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6)',1-'%/!*-)/(!2*!6,)!-18)16-21!

S,,,-T!

L\Y!dfYgYbh!]bjYbh]cb!fY`UhYg!hc!h\Y!hYW\bc`c[m!cZ!

U``cmg!k]h\!YlWY``Ybh!Wcffcg]cb!fYg]ghUbWY!UbX!aYW\Ub]WU`!

dfcdYfh]Yg!UbX(!]b!dUfh]Wi`Uf(!hc!Ub!U``cm!Ufh]W`Y!fYZYffYX!-,!

hc!Ug!\][\!Ybhfcdm!U``cm(!U!dfcXiWh!ZcfaYX!cZ!h\Y!U``cm!

Ufh]W`Y(!UbX!U!Z`i]X!aUW\]bY!\Uj]b[!h\Y!dfcXiWh*!!!

!

()5'4-36-21!2*!&%'.+4271(!%46!

S,,,.T!-1!

9!\][\!Ybhfcdm!U``cm!%A>9&!\Ug!fYWYbh`m!VYYb!XYjY`cdYX!

Ug!Ub!U``cm!VUgYX!cb!U!bYk!hYW\bc`c[]WU`!WcbWYdh!k\]W\!]g!

Wcad`YhY`m!X]ZZYfYbh!Zfca!h\Y!WcbWYdh!cZ!WcbjYbh]cbU`!

U``cmg!%Y*[*(!Ub!U``cm!]b!k\]W\!U!h]bm!Uacibh!cZ!ai`h]d`Y!

_]bXg!cZ!giVWcadcbYbh!Y`YaYbhg!]g!UXXYX!hc!cbY!hc!h\fYY!.,!

_]bXg!cZ!aU]b!WcadcbYbh!Y`YaYbhg&*!!L\Y!A>9!]g!XYZ]bYX!Ug!Ub!

U``cm!WcbZ][if]b[!acfY!h\Ub!Z]jY!_]bXg!cZ!aU]b!aYhU``]W!

Y`YaYbhg(!YUW\!\Uj]b[!U!WcbhYbh!cZ!1!hc!/1!Uhca]W!$(!UbX!]h!

]g!_bckb!h\Uh!h\Y!A>9!YldfYggYg!W\UfUWhYf]gh]Wg!Ug!

XYgWf]VYX!VY`ck*!!!.1!



!

)!.!)

S,,,/T!

L\Ym!WUb!VY!YbiaYfUhYX(!Y*[*(!%U&!ghUV]`]nUh]cb!cZ!h\Y!

a]lYX!ghUhY!fYgi`h]b[!Zfca!h\Y!bY[Uh]jY`m)]bWfYUg]b[!a]l]b[!

Ybhfcdm!hYfa!]b!h\Y!Zcfai`U!cZ!@]VVg!ZfYY!YbYf[m7!%V&!

Uhca]W!X]ZZig]cb!XY`Um!XiY!hc!Wcad`]WUhYX!a]WfcghfiWhifY7!1!

%W&!]adfcjYX!aYW\Ub]WU`!W\UfUWhYf]gh]Wg!fYgi`h]b[!Zfca!\][\!

`Uhh]WY!X]ghcfh]cb!XiY!hc!X]ZZYfYbh!g]nYg!cZ!Wcbgh]hiYbh!

Uhcag7!UbX!%X&!]adfcjYX!Wcffcg]cb!fYg]ghUbWY!Ug!h\Y!fYgi`h!

cZ!WcaV]bYX!YZZYWhg!cZ!WcYl]ghYbWY!cZ!ai`h]d`Y!Y`YaYbhg!

%U`gc!fYZYffYX!hc!Ug!U!#WcW_hU]`!YZZYWh#&*!!!-,!

S,,,0T!

?cf!YlUad`Y(!IUhYbh!E]hYfUhifY!-!%CI!.,,.)-3/3/.!9&!

X]gW`cgYg!U!\][\!Ybhfcdm!ai`h]WcadcbYbh!U``cm!dfcXiWYX!Vm!

WUgh]b[!cf!gmbh\Yg]n]b[!ai`h]d`Y!_]bXg!cZ!aYhU``]W!Y`YaYbhg(!

k\YfY]b!h\Y!U``cm!WcbhU]bg!Z]jY!hc!Y`YjYb!_]bXg!cZ!aU]b!-1!

aYhU``]W!Y`YaYbhg!UbX!h\Y!ac`Uf!biaVYf!cZ!YUW\!_]bX!cZ!aU]b!

aYhU``]W!Y`YaYbh!]g!1$!hc!/,$!cZ!h\Y!hchU`!ac`Uf!biaVYf!cZ!

h\Y!U``cm*!!?ifh\YfacfY(!h\Y!aU]b!aYhU``]W!Y`YaYbhg!UfY!

gY`YWhYX!Zfca!U!aYhU``]W!Y`YaYbh![fcid!WcbhU]b]b[!U`ia]bia!

%9`&(!h]hUb]ia!%L]&(!jUbUX]ia!%N&(!W\fca]ia!%<f&(!]fcb!%?Y&(!.,!

WcVU`h!%<c&(!b]W_Y`!%G]&(!WcddYf!%<i&(!n]fWcb]ia!%Rf&(!

ac`mVXYbia!%Fc&(!dU``UX]ia!%IX&(!UbX!g]`jYf!%9[&*!!!

S,,,1T!

9WWcfX]b[!hc!IUhYbh!E]hYfUhifY!-(!h\YfY!WUb!VY!dfcj]XYX!

U!\][\!Ybhfcdm!ai`h]WcadcbYbh!U``cm!k]h\!\][\Yf!\UfXbYgg(!.1!



!

)!/!)

\][\Yf!\YUh!fYg]ghUbWY(!UbX!\][\Yf!Wcffcg]cb!fYg]ghUbWY(!]b!

U!WUgh!ghUhY(!h\Ub!WcbjYbh]cbU`!WUfVcb!ghYY`g!UbX!U``cm!

WUfVcb!ghYY`g*!!AckYjYf(!h\]g!\][\!Ybhfcdm!ai`h]WcadcbYbh!

U``cm!]g!\UfX!hc!dfcWYgg!XiY!hc!]hg!\][\!\UfXbYgg!UbX!

hYadYf!gcZhYb]b[!fYg]ghUbWY(!k\]W\!aU_Yg!]h!X]ZZ]Wi`h!hc!1!

ZUVf]WUhY!U!aYaVYf!k]h\!U!XYg]fYX!g\UdY!Vm!d`Ugh]W!kcf_]b[!

cf!aUW\]b]b[*!!!

S,,,2T!

9g!U!gc`ih]cb!hc!h\Y!UVcjY!dfcV`Ya!k]h\!IUhYbh!

E]hYfUhifY!-(!IUhYbh!E]hYfUhifY!.!%OH!.,-3+-/4-5-!9-&!-,!

X]gW`cgYg!Ub!U``cm!aYaVYf!\Uj]b[!U!W\Ya]WU`!Wcadcg]h]cb!

]bW`iX]b[!<c(!<f(!?Y(!G]!UbX!L](!YUW\!k]h\]b!U!fUb[Y!cZ!1!

Uhca]W!$!cf!acfY!UbX!/1!Uhca]W!$!cf!`Ygg(!Fc!k]h\]b!U!fUb[Y!

cZ!acfY!h\Ub!,!Uhca]W!$!UbX!4!Uhca]W!$!cf!`Ygg(!UbX!U!

VU`UbWY!cZ!]bYj]hUV`Y!]adif]h]Yg*!!Bb!h\Y!U``cm!aYaVYf(!-1!

i`hfUZ]bY!dUfh]W`Yg!k]h\!Ub!UjYfU[Y!dUfh]W`Y!g]nY!cZ!0,!ba!

cf!`Ygg!UfY!X]gdYfgYX`m!dfYW]d]hUhYX!]b!aUhf]l!d\UgY!

WfmghU`g*!!!

S,,,3T!

9WWcfX]b[!hc!IUhYbh!E]hYfUhifY!.(!h\YfY!WUb!VY!dfcj]XYX!.,!

Ub!U``cm!aYaVYf!h\Uh!]g!ZcfaYX!cZ!U!\][\!Ybhfcdm!U``cm!k]h\!

\][\!aYW\Ub]WU`!ghfYb[h\!UbX!\][\!Wcffcg]cb!fYg]ghUbWY!UbX!

]g!YlWY``Ybh!]b!U``cm!Wcadcg]h]cb(!a]WfcghfiWhifU`!

\cac[YbY]hm(!UbX!g\UdY!Wcbhfc``UV]`]hm*!!!

.1!
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'-6%6-21!/-56!

3%6)16!/-6)4%674)!

S,,,4T!

IUhYbh!`]hYfUhifY!-6!CI!.,,.)-3/3/.!97!UbX!!

IUhYbh!`]hYfUhifY!.6!OH!.,-3+-/4-5-!9-*!!1!

!

5700%4<!2*!6,)!-18)16-21!

342&/)05!62!&)!52/8)(!&<!6,)!-18)16-21!

