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ã�ï�í�ã çÇç îÚí�ã
ó)ã)ìÈÿ�ú ç ã�é ñ û�ï�ô � ô�ìÈï
ì ç ã�üØì¡éÈôÈê,ì�����������ú�ô

ò ã�ä çÚñ þëéÈôÈê�ã ò ï�ù��hê,ðëï�é � ðëï�ôÚþÇäØ÷Çã��[÷ÚþÇìÈï�éõôÇþ�� å � ÷ �"!�ã$# å % ÷&�&!'�äëôÚú�ê�ôÚþÇô	�@û�ì è)( ã��+*-, üØì&�ÇþÚì¡é©ú�ê�ã-ú�ê�ðØþ ê,ì ( ðëï�ã�ã 55Fe
þ 55Mn.. ê,ð¡û�ï�îÈîpìÈ÷ éõã�þÇï�ô�äÄé ý ôÇ÷Øô ç ô % �&�
���zã�ÿ�ú�/ % #�äëðØ÷ å â�ìëüÄêÚîÈû]ú�ô[ô�äØãì&��äëí�ã�äëä % �
ã�ÿ ú å . ç ôÚðëþÈù@ð ç ã�ï�ã�ã�ú�ê,ôÚþÇðÄû�ðëï�ù ò ðÄê�ðÄüW÷Çì	�@û�ù@ð0�	���ã�üëÿ�ð¡ê,ðëï�ã�ó å

132�4&5 6 â
ìÈäØú�ê�ðÄû�ð ç ðëï�ã�ð�ê�ðÄü ñÚç,ý éÈìëéÈôÚþ7�&�8�����Ýã�üØÿ�ð¡ê,ðëï�ã�ó
αα-
ìÈ÷ÈéÈã�þÚï
ôÚä¡éõãú�ê�ðØú
ìëê,ìëéÈì 239Pu

��ï�ðëú�ôÈû�þÇã��Qï�ô ñ ÷Èê�ðØú ç ðØï
ï�ô � ô)ï�ì�ú�ô çÚñ ú�ê,ôÚþÇôÈû�ï�ã�÷ÇôÚþÇôÚÿû�ð¡éõðë÷ÈéÈôÈê�ð
. 9 ð¡ü[äÄû�þÚã � ôÇþ�ã:��ð¡ü�ä � ç ì	�$ã�þÚìÈï�ã�î å  ; ê�ôÈû�ô ç �Qã�éÈð ç�ý ï�ôÚä¡é ýô û�ï
ô � ô�ã�üØÿ�ð¡ê,ðëï�ã�î�#�äëðØ÷ å ; ô�ôÚäëã8ì&�,äëí�ã�äëä�ô é ç ô&�Qðëï�ù}þÚð ç ã ò ã�ï�ùê�ìëû�ã
ôÚìÈ÷ÈéÈã�þÇï�ôÚä¡éõã=<Ñã
ÿ�ú

⁄⁄
#,äëðë÷
> å . ê,ð¡û�ï�îÈîyìÈ÷ éõã�þÇï�ôÚä¡é ý ôÚ÷Çô ç ô � �ã�ÿ ú�/?#,äëðë÷ å ; ô$ôÚäëã�ôÈêÇû�ã�ï�ìëé�, ò ã�ä ç ôDã�üØÿ ðÄê�ðØï�ã
ó®älû�ìÈï
ï�ôÚó�þÚð ç ã ò ã
ï�ôÚó αα-ìÈ÷ éõã�þÇï�ôÚä¡éÈã åA@ . ç ôÚðëþÈù@ð	B ç ã�ï�ã
ã*ú�ê�ôÚþÇðÄû�ðëï�ù ò ðÄê�ðÄü8÷Úì	�Yû,ù@ðC�	�����ã�üëÿ�ð¡ê,ðëï�ã�ó å

4 � >Y?QL�b�T$cQM � � ����%������������
��� ������� ����%������
�����
�����È#�� &����
����� É
Ö�Ë Ë�Ë ����	�����������. αα- �������������������� ���
���
���
��� 239Pu :B��������%���� ;6��� # ��������� ��������1�� ���
������# � ��������%�������������	 %���������������� . D ����%�����;t� ���
��&���������&��%�����1��8����	���������� �8Ï��
����3FE�������������	®��������� ��������/0�
.
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NLE�Q)X�JLG
M�X~YZE�[]T�H�F�^'M�T)D)RkYZO
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� ����� � ����� �!�#"%$��'&("#"�)�$*��+-,/.0�'.-"#��12$3��4-56�%&24�7�8��#9("#&2�08:�;5#9=<'$
>���.!>%4-�'4-8�&29 14 ? "#4@569=<'$A"#.0+!4�9(�#�!�%,�)�$A4�9�8�&2,B4-8:�#C�.-�!7(�#$D<'�08�4�"#&29(724�$
SL-30 �  SL-40 >#&�E(<'C�4�FG8��H1I9(.!�-J�,/4A�-$2&=56"6)K.DL-�#�H8�&2L0�'4�,B,�)NMPOG>�)P8
28.12.80

QSR#T#U�VXW Y�W#ZA[P\SV T#Y�]B^_R�`aR%b/U�T�`aY�c�V [_R6`#d_]PY�]PWabBUa[Pc�T�`�]
T#eBc�^_T�`�Y�W `ac�[Pf�c�g T�`#d�h/f�`�h�dP\ dPWaT#iBdPR�^_R#bBR#[P]Pg
dPR#j�h/bBU#`aW%`ac�Y k/\@b/] W�[_W�b/c�l�]Bm_[P\SR naoXopR#f�`a\ iBdP]
]Pj�VXR�d_R#[P]Bq�e iBdPc�r_R%T#T#c�Y dPWaj�[Pc�g iBd_]BdPc�^_\As tu\
[PW�k/b�vw^_W�b/] T%e/c�^_[P\SR opc�d_VX\ l']PT�`�c�l2dPWaVXV iBdP]
c�^P[_c�Y�dPR#VXR#[P[P\Sex]_j�VXR�dPR#[P]/q�e

β y W�f�`a]PY�[_c�T6`a] 3 z ]Pb/] 14 {A|
T#f�c�dPc�T�`a]}d_R#W�f�rP]P]~W�T#f�c�d_kB]P[_c�Y�c�g;f�]PT#b/c�`�\ ���I�D� ]
^P]_eBb/c�d�o�R%[_c�bB]P[/^Pc/opR#[Pc�b/W ������������� | αα-

Waf�`�]_Y�[Pc�T�`�]
iBd_R%i_W%d_W%`aW 239Pu,

n#bBR#f�`#dPc/o�c�dPR�`a]Bm_R%T#f�c�g�iPc�^_Y�]BZ�[Pc�T�`�]
mPWaT�`�]_r�bBW#`aR%f�T#W���Y�d_R#VXR#[P]�iPc�iPR�dPR�m_[Pc�g�dPR#b/W�f�T#W�r_]P]��

2iBd_c�`�c�[_c�Y�Y�c�^P\���Y�dPR#VXR#[P]�c�Z�]B^_W�[P]Bq�d_W�j2dBqa^PW�[PR#c�[Pc�Y�c�g
bBWaVXiP\�Y

