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����QP�Q ÈOR. �#��PpF � #�O#m^�I[6 �

�



� #���#�JK�O P5�W. |�-�u Q" ����Q ���L�u½O"��Ä ���Ã6 
�.$ �#��Q#X �}�> Q" #��#�5J#X �JP. KO�� OK �OK �"�6��� �QP��4WÇ\ Y�O Q" KO"��� ���y��" OK � 4X" O"KO�JP. �¼#J 4���" Q" �.�XO �#��a�F�KPw �K#p5X" #�\�O P�#X 3#Ä�e" |��Ç6�O#. �L�$KO"�Q"V2 �Z�2 
ÈOR. �#��Q#X |E� OK #�y�X 4��#t� ���Ã6 4�> #>OK ��#W[w�#�~�L� ���Ã6 ���.#5W�" DdX ���Ã6 �
^�I[6 OK ��#�5�K�LE� �"O"K Y�O��" 
+$ �Æ��Ç6��S |�#W� �. ���yIX#2 OK+�J )5-W� ��KQ#. K�>� #.�L\#.�� ���#. ��� Q" P5�w #��$ OK ;��4ÄPX �w4X" ��#���� � s��Ä 4�#Ia �w �#����

+#6Q#. Y�O ���
�.�I�. �"P��" OK +$ �XL��� |�#W� |F OK Q��� 
�q#[5w!" |�#W� |F OK Y"�KP5Wz KP.O#w �mP�}Ä Y�O ��"

�� UHIOHFWHG �� VXUIDFH ZDYHV

�. �"�6�� 
#�y�X OK�Ç�R�q 3"P��l6 QP� Q" ��L�.#6Q#. �5q#�OK �#�>�� �Ã~#d� #. Y�O��" OK �4X" �L[� �5J#�\�#�KP.O#�w n��JP. 
+$ �XL��� OK +#6Q#. Y�O KP.O#w �4q#� 4XK ���Q DdX P�Q Q" ��\�O )5-W� P��_6Y�On�JP. 
	|�q�P2
 4\"KP. cJ {�eY�O��" OK �KKPz�� K�LE� �w�#�t�Ä �. 
4p� n#[5w!" OK �$ {��Ã��L\#.�� �#6�w )5-W� 
4X" �Ã~#d� s�Ä P."P. ��L�B �w �QP� 4WÇ\
�. OK#u 
P5[�. Æ�Çp6 3OLu�5\"K � �QP� 4WÇ\ Y�O OK �L\CPd� |�#W� �. ���yIX#2 ��a +#6Q#. Y�O�L\#.�� R�� 
4X" ���#. �#���� Q" P5�w ;��4ÄPX #��$ OK �w ��#���� � vQ#� )5-W� �#���� ^�I[6
�#�>��� Q" �\#�� �y5p\$ 
�#. �#�W�#wPq P. �EdX �KQ"�� ��� P:" � Q" L�6O#-Ä Y�O ��" �L��wK�LE� |�"�Ä�#��K"K YQ"KP2 � ��"PE¼ 3#�}�Ä ��y�X )5-W� ���R� � �O"�\K �
�EdX

��#B ��OK �"�QP~ �#�\�O ���
�P~#z #� �#B OK �P�z!�Q"L�" �"P. �K P� #� � ��[B #� �L�P�z #��$ OK �w ��#B ��OK o}5I� �#�\�O Q" �K#p5X" #.�4J"KP2 #��L�P�z � ��[B |E� ��. ¿u"� 
x�X �K�6�X#�\���Q 3#_I[� �XOP. �. �"�6�� 
L��\�� �K"K O"Pu#� ,X#�� Pdu #. �q#[5w!" �#��#B �5\"K O#�5J" OK 
#�\�O ��" �X#X" 3#�O�Pa Q" 
4X" ^I[� �w ���y�#��

�



#. �~�
L�"�L\�5qPz O#Ç. +$�XL��� |�#W� |F OK�zQ#5. #�\�O��" �BPz!" �L\#.�� �P�z!�Q"L�" 4�> ��#��P~#z!+$�XL��� OK "O ����Zt� L�"�5. #��$ KP.O#w 
O�K �"L�B �� �"�L��$ OK �w4\"K ��t� �"�6�� #��$ ¿�PX 4qP[�2

�� LQ � VLWX G\QDPLF PRGXOHV �� VHOI SRWHQWLDO

|E� ���Ã6 �
#>OK �Ç��#��K �#�~�L� ���Ã6 �"P. 6 � 3 �#�>�� 4ÄPX �P�z!�Q"L�" OK #�\�O ��" �KP�z �L�ÄP.�#�.$ �Ã~#d� ���A�� � #��L�P�z � ��[B |E� ��. ¿u"� 
x�X �K�6 OK #��O#=���. ^�I[6 � #��PpF 
#�}��6�L�O"K KP.O#w ����QP�Q
�Ç�P5Ç~" �#�\�O ��

� �63� "QK�J|�W�#52 #� �
|�W�#52 K�JY�OL��#� #��$ Q" �`Ã. OK �L�\#.�� ��z!#��z � j��5� �Ç�P5Ç~" �#�\�O

�� WHOOXULF �� UHVLVWLYLW\ PHWKRGV

�
�T��4��#t� �#�\�O P�h� Py�K �`Ã. OK � K�\�� �K#p5X" ���Q �Ã�-e �Ç�P5Ç~" �#��#�P> Q" �
Æ�O�}6 Y�O

�� HOHFWURPDJQHWLF �� LQGXFHG SRODUL]DWLRQ

�K�\�� �K#5XPq ���Q �. �Ä��_� O�d. �#�P> �,3� ���#t~" Z-du � �(0� �V�e#�l��P5Ç~"
� �5p� �#��Q�F �Ã~#d� 
����QP�Q +$¿.#�� 
�R}qP�m � �R}q ��LÃ� K"�� n#[5w!" 4�> )-~#m �Ç�P5Ç~" �#�\�O�5qPz O#Ç. #�w!#J �zL�O�J���#�5J#X ÈOR. �#��Q#X � #�LXx�X �2 �XOP. P�h� �XL��� |�#W� |F ���A��

�� &RQUDG 6FKOXPEHUJHU �� +XPPH

�L�#�P� jO"R� OK ��SP-��}\ K"P�w cX�6 �K��� ���� {#X �#5W.#6 OK Æ�P5Ç~" Y�OZ�#�Q$ ��~�" �L��\��

�� .LQJ

�#5W}y�" OK �x��w � �#�~$ OK ����� P�h� ��"L��[�"K cX�6 �$ KP.O#w V1X �L�KPz �}�Ä �W�"Pq +Pm OK ¿u"��4\"Nz �ÃX�6 �.�O
KP.O#w 
���R� ��w �dX"�. �B � |�Ä 4ÄPX f#E~ �. �B 
+$ �XL��� |�#W� |F OK �Ç�P5Ç~" �#�\�O �Q�P�"� Q" L�6O#-Ä �Ç�P5Ç~" {�"L5� �#�\�O ��P5��� �L�O"K �tq�� � �"�"Pq�T�� 4��#t� Y�O ��(0� �W�e#�l��P5Ç~" Y�O ��,3� ��#t~" Z-du Y�O ��63� |�W�#52 K�J Y�O �

�



�T�� 4��#t� Y�O ���
+$ K��>� 4}Ã. ���Q OK #�y�X P9w!" �4X" ���Q �Ç�P5Ç~" �T�� 4��#t� 
�Ã~#d� � Z=�X O#�Ã� Y�O ��" OKQ" �5�~�P5Ç~" 4�"L� 4�}.#u ��" �L��K�� O�-Ä K�J Q" "O �Ç�P5Ç~" �#�P> 
#��$ ;Pq � |}J |J"K OK C��" ��#FK�>��+$ O"Lt� 
�L\+N>+$�Ç�P5Ç~" �T��4��#t� �. 
x�X �Ç�P5Ç~" �T��4��#t� �L�w��4�Ã-6 ��" ���#u
O"L.$ ��� OK K�>�� +$ �"R�� #� �O�\ �>OK 
|I}I6 Pz!" �}w4~#FOK �KO"K �y5W. x�X OK �$ ¿�Q�6 ��E� ��L.#��� Z�#w �$ �Ç�P5Ç~" �T�� 4��#t� 
L�w "L�2 Z�"Rq"
^�I�[6 
�Q#�X |E�� �#����� �}w 4J#�\ OK L�"�6�� �T�� 4��#t� �#�\�O #. �Ç�R�q��S �#��XOP. �#=�"� �2 � owx�X s�Ä^�I[6 
#�\Rl}���Q � ���Q �#��y5WÇ\ �XOP. 
�.#5W�" DdX � ����QP�Q �#��"�I.$� �#�#\ Æ�w 	�P�m ��zKO�JvP6 
�}J"KZ�#XPq 
�zKQ"��|�-u Q"
 #�y�X �K�6 OKoÃa b#t�^�I[6 
x�X�L�#��. ��>�6 |.#u
� P�Wp6 �}FP� OK �KO"K �XOP. KO�� �}�W� ��}E� c�"P\ �. �y5W. �K�P5Ç~" ��"O$ � ��"PE¼ �#�Ç��Ç6 +#I5�"�KKPz�� ���6 P�Q vO"L� � #��[t� 
YO"Rz ���6
#���� �Ç�P5Ç~" �T�� 4��#t� U#�t� {�L> �
�P�#i �Ç�P5Ç~" �T�� 4��#t� �#�Ãdt� �
�#�P> �L�5XPq �#�K�P5Ç~" �"P. ,X#�� �}¼#q #. �P�#i �Ç�P5Ç~" �T�� 4��#t� �#��[t� #� �[t� �
Æ�P5Ç~"��S �#�Ãdt� �

�� FRQWRXU PDS


�"�R�O"� � �5qP.$ 3#.�XO 4�#Ia �� ��L�.P2 �[t� ��owx�X �#qOS �� �L�.P2 �[t� �
�(0� �W�e#�l��P5Ç~" Y�O ���

3O�¼ �. |u"LF 
(0 Y�O�w4X" �5Ç� ��" Py�#�. +$ � �XL��� ����Q OK �Ç�R�q��S ��#�> �#�5�~#Ãq YO"Rz!���� {#X OK 
6(* YO"Rz s-e �9�
 4X" O"KO�JP. �P5�w KP.O#w Q" �T�� 4��#t� Y�O #. �W�#t� OK 
{�"L5�+$ � �XL��� O��" OK �T�� 4��#t� �P�z!�Q"L�" P5��}�w �»»» � (0 �P�z!�Q"L�" P5��}�w �» K�LF j��=� OK� �#y~#�\ se#�� OK L�=�� �#���� 4�#Ia �KO�$ OK �[t� �. ��A�� �¼#J KO"�� �5-~" �	4X" �5qPz 3O�¼�wL�"�#�\O"Rz �����" #. �L�5W� ��95W� O#5pz ��" Q"x�X {#mQ �K#Ã� OK ����QP�Q �#�.$ �#��XOP. Q" �K�LÃ�

�



�� .HOOHU �� JURXQG SHQHWUDWLQJ UDGDU

�P}w �5\�� OK �"�6�� "O 4}Ä �4X" 4XK OK ����QP�Q �#�.$ � �Ç��Ç6��S �#��XOP. OK (0 Y�O KP.O#w Q"�KPw �=5W> 	����

�w #=�$ Q" � L�X#WF �T��4��#t� 3"P��l6 �. �W�e#�l��P5Ç~" �#�\�O Q"Z�. ,6"P� �. ��t5W� �#�P> �#�\�O�s�Ä�w�#��XOP. OK �W�e#�l��P5Ç~" �#�\�O �w KPw #ÄK" �"�6��� 
4X" O"�\K �W�e#�l��P5Ç~" �#��K"K P�Wp6��L�\#. L�p�
�$ KP.O#w ��E� �w 4X" �$ L��� �Ç}. 
KO"L� �"�K#p5X" +$ �XL��� OK (0 Y�O �w 4W�� ��Ã� �"L. ��" �5-~"�zK�~$3#Ã~#d� �w K�O�� O#h5�" 4W�Q c�E� �#�KO"L�#5X" �. P5[�. �>�6 #. �Q�P�" �4W�� KO"L�#5X" �^I[�L�L�> )5-�W� Æ���Ç6 �K ���Ã�. �L�#��� Q#�. (0 � �Ç�P5�Ç~" �#��XOP�. �"P�. �Ã�X� �"L�� ����QP�Q �#�.$� �Ç��Ç6���S |�#�W� OK �L�Ä O�d. ���#B ��. (0 � � �����Q OK �L��w!M�p� �#�O"K"O� ��Ã� �W�e#�l��P5Ç~"�4\"K L��"�J KP.O#w ����QP�Q �#�.$

�,3� ��#t~" Z-duY�O ���
O�-�Ä P�:"P�. �w KO�$�� K�>�. ��5W�X 
#�y�X OK K�>�� �#�5�~�P5Ç~" O�#=� OK �R}q �#���#w 3"OM O�`F"L�2 Z�#w �#�Q #. �#�P> ¿du Q" V2 �[-du ���B Q" |¼#F |�W�#52 n�5J" �K�\�� �-du �Ç�P5Ç~" �#�P>�R}q �#���#w �q#[5w!" �#�\�O Q" �Ç� 
�$ Z�#w ��E� � ��#t~" Z-du Q" |¼#F |�W�#52 n�5J" �Ã~#d� �L�w��

�� FKDUDFWHULVWLFV �� /DYHUJQH

�Ç�S�~��S�OL�� ��#��5\PX P:" �XOP. � L�O"L� O�`F �R}q �#���#w �w �KO"�� OK ,3 �L�L2 �L�#[� �L\#.��4X" �5J#�X O�_�6 |.#u +$ �XL��� 3#Ã~#d� OK "O �.#t~" Z-du Y�O Q" �K#p5X" �#Ç�" 
�L�L2 ��" P. #�y�X�	���� �
��O��

���" �#[�� �~� KP�z�� O"Pu �K#p5X" KO�� ��Ä +$ �XL��� � �XL��� �#�����Q �JP. OK ,3 Y�O �w�~#F OKL���"P�q ��L��B P:" �=�5� �R}qP�m ,3 �L�L2 �w K�\�� O�_6 ���B �Q�P�" �4X" �L[� �5J#�\ �.�J �. �L�L2��. �e#-6O" �#�~#�#w � #�y�X Nq#�� OK K�>�� 4�~�P5Ç~" ��. |�W�#52 n�5J" Q" �\#� �w4X" ��#���\ � �Ç�R�q

�� 2JLOY\ DQG .X]PLQD

�	���� �
#���Q�z � ��}�z�"
 �L\#.�� �XO3"OM O�`F ���A�� � #��$

�




�w!"P5� �#�y�X � �XO � �"�X#� �#�y�X OK |¼#F ,3 �L�L2 �P�z!�Q"L�" #. �w4X" �K"K �#[� Y�O��" KP.O#w!�Ã~#d�� |�-u Q" �}�#W� ��yIX#2 Y�O ��" �K"K O"Pu �Ã~#d� KO�� "O P5� �»» #6 ��» s�Ä #6 ��#���� �"�6�����Ã�6 
+$ �O��\ �"R��� � �.#5�W�" DdX s�Ä ���Ã6 �"P. �XO � �"�X#� �#���� OK ����QP�Q �#�.$ ¿�=63"OM �"R�� � �L�.��"K Ph� Q" #���� �Ã~#d� � �5XO#w se#�� OK ����QP�Q �#�.$ �#�P> �XOP. 
#��"�I.$ �K�LE�O"Pu �K#p5X" KO�� ��Q��#�z3O�_. �� � �[�#��2 3O�_. �� �"�6�� "O ,3 Y�O �L\#.�� #��$ OK K�>�� �XO#. �W�#t� OK 3#Ã~#d� ���z��" P5[�. ���R� � ,3 �L�L2 Q" �K#p5X" OK K�>�� �#�5�K�LE� �. �>�6 #. )5Ã�-e �K"K3#Ã~#d�� OK �-��> Y�O Æ� 3O�_. Y�O ��" �Ãu"� KP.O#w �w LXO�� Ph�. ���B 
�Ç�P5Ç~" �#�\�O P�#X�L\#.�� +$�XL��� � �XL��� |�#W� �XOP. �"P. �Ç�P5Ç~"
�63� |�W�#52K�JY�O ���

O"Pu �>�6 KO�� R�� +$ �XL��� � Æ�R�q��S �XL��� OK 
�K�. �.#��LÃ� OK �K#X �\�O �w 63 
P�J" �#�~#X OK�w KQ"KP2�� ��#���\�P5Ç~" �#�[�w!"� Q" �\#� �Ç�P5Ç~" �#�}�W�#52 �Ã~#d� �. #��6 Y�O ��" ���Ã� �4X" �5qPz!

�� RUH

Q" +$ �XL��� � �XL��� Æ�R�q��S OK �L��\�� K#=�" ����QP�Q �#�.$ OK ,X#�� �d�"P\ OK ���#w O�`F P:"P.�#�y�X OK +$ �#�P> Q" � L�\#.�� o�Ãa )5-W� �w K�\�� �K#p5X" ���Q DdX OK �Ç�5��X�P5Ç~" �#�}�W�#52|.#�u K�>��� �#��#y5�XK cX��6 �.�I�. #�}�W�#5�2 ���" 
]#�J c�"P\ OK �L��\�� �\#� �5WÇ\ � |I}I5��L�#[� �5XO#w se#�� OK �"�6�� "O �KO"�� ���B ,}m" �L�L�p� O#�W. �L�$4XL. �#��K"K � 4X" �P�z!�Q"L�"�KPw!
OK �"�6�� "O +$ �XL��� � Æ�R�q��S �XL��� OK �Ç�5��X�P5Ç~" |�W�#52 3"P��l6 �Ã~#d� U#X"P. 63 KP.O#w!OK +$ ��#�u � �tq" �#��#�P> ^�I[6 
�[Ç�Q �#�O#5J#X � �Q#I� ow 
#�LX OK 4[� ^�I[6 �#�����Q�Ã~#d� �KP�\P. K�LE� �"�I.$ Æ� OK ����QP�Q �#�.$ ��#=.#> ���A�� � #�\Rl~ ���Q ��B O"L�#2#� �#��K�6����� n�5J" Q" �\#� |�W�#52 Q" �K#p5X" #. ��#���\ �#��~#.Q �qK |E� ���Ã6 �"P. ��#���\�P5Ç~" �#�}�W�#52�}��> Q" 
v!#�J �zL�O��J Ph�� Q" ����QP��Q �#�}.#�w � �~�~ {P5�w ���A�� � �K�~$P�m � �K�~$����QP�Q �#�.$�L\#.�� Æ�R�q��S �XL��� OK 63Y�O Py�K �#�KP.O#w!

��#��2 �#B�#�\�O ��
�L\�P1X 
L�$OK "P>" �. �W�"Pq OK �SP-��}\ �"OK"P. cX�6 �w ��#��2 �#B �P�z!�Q"L�" ��~�" Q" 
{#X �» �. Æ�KR�

��



�LÃ� 
4p� 3#Ã~#d� OK "O�"�T�� �#y�#> � �KPw "L�2 |�#Ç6 �YP5Wz �P�z!�Q"L�" �#��#y5XK 
3L���" �e �4X"�4X" �KO�$4XL. +$�XL��� �

L�w�� �K#p5X" 4p� 3#Ã~#d� OK {��Ã��#�\�O �#�� Q" )6L�Ä 
Æ��Ç6��S �+$�XL��� OK ��#��2 �#B 3#Ã~#d�PpF +$�XL��� �Æ��Ç6��S �#��XOP. �4p� n#[5w!" �"P. �w4X" ��#��#B Pdu �Q"L�" OK #��$ �L�Ä3�#p6 #�"�KKPz��

{�" �#y� OK +$ �XL��� � Æ��Ç6��S 3#Ã~#d� OK �q#[5w!" �#���#�z 	{#9� �"��Ä �. P5��5�#X �»
 P5ÇB�w PduYP5Wz 
���» {#X #6 � j�P\ OK �Ç��" �. �>�6 #. #�" 
L\#. �K ��" ��. �_I[� 3�#p6 K#=�" �R�y�" L�"�6���� 4p� n#[5w!" �#�KP.O#w �"P. ÈOR. �#�5wP\ cX�6 ��#��2�#B �#�\�O OK 3#t�tE6 R�� � �O"Rq"4IX �}¼"P5ÇB��w �#�L��X 4J#X OK ���R� nP¼ �"P. �5�K�LE� 
4qP�N2�� 3O�¼ ÈOR. Pdu #. �#��#B �=�5� OK�KO�$ K�>�. 	+$�XL��� �Æ��Ç6��S 3#Ã~#d� �"P.