S,,,5T!

9h!dfYgYbh(!fYgYUfW\!]g!VY]b[!WcbXiWhYX!cb!dcgg]V`Y!-,!

igYg!cZ!\][\!Ybhfcdm!U``cmg!Ug!aUhYf]U`g!Zcf!c]`!kY``!

Yei]daYbh!Zcf!Xf]``]b[!Zcf!WfiXY!c]`!UbX!bUhifU`![Ug!UbX!

aUhYf]U`g!Zcf!W\Ya]WU`!d`Ubhg*!!K]bWY!c]`!kY``!Yei]daYbh!]g!

igYX!]b!U!gYjYfY!Ybj]fcbaYbh!cZ!c]`!kY``!Xf]``]b[!%Y*[*(!

YldcgYX!hc!U!\][\`m!Wcffcg]jY![Ug!cf!`]ei]X!]b!Ub!-1!

]bhYfaYX]UhY!hYadYfUhifY!fUb[Y(!]*Y*(!Uh!U!hYadYfUhifY!cZ!

id!hc!UfcibX!/1,(<&(!]hg!aUhYf]U`g!UfY!fYei]fYX!hc!\UjY!\][\!

Wcffcg]cb!fYg]ghUbWY*!!!

S,,-,T!

O]h\!h\Y!fYWYbh!hfYbX!hckUfX![fYUhYf!XYdh\g!]b!c]`!kY``!.,!

Xf]``]b[(!h\Y!ghfYgg!ibXYf!k\]W\!c]`!kY``!Yei]daYbh!]g!

cdYfUhYX!\Ug!]bYj]hUV`m!VYWcaY!\][\Yf!h\Ub!YjYf!VYZcfY(!

fYei]f]b[!U``cm!aUhYf]U`g!Zcf!c]`!kY``!Yei]daYbh!hc!\UjY!

VYhhYf!aYW\Ub]WU`!dfcdYfh]Yg*!!!

S,,--T!.1!
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)!1!)

L\Y!U``cm!aYaVYf!X]gW`cgYX!]b!IUhYbh!`]hYfUhifY!.!]g!

Wcbg]XYfYX!hc!VY!\][\`m!dfca]g]b[!Ug!]h!Yl\]V]hg!YlWY``Ybh!

g\UdY!Wcbhfc``UV]`]hm!UbX!XiWh]`]hm!k]h\cih!gUWf]Z]W]b[!

W\UfUWhYf]gh]Wg!Ug!Ub!A>9!%Y*[*(!YlWY``Ybh!aYW\Ub]WU`!

dfcdYfh]Yg!UbX!\][\!Wcffcg]cb!fYg]ghUbWY&*!!AckYjYf(!1!

Wcbg]XYf]b[!h\Y!gYjYfYf!igU[Y!Ybj]fcbaYbh!XiY!hc!h\Y!

]bWfYUg]b[!Xf]``]b[!XYdh\(!]h!]g!XYg]fYX!h\Uh!YjYb!VYhhYf!

aYW\Ub]WU`!dfcdYfh]Yg!%Y*[*(!hYbg]`Y!ghfYb[h\!UbX!\UfXbYgg&!

UbX!YjYb!\][\Yf!Wcffcg]cb!fYg]ghUbWY!h\Ub!h\Y!U``cm!aYaVYf!

cZ!IUhYbh!`]hYfUhifY!.!VY!UW\]YjYX*!!!-,!

S,,-.T!

Badfcj]b[!hYbg]`Y!ghfYb[h\!Wcbhf]VihYg!hc(!Y*[*(!

]bWfYUg]b[!h\Y!fchUh]cbU`!gdYYX!cZ!U!fchUfm!aYaVYf!]b!U!

Z`i]X!aUW\]bY!%]*Y*(!]bWfYUg]b[!h\Y!X]gW\Uf[Y!Z`ck!cf!

dfYggifY!cZ!h\Y!Z`i]X!aUW\]bY&*!!9`gc(!]adfcj]b[!\UfXbYgg!-1!

Wcbhf]VihYg!hc!]adfcj]b[!h\Y!Yfcg]cb!fYg]ghUbWY!cZ!U!fchUfm!

aYaVYf!]b!U!Z`i]X!aUW\]bY!%]*Y*(!]adfcj]b[!h\Y!XifUV]`]hm!

cZ!h\Y!Z`i]X!aUW\]bY&*!!!

S,,-/T!

Bb!j]Yk!cZ!h\Y!UVcjY(!]h!]g!Ub!cV^YWh]jY!cZ!h\Y!dfYgYbh!.,!

]bjYbh]cb!hc!dfcj]XY!Ub!U``cm!Ufh]W`Y!h\Uh!Yl\]V]hg!YjYb!

VYhhYf!aYW\Ub]WU`!dfcdYfh]Yg!UbX+cf!YjYb!\][\Yf!Wcffcg]cb!

fYg]ghUbWY!h\Ub!WcbjYbh]cbU`!A>9!Ufh]W`Yg!k]h\cih!

gUWf]Z]W]b[!h\Y!UhhfUWh]jY!dfcdYfh]Yg!cZ!WcbjYbh]cbU`!A>9g!

%YlWY``Ybh!aYW\Ub]WU`!dfcdYfh]Yg!UbX!\][\!Wcffcg]cb!.1!



!

)!2!)

fYg]ghUbWY&(!U!dfcXiWh!ZcfaYX!cZ!h\Y!U``cm!Ufh]W`Y(!UbX!U!

Z`i]X!aUW\]bY!\Uj]b[!h\Y!dfcXiWh*!!!

!

52/76-21!62!342&/)05!

S,,-0T!1!

%B&!9WWcfX]b[!hc!cbY!UgdYWh!cZ!h\Y!dfYgYbh!]bjYbh]cb(!

h\YfY!]g!dfcj]XYX!Ub!U``cm!Ufh]W`Y!k\]W\!\Ug!U!

dfYXYhYfa]bYX!W\Ya]WU`!Wcadcg]h]cb*!!L\Y!W\Ya]WU`!

Wcadcg]h]cb!]bW`iXYg6!<c(!<f(!?Y(!G]!UbX!L](!YUW\!k]h\]b!U!

fUb[Y!cZ!YeiU`!hc!cf!acfY!h\Ub!1!Uhca]W!$!UbX!YeiU`!hc!cf!-,!

`Ygg!h\Ub!/1!Uhca]W!$7!Fc!k]h\]b!U!fUb[Y!cZ!acfY!h\Ub!,!

Uhca]W!$!UbX!`Ygg!h\Ub!4!Uhca]W!$7!Ub!Y`YaYbh!k]h\!U!`Uf[Yf!

Uhca]W!fUX]ig!h\Ub!h\Y!Uhca]W!fUX]igYg!cZ!h\Y!<c(!<f(!?Y!

UbX!G]!k]h\]b!U!fUb[Y!cZ!acfY!h\Ub!,!Uhca]W!$!UbX!YeiU`!hc!

cf!`Ygg!h\Ub!0!Uhca]W!$7!UbX!U!VU`UbWY!cZ!]bYj]hUV`Y!-1!

]adif]h]Yg*!!!

S,,-1T!

Bb!h\Y!UVcjY!U``cm!Ufh]W`Y!%B&!cZ!h\Y!]bjYbh]cb(!h\Y!

Zc``ck]b[!acX]Z]WUh]cbg!UbX!W\Ub[Yg!WUb!VY!aUXY*!!!

%]&!L\Y!Y`YaYbh!k]h\!U!`Uf[Yf!Uhca]W!fUX]ig!aUm!VY!Uh!.,!

`YUgh!cbY!Zfca!Uacb[!LU!%hUbhU`ia&(!GV!%b]cV]ia&(!AZ!

%\UZb]ia&(!Rf!%n]fWcb]ia&(!UbX!Q!%mhhf]ia&*!!!

%]]&!9!hchU`!WcbhYbh!cZ!h\Y!Y`YaYbh!k]h\!U!`Uf[Yf!

Uhca]W!fUX]ig!UbX!h\Y!Fc!aUm!VY!YeiU`!hc!cf!`Ygg!h\Ub!4!

Uhca]W!$*!!!.1!



!

)!3!)

%]]]&!L\Y!W\Ya]WU`!Wcadcg]h]cb!aUm!Wcadf]gY6!h\Y!<c!

k]h\]b!U!fUb[Y!cZ!YeiU`!hc!cf!acfY!h\Ub!.,!Uhca]W!$!UbX!

YeiU`!hc!cf!`Ygg!h\Ub!/1!Uhca]W!$7!h\Y!<f!k]h\]b!U!fUb[Y!cZ!

YeiU`!hc!cf!acfY!h\Ub!-,!Uhca]W!$!UbX!YeiU`!hc!cf!`Ygg!h\Ub!

.1!Uhca]W!$7!h\Y!?Y!k]h\]b!U!fUb[Y!cZ!YeiU`!hc!cf!acfY!h\Ub!1!

