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i\[mf[cgl�Wi�YabX�Z]YaWdWkl�\[]ga[X�!@�bc�gabd`\[c�naW�fc`[\n[cY�Xf\k[\l�Wc�Ya[�]e`Wjbc]d�W\k]cX"�oZ�YW�!�@�Wi�]dd�\[d]Z]\WYWjb[X�bc�
gabd`\[c�]\[�Z[\iW\j[`�iW\�VQ�hA�]jWck�Ya[j�$�@�]\[�Z[\iW\j[`�bc�Ya[�p\XY�l[]\�]q[\�Z\bj]\l�Xf\k[\l"�Ra[�jWXY�gWjjWc�Z]YaWdWkl�bc�
gabd`\[cA�nabga�d[]`X�YW�VQ�hA�bX�]gfY[�]ZZ[c`bgb^X�gWjZdbg]Y[`�el�Z[\bYWcb^X"
V\WkcWXbX�]c`�Y\[]Yj[cY�Wi�VQ�h�bc�gabd`\[c�YW`]l�bX�]c�f\k[cY�Z\Wed[j�Wi�]e`Wjbc]d�Z[`b]Y\bg�Xf\k[\l�`f[�YW�bYX�abka�i\[mf[cglA�abka�\]Y[�
Wi�gWjZdbg]^WcX�]c`�abka�\[gf\\[cg[�\]Y[�]c`�\[d]Z]\WYWjb[XA�nabga�d[]`�YW�]�Xbkcbpg]cY�\[`fg^Wc�bc�Ya[�mf]dbYl�Wi�dbi[�Wi�Z]^[cYX"
V[\bYWc[]d�]`a[XbWcX�]\[�Z]YaWdWkbg]d�iW\j]^WcX�Wi�gWcc[g^_[�^XXf[�bc�Ya[�]\[]�Wi�Xf\k[\l"��
]g[YldY\]cXi[\]X[�Zd]lX�]c�bjZW\Y]cY�\Wd[�bc�
Ya[�[rg[XXb_[�̀ [_[dWZj[cY�Wi�gWcc[g^_[�̂ XXf[�]c`�iW\j]^Wc�Wi�]e`Wjbc]d�sWbcYXA�e[g]fX[�Ya[�pe\bcWk[c[XbX�Wi�gWcc[g^_[�̂ XXf[�bX�̀ [Y[\-
jbc[`�el�k[c[^g]ddl�`[Y[\jbc[`�ZWdljW\ZabXj�el�Ya[�Za[cWYlZ[�Wi��
]g[YldY\]cXi[\]X["�ub_[c�bYX�bjZW\Y]cY�\Wd[�bc�Ya[�iW\j]^Wc�Wi�]e-
`Wjbc]d�]`a[XbWcXA�YW`]l�Ya[\[�]\[�Z\WjbXbck�j[YaW`X�Wi�Z\[`bg^Wc�]c`�̀ \fkX�iW\�Z]YaWk[c[^g�Z\[_[c^Wc�Wi�g]cg[\"
!4"/-+#�7�YW�XYf`l�i[]Yf\[X�Wi�Ya[�gdbcbg]d�gWf\X[�Wi�`bXX[jbc]Y[`�]ZZ[c`bgfd]\�Z[\bYWcb^X�bc�gabd`\[c�`[Z[c`bck�Wc�Ya[�Za[cWYlZ[�Wi�
]g[Yld]^Wc��vQ��]c`�Ya[�Z\WkcWX^g�_]df[�Wi�vQ�bc�Ya[�̀ [_[dWZj[cY�Wi�VQ�h"
50'#"%02+�0($�6#'*-$+��wr]jbc]^Wc�]c`�]c]dlXbX�Wi�j[`bg]d�\[gW\`X�Wi��#�gabd`\[c�Y\[]Y[`�]Y�Ya[�V[`b]Y\bg��f\k[\l�xdbcbg�Wi��_]cW
v\]cyb_Xy�
�zo�iW\�nb`[XZ\[]`�]ZZ[c`bgfd]\�Z[\bYWcb^X�n]X�Z[\iW\j[`"�Ra[�]k[�Wi�Z]^[cYX�\]ck[`�i\Wj�!�YW��#�l[]\X"�QjWck�Ya[�[r]jbc[`�Z]^[cYX�
n[\[����eWlX�]c`�!�kb\dX���&��"
