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Abstract

� KLQV�S]PQ[OM�SQRV�PU�VcYPLMVQoM�OQPM]SPN]MV�QY��aN[SPQUYSO�bUjUPQ[V�SYa�i]MVMYPV�gMc�WMSPN]MV�

UW�VcVPMRSPQ[�OQPM]SPN]M�]M^QMn�SYa�VP]N[PN]Ma�RMPS=SYSOcVQV�UW�PLM�OQPM]SPN]M+�XUiNOSPQUY�[UYVQVPV�UW�

HIy�iSiM]V�W]UR�lt�aSPSjSVMVq�]SYTQYT�W]UR�lxxw�PU�HtlH+�bMVNOPV�VLUn�PLSP�[URRUY�i]UjOMRV

QY��aN[SPQUYSO�bUjUPQ[V�S]M�LQTL�[UVP�UW� PUUOVq� OQ[MYVMq�SYa�aQWWM]MY[MV� QYVPNaMYPV��jS[gT]UNYa

gYUnOMaTM+�K]MYaV�UW�M�QVPQYT�]MVMS][LMV�WU[NV�UY�aM^MOUiRMYP�UW�VUWPnS]M�SYa�OUn�[UVP�]UjUP�P]SQYQYT�

iS[gSTM�QY�U]aM]�PU�i]URUPM�VPNaMYPV��i]S[PQ[M�QY�i]UjOMR=VUO^QYT�VgQOOV�SYa�PMSRnU]g�QY�M�iM]QMY[M=

jSVMa�OMS]YQYT�PU�MYLSY[M�VMOW=RUPQ^SPQUY�SYa�M�iM]QMY[M�nQPL�]MSO�nU]Oa�SiiOQ[SPQUYV+�dP�nSV�SOVU�

WUNYa�W]UR�PLM�VcYPLMVQV�PLSP��NSOQPSPQ^M=jSVMa�M^SONSPQUY�UW�PUUO�SYa�OMS]YQYT�S[LQM^MRMYP�i]U[MVV�

nSV�]S]Mq�M^MY�PLUNTL�QP�QV�S�gMc�WS[PU]�PLSP�QYaQ[SPMV��NSOQPc�UW�OMS]YQYT�i]U[MVV+
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� nQPL� S� ^QVQUY� VMYVU]+�w�^[_\��xf^!Z�

� �e!�yf����^f�x^��lHr�lFE=lxE+

�j]SLSR�eUnMOOq��QOMMY��Scq�MP�SO+�Httw+�

� �g\�x�`�g!� ��d�\!� _!� _� ��x��f^�

� n�_^[fxj�n��e+��h��zd�����]UYPQM]V�

� QY��aN[SPQUY�\UYWM]MY[Mq�hSY��QMTUq�

� \�+

�RSYaS� �aaQMq� XSNO� eSoOMnUUaq� MP� SO+�

� Htlt+��x\�� g^\����]��de�`�!�eyfxj�

� _x � ]��j�_``fxj�� ��d�\f^!� y��!g!�

� \�_ f\f�x_e�_]]��_^[�!G�dK��d\h�xkHm+

�R]NPL� s+� �NRS]+� HttI+� KL]MM� cMS]V� UW�

� NVQYT�]UjUPV�QY�SY�S]PQW�Q[QSO�QYPMOOQTMY[M

� [UN]VMr� OMVVUYV� OMS]YMa+� ��g�x_e� �x�

� � g^_\f�x_e���!�g�^�!�fx�l�`]g\fxj�

� k��bd\m�IkEm+

�YY=fS]QM��UOOVPMaP+�HttB+�v!fxj���d�\f^!

� \���x^��_!���\g �x\��x��e� j��_x �

� �x\���!\� fx� �^f�x^�Z� n�^[x�e�j�Z�

� �xjfx���fxjZ� _x � w_\[G� fSVPM]� UW�

� h[QMY[M� QY� fM[LSYQ[SO� �YTQYMM]QYT�

� `YQ^M]VQPc�UW�sM^SaSq�bMYU+
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�]S[MOQ�fS]Ṕ�YMo��]PQo+�Htlt+��gxxfxj�q�_ ��

� �\g �x\! � vx ��!\_x fxj� �i� �_\f��

� _x �o��]��\f�x��f\[fx��xjfx���fxj�

� ��d�\f^! +� �U[PU]� UW� XLQOUVUiLc

� QY� �YTQYMM]QYT� �aN[SPQUYq� K`�Kh�

� `sd��bhdK�+

�SgQ� �UcNY[N� SYa� fMLRMP� ZµüoMO+� HttF+�

� hUW PnS]M� �M^MOUiRMYP� WU]� PLM�

� �QYMRSPQ[��YSOcVQV�UW�S��cY��w�bUjUP�

� �]R+� �x\��x_\f�x_e� ��g�x_e� �i�

� �xjfx���fxj� _x ��]]ef� � �^f�x^�!

