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:SURZDG]HQLH
6\VWHP� ERQXV�PDOXV MHVW� WHFKQLN� WDU\ILNDFML� D� SRVWHULRUL VWRVRZDQ� SU]HGH� ZV]\VWNLP� Z�XEH]SLHF]HQLDFK� NRPXQLNDF\MQ\FK� ]DUyZQR� Z� 3ROVFH�� MDN� L� Z� NUDMDFK� ]DFKRGQLRHXURSHMVNLFK��8EH]SLHF]HQL�]RVWDM� SU]\G]LHOHQL�GR�NODV�ERQXV�PDOXV Uy*QL�F\FK�VL
 Z\VRNR�FL� VNáDGNL��SU]\�F]\P�SU]\QDOH*QR�ü�GR�NODV\�]PLHQLD�VL
 Z�NROHMQ\FK�RNUHVDFK�Z�]DOH*QR�FL�RG�SU]HELHJX�XEH]�SLHF]HQLD� �OLF]E\� ]JáRV]RQ\FK� V]NyG��� 7HRULD� áD�FXFKyZ�0DUNRZD� ]DSHZQLD� QDU]
G]LD� XPR*OL�ZLDM�FH�RSUDFRZDQLH��RFHQ
 L�SRUyZQDQLH�V\VWHPyZ�ERQXV�PDOXV��
:�SROVNLHM�OLWHUDWXU]H�SU]HGPLRWX�QLHZLHOH�XZDJL�SR�ZL
FRQR�GRW\FKF]DV�V\VWHPRZL�ERQXV�PDOXV L�MHJR�HIHNW\ZQR�FL��=�WHJR�SRZRGX�SUDFD�WD�RGZRáXMH�VL
 Z�SU]HZD*DM�FHM�PLHU]H�GR�DQ�JORM
]\F]QHM� OLWHUDWXU\� DNWXDULDOQHM��:�NLONX�SXQNWDFK�GRUREHN� ]DJUDQLF]Q\FK� DXWRUyZ�]RVWDá�Z�SHZQ\P� VWRSQLX� UR]ZLQL
W\� �]DVWRVRZDQLH� QXPHU\F]QHJR� Z\]QDF]DQLD� OHZRVWURQQHJR� ZHNWRUD�ZáDVQHJR�PDFLHU]\�SU]HM�FLD�]DPLDVW�V\PXODFML�SU]\�REOLF]DQLX�UR]NáDGX�VWDFMRQDUQHJR��REOLF]D�QLH� á�F]QHM� HODVW\F]QR�FL� RUD]� RF]HNLZDQHJR� VWDFMRQDUQHJR� SR]LRPX� VNáDGNL� Z� FDá\P�SRUWIHOX��PRG\ILNDFMD�PLDU\�UyZQRZDJL��REOLF]HQLD�DQDOLW\F]QH�VWDFMRQDUQHJR�SR]LRPX�VNáDGNL�GOD�V\VWHPX�ERQXV�PDOXV Z�:LHONLHM�%U\WDQLL���3UDFD�]DZLHUD�UyZQLH* SUyE
 ]DVWRVRZDQLD�PLDU�HIHNW\ZQR�FL�V\VWHPyZ�ERQXV�PDOXV�SU]HGVWDZLRQ\FK�Z�]DJUDQLF]QHM� OLWHUDWXU]H� DNWXDULDOQHM� GR�RFHQ\� V\VWH�PyZ�VWRVRZDQ\FK�Z� ILUPDFK�XEH]SLHF]HQLRZ\FK�IXQNFMRQXM�F\FK�QD�SROVNLP�U\QNX�RUD]�VXJH�VWLH�]PLDQ�PDM�FH�QD�FHOX�SRSUDZLHQLH�HIHNW\ZQR�FL�W\FK�V\VWHPyZ�
:� SLHUZV]\P� UR]G]LDOH� SU]HGVWDZLRQD� MHVW� GHILQLFMD� WHUPLQX� ÄXEH]SLHF]HQLD� NRPXQLNDF\M�QH´��VSRVRE\�NODV\ILNDFML�W\FK�XEH]SLHF]H���D�WDN*H�LFK�KLVWRULD�QD�WOH�UR]ZLMDM�FHJR�VL
 U\QNX�PR�WRU\]DF\MQHJR��5R]G]LDá�GUXJL��SR�NUyWNLP RPyZLHQLX�SUREOHPX�NDONXODFML�VNáDGHN�Z�W\FK�XEH]�SLHF]HQLDFK��ZSURZDG]D� SRM
FLH� V\VWHPX�ERQXV�PDOXV�� MHJR� GHILQLFM
 RUD]�ZáDVQR�FL�� NWyUH� ]D�SUH]HQWRZDQH�V� QD�SU]\NáDG]LH�V\VWHPyZ�VWRVRZDQ\FK�Z�Z\EUDQ\FK�NUDMDFK�(XURS\�=DFKRGQLHM��:�UR]G]LDOH�WU]HFLP�VFKDUDNWHU\]RZDQR�PRGHO�SURFHVX�]JáDV]DQLD�V]NyG�Z�XEH]SLHF]HQLDFK�NR�PXQLNDF\MQ\FK��1DVW
SQLH�SU]HGVWDZLRQH�V� SURSR]\FMH�PLDU�HIHNW\ZQR�FL�V\VWHPX�ERQXV�PDOXVRSDUWH�QD�W\P�PRGHOX��0LDU\�WH�Z\NRU]\VWDQH�V� GDOHM�GR�RFHQ\�HIHNW\ZQR�FL�EDGDQ\FK�V\VWHPyZ�]DFKRGQLRHXURSHMVNLFK��5R]G]LDá�F]ZDUW\�GRW\F]\�V\VWHPyZ�ERQXV�PDOXV VWRVRZDQ\FK�Z�3ROVFH��3UyED�RFHQ\�HIHNW\ZQR�FL�V\VWHPyZ�IXQNFMRQXM�F\FK�Z�WRZDU]\VWZDFK�XEH]SLHF]HQLRZ\FK�G]LD�áDM�F\FK� QD� SROVNLP� U\QNX� �3=8�� :DUWD�� 3ROLVD�� 3RORQLD�� &RPSHQVD�� NR�F]\� VL
 VXJHVWLDPL�
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]PLDQ�� SRSDUW\PL� V\PXODFM� HIHNW\ZQR�FL� V\VWHPX� ERQXV�PDOXV SU]\� Uy*Q\FK� ZDULDQWDFK� MHJR�PRG\ILNDFML��
3U]HSURZDG]HQLH� VNRPSOLNRZDQ\FK� V\PXODFML� L� REOLF]H� �SU]HNV]WDáFDQLH�PDFLHU]\��Z\]QD�F]DQLH�ZHNWRUyZ�ZáDVQ\FK��QXPHU\F]QH�REOLF]DQLH�FDáHN�RUD]� UR]ZL�]\ZDQLH�XNáDGyZ�UyZQD���E\áR�PR*OLZH�G]L
NL�Z\NRU]\VWDQLX�M
]\ND�SURJUDPRZDQLD�*$866��3HáQ\� WHNVW�SURJUDPX�QDSL�VDQHJR�Z�W\P�M
]\NX�GOD�SRWU]HE�WHM�SUDF\�PDJLVWHUVNLHM�ZUD]�]�ELEOLRWHN� SURFHGXU�]DZLHUD�]D�á�F]QLN���
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5R]G]LDá���8EH]SLHF]HQLD�NRPXQLNDF\MQH�
����� 3RM
FLH� L� NODV\ILNDFMD� XEH]SLHF]H� NRPXQLNDF\MQ\FK�� 6SHF\ILND� XEH]�SLHF]H� 2&�L�$&�

.D*G\� ZáD�FLFLHO� VDPRFKRGX� PR*H� SR�ZLDGF]\ü�� *H� ]� SRVLDGDQLHP� SRMD]GX� QLHXFKURQQLH�]ZL�]DQH�MHVW�U\]\NR��8*\ZDM�F�VáRZD�ÄU\]\NR´��PDP\�QDMF]
�FLHM�QD�P\�OL�PR*OLZR�ü�Z\VW�SLH�QLD�QLHSR*�GDQHJR�]GDU]HQLD� ORVRZHJR���1LHSR*�GDQ\P�]GDU]HQLHP��QD� MDNLH�QDUD*RQ\� MHVW�NLH�URZFD�SRMD]GX��MHVW�SU]HGH�ZV]\VWNLP�Z\SDGHN�VDPRFKRGRZ\��F]\OL�]GDU]HQLH�ORVRZH��NWyUH�Z\�VW�SLáR�QD�VNXWHN�UXFKX�SRMD]GX�PHFKDQLF]QHJR��D�NWyUHJR�Z\QLNLHP�MHVW�V]NRGD�PDM�WNRZD��XWUD�WD�*\FLD�� ]GURZLD�F]\�]GROQR�FL�GR�SUDF\���3RQDGWR�QDOH*\�]D]QDF]\ü��*H�]�SRVLDGDQLHP�SRMD]GX�]ZL�]DQH�MHVW�QLH�W\ONR�U\]\NR�Z\SDGNX��DOH�WDN*H�U\]\NR�NUDG]LH*\�RUD]�U\]\NR�]QLV]F]HQLD�OXE�XV]NRG]HQLD�SRMD]GX�QLH�Z\Sá\ZDM�FH�]�UXFKX�SRMD]GX�
3U]HG�QHJDW\ZQ\PL�VNXWNDPL�U\]\ND��MDNLPL�V� ]�SHZQR�FL� VWUDW\�PDM�WNRZH�L�LQQHJR�URG]D�MX� V]NRG\�Z\QLNDM�FH�]� UHDOL]DFML�QLHSR*�GDQ\FK�]GDU]H� ORVRZ\FK��PR*QD�]DEH]SLHF]\ü�VL
 QD�GZD�VSRVRE\��=�MHGQHM�VWURQ\�SRGHMPXMH�VL
 SUyE\�RJUDQLF]HQLD�U\]\ND��F]\OL�]PQLHMV]DQLD�SUDZ�GRSRGRELH�VWZD�Z\VW�SLHQLD� V]NyG��:� W\P�FHOX� VWRVXMH� VL
 V]HUHJ� �URGNyZ� R� FKDUDNWHU]H� SUH�ZHQF\MQ\P�± VDPRFKRG\�Z\SRVD*DQH�V� Z�FRUD]�OHSV]H�]DEH]SLHF]HQLD�WHFKQLF]QH��SRSUDZLDQ\�MHVW� VWDQ�GUyJ��ZSURZDG]DQH�V� ]ZL
NV]DM�FH�EH]SLHF]H�VWZR�QD�GURJDFK�SU]HSLV\�UXFKX�GURJR�ZHJR�� LWS��=�SXQNWX�ZLG]HQLD�NLHURZF\�SUDZGRSRGRELH�VWZR�Z\VW�SLHQLD�V]NyG�PR*QD�]PQLHM�V]\ü�QD�SU]\NáDG�SRSU]H]�]DFKRZDQLH�QDOH*\WHM�RVWUR*QR�FL��SU]HVWU]HJDQLH�SU]HSLVyZ�UXFKX�GUR�JRZHJR�E�G( WH* UH]\JQDFM
 ]�SURZDG]HQLD�SRMD]GX�Z�V\WXDFML�]P
F]HQLD�F]\�QLHWU]H(ZR�FL�
'UXJLP�VSRVREHP�]DEH]SLHF]HQLD�SU]HG�QHJDW\ZQ\PL�VNXWNDPL�U\]\ND� MHVW� UHGXNFMD�SRWHQ�FMDOQ\FK� VWUDW� SRSU]H]� LQVW\WXFM
 XEH]SLHF]HQLD�� 8EH]SLHF]HQLH� SROHJD� QD� XPRZLH� ]DZLHUDQHM�SU]H]�GZLH�VWURQ\��XEH]SLHF]DM�FHJR�± F]\OL�RVRE
 SUDJQ�F� ]DEH]SLHF]\ü�VL
 SU]HG�VNXWNDPL�]GD�U]H� ORVRZ\FK� ± L� XEH]SLHF]\FLHOD� �]DNáDG�XEH]SLHF]H���� NWyU\� ]RERZL�]XMH� VL
 GR�Z\SáDW\�RG�

� -HVW�WR�Z�GX*HM�PLHU]H�SRWRF]QH�UR]XPLHQLH�WHUPLQX�ÄU\]\NR´�� :�OLWHUDWXU]H�IDFKRZHM��]RE��QS��:�VLHZLF]�>����@�V������UR]Uy*QLD�VL
 SUDZQLF]H�L�SRWRF]QH�UR]XPLHQLH�Z\SDGNX�VDPR�FKRGRZHJR��:�SLHUZV]\P�SU]\SDGNX�R]QDF]D�RQ�IDNW�Z\ZRáDQ\�UXFKHP�SRMD]GX��Z�Z\QLNX�NWyUHJR�V]NRG\�GR]QDMH�SRGPLRW�LQQ\�QL* SRVLDGDF]��NLHURZFD��WHJR�SRMD]GX��WR�]QDF]\�QD�SU]\NáDG�LQQ\�NLHURZFD��SDVD*HU�OXE�SU]HFKRG]LH���:�M
]\NX�SRWRF]�Q\P�PyZLP\�R�Z\SDGNX� WDN*H�ZWHG\�� NLHG\� MHG\Q\P�SRV]NRGRZDQ\P� MHVW� MHJR� VSUDZFD��:�SUDF\� WHM� E
G
 SRVáXJLZDü�VL
SRWRF]Q\P�UR]XPLHQLHP�WHUPLQX�ÄZ\SDGHN�VDPRFKRGRZ\´�
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V]NRGRZDQLD�OXE��ZLDGF]HQLD�Z�SU]\SDGNX�Z\VW�SLHQLD�]GDU]HQLD�ORVRZHJR�SU]\QRV]�FHJR�XEH]�SLHF]RQHPX VWUDW\�
8EH]SLHF]HQLD�NRPXQLNDF\MQH��U]DG]LHM��XEH]SLHF]HQLD�VDPRFKRGRZH��E�G( XEH]SLHF]HQLD�SRMD]GyZ� VDPRFKRGRZ\FK�� DQJ�� DXWRPRELOH� LQVXUDQFH�� WR� ± SRVáXJXM�F� VL
 QDMSURVWV]\P� M
]\�NLHP� ± WH� ZV]\VWNLH� URG]DMH� XEH]SLHF]H��� NWyUH� á�F]� VL
 �FL�OH� ]� SRMD]GDPL� VDPRFKRGRZ\PL��0yZL�F�R�SRMH(G]LH�VDPRFKRGRZ\P��PDP\�QD�P\�OL�VDPRFKRG\�RVRERZH�L�FL
*DURZH��DXWREXV\��PRWRF\NOH�� PRWRURZHU\� L� Uy*QHJR� URG]DMX� FL�JQLNL�� 8EH]SLHF]HQLD� NRPXQLNDF\MQH� ]DSHZQLDM�RFKURQ
 XEH]SLHF]RQHJR�SU]HG�Uy*Q\PL�W\SDPL�VWUDW�]ZL�]DQ\PL�] SRVLDGDQLHP�L�X*\ZDQLHP�SR�MD]GX�VDPRFKRGRZHJR��8EH]SLHF]HQLH�PR*H�ZL
F�FKURQLü�SRVLDGDF]D�SRMD]GX�SU]HG�ILQDQVRZ\PL�VNXWNDPL� RGSRZLHG]LDOQR�FL� F\ZLOQHM�� ,QQ\P� URG]DMHP� VWUDW� V� Z\GDWNL� ]ZL�]DQH� ]� RSáDWDPL� ]�W\WXáX�XVáXJ�PHG\F]Q\FK� OXE� ]� RGV]NRGRZDQLHP�SáDFRQ\P�SRV]NRGRZDQ\P�Z�Z\SDGNDFK��3R�VLDGDQLH�L�X*\WNRZDQLH�SRMD]GX�PR*H�VL
 UyZQLH* ZL�]Dü�]H�VWUDW� SROHJDM�F� QD�NUDG]LH*\�VDPR�FKRGX��MHJR�]QLV]F]HQLX�OXE�XV]NRG]HQLX��
:\SDGD�]D]QDF]\ü��*H�SRZ\*HM�VIRUPXáRZDQD�GHILQLFMD�SU]HGVWDZLD�W\ONR�MHGHQ�]�PR*OLZ\FK�]DNUHVyZ�QD]Z\�ÄXEH]SLHF]HQLD�NRPXQLNDF\MQH´��7HQ�VDP�WHUPLQ�PR*QD�LQWHUSUHWRZDü�QD�NLOND�VSRVREyZ�� 8*\FLH� SU]\PLRWQLND� ÄNRPXQLNDF\MQH´� PR*H� ERZLHP� VXJHURZDü�� *H� FKRG]L� QDP� R�XEH]SLHF]HQLD� QLH� W\ONR� VDPRFKRGyZ� F]\� SRMD]GyZ� VDPRFKRGRZ\FK�� OHF]� ZV]HONLFK� URG]DMyZ�NRPXQLNDFML��ZL
F� WDN*H� NROHL�� VWDWNyZ� SRZLHWU]Q\FK� OXE�PRUVNLFK�� 3RQDGWR�PR*HP\�PyZLü� R�V]HURNLP�ZDFKODU]X�XEH]SLHF]H� ]ZL�]DQ\FK�]�NRPXQLNDFM���:�UyG�QLFK�PR*QD�Z\PLHQLü��XEH]�SLHF]HQLD� áDGXQNX��XEH]SLHF]HQLH�SDVD*HUyZ�RG�QDVW
SVWZ�QLHV]F]
�OLZ\FK Z\SDGNyZ��XEH]SLH�F]HQLH�

� =RE��9DXJKDQ�>����@��V�����
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EDJD*X��]DáRJL�VWDWNyZ�SRZLHWU]Q\FK�L�PRUVNLFK�L� LQQH��:�SUDNW\FH�XEH]SLHF]HQLRZHM�WHUPLQHP�ÄXEH]SLHF]HQLD�NRPXQLNDF\MQH´�]Z\NáR�VL
 MHGQDN�QD]\ZDü�XEH]SLHF]HQLD�GRW\F]�FH�MHG\QLH�SR�MD]GyZ�VDPRFKRGRZ\FK��SU]\�F]\P�QLH�FKRG]L�WX�R�ZV]\VWNLH�PR*OLZH�W\S\�XEH]SLHF]H� Z�MDNL�VSRVyE�]ZL�]DQH�]�SRMD]GDPL��OHF]�MHG\QLH�R�WH��NWyUH�QDM�FL�OHM�á�F]� VL
 ]�SRVLDGDQLHP�L�X*\WNR�ZDQLHP� SRMD]GX� VDPRFKRGRZHJR�� =GDQLHP� $�� :�VLHZLF]D�� WDNL� VSRVyE� UR]XPLHQLD� SRM
FLD�µXEH]SLHF]HQLD�NRPXQLNDF\MQH¶�ÄQDOH*\�X]QDü�]�SXQNWX�ZLG]HQLD�SRWU]HE�SUDNW\NL��D� WDN*H�FHOR�ZR�FL� NRPSOHNVRZHJR� XM
FLD� SUREOHPDW\NL� W\FK�ZV]\VWNLFK� XEH]SLHF]H��� NWyUH� V� �FL�OH� ]H� VRE�]ZL�]DQH��]D�X]DVDGQLRQ\´��:�VLHZLF]��>����@�V������
3RQLHZD* MHGQDN� SU]\PLRWQLN� ÄNRPXQLNDF\MQH´� PR*H� ZSURZDG]Dü� F]\WHOQLND� Z� Eá�G�� $��:�VLHZLF]�SURSRQXMH��DE\�]DVW�SLü�W
 QD]Z
 WHUPLQHP�ÄXEH]SLHF]HQLD�VDPRFKRGRZH´�OXE�ÄXEH]�SLHF]HQLD�SRMD]GyZ�VDPRFKRGRZ\FK´��7U]HED�VWZLHUG]Lü��*H�RNUH�OHQLH�ÄXEH]SLHF]HQLD�VDPRFKR�GRZH´��FKRü�QLH�ZSURZDG]D�Z�Eá�G��UyZQLH* ]DZLHUD�SHZQ� QLH�FLVáR�ü��3ROHJD�RQD�QD�IDNFLH��*H�NRPXQLNDF\MQH�XEH]SLHF]HQLH�2&�Z�VZHM�LVWRFLH�QLH�RGQRVL�VL
 EH]SR�UHGQLR�GR�SRMD]GyZ��OHF]�GR�LFK�SRVLDGDF]\��L�NLHURZFyZ���-HVW�RQR�MHGQDN�QD�W\OH��FL�OH�]ZL�]DQH�]�RNUH�ORQ\P�SRMD]GHP��MHJR�UXFKHP��*H�REM
FLH�WHJR�XEH]SLHF]HQLD�RNUH�OHQLHP�ÄVDPRFKRGRZH´�QLH�SURZDG]L�GR�QLHSR�UR]XPLH��� 3RQDGWR� WHUPLQ� ÄXEH]SLHF]HQLD� VDPRFKRGRZH´�Z\GDMH� VL
 E\ü� OHSV]\P�RGSRZLHGQL�NLHP� DQJLHOVNLHJR� ÄDXWRPRELOH� LQVXUDQFH´�� 0LPR� ZVND]DQ\FK� Z\*HM� QLHGRPDJD��� SRM
FLH�ÄXEH]SLHF]HQLD�NRPXQLNDF\MQH´�SU]\M
áR� VL
 MHGQDN�]DUyZQR�Z�SUDNW\FH�MDN� L�Z� WHRULL�XEH]SLH�F]HQLRZHM��VW�G�WH* E
G]LH�Z�WHM�SUDF\�VWRVRZDQH�QD�]PLDQ
 ]H�VIRUPXáRZDQLDPL�ÄXEH]SLHF]HQLD�VDPRFKRGRZH´�F]\�ÄXEH]SLHF]HQLD�SRMD]GyZ�VDPRFKRGRZ\FK´�
=� SU]HGVWDZLRQHM� GHILQLFML� EH]SR�UHGQLR�Z\QLND�PR*OLZR�ü�Z\RGU
EQLHQLD� URG]DMyZ� XEH]�SLHF]H� NRPXQLNDF\MQ\FK�� =DáR*HQLHP�� ]� NWyUHJR� QDMF]
�FLHM�Z\FKRG]L� NODV\ILNDFMD� W\FK� XEH]�SLHF]H���MHVW�SU]HGPLRW�XEH]SLHF]HQLD��D�FR�]D�W\P�LG]LH�FKDUDNWHU�VWUDW��GR�SRNU\FLD�NWyU\FK�]R�ERZL�]DQ\�MHVW�QD�SRGVWDZLH�XPRZ\�XEH]SLHF]\FLHO��3RVáXJXM�F�VL
 W\P�NU\WHULXP��PR*HP\�Z\�RGU
EQLü�WU]\�SRGVWDZRZH�URG]DMH�XEH]SLHF]H� NRPXQLNDF\MQ\FK��$&��DXWRFDVFR F]\OL�XEH]SLH�F]HQLH� SRMD]GyZ� RG� XV]NRG]H��� ]QLV]F]HQLD� OXE� NUDG]LH*\��� 2&� �F]\OL� XEH]SLHF]HQLH� RGSRZLH�G]LDOQR�FL�F\ZLOQHM�SRVLDGDF]\�SRMD]GyZ�PHFKDQLF]Q\FK�]D�V]NRG\�]ZL�]DQH�]�UXFKHP�W\FK�SR�MD]GyZ��RUD]�1:��XEH]SLHF]HQLH�QDVW
SVWZ�QLHV]F]
�OLZ\FK�Z\SDGNyZ�XF]HVWQLNyZ�UXFKX�GUR�JRZHJR���'RGDWNRZR��GR�NRPXQLNDF\MQ\FK�]DOLF]D�VL
 UyZQLH* XEH]SLHF]HQLD�WRZDU]\V]�FH Z\�PLHQLRQ\P�Z\*HM��WDNLH�MDN��DVVLVWDQFH��XEH]SLHF]HQLH�EDJD*X��XEH]SLHF]HQLH�NRV]WyZ�OHF]HQLD�]D�JUDQLF��� LWG��7DNL�SRG]LDá� MHVW�QDMF]
�FLHM�VSRW\NDQ\P�SRG]LDáHP�XEH]SLHF]H� NRPXQLNDF\MQ\FK��
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VWRVRZDQ\P�]DUyZQR�SU]H]�WHRUHW\NyZ��MDN�L�SUDNW\NyZ�XEH]SLHF]HQLRZ\FK�Z�3ROVFH�
3RG]LDá�XEH]SLHF]H� NRPXQLNDF\MQ\FK�Z�SHZQHM�F]
�FL�]DOH*\�RG�XZDUXQNRZD� SUDZQ\FK��VSRáHF]Q\FK�L�KLVWRU\F]Q\FK�GDQHJR�SD�VWZD�RUD]�]Z\F]DMyZ�QD�U\QNX�XEH]SLHF]HQLRZ\P��=�WH�JR�SRZRGX��QLHFR�LQDF]HM�XMPXM� NODV\ILNDFM
 XEH]SLHF]H� NRPXQLNDF\MQ\FK�DXWRU]\�]DJUDQLF]QL��1D�SU]\NáDG�(��-��9DXJKDQ�SU]HGVWDZLD�QDVW
SXM�FH�SRGVWDZRZH�URG]DMH�XEH]SLHF]H� VDPRFKR�GRZ\FK��VDPRFKRGRZH�XEH]SLHF]HQLH�RGSRZLHG]LDOQR�FL�F\ZLOQHM �DXWRPRELOH�OLDELOLW\�LQVXUDQ�FH���XEH]SLHF]HQLH�RG�XV]NRG]H� IL]\F]Q\FK��SK\VLFDO�GDPDJH�FRYHUDJH���XEH]SLHF]HQLH�NRV]WyZ�PHG\F]Q\FK��PHGLFDO�SD\PHQWV�FRYHUDJH��L�XEH]SLHF]HQLH�RG�Z\SDGNyZ�VSRZRGRZDQ\FK�SU]H]�QLHXEH]SLHF]RQ\FK�NLHURZFyZ��XQLQVXUHG�PRWRULVW�FRYHUDJH���=RE��9DXJKDQ�>����@�V������L�Q����3LHUZV]H� GZD� W\S\� XEH]SLHF]H� WR GR�ü�ZLHUQH� RGSRZLHGQLNL� QDV]HJR�2&� L�$&��0HGLFDO� SD\�PHQWV� FRYHUDJH WR� VZHJR� URG]DMX� SRá�F]HQLH� XEH]SLHF]HQLD�1:�]� XEH]SLHF]HQLHP�NRV]WyZ� OH�F]HQLD��NWyUHJR�IXQNFM
 Z�3ROVFH�SU]HMPXMH�V\VWHP�XEH]SLHF]H� ]GURZRWQ\FK���2VWDWQLHJR�ZVSR�PQLDQHJR� W\SX�XEH]SLHF]HQLD� �XQLQVXUHG�PRWRULVW�FRYHUDJH��Z�3ROVFH�QLH�VSRW\NDP\��8EH]SLH�F]HQLH�RGSRZLHG]LDOQR�FL�F\ZLOQHM�SRVLDGDF]\�SRMD]GyZ�MHVW�Z�QDV]HM�2MF]\(QLH�XEH]SLHF]HQLHP�RERZL�]NRZ\P�� VW�G�ZV]\VF\� NLHURZF\� SRZLQQL� MH� SRVLDGDü�� $E\� FKURQLü� SRV]NRGRZDQ\FK�Z�Z\SDGNDFK�VDPRFKRGRZ\FK�SU]HG�QLHZ\SáDFDOQR�FL� NLHURZFyZ�RGSRZLHG]LDOQ\FK�]D�V]NRG\�Z�SU]\SDGNX�� JG\�SROLV\�2&�± PLPR�RERZL�]NX�± QLH�Z\NXSLOL� �D� WDN*H�SU]HG�SU]\SDGNDPL��JG\�VSUDZFD�V]NRG\�QD�RVRELH�QLH�]RVWDá�]LGHQW\ILNRZDQ\��ZSURZDG]RQR�Z�3ROVFH� LQVW\WXFM
 8EH]�SLHF]HQLRZHJR�)XQGXV]X�*ZDUDQF\MQHJR�
.ZHVWL���NWyUD�Z\PDJD�V]HUV]HJR�RPyZLHQLD��MHVW�PLHMVFH�XEH]SLHF]H� NRPXQLNDF\MQ\FK�Z�RJyOQHM� NODV\ILNDFML� XEH]SLHF]H��� -HVW� U]HF]� RF]\ZLVW��� *H� XEH]SLHF]HQLD� VDPRFKRGRZH� PDM�FKDUDNWHU�XEH]SLHF]H� JRVSRGDUF]\FK��QD]\ZDQ\FK� WH* SU\ZDWQ\PL��DQJ��SULYDWH� LQVXUDQFH��� Z�RGUy*QLHQLX� RG� XEH]SLHF]H� VSRáHF]Q\FK��� 5ROD� XEH]SLHF]H� NRPXQLNDF\MQ\FK�� WDN� MDN� LQQ\FK�XEH]SLHF]H� JRVSRGDUF]\FK�� SROHJD� SU]HGH� ZV]\VWNLP� QD� NRPSHQVDFML�� F]\OL� Z\UyZQ\ZDQLX�VNXWNyZ�]GDU]H� ORVRZ\FK�

� 3ROVNLH�ILUP\�RIHUXM� MHGQDN�XEH]SLHF]HQLH�QDVW
SVWZ�QLHV]F]
�OLZ\FK�Z\SDGNyZ�L�NRV]WyZ�OHF]HQLD�SU]\�Z\MD]GDFK�]D�JUDQLF]Q\FK��6WDQRZL�WR�RGSRZLHGQLN�RSLV\ZDQHJR�PHGLFDO�SD\PHQWV�FRYHUDJH�� 3RU�QS��%DQDVL�VNL�>����@�V������:�UyG�WHRUHW\NyZ�XEH]SLHF]H� LVWQLHMH�G\VNXVMD��F]\�XEH]SLHF]HQLD�VSRáHF]QH�PR*QD�Z�RJyOH�QD]\ZDü�XEH]SLHF]HQLDPL��:�]DPLDQ�SURSRQRZDQH�V� LQQH�WHUPLQ\��QS��Ä]DEH]SLHF]HQLH´���&]
VWR�WH* PyZL�F�ÄXEH]SLH�F]HQLD´�PDP\�QD�P\�OL�W\ONR�XEH]SLHF]HQLD�JRVSRGDUF]H��7DN�WH* E
G]LH Z�GDOV]HM�F]
�FL�WHM�SUDF\�
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2Jyá�XEH]SLHF]H� JRVSRGDUF]\FK�PR*HP\�SRG]LHOLü�ZHGáXJ�Uy*Q\FK�NU\WHULyZ��-DN�VL
 RND�]XMH�� ]DNUHV� XEH]SLHF]H� NRPXQLNDF\MQ\FK� VWDMH� MDNE\� Z� SRSU]HN� ZL
NV]R�FL� W\FK� SRG]LDáyZ��2EUD]XMH�WR�Z\NUHV������
3ROVNL�NRGHNV�F\ZLOQ\� SRGWU]\PXMH�F]
VWR�VWRVRZDQ\�SRG]LDá�XEH]SLHF]H� QD�XEH]SLHF]HQLD�RVRERZH�L�PDM�WNRZH��=JRGQLH�]�SU]HSLVDPL�NRGHNVX��XEH]SLHF]HQLH�PDM�WNRZH�PR*H�GRW\F]\ü�PLHQLD�DOER�RGSRZLHG]LDOQR�FL�F\ZLOQHM��8EH]SLHF]HQLH�RVRERZH�PR*H�]D� GRW\F]\ü��PLHUFL�RVR�E\�XEH]SLHF]RQHM�OXE�GR*\FLD�SU]H]�QL� RNUH�ORQHJR�ZLHNX��PDP\�ZWHG\�GR�F]\QLHQLD�]�XEH]SLH�F]HQLHP�QD�*\FLH��E�G( WH* XV]NRG]HQLD�FLDáD��UR]VWURMX�]GURZLD�OXE��PLHUFL�ZVNXWHN�QLHV]F]
�OL�ZHJR�Z\SDGNX�� PDP\�ZWHG\�GR�F]\QLHQLD�]�XEH]SLHF]HQLHP�QDVW
SVWZ�QLHV]F]
�OLZ\FK�Z\SDG�NyZ��0L
G]\�XEH]SLHF]HQLDPL�PDM�WNRZ\PL�D�RVRERZ\PL�Z\VW
SXMH�V]HUHJ�Uy*QLF��FR�XZLGDF]�QLD�VL
 P��LQ��Z�RGU
EQ\FK�SU]HSLVDFK�NRGHNVX�F\ZLOQHJR�GOD�ND*GHJR�]�W\FK�G]LDáyZ��OHF]�MX* QD�SRGVWDZLH� SU]HGVWDZLRQ\FK� NUyWNLFK� GHILQLFML� PR*HP\� VWZLHUG]Lü�� *H� XEH]SLHF]HQLD� NRPXQLND�F\MQH�QLH�PLHV]F]� VL
 Z�FDáR�FL�Z�*DGQ\P�]�QLFK��3RGF]DV�ERZLHP��JG\�2&�L�$&�PDM� FKDUDNWHU�XEH]SLHF]H� PDM�WNRZ\FK��WR�1:�XF]HVWQLNyZ�UXFKX�GURJRZHJR�MHVW�QD�SHZQR�XEH]SLHF]HQLHP�RVRERZ\P�

� 8VWDZD�NRGHNV�F\ZLOQ\�]�GQLD����NZLHWQLD������U���']��8��1U�����SR]������]������U��]�Sy(QLHMV]\PL�]PLDQDPL���8EH]SLH�F]H� GRW\F]\�7\WXá�;;9,,�8PRZD�XEH]SLHF]HQLD��$UW\NXá\������ ����
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:\NUHV� ����� 8EH]SLHF]HQLD� NRPXQLNDF\MQH� 1:�� $&� L� 2&� QD� WOH� RJyOQHM� NODV\ILNDFMLXEH]SLHF]H��
8EH]SLHF]HQLD8EH]SLH�F]HQLDVSRáHF]QH

8EH]SLHF]HQLD�JRVSRGDUF]H��SU\ZDWQH�
8EH]SLHF]HQLDRVRERZH 8EH]SLHF]HQLD�PDM�WNRZH
8EH]SLHF]HQLDRVRERZH 8EH]SLHF]HQLDPLHQLD 8EH]SLHF]HQLDRGSRZLHG]LDOQR�FLF\ZLOQHM']LDá�,8EH]SLHF]H�QLD *\FLRZH

']LDá�,,3R]RVWDáH�XEH]SLHF]HQLD�PDM�WNRZH�L�RVRERZH
/LIHLQVXUDQFH 0HGLFDOSD\PHQWVLQVXUDQFH

3URSHUW\�DQG�OLDELOLW\�LQVXUDQFH
1: $& 2&

'UyGáR��2SUDFRZDQLH�ZáDVQH�
:\GDMH� VL
��*H�SRG]LDá� VWRVRZDQ\�SU]H]�SROVNLH�SUDZR�F\ZLOQH�QLH� MHVW�GRVNRQDá\��VW�G� WH*WHRUHW\F\�SURSRQXM� Z�]DPLDQ�LQQH�UR]ZL�]DQLD��&LHNDZ\P�SU]\NáDGHP�PR*H�WX�RND]Dü�VL
 SUR�SR]\FMD�WU\FKRWRPLF]QHM�V\VWHPDW\NL�]JáRV]RQD�SU]H]�(��.RZDOHZVNLHJR��-HJR�]GDQLHP�XEH]SLH�F]HQLH�2&�MHVW�QLHMDNR�ÄQD�VLá
 ZWáRF]RQH´�Z�UDP\�Z\]QDF]DQH�SU]H]�XEH]SLHF]HQLD�PDM�WNRZH���$XWRU�VXJHUXMH�ZL
F��DE\�XEH]SLHF]HQLD�RGSRZLHG]LDOQR�FL�F\ZLOQHM�Z\á�F]\ü�]�XEH]SLHF]H� PD�

� 3U]\F]\Q� SURSRQRZDQHM�V\VWHPDW\NL� MHVW�VSHF\ILND�XEH]SLHF]HQLD�2&��NWyUD�]GHF\GRZDQLH�RGUy*QLD�MH�RG�LQQ\FK�XEH]�SLHF]H� PDM�WNRZ\FK��3U]HGPLRWHP�XEH]SLHF]HQLD�QLH� MHVW�PDM�WHN�� OHF]�RGSRZLHG]LDOQR�ü�F\ZLOQD� � VW�G� WH* QLH� MHVW� UDF]HM�PR*OLZH�XVWDOHQLH�ZDUWR�FL�SU]HGPLRWX�� VXP\�XEH]SLHF]HQLD��5y*QLFH�GRW\F]� UyZQLH* URG]DMX�Z\SáDFDQHJR��ZLDGF]HQLD�RUD]�FKDUDNWHUX�SRGHMPRZDQHJR�SU]H]�XEH]SLHF]\FLHOD�U\]\ND��]RE��.RZDOHZVNL�>����@��V�����������
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M�WNRZ\FK��8]\VNDOLE\�P\�WU]\�G]LDá\�XEH]SLHF]H���RVRERZH��PDM�WNRZH��PLHQLD��RUD]�RGSRZLH�G]LDOQR�FL�F\ZLOQHM���3U]\�WDNLP�SRG]LDOH��Z�UyG�XEH]SLHF]H� NRPXQLNDF\MQ\FK�PR*HP\�]QDOH(ü�UHSUH]HQWDFM
 ND*GHJR� ]� Z\RGU
EQLRQ\FK� G]LDáyZ�� 8EH]SLHF]HQLH� 2&� SRVLDGDF]\� SRMD]GyZ� ]D�V]NRG\�Z\U]�G]RQH�Z�]ZL�]NX� ]� UXFKHP� W\FK�SRMD]GyZ� MHVW� QDMF]
�FLHM�SU]\WDF]DQ\P�SU]\NáD�GHP�XEH]SLHF]HQLD�RGSRZLHG]LDOQR�FL�F\ZLOQHM��GR�XEH]SLHF]H� PDM�WNRZ\FK�Z�W\P�UR]XPLHQLX�QDOH*Hü�E
G]LH�$&��GR�RVRERZ\FK�]D� 1:�NLHURZF\�L�SDVD*HUyZ�
1D�MHV]F]H�LQQ\FK�]DVDGDFK�RSLHUD�VL
 SRG]LDá�QD�G]LDá\�VWRVRZDQ\�SU]H]�XVWDZ
 R�G]LDáDOQR��FL�XEH]SLHF]HQLRZHM���:SURZDG]D�RQD��]QDQ\�UyZQLH* ]D�JUDQLF���SRG]LDá�QD�XEH]SLHF]HQLD�QD�*\FLH��']LDá�,��DQJ��OLIH�LQVXUDQFH��L SR]RVWDáH�XEH]SLHF]HQLD�RVRERZH�RUD]�XEH]SLHF]HQLD�PDM�W�NRZH� �']LDá� ,,�� DQJ��QRQ�OLIH� LQVXUDQFH��� 3RG]LDá� WHQ� MHVW� VNXWNLHP� SU]\M
WHM�Z� SROVNLP� SUDZLH�XEH]SLHF]HQLRZHM�]DVDG\��VWDQRZL�FHM��*H�]DNáDG�XEH]SLHF]H� QLH�PR*H�SURZDG]Lü� MHGQRF]H�QLH�G]LDáDOQR�FL�XEH]SLHF]HQLRZHM�Z�REX�G]LDáDFK��:�SU]\SDGNX�WHJR�SRG]LDáX��XEH]SLHF]HQLD�NRPX�QLNDF\MQH�]QDOD]á\�VL
 Z�MHGQ\P�G]LDOH�XEH]SLHF]H� ÄQRQ�OLIH´��ZL
F�PRJ� E\ü�SURZDG]RQH�SU]H]�MHGHQ�]DNáDG�XEH]SLHF]H��
:\NUHV�����SU]HGVWDZLD�MHV]F]H�MHGHQ�VSRVyE�NODV\ILNDFML�XEH]SLHF]H� VDPRFKRGRZ\FK��SUH�IHURZDQ\�SU]H]�DXWRUyZ�]DJUDQLF]Q\FK��SRU��9DXJKDQ�>����@�V�������:HGáXJ�WHM�V\VWHPDW\NL��Z\�Uy*QLD�VL
 XEH]SLHF]HQLD�*\FLRZH��OLIH�LQVXUDQFH���XEH]SLHF]HQLD�NRV]WyZ�OHF]HQLD��PHGLFDO�SD\�PHQWV�LQVXUDQFH��RUD]�XEH]SLHF]HQLD�PLHQLD�L�RGSRZLHG]LDOQR�FL�F\ZLOQHM��SURSHUW\�DQG�OLDELOLW\�LQVXUDQFH���
0R*HP\� VWZLHUG]Lü�� *H� XEH]SLHF]HQLD� NRPXQLNDF\MQH� VWDQRZL� LQWHUHVXM�F\� SU]\NáDG� SRá��F]HQLD� XEH]SLHF]H� Uy*Q\FK� W\SyZ�� =GDQLHP� $�� %DQDVL�VNLHJR�� ÄWHJR� URG]DMX� µNRPELQRZDQH¶�XEH]SLHF]HQLD� V� FKDUDNWHU\VW\F]QH� GOD� ZVSyáF]HVQHM� SUDNW\NL� XEH]SLHF]HQLRZHM´� �%DQDVL�VNL�>����@��V������L�Q���
3RQLHZD* Z� SUDNW\FH�XEH]SLHF]HQLRZHM� XEH]SLHF]HQLD�2&� L�$&� V� X]QDZDQH� ]D� GZD� QDM�ZD*QLHMV]H�XEH]SLHF]HQLD�VDPRFKRGRZH�]�SXQNWX�ZLG]HQLD�RFKURQ\�PDM�WNX�SRVLDGDF]D��OXE�NLH�URZF\��SRMD]GX���� D� WDN*H�]�SRZRGX� VWRVRZDQLD�Z� W\FK�ZáD�QLH� URG]DMDFK�XEH]SLHF]HQLD�RSLV\�

� $��%DQDVL�VNL�SURSRQXMH�QLHFR�LQQH�QD]HZQLFWZR��XEH]SLHF]HQLD�PLHQLD�QD]\ZD�XEH]SLHF]HQLDPL�U]HF]RZ\PL� ]D� XEH]�SLHF]HQLD�2&��RUD]�ILQDQVRZH��XEH]SLHF]HQLDPL�ÄPDM�WNRZ\PL�VHQVX VWULFWR´��3U]HGPLRWHP�XEH]SLHF]HQLD�2&�MHVW�ERZLHP�Z�SHZQ\P�VHQVLH�ÄLQWHUHV�PDM�WNRZ\´�XEH]SLHF]RQHJR��%DQDVL�VNL�>����@�V�������� 8VWDZD�]�GQLD����OLSFD������R�G]LDáDOQR�FL�XEH]SLHF]HQLRZHM��']��8��1U�����SR]�����]�Sy(QLHMV]\PL�]PLDQDPL���� =RE��:�VLHZLF]�>����@��V�����



��

ZDQHJR� Z� GDOV]HM� F]
�FL� SUDF\� V\VWHPX� ]Z\*HN� L� ]QL*HN� ]D� SU]HELHJ� XEH]SLHF]HQLD� �ERQXV�PDOXV���QDOH*\�GRNáDGQLHM�SU]\MU]Hü�VL
 VSHF\ILFH�W\FK�URG]DMyZ�XEH]SLHF]H��
8EH]SLHF]HQLH�RGSRZLHG]LDOQR�FL�F\ZLOQHM��DQJ� OLDELOLW\�LQVXUDQFH��OXE�WH* WKLUG�SDUW\�LQVX�UDQFH��WR�XEH]SLHF]HQLH�RG�VWUDW�SRZVWDá\FK�QD�VNXWHN�V]NyG�Z\U]�G]RQ\FK�RVRERP�WU]HFLP��E
�G�F\FK�Z\QLNLHP�G]LDáDOQR�FL�XEH]SLHF]RQHJR��8EH]SLHF]HQLH�RGSRZLHG]LDOQR�FL�F\ZLOQHM�Uy*QL�VL
 ]DWHP� RG� LQQ\FK� XEH]SLHF]H��� SU]\� NWyU\FK� V]NRGD� ]RVWDMH�Z\U]�G]RQD� XEH]SLHF]RQHPX�QD�VNXWHN�]GDU]H� ORVRZ\FK��3U]\�XEH]SLHF]HQLX�2&�SRGPLRWHP��NWyU\�SRZRGXMH�SRZVWDQLH�V]NRG\��SU]H]�QLHGEDOVWZR�U]HF]\ZLVWH�E�G( GRPQLHPDQH��MHVW�ERZLHP�VDP�XEH]SLHF]RQ\��RGV]NRGRZD�QLH� ]D� �OXE��ZLDGF]HQLH�RGV]NRGRZDZF]H��Z\SáDFDQH� MHVW�EH]SR�UHGQLR� OXE�SR�UHGQLR�SRV]NR�GRZDQHPX��SRU��:�VLHZLF]�>����@��VV��������7RZDU]\VWZD�XEH]SLHF]HQLRZH�Z\RGU
EQLá\�V]F]H�JyOQH� NDWHJRULH� RGSRZLHG]LDOQR�FL�� ]ZL�]DQH� W\ONR� ]� RNUH�ORQ� G]LDáDOQR�FL� XEH]SLHF]RQHJR��7DN� G]LDáDOQR�FL� PR*H�E\ü�X*\WNRZDQLH�SRMD]GX�PHFKDQLF]QHJR��NWyUH�Z�VSRVyE�LVWRWQ\�]ZL
N�V]D�QLHEH]SLHF]H�VWZR�V]NyG�GOD�RWRF]HQLD��VW�G�WH* Z�PLDU
 UR]ZRMX�PRWRU\]DFML�XNV]WDáWRZDáR�VL
 XEH]SLHF]HQLH� RGSRZLHG]LDOQR�FL� F\ZLOQHM� SRVLDGDF]\� SRMD]GyZ� PHFKDQLF]Q\FK� ]D� V]NRG\�SRZVWDáH�Z�]ZL�]NX�]�UXFKHP�W\FK�SRMD]GyZ�
6DPRFKRGRZH� XEH]SLHF]HQLH� 2&�PD� QDMF]
�FLHM� FKDUDNWHU� XEH]SLHF]HQLD� RERZL�]NRZHJR��-HVW� WDN� UyZQLH* Z�3ROVFH�� VW�G� WH* RJyOQH�ZDUXQNL�XEH]SLHF]HQLD�2&�V� UHJXORZDQH�UR]SRU]��G]HQLDPL�0LQLVWUD� )LQDQVyZ�� 2EHFQLH� RERZL�]XMH� NLONDNURWQLH� SRSUDZLDQH� UR]SRU]�G]HQLH� ]� ��JUXGQLD������URNX��NWyUH�SUHF\]XMH�P�� LQ��]DNUHV�RFKURQ\�XEH]SLHF]HQLRZHM��SUDZD�L�RERZL�]NL�VWURQ��SURFHGXU
 ]DZLHUDQLD�XEH]SLHF]HQLD��D�WDN*H�RJyOQH�]DVDG\�V\VWHPX�WDU\I�
3U]HGPLRWHP� XEH]SLHF]HQLD� Z� VDPRFKRGRZ\P� XEH]SLHF]HQLX� 2&� MHVW�� ]JRGQLH� ]H� ZVSR�PQLDQ\P�UR]SRU]�G]HQLHP��RGSRZLHG]LDOQR�ü�F\ZLOQD��Z\QLNDM�FD�]�SU]HSLVyZ�SUDZD��NLHURZF\�OXE�SRVLDGDF]D�SRMD]GX�]D�Z\U]�G]RQ� Z�]ZL�]NX�]�UXFKHP�WHJR�SRMD]GX�V]NRG
��NWyUHM�QDVW
S�VWZHP�MHVW��PLHUü��XV]NRG]HQLH�FLDáD��UR]VWUyM�]GURZLD�E�G( WH* XWUDWD��]QLV]F]HQLH�OXE�XV]NRG]H�QLH�PLHQLD��=D�V]NRG
 SRZVWDá� ÄZ�]ZL�]NX�]�UXFKHP�SRMD]GX´�XZD*D�VL
 SU]\�W\P�UyZQLH* V]NR�G\�SRZVWDáH�Z�LQQ\FK�V\WXDFMDFK��WDNLFK�MDN�QS��ZVLDGDQLH�L�Z\VLDGDQLH��JDUD*RZDQLH��SRVWyM�QD�WUDVLH� F]\� áDGRZDQLH� L� Z\áDGRZ\ZDQLH��:\GDMH� VL
 ZL
F�� *H� SRSUDZQLHMV]\P� VIRUPXáRZDQLHP�E\áRE\�ÄV]NRG\�SRZVWDáH�Z�]ZL�]NX�]�X*\ZDQLHP SRMD]GX´�
2GSRZLHGQLNLHP� ]QDQHJR� ]� LQQ\FK� W\SyZ� XEH]SLHF]H� SRM
FLD� VXP\� XEH]SLHF]HQLD� MHVW� Z�XEH]SLHF]HQLX� 2&� VXPD� JZDUDQF\MQD�� 2NUH�OD� RQD� Z\VRNR�ü�� GR� MDNLHM� XEH]SLHF]\FLHO� E
G]LH�SRNU\ZDá�V]NRG\�SRZVWDáH�Z�Z\QLNX� MHGQHJR�Z\SDGNX��:�3ROVFH� MHVW� WR�UyZQRZDUWR�ü��������
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(&8�RG�MHGQHJR�]GDU]HQLD�� EH]�Z]JO
GX�QD�OLF]E
 SRV]NRGRZDQ\FK�RVyE��1LH�MHVW�WR�MHG\Q\�VSR�VyE� RNUH�ODQLD� VXP\� JZDUDQF\MQHM�� ,QQ\P�SU]\NáDGHP�PRJ� E\ü�� VWRVRZDQH�PL
G]\� LQQ\PL�Z�6WDQDFK�=MHGQRF]RQ\FK�� W]Z�� ÄVSOLW� OLPLWV´� � RGG]LHOQH� OLPLW\� F]\OL� VXP\�JZDUDQF\MQH� XVWDORQH�QLH]DOH*QLH� GOD� Uy*Q\FK� V\WXDFML�� =DSLV� WDNLFK� ÄVSOLW� OLPLWV´�PR*H�SU]HGVWDZLDü� VL
 QDVW
SXM�FR������������������������ FR� MHVW� UyZQR]QDF]QH� ]DSLVRZL� VNUyFRQHPX�� ������������� ± ]DSLV� WHQ�R]QDF]D��*H�GR�Z\VRNR�FL����W\VL
F\�GRODUyZ�XEH]SLHF]\FLHO�RGSRZLDGD�]D�V]NRG\�RVRERZH�GRW\�F]�FH� MHGQHJR�SRV]NRGRZDQHJR�� GR�Z\VRNR�FL� ��� W\VL
F\�GRODUyZ�]D�FDáR�ü� V]NyG�RVRERZ\FK��]D� GR����W\VL
F\�]D�]QLV]F]HQLH�OXE�XV]NRG]HQLH�PLHQLD��9DXJKDQ�>����@��V�������
:�XPRZLH�2&�NRPXQLNDF\MQHJR�XEH]SLHF]\FLHO�]RERZL�]XMH�VL
 SRNU\ü�GR�Z\VRNR�FL�VXP\�JZDUDQF\MQHM�ZV]\VWNLH�V]NRG\�SRZVWDáH�Z�Z\QLNX�Z\SDGNX��]D�NWyU\�]JRGQLH�]�RERZL�]XM�F\P�SUDZHP�UHJXOXM�F\P�]DVDG\�RGSRZLHG]LDOQR�FL�F\ZLOQHM�RGSRZLHG]LDOQ\�MHVW�SRVLDGDF]�SRMD]GX�VDPRFKRGRZHJR��6]NRG\�WH�PRJ� PLHü�FKDUDNWHU�V]NyG�QD�PLHQLX��PDM�WNRZ\FK���MDN�L�V]NyG�QD�RVRELH��0RJ� WR�E\ü�QD�SU]\NáDG�V]NRG\�SROHJDM�FH�QD�]QLV]F]HQLX�E�G( XV]NRG]HQLX�LQQ\FK�SR�MD]GyZ��D� WDN*H�NRV]W\�KRORZDQLD��NRV]W\�SU]HMD]GyZ�GR�]DNáDGX�QDSUDZF]HJR��RSLQLH�ELHJá\FK�FR�GR�]DNUHVX�XV]NRG]H� SRMD]GyZ�SRV]NRGRZDQ\FK��PRJ� WR�E\ü�UyZQLH* LQQHJR�URG]DMX�V]NR�G\�PDM�WNRZH��QS��]QLV]F]RQH�SU]HGPLRW\��SáRW\�L�GU]HZD��]QDNL�GURJRZH�VWDUDQRZDQH�SU]H]�VD�PRFKyG�� NWyU\� Z\SDGá� ]� WUDV\�� 'R� V]NyG� RVRERZ\FK�� ]D� NWyUH� F\ZLOQLH� RGSRZLHG]LDOQ\� MHVW�VSUDZFD�Z\SDGNX�]DOLF]DP\�]D� ZV]HONLH�XV]NRG]HQLD�FLDáD��UR]VWUyM�]GURZLD��D�WDN*H��PLHUü�F]\�XWUDW
 ]GROQR�FL�GR�SUDF\��:�WDNLP�SU]\SDGNX�SRV]NRGRZDQHPX�SU]\VáXJXMH�]ZURW�NRV]WyZ� OH�F]HQLD��RGV]NRGRZDQLH�± JG\�SRV]NRGRZDQ\�GR]QDá�REUD*H� FLDáD��UHQWD�± JG\�QDVW�SLáD�FDáNRZLWD�OXE�F]
�FLRZD�XWUDWD�]GROQR�FL�GR�SUDF\�]DURENRZHM�E�G( WH* ]ZL
NV]\á\�VL
 SRWU]HE\�SRV]NRGR�ZDQHJR�� 5RG]LQD� SRV]NRGRZDQHJR� ]D� PR*H� VL
 XELHJDü� QS�� R� ]ZURW� NRV]WyZ� SRJU]HEX�� UHQW
SU]\VáXJXM�F� RVRERP�XSUDZQLRQ\P�GR�DOLPHQWDFML��RGV]NRGRZDQLH�]D�]QDF]QH�SRJRUV]HQLH�VL
V\WXDFML�PDM�WNRZHM�URG]LQ\�SRV]NRGRZDQHJR�
,VWQLHMH�ZLHOH�PR*OLZ\FK�GR�SRQLHVLHQLD�VWUDW��E
G�F\FK�QDVW
SVWZHP�Z\SDGNX��NWyUH�QLH�]R�VWDQ� SRNU\WH�]�XEH]SLHF]HQLD�RGSRZLHG]LDOQR�FL�F\ZLOQHM��:�SU]\SDGNX�2&��XEH]SLHF]\FLHO�QLH�RGSRZLDGD�PL
G]\�LQQ\PL�]D�XV]NRG]HQLH�OXE�]QLV]F]HQLH�SRMD]GX�VWDQRZL�FH�QDVW
SVWZR�]DZL�QLRQ\FK�SU]H]�NLHURZF
 NROL]ML�OXE�Z\ZRáDQH�LQQ\PL�SU]\F]\QDPL�QL* NROL]MD��D�WDN*H�]D V]NRG\�SRZVWDáH�ZVNXWHN�NUDG]LH*\��$E\�XFKURQLü�VL
 SU]HG�QDVW
SVWZDPL�W\FK�]GDU]H� ORVRZ\FK��QDOH*\�]DRSDWU]\ü�VL
 Z�SROLV
 $&��DXWRFDVFR��
6áRZR� FDVFR R]QDF]D�Z� M
]\NX�KLV]SD�VNLP� µVNRUXS
�� F]HUHS�� KHáP¶�� OHF]� UyZQLH* µNDGáXE�
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VWDWNX¶��=QDZF\�KLVWRULL�XEH]SLHF]H� ZLHG]���*H�XEH]SLHF]HQLD� µURG]Lá\�VL
 QD�PRU]X¶��3LHUZV]H�XPRZ\� XEH]SLHF]HQLRZH� Z� G]LVLHMV]\P� UR]XPLHQLX� WHJR� WHUPLQX� E\á\� ]DZLHUDQH� SU]H]� OXG]L�SDUDM�F\FK� VL
 KDQGOHP� PRUVNLP�� +LV]SD�VNLH� VáRZR� FDUJR� R]QDF]D� µáDGXQHN�� WRZDU¶� � W\P�VDP\P� VáRZHP� RNUH�ORQR� ZL
F� XEH]SLHF]HQLD� WRZDUX� Z� WUDQVSRUFLH�� :� RGUy*QLHQLX� RG�XEH]SLHF]H� SU]HZR*RQHJR� áDGXQNX�� XEH]SLHF]HQLH� VDPHJR� VWDWNX� RNUH�ODQR� VáRZHP� FDVFR��7HUPLQ�WHQ�SU]HV]HGá�QD�LQQH��URGNL�WUDQVSRUWX��VDPRFKRG\��VDPRORW\��D�WDN*H�ZDJRQ\��F\VWHUQ\�LWG�� 6W�G� WH* REHFQLH� WHUPLQHP� FDVFR RNUH�OD� VL
 ZV]\VWNLH� URG]DMH� XEH]SLHF]H� GRW\F]�FH��URGNyZ� WUDQVSRUWX� EH]� áDGXQNX�� F]
VWR� X]XSHáQLDM�F� WHQ� WHUPLQ� SU]HGURVWNLHP� MHGQR]QDF]QLH�LGHQW\ILNXM�F\P�URG]DM�XEH]SLHF]HQLD��DXWRFDVFR��DHURFDVFR���
$XWRFDVFR MHVW�ZL
F�XEH]SLHF]HQLHP�SRMD]GyZ�RG�XV]NRG]H���]QLV]F]H� L�QDMF]
�FLHM�UyZQLH*NUDG]LH*\��,QQ\PL�VáRZ\�MHVW�WR�XPRZD�]DSHZQLDM�FD�SRVLDGDF]RZL�SRMD]GX�NRPSOHNVRZ� RFKUR�Q
 XEH]SLHF]HQLRZ� SU]HG�VWUDWDPL�PDWHULDOQ\PL�]ZL�]DQ\PL�]�X*\WNRZDQLHP�SRMD]GX��:\NXSX�M�F�SROLV
 DXWRFDVFR��XEH]SLHF]RQ\�PR*H�OLF]\ü�QD�X]\VNDQLH�RGV]NRGRZDQLD�Z�SU]\SDGNX��MH�OL�VDP� MHVW� VSUDZF� Z\SDGNX�� MHVW�QLP�RVRED�QLH]QDQD� OXE�V� WR�VLá\�SU]\URG\��=�SROLV\�DXWRFDVFRPRJ� E\ü�UyZQLH* Z\SáDFDQH�RGV]NRGRZDQLD�]�W\WXáX�NUDG]LH*\�SRMD]GX��E�G( MHJR�Z\SRVD*HQLD�
8EH]SLHF]HQLH� $&�PD� QDMF]
�FLHM� FKDUDNWHU� XEH]SLHF]HQLD� GREURZROQHJR�� VW�G� WH* RJyOQH�ZDUXQNL�XEH]SLHF]HQLD��]DNUHV�XEH]SLHF]HQLD��RGSRZLHG]LDOQR�ü�XEH]SLHF]\FLHOD��Z\VRNR�ü�VNáD�GHN��ZV]HONLHJR� URG]DMX� ]Z\*NL� L� ]QL*NL�PRJ� E\ü�VZRERGQLH� NV]WDáWRZDQH� SU]H]� WRZDU]\VWZD�XEH]SLHF]HQLRZH�� 1D� SU]\NáDG� RJyOQH� ZDUXQNL� XEH]SLHF]HQLD� DXWRFDVFR VWRVRZDQH� SU]H]� 3=8�6$�SUHF\]XM���*H�RFKURQ� XEH]SLHF]HQLRZ� REM
WH� V� V]NRG\�SROHJDM�FH�QD�XV]NRG]HQLX�� ]QLV]�F]HQLX�OXE�XWUDFLH�SRMD]GX�E�G( MHJR�Z\SRVD*HQLD�ZVNXWHN�]GHU]HQLD�SRMD]GyZ��QDJáHJR�G]LDáDQLD�VLá\�PHFKDQLF]QHM�Z�FKZLOL�]HWNQL
FLD�SRMD]GX�]�RVREDPL��]ZLHU]
WDPL�OXE�SU]HGPLRWDPL��SRZR�G]L��]DWRSLHQLD��SLRUXQX��SR*DUX��Z\EXFKX�LWG���XV]NRG]HQLD�SU]H]�RVRE\�WU]HFLH��NUDG]LH*\�SRMD]�GX��MHJR�F]
�FL�OXE�Z\SRVD*HQLD��3=8�RIHUXMH�WU]\�ZDULDQW\�XEH]SLHF]HQLD��]�]DNUHVHP�SHáQ\P�±REHMPXM�F\P�V]NRG\�SROHJDM�FH�QD�XV]NRG]HQLX��]QLV]F]HQLX�OXE�XWUDFLH�SRMD]GX�E�G( MHJR�Z\�SRVD*HQLD��D�WDN*H�SRZVWDá\FK�QD�VNXWHN�]GDU]H� ORVRZ\FK��]�]DNUHVHP�RJUDQLF]RQ\P�± REHMPX�M�F\P�Z\á�F]QLH�V]NRG\�SRZVWDáH�ZVNXWHN�NUDG]LH*\�SRMD]GX�L� LQQ\FK�]GDU]H� ORVRZ\FK�DOER�]�]DNUHVHP�PLQL�FDVFR� ± REHMPXM�F\P�Z\á�F]QLH� ]GDU]HQLD� SRZVWDáH�ZVNXWHN ]GHU]HQLD� ]� LQQ\P�SRMD]GHP��]�PR*OLZR�FL� UR]V]HU]HQLD�]DNUHVX�XEH]SLHF]HQLD��5yZQLH* 78L5�:DUWD�6$�RIHUXMH�NOLHQWRP� NLOND�ZDULDQWyZ� XEH]SLHF]HQLD�$&�� V� WR� VWDQGDUG�� VHUZLV� L� HNVSUHV��5y*QLFH�PL
G]\�

�� SRU��6áRZQLN�:\UD]yZ�2EF\FK�L�]ZURWyZ�REFRM
]\F]Q\FK�SRG�UHG��:áDG\VáDZD�.RSDOL�VNLHJR��V�����
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QLPL�SROHJDM� SU]HGH�ZV]\VWNLP�QD�RGPLHQQ\P�WU\ELH�OLNZLGDFML�V]NyG��]DNUHV�XEH]SLHF]HQLD�SR�]RVWDMH� ERZLHP� SRGREQ\��XEH]SLHF]HQLH� REHMPXMH� ]QLV]F]HQLH� L� XV]NRG]HQLH� SRMD]GX�Z� VNXWHN�UR]PDLW\FK�SU]\F]\Q��]�PR*OLZR�FL� UR]V]HU]HQLD�ND*GHJR�ZDULDQWX�R�U\]\NR�NUDG]LH*\�
8EH]SLHF]HQLH�DXWRFDVFR MHVW�W\SRZ\P�XEH]SLHF]HQLHP�PDM�WNRZ\P��:�SU]HFLZLH�VWZLH�GR�XEH]SLHF]HQLD�2&��QLH�PD�WX�WUXGQR�FL�]�XVWDOHQLHP�ZDUWR�FL�SU]HGPLRWX�XEH]SLHF]HQLD��NWyU\P�MHVW�SRMD]G�VDPRFKRGRZ\��1D�WHM�SRGVWDZLH�Z\]QDF]D�VL
 VXP
 XEH]SLHF]HQLD��F]\OL�JyUQ� JUDQL�F
 RGSRZLHG]LDOQR�FL�XEH]SLHF]\FLHOD��6XPD�XEH]SLHF]HQLD�PR*H�E\ü�UyZQD�ZDUWR�FL�SU]HGPLRWX�XEH]SLHF]HQLD��SRMD]GX�L�HZHQWXDOQLH�Z\SRVD*HQLD��OXE�WH* E\ü�RG�WHM�ZDUWR�FL�PQLHMV]D��PDP\�Z�WDNLP� SU]\SDGNX� GR� F]\QLHQLD� ]� QLHGRXEH]SLHF]HQLHP��� 6XPD� XEH]SLHF]HQLD� VWDQRZL� SRGVWDZ
NDONXODFML VNáDGNL�
'ZyP� Z\*HM� Z\PLHQLRQ\P� XEH]SLHF]HQLRP� F]
VWR� WRZDU]\V]� XPRZ\� 1: L� DVVLVWDQFH��6NUyW� 1:� RNUH�OD� VL
 XEH]SLHF]HQLD� RG� QDVW
SVWZ� QLHV]F]
�OLZ\FK� Z\SDGNyZ�� 3U]HGPLRWHP�XEH]SLHF]HQLD�Z�SU]\SDGNX�NRPXQLNDF\MQHJR�XEH]SLHF]HQLD�1:�V�WUZDáH�QDVW
SVWZD�QLHV]F]
��OLZ\FK�Z\SDGNyZ�SRZVWDáH�Z�]ZL�]NX�]�UXFKHP�SRMD]GX��SROHJDM�FH�QD�XV]NRG]HQLX�FLDáD��SR�ZRGXM�FH� WUZDá\�XV]F]HUEHN�QD� ]GURZLX� OXE� �PLHUü�XEH]SLHF]RQHJR��8PRZ
 XEH]SLHF]HQLD�]D�ZLHUD�VL
 ]�SRVLDGDF]HP�SRMD]GX�PHFKDQLF]QHJR��2FKURQ� XEH]SLHF]HQLRZ� REM
W\�MHVW�NLHURZFD�SRMD]GX�RUD]�ZV]\VF\��E�G( RNUH�OHQL�Z�XPRZLH�MHJR�SDVD*HURZLH��
6XPD�XEH]SLHF]HQLD�QLH�VWDQRZL�Z�W\P�SU]\SDGNX�ZDUWR�FL�SU]HGPLRWX�XEH]SLHF]HQLD�± SU]H�OLF]HQLH�]GURZLD�L�*\FLD�OXG]NLHJR�QD�SLHQL�G]H�Z\GDMH�VL
 E\ü�NDUNRáRPQ� LGH� ± VWDQRZL�MHGQDN�RQD� ]DUyZQR� SRGVWDZ
 Z\]QDF]DQLD� VNáDGNL� Z� W\P� XEH]SLHF]HQLX�� MDN� L� XVWDODQLD� Z\VRNR�FL��ZLDGF]HQLD����'ODWHJR�HZHQWXDOQH��ZLDGF]HQLD�V� Z�RJyOQ\FK�ZDUXQNDFK�XEH]SLHF]HQLD�F]
VWR�Z\UD*DQH� Z� SRVWDFL� SURFHQWRZHM� F]
�FL� VXP\� XEH]SLHF]HQLD� �QS�� Z� UD]LH� WUZDáHJR� �����XV]F]HUENX�QD�]GURZLX�3=8�6$�Z\SáDFD��ZLDGF]HQLH�Z�Z\VRNR�FL�UyZQHM�VXPLH�XEH]SLHF]HQLD��Z�UD]LH��PLHUFL�XEH]SLHF]RQHJR�� ����VXP\�XEH]SLHF]HQLD��
$VVLVWDQFH��WR�XEH]SLHF]HQLH�F]
VWR�WRZDU]\V]�FH�LQQ\P�W\SRP�XEH]SLHF]HQLD��JáyZQLH�2&�L�$&�� *ZDUDQWXMH�RQR�NLHURZF\� L�SDVD*HURP�SRMD]GX��Z�F]DVLH� LFK�SRGUy*\�SRPRF� WHFKQLF]Q� L�PHG\F]Q� �QS��]DáDWZLHQLH�IRUPDOQR�FL� WDNLFK�� MDN�UDSRUW�]�PLHMVFD�]GDU]HQLD��KRORZDQLH�XV]NR�G]RQHJR�SRMD]GX�GR�ZDUV]WDWX��GRVWDUF]DQLH�SDOLZD��QDSUDZ
��]áRPRZDQLH�SRMD]GX��SRPRF�SUDZ�

�� :�SU]\SDGNX� V]NyG�RVRERZ\FK�QLH�PyZLP\�R�ÄRGV]NRGRZDQLX´�� OHF]�R�Ä�ZLDGF]HQLX´�Z]JO
GQLH�R�Ä�ZLDGF]HQLX�RG�V]NRGRZDZF]\P´��Z�SU]HFLZLH�VWZLH�GR�V]NyG�PDM�WNRZ\FK�
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Q���WUDQVSRUW�SDVD*HUyZ��]DNZDWHURZDQLH��SRNU\FLH�NRV]WyZ�RGZLHG]LQ�Z�V]SLWDOX��VSURZDG]HQLH�]DVW
SF]HJR�NLHURZF\�D�QDZHW�WUDQVSRUW�]ZáRN��Z�UD]LH�Z\SDGNX�GURJRZHJR��DOH�F]
VWR�UyZQLH*Z�UD]LH�DZDULL�VDPRFKRGX��NUDG]LH*\�SRMD]GX��]GDU]HQLD�]ZL�]DQHJR�]�UXFKHP�SRMD]GX�RUD]�FKR�URE� NLHURZF\� OXE�SDVD*HUD��:\GDMH�VL
��*H�V� GZLH�SRGVWDZRZH�SU]HVáDQNL�SRZVWDQLD�XEH]SLH�F]HQLD�DVVLVWDQFH��3LHUZV]� ]�QLFK� MHVW� G�*HQLH�GR�SRV]HU]HQLD�RIHUW\� U\QNRZHM�SRV]F]HJyOQ\FK�]DNáDGyZ�XEH]SLHF]HQLRZ\FK�SU]H]�WZRU]HQLH�QRZ\FK�W\SyZ�XEH]SLHF]H� L�XUR]PDLFDQLH�XJUXQ�WRZDQ\FK�QD�U\QNX�SURGXNWyZ��'UXJ� SU]\F]\Q� MHVW�FK
ü�SU]HFLZG]LDáDQLD�SRGZ\*V]DQLX�VWDZHN�XEH]SLHF]HQLRZ\FK��1D�SU]\NáDG�NRV]W\�KRORZDQLD�]OHFRQHJR�SU]H]�SRV]NRGRZDQHJR��NWyUH�PXVL�SRNU\ZDü� XEH]SLHF]\FLHO� ]� W\WXáX�2&� OXE�$&�� V� F]
VWR� EDUG]R�Z\VRNLH��.LHG\� MHGQDN� ]DNáDG�XEH]SLHF]H� Z� SDNLHFLH� DVVLVWDQFH� ]DSHZQL� KRORZDQLH� SRMD]GX�� Z\ELHU]H� RQ� WDN� ILUP
�� NWyUD�E
G]LH� �ZLDGF]\ü� W
 XVáXJ
 MDN� QDMWDQLHM�� =� WHJR� GUXJLHJR� SRZRGX� XEH]SLHF]HQLD DVVLVWDQFH V�F]
VWR GRá�F]DQH�GR�ÄWUDG\F\MQ\FK´�XEH]SLHF]H� 2&�OXE�$&�EH]SáDWQLH���

�� 1D�SU]\NáDG�EH]SáDWQ� SROLV
 �$66,67$1&(��32/6.$�RWU]\PXM� QD�]DVDGDFK�SURPRFML�XEH]SLHF]HQL��NWyU]\�]DZDUOL�Z�3=8 6$�XPRZ
 DXWRFDVFR��:DUWD�QDWRPLDVW�GR�SROLV\�2&�GRá�F]D�SROLV
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GHP�LORUD]X�Z\SDGNyZ�GR�OLF]E\�VDPRFKRGyZ�QLH�Uy*QLP\�VL
 ]E\WQLR�RG�LQQ\FK�SD�VWZ��MHGQDN�Z�3ROVFH�VWRVXQNRZR�ZL
FHM�MHVW�Z\SDGNyZ��Z�NWyU\FK�JLQ� OXG]LH��'OD�SU]\NáDGX�PR*QD�SRGDü��*H�Z�URNX������QD����W\VL
F\�SRMD]GyZ�Z�X*\WNRZDQLX�Z\SDGNL�GURJRZH�SU]\QLR�Vá\���RILDU��PLHUWHOQ\FK��SRGF]DV�JG\�Z�ZL
NV]R�FL�]DFKRGQLRHXURSHMVNLFK�SD�VWZ�ZVND(QLN�WHQ�Z\QRVLá�����RVRE\��]D� Z�1LHPF]HFK�Z\QLyVá�QLHZLHOH�SRQDG���
3RZL�]DQLH� UR]ZRMX�PRWRU\]DFML� L�Z\SDGNyZ�Z�3ROVFH�GREU]H�REUD]XMH� WDEOLFD������8]P\�VáDZLD�RQD��*H�FKRü�Z]JO
GQH�ZVSyáF]\QQLNL�Z\UD*DM�FH�OLF]E
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áR� VL
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 UyZQR� VWR� ODW�WHPX��Z�$QJOLL�Z������ URNX� �:�VLHZLF]� >����@� V������3RF]�WNRZR�E\á\� RQH�RF]\ZL�FLH�GREUR�ZROQH��=�F]DVHP�MHGQDN��SRG�ZSá\ZHP�DODUPXM�F\FK� LQIRUPDFML�R� OLF]ELH�Z\SDGNyZ�VDPRFKR�GRZ\FK��]DF]
WR�FRUD]�EDF]QLHM�SU]\JO�GDü�VL
 XEH]SLHF]HQLX�2&�VDPRFKRGRZHPX��2ND]DáR�VL
ERZLHP��*H�XVWDZRZH�]DSHZQLHQLH�SRV]NRGRZDQHPX�RFKURQ\�SRSU]H]�RGSRZLHGQLR�VXURZH�XUH�JXORZDQLH� SUDZD� F\ZLOQHJR� Z� ]DNUHVLH� RGSRZLHG]LDOQR�FL� F\ZLOQHM� QLH� E\áR� Z\VWDUF]DM�FH� ]HZ]JO
GX�QD�F]
VW� QLHZ\SáDFDOQR�ü�VSUDZFyZ��:�WDNLHM�V\WXDFML�]DF]
WR�EUDü�SRG�XZDJ
 PR*OL�ZR�ü�ZSURZDG]HQLD�Z�XVWDZRGDZVWZLH� SD�VWZ�RERZL�]NX� ]DZDUFLD�XEH]SLHF]HQLD�2&�GOD�SR�VLDGDF]\�SRMD]GyZ��
3LHUZV]\P� SD�VWZHP�� JG]LH� ZSURZDG]RQR� RERZL�]HN� XEH]SLHF]HQLD� 2&� VDPRFKRGRZHJR�E\áD�6]ZDMFDULD� � VWDáR� VL
 WR� �� NZLHWQLD� ����� URNX�� QDVW
SQ\PL�NUDMDPL� E\á\��'DQLD��6]ZHFMD��$XVWULD��$QJOLD� L� LQQH�SD�VWZD�HXURSHMVNLH��:�ZL
NV]R�FL�SD�VWZ�XEH]SLHF]HQLH�2&�NRPXQLND�F\MQH�ZSURZDG]RQR� QDMSLHUZ�Z� VWRVXQNX� GR� NRQFHVMRQRZDQ\FK� SU]HGVL
ELRUVWZ� SU]HZR*�F\FK�WRZDU\�L�SDVD*HUyZ��:�GDOV]HM�NROHMQR�FL�UR]FL�JQL
WR�WR�XEH]SLHF]HQLH�QD�SRVLDGDF]\�ZV]HONLFK�SRMD]GyZ��WDN�E\áR�QS��ZH�)UDQFML�L�Z�%HOJLL���:�SD�VWZDFK��Z�NWyU\FK�GR�G]L� QLH�ZSURZDG]RQR�
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RJyOQHJR�SU]\PXVX�XEH]SLHF]HQLD�2&��LVWQLHM� SU]HSLV\�QDNáDGDM�FH�WHQ�RERZL�]HN�QD�SU]HGVL
�ELRUVWZD�WUDQVSRUWX�SXEOLF]QHJR����
:SURZDG]HQLH�RERZL�]NX�XEH]SLHF]HQLD�2&�Z�ZL
NV]R�FL�SD�VWZ�HXURSHMVNLFK�QLH�]DNR��F]\áR� E\QDMPQLHM� SURFHVX� NV]WDáWRZDQLD� VL
 ZSá\ZX� SD�VWZD� QD� XEH]SLHF]HQLD� NRPXQLNDF\MQH��:U
F]�SU]HFLZQLH� � SR�ZSURZDG]HQLX�RERZL�]NX��SD�VWZD�]DF]
á\�FRUD]�EDUG]LHM� LQJHURZDü�Z�G]LDáDOQR�ü�]DNáDGyZ�XEH]SLHF]H� Z�WHM�G]LHG]LQLH��%\áR� WR�� MDN�VL
 Z\GDMH�QLHXFKURQQ� NRQVH�NZHQFM� IDNWX�SRZVWDQLD�SU]\PXVX�XEH]SLHF]HQLD��3D�VWZR�FKFLDáR�WHUD]�PLHü�ZSá\Z�QD�WR��DE\�]DNUHV�XEH]SLHF]HQLD�E\á�RGSRZLHGQL��VNáDGND�QLH]E\W�Z\VRND��D�SURFHGXUD�OLNZLGDFML�V]NyG�QLH�]E\W�XFL�*OLZD�GOD�SRV]NRGRZDQ\FK��7U]HED�E\áR�UyZQLH* ]DSHZQLü�ZV]\VWNLP�RE\ZDWHORP�GR�VW
S�GR�XEH]SLHF]HQLD��DE\�RERZL�]HN�PyJá�E\ü�]UHDOL]RZDQ\��7\P�WáXPDF]\�VL
 OLF]QH�XVWDZ\��UR]SRU]�G]HQLD��GHNUHW\��LWG��UHJXOXM�FH�W
 G]LHG]LQ
 QLH�W\ONR�Z�3ROVFH��OHF]�WDN*H�Z�LQQ\FK�NUD�MDFK�HXURSHMVNLFK��3U]\NáDGHP�PRJ� WX�E\ü�GHNUHW\�V]F]HJyáRZR�UHJXOXM�FH�NZHVWL
 WDU\I��D�WDN*H�V\WHPX�ERQXV�PDOXV��Z�XEH]SLHF]HQLDFK�2&�Z�%HOJLL��/HPDLUH�>����@��VV��������,QQ\P�SU]\NáD�GHP� LQJHUHQFML� SD�VWZD�Z�NZHVWL
 XEH]SLHF]H� RERZL�]NRZ\FK� V� SUyE\��QD� UD]LH� ]DNR�F]RQH�QLHSRZRG]HQLHP�� XWZRU]HQLD� Z� 3ROVFH� &HQWUDOQHJR� 5HMHVWUX� 3RMD]GyZ�8EH]SLHF]RQ\FK� L� .LH�URZFyZ��XPR*OLZLáRE\�WR�Z\HJ]HNZRZDQLH�RERZL�]NX�]DZDUFLD�XPRZ\�XEH]SLHF]HQLD�2&�SU]H]�ZV]\VWNLFK�SRVLDGDF]\�SRMD]GyZ�± REHFQLH�VSRUD�F]
�ü�NLHURZFyZ�WHJR�RERZL�]NX�QLH�GRSHáQL�áD��
3U]\� WHM� RND]ML��ZDUWR� ]DGDü� VRELH� S\WDQLH�� MDN� GDOHNR� SD�VWZR�PR*H� LQJHURZDü�Z�GHF\]MH�SRGHMPRZDQH� SU]H]� ILUP\�XEH]SLHF]HQLRZH� L� SU]H]� SRWHQFMDOQ\FK� NOLHQWyZ� W\FK� ILUP��=GDQLHP�WHRUHW\NyZ�SU]\SDGNL�RERZL�]NRZHM�RFKURQ\�XEH]SLHF]HQLRZHM�SRZLQQ\�RJUDQLF]Dü�VL
 GR�QLH�]E
GQHJR�PLQLPXP��7UXGQR�MHGQDN�RNUH�OLü�MHGQR]QDF]QLH��FR�RZR�ÄPLQLPXP´�PR*H�R]QDF]Dü��-HJR� Z\]QDF]QLNDPL� PR*H� E\ü� QD� SU]\NáDG� QLHGRVWDWHF]Q\� SR]LRP� �ZLDGRPR�FL� SUDZQHM� OXE�ZD*NLH�Z]JO
G\�VSRáHF]QH�OXE�JRVSRGDUF]H��3R]D�W\PL�SU]\SDGNDPL�LQJHUHQFMD�SD�VWZD�VWDQRZL�SRGZD*HQLH�LVWRW\�U\QNRZ\FK�]DVDG�XEH]SLHF]HQLD��.RZDOHZVNL�>����@�V�����
:�SU]\SDGNX�XEH]SLHF]H� NRPXQLNDF\MQ\FK�SU]\F]\Q� XVWDQRZLHQLD�RERZL�]NX�XEH]SLHF]H�QLD�MHVW�G�*HQLH�GR�RFKURQ\�RVyE�SRV]NRGRZDQ\FK�Z�Z\SDGNDFK�VDPRFKRGRZ\FK��1LH�MHVW�ZL
F�SU]HVáDQN� ZSURZDG]HQLD�SU]\PXVX�XEH]SLHF]HQLD�RFKURQD�VSUDZFyZ�Z\SDGNX�SU]HG�RGSRZLH�G]LDOQR�FL���&KRG]L�WX�UDF]HM�R�]DEH]SLHF]HQLH�SU]HG�V\WXDFM� Z�NWyUHM�VSUDZFD�Z\SDGNX�RND]Dá�
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E\�VL
 QLHZ\SáDFDOQ\��VW�G�WH* RERZL�]NLHP�REHMPXMH�VL
 SU]HGH�ZV]\VWNLP�VDPRFKRGRZH�XEH]�SLHF]HQLD� RGSRZLHG]LDOQR�FL� F\ZLOQHM�� 2� WDNLP� SRGHM�FLX� GR� XEH]SLHF]HQLD� 2&� �ZLDGF]\� QD�SU]\NáDG�QD]HZQLFWZR�SROVNLH��NWyUH�FHORZR�QLH�X*\ZD�QD]Z\�ÄXEH]SLHF]HQLH�RG�RGSRZLHG]LDO�QR�FL´�OHF]�ÄXEH]SLHF]HQLH�RGSRZLHG]LDOQR�FL�F\ZLOQHM´��:�VLHZLF]�>����@�V�������2�SU]HQLHVLH�QLX� XZDJL� ]H� VSUDZF\� QD� SRV]NRGRZDQHJR�Z� XEH]SLHF]HQLX�2&� �ZLDGF]\� UyZQLH* VWRVRZDQLH�VSHF\ILF]Q\FK� NRQVWUXNFML� SUDZQ\FK� L� LQVW\WXFMRQDOQ\FK� JZDUDQWXM�F\FK� SRV]NRGRZDQHPX�ZáD��FLZ� RFKURQ
�� 3U]\NáDGHP�PR*H� WX� E\ü�8EH]SLHF]HQLRZ\�)XQGXV]�*ZDUDQF\MQ\��Z\SáDFDM�F\�RGV]NRGRZDQLH� Z� SU]\SDGNX� QLHGRSHáQLHQLD� SU]H]� VSUDZF
 RERZL�]NX� XEH]SLHF]HQLD� OXE� JG\�VSUDZFD� V]NRG\� QD� RVRELH� SR]RVWDMH� QLH]LGHQW\ILNRZDQ\�� ,QQ\P� SU]\NáDGHP� MHVW� W]Z�� DFWLRQ�GLUHFWH �LQDF]HM DFWLR�GLUHFWD��� EH]SR�UHGQLH�URV]F]HQLH�SRV]NRGRZDQHJR�GR�XEH]SLHF]\FLHOD�QD�WOH�XEH]SLHF]HQLD�RGSRZLHG]LDOQR�FL�F\ZLOQHM����,QQ\PL�VáRZ\��SRV]NRGRZDQ\�QLH�SU]\FKRG]L�SR�RGV]NRGRZDQLH�GR�RVRE\�RGSRZLHG]LDOQHM�]D�V]NRG
��OHF]�PD�SUDZR�]ZUyFLü�VL
 Z�W\P�FHOX�EH]�SR�UHGQLR�GR�XEH]SLHF]\FLHOD��$FWLRQ�GLUHFWH Z�VSRVyE�REUD]RZ\�SU]HGVWDZLD�HZROXFM
 UR]XPLH�QLD�XEH]SLHF]HQLD�2&�]�LQVWUXPHQWX�RFKURQ\�VSUDZF\�GR�LQVWUXPHQWX�RFKURQ\�SRV]NRGRZDQHJR�
0LPR� RF]\ZLVW\FK� ]DOHW� RERZL�]NRZHJR� XEH]SLHF]HQLD�2&�� QDOH*\� VWZLHUG]Lü�� *H�PD� RQR�UyZQLH* ZDG\��3R� SLHUZV]H�� SU]\PXV� XEH]SLHF]HQLD�RJUDQLF]D� VZRERG
 JRVSRGDURZDQLD� ]DNáD�GyZ�XEH]SLHF]H���NWyUH�PXV]� ]DZLHUDü��F]
VWR�SU]\QRV]�FH�VWUDW\��XPRZ\�]�U\]\NRZQ\PL�NOLHQ�WDPL��3R�GUXJLH��RG�PRPHQWX�ZSURZDG]HQLD�RERZL�]NX�XEH]SLHF]HQLD�2&��VXURZH�]DVDG\�RGSR�ZLHG]LDOQR�FL� F\ZLOQHM� ]D� V]NRG\� VSRZRGRZDQH� UXFKHP� SRMD]GyZ� SU]HVWDá\� VSHáQLDü� VZ� Z\�FKRZDZF]� URO
��2NUH�OHQLH� SRVLDGDF]D� SRMD]GX� RGSRZLHG]LDOQ\P�F\ZLOQLH� ]D� V]NRG
 VWDáR� VL
SHZQHJR� URG]DMX� ILNFM��� 2GSRZLHG]LDOQR�ü� SRVLDGDF]D� �NLHURZF\�� SRMD]GX� ]RVWDáD� ]DVW�SLRQD�RGSRZLHG]LDOQR�FL� ]DNáDGX�XEH]SLHF]H��
'R�LQQ\FK�WHQGHQFML�Z�UR]ZRMX�XEH]SLHF]H� NRPXQLNDF\MQ\FK�]DOLF]\ü�PR*QD�PL
G]\QDUR�GRZ� LQWHJUDFM
 V\VWHPX�XEH]SLHF]H���V]F]HJyOQLH�MH�OL�FKRG]L�R�XEH]SLHF]HQLD�RGSRZLHG]LDOQR��FL�F\ZLOQHM��-DNR�SU]\NáDG�PR*H�WX�SRVáX*\ü�V\VWHP�=LHORQHM�.DUW\��=LHORQD�.DUWD�WR�URG]DM�PL
�G]\QDURGRZHJR�XEH]SLHF]HQLD�RGSRZLHG]LDOQR�FL�SRVLDGDF]\�SRMD]GyZ�]D�V]NRG\�VSRZRGRZDQH�UXFKHP�W\FK�SRMD]GyZ�SR]D JUDQLFDPL�GDQHJR�SD�VWZD��3ROLV\�=LHORQHM�.DUW\�V� MHGQDNRZH��GUX�NRZDQH�QD�]LHORQ\P�SDSLHU]H��VW�G�WH* Z]L
áD�VL
 QD]ZD�XEH]SLHF]HQLD��'R�V\VWHPX�=LHORQHM�.DU�

�� )UDQFXVNLH� RU]HF]QLFWZR� V�GRZH�Z\SUDFRZDáD� W
 NRQVWUXNFM
 SUDZQ� MX* Z� ODWDFK� WU]\G]LHVW\FK� QDV]HJR�ZLHNX� �SRU��.RZDOHZVNL�>����@��
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W\�QDOH*\�RNRáR����SD�VWZ��Z�3ROVFH�MHGQDN�=LHORQ� .DUW� QD]\ZD�VL
 UyZQLH* XEH]SLHF]HQLD�2&�GOD�NLHURZFyZ�Z\MH*G*DM�F\FK�GR�SD�VWZ�QLH�E
G�F\FK�SD�VWZDPL�F]áRQNRZVNLPL�=.���
5yZQROHJOH�]�HZROXFM� VDPRFKRGRZHJR�XEH]SLHF]HQLD�2&�UR]ZLMDá\�VL
 GREURZROQH�URG]DMH�XEH]SLHF]H���3U]HGH�ZV]\VWNLP�E\áR�WR�XEH]SLHF]HQLH�SRMD]GyZ�VDPRFKRGRZ\FK�RG�XV]NRG]H� L�NUDG]LH*\� �DXWRFDVFR���:]URVW�XEH]SLHF]H� GREURZROQ\FK�QDVW
SRZDá�QLHMDNR�ÄZ�FLHQLX´�XEH]�SLHF]H� RERZL�]NRZ\FK��0LPR�WR��ZUD]�]�UR]ZRMHP�PRWRU\]DFML�XEH]SLHF]HQLD�$&��WDN�MDN�L�2&��]DF]
á\�VWDQRZLü�FRUD]�ZL
NV]� F]
�ü�SRUWIHOD�WRZDU]\VWZ�]DMPXM�F\FK�VL
 XEH]SLHF]HQLDPL�PD�M�WNRZ\PL��'RSURZDG]LáR� WR� UyZQLH* GR�SRV]HU]HQLD�RIHUW\� L�SRMDZLHQLD�VL
 QRZ\FK�SURGXNWyZ�XEH]SLHF]HQLRZ\FK��F]HJR�LOXVWUDFM� PR*H�E\ü�ZVSRPQLDQH�MX* XEH]SLHF]HQLH�DVVLVWDQFH�
5R]ZyM�XEH]SLHF]H� VDPRFKRGRZ\FK�Z�3ROVFH�QLH�RGELHJDá�Z�]DVDG]LH�RG�Z]RUFyZ�]DFKRG�QLRHXURSHMVNLFK��&R� SUDZGD�� SR� RG]\VNDQLX� SU]H]�3ROVN
 QLHSRGOHJáR�FL� OLF]ED� VDPRFKRGyZ�Z�QDV]\P�SD�VWZLH�E\áD�]QLNRPD��WU]\� W\VL�FH�DXW�Z�URNX��������D XEH]SLHF]HQLD�$&�F]\�2&�QLH�QDOH*Dá\� Z� WDPW\FK� F]DVDFK� GR� WUDG\F\MQ\FK� URG]DMyZ� XEH]SLHF]H��� WDNLFK� MDN� XEH]SLHF]HQLH�RJQLRZH��WUDQVSRUWRZH�F]\�*\FLRZH�
=D�]DO�*HN�RERZL�]NRZHJR�XEH]SLHF]HQLD�2&�Z�3ROVFH��WU]HED�E\�X]QDü�ZSURZDG]HQLH�Z�OD�WDFK���������Z�3ROVFH�SR�UHGQLHJR�SU]\PXVX�XEH]SLHF]HQLD�2&�GOD�WUDQVSRUWX�SXEOLF]QHJR��$E\�ZáD�FLFLHOH�VDPRFKRGyZ�FL
*DURZ\FK��DXWREXVyZ�L� WDNVyZHN�PRJOL�RWU]\PDü�NRQFHVM
 QD�SU]H�Zy]� RVyE� OXE� WRZDUyZ��PXVLHOL� ]áR*\ü�SROLV
 XEH]SLHF]HQLRZ� OXE�NDXFM
 JZDUDQF\MQ��� -HGQR�F]H�QLH��FRUD]�EDUG]LHM�GRVW
SQH�VWDZDá\�VL
 XEH]SLHF]HQLD�VDPRFKRGRZH�ÄGOD�OXGQR�FL´��:�URNX�������SR�X]\VNDQLX�Z������URNX�XSUDZQLH� GR�SURZDG]HQLD�ZV]HONLFK�G]LDáyZ�XEH]SLHF]H� GR�EURZROQ\FK��]D�Z\M�WNLHP�XEH]SLHF]H� QD�*\FLH���Z�3=8:�ZSURZDG]RQR�QRZH�URG]DMH�XEH]SLH�F]H���P�LQ��� XEH]SLHF]HQLH� QDVW
SVWZ� QLHV]F]
�OLZ\FK�Z\SDGNyZ�� RGSRZLHG]LDOQR�FL� F\ZLOQHM� L�XEH]SLHF]HQLH�VDPRFKRGyZ��DXWRFDVFR����
:�F]DVDFK�3ROVNL�/XGRZHM�MHG\Q\P�]DNáDGHP�XEH]SLHF]H� E\á�3RZV]HFKQ\�=DNáDG�8EH]SLH�F]H� :]DMHPQ\FK� MDNR� LQVW\WXFMD�SXEOLF]QRSUDZQD��SU]HNV]WDáFRQ\�QDVW
SQLH�Z�3D�VWZRZ\�=D�NáDG�8EH]SLHF]H� MDNR�LQVW\WXFM
 SD�VWZRZ���:D*Q\PL�]PLDQDPL�Z�V\VWHPLH�XEH]SLHF]H� Z�3RO�VFH� RND]Dá\� VL
 DNW\� SUDZQH� GRW\F]�FH� XEH]SLHF]H��� XVWDZD� R� XEH]SLHF]HQLDFK� SD�VWZRZ\FK� ]�URNX� ����� RUD]� XVWDZD� R� XEH]SLHF]HQLDFK�PDM�WNRZ\FK� L� RVRERZ\FK� ]� ����� URNX��=DUyZQR�Z�MHGQHM�� MDN� L�Z�GUXJLHM�]QDOD]á� VL
 SU]HSLV�XVWDQDZLDM�F\�RERZL�]HN�XEH]SLHF]HQLD�2&�Ä]� UXFKX�

�� $OHNVDQGUD�%LDá\��1RZD�,QZHVW\FMD�3=8��Ä5]HF]SRVSROLWD´�����������
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�URGNyZ� NRPXQLNDFML´�� =DNUHV�� WU\E� L� WHUPLQ�ZSURZDG]HQLD�Z�*\FLH� WHJR� SU]HSLVX� X]DOH*QLRQR�MHGQDN� RG� SRVWDQRZLH� UR]SRU]�G]HQLD� 5DG\�0LQLVWUyZ�� 7DNLH� UR]SRU]�G]HQLH� ]RVWDáR�Z\GDQH�GRSLHUR� �� JUXGQLD� ����� URNX�� GODWHJR� U]HF]\ZLVW\�SRF]�WHN�SRZV]HFKQHJR�RERZL�]NX�XEH]SLH�F]HQLD�2&�GDWXMH�VL
 GRSLHUR�QD�URN�������NLHG\�ZVSRPQLDQH�UR]SRU]�G]HQLH�]DF]
áR�RERZL�]\�ZDü��5yZQRF]H�QLH�ZSURZDG]RQR� RERZL�]HN�XEH]SLHF]HQLD�QDVW
SVWZ�QLHV]F]
�OLZ\FK�Z\SDG�NyZ�]�UXFKX�SRMD]GyZ�PHFKDQLF]Q\FK��7DNLH�SRá�F]HQLH�SU]\PXVX�2&�]�1:�QLH�E\áR�GRW�G�VWR�VRZDQH�Z�*DGQ\P�LQQ\P�SD�VWZLH�
2G�URNX�������D* GR�NR�FD�LVWQLHQLD�35/��RERZL�]NRZH�XEH]SLHF]HQLD�NRPXQLNDF\MQH�PLDá\�FKDUDNWHU� XEH]SLHF]H� XVWDZRZ\FK� �ÄH[� OHJH´�� Z� SU]HFLZLH�VWZLH� GR� XEH]SLHF]H� XPRZQ\FK��F]\OL�]DZLHUDQ\FK�QD�SRGVWDZLH�XPRZ\��ÄH[�FRQWUDFWX´���8EH]SLHF]HQLD�XVWDZRZH�� SRZVWDZDá\�QLH]DOH*QLH�RG�ZROL�VWURQ�QD�SRGVWDZLH�SHZQHJR�ÄDXWRPDW\]PX´�SUDZQHJR��]�FKZLO� ÄVSHáQLHQLD�VL
 G\VSR]\FML�QRUP\�SUDZQHM�SRZRáXM�FHM�GDQH�XEH]SLHF]HQLH�GR�*\FLD´��:�VLHZLF]��1RZDNRZ�VNL�>����@��V�����
3U]HSLV\�GRW\F]�FH�XVWDZRZ\FK�XEH]SLHF]H� NRPXQLNDF\MQ\FK�E\á\�ZLHORNURWQLH�]PLHQLDQH��SRSU]H]�QRZH�UR]SRU]�G]HQLD��3LHUZV]H�]�WDNLFK�UR]SRU]�G]H���]�URNX������ZSURZDG]LáR�]PLDQ\�GRW\F]�FH�P�� LQ��]DNUHVX�RERZL�]NX�XEH]SLHF]HQLD��RGSRZLHG]LDOQR�FL�3=8�L�Z\VRNR�FL��ZLDG�F]H� ]�XEH]SLHF]HQLD�1:�
:�URNX������5DGD�0LQLVWUyZ�Z\GDáD�NROHMQH�UR]SRU]�G]HQLH��NWyUH�SRZRáDáR�GR�*\FLD�QRZH�RERZL�]NRZH�XEH]SLHF]HQLH�SRMD]GyZ�RG�XV]NRG]H� � DXWRFDVFR��8EH]SLHF]HQLX�WHPX�SRGOHJDá\�W\ONR� ]DUHMHVWURZDQH� SRMD]G\�PHFKDQLF]QH� RVyE� NUDMRZ\FK� E
G�F\FK� RVREDPL� IL]\F]Q\PL� RUD]�JRVSRGDUNL�QLHXVSRáHF]QLRQHM�VSHáQLDM�FH�RNUH�ORQH�Z�UR]SRU]�G]HQLX�ZDUXQNL��=�XEH]SLHF]HQLD�Z\á�F]RQH� E\á\�PL
G]\� LQQ\PL� VDPRFKRG\� RVRERZH� X*\ZDQH� Z� FHODFK� QLH]DURENRZ\FK� SU]H]�SRQDG����ODW��'OD�DXWREXVyZ��VDPRFKRGyZ�FL
*DURZ\FK�L�FL�JQLNyZ�RNUHV�WHQ�Z\QRVLá����ODW��7H�WU]\�XEH]SLHF]HQLD�2&��1:�L�SRMD]GyZ�RG�XV]NRG]H� �$&��VWDQRZLá\�µSDNLHW¶�XVWDZRZ\FK�XEH]�SLHF]H� NRPXQLNDF\MQ\FK�RG URNX������GR������� NLHG\� WR�SU]HEXGRZDQR� FDá\� V\VWHP�XEH]SLH�F]H� JRVSRGDUF]\FK�
2G�F]DVX�XFKZDOHQLD�Z������URNX�XVWDZ\�R�G]LDáDOQR�FL�XEH]SLHF]HQLRZHM��RERZL�]XM�FHM�GR�G]LVLDM��ZV]\VWNLH�XEH]SLHF]HQLD�]DZLHUD�VL
 QD�SRGVWDZLH�XPRZ\��]D� SU]\PXV�XEH]SLHF]HQLRZ\�Z�SROHJD�QD�RERZL�]NX�]DZDUFLD�XPRZ\��:�XVWDZLH�Z\PLHQLRQR��MDNLH�URG]DMH�XEH]SLHF]H� V�

�� ��������������ODW�XEH]SLHF]H� QD�]LHPLDFK�SROVNLFK��Ä:LDGRPR�FL�8EH]SLHF]HQLRZH´������������
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RERZL�]NRZH� ± Z�UyG� QLFK� ]QDOD]áR� VL
 XEH]SLHF]HQLH� RGSRZLHG]LDOQR�FL� F\ZLOQHM� SRVLDGDF]\�SRMD]GyZ�PHFKDQLF]Q\FK�]D�V]NRG\�Z\U]�G]RQH�Z�]ZL�]NX�]�UXFKHP�W\FK�SRMD]GyZ��8EH]SLH�F]HQLD�$&�L�1:�]DOLF]DP\�REHFQLH�GR�GREURZROQ\FK��=DUyZQR�GREURZROQH��MDN�L�RERZL�]NRZH�XEH]SLHF]HQLD�RIHURZDQH�V� SU]H]�OLF]QH�]DNáDG\�XEH]SLHF]H� SRZVWDáH�SRG�U]�GDPL�QRZHM�XVWD�Z\��3R�ZLHOX�ODWDFK�RGJyUQLH�VWHURZDQHJR�PRQRSROX��QD�SROVNLP�U\QNX�XEH]SLHF]H� ]DSDQRZDá\�]DVDG\�NRQNXUHQFML�
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8EH]SLHF]HQLD� NRPXQLNDF\MQH� VWDQRZL� Z� SRUWIHOX� ]DNáDGyZ� SURZDG]�F\FK� G]LDáDOQR�ü� Z�G]LDOH�,,� �QRQ�OLIH��QDMZD*QLHMV]\�L� MHGQRF]H�QLH�SU]\QRV]�F\�QDMPQLHMV]H�]\VNL� VNáDGQLN��8G]LDá�$&�L�2&�Z�RJyOQHM�VNáDGFH EUXWWR� W\FK�ILUP�]ZL
NV]D�VL
 ]�URNX�QD�URN�L�Z�URNX������Z\QRVLá���������SRGF]DV�JG\�Z������MHV]F]H���������WDEOLFD�������
:\NUHV������8G]LDá�XEH]SLHF]H� 2&��$&�RUD]�SR]RVWDá\FK�Z�á�F]QHM�VNáDGFH�SU]\SLVDQHM�EUXWWR�G]LDáX�,,�
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'UyGáR��%LXOHW\Q�3818�>����@��V�����:�SU]\SDGNX� SROLV�2&� ������� VNáDGNL� EUXWWR�Z�G]LDOH� ,,�Z� ����� URNX�� SU]\F]\Q� GX*HJR�XG]LDáX�Z�SRUWIHOX�MHVW�RERZL�]HN�]DZLHUDQLD�XEH]SLHF]HQLD��-H�OL�FKRG]L�R�$&���������SU]\F]\Q�PR*QD�V]XNDü�Z�SU]H]RUQR�FL�SRVLDGDF]\ SRMD]GyZ�L�V]F]HJyOQHM�REDZLH�GRW\F]�FHM�U\]\ND�NUD�G]LH*\�� ,QQ� SU]\F]\Q� PR*H�E\ü�IDNW��*H� VNáDGNL�QD�GREURZROQH�XEH]SLHF]HQLH�DXWRFDVFR V� R�ZLHOH�Z\*V]H�RG� VNáDGHN�QD�RERZL�]NRZH�XEH]SLHF]HQLH�RGSRZLHG]LDOQR�FL� F\ZLOQHM�� OLF]HEQLH�ERZLHP�SROLV\�2&�PDM� ]GHF\GRZDQ� SU]HZDJ
 QDG�$&�� Z�URNX������]DZDUWR������� W\VL
F\�XPyZ�2&��]D� DXWRFDVFR W\ONR������ W\VL
F\��1D� UR]ZyM�XEH]SLHF]H� DXWRFDVFR PR*H� WH* PLHü�ZSá\Z�Z]URVW�]DLQWHUHVRZDQLD�]DNXSHP�VDPRFKRGX�QD�NUHG\W��:�WDNLHM�V\WXDFML��MDNR�MHGQHJR�]�]DEH]SLHF]H� NUHG\WX�EDQNL�*�GDM� ]DZV]H�Z\NXSLHQLD�SU]H]�NOLHQWD�SROLV\�$&�L�VFHGRZDQLD�MHM�QD�U]HF]�EDQNX��DE\�XFKURQLü�VL
 SU]HG�VNXWNDPL�Z\SDGNyZ��Z�NWyU\FK�XV]NRG]RQ\��]QLV]F]RQ\�OXE�XNUDG]LRQ\�MHVW�VDPRFKyG��QD�NWyU\�SU]\]QDQR�NUHG\W�
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5R]G]LDá���,VWRWD�V\VWHPX�ERQXV�PDOXV�
�����8VWDODQLH�VNáDGHN�Z�XEH]SLHF]HQLDFK�NRPXQLNDF\MQ\FK�

6NáDGND�XEH]SLHF]HQLRZD�� PR*H�E\ü� ]GHILQLRZDQD� MDNR� FHQD�� NWyU� XEH]SLHF]RQ\�SáDFL� ]D�XEH]SLHF]HQLH��:� ]DPLDQ� ]D� VNáDGN
�� ]DNáDG� XEH]SLHF]H� ÄSU]HMPXMH� U\]\NR´�� WR� ]QDF]\� ]RER�ZL�]XMH� VL
 GR� SRNU\FLD� RNUH�ORQ\FK� VWUDW� ]ZL�]DQ\FK� ]H� V]NRGDPL�� NWyUH�REFL�*\á\E\� XEH]SLH�F]RQHJR�� JG\E\�XPRZD�XEH]SLHF]HQLD�QLH�]DLVWQLDáD��8EH]SLHF]RQ\�X]\VNXMH� VZRLVW� VWDELOQR�ü�HNRQRPLF]Q� ± Z�XSURV]F]HQLX�PR*QD�SRZLHG]LHü��*H�Z\GDWNL� ]ZL�]DQH� ]�ZDUWR�FL� HZHQWXDO�Q\FK�SU]\V]á\FK�V]NyG��E
G�FH�]PLHQQ� ORVRZ���]DVW
SXMH�RNUH�ORQ� VNáDGN� XEH]SLHF]HQLRZ� R�]QDQHM�Z\VRNR�FL��NWyUD�]PLHQQ� ORVRZ� QLH� MHVW��D� MH�OL� MHVW�± WR�R�]QDF]QLH�PQLHMV]\P�UR]SUR�V]HQLX���
6NáDGN
 XEH]SLHF]HQLRZ���MDN�ND*G� LQQ� FHQ
��PR*HP\�WUDNWRZDü�MDNR�IXQNFM
 NRV]WX��-HG�QDN� Z� SU]HFLZLH�VWZLH� GR� ZLHOX� LQQ\FK� G]LHG]LQ�� Z� SU]\SDGNX� XEH]SLHF]H� NRV]W� WHQ� QLH� MHVW�]QDQ\�]�JyU\�± VNáDGND�MHVW�ZL
F�FHQ� RSDUW� QD�SU]HZLG\ZDQLDFK��$E\�ZáD�FLZLH�XVWDOLü�VNáDGN
��PXVLP\�ZLHG]LHü��MDN�SURJQR]RZDü�ZDUWR�ü�SU]\V]á\FK�V]NyG�RUD]�LQQ\FK�Z\GDWNyZ�]ZL�]DQ\FK�]� G]LDáDOQR�FL� XEH]SLHF]HQLRZ� �QS�� NRV]WyZ� DNZL]\FML�� SURZL]ML�� SRGDWNyZ�� NRV]WyZ� DGPLQL�VWUDF\MQ\FK�LWS����2NUH�ODQLH�VNáDGHN��UDWHPDNLQJ� PR*QD�]GHILQLRZDü�MDNR�SURFHV�SROHJDM�F\�QD�SU]HZLG\ZDQLX�ZDUWR�FL�SU]\V]á\FK� URV]F]H� L�SU]\V]á\FK�Z\GDWNyZ�RUD]�DORNDFML� W\FK�NRV]WyZ�Z�UyG�XEH]SLHF]RQ\FK�OXE�LFK�JUXS��SRU��9DXJKDQ�>����@��V��������
0DP\�ZL
F�GR�F]\QLHQLD�]�GZRPD�SUREOHPDPL��NWyUH�QDOH*\�UR]ZL�]Dü��DE\�XVWDOHQLH�VNáDGNL�XEH]SLHF]HQLRZHM�E\áR�PR*OLZH��3LHUZV]\P�]�QLFK�MHVW�RV]DFRZDQLH�UR]NáDGX�ZDUWR�FL�SU]\V]á\FK�V]NyG��GUXJLP�� RNUH�OHQLH�W]Z��]DVDG�NDONXODFML�VNáDGHN��F]\OL�UHJXá��NWyUH�SUHF\]RZDá\E\��Z�MDNL�VSRVyE�QD�SRGVWDZLH�GDQHJR�UR]NáDGX�XVWDODü�Z\VRNR�ü�VNáDGNL�

�� :�UR]ZD*DQLDFK�WHRUHW\F]Q\FK�]ZUDFD�VL
 F]DVHP�XZDJ
 QD�Uy*QLF
 SRPL
G]\�VNáDGN� D�VWDZN� XEH]SLHF]HQLRZ���6WDZ�ND��F]
VWR�Z\UD*RQD�Z�SURFHQWDFK��WR�FHQD�SáDFRQD�]D�MHGQRVWN
 SLHQL
*Q� VXP\�XEH]SLHF]HQLD��VNáDGND�WR�VWDZND�SU]HPQR*R�QD�SU]H]� VXP
 XEH]SLHF]HQLD��3RQLHZD* GOD�VDPRFKRGRZHJR�XEH]SLHF]HQLD�2&�Z�QLHNWyU\FK�SD�VWZDFK�QLH�XVWDOD�VL
 VXP\�XEH]SLHF]HQLD��Z]JO
GQLH�QLH�VWDQRZL�RQD�EH]SR�UHGQLHM�SRGVWDZ\�QDOLF]DQLD�VNáDGHN���PyZLHQLH�R�ÄVWDZFH´�Z�W\P�SU]\SDGNX�QLH�Z\GDMH�VL
 X]DVDGQLRQH��� -DN�]RVWDQLH�WR�SRND]DQH�Z�GDOV]HM�F]
�FL�SUDF\��Z�SU]\SDGNX�V\VWHPX�ERQXV�PDOXV VNáDGND�QLH�MHVW�VWDá���OHF]�]PLHQQ�ORVRZ���JG\* ]DOH*\�RG�OLF]E\�V]NyG�Z�SRSU]HGQLFK�RNUHVDFK�
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3RQLHZD* Z�GDOV]HM�F]
�FL�SUDF\�SU]HGVWDZLRQH�]RVWDQ� PHWRG\�XVWDODQLD�VNáDGHN�Z�XEH]SLH�F]HQLDFK�NRPXQLNDF\MQ\FK��WU]HED�]ZUyFLü�XZDJ
 QD�IDNW��*H�XEH]SLHF]HQLD�G]LDáX�,,��QRQ�OLIH���D�ZL
F�WDN*H�XEH]SLHF]HQLD�NRPXQLNDF\MQH��QDVWU
F]DM� DNWXDULXV]RP�L�VWDW\VW\NRP�R�ZLHOH�ZL
FHM�SUREOHPyZ�QL* PD� WR�PLHMVFH�Z�SU]\SDGNX�XEH]SLHF]H� *\FLRZ\FK��7DNL� VWDQ� U]HF]\�PD�ZLHOH�SU]\F]\Q����
3R� SLHUZV]H��Z� SU]HFLZLH�VWZLH� GR� XEH]SLHF]H� QLH*\FLRZ\FK� �JG]LH� ]DUyZQR� F]DV�Z\VW��SLHQLD�V]NRG\��MDN�L�OLF]ED�RUD]�ZDUWR�ü�V]NyG�WR�]PLHQQH�ORVRZH��Z�ZL
NV]R�FL�XEH]SLHF]H� *\�FLRZ\FK� URV]F]HQLH�Z\VW
SXMH� W\ONR� UD]�� ]D� MHJR�Z\VRNR�ü� MHVW� QDMF]
�FLHM� ]QDQD�RG�PRPHQWX�]DZDUFLD�XPRZ\��=PLHQQ� ORVRZ� SR]RVWDMH�ZL
F�Z�G]LDOH�,� MHG\QLH�F]DV�QDVW�SLHQLD�]GDU]HQLD�ORVRZHJR��
3R� GUXJLH�� V]DFRZDQLH� SDUDPHWUyZ� UR]NáDGyZ� ]PLHQQ\FK� ORVRZ\FK�Z� SU]\SDGNX� XEH]SLH�F]H� *\FLRZ\FK�MHVW�R�ZLHOH�SURVWV]H�± ]PLDQ\�Z�UR]NáDG]LH�GDOV]HJR�WUZDQLD�*\FLD�PR*QD�áDWZR�XZ]JO
GQLü�SRSU]H]�RGSRZLHGQL� NRUHNW
 WDEOLF�Z\PLHUDOQR�FL��ZDUXQNL�HNRQRPLF]QH�ZSá\ZDM�QDWRPLDVW�QD�VWRVRZQH�]PLDQ\�F]\QQLND�G\VNRQWXM�FHJR��:�XEH]SLHF]HQLDFK�G]LDáX�,,�V]DFRZDQLH�SDUDPHWUyZ�MHVW�VNRPSOLNRZDQ� VSUDZ���]D� QDJáH�ZDKDQLD�ZDUXQNyZ�HNRQRPLF]Q\FK�SRZRGXM�]QDF]QH�]PLDQ\�UR]NáDGyZ�]PLHQQ\FK�ORVRZ\FK��
3R�WU]HFLH��SRG]LDá�XEH]SLHF]RQ\FK�QD�Z]JO
GQLH�MHGQRURGQH�SRG�Z]JO
GHP�QDUD*HQLD�QD�U\�]\NR� JUXS\�Z� FHOX� V]DFRZDQLD� SDUDPHWUyZ� MHVW� R�ZLHOH� áDWZLHMV]\�Z�XEH]SLHF]HQLDFK� G]LDáX� ,��JG]LH�SRGVWDZRZ\PL�]PLHQQ\PL�V� ZLHN�L�SáHü��X]XSHáQLRQH�� MH�OL�]DFKRG]L�SRWU]HED��GDQ\PL�R�VWDQLH�]GURZLD�OXE�Z\NRQ\ZDQ\P�]DZRG]LH���QL* Z�G]LDOH�,,��JG]LH�Z\RGU
EQLHQLH�WDNLFK�NODV�MHVW�EDUG]R�WUXGQH��D�F]DVHP�QDZHW�QLHPR*OLZH�GR�SU]HSURZDG]HQLD��
3R�F]ZDUWH�ZUHV]FLH��XEH]SLHF]HQLD�QLH*\FLRZH� V� ]DZLHUDQH�QDMF]
�FLHM�QD�RNUHV\�URF]QH�L�V� RGQDZLDQH�SR� WDNLP�RNUHVLH��SRGF]DV�JG\�Z�G]LDOH� ,� WDN�NUyWNL�RNUHV�RGSRZLHG]LDOQR�FL� MHVW�U]DGNR�FL���7HQ�IDNW�NRPSOLNXMH�V\WXDFM
 ILQDQVRZ� XEH]SLHF]\FLHOD�Z�G]LDOH�,,��NWyU\�QLH�PR*H�SR]ZROLü�VRELH�QD�SU]\NáDG�QD�GHILF\W�Z�SLHUZV]\P�URNX�WUZDQLD�XEH]SLHF]HQLD��3UREOHP\��]�NWy�U\PL�PXVL�VL
 ]PLHU]\ü�XEH]SLHF]\FLHO�Z�]ZL�]NX�]�SURZDG]HQLHP�XEH]SLHF]H� QLH*\FLRZ\FK�V�ZL
F�]QDF]QLH�EDUG]LHM�]áR*RQH��
-DN�MX* ZVSRPQLDQR��á�F]QD�ZDUWR�ü�SU]\V]á\FK�URV]F]H� ]JáRV]RQ\FK�SU]H]�XEH]SLHF]RQHJR�OXE� JUXS
 XEH]SLHF]RQ\FK� Z� RNUH�ORQ\P� SU]HG]LDOH� F]DVX� MHVW� ]PLHQQ� ORVRZ��� 2V]DFRZDQLH�

�� 3RU��QS��/HPDLUH�>����@�V��;9�
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UR]NáDGX� SUDZGRSRGRELH�VWZD� WHM� ]PLHQQHM� ORVRZHM� QLH� MHVW� SURVW� VSUDZ��� JG\* Z�PRPHQFLH�V]DFRZDQLD�QLH�]QDP\�MHV]F]H�*DGQHM�UHDOL]DFML�WHM�]PLHQQHM��$E\�SU]\EOL*\ü�WHQ�UR]NáDG��QDMZáD��FLZV]H� MHVW�NRU]\VWDQLH�]�GDQ\FK�VWDW\VW\F]Q\FK�REUD]XM�F\FK�GRW\FKF]DVRZH�NV]WDáWRZDQLH�VL
V]NyG�Z�XEH]SLHF]DQHM�JUXSLH��1LH�]DZV]H�MHGQDN�LVWQLHMH�PR*OLZR�ü�NRU]\VWDQLD�]�WDNLFK�GDQ\FK��F]
VWR� WH*�� ]H�Z]JO
GX�QD�QLHZLHON� F]
VWR�ü�Z\VW
SRZDQLD� LQWHUHVXM�F\FK�QDV�Z\SDGNyZ�ORVR�Z\FK��RNUHV\�REVHUZDFML�V� ]E\W�NUyWNLH��DE\�P\�PRJOL�WUDNWRZDü�X]\VNDQH�GDQH�]�GRVWDWHF]Q\P�]DXIDQLHP�� ,P� U]DGV]H�ERZLHP� V� V]NRG\�� W\P�GáX*V]\�RNUHV�SRWU]HEQ\� MHVW�� E\�P\�]� UR]V�GQ�SHZQR�FL� PRJOL� RV]DFRZDü�SRV]XNLZDQH�SUDZGRSRGRELH�VWZD��&R�ZL
FHM�� F]
VWR�]E\W�XSUDV]�F]DM�FH�RND]XMH�VL
 ]DáR*HQLH��*H�SURFHV�JHQHURZDQLD�V]NyG�ORVRZ\FK�MHVW�QLH]PLHQQ\�Z�F]DVLH��'ODWHJR�V]DFXM�F�SU]\V]á\�UR]NáDG�ZDUWR�FL�V]NyG�PXVLP\�Z]L�ü�SRG�XZDJ
 UyZQLH* Uy*QHJR�UR�G]DMX� WUHQG\��]PLDQ\�NRQLXQNWXU\��LQIODFM
�� LWS��.LHG\�QLH�SRVLDGDP\�]D� GDQ\FK�VWDW\VW\F]Q\FK��MHG\Q\P�(UyGáHP�QDV]\FK�SU]HZLG\ZD� GRW\F]�F\FK�WHJR�UR]NáDGX��PR*H�E\ü�ZLHG]D�HNVSHUFND��]QDMRPR�ü�SUDZLGHá�SDQXM�F\FK�Z�GDQHM�G]LHG]LQLH�F]\�QDZHW�LQWXLFMD�SUDFRZQLND�]DNáDGX�XEH]�SLHF]H��
1DOH*\�SDPL
WDü��*H�]DZLHUDM�F\�XPRZ
 XEH]SLHF]HQLD�NRPXQLNDF\MQHJR��D�ZL
F�Z\NXSXM��F\� SROLV
 2&� F]\� $&� �OXE� LFK� ]DJUDQLF]QH� RGSRZLHGQLNL��� QDUD*HQL� V� QD� U\]\NR�Z\VW�SLHQLD�V]NyG�Z�Uy*Q\P�VWRSQLX��=DGDQLHP�WRZDU]\VWZD�XEH]SLHF]HQLRZHJR�MHVW�ZL
F�SU]HSURZDG]HQLH�VZRLVWHJR� UDWLQJX�XEH]SLHF]RQ\FK��3ROHJD�RQ�QD�QDGDQLX ND*GHPX�NLHURZF\�RFHQ\�REUD]XM�FHM�MHJR� SU]\V]á� V]NRGRZR�ü�� RGSRZLDGDM�FHM� Z�PLDU
 PR*OLZR�FL� QDMOHSLHM� U\]\NX� SRQRV]RQHPX�SU]H]�XEH]SLHF]\FLHOD��0R*QD�GRNRQDü�WHJR�VWRVXM�F�V]HUHJ�PHWRG�Z\FHQ\�XEH]SLHF]H� �LQVXUDQ�FH�SULFLQJ�UDWLQJ�PHWKRGV��V]HURNR�RSLV\ZDQ\FK�Z�OLWHUDWXU]H����'R�WDNLFK�PHWRG�]DOLF]\ü�QDOH*\�Z\FHQ
 LQG\ZLGXDOQ��� SRG]LDá�QD�NODV\� WDU\IRZH�RUD]� LQQH�PHWRG\��VFKHGXOH�UDWLQJ��H[SHULHQFH�UDWLQJ��UHWURVSHFWLYH�UDWLQJ��
:�SU]\SDGNX�Z\FHQ\�LQG\ZLGXDOQHM�PDP\�GR�F]\QLHQLD�]�V\WXDFM���JG\�VNáDGND�GOD�ND*GHJR�XEH]SLHF]RQHJR�XVWDODQD�MHVW�RVREQR��F]
VWR�JáyZQLH�QD�SRGVWDZLH�± SRSDUWHJR�VSHFMDOLVW\F]Q\P�GR�ZLDGF]HQLHP�± RV�GX�RVRE\�]DZLHUDM�FHM�XEH]SLHF]HQLH�]H�VWURQ\�XEH]SLHF]\FLHOD��7D�PHWRGD��VWRVRZDQD� JáyZQLH� Z� SU]\SDGNX� EUDNX� OXE� QLHGRVWDWHF]QHM� V]F]HJyáRZR�FL� GDQ\FK� VWDW\VW\F]�Q\FK��]QDQD�MHVW�SU]HGH�ZV]\VWNLP�Z�XEH]SLHF]HQLDFK�PRUVNLFK��8EH]SLHF]HQLD�NRPXQLNDF\MQH��PDM�FH�FKDUDNWHU�PDVRZ\��GRVWDUF]DM� RGSRZLHGQLHM�LOR�FL�GDQ\FK��VW�G��Z�SU]\SDGNX�W\FK�XEH]�SLHF]H���QLH�PD�SRWU]HE\�NRU]\VWDQLD�]�PHWRG\�Z\FHQ\�LQG\ZLGXDOQHM�
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3RG]LDá�QD�NODV\�WDU\IRZH�WR�XVWDODQLH�VWDZHN��VNáDGHN��VWRVRZDQ\FK�ZREHF�ZV]\VWNLFK�RVyE�FKDUDNWHU\]XM�F\FK� VL
 RNUH�ORQ\P� ]ELRUHP� FHFK�� -HVW� WR� PHWRGD� VWRVRZDQD� Z� ZLHOX� G]LDáDFK�XEH]SLHF]H���QLH]Z\NOH�SRSXODUQD�UyZQLH* Z�XEH]SLHF]HQLDFK�NRPXQLNDF\MQ\FK��0HWRGD�WD�Z\�PDJD�RGSRZLHGQLR�V]F]HJyáRZ\FK�GDQ\FK�VWDW\VW\F]Q\FK�� NWyUH�XPR*OLZLDM� DQDOL]
 L�Z\RGU
E�QLHQLH�F]\QQLNyZ�Z�VSRVyE�LVWRWQ\�ZSá\ZDM�F\FK�QD�V]NRGRZR�ü��&]\QQLNL�WDNLH�PRJ� E\ü�QD�VW
SQLH�Z\NRU]\VWDQH�SU]\�SRG]LDOH�QD�NODV\�WDU\IRZH��$E\�NODV\ILNDFMD�PLDáD�VHQV��NODV\�SRZLQ�Q\�E\ü�Z]JO
GQLH�MHGQRURGQH��KRPRJHQLF]QH���F]\OL�XEH]SLHF]HQL�]QDMGXM�F\�VL
 Z�W\FK�NODVDFK�SRZLQQL� E\ü�QDUD*HQL� QD� WDNLH� VDPR� U\]\NR�� $E\�ZDUXQHN� MHGQRURGQR�FL� E\á� VSHáQLRQ\�� OLF]ED�NODV�QLH�SRZLQQD�E\ü�]E\W�PDáD�� MHGQRF]H�QLH�MHGQDN�QLH�PR*QD�VWZRU]\ü�]E\W�GX*HM�OLF]E\�NODV�]H�Z]JO
GX�QD�RJUDQLF]RQ\�GRVW
S�GR�GDQ\FK�
5y*QH�]DNáDG\�XEH]SLHF]H� Z�Uy*Q\FK�SD�VWZDFK�VWRVXM� ZáDVQH�VSRVRE\�NODV\ILNDFML�XEH]�SLHF]RQ\FK�� D� DQDOL]D� GDQ\FK� SU]HSURZDG]RQD� ]D� SRPRF� QRZRF]HVQHM� WHFKQLNL� HOHNWURQLF]QHM�XPR*OLZLD� XZ]JO
GQLHQLH� ZL
NV]HM� OLF]E\� F]\QQLNyZ�� 7\SRZH� NU\WHULD� NODV\ILNDFML� Z� XEH]SLH�F]HQLDFK�NRPXQLNDF\MQ\FK�WR�ZLHN��SáHü��]DZyG�JáyZQHJR�NLHURZF\��PLHMVFH�]DPLHV]NDQLD��W\S�L�VSRVyE�X*\ZDQLD�SRMD]GX����2JyOQLH�U]HF]�XMPXM�F��NU\WHULD�NODV\ILNDFML�PR*HP\�SRG]LHOLü�QD���SRGVWDZRZ\FK�JUXS��F]\QQLNL�RSLVXM�FH�NLHURZF
 � ZQLRVNRGDZF
 �ZLHN��SáHü��]DZyG��RNUHV�SR�VLDGDQLD� SUDZD� MD]G\�� VWDQ� F\ZLOQ\�� OLF]ED� G]LHFL�� PLHMVFH� ]DPLHV]NDQLD��� V]F]HJyá\� GRW\F]�FH�VDPRFKRGX� �PDUND�� FHQD�� ZLHN� SRMD]GX�� PRF� VLOQLND�� SRMHPQR�ü�� W\S� VLOQLND�� Z\SRVD*HQLH�RFKURQQH��ZDJD�SRMD]GX��NRORU�VDPRFKRGX���FHO�X*\WNRZDQLD�SRMD]GX��GR�FHOyZ�SU\ZDWQ\FK�OXE�]DZRGRZ\FK���RVRE\�XSRZD*QLRQH�GR�X*\WNRZDQLD�SRMD]GX��LFK�OLF]ED�L�GR�ZLDGF]HQLH��L�SR]R�VWDáH�F]\QQLNL�
:\PLHQLRQH�SRZ\*HM�F]\QQLNL�QLH�Z\VWDUF]DM� MHGQDN��DE\�Z\G]LHOLü�GRVWDWHF]QLH�MHGQRURG�QH�JUXS\��2ND]XMH�VL
 ERZLHP��*H�QD�U\]\NR�Z\SDGNX�ZSá\ZD�V]HUHJ�F]\QQLNyZ��NWyU\FK�QLH�GD�VL
 ]PLHU]\ü�L�ZSURZDG]Lü�GR�V\VWHPX�WDU\ILNDF\MQHJR��:�UyG�NU\WHULyZ��NWyUH�WU]HED�Z]L�ü�SRG�XZDJ
��]QDMGXM� VL
 WDNLH��NWyUH�± FKRü�LQWXLF\MQLH�QLH]DSU]HF]DOQH�± QLH�PRJ� E\ü�]DVWRVRZDQH�GR�WDU\ILNDFML��JG\* QLHPR*OLZH�MHVW�Z\]QDF]HQLH�LFK�D�SULRUL �F]\OL�Ä]�JyU\´���6� WR�LQG\ZLGXDOQH�SU]\PLRW\�ND*GHJR�NLHURZF\�WDNLH MDN�UHIOHNV��SU]\WRPQR�ü�XP\VáX��V]\ENLH�SRGHMPRZDQLH�ZáD�

�� 3RU��QD�SU]\NáDG�+HLQV�>����@��V������L�Q���9DXJKDQ�>����@��V������L�Q��� %LXOHW\Q�3818�>����@��V�����:�GDOV]HM�F]
�FL�WHM�SUDF\�PR*QD�]QDOH(ü�RSLV�NU\WHULyZ�NODV\ILNDFML�XEH]SLHF]RQ\FK�Z�VD�PRFKRGRZ\FK�XEH]SLHF]HQLDFK�2&�Z�Uy*Q\FK�NUDMDFK�HXURSHMVNLFK�L�Z�3ROVFH�
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�FLZ\FK� GHF\]ML�� UR]V�GHN�� ]QDMRPR�ü� SU]HSLVyZ� L� VNáRQQR�ü� GR� LFK� SU]HVWU]HJDQLD�� EUDZXUD� L�DJUHVMD�]D�NLHURZQLF���]DFKRZDQLH�SRG�ZSá\ZHP�VWUHVX��DONRKROX�LWG��
3RQLHZD* W\FK�ZD*Q\FK�FHFK�NLHURZF\�QLH�PR*QD�]DVWRVRZDü�Z�NODV\ILNDFML�D�SULRUL��SRMDZL�áD�VL
 LGHD�NODV\ILNDFML�D�SRVWHULRUL ± F]\OL�WDNLHJR�SRG]LDáX�QD�NODV\��NWyU\�XZ]JO
GQLDáE\�GRW\FK�F]DVRZ\�SU]HELHJ�XEH]SLHF]HQLD��7DND�SUDNW\ND�WR�V\VWHP�]Z\*HN�L�]QL*HN�]D�V]NRGRZR�ü�ERQXV�PDOXV��NWyUHJR FHFK\�V]F]HJyáRZR�]RVWDQ� RSLVDQH�Z�NROHMQ\P�SRGUR]G]LDOH�
1D� W\FK�VDP\FK��FR�V\VWHP�ERQXV�PDOXV��SU]HVáDQNDFK��RSLHUD�VL
 MHV]F]H� MHGQD�PHWRGD�UD�WLQJX� R�NWyUHM�QDOH*DáRE\�ZVSRPQLHü�± W]Z��H[SHULHQFH�UDWLQJ��UDWLQJ RSDUW\�QD�GR�ZLDGF]HQLX���0HWRGD� WD� ± F]
VWR� ÄQDNáDGDQD´� QD� XVWDORQH� NODV\� WDU\IRZH� ± ]PLHQLD� VNáDGN
 SáDFRQ� SU]H]�XEH]SLHF]RQHJR�Z�]DOH*QR�FL�RG�WHJR��R�LOH�GRW\FKF]DVRZ\�SU]HELHJ�XEH]SLHF]HQLD�Uy*QLá�VL
 RG�SU]HFL
WQHM�V]NRGRZR�FL�Z�GDQHM�NODVLH��=PLDQ
 VNáDGNL�REOLF]D�VL
 WX�ZHGáXJ�QDVW
SXM�FHJR�Z]R�UX��9DXJKDQ�>����@��V�������

=PLDQD VN DGNL
5]HF]\ZLVWDV]NRGRZR�ü 2F]HNLZDQDV]NRGRZR�ü2F]HNLZDQDV]NRGRZR�ü

&]\QQLNZLDU\JRGQR�FLá  
§©̈ ·¹̧ � §©̈ ·¹̧§©̈ ·¹̧ � §©̈ ·¹̧

&]\QQLN�ZLDU\JRGQR�FL�Z�SRZ\*V]\P�Z]RU]H�WR�PLDUD�RNUH�ODM�FD�Z�MDNLP�VWRSQLX�U]HF]\�ZLVWD�� GR�ZLDGF]RQD� V]NRGRZR�ü�PR*H�E\ü�PLDU� SU]\V]áHM� V]NRGRZR�FL��0HWRGD� WD� VWRVRZDQD�MHVW�F]DVHP�Z�XEH]SLHF]HQLDFK�RJyOQHM�RGSRZLHG]LDOQR�FL�F\ZLOQHM�F]\�XEH]SLHF]HQLDFK�RG�QLH�V]F]
�OLZ\FK�Z\SDGNyZ����
0HWRG� SR�UHGQL� SRPL
G]\� NODV\ILNDFM� LQG\ZLGXDOQ� D� SRG]LDáHP� QD� NODV\� WDU\IRZH� MHVW�SRLQWV�UDWLQJ�± PHWRGD�ÄSXQNWRZD´��X]DOH*QLDM�FD�VNáDGN
 SáDFRQ� SU]H]�XEH]SLHF]RQHJR�RG�OLF]�E\�SXQNWyZ�Z\]QDF]RQHM�QD�SRGVWDZLH�RGSRZLHGQLR�GREUDQHM�SXQNWDFML��3XQNWDFMD� WD� ]ZL�]DQD�MHVW�]�LVWRWQLH�ZSá\ZDM�F\PL�QD�U\]\NR��QDMF]
�FLHM�XVWDORQ\PL�QD�SRGVWDZLH�RGSRZLHGQLFK�DQDOL]�VWDW\VW\F]Q\FK��FHFKDPL�NLHURZF\�L�VDPRFKRGX�
0DM�F�RV]DFRZDQ\� UR]NáDG�ZDUWR�FL� SU]\V]á\FK� V]NyG�GOD�GDQHM�SROLV\� OXE�NODV\� WDU\IRZHM��PR*QD� SU]HM�ü� GR� NDONXODFML� VNáDGHN� ± F]\OL� VSRVREX�Z� MDNL� RGSRZLHGQLHPX� UR]NáDGRZL� V]NyG�SU]\SLVXMH�VL
 ZDUWR�ü�VNáDGNL�

�� 3U]HGVWDZLRQD�WX�GHILQLFMD�H[SHULHQFH�UDWLQJ SU]HGVWDZLD�Z
*V]H�]QDF]HQLH�WHJR�WHUPLQX��:HGáXJ�WHM�NODV\ILNDFML��]GHIL�QLRZDQ\�Z�SRGUR]G]LDOH����� V\VWHP�ERQXV�PDOXV ]DOLF]DP\�GR�GUXJLHM� JUXS\�PHWRG�Z\FHQ\� � PHWRG\�SRG]LDáX�QD�NODV\��:�
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2JyOQ\� Z]yU� QD� NDONXODFM
 VNáDGNL� PR*QD� SU]HGVWDZLü� ]D� SRPRF� UyZQDQLD� �'D\NLQ� L� LQ��>����@��V������� � � � � � � � �% W 3 W W ( WL L L L � �/
JG]LH�3 R]QDF]D�ÄVNáDGN
 ]D�U\]\NR´�RGSRZLDGDM�F� RF]HNLZDQHM�á�F]QHM�ZDUWR�FL�SU]\V]á\FK�URV]F]H���/ � WR�W]Z��VDIHW\�ORDGLQJ��VNáDGQLN ]DEH]SLHF]DM�F\�Z\SáDFDOQR�ü�L�Sá\QQR�ü�WRZDU]\�VWZD�XEH]SLHF]HQLRZHJR��QDWRPLDVW�(�WR�NZRWD�SRWU]HEQD�QD�Uy*QHJR�URG]DMX�LQQH�Z\GDWNL��NWyUH�XPRZQLH�E
G� QD]\ZDQH�NRV]WDPL�G]LDáDOQR�FL��6XEVNU\SW� L RGQRVL�VL
 GR�SRMHG\QF]HJR� U\]\ND��SROLV\�� OXE� GR� NODV\� WDU\IRZHM�� GOD� NWyU\FK� WU]HED� XVWDOLü� VWDZN
 XEH]SLHF]HQLRZ��� ]PLHQQD� WR]QDF]DM�FD�F]DV�SU]\SRPLQD�QDWRPLDVW��*H�ZV]\VWNLH�VNáDGQLNL�UyZQDQLD������ PRJ� E\ü�]DOH*QH�RG�F]DVX�
=DEH]SLHF]HQLH�/ MHVW�NRQLHF]QH�SU]\QDMPQLHM�]�GZyFK�SRZRGyZ��ZDUWR�ü�SU]\V]á\FK�URV]�F]H� PR*H� LVWRWQLH� SU]HZ\*V]\ü�ZDUWR�ü� RF]HNLZDQ� �Z\]QDF]RQ� QD� SRGVWDZLH�RV]DFRZDQHJR�UR]NáDGX�ZDUWR�FL� V]NyG��� ]D� RV]DFRZDQ\� UR]NáDG� URV]F]H� PR*H� VL
 Uy*QLü� RG� U]HF]\ZLVWHJR�UR]NáDGX��3UyF]�WHJR��SRSUDZQLH�XVWDORQ\�VNáDGQLN�/��SRZLQLHQ�EUDü�SRG�XZDJ
 QLH�W\ONR�QLHSHZ�QR�ü� ]ZL�]DQ� ]� G]LDáDOQR�FL� XEH]SLHF]HQLRZ� WRZDU]\VWZD�� OHF]� UyZQLH* ]ZL�]DQ� ]� F\NODPL�NRQLXQNWXUDOQ\PL�L�ZDUXQNDPL�NRQNXUHQFML�QD�U\QNX��
:\GDWNL� UHSUH]HQWRZDQH� SU]H]� V\PERO� ( WR� NRV]W\� DGPLQLVWUDF\MQH� ]DNáDGX� XEH]SLHF]H���SURZL]MH�L�LQQH�Z\GDWNL�]ZL�]DQH�]�DNZL]\FM���SRGDWNL��Z�W\P�SRGDWNL�RG�VNáDGNL�XEH]SLHF]HQLR�ZHM���G\ZLGHQG\��QDU]XW\�]ZL�]DQH�]�Uy*Q\PL�UH]HUZDPL�QD�QLHSU]HZLG]LDQH�Z\GDWNL�RUD]�PDU*D�]\VNX�� =GDQLHP� DNWXDULXV]\��Z\GDWNL� WH� V� VWRVXQNRZR� VWDELOQH� L�Z� NUyWNLP� RNUHVLH�PRJ� E\ü�NRQWURORZDQH� NODV\F]Q\PL�� GHWHUPLQLVW\F]Q\PL� PHWRGDPL�� :\]QDF]HQLH� LFK� Z\PDJD� V]HUHJX�DQDOL]� ILQDQVRZR�NVL
JRZ\FK�� 3RQDGWR� QLHNWyUH� ]� Z\GDWNyZ� ]PLHQLDM� VL
 ZUD]� ]� Z\VRNR�FL�VNáDGNL��VW�G�WH* F]
VWR�Z\NRU]\VW\ZDQ\P�XSURV]F]HQLHP�MHVW�]DáR*HQLH��PyZL�FH��*H�(�MHVW�SUR�SRUFMRQDOQH�OXE�Z�LQQ\�VSRVyE�]DOH*QH�RG�3��� =�Z\*HM�Z\PLHQLRQ\FK�SRZRGyZ�NRV]W\�G]LDáDO�QR�FL�(�V� Z�UR]ZD*DQLDFK�WHRUHW\F]Q\FK�QLHMHGQRNURWQLH�SRPLMDQH�

UR]XPLHQLX� V]HUV]\P�� GR� H[SHULHQFH� UDWLQJ SRZLQQL�P\� ]DOLF]\ü�ZV]\VWNLH� PHWRG\�Z\FHQ\� XZ]JO
GQLDM�FH� GRW\FKF]DVRZH�GR�ZLDGF]HQLH�NLHURZF\��F]\OL�UyZQLH* V\VWHP�ERQXV�PDOXV��� 3RU��9DXJKDQ�>����@��V�������'D\NLQ�L�LQ��>����@��V������

�����
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.LHG\�ZH�Z]RU]H� ����� SRPLQLHP\�Z\GDWNL�(��RWU]\PDP\�VNáDGN
 ]D�U\]\NR�QHWWR��]�Z\á��F]HQLHP�NRV]WyZ�G]LDáDOQR�FL� R]QDF]RQï�Z�GDOV]\FK�UR]ZD*DQLDFK V\PEROHP 3 ± DQJ� ULVN�SUH�PLXP�QHW�RI�H[SHQVHV� � � � � � �3 /L L LW 3 W W �
3LHUZV]\� VNáDGQLN� SRZ\*V]HM� VXP\� WR� F]\VWD� VNáDGND� ]D� U\]\NR� �DQJ�� SXUH� ULVN� SUHPLXP���NWyUD MHVW� ZDUWR�FL� RF]HNLZDQ� ]PLHQQHM�;L�W�� ± SU]\V]á\FK� á�F]Q\FK� URV]F]H� Z�RNUHVLH� W GOD�MHGQRVWNL�U\]\ND�E�G( NODV\�WDU\IRZHM�L��� � � � �> @3 W ; WL L (
3R]RVWDMH� MHGQDN�SUREOHP�XVWDOHQLD�QDU]XWX�EH]SLHF]H�VWZD�/L�W���.ODV\F]QH�SRGHM�FLH�SUR�SRQRZDQH� SU]H]� DNWXDULXV]\�� JáRVL�� *H� VDIHW\� ORDGLQJ SRZLQLHQ� E\ü� SURSRUFMRQDOQ\� GR� F]\VWHM�VNáDGNL� ]D� U\]\NR�� GR�RGFK\OHQLD� VWDQGDUGRZHJR� OXE�GR�ZDULDQFML� UR]NáDGX�ZDUWR�FL�SU]\V]á\FK�URV]F]H���E�G( WH* GR�MDNLHM� LFK�NRPELQDFML�/ L L L L L L LW 3 W W W� � � � � � � � � � � � �G D V E V � �

JG]LH� > @V VL LW ; W� �� � � � �
-HGHQ�OXE�GZD�]H�ZVSyáF]\QQLNyZ�DL� EL��G L��PRJ� E\ü�UyZQH�]HUR��D�ZV]\VWNLH�ZVSyáF]\QQL�NL�PRJ� E\ü�]GHILQLRZDQH�RGPLHQQLH�Z�Uy*Q\FK�JUXSDFK�U\]\ND��-H�OL�ÄNRU]\VWDP\´�W\ONR�]�MHG�QHJR�ZVSyáF]\QQLND��D�LQQH�SU]\UyZQXMHP\�GR�]HUD��RWU]\PXMHP\�SRGVWDZRZH�Ä]DVDG\�NDONXODFML�VNáDGHN´��DQJ��SUHPLXP�FDOFXODWLRQ�SULQFLSOHV��
-H�OL�DL ��L�E L ���WR�PDP\�GR�F]\QLHQLD�]�]DVDG� ZDUWR�FL�RF]HNLZDQHM�� � � � � �3L L LW 3 W �� G �
ZHGáXJ�NWyUHM�QDU]XW�EH]SLHF]H�VWZD�XVWDOD�VL
 SURSRUFMRQDOQLH�GR�ZLHONR�FL�F]\VWHM�VNáDGNL�]D�U\]\NR��=DVDGD�WD�MHVW�VWRVRZDQD�SU]HGH�ZV]\VWNLP�Z�XEH]SLHF]HQLDFK�*\FLRZ\FK�

�� :V]HONLH�DNWXDULDOQH�]DVDG\�NDONXODFML� VNáDGHN�RSDUWH�V� QD�]DáR*HQLX��*H�UR]NáDG�á�F]QHM�ZDUWR�FL�SU]\V]á\FK�URV]F]H�;L�W� MHVW�]QDQ\���� 3RU��%�KOPDQ�>����@��V�����L�Q���6WUDXE�>����@��V�����L�Q���*RRYDHUWV�L�LQ��>����@��V�����L�Q���'D\NLQ�L�LQ��>����@��V������L�Q�
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.ROHMQH�GZLH�]DVDG\�VSHáQLDM� SRVWXODW�X]DOH*QLHQLD�QDU]XWX�EH]SLHF]H�VWZD�RG�VWRSQLD�UR]�SURV]HQLD�]PLHQQHM�;L�W���-H�OL�G L ��L�E L ���SRZVWDMH�]DVDGD�RGFK\OHQLD�VWDQGDUGRZHJR��OHYHO�DSULQFLSOH��V�ORDGLQJ�SULQFLSOH�� � � � � � �3L L L LW 3 W W � �D V
-H�OL� ]D� DL �� L� G L  � ��RWU]\PXMHP\� ]DVDG
 ZDUWR�FL� RF]HNLZDQHM� �OHYHO� E SULQFLSOH�� V��ORDGLQJ�SULQFLSOH�� � � � � � �3L L L LW 3 W W � �E V � �
=DVDGD�RGFK\OHQLD�VWDQGDUGRZHJR�PD�ZáDVQR�ü�OLQLRZR�FL�VNáDGNL�Z�VWRVXQNX�GR�SURSRUFMR�QDOQ\FK� ]PLDQ� Z� V]NRGRZR�FL�� QDWRPLDVW� VWRVXM�F� ]DVDG
 ZDULDQFML� X]\VNXMHP\� OLQLRZR�ü� ]HZ]JO
GX�QD�GRá�F]DQLH�QLH]DOH*Q\FK�U\]\N�
=DVDG� NDONXODFML�VNáDGHN�Z\FKRG]�F� ]�]XSHáQLH�LQQ\FK�SU]HVáDQHN�MHVW�]DVDGD�]HURZHM�X*\�WHF]QR�FL��-HVW�RQD�]ZL�]DQD�]�V]HUV]\P�SUREOHPHP�PDNV\PDOL]DFML�IXQNFML�X*\WHF]QR�FL��=DVDGD�WD�PyZL��*H�VNáDGND�3L�W��GOD�U\]\ND�;L�W��PXVL�E\ü�FR�QDMPQLHM�UyZQD�]HURZHM�X*\WHF]QR�FL�� �> @( X W ; WL3L � � � ��  �
3RGVWDZRZ\P�SUREOHPHP�MHVW�Z�W\P�SU]\SDGNX�XVWDOHQLH ZáD�FLZHM�SRVWDFL�IXQNFML�X*\WHF]�QR�FL�X��� REUD]XM�FHM�SUHIHUHQFMH�XEH]SLHF]\FLHOD�
,QQH�SU]\NáDG\�]DVDG�NDONXODFML�VNáDGHN�RUD]�V]HURN� G\VNXVM
 QD�WHPDW�LFK�ZáDVQR�FL�PR*QD�]QDOH(ü�Z��*RRYDHUWV�>����@�
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�����
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�����6\VWHP�ERQXV�PDOXV�� GHILQLFMD�L�ZáDVQR�FL��
6\VWHP�ERQXV�PDOXV �RG�áDFL�VNLFK�VáyZ�ERQXV ± GREU\��Z�M
]\NX�DQJLHOVNLP�R]QDF]DM�FHJR�SUHPL
��]QL*N
 RUD]�PDOXV ± ]á\��]Z\*ND��WR�V\VWHP�WDU\ILNDFML�D�SRVWHULRUL��NWyU\�X]DOH*QLD�Z\VR�NR�ü�VNáDGNL�SáDFRQHM�SU]H]�XEH]SLHF]RQHJR�RG�GRW\FKF]DVRZHJR�SU]HELHJX�XEH]SLHF]HQLD��OLF]�E\�URV]F]H� ]JáRV]RQ\FK�Z�SRSU]HGQLFK�RNUHVDFK���:�]DOH*QR�FL�RG�OLF]E\�]JáRV]RQ\FK�URV]F]H�XEH]SLHF]RQ\� WUDILD�Z�ND*G\P�NROHMQ\P�RNUHVLH��QD�NWyU\�]DZLHUD�XEH]SLHF]HQLH��GR�RNUH�ORQHM�NODV\� WDU\IRZHM�� .ODV\� WH�� ]ZDQH� UyZQLH* SR]LRPDPL� NZDOLILNDF\MQ\PL�� Uy*QL� VL
 Z\VRNR�FL�VNáDGNL�� NWyU� REOLF]D� VL
 SRSU]H]� SU]HPQR*HQLH� W]Z�� VNáDGNL� SRGVWDZRZHM� �ED]RZHM�� SU]H]�ZVSyáF]\QQLN�ZáD�FLZ\� GDQHPX�SR]LRPRZL��.ODV\� R�ZVSyáF]\QQLNX�PQLHMV]\P�QL* �� �D� UDF]HM�PQLHMV]\P�RG������]H�Z]JO
GX�SRZV]HFKQ� SUDNW\N
 SROHJDM�F� QD�Z\UD*DQLX�ZVSyáF]\QQLND�Z�SURFHQWDFK� VNáDGNL� SRGVWDZRZHM�� WR�NODV\��Z�NWyU\FK�Z\VW
SXMH�ERQXV �]QL*ND���NODV\�R�ZVSyá�F]\QQLNX�ZL
NV]\P�QL* ��WR�NODV\�PDOXV � R�VNáDGFH�SRGZ\*V]RQHM����
0yZL�F�R�V\VWHPLH�ERQXV�PDOXV��PDP\�QD�P\�OL� V\VWHP��Z�NWyU\P�V� NODV\�ERQXV�� DOH�QLH�PXV]� NRQLHF]QLH�LVWQLHü�]Z\*NL�VNáDGNL��6\VWHP�ERQXV�PDOXV��Z�NWyU\P�NODV\�PDOXV QLH�LVWQLHM���RNUH�ODP\�F]
VWR�PLDQHP�V\VWHPX�]QL*HN�]D�EH]V]NRGRZR�ü��DQJ��1R�&ODLP�'LVFRXQW V\VWHP ±1&'��OXE�RNUH�OHQLHP�SXUH�ERQXV�V\VWHP �F]\VW\�V\VWHP�ERQXV��
6\VWHP�ERQXV�PDOXV ]QDMGXMH�]DVWRVRZDQLH�SU]HGH�ZV]\VWNLP�Z�XEH]SLHF]HQLDFK�NRPXQLND�F\MQ\FK�� 6� WR� JáyZQLH� XEH]SLHF]HQLD� RGSRZLHG]LDOQR�FL� F\ZLOQHM� SRVLDGDF]\� SRMD]GyZ��:LHOH�SD�VWZ��Z�W\P�3ROVND��VWRVXMH�UyZQLH* V\VWHP�ERQXV�PDOXV Z�XEH]SLHF]HQLDFK�DXWRFDVFR��FKRü�±R�F]\P�Z�GDOV]HM�F]
�FL�SUDF\�± V\VWHP�WHQ�PD�Z�SU]\SDGNX�$&�PQLHMV]H�X]DVDGQLHQLH�PHU\WR�U\F]QH��3RSXODUQR�ü�V\VWHPX�ERQXV�PDOXV VSUDZLD��*H�SRGHMPRZDQH�V� SUyE\�]DVWRVRZDQLD�WHJR�V\VWHPX�Z�LQQ\FK�XEH]SLHF]HQLDFK��-DNR�SU]\NáDG�PR*H�WX�VáX*\ü�]DVWRVRZDQLH�V\VWHPX�]QL*HN�]D�EH]V]NRGRZR�ü Z�XEH]SLHF]HQLX�PLHV]ND� Z�MHGQHM�]�SROVNLFK�ILUP�XEH]SLHF]HQLRZ\FK��
6\VWHP�NODV�ERQXV�PDOXV QDJUDG]D�GREU\FK�NLHURZFyZ�± SU]HFKRG]� RQL� GR�NODV� R�QL*V]HM�VNáDGFH�� MH�OL� QLH� ]JáRVLOL� *DGQHM� V]NRG\�� NDU]H� QDWRPLDVW� NLHURZFyZ�� NWyU]\� ]JáRVLOL� V]NRG\� ±SU]HFKRG]� RQL�GR�Z\*V]\FK�NODV��&HFK� FKDUDNWHU\VW\F]Q� ZV]\VWNLFK�V\VWHPyZ�ERQXV�PDOXV QD�

�� 2NUH�OHQLDPL�ERQXV L�PDOXV PR*HP\�QD]\ZDü�QLH�W\ONR�SRV]F]HJyOQH�NODV\��DOH�UyZQLH* SU]HM�FLD�SRPL
G]\�QLPL�]DOH*QH�RG�OLF]E\�V]NyG��%RQXV Z�W\P�SU]\SDGNX�R]QDF]DáE\�ND*GH�SU]HVXQL
FLH�GR�NODV\�R�QL*V]HM�VNáDGFH��MH�OL�QLH�]JáRV]RQR�V]NyG��]D� PDOXV GR�NODV\�R�Z\*V]HM�VNáDGFH�Z�V\WXDFML�MHGQHM�OXE�ZL
NV]HM�OLF]E\�V]NyG��]�WDNLP�UR]XPLHQLHP�W\FK�SRM
ü�PR*QD�VL
VSRWNDü�Z��5ROVNL�L�LQ��>����@��V�������



��

�ZLHFLH� MHVW�X]DOH*QLHQLH�NODV\�GR�NWyUHM� WUDILD�XEH]SLHF]RQ\�RG� OLF]E\��D�QLH�RG�ZDUWR�FL�V]NyG�]JáRV]RQ\FK�Z� SRSU]HGQLP�RNUHVLH� XEH]SLHF]HQLD��:LHOX� DXWRUyZ�SUDF� ]� G]LHG]LQ\� WHRULL� DNWX�DULDOQHM�VXJHUXMH�SU]\M
FLH�KLSRWH]\�R�QLH]DOH*QR�FL�SRPL
G]\�OLF]E� V]NyG�D�LFK�SU]HFL
WQ� ZDU�WR�FL���,QDF]HM�PyZL�F��]DNáDGD�VL
��*H�ZLHONR�ü�V]NRG\�QLH�]DOH*\�RG�WHJR��F]\�NLHURZFD�VSRZR�GRZDá�ZF]H�QLHM�NLONDQD�FLH�Z\SDGNyZ��F]\�WH* *DGQHJR��-HVW�WR��MDN�]RVWDQLH�SRND]DQH�Z�GDOV]HM�F]
�FL�SUDF\��]DáR*HQLH�Z\JRGQH�Z�UR]ZD*DQLDFK�WHRUHW\F]Q\FK��FKRü�QLH�]DZV]H�Z�SHáQL�X]DVDG�QLRQH�HPSLU\F]QLH�
7RZDU]\VWZR�XEH]SLHF]HQLRZH� VWRVXMH� V\VWHP�ERQXV�PDOXV�� NLHG\� VSHáQLRQH� V� QDVW
SXM�FH�ZDUXQNL����
3ROLV\�QDOH*�FH�GR�RNUH�ORQHM�SU]H]�F]\QQLNL�D�SULRUL JUXS\� WDU\ILNDF\MQHM�PRJ� ]RVWDü�SR�G]LHORQH�QD�VNR�F]RQ� OLF]E
 NODV� � �& L VL  �� ��� � �� WDN�*H�URF]QD�VNáDGND�]DOH*\�W\ONR�RG�NODV\��Z�NWyUHM�]QDMGXMH�VL
 SROLVD��3RQDGWR�NODVD��GR�NWyUHM�QDOH*\�SROLVD�]DZDUWD�QD�RNUH�ORQ\�RNUHV�RG�SRZLHG]LDOQR�FL��QDMF]
�FLHM���URN��MHVW�X]DOH*QLRQD�W\ONR�RG�NODV\��Z�NWyUHM�]DZDUWD�E\áD�SROLVD�Z�SRSU]HG]DM�F\P�RNUHVLH�RUD]�OLF]E\�URV]F]H���NWyUH�]RVWDá\�]JáRV]RQH�Z�W\P�RNUHVLH�
6\VWHP�ERQXV�PDOXV��VSHáQLDM�F\�SRZ\*V]H�ZDUXQNL��MHVW�RSLVDQ\�SU]H]�WU]\�HOHPHQW\��3LHUZ�V]\�]�QLFK�WR�VWDZNL �PR*QD�WDN*H�X*\ZDü�WHUPLQX�ÄSR]LRP\�VNáDGNL´��Z�SRV]F]HJyOQ\FK�NODVDFK�� �E E EV � � ��� � ��Z\UD*DQH� V� RQH�QDMF]
�FLHM� MDNR�SURFHQW� VNáDGNL�SRGVWDZRZHM��'UXJLP�HOHPHQ�WHP�MHVW�NODVD�SRF]�WNRZD�&L� �ÄNODVD�ZVW
SX´���GR�NWyUHM�WUDILDM� SROLV\�]DZDUWH�SR�UD]�SLHUZV]\�SU]H]�GDQHJR�XEH]SLHF]RQHJR��:UHV]FLH��QDOH*\�MHGQR]QDF]QLH�RNUH�OLü�UHJXá\�SU]HM�FLD�± ]DVD�G\��ZHGáXJ�NWyU\FK�SU]HFKRG]L�VL
 ]�MHGQHM�NODV\�GR�GUXJLHM��NLHG\�]QDQD�MHVW�OLF]ED�V]NyG��
$E\�]DSLVDü�Z�VSRVyE�VSyMQ\�RZH�UHJXá\�SU]HM�FLD�PR*QD�X*\ü�RSLVX�VáRZQHJR��SRU
F]QLHM�V]H�MHGQDN�RND]XMH�VL
 Z�ZLHOX�SU]\SDGNDFK�Z\NRU]\VWDQLH�Z�W\P�FHOX�SU]HGVWDZLH� VFKHPDW\F]�Q\FK�� 5HJXá\� SU]HM�FLD� SU]HGVWDZLü� PR*QD� ]DWHP� Z� WDEHOL�� -HVW� WR� VSRVyE�� Z� MDNL� QDMF]
�FLHM�SU]HGVWDZLDM� VWRVRZDQ\�Z� ILUPLH� V\VWHP�ERQXV�PDOXV WRZDU]\VWZD� XEH]SLHF]HQLRZH��:�ZLHU�V]DFK�XPLHV]F]DP\�NROHMQH�NODV\��RERN�QLFK�SURFHQW�VNáDGNL�SRGVWDZRZHM�Z�GDQHM�NODVLH��Z�QD�VW
SQ\FK� NROXPQDFK� ]D� QXPHU\� NODV�� GR� NWyU\FK� SU]HFKRG]L� VL
 Z�]DOH*QR�FL� RG� ]JáRV]HQLD�Z�GDQ\P�RNUHVLH�*DGQHJR��MHGQHJR��GZyFK��LWG��URV]F]H���

�� /HPDLUH�>����@��V�������WHQ*H�>����@��V����L�Q�



��

5HJXá\� SU]HM�FLD� PRJ� E\ü� UyZQLH* SU]HGVWDZLRQH� Z� IRUPLH� SU]HNV]WDáFH� 7N�� WDNLFK�� *H�7N�L� M MH�OL�SROLVD�SU]HFKRG]L�]�NODV\�&L GR�NODV\�&M Z�V\WXDFML�]JáRV]HQLD�N�V]NyG�Z�SRSU]HG]DM��F\P�RNUHVLH�
0R*HP\�]DSLVDü�7N Z�IRUPLH�PDFLHU]\�� �7 WN LMN � � ��JG]LH � �W MH�OL 7 L MLMN N� �   ­®̄�� Z�SR]RVWDá\FK�SU]\SDGNDFK
2ED�VSRVRE\�PR*QD�]LOXVWURZDü�SURVW\P�SU]\NáDGHP�
:�ODWDFK�����������Z�3=8�VWRVRZDQR�SURVW\�V\VWHP�]QL*HN�]D�EH]V]NRGRZR�ü�Z�RERZL�]�NRZ\FK� XEH]SLHF]HQLDFK� NRPXQLNDF\MQ\FK� �2&� L� $&� SRá�F]RQH� Z� MHGQR� XEH]SLHF]HQLH��� 3R�GZyFK� ODWDFK�EH]V]NRGRZHM� MD]G\�XEH]SLHF]RQ\�RWU]\P\ZDá�����UDEDWX��SR�QDVW
SQ\FK�GZyFKSáDFLá� R� ����PQLHM� QL* VNáDGND� SRGVWDZRZD�� SR� NROHMQ\P� EH]V]NRGRZ\P� URNX� SáDFLá� VNáDGN
SRPQLHMV]RQ� R����SURFHQWRZ\�ERQXV��:�SU]\SDGNX�Z\VW�SLHQLD�V]NRG\�WUDFLá�FDá� ]QL*N
��6\V�WHP�RSDUW\�QD�WDNLFK�]DáR*HQLDFK�SU]HGVWDZLD�WDEOLFD�����

7DEOLFD������6\VWHP�ERQXV�PDOXV Z�3=8�Z�ODWDFK�����������

'UyGáR��5R]SRU]�G]HQLH�0LQLVWUD�)LQDQVyZ�]�GQLD����JUXGQLD������
=DSLV]P\�WHUD]�V\VWHP�WHQ�Z�SRVWDFL�FL�JX�PDFLHU]\�7N RUD]�ZHNWRUD�E �

7�

� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �
 
ª

¬

«««««««

º

¼

»»»»»»»
�����7 7� �

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

ª

¬

«««««««

º

¼

»»»»»»»
���

> @E  � � � � � � � � � � � �� � � � � �
3RQLHZD* SU]HM�FLH�GR�NODV\�SRF]�WNRZHM�QLH�]DOH*\�RG�IDNWX��F]\�OLF]ED�]JáRV]RQ\FK�V]NyG�

.ODVD 6WDZND��Z�� 1DVW
SQD�NODVD��MH�OL�OLF]ED�V]NyG VNáDGNL�SRGVWDZRZHM� � ��L�ZL
FHM� ��� � �� ��� � �� �� � �� �� � �� �� � �� �� � �
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MHVW�ZL
NV]D�F]\�UyZQD�MHGHQ��NROHMQH�PDFLHU]H�7N �GOD�N� �����«��V� LGHQW\F]QH�]�PDFLHU]� 7��3LHUZV]\�]H�VSRVREyZ�SUH]HQWDFML� UHJXá�SU]HM�FLD�VWRVXMH�VL
 Z�FHODFK�SRJO�GRZ\FK�L�SUDN�W\F]Q\FK��QS��Z\MD�QLHQLH�NOLHQWRZL�]DVDG\�G]LDáDQLD�V\VWHPX�Z�GDQ\P�WRZDU]\VWZLH���
'UXJL�VSRVyE�MHVW�SU]\GDWQ\�QDWRPLDVW�Z�UR]ZD*DQLDFK�WHRUHW\F]Q\FK��8PR*OLZLD�RQ�DQDOL]
V\VWHPX� ERQXV�PDOXV Z\NRU]\VWXM�F� WHRUL
 SURFHVyZ�0DUNRZD�� 3URFHV� SU]HVXZDQLD� XEH]SLH�F]RQHJR�]�NODV\�GR�NODV\�]JRGQLH�]H�]GHILQLRZDQ\P�SRZ\*HM�V\VWHPHP�ERQXV�PDOXV MHVW�MHGQR�URGQ\P�áD�FXFKHP�0DUNRZD�R�VNR�F]RQHM�OLF]ELH�VWDQyZ��ND*GD�NODVD�MHVW�ÄVWDQHP´��Z�NWyU\P�]QDMGXMH�VL
 SROLVD���1D�SRGVWDZLH�PDFLHU]\�7���7�«PR*HP\�]DSLVDü�PDFLHU]�SU]HM�FLD��PDFLHU]�SUDZGRSRGRELH�VWZ�SU]HM�FLD��MHGQRURGQHJR�áD�FXFKD�0DUNRZD��3UDZGRSRGRELH�VWZR�SU]HM�FLD�]�NODV\�&L GR�NODV\�&M Z�FL�JX� MHGQHJR�RNUHVX�Z�SU]\SDGNX�RNUH�ORQHJR� UR]NáDGX� OLF]E\�V]NyG�SU]\SDGDM�F\FK�QD�SROLV
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0DFLHU]�]DZLHUDM�FD�SUDZGRSRGRELH�VWZD�SLM� � � �� � � �0 S S 7LM NN NO O O   
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MHVW�PDFLHU]� SU]HM�FLD�SURFHVX�QD]\ZDQHJR�áD�FXFKHP�0DUNRZD��-H�OL�]DáR*\P\��*H�F]
VWR�ü�Z\SDGNyZ� MHVW� VWDáD�Z�F]DVLH��PDFLHU]�SU]HM�FLD�SR]RVWDMH�QLH]PLHQQD�ZH�ZV]\VWNLFK�RNUHVDFK��ZL
F� áD�FXFK� WHQ� PD� FKDUDNWHU� KRPRJHQLF]Q\� �MHVW� WR� áD�FXFK� R� VWDFMRQDUQ\P� PHFKDQL]PLH�SU]HM�ü��
0DFLHU]�SU]HM�FLD�Z�RPDZLDQ\P�SU]\NáDG]LH�PD�SRVWDü�
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WR�SUDZGRSRGRELH�VWZR��*H�QLH�]RVWDQLH�]JáRV]RQD�*DGQD�V]NRGD��]D�
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R]QDF]D�SUDZGRSRGRELH�VWZR�]JáRV]HQLD�MHGQHM�OXE�ZL
FHM�V]NRG\�Z�FL�JX�RNUHVX�
6\VWHP�ERQXV�PDOXV VSHáQLD�GZLH� ]DVDGQLF]H� IXQNFMH��GRSDVRZDQLH� VNáDGNL�GR� LQG\ZLGXDO�QHJR�U\]\ND�SRSU]H]�WDU\ILNDFM
 D�SRVWHULRUL �IXQNFMD�WDU\ILNDF\MQD��RUD]�RGG]LDá\ZDQLH�QD�V]NR�GRZR�ü�SRSU]H]�VWRVRZDQLH�RGSRZLHGQLHM�WDU\I\�VNáDGHN��IXQNFMD�SUHZHQF\MQD���
)XQNFMD�WDU\ILNDF\MQD�]ZL�]DQD�MHVW�]�FHOHP�VWZRU]HQLD�V\VWHPX�ERQXV�PDOXV��&HOHP�W\P�E\�áD�� MDN�VL
 Z\GDMH��FK
ü� OHSV]HJR�RV]DFRZDQLD�LQG\ZLGXDOQHJR�U\]\ND� WDN��DE\�ND*G\��Z�GáXJLP�RNUHVLH��SáDFLá� VNáDGN
 RGSRZLDGDM�F� MHJR�ZáDVQHM�F]
VWR�FL� V]NyG��-DN� MX* ZVSRPQLDQR�Z�SR�SU]HGQLP�SRGUR]G]LDOH��WDU\ILNDFMD�D�SULRUL��FKRüE\�QDMGRVNRQDOV]D�L�XZ]JO
GQLDM�FD�MDN�QDMZL
�FHM�F]\QQLNyZ�F]
VWR�QLH�RGSRZLDGD�SU]\V]áHM�V]NRGRZR�FL�NLHURZF\��'ODWHJR�WH* Z�SRáRZLH�ODW�
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���Z�(XURSLH�SRZVWDáD��D�QDVW
SQLH�EDUG]R�V]\ENR�XSRZV]HFKQLáD�VL
 PHWRGD�WDU\ILNDFML�D�SRVWH�ULRUL��NWyUHM�QDMSRSXODUQLHMV]� IRUPXá� MHVW�ZáD�QLH�V\VWHP�ERQXV�PDOXV��']L
NL�QLHM�WDU\I\�PRJ�XZ]JO
GQLDü� Z� VSRVyE� SR�UHGQL� F]\QQLNL�� NWyU\FK� NZDQW\ILNDFMD� MHVW� WUXGQD� OXE� QLHPR*OLZD�� D�NWyUH�PR*QD�á�F]QLH�RNUH�OLü�ÄVNáRQQR�FL� GR�Z\SDGNyZ´�GDQHJR�NLHURZF\�
6\VWHP�ERQXV�PDOXV RND]XMH� VL
 MHV]F]H�EDUG]LHM�SU]\GDWQ\��MH�OL�RUJDQ\�QDG]RUXM�FH� U\QHN�XEH]SLHF]H���V]F]HJyOQLH�Z�SU]\SDGNX�XEH]SLHF]H� RERZL�]NRZ\FK��QDNáDGDM� QD�ILUP\�XEH]SLH�F]HQLRZH�V]HUHJ�RJUDQLF]H���2JUDQLF]HQLD�WH�PRJ� PLHü�PL
G]\�LQQ\PL�FKDUDNWHU�Z\NOXF]HQLD�]H�VWUXNWXU\� WDU\I�SHZQ\FK� F]\QQLNyZ� U\]\ND�� QDZHW� MH�OL� V� RQH� LVWRWQLH� VNRUHORZDQH�]H� VWUDWDPL��']LHMH�VL
 WDN�QD�SU]\NáDG�Z�QLHNWyU\FK�VWDQDFK�86$��JG]LH�RUJDQ\�QDG]RUX�]DEUDQLDM� X*\ZDQLD�WDU\ILNDFML�RSDUWHM�QD�F]\QQLNDFK�WDNLFK��MDN�SáHü��ZLHN��F]\�QDZHW�VWDQ�F\ZLOQ\��DUJXPHQWXM�F��*H�V� WR� F]\QQLNL�� QD�NWyUH�XEH]SLHF]RQ\�QLH�PD�ZSá\ZX� �/HPDLUH� >����@�� V������:� WDNLHM� V\WXDFML�VWRVRZDQLH�V\VWHPX�ERQXV�PDOXV��OXE�W]Z��V\VWHPX�H[SHULHQFH�UDWLQJ� NWyUH�Z�GX*\P�VWRSQLX�]D�VW
SXM� Ä]DND]DQH´�F]\QQLNL��VWDMH�VL
 QLHRG]RZQH�
'UXJ��� EDUG]R� F]
VWR� SRUXV]DQ� NZHVWL� MHVW� RGG]LDá\ZDQLH� SUHZHQF\MQH� V\VWHPX� ERQXV�PDOXV�� 3UHZHQFMD� XEH]SLHF]HQLRZD� SROHJD� QD� RGG]LDá\ZDQLX�Z� NLHUXQNX� RJUDQLF]HQLD� OLF]E\� L�UR]PLDUyZ� VWUDW� ORVRZ\FK� RUD]� SRWU]HE� PDM�WNRZ\FK� REM
W\FK� RFKURQ� XEH]SLHF]HQLRZ��� 3UH�ZHQFMD� MHVW�ZL
F� G]LDáDQLHP� SR*\WHF]Q\P�]DUyZQR� GOD� XEH]SLHF]RQHJR�� SRWHQFMDOQ\FK� SRV]NR�GRZDQ\FK��MDN�L�]�SXQNWX�ZLG]HQLD�NRU]\�FL�VSRáHF]Q\FK��/H*\�RQD�UyZQLH* Z�LQWHUHVLH�WRZDU]\�VWZD� XEH]SLHF]HQLRZHJR�� JG\* ]PQLHMV]HQLH� V]NRGRZR�FL� SR]\W\ZQLH� ZSá\ZD� QD� UHQWRZQR�ü�SRV]F]HJyOQ\FK� URG]DMyZ�XEH]SLHF]H���']LDáDOQR�ü�SUHZHQF\MQD�]DNáDGX�XEH]SLHF]H� SU]\ELHUD�Uy*QH� IRUP\��5HDOL]RZDQD� MHVW�RQD�QD�SU]\NáDG�SU]H]�JRVSRGDURZDQLH��URGNDPL�VWZRU]RQHJR�Z�W\P�FHOX�IXQGXV]X�SUHZHQF\MQHJR��ZVSyáG]LDáDQLH�]�DGPLQLVWUDFM� U]�GRZ� Z�]DNUHVLH�G]LDáDOQR��FL�SUHZHQF\MQHM��MDN�UyZQLH* SRSU]H]�UHJXODFMH�SUDZQH�RUD]�SU]H]�ZDUXQNL�XPRZ\�XEH]SLHF]H�QLD��:�W\P�RVWDWQLP�SU]\SDGNX�PDP\�GR�F]\QLHQLD�]�SUyE� Z\HOLPLQRZDQLD�XMHPQHJR�ZSá\ZX�XEH]SLHF]HQLD�QD�]DFKRZDQLH�XEH]SLHF]RQ\FK��W]Z��KD]DUG�PRUDOQ\��DQJ��PRUDO KD]DUG���7HQ�W\S�G]LDáDOQR�FL� SUHZHQF\MQHM� PR*H� SROHJDü� QD� XVWDOHQLX� RNUH�ORQ\FK� QRUP SRVW
SRZDQLD VWURQ�XPRZ\� �RERZL�]HN� VWRVRZDQLD�Z\PDJDQ\FK� ]DEH]SLHF]H��� RERZL�]HN�]PQLHMV]DQLD� UR]PLDUyZ�VWUDW�Z�SU]\SDGNX� ]DM�FLD� V]NRG\���']LDáDQLD�SUHZHQF\MQH�PRJ� UyZQLH* Z\UD]Lü� VL
 Z�RJUDQL�F]HQLX� OXE�Z\á�F]HQLX� RGSRZLHG]LDOQR�FL� ILUP\� XEH]SLHF]HQLRZHM�Z� RNUH�ORQ\FK� SU]\SDGNDFK��
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URV]F]HQLDFK�UHJUHVRZ\FK��ZSURZDG]HQLX�XG]LDáX�ZáDVQHJR�OXE�IUDQV]\]\��V]F]HJyOQLH�IUDQV]\]\�UHGXNF\MQHM��RUD]�RGSRZLHGQLP�]Uy*QLFRZDQLX�VNáDGHN�XEH]SLHF]HQLRZ\FK���
3UHZHQF\MQH� ]Uy*QLFRZDQLH� VNáDGHN� XEH]SLHF]HQLRZ\FK�PR*H�PLHü� FKDUDNWHU� D SULRUL �QS��]QL*NL�]D�]DVWRVRZDQLH�XU]�G]H� ]DEH]SLHF]DM�F\FK�SU]HG�NUDG]LH*� Z�XEH]SLHF]HQLX�DXWRFDVFR��OXE�WH* D�SRVWHULRUL L�SROHJDü�QD�NDUDQLX�NLHURZFyZ�]D�SRSHáQLRQH�V]NRG\�SRSU]H]�SRGZ\*V]HQLH�VNáDGNL� RUD]�XG]LHODQLX�RGSRZLHGQLFK� ]QL*HN�Z�SU]\SDGNX�EH]V]NRGRZHM� MD]G\��6\VWHP�ERQXV�PDOXV MHVW�ZáD�QLH�V]WDQGDURZ\P�SU]\NáDGHP�SUHZHQF\MQHJR�RGG]LDá\ZDQLD�SU]H]� WDU\I\���ZLD�GRPR�ü��*H�HZHQWXDOQD�V]NRGD�PR*H�RGELü�VL
 QD�Z\VRNR�FL�VNáDGNL�SáDFRQHM�Z�QDVW
SQ\P�RNUH�VLH�XEH]SLHF]HQLD�ZSá\ZD�NRU]\VWQLH�QD�]DFKRZDQLH�NLHURZFyZ�
6\VWHP ERQXV�PDOXV SRVLDGD� UyZQLH* ]DOHW\� QDWXU\� PDUNHWLQJRZHM� L� VRFMRORJLF]QHM�� 'R��ZLDGF]HQLD� ILUP� XEH]SLHF]HQLRZ\FK� ]GDM� VL
 ZVND]\ZDü�� *H� MHVW� RQ� DWUDNF\MQ\� GOD� NOLHQWyZ��-HDQ�/HPDLUH�� SRGDMH�SU]\NáDG�QLHGX*HM�EHOJLMVNLHM�ILUP\�XEH]SLHF]HQLRZHM��NWyUD�MDNR�SLHUZV]D�Z�%HOJLL�]DVWRVRZDáD�Z�WDU\ILNDFML�VDPRFKRGRZ\FK�XEH]SLHF]H� RGSRZLHG]LDOQR�FL�F\ZLOQHM�V\V�WHP�ERQXV�PDOXV��%\áR�WR�Z�URNX�������F]\OL�G]LHVL
ü�ODW�SU]HG�PLQLVWHULDOQ\P�GHNUHWHP�QDNáDGD�M�F\P� QD� ILUP\� XEH]SLHF]HQLRZH� RERZL�]HN� VWRVRZDQLD� WHJR� V\VWHPX�� )LUPD� WD�� G]L
NL� VZRMHM�RGZD*QHM� GHF\]ML�� ]ZL
NV]\áD� VZyM� XG]LDá� Z� U\QNX� ]� �� GR� ���� 3U]\FL�JQL
FL� GR� ILUP\� ]RVWDOL�SU]HGH�ZV]\VWNLP�GREU]\��FKDUDNWHU\]XM�F\�VL
 QLVN� V]NRGRZR�FL���NLHURZF\��:L
NV]R�ü�XEH]�SLHF]RQ\FK� ]GHF\GRZDáD� VL
 QD� W
 IRUP
 WDU\ILNDFML�� FKRü� E\áD� RQD� W\ONR� RSFMRQDOQD�� D� VNáDGND�ÄZHM�FLRZD´�R�����SU]HZ\*V]DáD�VNáDGN
 SáDFRQ� Z�SU]\SDGNX�]UH]\JQRZDQLD�]�V\VWHPX�ERQXV�PDOXV�
:\PLHQLRQH�Z\*HM�]DOHW\�QLH�SRZVWU]\PXM� ]QDZFyZ�SU]HGPLRWX�RG�Z\UD*DQLD�NU\W\F]Q\FK�RSLQLL� QD� WHPDW� V\VWHPX�� :LHOX� DNWXDULXV]\� XZD*D�� *H� WDU\ILNDFM
 ]D� SRPRF� V\VWHPX� ERQXV�PDOXV��D�Z�]DVDG]LH�ND*G� WDU\ILNDFM
 D�SRVWHULRUL��QDOH*\�RGU]XFLü��1DJUDG]DQLH�ÄGREU\FK´�NLH�URZFyZ��DOER�SR�SURVWX�W\FK��NWyU]\�QLH�PDM� SHFKD��XU�JD��LFK�]GDQLHP��SRGVWDZRZ\P�]DVDGRP�XEH]SLHF]H�����
=DVWRVRZDQLH� V\VWHPX� ERQXV�PDOXV Z\ZRáXMH� ± ]GDQLHP� NU\W\NyZ� ± QLHGRSXV]F]DOQH� ]D�FKZLDQLH�HNRQRPLF]QHM�VWDELOQR�FL��NWyUD�SU]H]�LQVW\WXFM
 XEH]SLHF]HQLD�SRZLQQD�E\ü�]DJZDUDQ�WRZDQD�XEH]SLHF]RQ\P��=DNáDG�XEH]SLHF]H���Z�]DPLDQ�]D�SHZQ� XVWDORQ� VNáDGN
��ÄSU]HMPXMH´�

�� 3RU��'PRFKRZVNL�>����@��V������L�Q���:DUNDááR�L�LQ��>����@��� /HPDLUH�>����@��V������� 3RU��/HPDLUH�>����@��V�������%LXOHW\Q�3818�>����@��V�����
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U\]\NR��QD�MDNLH�QDUD*RQ\�MHVW�XEH]SLHF]RQ\��6NáDGND�SáDFRQD�SU]H]�XEH]SLHF]RQHJR�MHVW�QLHZLHO�ND� Z� VWRVXQNX� GR� PR*OLZHM� Z\VRNR�FL� RGV]NRGRZD��� -H�OL�� Z� GX*\P� VWRSQLX� XSUDV]F]DM�F��VWZLHUG]L�VL
��*H�XEH]SLHF]HQLH�]�SXQNWX�ZLG]HQLD�XEH]SLHF]RQHJR SROHJD�QD�]DVW�SLHQLX�]PLHQ�QHM� ORVRZ\FK� �á�F]QD� ZDUWR�ü� ZV]\VWNLFK� V]NyG�� SU]H]� VWDá� �VNáDGND� XEH]SLHF]HQLRZD��� WR� Z�SU]\SDGNX�ZGUR*HQLD�V\VWHPX�ERQXV�PDOXV ]DVDGD�WD�]RVWDMH�]QDF]QLH�RVáDELRQD�± ]PLHQQD�ORVR�ZD�]RVWDMH�WXWDM�]DVW�SLRQD�SU]H]�GUXJ� ]PLHQQ� �VNáDGN
 RSDUWD�QD�SU]HV]áR�FL�XEH]SLHF]RQHJR��R�PQLHMV]\P�UR]SURV]HQLX�
:SURZDG]DQLH�SU]H]�]DNáDG\�XEH]SLHF]H� V\VWHPX�ERQXV�PDOXV VSU]HFLZLD�VL
 UyZQLH* ]D�VDG]LH� NRRSHUDFML� �VROLGDUQR�FL�� PyZL�FHM�� *H� XEH]SLHF]HQL�� NWyU]\� QLH� VSRZRGRZDOL� Z� GDQ\P�RNUHVLH�V]NyG�SRPDJDM� W\P��NWyU]\�Z�W\P�F]DVLH�VSRZRGRZDOL�V]NRG\��3R]D�W\P��]JRGQLH�]�SUD�ZHP�ZLHONLFK�OLF]E��SROLVD�QLHMDNR�ÄJLQLH´�Z�FDá\P�SRUWIHOX��7HRUHW\F]QLH�ZL
F��QLH�MHVW�ZD*QH��F]\� SROLVD� ZQRVLáD� URV]F]HQLH�� F]\� QLH�� SRQLHZD* SRQLHVLRQD� V]NRGD� E\áD� UHDOL]DFM� SHZQHM�]PLHQQHM�ORVRZHM��
:�]ZL�]NX�]�SU]\WRF]RQ\PL�SRZ\*HM�DUJXPHQWDPL��QLHNWyU]\�DNWXDULXV]H�QLH�ZDKDM� VL
 QD�]ZDü�WDU\ILNDFML�D�SRVWHULRUL ]RUJDQL]RZDQ\P�]DSU]HF]HQLHP�LGHL�XEH]SLHF]H��
,QQ� ZDG� V\VWHPX� ERQXV�PDOXV� MHVW� RJUDQLF]HQLH� MHJR� IXQNFML� SUHZHQF\MQHM� Z� G]LDáDFK�XEH]SLHF]H� LQQ\FK�QL* XEH]SLHF]HQLD�RGSRZLHG]LDOQR�FL� F\ZLOQHM��:�SU]\SDGNX�XEH]SLHF]HQLD�$&��WUXGQR�ERZLHP�PyZLü�R�SUHZHQFML�Z�SU]\SDGNX��JG\�]D
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GX*� F]
�ü�V]NyG�ZáD�FLFLHO�SRMD]GX�QLH�MHVW�RGSRZLHG]LDOQ\��NUDG]LH*��V]NRGD�E
G�FD�Z\QLNLHP�G]LDáDQLD�QDWXU\�OXE�RVyE�WU]HFLFK���.DUDQLH�]Z\*N� VNáDGNL�Z\GDMH�VL
 ZL
F�QLHX]DVDGQLRQH�L�QLH�ORMDOQH�Z�VWRVXQNX�GR�XEH]SLHF]RQHJR��6W�G�SRG�]QDNLHP�]DS\WDQLD�VWDMH�VWRVRZDQLH�V\VWHPX�ER�QXV�PDOXV�Z�XEH]SLHF]HQLDFK�LQQ\FK�QL* 2&��JG]LH�XEH]SLHF]RQ\�MHVW�VSUDZF� V]NRG\���
'R�ZDG� V\VWHPX�ERQXV�PDOXV PR*QD� UyZQLH* ]DOLF]\ü� MHJR�QLHNRU]\VWQH�� L� MDN� VL
 Z\GDMH��QLHXQLNQLRQH� HIHNW\�� QLHUyZQRZDJ
 ILQDQVRZ� V\VWHPX� RUD]� ]MDZLVNR� áDNQLHQLD� ]QL*NL� �KXQJHU�IRU�ERQXV���=RVWDQ� RQH�SU]HGVWDZLRQH�Z�NROHMQ\P�UR]G]LDOH�
3RPLPR�Z\PLHQLRQ\FK�± GR�ü�ZD*NLFK�± QLHGRVNRQDáR�FL��V\VWHP\�]QL*HN�L�]Z\*HN�]ZL�]D�Q\FK� ]� SU]HELHJLHP� XEH]SLHF]HQLD� FLHV]� VL
 Z� WRZDU]\VWZDFK� XEH]SLHF]HQLRZ\FK� QD� FDá\P��ZLHFLH����D�V]F]HJyOQLH�Z�(XURSLH��QLHVáDEQ�F� SRSXODUQR�FL���

�� 6\VWHP�ERQXV�PDOXV VWRVRZDQ\�MHVW�Z�(XURSLH��$]ML��D�WDN*H�QLHNWyU\FK�SD�VWZDFK�DIU\ND�VNLFK�L�ODW\QRDPHU\ND�VNLFK��:�$PHU\FH�3yáQRFQHM�]QL*NL�]D�EH]V]NRGRZR�ü�OXE�]Z\*NL�]D�V]NRG\�VWRVXMH�VL
 EDUG]R�U]DGNR�]�SRZRGX�VFHSW\F]QHJR�SR�GHM�FLD�VL
 GR�WDU\ILNDFML�D�SRVWHULRUL� �SRU��$XWRPRELOH�LQVXUDQFH�DQG�URDG�DFFLGHQW�SUHYHQWLRQ��UHSRUW�SUHSDUHG�E\�DQ�2(&'�VFLHQWLILF�H[SHUW�JURXS��2UJDQLVDWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW��3DULV�������V������
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�����)XQNFMRQRZDQLH�V\VWHPX�ERQXV�PDOXV�Z�Z\EUDQ\FK�NUDMDFK�(XURS\���
6\VWHP�ERQXV�PDOXV SRMDZLá�VL
 Z�NUDMDFK�]DFKRGQLRHXURSHMVNLFK�ZF]H�QLHM�QL* Z�3ROVFH��QD�SU]\NáDG�Z�6]ZDMFDULL�ZSURZDG]RQR�JR�MX* Z�ODWDFK�V]H�üG]LHVL�W\FK�WHJR�ZLHNX���'RW\F]\á�RQ�SU]HGH�ZV]\VWNLP� XEH]SLHF]H� 2&�SRVLDGDF]\� SRMD]GyZ�� FKRü� WRZDU]\VWZD�Z� QLHNWyU\FK� SD��VWZDFK�]DF]
á\�JR�UyZQLH* VWRVRZDü�Z�LQQ\FK�XEH]SLHF]HQLDFK�NRPXQLNDF\MQ\FK��E
G�F\FK�RG�SRZLHGQLNDPL� $&� L� 1:��� 1LHMHGQRNURWQLH� ]DVDG\� V\VWHPX� ERQXV�PDOXV V� Z� W\FK� SD�VWZDFK�Uy*QH� GOD� Uy*Q\FK� URG]DMyZ�XEH]SLHF]H��� F]DVHP� �QD� SU]\NáDG�ZH�)UDQFML�� VWRVXMH� VL
 ZVSyOQ\�V\VWHP�GOD�FDáR�FL�XEH]SLHF]H� NRPXQLNDF\MQ\FK��
=H�Z]JO
GX�QD�V]F]HJyOQ\�FKDUDNWHU�XEH]SLHF]H� RGSRZLHG]LDOQR�FL�F\ZLOQHM�SRVLDGDF]\�SR�MD]GyZ�PHFKDQLF]Q\FK��Z�QLHNWyU\FK�SD�VWZDFK�WDU\I\�WHJR�XEH]SLHF]HQLD�E\á\�XVWDODQH�RGJyUQLH�SU]H]�DGPLQLVWUDFM
 SD�VWZRZ���D�QLH�SU]H]�SRV]F]HJyOQH�ILUP\��2GJyUQH�XVWDOHQLD�Z�QLHNWyU\FK�SU]\SDGNDFK�GRW\F]\á\� UyZQLH* UHJXá�V\VWHPX�ERQXV�PDOXV� :�W\P�SRGUR]G]LDOH�SU]HGVWDZLRQH�]RVWDá\�V\VWHP\�]QL*HN�L�]Z\*HN�]D�SU]HELHJ�XEH]SLHF]HQLD�Z�NLONX�NUDMDFK�(XURS\��2SLV�WHQ�GR�W\F]\� QLHPDO� Z\á�F]QLH� XEH]SLHF]H� RGSRZLHG]LDOQR�FL� F\ZLOQHM� SRVLDGDF]\� SRMD]GyZ�� 6SHF\�ILF]Q\� FKDUDNWHU� W\FK� XEH]SLHF]H� SU]HMDZLDM�F\� VL
 PL
G]\� LQQ\PL�Z�ZL
NV]HM� LQJHUHQFML� SD��VWZD��RERZL�]HN�XEH]SLHF]HQLD��NRQVWUXNFMD�WDU\I��NRQWUROD�]\VNyZ��VSUDZLD��*H�UyZQLH* V\VWHP\�ERQXV�PDOXV V� GR�ü�MHGQROLWH��1DZHW�Z�SD�VWZDFK��Z�NWyU\FK�QLH�PD�XVWDZRZHJR�V\VWHPX�]Z\�*HN�L�]QL*HN�]D�SU]HELHJ�XEH]SLHF]HQLD�� WRZDU]\VWZD�VWRVXM� SRGREQH�V\VWHP\�NLHUXM�F�VL
 SU]\�]Z\F]DMHQLDPL�ZáDVQ\PL�L�NOLHQWyZ�

6\VWHP�ERQXV�PDOXV�Z�%HOJLL
%HOJLMVNLH�ZáDG]H�ZSURZDG]Lá\�RERZL�]HN�NRPXQLNDF\MQHJR�XEH]SLHF]HQLD�2&�MX* Z������URNX��=Z\F]DMRZR��WRZDU]\VWZD�XEH]SLHF]HQLRZH�VWRVRZDá\�QLHZLHOH�F]\QQLNyZ�D�SULRUL�Z�WDU\�ILNDFML�SROLV�2&��:�URNX�������GHNUHWHP�PLQLVWHULDOQ\P�ZSURZDG]RQR�ZVSyOQ� GOD�ZV]\VWNLFK�XEH]SLHF]\FLHOL� WDU\I
 ]DZLHUDM�F� WDN*H�UHJXá\�V\VWHPX�ERQXV�PDOXV��7DU\ID�GR�ü��FL�OH�UHJXOR�ZDáD� ]DVDG\� QDOLF]DQLD�� MDN� UyZQLH* Z\VRNR�ü� VNáDGHN�� XVWDORQR�PDNV\PDOQH� OLPLW\� VNáDGHN�Z�

�� 3RGUR]G]LDá�����]RVWDá�RSUDFRZDQ\�QD�SRGVWDZLH�QDVW
SXM�F\FK�SR]\FML��/HPDLUH�>����@�VV��������������/HPDLUH�>����@��VV�����������������%LXOHW\Q�3818�>����@�RUD]�DUW\NXáyZ�%U]RVWHN�>����@�L�>����@�



��

SRV]F]HJyOQ\FK� NODVDFK� WDU\IRZ\FK�� D� WDN*H�GROQ� JUDQLF
 ± VNáDGND�QLH�PRJáD�E\ü� ]DVDGQLF]R�QL*V]D�QL* ����VNáDGNL�PDNV\PDOQHM�Z�GDQHM�NODVLH�WDU\IRZHM��
3ROLV\� VNODV\ILNRZDQR�ZHGáXJ� W\ONR� MHGQHM� ]PLHQQHM� WDU\ILNDF\MQHM� D� SULRUL�� 'OD� VWDUV]\FK�VDPRFKRGyZ� �]DUHMHVWURZDQ\FK� SU]HG� OLSFHP� ������ E\áD� WR� SRMHPQR�ü� V]H�FLHQQD� VLOQLND� RUD]�GRGDWNRZH�REFL�*HQLH�Z�Z\VRNR�FL�����GOD�VDPRFKRGyZ�VSRUWRZ\FK��PáRGV]H�DXWD�VNODV\ILNR�ZDQR�ZHGáXJ�PRF\�VLOQLND��'RGDWNRZR��PáRG\�NLHURZFD��SRQL*HM����ODW��PXVLDá�]DSáDFLü�QLHZLHO�NL� XG]LDá� ZáDVQ\�Z� V]NRG]LH�� MH�OL� VSRZRGRZDá� Z\SDGHN��.ODV\�ZSURZDG]RQHJR�Z� ����� URNX�V\VWHPX�ERQXV�PDOXV SU]HGVWDZLD�WDEOLFD�����

7DEOLFD������.ODV\�ERQXV�PDOXV�Z�%HOJLL��ÄVWDU\�V\VWHP´��

'UyGáR��/HPDLUH�>����@��V����.LHURZF\� X*\ZDM�F\� VDPRFKRGX�Z\á�F]QLH�GR� FHOyZ�SU\ZDWQ\FK�ZFKRG]LOL� GR� V\VWHPX�QD�SR]LRPLH� ��� SU]H]� FR� QLHMDNR� Ä]� JyU\´�SU]\]QDZDQR� LP����� UDEDWX�Z� VWRVXQNX�GR�NLHURZFyZ�X*\ZDM�F\FK� SRMD]GX�Z� FHODFK� ]DZRGRZ\FK�� NWyU]\� WUDILDOL� GR� NODV\� ��� �FR�ZL
FHM�� Uy*QLFD� WD�Z]UDVWDáD� SR� EH]V]NRGRZ\P�URNX�� NLHG\�Z\QRVLáD� MX* ��� SXQNWyZ� SURFHQWRZ\FK���.D*G\� EH]�V]NRGRZ\�URN�E\á�QDJUDG]DQ\�SRSU]H]�SU]HQLHVLHQLH�NLHURZF\�GR�ÄQL*V]HM´�� NODV\��-HGQD�V]NRGD�]JáRV]RQD�Z�URNX�SRZRGRZDáD�SU]HQLHVLHQLH�NLHURZF\�R�GZLH�NODV\�Z�JyU
��.D*GD�NROHMQD�V]NR�GD�Z�W\P�VDP\P�URNX�

�� 3U]H]�SU]HM�FLH�ÄZ�Gyá´�OXE�SU]HM�FLH�GR�NODV\�ÄQL*V]HM´�E
G]LHP\�UR]XPLHü�SU]HVXQL
FLH�GR�NODV\�NRU]\VWQLHMV]HM��R�QL*�V]\P�SR]LRPLH�VNáDGNL��$QDORJLF]QH�]QDF]HQLH�SU]\M
WR�Z�SUDF\�GOD�VIRUPXáRZD� NODVD�ÄZ\*V]D´�L�SU]HM�FLH�ÄZ�JyU
´�

.ODVD 6WDZND�� .ODVD 6WDZND ��� ��� � ����� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ��



��

SRZRGRZDáD�GDOV]� ]Z\*N
 R�WU]\�SR]LRP\�WDU\ILNDF\MQH��'ROQ� L JyUQ� JUDQLF
 VWDQRZLá\�RGSR�ZLHGQLR� NODVD� �� ]� ���SURFHQWRZ\P� UDEDWHP� RUD]� NODVD� ��� ]� SRGZ\*N� VNáDGNL� SRGVWDZRZHM� R�������'RGDWNRZ\P�]DáR*HQLHP�V\VWHPX��E\áD� UHJXáD�PyZL�FD��*H�XEH]SLHF]RQ\��NWyU\�SU]H]���NROHMQH�ODWD�QLH�VSRZRGRZDá�Z\SDGNX��QLH�PR*H�]QDMGRZDü�VL
 SRZ\*HM�SR]LRPX�����=DáR*HQLH�WR�NRPSOLNRZDáR�PDWHPDW\F]Q� DQDOL]
 V\VWHPX��SRQLHZD* SURFHV�]GHILQLRZDQ\�Z�WHQ�VSRVyE�QLH�WZRU]\� MX* áD�FXFKD�0DUNRZD� �QLH� MHVW� SURFHVHP�ÄEH]�SDPL
FL´��� MDN� UyZQLH* XWUXGQLDáR�SUDF
WRZDU]\VWZ� XEH]SLHF]HQLRZ\FK�� JG\* PXVLDá\� RQH� SU]HFKRZ\ZDü� GDQH� R� V]NRGDFK� ]� RVWDWQLFK�F]WHUHFK� ODW� ]DPLDVW� GDQ\FK�R�RVWDWQLHM�NODVLH��Z�NWyUHM�E\áD�SROLVD� L� V]NyG�]�GDQHJR� URNX��2ED�SUREOHP\�PR*QD�MHGQDN�Z�VSRVyE�GR�ü�SURVW\�RPLQ�ü��FR�]RVWDQLH�SRND]DQH�QD�SU]\NáDG]LH�ÄQR�ZHJR´�EHOJLMVNLHJR�V\VWHPX�ERQXV�PDOXV�
1RZ\� V\VWHP� ]RVWDá�ZSURZDG]RQ\��RERN� LQQ\FK� ]PLDQ�Z� WDU\ILH� RERZL�]NRZHJR� XEH]SLH�F]HQLD� NRPXQLNDF\MQHJR�2&�� Z� URNX� ����� SR�ZLHOROHWQLFK� VWXGLDFK� L� NRQVXOWDFMDFK� VSHFMDOQHM�JUXS\�SRZRáDQHM�Z�W\P�FHOX�SU]H]�]U]HV]HQLH�EHOJLMVNLFK�WRZDU]\VWZ�XEH]SLHF]HQLRZ\FK��6\VWHP�WHQ�SU]HGVWDZLD�WDEOLFD�����

7DEOLFD������.ODV\�ERQXV�PDOXV�Z�%HOJLL��ÄQRZ\�V\VWHP´��

'UyGáR��/HPDLUH�>����@�V����.LHURZF\�X*\ZDM�F\�VDPRFKRGX�GR�FHOyZ�]DZRGRZ\FK�]DF]\QDM� RG�NODV\�����ZV]\VF\�LQQL��WR�]QDF]\�NLHURZF\�NRU]\VWDM�F\�]�VDPRFKRGX�GOD�SU]\MHPQR�FL�L�GRMH*G*DM�F\�GR�SUDF\��]DF]\QD�M� RG�NODV\�����3RGREQLH�MDN�Z�SRSU]HGQLP�V\VWHPLH��ND*G\�URN�EH]V]NRGRZHJR�SU]HELHJX�XEH]�SLHF]HQLD� SRZRGXMH� SU]HVXQL
FLH� R� MHGQ� NODV
 Z� Gyá�� =ZL
NV]\á\� VL
 MHGQDN� NDU\� ]D� V]NRG\��SLHUZV]D�V]NRGD�SRZRGXMH�WHUD]�Z]URVW�R�F]WHU\�NODV\��ND*GD QDVW
SQD�Z�URNX�± R���NODV��3R]R�VWDZLRQR� MHGQDN� RJUDQLF]HQLH� VWZLHUG]DM�FH�� *H� SROLVD� QLH� PR*H� SR]RVWDZDü� Z� NODVLH� SRZ\*HM�

.ODVD 6WDZND�� .ODVD 6WDZND���� ��� �� ���� ��� �� ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� �� � ���� �� � ��� ��



��

SR]LRPX�SRGVWDZRZHJR�������� NODVD������MH�OL�SU]H]�F]WHU\�NROHMQH�ODWD�XEH]SLHF]RQ\�QLH�]JáR�VLá� *DGQHJR� URV]F]HQLD�� -DN� MX* ZVSRPQLDQR�� ]DáR*HQLH� WR� NRPSOLNXMH� DQDOL]
 V\VWHPX�]QL*HN� L�]Z\*HN�]D�SU]HELHJ�XEH]SLHF]HQLD��JG\* WDN�RSLVDQHJR�SURFHVX�QLH�PR*QD�MX* WUDNWRZDü�MDNR�áD��FXFKD�0DUNRZD��-DN�VL
 MHGQDN�RND]XMH��SRSU]H]�QLHZLHON� PRG\ILNDFM
 ]DSLVX��D��FL�OHM�SRSU]H]�UR]ELFLH� QLHNWyU\FK� NODV�PDOXV��PR*OLZH� MHVW� ]DSLVDQLH� EHOJLMVNLHJR� V\VWHPX�ERQXV�PDOXV MDNR�áD�FXFKD�0DUNRZD��=DSLV�WDNL�SU]HGVWDZLD�WDEOLFD�����
5HJXá\�SU]HM�FLD�QRZHJR�V\VWHPX�V� EDUG]LHM�VXURZH�RG�UHJXá�SRSU]HGQLHJR�V\VWHPX��.DUD�]D�SLHUZV]� V]NRG
 Z]URVáD� ]� GZyFK� GR� F]WHUHFK� NODV�� ]D� NROHMQ� V]NRG
 ]� WU]HFK� GR� SL
FLX� NODV��6WZRU]RQR�UyZQLH* F]WHU\�GRGDWNRZH�NODV\�UDEDWRZH��MHGQ� QD�SR]LRPLH�����L�WU]\�QD�SR]LRPLH������-HGQ� ]�JáyZQ\FK�SU]\F]\Q�QLH]DGRZROHQLD�XEH]SLHF]RQ\FK�Z�]ZL�]NX�]H�VWDU\P�V\VWHPHP�E\á�IDNW��*H�NLHURZF\�Z�QDMOHSV]\FK�NODVDFK�NDUDQL�V� WDN�VDPR��EH]�Z]JO
GX�QD�WR��MDN�GáXJR�MX*Z�WHM�NODVLH� VL
 ]QDMGXM� ± VWZRU]HQLH�GRGDWNRZ\FK�NODV�ERQXV VWDQRZL�SUyE
 UR]ZL�]DQLD� WHJR�SUREOHPX��3RQDGWR��FHFK� FKDUDNWHU\VW\F]Q� QRZHJR�V\VWHPX MHVW�WR��*H�± ]D�Z\M�WNLHP�QDMZ\*�V]\FK�NODV�± Z]JO
GQD�SURFHQWRZD�REQL*ND�VNáDGNL�Z�SU]\SDGNX�EH]V]NRGRZHJR�URNX�MHVW�VWDáD��Z�SRSU]HGQLP�V\VWHPLH�REQL*ND�WDND�Z\QRVLáD�SL
ü�SURFHQW�VNáDGNL�SRGVWDZRZHM��REHFQLH�Z\QRVL�RQD�SL
ü�SURFHQW�VNáDGNL�SáDFRQHM�Z�EH]SR�UHGQLR�SRSU]HG]DM�F\P�URNX��5y*QLFH�VNáDGNL�SRPL
�G]\�NROHMQ\PL�NODVDPL�]PQLHMV]\á\�VL
��
,QQH�]PLDQ\�Z�V\VWHPLH�WDU\ILNDFML�EHOJLMVNLHJR�XEH]SLHF]HQLD�2&�NRPXQLNDF\MQHJR�WR�PL
�G]\� LQQ\PL�]H]ZROHQLH�QD�VWRVRZDQLH� LQQ\FK�QL* PRF�VLOQLND�RUD]�VSRVyE�X*\WNRZDQLD�SRMD]GX�F]\QQLNyZ��=Z\NOH�WDNLPL�F]\QQLNDPL�V���SáHü�L�ZLHN�NLHURZF\��PLHMVFH�]DPLHV]NDQLD�NLHURZF\�OXE�SDUNRZDQLD�SRMD]GX�RUD]� W\S�VDPRFKRGX��0LQLVWHULDOQ\�GHNUHW�SRGDMH�WHUD]�W\ONR�PLQLPDOQH�VNáDGNL�QHWWR��Z�]ZL�]NX�]�W\P�]DNáDG\�XEH]SLHF]H� PXV]� WHUD]�VDPRG]LHOQLH�REFL�*Dü�VNáDGNL�NRV]WDPL� G]LDáDOQR�FL�� SURZL]MDPL� L� ]\VNLHP�� 7RZDU]\VWZD� QDGDO� PXV]� LQIRUPRZDü� QDG]yU�XEH]SLHF]HQLRZ\�R�VWRVRZDQ\FK�WDU\IDFK��QLH�PXV]� MHGQDN�X]\VNLZDü�]JRG\�SU]HG�ZSURZDG]H�QLHP�V\VWHPX�WDU\ILNDF\MQHJR��3RQDGWR�XG]LDá�ZáDVQ\�GOD�RVyE�SRQL*HM����ODW�VWDá�VL
 W\ONR�RSFMR�QDOQ\��]QLHVLRQR�UyZQLH* LVWQLHM�F\�ZF]H�QLHM�G]LHVL
FLROHWQL�RNUHV�WUZDQLD�NRQWUDNWX�XEH]SLHF]H�QLRZHJR��REHFQLH�ZV]\VWNLH�XPRZ\�]DZLHUDQH�V� QD�RNUHV�MHGQHJR�URNX�

7DEOLFD������Ä1RZ\´�EHOJLMVNL�V\VWHP�ERQXV�PDOXV ± MDNR�SURFHV�0DUNRZD�



��

'UyGáR��/HPDLUH�>����@�V�����
6\VWHP�ERQXV�PDOXV�Z�:LHONLHM�%U\WDQLL

:�:LHONLHM�%U\WDQLL�]DNáDG\�XEH]SLHF]H� FLHV]� VL
 ]XSHáQ� VZRERG� XVWDODQLD�VWUXNWXU\�WD�U\I�GOD�RERZL�]NRZHJR�XEH]SLHF]HQLD�2&��:\FKRG]L� VL
 WX� ]� ]DáR*HQLD��*H�ZROQD�NRQNXUHQFMD�QDMOHSLHM�]DEH]SLHF]D�NOLHQWyZ�SU]HG�SU]HV]DFRZDQLHP�Z\VRNR�FL� VNáDGNL��2GSRZLHGQLH�RUJDQ\�QDG]RUX�XEH]SLHF]HQLRZHJR�EDGDM� MHG\QLH�Z\SáDFDOQR�ü� WRZDU]\VWZ��QLH�NRQWUROXM� MHGQDN�]D�

.ODVD VWDZND :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�Z��� � � � � � ��� ��� ���� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� �� �� �� �� �� ������ ��� �� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� ���� �� �� �� �� ������ ��� �� �� �� �� �� ���� ��� �� ���� �� �� �� ������ ��� ���� ���� �� �� �� ������ ��� �� ���� �� �� �� ���� ��� �� ���� �� �� �� ������ ��� �� ���� �� �� �� ���� ��� �� ���� �� �� �� ���� ��� �� ���� �� �� �� ���� �� �� �� �� �� �� ���� �� �� �� ���� �� �� ���� �� �� �� ���� �� �� ���� �� � �� ���� �� �� ��� �� � �� ���� �� �� ��� �� � �� �� �� �� ��� �� � �� �� ���� �� ��� �� � �� �� ���� �� ��� �� � � �� ���� �� ��� �� � � �� ���� �� ��� �� � � �� �� �� ��� �� � � �� �� ���� ��� �� � � �� �� ���� ��� �� � � � �� ���� ��



��

NUHVX�RFKURQ\�RIHURZDQHM�SU]H]�SROLV\��&]\QQLNDPL�WDU\ILNDF\MQ\PL�D�SULRUL�QDMF]
�FLHM�EUDQ\PL�SRG� XZDJ
 SU]H]� WRZDU]\VWZD� XEH]SLHF]HQLRZH� SU]\� Z\]QDF]DQLX� Z\VRNR�FL� VNáDGNL� V� W\S� L�ZLHN� VDPRFKRGX��ZLHN�NLHURZF\�� OLF]ED�X*\WNRZQLNyZ�� VSRVyE�X*\WNRZDQLD� �SU\ZDWQ\�F]\�]D�ZRGRZ\��RUD]�PLHMVFH�WU]\PDQLD�VDPRFKRGX��
7UDG\F\MQLH��DQJLHOVNL�V\VWHP�ERQXV�PDOXV QD]\ZDQ\�MHVW�V\VWHPHP�1&'��1R�&ODLP�'LVFR�XQW���JG\* QRPLQDOQLH�LVWQLHM� Z�QLP�W\ONR�]QL*NL��NODV\�ERQXV���=QDF]QD�Uy*QRURGQR�ü�Z�NV]WDá�WRZDQLX�WDU\I�SU]H]�XEH]SLHF]\FLHOL�]QDMGXMH�VZH�RG]ZLHUFLHGOHQLH�WDN*H�Z�V\VWHPDFK�]QL*HN�]D�EH]V]NRGRZR�ü��6\VWHP�SUH]HQWRZDQ\�Z� WDEOLF\���� MHVW� VWRVRZDQ\�SU]H]� MHGQR�]�ZD*QLHMV]\FK�WRZDU]\VWZ�L�X]QDZDQ\�]D�W\SRZ\��

7DEOLFD������3U]\NáDGRZ\�V\VWHP�ERQXV�PDOXV Z�:LHONLHM�%U\WDQLL�

'UyGáR��/HPDLUH�>����@��V������.ODV� ZVW
SX� MHVW� WXWDM�SR]LRP�V]yVW\��FR�R]QDF]D����SURFHQWRZ� ]QL*N
 GOD�QRZ\FK�XEH]�SLHF]RQ\FK��=�WHJR�WH* SRZRGX�V\VWHP�DQJLHOVNL�MHVW�W\ONR�QRPLQDOQLH�V\VWHPHP�SXUH�ERQXV��SR�QLHZD* NODVD� ��Z� U]HF]\ZLVWR�FL� VWDQRZL�PDOXV L� ]QDOH(ü� VL
 Z�QLHM�PR*QD� W\ONR�Z�SU]\SDGNX�V]NRG\��6\VWHP�SU]HGVWDZLRQ\�Z�WDEOLF\���� MHVW�UyZQRZD*Q\�V\VWHPRZL�ERQXV�PDOXV�R�NODVDFK���Z�SU]\EOL*HQLX��������NODVD�PDOXV����������������������������L�����VNáDGNL�SRGVWDZRZHM��MH�OL�VNáDGN
 SRGVWDZRZ� Z\]QDF]\P\�QD�RGSRZLHGQLR�QL*V]\P�SR]LRPLH������REHFQHM�VNáDGNL�SRGVWDZRZHM��
:LHOH� WRZDU]\VWZ�ZSURZDG]LáR�RVWDWQLR� W]Z�� ÄVFKHPDW�FKURQLRQHJR� UDEDWX´� �SURWHFWHG�GLV�FRXQW�VFKHPH���8PR*OLZLD�RQ�XEH]SLHF]RQ\P��NWyU]\�V� MX* Z�QDMQL*V]HM�NODVLH�ERQXV��SR]RVWDQLH�Z� WHM�NODVLH�Z�SU]\SDGNX�V]NRG\��8EH]SLHF]HQL��NWyU]\�FKF� VNRU]\VWDü�]� WDNLHJR�XGRJRGQLHQLD�SáDF� VNáDGN
 R���������Z\*V]� QL* VNáDGND��NWyU� SáDFLOLE\��JG\E\�QLH�Z\EUDOL�WDNLHJR�VFKHPD�WX��-HGQDN�]JáRV]HQLH�ZL
FHM�QL* GZyFK�V]NyG�Z�FL�JX�SL
FLX�ODW�NRU]\VWDQLD�]�ÄRFKURQ\´�]QL*NL�SRZRGXMH�Z\NOXF]HQLH�XEH]SLHF]RQHJR�]H� VFKHPDWX��7D�QRZD�FHFKD� V\VWHPX�1&'�VSUDZLD��*H�

.ODVD ��VNáDGNL�SRGVWDZRZHM .ODVD�Z�NROHMQ\P�URNX��ZHGáXJ�OLF]E\�V]NyG�� � � �� ��� � � � �� �� � � � �� �� � � � �� �� � � � �� �� � � � �� �� � � � �� �� � � � �



��

WDN��MDN�Z�SU]\SDGNX�%HOJLL��WU]HED�GRNRQDü�PRG\ILNDFML�]DSLVX��DE\�]DSLVDü�JR�Z�SRVWDFL�áD�FX�FKD�0DUNRZD��3UyED�WDNLHM�PRG\ILNDFML�SU]HGVWDZLRQD�MHVW�Z�WDEOLF\������6\VWHP�SU]HGVWDZLRQ\�Z�WHM�WDEOLF\�]DNáDGD��*H�SRGZ\*ND�VNáDGNL�Z�NODVLH�SLHUZV]HM�Z�SU]\SDGNX�NRU]\VWDQLD�SU]H]�XEH]�SLHF]RQHJR� ]H�ZVSRPQLDQHJR� XGRJRGQLHQLD�Z\QRVL� ����RUD]� *H� ]DNáDG� XEH]SLHF]H� SURZDG]L�SL
FLROHWQL� HZLGHQFM
 GRW\F]�F� V]NyG�W\ONR�Z�SU]\SDGNX��JG\�XEH]SLHF]RQ\�IDNW\F]QLH�NRU]\VWD�]� ÄRFKURQ\´� �]QDMGXMH� VL
 Z� NODVLH� ���� -DN� SRND]DQR� Z� WDEOLF\�� SU]\� WDNLFK� ]DáR*HQLDFK� NODV
SLHUZV]� QDOH*DáR�UR]ELü�D* QD�SL
WQD�FLH�NODV�Z�]DOH*QR�FL�RG�OLF]E\�V]NyG�]JáRV]RQ\FK�Z�SU]H�V]áR�FL�� 2� OLF]ELH� V]NyG� Z� SU]HV]áR�FL� LQIRUPXM� F\IU\� SR� NURSFH� ± Q�WD F\IUD� R]QDF]D� OLF]E
V]NyG� SU]HG� Q ODW\��1D� SU]\NáDG� NODVD� ������� R]QDF]D�� *H� NLHURZFD� ]JáDV]Dá� URV]F]HQLH�Z� SR�SU]HGQLP�URNX�RUD]�SU]HG�F]WHUHPD�ODW\�



��

7DEOLFD������Ä&KURQLRQ\´�V\VWHP�1&'�Z�:LHONLHM�%U\WDQLL�

'UyGáR��2SUDFRZDQLH�ZáDVQH�QD�SRGVWDZLH�LQIRUPDFML�Z��/HPDLUH�>����@�V� ����/HPDLUH�>����@��V������RUD]�SRGDQ\FK�Z\*HM�]DáR*H��
6\VWHP�ERQXV�PDOXV ZH�)UDQFML

)UDQFXVNL�V\VWHP�ERQXV�PDOXV�Uy*QL�VL
 ]QDF]QLH�RG�MHJR�RGSRZLHGQLNyZ�Z�LQQ\FK�NUDMDFK�HXURSHMVNLFK�� ]DUyZQR�SRG�Z]JO
GHP�IRUP\��MDN� L� VXURZR�FL� ]Z\*HN��.ODV\ILNDFMD�XEH]SLHF]R�Q\FK� SU]HSURZDG]DQD� MHVW� ZHGáXJ� V\VWHPX� SXQNWyZ� �ÄSRLQWV UDWLQJ´��� 8]\VNDQH� Z� ]ZL�]NX� ]�ND*G\P�NU\WHULXP�SXQNW\�V� VXPRZDQH�L�SU]HOLF]DQH�QD�VNáDGN
 SRGVWDZRZ���*áyZQ\PL�F]\QQL�NDPL� NODV\ILNDFML� V� UHJLRQ� JHRJUDILF]Q\� L� W\S� SRMD]GX� �RSDUW\� QD�ZVND(QLNX� RGQRV]�F\P�PRF�VLOQLND�GR�ZDJL�SRMD]GX���'RGDWNRZ\PL�F]\QQLNDPL�V���P��LQ��FHQD�L�ZLHN�SRMD]GX��FHO�X*\WNRZD�QLD��RNUHV�SRVLDGDQLD�SUDZD�MD]G\��]DZyG�NLHURZF\��LQQL�X*\WNRZQLF\�SRMD]GX��1D�SRGVWDZLH�SR�Z\*V]\FK�F]\QQLNyZ�XVWDOD�VL
 Z\VRNR�ü�VNáDGNL�SRGVWDZRZHM�
6NáDGND�SRGVWDZRZD�MHVW�REQL*DQD�R����]D�ND*G\�URN�EH]�V]NRG\��D�SRGZ\*V]DQD�R�����SR�ND*G\P� ]JáRV]RQ\P� URV]F]HQLX�� :� V\WXDFML� �GRSXV]F]DQHM� SU]H]� IUDQFXVNLH� SUDZR�� RGSRZLH�

.ODVD ��VNáDGNL�SRGVWDZRZHM .ODVD�Z�NROHMQ\P�URNX��ZHGáXJ�OLF]E\�V]NyG�� � � �� ��� � � � �� �� � � � �� �� � � � �� �� � � � �� �� � � � �� �� ������ � � ������� ���� ������ ������ ������ ������� ���� ������ ������ � ������� ���� ������ � � ������� ���� ������ ������ � ������� ���� ������ � � ������� ���� ������ � � ������� ���� ������ � � ������� ���� ������ ������ � ������� ���� ������ � � ������� ���� ������ � � ������� ���� ������ ������ � ������� ���� ������ � � ������� ���� ������ � � ������� ���� ������ � � ������� ���� ������ � � �
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G]LDOQR�FL�ZVSyOQHM�� W]Q�� JG\� ]D�Z\SDGHN� RGSRZLHG]LDOQ\� MHVW�ZL
FHM� QL* MHGHQ�NLHURZFD�� SRG�Z\*ND�VNáDGNL�Z\QRVL�W\ONR��������=Z\*NL�L�]QL*NL�QDOLF]DQH�V� ]DZV]H�Z�VWRVXQNX�GR�SR]LRPX�VNáDGNL� RVL�JQL
WHJR� Z� SRSU]HGQLP� RNUHVLH� XEH]SLHF]HQLD�� QS�� MHGQD� V]NRGD�Z� URNX� SRZRGXMH�Z]URVW�VNáDGNL�]H�����GR�������GUXJD�V]NRGD�GR�������WU]HFLD�GR������LWG���SU]\�F]\P�ZV]\VW�NLH� OLF]E\�]DRNU�JODQH� V� Z�Gyá��GR�SHáQ\FK�SXQNWyZ�SURFHQWRZ\FK��0DNV\PDOQ\�UDEDW�Z\QRVL�����L� MHVW�PR*OLZ\�GR�RVL�JQL
FLD�SR��� EH]V]NRGRZ\FK�ODWDFK�RG PRPHQWX�]DZDUFLD�XEH]SLH�F]HQLD���6NáDGND�SáDFRQD�SU]H]�XEH]SLHF]RQHJR��NWyU\�Z�FL�JX�WU]\QDVWX�ODW�QLH�]JáDV]D�URV]F]H���Z\QRVL��Z�SLHUZV]\P�URNX�± �����SR�SLHUZV]\P�EH]V]NRGRZ\P�URNX�± ����SR�GZyFK�EH]V]NR�GRZ\FK�ODWDFK�± ����GDOHM�RGSRZLHGQLR������������ ����������������������������L�����VNáDGNL�SRG�VWDZRZHM��� *yUQ\� SXáDS� IUDQFXVNLHJR� V\VWHPX� WR� SR]LRP� ����� VNáDGNL� SRGVWDZRZHM� �����SURFHQWRZD�]Z\*ND��� MHGQDN*H�SR�GZyFK�NROHMQ\FK� ODWDFK�EH]�V]NRG\��XEH]SLHF]RQ\�REFL�*RQ\�]Z\*N� VNáDGNL� ZUDFD� GR� SR]LRPX� ���� � VNáDGNL� SRGVWDZRZHM�� 3U]\F]\Q� WDNLHM� UHJXODFML�� MHVW�FK
ü�SRZVWU]\PDQLD�VL
 RG�GDOV]HJR�NDUDQLD�]Z\*N� NLHURZFyZ��NWyU]\�SRF]�WNRZR�FKDUDNWHU\�]RZDOL�VL
 GX*� V]NRGRZR�FL���DOH�]�F]DVHP�LFK�VNáRQQR�ü�GR�SRZRGRZDQLD�Z\SDGNyZ�]QDF]QLH�]PDODáD�
6]F]HJyOQ� FHFK� V\VWHPX�IUDQFXVNLHJR�MHVW�IDNW��*H�RVL�JQL
W\�SR]LRP�]QL*NL�OXE�]Z\*NL�MHVW�VWRVRZDQ\�Z�RNUH�ODQLX�VNáDGHN�]DUyZQR�QD�RERZL�]NRZH�XEH]SLHF]HQLH�RGSRZLHG]LDOQR�FL�F\�ZLOQHM��MDN�L�QD�LQQH�XEH]SLHF]HQLD�NRPXQLNDF\MQH��RG�NUDG]LH*\��RJQLD�OXE�]QLV]F]HQLD�LWG���RG�SRZLHGQLNL�QDV]HJR�$&���1D�SR]LRP�ERQXV�PDOXV PDM� ZSá\Z�MHGQDN�Z\á�F]QLH�V]NRG\��]D�NWyUH�RGSRZLHG]LDOQR�ü�SRQRVL�NLHURZFD�
,QQ� FHFK� V]F]HJyOQ� GOD�V\VWHPX�IUDQFXVNLHJR�MHVW�]DVWRVRZDQLH�LQQ\FK��GRGDWNRZ\FK�RE�FL�*H���3R�XVWDOHQLX�]Z\F]DMQHJR�SR]LRPX�ERQXV�PDOXV VWRVXMH�VL
 GRGDWNRZH�]Z\*NL�������Z�SU]\SDGNX� SURZDG]HQLD� VDPRFKRGX�Z� VWDQLH�QLHWU]H(ZR�FL�� ����]D�Z\NURF]HQLH�GURJRZH�SUR�ZDG]�FH�GR�]DZLHV]HQLD�SUDZD�MD]G\�QD�RNUHV���GR���PLHVL
F\�������]D�]DZLHV]HQLH�SUDZD�MD]G\�QD�RNUHV�GáX*V]\�QL* ��PLHVL
F\�������]D�DQXORZDQLH�SUDZD�MD]G\�OXE�NLOND�Z\NURF]H� ]�]DZLH�V]HQLHP� SUDZD� MD]G\� SRGF]DV� MHGQHJR� URNX�� ����� Z� SU]\SDGNX� XFLHF]NL� ]� PLHMVFD� Z\SDGNX�������Z�V\WXDFML�QLH]JáRV]HQLD�Z\SDGNX�OXE�MDNLHJRNROZLHN�SRZ\*V]HJR�]GDU]HQLD������Z�SU]\�SDGNX�WU]HFK OXE�ZL
FHM�Z\SDGNyZ�Z�FL�JX�WHJR�VDPHJR�URNX��3RZ\*V]H�NXPXOXM� VL
��]�JyUQ\P�SXáDSHP�������L�V� ]GHMPRZDQH�SR�GZyFK�ODWDFK�
2VWDWQLR�ZSURZDG]RQ� PRG\ILNDFM� GR� IUDQFXVNLHJR� V\VWHPX�ERQXV�PDOXV MHVW� UHJXáD�Py�ZL�FD��*H�NLHURZFD�SáDF�F\�QDMQL*V]� VNáDGN
 �SR]LRP������SR]RVWDMH�QD� W\P�SR]LRPLH�QDZHW��
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JG\�]JáRVL�MHGQ� V]NRG
�
6\VWHP�ERQXV�PDOXV Z�6]ZDMFDULL

:�6]ZDMFDULL��Z�XEH]SLHF]HQLDFK�2&�RERZL�]XMH�MHGQD�WDU\ID�GOD�ZV]\VWNLFK�ILUP��1LH�MHVW�RQD� VNRPSOLNRZDQD��JG\* MHG\Q\P�F]\QQLNLHP� WDU\ILNDFML�D�SULRUL XZ]JO
GQLDQ\P�Z�V]ZDMFDU�VNLHM�WDU\ILH�MHVW�SRMHPQR�ü�V]H�FLHQQD�VLOQLND��6\VWHP�ERQXV�PDOXV ]RVWDá�ZSURZDG]RQ\�Z�XEH]�SLHF]HQLDFK�NRPXQLNDF\MQ\FK�2&�MX* Z������URNX��2EHFQ\�V\VWHP�]QL*HN�L�]Z\*HN�]D�SU]HELHJ�XEH]SLHF]HQLD�VNáDGD�VL
 ]����NODV��Z�NWyU\FK�Z\VRNR�ü�VNáDGNL�SU]HGVWDZLD�VL
 WDN��MDN�Z�WDEOLF\�����
7DEOLFD�����.ODV\�ERQXV�PDOXV Z�6]ZDMFDULL�

'UyGáR��/HPDLUH�>����@��V������1RZL�XEH]SLHF]HQL�WUDILDM� GR�NODV\����=D�ND*G\�URN�EH]�]JáRV]HQLD�V]NRG\�ZáD�FLFLHO�SROLV\�SU]HFKRG]L�GR�NROHMQHM�NODV\�R�QL*V]HM� VNáDGFH��3R�ND*GHM�V]NRG]LH�SU]HFKRG]L�R�F]WHU\�NODV\�Z�JyU
 �GR������URNX�NDUD�]D�V]NRG
 Z\QRVLáD�W\ONR�WU]\�NODV\���8EH]SLHF]RQ\�PD�PR*OLZR�ü�]ZUR�WX� WRZDU]\VWZX�XEH]SLHF]H� UyZQRZDUWR�FL�Z\SáDFRQHJR�RGV]NRGRZDQLD��DE\�XQLNQ�ü�SU]HM�FLD�GR�JRUV]HM�NODV\��
6\VWHP�ERQXV�PDOXV�Z�1LHPF]HFK�

:�1LHPF]HFK�QLH�PD�XVWDZRZ\FK� UHJXODFML� GRW\F]�F\FK� WDU\I�XEH]SLHF]HQLRZ\FK�Z�XEH]�SLHF]HQLDFK�NRPXQLNDF\MQ\FK��FKRü�XEH]SLHF]HQLH�2&�MHVW�WDP�RERZL�]NRZH��-HGQDN�]JRGQLH�]�RERZL�]XM�F\P�SUDZHP� ]DNáDG\� XEH]SLHF]H� PXV]� X]\VNDü� ]JRG
 QD�ZSURZDG]HQLH� RNUH�OR�Q\FK�WDU\I��=�WHJR�SRZRGX�]DNáDG\�VWRVXM� MHGQROLW� VWUXNWXU
 WDU\I��FKRü�Uy*QL� VL
��MH�OL�FKRG]L�R�Z\VRNR�ü�VWDZHN�

.ODVD 6WDZND�� .ODVD 6WDZND���� ��� �� ����� ��� � ����� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ���� ��� � ��



��

&]\QQLNL�NODV\ILNDFML�ZVSyOQH�GOD�ZV]\VWNLFK�]DNáDGyZ�WR�� UHJLRQ�JHRJUDILF]Q\��SRMHPQR�ü�V]H�FLHQQD� VLOQLND�� JUXSD� ]DZRGRZD� �]QL*NL� GOD� XU]
GQLNyZ� SD�VWZRZ\FK� RUD]� UROQLNyZ�� RUD]�ERQXV�PDOXV��3RQDGWR�]DNáDG\�XEH]SLHF]H� VWRVXM� V]HUHJ�LQQ\FK�NU\WHULyZ�ZHGáXJ�NWyU\FK�G]LH�O� NLHURZFyZ�QD�JUXS\��V� WR�QS���PDUND�L�PRGHO�VDPRFKRGX��SU]HE\ZDQD�URF]QLH�RGOHJáR�ü��ZLHN�NLHURZF\��OLF]ED�XSRZD*QLRQ\FK�NLHURZFyZ��VSRVyE�JDUD*RZDQLD��FHQD�SRMD]GX��FHQD�F]
�FL�]D�PLHQQ\FK��]DZyG�NLHURZF\�
6\VWHP�ERQXV�PDOXV�Z�1LHPF]HFK��SRGREQLH�MDN�Z�LQQ\FK�NUDMDFK�SRGOHJDá�ZLHOX�PRG\ILND�FMRP��7DEOLFD���� SU]HGVWDZLD�ÄVWDU\´�± RERZL�]XM�F\�ZH�ZF]HVQ\FK� ODWDFK�RVLHPG]LHVL�W\FK�±V\VWHP�ERQXV�PDOXV��1RZ\�XEH]SLHF]RQ\�WUDILDá�GR�NODV\����FK\ED�*H�Z\ND]Dá��L* SRVLDGD�SUDZR�MD]G\�GáX*HM�QL* WU]\�ODWD�± Z�W\P�SU]\SDGNX�]DF]\QDá�RG�NODV\�6)������
Ä1RZ\´�V\VWHP�RERZL�]\ZDá�GR�F]HUZFD������URNX��2EHFQLH�QLH�PD�MHGQROLWHJR�V\VWHPX�GOD�ZV]\VWNLFK�WRZDU]\VWZ��MHGQDN�WRZDU]\VWZD�QDGDO�VWRVXM� V\VWHP�R����SR]LRPDFK��RG�����UDEDWX��GR������SRGZ\*NL��6\VWHP�WDNL�SU]HGVWDZLD�WDEOLFD������.ODV� SRF]�WNRZ� MHVW�NODVD����OXE����Z�]DOH*QR�FL� RG�GR�ZLDGF]HQLD� �DQDORJLF]QLH�GR� VWDUHJR� V\VWHPX��RUD]� OLF]E\� VDPRFKRGyZ�Z�JR�VSRGDUVWZLH�GRPRZ\P�
:DUWR� ]DXZD*\ü� V]F]HJyOQH� FHFK\� WHJR� V\VWHPX�� -HGQ� ]� QLFK� V� VWRVXQNRZR� QLHZLHONLH�SRGZ\*NL�]D�V]NRG\�SR�ZLHOX�ODWDFK�EH]V]NRGRZ\FK��LVWRWQH�]D� Z�SR]LRPDFK��URGNRZ\FK�VNDOL��:�VWDU\P�V\VWHPLH��NLHURZFD�GR�ZLDGF]RQ\��NWyU\�SR����EH]V]NRGRZ\FK�ODWDFK�WUDILá�GR�NODV\�6)�����QLH�E\á�NDUDQ\�]Z\*N� VNáDGNL�Z�SU]\SDGNX�MHGQHM�V]NRG\��VNáDGND�SR]RVWDZDáD�QD�SR]LRPLH�����± NODVD�6)�����:�QRZ\P�V\VWHPLH�DQDORJLF]QD�]DVDGD�QLH�]RVWDáD�]DFKRZDQD��MHGQDN�REFL��*HQLD�GOD�]JáDV]DM�F\FK� V]NRG\�NLHURZFyZ�]QDMGXM�F\FK�VL
 Z�NODVDFK�����V� Z]JO
GQLH�QLVNLH��,QQ\P�Z\Uy*QLNLHP�QLHPLHFNLHJR� V\VWHPX� MHVW�EDUG]R�GX*H�REFL�*HQLH�QDNáDGDQH�QD�ÄQRZLFMX�V]\´��NWyU]\�SR�MHGQ\P�URNX�EH]V]NRGRZHJR�SU]HELHJX�XEH]SLHF]HQLD�]�SR]LRPX������SU]HFKR�G]� GR�SR]LRPX������
,QWHUHVXM�FD� MHVW� UyZQLH* SUDNW\ND� XZ]JO
GQLDM�FD� ]MDZLVNR� ÄáDNQLHQLD� ]QL*NL´� ± ]DNáDG\�XEH]SLHF]H� SR]ZDODM� XEH]SLHF]RQ\P�SRNU\ZDü�PQLHMV]H�V]NRG\�VDPRG]LHOQLH��-H�OL�V]NRGD�QLH�SU]HNURF]\� RNUH�ORQHJR� SR]LRPX�� ]DNáDG�XEH]SLHF]H� MHVW� SUDZQLH� ]RERZL�]DQ\�GR�SRLQIRUPR�ZDQLD� R� WDNLHM� PR*OLZR�FL� XEH]SLHF]RQHJR�� 8EH]SLHF]HQL� PRJ� UyZQLH* RSy(QLü� ]JáRV]HQLH�V]NRG\� D* GR� V]yVWHJR�PLHVL�FD� NROHMQHJR� URNX�Z� SU]\SDGNDFK�� JG\� QDVW�SL� GUXJD� V]NRGD� OXE�SLHUZV]D� V]NRGD�SU]HNURF]\�ZF]H�QLHM�RV]DFRZDQ� Z\VRNR�ü��&R�ZL
FHM�� WRZDU]\VWZD�XEH]SLH�F]HQLRZH�]DFK
FDM� XEH]SLHF]RQ\FK��E\�]JáDV]DOL�V]NRG\�]�SHZQ\P�RSy(QLHQLHP��SRQLHZD* UHJX�



��

á\�SU]HM�FLD�X]DOH*QLDM� ]PLDQ
 VNáDGNL�RG�URNX�]JáRV]HQLD�V]NRG\��D�QLH�RG�URNX�Z�NWyU\P�RQD�QDVW�SLáD��
7DEOLFD������1LHPLHFNL�V\VWHP�ERQXV�PDOXV �VWDU\��

'UyGáR��/HPDLUH�>����@��V�����

.ODVD ��VNáDGNL�SRGVWDZRZHM .ODVD�Z�NROHMQ\P�URNX��ZHGáXJ�OLF]E\�V]NyG�� � � � �6)��� �� 6)��� 6)�� 6)�� 6)�� 6�6)��� �� 6)��� 6)�� 6)�� 6)�� 6�6)��� �� 6)��� 6)�� 6)�� 6)�� 6�6)��� �� 6)��� 6)�� 6)�� 6)�� 6�6)�� �� 6)��� 6)�� 6)�� 6)�� 6�6)�� �� 6)�� 6)�� 6)�� 6)���� 6�6)�� �� 6)�� 6)�� 6)�� 6)���� 6�6)�� �� 6)�� 6)�� 6)�� 6)���� 6�6)�� �� 6)�� 6)�� 6)�� 6)���� 6�6)�� �� 6)�� 6)�� 6)�� 6)���� 6�6)�� �� 6)�� 6)�� 6)���� 6� 6�6)�� �� 6)�� 6)�� 6)���� 6� 6�6)�� ��� 6)�� 6)���� 6� 6� 6�6)���� ��� 6)�� 6� 6� 6� 6�� ��� 6)�� 6� 6� 6� 6�6�� ��� 6)�� 6� 6� 6� 6�6�� ��� 6)�� 6� 6� 6� 6�6�� ��� 6)�� 6� 6� 6� 6�
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7DEOLFD������1LHPLHFNL�V\VWHP�ERQXV�PDOXV �QRZ\��

'UyGáR��/HPDLUH�>����@��V������
6\VWHP�ERQXV�PDOXV�Z�6]ZHFML

:�6]ZHFML�XEH]SLHF]HQLH�2&�VWDáR� VL
 RERZL�]NRZH�Z� URNX�������:V]\VWNLH� WRZDU]\VWZD�XVWDZRZR�VWRVXM� ZVSyOQ� VWUXNWXU
 WDU\I�L�SRVáXJXM� VL
 W\PL�VDP\PL�F]\QQLNDPL�WDU\ILNDF\MQ\�PL�� &]\QQLNDPL� D� SULRUL� EUDQ\PL� SRG� XZDJ
 SU]\� Z\]QDF]DQLX� VNáDGNL� V��� VWUHID� UHJLRQDOQD��SU]HE\ZDQD�URF]QLH�RGOHJáR�ü��GHNODURZDQD�SU]H]�XEH]SLHF]RQHJR��RUD]�PRGHO�SRMD]GX��NODV\IL�NDFMD� MHVW�Z� W\P�SU]\SDGNX�RSDUWD�QD�GDQ\FK�VWDW\VW\F]Q\FK�GRW\F]�F\FK�NRV]WyZ�V]NyG�]HEUD�Q\FK�SU]H]�ZV]\VWNLH�]DNáDG\�XEH]SLHF]H���QRZH�PRGHOH�SRMD]GyZ�NODV\ILNRZDQH�V� ]D� ZVW
S�QLH� SU]H]� HNVSHUWyZ� QD� SRGVWDZLH� GDQ\FK� WHFKQLF]Q\FK� RUD]� NODV\ILNDFML� SRGREQ\FK�PRGHOL� QD�U\QNX��� 6]ZHG]NL� V\VWHP�ERQXV PDOXV VNáDGD� VL
 ]� VLHGPLX� NODV�� SU]\� F]\P�PDNV\PDOQ\� UDEDW�Z\QRVL�D* �����.ODV\� WH�RUD]�RGSRZLDGDM�FH� LP�VWDZNL�SU]HGVWDZLRQH� V� Z�WDEOLF\� � � ������ -DN�ZLGDü��V\VWHP�V]ZHG]NL�WR�F]\VW\�V\VWHP�ERQXV �QR�FODLP�GLVFRXQW�V\VWHP��
7DEOLFD� ������ .ODV\� ERQXV�PDOXV� Z� 6]ZHFML�

.ODVD ��VNáDGNL�SRGVWDZRZHM .ODVD�Z�NROHMQ\P�URNX��ZHGáXJ�OLF]E\�V]NyG�� � � � �� �� � �� �� �� ��� �� � �� �� �� ��� �� � �� �� �� ��� �� � �� �� �� ��� �� � �� �� �� ��� �� � �� �� �� ��� �� � �� �� �� ��� �� � �� �� �� ��� �� � �� �� �� ���� �� � �� �� �� ���� �� �� �� �� �� ���� �� �� �� �� �� ���� �� �� �� �� �� ���� �� �� �� �� �� ���� �� �� �� �� �� ���� �� �� �� �� �� ���� �� �� �� �� �� ���� ��� �� �� �� �� ���� ��� �� �� �� �� ���� ��� �� �� �� �� ���� ��� �� �� �� �� ���� ��� �� �� �� �� ��



��

'UyGáR��/HPDLUH�>����@��V�����1RZ\�XEH]SLHF]RQ\�SáDFL�SHáQ� VNáDGN
 RGSRZLDGDM�F� SR]LRPRZL����=D�ND*G\�URN�EH]V]NR�GRZ\�XEH]SLHF]RQ\�SRVXZD�VL
 R�MHGHQ�SR]LRP�Z�Gyá��SU]\�F]\P�NODVD���WUDNWRZDQD�MHVW�MDNR�GR�GDWNRZD�NODVD�ERQXV L�MHVW�RVL�JDQD�Z\á�F]QLH�SR�V]H�FLX�QDVW
SXM�F\FK�SR�VRELH�EH]V]NRGRZ\FK�ODWDFK�� =JáRV]HQLH� URV]F]HQLD� SRZRGXMH� SU]HM�FLH� R� GZLH� NODV\�Z� JyU
�� $QDOL]
 PDWHPDW\F]Q�V]ZHG]NLHJR� V\VWHPX�XWUXGQLD� IDNW� LVWQLHQLD�ÄVSHFMDOQHM´�NODV\�ERQXV � R]QDF]RQHM�QXPHUHP����5yZQLH* L�WXWDM��SRGREQLH�MDN�Z�V\WXDFML�EHOJLMVNLHJR�L�DQJLHOVNLHJR�V\VWHPX��SUREOHP�WHQ�PR*QD�UR]ZL�]Dü�SRSU]H]�UR]ELFLH�NODV�QD�PQLHMV]H�Z�]DOH*QR�FL�RG�WHJR��MDN�GáXJL�RNUHV�EH]�V]NyG�SR�SU]HG]Lá�]QDOH]LHQLH�VL
 Z�GDQHM�NODVLH��:�WDEOLF\����� F\IU\�SU]HG�NURSN� R]QDF]DM� NROHMQ� NODV
ERQXV�PDOXV��]D� F\IU\�SR�NURSFH�OLF]E
 SHáQ\FK�ODW�NWyUH�PLQ
á\�RG�RVWDWQLHM�]JáRV]RQHM�V]NRG\�

.ODVD 6WDZND��� ���� ��� ��� ��� ��� ��� ��



��

7DEOLFD�������6]ZHG]NL�V\VWHP�ERQXV�PDOXV ± MDNR�SURFHV�0DUNRZD�

'UyGáR��2SUDFRZDQLH�ZáDVQH�QD�SRGVWDZLH�GDQ\FK�Z��/HPDLUH�>����@��V�������
6\VWHP�ERQXV�PDOXV�Z�+RODQGLL�

:�+RODQGLL� ]DNáDG\� XEH]SLHF]H� PDM� SHáQ� VZRERG
 Z�XVWDODQLX� VNáDGHN�� -HGQDN� QDMF]
��FLHM�X*\ZDQ\PL��UHNRPHQGRZDQ\PL�QD�SRGVWDZLH�EDGD� VWDW\VW\F]Q\FK��F]\QQLNDPL�WDU\ILNDFML�D�SULRUL V���UHJLRQ�JHRJUDILF]Q\�RUD]�ZDJD�SRMD]GX��7UDG\F\MQLH�VWRVRZDQH�Z�WDU\ILNDFML�NU\WHULXP�SáFL�]RVWDáR�Z\NOXF]RQH�Z������QD�SRGVWDZLH�KROHQGHUVNLHJR�SUDZD�R�UyZQR�FL�PL
G]\�NRELHWD�PL�L�P
*F]\]QDPL�
5HNRPHQGRZDQ\� V\VWHP� ERQXV�PDOXV� SU]HGVWDZLRQ\� MHVW� Z� WDEHOL� ������ &KDUDNWHU\VW\F]Q�FHFK� V\VWHPX�MHVW�X]DOH*QLHQLH�NODV\�SRF]�WNRZHM�RG�ZLHNX�NLHURZF\�RUD]�URF]QLH�SU]HE\ZDQHM�RGOHJáR�FL� �WDEHOD� ������� 3UyF]� WHJR� NLHURZF\� Z� NODVLH� R� QDMPQLHMV]HM� SU]HE\ZDQHM� RGOHJáR�FL��SRQL*HM��������NP�URF]QLH��RWU]\PXM� GRGDWNRZH�SU]HM�FLH�GR�QL*V]HM�NODV\��JG\�RVL�JDM� ZLHN����� ��� OXE���� ODW��7R� VDPR�GRW\F]\�NLHURZFyZ�Z�NODVLH� �URGNRZHM� �������� � �������NP���JG\�NR�F]� ���OXE����ODW��

.ODVD VWDZND :Sá\Z�OLF]E\�V]NyG QD�]PLDQ
 NODV\�Z��� � � � ���� ��� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ������ �� ��� ��� ��� ���



��

7DEOLFD�������5HNRPHQGRZDQ\�V\VWHP�ERQXV�PDOXV Z�+RODQGLL�

'UyGáR��/HPDLUH�>����@��V������
7DEHOD�������.ODVD�SRF]�WNRZD�Z�KROHQGHUVNLP�V\VWHPLH�ERQXV�PDOXV Z�]DOH*QR�FL�RG�ZLHNX�L�SU]HE\ZDQHM�RGOHJáR�FL�

'UyGáR��/HPDLUH�>����@��V�����-DN�Z\QLND�]�SU]HGVWDZLRQ\FK�SRZ\*HM�SU]\NáDGyZ�V\VWHPyZ�ERQXV�PDOXV�IXQNFMRQXM�F\FK�Z�(XURSLH�=DFKRGQLHM��SRPL
G]\�SRV]F]HJyOQ\PL�V\VWHPDPL�LVWQLHM� ]QDF]QH�Uy*QLFH��&]
�ü�V\V�WHPyZ�WR�F]\VWH�V\VWHP\�ERQXV �QS�� V\VWHP�V]ZHG]NL��� LQQH�XZ]JO
GQLDM� UyZQLH* NODV\�PDOXV��3RQDGWR�NODVD�ZVW
SX�PR*H�E\ü�ZVSyOQD�GOD�ZV]\VWNLFK�XEH]SLHF]RQ\FK� �QS��:LHOND�%U\WDQLD��OXE�WH* ]Uy*QLFRZDQD�Z�]DOH*QR�FL�RG�V]HUHJX�NU\WHULyZ��QS��Z�]DOH*QR�FL�RG�ZLHNX�± +RODQGLD��F]\�Z� ]DOH*QR�FL� RG� VSRVREX� X*\WNRZDQLD� ± %HOJLD��� ,VWRWQ� Uy*QLF� SRPL
G]\� ]DVWRVRZDQ\PL�UR]ZL�]DQLDPL�MHVW�WDN*H�IDNW��L* Z�QLHNWyU\FK�SD�VWZDFK�ZV]\VWNLH�]DNáDG\�PDM� RERZL�]HN�VWR�VRZDü� WHQ� VDP�� XVWDORQ\� RGJyUQLH�� V\VWHP� ERQXV�PDOXV �SU]\NáDGDPL� WDNLFK� SD�VWZ� V� %HOJLD��)UDQFMD�F]\�1LHPF\�± Z�NUDMDFK�W\FK�XEH]SLHF]RQ\�]PLHQLDM�F\�XEH]SLHF]\FLHOD�SR]RVWDMH�Z�WHM�VDPHM�NODVLH�ERQXV�PDOXV SáDF�F�VNáDGN
 QD� W\P�VDP\P�SR]LRPLH���:�LQQ\FK�SD�VWZDFK�ND*GH�WRZDU]\VWZR� XVWDOD� VZyM�ZáDVQ\� V\VWHP�ERQXV�PDOXV�� FR�RGJU\ZD�GX*� URO
 Z�NRQNXUHQFML� SR�

.ODVD VWDZND :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�Z��� � � � ��� �� �� � � ��� ���� �� � � ��� �� �� � � ��� ���� �� � � ��� �� �� � � �� �� �� � � �� �� � � � �� �� � � � �� �� � � � �� �� � � � �� �� � � � �� �� � � � �� ��� � � � �� ��� � � � �

3U]HE\ZDQD�RGOHJáR�ü��Z�NLORPHWUDFK�:LHN �������� ������������� SRZ\*HM�������SRQL*HM��� � � ������ � � ������ � � �SRQDG��� � � �



��

PL
G]\�]DNáDGDPL�XEH]SLHF]H���
3U]HGH�ZV]\VWNLP�MHGQDN��Uy*QLFH�PL
G]\�V\VWHPDPL�GRW\F]� OLF]E\�NODV��RG�VLHGPLX�Z�V\V�WHPLH�VWRVRZDQ\P�Z�=MHGQRF]RQ\P�.UyOHVWZLH�GR�RNRáR� WU]\VWX�Z�V\VWHPLH�Z\NRU]\VW\ZDQ\P�ZH� )UDQFML��� Z\VRNR�FL� L� UR]SL
WR�FL� VWDZHN� RUD]� ÄVXURZR�FL� NDU´� ]D� VSRZRGRZDQLH�Z\SDGNX��0DM�F� QD� XZDG]H� FHOH�� NWyUH� SRVWDZLRQR� SU]HG� V\VWHPHP� ERQXV�PDOXV �IXQNFMD� SUHZHQF\MQD� L�WDU\ILNDF\MQD��PR*QD�]DGDZDü�S\WDQLH��NWyUH�]�RSLV\ZDQ\FK�V\VWHPyZ�V� HIHNW\ZQLHMV]H�RG� LQ�Q\FK��5R]G]LDá�WU]HFL�SU]HGVWDZLD�SUyE
 RGSRZLHG]L�QD�WR�S\WDQLH�



��

5R]G]LDá���(IHNW\ZQR�ü�V\VWHPX�ERQXV�PDOXV�
����� 3RM
FLH� HIHNW\ZQR�FL�� 1LHUyZQRZDJD� V\VWHPX� ERQXV�PDOXV L� HIHNW�ÄáDNQLHQLD�]QL*NL´�

5R]ZD*DQLD�QD�WHPDW�HIHNW\ZQR�FL�V\VWHPX�ERQXV�PDOXV QDOH*DáRE\�UR]SRF]�ü�RG�VSUHF\]R�ZDQLD�]QDF]HQLD�VáRZD�ÄHIHNW\ZQR�ü´��2JyOQLH�U]HF]�XMPXM�F��SRG�WHUPLQHP�ÄHIHNW\ZQR�ü´�UR�]XPLHP\�ÄSR]\W\ZQ\�Z\QLN��Z\GDMQR�ü��VNXWHF]QR�ü��VSUDZQR�ü´����:�ZLHOX�G]LHG]LQDFK�QDXNL��Z� ]DOH*QR�FL� RG� SRWU]HE� RSHUXMH� VL
 UR]PDLW\PL�� V]F]HJyáRZ\PL� GHILQLFMDPL� HIHNW\ZQR�FL��:�HNRQRPLL�ÄHIHNW\ZQR�ü´�QDMF]
�FLHM�UR]XPLDQD�MHVW�MDNR�ÄZ\GDMQR�ü´�L�Z\]QDF]DQD�QD�SRGVWDZLH�VWRVXQNX�HIHNWyZ�GR�QDNáDGyZ��SU]\�F]\P�F]
VWR�]DNáDGD�VL
��*H�HIHNW\�L�QDNáDG\�PR*QD�NZDQW\�ILNRZDü�� QD� SU]\NáDG�Z\UD]Lü�Z� MHGQRVWNDFK� SLHQL
*Q\FK��:\GDMH� VL
 MHGQDN�� *H� WUXGQR� á�F]\ü�SRM
FLH�ÄHIHNW\ZQR�FL�HNRQRPLF]QHM´�]�V\VWHPHP�ERQXV�PDOXV��JG\* HIHNW\�L�QDNáDG\�]ZL�]DQH�]�MHJR�IXQNFMRQRZDQLHP�V� QLH�]DZV]H�NZDQW\ILNRZDOQH��8*\W\�Z�WHM�SUDF\�WHUPLQ�ÄHIHNW\ZQR�ü´�V\VWHPX�ERQXV�PDOXV�EOL*V]\�MHVW�UDF]HM�SRM
FLRP�ÄVNXWHF]QR�ü´�L�ÄVSUDZQR�ü´�
6\VWHP�ERQXV�PDOXV�PR*QD�ZL
F�QD]ZDü�HIHNW\ZQ\P��JG\�SRSUDZQLH�IXQNFMRQXMH��WR�]QDF]\�± JG\�MHJR�]DVWRVRZDQLH�Z�SUDNW\FH�XEH]SLHF]HQLRZHM�SU]\QRVL�SR]\W\ZQH�VNXWNL��=D�SR]\W\ZQ\�UH]XOWDW� QDOH*\� XZD*Dü� SU]HGH� ZV]\VWNLP� UHDOL]DFM
 Z\]QDF]RQ\FK� FHOyZ�� -DN� MX* ZF]H�QLHM�ZVSRPQLDQR�� ZSURZDG]HQLH� V\VWHPX� ERQXV�PDOXV Z� XEH]SLHF]HQLDFK� NRPXQLNDF\MQ\FK� PD�SU]\QDMPQLHM�GZD�FHOH��-HGQ\P�]�QLFK�MHVW�G�*HQLH�GR�]PQLHMV]HQLD�V]NRGRZR�FL�SRSU]H]�NDUDQLH�]Z\*N� VNáDGNL�NLHURZFyZ�SRZRGXM�F\FK�Z\SDGNL� �IXQNFMD�SUHZHQF\MQD���GUXJLP�± SUyED� OHS�V]HJR�GRSDVRZDQLD�VNáDGNL�GR�LQG\ZLGXDOQHJR�U\]\ND��IXQNFMD�WDU\ILNDF\MQD���1HJDW\ZQ\�ZSá\Z�QD� HIHNW\ZQR�ü� V\VWHPX�ERQXV�PDOXV�PDM� ZV]HONLH� QLHSR*�GDQH�� QLHNRU]\VWQH� HIHNW\� ]DVWRVR�ZDQLD�WHJR�V\VWHPX�
:V]\VWNLH�VWRVRZDQH�Z�SUDNW\FH�V\VWHP\�ERQXV�PDOXV��FR�]RVWDQLH�Z\ND]DQH�Z�GDOV]HM�F]
��FL�SUDF\� Z�PQLHMV]\P�OXE�ZL
NV]\P�VWRSQLX�VSHáQLDM� Z\]QDF]RQH�LP�]DGDQLD��Z�PQLHMV]\P�OXE�ZL
NV]\P�VWRSQLX�Z\ZRáXM� UyZQLH* QLHSR*�GDQH�HIHNW\��:�WHM�V\WXDFML�ZD*Q� NZHVWL� VWDMH�VL
RFHQD�HIHNW\ZQR�FL��F]\OL�QLH�W\OH�RGSRZLHG( QD�S\WDQLH��NWyU\�V\VWHP�MHVW�HIHNW\ZQ\��D�NWyU\�QLH��OHF]�UDF]HM�QD�S\WDQLH��NWyU\�V\VWHP�MHVW�PQLHM�OXE�EDUG]LHM HIHNW\ZQ\�RG�LQQ\FK�

�� 6áRZQLN�M
]\ND�SROVNLHJR�SRG�UHG��:LWROGD�'RURV]HZVNLHJR��W����:DUV]DZD�������V�������



��

1D� SRGVWDZLH� SRZ\*V]\FK� UR]ZD*D� PR*QD� RVWDWHF]QLH� VIRUPXáRZDü� RGSRZLHGQL� GOD� SR�WU]HE� WHM� SUDF\� GHILQLFM
 HIHNW\ZQR�FL� V\VWHPX� ERQXV�PDOXV�� HIHNW\ZQR�ü� WR� VWRSLH��� Z� MDNLP�HIHNW\�IXQNFMRQRZDQLD�V\VWHPX�V� ]JRGQH�]DPLHU]RQ\PL�FHODPL��
1LH�LVWQLHMH�SURVWD�PHWRGD��NWyUD�XPR*OLZLáDE\�RFHQ
 HIHNW\ZQR�FL�Z�]DNUHVLH�SUHZHQF\MQH�JR�RGG]LDá\ZDQLD�V\VWHPX�ERQXV�PDOXV��%DGDQLH�UH]XOWDWyZ�RGG]LDá\ZDQLD�V\VWHPX�ERQXV�PDOXVQD�V]NRGRZR�ü�Z\PDJDá\E\�]DSHZQH�V]HURNR�]DNURMRQ\FK�EDGD� QLH�W\ONR�VWULFWH VWDW\VW\F]Q\FK��OHF]�UyZQLH* VRFMRORJLF]Q\FK�RSDUW\FK�QD�WUXGQR�GRVW
SQ\FK�GDQ\FK�
1D�SHZQR�NOXF]RZ� VSUDZ� MHVW�RGSRZLHG( QD�S\WDQLH��F]\�ZUD]�]�UR]SRF]
FLHP�VWRVRZDQLD�V\VWHPX�ERQXV�PDOXV Z�SRV]F]HJyOQ\FK�SD�VWZDFK�F]
VWR�ü� V]NyG�2&�VSDGáD� L� MH*HOL� WDN� WR�Z�MDNLP�VWRSQLX��2GSRZLHG]L�QD�WR�S\WDQLH�GRVWDUF]DM� GDQH�]DPLHV]F]RQH�Z�%U]RVWHN�>����@��]D�SUH]HQWRZDQH� QD�Z\NUHVLH� ����� 3U]HGVWDZLDM� RQH� F]
VWR�ü� V]NyG�Z�NRPXQLNDF\MQ\FK� XEH]SLH�F]HQLDFK�RGSRZLHG]LDOQR�FL�F\ZLOQHM�Z�F]WHUHFK�Z\EUDQ\FK�NUDMDFK�HXURSHMVNLFK�%HOJLL��)UDQFML��1LHPF]HFK� �5HSXEOLFH�)HGHUDOQHM�� RUD]�Z�6]ZDMFDULL��Z� ODWDFK������������ WR�]QDF]\�Z�F]DVLH��JG\� FRUD]�ZL
NV]� SRSXODUQR�ü� ]\VNLZDá� Z�(XURSLH� V\VWHP�ERQXV�PDOXV��:HGáXJ� W\FK�GDQ\FK��ZH�ZV]\VWNLFK�F]WHUHFK�SD�VWZDFK�Z�FL�JX�V]HVQDVWX� ODW�QDVW�SLá� LVWRWQ\�VSDGHN�ZVND(QLND�F]
�VWR�FL� V]NyG��1DMZL
NV]\�VSDGHN�]DQRWRZDQR�ZH�)UDQFML��Z�URNX������F]
VWR�ü�V]NyG�Z\QRVLáD�������� QDWRPLDVW� Z� URNX� ����� MX* W\ONR� ������� FR� R]QDF]D�� *H� ]PDODáD� RQD� SRQDG� GZXNURWQLH�������� &KDUDNWHU\]XM�FD� VL
 ]GHF\GRZDQLH� Z\*V]� V]NRGRZR�FL� %HOJLD� UyZQLH* ]DQRWRZDáD�]QDF]QH� ]PQLHMV]HQLH� VL
 RPDZLDQHJR�ZVND(QLND�� ]� ������Z� URNX� ����� GR� ������ SR� V]HVQDVWX�ODWDFK��VSDGHN�R�������7HQGHQFMD�VSDGNRZD�VWRVXQNRZR�VáDELHM��OHF]�FL�JOH�Z\UD(QLH��]D]QDF]\áDVL
 Z�1LHPF]HFK�=DFKRGQLFK�L�Z�6]ZDMFDULL�± WXWDM�VSDGHN�F]
VWR�FL�V]NyG�Z\QRVLá�RNRáR������1LHPF\�]�������QD��������6]ZDMFDULD�]�������QD�������
:DUWR�]D]QDF]\ü��*H�REQL*DQLH�VL
 ZVND(QLND�F]
VWR�FL�V]NyG�QLH�R]QDF]DáR�QLHVWHW\�]PQLHM�V]DQLD�VL
 EH]Z]JO
GQHM�OLF]E\�V]NyG�± Z\QLND�WR�]�IDNWX��L* Z�W\P�F]DVLH�]QDF]QLH�]ZL
NV]\áD�VL
OLF]ED�SRVLDGDF]\�SRMD]GyZ��:\M�WHN�Z�W\P�Z]JO
G]LH�VWDQRZL�)UDQFMD��JG]LH�SRPLPR�GZXNURW�QHJR�Z]URVWX�OLF]E\�XEH]SLHF]DQ\FK�U\]\N��DEVROXWQD�OLF]ED�V]NyG�QLH�Z]URVáD��OHF]�QDZHW�XOHJáD�QLHZLHONLHM�REQL*FH���SRU��%U]RVWHN�>����@��

:\NUHV������:VND(QLN�F]
VWR�FL�V]NyG�Z�XEH]SLHF]HQLX�2&�NRPXQLNDF\MQ\P�Z�QLHNWy�U\FK�SD�VWZDFK�HXURSHMVNLFK�Z�ODWDFK�����������



��

%HOJLD)UDQFMD1LHPF\6]ZDMFDULD����
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���� ���� ���� ���� ����
'UyGáR��%U]RVWHN�>����@��V�����3RVLDGDM�F�GDQH�SRWZLHUG]DM�FH�VSDGHN�F]
VWR�FL�Z\SDGNyZ�VDPRFKRGRZ\FK�Z�RNUHVLH��JG\�]RVWDá�ZSURZDG]RQ\�V\VWHP�ERQXV�PDOXV��QLH�PR*HP\�MHV]F]H�Z\FL�JQ�ü�ZQLRVNX�MHGQR]QDF]QLH�VWZLHUG]DM�FHJR��L* WR�ZáD�QLH�ZSURZDG]HQLH�WHJR�V\VWHPX�VWDáR�VL
 MHG\Q� OXE�SRGVWDZRZ� SU]\�F]\Q� REQL*HQLD�V]NRGRZR�FL��1D�OLF]E
 Z\SDGNyZ�ZSá\ZD�ERZLHP�V]HUHJ�SU]\F]\Q��Z�UyG�NWy�U\FK�VWRVRZDQD�Z�XEH]SLHF]HQLDFK�WDU\ILNDFMD�PR*H�E\ü�PDáR�LVWRWQ\P�F]\QQLNLHP����-DNR�SU]\�F]\Q
 VSDGNX� F]
VWR�FL� Z\SDGNyZ� Z� NUDMDFK� ]DFKRGQLFK� Z� ODWDFK� VLHGHPG]LHVL�W\FK� QDV]HJR�ZLHNX�Z\PLHQLü�QDOH*\�SU]HGH�ZV]\VWNLP�RJUDQLF]HQLD�QDáR*RQH�QD�UXFK�GURJRZ\�Z�]ZL�]NX�]�ÄNU\]\VHP�HQHUJHW\F]Q\P´��NWyU\�GRSURZDG]Lá�GR�]QDF]Q\FK�SRGZ\*HN�FHQ�SDOLZD����'RGDWNRZR�XVWDZRGDZVWZD�ZLHOX� SD�VWZ�ZSURZDG]Lá\� WDNLH� SU]HSLV\� UXFKX� GURJRZHJR�� NWyUH� SRZL
NV]Dá\�EH]SLHF]H�VWZR�QD�GURJDFK�SRSU]H]�RJUDQLF]HQLD�SU
GNR�FL��RERZL�]HN�X*\ZDQLD�SDVyZ�EH]SLH�F]H�VWZD�OXE�Z]URVW�U\JRUX�Z�EDGDQLX�WU]H(ZR�FL�NLHURZFyZ��Z]URVáD�UyZQLH* �ZLDGRPR�ü�NLH�URZFyZ� GRW\F]�FD� QLHEH]SLHF]H�VWZ� ]ZL�]DQ\FK� ]� SURZDG]HQLHP� VDPRFKRGX�� FR� SRZRGRZDáR�ZL
NV]� RVWUR*QR�ü�QD�GURJDFK��SRSUDZLáD�VL
 MDNR�ü�GUyJ��VWDQ�QDZLHU]FKQL��R�ZLHWOHQLD��R]QD�NRZDQLD�L�V\JQDOL]DFML��ZSURZDG]RQR�WHFKQLF]QH�XGRVNRQDOHQLD�VDPRFKRGyZ��7UXGQR�ZL
F�XVWD�

�� :L
NV]R�ü�FDáR�FLRZ\FK�SR]\FML�WUDNWXM�F\FK�R�]DSRELHJDQLX�Z\SDGNRP�GURJRZ\P�OXE R�F]\QQLNDFK�NV]WDáWXM�F\FK�Z\�SDGNRZR�ü��FKRFLD*E\�*DEHUOH�>����@�F]\�1llWlQHQ��6XPPDOD�>����@��SRPLMD�Z�RJyOH�]DJDGQLHQLH�SUHZHQFML�XEH]SLHF]HQLR�ZHM��Z�W\P�RGG]LDá\ZDQLH�SRSU]H]�VNáDGNL��� 2SLQL
 WDN� PR*QD�]QDOH(ü�PL
G]\�LQQ\PL�Z��1llWlQHQ��6XPPDOD�>����@��V�����
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OLü��F]\�L�MDNL�ZSá\Z�QD�VSDGHN�V]NRGRZR�FL�PLDáR ZSURZDG]HQLH�V\VWHPX�ERQXV�PDOXV��NWyUH�Z�ZLHOX�SD�VWZDFK�(XURS\�=DFKRGQLHM�GRNRQDáR�VL
 Z�W\P�ZáD�QLH�F]DVLH�
=XSHáQLH�RGU
EQ� NZHVWL� MHVW�]EDGDQLH��F]\�L�Z�MDNLP�VWRSQLX�V\VWHP�ERQXV�PDOXV UHDOL]XMH�IXQNFM
 WDU\ILNDF\MQ���&KRG]L�WX�R�RGSRZLHG( QD�S\WDQLH��F]\�V\VWHP�ZH�ZáD�FLZ\�VSRVyE�Uy*QL�FXMH�VNáDGNL�Z�]DOH*QR�FL�RG�LQG\ZLGXDOQHJR�U\]\ND�XEH]SLHF]RQHJR��:�W\P�SU]\SDGNX�Z�GX*\P�VWRSQLX�PR*HP\�DEVWUDKRZDü�RG�GDQ\FK� HPSLU\F]Q\FK�REUD]XM�F\FK� ]DVWRVRZDQLH� V\VWHPX�ER�QXV�PDOXV Z�SUDNW\FH��D�RSU]Hü�VL
 QD�DQDOL]LH�PDWHPDW\F]QHM�]DVDG�NRQVWUXNF\MQ\FK�V\VWHPX��D�WDN*H�QD�V\PXODFMDFK��3UyE\�NRQVWUXNFML�PLDU�HIHNW\ZQR�FL�V\VWHPyZ�ERQXV�PDOXV�± MH�OL�FKRG]L�R�UHDOL]DFM
 IXQNFML�WDU\ILNDF\MQHM�± SU]HGVWDZLD�NROHMQ\�SRGUR]G]LDá��:�W\P�SRGUR]G]LDOH�]RVWDQ�MHV]F]H�RPyZLRQH�GZD�QLH]DPLHU]RQH�HIHNW\�V\VWHPX�]ZL�]DQH�]�IXQNFM� WDU\ILNDF\MQ���QLHUyZ�QRZDJD�V\VWHPX�RUD]�HIHNW�ÄáDNQLHQLD�]QL*NL´�1LHRGá�F]Q���MDN�VL
 Z\GDMH��NRQVHNZHQFM� ZSURZDG]HQLD�V\VWHPX�ERQXV�PDOXV Z�XEH]SLH�F]HQLDFK�MHVW�LFK�WDN�]ZDQD�QLHUyZQRZDJD��3ROHJD�RQD�QD�W\P��*H�]�ELHJLHP�ODW��Z�NWyU\FK�V\V�WHP�RERZL�]XMH��FRUD]�ZL
FHM�XEH]SLHF]RQ\FK�WUDILD�GR�NODV�R�QDMQL*V]HM�VNáDGFH��F]HJR�Z\QLNLHP�MHVW� VSDGHN�SU]HFL
WQHM� VNáDGNL�SáDFRQHM�SU]H]�XEH]SLHF]RQ\FK��']LHMH�VL
 WDN�GODWHJR��*H�UHJXá\�SU]HM�FLD�ZH�ZV]\VWNLFK�Z\PLHQLRQ\FK�Z�SRSU]HGQLP�UR]G]LDOH�V\VWHPDFK��MDN�UyZQLH* Z�V\VWH�PDFK�VWRVRZDQ\FK�Z�LQQ\FK��QLH�Z\PLHQLRQ\FK�Z�WHM�SUDF\��SD�VWZDFK��V� ]E\W�áDJRGQH��DE\�]D�SRELHF�WDNLHPX�]MDZLVNX�$E\� OHSLHM� ]REUD]RZDü� W
 XáRPQR�ü� V\VWHPX�ERQXV�PDOXV��PR*QD�SRVáX*\ü� VL
 SU]\NáDGHP�%HOJLL��:�ÄVWDU\P´�V\VWHPLH�ERQXV�PDOXV �VSU]HG������URNX��PLHOL�P\�GR�F]\QLHQLD�]�V\WXDFM���Z�NWyUHM�SR�]JáRV]HQLX�V]NRG\�XEH]SLHF]RQ\�Z�FL�JX�GZyFK�EH]V]NRGRZ\FK�ODW�ZUDFDá�GR�SR]LRPX��Z� NWyU\P� ]QDMGRZDá� VL
 SU]HG� Z\SDGNLHP�� *G\E\� XEH]SLHF]RQ\� ]JáDV]Dá� V]NRG
 FR� WU]\� ODWD��SU]HFL
WQLH�]QDMGRZDáE\�VL
 Z�WHM�VDPHM�VWUHILH�V\VWHPX�SU]H]�FDá\�RNUHV�NRQW\QXDFML�XEH]SLHF]H�QLD��0R*QD�ZL
F��QLHZLHOH�XSUDV]F]DM�F��SRZLHG]LHü��*H�ZSURZDG]RQ\�Z������URNX�ÄVWDU\´�V\V�WHP�EHOJLMVNL� E\á�]DSURMHNWRZDQ\� GOD� SU]HFL
WQHM� F]
VWR�FL� V]NyG� QD� SR]LRPLH� RNRáR� ������.LH�URZF\�R�V]NRGRZR�FL�]EOL*RQHM�GR�����SR]RVWDZDOL�SU]H]�FDá\�RNUHV�Z�RNROLFDFK�NODV\�SRF]�WNR�ZHM��FL�R�ZL
NV]HM�F]
VWR�FL�V]NyG�ZL
NV]� F]
�ü�*\FLD�VS
G]DOL�Z�NODVDFK�PDOXV��]D� FL��NWyU\FK�F]
VWR�ü V]NyG�E\áD�QL*V]D�QL* ����E\OL�QDJUDG]DQL�]QL*NDPL�]D�EH]V]NRGRZR�ü��6W�G�WH* PR*QD�SRZLHG]LHü��*H�MH*HOL�SU]HFL
WQD�F]
VWR�ü�V]NyG�MHVW�SRQL*HM������V\VWHP�E
G]LH�Z�QLHUyZQRZDG]H��JG\* ZL
NV]R�ü� NLHURZFyZ� ]QDMG]LH� VL
 Z� NODVDFK� ERQXV�� ]D� Z]URVW� SU]\FKRGyZ� ]H� VNáDGHN�VSRZRGRZDQ\�SU]H]�]Z\*NL�VNáDGNL�Z�NODVDFK�PDOXV QLH�]UHNRPSHQVXMH�Z�FDáR�FL�SU]\]QDQ\FK�]QL*HN���UHGQL�SR]LRP�]HEUDQHM�VNáDGNL�]PQLHMV]\�VL
 ZL
F�Z�VWRVXQNX�GR�SR]LRPX�SRF]�WNRZH�
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JR�� -X* Z������URNX��D�ZL
F�URNX��Z�NWyU\P�PLQLVWHULDOQ\P�GHNUHWHP�V\VWHP�ERQXV�PDOXV ]RVWDá�Z�%HOJLL�ZSURZDG]RQ\��SU]HFL
WQD�F]
VWR�ü�V]NyG�Z\QRVLáD�RNRáR�������Z\QLND�VW�G��*H�EHOJLMVNL�V\VWHP�E\á�QLH]UyZQRZD*RQ\�RG�VDPHJR�SRF]�WNX�LVWQLHQLD��3RQLHZD* GRGDWNRZR�F]
VWR�ü�V]NyG�FDá\�F]DV�PDODáD��DE\�Z�SRG�NRQLHF�ODW�RVLHPG]LHVL�W\FK�RVL�JQ�ü�SR]LRP�RNRáR������QLH]UyZQR�ZD*HQLH�EHOJLMVNLHJR�V\VWHPX�ERQXV�PDOXV SU]\ELHUDáR�ZL
F�FRUD]�ZL
NV]H�UR]PLDU\��-DNR�SU]\�NáDG�PR*QD�SRGDü�]D�/HPDLUH�>����@�SU]HGVWDZLRQH�Z�WDEOLF\� ��� GDQH�MHGQHM�]�ZL
NV]\FK�ILUPEHOJLMVNLFK��NWyUH�SRND]XM� NV]WDáWRZDQLH�VL
 SU]HFL
WQHM�]QL*NL�ERQXV�PDOXV�Z�XEH]SLHF]HQLDFK�NRPXQLNDF\MQ\FK�Z�ODWDFK������������:�URNX������]�á�F]QHM�VNáDGNL�ZV]\VWNLFK�XEH]SLHF]RQ\FK�Z�Z\VRNR�FL� ������PLOLDUGD� IUDQNyZ�EHOJLMVNLFK�SU]\]QDQR�SRQDG�����PLOLRQyZ�]QL*HN�]� UDFML�SU]\QDOH*QR�FL� SROLV\� GR� NODV� ERQXV�� FR� ]RVWDáR� ]UHNRPSHQVRZDQH� ]DOHGZLH� SU]H]� ����PLOLRQD�]Z\*HN�VNáDGNL�]�W\WXá�NODV�PDOXV��:�HIHNFLH�
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SU]HFL
WQD�]QL*ND�VNáDGNL�]�W\WXáX�V\VWHPX�ERQXV�PDOXV Z\QRVL�SRQDG�����VNáDGNL�SRGVWDZRZHM��6SRU]�G]RQ\� QD� SRGVWDZLH� GDQ\FK� ]� WDEHOL�Z\NUHV���� LOXVWUXMH�GUDPDW\F]Q\�Z]URVW� SU]HFL
WQHM�]QL*NL�RUD]� MHM� VWRSQLRZ� VWDELOL]DFM
 SR����OHWQLP�RNUHVLH��1DJá\�Z]URVW�SU]HFL
WQHJR�UDEDWX�Z�URNX������Z\QLND�]�ZSURZDG]HQLD�]PLDQ\�V\VWHPX�ERQXV�PDOXV�
7DEOLFD ���� (ZROXFMD�SU]HFL
WQHM�]QL*NL�ERQXV�PDOXV�Z�EHOJLMVNLP�WRZDU]\VWZLH�XEH]SLH�F]HQLRZ\P�RG�ZSURZDG]HQLD�WHJR�V\VWHPX�GR������URNX�6\VWHP�ERQXV�PDOXV 3U]\SLV 3U]HFL
WQD5RN =QL*NLD =Z\*NLD 1HWWRD VNáDGNLD ]QL*ND�������� � � � ����� ����� ���� � ���� ����� ��������� ���� � ���� ����� ��������� ���� � ���� ������ ��������� ����� � ����� ������ ��������� ����� � ����� ������ ��������� ����� �� ����� ������ ���������� ����� ���� ����� ������ ���������� ����� ���� ����� ������ ���������� ����� ���� ����� ������ ���������� ������ ���� ������ ������ ���������� ������ ���� ������ ������ ���������� ������ ���� ������ ������ ���������� ������ ���� ������ ������ ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ���������� ������ ���� ������ ������� ������3R�]PLDQLH�V\VWHPX�ERQXV�PDOXV����� ������ ���� ������ ������� ������D Z�W\VL�FDFK�IUDQNyZ�EHOJLMVNLFK'UyGáR��/HPDLUH�>����@��V�����
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:\NUHV������(ZROXFMD�SU]HFL
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'UyGáR��/HPDLUH�>����@��V�����L����:]URVW�SU]HFL
WQHM�]QL*NL�Z\QLND�]�URVQ�FHM�NRQFHQWUDFML�SROLV�Z�QDMQL*V]\FK�NODVDFK��:�UR�NX������SRQDG�����XEH]SLHF]RQ\FK�]QDMGRZDáR�VL
 Z�QDMNRU]\VWQLHMV]HM�NODVLH�ERQXV��]D� SRQDG�����SROLV�QDOH*DáR�GR�WU]HFK�NODV�R�QDMZL
NV]HM�]QL*FH��7\ONR�������NLHURZFyZ�SáDFLáR�VNáDGN
Z\*V]� RG�VNáDGNL�SRGVWDZRZHM��/HPDLUH�>����@��V�������7DND�QLHUyZQRZDJD�ZVND]XMH�QD�EDUG]R�QLHZLHON� HIHNW\ZQR�ü�EHOJLMVNLHJR�V\VWHPX��)XQNFMD�WDU\ILNDF\MQD�MHVW�UHDOL]RZDQD�Z�]QLNRP\P�VWRSQLX��*áyZQ\PL�ÄRILDUDPL´�WDNLHJR�VWDQX�U]HF]\�V� PáRG]L�NLHURZF\��NWyU]\�QD�SRF]�WNX�]QDM�GXM� VL
 Z�NODVLH���OXE�����SáDF� ZL
F�VNáDGN
 Z\*V]� RG�SU]HFL
WQHM��=DPLDVW�NDUDQLD�]á\FK�NLH�URZFyZ�� V\VWHP�ERQXV�PDOXV� VWDá� VL
 QDU]
G]LHP��NWyU\�NDU]H�QRZ\FK��QLHGR�ZLDGF]RQ\FK�NLH�URZFyZ�

2SLV\ZDQD� SRZ\*HM� ÄQLHUyZQRZDJD´� V\VWHPX� ERQXV�PDOXV MHVW� SUDNW\F]QLH� QLHXQLNQLRQD��:\QLND� WR�]�SURVWHJR� IDNWX��*HE\� V\VWHP�E\á�]UyZQRZD*RQ\��WU]HED�ZSURZDG]Lü�VXURZH� UHJXá\�SU]HM�FLD��WR�]QDF]\�WDNLH��NWyUH�ZSURZDG]DM� Z\VRNLH�SRGZ\*NL�VNáDGNL�Z�SU]\SDGNX�]JáRV]HQLD�V]NRG\��� -HVW� WR� MHGQDN� ]� PDUNHWLQJRZHJR� SXQNWX� ZLG]HQLD� QLHUHDOQH�� JG\* ]E\W� GX*H� ]Z\*NL�VNáDGNL�SRZRGXM� RGHM�FLH�NOLHQWyZ�GR�LQQ\FK�WRZDU]\VWZ��'OD�SU]\NáDGX��V\VWHP�EHOJLMVNL�E\áE\�SHZQLH�]UyZQRZD*RQ\��JG\E\�SU]\�W\FK�VDP\FK�NODVDFK�WDU\IRZ\FK�SU]\M�ü�UHJXá
 SU]HM�FLD�Py�
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ZL�F���*H�NDUD�]D�VSRZRGRZDQLH�Z\SDGNX�WR�SU]HM�FLH�R�G]LHZL
ü�NODV�Z�JyU
��%\áDE\�WR�UHJXáD�WUXGQD�� D�ZU
F]� QLHPR*OLZD�GR� ]DDNFHSWRZDQLD�SU]H]�SRWHQFMDOQ\FK�XEH]SLHF]RQ\FK��5R]PLDU\�QLHUyZQRZDJL�EHOJLMVNLHJR� V\WHPX�ERQXV�PDOXV VXJHUXM���*H�ZD*Q\P�]DGDQLHP�GOD�DNWXDULXV]D�E\áRE\�VNRQVWUXRZDQLH�WHRUHW\F]QHM�PLDU\�QLHUyZQRZDJL�V\VWHPyZ�ERQXV�PDOXV��0LDUD�WDND�SR�]ZROLáDE\�]EDGDü��F]\�V\VWHP�MHVW�]UyZQRZD*RQ\�SU]HG�]DVWRVRZDQLHP�JR�Z�SUDNW\FH�
1LHUyZQRZDJD�V\VWHPX�ERQXV�PDOXV MHVW�MHGQ� ]�SU]\F]\Q�RJyOQHM�QLHUyZQRZDJL�ILQDQVRZHM�XEH]SLHF]H� NRPXQLNDF\MQ\FK�RGSRZLHG]LDOQR�FL�F\ZLOQHM��2ERN�QLHNRU]\VWQHJR�RGG]LDá\ZDQLD�V\VWHPX�ERQXV�PDOXV� LVWQLHM� UyZQLH* LQQH�]MDZLVND��NWyUH�Z\ZRáXM� QLHGRPDJDQLH�EHOJLMVNLHJR�± L�QLH�W\ONR�EHOJLMVNLHJR�± V\VWHPX�RERZL�]NRZ\FK�XEH]SLHF]H� NRPXQLNDF\MQ\FK�2&��:\QLND�M� RQH�Z�GX*HM�PLHU]H�]�LQJHUHQFML�SD�VWZD�Z�WDU\ILNDFM
 XEH]SLHF]H� RERZL�]NRZ\FK��3U]\NáD�GHP�WDNLHM�LQJHUHQFML�PR*H�E\ü�RNUHVRZH�Ä]DPUD*DQLH´�VNáDGHN�SU]H]�EHOJLMVNLH�RUJDQ\�QDG]RUX�XEH]SLHF]H� SRPLPR�FL�JáHJR�Z]URVWX�FHQ�Z�ODWDFK�VLHGHPG]LHVL�W\FK��:�URNX�������JG\�LQIODFMD�E\áD�QDMZL
NV]D��EHOJLMVNLH RUJDQ\�QDG]RUX�QLH�SR]ZROLá\�QD�*DGQH�SRGZ\*NL�VNáDGHN�Z�RPDZLD�Q\FK�XEH]SLHF]HQLDFK��QDVW
SQLH�SR]ZRORQR�W\ONR�QD�SRGZ\*NL�VNáDGHN�QLH�SU]HNUDF]DM�FH�����SR]LRPX�LQIODFML�
-DNR� LQQ� SU]\F]\Q
 QLHUyZQRZDJL� ILQDQVRZHM�Z�XEH]SLHF]HQLDFK�2&�Z\PLHQLDQR�QLHZáD��FLZ\�Z\EyU�ZVND(QLND��ZHGáXJ�NWyUHJR� LQGHNVXMH� VL
 VNáDGNL�± RND]XMH� VL
 ERZLHP��*H�Z\VR�NR�ü�URV]F]H� Z�XEH]SLHF]HQLDFK�NRPXQLNDF\MQ\FK�UR�QLH�V]\EFLHM�QL* FHQ\�GyEU� L�XVáXJ�VWDQR�ZL�FH� SRGVWDZ
 ZVND(QLND� LQIODFML�� 6NáDGQLNDPL� NRV]WyZ� V]NyG� V� ERZLHP�� NRV]W\� F]
�FL� ]D�PLHQQ\FK��NRV]W\�URERFL]Q\�Z�ZDUV]WDFLH��Z\QDJURG]HQLH�SUDZQLNyZ��U]HF]R]QDZFyZ�L�OHNDU]\��NRV]W\�RSLHNL�PHG\F]QHM�� Uy*QHJR� URG]DMX��ZLDGF]HQLD�RGV]NRGRZDZF]H�GOD�RVyE�SRV]NRGRZD�Q\FK� Z� Z\SDGNDFK� ± P�LQ�� UHNRPSHQVDW\� GOD� RVyE� WUZDOH� OXE� F]DVRZR� QLH]GROQ\FK� GR� SUDF\���ZLDGF]HQLD�QD�Z\SDGHN��PLHUFL��UHQW\�LWG��6SR�UyG�Z\PLHQLRQ\FK�VNáDGQLNyZ�W\ONR�NRV]W�F]
�FL�]DPLHQQ\FK�PR*QD�X]QDü� ]D� �FL�OH� SRZL�]DQ\� ]H�Z]URVWHP�FHQ�GHWDOLF]Q\FK�� ,QQH� VNáDGQLNL� V�UDF]HM��FL�OH�]ZL�]DQH�]H�Z]URVWHP�FHQ��3RQLHZD* VWDQRZL� RQH�SU]HZD*DM�F� F]
�ü�VXP\�URV]�F]H���Z]URVW�VNáDGHN�SRZLQQR�VL
 X]DOH*QLDü�UDF]HM�RG�ZVND(QLND�Z]URVWX�SáDF�QL* RG�ZVND(QLND�Z]URVWX�FHQ��LQIODFML��
'RGDWNRZ� WUXGQR�ü�VWZDU]D�]MDZLVNR�W]Z��VXSHULQIODFML��OXE�LQIODFML�XEH]SLHF]HQLRZHM���3R�OHJD�RQD QD�W\P��*H�Z]URVW�Z\VRNR�FL�RGV]NRGRZD� SU]HZ\*V]D�QDZHW�Z]URVW�SáDF��=MDZLVNR�VX�SHULQIODFML�Z� V]F]HJyOQ\� VSRVyE� XZLGDF]QLD� VL
 Z�GZyFK� VIHUDFK��Z�RGV]NRGRZDQLDFK�X]\VND�Q\FK�QD�GURG]H�V�GRZHM�RUD]�Z�RSLHFH�PHG\F]QHM��-H�OL�FKRG]L�R�V�G\��WR�RND]XMH�VL
��*H�V
G]LR�
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ZLH�V� FRUD]�ÄKRMQLHMVL´�GOD�SRV]NRGRZDQ\FK�Z�Z\SDGNDFK�GURJRZ\FK��]ZáDV]F]D�JG\��ZLDGF]H�QLD� QD� U]HF]� SRV]NRGRZDQ\FK� Z\SáDFDQH� V� SU]H]� ILUP\� XEH]SLHF]HQLRZH�� D� QLH� EH]SR�UHGQLR�SU]H]�VSUDZF
 Z\SDGNX��6XSHULQIODFMD�Z�G]LHG]LQLH�PHG\F\Q\�SU]HMDZLD�VL
 Z�W\P��*H�QLHXVWDQ�QLH�]ZL
NV]D�VL
 OLF]ED�L�NRV]W�Uy*QRUDNLFK�EDGD���DQDOL]�LWS��3RQDGWR��SRVW
S�Z�V]WXFH�OHNDUVNLHM�SRZRGXMH��*H�FRUD]�ZL
NV]� OLF]E
 RILDU�Z\SDGNyZ�PR*QD�RGUDWRZDü��SU]\�F]\P�SR]RVWDOL�SU]\�*\FLX�F]
VWR�]H�Z]JO
GX�QD�WUZDáH�LQZDOLG]WZR Z\PDJDM� VWDáHM�L�NRV]WRZQHM�RSLHNL��FR�UyZQLH*QLHZVSyáPLHUQLH� ]ZL
NV]D� NRV]W\�� =MDZLVNR� VXSHULQIODFML� MHVW� ]ZL�]DQH� UyZQLH* ]H� Z]URVWHP��ZLDGRPR�FL� XEH]SLHF]HQLRZHM�� /HSV]D� ZLHG]D� R� XSUDZQLHQLDFK� GR� RGV]NRGRZD� L� �ZLDGF]H�R]QDF]D�ZL
NV]� VNáRQQR�ü� GR�Z\VW
SRZDQLD� ]� URV]F]HQLDPL�� D� FR� ]D� W\P� LG]LH� SU]HNUDF]DM�F\�LQIODFM
 Z]URVW�ZDUWR�FL�RGV]NRGRZD���=�WDNLP�]MDZLVNLHP�PDP\�GR�F]\QLHQLD�Z�RVWDWQLHM�GHND�G]LH�GZXG]LHVWHJR�ZLHNX�Z�3ROVFH��SRU��*�VLRUNLHZLF]�L�LQ��>����@��V������
,QQ\P�HIHNWHP�Z\QLNDM�F\P�EH]SR�UHGQLR�]�]DVWRVRZDQLD�V\VWHPX�ERQXV�PDOXV MHVW�WHQGHQ�FMD�GR�QLH]JáDV]DQLD�V]NyG�R�PDáHM�ZDUWR�FL��$QJLHOVND�QD]ZD�WHJR�]MDZLVND�GR�ü�GREU]H�REUD]XMH�MHJR�SU]\F]\Q\��KXQJHU�IRU�ERQXV � ÄJáyG��áDNQLHQLH�]QL*NL´��:SURZDG]HQLH�V\VWHPX�ERQXV�PDOXVVSUDZLD��*H�XEH]SLHF]RQ\P�QLH�RSáDFD�VL
 ]JáDV]Dü�URV]F]H� R�QLHZLHONLFK�ZDUWR�FLDFK��QS��GURE�QD�VWáXF]ND��]H�Z]JO
GX�QD�QLHXFKURQQR�ü�XWUDW\�]QL*NL�VNáDGNL��FR�PR*H�SRFL�JQ�ü�]D�VRE� NRV]�W\�ZL
NV]H�QL* ZDUWR�ü�V]NRG\��:�V\WXDFML��NLHG\�ZDUWR�ü�V]NRG\�QLH�SU]HNUDF]D SHZQHM�ZDUWR�FL��XEH]SLHF]RQ\�ZROL�ZL
F�VDP�SRNU\ü�VWUDW\�Z\QLNDM�FH�]�Z\U]�G]RQHM�V]NRG\�L�QLH�LQIRUPRZDü�R�V]NRG]LH�WRZDU]\VWZD�XEH]SLHF]HQLRZHJR�
=MDZLVNR�KXQJHU�IRU�ERQXV MHVW�Z\QLNLHP�X]DOH*QLHQLD�Z\VRNR�FL�VNáDGNL�RG�OLF]E\��D�QLH�RG�ZDUWR�FL� URV]F]H��� GODWHJR� WH* HIHNW� áDNQLHQLD� ]QL*NL�ZVSyOQ\� MHVW� GOD�ZV]\VWNLFK�PHWRG� H[SLH�ULHQFH�UDWLQJ��NWyUH�RSLHUDM� VL
 QD�OLF]ELH�V]NyG��
(IHNW�áDNQLHQLD�]QL*NL�PR*QD�]LOXVWURZDü�SURVW\P�SU]\NáDGHP��=Dáy*P\��*H�RERZL�]XMH�EHO�JLMVNL� V\VWHP�ERQXV�PDOXV� VSU]HG� URNX� ������.LHURZFD�� E
G�F\�Z�NODVLH� �� �SáDF�F\� VNáDGN
 Z�Z\VRNR�FL�����VNáDGNL�SRGVWDZRZHM�� MHVW�VSUDZF� Z\SDGNX�L�VWDMH�SU]HG�QDVW
SXM�F� DOWHUQDW\�Z���PR*H�SRNU\ü�V]NRG
 VDPRG]LHOQLH� OXE� WH* VNRU]\VWDü�]H�VZRMHJR�XEH]SLHF]HQLD�2&�± F]\OL�]ZUyFLü�VL
 GR�]DNáDGX�XEH]SLHF]H� R�OLNZLGDFM
 V]NRG\��=GDMH�VRELH�SU]\�W\P�VSUDZ
��*H�]JáR�V]HQLH�URV]F]HQLD�Z�WRZDU]\VWZLH�XEH]SLHF]HQLRZ\P�VSRZRGXMH��*H�Z�SU]\V]á\P�URNX�SU]HMG]LH�GR�NODV\�����VWDZND��������QDWRPLDVW�VDPRG]LHOQH�SRNU\FLH�V]NRG\�SR]ZROL�PX�QD�SU]HM�FLH�GR�NODV\����F]\OL�X]\VNDQLH�ZL
NV]HM�]QL*NL�QL* Z�URNX�ELH*�F\P��7DEOLFD�SU]HGVWDZLD�NODV\�ERQXV�PDOXV RUD]�RGSRZLDGDM�FH�LP�SR]LRP\�VNáDGNL�Z�NROHMQ\FK�ODWDFK�SR�V]NRG]LH�Z�SU]\SDGNX�]JáR�
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V]HQLD�L�QLH]JáRV]HQLD�URV]F]HQLD��=DNáDGDP\�WXWDM�EH]V]NRGRZ� MD]G
 NLHURZF\�SU]H]�NROHMQH����ODW�� FR� R]QDF]D�� L* SU]\MPXMHP\� WXWDM�� *H� VXELHNW\ZQH� �RFHQLDQH� SU]H]� NLHURZF
�� SUDZGRSRGR�ELH�VWZR� VSRZRGRZDQLD� Z� FL�JX� QDVW
SQ\FK� ��� ODW� Z\SDGNX� MHVW� Z\VWDUF]DM�FR�PDáH�� *HE\� MH�SRPLQ�ü��
7DEOLFD� ����� .ODVD� L� VWDZND�ERQXV�PDOXV�Z� NROHMQ\FK� ODWDFK� SR� V]NRG]LH�Z� SU]\SDGNX�]JáRV]HQLD�L�QLH]JáRV]HQLD�URV]F]HQLD��SU]\NáDG��

D Z]JO
GHP�VNáDGNL�SRGVWDZRZHM��VNáDGND�SRGVWDZRZD� ���'UyGáR��2SUDFRZDQLH�ZáDVQH�-DN� ZLGDü�� GHF\]MD� NLHURZF\� R� W\P�� F]\� ]JáRVLü� V]NRG
�� F]\� WH* QLH�� ]DOH*\� RG�Z\VRNR�FL�V]NRG\�� -H*HOL� SU]\MPLH� VL
 VWRS
 G\VNRQWRZ� ��� RUD]� Z\*HM� RSLVDQH� ]DáR*HQLH� R� QLHZLHONLP�SUDZGRSRGRELH�VWZLH�VXELHNW\ZQ\P��WR�ZDUWR�ü�ELH*�FD�VWUDW�NLHURZF\�SROHJDM�F\FK�QD�RSáDFD�QLX�Z�FL�JX�QDMEOL*V]\FK�ODW�SRGZ\*V]RQH�VNáDGNL�E
G]LH�Z\QRVLáD�Z�SU]\EOL*HQLX������VNáDGNL�SRGVWDZRZHM��:\QLND� VW�G�� *H� URV]F]HQLD� R� á�F]QHM�ZDUWR�FL� SRQL*HM� WHJR� SURJX� �W]Z�� ÄSXáDSX�RSáDFDOQR�FL´��RSLV\ZDQ\�XEH]SLHF]RQ\�E
G]LH�ZRODá�SRNU\ü�VDPRG]LHOQLH�
6NRPSOLNRZDQ\�DOJRU\WP�RSW\PDOL]DF\MQ\��Z\]QDF]DM�F\�SXáDS\�RSáDFDOQR�FL�Z�SRV]F]HJyO�Q\FK�NODVDFK��NWyU\�RGFKRG]L�RG�SU]\M
WHJR�SRZ\*HM�QLHUHDOLVW\F]QHJR�]DáR*HQLD�R�]HURZ\P�VX�ELHNW\ZQ\P�SUDZGRSRGRELH�VWZLH�]JáRV]HQLD� V]NRG\�Z�SU]\V]áR�FL�RSLVXMH�/HPDLUH� >����@�� VV��������RUD]��OLZND��7RSROHZVNL�>����@��V� �����$OJRU\WP�WHQ�Z\PDJD�]DáR*HQLD�RNUH�ORQHJR�UR]�NáDGX� ZDUWR�FL� V]NyG�� RNUH�ORQHM� ZDUWR�FL� SDUDPHWUX� O RUD] RGSRZLHGQLHM� VWRS\� G\VNRQWRZHM��SRQDGWR� SU]\� SRUyZQDQLDFK� PL
G]\� V\VWHPDPL� Z\PDJD� RQ� RGSRZLHGQLHJR� SU]HOLF]QLND�� JG\*VNáDGND�SRGVWDZRZD�Z�Uy*Q\FK�V\VWHPDFK�XVWDODQD�MHVW�QD�Uy*QHM�Z\VRNR�FL�

5RN :�SU]\SDGNX�]JáR�V]HQLD�V]NRG\ :�SU]\SDGNX�QLH�]JáRV]HQLD�V]NRG\ 5y*QLFDD
.ODVD 6WDZNDD .ODVD 6WDZNDD� NODVD�� ���� NODVD�� ���� �� NODVD��� � NODVD�� ��� ���� NODVD�� � NODVD�� ���� ����� NODVD�� ���� NODVD�� ��� ����� NODVD�� ��� NODVD�� ��� ���� NODVD�� ���� NODVD�� ��� ����� NODVD�� ��� NODVD�� ��� ���� NODVD�� ���� NODVD�� ��� ����� NODVD�� ��� NODVD�� ��� ���� NODVD�� ���� NODVD�� ��� ������ NODVD�� ��� NODVD�� ��� �
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=MDZLVNR�áDNQLHQLD�]QL*NL�WUXGQR�MHGQR]QDF]QLH�RFHQLü��=�MHGQHM VWURQ\�MHVW�RQR�XZD*DQH�]D�QLHSR*�GDQH� ± SU]HGH� ZV]\VWNLP� ]� DNWXDULDOQHJR� SXQNWX� ZLG]HQLD�� )DNW� XNU\ZDQLD� GUREQ\FK�V]NyG�VSUDZLD��*H�GDQH�R�V]NRGRZR�FL�XEH]SLHF]RQ\FK�VWDM� VL
 ]QLHNV]WDáFRQH�SRSU]H]�EUDN�GD�Q\FK�R�QLHZLHONLFK�V]NRGDFK����3RQDGWR�Z\VRNR�SRVWDZLRQ\�SUyJ��SRQL*HM�NWyUHJR�V]NRG\�QLH�V�]JáDV]DQH�SRZRGXMH�QLHRGSRZLHGQLH�]DFKRZDQLH�NLHURZFyZ�Z�SRVWDFL�XFLHF]NL�]�PLHMVFD�NROL]ML�
=�GUXJLHM�MHGQDN�VWURQ\��QLH�]DZV]H�XZD*D�VL
 ]MDZLVNR�áDNQLHQLD�]QL*NL�]D�QLHSR*�GDQ\�HIHNW�V\VWHPX�ERQXV�PDOXV��:HGáXJ�-��0��7D\ORUD�]MDZLVNR�KXQJHU�IRU�ERQXV MHVW�F]\P� SR]\W\ZQ\P��D�QDZHW�MHGQ� ]�SRGVWDZRZ\FK�SU]\F]\Q�VWRVRZDQLD�V\VWHPX�ERQXV�PDOXV SU]H]�XEH]SLHF]\FLHOL��-HJR�]GDQLHP��V\VWHP�ERQXV�PDOXV FLHV]\�VL
 SRSXODUQR�FL� Z�UyG�XEH]SLHF]\FLHOL�]�GZyFK�]D�VDGQLF]\FK�SRZRGyZ�� -HGQ\P�]�QLFK� MHVW� IDNW��*H�V\VWHP� WHQ�]DSHZQLD�SURVW� Z�X*\FLX�PHWRG
X]DOH*QLHQLD�VNáDGNL�RG�U\]\ND��Z�WHQ�VSRVyE��*H�XEH]SLHF]HQL�R�ZL
NV]\P�U\]\NX�E
G� FL�*\ü�Z�NLHUXQNX�NODV�R�Z\*V]HM�VNáDGFH��IXQNFMD�WDU\ILNDF\MQD���'UXJLP�SRZRGHP�MHVW�ZáD�QLH�FK
ü�]UH�GXNRZDQLD� OLF]E\� ]JáRV]H� PDá\FK� V]NyG�FHOHP�RJUDQLF]HQLD�NRV]WyZ�DGPLQLVWUDF\MQ\FK�� -��0��7D\ORU�VWZLHUG]D��*H�EU\W\MVNLH�WRZDU]\VWZD�XEH]SLHF]HQLRZH�SU]\�ZSURZDG]HQLX�V\VWHPX�ERQXV�PDOXV NLHUXM� VL
 SU]HGH�ZV]\VWNLP�GUXJ� SU]HVáDQN���3LHUZV]D�]�QLFK�MHVW�PQLHM�ZD*QD�]�XZDJL�QD�IDNW��*H�NRQNXUHQFMD�QD�U\QNX�XEH]SLHF]H� Z\PXV]D�QD�XEH]SLHF]\FLHOX�WDN� NRQVWUXNFM
 V\V�WHPX�ERQXV�PDOXV��NWyUD�QLH�]DSHZQLD�HIHNW\ZQHJR�UHDOL]RZDQLD�SU]H]�V\VWHP�IXQNFML� WDU\ILND�F\MQHM� �RJUDQLF]RQD� UR]SL
WR�ü� VNáDGHN�� XWU]\PDQLH� SU]H]� NOLHQWD� X]\VNDQ\FK� ]QL*HN�� �7D\ORU�>����@��V������
(IHNW� áDNQLHQLD�]QL*NL�VSHáQLD�ZL
F�Z� WDU\ILNDFML�XEH]SLHF]H� SRGREQ� URO
�� FR� WDNLH�QDU]
�G]LD��MDN�XG]LDá�ZáDVQ\�XEH]SLHF]RQHJR�Z�V]NRG]LH��IUDQV]\]D�UHGXNF\MQD�F]\�LQWHJUDOQD��:V]\VW�NLH�RQH�SRZRGXM���*H�QLHNWyUH�V]NRG\�F]
�FLRZR�OXE�Z�FDáR�FL�SRNU\ZDQH�V� SU]H]�XEH]SLHF]R�QHJR� �FR� RNUH�ORQH� MHVW� WHUPLQHP� Ä]DWU]\PDQLH� SU]H]� XEH]SLHF]DM�FHJR´� OXE� ÄVDPRXEH]SLHF]H�QLH´���&HOHP�ZSURZDG]HQLD�WDNLFK�QDU]
G]L�MHVW��MDN�]DXZD*RQR�MX* Z\*HM��]PQLHMV]HQLH�NRV]WyZ�OLNZLGDFML�V]NyG�SRSU]H]�XQLNDQLH�GUREQ\FK�URV]F]H���OHF]�UyZQLH* G]LDáDQLH�SUHZHQF\MQH�L�G�*H�QLH�GR�REQL*HQLD�VNáDGNL��
1D�NRQLHF�ZDUWR�]DXZD*\ü��*H�Z\VW
SRZDQLH�L�QDW
*HQLH�]MDZLVND�KXQJHU�IRU�ERQXV MHVW��FL��OH�]ZL�]DQH�]�HIHNW\ZQR�FL� V\VWHPX�ERQXV�PDOXV��,P�VXURZV]H�V� UHJXá\�SU]HM�FLD��D�FR�]D�W\P�

�� 7
 NZHVWL
 ZDUWR�UR]ZD*\ü�Z�NRQWHN�FLH�ZSá\ZX�QD�V]NRGRZR�ü�V\VWHPX�ERQXV�PDOXV��=MDZLVNR�áDNQLHQLD�]QL*NL�VSUD�ZLD��*H�REVHUZRZDQD�F]
VWR�ü�V]NyG�Z�SU]\SDGNX�VWRVRZDQLD�V\VWHPX�MHVW�QL*V]D�RG�F]
VWR�FL�V]NyG��NWyU� ]DREVHUZRZDOLE\��P\��JG\E\�V\VWHP�ERQXV�PDOXV QLH�E\á�]DVWRVRZDQ\��:LGDü�ZL
F��*H�VSDGHN�V]NRGRZR�FL�SR�ZSURZDG]HQLX�V\VWHPX�ERQXV�PDOXV PR*H�E\ü�W\ONR�SR]RUQ\�L�Z\QLNDü�Z\á�F]QLH�]�RSLVDQHM�WX�SUDZLGáRZR�FL�
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QDMF]
�FLHM�LG]LH��LP�ZL
NV]D�MHVW�VNXWHF]QR�ü�WDU\ILNDF\MQD�V\VWHPX���]�W\P�ZL
NV]� VLá� GRFKR�G]L�GR�JáRVX�HIHNW�áDNQLHQLD�]QL*NL��=�WHJR�L�Z\PLHQLRQ\FK�Z\*HM�SRZRGyZ�Z�EDGDQLX�HIHNW\Z�QR�FL�QLH�E
G]LHP\�XZ]JO
GQLDü�PLDU�QDVLOHQLD�]MDZLVND�áDNQLHQLD�]QL*NL�
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�����:\EUDQH�PLDU\�HIHNW\ZQR�FL�WDU\ILNDF\MQHM�V\VWHPyZ�ERQXV�PDOXV��
:� W\P� SRGUR]G]LDOH� ]RVWDQLH� SU]HGVWDZLRQ\FK� NLOND� PLDU� HIHNW\ZQR�FL� V\VWHPX� ERQXV�PDOXV��1DOH*\� WXWDM� ]D]QDF]\ü��*H� *DGQD� ] W\FK�PLDU� QLH� UR�FL� VRELH�SUHWHQVML� GR�RJyOQHM�PLDU\�HIHNW\ZQR�FL��0LDU\�WH�PDM� UDF]HM�FKDUDNWHU�IUDJPHQWDU\F]Q\�± RG]ZLHUFLHGODM� MHG\QLH�QLHNWyUH�DVSHNW\� HIHNW\ZQR�FL��0R*QD� MH� QD]ZDü�PLDUDPL�HIHNW\ZQR�FL� WDU\ILNDF\MQHM�� RFHQLDM� ERZLHP�HIHNW\� V\VWHPX�ERQXV�PDOXV�SU]HGH�ZV]\VWNLP� ]� SXQNWX�ZLG]HQLD� IXQNFML� WDU\ILNDF\MQHM�� 6WZR�U]HQLX�W\FK�PLDU�SU]\�ZLHFDáD�FK
ü�RGSRZLHG]L�QD�S\WDQLH��Z�MDNLP�VWRSQLX�GDQ\�V\VWHP�ERQXV�PDOXV�GRVWRVRZXMH� VNáDGN
 GR� LQG\ZLGXDOQHJR� U\]\ND�� 1LHNWyUH�PLDU\� EDGDM� UyZQLH* SR]LRP�QLHUyZQRZDJL�V\VWHPX�ERQXV�PDOXV��FR�MHVW��FL�OH�]ZL�]DQH�]�IXQNFM� WDU\ILNDF\MQ� �LP�ZL
NV]D�QLHUyZQRZDJD��W\P�JRUV]H�GRSDVRZDQLH�VNáDGNL�GR�LQG\ZLGXDOQHJR�U\]\ND���
&KDUDNWHU� RSLV\ZDQ\FK�PLDU�Z\PDJD� RSDUFLD� LFK� QD� SHZQ\FK� WHRUHW\F]Q\FK�PRGHODFK� RG�]ZLHUFLHGODM�F\FK�SURFHV�Z\VW
SRZDQLD�V]NyG�Z�SRUWIHOX�XEH]SLHF]H� NRPXQLNDF\MQ\FK��'ODWHJR�WH*��]DQLP�XND]DQH�]RVWDQ� VDPH�PLDU\��QDOH*\�SRNUyWFH�SU]HGVWDZLü�PRGHOH��QD�SRGVWDZLH�NWy�U\FK�]RVWDá\�XWZRU]RQH��
'R�RSLVX�SURFHVX�]JáDV]DQLD�URV]F]H� SU]H]�SRMHG\QF]\FK�XEH]SLHF]RQ\FK�VWRVXMH�VL
 QDMF]
��FLHM�PRGHO�RSDUW\�QD� UR]NáDG]LH�3RLVVRQD��3U]\M
FLH� WHJR�PRGHOX�Z\PDJD�WU]HFK� WHRUHW\F]Q\FK�]DáR*H��
3R� SLHUZV]H�� SUDZGRSRGRELH�VWZR� ]JáRV]HQLD� SU]\QDMPQLHM� MHGQHM� V]NRG\� Z� QLHZLHONLP�SU]HG]LDOH�F]DVX�MHVW�SURSRUFMRQDOQH�GR�GáXJR�FL�WHJR�SU]HG]LDáX�L�QLH�]DOH*\�RG�MHJR�SRáR*HQLD�QD�RVL�F]DVX��FR�PR*HP\�]DSLVDü� � �� � � �3U �. W W W W R W�   �' ' '� O ��JG]LH�O!�����
3R�GUXJLH��MH�OL�SU]HG]LDá�MHVW�EDUG]R�NUyWNL��WR�SUDZGRSRGRELH�VWZR�]JáRV]HQLD�Z�W\P�RNUH�VLH�GZyFK�OXE�ZL
FHM�URV]F]H� MHVW�EOLVNLH�]HUD�� �� � � �3U �. W W W R W� !  ' '� �
3UDNW\F]QLH�� SRZ\*V]H�]DáR*HQLH�Z\á�F]D� UyZQLH* L� WHQ�SU]\SDGHN��JG\�GZD�]JáRV]HQLD�QD�VW
SXM� MHGQRF]H�QLH�
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3R�WU]HFLH�ZUHV]FLH��MH�OL�GZD�SU]HG]LDá\�F]DVRZH�W L�W¶�QLH�QDNáDGDM� VL
 Z]DMHPQLH��WR�GZLH�]PLHQQH�ORVRZH�± OLF]E\�V]NyG�]JáRV]RQ\FK�Z�Z\EUDQ\FK�SU]HG]LDáDFK�± V� VWDW\VW\F]QLH�QLH]D�OH*QH� � � � �� � � �� � � �� �3U 3U 3U. N . N . N . NW W W W � c  c   � c  c �
0R*QD�SRND]Dü����*H�MH�OL�WH�ZáDVQR�FL�V� VSHáQLRQH��UR]NáDG�]PLHQQHM�.�E
G�FHM�OLF]E� URV]�F]H� ]JáRV]RQ\FK�SU]H]�XEH]SLHF]RQHJR�Z�GDQ\P�URNX�MHVW�UR]NáDGHP�3RLVVRQD�]�SDUDPHWUHP�O�
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OL�P\� MDNR�PRGHO�GREU]H�RG]ZLHUFLHGODM�F\� UR]NáDG� OLF]E\�V]NyG�GOD�SRMHG\QF]HJR�XEH]SLHF]RQHJR� OXE�GOD�SRUWIHOD�R�FKDUDNWHU]H�KRPRJHQLF]Q\P��:SURZDG]HQLH�±QDZHW�XFL�*OLZHM�± V\PXODFML�MHVW�QDMSURVWV]\P�UR]ZL�]DQLHP�Z�V\WXDFML��JG\�UR]NáDG�VWDFMRQDUQ\�REOLF]DP\� GOD� SRUWIHOD� SROLV� R� FKDUDNWHU]H� KHWHURJHQLF]Q\P� �Z� WHM� SUDF\� SRVáXJXMHP\� VL
 SU]\�RSLVLH� OLF]E\�V]NyG�Z�WDNLP�SRUWIHOX�PRGHOHP�XMHPQ\P�GZXPLDQRZ\P���:�SU]\SDGNX�PRGHOX�3RLVVRQD�]PLHQQH�ORVRZH�.���.���«�.Q RNUH�ODM�FH�OLF]E
 V]NyG�Z�NROHMQ\FK�RNUHVDFK�V� QLH]D�OH*QH�� VW�G� PR*OLZH� MHVW� REOLF]HQLH� UR]NáDGX� VWDFMRQDUQHJR� ]D� SRPRF� PDFLHU]\� SU]HM�FLD�� MHM�ZHNWRUD�ZáDVQHJR�OXE�NDONXODFML�UHNXUV\ZQHM��:�PRGHOX��Z�NWyU\P�]PLHQQH�ORVRZH�.�_O��.�_O��«�.Q_O PDM� UR]NáDG�3RLVVRQD��]D� O UR]NáDG�JDPPD��EH]ZDUXQNRZH�]PLHQQH�.���.���«�.Q �PD�M�FH�UR]NáDG�XMHPQ\�GZXPLDQRZ\��V� ]DOH*QH��=�WHJR�SRZRGX�QLH�PR*HP\�VWRVRZDü�Z\*HM�Z\�PLHQLRQ\FK�VSRVREyZ Z\]QDF]DQLD�UR]NáDGX�VWDFMRQDUQHJR��:�W\P�SU]\SDGNX�QDMZ\JRGQLHM�RG�ZRáDü�VL
��SU]\QDMPQLHM�F]
�FLRZR��GR�V\PXODFML��&RHQH��'RUD\�>����@��V��������
1D�SRGVWDZLH�UR]NáDGX�VWDFMRQDUQHJR�PR*QD�]EXGRZDü�PLDU\�V\VWHPyZ�ERQXV�PDOXV��7U]H�ED� MHGQDN�QD�ZVW
SLH�]D]QDF]\ü��*H�PLDU\�RSDUWH�QD� UR]NáDG]LH�VWDFMRQDUQ\P�PDM� VZRMH�ZDG\��-HGQ� ]�QLFK� MHVW�RSDUFLH� LFK�QD�PRGHODFK��NWyUH�QLJG\� LGHDOQLH�QLH�RG]ZLHUFLHGODM� ]DFKRZDQLD�VL
 XEH]SLHF]RQ\FK��=DVWRVRZDQLH�PRGHOL�Z\PDJD� SU]\M
FLD� V]HUHJX� ]DáR*H��� NWyUH� QLH� ]DZV]H�RND]XM� VL
 UHDOLVW\F]QH��0L
G]\�LQQ\PL�VáDE� LFK�VWURQ� MHVW�IDNW��*H�QLH�XZ]JO
GQLDM� RQH�]PLDQ\�SDUDPHWUX�O�� �F]\OL�F]
VWR�FL� V]NyG��Z�F]DVLH�� ,QQ\PL�VáRZ\�QLH�ELRU� RQH�SRG�XZDJ
 SRSUDZ\�XPLHM
WQR�FL�NLHURZF\��Z]JO
GQLH�LQQ\FK�F]\QQLNyZ�SRZRGXM�F\FK�]PLDQ
 O �]PLDQD�VDPRFKR�GX��Z]URVW�RGOHJáR�FL�SRNRQ\ZDQHM�SU]H]�NLHURZF
 Z�FL�JX�URNX�LWS���,QQ� QLHGRVNRQDáR�FL� PLDU�RSDUW\FK�QD�UR]NáDG]LH�VWDFMRQDUQ\P�MHVW�IDNW��*H�UR]NáDG�VWDFMRQDUQ\�MHVW�UR]NáDGHP�JUDQLF]Q\P��-DN� ]RVWDQLH�SRND]DQH�Z�GDOV]HM� F]
�FL� SUDF\� GR�ü� F]
VWR�RVL�JQL
FLH� ]DOH*QHJR�RG� F]DVX�EH]�Z]JO
GQHJR�UR]NáDGX�SUDZGRSRGRELH�VWZD�Z\VWDUF]DM�FR�]EOL*RQHJR�GR�UR]NáDGX�VWDFMRQDUQHJR�Z\PDJD�GX*HM�OLF]E\�RNUHVyZ�
3RPLPR�GR�ü�RF]\ZLVW\FK�ZDG��PLDU\�HIHNW\ZQR�FL�RSDUWH�QD�UR]NáDG]LH�VWDFMRQDUQ\P��MDNR�Z\VWDUF]DM�FR� V\QWHW\F]QH� L�Z]JO
GQLH� SURVWH� NRQVWUXNF\MQLH�� ]QDMGXM� ]DVWRVRZDQLH�Z�RSUDFR�ZDQLDFK��NWyU\FK�FHOHP�MHVW�RFHQD�L�SRUyZQ\ZDQLH�V\VWHPyZ�ERQXV�PDOXV��'R�PLDU��NWyUH�PRJ�]RVWDü�Z\]QDF]RQH�G]L
NL�]QDMRPR�FL�UR]NáDGX�VWDFMRQDUQHJR�QDOH*� PLDU\�RSDUWH�QD��UHGQLP�VWD�FMRQDUQ\P�SR]LRPLH�VNáDGNL��
-DN�MX* ZVSRPQLDQR��QLHPR*OLZ� GR�XQLNQL
FLD�NRQVHNZHQFM� ZSURZDG]HQLD�V\VWHPX�ERQXV�PDOXV MHVW�MHJR�ÄQLHUyZQRZDJD´�± F]\OL�FL�Já\�VSDGHN��UHGQLHJR�SR]LRPX�VNáDGNL�VSRZRGRZDQ\�



��

SU]H]� NRQFHQWUDFM
 XEH]SLHF]RQ\FK�Z� NODVDFK� R� QDMZ\*V]HM� ]QL*FH���UHGQL� VWDFMRQDUQ\� SR]LRP�VNáDGNL� XPR*OLZLD� XVWDOHQLH� SR]\FML� SU]HFL
WQHJR� NLHURZF\�Z� V\WXDFML� RVL�JQL
FLD�SU]H]� V\VWHP�ERQXV�PDOXV VWDFMRQDUQR�FL��=D�SRPRF� PLDU�RSDUW\FK�QD�RF]HNLZDQ\P�VWDFMRQDUQ\P�SR]LRPLH�VNáDGNL�RFHQLü�PR*QD��MDN�VLOQD�MHVW�WHQGHQFMD�ÄVS\FKDM�FD´�XEH]SLHF]RQ\FK�GR�NODV�R�QDMQL*V]HM�VNáDGFH��,QQ\PL�VáRZ\��V� WR�PLDU\�UyZQRZDJL��OXE�QLHUyZQRZDJL��V\VWHPX��
�UHGQL�VWDFMRQDUQ\�SR]LRP�VNáDGNL� WR�RF]HNLZDQD�Z\VRNR�ü�VNáDGNL�Z�Q�W\P�URNX�NRQW\QX�DFML� SROLV\��JG\�Q G�*\�GR�QLHVNR�F]RQR�FL��:\OLF]DP\�JR�SU]HPQD*DM�F� VWDZNL�Z�SRV]F]HJyO�Q\FK�NODVDFK�SU]H]�RGSRZLDGDM�FH�W\P�NODVRP�SUDZGRSRGRELH�VWZD�UR]NáDGX�VWDFMRQDUQHJR�
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�UHGQL� VWDFMRQDUQ\� SR]LRP� VNáDGNL� MHVW�ZL
F� IXQNFM��� NWyUHM� DUJXPHQWDPL� V� ZVSyáF]\QQLNL�F]
VWR�FL� V]NyG�� -HM� ZDUWR�FL� ]DOH*� RG� F]
VWR�FL� V]NyG� O ZáD�FLZHM� GDQHPX� XEH]SLHF]RQHPX���UHGQL� SR]LRP� VNáDGNL� Z\UD*RQ\� MHVW� MDNR� XG]LDá� Z� VNáDGFH� SRGVWDZRZHM�� 3U]\NáDGRZR��3������ ����R]QDF]D��*H�VNáDGND�SáDFRQD�SU]H]�XEH]SLHF]RQHJR��NWyUHJR�UR]NáDG�OLF]E\�V]NyG�WR�UR]NáDG�3RLVVRQD�R�SDUDPHWU]H�O ������E
G]LH�G�*\áD�GR�SR]LRPX�����VNáDGNL�SRGVWDZRZHM��JG\�OLF]ED� RNUHVyZ�Q�G�*\�GR�QLHVNR�F]RQR�FL��3U]HELHJ� IXQNFML�3�O�� MHVW� Uy*Q\�GOD� Uy*Q\FK� V\VWH�PyZ�ERQXV�PDOXV�
'OD�QDV]HJR�SURVWHJR�SU]\NáDGX�PR*HP\�Z\]QDF]\ü�RJyOQ� SRVWDü�IXQNFML�3�O���3U]\MPXM�F�
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3RUyZQ\ZDQLH� ZDUWR�FL� IXQNFML� 3�O�� GOD� Uy*Q\FK� V\VWHPyZ� QDVWU
F]D� SHZQ\FK� WUXGQR�FL��

������

������

������



��

:\QLNDM� RQH�]�Uy*QRURGQR�FL�V\VWHPyZ�ERQXV�PDOXV��:DUWR�ü�VNáDGNL�SRGVWDZRZHM�Z�Uy*Q\FK�NUDMDFK�PR*H�VL
 Uy*QLü��SRQDGWR�± FR�SRND]DQR�QD�SU]\NáDG]LH�V\VWHPX�Z�:LHONLHM�%U\WDQLL�± ]D������PR*H�E\ü�SU]\M
W\�GRZROQ\�SR]LRP��QLHNRQLHF]QLH�VNáDGND�SáDFRQD�SU]H]�XEH]SLHF]RQ\FK�Z�NODVLH�ZVW
SX�
=� WHJR� SRZRGX�/HPDLUH� >����@�� V�� ���� ]DSURSRQRZDá� LQQ� PLDU
 RNUH�ODQ� MDNR�Z]JO
GQ\�VWDFMRQDUQ\�RF]HNLZDQ\�SR]LRP�VNáDGNL��DQJ��UHODWLYH�VWDWLRQDU\�DYHUDJH�OHYHO��Z�VNUyFLH�56$/��
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:VND(QLN�WHQ�RNUH�OD�Z]JO
GQ� SR]\FM
 SU]HFL
WQHJR�XEH]SLHF]RQHJR��Z�V\WXDFML��NLHG\�QDM�QL*V]HM�PR*OLZHM�VNáDGFH�SU]\SRU]�GNXMHP\����]D� QDMZ\*V]HM�± ���1LVNLH�ZDUWR�FL�56$/ ZVND]X�M� QD� VLOQ� WHQGHQFM
 VNXSLDQLD� VL
 SROLV�Z� NODVDFK� V\VWHPX�R�QDMZL
NV]\FK� ]QL*NDFK��:\VRNLH�ZDUWR�FL�WHM�PLDU\�VXJHUXM� OHSV]H�UR]áR*HQLH�SROLV�Z�SRV]F]HJyOQ\FK�NODVDFK��
1LHáDWZR�SRGDü�MHGQR]QDF]Q� UHJXá
 GRW\F]�F� RSW\PDOQHM�ZDUWR�FL�WHJR�ZVND(QLND��:HGáXJ�WZyUF\� WHM�PLDU\�Z�LGHDOQHM�V\WXDFML�PLDUD� WD�SRZLQQD�RVF\ORZDü�ZRNyá�����GOD�SU]HFL
WQHM�F]
�VWR�FL�V]NyG��/HPDLUH�>����@��V�������7UXGQR�MHGQDN�]�W\P�Z\PRJLHP�VL
 ]JRG]Lü��SRZRáXM�F�VL
FKRFLD*E\�QD�SU]\NáDG�)UDQFML��$E\�ZH�IUDQFXVNLP�V\VWHPLH�ERQXV�PDOXV 56$/ �O��PyJá�Z\QRVLü������3�O��PXVL�E\ü�UyZQH����FR�R]QDF]D�*H�SU]HFL
WQ\�XEH]SLHF]RQ\�PXVLDáE\�SáDFLü��GRFHORZR��SR�Z\VWDUF]DM�FHM� OLF]ELH� ODW�� VNáDGN
 GZD� UD]\�ZL
NV]� QL* VNáDGND�SRF]�WNRZD�� FR� MHVW� UDF]HM�QLHUHDOQ\P�]DáR*HQLHP��
0DQNDPHQWHP�PLDU\�56$/ MHVW� IDNW�� *H� QD� MHM�Z\VRNR�ü� RJURPQ\�ZSá\Z�PD�PDNV\PDOQD�VNáDGND��6NáDGND�Z�QDMZ\*V]HM�NODVLH�PDOXV�MHVW�W\PF]DVHP�F]
VWR�XVWDODQD�QD�DEVWUDNF\MQLH�Z\�VRNLP� SR]LRPLH����:� V\WXDFML�� JG\� Z� U]HF]\ZLVWR�FL� EDUG]R� QLHZLHOND� IUDNFMD� XEH]SLHF]RQ\FK�]QDMGXMH�VL
 Z�WHM�NODVLH��PDNV\PDOQD�VNáDGND�QLH�SRZLQQD�Z�WDN�GX*\P�VWRSQLX�RGG]LDá\ZDü�QD�SR]LRP�ZVND(QLND�56$/�
0RG\ILNDFM� SRZ\*V]HM�PLDU\��NWyU� PR*QD�Z�W\P�PLHMVFX�]DSURSRQRZDü��MHVW�
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5y*QL�VL
 RQD�RG�SRSU]HGQLHM�PLDU\�W\P��*H�PDNV\PDOQD�VNáDGND�MHVW�]DVW�SLRQD�SU]H]�VNáDG�N
 SRF]�WNRZ� EL���1LH�PR*QD�MHM�REOLF]\ü�Z�V\WXDFML��JG\�NODVD�ZVW
SX�MHVW�MHGQRF]H�QLH�NODV� R�QDMQL*V]HM�VNáDGFH��FR� MHGQDN�Z�SUDNW\FH�VL
 QLH�]GDU]D��2SW\PDOQ� ZDUWR�FL� WHM�PLDU\�MHVW�� MDN�VL
 Z\GDMH��56$/� ���.LHG\�PLDUD�MHVW�UyZQD�MHGQR�FL��V\VWHP�ERQXV�PDOXV PR*QD�QD]ZDü�]UyZ�QRZD*RQ\P�ILQDQVRZR�
2F]\ZL�FLH�Z\PLHQLRQH�SRZ\*HM�PLDU\�PR*QD�RGQLH�ü�QLH� W\ONR�GR�SRMHG\QF]HJR�XEH]SLH�F]RQHJR�� OHF]� UyZQLH* GR� SRUWIHOD� KHWHURJHQLF]QHJR��:� WDNLHM� V\WXDFML�ZH�Z]RUDFK� ������������]QLND�SDUDPHWU�O�� ]D� �UHGQL� VWDZN
 3�O��REOLF]RQ� GOD�RNUH�ORQHM�F]
VWR�FL� V]NyG�O ]DVW
SXMH��UHGQL�VWDFMRQDUQ\�SR]LRP�3�GOD�FDáHJR�SRUWIHOD��
�UHGQL�SR]LRP�3�PR*QD�Z\]QDF]\ü�]D�SRPRF� FDáNL�
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JG]LH�3�O��WR�IXQNFMD�X]DOH*QLDM�FD�VWDFMRQDUQ\�RF]HNLZDQ\�SR]LRP�VNáDGNL�RG�O��]D� J�O��WR�IXQNFMD�J
VWR�FL�SDUDPHWUX�O Z�KHWHURJHQLF]Q\P�SRUWIHOX��3RQLHZD* Z�WHM�SUDF\�GOD�SRUWIHOD�KHWH�URJHQLF]QHJR�VWRVXMH�VL
 PRGHO�XMHPQ\�GZXPLDQRZ\��IXQNFMD�J�O�� WR�IXQNFMD�J
VWR�FL�UR]NáDGX�JDPPD�R�SDUDPHWUDFK�E�L�S �Z]yU������
'\VSRQXM�F�Z\JRGQ\P QDU]
G]LHP�Z�SRVWDFL�UR]NáDGX�VWDFMRQDUQHJR��D�FR�]D�W\P�LG]LH�PD�M�F�PR*OLZR�ü�Z\]QDF]HQLD�VWDFMRQDUQHJR�SR]LRPX�VNáDGNL�GOD�]DGDQHM�ZDUWR�FL�O��PR*HP\�]D�GDü�S\WDQLH��Z�MDNL�VSRVyE�3�O��X]DOH*QLRQH�MHVW�RG�U\]\ND�PLHU]RQHJR�SDUDPHWUHP�O��5R]ZD*D�M�F�W
 NZHVWL
 PR*QD�EDGDü�Z\NUHV�IXQNFML�3�O��Z�LQWHUHVXM�F\P�QDV�SU]HG]LDOH�ZDUWR�FL�O �E
�G]LH� WR�SU]HG]LDá�QDMF]
VWV]\FK�ZDUWR�FL�SDUDPHWUX�O��QD�SU]\NáDG�SU]HG]LDá����������PR*QD�UyZ�QLH* ]DVWRVRZDü�SRPLDU�HODVW\F]QR�FL�
(ODVW\F]QR�ü V\VWHPX�ERQXV�PDOXV MHVW�PLDU� UHDNFML�V\VWHPX�QD�]PLDQ
 Z�F]
VWR�FL�V]NyG��-HVW�U]HF]� RF]\ZLVW���*H�Z�UDFMRQDOQLH�VNRQVWUXRZDQ\P�V\VWHPLH�ERQXV�PDOXV�Z\VRNR�ü�VNáDGNL�SáDFRQHM� SU]H]� XEH]SLHF]RQHJR� SRZLQQD� E\ü� URVQ�FD� IXQNFM� SDUDPHWUX�O��:� LGHDOQHM� V\WXDFML�]DOH*QR�ü�WD�SRZLQQD�E\ü�OLQLRZD�± Z]JO
GQ\�Z]URVW�F]
VWR�FL�V]NyG�SRZLQLHQ�SRZRGRZDü�WDNL�VDP� Z]JO
GQ\� SU]\URVW� Z\VRNR�FL� VNáDGNL�� ,QWXLF\MQLH�� MH�OL� ZVND(QLN� F]
VWR�FL� V]NyG� MHGQHJR�XEH]SLHF]RQHJR�Z\QRVL� ������ ]D� GUXJLHJR� ± ������ WR� Z� GáXJLP� RNUHVLH� GUXJL� SRZLQLHQ� SáDFLü�VNáDGN
 R�����Z\*V]� QL* SLHUZV]\��6\VWHP�ERQXV�PDOXV ]�WDN� ZáDVQR�FL� E\áE\�GRVNRQDOH�HOD�VW\F]Q\��:� SUDNW\FH� MHGQDN�Z]URVW� VNáDGNL� E
G]LH�Z�ZL
NV]R�FL� SU]\SDGNyZ� QL*V]\� QL* ������
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 ZLHOH�UD]\��.LHG\�]QDP\�IXQNFM
 VWUXNWXU\�SRUWIHOD��IXQNFM
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1D� SRGVWDZLH� ZSURZDG]RQHJR� Z� SRSU]HGQLP� SRGUR]G]LDOH� SRM
FLD� HODVW\F]QR�FL�� PR*QD�UyZQLH* SU]HGVWDZLü�Z\NUHV\� IXQNFML�HODVW\F]QR�FL�GOD�ND*GHJR�]�RPDZLDQ\FK�V\VWHPyZ��2EOL�F]HQLH�ZDUWR�FL�IXQNFML�HODVW\F]QR�FL�Z\PDJD�]QDMRPR�FL�QDVW
SXM�FHM�SRFKRGQHM�

������
������



��

� � � � LV
L

L EGGDGG3 ¦  � OOOO
=�UyZQD� ����� L� ������ SR�]Uy*QLF]NRZDQLX�RWU]\PDü�PR*QD�XNáDG� UyZQD� XPR*OLZLDM�F\�Z\]QDF]HQLH�ZDUWR�FL�GDL�O��GO��0D�RQ�SRVWDü�� � � � � � � � � �OOOOOOOO GG0D0GDGGDG � 

� � ��  ¦ VL LGGD OO
3RFKRGQ� PDFLHU]\�SU]HM�FLD�G0�O��GO Z�SU]\SDGNX��JG\�OLF]ED�V]NyG�]�SRMHG\QF]HM�SROLV\�PD�UR]NáDG�3RLVVRQD��PR*HP\�REOLF]\ü�QD�SRGVWDZLH�QDVW
SXM�FHJR�Z]RUX��SRZVWDáHJR�]H�]Uy*�QLF]NRZDQLD�Z]RUX��������� � � � � NN

N
NN

N 7NNH7GGSGG0 ¹̧·©̈§ �  ¦¦ f
 

�f
 ���� OOOOOO O

.RU]\VWDM�F�]�SRZ\*V]\FK�Z]RUyZ�PR*QD�REOLF]\ü�ZDUWR�ü�IXQNFML�HODVW\F]QR�FL�GDQHJR�V\V�WHPX�ERQXV�PDOXV�GOD�GRZROQHJR�SDUDPHWUX�O�
1D�Z\NUHVLH���� SU]HGVWDZLRQR�HODVW\F]QR�ü�Z\EUDQ\FK�V\VWHPyZ�ERQXV�PDOXV��)XQNFMD�HOD�VW\F]QR�FL�PD�GOD�ZV]\VWNLFK�EDGDQ\FK�V\VWHPyZ�SRGREQ\�SU]HELHJ��'OD�O � SU]\MPXMH�RQD�ZDU�WR�ü����FR�Z\QLND�EH]SR�UHGQLR�]H�Z]RUX���������:�SU]HG]LDOH���� ���RVL�JD�GOD�ZV]\VWNLFK�GRW�G�RSLVDQ\FK�V\VWHPyZ�PDNVLPXP��QDVW
SQLH�PDOHMH�MHGQRVWDMQLH�GR�QLHVNR�F]RQR�FL��
:DUWR�FL�IXQNFML�HODVW\F]QR�FL�]DVDGQLF]R�QLH�SU]HNUDF]DM� MHGQR�FL��:\M�WNLHP�V� WX�V]ZDM�FDUVNLH�V\VWHP\�ERQXV�PDOXV �VWDU\�L�QRZ\���GOD�NWyU\FK�]DREVHUZRZDü�PR*QD�U]DGNL�SU]\SDGHN�ÄQDGHODVW\F]QR�FL´�Z�SU]HG]LDáDFK� ������������ ± VWDU\� V\VWHP� L� ������������± QRZ\�V\VWHP��'OD�QDMF]
�FLHM�VSRW\NDQ\FK�ZDUWR�FL�SDUDPHWUX�O��K�O��MHVW�UDF]HM�QLVNLH��

:\NUHV������(ODVW\F]QR�ü�Z\EUDQ\FK�V\VWHPyZ�ERQXV�PDOXV�

������

������
������

������



��

%HOJLD��QRZ\�1,HPF\��QRZ\�6]ZDMFDULD�QRZ\�6]ZHFMD:LHOND�%U\WDQLD&]
VWR�ü�V]NyG

(ODVW
\F]QR

�ü

���

���

���

���

���

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �
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6\VWHP�ERQXV�PDOXV 3����� 56$/������6]ZDMFDULD��QRZ\� ������ ������%HOJLD��QRZ\� ������ ������6]ZHFMD ������ ������:LHOND�%U\WDQLD ������ ������1LHPF\��QRZ\� ������ ������6]ZDMFDULD��VWDU\� ������ ������+RODQGLD ������ ������%HOJLD��VWDU\� ������ ������1LHPF\��VWDU\� ������ ������:LHOND�%U\WDQLD��FKUR�QLRQ\� ������ ������

������
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7DEOLFD������2F]HNLZDQ\�VWDFMRQDUQ\�SR]LRP�VNáDGNL�Z�FDá\P�SRUWIHOX�RUD]�ZDUWR�FL�PLD�U\�UyZQRZDJL�GOD�EDGDQ\FK�V\VWHPyZ�ERQXV�PDOXV�

'UyGáR��2EOLF]HQLD�ZáDVQH�&LHNDZH�RND]XMH�VL
 SRUyZQDQLH�ZDUWR�FL�PLDU�GOD�V\VWHPyZ�VWRVRZDQ\FK�Z�NUDMDFK��JG]LH�NRQVWUXNFMD� V\VWHPX�XOHJáD�]PLDQLH��'RW\F]\� WR�6]ZDMFDULL��%HOJLL� L�1LHPLHF��NWyUH�Z� WDEOLFDFK�UHSUH]HQWRZDQH� V� SRGZyMQLH� �V\VWHP� SU]HG� ]PLDQ� RNUH�ORQ\� MHVW� MDNR� ÄVWDU\´�� ]D� V\VWHP� SR�]PLDQLH�MDNR�ÄQRZ\´���:H�ZV]\VWNLFK�WU]HFK�SU]\SDGNDFK�ZDUWR�FL�PLDU�]DUyZQR�HODVW\F]QR�FL��MDN� UyZQRZDJL�GOD�ÄQRZHJR´�V\VWHPX�NRU]\VWQLHMV]H�V� QL* GOD�V\VWHPX�ÄVWDUHJR´��0R*QD�ZL
F�SRZLHG]LHü��*H�ZH�ZV]\VWNLFK�W\FK�SD�VWZDFK�]PLDQ\�SRV]á\�ZH�ZáD�FLZ\P�NLHUXQNX��WR�]QDF]\�Z�NLHUXQNX�]ZL
NV]DQLD�HODVW\F]QR�FL�RUD]�]PQLHMV]DQLD�QLHUyZQRZDJL�V\VWHPX��(IHNW�WHQ�RVL�JD�VL
 VWRVXM�F� VXURZV]H� UHJXá\� SU]HM�FLD� �]ZL
NV]DM�F� ]Z\*NL� NDU]�FH� ]D� SRSHáQLHQLH� V]NRG\���=ZL
NV]HQLH�HIHNW\ZQR�FL� WDU\ILNDF\MQHM�V\VWHPX�]PQLHMV]D�ZL
F� MHJR�DWUDNF\MQR�ü�PDUNHWLQJR�Z���6XURZH�UHJXá\�SU]HM�FLD�V� ERZLHP�]�SXQNWX�ZLG]HQLD�NOLHQWD�QLHNRU]\VWQH��D�F]DVHP�XZD*D�QH� V� ZU
F]� ]D� QLHVSUDZLHGOLZH��8EH]SLHF]\FLHO� VWDMH�ZL
F�SU]HG�G\OHPDWHP��SRZL
NV]Dü�HIHN�W\ZQR�ü� WDU\ILNDF\MQ� V\VWHPX�F]\�GEDü�R�MHJR�DWUDNF\MQR�ü�]�SXQNWX�ZLG]HQLD�NOLHQWD��:áD�QLH�WURVND� R� DWUDNF\MQR�ü�PDUNHWLQJRZ� L�Z\PRJL� NRQNXUHQFML� U\QNRZHM�Z\GDM� VL
 E\ü�JáyZQ\PL�SU]\F]\QDPL� RJUDQLF]RQHM� HIHNW\ZQR�FL�� D� V]F]HJyOQLH� GX*HM� QLHUyZQRZDJL� V\VWHPyZ� ERQXV�PDOXV�

6\VWHP�ERQXV�PDOXV 3 56$/�6]ZDMFDULD�QRZ\� ������ ������%HOJLD�QRZ\� ������ ������6]ZDMFDULD�VWDU\� ������ ������%HOJLD�VWDU\� ������ ������+RODQGLD ������ ������6]ZHFMD ������ ������:LHOND�%U\WDQLD ������ ������1LHPF\��QRZ\� ������ ������1LHPF\�VWDU\� ������ ������:LHOND�%U\WDQLD��FKUR�QLRQ\� ������ ������



��
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5R]G]LDá����6\VWHP�ERQXV�PDOXV Z�3ROVFH��2FHQD�L�VXJHVWLH�]PLDQ�
�����.DONXODFMD�VNáDGHN�Z�XEH]SLHF]HQLDFK�NRPXQLNDF\MQ\FK�Z�3ROVFH�

2PDZLDM�F� V\VWHP� WDU\ILNDF\MQ\� VWRVRZDQ\�Z� 3ROVFH� Z� XEH]SLHF]HQLDFK� VDPRFKRGRZ\FK��QDOH*\� UR]JUDQLF]\ü�V\VWHP� VWRVRZDQ\�Z�XEH]SLHF]HQLX�RGSRZLHG]LDOQR�FL� F\ZLOQHM�SRVLDGDF]\�SRMD]GyZ�RUD]�Z�XEH]SLHF]HQLX�DXWRFDVFR ]H�Z]JO
GX�QD�]QDF]QH�Uy*QLFH�PL
G]\�QLPL��'ODWHJR�WH* Z�W\P�SRGUR]G]LDOH�WH�GZD�SU]\SDGNL�]RVWDQ� RPyZLRQH�RGG]LHOQLH�± QDMSLHUZ�]RVWDQLH�RSL�VDQD�NDONXODFMD�VNáDGHN�Z�2&��D�QDVW
SQLH�Z�XEH]SLHF]HQLX�DXWRFDVFR�
7DN�MDN�WR�PD�PLHMVFH�Z�LQQ\FK�NUDMDFK�HXURSHMVNLFK��UyZQLH* Z�3ROVFH�RERZL�]NRZH�XEH]�SLHF]HQLD� RGSRZLHG]LDOQR�FL� F\ZLOQHM� SRGOHJDM� EDUG]LHM� V]F]HJyáRZ\P� UHJXODFMRP� SUDZQ\P��QL* XEH]SLHF]HQLD�GREURZROQH��8VWDZD�R�G]LDáDOQR�FL�XEH]SLHF]HQLRZHM�]������ URNX�SUHF\]XMH��*H�RJyOQH�ZDUXQNL�XEH]SLHF]HQLD��MDN�UyZQLH* SRGVWDZRZ\�V\VWHP�WDU\I��RNUH�OD�Z�GURG]H�UR]SR�U]�G]HQLD�0LQLVWHU�)LQDQVyZ��ÏZ�V\VWHP�WDU\I�PD��]JRGQLH�]�XVWDZ���]DSHZQLDü�SRUyZQ\ZDOQR�ü�WDU\I�Uy*Q\FK�]DNáDGyZ�XEH]SLHF]H� L�X]DOH*QLDü� VWRVRZDQ� WDU\I
 RG�GáXJR�FL�RNUHVX�EH]V]NR�GRZHJR��$UW����SNW���XVWDZ\�R�G]LDáDOQR�FL�XEH]SLHF]HQLRZHM���:DUWR�]DXZD*\ü��*H�GUXJL�]�Z\�PLHQLRQ\FK�SRVWXODWyZ� MHGQR]QDF]QLH�ZVND]XMH�QD�]DVWRVRZDQLH� V\VWHPX�ERQXV�PDOXV�Z�XEH]�SLHF]HQLDFK� 2&�� =DNáDG� XEH]SLHF]H� PD� SUDZR� GR� UR]EXGRZDQLD� SRGDQHJR�Z� UR]SRU]�G]HQLX�V\VWHPX�WDU\I��SRSU]H]�ZSURZDG]HQLH�GR�V\VWHPX�WDU\I�LQQ\FK�F]\QQLNyZ�ZSá\ZDM�F\FK�QD�V]NR�GRZR�ü�RERN�W\FK��NWyUH�Z\QLNDM� ]�UR]SRU]�G]HQLD�0LQLVWUD�)LQDQVyZ��SNW�����'R�]DNáDGX�XEH]�SLHF]H� QDOH*\�UyZQLH* XVWDODQLH�Z\VRNR�FL�VWDZHN�XEH]SLHF]HQLRZ\FK��SNW�����:\UD(Q\P�RJUD�QLF]HQLHP�VZRERG\�XEH]SLHF]\FLHOD� MHVW�EUDN�PR*OLZR�FL�RGPRZ\�]DZDUFLD�XEH]SLHF]HQLD�RER�ZL�]NRZHJR��SNW����
2JyOQH�ZDUXQNL�QDMSRZV]HFKQLHMV]HJR�XEH]SLHF]HQLD�RERZL�]NRZHJR��MDNLP MHVW�2&�NRPX�QLNDF\MQH��RNUH�OD�UR]SRU]�G]HQLH�0LQLVWUD�)LQDQVyZ�]������URNX��5R]G]LDá�����SDUDJUDI\��������WHJR�UR]SRU]�G]HQLD�ZVND]XMH��MDN�SRZLQLHQ�Z\JO�GDü�V\VWHP�WDU\I�Z�W\P�XEH]SLHF]HQLX��=JRG�QLH�]�SDUDJUDIHP�����V\VWHP�WDU\I�XVWDODQ\�MHVW�QD�SRGVWDZLH�RFHQ\�L�NODV\ILNDFML�U\]\ND�SU]HMPR�ZDQHJR�SU]H]�XEH]SLHF]\FLHOD�Z�UDPDFK�XEH]SLHF]HQLD�2&��D�WDN*H�VWRVRZDQ\FK�Z�W\P�XEH]SLH�F]HQLX�]QL*HN�VNáDGNL�]�W\WXáX�EH]V]NRGRZHJR�RNUHVX�XEH]SLHF]HQLD�L�SRGZ\*HN�VNáDGNL�]�XZDJL�QD� V]NRGRZ\� SU]HELHJ� XEH]SLHF]HQLD� �FKRG]L� WX� R V\VWHP�ERQXV�PDOXV���2FHQD� U\]\ND� PD� E\ü�GRNRQ\ZDQD� QD� SRGVWDZLH� GDQ\FK� VWDW\VW\F]Q\FK� SU]HELHJX� V]NRGRZR�FL�� D�Z� UD]LH� EUDNX� W\FK�



���

GDQ\FK�QD�SRGVWDZLH�RSLQLL� U]HF]R]QDZFyZ��SDUDJUDI����SNW�����3RQDGWR�NODV\ILNDFMD�SRMD]GyZ�SRZLQQD� XZ]JO
GQLDü ]EOL*RQH� SDUDPHWU\� WHFKQLF]QH� L� HNVSORDWDF\MQH� SRMD]GyZ� RUD]� FKDUDNWHU�LFK� X*\WNRZDQLD��ZSá\ZDM�FH� QD� ]ZL
NV]HQLH� OXE� ]PQLHMV]HQLH� U\]\ND� XEH]SLHF]HQLRZHJR� �SNW����
=JRGQLH�]�SDUDJUDIHP����UR]SRU]�G]HQLD��XEH]SLHF]\FLHO�XVWDOD�SRGVWDZRZ� VWDZN
 VNáDGNL�XEH]SLHF]HQLRZHM�QD� URF]Q\�RNUHV�XEH]SLHF]HQLD��8VWDORQD�SU]H]�XEH]SLHF]\FLHOD�VNáDGND�XEH]�SLHF]HQLRZD�QD�GZXQDVWRPLHVL
F]Q\�RNUHV�XEH]SLHF]HQLD�PR*H�E\ü�Z�RNUHVLH� WUZDQLD�XEH]SLH�F]HQLD�SRGZ\*V]RQD��MH*HOL�Z�FL�JX�MHGQHJR�NZDUWDáX��UHGQL�Z]URVW�FHQ�Z�JRVSRGDUFH�QDURGRZHM�SU]HNURF]\� ����Z� VWRVXQNX� GR� DQDORJLF]Q\FK� ZVND(QLNyZ� NZDUWDáX� SRSU]HG]DM�FHJR�� XVWDOH�W\FK�GRNRQXMH�XEH]SLHF]\FLHO�QD�SRGVWDZLH�RGSRZLHGQLFK�REZLHV]F]H� 3UH]HVD�*áyZQHJR�8U]
�GX�6WDW\VW\F]QHJR��SDUDJUDI������3DUDJUDI����UR]SRU]�G]HQLD�]DZLHUD�UHJXODFMH�GRW\F]�FH�V\VWHPX�ERQXV�PDOXV��NWyUH�]RVWDQ� RPyZLRQH�Z�QDVW
SQ\P�SRGUR]G]LDOH�
:�ZL
NV]R�FL� SROVNLFK� WRZDU]\VWZ� XEH]SLHF]HQLRZ\FK� VNáDGND� ]D� XEH]SLHF]HQLH� RGSRZLH�G]LDOQR�FL�F\ZLOQHM�SRVLDGDF]\�SRMD]GyZ�PHFKDQLF]Q\FK�QDOLF]DQD�MHVW�Z�RSDUFLX�R�WU]\�SRGVWD�ZRZH�F]\QQLNL�WDU\ILNDF\MQH��SRMHPQR�ü�VNRNRZ� VLOQLND��VWUHI
 UHJLRQDOQ���Z�NWyUHM�]DUHMHVWUR�ZDQ\�MHVW�VDPRFKyG��RUD]�GRW\FKF]DVRZ\�SU]HELHJ�XEH]SLHF]HQLD�RSLVDQ\�]D�SRPRF� NODV�WDU\IR�Z\FK�ERQXV�PDOXV �SRU��%LXOHW\Q�3818�>����@��V� �����
&KDUDNWHU\VW\F]Q\�GOD�SROVNLHJR�U\QNX�XEH]SLHF]HQLRZHJR�MHVW�Z\EyU�SRMHPQR�FL�VNRNRZHM�VLOQLND��D�QLH�± MDN�PD� WR�PLHMVFH�Z�SU]\SDGNX�ZL
NV]R�FL�NUDMyZ�HXURSHMVNLFK�± PRF\�VLOQLND��MDNR� JáyZQHM� FHFK\� RSLVXM�FHM� XEH]SLHF]RQ\� SRMD]G��']LHMH� VL
 WDN��PLPR�*H� ]GDQLHP� VSHFMDOL�VWyZ��NRUHODFMD�SRPL
G]\�SRMHPQR�FL� VLOQLND�D�V]NRGRZR�FL� MHVW�PQLHM�]QDF]QD�QL* Z�SU]\SDG�NX�PRF\�VLOQLND��SRU��QS��%LXOHW\Q�3818�>����@��V� ����=�XZDJL�QD�SRáR*HQLH�JHRJUDILF]QH�]DNáD�G\�XEH]SLHF]H� XVWDODM� Uy*QH�SR]LRP\�VNáDGHN��W]Z��VWUHI\ UHJLRQDOQH��GOD�Uy*Q\FK�WHU\WRULyZ��2�SU]\QDOH*QR�FL� GR� GDQHM� VWUHI\� UHJLRQDOQHM� GHF\GXMH�ZVND(QLN� F]
VWR�FL�Z\SDGNyZ� L�Z\VRNR�ü�Z\SáDFRQ\FK� RGV]NRGRZD� Z�GDQ\P�UHJLRQLH��ZRMHZyG]WZLH� LWS��3RG]LDá� QD� UHJLRQ\� ]GHWHUPL�QRZDQ\�MHVW�F]
VWR�SU]H]�VWUXNWXU
 WHU\WRULDOQ� RGG]LDáyZ�E�G( LQVSHNWRUDWyZ�WRZDU]\VWZD�XEH]�SLHF]HQLRZHJR��0R*H�UyZQLH* SRNU\ZDü�VL
 ]�GDZQ\P�OXE�QRZ\P�SRG]LDáHP�DGPLQLVWUDF\MQ\P�



���

QD� ZRMHZyG]WZD�� =� WHM� VWUXNWXU\� Z\RGU
EQLRQH� V� QDMF]
�FLHM� GX*H� DJORPHUDFMH� PLHMVNLH� ]H�Z]JO
GX�QD�]QDF]QLH�ZL
NV]� V]NRGRZR�ü�Z�SRUyZQDQLX�]�REV]DUHP�ZLHMVNLP���
2SUyF]�Z\*HM�Z\PLHQLRQ\FK�WU]HFK�F]\QQLNyZ�WDU\ILNDF\MQ\FK�]DNáDG\�XEH]SLHF]H� VWRVXM�Z�XEH]SLHF]HQLDFK�2&�Uy*QH�GRGDWNRZH�SRGZ\*NL�L�]QL*NL�VNáDGNL��6� RQH�Uy*QH�GOD�Uy*Q\FK�]D�NáDGyZ�� 1DMEDUG]LHM� W\SRZH� ]� QLFK�� WR�� ]QL*ND� ]D� NRQW\QXDFM
 XEH]SLHF]HQLD� 2&� Z� ]DNáDG]LH�XEH]SLHF]H���]QL*ND�]D� MHGQRUD]RZ� RSáDW
 VNáDGNL�DOER�± FR� MHVW� UyZQR]QDF]QH�± SRGZ\*ND�]D�SáDWQR�ü�UDWDOQ���]QL*NL�]D�LQQH�XEH]SLHF]HQLD�Z\NXSLRQH�Z�W\P�VDP\P�]DNáDG]LH��GRW\F]\�WR�Z�V]F]HJyOQR�FL� LQQ\FK�XEH]SLHF]H� NRPXQLNDF\MQ\FK��$&�L� U]DG]LHM�1:���]QL*NL�]D� OLF]E
 XEH]�SLHF]RQ\FK�SRMD]GyZ��]Z\*NL�]D�VSRVyE�X*\WNRZDQLD�VDPRFKRGX��MD]G\�SUyEQH��FHOH�]DURENRZH��QDXND� MD]G\��Z\QDMHP��XF]HVWQLFWZR�Z�UDMGDFK� LWS����1LHNWyUH�]DNáDG\�Z�V\VWHPDFK� WDU\ILNDF\M�Q\FK� XEH]SLHF]H� NRPXQLNDF\MQ\FK� 2&� XZ]JO
GQLDM� UyZQLH* RNUHV� SRVLDGDQLD� SUDZD� MD]G\��ZLHN� SRMD]GX� OXE�ZLHN� NLHURZF\��6]F]HJyOQ\P� URG]DMHP� ]QL*NL� MHVW� ���SURFHQWRZD� ]QL*ND� GOD�RVyE�PDM�F\FK�XSUDZQLHQLD�NRPEDWDQFNLH�OXE�LQZDOLGyZ�ZRMHQQ\FK�L�ZRMVNRZ\FK��:\QLND�RQD�]� XUHJXORZD� XVWDZRZ\FK� L� ]� WHJR� SRZRGX� MHVW� SU]\VáXJXMH� RQD� RVRERP� XSUDZQLRQ\P� ZH�ZV]\VWNLFK�]DNáDGDFK�XEH]SLHF]H����
:�]ZL�]NX�]�UR]EXGRZDQ\P�V\VWHPHP�]QL*HN�]�Uy*Q\FK�W\WXáyZ��ZL
NV]R�ü�WRZDU]\VWZ�]D�PLHV]F]D�Z� VZRLFK� WDU\IDFK� ]DVWU]H*HQLH� L* VNáDGND� SR� XZ]JO
GQLHQLX�ZV]\VWNLFK� UDEDWyZ�QLH�PR*H�E\ü�QL*V]D�RG�RNUH�ORQHM�NZRW\��]�UHJXá\����������OXE�����VNáDGNL�SRGVWDZRZHM��
6WUXNWXUD� WDU\I� XEH]SLHF]H� $&� QLH� SRGOHJD� XUHJXORZDQLRP� XVWDZRZ\P�� MHGQDN� Z\PRJL�NRQNXUHQFML� VSUDZLDM��� *H� UyZQLH* Z�SU]\SDGNX� W\FK� XEH]SLHF]H� ]DVDG\� QDOLF]DQLD� VNáDGHN� V�SRGREQH�GOD� Uy*Q\FK� ]DNáDGyZ��:�XEH]SLHF]HQLDFK�$&� V� RQH�EDUG]LHM� SU]HMU]\VWH� ]�XZDJL�QD�IDNW�� *H� SRGVWDZ
 QDOLF]DQLD� VNáDGNL� VWDQRZL� WX� VXPD� XEH]SLHF]HQLD� �VNáDGND� SRGVWDZRZD� MHVW�Z\UD*RQD�MDNR�SURFHQW�VXP\�XEH]SLHF]HQLD��QS�������GR��������Z�78L5�:DUWD�6$���
'RNáDGQ� VWDZN
 XVWDOD�VL
 QD�SRGVWDZLH�GRGDWNRZ\FK�F]\QQLNyZ�WDU\ILNDF\MQ\FK��6� WR�QDM�F]
�FLHM��PDUND�OXE�NODVD�SRMD]GX�RUD]��SRGREQLH�MDN�Z�2&��VWUHID�UHJLRQDOQD��,QQ\PL�F]\QQLNDPL�ZSá\ZDM�F\PL� QD� SR]LRP� VNáDGNL� SRGVWDZRZHM�PRJ� E\ü� MHJR�ZDUWR�ü��ZLHN� SRMD]GX� �VNáDGND�SRGZ\*V]DQD�MHVW�GOD�VWDUV]\FK�SRMD]GyZ���ZLHN�ZáD�FLFLHOD�SRMD]GX�F]\�NUDM�SURGXNFML��3RQDGWR�

�� =HVWDZLHQLH�SUH]HQWXM�FH�SU]\SRU]�GNRZDQLH�E\á\FK�ZRMHZyG]WZ�RUD]�QLHNWyU\FK�PLDVW�GR�VWUHI� UHJLRQDOQ\FK�Z�XEH]�SLHF]HQLX�2&�NRPXQLNDF\MQ\P�Z�Z\EUDQ\FK�]DNáDGDFK�XEH]SLHF]H� �$OOLDQ]��&RPSHQVD��3ROLVD��3RORQLD��3=8��6DPRSRPRF��78.��]DPLHV]F]RQH�MHVW�Z�%LXOHW\QLH�3818�>����@��V�����L�Q���� 8VWDZD� ]� GQLD� ��� VW\F]QLD� ����� U�� R� NRPEDWDQWDFK�RUD]� QLHNWyU\FK�RVREDFK�E
G�F\FK�RILDUDPL� UHSUHVML�ZRMHQQ\FK� L�RNUHVX�ZRMHQQHJR��DUW�����XVW����± ']� 8��]������U��QU������SR]������



���

VNáDGND�SRGVWDZRZD�X]DOH*QLRQD�MHVW�RG�ZDULDQWX�XEH]SLHF]HQLD��QS��Z\á�F]HQLH�RSFML�NUDG]LH*\��REM
FLH�RFKURQ� V]NyG�SRZVWDá\FK�]D�JUDQLF���XEH]SLHF]HQLH�Z\SRVD*HQLD�GRGDWNRZHJR��]QLHVLH�QLH�XG]LDáX�ZáDVQHJR�LWG����:�]DOH*QR�FL�RG�W\FK�F]\QQLNyZ��D�WDN*H�RG�LQG\ZLGXDOQHM�RFHQ\�U\�]\ND��VWDZND�]D�XEH]SLHF]HQLH�$&�PR*H�VL
 NV]WDáWRZDü�Z�JUDQLFDFK�RG����GR�SRQDG�����VXP\�XEH]SLHF]HQLD��6]F]HFL�VND�>����@��V��9,,��
7DN� MDN�Z�SU]\SDGNX�XEH]SLHF]H� 2&��XEH]SLHF]HQL�PRJ� NRU]\VWDü�]H�]áR*RQHJR�V\VWHPX�]QL*HN�� ]� NWyU\FK� QDMSRZV]HFKQLHMV]H� V� ]QL*NL� ]D� EH]V]NRGRZR�ü� E
G�FH� HOHPHQWHP� V\VWHPX�ERQXV�PDOXV RPyZLRQHJR�GRNáDGQLHM��MH�OL�FKRG]L�R�UR]ZL�]DQLD�]DVWRVRZDQH�Z�3ROVFH��Z�NROHM�Q\P�SRGUR]G]LDOH��=QL*NL�SU]\]QDMH�VL
 UyZQLH* XEH]SLHF]RQ\P�]D�SRVLDGDQLH�Z�WHM�VDPHM�ILUPLH�SROLV\�2&�OXE�LQQ\FK�SROLV�XEH]SLHF]HQLRZ\FK��]D�Z]QRZLHQLH�XEH]SLHF]HQLD�Z�WHM�VDPHM�ILUPLH�QD�NROHMQ\�RNUHV�� ]D� MHGQRUD]RZ� �Z�SU]HFLZLH�VWZLH�GR� UDWDOQHM��RSáDW
 VNáDGNL��]D�GRGDWNRZH�XU]�G]HQLD�]DEH]SLHF]DM�FH�SU]HG�NUDG]LH*� OXE�Z\SDGNLHP��QS��$%6� LPPRELOLVHU��JDUD*RZDQLH�QD�SDUNLQJX�VWU]H*RQ\P�LWG����$QDORJLF]QLH�GR�NRPXQLNDF\MQHJR�XEH]SLHF]HQLD�2&��WRZDU]\VWZD�Z\]QDF]DM� GROQ\�OLPLW�VNáDGNL�SR�XZ]JO
GQLHQLX�ZV]\VWNLP�]QL*HN��1LH�PR*H�E\ü�RQD�QL*V]D�QL*�������� VNáDGNL� SRGVWDZRZHM�� 3RGZ\*NL� VNáDGNL� VWRVXMH� VL
 Z� ]ZL�]NX� ]� V\VWHPHP� ERQXV�PDOXV�� D� WDN*H�Z�SU]\SDGNX�PáRG\FK�NLHURZFyZ� �QD�SRGVWDZLH�RNUHVX�SRVLDGDQLD�SUDZD� MD]G\�OXE�ZLHNX�ZáD�FLFLHOD�SRMD]GX��
8PRZD�XEH]SLHF]HQLD�$&�Z�ZL
NV]R�FL�]DNáDGyZ�PR*H�E\ü�]DZDUWD�W\ONR�ZWHG\��JG\�XEH]�SLHF]DQ\�SRMD]G�Z\SRVD*RQ\�MHVW�Z�Z\PDJDQH��QDMF]
�FLHM�RSDWU]RQH�RGSRZLHGQLP�DWHVWHP��]D�EH]SLHF]HQLD��/LF]ED� L� URG]DM�QLH]E
GQ\FK�]DEH]SLHF]H� ]DOH*� RG�VXP\�XEH]SLHF]HQLD��RJyOQLH�U]HF]�ELRU�F�� LP�ZL
NV]D� VXPD�� W\P�ZL
FHM� ]DEH]SLHF]H� QDOH*\�SRVLDGDü�� DE\�XEH]SLHF]\ü�SR�MD]G��
0yZL�F�R� WDU\ILNDFML�XEH]SLHF]H� VDPRFKRGRZ\FK��QDOH*\�]ZUyFLü�XZDJ
 QD MHV]F]H� MHGHQ�LVWRWQ\� IDNW��:�RVWDWQLFK� ODWDFK�FRUD]�ZL
NV]� SRSXODUQR�ü�]\VNXM� XEH]SLHF]HQLD�SDNLHWRZH�� WR�]QDF]\� XEH]SLHF]HQLD� VDPRFKRGRZH� VSU]HGDZDQH� UD]HP� ]� QRZ\PL�SRMD]GDPL�� ,FK� VNáDGND� MHVW�HIHNWHP� QHJRFMDFML� SRPL
G]\� XEH]SLHF]\FLHOHP� D� ILUP� WUXGQL�F� VL
 VSU]HGD*� OXE� SURGXNFM�VDPRFKRGyZ��&]
VWR��QD�SU]\NáDG�Z�SU]\SDGNX�XEH]SLHF]H� RIHURZDQ\FK�Ä]D�GDUPR´�MDNR�GRGD�WHN�GR�NXSRZDQHJR�SRMD]GX��IDNW\F]QD�VNáDGND�SáDFRQD�SU]H]�VSU]HGDZF
 XEH]SLHF]\FLHORZL�QLH�MHVW�QDZHW�]QDQD�NOLHQWRZL��8EH]SLHF]HQLD� WH�V� IRUP� SURPRFML�VWRVRZDQ� SU]H]�]DNáDG\�XEH]�SLHF]H���SU]\�F]\P�V� UyZQLH* NRU]\VWQH�SRG�Z]JO
GHP�PDUNHWLQJRZ\P�]�SXQNWX�ZLG]HQLD�GH�DOHUyZ� VDPRFKRGRZ\FK�� VW�G� VNáDGND� ]D� WHQ� URG]DM� XEH]SLHF]HQLD� MHVW� QL*V]D�� QL* Z�SU]\SDGNX�



���

XPyZ�XEH]SLHF]H� ]DZLHUDQ\FK�Z�VSRVyE�WUDG\F\MQ\��1LH�XZ]JO
GQLD�VL
 ZyZF]DV�FDáHJR�V\VWH�PX�]QL*HN�L�]Z\*HN��ZL
F�VNáDGND�MHVW�XMHGQROLFRQD�GOD�ZV]\VWNLFK�QDE\ZFyZ�VDPRFKRGX��



���

�����=DVWRVRZDQLH�V\VWHPX�ERQXV�PDOXV�Z�XEH]SLHF]HQLDFK�2&�L�$&�Z�Z\�EUDQ\FK�ILUPDFK�XEH]SLHF]HQLRZ\FK��
3LHUZV]H�SUyE\�]DVWRVRZDQLD� V\VWHPX�ERQXV�PDOXV Z�XEH]SLHF]HQLDFK�NRPXQLNDF\MQ\FK�Z�3ROVFH�REVHUZXMHP\�MX* Z�ODWDFK�VLHGHPG]LHVL�W\FK�GZXG]LHVWHJR�ZLHNX��:�F]DVDFK�3ROVNL�/X�GRZHM� LVWQLDá� W\ONR� MHGHQ�]DNáDG�XEH]SLHF]H� �3=8���7DU\I\� VNáDGHN�QD�XEH]SLHF]HQLD�RERZL�]�NRZH�SXEOLNRZDQH�E\á\�Z�']LHQQLNX�8VWDZ�E�G( Z�0RQLWRU]H�3ROVNLP�Z�SRVWDFL�UR]SRU]�G]H�OXE� ]DU]�G]H� UHVRUWX� ILQDQVyZ�� 1D� SRGVWDZLH� RGSRZLHGQLFK� DNWyZ� SUDZQ\FK� PR*QD� ZL
F�VWZLHUG]Lü��MDN�NV]WDáWRZDáD�VL
 Z\VRNR�ü�RUD]�MDN�]PLHQLDá�VL
 VSRVyE�QDOLF]DQLD�VNáDGHN�Z�XEH]�SLHF]HQLDFK�NRPXQLNDF\MQ\FK�Z�NROHMQ\FK�ODWDFK�
=DU]�G]HQLH� 0LQLVWUD� )LQDQVyZ� ]� ����� URNX� ZSURZDG]LáR� Z� RERZL�]NRZ\FK� XEH]SLHF]H�QLDFK�NRPXQLNDF\MQ\FK�UHJXá\�QDOLF]DQLD�VNáDGHN�X]DOH*QLRQH�RG�SU]HELHJX�XEH]SLHF]HQLD��NWyUH�PR*QD�X]QDü�]D�GR�ü�SURVW\�NRQVWUXNF\MQLH�V\VWHP�ERQXV�PDOXV��=JRGQLH�]�W\PL�UHJXáDPL��SRVLD�GDF]� VDPRFKRGX� RVRERZHJR� RWU]\P\ZDá� GZXG]LHVWRSURFHQWRZ� ]QL*N
 SR� GZyFK� EH]V]NRGR�Z\FK�ODWDFK�WUZDQLD�XEH]SLHF]HQLD��QDWRPLDVW�SRVLDGDF]�VDPRFKRGX�RVRERZHJR�QLH�NRU]\VWDM�F\�]�REQL*NL�VNáDGNL��NWyU\�Z�FL�JX�URNX�RWU]\PDá��ZLDGF]HQLH�]�RERZL�]NRZHJR�XEH]SLHF]HQLD�$&�OXE� E\á� VSUDZF� Z\SDGNX� REM
WHJR� SU]H]� SROLV
 2&�RSáDFDá� VNáDGN
 ]ZL
NV]RQ��� R� ����� MH*HOL�]DLVWQLDáH�V]NRG\�E\á\�VNXWNLHP�GZyFK�Z\SDGNyZ��]D� R������MH*HOL�Z\QLNDá\�]�WU]HFK�OXE�ZL
N�V]HM� OLF]E\�Z\SDGNyZ��5HJXá\�SU]HGVWDZLRQH�Z�]DU]�G]HQLX�]D�SRPRF� RSLVX�VáRZQHJR�PR*QD�SU]HGVWDZLü�Z�WDEHOL��WDEOLFD������

7DEOLFD������6\VWHP�ERQXV�PDOXV Z�3=8�Z�ODWDFK�����������.ODVD 6WDZND��Z�� 1DVW
SQD�NODVD��MH�OL�OLF]ED�V]NyG VNáDGNL�SRGVWDZRZHM� � � � ��L�ZL
FHM� ��� � � � �� ��� � � � �� ��� � � � �� ��� � � � �� �� � � � �'UyGáR��=DU]�G]HQLH�0LQLVWUD�)LQDQVyZ�>����@�������0RG\ILNDFM� V\VWHPX�ZSURZDG]RQ� Z�URNX�������NWyUD�MHV]F]H�EDUG]LHM�XSUDV]F]DáD�WHQ�V\V�WHP�� E\áR� ]QLHVLHQLH� ]Z\*HN� VNáDGNL� L� SR]RVWDZLHQLH� W\ONR� ���SURFHQWRZHM� ]QL*NL� ]D� GZD� EH]�V]NRGRZH�ODWD�XEH]SLHF]HQLD��WDEOLFD�����
7DEOLFD������6\VWHP�ERQXV�PDOXV Z�3=8�Z�ODWDFK�����������



���

.ODVD 6WDZND��Z�� 1DVW
SQD�NODVD��MH�OL�OLF]ED�V]NyG VNáDGNL�SRGVWDZRZHM� � ��L�ZL
FHM� ��� � �� ��� � �� �� � �'UyGáR��=DU]�G]HQLH�0LQLVWUD�)LQDQVyZ�>����@�����'DOV]H� ]PLDQ\� Z� V\VWHPLH� ERQXV�PDOXV ZSURZDG]RQH� Z� QDVW
SQ\FK� ODWDFK� SROHJDá\� QD�ZSURZDG]HQLX� NROHMQ\FK� ]QL*HN� ]D� GáX*V]\� RNUHV� EH]V]NRGRZ\��=JRGQLH� ]� UR]SRU]�G]HQLHP� ]�URNX�������RVRED��]�NWyUHM�SROLV\�QLH�Z\SáDFRQR�RGV]NRGRZD� SU]H]�F]WHU\�NROHMQH�ODWD��X]\VNL�ZDáD�Z�SL�W\P�URNX�]QL*N
 Z�Z\VRNR�FL�����VNáDGNL�SRGVWDZRZHM��-HGQDN�V\VWHP�]QL*HN�GRW\�F]\á�W\ONR�W\FK�RVyE� NWyUH�NRU]\VWDá\�]�ÄSHáQHJR�]DNUHVX�XEH]SLHF]HQLD´�± W]Q��Z\NXSLá\�]DUyZQR�2&��MDN�L�$&�
7DEOLFD������6\VWHP�ERQXV�PDOXV Z�3=8�Z�ODWDFK�����������.ODVD 6WDZND��Z�� 1DVW
SQD�NODVD��MH�OL�OLF]ED�V]NyG VNáDGNL�SRGVWDZRZHM� � ��L�ZL
FHM� ��� � �� ��� � �� �� � �� �� � �� �� � �'UyGáR��5R]SRU]�G]HQLH�0LQLVWUD�)LQDQVyZ�>����@�����5R]SRU]�G]HQLH�0LQLVWUD� )LQDQVyZ� ]� URNX� �����ZSURZDG]LáR� NROHMQ� ]QL*N
 Z�Z\VRNR�FL�����]D���ODW�EH]V]NRGRZHM�MD]G\��6\VWHP�ERQXV�PDOXV SU]HGVWDZLRQ\�Z�WDEOLF\���� E\á�Z\NRU]\�VWDQ\�Z�SU]\NáDGRZ\FK�REOLF]HQLDFK�Z�SRSU]HGQLFK�UR]G]LDáDFK�



���

7DEOLFD������6\VWHP�ERQXV�PDOXV Z�3=8�Z�ODWDFK�����������

'UyGáR��5R]SRU]�G]HQLH�0LQLVWUD�)LQDQVyZ�>����@�������SNW�����:�NROHMQ\FK�ODWDFK��Z�]ZL�]NX�]H�]PLDQDPL�V\VWHPRZ\PL�Z�3ROVFH��]UH]\JQRZDQR�]�RGJyU�QHJR� VWHURZDQLD� ZV]\VWNLPL� DVSHNWDPL� WDU\I� RERZL�]NRZ\FK� XEH]SLHF]H� NRPXQLNDF\MQ\FK��5R]SRU]�G]HQLH�0LQLVWUD�)LQDQVyZ�]������URNX�GRW\F]�FH�W\FK�XEH]SLHF]H� QLH�Z\]QDF]D�MHGQH�JR�V\VWHPX�ERQXV�PDOXV��NWyU\�PLDáE\�E\ü�VWRVRZDQ\�SU]H]�ZV]\VWNLH�ILUP\�XEH]SLHF]HQLRZH��V�Z�QLP�QDNUH�ORQH�MHG\QLH�RJyOQH�]DVDG\�EXGRZ\�WDNLHJR�V\VWHPX�
5HJXODFMH� GRW\F]�FH� V\VWHPX� ERQXV�PDOXV ]DZDUWH� Z� UR]SRU]�G]HQLX� ��� ���� RNUH�ODM��� *H�]QL*ND�VNáDGNL�XEH]SLHF]HQLRZHM�]D�ND*GH�GZD�ODWD�EH]V]NRGRZHJR�SU]HELHJX�XEH]SLHF]HQLD�QLH�PR*H�E\ü�QL*V]D�QL* ����SRGVWDZRZHM�VWDZNL��]D� VWRSD�]QL*NL�]�WHJR�W\WXáX�QLH�PR*H�SU]HNUR�F]\ü�����SRGVWDZRZHM�VWDZNL��SRGZ\*ND�VNáDGNL�]DOH*QD�RG�SU]HELHJX�XEH]SLHF]HQLD�QLH�PR*H�SU]HNURF]\ü� QDWRPLDVW� ����� SRGVWDZRZHM� VWDZNL� VNáDGNL� XEH]SLHF]HQLRZHM�� 3UyF]� WHJR�� SU]\�XVWDODQLX�EH]V]NRGRZHJR�OXE�V]NRGRZHJR�SU]HELHJX�XEH]SLHF]HQLD�QLH�XZ]JO
GQLD�VL
 Z\SáDFR�QHJR�SU]H]�XEH]SLHF]\FLHOD�RGV]NRGRZDQLD�]�W\WXáX�XEH]SLHF]HQLD�2&�]D�V]NRG
 E
G�F� QDVW
S�VWZHP�Z\SDGNX�VSRZRGRZDQHJR�SU]H]�NLHUXM�FHJR��NWyU\�ZV]HGá�Z�SRVLDGDQLH�SRMD]GX�PHFKD�QLF]QHJR�ZVNXWHN�SRSHáQLHQLD�SU]HVW
SVWZD��]D� SRVLDGDF]�SRMD]GX�PHFKDQLF]QHJR�WUDFL�XSUDZ�QLHQLH�GR�]QL*NL� VNáDGNL�XEH]SLHF]HQLRZHM�� MH*HOL�RNUHV�SU]HUZ\�Z�SRVLDGDQLX�SRMD]GX�SU]HNUR�F]\á� ��� PLHVL�FH�� 1D� V\VWHP� ERQXV�PDOXV QLH� SRZLQQD�� ]JRGQLH� ]� UR]SRU]�G]HQLHP�� ZSá\ZDü�]PLDQD�XEH]SLHF]\FLHOD�± SRVWXODW� WHQ�SRZLQLHQ�E\ü� UHDOL]RZDQ\�Z� WDNL� VSRVyE��*H�XEH]SLHF]\�FLHO�� SU]\� XVWDODQLX� VNáDGNL� XEH]SLHF]HQLRZHM� QDOH*QHM� RG� SRVLDGDF]D� SRMD]GX� PHFKDQLF]QHJR��ZLQLHQ� XZ]JO
GQLDü� IDNW\F]Q\� GRW\FKF]DVRZ\� SU]HELHJ� XEH]SLHF]HQLD� EH]� Z]JO
GX� QD� ]PLDQ
XEH]SLHF]\FLHOD��XG]LHODM�F�VWRVRZQHM�]QL*NL�Z�SRGVWDZRZHM�VWDZFH�VNáDGNL�E�G( WH* RGSRZLHG�QLR�M� SRGZ\*V]DM�F�������SNW����
7UXGQR�FL� LQWHUSUHWDF\MQH� VSUDZLDá� ]DNáDGRP� XEH]SLHF]H� SU]HSLV�PyZL�F\� R�PDNV\PDOQHM�SRGZ\*FH�Z�Z\VRNR�FL�������3RF]�WNRZR�X]DVDGQLDQR��*H�WR VNáDGND�SRGZ\*V]RQD�]D�V]NRGR�

.ODVD 6WDZND��Z�� 1DVW
SQD�NODVD��MH�OL�OLF]ED�V]NyG VNáDGNL�SRGVWDZRZHM� � ��L�ZL
FHM� ��� � �� ��� � �� �� � �� �� � �� �� � �� �� � �



���

Z\�SU]HELHJ�XEH]SLHF]HQLD�QLH�PR*H�SU]HNURF]\ü�������RVWDWHF]QLH� MHGQDN� WRZDU]\VWZD�GRV]á\�GR� SU]HNRQDQLD�� *H� OLPLW� ]DZDUW\� Z� UR]SRU]�G]HQLX� GRW\F]\� SRGZ\*NL� VNáDGNL�� D� ZL
F� á�F]QD�VNáDGND�QLH�PR*H�SU]HNURF]\ü�������-HVW�WR�LQWHUSUHWDFMD�QLHNRU]\VWQD�GOD�XEH]SLHF]RQ\FK�SRZR�GXM�F\FK� V]NRG\�� DOH� ± MDN� VL
 Z\GDMH� ± ]JRGQD� ]� WUH�FL� UR]SRU]�G]HQLD� L� QLH� NZHVWLRQRZDQD�SU]H]�QDG]yU�XEH]SLHF]HQLRZ\�
3U]HGVWDZLRQH� Z� UR]SRU]�G]HQLX� RJUDQLF]HQLD� ]QDOD]á\� RG]ZLHUFLHGOHQLH� Z� WDU\ILH� ZV]\VW�NLFK�]DNáDGyZ�XEH]SLHF]H���6\VWHP�ERQXV�PDOXV�RERZL�]XM�F\�Z�3=8�6$�RG�URNX������SU]HG�VWDZLRQ\�]RVWDá�Z� WDEOLF\������.ODV� ZVW
SX�E\áD� WXWDM�NODVD� WU]HFLD�± QRZ\�XEH]SLHF]RQ\�SáDFLá������ VNáDGNL� SRGVWDZRZHM� Z\]QDF]RQHM� Z� XEH]SLHF]HQLX 2&�Z� RSDUFLX� R� SRMHPQR�ü� VLOQLND�RUD]�VWUHI
 UHJLRQDOQ���
,GHQW\F]QH�]DVDG\�]Z\*HN�L�]QL*HN�]D�SU]HELHJ�XEH]SLHF]HQLD�VWRVRZDQH�E\á\�SU]H]�3=8�QLH�W\ONR�Z�RERZL�]NRZ\FK�XEH]SLHF]HQLDFK�2&��OHF]�UyZQLH* Z�XEH]SLHF]HQLDFK�$&��0LPR�MHGQD�NRZ\FK�NODV�L�UHJXá�SU]HM�FLD�E\á\�WR�MHGQDN�GZD�RGU
EQH�V\VWHP\�± Z\SáDFHQLH�]�XEH]SLHF]HQLD�2&�QLH�ZSá\ZDáR�QD�NODV
 ERQXV�PDOXV Z�XEH]SLHF]HQLX�$&�L�RGZURWQLH�
1DOH*\�WXWDM�]ZUyFLü�XZDJ
 QD�IDNW��*H�FKRFLD* WRZDU]\VWZD�QLH�V� ]RERZL�]DQH�GR�VWRVRZD�QLD�V\VWHPX�ERQXV�PDOXV Z�GREURZROQ\P�XEH]SLHF]HQLX�DXWRFDVFR Z�*DGQHM�IRUPLH��WR�MHGQDN�Z�SUDNW\FH�F]
VWR�JR�VWRVXM���SU]\�F]\P�Z�GX*\P�VWRSQLX�SRNU\ZD�VL
 RQ�]�V\VWHPHP�VWRVRZDQ\P�SU]H]�GDQH�WRZDU]\VWZR�Z�XEH]SLHF]HQLX�2&��']LHMH�VL
 WDN�QLH�W\ONR�Z�3=8�6$��OHF]�UyZQLH*�FKRü�Z�PQLHMV]\P�VWRSQLX��Z�LQQ\FK�ILUPDFK�XEH]SLHF]HQLRZ\FK�



���

7DEOLFD������6\VWHP�ERQXV�PDOXV Z�3=8�6$�VWRVRZDQ\�GOD�XEH]SLHF]H� 2&�L�$&�Z�ODWDFK�����������

'UyGáR��'DQH�X]\VNDQH�Z�3=8�6$�:�URNX������GRNRQDQR�Z�3=8�6$�]PRG\ILNRZDQR�LVWQLHM�F\�V\VWHP�ERQXV�PDOXV ]DUyZQR�Z� XEH]SLHF]HQLDFK�2&�� MDN� L�Z�$&��:�XEH]SLHF]HQLDFK�2&�GRNRQDQR� WU]HFK� ]PLDQ�� ]QDF]QLH�SRGZ\*V]RQR�VWDZNL�Z�SU]\SDGNX� W]Z��ÄVNáDGNL�]DRVWU]RQHM´� L�ÄVNáDGNL�SRGZyMQLH�]DRVWU]RQHM´��NODVD��� L� ���GR�SR]LRPX�RGSRZLHGQLR������ L������VNáDGNL�SRGVWDZRZHM��: SU]\SDGNX�NODV\�SLHUZV]HM� MHVW� WR�PDNV\PDOQ\� GRSXV]F]RQ\� SU]H]� UR]SRU]�G]HQLH� SR]LRP��.ROHMQ� ]PLDQ� E\áR�ZSURZDG]HQLH� REQL*NL� VNáDGNL� MX* SR� SLHUZV]\P� EH]V]NRGRZ\P� URNX� NRU]\VWDQLD� ]� RFKURQ\�XEH]SLHF]HQLRZHM� �NODVD���± ����]QL*ND���:UHV]FLH��VNUyFRQR�V\VWHP�GR�MHGHQDVWX�NODV�± PDN�V\PDOQD�GRSXV]F]DOQD�]QL*ND�Z�Z\VRNR�FL�����VNáDGNL�SRGVWDZRZHM� MHVW�REHFQLH�SU]\]QDZDQD�MX* SR�R�PLX� ODWDFK�EH]V]NRGRZHJR�SU]HELHJX�XEH]SLHF]HQLD� �NODVD������D�QLH�SR�G]LHVL
FLX� OD�WDFK��MDN�WR�PLDáR�PLHMVFH�Z�SRSU]HGQLR�VWRVRZDQ\P�V\VWHPLH��7DEOLFD���� SU]HGVWDZLD�]PRG\IL�NRZDQH�UHJXá\�SU]HM�FLD�V\VWHPX�ERQXV�PDOXV GOD�XEH]SLHF]H� 2&��3RJUXELRQ� F]FLRQN� SRGNUH��ORQR�GRNRQDQH�]PLDQ\�

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM� ��� � � �� ��� � � �� ��� � � �� ��� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� �� � ��� �� �� � ��� �� �� � ��� �� �� � ��� �� �� �� �



���

7DEOLFD������6\VWHP�ERQXV�PDOXV Z�3=8�6$�VWRVRZDQ\�Z�XEH]SLHF]HQLDFK�2&�RG�URNX������

'UyGáR��'DQH�X]\VNDQH�Z�3=8�6$�=PLDQD� ZSURZDG]RQD� Z� V\VWHPLH� VWRVRZDQ\P�Z� XEH]SLHF]HQLDFK� DXWRFDVFR GRW\F]\� Z\�á�F]QLH�NODV\����Z�NWyUHM�VWDZND�Z\QRVL�WHUD]�����VNáDGNL�SRGVWDZRZHM��Z�SRUyZQDQLX�GR������Z�SRSU]HGQLP�V\VWHPLH��]RE��WDEOLFD������
7DEOLFD������6\VWHP�ERQXV�PDOXV Z�3=8�6$�VWRVRZDQ\�Z�XEH]SLHF]HQLDFK�$&�RG�URNX������

'UyGáR��'DQH�X]\VNDQH�Z�3=8�6$�

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM� ��� � � �� ��� � � �� ��� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� �� � ��� �� �� � ��� �� �� � �

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM� ��� � � �� ��� � � �� ��� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� �� � ��� �� �� � ��� �� �� � ��� �� �� � ��� �� �� �� �



���

.RQVWUXNFMD�V\VWHPX�ERQXV�PDOXV�Z�LQQ\FK�ILUPDFK�XEH]SLHF]HQLRZ\FK�Uy*QL�VL
 RG�UR]ZL��]D� ]DVWRVRZDQ\FK�Z�3=8�6$��FKRü�RF]\ZL�FLH�]DFKRZDQH�V� Z\PRJL�]DZDUWH�Z�UR]SRU]�G]H�QLX��1LH�Z\GDMH�VL
 ]DVDGQH�RSLV\ZDQLH�WXWDM�ZV]\VWNLFK�V\VWHPyZ�ERQXV�PDOXV VWRVRZDQ\FK�Z�3ROVFH��FKRFLD*E\�]�XZDJL�QD�GX*� OLF]E
 WRZDU]\VWZ�XEH]SLHF]HQLRZ\FK�SURZDG]�F\FK�G]LDáDO�QR�ü�Z�G]LHG]LQLH�XEH]SLHF]H� NRPXQLNDF\MQ\FK��]�NWyU\FK�GX*D�F]
�ü�PD�QLHZLHONL�XG]LDá�Z�W\P�U\QNX��:�GDOV]HM� F]
�FL� WHJR�SRGUR]G]LDáX�]RVWDQ� ZL
F�RPyZLRQH�V\VWHP\�ERQXV�PDOXV�VWRVR�ZDQH�Z�ILUPDFK�XEH]SLHF]HQLRZ\FK�R�QDMZL
NV]\P��SR�3=8�6$��XG]LDOH�Z�U\QNX�XEH]SLHF]H�NRPXQLNDF\MQ\FK��W]Q��SU]HGH�ZV]\VWNLP�Z�78L5�:DUWD�6$��D�WDN*H�Z�WRZDU]\VWZLH�3ROLVD�6$��NWyUH�SU]HG�XWUDW� OLFHQFML�]DMPRZDáR�WU]HFLH�PLHMVFH�QD�W\P�U\QNX��3RQDGWR�SU]HGVWDZLRQH�]RVWD�Q� QLHNWyUH�LQWHUHVXM�FH�UR]ZL�]DQLD�VWRVRZDQH�Z�LQQ\FK��PQLHMV]\FK�]DNáDGDFK�XEH]SLHF]H��
6\VWHP� ERQXV�PDOXV VWRVRZDQ\� Z� XEH]SLHF]HQLDFK� NRPXQLNDF\MQ\FK� SU]H]� 7RZDU]\VWZR�8EH]SLHF]H� L�5HDVHNXUDFML�:DUWD�6$� Uy*QL� VL
 RG�V\VWHPX�VWRVRZDQHJR�Z�3=8�NLONRPD�ZD*�Q\PL�HOHPHQWDPL��0DNV\PDOQD�OLF]ED�V]NyG��GOD�NWyUHM�XVWDORQH�V� RGU
EQH�UHJXá\�SU]HM�FLD�Z\�QRVL����D�QLH�± MDN�PLDáR� WR�PLHMVFH�Z�SU]\SDGNX�3=8�± ���:L
NV]D� MHVW� UyZQLH* OLF]ED�NODV�]H�]QL*N� �NODV�PDOXV��± WU]\�NODV\�Z�SRUyZQDQLX�GR�GZyFK�Z�3=8��6]F]HJyáRZH�UHJXá\�SU]HM�FLD�VWRVRZDQH�SU]H]�:DUW
 Z�XEH]SLHF]HQLDFK�2&�L�$&�SU]HGVWDZLDM� WDEOLFH���� � ������

7DEOLFD������6\VWHP�ERQXV�PDOXV Z�XEH]SLHF]HQLX�2&�Z�78L5�:DUWD�6$�.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � � ��L�ZL
FHM� ��� � � � �� ��� � � � �� ��� � � � �� ��� � � � �� ��� � � � �� �� � � � �� �� � � � �� �� � � � �� �� �� � � ��� �� �� � � ��� �� �� � � �'UyGáR��'DQH�X]\VNDQH�Z�:DUWD�6$�

7DEOLFD������6\VWHP�ERQXV�PDOXV Z�XEH]SLHF]HQLX�$&�Z�78L5�:DUWD�6$�SU]HG������U�.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � � ��L�ZL
FHM� ��� � � � �



���

� ��� � � � �� ��� � � � �� ��� � � � �� ��� � � � �� �� � � � �� �� � � � �� �� � � � �� �� � � � �'UyGáR��2JyOQH�ZDUXQNL�XEH]SLHF]HQLD�SRMD]GyZ�O�GRZ\FK�RG�XV]NRG]H� DXWRFDVFR��$&��L�RG�NUDG]LH*\��.5���78L5�:DUWD��:DUV]DZD��SD(G]LHUQLN������8EH]SLHF]HQLD�$&�Z�78L5�:DUWD�6$�GRW\F]� WDEOLFH���� RUD]�������'UXJD�]�QLFK�SU]HGVWD�ZLD�ZSURZDG]RQ� Z������URNX�PRG\ILNDFM
 V\VWHPX��=�MHGQHM�VWURQ\�GRGDQR�QRZH�]QL*NL������MX* SR�SLHUZV]\P�EH]V]NRGRZ\P�URNX��RUD]������SR�VLHGPLX�EH]V]NRGRZ\FK�ODWDFK�± WD�GUXJD�PRG\ILNDFMD�Z\PDJDáD�ZSURZDG]HQLD�GZyFK�QRZ\FK�NODV�����L������=�GUXJLHM�MHGQDN�VWURQ\�]D�VWRVRZDQR� VXURZV]H� UHJXá\� SU]HM�FLD� �]ZL
NV]DM�F� ]Z\*NL� NDU]�FH� ]D� SRSHáQLHQLH� V]NRG\��� FR�áDWZR�PR*QD�VWZLHUG]Lü�XZD*QLH�REVHUZXM�F�RELH�WDEOLFH�7DEOLFD�������6\VWHP�ERQXV�PDOXV Z�XEH]SLHF]HQLX�$&�Z�78L5�:DUWD�6$�RG������U�.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � � ��L ZL
FHM� ��� � � � �� ��� � � � �� ��� � � � �� ��� � � � �� �� � � � �� �� � � � �� �� � � � �� �� � � � �� �� �� � � ��� �� �� � � ��� �� �� � � �'UyGáR��$QHNV�GR�RJyOQ\FK�ZDUXQNyZ�XEH]SLHF]HQLD�DXWRFDVFR�L�RG�NUDG]LH*\�:�WDEOLF\ ���� SU]HGVWDZLRQ\�MHVW�V\VWHP�VWRVRZDQ\�Z�XEH]SLHF]HQLDFK�2&�Z�7RZDU]\VWZLH�8EH]SLHF]HQLRZR�5HDVHNXUDF\MQ\P�3ROLVD�6$��2GSRZLDGD�RQ�PQLHM�ZL
FHM�SRG�Z]JO
GHP�NRQ�VWUXNF\MQ\P�V\VWHPRP�VWRVRZDQ\P�Z�3=8�RUD]�Z�:DUFLH��SU]\�F]\P�PDNV\PDOQD�OLF]ED�V]NyG��GOD�NWyU\FK�XVWDORQH�V� RGU
EQH�UHJXá\�SU]HM�FLD�Z\QRVL����]D� OLF]ED�NODV�PDOXV ��

7DEOLFD�������6\VWHP�ERQXV�PDOXV Z�XEH]SLHF]HQLX�2&�Z�78�5�3ROLVD�6$��



���

'UyGáR��%LXOHW\Q�3818�>����@��V��������=XSHáQLH� LQQ� NRQFHSFM
 V\VWHPX� ERQXV�PDOXV ]DZLHUD� V\VWHP� WDU\ILNDF\MQ\� 7RZDU]\VWZD�8EH]SLHF]HQLRZHJR�&RPSHQVD� 6$�� =DZU]Hü� JR�PR*QD�Z� MHGQ\P�]GDQLX�� ]QL*ND�Z�Z\VRNR�FL�����SU]\VáXJXMH�NLHURZF\��NWyU\�Z�EH]SR�UHGQLR�SRSU]HG]DM�F\P��URF]Q\P�RNUHVLH�XEH]SLHF]H�QLD�2&�QLH�VSRZRGRZDá�Z\SDGNX��=DSLV�WDEHODU\F]Q\�WHJR�V\VWHPX�SU]HGVWDZLRQ\�MHVW�Z WDEOLF\�������1DOH*\�MHGQDN�]D]QDF]\ü��*H�Z�SU]\SDGNX�Z\NXSLHQLD�Z�WRZDU]\VWZLH�SROLV\�$&��SR]LRP\�VNáDGNL�Z\QRV]� Z�NODVLH�SLHUZV]HM�± �����D�Z�NODVLH�GUXJLHM������]D� NODV� ZVW
SX�MHVW�Z�W\P�SU]\SDGNX�NODVD�GUXJD��%LXOHW\Q�3818�>����@��V������
7DEOLFD�������6\VWHP�ERQXV�PDOXV Z�XEH]SLHF]HQLX�2&�Z�78�&RPSHQVD�6$�

'UyGáR��2SUDFRZDQLH�ZáDVQH�QD�SRGVWDZLH�%LXOHW\QX�3818�>����@��V�����1D�XZDJ
 ]DVáXJXMH� UyZQLH* V\VWHP�ERQXV�PDOXV ]DVWRVRZDQ\�Z�=DNáDG]LH�8EH]SLHF]H� L�5HDVHNXUDFML�3RORQLD�6$��5y*QL�VL
 RQ�RG SRSU]HGQLFK�VXURZV]\PL�UHJXáDPL�SU]HM�FLD��'OD�SU]\�NáDGX�NLHURZFD�SáDF�F\� VNáDGN
 Z�Z\VRNR�FL�����VNáDGNL�SRGVWDZRZHM� �NODVD����Z�SU]\SDGNX�MHGQHM�V]NRG\�SU]HFKRG]L�GR�SR]LRPX������VNáDGNL�SRGVWDZRZHM��:�SU]\SDGNX�3ROLV\�E\áRE\�WR�������:DUW\������]D� 3=8�W\ONR������:�SU]\SDGNX�GZyFK�L�ZL
NV]HM�OLF]E\�V]NyG�Z�FL�JX�MHG�QHJR�URNX�NLHURZF\�NDUDQL�V� SRGZ\*N� VNáDGNL�MHV]F]H�EDUG]LHM�U\JRU\VW\F]QLH��=DVDG\�V\VWHPX�ERQXV�PDOXV�VWRVRZDQHJR�Z�XEH]SLHF]HQLX�2&�Z�3RORQLL�SU]HGVWDZLD�WDEOLFD������
7DEOLFD�������6\VWHP�ERQXV�PDOXV Z�XEH]SLHF]HQLX�2&�Z�=8L5�3RORQLD�6$��

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM� ��� �D � �� ��� �D � �� ��� �D � ��D ��� �E � ��E ��� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� � � �

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLD�Q
 NODV\�� ��L�ZL
FHM� ��� � �� �� � �



���

'UyGáR��%LXOHW\Q�3818�>����@��V�����:\á�F]QLH�QD�SRGVWDZLH�WDEOLF�SU]HGVWDZLDM�F\FK�UHJXá\�SU]HM�FLD�GOD�SRV]F]HJyOQ\FK�V\VWH�PyZ�WUXGQR�MHVW�RFHQLü�SRV]F]HJyOQH�V\VWHP\�RUD]�RNUH�OLü�VWRSLH� HIHNW\ZQR�FL�IXQNFMRQRZDQLD�W\FK� V\VWHPyZ�� 3UyE
 RFHQ\� SRV]F]HJyOQ\FK� V\VWHPyZ�� MDN� L� RJyOQ\FK� ]DVDG� V\VWHPX ERQXV�PDOXV�Z�3ROVFH�QD�WOH�UHQWRZQR�FL�XEH]SLHF]H� VDPRFKRGRZ\FK�]DZDUWR�Z�NROHMQ\P�SRGUR]G]LD�OH�

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM�� ��� � �� ���� ��� � �� ���� ��� � �� ���� ��� � �� ��� ��� � �� ��� ��� � �� ��� ��� � �� ��� �� � �� ��� �� � � ��� �� � � ��� �� � � ��� �� � � ��� �� � � �



���

�����2FHQD�V\VWHPX�ERQXV�PDOXV�QD� WOH� UHQWRZQR�FL�XEH]SLHF]H� NRPXQL�NDF\MQ\FK�
8EH]SLHF]HQLD�NRPXQLNDF\MQH��VWDQRZL�FH�SRGVWDZRZ\�URG]DM�XEH]SLHF]H� Z�3ROVFH��X]QD�ZDQH�V� SRZV]HFKQLH�]D�QLHUHQWRZQH��=�GDQ\FK�3D�VWZRZHJR�8U]
GX�1DG]RUX�8EH]SLHF]H� Z\�QLND��*H�Z�ODWDFK�����������Z\QLN�WHFKQLF]Q\��REOLF]RQ\�GOD�ZV]\VWNLFK�]DNáDGyZ�XEH]SLHF]H�á�F]QLH�� SU]\MPRZDá�ZDUWR�FL� XMHPQH� ]DUyZQR�Z�XEH]SLHF]HQLDFK�JUXS\�� �FDVFR SRMD]GyZ� O��GRZ\FK��Z� W\P�$&��� MDN� L�Z� JUXSLH� ��� �XEH]SLHF]HQLH� RGSRZLHG]LDOQR�FL� F\ZLOQHM�ZV]HONLHJR�URG]DMX�� Z\QLNDM�FHM� ]� SRVLDGDQLD� L� X*\WNRZDQLD� SRMD]GyZ� O�GRZ\FK� ]� QDS
GHP� ZáDVQ\P�����.V]WDáWRZDQLH�VL
 Z\QLNX�WHFKQLF]QHJR�]�XEH]SLHF]H� NRPXQLNDF\MQ\FK�Z�W\FK�ODWDFK�SU]HGVWD�ZLD�Z\NUHV�����

:\NUHV������:\QLN�WHFKQLF]Q\�]�XEH]SLHF]H� NRPXQLNDF\MQ\FK�Z�ODWDFK�����������

'UyGáR��%LXOHW\Q�3818�>����@��V�����6NDO
 ]MDZLVND�GHILF\WRZR�FL�XEH]SLHF]H� NRPXQLNDF\MQ\FK�GREU]H�Z\UD*D�IDNW��*H�Z�URNX������W\ONR�WU]\�]DNáDG\�XEH]SLHF]H� SURZDG]�FH�G]LDáDOQR�ü�Z�XEH]SLHF]HQLDFK�G]LDáX�,,�Z\SUD�FRZDá\�]\VN�WHFKQLF]Q\�Z�ÄJUXSLH��´��SR]RVWDáH����]DNáDG\�SRQLRVá\�VWUDW
��:�JUXSLH����ZV]\VW�NLH� ]DNáDG\� ]DQRWRZDá\� VWUDW
 WHFKQLF]Q� �%LXOHW\Q� 3818� >����@�� VV�� �������� 1LHRSáDFDOQR�ü�
�� :\QLN�WHFKQLF]Q\�RNUH�OD�]\VN�E�G( VWUDW
 ]�G]LDáDOQR�FL�XEH]SLHF]HQLRZHM��WHFKQLF]QHM���SU]HG�XZ]JO
GQLHQLHP�]\VNyZ�]�ORNDW�L�ZV]HONLFK�LQQ\FK�]\VNyZ�
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:\QL
N�WHFK

QLF]Q
\��Z�P

LOLRQD
FK�]áR

W\FK�

����
����
����
����
����
����
����

�
���

���� ���� ���� ���� ����



���

XEH]SLHF]H� NRPXQLNDF\MQ\FK� MHVW� EDUG]R� QLHNRU]\VWQD� GOD� ]DNáDGyZ� XEH]SLHF]H��� 1DOH*\� ]D�XZD*\ü��*H�VNáDGND�SU]\SLVDQD�EUXWWR�]D�XEH]SLHF]HQLD�NRPXQLNDF\MQH�VWDQRZL�QLHPDO�����á�F]�QHM�VNáDGNL�G]LDáX�,,��Z������VNáDGND�]D�$&�VWDQRZLáD��������á�F]QHM�VNáDGNL�G]LDáX��]D� ]D�2&�NRPXQLNDF\MQH��������á�F]QHM�VNáDGNL�G]LDáX�,,��
=GDQLHP�HNVSHUWyZ�QD�GHILF\WRZR�ü�XEH]SLHF]H� NRPXQLNDF\MQ\FK�PD�ZSá\Z�V]HUHJ�F]\Q�QLNyZ��SRU��%LXOHW\Q�3818�>����@��V������.RVWNLHZLF]�>����@��V������.LHOLV]HN�>����@��V������=�MHGQHM� VWURQ\�QD�QLHUHQWRZQR�ü�XEH]SLHF]H� ZSá\ZD�Z\VRND� V]NRGRZR�ü��NWyUHM�SU]\F]\Q� MHVW�Z]URVW�OLF]E\�Z\SDGNyZ�GURJRZ\FK��Z\QLNDM�F\�Z�GX*HM�PLHU]H�]H�]áHJR�VWDQX�SROVNLFK�GUyJ���Z]URVW� OLF]E\� SU]HVW
SVWZ� ]ZL�]DQ\FK� ]� XEH]SLHF]HQLDPL� NRPXQLNDF\MQ\PL� RUD]� LFK� QLHZLHOND�Z\NU\ZDOQR�ü��D�WDN*H�Z\VRNLH�L�FL�JOH�URVQ�FH�NRV]W\�QDSUDZ\��REVáXJL��F]
�FL�]DPLHQQ\FK��'R�Z]URVWX�OLF]E\�L�ZDUWR�FL�RGV]NRGRZD� Z\SáDFDQ\FK�]�W\WXáX�XEH]SLHF]H� VDPRFKRGRZ\FK�SU]\�F]\QLD�VL
 UR]ZyM�U\QNX�PRWRU\]DF\MQHJR��FR�R]QDF]D�Z]URVW�OLF]E\�SRMD]GyZ�RUD]�]PLDQD�SDUNX�VDPRFKRGRZHJR��3RQDGWR�Z�SU]\SDGNX�XEH]SLHF]HQLD�2&�QLH�EH]�]QDF]HQLD�E\á\�URVQ�FH�NRV]W\�V]NyG� RVRERZ\FK� �Uy*QHJR� URG]DMX� UHQW\� RUD]� �ZLDGF]HQLD� RGV]NRGRZDZF]H� GOD� SRV]NRGRZD�Q\FK�Z�Z\SDGNDFK�VDPRFKRGRZ\FK�L�LFK�URG]LQ��RUD]�Z]URVW��ZLDGRPR�FL�SUDZQHM�SRV]NRGRZD�Q\FK�Z�Z\SDGNDFK� ��ZLDGF]� R� W\P�PL
G]\� LQQ\PL�FRUD]� F]
�FLHM� SRMDZLDM�FH� VL
 *�GDQLD�SR�V]NRGRZDQ\FK�GRW\F]�FH�SRNU\FLD�NRV]WyZ�Z\QDM
FLD�VDPRFKRGX�QD�F]DV�QDSUDZ\�XV]NRG]RQHJR�Z�Z\SDGNX�SRMD]GX��
3RQDGWR�SU]\F]\Q� QLHRSáDFDOQR�FL�XEH]SLHF]H� VDPRFKRGRZ\FK�PR*H�E\ü�GX*\�XG]LDá�NRV]�WyZ�G]LDáDOQR�FL�XEH]SLHF]HQLRZHM��NRV]WyZ�DNZL]\FML��DGPLQLVWUDF\MQ\FK�RUD]�SR]RVWDá\FK�NRV]�WyZ�WHFKQLF]Q\FK��Z�VNáDGFH��:HGáXJ�GDQ\FK�3818�ZVND(QLN�XG]LDáX�NRV]WyZ�QD�XG]LDOH�ZáD�VQ\P�Z� VNáDGFH� Z\QLyVá� Z� URNX� ����� GOD� 2&� ������� �EH]� 3=8� 6$� ± ��������� ]D� GOD� $&���������EH]�3=8�6$�± ��������%LXOHW\Q�3818�>����@��V�������'HF\GXM�F� URO
 RGJU\ZDM� WXWDM�GáXJLH�L�VNRPSOLNRZDQH�SURFHGXU\�OLNZLGDFML�V]NyG�RUD]�X]\VNDQLD�UHJUHVyZ�]QDF]QLH�SRGUD*DM��FH�REVáXJ
 XEH]SLHF]H� NRPXQLNDF\MQ\FK�
=� GUXJLHM� VWURQ\� QD� QLHUHQWRZQR�ü� XEH]SLHF]H� NRPXQLNDF\MQ\FK� ZSá\ZD� SROLW\ND� WRZD�U]\VWZ�XEH]SLHF]HQLRZ\FK�GRW\F]�FD�XVWDODQLD�VNáDGHN��$E\�XWU]\PDü�SR]LRP�VNáDGHN�RGSRZLD�GDM�F\�URVQ�FHM�V]NRGRZR�FL�RUD]�NRV]WRP��]DNáDG\�XEH]SLHF]H� PXVLDá\E\�SRGZ\*V]Dü�VNáDGNL�Z� WHPSLH�ZL
NV]\P�RG� LQIODFML��1LH� MHVW� WR�PR*OLZH� ]� XZDJL� QD� V\WXDFM
 NRQNXUHQFML� QD� U\QNX�XEH]SLHF]H� NRPXQLNDF\MQ\FK��]E\W�GX*H�SRGZ\*NL�VNáDGHN�VSRZRGRZDá\E\�RGHM�FLH�NOLHQWyZ�]�]DNáDGX� XEH]SLHF]H� ZSURZDG]DM�FHJR� RZH� SRGZ\*NL� GR� LQQ\FK� ]DNáDGyZ�� JG]LH� VNáDGND� MHVW�



���

QL*V]D�� 3RQDGWR� ]E\WQL�Z]URVW� VNáDGHN�Z�RERZL�]NRZ\FK� XEH]SLHF]HQLDFK�2&�SRZRGXMH� LQWHU�ZHQFMH� RUJDQyZ� DGPLQLVWUDFML� SD�VWZRZHM� RUD]� V]HURNR� SRM
WHJR� QDG]RUX� XEH]SLHF]HQLRZHJR��0LQLVWHUVWZR� )LQDQVyZ�� 3D�VWZRZ\�8U]�G�1DG]RUX�8EH]SLHF]H��� 5]HF]QLN�8EH]SLHF]RQ\FK���NWyUH� GEDM� R� WR�� DE\� GHF\]MH� ]DNáDGyZ� XEH]SLHF]H� QLH� JRG]Lá\�Z� LQWHUHV� SRGOHJDM�F\FK� RER�ZL�]NRZL�XEH]SLHF]HQLD�RE\ZDWHOL��
3U]\F]\Q� QLHRSáDFDOQR�FL�PR*H�E\ü�UyZQLH* ]E\W�QLVNL�SR]LRP�VNáDGHN��NWyU\�QLH�XPR*OLZLD�SRNU\FLD�NRV]WyZ�V]NyG�L�NRV]WyZ�G]LDáDOQR�FL��D� WDN*H�QLHRGSRZLHGQLD�NRQVWUXNFMD�WDU\I\��QLH�RGSRZLHGQL� Z\EyU� F]\QQLNyZ�� QLHZáD�FLZH� ]Uy*QLFRZDQLH� VWDZHN�Z� ]DOH*QR�FL� RG� NU\WHULyZ���'X*D� NRQNXUHQFMD� L� VLOQD� SR]\FMD� 3=8� L�:DUW\� SRZRGXMH� VSU]HGD* SROLV� SRQL*HM� RSáDFDOQR�FL��:\GDMH�VL
��*H�GZD�Z\PLHQLRQH�]DNáDG\�XEH]SLHF]H� XVWDODM� VNáDGNL�QD�JUDQLF\�RSáDFDOQR�FL�OXE�QDZHW�SRQL*HM�WHM�JUDQLF\��0QLHMV]H�WRZDU]\VWZD�VWDUDM� VL
 ]D�ZV]HON� FHQ
 SU]\FL�JQ�ü�NOLHQWyZ�RIHUXM�F� QLVNLH� VNáDGNL� L� DWUDNF\MQH� V\VWHP\� ]QL*HN�� MHGQRF]H�QLH� Z� PDá\FK� ]DNáDGDFK� NRV]W\�G]LDáDOQR�FL�V� F]
VWR�Z\*V]H�QL* Z�GX*\FK�]DNáDGDFK��QLH�PRJ� RQH�NRU]\VWDü�]�HNRQRPLL�VNDOL��SRQDGWR�Z�ZL
NV]HM�PLHU]H�]GRE\ZDM� RQH NOLHQWyZ�SRSU]H]�NRV]WRZQLHMV]\�V\VWHP�DJHQF\MQ\���GODWHJR�WH* á�F]QLH�Z\QLN�WHFKQLF]Q\�Z�XEH]SLHF]HQLDFK�MHVW�D* WDN�QLHNRU]\VWQ\�
.RQVWUXNFMD�RGSRZLHGQLHM�WDU\I\�Z\PDJD�RG�XEH]SLHF]\FLHOD�GDQ\FK�VWDW\VW\F]Q\FK�XPR*OL�ZLDM�F\FK�RNUH�OHQLH�F]
VWR�FL�URV]F]H���LFK�Z\VRNR�FL��UR]NáDGX��UyZQLH* Z�]DOH*QR�FL�RG�RNUH��ORQ\FK�NU\WHULyZ��:�SUDNW\FH�RND]XMH�VL
��*H�QLHZLHONLH�WRZDU]\VWZD�G]LDáDM�FH�QD�SROVNLP�U\Q�NX�QLH�V� Z�VWDQLH�WDNLHM�VWDW\VW\NL�]JURPDG]Lü��Z�]ZL�]NX�]�W\P�XVWDODM� VNáDGNL�Z]RUXM�F�VL
 QD�GZyFK�Z\PLHQLRQ\FK�QDMZL
NV]\FK�]DNáDGDFK�QD�U\QNX��3=8�RUD]�:DUW\���2EVHUZXM�F�GRNRQ\�ZDQH� SU]\QDMPQLHM� UD]� GR� URNX� SRGZ\*NL� VNáDGHN� ]D� XEH]SLHF]HQLD� NRPXQLNDF\MQH�� PR*HP\�VWZLHUG]Lü��*H�]DNáDG\�R�PDá\P�XG]LDOH�Z�U\QNX��F]HNDM� QD�GHF\]M
 SRGQLHVLHQLD�VNáDGHN�SU]H]�3=8��D�QDVW
SQLH�± Z�RSDUFLX�R�SRGZ\*NL�ZSURZDG]RQH�Z�QDMZL
NV]\P�]DNáDG]LH�± SU]\VW
SXM�GR�SRGZ\*V]DQLD� VNáDGHN�GOD�VZRLFK�NOLHQWyZ��6WUXNWXUD� WDU\I�UyZQLH* Z]RURZDQD� MHVW�QD� WDU\�IDFK�XVWDORQ\FK�Z�QDMZL
NV]\FK�WRZDU]\VWZDFK�
-H�OL� FKRG]L� R� V\VWHP� ERQXV�PDOXV�� WR� ± MDN� VL
 Z\GDMH� ± RGG]LDáXMH� RQ� QD� QLHUHQWRZQR�ü�XEH]SLHF]H� NRPXQLNDF\MQ\FK� Z� ]QDF]QLH� PQLHMV]\P� VWRSQLX� QL* LQQH�� Z\PLHQLRQH� SRZ\*HM�F]\QQLNL��V]NRGRZR�ü��NRV]W\�G]LDáDOQR�FL��Z\VRNR�ü�VNáDGHN���-HVW�RQ�MHGQDN�HOHPHQWHP�WDU\I\��D�MDN�]RVWDáR ZF]H�QLHM�]D]QDF]RQH��UyZQLH* QLHZáD�FLZD�NRQVWUXNFMD�WDU\I�ZSá\ZD�QLHNRU]\VWQLH�UHQWRZQR�ü�XEH]SLHF]H��
6\VWHP\�ERQXV�PDOXV Z�3ROVFH�VWRVRZDQH�Z�SROVNLFK�]DNáDGDFK�XEH]SLHF]H���FKRü�Uy*QL� VL




���

PL
G]\� VRE� QLH]QDF]QLH��Z� GX*HM�PLHU]H�PDM� SRGREQ��� QLHMDNR Z\PXV]RQ� UR]SRU]�G]HQLHP�VWUXNWXU
��3R�SLHUZV]H��GR�ü�V]W\ZQD�MHVW�VWUXNWXUD�]QL*HN��]JRGQLH�]�UR]SRU]�G]HQLHP�SU]\QDMP�QLHM� ���� VNáDGNL� SRGVWDZRZHM� ]D� GZD� EH]V]NRGRZH� ODWD� SU]HELHJX� XEH]SLHF]HQLD� RUD]�PDNV\�PDOQD�]QL*ND�������:L
NV]R�ü�]DNáDGyZ�VWRVXMH� �SUDZGRSRGREQLH�SU]H]�DQDORJL
��Z�RSDUFLX�R�]Z\F]DMRZH�]DVDG\��SRGREQ� VWUXNWXU
 UyZQLH* Z�XEH]SLHF]HQLX�$&��FKRü�QLH�V� GR�WHJR�Z�*D�GHQ�VSRVyE�RGJyUQLH�]RERZL�]DQH��
'UXJ� FHFK� ZVSyOQ� ZV]\VWNLFK�SROVNLFK�V\VWHPyZ�ERQXV�PDOXV�MHVW�HIHNW��NWyU\�PR*QD�QD�]ZDü ÄNUyWN� SDPL
FL� R� ]Z\*FH´����:H� ZV]\VWNLFK� V\VWHPDFK� VWRVRZDQ\FK� Z� 3ROVFH� ]Z\*NL�VNáDGNL�V� DQXORZDQH�MX* SR�MHGQ\P�EH]V]NRGRZ\P�URNX��,QQ\PL�VáRZ\��RVRED��NWyUD�QD�VNXWHN�]JáRV]HQLD�V]NyG�]QDOD]áD�VL
 Z�GRZROQHM�]�NODV�PDOXV��MX* SR�MHGQ\P�URNX�EH]V]NRGRZ\P�SU]H�FKRG]L�GR�NODV\��NWyU� RVL�JQ
áDE\�UyZQLH* SR�EH]V]NRGRZ\P�URNX�Z�NODVLH�ZVW
SX��-DNR�SU]\�NáDG�ÄNUyWNLHM�SDPL
FL�R�]Z\*FH´�PR*QD�SU]\WRF]\ü�QDVW
SXM�F� V\WXDFM
��ZH(P\�GZyFK�NOLHQWyZ�3=8�6$��]�NWyU\FK�MHGHQ�UR]SRF]�á�XEH]SLHF]HQLH�2&�L�]QDMGXMH�VL
 Z�NODVLH����]D� GUXJL�]�SR�ZRGX�GZyFK�V]NyG�]JáRV]RQ\FK�Z�SRSU]HGQLP�RNUHVLH�]QDOD]á�VL
 Z�NODVLH���]H�����SURFHQWRZ�]Z\*N� �SRU��WDEO��������)DGHQ�]�QLFK�Z�FL�JX�URNX�QLH�SRZRGXMH�*DGQHJR�Z\SDGNX��Z�]ZL�]NX�]�W\P�REDM� WUDILDM� GR�NODV\���Z�NROHMQ\P�URNX� L�SáDF� ����VNáDGNL�SRGVWDZRZHM��=DXZD*P\��*H�SRGF]DV�JG\�SLHUZV]\�]�NOLHQWyZ�X]\VNDá�W\ONR����SURFHQWRZ� ]QL*N
��GUXJL�]�QLFK�SáDFL�IDNW\F]�QLH�VNáDGN
 WU]\�UD]\�PQLHMV]� QL* Z�URNX�SRSU]HGQLP�
=MDZLVNR�ÄNUyWNLHM�SDPL
FL�R�]Z\*FH´�PD�SUDZGRSRGREQLH�VZRMH�(UyGáR�Z�SU]HSLVLH�UR]SR�U]�G]HQLD�]������URNX�������SNW�����NWyU\�ZVND]XMH��*H�XEH]SLHF]\FLHO�SU]\�XVWDODQLX�VNáDGNL�ZL�QLHQ� XZ]JO
GQLDü� IDNW\F]Q\� GRW\FKF]DVRZ\� SU]HELHJ� XEH]SLHF]HQLD� EH]� Z]JO
GX� QD� ]PLDQ
XEH]SLHF]\FLHOD�XG]LHODM�F�RGSRZLHGQLFK�]QL*HN� OXE�]Z\*HN�VNáDGNL��:�SUDNW\FH�VSURZDG]D�VL
WR�WHJR��*H�XEH]SLHF]RQ\�]PLHQLDM�F\�WRZDU]\VWZR�XEH]SLHF]HQLRZH��FKF�F�RWU]\PDü�]QL*N
��PX�VL�X]\VNDü�Z�SRSU]HGQLP�]DNáDG]LH�XEH]SLHF]H� ]D�ZLDGF]HQLH�R�OLF]ELH�ODW�EH]V]NRGRZ\FK�L�Z�]DOH*QR�FL�RG WHM�OLF]E\�]RVWDMH�SU]\G]LHORQ\�GR�RGSRZLHGQLHM�NODV\��2ZR�SU]\ZL�]DQLH�GR�ÄOLF]�E\�EH]V]NRGRZ\FK�ODW´�Z\QLND�]�XUHJXORZD� ZSURZDG]RQ\FK�Z�ODWDFK������������NLHG\�]QL*N
Z\]QDF]DáR�VL
 Z\á�F]QLH�QD�SRGVWDZLH�WHM�OLF]E\��0R*QD�WR�VWZLHUG]Lü�XZD*QLH�REVHUZXM�F�WDEOL�FH� ��������� -HGQD� V]NRGD� SRZRGRZDáD� SU]HM�FLH� ]� NODV\�ERQXV GR�NODV\�ZVW
SX��6\VWHP\� WH� FH�FKRZDáD�]DVDGD�QD]ZDQD�SU]H]�DQDORJL
 ]DVDG� ÄNUyWNLHM�SDPL
FL�R�]QL*FH´�

�� =MDZLVNR�WR�GRW\F]\�Z\á�F]QLH�V\VWHPyZ�ERQXV�PDOXV VWRVRZDQ\FK�Z�3ROVFH��=DVDGD�ÄNUyWNLHM�SDPL
FL�R�]Z\*FH´�QLH�IXQNFMRQXMH�Z�V\VWHPDFK�]DFKRGQLRHXURSHMVNLFK�SU]HGVWDZLRQ\FK�Z�UR]G]LDOH���



���

3U]\ZL�]DQLH�GR�OLF]E\�EH]V]NRGRZ\FK�ODW MDNR�F]\QQLND�Z\]QDF]DM�FHJR�NODV
 ERQXV�PDOXVRGUy*QLD�SROVNLH�V\VWHP\�RG�SU]HGVWDZLRQ\FK�Z�SRSU]HGQLFK�UR]G]LDáDFK�V\VWHPyZ�ERQXV�PDOXVZ\NRU]\VW\ZDQ\FK�Z�(XURSLH�=DFKRGQLHM��
3UREOHPHP�XWUXGQLDM�F\P�SUDZLGáRZH�L�HIHNW\ZQH�IXQNFMRQRZDQLH�V\VWHPX�ERQXV�PDOXV�Z�3ROVFH�MHVW�EUDN�ZáD�FLZHJR�SU]HSá\ZX�LQIRUPDFML�PL
G]\�]DNáDGDPL�XEH]SLHF]H���6SRZRGRZDQH�MHVW� WR� SUDZGRSRGREQLH� QLHGRVWDWHF]Q\P� VNRPSXWHU\]RZDQLHP� ]DNáDGyZ� XEH]SLHF]H��� D� WDN*H�QLH�ZLDGRPR�FL� NRU]\�FL�Sá\Q�F\FK�]H�ZVSyáSUDF\� L�Z\PLDQ\� LQIRUPDFML�SRPL
G]\�NRQNXUXM��F\PL� WRZDU]\VWZDPL��7RZDU]\VWZD�XEH]SLHF]HQLRZH�± D� F]DVHP�QDZHW� MHGQRVWNL�RUJDQL]DF\MQH�WHJR�VDPHJR�WRZDU]\VWZD�± QLH�LQIRUPXM� VL
 Z]DMHPQLH�R�V]NRGDFK�NOLHQWyZ��.LHG\�GR�WRZDU]\�VWZD� XEH]SLHF]HQLRZHJR� ]JáDV]D� VL
 NOLHQW� FKF�F\� ]DZU]Hü� SROLV
 NRPXQLNDF\MQ� $&� OXE�2&��WRZDU]\VWZR�QLH�MHVW�Z�VWDQLH�VNRQWURORZDü��MDN�Z\JO�GDá�SU]HELHJ�XEH]SLHF]HQLD�]JáDV]DM�FHM�VL
RVRE\��8EH]SLHF]\FLHO�PD�FR�SUDZGD�SUDZR�]D*�GDü��*HE\�NOLHQW�]GDá�UHODFM
 ]�SU]HELHJX�XEH]�SLHF]HQLD� L�± MH�OL� FKFH�X]\VNDü�RGSRZLHGQL� ]QL*N
 ± GRVWDUF]\á�RGSRZLHGQLH�]D�ZLDGF]HQLH�R�EH]V]NRGRZ\P� RNUHVLH� XEH]SLHF]HQLD� ]� SRSU]HGQLHJR� ]DNáDGX� XEH]SLHF]H��� 1LH� MHVW� MHGQDN� Z�VWDQLH� VSUDZG]Lü�� F]\�NOLHQW�� NWyU\�QLH�SU]\QLyVá�*DGQHJR� ]D�ZLDGF]HQLD�� QLH� ]DWDLá� LQIRUPDFML�R�V]NRGDFK��
:�HIHNFLH��NODV\�PDOXV Z�SROVNLFK�V\VWHPDFK�ERQXV�PDOXV QLH�IXQNFMRQXM� SUDZLGáRZR��.LH�URZFD��NWyU\�QD�VNXWHN�]JáRV]RQ\FK�V]NyG�]QDOD]á�VL
 Z�NODVLH�]�SRGZ\*N� VNáDGNL�PR*H�]PLHQLü�XEH]SLHF]\FLHOD�L�Z�QRZHM�ILUPLH�]QDOH(ü�VL
 Z�NODVLH�ZVW
SX�SáDF�F�QL*V]� VNáDGN
��'ODWHJR�WH*PL
G]\�LQQ\PL�Z�NODVDFK�PDOXV Z�SROVNLFK�V\VWHPDFK�ERQXV�PDOXV�]QDMGXMH�VL
 QLHZLHONL�RGVH�WHN�NLHURZFyZ��LQQ\P�SRZRGHP�QLHZLHONLHM� OLF]E\�NLHURZFyZ�Z�NODVDFK�PDOXV MHVW�RSLV\ZDQH�ZF]H�QLHM�]MDZLVNR�QLHUyZQRZDJL�V\VWHPX�GRW\F]�FH�SUDNW\F]QLH�ZV]\VWNLFK�VWRVRZDQ\FK�V\VWH�PyZ��
1DOH*\� ]DXZD*\ü�� *H� JG\E\�Z� NRQVWUXNFML� V\VWHPyZ� ERQXV�PDOXV�QLH� VWRVRZDQR� ÄNUyWNLHM�SDPL
FL� R� ]Z\*FH´�� WR� ]QDF]\�JG\E\�NLHURZFD� ]QDMGRZDá�Z�NODVLH�PDOXV SR�]JáRV]HQLX� V]NRG\�SU]H]�RNUHV�GáX*V]\�QL* URN��HIHNW�]PLDQ\�XEH]SLHF]\FLHOD�Z�SU]\SDGNX�QLHNRU]\VWQHM�V]NRGRZR��FL�Z\VW
SRZDáE\�MHV]F]H�F]
�FLHM�± NRU]\�ü�Z\QLNDM�FD�]�SU]HM�FLD�GR�LQQHJR�WRZDU]\VWZD�E\áD�E\�ERZLHP�MHV]F]H�ZL
NV]D�
:DG� V\VWHPX�ERQXV�PDOXV�� NWyUD�QLH�RPLQ
áD� V\VWHPyZ�VWRVRZDQ\FK�Z�3ROVFH� MHVW�RSLV\�ZDQD MX* ZF]H�QLHM� QLHUyZQRZDJD�� NWyUD� VSUDZLD�� *H� ZL
NV]R�ü� SROLV� ÄFL�*\´� Z� NLHUXQNX� NR�U]\VWQ\FK�NODV�ERQXV��3RZRGXMH� WR��*H�V\VWHP�QLH�VSHáQLD�VZRMHM� UROL� WDU\ILNDF\MQHM��5H]XOWDWHP�
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QLHUyZQRZDJL�MHVW�WHQGHQFMD�GR�REQL*DQLD�VL
 SU]HFL
WQHM�VNáDGNL��FR�MHVW�MHGQ\P�]�SRZRGyZ�QLH�UyZQRZDJL�ILQDQVRZHM�XEH]SLHF]H��
1LHUyZQRZDJ
 V\VWHPX�ERQXV�PDOXV PR*HP\�REVHUZRZDü�QD�SRGVWDZLH�GDQ\FK�X]\VNDQ\FK�]�]DNáDGyZ�XEH]SLHF]H���2ND]XMH�VL
��*H�UHJXá� MHVW�IDNW�JURPDG]HQLD�VL
 SROLV�Z�NODVDFK�ERQXV�PDOXV R�QDMZ\*V]HM�]QL*FH�]DUyZQR�Z�XEH]SLHF]HQLDFK�2&�NRPXQLNDF\MQ\FK��MDN�L�Z�DXWRFDVFR��:�WDEOLF\�SU]HGVWDZLRQH�V� GDQH�X]\VNDQH�Z�,�,QVSHNWRUDFLH�3=8�6$�Z�*G\QL��
3UH]HQWXM� GDQH�]H�VSUDZR]GD� VWDW\VW\F]Q\FK�,QVSHNWRUDWX�REOLF]RQH�QD�SRGVWDZLH�SROLV�2&�NRPXQLNDF\MQ\FK�]QDMGXM�F\FK�VL
 Z�NODVDFK�ERQXV Z�URNX������RUD]�Z�URNX�������FDáR�ü�GD�Q\FK�X]\VNDQ\FK�Z�,QVSHNWRUDFLH�PR*QD�RGQDOH(ü�Z�]Dá�F]QLNX�QU�,,���

7DEOLFD�������3ROLV\�]H�]QL*N� V\VWHPX�ERQXV�PDOXV Z�,�,QVSHNWRUDFLH�3=8�6$�Z�*G\QL�Z�ODWDFK������L������ �����U� �����U�:\VRNR�ü�]QL*NL /LF]EDSROLV :�� 1D�VXP
 /LF]ED�SROLV :�� 1D�VXP

��� ���� ������ �������������� ���� ������ ����������������� ���� ����� �������������� ���� ����� ����������������� ���� ����� �������������� ���� ����� ��� ������������� ���� ������ �������������� ���� ������ ������������������� ���� ������ �������������� ���� ������ ����������������à�F]QLH� ����� ������� ���������������� ����� ������� ����������������'UyGáR��'DQH�X]\VNDQH�Z�,�,QVSHNWRUDFLH�3=8�6$�Z�*G\QL�-DN�Z\QLND�]�SU]HGVWDZLRQ\FK�GDQ\FK��OLF]ED�SROLV�Z�NODVDFK�ERQXV Z�URNX������Z]URVáD�Z�SRUyZQDQLX�GR� URNX������R�RNRáR��������3RQLHZD* ,QVSHNWRUDW� QLH�XGRVW
SQLá�QLHVWHW\�GDQ\FK�GRW\F]�F\FK�RJyOQHM�OLF]E\�XPyZ�XEH]SLHF]HQLD�2&�]DZLHUDQ\FK�Z�W\FK�ODWDFK��QLH�PR*QD�RNUH��OLü��F]\�XG]LDá�SROLV�Z�NODVDFK�ERQXV Z�RJyOQHM�OLF]ELH�SROLV�]PLHQLá�VL
 L�Z�MDNLP�VWRSQLX��0R�*HP\�MHGQDN�VWZLHUG]Lü��*H�]QL*NL�Z�Z\VRNR�FL������NODVD�����VWDQRZLá\�Z������URNX��������RJyOQHM� OLF]E\�XG]LHORQ\FK� ]QL*HN�� SRGF]DV�JG\�Z� URNX������SURSRUFMD� WD�Z\QRVLáD�Ä]DOHGZLH´���������:\QLND�]�WHJR��*H�XG]LDá�QDMZ\*V]\FK�]QL*HN�Z�RJyOQHM�OLF]ELH�]QL*HN�MHVW�EDUG]R�Z\VR�NL� L� FKDUDNWHU\]XMH� VL
 WHQGHQFM
 URVQ�F��� =DXZD*\ü�PR*QD� MHGQRF]H�QLH�� *H� OLF]ED� L� XG]LDá� Z�RJyOQHM�OLF]ELH�]QL*HN�WU]\G]LHVWR� L�F]WHUG]LHVWRSURFHQWRZ\FK�Z�W\FK�VDP\FK�ODWDFK�]PQLHMV]\á\�VL
��1D�SRGVWDZLH�SRZ\*V]\FK�GDQ\FK�PR*QD�Z\VQXü�ZQLRVHN�R�]QDF]QHM�QLHUyZQRZDG]H�V\VWH�PX�ERQXV�PDOXV VWRVRZDQHJR�SU]H]�3=8�6$��)DNW�WHQ�SRWZLHUG]DM� RSLQLH�HNVSHUWyZ�RUD]�REOL�F]HQLD�ZDUWR�FL�XSU]HGQLR�ZSURZDG]RQ\FK�ZVND(QLNyZ�QLHUyZQRZDJL�



���

.RU]\VWDM�F�]�PRGHOL�VWRVRZDQ\FK�Z�SRSU]HGQLP�UR]G]LDOH��PR*HP\�REOLF]\ü�ZDUWR�FL�PLDU\�UyZQRZDJL��7DEOLFD����� SUH]HQWXMH��UHGQL�VWDFMRQDUQ\�SR]LRP�VNáDGNL�RUD]�PLDU
 56$/� GOD�ZDU�WR�FL�O  �����RUD]�GOD�FDáHJR�SRUWIHOD��:DUWR�]DXZD*\ü��*H�RED�VSRVRE\�REOLF]DQLD�PLDU�GDM� EDU�G]R�]EOL*RQH�UH]XOWDW\�
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7DEOLFD�������2F]HNLZDQ\�VWDFMRQDUQ\�SR]LRP�VNáDGNL�RUD]�ZDUWR�FL�PLDU\�UyZQRZDJL�GOD�EDGDQ\FK�V\VWHPyZ�ERQXV�PDOXV Z�3ROVFH�

'UyGáR��2EOLF]HQLD�ZáDVQH�:\QLNL�REOLF]H� ]DZDUWH�Z�WDEOLF\����� �ZLDGF]� R�]QDF]Q\P�QLH]UyZQRZD*HQLX�V\VWHPyZ�ERQXV�PDOXV Z�3ROVFH��'OD�*DGQHJR�]�V\VWHPyZ�RERZL�]XM�F\FK�SR������URNX��]�Z\M�WNLHP�V\V�WHPX�VWRVRZDQHJR�SU]H]�3RORQL
��ZDUWR�ü�PLDU\�56$/��O  ������QLH�SU]HNURF]\áD�SR]LRPX������7\PF]DVHP��MDN�Z\QLND�]�WDEOLF\������SR]LRP�WHQ�MHVW�SU]HNURF]RQ\�GOD�QLHPDO�ZV]\VWNLFK�RSLV\�ZDQ\FK� V\VWHPyZ� VWRVRZDQ\FK�Z� (XURSLH� =DFKRGQLHM�� 3RORQLD� 6$� SU]HGVWDZLD� VL
 QD� W\P� WOH�EDUG]R�NRU]\VWQLH��R�ZLHOH�Z\*V]\�SR]LRP�PLDU\�UyZQRZDJL� WRZDU]\VWZR�]DZG]L
F]D�VXURZ\P�UHJXáRP�SU]HM�FLD�Z�SU]\SDGNX�]JáRV]HQLD� V]NyG�REFL�*DM�F\FK�SROLV
 �SRU�� WDEOLFD��������3U]\�NáDG�3RORQLL�6$�ZVND]XMH��*H�VSRVREHP�UR]ZL�]DQLD�SUREOHPX�QLHUyZQRZDJL�MHVW�QLH�W\OH�ZSUR�ZDG]HQLH� Z\VRNLFK� NODV�PDOXV�� FR� ]DVWRVRZDQLH� EDUG]LHM� U\JRU\VW\F]Q\FK� ÄNDU´� Z� SU]\SDGNX�V]NRG\�± QD�SU]\NáDG]LH�3=8�ZLGDü��*H�ZSURZDG]HQLH�Z�NODVLH���QDMZ\*V]HJR�PR*OLZHJR�SR�]LRPX� VNáDGNL� ������ VNáDGNL� SRGVWDZRZHM�� QLH� SU]\F]\QLáR� VL
 ZFDOH� GR� SRSUDZ\� V\WXDFML�� FR�ZL
FHM��LQQH�ZSURZDG]RQH�UyZQRF]H�QLH�PRG\ILNDFMH�VSUDZLá\��*H�ZDUWR�FL�PLDU�GOD�QRZHJR�V\V�WHPX�VWRVRZDQHJR�Z�3=8�V� MHV]F]H�QL*V]H�QL* GOD�VWDUHJR�V\VWHPX�
2VREQHJR�NRPHQWDU]D�Z\PDJDM� ZDUWR�FL�PLDU�Z\]QDF]RQH�GOD�V\VWHPyZ�RERZL�]XM�F\FK�Z�3=8�Z�ODWDFK������������SLHUZV]H�F]WHU\�ZLHUV]H�WDEHOL��������:VND]XM� RQH�QD�]QDF]QLH�ZL
N�V]H� ]UyZQRZD*HQLH� W\FK� V\VWHPyZ�Z�SRUyZQDQLX� ]� V\VWHPDPL� VWRVRZDQ\PL�Z�3ROVFH�REHFQLH��7DN�NRU]\VWQD�RFHQD�Z\QLND�]�]DVWRVRZDQHM�Z�W\FK�V\VWHPDFK�]DVDG\�SROHJDM�FHM�QD�DQXORZDQLX�]QL*NL� Z� SU]\SDGNX� ]JáRV]HQLD� FKRü� MHGQHM� V]NRG\� �Z� WDNLHM� V\WXDFML� SROLVD� ZUDFDáD� GR� NODV\�

6\VWHP�ERQXV�PDOXV 3����� 56$/������ 3 56$/�3=8������ ������ ������ ������ ������3=8������ ������ ������ ������ ������3=8������ ������ ������ ������ ������3=8������ ������ ������ ������ ������3=8������ ������ ������ ������ ������3=8 2&�RG����� ������ ������ ������ ������3=8�$&�RG����� ������ ������ ������ ������:DUWD 2& ������ ������ ����� ������:DUWD�$&��VWDU\� ������ ������ ������ ������:DUWD�$&��QRZ\� ������ ������ ������ ������&RPSHQVD ������ ������ ������ ������3ROLVD ������ ������ ������ ������3RORQLD ������ ������ ������ ������



���

ZVW
SX���
.ROHMQ\P� ]DJDGQLHQLHP� Z\PDJDM�F\P� RPyZLHQLD� MHVW� HIHNW\ZQR�ü� WDU\ILNDF\MQD� V\VWHPX�ERQXV�PDOXV��:\NUHV\���� L���� SU]HGVWDZLDM� ]DOH*QR�ü�ZDUWR�FL�IXQNFML�HODVW\F]QR�FL�RG�SDUD�PHWUX�O��3LHUZV]\�]�QLFK�GRW\F]\�V\VWHPyZ�ERQXV�PDOXV VWRVRZDQ\FK SU]H]�3=8�Z�ODWDFK������������%\á\�WR�V\VWHP\�QLH]E\W�]áR*RQH��GODWHJR�ZDUWR�FL�HODVW\F]QR�FL�GOD�O ]�SU]HG]LDáX�������V�UDF]HM�QLVNLH��:\NUHV�MHGQDN�Z\UD(QLH�ZVND]XMH��*H�NROHMQH�PRG\ILNDFMH�V\VWHPX�V]á\�Z�NLHUXQNX�MHJR� XHODVW\F]QLHQLD�� 3RQLHZD* MHGQDN� UyZQRF]H�QLH�PDODáD� LFK� UyZQRZDJD� �SRU�� WDEOLFD��������LFK�HIHNW\ZQR�ü�]DOH*DáD�Z�GX*HM�PLHU]H�RG�SRSUDZQHJR�XVWDOHQLD�Z\VRNR�FL�VNáDGHN�
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'UyGáR��2EOLF]HQLD�ZáDVQH�:\NUHV���� SRND]XMH�]�NROHL�ZDUWR�FL�IXQNFML�HODVW\F]QR�FL�GOD�V\VWHPyZ�Z\NRU]\VW\ZDQ\FK�SU]H]� Uy*QH� G]LDáDM�FH�Z� 3ROVFH� WRZDU]\VWZD� XEH]SLHF]HQLRZH� SR� URNX� ������1D�Z\NUHVLH� QLH�XZ]JO
GQLRQR�V\VWHPX�ERQXV�PDOXV�VWRVRZDQHJR�Z�3=8�Z�XEH]SLHF]HQLX�$&�SR������URNX��]H�Z]JO
GX�QD�IDNW��*H�Z\NUHV�IXQNFML�HODVW\F]QR�FL�GOD�WHJR�V\VWHPX�SU]HELHJD�QLHPDO�MHGQDNRZR��MDN�GOD�V\VWHPX�VWRVRZDQHJR�SU]H]�3=8�Z�$&��L�2&��SU]HG������± MHVW�WR�]UR]XPLDáH��JG\* Uy*�QLFH�PL
G]\� W\PL� GZRPD� V\VWHPDPL� V� PLQLPDOQH�� 3U]HELHJ� IXQNFML� HODVW\F]QR�FL� GOD� V\VWHPX�
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ERQXV�PDOXV�VWRVRZDQHJR�Z�3ROLVLH��UyZQLH* QLH�MHVW�]D]QDF]RQ\�QD�Z\NUHVLH��SRQLHZD* Z�GX*HM�PLHU]H�SRNU\ZD�VL
 ]�NROHL�]�Z\NUHVHP�HODVW\F]QR�FL�GOD�V\VWHPX�VWRVRZDQHJR�Z�XEH]SLHF]HQLX�2&�Z�:DUFLH�
:\NUHV� ����� (ODVW\F]QR�ü�Z\EUDQ\FK� V\VWHPyZ�ERQXV�PDOXV�VWRVRZDQ\FK�Z�SROVNLFK�]DNáDGDFK�XEH]SLHF]H� SR�URNX������
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� ��� ��� ��� ��� ��� ��� ��� ��� ��� � 'UyGáR��2EOLF]HQLD�ZáDVQH�(ODVW\F]QR�ü�V\VWHPyZ�XZLGRF]QLRQ\FK�QD�Z\NUHVLH������]�XZDJL�QD�LFK�ZL
NV]� ]áR*RQR�ü��MHVW� ]QDF]QLH�Z\*V]D�QL* QD�Z\NUHVLH������:\NUHV\� IXQNFML�HODVW\F]QR�FL�GOD�QLHPDO�ZV]\VWNLFK�V\VWHPyZ�PDM� SRGREQ\�SU]HELHJ��FR�MHVW�V]F]HJyOQLH�ZLGRF]QH�MHVW�Z�SU]HG]LDOH�����������F]\OL�Z�SU]HG]LDOH�ZDUWR�FL�QDMF]
�FLHM�SU]\MPRZDQ\FK�SU]H]�SDUDPHWU�O��1D�NRU]\�ü�Z\Uy*QLD�VL
 WXWDM�SRZWyUQLH�V\VWHP�VWRVRZDQ\�SU]H]�3RORQL
��]D� QD�QLHNRU]\�ü�V\VWHP�VWRVRZDQ\�SU]H]�:DUW
 Z�XEH]SLHF]HQLX�$&�SU]HG�URNLHP�������GRNRQDQD�Z�W\P�URNX�PRG\ILNDFMD�]DVDG�V\VWHPX�]QDF]�QLH�SRSUDZLáD�MHJR�HODVW\F]QR�ü��FR�Z\UD(QLH�ZLGDü�QD�Z\NUHVLH���
7DEOLFD����� SRND]XMH�ZDUWR�FL�IXQNFML�HODVW\F]QR�FL�GOD�O ����RUD]�IXQNFML�HODVW\F]QR�FL�RE�OLF]RQH� ZSURZDG]RQ\PL� Z� SRSU]HGQLP� UR]G]LDOH� PHWRGDPL�� 3RJUXELRQ� F]FLRQN� ]D]QDF]RQR�ZDUWR�FL� PLDU� SU]HNUDF]DM�FH� SR]LRP� ������ 2WU]\PDQH� Z\QLNL� SRWZLHUG]DM� ZQLRVNL� Sá\Q�FH� ]DQDOL]\�Z\NUHVyZ��1DMOHSV]H�Z\QLNL� IXQNFML� HODVW\F]QR�FL� RWU]\PDQR� GOD� V\VWHPX�ERQXV�PDOXV�
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WRZDU]\VWZD� 3RORQLD� 6$�� =PLDQ\�ZSURZDG]RQH� RVWDWQLR�Z� V\VWHPDFK� 3=8� L�:DUW\� SRSUDZLá\�QLHFR�HODVW\F]QR�ü�W\FK�V\VWHPyZ��MHGQDN�SRSUDZD�WD�MHVW�UDF]HM�PLQLPDOQD��
7DEOLFD� ������ :DUWR�FL� PLDU� HODVW\F]QR�FL� GOD� QLHNWyU\FK� V\VWHPyZ� ERQXV�PDOXV�VWRVRZDQ\FK�Z�3ROVFH�

'UyGáR��2EOLF]HQLD�ZáDVQH�3RGVXPRZXM�F��QDOH*\�VWZLHUG]Lü��*H�PLDU\�HODVW\F]QR�FL�RUD]�UyZQRZDJL�REOLF]RQH�GOD�SRO�VNLFK�V\VWHPyZ�ERQXV�PDOXV V� UDF]HM�QLVNLH�Z�SRUyZQDQLX�]�RGSRZLHGQLPL�PLDUDPL�GOD�V\VWH�PyZ�VWRVRZDQ\FK�Z�(XURSLH��PR*QD�WR�]DREVHUZRZDü�SRUyZQXM�F�WDEOLF
 ���� ]�WDEOLFDPL�����L�����RUD]� WDEOLF
 ���� ]�������6\VWHPRP�HXURSHMVNLP�GRUyZQXMH� MHG\QLH� V\VWHP�Z\NRU]\VWDQ\�Z�=8L5�3RORQLD�6$��NWyUHJR�NRQVWUXNFMD�RSLHUD�VL
 QD�Z\UD(QLH�VXURZV]\FK�UHJXáDFK�SU]HM�FLD�
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�����6XJHVWLH�]PLDQ�Z�V\VWHPLH�XVWDODQLD�VNáDGHN�Z�XEH]SLHF]HQLDFK�NRPX�QLNDF\MQ\FK�Z�3ROVFH�
6\WXDFMD� QD� U\QNX� XEH]SLHF]H� NRPXQLNDF\MQ\FK�ZVND]XMH� QD� NRQLHF]QR�ü� EH]]ZáRF]QHJR�SRGM
FLD� V]HUHJX� G]LDáD� ]PLHU]DM�F\FK� GR� SRSUDZ\� UHQWRZQR�FL� W\FK� XEH]SLHF]H���'R� G]LDáD�VNLHURZDQ\FK� QD� ]PQLHMV]HQLH� V]NRGRZR�FL� QDOH*� PL
G]\� LQQ\PL�� ZSURZDG]HQLH� NRPSXWHUR�Z\FK�V\VWHPyZ�Z\FHQ\� V]NyG�VDPRFKRGRZ\FK��QS��$8'$7(;��(8527$;��XPR*OLZLDM�F\FK�SRSUDZ
 SURFHGXU�OLNZLGDFML�V]NyG��RUJDQL]DFMD�DNFML�SUHZHQF\MQ\FK�PDM�F\FK�QD�FHOX�SRSUDZ
EH]SLHF]H�VWZD�QD�GURJDFK��]DSRELHJDQLH�SU]HVW
SVWZRP�XEH]SLHF]HQLRZ\P��Z\áXG]DQLX�QLHQD�OH*Q\FK�RGV]NRGRZD����,QWHUHVXM�FH�V� UyZQLH* SURMHNW\�GRW\F]�FH�XWZRU]HQLD�&HQWUDOQHJR�5HMH�VWUX�3RMD]GyZ�8EH]SLHF]RQ\FK�L�.LHURZFyZ�]DZLHUDM�FHJR�GDQH�R�XEH]SLHF]HQLX�2&��XPR*OLZL�áRE\�WR�Z\HJ]HNZRZDQLH�RERZL�]NX�]DZDUFLD�XPRZ\�XEH]SLHF]HQLD�2&�SU]H]�ZV]\VWNLFK�SRVLD�GDF]\�SRMD]GyZ�± REHFQLH�VSRUD�F]
�ü�NLHURZFyZ�WHJR�RERZL�]NX�QLH�GRSHáQLáD��RUD]�SRZRáDQLD�.RPLWHWX�.RRUG\QDF\MQHJR�GR�VSUDZ�%H]SLHF]H�VWZD�5XFKX�'URJRZHJR��VZRLVWHJR�OREE\�XEH]�SLHF]\FLHOL��� D� WDN*H�RERZL�]NRZHJR� IXQGXV]X�SUHZHQF\MQHJR�JURPDG]�FHJR� �URGNL� QD�G]LDáDO�QR�ü�SUHZHQF\MQ� �%LXOHW\Q�3818�>����@��VV���������
-HGQ\P�]�QDMZD*QLHMV]\FK�VSRVREyZ�SRSUDZLHQLD�UHQWRZQR�FL�XEH]SLHF]H� VDPRFKRGRZ\FK�MHVW�QLHZ�WSOLZLH�NRUHNWD�PHWRG�WDU\ILNDFML�VNáDGHN��1LH�FKRG]L�WX�Z\á�F]QLH�R�RGSRZLHGQLH�SRG�Z\*V]DQLH�VNáDGHN��FKRü�QLH�GD�VL
 ]DSU]HF]\ü��*H�MHVW�WR�QLH]E
GQH�Z�ZDUXQNDFK�LQIODFML��D�QDZHW�VXSHULQIODFML�XEH]SLHF]HQLRZHM��WR�]QDF]\�V\WXDFML� Z�NWyUHM�RGV]NRGRZDQLD�URVQ� ]QDF]QLH�V]\E�FLHM�RG�LQIODFML���:D*QLHMV]H�MHVW�MHGQDN�SRSUDZQH�XNV]WDáWRZDQLH�WDU\I��RGSRZLHGQL�Z\EyU�F]\Q�QLNyZ�WDU\ILNDF\MQ\FK��ZáD�FLZH�]Uy*QLFRZDQLH�VNáDGHN�Z�]DOH*QR�FL�RG�U\]\ND��WUDIQD�NRQVWUXN�FMD�V\VWHPX�ERQXV�PDOXV��1LH�EH]�]QDF]HQLD�MHVW�UyZQLH* ZVSyáSUDFD�WRZDU]\VWZ�XEH]SLHF]HQLR�Z\FK�PL
G]\�VRE� RUD]�ZVSyáG]LDáDQLH�XEH]SLHF]\FLHOL�]�RUJDQDPL�QDG]RUX�
3RSUDZQD� WDU\ILNDFMD�R]QDF]D�PL
G]\� LQQ\PL�ZHU\ILNDFM
 NU\WHULyZ� VWRVRZDQ\FK�SU]H]� ]D�NáDG\�XEH]SLHF]H� Z�FHOX�Z\]QDF]HQLD�Z\VRNR�FL�VNáDGHN�XEH]SLHF]HQLRZ\FK��=GDQLHP�HNVSHU�WyZ�VSR�UyG�F]\QQLNyZ�ZSá\ZDM�F\FK�QD�V]NRGRZR�ü�QDMSUHF\]\MQLHM� WDU\ILNRZDQH�MHVW�RWRF]H�QLH��F]\OL�UHJLRQ�JHRJUDILF]Q\��SRU��QS��.RVWNLHZLF]�>����@��V�������-H�OL�FKRG]L�R�NU\WHULD�RFHQLD�M�FH�SRMD]G��QDOH*\�E\ü�PR*H�Z]L�ü�SU]\NáDG�]�NUDMyZ�(XURS\�=DFKRGQLHM�L�UR]ZD*\ü�PR*OLZR�ü�Z\ERUX�PRF\�VLOQLND��D�QLH�MHJR�SRMHPQR�FL�SU]\�Z\]QDF]DQLX�VNáDGHN�Z�XEH]SLHF]HQLX�2&��SRU��P��LQ��%LXOHW\Q�3818�>����@��V������=DVWRVRZDQLH�NU\WHULXP�SRMHPQR�FL�VNRNRZHM�MHVW�XZD*DQH�
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SU]H]�HNVSHUWyZ�]D�ÄUHOLNW�SU]HV]áR�FL´�� MHGQ\P�]�QDMZD*QLHMV]\FK�DUJXPHQWyZ�SU]HFLZNR�WHPX�UR]ZL�]DQLX�MHVW�IDNW��*H�NDU]H�RQR�QLHVSUDZLHGOLZLH�ZáD�FLFLHOL�SRMD]GyZ�]�VLOQLNLHP�'LHVOD��-H��OL�FKRG]L�R�XEH]SLHF]HQLH�DXWRFDVFR��FHORZH�E\áRE\�ZSURZDG]HQLH�ZL
NV]HJR�UR]Uy*QLHQLD�SR�MD]GyZ�]H�Z]JO
GX�QD�VWDQ�KDPXOFyZ��RJXPLHQLH��XNáDG�NLHURZQLF]\��$%6�RUD]�FHFK\�IL]\F]QH�VDPRFKRGX�± MHJR�V]\ENR�ü�L�PDV
 �.RVWNLHZLF]�>����@��V�������:áD�FLZD�WDU\ILNDFMD�Z\PDJDáD�E\�QD�SHZQR�SRZRáDQLD�VSHFMDOLVW\F]Q\FK�ELXU�HNVSHUFNLFK��Z�W\P�FHOX�NRQLHF]QD�E\áDE\�MHGQDN�ZVSyáSUDFD�XEH]SLHF]\FLHOL�
2VWDWQLR�ZSURZDG]RQH�PRG\ILNDFMH�V\VWHPyZ�XVWDODQLD�VNáDGHN�GRW\F]� WDU\ILNDFML�NLHURZ�F\��3ROHJDM� RQH�QD�ZSURZDG]DQLX�LQQ\FK��RERN�GRW\FKF]DVRZHJR�SU]HELHJX�XEH]SLHF]HQLD��V\V�WHP� ERQXV�PDOXV�� FHFK� NLHURZF\�� NWyUH� ZSá\ZDM� QD� Z\VRNR�ü� VNáDGNL�� 6� WR� PL
G]\� LQQ\PL�ZLHN�� SáHü�� RNUHV� SRVLDGDQLD� SUDZD� MD]G\�� =PLDQ\� WH� SR]\W\ZQLH� RFHQLDQH� V� SU]H]� ]QDZFyZ�SU]HGPLRWX��%LXOHW\Q�3818�>����@��V������
6DP� V\VWHP�ERQXV�PDOXV�� FR�Z\QLND�]�SU]HGVWDZLRQHM�Z�SRSU]HGQLP�SRGUR]G]LDOH�DQDOL]\��UyZQLH* Z\PDJD�UHNRQVWUXNFML��MH*HOL�PLDáE\�E\ü�UyZQLH�HIHNW\ZQ\�FR�V\VWHP\�VWRVRZDQH�Z�SD��VWZDFK� ]DFKRGQLRHXURSHMVNLFK��0R*HP\� XZ]JO
GQLDü� GZLH� GURJL� UHNRQVWUXNFML� V\VWHPX�ERQXV�PDOXV Z� XEH]SLHF]HQLX� 2&�� UHNRQVWUXNFMD� XZ]JO
GQLDM�FD� ]PLDQ
 UR]SRU]�G]HQLD� OXE� ]PLDQ\�PR*OLZH� GR� ZSURZDG]HQLD� SU]\� ]DáR*HQLX�� *H� SU]HSLV\� ]DZDUWH� Z� UR]SRU]�G]HQLX� QLH� XOHJQ�]PLDQLH�� :� XEH]SLHF]HQLX� $&� LVWQLHMH� ]XSHáQD� VZRERGD� NV]WDáWRZDQLD� ]DVDG� ERQXV�PDOXV�� :�UDPDFK� RERZL�]XM�FHJR� UR]SRU]�G]HQLD�PR*QD� UR]ZD*\ü� QDVW
SXM�FH�PRG\ILNDFMH� V\VWHPX�ER�QXV�PDOXV�� UH]\JQDFM
 ]� ]DVDG\� ÄNUyWNLHM� SDPL
FL� R� ]Z\*FH´�� ]ZL
NV]HQLH� OLF]E\� NODV� PDOXV��ZSURZDG]HQLH� VXURZV]\FK� UHJXá� SU]HM�FLD� RUD]� ÄVSRZROQLHQLH´� SURFHVX� SU]\]QDZDQLD� ]QL*HN��:V]\VWNLH� SRZ\*V]H� PR*OLZR�FL� PR*QD� SU]H�OHG]Lü� QD� SRGVWDZLH� REHFQLH� RERZL�]XM�FHJR� Z�3=8�6$� �ZSURZDG]RQHJR�Z������ URNX�� V\VWHPX�ERQXV�PDOXV�Z�XEH]SLHF]HQLDFK�2&��5HJXá\�SU]HM�FLD�WHJR�V\VWHPX�]DSUH]HQWRZDQH�]RVWDá\�Z�WDEOLF\������
3LHUZV]� UR]ZD*DQ� PRG\ILNDFM� V\VWHPX�MHVW�UH]\JQDFMD�]�NUyWNLHM�SDPL
FL�R�]Z\*FH��3ROLVD�]QDMGXM�FD�VL
 Z�NODVLH�PDOXV SR�MHGQ\P�EH]V]NRGRZ\P�URNX�WUDILD�QLH�GR�NODV\����OHF]�GR�NODV\�R�QXPHU]H�PQLHMV]\P�R�MHGHQ��]�NODV\���GR����]D� ]�NODV\���GR�����:�SU]\SDGNX�RPDZLDQHJR V\V�WHPX�]PLDQD�GRW\F]\áDE\�ZL
F�W\ONR�GZyFK�NRPyUHN�WDEHOL��SRU��WDEOLFD��������5R]V]HU]HQLHP�WHM�SURSR]\FML�MHVW�]ZL
NV]HQLH�OLF]E\�NODV�PDOXV �WDEOLFD�������

7DEOLFD�������0RG\ILNDFMD����5H]\JQDFMD�]�ÄNUyWNLHM�SDPL
FL�R�]Z\*FH´�
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'UyGáR��3URSR]\FMD�ZáDVQD�
7DEOLFD�������0RG\ILNDFMD����=ZL
NV]HQLH�OLF]E\�NODV�PDOXV��

'UyGáR��3URSR]\FMD�ZáDVQD�.ROHMQ� PR*OLZ� PRG\ILNDFM� V\VWHPX�MHVW�ZSURZDG]HQLH�VXURZV]\FK�UHJXá�SU]HM�FLD��-HGQ�]�ZLHOX�PR*OLZR�FL�]ZL
NV]HQLD�NDU�]D�SRZRGRZDQLH�Z\SDGNyZ�SU]HGVWDZLRQR�Z�WDEOLF\�������
7DEOLFD�������0RG\ILNDFMD����6XURZV]H�NDU\�]D�V]NRG\��

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM� ��� � � �� ��� � � �� ��� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� �� � ��� �� �� � ��� �� �� � �

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM� ��� �E � ��E ��� � � �� ��� �E � ��E ��� � � �� ��� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� �� � ��� �� �� � ��� �� �� � �
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'UyGáR��3URSR]\FMD�ZáDVQD�-HGQ\P�]�ZD*QLHMV]\FK�SRVWDQRZLH� UR]SRU]�G]HQLD�0LQLVWUD�)LQDQVyZ�RNUH�ODM�FHJR�RJyOQH�ZDUXQNL�XEH]SLHF]HQLD�2&�MHVW�XVWDOHQLH�PLQLPDOQ\FK�]QL*HN��=JRGQLH�]�UR]SRU]�G]HQLHP��]QL*�ND�VNáDGNL�XEH]SLHF]HQLRZHM�]D�ND*GH�GZD�ODWD�EH]V]NRGRZHJR�SU]HELHJX�XEH]SLHF]HQLD�QLH�PR�*H�E\ü�QL*V]D�QL* ����SRGVWDZRZHM�VWDZNL��SU]\�PDNV\PDOQHM�]QL*FH�Z�Z\VRNR�FL������$QDOL]D�WDEOLF���� � ���� SR]ZDOD�VWZLHUG]Lü��*H�ZH�ZV]\VWNLFK�SUH]HQWRZDQ\FK�V\VWHPDFK�VNáDGND�PDOHMH�V]\EFLHM�� QL* MHVW� WR�Z\PDJDQH� SU]H]� UR]SRU]�G]HQLH� �HNVWUHPDOQ\P�SU]\NáDGHP� MHVW� WX� V\VWHP�ERQXV�PDOXV &RPSHQV\��JG]LH�VNáDGND�RVL�JD�PLQLPDOQ\�SR]LRP�MX* SR�MHGQ\P�EH]V]NRGRZ\P�URNX���&]ZDUW� SURSR]\FM� PRG\ILNDFML�V\VWHPX�MHVW�ÄVSRZROQLHQLH´�SURFHVX�SU]\]QDZDQLD�]QL*HN�]D�EH]V]NRGRZR�ü�GR�JUDQLF�Z\]QDF]RQ\FK�UR]SRU]�G]HQLHP��WDEOLFD�������
.ROHMQD�SURSR]\FMD�PRG\ILNDFML��WDEOLFD�������VWDQRZL�UR]ZLQL
FLH�SRSU]HGQLHM�± Uy*QLFD�SR�OHJD�QD�VXURZV]\FK�UHJXáDFK�SU]HM�FLD��:�SU]\SDGNX�MHGQHM�V]NRG\�SROLVD�SU]HFKRG]L�R���NODV\�Z�JyU
��Z�SU]\SDGNX�GZyFK�OXE�ZL
NV]HM�OLF]E\�V]NyG��R���NODV�Z�JyU
��0RG\ILNDFMD�V]yVWD�Uy*QL�VL
 RG�SL�WHM�GRGDWNRZR�UH]\JQDFM� ]�ÄNUyWNLHM�SDPL
FL�R�]Z\*FH´��

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM� ��� � � �� ��� � � �� ��� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� �� � ��� �� �� � ��� �� �� � �



���

7DEOLFD�������0RG\ILNDFMD����Ä6SRZROQLHQLH´�SURFHVX�SU]\]QDZDQLD�]QL*HN�

'UyGáR��3URSR]\FMD�ZáDVQD�
7DEOLFD� ������ 0RG\ILNDFMD� �� �� ��� Ä6SRZROQLHQLH´� SURFHVX� SU]\]QDZDQLD� ]QL*HN� RUD]� VX�URZV]H�UHJXá\�SU]HM�FLD�

'UyGáR��3URSR]\FMD�ZáDVQD�:DUWR�FL�SRV]F]HJyOQ\FK�PLDU�REOLF]RQ\FK�GOD�V\VWHPX�SLHUZRWQHJR�MDN�L�GOD�NROHMQ\FK�]D�

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM� ��� � � �� ��� � � �� ��� � � �� ��� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� �� � ��� �� �� � ��� �� �� � ��� �� �� � ��� �� �� �� ��� �� �� �� ��� �� �� �� ��� �� �� �� �

.ODVD ��VNáDGNL�SRGVWDZRZHM :Sá\Z�OLF]E\�V]NyG�QD�]PLDQ
 NODV\�
� � ��L�ZL
FHM� ��� ����� � �� ��� ����� � �� ��� � � �� ��� � � �� �� � � �� �� � � �� �� � � �� �� � � �� �� �� � ��� �� �� � ��� �� �� � ��� �� �� � ��� �� �� � ��� �� �� �� ��� �� �� �� ��� �� �� �� �
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SUH]HQWRZDQ\FK�PRG\ILNDFML� SU]HGVWDZLRQH� V� Z� WDEOLF\� ������1D� SRGVWDZLH� WHM� WDEOLF\�PR*QD�VWZLHUG]Lü��*H�ND*GD� ]� SURSR]\FML� SRZRGXMH�Z]URVW� HIHNW\ZQR�FL� WDU\ILNDF\MQHM� V\VWHPX�ERQXV�PDOXV��:�SU]\SDGNX�SLHUZV]HM�L�GUXJLHM�PRG\ILNDFML�Z]URVW�HIHNW\ZQR�FL�MHVW�QLHZLHONL��2]QDF]D�WR��*H�UH]\JQDFMD�]�]DVDG\�ÄNUyWNLHM�SDPL
FL�R ]Z\*FH´�QLH�MHVW�Z\VWDUF]DM�FD��MH*HOL�MHVW�UHDOL]R�ZDQD�QLH]DOH*QLH�RG�LQQ\FK�]DELHJyZ�]ZL
NV]DM�F\FK�HIHNW\ZQR�ü��=PLDQD�ZVND(QLNyZ�Z\ZR�áDQD� ]ZL
NV]HQLHP� NDU� ]D� V]NRG\� OXE� ÄVSRZROQLHQLHP´� SURFHVX� SU]\]QDZDQLD� ]QL*HN� MHVW� MX*]QDF]QD��]D� RED�]DELHJL�SU]HSURZDG]RQH�UD]HP�MHV]F]H�EDUG]LHM�SRW
JXM� WHQ�HIHNW��PRG\ILNDFMD�SL�WD���:UHV]FLH�� V]yVWD�SURSR]\FMD�� VWDQRZL�FD� IDNW\F]QLH�SRá�F]HQLH�ZV]\VWNLFK� WU]HFK�G]LDáD�XVSUDZQLDM�F\FK� V\VWHP� ERQXV�PDOXV�� GDMH� QDMOHSV]\� UH]XOWDW��:DUWR� SU]\� W\P�]DXZD*\ü�� *H�Z�W\P SU]\SDGNX� UH]\JQDFMD�]�]DVDG\�ÄNUyWNLHM�SDPL
FL�R�]Z\*FH´� �VSURZDG]DM�FD� VL
 GR�]PLDQ\�GZyFK�SR]\FML�Z�WDEHOL��GRSURZDG]LáD�GR�LVWRWQHJR�]ZL
NV]HQLD�HIHNW\ZQR�FL�
7DEOLFD�������0LDU\�HIHNW\ZQR�FL�GOD�V\VWHPX�ERQXV�PDOXV�Z�XEH]SLHF]HQLX�2&�Z�3=8�6$�RUD]�MHJR�NROHMQ\FK�PRG\ILNDFML�

'UyGáR��2EOLF]HQLD�ZáDVQH�0LPR�RWU]\PDQLD�VDW\VIDNFMRQXM�F\FK�Z\QLNyZ��ZDUWR�FL�PLDU�HIHNW\ZQR�FL�]PRG\ILNRZD�QHJR�V\VWHPX�ERQXV�PDOXV RGSRZLDGDá\E\�ZDUWR�FLRP�W\FK*H�PLDU�GOD�V\VWHPyZ�VWRVRZDQ\FK�Z�(XURSLH� =DFKRGQLHM��� QDOH*\� VWZLHUG]Lü�� *H� PR*OLZR�FL� ZSURZDG]HQLD� VXJHURZDQ\FK� ]PLDQ� Z�NRQVWUXNFML�V\VWHPX�ERQXV�PDOXV�V� RJUDQLF]RQH��.D*GD�]�Z\PLHQLRQ\FK�SURSR]\FML�MHVW�ERZLHP�QLHNRU]\VWQD� ]� PDUNHWLQJRZHJR� SXQNWX� ZLG]HQLD�� 'ODWHJR� WH* ZSURZDG]HQLH� WDNLHJR� V\VWHPX�SU]H]� MHGQR� ]� WRZDU]\VWZ� XEH]SLHF]HQLRZ\FK� GRSURZDG]LáRE\� GR� SU]HM�FLD� NOLHQWyZ�GR� LQQ\FK�WRZDU]\VWZ��VWRVXM�F\FK�LQQH��PQLHM�VXURZH�]DVDG\�ERQXV�PDOXV��
:SURZDG]HQLH�RGSRZLHGQLFK�]PLDQ�PRJáRE\�VL
 RGE\ü�QD�]DVDG]LH�SRUR]XPLHQLD�SRPL
G]\�SRV]F]HJyOQ\PL�]DNáDGDPL�XEH]SLHF]H���:\GDMH�VL
��*H�VNXWHF]QR�ü�V\VWHPX�ERQXV�PDOXV ]QDF]�QLH�E\� VL
 ]ZL
NV]\áD�� JG\E\�QD�SRGVWDZLH� WDNLHJR�SRUR]XPLHQLD�ZSURZDG]RQR� MHGHQ��ZVSyOQ\�V\VWHP�ERQXV�PDOXV GOD�ZV]\VWNLFK�]DNáDGyZ�XEH]SLHF]H���%\ü�PR*H�� MH�OL�FKRG]L�R�NRPXQLND�

6\VWHP�ERQXV�PDOXV 3����� 56$/������ 3 56$/� K����� K
6\VWHP�SLHUZRWQ\ ������ ������ ������ ������ ������ ������0RG\ILNDFMD�� ������ ������ ������ ������ ������ ������0RG\ILNDFMD�� ������ ������ ������ ������ ������ ������0RG\ILNDFMD�� ������ ������ ������ ������ ������ ������0RG\ILNDFMD�� ������ ������ ������ ������ ������ ������0RG\ILNDFMD�� ������ ������ ������ ������ ������ ������0RG\ILNDFMD�� ������ ������ ������ ������ ������ ������



���

F\MQH� XEH]SLHF]HQLH� 2&�� RGSRZLHGQLP� UR]ZL�]DQLHP� E\áRE\� QDZHW� ZSURZDG]HQLH� ZVSyOQHJR�V\VWHPX�ERQXV�PDOXV GURJ� UR]SRU]�G]HQLD�0LQLVWUD�)LQDQVyZ��WDN�MDN�PD�WR�QD�SU]\NáDG�PLHMVFH�Z�%HOJLL��:� SU]\SDGNX�ZVSyOQHJR� V\VWHPX� XáDWZLRQD� E\áDE\� SURFHGXUD� XVWDODQLD� NODV\�ERQXV�PDOXV SR�]PLDQLH�XEH]SLHF]\FLHOD��.OLHQW�SU]HGVWDZLDáE\�ZWHG\�]D�ZLDGF]HQLH�VWZLHUG]DM�FH��Z�NWyUHM�NODVLH�]QDMGRZDá�VL
 Z�RVWDWQLP�URNX�RUD]�SRGDM�FH�HZHQWXDOQ� OLF]E
 V]NyG�REFL�*DM�F\FK�Z�RVWDWQLP�URNX�SROLV
��



���

=DNR�F]HQLH
3U]\F]\Q� ZSURZDG]HQLD�V\VWHPX�ERQXV�PDOXV��MDNR�NOXF]RZHJR�HOHPHQWX�WDU\ILNDFML�XEH]�SLHF]H� VDPRFKRGRZ\FK�Z�ZLHOX�NUDMDFK��ZLDWD��E\áR�SRV]XNLZDQLH�QDU]
G]LD��NWyUH�XPR*OLZLáR�E\�OHSV]H�GRSDVRZDQLH�VNáDGNL�GR�LQG\ZLGXDOQHJR�U\]\ND��IXQNFMD�WDU\ILNDF\MQD��RUD]�VNXWHF]QLH�RGG]LDá\ZDáRE\�QD� ]PQLHMV]HQLH� V]NRGRZR�FL� �IXQNFMD SUHZHQF\MQD���6\VWHP�ERQXV�PDOXV�PLDá�VSHáQLDü�RELH�IXQNFMH�L�MHGQRF]H�QLH�FKDUDNWHU\]RZDü�VL
 SURVWRW� L�]UR]XPLDáR�FL� ]�SHUVSHNW\Z\�NOLHQWD� RUD]� áDWZR�FL� REVáXJL� ]H� VWURQ\� XEH]SLHF]\FLHOD��:SURZDG]HQLH� V\VWHPX�Z� SD�VWZDFK�(XURS\�=DFKRGQLHM�VSRWNDáR�VL
 ]�DNFHSWDFM� VSRáHF]Q� �REQL*DQLH�VNáDGNL�Z�SU]\SDGNX�EH]V]NR�GRZR�FL� X]QDQR� ]D� VSUDZLHGOLZ� ]DVDG
 WDU\ILNDFML��� FR�GOD� WRZDU]\VWZ�XEH]SLHF]HQLRZ\FK�QLH�E\áR�EH]�]QDF]HQLD�]�PDUNHWLQJRZHJR�SXQNWX�ZLG]HQLD�
3RPLPR�SRSXODUQR�FL�� MDN� ]\VNDá�VRELH� WHQ�V\VWHP�Z�UyG�WRZDU]\VWZ�XEH]SLHF]HQLRZ\FK�L�LFK� NOLHQWyZ� �UyZQLH* Z� 3ROVFH��� MHJR� HIHNW\ZQR�ü� WDU\ILNDF\MQ� L� SUHZHQF\MQ� WUXGQR� RFHQLü�MHGQR]QDF]QLH��2ND]XMH�VL
 ERZLHP��*H�MHJR�IXQNFMRQRZDQLH�QLH�]DZV]H�Z�SHáQL�RGSRZLDGD�SR�VWDZLRQ\P�SU]HG�QLP�FHORP��
']LDáDQLH�SUHZHQF\MQH�V\VWHPX�ERQXV�PDOXV QLH�MHVW�GR�NR�FD�SRWZLHUG]RQH��&KRFLD* G\VSR�QXMHP\� GDQ\PL� SR]ZDODM�F\PL� VWZLHUG]Lü�� *H� SR� ZSURZDG]HQLX� V\VWHPX� ERQXV�PDOXV Z� SD��VWZDFK� ]DFKRGQLRHXURSHMVNLFK� V]NRGRZR�ü� Z� XEH]SLHF]HQLDFK� NRPXQLNDF\MQ\FK� LVWRWQLH� VL
]PQLHMV]\áD��WR�PDP\�SUDZR�SU]\SXV]F]Dü��*H�QD�WHQ�VSDGHN�ZSá\Q
áR�ZLHOH�SU]\F]\Q��Z�UyG�NWy�U\FK� VWRVRZDQD�Z�XEH]SLHF]HQLDFK� WDU\ILNDFMD�PR*H�E\ü�PDáR� ]QDF]�F\P�F]\QQLNLHP��3RQDGWR�]MDZLVNR� áDNQLHQLD�]QL*NL�QLHRGá�F]QLH�]ZL�]DQH�]�V\VWHPHP�ERQXV�PDOXV�VSUDZLD��*H�REVHUZR�ZDQD�F]
VWR�ü�V]NyG�Z�SU]\SDGNX�VWRVRZDQLD�V\VWHPX�MHVW�QL*V]D�RG�F]
VWR�FL�V]NyG��NWyU� ]DRE�VHUZRZDOLE\�P\��JG\E\�V\VWHP�ERQXV�PDOXV QLH�E\á�]DVWRVRZDQ\��6SDGHN�V]NRGRZR�FL�]ZL�]DQ\�]�V\VWHPHP�ERQXV�PDOXV PR*H�ZL
F�E\ü�W\ONR�SR]RUQ\�L�Z\QLNDü�Z\á�F]QLH�]�RSLVDQHM�SUDZLGáR�ZR�FL�
(IHNW\ZQR�ü� WDU\ILNDF\MQD� SRV]F]HJyOQ\FK� V\VWHPyZ� ERQXV�PDOXV PR*H� E\ü� RFHQLDQD� ]D�SRPRF� PLDU�RSDUW\FK�QD�PRGHOX�XMHPQ\P�GZXPLDQRZ\P�RUD]�WHRULL�áD�FXFKyZ�0DUNRZD��UR]�NáDG�VWDFMRQDUQ\�SURFHVX���=DVWRVRZDQLH�W\FK�PLDU�GR�V\VWHPyZ�VWRVRZDQ\FK�]DUyZQR�Z�(XURSLH�=DFKRGQLHM��MDN�L�Z�3ROVFH��SR]ZDOD�VWZLHUG]Lü��*H�FKRFLD* IXQNFMD�WDU\ILNDF\MQD�MHVW�SU]H]�V\VWHP�ERQXV�PDOXV�UHDOL]RZDQD��NLHURZF\�R�ZL
NV]HM�V]NRGRZR�FL�SáDF� SU]HFL
WQLH�Z\*V]H�VNáDGNL�RG�NLHURZFyZ� SRZRGXM�F\FK� QLHZLHOH� Z\SDGNyZ��� WR� MHM� Z\SHáQLDQLH� MHVW� ]QDF]QLH� RJUDQLF]RQH��



���

%D]XM�F�QD�IXQNFML�HODVW\F]QR�FL�PR*HP\�]DXZD*\ü��*H�Z]URVWRZL�V]NRGRZR�FL�U]DGNR�RGSRZLD�GD� DQDORJLF]Q\�Z]URVW� VNáDGNL��2EVHUZDFMD�PLDU� QLHUyZQRZDJL� V\VWHPX�SURZDG]L� QDWRPLDVW� GR�ZQLRVNX�� L* EUDN�UyZQRZDJL�� WR�]QDF]\�FL�Já\�VSDGHN��UHGQLHJR�SR]LRPX�VNáDGNL�VSRZRGRZDQ\�SU]H]� NRQFHQWUDFM
 XEH]SLHF]RQ\FK� Z� NODVDFK� R� QDMZ\*V]HM� ]QL*FH�� MHVW� QLHRGá�F]Q� FHFK�ZV]\VWNLFK� V\VWHPyZ�ERQXV�PDOXV��7DNL� VWDQ� U]HF]\�Z\Sá\ZD�]� MHGQHM� VWURQ\�]� UHJXá�NRQVWUXN�F\MQ\FK�V\VWHPX�ERQXV�PDOXV �RNUH�ORQD�OLF]ED�NODV��LVWQLHQLH�GROQHJR�L�JyUQHJR�OLPLWX�VNáDGNL���]�GUXJLHM�]D� VWURQ\�MHVW�Z\QLNLHP�]E\W�áDJRGQ\FK�]DVDG�NDUDQLD�SRGZ\*NDPL�VNáDGNL�NLHURZFyZ�SRZRGXM�F\FK�Z\SDGNL�L�GX*\FK�]QL*HN�GOD�NLHURZFyZ�EH]V]NRGRZ\FK��
3RUyZQDQLH� ZDUWR�FL� PLDU� HIHNW\ZQR�FL� REOLF]RQ\FK� GOD� EDGDQ\FK� V\VWHPyZ� SR]ZDOD�VWZLHUG]Lü��*H�QDMHIHNW\ZQLHMV]\P�SRG�Z]JO
GHP�WDU\ILNDF\MQ\P�V\VWHPHP�ERQXV�PDOXV RND]Dá�VL
 QRZ\�V\VWHP�V]ZDMFDUVNL�� ]D� VSR�UyG�SROVNLFK� WRZDU]\VWZ�� V\VWHP�VWRVRZDQ\�SU]H]�=DNáDG�8EH]SLHF]H� L� 5HDVHNXUDFML� 3RORQLD 6$��:� REX� SU]\SDGNDFK� Z\VRN� HIHNW\ZQR�ü� RVL�JQL
WR�SU]H]�ZSURZDG]HQLH� GR�ü� VXURZ\FK� UHJXá� SU]HM�FLD�� NWyUH� NDU]� NLHURZFyZ�SRZRGXM�F\FK�Z\�SDGNL��7
 VDP� SUDZLGáRZR�ü�]DREVHUZRZDü�PR*HP\�DQDOL]XM�F�RVWDWQLH�]PLDQ\�V\VWHPX�ERQXV�PDOXV GRNRQDQH�]DUyZQR�Z�SROVNLFK�WRZDU]\VWZDFK�XEH]SLHF]HQLRZ\FK��MDN�L�Z�LQQ\FK�NUDMDFK�HXURSHMVNLFK��:SURZDG]HQLH�ZL
NV]\FK�NDU�L�VSRZROQLHQLH�SU]\]QDZDQLD�]QL*HN�SRSUDZLáR�HIHN�W\ZQR�ü�PRG\ILNRZDQ\FK�V\VWHPyZ��
7U]HED�MHGQRF]H�QLH�]D]QDF]\ü��*H�]ZL
NV]HQLH�HIHNW\ZQR�FL�WDU\ILNDF\MQHM�V\VWHPX�SRSU]H]�ZSURZDG]HQLH�VXURZV]\FK�UHJXá�SU]HM�FLD�]PQLHMV]D� MHJR�DWUDNF\MQR�ü�PDUNHWLQJRZ���=�SXQNWX�ZLG]HQLD�NOLHQWD�WDNLH�]PLDQ\�XZD*DQH�V� ]D�QLHNRU]\VWQH��D�QDZHW�]D�QLHVSUDZLHGOLZH��7URVND�R�DWUDNF\MQR�ü�PDUNHWLQJRZ� L�Z\PRJL�NRQNXUHQFML� U\QNRZHM�Z\GDM� VL
 E\ü�JáyZQ\PL�SU]\F]\�QDPL�RJUDQLF]RQHM�HIHNW\ZQR�FL��D�V]F]HJyOQLH�GX*HM�QLHUyZQRZDJL�V\VWHPyZ�ERQXV�PDOXV�
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