
Propositions 
 
 
1. A single electric trigger always has multiple effects. (this thesis) 

 
2. Electrostatic and hydration repulsion are key for electrochemical desorption of 

proteins. (this thesis) 
 

3. Optimal optimization is for optimists. 
 
4. Even though we all see the same data, we may not see the same picture. 
 
5. Our brain is predisposed with prejudices and discrimination but our intellect lets 

us go beyond. 
 
6. Gender equality can only be reached if we stop defining ourselves and others by 

gender. 
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environment). Here, we use the electrolyte solution model (Fitzsimons et al., 2012) 

(Equation 3.4) as well as the Szargut model (Equation 3.5) to calculate it. For the 

electrolyte solution model the reference environment was set to 293 K, and the salt 

concentration of the dead state was either chosen to be equal to the incoming stream 

(0.3 g•L-1) or set to the salt concentration in sea water (35 g•L-1).

Fitzsimons
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to 0.3882); b and α are fixed values which are 1.2 and 2.0, respectively. The quantities 

!(0)MX, !(1)MX, and C!MX are empirical parameters that are known for sodium chloride at 

20 ᵒC, 1 bar, and salt concentrations ranging from 0-6 molar (Fitzsimons et al., 2012).
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Figure 4.5 a) or 7.5 % electrodes (P7.5, red line, Figure 4.5 a) are used, indicating 

salt adsorption. As soon as a potential bias of for example -0.9 V is applied to the 

electrodes in the active phase the conductivity is increasing, indicating desorption. If 

the active phase is extended to for example 1800 s an adsorption peak can be detected 

after the desorption peak in the active phase (Figure S4.2). This is because the 

potential applied for desorption is larger than the working voltage windows, ranging 

between 0.015 and 0.12 V depending on the electrode combination (Figure 4.4). For 
AC electrodes (yellow line, Figure 4.5 a) that do not contain polymers, the opposite 

behavior is detected, similar to a normal CDI process (ions are adsorbed when the 

electrodes are biased and desorbed when 0V is applied).
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Figure S4.2. a Change in conductivity during passive and active phase (-0.9 V) of iCDI processes 
without membranes. Yellow line: AC electrodes, blue line: P5 electrodes, red line: P7.5 electrodes. 
b Adsorbed (purple bars) and desorbed (yellow bars) amount of salt during passive and active phase  
(- 0.9 V) of iCDI processes without membrane.

Figure S4.3. gSAC values versus the absolute electrode potential applied during the electrochemically 
active phase in the process for AC (black circles, large), P5 (red pentagram) and P7.5 (blue hexagram) 
stack using an iMCDI set up with ion exchange membranes (Adsorption: 0V, desorption: -0.9,
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Figure S4.2. a Change in conductivity during passive and active phase (-0.9 V) of iCDI processes 
without membranes. Yellow line: AC electrodes, blue line: P5 electrodes, red line: P7.5 electrodes. 
b Adsorbed (purple bars) and desorbed (yellow bars) amount of salt during passive and active phase  
(- 0.9 V) of iCDI processes without membrane.

Figure S4.3. gSAC values versus the absolute electrode potential applied during the electrochemically 
active phase in the process for AC (black circles, large), P5 (red pentagram) and P7.5 (blue hexagram) 
stack using an iMCDI set up with ion exchange membranes (Adsorption: 0V, desorption: -0.9,
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also strongly dependent on the properties of the electrodes (Figure 6.3 b). AC+/- or 

Comp+/- electrode pairs that have chemical charges directly at the surface or distributed 

within the electrode matrix, show low salt ad- and desorption values (0.5 mg•g-1). This 

could be explained by less efficient capacitive ion storage, e.g. due to a negative 

electric charge of the cathode. In the cases of the AC+/- and Comp+/- electrode pairs, 

the cathode also carries positive chemical charges which partially repel the cations. 

This was not the case for Dip+/- electrode pairs that allow ions to penetrate through the 

polymer layer, thus not impacting electric double layer formation due to capacitive 

current. As a result, ad- and desorption is high at around 3 mg•g-1, which is comparable 

to the values obtained for AC electrodes.



�
�
�

����

�	�	�.LGGFIK@E>�$E=FID8K@FE�
�

�
�86DA4�(�����3�I8P�G?FKF<C<:KIFE�JG<:KIFJ:FGP�E8IIFN�J:8EJ�F=�0�*�J�G<8B�8E;�1���J�G<8B	��
�

�
�86DA4�(�����/?<IDF>I8M@D<KI@:�N<@>?K�CFJJ�8=K<I�?<8K@E>�J8DGC<J�=IFD�����KF�����̂ ���)FK<��/?<�:LIM<J�
F=�����8E;�����8I<�EFK�J?FNE�J@E:<�K?<P�FM<IC8GG<;�N@K?����	��

114
�
�
�

����

�	�	�.LGGFIK@E>�$E=FID8K@FE�
�

�
�86DA4�(�����3�I8P�G?FKF<C<:KIFE�JG<:KIFJ:FGP�E8IIFN�J:8EJ�F=�0�*�J�G<8B�8E;�1���J�G<8B	��
�

�
�86DA4�(�����/?<IDF>I8M@D<KI@:�N<@>?K�CFJJ�8=K<I�?<8K@E>�J8DGC<J�=IFD�����KF�����̂ ���)FK<��/?<�:LIM<J�
F=�����8E;�����8I<�EFK�J?FNE�J@E:<�K?<P�FM<IC8GG<;�N@K?����	��

114



�
�
�

����

�
�86DA4�(��
	��1�J:8EJ�F=�0����<C<:KIF;<�1�����2�����3��FDG��4��FDG�� 5��@G��6��@G�	�/?<�8IIFN�
@E;@:8K<J�K?<�GFJ@K@FE�F=�K?<�GFK<EK@8C�F=�Q<IF�:?8I><	�
� �

115



�
�
�

��
�

�
�86DA4�(���	�01�89JFI98E:<��0��8E;�:FE;L:K@M@KP�J@>E8C��2��D<8JLI<;�@E�K?<�FLKC<K�F=�K?<�<C<:KIF:?<D@:8C�
=CFN�:<CC�N?<E�LJ@E>����<C<:KIF;<J��LJ@E>�8E�8;JFIGK@FE�8E;�;<JFIGK@FE�K@D<�F=������J�8E;�8�GFK<EK@8C�
F=���	
�1�;LI@E>�K?<�8:K@M<�G?8J<	�1�8E;�3�I<GI<J<EK�K?<�8DFLEK�F=�GIFK<@EJ�8E;�J8CK�<O:?8E><;�;LI@E>�
K?<�G8JJ@M<�8E;�8:K@M<�G?8J<��I<JG<:K@M<CP	�/?<�>I<P�=@CC<;�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�G8JJ@M<�
G?8J<� 8E;� K?<� <DGKP� ;@8DFE;� @E;@:8K<J� 8;JFIGK@FE� @E� K?<� 8:K@M<� G?8J<��N?@C<� K?<� 9C8:B� =@CC<;� :@I:C<�
@E;@:8K<J�;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�8:K@M<�G?8J<	��
�

�
�86DA4�(���	�01�89JFI98E:<��0��8E;�:FE;L:K@M@KP�J@>E8C��2��D<8JLI<;�@E�K?<�FLKC<K�F=�K?<�<C<:KIF:?<D@:8C�
=CFN�:<CC�N?<E�LJ@E>����
��<C<:KIF;<J��8E�8;JFIGK@FE�8E;�;<JFIGK@FE�K@D<�F=������J�8E;�8�GFK<EK@8C�F=��
��	
�1�;LI@E>�K?<�8:K@M<�G?8J<	�1�8E;�3�I<GI<J<EK�K?<�8DFLEK�F=�GIFK<@EJ�8E;�J8CK�<O:?8E><;�;LI@E>�K?<�
G8JJ@M<�8E;�8:K@M<�G?8J<�I<JG<:K@M<CP	�/?<�>I<P�=@CC<;�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�
8E;�K?<�<DGKP�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�8:K@M<�G?8J<��N?@C<�K?<�9C8:B�=@CC<;�:@I:C<�@E;@:8K<J�
;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�8:K@M<�G?8J<	�

116



�
�
�

����

�
�86DA4�(���	�01�89JFI98E:<��0��8E;�:FE;L:K@M@KP�J@>E8C��2��D<8JLI<;�@E�K?<�FLKC<K�F=�K?<�<C<:KIF:?<D@:8C�
=CFN�:<CC�N?<E�LJ@E>��@G�
��<C<:KIF;<J��8E�8;JFIGK@FE�8E;�;<JFIGK@FE�K@D<�F=������J�8E;�8�GFK<EK@8C�F=��
��	
�1�;LI@E>�K?<�8:K@M<�G?8J<	�1�8E;�3�I<GI<J<EK�K?<�8DFLEK�F=�GIFK<@EJ�8E;�J8CK�<O:?8E><;�;LI@E>�K?<�
G8JJ@M<�8E;�8:K@M<�G?8J<�I<JG<:K@M<CP	�/?<�>I<P�=@CC<;�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�
8E;�K?<�<DGKP�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�8:K@M<�G?8J<��N?@C<�K?<�9C8:B�=@CC<;�:@I:C<�@E;@:8K<J�
;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�8:K@M<�G?8J<	�
�

�
�86DA4�(�����01�89JFI98E:<��0��8E;�:FE;L:K@M@KP�J@>E8C��2��D<8JLI<;�@E�K?<�FLKC<K�F=�K?<�<C<:KIF:?<D@:8C�
=CFN�:<CC�N?<E�LJ@E>��FDG�
��<C<:KIF;<J��8E�8;JFIGK@FE�8E;�;<JFIGK@FE�K@D<�F=������J�8E;�8�GFK<EK@8C�F=�
��	
�1�;LI@E>�K?<�8:K@M<�G?8J<	�1�8E;�3�I<GI<J<EK�K?<�8DFLEK�F=�GIFK<@EJ�8E;�J8CK�<O:?8E><;�;LI@E>�K?<�
G8JJ@M<�8E;�8:K@M<�G?8J<�I<JG<:K@M<CP	�/?<�>I<P�=@CC<;�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�
8E;�K?<�<DGKP�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�8:K@M<�G?8J<��N?@C<�K?<�9C8:B�=@CC<;�:@I:C<�@E;@:8K<J�
;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�8:K@M<�G?8J<	�

117



�
�
�

����

�
�86DA4�(���	�01�89JFI98E:<��0��8E;�:FE;L:K@M@KP�J@>E8C��2��D<8JLI<;�@E�K?<�FLKC<K�F=�K?<�<C<:KIF:?<D@:8C�
=CFN�:<CC�N?<E�LJ@E>��FDG�
��<C<:KIF;<J��8E�8;JFIGK@FE�8E;�;<JFIGK@FE�K@D<�F=������J�8E;�8�GFK<EK@8C�F=�
��	��1�;LI@E>�K?<�8:K@M<�G?8J<	�1�8E;�3�I<GI<J<EK�K?<�8DFLEK�F=�GIFK<@EJ�8E;�J8CK�<O:?8E><;�;LI@E>�K?<�
G8JJ@M<�8E;�8:K@M<�G?8J<�I<JG<:K@M<CP	�/?<�>I<P�=@CC<;�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�
8E;�K?<�<DGKP�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�8:K@M<�G?8J<��N?@C<�K?<�9C8:B�=@CC<;�:@I:C<�@E;@:8K<J�
;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�8:K@M<�G?8J<	�
�

�
�86DA4�(���	�01�89JFI98E:<��0��8E;�:FE;L:K@M@KP�J@>E8C��2��D<8JLI<;�@E�K?<�FLKC<K�F=�K?<�<C<:KIF:?<D@:8C�
=CFN�:<CC�N?<E�LJ@E>�KNF��FDG��<C<:KIF;<J��8E�8;JFIGK@FE�8E;�;<JFIGK@FE�K@D<�F=������J�8E;�8�GFK<EK@8C�
F=���	
�1�;LI@E>�K?<�8:K@M<�G?8J<	�1�8E;�3�I<GI<J<EK�K?<�8DFLEK�F=�GIFK<@EJ�8E;�J8CK�<O:?8E><;�;LI@E>�
K?<�G8JJ@M<�8E;�8:K@M<�G?8J<�I<JG<:K@M<CP	�/?<�>I<P�=@CC<;�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�G8JJ@M<�
G?8J<� 8E;� K?<� <DGKP� ;@8DFE;� @E;@:8K<J� 8;JFIGK@FE� @E� K?<� 8:K@M<� G?8J<��N?@C<� K?<� 9C8:B� =@CC<;� :@I:C<�
@E;@:8K<J�;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�8:K@M<�G?8J<	�

118



�
�
�

����

�
�86DA4� (���
	� 01� 89JFI98E:<� �0�� 8E;� :FE;L:K@M@KP� J@>E8C� �2�� D<8JLI<;� @E� K?<� FLKC<K� F=� K?<�
<C<:KIF:?<D@:8C�=CFN�:<CC�N?<E�KNF��FDG��<C<:KIF;<J��8E�8;JFIGK@FE�8E;�;<JFIGK@FE�K@D<�F=������J�8E;�
8� GFK<EK@8C� F=� ��	
� 1� ;LI@E>� K?<� 8:K@M<� G?8J<	�1� 8E;� 3� I<GI<J<EK� K?<� 8DFLEK� F=� GIFK<@EJ� 8E;� J8CK�
<O:?8E><;� ;LI@E>� K?<� G8JJ@M<� 8E;� 8:K@M<� G?8J<� I<JG<:K@M<CP	� /?<� >I<P� =@CC<;� ;@8DFE;� @E;@:8K<J�
8;JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�8:K@M<�G?8J<��N?@C<�
K?<�9C8:B�=@CC<;�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�:@I:C<�@E;@:8K<J�;<JFIGK@FE�
@E�K?<�8:K@M<�G?8J<	�
�

�
�86DA4�(����	�$E;@:8KFIJ�(��
+..�D8KI@O�����01�89JFI98E:<��0��8E;�:FE;L:K@M@KP�J@>E8C��2��D<8JLI<;�
@E�K?<�FLKC<K�F=�K?<�<C<:KIF:?<D@:8C�=CFN�:<CC�N?<E�LJ@E>��FDG�
��<C<:KIF;<J��8K�8;��8E;�;<JFIGK@FE�K@D<�
F=�����J��8E;�8�GFK<EK@8C�F=���	
�1�;LI@E>�K?<�8:K@M<�G?8J<	�1�8E;�3�I<GI<J<EK�K?<�8DFLEK�F=�GIFK<@EJ�
8E;�J8CK�<O:?8E><;�;LI@E>�K?<�G8JJ@M<�8E;�8:K@M<�G?8J<�I<JG<:K@M<CP	�/?<�>I<P�=@CC<;�;@8DFE;�@E;@:8K<J�
8;JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�8:K@M<�G?8J<��N?@C<�
K?<�9C8:B�=@CC<;�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�:@I:C<�@E;@:8K<J�;<JFIGK@FE�
@E�K?<�8:K@M<�G?8J<	�

119



�
�
�

����

�
�86DA4�(����	�$E;@:8KFIJ�(��
+..�D8KI@O�����01�89JFI98E:<��0��8E;�:FE;L:K@M@KP�J@>E8C��2��D<8JLI<;�
@E�K?<�FLKC<K�F=�K?<�<C<:KIF:?<D@:8C�=CFN�:<CC�N?<E�LJ@E>��FDG�
��<C<:KIF;<J��8K�8;��8E;�;<JFIGK@FE�K@D<J�
F=�����J��8E;�8�GFK<EK@8C�F=���	
�1�;LI@E>�K?<�8:K@M<�G?8J<	�1��8E;�3��I<GI<J<EK�K?<�8DFLEK�F=�GIFK<@EJ�
8E;�J8CK�<O:?8E><;�;LI@E>�K?<�G8JJ@M<�8E;�8:K@M<�G?8J<�I<JG<:K@M<CP	�/?<�>I<P�=@CC<;�;@8DFE;�@E;@:8K<J�
8;JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�8:K@M<�G?8J<��N?@C<�
K?<�9C8:B�=@CC<;�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�:@I:C<�@E;@:8K<J�;<JFIGK@FE�
@E�K?<�8:K@M<�G?8J<	�
�

�
�86DA4�(���
	�$E;@:8KFIJ�(��
+..�D8KI@O�����01�89JFI98E:<��0��8E;�:FE;L:K@M@KP�J@>E8C��2��D<8JLI<;�
@E�K?<�FLKC<K�F=�K?<�<C<:KIF:?<D@:8C�=CFN�:<CC�N?<E�LJ@E>��FDG�
��<C<:KIF;<J��8K�8;��8E;�;<JFIGK@FE�K@D<�
F=������J�8E;�����J��I<JG<:KFM<CP��8K�8�GFK<EK@8C�F=���	
�1�;LI@E>�K?<�8:K@M<�G?8J<	�1�8E;�3�I<GI<J<EK�
K?<�8DFLEK�F=�GIFK<@EJ�8E;�J8CK�<O:?8E><;�;LI@E>�K?<�G8JJ@M<�8E;�8:K@M<�G?8J<�I<JG<:K@M<CP	�/?<�>I<P�
=@CC<;�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�;@8DFE;�@E;@:8K<J�8;JFIGK@FE�@E�
K?<�8:K@M<�G?8J<��N?@C<�K?<�9C8:B�=@CC<;�:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�G8JJ@M<�G?8J<�8E;�K?<�<DGKP�
:@I:C<�@E;@:8K<J�;<JFIGK@FE�@E�K?<�8:K@M<�G?8J<	�

120



121





�
�
�

����

�

���%)�'����
��� �$#)'$!!�#���!��)'$()�)����#���.�'�)�$#��#)�'��)�$#(��$'�%'$)��#���($'%)�$#��#����($'%)�$#��

�$#)'$!!�#���!��)'$()�)����#���.�'�)�$#�

�#)�'��)�$#(��!��)'$���"���!!.��$'�

%'$)��#���($'%)�$#��#����($'%)�$#�
�

2?<E�GIFK<@EJ�@E�8HL<FLJ�JFCLK@FE�8I<�<OGFJ<;�KF�JFC@;�JL9JKI8K<J��K?<P�8;JFI9�;L<�

KF� K?<� ;PE8D@:� @EK<IGC8P� F=�<C<:KIFJK8K@:�� M8E�;<I�288CJ� 8E;�?P;I8K@FE� @EK<I8:K@FEJ	�

*E:<� 8;JFI9<;� @K� @J� M<IP� :?8CC<E>@E>� KF� @E;L:<� ;<JFIGK@FE	� #<I<� N<� LJ<� 8� >FC;�

<C<:KIF;<�8J�K?<�JFC@;�JL9JKI8K<�8E;�DF;LC8K<�K?<�JLI=8:<�GFK<EK@8C�KF�JPJK<D8K@:8CCP�

@EM<JK@>8K<� 8;JFIGK@FE� 8J� N<CC� 8J� ;<JFIGK@FE�� K?<� C8KK<I� 9<@E>� 8E� <JJ<EK@8C� 9LK�

KIFL9C<JFD<�JK<G�@E�GIFK<@E�I<:FM<IP	�2<�J?FN�K?IFL>?�JLI=8:<�GC8JDFE�I<JFE8E:<��

8KFD@:� =FI:<� D@:IFJ:FGP�� 8E;� <C<:KIFN<KK@E>� K?8K� 9@8J@E>� K?<� <C<:KIF;<� KF� DFI<�

E<>8K@M<�GFK<EK@8CJ��9P���	��1�:FDG8I<;�KF�K?<�FG<E�:@I:L@K�GFK<EK@8C�8K�G#����I<JLCKJ�

=FI� K?<� E<>8K@M<CP� :?8I><;� GIFK<@E� ��C8:KF>CF9LC@E� @E� 8E� @E:I<8J<� F=� K?<� 8;JFIGK@FE�

98II@<I�9P���B%•DFC��	�2<�:C<8ICP�;<DFEJKI8K<�K?8K�K?@J�8GGC@<;�GFK<EK@8C�I<JLCKJ�@E�8E�

@E:I<8J<;�;FL9C<�C8P<I�GFK<EK@8C�F=���	���1�8E;�8E�@E:I<8J<�@E�?P;I8K@FE�I<GLCJ@FE	�/?@J�

@E;@:8K<J� K?8K�8E�<C<:KI@:�GFK<EK@8C�:8E�;@I<:KCP� @E=CL<E:<�K?<�8;JFIGK@FE� =I<<�<E<I>P��

8E;�@K�@J�<M<E�GFJJ@9C<�KF�LJ<�@K�KF�@E;L:<���C8:KF>CF9LC@E�;<JFIGK@FE	�/?<J<�GI@E:@GC<J�

:8E�9<�LJ<;� @E� @EEFM8K@M<�J<G8I8K@FE� K<:?EFCF>P� K?8K�LJ<J�320=�32*�86-++*6� KF�JK<<I�

GIFK<@E�8;��8E;�;<JFIGK@FE	�
�

/?@J�:?8GK<I�?8J�9<<E�JL9D@KK<;�8J��

+	��	�!I@KQ���	��<I8��%	�M8E�;<E��<I>��$	�1@JJ<I��(	�&C<@AE��-	�(	��FFD��8E;�&	�.:?IFXE	�

�FEKIFCC@E>� <C<:KIFJK8K@:� 8E;� ?P;I8K@FE� @EK<I8:K@FEJ� <C<:KIF:?<D@:8CCP� =FI� GIFK<@E�

8;JFIGK@FE�8E;�;<JFIGK@FE	�

�

� �



�
�
�

����

�	�	�$EKIF;L:K@FE�
�

�CK?FL>?� GIFK<@E� 8;JFIGK@FE� KF� 8E;� ;<JFIGK@FE� =IFD� JFC@;� @EK<I=8:<J� @J� F=� >I<8K�

@DGFIK8E:<� @E�D8EP�8GGC@:8K@FE� =@<C;J�JL:?�8J�9@FK<:?EFCF>P��9@FG?PJ@:J��D<;@:@E<��

G?8ID8:<LK@:J��8E;�=FF;�J:@<E:<��K?<�LE;<ICP@E>�D<:?8E@JDJ�8I<�=8I�=IFD�I<JFCM<;��

;L<�KF�K?<@I�:FDGC<O@KP	�!FI�K?@J��DLCK@GC<�:FDGFE<EKJ��<	>	�JLI=8:<��GIFK<@E��JFCM<EK���

K?8K�?8M<�;@==<I<EK�GIFG<IK@<J��<	>	�GFC8I@KP��:?8I><��;<G<E;@E>�FE�K?<�<EM@IFED<EK�K?<P�

8I<�<OGFJ<;�KF��G#��@JF<C<:KI@:�JKI<E>K?��K<DG<I8KLI<��8E;�K?LJ�:FEKI@9LK<�@E�M8I@FLJ�

N8PJ� KF� JPJK<D� JG<:@=@:� @EK<I8:K@FEJ� NFLC;� E<<;� KF� 9<� :FEJ@;<I<;	� !LIK?<I�� K?<J<�

<==<:KJ�F::LI�;PE8D@:8CCP��N?<E�8�JFC@;�JLI=8:<�@J�9IFL>?K�@EKF�:FEK8:K�N@K?�8�GIFK<@E�

JFCLK@FE��K?<�JLI=8:<�N@CC�=@IJK�9<�N<KK<;�9P�JFCM<EK�DFC<:LC<J	�.L9J<HL<EKCP��GIFK<@EJ�

;@==LJ<�@EKF�K?<�E<8I�JLI=8:<�=CL@;��I<GC8:<�JFCM<EK�DFC<:LC<J�8E;�8;JFI9��C<8;@E>�KF�8E�

8;JFI9<;�C8P<I�N?<I<�:FE=FID8K@FE8C�I<8II8E><D<EKJ�8E;�I<GC8:<D<EKJ�:8E�JK@CC�F::LI�

�)8B8E8@J?@�<K�8C	��
�����)FI;<��������-89<�<K�8C	��
����	�

.@E:<�GIFK<@EJ�:8E�?8M<�DLCK@GC<�:FEK8:K�GF@EKJ�N@K?�K?<�JLI=8:<��K?<�"@99J�=I<<�

<E<I>P�F=�8;JFIGK@FE�@J�LJL8CCP�@E�K?<�I8E><�F=�K<EJ�F=�� �G<I�DFC<�F=�GIFK<@E� N@K?���
K?<�LE@M<IJ8C�>8J�:FEJK8EK�8E;� � K?<� K<DG<I8KLI<��)FI;<��������1F>C<I��
��
�	�!FI��

��C8:KF>CF9LC@E�M8CL<J�9<KN<<E����B%•DFC�����
� ��KF�����B%•DFC�����

� ��;<G<E;@E>�FE�

K?<� JLI=8:<� ��FEFDF�<K� 8C	�� 
�����!8@E<ID8E�<K� 8C	�� 
�����*D8EFM@:� 8E;�-FJ:F<��


������?8M<�9<<E�I<GFIK<;��K?<�E<>8K@M<�J@>E�;<EFK<J�8KKI8:K@FE�9<KN<<E�GIFK<@EJ�8E;�

JLI=8:<� �)FI;<�� ������ 1F>C<I�� 
��
�	�  C<:KIFJK8K@:� @EK<I8:K@FEJ� 8J� N<CC� 8J� M8E� ;<I�

288CJ� 8KKI8:K@FE�� 8E;� ?P;I8K@FE� @EK<I8:K@FE� 8I<� B<P� =8:KFIJ� ;<=@E@E>� K?<� FI@>@E� 8E;�

JKI<E>K?�F=�K?<�9@E;@E>�F=�GIFK<@EJ�KF�JLI=8:<J��$JI8<C8:?M@C@��
�����&C<@AE�<K�8C	��
�����

'PBC<D8��
�����(:LD9<I�<K�8C	��
����	�*E:<�GIFK<@EJ�8;JFI9��;<JFIGK@FE�@J�:?8CC<E>@E>�

;L<�KF�JKIL:KLI8C�I<8II8E><D<EKJ�8E;�I<C8O8K@FE�8K�K?<�@EK<I=8:<��)FI;<�������	� 	>	�=FI��

��C8:KF>CF9LC@E��D8O@DLD�;<JFIGK@FE�LGFE�I@EJ@E>�N@K?�9L==<I�:FLC;�9<�8:?@<M<;�8=K<I�

8IFLE;� ����� J� F=� 8;JFIGK@FE� �K?<� :I@K@:8C� JLI=8:<� :FM<I8><� 8K� 8� :FE:<EKI8K@FE� F=��

�������(���=FI�J?FIK<I�8E;�CFE><I�8;JFIGK@FE�K@D<J��K?<�8DFLEK�F=�GIFK<@E�K?8K�:FLC;�9<�

I<DFM<;�N8J�C<JJ��-89<�<K�8C	��
����	��

�CK?FL>?� <CLK@FE�N@K?� 9L==<I� @J� N@;<CP� LJ<;� KF� 8:?@<M<� GIFK<@E� ;<JFIGK@FE�� @E�

D8EP�:8J<J�K?@J�:8EEFK�9<�<==<:K@M<�9<:8LJ<�F=�K?<�?@>?�8;JFIGK@FE�<E<I>P��@E�FI;<I�

KF�@E=CL<E:<�K?8K��N<�?PGFK?<J@Q<��K?8K�<C<:KIF:?<D@:8C�JK@DLC@�8I<�DFI<�<==@:@<EK��J@E:<�

K?<P�;@I<:KCP�8==<:K�K?<�JFC@;�JLI=8:<�GFK<EK@8C��8E;�K?LJ�K?<�9@E;@E>�JKI<E>K?�9P�9FK?�

124



�
�
�

����

<C<:KIFJK8K@:�8E;�?P;I8K@FE�I<GLCJ@FE	�/F�HL8EK@=P�K?<J<�<==<:KJ���!(�?8J�9<<E�LJ<;�KF�

JKL;P�JLI=8:<�@EK<I8:K@FEJ�8E;�:?8I8:K<I@Q<�K?<�<C<:KI@:�;FL9C<�C8P<I���LKK��
������LKK�

<K�8C	��
�����-@::@�<K�8C	��
������FE�8�>FC;�<C<:KIF;<�K?<�;FL9C<�C8P<I�GFK<EK@8C�:FLC;�9<�

J?@=K<;�9<KN<<E�����D1�8E;�
��D1�N?<E�M8IP@E>� K?<�8GGC@<;�GFK<EK@8C� =FID���	�� KF�

�	��1�M<IJLJ�8��>
�>�C����(��I<=<I<E:<�<C<:KIF;<���8IK<E�<K�8C	��
���8��#@CC@<I�<K�8C	��

�����	��

#<I<� N<� @EM<JK@>8K<� =FI� K?<� =@IJK� K@D<� KF� N?8K� <OK<EK� K?<� 8GGC@<;� GFK<EK@8C�

@E=CL<E:<J�GIFK<@E�8;JFIGK@FE���8IK<E�<K�8C	��
���9��&C<@AE�<K�8C	��
�����(FLCKFE�<K�8C	��


������ 8E;� ;<JFIGK@FE�N?<E� LJ@E>�<C<:KIF;<J� ;@I<:KCP�� JF�N@K?FLK� <C<:KIF:?<D@:8CCP�

I<JGFEJ@M<�JLI=8:<�:F8K@E>J��(L�<K�8C	��
�����.L�<K�8C	��
���8�	�/?<�8GGIF8:?�N<�K8B<�

I<MFCM<J� 8IFLE;� 8� LE@HL<� :FD9@E8K@FE� F=� 8KFD@:� =FI:<� D@:IFJ:FGP�� <C<:KIFN<KK@E>�

�(L><C<� 8E;� �8I<K�� 
����� 8E;� JLI=8:<� GC8JDFE� I<JFE8E:<�� N?@:?� 8CCFNJ� LJ� KF�

JPJK<D8K@:8CCP�@EM<JK@>8K<�8E;�HL8EK@=P�K?<�=LE;8D<EK8C�<==<:K�F=�K?<�JLI=8:<�GFK<EK@8C�

FE�GIFK<@E�8;��8E;�;<JFIGK@FE��8E;�K?<�LE;<ICP@E>�@EK<I8:K@FEJ	�/?<�F9K8@E<;�=@E;@E>J�

8I<�;@I<:KCP�C@EB<;�KF�:FE:I<K<�8GGC@:8K@FEJ�@E�9@FJ<EJFIJ�8E;�J<G8I8K@FE��(8?8IA8E�<K�

8C	��
������<	>	�<C<:KIF:?<D@:8C�J<G8I8K@FE��.L�8E;�#8KKFE��
���9��4FFE�<K�8C	��
�����

8E;�<C<:KIF:?<D@:8CCP�DF;LC8K<;� C@HL@;�:?IFD8KF>I8G?P� ��FCC@EJ�8E;��II@>8E��
�����

#8IE@J:?�8E;�+FIK<I��
�����+FIK<I�8E;�/8B8EF��
�����.L�8E;�#8KKFE��
���8��48D@E@�

<K�8C	��
�����	�

�

�	
	�(8K<I@8CJ�8E;�(<K?F;J�
�

�	
	�	���'8:KF>CF9LC@E�GLI@=@:8K@FE�8E;�:?8I8:K<I@Q8K@FE�
�

��C8:KF>CF9LC@E���;���	��B�8��N8J�GLI@=@<;�=IFD�N?<P�GIFK<@E�:FEK8@E@E>��
	����

GIFK<@E� =FCCFN@E>�(8@CC@8IK� 8E;�-@98;<8L��LD8J� ������	�2?<P� GIFK<@E� JFCLK@FE�N8J�

8;ALJK<;� KF�G#�
�8K������JF;@LD�:?CFI@;<�:FE:<EKI8K@FE��8=K<I�FM<IE@>?K�JK@II@E>� K?<�

JFCLK@FE�N8J�;@CLK<;�
�=FC;�8E;�:<EKI@=L><;�����D@E�8K��������>�	�/?<�JF;@LD�:?CFI@;<�

:FE:<EKI8K@FE� F=� K?<� JLG<IE8K8EK� N8J� JL9J<HL<EKCP� 8;ALJK<;� KF� 
���� 8E;� 8>8@E�

:<EKI@=L><;	�/?<�G<CC<K�N8J�I<JLJG<E;<;�8E;�K?<�G#�N8J�8;ALJK<;�KF����8E;�I<JLCK@E>�

��C8:KF>CF9LC@E�JFCLK@FE�N8J�;@8CPQ<;�8>8@EJK�N8K<I�8E;�=I<<Q<�;I@<;�=FI�JKFI8><	�/?<�

GLI@KP�F=���C8:KF>CF9LC@E�@E�K?<�=@E8C�GIF;L:K�N8J�D<8JLI<;�LJ@E>�#+'��8E;�N8J�8K�C<8JK�

��	������86DA4�(����0�	�/?<�@JF<C<:KI@:�GF@EK�N8J��	���5<K8J@Q<I�D<8JLI<D<EKJ�@E�K?<�
I8E><�F=�G#���KF�G#�����86DA4�(����1�	��

125



�
�
�

�
��

�	
	
	�.LI=8:<�GC8JDFE�I<JFE8E:<��.+-��
�

��.+-�;<M@:<�=IFD�&@E<K@:� M8CL8K@FE�$EJKILD<EKJ��/?<�)<K?<IC8E;J��N8J�LJ<;�

@E�:FD9@E8K@FE�N@K?�8E�<C<:KIF:?<D@:8C�:<CC� ��86DA4�����0�	�!FI� K?<�98J<C@E<����D(�
JF;@LD� :?CFI@;<� JFCLK@FE� 8K� G#� ��N8J� ILE� K?IFL>?� K?<� :LM<KK<� 8E;� K?<� .+-� J@>E8C�

I<:FI;<;	�.L9J<HL<EKCP��8����D>
'���C8:KF>CF9LC@E�JFCLK@FE�8K���D(�JF;@LD�:?CFI@;<�

�G#����N8J�@EKIF;L:<;�@E�K?<�:LM<KK<	��J�9C8EB��K?<�J8D<�<OG<I@D<EK�N8J�:FE;L:K<;�

N@K?FLK� GIFK<@E�� K?<J<� M8CL<J� N<I<� JL9KI8:K<;� =IFD� K?FJ<� F9K8@E<;� =FI� K?<��

��C8:KF>CF9LC@E�JFCLK@FE�KF�@;<EK@=P�K?<�J@>E8C�I<C8K<;�KF�GIFK<@E�FECP	��

!FI�<C<:KIF:?<D@:8C�D<8JLI<D<EKJ�K?<�>FC;�JLI=8:<�F=�K?<�.+-�:?@G��.. ).��

/?<�)<K?<IC8E;J��N8J�K?<�NFIB@E>�<C<:KIF;<��8�GC8K@ELD�N@I<�K?<�I<=<I<E:<�<C<:KIF;<��

8E;�JK8@EC<JJ�JK<<C�K?<�:FLEK<I�<C<:KIF;<	�/?<�I<=<I<E:<�<C<:KIF;<�N8J�:8C@9I8K<;�LJ@E>�

8E��>
�>�C����(��I<=<I<E:<�<C<:KIF;<�8K��	��1�MJ��>
�>�C�8K�G#��	�/?<�FG<E�:@I:L@K�

GFK<EK@8C��*�+��F=�K?<�>FC;�<C<:KIF;<�8K�G#���8E;���D(�)8�C�N8J��	��1�MJ��>
�>�C�

��(�	�

�;JFIGK@FE� �KPG@:8CCP� �� ?FLIJ�� N8J� D<8JLI<;� =FI� ;@==<I<EK� :FEJK8EK� 8GGC@<;�

GFK<EK@8CJ�KF�K?<�>FC;�<C<:KIF;<��FI�=FI�8CK<IE8K@E>�GFK<EK@8CJ	�/PG@:8CCP��*�+�NFLC;�K?<E�

9<�8GGC@<;�=FI����KF������J��=FCCFN<;�9P���	��1�=FI������J��N?@:?�N8J�I<G<8K<;�=FLI�

K@D<J	��CC�<OG<I@D<EKJ�N?<I<�:FE;L:K<;�@E�@E;<G<E;<EK�KI@GC@:8K<J	�$E:I<8J<�@E�<E<I>P�

98II@<I�=FI�8;JFIGK@FE������LGFE�8GGCP@E>���	��1�N8J�;<K<ID@E<;�LJ@E>��@D0C8>=�����
�)FI;<��������)FI;<�<K�8C	���������

�
4SN
Q_
4ZU[

� 1S�W�\^� ����

�

N?<I<�.����"�8E;�.����I<GI<J<EK�K?<�@E@K@8C�GIFK<@E�8;JFIGK@FE�I8K<�8K�8E�8GGC@<;�GFK<EK@8C�

F=���	�1�MJ�*�+��8E;�8K�K?<�*�+��I<JG<:K@M<CP	�

�

�	
	�	��KFD@:�=FI:<�JG<:KIFJ:FGP�
�

�� �ILB<I� )8EFJ:FG<� (LCK@DF;<� .+(� N8J� LJ<;� @E� :FD9@E8K@FE� N@K?� 8E�

<C<:KIF:?<D@:8C�=CL@;�:<CC���86DA4�����1�	�/F�F9K8@E�8�KILE:8K<;�:FE@:8C�9CLEK<;�K@G��8�
GF@EK<;� J@C@:FE��!(�GIF9<� �(@BIF(8J:?��).�����N8J� J:I8K:?<;�FE�8� J@C@:FE�FO@;<�

JLI=8:<� =FI� �� ?�� LJ@E>� K?<� �!(� @E� :FEK8:K� DF;<� 8K� 8� ;<=C<:K@FE� J<K� GF@EK� F=� �� 1��

��86DA4�����2�4��� 9<C@E>�<K�8C	��
����	��=K<I�J:I8K:?@E>�K?<�GIF9<�I8;@LJ�-G�N8J����ED	�

126



�
�
�

�
��

/?<�:8EK@C<M<I�JGI@E>�:FEJK8EK�N8J�=FLE;�KF�9<�8IFLE;��	��)•D���9<=FI<�8E;�8=K<I�<8:?�

D<8JLI<D<EK	�

�

�
�86DA4�����*M<IM@<N�F=�<OG<I@D<EK8C�J<K�LGJ��8E;�;<K8@CJ�F=�GIF9<J	�0� C<:KIF:?<D@:8C�JLI=8:<�GC8JDFE�
I<JFE8E:<	�1�  C<:KIF:?<D@:8C� 8KFD@:� =FI:<�JG<:KIFJ:FGP	�2�/ILE:8K<;�:FE<� J?8G<;� GIF9<� LJ<;� =FI�
8KFD@:�=FI:<�JG<:KIFJ:FGP�N@K?�8E>C<���8E;�I8;@LJ�-G�8K�K?<�GC8E<�=8:@E>�K?<�>FC;�JL9JKI8K<	�3��4�. (�
@D8><�F=�K?<�GF@EK<;�8E;�9CLEK<;�8KFD@:�=FI:<�JG<:KIFJ:FGP�GIF9<��I<JG<:K@M<CP	�5� C<:KIFN<KK@E>	�
�

"FC;�<C<:KIF;<J�N<I<�F9K8@E<;�9P�=@O@E>�8�>FC;�N@I<�@E�8�/<=CFE�J8DGC<�?FC;<I�

8E;�GFC@J?@E>�K?<�:IFJJ�J<:K@FE��
�DD
��LJ@E>�8����ED�J@C@:8�JLJG<EJ@FE�@E�N8K<I��*+�

0� JLJG<EJ@FE�� .KIL<IJ� 9M�� �<ED8IB�	� /?@J� I<JLCK<;� @E� I<C8K@M<CP� =C8K� >FC;� JLI=8:<J�

:FEK8@E@E>� 8I<8J�N@K?� 8� G<8B�KF�M8CC<P� ;@JK8E:<� F=� C<JJ� K?8E� �� ED�FM<I� 8E�8I<8� F=�

�	��bD
��8J�;<K<ID@E<;�9P��!(�@D8>@E>�@E�K?<�:FEK8:K�DF;<�N@K?�8�JK8E;8I;�E@KI@;<�K@G�

��8IK<E� <K� 8C	�� 
���8�	� /?<� :IFJJ� J<:K@FE� F=� K?<� >FC;� N@I<� N8J� LJ<;� 8J� NFIB@E>�

<C<:KIF;<�� N?@C<� 8� GC8K@ELD� N@I<� N8J� K?<� :FLEK<I� <C<:KIF;<�� 8E;� 8� �� (� �>
�>�C�

<C<:KIF;<� K?<� I<=<I<E:<� <C<:KIF;<� ��86DA4� ���� 1�	� �J� <C<:KIFCPK<�� 8� �� D(� JF;@LD�
:?CFI@;<� JFCLK@FE� 8K� G#� ��N8J� LJ<;	� �CC� JFCLK@FEJ�N<I<� ;<>8JJ<;� 9P� JFE@:8K@FE� =FI��

���D@E�GI@FI�KF�K?<�<OG<I@D<EK	�2@K?�8�JPI@E><�����D'�F=�JFCLK@FE�N8J�=CLJ?<;�K?IFL>?�

K?<��!(�:<CC��8=K<I�N?@:?�@K�N8J�:CFJ<;�8E;�K?<�JPJK<D�C<=K�KF�<HL@C@9I8K<�=FI����D@E��

127

-1



�
�
�

�

�

8=K<I�N?@:?�=FI:<�:LIM<J�N<I<�D<8JLI<;�FM<I�����ED�8K�8�I8DG�I8K<�F=���#Q��9@8J@E>�

K?<�NFIB@E>�<C<:KIF;<�KF������	�����	
����	��8E;���	��1�MJ�*�+��I<JG<:K@M<CP	�

�

�	
	�	� C<:KIFN<KK@E>�
�

/?<�;PE8D@:�:FEK8:K�8E>C<�N8J�D<8JLI<;��/<:C@J��!I8E:<��FE�K?<�J8D<�>FC;�

JL9JKI8K<�LJ<;�=FI�K?<�.+-�<OG<I@D<EKJ��8E;�LJ<;�8J�NFIB@E>�<C<:KIF;<	��J�:FLEK<I�

8E;� I<=<I<E:<� <C<:KIF;<J�� +K�N@I<J� N<I<� @DD<IJ<;� @EKF� K?<� ;IFG� �)8�C� �� D(�� 8J�

@E;@:8K<;�@E��86DA4�����5	�/?<�;IFG�N8J�I<>LC8K<;�LJ@E>�8���"�E<<;C<��/<:C@J��!I8E:<��
8K���DD�•J���8E;�8;M8E:@E>�8E;�I<:<;@E>�:FEK8:K�8E>C<J�FE�K?<�C<=K�8E;�I@>?K�J@;<�F=�

K?<�;IFG�N<I<�D<8JLI<;	��=K<I�8�G<I@F;�F=����J��8�GFK<EK@8C�I8DG�=IFD���KF���	��1�MJ�

�>
�>�C���(��N8J�8GGC@<;�KF�K?<�NFIB@E>�<C<:KIF;<��LJ@E>��	��1�@EK<ID<;@8K<�JK<GJ	��

�

�CC�D<8JLID<EKJ�?8M<�9<<E�G<I=FID<;�8K�IFFD�K<DG<I8KLI<��
�°��	�

�

�	�	�-<JLCKJ�8E;�;@J:LJJ@FE�
�

�� KPG@:8C� ��C8:KF>CF9LC@E� 8;JFIGK@FE� :LIM<� D<8JLI<;� LJ@E>� .+-� @J� ;<G@:K<;� @E��

�86DA4�����0	� $E@K@8CCP����C8:KF>CF9LC@E�8;JFI9J�HL@:BCP� �8=K<I����J<:FE;J�F=�98J<C@E<�
D<8JLI<D<EK��� 9LK� 8=K<I� 8IFLE;���D@ELK<J� K?<� JLI=8:<�9<:FD<J� J8KLI8K<;�8E;� K?<�

8;JFIGK@FE�I8K<�;<:I<8J<J���86DA4�����0�@EJ<K�	�/?<�D8O@DLD�8;JFI9<;�8DFLEK�N?<E�
EF�GFK<EK@8C� �)+�� FI� K?<� FG<E� :@I:L@K� GFK<EK@8C� @J� 8GGC@<;� @J� :FDG8I89C<�N@K?� M8CL<J�

GI<M@FLJCP�=FLE;�LJ@E>�<CC@GJFD<KIP��
	��D>•D�
��� CF=JJFE�<K�8C	��������(8IJ?�<K�8C	��


��
��-89<�<K�8C	��
����	�0E;<I�8�GFK<EK@8C�F=� ��	��1�GIFK<@EJ�8;JFI9�DL:?�JCFN<I��

@E;@:8K@E>�8E�@E:I<8J<�@E�8;JFIGK@FE�98II@<I�9P��	��B%•DFC����8E;�K?<�D8O@DLD�8;JFI9<;�

8DFLEK�8=K<I���?�@J�I<;L:<;�KF��	��D>•D�
���86DA4�����0�	��
�:K@M8K@E>�K?<�GFK<EK@8C�=IFD�FG<E�:@I:L@K�:FE;@K@FEJ�KF���	��1�8=K<I�8;JFI9@E>�=FI�

�����J��@E;L:<J�K?<�;<JFIGK@FE�F=�JFD<���C8:KF>CF9LC@E���86DA4�����3���K?<�8DFLEK�F=�
JLI=8:<�9FLE;�GIFK<@EJ�;<:I<8J<J�9P�LG�KF�������N?@:?�9<:FD<J�JC@>?KCP�C<JJ�LGFE�

I<G<8K<;�FG<I8K@FE���86DA4�����4�	�/?<�8:KL8C�8DFLEK�K?8K�:8E�9<�;<JFI9<;�;<G<E;J�
FE�K?<�8;JFIGK@FE�K@D<	��

�

128



�
�
�

�
��

�

�86DA4� ����  C<:KIF:?<D@:8CCP� DF;LC8K<;� GIFK<@E� 8;JFIGK@FE� 8E;� ;<JFIGK@FE	� 0� �;JFI9<;� 8DFLEK� F=�
GIFK<@E��8E;�8;JFIGK@FE�I8K<��@EJ<K��FM<I�K@D<�8K�;@==<I<EK�8GGC@<;�GFK<EK@8CJ�C<8;@E>�KF�8E�<OKI8�8;JFIGK@FE�
98II@<I�F=��	��B%•DFC���8K� ��	��1�I<C8K@M<� KF�*�+��)+� @J�EF�GFK<EK@8C�8GGC@<;�	�1�+IFK<@E�8;JFIGK@FE� KF�
JLI=8:<� N@K?� CFN� :FM<I8><	� 2� +IFK<@E� 8;JFIGK@FE� KF� JLI=8:<� N@K?� ?@>?� :FM<I8><	� 3� ��C8:KF>CF9LC@E�
8;JFIGK@FE�8K���1�8E;�;<JFIGK@FE�8K���	��1��FI8E><���8E;���	��1�MJ�*�+��GLIGC<�	�4��<JFIGK@FE�<==@:@<E:P�
8=K<I�I<G<8K<;�8;JFIGK@FE�=FI������J�8K���1�MJ	�*�+��8E;�JL9J<HL<EKCP�;<JFIGK@FE�8K���	��1�MJ	�*�+	��
5��<JFIGK@FE�<==@:@<E:P�F=�=@IJK�:P:C<�N?<E���	��1�MJ	�*�+�@J�8GGC@<;��;<G<E;@E>�FE�;@==<I<EK�8;JFIGK@FE�
K@D<J	�
�

/?I<<�J@KL8K@FEJ�:8E�9<�;@JK@E>L@J?<;��@��8K�CFN�JLI=8:<�:FM<I8><����C8:KF>CF9LC@E�

8;JFI9J�@II<M<IJ@9CP���86DA4�����1����@@��9<PFE;�8�:I@K@:8C�JLI=8:<�:FM<I8><�K?<�ELD9<I�
F=� :FEK8:K� GF@EKJ� G<I� GIFK<@E� ;<:I<8J<J� ;L<� KF� :IFN;@E>�� N?@:?� @E:I<8J<J� K?<�

;<JFIGK@FE� I8K<� ��86DA4� ���� 2��� 8E;� �@@@�� :FE=FID8K@FE8C� I<8II8E><D<EKJ� F=� K?<�

129



�
�
�

�
��

DFC<:LC<J�@E�K?<�8;JFIGK@FE�C8P<I�I<JLCK�@E�I<C8O8K@FE�8E;�8�;<:I<8J<;�;<JFIGK@FE�I8K<�

:FEJK8EK��-89<�<K�8C	��
������8J�8CJF�@CCLJKI8K<;�@E��86DA4�����5	�2?@:?�IFC<�K?<�M8I@FLJ�
=FI:<J�GC8P�@J�<OGC8@E<;�E<OK	�

/?<�I<GLCJ@M<�=FI:<J�9<KN<<E�K?<�>FC;�JLI=8:<�8E;�J@C@:FE�GIF9<��D<8JLI<;�N@K?�

�!(��@E:I<8J<�LGFE�8GGCP@E>�8�DFI<�E<>8K@M<�GFK<EK@8C���86DA4���
�0�	�$=�N<�JN@K:?�K?<�
GFK<EK@8C�=IFD���1�KF���	��1��I<GLCJ@FE�@E:I<8J<J�=IFD��	
�D)•D���KF���D)•D���8K���ED�

=IFD�K?<�JLI=8:<��8E;�K?<�;@JK8E:<�FM<I�N?@:?�K?<�I<GLCJ@M<�=FI:<J�;<:8P�KF�GI8:K@:8CCP�

Q<IF��:LKF==�M8CL<���	���D)•D����@E:I<8J<J�=IFD�8IFLE;���ED�KF�
��ED	��

�

�
�86DA4���
�.LI=8:<�@EK<I8:K@FEJ�9<KN<<E�>FC;�<C<:KIF;<�8E;�J@C@:FE�GIF9<	�0�(<8JLI<;�<E<I>P�;@JK8E:<�
:LIM<J�9<KN<<E�KILE:8K<;�J@C@:FE�GIF9<�8E;�>FC;�<C<:KIF;<�9@8J<;�8K�GFK<EK@8CJ�I8E>@E>�=IFD���KF���	��1�
MJ�*�+	�1��FL9C<� C8P<I�GFK<EK@8C�  �'��8E;�2�#P;I8K@FE� I<GLCJ@FE�8DGC@KL;<��G�F9K8@E<;�8=K<I� =@KK@E>�
@EK<I8:K@FE�<E<I>P�:LIM<J���86DA4�(�����<@K?<I�LJ@E>�:FEJK8EK�GFK<EK@8C���+��9CL<��FI�:FEJK8EK�:?8I><�
�����I<;��9FLE;8IP�:FE;@K@FEJ	�
�

!@KK@E>�K?<�<E<I>P�;@JK8E:<�:LIM<J�N@K?��'1*�K?<FIP�8CCFNJ�;@JK@E:K@FE�9<KN<<E�

<C<:KIFJK8K@:�8E;�M8E�;<I�288CJ�:FEKI@9LK@FEJ��9LK�8CJF�?P;I8K@FE�@EK<I8:K@FEJ�J?FLC;�

9<�:FEJ@;<I<;	�/?<�:?8E><�@E�<C<:KIFJK8K@:�GFK<EK@8C���@E�K?<�;@==LJ<�;FL9C<�C8P<I�FM<I�

;@JK8E:<�>�=FCCFNJ�=IFD�K?<�EFEC@E<8I�+F@JJFE��FCKQD8EE�<HL8K@FE���@D0C8>=�����	��
�

0OJ
0AO � GO 5)1 ���� � 15) J��

����

�

130



�
�
�

�
��

#<I<���1 @J�K?<��<9P<�J:I<<E@E>�C<E>K?��*�K?<�<C<D<EK8IP�:?8I><��	�K?<�I<C8K@M<�

;@<C<:KI@:�:FEJK8EK����	�����	��K?<�G<ID@KK@M@KP�F=�M8:LLD�8E;�/�K?<��FCKQD8EE�:FEJK8EK	�

/?<�<O:<JJ�F=�@FEJ�E<8I�K?<�<C<:KIF;<���86DA4�����1��:FDG<EJ8K@E>�K?<�JLI=8:<�:?8I><��
C<8;� KF� I<GLCJ@FE�N?<E� 8� J<:FE;� E<>8K@M<CP� :?8I><;� F9A<:K� 8GGIF8:?<J� ��8I;� 8E;�

!8LCBE<I�������	�/?@J�I<GLCJ@FE�N8J�:8C:LC8K<;�LJ@E>��@D0C8>=���
�8E;����� �I<JLCKJ�
J?FNE�@E��86DA4�����2�8E;�3��8I<�=FI�:FEJK8EK�GFK<EK@8C�8E;�:FEJK8EK�:?8I><�9FLE;8IP�
:FE;@K@FEJ��I<JG<:K@M<CP�	�

�


Wj��� � �8N5) �/9=3 �
1J
5)� � �� � LLN

� �0J0A�
O
� ��
�

�Wj � 
Wj���I'n � �I� 
Wj �� � <n � 'n
>.8 C �

T

\
0<� ����

�

�@D0C8>=���
�>@M<J�K?<�GI<JJLI<�@E�K?<�>8G��;@JAF@E@E>�GI<JJLI<���0��9<KN<<E�

KNF� =C8K� JLI=8:<J��N@K?�2�� K?<� ELD9<I� F=� @FEJ� @E� K?<� 9LCB� �D����� 8E;��� K?<� ;@JK8E:<�

9<KN<<E� K?<� KNF�GC8K<J	�!FI� :8C:LC8K@FE� F=� K?<� <C<:KIFJK8K@:� @EK<I8:K@FE� <E<I>P� ���0��

9<KN<<E�K?<�8;JFI9@E>�JLI=8:<�8E;�K?<�GIF9<���@D0C8>=�������K?<�J?8G<�F=�K?<�GIF9<�
?8J�9<<E�K8B<E�@EKF�8::FLEK���4�8E;�64�8I<�I8;@@�8K�;@==<I<EK�CF:8K@FEJ�FE�K?<�:FE<�8J�

@E;@:8K<;� @E��86DA4�����2��8E;��� @J� K?<�:FE<�8E><C	�.@E:<� K?<�J@C@:FE�GIF9<�?8J�8E�

FO@;@Q<;�JLI=8:<�C8P<I��N<�LJ<;���	���1�=FI�K?<�JLI=8:<�GFK<EK@8C�F=�J@C@:8�� 9<C@E>�<K�

8C	�� 
����� 8E;�LJ<;� K?<� JLI=8:<�GFK<EK@8C� F=� K?<� >FC;� <C<:KIF;<�8J� =@K� G8I8D<K<I	��K�

:FEJK8EK� GFK<EK@8C� 9FLE;8IP� :FE;@K@FEJ�� 8� D8O@DLD� :8E� 9<� F9J<IM<;� =FI� K?<�

<C<:KIFJK8K@:� @EK<I8:K@FE�� C<8;@E>� KF� 8KKI8:K@M<� =FI:<J� 8K� ;@JK8E:<J� 9<CFN� �� ED��

��86DA4�����2���K?@J�@J�;L<�KF�:?8I><�I<M<IJ8C�FE�K?<�9FLE;8IP���86DA4�(����8E;�(��
��
�#@CC@<I�<K�8C	�������	��

/?<�>FC;�N8K<I�J@C@:8�JPJK<D�?8J�8�I8K?<I�?@>?�#8D8B<I�:FEJK8EK� ��	�����
��%�

��8IK<E� <K� 8C	�� 
���8���� N?@:?� C<8;J� KF� JKIFE>� 8KKI8:K@FE� 8K� ;@JK8E:<J� J?FIK<I� K?8E��

������ED��J<<��86DA4�����4��:8C:LC8K<;�LJ@E>��@D0C8>=�����8E;����� � 9<C@E>�<K�8C	��

�����$JI8<C8:?M@C@��
�����	��

�


_d`��� � � �X
�I�P�

����

131



�
�
�

�
��

�_d` � 
_d`���I'n � �I� 
_d` �� � <n � 'n
>.8 C �

T

\
0�

����

�

/?@J� 8KKI8:K@FE� @J�� ?FN<M<I�� I8I<CP� ;<K<:K<;� @E� <E<I>P�;@JK8E:<� :LIM<J� 8J�

D<8JLI<;�?<I<���86DA4���
�0���"@<J9<IJ�<K�8C	��
��
���N?@:?�:8E�9<�I<C8K<;�KF�JKIFE>�
?P;I8K@FE� =FI:<J� 8:K@E>� 8K� :CFJ<� GIFO@D@KP� KF� K?<� JLI=8:<	� /?LJ� K?<� :FEKI@9LK@FE� F=�

?P;I8K@FE�I<GLCJ@FE�N8J�:8C:LC8K<;�LJ@E>��@D0C8>=������&@CG8KI@:B�<K�8C	��
�����8E;������
8E;�I<JLCKJ�=FI�;@==<I<EK�?P;I8K@FE�I<GLCJ@FE�8DGC@KL;<J��4�8K�8�;<:8P�C<E>K?�F=��	
��ED�

8I<�>@M<E�@E��86DA4�����5	��
�


Xw��� �
�n
� 1S

V
y�

����

�Xw � 
Xw���I'n � �I� 
Xw �� � <n � 'n
>.8C �

T

\
0<� ����

�

/F� =@K� K?<� <E<I>P� ;@JK8E:<� :LIM<J� @E� �86DA4� ��
� 0�� K?<� ;@==<I<EK� @EK<I8:K@FE�
:FEKI@9LK@FEJ�N<I<�8;;<;�LG	�!FI�8�>FF;�=@K�N<�?8;�KF�J?@=K�K?<�;8K8�GF@EKJ�9P���ED�KF�

K?<�I@>?K���86DA4�(����	���G?PJ@:8C�ALJK@=@:8K@FE�=FI�K?@J�@J�K?<�JLI=8:<�IFL>?E<JJ�F=�9FK?�
K?<�GFC@J?<;�GFCP:IPJK8CC@E<�>FC;�<C<:KIF;<�8E;�K?<�9CLEK<;��!(�GIF9<��8==<:K@E>�K?<�

GI<:@J<�FEJ<K�F=�K?<�@EK<I8:K@FEJ���8IK<E�<K�8C	��
���8�	�$E�8;;@K@FE��=8:KFIJ�JL:?�8J�K?<�

8E>C<�F=�K?<�=C8KK<E<;�:FE<�JLI=8:<�N@K?�I<JG<:K�KF�K?<�>FC;�JL9JKI8K<�8E;�K?<�<O8:K�

M8CL<�F=�@KJ�I8;@LJ�8;;�KF�K?<�=@KK@E>�LE:<IK8@EK@<J	�/?<�;FL9C<�C8P<I�GFK<EK@8C�;<I@M<;�

=IFD� K?<� D<8JLI<;� =FI:<� :LIM<J� ��86DA4� ��
� 1�� @J� DFI<� E<>8K@M<� N@K?� @E:I<8J@E>�
E<>8K@M<� 8GGC@<;� GFK<EK@8C� �C<8;@E>� KF�DFI<�<C<:KIFJK8K@:� I<GLCJ@FE�	�2?<E� 8GGCP@E>��

��	��1�MJ�*�+�8�;FL9C<�C8P<I�GFK<EK@8C�F=���	���1�N8J�8:?@<M<;�9<@E>�8�9@K�C8I><I�8J�

:FDG8I<;�KF�N?8K�N8J�;<K<ID@E<;�9P��8IK<E�*8�&0���
���8��LJ@E>�8�:FCCF@;8C�J@C@:8�GIF9<�

@E�8���D(�&)*��<C<:KIFCPK<�8K�G#�	��N?<E�8GGCP@E>���	��1�MJ��>
�>�C	�!LIK?<IDFI<��

K?<� ?P;I8K@FE� I<GLCJ@FE� 8DGC@KL;<� @E:I<8J<J� ��86DA4� ��
� 2�� @E;@:8K@E>� JKIFE><I�
?P;I8K@FE�I<GLCJ@FE�8K�DFI<�E<>8K@M<�GFK<EK@8CJ	��

�

132



�
�
�

�
��

�
�86DA4�����0��FL9C<�C8P<I�GFK<EK@8C�� ��GIF=@C<�=IFD�K?<�<C<:KIF;<�@EK<I=8:<�� ��9<KN<<E���	��8E;���	�
�1��
KF� K?<� <C<:KIFCPK<� JFCLK@FE	� $EJ<K�� �@JK8E:<� 8K� N?@:?� K?<� GFK<EK@8C� ;IFGJ� KF� �� 1� �:LKF==�� �������� 1�	��
1�.:?<D8K@:�F=�@FE�;@JKI@9LK@FE�8K�<C<:KIF;<�@EK<I=8:<�N@K?@E�K?<�<C<:KI@:�;FL9C<�C8P<I�8E;�GFK<EK@8C�GIF=@C<�
8K� @EK<I=8:<	�2� C<:KIFJK8K@:� @EK<I8:K@FE�<E<I>P�;<K<ID@E<;� =FI�:FEJK8EK�GFK<EK@8C�9FLE;8IP�:FE;@K@FEJ��
>FC;�<C<:KIF;<�N8J�?<C;�8K������	
����	�����	�����	��FI���	��1�8E;�J@C@:8�GIF9<�J<K�8K���	���1	�3��FEJK8EK�
:?8I><� 9FLE;8IP� :FE;@K@FEJ� N<I<� ;<K<ID@E<;� LJ@E>� "I8?8DhJ� <HL8K@FE� =FI� M8CL<J� 9<KN<<E� �� 8E;�
�	����1�ED���=FI�K?<�>FC;�<C<:KIF;<��8E;���	�����1�ED���=FI�K?<�J@C@:8�JLI=8:<	�4�18E�;<I�288CJ�8KKI8:K@FE�
=FI� 8� #8D8B<I� :FEJK8EK� F=� �	�����
�� %�� 8E;� 5� ?P;I8K@FE� I<GLCJ@FE� =FI� ?P;I8K@FE� I<GLCJ@FE� 8DGC@KL;<�
9<KN<<E���8E;����D%�D�
�N@K?�;<:8P�C<E>K?�F=��	
��ED	�
�

/?<�?P;I8K@FE�I<GLCJ@FE�<==<:KJ�I<C8K<�KF�8�:?8E><�@E�JLI=8:<�N<KK@E>��N?@:?�@J�

8CJF�;<K<ID@E<;�<OG<I@D<EK8CCP�8K�D<JF�J:8C<�K?IFL>?�:FEK8:K�8E>C<�D<8JLI<D<EKJ�

��86DA4�����0��1�8E;�(����	�/?<�8;M8E:@E>�:FEK8:K�8E>C<�;<:I<8J<;�=IFD����KF��
^�
N?<E�J?@=K@E>� =IFD��� KF� ��	��1	�/?@J� @DGC@<J� K?8K� K?<� @EK<I8:K@FE�9<KN<<E�N8K<I�8E;�

JLI=8:<� 9<:FD<J� JKIFE><I�� C<8;@E>� KF� @E:I<8J@E>� NFIB� F=� N8K<I� 8;?<J@FE� �#���

�@D0C8>=�������8E;�8�DFI<�E<>8K@M<�=I<<�<E<I>P�F=�N<KK@E>�G<I�DFC<�F=�JLI=8:<�J@K<J�

�������@D0C8>=����
���1F>C<I��
��
���
�

, � Djt�� � ���Fa�� ����

�!W � �')� � �� ��� � ���Fa�O�� � ���Fa�
� �� ���
�

�

N?<I<� 
0:� @J� K?<� JLI=8:<� K<EJ@FE� F=� N8K<I� 8E;� 
&� K?<� 8;M8E:@E>� :FEK8:K� 8E>C<��

��86DA4�����1�	�0JL8CCP����^�@J�8JJLD<;�8J�K?I<J?FC;�8;M8E:@E>�:FEK8:K�8E>C<�9<KN<<E�

133



�
�
�

�
��

?P;IFG?@C@:�8E;�?P;IFG?F9@:��J@E:<�K?<E�K?<�N8K<I�FI@<EK8K@FE�:FII<C8K<J�N@K?�K?<�������

?P;IF><E�9FE;@E>�KF�;@JG<IJ@FE�=FI:<� :FEKI@9LK@FEJ� =FI� J<C=�8JJF:@8K@FE� F=� N8K<I�

�1F>C<I�� 
��
�	� !FI� 8� >FC;� JL9JKI8K<�� K?<� D8AFI@KP� F=� N8K<I� DFC<:LC<J� C8PJ� =C8K� FI�

G<IG<E;@:LC8I�FE� K?<�JLI=8:<�:FEKI@9LK@E>�N@K?�8K� C<8JK�FE<�#�8KFD�KF� K?<�?P;IF><E�

9FE;�E<KNFIB	�/?LJ�:8E�9<�:FE:CL;<;�K?8K�8�>FC;�JLI=8:<�?8J�DFI<�#�;FEFIJ� K?8E��

#�8::<GKFIJ� 8E;�N@K?� 8E� @E:I<8J@E>� E<>8K@M<� GFK<EK@8C� K?@J� I8K@F� @J� =LIK?<I� ;@JKFIK<;�

C<8;@E>� KF� 8� JD8CC<I� :FEK8:K� 8E>C<� 8E;�DFI<� ?P;I8K@FE� I<GLCJ@FE� ��<JJ<C@E>�� ������

1<C8J:F�1<C<Q�<K�8C	��
����	�
�

�
�86DA4� ���� �PE8D@:� :FEK8:K� 8E>C<� F=�N8K<I� 8K� K?<� >FC;� <C<:KIF;<� 8J� 8� =LE:K@FE� F=� 8GGC@<;� GFK<EK@8C	��
0��M<I8><�;PE8D@:�:FEK8:K�8E>C<��KFG��;<G<E;@E>�FE�8GGC@<;�GFK<EK@8C��D@;;C<��8E;�:LII<EK�I<JGFEJ<�
�9FKKFD�	�1��;M8E:@E>�:FEK8:K�8E>C<��KFG��8E;�I<JLCK@E>�NFIB�F=�N8K<I�8;?<J@FE��D@;;C<��8E;�=I<<�<E<I>P�
F=�N<KK@E>�8�DFC<�F=�JLI=8:<�J@K<J��9FKKFD�	�
�

�CC�K?<J<�=@E;@E>J�KF><K?<I�@E;@:8K<�K?8K�FM<IC8GG@E>�<C<:KI@:�;FL9C<�C8P<IJ�8E;�

K?<� 8II8E><D<EK� F=� N8K<I� DFC<:LC<J� E<8I� K?<� JLI=8:<� 9FK?� :FEKI@9LK<� KF� I<GLCJ@M<�

=FI:<J�8K�K?<�@EK<I=8:<	�!LIK?<IDFI<��N<�:FE:CL;<�K?8K�9FK?�=FI:<�:FEKI@9LK@FEJ�:8E�9<�

@E=CL<E:<;� 9P� 8E� <OK<IE8CCP� 8GGC@<;� GFK<EK@8C� @E:I<8J@E>� K?<� I<GLCJ@M<� =FI:<J� 8K�

@E:I<8J@E>CP� E<>8K@M<� 8GGC@<;� GFK<EK@8C	� /?@J� @E� KLIE� @E=CL<E:<J� K?<� 8;JFIGK@FE� =I<<�

<E<I>P�� 8E;� K?LJ� EFK� FECP� ;<:I<8J<J� GIFK<@E� 8;JFIGK@FE� 9LK� 8CJF� @E;L:<J� GIFK<@E�

;<JFIGK@FE�<JG<:@8CCP�N?<E�:CFJ<�KF�:I@K@:8C�JLI=8:<�:FM<I8><	�/?@J�<==<:K@M<CP�GI<M<EKJ�

JKIFE><I�8;JFIGK@FE�8K�?@>?�JLI=8:<�:FM<I8><	��

/?<�C8KK<I��8J�I<GFIK<;�8E;�8E8CPQ<;�=FI�K?<�=@IJK�K@D<�@E�K?@J�D8ELJ:I@GK��8E;�@K�

@J� <JJ<EK@8C� N?<E� :FEJ@;<I@E>� I<><E<I8K@FE� F=� <C<:KIF;<� JLI=8:<J� =FI� 8;JFIGK@M<�

J<G8I8K@FE�GIF:<JJ<J�FI�<C<:KIF:?<D@:8C�J<EJFI�@EK<I=8:<J	�/?<�=@E;@E>J�@E;@:8K<�K?8K�

@E� FI;<I� KF� @E;L:<�GIFK<@E� ;<JFIGK@FE� 9P� 8GGCP@E>� 9P� 8E�<C<:KI@:� GFK<EK@8C� <@K?<I� 8E�

134



�
�
�

�
��

@E:I<8J<�@E�K?<�;FL9C<�C8P<I�GFK<EK@8C�:8E�9<�LJ<;�FI�8E�@E:I<8J<�@E�?P;I8K@FE�I<GLCJ@FE	�

�FK?�:8E�9<�@E=CL<E:<;�9P�8E�@E:I<8J<�@E�K?<�8GGC@<;�GFK<EK@8C�9LK�8CJF�9P�:?FFJ@E>�

<C<:KIF;<� D8K<I@8CJ� N@K?� 8� CFN� @DG<;8E:<�� KF� @E:I<8J<� K?<� GFK<EK@8C� ;IFG� @E� K?<�

<C<:KIFCPK<��;FL9C<�C8P<I�GFK<EK@8C�	�!LIK?<IDFI<��<C<:KIF;<�D8K<I@8CJ�K?8K�J?FN�>FF;�

<C<:KIFN<KK@E>�GIFG<IK@<J�J?FLC;�9<�=8MFI<;	��

�

�	�	��FE:CLJ@FE�
�

2<�GI<J<EK�8�LE@HL<�:FD9@E8K@FE�F=�K<:?E@HL<J�KF�JKL;P�K?<�@E=CL<E:<�F=�K?<�JLI=8:<�

GFK<EK@8C� F=� 8� JFC@;� JL9JKI8K<� FE� GIFK<@E� 8;JFIGK@FE� 8J� N<CC� 8J� ;<JFIGK@FE	� 0GFE�

:?8E>@E>�K?<�JLI=8:<�GFK<EK@8C�N@K?�8�E<>8K@M<�<C<:KI@:�9@8J�F=���	��1�N@K?�I<JG<:K�KF�

*�+�K?<�8;JFIGK@FE�98II@<I�@E:I<8J<;�9P��	��B%•DFC���;L<�KF�8E�@E:I<8J<�@E�<C<:KIFJK8K@:�

8E;� ?P;I8K@FE� I<GLCJ@FE� C<8;@E>� KF� I<;L:<;� 8E;� JCFN<I� GIFK<@E� 8;JFIGK@FE	�

!LIK?<IDFI<��K?<�@E:I<8J<�@E�K?<�;FL9C<�C8P<I�GFK<EK@8C��8E;�NFIB�F=�N8K<I�8;?<J@FE�

8CJF�KI@>><I<;�GIFK<@E�;<JFIGK@FE	�/?<J<�8I<�:IL:@8C�=@E;@E>J�K?8K�?<CG�KF�<CL:@;8K<�K?<�

:FDGC<O� D<:?8E@JDJ� 9<?@E;� GIFK<@E� 8;�� 8E;� ;<JFIGK@FE�� 8E;� ?FN� 9FK?� :8E� 9<�

DF;LC8K<;� 9P� K?<� JLI=8:<� GFK<EK@8C�� 8E;� K?LJ� 8GGC@<;� @E� K?<� ;<J@>E� F=� @EEFM8K@M<�

9@FJ<EJFIJ� 8J� N<CC� 8J� GIFK<@E� J<G8I8K@FE� K<:?EFCF>@<J� K?8K� :8E� 9<� CF8;<;� 8E;�

I<><E<I8K<;�9P�K?<�gJN@K:?�F=�8�9LKKFEh	�
�

�

� �

135



�
�
�

����

�	�	�.LGGFIK@E>�@E=FID8K@FE�
�

� �
�86DA4� (����� 0� #+'�� I<K<EK@FE� G<8BJ� F=� K?<� FI@>@E8C� N?<P� GIFK<@E� @JFC8K<�� 8E;� K?<� GLI@=@<;��
��C8:KF>CF9LC@E	�1�5<K8�GFK<EK@8C�F=���C8:KF>CF9LC@E�8J�=LE:K@FE�F=�G#	�
�

�

� �
�86DA4�(���	��FLE;8IP�:FE;@K@FEJ� =FI�;@==<I<EK�;@JK8E:<J�9<KN<<E�K?<�JLI=8:<J	�0��FEJK8EK�GFK<EK@8C�
9FLE;8IP�:FE;@K@FEJ	�1��FEJK8EK�:?8I><�9FLE;8IP�:FE;@K@FEJ	�.FC@;�C@E<�8K�P���J<IM<J�KF�>L@;<�K?<�<P<	�
+FK<EK@8C�JK8IK�@E;@:8K<J�K?<�GFK<EK@8C�FE�K?<�C<=K�JLI=8:<�N?<I<�8J�GFK<EK@8C�<E;�@E;@:8K<J�K?<�GFK<EK@8C�
FE�K?<�I@>?K�JLI=8:<	�/?<�J8D<�EFK8K@FE�:FLEKJ�=FI�K?<�>I8;@<EK	�
�

3 4 5 6 7 8
pH (-)

-60

-40

-20

0

20

40

60

Ze
ta

 p
ot

en
tia

l (
m

V)

0 10 20 30 40 50 60
Distance [nm]

-0.2

-0.1

0

0.1

0.2
Potential start
Gradient start
Potential end
Gradient end

0 10 20 30 40 50 60
Distance [nm]

-0.2

-0.1

0

0.1

0.2
Potential start
Gradient start
Potential end
Gradient end

0�

0�

1�

1�

136



�
�
�

����

� �
�86DA4�(��
	�0�+FK<EK@8C�8E;�1�>I8;@<EK�8K�D@;�GC8E<�8J�8�=LE:K@FE�F=�K?<�;@JK8E:<�9<KN<<E�K?<�JLI=8:<J�
8K�:FEJK8EK�GFK<EK@8C�8E;�:FEJK8EK�:?8I><�9FLE;8IP�:FE;@K@FEJ	�
�

�
�86DA4�(���	��FEJK8EK�:?8I><�8E;�:FEJK8EK�GFK<EK@8C�=@KJ�KF��!(�=FI:<�:LIM<J�0�4���� ��	��� ��	
�� ��	����
��	��1�MJ	�*�+��I<JG<:K@M<CP	�

0 10 20 30 40 50 60
Distance [nm]

-0.2

-0.1

0

0.1

0.2
Po

te
nt

ia
l a

t M
id

pl
an

e 
(V

)
CP -0.1V
CC -0.1V

0 10 20 30 40 50 60
Distance [nm]

-0.2

-0.1

0

0.1

0.2

G
ra

di
en

t a
t M

id
pl

an
e 

(V
/n

m
) CP -0.1V

CC -0.1V0� 1�

0�

137



�
�
�

��
�

�
�86DA4�(���	�0��PE8D@:�:FEK8:K�8E>C<�F=�N8K<I�FE�>FC;�<C<:KIF;<�F9K8@E<;�N?@C<�:?8E>@E>�K?<�8GGC@<;�
GFK<EK@8C�8J�:8E�9<�J<<E�@E�K?<�D8ELJ:I@GK�@E��86DA4�����8E;�1�:FII<JGFE;@E>�;IFG�;@8D<K<IJ	��
�

�

200 400
Time (s)

0

20

40

60

80

An
gl

e 
(°

)

0 200 400 600
Time (s)

4

5

6

D
ia

m
et

er
 (n

m
)

0�

1�

138



139





�
�
�

����

�

���%)�'����
��� (�"*!)�#�$*(�(�!��$#�$-�����'$,)���#���!��)'$%�$'�)�����%$(�)�$#�$���'�%��#��$-����

(�"*!)�#�$*(�(�!��$#�$-�����'$,)���

�#���!��)'$%�$'�)�����%$(�)�$#��

$���'�%��#��$-����
�

�LI@E>�<C<:KIFG?FI<K@:�;<GFJ@K@FE�F=�>I8G?<E<�FO@;<��"*��J?<<KJ�FE�J@C@:FE�JL9JKI8K<J��

EFK� FECP� ;<GFJ@K@FE� 9LK� 8CJF� J@DLCK8E<FLJ� 8EF;@:� FO@;8K@FE� F=� K?<� J@C@:FE� JL9JKI8K<�

K8B<J�GC8:<��C<8;@E>�KF�8�K?I<<�C8P<I<;�D8K<I@8C	�. (�@D8><J�I<M<8C�K?<�GI<J<E:<�F=�

"*�J?<<KJ�FE�K?<�J@C@:FE�JL9JKI8K<��8E;�K?@J�@J�8CJF�:FE=@ID<;�9P�3+.��8C9<@K�K?8K�K?<�

:8I9FE�GFIK@FE�@E:I<8J<J�N@K?�@E:I<8J@E>�<D@JJ@FE�8E>C<��?@EK@E>�8K�8�K?@E�:8I9FE�C8P<I	��

2@K?� @E:I<8J@E>�8GGC@<;�GFK<EK@8C�8E;� @E:I<8J@E>�:FE;L:K@M@KP�F=� K?<�"*�JFCLK@FE�K?<�

:8I9FE�J@>E8C�;<:I<8J<J��N?@C<�K?<�FM<I8CC�K?@:BE<JJ�F=�K?<�8;;<;�C8P<I�=FID<;�FE�KFG�

F=�K?<�J@C@:FE�JL9JKI8K<�@E:I<8J<J	�/?IFL>?�3+.�JG<:KI8�@E�N?@:?�K?<�.@
G�G<8BJ�J?@=K<;�

LE;<I� K?FJ<� :FE;@K@FEJ� KF� ���� �� ���� <1�N<�N<I<� 89C<� KF� :FE:CL;<� K?8K� J@>E@=@:8EK�

8DFLEKJ�F=�FOP><E�8I<�GI<J<EK��@E;@:8K@M<�F=�=FID8K@FE�F=�8E�FO@;<�C8P<I	�/?@J�C<8;J�LJ�

KF�:FE:CL;<�K?8K�"*�:8E�9<�;<GFJ@K<;�LJ@E>�<C<:KIFG?FI<K@:�;<GFJ@K@FE��9LK�K?8K�8K�K?<�

J8D<�K@D<�J@C@:FE�@J�FO@;@Q<;��N?@:?�D8P�FM<IJ?8;FN�<==<:KJ�GI<M@FLJCP�8JJ@>E<;�KF�

"*�;<GFJ@K@FE	��

�

/?@J�:?8GK<I�?8J�9<<E�GL9C@J?<;�8J��

+	� �	� !I@KQ�� .	� �	� '8E><�� (	� "@<J9<IJ�� #	� 5L@C?F=�� -	� (	� �FFD�� 8E;� &	� .:?IFXE	�

.@DLCK8E<FLJ�J@C@:FE�FO@;<�>IFNK?�8E;�<C<:KIFG?FI<K@:�;<GFJ@K@FE�F=�>I8G?<E<�FO@;<	�

'8E>DL@I���������c��
���
����	�

� �



�
�
�

����

�	�	�$EKIF;L:K@FE�
�

/I8EJG8I<EK�<C<:KIF;<J�8I<�LJ<;� @E�D8EP�<C<:KIFE@:�;<M@:<J�JL:?�8J� KFL:?�J:I<<EJ�

�28E>�<K�8C	��
��
���K?@E�=@CD�G?FKFMFCK8@:J��4@E�<K�8C	��
������8E;�KI8EJ@JKFIJ��#L8E>�<K�

8C	��
��
�	�-<;L:<;�>I8G?<E<�FO@;<��"*��K?@E�=@CDJ�8I<�GIFD@J@E>�:?<8G<I�8CK<IE8K@M<J�

�&LD8I�<K�8C	��
�����2\9B<E9<I>�<K�8C	��
�����KF�K?<�:LII<EK�JK8E;8I;�@E;@LD�;FG<;�

K@E�FO@;<��$/*�	�"I8G?<E<�FO@;<�@J�8�
��D8K<I@8C�JPEK?<J@Q<;�9P�:?<D@:8C�<O=FC@8K@FE�

F=�>I8G?@K<����I<P<I�<K�8C	��
�����K?8K�@E�@KJ�FI@>@E8C�JK8K<�J?FNJ�CFN�:FE;L:K@M@KP��9LK�

N?<E�I<;L:<;�9P�<@K?<I� K?<ID8C���48E>�<K�8C	��
��
��:?<D@:8C��+8IB�<K�8C	��
�����FI�

<C<:KIF:?<D@:8C�D<K?F;J���.?8F�<K�8C	��
�����4L�<K�8C	��
�����5?8E>�<K�8C	��
��
��K?<�

:FE;L:K@M@KP�:8E�9<:FD<�8J�?@>?�8J�����.•:D��� �"8F��
����	�!LIK?<I�� K?<@I� K?<ID8C�

JK89@C@KP��=C<O@9@C@KP��8E;�C@>?K�KI8EJD@KK8E:<�F=���������8K�8�N8M<C<E>K?�F=�����ED�D8B<�

I<;L:<;�"*�K?@E�=@CDJ�@EK<I<JK@E>�:8E;@;8K<J�=FI�=C<O@9C<�KI8EJG8I<EK�<C<:KIF;<J��"8F�

<K�8C	��
�����&8IK?@:B�<K�8C	��
�����+?8D�<K�8C	��
�����4@E�<K�8C	��
����	��

(8EP�K<:?E@HL<J�KF�GIF;L:<�"*�K?@E�=@CDJ�?8M<�9<<E�GIFGFJ<;��8DFE>JK�FK?<IJ�

JGI8P�:F8K@E>����?8E�'<<�<K�8C	��
�����+?8D�<K�8C	��
�����JG@E�:F8K@E>����<:<II@C�<K�8C	��


����� 28K:?8IFKFE<� <K� 8C	�� 
����� 8E;� <C<:KIFG?FI<K@:� ;<GFJ@K@FE� ��E� <K� 8C	�� 
�����

�?8M<Q�18C;<Q�<K�8C	��
�����$J?@B8N8�<K�8C	��
��
��'@8E>�<K�8C	��
����	�2?<E�8GGCP@E>�

K?<�C8KK<I�K<:?E@HL<��"*�J?<<KJ�D@>I8K<�8CFE>�8E�<C<:KI@:�=@<C;�KFN8I;J�K?<�8EF;<�;L<�

KF� K?<� E<>8K@M<CP� :?8I><;� FOP><E� >IFLGJ� �KPG@:8CCP� :8I9FOPC� 8E;� ?P;IFOPC� >IFLGJ��

GI<J<EK�FE�K?<�C8K<I8C�GC8E<�8E;�<;><J�F=�K?<�"*�J?<<KJ	�*E:<�K?<P�I<8:?�K?<�JLI=8:<�

F=�K?<�8EF;<��K?<�:?8I><;�J?<<KJ�;<GFJ@K�8E;�=FID�8�E<N�C8P<I�FE�K?<�<C<:KIF;<��8E;�

=LIK?<I�I<;L:K@FE�:8E�K8B<�GC8:<���?8M<Q�18C;<Q�<K�8C	��
����	�/?@J�K<:?E@HL<�:8E�9<�

8GGC@<;�KF�D8EP�:FE;L:K@M<�JL9JKI8K<J�JL:?�8J�:FGG<I��E@:B<C��8CLD@ELD�8E;�JK8@EC<JJ�

JK<<C��8E;�@J�EFK�C@D@K<;�KF�GC8E8I�J?8G<J���?8M<Q�18C;<Q�<K�8C	��
�����#8J8E�<K�8C	��


�����'8B<�<K�8C	��
��
��+8IB�8E;�+8IB��
�����1C8:?FM8�<K�8C	��
����	���J@>E@=@:8EK�

8;M8EK8><�F=�<C<:KIFG?FI<K@:�;<GFJ@K@FE�@J�K?LJ�K?8K�K?<�"*�@J�;@I<:KCP�I<;L:<;�;LI@E>�

K?<�;<GFJ@K@FE�GIF:<JJ���E�<K�8C	��
����	��

�G8IK�=IFD�K?<�D<K8CC@:�JL9JKI8K<J�D<EK@FE<;�89FM<��8CJF�J@C@:FE�?8J�9<<E�LJ<;�

8J� JL9JKI8K<� =FI� <C<:KIFG?FI<K@:� ;<GFJ@K@FE� F=�"*�� ��E�<K� 8C	�� 
����� $J?@B8N8�<K� 8C	��


��
��'@8E>�<K�8C	��
�����N@K?�<	>	�K?<�8@D�KF�I<;L:<�N<8I�8E;�K<8I�@E�D@:IF��8E;�E8EF�

<C<:KIFD<:?8E@:8C� JPJK<DJ� �( (.
) (.�	�/?@J� LJ<�F=�"*�?8J� C<;� KF� 8E�FI;<I� F=�

D8>E@KL;<�I<;L:K@FE� @E�9FK?� =I@:K@FE�8E;�N<8I�MFCLD<��8J�:FDG8I<;�KF�98I<�J@C@:FE��

142



�
�
�

����

D8B@E>�"*�8�GIFD@J@E>�JFC@;� CL9I@:8EK	�!FI� K?@J�GLIGFJ<�� C8P<I� K?@:BE<JJ<J�F=�LG� KF�

��
�ED�?8M<�9<<E�I<GFIK<;���'@8E>�<K�8C	��
�����98J<;�GI@D8I@CP�FE�<CC@GJFD<KIP�8E;�

:IFJJ�J<:K@FE8C� . (� @D8><J	� $E� K?<J<� <JK@D8K<J�� K?<� ;<GFJ@K<;� "*� C8P<I� ?8J��

?FN<M<I��KF�K?<�9<JK�F=�FLI�BEFNC<;><��E<M<I�9<<E�;@JK@E>L@J?<;�=IFD�8EP�8EF;@:8CCP�

FO@;@Q<;� J@C@:FE� C8P<I� LE;<IE<8K?	� /F� GIFG<ICP� <M8CL8K<� 8E;� LE;<IJK8E;� K?<�

G<I=FID8E:<�F=�K?<�C8P<I��8�:FDGFJ@K@FE8C�8E8CPJ@J�@J��F=�:FLIJ<��I<HL@I<;	��

� /?<� 8EF;@:� FO@;8K@FE� F=� J@C@:FE� 8K� K?<� @EK<I=8:<� F=� 8E� <C<:KIFCPK<� ?8J� 9<<E�

;<J:I@9<;�N@K?�K?<�=FCCFN@E>�I<8:K@FEJ��5?8E>��
����	�

�

.@���#
*���,���.@*#���#�� ����

�.@*#���.@
*���#
*� ����

�.@
*���.@*
�����.@� ��
�
�

/?<�D8AFI@KP�F=� K?<�FOP><E�8KFDJ� @E�8E�8EF;@:8CCP�>IFNE�FO@;<� C8P<I�FI@>@E8K<� =IFD�

N8K<I�K?8K�@J�GI<J<EK�8K�FI�@J�><E<I8K<;�9P�I<;FO�I<8:K@FEJ�F=�J8CK�FI�JFCM<EK�DFC<:LC<J�

8K�K?<�<C<:KIF;<�@EK<I=8:<	�28K<I�FECP�<EK<IJ�K?<�DFJK�FLK<I�C8P<I��N?<I<�GIFKFE�CFJJ�

F::LIJ��N?@:?�C<8;J�KF�?P;IFOPC�FI�FO@;<�@FEJ�KI8M<C@E>�=LIK?<I�@EKF�K?<�J@C@:FE�JKIL:KLI<�

8CFE>�K?<�<C<:KI@:�=@<C;��5?8E>��
����	�$E�K?@J�G8G<I��N<�;<J:I@9<�K?<�@E=CL<E:<�F=�J<M<I8C�

<C<:KIFG?FI<K@:�;<GFJ@K@FE�G8I8D<K<IJ�FE�K?<�;<GFJ@K@FE�F=�"*�8E;�>IFNK?�F=�8EF;@:�

J@C@:FE�FO@;<��LJ@E>�. (��3+.��<CC@GJFD<KIP��8E;�:FCFI�8E8CPJ@J	�

�

�	
	�(8K<I@8CJ�8E;�D<K?F;J�
�

�	
	�	� C<:KIFG?FI<K@:�;<GFJ@K@FE�F=�>I8G?<E<�FO@;<�
�

+I@FI�KF�K?<�:F8K@E>�GIF:<JJ��K?<�"*�JFCLK@FE��.@>D8��C;I@:?���D>•D'����N@K?�8�

:FE;L:K@M@KP�F=���µ.•:D���N8J�JFE@:8K<;�8E;�;<GC<K<;�F=�FOP><E�LJ@E>�8�)
�GLI><�=FI�

���D@E	� /?<� J@C@:FE� JL9JKI8K<J� ����� �� :D��N<I<� :C<8E<;�N@K?� G@I8E?8�8:@;� ������ =FI�

���D@E	� '8K<I�� KNF� J@C@:FE� JL9JKI8K<J� N<I<� @DD<IJ<;� @EKF� K?<� ;<GFJ@K@FE� :<CC� 8K� 8�

;@JK8E:<�F=����DD��8E;�8�:FEJK8EK�GFK<EK@8C�F=����
������FI����1�N8J�8GGC@<;�=FI���?�

�+FN<I� JLGGCP�  +.� ������ �D<IJ?8D� +?8ID8:@8� �@FK<:?�� 0.��	� /F� @E:I<8J<� K?<�

:FE;L:K@M@KP�F=�K?<�"*�JFCLK@FE�����FI������D(�JF;@LD�JLC=8K<�N8J�8;;<;�KF�I<8:?�

:FE;L:K@M@K@<J�F=����8E;�����µ.•:D����I<JG<:K@M<CP	�)<OK�KF���?��J@C@:FE�JL9JKI8K<J�N<I<�

8CJF�:F8K<;�=FI��	��8E;�
�?�8K�
��1	��J�9C8EBJ��8�J@C@:FE�JL9JKI8K<�N8J�@DD<IJ<;�@E�K?<�

143



�
�
�

����

"*�JFCLK@FE� =FI���?�N@K?FLK�8GGCP@E>�8�GFK<EK@8C��8E;�8EFK?<I�J@C@:FE�JL9JKI8K<�N8J�

<OGFJ<;�KF�8�JF;@LD�JLC=8K<�JFCLK@FE�N@K?�8�:FE;L:K@M@KP�F=���µ.•:D���9LK�N@K?FLK�8EP�

"*�GI<J<EK��N?@C<�8GGCP@E>�8�GFK<EK@8C�F=�
��1�=FI���?	�

.@E:<�"*�JFCLK@FEJ�:8E�M8IP�@E�J?<<K�J@Q<��FO@;8K@FE�;<>I<<�8E;�:FE;L:K@M@KP��

8J�:FDG8I@JFE��8EFK?<I�"*�JFCLK@FE��"*�
���N8J�JPEK?<J@Q<;�=IFD�>I8G?@K<�GFN;<I�

�.@>D8��C;I@:?�� �
��bD�� 9P� 8�DF;@=@<;�#LDD<IJ�D<K?F;� �28E>�<K� 8C	�� 
����	� /?<�

I<JLCK@E>�"*�JFCLK@FE����D>•D'����N@K?�8�:FE;L:K@M@KP�F=����µ.•:D���?8;�8�Q<K8�GFK<EK@8C�

F=���
	��D1��5<K8J@Q<I�)8EF�5.��(8CM<IE�@EJKILD<EKJ��0&��8E;�K?<�;�JG8:@E>�F=�K?<�

=I<<Q<�;I@<;�J8DGC<��!I<<5FE<�
	��+CLJ��'89:FE:F��0.���N8J�D<8JLI<;�KF�9<��	�
�U�

LJ@E>�3�I8P�;@==I8:K@FE�JG<:KIFJ:FGP������;M8E:<;���ILB<I��0.��	�.@C@:FE�JL9JKI8K<J�

N<I<�:F8K<;�8J�;<J:I@9<;�89FM<�8K����1�=FI���?	��CC�J8DGC<J�N<I<�GIF;L:<;�@E�KI@GC@:8K<	��

�

�	
	
	�.G@E�:F8K@E>�F=�.@�JL9JKI8K<J�
�

� � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � �

� � � � � � � � � �

�

�	
	�	�+I<G8I8K@FE�F=�I<=<I<E:<�J@C@:FE�JL9JKI8K<J�
�

��J@C@:FE�JL9JKI8K<��������:D��N8J�=@IJK�:C<8E<;�=FI����D@E�@E�G@I8E?8�8:@;�8E;�

JL9J<HL<EKCP�<K:?<;�N@K?��	����#!�=FI���D@E�KF�I<DFM<�FOP><E	��EFK?<I�J@C@:FE�N8=<I�

N8J�?<8K<;�KF������^��=FI���?�@E�8�C89�=LIE8:<��/?<IDF�!@J:?<I�.:@<EK@=@:���KF�8:?@<M<�

8� K?<ID8CCP� >IFNE� FO@;<� C8P<I� 8K� K?<� FLKJ@;<� F=� K?<� JL9JKI8K<	� �CC� J8DGC<J� N<I<�

GIF;L:<;�@E�KI@GC@:8K<	�

�

�	
	�	�.LI=8:<�:?8I8:K<I@Q8K@FE	�
�

/?<�FM<I8CC�K?@:BE<JJ�F=�8EF;@:�J@C@:FE�FO@;<�8E;�"*�N8J�:?8I8:K<I@Q<;�8K�K?I<<�

;@==<I<EK� GFJ@K@FEJ� FE� <8:?� J8DGC<� �KI@GC@:8K<�� LJ@E>� JK8K@:� 8E>C<� <CC@GJFD<KIP� 8K� 8�

N8M<C<E>K?�F=���
	��ED�8E;�8E�@E:@;<E:<�8E>C<�F=���^��. �����.<EK<:?��"<ID8EP�	�

�FK?� K?<� FM<I8CC� C8P<I� K?@:BE<JJ� 8E;� K?<� I<=I8:K@M<� @E;<O� N<I<� LJ<;� 8J� =@KK@E>�

G8I8D<K<IJ�8E;�8M<I8><�M8CL<J�N@K?�8::FI;@E>�JK8E;8I;�;<M@8K@FEJ�N<I<�:8C:LC8K<;	�

144

                

                  

                

                 

         

 GO(2) solution was sonicated for 30 min and the silicon substrate (1 ! 4 cm) 

was cleaned with piranha acid (3:1) for 15 min and etched with 3.5 % HF for 4 min. 

Subsequently 750 µL GO solution was put onto the substrate for 1 min and spun at 

600 rpm for 2 min and 2000 rpm for 1 min. As comparison the same procedure was 

conducted without HF etching. All samples were produced in triplicate.
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Capacitive protein separation: from 
electrode preparation to process design 
that also affects salt removal
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