
TEKNİK
DOKÜMAN

Bu teknik yazıda sonlu elemanlar analizlerinde doğrusal olmayan problemlerin çözümleri hakkında 
bilgi aktarımı ve Marc-Mentat yazılımında nonlinear analizlerde kullanılan çözüm yöntemlerinin 
açıklanmasına yönelik bilgi aktarımı ve şematik gösterimi hedeflenmektedir. 



B#

!

!

!"#$%!&'("()*"+,-,.,'/")01--"',-"')234#15"-)6-."7"')
893'%-:'&"#;)<=+>.)*='(&.-&#:)

!

!

#

#

'

C*2(9#D#B9#F#G2#F#BEBH#

!"# $%&'(&# )*+,-*I# <*2=><%'$*$# )*+,0,1,'-*# -/32".*0# /01*)*'# J'/'>0('%*2K# *'*0(+0%2-%# 
&"00*',0*'#67+81#)7'$%10%2('('#*6,&0*'1*.,#;%#'*.,0#&/'$2/0#%-(0-(3('%#)7'%0(&#5(0:(#*&$*2,1,#;%#?%1*$(&# 
:7.$%2(1(#9%-%@0%'1%&$%-(2A#

!"!#$%$&'

L/'0"#%0%1*'0*2#*'*0(+0%2('-%#-/32".*0#/01*)*'#42/50%10%2('#67+818I#-/32".*0#;*2.*),10*2# 
*0$,'-*#:%26%&0%?$(2(0%'#&0*.(&#*'*0(+#)7'$%10%2('%#&,)*.0*#6/&#-*9*#&*21*?,&#;%#(0%2(#-8+%)#5(2#)*&0*?,1*# 
(9$()*6#-")*2A#<*2=I#:8608#-/32".*0#/01*)*'#67+81#*0:/2($1*0*2,#(0%#7+%00(&0%#1*0+%1%I#:%/1%$2(#;%# 
.,',2# ?*2$,# M$%1*.N# &*)'*&0,# -/32".*0# /01*)*'# 42/50%10%2('# 8.$%.('-%'# :%01%&# (6('# :%0(?$(2(01(?# 5(2# 
./'0"#%0%1*'#*3,#67+8=8.8-82A#!"#-/32".*0#/01*)*'#*'*0(+0%2-%#67+81I#+*1*'*#5*30,#;%)*#)8&#*2$,?,#
%.*.0,# 5(2# )*&0*?,1# (0%# &*-%1%0(# ?%&(0-%# (0%20%$(0(2A# O?$%# 5"# '/&$*-*I# <*2=><%'$*$P-*# ML$%44(':# 
Q2/=%-"2%N#*-,#;%2(0%'#67+81#)7'$%10%2(#-%;2%)%#:(2%2A#R%&(0#GP-%#<*2=><%'$*$#)*+,0,1,'-*#&/'$*&# 
&*)'*&0,#'/'>0('%*2#/01*1*#-"2"1"'"#$%1.(0#%-%'#5(2#1/-%0-(2A#

#
!"#$%&'(&)*+,-./0%&1%20304&5"20/&67+480#9:&;<"-"4&*$=%$&>+?"%$!

!
L"*$#S+*0*#

T*4,.*0##U'*0(+##<89%'-(.(#

"#$%&'#(#)!



V#

!

!

#

("!)*+%,-./'0/1.2.3'45*36/$37.%8'93./$:'57;$%<'

'
L/'0"#%0%1*'0*2#)7'$%1('-%#JW('($%#X0%1%'$#<%$9/-#Y#WX<K#)*4,0*'#*'*0(+0%2#:%'%0#/0*2*&#

.(.$%1('# )8&# *0$,'-*# ;%2-(3(# $%4&(0%2('# 5%0(20%'1%.('%# -*)*',2A# !"# $%4&(0%2# )8&# (0%# -%@/21*'.)/'#
*2*.,'-*&(#(0(?&('('#-/32".*0#J0('%*2K#;%)*#-/32".*0#/01*)*'#J'/'0('%*2K#&*2*&$%2-%#/01*.,'*#:72%#(&(#
*'*# :2"4$*# ('=%0%'(2A# MZ/'>0('%*2N# *'*0(+I# .(.$%1('# -*;2*',?,','# "):"0*'*'# )8&0%# -/32"# /2*'$,0,#
/01*-,3,I#)*'(#)8&>)%2#-%3(?$(21%#(0(?&(.('('#-/32".*0#5(2#-%'&0%10%#$*',10*'*1*-,3,#-"2"10*2,#(@*-%#
%$1%&$%-(2A#!*?&*#5(2#-%)(?0%I#.(.$%1('#&*$,0,3,# J.$(@@'%..K#)8&0%1%#.82%=(#5/)"'=*#.*5($#&*01*+[#)8&#
*2$$,&6*#)*4,#@*2&0,#5(2#2(\($0(&#:7.$%21%&$%-(2A#

