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+7&!.A?("!%&23"08&C*.=&$3"&,=#(+C+"*&.A$#A$78&+$&1."7&$.&7A?$*,)$.*&0aEO&P0aEV8&0aE[Q&,0!&,!!"*&0aZ^&P0aZE8&

0aZZQ8&.$3"*&+0#A$7&.C&/3+)3&,*"&"0"*1+:"!&C*.=&)A**"0$&).05"*$"*&0aZ&P0ab8&0aGQ&.C&+0#A$&0aE%&RA?$*,)$.*&0aEO&
P0aEV8&0aE[Q&,0!&,!!"*&0aZ^&P0aZE8&0aZZQ&).0$,+0&$3"&5,(A"7&.C&$3"&0A="*,$.*&,0!&!"0.=+0,$.*&.C&'J%&PEQ%&

23"7"&5,(A"7&,*"&7"0$&$.&$3"&+0#A$7&.C&).**"7#.0!+01&).=#,*,$.*&0aZb&P0aZG8&0aZKQ8&,$&$3"&.A$#A$&.C&/3+)3&$3"*"&

+7&0.&7+10,(8&7+0)"&).0!+$+.0&PEQ&+7&0.$&CA(C+(("!%&23"*"C.*"8&fe&0aZM8&Ucd&0aZO8&,0!&Ucd&0ab^&"("="0$7&,0!&
,)$A,$.*7&0aZV&,0!&0abE&!.&0.$&7+10,(8&,0!&$3"&#*.$")$+.0&!."7&0.$&.#"*,$"%&

L0&$3"&"5"0$&.C&,&73.*$&)+*)A+$&?"$/""0&#3,7"7&U&,0!&X&.C&$3"&0$3&C""!"*&P#.+0$&TZ&+0&`+1%&EQ8&/3"0&$3"&

?A7?,*&5.($,1"&!*.#7&$.&^%K7.&P7.&+7&$3"&*,$"!&0"$/.*;&5.($,1"Q8&$3"&"(")$*+)&=.$.*7&7/+$)3&$.&1"0"*,$.*&=.!"&

,0!&C""!&$3"&73.*$&)+*)A+$&#.+0$%&I"0)"8&,&5.($,1"&,##",*7&,$&$3"&.A$#A$&.C&,!!"*&0aV&P0a[Q&#*.#.*$+.0,(&$.&
$3"&!+CC"*"0)"&+0&$3"&)A**"0$&+0&#3,7"&U&PXQ&.C&$3"&0$3&C""!"*&,0!&$3"&+0B")$"!&)A**"0$7&+0&#3,7"7&U&PXQ&.C&$3"&

E7$8&%%%8&P0FEQ$3&C""!"*7%&23+7&5.($,1"&+7&).05"*$"!&+0&7A?$*,)$.*&0aEE&P0aEZQ&,0!&,=#(+C+"*&0aEG&P0aEKQ&,0!&

,##(+"!&$.&7A?$*,)$.*&0aEO&P0aEVQ&,0!&,!!"*&0aZ^&P0aZEQ%&L0&$3+7&),7"8&5.($,1"7&,##",*&.0(4&,$&$3"&.A$#A$7&
.C&7A?$*,)$.*&0aEO&P0aEVQ&,0!&,!!"*&0aZ^&P0aZEQ&.C&$3"&0$3&C""!"*8&#*.#.*$+.0,(8&*"7#")$+5"(48&$.&$3"&7A=&

.C&,0!&!+CC"*"0)"&?"$/""0& $3"&)A**"0$& +0&#3,7"&U&PXQ&,$& +0#A$&0aE&,0!& $3"&!.A?("!&7A=&.C& $3"& +0B")$"!&

)A**"0$7& +0& #3,7"7&U& PXQ&.C& A0!,=,1"!& C""!"*7%&23+7& ),0&?"& "N#(,+0"!&?4& +05"*$+01& $3"& )A**"0$7& +0& $3"&
A0!,=,1"!& C""!"*7& /+$3& *"7#")$& $.& $3"& +0#A$& )A**"0$& P$3"4& ,((& ,*"& !+*")$"!& $.& $3"& ?A7?,*7Q%& 23"*"C.*"8&
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$*+11"*"!& 7$,$"W& $3"*"C.*"8& "("="0$&Ucd&0ab^& ,)$A,$"78& ?A$& "("="0$7&Ucd&0aZO& !."7& 0.$%&U7& ,& *"7A($8&

