
HAL Id: tel-01297849
https://theses.hal.science/tel-01297849

Submitted on 5 Apr 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Synthesis of spin crossover micro-and nano-particles and
study of the effect of their sizes and morphologies on

their bistability properties
Haonan Peng

To cite this version:
Haonan Peng. Synthesis of spin crossover micro-and nano-particles and study of the effect of their
sizes and morphologies on their bistability properties. Other. Université Paul Sabatier - Toulouse III,
2015. English. �NNT : 2015TOU30082�. �tel-01297849�

https://theses.hal.science/tel-01297849
https://hal.archives-ouvertes.fr


  

tre :

Université Toulouse 3 Paul Sabatier (UT3 Paul Sabatier)

ED SDM : Chimie moléculaire - CO 046

Haonan Peng

lundi 20 juillet 2015

Synthesis of spin crossover micro- and nano-particles and study of the effect of

their sizes and morphologies on their bistability properties

Laboratoire de Chimie de Coordination - CNRS - UPR 8241

Lionel SALMON et Azzedine BOUSSEKSOU

M. Yannick GUARI, Directeur de Recherche CNRS, Montpellier

M. Jose Antonio REAL, Professeur à l'Université de Valence, Espagne

Mr Eric BENOIST, Professeur à l'Université Paul Sabatier, Toulouse

M. Bruno DOMENICHINI, Professeur à l'Université de Bourgogne, Dijon

M. Lionel SALMON, Chargé de Recherche CNRS, Toulouse

M. Azzedine BOUSSEKSOU, Directeur de Recherche CNRS, Toulouse



 

 

 

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

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

.//"0$01$2&",3"'($"452!-"627"8)**9:+";5)29<"=2,37">,&$".*',*9,"?$)/<"=2,37"@29:"A$*,9&'"

)*#" =2,37" A25*," 6,0$*9:(9*9" 3,2" '($92" '90$" )*#" $*$2B!" '," 2$)#" '($" 0)*5&:29%'" )*#" ',"

%)2'9:9%)'$"9*"'($"#$3$*&$",3"'(9&"'($&9&7"

 !" &5%$2C9&,2&"D9,*$/"E)/0,*")*#".FF$#9*$"A,5&&$+&,5" 3,2" B9C9*B"0$" '($" :()*:$" ',"

&'5#!"9*"DGG<"3,2"'($"&5%%,2'",C$2"'($"/)&'"'(2$$"!$)2&<"3,2"&5%$2C9&9*B"0$")*#"/$''9*B"0$"')+$"

,*$"0,2$"&'$%" ',H)2#&"0!" /93$" /,*B"B,)/",3"1$:,09*B"I)" 2$)/" &:9$*'9&'J7" K*"%)2'9:5/)2<" K" )0"

C$2!" B2)'$35/" ,3" ()C9*B" D9,*$/" )&" 0!" '($&9&" #92$:',27" L$" 9&" 0!" 0$*',2<" H(,&$" 29B,2,5&"

):)#$09:")''9'5#$<"%2,3,5*#"+*,H/$#B$<"9**,C)'9C$"'(9*+9*B")*#"*,1/$":()2):'$2"()C$"/$3'"0$"

)"#$$%"90%2$&&9,*")*#"H9//"1$*$39'"0$"3,2")"H(,/$"/93$'90$7"./&,<"K"H,5/#"/9+$"',"'()*+";M1,2"

 ,/*M2"3,2"(9&"($/%",3"&,/C9*B"0!"#9339:5/'9$&"9*"0!"2$&$)2:(")*#"#)9/!"/93$7"K"'()*+"N9//9)0"

O9:,/)FF9"3,2"(9&"'($,2$'9:)/"&5%%,2'"9*"'(9&"'($&9&")*#")/&,"3,2"(9&":,*&')*'"$*:,52)B$0$*'7"K"

'()*+"D9,*$/"?$:(9B*)'"3,2")/H)!&"1$9*B"2$)#!"',"($/%"0$7""

@C$2!,*$"9*"'($"EH9':()1/$" ,/$:5/)2" )'$29)/&"P$)0"Q@R59%$"=S"3,2"'($92"($/%"H9'("'($"

&'5#9$&" )*#" 3,2"0)+9*B"0!" &')!" ($2$" &," $*4,!)1/$<"0,&'" $&%$:9)//!" E90,*<"G)2/,&"T<" K//9)<"

G,&'$/<">,&U<" 92+,<"8529<"E!/C)9*<"@#*)<"V/$*)<"6,/,2$&<"G)2/,&"A<";)5'9$2<"W()/#,5*<"X9*<"

L$/$*)<".0$/<"E)/0)<" )*5$/7"

>$)*YZ2)*[,9&" $5*9$2")*#"D9,*$/"?$:(9B*)'"3,2" \&&1)5$2")*#"0)B*$'9:"0$)&520$*'&<"

8)**9:+" G,%%$/" 3,2" O ?" 0$)&52$0$*'&<" ]9*:$*'" G,//9^2$"3,2" $/$:'2,*9:" 09:2,&:,%!"

0$)&52$0$*'&")*#"D)52$"]$*#9$2"3,2"XY2)!"#9332):'9,*"0$)&52$0$*'&7"

 !"329$*#&"1,'("9*"P,5/,5&$")*#"$/&$H($2$-"X5)*<"8)*B<"89*B*9*B<"A,")*#",'($2"329$*#&"

3,2"3):9*B"#9339:5/'9$&")*#"&()29*B"()%%!*$&&"',B$'($2"#529*B"'($&$"!$)2&7"

 !"3)09/!-" ,'($2<"3)'($2<"&9&'$2")*#"H93$"3,2"'($92":,*'9*59*B"&5%%,2'<"%)2'9:5/)2/!"0!"

H93$"H(,"1$/9$C$&"9*"0$")*#"H9//"&5%%,2'"0$"3,2$C$27"

D)1,2)',92$"#$"G(909$"#$"G,,2#9*)'9,*"QDGGS<"_*9C$2&9'!",3"=)5/"E)1)'9$2")*#"G(9*$&$"

E:(,/)2&(9%"G,5*:9/"QGEGS"3,2"(,&'9*B"0$")*#"35*#9*B"'(9&"'($&9&7""

.&"&)9#"1!")*")*:9$*'"G(9*$&$"%2,C$21-"E5:("+9*#*$&&",3"H)20"&5*<":)*`'"1$"2$%)9#"1!"

B2)&&a



 

 

 

./0&'-$1-2$#+'#+-

;$*$2)/"K*'2,#5:'9,*"777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"b"

G()%'$2"b""K*'2,#5:'9,*",3"'($"E%9*"G2,&&,C$2"QEGVS"=($*,0$*,*"77777777777777777777777777777777777777777"c"

b7b"P($"E%9*"G2,&&,C$2"=($*,0$*,*"777777777777777777777777777777777777777777777777777777777777777777777777777777777"c"

b7b7b"K*'2,#5:'9,*"77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"c"

b7b7d"G2!&')/"Z9$/#"P($,2!"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"e"

b7b7f"@*'2,%9:"V29B9*",3"'($"P($20)/"E%9*"G2,&&,C$2"77777777777777777777777777777777777777777777777"bg"

b7b7c"E%9*"P2)*&9'9,*"G52C$&"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bb"

b7b7e"@h)0%/$&",3"E%9*"G2,&&,C$2" )'$29)/&"777777777777777777777777777777777777777777777777777777777777"bf"

b7b7e7b"L,30)**"G/)'(2)'$&"77777777777777777777777777777777777777777777777777777777777777777777777777777777"bf"

b7b7e7d"Z$YP29)F,/$&"EGV"=,/!0$2&"7777777777777777777777777777777777777777777777777777777777777777777"bi"

b7b7e7f"69/5'$#"Z$":,0%/$h"77777777777777777777777777777777777777777777777777777777777777777777777777777777"dg"

b7b7j"6$'$:'9,*",3"'($"E%9*"G2,&&,C$2"=($*,0$*,*"7777777777777777777777777777777777777777777777777"dd"

b7b7j7b" )B*$'9:" $)&52$0$*'&"777777777777777777777777777777777777777777777777777777777777777777777777"df"

b7b7j7d" \&&1)5$2"E%$:'2,&:,%!"777777777777777777777777777777777777777777777777777777777777777777777777"df"

b7b7j7f"O5:/$)2"K*$/)&'9:"E:)''$29*B"QOKES"777777777777777777777777777777777777777777777777777777777"dc"

b7b7j7c"]912)'9,*)/"E%$:'2,&:,%!"77777777777777777777777777777777777777777777777777777777777777777777777"dc"

b7b7j7e"V%'9:)/"E%$:'2,&:,%!"777777777777777777777777777777777777777777777777777777777777777777777777777777"de"

b7b7j7j"G)/,290$'29:" $)&52$0$*'&"7777777777777777777777777777777777777777777777777777777777777777777"de"

b7b7j7k"V'($2"P$:(*9R5$&"77777777777777777777777777777777777777777777777777777777777777777777777777777777777"de"

b7d"E%9*"G2,&&,C$2"O)*,Y )'$29)/&"7777777777777777777777777777777777777777777777777777777777777777777777777777777777"dj"

b7d7b"EGV"P(9*"Z9/0")*#"=)''$2*9*B"7777777777777777777777777777777777777777777777777777777777777777777777777"dj"

b7d7b7b"D)*B0592lA/,#B$''"77777777777777777777777777777777777777777777777777777777777777777777777777777777"dj"

b7d7b7d"62,%"G)&'9*B"777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"dk"

b7d7b7f"E%9*"G,)'9*B"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"di"

b7d7b7c"G($09:)/"6$%,&9'9,*"777777777777777777777777777777777777777777777777777777777777777777777777777777"fg"



 

 

 

b7d7b7e"]):550"6$%,&9'9,*"77777777777777777777777777777777777777777777777777777777777777777777777777777777"fd"

b7d7b7j" 9:2,")*#"O)*,%)''$2*9*B7777777777777777777777777777777777777777777777777777777777777777777777"fc"

b7d7d"EGV"O)*,%)2'9:/$&"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"fi"

b7d7d7b"E!*'($&9&",3"E%9*"G2,&&,C$2"O)*,%)2'9:/$&"7777777777777777777777777777777777777777777"fm"

b7d7d7d"E9F$"@33$:'"E'5#!",*"EGV"=2,%$2'9$&"77777777777777777777777777777777777777777777777777777"cf"

b7d7d7f" )'29h"@33$:'"9*"E%9*"G2,&&,C$2"O)*,%)2'9:/$&"7777777777777777777777777777777777777"ci"

b7d7d7c"Z5*:'9,*)/"E%9*"G2,&&,C$2"O)*,%)2'9:/$&"7777777777777777777777777777777777777777777777"eb"

b7f"V14$:'9C$",3"'($"P($&9&"77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"ei"

G()%'$2"d""E!*'($&9&",3"nZ$Q%FSoO9QGOScpq"O)*,%)2'9:/$&-"E9F$"@33$:'"E'5#!",*"'($92"EGV"

=2,%$2'9$&"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"em"

d7b"K*'2,#5:'9,*")*#"V14$:'9C$&"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"em"

d7d"E!*'($&9&",3"6933$2$*'YE9F$"nZ$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"7777777777777777777777777777777777"jd"

d7f"G,0%,&9'9,*",3"nZ$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"77777777777777777777777777777777777777777777777777777"jc"

d7f7b"P($20)/".*)/!&9&"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"jc"

d7f7d"@/$0$*')/".*)/!&9&"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"je"

d7c" ,2%(,/,B9:)/"G()2):'$29F)'9,*",3"nZ$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"7777777777777777777777"jj"

d7c7b"P2)*&09&&9,*"@/$:'2,*" 9:2,&:,%!".*)/!&9&"777777777777777777777777777777777777777777777777777"jj"

d7c7d"L9B("?$&,/5'9,*"P2)*&09&&9,*"@/$:'2,*" 9:2,&:,%!".*)/!&9&"777777777777777777777777"kg"

d7e"E'25:'52)/"G()2):'$29F)'9,*",3"'($"nZ$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"777777777777777777777777"kc"

d7e7b"XY?)!"69332):'9,*",*"E9*B/$"G2!&')/"7777777777777777777777777777777777777777777777777777777777777777"kc"

d7e7d"XY2)!"=,H#$2"69332):'9,*"777777777777777777777777777777777777777777777777777777777777777777777777777777777"ke"

d7e7f"?)0)*"E%$:'2,&:,%!"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"kk"

d7j"E%9*"G2,&&,C$2"=2,%$2'9$&",3"nZ$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"77777777777777777777777777777777"km"

d7j7b"V%'9:)/" 9:2,&:,%!"V1&$2C)'9,*"7777777777777777777777777777777777777777777777777777777777777777777777"km"

d7j7d"?)0)*"E%$:'2,&:,%!"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"km"

d7j7f" \&&1)5$2"E%$:'2,0$'2!"7777777777777777777777777777777777777777777777777777777777777777777777777777777777"ig"

d7j7c" )B*$'9:"=2,%$2'9$&"777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"ic"



 

 

 

d7j7e"6$1!$"P$0%$2)'52$"777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"ij"

d7k"P($,2$'9:)/" ,#$/"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"im"

d7i"E!*:(2,'2,*" \&&1)5$2" $)&52$0$*'"77777777777777777777777777777777777777777777777777777777777777777777777"mb"

d7i7b"E!*'($&9&",3"6933$2$*'YE9F$"n
ek
Z$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"777777777777777777777"mb"

d7i7d"G()2)'$29F)'9,*")*#"EGV"=2,%$2'9$&",3"n
ek
Z$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"777"md"

d7i7d7b@/$:'2,*9:" 9:2,&:,%!".*)/!&9&"7777777777777777777777777777777777777777777777777777777777777"md"

d7i7d7d"XY2)!"=,H#$2"69332):'9,*"77777777777777777777777777777777777777777777777777777777777777777777777"mf"

d7i7d7f" )B*$'9:" $)&52$0$*'"77777777777777777777777777777777777777777777777777777777777777777777777777"mc"

d7i7f"O5:/$)2"K*$/)&'9:"E:)''$29*B"777777777777777777777777777777777777777777777777777777777777777777777777777777"me"

d7i7f7b"O5:/$)2"K*$/)&'9:"E:)''$29*B",3"eg"*0"O)*,%)2'9:/$&"77777777777777777777777777777"mj"

d7i7f7d"G,0%)29&,*",3"O5:/$)2"K*$/)&'9:"E:)''$29*B"3,2"6933$2$*'"O)*,%)2'9:/$"

E9F$&"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"mm"

d7m"G,*:/5&9,*"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bgb"

G()%'$2"f""O)*,0$'29:")*#" 9:2,0$'29:"?,#YE()%$#"E%9*"G2,&&,C$2"=)2'9:/$&"E!*'($&9F$#"9*"

L,0,B$*$,5&".:9#" $#9)"77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bgd"

f7b"K*'2,#5:'9,*")*#"V14$:'9C$&"77777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bgd"

f7d"AZc"6$29C)'9C$&",3"'($"Z$YP29)F,/$"Z)09/!",3"G,0%,5*#&"77777777777777777777777777777777777777"bgf"

f7d7b"E!*'($&9&",3"6933$2$*'YE9F$"=)2'9:/$&"77777777777777777777777777777777777777777777777777777777777777"bgf"

f7d7d"G,0%,&9'9,*")*#" ,2%(,/,B!",3"'($"=)2'9:/$&"77777777777777777777777777777777777777777777777"bge"

f7d7d7b"G,0%,&9'9,*",3"'($"=)2'9:/$&"7777777777777777777777777777777777777777777777777777777777777777"bge"

f7d7d7d"E%$:'2,&:,%9:"K*C$&'9B)'9,*"777777777777777777777777777777777777777777777777777777777777777777"bgk"

f7d7d7f"=,H#$2"XY2)!"69332):'9,*"777777777777777777777777777777777777777777777777777777777777777777777"bbd"

f7d7d7c" ,2%(,/,B9:)/"G()2):'$29F)'9,*-"P@ ")*#"L?P@ "77777777777777777777777777"bbf"

f7d7f"EGV"=2,%$2'9$&",3"'($"6933$2$*'YE9F$"=)2'9:/$&"7777777777777777777777777777777777777777777777"bbi"

f7d7f7b" )B*$'9:"=2,%$2'9$&"777777777777777777777777777777777777777777777777777777777777777777777777777777"bbi"

f7d7f7d"V%'9:)/"?$3/$:'9C9'!"777777777777777777777777777777777777777777777777777777777777777777777777777777"bdg"

f7d7f7f"6933$2$*'9)/"E:)**9*B"G)/,290$'2!"7777777777777777777777777777777777777777777777777777777"bdd"



 

 

 

f7d7f7c"
ek
Z$" \&&1)5$2" $)&52$0$*'&"777777777777777777777777777777777777777777777777777777777777"bdf"

f7d7c"69&:5&&9,*"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bde"

f7d7e"69/5'$#"nZ$bYhr*hQL'2FSdQ'2FSqQAZcS"G,0%/$h$&"777777777777777777777777777777777777777777777"bde"

f7d7e7b"E!*'($&9&",3" $')/"69/5'$#"=)2'9:/$&"7777777777777777777777777777777777777777777777777777"bde"

f7d7e7d"G()2):'$29F)'9,*",3"69/5'$#" $')/"=)2'9:/$&"77777777777777777777777777777777777777777"bde"

f7d7e7f"E%9*"G2,&&,C$2"=2,%$2'9$&",3"69/5'$#" $')/"=)2'9:/$&"77777777777777777777777777"bfg"

f7d7j"@/$:'29:)/"=2,%$2'9$&",3"'($"nZ$bYhr*hQL'2FSqQAZcS" 9:2,Y?,#&"777777777777777777777"bfd"

f7f"GZfEVf"6$29C)'9C$&",3"'($"Z$YP29)F,/$"Z)09/!",3"G,0%,5*#&"77777777777777777777777777777777"bfk"

f7f7b"E!*'($&9&",3"6933$2$*'YE9F$"=)2'9:/$&"77777777777777777777777777777777777777777777777777777777777777"bfk"

f7f7d" ,2%(,/,B!",3"'($"=)2'9:/$&"777777777777777777777777777777777777777777777777777777777777777777777777777"bfi"

f7f7f"G,0%,&9'9,*",3"'($"=)2'9:/$&"777777777777777777777777777777777777777777777777777777777777777777777777777"bcd"

f7f7c"G()2):'$29F)'9,*",3"'($"nZ$QL'2FSfqQGZfEVfSd"" 9:2,Y?,#&"777777777777777777777777777"bcf"

f7f7c7b"P($20,B2)C90$'29:".*)/!&9&"7777777777777777777777777777777777777777777777777777777777777777"bcf"

f7f7c7d"=,H#$2"XY2)!"69332):'9,*"777777777777777777777777777777777777777777777777777777777777777777777"bcc"

f7f7e"EGV"=2,%$2'9$&",3"'($"nZ$QL'2FSfqQGZfEVfSd"" 9:2,Y?,#&"77777777777777777777777777777"bce"

f7f7e7b"?)0)*"E%$:'2)"77777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bce"

f7f7e7d" )B*$'9:"E5&:$%'919/9'!" $)&52$0$*'&"77777777777777777777777777777777777777777777777"bce"

f7f7e7f"V%'9:)/" $)&52$0$*'&"77777777777777777777777777777777777777777777777777777777777777777777777777"bci"

f7f7e7c"6933$2$*'9)/"E:)**9*B"G)/,290$'2!"7777777777777777777777777777777777777777777777777777777"beg"

f7f7e7e"
ek
Z$" \&&1)5$2"E%$:'2,&:,%!"77777777777777777777777777777777777777777777777777777777777777"beb"

f7f7j"69&:5&&9,*"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bed"

G,*:/5&9,*&")*#"=$2&%$:'9C$&"777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bec"

?$3$2$*:$"77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bek"

.**$h"b-"@h%$290$*')/"&$:'9,*"7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"big"

KY"E!*'($&$&"777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777"big"

.Y"E!*'($&9&",3"6933$2$*'YE9F$"L,30)**"/9+$"G/)'(2)'$"O)*,%)2'9:/$&"777777777777777777"big"

.YbY"E!*'($&9&",3"6933$2$*'YE9F$"n
ej
Z$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"777777777777"big"



 

 

 

.YdY"E!*'($&9&",3"
ek
Z$QAZcSdsjLdV"77777777777777777777777777777777777777777777777777777777777777777"big"

.YfY"E!*'($&9&",3"6933$2$*'YE9F$"n
ek
Z$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"777777777777"bib"

AY"E!*'($&9&",3"Z$Y'29)F,/$"O)*,Y")*#" 9:2,Y=)2'9:/$&"7777777777777777777777777777777777777777777"bib"

AYbY"E!*'($&9&",3"AZc"6$29C)'9C$"O)*,Y")*#" 9:2,Y=)2'9:/$&"7777777777777777777777777"bib"

AYdY"E!*'($&9&",3"r*"69/5'$#"nZ$bYhr*hQL'2FSdQ'2FSqQAZcS"=)2'9:/$&"77777777777777777"bif"

AYfY"E!*'($&9&",3"P293/)'$"6$29C)'9C$" 9:2,Y=)2'9:/$&"7777777777777777777777777777777777777"bif"

KKY"G()2):'$29F)'9,*")*#"=(!&9:)/" $)&52$0$*'&777777777777777777777777777777777777777777777777777777777777"bic"

.**$h"d-"G,0%/$0$*')2!"@/$:'2,*9:" 9:2,&:,%!"K0)B$&"7777777777777777777777777777777777777777777777777777"bij"

KY"P@ ")*#"L?P@ "K0)B$&",3"nZ$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"7777777777777777777777777777777"bij"

KKY"P@ ")*#"L?P@ "K0)B$&",3"Z$Y'29)F,/$"%)2'9:/$&"7777777777777777777777777777777777777777777777777777"bim"

.**$h$&"f-" \&&1)5$2"E%$:'2,0$'2!-" $'(,#")*#"6)')"7777777777777777777777777777777777777777777777777777777"bmj"

KY"G,*C$*'9,*)/" \&&1)5$2")*#"O5:/$)2"K*$/)&'9:"E:)''$29*B"QOKES7777777777777777777777777777777"bmj"

.Y"G,*C$*'9,*)/" \&&1)5$2"777777777777777777777777777777777777777777777777777777777777777777777777777777777777"bmj"

AY"O5:/$)2"K*$/)&'9:"E:)''$29*B"77777777777777777777777777777777777777777777777777777777777777777777777777777777"bmk"

KKY" \&&1)5$2" $)&52$0$*'&",3"nZ$Q%FSoO9QGOScpq"O)*,%)2'9:/$&"7777777777777777777777777777777"bmi"

.**$h"c-"D9&'",3"=51/9:)'9,*&tttttttttttttttttttttttt77dgc 

- -



 

 

1 

 

3'#'4/&-5#+4$(6!+7$#-

O,H)#)!&<"'($"9#$)"'()'"0,/$:5/$&":)*"1$"5&$#")&"):'9C$"$/$0$*'&"9*")*"$/$:'2,*9:"#$C9:$"

&'905/)'$&" &:9$*'939:" ):'9C9'!" ,3" :($09&'2!" )*#" %(!&9:&" /)1,2)',29$&" H,2/#H9#$7" P($"

9*3,20)'9,*"&',2)B$":)%):9'!"32,0"'$:(*,/,B9:)/"#$0)*#&"9&"B2,H9*B"$h%,*$*'9)//!")*#"2$/9$&"

05:(" ,*" '($" #$C$/,%0$*'" ,3" *)*,&:9$*:$&7" P($" ,14$:'9C$" 9&" '," &',2$" #)')" )&" R59:+/!" )&"

%,&&91/$"9*")"#$C9:$")&"&0)//")&"%,&&91/$7"V*$",3"'($"0,&'"%2,09&9*B"&'2)'$B9$&"9&"1)&$#",*"'($"

:,*:$%'",3"0,/$:5/)2"19&')19/9'!<"'($"&H9':(9*B"1$'H$$*"'H,"$/$:'2,*9:"&')'$&",3")"0,/$:5/$"9*"

'($" &)0$"H)!" )&" )" 19*)2!" &H9':(7" K'" 9&" '(5&" %,&&91/$" '," %)&&" 9*" )" 2$C$2&91/$" )*#" #$'$:')1/$"

0)**$2"32,0",*$"&')'$"QVZZ"u"gS"',")*,'($2"&')'$"QVO"u"bS"5*#$2"'($"9*3/5$*:$",3")":,*'2,//$#"

$h'$2*)/"&'905/5&7"

P($"&%9*":2,&&,C$2"QEGVS"%($*,0$*,*")/&,":)//$#"&%9*"'2)*&9'9,*"QEPS"%($*,0$*,*"'()'"

&H9':($&"'($"&!&'$0"1$'H$$*"(9B("&%9*"QLES")*#"/,H"&%9*"QDES"&')'$&"9&")"'!%9:)/"$h)0%/$",3"

0,/$:5/)2"19&')19/9'!7"P($"'H,"&')'$&":)*"1$"#9&'9*B59&($#"H9'("#933$2$*'"0)B*$'9:<",%'9:)/")*#"

&'25:'52)/" %2,%$2'9$&" )*#":)*"1$" 9*#5:$#"1!" )*"$h'$2*)/" %$2'521)'9,*" /9+$" '$0%$2)'52$<" /9B('<"

%2$&&52$<"0)B*$'9:" 39$/#" ,2" '($" 9*:/5&9,*" ,3" )" B5$&'"0,/$:5/$7"N($*" '($" &'25:'52)/" :()*B$&"

)&&,:9)'$#" H9'(" '($" &%9*" '2)*&9'9,*" )2$" '2)*&09''$#" 9*" )" :,,%$2)'9C$" 0)**$2" ):2,&&" '($"

0,/$:5/)2"*$'H,2+<" '($" '2)*&9'9,*"H9//" ,::52"H9'(" &'$$%*$&&" )*#"%,&&91/!" )::,0%)*9$#"1!" )"

(!&'$2$&9&"/,,%"Q'($"392&'",2#$2"'2)*&9'9,*S7""

P(5&<" &%9*" '2)*&9'9,*" 0,/$:5/)2" 0)'$29)/&" &(,5/#" ,33$2" 0)*!" ,%%,2'5*9'9$&" 9*" '$20&" ,3"

)%%/9:)'9,*&" 9*" '($" 39$/#" ,3" $/$:'2,*9:&<" 9*3,20)'9,*" &',2)B$<" #9B9')/" #9&%/)!<" %(,',*9:&" )*#"

%(,',Y0)B*$'9&07".0,*B"'($"#933$2$*'"3)09/9$&",3":,0%,5*#&<":,,2#9*)'9,*"%,/!0$2&")2,5&$"

05:("9*'$2$&'"#5$"',"'($92"19&')19/9'!"*$)2"2,,0"'$0%$2)'52$7"P($"45#9:9,5&":(,9:$",3"/9B)*#&"

)*#":,5*'$2Y)*9,*&"0)+$"%,&&91/$" ',"0,#5/)'$" '($" 39*)/" %2,%$2'9$&",3" '($&$" :,0%,5*#&" )*#"

$C$*" 9*" &,0$" :)&$&" '," &!*$2B9&'9:)//!" :,019*$" #933$2$*'" %(!&9:)/" %2,%$2'9$&7" P($" H,2+"

#$C$/,%$#" 9*" '(9&" '($&9&" )''$0%'" '," )##2$&&" '($" #933$2$*'" 9&&5$&" 2$/)'$#" '," '($" :()//$*B$" ,3"

:,,2#9*)'9,*" %,/!0$2&" 1)&$#" *)*,&:)/$" 0)'$29)/&" H9'(" &%9*" '2)*&9'9,*7" P($" &!*'($&9&" ,3"

9*,2B)*9:"19&')1/$"0)'$29)/&<"'($92"#$C$/,%0$*'"9*"09:2,Y")*#"*)*,%)2'9:/$&<"'(9*"/)!$2&<"'($92"

,2B)*9F)'9,*")*#"'($92"%(!&9:)/"%2,%$2'9$&")2$")##2$&&$#")*#"%2$&$*'$#7"

P($"0)'$29)/&"9*"'($"09:2,&:,%9:"&:)/$"()C$"0,&'/!"'($"&)0$"%(!&9:)/"%2,%$2'9$&")&"'(,&$"

0$)&52$#")'"'($"0):2,&:,%9:"&:)/$7"L,H$C$2<")'"'($"*)*,&:)/$<"0)'$29)/&":)*"$h(919'"%(!&9:)/"

%2,%$2'9$&"'()'")2$"3)2"32,0"'(,&$",3"15/+":,0%,5*#&7"K'"9&"'($2$3,2$"90%$2)'9C$"',"5*#$2&')*#"

0,2$")1,5'"'($"%($*,0$*)"2$/)'$#"',"0)'$29)/"&9F$"#$:2$)&$"',"#$C$/,%"*)*,'$:(*,/,B!7"P($"

35*#)0$*')/"&'5#!",3"'($&$"*)*,0)'$29)/&"9&"*$:$&&)2!")*#"2$%2$&$*'&")"0)4,2":()//$*B$"',#)!<"



 

 

2 

 

H(9:(" 9&",3"%290$" 90%,2')*:$"3,2" '($"#$C$/,%0$*'",3" 35'52$"B$*$2)'9,*",3")%%/9:)'9,*&7"P($"

#$C$/,%0$*'",3"*)*,&:)/$"0)'$29)/&"'(2,5B("'($":,*'2,/",3":$2')9*"&!&'$0)'9:"0,#$/&"%$209'&"

',"90%2,C$",52"5*#$2&')*#9*B",3"&%$:939:"$33$:'&")'"'($"*)*,&:)/$7"Z,2"$h)0%/$<"9*"'($":)&$",3"

&%9*":2,&&,C$2":,0%/$h<"'($"0,&'"90%,2')*'"R5$&'9,*"9&-"(,H"#,H*&9F9*B"$33$:'"9*3/5$*:$&"'($"

'2)*&9'9,*"'$0%$2)'52$<"'($":,,%$2)'9C9'!")*#"'($"H9#'(",3"(!&'$2$&9&"/,,%v"

K*"'(9&":,*'$h'<"'(9&"'($&9&"9&"#$C,'$#"',"'($"#$&9B*")*#"'($"&!*'($&9&",3"C)29,5&"&9F$"&%9*"

:2,&&,C$2" *)*," )*#" 09:2,Y0)'$29)/&" H9'(" #933$2$*'" 0,2%(,/,B9$&7" P," )::,0%/9&(" '(9&<" H$"

#$C$/,%$#" '($" 2$C$2&$Y09:$//$" '$:(*9R5$" )*#" )#,%'$#" 9**,C)'9C$" 0)'29hY32$$" &!*'($'9:"

)%%2,):($&7"

P($"392&'"&$:'9,*"QbS",3"'(9&"'($&9&"9&"#9C9#$#"9*',"'(2$$"&51&$:'9,*&7"P($"392&'"&51Y&$:'9,*"

Qb7bS" %2$&$*'&" )" B$*$2)/" 9*'2,#5:'9,*" '," '($" &%9*" '2)*&9'9,*" 1!" 9*'2,#5:9*B" '($" :,*:$%'5)/"

)&%$:'&")*#"'($"0,&'"90%,2')*'"(9&',29:)/"3):'&",*"'(9&"%($*,0$*,*7"K*"'($"&$:,*#"&51:()%'$2"

Qb7dS"H$"%2$&$*'" '($"0,&'" 90%,2')*'"H,2+" 9*" '($"39$/#",3"&%9*" :2,&&,C$2"*)*,0)'$29)/&7"P(9&"

&$:'9,*" 9*:/5#$#" '($" #$C$/,%0$*'" ,3" '(9*" 39/0&" )*#" %)''$2*9*B&" Q9*'2,#5:'9,*" ,3" C)29,5&"

%2$%)2)'9,*"0$'(,#&S<" )*#" *)*,%)2'9:/$&" Q%2$%)2)'9,*<" &9F$" )*#"0)'29h" $33$:'&" )*#" %,'$*'9)/"

)%%/9:)'9,*S7"P($"'(92#"&51Y&$:'9,*"Qb7fS")##2$&&$&"'($"B$*$2)/",14$:'9C$",3"'(9&"'($&9&7"

P($"&$:,*#"%)2'"QdS"9&"#$C,'$#"',"'($"&!*'($&9&",3"nZ$Q%FSoO9QGOScpq"*)*,%)2'9:/$&")*#"',"

'($"#$')9/$#"&9F$"$33$:'"&'5#!",*"'($92"EGV"%2,%$2'!7"P($"392&'"&51:()%'$2"Qd7bS"9&"#$#9:)'$#"',"

'($" 2$&$)2:(" %2,B2$&&" )/2$)#!" 2$%,2'$#" ,*" '($" &9F$" )*#" 0)'29h" $33$:'&" ,*" &%9*" :2,&&,C$2"

nZ$Q%FSo QGOScpq"Q "u"O9")*#"='S"*)*,%)2'9:/$&7"P($"&$:,*#"&51:()%'$2"Qd7dS"H9//"9*'2,#5:$"

'($" 2$C$2&$" *)*,$05/&9,*" '$:(*9R5$" )*#" #$')9/&" ,3" '($" &!*'($&9&" ,3" )" &$29$&" ,3"

nZ$Q%FSoO9QGOScpq" *)*,%)2'9:/$&7" P($" &51:()%'$2&" Qd7fYd7eS" #$)/" H9'(" '($" &'5#!" ,3" '($"

:,0%,&9'9,*")*#"&9F$",3" '($"nZ$Q%FSoO9QGOScpq"*)*,%)2'9:/$&"1!"$/$0$*')/")*)/!&9&<" '($20)/"

)*)/!&9&<" XY2)!" %,H#$2" #9332):'9,*<" ?)0)*" &%$:'2,&:,%!<" P@ " QP2)*&09&&9,*" @/$:'2,*"

 9:2,&:,%!S" )*#"L?P@ " QL9B("?$&,/5'9,*"P2)*&09&&9,*"@/$:'2,*" 9:2,&:,%!S" )&&,:9)'$#"

H9'("@6X"Q@*$2B!"69&%$2&9C$"XY2)!"E%$:'2,&:,%!S7"K*"'($"&9h'("&51:()%'$2"Qd7jS<"'($"&'5#!",3"

'($"&%9*":2,&&,C$2"%2,%$2'9$&",3" '($"nZ$Q%FSoO9QGOScpq"*)*,%)2'9:/$&"1!",%'9:)/"09:2,&:,%!<"

?)0)*" )*#" \&&1)5$2" &%$:'2,&:,%9$&" )*#"0)B*$'9:"0$)&52$0$*'&" 9&" 2$%,2'$#7" K*" )##9'9,*<"

'($"&'933*$&&",3"'($"#933$2$*'"*)*,%)2'9:/$&"H)&"&'5#9$#"1!"0$)&529*B"'($92"6$1!$"'$0%$2)'52$"

$h%/,29*B" '($" \&&1)5$2" #)')7" K*" '($" &$C$*'(" &51:()%'$2" Qd7kS<" 9*" ,2#$2" '," 5*#$2&')*#" '($"

1$()C9,52",3" '($"&%9*":2,&&,C$2"*)*,%)2'9:/$&")&")" 35*:'9,*",3" '($92" &9F$<")" '($,2$'9:)/" &'5#!"

1)&$#",*")":,2$Y&($//"*)*,'($20,#!*)09:"0,#$/"9&"%2$&$*'$#7"K*"'($"/)&'"&51:()%'$2"Qd7iS<"1!"

0$)*&" ,3" OKE" &%$:'2,&:,%!" QK*$/)&'9:"  \&&1)5$2" &%$:'2,&:,%!S<" '($" &9F$" #$%$*#$*'"

C912)'9,*)/" 6VE" Q6$*&9'!" ,3" E')'$S" )*#" 9'&" &%9*Y&')'$" #$%$*#$*:$" ()C$" 1$$*" %2,1$#" )*#"



 

 

3 

 

%$209''$#"5&"',"#$'$209*$"'($"&%$$#",3"&,5*#"H(9:(")/&,"#$%$*#&",*"'($"$/)&'9:"%2,%$2'9$&",3"

'($"#933$2$*'"&)0%/$&7"

K*"'($"'(92#":()%'$2"QfS<"&%9*":2,&&,C$2"*)*,0$'29:")*#"09:2,0$'29:"2,#Y&()%$#"%)2'9:/$&"

,3" :,0%,5*#&" 32,0" '($" Z$Y'29)F,/$" 3)09/!" H$2$" &!*'($&9F$#" )*#" 35//!" :()2):'$29F$#7"

Z,//,H9*B")"129$3"9*'2,#5:'9,*",*"'(9&"3)09/!",3":,0%,5*#&"Qf7bS<"'($"&$:,*#"&51:()%'$2"Qf7dS"

H9//"9*'2,#5:$")*",29B9*)/"(,0,B$*$,5&"):9#"0$#950"0$'(,#"5&$#"',":,*'2,/"'($"&9F$",3"*)*,Y""

)*#"09:2,Y2,#&",3"'($"nZ$QL'2FSdQ'2FSqQAZcS")*#""nZ$QL'2FSfqQAZcSd"#$29C)'9C$&7"E!*'($&$&")*#"

&%9*" :2,&&,C$2" %2,%$2'9$&" ,3" '($" :,22$&%,*#9*B" r*" #9/5'$#" :,0%/$h$&" )2$" )/&," 2$%,2'$#" )*#"

)//,H" 5&" '," &'5#!" the electrical charge transport properties in these materials. K*" '($" '(92#"

&51:()%'$2"Qf7fS<"5&9*B"&909/)2"(,0,B$*$,5&"):9#"0$#950"0$'(,#<"'($"&!*'($&9&",3"'($"*$H"

'293/)'$" nZ$QL'2FSdQ'2FSqQGZfEVfS" )*#" " nZ$QL'2FSfqQGZfEVfSd" 09:2,Y2,#&" #$29C)'9C$&" 9&" )/&,"

2$%,2'$#7"P($"35//"%(!&9:,Y:($09:)/":()2):'$29F)'9,*"2$C$)/&")"C$2!"9*'$2$&'9*B")*#")%%$)/9*B"

2,,0"'$0%$2)'52$"19&')19/9'!7"

"

-

-

-

-

-

-

-

-

-

-



 

 

4 

 

28/9+'4-:--

5#+4$(6!+7$#-$1-+8'-;97#-24$,,$<'4-=;2>?-

@8'#$*'#$#-

:A:-.8'-;97#-24$,,$<'4-@8'#$*'#$#-

:A:A:-5#+4$(6!+7$#-

P($" 392&'" 2$%,2'" ,3" &%9*" :2,&&,C$2" QEGVS" %($*,0$*,*" :)*" 1$" 2$'2):$#" '," bmfg&<"H($*"

G)019" )*#":,YH,2+$2&"H$2$" &'5#!9*B",*" 92,*QKKKS" #9'(9,:)21)0)'$" :,0%/$h7
B:C
"." &9B*939:)*'"

0)B*$'9:"0,0$*'":()*B$",3"'($&$":,0%/$h$&":,5/#"1$",1&$2C$#")&")"35*:'9,*",3"'$0%$2)'52$<"

H(9:(" 0$)*&" '($" $/$:'2,*9:" :,*39B52)'9,*" H9'(9*" 92,*QKKKS" 9,*" :()*B$#7" L,H$C$2" '(9&"

%($*,0$*,*" )''2):'$#" '($" $h'$*&9C$" 9*'$2$&'" ,3" &:9$*'9&'&" 5*'9/" bmjc<" H($*" A)+$2" )*#"

A,1,*9:("&!*'($&9F$#"'($"392&'"&%9*":2,&&,C$2":,0%/$h"nZ$Qb<bgY=($*)*'(2,/9*$SdYQOGESdq7
BDC
"

P($*"9*"bmjk"W,*9B")*#" )#$4)"%$23,20$#"$h'$*&9C$"0)B*$'9:")*#" \&&1)5$2"&%$:'2,&:,%9:"

&'5#9$&",*"'($&$":,0%/$h$&")*#"#$C$/,%$#"'($"*)'52$",3"'($20)/"9*#5:$#"&%9*"'2)*&9'9,*"32,0"

'($"/,H"&%9*"QDES"',"'($"(9B("&%9*"QLES"&')'$"9*"&,0$",3"'($"392&'"92,*QKKS"EGV":,0%/$h$&7
BEC
"K*"

bmic<" &:9$*'9&'&" 3,5*#" '()'" )" B2$$*" /9B('" :,5/#" &H9':(" '($" &%9*" &')'$" 32,0"DE" ',"LE" )'" /,H"

'$0%$2)'52$<"H(9:("9&"2$3$22$#")&"'($"D9B('"K*#5:$#"@h:9'$#"E%9*"E')'$"P2)%%9*B"%($*,0$*,*"

QDK@EEPS7
BFC
" O,H" 9'" 9&" H$//" +*,H*" '()'" *,'" ,*/!" '$0%$2)'52$" )*#" /9B('" 15'" )/&," %2$&&52$<"

0)B*$'9:" 39$/#
BGC
" :)*" 1$" 5&$#" '," &H9':(" '($" &%9*" :2,&&,C$2" 0)'$29)/&7" K*" '($" 1)&9&" ,3" '(9&"

+*,H/$#B$")*#"'($"#9&:,C$2!",3"(!&'$2$'9:"&%9*":2,&&,C$2")'"2,,0"'$0%$2)'52$<
BHC
"&'5#9$&"3,2"

35'52$" )%%/9:)'9,*&" 9*" %(,',*9:<" $/$:'2,*9:" )*#" &%9*'2,*9:" #$C9:$&" ()C$" 9*'$*&939$#7" P($"

,29$*')'9,*",3"'($"39$/#"',H)2#&"&5:(")%%/9:)'9,*&"2$R592$#"'($"#$C$/,%0$*'")*#",2B)*9F)'9,*"

,3" *)*,Y&9F$#" ,14$:'&" 1)&$#" 5%,*" &%9*" :2,&&,C$2" :,0%/$h$&7"O)*,0)'$29)/&" %,&&$&&" 5*9R5$"

*)*,Y&:)/$<"&9F$Y#$%$*#$*'"%(!&9:)/")*#":($09:)/"%2,%$2'9$&"'()'":)*"1$":,*'2,//$#"9*")"H)!"

'()'" 9&" *,'" 3$)&91/$" 9*" 15/+" 0)'$29)/&7" P($" 392&'" 2$&5/'&" :,*:$2*9*B" '($" &!*'($&9&" ,3" EGV"

*)*,%)2'9:/$&" H$2$" 2$%,2'$#" 9*" dggc7
BIJKC
" P($&$" )5'(,2&" #$&:291$#" '($" &!*'($&9&" ,3"

nZ$QOLd'2FSfqA2d" QOLd'2F" u" cY)09*,Yb<d<cY'29)F,/$S" *)*,%)2'9:/$&" ,3" :)7" kg" *0" &9F$" H9'(" )"

'($20)/"(!&'$2$&9&" /,,%"5&9*B")"H)'$2Y9*Y,9/"09:2,$05/&9,*" '$:(*9R5$7"E9*:$" '()'<"*50$2,5&"

2$%,2'&" )1,5'" '($" #$&9B*" )*#" &!*'($&9&" ,3" &%9*" :2,&&,C$2" *)*,%)2'9:/$&" )*#" '(9*" 39/0&" ()C$"

1$$*" 2$%,2'$#7
BLM:DC
" .&" H$" )//" +*,H<" '($" 0):2,&:,%9:" 1$()C9,2" ,3" 15/+" EGV" 0)'$29)/&" 9&"



 

 

5 

 

&'2,*B/!"9*3/5$*:$#"1!"$/$:'2,*l/)''9:$":,5%/9*B"$33$:'&7" K*"%)2'9:5/)2"'($"0,#939:)'9,*",3"'($"

C,/50$" )*#" '($" &()%$" ,3" '($" 0,/$:5/$&" )::,0%)*!9*B" '($" &%9*Y&')'$" :()*B$" /$)#&" ',"

:,*&9#$2)1/$" $/)&'9:" 9*'$2):'9,*&" 1$'H$$*" '($07" P($&$" 9*'$2):'9,*&" B9C$" 29&$" '," C)29,5&"

:,,%$2)'9C$"%($*,0$*)<" &5:(")&" 392&'Y,2#$2"%()&$" '2)*&9'9,*&",2" &$/3Y)::$/$2)'9*B" 2$/)h)'9,*&"

)*#" '(5&<" )*" 90%,2')*'" &'9//" ,%$*" R5$&'9,*" 9*" ,52" 39$/#" 9&-" H()'" 9&" '($" $33$:'" ,3" '($" &9F$"

2$#5:'9,*",3"0)'$29)/&",*"'($92"&%9*":2,&&,C$2"%2,%$2'9$&v"

?$:$*'" 2$C9$H&" ,*" '($" #9C$2&$" )&%$:'&" ,3" '($" 39$/#" :,*:$2*9*B" #933$2$*'" 3)09/!" ,3" &%9*"

:2,&&,C$2" 0)'$29)/
B:EM:GC

<" '($" #933$2$*'" &'905/9" 5&$#
B:HM:LC

<" '($" &'25:'52)/Y%2,%$2'9$&"

2$/)'9,*&(9%
BDNJD:C

<"'($"&%9*"'2)*&9'9,*")'"2,,0"'$0%$2)'52$
BDDC
<"'($"&!*'($&9&",3"*)*,Y0)'$29)/

BLM

:DC
<")*#""'(9*"39/0&

B::J:DJDEC
")*#"'($")%%/9:)'9,*&

B:NJDFC
"()C$"1$$*"2$:$*'/!"2$%,2'$#7""

:A:AD-24O,+/&-P7'&(-.8'$4O-

G2!&')/"Z9$/#"P($,2!"H)&"%2,%,&$#"1!"'($"%(!&9:9&'"L)*&"A$'($"9*"bmdm7
BDGC
"E51&$R5$*'"

0,#939:)'9,*&"H$2$"%2,%,&$#"1!">7"L7"])*"]/$:+"9*"bmfe"',")//,H"3,2"&,0$":,C)/$*:!"9*"'($"

9*'$2):'9,*&7
BDHC
"G2!&')/"Z9$/#"P($,2!"#$&:291$&"'($"9*'$2):'9,*"1$'H$$*")":$*'2)/"0$')/"9,*"'()'"

9&"&522,5*#$#"1!")*9,*&<"H(9:("H)&"#$C$/,%$#"',"#$&:291$"90%,2')*'"%2,%$2'9$&",3":,0%/$h$&"

Q0)B*$'9&0<" )1&,2%'9,*" &%$:'2)<" ,h9#)'9,*" &')'$&<" :,,2#9*)'9,*<S7" ." R5)*'50" 0$:()*9:)/"

#$&:29%'9,*",3"'($"0$')/"9,*"9&"$0%/,!$#<"H9'(")''$*'9,*"3,:5&$#",*"'($"C)/$*:$"&($//"#<"&<")*#"

%",219')/&7"P($"&522,5*#9*B")*9,*&")2$"'!%9:)//!"'2$)'$#")&"%,9*'":()2B$&7"

P," 5*#$2&')*#" G2!&')/" Z9$/#" P($,2!<" ,*$" 05&'" 5*#$2&')*#" '($" #$&:29%'9,*" ,3" '($" 39C$"

#$B$*$2)'$"#Y",219')/&"Q&$$"39B52$"b7b7bS-"

"w#h!-"/,1$&"/9$"9*Y1$'H$$*"'($"h")*#"'($"!")h$&7"

"w#hF-"/,1$&"/9$"9*Y1$'H$$*"'($"h")*#"'($"F")h$&7"

"w#!F-"/,1$&"/9$"9*Y1$'H$$*"'($"!")*#"'($"F")h$&7"

"w������-"/,1$&"/9$",*"'($"h")*#"!")h$&7"

"w� �-" '($2$" )2$" 'H," /,1$&",*" '($"F" )h$&" )*#" '($2$" 9&" )"#,*5'" &()%$" 29*B" '()'" /9$&",*" '($"h!"

%/)*$")2,5*#"'($",'($2"'H,"/,1$&7"

"

"

Z9B52$"b7b7b-"?$%2$&$*')'9,*",3"'($"f ",219')/&7"



 

 

6 

 

Z,//,H9*B"L5*#x&"25/$<",219')/&")2$"39//$#"9*",2#$2"',"()C$"'($"(9B($&'"*501$2",3"5*%)92$#"

$/$:'2,*&7"Z,2"$h)0%/$<"3,2")"#
f
":,0%/$h<"'($2$"H,5/#"1$"'(2$$"5*%)92$#"$/$:'2,*&7"K3",*$")##"

)*"$/$:'2,*<"(,H$C$2<" 9'"()&"'($")19/9'!"',"39//")"(9B($2"$*$2B!",219')/" Q� �",2"������S",2"%)92"

H9'(")*"$/$:'2,*"2$&9#9*B"9*"'($" !"<" !#<",2" "#",219')/&7"P(9&"&%/9''9*B",3"'($"$/$:'2,*&"2$R592$&"

$*$2B!"y"Q'($":2!&')/Y39$/#"&%/9''9*B"$*$2B!S7"Z,2",:')($#2)/":,0%/$h$&<":2!&')/"39$/#"&%/9''9*B"

9&"#$*,'$#"1!"y,"Q,2"y,:'S7"H($2$"'($" !"<$ !#")*#" "#",219')/&"H9//"1$"/,H$2"9*"$*$2B!"'()*"'($"

� �")*#"������<"H(9:("H9//"()C$"(9B($2"$*$2B!<"1$:)5&$"'($"3,20$2"B2,5%"9&"3)2'($2"32,0"'($"

/9B)*#&"'()*"'($"/)''$2")*#"'($2$3,2$"$h%$29$*:$"/$&&"2$%5/&9,*7"P($"'(2$$"/,H$2Y$*$2B!",219')/&"

)2$":,//$:'9C$/!"2$3$22$#"',")&"'dB<")*#"'($"'H,"(9B($2Y$*$2B!",219')/&")&"$B7"

P($" y,:'" ,3" '($" #Y,219')/&" %/)!&" )*" 90%,2')*'" 2,/$" 9*" '($" $/$:'2,*" &%9*" &')'$" ,3" )"

:,,2#9*)'9,*":,0%/$h7"P($2$")2$"'(2$$"3):',2&"'()'")33$:'"'($"y,:'-"'($"%$29,#"Q2,H"9*"%$29,#9:"

')1/$S" ,3" '($" 0$')/" 9,*<" '($" :()2B$" ,3" '($" 0$')/" 9,*<" )*#" '($" /9B)*#" 39$/#" &'2$*B'(" ,3" '($"

:,0%/$h" )&" #$&:291$#" 1!" '($" &%$:'2,:($09:)/" &$29$&7" P($" &'2$*B'(" ,3" y,:'" #$'$209*$&" '($"

$/$:'2,*9:"&'25:'52$",3"'($"f#
c
"Y"f#

k
"'2)*&9'9,*"0$')/"9,*&7"K*":,0%/$h$&",3"0$')/&"H9'("'($&$"#Y

$/$:'2,*":,*39B52)'9,*&<"'($"*,*Y1,*#9*B")*#")*'9Y1,*#9*B"0,/$:5/)2",219')/&":)*"1$"39//$#"9*"

'H,"H)!&-" ,*$" 9*"H(9:(" )&"0)*!" $/$:'2,*&" )&" %,&&91/$" )2$" %5'" 9*" '($" *,*Y1,*#9*B" ,219')/&"

1$3,2$" 39//9*B" '($" )*'9Y1,*#9*B" ,219')/&<" )*#" ,*$" 9*" H(9:(" )&" 0)*!" 5*%)92$#" $/$:'2,*&" )&"

%,&&91/$")2$"%5'"9*7""

"

Z9B52$"b7b7d-"E$%)2)'9,*",3"'($"#",219')/&"9*")*",:')($#2)/"$*C92,*0$*'"9*#5:$#"1!"'($"/9B)*#"39$/#"

&'2$*B'("bg6R7"



 

 

7 

 

P($"3,20$2":)&$"9&":)//$#"/,HY&%9*-=Q;?<"H(9/$"'($"/)''$2"9&":)//$#"(9B(Y&%9*-=R;?7"."&0)//"

y,:'":)*"1$",C$2:,0$"1!"'($"$*$2B$'9:"B)9*"32,0"*,'"%)929*B"'($"$/$:'2,*&<"/$)#9*B"',"(9B(Y&%9*7"

N($*"y,:'"9&"/)2B$<"(,H$C$2<"'($"&%9*Y%)929*B"$*$2B!"1$:,0$&"*$B/9B91/$"1!":,0%)29&,*")*#")"

/,HY&%9*"&')'$")29&$&"Q&$$"39B52$"b7b7dS7""

P($" ,29B9*" ,3" '($&$" 'H," &%9*" &')'$&" :)*" 1$" %2$#9:'$#" 1!"P)*)1$" E5B)*," #9)B2)0&
BDIJDKC

"

Q&$$"39B52$"b7b7fS7"K*"'(9&"0$'(,#"'($"$*$2B!",3"'($"$/$:'2,*9:"&')'$&")2$"B9C$*",*"'($"C$2'9:)/"

)h9&" )*#" '($" /9B)*#" 39$/#" &'2$*B'(" 9*:2$)&$&" ,*" '($" (,29F,*')/" )h9&" 32,0" /$3'" '," 29B('7" P($"

P)*)1$YE5B)*,"#9)B2)0"&(,H&"$/$:'2,*9:"&')'$&")*#"'($"$*$2B9$&",3"$h:9'$#"&')'$&"9*"5*9'&",3"

'($"?):)("%)2)0$'$2",3"$/$:'2,*Y$/$:'2,*"2$%5/&9,*"A"2$/)'9C$"'," '($"2$&%$:'9C$"B2,5*#"&')'$<"

C$2&5&" '($" /9B)*#" 39$/#" &'2$*B'(" 9*"bg%&<" )/&," 9*"5*9'&",3"A7".0,*B" '($" f#" '2)*&9'9,*"0$')/"

9,*&"H(9:("#,"&(,H"'!%9:)/"&%9*":2,&&,C$2"1$()C9,52<"'($"/)2B$&'"*501$2",3"$h)0%/$&"9&"3,5*#"

3,2" '($" :,*39B52)'9,*" #
j
" QZ$

KK
S-" 32,0" )" %,9*'" ,3" C9$H<" '($" /,HY&%9*" :,*39B52)'9,*" #

j
" ()&"

0)h9050" /9B)*#" 39$/#" &')19/9&)'9,*" $*$2B!z" 32,0")*,'($2" %,9*'" ,3" C9$H<" '($" 2$/)'9C$/!" /)2B$"

Z$QKKS" 9,*" 9*#5:$&" )"H$)+$2" /9B)*#" 39$/#" H9'("0,&'" /9B)*#&7"L$*:$" ($2$" H$" ')+$" '($" Z$QKKS"

:,0%/$h$&")&")*"$h)0%/$<"H9'("H$)+Y39$/#"/9B)*#&<"'($"(9B(Y&%9*"
e
PdBQ!"#

$   &#" S"&')'$"2$&5/'&")&"

'($"B2,5*#"&')'$<"H(9:(")29&$&"32,0"'($"
e
6YB2,5*#"&')'$",3"'($"32$$"9,*7"P(5&<"H9'("&'2,*BY39$/#"

/9B)*#&<"'($"/,HY&%9*"
b
.bBQ!"#

' S"&')'$"1$:,0$&"'($"B2,5*#"&')'$7"

"

"

Z9B52$"b7b7f-"L9B("&%9*"QH$)+"/9B)*#"39$/#S")*#"/,H"&%9*"Q&'2,*B"/9B)*#"39$/#S"$/$:'2,*9:":,*39B52)'9,*&"

,3"f#
j
"Z$QKKS"9*")*",:')($#2)/":,0%/$h"Q/$3'Sz"P)*)1$YE5B)*,"#9)B2)0"3,2")"'2)*&9'9,*"0$')/"9,*"H9'("

&9h"#"$/$:'2,*&7"



 

 

8 

 

G2!&')/"39$/#"'($,2!"9&"1)&$#"%290)29/!",*"&!00$'2!",3"/9B)*#&")2,5*#")":$*'2)/"0$')/{9,*"

)*#"(,H" '(9&")*9&,'2,%9:" Q%2,%$2'9$&"#$%$*#9*B",*"#92$:'9,*S" /9B)*#" 39$/#" )33$:'&" '($"0$')/`&"

)',09:",219')/&z"'($"$*$2B9$&",3"H(9:("0)!"9*:2$)&$<"#$:2$)&$",2"*,'"1$")33$:'$#")'")//7"V*:$"

/9B)*#&`"$/$:'2,*&"9*'$2):'"H9'("$/$:'2,*&",3"'($"#Y,219')/&<"'($"$/$:'2,&')'9:"9*'$2):'9,*&":)5&$"

'($"$*$2B!"/$C$/&",3" '($"#Y,219')/" ',"3/5:'5)'$"#$%$*#9*B",*"'($",29$*')'9,*")*#"'($"*)'52$",3"

'($"/9B)*#&7"P($"&%$:'2,:($09:)/"&$29$&"9&")*"$0%929:)//!Y#$29C$#"/9&'",3"/9B)*#&",2#$2$#"1!"'($"

&'2$*B'(",3"'($"&%/9''9*B"y"'()'"'($!"%2,#5:$7"K'":)*"1$"&$$*"'()'"'($"/,HY39$/#"/9B)*#&")2$")//"|Y

#,*,2&"Q&5:(")&"K
Y
S<"'($"(9B("39$/#"/9B)*#&")2$"|Y)::$%',2&"Q&5:(")&"GO

Y
")*#"GVS<")*#"/9B)*#&"

&5:(")&"LdV")*#"OLf<"H(9:(")2$"*$9'($2<")2$"9*"'($"09##/$7""

K
}"
~"A2

}
"~"E

d}
"~"EGO

}"
~"G/

}
"~"OV

f}
"~"O

f}
"~"Z

}
"~"VL

}"
~"GdVc

d}
"~"LdV"~"OGE

}
"~"GLfGO"~"

%!" Q%!29#9*$S" ~" OLf" ~" $*" Q$'(!/$*$#9)09*$S" ~" 19%!" Qd<d`Y19%!29#9*$S" ~" %($*" Qb<bgY

%($*)*'(2,/9*$S"~"OV
d}
"~"==(f"~"GO

}"
~"GV7"

"

"

Z9B52$"b7b7c-"/S"D,H"E%9*"nZ$QGOSjq
c}
":2!&')/"39$/#"#9)B2)0z"0S"L9B("E%9*"nZ$QLdVSjq

d�
":2!&')/"39$/#"

#9)B2)07"

"

P($"/9B)*#"39$/#"&%/9''9*B"#$%$*#&"*,'",*/!",*"'($"%2,%$2'9$&",3"'($"/9B)*#&"15'")/&,",*"'($"

0$')/Y',Y/9B)*#"#9&')*:$" 2<" &," '($"$/$:'2,*9:"$*$2B9$&",3" '($"%)2'9:5/)2" &%9*"&')'$&"()C$" ',"1$"

:,*&9#$2$#")&")"35*:'9,*",3"2"Q&$$"39B52$"b7b7eS7"K*#$%$*#$*'/!",3"'($"/9B)*#"%2,%$2'9$&<"'($"
e
PdY

%,'$*'9)/"H$//" 9&" &(93'$#" '," )" (9B($2"0$')/Y',Y/9B)*#" #9&')*:$" :,0%)2$#" '," '($"
b
.bY%,'$*'9)/"

H$//<" )&" 'H," $/$:'2,*&" ,::5%!" '($" �Y)*'9Y1,*#9*B" $BY,219')/&" 9*" '($" LE" &')'$" Q'dB
c
$B
d
"

:,*39B52)'9,*S<"H($2$)&"'($"&9h"#Y$/$:'2,*&")2$"&9'5)'$#"9*"'($"�Y*,*Y1,*#9*B"'dBY,219')/&"9*"'($"

DE" &')'$" Q'dB
j
" :,*39B52)'9,*S<" H(9:(" )33$:'&" '($" 1,*#" /$*B'(&" 9*" )" 09*,2" #$B2$$7

BDLJENC
" E%9*"

:2,&&,C$2"9&"$h%$:'$#<"H($*"'($"F$2,Y%,9*'"$*$2B!"#933$2$*:$",3"1,'("&')'$&"Qy'
g
LD"u"y'

g
LE"}"

y'
g
DES"9&"9*"'($",2#$2",3"0)B*9'5#$",3"'($"'($20)/"$*$2B!"Q(AP"�"y@

g
LD"�"dgg":0

}b
")'")"u"dme"

WS7" K*" '(9&" :)&$<" )'" /,H" '$0%$2)'52$&<" '($"
b
.bY&')'$" ,3" /,H$&'" $*'()/%!" 9&" '($"



 

 

9 

 

'($20,#!*)09:)//!" &')1/$" B2,5*#" &')'$7" V*" '($" ,'($2" &9#$<" )'" '$0%$2)'52$&" (9B($2" '()*" )"

$R59/912950"'$0%$2)'52$")b{d<"'($"
e
PdY&')'$"1$:,0$&"'($"'($20,#!*)09:)//!"&')1/$"&')'$<")&"'($"

$*'2,%!")&&,:9)'$#"H9'("'($"LE"&')'$"9&"05:("/)2B$2"'()*"'($"$*'2,%!")&&,:9)'$#"H9'("'($"DE"

&')'$")*#"'($2$3,2$"'($"$*'2,%!"B)9*",C$2:,0$&"'($"$*'()/%!"/,&&7
BE:C
" K*"#$')9/<")%%2,h90)'$/!"

de�",3"'($"',')/"$*'2,%!"B)9*")::,0%)*!9*B"'($"DE"',"LE":()*B$")29&$&"32,0"'($":()*B$"9*"

&%9*" 05/'9%/9:9'!7" P($" 0)4,2" :,*'2915'9,*" ,29B9*)'$&" 32,0" :()*B$&" 9*" '($" 9*'2)0,/$:5/)2"

C912)'9,*&7
BEDJEEC

".B)9*&'"'(9&"1):+B2,5*#<"2)*B$&"3,2"bg%&
LE
")*#"bg%&

DE
":)*"1$"&%$:939$#<")'"

H(9:("LE<"DE",2"EGV":,0%/$h$&")2$"$h%$:')1/$7"

@h:$%'" '$0%$2)'52$<" ,'($2" $h'$2*)/" &'905/9" &5:(" )&" 0)B*$'9:" 39$/#&<" %2$&&52$" ,2"

$/$:'2,0)B*$'9:" 2)#9)'9,*<" 1$&9#$&" '($" DK@EEPY$33$:'<
BEFC
" ,2" :($09:)/" %)2)0$'$2&" &5:(" )&"

:,5*'$2Y9,*&<"&51&'9'5$*'")*#"&,/C$*'"$33$:'&":)*")/&,"9*3/5$*:$"'($"&%9*"'2)*&9'9,*7""

"

"

"

Z9B52$"b7b7e-"=,'$*'9)/"$*$2B!",3"'($"(9B("&%9*"Q
e
PdBS")*#"/,H"&%9*"Q

b
.bBS"&')'$&")/,*B"'($"',')//!"

&!00$'29:"0$')/"l"/9B)*#"&'2$':(9*B":,,2#9*)'$"9*"'($"()20,*9:")%%2,h90)'9,*7"

"

"



 

 

10 

 

:A:AE-S#+4$97!->47)7#-$1-+8'-.8'4*/&-;97#-24$,,$<'4-

P($"&%9*"'2)*&9'9,*":)*")/&,"1$":()2):'$29F$#")&"%()&$"'2)*&9'9,*"9*")"&!&'$0":,*&'9'5'$#"

1!" )*" )&&$01/!" ,3" 9&,/)'$#" &%9*" :2,&&,C$2" 0,/$:5/$&" H9'(,5'" 9*'$2):'9,*" H9'(" $):(" ,'($27"

_*#$2" :,00,*" $h%$290$*')/" :,*#9'9,*&" Q9&,'($20)/" )*#" 9&,1)29:S<" '($" '($20,#!*)09:)/"

35*:'9,*" 3,2" '(9&" %)2'9:5/)2" &!&'$0" 9&" '($" ;911&" 32$$" $*$2B!" C)29)'9,*" y;" u" y;LE" Y" y;DE"

1$'H$$*"'($"LE")*#"DE"%()&$&
BEEJEGC

-"

"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""y;"u"yL"l"PyE""""""""""""""""""""""""""""""""""""""""""""""""""""""""""Qb7bS""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

H($2$"yL")*#"yE":,22$&%,*#"',"'($"$*'()/%!")*#"$*'2,%!"C)29)'9,*&"#529*B"'($"'2)*&9'9,*"DE"

�"LE<"2$&%$:'9C$/!7"@R5)'9,*":A:"&(,H&"'()'")'"/,H"'$0%$2)'52$&<"'($"&!&'$0"9&"#,09*)'$#"1!"

'($" '$20",3" '($"$*'()/%!z":,*C$2&$/!<")'"(9B(" '$0%$2)'52$&" 9'" 9&" '($" '$20",3" '($"$*'2,%!" '()'"

1$:,0$&"'($"#,09*)*'"3):',2"%29C9/$B9*B"'($"&')'9&'9:)/"#9&,2#$27"y*":)*"1$"#9C9#$#"9*',"'H,"

:,*'2915'9,*&<" )*" $/$:'2,*9:" %)2'"y*+," $&'90)'$#" 9*" g" Y" bggg" :0
Yb
" Qg" Y" bdggg" >s0,/

Yb
S" )*#" )"

C912)'9,*)/"%)2'"y*C912"$&'90)'$#"9*"bgg":0
Yb
" Qbdgg">s0,/

Yb
S7"L$*:$<"H$":)*")&&50$"'()'" '($"

0)9*":,*'2915'9,*"',"yL"9&" 9*"0,&'":)&$&"$/$:'2,*9:"Qy*"�"y*+,S")*#"9'&"&9B*"9&"0,&'",3" '($"

'90$"%,&9'9C$"#529*B")"DE"�"LE"'2)*&9'9,*7"

P($"$*'2,%!"C)29)'9,*"yE"()&")/&,"'H,"#933$2$*'"0)9*"%)2'&7"Z92&'<" '($2$" 9&")*"$/$:'2,*9:"

:,*'2915'9,*"y-+,$'()'"9&")''2915'$#"',"'($":()*B$",3"'($"',')/"&%9*"0,0$*'50"E"Q∆)&*
+,-.
S")*#"

'($" :()*B$" ,3" '($" )*B5/)2" ,219')/"0,0$*'50"D" Q∆)&*
/01S"H($*" )" DE"�"LE" '2)*&9'9,*" ')+$&"

%/):$7"P($&$" 'H,"R5)*'9'9$&" :)*"1$"H29''$*")&" )" 35*:'9,*",3" '($" 2)'9,",3" '($" &%9*" )*#",219')/"

05/'9%/9:9'9$&"9*"'($"'H,"0,/$:5/)2"&')'$&-"

"

                                                        ∆)&*
+,-.= 234156 7"89:;<

"8>:;<?"<"""""""""""""""""""""""""""""""""""""""""""""""Qb7dS"

"

                                                        ∆ )&*
/01= 234156 7"@9:;<

"@>:;<? <""""""""""""""""""""""""""""""""""""""""""""""""Qb7fS""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"

H($2$" ./" )*#" (0" )2$" '($" .C,B)#2,`&" *501$2" )*#" '($" A,/'F0)**" :,*&')*'<" 2$&%$:'9C$/!7"

L,H$C$2<" '($",219')/"#$B$*$2):!" 9&" ')+$*",*/!" 9*" '($":)&$",3")"%$23$:'",:')($#2)/"&!00$'2!"

H(9:("9&"5*5&5)/"3,2"'($":,0%/$h$&",3"0,/$:5/)2"&!&'$0&7"K*":,*&$R5$*:$<"0,&'",3"'($"'90$&"



 

 

11 

 

'($")%%2,h90)'9,*"yE"�"∆)&*
+,-.
"9&":,*&9#$2$#")*#"9*"'($":)&$",3")"&%9*"'2)*&9'9,*"1$'H$$*"

b
12"

)*#"
3
)4<"∆)&*

+,-.
"u"bf7fi">sW

Yb
s0,/

Yb
7""

L$)'":)%):9'!"0$)&52$0$*'&"9*"Z$QKKS"1)&$#"EGV":,0%/$h$&"()C$"#$0,*&'2)'$#"'()'"'($"

y-)56/,"#529*B"'($"&%9*":2,&&,C$2"()&"'!%9:)/"C)/5$&"1$'H$$*"cg">sW
Yb
s0,/

Yb
")*#"ig">sW

Yb
s0,/

Y

b
7
BEGC
"E9*:$"'($&$"C)/5$&")2$":,*&9#$2)1/!"(9B($2"',"'()'",3")"&90%/$":()*B$",3"&%9*"05/'9%/9:9'!"

#529*B" '($" '2)*&9'9,*<" )*" )##9'9,*)/" :,*'2915'9,*" ,3" C912)'9,*)/" ,29B9*" yEC91" ()&" '," 1$"

:,*&9#$2$#7" P(9&" :,*'2915'9,*" :,0$&" 0)9*/!" 32,0" '($" &'2$':(9*B" 0,#$" ,3" '($" $/,*B)'9*B"

#9&')*:$"Z$YO")*#")/&," 32,0" '($"#9&',2'9,*)/"0,#$&",3" '($",:')($#2,*"Z$Oj" Qbe"C912)'9,*)/"

0,#$&S7".##9'9,*)//!<"9'"9&"H,2'("*,'9*B"'()'"'($"#$B$*$2):!",3"C912)'9,*)/",29B9*"9&"(9B($2"9*"

'($"LE" &')'$" '()*" '()'" ,3" '($" DE" &')'$<" '($*" #529*B" )" DE"�"LE"EGV" '($2$"H9//" 1$" )" /)2B$"

9*:2$)&$",3"'($"&')'9&'9:)/"#9&,2#$27"

.&")"2$&5/'<"9'"9&"%,&&91/$"',":,*:/5#$"'()'")'"/,H"'$0%$2)'52$"y*+,"9&"'($"#,09*)*'"'$20"

)*#" '($" DE" &')'$" 9&" &')1/$z" ,*" '($" :,*'2)2!<" )&" '($" '$0%$2)'52$" 9*:2$)&$&" '($" $*'2,%9:" '$20"

Py-)56/,"1$:,0$&"0,2$"90%,2')*'")*#"'($"&')'$"H9'("(9B($2"#$B$*$2):!"1$:,0$&"&')1/$<"97$7"'($"

LE"&')'$7"Z52'($20,2$<" '($2$" 9&")" '$0%$2)'52$",3"$R59/912950"Q)+&S")'"H(9:(";LE"u";DE7" K'" 9&"

,1')9*$#"H($*"'($"R5)*'9'!",3"0,/$:5/$&"9*"'($"LE")*#"DE"&')'$")2$"'($"&)0$z"32,0"$R5)'9,*"

:A:" H$" :)*" 9*3$2" '()'" P$R" u" y*+," {" E7" L$*:$<" '($" '($20)/" EGV" 9&" B,C$2*$#" 1!" $*'2,%9:"

%($*,0$*)",3"0)9*/!"C912)'9,*)/",29B9*"Q�"kg�S7
BEHC
"

:A:AF-;97#-.4/#,7+7$#-264<',-

."&%9*"'2)*&9'9,*":52C$"9&":,*C$*'9,*)//!",1')9*$#"32,0")"%/,'",3"(9B("&%9*"32):'9,*"Q�LES"

)&")"35*:'9,*",3"'$0%$2)'52$"Q&$$"39B52$"b7b7jS7")S"P($"B2)#5)/"'2)*&9'9,*"9&"%$2()%&"'($"0,&'"

:,00,*" )*#" 9&" ,1&$2C$#" H($*" :,,%$2)'9C$" 9*'$2):'9,*&" Q'($" :,,%$2)'9C9'!" &9B*939$&" '($"

&'2$*B'(",3"'($"9*'$20,/$:5/)2"9*'$2):'9,*&S")2$"2$/)'9C$/!"H$)+7".&")*"$h)0%/$<"'2)*&9'9,*&"9*"

&,/5'9,*" 0)!" 1$" 9*'$2%2$'$#" )&" )" '($20)/" A,/'F0)**" #9&'2915'9,*7" 1S" P($" )125%'" '2)*&9'9,*"

2$&5/'&" 32,0" '($" %2$&$*:$" ,3" &'2,*B" :,,%$2)'9C9'!7" :S"N($*" '($" :,,%$2)'9C9'!" 9&" %)2'9:5/)2/!"

(9B(<"(!&'$2$&9&"0)!"2$&5/'&7"P($2$")2$"'H,"%29*:9%)/",29B9*&",3"(!&'$2$&9&"9*")"&%9*"'2)*&9'9,*"

:52C$-" '($"'2)*&9'9,*"0)!"1$")&&,:9)'$#"H9'(")"&'25:'52)/"%()&$":()*B$"9*"'($"/)''9:$")*#"'(9&"

:()*B$" 9&" '($" &,52:$" ,3" '($" (!&'$2$&9&z" ,2" '($" 9*'2)0,/$:5/)2" &'25:'52)/" :()*B$&" '()'" ,::52"

)/,*B" H9'(" )" '2)*&9'9,*" 0)!" 1$" :,005*9:)'$#" '," *$9B(1,529*B" 0,/$:5/$&" C9)" )" (9B(/!"

$33$:'9C$":,,%$2)'9C$" 9*'$2):'9,*"1$'H$$*" '($"0,/$:5/$&7"P($"0,#$",3" '(9&" 9*'$2):'9,*" 9&"*,'"

)/H)!&":/$)2"15'"'(2$$"%29*:9%)/"&'2)'$B9$&"()C$"1$$*")#,%'$#"9*")*")''$0%'"',"B$*$2)'$"9'-"Q9S"

/9*+)B$" ,3" '($"EGV":$*'2$&" C9)" :,C)/$*'" 1,*#&" 9*" )" %,/!0$29:" &!&'$0z" Q99S" 9*:,2%,2)'9,*" ,3"



 

 

12 

 

(!#2,B$*" 1,*#9*B" :$*'2$&" 9*'," '($" :,,2#9*)'9,*" $*C92,*0$*'" )//,H9*B" 9*'$2):'9,*" $9'($2"

#92$:'/!" H9'(" ,'($2" EGV" :$*'2$&" ,2" C9)" )*9,*&" ,2" &,/C)'$" 0,/$:5/$&z" Q999S" 9*:,2%,2)'9,*" ,3"

)2,0)'9:"0,9$'9$&" 9*'," '($" /9B)*#"&'25:'52$"H(9:("%2,0,'$"pYp" 9*'$2):'9,*&" '(2,5B("&'):+9*B"

'(2,5B(,5'" '($" /)''9:$7" =)2'9)/" &5::$&&" ()&" 1$$*" ):(9$C$#" 3,2" )//" '(2$$" )%%2,):($&" 15'" )" 35//"

5*#$2&')*#9*B",3"'($"3):',2&"9*C,/C$#"2$0)9*&",*$",3"'($"0)4,2":()//$*B$&",3"'($")2$)7"#S"P($"

05/'9&'$%" '2)*&9'9,*" H)&" 392&'" 2$%,2'$#" 9*" bmib" 3,2" )*" 92,*QKKKS" :,0%/$h" ,3" dY12,0,Y

&)/9:!/)/#$(!#$Y'(9,&$09:)21)F,*$<" )2$" 2$/)'9C$/!" 2)2$" )*#" ()C$" '($92" ,29B9*&" 9*" &$C$2)/"

&,52:$&7
BEIC
"P($"0,&'",1C9,5&"9&"'($"%2$&$*:$",3"'H,"/)''9:$"&9'$&"3,2"'($":,0%/$h"0,/$:5/$&7"K*"

)##9'9,*<"19*5:/$)2" &!&'$0&":)*"B9C$" 29&$" '," '(9&" $33$:'<" $C$*"H($*" '($"$*C92,*0$*'",3"$):("

0$')/" )',0" 9&" '($" &)0$7
BEKC
" $S" P($" '2)*&9'9,*" )::,0%)*9$#" 1!" 2$&9#5)/" (9B(" Q,2" /,HS" &%9*"

32):'9,*"0)!")/&,")29&$"32,0"C)29,5&"2$)&,*&7"."32):'9,*",3"'($":,0%/$h"0,/$:5/$&"0)!"1$"9*")"

#933$2$*'"/)''9:$"&9'$"9*"H(9:("'($"39$/#"&'2$*B'("9&"&5339:9$*'/!"2$#5:$#"',"%2$C$*'"'($"3,20)'9,*"

,3" /,H"&%9*" &%$:9$&7" K*" )##9'9,*<" 9'" 9&" %,&&91/$" 9*" )"*501$2",3" 9*&')*:$&" '," 32$$F$Y9*" )" /)2B$"

(9B(" &%9*" 32):'9,*" 1!" R5$*:(9*B" ,3" '($" &)0%/$7" P(9&" $33$:'" 9&" ,3'$*" ,1&$2C$#" )2,5*#" /9R59#"

*9'2,B$*"'$0%$2)'52$"15'"H,5/#",1C9,5&/!"1$"0,2$":,00,*")'"&'9//"/,H$2"'$0%$2)'52$&7
BELC
"

"

"

"

Z9B52$"b7b7j-"=29*:9%/$"'!%$&",3"'($"'($20)/"EGV"2$&%,*&$&"%/,''9*B"'($"(9B("&%9*"32):'9,*"Q�*-S")&")"

35*:'9,*",3"'$0%$2)'52$7"/S"B2)#5)/<"0S")125%'<"!S"H9'("(!&'$2$&9&<"(S"'H,"&'$%&")*#"'S"9*:,0%/$'$7"



 

 

13 

 

:A:AG-ST/*9&',-$1-;97#-24$,,$<'4-U/+'47/&,-

./'(,5B("'($2$")2$"0)*!"#933$2$*'"3)09/9$&"EGV":,0%/$h$&<"H$"H9//"3,:5&"0)9*/!",*"'H,-"

L,30)**":/)'(2)'$&")*#"Z$Y'29)F,/$&7"E9*:$"dgge<",52"B2,5%"()&"#$C,'$#"0)*!"$33,2'&"9*',"'($"

&!*'($&9&")*#"%(!&9:)/Y:($09:)/":()2):'$29F)'9,*"3,2"C)29,5&"0$01$2&",3" '($&$"'H,"3)09/9$&7"

V*$",3"'($"0)9*"0,'9C)'9,*&"3,2"H,2+9*B"H9'("'($&$"'!%$&",3":,0%,5*#&"9&"'($92":()2):'$29&'9:"

'2)*&9'9,*" )2,5*#" 2,,0" '$0%$2)'52$" )*#"H9'(" (!&'$2$&9&7" K'" 9&" %2$:9&$/!" '(9&" 3$)'52$" '()'" ()&"

%,'$*'9)/"',":2$)'$"%2,09&9*B"2$&$)2:(")h$&"',H)2#&"'($"#$C$/,%0$*'",3"&%9*":2,&&,C$2"1)&$#"

%(,',*9:" )*#" $/$:'2,*9:" #$C9:$&" 3,2" B)&" )*#" '$0%$2)'52$" &$*&9*B" )%%/9:)'9,*&" $0%/,!9*B"

#9C$2&$" '$:(*9R5$&" &5:(" )&" E523):$" =/)&0,*" ?$&,*)*:$" QE=?S
BFNJF:C

<" #9332):'9,*" B2)'9*B&
BFDC
<"

/509*$&:$*:$
BFEJFFC

")*#".',09:"Z,2:$" 9:2,&:,%!"Q.Z S
BFGC
7""

:A:AGA:-R$1*/##-2&/+84/+',-

P($"R5$&'" 3,2" 90%2,C9*B" '($"I:,005*9:)'9,*J"1$'H$$*" '($"EGV":$*'2$&"()&" /$#" '," '($"

&$)2:(",3"*$H":,0%,5*#&"'()'")//,H"*,'",*/!"0,2$"29B9#"32)0$H,2+&<"15'")/&,"0,2$"C$2&)'9/$"

&!&'$0&" 32,0" )" :($09:)/" )*#" &'25:'52)/" %,9*'" ,3" C9$H7" Z,2" '($&$" 2$)&,*&<" ($'$2,*5:/$)2"

&!&'$0&"H9'("'($")2:(9'$:'52$",3"L,30)**":/)'(2)'$"'!%$"QQ bQDShn dQGOS!qSs;<"H($2$"D"9&"

)*",2B)*9:"/9B)*#<" b"9&"'($"EGV":$*'$2<" d"9&")"0$')/"&5:(")&"O9QKKS<"=#QKKS<"='QKKS<".BQKS<"$':"

)*#";"9&")"B5$&'"0,/$:5/$<")2$",3"%)2'9:5/)2"9*'$2$&'7""

"

"

"

Z9B52$"b7b7k-"/S"=$2&%$:'9C$",3")"32)B0$*'",3"nZ$Q%!2)F9*$So='QGOScpq"f6":,,2#9*)'9,*"%,/!0$2"QG,/,2"

:,#$-"Z$<"%9*+z"='<",2)*B$z"O<"1/5$z"G<"B2)!S7"0S";2)%(",3"78)"C$2&5&")"3,2"nZ$Q%!2)F9*$So='QGOScpq"9*"

'($":,,/9*B")*#"($)'9*B"0,#$&"1$3,2$")*#")3'$2"'($20)/"'2$)'0$*'")'"cfg"W7"



 

 

14 

 

P(9&" 3)09/!" ,3" :,0%,5*#&" :)*" 1$" 'H," ,2" '(2$$" #90$*&9,*)/" #$%$*#9*B" ,*" '($" '!%$" ,3"

/9B)*#&
BFHC
7" P($" 392&'" EGV" :,0%,5*#" ,3" '(9&" 3)09/!" H)&" '($" d6" :,0%/$h"

nZ$Q%!29#9*$SoO9QGOScpq" )*#" 9'"H)&" &!*'($&9F$#" 1!" '($" B2,5%" ,3"W9')F)H)7
BFIC
"." 3$H" !$)2&"

/)'$2<"?$)/"$'")/7":()*B$#"'($"/9B)*#",3"'($"&)0$":,0%,5*#"',"%!2)F9*$")*#",1')9*$#")"EGV"

:,0%,5*#"H9'(" )" f6" 32)0$H,2+" nZ$Q%!2)F9*$So QGOScpqsdLdV" QH9'(" " u" O9<" =#<" ='S7
BFKC
"

P($&$"f6":,0%,5*#&" )2$" :()2):'$29F$#"1!")" &'2,*B":,,%$2)'9C9'!7" K'"H)&" 3,5*#" '()'" '($"f6"

:,0%,5*#&" Q%!2)F9*$" 1)&$#S" %2$&$*'$#" )" EGV" 2$&%,*&$" 0,2$" :,,%$2)'9C$" '()*" '($92" d6"

)*)/,B&" Q%!29#9*$" 1)&$#S" H9'(" H9#$" (!&'$2$&9&" Q32,0" dg" W" '," cg" W" H9#'(S" )*#" )'" (9B($2"

'$0%$2)'52$&"Q&$$"39B52$"b7kS7"P(9&"3):'"H)&")''2915'$#"',"'($"9*'$2*)/"%2$&&52$"9*#5:$#"1!"'($"

0,2$"29B9#"f6"&'25:'52$"'()'"'$*#&"',"&')19/9F$"'($"DE"&')'$"9*"'($":)&$",3"'($"%!2)F9*$":,0%/$h7"

;$*$29:)//!" 3,205/)'$#" nZ$QDSo QGOScpq" ()C$" 1$$*" 2$%,2'$#" QDu1%):" Qc<c�Y

19&Q%!29#!/S):$'!/$*$S
BFLJGNC

<" )F%!" Qc<cY)F,%!29#9*$S
BG:C
<" #%$" Q'2)*&" 9&,0$2S

BGDC
<" #%)" Qb<dY#9QcY

%!29#!/S$'()*$S
BGEC
<" #%&0$" Qc<c�Y#9Q%!29#!/'(9,S0$'()*$S

BGFC
" )*#" 1%$1$*" Qb<cY19&QcY

%!29#!/$'(!*!/S1$*F$*$S
BGGC
")*#" "u"=#<"='",2"O9<"&$$"39B52$"b7b7iS7"P($"/9B)*#"9&"19&Y19#$*')'$"

129#B9*B"1$'H$$*"'H,")',0&",3"Z$"QKKS7"P($"&'5#!",3"'($"%(!&9:)/"%2,%$2'9$&
BGHJGIC

""Q0)B*$'9&0<"

X?6<"?)0)*"777S"&(,H&"C)29,5&"&%9*"'2)*&9'9,*"'$0%$2)'52$&"3,2"'($"#933$2$*'":,0%,5*#&"Q&$$"

')1/$" b7bS7" Z,2" $h)0%/$<" 3,2" :,0%,5*#" nZ$Q1%):So='QGOScpq<" '($" 0)B*$'9:" 0$)&52$0$*'&"

&(,H")"&%9*"'2)*&9'9,*"H9'(")"/,,%"(!&'$2$&9&"jf"W":$*'$2$#")'"2,,0"'$0%$2)'52$"QPb{dQ�S"u"djd"

W" )*#" Pb{dQ�S" u" fde" WS" 3,2" '($" %2,#5:'" 9*" 9'&" #$(!#2)'$#" 3,20" H(9/$" 9*" '($" :)&$" ,3" '($"

nZ$Q)F%!So='QGOScpq":,0%,5*#"Q#$(!#2)'$#"0,*,:2!&')/&S<" '($"'2)*&9'9,*"9&"&(93'$#"'," /,H$2"

'$0%$2)'52$&" 1!" &(,H9*B" )" :!:/$" (!&'$2$&9&" bi"W" :$*'$2$#" )'" bib"W" QPb{dQ�Su" bkd"W" " )*#"

Pb{dQ�Su"bmg"WS7"

"

"

Z9B52$"b7b7i-"E'25:'52$",3"#933$2$*'"/9B)*#&"9*:,2%,2)'$#"9*"f6"L,30)**":/)'(2)'$":,0%/$h$&7"



 

 

15 

 

D9B)*#"  $')/"
){EGV"QWS"

(!#2)'$#"3,20"

){EGV"QWS"

#$(!#2)'$#"

3,20$

%F"

='" ddg{dcg" die{fbg"

=#" dff{djj" O,'"2$%,2'$#"

O9" dig{fge" dmg{fgg"

1%):"

='" fbg{fbg" djd{fde"

=#" fgi{fdi" djg{fbk"

O9" dfi{deb" dde{dde"

)F%!"

='" dke{die" bke{bmg"

=#" dik{dmj" bib{dgd"

O9" dce{dce" dce{dce"

#%$" ='"
*dcf{dcf<"

dke{dke"
bfe{beg"

1%)" ='"

**dcg{dcg<"

dbd{dbj<"

bmk{dgg"

**dbg{dbg<"

bki{bib<"

bjd{bjc"

#%&0$" ='"

**bfc{bec<"

bfg{bef<"

bbk{bci"

O,'"2$%,2'$#"

"

P)1/$"b7b-"G,00,*"nZ$QDSo='QGOScpq"&!&'$0&"2$%,2'$#"9*"'($"/9'$2)'52$")*#"'($92"'($20)/"EGV"

'$0%$2)'52$&"3,2"(!#2)'$#")*#"#$(!#2)'$#"3,207"PH,"&'$%&"Q*S")*#"'(2$$"&'$%&"Q**S"EGV"'2)*&9'9,*7"

"

P($"EGV"f6" :,,2#9*)'9,*" %,/!0$2&" )2$" :522$*'/!" )*" ):'9C$" 2$&$)2:(" 39$/#" #5$" '," '($92"

:()2):'$29&'9:" :)C9'9$&" )'" '($" *)*,0$'29:" &:)/$z" '($&$" ()C$" '($" %,'$*'9)/" 3,2" (,&'9*B" B5$&'"

0,/$:5/$&"9*&9#$"'($"0,/$:5/)2"32)0$H,2+&"'()'":,5/#"$C$*'5)//!"0,#5/)'$"'($"EGV"2$&%,*&$"

,3" '($" &!&'$07
BGKMH:C

" K*" '($" L,30)**" :/)'(2)'$&" 32)0$H,2+&<" '($2$" )2$" 'H," (,&'YB5$&'"

9*'$2):'9,*"&9'$&-",*$" 9&",*" '($",2B)*9:"129#B$&")*#")*,'($2",*$" 9&" 9*" '($" "'$'2):,,2#9*)'$#"

0$')/":$*'$2<"H(9:(")2$"):'9C$"',"0)*!"+9*#&",3"B5$&'&
BGFJGGJHDMHGC

7".&")"2$&5/'<")%%/9:)'9,*&",3"

&',2)B$<" 39/'2)'9,*" )*#" &$*&,2&" :)*" 1$" 90)B9*$#7" P($" 0,&'" &'5#9$#" L,30)**" :/)'(2)'$" 9&"

nZ$Q%FSo QGOScpq"Q "u"='<"O9")*#"=#S7"Z,2"$h)0%/$<"3,2"'($")#&,2%'9,*",3"#9()/,B$*"B5$&'
BHHC
"

)/'(,5B(")"'2$*#"H)&",1&$2C$#"Q'($"/)2B$2"'($"()/,B$*"9&<"'($"(9B($2",3"'($"9*#5:$#"'2)*&9'9,*"

'$0%$2)'52$"&(93'" 9&S<" '($"$33$:'",*"nZ$Q%FSo='QGOScpq":)*"1$"$9'($2"LE"&')19/9F)'9,*"QG/dS",2"

DE"&')19/9F)'9,*"QA2d")*#"KdS7".3'$2"'()'<")"2$0)2+)1/$":,*'2,/",C$2"'($"'2)*&9'9,*"'$0%$2)'52$"



 

 

16 

 

H)&" 2$)/9F$#"1!" '($"&!&'$0"nZ$Q%FSo='QGOScpQKSq<" 9*"H(9:(":,*'2,//9*B" '($" 9,#9*$":,*'$*'" 9*"

'($"%,2,5&":,0%/$h"%$209''$#"',",1')9*":,*&$:5'9C$")b{d"32,0"fgg"',"cgg"W"H(9/$"+$$%9*B"'($"

(!&'$2$&9&"/,,%
BHIC
"Q&$$"39B52$"b7b7mS7"Z,2")2,0)'9:"0,/$:5/$&<

BHKJHLC
"#5$"',"'($"9*'$2):'9,*"H9'("

'($" %!2)F9*$" /9B)*#&" C9)" |Y|" &'):+9*B<" '($" )2,0)'9:" 29*B&" :)*" &')19/9F$#" '($" LE" &')'$7" K*"

:,*'2)&'<"'($"GEd"()&"1$$*"2$%,2'$#"',"&')19/9F$"'($"DE"&')'$<"H(9:("H)&"$h%/)9*$#"1!")"&'2,*B"

9*'$2):'9,*",3"GEd"H9'("1,'("'($"/9B)*#")*#"0$')/"&9'$&"H9'("$/$:'2,*9:"&'25:'52$"0$'(,#&7
BINMIDC

"

K*" )##9'9,*<" H)'$2" )*#" (!#2,h!/" &,/C$*'&" &')19/9F$#" '($" LE" &')'$" ,3" " nZ$Q%FSo QGOScpq"

:,0%/$h&"',,7
BIDC
"

"

"

"

Z9B52$"b7b7m-" )B*$'9:"1$()C9,2",3"nZ$Q%FSo='QGOScQKS*pq"QbYK*Sz"*"u"g7g Q1/5$Sz"g7b"Q&+!"1/5$Sz"g7f"

QB2$$*Sz"g7e"QC9,/$'Sz"g7k"Q%9*+Sz"g7m"Q,2)*B$Sz"Q1/5$Sz"g7b"Q&+!"1/5$Sz"g7f"QB2$$*Sz"g7e"QC9,/$'Sz"g7k"Q%9*+Sz"

g7m"Q,2)*B$Sz"b7g"Q2$#S7"

"

P($"B5$&'"$33$:'",*"L,30)**":/)'(2)'$"nZ$Q1%):So QGOScpq"Q "u"O9<"=#")*#"='S"H(9:("

()&")"/)2B$2"%,2$"C,/50$"H)&"&'5#9$#"1!",52"B2,5%7"P($")#&,2%'9,*",3"d<"c<"jY'29:(/,2,%($*,/"

&(,H" )" &9B*939:)*'" |Y|" &'):+9*B" 9*'$2):'9,*" 1$'H$$*" B5$&'"0,/$:5/$"H9'(" '($" 129#B9*B" 1%):"

/9B)*#" )*#" &909/)2" :,*'):'&" )2$" $h%$:'$#" 3,2" %!29#9*$<
BIEJIFC

" )*#" 0,*,Y()/,B$*" &51&'9'5'$#"

1$*F$*$&"Q:(/,2,1$*F$*$<"12,0,1$*F$*$<" 9,#,1$*F$*$S")&"B5$&'&7
BIGMIIC

"P($&$"C,/)'9/$"B5$&'&"



 

 

17 

 

)//,H$#" '," %2$%)2$" B5$&'Y32$$" nZ$Q1%):So='QGOScpq" VZ<" H(9:(" &(,H" %,'$*'9)/" 9*" &$*&9*B"

)%%/9:)'9,*"Q&$$"39B52$"b7b7bgS7""

"

"

Z9B52$"b7b7bg-"@33$:'",3"%!29#9*$"5%')+$")*#"'($20)/"#$&,2%'9,*",*"'($"&%9*":2,&&,C$2"%2,%$2'9$&",3"

nZ$Q1%):So='QGOScpq7"

P)+9*B")#C)*')B$",3" '($"C$2&)'9/9'!",3" '($&$"0)'$29)/&<" ):'9C$" /9B)*#
BHDC
")*#"B5$&'"):'9C$"

0,/$:5/$
BIKC
"H$2$")/&,"5&$#"',"2$B5/)'$",2"&H9':("'($"&%9*":2,&&,C$2"%2,%$2'9$&7"P($")#&,2%'9,*"

,3"0)/$9:")*(!#29#$"B5$&'"9*"nZ$Q%FSo='QGOScpq" VZ"H)&"&'5#9$#7
BIKC
"P($"):'9C$"B5$&'" '52*&"

'($":,,%$2)'9C$"&%9*" '2)*&9'9,*",3" nZ$Q%FSo='QGOScpq" 9*'," 'H,Y&'$%" '2)*&9'9,*7"A5'"#5$" '," '($"

:($09:)/":,*C$2&9,*"32,0"0)/$9:")*(!#29#$"',"0)/$9:"):9#"5%,*"$h%,&52$"',"0,9&'52$")'"2,,0"

'$0%$2)'52$<" '($" '2)*&9'9,*"1$:)0$" 9*:,0%/$'$7" ,2$,C$2<" '(9&" :,*C$2&9,*":)*"1$" 2$:,C$2$#"

1!"($)'9*B"'($"0)'$29)/"Q&$$"39B52$"b7b7bbS7"



 

 

18 

 

"

"

"

Z9B52$"b7b7bb-"K*'$2:,*C$2&9,*"1$'H$$*"0)/$9:")*(!#29#$")*#"0)/$9:"):9#"Q)1,C$Sz"C)29)1/$Y

'$0%$2)'52$"0)B*$'9:"&5&:$%'919/9'!"&'5#9$&",3"nZ$Q%FSo='QGOScpq<"nZ$Q%FSo='QGOScpq⊃)*(!#29#$<")*#"
nZ$Q%FSo='QGOScpq⊃):9#"Q1$/,HS"

"

:A:AGAD-P'M.47/V$&',-;2>-@$&O*'4,-

P($2$" 9&" )" /)2B$"*501$2",3"EGV":,0%/$h$&"H9'(" '($"3,20",3"%,/!0$2":()9*&" 9*:/5#9*B"

'($"/9B)*#"b<d<cY'29)F,/$"Q'2FS")*#"9'&"#$29C)'9C$&7
BILC
"P(9&"'!%$",3"nZ$Q?'2FSfq.ds*LdV"QH9'("?"

u"#933$2$*'" &51&'2)*'<"."u":,5*'$2" 9,*S")2$":,0%,&$#",3"b6"I%,/!0$29:J":()9*&",3" '29)F,/$Y

129#B$#" 0$')/" 9,*&" Q&$$" 39B52$" b7b7bdS7
BKNJK:C

" O$C$2'($/$&&<" '($" 392&'" &9*B/$" :2!&')/Y1)&$#"

#$&:29%'9,*",3":,0%,5*#",3"'(9&"3)09/!":,*:$2*&"'($":,0%,5*#"nZ$QOLd'2FSfqQOVfSdsdLdV7
BKDC
"

P(9&"&'5#!"#$39*9'9C$/!"%2,C$&"'($"bY6"%,/!0$29:"*)'52$",3"'($":2!&')/"&'25:'52$")*#")//,H&")"

#$&:29%'9,*",3"'($"nZ$Q?'2FSfq":()9*&<")&"H$//")&",3"'($")*9,*&")*#"H)'$2"90%/$0$*')'9,*"H9'(9*"

'($":2!&')/"/)''9:$7"P($"(9B(":,,%$2)'9C9'!"B$*$2)//!",1')9*$#"9*"'($&$":,0%,5*#&":)*"1$"#5$"

'," '($" &(,2'" Z$YZ$" #9&')*:$&" )*#" )/&," '($" 29B9#9'!" ,3" '($" '29)F,/$" /9B)*#&" )*#" 9'&" :,C)/$*'"

:,**$:'9C9'!7""



 

 

19 

 

"

"

"

Z9B52$"b7b7bd-"]9$H",3")"&$B0$*'",3"'($"nZ$QL'2FSdQ'2FSq*":()9*"Q/$3'S")/,*B":")*#"Q29B('S")/,*B"17"A,'("

C9$H&"5*#$2/9*$"'($"&%$:939:"%,&9'9,*&",3"L'2F")*#"'2F
l
7"A/5$-"*9'2,B$*z",2)*B$-"92,*z"#)2+YB2$!-":)21,*z"

/9B('YB2$!-"(!#2,B$*7"

"

"

"

Z9B52$"b7b7bf-"/S"Z2)B0$*'",3")"b6"nZ$Q?Y'2FSfq*
d�"
7
BKEC
"0S" )B*$'9:"&5&:$%'919/9'!"0$)&52$0$*'",3"'($"

:,0%,5*#"nZ$QL'2FSdQ'2FSqQAZcS7
BKFC
"

"

A$:)5&$",3"'($"%,&&919/9'!"',"0,#93!"'($"*)'52$",3"'($"cY&51&'9'5$*'",*"'($"'29)F,/$"/9B)*#"

)*#{,2" '($" :(,9:$" ,3" '($" :,5*'$2Y)*9,*" QnZ$Q?'2FSfqn.qdS<" '($" EGV" '$0%$2)'52$" )*#"

:,,%$2)'9C$" :()2):'$2" :)*" 1$" '5*$#7" K*" '($" ')1/$" b7d<" H$" &(,H" )" &$/$:'9,*" ,3" Z$Y'29)F,/$"

:,0%/$h$&7"

"

"

Temperature (K) 



 

 

20 

 

P29)F,/$" .*9,*"
){EGV"

QWS"
P29)F,/$" .*9,*"

){EGV"

QWS"

QL'2FSd'2F"

Q.S"
AZc

Y
" fce{fie"

OLd'2F"

G/
Y
{A2

Y
{K
Y
" dkg{fbj"

QL'2FSd'2F"

QAS"
AZc

Y
" fdf{fcf" OVf

Y
" fbg{fck"

QL'2FSd'2F" GZfEVf
Y
" bjd{bjj" P)Zk

dY
" dbk{dbk"

L'2F"

AZc
Y
" fdf{fce" E9Zj

Y
" dcb{dee"

G/Vc
Y
" fcb{fei" P9Zj

dY
" bkm{dfg"

=Zj
Y
" djm{dkm" r2Zj

dY
" bkm{dfg"

AbgLbg
Y
" dff{dcj" E*Zj

dY
" bkm{dfg"

E9Zj
Y
" O{."

G9'2F"

AZc
Y
" big{dee"

GZfEVf
Y
" dki{fdk" G/Vc

Y
" bje{dcg"

OLd'2F"

AZc
Y
" deg{djg" G/

Y
" dmg{fjb"

G/Vc
Y
" dck{dcm" OVf

Y"

*ubi"
dkg"

=Zj
Y
" big"

AbgLbg" LE" GZfEVf
Y
" bme{dcg"

GLfEVf
Y
" dkf{dii" %',/

Y
" die{ffe"

"

P)1/$"b7d-"G,00,*"nZ$Q?'2FSfqn.qh"&!&'$0&"2$%,2'$#"9*"'($"/9'$2)'52$")*#"EGV"'$0%$2)'52$&"Q(!#2)'$#"

)*#"#$(!#2)'$#S7"E$$"2$C9$H&"3,2")*"$h()5&'9C$"/9&'",3"nZ$Q?'2FSfqn.qh":,0%/$h$&7
BKGMKIC

"

:A:AGAE-W7&6+'(-P'-!$*9&'T"

K*"'($"&,/9#"&')'$<"'($"$h9&'$*:$",3"9*'$20,/$:5/)2"9*'$2):'9,*&"/$)#&"',")"/)2B$"C)29$'!",3"

'2)*&9'9,*&<"B,9*B"32,0"C$2!"B2)#5)/"',"#9&:,*'9*5,5&",*$&7"K*",2#$2"',"+*,H"0,2$")1,5'"'($&$"

9*'$2):'9,*&<" &:9$*'9&'&" '2!" '," 0,C$" '($" &%9*Y:2,&&,C$2" 0,/$:5/$&" )H)!" 32,0" $):(" ,'($2" 1!"

#9/5'9*B"'($07"Z2,0"bmmf<"'($"#9/5'$#"Z$h bYhY"D":,0%/$h"H)&"&'5#9$#"1!"#933$2$*'"B2,5%&
BKKM

L:C
7"D)C2$*,C)"$'")/7"&!*'($&9F$#")*#"&'5#9$#"'(2$$"&$29$&",3"($'$2,0$')//9:"&,/9#"%()&$&"1)&$#"

,*" 92,*QKKS" *9'2)'$" :,0%/$h$&" H9'(" cY)09*,Yb<d<cY'29)F,/$" )&" /9B)*#&<" &5:(" )&" nZ$hr*bl

hQOLd'2FSfqQOVfSd" Qg7gb" ~" h" ~" g7iS<
B:FC
" nZ$hO9blhQOLd'2FSfqQOVfSd" Qg7b" ~" h" ~" g7mS<

BL:C
" )*#"

nZ$hO9blhYQL'2FSfqQOVfSd"Qg7b"~"h"~"g7mS7
BLDC
"K'"H)&"3,5*#"'()'")&"h"#$:2$)&$&<"'()'"0$)*&<"r*

d�
"

,2"O9
d�
" &51&'9'5'$" Z$

d�
" 9,*&<" )"0,#939:)'9,*" ,3" Pb{d")*#" )" B2)#5)/" EGV" 9&" ,1&$2C$#7" E909/)2"

2$&5/'&"H$2$",1')9*$#"3,2"'($"nZ$hO9blhQ%FSo='QGOScpq"#$29C)'9C$&"Q&$$"39B52$"b7beS7"



 

 

21 

 

"

"

Z9B52$"b7b7bc-"�*-"C&")":52C$&"3,2"&,0$"&$/$:'$#"h"C)/5$&"9*"'($":,,/9*B"Q < < < S")*#"($)'9*B"Q <

< < S"0,#$&"3,2"'($"nZ$hO9blhQ%FSo='QGOScpq"#$29C)'9C$&7"

"

r)2$01,H9':("$'")/7"&'5#9$#"'($"0$')/"#9/5'9,*"$33$:'&",3"nZ$hG,bYh"Q1'2SdQOGESdqsLdVQ1'2"

u" c<c`Y19&Yb<d<cY'29)F,/$" 1!" 0)B*$'9:" )*#" :)/,290$'29:" 0$)&52$0$*'&<" )*#"
ek
Z$"  \&&1)5$2"

&%$:'2,0$'2!<")*#")/&,"3,5*#"'()'"'($"(!&'$2$&9&"/,,%"1$:)0$"*)22,H$2")*#"'($"&%9*"'2)*&9'9,*"

1$:)0$"/$&&")125%'")&"'($"%$2:$*')B$",3"G,"0$')/"9*:2$)&$&7
BLEC
"

.*,'($2" )%%2,):(" '," #$&9B*" #9/5'$#" &%9*" :2,&&,C$2" :,0%/$h" 9&" 09h9*B" 'H," '!%$&" ,3"

/9B)*#&7" Z,2" :,0%/$h" nZ$QL'2FSfqQG/VcSds*LdV<" '($" &%9*" '2)*&9'9,*" (!&'$2$&9&" /,,%" 9&" 45&'"

)1,C$"2,,0"'$0%$2)'52$<""H(9:(":)*"1$"0,#939$#"1!"2$%/):9*B"L'2F"1!")"09h'52$",3"L'2F")*#"

cYOLd'2F7" P($" 3,205/)" ,3" '($" #9/5'$#" :,0%,5*#" 9&" nZ$QL'2FSfYhQcYOLd'2FSfhQG/VcSds*LdV<"

H($*"h"u"g7ge<"'($"'2)*&9'9,*",::52&",*"$9'($2"&9#$",3"2,,0"'$0%$2)'52$
BLFC
"Q&$$"39B52$"b7b7beS7"

.*,'($2"+9*#",3"#9/5'$#"0$'(,#"9*C,/C$&"09h$#":,5*'$2")*9,*&"9*&'$)#",3"09h$#"/9B)*#&7"

P($" &%9*Y'2)*&9'9,*" '$0%$2)'52$&" 3,2" )" B9C$*" '!%$" ,3" :)'9,*9:" :()9*&" nZ$Q?'2FSfq" ()C$" 1$$*"

3,5*#"',"#$%$*#",*"'($"*)'52$",3"'($":,5*'$2")*9,*".<"($*:$"'($"&%9*Y'2)*&9'9,*"2$B90$":)*"1$"

)/&,"39*$"'5*$#"'(2,5B("'($":,0%,&9'9,*",3")//,!&",3"'($"3,205/)"nZ$Q?'2FSfq.h.xblhs*LdV7
BLGC
"

"

Temperature (K) 



 

 

22 

 

"

"

Z9B52$"b7b7be-"� )"C$2&5&")"%/,'"3,2"nZ$QL'2FSfYhQcYOLd'2FSfhQG/VcSds*LdV"H9'("h"u"g7ge"9*"1,'("'($"

H)209*B")*#"'($":,,/9*B"0,#$&7"

"

:A:AH-W'+'!+7$#-$1-+8'-;97#-24$,,$<'4-@8'#$*'#$#-

.&" )" 35*:'9,*" ,3" '($" &'905/5&" $0%/,!$#" 3,2" '29BB$29*B" '($" &%9*" :2,&&,C$2" %($*,0$*,*"

Q'$0%$2)'52$" :()*B$<"%2$&&52$<"0)B*$'9:" 39$/#<",2" /9B('"tS<"#9C$2&$" $h%$290$*')/" '$:(*9R5$&"

:)*"1$"5&$#"',"0,*9',2" '($"$/$:'2,*9:"&')'$",3" '($"&%9*":2,&&,C$2":$*'2$7".*",C$2C9$H",3"'($"

$h%$290$*')/"'$:(*9R5$&"'()'")2$"5&$#"9*"'(9&"'($&9&"9&"%2,C9#$#"1!"')1/$"b7f7""

"

@h%$290$*')/"P$:(*9R5$&" G()2):'$29&'9:"])/5$"

 )B*$'9:"0$)&52$0$*'&"  )B*$'9:"&5&:$%'919/9'!"

 \&&1)5$2"&%$:'2,&:,%!" K&,0$2"&(93'")*#"$/$:'29:"R5)#25%,/$"&%/9''9*B"

O5:/$)2"K*$/)&'9:"E:)''$29*B" ]912)'9,*)/"6$*&9'!",3"E')'$<"&%$$#",3"&,5*#"

]912)'9,*)/"E%$:'2,&:,%!"  $')/Y/9B)*#"C912)'9,*)/"32$R5$*:9$&"

V%'9:)/"E%$:'2,&:,%!"  $')/Y',Y/9B)*#":()2B$"'2)*&3$2"

G)/,290$'29:" $)&52$0$*'&" L$)'":)%):9'!"

P)1/$"b7f-"@h%$290$*')/"'$:(*9R5$&"5&$#"9*"'(9&"'($&9&"',"3,//,H")"&%9*"'2)*&9'9,*"

-



 

 

23 

 

:A:AHA:-U/)#'+7!-U'/,64'*'#+,-

.&"'($"&%9*"'2)*&9'9,*":,22$&%,*#&" ',")":()*B$" 9*" '($"*501$2",3"5*%)92$#"$/$:'2,*&<" 3,2"

$h)0%/$<" 9*" '($" :)&$" ,3" 92,*" QKKS" '($" (9B(" &%9*" &')'$" 9&" %)2)0)B*$'9:" H9'(" 3,52" 5*%)92$#"

$/$:'2,*&")*#"'($"/,H"&%9*"&')'$"9&"#9)0)B*$'9:<"&,"0$)&52$0$*'",3"0)B*$'9:"&5&:$%'919/9'!")&"

)"35*:'9,*",3" '$0%$2)'52$<"�QPS<"()&")/H)!&"1$$*"'($"%29*:9%)/" '$:(*9R5$"3,2":()2):'$29&)'9,*"

,3"EGV":,0%,5*#&7"P($"@C)*&"O ?"0$'(,#"9&"B$*$2)//!"5&$#"3,2"/9R59#"&')'$"0$)&52$0$*'&7-

Z,2" '($- &,/9#" &')'$" 0$)&52$0$*'&" Z)2)#)!" 1)/)*:$" ,2" ET_K6" QE5%$2:,*#5:'9*B" T5)*'50"

K*'$23$2$*:$" 6$C9:$S" )2$" 5&5)//!" 5&$#7" ." :,0%2$($*&9C$" &52C$!" ,3" '($" '$:(*9R5$&" )*#"

:,0%5')'9,*)/" 0$'(,#&" 5&$#" 9*" 0)B*$',:($09&'2!" 9&" B9C$*" 1!" =)/):9," $'" )/7
BLHC
7" .&" '($"

&5&:$%'919/9'!",3"'($"&)0%/$"9&"%2,%,2'9,*)/"',"'($"%$2:$*')B$",3"0)'$29)/"9*"'($"(9B("&%9*"&')'$"

'(9&" :)*" 1$" 5&$#" '," :,*&'25:'" )" &%9*" '2)*&9'9,*" :52C$7" L,H$C$2<" 9'" &(,5/#" 1$" *,'9:$#" '()'"

0)B*$'9&0"9&")"%2,%$2'!",3"'($"15/+"0)'$29)/"H(9/$"'($"&%9*"'2)*&9'9,*"9&")"3$)'52$",3"9*#9C9#5)/"

0,/$:5/$&")*#"'()'")":()*B$"9*"0)B*$'9&0")/,*$"9&"*,'"&5339:9$*'"',"%2,C$"'($"$h9&'$*:$",3"'($"

&%9*"'2)*&9'9,*7".::,2#9*B"',"�QPS"u"�LEs�LE"�"QbY"�LESs�DE<"'($"0,/$"32):'9,*",3"'($"(9B("&%9*"

&')'$"Q,2"/,H"&%9*"&')'$S"�LE" 9*"35*:'9,*",3"'($"'$0%$2)'52$"9&"#$29C$#")*#"%/,''$#"',"%2,#5:$"

'($"&%9*"'2)*&9'9,*":52C$7"

:A:AHAD-UX,,0/6'4-;9'!+4$,!$9O--

 \&&1)5$2" &%$:'2,&:,%!<" )/&," +*,H*" )&" *5:/$)2" B)00)" 2$&,*)*:$" 3/5,2$&:$*:$"

&%$:'2,&:,%!<"9&")"'$:(*9R5$"'()'"%2,1$&"'2)*&9'9,*&"1$'H$$*"'($"B2,5*#")*#"/,HY/!9*B"$h:9'$#"

&')'$&",3"'($"*5:/$5&
BLIC
"Q&$$".**$h"dS7"P($"0,&'"3)C,529'$"*5:/$5&"'," \&&1)5$2"&%$:'2,&:,%!"

9&"
ek
Z$" )*#" ($*:$" 92,*" :,*')9*9*B" :,0%,5*#&" )2$"H9#$/!" 9*C$&'9B)'$#7-P($"0,&'" 90%,2')*'"

 \&&1)5$2"&%$:'2)/"%)2)0$'$2&")2$"'($"9&,0$2"&(93'<"$/$:'29:"R5)#25%,/$"&%/9''9*B")*#"0)B*$'9:"

#9%,/$" &%/9''9*B7" P($!" )29&$" 32,0" '($" (!%$239*$" 9*'$2):'9,*&" 1$'H$$*" '($" *5:/$5&" )*#" 9'&"

&522,5*#9*B"$/$:'29:")*#{,2"0)B*$'9:" 39$/#7"P($"9&,0$2"&(93'" 9&"%2,%,2'9,*)/" '," '($"&Y$/$:'2,*"

#$*&9'!" )'" '($" *5:/$5&<" )*#" ($*:$" 9&" #92$:'/!" 9*3/5$*:$#" 1!" '($" &Y$/$:'2,*" %,%5/)'9,*" )*#"

9*#92$:'/!" QC9)"&(9$/#9*B"$33$:'&S"1!" '($"#Y$/$:'2,*"%,%5/)'9,*" 9*" '($"C)/$*:$"&($//7" K'" 9&",*/!"

H$)+/!"'$0%$2)'52$"#$%$*#$*'")*#"B9C$&"C)/5)1/$"9*3,20)'9,*")1,5'"'($",h9#)'9,*"&')'$<"&%9*"

&')'$<" )*#" 1,*#9*B" %2,%$2'9$&7" Z,2" $h)0%/$<" '($" 9&,0$2" &(93'" ,3" Z$
QKKS
" :,0%,5*#&" 9&" 5&5)//!"

0,2$"%,&9'9C$"'()*"'()'",3"Z$QKKKS<")&"'($"$h'2)"$/$:'2,*"9*"'($"#Y&($//"%2$&$*'"9*"Z$
QKKS
"#$:2$)&$&"

'($" &Y$/$:'2,*"#$*&9'!" )'" 9'&" *5:/$5&7-@/$:'29:"R5)#25%,/$" &%/9''9*B"D@T" 9&" ,1&$2C$#"H($*")*"

9*(,0,B$*$,5&"$/$:'29:"39$/#")'"'($" \&&1)5$2"*5:/$5&"9&"%2$&$*'7"K*"B$*$2)/<"'H,"3):',2&":)*"

:,*'2915'$"',"'($"$/$:'29:"39$/#"B2)#9$*'<")"*,*Y:519:"$/$:'2,*"#9&'2915'9,*"9*"'($"C)/$*:$"&($//"



 

 

24 

 

)*#{,2" )" *$)21!<" *,*Y:519:" /)''9:$" $*C92,*0$*'7" P(5&"D@T" #)')" !9$/#" 9*3,20)'9,*&" ,*" /,:)/"

0,/$:5/)2"&!00$'2!<"9*")":,0%/$0$*')2!"0)**$2"',"'($"9&,0$2"&(93'<",h9#)'9,*")*#"&%9*"&')'$7""

:A:AHAE-Y6!&'/4-5#'&/,+7!-;!/++'47#)-=Y5;?-

K*" \&&1)5$2"&%$:'2,&:,%!<"'($"%2,:$&&",3"2$:,9/Y32$$")1&,2%'9,*",2"&:)''$29*B",3"2$&,*)*'"

%(,',*&" 1!" )*" $*&$01/$" ,3" *5:/$9" 9&" $&&$*'9)//!" )*" $/)&'9:" &:)''$29*B" %2,:$&&7" P($"

:,22$&%,*#9*B" %2,1)19/9'!" 9&" B9C$*" 1!" '($" D)01Y \&&1)5$2" 3):',2" :;87" L,H$C$2<" *5:/$)2"

2$&,*)*'" &:)''$29*B" 9&" )/&," %,&&91/$" 3,2" '($" 9*:9#$*'" %(,',*&" #5$" '," '($" 9*3/5$*:$" ,3" /)''9:$"

#!*)09:&",*" '($")1&,2%'9,*",3" �YR5)*')"1!"*5:/$97" K*" '(9&" :)&$<" '($" 9*'$2):'9,*" 9*C,/C$&" '($"

2$:,9/",3" '($"&:)''$29*B"*5:/$5&"H9'("$*$2B!"'2)*&3$2"32,0",2"'," '($":2!&')/" /)''9:$"9*",2#$2"',"

35/39//"'($"2$&,*)*:$":,*#9'9,*7"P(9&"%2,:$&&",3")1&,2%'9,*"H9'("2$:,9/"Q2$:,9/"32):'9,*<"b}3S"9&"

:)//$#"*5:/$)2"9*$/)&'9:"&:)''$29*B"QOKES<"H(9:(")%%$)2&")&"&9#$1)*#&",C$2")*"$*$2B!"2)*B$",3"

)1,5'"�bgg"0$]7""

E,,*" )3'$2" '($" #9&:,C$2!" ,3" '($" \&&1)5$2" $33$:'<" 9'"H)&" %2,%,&$#"1!" '($,2$'9:9)*" '()'"

/)''9:$" C912)'9,*&" &(,5/#" ,::52" )&" &9#$1)*#&" ,3" '($" )1&,2%'9,*" /9*$<" %$209''9*B" '($"

0$)&52$0$*'",3")"%(,*,*"&%$:'2507"L,H$C$2<"9*")":,*C$*'9,*)/" \&&1)5$2"$h%$290$*'"9'"9&"

C$2!" #9339:5/'" '," ,1&$2C$" &5:(" C912)'9,*)/" &9#$1)*#&" '()'" )%%$)2" 2,5B(/!" �bgg" 0$]" 9*" '($"

C9:9*9'!",3"'($"2$&,*)*:$"'2)*&9'9,*"$*$2B!7"OKE"B$*$2)//!"%$23,20$#")'"&!*:(2,'2,*"2)#9)'9,*"

&,52:$&" #,$&" *,'" #$)/" H9'(" %(,*,*" #9&%$2&9,*" 2$/)'9,*&" 15'" B9C$&" #92$:'" )::$&&" '," '($"

C912)'9,*)/"#$*&9'!",3"%(,*,*"&')'$&"Q]6VES7"

:A:AHAF-Z704/+7$#/&-;9'!+4$,!$9O-

.::,0%)*!9*B")" '2)*&9'9,*" 32,0"(9B("&%9*" '," /,H"&%9*<" '($"&'2$*B'($*9*B",3" '($"0$')/Y

#,*,2")',0"1,*#&",::52&7"K*")"&$29$&",3"3)2Y9*32)2$#",2"?)0)*"&%$:'2)"0$)&52$#")&")"35*:'9,*"

,3"'$0%$2)'52$<"'($"C912)'9,*)/"1)*#&"1$/,*B9*B"',"'($"LE")*#"'($"DE"&%$:9$&":)*"1$"2$)#9/!"

2$:,B*9F$#" 1$:)5&$" ,3" '($" :,22$&%,*#9*B" %,&9'9,*" &(93'" )*#" 9*'$*&9'!" :()*B$7" P!%9:)/"

$h)0%/$&" )2$" '($"OY:,,2#9*)'$#" /9B)*#&"OGE
Yb
7".&" 9*" '($" &!&'$0" nZ$Q%($*SdQOGESdq<" 9*" '($"

(9B("&%9*"&')'$"'($"GYO"&'2$':(9*B"1)*#&")2$"3,5*#")&")"&'2,*B"#,51/$'"*$)2"dgjgldgkg":0
Yb
<"

H(9/$" 9*" '($" /,H"&%9*"&')'$" '($" 9*'$*&9'!",3" '(9&"#,51/$'"#$:2$)&$&" 9*" 3)C,2",3")"*$H"#,51/$'"

)%%$)29*B")'"dbggldbbg":0
Yb
7
BLKC
"

"

"



 

 

25 

 

:A:AHAG->9+7!/&-;9'!+4$,!$9O-

P($" #2)&'9:" :,/,2" :()*B$" )::,0%)*!9*B" '($" &%9*" '2)*&9'9,*" #5$" '," '($" :()*B$" ,3" '($"

$/$:'2,*9:":,*39B52)'9,*",3" '($"&%9*":2,&&,C$2":$*'$2&"B9C$&")"%,&&919/9'!" ',"0,*9',2" '($"&%9*"

:2,&&,C$2" %($*,0$*,*" 1!"0$)*&" ,3" ,%'9:)/" 2$3/$:')*:$" )*#" )1&,2%'9,*" &%$:'2,&:,%!7" E9*:$"

'($" )1&,21)*:$" 9&" :/,&$/!" %2,%,2'9,*)/" '," '($" :,*:$*'2)'9,*" ,3" '($" :,/,2" :$*'2$<" H($*"

*,20)/9F$#")%%2,%29)'$/!<"'($&$")1&,2%'9,*"&%$:'2)"#92$:'/!"!9$/#"'($"'$0%$2)'52$"#$%$*#$*:$"

,3"'($"0,/)2"32):'9,*",3"'($"0$')/"9,*&"9*"'($"DE",2"LE"&')'$&7"

:A:AHAH-2/&$47*'+47!-U'/,64'*'#+,-

P($20,#!*)09:" %)2)0$'$2&" &5:(" )&" $*'()/%!" )*#" $*'2,%!" :()*B$&" )::,0%)*!9*B- '($"

&%9*" '2)*&9'9,*" :)*" 1$" $&'90)'$#" 1!" :)/,290$'29:" 0$)&52$0$*'&" Q6933$2$*'9)/" E:)**9*B"

G)/,290$'2!S7" P($" &%9*" '2)*&9'9,*" :)*" 1$" :,*&9#$2$#" )&" )" %()&$" '2)*&9'9,*" )&&,:9)'$#"H9'(" )"

:()*B$",3"'($";911&"32$$"$*$2B!"y;"u"yL"Y"PyE<")&"#9&:5&&$#"9*":()%'$2"b7"b7"d7"P($"$*'()/%!"

:()*B$"yL"u"LLE"Y"LDE"9&"'!%9:)//!"bg"',"dg"W>s0,/
Yb
<")*#"'($"$*'2,%!":()*B$"yE"u"ELE"Y"EDE"

9&",3"'($",2#$2",3"eg"',"ig">s0,/
Yb
sW
Yb
7
BLLC
-

:A:AHAI->+8'4-.'!8#7[6',-

P($" '$0%$2)'52$" #$%$*#$*:$" ,3" XY2)!" %,H#$2" )*#" :2!&')/" #9332):'9,*" #)')" :)*" 1$"

#9)B*,&'9:",3"'($"*)'52$",3"'($"&%9*"'2)*&9'9,*"QB2)#5)/",2")125%'S<")*#",3":()*B$&"9*"'($"/)''9:$"

%)2)0$'$2&7" =,&9'2,*" )**9(9/)'9,*" &%$:'2,&:,%!" Q=.ES<" '($" 05,*" &%9*" 2,')'9,*" Q 5E?S"

'$:(*9R5$<".',09:"Z,2:$" 9:2,&:,%$"Q.Z S
BFGC
<"#9332):'9,*

B:NNC
")*#"3/5,2$&:$*:$"'$:(*9R5$

B:N:C
"

H$2$")/&,"5&$#"',"#$'$:'"&%9*"'2)*&9'9,*7"



 

 

26 

 

:AD-;97#-24$,,$<'4-Y/#$MU/+'47/&,"

P($"&%9*Y'2)*&9'9,*":,0%/$h$&"$h(919'" &,0$"35*#)0$*')/" 3$)'52$&"&5:(")&"0)B*$'9:")*#"

,%'9:)/"'2)*&9'9,*&<")*#"19&')19/9'!"'()'"0)+$"'($0"2$/$C)*'"3,2"352'($2"9*C$&'9B)'9,*")&"&',2)B$"

0$#9)7" P($" 9*:2$)&9*B" 90%,2')*:$" ,3" &',2)B$"0$#9)" 2$C$)/&" )" *$$#<" )*#" 9*" '($"0$)*'90$" )"

:()//$*B$<"3,2"&0)//"&9F$"Q3,2"$h)0%/$"*)*,"&:)/$S")*#"(9B(Y#$*&9'!"&',2)B$"0$#9)7"K*"'($"/)&'"

3$H" !$)2&" 2$&$)2:("H9'(" '($")90",3" &!*'($&9F9*B"*)*," &:)/$" &%9*" :2,&&,C$2" QEGVS"0)'$29)/&"

Q'(9*"39/0&")*#"*)*,%)2'9:/$&S<"0)*9%5/)'9*B"'($0")'"2$#5:$#"/$*B'("&:)/$&<"9*C$&'9B)'9*B"'($92"

&9F$" #$%$*#$*'" %2,%$2'9$&" )*#" $h%/,29*B" '($92" %,&&91/$" )%%/9:)'9,*&" 9*" 35'52$" *)*,%(,',*9:<"

*)*,$/$:'2,*9:")*#"&%9*'2,*9:"#$C9:$&"()&"9*'$*&939$#7
B:DC
"

:ADA:-;2>-.87#-P7&*-/#(-@/++'4#7#)-

VC$2" '($"%)&'" 3$H"#$:)#$&<" '($")&&$01/!",3" '(9*"39/0&")*#"%)''$2*&"H9'("&%9*":2,&&,C$2"

:,0%/$h" ()&" )''2):'$#" $*,20,5&" 2$&$)2:(" 9*'$2$&'" 3,2" 9'&" %,'$*'9)/" 5'9/9'!" 9*" $0$2B9*B"

*)*,'$:(*,/,B9$&" &5:(" )&" 0,/$:5/)2" 0$0,29$&<" &$*&,2&<" #9&%/)!&
BLJ:NJ:DJ:NDM:NIC

" )*#" 0,2$"

2$:$*'/!" 9*" (!129#" $/$:'2,*9:&
B:NKC
" )*#" ,%',$/$:'2,*9:&"0$#9)

B:NLC
7"L,H$C$2<" '($2$" )2$" &$C$2)/"

0)4,2" :()//$*B$&" 3,2" '($" )%%/9:)'9,*" ,3" &%9*" :2,&&,C$2" :,0%/$h$&" 9*" 0)*!" ,3" '($"

)3,2$0$*'9,*$#"'$:(*,/,B9$&7"Z,2"$h)0%/$"'($"32)B9/9'!",3"'($"EGV"%($*,0$*,*"#$%$*#&",*"

'($" 3):'" '()'" EGV"%2,%$2'9$&" :29'9:)//!" #$%$*#" ,*" '($"0,/$:5/)2" $*C92,*0$*'" Q$7B7" %):+9*B<"

:2!&')//9*9'!<"&,/C$*'"0,/$:5/$&<")*9,*&<"$':7S7"?$:$*'/!")"B2$)'"$33,2'"()&"1$$*"0)#$"',H)2#&"

'($" B2,H'(" ,3" '(9*" 39/0&" )*#" '($" 3)129:)'9,*" ,3" *)*,&'25:'52$&7" P($" &!*'($&9&" ,3" *$H"0,2$"

&')1/$" )*#" %2,:$&&)1/$" :,0%,5*#&" )*#" '($" #$C$/,%0$*'" ,3" *$H" &%$:939:)//!" #$#9:)'$#"

%2,:$#52$&" 3,2" %2,:$&&9*B" ()C$" %$209''$#" 90%,2')*'" %2,B2$&&<" ,%$*9*B" *$H" '$:(*,/,B9:)/"

%$2&%$:'9C$&"3,2"EGV":,0%,5*#&<")*#"2$*$H9*B"'($"9*'$2$&'"9*"'($"39$/#7"

:ADA:A:-Q/#)*674\]&$()'++-

."D)*B0592YA/,#B$''" QDAS" 39/0"H)&" 392&'" 3,5*#" 1!" K2C9*B" D)*B0592" )*#"W)'()29*$"A7"

A/,#B$''"9*"bmfg
'(
<
B::NC
"H(9:(":)*"1$"#$39*$#")&",*$",2"0,2$"0,*,/)!$2&",3"0)'$29)/"#$%,&9'$#"

32,0" )" /9R59#" &523):$" ,*'," )" &,/9#" &51&'2)'$" 1!" #9%%9*B" '($" &51&'2)'$" '(2,5B(" )" 3/,)'9*B"

0,*,/)!$2")'" )":,*&')*'"0,/$:5/)2"#$*&9'!" Q&$$" 39B52$"b7d7bS7" "P($*" 9*"bmmi<"E,!$2")*#":,Y

H,2+$2&" 3)129:)'$#" '($" 392&'"EGV" '(9*" 39/0"1!" '($"DA" '$:(*9R5$7
B:::C
"A!"0,#93!9*B" '($" &51Y

%()&$<" '($")0%(9%(9/9:"92,*QKKS":,0%/$h"nZ$
KK
DdQOGESdq<"H($2$"D"9&")"&51&'9'5'$#"19%!29#9*$q"



 

 

27 

 

H)&" #$%,&9'$#" ,*" G)Zd" &51&'2)'$" H9'(" &')1/$" :($09:)/" %2,%$2'9$&7" K*32)2$#" &%$:'2,&:,%!" )'"

C)29)1/$"'$0%$2)'52$"&(,H$#"'()'"'($"&%9*"'2)*&9'9,*"&'9//",::52&"9*"'(9&"/)0$//)2"0)'$29)/7"P($*"

9*" bmmm<" '($" &)0$" B2,5%" &!*'($&9F$#" )" &$09Y3/5,29*)'$#" #$29C)'9C$" ,3" )" &%9*" :2,&&,C$2"

:,0%/$h" '()'" &(,H&" )&',*9&(9*B" &')19/9'!" 9*" '($" D)*B0592" 39/0<" )//,H9*B" '($" 3,20)'9,*" ,3"

%$23$:'/!" #$39*$#" DA" 39/0&" ,3" &5:(" )" 0,/$:5/$7" Z52'($20,2$<" 3,2" '($" 392&'" '90$" '($" &%9*"

:2,&&,C$2" %2,:$&&" 9*" 05/'9/)!$2&" :)*" 1$" 3,//,H$#" 1!" ET_K6" &5&:$%',0$'$27
B::DC
" .*,'($2"

)%%$)/9*B"2$&5/'",*"DA"39/0&"H)&"2$%,2'$#"1!">7".7"W9':($*"$'")/7"9*"dgbg<"9*"H(9:("'($" /,*B"

)/+!/":()9*"&51&'9'5$*'"Z$QKKSY'29)F,/$":,0%/$h"3):9/9')'$&"'($"3,20)'9,*",3")"&')1/$"D)*B0592l

A/,#B$''" 39/0" )'" )*" )92lH)'$2" 9*'$23):$" )*#" #9&%/)!&" &%9*" '2)*&9'9,*" %2,%$2'!" )'" 2,,0"

'$0%$2)'52$7
B::EC
" K'" 9&" 9*" '($"9#$)/"2)*B$"3,2"35*:'9,*)/"#$C9:$&<" 97$7"&!&'$0&"'()'",%$2)'$")'",2"

*$)2"2,,0"'$0%$2)'52$7"

"

Z9B52$"b7d7b-"E:($0)'9:"#9)B2)0",3"'($"D)*B0592YA/,#B$''"39/0"%2$%)2)'9,*7"

"

P($"DA"'$:(*9R5$":)*"%2,C9#$"C$2!"B,,#"(,0,B$*$9'!")*#"'(9:+*$&&":,*'2,/",3"'($",2#$2"

,3" ,*$" 0,*,/)!$2<" 15'" )&" )" #9&)#C)*')B$" 2$R592$&" '($" %2$&$*:$" ,3" &%$:939:" )0%(9%(9/9:"

35*:'9,*)/"B2,5%&"9*"'($"EGV<")*#"9&"'($2$3,2$"0)'$29)/&Y#$%$*#$*'7"

:ADA:AD-W4$9-2/,+7#)-

62,%":)&'9*B"9&")"C$2!"&90%/$"H)!"3,2"'($"3)129:)'9,*",3"'(9*"39/07"K*"'(9&"H)!")"#2,%",3"

&,/C$*'"9&"/$3'",*"',%",3")"&523):$"5*'9/")//"&,/C$*'"$C)%,2)'$&<"'($*"'($"'(9*"39/0"H9'("#2!9*B"

&%,'&",2"*,*Y5*93,20":,C$2)B$"9&",1')9*$#"Q&$$"39B52$"b7d7dS7"P($&$"#9339:5/'9$&"0)!")29&$"9*"

%)2'9:5/)2" 32,0"09:2,Y3/,H&"H9'(9*" '($"#2,%7"A$:)5&$",3" '($"#933$2$*:$&" 9*" $C)%,2)'9,*" 2)'$"



 

 

28 

 

1$'H$$*"'($":$*'$2")*#"'($"$#B$",3"'($"#2,%<"'($2$"9&":2$)'9,*",3":,*:$*'2)'9,*"B2)#9$*'&")*#"

'$0%$2)'52$&"'()'"H9//"(9*#$2"'($"3,20)'9,*",3")"5*93,20"39/0"'(9:+*$&&7"P(9&"9&")"C$2!"25&'9:"

0$'(,#<" (,H$C$2" 9'x&" C$2!" $)&!" '," 90%/$0$*'" 9*" '($" /)1,2)',2!" )*#" 9&" ,3'$*" 5&$#" 3,2"

%2$/909*)2!"'$&'&",2"',"39/00)+9*B"H($*"(,0,B$*$9'!"9&"*,'":29'9:)/7""

"

-

"

Z9B52$b7"d7d-"=2,:$&&"3/,H"#9)B2)0",3"#2,%":)&'9*B"'$:(*9R5$"

-

K*" dgbb<"  )&&909/9)*," )*#" :,YH,2+$2&" 2$%,2'$#" )" #2,%" :)&'9*B" '(9*" 39/0" ,3" )" 2,,0Y

'$0%$2)'52$Y&H9':()1/$" bY6" &%9*Y:2,&&,C$2" :,0%,5*#7
B::FC
" A!" :,*'2,//9*B" '($" $h%$290$*')/"

:,*#9'9,*&"Q'($"%)2'9)/"%2$&&52$",3"'($"&,/C$*'S<"'($"39/0"'(9:+*$&&"#$%,&9'$#"2)*B$&"32,0"e"',"

eg" �0<" (,H$C$2<" '($!" #9#" *,'" :,*'2915'$" '," EGV" )%%/9:)'9,*7" W$9')" )*#" :,YH,2+$2&" )/&,"

#$C$/,%$#")":)&'9*B"39/0"H9'("Z$QKKSYb<d<cY'29)F,/$":,0%/$h$&<"H(9:("$h(919'$#"&/5BB9&("&%9*Y

:2,&&,C$2"1$()C9,2":,0%)2$#"H9'("'($"15/+"&)0%/$")*#"*,"'($20)/"(!&'$2$&9&7
B::GC
"P($")1&$*:$"

,3"'($")125%'"&%9*"'2)*&9'9,*"9*"'($":)&'9*B"39/0":)*"1$")''2915'$#"',"'($"#$:2$)&$"9*"9*'$2:()9*"

9*'$2):'9,*&"Q)*#":,,%$2)'9C9'!S")0,*B"b6"Z$QKKSQ'29)F,/$Sf":,,2#9*)'9,*":()9*&<"H(9:("2$&5/'&"

32,0"'($"9*'2,#5:'9,*",3" /,*B")/+!/"&51&'9'5$*'&7
B::HC
"P($"#2,%":)&'9*B"0$'(,#"9&"1,'("&90%/$"

)*#" )%%/9:)1/$" '," )//" &,/51/$" :,0%/$h$&<" 15'" 9'" !9$/#&" 9*(,0,B$*$,5&" )*#" 09:2,*Y'(9:+"

39/0&7
B::FJ::HC

"

:ADA:AE-;97#-2$/+7#)-

P(9&" '$:(*9R5$<" 9//5&'2)'$#" 9*" 39B52$" b7d7f<" 9&" 0,&'" :,00,*/!" 5&$#" 3,2" 0)+9*B"

(,0,B$*$,5&" 39/0&" ,3" 35*:'9,*)/" 0)'$29)/&7" K*" %)2'9:5/)2<" '(9&" 9&" '($" :/)&&9:" '$:(*9R5$" 3,2"

#$%,&9'9*B" /9'(,B2)%(9:" 2$&9*&" 9*"09:2,$/$:'2,*9:&7" K'" :,*&9&'&" ,3" #$%,&9'9*B" ,*" )" &51&'2)'$" )"

&,/5'9,*",3"0,/$:5/$&"R59:+/!"&%2$)#&<")*#" '($*":,0$&")" &,/C$*'"$C)%,2)'9,*"&'$%7"P(5&"H$"

:)*",1')9*"'(9*"/)!$2&",3"0)'$29)/7""

"



 

 

29 

 

"

"

"

"

"

Z9B52$"b7d7f-"=2,:$&&"3/,H"#9)B2)0",3"&%9*":,)'9*B"'$:(*9R5$"

"

E%9*Y:,)'9*B" 9&")" &90%/$<"H9#$/!Y5&$#"0$'(,#" 9*",2B)*9:{%,/!0$2"$/$:'2,*9:&<"15'" '($2$"

)2$"C$2!" 3$H" 2$%,2'&",*" 39/0&",1')9*$#"1!" &%9*Y:,)'9*B"1$:)5&$" '($" &,/519/9'!",3"0,&'"EGV"

:,0%/$h$&" 9*" &')*#)2#" &,/C$*'&" 9&" /,H7" P(9&" H)&" 5&$#" 3,2" '($" 392&'" '90$" 9*" dggc<" 1!"

A,5&&$+&,5")*#":,//$)B5$&<
B::IC
"'($*"9*"dggk<" )&)+9")*#":,YH,2+$2&"%2$%)2$#")"&%9*":,)'$#"

'(9*" 39/0" ,3" &%9*" :2,&&,C$2" :,0%/$h" nZ$Q#%%SdqQAZcSd" Q#%%" u" d<jY#9Q%!2)F,//!/S%!29#9*$S<"

H(9:(" $h(919'$#" &%9*" '2)*&9'9,*" )'" )2,5*#" djg" W7
B::KC
" Z52'($20,2$<" '($!" 3,5*#" '()'" '($"

'$0%$2)'52$"#$%$*#$*:$",3"'($"$/$:'29:)/"2$&9&')*:$",3"'($"39/0":()*B$&"H9'("'($"&%9*"'2)*&9'9,*7"

E,"9*"'($"&51&$R5$*'"H,2+<"'($!"3)129:)'$#")"*,C$/"$/$:'2,/509*$&:$*'"Q@DS"#$C9:$":,*&9&'9*B"

,3" nZ$Q#%%SdqQAZcSd" )*#" :(/,2,%(!//<" H(9:(" &(,H$#" 2$%2,#5:91/$" ,*l,33" &H9':(9*B" ,3" /9B('"

$09&&9,*" )::,0%)*9$#" 1!" '($" &%9*" '2)*&9'9,*7
B:NLC
" K*" dgbb<" ,52" B2,5%" #$C$/,%$#" )" '(9*" 39/0"

H9'("'($"'(9:+*$&&")1,5'"fg"*0"1!"&%9*":,)'9*B7"P($"&%9*":2,&&,C$2"%($*,0$*,*",3"'($"&%9*Y

:,)'$#"39/0&",3"nZ$Q(%'2FSfqQVP&Sd":)*"1$":()2):'$29F$#"1!"'($"'$0%$2)'52$"#$%$*#$*:$",3"'($"

%/)&0,*"2$&,*)*:$")*B/$7"P($",1&$2C$#"%/)&0,*"2$&,*)*:$")*B/$"&(93'",::52&"%290)29/!"#5$"

',"'($"C,/50$":()*B$"Q#$*&9'!S")::,0%)*!9*B"'($"EGV7
B::LC
"P($*<")/&,"9*",52"B2,5%"'($"&%9*"

:2,&&,C$2" :,0%/$h" nZ$Q(%'2FSfqQVP&Sd" #,%$#"H9'(" '($"):29#9*$",2)*B$"H)&"#$%,&9'$#",*" '($"

R5)2'F"&51&'2)'$"1!"&%9*":,)'9*B7"VH9*B"',")"2)#9)'9,*/$&&"$*$2B!"'2)*&3$2"%2,:$&&"1$'H$$*"'($"

/,H"&%9*"Z$QKKS" 9,*&",3" '($" :,0%/$h")*#" '($" /509*,%(,2$<"H$"()C$"1$$*" )1/$" '," 3,//,H" '($"

&%9*" &')'$" :()*B$&" '(2,5B(" /509*$&:$*:$" 0$)&52$0$*'&" $C$*" 9*" '(9*" 39/0&" )'" '(9:+*$&&$&"

1$/,H" bgg" *0" Q&$$" 39B52$" b7d7cS7
BFEC
" K*" dgbc<" VB)H)" +6$ /,7" &!*'($&9F$#" &%9*" :2,&&,C$2"

*)*,%)2'9:/$&<"H(9:(":)*"#9&%$2&$"H$//"9*"C)29,5&",2B)*9:"&,/C$*'&7"A!"&%9*":,)'9*B"'$:(*9R5$<"

'($" *)*,%)2'9:/$&" 3,20" (,0,B$*$,5&" '(9*" 39/0&" ,*" &51&'2)'$&" )*#" :)*" +$$%" '($" )125%'" &%9*"

'2)*&9'9,*"%2,%$2'!7
B:DNC
"

"



 

 

30 

 

"

"

Z9B52$" b7d7c-" /S" O,20)/9F$#" $h:9')'9,*" )*#" $09&&9,*" &%$:'2)" ,3" nZ$Q(%'2FSfqQVP&Sd" #,%$#" H9'("

):29#9*$" ,2)*B$" 9*" '($" &,/9#" &')'$" )'" 2,,0" '$0%$2)'52$" Q?PS7" A/5$-" $h:9')'9,*" &%$:'250" 3,2" ejg" *0"

$09&&9,*z" 2$#-" $09&&9,*" &%$:'250" 3,2" ceg" *0" $h:9')'9,*z" 1/):+-" )1&,2%'9,*" &%$:'2)" ,3" )*" 5*#,%$#"

:(/,2,3,20"&,/5'9,*",3" nZ$Q(%'2FSfqQVP&Sd")'"?P"Q#)&($#" /9*$<"DE"&')'$S")*#"fdg"W"Q&,/9#" /9*$<"LE"

&')'$S7"]$2'9:)/"#)&($#"/9*$&"#$%9:'"'($"&%$:'2)/"%)&&"1)*#"5&$#"9*"3/5,2$&:$*:$"09:2,&:,%!"$h%$290$*'&7"

0S"O,20)/9F$#"'($20)/"C)29)'9,*",3"'($"/509*$&:$*:$"9*'$*&9'!")'"eeg"*0"H9'(")*"$h:9')'9,*")'"ceg"*0"

9*" )" &%9*" :,)'$#" '(9*" 39/0" Qie" *0S" ,3" nZ$Q(%'2FSfqQVP&Sd" #,%$#"H9'(" ):29#9*$" ,2)*B$" #529*B" '(2$$"

:,*&$:5'9C$" '($20)/" :!:/$&" Q ){#'" �" d" W"09*Ybz" ,%$*" )*#" :/,&$#" &!01,/&" 3,2" ($)'9*B" )*#" :,,/9*B"

0,#$&<" 2$&%$:'9C$/!S7" K*&$'&-"%(,',B2)%(",3")"&%9*":,)'$#"EGV"'(9*"39/0",*")"b":0
d
"R5)2'F"&51&'2)'$"

)*#".Z "90)B$"Qfc"�"fc"�0
d
S",3"9'&"&523):$7"

:ADA:AF-28'*7!/&-W'9$,7+7$#-

P(9&" )%%2,):(" :,*&9&'&" '," :,*&'25:'" /)!$2" 1!" /)!$2" '(9*" 39/0&" 1!" &5::$&&9C$" :($09:)/"

1,*#9*B<" )*#" :)*" #92$:'/!" &!*'($&9&" &%9*" :2,&&,C$2" :,0%/$h" ,*" '($" &523):$" ,3" #933$2$*'"

&51&'2)'$&7" K*"dggf<
B:D:J:DDC

".+9,")*#":,YH,2+$2&"#$C$/,%$#"'($"392&'":($09:)/"#$%,&9'9,*"'(9*"

39/0"H9'(" '($" nZ$
KK
QLY'2FSfq*" :,0%/$h" '(2,5B(" 9,*Y$h:()*B$" 2$&9*" QO)39,*S" )&" :,5*'$2" )*9,*"

Q&$$" 39B52$" b7d7eS7" P($" '(9*" 39/0" %2$&$*'$#" &%9*" :2,&&,C$2" %($*,0$*,*" )'" )2,5*#" djg" W7"

6529*B" '(9&" %2,:$&&<" 1$:)5&$" '($" $/$:'29:)/" *$B)'9C$" :()2B$" 0,19/$" )*9,*&" QEVc
dY
S" H)&"

9#$*'9:)/" '," '()'" ,3" '($" 9,*Y$h:()*B$" B2,5%" QEVf
dY
S" 9*" '($" O)39,*" 0)'29h<" 9'" 9&" #9339:5/'" ',"

B5)2)*'$$" '($" (,0,B$*$9'!" ,3" '($" '(9*" 39/0&7" Z52'($20,2$<" 9'" 9&" 9*'$2$&'9*B" '," &'5#!" '($"

,%'909F)'9,*",3"'($"&523):$<")&"'($"&9F$"#9&'2915'9,*":)*"9*3/5$*:$"'($"&%9*":2,&&,C$27""

"



 

 

31 

 

"

Z9B52$"b7d7e-"Z9/0"%2$%)2)'9,*"%2,:$&&",3""Z$
KK
Q?Y'2FS"Y"O)39,*"QOYO"0$)*&"'($"?Y'2F"/9B)*#S7"

"

A!" /)!$2Y1!Y/)!$2" )&&$01/!" 0$'(,#<" )" *501$2" ,3" $h)0%/$&" 3,2" &5::$&&35/" 05/'9/)!$2"

)&&$01/!"'(2,5B(":,,2#9*)'9,*"1,*#9*B"()C$"1$$*"2$%,2'$#7
B:DEM:DGC

"K*&%92$#"1!"'($&$"&'5#9$&<"

,52" B2,5%" 2$%,2'$#" '($" &5::$&&35/" #$%,&9'9,*" ,3" '($" '(2$$" #90$*&9,*)/" Qf6S" &%9*Y:2,&&,C$2"

:,,2#9*)'9,*" %,/!0$2&<" nZ$Q%!2)F9*$So QGOScpq" Q uO9<" =#<" ,2" ='S" ,*" .5" &51&'2)'$" Q&$$"

39B52$"b7d7jS7
B:DHC
"A!"'($"'$0%$2)'52$"#$%$*#$*:$",3"'($"*,20)/9F$#"?)0)*"9*'$*&9'!"2)'9,",3"

0,#$&":,22$&%,*#9*B"',"'($"%!2)F9*$"/9B)*#<"H$"&5::$&&35//!"&(,H$#"'()'"'($"&%9*":2,&&,C$2"

&'9//",::52&"H9'("(!&'$2$&9&")*#")2,5*#"2,,0"'$0%$2)'52$7""

"

Z9B52$"b7d7j-"Z9/0"%2$%)2)'9,*"%2,:$&&"Q/)!$2"1!"/)!$2S",3"'($":,0%,5*#"nZ$Q%!2)F9*$So='QGOScpq"



 

 

32 

 

:ADA:AG-Z/!66*-W'9$,7+7$#-

L9B(" C):550" #$%,&9'9,*" 9&" )"0$'(,#" 5&$#" 9*" ,2B)*9:{%,/!0$2" $/$:'2,*9:&7" K'" %2,#5:$&"

(9B(YR5)/9'!" 39/0&"H9'(")"%2$:9&$":,*'2,/",3" '($" '(9:+*$&&")*#"0,2%(,/,B!<")*#":)*"1$"35//!"

9*'$B2)'$#"H9'(9*"2,5'9*$"'(9*Y39/0"$/)1,2)'9,*"0$'(,#&"5&$#"9*"$/$:'2,*9:&"Q&$$"39B52$"b7d7kS7"

]$2!" /909'$#" *501$2" ,3" &%9*" :2,&&,C$2" :,0%,5*#&" :)*" 1$" )%%/9$#" 1!" '(9&" '$:(*9R5$7" P($"

)%%2,%29)'$":,0%,5*#&"05&'"1$"*$5'2)/<"'($20)//!"&')1/$<"()C$")"/,H"0,/$:5/)2"H$9B('")*#"#,"

*,'"9*:/5#$"&,/C$*'"0,/$:5/$&7"

"

"

"

Z9B52$"b7d7k-"E:($0)'9:"#9)B2)0",3"C):550"#$%,&9'9,*"%2,:$&&7"

"

Z,2" $h)0%/$<" '($" :,0%,5*#" nZ$QLAQ%FSfSdq" QH($2$" %F" u" %!2)F,/!/S" H(9:(" %2$&$*'&" )"

B2)#5)/"&%9*" '2)*&9'9,*")1,C$"2,,0"'$0%$2)'52$"H)&"%52939$#"1!"&51/90)'9,*"cjf"W7
B:DIC
"P($"

&,/9#"&)0%/$"H)&"9*'2,#5:$#"9*',")*"$C)%,2)',2")*#"H)&"($)'$#"1!")":522$*'"Q4,5/$"$33$:'S"9*"

C):550" '," ,1')9*" dgg" *0" '(9:+" 39/0" #$%,&9'$#" ,*" B,/#" 9*'$2#9B9')'$#" 09:2,$/$:'2,#$&"

%2$&$2C9*B" '($" &%9*" :2,&&,C$2" %2,%$2'9$&7" K*" dggm<" E(9" )*#" :,YH,2+$2&" 2$%,2'$#" '($" (9B(Y

R5)/9'!"'(9*"39/0&",3"Z$Q%($*SdQOGESd"Q%($*"u"b<bgY%($*)*'(2,/9*$S<"'()'"H$2$":,*&'25:'$#"1!"

(9B("C):550"#$%,&9'9,*"0$'(,#"Q&$$"39B52$"b7d7iS7
B:DKC
"P($"ET_K6"0$)&52$0$*'"&(,H$#"'()'"

'($"&%9*"'2)*&9'9,*",3"'($"'(9*"39/0",3"dig"*0"'(9:+*$&&"9&"0,2$"B2)#5)/"'()*"'()'",3"'($"%,H#$2"

&)0%/$<"%2,1)1/!"1$:)5&$",3"&'25:'52)/"#$3$:'&7"

"



 

 

33 

 

"

"

Z9B52$"b7d7i-".Z "90)B$&",3"Z$Q%($*SdQOGESd"'(9*"39/0&"#$%,&9'$#"1!"(9B("C):550"$C)%,2)'9,*"Q/$3'Sz"

P$0%$2)'52$"#$%$*#$*:$",3"�0P"3,2"'($"%,H#$2")*#"'($"digY*0Y'(9:+"39/0",*"&9/9:,*"&51&'2)'$7"K*&$'-"

'($"'$0%$2)'52$"#$%$*#$*:$",3"'($"0)B*$'9:"0,0$*'"%$2"0,/$:5/$"Q29B('S7"

"

P($*" 9*" dgbb<" L,/B$2" )*#" :,H,2+$2&" 5&9*B" C):550" #$%,&9'9,*" %2$%)2$#" '(9*" 39/0&" ,3"

nZ$QLdA%FSdQ%($*Sq" )*#" nZ$QLdA%FSdQ19%!Sq<" H(9:(" %2$&$*'$#" 0,2$" B2)#5)/" &%9*" '2)*&9'9,*"

:,0%)2$#"H9'("'($"15/+"&)0%/$"Q&$$"39B52$"b7d7mS7" K*'$2$&'9*B/!<" 3,2" '(9&" '!%$",3"39/0<"D9B('Y

K*#5:$#"@h:9'$#"E%9*"E')'$"P2)%%9*B"QDK@EEPS"H)&",1&$2C$#"3,2"'($"392&'"'90$7
B:DLC
"

"

"

"

Z9B52$"b7d7m-"_]{]9&"&%$:'2)",3"'(9*"39/0&",3"nZ$QLdA%FSdQ%($*Sq" Q/S")*#"nZ$QLdA%FSdQ19%!Sq" Q0S"

1$'H$$*" fgg" )*#" mg" W7" K*&$'&-" L9B(Y&%9*" 32):'9,*" �LE" ,3" nZ$QLdA%FSdQ%($*Sq" Q/S" )*#"

nZ$QLdA%FSdQ19%!Sq" Q0S" #$'$209*$#" 32,0" _]{]9&" &%$:'2,&:,%!" )*#" 0)B*$'9:" &5&:$%'919/9'!" ,3" '($"

15/+"0)'$29)/&7"K*&$'&<"/$3'-"L9B(Y&%9*"32):'9,*")3'$2"922)#9)'9,*")'"bg"W7"

"

6,5B($2'!")*#":,YH,2+$2&"%2$%)2$#"19/)!$2"',"05/'9/)!$2"39/0&",3"nLdAQ%FSdqZ$QKKSQ1%!S"

,*" .5QbbbS" &51&'2)'$" 9*" )*" 5/'2)(9B(" C):550" Q&$$" 39B52$b7d7bgS7
B:ENC
" P($&$" 39/0&" H$2$"

,1&$2C$#"',"1$")92Y&')1/$"9*"'$20&",3":,/,2Y:()*B$&")&&,:9)'$#"H9'("&%9*":2,&&,C$2"3,2")'"/$)&'"

&9h"0,*'(&7"P($!"3,5*#"'()'"3,2"'($"19/)!$2"39/0"B$,0$'2!"'($"&%9*":,0%,&9'9,*"9&"9*#$%$*#$*'"



 

 

34 

 

,3"'$0%$2)'52$"1$'H$$*"bfg"W")*#"fgg"W"#5$"',"39/0"%):+9*B"$33$:'&"'()'")/'$2"'($":,,%$2)'9C$"

$33$:'&" ,*" &%9*" :2,&&,C$2" :,0%)2$#" '," '($" 15/+" 0)'$29)/7
B:E:C
" E510,*,Y<" 0,*,Y" )*#"

05/'9/)!$2&" ,3" '($" Z$QKKS" &%9*Y:2,&&,C$2" QEGVS" :,0%/$h" nZ$Q1%FSdQ%($*Sq" Q1%F" u"

#9(!#2,19&Q%!2)F,/!/S1,2)'$<" %($*" u" b<bgY%($*)*'(2,/9*$S" H$2$" )/&," %2$%)2$#" 1!" C):550"

#$%,&9'9,*",*".5QbbbS"&51&'2)'$&7"E%9*"'2)*&9'9,*"%2,%$2'9$&",3"'($"39/0"H$2$"9*C$&'9B)'$#"1!"

*$)2" $#B$" XY2)!" )1&,2%'9,*" 39*$" &'25:'52$" QO@X.ZES" &%$:'2,&:,%!<" )*#" '($!" 3,5*#" '()'"

0,/$:5/$&" ,3" '($" &$:,*#" /)!$2" $h(919'$#" )" '($20)/" &%9*Y:2,&&,C$2" '2)*&9'9,*<" 15'"H9'("0,2$"

B2)#5)/":()2):'$29&'9:&":,0%)2$#"',"'($"15/+"0)'$29)/7
B:EDC
"

"

"

"

Z9B52$"b7d7bg-")S"EP "90)B$",3")"19/)!$2"39/0",*".5QbbbSz"1S"&0)//Y&:)/$"EP "90)B$",3"19/)!$2"39/0"

,*".5QbbbS"'()'"&(,H&")*"$h)0%/$",3"'($"/,HY&%9*"0,/$:5/$"(9B(/9B('$#"H9'(")"'29)*B/$")*#")*"

$h)0%/$",3")*")%%)2$*'"#$%2$&&9,*":,22$&%,*#9*B"',")"(9B(Y&%9*"0,/$:5/$"%)92"/)1$/$#")&"��LExx7"

:ADA:AH-U7!4$-/#(-Y/#$9/++'4#7#)-

P," 0)+$" *)*,&:)/$" ,14$:'&" '(2,5B(" *)*,%)''$29*B" '$:(*9R5$<" &:9$*'9&'&" 5&$" 'H," 0)4,2"

'$:(*9R5$&-"',%Y#,H*")*#"1,'',0Y5%"3)129:)'9,*7"K*"',%Y#,H*"3)129:)'9,*<"&:9$*'9&'&"&')2'"H9'("

)"Q2$/)'9C$/!S"/)2B$",14$:'")*#":5'"9'"9*',"&0)//$2"%9$:$&"5*'9/"9'"9&"*)*,&9F$#7"N(9/$"1,'',0Y5%"

3)129:)'9,*<":,*&9&'&"',"159/#")*",14$:'")',0Y1!Y)',0"5*'9/"9'"9&"*)*,&9F$#7".'"%2$&$*'<"C)29,5&"

/9'(,B2)%(9:")*#"*,*/9'(,B2)%(9:"0$'(,#&Y&5:(")&"#$%,&9'9,*",*":($09:)//!"%)''$2*$#"&523):$&<"

9*+4$'"%29*'9*B<"/93'Y,33"%2,:$&&$&<"$':(9*B<"#92$:'"%(,',%)''$2*9*B<")*#"09:2,:,*'):'"%29*'9*B�

()C$"1$$*"$h%/,2$#"',"B$*$2)'$"#9&'9*:'"%)''$2*&",3"'($"05/'9/)!$2"39/0&7
B:EEC
""

K*"dggk<"3,2"'($"392&'"'90$",52"B2,5%"2$%,2'$#")"%2,:$&&"3,2"*)*,")*#"09:2,&:)/$")&&$01/!"

,3" '($" f6" &%9*Y:2,&&,C$2" :,,2#9*)'9,*" %,/!0$2" nZ$Q%!2)F9*$So='QGOScpq" 1!" 5&9*B" )"



 

 

35 

 

:,019*)'9,*",3" ',%Y#,H*"Q/93'Y,33S" )*#"1,'',0Y5%" Q05/'9/)!$2" &$R5$*'9)/" )&&$01/!S"0$'(,#&"

Q&$$" 39B52$" b7d7bgS7" .'" 392&'<" )" B,/#Y:,)'$#" &9/9:,*" &523):$" H)&" :,C$2$#" 1!" )" :,*C$*'9,*)/"

%,/!0$'(!/0$'():2!/)'$" Q=  .S" @AD" 2$&9&'<" 9*" H(9:(" &R5)2$Y&()%$#" %)''$2*&" ,3" #933$2$*'"

&9F$" )*#" #$*&9'!" ()C$" 1$$*" H29''$*" 1!" )" 3,:5&$#" $/$:'2,*" 1$)07" P($*" '($" &%9*" :2,&&,C$2"

:,0%/$h$&"H$2$"#$%,&9'$#"1,'("9*"'($",%$*9*B&",3"'($"2$&9&'")&"H$//")&",*"',%",3"'($"=  .7"

Z9*)//!<" '($" %)''$2*&" H$2$" '2)*&3$22$#" 1!" /93'9*B" ,33" '($" =  .7
B:EFC
" O,'9:$)1/!"

nZ$Q%!2)F9*$So='QGOScpq" 3,20&" L,30)**" :/)'(2)'$Y/9+$" :,,2#9*)'9,*" :,0%,5*#&" ,*" '($"

&523):$&<" H(9:(" #9&%/)!" '$0%$2)'52$Y" )*#" /9B('Y9*#5:$#" EGV" %2,%$2'9$&7" Z52'($20,2$<" '($"

39/0&" H9'(" '(9:+*$&&$&" 9*" '($" cglmg" *0" 2)*B$" $h(919'" )" :/$)2" :,,%$2)'9C$" '($20)/" &%9*"

'2)*&9'9,*"H9'("/)2B$"(!&'$2$&9&"/,,%&"C$2!"&909/)2"',"'($"15/+"&)0%/$&7"

"

"

"

"

Z9B52$"b7d7bg-"E:($0)'9:"%2,:$#52$"3,2"'($"%)''$2*9*B",3"nZ$Q%!2)F9*$So='QGOScpq"Q5%S")*#"D,HY

$*$2B!"E@ "90)B$",3"%)''$2*&",3"nZ$Q%!2)F9*$So='QGOScpq"Q#,H*S7"

K*"%29*:9%/$<")*!" VZ"%(!&9:)/"%2,%$2'!"Q$7B7"$/$:'29:)/<"0)B*$'9:<tS":()*B9*B"H9'("'($"

)1&,2%'9,*",3"B5$&'"0,/$:5/$&":,5/#"1$"5&$#")&" )" '2)*&#5:9*B"&9B*)/" 3,2" )"%/)5&91/$" &$*&9*B"

#$C9:$7" P(9&" 9&" '($" :)&$<" 3,2" $h)0%/$<" ,3"  VZ&" #9&%/)!9*B" &%9*Y:2,&&,C$2" QEGVS"

1$()C9,27
BGNJ:NNJ:EGM:EKC

"L$*:$<" 9*" '($" 3,//,HY,*"H,2+<" 1!" *)*,%)''$2*9*B" '$:(*9R5$",52" B2,5%"

&'5#9$#" '($" (,&'YB5$&'" 9*'$2):'9,*" ,*" )" 3)09/!" ,3" %,2,5&" :,,2#9*)'9,*" %,/!0$2&" ,3" '($"

L,30)**Y'!%$"H(9:("#9&%/)!$#"'($20)/")*#"/9B('Y9*#5:$#"&%9*":2,&&,C$2"%($*,0$*)")2,5*#"

2,,0"'$0%$2)'52$")*#"H9'(")"/)2B$"(!&'$2$&9&"/,,%7
BG:J:ELC

"?$:$*'/!<",52"B2,5%"()&"2$%,2'$#"'($"

EGV" %2,%$2'9$&" :,5%/$#" '," '($" (,&'lB5$&'" :($09&'2!" 1$()C9,2" ,3" '($" L,30)**" :/)'(2)'$"



 

 

36 

 

nZ$Q1%):So='QGOScpq" Q1%):" u" 19&QcY%!29#!/S):$'!/$*$S<" H(9:(" 2$C$)/$#" )" &(93'" ,3" '($" &%9*"

'2)*&9'9,*"'$0%$2)'52$"H($*")1&,219*B")2,0)'9:"]VG&"QC,/)'9/$",2B)*9:":,0%,5*#&S"&5:(")&"

9,#,1$*F$*$" QKAFS<" 12,0,1$*F$*$" QA2AFS" ,2" :(/,2,1$*F$*$" QG/AFS" Q&$$" 39B52$" b7d7bbS" 7
B:FNC
"

P($"$33$:'"H)&"2$C$)/$#"3,//,H9*B"#9332):'9,*"$339:9$*:!"QhS",3"&%$:939:"B2)'9*B&7"

"

"

"

Z9B52$"b7d7bb-")S"E:($0)'9:"2$%2$&$*')'9,*",3"'($"3)129:)'9,*",3"'($"EGV"#9332):'9,*"B2)'9*B&-"Q9S"_]"

922)#9)'9,*",3"'($"%(,',2$&9&'<"Q99S"#$C$/,%0$*'<"Q999S"#$%,&9'9,*",3"'($"EGV"'(9*"39/0"'(2,5B(")"/)!$2Y

1!Y/)!$2" 0$'(,#<" )*#" Q9CS" /93'Y,33" '($" %(,',2$&9&'7" 1S" P$0%$2)'52$" #$%$*#$*:$" ,3" '($" 392&'Y,2#$2"

#9332):'9,*" $339:9$*:!" Q*,20)/9F$#S" 9*" '($" ($)'9*B" )*#" :,,/9*B"0,#$&" Q&$$" )22,H&S" 3,2" )" #9332):'9,*"

B2)'9*B",3" nZ$Q1%):So='QGOScpq"1$3,2$")*#")3'$2" '($")1&,2%'9,*",3"KAF"0,/$:5/$&7"P($"#933$2$*:$&" 9*"

'($"C)/5$",3"�b"1$'H$$*" '($"$0%'!")*#" '($" /,)#$#"B2)'9*B")'"dkf<"dif"W")*#" 2,,0" '$0%$2)'52$")2$"

(9B(/9B('$#"1!"'($")22,H&"4,9*9*B"'($"2$#"%,9*'&7"

"

E5:(":,019*)'9,*",3"&$R5$*'9)/")&&$01/!")*#"$/$:'2,*"1$)0"/9'(,B2)%(!"'$:(*9R5$&"H)&"

)" 2$)/" 12$)+'(2,5B("15'" '(9&"%,H$235/" '!%$",3"*)*,%)''$2*9*B"0$'(,#" 9&" C$2!" $h%$*&9C$")*#"

&/,H7"Z,2"'(9&"2$)&,*<")"&,3'" /9'(,B2)%(!"0$'(,#"3,2" '($"3)129:)'9,*",3"EGV"5*9'&" 9*",2#$2$#"

*)*,%)''$2*&"H,5/#"1$"C$2!"#$&92)1/$7"A$:)5&$" 9'" 9&" +*,H*" '()'" '($"EGV"%2,%$2'9$&"#$%$*#"

:29'9:)//!",*"'($"/,:)/"0,/$:5/)2"$*C92,*0$*'"Q$7B7<"%):+9*B<"&,/C$*'"0,/$:5/$&<")*9,*&<"$':7S<"

'($"#$C$/,%0$*'",3"0$'(,#&"B9C9*B")::$&&"',"*)*,&'25:'52$&"'()'"%2$&$2C$"'($"9*'$B29'!",3"'($"

0)'$29)/"9&"'$:(*,/,B9:)//!",3"'($"5'0,&'"90%,2')*:$"3,2")%%/9:)'9,*&",3"EGV":,0%,5*#&7"E,3'"

/9'(,B2)%(9:" 2$3$2&" '," )" 3)09/!" ,3" '$:(*9R5$&" 3,2" 3)129:)'9*B" ,2" 2$%/9:)'9*B" &'25:'52$&" 5&9*B"

�$/)&',0$29:" &')0%&<" 0,/#&<" )*#" :,*3,20)1/$" %(,',0)&+&�7
B:F:C
" E$C$2)/" '$:(*9R5$&" /9+$"

:,*'2,//$#" H$''9*B" /9'(,B2)%(!<" :)%9//)2!" )&&$01/!" )*#" 09:2,Y'2)*&3$2" 0,/#9*B" ()C$" 1$$*"

#$C$/,%$#7"Z,2"$h)0%/$<":,*'2,//$#"H$''9*B"/9'(,B2)%(!":)*"1$")%%/9$#"',")*!"&,/51/$"0)'$29)/"

,2" &5&%$*&9,*" )*#" )//,H&" '($" 3,20)'9,*" ,3" 09:2," )*#" *)*," ,2B)*9F$#" &'25:'52$&7" P(9&"



 

 

37 

 

'$:(*9R5$" 45&'" 2$R592$&" *,*Y&%$:939:" 9*'$2):'9,*" 1$'H$$*" '($" :,0%,5*#" 0,/$:5/$&" )*#" '($"

&523):$7" G)C)//9*9" $'" )/7" ()C$" &5::$&&35//!" #$0,*&'2)'$#" '()'" 09:2,9*4$:'$#" 0,/#9*B" 9*"

:)%9//)29$&"Q K KGS")*#"/9'(,B2)%(9:)//!":,*'2,//$#"H$''9*B"QDGNS":)*"1$"5&$#"',"3)129:)'$"

09:2,*9:")*#"*)*,0$'29:" &'29%$&",3"EGV"0)'$29)/&7"P($!" 3)129:)'$#" 2$/9)1/!"*)*,%)''$2*&",3"

EGV" :,0%,5*#&" ,3" Z$Q%($*SdQOGESd" 1!" /9'(,B2)%(9:)//!" :,*'2,//$#"H$''9*B" '$:(*9R5$" Q&$$"

39B52$"b7d7bdS7
B::FC
"Z,2"'($"392&'"'90$"EGV":,0%,5*#&":,5/#"1$"#92$:'/!"%2,:$&&$#"9*',"(9B(/!"

,29$*'$#":2!&')//9*$"09:2,Y" )*#"*)*,&'29%$&" )&"H$//" )&" 9*'," /,B9:"%)''$2*&",*" '$:(*,/,B9:)//!"

2$/$C)*'"&523):$&<"%2$&$2C9*B"'($"'2)*&9'9,*"'$0%$2)'52$",3"'($"15/+"0)'$29)/7"K*"%29*:9%/$<"'(9&"

0$'(,#"9&"&59')1/$"3,2")"/)2B$"*501$2",3"&,/51/$"0)'$29)/&")*#":)*"1$"%5&($#"#,H*"',"'($"/909'"

H($2$" &%9*" '2)*&9'9,*" 0,/$:5/$&" )2$" %)''$2*$#" 9*'," ,2#$2$#" )22)!&<" '(9&" %2,:$&&" 1$9*B"

5/'90)'$/!"/909'$#",*/!"1!":,)2&$*9*B",3"'($"9*#9C9#5)/"0,/$:5/$&7"L,H$C$2<"'($&$"'$:(*9R5$&"

&533$2"32,0"&$C$2)/"#2)H1):+&<"&5:(")&"'(9:+*$&&"9*(,0,B$*$9'!"1$'H$$*"'($"&'29%$&")*#<",3"

:,52&$<"'($"3):'"'()'",*/!"&'29%$&":)*"1$"):(9$C$#7"P($!")2$")/&,"C$2!"#$%$*#$*'",*"'($"*)'52$"

,3"'($"&,/C$*'<")*#",*/!"%2,'9:"&,/C$*'&"QH)'$2<"$'()*,/<"$':7S":)*"1$"5&$#7"

"

"

"

Z9B52$"b7d7bd-"/S"E:($0$",3"09:2,"0,/#9*B"9*":)%9//)29$&7"0S".Z "',%,B2)%(!"QF"&:)/$"9&"eg"*0S",3"0Y

&'29%$&",3"Z$Q%($*SdQOGESd"3)129:)'$#"1!" K KG",*"&9/9:,*"&523):$7"!S"V%'9:)/"09:2,B2)%(&"')+$*"9*"

129B('"39$/#")*#"(S"H9'(":2,&&$#"%,/)2&",29$*'$#")/,*B"'($")h$&",3"'($"90)B$7"

"

K*"dgbg",52"B2,5%"2$%,2'$#"'($"&5::$&&35/"%)''$2*9*B",3"nZ$QOLd'2FSqQ',&Sd"Q',&"u"',&!/)'$<"

OLd'2F" u" cY)09*,Yb<d<cY'29)F,/$S" EGV" *)*,%)2'9:/$&" )'" '($" 32,*'9$2" ,3" 09:2,0$'29:" Q97$7<"



 

 

38 

 

,%'9:)//!" )::$&&91/$S" )*#" *)*,0$'29:" &:)/$&" H9'(" #933$2$*'" '!%$&" ,3" 3$)'52$&" 5&9*B" 0,2$"

C$2&)'9/$"&,3'"/9'(,B2)%(9:"'$:(*9R5$&7
B:FDC
"N$"5&$#"09:2,'2)*&3$2"0,/#9*B"Q�P S"',"3)129:)'$"

09:2,0$'29:" )*#"*)*,0$'29:" &'25:'52$&7"P($",1')9*$#"%)''$2*&"H$2$" :()2):'$29F$#"1!")',09:"

3,2:$"09:2,&:,%!"Q.Z S<"#)2+Y39$/#",%'9:)/"09:2,&:,%!<")*#"?)0)*"09:2,&:,%!7"

K*" dgbc<" G()*#2)&$+)2" +6$ /,7" 2$%,2'$#" &!*'($&9&" ,3" )" (9B(/!" &,/51/$" )*#" &,/5'9,*"

%2,:$&&)1/$" EGV" Z$QKKS" :,,2#9*)'9,*" %,/!0$2" nZ$
KK
QDSq*sd*G/Vc" QD" u" cY,:'!/Yd<jY

19&%!2)F,/!/%!29#9*$S<" H(9:(" :)*" 3,20" )" &$C$2)/" 09:2,*" /,*B" *)*,Y')%$" *$'H,2+7" P($*" 1!"

/9'(,B2)%(9:)//!" :,*'2,//$#" H$''9*B" '$:(*9R5$<" '($!" %2,#5:$#" b6" )22)!&" ,3" EGV" *)*,Y')%$"

15*#/$&"Q&$$"39B52$"b7d7bfS7
B:FEC
"

"

"

"

Z9B52$"b7d7bf-"Z,20)'9,*",3":,,2#9*)'9,*"%,/!0$2"nZ$
KK
QDSq*sd*G/Vc")*#"9'&"1,'',0Y5%")*#"',%Y#,H*"

&$/3")&&$01/!"9*',"*)*,Y')%$"*$'H,2+")*#")/9B*$#"*)*,Y')%$"15*#/$&<"2$&%$:'9C$/!7"

:ADAD-;2>-Y/#$9/4+7!&',-

E%9*" :2,&&,C$2" *)*,%)2'9:/$&" )2$" ,3" %)2'9:5/)2" 9*'$2$&'" #5$" '," '($" ,1C9,5&" #)')" &',2)B$"

)%%/9:)'9,*&"9*',"(9B("#$*&9'!"0$#9)"1$:)5&$",3"'($"(!&'$2$&9&"%($*,0$*,*<")&"H)&"&5BB$&'$#"

1!"W)(*")*#" )2'9*$F7
BLGC
"K*")##9'9,*<"35*:'9,*)/9F$#"&%9*":2,&&,C$2"*)*,%)2'9:/$&":)*",33$2")"

H9#$" C)29$'!" ,3" )##9'9,*)/" )%%/9:)'9,*&<" &%$:9)//!" 3,2"0$#9:)/" 5&)B$<" %2,'$9*" #$'$:'9,*<" #25B"

#$/9C$2!<",2" '50,2"'2$)'0$*'")2$"&,0$",'($2")%%/9:)'9,*&"H($2$"&%9*":2,&&,C$2"*)*,%)2'9:/$&"

:)*"0)+$")"#933$2$*:$7""



 

 

39 

 

:ADADA:-;O#+8',7,-$1-;97#-24$,,$<'4-Y/#$9/4+7!&',-

_%"',"*,H<"*50$2,5&"&'5#9$&"()C$"1$$*"2$%,2'$#"3,2"'($"%2$%)2)'9,*",3"EGV"%)2'9:/$&",3"

C)29,5&" &9F$&" 9*"(,0,B$*$,5&" )*#"($'$2,B$*$,5&"0$#9)<" &5:(")&" 2$C$2&$"09:$//$" '$:(*9R5$<"

%,/!0$2")*#"19,%,/!0$2"&')19/9F)'9,*"0$'(,#<"&,/lB$/"'$:(*9R5$")*#"&,",*7"

?$C$2&$"09:$//$&":,*&9&'",*" /9R59#"%,/)2"#2,%/$'&"&')19/9F$#"1!")"&523):')*'<"E<" 9*")*",9/"

%()&$"Q&$$" 39B52$"b7d7bcS7"N)'$2" 9&" 2$)#9/!"&,/519/9F$#" 9*"'($"%,/)2":,2$<" 3,209*B")"&,Y:)//$#"

IH)'$2" %,,/J<" :()2):'$29F$#" 1!" �<" '($" H)'$2Y&523):')*'" 0,/)2" 2)'9," Q�" u" nLdVq{nEqS7" P($"

)BB2$B)'$&" :,*')9*9*B" )" &0)//" )0,5*'" ,3" H)'$2" Q1$/,H" �" ubeS" )2$" 5&5)//!" :)//$#" 2$C$2&$"

09:$//$&"H($2$)&"09:2,$05/&9,*&":,22$&%,*#"',"#2,%/$'&":,*')9*9*B")"/)2B$")0,5*'",3"H)'$2"

0,/$:5/$&"Q)1,C$"�"ubeS7
B:FFC
"P($"#2,%/$'"&9F$",3"2$C$2&$"09:$//$&":)*"1$"2$)#9/!"0,#5/)'$#"9*"

'($" *)*,0$'$2" 2)*B$&" 1!" C)29,5&" %)2)0$'$2&<" 9*" %)2'9:5/)2<" '($"H)'$2Y&523):')*'"0,/)2" 2)'9,<"

&'9229*B"&%$$#")*#"'$0%$2)'52$7""

"

"

"

Z9B52$"b7d7bc-"E'25:'52$",3"2$C$2&$"09:$//$"

P($"392&'"2$&5/'&":,*:$2*9*B"'($"&!*'($&9&",3"kg"*0"nZ$QOLd'2FSfqQA2Sd"EGV"*)*,%)2'9:/$&"

H$2$"%2$%)2$#"5&9*B")"19*)2!"H)'$2{/)52,%)/"&!&'$0<"'($"/)52,%)/"%/)!9*B"1,'("'($"2,/$",3",9/"



 

 

40 

 

%()&$" )*#" &523):')*'7
BIJKJ:FGC

" K*" '(9&" &'5#!<" '($" *)*,%)2'9:/$&" H$2$" ,1')9*$#" 3,//,H9*B" )"

%2$:9%9')'9,*"&')B$"H9'("#9$'(!/"$'($2"Q&$$"39B52$"b7d7beS7""

"

"

"

Z9B52$"b7d7bc-"E'25:'52$",3"2$C$2&$"09:$//$"

"

K*"dgbg"1!",52"B2,5%<"*)*,%)2'9:/$&",3"'($"nZ$QOLd'2FSfqQ',&Sd"Q',&"u"%Y',/5$*$"&5/3,*)'$"

)*9,*S"&%9*":2,&&,C$2":,0%/$h",3"fYc"*0"&9F$"H$2$"&!*'($&9F$#7
B:FHC
"K*"'(9&"H,2+<"P$2B9',/"H)&"

5&$#" )&" )" *,*Y9,*9:" &523):')*'<" 1$:)5&$" 9'" 9&" 32$$" ,3" '($" :,5*'$2Y9,*" $h:()*B$" )*#" )/&," 9'&"

%,/!$'($2"(!#2,%(9/9:"0,9$'!"()&")"%,'$*'9)/"',"&$/3Y)&&$01/!"1!"0$)*&",3"(!#2,B$*"1,*#9*B7"

P($"*,*Y:,C)/$*'"9*'$2):'9,*&"1$'H$$*"'($")0%(9%(9/$"&%$:9$&")*#"'($"&523):$",3"'($"%)2'9:/$&"

0)!" ()C$" )" %,&9'9C$" $33$:'" ,*" '($" :,//,9#)/" &')19/9'!7" P($" &$/$:'$#"P$2B9',/" ()&" )/&," )"H9#$"

/9R59#"2)*B$<")"2$/)'9C$/!"/,H"C9&:,&9'!")*#"C$2!"/,H"C)%,2"%2$&&52$<"H(9:(")2$"5&$35/")&&$'&"

3,2" &)0%/$" :()2):'$29F)'9,*7" P($" %,/)2" %()&$" ,3" '($" 09:2,$05/&9,*" H)&" $C)%,2)'$#" 5*#$2"

2$#5:$#"%2$&&52$")*#"5/'2)39*$"Q:)7"fYc"*0S"H$//"#9&%$2&$#":,//,9#&"H$2$",1')9*$#"9*"&523):')*'7"

N$"()C$")/&," 3,5*#" '()'" &,/C$*'"%2$:9%9')'9,*",2" '($20)/" '2$)'0$*'",3" '($" :,//,9#)/" &!&'$0&"

/$)#&"',"'($"3,20)'9,*",3"#933$2$*'"*)*,Y,14$:'&"Q/)2B$"%)2'9:/$&<"*)*,391$2&"7"7"7S7"



 

 

41 

 

"

"

Z9B52$"b7d7be-"E:($0)'9:"2$%2$&$*')'9,*"&(,H9*B"'($"%2$%)2)'9,*"%2,:$#52$",3"EGV"

nZ$QOLd'2FSfqQ',&Sd"*)*,%)2'9:/$&7"."&')1/$":,//,9#)/"&5&%$*&9,*",2")"*)*,:2!&')//9*$"&,/9#"H)&",1')9*$#"

)3'$2"C):550"'2$)'0$*'",2"&,/C$*'"%2$:9%9')'9,*<"2$&%$:'9C$/!7"."'2)*&%)2$*'"EGV"B$/"H)&",1')9*$#"1!"

'($20)/"'2$)'0$*'7"

"

.*,'($2"0$'(,#"',":,*'2,/"'($"B2,H'(",3":,0%/$h"*)*,%)2'9:/$&"9*"&,/5'9,*"9*C,/C$&"'($"

5&$",3")"&')19/9F9*B"%,/!0$27"K*"'(9&"(,0,B$*$,5&"0$#950")%%2,):(<")"&,/5'9,*",3"'($"/9B)*#"

H)&")##$#"',")*"92,*"&)/'"&,/5'9,*"1,'(":,*')9*9*B")"%,/!0$27"K*"dgbd<",52"B2,5%"&!*'($&9F$#"

nZ$Q(%'2FSfqQVP&Sd" Q(%'2F"u" cY($%'!/Yb<d<cY'29)F,/$<"P&"u" %)2)Y',/5$*$&5/3,*!/S" *)*,%)2'9:/$&"

9*"'($"%2$&$*:$",3"#933$2$*'"+9*#&",3"%,/!0$2"QP29',*"XYbgg"QH9'(")"(!#2,%(9/9:"%,/!$'(!/$*$Y

,h9#$" B2,5%" )*#" )" (!#2,:)21,*" /9%,%(9/9:" B2,5%S<" PV=V" Q'29,:'!/%(,&%(9*$" ,h9#$S<" =]."

Q%,/!C9*!/")/:,(,/S<")*#"=@;&"Q%,/!$'(!/$*$"B/!:,/&SS")&"H$//")&"#933$2$*'"&,/C$*'&"QH)'$2")*#"

@'VLS7
B:FIC
"A!"C)2!9*B"'($"%,/!0$2":,*:$*'2)'9,*<"H$",1&$2C$#"'($":()*B$&"9*"'($"/$*B'(")*#"

&()%$",3"'($"*)*,2,#&7"P($"&%9*"'2)*&9'9,*",3"'($&$"#933$2$*'"&)0%/$&"9&":,0%)2)1/$"',"'()'",3"

'($" 15/+" &)0%/$<" 9*#9:)'9*B" '()'" '($"0,2%(,/,B!" ()&" *," 90%):'" ,*" '($" EGV" %2,%$2'9$&" 3,2"

'($&$"/)2B$2"%)2'9:/$&7"Z52'($20,2$<"9*"'(9&"H,2+<"H$")/&,"2$%,2'$#"'H,",'($2"+9*#&",3"&!*'($&9&"

0$'(,#&-" )" %,/!0$2Y32$$" &!*'($'9:" %)'(H)!" 9*" GLG/f" )*#" )" (!129#" )%%2,):(7" K*" '($" 392&'"

&!*'($'9:" 2,5'$<" '($" 2$):'9,*" 1$'H$$*" nZ$QLdVSjqQVP&Sd" )*#" (%'2F" 9*" :(/,29*)'$#" ,2B)*9:"

&,/C$*'&<" &5:(" )&" GLG/f" ,2" '29:(/,2,$'(!/$*$<" 9*" '($" %2$&$*:$" ,3" )/:,(,/&" Q5%" '," e�" C{CS"

!9$/#$#" 2$/)'9C$/!" &')1/$" &,/5'9,*&" ,3" )" /,HY/$C$/" I%,/!0$29F)'9,*J" EGV" :,0%/$h7" P($"

)##9'9,*",3")/:,(,/&"$33$:'9C$/!"%2$C$*'$#"'($"%2$:9%9')'9,*",3"'($":,0%/$h7"P(5&<"H$"&5%%,&$"

'()'" '($" )/:,(,/" :)*" %/)!" '($" 2,/$" ,3" )" '$209*)/" /9B)*#<" &/,H9*B" #,H*" '($" B2,H'(" ,3" '($"

,/9B,0$2&" 9*'," /)2B$2" &'25:'52$&7" K*" '($"&$:,*#" 2,5'$<"H$"%2,%,&$#" ',",1')9*"%2$:9%9')'9,*",3"

*)*,%)2'9:/$&"32,0"'($"%2$C9,5&"&,/5'9,*"Q9*"GLG/fS"1!")##9*B",'($2":($09:)/&"'()'")2$")1/$"',"



 

 

42 

 

#$&'2,!"'($"&')19/9'!",3"'($",/9B,0$2&")*#":)5&$"'($92"B2,H'("9*',"*)*,0$'$2Y&9F$#",14$:'&7".//"

,3" '($&$" 2$&5/'&"0$*'9,*$#")1,C$")2$" $h'2$0$/!" 90%,2')*'" 3,2" 35'52$" )%%/9:)'9,*&" B9C9*B" '($"

%,&&919/9'!"',",1')9*"EGV"*)*,Y,14$:'&",3"#933$2$*'"&9F$&")*#"0,2%(,/,B9$&"H9'(")":,*'2,//$#"

0)'29h7"

_&9*B"'($"19,%,/!0$2":(9',&)*")&"0)'29h<
B:FKC
",52"B2,5%":,//)1,2)'$#"H9'(";5)29x&"B2,5%"

'," ,1')9*" 5/'2)Y&0)//" 0,*,#9&%$2&$" *)*,%)2'9:/$&" ,3" '($" f6" &%9*" :2,&&,C$2" :,,2#9*)'9,*"

%,/!0$2" nZ$Q%FSoO9QGOScpq" Q&$$" 39B52$" b7d7bjS" 3,//,H9*B" )" /)!$2" 1!" /)!$2" )%%2,):(7" P($"

)#C)*')B$&",3"'(9&"&'2)'$B!":,*&9&'",3"bS"'($"%,&&919/9'!"',":,C)/$*'/!")*:(,2"'($":!)*,Y129#B$#"

0$')//9:"*$'H,2+")'"'($"2$):'9C$"35*:'9,*)/")09*,"B2,5%&",3"'($":(9',&)*z"dS"'($"%,&&919/9'!"',"

)33,2#"5/'2)Y&0)//" *)*,%)2'9:/$&" Q/$&&" '()*"bg"*0":,22$&%,*#9*B" '," '($"*)'52)/" &9F$",3"%,2$&"

9*',"'($":(9',&)*"%,/!0$2Sz"fS"'($"H)'$2"&,/519/9'!",3"'($":(9',&)*"0)'29h"'()'"%$209'&"2$0,C)/"

,3" '($" *)*,%)2'9:/$&" 32,0" '($" 0)'29h7" E909/)2" &!*'($&$&" H$2$" 2$)/9F$#" 5&9*B" '($" )/B9*)'$"

%,/!0$2")&"%,/!&)::()29#$"0)'29h7
B:FLC
"

"

"

"

Z9B52$"b7d7bj-"E:($0)'9:"2$%2$&$*')'9,*",3"'($"&!*'($&9&",3"nZ$Q%FSoO9QGOScpq{:(9',&)*"

*)*,:,0%,&9'$"1$)#&7"

"

P($"&,/YB$/"%2,:$&&"9&")"0$'(,#"3,2"%2,#5:9*B"&,/9#"0)'$29)/&"32,0"&0)//"0,/$:5/$&7"P($"

0$'(,#" 9&" 5&$#" 3,2" '($" 3)129:)'9,*" ,3" 0$')/" ,h9#$&<" $&%$:9)//!" '($" ,h9#$&" ,3" &9/9:,*" )*#"

'9')*9507" P($" %2,:$&&" 9*C,/C$&" :,*C$2&9,*" ,3"0,*,0$2&" 9*'," )" :,//,9#)/" &,/5'9,*" Q&,/S" '()'"

):'&")&"'($"%2$:52&,2"3,2")*"9*'$B2)'$#"*$'H,2+"Q,2"B$/S",3"$9'($2"#9&:2$'$"%)2'9:/$&",2"*$'H,2+"



 

 

43 

 

%,/!0$2&7" .&" &,/lB$/" &9/9:)" &(,H&" B,,#" ,%'9:)/" )*#" 0$:()*9:)/" %2,%$2'9$&<" )*#" '($"

0$&,%,2,&9'!",3")"h$2,B$/<"H(9:(":)*")/&,"1$"5&$#")&")":,*39*9*B"0$#950"',"$/)1,2)'$"&%9*"

:2,&&,C$2"*)*,%)2'9:/$&7
B:GNC
"K*"dgbf<"=9//$'"+6$/,7"2$%,2'$#"'($"%2$%)2)'9,*")*#":()2):'$29F)'9,*"

,3" )" EGV" O=Y&9/9:)" *)*,:,0%,&9'$" 5&9*B" )" 'H,Y&'$%" *)*,:)&'9*B" &!*'($'9:" 0$'(,#" 1!"

:,*39*$#" B2,H'(" ,3" O=&" ,3" '($" EGV" :,,2#9*)'9,*" %,/!0$2" nZ$QL'2FSdQ'2FSqQAZcS" 9*" )" %2$Y

3,20$#"&9/9:)"h$2,B$/"0)'29h"H9'("H$//":,*'2,//$#"%,2,&9'!7
B:G:C
"P($"'$0%$2)'52$"#$%$*#$*:$",3"

'($" 0)B*$'9F)'9,*" ,3" '($" Z$L'2FY&9/9:)" *)*,:,0%,&9'$" 9*#9:)'$#" )*" 5*:,0%/$'$#" 2$C$2&91/$"

&%9*"'2)*&9'9,*"H9'(")"(!&'$2$&9&"/,,%",3"je"W"H9#'("Q&$$"39B52$"b7d7bkS7"

"

"

"

Z9B52$"b7d7bk-"/S"=(,',B2)%(&",3"'($"'2)*&%)2$*'"$0%'!"&9/9:)"0,*,/9'("Q/$3'S")*#"Z$L'2Fl&9/9:)"

*)*,:,0%,&9'$"Q29B('Sz"0S" )B*$'9F)'9,*"C$2&5&"'$0%$2)'52$"3,2"'($"Z$L'2Fl&9/9:)"*)*,:,0%,&9'$"

Q,%$*$#":92:/$&<"/$3'"&:)/$S")*#"nZ$QL'2FSdQ'2FSqQAZcS"09:2,:2!&')//9*$"%,H#$2"2$3$2$*:$"0)'$29)/"Q39//$#"

:92:/$&<"29B('"&:)/$S<"*"u"bggg"V$7"

"

:ADADAD-;7V'-S11'!+-;+6(O-$#-;2>-@4$9'4+7',-

K*"dggi<"'($"B2,5%",3"?$)/"Q&$$"39B52$"b7d7biS")*#" )//)("Q&$$"39B52$"b7d7bmS"2$%,2'$#"'($"

&!*'($&9&" ,3" )" &$29$&" ,3" #933$2$*'Y&9F$" *)*,%)2'9:/$&" ,3" '($" f6" :,,2#9*)'9,*" %,/!0$2"

nZ$Q%FSo='QGOScpq" 5&9*B" '($" 2$C$2&$" 09:$//$" 0$'(,#7" _%,*" )" 2$#5:'9,*" ,3" '($" &9F$<" '($"

%)2'9:/$&" ()C$" )" 0)B*$'9:" 1$()C9,2" #933$2$*'" 32,0" '()'" ,3" '($" 15/+<" '($" &%9*" '2)*&9'9,*" 9&"

9*:,0%/$'$" H9'(" 2$&9#5)/" (9B(" )*#" /,H" &%9*" 32):'9,*<" '($" '2)*&9'9,*" '$0%$2)'52$" &(93'$#"

#,H*H)2#&")*#" 2$):($#")"C)/5$",3"dcg"W" 3,2" '($"i"*0"%)2'9:/$&<" )*#" '($"(!&'$2$&9&" /,,%" 9&"

*)22,H$2")*#")/0,&'"C)*9&($&"3,2"'($"&0)//$2"%)2'9:/$&7
B:GDJ:GEC

"



 

 

44 

 

"

"

Z9B52$"b7d7bi-"P@ "90)B$&",3"nZ$Q%FSo='QGOScpq"*)*,%)2'9:/$&"Q&)0%/$"D<"5%")*#"&)0%/$"E<"1,'',0S"

)*#"'($":,22$&%,*#9*B"'$0%$2)'52$"#$%$*#$*:$",3"'($"0)B*$'9F)'9,*"Q&)0%/$-:":,22$&%,*#9*B"',"'($"

15/+"&)0%/$S"

"

"

"

Z9B52$"b7d7bm-"P@ "90)B$&",3"nZ$Q%FSo='QGOScpq"*)*,%)2'9:/$&"Q&)0%/$":<"5%")*#"&)0%/$"D<"1,'',0S"

)*#"'($":,22$&%,*#9*B"'$0%$2)'52$"#$%$*#$*:$",3"'($"0)B*$'9F)'9,*"

"

P($*" 9*" dggk<" G,2,*)#," )*#" :,YH,2+$2&" 5&9*B" )" &909/)2" )%%2,):(" &5::$$#$#" 9*"

&!*'($&9F9*B"*)*,%)2'9:/$&",3"'($"nZ$QL'2FSdQ'2FSqQAZcS":,0%/$h"H9'(")"0$#950"&')'9&'9:)/"&9F$"

,3" :)7" be"*0<"H(9:("$h(919'$#")" 2$0)2+)1/$"cf"W"H9#$"(!&'$2$&9&" /,,%7
B:GFC
"D)'$2<" '($" &)0$"

)5'(,2&"&5::$$#$#"',"'5*$"'($"0$)*"&9F$",3"'($"*)*,%)2'9:/$&"#,H*"',"j"*0"9*"#9)0$'$2"H9'(")"

*)22,H"&9F$"#9&'2915'9,*7"."dmYWYH9#$"(!&'$2$&9&"H)&"3,5*#"9*"'(9&":)&$"Q:$*'2$#")2,5*#"fek"



 

 

45 

 

WS<" H9'(" )" (9B($2" LE" 2$&9#5)/" 32):'9,*" Qff�S7" P($&$" *)*,%)2'9:/$&" H$2$" )/&," 9*C$&'9B)'$#"

5&9*B"*)*,$/$:'2,#$&")*#")"'($20)/"(!&'$2$&9&",3"'($":,*#5:')*:$"H)&"2$%,2'$#7""

"

"

Z9B52$"b7d7dg-"/S"P@ "90)B$")*#"'($20)/"(!&'$2$&9&",3"'($"0)B*$'9:"&5&:$%'919/9'!",3"

nZ$QL'2FSdQ'2FSqQAZcS"*)*,%)2'9:/$&7"

"

."&'5#!",3"'($"$33$:'",3"%)2'9:/$"&9F$",3"nZ$QOLd'2FSfqA2d",*"9'&"&%9*":2,&&,C$2"%2,%$2'9$&"

H)&"2$%,2'$#"1!" '($"B2,5%",3"DU')2#7
B:GGC
"Z,2"%)2'9:/$"&9F$&",3"eg"*0")*#"fg"*0")"2$/)'9C$/!"

B2)#5)/"'($20)/"&%9*":2,&&,C$2",::52&"H9'(,5'":/$)2"$h9&'$*:$",3"'($20)/"(!&'$2$&9&")/'(,5B("

'($"$R59/912950"'$0%$2)'52$",3"'($"'2)*&9'9,*"9&")/0,&'"5*)33$:'$#"1!"'($"#$:2$)&$",3"'($"&9F$7"

"

Z9B52$"b7d7db-"P@ "90)B$&")*#"0)B*$'9:"0$)&52$0$*'&",*"C)29,5&"&9F$&"nZ$QOLd'2FSfqA2d"

*)*,%)2'9:/$&""



 

 

46 

 

"P($")5'(,2&"&5BB$&'$#"1!"0$)*&",3"%,H#$2"XY2)!"#9332):'9,*")*)/!&$&"'()'"'($"19&')19/9'!"

2$B90$" 90%/9$&" '()'" )'" )%%2,h90)'$/!" fg" *0" 9*#9C9#5)/" %)2'9:/$&" :,*&9&'" ,3" ,*$" :,($2$*'"

#,0)9*7"_&9*B"'($":,22$&%,*#9*B"15/+"0)'$29)/<"'($"&)0$"B2,5%"()&"2$%,2'$#"3,2"'($"392&'"'90$"

'($" &'5#!" ,3" )" &9*B/$" 9&,/)'$#" %)2'9:/$7" ." #933$2$*'9)/" 9*'$23$2$*:$" 09:2,&:,%$" Q6KGS" &$'Y5%"

,%$2)'9*B"9*"'2)*&09&&9,*"0,#$"H)&"5&$#"',"3,//,H"'($"'($20)/"(!&'$2$&9&"/,,%",3"9*#9C9#5)/"

,14$:'&<" '($"&9F$",3"H(9:("H)&"5*#$'$209*$#<"15'":$2')9*/!"&51Y09:2,0$'2$7"P($"&)0$"B2,5%"

()&" )/&," &'5#9$#" '($" $33$:'" ,3" '($" %)2'9:/$" &9F$" 2$#5:'9,*" ,*" '($" /9B('" 9*#5:$#" &%9*" &')'$"

&H9':(9*B")'"bg"W7".::,2#9*B"',"'($")5'(,2&<",*$",3"'($"0,&'"90%,2')*'"2$&5/'&",3"'(9&"&'5#!"9&"

'($" 2$'$*'9,*" ,3" '($" &)0$" /9B('Y9*#5:$#" EGV" $33$:'" H()'$C$2" '($" &9F$" ,3" '($" %)2'9:/$&<"

(9B(/9B('9*B" '()'" '($" /9B('Y9*#5:$#" EGV" %2,%$2'9$&" )2$" B,C$2*$#" 1!" '($" 0,/$:5/)2" &:)/$<"

H($2$)&"'($"'($20)/"EGV"2$B90$"9&"B,C$2*$#"1!"&,/9#Y&')'$":,,%$2)'9C$"9*'$2):'9,*&7"

K*" dgbg<
B:FHC
" ,52" B2,5%" 2$%,2'$#" '($" &!*'($&9&" nZ$QOLd'2FSfqQ',&Sd" Q',&" u" %Y',/5$*$"

&5/3,*)'$" )*9,*S" )*#" nZ$QOLdP2FSfqQOVfSd" *)*,%)2'9:/$&" H9'(" EGV" %2,%$2'9$&7" N$" ()C$"

:)229$#",5'"_]YC9&91/$")1&,2%'9,*"0$)&52$0$*'&",*"&')1/$"/90%9#"%52%/$"&5&%$*&9,*",3"bg"*0"

*)*,%)2'9:/$&",3"nZ$QOLd'2FSfqQ',&Sd<"H(9:("2$C$)/$#")*")125%'"&%9*"'2)*&9'9,*"H9'(")"(!&'$2$&9&"

/,,%<"H(9/$" ,*/!" )" &()2%" '2)*&9'9,*"H9'(" *," #$'$:')1/$" (!&'$2$&9&"H)&" ,1&$2C$#" 3,2" flc" *0"

%)2'9:/$&" ,3" nZ$QOLd'2FSfqQ',&Sd" )*#" nZ$QOLdP2FSfqQOVfSd7" _&9*B" #92$:'/!" '($" :,//,9#)/"

&5&%$*&9,*<"H$" %2,C9#$#" )*" 922$35')1/$" %2,,3" '()'" $C$*" $h'2$0$/!" &0)//" Qflc" *0S" %)2'9:/$&"

$h(919'" :,,%$2)'9C$" Q392&'" ,2#$2S" &%9*" '2)*&9'9,*&7" A$:)5&$" '($" %2,%$2'9$&" ,3" '($&$" /)''$2" )2$"

#9339:5/'"',":,0%)2$"H9'(",'($2"&)0%/$&<")":,0%)29&,*"1)&$#"$h:/5&9C$/!",*"'($"&9F$"#933$2$*:$"

9&" :$2')9*/!" $22,*$,5&" )*#" ,'($2" %)2)0$'$2&" &5:(" )&" :($09:)/" :,0%,&9'9,*<" #$3$:'&<"

:2!&')//9*9'!")&"H$//")&"$/)&'9:"%2,%$2'9$&",3"'($"#9&%$2&9*B"0$#950"&(,5/#"1$":,*&9#$2$#7""

"

Z9B52$"b7d7dd-"/S"P@ "90)B$",3"'($"flc"*0"nZ$QOLd'2FSfqQ',&Sd"*)*,%)2'9:/$&"9*")"&523):')*'"0)'29hz"0S"

P$0%$2)'52$"#$%$*#$*:$",3"'($"0)B*$'9&)'9,*",1')9*$#"H($*"nZ$QOLd'2FSfqQ',&Sd"*)*,%)2'9:/$&"

&5&%$*&9,*"B,$&"'(2,5B("'($"392&'"Q�S")*#"&$:,*#"Q�S"'($20)/":!:/$&7"



 

 

47 

 

P($"$*&$01/$",3"2$&5/'&":,*:$2*9*B":,0%,5*#&",3"'($"'29)F,/$"3)09/!"&$$0&"',"9*#9:)'$"

'()'" '($" $C,/5'9,*" ,3" '($" &%9*" :2,&&,C$2" %2,%$2'9$&" 9&" *,'" ,*/!" #$%$*#$*'" ,*" '($" &9F$<" 15'"

#$%$*#&":29'9:)//!",*"'($":($09:)/"*)'52$",3" '($":,0%,5*#&")*#":$2')9*/!"0,2$"%2$:9&$/!",*"

'($"&'25:'52)/")22)*B$0$*'",3"'($":()9*&<"H(9:("9&"9*3/5$*:$#"1!"'($"*)'52$",3"/9B)*#&<":,5*'$2"

)*9,*&")*#"9*":$2')9*":)&$&"&,/C$*'"0,/$:5/$&7"

K*" dgbc<" '($" B2,5%" ,3" A,9//,'" &!*'($&9F$#" Z$Q $dY1%!SdQOGE$Sd" %)2'9:/$&" &9F$" C)2!9*B"

1$'H$$*":)7"cegg")*#"ej"*07"P($"%)2'9:/$&"H$2$"%2$%)2$#"9*"'($":,0%,*$*'"&,/C$*'"Q$'()*,/"

)*#" ',/5$*$S" )*#" 9*" %2$&$*:$" ,3" =  ." Q%,/!Q0$'(!/" 0$'():2!/)'$S7" P($" #933$2$*'Y&9F$"

%)2'9:/$&" H$2$" &$%)2)'$#" 1!" )" =PZ@" 0$012)*$7" N()'$C$2" '($" %)2'9:/$" &9F$<" '($" 0)B*$'9:"

1$()C9,2"9&"%2$&$2C$#")*#"'($"&%9*Y:2,&&,C$2"%2,:$&&"9&"R5)*'9')'9C$7
B:GHC
""

"

"

"

Z9B52$"b7d7df-"P$0%$2)'52$"#$%$*#$*:$",3"� )"3,2"Z$
KK
Q $dY1%!SdQOGE$Sd"9*"'($"3,20",3")"

%,/!:2!&')//9*$"%,H#$2"Q�S<"09:2,%)2'9:/$&"Q�S")*#"9*Y=  ."*)*,%)2'9:/$&"Q S"Q�<"cjgQbmgS"�"igQfgS"

*0
d
S",2"Q�<"ejQbeS"*0S7"

.*'9Y&,/C$*'"H)&"5&$#"',"&!*'($&9F$"&%9*":2,&&,C$2"0,/$:5/)2"*)*,%)2'9:/$&"1!"'($"B2,5%"

,3" A,9//,'7
B:GIC
" K*" '($92" H,2+<" *)*,%)2'9:/$&" ,3" nZ$

KKK
QfY $VYE)/@$*Sdq=Zj" QLYfY $VYE)/@$*"

1$9*B" '($" :,*#$*&)'9,*" %2,#5:'" ,3" fY0$'(,h!Y&51&'9'5'$#" &)/9:!/)/#$(!#$" )*#" OY

$'(!/$'(!/$*$#9)09*$S" 2)*B9*B" 32,0" kegg" *0" '," bi" *0" H$2$" ,1')9*$#" 1!" )" &5##$*"

%2$:9%9')'9,*")%%2,):("5&9*B"15')*YbY,/")&")*")*'9Y&,/C$*'"Q&$$"39B52$"b7d7dcS7".3'$2"'($"&$29$&"

,3"09:2,Y" )*#" *)*,:2!&')/&" &'5#9$#<" '($!" :,*:/5#$#" )" 2$#5:'9,*" ,3" :,,%$2)'9C$" 9*'$2):'9,*&"

H9'("'($"%)2'9:/$"&9F$7"



 

 

48 

 

"

Z9B52$"b7d7dc-"P@ "90)B$&",3"#933$2$*'Y&9F$"nZ$
KKK
QfY $VYE)/@$*Sdq=Zj"%)2'9:/$&"Q5%Sz"P$0%$2)'52$"

#$%$*#$*:$",3"78)"3,2"9*Y=@;"#9&%$2&9,*",3"*)*,Y")*#"09:2,%)2'9:/$&"Q1,'',0S7"

:ADADAE-U/+47T-S11'!+-7#-;97#-24$,,$<'4-Y/#$9/4+7!&',-

P($"C)29)'9,*",3" '($"/,*B"2)*B$"$/)&'9:" 9*'$2):'9,*&<")&"H$"+*,H<" 9&"0)9*/!")''2915'$#"',"

'($" $/$:'2,*l%(,*,*" :,5%/9*B&" H9'(9*" '($" :2!&')/" *$'H,2+7" L$*:$<" '($" )#45&'9*B" ,3"

0$:()*9:)/{$/)&'9:"%2,%$2'9$&",3" '($"0)'29h" &522,5*#9*B" '($"EGV"*)*,%)2'9:/$&" 9&" )"%,&&91/$"

H)!"',"9*#5:$")":,,%$2)'9C$"'($20)/"&%9*"'2)*&9'9,*7"K*"dggi<
B:FKC
",52"B2,5%":,//)1,2)'9*B"H9'("

;5)29x&"B2,5%"2$%,2'$#"'($"&!*'($&9&")*#"&'5#!",3"5/'2)Y&0)//"0,*,#9&%$2&$"*)*,%)2'9:/$&",3"

'($" f6" &%9*" :2,&&,C$2" :,,2#9*)'9,*" %,/!0$2" nZ$Q%FSoO9QGOScpq<" ,1')9*$#" 5&9*B" '($"

19,%,/!0$2":(9',&)*")&"0)'29h7"P($"&'5#!",3"'($"%(!&9:)/"%2,%$2'9$&",3"*)*,%)2'9:/$&")2,5*#"c"



 

 

49 

 

*0" 2$C$)/$#" '()'" )%%2,h90)'$/!" b{f" ,3" '($" 92,*QKKS" 9,*&" 9*" '($" *)*,%)2'9:/$&" 5*#$2B," )"

:,,%$2)'9C$"'($20)/"&%9*"'2)*&9'9,*"H9'(")"(!&'$2$&9&"/,,%7"A$&9#$&<"H$"'(,5B('"'($"(!&'$2$&9&"

&(,5/#"0)9*/!")&&,:9)'$"H9'("'($"&522,5*#9*B":(9',&)*"0)'29h7"

"

"

"

Z9B52$"b7d7de-"/S"P@ "90)B$&",3"nZ$Q%FSoO9QGOScpq"*)*,%)2'9:/$&z"0S"P$0%$2)'52$"#$%$*#$*:$",3"'($"

0)B*$'9F)'9,*"0$)&52$#"3,2"'($"*)*,:,0%,&9'$"1$)#&"5*#$2")*")%%/9$#"39$/#",3"bgggg"V$")'"($)'9*B"

)*#":,,/9*B"2)'$&",3"g7e"Ws09*
Yb
7"

"

K*"dgbb<" )//)(")*#":,YH,2+$2&"#$0,*&'2)'$" '()'" '($"$*C92,*0$*'",3" '($"*)*,%)2'9:/$&"

0)!"%/)!")":25:9)/"2,/$"9*"'($":2,&&,C$2"%2,:$&&")*#"'()'"'($":,,%$2)'9C9'!"0)!"1$"'5*$#"1!"'($"

0)'29h" &522,5*#9*B" '($" *)*,%)2'9:/$&" H9'(9*" '($" *)*,:,0%,&9'$&7
B:GKC
" P($!" 3,5*#" '()'" '($"

0,2$"29B9#"0)'29h"&5:(")&"&9/9:)"2$&',2$&" '($"(!&'$2$&9&" /,,%"#5$" ',")"&'2,*B$2":,,%$2)'9C9'!7"

P(9&"%($*,0$*,*"0)!"1$"5*#$2&',,#"'(2,5B("'($"0$:()*9:)/{$/)&'9:"%2,%$2'9$&",3"'($"0)'29h"

&522,5*#9*B" '($" EGV" *)*,%)2'9:/$&<" )&" H$" )//" +*,H*<" H(9:(" )2$" 0)9*/!" )''2915'$#" '," '($"

$/$:'2,*l%(,*,*":,5%/9*B&"H9'(9*"'($":2!&')/"*$'H,2+7"



 

 

50 

 

"

Z9B52$"b7d7dj-"/S"EP@ "90)B$",3"*)*,%)2'9:/$&")3'$2"#9&%$2&9,*"9*"0$'()*,/"Q',%S")*#"@@DE"0)%",3"

,*$"%)2'9:/$"&(,H9*B"'($"%2$&$*:$",3"E9")*#"Z$"9*"'($"%)2'9:/$x&":,2$"Q/$3'")*#"29B('Sz"0S"7P"u":QPS"3,2"

:)/9hY:,C$2$#"%)2'9:/$&"QB2$$*S<"%)2'9:/$&"H9'("'(9*"E9Vd"&($//"Q1/):+S")*#"'($"%)2'9:/$&"H9'("'(9:+"E9Vd"

&($//"Q2$#S7"

A,9//,'"+6$/,7"&!*'($&9F$#"&%9*"'2)*&9'9,*"09:2,%)2'9:/$&"QQbjgg"�"jggS"�"Qbjgg"�"jggS"�"

Qfgg" �" dggS" *0
f
S" ,3" Z$Q%($*SdQOGESd<

B:GLC
" H(9:(" H$2$" #9&%$2&$#" 9*" 0)'29h$&" ,3" B/!:$2,/<"

$9:,&)*$<" )*#" *54,/7" K*" )//" '($&$" 0)'29:$&<" )" %2,B2$&&9C$" LE" '," DE" '2)*&9'9,*" :52C$" &(93'$#"

',H)2#" &0)//$2" '$0%$2)'52$&" 9&" ,1&$2C$#7" K*'$2$&'9*B/!<" '($" DE" '," LE" '2)*&9'9,*" :52C$<"

,1')9*$#" )3'$2" 35//" DE" :,*C$2&9,*" :/,&$/!" 3,//,H&" '($" ,*$" 32,0" '($" %,H#$2<" '(5&" #$39*9*B"

90%2$&&9C$/!" /)2B$"(!&'$2$&9&" /,,%&7"A!"0$)&529*B")"&$29$&",3" 392&'Y,2#$2"2$C$2&)/":52C$&")*#"

'($*" &905/)'$#" 9*" '($" 32)0$H,2+",3" )" &90%/$"0$)*Y39$/#"0,#$/<" '($!"%2,C$#" '($"(!%,'($&9&"

:,*&9#$29*B" )##9'9,*)/" 9*'$2):'9,*&" 1$'H$$*" '($" &%9*Y'2)*&9'9,*" 09:2,%)2'9:/$&" )*#" '($"

$01$##9*B"0)'29h<"H(9:(":,0%)2$&"',")"*$B)'9C$"%2$&&52$",*"'($"%)2'9:/$&"Q&$$"39B52$"b7d7dkS7"

"

Z9B52$"b7d7dk-"P($"0)4,2"(!&'$2$&9&"/,,%"3,2"15/+")*#"3,2"#9&%$2&9,*&",3"09:2,%)2'9:/$&"9*"#933$2$*'"

0)'29h$&",3"*54,/<"$9:,Y"&)*$<")*#"B/!:$2,/7 

-



 

 

51 

 

:ADADAF-P6#!+7$#/&-;97#-24$,,$<'4-Y/#$9/4+7!&', 

:ADADAFA:->9+7!/&-@4$9'4+7',-

.&",*$"H,5/#"$h%$:'<"'($":()*B$"9*"&%9*"&')'$"9&")::,0%)*9$#"1!")":()*B$"9*"'($",%'9:)/"

%2,%$2'9$&" ,3" '($"0)'$29)/7"P($" &%9*Y&')'$" )*#" )&&,:9)'$#" :()*B$&" 9*" /9B('" )1&,2%'9,*" :)*" 1$"

0,&'":,*C$*9$*'/!"12,5B('")1,5'"1!")"C)29)'9,*",3"'($"'$0%$2)'52$",3"'($"EGV"0)'$29)/7"Z,2"

'(9&")90<",*$":)*"&90%/!"3,//,H"'($")1&,21)*:$":()*B$&")&")"35*:'9,*",3"'($"'$0%$2)'52$<"15'"

32,0")"%2):'9:)/"%,9*'",3"C9$H"9'")%%$)2&"0,2$"9*'$2$&'9*B"',"5&$"3/5,2$&:$*'"#$'$:'9,*<"H(9:("

5&5)//!")//,H&"3,2")"1$''$2":,*'2)&'"H9'("'($"$*C92,*0$*'")2,5*#"'($"%2,1$7"K*"dgbg<"9*",2#$2"

',"#$C$/,%")"0,2$"C$2&)'9/$")%%2,):("',")%%/9:)'9,*&"9*"'($20,0$'2!")*#"'($20)/"90)B9*B<",52"

B2,5%
B:HNC
" #$&9B*$#" )" 'H,Y:,0%,*$*'" &!&'$0" :,0%29&$#",3" 5/'2)Y&0)//" nZ$QOLdP2FSfqQOVfSd"

EGV" *)*,%)2'9:/$&" )*#" )*" )%%2,%29)'$" /509*,%(,2$" 2(,#)09*$Ybbg" Q?(bbgS" #9&%/)!9*B"

*$B/9B91/$"'($20)/"R5$*:(9*B",*"9'&",H*7"@h%$290$*')/"2$&5/'&"&(,H"'()'"'($"/509*$&:$*:$":)*"

:,*C$*9$*'/!" %2,1$" '($" &%9*" &')'$" ,3" '($" &!&'$07" P($" 0)9*" )#C)*')B$" ,3" 5&9*B" C$2!" &0)//"

*)*,%)2'9:/$&")29&$&"32,0"'($"3):'"'()'"/9B('"&:)''$29*B"1!"&5:("%)2'9:/$&"9&"H$)+<"H(9:("9&")*"

90%,2')*'" :,*&9#$2)'9,*" 3,2" ,%'9:)/" 0$)&52$0$*'&7" Z52'($20,2$<" 9*" :,*'2)&'" '," '($" 15/+"

0)'$29)/&<"*)*,%)2'9:/$&":)*"1$"$)&9/!"%2,:$&&$#"9*"/9R59#"%()&$",2"#$%,&9'$#"',"&523):$&7"

"

"

"

Z9B52$"b7d7di-"/S"P($20)/"C)29)'9,*",3"'($")1&,21)*:$",3"'($"&5&%$*&9,*")'"ecg"*0"9*"'($"($)'9*B"Q,%$*"

&!01,/&S")*#":,,/9*B"Q:/,&$#"&!01,/&S"0,#$&7"P($"9*&$'&"&(,H"'($"%(,',B2)%(&",3"'($"&)0%/$")'"dme"

W"QC9,/$'S")*#"fdg"W"Q'2)*&%)2$*'S7"0S"P($20)/"C)29)'9,*",3"'($"$09&&9,*"9*'$*&9'!")'"ecg"*0"9*"'($"

($)'9*B"Q,%$*"&!01,/&S")*#":,,/9*B"Q:/,&$#"&!01,/&S"0,#$&7"P($"9*&$'&"&(,H"'($"%(,',B2)%(&",3"'($"

&)0%/$"Qg7ggb�S"5*#$2"H(9'$"/9B('"$h:9')'9,*")'"dme"W")*#"fdg"W7"



 

 

52 

 

:ADADAFAD-S&'!+47!/&-@4$9'4+7',-

K*"'($"/)&'"3$H"!$)2&<"&$C$2)/"2$&$)2:("B2,5%&"()C$"3,:5&$#"'($92")''$*'9,*",*"'($":()2B$"

'2)*&%,2'" %2,%$2'9$&" ,3" '($" EGV" :,0%,5*#&<" #5$" '," '($92" B2$)'" 9*'$2$&'" 3,2" )%%/9:)'9,*&" 9*"

*)*,$/$:'2,*9:&" )*#" &%9*'2,*9:&7
B:NKJ:DIJ:H:M:HLC

" P($" &%9*" :2,&&,C$2" %($*,0$*,*" )::,0%)*9$#"

1!" 9*'2)0,/$:5/)2" &'25:'52)/" :()*B$" 9*C,/C$&" )" #$3,20)'9,*" ,3" '($" $/$:'2,*9:" 0,/$:5/)2"

,219')/&",3"'($":,0%/$h7"Z,2"Z$
KK
":,0%/$h$&"9*")"%&$5#,Y,:')($#2)/"/9B)*#"39$/#"&!00$'2!<"'($"

)*'9Y1,*#9*B",219')/&"Q$BS"1$:,0$",::5%9$#"9*"'($"LE"&')'$"/$)#9*B"',"'($"9*:2$)&$",3"0$')/Y

/9B)*#"1,*#"/$*B'(&7"P($2$3,2$<"'($"/,:)/"$/$:'29:)/"#9%,/$&"9*"'($"0)'$29)/"05&'"1$"#933$2$*'"9*"

'($"LE")*#"DE"&')'$&<" /$)#9*B" ',")":()*B$" 9*"#9$/$:'29:"%2,%$2'9$&",3" '($"0)'$29)/"5%,*"&%9*"

:2,&&,C$27
B:NFC
"K*"dggf<",52"B2,5%",1')9*$#"'($"'($20)/"C)29)'9,*&",3"'($"#9$/$:'29:":,*&')*'")'"

bg" +LF" 32$R5$*:!" 9*" '($" ($)'9*B" )*#" :,,/9*B" 0,#$&" 3,2" '($" &%9*" :2,&&,C$2" :,0%/$h"

nZ$QOLd'2FSfqQOVfSd" )&" &(,H*" 9*" 39B52$" b7d7dmY)7" Z,2" :,0%)29&,*<" &%9*" :2,&&,C$2" :52C$&"

,1')9*$#" 1!" 0)B*$'9:" &5&:$%'919/9'!" 0$)&52$0$*'&" )2$" )/&," &(,H*" 9*" 39B52$" b7d7dmY17" P($"

:,0%/$h" nZ$QOLd'2FSfqQOVfSd"$h(919'&")"H9#$" Qeg"WS"#9$/$:'29:"(!&'$2$&9&" /,,%")2,5*#" 2,,0"

'$0%$2)'52$"9*")B2$$0$*'"H9'("'($"0)B*$'9:"&5&:$%'919/9'!"0$)&52$0$*'&7"

"

Z9B52$"b7d7dm-"/S"P($20)/"(!&'$2$&9&",3"'($"#9$/$:'29:":,*&')*'")&&,:9)'$#"H9'("'($"&%9*Y'2)*&9'9,*",3"

nZ$QOLd'2FSfqQOVfSd7"0S"P($":,22$&%,*#9*B"'($20)/"C)29)'9,*",3"'($"%2,%,2'9,*",3"(9B(Y&%9*"0,/$:5/$&"

Q�LES",1')9*$#"'(2,5B("0)B*$'9:"&5&:$%'919/9'!"0$)&52$0$*'&7"Q6)')"%,9*'&")2$":,**$:'$#"',"B59#$"'($"

$!$7S"



 

 

53 

 

?$:$*'/!<",52"B2,5%"2$%,2'$#<"3,2"'($"392&'"'90$<")*"5*)019B5,5&"&%9*Y&')'$"#$%$*#$*:$",3"

'($"$/$:'29:)/":,*#5:'9C9'!"9*"%,H#$2"Q1,'("15/+")*#"*)*,%)2'9:/$S"&)0%/$&",3" '($":,0%,5*#"

nZ$QL'2FSdQ'2FSqQAZcS" QL'2F" u" bLYb<d<cY'29)F,/$S" 1!" 5&9*B" 0):2,&:,%9:" #:" :,*#5:'9C9'!"

0$)&52$0$*'&7
B:INC
" P$0%$2)'52$" #$%$*#$*:$" ,3" '($" #:" $/$:'29:)/" :,*#5:'9C9'!" Q&$$" 39B52$"

b7d7fgS" &5BB$&'$#" '()'" '($" :,*#5:'9C9'!" (!&'$2$&9&" 9&" $&&$*'9)//!" '($" 0,/$:5/)2" &%9*" &')'$"

&H9':(9*B"%($*,0$*,*",3"'($"%)2'9:/$&")*#"*,'"#,09*)'$#"1!"B2)9*"1,5*#)2!":,*'2915'9,*7"N$"

()C$"3,5*#"'()'"'($":,*#5:'9C9'!",3"'(9&":,0%,5*#"9&"05:("(9B($2"9*"'($"DE"%()&$Y#5$"',"'($"

/,H$2"):'9C)'9,*"1)229$2"9*"'(9&"&%9*"&')'$7"=$2()%&"$C$*"0,2$"90%,2')*'<"H$"()C$")/&,"&(,H*"

'()'" '($"0,#939:)'9,*",3" '($"&!*'($&9&":,*#9'9,*&":)*"#2)&'9:)//!"0,#93!" '($":()2B$" '2)*&%,2'"

1$()C9,2",3"'($":,0%/$h")*#":)*"$C$*"9*C$2&$"'($"&9B*",3"'($":,*#5:'9C9'!":()*B$<")/1$9'"'($"

&%9*":2,&&,C$2"%2,%$2'9$&"2$0)9*"*$)2/!"5*)/'$2$#7"

"

"

"

Z9B52$"b7d7fg-"P$0%$2)'52$"#$%$*#$*:$",3"'($"#:"$/$:'29:)/":,*#5:'9C9'!",3":,0%,5*#&"QGbS")*#"QGdS"

9*" '($" ($)'9*B" Q2$#S" )*#" :,,/9*B" Q1/5$S" 0,#$&7" Z,2" QGfS" H$" &(,H" '($" K" u" 3QPS" :52C$" 1$:)5&$" '($"

:,*#5:'9C9'!":,5/#"*,'"1$"#$'$209*$#")::52)'$/!7"P($"9*&$'&"&(,H"'!%9:)/"P@ "90)B$&",3"'($"&)0%/$&7"

"

A$:)5&$" ,3" '($" 3/$h919/9'!<" /9B('YH$9B('<" $)&!" %2,:$&&9*B" )*#" /,HY:,&'" ,3" ,2B)*9:"

:,*#5:'9*B" %,/!0$2" Q%,/!%!22,/$S<";)/M*Y )&:)2�&" +6$ /,7" %2$%)2$#" '($" :,0%,&9'$" 39/0"H9'("

&%9*" :2,&&,C$2" %,/!0$2" nZ$QL'2FSdQ'2FSqQAZcS7
B:I:C
" 65$" '," 3/$h919/9'!" ,3" %,/!%!22,/$<" 9'x&"

:,*#5:'9C9'!"&(,H$#")"(9B("%2$&&52$"#$%$*#$*:$7"L$*:$"'($"EGV"C,/50$":()*B$"#529*B"'($"

DE"�"LE"$h%)*&9,*":)*":()*B$"'($"9*'$2*)/"%2$&&52$")*#<" '($2$3,2$<" '($":,*#5:'9*B"2$B90$"

H9'("#933$2$*:$&"1$'H$$*"eg�")*#"fgg�"Q&$$"39B52$"b7d7fbS7""

"



 

 

54 

 

"

Z9B52$"b7d7fb-"P@ "90)B$&",3":,0%,&9'$"39/0")*#"#933$2$*:$"9*":,*#5:'9C9'!"#529*B")":,,/9*B")*#"

($)'9*B":!:/$7"

K*"dgbe<"65B)!"+6$/,7"&'5#9$#"'($"#933$2$*:$",3"'2)*&%,2'"%2,%$2'9$&"1$'H$$*"#933$2$*'Y&9F$"

nZ$QL'2FSdQ'2FSqQAZcS" 2,#" &()%$" %)2'9:/$&7
B:IDC
" P($&$" EGV" O=&" H$2$" &$/3Y)&&$01/!" ,*" '($"

5/'2)'(9*" :,*#5:'9C9'!" &($$'&<" )*#" %2$&$*'$#" )" '($20)/" (!&'$2$&9&" /,,%" 9*" '($" $/$:'29:)/"

:,*#5:')*:$"*$)2"2,,0"'$0%$2)'52$7" ,2$,C$2<"'($!"3,5*#"'()'"'($"de{bg"*0"&9F$#"EGV"O=&"

&(,H")*"5*%2$:$#$*'$#/!"/)2B$":()*B$"9*"'($"$/$:'29:)/":,*#5:')*:$",3"'($"'H,"&%9*"&')'$&"Q&$$"

39B52$"b7d7fdS7"

"

"

Z9B52$"b7d7fd-"P@ "90)B$&",3"EGV"O=&"%2$%)2$#"1!"�Y:,*'):'"%29*'9*B")*#"$/$:'29:)/":()2):'$29F)'9,*"

,3"'($"EGV"O="d6"&($$'&"Q5%S7"G,22$&%,*#9*B"'($20)/"C)29)'9,*",3"'($"$/$:'29:)/":522$*'"%/,''$#"3,2"

#933$2$*'")%%/9$#"C,/')B$&"9*"'($"($)'9*B")*#":,,/9*B"0,#$&"Q1,'',0S7"



 

 

55 

 

:ADADAFAE-U'!8/#7!/&-@4$9'4+7',"

P($":()*B$" 9*"0)'$29)/" C,/50$" '()'" )::,0%)*9$&" '($"0,/$:5/)2" &H9':(9*B"1$'H$$*"LE"

)*#"DE"&')'$&"#529*B" &%9*":2,&&,C$2" 9&"5&5)//!")2,5*#"e�<")/'(,5B("C)/5$&"5%" ',"bf�"()C$"

1$$*",1&$2C$#"3,2"'($"nZ$QDSo QGOScpq"32)0$H,2+"0)'$29)/&7
B:IEC
"K'"9&")/&,"9*'$2$&'9*B"',"*,'$"

'()'" '($" &%9*Y&')'$" &H9':(9*B" 9&" ,3'$*" )&&,:9)'$#" H9'(" (!&'$2$&9&" %($*,0$*)<" 90%/!9*B" )"

%,'$*'9)/" 3,2" &()%$Y0$0,2!" 35*:'9,*&7" EGV" 0,/$:5/$&" H,5/#" '(5&" &$$0" '," 1$" )" %$23$:'"

:)*#9#)'$" 3,2" '($" #$C$/,%0$*'" ,3" 09:2,Y" )*#" 0):2,&:,%9:" 0,/$:5/)2" 0):(9*$&<" H9'("

0$:()*9:)/"%2,%$2'9$&"'()'")2$"(9B(/!"'5*)1/$"',"'($"#$&92$#")%%/9:)'9,*7".&")*"$h)0%/$<"39B52$"

b7d7ff"&(,H&"'($"'($20)/"$h%)*&9,*"%2,%$2'9$&",3"*$$#/$Y/9+$"'$'2)B,*)/":2!&')/&",3"'($"'(2$$Y

#90$*&9,*)/" EGV" :,,2#9*)'9,*" %,/!0$2" oZ$QfYGO%!Sn.5QGOSdqdps�LdV" Q%!" u" %!29#9*$S"

9*C$&'9B)'$#" 5&9*B" C)29)1/$" '$0%$2)'52$" XY2)!" #9332):'9,*7
B:IFC
" " ." 5*9)h9)/" *$B)'9C$" '($20)/"

$h%)*&9,*"QOP@S"%2,%$2'!",3"'($":2!&')/&"9*"'($"LE"&')'$"H)&",1&$2C$#<"H($2$"'($"/,*B")h9&",3"

'($" :2!&')/" Q'($" :2!&')//,B2)%(9:" :Y)h9&S" &/9B('/!" 9*:2$)&$&" ,*" :,,/9*B" 32,0" dmg" '," bfg" W7"

E51&$R5$*'/!"'($"392&'Y,2#$2"LE"�"DE"&%9*"'2)*&9'9,*":)5&$&")"&51&')*'9)/"&%,*')*$,5&"&'2)9*"

QD<{<" u" g7gbS<" </=" bgc" '90$&" /)2B$2" '()*" '($" &'2)9*" )&&,:9)'$#"H9'(" '($20)/" $h%)*&9,*" 9*" )*"

$R59C)/$*'"2)*B$",3"'$0%$2)'52$7""

"

Z9B52$"b7d7ff-"OP@")*#"EGV"$33$:'&",*")"oZ$QfYGO%!Sn.5QGOSdqdps�LdV":2!&')/")*#"9//5&'2)'9,*",3"

'($":,0%,&9'$"&'25:'52$",3"'($":)*'9/$C$2"Q/$3'Sz",%'9:)/"09:2,&:,%$"90)B$",3"'($":)*'9/$C$2")'"fcf"W"

)*#":,0%)29&,*",3"'($":)*'9/$C$2"(9B(/9B('/9*B"'($"#$3/$:'9,*":)5&$#"1!"OP@")*#"&%9*"'2)*&9'9,*"Q29B('S7"

"

P($&$"(9B(/!")*9&,'2,%9:":2!&')/&"H$2$")*:(,2$#" ',"B2)%(9'$" 2,#&"H9'("$%,h!" 2$&9*<")*#"

H$2$" &51&$R5$*'/!" :,)'$#" H9'(" )" '(9*" 39/0" ,3" ./" 0$')/" '," %2,#5:$" 32$$&')*#9*B" :,0%,&9'$"

:)*'9/$C$2&")&"&(,H*"9*"39B52$"b7d7fc7"A,'("'($20)/"C)29)'9,*")*#"/9B('"922)#9)'9,*"H$2$"5&$#"',"

9*#5:$" EGV" )*#" '(5&"0,'9,*" 9*" '($&$" 19/)!$2&7" P($" $33$:'" ,3" :()*B9*B" '$0%$2)'52$" ,*" '($"



 

 

56 

 

:)*'9/$C$2"&()%$"H)&"2$:,2#$#"1$'H$$*"fcf")*#"ki"W<")&"&(,H*"9*"'($"39B52$"Q29B('"%)2'S7"N$"

:)*" :/$)2/!" &$$" '($" ,%%,&9'$" $33$:'&" ,3" '($" OP@" )*#" '($" &%9*" :2,&&,C$27" P(9&" &'5#!" H)&"

$h'$*#$#" 5&9*B" :,0%,&9'$" 19/)!$2" /$)#9*B" '," (9B(/!" C$2&)'9/$" )%%2,):("H(9:(" )//,H&" '," 5&$"

C92'5)//!" )*!" :,0%,5*#" 32,0" '($" C)&'" /912)2!" ,3" EGV" :,0%/$h$&" )&" '($" ):'9C$" /)!$27" A!"

#9&%$2&9*B"nZ$QL'2FSdQ'2FSqQAZcS"*)*,%)2'9:/$&"9*")"%,/!Q0$'(!/0$'():2!/)'$S"Q=  .S"0)'29h<"

'($" 32$$&')*#9*B" 19/)!$2" QEGV{=  .S{=  ." 39/0" H)&" ,1')9*$#7
B:N:C
" A)&$#" ,*" &%9*"

'2)*&9'9,*" %($*,0$*,*" ,3" '(9&" %2,','!%$" #$C9:$<" $/$:'29:)/" $*$2B!" H)&" :,*C$2'$#" ',"

0$:()*9:)/"0,'9,*" '(2,5B(" >,5/$" ($)'9*B7" P($" $339:9$*'" $/$:'2,0$:()*9:)/" ):'5)'9*B" #$C9:$"

H9'(")"C,/50$'29:"H,2+"#$*&9'!",3":)7"beg"0>":0
Yf"
$h(919'$#"2$%$)')1/$")*#"'5*)1/$"):'5)'9,*"

C9)"'$0%$2)'52$<"32$R5$*:!")*#":522$*'"C)29)'9,*")*#"%2,C9#$#"1,'("/)2B$" 3,2:$"Q&$C$2)/"0OS"

)*#"/)2B$"#9&%/):$0$*'"Q&$C$2)/"00S7"

"

"

Z9B52$"b7d7fc-"P($20)/"):'5)'9,*",3")"190,2%("QEGV{=  .S{=  .":)*'9/$C$27"/S"P9%"%,&9'9,*",3"

'($":)*'9/$C$2")&")"35*:'9,*",3"'$0%$2)'52$7"L$)'9*B")*#":,,/9*B"0,#$&")2$"9*#9:)'$#"1!")22,H&7"0S"

=(,',B2)%(&"Qi7j"00Y"k7j"00S",3"'($":)*'9/$C$2")'"ji"�G"9*"'($":,,/9*B")*#"($)'9*B"0,#$&"

#$0,*&'2)'$")"&()%$"0$0,2!"$33$:'<"H(9:(",::52&"#5$"',"'($"'($20)/"(!&'$2$&9&",3"'($"&%9*"'2)*&9'9,*7"

P($":,/,2":()*B$")&&,:9)'$#"H9'("'($"&%9*"'2)*&9'9,*"9&")/&,",1&$2C$#7"



 

 

57 

 

P($*<" 9*" P,*Bx&" B2,5%
B:IGC
" 1!" #2,%Y:)&'9*B" nZ$QL'2FS !"#$%&!'()%* +* ,-./01#2-31"4*

0-5,-67"4* -3* "84* 69#:104* -:* 1* ,#4:12#701"4;* < =* >* ,-./757;4+0-36"13"13* 1..-/+,-./757;4*

64367"7?4*,.1"4@* 1* 0-3;90"7?4* 6,73* 0#-66-?4#* 013"7.4?4#*A7"8* 13* 755-27.7$4;*A7#73B* "4#5731.*

13;*1*:#44*43;*A16*:12#701"4;C*D84*8/6"4#4"70*4.40"#701.*#4676"7?7"/*A16*:9#"84#*0-3?4#"4;*2/*1*

E841"6"-34*2#7;B4*73"-*87B8./*64367"7?4*276"12.4*?-."1B46C**

*

*

*

(7B9#4*<C CFGH* %*'76"12.4*?-."1B46*-:*"84*E841"6"-34*2#7;B4I*!%*E841"6"-34*2#7;B4*?-."1B46*1"*?1#7-96*

"45,4#1"9#46*;9#73B*0-36409"7?4*"84#51.*0/0.46C*

*

*

*



 

 

58 

 

"#$%&!'()*+,(%-.%*/(%0/(1+1%

%

J94*"-*"84*6,407:70*2481?7-#6*-:*6,73*0#-66-?4#*51"4#71.6*1"*313-01.4@*513/*4::-#"6*81?4*

"-*24*;4?-"4;*"-*"84*73?46"7B1"7-3*-:*"847#*67$4*13;*5-#,8-.-B/*;4,43;43"*,#-,4#"746*13;*"84*

4K,.-#1"7-3* -:* "847#* ,-6672.4* 1,,.701"7-36* 73* :9"9#4* 313-,8-"-370@* 313-4.40"#-370* 13;*

6,73"#-370* ;4?7046C* (9#"84#5-#4@* 1* 27B* 081..43B4* 73* "876* 1#41* -:* #4641#08* 76* 8-A* "-* -2"173*

6"12.4* 6,73* 0#-66-?4#* 313-51"4#71.6* A7"8* 6,407:70* "#1367"7-3* "45,4#1"9#46* !-:"43* #--5*

"45,4#1"9#4%*13;*1* .1#B4*8/6"4#4676* .--,*!545-#/*4::40"%*13;* "896@* "84*;4?4.-,543"*-:*34A*

6/3"84"70*084576"#/*54"8-;*A7..*,.1/*1*L4/*#-.4*73*"876*:74.;C**

D84* 5173* -2M40"7?4* -:* "876* "84676* 76* "-* 6/3"8467$4* 6,73* 0#-66-?4#* 313-51"4#71.6* A7"8*

?1#7-96*67$46*13;*?1#7-96*681,46@*-3*-34*813;*73*-#;4#*"-*,#-24*A81"*76*"84*4::40"*-:*"84*67$4*

#4;90"7-3*-3*"84*6,73*0#-66-?4#*,#-,4#"746*13;*73*"84*-"84#*813;*"-*-2"173*#--5*"45,4#1"9#4*

6,73* "#1367"7-3*51"4#71.6N-2M40"6* :-#*,-"43"71.* :9"9#4* 1,,.701"7-36C*D896* "84*A-#L* :-0964;*-3*

"84* 6/3"84676* -:* ?1#7-96* 67$46* FJ*O-:5133* .7L4* P.1"8#1"4* Q(4!,$%RS7!PS%)T&* 313-,1#"70.46*

13;*#-;U681,4;*6,73*0#-66-?4#*,1#"70.46*2164;*-3*0-5,-93;*:#-5*"84*A4..UL3-A3*(4U"#71$-.4*

:157./C* D-* 100-5,.768* "876@* A4* 81?4* ;4?4.-,4;* "84* 313-U459.67-3* "40837V94* 13;* 1;-,"4;*

733-?1"7?4* 51"#7KU:#44* 6/3"84"70* "40837V94C* W3;44;@* 73* "84* .16"* :4A* /41#6@* 6/3"84646* 73*

570#-459.67-3*81?4*0.41#./*;45-36"#1"4;*"84*,-66727.7"/*"-*-2"173*313-U67$4;*6,73*0#-66-?4#*

51"4#71.6C*E4*;407;4;*"896*"-*,9#694*"84*;4?4.-,543"*-:*"876*"40837V94*67304*7"*64456*"-*24*

"84* 5-#4* 4::70743"* A1/* "-* -2"173* 1* 64#746* -:* ;7::4#43"U67$4* 313-,1#"70.46* A7"8* "84* 6154*

43?7#-3543"C*O-A4?4#@*73*513/*01646@*"84*0-1"73B*1#-93;*6,73*0#-66-?4#*51"4#71.6*0-9.;*24*

93;467#12.4*:-#*,#10"701.*1,,.701"7-36@*"896*7"*76*1.6-*#41../*75,-#"13"*"-*4K,.-#4*-"84#*54"8-;6*

.7L4* 69#:10"13"* :#44* 6/3"84"70* 1,,#-10846* "-* #4108* "876* 175C* D843* ;7::4#43"* 6,73* 0#-66-?4#*

,1#"70.46*A4#4* 1.6-* 6/3"8467$4;* 73* 8-5-B434-96* 107;*54;71C*X..* "84* ,1#"70.4* 615,.46*A4#4*

:9../* 081#10"4#7$4;* 3-"12./* 2/* 1* :734* 4.40"#-370* 570#-60-,/* 6"9;/* 0-9,.4;* A7"8* Y34#B/*

J76,4#67?4*ZU#1/*J7::#10"7-3* 131./646C* D847#* -,"701.@*51B34"70* 13;* 4.40"#701.* ,#-,4#"746* 1#4*

1.6-*,#4643"4;C*

*

%
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5#"%I8*4-GF)*+-8% 8G%&!'()*+,(1%

[4043"./@* A4* 81?4* 16676"4;* 1* 6"#-3B* #434A4;* 73"4#46"* 73* "84* :74.;* -:* 5-.409.1#* 6,73*

0#-66-?4#*0-5,.4K46*16*;45-36"#1"4;*2/*"84*454#B4304*-:*313-67$4;*6,73*0#-66-?4#*51"4#71.6*

"8#-9B8* 6/3"84676* -:* 313-,1""4#34;* "873* :7.569JK""K"LMB* 13;* 0--#;731"7-3* 313-,1#"70.469JK"@NO

"@LK"@JO"N"K"NLK"MPK"LQK"LMO"JNBC* W3;44;@* "84* 6/3"84676* -:* 313-54"4#* 67$4;* 6,73* 0#-66-?4#*51"4#71.6@*

"847#* 5137,9.1"7-3* 1"* #4;904;* .43B"8* 601.46* 13;* "84* 73?46"7B1"7-3* -:* "847#* 67$4* ;4,43;43"*

,#-,4#"746* 0-3"#729"4* "-* 4K,.-#4* "847#*,-6672.4*,#10"701.* 1,,.701"7-36* 73* :9"9#4*313-,8-"-370@*

313-4.40"#-370*13;*6,73"#-370*;4?7046C*X3* 75,-#"13"*081..43B4* 73* "876*0-3"4K"* 76* "-*,#464#?4*

"84*276"127.7"/*"8#-9B8*"84*0-364#?1"7-3*-:*"84*0--,4#1"7?4*6,73*"#1367"7-3*,#-,4#"746*;9#73B*"84*

;-A367$73B* -:* "84* 0-5,-93;* 1"* "84* 313-601.4C* X6* 7"* 76* A4..* L3-A3@* "84* 510#-60-,70*

2481?7-9#*-:*29.L*\P]*51"4#71.6*76*6"#-3B./*73:.94304;*2/*4.40"#-3U.1""704*0-9,.73B*4::40"6C*W3*

,1#"709.1#* "84*5-;7:701"7-3*-:* "84*?-.954*13;*"84*681,4*-:* "84*5-.409.46*100-5,13/73B*"84*

6,73U6"1"4* 0813B4* .41;6* "-* 0-367;4#12.4* 4.16"70* 73"4#10"7-36C* D8464* 73"4#10"7-36* B7?4* #764* "-*

?1#7-96* 0--,4#1"7?4* ,843-5431@* 6908* 16* :7#6"U-#;4#* ,8164* "#1367"7-36* -#* 64.:U1004.4#1"73B*

#4.1K1"7-36C* W3* 1* :7#6"* 1,,#-K751"7-3@* 67$4* #4;90"7-3* 4::40"6* 73* 6,73* 0#-66-?4#* 51"4#71.6* 1#4*

4K,40"4;*"-*-009#*,#751#7./*;94*"-*"84*#4;90"7-3*73*"84*39524#*-:*73"4#10"73B*54"1..70*043"#46*

.41;73B*"-*"84*;40#4164*-:*"84*0--,4#1"7?7"/C*S4?4#"84.466@*"876*,70"9#4*76*:1#*"--*675,.76"70*13;*

513/*-"84#*,1#154"4#6*13;*51"4#71.*,#-,4#"746*81?4*"-*24*0-367;4#4;*73*-#;4#*"-*73"4#,#4"*"84*

4K,4#7543"1.*-264#?1"7-36*-2"1734;*A7"8*\P]*313-51"4#71.6C**

D84* B#-9,6* -:* ^C* XC* [41.* 13;* DC* _1..18* #4,-#"4;* "84* 67$4* ;4,43;43"* ,#-,4#"746* -:*

313-,1#"70.46*-:* "84* "8#44U;754367-31.*\P]*0--#;731"7-3*,-./54#* Q(4!,$%R`"!PS%)T&* * !,$*a*

,/#1$734%*-2"1734;*73*570#-459.67-3C9"LPK"J@B*D84/*:-93;*"81"*#4;9073B*"84*,1#"70.4*67$4@*.41;6*

"-*5-#4*B#1;91.*6,73*"#1367"7-36*A7"8*1*687:"*"-*.-A4#*"#1367"7-3*"45,4#1"9#46*13;*1*68#73L73B*
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93"7.*1*"-"1.*;761,,41#1304*-:*"84*8/6"4#4"70*2481?7-#*:-#*,1#"70.4*67$46*651..4#*"813*<G*35C*D84*

5-;7:701"7-3*-:*"84*6,73*0#-66-?4#*2481?7-#*76*1.6-*100-5,1374;*2/*13*730#4164*-:*"84*#467;91.*

87B8*6,73*:#10"7-3*1"* .-A*"45,4#1"9#4C*]3*"84*-"84#*813;@*_1..18b6*B#-9,*;45-36"#1"4;* "81"*

"84* 6,73* 0#-66-?4#* ,#-,4#"746* 3-"* -3./* ;4,43;* -3* "84* 67$4@* 29"* 1.6-* -3* "84* ,1#"70.4c6*

43?7#-3543"*!51"#7K*4::40"%C9"PPB**W3*"876*0164@*"84*0--,4#1"7?7"/*0-9.;*24*;#151"701../*1::40"4;*

2/* "84* 69##-93;73B* 51"#7KC* \908* 4::40"* 816* 2443* ;7609664;* :-#* Q(4!,$%R`"!PS%)T&*

313-,1#"70.46* 0-1"4;* A7"8* ?1#7-96* 6"127.7$4#6* 6908* 16* 67.701@* X]D* !'76! U4"8/.84K/.%*

69.:-6900731"4* 6-;795* 61."%* 69#:10"13"* 13;* 01.7K1#434C* D84/* 69BB46"4;* "81"* "876* 4::40"* 76*

166-071"4;*A7"8*73"4#,1#"70.4*73"4#10"7-36*54;71"4;*2/*"84*51"#7KC*W3*"876*60-,4@*73*0-..-2#1"7-3*

A7"8* d91#7b6* B#-9,@* A4* ,#4?7-96./* #4,-#"4;* "84* 6/3"84646* -:* 313-0-5,-67"46* 73* A8708*

Q(4!,$%RS7!PS%)T&* 6,84#701.* 313-,1#"70.46* -:* FU)* 35* A4#4* 4524;;4;* 73"-* ,-#-96*

,-./610081#7;4* 51"#7K46C9"@JK"P@B* X* 6,4071.* 45,81676* 73* "876* A-#L* 816* 2443* ;4?-"4;* "-* "84*

73?46"7B1"7-3* -:*51B34"70* ,#-,4#"746* -:* "8464* 313-0-5,-67"46* 13;* "84* 93;4#6"13;73B* -:* "84*

#-.4*-:* "84*;7::4#43"*51"#7K46C*D84*313-0-5,-67"4*Q(4!,$%RS7!PS%)T&+087"-613*241;6*,#4643"*

6,73* "#1367"7-3* 043"#4;* 1"*  e=*f* 4K8727"73B* 1* 8/6"4#4676* .--,*A7"8* "84* A7;"8* -:* <=*fC* D84*

"#1367"7-3*"45,4#1"9#46*16*A4..*16*"84*681,4*-:*"84*8/6"4#4676*73*"876*313-0-5,-67"4*1#4*0.-64*

"-*"8-64*-264#?4;*:-#*"84*29.L*131.-B946@*A87.4*"84*8/6"4#4676*A7;"8*;40#41646*:#-5* g*f*"-*

<=*fC*D84*,#464#?1"7-3*-:*"84*0--,4#1"7?7"/*13;*"84*8/6"4#4676*.--,*0-9.;*24*4K,.1734;*2/*"84*

6,407:70*51"#7K*4::40"*B434#1"4;*2/*"84*087"-613*,-./54#C*D813L6*"-*_h662194#*54169#4543"6@*

13* 75,-#"13"* 7310"7?4* :#10"7-3* 0-##46,-3;73B* "-* 1,,#-K751"4./* gGi* -:* "84* "-"1.* 1#41* A16*

54169#4;*13;*A16*1""#729"4;*"-*"84*7#-3*1"-56*!2-"8*73*"84*O\*13;*j\*6"1"4%*.-01.7$4;*1"*"84*

69#:104* -:* "84* 313-,1#"70.46C* W3;44;@* "84* 1,,#-K751"4* "84-#4"701.* ,4#043"1B4* -:* "8464* 7#-3*

1"-56*:#10"7-3*:-#*1*)*35*;7154"4#*313-,1#"70.4*76*1,,#-K751"4./*g=Uk=i*!"1L73B*73"-*100-93"*

"84* !"*)==*lF*937"*04..*?-.954*54169#4;*2/*ZU#1/*;7::#10"7-3*-3*673B.4*0#/6"1.%C*

D8464* A-#L6* 87B8.7B8"* "84* 0#9071.* :41"9#4* -:* "84* 540813701.+4.16"70* ,#-,4#"746* -:* "84*

313-0-5,-67"4*16*1*A8-.4*13;*-,43*9,*73"4#46"73B*V946"7-36*#4B1#;73B*"84*#-.4*-:*"84*4.16"70*

,#-,4#"746*-:*"84*,1#"70.46@*"81"*-:*"847#*51"#7K*16*A4..*16*"84*,-6672.4*#-.4*-:*"84*73"4#U,1#"70.4*

73"4#10"7-36*A843*"84*,1#"70.46*1#4*73*0.-64*,#-K757"/C*W3*1;;7"7-3@*-"84#*8/,-"84646*1.6-*4K76"*

6908*16*"84*0845701.*-#*540813701.*73:.94304*-:*"84*69#:104*-3*"84*,#-,4#"746*-:*"84*,1#"70.4C*

W3*513/*01646@*1*\P]*7310"7?4*!47"84#*87B8*6,73*-#*.-A*6,73%*#467;91.*:#10"7-3*A16*#4,-#"4;*:-#*

651..* ,1#"70.46* 13;* "876* #467;94* 76* 9691../* 166-071"4;* A7"8* "84* 7#-3* 043"#46* .-01"4;* -3* "84*

69#:104C*W3;44;*7"*64456*.7L4./*"81"*5-.409.46*-3*69#:1046*81?4*;7::4#43"*\P]*,#-,4#"746*A7"8*

#46,40"*"-*"84*7334#*5-.409.46*13;*"876*51/*;#16"701../*73:.943046*"84*,#-,4#"746*-:*"84*A8-.4*

,1#"70.4*73*"876*?4#/*.-A*67$4*#13B4C*
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W3* 1* ?4#/* #4043"* 6"9;/* 73* 0-..12-#1"7-3* A7"8* "84* B#-9,* -:* mC* d91#7@9"JMB* -9#* B#-9,*
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0-364V943046*73*"84*0164*-:*6,73*0#-66-?4#*51"4#71.6C*]34*8/,-"84676*76*"81"*"84*69#:1046*1#4*

5-#4* #7B7;* "813* "84* 0-#4* -:* "84* ,1#"70.4C* W3* 1* :7#6"* "754@* 1* 67$4* ;40#4164* A-9.;* .41;* "-* 1*

;40#4164*-:* 0--,4#1"7?7"/* 93"7.* 1* 04#"173* 67$4* !12-9"*G=*35%C*D843* "84* 73:.94304*-:* 69#:1046*

A-9.;*240-54*B#41"4#*13;*"84#4*A-9.;*24*13*730#4164*-:*0--,4#1"7?7"/C*W3*"84*6,73*0#-66-?4#*

0-3"4K"@*7"*A-9.;*,-6672./*5413*1*.-66*-:*8/6"4#4676*73*1*:7#6"*"754*13;*7"6*#41,,41#1304@*73*1*

640-3;* "754C* W3*13/*0164@* 7"* 1,,41#6*3404661#/* "-*01##/*-9"* 67$4* 6"9;746*9673B* "84*6154*6,73*

0#-66-?4#*0-5,-93;*73*"84*6154*51"#7KC*(#-5*13*4K,4#7543"1.*,-73"*-:*?74A@*"876*#4,#4643"6*

1* 27B* 081..43B4* :-#* 084576"6* 16* ;7::4#43"* 6/3"84676*54"8-;6* 1#4* -:"43* 3404661#/* "-* ,#-;904*

313-,1#"70.46*A7"8*;7::4#43"U67$4C* W3*-#;4#* "-*24""4#*93;4#6"13;* "876*,843-543-3@* "84* 4.16"70*

,#-,4#"746*-:*\P]*,1#"70.46*A7"8*67$46*24"A443* !C*F*13;*F=*313-54"#46*81?4*"-*24*4K,.-#4;*

6/6"451"701../* 13;* 0-3:#-3"4;* A7"8* "84* "84-#4"701.* 5-;4.6* 2164;* -3* 3-3U4K"4367?4* 313-U

"84#5-;/31570*-#*6"1"76"701.*,8/6706*#4043"./*;4?4.-,4;C9"JMO5Q"B*

D84*-2M40"7?4*84#4*76*"-*6"9;/*"84*4?-.9"7-3*-:*"84*6,73*0#-66-?4#*,#-,4#"746*-:*1*0-5,.4"4*

64#746*-:*Q(4!,$%RS7!PS%)T&*313-,1#"70.46*A7"8*;7::4#43"*67$4@*29"*A7"8*"84*6154*43?7#-3543"*

73*-#;4#*"-*;45-36"#1"4*4K,4#7543"1../*"84*73:.94304*-:* "84*69#:104*13;*"84*,1#"70.4*6"7::3466*

-3*"84*0--,4#1"7?7"/*13;*6,73*0#-66-?4#*,#-,4#"746*:-#*313-,1#"70.46*A7"8*9."#1U651..*67$46*!<=*

35%* 73*,1#"709.1#*9673B* "84*0-3?43"7-31.*_h662194#*6,40"#-60-,/C*'467;46@*0-5,1#4;* "-* "84*

0-3?43"7-31.*13;*,-A4#:9.*_h662194#*6,40"#-60-,/@*"84*SW\*!S90.41#*W34.16"70*\,40"#-60-,/%*

54"8-;* 013* ,#-?7;4* "84* 0-5,.4"4* GkU(4* ,8-3-3* 126-#,"7-3* 6,40"#95* 73* 6-.7;6@* .7V97;6* -#*

B1646C*'467;46@* 16* 73*[1513* 6,40"#-60-,/@* "84*\"-L46* 13;* 13"7U\"-L46* ,41L6* 1#4* ?4#/*A41L*

0-5,1#4;*"-*"84*[1/.47B8*,41L*13;*"84*73"4367"/*-:*0-3?43"7-31.*nU#1/*6-9#046*76*3-"*6"#-3B*

43-9B8*"-*-264#?4*"845C*P9##43"./@*"84*-3./*6-9#04*"81"*4312.46*"-*-?4#0-54*"876*,#-2.45*76*

"84* 6/308#-"#-3* #1;71"7-3C* \-* ;7::4#43"U67$4* QGk(4!,$%RS7!PS%)T&* 313-,1#"70.46* A4#4* 1.6-*

6/3"8467$4;*6"1#"73B*A7"8*54"1..70*GkU(4*,-A;4#@*13;* "843*SW\* "40837V94*A16*964;* "-* 6"9;/*

"84*10-96"70*5-;46*A8708*013*B7?4* 100466* "-* "84*?72#1"7-31.*;4367"/*-:* 6"1"46* !J]\%*1"* .-A*

434#B746* 13;* "84#42/@* ,#-?7;4* 6-54* 75,-#"13"* "84#5-U;/315701.* 13;* .1""704* ;/315701.*

,1#154"4#6*16*A4..*16*"847#*6,73U6"1"4*;4,43;4304C*

*
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5#5% 678*/(1+1% -.% R+..(4(8*O6+<(% 9:(;3<=>?+;2?=@AB%
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D84* #4?4#64* 313-459.67-3* "40837V94* 816* 2443* 964;* ,#4?7-96./* :-#* "84* 6/3"84676* -:*

Q(4!,$%R`"!PS%)T&* 313-,1#"70.46* 13;* "84* ,#4,1#1"7-3* 0-3;7"7-36* 1#4* .76"4;* 73* "12.4*  C<C*

_-;7:/73B*"84*0-##46,-3;73B*4K,4#7543"1.*0-3;7"7-36H* "84*#410"13"*0-3043"#1"7-3*13;*w* !"84*

,-.1#* ,8164+* 69#:10"13"* 5-.1#* #1"7-%@* ;7::4#43"U67$4* 313-,1#"70.46* #13B73B* :#-5*  !"* e* 35* "-*
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D1..1.*
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=C<)* <=* FF*  qF* e*
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D12.4* C<D%Q(4!,$%R`"!PS%)T&*313-,1#"70.46*A7"8*;7::4#43"*67$46*,#4,1#4;*2/*;7::4#43"*#4641#08*B#-9,6*

W3* 0-3"#16"*A7"8* "84* ,#4?7-96./* #4,-#"4;* 6/3"84676*54"8-;6* 13;* 73* -#;4#* "-* #4108* 9."#1*

651..* 313-,1#"70.46* !r* <=* 35%* 2-"8* "84* ,#4,1#1"7-3* -:* "84* 6"1#"73B* 313-459.67-36* 13;* "84*

5704..1#*4K0813B4* #410"7-3*A4#4*,4#:-#54;*1"*;7::4#43"* .-A* "45,4#1"9#46@*,.1/73B*1.6-*A7"8*

"84*#410"13"*0-3043"#1"7-3@*"84*w*#1"7-*2473B*5173"1734;*0-36"13"C***

*

(7B9#4* C<H*\08454*-:*"84*,#4,1#1"7-3*-:*313-,1#"70.46*9673B*"84*#4?4#64*459.67-3*"40837V94C*
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W3* -9#* 0164@* "84* 69#:10"13"* 76* S1X]D* !6-;795* 276! U4"8/.4K/.* 69.:-6900731"4%%@* "84* -7.*

,8164* 76* 84K134@* "84* ,-.1#* ,8164* 76* A1"4#* 13;* "84* "1#B4"* 615,.4* 76* "84* Q(4!,$%RS7!PS%)T&*
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61."*76*0841,4#*0-5,1#4*"-*"84*,.1"7395*;4#7?1"7?4I*WW%*:-#*"876*0-5,.4K*"84#4*76*1*651..*4::40"*

-:*B946"*6-.?43"*-3* "84*6,73*0#-66-?4#*,#-,4#"746*13;* WWW%* "84*6,73*0#-66-?4#*-009#6*1"* #--5*

"45,4#1"9#4C*D84*,#4,1#1"7-3*,#-0466*-:*570#-U459.67-3*76*68-A3*73*"84*:7B9#4* C<C**

DA-* #4?4#64* 459.67-36* A4#4* ,#4,1#4;* 64,1#1"4./@* -34* 0-3"17373B* (4!'()% ogO ]* 13;*

,/#1$734* 13;* "84* -"84#* 0-3"17373B* f S7!PS%)C* D-* "84* 6-.9"7-3* -:* S1X]D* 73* 84K134@*

f S7!PS%)* 1V94-96* 6-.9"7-3* A16* 1;;4;* 13;* "84* 27,81670* 6/6"45* A16* 6"7##4;* 93"7.* 1* 0.41#*

459.67-3*A16*-2"1734;C*D84*6154*,#-04;9#4*A16*1,,.74;*"-*1V94-96*6-.9"7-3*0-3"17373B*2-"8*

(4!'()% ogO ]* 61."* 13;* ,/#1$734* .7B13;* !73* X334K* <%C* D84* "A-* 459.67-36* A4#4* 0--.4;*

-?4#37B8"*73*1*:#7;B4*! ke*f%*"-*24*6"127.7$4;*13;*"843*57K4;*!;#-,A764%*A7"8*1*6.-A*1;;7"7-3*

#1"4*1"*#--5*"45,4#1"9#4C*D84*0-.-#*-:*"84*57K"9#4*0813B46*:#-5*/4..-A*"-*-#13B4C*X:"4#*<=*

5739"46* -:* 6"7##73B@* Y"]O*A16* 1;;4;* "-* "84* #410"7-3*57K"9#4C* D84* #469."73B* :.-009.1"4*A16*

043"#7:9B4;@*A1684;*A7"8*4"813-.*13;*"843*;#74;*93;4#*?10995C*D876*.4;*"-*615,.4*"C**

\15,.4*5*A16*-2"1734;*2/*"84*6154*,#-04;9#4*16*615,.4*"@*29"*A7"8*1*:16"*1;;7"7-3*#1"4*

!;7#40"*1;;7"7-3%*-:*"84*"A-*#4?4#64*313-459.67-36C*

\15,.4* $* A16* -2"1734;* 2/* "84* 6154* ,#-04;9#4* 16* 615,.4* "@* 29"* A7"8* 1* 87B84#*

0-3043"#1"7-3*-:*54"1.*7-36C*

\15,.4*@*A16*-2"1734;*2/*"84*6154*,#-04;9#4*16*615,.4*$@*29"*57K73B*"84*"A-*#4?4#64*

459.67-36*1"*.-A*"45,4#1"9#4*! )F*f%C*

\15,.4*N*A16* -2"1734;*A7"8* 1* 87B84#* 0-3043"#1"7-3* -:*54"1.* 7-36* 13;*57K73B* "84* "A-*

#4?4#64*459.67-36*1"*.-A*"45,4#1"9#4*! Ge*f%C*

*

\15,.4* Q(4&+5-.CjU<* w* pO ]!5j%* pO4K134!5j%* D45,4#1"9#4+f*

<* =C<* <=* g* gg*  qF*

 s* =C<* <=* g* gg*  qF*

F* =C<G* <=* g* gg*  qF*

)* =C<G* <=* g* gg*  )F**

G* =C * <=* g* gg*  Ge**

*

D12.4* C H*`#4,1#1"7-3*0-3;7"7-36*-:*;7::4#43"*615,.46@*s*:16"*57K"9#4*-:*"84*"A-*313-459.67-3@*13;*w*

a*QO ]&+QX]D&*

*
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'164;*-3*"84*6/3"84"70*0-3;7"7-3*-:*615,.4*@@%A4*1.6-*"#74;*"-*;40#4164*5-#4*"84*#410"7-3*

"45,4#1"9#4@* 29"* -2"1734;* :16"* ,#407,7"1"7-3* ;9#73B* "84* 6"1#"73B* 313-459.67-3* 6"127.7$1"7-3*

,#-0466C*(9#"84#5-#4@* "84*51K7595*0-3043"#1"7-3*-:*54"1.*6-.9"7-3*A8708*013*24*6"127.7$4;*

73* 313-459.67-3* 76*  !"* =C * 5-.ojU<C* S4?4#"84.466@* :-#* 6908* 0-3043"#1"7-3@* "84* .-A46"*

"45,4#1"9#4*1?-7;73B*"84*,#407,7"1"7-3*76* Ge*fC*

(7B9#4* C * 68-A6* "84*081#10"4#76"70*0-.-#*0813B4*-:* "84*615,.46* :#-5*-#13B4* "-*/4..-A*

A843*,16673B*:#-5*.-A*6,73*"-*87B8*6,73*6"1"4*!:-#*615,.4*"%C*\44*692081,"4#* Cg*:-#*"84*0-.-#*

0813B4*-:*"84*-"84#*615,.46*13;*;7609667-3*0-304#373B*"84*0-.-#+67$4*#4.1"7-3687,C*

*

(7B9#4* C H*"84*081#10"4#76"70*0-.-#*0813B4*-:*Q(4!,$%RS7!PS%)T&*313-,1#"70.46*1"*87B8*!.4:"%*13;*.-A*

!#7B8"%*"45,4#1"9#4*

5#$%2-S3-1+*+-8%-.%9:(;3<=>?+;2?=@AB%? 8-3 4*+)C(1%

5#$#"%0/(4S C% 8 C71+1**

D84#5-B#1?754"#70*131./676*!DdX%*A16*10V97#4;*9673B*1*`4#L73tY.54#*J715-3;*"84#51.*

131./$4#C**

*

(7B9#4* CFH*DdX*54169#4543"6*-3*615,.46*"UN%
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D84*A47B8"*.-66*-:*O ]*:-#*"84*6"4,*<*13;*;40-5,-67"7-3*-:*"84*0-5,-93;*:-#*"84*6"4,* *

-:*4108*615,.4*1#4*.76"4;*73*"84*"12.4* CFC*

*

E47B8"*

.-66*6"4,*

\15,.4*"* \15,.4*5* \15,.4*$* \15,.4*@* \15,.4*N*

<*!i%* )C=*!=CkoO ]%* FCF*!=CeoO ]%*  C<*!=CgoO ]%* )C<*!<oO ]%* gC *!<oO ]%*

 *!i%* )g* )G* Gg* )=* ) *

*

D12.4* CFD%D84*A47B8"*.-66*-:*615,.46*"UN%;9#73B*"84*"84#5-B#1?754"#70*,#-0466*

*

D84*V913"7"746*-:*A1"4#*5-.409.46*A4#4* "1L43* 73"-*100-93"* :-#* "84*;4"4#5731"7-3*-:* "84*

0845701.*0-5,-67"7-3*73*0-52731"7-3*A7"8*"84*4.4543"1.*131./646C*

5#$#5%EC(S(8* C% 8 C71+1*

X31./676*:-#*P@*O@*13;*S*A4#4*,4#:-#54;*1:"4#*0-5296"7-3*1"*eG=uP*9673B*W[*;4"40"7-3*

13;*B#1?754"#/*2/*54136*-:*1*`4#L73tY.54#* )==*64#746*WW*;4?704C*

*

2-S3-F8G% % 2%T%U% V%T%U% ?%T%U% 2 C)FC *(G%:-4SFC %

"%

4K,".* F=Cek* <Ck)*  gC G*

Q(4!`/#1$734%S7!PS%)&v=CkO ]*

01.0;* F=C<)* <Cgg*  GCkk*

5%

4K,".* F C g*  C=F*  GCqG*

Q(4!`/#1$734%S7!PS%)&v=CeO ]v=C= \*

01.0;* F<Ck)* <CGe*  GCqG*

$%

4K,".* F)CgG*  C<e*  =C=k*

Q(4!`/#1$734%=CgS7!PS%)&v=CgO ]v=C \

01.0;* FGC G*  CGg* <qC<e*

@%

4K,".*  kCk=* <CgF*   C<e*

Q(4!`/#1$734%=CFS7!PS%)&v<O ]v=C=e\

01.0;*  kC)G* <Ce)*   C<e*

N%

4K,".*  gCg=*  C )*  =C))*

Q(4!`/#1$734%=C S7!PS%)&v<O ]v=C<F\

01.0;*  gC=k* <CeG*  =C))*

*

D12.4* C)D%Y.4543"1.*131./646*-:*615,.46*"UN%13;*"84*0-##46,-3;73B*:-#59.1%
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Y108*615,.4*A16*A1684;*64?4#1.*"7546*2/*Y"]O*"-*#45-?4*"84*69#:10"13"*-3*"84*69#:104*

-:* "84* 313-,1#"70.46C* (#-5* "84* 4.4543"1.* 131./676* #469."6@* 7"* 64456* "81"* :-#* 615,.4* "* "84*

69#:10"13"*A16*#45-?4;*0-5,.4"4./C*W3*0-3"#16"@*16*"84*313-,1#"70.4*67$4*;40#41646*7"*240-546*

;7::709."*"-*#45-?4*1..*"84*69#:10"13"*51/24*;94*"-*"84*.1#B4*69#:104*"-*?-.954*#1"7-C*_-#4-?4#@*

1* 67B37:7013"* ;40#4164* -:* "84* ,/#1$734* 15-93"* 16* "84*54169#4;* 313-,1#"70.4* 67$46* ;40#4164C*

\9,,-#"4;*2/*1..*"84*,8/670-U0845701.*54169#4543"6@*A4*81?4*B--;*#416-3*"-*"873L*"81"*"84*

7#-3*1"-56*.-01.7$4;*1"*"84*69#:104*-:*"84*,1#"70.46*!A81"4?4#*"847#*67$4%*81?4*;7::4#43"*0#/6"1.*

:74.;* 43?7#-3543"6* !;7::4#43"* B4-54"#/* 13;+-#* ;7::4#43"* .7B13;6%* 0-5,1#4;* "-* "84* 0-#4* 7#-3*

1"-56*13;*73*,1#"709.1#*"8464*69#:104*1"-56*4K8727"*1*576673B*,/#1$734*5-.409.4*A8708*013*24*

#4,.104;*2/* 1* 6-.?43"*5-.409.4C*_-#4-?4#@* "876*5-;7:701"7-3* 73;9046*;7::4#43"* 4::40"* -3* "84*

B.-21.*0-5,-67"7-3*-:* "84*313-,1#"70.4*16*1*:930"7-3*-:* "847#*67$4H*:-#* "84*.1#B4#*,1#"70.4@* "84*

,4#043"1B4*-:*7#-3*1"-56*.-01.7$4;*1"*"84*69#:104*76*34B.7B72.4*13;*1*6"-4087-54"#70*:-#59.1*76*

-2"1734;C*X* #$%&!&'#@*"876*,4#043"1B4*240-546*5-#4*13;*5-#4*,#4,-3;4#13"*:-#*651..4#*67$4*

,1#"70.46*13;*16*1*0-364V94304*"84*,4#043"1B4*-:*576673B*,/#1$734*5-.409.4*730#41646*16*A4..*

13;*240-546*67B37:7013"C*%

5#@% W-43/-C-X+) C% 2/ 4 )*(4+< *+-8% -.%

9:(;3<=>?+;2?=@AB%? 8-3 4*+)C(1%

D#13657667-3* 4.40"#-3* 570#-60-,/* !DY_%* 13;* 87B8* #46-.9"7-3* "#13657667-3* 4.40"#-3*

570#-60-,/* !O[DY_%*A4#4*964;* "-*;4"4#5734* "84* 67$4*-:* "84* 313-,1#"70.46C*X*DY_*^Y]j*

^Y_*<)==*!< =*Lp%*13;*1*87B8U#46-.9"7-3*DY_*^Y]j*^Y_* <==(*! ==*Lp%*4V97,,4;*A7"8*1*

`dD*ZU#1/*131./$4#*A4#4*964;*:-#*67$4*13;*0-5,-67"7-3*131./676*-:*"84*313-U-2M40"6C**

5#@#"%04 81S+11+-8%EC()*4-8%W+)4-1)-37%Y8 C71+1%%

DY_*615,.46*A4#4*,#4,1#4;*2/*;4,-67"7-3*-:*"84*313-,1#"70.4*696,4367-3*73*4"813-.*-3*1*

01#2-3U0-1"4;*0-,,4#*B#7;C*(-#*4108*615,.4@*"84*5413*67$4*-:*"84*313-,1#"70.46*A16*01#4:9../*

0840L4;* 2/* ,4#:-#573B* 64?4#1.* DY_* 54169#4543"6* A7"8* ;7::4#43"* B#7;* ,#4,1#1"7-36* 13;*

0-367;4#73B* 5-#4* "813* 893;#4;* 313-,1#"70.46* !4108* 6/3"84676* 13;* 166-071"4;* 615,.4*

081#10"4#7$1"7-3*A16*#4,41"4;*1"*.416"*"A704%C**

(7B9#4* C)*68-A6*64.40"4;*DY_*,70"9#46*-:*"84*0-##46,-3;73B*29.L*615,.4C*P-5,1#4;*"-*

"84* :-..-A73B* 313-,1#"70.4* 615,.46@* 1."8-9B8* .1#B4* 67$4* 6V91#4U681,4;* ,1#"70.46* 013* 24*

-264#?4;@*"84*751B4*68-A6*#1"84#*1BB#4B1"4;*13;*,-./;76,4#64*-2M40"*67$4C*
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*

(7B9#4* C)H*DY_*751B46*-:*"84*Q(4!,$%RS7!PS%)T&**29.L*615,.4*

(7B9#4*  CGU Cq* ,#4643"* 1* 64.40"4;* DY_* 751B4* :-#* 4108* 313-,1#"70.46* 615,.4* 13;*

166-071"4;*67$4*;76"#729"7-3*876"-B#15*!644*1.6-*X334K* *:-#*0-5,.4543"1#/*DY_*751B46%C*X6*

1.#41;/* #4,-#"4;* :-#* 3954#-96* 313-,1#"70.4* 6/3"84646* 13;* ?1.7;1"4;* :-#* "84* 4.12-#1"7-3* -:*

Q(4!,$%R`"!PS%)T&* ;4#7?1"7?4* 313-,1#"70.46@* 730#41673B* #410"13"6* 0-3043"#1"7-3@* A87.4*

5173"17373B*0-36"13"*"84*,-.1#*,8164*+*69#:10"13"*5-.1#*#1"7-*!w%@*.41;6*"-*"84*;40#4164*-:*"84*

5413*67$4*-:*"84*313-,1#"70.46C*W3;44;@*A87.4*730#41673B*"84*0-3043"#1"7-3*:#-5*=C<*"-*=C<G*_@*

1*0.41#*;40#4164*-:*5413*67$4*-:*"84*,1#"70.46*A16*-264#?4;*:#-5*k<*35*!615,.4*5%*"-*< *35*

!615,.4*$%C*W3*:10"*7"*76*A4..*L3-A3*"81"*:-#*87B8*0-3043"#1"7-36*-:*"84*#410"13"6@*"84*390.41"7-3*

76*:1?-#7$4;*0-5,1#4;*"-*"84*B#-A"8*-:*"84*313-,1#"70.46C*S4?4#"84.466@*A87.4*,.1/73B*A7"8*"84*

0-3043"#1"7-3@*7"*A16*3-"*,-6672.4*"-*;40#4164*"84*313-,1#"70.4*67$4*24.-A* !C*< *35*2401964*

-:*"84*736-.927.7"/*-:*"84*6"1#"73B*51"4#71.6C*P-5,1#76-3*-:*"84*DY_*:-#*615,.46*"% !<=k*35%%

13;*5%!k<*35%%1.6-%68-A6*"81"*"84*1;;7"7-3*6,44;*-:*"84*459.67-36*,.1/6*1.6-*1*L4/*#-.4*-3*"84*

313-,1#"70.46* 67$4C* Y?43"91../@* #4;9073B* "84* #410"7-3* "45,4#1"9#4* "-*  )F*f* ,4#57""4;* 96* "-*

#4108* 313-,1#"70.4* 67$46* 651..4#* "813*<=* 35* !F*35* :-#* 615,.4*@%C*E4* "#74;* "-* #4;904* 4?43*

:9#"84#*"84*#410"7-3*"45,4#1"9#4@*29"*"8464*4K,4#7543"6*#469."4;*#4,4"7"7?4./*"-*"84*7554;71"4*

;46"127.7$1"7-3* -:* "84* 313-459.67-36C* '/* 5-;7:/73B* 2-"8* "84* "45,4#1"9#4* 13;* #410"13"*

0-3043"#1"7-3*4?43*651..4#* *35*67$4;*,1#"70.46*A4#4*-2"1734;*!615,.4*N%C**
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*

(7B9#4* CGH*DY_*751B4*13;*166-071"4;*67$4*;76"#729"7-3*876"-B#15*-:*615,.4*"%

%

% %

(7B9#4* CgH*DY_*751B4*13;*166-071"4;*67$4*;76"#729"7-3*876"-B#15*-:*615,.4*5%

%

% %

*

(7B9#4* CkH*DY_*751B4*13;*166-071"4;*67$4*;76"#729"7-3*876"-B#15*-:*615,.4*%
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*

(7B9#4* CeH*DY_*751B4*13;*166-071"4;*67$4*;76"#729"7-3*876"-B#15*-:*615,.4*@%

%

% %

*

(7B9#4* CqH*DY_*751B4*13;*166-071"4;*67$4*;76"#729"7-3*876"-B#15*-:*615,.4*N%

*

\15,.4* Q(4&+5-.CjU<* D45,4#1"9#4+f* *S,6*\7$4+35*

<* =C<*  qF* <=kw<)*

 * =C<*  qF* k<w<=*

F* =C<G*  qF* < wF*

)* =C<G*  )F** FC<w=C)*

G* =C *  Ge**  C=w=CF*

*

D12.4* CGD%_413*67$4*-:*"84*313-,1#"70.4*615,.46*

%

W"*76*73"4#46"73B*"-*3-"704*"81"*:-#*"84*9."#1U651..*67$4*313-,1#"70.46*!615,.4*@*13;*N%@*"84*

5-#,8-.-B/*-:*"84*313-,1#"70.46*64456*"-*4?1.91"4*:#-5*"84*09270*"-*"84*6,84#701.*681,4C*\908*

6"#90"9#1.*5-;7:701"7-3*0-9.;*0-3"#729"4*"-*4K,.173*"84*5-;7:701"7-3*-:* "84*4.16"70*73"4#10"7-3*

73*"84*,1#"70.46*13;*"84*0-30-57"13"*4?-.9"7-3*-:*"847#*6,73*0#-66-?4#*,#-,4#"746C*\-@*0-3"#-.*-:*
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"84* 4K,4#7543"1.* 0-3;7"7-36* ,4#57"6* 96* "-* -2"173* 1* 615,.4* 64#746* A7"8* 313-,1#"70.4* 67$46*

#13B73B*:#-5* C=*"-*<=k*35*!"876*67$4*0-##46,-3;73B*"-*"84*73U,.134*A7;"8%C*X..*"8464*#469."6*

1#4* B1"84#4;* 73* "12.4*  CGC* :-4% */(% .+41*% *+S(% 1F)/% FC*4 % 1S CC% ;Z% N% 8S=% V-.S 88% C+[(%

)C */4 *(\1%3-C7S(4%8 8-3 4*+)C(1%](4(%178*/(1+<(G#*

5#@#5%V+X/%^(1-CF*+-8%04 81S+11+-8%EC()*4-8%W+)4-1)-37%Y8 C71+1%

O7B8* [46-.9"7-3* D#13657667-3* Y.40"#-3* _70#-60-,/* !O[DY_%* 166-071"4;* A7"8* YJZ*

6,40"#-54"#/* A16* 964;* "-* 24""4#* 081#10"4#7$4* "84* 5-#,8-.-B/* 13;* "84* 0-5,-67"7-3* -:* "84*

313-,1#"70.46C* YJZ% 76* 13* 131./"701.* "40837V94* 964;* :-#* "84* 4.4543"1.* 131./676* -#* 0845701.*

081#10"4#7$1"7-3*-:*1*615,.4C*W"*#4.746*-3*13*73"4#10"7-3*-:*6-54*6-9#04*-:*ZU#1/*4K07"1"7-3*13;*

1* 615,.4C* W"6* 081#10"4#7$1"7-3*01,127.7"746* 1#4*;94* 73* .1#B4*,1#"* "-* "84* :93;1543"1.* ,#7307,.4*

"81"* 4108* 4.4543"* 816* 1* 937V94* 1"-570* 6"#90"9#4* 1..-A73B* 937V94* 64"* -:* ,41L6* -3* 7"6*ZU#1/*

457667-3* 6,40"#95C*(7B9#4* C<=U C<<*1.6-* 68-A*O[DY_* 751B46*-:* 615,.46*@% 13;% N%A84#4*

-34*013*;76"73B9768*"84*9."#1U651..*,1#"70.46*!5413*67$4*12-9"*F*35*:-#*615,.4*@*13;* *35*:-#*

615,.4*N%C*W"*76*75,-#"13"*"-*3-"4*"81"*A87.4*,16673B*:#-5*<==*Lp*DY_*"-* <=*Lp*O[DY_@*

"84* 730#4164* -:* "84* #46-.9"7-3* 76* 166-071"4;* A7"8* 1* ;75739"7-3* -:* "84* 0-3"#16"* -:* "84*

313-,1#"70.46C*W3*-#;4#*"-*24*69#4*"81"*"84*\P]*,#-,4#"746*1#4*3-"*27164;*2/*"84*,#464304*-:*1*

651..*15-93"*-:*.1#B4#*,1#"70.46@*A4*81?4*601334;*64?4#1.*DY_*B#7;6*13;*131./$4;*01#4:9../*

"84*.1#B4#*1BB#4B1"46C*X..*"84*YJZ*131./646*-3*6908*.1#B4*,1#"70.46*13;+-#*1BB#4B1"46*68-A4;*

"84*1264304*-:*"84*(4!,/#1$734%QS7!PS%)&*0-5,.4K*13;*"84*,#464304*-:*"84*-#B1370*69#:10"13"*

,8164C*

_-#4-?4#@*Y34#B/*J76,4#67?4*ZU#1/*!YJZ%*6,40"#-54"#/*A16*1.6-*45,.-/4;*73*-#;4#*"-*

;4"4#5734*"84*0-5,-67"7-3*-:*"84*,1#"70.46*!644*:7B9#4* C< *!615,.4*$%*13;* C<F*!615,.4*N%%C*

E81"4?4#* "84* 0-367;4#4;* 1#41@* :#-5* G==* 35 * !64?4#1.* ;-$436* -:* ,1#"70.46* .-01.7$4;* 73* "84*

6V91#4*1#41*U*:7B9#4* C< %*"-*<*35 *!"A-*54169#4543"6*-3*673B.4*,1#"70.4*.-01.7$4;*2/*"84*0#-66*

U* :7B9#4*  C<F%@* 13;* A81"4?4#* "84* 313-,1#"70.4* 67$4@* "84* V913"7"1"7?4* YJZ* 131./646* 68-A4;*

4V97?1.43"* ,4#043"1B4* -:* 7#-3* 13;* 370L4.* 1"-56@* 0-3:7#573B* "84* ,#464304* -:* "84*

Q(4!,/#1$734%RS7!PS%)T&* 0-5,.4KC* (-#* 615,.4* $@* 1* 651..* 15-93"* -:* 69.:9#* A16* 1.6-*

;4"4#5734;*2/*YJZ*131./676* 73* 1B#44543"*A7"8* "84*,#464304*-:* #4517373B*X]D*69#:10"13"C*

(7B9#4* C< *68-A6*1.6-*"84*0-5,-67"7-31.*51,6*:-#*(4*13;*S7*1"-56*73*"84*64.40"4;*6V91#4*13;*

73;701"46*1*8-5-B434-96*;76"#729"7-3*-:*"84*(4*13;*S7*1"-56*73*"84*313-,1#"70.46*0-3:7#573B*

1B173*"84*B--;*0-5,-67"7-3*-:*"84*615,.4C*
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*

(7B9#4* C<=H*O[DY_*751B4*-:*615,.4*@%

%

*

*

(7B9#4* C<<H*O[DY_*751B46*-:*615,.4%N%

%
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%

%

%

%

%

%

%
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%

%

%
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*

(7B9#4* C< H*O[\DY_*;1#LU:74.;*751B4*13;*YJZ*131./646*-:*615,.4%$@%YJZ*54169#4543"6%A4#4*

0-..40"4;*:#-5*"84*6V91#4*1#41*73;701"4;*73*"84*\DY_*751B4C*\DY_*YJZ*0-5,-67"7-31.*51,6*:-#*(4*

13;*S7*1"-56C*

0 2 4 6 8 10
keV
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0.6

0.8

1.0

1.2

1.4

 cps/eV

 Si  Fe 

 Fe 

 Fe  C 

 O 

 N 

 Cu 

 Cu 

 Cu 

 Ni 

 Ni 

 Ni 

 Na 

 K 

 K 

 S 

HP24A 4
 

Element  Series  norm. C Atom. C 

                  [wt.%]  [at.%] 

-------------------------------- 

Iron    K-series   45.09   44.98 

Nickel  K-series   51.21   48.60 

Sulfur  K-series    3.70    6.42 

-------------------------------- 

          Total:  100.00  100.00 
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(7B9#4* C<FH*O[\DY_*751B4*13;*YJZ*131./646*-:*615,.4%N@%YJZ*54169#4543"6%A4#4*,4#:-#54;%1"*

"A-*;7::4#43"*,-67"7-36C*

*

0 2 4 6 8 10
keV

0.0
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0.4

0.6

0.8

1.0
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1.8

 cps/eV

 C  O  Si  Fe 

 Fe 

 Fe 

 Ni 

 Ni 

 Ni  Cu 

 Cu 

 Cu 

 1

Spectrum: 1 

 

Element  Series  norm. C Atom. C 

                  [wt.%]  [at.%] 

-------------------------------- 

Iron    K-series   44.44   45.67 

Nickel  K-series   55.56   54.33 

-------------------------------- 

          Total:  100.00  100.00 

 

 

Spectrum: 2 

 

Element  Series  norm. C Atom. C 

                  [wt.%]  [at.%] 

-------------------------------- 

Iron    K-series   51.35   52.59 

Nickel  K-series   48.65   47.41 

-------------------------------- 

          Total:  100.00  100.00 
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5#N% 6*4F)*F4 C% 2/ 4 )*(4+< *+-8% -.% */(%

9:(;3<=>?+;2?=@AB%? 8-3 4*+)C(1%

5#N#"%_O^ 7%R+..4 )*+-8%-8%6+8XC(%2471* C*

D84* 6"#90"9#4* A16* #4,-#"4;* 2/* PC* ^C* f4,4#"* 13;* 0-A-#L4#69LQBH* 7"* 1;-,"6* "84* B434#1.*

"-,-.-B/*#4,-#"4;*,#4?7-96./@9"L$B*0-3676"73B*-:* UJ*(4S7!PS%)*.1/4#6*2#7;B4;*"8#-9B8*"84*67KU

0--#;731"4*(4!WW%*043"4#6*2/*276U937;43"1"4*,/#1$734*2#7;B46*!644*:7B9#4* C<)%C*

*

*

(7B9#4* C<)H*P#/6"1.*6"#90"9#4*-:*Q(4!,$%RS7!PS%)T&@*/4..-AH*P@*2.94H*S@*#4;H*(4*13;*,73LH*S7C*

*

(#-5* 1* 3-3U"A7334;* 0#/6"1.* "84* 51"4#71.* A16* ;4"4#5734;* "-* 0#/6"1..7$4* 73* "84*

-#"8-#8-5270* 6,104* B#-9,*()))* !644* "12.4*  Cg%@* #1"84#* "813* 73* "84* "4"#1B-31.* 6,104* B#-9,*

()+)* 16* ;4"4#5734;* ,#4?7-96./* :-#* "84* ,.1"7395* ;4#7?1"7?4C9"L$B* D84* 51M-#7"/* -:* 0#/6"1.6*

54169#4;*A4#4*:-93;*"-*24*54#-84;#1../*"A7334;@*/74.;73B*1*13;*2*,1#154"4#6*"81"*#4,#4643"*

1?4#1B4;* ?1.946* A7"873* 13* 1,,1#43"* "4"#1B-31.* .1""704I* ;1"164"6* 0-..40"4;* -3* "8464* 0#/6"1.6*

/74.;4;*4K04..43"*6"#90"9#1.*#4:734543"6* 73*`)+555*A7"8*G=HG=*-009,1"7-3*-:*-#"8-B-31.*,$*

-#743"1"7-36*29"*A4#4*#4:734;*736"41;*73*`555*A7"8*1*"A73*#4.1"7-3C*D84*(4US*2-3;*.43B"86*

:-#* "A-* 6"#90"9#46* -2"1734;* 1"* <G=*f* !3-3U"A7334;* 13;* "A7334;%* 13;* -34* 1"* F==*f* -:* (4U

S0/137;4* a* <Cq))!F%* l* (4US,/#1$734* a* <Cqeg!F%* l* !<G=* f* 3-3U"A7334;%@* (4US0/137;4* a*
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<Cq)g!G%*l@*(4US,/#1$734*a*<Cqk<!G%*l*!<G=*f*"A7334;%@*13;*(4US0/137;4*a* C< e!)%*l@*(4U

S,/#1$734* a*  C  g!g%* l* !F==* f%* 1#4* 73;701"7?4* -:* .-AU6,73* !j\%* 13;* 87B8U6,73* !O\%* (4WW*

043"4#6@*#46,40"7?4./C**

*

Q(4!,$%RS7!PS%)T&o O ]*

\,73*6"1"4* O\* j\*

(E+*B*5-.U<* FF)Ckg*  qeCkF*

\,104*B#-9,* ()))* ()))*

1+l* kC ggg!F%* kC=<g!<%*

2+l* kC gqg!F%* kC=<q!<%*

0+l* kC ) <!F%* gCkeG!<%*

p+lF* Fe CGk!F%* FF)C<g!q%*

r01.0+_B*5UF* <C)GF* <Cgg)*

m+55U<*  C<e=*  C)qg*

;1"1+#46"#173"6+,1#154"4#6* gee+<+Fk* Gg<+<+Fg*

[<!+
,%*Q-*x* y!-%@*1..&* ==FqF@*=C=G)<* =C=Fg @*=C=gee*

w[ !+
,%*Q-*x* y!-%@*1..&* =C<=eF@*=C< ==* =C=kkq@*=C=q)F*

d-(* <C  k* <C<GF*

*

D12.4* CgH*P#/6"1.*J1"1*13;*[4:734543"*J4"17.6*:-#*Q(4!,$%RS7!PS%)T&o O ]*1"*;7::4#43"*6,73*6"1"46C
9LQB*

5#N#5%_O4 7%H-]G(4%R+..4 )*+-8*

`-A;4#*ZU#1/* ;7::#10"7-3* ,1""4#36*A4#4* #40-#;4;*9673B* 1*`XS1./"701.*Zb`4#"* 4V97,,4;*

A7"8* 1* P9* ZU#1/* "924@* 1* d4!<<<%* 7307;43"* 2415* 5-3-08#-51"-#* !z* a* <CG)=g* l%* 13;* 13*

ZcP4.4#1"-#*;4"40"-#C*D84*4K"#10"7-3*-:*,41L*,-67"7-36*13;*"84*;4"4#5731"7-3*-:*"84*0#/6"1..7"4*

67$4* 2/* 54136* -:* "84* \084##4#* 4V91"7-3* A4#4* ,4#:-#54;* A7"8* "84* `P* 6-:"A1#4* ,10L1B4*

O7B860-#4*{*69,,.74;*2/*`XS1./"701.C**

(7B9#4* C<G*68-A6*"84*,-A;4#*ZU#1/*;7::#10"7-3*,1""4#36*-:*"84*;7::4#43"U67$4*313-,1#"70.4*

615,.46C*D84*,1""4#3*-264#?4;*:-#*"84*29.L*615,.49"P@B*0-##46,-3;6*"-*"8-64*54169#4;*:-#*4108*

313-,1#"70.4*615,.4@*29"*1*67B37:7013"*730#4164*-:*"84*,41L*A7;"86*76*-264#?4;*A843*"84*67$4*-:*

"84* 313-,1#"70.46* 76* ;40#41673BC* ZU#1/* ;7::#10"7-3* 1..-A6* 1.6-* :-#* "84* 46"751"7-3* -:* "84*

0#/6"1..7"4*67$4*9673B*"84*\084##4#*4V91"7-3C*D84*0#/6"1..7"4*67$4*!J%*013*24*01.09.1"4;*9673B*"84*

4V91"7-3* J* a* Ll+b* 0-6q@* A84#4* L* 76* "84* 681,4* :10"-#@* l* "84* A1?4.43B"8* -:* "84* 7307;43"*

7##1;71"7-3@*b*76*"84*:9..UA7;"8*1"*81.:*51K7595*!(EO_%*-:*"84*,41L*13;*q*76*"84*'#1BB*13B.4C*
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W3* "84* \084##4#* 4V91"7-3@* "84* b* ,1#154"4#* 344;6* "-* 24* 0-##40"4;* "-* 4.75731"4* 736"#9543"1.*

4::40"6I* 73* -9#* 0164* "876* 0-##40"7-3* A16* 10874?4;*54169#73B* 1* j1'g* #4:4#4304* 615,.4C* D84*

1?4#1B4* 0#/6"1..7"4* 67$4* :-#* 4108* 615,.4* 1#4* B1"84#4;* 73* "12.4*  Ck* 13;* 0-5,1#4;* A7"8* "84*

313-,1#"70.4*67$46*-2"1734;*2/*"#13657667-3*4.40"#-370*570#-60-,/C*(-#*"84*651..4#*,1#"70.46@*

"84*67$46*-:*"84*0#/6"1..7"46*:-93;*9673B*"84*\084##4#*4V91"7-3*1#4*6757.1#*-#*6.7B8"./*.1#B4#*"813*

"8-64* :-93;*A7"8* "84*DY_I* "876* 4::40"* 0-9.;* 24* 4K,.1734;* 2/* "84* 9304#"173"/* -:* "84*`Z[J*

54"8-;*:-#*"8464*313-,1#"70.4*67$46C*(-#*615,.4*$@*"84*67$4*-:*"84*0#/6"1..7"46*76*73*1B#44543"*

A7"8* "84*5413*313-,1#"70.4*67$4* 73;701"73B* "81"* "84*313-,1#"70.46*1#4*0-5,-64;*2/*-3./*-34*

;-5173C* Y?43"91../@* .1#B4#* 313-,1#"70.46* 13;* 1.6-* "84* 29.L* 615,.4* 1#4* :-#54;* 2/* 64?4#1.*

;-51736*-:*12-9"*F=*35C*

*

(7B9#4* C<GH%`-A;4#*ZU#1/*;7::#10"7-3*,1""4#36*-:*615,.46*"UN*1"%#--5*"45,4#1"9#4*

*

\15,.4* P#/6"1..7"4*

\7$4+35*

*S,6*\7$4+35*

<*  q* <=kw<)*

 * F=* k<w<=*

F* <F* < wF*

)* GCe* FC<w=C)*

G* )CF*  C=w=CF*

D12.4* CkH*P#/6"1..7"4*67$4*:-#*615,.46*"UN%-2"1734;*A7"8*"84*\084##4#*4V91"7-3*0-5,1#4;*A7"8*"84*

313-,1#"70.4*67$4%
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5#N#$%^ S 8%63()*4-1)-37**

[1513* 6,40"#1* A4#4* 0-..40"4;* 24"A443* FG=* 13;* <G=* f* 9673B* 1* j12[X_UO[* !^-273t

m?-3%*[1513*570#-U6,40"#-54"4#*13;*1*j73L15*DO_\Ug==*0#/-6"1B4C*D84*gF Ce*35*.734*-:*

1*O4tS4*.164#*A16*964;*16*"84*4K07"1"7-3*6-9#04*13;*1*6,40"#1.*#46-.9"7-3*-:*1,,#-K751"4./*F*

05U<*A16*-2"1734;C*

[1513* 6,40"#1* -:* 615,.4* "UN* A4#4* #40-#;4;* "-* 081#10"4#7$4* "84* 0-5,-67"7-3* 13;* "84*

6"#90"9#4* -:* "84* 0-5,.4K46* !644* :7B9#4*  C<g%C* D84* -264#?4;* 6,40"#1.* :41"9#46* -:* "84*

0--#;731"7-3*313-,1#"70.46*013*24*0.41#./*1""#729"4;*"-*"84*Q(4!,/#1$734%RS7!PS%)T&*0-5,.4K*

2/*0-5,1#76-3*A7"8*"847#*29.L*6,40"#1H95Q5B**

WC D84* PS* 6"#4"08@* 16* 4K,40"4;@* 1,,41#6* 1#-93;*   ==* 05U<* 16* 1* A4..U#46-.?4;* ;-92.4"*

!6/554"#70*13;*16/554"#70*6"#4"0846%*73*"84*[1513*6,40"#1*!644*"12.4* Ce%C*P-5,1#4;*

"-* "84* 0-##46,-3;73B* f S7!PS%)* 0-5,-93;6@* .!PS%* 5-;46* 1#4* 687:"4;* "-* 87B84#*

:#4V9430746*!)=UG=*05U<%@*A8708*76*1*B434#1.*"#43;*A843*B-73B*:#-5*"84*"4#5731.*!S7U

PS%*"-*"84*2#7;B73B*!S7UPSU_b%*0/137;4*.7B13;6C**

WWC X667B3543"*-:*"84*73"4#31.*5-;4*-:*,/#1$734*76*:17#./*6"#17B8":-#A1#;C*W"*1,,41#6*73*"84*

57;UW[* #4B7-3*5173./* 24"A443*g==* 13;*<g==* 05U<* !644* "12.4*  Ce%C*P-5,1#4;* "-* "84*

:#44* .7B13;6@* 1* 651..* 9,A1#;* 687:"* -:* "84* A1?4* 39524#6* !=UF=* 05U<%* -009#6* 9,-3*

0-5,.4K1"7-3*;94*,#751#7./*"-*L73451"70*0-9,.73BC*j1#B4#*687:"6*! !"*)=Uk=*05U<%*1#4*

-264#?4;*-3./*:-#*04#"173*.-AU:#4V9430/*5-;46C*

WWWC \,40"#1.*:41"9#46*24.-A*g==*05U<*1#4*1""#729"4;*5173./*"-*54"1.U.7B13;*?72#1"7-36@*29"*

"847#*1667B3543"*76*;7::709."*2401964*-:*"84*.-A*67B31.*73"4367"/*13;*"84*6"#-3B*0-9,.73B*

24"A443* "84* ;7::4#43"*5-;46C* O-A4?4#@* 1*51M-#* 675,.7:/73B* :41"9#4* 76* "84* 1,,1#43"*

1264304*-:*73"4#31.*,$*213;6*73*"876*6,40"#1.*#4B7-3C*W"*76*1.6-*L3-A3*"81"*"84*|54"1.U

043"4#4;}* ;4:-#51"7-3* 5-;46Ud!P_P%@* d!S(4S%U1,,41#* 1"* ?4#/* .-A* :#4V9430746@*

9691../*A4..*24.-A* ==*05U<C*D84*.1#B4@*93#46-.?4;*6,40"#1.*:41"9#46*24.-A*<==*05U<*

68-9.;*24*166-071"4;*5-6"./*A7"8*4K"4#31.*5-;46C*X3/*5-;4*24"A443* ==*13;*g==*05U

<* 013*24* 1""#729"4;*A7"8-9"* "--*5908*9304#"173"/* "-* 0-9,.4;*?72#1"7-36* 73*A8708* "84*

51M-#* 73?-.?4543"* 0-546* :#-5* "84* .!(4US%@* .!_UP%@* 13;* d!_PS%* 5-;46C*

W3?-.?4543"* -:* "84* .1""4#* "A-* 5-;4* "/,46* 68-9.;* 24* #41;7./* ;7604#372.4* 67304* "84/*

A-9.;*24*4K,40"4;*"-*24*?4#/*64367"7?4*"-*"84*54"1.*!_%*6926"7"9"7-3C*P-367;4#73B*3-A*

"84* #4517373B*|(4Sg*5-;46}@* "84* 6"#4"0873B*5-;46* 1#4* 4K,40"4;* "-*81?4* "84*87B846"*

:#4V9430/C*D8-64*"81"*1#4*.1#B4./*7364367"7?4*"-*"84*.7B13;*6926"7"9"7-3*013*24*7;43"7:74;*
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16*.!(4USSP%*?72#1"7-36C*D84* .7B13;U64367"7?4*213;6*1,,41#73B*24"A443*F==*13;*F =*

05U<*013*:731../*24*1667B34;*16*.!(4US,$%*5-;46C*D12.4* Ce*69551#7$46*1..*"84*;1"1C*

*

(7B9#4* C<gH*[1513*6,40"#1*1"*64.40"4;*"45,4#1"9#46*:-#*615,.46*"UN%

[1513*5-;4*
j\*

\"1"4*

O\*

6"1"4*

(#44*

`/#1$734**

.7B13;*

.#73B* XB*
<g=k6@*

<=F<6*

<g=F5@*

<= q6*

<Ge=6@*

<=<g6*

.!PS%*
X<B*  <q 5*  <e 5* *

'<B*  <eF5*  <k 5* *

.!P_%*
X<B* G eA* )eg5* *

'<B* G<eA* * *

.!(4SSP%*
X<B* Fq)A* <kg5* *

'<B* FeeA*  F<5* *

.!(4S0/0.4%* X<B* F =A* <kg5* *

*

D12.4* CeH*_173*[1513*?72#1"7-31.*A1?439524#6*!73*05U<%*166-071"4;*A7"8*"84*,-./54#70*6844"*

6"#90"9#4*73*"84*Q(4!,$%RS7!PS%)T&*0-5,.4K*13;*7"6*"43"1"7?4*1667B3543"6C*X22#4?71"7-36H*6@*6"#-3BI*5@*

54;795I*A@*A41LC*
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D84*?1#712.4*"45,4#1"9#4*[1513*6,40"#1*-:*"84*615,.4*0.41#./*#4?41.*"84*687:"*-:*"84*73U

,.134*243;73B*5-;4*-:*"84*,/#1$734*#73B*:#-5*g)G*05U<*!87B8*"45,4#1"9#4%*"-*gkG*05U<*!.-A*

"45,4#1"9#4%* 13;* "84* ?1#71"7-3* -:* "84* 73"4367"/* #1"7-* -:* "A-*?72#1"7-31.*5-;46* 166-071"4;* "-*

,/#1$734* 1"* 12-9"* <=F=* 13;* < F=* 05U<C* D8464* -264#?1"7-36* 1#4* ;760964;* 73* ;4"17.6* 73* "84*

:-..-A73B*692081,"4#* CgC C*

5#M% 63+8% 24-11-,(4% H4-3(4*+(1% -.% 9:(;3<=>?+;2?=@AB%

? 8-3 4*+)C(1%

5#M#"%&3*+) C%W+)4-1)-37%&!1(4, *+-8%

W"* 76* 73"4#46"73B* "-*3-"4* "81"*1* 67B37:7013"*0-.-#*0813B4*-:* "84*,-A;4#*615,.46*0-9.;*24*

-264#?4;*16*1*:930"7-3*-:*"84*,1#"70.4*67$4*!644*:7B9#4* C<k%C*D84*;1#L4373B*-:*"84*615,.4*013*

24*4K,.1734;*2/*"84*730#41673B*#467;91.*j\*:#10"7-3*1"*#--5*"45,4#1"9#4*A843*"84*67$4*-:*"84*

313-,1#"70.46*;40#41646*!644*;4"17.6*84#41:"4#%C*_-#4-?4#*A843*"84*67$4*-:*"84*313-,1#"70.46*76*

651..4#* "813* <=* 35@* 4?43* A7"8* 510#-60-,70* 67$4* -:* "84* 615,.4@* "84* 0-.-#* 0813B4* 76* 3-"*

-2?7-96* 13/5-#4* 73* 1B#44543"* A7"8* .-A* 15-93"* -:* 10"7?4* 7#-3* 043"#46* !644* _h662194#*

54169#4543"%C**

*

(7B9#4* C<kH*P-.-#*0813B4*-:*"84*615,.46*16*1*:930"7-3*-:*"84*313-,1#"70.4*67$4*13;*"45,4#1"9#4C*

\15,.4*"UN*:#-5*"84*.4:"*"-*"84*#7B8"*!#--5*"45,4#1"9#4*:-#*"84*9,,4#*,134.*13;*.7V97;*37"#-B43*

"45,4#1"9#4*:-#*"84*2-""-5*,134.%%

*

%



 

 

80 

 

5#M#5%^ S 8%63()*4-1)-37**

[1513* 6,40"#1* -:* 615,.4* "UN* A4#4* #40-#;4;* 1"* 64.40"4;* "45,4#1"9#46* "-* 24""4#*

081#10"4#7$4*"84*6,73*"#1367"7-3*,#-,4#"746*-:*"84*0-5,.4K46C*D84*?1#712.4*"45,4#1"9#4*[1513*

6,40"#1*-:*"84*615,.4*#4?41.*"84*687:"*-:*"84*73U,.134*243;73B*5-;4*-:*"84*,/#1$734*#73B*:#-5*

g)G* !O\%* "-*gkG* !j\%*05U<*13;* "84*?1#71"7-3*-:* "84* 73"4367"/* #1"7-*-:* "A-*?72#1"7-31.*5-;46*

166-071"4;*"-*,/#1$734*1"*12-9"*<=F=*13;*< F=*05U<C*D8464*6,40"#1.*0813B46*1#4*A4..UL3-A3*

67B36*-:* "84*6,73* 0#-66-?4#* 73* "8464* 0-5,-93;6C95Q5B*(7B9#4* C<e* #4,-#"6* 1*$--5* 73* "84*q==U

<)==* 05U<* #4B7-3* -:* "84* [1513* 6,40"#1* :-#* 615,.46* "UN* 1"* 64.40"4;* "45,4#1"9#46C* W"* 76*

73"4#46"73B*"-*3-"704*"81"*"84*"84#51.*?1#71"7-3*-:*"84*[1513*73"4367"/*#1"7-*W<=F=+W< F=
*73;701"46*

1* V9167U0-5,.4"4* 6,73* "#1367"7-3* 73* 615,.4* "* 13;* 5* 73* 1B#44543"* A7"8* "84* 29.L* 615,.4C*

P-3?4#64./@*54169#4543"6*1"*FG=*13;*<G=*f* 73;701"4;@* "84*,#464304*-:*1* 651..* #467;91.*j\*

:#10"7-3* 73* @* 13;* N* 13;* 1* #467;91.* O\* :#10"7-3* 73* $UN@* #46,40"7?4./C* S4?4#"84.466@* "8464*

-264#?1"7-36* 1#4* 73* 0-3"#1;70"7-3* A7"8* "84*_h662194#* 54169#4543"6* !644* 84#41:"4#%@* A8708*

,-73"*-9"*"84*-009##4304*-:*?4#/*730-5,.4"4*6,73*"#1367"7-36*:-#*615,.46*$UNC*E4*24.74?4*"81"*

"876* !1,,1#43"%* ;760#4,130/* -009#6* 2401964* "84* 651..4#* 313-,1#"70.46* 0-3"173* 13* 730#41673B*

15-93"* -:* 7310"7?4* 7#-3!WW%* 6,40746@*A8708* 1#4* .-01.7$4;* 1"* "84* 69#:104* -:* "84* ,1#"70.46C*D84*

51M-#7"/*-:* "8464* 7310"7?4*6,40746*;-*3-"*0-3"#729"4*67B37:7013"./* "-* "84*[1513*601""4#73B*-:*

"84*615,.46@*29"*"84/*0-3"#729"4*-2?7-96./*"-*"847#*_h662194#*67B31.C*\757.1#*4::40"6*A4#4*1.6-*

430-93"4#4;* :-#* "84* 0-##46,-3;73B* Q(4!,/#1$734%RS7!PS%)T&* 313-,1#"70.46* 4524;;4;* 73*

087"-613C**

*

*

(7B9#4* C<eH*\4.40"4;*[1513*6,40"#1*-:*615,.46*"ON%

%



 

 

81 

 

5#M#$%W`11! F(4%63()*4-S(*47%

Gk(4*_h662194#*6,40"#1*81?4*2443*#40-#;4;*9673B*1*0-3?43"7-31.*0-36"13"U1004.4#1"7-3U

"/,4* 6,40"#-54"4#* 4V97,,4;* A7"8* 1* GkP-![8%* 6-9#04* ! !C*  =* 5P7%* 13;* 1* .7V97;U37"#-B43*

0#/-6"1"C*\,40"#1*-:* "84*,-A;4#*615,.46*! !C*G=*5B%*A4#4*#40-#;4;*24"A443*e=*13;*F<=*fC*

j416"U6V91#46*:7""73B6*-:*"84*_h662194#*6,40"#1*81?4*2443*01##74;*-9"*A7"8*"84*16695,"7-3*-:*

j-#43"$713* .734*681,46*9673B* "84*|[40-7.}*6-:"A1#4C*~@*�Y�*13;*G* 6"13;*:-#* "84* 76-54#*687:"@*

"84*V91;#9,-.4*6,.7""73B*13;*"84*81.:U847B8"*.734*A7;"8@*#46,40"7?4./*!644*X334K*F%C*

P-5,1#4;* A7"8* [1513* 6,40"#-60-,/@* Gk(4* _h662194#* 54169#4543"* 76* 1* 5-#4*

V913"7"1"7?4*54"8-;@*A8708*A16*01##74;*-9"@*-3*-34*813;@*"-*;4"4#5734*"84*#467;91.*j\*13;*O\*

:#10"7-36*1"*87B8*13;*.-A*"45,4#1"9#46@*#46,40"7?4./@*13;*-3*"84*-"84#*813;@*"-*,#-24*"84*.-A*

"45,4#1"9#4*#4B7-3*!A84#4*"84*O\*13;*j\*:#10"7-36*A4#4*0-36"13"6%* "-*;4"4#5734*"84*J42/4*

"45,4#1"9#4* !/J%* A8708* #4:.40"6* "84* 6"7::3466* -:* "84* 43?7#-3543"* -:* "84* 7#-3* 7-36* !081,"4#*

 CgCG%C*E7"8*"84*175*"-*;4"4#5734*5-#4*,#40764./*"84*:#10"7-3*-:*7#-3*043"#46*73?-.?4;*73*"84*

6,73*"#1367"7-3@*13;*697"12./*01.72#1"4*"84*51B34"70*54169#4543"6*,#4643"4;*84#41:"4#@*A4*81?4*

#40-#;4;* "84* Gk(4* _h662194#* 6,40"#1* :-#* "84* ;7::4#43"* 615,.46* 1"* ;7::4#43"* "45,4#1"9#46C*

(7B9#46* C<q*68-A6*"84*64.40"4;*_h662194#*6,40"#1*:-#*615,.46*"ONC*E81"4?4#*"84*615,.4@*1"*

F<=*f*"84*_h662194#*6,40"#95*0-3676"6*-:*"A-*;-92.4"6@*2-"8*A7"8*13*76-54#70*687:"*d*0.-64*"-*

<*556U<*13;*.1#B4*V91;#9,-.4*6,.7""73B6*!DY�*a*<C *13;* *556U<%*"/,701.*-:*1*O\*7#-3!WW%*!\*a*

 %C*W3*1;;7"7-3@*1*"87#;*j\*;-92.4"*A7"8*76-54#70*687:"*d*0.-64*"-*=C)*556U<*1,,41#6*:-#*651..4#*

313-,1#"70.46C*X..*"8464*;1"1*1#4*B1"84#4;*73*"12.4* C<=C**

*
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*

*

(7B9#4* C<qH*\4.40"4;*Gk(4*_h662194#*6,40"#1*!;-"6%*13;*:7"*!.734%*:-#*615,.46*"ON%



 

 

83 

 

D84* !"*<=i*:#10"7-3*166-071"4;*A7"8*"84*.1#B4#*V91;#9,-.4*6,.7""73B*O\*6,40746*73*4108*

615,.4*013*24*4K,.1734;*2/*"84*,#464304*-:*;4:40"6*73*"84*0--#;731"7-3*34"A-#LC*\908*#469."*76*

73*1B#44543"*A7"8*,#4?7-96*51B34"70*54169#4543"* #4,-#"4;* :-#*0#/6"1.69LQB* 13;*29.L* 615,.4*

!644* 081,"4#*  CgC)%C* W3;44;@* 73* 4108* 0164* "84*51B34"70* 69604,"727.7"/* 1"* .-A* "45,4#1"9#4* 76*

87B84#* "813* "81"* 4K,40"4;* :-#* :9../* .-A* 6,73* 6"1"4C* D84* .1#B4* DY�* ?1.94* 73;701"46* 1* .-01.*

6/554"#/*.-A4#*"813*09270@*29"*A7"8*1*#1"84#*A4..U76-.1"4;*B#-93;*-#27"1.*673B.4"*!73*1*A4..U

76-.1"4;* 673B.4"* 0164@* DY�* 76* 73* "84* FU)* 55U<* #13B4%@* A8708* 0-##46,-3;6* "-* 13* 1K71.*

0-5,#4667-3*-:*"84*-0"184;#1.*6"#90"9#4C*D84*730#41673B*#467;91.*j\*:#10"7-3*A87.4*"84*67$4*-:*

"84*313-,1#"70.46*;40#41646@*ei*:-#*< *35*,1#"70.46@*<gi*:-#*F*35*,1#"70.46*13;*Ggi*:-#* *35*

,1#"70.46*57B8"*24*#4.1"4;*"-*"84*730#4164*-:*"84*V913"7"/*-:*7#-3*1"-56*.-01.7$4;*1"*"84*69#:104*

-:*"84*313-,1#"70.46C*E843*"84*615,.46*1#4*0--.4;*;-A3@*"84*1#41*-:*"84*O\*;-92.4"*A7"8*"84*

651..4#*V91;#9,-.4U6,.7""73B*;40#41646*13;@*0-3?4#64./@*"84*1#41*-:*"84*j\*;-92.4"*730#41646I*

A84#416*"84*1#41*-:*"84*O\*;-92.4"*A7"8*"84*.1#B4#*V91;#9,-.4U6,.7""73B*#451736*0-36"13"C*D84*

75,-#"13"* DY�* ?1#71"7-3* -:* 2-"8* O\* ;-92.4"6* !<C<e! %U C =!<%* 556U<* 13;*  C==!)%tFC =!q%*

556U<*:-#*615,.4*"%*24"A443*F<=*13;*e=*f*76*081#10"4#76"70*-:*1*6"#-3B./*;76"-#"4;*4V91"-#71.*

43?7#-3543"* 166-071"4;*A7"8* 1* 651..* 434#B/* B1,* 24"A443* "84* ;K/* -#27"1.* 13;* "84* "84#51../*

10046672.4*;K$*-#*;/$*-#27"1.6C*D84*?1#712.4* "45,4#1"9#4*_h662194#*6,40"#95*:-#*615,.46*"ON*

#4?41.6* "81"* A87.4* ;40#41673B* "84* 67$4* -:* "84* 313-,1#"70.46@* "84* :#10"7-3* -:* "84* \P]* 10"7?4*

6,40746*;40#41646* :#-5*kki*:-#* 615,.4*"* "-*ki* :-#* 615,.4*N* !kki* :-#* 615,.4*5@* Gei*:-#*

615,.4*$*13;* Fi*:-#*615,.4*@%*!644*"12.4* Cq%C*

*

615,.4* j\*#467;91.*:#10"7-3*!i%* O\*#467;91.*:#10"7-3*!i%* X0"7?4*6,40746*!i%*

"% =*  F* kk*

5% =*  F* kk*

$% e* F)* Ge*

@% <g* g<*  F*

N% Gg* Fk* k*

D12.4* CqH%`4#043"1B4*-:*"84%j\@*O\*#467;91.*:#10"7-36*13;*10"7?4*6,40746*:#-5*"84*_h662194#*:7"*:-#*

615,.46*"UNC*

*



 

 

84 

 

*

D12.4* C<=H%\4.40"7?4*.416"U6V91#46*:7""4;*_h662194#*;1"1*:-#*615,.46*"UN%1"*64.40"4;*"45,4#1"9#4C*~@*

�Y�*13;*G*6"13;*:-#*"84*76-54#*687:"*?6*54"1..70 aU(4*1"*#--5*"45,4#1"9#4@*"84*V91;#9,-.4*6,.7""73B*13;*

"84*81.:U847B8"*.734*A7;"8@*#46,40"7?4./C*

5#M#@%W X8(*+)%H4-3(4*+(1%%

D84* "84#51.* ?1#71"7-3* -:* "84* 87B8* 6,73* :#10"7-3* !3O\%* :-#* "84* ;7::4#43"* 313-,1#"70.4*

615,.46* !:7B9#4*  C =%*A16* ;4;904;* :#-5* "84*51B34"70* 69604,"727.7"/* ;1"1* 13;* "813L6* "-* "84*

;4"4#5731"7-3*-:*"84*#467;91.*O\*13;*j\*:#10"7-36*73*"84*.-A*13;*87B8*"45,4#1"9#4*#4B7-36*2/*

_h662194#*6,40"#-60-,/*!1669573B*"84*1,,#-K751"7-3*"81"*0O\*»*0j\*13;*"896*"81"*1O\*+*1"-"*»*

$O\%*13;*"84*615,.4*0-5,-67"7-3*2/*DdX*13;*4.4543"1.*131./676C*X."8-9B8*1*651..*687:"*-:*

"84* "#1367"7-3* 09#?46* "-* 87B84#* "45,4#1"9#46* 76* -264#?4;* 1:"4#* "84* 76-"84#51.* 8-.;73B* -:*

615,.46@9"P@B* 1..* 0-5,1#76-36* 81?4* 2443* #41.7$4;* -3* ;48/;#1"4;* 615,.46C* X6* 4K,40"4;@* "84*

.1#B4*,1#"70.46*,#4643"*,8/6701.*,#-,4#"746* 0.-64* "-* "84*29.L* 615,.4* !644* :7B9#4* C <%*A7"8* 1*

6,73* "#1367"7-3* 0.-64* "-* #--5* "45,4#1"9#4* !D<+ �* a*  eG* f* 13;* D<+ �* a*  qk* f%* 6-* A7"8* 1*

8/6"4#4676* .--,*-:*< *fC95Q$B*D84*;40#4164*-:* "84*67$4*"-*< *35*.41;6@*16*1.#41;/*#4,-#"4;*:-#*

"84*,.1"7395*;4#7?1"7?4@9"J@B*"-*1*5-#4*B#1;91.*"#1367"7-3*A7"8-9"*8/6"4#4676*13;*A7"8*1*687:"*"-*

.-A4#*"45,4#1"9#4C*D84*5-;7:701"7-3*-:*"84*6,73*0#-66-?4#*2481?7-#*76*1.6-*100-5,1374;*2/*13*

730#4164*-:*"84*#467;91.*O\*:#10"7-3*1"*.-A*"45,4#1"9#4C**

Sample T (K) 

HS doublet HS doublet LS doublet 

Area 
δ  DEQ G/2 δ DEQ G/2 δ DEQ G/2 

1 

310 1.07(1) 1.18(2) 0.17(1) 0.96(1) 2.00(4) 0.25    89/11/0 

80 1.26(5) 2.20(1) 0.20 1.19(5) 3.20(9) 0.20 0.461(9) 0.33(1) 0.18(1) 12/11/77 

2 

310 1.047(5) 1.19(1) 0.169(9) 1.02(8) 2.21(2) 0.25(2)    89/11/0 

80 1.25(3) 2.29(5) 0.20(5) 1.16(3) 3.21(7) 0.21(6) 0.459(4) 0.343(6) 0.181(5) 13/10/77 

3 

310 1.06 (1) 1.28(1) 0.2(1) 0.89(1) 2.1 0.3 0.44 0.36 0.2 80/11/8 

80 1.15 1.96(1) 0.33(1) 1.22(1) 2.91(1) 0.25 0.487(5) 0.383(8) 0.187(7) 22/12/66 

4 

310 1.06(1) 1.22(3) 0.20(1) 0.92(1) 2.01(1) 0.28(2) 0.51(1) 0.49(1) 0.20(1) 63/21/16 

80 1.17(1) 2.31(1) 0.34(1) 1.25(5) 2.9 0.28(1) 0.472(9) 0.37(1) 0.18(1) 46/15/39 

5 

310 1.054(8) 1.31(1) 0.23(1) 1.14(2) 2.0 0.3 0.348(7) 0.68 0.224(8) 33/10/56 

85 1.13(1) 2.36(1) 0.27(1) 1.3 2.8 0.28(1) 0.47(1) 0.57(1) 0.27(1) 28/10/63 
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!"#$%& '(')* +,-".%,/&0 123 4 56 7 8$%9&: 5;% :,<=-&:  !" ;./,"1&0 5%;< <,#1&/"8 ,10 >?::.,$&% 

<&,:$%&<&1/:( 

 

 

 

!"#$%& '('@* >,#1&/"8 :$:8&=/"."-"/A ,: , 5$18/";1 ;5 /B& /&<=&%,/$%& "1 /B& B&,/"1# ,10 8;;-"1# <;0&: 

5;% C!&6=A%,D"1&7EF"6+F7GHI 0&BA0%,/&0 .$-J :,<=-& 
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3,<=-& K%,1:"/";1 /&<=&%,/$%& 6L7 

M8%A:/,- 'NOPQ)O 

R$-J 'NSP'TO 

 # 'NUP'TO 

$# 'NQP'NT 

%# '@OP'@O 

&# 'GUP'GU 

"# 'S)P'SN 

 

K,.-& '(@@* K%,1:"/";1 /&<=&%,/$%&: 5;% &,8B 0&BA0%,/&0 :,<=-&V M 5%;< %&5 O)( 

 

F,1;=,%/"8-&: W"/B :"D&: ;5 ,.;$/ Q 1< %&9&,-&0 ,1 &9&1 B"#B&% %&:"0$,- 23 5%,8/";1 ,10 

,-:; :"#1"5"8,1/ %&:"0$,- X3 5%,8/";1 /;#&/B&% W"/B ,1 ,==,%&1/ %&Y"18%&,:& ;5 /B& /%,1:"/";1 

/&<=&%,/$%& 6:&& /,.-& '(@@ 5;% 0&/,"-&0 /%,1:"/";1 /&<=&%,/$%& 5;% &,8B :,<=-&7( KB&:& &55&8/: 

W&%& <;%& 8-&,%-A 0&<;1:/%,/&0 "1 /B& 8,:& ;5 /B& :<,--&:/ ' 1< =,%/"8-&: &ZB"."/"1# "<=;%/,1/ 

["1,8/"9&\ 23 ,10 X3 5%,8/";1:V , B"#B&% /%,1:"/";1 /&<=&%,/$%& ,10 &9&1 /B& %&Y;=&1"1# ;5 /B& 

BA:/&%&:": -;;=( KB": -,//&% =B&1;<&1;1 W,: =%&0"8/&0 "1 ;$% %&8&1/ /B&;%&/"8,- "19&:/"#,/";1 

.$/ W,: 1&9&% %&=;%/&0 &Z=&%"<&1/,--A(
' ()*

 +,#-./#0/1-#,2#,34#56,78/9:/; -.<1#$#6=#>?4-<@8/#

1?=>8/# @,61-<-3-/1# -./# 1=?88/4# 1<A/# 1><6# @4,11,B/4# 6?6,>?4-<@8/1# 4/>,4-/9# <6# -./#

8<-/4?-34/C ]1 5,8/ /B&%& ,%& ;1-A /W; ;/B&% &Z,<=-&: ;5 .":/,."-"/A %&=;%/&0 5;% $-/%, :<,-- 6^ 

@) 1<7 1,1;=,%/"8-&:( KB": 8;18&%1: G 1< C!&6=D7EF"6+F7GHI 1,1;=,%/"8-&: :A1/B&:"D&0 "1 

8B"/;:,1 <,/%"Z ,10 S 1< !&C62/%D7'6/%D7I6R!G7 1,1;=,%/"8-&: ;./,"1&0 $:"1# /B& %&9&%:& 

<"8&--& <&/B;0( D/B/4-./8/11# <6# -./# >4/1/6-# 1-39E# ?69# 2,4# -./# 2<41-# -<=/# 7/# .?B/#

9/=,61-4?-/9#-.?-#2,88,7<6:#-./#9<1?>>/?4?6@/#,2#-./#.E1-/4/1<1#2,4#<6-/4=/9<?-/#1<A/1#<-#

<1#>,11<08/#-,#,01/4B/#-./#4/!?>>/?4?6@/#,2#-./#0<1-?0<8<-E#2,4#38-4?#1=?88#6?6,>?4-<@8/1C 

]1 ;%0&% /; &Z=-,"1 /B": 1;9&- =B&1;<&1;1V >?::.,$&% :=&8/%;<&/%A W,: $:&0 /; =%;.& /B& 

:/"551&:: ;5 /B& 1,1;=,%/"8-&: /B,1J: /; /B& 0&/&%<"1,/";1 ;5 /B& _&.A& /&<=&%,/$%&( 

 

$C)C"#F/0E/#+/=>/4?-34/#

 

]1 _&.A& /B&;%AV /B& _&.A& /&<=&%,/$%& ": /B& /&<=&%,/$%& ;5 , <,/&%",-`: B"#B&:/ 1;%<,- 

<;0& ;5 9".%,/";1V "(&(V /B& B"#B&:/ /&<=&%,/$%& /B,/ 8,1 .& ,8B"&9&0 0$& /; , :"1#-& 1;%<,- 

9".%,/";1( KB& _&.A& /&<=&%,/$%& ": #"9&1 .A /B& 5;--;W"1# &a$,/";1V WB&%& ! ": b-,18J`: 
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8;1:/,1/V " ": R;-/D<,11`: 8;1:/,1/V ,10 ��  ": /B& _&.A& 5%&a$&18A( KB& /,.-& B&%&,5/&% 

"10"8,/&: /B& 8;<<;1 _&.A& /&<=&%,/$%& 9,-$&: %&=;%/&0 5;% 0"55&%&1/ J"10 ;5 <,/&%",-:(  

 

                                                     !" =  #$%
&                                                                 6'(@7 

 

>,/&%",- _&.A& /&<=&%,/$%& 6#_7  

+,%.;1 60",<;107 Q))) 

>&/,-V <&/,- ,--;A @))YU)) L
'$G&*

 

c%#,1"8 -"#,10  U)YT) L
'$G"*

 

+;;%0"1,/";1 8;<=-&Z U)Y'U) L
'$G)*

 

 

K,.-& '(@'* _&.A& /&<=&%,/$%& 9,-$&: %&=;%/&0 5;% 0"55&%&1/ J"10 ;5 <,/&%",-: 61;1Y&ZB,$:/"9& -":/7 

d:"1# /B& _&.A& <;0&- W& 8,1 0&/&%<"1& /B& :;Y8,--&0 [>?::.,$&% _&.A& /&<=&%,/$%&\V 

#_ 5%;< /B& /&<=&%,/$%& 0&=&10&18& ;5 /B& 5$-- ,%&, 6$7 ;5 /B& >?::,.$&% :=&8/%$< .A <&,1: 

;5 /B& %&-,/";1:B"=*
'$GH;$GI* 

 

                  log(') ≈ log(+,) = log(+) − ./0
1&234

51 + 4 9 :
34

;1 ∫ >
?@A(>)BC dD34/:

F G                       6'('7 

 

W"/B % , 8;1:/,1/V & /B& X,<.Y>?::.,$&% 5,8/;%V ef /B& %&8;"- &1&%#A ;5 "%;1V #_ /B& _&.A& 

/&<=&%,/$%&V K /B& /&<=&%,/$%& ,10 g , 0"<&1:";1-&:: 9,%",.-& 5;% /B& "1/&#%,- 6α =  #$
&: 7( h 

B"#B&% 9,-$& ;5 #_ :"#1"5"&: /B,/ /B& 8%A:/,- -,//"8& ": :/"55&%( >&,:$%&<&1/: W&%& %&,-"D&0 "1 , 

/&<=&%,/$%& %,1#& 5;% WB"8B /B& :="1 :/,/& W,: 8;1:/,1/( h -&,:/Y:a$,%&: 5"/ ;5 -16h7 9:( K 

,--;W&0 $: /; 0&/&%<"1& /B& 9,-$&: ;5 #_( !"#$%& '('' %&=%&:&1/: /B& 9,%",/";1 ;5 #_ ,: , 

5$18/";1 ;5 /B& 1,1;=,%/"8-& :"D&( !;% /B& -,%#&% 1,1;=,%/"8-&: 6@)O ,10 O@ 1<7 /B& :,<& i_ 

9,-$& ;5 ,.;$/ @O) j G L W,: <&,:$%&0( KB& 0&8%&,:& ;5 /B& =,%/"8-& :"D& /; @' 1< -&,0: /; , 

:"#1"5"8,1/ "18%&,:& ;5 #_ /; @TO j T L( !"1,--AV :,<=-&: W"/B /B& :<,--&:/ 1,1;=,%/"8-& :"D&: 

%&9&,-&0 , 9&%A "<=;%/,1/ "18%&,:& ;5 #_ W"/B ''' j G L 5;% :,<=-& & ,10 'S@ j S L 5;% 

:,<=-& "(  
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!"#$%& '(''*#k,%",/";1 ;5 /B& _&.A& /&<=&%,/$%& ,: , 5$18/";1 ;5 /B& :"D& ;5 /B& =,%/"8-&:( 6KB& 

:/,/":/"8,- &%%;% ": 8;<=,%,.-& ;% :<,--&% /B,1 /B& :"D& ;5 /B& :A<.;-:( 

 

]/ ": W;%/B 1;/"1# /B,/ /B& i_ 9,-$& <&,:$%&0 5;% /B& :<,-- 1,1;=,%/"8-&: ": $10&%&:/"<,/&0 

/,J"1# "1/; ,88;$1/ /B& "<=;%/,1/ 23 %&:"0$,- 5%,8/";1 "1 /B& 8;1:"0&%&0 -;W /&<=&%,/$%& 

%,1#&( ]10&&0V ,: "/ ": W&-- J1;W1 WB&1 #;"1# 5%;< /B& 23 /; /B& X3 :/,/& /B& :="1 8%;::;9&% 

=B&1;<&1;1 ": ,88;<=,1"&0 .A , -,//"8& 8;1/%,8/";1 WB"8B /&10: /; "18%&,:& /B& i_ 9,-$&( 

KB&:& <&,:$%&<&1/: $10&1",.-A =$/ "1 &9"0&18& ,1 "18%&,:& ;5 /B& i_ 9,-$& WB&1 0&8%&,:"1# 

/B& 1,1;=,%/"8-& :"D& .&-;W '() @UY') 1<( KB": "18%&,:& ;5 /B& i_ 9,-$& %&9&,-: /B$: ,1 

"18%&,:& ;5 /B& :/"551&:: ;5 /B& 1,1;=,%/"8-&:( ]/ ": "<=;%/,1/ /; $10&%-"1& /B,/ /B& &19"%;1<&1/ 

;5 /B& =,%/"8-&: 6/B& <,/%"Z7 W,: <,"1/,"1&0 :"<"-,% "1 /B& 0"55&%&1/ :,<=-&:( ]1 9"&W ;5 /B&:& 

&Z=&%"<&1/,- %&:$-/:V W& :$##&:/ /B,/ /B& %&Y"18%&,:& ;5 /B& 8;;=&%,/"9"/A ;.:&%9&0 5;% /B& 

:<,--&:/ 1,1;=,%/"8-&: ": 8-;:&-A %&-,/&0 /; /B& "18%&,:& ;5 /B& :/"551&:: ;5 /B& =,%/"8-&:( ]1 

;%0&% /; &Z=-,"1 /B&:& .&B,9";%: W& 8,1 :$##&:/ /B,/ /W; "10&=&10&1/ <&8B,1":<: B,9& /; .& 

8;1:"0&%&0 WB&1 /B& 1,1;=,%/"8-& :"D& ": 0&8%&,:"1#( c1 ;1& B,10V /B& "18%&,:"1# :$%5,8&Y/;Y

9;-$<& %,/"; -&,0: /; /B& 0;W1:B"5/ ;5 /B& :="1 /%,1:"/";1 /&<=&%,/$%& ,10 /B& -;:: ;5 

BA:/&%&:":( c1 /B& ;/B&% B,10 /B& "18%&,:& ;5 /B& :/"551&:: ;5 /B& =,%/"8-&: "1 $-/%,Y:<,-- 

=,%/"8-&: -&,0: /; ,1 ;==;:"/& &55&8/( h00"/";1,--AV 0&:="/& /B& 5,8/ /B,/ /B& lY%,A =;W0&% 

=,//&%1 ": :"<"-,% 5;% ,-- /B& :,<=-&:V /B& =%&:&18& ;5 , :"1#-& 0;<,"1 6;1-A ;1& 8%A:/,--"/& =&% 
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=,%/"8-&7 ,10P;% , =;::".-& <;0"5"8,/";1 ;5 /B& :B,=& ;5 /B& =,%/"8-&:
'$G *

 8;$-0 ,-:; =-,A ,1 

"<=;%/,1/ %;-& ;1 /B& 3+c =%;=&%/"&:( ]10&&0V 5;% :,<=-&: & ,10 "V Ke> ,10 2fKe> 

<&,:$%&<&1/: :&&< /; :B;W 1,1;=,%/"8-&: W"/B %,/B&% , :=B&%"8,- :B,=& "1 8;1/%,:/ /; /B& 

8$."8 :B,=& &18;$1/&%&0 5;% -,%#&% 1,1;=,%/"8-&:( ]/ ": W;%/B 1;/"1# /B,/ /B&:& 8;18-$:";1: ,%& 

:=&8"5"8,--A %&-,/&0 /; /B& .&B,9";% ;5 /B& =%&:&1/ 2;5<,11 -"J& 8-,/B%,/& <,/&%",- ,10 8,11;/ 

.& &,:"-A #&1&%,-"D&0 5;% ,-- :="1 8%;::;9&% 8;<=;$10:( !"1,--AV &9&1 "5 /B& <,/%"Z ": 0"55&%&1/V 

/B& $1&Z=&8/&0-A :/%;1# 8;;=&%,/"9"/A ;.:&%9&0 5;% /B& G 1< C!&6=A%,D"1&7EF"6+F7GHI 

1,1;=,%/"8-&: &<.&00&0 "1 8B"/;:,1 :$==;%/: ,-:; /B& =%&:&1/ %&:$-/:( 
' I&*

 

$CH#+./,4/-<@?8#J,9/8 

K; $10&%:/,10 /B& .&B,9";$% ;5 /B& :="1 8%;::;9&% 1,1;=,%/"8-&: ,: , 5$18/";1 ;5 /B&"% 

:"D&V , /B&;%&/"8,- :/$0A .,:&0 ;1 , 8;%&Y:B&-- 1,1;/B&%<;0A1,<"8 <;0&- B,: .&&1 %&,-"D&0 

6W;%J: /B&:": ;5 !&-"Z m,$/"&% "1 /B& #%;$=7( KB& :"<$-,/";1: ,%& =&%5;%<&0 ;1 , 8$."8 

1,1;=,%/"8-&V W"/B , -,//"8& =,%,<&/&% 6(7 ;5 )(S 1<( KB& :="1 :/,/& ;5 5,8&V &0#& ,10 9;-$<& 

"%;1 ,/;<: ,%& 8;1:"0&%&0 :/,/":/"8,--A "10&=&10&1/( KB& 1$<.&% ;5 <&/,- :"/&: "1 &,8B -;8,/";1 

": 8,-8$-,/&0 ,: 5;--;W:* 

#

I = J
K + 1, M = I., MN = (I − 2)., MP = 6 × (I − 2)1, MR = M − MN − MP , MS

= M − MN

6'(Q7 

  

W"/B * /B& -&1#/B ;5 /B& 1,1;=,%/"8-&V + /B& 1$<.&% ;5 :"/& "1 ;1& &0#&V , /B& /;/,- 1$<.&% ;5 

:"/&:V ,10 ,'V ,&V ,- ,10 ,. WB"8B ,%& /B& 1$<.&% ;5 :"/&: "1 /B& 8;%&V ;1 /B& 5,8&:V ;1 /B& 

&0#&: ,10 ;1 /B& :$%5,8&V %&:=&8/"9&-A( 

!"#$%& '('Q :B;W: /B&%<,- 3+c 8$%9&: ;5 8$."8 1,1;=,%/"8-&:V WB&%& * ": &"/B&% @)) 1<V 

O) 1<V @) 1<V Q 1< ;% ' 1<( KB& =,%/"8-&: ;5 O) 1< ,10 @)) 1< ,%& :"<"-,% ,10 8,1 .& 

8;1:"0&%&0 ,: .$-J <,/&%",-( h %&:"0$,- 5%,8/";1 ;5 123 4 )('V 5;% /B& 8;%& 8&1/%&:V ": ,00&0 "1 

/B& 8,-8$-,/";1 /; ;./,"1 8;<=,%,.-& 8$%9&: ,: /B& &Z=&%"<&1/( KB": %&:"0$,- 5%,8/";1 ": 

%;$#B-A ,::;8",/&0 W"/B 0&5&8/: "1 /B& 8%A:/,- :/%$8/$%&V -&,0"1# /; ') n ;5 "1,8/"9& "%;1 

8&1/%&:( oB&1 0&8%&,:"1# /B& :"D&V , 1&W J"10 ;5 0&5&8/ ,==&,%:* /B& :$%5,8&( ]1 /B& :"<$-,/";1V 

/B& "%;1 8&1/%&: ,/ /B& :$%5,8& ,%& "1,8/"9&V ,10 /B": 8,1 .& =BA:"8,--A &Z=-,"1&0 .A -;8,- 

0&5;%<,/";1: ;5 /B& ;8/,B&0%,- :/%$8/$%& ,%;$10 /B& <&/,--"8 ";1( 2;W&9&%V /B& ;8/,B&0%,- 

0&5;%<,/";1 <,A .& 0"55&%&1/ 5%;< /B& &0#& /; /B& 5,8&V WB"8B 8,1 -&,0 /; 0"55&%&1/ :/,.-& 

:/,/&: 5;% /B& &0#& ,10 5,8& 8&1/%&:( o"/B /B": 8;1:"0&%,/";1V /B& :"/&: ;5 /B& 5,8& ,10 /B& &0#& 
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,%& 5"Z&0 "1 /B& :"<$-,/";1: "1 /B& 23 ,10 X3 :/,/&:V %&:=&8/"9&-A( ]/ ": "<=;%/,1/ /; 1;/& /B,/ 

/B& :<,--&% /B& =,%/"8-& ":V /B& B"#B&% /B& 1$<.&%: ;5 8&1/%& ,%& -;8,/&0 ,/ /B& :$%5,8&( KB& 

0"<"1$/";1 ;5 /B& 1$<.&% ;5 8;%& 8&1/%&: -&,0: /; , %&0$8/";1 ;5 /B& 1$<.&% ;5 :/%$8/$%,- 

0&5&8/: "1 /B& 8;%&( !;% /B": %&,:;1V /B& %&:"0$,- 5%,8/";1 ;5 123 4 )(' ": 1;/ ,00&0 "1 /B& 

:"<$-,/";1 ;5 ' 1< =,%/"8-&( h-- /B&:& ,==%;Z"<,/";1: -&,0 /; , %&:"0$,- 23 5%,8/";1 ,/ -;W 

/&<=&%,/$%& "1 ."# =,%/"8-&:V /B&1 ,1 "18%&,:& ;5 /B& %&:"0$,- 23 5%,8/";1 ,/ -;W /&<=&%,/$%& 

.&/W&&1 @)) 1< ,10 Q 1<V ,10 /; 5"1":B ,1 "18%&,:& ;5 , %&:"0$,- X3 5%,8/";1 ,/ B"#B 

/&<=&%,/$%& .&/W&&1 @) 1< ,10 ' 1<(  

 

 

!"#$%& '('Q* KB&%<,- &9;-$/";1 ;5 /B& /;/,- 23 5%,8/";1 5;% 0"55&%&1/ :"D&: ;5 8$."8 1,1;=,%/"8-&:V 

8,-8$-,/&0 $:"1# , 1,1;/B&%<;0A1,<"8 8;%&p:B&-- <;0&- C@I( KB& <;0&- =,%,<&/&%: 5;% /B& 

:"<$-,/";1: ,%& q2 4 @N))) r(<;-
Y@

 ,10 q3 4 S) r(<;-
Y@

V ,10 /B& 9,-$&: ;5 s ,%& -":/&0 "1 /B& /,.-& '(@'( 

3"D& 61<7 sX3 6r(<;-
Y@

7 s23 6r(<;-
Y@

7 

@)) T@G) S'T) 

 
O) T@G) S'T)   

@) @)U@) O'Q)    

Q @'N)) @))S)    

' 'QOO) ')'@)  

 

K,.-& '(@'*  k,-$&: ;5 /B& "1/&%<;-&8$-,% "1/&%,8/";1 /&%<: 6s7 5;% /B& X3 ,10 /B& 23 :/,/&:V ,: , 

5$18/";1 ;5 1,1;=,%/"8-& :"D&:( 
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]/ W,: :B;W1 /B,/ /B& %&:"0$,- 5%,8/";1: -&,0 /; , :B%"1J"1# ;5 /B& BA:/&%&:": -;;=(
' (); ((*

 ]/ 

W,: ,-:; :B;W1 /B,/ %&:"0$,- 23 ,10 X3 5%,8/";1: -&,0 /; , 0&8%&,:& ,10 ,1 "18%&,:& ;5 /B& 

/%,1:"/";1 /&<=&%,/$%&V %&:=&8/"9&-AV 0$& /; /B& 8B,1#& ;5 /B& =B,:& :/,."-"/A ;5 /B& :$%5,8&:(
' ()*

 

KB& %&;=&1"1# ;5 /B& BA:/&%&:": "1 /B& ' 1< =,%/"8-&: ": /B& 8;1:&a$&18& ;5 /B& B,%0&1"1# ;5 

/B& =,%/"8-&: 6"18%&,:"1# ;5 sV s .&"1# =%;=;%/";1,- /; q_
'
7 W"/B /B& 0"<"1$/";1 ;5 :"D&(  ]10&&0V 

"1 /B& :"<$-,/";1:V /B& :/"551&:: ;5 /B& =,%/"8-& ": =%;#%&::"9&-A "18%&,:&0 $1/"- ,1 ,$#<&1/,/";1 

;5 @S) n( 

$CI#KE6@.4,-4,6#JL110?3/4#J/?134/=/6-#

+;19&1/";1,- >?::.,$&% :=&8/%;:8;=A ": ,1 "<=;%/,1/ /&8B1"a$& /; 8B,%,8/&%"D& !&Y.,:&0 

3+c 8;<=;$10:V
'$G(;$ G*

 ,10 "/ W,: ,-:; $:&0 "1 5&W ;88,:";1: /; "19&:/"#,/& /B&"% -,//"8& 

0A1,<"8: /B%;$#B /B& <&,:$%&<&1/ ;5 &X>(
'$  ;$ $*

 c1 /B& ;/B&% B,10V /B& F]3 <&/B;0 8,1 

=%;9"0& /B& 8;<=-&/& UOY!& ,.:;%=/";1 :=&8/%$< "1 :;-"0:V -"a$"0:V ;% #,:&:( 2;W&9&%V ,: "1 

f,<,1 :=&8/%;:8;=AV /B& 3/;J&: ,10 ,1/"Y3/;J&: =&,J: ,%& 9&%A W&,J 8;<=,%&0 /; /B& 

f,A-&"#B =&,J ,10 /B& "1/&1:"/A ;5 8;19&1/";1,- tp%,A :;$%8&: ": 1;/ :/%;1# &1;$#B /; ;.:&%9& 

/B&<( +$%%&1/-AV /B& ;1-A :;$%8& /B,/ &1,.-&: /; ;9&%8;<& /B": =%;.-&< ": /B& :A18B%;/%;1 

%,0",/";1( 2;W&9&%V /B": /&8B1"a$& ": /"<& 8;1:$<"1# ,10 "/ ": <;%& 8;19&1"&1/ /; :A1/B&:"D& 

5$--A UOY!& 8;<=-&Z&:( 

$CIC #KE6-./1<1#,2#F<22/4/6-!K<A/#'
"H
M/N>AOPD<NQDO&R*#D?6,>?4-<@8/1 

UO
!&6R!G7'uS2'c :,-/ W,: ;./,"1&0 :/,%/"1# W"/B <&/,--"8 UOY!& 6<&/,- =-,/&7 "1 =%&:&18& 

;5  2R!G(  KB& %&,8/";1 W,: =&%5;%<&0 ,/ O) v+ $10&% , F' ,/<;:=B&%&( oB"/& =;W0&% W,: 

8;--&8/&0 ,5/&% ,1 &9,=;%,/";1 :/,#&( C
UO

!&6=D7EF"6+F7GHI 1,1;=,%/"8-&: W&%& :A1/B&:"D&0 

$10&% /B& :,<& 8;10"/";1 ,: %&=;%/&0 "1 8B,=/&% '('( 3,<=-& ) W,: :A1/B&:"D&0 ,: :,<=-& $V 

:,<=-& H#,: :,<=-& "( 3&& h11&Z @ 5;% 0&/,"-: ;5 /B& :A1/B&:&:( 

 

3,<=-& C!&IP<;-(X
Y@

 w k2'c6<X7 k2&Z,1&6<X7 K&<=&%,/$%&PL 

S )(@ @) S QQ 'TQ 

O )(' @) S QQ 'UN  

 

K,.-& '(@Q* b%&=,%,/";1 8;10"/";1: ;5 0"55&%&1/ :,<=-&: 
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$CIC$# Q.?4?-/4<A?-<,6# ?69# KQS# T4,>/4-</1# ,2# '
"H
M/N>AOPD<NQDO&R*#

D?6,>?4-<@8/1#

$CIC$C #U8/@-4,6<@#J<@4,1@,>E#V6?8E1<1##

K%,1:<"::";1 &-&8/%;1 <"8%;:8;=A 6Ke>7 W,: $:&0 /; 0&/&%<"1& /B& :"D& ;5 /B& 

1,1;=,%/"8-&:( !;% &,8B :,<=-&V /B& <&,1 :"D& ;5 /B& 1,1;=,%/"8-&: W,: 8,%&5$--A 8B&8J&0 .A 

=&%5;%<"1# :&9&%,- Ke> <&,:$%&<&1/: W"/B 0"55&%&1/ #%"0 =%&=,%,/";1: ,10 8;1:"0&%"1# <;%& 

/B,1 ;1& B$10%&0 1,1;=,%/"8-&:( !"#$%&: '('GY'('U =%&:&1/ /B& :&-&8/&0 Ke> "<,#&: 5;% 

:,<=-& )  ,10#H( KB& <&,1 :"D& 5;% &,8B 1,1;=,%/"8-& :,<=-& ": %&=;%/&0 "1 /,.-& '(@G( 

 

  

!"#$%& '('G* 3&-&8/&0 Ke> "<,#&: ;5 :,<=-& )( 

 

  

!"#$%& '('U* 3&-&8/&0 Ke> "<,#&: ;5 :,<=-& H( 
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3,<=-& C!&IP<;-(X
Y@

 K&<=&%,/$%&PL  F=: 3"D&P1< 

S )(@ 'TQ U)jG 

O )(' 'UN  'j)(Q 

K,.-& '(@G* >&,1 :"D& ;5 &,8B :,<=-&( 

KB& :"D& <&,:$%&0 5;% /B&:& /W; =%&=,%,/";1: 8;15"%<: /B& &55&8/ ;5 %&,8/";1 /&<=&%,/$%& 

;1 /B& 1,1;=,%/"8-& :"D&w -;W /&<=&%,/$%& -&,0"1# /; :<,-- :"D& 1,1;=,%/"8-&:( ]/ ": "1/&%&:/"1# 

/; 1;/"8& /B,/ ,-/B;$#B :,<=-& ) W,: :A1/B&:"D&0 ,: :,<=-& $V :-"#B/-A :<,-- 1,1;=,%/"8-& :"D& 

W,: ;./,"1&0 ,10 8;$-0 .& &Z=-,"1&0 .A /B& 0"55"8$-/A /; 8;1/%;- /B& 5,:/ ,00"/";1 %,/& ;% .A 

%&<,"1"1# /%,8&: ;5 2R!G 8;<"1# 5%;< /B& :/,%/"1# :A1/B&:": ;5 /B& UOY!& <&/,- :,-/(  

$CIC$C$#W!4?E#T,79/4#F<224?@-<,6  

b;W0&% lY%,A 0"55%,8/";1 =,//&%1: W&%& %&8;%0&0 $:"1# , bhF,-A/"8,- lxb&%/ &a$"==&0 

W"/B , +$ lY%,A /$.&V , m&6@@@7 "18"0&1/ .&,< <;1;8B%;<,/;% 6y 4 @(UG)S Å7 ,10 ,1 

l`+&-&%,/;% 0&/&8/;%(  

 

!"#$%& '('S*#+;<=,%":;1 ;5 /B&#=;W0&% lY%,A 0"55%,8/";1 =,//&%1: ;5 0"55&%&1/ USY ,10 UOY!& :,<=-&: 

,/#%;;< /&<=&%,/$%&( 
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!"#$%& '('S :B;W: /B& =;W0&% lY%,A 0"55%,8/";1 6blf_7 =,//&%1: ;5 /B& 0"55&%&1/Y:"D& 

1,1;=,%/"8-& :,<=-&:( oB,/&9&% /B& :"D&V /B& blf_ ,1,-A:": ;5 C
UO

!&6=D7EF"6+F7GHI 

1,1;=,%/"8-& :B;W: :"<"-,% =,//&%1: ,: /B& C
US

!&6=D7EF"6+F7GHI :,<=-&( ]10&&0V 8;<=,%&0 /; 

/B& USY!& .,:&0 1,1;=,%/"8-&:V , :"<"-,% =&,J .%;,0&1"1# &55&8/ ": ,-:; ;.:&%9&0 5;% UOY!& 

.,:&0 1,1;=,%/"8-&: WB&1 /B& :"D& ;5 /B& 1,1;=,%/"8-&: ": 0&8%&,:"1#(  

$CIC$C%#J?:6/-<@#J/?134/=/6-  

 

 

 

 

!"#$%& '('O*#>,#1&/"D,/";1 ,: , 5$18/";1 ;5 /B& /&<=&%,/$%& "1 /B& B&,/"1# ,10 8;;-"1# <;0&: 5;% 

0&BA0%,/&0 U) 1< 6$=7 ,10 ' 1< 6.;//;<7 C
UO

!&6=A%,D"1&7EF"6+F7GHI =,%/"8-&:( 
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3,<=-& K%,1:"/";1 /&<=&%,/$%& 6L7 

$# 'NQP'NT 

"# 'S)P'SN 

)# 'N'P'NN 

H# 'UUP'SG 

 

K,.-& '(@U* K%,1:"/";1 /&<=&%,/$%&: 5;% 0&BA0%,/&0 :,<=-&: 

 

KB& /B&%<,- 9,%",/";1 ;5 /B& <,#1&/"D,/";1 ;5 /B& :,<=-&: ": :B;W1 "1 /B& 5"#$%& '('O( 

h-/B;$#B , :<,-- :B"5/ ;5 /B& /%,1:"/";1 8$%9&: /; B"#B&% /&<=&%,/$%&: ": ;.:&%9&0 ,5/&% /B& 

":;/B&%<,- B;-0"1# ;5 :,<=-&:V ,-- &Z=&%"<&1/: B,9& .&&1 %&,-"D&0 ;1 0&BA0%,/&0 :,<=-&0( h: 

&Z=&8/&0V 3,<=-& ) ,10 H =%&:&1/ :="1 /%,1:"/";1 /&<=&%,/$%&: :"<"-,% /; /B;:& <&,:$%&0 5;% 

:,<=-& $#,10#"(  

$CIC%#D3@8/?4#X6/8?1-<@#K@?--/4<6:#

]1 /B& 3+c 5"&-0V F]3 B,: ,-%&,0A .&&1 $:&0 /; 8B,%,8/&%"D& /B& ;=/"8,- <;0&:V
'$ %!$ )*

 .$/ 

/B": /&8B1"a$& B,: 1;/ A&/ .&&1 $:&0 /; :/$0A /B& ,8;$:/"8 <;0&:V WB"8B 8,1 #"9& ,88&:: /; /B& 

9".%,/";1,- _&1:"/A ;5 3/,/&: 6_c37 ,/ -;W &1&%#"&:
'$ H*

 ,10 /B&%&.AV =%;9"0&: :;<& "<=;%/,1/ 

/B&%<;0A1,<"8,- ,10 -,//"8& 0A1,<"8,- =,%,<&/&%: ,10 /B&"% :="1Y:/,/& 0&=&10&18&( KB&:& 

&-,:/"8 8;1:/,1/: ,%& -,%#&-A "#1;%&0 "1 /B& :="1 8%;::;9&% 5"&-0 ,10 /B&"% J1;W-&0#& ": ;5 

;$/<;:/ "<=;%/,18& "1 ;%0&% /; %,/";1,-"D& /B& ;%"#"1 ;5 /B& 5"%:/Y;%0&% =B,:& /%,1:"/";1 

68;;=&%,/"9"/A ,10 ,::;8",/&0 <&<;%A &55&8/7 ,10 /B& $-/%,5,:/ 0A1,<"8: "1 /B&:& 8;<=;$10: 

,: W&-- ,: /; 0&9&-;= ,==-"8,/";1: .,:&0 ;1 /B& :=;1/,1&;$: :/%,"1 ,88;<=,1A"1# /B": 

/%,1:"/";1( h =,%/"8$-,% "1/&%&:/ ;5 /B& F]3 /&8B1"a$& ": /B,/ "/ 8,1 .& $:&0 /; =%;.& /B& _c3 

6,10 /B$: /B& &-,:/"8 8;1:/,1/:7 ;5 :="1 8%;::;9&% 1,1;=,%/"8-&: ,10 ;/B&% 1,1;Y;.z&8/: ,: W&--( 

]1 /B& =%&:&1/ :/$0AV F]3 /&8B1"a$& W,: $:&0 /; "19&:/"#,/& /B& -,//"8& 0A1,<"8: 6_&.A& 

/&<=&%,/$%&7 "1 3+c 1,1;=,%/"8-&: ,10 &:=&8",--A /B& ,8;$:/"8 =B;1;1 <;0&:( KB& :;$10 

9&-;8"/A "1 /B& /W; :="1 :/,/&: ": &Z/%,8/&0 5%;< /B& -;WY&1&%#A =,%/ ;5 /B& _c3( KB& 

&Z=&%"<&1/ ": =&%5;%<&0 ,/ /B& F$8-&,% f&:;1,18& .&,<-"1& ]_@N "1 OPN { @ .$18B <;0& ,/ 

/B& e$%;=&,1 3A18B%;/%;1 f,0",/";1 !,8"-"/A 6e3f!7 $:"1# 0"55&%&1/Y:"D& 

C!&6=A%,D"1&7EF"6+F7GHI 1,1;=,%/"8-& :,<=-& 6' ,10 U) 1<7 5$--A &1%"8B&0 W"/B UOY!& 6:&& 

5"#$%& '('N7( b;W0&% 1,1;=,%/"8-& :,<=-&: W&%& "1/%;0$8&0 "1 /B"1 ,-$<"1$< 5;"- 6:&& 5"#$%& 

'(Q@7(  
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!"#$%& '('N*#3,<=-& 8;1/,"1&% 5;% F]3 <&,:$%&<&1/ 

$CIC%C #D3@8/?4#X6/8?1-<@#K@?--/4<6:#,2#"G#6=#D?6,>?4-<@8/1#

k,%",.-& /&<=&%,/$%& F]3 :=&8/%, W&%& 8;--&8/&0 5;% /B& :,<=-& 8;1/,"1"1# U) 1< 

C
UO

!&6=A%,D"1&7EF"6+F7GHI ,10 =%;8&::&0
'$ H*

 /; ;./,"1 /B& "%;1 _c3 6_&1:"/A ;5 3/,/&7( 

!"#$%&: '('T, ,10 '('T. :B;WV %&:=&8/"9&-AV /B& F]3 :=&8/%, ,10 /B& 9".%,/";1,- _c3 "1 /B& 

/W; :="1 :/,/&: 6U) L* X3V Q@) L* 237(  

 

!"#$%& '('T*# 6+;-;% ;1-"1&7 F]3 :=&8/%, 6,7V "%;1Y_c3 6.7V ,10 f,<,1 :=&8/%, 687 ;5 U)Y1< 

C!&6=A%,D"1&7EF"6+F7GHI 1,1;=,%/"8-&: "1 /B& /W; :="1 :/,/&:( KB& 8&1/%,- =&,J ;5 6,7 ": /B& &-,:/"8 

,.:;%=/";1V WB"-& /B& =&,J: ;1 /B& %"#B/ ,10 ;1 /B& -&5/ ,%& /B& 3/;J&: 6=B;1;1 8%&,/";17 ,10 /B& ,1/"Y

3/;J&: 6=B;1;1 ,11"B"-,/";17 =&,J: %&:=&8/"9&-A( KB&"% %,/"; 0&=&10: ;1 /B& /&<=&%,/$%&( KB&%&.AV "1 

/B& X3 :/,/&V /B& ,1/"Y3/;J&: =&,J: B,9& , 9&%A -;W "1/&1:"/A WB&1 8;<=,%&0 /; /B& 3/;J&: =&,J( ]1 687V 

/B& ,%%;W: :B;WV 5%;< /B& -&5/ /; /B& %"#B/V /B& |6!&F8A8-&7 ,10 /B& |6!&FF+7 <;0&: "1 /B& /W; :="1 

:/,/&:( 
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]1 /B& X3 :/,/&V :&9&%,- !&Y-"#,10 9".%,/";1,- <;0&: ,%& ;.:&%9&0 .&/W&&1 ') ,10 O) 

<&k( ]1 /B& 23 :/,/&V ;1& -,%#& =&,J ": ;.:&%9&0 ,%;$10 Q) <&k( KB": -,//&% ": 8-&,%-A 

8;<=;:&0 ;5 :&9&%,- <;0&:V WB"8B 8;$-0 1;/ .& %&:;-9&0( h: &Z=&8/&0V /B& 9".%,/";1,- 

5%&a$&18"&: "1 /B& X3 :/,/& ,%& B"#B&% /B,1 "1 /B& 23 :/,/&( KB": ": -"1J&0 /; /B& 9;-$<& 

&Z=,1:";1 6,==%;Z"<,/&-A 'Un7 ;5 /B& 8;;%0"1,/";1 ;8/,B&0%;1 WB&1 #;"1# 5%;< /B& X3 /; 

/B& 23 :/,/&( KB& f,<,1 :=&8/%, 6SQQY1< &Z8"/,/";17 ;5 /B& :,<=-& W&%& ,-:; 8;--&8/&0 "1 /B& 

/W; :="1 :/,/&: 6:&& 5"#$%& '('T 87( ]1 /B& 23 6X37 :/,/&V f,<,1 <;0&: ,%& ;.:&%9&0 ,/ @SU 

6Q)S7 ,10 '@N 6QN@7 8<
}@

V WB"8B 8,1 .& ,::"#1&0
'$G$*

 /; /B& |6!&F8A8-&7 ,10 |6!&FF+7 <&/,-Y

-"#,10 :/%&/8B"1#:V %&:=&8/"9&-A( KB&%& ": , %&,:;1,.-A #;;0 8;18;%0,18& .&/W&&1 /B& =&,J 

=;:"/";1: ;5 /B& F]3 ,10 /B& f,<,1 :=&8/%,( ]1 =,%/"8$-,%V /B& F]3 0,/,V WB"8B "<=-A ;1-A /B& 

9".%,/";1,- <;0&: 5;% WB"8B /B& <&,1Y:a$,%&0 0":=-,8&<&1/ ;5 "%;1 ";1: 6^ TU?1 ~7 ": 

:"#1"5"8,1/V =%;9"0& , 0"%&8/ =%;;5 5;% /B& 9&%A "<=;%/,1/ "18%&,:& ;5 /B& <&/,-Y-"#,10 

5%&a$&18"&: 6|X3P|23 4 @(QQ7 ,10 /B& ,::;8",/&0 <&,1 5;%8& 8;1:/,1/: 6+X3P+23 4 @(O7 WB&1 

#;"1# /; /B& X3 :/,/&( KB&:& 9,-$&: ,%& 8;1:":/&1/ W"/B _!K 8,-8$-,/";1: =&%5;%<&0 ;1 

0"55&%&1/ 3+c 8;<=;$10:(
'$ I*

 

c18& /B& =B;1;1 _c3 ": J1;W1V 9,%";$: /B&%<;0A1,<"8,- ,10 -,//"8& 0A1,<"8,- 

=,%,<&/&%: 8,1 .& 0&0$8&0( h-/B;$#B /B&:& =,%,<&/&%: <,A 0&=&10 ;1 /B& /&<=&%,/$%&V W& 

:$==;:& /B& <,"1 8;1/%".$/";1 ": 0$& /; /B& :="1 /%,1:"/";1V &:=&8",--A 5;% /B& 

C!&6=A%,D"1&7EF"6+F7GHI 8;<=;$10V WB"8B 0;&: 1;/ &ZB"."/ :"#1"5"8,1/ /B&%<,- &Z=,1:";1( 

K,.-& '(@S :$<<,%"D&: /B& &Z/%,8/&0 9,-$&:( c5 =,%/"8$-,% "1/&%&:/ "1 /B& 3+c 5"&-0 ,%& /B& 

:=&8"5"8 B&,/ ,10 /B& &1/%;=A( ]10&&0V /B& :=&8"5"8 B&,/ =%;=&%/"&: ;5 :="1Y8%;::;9&% :A:/&<: 

,%& /"#B/-A %&-,/&0 /; /B&"% 9".%,/";1,- =%;=&%/"&: ,10 /B& 9".%,/";1,- &1/%;=A 8B,1#& ": /B& <,"1 

0%"9"1# 5;%8& ;5 /B& /B&%<,- :="1 /%,1:"/";1( KB& :=&8"5"8 B&,/V -,/&1/ B&,/V ,10 &1/%;=A 8B,1#& 

,::;8",/&0 W"/B /B& 3+c ": $:$,--A 0&/&%<"1&0 .A 8,-;%"<&/%"8 <&,:$%&<&1/: ,10 /B& 

9".%,/";1,- 8;1/%".$/";1 /; /B& &1/%;=A 8B,1#& ": 8,-8$-,/&0(
'$ (*

 ]1 /B& 8;<=;$10 

C!&6=A%,D"1&7EF"6+F7GHIV /B& 9".%,/";1,- &1/%;=A 8B,1#& &Z/%,8/&0 5%;< 8,-;%"<&/%A 

<&,:$%&<&1/: ": UU r L
}@

 <;-
}@

V .$/ /B": 9,-$& W,: =%;.,.-A $10&%&:/"<,/&0( !%;< f,<,1 

:=&8/%;:8;=AV /B& 8;1/%".$/";1 ;5 /B& ;8/,B&0%,- <;0&: /; /B": &1/%;=A 8B,1#& W,: &:/"<,/&0 

;5 ,.;$/ GO j @U r L
}@

 <;-
}@

V
'$G$*

 WB"-& 5%;< ;$% F]3 <&,:$%&<&1/:V W& ;./,"1 'O r L
}@

 <;-
}@

 

61&#-&8/"1# /B& /&<=&%,/$%& 0&=&10&18& ;5 /B& &1/%;=A7( KB": -;W&% 9,-$& B,: /W; %&,:;1:( 

!"%:/V /B& /&8B1"a$& =%;.&: ;1-A /B& "%;1 9".%,/";1,- <;0&:( F&9&%/B&-&::V .&8,$:& /B& :="1 

/%,1:"/";1 ;88$%: "1 /B& "%;1V /B& <;:/ "<=;%/,1/ =,%/ ;5 /B& 9".%,/";1,- &1/%;=A 8B,1#& ": 

=%;9"0&0 .A /B& "%;1 <;0&(
'$G$*

 c1 /B& ;/B&% B,10V :;<& <;0&: 0; 1;/ ,==&,% 0$& /; /B& 5,8/ 
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/B,/ F]3 /&8B1"a$& ;1-A =%;.&: <;0&: 5;% WB"8B ^TU?1 ~ 4 )( KB&%&.AV /B& 0&0$8&0 &1/%;=A 

8B,1#& /,J&: "1/; ,88;$1/ ;1-A , =,%/ ;5 /B& !&FS ;8/,B&0%;1 <;0&:( 

KB&%<;0A1,<"8,- =,%,<&/&%: X3 6U) L7 23 6Q@) L7 

F;%<( <&,1 5;%8& 8;1:/,1/ + 6,/07 QSO '@N 

3=&8"5"8 B&,/ )(U@ "R '(O) "R 

e1/%;=A )(QG "R Q(S' "R 

&X> )(NQN )(QOO 

#_ 6L71 'GU ')T 

K,.-& '(@S*#>,"1 -,//"8& 0A1,<"8,- =,%,<&/&%: &Z/%,8/&0 5%;< /B& F]3 :=&8/%, 

!%;< /B& F]3V /B& &Z/%,8/&0 _&.A& /&<=&%,/$%&: i_6&X>7 ,%& 'GU ,10 ')T L 5;% /B& X3 

,10 23 :/,/&:V %&:=&8/"9&-A( c1 /B& ;/B&% B,10V 5;% O)Y1< 1;1&1%"8B&0 =,%/"8-&:V /B& _&.A& 

/&<=&%,/$%& B,: .&&1 &Z/%,8/&0 iX3 _ 4 @O) j G L 5%;< /B& 8;19&1/";1,- >?::.,$&% :=&8/%, 

6"1 /B": 8,:&V i_ 8,1 .& 0&0$8&0 ;1-A "1 /B& X3 :/,/& 0$& /; /B& &Z=&%"<&1/,- 8;1:/%,"1/:7(
'$$G*

 

KB": 0"55&%&18& ": 1;/ :$%=%":"1# .&8,$:& F]3 ;9&%&:/"<,/&: i_ 5;% /B& :,<& %&,:;1: ,: 

0":8$::&0 ,.;9& 5;% &X>( ]/ ": W;%/B /; 1;/& /B,/ /B& _&.A& <;0&- ": "1/&10&0 /; 0&:8%".& 

,8;$:/"8,- <;0&:( KB&%&5;%&V $:"1# /B& _&.A& <;0&- /; 8B,%,8/&%"D& /B& 8;<=-&/& =B;1;1 

:=&8/%$< 6,8;$:/"8 ,10 ;=/"8,- <;0&:7 ;5 , :=&8"5"8 8;<=;$10 -&,0: /; /B& 0&/&%<"1,/";1 ;5 

/B& [&55&8/"9& _&.A& /&<=&%,/$%&\( ]1 ,1A 8,:&V ;$% <,"1 "1/&%&:/ ": /B& 9,%",/";1 ;5 /B& _&.A& 

/&<=&%,/$%& W"/B /B& :="1 :/,/& ;5 /B& :A:/&<( !%;< /B& F]3 0,/,V W& ;./,"1 iX3 _ Pi23 _ 4 

@(@OV WB"8B "10"8,/&: , 9,%",/";1 ;5 /B& .$-J <;0$-$: RX3PR23 4 @(QO( 

h1 "<=;%/,1/ =,%/ ;5 /B& =B;1;1 _c3 8;18&%1: /B& ,8;$:/"8 <;0&:V 5%;< WB"8B /B& 

:;$10 9&-;8"/A 8,1 .& ,-:; &Z/%,8/&0( KB": -,//&% =,%,<&/&% ": 0"%&8/-A %&-,/&0 /; /B& -,//"8& 

:/"551&::( ]1 /B& _&.A& <;0&- ,10 .&8,$:& ;$% :,<=-& ": , =;W0&%V /B& _c3 8,1 .& %&-,/&0 /; 

/B& :;$10 9&-;8"/AV
'$$ *

 WB&%& ℏ ": /B& %&0$8&0 b-,18J 8;1:/,1/V mW  ": /B& ,/;<"8 <,:: ;5 UOY!&V 

2 ": /B& 9;-$<&/%"8 <,:: 0&1:"/A ;5 C!&6=A%,D"1&7EF"6+F7GHI
'HG*

 ,10 υY ": /B& _&.A& :;$10 

9&-;8"/A( 

 

                                                            
Z[(/)

/\ = ]W
1^\_ℏ`ab̀

                                                       6'(G7 
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!"#$%& '(Q) =-;/: c[6e7Pe
'
 ,: , 5$18/";1 ;5 /B& &1&%#A e( KB& -;WY&1&%#A =,%/ ;5 /B& 

8$%9&: ": -"1&,%V WB"8B 8;%%&:=;10: /; /B& _&.A& <;0&- =%&0"8/";1 ,10 ": /B&%&5;%& 

=%;=;%/";1,- /; @P ʋS.( KB& :;$10 9&-;8"/A 9,-$&: &Z/%,8/&0 5%;< /B& &Z=&%"<&1/,- 0,/, ,%& 6�X3 

4 ')OQ j Q@ < :
}@

7 ,10 6�23 4 @TG' j 'Q < :
}@

7 5;% /B& X3 ,10 23 :/,/&:V %&:=&8/"9&-A( 

 

 

 

 

 

 

 

 

 

!"#$%& '(Q)* 6+;-;% ;1-"1&7 X"1&,% 5"/ 6:;-"0 -"1&7 ;5 5 6e7 4 c[6e7Pe
'
 5;% /B& 23 68"%8-&7 ,10 /B& X3 

6:a$,%&7 :/,/&:( 

$CIC%C$# Q,=>?4<1,6# ,2# D3@8/?4# X6/8?1-<@# K@?--/4<6:# 2,4# F<22/4/6-#

D?6,>?4-<@8/#K<A/1##

!"#$%& '(Q@ :B;W: /B& 9".%,/";1,- _c3 5;% 0"55&%&1/Y:"D& 1,1;=,%/"8-&: 6U) 1< ,10 ' 1<7 

,/ @)) L( +;<=,%&0 /; /B& U) 1< 1,1;=,%/"8-& :,<=-&V :"<"-,% !&Y-"#,10 9".%,/";1,- <;0&: 

,%& ;.:&%9&0 .&/W&&1 ') ,10 O) <&k 5;% /B& ' 1< 1,1;=,%/"8-&: :,<=-& .$/ /B& "1/&1:"/A ;5 

/B& -,%#& =&,J ;.:&%9&0 ,%;$10 Q) <&k ,10 ,//%".$/&0 /; /B& 23 :/,/& ": B"#B&% "1 /B& -,//&% 

8,:& "1 ,88;%0,18& W"/B <;%& "18;<=-&/& :="1 /%,1:"/";1( !%;< /B& ,8;$:/"8 =,%/ ;5 /B& =B;1;1 

_c3V /B& :;$10 9&-;8"/A W,: ,-:; &Z/%,8/&0 5;% /B& :<,-- :"D& =,%/"8-& :,<=-& ,10 8;<=,%&0 

W"/B /B& -,%#&% :"D& =,%/"8-& :,<=-& 6/,.-& '(@O7(#
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!"#$%& '(Q@* _c3 :=&8/%$< ;5 U) 1< ,10 ' 1< C
UO

!&6=A%,D"1&76F"6+F7G7I 1,1;=,%/"8-&: ,/ -;W 

/&<=&%,/$%&( 

:,<=-& 3"D& 61<7 �X3 6< :
}@

7 �23 6< :
}@

7 

)# U)  ')OQ j Q@ @TG' j 'Q 

H# ' ''G) j QS '@'U j QQ 

 

K,.-& '(@O*#3;$10 9&-;8"/A 9,-$&: &Z/%,8/&0 5%;< /B& &Z=&%"<&1/,- 0,/, 5;% /B& X3 ,10 23 :/,/&: ;5 

:,<=-& ) ,10 H 

 

h: &Z=&8/&0 ,10 "1 ,#%&&<&1/ W"/B /B& 8;<=%&::";1 ;5 /B& :/%$8/$%& ,::;8",/&0 W"/B /B& 

:="1 /%,1:"/";1 WB&1 #;"1# 5%;< /B& 23 /; X3 :/,/&V /B& :;$10 9&-;8"/A 9,-$& ,/ -;W 

/&<=&%,/$%& ": B"#B&% /B,1 /B,/ ;5 /B& B"#B /&<=&%,/$%& 5;% .;/B 1,1;=,%/"8-& :,<=-&:( 

+;<=,%"1# /B& :;$10 9&-;8"/A .&/W&&1 U) 1< ,10 ' 1< 1,1;=,%/"8-&:V W& ;.:&%9& , 8-&,% 

"18%&,:& ;5 /B": 9,-$& 5;% /B& :<,-- :"D& 1,1;=,%/"8-&:( >;%&;9&%V /B& :=&&0 ;5 :;$10 ;5 ''G) 

< :
}@ 

<&,:$%&0 5;% /B& :<,-- 1,1;=,%/"8-& :"D& ,/ -;W /&<=&%,/$%& ": $10&%&:/"<,/&0 .&8,$:& 

;5 /B& =%&:&18& ;5 , -,%#&% %&:"0$,- B"#B :="1 5%,8/";1 "1 8;<=,%":;1 W"/B /B& -,%#&% 

1,1;=,%/"8-& :"D&( KB": %&:$-/ /&10: /; 8;18-$0& /B,/ /B& :/"551&:: "18%&,:&: 5;% /B& $-/%, :<,-- 

:"D& 1,1;=,%/"8-&: ,10 8;15"%<: /B& &9;-$/";1 ;5 /B& _&.A& /&<=&%,/$%& ,: , 5$18/";1 ;5 /B& 

:"D& ;./,"1&0 .A 8;19&1/";1,- >?::.,$&% <&,:$%&<&1/:( 
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$C(#Q,6@831<,6#

]1 8;18-$:";1V 1,1;%&,8/;%: .$"-/ $:"1# %&9&%:& 1,1;&<$-:";1 W&%& $:&0 5;% /B& :A1/B&:": 

;5 , :&%"&: ;5 C!&6=D7EF"6+F7GHI 1,1;=,%/"8-&: W"/B :"D&: %,1#"1# 5%;< ' /; @)O 1< ,10 W"/B 

/B& :,<& F,hcK <,/%"Z( !;% /B& 5"%:/ /"<& "/ W,: =;::".-& /; ;./,"1 , :&%"&: ;5 $-/%,Y:<,-- 

1,1;=,%/"8-&: :<,--&% /B,1 @U 1<( +;<=;:"/";1 ,10 :"D& ;5 /B& =,%/"8-&: W&%& =%;.&0 W"/B 

Ke> ,10 2fKe> "19&:/"#,/";1: ,::;8",/&0 W"/B e_l ,1,-A:&:( KB& :"D& 0"<"1$/";1 W,: 

,-:; &9"0&18&0 .A lY%,A =;W0&% 0"55%,8/";1 ,1,-A:&: /B%;$#B /B& 0&/&%<"1,/";1 ;5 /B& 

8%A:/,--"/& :"D& W"/B /B& 38B&%%&% &a$,/";1( f,<,1 ,10 >?::.,$&% :=&8/%;:8;=A ,10 <,#1&/"8 

<&,:$%&<&1/: W&%& 8;<."1&0 /; 0&/&%<"1& /B& :="1 8%;::;9&% .&B,9";% W"/B ,88$%,8A 5;% /B& 

0"55&%&1/ :,<=-&:( KB& %&:$-/: ;./,"1&0 5;% /B& -,%#&% C!&6=D7EF"6+F7GHI 1,1;=,%/"8-&: 6@)OV 

O@ ,10 @' 1<7 1,<&-A /B& -;:: ;5 /B& 8;;=&%,/"9"/AV /B& :B"5/ ;5 /B& /%,1:"/";1 /; -;W&% 

/%,1:"/";1 /&<=&%,/$%&: ,10 /B& "18%&,:& ;5 /B& %&:"0$,- 23 5%,8/";1 ,/ -;W /&<=&%,/$%& 5;% 

0&8%&,:"1# :"D&V 8;%%;.;%,/& =%&9";$: %&=;%/: ;./,"1&0 5;% /B& ,1,-;#;$: C!&6=D7Eb/6+F7GHI 

1,1;=,%/"8-&:( c1 /B& ;/B&% B,10V /B& =%;=&%/"&: ;5 /B& $-/%,Y:<,-- 1,1;=,%/"8-&: 6' ,10 Q 1<7 

%&9&,-&0 /B& %&Y"18%&,:& ;5 /B& 8;;=&%,/"9"/A ,: W&-- ,: /B& /%,1:"/";1 /&<=&%,/$%& W"/B &9&1 

/B& %&Y;=&1"1# ;5 , BA:/&%&:": -;;= 5;% /B& :<,--&:/ 1,1;=,%/"8-&:( KB": 5"10"1# ": "1 ,#%&&<&1/ 

W"/B ;$% =%&9";$: %&:$-/: %&9&,-"1# /B& =;::"."-"/A ;5 , <&<;%A &55&8/ 6"(&( BA:/&%&:":7 "1 $-/%,Y

:<,-- 3+c =,%/"8-&:( ]1 ;%0&% /; 5"10 ,1 ;%"#"1 /; /B": $1&Z=&8/&0 .&B,9";% 5;% :$8B :<,-- 3+c 

1,1;=,%/"8-&:V W& 8,%%"&0 ;$/ , 0&/,"-&0 >?::.,$&% :/$0A /; 0&/&%<"1& /B& :/"551&:: ;5 /B& 

0"55&%&1/ 1,1;=,%/"8-&: .A <&,:$%"1# /B&"% _&.A& /&<=&%,/$%& ,10 W& %&9&,-&0 , :"#1"5"8,1/ 

"18%&,:& ;5 i_ 5;% /B& :<,--&:/ 1,1;=,%/"8-&:( KB$:V /B& $1$:$,- 3+c =%;=&%/"&: ;.:&%9&0 ,/ 

-;W :"D& 8,1 .& &Z=-,"1&0 /B,1J: /; /B& 8;1:"0&%,/";1 ;5 /B& :"D& 0&=&10&1/ &-,:/"8 =%;=&%/"&: 

;5 /B& =,%/"8-&:( R&:"0&:V .A <&,1: ;5 F]3 :=&8/%;:8;=A /B& :"D& 0&=&10&1/ 9".%,/";1,- _c3 

,10 "/: :="1Y:/,/& 0&=&10&18& B,9& .&&1 =%;.&0( KB&:& :=&8/%, %&9&,-&0 /B& W&--YJ1;W1 B"#BY

5%&a$&18A :B"5/ ;5 /B& _c3 WB&1 #;"1# 5%;< /B& 23 /; /B& X3 :/,/&( KB& ,1,-A:": ;5 /B& 

9".%,/";1,- &1/%;=A 8B,1#& ,88;<=,1A"1# /B& :="1 /%,1:"/";1 B,: =$/ "1 &9"0&18& /B& <,"1 

8;1/%".$/";1 8;<"1# 5%;< /B& <&/,-Y-"#,10 9".%,/";1,- <;0&:( KB& :/"551&:: 8B,1#& ;5 /B& 

<,/&%",- W"/B /B& :="1 :/,/& 8B,1#& B,: .&&1 ,1,-AD&0 /B%;$#B /B& _&.A& :;$10 9&-;8"/A 

8,-8$-,/&0 5%;< /B& ,8;$:/"8 =,%/ ;5 /B& _c3( KB& :/$0A /&10: /; 8;18-$0& /B,/ /B& :/"551&:: 

"18%&,:&: 5;% /B& $-/%, :<,-- :"D& 6' 1<7 1,1;=,%/"8-&: ,10 8;15"%<: /B& "18%&,:& ;5 /B& _&.A& 

/&<=&%,/$%& ,: , 5$18/";1 ;5 /B& :"D& ;./,"1&0 .A /B& <;%& 8;19&1/";1,- >?::.,$&% 

"19&:/"#,/";1( 
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Q.?>-/4#% 

D?6,=/-4<@# ?69# J<@4,=/-4<@# Y,9!K.?>/9#

K><6# Q4,11,B/4# T?4-<@8/1# KE6-./1<A/9# <6#

Z,=,:/6/,31#V@<9#J/9<?#

%C #X6-4,93@-<,6#?69#S0[/@-<B/1#

c1& ;5 /B& %&-&9,1/ #%&,/ 8B,--&1#&: "1 /B& 5"&-0 ;5 :="1 8%;::;9&% <,/&%",-: ": /; =%;0$8& 

:"D& ,10 <;%=B;-;#A 8;1/%;--&0 ;.z&8/: /B,/ &ZB"."/ =%;=&%/"&: ,/ %;;< /&<=&%,/$%& ,10 W"/B 

-,%#& BA:/&%&:": -;;=(
'$$$*

 h1 "<=;%/,1/ 5,<"-A ;5 8;<=;$10: =%&:&1/"1# :$8B =%;=&%/"&: ": /B& 

!&
]]
Y/%",D;-& 8;<=-&Z&:

'I);IH*
 5;%<"1# ;1&Y0"<&1:";1,- 6@_7 8B,"1:(

'$$%*
 ]1 @TOOV 2,:1;;/ ,10 

8;W;%J&%: %&=;%/&0 /B& 5"%:/ &Z,<=-& ;5 :$8B 8;<=;$10V /B& C!&62/%D7'6/%D7I6R!G7 

8;<=-&Z
'$$&*

 62/%D 4 @V'VGY/%",D;-& ,10 /%D 4 @V'VGY/%",D;-,/;7 ,10 "/: :/$0A W,: 8;<=-&/&0 "1 

@TTG .A /B& #%;$= ;5 L,B1(
'$$"*

 ]1 /B": -,//&% =,=&% :&9&%,- 8;<=;$10: B,9& .&&1 ;./,"1&0 ,: , 

5$18/";1 ;5 /B& &Z=&%"<&1/,- 8;10"/";1:( d:"1# , W,/&%P&/B,1;- <"Z/$%& ;% <&/B,1;- ,: , 

:;-9&1/V /W; =;-A<;%=B: ;5 /B& C!&62/%D7'6/%D7I6R!G7 0&%"9,/"9& W&%& ;./,"1&0 WB"-& $:"1# 

B"#B 0"-$/&0 <&/B,1;- :;-$/";1 -&0 /; /B& =%&8"="/,/";1 ;5 /B& C!&62/%D7QI6R!G7'u2'c 0&%"9,/"9& 

WB"8B &ZB"."/: , =B,:& /%,1:5;%<,/";1 6=B,:& g /; =B,:& �7 $=;1 B&,/"1# ,%;$10 GG) L( c1-A 

/B& � =B,:& :B;W&0 ,1 ,.%$=/ 3K ,%;$10 %;;< /&<=&%,/$%& W"/B , 1,%%;W BA:/&%&:": ;5 ,.;$/ 

S LV 0$& /; "/ ": <&/,:/,."-"/AV ,5/&% :&9&%,- W&&J:V "/ 8B,1#&0 .,8J /; /B& g =B,:& W"/B , %,/B&% 

,.%$=/ /%,1:"/";1 ,%;$10 QQU L( c1 /B& ;/B&% B,10V /B& <;%& :/,.-& C!&62/%D7'6/%D7I6R!G7 

=;-A<;%=B =%&:&1/: , -,%#& BA:/&%&:": -;;= ;5 U) L 8&1/&%&0 ,/ QO) L( h-- /B&:& ,==&,-"1# 

=%;=&%/"&: 8,1 .& &Z=-;"/&0 "1/; ,==-"8,/";1: ;1-A "5 %&0$8&0 :"D&0 ,10 ;%#,1"D&0 ;.z&8/: ,%& 

5,.%"8,/&0( ]10&&0V "5 W& -;;J ,/ /B& <;%=B;-;#A ;5 /B& &-&<&1/: 5;%<"1# /B& .$-J :,<=-&:V 

%,/B&% =;-A0":=&%:& ,10 <"8%;<&/%"8 :"D&0 =,%/"8-&: ,%& ;.:&%9&0( ]/ ": ,-:; "1/&%&:/"1# /; 1;/& 

/B,/ "1 8;<=,%":;1 W"/B /B& %,/B&% :=B&%"8,- :B,=& =,%/"8-&: &18;$1/&%&0 5;% /B& <,z;%"/A ;5 /B& 

.$-J :,<=-&: ;5 /B": 5,<"-AV
' I%*

 , %;0Y-"J& :B,=& =,%/"8-&: W"/B -&1#/B %,1#"1# 5%;< Q)) /; N)) 

1< W,: ;.:&%9&0 5;% /B& .$-J :,<=-& ;5 /B& C!&6F2'/%D7QI6FcQ7' 0&%"9,/"9&(
'$$)*

 ]1 /B& 5%,<& 

;5 /B& :/$0A ;5 /B& :"D& %&0$8/";1 &55&8/: ;1 /B& :="1 8%;::;9&% =%;=&%/"&:V 0"55&%&1/ <&/B;0: 
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B,9& .&&1 $:&0 /; ;./,"1 8;1/%;--&0 :"D& ,10 <;1;0":=&%:& 1,1;=,%/"8-&: .,:&0 ;1 /B&:& 

<,/&%",-:( !;--;W"1# /B& =";1&&%"1# W;%J: ;5 X�/,%0 ,10 8;W;%J&%: :&9&%,- #%;$=: $:&0 /B& 

%&9&%:& <"8&--& /&8B1"a$& ;% ;/B&% <,/%"Z&: 6B&/&%;#&1&;$: <&0",7 /; ;./,"1 :$8B 

1,1;=,%/"8-&: W"/B :"D& %,1#"1# 5%;< S /; @))) 1<(
'& ; &"; "G; " ; I$; ($;$$H* 

KB& <;%=B;-;#A ;5 

/B& =,%/"8-&: W,: ;.:&%9&0 %,/B&% ,: 1,1;=-,a$&//&( ]1 ;$% #%;$= W& B,9& ,-:; $:&0 

B;<;#&1&;$: <&0", /; ;./,"1 :$8B /A=& ;5 1,1;=,%/"8-&:(
' &H* 

d:"1# 0"55&%&1/ :/,."-"D"1# 

,#&1/:V "/ W,: =;::".-& /; ;./,"1 0"55&%&1/ :"D&: .$/ ,-:; 0"55&%&1/ :B,=&: <"8%;Y ,10 1,1;Y

=,%/"8-&:( !;% &Z,<=-&V $:"1# /%"/;1 lV , 1;1Y";1"8 =;-A<&%"8 ,<=B"=B"-"8 8;<=;$10 ,: 

:/,."-"D&%:V %;0Y:B,=&0 =,%/"8-&: ;5  C!&6F2'/%D7QI6/;:A-,/&7' W"/B -&1#/B %,1#"1# 5%;< ')) /; 

@))) 1< W&%& ;./,"1&0V /B& W"0/B .&"1# 8;<=%":&0 .&/W&&1 ') ,10 G) 1<( h: 0&<;1:/%,/&0 

.A %&8&1/ =$.-":B&0 =,=&%:V :$8B ,1":;/%;="8 :B,=& ;5 /B& =,%/"8-&: 8,1 .& "<=;%/,1/ 5;% /B&"% 

;%#,1"D,/";1 ;1/; :$%5,8& ;% "1 .&/W&&1 &-&8/%;0&:V 1;/,.-A 5;% /B& <&,:$%&<&1/: ;5 /B&"% 

&-&8/%"8,- ,10 /%,1:=;%/ =%;=&%/"&:(
' )%; )I;$$I* 

]1 /B& =%&:&1/ 8B,=/&%V W& %&=;%/ ,1 ;%"#"1,- 

B;<;#&1&;$: ,8"0 <&0"$< <&/B;0 /; :A1/B&:"D& 8;1/%;--&0 :"D&0 1,1;Y ,10 <"8%;Y%;0: .,:&0 

;1 /B& R!G 6/&/%,5-$;%;.;%,/&7 ,10 +!Q3cQ 6/%"5-,/&7 0&%"9,/"9&: ;5 /B& !&Y/%",D;-& 5,<"-A ;5 

8;<=;$10:( KB&"% ;=/"8,-V <,#1&/"8 ,10 &-&8/%"8,- =%;=&%/"&: ,%& ,-:; =%&:&1/&0( 

 

%C$# \M&# F/4<B?-<B/1# ,2# -./# M/!+4<?A,8/# M?=<8E# ,2#

Q,=>,3691#

%C$C  KE6-./1<1#,2#F<22/4/6-!K<A/#T?4-<@8/1#

KB& :A1/B&:": ;5 /B& =,%/"8-&: W,: 8,%%"&0 ;$/ "1 , B;<;#&1&;$: <&0"$< W"/B;$/ ,1A 

:/,."-"D"1# ,#&1/ z$:/ <"Z"1# /B& =%&8$%:;%: !&6R!G7'uS2'c :,-/ ,10 2/%D -"#,10 "1 =%&:&18& ;5 

0"55&%&1/ 8;18&1/%,/";1: ;5 /&/%,5-$;%;.;%"8 ,8"0 62R!G7 "1 W,/&%( KB& 5"%:/ /%"&: -&0 "1&Z;%,.-A 

/; /B& 5;%<,/";1 ;5 $1&Z=&8/&0 :,<=-&: 8;1/,"1"1# 3" ,/;<: WB"8B 8,1 .& &Z=-,"1&0 .A /B& 

=%&:&18& ;5 3"!S ,1";1: 5;%<&0 WB&1 /B& W,-- ;5 /B& #-,:: 63"c'7 8;1/,"1&%: 0"::;-9& "1 2R!GV 

%&=-,8"1# /B& R!G 8;$1/&%Y,1";1: "1 /B& 8;<=-&Z( KB& =%&:&18& ;5 :$8B 3" h/;<: W,: %&9&,-&0 

.A B"#B %&:;-$/";1 :8,11"1# /%,1:<"::";1 &-&8/%;1 <"8%;:8;=A 8;$=-&0 a$,1/"5"&0 &1&%#A 

0":=&%:"9& lY%,A :=&8/%;:8;=A 62f3Ke> e_l7 ,1,-A:&: 6:&& h11&Z '7( KB": $10&:"%,.-& 

8;<=-&Z 0;&: 1;/ =%&:&1/ ,1A :="1 8%;::;9&% =%;=&%/"&: ,10 %&<,"1: "1 /B& 23 :/,/& WB,/&9&% 

/B& /&<=&%,/$%&( ]1 ;%0&% /; ,9;"0 :$8B =%;.-&<V ,-- /B& :A1/B&:&: W&%& =&%5;%<&0 $:"1# 

=-,:/"8 8;1/,"1&%:( 3;V WB"-& "18%&,:"1# /B& 8;18&1/%,/";1 ;5 /&/%,5-$;%;.;%"8 ,8"0 5%;< )(@ /; U 
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W/n ,10 <;0"5A"1# /B& &9,=;%,/";1 :=&&0 ;5 /B& :;-9&1/ ,10 /B& :A1/B&/"8 <&/B;0 6:&& h11&Z 

@ 5;% /B& 0&/,"-&0 :A1/B&:":7V 8%A:/,--"1& =$%=-& =;W0&%: W&%& ;./,"1&0 ,5/&% ,1 "18%&,:"1# 

=&%";0 %,1#"1# 5%;< 5&W <"1$/&: /; '() ;1& <;1/B( 

 

 

 

!"#$%& Q(@ 38B&<& ;5 /B& :A1/B&/"8 =%;8&:: $:&0 5;% /B& &-,.;%,/";1 ;5  <"8%;%;0: "1 B;<;#&1&;$: 

,8"0 8;10"/";1 

 

3,<=-&:  Y" W&%& =%&=,%&0 .A %,="0-A <"Z"1# /W; ,a$&;$: :;-$/";1: ;5 2R!G 8;1/,"1"1# 

!&6R!G7'uS2'c ,10 /B& @V'VGY/%",D;-& -"#,10 6:&& /,.-& Q(@7( KB& %&:$-/"1# -"<="0 :;-$/";1: 

W&%& -&/ 5;% :-;W &9,=;%,/";1 ,/ %;;< /&<=&%,/$%&w /B& 5-,:J .&"1# B,-5 8;9&%&0 6:&& h11&Z @7( 

!;--;W"1# , :=&8"5"8 =&%";0V /B& 5-;88$-,/&: W&%& 8&1/%"5$#&0V ,10 W,:B&0 .A 0":/"--&0 W,/&% 

,10 ,.:;-$/& &/B,1;- ,10 5"1,--A 0%"&0 $10&% 9,8$$<( 3,<=-& %] W,: =%&=,%&0 ,: :,<=-& % 6' 

W/n 2R!G7 .$/ /B& &9,=;%,/";1 :=&&0 W,: 0&8%&,:& ;=&1"1# -&:: /B& 8;9&% ;5 /B& 5-,:J 6:&& 

:8B&<& "1 h11&Z @7( 3,<=-& ) ,10 )] W&%& =%&=,%&0 W"/B U W/n ;5 2R!G .$/ /B& &9,=;%,/";1 

:=&&0 W,: "18%&,:&0 6$:"1# :$8B ,8"0 8;18&1/%,/";1 ,10 :-;W &9,=;%,/";1 ,: /B,/ $:&0 5;% /B& 

&-,.;%,/";1 ;5 :,<=-&  Y"V 1; =%&8"="/,/";1 W,: ;./,"1&0 ,5/&% :&9&%,- <;1/B:7( 3,<=-& H W,: 

=%&=,%&0 $:"1# /B& :,<& %&,8/,1/ 8;18&1/%,/";1: ,: :,<=-& %#6' W/n 2R!G7 .$/ , -"a$"0Y-"a$"0 

6W,/&%YW,/&%7 0"55$:";1 :A1/B&/"8 <&/B;0 W,: 8,%%"&0 ;$/ "1:/&,0 ;5 /B& 0"%&8/ <"Z/$%& ;5 /B& 

/W; %&,#&1/:( h 1,<&0 .$-J :,<=-& ;./,"1&0 $:"1# /B& :,<& 8;18&1/%,/";1: "1 ,1 ,a$&;$: 

:;-$/";1 ,10 "1 ,.:&18& ;5 ,8"0 W,: :A1/B&:"D&0 ,: , %&5&%&18& :,<=-&( 
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K,.-& Q(@ 3A1/B&/"8 8;10"/";1 ;5 :,<=-&  YH#6:&& ,-:; h11&Z @7##

X6# @,=>?4<1,6# 7<-.# -./# >4/B<,31# 4/>,4-/9# 0385# 1E6-./1<1# ,2# -.<1# @,=>8/^;
'$$"*

# -./#

>4/1/6@/#,2#?@<9#8/6:-./6#-./#@4E1-?88<A?-<,6#>4,@/11#?69#7/#.?B/#:,,9#4/?1,6#-,#-.<65#

-.?-# -./#?@<9# 1,83-<,6# 18,71#9,76# -./#9/>4,-,6?-<,6#,2# -./#Z-4A# 8<:?69#>4/@839<6:# -./#

4?><9#>4/@<><-?-<,6#,2#-./#'M/NZ-4AO$N-4AO*N\M&O#@,=>8/^C##

%C$C$ Q,=>,1<-<,6#?69#J,4>.,8,:E#,2#-./#T?4-<@8/1#

KB& 8;<=;:"/";1 ;5 /B& :,<=-&: W,: :/$0"&0 .A f,<,1 ,10 "15%,%&0 :=&8/%;:8;=AV 

&-&<&1/,- ,1,-A:&:V F>fV Kmh ,10 lY%,A =;W0&% 0"55%,8/";1 WB"-& /B& <;%=B;-;#A ;5 /B& 

=;W0&% W,: =%;.&0 .A Ke> 6K%,1:<"::";1 e-&8/%;1"8 >"8%;:8;=A7 ,10 2fKe> 62"#B 

f&:;-$/";1 Ke>7 8;$=-&0 e_l 6e1&%#A _":=&%:"9& lY%,A :=&8/%;<&/%A7 ,1,-A:&:( 

%C$C$C #Q,=>,1<-<,6#,2#-./#T?4-<@8/1#

KB& 5"1& 8;<=;:"/";1 ;5 /B& :,<=-&: W,: ;./,"1&0 /B,1J: /; 8;<."1&0 /B&%<;#%,9"<&/%"8 

,1,-A:": 6Kmh7V +V 2V F &-&<&1/,- ,1,-A:&: ,10 9,%";$: 1$8-&$: 6
@
2V 

@Q
+ ,10 

@T
!7 :;-"0 :/,/& 

F>f( Kmh 65"#$%& Q('7 %&9&,-&0 /B& ,.:&18& ;5 W,/&% <;-&8$-&: 5;% :,<=-&  Y&#,10#%]V WB"-& 
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%

/GLM2 %,(&*A%U $ 7# 9%?BX%GC8L %HI%F8C"$ %35 

%

/GLM2 %,(&,A%U $ 7# 9%?BX%GC8L %HI%F8C"$ %6 

%

/GLM2 %,(&-A%U $ 7# 9%?BX%GC8L %HI%F8C"$ %7 
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%

/GLM2 %,(&)A%U $ 7# 9%?BX%GC8L %HI%F8C"$ %75 

%

/GLM2 %,(&:A%U $ 7# 9%?BX%GC8L %HI%F8C"$ %8 

 

/H2%F8C"$ %1Q% #K %?BX%GC8L %FKHOF% #OH%H2G D#8#GHDF%HI% #K %D8DHJ72EF#8$F%"828$$ $% 8D9%

" 2" D9G7M$82% #H% #K %L2G9%FM2I87 %8D9%L8S %8%C 8D% $ DL#K%HI%&++%DC%8D9%8%C 8D%F 7#GHD%HI%

8@HM#% &+% DC(% ND72 8FGDL% #K % 87G9% 7HD7 D#28#GHD% I2HC% +(&% #H% ,% O#YQ% 2H9% FG3 F% HI% #K %

./ 01#234*0#234506/-4%7HC"HMD9%0IH2C%^4%I2HC%&++%DC%#H%78(%&()%dC%$ DL#K%O 2 %H@#8GD 9Q%

#K %OG9#K%@ GDL%9GIIG7M$#%#H%9 # 2CGD 9(%?K %8S 28L %2H9%FG3 %HI%#KGF%9 2GS8#GS %O8F% !# D9 9%

#H% !"%)%dCQ%OG#K%*%O#Y%16/-Q%9GCGDGFKGDL%#K % S8"H28#GHD%F"  9%HI%#K %FH$M#GHD%0F8C"$ %354(%

FG+?E =?(/+&<=?A *G+ (.?(+?*/&*=.? .B &(=, J4 T*#EME *G+ ;+/=., .B (/C<*&''=I&*=.? ;/.(+<< 

=< '+?A*G+?+, &?, '.?A+/ Jca. 1Q X0M &?, ;)/+ O-+J!*/IM3RJY-4M2Z3!2[ JB./0 YM /.,< &/+ 

.H*&=?+, =?<*+&, .B *G+ <0&''+/ O-+J!*/IM2J*/IMRJY-4M /.,<9%UGCG$82% !" 2GC D#F%MFGDL%8%)%

O#Y%16/-%7HD7 D#28#GHD%FH$M#GHD%8FFH7G8# 9%OG#K%I8F# 2% S8"H28#GHD%F"  9F%HI%#K %FH$S D#%$ 9%

#H% #K %IH2C8#GHD%HI%CG!#M2 F%HI%FKH2#% ./ 01#234*0#234506/-4%8D9% $HDL%./ 01#234,506/-4*=,1*>%

2H9F(%?H%LH%IM2#K 2%8D9%OG#K%#K %H@\ 7#GS %#H%H@#8GD% S D%$HDL 2%8D9%"M2 %2H9FQ%8%$GWMG9J$GWMG9%



 

 

117 

 

9GIIMFGHD% FED#K #G7%C #KH9%O8F% MF 9% GD% H29 2% #H% 2 9M7 % #K % F"  9%HI% #K % 2 87#GHD%OKG$ % #K %

F$HO% S8"H28#GHD%HI%#K %FH$M#GHD%O8F%C8GD#8GD 9(%ND9  9Q%MFGDL%8%*%O#Y%16/-%7HD7 D#28#GHD%

FH$M#GHDQ%"M2 %./ 01#234,506/-4*=,1*>%2H9F%OG#K%8%C 8D%FG3 %FM" 2GH2%#H%-+%dC%O 2 %H@#8GD 9%

0F8C"$ %84(%N#%GF%GD# 2 F#GDL%#H%DH#G7 %#K8#%#K %72EF#8$$GDG#E%HI%#K F %$HDL%2H9F%O8F%DH#%FMIIG7G D#%

 DHMLK%IH2%FGDL$ %72EF#8$%`J28E%C 8FM2 C D#F(%:.E T+ (&? .H<+/@+ *G&* *G+ (.?*/.' .B *G+ 

+\;+/=0+?*&' (.?,=*=.?< &?, =? ;&/*=()'&/ *G+ !Y-4 (.?(+?*/&*=.? ;+/0=*< )< *. .H*&=? & 

<+/=+< .B ?&?.D &?, 0=(/./.,< T=*G <=I+ /&?A+ B/.0 1QQ ?0 *. '.?A+/ *G&? 4Q X0%0F  %

#8@$ %,()%IH2%#K %FG3 %9GF#2G@M#GHD%IH2%#K %9GII 2 D#%F8C"$ F4(%

%

%

?8@$ %,()A%a82#G7$ %FG3 %9GF#2G@M#GHD%IH2%#K %9GII 2 D#%F8C"$ F 

%

1T?BX% 8D9% BD 2LE% 9GF" 2FGS % `J28E% F" 7#2HC #2E% 0Bb`4% O8F% 8$FH%  C"$HE 9% #H%

7K8287# 2G3 %#K %IGD %7HC"HFG#GHD%HI%8%FGDL$ %2H9%0F  %IGLM2 %,(&<4(%?K %Bb`%"8## 2D%FKHOGDL%

#K %8D8$EFGF% HI% #K %OKH$ % 82 8% GD% #K % 2GLK#% GC8L % 2 S 8$F% #K %"2 F D7 %HI% G2HD%8#HCF%HD% #K %

CG72HJ2H9F%7HC"82 9%OG#K%#K %D87R 9%7H"" 2%L2G9%8F%8%2 I 2 D7 %OKG7K%7HD#8GDF%8$FH%782@HD%

H!EL D%8D9%FG$G7HD%8#HCF(%

%

%%%%%%%% %

%

U8C"$ % 1 2 3 4 35 6 7 75 8 

%O#Y%^7G9%% +(&% +()% *% ,% *% -% )% )% *%

%]"F%UG3 %
&++e&

-%DC%

:-+e&++%

DC%

&(&e+(&%%

dC%

&(-e+(,%%%

dC%

-()e+('%%%

dC%

&+e*%%%

dC%

&&e;%%%%

dC%

*)e&+%%%%

dC%
f%-+%dC%
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%

%

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

%

%

%

%

 

/GLM2 %,(&<A%1T?BX%8D9%Bb`%8D8$EF F%HI%F8C"$ %75%

%

39293 :%[ S/.;+/*=+< .B *G+ V=BB+/+?*D:=I+ S&/*=('+< 

3929391 L&A?+*=( S/.;+/*=+< 

/GLM2 % ,(&;J,(*+% FKHO% #K % F"GD% #28DFG#GHD% @ K8SGH2% C 8FM2 9% #K8DRF% #H% #K % #K 2C8$%

S82G8#GHD%HI%#K %C8LD #G7%FMF7 "#G@G$G#E(%?K %9GII 2 D#%F8C"$ F%O 2 %7E7$ 9%@ #O  D%**+%8D9%

-++%V%8I# 2%8%"2 $GCGD82E%#K 2C8$%#2 8#C D#%IH2%#K %9 KE928#GHD(%/H2% 87K%F8C"$ Q%#K %S8$M %HI%

c#%8#%KGLK%# C" 28#M2 %HI% !"%,(*%7C
,
=V=CH$

J&
%7H22 F"HD9F%O $$%#H%/ 0NN4%7HC"$ !%GD%#K %KGLK%

F"GD%F#8# (%N#%GF%GD# 2 F#GDL%#H%DH#G7 %#K8#%#K %9 KE928#GHD%HI%#K %./ 01#234,506/-4*=,1*>%F8C"$ %

06% 8D9%84% $ 89% #H% #K % 9 72 8F % HI% #K % #28DFG#GHD% # C" 28#M2 Q% #K % ./ 01#234*0#234506/-4% @ GDL%

MDFH$S8# 9(%^F% !" 7# 9Q%F8C"$ F%1J4 8D9 35%OG#K%#K %F8C %7HC"HFG#GHD%8F%#K %7H22 F"HD9GDL%

@M$R% F8C"$ % "2 F D#% 7$HF % "2H" 2#G F% OG#K% #K % 8@2M"#D FF% HI% #K % #28DFG#GHDFQ% GD% @H#K% #K %

O82CGDL%8D9%7HH$GDL%CH9 F(%?K %#28DFG#GHD%# C" 28#M2 F%82 %IHMD9%8#%?&g*%0h4%i%,)*%V%8D9%?&g*%

0j4%i%,'<%V%IH2%F8C"$ %1 OKG$  8%D822HO%KEF# 2 FGF%GF%H@F 2S 9%IH2%$HDL 2%2J4%8D9%35 2H9F%0?&g*%
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EDX analyses of a single rod 

EDX analyses of the nacked grid 
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0h4%i% ,)+%V% 8D9%?&g*% 0j4%i% ,;+%V4(% ?KGF%  II 7#F%OKG7K%O8F% 8$2 89E% H@F 2S 9% IH2% FGCG$82% 2H9J

FK8" 9%"82#G7$ F%O28"" 9%OG#K%UG>*
O41R

%78D%@ % !"$8GD%@E%#K %CH2"KH$HLE%HI%#K %"82#G7$ F%8D9%

#K %8FFH7G8# 9%F#2M7#M28$%H2L8DG38#GHD%HI%#K %7K8GDF(%/H2%F8C"$ F 6%8D9%7%#K %KEF# 2 FGF%$HH"%GF%

7 D# 2 9%@ $HO%0?&g*%0h4%i%*:)%V%8D9%?&g*%0j4%i%*<;%V4%8D9%8#%2HHC%# C" 28#M2 %0?&g*%0h4%i%*<;%V%

8D9%?&g*%0j4%i%,++%V4Q%2 F" 7#GS $E(%?K %"KEFG78$%"2H" 2#G F%HI%F8C"$ %7% 08D9%8$FH%F8C"$ %754%

 !KG@G#% GD# 2C 9G8# %# C" 28#M2 %#28DFG#GHDF%OK D%7HC"82 9%#H%#KHF %C 8FM2 9%IH2%F8C"$ %1%

0IH2C% ^4% 8D9% 6% 0IH2C% 64% 8D9% DH#% #K % FM" 2"HFG#GHD% HI% 9GII 2 D#% FGDLM$82G#G F% OKG7K% CGLK#%

FMLL F#%#K8#%OK8# S 2%#K %FG3 %HI%#K %2H9F%GD%#K %CG!#M2 %F8C"$ FQ%@H#K%IH2CF%^%8D9%6%HI%#K %

7HC"HMD9%82 %28D9HC$E%"2 F D#(%FG=< /+<)'* )?,+/'=?+< *G&* &'*G.)AG & (+/*&=? *G/+<G.', 

.B &(=, (.?(+?*/&*=.? =< ?+(+<<&/CE *G+ <'.T +@&;./&*=.? <;++, /+0&=?< *G+ ,/=@=?A B./(+ 

*. .H*&=? *G+ ;)/+ Y B./0 .B *G+ (.0;'+\9 

%%%%%%%%%%%%% %

%

 
%%%%%%%%%%%%% %

/GLM2 %,(&;A%X8LD #G7%C 8FM2 C D#F%IH2%F8C"$ F%1 8D9 3 0IH2C%^4(%1E928# 9%F8C"$ %GD%2 9%8D9%

9 KE928# 9%F8C"$ %GD%@$87R( 

%

  

/GLM2 %,(&'A%X8LD #G7%C 8FM2 C D#F%IH2%F8C"$ F%6 8D9%8%0IH2C%64(%1E928# 9%F8C"$ %GD%@$87R%8D9%

9 KE928# 9%F8C"$ %GD%2 9( 
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/GLM2 %,(*+A%X8LD #G7%C 8FM2 C D#F%IH2%F8C"$ F%7%8D9 75%0CG!#M2 %HI%IH2C%^%8D9%64(%1E928# 9%

F8C"$ %GD%2 9%8D9%9 KE928# 9%F8C"$ %GD%@$87R(%

 

3929392 [;*=(&' N+B'+(*=@=*C 

bM % #H% #K % 928F#G7% 7K8DL % HI% 7H$H2% 877HC"8DEGDL% #K % F"GD% #28DFG#GHD% I2HC% "M2"$ % #H%

7H$H2$ FFQ%G#%GF%HI%H@SGHMF%GD# 2 F#%#H%F#M9E%8$FH%#K %H"#G78$%@ K8SGH2%HI%#K %7HC"HMD9F%GD%#K %

SGFG@$ %28DL (%X 8FM2 C D#F%O 2 %2 8$G3 9%HD%F728#7K 9%"HO9 2%F8C"$ F%IH2CGDL%#KGD%IG$C%HD%

L$8FF%FM@F#28# F(%/GLM2 %,(*&%FKHOF%#K %#K 2C8$%S82G8#GHD%HI%#K %H"#G78$%2 I$ 7#8D7 %8#%)-+%DC%

IH2% 87K%F8C"$ % 0F  % #8@$ %,(:% IH2%9 #8G$ 9% #28DFG#GHD% # C" 28#M2 4(%^$$% F8C"$ F%O 2 %7E7$ 9%

@ #O  D%*++%8D9%-)+%V%8I# 2%8%"2 $GCGD82E%#K 2C8$%#2 8#C D#%IH2%#K %9 KE928#GHD(%UGCG$82%8F%

#K % C8LD #G7% C 8FM2 C D#FQ% F8C"$ F% 1J4 8D9 35% "2 F D#% 7$HF % "2H" 2#G F(% ?K % #28DFG#GHD%

# C" 28#M2 F%82 % IHMD9%8F%?&g*%0h4%i%,-;%V%8D9%?&g*%0j4%i%,'<%V% IH2% F8C"$ %1 OKG$  8%D822HO%

KEF# 2 FGF%GF%H@F 2S 9%IH2%$HDL 2%2J4%8D9%35 2H9F(%/H2%F8C"$ F 6%8D9%8% #K %KEF# 2 FGF%$HH"%GF%

7 D# 2 9%@ $HO%2HHC%# C" 28#M2 %0?&g*%0h4%i%*:)%V%8D9%?&g*%0j4%i%*<)%V4%8D9%0?&g*%0h4%i%*:)%V%

8D9%?&g*%0j4%i%*<:%V4Q%2 F" 7#GS $E(%?K %"KEFG78$%"2H" 2#G F%HI%F8C"$ %7% 08D9%8$FH%F8C"$ %754%

 !KG@G#%GD# 2C 9G8# %#28DFG#GHD%# C" 28#M2 F%OK D%7HC"82 9%#H%#KHF %C 8FM2 9%IH2%F8C"$ F%1%

8D9%6 GD%877H298D7 %OG#K%#K %C8LD #G7%C 8FM2 C D#F(%%
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/GLM2 %,(*&A%>"#G78$%2 I$ 7#GSG#E%C 8FM2 C D#F%HI%F8C"$ F%1J8%09 KE928# 9%F8C"$ 4(%
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?8@$ %,(:A%U"GD%#28DFG#GHD%# C" 28#M2 F%C 8FM2 9%@E%H"#G78$%2 I$ 7#8D7 %IH2% 87K%F8C"$ %09 FH$S8# 9%

F8C"$ 4%

3929393 V=BB+/+?*=&' :(&??=?A %&'./=0+*/C 

?K %78$H2GC #2G7%98#8%0F  %IGLM2 %,(**4%O8F%2 7H29 9%GD%#K %K 8#GDL%8D9%7HH$GDL%CH9 F%8#%

)%VgCGD% GD%H29 2% #H% S8$M8# % #K % D#K8$"E% 0k14%8D9% D#2H"E%0kU4%S82G8#GHDF%8FFH7G8# 9%OG#K%

#K % F"GD% #28DFG#GHDF% HI% F $ 7# 9% 9 KE928# 9% F8C"$ F% 0OKG7K% O 2 % H@#8GD 9% @E% "2 $GCGD82E%

K 8#GDL%8#%-*+%V4(%%

%%%

%

%

%

 

 

 

 

/GLM2 %,(**A%bUP%C 8FM2 C D#F%IH2%F8C"$ %3Q%6 8D9%7 09 KE928# 9%F8C"$ F4(%

U8C"$ % 1 2 3 4 35 6 7 75 8 

16/-%0O#Y4% +(&% +()% *% ,% *% -% )% )% *%

?28DFG#GHD%

# C" 28#M2 %

0V4%

,-;g,'<% ,-;g,;+% ,-;g,<'% ,)+g,;*% ,)*g,<;% *:)g*<)% *<;g*'*% ,&+g,*:% *:)g*<:%

/H2C% ^% ^% ^% ^% ^% 6% CG!#M2 % CG!#M2 % 6%

3 5 

6 
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/H2%#K %"M2 %F8C"$ %./ 01#234*0#234506/-4%03MQ%#K %bUP%7M2S %FKHOF%FGDLM$82G#G F%8#%?&g*%0h4%

l%,)&%8D9%?&g*%0j4%l%,;,%V%IH2%#K %7HH$GDL%8D9%K 8#GDL%CH9 FQ%2 F" 7#GS $EQ%OKG$ %IH2%#K %"M2 %

F8C"$ %./ 01#234,506/-4*=,1*>%064Q%#K F %FGDLM$82G#G F%8"" 82%8#%?&g*%0h4%l%*;'%8D9%?&g*%0j4%l%*',(%

ND% 7HC"82GFHD% OG#K% #K % C8LD #G7% C 8FM2 C D#FQ% #K % F$GLK#% 9 SG8#GHD% HI% #K % #28DFG#GHD%

# C" 28#M2 % 7HM$9% @ % 8FFH7G8# 9% #H% #K % 9GII 2 D7 % HI% #K % K 8#GDL% 8D9% 7HH$GDL% 28# F(% ?K %

 F#GC8# 9%k1%8D9%kU%S82G8#GHDF%C 8FM2 9%GD%#K %9 KE928# 9%IH2CF%82 %*+%8D9%&:%RmgCH$%8D9%

):%8D9%:&%mgVnCH$%IH2%F8C"$ F%3%8D9%6Q% 2 F" 7#GS $E(%?K F %S8$M F%82 %7HCCHD%IH2%G2HD0NN4%

F"GD%72HFFHS 2%7HC"HMD9F(%

3929394 
68

-+ L]<<H&)+/ L+&<)/+0+?*< 

c %K8S % 8$FH% 2 7H29 9% #K %
)<
/ %XoFF@8M 2% F" 7#2MC% IH2% F8C"$ F%3Q%6% 8D9%7% 8#% *',%V%

0IGLM2 %,(*,J,(*)4(%^F% !" 7# 9% IH2% F8C"$  3Q% #K % F" 7#2MC%7HDFGF#F%HI%HD %9HM@$ #%OG#K% 8D%

GFHC 2G7%FKGI#%HI%+(-&;0:4%CCF
J&
%8D9%8%WM892M"H$ %F"$G##GDL%HI%+(*;:0'4%CCF

J&
%8##2G@M# 9%#H%#K %

ZU%F#8# Q%DH%2 FG9M8$%1U%F#8# %GF%H@F 2S 9(% NDS 2F $EQ% #OH%9HM@$ #F%OG#K%8D%GFHC 2G7%FKGI#%HI%

+(-&0&4% 0&(+,:0;44%CCF
J&
%8D9%8%WM892M"H$ %F"$G##GDL%HI%+(*+0*4% 0*(<+0*44%CCF

J&
%8##2G@M# 9% #H%

#K % ZU% 01U4% F#8# % 82 % H@F 2S 9% IH2% F8C"$ % 6Q% GD% 8L2  C D#% OG#K% #K % C8LD #G7% 98#8% HI% G#F%

KE928# 9% IH2C(% ND9  9Q% #K %c?%S8$M %HI% !"% &()% 7C,
=V=CH$

J&
%C 8FM2 9%8#% 2HHC% # C" 28#M2 %

7H22 F"HD9F% #H% #K %CG!#M2 % HI% KGLK% F"GD% 8D9% $HO% F"GD% F#8# (% XH2 HS 2Q% 8$#KHMLK% F8C"$ % 7%

7H22 F"HD9F%#H%8%CG!#M2 %HI%7HC"$ ! F%HD$E%HD %ZU%9HM@$ #%O8F%H@F 2S 9%0F  %#8@$ %,(<4(%

%

 

 

 

 

 

 

 

 

%

%

/GLM2 %,(*,A%XoFF@8M 2%F" 7#2MC%09H#F4%8D9%IG#%0$GD 4%HI%F8C"$ %3 

%

mms
-1
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%

 

 

 

 

 

%

%

%

%

/GLM2 %,(*-A%XoFF@8M 2%F" 7#2MC%09H#F4%8D9%IG#%0$GD 4%HI%F8C"$ %6 

%

%

%

%

%

%

%

%

%

%

%

/GLM2 %,(*)A%XoFF@8M 2%F" 7#2MC%09H#F4%8D9%IG#%0$GD 4%HI%F8C"$ %7%

%

%

%

%

%

%

%

%

?8@$ %,(<A%XoFF@8M 2%KE" 2IGD %"828C # 2F%

%

293K 

LS state HS state LS fraction 

δ DEQ G/2 δ DEQ G/2  

Sample 3 0.418(6) 0.286(9) 0.158(9)    100% 

Sample 5 0.41(1) 0.20(2) 0.12(1) 1.036(8) 2.70(2) 0.13(1) 42% 

Sample 6 0.402(1) 0.24(2) 0.13(2)    100% 

mms
-1

 

mms
-1
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 !"!#$%&'()''&*+$

 !"#$% !"&'()% *+&+$)#)+,!% -."/%&)/"-% "0%1-!% '+!!"2()% 0+% !3#0*)!"4)% 5-6"+,!% !"4)% 6+/7

!*-')/% !,68-.0-#09'+(3&)6786))% :)7;6"-4+()% .+&'()<% '-60".()!% 1"0*% /"88)6)#0% .*)&".-(%

.+&'+!"0"+#!=%>((%0*)%'*3!".-(%.*-6-.0)6"4-0"+#!%6)5)-()/%-%.+66)(-0"+#%2)01))#%0*)%!"4)%+8%0*)%

'-60".()!% -#/% 0*)"6% .+&'+!"0"+#?% 0*)% !&-(()6% 6+/!% .+66)!'+#/% 0+% 0*)% @:)AB064CDA064CEAF:GC%

.+&'()<%1"0*%-%!'"#%06-#!"0"+#%(+.-("4)/%-0%*"$*%0)&')6-0,6)%A;H9D%AIC%J%KLD%M%-#/%;H9D%ANC%J%KOP%

MC?% 1*"()% 0*)% (+#$)6% +#)!% .+66)!'+#/% 0+% 0*)% 8,((3% '6+0+#-0)/% @:)AB064CKEAF:GCDQKBDR%%
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%

 

 

Figure 3.27: EDX spectra and :)9Y#%6-0"+ for sample 9 (up); the distribution of metal ions in a 

representative rod (red/green dots stand for Zn/Fe atoms) (bottom). 

 !"!?!"!" RS%$M01')6040+5' 

;*)%'+1/)6%<76-3%/"886-.0"+#%!').06-%A!))%8"$,6)%K=DUC%!*+1%-%$(+2-((3%!"&"(-6%'-00)6#%8+6%

)-.*%.+&'+,#/?%1"0*%!+&)%/"88)6)#.)!%8+6%!-&'()%P=%:+6%!-&'()!% %-#/%O%0*)%&-"#%/"886-.0"+#%

')-b!%-6)%$6+,')/%8+6%5-(,)!%+8%D %-0%HZ%-#/%HH%/)$6))!?%HU%-#/%HO%/)$6))!%-#/%DG?%DL%-#/%DT%

/)$6))!=%;*)%-//"0"+#-(%/"886-.0"+#%')-b!%5"!"2()%"#%0*)%!').06-%+8%!-&'()%P%-6)%.+#!"!0)#0%1"0*%

-%!&-((%Bc%86-.0"+#%-0%6++&%0)&')6-0,6)%"#%0*"!%.+&'+,#/%A!"#$%"&'()C=%V#/))/?%0*)%dc%0+%Bc%

0 2 4 6 8 10 12
keV

0

2

4

6

8

10

12

 cps/eV

 C 

 N 

 O 

 Si  Fe 

 Fe 

 Fe  Cu 

 Cu 

 Cu 

 Zn 

 Zn 

 Zn 

ST86 1

\()&)#0%%c)6")!%%#+6&=%e%>0+&=%e%

%%%%%%%%%%%%%%%%%%%%%%%%%%@10=XE%%@-0=XE%

777777777777777777777777777777777777777777%%

V6+#%%%%M7!)6")!%%%LD=UK%%%LT=PK%

Y"#.%%%%M7!)6")!%%GP=HP%%%GK=DP%

777777777777777777777777777777777777777777%

%%%%%%%%%%;+0-(_%%%%%%HZZ=ZZ%%HZZ=ZZ%
 



 

 

128 

 

06-#!"0"+#% "#5+(5)!% -% !*"80% +8% 0*)% /"886-.0"+#% ')-b!% 0+% (+1)6% D % -#$()!% /,)% 0+% 0*)% (-00".)%

)<'-#!"+#=
@BTUI

%V#%'-60".,(-6%0*)%/+1#!*"80!%+8%0*)%F6-$$%')-b!%-6+,#/%DGf%7%DTf%,'+#%0*)%ceR%

"!% 6-0*)6% "&'+60-#0?% 1*".*% -6)% .()-6(3% +2!)65)/% "#% !-&'()% P% -!% !*+,(/)6!% -0% (+1)6% -#$()!=%

R5)6-((%0*)!)%ga[`%6)!,(0!%.-#%2)%"#0)6'6)0)/%"#%-$6))&)#0%1"0*%0*)%\`a%-#-(3!"!%"#/".-0"#$%

0*-0%0*)%Y#%"+#!%/+%#+0%8+6&%"&'+60-#0%!)$6)$-0"+#%"#%+,6%.+&'+,#/!%-#/%"#!0)-/%0*)3%6)'(-.)%

!+&)%+8% 0*)%:)%.)#06)!%-#/% 0*)%.+&'+,#/!%-6)%.(+!)(3% "!+!06,.0,6-(=%>0% 0*"!%'+"#0% "0%&-3%2)%

1+60*% #+0"#$% -(!+% 0*-0% -% 6).)#0% 6)8"#)&)#0% +8% 0*)% '+1/)6% a76-3% /"886-.0+$6-&!% +8%

@:)AB064CDA064CEAF:GC% "#% 0*)% 01+% !'"#% !0-0)!
@"" I

% ()/% 0+% 0*)% !-&)% +60*+6*+&2".% !'-.)% $6+,'%

*&+)?%"=)=%0*)%!'"#%06-#!"0"+#%"!%"!+!06,.0,6-(%"#%0*"!%.+&'+,#/=%

%

%

:"$,6)%K=DU_%a[`%/"886-.0+$6-&%8+6%!-&'()% ?%O%-#/%P=%

 !"!?!"!  V&:615&*+17$L;0(56*'(*;8%

Vibrational spectroscopy is also a useful technique to analyze the impact of metal 

dilution on the structure of our compounds. In addition, variable-temperature vibrational 

spectra provide a straightforward way to observe the spin transition. FTIR and Raman spectra 

of the three compounds are presented in the figure 3.29-3.30.   

:6+&%0*)%V[%!').06-%+8%!-&'()!% ?%O$-#/$P?%0*)%'-60".,(-6%5"26-0"+#-(%&+/)!%-0%HLHL%-#/%

HGOO%.&
7H
%.-#%2)%-006"2,0)/%0+%0*)%!06)0.*"#$%/)8+6&-0"+#%+8%0*)%'6+0+#-0)/%-#/%,#'6+0+#-0)/%

("$-#/!?%6)!').0"5)(3=%The same peaks appear in all compounds confirming that their structure 

is very similar. 
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Figure 3.29: Room temperature FTIR spectra of samples 3, 8 and 9 

 

However, in the LS state Raman spectra of the diluted compounds, we observe also 

additional peaks around 160 - 166 cm
-1

 and a broadening of the peaks at 135 and 245 cm
-1

 is 

also visible in both samples (sample 8 and sample 9). These new frequencies should arise due 

to vibrational modes involving the displacements of Zn ions. As discussed previously
[229]

 the 

Raman spectra of the compound [Fe(Htrz)2(trz)](BF4) exhibit very characteristic changes 

between 100 - 300 cm
-1

 due to the spin transition. At 293 K (LS state) sample 3 displays 

intense Raman modes around 135, 197, 211, 285 and 299 cm
-1

. When going to the HS state 

(413 K) one observes Raman peaks around 105, 136, 150 (shoulder), 180 and 190 cm
-1

. These 

spectra are essentially the same.
[229]

  

%

Figure 3.30: Low-frequency Raman spectra of samples 3, 8 and 9 
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$6-/,-(%ceR=%

 !"!?! !B MX'':1)06$L;0(56*'(*;8 

Mössbauer spectroscopy was used to estimate the residual HS fraction in the samples. 

We have acquired 
57

Fe Mössbauer spectra at low temperatures (i.e. in the LS state). This 

spectrum is shown in figure 3.32 for sample 8 and 9 and the hyperfine parameters are 

collected in table 3.8 together with sample 3. In each case the spectrum can be properly fitted 

by only one doublet, characteristic of the LS form of Fe(II). From these Mössbauer and 

Raman data we can thus conclude that the spin transition of the ferrous ions is complete in 

both the heating and cooling modes for each sample. 

 

:"$,6)%K=KD_%]k!!2-,)6%!').06-%A/+0!C%-#/%8"0%A("#)C%-0%(+1%0)&')6-0,6)!%+8%!-&'()!%O%-#/%P$

 

sample δ [mm/s] ΔEQ [mm/s] Γ/2 [mm/s] 

3 0.412(1) 0.270(1) 0.161(1) 

8 0.451(2) 0.289(3) 0.155(3) 

9 0.45(1) 0.31(2) 0.19(2) 

%

;-2()%K=U_%c').06,&%-#-(3!"!%1-!%')68+6&)/%23%-!!,&"#$%-%!"#$()%(+17!'"#%8)66+,!%!').")!%-#/%
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 !"!Y$Q70(56&(17$N6*;065&0'$*=$5-0$@A0BCDE+DFG569HIFJA#H$M&(6*CS*3'$

The recent progress in the nanoscale synthesis and organization of SCO compounds has 

opened up novel perspectives for the study of charge transport properties of these materials at 

the nanoscale and even single molecule levels.
[10-12,231]

 Indeed, a number of recent 

theoretical
[162,232]

 and experimental
[127,131,163-165,168,170,228,233-238] 

achievements with respect to 

the possible interplay between SCO and conductivity properties gives hope that in the near 

future SCO complexes might be integrated in functional nanoelectronic devices. 

The charge transport properties of the SCO compound [Fe(Htrz)2(trz)](BF4) were 

investigated and a strong dependence of the DC
[170] 

and AC
[233]

 conductivities on the spin 

state of iron(II) ions was revealed. The LS (
1
A1g) state was found systematically more 

conductive than the HS (
5
T2g) state in samples with different morphologies (nanoparticles and 

microrods) and sizes ranging from 15 nm to several mm. In addition the charge carrier 

relaxation frequencies displayed also a significant decrease when going from the LS to the HS 

state.
[170] 

 We tentatively ascribed these observations to a conduction process via polaron 

hopping. In the frame of this model the conductivity would rise upon the HS to LS switching 

due (chiefly) to an increase of the hopping frequency. This latter can be linked to the spin-

state of the system through the variation of the phonon frequencies and/or that of the 

activation barriers for the hopping.
[233]

 While their interpretation remains rather challenging at 

this stage, the accumulated experimental observations have already allowed several groups to 

elaborate simple nano-electronic devices based on this compound - providing appealing 

perspectives for nanoscale switching and memory applications.
[163,168,228]

 It is worth noting 

also that interesting size effects can be anticipated when going from the activated hopping
 
to 

the tunneling regime
 
because the spin transition was reported to have an opposite effect on the 

charge transport in these two limiting cases. 

The present work was motivated by the weak understanding of the physical phenomena 

which underlie the electrical conduction and its spin-state dependence in the title compound. 

The aim of zinc dilution here is to break the supposed chain of conduction along the chain 

structure by exploiting the fact that the 3d orbitals of Zn are fully occupied. On the other 

hand, the ionic radius of Zn(II) is close to the ionic radius of HS Fe(II) allowing for an 

isostructural substitution of the ferrous ions. We have studied the charge transport properties 

of three different powders (ca. 2 mm rods) with formulae [Fe1-xZnx(Htrz)2(trz)](BF4), where x 

= 0, 0.26 or 0.43. Besides the electrical properties, each powder was carefully characterized 

for its morphology, crystal structure and SCO properties as well. 
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Broadband dielectric spectroscopy provides access to a wide range of electrical 

properties. In particular, the complex conductivity s*(w, T) as their frequency and 

temperature dependences gives important information about the charge transport mechanism. 

The frequency dependence of the real part, s'(w) , of s*(w) in both cooling and heating 

branches is reported in figure 3.33 for each compound (3, 8 and 9) at different temperatures.  

 

Figure 3.33: The frequency dependence of the real part, s'(w) , of s*(w) in both cooling and heating 

branches for each compound at different temperatures 

The shape of the dispersion curves and sample conductivity are strongly dependent on 

spin state and Zn dilution as shown in figure 3.33d. The Zn substitution reduces, in LS state, 

the conductivity by 4 and 7 orders of magnitude for 8 and 9 respectively, indicating the 

insulating nature of 8 and 9 samples. For pure and diluted SCO the electrical conductivity 

of the LS state is higher than the HS state, but the conductivity differential is strongly 

reduced by Zn substitution. For 3 the frequency behavior of the conductivity is strongly 

dependent on the spin-state and temperature (figure 3.33a). From the figure, s'(w)  shows, at 

all temperatures, a typical low frequency plateau, characteristic to non-localized or long-range 

charge carrier mobility at lower frequencies and above the crossover frequency, wc, it 
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increases with increasing frequency obeying a power law. Then, the ac conductivity spectra 

follow the Jonscher’s power law
[239]

: 

 

                                                             (3.1) 

 

where sDC is the DC conductivity, wc is the crossover frequency from DC to dispersive region 

representing the hopping frequency of charge carriers, A is the temperature and frequency 

dependent parameter and n is an exponent dependent on both frequency and temperature in 

the range 0 < n £ 1. This behavior is characteristic of the charge transport in disordered 

materials and interpreted by Jonscher as universal dynamic response (UDR). 

 

 

Figure 3.34: The thermal dependence of the real part of conductivity at fixed frequencies 
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I&%3/.)>')1'()*+,(-./.-0'I&-J&&*'CD'3*+':D'2-3-&2'32'2&&*'.*'1.?,>&'AEAA+E'$%&'&N5&>.4&*-36'

()*+,(-./.-0' s$(w) 1)>' 366' -%&' 23456&2' J&>&' 1.--&+' ,2.*?' OK' !AE#"' 3*+' s!"(' w&' 3*+'  ' J&>&'

&N->3(-&+'1>)4'*)*86.*&3>'1.--.*?'5>)(&+,>&'1)>'&3(%'23456&E'

The thermal dependence of the real part of conductivity at fixed frequencies (figure 3.34) 

shows a hysteresis loop where the width is strongly dependent of the Zn dilution level. Upon 

increasing Zn fraction, the conductivity hysteresis loops become narrower and the spin 

transition temperatures are in good agreement with the optical reflectivity measurements. It 

can be noted that the hysteresis width is frequency independent for the undiluted sample 3.  

With Zn dilution, the shape and width of the hysteresis loop are dependent of the applied 

frequency arising from the insulating nature of samples 8-9. At the LS-HS transition the 

conductivity drops by two orders of magnitude for 3 (one order and less for 8 and 9 

respectively), confirming that in SCO triazole complexes the LS state is more conductive than 

HS state. For sample 3, the pure complex is either in the LS state (heating branch) or in the 

HS state (cooling branch) at 365 K (330 and 320 K for 8 and 9). In each spin state, the 

conductivity increases with increasing temperature showing the semiconductor behavior of 

the SCO complex.  

$%&'+.25&>2.)*' I&%3/.)>')1' -%&'&6&(->.(36'()*+,(-./.-0'.*' -%&'1>&K,&*(0'+)43.*'(3*'362)'

I&'.*-&>5>&-&+'.*'-&>42')1'()*+,(-./.-0'>&63N3-.)*'-.4&',2.*?'-%&'&6&(->.('4)+,6,2F'PQ'R'#STQF'

>&5>&2&*-3-.)*E' U*' -%&' PQ' >&5>&2&*-3-.)*F' 3' >&63N3-.)*' 5&3V' .2' )I2&>/&+' 1)>' -%&' ()*+,(-./.-0'

5>)(&22'.*'-%&'1>&K,&*(0'25&(->3')1'-%&'.43?.*3>0'53>-'PW)1'-%&'()456&N'&6&(->.('4)+,6,2'PQE'

$%&'1>&K,&*(0'25&(->,4')1'-%&'&6&(->.(36'4)+,6,2'(3*'I&'>&63-&+'-)'-%&'4)I.6.-0')1'-%&'(%3>?&'

(3>>.&>2E' U*'53>-.(,63>F'-%&'I>)3+'>&63N3-.)*'5&3VF'J%.(%'.2')1-&*'2&&*'.*'-%&'PW'/2'X'(,>/&2F'

>&5>&2&*-2' -%&' 2&53>3-.)*' I&-J&&*' 6)*?8>3*?&' !)>' *)*6)(36.;&+"' 3*+' 2%)>-8>3*?&' !6)(36.;&+"'

()*+,(-.)*E' M.?,>&' AEAY' 2%)J2' -%&' 1>&K,&*(0' >&25)*2&' )1' -%&' &6&(->.(' 4)+,6,2' 3-' 2&6&(-&+'

-&45&>3-,>&2E' U-' .2' .45)>-3*-' -)' *)-.(&' -%3-' -%&' 25&(->3' 1)>' &3(%' 23456&' (6&3>60' 5>&2&*-' -J)'

)/&>6355.*?'5&3V2'J%.(%'J&'%3/&'1.--&+',2.*?'-%&':3/>.6.3VZ[&?34.'!:["'&45.>.(36'&K,3-.)*\'
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J%&>&',¥'R'#Se¥%3*+',7'R'#Se0'3>&'-%&'6.4.-.*?'6)J'3*+'%.?%'1>&K,&*(0'4)+,6,2F't,'.2'3'4&3*'

(%3>3(-&>.2-.(' >&63N3-.)*' -.4&' >&63-&+' -)' -%&' 5&3V' 1>&K,&*(0' w,' 3*+ a 3*+' b' 3>&' 1>3(-.)*36'

2%35&' 53>34&-&>2' !7' ^' aF' b < 1).  $%&' .*/&>2&' )1' -%&' 43N.4,4' 5&3V' 1>&K,&*(0' )1' -%&'

,6%25&(->3' >&5>&2&*-2' -%&' -.4&' 2(36&' )1' -%&' ->3*2.-.)*' 1>)4' -%&' 6)*?' >3*?&' -)' 2%)>-' 4)I.6.-0'

3*+'.2'+&1.*&+'32'-%&'(%3>3(-&>.2-.('()*+,(-.)*'>&63N3-.)*'-.4&'!1,%%R'#S%0,"E'$%&'-&45&>3-,>&'

+&5&*+&*(&')1'-%&'>&63N3-.)*'5&3V'1>&K,&*(.&2'.2'2%)J*'.*'M.?,>&'#7E'M)>'&3(%'23456&F'J&'(3*'

)I2&>/&'-%&'%02-&>&2.2'322)(.3-&+'J.-%'-%&'25.*'->3*2.-.)*'+,&'-)'3'+&(>&32&')1'0,'J%&*'?).*?'

1>)4'-%&'CD'-)'-%&':D'2-3-&F'&/&*'.1'-%.2'/3>.3-.)*'.2'3--&*,3-&+'1)>'.*(>&32.*?'H*'+)5.*?'6&/&6E'

_*&'(3*'*)-&'362)'-%3-'-%&'>&63N3-.)*'1>&K,&*(.&2'1)>'-%&'234&'-&45&>3-,>&'3*+'234&'25.*'2-3-&'

+&(>&32&'+>32-.(3660'J%&*'H*'.45,>.-.&2'3>&'.*2&>-&+E'U*'-%&'CD'2-3-&'-%&'/36,&2')1'0,'#'3*+'

0,%#'3>&'Y'`'#7
9
'2

Z#
'3*+'a'`'#7

a
'2

Z#
'1)>'23456&' F'aEY'`'#7

Z#
'2

Z#
'3*+'9Eb'`'#7

#
'2

Z#
'1)>'23456&'!F'

3*+'c'`'#7
Z9

'2
Z#

'3*+'9EA'`'#7
#
'2

Z#
'1)>'23456&'"E'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

M.?,>&'AEAY\'-%&'1>&K,&*(0'>&25)*2&')1'-%&'&6&(->.('4)+,6,2'3-'2&6&(-&+'-&45&>3-,>&2E'
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D)F' J&' %3/&' +&4)*2->3-&+' -%3-' 25.*' (>)22)/&>' 5%&*)4&*3' (3*' I&' +&-&(-&+' -%>),?%' -%&'

-&45&>3-,>&'+&5&*+&*(&')1'3('()*+,(-./.-0'3*+'+.&6&(->.('6)22F'3*+'J&'2%)J'-%3-'/.>-,3660'366'

43-&>.368+&5&*+&*-'&6&(->.(36'53>34&-&>2F'2,(%'32'&6&(->.(36'()*+,(-./.-0F'&6&(->.('4)+,6,2F'(,-'

)11' 1>&K,&*(0F' +.25630' 3' 25.*' 2-3-&' +&5&*+&*(&E' U*' 53>-.(,63>F' J&' %3/&' 2%)J*' -%3-' -%&' 25.*'

->3*2.-.)*' 1>)4' -%&' CD' -)' -%&' :D' 2-3-&' 6&+' -)' 3' 202-&43-.(' +&(>&32&' )1' -%&' &6&(->.(36'

()*+,(-./.-.&2E'L66'-%&2&'>&2,6-2'2&&4'-)'()*1.>4'-%&'()*+,(-.)*'5>)(&22'72''5)63>)*'%)55.*?'

I,-'-3V.*?'.*-)'3((),*-'-%&'(6)2&'2->,(-,>36'3*+'4)>5%)6)?.(36'2.4.63>.-0')1'-%&'5,>&'3*+'H*8

+.6,-&+' 23456&2F' -%&2&' >&2,6-2' .*+.(3-&' -%3-' -%&' 1&>>),2' .)*2' J.-%' )5&*' A+
G
' &6&(->)*.(' 2%&66'

+.>&(-60'53>-.(.53-&'.*'-%&'(%3>?&'->3*25)>-'5>)(&22F'.*'()*->32-'-)'-%&'H*!UU"'.)*2F'J%.(%'%3/&'3'

(6)2&+'A+
#7

'2%&66E'

'

 # $%& '( $)*+,-./,-*0$12$ /3*$&*45+,.617*$&.8,79$12$

%18:1;<=0$

d2.*?' 2.4.63>' %)4)?&*&),2' 3(.+' ()*+.-.)*' +&/&6)5&+' 1)>' -%&' eMa' +&>./3-./&2F' ->.163-&'

3*36)?,&2'J&>&'362)'20*-%&2.;&+',2.*?'->.16.('3(.+E'U-'.2'J)>-%'-)'*)-.(&'-%3-'()*(&>*.*?'->.163-&'

+&>./3-./&2' )*60' -%&' I,6V' )1' -%&' fM&!:->;"!->;"g!=MAD_A"' ()45),*+' J32' 36>&3+0' >&5)>-&+' .*'

-%&'6.-&>3-,>&'34)*?'-%&'63>?&'134.60')1'M&8->.3;)6&'()45),*+2E
>?@AB

'h&'->.&+'-)'20*-%&2.;&'-%&'

I,6V')1'-%&'fM&!:->;"Ag!=MAD_A"9'()45),*+2'4)+.10.*?'-%&'*3-,>&')1'2)6/&*-'6.V&'.-'J32'43+&'

1)>'-%&'fM&!:->;"Ag!eMa"9'()456&N'I,-'J.-%),-'2,((&22E'

 # #C '9</3*0,0$12$),22*+*</4',6*$D.+/,E7*0$

D3456&2'CC'3*+'C?'J&>&'5>&53>&+'I0'>35.+60'4.N.*?'-J)'3K,&),2'2)6,-.)*2')1'=MAD_A:'

!#' 3*+' A' J-iF' >&25&(-./&60"' ()*-3.*.*?' M&!=MAD_A"9' 236-' 3*+' -%&' #F9Fa8->.3;)6&' 6.?3*+' !2&&'

-3I6&'AE@"E'$%&'>&2,6-.*?'6.45.+'2)6,-.)*2'J&>&'6&-'1)>'26)J'&/35)>3-.)*'3-'>))4'-&45&>3-,>&E'

M)66)J.*?'3'25&(.1.('5&>.)+F'-%&'16)((,63-&2'J&>&'(&*->.1,?3-&+F'3*+'J32%&+'I0'+.2-.66&+'J3-&>'

3*+' 3I2)6,-&' &-%3*)6' 3*+' 1.*3660' +>.&+' ,*+&>' /3(,,4E' M)>' 3*' 3(.+' ()*(&*->3-.)*' %.?%&>' -%3*'

AiF'*)'5>&(.5.-3-.)*'J32')I-3.*&+',2.*?'()453>3I6&'26)J'&/35)>3-.)*'25&&+'32'-%3-',2&+'1)>'

-%&' &63I)>3-.)*' )1' 23456&' CC$ 3*+' C?E' L' *34&+' I,6V' 23456&' !23456&' CA"' )I-3.*&+' .*' 3*'

3K,&),2' 2)6,-.)*' 3*+' ,2.*?' -%&' 234&' ()*(&*->3-.)*2' )1' >&3(-3*-2' I,-' .*' 3I2&*(&' )1' 3(.+' J32'

362)'20*-%&2.;&+'32'3'>&1&>&*(&'23456&E'

'
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'

'

'

'

$3I6&'AE@'D0*-%&-.('()*+.-.)*2')1'23456&2'CA8C?$!2&&'362)'L**&N'#"$$

 # #?$F1+:3171G9$12$/3*$D.+/,E7*0$

j3>-.(6&'2.;&2'J&>&'+&-&>4.*&+'I0'->3*24.22.)*'&6&(->)*'4.(>)2()50'!$OP"',2.*?'3'kO_C'

kOP8#7##' !#77' Vl"' 3*+' I0' 2(3**.*?' &6&(->)*' 4.(>)2()50' !DOP"' ,2.*?' 3' kO_C' MOm' kDP'

Gb77ME' :.?%8>&2)6,-.)*' .43?.*?' J32' 5&>1)>4&+' )*' 3' kO_C' kDP' 9#77M' !977' Vl"' &K,.55&+'

362)' J.-%' 3' D<<' e>,V&>' O<n' +&-&(-)>' !>&2)6,-.)*\' #9b' &l"' 1)>' &6&4&*-36' 3*3602.2E' $OP'

23456&2' J&>&' 5>&53>&+' I0' 563(.*?' )*' 3' (3>I)*' ()3-&+' ()55&>' ?>.+' 3' +>)5' !#7' o6"' )1' -%&'

53>-.(6&2'2,25&*+&+'.*'&-%3*)6E'$OPF'DOP'3*+'%.?%'>&2)6,-.)*'&6&(->)*.('4.(>)2()50'(),56&+'

K,3*-.1.&+' &*&>?0' +.25&>2./&' n8>30' 25&(->)2()50' 3*3602&2' !:p$OP' O<n"' J&>&' ,2&+' -)'

+&-&>4.*&' -%&' 2%35&F' -%&' 2.;&' 3*+' -)' ()*1.>4' -%&' ()45)2.-.)*' )1' -%&' 53>-.(6&2E' M.?,>&' AEAG'

5>&2&*-2'>&5>&2&*-3-./&'.43?&2'1)>'23456&2'CA8C E'D&&'362)'L**&N'9'1)>'()456&4&*-3>0'$OP'

.43?&2E'L66'23456&2'+.25630'4)>5%)6)?0'1)>4.*?'3(.(,63>'>)+2E'$%.2'53>-.(,63>'2%35&'J32'*)-'

)I2&>/&+' 1)>' eMa' +&>./3-./&2' 3*+' 430I&' >&63-&+' -)' -%&' 1.*&' 2->,(-,>36' )>?3*.;3-.)*' )1' -%&'

5>&2&*-' ()456&NE' P)>&)/&>F' 2,(%' 4)>5%)6)?0' 36-%),?%' J.-%' 3' 63>?&' 2.;&' +.25&>2.-0' .2' 362)'

)I2&>/&+' 1)>' -%&' I,6V' 23456&' 3*+' (),6+' I&' &N563.*&+' I0' -%&' 26)J' 5>&(.5.-3-.)*' 5%32&' !G' %"'

J%.(%' 5&>4.-2' -%&' )Iq&(-2' -)' 2&618322&4I6&' .*' ()453>.2)*' J.-%' )-%&>' I,6V' M&8->.3;)6&'

()45),*+2E' $3I6&' AE#7' 2%)J2' -%&' 4&3*' 2.;&' 1)>' -%&' +.11&>&*-' 23456&2E' U*' ()453>.2)*' J.-%'

eMa' ()45),*+2F' .-' J32' *)-' 5)22.I6&' -)' )I-3.*' (6&3>60' +.11&>&*-82.;&' 53>-.(6&2' 1)>' -%&' -J)'

->.163-&'+&>./3-./&2'4)+.10.*?'-%&' 3(.+' ()*(&*->3-.)*' *)-3I60' I&(3,2&')1' -%&'>&2->.(-&+',23I6&'

()*(&*->3-.)*'>3*?&')1'-%&'->.16.('3(.+E''

'

'

'

'

$3I6&'AE#7'P&3*'2.;&')1'-%&'>)+2'.*'23456&2'CA8C?$

D3456&' CA$ CC$ C?$

=MAD_A:''

!J-i"'
7' #' A'

$.4&' G'%),>2' #9'+302' 9'4)*-%2'

r.&6+'!i"' 97' #Y' c7'

D3456&' CA$ CC$ C?$

=MAD_A:''

!J-i"'
7' #' A'

[52'2.;&'
#EYs7Ec''

m4'

#E9s7EA'

m4'

97s@'

m4'
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'

'

'

'

'

'

'

'

'

M.?,>&'AEAG\'$OP'.43?&2')1'23456&2'CA'!,5"F'CC$!4.++6&"'3*+'C?'!I)--)4"'

'
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h&' 362)' (3>>.&+' ),-' D(3**.*?' O6&(->)*.(' P.(>)2()50' -)' ()*1.>4' -%&' 2->,(-,>&' )1' -%&'

23456&2E'DOP'23456&'J32'5>&53>&+'I0'+&5)2.-.)*')1'3'-%.*'563-.*,4'1.64')*'5)J+&>'23456&E'

L' DOP' kO_C' kDP8Gb77M' !A7' Vl"' &K,.54&*-' J.-%' 3' 1.&6+' &4.22.)*' 2),>(&' !MODOP"' J32'

,2&+E''L2'2%)J*'.*'1.?,>&'AEAbF'4.(>)'53>-.(6&2'1)>4.*?'23456&'C?'5>&2&*-'J&66'+&1.*&+'>)+8

2%35&'J.-%'3(.(,63>'4)>5%)6)?0E''

'

'

'

'

'

$

$

$

'

'

M.?,>&'AEAG\'DOP'.43?&2')1'23456&'C?$

:p$OP' 3*+' O*&>?0' +.25&>2./&' n8>30' 25&(->)4&->0' !O<n"' J&>&' 362)' &456)0&+' -)'

(%3>3(-&>.;&'-%&'()45)2.-.)*')1'3'2.*?6&'>)+E'M.?,>&'AEAc'2%)J2':p$OP'.43?&2')1'23456&'C?$

3*+'-%&'()>>&25)*+.*?'O<n'3*3602.2'(3>>.&+'),-')*'-%&'2&6&(-&+'25%&>.(36'3>&3E'M>)4'-%&'O<n'

3*3602.2F' -%&' 5>&2&*(&' )1' M&F' D' 3*+' M' 3-)42' ()*1.>42' J&66' -%&' ()45)2.-.)*' )1' ),>' 3.4&+'

()456&NE'e&2.+&2F'I&(3,2&'-%&'M'3*+'M&'3-)42'355&3>'3-'-%&'234&'5)2.-.)*'3-'6)J'&*&>?0F'.-'.2'

+.11.(,6-' -)' (36(,63-&' -%&' 3-)4' 5&>(&*-3?&2E' U*' 3++.-.)*F' 1.?,>&' AEA@' 2%)J2' 362)' -%&'

()45)2.-.)*36' 4352' 1)>' M&F' M' 3*+' D' 3-)42' ()>>&25)*+.*?' -)' -%&' 1,66' :pD$OP' .43?&' 3*+'
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.*+.(3-&'3'%)4)?&*&),2'+.2->.I,-.)*')1'-%&'M&F'M'3*+'D'3-)42'.*'-%&'53>-.(6&2'()*1.>4.*?'3?3.*'

-%&'?))+'()45)2.-.)*')1'-%&'23456&E'

'

'

$

$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$

$

$$$$$$$$$$$$$$$$$$$$$$$

$

'

M.?,>&'AEAc\':p$OP'3*+'O<n'3*3602&2')1'23456&'C?$

$

'

'

$

$

M.?,>&'AEA@\':pD$OP'.43?&'3*+'3-)4'()45)2.-.)*36'4352'!M&\'>&+F'M\'?>&&*F'D\'I6,&'3*+'4.N-,>&"')1'

23456&'C?$
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 ! ! "#$%&$'()($*"$+"),-"./0)(12-'""

 !"#$ %&'()*+$ ,'*'$ *'(-*.'.$ +)$ *--/$ )'/&'*+)0*'$ ,1)2$ +$ 3'*415$ 67/'*$ 8&'()*0/$ 9::$

%&'()*-/')'*$15$;!#$/-.'$<*'%-70)1-5$ !"$9$(/=9>$?'),''5$@A:$(/=9$+5.$B:::$(/=9C$"5D*+*'.$

%&'()*+$ -D$ %+/&7'%$ 34536$ +*'$ %2-,5$ 15$ D1E0*'$ FCB:C$G2+)'H'*$ )2'$ %+/&7'%I$ )2'$ D077$ %&'()*+$

+&&'+*$%1/17+*$'J('&)$)2'$(7'+*$&*'%'5('$-D$,+)'*$D-*$%+/&7'$36"7?*-+.$&'+4$+*-05.$F@::$(/=9>$

+5.$(-5D1*/$)2'$&*-&-%'.$D-*/07+C$K'H'*)2'7'%%I$D*-/$)2'$L--/'.$%&'()*0/$-D$%+/&7'%$34=36"

<D1E0*'$FCB9>I$1)$1%$(7'+*$15$+E*''/'5)$,1)2$&*'H1-0%$15D*+*'.$%&'()*+$-D$)2'$M B$.'*1H+)1H'%$)2+)$

D-*$ %+/&7'%$34$ <?074>$ +5.$33" <%N5)2'%1L'.$+)$ 7-,$+(1.$ (-5('5)*+)1-5>I$ &+*)1(07+*$H1?*+)1-5+7$

/-.'%$+)$9A9A$+5.$9BOO$(/=9$+))*1?0)'.$)-$ )2'$%)*')(215E$.'D-*/+)1-5$-D$ )2'$&*-)-5+)'.$+5.$

05&*-)-5+)'.$ 71E+5.%I$ *'%&'()1H'7NI$ (-**'%&-5.$ )-$ )2'$ P '<Q)*L>R<)*L>S<T F8UF>$ (-/&-%1)1-5C$

"5$ (-5)*+%)I$ "#$ %&'()*0/$ -D$ %+/&7'$ 36$ -?)+15'.$ 15$ &*'%'5('$ -D$ 7+*E'$ +(1.$ (-5('5)*+)1-5$

&*'%'5)%$.1DD'*'5)$D'+)0*'%$15$)21%$+*'+$,1)2$)2'$.1%+&&'+*+5('$-D$)2'$H1?*+)1-5+7$/-.'$+)$9A9A$

(/=9C$8*"+/1)9"2(:-"+$0"),-";<=">-0(?/)(?-'"),-",(@,-0"1$*1-*)0/)($*"$+"/1(>"&0-12A>-'"),-"

>-&0$)$*/)($*"$+"),-"B)0C"2(@/*>"/*>"),-"'2$D"-?/&$0/)($*"'&-->"$+"),-"1$%&2-E"'$2A)($*"

2-/>" )$" ),-" '2$D" ')/F(2(C/)($*" $+" ),-" +A22G" &0$)$*/)->" 2(@/*>" H<-7B)0CI J7#< KL I6"

>-0(?/)(?-!$ ;%$ *'&-*)'.$ ?N$ 80E1N+*)-$ +5.$ (-,-*4'*%IH6=4J$ )2'$ P '<Q)*L>R<)*L>S<T F8UF>$

(-/&7'J$&*'%'5)%$ %&15$(*-%%-H'*$&*-&'*)1'%$+)$ 7-,$ )'/&'*+)0*'$ <9B:$V>I$ %-$,'$,177$ D-(+71L'$

-57N$-5$)2'$%&15$(*-%%-H'*$&*-&'*)1'%$-D$)2'$5',$P '<Q)*L>FS<T F8UF>R$/1(*-=*-.%$<%+/&7'$36>C$

$

 1E0*'$FCB:M""5D*+*'.$+?%-*&)1-5$%&'()*+$-D$%+/&7'%"34I$33"+5."36"*'(-*.'.$+)$*--/$)'/&'*+)0*'C$

34"

33"

36"
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"

 1E0*'$FCB9M"8'7'()'."15D*+*'.$+?%-*&)1-5$L--/$%&'()*+$-D$%+/&7'%"34"<?-))-/>"+5."36"<0&>"*'(-*.'.$+)$

*--/$)'/&'*+)0*'C$

 ! !="#,/0/1)-0(C/)($*"$+"),-"H<-7B)0CI J7#< KL I6""N(10$5O$>'"""

 ! !=!3"P,-0%$@0/?(%-)0(1"Q*/2G'('$$

!2'$D15'$(-/&-%1)1-5$-D$)2'$%+/&7'%$,+%$-?)+15'.$)2+54%$)-$(-/?15'.$)2'*/-E*+H1/')*1($

+5+7N%1%$<!W;>$+5.$TI$QI$K$'7'/'5)+7$+5+7N%1%$<%''$)+?7'$FC99>C$!W;$<D1E0*'$FCBR>$*'H'+7'.$

)2'$ +?%'5('$ -D$ ,+)'*$ /-7'(07'%$ D-*$ &0*'$ P '<Q)*L>R<)*L>S<T F8UF>$ %+/&7'$ 34I$ ,217'$  !"$ R$

/-7'(07'%$-D$,+)'*$&'*$1*-5$+)-/$,'*'$1.'5)1D1'.$D-*$%+/&7'$36C$!2'$,'1E2)$7-%%$D-*$%+/&7'$

36$1%$BC9X$<9CRYQRU>$D-*$)2'$D1*%)$%)'&$<9R:ZT>$+5.$9F$<R[:ZT>I$R[$<B::ZT>$+5.$F\X$<BA:ZT>$

D-*$)2'$D-77-,15E$%)'&%$<.'(-/&-%1)1-5$-D$)2'$(-/&-05.>C$ -*$%+/&7'$34$)2'$.'(-/&-%1)1-5$-D$

)2'$/+)'*1+7$%)+*)%$+)$ !"$F::ZTC$!2+54%$)-$)2'$'7'/'5)+7$+5+7N%1%$+5.$)2'$!W;$/'+%0*'/'5)I$

)2'$D-77-,15E$D-*/07+'$,'*'$-?)+15'.C$

$

 1E0*'$FCBR]"!W;$+5+7N%1%$-D$%+/&7'$34"<7'D)>"+5."36"<*1E2)>$
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#$%&$A*>" " #"R"S" B"R"S" T"R"S" #/21A2/)->"<$0%A2/"

34"

'J&)7$ 9OC:F$$ 9CB9$$ R[C:\$
P '<Q)*L>R<)*L>S<T F8UF>$

(+7(.$ R:CBF$$ 9COA$ F:C@A$

36"

'J&)7$ 9@CB\$ 9COA$$ R9C@9$

P '<Q)*L>FS<T F8UF>RY9CRQRU$

(+7(.$ 9@CB9$$ 9C@:$ RRCF:$

"

!+?7'$FC99]$67'/'5)+7$+5+7N%1%$-D$%+/&7'%$34$+5.$36$+5.$)2'$(-**'%&-5.15E$D-*/07+$

 ! !=!6".$D>-0"U50/G"V(++0/1)($*$

 1E0*'$FCBF$%2-,%$)2'$&-,.'*$^=*+N$.1DD*+()1-5$<3^#_>$&+))'*5%$-D$%+/&7'%$34$+5.$36"+)$

*--/$ )'/&'*+)0*'C$ !2'$ &+))'*5%$ -?%'*H'.$ D-*$ )2'$ ),-$ %+/&7'%$ 2+H'$ %1/17+*1)1'%$ ,1)2$ )2-%'$

/'+%0*'.$D-*$ )2'$M B$.'*1H+)1H'%C$ "5$+E*''/'5)$,1)2$)2'$"#$%&'()*-%(-&N$*'%07)%I$%+/&7'$34$

(-**'%&-5.%$ )-$ )2'$ P '<Q)*L>R<)*L>S<T F8UF>$ (-/&7'J$,217'$ %+/&7'%$ 36$ 'J21?1)%$ +$ .1DD'*'5)$

3^#_$&+))'*5$(-**'%&-5.15E$)-$)2'$P '<Q)*L>F<T F8UF>RSYJQRU$.'*1H+)1H'C$^=*+N$.1DD*+()1-5$

+77-,%$+7%-$D-*$)2'$'%)1/+)1-5$-D$)2'$(*N%)+771)'$%1L'$0%15E$)2'$8(2'**'*$'`0+)1-5$<%''$(2+&)'*$R$

&+E'$ \A>C$ !2'$ +H'*+E'$ (*N%)+771)'$ %1L'$ D-*$ ?-)2$ %+/&7'%$/'+%0*'.$,+%$ +?-0)$ [:$ 5/C$!2'%'$

(*N%)+771)'$ %1L'%$ +*'$ 15$ +E*''/'5)$ ,1)2$ )2-%'$ *'&-*)'.$ D-*$ F:=@::$ 5/$ P '<KQR=)*L>FSM*R$

&+*)1(7'%H3WWJC$$

"

 1E0*'$FCBF]$^=*+N$&-,.'*$.1DD*+()1-5$&+))'*5%$-D$%+/&7'$34"+5.$36"+)$*--/$)'/&'*+)0*'$<Q8$%)+)'>$

34"

36"
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 ! !W"K#L".0$&-0)(-'"$+"),-"H<-7B)0CI J7#< KL I6""N(10$5O$>'"""

 ! !W!3"O/%/*"K&-1)0/$

#+/+5$%&'()*+$,'*'$+(`01*'.$D-*$%+/&7'$36"+)$%'7'()'.$)'/&'*+)0*'%$<D1E0*'$FCBB>C$!2'%'$

#+/+5$%&'()*+$(-/&+*'$,'77$,1)2$)2-%'$*'&-*)'.$D-*$%1/17+*$(-/&7'J'%CH66X96 4J$"5$%+/&7'$36I$

15)'*5+7$ /-.'%$ -D$ T F8UF$ 1-5%$ +*'$ 'J&'()'.$ )-$ +&&'+*$ +*-05.$ \@:I$ B::$ (/
=9I$ ?0)$ )2'1*$

15)'5%1)N$ 1%$ *+)2'*$ ,'+4C$ !2'$/-.'$ +)$  !"$ 9F99$ (/=9$ 1%$ -?%'*H'.$,21(2$ 1%$ .0'$ )-$ )2'$Q)*L$

71E+5.C$M'%1.'%I$ )2'$ %&'()*+7$ D'+)0*'%$ +*-05.$9::=F::$ (/=9$ +5.$ 9:::=9@::$ (/=9$ +%%1E5'.$ )-$

/')+7=71E+5.$%)*')(215E$+5.$15)'*5+7$71E+5.$/-.'%I$*'%&'()1H'7NI$(+5$?'$1.'5)1D1'.$+%$%&15$%)+)'$

/+*4'*%C$ "5$&+*)1(07+*I$ )2'$a8$/+*4'*$?+5.%$+*'$D-05.$+)$ !"$9BRI$R:[I$R[@I$9:BRI$9:@\$+5.$

9:[F$(/=9I$+5.$7-,'*$D*'`0'5(N$Q8$/+*4'*$?+5.%$+)$ !"$99AI$9BRI$R:RI$9:F\$+5.$9:@\$(/=9C$

<A0),-0%$0-9"D-" /2'$"%-/'A0->" ),-"O/%/*" '&-1)0/" /)"  44"Y">A0(*@" F$)," ),-" 1$$2(*@"

/*>",-/)(*@"&0$1-''"D,(1,"0-?-/2->"),-"0$$%")-%&-0/)A0-"F(')/F(2()GC$$

$

 1E0*'$FCBB]$#+/+5$%&'()*+$-D$%+/&7'$36"+)$%'7'()'.$)'/&'*+)0*'%C$

 ! !W!6"N/@*-)(1"KA'1-&)(F(2()G"N-/'A0-%-*)'"

"5$ -*.'*$ )-" ?'))'*$ &*-?'$ )2'$ 8TU$ ?'2+H1-*I$ )2'$ )2'*/+7$ H+*1+)1-5$ -D$ )2'$ /+E5')1($

%0%('&)1?171)N$,+%$15H'%)1E+)'.$D-*$?-)2$%+/&7'%$34$+5.$36$<D1E0*'$FCBA>C$$
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"

"

 1E0*'$FCBA]$b+E5')1($/'+%0*'/'5)%$D-*$%+/&7'$34"<0&>"+5."36"<?-))-/>$<2N.*+)'.$%+/&7'$15$?7+(4$

+5.$.'2N.*+)'.$%+/&7'$15$*'.>C$

$

"

"

"

"

"

"

!+?7'$FC9R]$$8&15$)*+5%1)1-5$)'/&'*+)0*'%$D-*$%+/&7'%$34$+5.$36$D-*$),-$(-5%'(0)1H'$)2'*/+7$(N(7'%$

8+/&7'$ 34" 36"

$
 1*%)$

(N(7'$

8'(-5.$

(N(7'$

 1*%)$

(N(7'$

8'(-5.$

(N(7'$

!*+5%1)1-5$

)'/&'*+)0*'$

<V>$

9@:c9@@$ 9ABc9@:$ 9[Rc9O:$ R\[cFR\$

-H2O 
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T-5('*515E$ %+/&7'$ 34I$ )2'%'$ /'+%0*'/'5)%$ *'H'+7'.$ +$ *+)2'*$ 7-,$ )'/&'*+)0*'$ 8TU$

?'2+H1-*$(-/&+*'.$)-$-)2'*$(-/&-05.%$-D$)21%$D+/17N$,1)2$!9cR<d>$e$9AB$V$+5.$!9cR<f>$e$9@:$V$

<%+/&7'$ 34>$ D-*$ )2'$ D1*%)$ (N(7'$ +5.$ !9cR<d>$e$ 9@R$V$ +5.$ !9cR<f>$e$ 9@@$V$ <%+/&7'$ 34>$ D-*$ )2'$

%'(-5.$(N(7'C$")$1%$15)'*'%)15E$)-$5-)1('$)2+)$7-,'*$)*+5%1)1-5$)'/&'*+)0*'%$<!9cR<d>$e$9F:$V$+5.$

!9cR<f>$e$9A:$V>$,'*'$*'&-*)'.$D-*$ )2'$%+/'$(-/&-05.$?N$80E1N+*)-$+5.$(-=,-*4'*%C
H6=4J$K-$

%-7H'5)$1%$&*'%'5)$,1)215$)2'$%)*0()0*'I$%-$)2'$/-.1D1(+)1-5$-D$)2'$)*+5%1)1-5$)'/&'*+)0*'$D-*$)2'$

%'(-5.$(N(7'$(-07.$?'$ *'7+)'.$ )-$ )2'$&*'71/15+*N$%)*0()0*+7$-*E+51L+)1-5$-D$ )2'$/+)'*1+7C$ -*$

%+/&7'$36I$)2'$D1*%)$)2'*/+7$(N(7'$,+%$&'*D-*/'.$?'),''5$9::$+5.$FF:$V$+5.$(-**'%&-5.%$)-$

)2'$2N.*+)'.$D-*/$-D$)2'$%+/&7'$,21(2$&*'%'5)%$+?*0&)$%&15$)*+5%1)1-5$15$?-)2$)2'$,+*/15E$+5.$

(--715E$/-.'%C$!2'$ )*+5%1)1-5$ )'/&'*+)0*'%$+*'$ D-05.$+)$!9cR<d>$e$9[R$V$+5.$!9cR<f>$e$9O:$VC$

 -77-,15E$+$&*'71/15+*N$)2'*/+7$)*'+)/'5)$+)$B::$V$.0*15E$9$2-0*$D-*$.'2N.*+)1-5I$)2'$%'(-5.$

)2'*/+7$(N(7'$,+%$&'*D-*/'.$?'),''5$9::$+5.$F[:$VC$ -*$)2'$%'(-5.$)2'*/+7$(N(7'I$)2'$H+70'$

-D$c#$+)$7-,$)'/&'*+)0*'$-D$ !C$9CRA$(/FYVY/-7=9$1%$%71E2)7N$21E2'*$)2+5$)2+)$/'+%0*'.$D-*$)2'$

D1*%)$(N(7'$-D$ !C$9C:$(/FYVY/-7=9C$8)*0()0*+7$/-.1D1(+)1-5$('*)+157N$7-(+71L'.$+)$)2'$%0*D+('$-D$

)2'$ 5+5-&+*)1(7'%$ <%''$ .1%(0%%1-5$ 2'*'+D)'*>$ (-5(-/1)+5)$ ,1)2$ )2'$ *'7'+%'$ -D$ ,+)'*$ (-07.$

'J&7+15$)21%$'DD'()C$P,-" )0/*'()($*" )-%&-0/)A0-'"/0-" +$A*>"/)"P3R67ZI"["6\]"Y"/*>"P3R67^I"["

 6\"Y9"0-?-/2(*@"/"2/0@-",G')-0-'('"2$$&"$+"W4"Y"&-0+-1)2G"1-*)-0->"/)"0$$%")-%&-0/)A0-!"

KA1,"&0$&-0)(-'"/0-"?-0G"'1/01-"/*>"-?-*"A*(_A-"+$0"',/&->"%/)-0(/2'"<%''$)2'$.1%(0%%1-5$

15$(2+&)'*$FCFC@>C$"5$-*.'*$)-$.')'()$)2'$%)+?171)N$-D$)2'$.'2N.*+)'.$%+/&7'I$+D)'*$)2'$/+E5')1($

/'+%0*'/'5)I$,'$ 4'&)$ 1)$ 15$ +/?1'5)$ +1*$ D-*$ ),-$,''4%$ +5.$ *'&'+)'.$ )2'$/+E5')1($ &*-&'*)N$

/'+%0*'/'5)%$-5$)2'$%+/'$%+/&7'C$$

$

 1E0*'$FCB@]$b+E5')1($/'+%0*'/'5)%$D-*$%+/&7'$36$&+*)1+77N$*'2N.*+)'.$%+/&7'$15$?7+(4$+5.$

.'2N.*+)'.$%+/&7'$15$*'.>C$
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!2'$ %+/&7'$,+%$ +E+15$ (N(7'.$ ),-$ )1/'%$ ?'),''5$ 9::$V$ +5.$ FA:$V$ %)+*)15E$ +)$ RA:$V$

<(--715E$?*+5(2>C$ "5$ )2'$5'J)$2'+)15E$?*+5(2$+$ ),-=%)'&$%&15$ )*+5%1)1-5$,+%$-?%'*H'.$+)$R::$

+5.$FF\$VC$!2'$7-,$)'/&'*+)0*'$)*+5%1)1-5$1%$.0'$)-$)2'$&+*)1+7$*'2N.*+)+)1-5$-D$)2'$*-.%C$;D)'*$

.'2N.*+)1-5$ )*'+)/'5)I$ ,'$ (+5$ +E+15$ -57N$ -?%'*H'$ )2'$ %&15$ )*+5%1)1-5$ +)$ *--/$ )'/&'*+)0*'$

<!9cR<d>$e$R[[$V$+5.$!9cR<f>$e$FR\$V>I$,21(2$/'+5%$ )2+)$ )2'$%+/&7'$&*'%'5)%$E--.$*'0%+?171)N$

<%''$ D1E0*'$FCB@>C$b-*'-H'*I$+%$+7*'+.N$-?%'*H'.$ 15$ )2'$ D1*%)$/'+%0*'/'5)$ <D1E0*'$FCBA>I$ )2'$

H+70'$-D$c#$+)$7-,$)'/&'*+)0*'$15(*'+%'%$D-*$)2'$.'2N.*+)'.$%+/&7'$+5.$)20%$)2'$&2'5-/'5-5$

+))*1?0)'.$)-$)2'$%)*0()0*+7$/-.1D1(+)1-5$('*)+157N$7-(+71L'.$+)$)2'$%0*D+('$-D$)2'$5+5-&+*)1(7'%$

1%$*'H'*%1?7'C$

 ! !W! "L&)(1/2"N-/'A0-%-*)'$

;%$,'$(+5$%''$15$D1E0*'$FCB\I$+$.*+%)1($(-7-*$(2+5E'$-D$)2'$%+/&7'$D*-/$&0*&7'$<7-,$%&15$

%)+)'>$ )-$ (-7-*7'%%$ <21E2$ %&15$ %)+)'>$ (+5$ ?'$ -?%'*H'.C$ "5.''.I$ (2+5E'%$ 15$ )2'$ <b=a>$ ?-5.$

.1%)+5('%$+DD'()$)2'$%N//')*N$+5.$'7'()*-51($%)+)'%$-D$/')+7$(-/&7'J'%C$gh=H1%$%&'()*-%(-&N$

1%$+$H'*N$0%'D07$)--7$D-*$)2'$.')'*/15+)1-5$-D$)2'$(2+5E'%$-D$'7'()*-51($%)+)'%$.0'$)-$)2'$8TU$

&2'5-/'5-5C$gh$%&'()*-%(-&N$,+%$*'(-*.'.$0%15E$ghch1%$%&'()*-&2-)-/')'*$'`01&&'.$,1)2$

+$a+?%&2'*'$#8;=36=R:$15)'E*+)15E$%&2'*'C$M-)2$/'+%0*'/'5)%$15$)2'$a8$+5.$Q8$%)+)'%$,'*'$

&'*D-*/'.$+)$*--/$)'/&'*+)0*'$<,1)215$)2'$2N%)'*'%1%$7--&>C$!2'$%+/&7'$,+%$2'+)'.$-*$(--7'.$

-0)$-D$)2'$gh=h1%1?7'$%')0&$0%15E$+5$-H'5$-*$71`01.$51)*-E'5I$*'%&'()1H'7NC$

$

 1E0*'$FCB\M"T-7-*$(2+5E'$<0&>$+5."gh$%&'()*-%(-&N$<?-))-/>$-D$)2'$%+/&7'$36C$
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"5$)2'$a8$%)+)'$-D$)2'$(-/&7'J$-5'$(+5$-?%'*H'$)2'$9;$i$9!$+?%-*&)1-5$('5)'*'.$+)$AF:$

5/C$ 8,1)(215E$ D*-/$ )2'$ a8$ )-$ )2'$ Q8$ %)+)'$ 7'+.%$ )-$ )2'$ <*'H'*%1?7'>$ ?7'+(215E$ -D$ )2'$

+?%-*&)1-5$?+5.$+)$AF:$5/$+5.$+$,'+4I$?*-+.$+?%-*&)1-5$+&&'+*%$15$)2'$5'+*$15D*+*'.$*+5E'I$

,21(2$(+5$?'$+%%1E5'.$)-$)2'$A!$i$A6$)*+5%1)1-5C$$

!21%$(7'+*$(-7-*$(2+5E'$&'*/1)%$)-$%)0.N$+7%-$)2'$-&)1(+7$?'2+H1-*$-D$)2'$(-/&-05.$15$)2'$

H1%1?7'$ *+5E'$ <%''$ D1E0*'$FCB[=FCBO>C$!2'$ )2'*/+7$H+*1+)1-5$-D$ )2'$ *'D7'()+5('$%2-,%$!9cR<d>$e$

9\R$V$ +5.$!9cR<f$ >$e$ 9[R$V$ D-*$ )2'$ 2N.*+)'.$ +5.$!9cR<d>$e$ R[F$V$ +5.$!9cR<f>$e$ F9@$V$ D-*$ )2'$

.'2N.*+)'.$ %+/&7'$36!" "5$ )2'$(+%'$-D$ %+/&7'$34I"!9cR<d>$e$9BA$V$+5.$!9cR<f$ >e$9AR$V$ D-*$ )2'$

.'2N.*+)'.$ %+/&7'C$ ;77$ )2'%'$ *'%07)%$ (-/&+*'$ ,'77$ ,1)2$ )2'$ /+E5')1($ /'+%0*'/'5)%$ +5.$

(-5D1*/$)2'$7+*E'$2N%)'*'%1%$7--&$&'*D'()7N$('5)'*'.$+)$*--/$)'/&'*+)0*'j$)2'$%71E2)$.'H1+)1-5$

-D$ )2'$ )*+5%1)1-5$ )'/&'*+)0*'$?'15E$.0'$ )-$ )2'$.1DD'*'5('$-D$ )2'$2'+)15E$+5.$(--715E$*+)'%$ <R$

VY/15=9$D-*$/+E5')1($/'+%0*'/'5)%$+5.$B$VY/15=9$D-*$*'D7'()1H1)N$/'+%0*'/'5)%>C$$

$

$

 1E0*'$FCB[]$U&)1(+7$*'D7'()1H1)N$/'+%0*'/'5)%$-D$%+/&7'$36$<2N.*+)'.$%+/&7'$15$?7+(4$+5.$.'2N.*+)'.$

%+/&7'$15$*'.>C$

$

 1E0*'$FCBO]$U&)1(+7$*'D7'()1H1)N$/'+%0*'/'5)%$-D$%+/&7'$34$<.'2N.*+)'.$%+/&7'>C$

-H2O 
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g%15E$)21%$-&)1(+7$/')2-.I$1)$,+%$+7%-$&-%%1?7'$)-$(-5)*-7$)2+)$)2'$8TU$&*-&'*)1'%$*'/+15$

05+7)'*'.$ 0&-5$ %'H'*+7$ )2'*/+7$ (N(7'%$ +D)'*$ +$ &*'71/15+*N$ .'2N.*+)1-5$ &*-('%%$ <%''$ D1E0*'$

FCA:>C$!2'$(0*H'%$%2-,$5-$%1E51D1(+5)$/-.1D1(+)1-5$-D$)2'$%&15$(*-%%-H'*$&*-&'*)1'%$+D)'*$)2'$

)'5)2$)2'*/+7$(N(7'C$

$

 1E0*'$FCA:]$U&)1(+7$*'D7'()1H1)N$/'+%0*'/'5)%$D-*$)'%)15E$)2'$2N%)'*'%1%$*'&*-.0(1?171)N$-D$%+/&7'$36"

<15$?7+(4$)2'$D1*%)$(N(7'$+5.$15$*'.$)2'$)'5)2$(N(7'>$

 ! !W!="V(++-0-*)(/2"K1/**(*@"#/2$0(%-)0G$

!2'$_8T$(0*H'%$,'*'$+7%-$*'(-*.'.$15$)2'$2'+)15E$+5.$(--715E$/-.'%$+)$A$Vc/15$15$-*.'*$

)-$'H+70+)'$)2'$'5)2+7&N$<kQ>$+5.$'5)*-&N$<k8>$H+*1+)1-5%$+%%-(1+)'.$,1)2$)2'$%&15$)*+5%1)1-5$

-D$%+/&7'$36$<%''$D1E0*'$FCA9>C$$

$

$

$

$

$

$

$

$

 1E0*'$FCA9]$_8T$/'+%0*'/'5)%$-D$)2'$2N.*+)'.$<7'D)>$+5.$.'2N.*+)'.$<*1E2)>$%+/&7'$36"-5$)2'$

2'+)15Ec(--715E$/-.'%$
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#'%&'()1H'7NI$)2'$_8T$(0*H'%$%2-,$%15E07+*1)1'%$+)$!9cR<d>$e$9\F$V$+5.$!9cR<f>$e$9[A$V$D-*$

2N.*+)'.$ %+/&7'$ +5.$ +)$ !9cR<d>$ e$ RO:$ V$ +5.$ !9cR<f>$ e$ FR9$ V$ D-*$ .'2N.*+)'.$ %+/&7'C$ "5$

(-/&+*1%-5$ ,1)2$ )2'$ /+E5')1($ /'+%0*'/'5)%I$ )2'$ %71E2)$ .'H1+)1-5$ -D$ )2'$ )*+5%1)1-5$

)'/&'*+)0*'$(-07.$?'$+%%-(1+)'.$)-$)2'$.1DD'*'5('$-D$)2'$2'+)15E$+5.$(--715E$*+)'%$<9:$VY/15=9$

D-*$_8T$/'+%0*'/'5)%>C$!2'$'%)1/+)'.$kQ$+5.$k8$+%%-(1+)'.$,1)2$)2'$8TU$+*'$9R$Vlc/-7$

+5.$BF$lc/-7YVI$*'%&'()1H'7NI$,2'5$(-**'()'.$?N$)2'$*'%1.0+7$Q8$D*+()1-5$+)$7-,$)'/&'*+)0*'$
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%&71))15EI G/2 n$2+7D$,1.)2$+)$2+7D$/+J1/0/>$-D$)2'$.'2N.*+)'.$%+/&7'$36$

Sample 12 
HS state LS state HS fraction 

δ DEQ G/2 δ DEQ G/2  

300 K 1.05(80) 2.68(16) 0.11(12)    100% 

240 K 1.09(13) 2.83(25) 0.20(21) 0.46(35) 0.23(63) 0.14(58) 29% 

80 K 1.17(16) 3.23(32) 0.20(27) 0.50(59) 0.22(13) 0.17(11) 30% 
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&*'%'5)$%)0.NI$+$7+*E'$2N%)'*'%1%$7--&$-D$A:$V$&'*D'()7N$('5)'*'.$+)$*--/$)'/&'*+)0*'$<!9cR<d>$e$

R\[$ V$ +5.$ !9cR<f>$ e$ FR\$ V>$ +*'$ D-05.$ D-*$ /1(*-=*-.%$ ?+%'.$ -5$ )2'$ P '<Q)*L>F<T F8UF>RS$
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Mössbauer spectroscopy, also known as nuclear gamma resonance fluorescence spec- 

troscopy, is a technique that probes transitions between the ground and low-lying excited 

states of the nucleus. The nucleus most favourite and amenable to Mössbauer spectroscopy is 

57
Fe and hence iron containing compounds are widely investigated. Because of sharp nuclear 

transitions, the Mössbauer effect provides an extremely high energy resolution in the range of 

neV (with the γ-ray energy in the keV range) and, hence, it can be used to probe the chemical 

environment of a nucleus via its hyperfine interactions with the surrounding electron 

distribution. The atoms surrounding a Mössbauer nucleus influence the local electronic field 

around this nucleus and therefore, one can characterize the type of bonding. The Mössbauer 

technique is widely used in many branches of science including solid-state physics, chemistry, 

biophysics, materials science, geology, biology and mineralogy. Recently, miniaturized 

Mössbauer spectrometers were sent to the planet Mars for the exploration of the surface of the 

planet to access past climate conditions and their suitability for life.  

The Mössbauer effect is the recoil-free emission and absorption of a γ-quantum in a 

transition between the ground state and an excited state of certain nuclei bound in a solid. It 

can be well described in terms of quantum mechanical phenomena. A source nucleus in an 

excited state of energy E0 undergoes a transition to the ground state Eg by emitting a γ-

quantum of energy E0 = Ee − Eg. This γ-quantum may be resonantly absorbed by another 

nucleus of the same isotope, which then undergoes a transition from its ground state to its 

excited state. After the resonant absorption of the γ-quantum, the absorbing nucleus stays in 

the excited state for the mean lifetime τ (=141.8 ns for 
57

Fe). The subsequent deexcitation to 

its ground state either results in emission of either a conversion electron due to internal 

conversion (energy transfer from nucleus to the innermost electron shell) or a γ-quantum 

(nuclear resonance fluorescence). So in Mössbauer spectroscopy both a source (γ-emitter) and 

an absorber (the material under investigation) are needed. This phenomenon was discovered 

by Rudolf Ludwig Mößbauer in 1957, for which he received the Nobel prize in physics in 

1961.  
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Electromagnetic waves interact with the nuclei in atoms by various processes that can 

follow resonant absorption of γ-quanta. In transmission Mössbauer spectroscopy, one counts 

the γ-quanta transmitted through the absorber versus the Doppler-shifted energy (in velocity 

units, mm s
-1

). The recorded spectrum is characterized by line shapes, positions, intensities 

and widths. The most important Mössbauer spectral parameters are the isomer shift, electric 

quadrupole splitting and magnetic dipole splitting. They arise from the hyperfine interactions 

between the nucleus and its surrounding electric and/or magnetic field. As a consequence 

there will be a small perturbation in the nuclear energy levels. These hyperfine interactions 

are very small compared to the energy levels of the nucleus itself. The other important 

parameters are line width, Lamb-Mössbauer factor and relativistic effects (second-order 

Doppler shift).  

 

.

N<.FX97,62.;+,768539.=9655,23+^..

In Mössbauer spectroscopy, the process of recoil-free absorption or scattering of resonant 

photons by an ensemble of nuclei is essentially an elastic scattering process. The 

corresponding probability is given by the Lamb-Mössbauer factor fLM. Incident photons E ≠ 

14.4 keV are treated as nonresonant absorption, which may constitute the background and 

baseline of the spectrum. However, nuclear resonant scattering is also possible for the incident 

photons E ≠ 14.4 keV due to the influence of lattice dynamics on the absorption of γ-quanta 

by nuclei. In this case, the interaction involves the recoil of the scattering nucleus with energy 

transfer from or to the crystal lattice in order to fulfil the resonance condition. This process of 

Mössbauer Equipment 

LCC Toulouse 
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absorption with recoil (recoil fraction, 1−f) is called nuclear inelastic scattering (NIS), which 

appears as sidebands over an energy range of about ±100 meV.  

Soon after the discovery of the Mössbauer effect, it was proposed by theorists that lattice 

vibrations should occur as sidebands of the absorption line, permitting the measurement of a 

phonon spectrum. However, in a conventional Mössbauer experiment it is very difficult to 

observe such vibrational sidebands that appear roughly ±100 meV in the vicinity of a 

resonance transition energy. The main reasons, which do not allow for the observations of 

sidebands are: 1. to scan an energy range of ±100.0 meV with Doppler shift, one needs a 

velocity of about 2080.1 m s
-1 and it is practically difficult to achieve such a high velocity 

with a good count rate and 2. a very intense radiation is required since the energy range of the 

phonon spectrum is typically 10
7 

times broader than the nuclear line width and the spreading 

of the recoil absorption probability over this energy range makes the cross section of inelastic 

scattering weak. Therefore, a very intense beam with typically 10
8
 phonons s

-1 is required and 

hence NIS is generally performed at synchrotron radiation sources. NIS does not deal with 

phonon dispersion relations but gives direct access to the vibrational density of phonon states 

(VDOS).  

 

.
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>$()/"#! ?@AB#2(C#

#

#

#

T (K) 

HS doublet HS doublet LS doublet 

Area 

δ  DEQ G/2 δ DEQ G/2 δ DEQ G/2 

310 1.07(1) 1.18(2) 0.17(1) 0.96(1) 2.00(4) 0.25    89/11/0 

200 1.18(4) 1.52(8) 0.23(3) 1.13 2.99 0.28(3) 0.421(4) 0.427(7) 0.163(5) 12/10/78 

160 1.12(1) 1.94(1) 0.23(1) 1.14(7) 2.99(8) 0.25 0.437(6) 0.388(7) 0.165(8) 12/10/78 

140 1.19(6) 2.06(9) 0.23 1.18(6) 3.06(8) 0.23 0.447(6) 0.371(9) 0.164(7) 12/10/78 

120 1.26(3) 2.16(9) 0.22 1.21(7) 3.08(9) 0.25 0.443(5) 0.381(9) 0.169(7) 13/10/77 

100 1.22(5) 2.24(1) 0.25 1.17(5) 3.12(9) 0.22 0.456(5) 0.355(7) 0.168(7) 12/10/78 

80 1.26(5) 2.20(1) 0.20 1.19(5) 3.20(9) 0.20 0.461(9) 0.33(1) 0.18(1) 12/11/77 
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#

#

#

T (K) 

HS doublet HS doublet LS doublet 

Area 

δ DEQ G/2 δ DEQ G/2 δ DEQ G/2 

310 1.047(5) 1.19(1) 0.169(9) 1.02(8) 2.21(2) 0.25(2)    89/11/0 

160 1.19(5) 2.07(9) 0.17 1.16(7) 3.08(1) 0.22 0.437(8) 0.367(1) 0.169(8) 12/10/78 

140 1.17(3) 2.08(5) 0.18(5) 1.18(3) 3.10(7) 0.21(6) 0.449(4) 0.346(6) 0.167(6) 12/11/77 

120 1.21(4) 2.19(7) 0.23(7) 1.13(3) 3.16(8) 0.22(7) 0.454(4) 0.359(6) 0.172(5) 12/11/77 

100 1.23(3) 2.19(5) 0.21(5) 1.16(3) 3.14(8) 0.23 0.464(4) 0.356(6) 0.174(5) 13/11/76 

80 1.25(3) 2.29(5) 0.20(5) 1.16(3) 3.21(7) 0.21(6) 0.459(4) 0.343(6) 0.181(5) 13/10/77 
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T (K) 

HS doublet HS doublet LS doublet 

Area 

δ DEQ G/2 δ DEQ G/2 δ DEQ G/2 

310 1.06 (1) 1.28(1) 0.2(1) 0.89(1) 2.1 0.3 0.44 0.36 0.2 80/11/8 

200 1.12(1) 1.502(8) 0.202(6) 1.13(3) 2.62(1) 0.32(2) 0.413(9) 0.51(2) 0.2(1) 62/14/24 

120 1.11(1) 1.90(1) 0.19(1) 1.19(1) 2.9 0.28(2) 0.494(6) 0.359(9) 0.176(8) 20/16/64 

110 1.11(1) 1.96(1) 0.25(1) 1.19(1) 2.9 0.33(2) 0.491(3) 0.369(5) 0.181(4) 17/17/66 

100 1.13(1) 1.93(1) 0.28(1) 1.26 2.9 0.30(1) 0.489(5) 0.376(8) 0.178(4) 17/16/67 

90 1.15(1) 1.99(1) 0.33(1) 1.26(2) 2.9 0.34(1) 0.489(4) 0.380(6) 0.183(5) 18/15/67 

80 1.15 1.96(1) 0.33(1) 1.22(1) 2.91(1) 0.25 0.487(5) 0.383(8) 0.187(7) 22/12/66 
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T (K) 

HS doublet HS doublet LS doublet 

Area 

δ DEQ G/2 δ DEQ G/2 δ DEQ G/2 

310    1.06(1) 1.22(3) 0.20(1) 0.92(1) 2.01(1) 0.28(2) 0.51(1) 0.49(1) 0.20(1) 63/21/16 

200 1.12(1) 1.85(1) 0.3(1) 1.1 2.6 0.33(1) 0.42(1) 0.36(2) 0.18(1) 51/18/31 

160 1.12(1) 2.04(1) 0.28(1) 1.2 2.8 0.25(1) 0.46(1) 0.35(1) 0.18(1) 48/13/39 

120 1.15(1) 2.22(1) 0.29(1) 1.2 2.8 0.27(1) 0.47(1) 0.36(1) 0.17(1) 42/18/40 

80 1.17(1) 2.31(1) 0.34(1) 1.25(5) 2.9 0.28(1) 0.472(9) 0.37(1) 0.18(1) 46/15/39 
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T (K) 

HS doublet HS doublet LS doublet 

Area 

δ DEQ G/2 δ DEQ G/2 δ DEQ G/2 

310 1.054(8) 1.31(1) 0.23(1) 1.14(2) 2.0 0.3 0.348(7) 0.68 0.224(8) 33/10/56 

125 1.09(1) 2.31(1) 0.23(1) 1.31(1) 2.80(1) 0.30(1) 0.478(6) 0.57(1) 0.253(8) 30/6/64 

115 1.10(1) 2.34(1) 0.29(1) 1.34(1) 2.80(6) 0.3 0.483(6) 0.566(8) 0.256(7) 30/7/63 

105 1.11(1) 2.33(2) 0.26(1) 1.29(1) 2.8 0.26(1) 0.475(7) 0.55(1) 0.268(9) 26/10/64 

95 1.13(1) 2.37(1) 0.28(1) 1.32(1) 2.8 0.30(1) 0.472(9) 0.56(1) 0.26(1) 29/8/63 

85 1.13(1) 2.36(1) 0.27(1) 1.3 2.8 0.28(1) 0.47(1) 0.57(1) 0.27(1) 28/10/63 
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