#
MZ/'>0('%*2N#*'*0(+#42/50%10%2('-%#67+81I#:%'%00(&0%#($%2*$(@#)7'$%10%20%#:%26%&0%?$(2(0(2A#!"#

$82#*'*0(+0%2-%#)8&I#$%&#5(2#*-,1-*#-%3(0I#&868&#*2$,10*2#J('=2%1%'$.K#9*0('-%#"):"0*',2#;%#9%2#*2$,1-*#
-%':%#-%'&0%10%2(# MZ%]$/'>^*49./'N#;%)*#$82%;#)7'$%10%2(# (0%# $%&2*2# $%&2*2#67+80%2%&#)*&,'.*1*#
.*30*',2A##

MZ/'>0('%*2N# *'*0(+0%2('# 7'%1(I# &*21*?,&# 189%'-(.0(&# )*4,0*2,'-*# :%26%&6(# -*;2*',?,'#
7':72801%.('-%#)*$*2A#M_/32".*0#J`('%*2KN#*'*0(+I#&868&#-%@/21*.)/'#;%#%0*.$(&#-*;2*',?#;*.2.*),1,#
*0$,'-*#:%6%20(-(2[#*'=*&#)8&.%&#)8&0%2I#$%1*.I#40*.$(&#570:%)%#:%6(?#;%)*#5"2&"01*#:(5(#-"2"10*2-*#
-/32".*0#/01*)*'##%$&(0%2('#-(&&*$%#*0,'1*.,#:%2%&0(-(2A#

#
_/0*),.,)0*#M'/'>0('%*2N#*'*0(+I#)*4,','#:%26%3%#%'#)*&,'#?%&(0-%#1/-%00%'1%.('(#.*30*)*2*&#

$*.*2,1#:8;%'0(3('(#;%#4%2@/21*'.#-/32"0"3"'"#*2$,2,2A#
#

#
!"#$%&@(&A"-$%2"BA"-$4$2&A-0C$,$!



a#

!

!

!

="!)*+%,-./'0/1.2.3').>%.3?&'@A%/7%$'>7'57;73/7%$'

'
_/32".*0#/01*)*'#-*;2*',?#86#$%1%0#&*)'*&$*'#/2$*)*#6,&*2D#
G>! <*0+%1%#_/32".*0#b01*)*'#_*;2*',?,#J<*$%2(*0#Z/'0('%*2($)K#

<*0+%1%'('# :%2(01%>?%&(0# -%3(?$(21%# (0(?&(.(# c//&%# &*'"'"'*# ")1*-,3,# -"2"10*2-*#
:728082A#X0*.$(&# .,',2,'#*?,01*.,)0*#40*.$(&#-%@/21*.)/'I#9*.*2#;%)*#;(.&/%0*.$(&#-*;2*',?#
/2$*)*#6,&*2A#Jd2'%&D#e%0(&$%#*&1*#./'2*.,#40*.$(&#?%&(0#-%3(?$(21%K#
#

B>! f%/1%$2(&#_/32".*0#b01*)*'#_*;2*',?,#J#f%/1%$2(=#Z/'0('%*2($)K#
_%@/21*.)/'0*2,'#)*4,','#(0&#:%/1%$2(.('%#:72%#58)8&#/0-"3"I#-/0*),.,)0*#2(\($0(&#1*$2(.('('#
-%@/21*.)/'0*# 5(20(&$%# -%3(?$(3(# -"2"10*2-,2A# Jd2'%&D# O'=%# &*5"&# )*4,0*2,'-*# 5"2&"01*I#
58)8&#-%40*.1*'0,#1%152*'#-%@/21*.)/'"AK#
#

V>! L,',2#g/?"0"#;%)*#C%1*.,'#_/32".*0#b01*)*'#_*;2*',?,#J!/"'-*2)Fh/'$*=$#Z/'0('%*2($)K#
L(.$%1-%&(#$%1*.#)8+%)0%2('('I#.82$8'1%'('#;%)*#5*30*'1*#&/?"00*2,','#*'*0(+#.,2*.,'-*#
-%3(?$(3(#-"2"10*2-,2A# Jd2'%&D# O&(#)8+%)('#*)2,0,4#$%&2*2#$%1*.#%$1%.(I#.82$8'1%0(# $%1*.#
42/50%10%2(KA#R%&(0#VP-%#.,',2#&/?"0"#;%#&/'$*&#-"2"1"'-*'#&*)'*&0,#'/'>0('%*2#5(2#*'*0(+#
1/-%0('(#$%1.(0#%-(01(?$(2A##

#

#
!"#$%&D(&E0F&!"#$%%"4?$-2"&$%"&A"+2"8-$4$4&*+,-./0%&1%20304&*0G-04H=H



H#

!

!

