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3RF] WHN�V\VWHPyZ�RSHUDF\MQ\FK�GDWXMH�VL �QD�SRáRZ �ODW�����JG\�SRMDZLá\�VL �NRPSXWHU\

GUXJLHM� JHQHUDFML�� 5RVQ F\� SR]LRP� NRPSOLNDFML� yZF]HVQ\FK� NRPSXWHUyZ� L� VWDZLDQ\FK� LP

]DGD � REOLF]HQLRZ\FK� SRZRGRZDá�� H� SLVDQLH� RGG]LHOQ\FK� SURJUDPyZ� Z� NRG]LH

PDV]\QRZ\P� GOD� RGG]LHOQ\FK� SUREOHPyZ� REOLF]HQLRZ\FK� E\áR� EDUG]R� SUDFRFKáRQQH� L

SR]EDZLRQH� ZL NV]HJR� VHQVX�� 3RMDZLáD� VL � ZL F� NRQLHF]QR ü� VWZRU]HQLD� RSURJUDPRZDQLD

UG]HQQHJR� �� ]DU] G]DM FHJR� Z\NRQ\ZDQLHP� VL � SURJUDPyZ� REOLF]HQLRZ\FK� L

ZVSRPDJDM FHJR� LFK� WZRU]HQLH�� =DXZD RQR�� H� ]DGDQLD� REOLF]HQLRZH� VNáDGDM � VL � ]H

]EOL RQ\FK� GR� VLHELH� SDUWLL� NRGX�� RGSRZLDGDM F\FK� ]D� REOLF]DQLH� ZDUWR FL� IXQNFML

PDWHPDW\F]Q\FK�� SRELHUDQLH� L� ]DSLV\ZDQLH� GDQ\FK�� REVáXJ � SDPL FL� PDVRZHM� LWS�� L

SRVWDQRZLRQR�E\�QDOH Dá\�RQH�GR�RSURJUDPRZDQLD�V\VWHPRZHJR��5R]SRF] WR�WDN H�SUDFH�QDG

VWZRU]HQLHP� M ]\NyZ� DEVWUDNF\MQ\FK�� XPR OLZLDM F\FK� Z\JRGQ\� RSLV� IRUPDOQ\� REOLF]H � L

]DPLDQ �WHJR�RSLVX�QD�NRG�PDV]\QRZ\��7DN�QDURG]Lá\�VL � M ]\NL� WDNLH� MDN�QS��)2575$1�L

$OJRO�L�JDá �LQIRUPDW\NL�]ZDQD�WHRUL �V\VWHPyZ�RSHUDF\MQ\FK�

%XU]OLZ\�UR]ZyM�HOHNWURQLNL�L�SRMDZLDQLH�VL �FRUD]�WR�V]\EV]\FK�NRPSXWHUyZ�SRZRGRZDá�

H�SURZDG]RQR�GDOV]H�EDGDQLD�QDG�V\VWHPDPL�RSHUDF\MQ\PL��NRQFHQWUXM F� VL �QLH� W\ONR�QDG

W\P� MDNLH�XVáXJL� � SRZLQLHQ�GRVWDUF]Dü� V\VWHP�� DOH� UyZQLH �QDG� W\P�� MDN� SRZLQLHQ� WR� URELü�

' RQR� GR� PDNV\PDOQHJR� Z\NRU]\VWDQLD� F]DVX� GURJLHM� MHGQRVWNL� REOLF]HQLRZHM�� WDN� E\

PRJáR� ]� QLHM� VNRU]\VWDü� MDN� QDMZL FHM� X \WNRZQLNyZ�Z� W\P� VDP\P� F]DVLH� L� E\� FDá\� F]DV

Z\NRQ\ZDáD� SURJUDP\�� :� G HQLDFK� GR� PDNV\PDOQHJR� Z\NRU]\VWDQLD� MHGQRVWNL

REOLF]HQLRZHM�PR QD�Z\Uy QLü�NLOND�SU]HáRPRZ\FK�HWDSyZ��NWyUH�PLDá\�]QDF] F\�ZSá\Z�QD

DUFKLWHNWXU �ZVSyáF]HVQ\FK�V\VWHPyZ�RSHUDF\MQ\FK�

D�� SU]HWZDU]DQLH�ZVDGRZH

E�� ZLHORSURJUDPRZR ü

F�� SRZVWDQLH�V\VWHPyZ�]�SRG]LDáHP�F]DVX�������±�V\VWHP�&766�±�Z�V\VWHPLH�W\P�NUyWV]H

]DGDQLD� E\á\� SU]HWZDU]DQH� SU]HG� ]DGDQLDPL� GáX V]\PL� SRSU]H]� QDGDQLH� LP� Z\ V]\FK

SULRU\WHWyZ�QL �]DGDQLRP�GáX V]\P�

G�� XPR OLZLHQLH� MHGQRF]HVQHM�� LQWHUDNW\ZQHM� SUDF\� QD� NRPSXWHU]H� ZLHOX� X \WNRZQLNyZ� ±

SRZVWDQLH�V\VWHPX�08/7,&6�L�V\VWHPX�81,;�

:UD]� ]� XSRZV]HFKQLDQLHP� VL � PLQL� NRPSXWHUyZ� L� UR]ZRMHP� VLHFL� NRPSXWHURZ\FK

RSURJUDPRZDQLH� V\VWHPRZH�VWDZDáR�VL � FRUD]�EDUG]LHM� VNRPSOLNRZDQH��3RMDZLá� VL � NROHMQ\

SUREOHP�� -DN� VSUDZLü�� E\� QD� � NRPSXWHUDFK� R� Uy QHM� DUFKLWHNWXU]H� � PyJá� G]LDáDü� WHQ� VDP

V\VWHP� RSHUDF\MQ\�� ]DSHZQLDM F\� WHQ� VDP� LQWHUIHMV� SURJUDPRZ\� L� WR� VDPR� Z\JRGQH

