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¤ 9aA�IKA	tJA	?B`dYaG2A�X_T@C�GH;JIaAHSBX�TV9MAH]MA�?[IaC�`JPFG2`d?BADf/La?[;>= 5 S^`J?^`Jc 6 � 5 SB`J��CkT@;>TVS[C¢T@S^f	C��lf/`JG2YaLaTVA�=oCVf�SBA	XMf/AH;>X<I�A	t_�
S[IKA�X_TV? 6�5 S^`JS^XKPQ`d=VGH;wT@S^f	C�=VA	Ya=VADCkA	X_T@C�;>X¦LMXaS^b_LaA2`dYaY<`d=kT@LaXaSBT 6 TV`Wcd;JSBX¦PQLa=VTV9aA	=�SBXMCVS^cJ9_T�S^X_TV`ZTV9MA.LMXMIKA�=@? 6 S^Xac 5 SB�
`J?^`JcdS^f	;>?-YM=VS^XMf/S^Ya?^A	C�SBX�;>XaS^GH;>? 5 =VA	A	IKS^Xac<�O�(CVY<ADf/S[;>?^? 6 G2S^f�=V`_CV;>TVA	?B?^SUT@A	C
`�ª\A�=�C
;>XMSBGH;>?�C@f/S^A�X_TVS[C¢T�C
;JXMI�cJA	XaA/T@S^CVS[C¢T�C
TV9MA�`dYaY<`d=kT@LaXaSBT 6 TV`�£dA�A	YHTV=�;Jf/T:`>PrT@9aAL²M`w�n`>P-cdA�XaA�TVS[fOGH;wT@A�=@S^;J?aTV9M=V`dLacJ9�cdA�XaA	=@;>TVS^`JXMC(`>PrPh;J=VGÙ;>XMSBGH;>?\CVY<ADf/S^A	C	�
;>X<I2TV`o` 5 CVA�=@tJA�T@9aA�I 6 X<;>G2S^f	Cv`JP-cJA�XMA6²M`w� �&SBTV9aS^X4S^XMIKS^cJA	Xa`JLMC(Y<`dYaLa?[;wT@SB`dXMC�� ¤ 9aA�XaA�ADI2TV`o` 5 CVA�=@tJAOTV9aA�C¢T�;wTVL<C
;>X<IZCkTV=@LMf/TVLa=@A�`>P�SBXMIaSBcdA�Xa`dLMC&Y�`JYaLa?[;wT@SB`dXMC�`>PlPh;>=@Gã;JXaS^G2;J?^CO�&SB?^? 5 A	f/`dG2A�;>XWSBX<f/=@A	;JCVS^XacJ? 6 SBG2Y�`J=VT@;JXdTOS[C@CkLaA�S^X
`J=�IKA	=&TV`4CVLaYaYM? 6 cJA	XaA/T@S^f�t¥;J=VS[;wT@SB`dXZTV`�T@9aA�S^XMf/=@A	;dCkS^Xacd? 6 9a`JG2`J� 6 cJ`JL<COf/`dG.G2A	=@f�S^;J?BS[CkADIZY<`dYaLa?[;wTVS^`JX<C��O��A	A�YaS^Xac
TV9MA
Y�`JYaLa?[;wT@SB`dX4CkTV=@LMf)T@La=VA
`>P-=@A/PQA�=@A�X<f/AOY�`JYaLM?^;>TVS^`JXMC(9aA	;J?UT@9 6 �&SBTV9�cd`7`7I�G2;JXM;>cdA�G2A�X_TvYa=@S^XMf/S^Ya?^A	C:SBX�YM?^;df/A
�&S^?^?