#

B"!)*+%,-./'0/1.2.3'C5*36/$37.%D'EF:A1;7'@717/'G.>%.1/.%'

G>! Z%]$/'#^*49./'#T7'$%1(D#

_/32".*0#/01*)*'#J'/'>0('%*2K#./'0"#%0%1*'0*2#*'*0(+0%2('-%I#.(.$%1('#-%':%#-%'&0%10%2(#
:%'%00(&0%# -/32".*0# /01*)*'# 5(6(1-%# )*+,0,2# ;%# 5"# -%'&0%10%2('# &*4*0,# @/21-*# 67+818#
181&8'#-%3(0-(2A#!"#'%-%'0%I#-%':%#&/?"0"#)*&0*?,&#;%#($%2*$(@#)7'$%10%20%#.*30*',2A#!"#
($%2*$(@#67+81#$%&'(&0%2('('#%'#)*):,'#;%#%$&(0(#/0*',#Z%]$/'>^*49./'#)7'$%1(-(2A##

T7'$%1('#$%1%0#(0&%.('-%#&"00*',0*'#:%'%0#-%':%#-%'&0%1(#?"#%?($0(&#(@*-%#%-(0(2D#

#
# # # # # !"#$ % &'() * &+,)"#$ % -########## # JGK#

!"2*-*D#

!"#$D#U2$,&#J&*0*'K#J2%.(-"*0K#&";;%$#;%&$728I#

&'()D#S):"0*'*'#-,?#)8&#;%&$728I#

&+,)D#O6#&";;%$#J:%2(01%#$*5*'0,K#;%&$728-82A#

!"# -%'&0%1('# 67+818I# )*4,','# )%2# -%3(?$(21%0%2('(# J#K# 5"01*&# *'0*1,'*# :%0(2A# U'=*&#
&+,)"#$#)%2#-%3(?$(21%)%#5*30,#/0*2*&#-/32".*0#/01*)*'#5(2#?%&(0-%#-%3(?$(3('-%'I#!"#$ %
-#-/32"-*'#67+80%1%+A##

Z%]$/'>^*49./'# )*&0*?,1,'-*# )7'$%1I# -/32".*0# /01*)*'# 5(2# @/'&.()/'"'# &7&8'8#
5"01*&#(6('#C*)0/2#.%2(.(#*6,0,1,#;%#-/32".*0#)*&0*?,1#42%'.(5('(#&"00*',2A#

c%2#($%2*.)/'#*-,1,'-*I#.(.$%1#-%'&0%1(#?"#?%&(0-%#-/32".*00*?$,2,0,2D#

# # # # # !"#+$ . /)"#+$0#+ . 1 % -### # # JBK#

!"2*-*D#

#+D#(A#($%2*.)/'-*&(#)%2#-%3(?$(21%#;%&$728I#

0#+ . 1D#!(2#./'2*&(#)%2#-%3(?$(21%#*2$,1,I#

/)D#C*'\*'$#2(\($0&#1*$2(.(I#.(.$%1('#/#*'&(#-/32".*0#)*&0*?,1,','#2(\($0(3(A#

T%'(#)%2#-%3(?$(21%0%2#?"#?%&(0-%#:8'=%00%'(2D#

# # # # # #+ . 1 % #+ . 0#+ . 1### # # JVK#

!"# (?0%1I&*0*'# &";;%$# ^# 5%0(20(# 5(2# )*&,'.*1*# &2($%2(# J72'%3('# &";;%$# )*&,'.*1*# &2($%2(#############
i#jGK#.*30*'*'*#&*-*2#$%&2*20*',2A#

#



k#

!

!

B>! T*&,'.*1*#Jh/';%2:%'=%K#g*;2*1,D#

_/32".*0#/01*)*'#J'/'>0('%*2K#./'0"#%0%1*'0*2#*'*0(+0%2('-%#67+81#($%2*$(@#5(2#.82%6$(2A#!"#
.82%6$%# 9%2# *-,1-*# ^# &86801%0(# ;%# .(.$%1# -%':%)%# )*&0*?1*0,-,2A# e7+818'# 5*?*2,)0*#
$*1*10*'*5(01%.(#(6('#5%0(20(#5(2#)*&,'.*1*#&2($%2(#J=/';%2:%'=%#=2($%2(/'K#.*30*'1*0,-,2A#

T*&,'.*1*I#:%'%00(&0%#.(.$%1('#&*0*'#&";;%$('('I#)%2#-%3(?$(21%.('('#;%)*#%'%2\(.('('#5%0(20(#
5(2#$/0%2*'.#*0$,'-*#-8?1%.()0%#$*',10*',2A#

T*&,'.*1*#&2($%20%2('-%'#*?*3,-*&(#:(5(#*6,&0*'*5(0('(2D#

g";;%$# Z/21"D# g*0*'# &";;%$0%2('# 58)8&0838'8'I# -,?# )8&0%2('# 58)8&0838'%# /2*',-,2A#
g";;%$#Z/21"I#-%':%#&/?"0"'"'#'%#&*-*2#.*30*'-,3,',#:7.$%2(2A#

# # # # # 22 &'() 22322 ! 22 4 56# # # # JaK#

!"2*-*# l@I# &"00*',=,# $*2*@,'-*'#5%0(20%'%'# )*&,'.*1*# $/0%2*'.,-,2A#f%'%00(&0%# GEmn# Y# GEmo#
*2*0,3,'-*-,2A# !"# &/?"0# .*30*'-,3,'-*I# -8381# &";;%$0%2(# *2*.,'-*&(# -%':%.(+0(&# &*5"0#
%-(0%5(0(2#.%;()%-%-(2#;%#.(.$%1#-%':%)%#"0*?1,?#&*5"0#%-(0(2A#