URGRZLVNR�SUDF\�"�2GSRZLHG �QD�WR�S\WDQLH�Z\GDMH�VL �WHUD]�SURVWD�±�QDOH \�QDSLVDü�V\VWHP

Z�M ]\NX�Z\VRNLHJR�SR]LRPX��-HGQDN�MDN�SRVW SLü��JG\�QLH�PD� M ]\ND�Z\VRNLHJR�SR]LRPX�

NWyU\� XPR OLZLáE\�Z\JRGQH� L� Z\GDMQH� ]DSURJUDPRZDQLH� Z� QLP� V\VWHPX� "� 3U]\� Já EV]\P

]DVWDQRZLHQLX� GRFKRG]L� VL � GR� ZQLRVNX�� H� ERGDM� QDMZL NV]\P� RVL JQL FLHP� Z� FDáHM

GRW\FKF]DVRZHM� KLVWRULL� V\VWHPyZ� RSHUDF\MQ\FK� E\áR� SRZVWDQLH� V\VWHPX� 81,;������

DXWRUVWZD�'��5LWFKLHJR�L�.��7KRPVRQD���SLHUZV]HJR�V\VWHPX�QDSLVDQHJR�Z�M ]\NX�Z\VRNLHJR

SR]LRPX� &�� - ]\N� &� ]RVWDá� RSUDFRZDQ\� WDN H� SU]H]� '�� 5LWFKLHJR� QD� SRGVWDZLH� M ]\ND� %

RSUDFRZDQHJR� SU]H]� .�� 7KRPVRQD�� NWyU\� SRZVWDá� ]� M ]\ND� %&3/�� 1DSLVDQLH� V\VWHPX� Z

M ]\NX�&�E\áR�SRVXQL FLHP�EDUG]R�MDN�QD�RZH�F]DV\�QLHW\SRZ\P�±�MHGQDN�SU]\F]\QLáR�VL �GR

V]HURNLHM� DNFHSWDFML� V\VWHPX� SU]H]� X \WNRZQLNyZ� L� MHJR� SRSXODUQR FL�� 6\VWHP� PyJá� E\ü

SU]HQRV]RQ\�� SR� GRNRQDQLX� QLHZLHOX� ]PLDQ�� QD� NRPSXWHU\� R� Uy QHM� DUFKLWHNWXU]H��:� URNX

�����QD� ZLHFLH�LVWQLDáR�RNRáR��������LQVWDODFML�8QL[D�QD�NRPSXWHUDFK�Uy Q\FK�SURGXFHQWyZ

R�EDUG]R�Uy Q\FK�PR OLZR FLDFK���RG�PLNURSURFHVRUyZ�GR�GX \FK�PDV]\Q�
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3RVW SXM F\� L� EXU]OLZ\� UR]ZyM� SU]HP\VáX� NRPSXWHURZHJR�� QLH� VSRW\NDQ\� Z� DGQHM� LQQHM

JDá ]L�SU]HP\VáX��VSUDZLá�� H�LVWQLHMH�ZLHOH�GRVNRQDá\FK�V\VWHPyZ�RSHUDF\MQ\FK��NWyUH�ZLHOH

ÄZ\QLRVá\´� ]� SDUDG\JPDWX� XQLNVRZHJR�� -HGQDN� ]H� Z]JO GX� QD� LFK� RJyOQR ü� L� ÄVáDE ´

PRGXODUQR ü�QLH� MHVW�PR OLZH� LFK�HIHNW\ZQH�Z\NRU]\VWDQLH�SU]\� UHDOL]DFML� NRPXQLNXM F\FK

VL � V\VWHPyZ� VSHFMDOL]RZDQ\FK�� 1DOH \� ]DXZD \ü�� H� UR]ZyM� ,QWHUQHWX� L� VLHFL� ORNDOQ\FK

VSUDZLá�� H�ZL NV]R ü�ZVSyáF]HVQ\FK�NRPSXWHUyZ�RVRELVW\FK�Z\NRU]\VW\ZDQD� MHVW�JáyZQLH

GR� NRPXQLNDFML� L� SR]\VNLZDQLD� LQIRUPDFML� R� UR]PDLW\P� FKDUDNWHU]H�� SOLNL�� REUD]\�� JáRV�

GRNXPHQW\� KLHSHUWHNVWRZH�� 5RVQ FD� SRSXODUQR ü� NRPSXWHUyZ�� VWDZLDM FD� MH� QD� UyZQL� ]

LQQ\PL� XU] G]HQLDPL� SRZV]HFKQHJR� X \WNX�� SRZRGXMH�� H� NRQLHF]QH� MHVW� WHUD]� WZRU]HQLH

V\VWHPyZ�RSHUDF\MQ\FK��NWyUH�PRJ �E\ü� áDWZR�GRSDVRZ\ZDQH�GR�NRQNUHWQ\FK�]DVWRVRZD �

SUDFXM �]�V]HURN �JDP �XU] G]H ��QLH�SRWU]HEXM �VHUZLVX��D�LFK�JáyZQ\P�SU]H]QDF]HQLHP�MHVW

NRPXQLNDFMD�� 'RGDWNRZR� V\VWHP� WDNL� Z� NRQNUHWQ\P� ZFLHOHQLX� GDMH� X \WNRZQLNRZL� W\ONR

SHZLHQ� Z VNL� SRG]ELyU� VZRLFK� IXQNFML�� G]L NL� F]HPX� MHVW� EDUG]R� SURVW\� Z� X \WNRZDQLX

�UR]ZD P\� NRPSXWHU�� NWyU\� MDNR� MHG\Q\� LQWHUIHMV� X \WNRZQLND� GRVWDUF]D� MHG\QLH

SU]HJO GDUN ��D�GRMG]LHP\�GR�SRSXODUQHM�NRQFHSFML�NRPSXWHUD�VLHFLRZHJR� ODQVRZDQHM�SU]H]

