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c_KLIUONJKP�SKUML�dMN]eKPQV�affKWUQNPMIUQ�MdK_O\QT�dM�XIUOPMNWK�dMUMWMPOd_ONJVghQ^�IUKPUMN�N�\K_KZ_OJYP]K�O_�

UK_QQ� I� OPKN_QRSMT�PO�MIPMNK� IMNSKIUPM`M�QIdMJYRMNOPQV�SOUKSOUQ[KIWM`M�SMLKJQ_MNOPQV� `KSMLQPOSQWQ�Q�WMSd_KIIQMP�

PMT� aJOIUM`_OfQQ��iOR_OZMUOP]�Q�d_MUKIUQ_MNOP]�dML^ML]�W� Md_KLKJKPQg�SMLXJV�jP`O�Q� WMaffQ\QKPUO�cXOIIMPO� LJV

fOPUMSO�IUKPWQ�\K_KZ_OJYPMT�O_UK_QQ�PO�MIPMNK�LOPP]^�aPLMIWMdQ[KIWMT�MdUQ[KIWMT�WM`K_KPUPMT�UMSM`_OfQQ��iOZMUMIdM�

IMZPMIUY�d_KLJMkKPPM`M�SKUMLO�d_MNK_KPO�PO�SMLKJQ�OPKN_QRS]�NPXU_KPPKT� IMPPMT�O_UK_QQ� I�QIdMJYRMNOPQKS�SOUKSOUQ�

[KIWMT�SMLKJQ�`KSMLQPOSQWQ9�X[QU]NOghKT�SK^OPQ[KIWQK�INMTIUNO�IUKPWQ�\K_KZ_OJYPMT�O_UK_QQ�
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l]ZM_�SMLKJQ�dMUMWMPOd_ONJVghK`M�IUKPUO�d_Q�JK[KPQQ
OPKN_QRS�`MJMNPM`M�SMR`O�d_KLIUONJVKU�IMZMT�PKU_QNQOJYPXg
ROLO[X�QR�RO�IJMkPMIUQ�d_M`PMRQ_MNOPQV�QRSKPKPQT�W_MNMUM�
WO�N�dM_OkKPPMT�\K_KZ_OJYPMT�O_UK_QQ9�N]RNOPP]^�WMPfQ`X�
_O\QKT�IUKPUO�m�n���JV�_KeKPQV�aUMT�d_MZJKS]�dK_IdKWUQNP]S
VNJVKUIV�QIdMJYRMNOPQK�SKUMLMN�SOUKSOUQ[KIWM`M�SMLKJQ_M�
NOPQV�`KSMLQPOSQWQ9�dMRNMJVghQ^�d_KLNO_QUKJYPM�M\KPQUY
N�^MLK�dJOPQ_MNOPQV� aPLMNOIWXJV_PMT�MdK_O\QQ�NMRSMkP]K

`KSMLQPOSQ[KIWQK�QRSKPKPQV�LJV�LMIUXdPM`M�POZM_O�IUKPUMN
Q�Md_KLKJQUY�dML^MLVhXg�SMLKJY� m�n��oLPOWM�N�ZMJYeQPIUNK
_OZMU�dM�M\KPWK� affKWUQNPMIUQ�dMUMWMPOd_ONJVghQ^� IUKP�
UMN�SK^OPQ[KIWQK� INMTIUNO� IUKPWQ�\K_KZ_OJYPM`M� IMIXLO�PK
X[QU]NOgUIV� m�n� �U�� K�� IUKPWO�SMLKJQ_XKUIV�kKIUWMT�9�[UM�SM�
kKU�IXhKIUNKPPM�dMNJQVUY�PO�_OI[KU�`KSMLQPOSQ[KIWQ^�dO_O�
SKU_MN�N�OPKN_QRSK�m�n���JV�dMN]eKPQV�UM[PMIUQ�SMLKJQ_MNO�
PQV�`KSMLQPOSQWQ�PKMZ^MLQS]�OWUXOJYP]K�INKLKPQV�M�NKJQ�
[QPK�SMLXJV�jP`O�Q�WMaffQ\QKPUO�cXOIIMPO�LJV� IUKPWQ�\K�
_KZ_OJYPMT�O_UK_QQ9�WMUM_]K�SM`XU�Z]UY�Md_KLKJKP]����g�g!�I
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dMSMhYg�SKUMLO� aPLMIWMdQ[KIWMT�MdUQ[KIWMT�WM`K_KPUPMT
UMSM`_OfQQ� �o	�� m5n��pPLMIWMdQ[KIWOV�o	9� UOW�kK�WOW�Q
U_OLQ\QMPPOV�o	9�MZJOLOKU�SQW_MPP]S�d_MIU_OPIUNKPP]S
_OR_KeKPQKS�Q� N]IMWMT� IWM_MIUYg�dMJX[KPQV� IU_XWUX_P]^
QRMZ_OkKPQT���_ONPKPQK� IU_XWUX_P]^�o	�QRMZ_OkKPQT�LM
Q�dMIJK�LKfM_SQ_XghK`M�NMRLKTIUNQV�dMRNMJVKU�M\KPQUY�LK�
fM_SO\QQ9�NMRPQWeQK�N�QIIJKLXKSMS�ZQMMZqKWUK�m�n9�m�n��rPOV
aUQ�LKfM_SO\QQ9�SMkPM�M\KPQUY�SMLXJY�jP`O�Q�WMaffQ\QKPU
cXOIIMPO�LJV�ZQMMZqKWUO��OWOV�UK^PMJM`QV�dMJX[QJO�PORNO�
PQK�WMSd_KIIQMPPMT�aJOIUM`_OfQQ�N�o	�m�n�m<n�

l�_OIISOU_QNOKSMT�_OZMUK�NdK_N]K�d_KLJO`OKUIV�IMNSKIU�
PMK�QIdMJYRMNOPQK�SKUMLMN�SOUKSOUQ[KIWM`M�SMLKJQ_MNOPQV
`KSMLQPOSQWQ�Q�WMSd_KIIQMPPMT�aJOIUM`_OfQQ�LJV�dMN]eK�
PQV� affKWUQNPMIUQ�MdK_O\QT�dM�XIUOPMNWK�dMUMWMPOd_ONJV�
ghQ^�IUKPUMN�N�\K_KZ_OJYP]K�O_UK_QQ�I�OPKN_QRSMT��l�[OIU�
PMIUQ9�d_KLJO`OKUIV�_OII[QU]NOUY�SMLXJY�jP`O�Q�WMaffQ\Q�
KPU�cXOIIMPO�LJV�IUKPWQ�\K_KZ_OJYPMT�O_UK_QQ�PO�MIPMNK�LOP�
P]^�aPLMIWMdQ[KIWMT�o	9�dMJX[OKS]^�NM�N_KSV�LQO`PMIUQWQ
OPKN_QRS]9�Q�QIdMJYRMNOUY�aUX�QPfM_SO\Qg�LJV�ZMJKK�UM[PM�
`M�SMLKJQ_MNOPQV�`KSMLQPOSQWQ�N�\K_KZ_OJYPMT�O_UK_QQ�LM
Q�dMIJK�XIUOPMNWQ�dMUMWMPOd_ONJVghK`M�IUKPUO�
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�MLKJY�JMWOJYPMT�`KSMLQPOSQWQ�\K_KZ_OJYPMT�O_UK_QQ�I
OPKN_QRSMT�IU_MQUIV�PO�MIPMNK�X_ONPKPQT��ONYK��UMWIO�LJV
PKIkQSOKSMT�kQLWMIUQ�m�n��c_Q�aUMS�fM_SO�_OI[KUPMT�MZJOI�
UQ�Md_KLKJVKUIV�PO�MIPMNK�`KMSKU_Q[KIWMT�SMLKJQ�\K_KZ_OJY�
PMT�O_UK_QQ�dO\QKPUO�I�OPKN_QRSMT9�dMJX[KPPMT�I�dMSMhYg
SKUMLO�	�OP`QM`_OfQQ�QJQ��i��:;4��h����JV�ROLOPQV�_KMJM�
`Q[KIWQ^�INMTIUN�W_MNQ�dO\QKPUO�NMRSMkPM�QIdMJYRMNOPQK�WOW
PYgUMPMNIWMT9� UOW�Q�PKPYgUMPMNIWMT�SMLKJQ�kQLWMIUQ9�ML�
POWM�QIdMJYRMNOPQK�PKPYgUMPMNIWMT�SMLKJQ�d_KLdM[UQUKJY�
PKK�NNQLX�POJQ[QV�MZJOIUKT�I�PQRWMT�IUKdKPYg�ILNQ`O�N�dMJM�
IUQ�OPKN_QRS]�dMIJK�XIUOPMNWQ�dMUMWMPOd_ONJVghK`M�IUKPUO
m4n��rONQIQSMIUY�NVRWMIUQ�W_MNQ�MU�IUKdKPQ�ILNQ`O�SMkKU�Z]UY
Md_KLKJKPO� I�dMSMhYg�_MUO\QMPPM`M�NQIWMRQSKU_O���JV� RO�
LOPQV�`_OPQ[P]^�XIJMNQT�Q�Md_KLKJKPQV�N^MLPM`M�W_MNMUMWO
N�\K_KZ_OJYPXg�O_UK_Qg�SMkKU�Z]UY�QIdMJYRMNOP�SKUML�LMd�
JK_�sr����JV�WJQPQ[KIWQ�LMIUXdP]^�SMLKJKT�dMUMWMPOd_ON�
JVghQ^� IUKPUMN� IU_MVUIV� IMMUNKUIUNXghQK� `KMSKU_Q[KIWQK
SMLKJQ9� WMUM_]K� NQ_UXOJYPM�QSdJOPUQ_XgUIV� N�SMLKJY�\K�
_KZ_OJYPMT�O_UK_QQ�dO\QKPUO�I�OPKN_QRSMT�

l�MUJQ[QK�MU�U_OLQ\QMPPM`M�dML^MLO9�d_Q�WMUM_MS�IUKPWO
\K_KZ_OJYPMT�O_UK_QQ�SMLKJQ_XKUIV�WOW�kKIUWOV�MZMJM[WO9
d_KLJO`OKUIV� QIdMJYRMNOUY�SMLKJY� aJOIUQ[PMT� IUKPWQ� \K�
_KZ_OJYPMT�O_UK_QQ9� `LK�_OI[KUPOV�MZJOIUY�LKfM_SQ_XKUIV�N
RONQIQSMIUQ�MU�PO`_XRWQ�PO�IUKPWQ�\K_KZ_OJYPMT�O_UK_QQ9�MWO�
R]NOKSMT�dXJYIQ_XghQS�W_MNMUMWMS��	OW�d_ONQJM9�RPO[KPQV
SK^OPQ[KIWQ^�INMTIUN�IUKPWQ�\K_KZ_OJYPMT�O_UK_QQ�ROLOgUIV
QR�Id_ONM[PMT�JQUK_OUX_]9�[UM�ROU_XLPVKU�QPLQNQLXOJQRQ_M�
NOPP]T�_OI[KU�W_MNMUMWO�N�\K_KZ_OJYPMT�O_UK_QQ�dO\QKPUO�
l�d_KLJO`OKSMS�SKUMLK�SK^OPQ[KIWQK�INMTIUNO�IUKPWQ�O_UK_QQ
dJOPQ_XKUIV�Md_KLKJVUY�I�QIdMJYRMNOPQKS�SKUMLO�WMSd_KIIQ�
MPPMT�aJOIUM`_OfQQ�QPLQNQLXOJYPM�LJV�WOkLM`M�dO\QKPUO�
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rMPLMS� d_VSM`M� MZRM_O� dMJX[OgU� IU_XWUX_P]K�o	�
QRMZ_OkKPQV�IUKPWQ�OPKN_QRS]�N�SMSKPU]�IQIUMJ]�Q�LQOIUM�
J]��cMJX[KPP]K�IU_XWUX_P]K�QRMZ_OkKPQV�LJV�XLOJKPQV�eX�
SMN�dMLNK_`OgU�fQJYU_O\QQ��rOUKS�PO�M[QhKPP]^�QRMZ_OkK�
PQV^�N]LKJVgU�WMPU_MJYP]K�UM[WQ��PK�SKPKK�����UM[KW�9�dM�WM�
UM_]S� I_ONPQNOgUIV� l�IWOP]�� l][QIJVgU� ISKhKPQK� LJV
WOkLMT�dO_]�WMPU_MJYP]^�UM[KW9� U�� K��PO^MLVU�LKfM_SO\Qg
MULKJYP]^�X[OIUWMN�IUKPWQ�O_UK_QQ�dML�NMRLKTIUNQKS�dXJYIM�
NMT�NMJP]���OJKK�SMLXJY�jP`O���_OII[QU]NOKUIV�IJKLXghQS
MZ_ORMS�m�n9�m�n8
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`LK�/� t� PM_SOJYPOV� IMIUONJVghOV�LKfM_SQ_XghKT� IQJ]9� I
WMUM_MT�W_MNY�LKTIUNXKU�PO�IUKPWQ�IMIXLMNu���t�dJMhOLY�dM�
NK_^PMIUQ9� PO� WMUM_Xg�NMRLKTIUNXKU� LKfM_SQ_XghOV� IQJO
�dJMhOLY�MZJOIUQ� IWOPQ_MNOPQV� RMPLO�d_VSM`M�MZRM_O�u� �� t
d_MLMJYP]K�_ORSK_]�LKfM_SQ_XKSMT�MZJOIUQu�∆��t�XI_KLPKP�
PMK� RPO[KPQK�N][QIJKPPMT�dM�WMPU_MJYP]S�UM[WOS�MUPMIQ�
UKJYPMT�d_MLMJYPMT�LKfM_SO\QQ�LJV�MULKJYP]^�X[OIUWMN�IUKP�
WQ�\K_KZ_OJYPMT�O_UK_QQ�I�OPKN_QRSMT�

�QJO�/�d_QZJQkKPPM�N][QIJVKUIV�[K_KR�_ORPMIUY�IQIUMJQ�
[KIWM`M�Q�LQOIUMJQ[KIWM`M�LONJKPQT9�WMUM_]K�SM`XU�Z]UY�QR�
SK_KP]�QPNORQNPM�N�WJQPQ[KIWMT�d_OWUQWK9�POd_QSK_�I�dMSM�
hYg�IQIUKS]�v3��$����?�+&�C� w� �v/0#�# 'w9��QLK_JOPL]��
OW�WOW� UMJhQPO� IUKPMW�OPKN_QRS]�IMQRSK_QSO� I� `JXZQPMT
WM`K_KPUPM`M�RMPLQ_MNOPQV��x	r��aPLMIWMdQ[KIWMT�o	�IQI�
UKS]9���d_QZJQkKPPM�I[QUOKUIV�_ONPMT�x	r��c_Q�N][QIJKPQQ
∆��ZK_XUIV�NM�NPQSOPQK�UMJYWM�NK_UQWOJYP]K�d_MKW\QQ�NKWUM�
_MN�LKfM_SO\QT�MULKJYP]^�X[OIUWMN�IUKPWQ�O_UK_QQ�dML�NMR�
LKTIUNQKS�dXJYIMNMT�NMJP]�

	MaffQ\QKPU�cXOIIMPO�µ� Md_KLKJVKUIV� IJKLXghQS�MZ_O�
RMS�m�n9�m�n8

,
d l

d l

∆µ = ⋅
∆

`LK���t�dMdK_K[P]K�_ORSK_]�LKfM_SQ_XKSMT�MZJOIUQ9�_ONP]K
LJQPK�MZJOIUQ�IWOPQ_MNOPQV�aPLMIWMdQ[KIWMT�o	�IQIUKS]u
∆��t�XI_KLPKPPMK�RPO[KPQK�MUPMIQUKJYPMT�dMdK_K[PMT�LKfM_�
SO\QQ�LJV�MULKJYP]^�X[OIUWMN�IUKPWQ�\K_KZ_OJYPMT�O_UK_QQ
I� OPKN_QRSMT9� N][QIJKPPMK�dM� `M_QRMPUOJYP]S�d_MKW\QVS
NKWUM_MN�LKfM_SO\QT�

�JV�d_MNK_WQ�d_KLJMkKPPM`M�dML^MLO�W�Md_KLKJKPQg�SK�
^OPQ[KIWQ^� INMTIUN�Z]J�QR`MUMNJKP�fOPUMS�\K_KZ_OJYPM`M
IMIXLO�QR�d_MR_O[PMT�adMWIQLPMT�ISMJ]���JV�dMJX[KPQV�fM_�
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JOIUQ�OPKN_QRS]u�N][QIJKPQK�d_QIUKPM[PM`M�POd_VkKPQV�ILNQ�
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MIPMNK�_OII[QUOPP]^�`KSMLQPOSQ[KIWQ^�dO_OSKU_MN�Q�d_QIUK�
PM[PM`M�POd_VkKPQV�ILNQ`O�Z]JQ�M\KPKP]�QRSKPKPQV�`KSMLQ�
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POSQ[KIWQ^�QRSKPKPQT�dMIJK�XIUOPMNWQ�dMUMWMPOd_ONJVghK�
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MdK_O\QMPPMT�`KSMLQPOSQWQ�N�\K_KZ_OJYPMT�O_UK_QQ��c_KL�
JMkKPP]T�SKUML�SMkKU�Z]UY�QIdMJYRMNOP�N�WJQPQ[KIWMT�d_OW�
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