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84

  !!"#$%&'#($%&#####)*+,-.#/,*012034125+6.272#8,*531+-43489#&(%:9#;<#&(9#)-0<#&:#=%>####?2@*42@27*A##

�TQfJKRS'JVL'NTTQfJKRS'WIQWSIYed'NVXQTS'QZ'RQXJR'K^LMSYUd'QY_SI'Z^VLU'd'RJVLd'VJY^IJR'ISUQ^IXSUkd'Y_S'
SUYJKRNU_TSVY'QZ'RQXJR'YJbSU'JVL'ZSSU)
�Y'NU'LSYSITNVSL'Y_JY'RQXJR'XQTT^VNYNSU'U_Q^RL'KS'USSV'JU'JMSVYU'QZ'WQRNYNXJR'USRZ8QIMJVNgJYNQVd'JU'Y_Se'

JIS'JV'JUUQXNJYNQV'QZ'WSQWRS'^VNYSL'Ke'XQTTQV'NVYSISUYUd'MQJRUd'QKsSXYNfSUd'Y_Se'_JfS'LQTNVJYSL'Y_NU'
ZQIT'QZ'XQTT^VNYe'JU'J'^VNYed'XQ_SUNQVd'UJTS'UNY^JYNQV)'�V'Y_S'YSIINYQINJR'XQTT^VNYe'QZ'WSQWRS'^VNYSL'
Ke'J'U^KUYJVYNJR'�IQQYk'NVUYI^XYNQVUd'NVYSISUYUd'MQJRUd'UQRNLJINYed'aNRRNVMVSUU'YQ'JXY'YQMSY_SI'8'JVL'Y_NU'NU'
XSIYJNVRe'Y_S'KJUNU'ZQI'WQRNYNXJR'USRZ8QIMJVNgJYNQV)
KeywordsO# kyxlk# ny~ijowioz9# jinmyolk# vzl��9# kyxlk# xywwuomz{9# �uoplwiozlk# mozijivzv9# vmnov# zri# kyxlk#

xywwuomz{9#lo#lnioz#y�#sykmzmxlk#vik�Dyjnlom lzmyo<

3*4567!*'4)'8$49)!$:5;'@?>?@>@?<A'8>'
K/�#:&�<�

�)'�)'�6-F'
BC5D8)D$E8)%(F9G6'C*H5)C*!FCG6'IC5%$8(GE$E'5J$C5'K!$(L'M)C#*8*

L�L�;R)d�b;�#?���;R�R#���dWB�/dR¥#bWd���¦#?B�;R#�BWdK

B,;C-@$"?4F2@' ;"5$"77@d' @3y' 1,24"5&-,' /y%7"!,$7.' 21y54,5"!&245,' 6' 3,74.324y' y!"72F3,|'
@$.!7,|'1!,#-./&'4"'!,;3!&5"x4F2@'.~.34&57y24F';"24,265"77@'/y%7"!,$7&:'2"73Ey9)'
 !"#)%5'(!)%*O#\*I,E12J,E#_3M03.E9#\*I,E12J,*#5*J,2+-,-9# �1E,9#AJ31,E#01271E\E9#+E,.Q*`9#BEJE#

�3M03.-#��d9#13I-\#AJ31,272#,312M025+NJI3,,A9#/d�]9#�W�W;L<#

$#a315,A#&(%(#1<#BEJE#�3M03.-#��d#ME#0*J41-\.-#5+*H#02+4*C,-H#a@3,*5#01272@2D
+85E@E#ME#01-C,A44A#a3453142`#13M2@NQ*`#%$&$#=%&#72@2+*5#�ME�9#�1EM-@*A#4E#;813aa-D
,-#�0124-�9#�*5E,#841-\E5+A>9#A.E#0313J_EaE@E#553J3,,A#,25-H#J2JE4.25-H#+E,.Q*C#
02#5*J,2F3,,N#J2#AJ31,2`#01271E\-#�1E,8<#)+6272#ME#a24-1-#12.-#=031FE#+E,.Q*C,E#
13M2@NQ*A#J2#�1E,8#%�:�#01-C,A4E#BEJ2N#�3M03.-#&�#718J,A#&((�#1<>#_8@2#8H5E@3,2#
a24-1-#13M2@NQ*`9#.2I,E#M#A.-H#02+-@N5E@E#020313J,N#ME#2_+A72\#4E#I21+4.*+4N#
+E,.Q*C,-H#MEH2J*5<