QDMZL NV]H� ILUP\� LQIRUPDW\F]QH���:VSyáF]HVQH� V\VWHP\� RJyOQHJR� SU]H]QDF]HQLD� QLH� PRJ

E\ü�]�XZDJL�QD�VZRM �RJyOQR ü�Z�SHáQL�NRQILJXURZDQH�SU]H]�QLHZ\NZDOLILNRZDQ\�SHUVRQHO��D

SUyE\� LG FH� Z� NLHUXQNX� SRSUDZLHQLD� Z\JRG\� LFK� HNVSORDWDFML�� MDN� ZLDGRPR�� QLH� V � ]E\W

]DGRZDODM FH�� :\UD]� RJyOQ\� PR QD� ]� SRZRG]HQLHP� ]DVW SLü� Z\UD HQLHP�� �� Z\PDJDM F\

SURIHVMRQDOQHJR� VHUZLVX�� � 3HZQ � QRZ � SUyE � SRGHM FLD� GRWHJR� SUREOHPX� MHVW� V\VWHP

RSHUDF\MQ\�6FRXW�VWZRU]RQ\�SU]H]�'DYLGD�0RVEHUJHUD�]�8QLZHUV\WHWX�Z�$UL]RQLH�

��� 6FRXW���V\VWHP�RSHUDF\MQ\�RSDUW\�R� FLH NL

6\VWHP� RSHUDF\MQ\� 6FRXW� ]RVWDá� QDSLVDQ\� Z� M ]\NX� &� L� ]DLPSOHPHQWRZDQ\� GOD

NRPSXWHUyZ�RSDUW\FK�R�SURFHVRU\�URG]LQ\��$OSKD�$;3��'(&FKLS��������'(&FKLS��������

$XWRUHP� WHJR� V\VWHPX� MHVW� 'DYLG�0RVEHUJHU�� NWyU\� SU]H]� RVWDWQLH� ODWD� ]DMPRZDá� VL � WDN H

UR]ZRMHP�V\VWHPX�/LQX[�GOD�DUFKLWHNWXU\�$OSKD�$;3��6\VWHP�6FRXW�]RVWDá�]DSURMHNWRZDQ\

Z�WDNL�VSRVyE��E\�ZVSLHUDü�NRQVWUXRZDQLH�PRGXODUQ\FK�V\VWHPyZ�VSHFMDOL]RZDQ\FK��6\VWHP

6FRXW�MHVW�V\VWHPHP�]�SRG]LDáHP�F]DVX�]�V]HUHJRZDQLHP�SREáD DM F\P�W]Q��]DGDQLH�Z�VSRVyE

MDZQ\�PXVL� ]U]HF� VL � SURFHVRUD��'RSLHUR�ZWHG\� SURJUDP� V]HUHJXM F\�PR H�Z\EUDü� NROHMQH

]DGDQLH� GR� Z\NRQDQLD�� $XWRU� V\VWHPX� DUJXPHQWXMH� Z\EyU� SREáD DM FHM� VWUDWHJLL

V]HUHJRZDQLD�� W\P�� H� V\VWHP� MHVW� MHV]F]H� Z� ID]LH� HNVSHU\PHQWyZ�� 'RGDWNRZR� SU]\� WDNLHM

VWUDWHJLL� V]HUHJRZDQLD� QLH� MHVW� NRQLHF]QH� ]DFKRZ\ZDQLH� SHáQHJR� NRQWHNVWX� SURFHVX�

:\VWDUF]\�ERZLHP�]DSDPL W\ZDü� W\ONR�QLHNWyUH� UHMHVWU\�SURFHVRUD�X \ZDQH� SU]H]� ]DGDQLH�

SRQLHZD � ]QDQ\� MHVW� PRPHQW� NLHG\� VWHURZDQLH� ]RVWDQLH� SU]HND]DQH� GR� SURJUDPX

V]HUHJXM FHJR�� 3U]\� VWUDWHJLL� Z\ZáDV]F]DM FHM� �� SURJUDP� V]HUHJXM F\� XUXFKDPLDQ\� MHVW

]D]Z\F]DM�ZUD]�]�ND G\P�ÄWLNLHP´�]HJDUD�V\VWHPRZHJR��D�ZL F�PRPHQW�Z\ZáDV]F]HQLD�QLH

MHVW� ]QDQ\�SU]H]� DNWXDOQLH�Z\NRQ\ZDQH� ]DGDQLH� L�PXV] � E\ü� ]DFKRZDQH�ZV]\VWNLH� UHMHVWU\

SURFHVRUD��6\VWHP�6FRXW�QLH�ZVSLHUD�ZLHOX�GRPHQ�RFKURQ\�W]Q��ZV]\VWNLH�]DGDQLD�Z\NRQXM

VL � Z� MHGQHM� ZVSyOQHM� SU]HVWU]HQL� DGUHVRZHM�� 1LH� ZVSLHUD� WH � V\PHWU\F]QHM

ZLHORSURFHVRURZR FL��&HFK\�WH�PR QD�X]QDü�]D�QLHZ WSOLZH�ZDG\�V\VWHPX��MHGQDN�JáyZQ\P

FHOHP� VWZRU]HQLD� V\VWHPX� E\áR� SUDNW\F]QD� UHDOL]DFMD� V\VWHPX� ZVSLHUDM FHJR� NRQFHSFM

FLH HN�$XWRU�]DSHZQLD�� H�EUDNL�V\VWHPX�]RVWDQ �Z�SU]\V]áR FL�XVXQL WH�

6FRXW� MHVW� V\VWHPHP� RSDUW\P� R� W]Z�� FLH NL�� .RQFHSFMD� FLH HN� MHVW� UR]V]HU]RQ

NRQFHSFM � VWUXPLHQL�]QDQ\FK�]� V\VWHPX�8QL[��2SLHUD� VL �RQD�JáyZQLH�QD� DQDORJL�SRPL G]\

KHWHURJHQLF]Q\P�V\VWHPHP�VLHFLRZ\P��D�V\VWHPHP�MHGQRNRPSXWHURZ\P��U\V�����
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5\V����$QDORJLD�SRPL G]\�V\VWHPHP�VLHFLRZ\P��D�V\VWHPHP�MHGQRNRPSXWHURZ\P