RC-
l�R#[PR�d_W%`ac�d_R

, 
]Pj�V�R6d_R#[P]Bq�e

 
opbahBf�`'h/W�rP]Pg

W�VXi_bB]B`'h�^ f�c�b/R%k/W�[_]Pg Y dPR#W�f�r_]P] ��R#b/c#hBT#c�Y�W y�uW�k/c�`�]_[PT#f�c�l�cPs�QScIY�T#R%e�n6`a]Pe�T%c�m_R�`aW�[P]Bq�ex]PT#iPc�b/U�j�c�Y�WabB]
dPWaj�[P\SRDV�R6`ac�^_\��BiBd_]BdPc�^_WAiBd_c�rPR#T#T%c�YIk/\@b/WDd_W�j�b/]Bm_[Pc�g��BW
opc�d_VX\;l�]_T6`ac�l(d_W�V�V}k/\SbB]�T�Y�\ST#c�f�c�g�Y�R�d_c�q�`a[Pc�T�`aU%v
T#eBc�^_[P\SVX]

[6-11].�Ad_R�^PT�`aW�Y�b/R#[P]PRxc�T%e/c�^_T6`aY�R o�c�dPVX\¡l�]PT�`ac�l(dPWaVXV¢iBdP]
c�^P[_c�Y�dPR#VXR#[P[P\Se ]Pj�VXR�d_R%[_]Bq�e iBd_c�rPR#T#T#c�Y d_W�j�[Pc�g
iBd_]BdPc�^_\£^PWaR6` ¤�¥G¦a§�¨a© ]Pj

 [6, 7]
sxª�W«n�`ac�V£dP]PT2h/[Pf�R

T#c�Y�VXR#¬xR#[P\­^_Y�RAl�]PT�`ac�l(d_W�VXVX\®c�i_\¯`aWI°±s ²/³±s�´%µ/¶�°BlS·¸c�^_[PW
iPc�T�`#dPc�R#[PWIiPcx¹_º»² ]Pj'VXR�dPR#[P]Bq�V¼T#f�c�d_c�T6`a] dPR#W�f�r_]P]�½A¾¿]
À¯ÁIÂxÃIÂ��Ä^/d�hBl�W#q�iPcÅ`aW�f�c�VÆhÇZAR�m_]PT#b�hÈT#]P[_e»d_c�[P[P\Se
]Pj�VXR�d_R#[P]Pg

β y W�f�`a]PY�[Pc�T�`a] 14 { § ÃIj�V�R6d_R#[P]Bq i/dPc�Y�c�^_]Pb/]�Y
T#c�T%R�^_[P]PeÉj(^_W�[_]Bq�eÉdPWaj�[P\SVX]�V�R6`ac�^_W�VX]Ns£ÊXf�c�d_c�T6`aU
eB]_VX]Bm_R%T#f�c�g d_R#W�f�rP]_] ]Pj�VXR�d/q�b/] iPc ]Pj'VXR#[PR#[P]Bv
c�iB`a]Bm_R%T#f�c�g i_bBc�`a[Pc�T�`a] opc�`ac�f�c�b/c�dP]PV�R6`#d_c�VS�
dPW#^P]_c�W�f�`a]PY�[Pc�T�`aU · ZA]/^Pf�]PV T#rP]P[B`a]Pb/b»q�rP]Pc�[P[_\@V
T�mPR�`#mP]_f�c�V Y WaY�`ac�VXW%`a]Bm_R#T%f�c�V d_R�ZA]PV�R»s �AdP]
T#c�Y�VXR#¬xR#[P]P]�l']PT�`�c�l2dPWaVXVS��eBW#dPWaf�`aR6d_]Pj�h�vx¬�]PeÈdPWaj�[P\SR
iBd_c�rPR#T%T#\�� T2hB¬�R%T�`aY�R#[PR#[ iPc�^Pk/c�d iBd_W�Y�]Pb/U�[Pc�l'c
VXW�T#Ëw`aWakBW�iPc�c�T#]uW�k/T#rP]PT#T�sGQ�^PWa[P[Pc�V�T#b�h�mPWaR¸VXWaT#Ëw`aW�k
iPc W�k/T#rP]PT#T#R Y�\¯d_W%Z�R#[ Y R�^_]P[P]Pr_W�e
T�dPR�^_[PR#f�Y�W%^/dPW#`�]/mP[Pc�l'c c�`af�bBc�[PR#[P]/q ^Pb�q c�k/c�]Pe
iBd_c�rPR#T%T#c�YPs
Ì rPR#[Pf#hÍ^_c�T�`�c�Y�R�d_[Pc�T�`a]�n�`�c�l'cÉn�o�opR#f�`�WÎVXc�ZA[_c

iPc�bah»m_]B`aUw]PjIo�c�dPVX\®d_W�T#iBd_R6^_R#bBR#[P]/q ]P[B`aR�dPY�WabBc�Y VXR�Z�^�h
T#eBc�^_[P\SVX] l�]PT�`ac�l(d_W�VXV�W�VX]Gs ª�W ¤±¥N¦�Ï/ÐGÑNÒ ¨/¨
iBd_R6^_T�`aW�Y�b/R%[_cÓ`aW�f�c�RÔd_W�T#iBd_R�^PR#b/R#[P]PRa�Õi_c�b�h�mPR#[P[Pc�R�]Pj
T#c�iPc�T�`�WaY�bBR#[P]/qÖopc�d_VX\×l']PT�`�c�l2dPWaVXVS�¸iPc�T�`#dPc�R#[P[_\@e�i_c
dPR#j�h/bBU#`aW%`aW�V ]_j�VXR�dPR#[P]/q

αα-
W�f�`a]PY�[_c�T6`a] ^_Y#hBe

iBd_R%i_W%d_W%`ac�Y 239Pu
^_Y#hBV�qI[PR#j�W�Y�]PT#]PV�\@V�]
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� ����� ß(à�� á�E(E'F��08!��4�â#��1  �!$(&�5#�08:9(4äãB&���,�) L!�#�08�&2L0�'4�,/, >��'�&=56"%&29���.!,B.!"%"�)�$®��+!,/.0�'.-"#��12$®>6�'&2â%.!�-�!&(9¼�'4-+!"%&2å�>��'�6�'&�5�)  [6, 7].æ &29(,/.-ç�.!"6)A569(.�L-�#�H8�&2L0�'4�,B,�)x&2>�)P8�4Nè#M é�ê#M
ë-ì#í2è�LPîX&�5#"#4G>#&2�08-�'&2.-"#4G>#&ï#ð é���+!,B.H��.!"#�612,ñ�-72&=�'&2�08��ò$2�%,/�#C�.-�!7(&2å���.!4�7(â#�#�È4��-72&���ó��#"#&29(&2å
7(�#�HE�&�8-)ô�p56�%$�E'&=�'ãB.!"#&=E'�#"656&(ã/.-"#&�E�&2,¸õ�5��2<�L!4-1D>#&D8:4�7(&2,»<AöN.SC��#�0E2<
�-�#"#$=�'&2"%"�)�$N��+-,/.0�'.-"#�#å β ÷ 4�7�8��#92"#&(�H8�� 14 ?G�

iPc�bahBiBd_c�Y�c�^P[_]Pf�c�Y�\SVX] ^PR�`aR#f�`ac�dPWaVX]Gs�QS]B^_[Pc/� m/`ac
Y�R�dPc�qa`�[_c�T6`aUIT#eBc�^_T�`�Y�W�opc�d_VX\®T#]P[Pe�dPc�[_[P\Se¸l�]PT�`ac�l(d_W�VXV
ø0]P[/`�R�d_Y�W�b¿d_W�Y�R#[�[�h/b»v�ù�T2hB¬xR#T�`aY�R%[_[Pc¿k/c�b/U�ËxRa�wmPR#VñY
[PR#T#]P[Pe�dPc�[P[_\@e ]Pj'VXR�dPR#[P]Bq�e±s�ÃIjúº»°Æ´ÇiPW#dP\ûT#eBc�^_[P\Se
l�]PT�`ac�l(d_W�VXV Y n�`�c�V d_W�T#iBd_R�^PR#b/R#[P]P] ´#º»° iPW%d_\
c�f�W�j�WabB]_T%UÎT#eBc�^_[P\SVX]�YÉc�^_[PcÉ]�`acüZ�RÍY�d_R%V�qPs
QSR�dPc�qa`a[Pc�T�`�UýiPc�b�h�mPR#[P]/q*T#eBc�^_[P\Se l�]PT�`ac�l(d_W�VXVþR#¬xR
^Pc�Y�c�b/U�[_c�Y�R%b/]Pf�W�Y�^PY#h/e�k/bB]/ZAW�g_Ëx]Peô]P[B`aR�dPY�WabBWae�Y�c�k/R
T�`�c�d_c�[P\��B[PcIj�W#`�R#Vuk/\@T�`#d_cDh/VXR#[PU�ËxWaR�`�T�q_s
ÿÆc�dPWaj(^PcñkBc�b/R#RÔd_R%j'f�W%q£j'W�Y�]PT#]PVXc�T�`aU�i_c�b�h�mPR#[PWñY

]Pj�VXR�d_R#[P]Bq�eÖc�^P[_c�l�c�]Pj®W�Y�`ac�d_c�Y�ø�Ã s t®s �BY�R�d_R#Y�c�gPùuiBdP]
]Pj�VXR�d_R#[P]Bq�e

 αα-
W�f�`a]PY�[_c�T6`a] d_W�j'bB]Bm_[P\Se ]Pj'c�`�c�i_c�Y

T#R%V�R%g_T6`aY�W 226Ra, 
[PW�e/c�^Bq�¬xR#l�c�T�q�Y¸Y�R#f�c�Y�c�VÕd_W�Y�[_c�Y�R%T#]P]

Twi/dPc�^�hBf�`aW�V�]�T%Y�c�R#l�cxd_W�T#iPW#^PW��
 222Rn 218Po, 214Po, 210Po

[12]. � W�j'bB]Bm_]Bq�YÖn#[PR�dPl�]/q�e αα y m_W�T�`a]PrÔn�`a]Pe�]Pj'c�`�c�i_c�YiPc�j�Y�c�b�q�vI` d_W�j(^_R#bBUa[PcÍ]Pj'VXR�dBqa`�U ]Pe
αα-
W�f�`a]PY�[_c�T6`aU

iPc�T�dPR�^_T�`�Y�c�V£c�^_[Pc�l�c�iPc�bahBi/dPc�Y�c�^_[P]Pf�c�Y�c�l�c�^_R�`�R#f�`ac�d_W��
T#c�R6^_]P[PR#[P[_c�l�cwT�W�VXi_bB]B`'h�^P[P\SVuW�[_W�b/]Pj�W%`ac�d_c�VDs
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� ����� ß�ß "#4��!>6�'.056.0E'.-"#�#.�&�8�7�E�&2"#.-"#�#å}&�8�8:&(C'"%&2L-&ý�-�#"#$=�'&("#"#&2L-&
�-&29(>#4-5#.!"#�61òã/&���,�)*L-�#�H8�&2L0�'4�,B,/õu>%&2�08!��&2.-"#"�)�$ò>#&Ç�'.0+H<2E�J-8:4-8�4�,
��+-,/.0�'.-"#��1 αα- 4�7�8��#92"#&(�H8��®5#9=<'$¼>��'.->#4-�'4-8�&29 239 �$# 9®�±<'ç��%"#&&%�ë
12"#9(4-�21 ÷ ï ãB.!9=�'4-E21Xë!ì�ì('�L�M
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� ����� �! "$#�%'&�(*),+$)�-�)/.
0$)10$.�2�)�(�3�#'-�4�365�),78+�9:%/;<4�+$.�=85�0?>'0$%,2@4<>�(�#�5�5�#�5A0$B&$4<%�2'(*4<)/.
.�=85�0C&
4D0�E'5�),(*)'.$0�F�5 αα- #�G�2�0$3<.$4�%,2@0 226Ra, 218Po, �  214Po4!+H.
0$5 &$4!-�9�&�(*4<3�4�+$.$0
G�4�3!=85 +$),2@)'G�2�4�(�4�5AB %'4�),+$0$.$)'.$.�=85 %#�5A&�-*0�2'9�+$.�=85I#�.
#'-*0�E/#'2�4�(�4�5KJMLN0H+H.
#O.$#�0$P�4�-�Q�R1#'FS3�),(*4!F�2@.
4�%,2@Q&$4!F�3�-�)/.$0HFT%/;<4�+$.�=8;U>/0$%,2�4�>,(*#�5�5V3U4�+$.$4U012�487T)K3!(*)'5�FTWX0$.�2�)�(�3�#'-U(*#�3�)'..�9<-*Y1Z�J
[]\ ^8_U`baAcTdUegfbh iAjNkHlNm�nb\po�q�k
rNstjN\pm$iAjNk�lKk$q�k
rNuKkuKrAnbk�jKo�\bqAs�o v6k�wVl�x m$yAsplNrKz:v6u {�uKm�nbs�{<jK\bv6v6\bv6u8|

iKs�m�n$jKs�k$rKrKz:v6u}iKs~uK��v�kHjNk$rKuA��v
αα-
\b�pnbuKo�rKs�m�nbu 226Ra ,

218Po, 
_

 214Po. � uAlNrKs jKk$����s�k iAjNk$s��Aq�\
lN\prNuKko�k�jKsp�bnprNs�mHnbu�m$uKrNy�jNs�rKrKs�{�s���uKrAnbk�jKo�\bq�jN\po�k$r�r�xAq����m$s�o�iK\
lNk$rKuA� ��spjKv6z rKk$��\bo�uKm$uKv6s s�iAjNk�lKk$q���k$v6z:y{�uKm�nbs�{<jN\pv6v�rK\$l�o�m$k$v6uMl�j�x�{�uKv6u�uKrAnbk�jKo�\bqA\bv6uU�D��nbspnjKk$��x�qA�$nb\
n}��s�qAk$k�lNkHnb\bqA�brKs�s��Am�x�wVlNk
r�o�m
iNk
�NuK\pq��prKs��i�xA��q�uK��\p�KuNu
[13].