-,!Uhca]W!$!UbX!YeiU`!hc!cf!`Ygg!h\Ub!.1!Uhca]W!$7!h\Y!G]!

k]h\]b!U!fUb[Y!cZ!YeiU`!hc!cf!acfY!h\Ub!-1!Uhca]W!$!UbX!

YeiU`!hc!cf!`Ygg!h\Ub!/,!Uhca]W!$7!UbX!h\Y!L]!k]h\]b!U!

fUb[Y!cZ!YeiU`!hc!cf!acfY!h\Ub!1!Uhca]W!$!UbX!YeiU`!hc!cf!

`Ygg!h\Ub!-1!Uhca]W!$*!!!-,!

%]j&!L\Y!U``cm!Ufh]W`Y!aUm!VY!U!dckXYf*!!!

%j&!L\Y!U``cm!Ufh]W`Y!aUm!VY!U!ZcfaYX!Ufh]W`Y(!UbX!h\Y!

ZcfaYX!Ufh]W`Y!aUm!Wcadf]gY6!aUhf]l!d\UgY!WfmghU`![fU]bg!

UbX!i`hfUZ]bY!dUfh]W`Yg!k]h\!Ub!UjYfU[Y!dUfh]W`Y!g]nY!cZ!

-,,!ba!cf!`Ygg(!h\Y!i`hfUZ]bY!dUfh]W`Yg!VY]b[!X]gdYfgYX`m!-1!

dfYW]d]hUhYX!]b!h\Y!aUhf]l!d\UgY!WfmghU`![fU]bg*!!!

%j]&!L\Y!i`hfUZ]bY!dUfh]W`Yg!aUm!Wcadf]gY!WfmghU``]bY!

dUfh]W`Yg!]b!h\Uh!h\Y!G]!UbX!h\Y!L]!UfY!acfY!WcbWYbhfUhYX!

h\Ub!]b!h\Y!aUhf]l!d\UgY!WfmghU`![fU]bg*!!!

%j]]&!L\Y!i`hfUZ]bY!dUfh]W`Yg!aUm!Zifh\Yf!Wcadf]gY!.,!

WfmghU``]bY!dUfh]W`Yg!]b!h\Uh!h\Y!Y`YaYbh!k]h\!U!`Uf[Yf!

Uhca]W!fUX]ig!]g!acfY!WcbWYbhfUhYX!h\Ub!]b!h\Y!aUhf]l!d\UgY!

WfmghU`![fU]bg*!!!

%j]]]&!9!dfcXiWh!cZ!U!\U`Z!cZ!h\Y!UjYfU[Y!dUfh]W`Y!g]nY!

cZ!h\Y!i`hfUZ]bY!dUfh]W`Yg!UbX!U!jc`iaY!fUh]c!cZ!h\Y!.1!



!

)!4!)

i`hfUZ]bY!dUfh]W`Yg!hc!h\Y!aUhf]l!d\UgY!WfmghU`![fU]bg!aUm!

VY!-2!ba!cf!`Ygg*!!!

%]l&!L\Y!aUhf]l!d\UgY!WfmghU`![fU]bg!aUm!VY!Yei]UlYX!

WfmghU`g!k]h\!Ub!UjYfU[Y!WfmghU`![fU]b!g]nY!cZ!YeiU`!hc!cf!

`Ygg!h\Ub!-1,!&a(!UbX!h\Y!Yei]UlYX!WfmghU`g!aUm!Wcadf]gY!1!

ZUWY)WYbhYfYX!WiV]W!WfmghU`g!cf!U!a]lhifY!cZ!ZUWY)WYbhYfYX!

WiV]W!WfmghU`g!UbX!g]ad`Y!WiV]W!WfmghU`g*!!!

S,,-2T!

%BB&!9WWcfX]b[!hc!Ubch\Yf!UgdYWh!cZ!h\Y!]bjYbh]cb(!U!

dfcXiWh!ZcfaYX!cZ!Ub!U``cm!Ufh]W`Y!]g!dfcj]XYX*!!L\Y!U``cm!-,!

Ufh]W`Y!]g!h\Y!UVcjY)XYgWf]VYX!U``cm!Ufh]W`Y(!UbX!h\Y!

dfcXiWh!\Ug!U!Wcffcg]cb!fUhY!cZ!`Ygg!h\Ub!,*5![+a.+\!k\Yb!

h\Y!dfcXiWh!]g!]aaYfgYX!]b!1$!Vc]`]b[!gi`Zif]W!UW]X!Uh!/31!

D*!!!

S,,-3T!-1!

Bb!h\Y!UVcjY!dfcXiWh!%BB&!cZ!h\Y!]bjYbh]cb(!h\Y!

Zc``ck]b[!acX]Z]WUh]cbg!UbX!W\Ub[Yg!WUb!VY!aUXY*!!!

%l&!L\Y!Wcffcg]cb!fUhY!aUm!VY!`Ygg!h\Ub!,*1![+a.+\*!!!

%l]&!L\Y!dfcXiWh!aUm!VY!Ub!]adY``Yf!cZ!U!Z`i]X!aUW\]bY*!!!

S,,-4T!.,!

%BBB&!9WWcfX]b[!hc!gh]``!Ubch\Yf!UgdYWh!cZ!h\Y!

]bjYbh]cb(!h\YfY!]g!dfcj]XYX!U!Z`i]X!aUW\]bY!k\]W\!

]bWcfdcfUhYg!h\Y!UVcjY)XYgWf]VYX!]adY``Yf*!!!

S,,-5T!

Bb!h\Y!UVcjY!Z`i]X!aUW\]bY!%BBB&!cZ!h\Y!]bjYbh]cb(!h\Y!.1!



!

)!5!)

Zc``ck]b[!acX]Z]WUh]cbg!UbX!W\Ub[Yg!WUb!VY!aUXY*!!!

%l]]&!L\Y!Z`i]X!aUW\]bY!aUm!VY!U!WcadfYggcf!cf!U!diad*!!!

%(8%16%+)5!2*!6,)!-18)16-21!

S,,.,T!1!

9WWcfX]b[!hc!h\Y!dfYgYbh!]bjYbh]cb(!]h!]g!dcgg]V`Y!hc!

dfcj]XY!Ub!U``cm!Ufh]W`Y!h\Uh!Yl\]V]hg!YjYb!VYhhYf!

aYW\Ub]WU`!dfcdYfh]Yg!UbX+cf!YjYb!\][\Yf!Wcffcg]cb!

fYg]ghUbWY!h\Ub!WcbjYbh]cbU`!A>9!Ufh]W`Yg!k]h\cih!

gUWf]Z]W]b[!h\Y!UhhfUWh]jY!dfcdYfh]Yg!cZ!WcbjYbh]cbU`!A>9g*!!-,!

?ifh\YfacfY(!]h!]g!dcgg]V`Y!hc!dfcj]XY!U!dfcXiWh!ZcfaYX!cZ!

h\Y!U``cm!Ufh]W`Y(!UbX!U!Z`i]X!aUW\]bY!\Uj]b[!h\Y!dfcXiWh*!!!

S,,.-T!

FYUbk\]`Y(!]h!]g!Wcbg]XYfYX!hc!XYdYbX!cb!h\Y!_]bX!cf!

dcfh]cb!cZ!h\Y!c]`!kY``!Yei]daYbh!k\Yh\Yf!hc![]jY!\][\Yf!-1!

df]cf]hm!hc!Y]h\Yf!h\Y!aYW\Ub]WU`!dfcdYfh]Yg!cf!h\Y!

Wcffcg]cb!fYg]ghUbWY!cZ!h\Y!U``cm!Ufh]W`Y!cf!h\Y!dfcXiWh(!

cf!hc!d`UWY!U!\][\!dfYa]ia!cb!h\Y!VU`UbWY!VYhkYYb!h\Y!hkc*!!

L\YfYZcfY(!]b!h\Y!]bjYbh]cb(!]h!]g!XYYaYX!giZZ]W]Ybh!]Z!Uh!

`YUgh!Y]h\Yf!h\Y!aYW\Ub]WU`!dfcdYfh]Yg!cf!h\Y!Wcffcg]cb!.,!

fYg]ghUbWY!]g!]adfcjYX!k]h\cih!gUWf]Z]W]b[!h\Y!dfcdYfh]Yg!

cZ!WcbjYbh]cbU`!A>9g*!!!

&4-)*!()5'4-36-21!2*!6,)!(4%9-1+5!

S,,..T!.1!



!

)!-,!)

?B@*!-!]g!Ub!YlYad`Ufm!dfcWYgg!W\Ufh!g\ck]b[!U!aYh\cX!

Zcf!aUbiZUWhif]b[!Ub!U``cm!Ufh]W`Y!UWWcfX]b[!hc!h\Y!dfYgYbh!

]bjYbh]cb7!!

?B@*!.!g\ckg!Ub!YlUad`Y!cZ!U!dfcXiWh!ZcfaYX!cZ!Ub!U``cm!

Ufh]W`Y!UWWcfX]b[!hc!h\Y!]bjYbh]cb(!UbX!]g!U!d\chc[fUd\!cZ!1!