1D� U\VXQNX�]� OHZHM�SU]HGVWDZLRQ\� MHVW� KHWHURJHQLF]Q\� V\VWHP� VLHFLRZ\�� NWyU\� MHVW� ]ELRUHP

NRPSXWHUyZ� SRá F]RQ\FK� VLHFL �� 3DNLHW\� SRPL G]\� NRPSXWHUDPL� SU]HND]\ZDQH� V � SU]\

SRPRF\�URXWHUyZ��5RXWHU�UR]SR]QDMH�DGUHV�RGELRUF\�L�SRGHMPXMH�GHF\]M ��NWyU\P�LQWHUIHMVHP

VLHFLRZ\P�PD�Z\VáDü�RGHEUDQ\�SDNLHW��E\� MDN�QDMV]\EFLHM�GRWDUá�RQ�GR�RGELRUF\��.RPSXWHU

Z\V\áDM F\� QLH� ZLH� QLF� R� W\P� MDN � GURJ � SDNLHW� ]RVWDQLH� Z\VáDQ\� RUD]� SU]H]� LOH� URXWHUyZ

]RVWDQLH� SU]HND]DQ\� GDOHM�� =� SXQNWX�ZLG]HQLD� NRPSXWHUD�Z\V\áDM FHJR� L� RGELHUDM FHJR� QLH

MHVW� LVWRWQH� MDN �GURJ �SDNLHW�]RVWDQLH�GRVWDUF]RQ\��.RPSXWHU\�Z\V\áDM � L�RGELHUDM �SDNLHW\

WDN�� MDNE\� ]QDMGRZDá\� VL � Z� WHM� VDPHM� VLHFL�� 1D� U\VXQNX� ]� SUDZHM� SU]HGVWDZLRQ\� MHVW

NODV\F]Q\�V\VWHP�MHGQRNRPSXWHURZ\��VNáDGDM F\�VL �]�XU] G]H �ZHM FLRZ\FK�L��Z\M FLRZ\FK

�QS��NODZLDWXUD��PRQLWRU��� LQWHUIHMVyZ�VLHFLRZ\FK� L� SRGV\VWHPX�G\VNRZHJR��*G\�QD� V\VWHP

MHGQRNRPSXWHURZ\�VSRMU]\�VL �WDN��MDN�QD�KHWHURJHQLF]Q\�V\VWHP�VLHFLRZ\��D�ZL F�SRWUDNWXMH

VL � JR� MDNR� ]ELyU� QLH]DOH Q\FK� PRGXáyZ�� NWyUH� W\ONR� RGELHUDM � GDQH�� SU]HWZDU]DM � MH� L

SU]HND]XM �GDOHM�QD�SRGVWDZLH�]GHILQLRZDQ\FK�ZF]H QLHM�SRá F]H ��GRFKRG]L�VL �GR�NRQFHSFML

FLH HN�� FLH N � MHVW� ZáD QLH� RZH� ]GHILQLRZDQH� ZF]H QLHM� SRZL ]DQLH� PL G]\� PRGXáDPL�

Z\]QDF]DM FH� GURJ � SU]HND]\ZDQLD� GDQ\FK� �U\V�� ���� 6\VWHP� RSDUW\� R� FLH NL� MHVW� ZL F

QLH]Z\NOH� PRGXODUQ\� L� FHFKXM � JR� EDUG]R� GREU]H� ]GHILQLRZDQD� SRZL ]DQLD� SRPL G]\

PRGXáDPL�� NWyUH� WZRU] � NROHMQH� ZDUVWZ\� V\VWHPX�� 6\VWHP\� PRGXODUQH� FKDUDNWHU\]XM � VL

]D]Z\F]DM�GX R�JRUV] �Z\GDMQR FL �QL �V\VWHP\�PRQROLW\F]QH���� MHGQDN�SLRQRZD� LQWHJUDFMD

ZDUVWZ� V\VWHPX� L� Z\QLNDM FD� ]� WHJR�PQRJR ü� SRZL ]D � PL G]\� QLPL� RNUH ODQD� MDNR� OLQLD

VSDJKHWWL� SRZRGXM �� H� V\VWHP\� PRQROLW\F]QH� V � WUXGQLHMV]H� Z� GRSDVRZDQLX� LFK� GR

NRQNUHWQ\FK� ]DVWRVRZD �� SLHO JQDFML� L� UR]EXGRZLH�� .RQFHSFMD� FLH HN� Z\GDMH� VL
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UR]ZL ]\ZDü�WHQ�SUREOHP��'RGDWNRZR�V\VWHP�RSDUW\�R� FLH NL� MHVW�PRGXODUQ\�L� WDN�VDPR��D