;>?[CV`�;JC@CkLM=VA�T@9aAOPQLKT@La=@A
`>P-CVY<ADf/S^A	C:�&9aA�=@AOADCkY�A	f�S^;J?B? 6 f�=V`_CVC 5 =@A�ADIKSBXMc�;JXMIHS^X 5 =VA	A	IKS^Xac�S^X�S^XMIKS^cJA�XM`JLMC(Y<`dYaLa?[;wTVS^`JX<C
TVA	XMI�TV`H?^A	C@CkA	X4T@9aA�cJA	XaA/T@S^f�IKS^tJA	=@CVSBT 6 ;¥t¥;JSB?[; 5 ?BA�PQ`J=&Y�`JYaLM?^;J= 5 =VA	A	IaC	�

e S[f/=@`dC@;wT@A�?^?BSBTVA4;JXM;>? 6 CkADC��FA�=@A�Y�A�=VPQ`J=@G.ADIª`JX�TV9a=@A�AWIKS=ª�A	=VA	XdToPh;>=@G ;>XaS^GH;>?�CkY�A	f�SBADC��vS^?^?BLMCkTV=�;wT@SBXMc�TV9aAW;>Ya�
Ya?^S^f	;wT@SB`dX�`>PvG2S[f/=@`dC@;wTVA	?B?^SBTVA	COSBX¦Ph;>=@G ;JXaSBGH;J?lCVY<ADf/S^A	C	��R_T�;wT@S^CkTVS[f�;J?l;JXM;>? 6 CkADC&Y<A	=kPQ`d=VG2ADI�=VA	tJAD;>?^A	I�TV9aA.?^A�tJA	?^C
`>P
IKS^tJA	=@CVSUT 6 �M9aA�TVA	=V`d� 6 cJ`_CkSBT 6 ;>X<IWSBX 5 =@A�ADIKSBXMc4C¢T�;wT@LMCO�&SBTV9aS^X¦IKS=ª\A�=@A�X_T�Y�`JYaLM?^;>TVS^`JXMC
`>P�T¢�:`�Ph;>=@G ;JXaSBGH;J?'CVY<ADf/S^A	C	�
EácJA	XaA�=�;>?\T@=VA	XMIZ�F;dC�` 5 CVA�=@tJADIHT@9M;wT&T@9aA�f/`dG2G.A	=@f�S^;J?BS[CVA	I�Y�`JYMLa?^;>TVS^`JXMCO=VA	tJA	;J?BADI4;29aS^cJ9MA�=&?^A�tJA	?-`>P�S^X 5 =VA	A	IKS^Xac
TV9<;>X�G.`_C¢T�`>P(TV9aA2S^XMIKS^cJA�XM`JLMC�;>X<I�=@A/PQA�=@A�X<f/A.Y<`dYaLa?[;wTVS^`JX<C�`d=�?BS^XaA	C	��E eo�
� E�Y<A	=kPQ`d=VG2ADI�`JX¦TV9aA2`dXaAo`JPvTV9MA
CVY<ADf/S^A	C	�<T@9aAHf�9aS[f�£JA�X�IM;wT@;dCkA�T	�\=@A�tJAD;>?^A	IWT@9M;wT�G2`dCkT�`JPvTV9aA.tw;>=@S^;>TVS^`JX��&SBTV9MSBX¦TV9aAHIa;>T@;JCVA/T�`Kf�f/LM=VADI��&SUT@9aS^X�TV9MA
?^SBXaADC4S^X7tJADC¢T@SBc_;wTVADIr�&�&SBTV9 tdA�= 6 ?^SUTVTV?^A�tw;J=VS[;wT@SB`dXn`7f	f/La=@S^Xac 5 A/T¢�FA�A�X TV9aA�?BS^XaADC�� § G.Y�`J=VT@;JX_T4S^C@CVLaA	C�=VA	cd;J=@IKS^Xac
TV9MA��¢LMCkTVSB]<f�;>TVS^`JX�`JPO£JA	A�YaS^XacWTV9MA�IKS=ª�A	=VA	X_To?^SBXaADCoCVA�Y�A�=�;wT@A4;>c_;>S^XMCkT�=VADf/?[;JC@CkSBP 6 SBXacWT@9aA�G�S^X_TV`¦?[;>=@cJA	=�=@A/PQA�=@A�X<f/A
Y�`JYaLa?[;wT@SB`dXMC�;>=@Ao=�;>S[CVA	I¦;JXMI�XaA�ADIaC�TV` 5 A2;dIaIK=@A	C@CkADIr� 5 LKT�T@9aS^C�f�;>X�`JXa? 6�5 AHIK`JXaA2�&9aA	X�?[;>=@cJA	=�C@;>G2Ya?^A2CkS^��ADC
;>=@AOcdA�Xa`JT 6 Y�A	I-�_;JXMI�XaA	A	IaC(TV` 5 A�S^X_tdA	CkTVS^cd;>TVA	I2�&SBTV9�cJ=@A	;>T:f�;J=VA&T@`�Ya=@A�tdA�X_T(T@9aA
?^`dC@C:`>P3;>X 6 CVSBcdXaSU]�f�;>X_T(cdA�XaA�TVS[f
IKS=ª�A	=VA	XMf/A 5 A/T¢�FA�A	X�T@9aA�?^SBXaADC��

� ;>=@S[;>XMf�Ao;>X<;>? 6 CVA	C�`>P:TV9aA2cd`d;wT�Y<`dYaLa?[;wT@SB`dXMC�SBX�TV9aS[C�CkTVLMI 6 �¢LMC¢T@SU]<A	I¦TV9aA2cJA	XaA/T@S^f.f�9M;J=@;df)TVA	=VS[C@;wTVS^`JX�`JPvTV9MA
IKS=ª�A	=VA	X_T 5 =@A�ADIaC	�d�&SBTV9Z?BADCVC:tw;>=@S^;>TVS^`JX�`Kf	f/La=@=VS^Xac��&SBTV9MSBX�TV9aA�Y�`JYaLa?[;wT@SB`dXMC:�&SUT@94=@A/PQA�=@A�X<f/AOT@` 5 A/T¢�FA�A	X�T@9aA�Y�`JYa�
La?[;wT@SB`dXMC�� ¤ 9aA&��;>?[;>9<;>=@S7�OA	I.Y<`dYaLa?[;wT@SB`dXo��;JC�S[IKA�X_T@SU]MADI2;JClTV9MA&Y<`dYaLa?[;wTVS^`JX.�&SBTV9.TV9aA&G2`_C¢TvcdA�XaA�TVS[fFIaSBtdA�=@cJA�X<f/A

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



âlø7å�òdÛ¢é@ÜFïw¸:âlÝDÚ_à@äUß_Þd¹ÁÚ_ú�Þd¹Áæ�à�ß_æ�æ�¹ÁÝ	Ú º »
�&SBTV94=@A�c_;>=�IoTV`�T@9aA
`JTV9aA	= 5 =@A�ADIaC:SBX7tJADC¢T@SBc_;wT@A	Ir� � XMf/A�;>cd;JSBX2T@9aA
S^XMIKS^cJA	Xa`JL<C(Y�`JYaLM?^;>TVS^`JXMC:Ck9a`w�FA	I2?^`w�FA�=v?^A�tdA�?[C
`>P�S^X 5 =VA	A	IKS^Xac�TV9M;JX TV9aA�f�`JG2G2A�=�f/S[;>?^S^CVA	I�Y�`JYaLa?[;wT@SB`dXMC	�F;JXMI f/`JXa]M=VG2ADIëT@9aA�S^G.Y�`J=VT@;JXMf/A�`JP�f�`JXMf�A�=@t7SBXac�TV9MA
cJA	XaA/T@S^f4tw;>=@S^;>TVS^`JXÓTV9<;wTo`Kf	f/La=�C�XM;>TVLa=�;>?^? 6 �&SBTV9MSBX�S^XMIKS^cJA	Xa`JL<C�Y�`JYaLM?^;>TVS^`JXMC 5_6 A	XKPQ`J=�f/S^Xac�cd`_`KIªGH;JXM;>cdA�G2A�X_T
Ya=�;Jf/TVS[f/A	C�`JP3T@9aA	CVA�=VA�PQA�=@A�XMf�A�Y�`JYMLa?^;>TVS^`JXMC	�

8:?^LMC¢T@A�=O;JXM;>? 6 CkS[C�Y<A	=kPQ`d=VG2ADI�`dXZT¢�:`H`JP'T@9aA�Ph;>=@Gñ;JXaSBGH;J?3CkY�A	f�SBADC&�&SBTV9�£7Xa`w�&XWY<`dYaLa?[;wT@SB`dXWCkTVL<f)TVLM=VA�S[IKA�Xa�
TVSB]MADI�=@A�?[;wTVS^tJA	? 6 cd`_`KI�f�?BL<C¢T@A�=�C(�&9aA	X4Xa`.£7Xa`w�&X�Y�`JYaLM?^;>TVS^`JX4CkTV=@LMf)T@La=@A
��;JCF;JC@CkLaG2ADIr� ¤ 9aS^CF?^A	;dI2TV`oTV9aA�S^X_tdA	Ck�
TVS^cd;>TVS^`JX�`>P:TV9aAHt7S[; 5 S^?B?^SBT 6 `>PFSBXKPQA	=V=@S^XacWY<`dYaLa?[;wTVS^`JXÓCkTV=@LMf)T@La=VA2`JPF;Z?^;J=VcdAoY�`JYMLa?^;>TVS^`JX��&SUT@9ª;�cd`7`7I�cJA	Xa`>T 6 YaS[f
Ia;>T@;�=@A	f�`J=�Ir� 5 LKT��&SUT@9¦Xa`�£7Xa`w�&X¦CkTV=@LMf)T@La=VAd� § T�f	;>X 5 AH;JC@CkLaG2ADIr�MT@9M;wT 5 ;dCkADI�`JX�TV9aA.=VADCkLM?UT�C
`JPvTV9aA2f/?^LMCkTVA	=
;>X<;>? 6 CVS[C�`>PlTV9aA�CVY<ADf/S^A	C&`JPl£7Xa`w�&XZY�`JYaLa?[;wT@SB`dX�C¢T@=VLMf/TVLa=@AJ�7T@9aA�CkTV=@LMf)T@La=@A�S^XKPQA	=V=@A	I4PQ`J=&T@9aA�CV�&SBXaA�Y�`JYMLa?^;>TVS^`JXWS[C
f/?^`dCVAOT@`.TV9aA�=VAD;>?�Y<`dYaLa?[;wT@SB`dX�CkTV=@LMf)T@La=VAd� § T�S[C	�_9M`w�:A	tJA�=D�_tJA�= 6 IKS=«Hf�La?BTFT@`oGH;J£JA�;JX 6 CkA	XMCkA�`>P'TV9aA�C¢T@=VL<f)TVLM=VA�`>P
TV9MA�Ck�&S^XaA�Ia;wT�;JCVA/TD�K�&SUT@9a`JLKT&9M;¥t7S^XacH;oIaA/T@;JSB?^A	IZ?^`7`J£�;wT&T@9aA�cJA	Xa`>T 6 Y�A	C�`>P'TV9aA�S^XMIKS^t7S^IaLM;>?[C�SBX�TV9MA�Y<`dYaLa?[;wTVS^`JX3�

¤ 9aA2CkL 5 IKS^t7S^CVS^`JX�`JP�TV9aA.Y<`dYaLa?[;wT@SB`dX�SBX_T@`4T@9aA�Ya=@`JY�`dCVA	I¦C¢T@=VLMf/TVLa=@AJ�\;>X<I¦;>X¦SBX�IKA�YKT@9�;JXM;>? 6 CkS[CO`JP�TV9aA.Ya=@SBtw;wT@A
;>?^?^A�?^A	C�PQ`JLaXMI�SBXëTV9aS[C�Y�`JYMLa?^;>TVS^`JX��&9MA�Xëf�`JG2YM;>=@A	I�T@`�`JTV9aA	=�Y�`JYaLM?^;>TVS^`JXMC	��GH; 6 CkTVS^?B?�=@A�tdA	;>?:Y<`_CVCVS 5 ?BA�;>?^?BA	?BADC
=@A	CVY<`dXMCkS 5 ?^A�PQ`J=�TV9MA�CkLa=@t7SBtw;J?r`>PlTV9aADCkA�S^XMIKS^t_S[IKLM;J?^C
IKLa=@SBXac.T@9aA�Ck�&S^XaA�PQA	�:A	=&`JLKT 5 =VAD;>£�S^X�x>ydyJya� 5 LKT�cJA�XM`>T 6 Y<ADC
`>P�S^XMIKS^t_S[IKLM;J?^C��&9MS^f�9W;>=@A�CkLMC@f/A	YKT@; 5 ?^A�T@`.TV9aA�IKS[CVA	;JCVA�;>=@A�=VADbdLMSB=@A	I�PQ`J=�TV9MS^C�T 6 Y�A�`>P�C¢T@LMI 6 �

¤ 9aA¦IaA/TVADf)T@SB`dXn`>P�� ¤ � S^X Ph;>=@GÆ;JXaSBGH;J?
Y�`JYaLa?[;wT@SB`dXMCH�&SBTV9nT@9aA¦;JS^I `JP�G2`d?BADf/La?[;>=�GH;J=V£dA�=�C��FA	CVY<ADf/S[;>?^? 6
G2S^f�=V`_CV;>TVA	?B?^SUT@A�GH;J=V£dA�=�Co;J=VAZ=VADf/S^A�t7S^Xac�;�?^`>TH`>P�;wTVTVA�X_T@SB`dXë=@A	f/A	X_TV? 6 �nR7`JLaX<IëAh�7Y�A�=@S^G.A	X_T@;>?OIaA	CVSBcdX-�vT@`JcJA�TV9aA	=
�&SBTV9�;df�f�La=@;>TVA�IM;wT@;49M;>X<IK?BS^XacZYa=@SBXMf�SBYM?BADC�;J=VA�ADCVCVA�X_T@S^;J?3T@`�TV9MA.CVLMf�f�A	C@C
`JP�� ¤ � S[IKA	XdT@SU]�f�;wT@SB`dX�Ya=@`��¢ADf)T@C	� ¤ 9aA
IKADCkS^cJXZ;>XMI4=VADbdLMSB=@A�G2A�X_T�CvPQ`d=�;.Ia;>T@; 5 ;JCVAOTV`.9M;JXMIK?^A�T@9aA�Ya9aA�XM`>T 6 YaS[f�;JXMI4cdA�Xa`JT 6 YaS^f�Ia;wT�;�S^X7tJ`d?BtdA	IHS^X�;é� ¤ �
S[IKA�X_TVSB]<f	;wTVS^`JX Ya=@`��¢ADf)TH=@A�cd;J=@IaSBXac�G2`J9M;JSB=2T@=@;JSUT�C2SBX E
XacJ`d=@;�cJ`_;wT�C��F;JCH�FA�?^?
;JC.T@9aA�f/`dXMCkTV=@LMf)T@SB`dX�`JP�CVLMf�9n;
Ia;>T@; 5 ;JCVAO�F;dC(IKADCVf�=VS 5 A	IHS^X�T@9aS^CFIK`Kf/LMG.A	X_T	� ¤ 9aA�=VADbdLMSB=@A�G2A�X_T�C(CVA/T(PQ`d=FCVLMf�94;oIa;wT�;�=@A�Y�`dCVSUT@`J= 6 S^XMf/?^LMIKADI�AD;JC 6
;Jf	f/ADCVC	�aYa=@A/PQA	=@; 5 ? 6 LMCVSBXac�;��:A 5Z5 =V`w�OCVA�=&`wtdA�=�TV9MA�SBX_T@A�=@XaA/TD�M�&SBTV9¦f�A�=VT@;>S^X�;Jf	f/A	C@C�=@A	CkTV=@S^f/TVS^`JXMC�T@`HTV9MA�LMCVA�=�C&`>P
TV9MA
Ia;wT�; 5 ;dCkAd�JAD;JC 6 ;>X<I2LMCkA	=k� PQ=@SBA	XMIK? 6 LaYa?^`d;dIKS^Xac�;>XMIHb_LaA	= 6 S^Xac�`>P\T@9aA�Ia;>T@;M�d;>X<I.TV9aA
;¥tw;JSB?[; 5 S^?^?BSBT 6 T@`�Y<A	=kPQ`d=VG
5 ;>T@f�9ÓIa;wT�;4LaYM?B`_;JIaC�T@`�T@9aAHIa;wT�; 5 ;dCkAd�oE �*)0%��9³��9�&%�%�Ia;>T@; 5 ;JCVAo��;JC�IKADCkS^cJXaADIr�-LMCVS^Xac��9����5W;>X<It'9³B��;JC�TV9MA
LaXMIaA�=@? 6 S^Xac�TVADf�9aXa`J?^`JcdSBADClTV`�IaA	CVSBcdX.�FA 5 � YM;JcJADC�;JCv;�PQ=@`JX_Tk��A�X<I�PQ`d=�TV9MA
Ia;wT�; 5 ;dCkAd� ¤ 9MAOCkLMf	f/ADCVC�`JP\TV9aA
IM;wT@; 5 ;JCVA
;JC.;�Ia;wT�;¦=@A�Y�`dCVSUT@`J= 6 PQ`d=2G.`d9M;>S^=¿� ¤ � S[IKA�X_TVSB]<f	;wTVS^`JX�SBX EOXMcJ`J=�;�cd`d;wT�Cof	;>X-�(9a`w�:A	tJA	=	��`JXM? 6ª5 A�A	tw;>?^LM;wT@A	I
�&9aA	X�� ¤ � CF;df)T@LM;>?^? 6 9<;¥tJA 5 A	A�XZS^IKA	X_TVSB]MA	Ir� ¤ 9MA�IM;wT@; 5 ;JCVA�IK`7A	CF9M;¥tJA�TV9MA�Y�`>T@A�X_TVS[;>?\T@` 5 ADf/`JG2A�TV9MA�YM=VS^GH;>= 6
IKA	Y<`_CkSBTV`d= 6 PQ`d=`� ¤ � S^XKPQ`J=@GH;wTVS^`JXo=VA	cd;J=@IKS^XacOG2`d9M;>S^=lTV=�;>SBT@Cl`>P\EOXacd`J=�;OcJ`_;wT�C�� 5 LaT�`dXa? 6 �&SUT@9.G2`d=VA:SBXKPQ`d=VGH;>TVS^`JX
CVL 5 G2SUTVTVADI4T@`2TV9aA�IM;wT@; 5 ;JCVA��&SB?^?rTV9MS^C&Y�`>T@A�X_TVS[;>? 5 A�=@A	;>?^S[CkADIr�

¤ 9aA	=VA���;JCH;ÓYM;J=@;dIKS^cJG©CV9aSBP¡T4�&SUT@9aS^X 5 S^`J?^`Jc 6 �:�&9MA�=@AWTV9aA¦IaS^C@f/S^Ya?^SBXaA�f�9<;>XacdA	I�PQ=V`dG*;ªCVSUT@LM;wT@SB`dX �&9aA�=@A
`JXM? 6 ;2PQA��ácdA�XaADC&�:A	=VAo;¥t¥;JSB?[; 5 ?BA�TV`ZC¢T@LMI 6 �aTV`�;�CkSBTVL<;wTVS^`JX��&9MA�=@A�G2`dCkT
`>P�TV9MA�cJA	XaA	C�;>XMI�f�`7IaSBXac4=VA	cJS^`JXMCFPQ`d=
cJA	XaA	C
PQ`J=�TV9MAo`d=Vc_;>XaS[CkG `>P:SBX_TVA	=VADC¢T�;>=@Ao;¥tw;>S^?[; 5 ?^AJ� ¤ 9aS[C�?^A	;dIWTV`�TV9MA���`JG2S[f�Cx��A	=@;M�\SBX��&9aS^f�9¦9aSBcd9�T@=V`dLacJ9aYMLKT
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ö
CkTVA�=D���O�r;>XMI�qOA�? � � � N��^�-x>yJydya�X��A�XaA�TVS[f�f�9M;J=@;df)TVA	=VS^�	;>TVS^`JXW`>PvX<;wTVS^tJA.Ck`dLKTV9MA�=@X¦E&PQ=@S^f	;>X¦f�9MS^f�£dA�X

Y<`dYaLa?[;wTVS^`JX<Ch¸�A	tw;>?^LM;wT@SB`dXÓ;JXMIÓCkA	?BADf)T@SB`dX�`JP&Y<`d? 6 G2`J=@Ya9aS[f.G.S[f/=@`dC@;wT@A�?^?BSBTVAHGH;J=V£dA�=�C��-R7`dLKTV9�EOPQ=VS[f�;JXÓ�d`JLM=VXM;J?
`>P�EOXaS^GH;>?3RKf�SBA	XMf/A �A© � � ��ºM�

� ;>X e ;>=@?BA����
ö
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