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vkduh lv ohvv wkdq rqh1 Krzhyhu/ wkh orqj0uxq vwudwhjlhv glvwulexwlrq lq vxfk d
fxue vhw pd| ydu| zlwk wkh vkduh ri fohyhu djhqwv1

Nh| zrugv= Hyroxwlrq> jdph wkhru|> erxqghg udwlrqdolw|> Pdunry fkdlq>
vwrfkdvwlf vwdelolw|1
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ì t@) |�@| @ UL?�i?|�L? �% �t h�t!�_L4�?@?| �u |�i t|h�U| �@t� i^��*�Mh��4 %
�t h�t!�_L4�?@?|� W| |�h?t L�| |�@| |�i h�t!�_L4�?@?| UL?�i?|�L? �t t|LU�@t|�U@**)
t|@M*i �? vL�?}<t dbo uh@4i�Lh! �u r ' r�� A�i uL**L��?} ThLTLt�|�L? �t @ ULhL**@h) Lu
A�iLhi4t � @?_ ��



Fohyhu djhqwv lq dgdswlyh ohduqlqj �D

�hLTLt�|�L? 2� Wu 6@% irc r�j � 6*2c |�i? uhL4 @?) �?�|�@* t|@|ic |�i �?Tih|�hMi_
ThLUitt -6crcr�cbcf UL?�ih}it ��|� ThLM@M�*�|) L?i |L @ UL?�i?|�L? @?_ *LU!t �?�

Wu b 5 Efc �� @?_ r ' r�c |�i? vL�?}<t dbo hit�*| �L*_t� �Lhi ThiU�ti*)c �u r*6 � �*2c
@?_ r @?_ 6 @hi t��U�i?|*) *@h}ic |�i t|LU�@t|�U@**) t|@M*i t|@|it Lu |�i Tih|�hMi_
ThLUitt -6crcr�cbc0c @t 0$ fc ULhhitTL?_ L?i |L L?i ��|� h�t!�_L4�?@?| UL?�i?|�L?t�

wi| �t i @4�?i ��@| �@TTi?t �u |�i �ht| @?_ |�i tiUL?_ TLT�*@|�L?t �@�i _�gihi?|
t@4T*i t�3it�

�hLTLt�|�L? �� 5�TTLti |�@| b 5 Efc �� c r 	 r�c r�*6 � �*2c @?_ rc r� @?_ 6
@hi t��U�i?|*) *@h}i� A�i? |�i t|LU�@t|�U@**) t|@M*i t|@|it Lu |�i Tih|�hMi_ ThLUitt
-6crcr�cbc0c @t 0$ fc ULhhitTL?_ L?i |L L?i ��|� h�t!�_L4�?@?| UL?�i?|�L?t�

�hLLuG 5ii |�i �TTi?_� �

A�i �?|��|�L? Mi��?_ |��t hit�*| �t |�@| �u |�i t@4T*i t�3i Lu TLT�*@|�L? � �t *itt
|�@? |�i t@4T*i t�3i Lu TLT�*@|�L? 2c |�i? @}i?|t �? TLT�*@|�L? � ?ii_ *itt 4�t|@!it
|L t��|U� |L @?L|�ih t|h@|i})� W| 4i@?t |�@| |�i hL*i Lu |�i �ht| TLT�*@|�L? MiUL4it
Uh�U�@* uLh �?_�?} |�i 4�?�4�4 t|LU�@t|�U TL|i?|�@*� W? TLT�*@|�L? �c @** @}i?|t �@�i
|�i t@4i t@4T*i t�3i @?_ U*i�ih @}i?|tc @t MiuLhic T*@) @ Mit| hiT*) |L @ Mit| hiT*) Lu
@? @}i?| uhL4 TLT�*@|�L? 2� W? @ 2�2 ULLh_�?@|�L? }@4i @ U*i�ih @}i?| �? TLT�*@|�L?
� U�LLtit |�i t@4i t|h@|i}) @t @? @}i?| �? TLT�*@|�L? 2 _Lit ��|� TLt�|��i ThLM@M�*�|)�
5L @ U*i�ih @}i?| ?ii_t |�i t@4i ?�4Mih Lu 4�t|@!it |L t��|U� |L @?L|�ih t|h@|i})
@t @ ?L?�U*i�ih @}i?| �? TLT�*@|�L? 2 _Lit �u |�i) �@�i |�i t@4i t@4T*i t�3it� Oi?Ui
�i @hi M@U! |L |�i vL�?}<t d.o uh@4i�Lh!�

#i�?i

k ' E��@ � ��@� * E��@ � ��K � ��@ n ��K� E�2�

@?_

q ' E��@ � ��K� * E��@ � ��K � ��@ n ��K� � E���

�hLTLt�|�L? e� 5�TTLti |�@| b 5 Efc �� c r : r�c r*6 � �*2c @?_ rc r� @?_ 6 @hi
t��U�i?|*) *@h}ic @?_ 0 �t t��U�i?|*) t4@**� A�i? |�i t|@|i �E�c@� Lu |�i Tih|�hMi_
ThLUitt -6crcr�cbc0 �t t|LU�@t|�U@**) t|@M*i �u @?_ L?*) �u

4�? igkrhc gqr�hj � 4�? igE�� k�rh c gE�� q�r�hj � E�e�



Fohyhu djhqwv lq dgdswlyh ohduqlqj �S

�hLLuG 5ii |�i �TTi?_� �

`�@| _Lit ThLTLt�|�L? � t@) �u |�i t@4T*i t�3i r r�q �UULh_�?} |L |�i ThLTLt��
|�L?c |�i t|@|i �E�c@� �t t|LU�@t|�U@**) t|@M*i �u @?_ L?*) �u �?i^�@*�|) E�e� �L*_t� 6Lh
t��U�i?|*) *@h}i r�c |�i �?i^�@*�|) MiUL4it q � ��q� A��t 4i@?t |�@| L?*) |�i T@)�
Lgt Lu |�i @}i?|t �? TLT�*@|�L? 2 4@||ih� 5Lc �u |�i t@4T*i t�3i Lu |�i �ht| TLT�*@|�L?
�t R4�U� *@h}ih� |�@? |�i t@4T*i t�3i Lu |�i tiUL?_ TLT�*@|�L? |�i? h�t!�_L4�?@?|
UL?�i?|�L? uLh TLT�*@|�L? 2 ��** Mi t|LU�@t|�U@**) t|@M*i�

#i�?�|�L? H� A�i UL?�i?|�L? �E�c@� �t h�t!�_L4�?@?| uLh TLT�*@|�L? 2 �uG

��@ � ��K � ��K � ��@� E�D�

Wu �?i^�@*�|) E�D� �t hi�ihti_c |�i? UL?�i?|�L? �E�cK� �t h�t!�_L4�?@?| uLh TLT�*@|�L?
2�

�Mtih�i |�@| E�D� �t i^���@*i?| |L

q � �� q� E�S�

A�i uL**L��?} ThLTLt�|�L? UL?t�_iht |�i i |hi4i U@ti ��i? TLT�*@|�L? � UL?t�t|t
i?|�hi*) Lu U*i�ih @}i?|t� W| |�h?t L�| |�@| |�ihi �t @ _�tUL?|�?��|) @| |��t i?_ Lu
|�i tTiU|h�4G |�i ��L*i TLT�*@|�L? ��** 4L�i |L h�t!�_L4�?@?| i^��*�Mh��4 Lu |�i
TLT�*@|�L? ��|�L�| U*i�ih @}i?|t�

�hLTLt�|�L? D� �tt�4i |�@| i�ih) @}i?| �? TLT�*@|�L? � �t U*i�ih� Wu 6@% irc r�j �
6*2c @?_ rc r� @?_ 6 @hi t��U�i?|*) *@h}ic |�i t|LU�@t|�U@**) t|@M*i t|@|it Lu |�i
Tih|�hMi_ ThLUitt -6crcr�c�c0c @t 0$ fc ULhhitTL?_ L?i |L L?i ��|� |�i h�t!�_L4�?@?|
UL?�i?|�L?Et� Lu |�i TLT�*@|�L? ��|�L�| U*i�ih @}i?|t�

�hLLuG 5ii |�i �TTi?_� �

�LhL**@h) 2� �L?t�_ih @ |�L�T*@)ih t)44i|h�U ULLh_�?@|�L? }@4ic C7c ��|� |�i uL*�
*L��?} T@)Lg 4@|h� �? 6�}�hi .

@ K
� �c � Sc _
� _c S �c �

E�.�

8�}�ij 0



Fohyhu djhqwv lq dgdswlyh ohduqlqj �.

��ihi � : _c � : S� 6�?_ k @?_ q uhL4 E�2� @?_ E���G

k '
�� _

�� _� Sn �
' q� E�H�

A��t 4i@?t |�@| |�i t|LU�@t|�U@**) t|@M*i t|@|iEt� Lu |�i Tih|�hMi_ ThLUitt -6crcr�cbc0

ULhhitTL?_ L?i |L L?i ��|� |�i h�t!�_L4�?@?| UL?�i?|�L?Et�c uLh @?) t�@hi Lu U*i�ih
@}i?|t �? TLT�*@|�L? ��

�LhL**@h) �� Wu _ ' S �? E�.�c |�i? @ |�L�T*@)ih t)44i|h�U ULLh_�?@|�L? }@4i Mi�
UL4it @ |�L�T*@)ih _L�M*) t)44i|h�U ULLh_�?@|�L? }@4i�e W| uL**L�t t|h@�}�|uLh�@h_
|�@| |�i t|LU�@t|�U@**) t|@M*i t|@|iEt� Lu |�i Tih|�hMi_ ThLUitt -6crcr�cbc0 ULhhitTL?_
L?i |L L?i ��|� |�i �@hi|L _L4�?@?| UL?�i?|�L?Et�c uLh @?) t�@hi Lu U*i�ih @}i?|t �?
TLT�*@|�L? ��D

A�i hit�*|t uLh |�L�T*@)ih 2� 2 ULLh_�?@|�L? }@4it @hi t�44@h�3i_ �? 6�}�hi Hc
t�L��?} |�i t|LU�@t|�U@**) t|@M*i t|@|it uLh _�gihi?| bc rc @?_ r��

b ' f b 5 Efc �� b ' �
r ' r3 h�t!�_L4�?@?| h�t!�_L4�?@?| h�t!�_L4�?@?|E2�
r : r� 8 8 h�t!�_L4�?@?|E2�
r 	 r3 8 h�t!�_L4�?@?| h�t!�_L4�?@?|E2�

8�}�ij I

Oihi

�� h�t!�_L4�?@?| 4i@?t |�@| |�i L�|UL4i �t h�t!�_L4�?@?| UL?�i?|�L?�

2� 8 4i@?t |�@| |�i UL?�i?|�L? �E�c@� �t t|LU�@t|�U@**) t|@M*i �u �?i^�@*�|) E�e�
�L*_t� Wu �?i^�@*�|) E�e� �t hi�ihti_c |�i? |�i UL?�i?|�L? �E�cK� �t t|LU�@t|�U@**)
t|@M*i�

�� h�t!�_L4�?@?|E2� 4i@?t |�@| |�i L�|UL4i �t @ h�t!�_L4�?@?| UL?�i?|�L? uLh
TLT�*@|�L? 2�

7D v|pphwulf wzr0sod|hu jdph lv grxeo| v|pphwulf li DW @ D/ zkhuh D lv wkh v|pphwulf sd|r�
pdwul{1 Vhh dovr Zhlexoo ^9`1

8Zh vd| wkdw frqyhqwlrq k+D>d, lv Sduhwr grplqdqw li x � y/ dqg frqyhqwlrq k+E>e, lv Sduhwr
grplqdqw li wkh uhyhuvhg lqhtxdolw| krogv1



Fohyhu djhqwv lq dgdswlyh ohduqlqj �H

A�i ^�it|�L? ?L� @h�tit ��i|�ih |�i TLT�*@|�L? ��|� 4Lhi �?uLh4@|�L? @ML�| |�i
LTTL?i?|c TLT�*@|�L? �c �t Mi||ih Lg� A�i @?t�ih _iTi?_t L? |�i t|h�U|�hi Lu |�i
}@4i�

�L?t�_ih |�i uL**L��?} }@4it �? 6�}�hi bc @?_ |�i ThLUitt -6crcr�cbc0 ��|� r ' r��

@ K
� �c 2 fc f
� fc f �c e

B@4i �

@ K
� �c e ec �
� fc f Dc 2

B@4i 2

8�}�ij d

A�i? E�c @� �t @ h�t!�_L4�?@?| i^��*�Mh��4 @?_ �E�cK� �t @ h�t!�_L4�?@?| UL?�i?|�L? uLh
TLT�*@|�L? 2 �? ML|� }@4it� Oi?Ui �u b 5 dfc �� |�i? UL?�i?|�L? �E�c@� �t t|LU�@t|�U@**)
t|@M*i E�hLTLt�|�L? 2�c L|�ih��ti �u b ' � |�i? UL?�i?|�L? �E�cK� �t t|LU�@t|�U@**)
t|@M*i E�hLTLt�|�L? D�� �*i�ih?itt ELh b ' �� �t @ _�t@_�@?|@}i �? B@4i � E|�i U*i�ih
TLT�*@|�L? t��|U�it uhL4 � �? �E�c@� |L � �? �E�cK�� @?_ @? @_�@?|@}i �? B@4i 2 E|�i
U*i�ih TLT�*@|�L? t��|U�it uhL4 � �? �E�c@� |L D �? �E�cK���

U� �NAW,�a�A} ij6Bi"t

W? |��t T@Tih �i @?t�ih tL4i ^�it|�L?t ���U� �ihi TLt|i_ �? 5@i3��@h|� @?_ ì�M�**
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L?it� 5@i3��@h|� @?_ ì�M�** deo �?_ |��t _�tUL?|�?��|) uLh |�i �@t� #i4@?_ B@4i�



Fohyhu djhqwv lq dgdswlyh ohduqlqj �b
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