PR H�QDZHW�EDUG]LHM�Z\GDMQ\�QL � V\VWHP�PRQROLW\F]Q\�� -HVW� RQ�ERZLHP�]ELRUHP�PRGXáyZ

ZL ]DQ\FK� SU]HG� VWDUWHP�� =� XZDJL� QD� GREU]H� ]GHILQLRZDQH� LQWHUIHMV\� SRPL G]\� PRGXáDPL

PR OLZD� MHVW� Z\UDILQRZDQD� RSW\PDOL]DFMD�� D� QDZHW� U F]QH� NRGRZDQLH� PRGXáyZ� Z

DVVHPEOHU]H�� FLH NL� Z� V\VWHPLH� 6FRXW� PRJ � E\ü� Z\GáX DQH� Z� WUDNFLH� SUDF\� V\VWHPX�

'RGDWNRZD� ]DOHW � Z\QLNDM F � ]H� VWRVRZDQLD� FLH HN� MHVW� VSyMQ\� LQWHUIHMV� NRPXQLNDF\MQ\

GRVWDUF]DQ\� SURJUDPRP� G]LDáDM F\P�Z� V\VWHPLH��: WHN� GD� RG� V\VWHPX� RWZDUFLD� FLH NL

SRSU]H]� Z\ZRáDQLH� V\VWHPRZH� L� Z� RGSRZLHG]L� GRVWDMH� MHM� XFKZ\W� Z� V\VWHPLH�� 3U]\

Z\NRU]\VWDQLX�WHJR�XFKZ\WX�QS��WDN�MDN�SU]\�Z\NRU]\VWDQLX�GHVNU\SWRUD�SOLNX�OXE�VWUXPLHQLD

Z�V\VWHPLH�8QL[�GR�]DSLVX�OXE�RGF]\WX�GDQ\FK�GR�SOLNX��Z WHN�Z\V\áD�OXE�RGELHUD�GDQH��3U]\

RWZDUFLX� FLH NL� PR QD� SU]HND]Dü� MHM� VSHFMDOQH� SDUDPHWU\�� NWyU\PL� PR H� E\ü� QS�� DGUHV

NRPSXWHUD�� ]� NWyU\P� FKFHP\� VL � SRá F]\ü�� -DN� ZLGDü� SURFHV� PR H� Z� WHQ� VDP� VSRVyE

NRPXQLNRZDü�VL �]�LQQ\P�SURFHVHP�SRSU]H]�VLHü�SU]\�X \FLX�GRZROQHJR�SURWRNRáX��NWyUHJR

REVáXJD�E\áDE\�Zá F]RQD�GR� FLH NL��,QWHUIHMV�SR]RVWDMH�]DZV]H�WHQ�VDP�

5\V���� FLH ND

���0RGXá\

-DN�MX �ZVSRPQLDQR�V\VWHP�VNáDGD�VL �]�PRGXáyZ��NWyUH�V �á F]RQH�]H�VRE �SU]\�VWDUFLH�

0RGXá� UHDOL]XMH� RNUH ORQH� IXQNFMH�� NWyUH� V � GRVW SQH� SU]\� SRPRF\� VHUZLVyZ�� 6HUZLV\

SRZLQQ\�E\ü�NRPSDW\ELOQH�W]Q��W\S�GDQ\FK�Z\M FLRZ\FK�VHUZLVX�SRZLQLHQ�E\ü�NRPSDW\ELOQ\

]�W\SHP�GDQ\FK�ZHM FLRZ\FK�NROHMQHJR�VHUZLVX�Z� FLH FH��6HUZLV\�V �RGU EQ\PL�PRGXáDPL

QDSLVDQ\PL�Z� M ]\NX�&�� 3RZL ]DQLD� VHUZLVyZ� ]� RNUH ORQ\PL�PRGXáDPL� GRNRQXMH� VL � SU]\

SRPRF\� VSHFMDOQHJR� M ]\ND� RSLVX�PRGXáX��0RGXá�PXVL� ]DZLHUDü� FR� QDMPQLHM� GZD� VHUZLV\�



�

5R]ZD P\�QD�SU]\NáDG�PRGXá�GRNRQXM F\�NRPSUHVML�L�GHNRPSUHVML�5/(�SU]HGVWDZLRQ\R�QD

U\VXQNX���

5\V����3U]\NáDGRZ\�PRGXá�ILOWUXM F\�GRNRQXM F\�NRPSUHVML�L�GHNRPSUHVML�5/(

-DN�ZLGDü�VNáDGD�VL �RQ�]�MHGQHJR�VHUZLVX�GRNRQXM FHJR�NRPSUHVML�5/(���VHUZLV�SODLQ���L

GUXJLHJR�VHUZLVX��GRNRQXM FHJR�GHNRPSUHVML�±� VHUZLV�FRPSU��'DQH�SU]HV\áDQH�GR�PRGXáX

QD� ZHM FLH� SODLQ� XOHJDM � NRPSUHVML�� QDWRPLDVW� GDQH� SU]HV\áDQH� Z� RGZURWQ\P� NLHUXQNX

XOHJDM � GHNRPSUHVML�� 0RGXá� E G F\� F] FL � V\VWHPX� L� G]LDáDM F\� Z� WU\ELH� M GUD� PR H

RGZRá\ZDü� VL � GR� VSU] WX�Z� ]ZL ]NX� ]� F]\P�PR H�GRNRQ\ZDü� NRPSUHVML� OXE� GHNRPSUHVML

SU]\� SRPRF\� VSU] WRZHJR� NRGHUD� �� GHNRGHUD�� :� SU]\SDGNX� NRPSUHVML� 5/(� RF]\ZL FLH

SR]EDZLRQH� MHVW� WR� ZL NV]HJR� VHQVX�� DOH� QD� SU]\NáDG� GOD� NRGRZDQLD� 03(*� PR H� WR� E\ü

EDUG]R�GREU\�SRP\Vá��0RGXá�SRVLDGDM F\�GZD�VHUZLV\�MHVW�W]Z��PRGXáHP�ILOWUXM F\P��0RGXá

áDGRZDQ\�MHVW�GR�SDPL FL�Z�WUDNFLH�VWDUWX�V\VWHPX��D�RGZRáDQLD�GR�QLHJR�RGE\ZDM �VL �SU]\

SRPRF\�VSHFMDOQHM�VWUXNWXU\�0RGXOH�]GHILQLRZDQHM�SRQL HM�

W\SHGHI�VWUXFW�0RGXOH�^
6WULQJ � QDPH�

6WULQJ PRGXOHBQDPH�
/RQJ �
LQLW��0RGXOH�P��
&UHDWH6WDJH)XQF FUHDWH6WDJH�

'HPX[)XQF�GHPX[�
6WUXFW�0RGXOH/LQN�^

0RGXOH�PRGXOH�
,QW�VHUYLFH�

`�OLQNV>@�
`�
�0RGXOH�

6WUXNWXUD�0RGXOH�Z\NRU]\VW\ZDQD�MHVW�SU]H]�VWRSQLH� FLH NL�GR�RGQDOH]LHQLD�RSUDFRZDQ\FK

ZF]H QLHM� VHUZLVyZ� L� XUXFKRPLHQLD� LFK� ]� NRQNUHWQ\PL� GDQ\PL�� 3RZL ]DQLD� SRPL G]\

VHUZLVDPL� PRGXáyZ� ]GHILQLRZDQH� V � SRSU]H]� WDEOLF � OLQNV>@>@�� 6HUZLV\� GRVW SQH� V

SRSU]H]� WDEOLF �OLQNV>@>@�� .D G\�PRGXá� SRVLDGD� VZyM� XQLNDWRZ\� QXPHU� Z� V\VWHPLH�� D

ND G\� VHUZLV� SRVLDGD� XQLNDWRZ\� QXPHU� Z� REU ELH� PRGXáX�� 6\VWHP� Z\NRQXM F� FLH N �

SU]HFKRG] F�GR�MHM�NROHMQ\FK�VWRSQL�XUXFKDPLD�NRQNUHWQ\�VHUZLV�VNRMDU]RQHJR�]�NRQNUHWQ\P

VWRSQLHP��0RGXáX�SU]\�Z\NRU]\VWDQLX�WDEOLF\�OLQNV>@>@�

��� FLH NL

FLH ND� UHSUH]HQWRZDQD� MHVW� Z� SDPL FL� MDNR� VSHFMDOQD� VWUXNWXUD� GDQ\FK�� 'HILQLFMD

SU]HGVWDZLRQD�MHVW�SRQL HM�

W\SHGHI��VWUXFW�3DWK�^
ORQJ SLG�
6WDJH HQG>�@�
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3DWK4XHXH T>�@�
VWUXFW�$WWUV DWWUV�
ERRO UHDOWLPH�

XBORQJ SULR�
`�
�3DWK�

FLH ND� MHVW� RELHNWHP� VNáDGDM F\P� VL � ]H� VWRSQL� �SDWK� VWDJHV��� NWyUH� SRZL ]DQH� V � ]