T%2#_%3(?$(21%#Z/21"D#O$%2*.)/'0*2#*2*.,#)%2#-%3(?$(21%#@*2&,','#58)8&0838'8#9%.*40*2A#
T*4,','# ?%&(0# -%3(?(1(# *6,.,'-*'# .$*5(0# 9*0%# :%0(4# :%01%-(3('(# :7.$%2(2A# U2-,?,&#
($%2*.)/'0*2-*#9%.*40*'*'#)%2#-%3(?1%0%2('#@*2&,'*#-*)*',2A##

# # # # # 22 #+ 22322 0#+ 22 4 5### # # # JHK#

X3%2#5"#/2*'#&868&.%I#.(.$%1('#*2$,&#)%'(#5(2#?%&(0#-%3(?(1('%#(9$()*=,#&*01*1,?$,2A#T*'(#)%2#
-%3(?$(21%#*0*',#&*2*20,#9*0%#:%01(?$(2A#

X'%2\(# Z/21"D# X'%2\(# '/21"I# .(.$%1-%&(# 4/$*'.()%0# %'%2\(# @*2&,# 8+%2('-%'# )*&,'.*1*),#
-%3%20%'-(2(2#

# # # # # 2 7+ . 1 * 7+ 238 2 7+ 2 4 57## # # JkK#

!"#&2($%2#7+%00(&0%#$%1*.I#40*.$(&#9*0%#:%01%#;%#&*21*?,&#%'%2\(#-%3(?(10%2('('#5"0"'-"3"#
:8;%'(0(2#5(2#7068$$82A#

#

#

#
#

#
#
#
#
#



p#

!

!

V>! T8&#U-,1,#J`/*-#L$%4K#;%#U2$,1#Jq'=2%1%'$K#g*;2*10*2,D#

_/32".*0#/01*)*'#J'/'>0('%*2K#./'0"#%0%1*'0*2#*'*0(+0%2('-%I#.(.$%1('#-%':%#-%'&0%10%2(#
-/32"-*'# 67+80%1%-(3(# (6('# )8&0%1%# (?0%1(# &*-%1%0(# /0*2*&# "):"0*',2A# !"# .82%6$%# )8&#
*-,1,# J0/*-# .$%4K# ;%# *2$,1# J('=2%1%'$K# &*;2*10*2,I# 67+818'# &/'$2/08'8# ;%# &*2*20,0,3,',#
.*30*1*&#*6,.,'-*'#&2($(&#7'%1%#.*9(4$(2A#

M`/*-# L$%4ND# T8&# *-,1,I# *'*0(+# .82%=('-%# $*',10*'*'# 5*3,1.,+# 5(2# )8&0%1%# ;%)*# .,',2#
&/?"0"'"'#%;2%.('(#(@*-%#%-%2A#c%2#)8&#*-,1,I#.(.$%1('#5%0(20(#5(2#@(+(&.%0#-"2"1"'"#$%1.(0#
%-%2#;%#:%'%00(&0%#*'*0(+-%#7'%10(#5(2#/0*),'#;%)*#)8&0%1%#&/?"0"'"'#-%3(?$(3(#'/&$*)*#
&*2?,0,&#:%0(2A#<*2=#)*+,0,1,'-*#5(2#)8&#*-,1,#(6%2(.('-%#)%'(#5(2#)8&I#.,=*&0,&I#.,',2#&/?"0"#
;%)*#$%1*.#$*',1,#-%;2%)%#:(2%5(0(2A#<*0+%1%#1/-%0(#;%)*#67+81#&/'$2/0#4*2*1%$2%0%2(#
-%3(?$(2(0%5(0(2A#d2'%3('#5(2#1/-%0-%#7'=%#GEEE#Z# &";;%$# "):"0*',4#-*9*# ./'2*# .,=*&0,&#
)8&0%1%.(#)*4,0*=*&.*I#5"#(&(#-"2"1#:%'%00(&0%#(&(#*)2,#)8&#*-,1,#/0*2*&#$*',10*',2A##

Mq'=2%1%'$ND#U2$,1# J('=2%1%'$KI#5(2# )8&#*-,1,'-*&(# )8&8'#;%)*#-%40*.1*','#&868&#5(2#
&,.1,','# "):"0*'1*.,# *'0*1,'*# :%0(2A#<*2=# -/32".*0# /01*)*'# .(.$%10%2-%# )*&,'.*1*),#
.*30*1*&# (6('#$/40*1#)8&8#$%&#.%@%2-%#-%3(0I#5(2-%'#@*+0*#&868&#*2$,1#J0/*-# ('=2%1%'$K#
9*0('-%#"):"0*2A#

c%2#*2$,1-*#"):"0*'*'#)8&#;%)*#-%40*.1*'#5%0(20(#5(2#/2*'-*#*2$,2,0,2I#.(.$%1#(6('#)%'(#5(2#
-%':%#&/'@(:82*.)/'"#9%.*40*',2#;%#Z%]$/'#Y#^*49./'#($%2*.)/'0*2,#)*2-,1,)0*#5"#*2$,1#
*0$,'-*#-%':%#.*30*',2A#

