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O.O. Karlova1,2, A.V. Balan1,2
1TUVWXY�Z[\]^_[`�ab[`\U�[cb�d_]ebcf]\X�^g�dYc[]_b��hX]e
7�,Z,i�&hX]e�,]\X�,b_\bc�^g�jbWc^kVl\]eb�[_k�mbc]_[\[`�nbk]l]_b'��dYc[]_b

mcbo_[_\�p^qb_�[cb�\Ub�q^f\�fb_f]\]eb�l^_\]_ob_\�\^�\Ub�brbl\f�^g�\Ub�e]cVf�[_k�\U]f�]f�kVb�\^�[k[W\]eb�WUXf]^`^o]l[`�lU[_obf�]_�\Ub�p^q[_�f�
sc^_lU^WV`q^_[cX�fXf\bq�[_k�gb[\Vcbf�^g�\Ub�]qqV_b�fXf\bq#�&mUXf]^`^o]l[`�\^`bc[_lb'�]f�g^cqbk�kVc]_o�Wcbo_[_lX�[_k�\U]f�]f�[ll^qW[_]bk�
sX�[�kblcb[fb�]_�\Ub�`beb`�^g�t)Ub`Wbcf�[_k�_[\Vc[`�Y]``bcf�]_�Wcbo_[_\�p^qb_�[_k�`b[kf�\^�[�kblcb[fb�]_�\Ub�cbf]f\[_lb�^g�\Ub�p^q[_�f�s^kX�\^�
\Ub�[l\]^_�^g�[`\bc]_o�e]c[`�[_k�s[l\bc][`�[ob_\f#
OD7M6JI�+�\^�cbeb[`� \Ub�WblV`][c]\]bf�[_k�l`[c]gX� \Ub�_[\Vcb�^g�l`]_]l[`�[_k� ]_f\cVqb_\[`�lU[_obf� ]_�Wcbo_[_\�p^qb_�p]\U�[�fbebcb�l^Vcfb��
^g�,-./0)12�V_kbc�kX_[q]l�^sfbce[\]^_#
P;:I79;QJ� ;<R�CI:G6RJ�� tUb� f\VkX� ]_l`Vkbk� 45� Wcbo_[_\� p^qb_� p]\U� l^c^_[e]cVf� k]fb[fb� p]\U� [� obf\[\]^_[`� [ob� ^g� 77� \^� 41� pbbYf���
pU^� g^cqbk�\Ub�q[]_�oc^VW#�tUb�l^_\c^`�oc^VW�l^_f]f\bk�^g�45�p^qb_�pU^fb�Wcbo_[_l]bf�pbcb�_^\�l^qW`]l[\bk�sX�l^c^_[e]cVf�k]fb[fb#��
tUb�l^Vcfb�^g�\Ub�k]fb[fb�[_k�\Ub�]_uVb_lb�^g�\Ub�l^c^_[e]cVf�]_gbl\]^_�^_�\Ub�l^Vcfb�^g�Wcbo_[_lX�pbcb�be[`V[\bk�[ll^ck]_o�\^�\Ub�cbfV`\f�^g9�
ob_bc[`�+�l`]_]l[`�bv[q]_[\]^_��`[s^c[\^cX�bv[q]_[\]^_�:ob_bc[`�s`^^k�\bf\��s]^lUbq]l[`�s`^^k�\bf\��l^[oV`^oc[q��,)cb[l\]eb�Wc^\b]_��0)k]qbc��
Wc^l[`l]\^_]_�[_k�]_\bc`bVY]_�?=��]_f\cVqb_\[`�bv[q]_[\]^_�:l[ck]^\^l^oc[WU]l�cbfb[clU��WV`fb�^v]qb\cX=#
SIJDQ:J��mblV`][c]\]bf�̂ g�lU[_obf�]_�l`]_]l[`�[_k�̀ [s^c[\^cX�]_k]l[\^cf�]_�Wcbo_[_\�p^qb_�pbcb�f\Vk]bk�kbWb_k]_o�̂ _�\Ub�f\[ob�̂ g�kbeb`^Wqb_\�
^g�\Ub�l^c^_[e]cVf�k]fb[fb#�0Vc]_o�\Ub�f\VkX��]\�p[f�bf\[s`]fUbk9�[�f]o_]wl[_\�]_lcb[fb�]_�\Ub�̀beb`�̂ g�]_k]l[\^cf�]_�[ll^ck[_lb�p]\U�\Ub�l^_\c^`�oc^VW��
_[qb`X�[_�]_lcb[fb�]_�`bVY^lX\bf�sX�IJ#7K�\^�15#5DE1#F2G152H`�:�M5#5F=��[_�]_lcb[fb�]_�\Uc^qs^lX\bf�sX�IFK�\^�I14#I?E42#D5�:�M5#5F=��
[_� ]_lcb[fb� ]_�q^_^lX\bf�sX�77#FK�\^�D#5JE1#17�[_k�[�kblcb[fb� ]_� `XqWU^lX\bf� \^�1I#4?E7#1I��pU]lU� ]f�F1#7K� `^pbc� \U[_� \Ub� ]_k]l[\^cf�
^g� \Ub�l^_\c^`� oc^VW#� tUb� `beb`� ^g�,)cb[l\]eb�Wc^\b]_� ]_�Wcbo_[_\�p^qb_�p]\U�,-./0)12� ]f�Wc^s[s`X� U]oUbc� \U[_� ]_� [``� oc^VWf�^g� bv[q]_bk�
W[\]b_\f#� tUb� `beb`� ^g� 0)k]qbc� bvlbbkbk� \Ub� ]_k]l[\^cf� ^g� \Ub� l^_\c^`� oc^VW� ]_� W[\]b_\f� ^g� [``� oc^VWf� p]\U� \Ub�q[v]qVq� e[`Vbf� ^g� ]_k]l[)
\^cf� ]_�W[\]b_\f�[\� \Ub� \]qb�^g�[kq]ff]^_� \^�kbW[c\qb_\�^g�[_[bf\Ubf]^`^oX�[_k� ]_\b_fb� \Ubc[WX� :0x/t=�[_k�p[f�4J?D#47�_o�yidHq`��pU]lU��
p[f�?#I�\]qbf�U]oUbc�\U[_�\Ub�`beb`�^g�\Ub�l^_\c^`�oc^VW�:WM5#5F=#�/\�fU^V`k�sb�_^\bk�\U[\�\Ub�[q^V_\�^g�]_\bc`bVY]_)?�]_�W[\]b_\f�^g�[``�f\Vk]bk�
oc^VWf�p[f�f\[\]f\]l[``X�U]oUbc�\U[_�\U[\�^g�\Ub�l^_\c^`�oc^VW#
(6<8QDJ96<J��/qqV_b)]_u[qq[\^cX�s`^^k�lU[_obf�]_�Wcbo_[_\�p^qb_�^llVc�]_�\Ub�l[fb�^g�[�fbebcb�l^Vcfb�^g�,-./0)12�[_k�[cb�[ll^q)
W[_]bk�sX�[_�]_lcb[fb�]_�\Ub�`beb`�^g�]_\bc`bVY]_)?�[\�[``�f\[obf�^g�\Ub�fbebcb�l^Vcfb�^g�\Ub�k]fb[fb#�;jm�]f�[�q[cYbc�^g�\Ub�fbebcb�l^Vcfb�^g�
\Ub�l^c^_[e]cVf�k]fb[fb�]_�Wcbo_[_\�p^qb_#�tUb�]kb_\]wbk�lU[_obf�[cb�[ll^qW[_]bk�sX�l^[oV`^W[\UX�[_k�UXWbcl^[oV`[\]^_�p]\U�]_lcb[fbk�
0)k]qbc�l^_\b_\�]_�W[\]b_\f�p]\U�[�fbebcb�l^Vcfb�^g�\Ub�k]fb[fb#
tUb�cbfb[clU�p[f�l[cc]bk�^V\�]_�[ll^ck[_lb�p]\U�\Ub�Wc]_l]W`bf�^g�\Ub�ab`f]_Y]�0bl`[c[\]^_#�tUb�f\VkX�Wc^\^l^`�p[f�[WWc^ebk�sX�\Ub�z^l[`�i\U]lf�
,^qq]\\bb�^g�[``�W[c\]l]W[\]_o�]_f\]\V\]^_f#�tUb�]_g^cqbk�l^_fb_\�^g�\Ub�W[\]b_\�p[f�^s\[]_bk�g^c�l^_kVl\]_o�\Ub�f\Vk]bf#
Z^�l^_u]l\�^g�]_\bcbf\f�p[f�kbl`[cbk�sX�\Ub�[V\U^cf#
TIFN67RJ=�l^c^_[e]cVf�k]fb[fb��Wcbo_[_\�p^qb_��lX\^Y]_b�f\^cq��/qqV_b)]_u[qq[\^cX�lU[_obf#
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