� IkImr�HEt=HEB+

�U]QV��M]gMo+�HttF+�bUjUPQ[V�SYa�RS[LQYM�

� OMS]YQYT�QY�S�[U]M�[UOOMTM�[N]]Q[NONR+�

� ��g�x_e� �i� l�`]g\fxj� �^f�x^�!� fx�

� l�ee�j�!�HIklm+

\+Z+� bS_MM^OU[LSYS� SYa� h+�+� hSLS+� Htll+�

� ��d��x_e�¨���� /�� w� �e� u_!� �

� ��d�\ f ^ � ��_�x fxj� �� i \�_�� G�

� dYPM]YSPQUYSO�\UYWM]MY[M�UY�fNOPQ��Uac�

� �cYSRQ[V��Q_ScSnSaSq�dYaQS+

\S]OUV��+��S]Sq��+�+\+q�hSYPQSTM�K+�XNMYPMq�

� �M]YSYaU� KU]]MV+� Htll+� eSYaV=UY�

� M�iM ] Q MY[M � U W � NYaM ]T ]SaNS PM�

� VPNaMYPV�QY��NPURSPQ[V�SYa�bUjUPQ[V�

� NVQYT�S�^Q]PNSO�SYa�]MRUPM�OSjU]SPU]c+�

� l�`]g\��!����^f�x^�Z����������Byr�

� HIBl=HIwl+

\L]QVPUiLM]��QPPV�SYa�sMQO��NQYY+�HttI+��Y�

� QYPM]aQV[Qi O QYS]c� W �QM Oa� ]UjUP Q[V�

� i]UT]SR�WU]�NYaM]T]SaNSPM�[URiNPM]�

� V[QMY[M� SYa� MYTQYMM]QYT� MaN[SPQUY+�

� ��g�x_e��x�� g^_\f�x_e���!�g�^�!�fx�

� l�`]g\fxj�k��bd\m�IkHm+

\OSNaQS�XUYVq�bU�SYS�ZQSYaQYQq�MP�SO+�Htlt+�

� �� ��!\�`_\f^� ��yf��� �i� \[��

� �]]ef^_\f�x� �i� w� ��x� ��i\�_���

� �xjfx���fxj� n�^[xf�g�!� \�� \[��

� ��y�e�]`�x\� �i� ��d�\f^� ��!\�`!G

� �j_MPU� aM� [UYWM]MY[QSq� `YQ^M]VQaSa�

� sS[QUYSO�aM��S�XOSPSq�wFx=wxF+

�Mj]S� �cYY� �M]YVPMQY+� Htlt+���y�e�]fxj�

� n�^[x�e�jf^_e� ��eg�x^�� n[��gj[�

� l��_\fy�� ��d�\f^! G� �U[PU]� U W�

� XLQOUVUiLcq�`YQ^M]VQPc�UW�XQPPVjN]TL+

�Q_S� �²ä]Y²ä=�QYq� �SQVS� XQLOSQYMY=�MaYS]Qgq

� MP� SO+� Httw+� l_x� ��d�\!� n�_^[~�

� o��ef`fx_�����!ge\!��x�� g^_\f�x_e�

� ��d�\f^!� fx� �]�^f_e� � g^_\f�xG�

� X]U[MMaQYTV�UW�PLM�hQ�PL�dYPM]YSPQUYSO�

� \UYWM]MY[M� UY� �a^SY[Ma� �MS]YQYT�

� KM[LYUOUTQMV�kd\��K�twm+

�OQ� fQ[LSMO� hQOg+� Htll+� ��!�g�^�!� i���

� e�_�xfxj� ��d�\!�� �xyf��x`�x\!� _x �

� i�_`fxj!� ^�xx�^\fxj� `_\[� fx�

� ��d�\f^!G� �U[PU]� UW� XLQOUVUiLcq�

� `YQ^M]VQPc^UW�XQPPVjN]TL+

�OQoSjMPL�hgOS]q�hQRUY�XS]VUYVq�MP�SO+��NYM�

� HttI+� `VQYT� bUjU\Ni� QY� NYQ^M]VQPc=

� OM^MO� [URiNPM]� V[QMY[M� MaN[SPQUY+�

� ��g�x_e��x�� g^_\f�x_e���!�g�^�!�fx�

� l�`]g\fxj�k��bd\m�IkHm+

�]Q[��LQ=�MYT��QN+�Htlt+��S]Oc�SaUOMV[MYPV��

� iM][MiPQUYV� UW� MaN[SPQUYSO� ]UjUPV�

� SYa� OMS]YQYT� UW� ]UjUPQ[V+� u�f\f![�

� ��g�x_e��i�� g^_\f�x_e�n�^[x�e�j�G
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� �UO+�Il�sU+�E+���h\�LUVPq��II=�Iy+

