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� � � � �
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� � �

ρ ϕ

ρ ϕ

= ϕ − ϕ  
 

= ϕ + ϕ  
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T T
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= + =

= α − ϕ + α − ϕ

� � �

� � � � � � � � � �
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\]HG^DEHE_I�WVG^JHMI�`JF^� DVDM�MVDF^�aMDWVHMHF

WVbHMFI� VDM� `JOMU]� _IMO� JH� VPJVFJEH� VHO� DEGcMF

FMG^HEUEb]� VI�WEFEDI� dED� F^M� MUMGFDJG� VGF_VFEDI� VHO

bMHMDVFEDI�Ed�MUMGFDJGVU�aE`MD�I]IFMWI��e^MIM�WVG^JHMI

VDM�aDEWJIJHb�dED�_IM�VI�F^M�WVJH�VJDGDVdF�bMHMDVFEDI�`JF^

V�^Jb^� UMPMU�Ed�MUMGFDJdJGVFJEH� JH� F^M�fg�aE`MD�I_aaU]

I]IFMW� Ed� JHGDMVIMO� PEUFVbM� �67� h�� e^M]� VDM

G^VDVGFMDJiMO� j]� V� UVDbM� PVDJMF]� Ed� OMIJbHI0� WEIF

JWaEDFVHF�Ed�`^JG^�VDM�PMDIJEHI�`JF^�DVOJVU�ED�FVHbMHFJVU

WVbHMFJiMO� aMDWVHMHF�WVbHMF� VHO�HEHWVbHMFJG� ED

jJWMFVUUJG�^EUOMD��gEHIFVHFU]�JHGDMVIJHb�OMWVHOI�FE�F^M

WVII.MHMDb]� aMDdEDWVHGM� Ed� VPJVFJEH� I]HG^DEHE_I

WVG^JHMI�`JF^�DVDM�MVDF^�aMDWVHMHF�WVbHMFI0�FE�JWaDEPM

F^M�k_VUJF]�Ed�F^MJD�OMIJbHI0�F^M�OMPMUEaWMHF�FJWM�VHO

GEIF�DMO_GFJEH�VDM�WMF�j]�GEHFJH_E_I�JWaDEPMWMHF�Ed

OMIJbH�WMF^EOI� VHO�OMIJbH� FMG^HJk_MI� jVIMO� EH� F^M

GVUG_UVFJEH�VHO�VHVU]IJI�Ed�MUMGFDEWVbHMFJG�dJMUOI�JH�F^MJD

VGFJPM�iEHMI�

lVFJEHVU�GEWjJHVFJEH�dED�MUMGFDEWVbHMFJG�dJMUOI�JH

VGFJPM�iEHMI�VHVU]IJI�JI�FDVOJFJEHVU�WMF^EOI�jVIMO�EH�F^M

WEOMUI�`JF^� U_WaMO�aVDVWMFMDI� FEbMF^MD�`JF^� GJDG_JF

F^MED]�VHO�GEWa_FMD� FMG^HEUEbJMI�Ed�H_WMDJGVU� dJHJFM

MUMWMHFI�VHVU]IJI�jVIMO�EH�F^M�WEOMUI�`JF^�OJIFDJj_FMO

aVDVWMFMDI�VHO� dJMUO� F^MED]��eDVOJFJEHVU�WMF^EOI�VHO

GDMVFMO�EH�F^MJD�jVIJI�j]�`V]�Ed�IMFFJHb�DMUVFJPMU]�IJWaUM

VHO�MVIJU]�EjIMDPMO�WVF^MWVFJGVU�JHFMDDMUVFJEHI�jMF`MMH

JHa_F� bMEWMFD]� VHO�`JHOJHbI�aVDVWMFMDI�`JF^�E_Fa_F

MHMDb]� aVDVWMFMDI� HM`� OMIJbH�WMF^EOEUEbJMI� VUUE`

k_JGcU]� VHO� IEUPM� F^M� aDEjUMW�Ed� JHJFJVU� VGFJPM� iEHM

bMEWMFD]�Ed�VH�MUMGFDJG�WVG^JHM�VHO�aVDVWMFMDI�Ed�JFI

`JHOJHbI� IMUMGFJEH� `JF^� VH� VGG_DVG]� I_ddJGJMHF� dED

MHbJHMMDJHb�VHVU]IJI��mM�_IMO�H_WMDJGVU�WMF^EOI� dED

MUMGFDEWVbHMFJG�dJMUOI�PMDJdJMO�VHVU]IJI�VHO�EaFJWJiVFJEH0

`^MDM�aVDVWMFMDI�EjFVJHMO�`JF^�FDVOJFJEHVU�WMF^EOI�VDM

IMF�VI�F^M�IFVDFJHb�aEJHF�

eDVOJFJEHVU�WMF^EOI�Ed�I]HG^DEHE_I�WVG^JHMI�OMIJbH

VHO�WVG^JHMI�`JF^� DVDM� MVDF^�aMDWVHMHF�WVbHMFI� JH

aVDFJG_UVD� VDM�jVIMO�EH�V�H_WjMD�Ed� VII_WaFJEHI�VHO

I]IFMW�Ed�GVUG_UVFJEH�GEMddJGJMHFI�UJHcJHb�F^M�aVDVWMFMDI

Ed� V� DMVU� OJIFDJj_FMO� VGFJPM� iEHM�WEOMU�`JF^� U_WaMO

aVDVWMFMDI� Ed� MUMGFDJGVU� VHO� WVbHMFJG� GJDG_JFI�� LED

=D=EFGHI=EI=EIJE=GHKDKLM=NDOGHILHOEPHD=IGHQORKDOKL
SFDITUKDKJSM=ITHDOSVHGTWOUM=DODGM=NDOGS

RXYABZ[\ZS�Q� !"R\CX]^X]_`�S� "aYbcd]CX\ZU�Q�+

#k����l[J������Z�����"��)^�������X�������m��J�����W,-

k[Z-2-n���O�����O��������-k����l-[345-o\`39-#:;<<9-X"����
: �V!���������p���q�Q"���"r\"O���s-

:9Q-`���O��!�J ���F-!tMu52-k����l-#:;:42-X"����
G�3����HI�"��J��JK�JL���M���F�"

MnVWaUM0� MnGJFVFJEH� dJMUO�Ed� I]HG^DEHE_I�WVG^JHMI� JI

GEWWEHU]� G^VDVGFMDJiMO� j]� V� I]IFMW�Ed� GVUG_UVFJEH

GEMddJGJMHFI� 0 0
P

O OΦ δα ��� Q
O 0�OMFMDWJHMO�jVIMO�EH�F^M

VHVU]IJI� Ed� MnGJFVFJEH� `JHOJHb� F`E.OJWMHIJEHVU

WVbHMFEIFVFJG�dJMUO�ED�aMDWVHMHF�WVbHMFI�JH�F^M�IWEEF^

`EDcJHb�bVa�jDE_b^F�dEDW�F^M�VDWVF_DM�IJOM�`JF^�HEH.

IVF_DVFMO� VDWVF_DM� VHO� JHO_GFED� WVbHMFJG� GEDMI�

\VF_DVFJEH� GEHIJOMDVFJEH� JI� GVDDJMO�E_F0� VI� V� D_UM0� j]

