯ����� ϭϱ�
ϭϱ͕ϬϬ���� ϵϭ������ ϭ͘ϰϴϰ������ ϵϵϳ������������� ϯϴ���� ϰϴϴ������ ϰϮ��� ϯ����� ϭϱ�
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ùHNLO����$OJRULWPDQÕQ�7DOHS�'H÷LúLPH�'LQDPLN�7HSNLVL

6RQXo��

6WRN� \|QHWLPL� NRQXVX� JLGHUHN� GDKD� GD� |QHP� DU]� HWPHNWHGLU�� øúOHWPH�
VWRNODUÕQÕQ�\|QHWLPLQGH�DQDOLWLN�\DNODúÕPODUÕQ�NXOODQÕOPDVÕQÕQ�|QHPL�ELUoRN�
DUDúWÕUPDFÕ� WDUDIÕQGDQ� VDYXQXOPDNWDGÕU�� hU�Q� oHúLWOLOL÷LQ� DUWPDVÕ��
P�úWHULOHULQ� DUWDQ� ELU� RUDQGD� NLúLVHOOHúWLULOPLú� �U�QOHU� LVWHPHVL� WDOHS�
GDOJDODQPDODUÕQÕQ�ROXúPDVÕQD��EX�GXUXP�GD�GLQDPLN��VDELW��VLSDULú�VHYL\HOHUL�
LOH� VWRNODUÕQ� \|QHWLOPHVLQLQ� GH÷LúHQ� NRúXOODU� DOWÕQGD� JHUHNVLQLPOHUL� WDP�
RODUDN�NDUúÕOD\DPDPDVÕQD�VHEHS�RODELOPHNWHGLU��øúOHWPHOHULQ�VWRN�SODQODPDVÕ�
YH� \|QHWLPLQGH� 053� VLVWHPOHULQH� ROGX÷X� NDGDU� VLVWHPLQ� DUNDVÕQGD�
oDOÕúDFDN��GH÷LúLPOHUH�NDUúÕ�WHSNLVHO��oHYLN�YH�DNÕOOÕ�VLVWHPOHUH�JHUHNVLQLPOHUL�
YDUGÕU�� øQVDQ�J�F��LOH�\DSÕOPDVÕQÕQ�ROGXNoD�J�o�ROGX÷X�EX�JLEL�GXUXPODUGD�
DNÕOOÕ�|÷UHQHQ�DOJRULWPDODU�LOH�EX�JLEL�VRUXQODUD�o|]�P�EXOXQDELOPHNWHGLU��
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%X� oDOÕúPDGD� (24� KHVDSODPDVÕQGD� NXOODQÕODQ� VLSDULú� YHUPH� PDOL\HWL� �'��
2UGHULQJ� FRVW�� YH� HOGH� WXWPD� PDOL\HWL� �KROGLQJ� FRVW�� GH÷LúNHQOHULQLQ� oRN�
ID]OD� GH÷LúPH\HFH÷L� YDUVD\ÕOPÕú� YH� EX� GH÷LúNHQOHU� VDELW� NDEXO� HGLOPLú� YH�
DOJRULWPD�GH÷LúNHQOHULQLQ�IRUP�OOHUL�oÕNDUÕOPÕúWÕU��%X�IRUP�OOHU�NXOODQÕODUDN�
ROXúWXUXODFDN� ELU� DOJRULWPDQÕQ� 053� DUNDVÕQGD� oDOÕúÕU� ROPDVÕQÕQ�� VWRN�
RSWLPL]DV\RQXQD�ROXPOX�HWNL�HGHFH÷L�EX�oDOÕúPDGD�EXOXQDQ�EXOJXODUGDQGÕU��
$QFDN��JHUoHN�X\JXODPDODUGD�EX�PRGHOH�D\QÕ�\DNODúÕP�LOH�'��/7�YH�݄ୡ�µQLQ�
GH÷LúLPOHUL�GH�HNOHQHUHN�ELUoRN�GH÷LúNHQH�ED÷OÕ��GDKD�JHUoHNoL�DOJRULWPDODU�
JHOLúWLULOHELOLU��

ùHNLO����$OJRULWPD�)RUP�OOHUL�
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.D\QDNoD�

$SLOLRJXOODUL��/����������5HNDEHWWH�<HQL�%R\XW��øVWDQEXO��$XUD�<D\ÕQFÕOÕN���

$SLOLR÷XOODUÕ��/����������<DOÕQ�'|Q�ú�P��øVWDQEXO��6LVWHP�<D\ÕQFÕOÕN��

6LPFKL�/HYL��'���.DPLQVNL��3��6���/HYL��(���������'HVLJQLQJ�DQG�PDQDJLQJ�
WKH�VXSSO\�FKDLQ��&RQFHSWV��1HZ�<RUN��6WUDWHJLHV�DQG�FDVH�VWXGLHV��

*KDVHPL��1���1DGMDIL��%�� ��������(24�0RGHOV�ZLWK�9DU\LQJ�+ROGLQJ�&RVW��
-RXUQDO�RI�,QGXVWULDO�0DWKHPDWLFV��9ROXPH�������$UWLFOH�,'���������
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