Ub!]adY``Yf!cZ!U!Z`i]X!aUW\]bY7!!

?B@*!/!g\ckg!Ub!YlUad`Y!cZ!U!Z`i]X!aUW\]bY!\Uj]b[!U!

dfcXiWh!UWWcfX]b[!hc!h\Y!]bjYbh]cb(!UbX!]g!U!gW\YaUh]W!

XfUk]b[!]``ighfUh]b[!U!Wfcgg)gYWh]cbU`!j]Yk!cZ!U!

WYbhf]Zi[U`!WcadfYggcf!]bhc!k\]W\!h\Y!]adY``Yf!UWWcfX]b[!hc!-,!

h\Y!]bjYbh]cb!]g!]bWcfdcfUhYX7!!

?B@*!0!]g!Ub!]bjYfgY!dc`Y!Z][ifY!aUd!g\ck]b[!Ub!YlUad`Y!

cZ!U!a]WfcghfiWhifY!cZ!Ub!U``cm!9F!Ufh]W`Y!ZcfaYX!Zfca!

U``cm!dckXYf!I.(!j]YkYX!Zfca!U!X]fYWh]cb!dYfdYbX]Wi`Uf!hc!U!

Vi]`X]b[!X]fYWh]cb7!!-1!

?B@*!19!]g!Ub!]bjYfgY!dc`Y!Z][ifY!aUd!g\ck]b[!Ub!

YlUad`Y!cZ!U!a]WfcghfiWhifY!cZ!U``cm!ZcfaYX!Ufh]W`Y!?9.(!

ZcfaYX!Zfca!h\Y!U``cm!dckXYf!I.(!j]YkYX!Zfca!U!X]fYWh]cb!

dYfdYbX]Wi`Uf!hc!h\Y!Vi]`X]b[!X]fYWh]cb7!!

?B@*!1;!]g!Ub!]bjYfgY!dc`Y!Z][ifY!aUd!g\ck]b[!Ub!.,!

YlUad`Y!cZ!U!a]WfcghfiWhifY!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y!?9.(!

ZcfaYX!Zfca!h\Y!U``cm!dckXYf!I.(!j]YkYX!Zfca!h\Y!Vi]`X]b[!

X]fYWh]cb7!!

?B@*!2!]g!U!\][\)Ub[`Y!Ubbi`Uf!XUf_)Z]Y`X!]aU[Y!%A99=?!

]aU[Y&!k]h\!Y`YaYbhU`!aUdg!UbX!Ub!Y`YWhfcb!X]ZZfUWh]cb!.1!



!

)!--!)

dUhhYfb!cZ!i`hfUZ]bY!dUfh]W`Yg!ig]b[!U!gWUbb]b[!

hfUbga]gg]cb!Y`YWhfcb!a]WfcgWcdY+YbYf[m)X]gdYfg]jY!P)fUm!

UbU`mnYf!%KL>F)>=P&(!g\ck]b[!Ub!YlUad`Y!cZ!U!a]WfcghfiWhifY!

cZ!U``cm!ZcfaYX!Ufh]W`Y!?91(!ZcfaYX!Zfca!U``cm!dckXYf!I17!!

?B@*!3!]g!Ub!A99=?!]aU[Y!g\ck]b[!Ub!YlUad`Y!cZ!U!1!

a]WfcghfiWhifY!cZ!U``cm!ZcfaYX!Ufh]W`Y!?90(!ZcfaYX!Zfca!

U``cm!dckXYf!I07!UbX!!

?B@*!4!]g!Ub!]bjYfgY!dc`Y!Z][ifY!aUd!g\ck]b[!Ub!YlUad`Y!

cZ!U!a]WfcghfiWhifY!cZ!U``cm!ZcfaYX!Ufh]W`Y!?9.O(!ZcfaYX!

Zfca!h\Y!U``cm!dckXYf!I.(!j]YkYX!Zfca!U!X]fYWh]cb!-,!

dYfdYbX]Wi`Uf!hc!h\Y!Vi]`X]b[!X]fYWh]cb*!!!

!

()6%-/)(!()5'4-36-21!2*!6,)!34)*)44)(!)0&2(-0)165!

S,,./T!

%;Ug]W!<cbWYdh!cZ!h\Y!IfYgYbh!BbjYbh]cb&!-1!

L\Y!dfYgYbh!]bjYbhcfg(!k]h\!Ub!U]a!hc!XYjY`cd!Ub!U``cm!

Ufh]W`Y!h\Uh!Yl\]V]hg!YjYb!VYhhYf!aYW\Ub]WU`!dfcdYfh]Yg!

UbX+cf!YjYb!\][\Yf!Wcffcg]cb!fYg]ghUbWY!h\Ub!WcbjYbh]cbU`!

A>9!Ufh]W`Yg!k]h\cih!gUWf]Z]W]b[!h\Y!UhhfUWh]jY!dfcdYfh]Yg!

cZ!WcbjYbh]cbU`!A>9g!%YlWY``Ybh!aYW\Ub]WU`!dfcdYfh]Yg!UbX!.,!

\][\!Wcffcg]cb!fYg]ghUbWY&(!ZcWigYX!h\Y]f!UhhYbh]cb!cb!

o]adfcj]b[ aYW\Ub]WU` dfcdYfh]Yg Uhhf]VihUV`Y hc \][\ 

`Uhh]WY!ghfU]b!WUigYX!Vm!h\Y!X]ZZYfYbWY!]b!g]nY!VYhkYYb!

Wcbgh]hiYbh Uhcagp UbX o]adfcj]b[ Wcffcg]cb fYg]ghUbWY Vm U 

WcW_hU]` YZZYWhp Uacb[ h\Y UZcfYaYbh]cbYX!W\UfUWhYf]gh]Wg!.1!



!

)!-.!)

cZ!A>9g*!!!

S,,.0T!

L\Y!]bjYbhcfg!]bjYgh][UhYX!h\Y!Uhca]W!fUX]igYg!cZ!h\Y!

Wcbgh]hiYbh!Y`YaYbhg!]b!IUhYbh!`]hYfUhifY!.!%OH!.,-3+-/4-5-!

9-&!UbX!ZcibX!h\Uh!h\Y!Uhca]W!fUX]ig!cZ!<c!]g!-.1!da(!h\Y!1!

Uhca]W!fUX]ig!cZ!<f!]g!-.4!da(!h\Y!Uhca]W!fUX]ig!cZ!?Y!]g!

-.2!da(!h\Y!Uhca]W!fUX]ig!cZ!G]!]g!-.0!da(!h\Y!Uhca]W!

fUX]ig!cZ!L]!]g!-03!da(!UbX!h\Y!Uhca]W!fUX]ig!cZ!Fc!]g!-/5!

da!UbX!h\Uh!L]!UbX!Fc!UfY!aiW\!`Uf[Yf!]b!g]nY!h\Ub!h\cgY!cZ!

h\Y!ch\Yf!Wcbgh]hiYbh!Y`YaYbhg*!!L\Ym!VY`]YjYX!h\Uh!h\Y!-,!

dfYgYbWY!cZ!h\YgY!`Uf[Y)g]nYX!WcadcbYbhg!cZ!L]!UbX!Fc!

dfcVUV`m!Wcbhf]VihYg!hc!h\Y!aYW\Ub]WU`!dfcdYfh]Yg!UbX!

Wcffcg]cb!fYg]ghUbWY!]b!IUhYbh!`]hYfUhifY!.*!!!

S,,.1T!

Bb!j]Yk!cZ!h\Y!UVcjY(!h\Y!]bjYbhcfg!Zcfai`UhYX!U!-1!

\mdch\Yg]g!h\Uh!h\Y!aYW\Ub]WU`!dfcdYfh]Yg!UbX!Wcffcg]cb!

fYg]ghUbWY!WUb!VY!Zifh\Yf!]adfcjYX!Vm!UXX]b[!Ub!Y`YaYbh!

k]h\!Ub!Uhca]W!fUX]ig!YeiU`!hc!cf!`Uf[Yf!h\Ub!h\cgY!cZ!L]!

UbX!Fc!hc!Zifh\Yf!Yb\UbWY!h\Y!XY[fYY!cZ!h\Y!\][\!`Uhh]WY!

ghfU]b!UbX!h\Y!WcW_hU]`!YZZYWh(!UbX!WcbXiWhYX!]bhYbg]jY!.,!

fYgYUfW\!cb!h\Y!fY`Uh]cbg\]d!Uacb[!h\Y!U``cm!Wcadcg]h]cb(!

h\Y!a]WfcghfiWhifY(!h\Y!aYW\Ub]WU`!dfcdYfh]Yg(!UbX!h\Y!

Wcffcg]cb!fYg]ghUbWY*!!9g!U!fYgi`h(!h\Ym!\UjY!ZcibX!h\Uh!

h\YfY!WUb!VY!cVhU]bYX!Ub!U``cm!Ufh]W`Y!h\Uh!Yl\]V]hg!VYhhYf!

aYW\Ub]WU`!dfcdYfh]Yg!UbX+cf!\][\Yf!Wcffcg]cb!fYg]ghUbWY!.1!