�*.E5-C#42C#PE.49#S2#5#I2J,2\8#_*@6F#,*I#&(#J2.@EJ*5#�*I,E12J,2`#E73,Q*`#M#
E42\,2`#3,317*`#=�W�W;L>#02#5*J,2F3,,N#J2#*1E,+6.2`#AJ31,2`#01271E\-#M#&((:#1<9#
,3\E^#,*A.-H#01A\-H#J2.EM*5#012#439#S2#5#�1E,*#13E@*M8^46+A#5*C+6.25E#AJ31,E#012D
71E\E# T%U<# ;E.2I# *,P21\EQ*A9# A.E# 5-H2J-46# 8# ]��# M# 02+-@E,,A\# ,E# +03Q+@8I_-#
1*M,-H#.1E`,9#,3#\*+4-46#01A\-H#J2.EM*59#S2#�1E,#5I3#,E+480,272#J,A#\2I3#241-\E4-#
AJ31,3#5-_8H253#M,E1AJJA<#d3#12_@A46#4E.-H#5-+,25.*5# *# 3.+0314-9#A.*# MEC\EN46D
+A#02+4*C,-\#+-+43\E4-a,-\#\2,*421-,72\#J2+480,2`#*,P21\EQ*`#M#Q*^`#012_@3\ED
4-.-<#;2\8#5-,-.E^#0-4E,,A9#,E+.*@6.-#4E.-C#+E,.Q*C,-C#13I-\#\2I3#55EIE4-+A#
3P3.4-5,-\# J@A# 5-1*F3,,A# 4-H# MEJEa9# A.*# 5-M,Ea-@2# \*I,E12J,3# +8+0*@6+452# 8#
5*J,2F3,,*#*1E,+6.2`#AJ31,2`#01271E\-<

b6272J,*#5#,357E\25,2\8#0242Q*#*,P21\EQ*`#5#]��#M#AJ31,2`#012_@3\-#�1E,89#J3#
8I3#JE5,2#03130@3@-+A#13E@6,*#PE.4-#M#01-08S3,,A\-#4E#J2\-+@E\-9#Q3#0-4E,,A#
541EaE^46+A#5#02@*#M2189#4-0#0Ea3#,E#P2,*#02+4*C,-H#J-+.8+*C#012#439#+.*@6.-#ME@-F-D
@2+6#aE+8#J2#02A5-#AJ31,2`#M_12`#5#�1E,*<#�J,2+4212,,*C#0*JH*J#+P21\85E5#02\-@.2D
58#8A58#012#3P3.4-5,*+46#2_1E,272#*,+418\3,489#A.-C#55EIE^46+A#̂ J-,2#01E5-@6,-\#
J@A#5-1*F3,,A#JE,2`#MEJEa*<#;13_E#M531,84-#85E78#,E#439#S2#0E1EJ-7\E9#,E#2+,25*#
A.2`#_8J3#M,ECJ3,2#F@AH#J2#5-1*F3,,A#*1E,+6.2`#AJ31,2`#012_@3\-9#+4E,3#013Q3J3,D
42\#*#\2I3#_84-#5-.21-+4E,E#J@A#51378@N5E,,A#02J*_,-H#+-48EQ*C#8#\EC_84,62\8<#
)-.@NaE4-#`H#02A58#5#+8aE+,-H#\*I,E12J,-H#8\25EH#01E.4-a,2#,3\2I@-52<

bE\3# 42\8# JE,3# J2+@*JI3,,A# ,E_85E^# E.48E@6,2+4*# *# 01-,Q-0253# M,Ea3,,A#
\E^#a*4.-C#4E#5-5EI3,-C#0*JH*J#J2#12M12_.-# *,+418\3,4*59#A.*#3P3.4-5,2#J*A@-#8#
5-1*F3,,*#02+4E5@3,272#0-4E,,A<#�8J6DA.E#02\-@.E#E_2#012\EH#8#JE,2\8#5-0EJ.8#
\2I846#01-M53+4-#J2#PE4E@6,272#5-H2J8<

K# 1E\.EH# J2+@*JI3,,A# MJ*C+,3,-C# E,E@*M# 2+4E,,*H# J2+@*JI3,6# *# 08_@*.EQ*C9#
5# A.-H# ME02aE4.25E,2# 12M5�AME,,A# AJ31,2`# 012_@3\-# �1E,8<# ]# JE,2`# 012_@3\E4-D
.-#5-.21-+4E,*#12_24-#ME18_*I,-H#J2+@*J,-.*59#4E.-H#A.O#�<#R5E,25E9#/<#/2\_3A9#
�<#�37E,9#�<#bE@@*5E,E<#�+2_@-58#85E78#01-J*@3,2#+E\3#43.+4E\#13M2@NQ*C#BEJ-#
�3M03.-#��d9#A.*#+.@E@-#JI313@6,8#_EM8#12_24-<#

�342N# JE,2`# +4E44*# ^# E,E@*M9# A.2N# \*12N# 3P3.4-5,3# ME+42+85E,,A# +E,.Q*C9#