5. �C�V�:�1�:�1�V� �1¡A¢�£¤�:¥K¦¨§]�ª©�¦1«V� ��¬­�1�:®°¯± �V¡A¢�� ± �:¦1®°®³²¤�:¦U©�� ¯´� ± ¥K� ± �:¦1¬­�Vµ:¥K¡K¶ �ª�·¹¸ � ¶ª¢�¦U�� s�iKz6nb\pyN|ºiAjKs�o�k�lNk$rKrKz:y�o»v6\$jAnbk�¼NuA��q�k¾½
¿�À�ÁA{p� |�Az:q�uÂm$s�iKs�m�nb\po�q�k$rKz}��spjNv6z�{*uKm�nps�{�jK\bv6v:|1iKs�m�n
jNs�k$rKrKz:yiKs m$uKrKy�jNs�rKrKz:v uK�*v6k�jKk$rKuA��v iKs�m�jKk�lNm�npo�s�v
iKs�qbxAiAjNs�o�splKrNuK��s�o�s�{�s lNk�npk$�pnbspjN\

αα-
\b�pnpuNo�rKs�m�npu

iAjNk
iN\
jN\
nb\ 239Pu 
oÄÃÅs�m$��o�kb|}�ÆÃÈÇÊÉ�ÇË|Ì[�� Í6� ÎÊs�yAq�s�o�|Ã¤� ÏÐ� Ñ}\$jK\biKs�o��ÒuÓiNs�mHjNk�lKm�nbo�s�vÔm
�NuKrAnbuKq�q����KuKs�rKrKs�{*s

m�ÕKk�n$ÕKuN��\
ββ Ö \b�pnbuKo�rKs�m�nbu 14 × o Ï x�Ø�uKrKs ��Ç?Í1ÉD|

� � ÇÐ� ÍTj�x�m
��s�o�| � ��Ù?� ÚT\$w?uKrK���¤Ï?jKuOjK\bm
m�nbsp��rNuKuÛv6k�w l�xqA\b�AspjN\
nbspjNuA��v�uÈs���s�qAsÜ½�Ý�ÝÂ��v���s�q�k
kÐÞ�ÝAß�m$uKrNy�jNs�rKrKz:yiK\
jà{�uKm�nbs�{<jK\bv6vÅuKv6k$q�uám$y�splKr�x��â��spjNv1x8�
� ½
¿�À�ã Ö À�ä­{p� {p�8\brK\pq�s�{�uAÕNrKz:kÐm
s�iNs�mHnb\bo�qAk$rKuA�å��spjNv6z{�uKm�nbs�{<jN\pv6vÔ�Az:q�uÓo�z:iKs�q�rKk$rKzgiNsÛuK��v�kHjNk$rKuA��v

β-\p�pnbuKo�rKs�m�nbu 3 æ o�ç k
rNuKrK{<jN\
lNk���è�� é�� ê1xArK{�x�jKs�o��ëu
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W G W Q;UVN?UVXA=E@ W$Y GJD�BE>JKH=EUVDZ= Y NA>JP�KHP�D�K[UVGJP�MJGJ\6=EU YC] MAU ]�Y QY NV= W$Y KE^�KH_$KHP�D�\`^�> ]0acb0d KHP�K Y NHUVG Y GJ>"=H_ ]�e NA\�P�Q a"e D�=?KH_0f�gh D�BED e KH=HMJG d Gji W0Y GJk�KH=H=HN Y NH^�D�GJNVMAUVD�>JP�G d G Y NV= W N?^�NjDL;N?UVKHL;NHUAD e KH=HMJG d G6il=HGJGAUV>JKEUA=EUV> ]�mSn KH\oMJGJL W X m UVK Y P�GJ\W$Y G dpY NVL;L;Qrq;stKHB ] _0X?UVN?UCu W GJ_ ]�e K?P�P�Q	\6P�NAL�D6L;P�G d Gv_0KEUUVGJL ] P�NABENH^/u w$Q	_ W G Y NVBED$UVKH_$XVP�Q	Lrg h G Y L;QMJGJL W X m UVK Y P�Q a d D�=EUVG dpY NVL;L	u D�L;D$UVD YC]�mSn D a=EUANHUVD�=EUAD�M ]yx�] NA=H=HGJP�NCuzP�D e KHL P�K{GAUV_$D e NV_$D�=HX|GAU
d D�=EUVG dpY NAL;L	u W GJ=EU Y GJK?P�P�Q a�W G Y KHB ] _$XHUVN?UVNALlD�BOL;K Y KHP�D�\Y NH^�D�GJNAMAUVD�>JP�GJ=EUVD�q }-NVMA~rK w$Q	_0G W GJ_ ]�e K?P�GG dpY NAP�D e KHP�P�GJK e D�=H_0G e KEUVMJG Y NVBE_0D e D�L;Q a h G Y L	u�D[=HNAL;D� UAD�UVD W D e P�Q	K h G Y L;Q�>6GJw0GJD a =?_ ]�e N?@ a w$Q	_0DlG e KHP�XW G a GA~rD�q|��^�P�NAMJG ^�NA_0XAP�K?\�R�D�\ NAP�NA_0D�B W GJMJNABONA_W$Y D�P�k�D W D�NA_0XAP�GJK GAUV_$D e D�K ^�> ]$a b0d KHP�K Y NHUAG Y GJ>Jf��>JK Y GA@AUVP�GJ=EUVX W GJ>AUVG Y P�G d G W GA@C>J_$KHP�D0@�MJGJL W X m UVK Y P�Q ad D�=EUVG dpY NAL;LTP�K ] w0Q	>JNAKEU�=�>JGJB Y NA=EUVNAP�D�KHLI>JKH_0D e D�P�QD�P$UVK Y >JNV_$GJ>J�OgcP�KEU b � h;h K?MAUVN5w0_0D$~rP�KH\�BEGJP�Q%f�D�P�KEUMJNAMJGJ\/��_$D�w$GTBENVMJGJP�GJL;K Y P�GJ\ W K Y D�GA^�D e P�GJ=EUVD�q���KEUJuo>e NV=EUAP�GJ=�UVD/u W K Y D�GA^�N Y NA>JP�G d G��0� e NV=HNAL�qJ}
NAMJD�L�GJw Y NABEGJLrg����=?NVL;D W GT=HKHw0K a N Y NAMAUVK Y P�Q	K�^�D�=HM Y KEUVP�Q	Kh G Y L;Q d D�=EUVG dpY NAL;L GJw ] =H_$GJ>J_0KHP�QN Y D h L;KEUAD e KH=HMJD�L;D W$Y D e D�P�NAL�D�qv� � UAD W$Y D e D�P�QGA^�D�P�NVMJGJ>JQ D�> h D�BED e KH=HMJD ayW0Y GJk�KH=H=HN a D >MJGJL W X m UAK Y P�Q a�W$Y G dpY NAL;L;N a q�$� GA^�P�NVMJG > h D�BED e KH=HMJD a W$Y GJk�KH=H=HN aN Y D h L;KEUAD e KH=HMJD�K W$Y D e D�P�Q GJw Y NABEGJ>JNVP�D$@^�D�=HM Y KEUVP�Q a Y NV= W$Y KE^�KH_$KHP�D�\ ]0W$Y NA>J_J@ m UA=E@>JP�KHR�P�D�L	u ] P�D�>JK Y =HNA_0XAP�Q	L	u d _0GJw0NA_0XAP�Q	L W GL;NV=HR�UVNAw ] ^�KH\�=EUV>JD$@�>JP�KHR�P�D�L�N d KHP$UVGJL�q�r=HP�GJ>JP�GJ\ N Y D h L;KEUVD e KH=?MJGJ\ W0Y D e D�P�GJ\^�D�=?M Y KEUVP�GJ=EUAD Y NV= W$Y KE^�KH_$KHP�D�\ Y KHB ] _$XHUVN?UVGJ> >h D�BED e KH=HMJD a D L;NHUVK?L�N?UVD e K?=HMJD a d KHP�K Y N?UVG Y N a=H_ ]Je NV\�P�Q a�e D�=?KH_�u4>JGJBEL;GA~�P�G0u�@J>J_J@ m UV=�@�NA_ d G Y D$UVL;Q] L;P�GA~rKHP�D$@�u ^�KH_0K?P�D$@0u >JGJBE>JKE^�KHP�D0@ > =EUVK W K?P�XJua N Y NVMAUVK Y P�Q	K%^�_J@�GJw$GJD a =?_ ]�e NAKH> [9].< =?NVL;GJL ^�KH_$KVu5_ m w0Q	K h D�BED e KH=HMJD�K W0Y GJk�KH=H=HQGJ=HP�GJ>JNAP�Q P�N �p�H�0�?�r�0�0 A¡0¢?£��H�E¤�¥ q xrY D P�K ]$W0YJ]0d D a>JBENAD�L;GA^�KH\�=EUV>JD$@ a h _ ] MAU ] D YC]�mSn D a >JKH_$D e D�Pl=HMJG Y GJ=�UVXD�B ]Je NVK?L�Q a W$Y GJk�KH=H=HGJ> > =HNAL;GJL GJw n KHL >JD$^�KG W$Y K�^�KH_�@CKEUA=E@ ¦O§
�$�V�?�H V�$ V¨$�0 p� L d P�GJ>JKHP�P�Q a BEP�N e KHP�D�\�$©A£��0�H¨$�0¢?£� V¡ ��MJGJP�k�KHP$U Y NVk�D�\�� Y KHN d KHP$UVGJ>/g

