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DMFFEEP]\P[EFKENIPOEeSEFK\fKILMOSMdNMgKEFGIPZERL[KFKQEVLI^VKfNGIfMGKLK\P[\EGV\PMeF]fSIVGIKFVGPIfGEJ#

FI[IHKKINOESE[EFK\SEhIOfMgKKfKILMOSM�iFMVGI\jEfIZRIOEMPGIOMfKOMVVfIGOEF]VIPOEfEFF]EMVNELG]IgEFLKVILOM#

GKGE[_FI^hdFLgKKfKILMOSM[EPIHIeE[dSIQLMFMIVFIPEd[_GOMRPdLIPIHIKVV[ESIPMFK\ VSINI[FKGE[_F]fKfEGISKLMfK�

`OEISI[EPM\IHOMFKQEFK\NOES]SdjEHIfEGISM,GLMFEPI^SIN[EOIHOMhKK.SPdJfEOF]^KGOEJfEOF]^)4��k2�����k� �NIRPI[\#

EGZ]VGOI.PNI[dMPGIfMGKQEVLIfOEeKfEVP]VILI^PIVNOIKRPISKfIVG_lINOESE[KG_SEhIOfMgKKfKILMOSM�mGKfEGIS]NOE#

SIVGMP[\lGdFKLM[_FdlKFhIOfMgKlIZIOKEFGMgKKPI[ILIFfKILMOSM.QGINIRPI[\EGIgEFKG_FIP]^NMOMfEGO,SEhIOfM#

gKlN[IjMSK.FMQGIOELIfEFSIPMFIIZOMGKG_PFKfMFKEOIVVK^VLKfNOIKRPISKGE[\fd[_GOMRPdLIPIHIIZIOdSIPMFK\��INI[#

FKGE[_FINOESVGMP[EF]IHOMFKQEFK\KNEOVNELGKP]SMFF]JSKMHFIVGKQEVLKJfEGISIP�
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�RdQEFKEZKIfEJMFKLKVEOSgM\P[\EGV\PMeFE^UKfPNI#
RFMFKKhdFLgKKPVE^VEOSEQFI#VIVdSKVGI^VKVGEf]PFIOfEK
NOKNMGI[IHKK�DMFEEZ][KNOESNOKF\G]NIN]GLKIgEFLKhdFL#
gKKfKILMOSMFMIVFIPEHEfISKFMfKQEVLKJKFSELVIP�cSFMLI
IFKFEFMU[KUKOILIHINOKfEFEFK\.NIVLI[_LdNIRPI[\lG
VdSKG_IVILOMGKfIVGKVEOSgMLIVPEFFIKIZ[MSMlGSIVGMGIQ#
FIFKRLI^NOIHFIVGKQEVLI^gEFFIVG_l�iFESOEFKEFELIGIO]J
fEGISKL �fMHFKGFI#OERIFMFVFM\ GIfIHOMhK\. VgKFGKHOMhK\.
GLMFEPI^SIN[EO.fEGISKLM )4��k2� ����k� ��FEVLI[_LId[dQ#
UK[IIgEFLdVILOMGKGE[_FI^hdFLgKK.GMLLMLIFKNIRPI[\#
lGFMZ[lSMG_SPKeEFKEVGOdLGdOVEOSgMPOEM[_FIfPOEfEFK�

bFMFKEMFMGIfKQEVLI^VGOdLGdO]KGOEJfEOFI^fEJMFKLK
fKILMOSM[EPIHIeE[dSIQLM�no�\P[\EGV\L[lQEP]fS[\NI#
FKfMFK\KKFGEONOEGMgKKGOEJfEOFI^SEhIOfMgKKPL[KFK#
QEVLI^NOMLGKLE�	GEFLMnoIZOMRIPMFMNINEOEQF]fKKNOI#
SI[_F]fKf]UEQF]fKPI[ILFMfK�`OISI[_F]EPI[ILFMfK#
ILMOSMnoIOKEFGKOIPMF]PNOMPIOdLI^VNKOM[KPVdZpFSI#
LMOSE K [EPIOdLI^ VNKOM[K P VdZpNKLMOSE. M NINEOEQF]E
PI[ILFM[EeMGfEeSdFKfK�

mGMV[IeFM\MFMGIfKQEVLM\VGOdLGdOMfKILMOSMIZq\VF\#
EGOMR[KQF]ERMLIFIfEOFIVGKSEhIOfMgKKfKILMOSM�

�RfEFEFKE SEhIOfMgKIFF]J JMOMLGEOKVGKL fKILMOSM
nofIeEGZ]G_NOKRFMLIfOMFFEHIIZFMOdeEFK\SKVhdFLgKK

fKILMOSMOMR[KQFI^ pGKI[IHKK r�s��JKRfEOEFKENIRPI[\EG
NOIPEVGKGINKQEVLdlIgEFLdNIOMeEFK\fKILMOSMNIV[ENE#
OEFEVEFFIHIKFhMOLGM.IgEFKG_ phhELGKPFIVG_OEPMVLd[\OK#
RMgKIFF]JPfEUMGE[_VGP.VhIOfKOIPMG_NOIHFIRS[\NMgKEF#
GIPVVEOSEQFI^FESIVGMGIQFIVG_lr�s�
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IHSMSPE VIVESFKEGIQLKfKILMOSMSPKedGV\ VOMRF]fK
VLIOIVG\fK.fKILMOSfEF\EGVPIlhIOfd�SEhIOfKOdEGV\��i
NOIGKPFIf V[dQMEfKILMOSSPKeEGV\.FIFESEhIOfKOdEGV\�

IHSM VLIOIVG_SPKeEFK\ VGEFLKfKILMOSMKRPEVGFM.fIeFI
NI[dQKG_FEVLI[_LINMOMfEGOIP�

	fEjEFKE\P[\EGV\KFGEHOM[IfVLIOIVGKPIPOEfEFKT

0

( ) .
T

T

d t dt= υ∫
�EhIOfMgK\KVLIOIVG_SEhIOfMgKKVP\RMF]VKRfEFEFK#

EfhIOf]no�
�[\ISFIfEOF]JSEhIOfMgK^.G� E� dLIOIQEFK\K[KdS[K#

FEFK\.NOIVGE^UKfKRfEOEFKEf\P[\EGV\IZ]QFM\.K[K[MHOMF#
eEPM.SEhIOfMgK\T

0

0

( )
( ) .
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cZ]QFIεKVNI[_RdEGV\PLMQEVGPEIZjENOKF\GIHIVKfPI#
[MS[\SEhIOfMgKK�bFMQEFKESEhIOfMgKK\P[\EGV\ZEROMRfEO#
F]fKfIeEGZ]G_NOESVGMP[EFIPPKSEQKV[MK[KPNOIgEFGMJ�
�[\[MHOMFeEPI^SEhIOfMgKKINOESE[\EGV\pGM[IFFM\S[KFM
1�. NILIGIOI^ZdSEGKRfEO\G_V\ PV\NIV[ESdljM\hdFLgK\
SEhIOfMgKK1�
���EhIOfMgK\NI[IeKGE[_FM\. EV[K1t1�

�IZqELGdS[KFK[V\�.KIGOKgMGE[_FM\. EV[K1u1� �dLIOIQE#
FKE���V[K1v1�.GISEhIOfMgK\OMPFMFd[l�

�VGKFFM\SEhIOfMgK\ε′ INOESE[\EGV\ V[ESdljE^hIOfd#
[I^r�sT

0

ln .
L

L
′ε =

�VGKFFM\SEhIOfMgK\KVNI[_RdEGpGM[IFFdlS[KFd.LIGI#
OM\KRfEF\EGV\NIfEOE SEhIOfMgKKIZqELGM�`IpGIfdIFM
INKV]PMEGfHFIPEFFIEKRfEFEFKES[KF]KFERMPKVKGIGLIFG#
OI[_F]JPOEfEF�`IVOMPFEFKlV[MHOMFeEPI^SEhIOfMgKE^
MfN[KGdSMKVGKFFI^SEhIOfMgKKfEF_UES[\NI[IeKGE[_F]J
SEhIOfMgK^KZI[_UES[\IGOKgMGE[_F]JSEhIOfMgK^�mGM
LIFgENgK\PNOKFgKNENOKfEFKfMLIPVEfGOEfISFIfEOF]f
�NOISI[_F]f.gKOLd[\OF]fKOMSKM[_F]f�LIfNIFEFGMfVfE#
jEFK\KSEhIOfMgKK�

iSPdJK[KGOEJKRfEOEFK\Jf]GMLeESI[eF]dQKG]PMG_
SEhIOfMgKlVSPKHM.G�E�KRfEOEFKESEhIOfMgKKPRMPKVKfIV#
GKIGdH[M��PdJfEOFM\SEhIOfMgK\PL[lQMEGP VEZ\SPEKV#
GKFF]ESEhIOfMgKKK SPE SEhIOfMgKK VSPKHM��OEJfEOFM\
fISE[_NIRPI[\EGIgEFKG_GOKKVGKFF]ESEhIOfMgKKKUEVG_
SEhIOfMgK^ VSPKHMNIIV\f��MLeEIZ\RMGE[_FI dLMR]PMG_
FMNOMP[EFKEKPE[KQKF]fMLVKfM[_FI^KfKFKfM[_FI^SEhIO#
fMgK^�

	LIOIVG_SEhIOfMgKK\P[\EGV\NOIKRPISFI^NIPOEfEFK
SEhIOfMgKKT

1c .
d

SR
dt

−ε  =  
mGIpLPKPM[EFGFIKRfEFEFKlSEhIOfMgKKFMESKFKgdPOE#

fEFK�`OIVGOMFVGPEFF]^HOMSKEFGVLIOIVGE^fKILMOSMNOES#
VGMP[\EGVIZI^VLIOIVG_SEhIOfMgKKfKILMOSM��SKFKgMVLI#
OIVGKSEhIOfMgKKKRfEO\EGV\PV,�.GMLLMLSEhIOfMgK\IGFI#
VKGE[_FM\�	LIOIVG_SEhIOfMgKKZI[EEOMPFIfEOFIOMVNOESE#
[EFM NI OMRF]f IZ[MVG\fno. GIHSM LML VLIOIVG_ GLMFK
fKILMOSMdfEF_UMEGV\IGIVFIPMFK\LMNKLM[_F]fQMVG\fno�
iNIV[ESVGPKKSEhIOfMgK\fIeEGZ]G_NI[dQEFMNdGEfKFGEH#
OKOIPMFK\NIPOEfEFKVLIOIVGKSEhIOfMgKK��E^VGPKGE[_FI.
EV[KVLIOIVG_SEhIOfMgKKKRPEVGFMPLMeS]^fIfEFGPOEfE#
FKPGEQEFKEVEOSEQFIHIgKL[M.GIIZjM\PE[KQKFMSEhIOfM#
gKKfIeEGZ]G_[EHLIOMVVQKGMFM�`I[IeKGE[_FM\ VLIOIVG_
SEhIOfMgKKIRFMQMEG.QGIS[KFMIZqELGMdPE[KQKPMEGV\.GIH#
SMLMLIGOKgMGE[_FM\VLIOIVG_SEhIOfMgKKIRFMQMEG.QGIS[K#
FMdfEF_UMEGV\��V[KS[KFMNIVGI\FFM.GIVLIOIVG_SEhIOfM#
gKKOMPFMFd[l�	[ESIPMGE[_FI.IZMPKSMSEhIOfMgKK\P[\#
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lGV\KRfEOEFKEfSEhIOfMgKKIGFIVKGE[_FIpGM[IFFIHIVIVGI#
\FK\.VLIOIVG_SEhIOfMgKK\P[\EGV\fHFIPEFF]fRFMQEFKEf�


IHSM VLIOIVG_SEhIOfMgKKOMVVQKGMFMS[\LMeSI^POE#
fEFFI^GIQLK.SEhIOfMgKlfIeFIFM^GKLMLKFGEHOM[NIPOE#
fEFKIGVLIOIVGKSEhIOfMgKKT

0

.
T

T

d
dt

dt

ε′ε = ∫
�EhIOfMgK\ VEOSgM.LMLK[lZIHIGOEJfEOFIHIIZqELGM.