RNUH ORQ\PL� PRGXáDPL�� =� ND G � FLH N � VNRMDU]RQH� V � �� NROHMNL� NRPXQLNDWyZ� RNUH ORQH

WDEOLF �T>�@��3R�GZLH�NROHMNL�GOD�ND GHJR�NLHUXQNX�SU]HND]\ZDQLD�GDQ\FK�W]Q��MHGQD�NROHMND

ZHM FLRZD� L� MHGQD� NROHMND� Z\M FLRZD�� .D GD� XWZRU]RQD� FLH ND� Z� V\VWHPLH� SRVLDGD� VZyM

ZáDVQ\�SULRU\WHW�XZ]JO GQLDQ\�SU]\�V]HUHJRZDQLX� FLH HN��3URFHV\�Z�V\VWHPLH�QLH�SRVLDGDM

RGU EQ\FK�SULRU\WHWyZ��3ULRU\WHW�SURFHVX�RNUH ORQ\�MHVW�SU]H]�Z\NRQ\ZDQ � FLH N �� FLH N

WZRU]\�VL �SU]\�SRPRF\�Z\ZRáDQLD�V\VWHPRZHJR�FUHDWH3DWK����NWyUH�]�NROHL�Z\ZRáXMH

IXQNFM � FUHDWH6WDJH��� VNRMDU]RQ � ]H� VWUXNWXU � 0RGXOH� L� RGSRZLHG]LDOQ � ]D

WZRU]HQLH�NROHMQ\FK�VWRSQL� FLH NL�

��� 6WRSQLH� FLH NL

'HILQLFMD�VWRSQLD�SU]HGVWDZLRQD�MHVW�SRQL HM�

VWUXFW�6WDJH�^

,IDFH LIDFH>�@�
3DWK SDWK�
0RGXOH PRGXOH�
/RQJ �
HVWDEOLVK��6WDJH�V��$WWUV�D��

9RLG �
GHVWUR\��6WDJH�V��
6WDJH QH[W6WDJH�

`�
�6WDJH�

.D G\� ]H� VWRSQL� ]DZLHUD�ZVND QLNL� GR� IXQNFML�HVWDEOLVK��� L�GHVWUR\���� )XQNFMH� WH

X \ZDQH� V � SU]\� WZRU]HQLX� L� XVXZDQLX� FLH NL�� 6WRSLH � NRMDU]RQ\� MHVW� ]�PRGXáHP� SRSU]H]

SROH�PRGXOH�

��� ,QWHUIHMV\

�3RV]F]HJyOQH� VWRSQLH� ]DZLHUDM � SR� GZD� LQWHUIHMV\� RGSRZLDGDM FH� ]D� SU]HND]\ZDQLH

GDQ\FK� GR� NROHMQ\FK� VWRSQL�� .D G\� ]� LQWHUIHMVyZ� VáX \� GR� SU]HND]\ZDQLD� GDQ\FK� Z

RNUH ORQ\P� NLHUXQNX� GR� NROHMQ\FK� VWRSQL� FLH NL�� ,QWHUIHMV� PR H� ]DZLHUDü� ZLHOH� LQQ\FK

SRPRFQLF]\FK�IXQNFML�QS��VáX F\FK�GR�XVWDZLDQLD�NRQNUHWQ\FK�SDUDPHWUyZ� FLH NL�QS��PR H

E\ü� WR� DGUHV� ,3� GRFHORZHJR� KRVWD�� OXE� PDNV\PDOQ\� UR]PLDU� RNQD� 7&3� VNRMDU]RQ\� ]

LQWHUIHMVHP� VWRSQLD� VNRMDU]RQHJR� ]�PRGXáHP�7&3��1DMF] FLHM� X \ZDQ\P� W\SHP� LQWHUIHMVX

MHVW�Z�V\VWHPLH�6FRXW�LQWHUIHMV�DV\QFKURQLF]Q\��'HILQLFMH�LQWHUIHMVX�SRGVWDZRZHJR�L�SURVWHJR

LQWHUIHMVX�DV\QFKURQLF]QHJR��SU]HGVWDZLRQH�V �SRQL HM�

7\SHGHI�VWUXFW�,IDFH�^
,IDFH QH[W�

,IDFH EDFN�
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6WDJH VWDJH�
`�
�,IDFH�

W\SHGHI�VWUXFW��$LR,IDFH�^

VWUXFW ,IDFH�L�
ORQJ �
GHOLYHU��,IDFH�L��0VJ�P��

`�
�$LR,IDFH�

-DN�ZLGDü�SU]\�X \FLX� IXQNFML� GRVWDUF]DQLD�GHOLYHU���PR QD�SU]HND]\ZDü�GDQH�PL G]\

VWRSQLDPL�� =� LQWHUIHMVX� $LR,IDFH� PR QD� Z\SURZDG]Lü� LQWHUIHMV� ]DZLHUDM F\� IXQNFM

PRG\ILNXM F �PDNV\PDOQ\� UR]PLDU� RNQD� QD]ZDQ\� QS��:LQGRZHG$LR,IDFH�� NWyU\�PR H

E\ü�Z\NRU]\VWDQ\�GR�SU]HND]\ZDQLD�GDQ\FK�GR�PRGXáX�7&3��0R OLZH�MHVW�ZL F�SRMHG\QF]H

G]LHG]LF]HQLH�

3RZL ]DQLD�SRPL G]\�PRGXáDPL�� FLH NDPL��VWRSQLDPL�L�LQWHUIHMVDPL�SU]HGVWDZLRQH�V

QD�U\VXQNX���

5\V����3RZL ]DQLD�PL G]\�PRGXáDPL�� FLH NDPL��VWRSQLDPL� FLH HN�L�LQWHUIHMVDPL



�

��� :\GDMQR ü�V\VWHPX�6FRXW�

&KF F� SRND]Dü� ]DOHW\� V\VWHPX� 6FRXW� L� NRQFHSFML� FLH HN� DXWRU� Z\NRU]\VWDá� JR� GR

UHDOL]DFML�Z\GDMQHM�LPSOHPHQWDFML�7&3�L�53&��6WRV�SURWRNRáyZ�X \ZDQ\�Z�WHM�LPSOHPHQWDFML

SU]HGVWDZLRQ\�MHVW�QD�U\VXQNX���

5\V����6WRV\�SURWRNRáyZ�X \ZDQH�Z�WHVWDFK

,PSOHPHQWDFMD� ED]XMH� QD� UyGáDFK� %6'� :� LPSOHPHQWDFML� DXWRU� WHM� ]DVWRVRZDá� ZLHOH

Z\UDILQRZDQ\FK� PHWRG� RSW\PDOL]DFML�� DOH� GR� QDMZD QLHMV]HM� ]� QLFK� QDOH \� QLHZ WSOLZLH

]DSRELHJDQLH� F]DVRFKáRQQHPX� � NRSLRZDQLX� EXIRUyZ� PL G]\� ZDUVWZDPL� VWRVX� SURWRNRáyZ�

=DSRELHJDQLH� WDNLHM� V\WXDFML� E\áR� PR OLZH� G]L NL� FLH NRP�� ,QQH� PHWRG\� RSW\PDOL]DFML

]ZL ]DQH� V � ]� G HQLHP� GR� PDNV\PDOQHJR� Z\NRU]\VWDQLD� SDPL FL� SRGU F]QHM� SLHUZV]HJR

SR]LRPX�SURFHVRUD��3URFHVRU�$OSKD�EDUG]R�DNW\ZQLH�ZVSyáSUDFXMH�]��SDPL FL �FDFKH��-HGQDN

RSW\PDOL]DFMD�]ZL ]DQD�]�PDNV\PDOL]DFM �Z\NRU]\VWDQLX�FDFKH¶X�QLH�E G]LH�WXWDM�RPDZLDQD�

1D� SRWU]HE\� WHVWyZ� X \WR� GZyFK� VWDFML� URERF]\FK�'(&� ���������� X \ZDM F\FK� MHGQ\FK� ]

SLHUZV]\FK� SURFHVRUyZ�$OSKD� ±�'(&FKLS� ������ WDNWRZDQ\FK� ]HJDUHP� ���0+]�� .D G\� ]

SURFHVRUyZ�Z\SRVD RQ\�MHVW�Z��.%�SDPL FL�SRGU F]QHM�SLHUZV]HJR�SR]LRPX�GOD�LQVWUXNFML�L

�.%�GOD�GDQ\FK��6WDFMH�URERF]H�SRVLDGDá\�SR��0%�SDPL FL�FDFKH�GUXJLHJR�SR]LRPX��8 \WH

SURFHVRU\� V � VXSHUVNDODUQH� L� XPR OLZLDM � Z\NRQDQLH� GR� �� LQVWUXNFML� Z� MHGQ\P� F\NOX

]HJDURZ\P�� 6WDFMH� URERF]H� ]RVWDá\� SRá F]RQH� Z\L]RORZDQ � VL FL � ��0ELW� (WKHUQHW�� 7HVW

Z\GDMQR FLRZ\�SROHJDá�QD�Z\VáDQLX���EDMWRZHJR�NRPXQLNDWX�GR�SDUWQHUVNLHM�VWDFML�URERF]HM�L

]PLHU]HQLX�F]DVX��NWyU\�RSá\Q á�GR�PRPHQWX�RWU]\PDQLD�RGSRZLHG]L��&]DV�PLHU]RQR�GRSLHUR

SR� ������� WDNLFK� RSHUDFML� SU]\� SRPRF\� �.+]� ]HJDUD�� D� ZL F� ]� UR]G]LHOF]R FL � �>PV@�

*HQHURZDQLHP� SDNLHWX� SLQJ�SRQJ� ]DMPRZDá� VL � PRGXá� 7&37(67� L� ;53&7(67�� :\QLNL

WHVWyZ� GOD� GZyFK� VWRVyZ� SURWRNRáyZ� SU]HGVWDZLRQH� V � Z� SRQL V]HM� WDEHOL�� 1LH� VWRVRZDQR

WXWDM� DGQHM�RSW\PDOL]DFML�]ZL ]DQHM�]�SDPL FL �SRGU F]Q �
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6WRV�SURWRNRáyZ 7H>mV@