Vt=k [A]t [B]td ^�K  Vt, [A]t, [B]t 
i L d P�GJ>JKHP�P�Q	K BEP�N e KHP�D$@=HGJGAUA>JKEUV=EUV>JK?P�P�G5=HMJG Y GJ=EUVD Y KHNAMJk�D�D��ªU0q KJq[D�BEL�K Y @JKHL;GJ\>JKH_$D e D�P�Q	�«u¬D­MJGJP�k�KHP$U Y NAk�D�D Y KHN d KHP$UVGJ>j®¯D�<rq xrY DL;P�G d GJM Y N?UVP�GJL W GJ>AUAG Y P�GJL°D�BOL;K Y KHP�D�DT>JKH_0D e D�P�N Vtw ] ^�KEU±G W$Y KE^�KH_�@VUAXV=E@)=?_ ]�e NA\�P�Q	L�=HG e KEUVNAP�D�KHL�>JKH_$D e D�P

[A]t
D

[B]t
q%²�=HP�G0u e UVGvP�KHMJGAUVG Y Q	K�BEP�N e KHP�D0@ Vt

w ] ^ ] U>J=EU Y K e NHUVXA=E@ e NA=EUVG)��KH=H_$D�>JGJBEL�GA~rP�G)L;P�G d G)>JN Y D�NVP$UVGJ>=HG e KEUVNAP�D0@�>JKH_$D e D�P [A]t
D