�XL��� � �LÃ� ��Ã� 
3#Ã~#d� Py�K �4p� OK L�L> �#�\�O KP.O#w ��. �>�6 |.#u ��#�Q �}¼#q Æ� ,�6P6��L.KO�� �#�O#y� #��6 
���» {#X #6 ����y. �w 4W�� O�$,=Ã6 
�L\ �5pz �#�5�K�LE� �. �>�6 #. �L�$ K�>�. +$O�d. � 63 
�Ã�-e �#�#z ��"Q�6P2 
�K�P5Ç~" Æ6 4��#t� Q" L�K�. 3O#-Ä 
+$ �XL��� � Æ��Ç6��S OK �K#p5X"Q" V2 ÆB�w �Ç���P5Ç~" 3#Ãdu 4J#X OK 4qP[�2 �L�L\��4-: Nm#w ��O �y�� �w 
3O"PF �>OK �KO��Pdu #. �#���#�z Q" P5[�. �K#p5X" �"P. "O �"O <�OL6 �. Q#z �4p� 3#Ã~#d� OK P5[�. 3#Ä�e" �#a#t6 � ���» {#X
Æ��Ç6���S 3#Ã~#d�� OK �Ç�R�q�P52 �#�P5�"O#2 �`Ã. 4J#�\ �"P. #a#t6 Py�K nPe Q" �KPw O"���ÆB�w!�L�w "L�2 "O K�J �#y�#> 
ÆB�w �#���#�z]#J �#��#y5XK YP5Wz �w L�KPz 8Ä#.
L��#�� 4p�� OK {��Ã�� �#�O#�y� �#�6 Q" �}�#w �Ä��=� 
+$ �XL��� OK Æ�R�q��S ��__I5� Pa#F {#F OK� |I}I�6 
�"�1�w �~#yB 
�XO �#�tq" ���Ã6 �"P. "O 	��P6�� 
#�#z � #�#z 
�Ã�-e ��"Q�6P2
 �"�5W� �#�O#y�O#�5�J" OK #�L�Q#X |�\� �S�~�5�~ ���Ã6 �"P. "O (0 � ,3 
�Ç�P5Ç~" �#�O#y� j�� ��L�B R�� � j#-\" �>OK,�Pa �-X#E� 
��#��2 �#B 3#Ã~#d� P�#X #. �$<�#5� ,�wP6 ��6�¼;"��"|Ç\ |�#w �#��XOP. Q" �K#p5X" �L�O"K#. �$ P. ���Ä �KQ#X�� ��"Pq "O #���#�z n"Pe" OK ¿u"� �#�y�X ��#W[w Py�K �#�-�Pa #� x�#� {�L� 
��X"�2L�O"KO�JP. Æ��Ç6��S 3#Ã~#d� OK �"�T�� 4���" Q" �w "O �5WÇ\ �#���Q �"�6�� 
�6�¼ �#�16 ���"K �XOP.6 ;��� �. b�.P� L��X Æ� YP5Wz �R�y�" 8Ä#. �Ç��Ç6��S �#��XOP. OK 6 ;��4ÄPX 4���" �KPw ^I[�
�� .LWVXQH]DNL

	���» 
��w!"R��W5�w!
 �L�KPz!

��




ÆB�w Pdu �#���#�z �. b�.P� �#�L��X YP5Wz �"P. �}¼" vPE6 |�#Ä 
��~�" |F"P� OK �w L\ PwN5� �5W�#.O"Q#�. 
ÆB��w Pd�u �#��#y5XK �L�Q#X �#�5wP\ 
3#Ã~#d� ��" �"P. #a#t6 Z�#w #. #�" 
L�K�. ��LÃ� 3#Ã~#d��. b�.P� �Ç�R�q��S �O"KP.O#y� �}¼" nL� �L�K��� +$ �XL��� � �Ç��Ç6��S �#�����Q �>�5� "O K�J Y�Pq�$ �. b�.P� �S�~��Ç6 #� #��#y5XK YP5Wz �4qP[�2 �>�5� �Ç�$ Q" P5[�. 
�5\Nz {#X �K OK 
ÆB�w �#���#�z!OK �Q�P�" �w #���#�z j�� ��" �. b�.P� �#�O#y� |�~K ����. �4X" �KPw n�dÃ�Y�Pq O"Q#. �. "O K�J �>�6 
L\#.OK |¼#�F �#�5qP[��2 R=�.
 KO"K ���» Q" V2 �#�~#�X ��. b�.P� �#������ #. ��w3�#p6 
L\#.�� UP5XK�	��uO�#�6#-:
4J#�\ #� ����QP�Q +$4�p�w 
��"Py�"�O |�W�#52 L��#� �6�#p5� |�#W� |F {#-�L. Pa#F {#F OK #�O#y� �����L�\YO"Rz 
]#J |�#W� #. b#-6O" OK �L�L> 3#Ã~#d� #��R�y�" ��" �#�-� P. �L�\#.�� �~#X �y�X �#��K�6�#���#2 �#��PpF 4J#�\ �"P. "Oo�Ã`6 �Æ�5X�w!" 4ÄPX �O"KP.O#y� Q" �K#p5X" �"�6�� �}�> �$ Q" �w 
4X"

�� &RVWHOOR �� 'DYHQSRUW DQG +DGFH\

"O 	���� 
��XK#� �3O�1��K
 #�LX �>�PJ �#��~�~ n"Pe" ���5. n�m� 	���» 
��"O#Ç�� � �}5X#w!
 ���5.�KP. �#�
+$ �XL���� � �Ç��Ç6���S 3#Ã~#d�� OK �O"KP.O#�y� Q" �K#p5�X" �ÃX��6 � cW. L��� ��� #�[\�w ��" {#FP�.O#. #6 �L�KPz8Ä#. �$ �. b�.P� L�L> ���"�u �. �>�6 #. ����QP�Q �#�.$ �zK�~$3#Ã~#d� P�J" �#�~#X OK �L�\#.��OK �Ç�P5Ç~" �#�\�O � KO"L�#5X" 
�Ç�P5Ç~" 3#Ã~#d� Pa#F {#F OK �KP�y. �"�Q#6 +#5\ #�O#y� Q" �K#p5X" Py�KQ" |¼#�F 3#Ä��e" #�. #���$ ,�wP6 � �L\ �5qPz O#Ç. �O�h�� L�B �#�O#y� � �6O"PF <�X�#�P> 
Æ[J �#BO#Ç. �Ç��#��K �#��#�P> �P�z!�Q"L�" � �zK�~$�#��5W� #� �"�I.$ �LÃ. �X |Ç\ ���Ã6 �"P. 
�EdX �#�\�#w!�L��\�� �KP.

��"PzY�O ��
��" #2�O" OK �L\#.�� �>�6 ,~#> �~�4X" L�L> L�BP� +$�XL��� OK ��"Pz � KPJ �T���. ��"Pz Y�O KP.O#w!KO�� ��Ä ���» ��K �"L5." Q" Y�O��" #Ç�P�$ �LE5� 3�#�" OK �w�~#F OK L\ �5qPz O#Ç. ���» ��K OK Y�O�T���. P�" ��" �KO"K KP.O#w �XL��� �#��XOP. OK #�O�[w P5[�. OK Y�O ��" Pa#F {#F OK �4qPz O"Pu �K#p5X"
#qOS��w �#��P��z!�Q"L�" OK �Q#X"L> 3OLu � �O"L�#2 
�P�z!�Q"L�" 4uK Ph��dt� Q" #�=�X��"Pz �ÃX�6 Q" V2

�� 1DQRJUDYLPHWHU

��w K�O��� O#h5��" 
	L��\��� �L��#�� 
�P5����"Pz��#�� �#�� ��. ��w!
 #�=�X��"Pz � KPJ |�#Ç6 #. �4qPz 3O�¼
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Z�2 Q" Z�. 
L�Q#X�� P�#i "O �_I[� �~#yB ��#-6 �w ��#�O#5J#X �KO�$OK �[t� �. �"P. 
��"Pz �#��P�z!�Q"L�"���Ã�6 �"P�. P��z4u� �#��-X#E�� 
#�=�X���" P�z � KP�J Q" L�p� �#��K"K |�_E6 �"P. �5\Nz OK �K�O O#w!�.�#�Ç��Ç6 �4X" �L\nPeP. {#Ç\" ��" 
�5qP[�2 �#���#�"O �5\"KO#�5J" OK #. �Q�P�" �4qPz�� �#=�" #�D�E_6

�� VSDWLDO ILOWHULQJ �� (XURSHDQ $VVRFLDWLRQ RI ([SORUDWLRQ *HRSK\VLFLVWV

�L��K�� �O#� ^I[� �#�qL�Æ�Çp6 OK "O #� 
	�P�m � �
��#Ç� �KPw�q#¼ |�-u Q"
 #��K"K YQ"KP2 �5qP[�2
��" OK]#J KO"�� �AI�O#6 �4X" O"KO�JP. �"�T�� 4���" Q" #��PpF |E� ���Ã6 OK ��"Pz � KPJ �#��P�z!�Q"L�"

�� $U]L �� $GDPV

���Ã�6 �	���� �
�QO"
 4X" �5q#� O#[5�" �($(*� ��q#[5w!" �#��"LÇ�R�q��S ��#2�O" ��=�" nPe Q" ����Q��w �#����Q �KO�$OK �[t�� ��. 
	���� �
R�"K$
 ��"�#� ��#>P� �#�p�KO �#���#2 OK #�}��6 Q" ��"Pz �#��[t�

�� 'DKOVWUDQG �� URFN EXUVW

�L�"����Q ��" OK �Py�K �#�~#9� 	���� �
L�"P5W~"K
 �5Ã�¼ 3#W�X'6 P�Q OK �~#yB
�K#Ã�� OK �
�"P1y��X �#���F#�� ��#X#�\ OK �$ �5qPzO#w!�. 
��"Pz � KPJ Y�O Q" Py�K 3�#p5� ��#w KP.O#w!L�$��� K�>��. Z=��6 {#�F OK �#�y��X �K��6 b#W-��" 4}�Ä �. �#�Q {�e OK �~#yB ��#-6 P:" OK �w L\#.��

�� )DMNHOZLH] �� 9DQGHUEHUJKH

4�#Ia ���Ã6 �"P. 
����QP�Q �#�.$ ¿.#�� n#[5w!" OK �}wO�d. 
��"PzY�O Py�K nPe Q" �	���� �
R��}Ç>#q
Q" ���"P�z �#��[t� ���Ã6 KO�� OK �L�B �#�~#9� �4X" �L\ �5qPz O#Ç. �5qP.$ �#��OK OK �w!"P5�P�m �#�.�XO� |��#Ç��O#w ����� �
ÈP.OL��
4X" �L\YO"Rz R�� ��qL� �#�~#�#w |E� ���Ã6 O�h�� �. owx�X �q"Pz�2�6