7&3�,3 ����������

53& ����������

$XWRU� SURSRQXMH� E\� RG� ND GHM� ]� ZDUWR FL� RGM ü� SR� ���>mV@�� JG\ � MHVW� WR� RSy QLHQLH

ZSURZDG]DQH� SU]H]� VWRVRZDQ\� LQWHUIHMV� VLHFLRZ\�� -DN� ZLGDü� F]DV� SU]HWZDU]DQLD� SURWRNRáX

MHVW�Z�WHM�LPSOHPHQWDFML�EDUG]R�NUyWNL�

��� 0R OLZR FL�]DVWRVRZD �

=� XZDJL� QD� PRGXODUQ � EXGRZ � V\VWHP� 6FRXW� PR H� E\ü� X \W\� Z� ZLHOX� SU]\SDGNDFK

Z\PDJDM F\FK� Z\GDMQHM� NRPXQLNDFML� L� VSHFMDOL]RZDQHJR� V\VWHPX�� 'R� QDMFLHNDZV]\FK

QDOH �

D�� =DVWRVRZDQLH�V\VWHPX�6FRXW�GR�EXGRZ\�URXWHUD�,3��-HVW�WR�FK\ED�SLHUZV]D�QDVXZDM FD�VL

PR OLZR ü�� =� XZDJL� QD� Z\GDMQH� SU]HWZDU]DQLH� SURWRNRáX�� PR QD� VWRVRZDü� V\VWHP� QLH

W\ONR�GR�EXGRZ\�URXWHUD��OHF]�WDN H�GR�EXGRZ\�ILUHZDOOD

E�� .R FyZND�VNDORZDOQHJR�VHUZHUD�SOLNyZ��VFDODEOH�VWRUDJH�VHUYHU�QRGH���=DVWRVRZDQLH�WR

Z\GDMH�VL �E\ü�EDUG]R�FLHNDZH�]�XZDJL�QD�]DSRWU]HERZDQLH�QD�UR]SURV]RQH�L�G]L NL�WHPX

QLH]DZRGQH� V\VWHP\�NRPSXWHURZH��2EFL HQLH� VHUZHUD�PR H�E\ü� UR]NáDGDQH�SRPL G]\

NLOND�NRPSXWHUyZ�

F�� 6LHFLRZ\�ILUHZDOO��=�XZDJL�QD�PRGXODUQ �L�SU]HMU]\VW �EXGRZ �PR QD�X \ü�V\VWHPX�6FRXW

GR� EXGRZ\� EDUG]R� EH]SLHF]QHJR� ILUHZDOOD� RGSRUQHJR� QD� ZV]HONLHJR� W\SX� DWDNL� W\SX

EXIIHU�RYHUIORZ�� PDM FH� QD� FHOX� SU]HM FLH� NRQWUROL� QDG� V\VWHPHP� SU]\� Z\NRU]\VWDQLX

LVWQLHM F\FK� Eá GyZ� RSURJUDPRZDQLD� V\VWHPRZHJR�� F]\� DWDNL� 'R6� �'HQLDO� RI� 6HUYLFH�

SR]ZDODM FH�QD�XQLHUXFKRPLHQLH�V\VWHPX�SRSU]H]�Ä]DOHZDQLH´�JR�GX �LOR FL �SDNLHWyZ�

G�� =DVWRVRZDQLH�V\VWHPX�6FRXW�GR�UHDOL]DFML�NRQFHSFML�NRPSXWHUD�VLHFLRZHJR

H�� 8 \FLH� V\VWHPX� 6FRXW� GR� EXGRZ\� XU] G]H � EH]R UHGQLR� SRGá F]RQ\FK� GR� VLHFL� QS�

NDPHUD�VLHFLRZD�

I�� =DVWRVRZDQLD� Z� V\VWHPDFK� PRELOQ\FK� QS�� SHUVRQDO� LQIRUPDWLRQ� PDQDJHU�� WHOHIRQLD

NRPyUNRZD

����3RGVXPRZDQLH

6\VWHP� 6FRXW� MHVW� QLHZ WSOLZLH� V\VWHPHP� FLHNDZ\P�� =DVWRVRZDQD� WX� NRQFHSFMD

FLH HN�MHVW�EDUG]R�LQWHUHVXM F �L�Z\JRGQ �PHWRG �UHDOL]DFML�PRGXODUQR FL��=DOHW �WHM�PHWRG\

MHVW�WR�� H�QLH�]DNáDGD�RQD� DGQHM�NODV\�PRGXáyZ��NWyUH�PXV] �LVWQLHü�Z�V\VWHPLH��WDN�MDN�PD

WR� PLHMVFH� ZH� ZVSyáF]HVQ\FK� XQLNVRZ\FK� V\VWHPDFK� RSHUDF\MQ\FK�� F]\� Z� V]WDQGDURZ\P

V\VWHPLH� ILUP\� 0LFURVRIW� 06� :LQGRZV� 17�� 6\VWHP� PR H� E\ü� VNáDGDQ\� ]� SRMHGQ\F]\FK

PRGXáyZ� MDN� ]� NORFNyZ�� D� FLH NL� VSUDZLDM �� H� V\VWHP� PRGXODUQ\� QLH� MHVW� ZFDOH� PQLHM

Z\GDMQ\� RG� V\VWHPX� PRQROLW\F]QHJR�� D� QDZHW� RGZURWQLH�� ']L NL� GREU]H� ]GHILQLRZDQ\P

]DOH QR FLRP� SRPL G]\� HOHPHQWDPL� V\VWHPX� PR OLZD� MHVW� Z\UDILQRZDQD� RSW\PDOL]DFMD

ND GHJR� ]� PRGXáyZ�� &R� ZL FHM�� ND G\� PRGXá� PR H� E\ü� WZRU]RQ\� L� RSW\PDOL]RZDQ\
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RGG]LHOQLH�SU]H]�Uy QH�RVRE\��.RQFHSFMD� FLH HN�MHVW�RWZDUWD�L�PR H�E\ü�UR]V]HU]RQD�R�QRZH

HOHPHQW\�� MDN�QS��R� FLH NL� UR]SURV]RQH� W]Q�� WDNLH��NWyUH�SU]HELHJDM �SU]H]�PRGXá\�QD�ZLHOX

NRPSXWHUDFK�

=� SXQNWX� ZLG]HQLD� V\VWHPyZ� RSHUDF\MQ\FK� QDOH \� SRZLHG]LHü�� H� V\VWHP� 6FRXW

SRVLDGD� SHZQH� EUDNL�� ]� SRZRGX�� NWyU\FK� QLH� PR H� NRQNXURZDü� ]� LQQ\PL� ZVSyáF]HVQ\PL

V\VWHPDPL� RSHUDF\MQ\PL� GR� ]DVWRVRZD � VSHFMDOL]RZDQ\FK� WDNLPL� MDN� QS�� 26���� 41;�

9[:RUNV� VWRVRZDQ\PL� SRZV]HFKQLH� Z� SU]HP\VáRZ\FK�� VSHFMDOL]RZDQ\FK� V\VWHPDFK

NRPSXWHURZ\FK�� 'R� EUDNyZ� V\VWHPX� PR QD� ]DOLF]\ü� SREáD DM F � VWUDWHJL � V]HUHJRZDQLD�

EUDN�GRPHQ�RFKURQ\��EUDN�PR OLZR FL�GRáDGRZ\ZDQLD�PRGXáyZ�Z�F]DVLH�G]LDáDQLD�V\VWHPX�

-HGQDN� QDOH \� SDPL WDü� R� W\P�� H� 6FRXW� SRZVWDá� Z� FHOX� SUDNW\F]QHM� UHDOL]DFML� NRQFHSFML

FLH HN� L� ]� WHJR� SXQNWX� ZLG]HQLD� VSHáQLD� ZV]\VWNLH� Z\PDJDQLD�� $XWRU� V\VWHPX� 'DYLG

0RVEHUJHU� GHNODUXMH�� H� ZV]HONLH� QLHGRUyENL� V\VWHPX� ]RVWDQ � XVXQL WH� Z� SU]\V]á\FK� MHJR

ZHUVMDFK��6FRXW�]�XZDJL�QD�QRZRF]HVQ �DUFKLWHNWXU �]DVáXJXM �QLHZ WSOLZLH�QD�X]QDQLH�

/LWHUDWXUD�

'�� 0RVEHUJHU� Ä6&287�� $� 3$7+�%$6('� 23(5$7,1*� 6<67(0´�� 7KH� 8QLYHUVLW\� RI

$UL]RQD������


