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�� NDSLWROD

8PHO¬ ©LYRW

���� ²R MH WR XPHO¬ ©LYRW"

2Wg]ND MH� ³R MH WR YODVWQH XPHO¬ ©LYRW ��$UWLILFLDO /LIH��� 3UHWR©H GHILQmFLD WHMWR QRYHM H[SRQHQFLgOQH VD
UR]YmMDMrFHM YHGQHM REODVWL QLH MH YpEHF MDVQg� Gg VD XPHO¬ ©LYRW GHILQRYDÔ VNpU W¬P� ³R GRÈKR Up]QL ÄXGLD
]DKÌÈDMr� 1DM³DVWHM§LH LGH R VLPXOgFLX ©LYRWQ¬FK SUHMDYRY MHGQRWOLYFRY DOHER VNXSmQ� 8PHO¬ ©LYRW ]DVDKXMH GR
YLDFHUR X© ]DYHGHQ¬FK REODVWm� RNUHP ELROoJLH D LQIRUPDWLN\ DM GR I\]LN\� VRFLROoJLH� SV\FKROoJLH� HNRQoPLH
�PRGHORYDQm VLWXgFLm NHG\ VL ILUP\ NRQNXUXMr DOHER NHG\ VSROXSUDFXMr� ]DSRMHQLH WHoULH KLHU� ULDGHQLH
SULHP\VHOQ¬FK NRPSOH[RY� D ILOR]RILH� 7kPRX XPHOkKR ©LYRWD VD ]DREHUDMr WDN SRSXOgUQH YHGHFNk NQLK\ >���@�
YHGHFNk NQLK\ >�@� DNR DM SR³HWQk RGERUQk NRQIHUHQFLH >����@ D ³DVRSLV\ >�����@� &HQWURP DNWLYmW VNXSmQ
SUDFXMrFLFK Y �XPHORP ©LYRWH� MH 86$� SUHVQHM§LH SRYHGDQk LQ§WLWrW Y 6DQWD )H� ODERUDWoULg /RV $ODPRV D 0,7�
D -DSRQVNR� 1R Y (XUoSH VD WLH© Y WRPWR VPHUH QLH³R UREm >�����@�

9 ]gVDGH VD Y\GHÄXMr GYD SUmVWXS\ N WHMWR WkPH�
3UY¬ MH YL]LRQgUVN\� WYUGLDFL ©H XPHO¬ ©LYRW ]QDPHQg Y\WYRUHQLH D Y\OHS§RYDQLH r³LQQRVWL QRY¬FK

IRULHP ©LYRWD� LED Y LQRP PkGLX DNR Vr XKÄRYRGmN\� WHGD Yi³§LQRX QD Eg]H VLOLNoQRY¬FK ³LSRY Y SR³mWD³RFK
�DNR QDSU� SR³mWD³RYk YmUXV\�� DOHER Y �©HOH]H� SUHGVWDYRYDQRP �QDQR�URERWPL� 3URFHV ELRORJLFNHM HYROrFLH
YLHGRO N JHQRW\SX� Y\WYgUDMrFRP IHQRW\S� VFKRSQ¬ PDQLSXORYDÔ V YODVWQ¬P JHQRW\SRP SULDPR� NRSmURYDÔ KR�
PHQLÔ DOHER Y\WYgUDÔ FHONRP QRY¬� 7HQWR SUmVWXS VmFH IXQJXMH ]DWLDÄ LED X XPHOkKR ©LYRWD SUH]HQWRYDQkKR
SR³mWD³RY¬PL SURJUDPDPL� QR SUL WHUDM§RP SUXGNRP UR]YRML ELRWHFKQROoJLm D JkQRY¬FK PDQLSXOgFLm PR©QR
SUHGSRYHGDÔ� ©H Y SRORYLFL EXGrFHKR VWRUR³LD X© Pp©H E\Ô UHgOQ\ DM �ELRORJLFN¬� XPHO¬ ©LYRW �WHGD SRNLDÄ DNR
WDN¬ QHEXGHPH EUDÔ GR rYDK\ X© GQHV Y\WYgUDQk UDVWOLQQk GUXK\ V JHQHWLFN\ YQHVHQRX LQIRUPgFLRX SUH
Y\WYgUDQLH SURWLOgWRN SURWL §NRGFRP� DOHER SURGXNXMrFH OgWN\ SRX©LWHÄQk DNR YDNFmQD SURWL FKROHUH ³L PDOgULL��
6SROX V W¬PWR SUmVWXSRP VD SUHOmQD V RSD³QHM VWUDQ\ DM �WHFKQL]gFLD� ÄXGVNkKR ©LYRWD� RG H[LVWXMrFLFK
WUDQVSODQWgWRY NRQ³DWmQ UHDJXMrFLFK QD QHUYRYk SRYHO\ DOHER �SDFHPDNHURY� Y VUGFX D© SR H§WH Y]GLDOHQr
PR©QRVÔ SULDPHKR QDSRMHQLD ³ORYHND QD SR³mWD³� GRSRVLDÄ UHDOL]RYDQr LED SULPLWmYQ\PL SURVWULHGNDPL
YLUWXgOQHM UHDOLW\�

'UXK¬� YLDF �SUm]HPQ¬� VPHU WYUGm� ©H FLHÄRP XPHOkKR ©LYRWD MH Y\SUDFRYDÔ QRYk PHWoG\ SUH §WrGLXP
©LYRWD� YHGrFH N OHS§LHPX SRFKRSHQLX WRKWR ELRORJLFNkKR IHQRPkQX� 8PHO¬ ©LYRW SRVN\WXMH PR©QRVÔ URELÔ
H[SHULPHQW\� NWRUk E\ EROL Y WUDGL³QHM ELROoJLL H[WUkPQH NRPSOLNRYDQk DOHER QHPR©Qk� 9¬KRGQg MH WX PR©QRVÔ
SUHVQH RSDNRYDÔ H[SHULPHQW D WLH© U¬FKORVÔ VLPXOgFLm Y SRURYQDQm V H[SHULPHQWPL� =DWLDÄ ³R NODVLFNg ELROoJLD
VD VQD©m ©LYRW DQDO\]RYDÔ� XPHO¬ ©LYRW VPHUXMH N V\QWk]H DVSRÈ QLHNWRU¬FK ³ÌW ©LYRWD ]R ]gNODGQ¬FK YODVWQRVWm
©LYHM KPRW\� =gNODGQ¬P U\VRP WRKWR RERUX MH IRUPXORYDQLH ]gNODGQ¬FK SUDYLGLHO VSUgYDQLD VD MHGQRWOLY¬FK
�RUJDQL]PRY� D LFK UHSOLNgFLH� SUL³RP FLHÄRP MH GRVLDKQXÔ HYROrFLH RUJDQL]PRY URYQDNR DNR Y]ÔDKRY PHG]L
RUJDQL]PDPL ��HPHUJHQW EHKDYLRU�� DNR MH VrSHUHQLH� VSROXSUgFD DOHER WUHED SDUD]LWL]PXV D Y]ÔDK GUDYHF�
NRULVÔ� Y¬YRM GUXKRY� 9HÄD SUgFH MH VPHURYDQk N SR³mWD³RYHM VLPXOgFLL XPHO¬FK E\WRVWm D XPHO¬FK VYHWRY� Y
NWRU¬FK WLHWR E\WRVWL ©LMr� 3UHGPHWRP §WrGLD MH WHGD QLHOHQ QDSRGRERYDQm SR]HPVNkKR ©LYRWD� DOH DM VLPXOgFLD�
DN E\ ©LYRW PRKRO Y\]HUDÔ ]D LQ¬FK SRGPLHQRN�

=DNODGDWHÄ XPHOkKR ©LYRWD &KULVWRSKHU /DQJWRQ >�@ GHILQXMH XPHO¬ ©LYRW DNR §WrGLXP XPHO¬FK
V\VWkPRY NWRUk Y\ND]XMr VSUgYDQLH FKDUDNWHULVWLFNk SUH SUmURGQk ©LYk V\VWkP\� VDPRRUJDQL]gFLX� DGDSWgFLX�
HYROrFLX� NR�HYROrFLX� PHWDEROL]PXV ��� -H WR KÄDGDQLH Y\VYHWOHQLD ©LYRWD Y DNHMNRÄYHN IRUPH� EH] RKÄDGX QD
§SHFLILFNk SUmNODG\� NWRUk VD Y\YLQXOL QD =HPL� 7R ]DKÌÈD ELRORJLFNk D FKHPLFNk H[SHULPHQW\� SR³mWD³RYk
VLPXOgFLH� D ³LVWR WHRUHWLFNk UR]ERU\� 6XEMHNWRP Y¬VNXPX Vr SURFHV\ SUHELHKDMrFL QD PROHNXOgUQHM� VRFLgOQHM D
HYROX³QHM rURYQL� &LHÄRP MH H[WUDKRYDÔ ORJLFNr IRUPX RUJDQL]gFLH ©LY¬FK V\VWkPRY D SRNXVQH DEVWUDKRYDÔ
]gNODGQk SULQFmS\ Y¬YRMD�

9\WYRUHQmP W¬FKWR SURFHVRY RG]QRYD Y LQ¬FK I\]LFN¬FK PkGLgFK �DNR Y SR³mWD³RFK� LFK VSUmVWXSÈXMH
QRY¬P GUXKRP H[SHULPHQWgOQHM PDQLSXOgFLH D WHVWRYDQLD� 3RSULWRP HYROrFLD KDUGZDUH D V\QWHWLFNg HYROrFLD Y
FKkPLL SUH IDUPDNROoJLX Vr ]DXMmPDYk DM SULDPR SUH SUD[� 1D GUXKHM VWUDQH SRSXOgFLH GgWRY¬FK §WUXNWrU Y
SR³mWD³L Vr SRX©LWk N UHSUH]HQWRYDQm ELRORJLFN¬FK MHGLQFRY �GUDYFD D NRULVWL� PUDYFRY� EXQLHN DSRG��� 9R
Yi³§LQH SUmNODGRY XPHOkKR ©LYRWD SRSXOgFLH GgWRY¬FK §WUXNWrU QHUHSUH]HQWXMr SULDPR ©LDGHQ ©LMrFL RUJDQL]PXV
DOHER SURFHV� DOH VNpU VD SRGULD»XMr XPHOR Y\WYRUHQ¬P ]gNRQRP DEVWUDKRYDQ¬P ]R ]gNRQRY SODWQ¬FK SUH ©LYk
RUJDQL]P\� 1DMYi³§m QDG§HQFL SRSULWRP WYUGLD� ©H WLHWR GgWRYk §WUXNWrU\ Vr IDNWLFN\ ©LYk� 6WHYHQ /HY\ >�@
GpYRGm WDNWR� �¨LYRW MH G\QDPLFN¬ I\]LNgOQ\ SURFHV� D NH» GRNg©HWH GXSOLNRYDÔ WLHWR SURFHV\ QD LQDN QH©LYRP
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PDWHULgOH � VWYRULOL VWH ©LYRW� 7HQ Pp©H E\Ô QH]gYLVO¬ QD PDWHULgOX� 0p©H GRNRQFD Y]QLNQrÔ Y SR³mWD³L��
9]KÄDGRP N WRPX� ©H GRVLDÄ QHH[LVWXMH ©LDGQD FHONRP NYDOLWQg GHILQmFLD ©LYRWD� MH WRWR WYUGHQLH ]GURMRP
ErUOLY¬FK GLVNXVLm�

���� 'HILQmFLH ©LYRWD

=gNODGQRX RWg]NRX� QD NWRUr QHYLHPH RGSRYHGDÔ� MH WHGD X© Wg SR³LDWR³Qg� DNR GHILQRYDÔ ©LYRW" 1D
WR� ©H X© V WRXWR RWg]NRX EXGr SUREOkP\� SUL§OL Y ���W¬FK URNRFK YHGFL� FK\VWDMrFL VD KÄDGDÔ ©LYRW YR YHVPmUH�
NWRUm ]UD]X ]LVWLOL� ©H QHGRNg©X GHILQRYDÔ� ³R YODVWQH KÄDGDMr� 6DPR]UHMPH� EROR YHÄD GHILQmFLm� QR Y§HWN\ PDOL
VYRMH Y¬QLPN\ D REPHG]HQLD� 1DSUmNODG� ©LYRW PXVm E\Ô VFKRSQ¬ VHEDUHSURGXNFLH � PXO �VWHULOQ¬ NUm©HQHF
NRE\O\ D RVOD� NWRU¬ QLH MH SULQFLSLgOQH VFKRSQ¬ »DO§LHKR UR]PQR©RYDQLD� WHGD QLH MH ©LY¬"
9ODVWQRVWL GHILQXMrFH ©LYRW Pp©X E\Ô QDSU� QDVOHGXMrFH�
�� ¨LYRW MH VNpU XU³LW¬ Y]RU Y ³DVH D SULHVWRUH� DNR §SHFLILFN¬ PDWHULgOQ\ REMHNW�
�� -H VFKRSQ¬ VD UHSURGXNRYDÔ� QHFK X© VgP� DOHER V SRPRFRX KRVWLWHÄVNkKR RUJDQL]PX�
�� 2EVDKXMH LQIRUPgFLX� SRPRFRX NWRUHM MH Y\EXGRYDQ¬�
�� 2EVDKXMH PHWDEROL]PXV SUHPHQ\ MHGQkKR GUXKX KPRW\ QD LQ¬ VSRMHQ¬ V SURGXNFLRX HQHUJLH�
�� )XQN³QH LQWHUDJXMH V RNROmP�
�� -HKR ³DVWL VD QDY]gMRP IXQN³QH GRSÂÈDMr�
�� -H VWDELOQ¬ Y PHQLDFRP VD SURVWUHGm�
�� -H VFKRSQ¬ VD Y\YmMDÔ�
�� 5DVWLH DOHER H[SDQGXMH�

2EUD]\ RUJDQL]PX DNR VWURMD D VWURMD DNR RUJDQL]PX Vr VWDUk VWgUR³LD� 1R D© WHUD] VD RELGYD WLHWR
REUD]\ SRPDO\ ]D³mQDMr SUHNU¬YDÔ�
=gNODGQ¬PL YODVWQRVÔDPL ©LYRWD� NWRUk VD VQD©mPH Y\WYRULÔ XPHOR Vr VHEDUHSOLNgFLD� VDPRVWDWQk UR]KRGRYDQLH
 VHED�ULDGHQLH� OLPLWRYDQg VHED�REQRYD� HYROrFLD D X³HQLH� 7¬PWR SULEOL©XMHPH VWURMH ©LY¬P RUJDQL]PRP� 1R
]DWLDÄ VD QHGDUm QDSRGREQLÔ Y§HWN\ WLHWR YODVWQRVWL ]DUD]� 9i³§LQD SUmNODGRY XPHOkKR ©LYRWD VD ]DPHULDYD QD
VLPXOgFLX DVSRÈ MHGQHM YODVWQRVWL FKDUDNWHULVWLFNHM SUH ©LYRW� 9 REHFQRP KÄDGLVNX Pp©H SUmNODGRP ©LYRWX
SRGREQ¬FK Y¬WYRURY VOr©LÔ FHORVYHWRYg WHOHIoQQD VrVWDYD� Y¬YRM SR³mWD³RY¬FK YmUXVRY� YLUWXgOQD UHDOLWD Y
SR³mWD³L� DOHER SR³mWD³RYk PRGHO\ UR]YRMD HNRQoPLH D�DOHER HNROoJLH� 3ULHP\VHO VPHUXMH N SRX©mYDQm QD
ELRORJLFN¬FK SULQFmSRFK ]DOR©HQ¬FK PHWoG� OHER SRWUHEXMr PHQHM PDWHULgOX� Vr PHQHM HQHUJHWLFN\ QgUR³Qk� D
]OR©LWRVÔ Y\WYgUDQ¬FK YHFm D SURFHVRY GRVDKXMH KUDQmF ELRORJLFNHM SUHYLD]DQRVWL�

1D GUXKHM VWUDQH QDUgEDQLH V JHQHWLFN¬P LQ©LQLHUVWYRP� DM NH» SR VWgUR³LD SUDNWLFN\ SUHYgG]DQk
§ÄDFKWLWHÄPL RYRFLD DOHER KROXERY ³L KRYiG]LHKR GRE\WND� UREm ©LYRW D© WHUD] LQ©LQLHUVN\ VSUDFRYDWHÄQ¬P�

¨LYk V\VWkP\ PDMr YQrWRUQr §WUXNWrUX Y\ND]XMrFX QLHNRÄNR ]gNODGQ¬FK YODVWQRVWm�
• $EVHQFLX VWULNWQkKR FHQWUgOQHKR ULDGHQLH
• ²LDVWR³Qr DXWRQoPLX QL©§mFK SRG§WUXNWrU
• 9\VRNr rURYHÈ SRSUHSgMDQLD PHG]L SRG§WUXNWrUDPL
• 1HOLQHgUQH Y]gMRPQk RYSO\YÈRYDQLH SRG§WUXNWrU Y VLHWL

= W¬FKWR YQrWRUQ¬FK YODVWQRVWm SRWRP Y\SO¬YDMr YRQNDM§LH YODVWQRVWL ©LY¬FK V\VWkPRY�
• DGDSWDELOLWD �Y UgPFL X³HQLD MHGQkKR ©LYR³mFKD� GUREQk �WDNWLFNk� ]PHQ\�
• Y¬YRM �Y UgPFL GUXKX� ]PHQD ]gNODGQ¬FK JkQRY¬FK YODVWQRVWm� DOHER ]PHQD FHONRYkKR ]DPHUDQLD Y¬YRMD � ]

DGDSWgFLH JkQRY N DGDSWgFLL NXOWrU\�
• RGROQRVÔ VSpVREHQg UHGXQGDQFLRX
• VFKRSQRVÔ QDUDVWDQLD V\VWkPX EH] QXWQRVWL PHQLÔ MHKR ]gNODGQk YODVWQRVWL �NÌGHÄ YWgNRY DOHER NRE\OLHN

Pp©H QDUDVWDÔ UgGRYR EH] QXWQRVWL PHQLÔ V\VWkP VSUgYDQLD VD � MHGLQg WRSROoJLD VFKRSQg QHREPHG]HQkKR
UDVWX D QHULDGHQkKR X³HQLD MH VLHÔ�

9¬YRM MH SRGSRURYDQ¬ SRSUHSgMDQmP MHGQRWOLYFRY V H[SRQHQFLgOQ\P QgUDVWRP PR©Q¬FK NRPELQgFLm WRKWR
SRSUHSgMDQLD D ]gURYHÈ YDULgFLH MHGQRWOLYFRY� DNRNRÄYHN Yi³§LQRX QHY¬KRGQk SUH MHGQRWOLYFRY� Y GOKRGRERP
PHUmWNX Vr Y¬KRGQk SUH GUXK DNR FHORN � NH» MH ��� YDULgFLm QHrVSH§Q¬FK� ]Y\§Qk rVSH§Qk SHUFHQWR VD UR]§mUL
GR FHOkKR GUXKX�
1R WHQWR V\VWkP Pg ]gURYHÈ DM QHRGVWUgQLWHÄQk QHGRVWDWN\�
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• QHRSWLPgOQRVÔ � Y]KÄDGRP N WRPX� ©H MH V\VWkP XU³HQ¬ SUH QHXVWgOH VD PHQLDFH SRGPLHQN\� QHXVWgOH
KÄDGDQLH Y¬KRGQHM§mFK FLHVW D NRQWUROD PR©QHM ]PHQ\ SRGPLHQRN ]QL©XMH MHKR Y¬NRQQRVÔ YWHG\� NH» Vr
SRGPLHQN\ VWDELOQk D V\VWkP QD§LHO RSWLPXP�

• QHNRQWURORYDWHÄQRVÔ � ]OR©LWk V\VWkP\ VD QHGDMr SUH VYRMX ]OR©LWRVÔ SULDPR ULDGLÔ� LFK ULDGHQLH MH PR©Qk LED
RNÄXNRX� 3UmWRPQRVÔ �HPHUJHQWQkKR� VSUgYDQLD VD Y\OX³XMH SULDPH ULDGHQLH�

• QHSUHGYLHGDWHÄQRVÔ � NH»©H V\VWkP QHGRNg©HPH GRNRQDOH FKgSDÔ D ULDGLÔ� QHPp©HPH DQL QD ����
SUHGSRYHGDÔ MHKR VSUgYDQLH VD

• GOKk D SRVWXSQk EXGRYDQLH V\VWkPX� QXWQ¬ Y¬YRM SRWUHEXMH ³DV
¨LY¬ V\VWkP Y\X©mYD SUL X³HQLX GUREQk FK\E\� ³R PX XPR©ÈXMH Y\KQrÔ VD Yi³§mP ]O\KDQmP�

¦WrGLH ]OR©LWkKR VSUgYDQLD VD� Y\FKgG]DMrFHKR ] MHGQRGXFK¬FK SUDYLGLHO� VÄXEXMr E\Ô ]gNODGRP SUH
§WrGLH NRPSOLNRYDQkKR NROHNWmYQHKR VSUgYDQLD VD ]OR©LWHM§mFK RUJDQL]PRY� NWRUk E\ PDOL VFKRSQRVÔ MH WLH©
OHS§LH SRFKRSLÔ D SUHGSRYHGDÔ� ºDO§mP FLHÄRP MH UR]YRM QRY¬FK PHWoG SUH GLVWULEXRYDQk Y¬SR³W\�

3RSULWRP REMDYHQk SULQFmS\ Pp©X E\Ô X©LWR³Qk DM SUH SUDNWLFNk r³HO\ VRIWZDURYHM HYROrFLH
LQWHOLJHQWQ¬FK URERWRY� QDQRWHFKQROoJLH �URERWLN\ D Y¬URE\ SR³mWD³RY¬FK NRPSRQHQW DOHER QDSUmNODG
OHNgUVN\FK �QgVWURMRY� QD PROHNXOgUQHM rURYQL� D UREXVWQ¬FK D DGDSWDELOQ¬FK SR³mWD³RY¬FK SURJUDPRY SUL
YOR©HQm ©LYRWX SRGREQ¬FK SURFHVRY� 3UHGRY§HWN¬P W¬PWR SUDNWLFNHM§mP VPHURP VD EXGHPH ]DREHUDÔ Y WHMWR
NDSLWROH�

���� 8PHOg LQWHOLJHQFLD D DJHQWL

9R Y]ÔDKX NX NODVLFNHM XPHOHM LQWHOLJHQFLL MH XPHO¬ ©LYRW RULHQWRYDQ¬ �RSD³Q¬P VPHURP�� 8PHOg
LQWHOLJHQFLD SRVWXSXMH �]KRUD QDGRO�� ]gNODGRP MH GRSUHGX ]DGDQ¬ NRPSOH[Q¬ SUREOkP V SUHVQH VWDQRYHQ¬PL
SUDYLGODPL� DNR KUDQLH §DFKRY� FKgSDQLH WH[WX DOHER GLDJQo]D� 3URJUDP PXVm E\Ô LQWHOLJHQWQ¬ KQH» RG
]D³LDWNX� D MH QD SURJUDPgWRURYL� DNR WRKR GRVLDKQXÔ� 8PHO¬ ©LYRW QD UR]GLHO RG SUHGR§OkKR Y]QLNg �]GROD
QDKRU�� ]D³mQD RG QDMMHGQRGXFK§mFK HOHPHQWgUQ\FK MHGQRWLHN� D SRVWXSQH VD GRVWgYD N Y¬YRML D HPHUJHQWQ¬P
MDYRP� -H XU³HQ¬ QD �SUH©LWLH� Y NRPSOH[QRP SURVWUHGm V PHQLDFLPL VD SRGPLHQNDPL� 8PHO¬ ©LYRW VD VQD©m
Y\WYRULÔ LED ]gNODGQk SUDYLGOg� NWRUk EXGr WDN GREUH Y\EUDQk� ©H ]OR©LWk VSUgYDQLH VD �D PR©QR Y EXGrFQRVWL DM
Wg �LQWHOLJHQFLD�� VD Y\WYRUm SR ³DVH VDPD�

8PHOg LQWHOLJHQFLD D XPHO¬ ©LYRW PDMr N VHEH QDMEOL©§LH Y W\SX SURJUDPRY QD]YDQ¬FK DXWRQoPQ\ DJHQW

>�����@� 7R MH SURJUDP� NWRU¬ REVDKXMH QHMDN¬ GUXK YQmPDQLD RNROLWkKR SURVWUHGLD D QD ]gNODGH W¬FKWR
LQIRUPgFLm RYSO\YÈXMH YODVWQ¬ VWDY� VWDY VXVHGQ¬FK DJHQWRY DOHER SURVWUHGLH VDPRWQk� $JHQW SUDFXMH Y
RSHUD³QRP V\VWkPH� GDWDEg]H DOHER Y SR³mWD³RYHM VLHWL� $JHQW DOHER ]EHUg LQIRUPgFLH DOHER RYSO\YÈXMH VYRMH
RNROLH� LQGLYLGXgOQH DM �Y WmPRYHM SUgFL�� D SR SR³LDWR³QRP QDVWDYHQm SUDFXMH EH] »DO§LHKR RYSO\YÈRYDQLD
SURJUDPgWRURP� 9 $PHULNH Pg WHQWR SUmVWXS QgOHSNX �GLVWULEXRYDQg XPHOg LQWHOLJHQFLD�� MH SURJUDPRYDQ¬
SURIHVLRQgOPL YR YHÄNRP §W¬OH D ]D YHOLNk SHQLD]H D MH ]Y\³DMQH VrVWUHGHQ¬ QD SUDNWLFNk SUREOkP\� NGH Pp©H
E\Ô SRX©LW¬ QDSU� Y ULDGHQm OHWRYkKR SUHYgG]N\ DOHER SUHYgG]N\ WRYgUQH� NHG\ ND©G¬ VWURM Pg VYRMKR �DJHQWD�
VWDUDMrFHKR VD R GRGgYN\ HQHUJLH� VXURYmQ D RGYR] KRWRY¬FK SURGXNWRY�

=DWLDÄ QDMUR]§mUHQHM§mPL SUmNODGPL XPHOkKR ©LYRWD �DM NH» PQRKm E\ LFK ]D XPHO¬ ©LYRW QHSRYD©RYDOL�
Vr SR³mWD³RYk YmUXV\ D FHOXOgUQH DXWRPDW\ �DNR QDMMHGQRGXFK§m SUmSDG UHSUH]HQWRYDQk &RQZD\RYRX KURX
�©LYRW���

3R³mWD³RY¬ YmUXV >�����@ Pp©H E\Ô SRYD©RYDQ¬ DM ]D DXWRQoPQHKR DJHQWD� 9 SUD[L VD SR³mWD³RY¬ YmUXV
Om§L RG DXWRQoPQHKR DJHQWD W¬P� ©H MH MHGQRGXFK§m D Pg OHQ MHGHQ KODYQ¬ FLHÄ� UR]PQR©RYDÔ VD D UR]§LURYDÔ GR
»DO§mFK SR³mWD³RY� 2NUHP WRKR MH WX RWg]ND QL³LY¬FK YHGÄDM§mFK r³LQNRY YmUXVRY� 3UH XPHO¬ ©LYRW Vr YmUXV\
§SHFLgOQH ]DXMmPDYk W¬P� ©H PDMr YODVWQRVWL YHÄPL SRGREQk ELRORJLFN¬P YmUXVRP� $NFLH YmUXVRY E\ WHRUHWLFN\
PRKOL E\Ô DM SR]LWmYQH� QDSUmNODG XGU©LDYDQLH LQWHJULW\ GDWDEg]\�

=gNODGQ¬P GpYRGRP SUH WR� DE\ EROL SR³mWD³RYk YmUXV\ SRYD©RYDQk ]D ©LYk MH LFK VFKRSQRVÔ
DXWRUHSOLNgFLH� 3R³mWD³RY¬ YmUXV MH VHNYHQFLRX VWURMRYkKR NoGX� NWRUg VD VNRSmUXMH QD MHGHQ ³L YLDF
�KRVÔRYVN¬FK� SURJUDPRY� NH» Vr WLHWR ]DNWLYRYDQk� .H» Vr WLHWR LQILNRYDQk SURJUDP\ VSXVWHQk� NoG YmUXVX MH
DNWLYRYDQ¬ D YmUXV VD §mUL »DOHM� 3RGREQH DNR ELRORJLFNk YmUXV\ DM SR³mWD³RYk YmUXV\ QLH Vr VFKRSQk �©LÔ�
VDPRWQk� SRWUHEXMr KRVWLWHÄD�

3RGREQ¬ W\S SURJUDPRY� �³HUY\� �ZRUPV� ,QWHUQHW :RUP ����� Pp©X ©LÔ QH]gYLVOH D FHVWRYDÔ VLHÔRX�
1HSULSgMDMr VD QD FXG]LH SURJUDP\� D QHPXVLD DQL SR§NRG]RYDÔ RVWDWQk SURJUDP\� 7HRUHWLFN\ Pp©X Up]QH ³DVWL
�³HUYD� EH©DÔ QD Up]Q\FK VWURMRFK�

=gNODGQg YODVWQRVÔ� NWRUg YmUXVRP DM ³HUYRP FK¬ED� MH VFKRSQRVÔ VDPRVWDWQH VD Y\YmMDÔ� 9mUXV� NWRU¬
E\ WRKR ERO VFKRSQ¬� E\ PXVHO E\Ô SUmOL§ YHÄN¬� D WHGD ÄDKNR UR]SR]QDWHÄQ¬ D ]QL³LWHÄQ¬ DQWLYmURY¬PL
SURJUDPDPL�
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9LUWXgOQD UHDOLWD >��@ Pg WLH© EOm]NR N XPHOkPX ©LYRWX� 1D UR]GLHO RG XPHOkKR ©LYRWD YR YLUWXgOQHM

UHDOLWH MH X©mYDWHÄ DNWmYQ\P r³DVWQmNRP SURFHVRY Y XPHOH Y\WYRUHQHM VLPXOgFLL UHDOLW\� ]DWLDÄ ³R Y VLPXOgFLL

XPHOkKR ©LYRWD MHGLQFL�SURJUDP\ SR SR³LDWR³QRP QDVWDYHQm ]Y\³DMQH X© QHNRPXQLNXMr V X©mYDWHÄRP� WHQ MH

SRWRP OHQ SR]RURYDWHÄRP GHMRY YR YLUWXgOQRP VYHWH� GR NWRU¬FK QH]DVDKXMH�

=gNODGRP Yi³§LQ\ VLPXOgFLm XPHOkKR ©LYRWD Vr DOJRULWP\ GRYRÄXMrFH XPHO¬P �E\WRVWLDP� Y\YmMDÔ VD

D�DOHER PHQLÔ VYRMH SURVWUHGLH� .D©G¬ ] W¬FKWR DOJRULWPRY MH YHGQ¬P RERURP VgP R VHEH ]R §LURN¬PL

YHGHFN¬PL D SULHP\VHOQ¬PL DSOLNgFLDPL� =gNODGQk DOJRULWP\ VSDGDMr GR GYRFK RGYHWYm� X³LDFH VD DOJRULWP\�

UHSUH]HQWRYDQk QHXUoQRY¬PL VLHÔDPL D HYROX³Qk DOJRULWP\� UHSUH]HQWRYDQk SUHGRY§HWN¬P JHQHWLFN¬PL

DOJRULWPDPL�

1HXUoQRYk VLHWH >��@ PDMr VYRMX KRGQRWX VDP\ R VHEH DNR XQLYHU]gOQH DSUR[LPgWRU\ D Gg VD SRYHGDÔ�

©H VDP\ SUHGVWDYXMr SROH Y¬VNXPX »DOHNR UR]VLDKOHM§LH DNR Y Vr³DVQHM GREH XPHO¬ ©LYRW� 3UH DXWRQoPQ\FK

DJHQWRY SRWRP QHXUoQRYk VLHWH SUHGVWDYXMr MHGQX ] PR©Q¬FK PHWoG UR]KRGRYDQLD D Vr³DVQH X³HQLD VD DNR

NRPXQLNRYDÔ V RNROLW¬P SURVWUHGmP DOHER UR]SR]QgYDÔ LQIRUPgFLH�

2EUg]RN ���� 2UJDQL]PXV ULDGHQ¬ QHXUoQRYRX VLHÔRX VD QDFKgG]D QD SUDYRXKOHM PULH©NH W\SX 1[1� D ©LYm VD SRWUDYRX
]Qg]RUQHQRX QgKRGQH UR]PLHVWQHQ¬PL OmVWNDPL � Pg ]D FLHÄ GRVWDÔ VD ]D VYRM ©LYRW �GDQ¬ SR³WRP KRUL]RQWgOQ\FK DOHER
YHUWLNgOQ\FK NURNRY QD VXVHGQk SROH� N ³R QDMYi³§LHPX SR³WX OmVWNRY� -H DOH VFKRSQ¬ YQmPDÔ LED VYRMH QDMEOL©§LH
�Y\WLHÈRYDQk� RNROLH� 0XVm WHGD XU³LÔ� NGH MH QDMYLDF QDMEOL©§mFK OmVWNRY D SRK\ERYDÔ VD W¬P VPHURP� 3UDYRXKOg PULH©ND MH
VWR³HQg GR WYDUX SQHXPDWLN\� DE\ VD QHPRKOR VWDÔ� ©H RUJDQL]PXV GRMGH QD RNUDM PULH©N\� 9SUDYR GROH Vr ]Qg]RUQHQk SUYk
WUL NURN\� SUL³RP SUHGSRNODGgPH� ©H QHXUoQRYg VLHÔ Y©G\ UR]KRGOD VSUgYQH� D RUJDQL]PXV ]mVNDO MHGHQ OmVWRN�
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2EUg]RN ���� =Qg]RUQHQLH WURMYUVWYRYHM QHXUoQRYHM VLHWH RUJDQL]PX� 9VWXSQk QHXUoQ\ ]mVNDYDMr VLJQgO\ ] YL]XgOQ\FK
UHFHSWRURY SUH RNROLWk SROm³ND �� SUH QHSUmWRPQRVÔ OmVWNX� LQDN ��� 6NU\Wk QHXUoQ\ SRPgKDMr VSUDFRYDÔ SULMDWr LQIRUPgFLX
SUH Y¬VWXSQk QHXUoQ\� NWRUk UR]KRGXMr R VPHUH EXGrFHKR SRK\EX RUJDQL]PX� 6SRMH PHG]L QHXUoQPL Vr RKRGQRWHQk YgKDPL�
NWRUk WDN RYSO\YÈXMr �LQWHOLJHQFLX� QHXUoQRYHM VLHWH� 7DN¬FK RUJDQL]PRY MH YLDF� LFK rVSH§QRVÔ Y ]EHUH SRWUDY\ VD
RKRGQRFXMH� QHrVSH§Qk ]DQLNDMr D WLH QDMrVSH§QHM§LH VD PQR©LD� Y\PLHÈDMr VL Y]gMRPQH ³DVWL �GHGL³QHM LQIRUPgFLH� � YgK\
PHG]L QHXUoQPL� WDN©H RUJDQL]P\ VD VWgYDMr VWgOH HIHNWmYQHM§mPL Y ]EHUH SRWUDY\�

9HÄD DSOLNgFLm XPHOkKR ©LYRWD Y\EDYXMH VYRMH RUJDQL]P\ QHXUoQRYRX VLHÔRX� NWRUg VOr©L DNR XPHO¬

PR]RJ� VFKRSQ¬ VD QDWUkQRYDÔ ] SUmNODGRY V GRSUHGX ]DGDQ¬P Y¬VOHGNRP� 7\SLFN\ MH QHXUoQRYg VLHÔ ]RVWDYHQg

]R YVWXSQ¬FK QHXUoQRY� QDSRMHQ¬FK QD LQIRUPgFLH ]mVNDYDQk ] YRQNDM§LHKR SURVWUHGLD� VNU\W¬PL YUVWYDPL

QHXUoQRY� URELDFLPL Yi³§LQX Y¬SR³WRY� D Y¬VWXSQ¬PL QHXUoQPL� NWRUk XU³XMr »DO§LX DNFLX RUJDQL]PX�DJHQWD�

YL»� REU� ��� D ���� 7UkQRYDQLH QHXUoQRYHM VLHWH SRWRP SR]RVWgYD ] XU³RYDQm VLO\ VSRMHQLD PHG]L MHGQRWOLY¬PL

QHXUoQPL� 7R MH PR©Qk URELÔ Up]Q\PL SUmVWXSPL� PHG]L LQ¬P DM JHQHWLFN¬PL DOJRULWPDPL�

=DXMmPDYk MH DM SRX©LWLH VLPXOgWRURY XPHOkKR ©LYRWD YR Y¬X³EH SULQFmSRY ELROoJLH SUH GHWL� 9¬UD]QkKR

rVSHFKX WX GRVLDKRO QDSU� 0LWFKHOO 5HVQLFN >��@� 1DMSRSXOgUQHM§m Y WRPWR RKÄDGH MH QDMVNpU SURJUDP 6LP/LIH

>��@�

(YROX³Qk DOJRULWP\� NWRU¬P VPH VD YHQRYDOL Y SUHGFKgG]DMrFLFK NDSLWROgFK� SRWRP VOr©L SUH SUHQRV

LQIRUPgFLm PHG]L LQGLYmGXDPL D SUH Y¬YRM FHOHM JHQHUgFLH�W¬PX RUJDQL]PRY�DJHQWRY�

���� (YROrFLD SUDYLGLHO D /LQGHQPH\HURY\ V\VWkP\

2NUHP JHQHWLFN¬FK DOJRULWPRY� SURJUDPRYDQm D »DO§mFK PHWoG H[LVWXMr DM W]Y� /LQGHQPH\HURY\ V\VWkP\ >��@

SURGXN³Q¬FK SUDYLGLHO SRX©mYDQ¬FK N PRGHORYDQLX UDVWX D UR]YRMD RUJDQL]PRY� 7LHWR V\VWkP\ VD Y\VN\WXMr Y

PQRK¬FK VLPXOgWRURFK� URYQDNR DNR Y SR³mWD³RYHM DQLPgFLL� 3UL VLPXOgFLL W¬FKWR V\VWkPRY ]DQHGEgYDPH

YQrWRUQr §WUXNWrUX VNrPDQ¬FK V\VWkPRY D QDKUDG]XMHPH MX ]MHGQRGX§HQ¬PL SUDYLGODPL WDN� DE\ Y¬VOHGQ¬ HIHNW

ERO ³R QDMEOL©§m VNrPDQkPX ELRORJLFNkPX HIHNWX� 3UmNODGRP Pp©H E\Ô WYRUED �NUmND�� NGH /�V\VWkP MH GDQ¬

QDVOHGRYQ¬PL SUDYLGODPL�
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¦WDUWRYQ¬ ERG )
3URGXN³Qk SUDYLGOR ) → ) >�)@>�)@ �����

) ]QDPHQg QDNUHVOL ³LDUX �]D³mQDPH NROPRX ³LDURX ]R SR³LDWR³QkKR ERGX R VrUDGQLFLDFK ��� GR
NRQFRYkKR ERGX R VrUDGQLFLDFK �����

> ]QDPHQg ]DSDPiWDÔ VL VrUDGQLFH NRQFRYkKR ERGX D RGSRYHGDMrFX ]PHQX VrUDGQmF
G[ [ NRQFRY¬ − [ SR³LDWR³Q¬ � G\ \ NRQFRY¬ − \ SR³LDWR³Q¬

@ ]QDPHQg YUgWLÔ VD QD ]DSDPiWDQk VrUDGQLFH ERGX D RGSRYHGDMrFH G[ D G\
� ]QDPHQg RWR³LÔ VD GRÄDYD �SRX©LOL VPH SUHSLV SUH VrUDGQLFH QRYkKR ERGX

[ NRQFRY¬ [ SR³LDWR³Q¬ � ��� �FRV���
R� G[ � VLQ���R� G\�

\ NRQFRY¬ \ SR³LDWR³Q¬ � ��� �VLQ���
R� G[ � FRV���R� G\� �����

− ]QDPHQg RWR³LÔ VD GRSUDYD �SRX©LOL VPH SUHSLV SUH VrUDGQLFH QRYkKR ERGX
[ NRQFRY¬ [ SR³LDWR³Q¬ � ��� �FRV���

R� G[ � VLQ���R� G\�
\ NRQFRY¬ \ SR³LDWR³Q¬ � ��� �VLQ���

R� G[ � FRV���R� G\� �����
3UH REUg]RN ��� VPH SRX©LOL UHNXU]LX SUDYLGLHO GR rURYQH �� )UDNWgORYr §WUXNWrUX Y\WYRUHQr SRPRFRX

WURFKD SR]PHQHQ¬FK SUDYLGLHO Pp©HPH YLGLHÔ QD REU� ����

2EUg]RN ���� /LQGHQPD\HURY V\VWkP GDQ¬ URYQLFRX ��� LQWHUSUHWRYDQ¬ »DOHM XYHGHQ¬PL SUDYLGODPL D URYQLFDPL ��� D ���� V
UHNXU]LRX GR rURYQH ��

2EUg]RN ���� /LQGHQPD\HURY V\VWkP SUH §WDUWRYQ¬ ERG )�)�)�)� SURGXN³Qk SUDYLGOR ) → )�)�)�))�)�)�)� �KRO
RWg³DQLD EXGH ��R D ]PHQ§HQLH VD SRX©LMH LED SUL UHNXU]LL� 'RVWgYDPH W]Y� .YDGUDWLFN¬ .RFKRY RVWURY >��@� ³R MH IUDNWgORYg
§WUXNWrUD �Pp©HPH mVÔ V UHNXU]LRX ÄXERYROQH KOERNR� D SRNLDÄ GRVWDQHPH ]REUD]HQ¬ RGVHN REUg]NX EH] GDQkKR PHUmWND� QLH
MH PR©Qk SRYHGDÔ� DN¬ YHÄN¬ MH WR RGVHN�� 7R MH SRGREQk DNR X SUHGFKgG]DMrFHKR VWURPX� SRNLDÄ GRVWDQHPH REUg]RN
RGUH]DQkKR NRQFD YHWYL³N\ EH] PHUmWND� QLH MH PR©Qk SRYHGDÔ� ³L UHNXU]LD QD REU� ��� L§OD GR � rURYQH DOHER GR PLOLoQWHM�

3UmNODG ���� 9\WYRUWH REGREQ¬ WURMUR]PHUQ¬ VWURP³HN� NGH MHGQRWOLYk YHWYL VD QHEXGr VNUDFRYDÔ IDNWRURP ����
DOH QgKRGQ¬P ³mVORP V JDXVVRYVN¬P UR]OR©HQmP SUDYGHSRGREQRVWL VR VWUHGRP QDSU� Y ���� NGH DM KUrEND
NPHÈD VD EXGH ]PHQ§RYDÔ D EOL©§LH YHWYL EXGr Y\]HUDÔ WOVWHM§LH� NGH XKO\ YHWYm Y SULHVWRUH WLH© EXGr GDQk
QgKRGQH� 9\VNr§DMWH DM LQk SURGXN³Qk V\VWkP\� QDSU� SR³HW YHWYm EXGH GDQ¬ QgKRGQ¬P ³mVORP RG � GR ��

1HW\SLFN¬P SUmVWXSRP X Y¬EHURYk IXQNFLH HYROX³Q¬FK DOJRULWPRY MH HVWHWLFNk NULWkULXP� DNR KR QDSU�
XSODWÈXMH .DUO 6LPV SUL JHQHURYDQm REUg]NRY >��@� 6LPV >��@ WLH© SRX©LO JHQHWLFN¬ V\VWkP N Y¬YRML �XPHO¬FK
E\WRVWm� ]OR©HQ¬FK ] EORNRY� VSRMHQ¬FK NÂEPL� SRKgÈDQ¬FK VYDOPL D ULHGHQ¬FK �REYRGPL�� 7LHWR XPHOk E\WRVWL
EROL SRWRP WHVWRYDQk QD VFKRSQRVÔ SRK\ERYDÔ VD SR SRYUFKX� VNgNDÔ � SOgYDÔ DSRG�� SUL³RP VD Y\YLQXOD YHÄNg
YDULDELOLWD E\WRVWm D QRY¬FK W\SRY SRK\ERY�

9 VNXWR³QRVWL ]D³DO V SRGREQ¬P Y¬YRMRP REUg]NRY �E\WRVWm� ]RROoJ 5LFKDUG 'DZNLQV >��@ Y VYRMHM
SRSXOgUQHM NQL©NH �%OLQG :DWFKPDNHU�� 7LHWR �E\WRVWL� VD YRODOL C%LRPRUSK
 SRGÄD VXUUHDOLVWLFN¬FK ]YLHUDWgP
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SRGREQ¬P REUg]NRP 'HVPRQGD 0RUULVH� 3RPRFRX QgKRGQ¬FK PXWgFLm VD Y©G\ Y\WYRULOD VDGD REUg]NRY� ]
NWRU¬FK VL X©mYDWHÄ Y\EUDO WHQ� ³R VD PX QDMYLDF Sg³LO� D ] WRKR EROD JHQHURYDQg »DO§LD VDGD� 7LHWR VWURPRP
SRGREQk §WUXNWrU\ EROL ]DNoGRYDQk YR IRUPH JkQRY� NoGXMrFLFK XKRO YHWYHQLD� GÂ©NX YHWYm� KÂENX UHNXU]LH� WYDU
DNR SULDPND� RYgO� REGÂ©QLN DSRG� 7DNWR Y]QLNOL QDSU� QDVOHGXMrFH REUg]N\ LKOL³QDWkKR VWURPX� ©DE\ DOHER
VDPXUDMD� YL»� REU� ����

2EUg]RN ���� 6WURP� ©DED D VDPXUDM� REUg]N\ Y\WYRUHQk DOJRULWPRP ]DOR©HQ¬P QD UHNXU]LL D SUDYLGOgFK SRGREQ¬FK
/LQGHQPD\HURY¬P V\VWkPRP� NGH Vr DOH SUDYLGOg ]DNoGRYDQk FKURPR]oPDPL� NWRUk SUHFKgG]DMr GUREQ¬PL ]PHQDPL�
8©mYDWHÄ Pg QDSU� QD Y¬EHU ] � PR©Q¬FK REUg]NRY� D WHQ� NWRU¬ VL Y\EHULH� WYRUm ]gNODG SUH »DO§mFK � REUg]NRY Y\WYRUHQ¬FK
SRPRFRX QgKRGQH SR]PHQHQ¬FK SUDYLGLHO� 3R QLHNRÄN¬FK GHVLDWNDFK F\NORY Y¬EHURY VD SRWRP GDMr ]mVNDÔ ]DXMmPDYR
Y\]HUDMrFH REUg]N\�

���� (YROX³Qg G\QDPLND D PRGHORYDQLH NÌGÄD

6NpU DQDO\WLFNkPX VSpVREX ULH§HQLD SUREOkPRY VD YHQXMH HNRORJLFNg D HYROX³Qg G\QDPLND� -HGQ¬P ]

QDM]QgPHM§mFK SUmNODGRY MH QDMVNpU Y]ÔDK GUDYHF�NRULVÔ� Y\MDGUHQ¬ /RWND�9ROWHUURYRX URYQLFRX >�����@� ,GH R

Y\MDGUHQLH Y]ÔDKX PHG]L SR³WRP GUDYFRY D SR³WRP ORYQHM ]YHUL Y ]gYLVORVWL QD ³DVH� ,GHgOQH E\ WLHWR SR³W\ PDOL

E\Ô VWDELOQk� QR SUL XU³LWHM HIHNWLYLWH rWRNRY GUDYFRY D UR]PQR©RYDQm GUDYFRY DM NRULVWL QDVWgYDMr RVFLOgFLH

PQR©VWYD NRULVWL� QDVOHGRYDQk RVFLOgFLDPL SR³WX GUDYFRY� 'g VD WR Y\VYHWOLÔ QDVOHGRYQH� SUL SR³LDWR³QHM FKRUREH

Vr GUDYFL ]GHFLPRYDQm D NRULVÔ VD SUHPQR©m� 'UDYFL SRWRP PDMr YHÄD NRULVWL� EH] SUREOkPRY VD Pp©X �SR

]gQLNX FKRURE\� UR]PQR©RYDÔ D LFK SR³HW VD WDN ]Yi³§m H§WH Y¬UD]QHM§LH DNR PQR©VWYR NRULVWL� 7HUD] Vr ]DVD

SUHPQR©HQm GUDYFL� NWRU¬P VD SRGDUm QDWRÄNR ]UHGXNRYDÔ PQR©VWYR NRULVWL� ©H VDPL ]D³Qr XPLHUDÔ KODGRP�

2VFLOgFLH PQR©VWYD NRULVWL D GUDYFRY VD SRWRP RSDNXMr X© EH] QXWQRVWL SR³LDWR³QkKR Y\FK¬OHQLD SR³WX GUDYFRY

] URYQRYg©QHKR VWDYX QHMDNRX FKRURERX� 7DNkWR RVFLOgFLH PR©QR QDSUmNODG SR]RURYDÔ X SR³WRY XORYHQ¬FK

NUgOLNRY D U\VRY YR YLDF DNR VWRUR³LH VWDU¬FK ]g]QDPRFK +XGVRQ�V %D\ &RPSDQ\� NHG\ Vr PD[LPg SR³WRY

XORYHQ¬FK NUgOLNRY Y]GLDOHQk RG VHED Y©G\ GHVDÔ URNRY� QDVOHGRYDQk PD[LPDPL SR³WRY XORYHQ¬FK U\VRY�

1HFK 1��W� MH SR³HW NXVRY NRULVWL �DOHER KRVWLWHÄD�� D 1��W� MH SR³HW NXVRY GUDYFRY �DOHER SDUD]LWRY� Y ³DVH

W� 3UHGSRNODGDMPH� ©H ]D QHSUmWRPQRVWL GUDYFRY VD NRULVÔ UR]PQR©XMH U¬FKORVÔRX U� ]DWLDÄ ³R ]D DEVHQFLH NRULVWL

GUDYFL K\Qr U¬FKORVÔRX U�� 1HFK E� RGSRYHGg VFKRSQRVWL GUDYFRY SR©LHUDÔ NRULVÔ D E� YSO\Y PQR©VWYD NRULVWL �D

WHGD QDV¬WHQLD GUDYFRY� QD LFK UR]PQR©RYDQLH� 1DMMHGQRGXFK§LH Y\MDGUHQLH MH SRWRP

G1��W��GW  1��U�−E�1� �

G1��W��GW  1��−U��E�1� � �����

1HFK U� ���� E� ��� U� ���� E� ���� D 1���� �� D 1���� ��� 3RWRP Pp©HPH ]Qg]RUQLÔ SULHEHK ]PLHQ

SR³WRY GUDYFRY D NRULVWL Y ]gYLVORVWL QD ³DVH QD MHGQRP JUDIH� YL» REU� ���� NGH SR³HW GUDYFRY MH Y\]QD³HQ¬

³LDUNRYDQH� SR³HW NXVRY NRULVWL SOQRX ³LDURX� 'UXK¬ JUDI ]REUD]XMH Y]gMRPQr ]gYLVORVÔ SR³WX GUDYFRY D NXVRY

NRULVWL� NGH VD WLHWR SR³W\ SRK\EXMr Y ³DVH SR ]REUD]HQHM WUDMHNWoULL VWgOH GRRNROD�
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2EUg]RN ���� 3UYg ]gYLVORVÔ XND]XMH RVFLOgFLH SR³WX GUDYFRY D PQR©VWYD NRULVWL QD ³DVH� GUXK¬ REUg]RN MH
WUDMHNWoULRX VrVWDY\ GLIHUHQFLgOQ\FK URYQmF ������

7DN¬WR SULHEHK Y]gMRPQkKR RYSO\YÈRYDQLD GYRFK ©LYR³m§Q\FK GUXKRY VD Gg PRGHORYDÔ QLH OHQ
GLIHUHQFLgOQ\PL URYQLFDPL� QR DM SR³mWD³RY¬P H[SHULPHQWRP� NHG\ Y\WYRUmPH QD PULH©NH GUDYFRY D NRULVÔ�
SUL³RP NRULVÔ VD UR]PQR©XMH VWDELOQRX U¬FKORVÔRX� ]DWLDÄ ³R UR]PQR©RYDQLH GUDYFRY ]gYLVm QD KXVWRWH NRULVWL�

3UH Qg]RUQRVÔ DOH QDMVNpU XYHGLHPH SUmNODG VLPXOgFLH SRSXOD³QkKR SURFHVX MHGQkKR GUXKX� .H»
]DQHGEgPH WDNPHU Y§HWNR Y³mWDQH SOR§QkKR UR]§mUHQLD GUXKX� GRVWgYDPH LED GYD SURFHV\� ]URGHQLH D VPUÔ�

.H» SUHGSRNODGgPH� ©H SUmOL§ YHÄNg SRSXOgFLD Pg LQKLEL³Q¬ HIHNW QD »DO§m UDVW� D WHQWR LQKLEL³Q¬ HIHNW MH
OLQHgUQ\� SUH ]PHQX SR³WX SRSXOgFLH 1 GRVWgYDPH SUH QHMDNk NODGQk NRQ§WDQW\ U D V 9HUKXOVW�3HDUORYX
ORJLVWLFNr URYQLFX� UR]SUDFRYDQr Y >��@� 9HUKXOVW WrWR URYQLFX QDYUKRO X© U� ���� >��@� QR EROD LJQRURYDQg D©
GR URNX ����� NHG\ MX 3HDUO D 5HHG ]QRYX REMDYLOL >��@

G1 GW 1 U V1� = −0 5 �����

7gWR URYQLFD E\ PDOD LGHgOQH IXQJRYDÔ QDSU� SUH NXOWrUX NYDVLQLHN� QR SUHNYDSXMrFR GREUH IXQJXMH DM SUH RYHÄD
]OR©LWHM§LH SUREOkP\� 7rWR URYQLFX VL Pp©HPH UR]GHOLÔ QD U¬FKORVÔ UDVWX %�1� D Y\PLHUDQLD '�1�� NHG\

G1 GW % 1 ' 1 1 D D E E 1� � � � � >� � � � @= − = − − +
� � � �

�����

NHG\ U D�−D� D V E��E� SUH NODGQk NRQ§WDQW\ D�� D�� E�� E� D Pp©HPH SmVDÔ

% 1 1 D E 1� � � �= −
� �

D ' 1 1 D E 1� � � �= +
� �

�����

3UHWR©H U¬FKORVÔ UDVWX SRSXOgFLH %�1� QHPp©H E\Ô ]gSRUQg� Y\SO¬YD ] WRKR� ©H �≤1≤D��E�� ²DV 6 PHG]L
MHGQRWOLY¬PL XGDORVÔDPL� WHGD ]URGHQmP DOHER VPUÔRX Y SRSXOgFLL MH QHSULDPR rPHUQ¬ Vr³WX U¬FKORVWm UDVWX D
Y\PLHUDQLD� 9 VLPXOgFLL REVDKXMH WLH© QgKRGQr SUHPHQQr <� V XQLIRUPQRX GLVWULErFLRX ] LQWHUYDOX ������ WHGD

V
<

% 1 ' 1
=

−
+
OQ

� � � �
� �����

1D UR]GLHO RG GHWHUPLQLVWLFNkKR PRGHOX� VWRFKDVWLFN¬ PRGHO Pg VmFH URYQRYg©Q\ VWDY� QR SR ³DVH
VWRFKDVWLFN¬PL ]PHQDPL SRSXOgFLD Y\PULH� 8 GHWHUPLQLVWLFNkKR PRGHOX VD EHULH YHÄNRVÔ SRSXOgFLH DNR UHgOQH
³mVOR� NWRUk SUL GDQ¬FK SDUDPHWURFK URYQLFH QLNG\ QHPp©H NOHVQrÔ QD QXOX� 8 VWRFKDVWLFNkKR PRGHOX MH YHÄNRVÔ
SRSXOgFLH FHOk ³mVOR� D NH» VD QgKRGRX GRVWDQH QD QXOX� X© VD ] QHM QLNG\ QHGRVWDQH� 6WRFKDVWLFN¬ PRGHO MH
RSmVDQ¬ DOJRULWPRP ���� NWRUkKR Y¬VOHGRN MH QD REU� ����
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$NR »DO§m SUmNODG VLPXOgFLH Pp©HPH XYLHVÔ VrÔD©HQLH GYRFK GUXKRY� NGH QgUDVW SRSXOgFLH MHGQkKR GUXKX MH

LQKLERYDQ¬ Vr³DVQH WDN YHÄNRVÔRX SRSXOgFLH MHGQkKR GUXKX� DNR DM YHÄNRVÔRX SRSXOgFLH GUXKkKR GUXKX� 1D

UR]GLHO RG 9ROWHUURY¬FK�/RWNRY¬FK URYQmF E\ WHGD X ND©GkKR GUXKX VDPRVWDWQH QDVWDO QgUDVW D© GR VWDELOQkKR

ERGX� ]DWLDÄ ³R X 9ROWHUURY¬FK�/RWNRY¬FK URYQmF E\ VD NRULVÔ EH] GUDYFRY UR]PQR©RYDOD GRQHNRQH³QD� ]DWLDÄ ³R

GUDYFL EH] NRULVWL E\ ]DK\QXOL� =gURYHÈ QgUDVW NRULVWL VSpVREXMH QgUDVW GUDYFRY� ]DWLDÄ ³R SUL VrÔD©LYRP Y]ÔDKX

MH WR QDRSDN� GUXK\ Vr VL QDY]gMRP GUDYFDPL� DM NH» VD QHSR©LHUDMr� VWD³m NH» VSRWUHERYgYDMr URYQDN¬ GUXK

REPHG]HQ¬FK ]GURMRY� .H» 1��W� D 1��W� R]QD³mPH PQR©VWYg SUYkKR D GUXKkKR GUXKX Y ³DVH W� Pp©HPH SmVDÔ

G1 GW 1 U V 1 V 1

G1 GW 1 U V 1 V 1
� � � �� � �� �

� � � �� � �� �

= − −
= − −

� �
� �

�����

D� ���� D� ���� E� E� ����

IXQFWLRQ %�Q�� Q �D��E� Q��

IXQFWLRQ '�Q�� Q �D��E� Q��
Q� ��
WLPH� ��

GUDZ 1���� ��

IRU VWHS� � WR VWHS���� GR

EHJLQ

LI Q � EUHDN�

<� UDQGRP��� <� UDQGRP���
V �OQ�<����%�Q��'�Q���
WLPH� V�

GUDZ 1�WLPH� Q�

LI �≤<�≤%�Q���%�Q��'�Q� WKHQ Q� Q�� HOVH Q� Q���

GUDZ 1�WLPH� Q�

HQG�

$OJRULWPXV ���� *HQHURYDQLH YHÄNRVWL SRSXOgFLH Y ]gYLVORVWL QD ³DVH SRPRFRX VWRFKDVWLFN¬FK ]PLHQ� 9¬VOHGRN DOJRULWPX MH
]Qg]RUQHQ¬ QD 2EU� ����

'DMr VD UR]Om§LÔ §W\UL SUmSDG\�

�� .H» U��U�!V���V�� DM V���V��� SRWRP GUXK � Y\KUgYD�

�� .H» U��U��V���V�� DM V���V��� SRWRP GUXK � Y\KUgYD�

�� .H» V���V�� � U��U�� V���V��� SRWRP H[LVWXMH VWDELOQk URYQRYg©QH ULH§HQLH V YHÄNRVÔDPL SRSXOgFLH 1 1
� �

 
� �YL»

SUY¬ GLDJUDP ] REU� �����

2EUg]RN ���� =REUD]HQLH VWRFKDVWLFNHM UHDOL]gFLH ]PLHQ YHÄNRVWL SRSXOgFLH Y
]gYLVORVWL QD ³DVH SRGÄD URYQLFH ��� D DOJRULWPX ��� �VFKRGRYLWg NULYND� D Vr³DVQH
GHWHUPLQLVWLFNHM NULYN\ SRGÄD ULH§HQLD GLIHUHQFLgOQHM URYQLFH 1
�W� 1�W� ��D��D���
�E��E�� 1�W�� V RNUDMRYRX SRGPLHQNRX 1��� � �KODGNg NULYND��
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2EUg]RN ���� 'LDJUDP\ VWDELOLW\ SUH VrÔD©HQLH GYRFK ©LYR³m§Q\FK DOHER UDVWOLQQ¬FK GUXKRY� 9 SUYRP SUmSDGH GRVWgYDPH
VWDELOQr URYQRYgKX Y PLHVWH SUHNUm©HQLD GYRFK SULDPRN D D E� Y GUXKRP SUmSDGH GRVWgYDPH QHVWDELOQr URYQRYgKX Y PLHVWH
SUHNUm©HQLD � SUL DNRPNRÄYHN Y\FK¬OHQm MHGHQ ] GUXKRY Y\PULH� ]gOH©m LED QD VPHUX Y\FK¬OHQm� 9 SUmSDGH� ©H E\ VD SULDPN\
D� E QHSUHWmQDOL� D SULDPND D MH QDG E� Y\PULH GUXK �� Y RSD³QRP SUmSDGH Y\PULH GUXK ��

�� .H» V���V�� � U��U� � V���V��� SRWRP H[LVWXMH QHVWDELOQk URYQRYg©QH ULH§HQLH� .H» VD YHÄNRVWL SRSXOgFLH

Y\FK¬OLD ] WRKWR ULH§HQLD� ]D³Qr VD Y\FK\ÄRYDÔ W¬P YLDF� D© SRNLDÄ MHGHQ ] GUXKRY QHY\K\QLH� .WRU¬ ]

GUXKRY Y\K\QLH� WR ]gYLVm QD SR³LDWR³QRP VWDYH� D SUL VWRFKDVWLFNHM VLPXOgFLL ³LDVWR³QH DM QD QgKRGH� �YL»

GUXK¬ GLDJUDP ] REU� �����

2EUg]RN ���� 0RGHORYDQLH SUY¬FK ���� ]PLHQ YHÄNRVWm SRSXOgFLm SUL VrÔD©HQm GYRFK GUXKRY SRPRFRX DOJRULWPX ����
3RSXOgFLH SUYkKR DM GUXKkKR GUXKX ]D³mQDMr V YHÄNRVÔDPL 1� 1� �� .ÄXNDWRX ³LDURX Vr ]REUD]HQk SRVWXSQk ]PHQ\ YHÄNRVWm
SRSXOgFLm� NWRUk VD SR SULEOL©QRP GRVLDKQXWm URYQRYg©QHKR VWDYX �SRWXOXMr QDRNROR�� ¨LDÄ� QLH MH WX ]REUD]HQ¬ ³DVRY¬
SULHEHK D MHGQRWOLYk ]PHQ\ ] UR]GLHOQ\FK ³DVRY¬FK RGVHNRFK VD SUHNU¬YDMr� WYRULDF QHSUDYLGHOQr PULH©NX� 2EUg]RN
RGSRYHGg SUYkPX GLDJUDPX VWDELOLW\ ] SUHGFKgG]DMrFHKR REU� ��� SUH NRQ§WDQW\ U� ���� V�� ����� V�� ����� U� ���� V�� �����
V�� �����
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U� ���� V�� ����� V�� ����� U� ���� V�� ����� V�� �����

IXQFWLRQ %��Q��� Q� U��

IXQFWLRQ '��Q��Q��� Q� �V�� Q� � V�� Q���

IXQFWLRQ %��Q��� Q� U��

IXQFWLRQ '��Q��Q��� Q� �V�� Q� � V�� Q���
Q�� �� Q�� ��

GUDZ ^���`�

IRU VWHS� � WR VWHS����� GR

EHJLQ

<� UDQGRP���
5 %��Q���'��Q��Q���%��Q���'��Q��Q���

LI �� <�� %��Q���5 WKHQ Q�  Q��� HOVH

LI <�� �%��Q���'��Q��Q����5 WKHQ Q�  Q��� HOVH

LI <�� �%��Q���'��Q��Q���%��Q����5 WKHQ Q�  Q��� HOVH Q�  Q����
GUDZ ^Q��Q�`�

HQG�

$OJRULWPXV ���� *HQHURYDQLH VWRFKDVWLFN¬FK ]PLHQ YHÄNRVWm GYRFK VrÔD©LDFLFK SRSXOgFLm� 9]KÄDGRP N SR³LDWR³Q¬P
KRGQRWgP NRQ§WgQW U D V Pg V\VWkP VWDELOQk ULH§HQLH Q� ��� Q� ��� RNROR NWRUkKR VD YHÄNRVWL SRSXOgFLm EXGr SRK\ERYDÔ�
9¬VOHGRN DOJRULWPX MH ]Qg]RUQHQ¬ QD REU� ����

1D ³R PRGHORYDÔ Y¬YRM SRPRFRX VWRFKDVWLFN¬FK SURFHVRY� NH» X Y\§§LH XYHGHQ¬FK SUmNODGRY H[LVWXMH DM
MHGQR]QD³Qk DQDO\WLFNk ULH§HQLH RGSRYHGDMrFLFK GLIHUHQFLgOQ\FK URYQmF" 6WD³m MHGQRGXFKR SULGDÔ SULHVWRURYk
Y]ÔDK\� W�M� XPLHVWQLÔ MHGQRWOLY¬FK �©LYR³mFKRY� QD WRURLGgOQX PULH©NX DNR X FHOXOgUQ\FK DXWRPDWRY �YL»
»DOHM�� D GLIHUHQFLgOQH URYQLFH SUHVWgYDMr SODWLÔ� 3UREOkP\ VD MHGQRGXFK¬P SULGDQmP SULHVWRURYHM LQWHUDNFLH
VWgYDMr YR Yi³§LQH SUmSDGRY DQDO\WLFN\ QHULH§LWHÄQ¬PL�

3UmNODG ���� 1DPRGHOXMWH SULHEHK\ PQR©VWYD GUDYFRY D NRULVWL XNg]DQk Y SUHGFKgG]DMrFLFK REUg]NRFK ��� QLH
SRPRFRX GLIHUHQFLgOQ\FK URYQmF� DOH Y\WYRUHQmP VWRFKDVWLFNkKR PRGHOX� NGH PQR©VWYg GUDYFRY D NRULVWL D LFK
SUmUDVWN\�rE\WN\ EXGr GDQk FHO¬PL ³mVODPL� Y SUmSDGH� ©H ]PHQD QLH MH Y\MDGUHQg FHO¬P ³mVORP� EHUWH
QHFHOR³mVHOQr ³DVÔ DNR SUDYGHSRGREQRVÔ� D UR]KRGQLWH R ]DRNUrKOHQm KRUH�GROX QD ]gNODGH SRURYQDQLD WHMWR
SUDYGHSRGREQRVWL V QgKRGQ¬P ³mVORP ] LQWHUYDOX ������

7\SLFN¬P FLHÄRP PQRK¬FK VLPXOD³Q¬FK SURJUDPRY MH PRGHORYDQLH NROoQLH PUDYFRY >��@� -H YHÄD
SURJUDPRY NWRUk QDSRGREÈXMr WDNkWR VSUgYDQLH� 0UDYFH WRWL© SUL UHODWmYQHM MHGQRGXFKRVWL VYRMLFK MHGQRWOLYFRY
Y\ND]XMr NRPSOLNRYDQk VNXSLQRYk FKRYDQLH� 6r WDN VFKRSQm Y\NRQgYDÔ rNRO\� NWRUk LGr »DOHNR PLPR PR©QRVWL
MHGQRWOLYkKR PUDYFD� 5RELD WDN EH] Y]gMRPQkKR VSRMHQLD �WHOHIoQQRX OLQNRX�� EH] FHQWUgOQHKR ULDGHQLD D SUL
³DVW¬FK SRUXFKgFK LQIRUPgFLH DOHER ]PHQgFK SURVWUHGLD� 0UDY³LH NROoQLH VWDYLD FHVW\ PHG]L KQLH]GRP D
]GURMRP SRWUDY\� DOHER Y\WYgUDMr ©LYk PRVW\ SUL PLJUgFLL�

ºDO§mP SUmNODGRP Y\QgUDMrFLFK VD YODVWQRVWm MH VSUgYDQLH VD NÌGÄD EH] FHQWUgOQHKR ULDGHQLD� VNrPDQk
Y SUgFDFK &UDLJD 5H\QROGVD >��@� 7HQ Y\WYRULO ]gNODGQ¬ PRGHO �YWgND�� QD]YDQ¬ �ERLG�� 'R SR³mWD³RYkKR
PRGHOX EROD SRWRP YOR©HQg SRSXOgFLD �YWgNRY� ULDGLDFLFK VD WURPD ]gNODGQ¬PL YODVWQRVÔDPL�
• Y\K¬EDÔ VD NROm]LL V RNROLW¬PL �YWgNPL�
• SULVSpVRELÔ U¬FKORVÔ RNROLW¬P �YWgNRP�
• VQD©LÔ VD GU©DÔ VD EOm]NR RNROLW¬FK �YWgNRY�
• �Pp©H VD SULGDÔ ]gNODGQ¬ VPHU� NWRU¬P YWgN\ OHWLD� QXWQRVÔ Y\K¬EDÔ VD SUHNg©NDP� SULGDÔ PDOk QgKRGQk

]PHQ\ VPHUX D U¬FKORVWL YWgNRY DSRG��
.D©G¬ �YWgN� SULWRP YLGm LED VYRMLFK QDMEOL©§mFK VXVHGRY� 7LHWR ]gNODGQk YODVWQRVWL Vr GRVWD³XMrFH QD Y\WYRUHQLH
SULURG]HQkKR VSUgYDQLD VD NÌGÄD� 1DSUmNODG NH» VD REMDYm SUHNg©ND� NÌGHÄ VD EH] DNkKRNRÄYHN FHQWUgOQHKR
ULDGHQLD UR]GHOm QD GYH ³DVWL� NWRUm VD SR REOHWHQm SUHNg©N\ VSRMD� 7LHWR SULQFmS\ EROL QDSU� SRX©LWk QD UHDOLVWLFNk
DQLPRYDQLH QHWRSLHURY YR ILOPRFK %DWPDQ VD YUDFLD D &OLIIKDQJHU�
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3UmNODG ���� 9\WYRUWH SURJUDP� DQLPXMrFL SRK\E ©XEULHQRN QD REUg]NX ����� NGH YHÄN¬ NUXK MH SUHNg©ND�
�KODYL³ND ©XEULHQRN� SUHGVWDYXMH XPLHVWQHQLH ©XEULHQN\ Y GYRMUR]PHUQRP SULHVWRUH D GÂ©ND D VPHU FKYRVWmNX
XU³XMr U¬FKORVÔ D VPHU SRK\EX ©XEULHQN\� 3ULGDMWH �GUDYFD�� WHGD LQRIDUHEQHM ©XEULHQN\� NWRUg VD SRK\EXMH
VPHURP N RVWDWQ¬P ©XEULHQNDP� QR NWRUkPX VD ©XEULHQN\ VQD©LD Y\K¬EDÔ�

���� &HOXOgUQH DXWRPDW\

&HOXOgUQH DXWRPDW\ >�����@ Pp©X WYRULÔ VDPRVWDWQr NDSLWROX XPHOkKR ©LYRWD� 6r WR GLVNUkWQH
G\QDPLFNk V\VWkP\ ]OR©HQk ] URYQDNkKR W\SX �EXQLHN�� NWRU¬FK VSUgYDQLH VD MH NRPSOHWQH §SHFLILNRYDQk LFK
PRPHQWgOQ\P YODVWQ¬P VWDYRP D VWDYPL �EXQLHN� Y LFK QDMEOL©§RP RNROm� ²R MH SRYD©RYDQk ]D RNROLH ]gYLVm QD
GHILQmFLL� ²DV� SULHVWRU D VWDY V\VWkPX MH WX GLVNUkWQ\� %XQN\ QHPDMr SDPiÔ D Vr UR]OR©HQk QD SUDYLGHOQHM
PULH©NH �MHGQR ³L YLDFUR]PHUQHM� D Y GYRMUR]PHUQRP Pp©H mVÔ R §WYRUFRYr� WURMXKROQmNRYr DOHER
§HVÔXKROQmNRYr PULH©NX�� 0ULH©ND PHQm VYRM Y]KÄDG SR NURNRFK� 0p©HPH VL SUHGVWDYLÔ� ©H VWDY\ Y§HWN¬FK
EXQLHN VD Y SULHEHKX MHGQkKR ³DVRYkKR NURNX PHQLD Vr³DVQH� 6WDY EXQN\ Y PULH©NH MH PHQHQ¬ ] �JHQHUgFLH QD
JHQHUgFLX� SRPRFRX SUDYLGLHO EHUrFLFK GR rYDK\ EOm]NH RNROLH EXQN\� %XQN\ PDMr NRQH³Q¬ SR³HW VWDYRY� 6WDY
ND©GHM EXQN\ MH FKDUDNWHUL]RYDQ¬ ]RSgU ELWPL LQIRUPgFLH� ³DV VD SRVrYD Y GLVNUkWQ\FK NURNRFK� SUL³RP QRY¬
VWDY EXQN\ MH GHILQRYDQ¬ QDSU� SRGÄD �WDEXÄN\� REVDKXMrFHM Y§HWN\ PR©Qk VWDY\ �FHQWUgOQHM� EXQN\ D MHM
VXVHGRY Y SUHGFKgG]DMrFRP ³DVRYRP NURNX� .D©GkPX SUmSDGX Y WDEXÄNH RGSRYHGg QRY¬ VWDY �FHQWUgOQHM�
EXQN\�

=gNRQ\ ]PLHQ Vr WHGD ORNgOQH D XQLIRUPQk� 1D ]gNODGH YHÄPL MHGQRGXFK¬FK ]gNRQRY DOH Y]QLNDMr
YHÄPL ]OR©LWk §WUXNWrU\ D Y]RU\ VSUgYDQLD VD Y\§§mFK FHONRY �]OR©LW¬FK Y]RURY� MHGQRGXFK¬FK EXQLHN� $NR MHGHQ
] SUY¬FK VD WDN¬PLWR �KUDPL� ]DREHUDO PDWHPDWLN 6WDQLVODZ 0� 8ODP Y /RV $ODPRV�

(YROrFLD MH ]gNODGQ¬P NDPHÈRP Y¬VNXPX Y XPHORP ©LYRWH� -HGHQ ] QDMYi³§mFK RWYRUHQ¬FK SUREOkPRY
GQH§ND MH Y]QLN ©LYRWD� $NR Y]QLNOL VHEDUHSOLNXMrFH RUJDQL]P\� QXWQk N HYROrFLL" 8ODP QDYUKRO -RKQ YRQ
1HXPDQQRYL� DE\ VNRQ§WUXRYDO QD �QHNRQH³QHM §DFKRYQLFL� V\VWkP SUH §WrGLXP VWURMRYHM UHSURGXNFLH� RSHUXMrFL
LED VR ]gNODGQ¬PL VWURMRY¬PL SUmND]PL� .D©Gg §WYRUFRYg EXQND PRKOD E\Ô Y DNRPNRÄYHN VWDYH RGSRYHGDMrFRP
³DVWLDP �VWURMD�� 6WURM ERO SRWRP Y]RURP ]OR©HQ¬P ] WDN¬FKWR ³DVWm� 3UDYLGOg VSUgYDQLD VD ³DVWm VWURMD EROL
Y\WYRUHQk QD ]gNODGH ]MHGQRGX§HQHM I\]LN\� 7DN¬WR FHOXOgUQ\ DXWRPDW ERO 9RQ 1HXPDQQRP �]RVWURMHQ¬�
NRQFRP §W\ULFLDW\FK URNRY >��@� -HKR UHSURGXN³Q¬ DXWRPDW SR]RVWgYDO ] REGÂ©QmNRYR XVSRULDGDQ¬FK EXQLHN�
QDVOHGRYDQ¬FK GOK¬P �FKYRVWRP�� 9QrWUL REGÂ©QLND H[LVWRYDOR PQR©VWYR �SRGRUJDQL]PRY�� 6SUDFRYDWHÄVNk
SRGRUJDQL]P\ VSUDFRYDOL PDWHULgO ] RNROLWkKR SURVWUHGLD� GXSOLNgWRURYk SRGRUJDQL]P\ ³mWDOL VDGX LQ§WUXNFLm D
NRSmURYDOL LFK� .D©Gg EXQND PDOD �� PR©Q¬FK VWDYRY EROD VDGD SUDYLGLHO SUHFKRGRY ] MHGQkKR VWDYX GR
GUXKkKR� -HGHQ ] KODYQ¬FK YRQ 1HXPDQQRY¬FK SUmQRVRY ERO� ©H UHSURGXN³Q¬ SURFHV SRX©mYDO LQ§WUXNFLH SUH
VSUDFRYDQLH GYRPD Up]Q\PL VSpVREPL� DNR LQWHUSUHWRYDQ¬ NoG Y SULHEHKX YODVWQHM VWDYE\� D DNR NRSmURYDQk
GgWD � NRSmURYDQLH SUmND]RY SUH VWDYEX GR SRWRPND� 3R]GQHM§LH VD XNg]DOD H[LVWHQFLD WRKWR UR]GHOHQLD DM Y

SUmURGH LQ§WUXNFLH QD VSUDFRYDQLH �'1$� Vr SRX©mYDQk N Y\WYRUHQm YODVWQkKR �V\VWkPX� � SURWHmQRY� 9

2EUg]RN ����� =REUD]HQLH �©XEULHQRN� �³LHUQ\FK ERGRY V �FKYRVWmNRP��� NWRUk VD SRK\EXMr
VPHURP YSUDYR KRUH D Y\K¬EDMr VD SUHNg©NH �NUXKX�� 0RGHO MH LQ§SLURYDQ¬ VSUgYDQmP VD
NÌGÄD SRGÄD &UDLJD 5H\QROGVD >��@�
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FHOXOgUQ\FK DXWRPDWRFK Pp©X E\Ô REMHNW\ FKgSDQk DM DNR SDVmYQH GgWD� NWRUk VD SRGUREXMr RSHUgFLgP� DM DNR
Y¬SR³WRYk SURVWULHGN\�

1D WRP LVWRP PLHVWH� Y 8QLYHUVLW\ RI 0LFKLJDQ ]D³DO SRWRP SRX©mYDÔ -RKQ +ROODQG FHOXOgUQH DXWRPDW\
QD SUREOkP\ DGDSWgFLH D RSWLPDOL]gFLH�

1DMSRSXOgUQHM§mP FHOXOgUQ\P DXWRPDWRP MH KUD �¨LYRW� �/LIH�� QDYUKQXWg U� ���� -RKQRP +RUWRQRP
&RQZD\RP� PODG¬P PDWHPDWLNRP ] *RQYLOOH DQG &DLXV &ROOHJH Y &DPEULGJL� D UR]§mUHQg �UXEULNDPL� 0DUWLQD
*DUGQHUD Y ³DVRSLVH 6FLHQWLILF $PHULFDQ >�����@� 9RQ 1HXPDQQRY DXWRPDW VmFH ERO XQLYHU]gOQ\P SR³mWD³RP
�PRKRO VLPXORYDÔ DNrNRÄYHN RSmVDWHÄQr IXQNFLX DNkKRNRÄYHN SR³mWD³D SRPRFRX VrERUX ORJLFN¬FK SUDYLGLHO��
QR ERO ]E\WR³QH ]OR©LW¬� &RQZD\ ]MHGQRGX§LO SR³HW PR©Q¬FK VWDYRY EXQN\ ] 9RQ 1HXPDQQRY¬FK �� LED QD ��
EXQND PRKOD E\Ô DOHER ©LYg� DOHER PÌWYD�

3UDYLGOg� +Ug³ WX YODVWQH QHUREm QL³� LED SR]RUXMH §WUXNWrU\� NWRUk Y\WYgUD SR³mWD³�
&RQZD\ VNrVLO YHÄD SUDYLGLHO SUH Y]QLN D SUH©LWLH EXQN\� &KFHO SULWRP GRVLDKQXÔ� DE\ YHÄPL MHGQRGXFKk Y]RU\
DXWRPDWLFN\ QHUgVWOL GRQHNRQH³QD� QR QLHNWRUk V �GLYRN¬P� D QHSUDYLGHOQ¬P VSUgYDQmP VD E\ PRKOL UgVÔ GR
QHNRQH³QD� D PDOL E\ H[LVWRYDÔ DM VWDELOQk §WUXNWrU\� &RQZD\RYH EXQN\ Vr UR]PLHVWQHQk QD §WYRUFRYHM PULH©NH�
D ]D VXVHGRY §WYRU³HND �EXQN\� SRYD©XMHPH QLHOHQ W¬FK SULDPR VXVHGLDFLFK KUDQRX� WHGD KRUQ¬� GROQ¬� YÄDYR D
YSUDYR� QR DM §W\URFK VXVHGLDFLFK �URKRP��
3UDYLGOg�
�� 67$%,/1« 67$9� .H» GDQg EXQND Pg GYRFK ©LY¬FK VXVHGRY� WDN RVWgYD Y URYQDNRP VWDYH� DNR EROD� DM Y
»DO§HM JHQHUgFLL�
�� 5$67� .H» Pg EXQND SUHVQH WURFK ©LY¬FK VXVHGRY� EXGH Y »DO§HM JHQHUgFLL ©LYg� EH] RKÄDGX QD MHM
PRPHQWgOQ\ VWDY�
�� 605Ó� .H» Pg EXQND SR³HW VXVHGRY �� �� ���� EXGH Y QDVOHGXMrFHM JHQHUgFLL �PÌWYD�� %XQND WHGD �]RPULH
QD SRGFKODGHQLH QHER QD SUHKULDWLH� NH» Pg PgOR� DOHER YHÄD VXVHGRY��

3RSXOgFLD EXQLHN VD PHQm ] JHQHUgFLH QD JHQHUgFLX� D MH PR©Qk WYRULÔ QDMUp]QHM§LH §WUXNWrU\� &RQZD\ VD
]DXMmPDO R PR©QRVÔ UDVWX GRQHNRQH³QD� $NR MHGQX ] K\SRWHWLFN¬FK PR©QRVWm QDYUKRO W]Y� �NO]gNRYr SX§NX�
�JOLGHU JXQ�� VWDELOQ¬ REMHNW� NWRU¬ E\ �Y\VWUHÄRYDO� Y]RU\ YRODQk �NO]gN� �JOLGHU�� YL» REU� ����� 1D ]gNODGH
Y¬]Y\ Y 6FLHQWLILF $PHULFDQX 5�:� *RVSHU Y\WYRULO QD SR³mWD³L WDNrWR §WUXNWrUX� D YHÄD »DO§mFK�

3UL SRX©LWm �NO]gNRY� DNR UHSUH]HQWgFLH ELWRY ERO &RQZD\ VFKRSQ¬ Y\WYRULÔ HNYLYDOHQW\ �DQG��EUgQ�
�RU��EUgQ D �QRW��EUgQ� V³mWD³� DNR DM DQDOoJ YQrWRUQHM SDPiWH SR³mWD³D� %ROR WDN SUHXNg]DQk� ©H KUD /LIH MH
MHGQRGXFKR 7XULQJRY¬P SR³mWD³RP >�����@� URYQDNR� DNR Pp©X E\Ô DM LQk FHOXOgUQH DXWRPDW\ >��@�

2EUg]RN ����� ¦WUXNWrUD �NO]gN� ]R KU\ �/LIH� �SULPLWmYQHKR FHOXOgUQHKR DXWRPDWX�� 7gWR §WUXNWrUD VD Y©G\ SR
§W\URFK NURNRFK RSDNXMH� SUL³RP VD SRK\EXMH YSUDYR GROX� ([LVWXMH YHÄD WDN¬FKWR REMHNWRY� NWRUk Y]gMRPQ¬PL
]Ug©NDPL Pp©X ]DQLNDÔ DOHER WYRULÔ LQk GUXK\ §WUXNWrU� �.O]gN� VL PR©QR SUHGVWDYLÔ DNR ELW � �MHKR QHSUmWRPQRVÔ DNR
ELW ��� D VPHU MHKR SRK\EX DNR GUpW� = WDN¬FKWR D SRGREQ¬FK §WUXNWrU SRWRP LGH ]RVWDYLÔ FHO¬ YLUWXgOQ\ SR³mWD³�
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3UmNODG LQkKR W\SX VSUgYDQLD VD MH QD REUg]NX ����� NGH ] QgKRGQkKR UR]OR©HQLD EXQLHN QD WRURLGH

�]REUD]HQRP DNR §WYRUHF� SUL §WDUWX Y]QLNDMr SRGOKRYDVWk� NUXKRYLWk DOHER §SLUgORYLWR VD UR]§LUXMrFH Y]RU\�

7DNkWR �YOQ\� SRWRP RVWgYDMr QD PLHVWH DOHER FHVWXMr� UR]§LUXMr VD DOHER ]DQLNDMr� $M NH» SUDYLGOg Vr

GHWHUPLQLVWLFNk� Y¬VOHGNRP MH VWDY SULSRPmQDMrFL FKDRV� 1DVOHGXMrFL REUg]RN Y]QLNRO ] QgKRGQkKR VWDYX� NGH

ND©Gg ] EXQLHN EROD Y MHGQRP ]R � VWDYRY ������ =D VXVHGQk EXQN\ WX SRYD©XMHPH WLH VXVHGLDFH KUDQRX�

3UDYLGOg Y SRUDGm LFK XSODWÈRYDQLD� %XQND VXVHGLDFD V EXQNRX Y VWDYH � SUHFKgG]D QD VWDY �� %XQND Y VWDYH F

SUHFKgG]D QD VWDY F��� SRNLDÄ MH QLHNWRU¬ ] MHM VXVHGRY Y VWDYH F��� ,QDN EXQND RVWgYD Y SpYRGQRP VWDYH�

3RGREQk V\VWkP\ VD SRX©mYDMr QD PRGHORYDQLH ILEULOgFLm VUGFD� DOHER RVFLOD³Q¬FK FKHPLFN¬FK UHDNFLm�

3UmNODG ���� =REUD]WH VDGX VWDYRY MHGQRUR]PHUQkKR FHOXOgUQHKR DXWRPDWX� NGH Vr EXQN\ LED Y MHGQRP ULDGNX

�IRUPgOQH VSRMHQRP GR F\NOX� W�M� ]D³LDWRN ULDGNX VXVHGm V NRQFRP� D PR©Qk VWDY\ EXQLHN �  ELHOD� D �  

³LHUQD� 3UHFKRGRYk SUDYLGOg SUH VWDY EXQLHN EHUr GR rYDK\ LED PRPHQWgOQ\ VWDY EXQN\ �Y SURVWULHGNX� D MHM

ÄDYkKR D SUDYkKR VXVHGD� 3UDYLGOg Vr ]DGDQk WDNWR� ����� ⇒ �� ����� ⇒ �� ����� ⇒ �� ����� ⇒ �� ����� ⇒ ��

����� ⇒ �� ����� ⇒ �� ����� ⇒ �`� 1DSU� SUDYLGOR ����� ⇒ � ]QDPHQg� ©H ³LHUQD EXQND V ³LHUQ\P ÄDY¬P D

ELHO\P SUDY¬P VXVHGRP EXGH Y »DO§RP ³DVRYRP NURNX ³LHUQD� =REUD]WH VDGX ULDGNRY Y ³DVRYHM SRVWXSQRVWL� W�M�

ULDGRN Y ³DVH �� SRG QmP ULDGRN Y ³DVH � DW»� 3R³LDWR³Q¬ VWDY ULDGNX Y ³DVH � QHFK MH JHQHURYDQ¬ QgKRGQH�

3UmNODG ���� =RVWURMWH PRGHO FHOXOgUQHKR DXWRPDWX V � VWDYPL�

�� 3Ug]GQD EXQND

�� 0UDYHF

�� ,KOL³LH

�� 0UDYHF V LKOL³mP

3UDYLGOg� 1D SR³LDWNX GYRMUR]PHUQg PULH©ND �QD RNUDMRFK VSRMHQg GR WRUXVX� DE\ QHEROL SUREOkP\ V

RKUDQL³HQmP� REVDKXMH QgKRGQH UR]PLHVWHQk LKOL³LH D PUDYFH� 0UDYHF VD SRK\EXMH Y©G\ QgKRGQ¬P VPHURP� QR

WDN� DE\ GYDMD PUDYFH QHEROL Y MHGQHM EXQNH� .H» QDUD]m QD LKOL³LH� ]REHULH KR� .H» PUDYHF V LKOL³mP QDUD]m QD

LQk LKOL³LH� XSXVWm VYRMH LKOL³LH� �0p©H WDN DM ] �NpSN\� RGREHUDÔ��

3R]RUXMWH� DNR VD WDN¬PWR GLVWULEXRYDQ¬P SURFHVRP EXGr Y\WYgUDÔ �NpSN\�� D© QDNRQLHF Y]QLNQH MHGQD

YHÄNg NRSD�

8YHGHQk FHOXOgUQH DXWRPDW\ Y\]HUDMr DNR KUD³N\� QR Vr VSRMHQk V KOERN¬PL ILOR]RILFN¬PL RWg]NDPL�

DNR QDSU� DNR MH PR©Qk� ©H ]OR©LWk V\VWkP\ DNR Vr ©LYk RUJDQL]P\ Pp©X Y]QLNDÔ YR VYHWH� NGH ]gNODGQ¬P

]gNRQRP MH ]Y\§RYDQLH HQWUoSLD� WHGD �GH]RUJDQL]gFLH�� '\QDPLND ]PLHQ ULDGHQ¬FK LQIRUPgFLRX Y ©LY¬FK

V\VWkPRFK SUHY]DOD NRQWUROX QDG G\QDPLNRX ]PLHQ XU³RYDQ¬FK WRNRP HQHUJLH�

���� 9]QLN NRPSOH[Q¬FK MDYRY

2EUg]RN ����� 0RGHORYDQLH Y]RURY FHOXOgUQ\P DXWRPDWRP�



15

&HOXOgUQH V\VWkP\ Vr SULHVWRURYR UR]OR©HQk QHOLQHgUQH G\QDPLFNk V\VWkP\ VFKRSQk Y\ND]RYDÔ

VWDELOLWX� F\NOLFNk VSUgYDQLH VD DM FKDRV� =gURYHÈ Vr VFKRSQk PRGHORYDÔ XQLYHU]gOQ\ SR³mWD³� 3ULWRP Vr

MHGQR]QD³QH GHILQRYDQk SRPRFRX �ORRN XS WDEOH�� =gURYHÈ GR ]QD³QHM PLHU\ Pp©X SUHGVWDYRYDÔ I\]LNgOQ\

PRGHO� .HG\ X WDN¬FKWR V\VWkPRY ]D³QH SUHYD©RYDÔ G\QDPLND LQIRUPgFLH Y\ND]XMrFD NRPSOH[Qk VSUgYDQLH VD"

&KULVWRSKHU /DQJWRQ SRYD©RYDO QLHNWRUk ] FHOXOgUQ\FK DXWRPDWRY ]D �QXGQk�� SUHWR©H SR QLHNRÄN¬FK

JHQHUgFLgFK Y§HWN\ EXQN\ Y\PUHOL DOHER VD XVSRULDGDOL GR MHGQRGXFK¬FK SUDYLGHOQ¬FK §WUXNWrU � EROL Y\VRNR

XVSRULDGDQk� ,Qk DXWRPDW\ ]DVD EROL SUmOL§ FKDRWLFNk D QHSUHGSRYHGDWHÄQk� QHGDOL VD UR]SR]QDÔ RG QgKRGQH

Y\JHQHURYDQkKR §XPX� 1LHNWRUk FHOXOgUQH DXWRPDW\ DOH Y\ND]RYDOL ]DXMmPDYk NRPSOLNRYDQk VSUgYDQLH VD QD

KUDQLFL PHG]L SRULDGNRP D WRWgOQ\P FKDRVRP� /DGJGRQ GHILQRYDO SDUDPHWHU QD]YDQ¬ ODPEGD� SRPRFRX

NWRUkKR VD Gg SUHGSRYHGDÔ� ³L GDQ¬ FHOXOgUQ\ DXWRPDW EXGH XVSRULDGDQ¬� FKDRWLFN¬� DOHER QD SRPHG]m PHG]L

SRULDGNRP D FKDRVRP >��@�

1HFK »DO§LH VSUgYDQLH VD EXQN\ MH XU³HQk IXQNFLRX VR YVWXSRP VWDYRY EXQLHN Y RNROm R SR³WX EXQLHN 1

�Y³mWDQH EXQN\ VDPRWQHM�� D Y¬VWXSRP IXQNFLH MH QRY¬ VWDY EXQN\� 1HFK FHONRYR H[LVWXMH . PR©Q¬FK VWDYRY

EXQN\� 9\EHUPH VL MHGHQ VWDY EXQN\� NWRU¬ QD]YLPH �QHDNWmYQ\�� 1HFK SR³HW SUDYLGLHO IXQNFLH� NWRUk YHGr QD

WHQWR QHDNWmYQ\ VWDY� MH Q� 1HFK RVWDWQ¬FK .
1
� Q SUHFKRGRY¬FK SUDYLGLHO IXQNFLH MH Y\EUDQ¬FK QgKRGQH D

XQLIRUPQH ]R ]Y\§Q¬FK . � � VWDYRY EXQN\� 3RWRP MH SDUDPHWHU ODPEGD

λ = −. Q

.

1

1
������

.H» MH Q  .
1� ODPEGD MH �� Y§HWN\ EXQN\ RNDP©LWH Y\PLHUDMr� 3UH Q �� SRWRP ODPEGD MH URYQk � D ©LDGQD

EXQND QHY\PLHUD� .H» Vr SUHFKRG\ QD Y§HWN\ VWDY\ UR]OR©HQk URYQRPHUQH Y SUDYLGOgFK IXQNFLH� SRWRP λ ����
��.� 0HG]L ODPEGRX URYQRX QXOH �XVSRULDGDQ¬P �PÌWY\P� VWDYRP� D URYQRPHUQH UR]OR©HQ¬PL VWDYPL Y

SUDYLGOgFK �FKDRVRP� OH©m REODVÔ ]DXMmPDYkKR VSUgYDQLD VD � QD KUDQH FKDRVX�

3DUDPHWHU ODPEGD GREUH RSLVXMH ]PHQ\ G\QDPLFN¬FK UH©LPRY LED SUH Yi³§LH . D 1� SUH SUmNODG ��� Vr

WLHWR KRGQRW\ SUmOL§ PDOk� DE\ VD GRVLDKOR SUDYLGHOQkKR SUHFKRGX XNg]DQkKR Y JUDIH ����� 2NUHP WRKR MH Y

REUg]NX ���� QD RVL \ �SR³HW ³DVX N GRVLDKQXWLX VWDELOQkKR VWDYX� DOH VWDELOQ¬ VWDY MH Up]QH GHILQRYDQ¬ SUH

KRGQRW\ SUHG D ]D Ig]RY¬P SUHFKRGRP� 3UHG Ig]RY¬P SUHFKRGRP MH GRVLDKQXWLH VWDELOQkKR VWDYX GHILQRYDQk

WDN� ©H Vr Y§HWN\ EXQN\ Y VWDYH� DNR EROL X© Y QLHNWRURP ] SUHGFKgG]DMrFLFK ³DVRY¬FK RGVHNRY� D WHGD VD ]D³mQD

VLWXgFLD SHULRGLFN\ RSDNRYDÔ �V Yi³§RX ³L PHQ§RX SHULoGRX�� 1DSURWL WRPX SUH ODPGD SR Ig]RYRP SUHFKRGH MH

VWDELOQ¬ VWDY §WDWLVWLFN\ Y\MDGUHQ¬ SRPRFRX KLVWoULH WDN� ©H SULHPHUQg �KXVWRWD� REVDGHQLD EXQLHN VD XVDGLOD

WDN� ©H VD QHOm§L YLDF DNR R � SHUFHQWR RG VYRMKR GOKRGREkKR SULHPHUX� -H WUHED SR]QDPHQDÔ� ©H SDUDPHWHU

ODPEGD QLH MH GRNRQDORX FKDUDNWHULVWLNRX SUDYGHSRGREQRVWL Y]QLNX NRPSOH[QkKR VSUgYDQLD VD� =D³QLPH ]

QgKRGQkKR VWDYX EXQLHN D VR Y§HWN¬PL SUDYLGODPL YHGrFLPL QD �PÌWY\� VWDY� D SRVWXSQH QgKRGQH SR MHGQRP

PRGLILNXMPH SUDYLGOg WDN� ©H YHGr QD �©LY¬� VWDY QDPLHVWR PÌWYHKR� D Y©G\ ]QRYX VSXVWLPH DXWRPDW D ]LVÔXMPH

MHKR VSUgYDQLH VD� 8YLGmPH� ©H VSUgYDQLH QLHNHG\ �SUHVNR³m� ] SHULRGLFNkKR QD FKDRWLFNk VSUgYDQLH EH] Ig]H

WYRUE\ NRPSOH[Q¬FK §WUXNWrU� D LQRNHG\ VD Pp©H REMDYLÔ NRPSOH[Qk VSUgYDQLH VD DM PLPR �Ig]RYkKR SUHFKRGX�

�VFKHPDWLFN\ QD REU� ������

7UHED ]GpUD]QLÔ� ©H REODVÔ NRPSOH[QkKR VSUgYDQLD VD MH Y VNXWR³QRVWL YHÄPL PDOg Y SRURYQDQm V PQR©VWYRP

FKDRWLFN\ VD VSUgYDMrFLFK DXWRPDWRY� DOHER V SHULRGLFN\ VD RSDNXMrFLPL VWDYPL� �7UHED WLH© ]GpUD]QLÔ� ©H

Y]KÄDGRP NX NRQH³QRVWL SUDYLGLHO D DXWRPDWX VD ND©G¬ DXWRPDW VSUgYD SHULRGLFN\� RWg]ND MH LED� ³L VD URYQDN¬

VWDY RSDNXMH KQH» Y »DO§HM LWHUgFLL� ]D GHVDÔ LWHUgFLm� DOHER ]D PLOLoQ LWHUgFLm� =DXMmPDYk §WUXNWrU\ Vr WDNk� NGH

2EUg]RN ����� 6FKHPDWLFNk ]Qg]RUQHQLH NRPSOH[QRVWL RSURWL SDUDPHWUX λ Y SULHVWRUX FHOXOgUQ\FK DXWRPDWRY�
XND]XMrFH Y]gMRPQ¬ Y]ÔDK PHG]L :ROIUDPRY¬PL WULHGDPL >��@ �LGrFLPL RG QHPHQQkKR VWDYX FH] SHULRGLFLWX D
NRPSOH[Qk VSUgYDQLH VD SR FKDRV� D Ig]RY¬P SULHFKRGRP� -H WUHED SR]QDPHQDÔ� ©H �PHUmWNR VWDELOLW\�

FHOXOgUQHKR DXWRPDWX SUHG D ]D Ig]RY¬P SULHFKRGRP R]QD³HQ¬P λF VD Om§L VSpVRERP PHUDQLD�
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DM NH» QHSR]QgPH SUDYLGOg D SR]QgPH LED PRPHQWgOQ\ VWDY� VPH VFKRSQm V QHQgKRGQRX SUDYGHSRGREQRVÔRX
RGKDGQrÔ EXGrFL NURN� QR QLH V SUmOL§ YHÄNRX SUDYGHSRGREQRVÔRX��

-H RWg]NRX� ³L FHOXOgUQH DXWRPDW\ QHPp©X EX» SRX©LWk RNUHP PRGHORYDQLD Y¬VOHGQkKR VSUgYDQLD VD
Qg§KR VYHWD WLH© QD PRGHORYDQLH ]gNODGQ¬FK ]gNRQRY I\]LN\� ¦SHFLgOQH XSUDYHQk FHOXOgUQH DXWRPDW\ Pp©X
]DFKRYgYDÔ DM QDM]gNODGQHM§LH U\V\ I\]LN\� DNR MH UHYHUVLELOLWD� &HOXOgUQH DXWRPDW\ EROL SRX©LWk DNR H[WUkPQH
MHGQRGXFKk PRGHO\ RE\³DMQ¬FK GLIHUHQFLgOQ\FK URYQmF� DNR WHSHOQk D YOQRYk URYQLFH >��@ D 1DYLHU�6WRNHVRY\
URYQLFH >�����@�

&HOXOgUQH DXWRPDW\ WLH© Pp©X VOr©LÔ DNR GLVNUkWQH PRGHO\ SUH §WrGLXP G\QDPLFN¬FK V\VWkPRY
Y\ND]XMrFLFK HPHUJHQWQk MDY\ VSpVREHQk �NROHNWmYQ\PL� Y]ÔDKPL� DNR MH XVSRULDGDYDQLH� WXUEXOHQFLD� FKDRV�
IUDNWgO\ >�����@� DOHER PRGHORYDQLH ELRORJLFN¬FK IHQRPkQRY� DNR Vr KP\]LH VSROR³HQVWYg� EXQH³Qk ]GUX©HQLD�
UHWLQD� DOHER LPXQLWQ¬ V\VWkP >��@�

(YROrFLD FHOXOgUQ\FK DXWRPDWRY Pp©H VOr©LÔ DM SUH QgYUK KDUGZDURY¬FK ULH§HQm >��@� 7]Y� HYROZDUH MH
V\VWkP ]DOR©HQ¬ QD FHOXOgUQRP SURJUDPRYDQm� Y NWRURP Vr SDUDOHOQk FHOXOgUQH DXWRPDW\ �V LPSOHPHQWRYDQ¬P
JHQHWLFN¬P DOJRULWPRP� NGH QLH Y§HWN\ SUDYLGOg PXVLD E\Ô URYQDNk SUH Y§HWN\ EXQN\� SRX©LWk QD ULH§HQm
Y¬SR³WRY¬FK SUREOkPRY� 7DNkWR V\VWkP\ Vr X© SRNXVQH LPSOHPHQWRYDQk DM KDUGZDURYR� 9¬KRGRX WDN¬FK
V\VWkPRY MH RNUHP LQkKR DM Yi³§LD WROHUDQFLD N YVWXSQ¬P FK\EgP DM N FK\EgP SUL Y¬SR³WX� NWRUk SUL VWRYNgFK
WLVmF Y¬SR³WRY¬FK SUYNRY ��PLNURSURFHVRURY�� QHPXVLD E\Ô D© WDNk ]DQHGEDWHÄQk

3UREOkPRP VSRMHQ¬P VR �VLHÔRY¬PL� V\VWkPDPL� MH� ©H SUL XU³LWHM rURYQL ]OR©LWRVWL SUDYGHSRGREQH QLH
MH ©LDGHQ PDWHPDWLFN¬ PRGHO GRSUHGX VFKRSQ¬ SUHVQH SUHGSRYHGDÔ VSUgYDQLH VD V\VWkPX� MHKR Y\QgUDMrFH VD
�HPHUJHQWQk� YODVWQRVWL �DNR MH Y\WYRUHQLH �NpSN\��� =DF\NOHQk NOENg VSRMHQm Vr QDWRÄNR ]DPRWDQk� D IRUPgOQH
PRGHO\ RSLVXMrFH LFK QDWRÄNR QHPRWRUQk� ©H MHGLQ¬P PR©Q¬P VSpVRERP DNR ]LVWLÔ VSUgYDQLH VD PRGHOX MH
�VSXVWLÔ� KR� =Gg VD� ©H VD Yi³§LQRX V\VWkP �EUgQL� ULH§HQLX SRPRFRX VSULDKQXW¬FK QHOLQHgUQ\FK URYQmF� =
I\]LNgOQR�FKHPLFNkKR FKDUDNWHUX PROHNXO\ YRG\ MH ÔD©Nk RGKDGQrÔ Y]QLN YmURY� ]R ]UQND SLHVNX H[LVWHQFLX
ODYmQ� D ] MHGQHM PROHNXO\ X©LWR³QRVÔ SRMPX WHSORWD �VNXSLQRYHM YODVWQRVWL PROHNrO�� ]R VHPHQD QHPR©QR
RGKDGQrÔ NRQH³Qr SRGREX UDVWOLQ\� 1DMU¬FKOHM§mP VSpVRERP DNR ]LVWLÔ �Y¬VWXS� VHPHQD MH QHFKDÔ KR Y\NOm³LÔ�
3RGREQk SUREOkP\� VSRMHQk V �PRW¬OmP� HIHNWRP� NGH PDOg ]PHQD YR YVWXSH Pp©H VSpVRELÔ YHÄNr ]PHQX
Y¬VWXSX� VD Y\VN\WXMr Y§DGH Y �VLHÔRYHM PDWHPDWLNH�� 'R WRKWR WHUPmQX Pp©HPH ]DKUQrÔ SDUDOHOQk
GLVWULEXRYDQk SURFHV\� %RRORYVNk VLHWH� QHXUoQRYk VLHWH� VSLQRYk VNOg� FHOXOgUQH DXWRPDW\� NODVLILND³Qk V\VWkP\�
JHQHWLFNk DOJRULWP\� D �URMRYk� �VZDUP� Y¬SR³W\� 9§HWN\ REVDKXMr Y]gMRPQ¬ YSO\Y WLVmFRN VLPXOWgQQH
LQWHUDJXMrFLFK IXQNFLm� NGH LGH R PDVmYQH SDUDOHOQk V\VWkP\ ³DVWR V ORNgOQ\P SUHSRMHQmP D UHODWmYQH
SULPLWmYQ\PL ]gNODGQ¬PL SUYNDPL� 9 DSOLNgFLgFK VD V\VWkP\ WRKWR W\SX Y\X©mYDMr QDSU� YR I\]LNH QD VLPXOgFLX
NULWLFN¬FK VWDYRY� WXUEXOHQFLH DOHER WRNX NYDSDOLQ\ FH] SRUo]QH PkGLD� GLIr]LH HQHUJLH Y SO\QRFK� Y ELROoJLL QD
PRGHORYDQLH ELRORJLFN¬FK U\WPRY� UDVWX QgGRURY� HSLGkPLm� HNRORJLFN¬FK URYQRYgK� SUHPLHVWÈRYDQLD
©LYR³mFKRY� Y FKkPLL X SRO\PHUgFLm� RVFLOD³Q¬FK FKHPLFN¬FK UHDNFLm� DJUHJgFLm NRORLGRY DOHER Y]QLNX NU\§WgORY�
GLIr]Q\FK UHDNFLm� Y JHROoJLL SUH ]HPHWUDVHQLD� VRSN\ D SUHWYgUDQLH ]HPVNkKR SRYUFKX� Y HNRQRPLNH X
IOXNWXgFLm FLHQ� Y VRFLROoJLL PRGHORYDQLH §mUHQLD VSUgY� LPLWD³QkKR VSUgYDQLD VD� UDVWX SRSXOgFLH� Y¬YRMD PHVWD
DOHER GRSUDYQ¬FK ]gSFK�

9 URERWLNH VD SRNODGDMr ]D EXGrFQRVÔ PLNURURERW\ � U¬FKOH� ODFQk� D QHULDGHQk� 9\X©LWLH� SODQHWgUQ\
Y¬VNXP� EDQmFWYR D ©QH� Y¬VWDYED �QD GLDÄNX��

9 WUDGL³QHM URERWLNH VD SURJUDPgWRUL SRNr§DMr SUHGSRYHGDÔ D ULDGLÔ ND©G¬ DVSHNW DNFLH URERWD� 7DNkWR
V\VWkP\ Vr SRWRP Y NRQFRFK� NH» MH URERW SRVWDYHQ¬ SUHG QHSUHGYmGDQr VLWXgFLX� 1D UR]GLHO RG NODVLFNkKR
SUmVWXSX MH DGDSWmYQD NRQWUROD SRK\EX URERWD VFKRSQkKR VD X³LÔ Y SUHPHQOLYRP SURVWUHGm W\SLFNRX SUDNWLFNRX
DSOLNgFLRX �XPHOkKR ©LYRWD� >��@�
5RGQH\ %URRNRYR ODERUDWoULXP SUH Y¬VNXP URERWRY VWDQRYLOR WLHWR ]gVDG\ >�����@�

�� =D³DÔ V MHGQRGXFK¬PL rNROPL�
�� 1DX³LÔ VD LFK URELÔ EH]FK\EQH�

2EUg]RN ����� 6FKHPDWLFNk ]Qg]RUQHQLH SULHVWRUX SUDYLGLHO FHOXOgUQ\FK
DXWRPDWRY �SRGÄD /DQJGRQD >��@��
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�� 3ULGgYDÔ »DO§LX rURYHÈ ULDGHQLD QDG Y¬VOHGN\ MHGQRGXFK¬FK rNRORY�
�� 1HPHQLÔ MHGQRGXFKk ]gNODGQk YHFL� Y\§§LH rURYQH Pp©X PD[LPgOQH SRWOD³LÔ Y¬VWXS QL©§mFK YUVWLHY�
�� 1DX³LÔ QRYr YUVWYX Y\NRQgYDÔ YHFL WDN GREUH� DNR OHQ WR EXGH PR©Qk�
�� 2SDNRYDÔ GRRNROD�

1DSURWL WRPXWR Vr ]DWLDÄ SULHP\VHOQk URERW\ GLUHNWmYQH ULDGHQk� 3RNXV\ Y\WYRULÔ �LQWHOLJHQWQkKR� URERWD
SRPRFRX NODVLFNHM XPHOHM LQWHOLJHQFLH ]O\KgYDMr � �rVSH§Qk� URERW\ Vr SR GYDFDÔUR³QRP rVLOm YR Y¬VNXPH
PD[LPgOQH VFKRSQk VD SRK\ERYDÔ SR URYQHM SORFKH V NUDELFRYLW¬PL SUHNg©NDPL� �*HQHWLFN\� ULDGHQk URERW\ Vr
]DWLDÄ SUHGVWDYRYDQk PD[LPgOQH GHVDÔFHQWLPHWURY¬PL KUD³NDPL� NWRUk Vr Y]KÄDGRP QD SRGVWDWQH NUDW§m ³DV LFK
Y¬YRMD VFKRSQk ]YOgGDÔ SULEOL©QH SRGREQk �rORK\��

=gVDGRX MH SRVWXSQk EXGRYDQLH ]OR©LWkKR V\VWkPX� QLH EXGRYDQLH ]OR©LWkKR V\VWkPX QDUD]� 3UmNODGRP
MH QDSUmNODG ÄXGVN¬ PR]RJ ]gNODGQk IXQNFLH DNR ULDGHQLD G¬FKDQLD D Y\§§LH rURYQH P\VOHQLH� 5LDGHQLH PXVm
E\Ô ³R QDMYLDF GHFHQWUDOL]RYDQk� D NRPXQLNgFLD REVDKRYDÔ LED QDMQXWQHM§LH SUmND]\ � SRGREQH DNR MH WRPX Y
REMHNWRYR RULHQWRYDQRP SURJUDPRYDQm�

,QWHOLJHQWQk ULDGHQLH Y\]HUg DNR VORERGQk VSUgYDQLH VD� -HGLQ¬ VSpVRE� DNR MH PR©Qk LQWHOLJHQWQH ULDGLÔ
PHFKDQL]P\ MH GDÔ LP VORERGX�

���� .RRSHUgFLD DOHER VrÔD©HQLH"

(YROrFLD MH DGDSWgFLD ]DPHUDQg QD QDSOQHQLH YODVWQ¬FK SRWULHE� .RHYROrFLD MH YR Yi³§RP PHUmWNX DGDSWgFLD QD
QDSOQHQLH SRWULHE QDY]gMRP PHG]L GUXKPL� .RHYROX³Qg HNROoJLD MH ]ELHUNRX RUJDQL]PRY� NWRUk IXQJXMr DNR
VYRMH ©LYRWQk SURVWUHGLH� -H SURWL ]gXMPX DN GUDYHM ]YHUL� WDN DM NRULVWL� DE\ ERO GUXK¬ GUXK Y\KXEHQ¬� $M NH» SUH
NRULVÔ QD SUY¬ SRKÄDG Y\]HUg ]gQLN QHSULDWHÄD SULD]QLYR� GUDYg ]YHU Y VNXWR³QRVWL Yi³§LQRX OLNYLGXMH QDMVODE§LH
NXV\ NRULVWL D W¬P SULVSLHYD N ]GRNRQDÄRYDQLX JHQRIRQGX D ]DPHG]XMH GHJHQHUgFLL� $NR Y\SO¬YD ] WHoULH KLHU Y
HNRQoPLL� DSOLNRYDQHM WLH© ³DVWR QD DQDO¬]X ]gYRGRY Y ]EURMHQm PHG]L §WgWPL� ]MHGQRGX§HQHM QD ]R VNrPDQm
�SUREOkPX Yi]ÈRY� �SULVRQHU�V GLOHPPD� YL» >�����@�� NRRSHUgFLD VD Pp©H Y\QRULÔ ] VHEHFNkKR ]gXMPX� NH» MH
Y¬KRGQg SUH RELGYRFK� 9i]HQVNk GLOHPD �DQJO� SULVRQHU}V GLOHPPD� Y]QLNg� NH» VD GYDMD Yi]QL GRKRGQr QD
rWHNX D QLH³R VD SRND]m� .H» RELGYDMD VSROXSUDFXMr � ]DWÂNDMr� Y\MGr ] WRKR UHODWmYQH GREUH � Y\MDGUHQk
RKRGQRWHQmP SOXV ; ERGRY� .H» MHGHQ ] QLFK ]KRGm GUXKkKR� ]UDGFD GRVWDQH SOXV < ERGRY� SUH]UDGHQ¬ QXOD
ERGRY� $ NH» RELGYDMD ]UDGLD� GRVWDQr ND©G¬ = ERGRY� �9 WDEXÄNH QD REU� ���� Vr WLHWR KRGQRW\ ; ��< � D
= ��� ,GH WHGD Y SRGVWDWH R §W\UL SUmSDG\ NRPELQgFLH GYRMmF & �FRRSHUDWLYH � VSROXSUDFXMH ]R VSROXYH]ÈRP� D '
�GHIHFW � ]UgG]D VSROXYi]ÈD�� WHGD &&� &'� '& D ''� NGH SUYk SmVPHQR Y©G\ ]QD³m� DNR VD ]DFKRYDO SUY¬
VSROXYi]HÈ D GUXKk SmVPHQR R]QD³XMH VSUgYDQLH VD GUXKkKR VSROXYi]ÈD � 3UL LED MHGQHM LWHUgFLL E\ VDPR]UHMPH
EROR Y©G\ Y¬KRGQk ]UDGLÔ� QR NH» VD LWHUgFLH V W¬P LVW¬P VSROXYi]ÈRP RSDNXMr D GRSUHGX QLH MH SRYHGDQ¬ SR³HW
LWHUgFLm� PHWoGD DNR VD ]DFKRYDÔ QLH MH MDVQg� 9i³§LQRX VD Y¬KRGQH XSODWÈXMH �WLW�IRU�WDW� � SUY¬ NUgW
VSROXSUDFRYDÔ� D SUHVWDÔ VSROXSUDFRYDÔ V W¬P� ³R QHVSROXSUDFXMH� 0HWoGD �WLW�IRU�WDW� VD Gg Y\MDGULÔ QD ]gNODGH
VSUgYDQLD VD GYRMLFH VSROXYi]ÈRY SUL SUHGFKgG]DMrFHM SUmOH©LWRVWL� ³R XU³XMH VSUgYDQLH VD SUYkKR VSROXYi]ÈD
WHUD]� 7HGD� &&⇒&� &'⇒'� '&⇒&� ''⇒'� 3RNLDÄ Vr SUHGFKgG]DMrFH SUmSDG\ VSUgYDQLD VD MHGQR]QD³QH
XVSRULDGDQk� SRWRP LGH WRWR VSUgYDQLH VD Y\MDGULÔ UHÔD]FRP SUDY¬FK VWUgQ &'&'� .H» ]REHULHPH VWUDWkJLX
SDPiWDMrFX VL VSUgYDQLH VD SUL WURFK SUHGFKgG]DMrFLFK SUmOH©LWRVWLDFK� PgPH �� PR©QRVWm�

9i]HÈ ³� � ]DWÂND 9i]HÈ ³� � ]UgG]D
9i]HÈ ³� � ]DWÂND �� �

RELGYD Vr �RGPHQHQm� ]D
Y]gMRPQr VSROXSUgFX

SUmSDG &�&

�� �
Yi]HÈ ³� �� NWRU¬ SRFWLYR
]DWÂNDO� QHGRVWDQH QL³�

Yi]HÈ ³� �� NWRU¬ ]UDGLO� EXGH
GR]RUFDPL RGPHQHQ¬

SUmSDG '�&
9i]HÈ ³� � ]UgG]D �� �

Yi]HÈ ³� �� NWRU¬ ]UDGLO� EXGH
GR]RUFDPL RGPHQHQ¬

Yi]HÈ ³� �� NWRU¬ SRFWLYR
]DWÂNDO� QHGRVWDQH QL³�

SUmSDG &�'

���
RELGYD VD QDY]gMRP ]UDGLOL D

Vr PLHUQH SRWUHVWDQm
SUmSDG '�'

2EUg]RN ����� �3D\RII PDWUL[�� WHGD Y¬SODWQg WDEXÄND SUH SUREOkP GYRFK Yi]ÈRY ]gYLVOg QD LFK UR]KRGQXWm�
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&& && && �SUmSDG ��� && && &' �SUmSDG ��� && && '& �SUmSDG ��� ��� � '' '' '& �SUmSDG ���� '' '' ''
�SUmSDG ���� 6WUDWkJLD DNR VD ]DFKRYDÔ QDEXGrFH E\ WHGD EROD ]DNoGRYDQg UHÔD]FRP �� SmVPHQ &'&&&'��� 3UL
SOgQRYDQm VWUDWkJLH QD ]gNODGH SUHGFKgG]DMrFLFK VNrVHQRVWm V SURWLKUg³RP VD ³DVWR SRX©mYD JHQHWLFNkKR
DOJRULWPX� ³R SUY¬ NUgW Y\§OR ]R VSROXSUgFH SROLWROoJD 5REHUWD $[HOURGD V -RKQRP +ROODQGRP >��@� »DOHM
UR]YmMDQk SUH ]OR©LWHM§LH PRGHO\ PHG]LQgURGQHM EH]SH³QRVWL� RGSRYHGDMrFH QDSU� QD RWg]NX� NRÄNR ] UR]SR³WX
Y\GgYDÔ QD REUDQX� $[HOURG ]REUDO ]DNoGRYDQLH VWUDWkJLH UHÔD]FRP DNR FKURPR]oP JHQHWLFNkKR DOJRULWPX�
QHFKDO ND©Gr VWUDWkJLX VrÔD©LÔ V RVWDWQ¬PL VWUDWkJLDPL� D Vr³HW Y¬VOHGNRY SUH MHGQRWOLYr VWUDWkJLX Y©G\
RGSRYHGDO MHM RKRGQRWHQLX� 1D ]gNODGH RKRGQRWHQLD VD SRWRP UHÔD]FH Y\EHUDOL� D SRWRP GRFKgG]DOR N LFK
NUm©HQLX D PXWgFLL DQDORJLFNHM ELWRYkPX UHÔD]FX �SUHWR©H PgPH Y©G\ LED GYD SUmSDG\ & D '� L§OR YODVWQH R
ELWRY¬ UHÔD]HF�� 9 ³DVRYRP SULHEHKX MH SRWRP ]DXMmPDYk VOHGRYDÔ Y¬YRM NRRSHUDWmYQ\FK D QHNRRSHUDWmYQ\FK
VWUDWkJLm� .RRSHUDWmYQH VWUDWkJLH VD VSR³LDWNX XNg]DOL PHQHM Y¬KRGQk� QR Y SR]GQHM§mFK §WgGLgFK SUHYg©LOL�

(YROrFLD QLH MH �KUD V QXORYRX VXPRX Y¬KLHU�� NHG\ Y¬KRGD MHGQkKR SULQg§D QHY¬KRGX GUXKkPX �
Y]gMRPQg NRRSHUgFLD Pp©H SULQLHVÔ Y¬KRGX RELGYRP GUXKRP� EH] WRKR� ©H E\ QHMDNkPX WUHWLHPX §NRGLOD�

9¬KRGD NRRSHUgFLH QHPXVm E\Ô KQH» YR Y§HREHFQRVWL ]UHMPg � NH» Y ]YLHUDFmFK URGLQgFK �VWU¬³NRYLD D
WHW\� QH]DOR©LD YODVWQr URGLQX� DOH SRPgKDMr VrURGHQFRP V Y¬FKRYRX V\QRYFRY D QHWHUm� SRPgKDMr W¬P SRGSRULÔ
UR]§mUHQLH VYRMKR JHQRIRQGX �OHER LFK SUmEX]Qm PDMr ³DVÔ JHQHWLFNHM LQIRUPgFLH ]KRGQr� URYQDNR� DNR NHE\
VHEHFN\ ]DOR©LOL YODVWQr URGLQX�

7DNkWR ]GDQOLYR ELRORJLFNk NRQFHSW\ DNR NRHYROrFLD Pp©X E\Ô V Y¬KRGRX SRX©LWk QDSU� SUL HYROrFLL
SURJUDPRY� +LOOLV >��@ VD SRNr§DO Y\YmMDÔ VRUWRYDFLH DOJRULWP\ SUH ]R]QDP\ ³mVHO� NGH DOJRULWP\ EROL
RKRGQRFRYDQk SRGÄD WRKR� NRÄNR ]R]QDPRY ]RUDGLOL VSUgYQH� 7DNWR Y\YLQXWk DOJRULWP\ DOH EROL »DOHNR RG
RSWLPD� .H» VD DOH ]gURYHÈ QHFKDOL Y\YmMDÔ DM ]R]QDP\� NWRUk EROL RKRGQRWHQk W¬P OHS§LH� ³mP YLDF DOJRULWPRY
LFK QH]RUDGLOR VSUgYQH� Y¬VOHGQk DOJRULWP\ EROL RYHÄD HIHNWmYQHM§LH� 2 SRGREQ¬ SUmVWXS VD SRNrVLO DM 2OVVRQ >��@
SUL RSWLPDOL]gFLL VRUWRYDFmFK VLHWm�

6RUWRYDFLD VLHÔ RSLVXMH DOJRULWPXV QD ]RUD»RYDQLH VDG\ ³mVHO SRGÄD YHÄNRVWL RG QDMPHQ§LHKR �KRUH� N
QDMYi³§LHPX �GROH�� .D©Gg YRGRURYQg OLQND Y VLHWL UHSUH]HQWXMH XPLHVWQHQLH ³mVOD Y ]R]QDPX� .D©Gg NROPg
rVH³ND ]DNRQ³HQg §WYRU³HNPL SUHGVWDYXMH SRURYQDQLH GYRFK ³mVHO Y GDQ¬FK XPLHVWQHQLDFK D LFK SUmSDGQr
Y¬PHQX� SRNLDÄ MH Y �KRUQHM SR]mFLL� Yi³§LH ³mVOR DNR Y �GROQHM�� 9 SUmSDGH� ©H MH ]RUD»RYDFm PHFKDQL]PXV
NRUHNWQ¬� PDO E\ VSUgYQH ]RUDGLÔ Y§HWN\ PR©Qk SHUPXWgFLH GDQHM YHÄNRVWL� YL»� REU� ����� .H» MH VLHÔ
PLQLPgOQD� QHH[LVWXMH NRUHNWQ¬ DOJRULWPXV V PHQ§mP SR³WRP SRURYQgYDQm�

7HVWRYDQLH Y§HWN¬FK PR©Q¬FK VRUWRYDFmFK VLHWm� NWRUk GRNg©X NRUHNWQH SRURYQDÔ LED �� ³mVHO SRPRFRX
SRYHG]PH �� SRURYQDQm E\ Y\©DGRYDOR Y\VNr§DÔ ����� VLHWm� 3UHWR VD VNr§D SRX©LWLH HYROX³Q¬FK DOJRULWPRY QD
Y\KÄDGDQLH WDN¬FKWR VLHWm� $NR MH YLGQR ] REU� ����� VRUWRYDFLD VLHÔ Y\KÄDGDQg SRPRFRX HYROrFLH Pp©H E\Ô
OHS§LD DNR Wg ]mVNDQg ]gSLVRP DOJRULWPX� QR Y ©LDGQRP SUmSDGH QHSULSRPmQD SUDYLGHOQRVÔ ]Y\³DMQH REVLDKQXWr
Y DOJRULWPH�

¨LYRW MH FKDUDNWHUL]RYDQ¬ QHSUHVWDMQRX ]PHQRX VSpVRERYDQRX VDPRRUJDQL]gFLRX� ²DVÔ ]gNRQRY
ULDGLDFLFK WLHWR ]PHQ\ D LFK VPHURYDQLH EROD VmFH Y SULQFmSH Y\VYHWOHQg 'DUZLQRYVNRX WHoULRX� QR YHÄD YHFm
]RVWgYD H§WH QHY\MDVQHQ¬FK�

¨LYRW MH FKDUDNWHUL]RYDQ¬ QHURYQRYgKRX� RGNORQRP RG WHQGHQFLH VPHURYDQLD V\VWkPX N Yi³§HM HQWUoSLL
�VDPR]UHMPH� ]D ]PHQ§HQLH HQWUoSLH Y ©LY¬FK RUJDQL]PRFK VD SODWm ]Y¬§HQmP HQWUoSLH LQGH�� 7gWR VWDELOQg
QHURYQRYgKD MH FKDUDNWHULVWLFNRX SUH �©LYk� V\VWkP\� QHFK X© Y HNRQoPLL� SUmURGQRP HNRV\VWkPX� ]OR©LWHM
SR³mWD³RYHM VLPXOgFLL� LPXQLWQRP DOHER HYROX³QRP V\VWkPH� 'DYLG /D\]HU Y NQLKH &RVPRJHQHVLV >��@ WYUGm� ©H
FHQWUgOQRX YODVWQRVÔRX ©LYRWD QLH MH UHSURGXNFLD QHPHQQRVWL� DOH UHSURGXNRYDQg QHURYQRYgKD� ¨LYk
RUJDQL]P\ PXVLD Y\URYQgYDÔ WHQGHQFLX �LQYHVWRYDQLD GR EXGrFQRVWL� � W�M� PQR©VWYR PXWgFLm D LQRYD³Q¬FK
WUHQGRY� V WHQGHQFLRX Y\X©mYDÔ X© Y\VNr§DQk D IXQJXMrFH� .H» VD WDNkWR ]PHQ\ SUHPLHWQX GR NRRSHUgFLH DOHER
Y]ÔDKX GUDYHF�NRULVÔ V RVWDWQ¬PL GUXKPL� Y]QLNg NRHYROrFLD�

&K\E\ EUgQLD NRHYROX³Q¬ Y]ÔDK SUHG SUmOL§ WHVQ¬P VSRMHQmP� 7DNkWR VSRMHQLH E\ PRKOR SUL ]gQLNX

2EUg]RN ����� .RUHNWQk VRUWRYDFLH VLHWH QD WULHGHQLH VDG\ ³mVHO SRGÄD YHÄNRVWL� %XEOLQNRYk WULHGHQLH GRNg©H
SRURYQDÔ � ³mVHO ]D SRX©LWLD �� SRURYQDQm� ]DWLDÄ ³R MHGQHM ] PLQLPgOQ\FK NRUHNWQ¬FK VLHWm QDSUDYR VWD³m LED ��
SRURYQDQm� 7DN¬FKWR PLQLPgOQ\FK NRUHNWQ¬FK VLHWm H[LVWXMH YLDF �Pp©HPH QDSUmNODG SUHKRGLÔ SUYk GYH
SRURYQDQLD��
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MHGQkKR GUXKX VSpVRELÔ ODYmQRYLW¬ ]gQLN FHOkKR VSROR³HQVWYD� 8GU©LDYDQmP XU³LWkKR VWXSÈD �XQLYHU]gOQRVWL�
�QDSU� VFKRSQRVWL ©LYLÔ VD YLDFHUR GUXKPL NRULVWL DOHER E\Ô RSHOHQ¬ YLDFHUR GUXKPL KP\]X� VD VSROR³HQVWYR
VWgYD RGROQk YR³L ]PHQgP ©LYRWQ¬FK SRGPLHQRN �QDSU� SRGQHELD�� DM NH» QLH MH LGHgOQH �]RSWLPDOL]RYDQk� SUH
GDQk ©LYRWQk SRGPLHQN\�

9¬VOHGRN PXWgFLm Pp©H E\Ô SULURYQDQ¬ N ELHOHPX §XPX� ]DWLDÄ ³R DSOLNgFLD Y\VNr§DQ¬FK SUDYLGLHO
YHGLH N RSDNRYDQLX Y]RURY SRGREQ¬FK SUDYLGHOQRVÔRX NU\§WDOLFNHM §WUXNWrUH� =DXMmPDYg REODVÔ W\SLFNg SUH
�©LYRW� VD QDFKgG]D PHG]L W¬PLWR GYRPD H[WUkPDPL� =R VYRMLFK H[SHULPHQWRY V PRGHOPL URMH &KULV /DQJWRQ ]R
6DQWD )H RGYRGLO W]Y� ODPEGD SDUDPHWHU� NWRU¬ PX SRPgKD XU³RYDÔ QDVWDYHQLH V\VWkPX WDN� DE\ VD SUHMDYRYDOL
�©LYRWX SRGREQk� YODVWQRVWL� W�M� QHSUDYLGHOQk RSDNRYDQLH Y]RURY� 7HQWR MDY VD Gg SRURYQDÔ N Ig]RYkPX
SUHFKRGX �QDSU�� ] WHNXWLQ\ QD SgUX DOHER QD ÄDG� Y WHUPRG\QDPLNH� =DXMmPDYk MH� ©H V\VWkP Pg DXWRPDWLFNr
WHQGHQFLX ]GU©DÔ VD Y WDN¬FKWR REODVWLDFK ³R QDMGOK§LH� 7DN¬WR V\VWkP Pg QDMOHS§LX VFKRSQRVÔ VD Y\YmMDÔ� D
SULWRP QHVNÂ]QXÔ GR �DQDUFKLH�� NWRURX MH Y WHUPRG\QDPLFNRP ]P\VOH VPUÔ�

5RNX ���� .ULVWLDQ /LQGJUHQ >��@� SUDFXMrFL Y ,Q§WLWrWX 1LHOVD %RKUD Y .RGDÈL� UR]§mULO NRHYROX³Q¬
H[SHULPHQW �Yi]HÈVNkKR SUREOkPX� QD SRSXOgFLX ���� KUg³RY� ]DYLHGRO GR KU\ QgKRGQ¬ §XP� D QHFKDO HYROrFLX
EH©DÔ GR ����� JHQHUgFLm� 9 WDNRPWR PHUmWNX VD QDSUmNODG SUHMDYLOL NULYN\ W\SLFNk ] HNRORJLFN¬FK RVFLOgFLm
GUDYFD D NRULVWL� NGH PQR©VWYg MHGLQFRY Y SRSXOgFLL RVFLOXMr� D RVFLOgFLH Vr VSULDKQXWk � PD[LPXP NRULVWL MH
QDVOHGRYDQk PD[LPRP GUDYFRY � NGH NRULVÔ MH SUHGVWDYRYDQg NRRSHUXMrFLPL Yi]ÈDPL D GUDYFL ]UgG]DMrFLPL
Yi]ÈDPL� 2NUHP WRKR VD SUHMDYLOL DM »DO§LH HIHNW\� DNR SDUD]LWL]PXV� V\PELo]D� D GOKRGREg NRRSHUgFLD PHG]L
VNXSLQDPL � �]YLHUDFmPL GUXKPL�� 7gWR SUgFD WLH© ]DXMDOD ELROoJRY� OHER VD WX SUHMDYLOL REGRELD GOKHM VWDELOLW\�
QDVOHGRYDQk NUgWN\PL REGRELDPL QHVWDELOLW\� NGH YHÄD �GUXKRY� Y\K\QXOR� D QRYk VD Y\WYRULOL� 2EGREQ¬ Y¬YRM MH
]QgP\ ]R VOHGRYDQLD VNDPHQHOmQ� ³LDVWR³QH RSRQXMrFL ]MHGQRGX§HQHM 'DUZLQRYVNHM SUHGVWDYH VWDELOQkKR
SRVWXSQkKR Y¬YRMD�

���� 9]QLN ©LYRWD HYROrFLRX QH©LYkKR

9LUWXgOQ\ VYHW 7RPD 5D\D ] 8QLYHUVLW\ RI 'HODZDUH YRODQ¬ 7LHUUD >��@ MH SUHFKRGRP RG MHGQRGXFK¬FK NoGRY
QL³LDFLFK SR³mWD³RY¬FK YmUXVRY N H[SHULPHQWgOQHPX §WrGLX HYROrFLH XPHO¬FK RUJDQL]PRY QD rURYQL JHQoPX�
6QD©m VD SRVN\WQrÔ SURVWUHGLH� Y NWRURP 'DUZLQRYVNg HYROrFLD Pp©H SUHELHKDÔ Y SR³mWD³L EH] SULDPHKR
ULDGHQLD DOHER LQWHUYHQFLH ³ORYHND� 5D\ Y\WYRULO ]MHGQRGX§HQ¬ �SR³mWD³� Y SR³mWD³L V PHQ§mP PQR©VWYRP
LQ§WUXNFLm Y VWURMRYRP NoGH� SUH NWRU¬ SRWRP Y\URELO �� E\WRYkKR �YmUD�� NWRU¬ ERO VFKRSQ¬ UR]PQR©RYDQLD�
2UJDQL]PXV MH WDN OLQHgUQ\P UHÔD]FRP LQ§WUXNFLm D ©LMH SRVWXSQ¬P Y\NRQgYDQmP VHNYHQFLH VYRMLFK SUmND]RY�
1R 5D\ XURELO DM QLH³R QDY\§H � SUL NRSmURYDQm YmUD SUHGDO V XU³LWRX SUDYGHSRGREQRVÔRX QgKRGQk SUHNORSHQLH
QLHNRÄNR ELWRY� ³R RGSRYHGg PXWgFLL Y SUmURGH� =gNODGQg VDGD VWURMRY¬FK SUmND]RY MH YKRGQH Y\EUDQg WDN� ©H SUL
DNHMNRÄYHN PXWgFLL RVWDQH RUJDQL]PXV Y\NRQgYDWHÄQ¬P SURJUDPRP� 2UJDQL]P\ VD WHGD Pp©X Y\YmMDÔ SRPRFRX
JHQHWLFN¬FK RSHUgWRURY� .D©GkPX �YmUXVX� ERO SULGHOHQ¬ XU³LW¬ VWURMRY¬ ³DV QD EHK D WHGD UR]PQR©RYDQLD� 1D
GUXKr VWUDQX 5D\ SULGDO YHN� WDN©H VWDU§LH YmUXV\ EROL SUDYGHSRGREQHM§LH SURJUDPRP RGVWUgQHQk� 9 7LHUUH QLH MH
SUHVQH GHILQRYDQg r³HORYg IXQNFLD� 9mUXV\ SRWRP VrÔD©LOL R �SUmURGQk ]GURMH� VYRMKR SURVWUHGLD� WHGD R &38 ³DV
D SDPiÔ� 7LHUUD VD SRWRP VWgYD XPHO¬P SURVWUHGmP� Y NWRURP VD RUJDQL]P\ ULDGL YODVWQ¬PL ]gNRQPL�
2UJDQL]P\� NWRU¬P VD QHMDN¬P VSpVRERP SRGDUm ]DEUDÔ Yi³§LQX W¬FKWR ]GURMRY PDMr Y\§§LX VFKRSQRVÔ SUH©LWLD�
3RWRP� ³R VD SDPiÔ ]DSOQm RUJDQL]PDPL� RSHUD³Q¬ V\VWkP �]DEmMD� QDMPHQHM VFKRSQk RUJDQL]P\� WHGD
QDSUmNODG WLH� NWRU¬FK NoG Y QHMDNRP NRQWH[WH JHQHUXMH FK\EX� �6YHW� ERO GR WHM PLHU\ XPHOR Y\WYRUHQ¬� ©H
SRNLDÄ VL YmUXV QDSU� Y\WYRULO QHNRQH³Qr VOX³NX� ERO XPHOR ]DVWDYHQ¬� 6NRUR VD Y SURJUDPRFK REMDYLOL OHS§LH
�YmUXV\�� DNR ERO VFKRSQ¬ VgP 5D\ ]RVWURMLÔ� D GRNRQFD VD REMDYLO DM �SDUD]LWL]PXV� � YmUXV ERO NUgWN\ D Y\X©mYDO
³DVÔ NoGX LQkKR YmUXVX� ¨LDÄ� LPSOHPHQWgFLD Y\§§mFK IXQNFLm DNR LQWHOLJHQFLD� YQmPDQLH D NRPXQLNgFLD MH Y
RUJDQL]PRFK 7LHUU\ REWLD©QD� =mVNDQLH W¬FKWR YODVWQRVWm SULURG]HQ¬P Y¬YRMRP 7LHUU\ E\ WUYDOR YHN\� =DWLDÄ VD
QHSRNUR³LOR Y¬]QDPQH DQL N SURJUDPRYHM YHU]LL YLDFEXQH³Q¬FK RUJDQL]PRY� 5RNX ���� $� 3DUJHOOLV Y\WYRULO
SRGREQ¬ YLUWXgOQ\ VYHW V H§WH REPHG]HQHM§mP SR³WRP LQ§WUXNFLm� Y NWRURP VD Y\WYRULO VHEDUHSOLNXMrFL VD �YmUXV�
VgP� EH] QXWQRVWL Y\WYRULÔ SUYkKR YmUD �ER©VN¬P� ]gVDKRP ³ORYHND >��@�

8PHOg HYROrFLD DOH QLH MH REPHG]HQg LED QD QHSUDNWLFNk SRNXV\ V SR³mWD³RY¬PL YmUXVPL� 9 Vr³DVQHM
GRPH VD SUDNWLFN\ Y\X©mYD QD KÄDGDQLH QRY¬FK W\SRY OLH³LY YR IDUPDFHXWLFNRP SULHP\VOH� $NWmYQ\
PHFKDQL]PXV� NWRU¬ Pg GURJD RG§WDUWRYDÔ� Yi³§LQRX VSR³mYD Y VSXVWHQm UHDNFLH PROHNXORX� NWRUg EXGH ]DSDGDÔ
GR UHFHSWRUX D UHDJRYDÔ V MHKR DNWmYQ\PL PLHVWDPL� 1HVWD³m LED PDÔ Y OLH³LYX MHGQRWOLYk DNWmYQH VNXSLQ\
RGSRYHGDMrFL VNXSLQgP Y DNFHSWRUX�ÄXGVNHM PROHNXOH� QR WUHED LFK UR]PLHVWLÔ SULHVWRURYR� 2UJDQLFN¬FK
PROHNrO MH YHÄPL YHÄD� QR VSpVRERY� DN¬P MHGQRWOLYk PROHNXO\ SRRK¬EDÔ RNROR �RWg³DY¬FK� Yi]LHE Y SULHVWRUH
MH IDNWRULgORYR YLDF� 'OKk UHÔD]FH DPLQRN\VHOmQ VD GDMr SRVNODGDÔ GR WDNkKR NOEND� ©H ] QHKR WU³LD WLH VSUgYQH
DNWmYQH VNXSLQD QD VSUgYQ\FK PLHVWDFK�
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9 PLQXORVWL VD KÄDGDQLH OLH³LYD ULH§LOR PHWoGRX SRNXVX D RP\OX� 7HUD]� Y W]Y� NRPELQDWRULFNHM

FKkPLL >�����@� VD Y\VNr§DMr PLOLoQ\ YDULgFLm PROHNrO � Wg PROHNXOD� NWRUg VD ]DFK\Wm DVSRÈ QD MHGQRP PLHVWH�

MH rVSH§Qg� 7gWR rVSH§Qg PROHNXOD VD ]DFK\Wm D VSUDYm VD MHM YDULgFLH � MHGQD ] QLFK VD ]DFK\Wm PR©QR QD GYRFK

DNWmYQ\FK PLHVWDFK� 7g VD YH]PH� XUREm VD MHM YDULgFLH ��� DW»�� GRNLDÄ QHPgPH PROHNXOX� NWRUg SHUIHNWQH SDVXMH

QD DNWmYQH PLHVWD UHFHSWRUX�

&HVW\ HYROrFLH

9]KÄDGRP N WRPX� ©H HYROrFLD MH MHGQ¬P ]R ]gNODGQ¬FK SUHGPHWRY VNrPDQLD XPHOkKR ©LYRWD� D

]gURYHÈ SUDNWLFNk DSOLNgFLH MHM SULQFmSRY XPR©ÈXMr Y\WYgUDÔ RSWLPDOL]D³Qk DOJRULWP\� MH YKRGQk ]DREHUDÔ VD

HYROrFLRX DM ] REHFQkKR KÄDGLVND >�����@�

=gNODGQk GRJPD Y ELROoJLL VrYLVLDFH V HYROrFLRX MH� ©H LQIRUPgFLD FHVWXMH ] JkQX GR ©LYkKR RUJDQL]PX�

QR QLNG\ RSD³QH � /DPDUNRYVN¬ W\S HYROrFLH >��@� NHG\ ]MHGQRGX§HQH SRYHGDQk NRYg³RYH GHWL E\ PDOL VLOQk

VYDO\� OHER NRYg³ VL LFK PXVHO Y\SUDFRYDÔ � MH SUH ELROoJRY QHSULMDWHÄQ¬� -H YHÄPL QHSUDYGHSRGREQk WLH© SULDPH

XSODWQHQLH QgKRGQHM PXWgFLH � QHH[LVWXMH JkQ NWRU¬ E\ �QDSXPSRYDO� NRYg³RYH VYDO\ � ]D MHGQX YODVWQRVÔ MH

]RGSRYHGQ¬FK YLDF JkQRY� URYQDNR DNR ND©G¬ JkQ MH ]RGSRYHGQ¬ ]D YLDFHUR VWDURVWm� 3UHWR MH Y SUmURGH

Y¬KRGQHM§LH PDÔ DGDSWLEmOQH �WHOR� �P\VOHQk DM UDVWOLQQk DOHER SUYRNRY�� DNR PDÔ �WHOR� SUHVQH ]RSWLPDOL]RYDQk

QD PRPHQWgOQH ©LYRWQk SURVWUHGLH� D ³DNDÔ� ©H SUL ]PHQH ©LYRWQkKR SURVWUHGLD VD REMDYm YKRGQg PXWgFLD� NWRUg

�WHOR� KQH» ]RSWLPDOL]XMH QD QRYk SRGPLHQN\�

1R VSpVRELÔ ]PHQX �©LYRWQkKR SURVWUHGLD� Pp©H VSpVRELÔ DM ]PHQD VSUgYDQLD VD � %DOGZLQRY HIHNW

>��@ � QDSUmNODG NH» VL ÄXGLD REÄrELD KRU\� D RVWDQr Y QLFK YLDF JHQHUgFLm� EXGr VD YLDF UR]PQR©RYDÔ

]Y¬KRGQHQm MHGLQFL V Y\§§RX SURGXNFLRX KHPRJOREmQX� .H» ]REHULHPH ÄXGVNr NXOWrUX DNR VHEDULDGLDFL V\VWkP�

NWRU¬ �NRQ]XPXMH� ÄXGVNk ]GURMH Y¬PHQRX ]D ]HIHNWmYQHQLH QLHNWRU¬FK ³LQQRVWm �QDSU� HIHNWmYQ\ SUHQRV

LQIRUPgFLm UH³RX QDPLHVWR SRVXQNRY� DOHER XFKRYgYDQLH LQIRUPgFLm Y NQLKgFK QDPLHVWR SDPiWL�� NXOWrUD Pp©H

SR GOK§RP ³DVH VSpVRELÔ JHQHWLFNk ]PHQ\ �QDSU� Y¬YLQRP KODVLYLHN� ]PHQ§HQLH ]XERY SUHFKRGRP QD WHSHOQk

VSUDFRYDQLH MHGOD�� DM NH» WDNgWR SULDPD ]gYLVORVÔ QHEROD GRVLDÄ MHGQR]QD³QH SUHXNg]DQg�

(YROrFLD MH §WUXNWrUD RUJDQL]RYDQHM ]PHQ\� NWRUg VD VDPRWQg Y\YmMD� = ³DVRYkKR KÄDGLVND VD GDMr

]RUDGLÔ QDVOHGXMrFH W\S\ HYROrFLH�

�� 6LHÔ �GR F\NOX� SUHSRMHQ¬FK FKHPLFN¬FK UHDNFLm� Y\WYgUDMrFLFK XU³LW¬ GUXK VWDELOLW\ �6WXDUW .DXIPDQQ

>�����@ YHUm� ©H NRPSOLNRYDQk V\VWkP\ PDMr WHQGHQFLX N VDPRRUJDQL]gFLL� D ©H RUJDQL]RYDQg §WUXNWrUD Pp©H

Y]QLNQrÔ VSRQWgQQH��

�� 6DPRUHSOLNgFLD

�� �8³HQLH� JHQHWLFNHM LQIRUPgFLH PXWgFLDPL� NUm©HQmP D SUH©LWmP QDMVFKRSQHM§mFK�

�� =PHQ\ VSpVREHQk VSROXr³DVÔRX QD WYRUEH VYRMKR �©LYRWQkKR SURVWUHGLD� Y¬EHURP QLFKk � PLHVWD Y¬VN\WX D

Y]ÔDKPL DNR YQLWURGUXKRY¬PL� WDN DM PLPRGUXKRY¬PL

�� (YROrFLD P\§OLHQRN �PHPHWLF FXOWXUH� Y VLHWL ÄXGVN¬FK PR]JRY � /DPDUNRYRYVNg NXOWrUQD HYROrFLD

�� (YROrFLD VSpVRERY D FLHÄRY HYROrFLH � Y\KÄDGgYDQLH VWUDWkJLm D VSiWQRYi]ERY¬FK PHFKDQL]PRY�

RSWLPDOL]XMrFLFK VDP\ VHED � QDSU� JHQHWLFNk LQ©LQLHUVWYR�

0RGHUQ¬P WHoULgP QD Y]QLN ©LYRWD SUHGFKgG]DO SRNXV &KLFDJVNkKR §WXGHQWD 6WDQOH\KR 0LOOHUD >��@�

NWRU¬ MHGQRGXFKR ]DWYRULO GR ��OLWURYHM IÄD§H YRGX� PHWgQ� DPRQLDN D YRGmN� IÄD§X W¬©GHÈ ]DKULHYDO D QHFKDO YR

YQrWUL JHQHURYDÔ HOHNWULFNk LVNU\ VLPXOXMrFH EOHVN\� 9¬VOHGNRP EROD ]PHV NRPSOLNRYDQ¬FK ]Or³HQmQ

DPLQRN\VHOmQ QXWQ¬FK N Y]QLNX ©LYRWD� 1HPHFN¬ ELRFKHPLN 0DQIUHG (LJHQ VSROX V 3HWHURP 6FKXVWHURP SRWRP

Y\WYRULOL WHoULX K\SHUF\NORY >��@� ]DOR©HQr QD Y]QLNX ©LYRWD ]R VLHWH UHSOLNXMrFLFK VD 51$ PROHNrO� 3UREOkP WX

MH� ©H 51$ GRVÔ ÔD©NR Pp©H Y\WYRULÔ VYRMX NoSLX EH] SRPRFL HQ]¬PRY� NWRUk E\ PDOL E\Ô SURGXNRYDQk

SRPRFRX 51$� D 51$ VDPD MH QRUPgOQH Y\WYgUDQg SUHSLVRP ] '1$�

7URFKD SR]PHQHQr WHoULX Y]QLNX ©LYRWD Y\WYRULO MHGHQ ]R ]ULHGNDY¬FK §SL³NRY¬FK ELROoJRY� NWRUm VD

]DREHUDMr XPHO¬P ©LYRWRP� 6WXDUW .DXIPDQQ ]R 6DQWD )H LQ§WLWrWX� §WXGXMrFL SURFHV\ VDPRRUJDQL]gFLH VLHWm

VSpVREHQ¬FK NRPSOH[Q¬P SUHSRMHQmP ORNgOQ\FK UHDNFLm >�����@� 7HQWR SUmVWXS VD Gg SRX©LÔ QD �]DSmQDQm� D

�Y\SmQDQm� JkQRY SUL GLIHUHQFLgFLL EXQLHN� QD VSUgYDQLH VD LPrQQHKR V\VWkPX� QD HYROX³Q¬ SURFHV� DOH

SUHGRY§HWN¬P QD PRGHORYDQLH Y]QLNX ©LYRWD ] K\SHUF\NORY UHDNFLm MHGQRGXFK¬FK DPLQRN\VHOmQ D LQ¬FK ]Or³HQmQ

SUmWRPQ¬FK Y �SUHELRWLFNHM SROLHYNH�� = W¬FKWR MHGQRGXFK¬FK ]Or³HQmQ SRWRP Y]QLNDMr QDY]gMRP VD VSgMDMrFH D

NDWDO\]XMrFH SRO\PkU\� NWRUk Y\WYRULD VWDELOQr �VLHÔ UHDNFLm�� 1HPDOR E\ WHGD mVÔ LED R 51$ ]Or³HQLQ\�

7LHWR SUHGVWDY\ VL Pp©HPH SULEOm©LÔ SRPRFRX MHGQRGXFKkKR PRGHOX� 3UHGVWDYPH VL� ©H PgPH VDGX

YUFKRORY� NWRUk QgKRGQH VSRMmPH V XU³LWRX SUDYGHSRGREQRVÔRX KUDQDPL� 3RNLDÄ EXGHPH ]REUD]RYDÔ SRPHU

SR³WX YUFKRORY QDMYi³§LHKR VrYLVOkKR JUDIX �WHGD WDNkKR� NGH VD Gg SR KUDQgFK SUHmVÔ PHG]L ÄXERYROQ¬PL

GYRPD YUFKROPL� N SR³WX Y§HWN¬FK YUFKRORY Y ]gYLVORVWL SR³WX YUFKRORY� GRMGHPH N REUg]NX ����� NWRU¬

SULSRPmQD QgKOX ]PHQX §WUXNWrU\ �WDNr DNR SUL ]PHQH ÄDGX QD YRGX�� 9]QLNQXWg ]gYLVORVÔ QLH MH OLQHgUQD� DOH

VLJPRLGQg� NH» SR³HW YUFKRORY SUHVLDKQH XU³LWr KUDQLFX� UHODWmYQD YHÄNRVÔ QDMYi³§LHKR VrYLVOkKR NXVX JUDIX VD

SUXGNR ]Y¬§L� 7R MH VSpVREHQk W¬P� ©H DM NH» SUDYGHSRGREQRVÔ Y¬VN\WX KUDQ\ PHG]L GYRPD YUFKROPL MH VWgOH

URYQDNg �Y QD§RP SUmSDGH SUH QDMYi³§m JUDI EROR ��� YUFKRORY D ��� KUgQ�� SR³HW PR©Q¬FK KUgQ VWrSD
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NYDGUDWLFN\ VSROX V OLQHgUQ\P ]Y¬§HQmP SR³WX YUFKRORY� 3UL XU³LWRP PQR©VWYH YUFKRORY MH LFK SRWRP Yi³§LQD

VSRMHQg GR MHGQkKR FHONX� 7HQWR SUmNODG Pp©H VOr©LÔ DNR DQDOoJLD SUH VLHÔ FKHPLFN¬FK ]Or³HQmQ �YUFKRORY�

VSRMHQ¬FK UHDNFLDPL �KUDQDPL�� NHG\ RG XU³LWHM YHÄNRVWL EXGH NRQFHQWUgFLD XU³LWHM ]Or³HQLQ\ ]gYLVOg QD

NRQFHQWUgFLgFK Yi³§LQ\ RVWDWQ¬FK ]Or³HQmQ�

2EUg]RN ����� *HQHUXMPH QgKRGQH JUDI\ �WHGD VrVWDYX YUFKRORY� NGH GYRMLFH YUFKRORY Pp©X E\Ô VSRMHQk KUDQDPL��
3UDYGHSRGREQRVÔ Y¬VN\WX KUDQ\ PHG]L GYRPD YUFKROPL MH Y©G\ URYQDNg D RGSRYHGg Y¬VN\WX ��� KUgQ X JUDIX ]R ���
YUFKROPL� 6SR³mWDMPH SR³HW YUFKRORY PD[LPgOQHKR VrYLVOkKR JUDIX Y\JHQHURYDQkKR JUDIX� D ]REUD]PH SRPHU SR³WX W¬FKWR
YUFKRORY N FHONRYkPX SR³WX YUFKRORY� $M QDSULHN WRPX� ©H SUDYGHSRGREQRVÔ Y¬VN\WX KUgQ Y JUDIRFK MH VWgOH URYQDNg� NULYND

Pg VLJPRLGQ¬ FKDUDNWHU� SUHWR©H SR³HW PR©Q¬FK KUgQ VD ]Y\§XMH NYDGUDWLFN\ V SR³WRP YUFKRORY� 9 SUmSDGH� ©H YUFKROPL Vr

]Or³HQLQ\ D KUDQDPL UHDNFLH� GDQg VLPXOgFLD QDSRYHGg� ©H SUL XU³LWHM KUDQLFL Up]QRURGRVWL SUmWRPQ¬FK ]Or³HQmQ VD LFK
Yi³§LQD ]DSRMm GR VLHWH UHDNFLm � QDVWgYD WYRUED K\SHUF\NORY�

2EUg]RN ���� 7\SLFN¬ SUmNODG PDOHM DXWRNDWDO\WLFNHM VLHWH SRGÄD .DXIPDQQD >�����@� 5HDNFLH Vr UHSUH]HQWRYDQk §WHSQ¬PL
SURGXNWDPL �DOHER HGXNWPL� VPHU UHDNFLH ]gYLVm QD NRQFHQWUgFLgFK� VSROX V RGSRYHGDMrFLP Yi³§mP SRO\PkURP� %RGNRYDQk
³LDUN\ R]QD³XMr NDWDO¬]X UHDNFLH D VPHUXMr RG NDWDO\]gWRUD GDQHM UHDNFLH� 0QRPkU\ D GLPkU\ $ D % SUHGVWDYXMr GRGgYDQ¬
�]GURM ©LYmQ� �]gNODGQk ]Or³HQLQ\ Y SUHELRWLFNHM SROLHYNH��
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.H» VL ]REHULHPH PQR©LQX Y§HWN¬FK PR©Q¬FK ]Or³HQmQ� DM SUL REPHG]HQm PROHNXORYRX KPRWQRVÔRX�

VWDELOLWRX� D SRX©LWmP LED ]ORPNX ] FKHPLFN¬FK SUYNRY� EXGHPH VWgOH GRVWgYDÔ DVWURQRPLFNk ³mVOD� -H LVWk� ©H

FKHPLFNk ]Or³HQLQ\ Pp©X Y]QLNDÔ YHÄD Up]Q\PL VSpVREPL �QDM³DVWHM§LH ] GYRFK ]Or³HQmQ Y]QLNg WUHWLD

]Or³HQLQD� SUmSDGQH VD ]Or³HQLQD WUDQVIRUPXMH SRPRFRX NDWDO\]gWRUX� D WDNWR MH PR©Qk SRVSgMDÔ GYRMLFH� WURMLFH�

DOHER §WYRULFH ]Or³HQmQ� ]r³DVWÈXMrFLFK VD MHGQHM UHDNFLH� .H» PgPH PDO¬ VrERU ]Or³HQmQ� EXGH VD PHG]L QLPL

Y\VN\WRYDÔ DM PgOR UHDNFLm XVSRNRMLYR SUHELHKDMrFLFK ]D QRUPgOQHKR WODNX D WHSORW\� 1R SUL ]Yi³§RYDQm SR³WX

]Or³HQmQ QDVWDQH VLWXgFLD� NHG\ Yi³§LQD ]R ]Or³HQmQ EXGH QDY]gMRP SUHSRMHQg GR NRPSOLNRYDQHM VLHWH UHDNFLm�

7gWR VLHÔ VD SR ³DVH XVWgOL GR URYQRYg©QHKR VWDYX� ³R E\ PDOR ]RGSRYHGDÔ ]gNODGQHM SRGPLHQNH SUH Y]QLN

NRPSOLNRYDQHM§mFK §WUXNWrU DNR MH EXQND �YL» REU� ������

%LRORJLFN\ RULHQWRYDQ¬ SUmVWXS N HYROrFLL VD Gg UR]GHOLÔ QD ILORJHQk]LX� NWRUg VD ]DREHUg HYROrFLRX

SUmURGQkKR GUXKX Y ³DVH �PXWgFLH D NUm©HQLH Y JHQHWLFNRP DOJRULWPH�� HSLJHQk]RX� NWRUg RGSRYHGg X³HQLX

MHGQRWOLYkKR RUJDQL]PX Y SULHEHKX ©LYRWD �QHXUoQRYk VLHWH� D RQWRJHQk]RX� NWRUg VD ]DREHUg Y¬YRMRP

PQRKREXQH³Q¬FK RUJDQL]PRY ]R ]gNODGQHM EXQN\ �VHEDUHSURGXNXMrFH VD DXWRPDW\��

(YROX³Qk LQRYgFLH�

�� 6\PELo]D� EDNWHULgOQD V\PELo]D DNR SR³LDWRN WYRUE\ SUHGFKRGFRY EXQLHN �>��@�� 1DPLHVWR Y¬PHQ\

JHQHWLFNHM LQIRUPgFLH NUm©HQmP WDN Y]QLNg Y NRQH³QRP GpVOHGNX ]Or³HQLH JHQHWLFNHM LQIRUPgFLH� 6\PELo]D

YR Yi³§RP PHUmWNX Pp©H E\Ô DM ]RGSRYHGQg ]D ]gVDGQHM§LH ]PHQ\ RUJDQL]PX� NWRUk E\ LQDN Y\©DGRYDOL

PQRKRQgVREQk VLPXOWgQQH LQRYgFLH� 9 W]Y� HQGRV\PELRWLFNHM K\SRWk]H LGH R Y]QLN HXNDU\RQWRY �SRNUR³LO¬FK

EXQLHN V MDGURP� LQWHJUgFLRX V\PELRWLFNkKR V\VWkPX HXNDU\RQWRY �SULPLWmYQ\FK EXQLHN EH] MDGUD� GR

MHGQkKR FHONX� 9 PLNURELgOQHM Um§L� NWRUg WYRUm Yi³§LQX ©LYRWD QD ]HPL� MH WDWR IRUPD �VSROXSUgFH QD Y\§§HM

rURYQL� ³DVWg� 2VWDWQH� PLWRFKRQGULH ³ORYHND SRPgKDMrFH SUHQg§DÔ N\VOmN EROL NHG\VL QDMVNpU WLH©

VDPRVWDWQk ©LYR³mFK\ � ³ORYHN Pp©H R VHEH KRYRULÔ DNR R VDPRVWDWQHM HQWLWH LED GR XU³LWHM PLHU\�

7gWR HYROX³Qg ]PHQD MH Y UR]SRUH V NODVLFN¬P 'DUZLQLVPRP� OHER ]PHQ§XMH Y¬KRG\ MHGQRWOLYFD �

SRKOWHQ¬ MHGQRWOLYHF ]DQLNg DNR VDPRVWDWQ¬ GUXK� �6WURP ©LYRWD� MH Y\NUHVÄRYDQ¬ ]R VWgOH VD UR]YHWYXMrFLPL

YHWYDPL� 1R V\PELo]D Pp©H ]QDPHQDÔ VSgMDQLH YHWYm�

2NUHP SRKOWHQLD DOHER NUm©HQLD MH PR©Qg Y¬PHQD LQIRUPgFLH DM SULDP\P SUHQRVRP JkQRY PHG]L

GUXKPL� SRX©mYDMrF ³DVWR YmUXVRY DNR VSURVWUHGNRYDWHÄRY Y¬PHQ\�

�� 6PHURYDQg PXWgFLH � NH» VL SUHGVWDYmPH QgKRGQr PXWgFLX VSpVREHQr NR]PLFN¬PL Or³PL� ÔD©NR LFK DVL

VPHURYDÔ� 1R VPHURYDÔ PR©QR LFK RSUDYX� 2SUDYQ¬ PHFKDQL]PXV Y EXQNH SUDFXMH LED QDG QDMGpOH©LWHM§mPL

³DVÔDPL NoGX� NWRU¬FK ]PHQD E\ SUDNWLFN\ LVWR ]QDPHQDOD VPUÔ RUJDQL]PX� 1R Y PHQHM ]gYD©Q¬FK

REODVWLDFK WLHWR NRUHN³Qk PHFKDQL]P\ QHPXVLD E\Ô Y\YLQXWk SUH VYRMX QgUR³QRVÔ� 7¬P VD ]Y\§XMH

SUDYGHSRGREQRVÔ ]PHQ\ Y QLHNWRU¬FK VPHURFK D ]QL©XMH Y LQ¬FK� SRGREQH DNR MH WRPX Y 6FKZHIHORY¬FK

HYROX³Q¬FK VWUDWkJLgFK� 9i³§LQD JHQHWLFNkKR NoGX X Y\§§mFK RUJDQL]PRY DNR Vr SUYRN\ MH WRWL© QH]P\VHOQg

�DVSRÈ SRGÄD QD§LFK Vr³DVQ¬FK ]QDORVWm�� D QLNG\ VD QHSUHWUDQVIRUPXMH GR WYRUE\ SURWHmQRY� 1DYLDF X

QLHNWRU¬FK SURWHmQRY ]PHQD DPLQRN\VHOLQ\ Y QLHNWRU¬FK SR]mFLgFK QHSpVREm ]PHQX IXQN³QRVWL SURWHmQX�

WDN©H RSUDYQ¬ PHFKDQL]PXV E\ ERO ]E\WR³Q¬ >��@� 7LHWR ]PHQ\ Vr Y QLHNWRU¬FK ³DVWLDFK '1$ WDNk

SUDYLGHOQk Y SULHEHKX GOK¬FK ³DVRY¬FK RGVHNRY� ©H VD SRGÄD QLFK Gg ]KUXED XU³RYDÔ� NHG\ VD RG VHED

RGGHOLOL MHGQRWOLYk GUXK\ RUJDQL]PRY� 2NUHP RSUDYQkKR PHFKDQL]PX Y U� ���� +DUYDUGVN¬ JHQHWLN -RKQ

&DLUQV SXEOLNRYDO GpND]� ©H ]D XU³LW¬FK SRGPLHQRN ]PHQ\ SURVWUHGLD EDNWkULD (� FROL EROD VDPD VFKRSQg VD

]PXWRYDÔ Y SULDPHM RGSRYHGL QD SRWUHEX VSpVREHQRX ]PHQRX SURVWUHGLD �VDPR]UHMPH VD SUHGSRNODGg� ©H

PHFKDQL]PXV SpVRELDFL FLHOHQr PXWgFLX Y]QLNRO HYROrFLRX >�����@��

�� 7]Y� KRUL]RQWgOQ\ SUHQRV JHQHWLFNHM LQIRUPgFLH� NHG\ VD ³DVÔ LQIRUPgFLH SUHQg§D ] MHGQHM �GRVSHOHM� EXQN\

QD GUXKr �GRVSHOr� EXQNX� 0p©H mVÔ WDN R SURFHV ULDGHQ¬ VDPRWQ¬PL EXQNDPL DNR DM R SURFHV VSpVREHQ¬

YmURP� 7HQWR SUHQRV V³DVWL Pp©H X EDNWkULm QDKUDG]RYDÔ VH[XgOQ\ SUHQRV LQIRUPgFLH�

�� 6DOWDWLRQLVP �] /DW� VDOWDUH � VNRN� MH WHoULD VQD©LDFD VD Y\VYHWOLÔ IRVmOQH QgOH]\� NWRUk XND]XMr QgKO\ Y]QLN

SOQR Y\YLQXWkKR GUXKX� NWRU¬ SRWRP RVWgYD YLDF�PHQHM VWDELOQ¬ D© GR VYRMKR ]gQLNX� 7HQWR MDY ERO

SRPHQRYDQ¬ 6WHSKHQHP -D\ *ROGHP DNR SUHUX§RYDQg URYQRYgKD �SXQFWXDWHG HTXLOLEULXP >�����@�� 6NRNRYg

WHoULD MH RGPLHWDQg Yi³§LQRX ELROoJRY� SUHWR©H QLH MH MDVQ¬ SUHVQ¬ GpYRG W¬FKWR VNRNRY� RNUHP SRGR]UHQLD

QD ]PHQ\ VSpVREHQk Y UDQQRP Y¬YRML HPEU\D D PR©QR ]PHQ\ �LPSOHPHQWgFLH� JHQHWLFNHM LQIRUPgFLH� SUH

NWRUr MH URYQDNR GpOH©LWg FKURPR]RPgOQD '1$ DNR Y§HWN\ SURWHmQ\� KRUPoQ\ D QHFKURPR]RPgOQD '1$

VSROX V I\]LNgOQ\PL SRGPLHQNDPL DNR MH WHSORWD� S+ SURVWUHGLD DSRG�

3RGVWDWQg ]PHQD GUXKX Pp©H E\Ô XPR©QHQg ]GUX©RYDQmP IXQNFLm� KLHUDUFKLFNRX rURYÈRX ULDGHQLD� D

DGDSWmYQ\P SURFHVRP PHQLDFLP FHO¬ VrERU IXQNFLm QDUD]�

�� 6DPR�RUJDQL]gFLD� JkQ\ Vr VSROX VSRMHQk GR VLHWH Y]ÔDKRY� D SRGVWDWQg ]PHQD MHGQkKR ] QLFK VSpVREm

QXWQRVÔ XVDGHQLD VD Y LQRP DWUDNWRURYRP FHQWUH� 1R SURWL WHMWR ]PHQH ERMXMH VQDKD SRSXOgFLH RVWDÔ

VWDELOQRX� $M WD QDMY¬KRGQHM§LD PXWgFLD QHEXGH QDQL³� SRNLDÄ QHEXGH WDN¬WR MHGLQHF SULMDW¬ NROHNWmYRP� ³mP

EXGH GDQg PR©QRVÔ »DO§LHKR UR]§mUHQLD PXWgFLH UR]PQR©HQmP SRWRPNRY� 6WXDUW .DXIPDQQ >��@ QD ]gNODGH

Y¬SR³WRY WYUGm� ©H ]D XU³LWRX KUDQLFRX Y]UDVWDMrFD KXVWRWD VSRMHQm PHG]L SUYNDPL V\VWkPX �DJHQWPL�
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]PUD]XMH DGDSWgFLX� 0XWgFLD QDYLDF PXVm VSÂÈDÔ ]gNODGQk SR©LDGDYN\ � E\Ô SULMDWHÄQg ] KÄDGLVND
PROHNXOgUQHM rURYQH JHQoPX D SRWRP DM ] KÄDGLVND VSOQHQLD I\]LNgOQ\FK SR©LDGDYLHN QD VWDYEX WHOD� 7¬P
Vr PR©QRVWL Y]QLNX ©LY¬FK IRULHP REPHG]HQk� 1R Y]KÄDGRP N WRPX� ©H SR]QgPH LED Y¬VOHGQ¬ �Y¬EHU� �
H[LVWXMrFH ©LYk RUJDQL]P\� D QHSR]QgPH ] NRÄN¬FK PR©QRVWm EROL Y\EHUDQk� QHGg VD RGKDGQrÔ �KXVWRWD
PR©Q¬FK ©LY¬FK IRULHP�� NRÄNR EROR PR©QRVWm HYROrFLH� NGH IRVmOQH QgOH]\ D Vr³DVQk IRUP\ ©LYRWD QD =HPL
Vr LED MHGQRX ] PR©Q¬FK UHDOL]gFLm� 2GSRYH» QD WDNrWR RWg]NX Pp©H QD]QD³LÔ SUgYH GLVFLSOmQD XPHOkKR
©LYRWD�

7UHQG\ HYROrFLH�
�� ,UHYHU]LELOLWD � HYROrFLD VD QHYUDFLD QDVSiÔ� QRYk IRUP\ ©LYR³mFKRY VD QHYUDFDMr N Y¬YRMRYR VWDU§mP IRUPgP

�YHÄU\ED MH VmFH FLFDYHF� NWRU¬ VD YUgWLO GR PRUD� QR WR MH VNpU Y¬QLPND DNR SUDYLGOR� D ©LYRW REHFQH X©
QHRSr§ÔD UD] REVDGHQk QLFKk�

�� 1DUDVWDMrFD ]OR©LWRVÔ �QHH[LVWXMH DOH SUHVQg GHILQmFLD WRKR ³R ]OR©LWRVÔ MH� D QLH MH GDQ¬ MHGQR]QD³Q¬ GpYRG
MHM QDUDVWDQLD� DM NH» H[LVWXMr K\SRWk]\� ]OR©LWRVÔ MH VSpVREHQg Up]QRURGRVÔRX SURVWUHGLD� NWRUHM
SULVSpVREHQk SUYN\ VD VNODGDMr QD Y\WYRUHQLH NRPSOH[QkKR V\VWkPX� MH WHUPRG\QDPLFN\ Y¬KRGQHM§LD� MH
VSpVREHQg §SHFLDOL]gFLRX KQDQRX SULQFmSRP SUH©LWLD QDMVLOQHM§LHKR YQrWUL GUXKX� DW»���

�� 1DUDVWDMrFD Up]QRURGRVÔ � WgWR RWg]ND DOH QLH MH FHONRP MDVQg� OHER GQHV VmFH PgPH YHÄD Up]Q\FK GUXKRY
KP\]X� QR QHPgPH YHÄD Y ]gNODGRFK UR]GLHOQ\FK URGRY� DNR MH REHFQH KP\]� 7gWR VLWXgFLD MH Y UR]SRUH
QDSU� V &DPEULMVN¬P REGREmP� NHG\ H[LVWRYDOR YHÄPL YHÄD ]gVDGQH Up]Q\FK GUXKRY GHVLJQX� ] NWRU¬FK
SUH©LOR LED ]RSgU�

�� 1DUDVWDQLH SR³WX MHGLQFRY
�� 1DUDVWDMrFD §SHFLDOL]gFLD � UD] §SHFLDOL]RYDQk EXQN\ DOHER ©LYR³m§QH GUXK\ VD Yi³§LQRX QHYUDFDMr N Yi³§HM

IOH[LELOQRVWL�
�� 1DUDVWDMrFD Y]gMRPQg ]gYLVORVÔ QD LQ¬FK ©LYR³m§Q\FK GUXKRFK D QD VSROR³HQVWYH WYRUHQRP YODVWQ¬P

GUXKRP � ]DWLDÄ ³R OL§DMQmN\ �SR©LHUDMr SULDPR NDPHÈ� D Vr YHÄPL ]gYLVOk QD I\]LFNRP SURVWUHGm �N\VO¬
Gg©»�� ³ORYHN Pp©H ©LÔ WDNPHU NGHNRÄYHN� QR SRWUHEXMH QD SUH©LWLH VSROXSUgFX V RVWDWQ¬PL ÄX»PL�

�� 1DUDVWDMrFD VFKRSQRVÔ HYROrFLH� 5� ����� &DPEULGJHVN¬ ]RROoJ 5LFKDUG 'DZNLQV QD 3UYRP ZRUNVFKRSH R
XPHORP ©LYRWH SUH]HQWRYDO ³OgQRN (YROrFLD VFKRSQRVWL Y¬YRMD >��@� 1DYUKRO SUmURGQ¬ Y¬EHU Y\§§LHKR GUXKX�
NWRU¬ QHSUHIHUXMH LED MHGLQFRY� DOH WHQGHQFLX Y\YmMDÔ VD XU³LW¬P VPHURP� DOHER WHQGHQFLX Y\YmMDÔ VD YpEHF�
%LROoJ /HR %XVV >��@ ] <DOH 8QLYHUVLW\ VD ]DP¬§ÄD QDG W¬P� DNR VD Y\YmMD SRMHP MHGLQFD� =R ]D³LDWNX WR
PRKRO E\Ô VWDELOQ¬ V\VWkP UHDNFLm SRO\PkURY� SRWRP EXQND� SRWRP RUJDQL]PXV� $NR »DO§LD MHGQRWND Pp©H
VOr©LÔ FHO¬ GUXK� -HKR NYDOLWD D VFKRSQRVÔ SUH©LWLD QHPXVm ]gYLVLHÔ QD NYDOLWH MHGQRWOLYFRY � WD MH
SRURYQgYDQg YQLWURGUXKRYR� QR QD LQ¬FK NYDOLWgFK DNR MH QDSUmNODG VFKRSQRVÔ VD Y\YmMDÔ�

3URJUDP\ EXGrFQRVÔL MH PR©Qk VL SUHGWDYLÔ DNR SHVWRYDQk QHULDGHQk PRQ§WUg� NWRUk ��� ³DVX VWUgYLD
QDG YODVWQ¬PL QH]P\VHOQ¬PL RSHUgFLDPL D LED MHGQR SHUFHQWR YHQXMr QD �UR]XPQ¬� Y¬SR³HW ] KÄDGLVND
X©mYDWHÄD� 7gWR QHHIHNWmYQRVÔ E\ PDOD E\Ô Y\Yg©HQg VFKRSQRVÔRX DGDSWRYDÔ VD QD QRYk XGDORVWL� SUH NWRUk
GRVLDO QHH[LVWXMH QDX³HQg RGSRYH» V\VWkPX� 9]KÄDGRP QD VWgOH ]ODFÈRYDQLH ³DVX SR³mWD³D WR EXGH Y¬KRGQHM§m�
DNR QDMDÔ SURJUDPgWRUD� NWRU¬ Y\P\VOm SHUIHNWQ¬ PDO¬ SURJUDP� 7HQWR WUHQG MH ³LDVWR³QH YLGQR QD UR]§mURYDQm
QHHIHNWmYQ\FK� QR N ODLNRP SUmYHWLY¬FK SURJUDPRY ILUP\ 0LFURVRIW� 7LH Vr VmFH UREHQk ÄX»PL� QR
SUDYGHSRGREQH Y]KÄDGRP N QHXNRQ³HQHM HYROrFLL � PDOHM NRPXQLNgFLL PHG]L �VLHÔRX� DXWRURY Pg VNpU
YODVWQRVWL QHULDGLWHÄQkKR �PRQ§WUD� V QgKRGQH JHQHURYDQ¬PL �IHDWXUHV� �§SHFLILNDPL� SURJUDPgWRUPL PLPR
0LFURVRIWX QD]¬YDQ¬PL FK\EDPL��

¦DQFH VDPRYROQkKR Y]QLNX LQWHOLJHQFLH X SURJUDPRFK XPHOkKR ©LYRWD SDWULD ]DWLDÄ GR REODVWL
VFLHQFH ILFWLRQ� =gNODGQk YODVWQRVWL ©LYRWD DNR SRK\EOLYRVÔ Y PHQLDFRP VD SURVWUHGm� ]P\VORYk YQmPDQLH RNROLD
D RVWDWQk YODVWQRVWL QXWQk QD XGU©DQLH D UR]YmMDQLH ©LYRWD VD Y\YmMDOL FH] PLOLDUGX URNRY� ]DWLDÄ ³R DEVWUDNWQk
P\VOHQLH D MD]\N LED GHVDÔ WLVmFH URNRY� 7R E\ QD]QD³RYDOR� ©H Y\WYRUHQLH XPHOHM LQWHOLJHQFLH E\ PDOR E\Ô RYHÄD
MHGQRGXFK§LH DNR Y\WYRUHQLH �©LYkKR� UHDJXMrFHKR D UHSURGXNXMrFHKR VD RUJDQL]PX� 1R SRGÄD PLHQN\ DXWRURY
MH LQWHOLJHQFLD Y\VWDYDQg QD ]gNODGH ©LYkKR RUJDQL]PX� D Y\WYRULÔ MX QD LQRP ]gNODGH Y\©DGXMH SRURYQDWHÄQH
NRPSOLNRYDQr �]gNODGÈX� DNR MH ©LYg KPRWD� ³R SUL FHOHM VYRMHM NRPSOLNRYDQRVWL SR³mWD³H H§WH ]»DOHND
QHGRVDKXMr�

/LWHUDWrUD

>�@ 6� /HY\� $UWLILFLDO /LIH� 7KH 4XHVW IRU D 1HZ &UHDWLRQ� 3DQWKHRQ� 1HZ <RUN� �����
>�@ .DUO 6LJPXQG� *DPHV RI /LIH� ([SORUDWLRQ LQ (FRORJ\� (YROXWLRQ DQG %HKDYLRXU� 2[IRUG 8QLYHUVLW\

3UHVV� 1HZ <RUN� �����
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>�@ &ODXV (PPHFKH� 7KH *DUGHQ LQ WKH 0DFKLQH� 7KH (PHUJLQJ 6FLHQFH RI $UWLILFLDO /LIH� 3ULQFHWRQ

8QLYHUVLW\ 3UHVV� �����

>�@ .� .HOO\� 2XW RI &RQWURO� 7KH 1HZ %LRORJ\ RI 0DFKLQHV� )RXUWK (VWDWH� �����

>�@ &� /DQJWRQ� $UWLILFLDO /LIH� $Q 2YHUYLHZ� 0,7 3UHVV� &DPEULGJH� 0$� �����

>�@ &� *� /DQJWRQ� HG�� $UWLILFLDO /LIH� 6), 6WXGLHV LQ WKH 6FLHQFHV RI &RPSOH[LW\� YRO� �� 7KH 3URFHHGLQJV RI

WKH ���� :RUNVKRS LQ /RV $OPRV� 10� $GGLVRQ�:HVOH\� 5HGZRRG &LW\ &$� ����� S� ���

>�@ &� /DQJWRQ� &� 7D\ORU� '� )DUPHU� 6� 5DVPXVVHQ� HGV�� $UWLILFLDO /LIH ,,� $GGLVRQ�:HVOH\� 5HGZRRG

&LW\� &$� �����

>�@ &� /DQJWRQ� HG�� $UWLILFLDO /LIH ,,,� 6), 6WXGLHV LQ WKH 6FLHQFHV RI &RPSOH[LW\� YRO� ���� $GGLVRQ�:HVOH\�

5HGZRRG &LW\� &$� �����

>�@ 5� %URRNV DQG 3� 0DHV� HGV�� $UWLILFLDO /LIH ,9� 0,7 3UHVV� �����

>��@ &� *� /DQJWRQ DQG 7� 6KLPRKDUD� HGV�� $UWLILFLDO /LIH 9� 3URFHHGLQJV RI WKH )LIWK ,QWHUQDWLRQDO

:RUNVKRS RQ WKH 6\QWKHVLV DQG 6LPXODWLRQ RI /LYLQJ 6\VWHPV �&RPSOH[ $GDSWLYH 6\VWHPV�� 0LW 3UHVV�

�����

>��@ -��$� 0H\HU DQG 6� :� :LOVRQ� HGV�� )URP DQLPDOV WR DQLPDWV� 3URFHHGLQJV RI WKH )LUVW ,QWHUQDWLRQDO
&RQIHUHQFH RQ 6LPXODWLRQ RI $GDSWLYH %HKDYLRU ������ 3DULV� )UDQFH�� 0,7 3UHVV� &DPEULGJH� 0$�

�����

>��@ -��$� 0H\HU� +� /� 5RLWEODW� DQG 6WHZDUW :� :LOVRQ� HGV�� )URP DQLPDOV WR DQLPDWV ,,� 3URFHHGLQJV RI
WKH 6HFRQG ,QWHUQDWLRQDO &RQIHUHQFH RQ 6LPXODWLRQ RI $GDSWLYH %HKDYLRU� 0,7 3UHVV� &DPEULGJH� 0$�

�����

>��@ '� &OLII� 3� +XVEDQGV� -��$� 0H\HU� DQG 6� :� :LOVRQ� HGV�� )URP DQLPDOV WR DQLPDWV ,,,� 3URF� RI WKH
�UG ,QW
O &RQI� RQ 6LPXODWLRQ RI $GDSWLYH %HKDYLRU� 0,7 3UHVV� &DPEULGJH� 0$� 86$� �����

>��@ 3� 0DHV� 0� -� 0DWDULF� -��$� 0H\HU� -� 3ROODFN� DQG 6WHZDUW :� :LOVRQ �HGV��� )URP $QLPDOV WR $QLPDWV
,9� 3URFHHGLQJV RI WKH )RXUWK ,QWHUQDWLRQDO &RQIHUHQFH RQ 6LPXODWLRQ RI $GDSWLYH %HKDYLRU� 0,7

3UHVV� &DPEULGJH� 0$� 86$� �����

>��@ 7KH $ULILFLDO /LIH -RXUQDO� 0,7 3UHVV -RXUQDOV� �� +D\ZDUG 6WUHHW� &DPEULGJH� 0$ ����������� 86$

>��@ $GDSWLYH %HKDYLRU� 0,7 3UHVV -RXUQDOV� �� +D\ZDUG 6WUHHW� &DPEULGJH� 0$ ����������� 86$

>��@ (YROXWLRQDU\ &RPSXWDWLRQ� 0,7 3UHVV -RXUQDOV� �� +D\ZDUG 6WUHHW� &DPEULGJH� 0$ ����������� 86$

>��@ &RPSOH[ 6\VWHPV� SXEOLVKHG E\� &RPSOH[ 6\VWHPV 3XEOLFDWLRQV� ,QF�� 3�2� %R[ ����� &KDPSDLJQ� ,/

����������� 86$�

>��@ )�-� 9DUHOD DQG 3� %RXUJLQH� HGV�� 7RZDUG D SUDFWLFH RI DXWRQRPRXV V\VWHPV� 3URFHHGLQJV RI WKH )LUVW
(XURSHDQ &RQIHUHQFH RQ $UWLILFLDO /LIH� 0,7 3UHVV�%UDGIRUG %RRNV� &DPEULGJH� 0$� ����

>��@ )� 0RUDQ� $� 0RUHQR� -�-� 0HUHOR� DQG 3� &KDFRQ� HGV�� $GYDQFHV LQ $UWLILFLDO /LIH� 3URFHHGLQJV RI WKH
7KLUG (XURSHDQ &RQIHUHQFH RQ $UWLILFDO /LIH� 1R� ��� LQ /HFWXUH 1RWHV ,Q $UWLILFLDO ,QWHOOLJHQFH�

6SULQJHU� �����

>��@ 3� +XVEDQGV DQG ,� +DUYH\� HGV�� )RXUWK (XURSHDQ &RQIHUHQFH RQ $UWLILFLDO /LIH� 0LW 3UHVV� �����

>��@ (� +LOOHEUDQG DQG -� 6WHQGHU� 0DQ\�$JHQW 6LPXODWLRQ DQG $UWLILFLDO /LIH� ,26 3UHVV� �����

>��@ 5� .KRVOD DQG 7� 'LOORQ� (QJLQHHULQJ ,QWHOOLJHQW +\EULG 0XOWL�$JHQW 6\VWHPV� .OXZHU $FDGHPLF

3XEOLVKHUV� �����

>��@ -� -DOrYND� 0RGHUQm SR´mWD´RYk YLU\� SRGVWDWD� SUHYHQFH� RFKUDQD� &RPSXWHU 3UHVV� 3UDKD� �����

>��@ 0� 'DQLOgN� 6YHW SR´mWD´RYFK YmUXVRY� *UDGD� 3UDKD� ����;;�
>��@ 1� 0� 7KDOPDP DQG '� 7KDOPDP� $UWLILFLDO /LIH DQG 9LUWXDO 5HDOLW\� -� :LOH\� �����

>��@ 9� .YDVQL³ND� Ã� %HÈX§NRYg� -� 3RVSmFKDO� ,� )DUND§� 3� 7LÈR� $� .UgÄ� �YRG GR WHoULH QHXURQoYFK
VLHWm� ,5,6� %UDWLVODYD �����

>��@ 0� 5HVQLFN� 7XUWOHV� 7HUPLWHV� DQG 7UDIILF -DPV � ([SORUDWLRQV LQ 0DVVLYHO\ 3DUDOOHO 0LFURZRUOGV�
&RPSOH[ $GDSWLYH 6\VWHPV� 0LW 3UHVV� �����

>��@ 6LP/LIH � 0D[LV �'26� :LQGRZV�� 0D[LV ���� 1� &DOLIRUQLD %OYG�� 6XLWH ���� :DOQXW &UHHN� &$

�����������

>��@ 3� 3UXVLQNLHZLF]� $� /LQGHQPD\HU� 7KH $OJRULWKPLF %HDXW\ RI 3ODQWV� 6SULQJHU 9HUODJ� 1HZ <RUN�

�����

>��@ +�2� 3HLWJHQ� +� -sUJHQV� DQG '� 6DXSH� &KDRV DQG )UDFWDOV� 1HZ )URQWLHUV RI 6FLHQFH� 6SULQJHU
9HUODJ� 1�<�� �����

>��@ .� 6LPV� $UWLILFLDO (YROXWLRQ IRU &RPSXWHU *UDSKLFV� &RPSXWHU *UDSKLFV �6LJJUDSK }�� SURFHHGLQJV��

������ ����� ��������

>��@ .� 6LPV� (YROYLQJ �' 0RUSKRORJ\ DQG %HKDYLRU E\ &RPSHWLWLRQ� $UWLILFLDO /LIH ,9� 5� %URRNV DQG 3�

0DHV �HGV��� 0,7 3UHVV� ����� SS� ������

>��@ 5� 'DZNLQV� 7KH %OLQG :DWFKPDNHU� (�(� 1RUWRQ� 1HZ <RUN� �����

>��@ $�-� /RWND� (OHPHQWV RI 3K\VLFDO %LRORJ\� :LOOLDPV DQG :LONLQV� %DOWLPRUH� �����

>��@ 9� 9ROWHUUD� )OXFWXDWLRQV LQ WKH DEXQGDQFH RI D VSHFLHV FRQVLGHUHG PDWKHPDWLFDOO\� 1DWXUH� ���� ������
��������
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>��@ (� 5HQVKDZ� 0RGHOOLQJ %LRORJLFDO 3RSXODWLRQV LQ 6SDFH DQG 7LPH� &DPEULGJH 8QLYHUVLW\ 3UHVV�

&DPEULGJH� �����

>��@ 3�)� 9HOKXUVW� 1RWLFH VXU OD ORL TXH OD SRSXODWLRQ VXLW GDQV VRQ DFFURLVHPHQW� &RUU� 0DWK� HW 3K\V� SXEO�

SDU $� 4XHWHOHW� 7�; ������ ��������

>��@ 5� 3HDUO� /�-� 5HHG� 2Q WKH UDWH RI JURZWK RI WKH SRSXODWLRQ RI WKH 8QLWHG 6WDWHV VLQFH ���� DQG LWV

PDWKHPDWLFDO UHSUHVHQWDWLRQ� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV� � ������ ��������

>��@ 5�-� &ROOLQV DQG '�-� -HIIHUVRQ� $QW)DUP� 7RZDUGV 6LPXODWHG (YROXWLRQ� ,Q &� /DQJWRQ� &� 7D\ORU� '�

)DUPHU� 6� 5DVPXVVHQ� HGV�� $UWLILFLDO /LIH ,,� $GGLVRQ�:HVOH\� 5HGZRRG &LW\� &$� ����� SS� ��������

>��@ &� 5H\QROGV� )ORFNV� +HUGV� DQG 6FKRROV� $ 'LVWULEXWHG %HKDYLRUDO 0RGHO� &RPSXWHU *UDSKLFV ��

������ ������

>��@ +� *XWRZLW]� &HOOXODU $XWRPDWD� 7KHRU\ DQG ([SHULPHQW� 0,7 3UHVV�%UDGIRUG %RRNV� &DPEULGJH� 0$�

�����

>��@ 6� :ROIUDP� HG�� 7KHRU\ DQG $SSOLFDWLRQV RI &HOOXODU $XWRPDWD� :RUOG 6FLHQWLILF� 6LQJDSRUH� �����

>��@ -� YRQ 1HXPDQQ� 7KHRU\ RI 6HOI�5HSURGXFLQJ $XWRPDWD� &RPSOHWHG DQG HGLWHG E\ $� :� %XUNV�

8QLYHUVLW\ RI ,OOLQRLV 3UHVV� &KDPSDLJQ�8UEDQD� �����

>��@ 0� *DUGQHU� 7KH IDQWDVWLF FRPELQDWLRQ RI -RKQ &RQZD\�V QHZ VROLWDLUH JDPH �/LIH�� 6FLHQWLILF

$PHULFDQ� ���� ������ ��������

>��@ 0� *DUGQHU� 0DWKHPDWLFDO JDPHV� RQ FHOOXODU DXWRPDWD� VHOI�UHSURGXFWLRQ� WKH *DUGHQ RI (GHQ DQG WKH

JDPH �/LIH�� 6FLHQWLILF $PHULFDQ� ������� ������ ��������

>��@ (�5� %HUOHNDPS� -�+� &RQZD\� DQG 5�.� *X\� :LQQLQJ :D\V IRU \RXU 0DWKHPDWLFDO 3OD\V� YROXPH ��

$FDGHPLF 3UHVV� ����� FKDSWHU ���

>��@ :� 3RXQGVWRQH� 7KH 5HFXUVLYH 8QLYHUVH� :LOOLDP 0RUURZ DQG &RPSDQ\� 1HZ <RUN� �����

>��@ -� 7KDWFKHU� 6HOI�'HVFULELQJ 7XULQJ 0DFKLQHV DQG 6HOI�5HSURGXFLQJ &HOOXODU $XWRPDWD� ,Q $� %XUNV

�HG�� (VVD\V RQ &HOOXODU $XWRPDWD� 8QLYHUVLW\ RI ,OOLQRLV 3UHVV� 8UEDQD� ����� SS� ��������

>��@ &�*� /DQJWRQ� /LIH DW WKH (GJH RI &KDRV� ,Q &� /DQJWRQ� &� 7D\ORU� '� )DUPHU� 6� 5DVPXVVHQ� HGV��

$UWLILFLDO /LIH ,,� $GGLVRQ�:HVOH\� 5HGZRRG &LW\� &$� ����� SS� ������

>��@ 6� :ROIUDP� 8QLYHUVDOLW\ DQG &RPSOH[LW\ LQ &HOXODU $XWRPDWD� 3K\VLFD ' �� ������ �����

>��@ 7� 7RIIROL� &HOOXODU DXWRPDWD DV DQ DOWHUQDWLYH WR �UDWKHU WKDQ DQ DSSUR[LPDWLRQ RI� GLIIHUHQWLDO

HTXDWLRQV LQ PRGHOLQJ SK\VLFV� 3K\VLFD '� �� ������ ��������

>��@ 8� )ULVFK� %� +DVVODFKHU� DQG <� 3RPHDX� /DWWLFH�JDV DXWRPDWD IRU WKH 1DYLHU�6WRNHV HTXDWLRQ� 3K\VLFDO
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>��@ -� +DUG\� 2� 'H 3D]]LV� DQG <� 3RPHDX� 0ROHFXODU G\QDPLFV RI D FODVVLFDO ODWWLFH JDV� 7UDQVSRUW

SURSHUWLHV DQG WLPH FRUUHODWLRQ IXQFWLRQV� 3K\VLFDO 5HYLHZ $� �� ������ ����������

>��@ &� %HQQHWW DQG *� *ULQVWHLQ� 5ROH RI LUUHYHUVLELOLW\ LQ VWDELOL]LQJ FRPSOH[ DQG QRQHQHUJRGLF EHKDYLRU LQ

ORFDOO\ LQWHUDFWLQJ GLVFUHWH V\VWHPV� 3K\VLFDO 5HYLHZ /HWWHUV� �� ������ ��������

>��@ *� 9LFKQLDF� 6LPXODWLQJ SK\VLFV ZLWK FHOOXODU DXWRPDWD� 3K\VLFD '� �� ������ �������

>��@ *� %� (UPHQWURXW DQG /� (GHOVWHLQ�.HVKHW� &HOOXODU DXWRPDWD DSSURDFKHV WR ELRORJLFDO PRGHOLQJ�

-RXUQDO RI 7KHRUHWLFDO %LRORJ\� ��� ������ �������

>��@ 0� 6LSSHU� (YROXWLRQ RI 3DUDOOHO &HOOXODU 0DFKLQHV� 7KH &HOOXODU 3URJUDPPLQJ $SSURDFK� /HFWXUH

1RWHV LQ &RPSXWHU 6FLHQFH� 9RO� ����� 6SULQJHU 9HUODJ� �����

>��@ 3� 0DHV� 'HVLJQLQJ DXWRQRPRXV DJHQWV� 7KHRU\ DQG SUDFWLFH IURP ELRORJ\ WR HQJLQHHULQJ DQG EDFN�

5RERWLFV DQG $XWRQRPRXV 6\VWHPV� � ������ ����

>��@ 5�$� %URRNV� ,QWHOOLJHQFH ZLWKRXW UHSUHVHQWDWLRQ� $UWLILFLDO ,QWHOOLJHQFH� �� ������ ��������

>��@ 5�$� %URRNV� $UWLILFLDO OLIH DQG UHDO URERWV� ,Q )�-� 9DUHOD DQG 3� %RXUJLQH� HGV�� 7RZDUG D SUDFWLFH RI

DXWRQRPRXV V\VWHPV� 3URFHHGLQJV RI WKH )LUVW (XURSHDQ &RQIHUHQFH RQ $UWLILFLDO /LIH� 0,7
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>��@ 5� $[HOURG� 7KH HYROXWLRQ RI FRRSHUDWLRQ� %DVLF %RRNV� 1HZ <RUN� �����

>��@ 5� $[HOURG� 7KH &RPSOH[LW\ RI &RRSHUDWLRQ� $JHQW�%DVHG 0RGHOV RI &RQIOLFW DQG &RRSHUDWLRQ�

3ULQFHWRQ 8QLYHUVLW\ 3UHVV� �����

>��@ 5� $[HOURG� 7KH HYROXWLRQ RI VWUDWHJLHV LQ WKH LWHUDWHG SULVRQHU�V GLOHPPD� ,Q '� 'DYLV� *HQHWLF

DOJRULWKPV DQG VLPXODWHG DQQHDOLQJ� 3LWPDQ� /RQGRQ� ����� SS� ������

>��@ '� :� +LOOLV�� &R�HYROYLQJ SDUDVLWHV LPSURYH VLPXODWHG HYROXWLRQ DV DV RSWLPL]DWLRQ SURFHGXUH� ,Q�
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&RPSOH[LW\� YRO� ;� �������� $GGLVRQ�:HVOH\� 5HGZRRG &LW\� &$� �����
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>��@ 7� 6� 5D\� $Q DSSURDFK WR WKH V\QWKHVLV RI OLIH� ,Q &� /DQJWRQ� &� 7D\ORU� '� )DUPHU� 6� 5DVPXVVHQ�
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>��@ $� 0DUNR§� 3RYVWgYgQm ©LYkKR WYDUX� 9HVPmU� 3UDKD� �����
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�����
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2[IRUG 8� 3UHVV� 1�<�� �����
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0RUSKRJHQHVLV� 7KH 0,7 3UHVV� �����
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>��@ *�%� +DOO� 6SRQWDQHRXV 3RLQW 0XWDWLRQV 7KDW 2FFXU 0RUH 2IWHQ :KHQ $GYDQWDJHRXV 7KDQ :KHQ

1HXWUDO� *HQHWLFV ��� ������ �����
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