U2$,1#.*),.,#67+81#&*2*20,0,3,',#-/32"-*'#%$&(0%1%&$%-(2A#e/&#58)8&#*2$,10*2#(0%#)*&,'.*1*#
+/20"3"#;%#67+81#9*$*.,#*0,'*5(01%.(#)8&.%&#5(2# (9$(1*0-(2A#e/&#&868&#*2$,10*2# (.%#-*9*#
"+"'#67+81#.82%0%2('%#.%5%5()%$#;%2%5(01%&$%-(2A#<*2=P#-*#/$/1*$(&#5(2#?%&(0-%#67+81#
*2$,10*2,',# &/'$2/0# %-%5(01%&# 181&8'-82A# X3%2# *'*0(+('# )*&,'.*1*.,# &/0*)# /0")/2.*#
M('=2%1%'$N# .*),.,',# *2$,2*2*&# -*9*# 9,+0,# 5(2# ?%&(0-%# *'*0(+# 67+-82%5(0(2&%'I# *'*0(+('#
)*&,'.*1*.,#+/20*?,)/2.*#M('=2%1%'$N#.*),.,',#*2$,2*2*&#*'*0(+#)*&,'.*$,0*5(0(2A#g,.*=*#<*2=#
)*+,0,1,#)*&,'.*1*#-"2"1"'*#:72%#M('=2%1%'$N#58)8&0838'8#-('*1(&#/0*2*&#*)*20*)*5(0(2A##

#
#

#
#
#
#
#

#
#
#
#
#



r#

!

!

H"!I.%J6I73K.K'9%.2A:A3;7L$'CMK7NN$3O'P%*J7;,%7D'92.%/.%?'
#

<*2=><%'$*$P$*# ML$%44(':# Q2/=%-"2%NI# :%'%0# /0*2*&# (&(# *'*# 67+81# )*&0*?,1,',#
-%.$%&0%1%&$%-(2A#MW(s%-N#;%#MU-*4$(;%N#/0*2*&#(&(#*)2,01*&$*-,2#5"#)*&0*?,10*2A#
#
G>! L*5($#t*1*'#U-,10*2,#JW(s%-#C(1%#L$%4.KD#

#
UK#Mh/'.$*'$#C(1%#L$%4ND#!"#67+81#)7'$%1('-%#67+81#.*5($#5(2#+*1*'#*-,1,)0*#(0%20%2A#
d2'%3('I#EAEB#.*'()%#.%6(0(2.%#9%2#*-,1-*#67+81#EAEB#.*'()%#(0%20%$(0(2#;%#$/40*1#HE#*-,1-*#
G# .*'()%0(&# *'*0(+# )*4,01*&$*-,2A# !"# )7'$%1('# *;*'$*\,# 9%.*40*1*# -8+%'0(# ;%# &/'$2/0#
%-(0%5(0(2#/01*.,-,2A#_%+*;*'$*\,#(.%#&*21*?,&#-/32".*0#/01*)*'#-*;2*',?0*2-*#*-,1#5/)"$"#
6/&# 58)8&# (.%# )*&,'.*1*# ./2"'"# 6,&*5(01%&$%-(2A# f%'%00(&0%# -/32".*0# J0('%*2K# -('*1(&#
*'*0(+0%2I# -*9*# 5*.($# -/32".*0# /01*)*'# *'*0(+0%2-%# &"00*',01*&$*-,2A# f%2%&.(+# &868&#
*-,10*2#.%6(0(2.%#67+81#.82%.(#"+*1*&$*-,2A#
#

#
!"#$%&I(&>0-FB>"4808&J-03KLK4?"&)M+4/8048&5$2"&E8"N:&

#
!K# MS.%2# ># _%@('%-# C(1%# L$%4ND# !"# 67+81# )7'$%1('-%I# &"00*',=,# +*1*'# *-,10*2,',# $*50/#

# ?%&0('-%#1*'"%0#$*',10*1*&$*-,2A#d2'%3('I#*'*0(+('#(0&#EAG#.*'()%.(#(6('#EAEG#.*'()%0(&#5(2#*-,1#
# ./'2*&(#G#.*'()%0(&#(6('#EAEH#.*'()%0(&#*-,10*2#(0%#*'*0(+#67+818'8#&/'$2/0#%-%5(0(2A#!"#67+81#
# )7'$%1(# (0%# *'*0(+('# @*2&0,# 570:%0%2('-%# @*2&0,# 9*..*.()%$0%2# (0%# 42/50%1('# 67+818'%#
# "0*?,0*5(0('(2A#f%'%00(&0%#&*21*?,&#)8&0%1%#-"2"10*2,# J72'%3('#*'(#-*25%#u#-*9*#./'2*#)*;*?#
# )8&#*2$,?,K#:(5(#*'*0(+#1/-%00%2('-%#&"00*',0*5(01%&$%-(2A#!"2*-*#-(&&*$#%-(01%.(#:%2%&%'#'/&$*#
# (.%#&2($(&#/0*)0*2,'#)*?*'-,3,#570:%0%2-%#&868&#*-,10*2#$*',10*'1*0,-,2A#

#

#



v#

!

!

# # # #
B>! MU-*4$(;%#C(1%#L$%4.N#

#
UK# M<"0$(>h2($%2(*ND# !"# 67+81# )7'$%1('-%# 67+8=8I# )*&,'.*1*)*# :72%# *-,1# 5/)"$"'"#
/$/1*$(&# /0*2*&# *)*20*2A# X3%2# )*&,'.*1*# .*30*'*1,)/2.*# *-,1# &8680$8082[# 67+81# &/0*)#
(0%20()/2.*# *-,1# 58)8$8082A# g"00*',=,I# 4*2*1%$2%0%2# (0%# 1('(1"1# ;%# 1*&.(1"1# *-,1#
5/)"$"'"# $*',10*)*5(0(2ANU-*4$(;%# $(1%# .$%4N# &"00*',0-,3,'-*I# <*2=# -/32".*0# /01*)*'#
-*;2*',?,',#67+1%&#(6('#"):"'#+*1*'#*-,1,'*#&%'-(.(#&*2*2#;%2(2A#!"#&*2*2,'#9*':(#&/?"00*2#
*0$,'-*# ;%2(0%=%3(# (.%# M!"#"$%&%#'()570818'-%'# *)*20*'*5(0(2A#d2'%3('# G# 5(2(1#/0*'#5(2#
*'*0(+-%#5*?0*':,6#+*1*'#*-,1,I#M*+",-"'%)./$%N#-%3%2('('#jGP(#/0*2*&#$*',10*'1,?#/0."'A#
X3%2#<*2=#5"#*-,1-*#)*&,'.*1*),# .*30*)*1*+# ;%# +*1*'#*-,1,',# &8680$1%.(# :%2%&(2.%I#
67+81#.82%=(#M0/1/$2$)3#"-&/+1)+4)*+",-"'%)./$%(#-%3%2('('#*0$,'*#-8?1%)%=%&#?%&(0-%#
-%;*1#%-%2A# T*'(# *'*0(+%# 5(2# *0$# 0(1($# &/'"0*5(0(2A# w%)*# *'*0(+# )*&,'.,)/2# /0-"3"'-*# (.%#
+*1*'# *-,1,',# 58)80$1%&# (.$%'(0(2.%# <*2=P-*# 5"# +*1*'# *-,1,','# '%2%)%# &*-*2#
58)80$80%5(0-(3('('# &/'$2/08'8# M0"5/$2$) 3#"-&/+1) 64) *+",-"'%) ./$%(# (0%# &/'$2/0#
%-%5(0(2(+A#Q*2*1%$%2.#.%6%'%3('-%#('=2%1%'$#)*'(#*'*0(+('#./'"6#)*+-,3,#*-,1#.,&0,3,','#
&/'$2/08#)*4,0*5(01%&$%-(2A#<*2=#9%2#5(2#('=2%1%'$#(6%2(.('-%#5(2-%'#@*+0*#=)=0%#)*4*5(0(2A#
!(2#('=2%1%'$#-*#&*6#$*'%#Mh)=0%N#)*4,01*&#(.$%'(0()/2.*#M^%=)=0%.N#Mq'=2%1%'$N#-%3%2(#(0%#
=)=0%#-%3%2(#:(2(0%5(01%&$%-(2A#X3%2#*'*0(+('#)*&,'.*1*.,#9,+0,#5(2#?%&(0-%#(0%20()/2.*#M./$%)
7&%8)91-#%"'%)3"-&+#M#-%3%2(#(0%#5(2#./'2*&(#$(1%#.$%4#-%3%2('(#.=*0%#-%3%2(#*2$$,2,0*5(0('(2A#
#

#

#
#
#

!"#$%&O(&>0-FB>"4808&J-03KLK4?"&>.%8$BM-$8"-$0&P0-02"8-"&J30-%0-H)



GE#

!

!

!K#MU2=#̀ %':$9#<%$9/-ND#!"#67+81#)7'$%1('-%#67+8=8I#&0*.(&#+*1*'#;%)*#)8&#*2$,?,#)%2('%#
67+81#)/0"'"'#$*1*1,#M*2=#0%':$9N#$*&(4#%-(0(2A#d+%00(&0%#)8&>-%@/21*.)/'#%32(.('-%#0(1($#
)8&I#5"2&"01*I#M.'*4>$92/":9N#:(5(#-"2"10*2-*#&"00*',01*.,#$%2=(9#%-(01%&$%-(2A#e7+8=8I#
.*-%=%#)8&#-%3(0#9%1#)8&#9%1#-%#)%2-%3(?$(21%)(#5(20(&$%#&/'$2/0#%-%2%&#67+818#(0%20%$(2A#
f%'%00(&0%#)*4,.*0#.$*5(0($%#42/50%10%2(#J5"2&"01*I#&*5"&#67&1%.(K#;%#M0*$%2*0#5"=&0(':NI#
M.'*4>$92/":9N# :(5(# 67+81# )/0"'"'# $%2.# -7'-838# 42/50%10%2-%# $%2=(9# %-(01%&$%-(2A#
_(&&*$#%-(01%.(#:%2%&%'0%2# (.%#5*?0*':,6#M*2=>0%':$9N#4*2*1%$2%0%2(# ()(#.%6(01%0(-(2A#T8&>
.%9(1# %32(.('('# $81# -*0:*0*'1*0*2,',# (+0%'1%.(# (6('# $%2=(9# %-(01%0(-(2A# Z/21*0# .$*$(&#
*'*0(+0%2-%#:%2%&.(+# ?%&(0-%#&"00*',01*1*0,-,2A# # g,.*=*.,# MU-*4$(;%N# MU2=# `%':$9N# 67+81#
)7'$%1(# (0%# 5(2# ./'2*&(# )8&# *2$,?,I# 7'=%&(# )8&# *2$,?,','# *6,.*0# "+"'0"&# 58)8&0838# (0%#
6*24,0*1*.,)0*#-%3%20%'-(2(0(2A#
# # # # # 0&+ % 09 : &# # # # # JpK#
#
M<b_qWqX_# ^qgL>^U<<N# TdZCX<OD# !"# )7'$%1# ;*2.*),0*'# M-%@*"0$N# *2&# "+"'0"3"#
)7'$%1(-(2A#M^(&.>^*11N#)7'$%1('('I#$%1*.#42/50%10%2('(#-*9*#;%2(10(#67+%5(01%.(#(6('#
-%3(?$(2(01(?# 5(2# ;%2()/'"-"2A# M^(&.>^*11N# )7'$%1('-%# (.%# -/32".*0# 5(2# &,.,$# -%'&0%1(#
&"00*',01*&$*-,2A# !"# .*)%-%# -*9*# &*2*20,# 5(2# 67+81# %0-%# %-(01%&$%-(2# @*&*$# *'*0(+('#
)*&,'.*1*.,#-*9*#)*;*?#/0*5(01%&$%-(2A#f%'%0#/0*2*&#$%1*.#*'*0(+0%2('-%I#M</-(@(%-#^(&.>
^*11N# ;%)*# Mh2(.@(%0-N# )7'$%1(# "):"'-"2A# X3%2# *2$,&# &";;%$0%2-%# *'(# -%3(?(1#
5%&0%'(01()/2.*I# Mh2(.@(%0-N# )7'$%1(# :%'%00(&0%# -*9*# ;%2(10(# ./'"60*2# ;%2(2A# U'*0(+#
4*2*1%$2%#*)*20*2,#(0%#M('($(*0#@2*=$(/'NI#M1*s(1"1#@2*=$(/'NI#M('=2%1%'$.#('#0/*-=*.%N#;%#
M2%=)=0%.N#*)*20*2,#(0%#*'*0(+#)*&,'.*1*#*)*20*2,#&/'$2/0#%-(0%5(0(2A#
#
L,&#&*2?,0*?,0*'#&"00*',=,#9*$*0*2,#(.%[#
#
>O.$%'(0%'# M2%=)=0%N# .*),.,','# 6/&# )8&.%&# .%6(01%.()0%# 6/&# 58)8&# 5(2# *2&# "+"'0"3"# ;%#
-/0*),.,)0*#6/&#58)8&#5(2#)8&#*-,1,#M0/*-#.$%4N#/0"?$"2"01*.,A#
>#<*&.(1"1#)8&#*-,1,#$*',10*',4#*2&#"+"'0"3"'*#.,',20*1*#:%$(2(01%1%.(#(0%#5*30*':,6$*#
-/32".*0#-*;2*',?#:7.$%2%'#5(2#42/50%1-%#*?,2,#58)8&#)8&#*-,10*2,'*#'%-%'#/0*5(0(2A#
>#<*&.(1"1#M2%=)=0%N#.*),.,','I#(.$%'%'#M2%=)=0%N#.*),.,'*#%?($#*)*20*'1*.,#(0%#42/50%1('#
-/32".*0#/01*1*#-*;2*',?,#*+*0-,3,'-*#*'*0(+('#-"21*.,'*#'%-%'#/01*&$*-,2A#
># T*&,'.*1*# $/0%2*'.,','# 6/&# )8&.%&# .%6(01%.(# (0%# Mh2(.@(%0-N# )7'$%1('-%# :%26%&# &7&#
5"0"'*1*1*.,'*#;%)*#*'(#)8&#)7'8#-%3(?(1('%#)/0#*6*5(0(2A#
#



GG#

!

!

#
!"#$%&Q(&R-4"#&J-FBS"4T8U&V0#H4/020&A-0C$,$&

#
#
hK# MC%14%2*$"2%# h/'$2/00%-# L$%44(':ND# !"# 67+81# )7'$%1('-%# *'*0(+# *-,10*2,','#
(0%20%1%.(# .,=*&0,&# -%3(?(1('%# :72%# &/'$2/0# %-(01%&$%-(2A# T*'(# +*1*'# ;%)*# )8&#
&"00*',01*+&%'#.,=*&0,&$*&(#*2$,?F*+*0,?#*-,10*2,# (0%# (0%20%$(0(2A#f%'%0#/0*2*&#$%21/1%&*'(&#
*'*0(+0%2# J&*)'*&I# ,.,0# (?0%1I# .,=*&0,&# :2*-)*',# %$&(0%2(K# *'*0(+0%2('-%# &"00*',01*&$*-,2A#
L,=*&0,3,'# -/32".*0# /01*)*'# -*;2*',?# 8+%2('-%&(# %$&(.('('# &2($(&# /0-"3"# -"2"10*2-*# -*#
&"00*',01*&$*-,2A# _(&&*$# %-(01%.(# :%2%&%'0%2# (.%# .,=*&0,&# *-,10*2,# 6/&# 58)8&# .%6(0(2.%#
1*0+%1%# -*;2*',?,# -/32"# )*&*0*'1*)*5(0(2A# d+%00(&0%# @*+# -7'8?810%2(I# 1*0+%1%#
)"1"?*1*.,#:(5(#/0*)0*2-*#9*..*.#*)*20*1*#)*4,01*0,-,2A#

#

Q"!#737/'M7R$1'G%$K7%/7%$'>7'CS,K6T.JLD'
# # #

G>! e7+81#T7'$%10%2('-%#L%6(1#g2($%20%2(#
#
UK# L*5($# U-,1# Mh/'.$*'$N# MS.%2>_%@('%-ND# !*.($# *'*0(+%20%2I# 0('%%2# ;%)*# 5*.($# -/32".*0#
/01*)*'#*'*0(+0%2-%#.%6(0%5(0(2A#
#
!KN# <"0$(>h2($%2(*ND# f%'%0# *1*60,I# f%'%0# *1*60,# -/32".*0# /01*)*'# 67+810%2I# 7+%00(&0%#
$%1*.#(6%2%'#*'*0(+0%2-%#;%#40*.$(&#-%@/21*.)/'"'#.7+#&/'"."#/0-"3"#42/50%10%2-%#%'#
:8;%'(0(2#)7'$%10%2-%'#5(2(#/0*2*&#&*5"0#%-(01%&$%-(2A#f%'(?#&*4.*10,#)*&,'.*1*#*)*20*2,#
.*)%.('-%I#)*&,'.*1*#:8608&0%2('('#:(-%2(01%.('-%#.,&0,&0*#$%2=(9#%-(01%&$%-(2#
#
hK# MU2=>`%':$9ND# !"2&"01*I# .$*5(0($%I# .'*4>$92/":9# :(5(# (0%2(# .%;()%# )*4,.*0# *'*0(+0%2-%#
$%2=(9#%-(0%5(0(2A#
#
_K# MC%14%2*$"2%# h/'$2/00%-ND# C%21/1%&*'(&# ;%)*# .,=*&0,&# :2*-)*',# 7'%10(# /0*'#
*'*0(+0%2-%#$%2=(9#%-(0%5(0(2A#
#
#

#



GB#

!

!

B>! MhSC>!Uhg#ZX_O^M#x#
#
_/32".*0# /01*)*'# *'*0(+0%2-%# 67+818'# .$*5(0# ;%# )*&,'.*1*# .*30*)*2*&# (0%20%1%.(# &2($(&#
7'%1%#.*9(4$(2A#h"$>5*=&I#5(2#)8&F?%1*#*2$,1,#J0/*-F$(1%#('=2%1%'$K#(6('#)*4,0*'#($%2*$(@#
67+81# .82%=('-%# )*&,'.*1*# .*30*'*1*-,3,'-*# 67+81# .,2*.,'-*# *'0,&# &"00*',0*'# +*1*'#
*2$,1,#-%3%2('(#:%2(#*0,4I#*2$,1#-%3%2('('#58)8&0838'8#&8680$%2%&#J:%'%00(&0%#-*9*#7'=%-%'#
5%0(20%'%'#6*24*'#(0%K#*)',#*2$,1,#)%'(-%'#-%'%1%.(#(?0%1(-(2A#U1*6#/#*'&(#*2$,1#(6('#-*9*#
&868&# 5(2# )8&# *2$,1,# "):"0*)*2*&# ($%2*$(@# )7'$%1('# )*&,'.*1*),# .*30*1*.,',# 181&8'#
&,01*&$,2A#
#
_/32".*0# /01*)*'# *'*0(+0%2-%# 1*0+%1%# 40*.$(.($%.(I# 58)8&# -%@/21*.)/'I# :%/1%$2('('#
-/32".*0#/01*)*'#-*;2*',?,I#&/'$*&0*2-*&(#*'(#-"2"1#-%3(?(&0%2(I#$*&(4#%-%'#&";;%$0%2#:(5(#
'%-%'0%2-%'#5(2#*-,1#.,2*.,'-*#-%'&0%1#.%$(#67+8=8#$*2*@,'-*'#67+80%1%-(3(#-"2"10*2-*#
M="$>5*=&N#/0*),#:7280%5(01%&$%-(2A#
#

#
#
#
#

#
#
#

!"#$%&W(&M.8BX0F#&*.-.2.)



GV#

!

!

U"'M*3,R/.%'
#

!"#6*0,?1*-*I#<*2=><%'$*$#)*+,0,1,'-*#5"0"'*'#-/32".*0#/01*)*'#*'*0(+#67+81#)7'$%10%2(#;%#*'*0(+0%2(#
9*&&,'-*# $%&'(&# 5(0:(# *&$*2,1,# )*4,0*2*&# &"00*',=,0*2,'# 5"# $(4# J'/'>0('%*2K# 67+81# )7'$%10%2(# 9*&&,'-*#
5(0:(0%'-(2(01%.(#:%26%&0%?$(2(01(?$(2AA#

#
#

V"'W7X7%.3-/.%'
# # #

GA! <*2=#c%04#_/="1%'$*$(/'#

BA! <U^#GEG#h/"2.%#Z/$%.#