$*+##+01&7+10,(7&C*.=&$3"&.A$#A$7&.C&,)$A,$.*7&0aZV&,0!&0abE&,*"&7"0$&$.&?*",;"*7&0aZ[&,0!&0abZ&.C&C""!"*7&

.C&).07A="*7&/+$3&3+13<#./"*&"(")$*+)&=.$.*7&,0!&.C&+0#A$&0&a&E%&
60!"*&"N$"*0,(&RS78&$3"&)A**"0$7&+0&$3"&C""!"*7&,*"&!+*")$"!&$.&$3"&?A7?,*78&,0!&,$&$3"&+0#A$8&C*.=&$3"=%&

23"*"C.*"8&).0!+$+.0&PEQ&+7&0.$&CA(C+(("!8&,0!&$3"&#*.$")$+.0&!."7&0.$&.#"*,$"%&

2.&+=#("="0$&$3"&7A11"7$"!&#*+0)+#("7&.C&.#"*,$+.08&0.$&.0(4&)A**"0$&$*,07C.*="*7&),0&?"&A7"!&,7&7.A*)"7&
.C&+0C.*=,$+.0&,?.A$&$3"&)A**"0$&+0&C""!"*78&?A$&,(7.&e.1./7;+&).+(7&.*&+0!A)$+.0&).+(7%&23"7"&#*.$")$+.07&

"07A*"&CA(C+((="0$&.C&?.$3&).0!+$+.07&$.&,)3+"5"&$3"&=,N+=A=&"CC")$&C*.=&$3"&=,B.*+:,$+.0&#*+0)+#("%&

&

&

<3=1'6">,&X(.);<!+,1*,=&.C&$3"&)"0$*,(+:"!&#*.$")$+.0&.C&?A7?,*7&,0!&C""!"*7&).00")$"!&$.&$3"=%&
&

>,"56./'$73860"'660"%93/2&"(')/62/3).""

-*.$")$+.07&/3+)3&,((./&!A#(+),$+01&)A**"0$&$*,07C.*="*7&),0&?"&!"7+10"!&.0&$3"&?,7+7&.C&*""!&7/+$)3"7%&`.*&

"N,=#("8&$3"&#*+0)+#("7&.C&!"7+10&D[FEbH&,0!&,&0A=?"*&.C&#*.$")$+.0&747$"=7&DEGFZVH8&+0)(A!+01&)"0$*,(+:"!&
DZ[H8&3,5"&,(*",!4&?""0&!"5"(.#"!%&L0&$3+7&/.*;8&/"&7A11"7$&,&)"0$*,(+:"!&*""!&7/+$)3&?A7?,*&#*.$")$+.0%&L0&

).0$*,7$&$.&).==.0(4&A7"!&#*.$")$+.078&+$&+0)(A!"7&$"7$&C,A($&!+,10.7$+)78&/3+)3&,!!+$+.0,((4&+0)*",7"7&$3"&

*"(+,?+(+$4&.C&$3"&*"(,4&#*.$")$+.0&747$"=%&
23"&#*.$")$+.0&+7&?,7"!&.0&$3"&!"5+)"&7A11"7$"!&+0&DZ[H%&L$&+0)(A!"7&#.(,*+:"!&*""!&7/+$)3"7&E&/+$3&).0$,)$7&

Z&,0!&bW&"("="0$7&fe&G&,0!&M8&fe&cf2&K&,0!&O8&,0!&Ucd&V&,0!&[W&,)$A,$.*&E^W&).0$*.(&/+0!+017&EE&/.*0&

.0&*""!&7/+$)3"7&EW&?A$$.07&EZ&,0!&EbW&+0$"*="!+,$"&*"(,4&EG&/+$3&).0$,)$7&EK&,0!&EMW&+0$"*="!+,$"&*"(,47&EO&

,0!&Z^&/+$3&).0$,)$7&EV&,0!&E[8&ZE&,0!&ZZ8&,0!&7+10,(&(,=#&Zb%&e""!&7/+$)3"7&,*"&C+N"!&+0&$3"&=,10"$+)&C+"(!&
.C&).0!A)$.*7&.C&$3"&7,="&#3,7"7&.C&!+CC"*"0$&C""!"*7&7.&,7&).0$,)$7&Z&,*"&)(.7"!&+0&.0"&.C&$3"&)A**"0$&3,(C<

/,5"78&C.*&"N,=#("8&#.7+$+5"8&,0!&).0$,)$7&b8&+0&,0.$3"*&3,(C</,5"%&e"(,4&Z^&73.A(!&3,5"&$3"&7,="&0A=?"*&

.C&0.*=,((4&.#"0&,0!&?*",;&).0$,)$7&,0!&.C&$3"&*""!&7/+$)3"7%&LC&$3"*"&,*"&0.&7A)3&+0$"*="!+,$"&*"(,478&$3"0&
7"5"*,(&*"(,47&,*"&A7"!%&

23"&#*.$")$+.0&747$"=&/.*;7&,7&C.((./7%&60!"*&$3"&(.,!&,0!&,0&"N$"*0,(&RS8&$3"&)A**"0$&#.(,*+$4&+0&,$&(",7$&

.0"&C""!"*&+0&,04&3,(C<#"*+.!&!."7&0.$&).+0)+!"&/+$3&$3"&#.(,*+$4&.C&$3"&)A**"0$7&+0&.$3"*&C""!"*7%&h3"0&).0$,)$&
Z&.C&$3"&*""!&7/+$)3&C+N"!&0",*&$3"&?A7?,*7&.C&$3+7&C""!"*&+7&)(.7"!8&$3"&).0$,)$7&.C&$3*""&*""!&7/+$)3"7&C+N"!&
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0",*& $3"&7,="&#3,7"7&.C&.$3"*&C""!"*7&,*"&)(.7"!%&h3"0&+$7&).0$,)$&b& +7&)(.7"!& +0& $3"&7").0!&3,(C<#"*+.!8&

).0$,)$7&Z&.C&$3"&.$3"*&*""!&7/+$)3"7&,*"&)(.7"!%&U7&,&*"7A($8&$3"*"&+7&,&*""!&7/+$)3&/+$3&)(.7"!&).0$,)$&Z&,0!&

,&*""!&7/+$)3&/+$3&)(.7"!&).0$,)$&b&,$&,04&$+="&#.+0$%&23"*"C.*"8&$3"*"&,*"&0.&7+10,(7&,$&$3"&.A$#A$7&.C&"("="0$7&
K&,0!&O&,0!8&3"0)"8&$3"*"&,*"&0.&7+10,(7&,$&$3"&.A$#A$7&.C&"("="0$7&V&,0!&[%&U)$A,$.*&E^&!."7&0.$&.#"*,$"%&

60!"*&,&73.*$&)+*)A+$&,$&?A7?,*7&ZV8&.0(4&).0$,)$7&Z&,*"&)(.7"!&,$&,((&C""!"*7&+0&.0"&3,(C<#"*+.!&P)A**"0$7&+0&

,((&C""!"*7&,*"&+0&#3,7"Q8&,0!&).0$,)$7&b8&+0&,0.$3"*&3,(C<#"*+.!%&h3"0&).0$,)$7&Z&,*"&)(.7"!&,0!&).0$,)$7&b&
,*"&.#"08&7+10,(7&,*"&7"0$& $.&$3"&.A$#A$7&.C&"("="0$7&G&,0!&O%&U)$A,$.*&E^&+7& $*+11"*"!&,0!&7"0!7&$*+##+01&

7+10,(7&$.&?*",;"*7&ZGFZO%&h3"0&).0$,)$7&b&,*"&)(.7"!&,0!&).0$,)$7&Z&,*"&.#"08&$3"&7+10,(7&,*"&7"0$&,$&$3"&

.A$#A$7&.C&"("="0$7&K&,0!&M%&

2"7$&!+,10.7$+)7&.C&$3"&#*.$")$+.0&+7&#"*C.*="!&/3"0&#*"77+01&?A$$.0&EZ%&U&!+*")$&)A**"0$&+7&7A##(+"!&$.&
).0$*.(&/+0!+017&EE&.C&*""!&7/+$)3&EW&+$&#*.!A)"7&,&=,10"$+)&C+"(!&/+$3&$3"&+0!A)$+.0&7"5"*,(&$+="7&3+13"*&

$3,0&$3"&+0!A)$+.0&.C&$3"&C+"(!&#*.!A)"!&?4&$3"&(.,!&)A**"0$7%&23+7&+7&0")"77,*4&C.*&$3"&*""!&7/+$)3&).0$,)$7&$.&

*"=,+0&)(.7"&/3"0&$3"&(.,!&)A**"0$&)3,01"7&C*.=&.0"&3,(C</,5"&$.&,0.$3"*%&L0&$3+7&),7"8&.0(4&.0"&).0$,)$&Z&
+7&)(.7"!&C.*&,((&*""!&7/+$)3"7&E%&e"(,4&EG&7+=A($,0".A7(4&,)$A,$"78&?*",;7&$3"&"(")$*+),(&+07$,((,$+.0&?*",;"*&

)+*)A+$&5+,&).0$,)$&EK8&,0!&).00")$7&$3"&.A$#A$&.C&,)$A,$.*&E^&$.&7+10,(&(,=#&Zb&$3*.A13&).0$,)$&EM%&R+0)"&

).0$,)$&b&.C&",)3&*""!&7/+$)3&+7&.#"08&$3"0&,&7$,*$&7+10,(&+7&7"0$&$.&(,=#&Zb&$3*.A13&"("="0$7&G&,0!&O&,0!&
,)$A,$.*&E^W&$3"&(+13$"!&(,=#&+0C.*=7&,?.A$&$3"&0.*=,(&.#"*,$+.0&.C&$3"&"("="0$7&).07+!"*"!%&XA$$.0&EZ&+7&

*"(",7"!%&23"0&?A$$.0&Eb& +7&#*"77"!8&,0!& *"(,47&EO&,0!&Z^&,*"& 7A##(+"!%&e"(,4&EO& CA0)$+.07& (+;"& *"(,4&EG&

P!"7)*+?"!&,?.5"Q%&e"(,4&Z^&,)$A,$"7&,0!&.#"07&).0$,)$7&ZZ&,0!&)(.7"7&).0$,)$7&ZE%&U7&,&*"7A($8&7+10,(7&C*.=&

,((&*""!&7/+$)3"7&E&,*"&0.$&7"0$&$.&$3"&+0#A$7&.C&"("="0$&KW&7+10,(7&,*"&7"0$&$.&$3"&+0#A$7&.C&"("="0$&M&$3*.A13&
).0$,)$7&E[&7+=A(,$+01&$3"&)(.7A*"&.C&).0$,)$7&b%&LC&"("="0$7&K8&M8&,0!&[&0.*=,((4&.#"*,$"8&$3"0&,)$A,$.*&E^&

7+10,(7&$.&(,=#&Zb%&23"&#*.$")$+.0&/.*;7&#*.#"*(48&,0!&?A$$.0&Eb&+7&*"(",7"!%&

f0"&.C&$3"&!"7+107&#*"7"0$"!&+0&Db^FbbH&),0&?"&A7"!&$.&=.A0$&*""!&7/+$)3"7&0",*&$3"&).0!A)$.*7&.C&$3"&
C""!"*& #3,7"7%& c.$"& $3,$& $3"7"& !"7+107& ),0& ?"& A7"!& C.*& C,7$"0+01& +0!A)$+.0& ).+(7& /3"0& #*.$")$+.07& ,*"&

).07$*A)$"!&.0&$3"+*&?,7+7%&

&

?,"5).271%3).%"

23*""&)"0$*,(+:"!&#*.$")$+.07&,*"&7A11"7$"!&C.*&)(",*,0)"&.C&73.*$&)+*)A+$7& $.&?A7?,*7&,0!&.A$1.+01&),?("7&

/+$3.A$&$+="&!"(,4%&23"&C+*7$&$/.&#*.$")$+.07&),0&?"&+=#("="0$"!&/+$3&)A**"0$&$*,07C.*="*7&.*&/+$3.A$&$3"=%&

L0&$3"&(,$$"*&),7"8&$3"4&*")"+5"&+0C.*=,$+.0&C*.=&e.1./7;+&).+(7&,0!&+0!A)$+.0&).+(7%&23"&$3+*!&#*.$")$+.0&+7&
).07$*A)$"!&.0& $3"&?,7+7& .C& *""!& 7/+$)3"7%&23"&A7"&.C&=,10"$+),((4& 7"07+$+5"& "("="0$7& +07$",!&.C& )A**"0$&

$*,07C.*="*7&,((./7&,)3+"5"="0$&.C&$3"&=,N+=,(&"CC")$&C*.=&$3"&,##(+),$+.0&.C&$3"&=,B.*+:,$+.0&#*+0)+#("%&

23"&*""!&7/+$)3&#*.$")$+.0&"07A*"7&,0&,!!+$+.0,(&"03,0)"="0$&.C&$3"&*"(+,?+(+$4&.C&$3"&*"(,4&#*.$")$+.0&747$"=&
!A"&$.&$3"&?A+($<+0&$"7$&C,A($&!+,10.7$+)7%&
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&

<3=1'6"?,&X(.);<!+,1*,=&.C&$3"&)"0$*,(+:"!&*""!&7/+$)3&?A7?,*&#*.$")$+.0%&

&

@,"A6:6'6.26%"

DEH! 9("$7"(&T&,0!&T,73*,#.5&X&Z^EM&2*,5"*7,(&#*.$")$+.0&.C& $/.&#,*,(("(& (+0"7&/+$3.A$&5.($,1"&#,$3&

9*:,;<&1$=<,8(*+(,-6/.-:/>&5.(&[ZPZQ&##&EMVFEO^&

DZH! 9("$7"(&T&,0!&T,73*,#.5&X&Z^EO&d+CC"*"0$+,(&#*.$")$+.0&.C& $3*""&,0!&C.A*&#,*,(("(& (+0"7&.C& +!(+01&
)A**"0$&).0$*.&9*:,;<&1$=<,8(*+(,-6/.-:/>&5.(&[b&+B"##&E^[FEEZ&

DbH! 9("$7"(i&T&j&,0!&c+;+$+0&9&L&E[[Z&U0,(47+7&.C&$3"&7"07+$+5+$4&.C&?,);<A#&#*.$")$+.07&C.*&!+7$*+?A$+.0&

0"$/.*;7&+0&#./"*&747$"=7&=<,8(*.-6,'(?+&4"##&E[FZb&

DGH! X.1!,0&U&g8&9("$7"(i&T&j&,0!&c+;+$+0&9&L&E[[E&U!,#$+5"&?,);<A#&.5"*)A**"0$&#*.$")$+.0&C.*&$,##"!&
(+0"7&/+$3&7+01("<"0!&CA!$=<,8(*.-6,'(?+&4&##&KEFKG&&

DKH! 9("$7"(i&T&j& ,0!&c+;+$+0&9& L& E[[b&X,);<A#& (+0"& #*.$")$+.0& $3,$& *"7#.0!+01& $.& $3"& !+CC"*"0)"& +0&

=,10+$A!"7&.C&$3"&#3,7"&)A**"0$7&,0!&$3"+*&+0)*"="0$&=<,8(*.-6,'(?+&+B"##&ZbFZM&&
DMH! 9("$7"(&T&j8&TA7+0&g&g8&U(+73"5&Y3&e&,0!&T,0A;.57;+B&U&g&E[[b&23"&#*.#"*$+"7&.C&3"*="$+),((4&

7",("!&*""!&*"(,47&A7"!&+0&*"(,4&#*.$")$+.0&=<,8(*.-6,'(?+&C&##&EV<ZE&

DOH! 9("$7"(& T& j& E[[E& d"7+10& #*+0)+#("7& ,0!& =.!"(7& .C& *""!& *"(,4& ?,7"& "0"*14& C,)+(+$4& !+CC"*"0$+,(&
#*.$")$+.07&=<,8(*+(,86/.8&&+B"##&GO<K^&

DVH! 9("$7"(&T8&X.*.!"0;.&g8&X,*A;+0&U8&9,($,4"5&U&,0!&T,73*,#.5,&e&Z^E[&S.07$*A)$+5"&C",$A*"7&.C&

*"7.A*)"<7,5+01& *""!& *"(,4& #*.$")$+.0& ,0!& =",7A*"="0$& !"5+)"7& @,?$ @+42&./,$ 1,'$ A-.,/-,'$

B,-6/.C4,'DA,*.,'$=<,-(*+(,-6/.C4,$,($=/,*;,(.C4,&5.(&MG&?&##&b^[<bEK&



International Conference on Automatics and Energy (ICAE 2021)
Journal of Physics: Conference Series 2096 (2021) 012172

IOP Publishing
doi:10.1088/1742-6596/2096/1/012172

8

D[H! 9("$7"(&T8&T,73*,#.5,&e&,0!&T,73*,#.5&X&Z^Z^&T"$3.!7&C.*&$3"&S.07$*A)$+.0&.C&-*.$")$+.0&/+$3&

T,10"$.7"07+$+5"& '("="0$7& C.*& $3"& -,*,(("(& S+*)A+$7& /+$3& R+01("& "0!& RA##(4& 9*+-"$ +0$ !E!E$

5/(,*/&(.+/&<$F+/0,*,/-,$+/$5/14'(*.&<$=/;./,,*./;G$H))<.-&(.+/'$&/1$I&/40&-(4*./;$J5F5=HIK&
DE^H! 9("$7"(& T8& X,*A;+0& U& ,0!& 2,(+#.5& f& Z^EO& U?.A$& $3"& X+.$<R,5,*$<_,#(,)"& (,/& ,0!& +$7& A7"& C.*&

),()A(,$+.07&+0&3+13<5.($,1"&US&+07$,((,$+.07&9*:,;<L1$=<,8(*+(,-6/.-:/>&5.(&[b&++"##&EZ[<EbZ&

DEEH! 9("$7"(& T& j,& ,0!& Y3A(,=,0.5& T& U& Z^^G& L=#"!,0)"& *"(,4& /+$3& 3"*="$+),((4& 7",("!& ).0$,)$7&
=<,8(*+(,86/.8&&@&##&bV<GG&

DEZH! X,*A;+0&U8&9,($,4"5&U&,0!&_"0;.5&j&Z^Z^&T,B.*+$4&g.$+01&R)3"="7&.C&d+CC"*"0$+,(&-*.$")$+.07&

/+$3.A$&SA**"0$&2*,07C.*="*7&/+$3&`A0)$+.0,(&d+,10.7$+)7&C.*&S.05"*$+01&60+$7&,0!&'(")$*+)&T.$.*7&

!E!E$ 5/(,*/&(.+/&<$ F+/0,*,/-,$ +/$ 5/14'(*.&<$ =/;./,,*./;G$ H))<.-&(.+/'$ &/1$ I&/40&-(4*./;$
J5F5=HIQ&PR.)3+8&eA77+,Q&##&E<K&

DEbH! 9("$7"(&T8&X,*A;+0&U&,0!&U=+*?";&d&Z^Z^&e""!&R/+$)3&,0!&T,10"$.&e"7+7$.*<X,7"!&d+CC"*"0$+,(&

-*.$")$+.0& `",$A*+01& 2"7$& d+,10.7$+)7& C.*& S.05"*$"*7& Z^Z^& L0$"*0,$+.0,(& TA($+<S.0C"*"0)"& .0&
L0!A7$*+,(&'01+0""*+01&,0!&T.!"*0&2")30.(.1+"7&P`,*',7$S.0Q&Pg(,!+5.7$.;Q&##&E<M&

DEGH! 9("$7"(& T& j8& X,*A;+0& U& R& ,0!& T"(i0+;.5& g& j& Z^ZE& e""!& R/+$)3"7& d+CC"*"0$+,(& -*.$")$+.0& .C&

S.05"*7+.0&`,)+(+$+"7&/+$3&$3"&R").0!<3,*=.0+)&_.);.A$&Z^ZE&L'''&S.0C"*"0)"&.C&eA77+,0&j.A01&
e"7",*)3"*7&+0&'(")$*+),(&,0!&'(")$*.0+)&'01+0""*+01&P'(S.0eA7Q&##&EGGM<EGK^&

DEKH! L77,?";.5&Y&X8&9("$7"(&T&j8&X,*A;+0&U&R&,0!&T,73*,#.5&X&'&Z^ZE&T",7A*+01&?.!+"7&C.*&!+7$,0)"&

#*.$")$+.0&$3,$&!."7&0.$&A7"&)A**"0$&$*,07C.*="*7&UL-&S.0C"*"0)"&-*.)""!+017&H59$943<.'6./;$MMF&

5.(&ZbbO"+&^b^^^b&
DEMH! -.(4,;.5&9& L8&c+;+$+0&U&c8&c.5.:3+(.58&9("$7"(&T&j,&Z^EV&e"7",*)3&.C&'(")$*.<23"*=,(&U1+01&

-*.)"77&.C&S*.77<_+0;"!&-.(4"$34("0"&N+4*/&<$+0$96>'.-'O$F+/0,*,/-,$A,*.,'&5.(&E^K^&+77A"&E&̂ EZ^ME&

DEOH! 9("$7"(& T8& X,*A;+0& U& ,0!& k,?!A(.5& U& Z^Z^& S.07$*A)$+.0& .C& e"7.A*)"<R,5+01& d+CC"*"0$+,(&
-*.$")$+.07& C.*& S.05"*$"*& 60+$7& /+$3& 2*,07C.*="*7& /+$3& Zc& R").0!,*4& h+0!+017& ,0!& Zc&

e")$+C+"*7&!E!E$ 5/(,*/&(.+/&<$ 7*&<$ F+/0,*,/-,$ +/$ =<,-(*.-&<$ 9+P,*$ =/;./,,*./;$ J7*&<F+/K&

PS3"(4,?+07;8&eA77+,Q&##&ZMG<ZMV&

DEVH! T,73*,#.5&X8&2,(+#.5&f&,0!&T,73*,#.5,&e&Z^Z^&f5"*)A**"0$&-*.$")$+.0&R)3"="&6$+(+7+01&e""!&
R/+$)3"7&L07$",!&.C&SA**"0$&2*,07C.*="*7&!E!E$5/(,*/&(.+/&<$7*&<$F+/0,*,/-,$+/$=<,-(*.-&<$9+P,*$

=/;./,,*./;$J7*&<F+/K&PS3"(4,?+07;8&eA77+,Q&##&Z[E<Z[K&

DE[H! 9("$7"(& T& j,& ,0!& Y3A(,=,0.5& T& U& E[[[& S3.+)"& .C& $3"& 73A0$& *"7+7$,0)"& C.*& ),7),!"& )A**"0$&
$*,07C.*="*7&=<,8(*+(,86/.8&!D&&##&Eb<EV&

DZ^H! T,73*,#.5& X& Z^Z^& L=#*.5+01& $3"& e"(+,?+(+$4& .C& d+,10.7+01& e""!& R/+$)3<X,7"!& f5"*)A**"0$&

-*.$")$+.0& S+*)A+$7& !E!E$ 5/(,*/&(.+/&<$ I4<(.DF+/0,*,/-,$ +/$ 5/14'(*.&<$ =/;./,,*./;$ &/1$ I+1,*/$
B,-6/+<+;.,'$J%&*=&'(F+/K&Pg(,!+5.7$.;Q&##&E<K&

DZEH! 9("$7"(i&T&j8&c"C$+7.5&U&g8&T,+73"5&-&c&Z^Z^&e"=.$"&d"$"*=+0,$+.0&.C&SA**"0$&U=#(+$A!"&,0!&

-3,7"&67+01&,&e""!&R/+$)3&@4''.&/$=<,-(*.-&<$=/;./,,*./;&5.(&([E&##&bGFG^&

DZZH! 9("$7"(&T& j,& ,0!&T,+73"5& -& cZ^^O& R#")+C+)& C",$A*"7& .C& $3"& !"5"(.#="0$& .C& !+CC"*"0$+,(<#3,7"&
$*,07C.*="*&#*.$")$+.0&747$"=7&.0&$3"&?,7+7&.C&=,10"$+)&*""!&7/+$)3"7&@4''.&/$=<,-(*.-&<$=/;./,,*./;&

5.(&OV&+4&##&MZ[<MbG&

DZbH! Y3,0$("7.5,&U&X8&9("$7"(&T&j8&T,+73"5&T&c&,0!&c"C$+7.5&U&g&Z^EG&S3,*,)$"*+:+01&,&7A7$,+0"!&
73.*$<)+*)A+$&)A**"0$&/+$3&$3"&A7"&.C&*""!&*"(,47&@4''.&/$=<,-(*.-&<$=/;./,,*./;&5.(&VK&?&##&ZE^<ZEM&

DZGH! 9("$7"(& T8& Y3,0$("7.5,& U8& T,473"5& -8& T,73*,#.5& X& ,0!&&

L77,?";.5&d&Z^EV&c"/&C+($"*7&C.*&74=="$*+),(&)A**"0$&).=#.0"0$7&5/(,*/&(.+/&<$N+4*/&<$+0$=<,-(*.-&<$
9+P,*$&/1$=/,*;>$A>'(,2'&5.(&E^E&##&VK<[E&

DZKH! 9("$7"(&T8&9,($,4"5&U&,0!&T,73*,#.5&X&Z^EO&e"7.A*)"<7,5+01&#*.$")$+.0&"(")$*+)&=.$.*7&9*:,;<&1$

=<,8(*+(,-6/.-:/>&5.(&[b&@&##&G^<Gb&
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DZMH! 9("$7"(&T8&9,?!A,(+4"5&c8&T,73*,#.5&X&,0!&c"C$+77.5&U&Z^EG&-*.$")$+.0&.C&?A7?,*&?,7"!&.0&*""!&

7/+$)3"7&9*:,;<L1$=<,8(*+(,-6/.-:/>&5.(&[^&+&##&VV<V[&

DZOH! 9,($,4"5&U8&T,73*,#.5&X& ,0!& 2,(+#.5&f& Z^Z^&d"7+107& C.*&T.A0$+01&e""!& R/+$)3"7& +0&S(.7"!&
S.=#("$"& SA**"0$& S.0!A)$.*7& ,0!& .0& S,?("& _+0"7& Z^Z^& L0$"*0,$+.0,(& S.0C"*"0)"& .0& L0!A7$*+,(&

'01+0""*+018&U##(+),$+.07&,0!&T,0AC,)$A*+01&PR.)3+8&eA77+,Q&##&E<K&

DZVH! 9("$7"(&T8&X,*A;+0&U&,0!&T,73*,#.5&X&Z^Z^&d"7+107&C.*&T.A0$+01&e""!&R/+$)3"7&+0&g+)+0+$4&.C&
US&,0!&dS&XA7"7&!E!E$5/(,*/&(.+/&<$7*&<$F+/0,*,/-,$+/$=<,-(*.-&<$9+P,*$=/;./,,*./;$J7*&<F+/K&

PS3"(4,?+07;8&eA77+,Q&##&ZVK<Z[^&

DZ[H! X,*A;+0& U8& X"*1A:+0.5& U& ,0!& 2,(+#.5& f& Z^Z^& T.A0$+01& T",7A*+01& d"5+)"7& .C& e""!& R/+$)3&

-*.$")$+.0&c",*&S.0!A)$.*7&.C&'(")$*+),(&L07$,((,$+.07&9*+-"$Q0$!E!E$5/(,*/&(.+/&<$I4<(.DF+/0,*,/-,$
+/$5/14'(*.&<$=/;./,,*./;$&/1$I+1,*/$B,-6/+<+;.,'&

Db^H! L77,?";.5&Y&X8&T,73*,#.5&X&'8&L77,?"*.5&d&d&,0!&T,73*,#.5,&k&c&Z^ZE&R$*A)$A*"7&C.*&=.A0$+01&

*""!&7/+$)3"7&0",*& $3"&?A7?,*7&.C&"(")$*+),(& +07$,((,$+.07&/+$3&*"=.$"&).0$*.(&.C& $3"+*&#.7+$+.0&UL-&
S.0C"*"0)"&-*.)""!+017&H59$943<.'6./;$MMF&5.(&ZbbO"+&^b^^^G&

&

E2F.)9760=;6./"

23"&#,#"*&/,7&#*"#,*"!&/+$3&$3"&7A##.*$&.C&$3"&h.*(!&X,0;&P1*,0$&c.%&^^OZZ&lS.=="*)+,(+:,$+.0&.C&$3"&

T,0AC,)$A*"&.C&R$*A)$A*"7&C.*&̀ ,7$"0+01&$3"&e""!&R/+$)3"7&.C&SA**"0$&-*.$")$+.0&.C&f#"0&,0!&S(.7"!&SA**"0$&

S.0!A)$.*7mQ& ,0!& $3"& T+0+7$*4& .C& '!A),$+.0& ,0!& R)+"0)"& .C& $3"& e"#A?(+)& .C& 9,:,;37$,0& P1*,0$&

c.%U-^KEbEbKE&lS*",$+.0&.C&,&k(.?,((4&S.=#"$+$+5"&e"7.A*)"<R,5+01&e"(,4&-*.$")$+.0&.C&-./"*&RA##(4&
R47$"=7mQ%&


