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G�BRHRfS�[OSUVQaSLM�KSRQU�P�JBROQNBRYQ�UPH\LQBRPIP�gJLIbPQLHVfLQ\Q�BQBRQWLPW�[SOPgSOPXSBIPZ�BQBJUQY�YSOZLPZ�IQLSX*

LQBRSN0�[QTYQVWhiPS�[QYMBPRf�IHXSBRYQ�UPH\LQBRPIP�TH�BXSR�YMWYVSLPW�HL\PQB[HBRPXSBIPZ�LHOJjSLPN�B�KSLfjSN�YSOQWRLQB*

Rfh�VQaLQQROPbHRSVfLQ\Q�OSTJVfRHRH�UPH\LQBRPIP��cOSUVH\HSKMN�[QUZQU�QBLQYHL�LH�BQYKSBRLQK�[OPKSLSLPP�VHTSOLQN�UQ[*

[VSOQYBIQN�gVQJKSROPP�P�IQLRHIRLQN�RSOKQKSROPP�[OP�QIIVhTPQLLQN�[OQdS��<STJVfRHRM�[OQYSUSLLMZ�PBBVSUQYHLPN�KQ\JR

dMRf�PB[QVfTQYHLM�Y�OHTVPXLMZ�QdVHBRWZ�KSUPbPLM�[OP�OHTOHdQRIS�KLQ\QgJLIbPQLHVfLMZ�LSPLYHTPYLMZ�UPH\LQBRPXSBIPZ

IQK[VSIBQY�UVW�UPH\LQBRPIP�P�[OQgPVHIRPIP�THdQVSYHLPN0�BYWTHLLMZ�B�PTKSLSLPSK�gJLIbPQLHVfLQ\Q�BQBRQWLPW�[SOPgSOPXSB*

IPZ�BQBJUQY�

��������

�QYOSKSLLMN�OMLQI�KSUPbPLBIQN�RSZLPIP�[OSUVH\HSR�YOH*
XJ�jPOQIPN�YMdQO�PLBROJKSLRQY�UVW�QbSLIP�gJLIbPQLHVfLQ*
\Q�BQBRQWLPW�[SOPgSOPXSBIPZ�BQBJUQY��
SK�LS�KSLSS�KQLPRQ*
OPL\�KPIOQbPOIJVWRQOLQN�gJLIbPP�QIHTMYHSRBW�YSBfKH�Q\OH*
LPXSLLMK�YBVSUBRYPS�PZ�LSBQQRYSRBRYPW�OWUJ�ROSdQYHLPN0�BOS*
UP�IQRQOMZ�LHPdQVSS� BJiSBRYSLLMK�WYVWSRBW�UQBRQYSOLQBRf
UPH\LQBRPOQYHLPW��cQ�OSTJVfRHRHK�LSIQRQOMZ� kIB[SORLMZ
QbSLQI�YSOQWRLQBRf�VQaLQQROPbHRSVfLQ\Q�OSTJVfRHRH�PLBROJ*
KSLRHVfLQN�UPH\LQBRPIP�KPIOQBQBJUPBRQ\Q�OJBVH�[OSYMjHSR
�0���G�BYWTP�B�kRPK�HIRJHVfLQN�THUHXSN�[OSUBRHYVWSRBW�OHTYP*
RPS�BJiSBRYJhiPZ0�H�RHIaS�BQTUHLPS�LQYMZ�KSRQUQY�P�BOSUBRY
UPH\LQBRPIP0� [QTYQVWhiPZ�UQBRQYSOLQ� YMWYVWRf�gJLIbPQ*
LHVfLMS�LHOJjSLPW�[SOPgSOPXSBIPZ�BQBJUQY�B�KSLfjSN�YSOQ*
WRLQBRfh�QjPdIP�

lLPIHVfLMK�KSRQUQK�Q[RPXSBIQN�LSPLYHTPYLQN�UPH\LQB*
RPIP0� [QTYQVWhiPK�QbSLPYHRf� PLRSLBPYLQBRf� IOQYQRQIH� Y
KPIOQbPOIJVWRQOLQK�TYSLS�IOQYSLQBLQ\Q�OJBVH0� H� RHIaS�Qd*
LHOJaPYHRf�P�PBBVSUQYHRf�IQVVSIRPYLMS�OPRKPXSBIPS�[OQbSB*
BM�BPBRSKM�KPIOQbPOIJVWbPP�IOQYP�m�n0�WYVWSRBW�VHTSOLHW�UQ[*
[VSOQYBIHW�gVQJKSROPW� �o�p���qULHIQ�KHBBQYQS�YLSUOSLPS
KSRQUH�o�p�Y�IVPLPXSBIJh�[OHIRPIJ�BUSOaPYHSR�LSUQBRHRQX*
LQ�OHTYPRHW�KSRQUQVQ\PXSBIHW�dHTH0� LS�[QTYQVWhiHW�YOHXJ

dMBROQ�P�UQBRQYSOLQ�YMWYVWRf�LHOJjSLPW�Y� BPBRSKS�KPIOQ*
bPOIJVWbPP�IOQYP�[Q�THOS\PBROPOQYHLLMK�o�p*\OHKKHK�m�n�
G�RQ�aS�YOSKW�PTYSBRLQ� m�n0� XRQ�LHOJjSLPW�[SOPgSOPXSBIQ\Q
IOQYQRQIH�[OPYQUWR�I�LHOJjSLPh�RS[VQBLHdaSLPW�[QYSOZLQ*
BRP�RSVH0�XRQ�UHSR�YQTKQaLQBRf�QbSLPYHRf�PLRSLBPYLQBRf�IOQ*
YQRQIH�P�kggSIRPYLQBRf�IOQYQBLHdaSLPW�Y�KPIOQbPOIJVWRQO*
LQK�TYSLS�IOQYSLQBLQ\Q�OJBVH�B�[QKQifh�KSRQUQY�RSOKQKSR*
OPP�P�RSOKQ\OHgPP�mFn0�m�n�

�QYKSBRLQS�PB[QVfTQYHLPS�KSRQUQY�o�p�P�RSOKQKSROPP
[QTYQVWSR�gQOKJVPOQYHRf�IQK[VSIBLMS�UPH\LQBRPXSBIPS�IOP*
RSOPP�P�[OSUBRHYVWSRBW�[SOB[SIRPYLMK�LH[OHYVSLPSK�BQYSO*
jSLBRYQYHLPW�[OPdQOQY�P�KSRQUQY�UPH\LQBRPIP�LHOJjSLPN
IOQYQBLHdaSLPW�[SOPgSOPXSBIPZ�BQBJUQY�m1n��cOP�kRQK�UQ[QV*
LPRSVfLMS�YQTKQaLQBRP�QbSLIP�gJLIbPQLHVfLQ\Q�BQBRQWLPW
KPIOQbPOIJVWRQOLQ\Q�OJBVH�UHSR�[OPKSLSLPS�QIIVhTPQLLQN
[OQdM��qc�0�THIVhXHhiSNBW�Y�BQTUHLPP�JBVQYPN�PBIJBBRYSL*
LQN�PjSKPP� RIHLSN�IQLSXLQBRP� B� [QBVSUJhiPK�QRIOMRPSK
IOQYQRQIH�P�LHdVhUSLPSK�YQBBRHLQYVSLPW�RQLPXSBIQ\Q�BQBRQ*
WLPW�BQBJUQY�m�n�

G�UHLLQN�BRHRfS�PTVQaSLM�OSTJVfRHRM�OHdQRM0�bSVfh�IQ*
RQOQN�WYVWVQBf�[QYMjSLPS�IHXSBRYH�UPH\LQBRPIP�gJLIbPQ*
LHVfLQ\Q� BQBRQWLPW�[SOPgSOPXSBIPZ� BQBJUQY�YSOZLPZ�IQLSX*
LQBRSN�TH�BXSR�YMWYVSLPW�HL\PQB[HBRPXSBIPZ�LHOJjSLPN�B�KSLf*
jSN�YSOQWRLQBRfh�VQaLQQROPbHRSVfLQ\Q�OSTJVfRHRH�UPH\LQB*
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RPIP�[QBOSUBRYQK�OHTOHdQRIP�KSRQUH�P�JBROQNBRYH�UPH\LQBRP*
IP0�QBLQYHLLMZ�LH�BQYKSBRLQK�PB[QVfTQYHLPP�o�p�P�IQLRHIR*
LQN�RSOKQKSROPP�[OP�qc�
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	HI�PTYSBRLQ�m�n0�LH�IQaLJh�RSK[SOHRJOJ�QIHTMYHSR�YVPW*
LPS�IQK[VSIB�OHTLQOQULMZ�[HOHKSROQY��
LHVPT�YTHPKQYVPW*
LPW�[HOHKSROQY�[QIHTMYHSR�LHVPXPS� THKILJRQN�bS[P�QdOHR*
LQN�BYWTP�OS\JVWbPP�RSK[SOHRJOM�LPaSVSaHiPZ�BVQSY�dPQVQ*
\PXSBIQN�RIHLP�Y� YPUS�IQLRJOH-� RSK[SOHRJOH�dPQVQ\PXSBIQN
RIHLP0�[HOHKSROM�gJLIbPP� THYPBPKQBRP�[SOgJTPP�QR� RSK[S*
OHRJOM0�gJLIbPW�THYPBPKQBRP�[SOgJTPP�QR�RSK[SOHRJOM0�[SO*
gJTPW�RIHLP�IOQYfh0�RSK[SOHRJOH�dPQVQ\PXSBIQN�RIHLP���H*
VPXPS�UHLLQ\Q�IQLRJOH�Y�THYPBPKQBRP�QR�TLHIH�QdOHRLQN�BYW*
TP�KQaSR�[OPYQUPRf�I�YQTLPILQYSLPh�LSBIQVfIPZ�JBRQNXPYMZ
BQBRQWLPN� B� ROP\\SOLMK�KSZHLPTKQK�[SOSIVhXSLPW�KSaUJ
LPKP�

�LPaSLPS�RSK[SOHRJOM�YHBIJVWOPTPOQYHLLQN�dPQVQ\PXSB*
IQN� RIHLP�[OPYQUPR�I� RQKJ0� XRQ� BPBRSKH�KPIOQbPOIJVWbPP
[SOSZQUPR�Y� BQBRQWLPS� B[HTKH� �LPTIPN�JOQYSLf�[SOgJTPP�0� H
[QYMjSLPS�RSK[SOHRJOM�YVSXSR�TH�BQdQN�QRIOMRPS�[OSIH[PV*
VWOLMZ�BgPLIRSOQY�P�JYSVPXSLPS�XPBVH�QRIOMRMZ�IH[PVVWOQY
�YMBQIPN�JOQYSLf�[SOgJTPP���cQOQ\QYQS�TLHXSLPS�RSK[SOHRJ*
OM�[SOSZQUH�KSaUJ�UHLLMKP�BQBRQWLPWKP�THYPBPR�QR�gJLIbPQ*
LHVfLQ\Q�BRHRJBH�[SOPgSOPXSBIPZ�BQBJUQY���VW�YMOHaSLLQ\Q
[OQWYVSLPW� HL\PQB[HBRPXSBIQ\Q� BQBRQWLPW0� QdJBVQYVSLLQ\Q
HLQKHVfLMK�[HRQVQ\PXSBIPK�BLPaSLPSK�[SOgJTPP�[OP�[QLP*
aSLPP� RSK[SOHRJOM0� [OSUVQaSLQ� OS\PBROPOQYHRf� BP\LHVM
o�p�P�RSK[SOHRJOM�[OP�LHZQaUSLPP�IQLSXLQBRP�PB[MRJSKQ*
\Q�Y�YQUS���HLLMN�kggSIR�WYVWSRBW�QULPK�PT�QBLQYQ[QVH\Hh*
iPZ�[OPLbP[QY�[QVJXSLPW� UPH\LQBRPXSBIQN�PLgQOKHbPP� Y
[OSUVH\HSKQK�KSRQUS�

��bSVfh�KHRSKHRPXSBIQ\Q�Q[PBHLPW�RS[VQYQN�OSHIbPP�OJIP
XSVQYSIH�LH�QIIVhTPQLLJh�[OQdJ�P�[QPBIH�UPH\LQBRPXSBIPZ
[HOHKSROQY�[OQYSUSL� HLHVPRPXSBIPN�QdTQO�KHRSKHRPXSBIPZ
KQUSVSN�YTHPKQBYWTP�[HOHKSROQY�IOQYQBLHdaSLPW�P�IQaLQN
RSK[SOHRJOM� m>n��lBRHLQYVSLQ0�XRQ�B�[QTPbPN�YQTKQaLQBRP�P
RQXLQBRP�QbSLIP�THUHXP�RS[VQ[SOSLQBH�Y�YMBQIQYHBIJVWOPTP*
OQYHLLMZ�KW\IPZ� RIHLWZ�LHPdQVSS�[SOB[SIRPYLMK�WYVWSRBW
dPQRS[VQYQS�JOHYLSLPS�cSLLSBH��lXPRMYHW�PTKSLSLPS�[SOgJ*
TPP� RIHLP� IOQYfh� Y� [OQbSBBS� PBBVSUQYHLPW�P� [QVH\HW0� XRQ
QdrSIR�PBBVSUQYHLPW� �[HVSb� IPBRP�� PKSSR�gQOKJ�bPVPLUOH0
KQUPgPbPOQYHLLQS�JOHYLSLPS�cSLLSBH�KQaLQ�TH[PBHRf�Y�YPUS

( )
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2 2
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2 2
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\US�ρRI� $� [VQRLQBRf� RIHLP0� I\3K
�'� VRI� $� RS[VQSKIQBRf� RIHLP0

�a3�I\s	�'�VIO�$�RS[VQSKIQBRf�IOQYP0��a3�I\s	�'�W′IO�X0�*��$�gJLI*
bPW�[SOgJTPP�RIHLP�IOQYfh�Y�RSXSLPS�kIB[SOPKSLRH0�JXPRMYH*
hiHW�[SOPQUM�QIIVhTPP0�I\3�K�sB�'�*�$�RSK[SOHRJOH�dPQVQ\P*
XSBIQN�RIHLP0�	'�*HOR� $� RSK[SOHRJOH�HORSOPHVfLQN�IOQYP0�	'
���0�ϕ��$�IQkggPbPSLR�RS[VQ[OQYQULQBRP0�GR3�Ks	�'�X�$�RSIJiPN
KQKSLR�YOSKSLP�kIB[SOPKSLRH0� B'� �� $�OHUPHVfLHW�IQQOUPLHRH
RQXIP�Y�bPVPLUOPXSBIQN� BPBRSKS�IQQOUPLHR0�K'�ϕ� $� J\VQYHW
IQQOUPLHRH�RQXIP�Y�bPVPLUOPXSBIQN�BPBRSKS�IQQOUPLHR0�\OHU�

pJLIbPW�W′IO�X0�*��JXPRMYHSR�kRH[M�qc��[OSUQIIVhTPQL*
LMN0�QIIVhTPQLLMN�P�[QBRQIIVhTPQLLMN�����-

( ) ( )
( ) ( )

, ,

1 ,

�� ��

�������� ����	��� 
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W t T W t T

t t t t W

′ = ×

 × − θ − + θ − + 
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\US� XBRHORQIV� $�KQKSLR�YOSKSLP�LHXHVH�QIIVhTPP0� B'� XQIQLXQIV� $
KQKSLR�YOSKSLP�QIQLXHLPW�QIIVhTPP0�B'�θ�X��$�gJLIbPW��SYP*
BHNUH��RSRH*gJLIbPW�'�WdL�$�KPLPKHVfLHW�[SOgJTPW�YQ�YOSKW
QIIVhTPP� �^dPQVQ\PXSBIPN�LQVf`��

�SVPLSNLJh�BYWTf�KSaUJ�RSK[SOHRJOQN�dPQRIHLP�P�[SOgJ*
TPSN�Y�[OSU*�P�[QBRQIIVhTPQLLMN�[SOPQUM�Q[PBMYHSR�gJLI*
bPW�WIO�X0�*�-

( )
( )