[B]t 
W K Y KHL;P�GA~rKHP�D�K�MJGAUVG Y Q a^�NVKEU"^�NVP�P�GJK"BEP�N e KHP�D�K Vt 

��P�KHMJGAUVG Y Q	K Y K�^�MJG�q��rD�MJG d ^�N

W$Y D W K Y KHL;P�GA~�K?P�D�D�P�K�w ] ^ ] U Y KHNA_0D�BEGJ>JQ	>JNHUAXV=E@ W$Y GJ=EUVQ	Ke D�=?_0N$q���P�Q	L;Dl=H_$GJ>JNVL;D e NA=EUVGJ=�UVX W GA@J>J_0K?P�D$@6^�NAP�P�GJ\>JKH_$D e D�P�Q Vt 
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D
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Y KHBEMJG P�KHGA^�D�P�NVMJGJ>JGJ\ >JK Y GA@AUVP�GJ=EUVX m Y KHNV_$D�BONAk�D�DGAUH^�KH_0XAP�Q a BEP�N e K?P�D�\ D�BOL;K Y @CK?L�Q a >JKH_0D e D�P iGJw�@CBEN?UVKH_0XAP�GJK)=H_$KE^�=�UV>JD�K)NA_ d G Y D$UVL;GJ>�>JBENAD�L;GA^�KH\�=EUV>JD$@Y KHN d KHP$UVGJ>�> W0Y GJk�KH=H=HN a�Y NABEP�GJ\ W$Y D Y GA^�Qrq���N�=HNAL;GJL^�KH_0KVu8> Y KHNV_$XVP�Q a h D�BOD e KH=HMJD a­W$Y GJk�K?=H=HN a >JGJBEL;GA~�P�Qw$GJ_0KHK#=H_0GA~rP�Q	KVu-L;P�G d G � UVN W P�Q	K W$Y GJk�KH=H=HQ¼q½��^�P�NVMJG � UVGL;GA~rKEU W$Y D�>JKH=EUVD4_0D�R�X[M�K n�¾ w$GJ_0XAR�KH\4^�D�=HM Y KEUVP�GJ=EUVD�q¿�_0N?^�MJD�K Y NA= W$Y KE^�KH_0K?P�D$@ W GJ_ ]�e N m UCu¶_0D�R�X1> Y KHB ] _$XHUVN?UVKD�=HM ] =H=EUV>JK?P�P�Q a5W$Y GJk�KE^ ]JY i�G dpYJ] w$_0KHP�D�D Y NVB Y @V^�GJ>�>d D�=EUVG dpY NAL;L;N a D�D a = d _0N?~�D�>JNAP�D�D�q<ÀMJGJL W X m UVK Y P�Q a5d KHP�K Y NHUVG Y N a =H_ ]Je NV\�P�Q a5e D�=HKH_=HD$U ] NAk�D$@�= a GA^�P�N0q�<	=HK � UVD d KHP�K Y N?UVG Y QzGJ=HP�GJ>JNVP�Q�P�NNA_ d G Y D$UVL;N a�] L;P�GA~�KHP�D$@ D ^�KH_0KHP�D$@ i NAP�NV_$G d N aP�K ]$W$YC]$d D a >JBONAD�L;GA^�KH\�=EUV>JD�\ > h D�BED�MJKJq x G W Q9UVMJNb BON WJ] UANHUVXAflMJN Y UVD�P ] GAUAw Y NA=HQ	>JNAP�D�KHL�P�N e NA_0XAP�Q a D�_$DMJGJP�K e P�Q aÁY NVB Y @V^�GJ>Á>ÁL;P�G d G Y NAB Y @A^�P�GJL e D�=H_$KÀP�K
] P�D e UVGA~rNVKEU ^�D�=?M Y KEUVP�GJ=EUAXCu GJw ] =H_0GJ>J_$KHP�P ]�mW$Y GJk�KE^ ]JY NVL;D ] L;P�GA~�KHP�D$@�D�_0D�>JGJBE>JKE^�KHP�D$@�>�=EUVK W K?P�X$q}
NAMJD�L GJw Y NVBEGJL MJGJL W X m UVK Y P�Q	K d K?P�K Y N?UVG Y Q=H_ ]Je NV\�P�Q a8e D�=HKH_#L;G dÂ] U�=H_ ] ~�D$UVX8k�K?P�P�GJ\cL�GA^�KH_0X m ^�_�@D�=H=H_$KE^�GJ>JNAP�D$@ÃN Y D h L�K�UVD e KH=HMJGJ\ W$Y D Y GA^�Q�^�D�=HM Y KEUVP�Q aY NV= W$Y KE^�KH_$KHP�D�\tqÄ P�N e D$UVKH_$XVP�G�=H_$GA~�P�KH\ W$Y KE^�=EUANV>JD$UVX�=?KHw0K W$Y D Y GA^ ]Å ¨0�$�H Æ§-¢V�?Ç�È?¨0�JÉE� N d KHP$UVNJu ]0W$Y NA>J_J@ mSn K d G Y KHNA_0D�BENAk�D$@JL;DMJGJP�M Y K�UVP�Q a h G Y LZ^�D�=?M Y KEUVP�Q a·Y NA= W$Y KE^�KH_0K?P�D�\�qt��^�P�GJ\D�BÁ>JGJBEL;GA~rP�GJ=�UVKH\|Bp^�KH=HXFL;GA~rKEUFw0Q;UVX{D�BEL�K?P�K?P�D�KL;NA=HR�UVNVw$N�>#P�N?U ]�Y NA_0XAP�GJL Y @A^ ]·e D�=HK?_�u�U$q KJq b D�BEL�K?P�K?P�D�KY NVBEL;K Y NzKE^�D�P�D�k�Q	f/qv�rN W0Y D�L�K Y ujKE^�D�P�D�k�Qy> Y KHL;KHP�D�q}-NVMJGJK d _$GJw0NA_0XAP�GJK�D�BEL;KHP�KHP�D�K�L;NV=?R�UANVw$NvL�D Y NvL�GA~rKEUw$Q;UVXº=H_0KE^�=EUV>JD�KHL dpY NV>JD$UVNAk�D�GJP�P�Q a >JGJBEL ]0n KHP�D�\ÊiD�BEL;KHP�KHP�D0@ËM Y D�>JD�BEP�Q W$Y GJ=EU Y NAP�=EUV>JNJ��> Y KHL;KHP�D�qÍÌ	_�@=HMJGJ_$XVMJG0��P�D�w ] ^�X W _0GA^�GAUV>JG Y P�G d G NVP�NA_0D�BEN � UAGJ\d D W GAUVKHBEQ�u W G0��>JD$^�D�L;GJL ] u W GJP�N?^�GJw�@VUA=E@� MJ= W K Y D�L;KHP$UVNV_$XVP�Q	K D�=H=H_$KE^�GJ>JNAP�D$@ > ] =H_$GJ>JD0@ aY NVBE_0D e P�Q aSdpY NV>JD$UVNAk�D�GJP�P�Q a >JGJBEL ]0n KHP�D�\
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	 1/f
��
��
�
��"�9�����,
:#;=<?>@;=<BAC>@D!>@D ACECF3G!EC; E ;@ABHCI=J K J!;@LBG!>=<?D!M�N
G!O?;@F�G!>=K >@P�>@D!J!QR;&I=OBLCECD ECS#>=G!D!EC;=<@HCS�J/N�EBK O)J IUT7V OB>@S#M�N
F�G ECW!>@;X;@ECA ACE ABG!>@S#>@D!J0Y[Z&D!EC\]ECLBG!O@<BD M�Q OBD!O?P�J!I
<@G!O@K!J!W J!ECD!D!M�S#J^S#>=<BEBK OBS�J)F!ECLCO?I=OBP _$V�<?E&A&J!IUT7V >@D!D!M�N
D!OBS�J`F�G ECW!>@;@;@OBN�<?OBL@TCab;XABHcI=deACM#HCACJ�<?deD!>fTCK!O?>g<?;=H!Y�h�O?L
Je;XP3>=K!ECACO?P�EiEBjfJ3K!O@<BdfF3G!ECW!>@;@;�G OXK J!ECO?LB<BJ ACD!EC\=EkG OB;@F!O@K!O
ACElABG >XS�>XD J�F!ElF3G!J!D3HB<?M�S)LBG J�<?>gG J�HcS)ACF!ECP3D!>f;@PBTCV!O?>@Dnm
o <BE�p3q3>XP3M�Q/rfT3S#s

[14]
Y�tCK!>@;@d)S#EBj8>=<)q3M#<?duT�S�>X;=<?D!O

OBD!O?P�EC\]J�Hv;wO@<?ECS#OXG D!M�S#J ;@F!>@LB<@G OBS#J m D!OBP3J�V J!>
K!J ;XLBG >=<?D!M�NxTCG!ECACD >XQ o D!>=G!\=J JyJyACF ECP�D!>z;@P?T7V OBQ!D M�Q
F!>=G!>@N3EBK{S#>=j�KcT�T7G ECACD�HcS#J0Yi|�K!D OBLCE3_lA/D!O?rl>@Sy;@PBTCV!O?>
J!D!ACO@G!J!O?D�<?D!O P3J!rld }$EBG S#O \=J!;=<?EC\~G OBS#S m
EB<?D!EC;@J�<?>XP3dBD M�> G!O?;X;=<?EBHCD J�H S#>=j�KcT TCG!ECACD3HCS#J J
EB<?D!EC;@J�<?>XP3dBD OXH p�I=O?;@>XP3>@D!D!EC;=<?dBs o <?J!N T7G ECACD!>@Q0Y
� q�;@ECPCak<?D!M�>+G OB;@;=<BEBHcD!J�H���A�>=K!J D!J!W!O?N�J!I=S#>=G3HC>@S#M�N
F!OXG OBS�>g<@G ECA/G!O?I=D!M�NzF�G ECW!>@;X;@ECAC�&S#EC\UTC<{J!I=S�>XD3HB<?dB;=H�;
;@ECN7G OBD!>@D!J >XS � ���3� �7�]� }�EBG!S#M ;@ECEB<BAC>=<?;=<?A@T7a��lJ!N
\=J!;=<?EC\~G OBS#S�Y���<?EbF!ECI=ACECPCHC>=<bF�G Jy;=G OBACD!>@D!J!J�}$EBG S#M
F�G ECACEBK!J�<?d P3J!D!>@Q!D M�> G!O?;g<@H?jf>@D!J�H J ;gj8OX<?J�H
;@ECEB<BAC>=<?;=<?A@T7a��lJ!Ne}$J \UT7G�YC��OBLCJ!S&ECqCG!O?I=ECS&ECq�;�T7j�K!O?>@S#EC>
p�S�OBLBG EC;XLCECF J�V!>@;@LCEC> LCACOBD�<?ECACOBD J!>@s EB<?P�J3V!O?>g<?;=H EB<
LCACOBD�<?ECACO?D!J�H o D!>=G!\]J!J0Y� G >gK D!>@LCACOXK3G OX<?J�V D!OXH�OBS#F!P3J�<]T7K O�S�OBLBG EC;XLCECF J�V!>@;@LCJ!N
}$P?T�LB<]T�O?W!J!Q�J!I=S#>@D�Hc>=<B;=H�ACE�ABG!>@S#>@D!J�_�F!E3��ACJ3K!J!S�ECS
T!_
D!>@I=OBACJ ;XJ S#E�EB<{J I=S#>@D!>@D!J!Q�}$EBG S#M�\=J!;=<?EC\~G OBS#S�Yn:�;=<Bd
G�H?KuEC;@D!ECACO?D!J!QuF ECP�O?\=OX<?dC_0V3<BE6J o <?EB<�F!OXG OBS#>=<@G&I=O?ACJ!;@J�<
EB< LCEC;@S#E3}$J I=J�V >X;@LCJ!N OB\=>@D�<?ECA!Y � V!O?;g<?D!EC;=<?J�_
;=G!>=K D!>@LCACOXK3G!O@<BJ3V!D!O@H O?S#F!P3J�<]T7K O p7G OBI=qCG EC;XO
G!>@IUT3P�d@<?OX<?ECACs F�G J J!;@;XP3>=K!ECACO?D!J�HcN N�J S#J�V >X;@LCJ!N J
q�J ECN�J!S�J�V!>@;@LCJ!NuF3G!ECW!>@;@;@ECA`F EBV�<?J&;=<XG EC\=E�EB<@G!J!W OX<?>@P�d?D!E
LCEBG�G >@P�J3GCT3>g<�;6;@ECP3D!>=V!D ECQ)OBLB<?J!ACD EC;g<?d@a�Y��$<?E�ACJ3K!D!E&D!O
 �¡0¢B£¥¤?¦ J!I [6, 7].

§B¨C©Uª «~¬e­ ®]¯�°g±X¯³²~´�µ¶°=®]µ¶·U¸@¹=±@µ¶ºeµU»3¼=½=¸=·¶¾�°@µl¿U®]µ¶À¶Á�®=Â�Ã¶µk®]¯�À¥¾�½=Ä¶·Åµ¶·UÂ�´~Æ
σ2¼=®=¸l¸@Ã³Ã�½]¯�°@Â�´~µU±@¸=º�ÇfÇ�¸X»3¸@¹=¯¶Ã³²~¸@Çf¸lÁ]¸XÂ�Ç�¸X»3¸@¹=¯¶Ã³²~¸@Çi¼=®=Â�È@¯¶Ã¶Ã³Â~´i¼@Â~¹�·U¸Ã�·³®=Â�É¶Â{ÂU·¶®]¸XÈ@µ¶·Å¯�½]ÄU±XÂ{²�ÂÊ®�®]¯�½]¸g®�¾]¯�·ËÃ�Ã³ÂÊ½]±@¯¶¹=±@Â�ÌxµU²U·U¸@´�±XÂ�Ã�·ÅÄUÍ�Î¹=¸@Ã�½]µU»�¸�Ï!ÂU½=ÄUÐ3µ

W [6,7].

Ñ�<?AC>gG3j�K >@D!J!>�EÒD!>@;@ABHCI=O?D!D!EC;=<?JÓJ!I=S#>@D!>@D!J Q[}$EBG S#M
\=J!;=<?EC\~G OBS#S ;ÔEC;@ECq3>@D!D!EC;=<@HCS#J ABG >XS�>XD D!M�NÕG3HBK ECA3_
ACECI=S#EBj8D!E3_ÖF EB<XG >@qBT3>=<+TC<?EBV!D!>@D!J Q×A�;@ABHCI=J�;ØEBV!>@D!d
HBG LCJ!S o }#}�>XLB<?ECS I=>=G!LCO?P�d?D!ECQÔ;@J!S#S�>g<@G J!JÔAÙG�H?KCT
F!EC;@P�>=K ECACOX<?>@P�d?D!M�N�\=J!;=<?EC\~G OBS#S�Y�ÚeEBG!S�O)I=D!O@V!J3<B>@P3dBD!ECQ
V!O?;=<BJ��¥ECLCECP�EØÛCÜ�Ý6�Ë\=J!;=<?EC\~G!O?S#SÞ;@ECACF!OXK OB>=<ßF3G!J�J!N
;@ECACS#>@�l>@D!J!JwF!EC;@P3>àI=>=G LCOBP3dBD!EC\]EÔF!ECACEBG EB<?OáACECLBGcT�\
AC>=G�<?J!LCO?P�d?D!ECQ�EC;@J0Y��$<?E)EB<?D!EC;@J�<?;=H^J�L�\]J!;=<BEC\�G!O?S#S#OBS
EBV!>@D!dÙ;@P�EBj8D!ECQâ}$EBG S#MfYß��}#}$>@LB<ãp�I]>gG LCOBP3dBD EC;g<?J!s _
;�T��l>@;=<?ACECACOBD!J!>1p�F�G OBACM�N3sÞJàp3P3>XACM�N3sà\]J!;=<BEC\�G!O?S#S�_
S#EBjfD Ekq3M�P�Eiq�M^ECq�ä3HC;@D!J�<?dC_CK!ECFCT3;=<BJ AlD!J!I=LCEBV OB;=<?EB<?DCT7aå_
1/f

S�EBKCT3P7HcW!J�aæABG!>@S#>@D!D!M�N�G�H?K!ECA!Y&� o <?ECSÓ;@PBTCV!O?>
N�O@G!O?LB<?>gG D!O@H }$EBG S#O \=J!;=<?EC\~G OBS#S ECF3G!>=K >XPCHCP3OB;@d
;@ECEB<BD ECrl>@D!J!>@S�OBS#F P�J�<]TCK6J�V OB;=<?EB<k<?OBLCECQ6S�EBKCT3P7HcW!J!J�_0O
o }#}$>@LB<uI]>gG LCOBP3dBD EC;g<?J)mç;XECEB<?AC>=<?;=<BA@TCal��J!S#J�;=K!ACJ \=OBS#J
F!Ee}$O?I=>iEB<XG >@I=LCECAeABG!>@S#>@D!D EC\=ElG�H?K!Oc_�J!;@F!ECP3dBIUT3>@S#M�NnK P7H
F!EC;=<@G!EC>@D!J�Hi\]J!;=<BEC\�G!O?S#S

[15].èiECP�O?\=OXH�EC;@D!ECACD!ECQuI=O@K!O@V!>@Q o <?ECQu;=<?OX<?dBJ&ECq3I=EBG
}$>@D!ECS#>@D!ECP3EC\=J!J�_wS#M EC\~G!O?D!J�V J!S#;=H F�G J!AC>=K!>@D!D M�S
ECq�;�TCj�K >XD J!>@S�Y
8. 

. �
*#�8é����!�����
t�O?AC>=G!rlO@H LBG!O@<BLCJ Q ECq3I=EBG J!;@;@P�>=K ECACOBD!J Q D!OBr�>XQ
P�O?q�EBG OX<?EBG J!J�_ F�G >=K!;=<?OBACPCHC>=<?;=H jf>@P�O@<?>XP3dBD M�S
F!ECF!M#<?OX<?dB;=HæEB<?AC>g<?J�<?dvD OvD!>@LCEB<?EBG!M�>â>X;=<?>@;=<BAC>@D!D E
ACECI=D!J!LCO@al��J!>zACECF�G EC;XMfY�|�<bF!>=G ACECQ�FCT�q3P�J LCOBW!J!J�F E
F�G ECq�P3>@S#>ßAÞê@ë�ì3íî\=EBKcT�F�G ECrlP3Eîï3Ü�P3>g<

[1]
Y)ð'>XS

ECq�ä3HC;@D�HC>=<?;=H EB<B;�TC<B;=<?ACJ!> I]O F3G!ECrl>=K rl>@> ABG!>@S$H
OBD!O?P�EC\]J�V!D M�N G OBq3EB< K3GcT�\=J!N P3OBq3EBG!O@<BEBG J!Q�ñ ò�>@P3E
F�G >gj�K!>1AC;X>@\=EÒAÞp7<?AC>=G3K!ECSvI]D!OBD!J JÓEC;@D!ECAÞD!O=T3LCJ!s
q�ECP3dBr�J!D!;=<?ACECS)J!;@;@P�>=K ECACOX<?>@P�>@Q0YCó�>=V!diJ�K >=<lEepCG!O?I=q7G EC;@>
G!>@IUT3P�d@<?OX<?ECACs6F�G J`J!I]S#>=G!>@D!J�HcN�Y�pCó0O?I=qCG!EC;lG >XIÅT�P3dX<?OX<?ECACs
m o <?E`<?E3_#;�V >XS�;@P�>=KcT�>=<�q�EBG EB<?dB;=H3_#OuD >`J!;@LCO@<Bd5A�D >XS
<?ECD!LCJ!>&I=OBLCECD ECS#>=G!D!EC;=<?J0Yfh�EC\~K O�ARECF!M#<BO?N{}$J!I]J!LCECA�J
N�J S#J!LCECA G!O?I=qCG!EC; G!>@IUT3P�d@<?OX<?ECA LCOXjf>=<?;=H q3ECP�d?rl>
EBjfJ�K OB>@S#EC\]E J I TCV!>=<?O ACECI=S#EBjfD M�N D >g<?EBV D!EC;=<?>XQ
EB<@K!>@P3dBD!M�N o <?OBF!ECA-J!I=S#>=G >XD J!Q`J�_�<B>@S/q3ECP3>X>?_
F�G EBHCACPCHC>=<
K!J ;XLBG >=<?D!M�QnN3OXG OBLB<?>=G�_!}$J!I=J LCJnq3>=GCTC<fAfGCT3LCJeEB<BAC>=G3<?LCJnJ
F!OXHcP�d?D!J!LCJ�_!OiN�J S#J!LCJ�I]OBD!J!S�OXai<B;=HeEBV J!;=<?LCECQ�G!>@O?LB<BJ ACECA
J F�G ECAC>gG LCECQ LCOXV >@;=<BACOâK!J!;=<?J!P3P�J3G!ECACO?D!D!ECQ ACEBK!MfY
�#<?EBG!O@H^F�G!J3V!J!D OômRF3G!J!D3HB<?M�>uS#>=<?EBK!M+;=<?OX<?J!;=<?J�V >@;XLCECQ
ECq7G OBq3EB<?LCJÖG >@IUT�P3dX<?O@<BECA3_fEC;@D!ECACOBD D!M�>�D O)W!>@D�<@G OBP3dBD!M�N
F�G >gK >@P�d?D!M�N�<?>@EBG!>@S#O?N!_kD >)F�G J!;@F!EC;@ECq�P3>@D!M�L/O?D!OBP3J!IUT
<?ECD!LCECQ`;=<@GcT�LB<]T7G M/G!O?;XF3G!>=K >XP3>@D!J!Q0Y�h#G!J3<B>=G J!Ju;@EC\=P3OB;@J�H
\=J!F!EB<?>@I o <=Tõ<?ECD!L@TCa ;g<@GcT�LB<]T7GcT p�D!>wI]OBS#>=V OXai<Bs�Y
èiE o <BECSöTxF!ECP?T7V OB>@S#M�>/G!O?;@F�G!>=K >@P�>@D!J�Hb;@\=P3OXj8J!ACOXai<zJ
T�\~GcT�ECPCHBai<c_$V�<?EuD!>6S�>Xr�OB>=<uACM#V J!;@P�>@D!J3a�F!>=G ACM�N&<@G!>@N
;=<BO@<?J!;=<BJ3V!>@;@LCJ!NbS#ECS#>@D�<?ECA!YnèfG J o <?ECS�I=OBS#>=V OX<?>@P�d?D!E3_
V�<?E[K!PCH÷F!EBK!O?ACP7H?al��>X\]EÔq3ECP�d?rlJ!D!;=<?ACO[I=OXK OXVæD!>=<
D!>@ECq�N3EBK J!S#EC;=<?J A I=D!O?D!J!J <?ECD!LCECQ ;=<@GcT�LB<]T7G M
G!O?;@F�G!>=K >@P�>@D!J!Q�Yî�
G >g<?d@HvF�G J�V J!D!Owm ;XECS�D!>@D!J�HæA
J!;=<?J!D!D!EC;=<?J HCACP3>XD J�H!Y ó�OBI=qCG EC; G!>@IUT3P�d@<BO@<?ECA
OB;@;@ECW!J!J�G ECACOBDw;ãF!ECD�HB<?J!>@S p�ECr�J!q�LCJ s�Y+ø8OáF ECJ!;@L
ACECI=S#EBj8D!M�NàO@G�<?>?}$OBLB<?ECAÞF!ECD OXK ECq�J!P3EC;@dùS#D EC\=EÞP�>=<3Y
èiE o <BECSöT D OBrlO EC;@D!ECACD!O@H I]OXK OXV O ;@EC;=<?EBHCP3O A
p7K ECLCOBI]OX<?>@P�d?;g<?AC>�<?>XEBG >@S#Mv;�T���>X;=<?ACECACOBD J�HCs�Y/Z&EBjfD E
F!ECP3OB\=O@<Bd o <]TÞI=OXK OXVcTàACM�F!ECP3D!>@D!D!ECQ0Y�|�K D!OBLCEÞ;@OBS�E
HCACP3>@D!J!> m G!>@O?P�J!I]OBW!J�H K J!;@LBG!>=<?D!EC\=E ;@F!>@LB<@G!O
G!O?I~G >Xr�>XD D!M�Nu;@EC;g<?EBHcD!J!Q�_$;@N3EBK!D EC\=E`A5LCOXj�K M�Q�K OBD!D M�Q
S#ECS#>@D�<^A�F�G ECW!>@;@;XO?N�;@ECAC>=G rl>@D!D!E�G!O?I=D!ECQ{F�G J�G!EBK MyJ
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