IMaVDVFM�JHFDEO_GFJEH�Ed�PVDJE_I�GEDDMGFJEH�dVGFEDI�

oH�MddMGFJPM�WMF^EO�dED�OMFMDWJHJHb�F^M�GVUG_UVFJEH

GEMddJGJMHFI�Ed�I]HG^DEHE_I�WVG^JHMI�JI�F^M�WMF^EO�Ed

^VDWEHJG�VHVU]IJI�Ed�WVbHMFJG�dJMUOI�JH�VGFJPM�iEHMI�Ed

MUMGFDEWMG^VHJGVU�GEHPMDFMDI��e^M�VDFJGUM�aDMIMHFI�HM`

VHVU]FJGVU� IEU_FJEHI�EjFVJHMO� dED� F^M�WVbHMFJG� dJMUO� JH

F^M�VGFJPM�iEHM�Ed�I]HG^DEHE_I�WVG^JHMI�`JF^�DVDM�MVDF^

aMDWVHMHF�WVbHMFI�j]�^VDWEHJG�VHVU]IJI��e^M�aDEjUMW

Ed� GVUG_UVFJHb� F^M� WVbHMFJG� dJMUO� bMHMDVFMO� j]� F^M

aMDWVHMHF� WVbHMFI� Ed� IMGFED� dEDW� `JF^� V� GEHIFVHF

OJDMGFJEH� VHO� WVbHJF_OM� Ed� WVbHMFJiVFJEH0� UEGVFMO

jMF`MMH� F^M� F`E�G]UJHODJGVU� dMDDEWVbHMFJG� VDMVI�`JF^

JHdJHJFM� aMDWMVjJUJF]�`VI� IEUPMO� JH�aEUVD� GEEDOJHVFMI

I]IFMW��e^M� DMI_UFJHb� IEU_FJEH� VUUE`I� OMFMDWJHM� F^M

MnGJFVFJEH�WVbHMFJG�dJMUOI�VHO�GVUG_UVFM�GEMddJGJMHFI�Ed

I]HG^DEHE_I�WVG^JHMI�`JF^�aMDWVHMHF�WVbHMFI�Ed�IMGFED

F]aM0�VI�`MUU�VI�aDJIWVFJG�VHO�GJDG_UVD�dEDWI�`JF^�F^MJD

VUUEGVFJEH� EH� F^M� DEFED� VHO� dVIFMHJHb� F^MW� `JF^

HEHWVbHMFJG�^EUOMD0�VI�`MUU�VI�DMPMDIMO�IFD_GF_DM��oUIE0

F^M� aDEjUMW� Ed� F^M� WVbHMFJG� dJMUOI� GVUG_UVFJEH� Ed

MnGJFVFJEH� VHO� VDWVF_DM� DMVGFJEH� Ed� I]HG^DEHE_I

WVG^JHM� `JF^� aMDWVHMHF� WVbHMFI� VHO� V� jJWMFVUUJG

^EUOMD�`JF^�VUFMDHVFJHb�WVbHMFJG�VHO�HEHWVbHMFJG�VDMVI

`VI�IEUPMO��e^M�IEU_FJEHI�aDMIMHFMO�JH�F^M�VDFJGUM�`MDM

G^MGcMO�j]�GEWaVDJHb�F^M�GVUG_UVFJEH�DMI_UFI�`JF^�F^M

DMI_UFI�Ed�H_WMDJGVU�dJHJFM�MUMWMHF�VHVU]IJI��e^M�DMI_UFI

WJIWVFG^�^MDM`JF^�OEMI�HEF�MnGMMO��Z�

a\efgAh?i�VHVU]FJGVU�IEU_FJEH�Ed�F^M�WVbHMFJG�dJMUO
aDEjUMW0�WMF^EO�Ed�^VDWEHJG�VHVU]IJI�Ed�VGFJPM�iEHMI0

GVUG_UVFJEH�GEMddJGJMHFI�Ed�I]HG^DEHE_I�WVG^JHMI�`JF^

DVDM� MVDF^�aMDWVHMHF�WVbHMFI0� HEHWVbHMFJG� ^EUOMD0

jJWMFVUUJG�^EUOMD�
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�� p_iqWJG^MP� l�h�0� rMPJH� f�h�0� sJI]_FJH� l�t_�0

uMG^Jc^JH� v�\�� n�����O k��O�J�O�q� �J���������q�

������"��0��7��0�PEU���A0�HE���0�aa���S.Q��

�� wPVHEP.\WEUMHIcJJ� o�h�� ���O�������O�� ������W

(xUMGFDJGVU�WVG^JHMI+0�sEIGE`0�xHMDbJ]V0��SA70�S�A�a�

�� uMG^Jc^JH� v�\�� �����������O�� ������W �������v�WO�

�!!�����JFo����������O�������I�O��J�WO�I���(xUMGFDJGVU

WVG^JHMI� dED� VJDGDVdFI�� yVDWEHJG� VHVU]IJI� Ed� VGFJPM

iEHMI+0�sEIGE`0�sVI^JHEIFDEMHJM0��SA�0��QS�a�

Q� uMG^Jc^JH� v�\�0� p_aDJ]VHEP� o�f�0� \]DEMi^cJH� x�h�

������������J�0��77�0�HE��@0�aa����.6��

@� p_aDJ]VHEP� o�f� [J������I���J����� !���O����J����

���������O��������O�O�!���M��I�J�������J�IM"I� �����

�� �� O�I����v�WO� !����W���WO� ��q����J

(xUMGFDEWMG^VHJGVU�GEHPMDFMDI�`JF^�MnGJFVFJEH�dDEW�DVDM

MVDF^�aMDWVHMHF�WVbHMFI�V_FEWVFMO�OMIJbH+0�fEGFEDqI

F^MIJI0�sEIGE`0�sow0��77Q0��Q7�a�

�� uMG^Jc^JH� v�\�0� u^_DVPUMP� \�h�0� \JFJH� f�o�

������������J�0��77S0�HE���0�aa���@.Q7�

6� \JFJH�f�o�k�q����W�������W���O�����WO������������O�O�

������ � �� O�I����v�W�� !����W���W�� ��q������ �

!�JW����������������J��������W��(sVbHMFJG�I]IFMWI�Ed

I]HG^DEHE_I� MUMGFDJGVU� WVG^JHMI� `JF^� DVDM� MVDF^

aMDWVHMHF�WVbHMFI�VHO�^Jb^MD�DEFVFJEH�IaMMO+0�fEGFEDqI

F^MIJI0�sEIGE`0�sow0��77S0���6�a�

A� u^_DVPUMP� \�h� ]�����W� ���O�����W�  J�q����� �

�� O�I����v�W�� !����W���W�� ��q������� (rJHMVD

I]HG^DEHE_I� WEFEDI� `JF^� DVDM� MVDF^� aMDWVHMHF

WVbHMFI+0�fEGFEDqI�F^MIJI0�sEIGE`0�sow0��77@0���A�a�

S� p_iqWJG^MP�l�h�o��������J����������O������MI����W�

!���!�O��J��q� �������� � !�JW�����W� "��J���

���O���P�O����� (zMHMDVFED� JH� F^M�MUMGFDJGVU�aE`MD� I]IFMW

Ed�aMDIaMGFJPM�VJDGDVdF�`JF^�^Jb^�UMPMU�Ed�MUMGFDJdJGVFJEH+0

fEGFEDqI� F^MIJI0�sEIGE`0�sow0��7��0��Q7�a�


