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LMNNOMPQRSMTPNUVMWMXRYOTQTWRUZ[\TOMS]^Z_M`MaRTWPMSM``MQMPTRNVbNNPSTWWZcSTWPRXUaRRXTdVR_`QROMX]_STXReR3

WM_QMN_Z^MdMYZSZcNOTNR�fQRSZ^RPNUZ[ZNWZSMWRTMVPbMXgWZNPRSZ`QZNMRYOTQTWRUOMX]_QMN_Z^ZS`QR`QZST^TWRRRNVbN3

NPSTWWZcSTWPRXUaRRGZNZ[TWWZSWTZWMPMXgWZc`QMVPRVT�fZ^QZ[WZZ`RNMW]VMWMXRYOTQTWRUZ[\TOMM``MQMPMRNVbNNPSTWWZc

STWPRXUaRRXTdVR_RTdZNZNPMSW]TeMNPRNbVMYMWRTOZNWZSW]__MQMVPTQRNPRV��XUMWMXRYMZhR[ZVVMWMXMRYOTQTWRUZ[\TOM

`QT^XMdMTPNURN`ZXgYZSMPgN`TaRMXgWbiNPMPRNPRVbFSMQRMaRR�XXMWM�fZVMYMW]QTYbXgPMP]`ZNPQZTWRUSMQRMaRc�XXMWMG

R_M``QZVNROMaRRNbOOZcNPT`TWW]_jbWVaRcG M PMVkTZaTWVRVZljjRaRTWPZS N`TVPQMXgW]_`XZPWZNPTcOZmWZNPRhbOZS

WbXTSZdZNRdWMXM�fZXbeTWW]TYWMeTWRUZNWZSW]_NZNPMSXUimR_ZhR[VRVMWMXMRYOTQTWRUZ[\TOMNZZPWTNTW]N_MQMVPTQRN3

PRVMORRN`ZXgYbTO]_lXTVPQZWW]_VZO`ZWTWPZS�	jZQObXRQZSMW]`QT^SMQRPTXgW]TQTVZOTW^MaRR`ZbOTWghTWRiZhR[ZV

VMWMXMRYOTQTWRUZ[\TOM�

��������

	ZSQTOTWW]TM``MQMP]RNVbNNPSTWWZcSTWPRXUaRRXTdVR_
��no�GVMV`QMSRXZGROTiPSNSZTONZNPMSTWTNVZXgVZ^MPeR3
VZSRYOTQTWRUQMN_Z^M dMYZSZcNOTNR^XUZ`QT^TXTWRUSTXR3
eRW`ZPZVZSeTQTY_MQMVPTQW]TNTeTWRU^]_MPTXgWZdZVZWPb3
QMRSN`ZOZdMPTXgW]_NRNPTOM``MQMPMp�q��WjZQOMaRUN^MP3
eRVZSQMN_Z^MRN`ZXgYbTPNU^XUZaTWVRZ[\TOMdMYZSZcNOTNRG

`QZhT^hTceTQTYYM^MWWZTNTeTWRTYMZ`QT^TXTWW]cRWPTQSMX
SQTOTWRGWM`QROTQZ[\TOZSS^Z_M-S]^Z_M`MaRTWPM��ZeWZT
RYOTQTWRT^]_MPTXgWZdZZ[\TOMWTZ[_Z^ROZ^XUM^TVSMPWZc
ZaTWVRZNWZSW]_`MQMOTPQZSXTdVR_`MaRTWPM �VZO`XMcWNMG
QTYRNPMWNM�R NZZPSTPNPSTWWZS][ZQMZ`PROMXgW]_`MQMOTP3
QZSSTWPRXUaRR�rNZ[TWWZMVPbMXgW]OUSXUTPNUSZ`QZNRYOT3
QTWRU^]_MPTXgW]_Z[\TOZS`QROMX]_ STXReRWM_QMN_Z^M
dMYZSZcNOTNRWMS]^Z_T`ZQU^VM�G�����G�X-ORW�fQRXi[]_
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QTkROM_STWPRXUaRRNbmTNPSbiP^ZNPMPZeWZ`QZ^ZXkRPTXg3
W]TRWPTQSMX]SQTOTWRGSPTeTWRTVZPZQ]_WTZ[_Z^ROZRYOT3
QUPgRRWPTdQRQZSMPgOMX]TQMN_Z^]p�qGp�q�

�``MQMPRNVbNNPSTWWZcSTWPRXUaRRXTdVR_�n���`ZNPQZ3
TW`ZN_TOTGVZPZQMU`Z^QMYbOTSMTPWT`ZNQT^NPSTWWZTRYOTQT3
WRTQMN_Z^MdMYZSZcNOTNRS^Sb_ZNWZSW]_PZeVM_^]_MPTXg3
WZdZVZWPbQM'WMS_Z^TS^]_MPTXgW]cVZWPbQ`MaRTWPMRWM
S]_Z^TRYWTdZ��XUlPZdZSNZNPMSM``MQMPMS_Z^UP^MPeRVR3
RYOTQRPTXRQMN_Z^M�nNTZWR`ZNPQZTW]`ZMWTOZOTPQReTNVZ3
Ob`QRWaR`bG_ZPUROTiPQMYWbiVZWNPQbVaRiebSNPSRPTXg3
W]_lXTOTWPZS��MPeRVQMN_Z^MWMS]^Z_TVZWNPQbVPRSWZQMY3
OTmTWSVXM`MWTS]^Z_MRUSXUTPNUVXieTS]OlXTOTWPZO^XU
PZeWZdZZ`QT^TXTWRU`MQMOTPQZS^]_MPTXgWZdZ`QZaTNNM�rW
NZNPZRPRY^Sb_ZNWZSW]_lXTOTWPZS�;65��f�'
• `QTZ[QMYZSMPTXUQMN_Z^3^MSXTWRTs
• VMWMXMRYOTQTWRU^RjjTQTWaRMXgWZdZ^MSXTWRUGVZPZQ]c

SVXieMTPSNT[U'̂ RjjTQTWaRMXgW]ĉ MPeRV̂ MSXTWRU����G
RWNPQbOTWPMXgW]cbNRXRPTXg ��t�G MWMXZdZSZ3aRjQZSZc
`QTZ[QMYZSMPTXg���f�GMPMVkTRNPZeWRVZ`ZQWZdZWM`QU3
kTWRU��r���
�XURYOTQTWRUOMX]_QMN_Z^ZSWTZ[_Z^ROZGNZ^WZcNPZ3

QZW]GZ[TN`TeRPg^ZNPMPZeW]c`TQT`M^^MSXTWRU∆� WM`QT3
Z[QMYZSMPTXTGMN^QbdZcFOMX]TZhR[VRRYOTQTWRUlPZdZ`T3
QT`M^M��TZ[_Z^RO]c`TQT`M^^MSXTWRUjZQORQbTPNUYMNeTP
VZWNPQbVaRR`QTZ[QMYZSMPTXUGVVZPZQZc`QT^\USXUiPNUkTNP3
VRTPQT[ZSMWRUSeMNPRZdQMWReTWRUOMVNROMXgWZdZNZ`QZPRS3
XTWRUSVZWPbQTG bNPZceRSZNPR_MQMVPTQRNPRVR`QTZ[QMYZSM3
WRUG PT_WZXZdReWZNPRG b^Z[NPSMRN`ZXgYZSMWRURP� ^��R`Z3
SMU _MQMVPTQRNPRVM`QTZ[QMYZSMPTXUQMN_Z^3^MSXTWRT`QT^3
NPMSXTWMWM;65��f��MVXZW_MQMVPTQRNPRVR̀ QROMX]_QMN_Z^M_
NZNPMSXUTP!]?≈�G���/X-N-OVOSZ^�NP�

�WMXRYZhR[ZVVMWMXMRYOTQTWRU^RjjTQTWaRMXgWZdZ^MS3
XTWRUUSXUTPNUZP^TXgWZc^ZNPMPZeWZSMkWZcYM^MeTc�fQRRY3
OTQTWRROMX]_QMN_Z^ZSOZkWZ`QTWT[QTeg NZNPMSXUimTc
ZhR[VRVMWMXMRYOTQTWRU^MSXTWRUGZ[bNXZSXTWWZcWTNPM[RXg3
WZNPgiOMNhPM[WZdZVZljjRaRTWPM��GSSR^bTTOMXZdZSVXM3
^MSNbOOMQWbiZhR[Vb�nlPZONXbeMTZNWZSWZcSVXM^SZhR[3
VbRYOTQTWRUQMN_Z^MRGVMVNXT^NPSRTG^]_MPTXgWZdZZ[\TOM
[b^TPSWZNRPgWTNPM[RXgWZNPgWbXTSZdZNRdWMXMSVMWMXTRYOT3
QTWRU^MSXTWRU�	XT^ZSMPTXgWZGZNWZSWZcaTXgiQM[ZP]USXU3
TPNU`ZXbeTWRTVZQQTVPWZcRbNPZceRSZcZaTWVRNZNPMSXUimR_
WTNPM[RXgWZNPRWbXTSZdZNRdWMXMSRYOTQRPTXgW]_VMWMXM_GS
eMNPWZNPRSVMWMXTRYOTQTWRU^MSXTWRUGPMVVMVWMXReRTPMVZc
VMeTNPSTWWZcZaTWVR`ZYSZXUTPS`ZXWTljjTVPRSWZQThRPgYM3
^MebZ^WZYWMeWZdZZ`QT^TXTWRURNPZeWRVMWTNPM[RXgWZNPRR
`QT^`QRWUPgljjTVPRSW]TOTQ]`ZTTNWRkTWRi�
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�WMXRY NZNPMSXUimR_WTNPM[RXgWZNPRWbXTSZdZ NRdWMXM
`Z^QMYbOTSMTPS]^TXTWRTSWbXTSZONRdWMXT^QTcjMR_MQMV3
PTQW]_hbOZSĜ XUeTdZWTZ[_Z^ROZMWMXRYRQZSMPgN`TVPQMXg3

W]T _MQMVPTQRNPRVRWbXTSZdZ NRdWMXM�	Z[NPSTWWZG MWMXRY
N`TVPQMXgWZc`XZPWZNPROZmWZNPRWbXTSZdZNRdWMXMG`ZNPQZ3
TWWZcWMZNWZSTPTVbmTdZN`TVPQMVZWVQTPWZcQTMXRYMaRRWb3
XTSZdZ NXbeMcWZdZ NRdWMXM`QR`ZOZmR^RNVQTPWZdZ`QTZ[3
QMYZSMWRUubQgTGWT`ZYSZXUTP S]^TXRPg SNTRWPTQTNbimRT
NZNPMSXUimRTGP�T�WTNTPSNT[TNbmTNPSTWWbiNPT`TWgWTZ`QT3
^TXTWWZNPR`QRZaTWVTZP^TXgW]_VZljjRaRTWPZSN`TVPQMXg3
W]_`XZPWZNPTcOZmWZNPR_MQMVPTQW]_NZNPMSXUimR_p�q�

	bmTNPSbiP[ZXTTljjTVPRSW]TOTPZ^]RXRRWNPQbOTWP]
MWMXRYM N`TVPQMXgW]__MQMVPTQRNPRV NXbeMcW]_`QZaTNNZS�
r^WRORYPMVR_RWNPQbOTWPZSGRN`ZXgYbTO]_S̀ ZNXT^WRTdZ^]
^XURNNXT^ZSMWRUSQTOTWW]_QU^ZSSQMYXReW]_`QT^OTPW]_
Z[XMNPU_GUSXUTPNUSMQRMaRU�XXMWM�n��p2q3p0q�fQROTWRPTXg3
WZV`QR[ZQZNPQZTWRin�QTVZOTW^ZSMWMSVMeTNPST`Z^_Z^M
^XUZaTWVRWTNPM[RXgWZNPTc`QTaRYRZWW]_`QR[ZQZSGWM`QR3
OTQlPMXZWW]_RNPZeWRVZSeMNPZP]GWMSRdMaRZWW]_`QR[ZQZS
RP�^�vPZPOTPZ^`QT^NPMSXUTPNZ[ZcN`TaRMXgWbiNPMPRNPR3
VbGVZPZQMU`ZYSZXUTPZ`QT^TXRPgWMXReRTSRN_Z^WZONRdWM3
XT_MQMVPTQW]_hbOZS �jRZXTPZS]c-NRWRcG[TX]cGQZYZS]cG
VQMNW]cGVZQReWTS]c�RZaTWRPg NZZPSTPNPSbimRTROVZlj3
jRaRTWP] N`TVPQMXgW]_`XZPWZNPTc��YWMeMXgWZn�[]XM
`QT^XZkTWM^XUZaTWVRNPMW^MQPZSeMNPZP]G`ZlPZObS_Z^U3
mRTSS]QMkTWRT^XUσ���τ�STXReRW]SVXMNNReTNVZOZ`QT^T3
XTWRRROTiPjRYReTNVRcNO]NXZPWZNRPTXgWZceMNPZP]RSQT3
OTWR'
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∑

d^T�w*F�sτFSQTOUbNQT^WTWRUNRdWMXMs iy FZPWZNRPTXg3
WMUZhR[VM`ZeMNPZPTGbNQT^WTWWMUYMSQTOUτs ix FZhR[VM
`ZSQTOTWRGbNQT^WTWWMUYMSQTOUτs*FVZXReTNPSZZPNeTPZS

,ix RN`ZXgYbTO]_^XUS]eRNXTWRUSMQRMaRR�nTXReRW]gR�
NSUYMW]OTk^bNZ[ZcNZZPWZhTWRTO�w�g-���fQROTWRPTXg3
WZVRNNXT^ZSMWRi_MQMVPTQRNPRVVMWMXMRYOTQTWRUZ[\TOM
`QRS]eRNXTWRRn�[b^TOQMNNOMPQRSMPgSOTNPZZPWZNRPTXg3
WZcZhR[VR`ZeMNPZPTRYOTQTWW]c`TQT`M^^MSXTWRUWM`QT3
Z[QMYZSMPTXT∆�GMSOTNPZZhR[VR̀ ZSQTOTWRFSTXReRWbZ[\T3
OM& dMYZSZcNOTNRG`QZhT^hTceTQTY^MPeRVQMN_Z^M�nTXR3
eRW]∆�R&`QROMX]_QMN_Z^M_NSUYMW]OTk^bNZ[ZcXRWTc3
W]ONZZPWZhTWRTO∆�w�-!]? x�&-���nNZZPSTPNPSRRNlPRO
S]QMkTWRU^XUS]eRNXTWRUn�`QRObPSR^

( ) ( ) ( )

( ) ( )

2 2
2

1

0

3 2

2 12 2
0

1

2 1

1
2 ,

2 2

M

i iA
i

N

i i i
i

P P
M

V V V
K N

−

+
=

−

+ +
=

σ τ = ⋅ ∆ − ∆ =
⋅ −

= ⋅ − ⋅ +
⋅ ⋅ τ ⋅ −

∑

∑
��

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



�/�������	
�������
��������������

d^Tτw�x'�FSQTOUbNQT^WTWRUNRdWMXMGVQMPWZT`TQRZ^b^RN3
VQTPRYMaRR'�s P∆ FS]_Z^VMWMXMRYOTQTWRU^RjjTQTWaRMXg3
WZdZ^MSXTWRUG bNQT^WTWW]c YM SQTOU τs V  FZ[\TO dMYZSZc
NOTNRGbNQT^WTWW]cYMSQTOU τ�
MV`QMSRXZGSOTNPZVXMNNR3
eTNVR_jZQObX^XUn�RN`ZXgYbiPN`TaRMXgW]TZaTWVRNZd3
QMWReTWRTO`ZSTXReRWTVQMPWZNPR�≤�-��fQR`QZST^TWRR
RNNXT^ZSMWRc_MQMVPTQRNPRVVMWMXMRYOTQTWRUZ[\TOMRN`ZXg3
YZSMWMQTVZOTW^ZSMWWMU@>>>ZaTWVMn�
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∑ ∑

d^T∆�FS]_Z^VMWMXMRYOTQTWRU^RjjTQTWaRMXgWZdZ^MSXT3
WRU��MXTT[b^TONeRPMPg � ( ) ( )A Aσ τ ≈ σ τ  ^XU τw� x'���MVRO
Z[QMYZOGZaTWVbRPZdZSZcZhR[VRVMWMXMRYOTQTWRUZ[\TOM
�QMN_Z^M�RTTNZNPMSXUimR_`QZST^TO`bPTOS]eRNXTWRUn�
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