( )
max

min

( ) exp
, ,

1 exp

�����

��

�����

W t R T T
W t T W

R T T

 ⋅ ⋅ − = +
 + ⋅ − 
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\US�
�$�[HOHKSRO�IOJRPTLM�LHOHBRHLPW�[SOgJTPP�B�OQBRQK�RSK*
[SOHRJOM0�	$�'�W7�&�$�[SOgJTPW�[OP�KPLPKHVfLQN�RSK[SOHRJ*
OS0�I\3�K�sB�'�*[QOQ\�$�RSK[SOHRJOH�IQaP0�[OP�IQRQOQN�[SOgJTPW
OHYLH�BOSULSKJ�KSaUJ�W7�t�X��P�W7�&0�	�

<STIPN�OQBR�[SOgJTPP�Y�[QBRQIIVhTPQLLMN�[SOPQU�QdrWB*
LWSRBW�JYSVPXSLPSK�[OQBYSRH�HORSOPQV�P�QRIOMRPSK�[OSIH[PV*
VWOLMZ�BgPLIRSOQY�TH�BXSR�LHIQ[VSLPW�KSRHdQVPXSBIPZ�YHTQ*
UPVHRHRQOQY����RSXSLPSK�YOSKSLP�YHTQHIRPYLMS�YSiSBRYH�YM*
KMYHhRBW�PT�BQBJUPBRQ\Q�OJBVH�P�[SOgJTPW�BLPaHSRBW�UQ�[SO*
YQLHXHVfLQ\Q� JOQYLW��pJLIbPh�PTKSLSLPW�KHIBPKHVfLQN
[SOgJTPP�W7�t�X��KQaLQ�TH[PBHRf�IHI

( ) ( )max exp | | / ,�� �
� ����	���W t W W t t= + ⋅ − − τ � �F�

\US�WBR�$�KHIBPKHVfLHW�[SOgJTPW�Y�BRHbPQLHOLQK�OSaPKS�UQ
QIIVhTPQLLQN�[OQdM0�I\3�K�sB�'�W[PI� $�KHIBPKHVfLHW�[SOgJ*
TPW�BOHTJ�[QBVS�BLWRPW�QIIVhTPP0�I\3�K�sB�'�τ�$�[QBRQWLLHW�YOS*
KSLP� B[HUH�YSVPXPLM�KHIBPKHVfLQN�[SOgJTPP�[QBVS� BLWRPW
QIIVhTPP0�B�

�VW�QbSLIP�[SOgJTPP�YMUYPLJRH� \P[QRSTH�Q�[OWKQN�[OQ*
[QObPQLHVfLQBRP�UHLLQN�YSVPXPLM�P� YSVPXPLM�[QIHTHRSVW
KPIOQbPOIJVWbPP��c�0�[g��SU��0�Q[OSUSVWSKQN�[Q�KSRQUJ�o�p�

�VW�YSOPgPIHbPP�[OSUVQaSLLQN�KHRSKHRPXSBIQN�KQUSVP
Y�LSS�[QUBRHYVWVP�[HOHKSROM�[SOgJTPP0�LHNUSLLMS�[Q�RSBRQ*
YMK�BQYKSBRLMK�TH[PBWK�IQaLQN�RSK[SOHRJOM�P�c���lBRH*
LQYVSLQ0�XRQ�KQUSVfLHW�IOPYHW�LHZQUPRBW�Y�[OPSKVSKQK�BQQR*
YSRBRYPP� B� kIB[SOPKSLRHVfLQN�IOPYQN�IQaLQN�RSK[SOHRJOM�
�H�QBLQYHLPP�[OQYSUSLLQ\Q�HLHVPTH�BUSVHL�YMYQU�Q�RQK0�XRQ
[OSUVQaSLLHW�KQUSVf�KQaSR�dMRf�PB[QVfTQYHLH�UVW�RSQOSRP*
XSBIQ\Q�PBBVSUQYHLPW� ZHOHIRSOH�P� BRS[SLP� YVPWLPW�gPTPQ*
VQ\PXSBIPZ�[HOHKSROQY�KPIOQBQBJUPBRQ\Q�OJBVH�[HVfbSY�OJI
LH� [HOHKSROM�OS\PBROPOJSKMZ� RSOKQ\OHKK0� XRQ� [QTYQVWSR
QdQBLQYHRf�YMdQO�UPH\LQBRPXSBIPZ�[HOHKSROQY�QdLHOJaSLPW
HL\PQB[HBRPXSBIPZ�LHOJjSLPN�

�
���	����
������� ������������

G�IHXSBRYS� kIB[SOPKSLRHVfLQN�JBRHLQYIP�[OSUVQaSL�YH*
OPHLR� RSZLPXSBIQN�OSHVPTHbPP�Q[PBHLLQ\Q�[OPLbP[H�UPH\*
LQBRPIP���VW�OS\PBROHbPP�[QIHTHRSVW�KPIOQbPOIJVWbPP�PB*
[QVfTQYHVBW� VHTSOLMN� HLHVPTHRQO� ^o
		*��`� �qqq��cc
^o
u�
`0� \���QBIYH����VW�OS\PBROHbPP�RSK[SOHRJOM�OHTOH*
dQRHLQ�P�PT\QRQYVSLQ�UYJZIHLHVfLQS�JBROQNBRYQ�IQLRHIRLQN
RSOKQKSROPP0�QRYSXHhiSS�ROSdQYHLPWK�LPTIQN�PLSObPQLLQB*
RP���0���B�0�KHVQ\Q�[QOQ\H�XJYBRYPRSVfLQBRP���0���v���P�IQK[HIR*
LQBRP�[SOYPXLMZ�[OSQdOHTQYHRSVSN�RSK[SOHRJOM���0]�×��0��KK��
�VW�OHB[QVQaSLPW�o�p*TQLUH�YUQVf�[QYSOZLQBRP�IQaP�OHT*
OHdQRHLH� LHBHUIH� LH� BYSRQYQULMN� TQLU� [OPdQOQY� BSOPP
^o
		`���H����	� Y� [OSUBRHYVSL�[OPLbP[�USNBRYPW�LHBHUIP0
THIVhXHhiPNBW�Y�[OSVQKVSLPP�ZQUH�BYSRQYMZ�VJXSN�[QU�J\*
VQK�]�v�

wIB[SOPKSLRHVfLMS�PBBVSUQYHLPW�gJLIbPQLHVfLQ\Q�BQBRQ*
WLPW�[SOPgSOPXSBIQ\Q�IOQYQRQIH�[HVfbSY�OJI�[OQYQUPVPBf�LH
UYJZ�\OJ[[HZ�$�IQLROQVfLQN�P�QBLQYLQN��G�IQLROQVfLJh�\OJ[[J
YZQUPVP�UQdOQYQVfbM�$�VPbH�KJaBIQ\Q����x�����P�aSLBIQ\Q
���x��F��[QVH0�LS�PKShiPS�[Q�UHLLMK�Q[OQBH�UPH\LQBRPOQYHL*
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LMZ�THdQVSYHLPN�BPBRSKM�IOQYQQdOHiSLPW0�IQBRLQ*KMjSXLQN
BPBRSKM�P� BQSUPLPRSVfLQN�RIHLP� �JBVQYLQ� TUQOQYMS�UQdOQ*
YQVfbM����OSULPN� YQTOHBR� Y� IQLROQVfLQN� \OJ[[S� BQBRHYPV
����y����VSR��qBLQYLJh�\OJ[[J�BQBRHYVWVP�[HbPSLRM0�KJaXPLM
���x����P�aSLiPLM� ���x��1�0�LHZQUPYjPSBW�LH� BRHbPQLHOLQK
VSXSLPP�Y�OSYKHRQVQ\PXSBIQK�QRUSVSLPP�zlu�qOVQYBIQN�Qd*
VHBRP�̂ qOVQYBIHW�QdVHBRLHW�IVPLPXSBIHW�dQVfLPbH`0�BOSUP�IQ*
RQOMZ�dQVfLMZ�OSYKHRQPULMK�HOROPRQK�$��1� �DD*DDD� BRS[SLf
HIRPYLQBRP0�DD*DDD�OSLR\SLQVQ\PXSBIHW�BRHUPW�0�HOROQTHKP�BJB*
RHYQY�$���0� BPBRSKLQN�IOHBLQN�YQVXHLIQN�$��0� HLIPVQTPOJh*
iPK�B[QLUPVPRQK�$��0�[QUH\OQN�$����GMdQO�UHLLMZ�[HRQVQ\PN
QdJBVQYVSL�RSK0�XRQ�LHOJjSLPW�Y� BPBRSKS�KPIOQbPOIJVWbPP
IOQYP�[OQWYVWhRBW�JaS�LH�OHLLPZ�BRHUPWZ�P� THLPKHhR�QULQ
PT�bSLROHVfLMZ�KSBR�Y�OHTYPRPP�THdQVSYHLPN�OSYKHRQVQ\PXSB*
IQ\Q�[OQgPVW� m]n���OSULPN�YQTOHBR�Y�QBLQYLQN�\OJ[[S� BQBRH*
YPV���1�y�����VSR���BBVSUQYHLPS�THIVhXHVQBf�Y�QULQYOSKSLLQN
LS[OSOMYLQN�OS\PBROHbPP� BP\LHVQY�o�p�P� RSK[SOHRJOM�P
YIVhXHVQ�Y� BSdW� BVSUJhiPS�kRH[M� m��n-� ���OJIH�PB[MRJSKQ\Q
LH�YQTUJZS��dHTQYMN�RSBR��$���KPL'����OJIH�PB[MRJSKQ\Q�Y�SKIQ*
BRP�B�YQUQN�RSK[SOHRJOQN�F��v2��QdSB[SXSLPS�OHYLMZ�LHXHVf*
LMZ�JBVQYPN��$�F�KPL'����OJIH�PB[MRJSKQ\Q�Y�SKIQBRP�B�YQUQN
RSK[SOHRJOQN����v2�$����KPL���H�UHLLQK�kRH[S�[OQYQUPVHBf
�*KPLJRLHW�QIIVhTPW�[VSXSYQN�HORSOPP'�F��OJIH�PB[MRJSKQ\Q
Y�SKIQBRP�B�YQUQN�RSK[SOHRJOQN�F��v2��PLRSLBPgPIHbPW�IOQ*
YQRQIH��$��������KPL�

cOPKSO�BQYKSBRLQN�TH[PBP�o�p*\OHKKM�P�IQaLQN�RSK[S*
OHRJOM�YQ�YOSKW�[OQYSUSLPW�kIB[SOPKSLRHVfLMZ�PBBVSUQYHLPN
[OSUBRHYVSL�LH����	�Z�

�VW�QdQBLQYHLLQ\Q� YMdQOH�PLgQOKHRPYLQ\Q�[HOHKSROH
PBBVSUQYHLM�gJLIbPP�XJYBRYPRSVfLQBRP�[QRSLbPHVfLMZ�UPH\*
LQBRPXSBIPZ�[HOHKSROQY�I�[HOHKSROHK�KQUSVP� �
0�*[QOQ\0� τ0
W[PI�0�PTKSLSLPW�Y�IQRQOMZ�LHPdQVSS�YSOQWRLM�[OP�[HRQVQ\P*
XSBIPZ�BQBRQWLPWZ�BQBJUPBRQ\Q�OJBVH���HPdQVSS�XJYBRYPRSVf*
LMK�RSK[SOHRJOLMK�[HOHKSROQK�BRHV�[QIHTHRSVf�RSK[SOHRJO*
LQ\Q�QRIVPIH��c
q0�QRL��SU��-