�]SYgOcY�KN]jSgq�b+�+�HttH+�bUjUPQ[��MVQTY�

� hPNaQUr� ��iOU]QYT� PLM� �QT� daMSV� UW�

� �YTQYMM] QYT� QY� S� �QjM]S O� �]PV�

� �Y^Q]UYRMYP+� ��g�x_e� �i� �^f�x^��

� � g^_\f�x�_x �n�^[x�e�j��ll+

Z+� �óóiMo=sQ[UO±áVq� �+� bURMUq� MP� SO+� Httx+�

� �f`ge_\f�x�n��e!�i����^\fy����_�xfxj�

� fx���d�\�l�x\��e�_x �o��j�_``fxjG�

� ����d���YYNSO�\UYWM]MY[M+

ZQSYON[S��YPUYMOOQq���QOQiiU��]]Q[LQMOOUq�MP�SO+�

� Httx+� ��uu�n�� �x� �]�x� !�g�^��

� !f`ge_\���i���� g^_\f�x�fx���d�\f^!G�

� X]U[MMaQYTV�f�Kef���tx��QMYYS+�

eU=hQg� bUL� SYa� �QY=�L� �QR+� HttI+�

� w_xf]ge_\��� w� �efxj� i��`� �Hq�

� o_�_`�\��!G� EtPL��YYNSO�\UYWM]MY[M�

� UW� PLM� d���� dYaNVP]QSO� �OM[P]UYQ[V�

� hU[QMPcq��NVSYq��U]MS+

dTU]�f+��M]YM]�SYa��S^Qa��+��LOT]MY+�HttI+

� bUjUP� [UYPMVP� SV� S� OSjU]SPU]c� WU]�

� M�iM]QMYPQSO� MYTQYMM]QYT� MaN[SPQUY+�

� ��g�x_e��x�� g^_\f�x_e���!�g�^�!�fx�

� l�`]g\fxj�k��bd\m�IkHm+

dOOSL� b+� sUN]jSgLVLq� �+\+q� �_QYgcS� �LS^Mq�

� �RQOc�eSRYM]q�MP�SO+�HttB+�n[����d�\f^�

� �g\�x�`��w�dfe����d�\f^!�l�g�!���

� ��d�\� ��!fjxZ� lg��f^geg`� ��!fjx�

� _x � � g^_\f�x_e� �!!�!!`�x\G�

� �NPUYURUNV�bUjUPV�lFr�ltE=lHy+

dUSY� �U]UWPMQ� SYa� ZLMU]TLM� XOMVN+� Htlt+�

� �x� � g^_\f�x_e� w_xgi_^\g�fxj�

� _x � �!!�`defxj� ��e�|fde�� ��!\�`G

� f�K��`bZd��dsK�bs�Kd�s�����

� khiM[QSO�dVVNM�YU+�ymr�BB=Bx+

dVRSQO� fS]cg[c+� Htlt+� �xy�!\fj_\fxj� \[��

� �`]_^\� �i� �� ��j�nw� H� u_!� Z�

� �xjfx���fxjH��f�x\� � lg��f^geg`�

� l�`]_�� � \�� _x� �x�gf��Hu_!� �

� lg��f^geg`��x�i�fi\[���_ ��! �l�x\�x\�

� ��_�xfxj� �i� �f`]e�� w_^[fx�!G�

� �MMT]MM� UW� �U[PU]� UW� XQOUVUiLcq�

� �MiS]PRMYP� UW� KMS[LM]� �aN[SPQUYq�

� �UVPUY� \UOOMTMq� �cY[L� h[LUUO� UW�

� �aN[SPQUY+

�SRVLMa�d�jSOq�bSoS�NO�dVOSRq�MP�SO+�HtlH+�

� fUaMOQYT� SYa� �YSOcVQV� UW� S� w� ����

� bUjUPQ[��]R�fSYQiNOSPU]+�l_x_ f_x�

� ��g�x_e��x��e�^\�f^_e�_x ��e�^\��xf^!�

� �xjfx���fxj�Eq�sU+�wr�Ett=Etw+

�MWW]Mc��ULYVUY+�HttE+�l[fe ��xZ���d�\f^!Z�

� _x � � g^_\f�xG� �]PQW�Q[QSO� �QWM� SYa�

� bUjUPQ[Vq�hi]QYTM]�QYg�yq�sNRjM]�l=Hr�

� lw=Hl+

�MYMOOM��+�XQMiRMQM]q��]SaOMc��+��QVLUiq�MP�SO+�

� HttE+�w� ��x���d�\f^!��xjfx���fxj�

� �x!\�g^\f�xG� d���� bUjUP Q[V� ��

� �NPURSPQUY�fSTSoQYM+�ltr�EE=Ey+�

�M]]c��+��MQYjM]Tq��QOOQSR��+��LQPMq�MP�SO+�

� HttB+� wge\f f!^f]efx_��� \�_`���h

� fx� _� ��d�\f^!� ^�g�!�G� hdZ\h��� tBr�

� X]U[MMaQYTV� UW� PLM� EwPL� hdZ\h��

� PM[LYQ[SO� VcRiUVQNR� UY� \URiNPM]�

� V[QMY[M�MaN[SPQUY+

�S]MY��+��OMaVUM+�Htty+�q�������xjfx���fxj�

� �\g �x\!���y�e�]�_x ���_!�x��f\[�
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� l�x^�]\!� �i� �e�^\�f^f\�� �f\[fx� _�

� o��p�^\Hu_!� � l�g�!�~G� �U[PU]� UW�

� XLQOUVUiLcq��]MTUY�hPSPM�`YQ^M]VQPc+

�MYYMPL��M]]c+�HttB+�n�_^[���o��^�]\f�x!�

� �i� \[�� � g^_\f�x_e� �_eg�� �i� \[��

� ��f�!\� ��d�\f^!� l�`]�\f\f�x� i���

� ���hi��^��o��]_�_\f�x��f\[���j_� !�

� \��w_\[Z� �^f�x^�� _x �n�^[x�e�j�G�

� �U[PU]� UW� �aN[SPQUY� QY� �aN[SPQUYSO�

� KM[LYUOUTcq�XMiiM]aQYM�`YQ^M]VQPc+

�Sac��SQSYS��+�fSQSq��SYaM]RQ��+�aS�hQO^Sq�

� MP� SO+� Httx+��x� �|]��f�x^�� \�� g!��

� ��d�\f^!� \�� �`]��y�� l�`]g\���

� �^f�x^�� ��_�xfxj+� ExPL� �h��zd����

� �]UYPQM]V� QY� �aN[SPQUY� \UYWM]MY[Mq

� hSY��YPUYQU+

�QMVO�eUPSOQYTq�bQ[LS]a�hLM]cOOq�MP�SO+�Htty+�

� ��]_�_ fj`�i���y��\f^_ee��fx\�j�_\� �

� ^g��f^geg`�fxx�y_\f�xM[���̂ g��f^ge_�

� ����� �y�e�]� �i���gx ��j�_ g_\�Z�

� `f  e�� _x � [fj[� !^[��e� !\g �x\!�

� g! fxj� gx ���_\� � � ��d� \ f ^ ! G�

� dYPM]YSPQUYSO�\UYWM]MY[M�UY��YTQYMM]QYT�

� �aN[SPQUY�d\��� Httyq� \UQRj]Sq�

� XU]PNTSO+

�QMVO�eUPSOQYTq�bQ[LS]a�hLM]cOOq�MP�SO+�HttB+�

� �f!^�y���� d_!� � e�_�xfxj� fx� \[��

� �xjfx���fxj� ^e_!!���`� g!fxj�

� gx ���_\��� ��d�\f^!+� X]U[MMaQYTV�

� UW�PLM��SOO�HttB��RM]Q[SY�hU[QMPc�WU]�

� �YTQYMM]QYT��aN[SPQUY�fQaaOM��POSYPQ[�

� hM[PQUY�\UYWM]MY[Mq��RM]Q[SY�hU[QMPc�

� WU]��YTQYMM]QYT��aN[SPQUY+

f+� hSRSgS+� HttB+� ��d�\� n_!hH��y�e�

� o��j�_``fxj� �_xjg_j�� _x �

� �f`ge_\f�xG��U]Oa��[SaMRc�UW�h[QMY[Mq

� �YTQYMM]QYT�SYa�KM[LYUOUTc�x+

fS]QSY�XMP]M�SYa��OSQYM�X]Q[M+�HttI+�v!fxj�

� ��d�\f^!� \�� w�\fy_\�� ©u_^h�  ��� �

� ��_�xfxjG��aN[SPQUY�SYa�dYWU]RSPQUY�

� KM[LYUOUTQMV�hi]QYTM]�QYg+�xr�Hq�lIy=

� lBF+�

fSPPLMn��+��M]OSYa+�HttF+��u�n��w�\fy_\fxj

� l�`]g\_\f�x_e��x �l�`]e�|���!\�`!