!

)!-/!)

h\Ub!WcbjYbh]cbU`!U``cm!Ufh]W`Yg!h\fci[\!h\Y!UXX]h]cb!cZ!Ub!

Y`YaYbh!k]h\!Ub!Uhca]W!fUX]ig!WcadUfUV`Y!hc!cf!`Uf[Yf!h\Ub!

h\Uh!cZ!L]!hc!U!WcbjYbh]cbU`!<c)<f)?Y)G])L])Fc)VUgYX!U``cm*!!!

S,,.2T!

KdYW]Z]WU``m(!h\Y!]bjYbhcfg!\UjY!ZcibX!h\Uh!h\YfY!WUb!1!

VY!UW\]YjYX!Ub!U``cm!Ufh]W`Y!h\Uh!Yl\]V]hg!VYhhYf!

aYW\Ub]WU`!dfcdYfh]Yg!%Y*[*(!N]W_Yfg!\UfXbYgg(!hYbg]`Y!

ghfYb[h\&!UbX+cf!\][\Yf!Wcffcg]cb!fYg]ghUbWY!%Y*[*(!h\Y!

Wcffcg]cb!fUhY!]b!U!gi`Zif]W!UW]X!Wcffcg]cb!hYgh&!h\Ub!

WcbjYbh]cbU`!U``cm!Ufh]W`Yg!h\fci[\!h\Y!UXX]h]cb!cZ!Uh!-,!

`YUgh!cbY!cZ!LU!%Uhca]W!fUX]ig!cZ!-02!da&(!GV!%Uhca]W!

fUX]ig!cZ!-02!da&(!AZ!%Uhca]W!fUX]ig!cZ!-15!da&(!Rf!%Uhca]W!

fUX]ig!cZ!-2,!da&(!UbX!Q!%Uhca]W!fUX]ig!cZ!-4,!da&(!Ug!Ub!

Y`YaYbh!k]h\!Ub!Uhca]W!fUX]ig!WcadUfUV`Y!hc!cf!`Uf[Yf!h\Ub!

h\Uh!cZ!L](!k]h\]b!U!fUb[Y!cZ!acfY!h\Ub!,!Uhca]W!$!UbX!0!-1!

Uhca]W!$!cf!`Ygg*!!L\Y!dfYgYbh!]bjYbh]cb!\Ug!VYYb!aUXY!VUgYX!

cb!h\]g!Z]bX]b[*!!!

S,,.3T!

AYfY]bUZhYf(!dfYZYffYX!YaVcX]aYbhg!cZ!h\Y!]bjYbh]cb!

k]``!VY!XYgWf]VYX!k]h\!fYZYfYbWY!hc!h\Y!XfUk]b[g!UWWcfX]b[!.,!

hc!h\Y!U``cm!Ufh]W`Y!dfcXiWh]cb!dfcWYXifYg*!!AckYjYf(!h\Y!

]bjYbh]cb!]g!bch!`]a]hYX!hc!gdYW]Z]W!YaVcX]aYbhg!XYgWf]VYX!

VY`ck(!UbX!jUf]cig!WcaV]bUh]cbg!UbX!acX]Z]WUh]cbg!UfY!

dcgg]V`Y!k]h\cih!XYdUfh]b[!Zfca!U!hYW\b]WU`!WcbWYdh!cZ!h\Y!

]bjYbh]cb*!!!.1!



!

)!-0!)

S,,.4T!

SFYh\cX!Zcf!FUbiZUWhif]b[!9``cm!9fh]W`YT!

?B@*!-!]g!Ub!YlYad`Ufm!dfcWYgg!W\Ufh!g\ck]b[!U!aYh\cX!

Zcf!aUbiZUWhif]b[!Ub!U``cm!Ufh]W`Y!UWWcfX]b[!hc!h\Y!

]bjYbh]cb*!!9g!g\ckb!]b!?B@*!-(!h\Y!aYh\cX!Zcf!1!

aUbiZUWhif]b[!Ub!U``cm!Ufh]W`Y!UWWcfX]b[!hc!h\Y!]bjYbh]cb!

]bW`iXYg!Uh!`YUgh!U!fUk!aUhYf]U`!a]l]b[!UbX!aY`h]b[!ghYd!

%K-&!UbX!Ub!Uhca]nUh]cb!ghYd!%K.&*!!Bh!Zifh\Yf!]bW`iXYg!Ub!

UXX]h]jY!aUbiZUWhif]b[!ghYd!%K/&(!U!dgYiXc)gc`ih]cb!\YUh!

hfYUhaYbh!ghYd!%K0&(!UbX!U!ac`X]b[!UbX!g]bhYf]b[!ghYd!%K1&(!-,!

Ug!Uddfcdf]UhY*!!>UW\!ghYd!k]``!VY!\YfY]bUZhYf!XYgWf]VYX!

acfY!gdYW]Z]WU``m*!!!

S,,.5T!

%JUk!FUhYf]U`!F]l]b[!UbX!FY`h]b[!KhYd&!

L\Y!fUk!aUhYf]U`!a]l]b[!UbX!aY`h]b[!ghYd!]g!dYfZcfaYX!-1!

]b!k\]W\!ac`hYb!aYhU`!-,!]g!ZcfaYX!Vm!a]l]b[!UbX!aY`h]b[!

fUk!aUhYf]U`g!\Uj]b[!XYg]fYX!U``cm!Wcadcg]h]cb*!!9!fUk!

aUhYf]U`!a]l]b[!aYh\cX!UbX!U!aY`h]b[!aYh\cX!UfY!bch!

dUfh]Wi`Uf`m!`]a]hYX(!UbX!Ubm!WcbjYbh]cbU`!aYh\cX!WUb!VY!

ih]`]nYX*!!!.,!

S,,/,T!

L\Y!U``cm!Wcadcg]h]cb!UWWcfX]b[!hc!h\Y!]bjYbh]cb!

]bW`iXYg!Z]jY!Y`YaYbhg(!<c(!<f(!?Y(!G]!UbX!L](!Ug!aU]b!

WcadcbYbhg(!YUW\!k]h\]b!U!fUb[Y!cZ!1!Uhca]W!$!cf!acfY!UbX!

/1!Uhca]W!$!cf!`Ygg*!!Bh!U`gc!]bW`iXYg(!Ug!Ub!UWWYggcfm!.1!



!

)!-1!)

WcadcbYbh(!Fc!k]h\]b!U!fUb[Y!cZ!acfY!h\Ub!,!Uhca]W!$!UbX!

`Ygg!h\Ub!4!Uhca]W!$(!UbX!Uh!`YUgh!cbY!Y`YaYbh!k]h\!Ub!

Uhca]W!fUX]ig!`Uf[Yf!h\Ub!h\cgY!cZ!<c(!<f(!?Y!UbX!G]!k]h\]b!

U!fUb[Y!cZ!acfY!h\Ub!,!Uhca]W!$!UbX!0!Uhca]W!$!cf!`Ygg*!!9bX(!

fYaU]bXYf!giVghUbWYg!UfY!]bYj]hUV`Y!]adif]h]Yg*!!L\Y!Uh!1!

`YUgh!cbY!Y`YaYbh!k]h\!U!`Uf[Yf!Uhca]W!fUX]ig!g\ci`X!

dfYZYfUV`m!VY!gY`YWhYX!Zfca!Uacb[!LU(!GV(!AZ(!Rf!UbX!Q*!!!

S,,/-T!

FcfY!gdYW]Z]WU``m(!WcbhYbh!cZ!h\Y!WcadcbYbh!<c!]g!

dfYZYfUV`m!.,!Uhca]W!$!cf!acfY!UbX!/1!Uhca]W!$!cf!`Ygg7!-,!

acfY!dfYZYfUV`m!.1!Uhca]W!$!cf!acfY!UbX!//!Uhca]W!$!cf!

`Ygg7!UbX!Zifh\Yf!dfYZYfUV`m!.1!Uhca]W!$!cf!acfY!UbX!/,!

Uhca]W!$!cf!`Ygg*!!!

S,,/.T!

<cbhYbh!cZ!h\Y!WcadcbYbh!<f!]g!dfYZYfUV`m!-,!Uhca]W!$!-1!

cf!acfY!UbX!.1!Uhca]W!$!cf!`Ygg7!acfY!dfYZYfUV`m!-1!

Uhca]W!$!cf!acfY!UbX!./!Uhca]W!$!cf!`Ygg7!UbX!Zifh\Yf!

dfYZYfUV`m!-1!Uhca]W!$!cf!acfY!UbX!.,!Uhca]W!$!cf!`Ygg*!!!

S,,//T!

<cbhYbh!cZ!h\Y!WcadcbYbh!?Y!]g!dfYZYfUV`m!-,!Uhca]W!$!.,!

cf!acfY!UbX!.1!Uhca]W!$!cf!`Ygg7!acfY!dfYZYfUV`m!-1!