�� &DUPLFKDHO DQG +HQU\ ��� 6WHZDUW
��� 9DQ 2YHUPHHUHQ

���Ã6 
�"P�" OK ��"Pz � KPJ Y�O KP.O#w Q" �~#9� �	���� �� 
�P��O�"�� � ���» �� 
3O"��5X" ����� �
�P��#6 �"P�" OKY�O��" �w �K�>� #. �L\#.�� ���� {#X OK���\#� �#� ��#JO#w7"LF" |E� OK����QP�Q �#��PpF�#�\�O P�#X 3"Q"�� �. �"�5. Y�O��" Q" �L��$ OK4X" L��" 
4X" �L\ �5qPz O#Ç. #�LX �#�5J#X OK P5�w {#E.�KPw �K#p5X" �Ç�R�q��S
�W�e#�l�Y�O ��

P5��w �W�e#�l�� Y�O Q" 
+$ �XL���� OK �Ç�R�q���S �#��\�O Q" �K#p5X" ���"P�2 �L\ 4q#�OK �#�\O"Rz OK�W�e#�l� �#��O#=���. �L�$K�>�.4�> Q#�� KO��]#J c�"P\ L�"�6���� �$ |�~K �4X" �L�$�#�� �. 4-E¼

��



�� UHPDQHQFH �� 6DWDSDWK\ DQG .DQXQJR

���#. �W�e#�l� �L�#�Q#. #� � �W�e#�l� �P�N2K�J Q" 
+$ � �Ç��Ç6��S 3#Ã~#d� 4XK OK se#�� ���Ã� �L\#.�K�. O�Lt� �W�e#�l� Y�O KP.O#w �$ OK �w 4X" �L\ KO�JP. �¼#J c�"P\ �. �#y�z L�BP� �L�5W�� O"KO�JP.�KO"L� K�>� �O"���c�"P\ ���y��" �~�4X"	���� �
�y���#w ��6#2#6#X
 O"Lq#Ç\ ���zPzK#� ��OM$se#�� �. ���Ã� 
+$�XL��� OK�W�e#�l� Y�OKP.O#w!

�� %LUFK �� %RJRVORYVN\

K�LE� 
	���� �
?P�.
 ���zPzK #� ��OM$�#�y�X �2 ��O P. �w!"P5�P�m ��Ia 3#.�XO �#���Q �Ã~#d� �. #� ��Ã~#d�� � #��R�l~ ���Q |J"K OK #.P��$ �K"KO"Pu #. 	����
 ��ÇX�}X�z�. cX�6 Y�O ��" Q" �K#p5X" �KKPz��

�� 'REHFNL �� JHRWKHUPDO PHWKRG

�"P�. 
V�e#�l� ���P�K Y�O Q" ����Q ��" OK 	����
 ��Ç.�K �L\ �#=�" #��$ ��"O�K 4wPF ��#=.#> �5X��2�KPw �K#p5X" #�~#5�" OK {#Ãq �#�}Ç\ P��l6 P�Ä |u"LF ���Ã6
���#�Pz ���QY�O ��


	��5�w!"���K"O
 "Q�6P2 �#���[B � �}E� �#���[B 
��#���\ �#�L��$Pq Q" �\#� ��#�Pz �#��O#=���. O�`FO�Lt�� "O ���Q �#�5J#X �Ã~#d� OK ��#�Pz �#��O#=���. Q" �K#p5X" 
�P�m � #�y�X ��#�Pz ��#�#XO OK n�5J"� �5qP.$ �#���[B 
+$¿.#�� n#[5w!" 4�> �K#�Q �"R�� �. ��#�Pz���Q �#�\�O 
P�J" �#���K OK �4X" �5J#XOK �.�XO�#���� �y5W-�� ���Ã6 �"P. ���A�� � #�}Wz 
#�W�Lu#6 
#��Rl~���Q 
s�Ä�w�Ç�� �#�L-�z 
�5qPI��4X" �5qPz O"Pu �K#p5X" KO��o}5I� �#��#B
4-W� ���Ã6 
����QP�Q �Pz +$ �#��#�P> o[w ��A�� �KO"�� OK �"�6�� "O +$ �XL��� OK Y�O ��" KP.O#w!Q" ��"�"P6 � 3�#�X ��#F �#��~�~ OK 4[� �XOP. 
�.$P�Q �#���[B |E� ���Ã6 
O"L.$o}5I� �#���� ��L.$

�� .DSSHOPH\HU �� %DWHV

�	���� �
P��}2#w!
 KPw �=5W> ����QP�Q �#�~#�#w P�W� ���Ã6 � 
P�N24[� �#�LX
�=�X�6P2Y�O ��

O"Pu �>�6 KO�� 
"Q�6P2 �#���#w L�L> ¿.#�� �. ��Rq"Q�O Q#�� #. 
�Ç�R�q��S 3#Ã~#d� OK ��"Q�6P2 �L�L2 Q" �K#p5X"
"Q�6P2 P�#JM o[w4�> #��6 �� 
�=�X�6P2 Y�O KP.O#w �Q�P�" �L�$ ��"Pq 4ÄPX �. �$YP5Wz ����Q � 4qPz!�	���� �
R5�.
 KP�z�� O"Pu �K#p5X" KO�� R�� �5J#X���Q � �5J#�\���Q 3#Ä�e" �KO�$4XL. OK �Ç}.
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�� 9RJHO �� *DVSHU DQG 2QFHVFX