Qdd�gabd`\[c�fc`[\n[cY�]�X[Y�Wi�XY]c`]\`�[r]jbc]^WcX&�]XX[XXj[cY�Wi�]c]jc[X^g�]c`�gdbcbg]d�̀ ]Y]A�d]eW\]YW\l�Y[XYX�Wi�edWW`�]c`�f\bc[A�{
\]l�]c`�
fdY\]XWfc`�[r]jbc]^Wc�Wi�Ya[�]e`Wjbc]d�g]_bYl"�Ra[�YlZ[�Wi�]g[Yld]^Wc�n]X�̀ [Y[\jbc[`�bc�Ya[�ZWXYWZ[\]^_[�Z[\bW`�el�Ya[�j[YaW`�Wi�V\[eX^ck�7�
u]_\bdW_�bc�Ya[�jW`bpg]^Wc�Wi�z"�z"�QcbdW_]�]c`��"�v"�RWdy]ga[_Xy]l]"�QXX[XXj[cY�Wi�Ya[�ZWXYWZ[\]^_[�Z[\bW`�n]X�Z[\iW\j[`�]ggW\`bck�YW�Ya[�
iWddWnbck�Z]\]j[Y[\X&�̀ f\]^Wc�Wi�k]XY\bg�XY]XbXA�\[gW_[\l�Z[\bW`�Wi�Z[\bXY]dXbXA�̀ f\]^Wc�Wi�Z]bcA�̀ f\]^Wc�Wi�aWXZbY]d�Y\[]Yj[cY"�vWddWn
fZ�̀ ]Y]�iW\�
�7%�l[]\X�n[\[�]dXW�]XX[XX[`&�Z\[X[cg[�Wi�Z[\bYWc[]d�]`a[Xb_[�̀ bX[]X[A�Z\[X[cg[�Wi�VQ�h�[ZbXW`[X�]c`�\[d]Z]\WYWjb[X�iW\�VQ�h"
|[Z[c`bck�Wc�Ya[�[XY]edbXa[`�YlZ[�Wi�]g[Yld]^WcA�Z]^[cYX�n[\[�`b_b`[`�bcYW���k\WfZX&�Ya[�p\XY�7�gabd`\[c�nbYa�]�XdWn�YlZ[�Wi�]g[Yld]^Wc�
����Z]^[cYXA���"�@�A�Ya[�X[gWc`�7�gabd`\[c�nbYa�]�i]XY�YlZ[�Wi�]g[Yld]^Wc��%�Z]^[cYXA���"#@�"
Qdd�[r]jbc[`�gabd`\[c�fc`[\n[cY�Y\]`b^Wc]d�Y\[]Yj[cY�Wi�`bXX[jbc]Y[`�Z[\bYWcb^XA�]gg[ZY[`�bc�Ya[�gdbcbgA�]c`�XY]c`]\`�bcY\]
�]c`�ZWXYWZ-
[\]^_[�j[YaW`X�Wi�]`a[XbWcX�Z\[_[c^Wc"�Qc^
]`a[Xb_[�e]\\b[\�]k[cYX�iW\�Ya[�Z\[_[c^Wc�Wi�j]dbkc]cgl�bc�Ya[�[r]jbc[`�gabd`\[c�Wi�eWYa�
k\WfZX�n[\[�cWY�fX[`"
7#+42'+"�Qdd�Z]^[cYX�bc�eWYa�k\WfZX�\[gW_[\[`"��Y�n]X�iWfc`�Ya]Y�bc�gabd`\[c�nbYa�XdWn�]g[Yld]^Wc�YlZ[�Ya[�ZWXYWZ[\]^_[�gWf\X[�n]X�jW\[�
X[_[\[�Ya]c�bc�gabd`\[c�nbYa�i]XY�YlZ[��X[gWc`�k\WfZ�"�Ra[�]_[\]k[�`f\]^Wc�Wi�k]XY\bg�XY]XbX�]q[\�Xf\k[\l�bc�Z]^[cYX�Wi�Ya[�p\XY�k\WfZ�n]X�
%�"%N	"#�aWf\XA�bc�gabd`\[c�Wi�Ya[�X[gWc`�k\WfZ��%"	N�"��aWf\X"��c�Z]^[cYX�nbYa�]�\]Zb`�YlZ[�Wi�]g[Yld]^WcA�\[gW_[\l�Wi�]fXgfdY]^Wc�Z[\b-