NOIKVJISKGPGOEJN[IVLIVG\J�ipJILMOSKIHOMhKKNILMRMGE#
[KSEhIOfMgKK GOMSKgKIFFIINOESE[\lGPNOISI[_FI^ �IG
PEOJdULKSIIVFIPMFK\�.OMSKM[_FI^�NIOMSKdVdLgEFGOd�K
gKOLd[\OFI^ �PSI[_NINEOKfEGOdILOdeFIVGK� N[IVLIVG\J
�#����[��
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iFMVGI\jEEPOEf\VdjEVGPdEGFEVLI[_LIGEJFI[IHK^.NI#
RPI[\ljKJIVdjEVGPKG_LI[KQEVGPEFFdlIgEFLdSEhIOfMgKK
fKILMOSM�DMVVfIGOKfFELIGIO]EGEJFI[IHKKNISOIZFEE�
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�LMFEPM\SIN[EOIHOMhK\S[\pJILMOSKIHOMhKQEVLI^IgEF#
LKhdFLgKKfKILMOSMZ][MPNEOP]EINKVMFMP�BCBHISdKNOI#
KRPE[MOEPI[lgKlPLI[KQEVGPEFFI^IgEFLEhdFLgKKfKILMO#
SMrAs�w[_GOMRPdLIPM\SIN[EOIHOMhK\IVFIPMFMFMIZFMOdeE#
FKKVSPKHMQMVGIG]d[_GOMRPdLIP]JVKHFM[IP.IGOMeEFF]JIG
SPKeEFK\ IZqELGM�cVFIPF]fNOKFgKNIf \P[\EGV\ GI. QGI
LOIP_KfEEGP]VILdlVLIOIVG_�IZ]QFIP]UE��Vf'V�.FIFKR#
LdlN[IGFIVG_.QGINOKPISKGLFKRLI^KFGEFVKPFIVGK�MfN[K#
GdSE�IGOMeEFF]JVKHFM[IP��LMF_KfEEGP]VILdlN[IGFIVG_.
QGINOKPISKGL VKHFM[MfP]VILI^KFGEFVKPFIVGK.FIFKRLI^
VLIOIVGK�IZ]QFIFKeE��Vf'V��DMRFKgMPNOK[IeEFK\J.KV#
NI[_RdEf]JS[\SPdJFMZIOIPVKHFM[IP.RML[lQMEGV\H[MPF]f
IZOMRIf P OMR[KQK\J P hK[_GOMgKK. NOKfEFEFKKhK[_GOM
PEOJFKJQMVGIGPSIN[EOIPVLIfNIGILEKhK[_GOMFKeFKJQMV#
GIGPGLMFEPIfSIN[EOE�

�MFFM\fEGISKLMNIRPI[\EGOMVVQKG]PMG_ V[ESdljKELI#
[KQEVGPEFF]ENMOMfEGO]T VLIOIVGF]E.[KFE^F]E �MfN[KGdSM
VKVGI[KQEVLIHI VfEjEFK\�. POEfEFF]E �NOISI[eKGE[_FIVG_
hMRLMOSKIgKL[M�.MGMLeEVLIOIVG_KMfN[KGdSdSEhIOfMgKK
fKILMOSM�cFKfIHdGZ]G_ RMOEHKVGOKOIPMF]POEeKfEOE#
M[_FIHIPOEfEFKNIVOESVGPIfKfNd[_VFI#PI[FIPIHIOEeKfM
�<x#&WX�K[K MPGIFIfFI.NIVOESVGPIf GLMFEPIHIgPEGFIHI
SIN[EOIPVLIHILMOGKOIPMFK\ �"&WX��

DMVQEG HOMSKEFGM VLIOIVGKfKILMOSM �(=y�NIRPI[\EG
IgEFKG_SPKeEFKEVGEFLKnoFERMPKVKfIIGNIVGdNMGE[_FIHI
SPKeEFK\VEOSgMT

1 2 1( )
(c ) cos ,

V V
MVG

d
− −= × θ
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HSE�6�,6��,OMRFKgMVLIOIVGE^z�,OMVVGI\FKEfEeSdSPdf\
KRfEOEFF]fKGIQLMfKz��)θ,LIVKFdVdH[MfEeSdd[_GOMRPd#
LIP]f[dQIfKFMNOMP[EFKEfSPKeEFK\fKILMOSM�

�EGISKLMW&XKfEEGO\S VEO_ERF]JIHOMFKQEFK^PNOML#
GKQEVLIfN[MFETRMPKVKfIVG_IGdH[MVLMFKOIPMFK\�EV[KdHI[
VLMFKOIPMFK\NOEP]UMEG��{. GIZdSEGFESIIgEFLM VLIOIVGK
FMA|� r�szOEPEOZEOMgKK.MOGEhMLG]ZILIPI^SI[K.IV[MZ[E#
FKEpJIVKHFM[MRFMQKGE[_FIRMFKeMlGSMFF]EVLIOIVGKSPK#
eEFK\dQMVGLIPfKILMOSM.QGINOKPISKGL RFMQKGE[_F]fNI#
HOEUFIVG\fKRfEOEFK\z RMPKVKfIVG_fKILMOSKM[_F]JVLIOI#
VGE^ IG OMVNI[IeEFK\ VEHfEFGM� �IQFIE hIOfKOIPMFKE
KRIZOMeEFK^&WXSINI[FKGE[_FI GOEZdEG P]VILI^QMVGIG]
LMSOIP �ZI[EE���LMSO'V�S[\NI[dQEFK\KRIZOMeEFK^VNOE#
PIVJISF]fPOEfEFF]fOMROEUEFKEfrAs�
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iFMVGI\jEEPOEf\FMKZI[EENOESNIQGKGE[_FI^\P[\EGV\
fEGISKLMY&0.LIGIOM\NIRPI[\EGPMPGIFIfFIfOEeKfEOMV#
VQKGMG_RFMQEFK\SEhIOfMgKKfKILMOSM.KVNI[_Rd\VIPEOUEF#
FISOdHI^M[HIOKGf��KNKQF]EFEIZOMZIGMFF]ESMFF]ENOES#
VGMP[\lGVIZI^POEfEFFdlNIV[ESIPMGE[_FIVG_KRIZOMeEFK^
Pi#OEeKfE�LMSO]���[\IgEFLKSPKeEFK\GLMFKKVNI[_RdEGV\
NILMSOIPIE IGV[EeKPMFKE KRIZOMeEFK\� w[_GOMRPdLIPIE
KRIZOMeEFKEGLMFKVISEOeKGfFIHIfE[LKJp[EfEFGIP,EVGE#
VGPEFF]JMLdVGKQEVLKJfMOLEOIP.LIGIO]ESPKHMlGV\PfEVGEV
GLMF_l�mGKEVGEVGPEFF]EMLdVGKQEVLKEfMOLEO]NOESVGMP[\#
lGVIZI^VGMZK[_F]EMLdVGKQEVLKEN\GFM.VGMGKVGKQEVLKOMP#
FIfEOFIOMVNOESE[EFF]EPfKILMOSE�DMRfEOLMeSIHIN\GFM
VIVGMP[\EGIG��SIA�NKLVE[E^�GIQEL��`I[IeEFKELMeSIHI
N\GFMINOESE[\EGV\KGIQFINOIV[EeKPMEGV\PNIV[ESIPMGE[_#
F]JLMSOMJr/s�}EIfEGOKQEVLIEVfEjEFKELMeSIHIN\GFMNOES#
VGMP[\EG[ILM[_FIESPKeEFKEGLMFK��RPEVGFM\QMVGIGMLMS#
OIPNIRPI[\EGINOESE[KG_VLIOIVG_KJVfEjEFK\��MLKfIZOM#
RIf.LMOGKFMSPKeEFK\GLMFKfKILMOSMIGOMeMEGV\LMOGKFI^
SPKeEFK\N\GEF�#����\��cGV[EeKPM\KJ.fIeFIOMVVQKGMG_VLI#
OIVG_.SEhIOfMgKl. VLIOIVG_SEhIOfMgKKKNMOMfEGO]POM#
jEFK\no�

`OIPESEFKESMFFI^fEGISKLKNIP]QKV[EFKlSEhIOfMgK#
IFF]JJMOMLGEOKVGKLGEJFKQEVLKRFMQKGE[_FINOIjE.QEf&WX�
bMNKV_LKFINEG[K.PESEGV\VP]VILI^QMVGIGI^LMSOIP.INGK#

fM[_FI/�������LMSO'V�cZOMZIGLMd[_GOMRPdLIP]JKRIZOMeE#
FK^NOIPISKGV\POEeKfE�!!2� ��

`IVOMPFEFKlV&WXY&0\P[\EGV\dHI[FERMPKVKfI^fEGI#
SKLI^.FEGOEZdEGP]VILI^QMVGIG]LMSOIP.FERMPKVKGIGph#
hELGMNISG\HKPMFK\.IZ[MSMEGZI[_UI^PIVNOIKRPISKfIVG_l
SMFF]Jr>s�

cVFIPFIEIHOMFKQEFKEY&0,FELIOOELGF]^MFM[KRNMOM#
fEGOIPNOKNI[dQEFKKFEdSIP[EGPIOKGE[_FIHILMQEVGPMPKRd#
M[KRMgKKVEOSgMzRMGOdSFEFKEIgEFLKPEOJdUEQF]JVEHfEFGIP
NOKdPE[KQEFKKLMfEOnozVGMgKIFMOF]^phhELGOEPEOZEOM#
gKKKP]NMSEFKESMFF]J.NOKPIS\jKELFELIOOELGFIfdOMVQE#
GdSEhIOfMgKIFF]JNILMRMGE[E^zIGVdGVGPKEESKFIHIM[HIOKG#
fMP]QKV[EFK\SMFF]JSEhIOfMgKKdOMRF]JNOIKRPISKGE[E^
wb�#VLMFEOIP rCs�

��"#������$�����!