�#�.$ �#�P> �Ã~#d� � 	���» �
|z�q
����QP�Q �#�.$ �X ���Ã6 ����Q OK 
�=�X�6P2 Y�OQ" R�� +$�XL��� OK�K�\�� �K#p5X" 	���� �
�ÇWW��" � P1Wz!
 ����QP�Q � �EdX
��#y[�#�Q$ �#�\�O ��

�#�P5��"O#�2 
�"�QP~ �#�>��� 4ÄP�X |�-�u Q"
 #�y�X o}5I� �Ç�R�q 3#�¼�_J ���Ã6 O�h��. #�\�O ��"3#Ä�e" �K�\�� �#=�" �#y[�#�Q$ OK 	�P�m � �W�e#�l� �P�N2K�J 
�Ç�P5Ç~" �T�� 4��#t� 
�~#yB 
��#W[w!�K#p5X" 4�> KO"�� �"�O#2 OK � ��"PE¼ �#��K"K P�Wp6 4�p�w K�-�. O�h��. ���Ã� 
#��P�z!�Q"L�" ��" Q" |¼#F�K�O�� O#Ç. #��Q#X �F"Pe OK ��t5W�
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¿>"P� ��»
$GDPV� :�0�� ����� *UDYLPHWULF GHWHFWLRQ DQG PDSSLQJ RI WXQQHOV LQ FRUDO UHHI�� VWUXFWXUHV� LQ 6HFRQG WHFK� V\PSRV� RQ WXQQHO GHWHFWLRQ� &RORUDGR 6FKRRO RI 0LQHVDQG 8�6� $UP\� *ROGHQ� &RORUDGR�$U]L� $�$�� ����� 0LFURJUDYLW\ IRU HQJLQHHULQJ DSSOLFDWLRQV� *HRSK\V� SURVS�� �������� � ����%DWHV� 5�*�� ����� $LUERUQH UDGLRDFWLYLW\ VXUYH\V� DQ DLG WR JHRORJLFDO PDSSLQJ� ,Q ��� 0LQLQJ *HRSK\VLFV� 6(*�%LUFK� )�6�� ����� %HGURFN GHSWK HVWLPDWHV IURP JURXQG PDJQHWLF SURILOHV � *URXQG�� :DWHU� ��� ��� � ����%RJRVORYVN\� 9 �$ �� DQG 2JLOY\� $�$�� ����� * HRSK\VLFDO PH W KRGV IRU W KH�� LQYHVWLJDWLRQ RI ODQG VOLGHV � *HRSK\VLFV� ��� ��� � ����'DKOVWUDQG� 7�.�� ����� $SSOLFDWLRLQV RI PLFURJUDYLW\ VXUYH\V WR VXUIDFH H[SORUDWLRQ ��� 6HFRQG QDW� FRQI� RQ VXUI� DQG ERUHKROH SK\V� PHWKRGV LQ JURXQG ZDWHU LQYHVW�� 1DW�:DWHU :HOO $VVQ�� )RUW :RUWK�'REHFNL� 7�/�� 5RZODQGV� '�� DQG -DFREV� $�0�� ����� 3DOHRPDJQHWLF DJH HYDOXDWLRQ�� RI XQGLVWXUEHG VHGLPHQWV RYHUO\LQJ LQWHQVHO\ GHIRUPHG URFNV � 3UHVHQWHG DW ��WK$QQ� ,QWHUQDW� 0WJ� DQG ([SRV� 6RF� ([SORU� *HRSKV�� 'HQYHU�)DMNOHZLH]� =�� ����� 5RFN EXUVW IRUHFDVWLQJ DQG JHQHWLF UHVHDUFK LQ FRDO � PLQHV E\�� PLFURJUDYLW\ PHWKRG � *HRSK\V� 3URVS�� ������ � ����*DVSHU� (� DQG 0� 2QFHVFX� ����� UDGLRDFWLYH WUDFHV LQ K\GURORJ� (OVHYLHU��� .DSSHOPH\HUR������� *HRWKHUPLFV ZLWK VSHFLDO UHIHUHQFHV WR PHWKRGV RI DSSOLFDWLRQ���� *HEUXGHU %RUQWUDHJHU� %HUOLQ� ��� 33�.H OOH U � * �9 �� ����� 1D W X U D O � ILH OG DQG FRQ W UR OOH G � VRX UFH PH W KRGV LQ��� HOHFWURPDJQHWLF H[SORUDWLRQ � *HRH[SORU�� ���� � ����/DYHUJQH� 0LFKHO� ����� 3URVSHFWLQJ IRU JURXQG � ZDWH U E\ LQGXFHG H OHFW ULFDO��� SRODUL]DWLRQ �VXUYH\V URFN SURSHUWLHV FOD\V�� *HRSK\VLFV� ��� 3����0HLVVQHU� 5� ����� :DYH � IURQW GLDJUDPV IURP XSKROH VKRRWLQJ � *HRSK\� 3URVS����� ����� � ����
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