( ) ( )
,�������� �� ���� ��

���
T T T T
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− −
= � ���

\US�*QIIV�$�KPLPKHVfLHW�RSK[SOHRJOH�dPQRIHLP�Y�QIIVhTPQL*
LMN�[SOPQU0�v2'�*[QBRQIIV�$�KHIBPKHVfLHW�RSK[SOHRJOH�dPQRIH*
LP�Y�[QBRQIIVhTPQLLMN�[SOPQU0� v2'�*YZ� $� RSK[SOHRJOH�YQUM
LH��*K�kRH[S�[OQYSUSLPW�PBBVSUQYHLPW0�v2'�[�$�QdrSK�UPBRHVf*
LQN�gHVHL\P�PBBVSUJSKQ\Q�[HVfbH0�BK��

��bSVfh�IQK[VSIBLQN�QbSLIP�KPIOQbPOIJVWRQOLQ\Q�OJB*
VH�P�KPLPKPTHbPP�QjPdQI�UPH\LQBRPIP�[OSUVQaSLQ�[OPKS*
LWRf�BQBRHYLQN�UPH\LQBRPXSBIPN�IOPRSOPN0�YIVhXHhiPN�Y�BSdW
[HOHKSROM�IHI�IQaLQN�RSOKQKSROPP0�RHI�P�o�p�

�TYSBRLQ0�XRQ�LHPdQVSS�PLgQOKHRPYLQN�QbSLIQN�HUH[RH*
bPQLLMZ�OSTSOYQY�Y�BPBRSKS�KPIOQbPOIJVWbPP�IOQYP�KSRQUQK
o�p�[OP�qc�WYVWSRBW�[QIHTHRSVf�^OSTSOYLMN�IOQYQRQI`��<	�0
OHBBXPRMYHSKMN�BVSUJhiPK�QdOHTQK�m�n-

max 100 %,
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\US�c�7�t�$� BOSULPN�[QIHTHRSVf�KPIOQbPOIJVWbPP�Y�[SOYMS
1��B�[QBVS�BLWRPW�QIIVhTPP0�[g��SU�'�c�PBZ�$�BOSULPN�[QIHTH*
RSVf�KPIOQbPOIJVWbPP�TH�1��B�UQ�LHXHVH�QIIVhTPP0�[g��SU�

wIB[SOPKSLRHVfLQ�JBRHLQYVSLQ0�XRQ�[HOHKSROM�<	�P�c
q
JUQYVSRYQOWhR�[OPLbP[HK�BRHRPBRPXSBIQN�LSTHYPBPKQBRP0� H
RHIaS� TLHXPKQBRP�OHTVPXPN�PZ� TLHXSLPN0� YMXPBVSLLMZ�UVW
\OJ[[M�JBVQYLQ�TUQOQYMZ�UQdOQYQVfbSY�P�\OJ[[M�[HbPSLRQY
OSYKHRQVQ\PXSBIQ\Q�[OQgPVW���VW�IVHBBPgPIHbPP�[OPLHUVSa*
LQBRP�QdBVSUJSKQ\Q�XSVQYSIH�I�IHRS\QOPP�VPb�B�LHVPXPSK�PVP
QRBJRBRYPSK�HL\PQB[HBRPXSBIPZ�LHOJjSLPN�BPLRSTPOQYHLQ�OS*
jHhiSS�[OHYPVQ-

0,028 2,033 4,15 0, ;

0,028 2,033 4,15 0, .
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GSOPgPIHbPh�OSjHhiS\Q�[OHYPVH�[OQYQUPVP�B�PB[QVfTQ*
YHLPSK�KSRQUH� BIQVfTWiS\Q� kITHKSLH� �KSRQU� ;#�6#*�&#*�!?��
cOQbSUJOH�YSOPgPIHbPP�[QTYQVPVH�YMWYPRf�YSOQWRLQBRf�VQa*
LQQROPbHRSVfLQ\Q�OSTJVfRHRH�UPH\LQBRPIP�LH�JOQYLS��0��0�XRQ
BJiSBRYSLLQ�LPaS�RSIJiS\Q�JOQYLW�YSOQWRLQBRP�QjPdIP�

�PBIOPKPLHLRLHW�IOPYHW� BPLRSTPOQYHLH�RHIPK�QdOHTQK0
XRQdM�QdSB[SXPRf�YMBQIJh�XJYBRYPRSVfLQBRf�IOPRSOPW�UPH\*
LQBRPIP���0>>��[OP�QdSB[SXSLPP�ZQOQjSN�B[SbPgPXLQBRP���0�F��
�TKSLSLPS�IQkggPbPSLRQY�JOHYLSLPW�UPBIOPKPLHLRLQN�IOP*
YQN�[OPYQUPR�I�PTKSLSLPh�BQQRLQjSLPW�XJYBRYPRSVfLQBRf�$
B[SbPgPXLQBRf���H����	� \� [OSUBRHYVSLH�5_2*IOPYHW�[OSUVQ*
aSLLQ\Q�KSRQUH�UPH\LQBRPIP0�PVVhBROPOJhiHW�IHXSBRYQ�[OSU*
VQaSLLQ\Q�KSRQUH�dPLHOLQN�IVHBBPgPIHbPP���HLLHW�IOPYHW
[QIHTMYHSR� BQQRLQjSLPS�KSaUJ�XJYBRYPRSVfLQBRfh�P� B[SbP*
gPXLQBRfh�KSRQUH�[OP�OHTVPXLQK�[QVQaSLPP�[QOQ\H0�OHTUS*
VWhiS\Q�[SOSZQU�PT�QdVHBRP� TLHXSLPN�LQOKM�Y�QdVHBRf�HL*
\PQB[HBRPXSBIPZ�LHOJjSLPN��GMXPBVSLLHW�[VQiHUf�[QU�IOP*
YQN�BQBRHYPVH��0>>0�XRQ�[QURYSOaUHSR�YMBQIPN�JOQYSLf�IHXS*
BRYH�IVHBBPgPIHRQOH�


HIPK�QdOHTQK0� BPLRSTPOQYHLLQS�OSjHhiSS�[OHYPVQ�[Q*
TYQVPVQ� [OSUVQaPRf�KSRQU� UPH\LQBRPIP�gJLIbPQLHVfLQ\Q
BQBRQWLPW�[SOPgSOPXSBIPZ�BQBJUQY0�ZHOHIRSOPTJhiPN�IHI�OS*
TSOYLMS�YQTKQaLQBRP�IOQYQRQIH�B�[QKQifh�KSRQUH�o�p0�RHI
P�OSHIRPYLQBRf�OHB[QVQaSLLMZ�LH�dQVfjSN�\VJdPLS�[SOPgS*
OPXSBIPZ�BQBJUQY�B�[QKQifh�KSRQUH�IQaLQN�RSOKQKSROPP�
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cOSUVQaSLQ� JBROQNBRYQ� UPH\LQBRPIP�gJLIbPQLHVfLQ\Q
BQBRQWLPW�[SOPgSOPXSBIPZ� BQBJUQY�YSOZLPZ�IQLSXLQBRSN0�QB*
LQYHLLQS�LH�BQYKSBRLQK�PB[QVfTQYHLPP�KSRQUQY�o�p�P�IQL*
RHIRLQN�RSOKQKSROPP�[OP�qc�����	�]��

lBROQNBRYQ�OHdQRHSR�[Q�BVSUJhiSKJ�[OPLbP[J��q[SOHRQO
[QBOSUBRYQK�dVQIH� YYQUH�P3PVP�[SOBQLHVfLQ\Q�IQK[fhRSOH
XSOST�dVQI�PLRSOgSNBH�YYQUPR�[HOHKSROM�[OQbSUJOM�Y�JBROQN*
BRYQ�J[OHYVSLPW0�BP\LHVM�B�IQRQOQ\Q�[SOSUHhRBW�LH�dVQI�o�p
m��n0�m��n0�dVQI�RSK[SOHRJOM�P�IQK[OSBBQO��cSOSU�LHXHVQK�[OQ*
bSUJOM�Y�QdVHBRP�PBBVSUQYHLPW�THIOS[VWhR�BYSRQYQULMN�TQLU
[OPdQOH�o�p�P�[SOYPXLMS�[OSQdOHTQYHRSVP�RSK[SOHRJOM0�H
RHIaS�LHUSYHhR�LH�[VSXQ�PB[MRJSKQ\Q�QIIVhTPQLLJh�KHLaS*
RJ��q[SOHRQO�PLPbPPOJSR�LHXHVQ�[OQbSUJOM�P�BVSUPR�TH�kRH*
[HKP�PBBVSUQYHLPW��qIIVhTPW�[VSXSYQN�HORSOPP�Y�[OQbSBBS
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kIB[SOPKSLRH�BQTUHSRBW�[JRSK�LH\LSRHLPW�IQK[OSBBQOQK�YQT*
UJZH�Y�QIIVhTPQLLJh�KHLaSRJ���LgQOKHbPW�Q�RSIJiSK�UHY*
VSLPP�Y�KHLaSRS�[QBRJ[HSR� B�UHRXPIH�UHYVSLPW�Y�JBROQNBRYQ
J[OHYVSLPW��
HIPK�QdOHTQK0�[OSUVH\HSKQS�JBROQNBRYQ�UPH\*
LQBRPIP�gJLIbPQLHVfLQ\Q�BQBRQWLPW�[SOPgSOPXSBIPZ�BQBJUQY
[QTYQVWSR�QULQYOSKSLLQ�OS\PBROPOQYHRf�[QIHTHRSVf�KPIOQ*
bPOIJVWbPP�IOQYP�KSRQUQK�o�p�P�RSK[SOHRJOJ�KSRQUQK�IQL*
RHIRLQN�RSOKQKSROPP�IHI�[OP�[OQYSUSLPP�dHTQYMZ�RSBRQY0�RHI
P�YQ�YOSKW�gJLIbPQLHVfLMZ�[OQd���PH\LQBRPXSBIPS�UHLLMS
XSOST�dVQI�PLRSOgSNBH�[QBRJ[HhR�Y�[SOBQLHVfLMN�IQK[fhRSO0
\US� B�[QKQifh�B[SbPHVPTPOQYHLLQ\Q�[OQ\OHKKLQ\Q�QdSB[S*
XSLPW�YMXPBVWhRBW�[HOHKSROM�<	�P�c
q����[QKQifh�OSjH*
hiS\Q�[OHYPVH�USVHhR�YMYQU�Q�gJLIbPQLHVfLQK�BQBRQWLPP
[SOPgSOPXSBIPZ�BQBJUQY�$�LHVPXPP�PVP�QRBJRBRYPP�HL\PQB[H*
BRPXSBIPZ�LHOJjSLPN���ROJIRJOLHW� BZSKH�QULQ\Q�PT�YHOPHL*
RQY�OSHVPTHbPP�UHLLQ\Q�JBROQNBRYH�[OSUBRHYVSLH�Y�m��n�

��
�������

�H�QBLQYS�[OQYSUSLLMZ�RSQOSRPXSBIPZ�P�kIB[SOPKSLRHVf*
LMZ�PBBVSUQYHLPN�OHTOHdQRHLM�KSRQU�P�JBROQNBRYQ�UPH\LQB*
RPIP�gJLIbPQLHVfLQ\Q� BQBRQWLPW�[SOPgSOPXSBIPZ� BQBJUQY
[HVfbSY�OJI0�dHTPOJhiPSBW�LH�[OQYSUSLPP�qc�Y�RSOKQBRHdP*
VPTPOQYHLLQN�BOSUS�B�QULQYOSKSLLQN�TH[PBfh�BP\LHVQY�o�p
P�IQaLQN�RSOKQKSROPP��<STJVfRHRM�PBBVSUQYHLPN�KQ\JR�dMRf
PB[QVfTQYHLM�Y�OHTVPXLMZ�QdVHBRWZ�KSUPbPLM�[OP�OHTOHdQR*
IS�KLQ\QgJLIbPQLHVfLMZ�LSPLYHTPYLMZ�UPH\LQBRPXSBIPZ�IQK*
[VSIBQY�UVW�UPH\LQBRPIP�P�[OQgPVHIRPIP� THdQVSYHLPN0� BYW*
THLLMZ�B�PTKSLSLPSK�gJLIbPQLHVfLQ\Q�BQBRQWLPW�[SOPgSOP*
XSBIPZ�BQBJUQY�
��������	�
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J7���6�@�#"��#5�<Q

�� $�57�#6���L	�	��J�2�����I	I	�pJLIbPQLHVfLHW�UPH\LQB*
RPIH�BQBRQWLPW�KPIOQbPOIJVWRQOLQ*RIHLSYMZ�BPBRSK-�IQ*
VSdHLPW0�PLgQOKHbPW0�LSVPLSNLQBRf��OJIQYQUBRYQ�UVW�YOH*
XSN���$���-�	LPaLMN�UQK�^o�z<q	q�`0�������F]1�B�

�� N5��"��L	I	��D���6�����	D	��̂ "�"A=����L	�	��$�57�#6���L	�	�
J�6�@���6�0�J	�	��F�8��@���_	C	�
LHVPT�gPTPQVQ\PXSBIQ*
\Q�OHTdOQBH�[HOHKSROQY�KPIOQbPOIJVWRQOLQ*RIHLSYMZ�BP*
BRSK�33�zPQRSZLQBgSOH��������������]���2��FF*���

�� `+��%	��a+�S���,+�b	[	�2�7/�����&� ��� ?)��7�?@#7�?���;
7�8#;�� ���� ?@#� �?!8 ���� 6���!;��� �#��?�6�? � 33�2�7/!?#��� �&
���;�" ��&8�E#8���&#�����]��:�;���]�������=<����]*�>]�

F� C������N	L	��J6��7�@G�L	I	�����#�7�7���L	L	��J�/�02�1�<0�L	L	�
F<#�6�L	�	������c��1"�6��M	I	�qbSLIH�gJLIbPQLHVfLQ*
\Q�BQBRQWLPW�IOQYSLQBLMZ�BQBJUQY�[Q�HLHVPTJ�RSK[SOHRJO*
LQN�OSHIbPP�LH�QIIVhTPQLLJh�[OQdJ�33��HOHRQYBIPN�LHJX*
LQ*KSUPbPLBIPN�aJOLHV�����]��
�������F�������F*��>�

�� d�
V��e	��-
f+T��g	��e�,X�+T�.	�.,�&�?#7/#��?!�#�6����?��&����
��?���#�����7����6#��#;�?�&#�33����7#8���;�.�"&�;�=���#���&"��&8
2�&?��;��������:�;������=<���*��

1� N5��"��L	I	��M/������L	�	��^"�"A=���M	L	����6�����N	J	
�BBVSUQYHLPS�YQTKQaLQBRSN�RS[VQYPUSLPW�P�KSRQUQY�LS*
PLYHTPYLQN�KSUPbPLBIQN�B[SIROQgQRQKSROPP�Y�gJLIbPQ*
LHVfLQN� UPH\LQBRPIS� 33�pJLUHKSLRHVfLMS� P� [OPIVHU*
LMS�[OQdVSKM�RSZLPIP�P�RSZLQVQ\PP����������1*����>F��
���]�*����

�� a
PP+���	
	��[�PT����(	W	��e+��V+�(	)	����@#�?�?��&��#�� 3�A@#
252�{�&8C��,����A@#�7�;�9&"�&##��&"�3�98�?#8�C �|��}�#�?@�
$������5�?�&-�252�=�#��0�������2@�/?#��F�F��=<��F*��F*F*�>��

>� ^"�"A=����L	�	�
LHVPRPXSBIPN�QdTQO�KHRSKHRPXSBIPZ�KQ*
USVSN�YTHPKQBYWTP�[HOHKSROQY�IOQYQBLHdaSLPW�P�IQaLQN
RSK[SOHRJOM�[OP�QIIVhTPQLLQN�[OQdS� 33�pJLUHKSLRHVf*
LMS�P�[OPIVHULMS�[OQdVSKM�RSZLPIP�P�RSZLQVQ\PP�������
����������������F*����
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