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YSMXOMUZMYPIRPMZIOWSWIYPIOWV v�w�xILIWQJOWSPZSUWIJLM9
YMPV[ OMUZMYPIRPMZIOWSWIYPIOWV [XL[MWO[ WUSPOKLSPWS^V[
OMUZ^SA YWI OX[dSPI OPMg\\MNWVXPIOWhrJMZVNSJMPWIdPITI
LMYMPV[ v�w�l	y�MfMTIZPIZMLSMWO[ZI����WUSPOKLSPWS9
^VROMUZ^SAZL[BIOOVRONIRkMZMUS^VVgWS^V\USOIOWSXL[MW
INILI���WUSPOKLSPWS^VRMfMTIZPIv�w�	LMZeMWIWJMWVWhAYWI
NILVYMOWXIKS^VMPWIXAIfVZSriV_ZIPIUONIMOMUZ^MA dPSYV9
WMLhPIXQqMAYMJNILVYMOWXIZIOWeKPQ_ZIPIUONV_IUTSPIX�
BSdXVWVM OIXUMJMPPQ_ OVOWMJVONeOOWXMPPITINUIXII]USiM9
PV[KIdXIL[MW dPSYVWMLhPIKIXQOVWhPM WILhNIeUIXMPhXQ9
fVXSMJIOWVKS^VMPWIXOUSdLVYPQJV\IUJSJVOMUZMYPIRPM9
ZIOWSWIYPIOWVAPIVeUIXMPhV_fVdPVX^MLIJAWSNNSNWSNVM
OVOWMJQI]LSZSrWPM]ILhqVJVUSdJMUSJVA[XL[rWO[PIOVJQ9

JVVKUSNWVYMONVPMITUSPVYVXS[\VdVYMONerSNWVXPIOWhYM9
LIXMNS�

lNSYMOWXMKUVJMUSWSNIROVOWMJQJIfPIKUVXMOWVSKKS9
USW XOKIJITSWMLhPITINUIXII]USiMPV[�l
n	KeWPVNo v7wA
KUMZOWSXLriVROI]IROLIfPIMJMZV^VPONIMeOWUIROWXIAIO9
PIXPQJJIZeLMJNIWIUITI [XL[MWO[ UIWIUPQRPSOIO NUIXV
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��lQfVXSMJIOWh KS^VMPWIX O VOKILhdIXSPVMJ WSNITI
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VJKLSPWS^VV v7w��MOJIWU[PSWIYWI�l
VJMMWPM]ILhqVM
USdJMUQAJVPVSWrUVdS^V[[XL[MWO[SNWeSLhPIR dSZSYMRA WSN
NSNIPSKIdXIL[MW OPVdVWhVPXSdVXPIOWhKUI^MZeUQVJKLSP9
WS^VVVUSOqVU[MWXIdJIfPIOWVKUVJMPMPV[�l
ZL[KS^V9
MPWIXOI]iMRKLIiSZhrWMLSJMPMM�A�J�v�wAv�wAv5w�xSZSYMR
USOOJSWUVXSMJITIVOOLMZIXSPV[[XL[MWO[I^MPNSXLV[PV[Vd9
JMPMPV[TMIJMWUVVKUIWIYPIRYSOWVB�
PSeUIXMPhTMJIOIX9
JMOWVJIOWV vEw�
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XMLVYVPePSKIUSv8wAYWIXQUSfSMWO[OLMZeriMR\IUJeLIR'

2

2

cot ,e
e

Qu
H u

g A

 
= − ⋅ β 

 


���

TZM�� > gRLMUIXTVZUIOWSWVYMONVRPSKIU|\� >USO_IZYMUMd
PSOIO|]>KMUV\MUVYMONS[ONIUIOWhUIWIUS|��>g\\MNWVXPS[
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PSqVUVPeZVSKSdIPSKUVJMPMPV[PSOIOSKIUSO_IZe��SOIOA
_SUSNWMUVderiVRO[]ILMMKILITVJVB��AVJMMW OeiMOWXMP9
PIMKUMVJeiMOWXIKMUMZPSOIOSJVOJMPMMKILITVJVB��AWSN
NSNKIOLMZPVMPMOKIOI]PQKIZZMUfVXSWhPMI]_IZVJQReUI9
XMPhPSKIUSKUVNILM]SPV[_USO_IZSKUVPMVdJMPPIRONIUIO9
WVXUSiMPV[UIWIUS�
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A
PMI]_IZVJII]MOKMYVWhJVPVJSLhPIMJM_SPVYMONIM XIdZMR9
OWXVMPSNUIXh��dXMOWPIAYWINSOSWMLhPQMPSKU[fMPV[AXId9
PVNSriVMXKIWINMfVZNIOWVKUVXIdZMROWXVVPSPMMLIKSWIN
PSOIOSAINSdQXSrWXLV[PVMPSNUIXhAKIZXMUTS[ZM\IUJS^VV
gUVWUI^VWQ�	WMKMPhXLV[PV[NSOSWMLhPQ_PSKU[fMPVRJIf9
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qSrWO[AKUIVO_IZVWTMJILVd�lQYVOLMPVMNSOSWMLhPQ_PSKU[9
fMPVR��� IOeiMOWXL[LIOhKI\IUJeLM ���PSIOPIXMX[dNV_
PSKU[fMPVRKIJMWIZeAIKVOSPPIJeXv��w�l[dNVMPSKU[fMPV[
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KUMI]USdeMWO[XKIWMP^VSLhPergPMUTVrZSXLMPV[AKUVgWIJ
PSKUSXLMPVMZXVfMPV[KIWINSXQUSXPVXSMWO[XZILh^MPWUSLh9
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LVAZL[KUVOWMPIYPQ_I]LSOWMRKUVJMP[MWO[69ωJIZMLhv��w�

����������	
	���������������



���������	
�������
��������������

������	�	��������

l_IZMKUIXMZMPV[VOOLMZIXSPV[]QLVKILeYMPQOMJMROWXS
B��ZL[XOM_qMOWVJIZMLMRB�
��S9DB��_KINSdSPQB��
ZL[TMIJMWUVYMONV_JIZMLMRPSOIOIXOVdJMP[MJQJeTLIJX_IZS
LIKSWINVJKMLLMUS��d9DB8<E%XVZPIAYWIXeNSdSPPIJZVSKS9
dIPMKIUSO_IZeNUVXQMVJMrWIZVPSNIXQRPSNLIPAPIZL[B�

OeTLIJX_IZS��}IWJMYSMWO[]ILMMXQOINVRPSKIUKUVUSX9
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LIKSWINZV\\edIUSO��ZI��JJPMINSdQXSMWXLV[PV[PSKI9
XMZMPVMNUVXQ_B��XeNSdSPPIJZVSKSdIPMVdJMPMPV[USO_I9
ZS��SPPQRUMdeLhWSWOLMZeMWeYMOWhKUVKUIMNWVUIXSPVVPI9
XQ_IOMXQ_B�
OSPSLITVYPIRNIPOWUeNWVXPIRO_MJIRA WSN
NSNgWIKIdXILVWeJMPhqVWhZLVPePSOIOSNSNJVPVJeJPS8
JJ�mJMPhqMPVM TS]SUVWPQ_USdJMUIXVJKLSPWVUeMJQ_JM9
ZV^VPONV_eOWUIROWXIOI]MPPISNWeSLhPIA WSNNSNKIdXIL[MW
OPVdVWhVPXSdVXPIOWh_VUeUTVYMONITIXJMqSWMLhOWXS�

�S9DB�� a KINSdSPQTUS\VNV dSXVOVJIOWVg\\MNWVXPIOWV
US]IWQPSOIOSIWUSO_IZS��d9DB8<E% XVZPIAYWIVdJMPMPVM
TMIJMWUVVKUIWIYPIRYSOWVB�
INSdQXSMWPMOeiMOWXMPPIM
XLV[PVMPSg\\MNWVXPIOWhUS]IWQPSOIOSAYWII]s[OP[MWKI9
XMZMPVM NUVXQ_B�
��dXMOWPIA YWINUVXS[ g\\MNWVXPIOWV
VJMMW_SUSNWMUPQRKVNX WIYNMJSNOVJSLhPIRg\\MNWVXPIO9
WV��O_IZ[Vd gWITIUSOOJSWUVXSMJQMB�
US]IWSrWX dIPM
PVdNIRg\\MNWVXPIOWVATZMZSPPQMVdJMPMPV[TMIJMWUVVKUI9
WIYPIRYSOWVPSOIOSPMINSdQXSrWOeiMOWXMPPITIXLV[PV[AWSN
NSNNUVXQMg\\MNWVXPIOWVXZVSKSdIPMIW�ZI7L/JVPKUSN9
WVYMONVOIXKSZSrW�

�L[US]IYMRWIYNVAOIIWXMWOWXeriMRdPSYMPV[J7A�L/JVP
ZL[USO_IZSV8�JJUW�OW�ZL[PSKIUSA]QLVKILeYMPQUSOKUM9
ZMLMPV[NSOSWMLhPQ_PSKU[fMPVR��� KII]sMJeUSOYMWPIR
I]LSOWV��S9DB��bKINSdSPSTVOWITUSJJSUSOKUMZMLMPV[���
KII]sMJeB�
�

�d9DB8<E% XVZPIAYWI dPSYMPVMI]sMJSI]LSOWMROKIXQ9
qMPPQJV���JMP[MWO[X dSXVOVJIOWVIW TMIJMWUVVKUIWIY9
PIRYSOWVB�
VPS_IZVWO[XZVSKSdIPMIW�A��ZI�A7�JLZL[
���]ILMM:jSAIW�A5�ZI�AE7JLZL[���]ILMM��jSVIW
�A��ZI�A�8JLZL[���]ILMM���jS�	WIVWIWJMWVWhAYWIPSV9
JMPhqVMdPSYMPV[���PS]LrZSrWO[eB�
OeTLIJX_IZSLI9
KSWINVJKMLLMUSAOIIWXMWOWXeriVJdPSYMPVr��}��dJMPMPVM
USOOWI[PV[JMfZe dSZPVJVNUIJNSJVLIKSWINVJKMLLMUSV
KMUMZPVJVNUIJNSJVLIKSWINZV\\edIUSPMINSdQXSMWOeiM9
OWXMPPITIXLV[PV[PSdPSYMPVM��� ZL[KIUITIXQ_dPSYMPVR
]ILMM:V��jS��L[���]ILMM���jSJIfPIPS]LrZSWhVdJM9
PMPVMXMLVYVPQI]sMJSO�A�7ZI�A�8JL��SNVJI]USdIJAJIf9
PIOZMLSWhXQXIZAYWIXUS]IYMRWIYNMAOIIWXMWOWXeriMRdPS9
YMPV[J7A�L/JVPZL[USO_IZSV8�JJUW�OW�ZL[PSKIUSAB�

INSdQXSMWPSVJMPhqMMPMTSWVXPIMXLV[PVMPSNUIXhKUVeTLM
X_IZS LIKSWINVJKMLLMUSA OIIWXMWOWXeriVJ��} O dSdIUIJ
��JJ�

�SNfMI^MPVXSLIOhXLV[PVMB�
PSNUIXhPSIOPIXMXUM9
JMPVPS_IfZMPV[YSOWV^NUIXVXKILIOWVB�
�mYVWQXSLVOh
OLMZeriVMKSUSJMWUQ'JVPVJSLhPIMAJSNOVJSLhPIMVOUMZPMM
XUMJMPSKUM]QXSPV[AKUVXMZMPPQMXC%A,��^��dC%A,DO-XVZ9
PIAYWIZSPPQMVdJMPMPV[TMIJMWUVVKUIWIYPIRYSOWVB�
X
US]IYMRWIYNM7A�L/JVPZL[USO_IZSV8�JJUW�OW�ZL[PSKIUS
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PMKUVXIZ[W N OeiMOWXMPPIJeVdJMPMPVr OUMZPMTI XUMJMPV
KUM]QXSPV[YSOWV^QXKILIOWVPSOIOS�

�SNfMZL[I^MPNVXLV[PV[VdJMPMPV[ TMIJMWUVVKUIWIY9
PIRYSOWVB�
PSTMJIOIXJMOWVJIOWh]QLII^MPMPIKIXMZM9
PVMKIWINSOWIYNVdUMPV[I]sMJSI]LSOWMRATZMIOMXS[KUIMN9
^V[XMNWIUSONIUIOWVKIWINSPS_IZVWO[XKUMZMLS_IW>�A�ZI
�A�J/O��SLVYVMXKUIWIYPIRYSOWVPSOIOSI]LSOWMRA TZMPS9
]LrZSMWO[OPVfMPVMONIUIOWVKIWINSXKLIWhZIMTIIOWSPIX9
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NVAJIfMWKUVXIZVWhNKI[XLMPVrdSOWIRPQ_dIPAXOLMZOWXVM
YMTIKI[XL[MWO[XMUI[WPIOWhI]USdIXSPV[WUIJ]SXgWV_I]LS9
OW[_��S9DB��cKINSdSPSTVOWITUSJJSATZMKUMZOWSXLMPQI]sM9
JQdSOWIRPQ_dIP��d9DB8<E% XVZPIAYWIZSPPQMVdJMPMPV[
TMIJMWUVVKUIWIYPIRYSOWVPMOeiMOWXMPPIXLV[rWPSI]sMJ
dSOWIRPQ_dIP�jUVgWIOWIVWIWJMWVWhAYWIJVPVJSLhPQMdPS9
YMPV[PS]LrZSrWO[ZL[TMIJMWUVVPSOIOIXATZMeTILeOWSPIX9
NVLIKSWINVJKMLLMUS OIIWXMWOWXeMW dPSYMPV[J�V��}AKUV
gWIJeJMPhqMPVMZLVPQUIWIUSKUVXIZVWNPMOeiMOWXMPPIJe
eXMLVYMPVrI]sMJSdSOWIRPQ_dIP�

l_IZMKUIXMZMPPITIVOOLMZIXSPV[]QLSXQKILPMPSI^MP9
NS XLV[PV[VdJMPMPV[ TMIJMWUVVKUIWIYPIRYSOWVB�
PM
WILhNIPSKIXMZMPVMNUVXQ_B�
APIVPS]MdIKSOPIOWhOWIY9
NVdUMPV[TMJIOIXJMOWVJIOWV��QLIIKUMZMLMPIAYWIIKWVJSLh9
PIMdPSYMPVMeTLSX_IZSLIKSWINVJKMLLMUSPS_IZVWO[XZVS9
KSdIPMIW��ZI��}AYWIOIIWXMWOWXeMWJSNOVJSLhPIJeKIZsM9
JeB��VKIXQqSMWg\\MNWVXPIOWhUS]IWQB�
��SNfMKUV
eTLMAUSXPIJ��}APS]LrZSrWO[JVPVJSLhPQM dPSYMPV[NSOS9
WMLhPQ_PSKU[fMPVRZL[KIUITIXQ_dPSYMPVR:A��V���jS�
�L[OPVfMPV[JSOOITS]SUVWPQ__SUSNWMUVOWVNB�
UMNIJMP9
ZeMWO[eJMPhqSWhUSOOWI[PVMJMfZedSZPVJVNUIJNSJVLIKS9
WINVJKMLLMUSVKMUMZPVJVNUIJNSJVLIKSWINZV\\edIUS O
��ZI��JJAWSNNSNgWIKIdXIL[MWeJMPhqVWhIOMXerZLVPe
NIUKeOSPSOIOS�
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cKVOSP��B9UMLSNOIJMWUPSOWILhPITIWVKSANIWIUQRKIdXIL[MWIKUMZML[WhXUMJMPSOKVP9OKVPIXIRUMLSNOS^VVKUIWIPIX

fVXQ_WNSPMR�lUMJMPSOKVP9OKVPIXIRUMLSNOS^VVKUIWIPIXdSXVO[WIWOUMZPMOWSWVOWVYMONITIYVOLSKSUSJSTPVWPQ_^MPWUIX

XVOOLMZeMJIROUMZMVAXYSOWPIOWVAIWUSfSrWUSdLVYVMVPWMPOVXPIOWVKUI^MOOIXJMWS]ILVdJSNLMWIYPQ_OWUeNWeUJQqMYPIR

WNSPVVfVUIXIRWNSPV��WIWJMWIZKIdXIL[MWUMTVOWUVUIXSWhXIdUSOWPQMVdJMPMPV[ �OSUNIKMPVr�A OX[dSPPQMO dSJMiMPVMJ

JQqMYPITIXILINPSOIMZVPVWMLhPIRWNSPhr�jIZI]PQMUMLSNOIJMWUQNIJ\IUWPQXVOKILhdIXSPVVV[XL[rWO[KMUOKMNWVXPQ9

JVZL[I^MPNVfVUIXIRVP\VLhWUS^VVJQqMYPQ_WNSPMR�
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�OKILhdIXSPVMSWIJIXUSZVISNWVXPITIeTLMUIZS9�7VPS9
]LrZMPVM dSV_ZXVfMPVMJKIdXILVLVXQ[XVWhAYWIXfVXIJ
IUTSPVdJMPSKUSXLMPPIOWhUMSN^VRJMWS]ILVdJSI]MOKMYVXS9
MWKMUVIZVYMONIMI]PIXLMPVMNLMWIYPQ_OWUeNWeU�
LMWNVONM9
LMWPIRJQqMYPIRWNSPV_SUSNWMUVderWO[NSNnZILTIfVWMLVoA
VOUINV_I]PIXLMPV[I^MPVXSrWX��LMW�cOI]MPPIOWhrOWXI9
LIXQ_NLMWIN9KUMZqMOWXMPPVNIXgWIRWNSPV[XL[MWO[WIAYWI
IPVJITeWUMSLVdIXSWhNSNJQqMYPQRA WSNVfVUIXIR WVK�
jUVYMJXIdUSOWPQJVdJMPMPV[JOIKeWOWXeMWWMPZMP^V[N]ILh9
qMRYSOWIWMfVUIXITIKMUMUIfZMPV[NLMWIN9KUMZqMOWXMPPV9
NIXV OIIWXMWOWXMPPINKI[XLMPVrfVUIXIRVP\VLhWUS^VV
JQqMYPIRWNSPV�

	SUNIKMPV[ �XIdUSOWPS[KIWMU[JQqMYPIR WNSPV v�w9v7w�
JIfMWKUI_IZVWh]Md dSJMWPQ_VdJMPMPVRNSN\IUJQAWSNV
XMOSWMLS�	WSWVOWVYMONVMZSPPQMOXVZMWMLhOWXerWIWIJAYWI

OeXMLVYMPVMJKUIZILfVWMLhPIOWVfVdPVPSOMLMPV[OSUNIKM9
PV[INSdQXSMWO[ XYVOLMKMUXQ_K[WVKUVYVPA NIWIUQMA NSN
KUSXVLIAKUVXIZ[WNLMWSLhPIJeVO_IZeZL[KIfVLQ_LrZMR�

lPSOWI[iMMXUMJ[ZL[NIPWUIL[OIIWPIqMPV[JQqMYPIR
VfVUIXIRWNSPVVOKILhderWANSNKUSXVLIA]VIgLMNWUVYMONVR
VJKMZSPOWPQRSPSLVd ������cZPSNIgLMNWUVYMONVMVJKeLh9
OQAVOKILhdeMJQMXJMWIZVNS_���AKUI_IZ[WYMUMdfVXQM
WNSPVKIKeWVPSVJMPhqMTIOIKUIWVXLMPV[AVAXdSXVOVJIOWV
IWPSOQiMPPIOWVfVXQ_WNSPMRXIZIRAIPVJITeWI]_IZVWh
fVUIXQMIWLIfMPV[VdSPVfSWhZSPPQMIPSLVYVVfVUS�jI9
TUMqPIOWhIKUMZMLMPV[fVUIXIRJSOOQJMWIZIJ���I^MPV9
XSrWX8�:z��IVWSNS[KITUMqPIOWhPefZSMWO[XKMUMKUI9
XMUNMAKIONILhNeAPSKUVJMUAUMfVJKIWUM]LMPV[XIZQ[XL[MW9
O[VOWIYPVNIJOVOWMJSWVYMONV_KITUMqPIOWMR�

�MWIZQ��BKIdXIL[rWPMdSXVOVJIUMTVOWUVUIXSWhOVT9
PSLQIWKUIWIPIXXIZQVKUIWIPIXfVUS�tWI]QNIPWUILVUI9
XSWhVJVPVJVdVUIXSWhUSdXVWVMOSUNIKMPVVv�wAKUMZOWSXL[MW