� ��eg�x^f�!� �f\[� l�x!\�g^\f�xf!\�

� �f�\g_e� P� o[�!f^_e���d�\f^!+� �U[PU]�

� UW� XLQOUVUiLc� � �QMOa� UW� �MS]YQYT�

� h[QMY[MVq�sU]PLnMVPM]Y�`YQ^M]VQPc+

fNVPSWS�\SgQ]�SYa��]LSY��NPNY+�Htty+��Y�

� �aN[SPQUYSO�KUUO�WU]�w=����dYaNVP]QSO�

� bUjUPV� �QPL� �NSPM]YQUY� �OTMj]S+�

� l�`]g\����]]ef^_\f�x!�fx��xjfx���fxj�

� � g^_\f�x�lBkHmr�lIE=lBI+

XUUOVSg� �UVMMcSiU]Y+� HttE+�l�`]�x�x\H

� u_!� � ��d�\f^� �f`ge_\f�xG� �U[PU]�

� UW�XLQOUVUiLc�QY��OM[P]Q[SO��YTQYMM]QYTq�

� �SYaM]jQOP�`YQ^M]VQPc+

bSYaSOO��+��MM]q�eQOOMO��+�\LQMOq�MP�SO+�lxxx+�

� `VQYT� �NPUYURUNV� bUjUPQ[V� PU�

� KMS[L� h[QMY[M� SYa� �YTQYMM]QYT+�

� l�``gxf^_\f�x!��i�n[���wlG��UO+�IH+�

� sU+�wr�FB=xH+

hMNYT=�Q�fQYq�hNg=ecNY�hMUq�MP�SO+�Httx+�

� �� l��_\fy�� �xjfx���fxj� ��!fjx�

� l�g�!�� i��� ���![`_x� g!fxj� �����

� ��d�\!G�d����dYPM]YSPQUYSO�hcRiUVQNR�
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� UY� dYaNVP]QSO� �OM[P]UYQ[V� kdhO�� Httxmq�

� hMUNO��OcRiQ[�XS]gPMOq�hMUNOq��U]MS+

hPMiLMY�e+��LQPMLMSa+�Htlt+���e_\f�x![f]�

� �i� ��d�\f^� �`]e�`�x\_\f�x� �x�

� l[_xj�!��x�wf  e���^[��e��\g �x\! 

� u�ef�i!��x ��x\���!\�n��_� ��^f�x^�Z�

� n�^[x�e�j�Z� �xjfx���fxj� �x �

� w_\[�`_\f^!G� �U[PU]� UW� �aN[SPQUYq�

� dYaQSYS�`YQ^M]VQPc�UW�XMYYVcO^SYQS+

K+�+�f�K���h�sZ`ds��SYa��+f+��s�¶��b�

� f·b�`��+�Htlt+��f`ge_\f�x�n��e�i���

� n�_^[fxj�_x ���_�xfxj�/���fx�`_\f^!�

� ���h!]_^�!��i����f_e���d�\f^���`!�

� �f\[�g]�\��9����G��QOMc�XM]QUaQ[SOV+

KQR��+��NYY�SYa��VPM]��S]aLSYQ+�HttE+���/��

� ��d�\� !f`ge_\f�x� i��� � g^_\f�xG�

� Zb�XedK��� tEr� X]U[MMaQYTV� UW� PLM�

� lVP� QYPM]YSPQUYSO� [UYWM]MY[M� UY�

� \URiNPM]� T]SiLQ[V� SYa� QYPM]S[PQ^M�

� PM[LYQ�NMV� QY��NVP]SOSVQS� SYa� hUNPL�

� �SVP��VQSq��f\+

`^SQV��QanSQ+�Htll+��gx�\��e�_�x��]��p�^\H

� d_!� � e�_�xfxj� fx� ��d�\f^!� i���

� ^�`]g\��� �xjfx���!G� �\f� dY]USaV�

� Hklm+

�MO_gU� XUPgUY_Sgq� fQURQ]� �NgUj]SPU^Q[q�

� MP� SO+� Htlt+� �f�\g_e� w�^[_\��xf^P
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