XY]dXbX�n]X�i]XY[\�7�bc��!"�N�"��aWf\X�]q[\�Xf\k[\lA�bc�gabd`\[c�Wi�Ya[�p\XY�k\WfZ�7�bc�%�"#N	"��aWf\X"�Ra[�]_[\]k[�̀ f\]^Wc�Wi�Z]bc�n]X�abka[\�
bc�gabd`\[c�Wi�Ya[�p\XY�k\WfZ����#"#N#"!�aWf\X��Ya]c�bc�gabd`\[c�Wi�Ya[�X[gWc`�k\WfZ���#"#N	"!�aWf\X�"�Ra[�jW\[�i]_W\]ed[�gWf\X[�Wi�Ya[�
ZWXYWZ[\]^_[�Z[\bW`�bc�Z]^[cYX�nbYa�]�\]Zb`�YlZ[�Wi�]g[Yld]^Wc�d[`�YW�]�dWn[\�]_[\]k[�̀ f\]^Wc�Wi�aWXZbY]d�Y\[]Yj[cY����"%�̀ ]lX�A�bc�gabd`\[c�
Wi�Ya[�p\XY�k\WfZ�̀ f\]^Wc�n]X���"$�̀ ]lX"
w]\dl�ZWXYWZ[\]^_[�gWjZdbg]^WcX�bc�gabd`\[c�Wi�Ya[�X[gWc`�k\WfZ�n[\[�cWY�WeX[\_[`"�RnW�gabd`\[c�Wi�Ya[�p\XY�k\WfZ���%"	@��a]`�gWjZdbg]-
^WcX&�Wc[�gabd`�a]`�[]\dl�VQ�hA�Ya[�WYa[\�a]`�XfZZf\]^Wc�Wi�ZWXYWZ[\]^_[�nWfc`"��c�Ya[�XYf`l�Wi�g]Y]jc[XbX�bc�Z]^[cYX�Wi�eWYa�k\WfZX�bY�
n]X�iWfc`�Ya]Y�YnW�gabd`\[c�nbYa�XdWn�]g[Yld]^Wc�a]`�XbkcX�Wi�Z[\bYWc[]d�]`a[Xb_[�`bX[]X[��Z[\bW`bg�]e`Wjbc]d�Z]bcA�`[d]l[`�`[i[g]^Wc�
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]c`�~]Yfd[cg[A�`[d]l[`�[_]gf]^Wc�Wi�gWcY\]XY�bc�gWcY\]XY�XYf`l�Wi�Ya[�`bk[X^_[�Y\]gY�"��c�Wc[�Wi�Ya[j�VQ�h�n]X�`b]kcWX[`A�nabga�n]X�
Y\[]Y[`�gWcX[\_]^_[dl"�hc[�gabd`�bc�Ya[�X]j[�k\WfZ�fc`[\n[cY�\[d]Z]\WYWjl�iW\�[]\dl�VQ�h"��c�gabd`\[c�nbYa�\]Zb`�]g[Yld]^Wc�VQ�h�W\�Z[\b-
YWc[]d�]`a[Xb_[�̀ bX[]X[�]c`�\[d]Z]\WYWjb[X�n[\[�cWY�WeX[\_[`"
RafXA�Z\[dbjbc]\l�`]Y]�Wc�Ya[�Xbkcbpg]cY�Z\WkcWX^g�_]df[�Wi�`[Y[\jbcbck�Ya[�]g^_bYl�Wi�Ya[�[c�lj[��
]g[YldY\]cXi[\]X[A�]�Z\W`fgY�Wi�Ya[�
�QR��k[c[A�bc�`[Y[\jbcbck�Ya[�`[k\[[�Wi�\bXy�Wi�VQ�h�bc�Z]^[cYX�WZ[\]Y[`�Wc�iW\�Z[\bYWcb^XA�n[\[�\[g[b_[`"�xabd`\[c�nbYa�]�XdWn�YlZ[�Wi�
]g[Yld]^Wc�a]_[�]�Xbkcbpg]cYdl�abka[\�\bXy�Wi�VQ�h�`[_[dWZbck�Ya]c�gabd`\[c�nbYa�]�\]Zb`�YlZ[�Wi�]g[Yld]^WcA�nabga�\[~[gYX�]c�bc`b_b`f]dA�
k[c[^g]ddl�`[Y[\jbc[`�Z\[`bXZWXb^Wc�YW�[rg[XXb_[�]`a[XbWc�iW\j]^Wc"�RabX�]ddWnX�YW�iW\j�]�abka
\bXy�k\WfZ�Wi�VQ�h�]jWck�gabd`\[c�WZ[\-
]Y[`�Wc�iW\�Z[\bYWcb^X"��c�Xfga�Z]^[cYXA�bY�bX�]`_bX]ed[�YW�g]\\l�WfY�]�ifdd�\]ck[�Wi�]`a[XbWcX�Z\[_[c^WcA�]c`�bc�g]X[�Wi�VQ�hA�e[�Xf\[�YW�fX[�
bcY\]WZ[\]^_[�e]\\b[\�j[`bgbc[X�YW�Z\[_[cY�\[gf\\[cg[�Wi�VQ�h"��Y�n]X�]dXW�cWY[`�Ya]Y�bc�gabd`\[c�nbYa�]�i]XY�YlZ[�Wi�]g[Yld]^Wc�Ya[�ZWXYWZ-
[\]^_[�gWf\X[�bX�Xbkcbpg]cYdl�e[�[\�Ya]c�bc�Z]^[cYX�nbYa�]�XdWn�YlZ[�Wi�]g[Yld]^Wc"
8-(&24+%-(+��QjWck�gabd`\[c�WZ[\]Y[`�Wc�iW\�nb`[XZ\[]`�]ZZ[c`bgfd]\�Z[\bYWcb^XA�gabd`\[c�nbYa�]�XdWn�YlZ[�Wi�]g[Yld]^Wc�]\[�jW\[�gWjjWc"
�c�Ya[�k\WfZ�Wi�gabd`\[c�nbYa�\]Zb`�]g[Yld]^WcA�WZ[\]Y[`�Wc�iW\�nb`[XZ\[]`�Z[\bYWcb^XA�iWfc`�]�jW\[�i]_W\]ed[�gWf\X[�Wi�ZWXYWZ[\]^_[�Z[-
\bW`��d[XX�̂ j[�YW�XYWZ�k]XY\bg�XY]XbX�]c`�\[XYW\[�bcY[X^c]d�jW^dbYlA�\[`fg[�Ya[�̀ f\]^Wc�Wi�Z]bcA�\[`fg[`�̀ f\]^Wc�Wi�bcZ]^[cY�Y\[]Yj[cY�"
|[Y[\jbcbck�Ya[�YlZ[�Wi�]g[Yld]^Wc�el�`[Y[\jbcbck�Ya[�ebWga[jbg]d�]g^_bYl�Wi�Ya[�[c�lj[��
]g[YldY\]cXi[\]X[�bX�]�Z\WjbXbck�j[YaW`�iW\�
`b]kcWXbck�Ya[�k[c[^g�Z\[`bXZWXb^Wc�Wi�Ya[�Z]^[cY�YW�]`a[XbWcX�iW\j]^Wc�]c`�Ya[�̀ [k\[[�Wi�VQ�h�\bXy"
V]^[cYX�nbYa�]�XdWn�YlZ[�Wi�]g[Yld]^Wc�XaWfd`�e[�kb_[c�]�ifdd�X[Y�Wi�Z\[_[c^Wc�Wi�]`a[XbWcX�iW\j]^WcA�]c`�bc�g]X[�Wi�VQ�hA�e[�Xf\[�YW�fX[�
bcY\]WZ[\]^_[�e]\\b[\�j[`bg]^WcX�YW�Z\[_[cY�\[gf\\[cg[�Wi�VQ�h"
Ra[�XYf`l�n]X�gWc`fgY[`�bc�]ggW\`]cg[�nbYa�Ya[�Z\bcgbZd[X�Wi�Ya[�|[gd]\]^Wc�Wi��[dXbcyb"�Ra[�XYf`l�Z\WYWgWd�n]X�]ZZ\W_[`�el�Ya[��Wg]d�
[YabgX�gWjjb�[[�Wi�]dd�Z]\^gbZ]^ck�bcX^Yf^WcX"��ciW\j[`�gWcX[cY�Wi�Z]\[cYX�]c`�gabd`\[c�n]X�WeY]bc[`�YW�gWc`fgY�Ya[�\[X[]\ga"
Ra[�]fYaW\X�̀ [gd]\[�cW�gWc~bgY�Wi�bcY[\[XY"
Key words:�ZWXYWZ[\]^_[�]`a[Xb_[�bcY[X^c]d�WeXY\fg^WcA�YlZ[�Wi�]g[Yld]^WcA�Z\WkcWXbXA�gabd`\[c"
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