Uhca]W!$!cf!acfY!UbX!./!Uhca]W!$!cf!`Ygg7!UbX!Zifh\Yf!

dfYZYfUV`m!-1!Uhca]W!$!cf!acfY!UbX!.,!Uhca]W!$!cf!`Ygg*!!!

S,,/0T!

<cbhYbh!cZ!h\Y!WcadcbYbh!G]!]g!dfYZYfUV`m!-1!Uhca]W!$!.1!



!

)!-2!)

cf!acfY!UbX!/,!Uhca]W!$!cf!`Ygg7!acfY!dfYZYfUV`m!-3!

Uhca]W!$!cf!acfY!UbX!.4!Uhca]W!$!cf!`Ygg7!UbX!Zifh\Yf!

dfYZYfUV`m!./!Uhca]W!$!cf!acfY!UbX!.4!Uhca]W!$!cf!`Ygg*!!!

S,,/1T!

<cbhYbh!cZ!h\Y!WcadcbYbh!L]!]g!dfYZYfUV`m!1!Uhca]W!$!cf!1!

acfY!UbX!-1!Uhca]W!$!cf!`Ygg7!acfY!dfYZYfUV`m!1!Uhca]W!$!cf!

acfY!UbX!-,!Uhca]W!$!cf!`Ygg7!UbX!Zifh\Yf!dfYZYfUV`m!3!

Uhca]W!$!cf!acfY!UbX!-,!Uhca]W!$!cf!`Ygg*!!!

S,,/2T!

<cbhYbh!cZ!h\Y!WcadcbYbh!Fc!]g!dfYZYfUV`m!acfY!h\Ub!,!-,!

Uhca]W!$!UbX!`Ygg!h\Ub!4!Uhca]W!$7!acfY!dfYZYfUV`m!-!

Uhca]W!$!cf!acfY!UbX!3!Uhca]W!$!cf!`Ygg7!UbX!Zifh\Yf!

dfYZYfUV`m!-!Uhca]W!$!cf!acfY!UbX!1!Uhca]W!$!cf!`Ygg*!!!

S,,/3T!

L\Y!WcbhYbh!cZ!YUW\!Y`YaYbh!k]h\!U!`Uf[Yf!Uhca]W!fUX]ig!-1!

%LU(!GV(!AZ(!Rf!cf!Q&!g\ci`X!dfYZYfUV`m!VY!acfY!h\Ub!,!

Uhca]W!$!UbX!0!Uhca]W!$!cf!`Ygg(!acfY!dfYZYfUV`m!,*1!

Uhca]W!$!cf!acfY!UbX!0!Uhca]W!$!cf!`Ygg(!UbX!YjYb!acfY!

dfYZYfUV`m!-!Uhca]W!$!cf!acfY!UbX!/!Uhca]W!$!cf!`Ygg*!!!

S,,/4T!.,!

9`gc(!h\Y!hchU`!WcbhYbh!cZ!h\Y!Uh!`YUgh!cbY!Y`YaYbh!

k]h\!U!`Uf[Yf!Uhca]W!fUX]ig!%gY`YWhYX!Zfca!LU(!GV(!AZ(!Rf!

UbX!Q&!UbX!Fc!g\ci`X!dfYZYfUV`m!VY!acfY!h\Ub!,!Uhca]W!$!UbX!

4!Uhca]W!$!cf!`Ygg(!acfY!dfYZYfUV`m!-!Uhca]W!$!cf!acfY!UbX!

3!Uhca]W!$!cf!`Ygg(!UbX!YjYb!acfY!dfYZYfUV`m!.!Uhca]W!$!cf!.1!



!

)!-3!)

acfY!UbX!2!Uhca]W!$!cf!`Ygg*!!!

S,,/5T!

;m!Wcbhfc``]b[!h\Y!WcbhYbh!cZ!YUW\!WcadcbYbh!Ug!UVcjY(!

h\Y!aYW\Ub]WU`!dfcdYfh]Yg!UbX+cf!Wcffcg]cb!fYg]ghUbWY!cZ!

h\Y!U``cm!Ufh]W`Y!WUb!VY!]adfcjYX*!!Bb!ch\Yf!kcfXg(!]Z!YUW\!1!

WcadcbYbh!ZU]`g!hc!ZU``!k]h\]b!]hg!dfYZYfUV`Y!WcbhYbh!fUb[Y(!

]h!aU_Yg!]h!X]ZZ]Wi`h!hc!UW\]YjY!XYg]fYX!dfcdYfh]Yg*!!!

S,,0,T!

AYfY]b(!h\Y!]bYj]hUV`Y!]adif]h]Yg!fYZYf!hc!WcadcbYbhg!

h\Uh!UfY!X]ZZ]Wi`h!hc!VY!fYacjYX!Wcad`YhY`m!Vih!g\ci`X!VY!-,!

fYXiWYX!Ug!aiW\!Ug!dcgg]V`Y*!!>lUad`Yg!]bW`iXY!K]!%g]`]Wcb&(!

I!%d\cgd\cfcig&(!K!%gi`Zif&(!G!%b]hfc[Yb&(!UbX!H!%clm[Yb&*!!!

S,,0-T!

KdYW]Z]WU``m(!h\Y!K]!WcbhYbh!g\ci`X!dfYZYfUV`m!VY!,*.!

aUgg!$!cf!`Ygg(!acfY!dfYZYfUV`m!,*-!aUgg!$!cf!`Ygg(!UbX!-1!

YjYb!acfY!dfYZYfUV`m!,*,1!aUgg!$!cf!`Ygg*!!L\Y!I!WcbhYbh!

g\ci`X!dfYZYfUV`m!VY!,*-!aUgg!$!cf!`Ygg(!acfY!dfYZYfUV`m!

,*,1!aUgg!$!cf!`Ygg(!UbX!YjYb!acfY!dfYZYfUV`m!,*,.!aUgg!$!

cf!`Ygg*!!L\Y!K!WcbhYbh!g\ci`X!dfYZYfUV`m!VY!,*-!aUgg!$!cf!

`Ygg(!acfY!dfYZYfUV`m!,*,1!aUgg!$!cf!`Ygg(!UbX!YjYb!acfY!.,!

dfYZYfUV`m!,*,.!aUgg!$!cf!`Ygg*!!L\Y!G!WcbhYbh!g\ci`X!

dfYZYfUV`m!VY!,*-!aUgg!$!cf!`Ygg(!acfY!dfYZYfUV`m!,*,1!

aUgg!$!cf!`Ygg(!UbX!YjYb!acfY!dfYZYfUV`m!,*,.!aUgg!$!cf!

`Ygg*!!L\Y!H!WcbhYbh!g\ci`X!dfYZYfUV`m!VY!,*.!aUgg!$!cf!

`Ygg(!acfY!dfYZYfUV`m!,*-!aUgg!$!cf!`Ygg(!UbX!YjYb!acfY!.1!



!

)!-4!)

dfYZYfUV`m!,*,1!aUgg!$!cf!`Ygg*!!!

S,,0.T!

%9hca]nUh]cb!KhYd&!

Bb!h\Y!Uhca]nUh]cb!ghYd!K.(!Ub!U``cm!dckXYf!.,!]g!

ZcfaYX!Zfca!h\Y!ac`hYb!aYhU`!-,*!!L\Y!U``cm!dckXYf!.,!1!

cVhU]bYX!]b!h\]g!ghYd!K.!]g!Ub!YaVcX]aYbh!cZ!h\Y!U``cm!

Ufh]W`Y!UWWcfX]b[!hc!h\Y!]bjYbh]cb*!!L\YfY!UfY!bc!dUfh]Wi`Uf!

`]a]hUh]cbg!cb!h\Y!Uhca]nUh]cb!aYh\cX(!UbX!Ubm!WcbjYbh]cbU`!

aYh\cX!aUm!VY!igYX*!!?cf!YlUad`Y(![Ug!Uhca]n]b[!cf!

WYbhf]Zi[U`!ZcfWY!Uhca]n]b[!aUm!VY!dfYZYfUV`m!igYX*!!!-,!

S,,0/T!

L\YfY!UfY!bc!dUfh]Wi`Uf!`]a]hUh]cbg!cb!h\Y!UjYfU[Y!

dUfh]W`Y!g]nY!cZ!h\Y!U``cm!dckXYf!.,(!Vih!Zfca!h\Y!

j]Ykdc]bh!cZ!h\Y!Z`i]X]hm!UbX!Z]``UV]`]hm!]b!Zcfa]b[!U!

g\UdY!cih!cZ!h\Y!U``cm!dckXYf!.,(!]h!g\ci`X!dfYZYfUV`m!VY!1!-1!

&a!cf!acfY!UbX!.,,!&a!cf!`Ygg(!acfY!dfYZYfUV`m!-,!&a!cf!acfY!

UbX!-,,!&a!cf!`Ygg(!UbX!YjYb!acfY!dfYZYfUV`m!-,!&a!cf!acfY!

UbX!1,!&a!cf!`Ygg*!!!

S,,00T!

BZ!h\Y!UjYfU[Y!dUfh]W`Y!g]nY!cZ!h\Y!U``cm!dckXYf!.,!]g!.,!

`Ygg!h\Ub!1!&a(!]h!fYXiWYg!h\Y!Z`i]X]hm!cZ!h\Y!U``cm!dckXYf!

.,!]b!h\Y!giVgYeiYbh!UXX]h]jY!aUbiZUWhif]b[!ghYd!K/!%Y*[*(!

h\Y!ZcfaUV]`]hm!cZ!Ub!U``cm!dckXYf!VYX!]b!UXX]h]jY!

aUbiZUWhif]b[!XYhYf]cfUhYg&(!k\]W\!VYWcaYg!U!ZUWhcf!cZ!

WUig]b[!U!dccf!g\UdY!UWWifUWm!cZ!h\Y!ZcfaYX!Ufh]W`Y*!!Bb!.1!



!

)!-5!)

WcbhfUgh(!]Z!h\Y!UjYfU[Y!dUfh]W`Y!g]nY!cZ!h\Y!U``cm!dckXYf!

.,!YlWYYXg!.,,!&a(!]h!cZhYb!fYgi`hg!]b!Ub!ibYjYb!h\]W_bYgg!

cZ!h\Y!U``cm!dckXYf!VYX!]b!h\Y!UXX]h]jY!aUbiZUWhif]b[!ghYd!

K/(!k\]W\!VYWcaYg!U!ZUWhcf!cZ!WUig]b[!Ub!]bgiZZ]W]Ybh!

XY[fYY!cZ!aY`h]b[!cZ!h\Y!U``cm!dckXYf!.,!cf!Ub!]bWfYUgYX!1!

gifZUWY!fci[\bYgg!cZ!h\Y!ZcfaYX!Ufh]W`Y*!!!

S,,01T!

K]a]`Uf`m(!]b!h\Y!giVgYeiYbh!ac`X]b[!UbX!g]bhYf]b[!ghYd!

K1(!]Z!h\Y!UjYfU[Y!dUfh]W`Y!g]nY!cZ!h\Y!U``cm!dckXYf!.,!]g!

`Ygg!h\Ub!1!&a(!]h!fYXiWYg!h\Y!Z`i]X]hm!cZ!h\Y!U``cm!dckXYf!-,!

.,!%Y*[*(!h\Y!\cac[YbY]hm!cZ!h\Y!dckXYf!Z]``]b[!]b!dckXYf!

aYhU``if[m!XYhYf]cfUhYg&(!k\]W\!VYWcaYg!U!ZUWhcf!cZ!WUig]b[!

U!dccf!g\UdY!UWWifUWm!cZ!h\Y!ZcfaYX!Ufh]W`Y!cf!U!dccf!

Wcbg]ghYbWm!cZ!h\Y!aYW\Ub]WU`!dfcdYfh]Yg*!!Bb!WcbhfUgh(!]Z!

h\Y!UjYfU[Y!dUfh]W`Y!g]nY!cZ!h\Y!U``cm!dckXYf!.,!YlWYYXg!-1!

.,,!&a(!]h!VYWcaYg!U!ZUWhcf!cZ!WUig]b[!Ub!]bWfYUgYX!gifZUWY!

fci[\bYgg!cZ!h\Y!ZcfaYX!Ufh]W`Y*!!!

S,,02T!

%9XX]h]jY!FUbiZUWhif]b[!KhYd&!

Bb!h\Y!UXX]h]jY!aUbiZUWhif]b[!ghYd!K/(!h\Y!U``cm!dckXYf!.,!

.,!dfYdUfYX!Ug!UVcjY!]g!giV^YWhYX!hc!UXX]h]jY!aUbiZUWhif]b[!

%9F&!hc!Zcfa!Ub!U``cm!9F!Ufh]W`Y!/,!\Uj]b[!U!XYg]fYX!g\UdY*!!

L\Y!Udd`]WUh]cb!cZ!UXX]h]jY!aUbiZUWhif]b[(!]b!k\]W\!U!bYUf!

bYh!g\UdY!aYhU`!aYaVYf!]g!cVhU]bYX!Vm!`cWU`!aY`h]b[!UbX!

fUd]X!gc`]X]Z]WUh]cb!]bghYUX!cZ!g]bhYf]b[(!aU_Yg!]h!.1!



!

)!.,!)

dcgg]V`Y!hc!X]fYWh`m!ZUVf]WUhY!U!h\fYY)X]aYbg]cbU`!aYaVYf!

k]h\!U!Wcad`]WUhYX!g\UdY!Ug!kY``!Ug!aYW\Ub]WU`!dfcdYfh]Yg!

WcadUfUV`Y!hc!cf!VYhhYf!h\Ub!h\cgY!cZ!Zcf[YX!Ufh]W`Yg*!!

L\YfY!UfY!bc!dUfh]Wi`Uf!`]a]hUh]cbg!cb!h\Y!UXX]h]jY!

aUbiZUWhif]b[!aYh\cX(!UbX!Ubm!WcbjYbh]cbU`!aYh\cX!aUm!VY!1!

igYX*!!?cf!YlUad`Y(!gY`YWh]jY!`UgYf!aY`h]b[!%KEF&!g\ci`X!

dfYZYfUV`m!VY!igYX!VYWUigY!]hg!gc`]X]Z]WUh]cb!gdYYX(!k\]W\!

]g!]adcfhUbh!]b!hYfag!cZ!ghfiWhifU`!Wcbhfc`(!]g!fY`Uh]jY`m!

\][\(!aU_]b[!]h!dcgg]V`Y!hc!UW\]YjY!U!fY`Uh]jY`m!gaU``!

gifZUWY!fci[\bYgg!cZ!h\Y!U``cm!9F!Ufh]W`Y!/,*!!!-,!

S,,03T!

L\Y!UXX]h]jY!aUbiZUWhif]b[!ghYd!K/!Vm!KEF!k]``!VY!

\YfY]bUZhYf!XYgWf]VYX!Vf]YZ`m*!!L\]g!ghYd!K/!]bW`iXYg!hkc!

U`hYfbUhY`m!fYdYUhYX!giVghYdg6!Ub!U``cm!dckXYf!VYX!

dfYdUfUh]cb!giVghYd!K/U!UbX!U!`UgYf!aY`h]b[!UbX!-1!

gc`]X]Z]WUh]cb!giVghYd!K/V*!!Bb!h\Y!U``cm!dckXYf!VYX!

dfYdUfUh]cb!giVghYd!K/U(!h\Y!U``cm!dckXYf!.,!]g!gdfYUX!]bhc!

Ub!U``cm!dckXYf!VYX!k]h\!U!dfYXYhYfa]bYX!h\]W_bYgg*!!Bb!h\Y!

`UgYf!aY`h]b[!UbX!gc`]X]Z]WUh]cb!giVghYd!K/V(!U!

dfYXYhYfa]bYX!UfYU!cZ!h\Y!U``cm!dckXYf!VYX!]g!]ffUX]UhYX!.,!

k]h\!U!`UgYf!VYUa!gc!Ug!hc!`cWU``m!aY`h!UbX!fUd]X`m!

gc`]X]Zm!h\Y!UfYU!cZ!h\Y!U``cm!dckXYf!.,*!!!

S,,04T!

FcfY!gdYW]Z]WU``m(!k\Yb!h\Y!h\]W_bYgg!\!cZ!h\Y!U``cm!

dckXYf!VYX!]g!gYh!Uh!,*,,.!hc!,*.!aa(!h\Y!cihdih!dckYf!I!cZ!.1!



!

)!.-!)

h\Y!`UgYf!VYUa!]g!gYh!Uh!1,!hc!-,,,!O(!h\Y!gWUbb]b[!gdYYX!K!

cZ!h\Y!`UgYf!VYUa!]g!gYh!Uh!1,!hc!-,,,,!aa+g(!UbX!h\Y!

gWUbb]b[!]bhYfjU`!E!cZ!h\Y!`UgYf!VYUa!]g!gYh!Uh!,*,1!hc!,*.!

aa(!Zcf!YlUad`Y(!h\Y!jc`iaY!YbYf[m!XYbg]hm!>!cZ!h\Y!`cWU`!

aY`h]b[(!fYdfYgYbhYX!Vm!h\Y!Zcfai`U!>!8!I+%\!)!K!)!E&(!1!

g\ci`X!dfYZYfUV`m!VY!Wcbhfc``YX!hc!.,!hc!.,,!C+aa/!gc!h\Uh!

h\Y!XYbg]hm!UbX!h\Y!g\UdY!UWWifUWm!cZ!h\Y!cVhU]bYX!U``cm!9F!

Ufh]W`Y!/,!k]``!VYWcaY!Ug!\][\!Ug!dcgg]V`Y*!!L\Y!jc`iaY!

YbYf[m!XYbg]hm!>!g\ci`X!acfY!dfYZYfUV`m!VY!Wcbhfc``YX!hc!VY!

0,!hc!-1,!C+aa/*!!!-,!

S,,05T!

L\Y!U``cm!9F!Ufh]W`Y!/,!ZcfaYX!h\fci[\!h\Y!UVcjY!

giVghYdg!]g!igiU``m!Vif]YX!]b!h\Y!U``cm!dckXYf!VYX*!!