�EJMFKLMnoNIVPIE^NOKOISE\P[\EGV\GOEJfEOF]f\P#
[EFKEf.NIVLI[_LdfKILMOSKM[_F]EPI[ILFMKfElGV[IeFdl
NOIVGOMFVGPEFFdlIOKEFGMgKl rBsK VeKfMlGV\ISFIPOEfEF#
FIPOMRF]JFMNOMP[EFK\J��MLKfIZOMRIf.S[\EEGIQFI^IgEF#
LK GOEZdEGV\fEGIS GOEJfEOFI^ PKRdM[KRMgKK�iNIV[ESFKE
HIS]S[\ KRfEOEFK\ SEhIOfMgKKZ][ PFESOEF GOEJfEOF]^
VNEL[#GOELKFH ��WY&0�.LIGIO]^VGM[ZI[EEhKRKI[IHKQEVLK
IZIVFIPMFF]fKFVGOdfEFGIfS[\MFM[KRMV[IeFI^fEJMFKLK
no.NOEISI[EPM\NOKVdjKE�WY&0IHOMFKQEFK\��R#RMNOE#
PIVJISVGPM.IZEVNEQKPMEfIHISIZMP[EFKEfGOEG_EHIKRfEOEFK\
S[\MFM[KRMSEhIOfMgKKfKILMOSM.�WY&0KfEEGNIGEFgKM[
VGMG_RI[IG]fVGMFSMOGIfS[\IgEFLKVKVGI[KQEVLI^hdFLgKK
noPZ[KeM^UEfZdSdjEfr��s�

`IV[ESIPMGE[_FIVG_MFM[KRMFMZIOM�W#SMFF]JFMQKFMEGV\
VMPGIfMGKQEVLI^HEFEOMgKKIZ[MVGKKFGEOEVM�~�X�KRVEGLK
pFSILMOSMK pNKLMOSM �KVNI[_RdEfI^ GMLeES[\ �W#OMVQEGM
IZqEfMKfMVV]no�.NIV[EQEHIV[ESdEGMPGIfMGKQEVLIEOMR#
SE[EFKEnoFM�>#VEHfEFGFdlfISE[_�
MeSM\~�XVISEOeKG
LdZ]VINOESE[EFF]fKGOEJfEOF]fKVGOdLGdOMfKEVGEVGPEF#
F]JMLdVGKQEVLKJfMOLEOIP.LIGIO]EVINIVGMP[\lGV\KKjdG#
V\PVEOSEQFIfgKL[EVNIfIj_lM[HIOKGfM�WY&0#NOIgEVVM.
FMR]PMEfIHI�VINIVGMP[EFKEZ[ILIP��#����]��

�[HIOKGf �WY&0OMVVQKG]PMEG VIPNMSEFK\ K P]\P[\EG
[lZ]EFEGIQFIVGK. dSM[\\KJNEOESP]NI[FEFKEfNOIVGOMF#

����� 1�� ������ ���������
���� �����
������� �2������� 13456�� �������	
���� �������78� 
	������	�8� �
�	���

�����	
�������8�����
�
+



�A �������	
�������
��������������

�����9����������8�����������������	�:��	���
��
�;<=:
��
�
��>?0"0*( �6 0-%*$-�@$A$'�6BCD����2�����7��
��7+

VGPEFFIHIdVOESFEFK\OERd[_GMGIP�bMGEfOERd[_GMG]VINIVGMP#
[\lGV\VIVOESFE^VEGLI^fKILMOSM.GMLQGIhIOfMfISE[KVEG#
LKnofIeEGZ]G_IZFIP[EFMS[\PVEJLMSOIP�
I[KQEVGPEF#
F]EOERd[_GMG]SEhIOfMgKKnoNI[dQMlGKRpGI^fISE[KVEG#
LKr��s�

�WY&0,pGIfEGISpLIFIfKKPOEfEFK.GMLLMLIFNIRPI[\EG
P]QKV[\G_PVENMOMfEGO]GOEJfEOFI^SEhIOfMgKKnoKRIS#
FIHIFMZIOMIZqEfF]JSMFF]JKNIRPI[\EGKRZEeMG_IUKZIL.
P]RPMFF]JKRfEFQKPIVG_lVEOSEQFIHIOKGfM.LIGIO]EfIHdG
PIRFKLFdG_NOKFEIZJISKfIVGKfFIHILOMGFIHINI[dQEFK\SMF#
F]J.LMLPV[dQME�WY&0r��s��VNI[_Rd\�WY&0#MFM[KR.fIeFI
INOESE[KG_LI[KQEVGPEFFIE RFMQEFKEN[IjMSKSEhIOfMgKK,
FIP]^NMOMfEGO.LIGIO]^IGOMeMEGIGFIVKGE[_FIEKRfEFEFKE
N[IjMSK�cFIZqESKF\EGphhELGLMLNOISI[_FIHI.GMLKgKOLd#
[\OFIHI VILOMjEFK^�`[IjMS_SEhIOfMgKKOMVVQKG]PMEGV\
NdGEfKRfEOEFK\N[IjMSKVEHfEFGMPLIFgESKMVGI[]'��KP
LIFgEVKVGI[]'��VKVNI[_RIPMFKEfhIOfd[]
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`IVLI[_LdN[IjMS_SEhIOfMgKK\P[\EGV\OERd[_GMGIfVI#
QEGMFK\SPdJPKSIPSEhIOfMgKK.EEfIeFIOMVVfMGOKPMG_LML
KFGEHOM[_F]^NMOMfEGOSEhIOfMgKKr��s.QGISE[MEGpGIGNI#
LMRMGE[_NOKP[ELMGE[_F]fS[\KRdQEFK\VdZL[KFKQEVLI^SKV#
hdFLgKKno�

iFEVLI[_LKJKVV[ESIPMFK\J�WY&0NILMRM[P]VILdlPIV#
NOIKRPISKfIVG_SMFF]Jr�As��EhIOfMgK\N[IjMSK.dFKLM[_#
FM\S[\�WY&0.NI#PKSKfIfd.IZ[MSMEGFMK[dQUE^PIVNOIKR#
PISKfIVG_lVOESKPVEJNMOMfEGOIPGOEJfEOFI^SEhIOfMgKK�
`IVOMPFEFKlV�WY&0PIVNOIKRPISKfIVG_�WY&0pLPKPM[EF#
GFMK[KP]UE.IVIZEFFIS[\OMSKM[_FI^KgKOLd[\OFI^SE#
hIOfMgK^ r��s�

iL[KFKQEVLKJKVV[ESIPMFK\J�W#K�W#H[IZM[_FM\NOISI[_#
FM\SEhIOfMgK\NILMRM[MGEVFdlLIOOE[\gKl�5v�.>�T�.B��.
ISFMLI RFMQEFK\VEHfEFGMOFI^SEhIOfMgKKNILMRM[KGI[_LI
dfEOEFF]ELIOOE[\gKK�5v�.A�T�.AB�S[\NOISI[_F]JKgKO#
Ld[\OF]J RFMQEFK^KFKRLKE ,S[\OMSKM[_FI^SEhIOfMgKK
�5v�.�A�r��s.r�/s��OEJfEOFM\H[IZM[_FM\gKOLd[\OFM\SEhIO#
fMgK\GMLeENILMRM[MJIOIUdlLIOOE[\gKlV�D�r�>s�cS#
FMLIV[ESdEGNISQEOLFdG_.QGIRFMQEFK\SEhIOfMgKK.NI[dQEF#
F]ENIVOESVGPIfOMR[KQF]JfEGISIPPKRdM[KRMgKK.FE\P[\#
lGV\PRMKfIRMfEF\Ef]fK�

cVFIPF]fFESIVGMGLIf�WY&0\P[\EGV\ EHI RMPKVKfIVG_
IGINGKfM[_FIHILMQEVGPMKRIZOMeEFK\VSIVGMGIQFI^QMVGI#
GI^LMSOIP.QGIGOEZdEG VNEgKM[_FI^NISHIGIPLKKFMP]LIP
KVV[ESIPMGE[\��EfM[IPMeF]f\P[\EGV\VIGOdSFKQEVGPIVNM#
gKEFGMfKS[\dSEOeMFK\S]JMFK\.QGIIHOMFKQKPMEG EHIP]#
NI[FEFKEdFELIGIO]JNMgKEFGIP��][INILMRMFI.QGIINGK#

fM[_FM\QMVGIGMLMSOIPS[\�WY&0VIVGMP[\EGIG��SI��LMSO'V
KQGIGOEJfEOF]^MFM[KRSEhIOfMgKK.P]NI[F\Ef]^NOKQMV#
GIGELMSOIPFKeE�CLMSO'V.NOKPESEGLRFMQKGE[_FI^FESIIgEF#
LEPE[KQKF]SEhIOfMgKKr��s�

�OdHKEIHOMFKQEFK\IGFIV\GV\LIGSE[_F]fNOIHOMffF]f
NMLEGMf�WY&0K PL[lQMlGP VEZ\T FEPIRfIeFIVG_OdQFI^
LIOOELGKOIPLKNI[IeEFK\~�XNIV[EIGV[EeKPMFK\S[\INGK#
fKRMgKKIgEFLKSEhIOfMgKKzIGVdGVGPKEMPGIfMGKQEVLI^NOI#
PEOLKLMQEVGPMIGV[EeKPMFK\VNEL[IPzIGVdGVGPKEPIRfIeFIV#
GKKVL[lQKG_N[IJIIGV[EeKPMEf]EVEHfEFG]KRP]QKV[EFK\
H[IZM[_F]JRFMQEFK^SEhIOfMgKKINEOMGIOIf�

cSFMLIIVFIPF]fNOEN\GVGPKEfS[\ZI[EEUKOILIHIKV#
NI[_RIPMFK\�WY&0\P[\EGV\ZI[_UM\PMOKMZE[_FIVG_KRfE#
OEFK^SEhIOfMgKK.KVNI[_RdEf]JM[HIOKGfIPKINOESE[EFK^.
MGMLeEFIOfMGKPF]JRFMQEFK^VOESKNOIKRPISKGE[E^r�Cs�

iIRfIeFIVGK�WY&0FEIHOMFKQKPMlGV\KRdQEFKEfNMOM#
fEGOIPSEhIOfMgKK.KdeENI\PK[KV_NOIHOMffF]EOEUEFK\
S[\IgEFLKFIPIHINILMRMGE[\,OMZIG]fKILMOSM�(x�.LI#
GIO]^dQKG]PMEGSMP[EFKEPno�
MLFMfNOESVGMP[\EGV\.Zd#
SdjKEOMROMZIGLKKPFESOEFKE(xP�W#PKRdM[KRMgKlNIRPI#
[\GdQKG]PMG_HEIfEGOKlno.GI[jKFdVGEFLKK[ILM[_F]E
OMSKdV]LOKPKRF]no.QGINIRPI[KGNI[dQKG_ZI[EENI[Fdl
KFhIOfMgKl I RMPKVKfIVGK VILOMGKGE[_FI^ VNIVIZFIVGK
fKILMOSMIGNIVGFMHOdRLKFMno�

����������

`OKMFM[KRE L[KFKQEVLKJ PM[KSMgKIFF]JKVV[ESIPMFK^
V[ESdEGKfEG_PPKSd.QGIFEVdjEVGPdEGVIH[MVIPMFFIHIVGMF#
SMOGMS[\KRfEOEFK\SEhIOfMgKKfKILMOSMKVOMPFEFKEfIe#
FINOIPISKG_GI[_LIVNIfIj_lISFIHIKR VdjEVGPdljKJP
FMVGI\jEEPOEf\fEGISIPS[\IgEFLKhdFLgKKfKILMOSMno�
cGV[EeKPMFKE VNEL[IP, pGIOEM[_FIVG_P pJILMOSKIHOMhKK�
`OIVG]ENOIGILI[]VZIOMSMFF]JKFIP]ENMLEG]IZOMZIGLK
VSE[M[KSIVGdNF]fMFM[KRSEhIOfMgKKPNIPVESFEPFI^L[K#
FKQEVLI^NOMLGKLE�DIVVK^VLKfNOIKRPISKGE[\fd[_GOMRPdLI#
PI^ GEJFKLK KfEEG Vf]V[ OMROMZIGMG_ K dVGMFIPKG_ NOI#
HOMffFIEIZEVNEQEFKEY&0PPKSdGIHI.QGIfEGISKLMSMEGLMO#
SKI[IHMfNIGEFgKM[_FdlP]HISdIGFMSEeFI^.Z]VGOI^K[EH#
LI PIVNOIKRPISKfI^SKFMfKLKSPKeEFK\ VGEFILfKILMOSM�
�WY&0,FMKZI[EEMLGdM[_F]^fEGISPKRdM[KRMgKKS[\IgEF#
LKSEhIOfMgKKfKILMOSM.LIGIO]^IZEjMEGRFMQKGE[_FINI#
P]VKG_GIQFIVG_KPIVNOIKRPISKfIVG_MFM[KRMhdFLgKKno
NIVOESVGPIf pJILMOSKIHOMhKK. M GMLeE VFKRKG_ VdZqELGKP#
FIVG_PPKRdM[_FI^KFGEONOEGMgKKOEHKIFM[_FIHISPKeEFK\
VGEFLKr�Bs�DMRdfEEGV\.FEIZJISKf]SM[_FE^UKEL[KFKQEVLKE
KVN]GMFK\KFMSEeF]ESILMRMGE[_VGPMVKVNI[_RIPMFKEfpGI^
fEGISKLK.QGIZ]INGKfKRKOIPMG_EEL[KFKQEVLIENOKfEFEFKE
KP]\PKG_NOEKfdjEVGPMNIVOMPFEFKlVSOdHKfKfEGISMfK�
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