L\YfYZcfY(!U!hU_]b[!cih!giVghYd!K/W!hc!hU_Y!cih!h\Y!U``cm!

9F!Ufh]W`Y!/,!Zfca!h\Y!U``cm!dckXYf!VYX!]g!h\Yb!dYfZcfaYX*!!-1!

9!aYh\cX!hc!hU_Y!cih!h\Y!U``cm!9F!Ufh]W`Y!/,!]g!bch!

dUfh]Wi`Uf`m!`]a]hYX(!UbX!Ubm!WcbjYbh]cbU`!aYh\cX!WUb!VY!

ih]`]nYX*!!?cf!YlUad`Y(!U!gUbXV`Ugh]b[!hYW\b]eiY!ig]b[!h\Y!

U``cm!dckXYf!.,!]g!dfYZYfUV`Y*!!L\Y!gUbXV`Ugh]b[!hYW\b]eiY!

ig]b[!h\Y!U``cm!dckXYf!.,!YbUV`Yg!h\Y!fYacjYX!U``cm!dckXYf!.,!

VYX!hc!VY![fcibX!hc[Yh\Yf!k]h\!h\Y!V`UghYX!U``cm!dckXYf!.,(!

UbX!h\Y!cVhU]bYX!U``cm!dckXYf!WUb!VY!fYigYX!Ug!Ub!U``cm!

dckXYf!.,*!!!

S,,1,T!

9!gUad`Y!Zcf!a]WfcghfiWhifY!cVgYfjUh]cb!kUg!hU_Yb!Zfca!.1!



!

)!..!)

h\Y!U``cm!9F!Ufh]W`Y!/,!UZhYf!h\Y!hU_]b[!cih!giVghYd!K/W!

UbX!giV^YWhYX!hc!Y`YWhfcb!VUW_gWUhhYf!X]ZZfUWh]cb!%>;K=&!

ig]b[!U!gWUbb]b[!Y`YWhfcb!a]WfcgWcdY!%K>F&!hc!cVgYfjY!h\Y!

WfmghU`![fU]b!Zcfa!cZ!h\Y!gUad`Y*!!Bb!Ub!]bjYfgY!dc`Y!

Z][ifY!aUd(!h\Y!aUhf]l!d\UgY!cZ!h\Y!U``cm!9F!Ufh]W`Y!/,!kUg!1!

cVgYfjYX!hc!Vf]gh`Y!k]h\!Z]bY!Wc`iabUf!WfmghU`g!%k]h\!Ub!

UjYfU[Y!k]Xh\!cZ!1,!&a!cf!`Ygg&!U`cb[!h\Y!X]fYWh]cb!cZ!

Vi]`X]b[!%h\Y!gc)WU``YX!`cWU`!aY`h]b[!UbX!fUd]X!

gc`]X]Z]WUh]cb!ghfiWhifY&*!!?ifh\Yf!cVgYfjUh]cb!fYjYU`YX!

h\Uh!Ub!]bhYfaYhU``]W!WcadcibX!d\UgY!%Y*[*(!G]/L]!d\UgY&!kUg!-,!

dfYW]d]hUhYX!]b!h\Y!aUhf]l!d\UgY!WfmghU`g!cZ!h\Y!U``cm!9F!

Ufh]W`Y!/,*!!!

S,,1-T!

%IgYiXc)Kc`ih]cb!AYUh!LfYUhaYbh!KhYd&!

Bb!h\Y!dgYiXc)gc`ih]cb!\YUh!hfYUhaYbh!ghYd!K0(!h\Y!-1!

U``cm!9F!Ufh]W`Y!/,!]g!giV^YWhYX!hc!U!dgYiXc)gc`ih]cb!\YUh!

hfYUhaYbh!hc!U`acgh!Wcad`YhY`m!gc`ih]cb]nY!h\Y!dfYW]d]hUhYX!

]bhYfaYhU``]W!WcadcibX!d\UgY*!!9b!U``cm!ZcfaYX!Ufh]W`Y!/-!

cVhU]bYX!h\fci[\!h\]g!ghYd!K0!]g!Ubch\Yf!YaVcX]aYbh!cZ!h\Y!

U``cm!Ufh]W`Y!UWWcfX]b[!hc!h\Y!]bjYbh]cb*!!Bh!g\ci`X!VY!.,!

bchYX!h\Uh!fY[UfX]b[!h\Y!U``cm!Ufh]W`Y!UWWcfX]b[!hc!h\Y!

dfYgYbh!]bjYbh]cb(!h\YfY!UfY!bc!UWUXYa]WU``m!YghUV`]g\YX!

Z]bX]b[g!giW\!Ug!d\UgY!Yei]`]Vf]ia!X]U[fUag(!UbX!h\Y!gc`jig!

hYadYfUhifY!cZ!h\Y!dfYW]d]hUhYX!d\UgY!]g!ibW`YUf*!!L\]g!

aU_Yg!]h!]adcgg]V`Y!hc!UWWifUhY`m!XYZ]bY!h\Y!hYadYfUhifY!Uh!.1!



!
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k\]W\!]h!]g!Wcad`YhY`m!gc`ih]cb]nYX*!!?cf!h\]g!fYUgcb(!h\Y!

\YUh!hfYUhaYbh!]b!h\]g!ghYd!K0!]g WU``YX odgYiXc)gc`ih]cb!

\YUh hfYUhaYbhp*!!!

S,,1.T!

L\Y!hYadYfUhifY!cZ!h\]g!\YUh!hfYUhaYbh!g\ci`X!1!

dfYZYfUV`m!VY!-,,,!hc!-.1,(<(!acfY!dfYZYfUV`m!-,1,!hc!-.,,(<(!

UbX!YjYb!acfY!dfYZYfUV`m!--,,!hc!--4,(<*!!BZ!h\]g!\YUh!

hfYUhaYbh!hYadYfUhifY!]g!`Ygg!h\Ub!-,,,(<(!]h!XcYg!bch!U``ck!

h\Y!]bhYfaYhU``]W!WcadcibX!d\UgY!hc!VY!Zi``m!gc`ih]cb]nYX*!!

Bb!WcbhfUgh(!]Z!h\]g!\YUh!hfYUhaYbh!hYadYfUhifY!YlWYYXg!-,!

-.1,(<(!]h!`YUXg!hc!YlWYgg]jY!WcUfgYb]b[!cZ!h\Y!aUhf]l!d\UgY!

WfmghU`![fU]bg(!fYXiW]b[!h\Y!Wcffcg]cb!fYg]ghUbWY!UbX!

XYhYf]cfUh]b[!h\Y!aYW\Ub]WU`!dfcdYfh]Yg*!!L\YfY!UfY!bc!

dUfh]Wi`Uf!`]a]hUh]cbg!cb!h\Y!\YUh]b[!Uhacgd\YfY(!UbX!]h!

aUm!VY!h\Y!U]f!cf!U!bcb)cl]X]n]b[!Uhacgd\YfY!%Ub!Uhacgd\YfY!-1!

]b!k\]W\!j]fhiU``m!bc!clm[Yb!]g!dfYgYbh(!giW\!Ug!U!jUWiia!

UbX!U!\][\!dif]hm!Uf[cb&*!!!

S,,1/T!

?ifh\YfacfY(!UZhYf!h\Y!U``cm!9F!Ufh]W`Y!/,!\Ug!VYYb!

\Y`X!k]h\]b!h\Y!hYadYfUhifY!fUb[Y!Zcf!,*-!hc!-,,!\cifg(!]h!.,!

g\ci`X!dfYZYfUV`m!VY!h\Uh!h\Y!U``cm!9F!Ufh]W`Y!/,!]g!

ei]W_`m!Wcc`YX!%Y*[*(!Vm!U]f)Wcc`]b[(![Ug)Wcc`]b[!cf!kUhYf)

Wcc`]b[&*!!KdYW]Z]WU``m(!Vm!ei]W_`m!Wcc`]b[!%Y*[*(!Wcc`]b[!

Uh!U!fUhY!cZ!Uh!`YUgh!-,(<+g&!h\Y!U``cm!9F!Ufh]W`Y!/,!hc!

U``ck!]h!hc!ei]W_`m!dUgg!gdYW]Z]W!hYadYfUhifY!fUb[Y!%Y*[*(!.1!



!

)!.0!)

Zfca!5,,!hc!4,,(<&!]b!k\]W\!h\Y!]bhYfaYhU``]W!WcadcibX!d\UgY!

hYbXg!hc!VY!fY)dfYW]d]hUhYX!UbX!]hg!dUfh]W`Yg!YUg]`m![fck(!

]h!]g!dcgg]V`Y!hc!cVhU]b!Ub!U``cm!ZcfaYX!Ufh]W`Y!/-!\Uj]b[!

U!a]WfcghfiWhifY!]b!k\]W\!bUbcgWU`Y!i`hfUZ]bY!dUfh]W`Yg!UfY!

X]gdYfgYX`m!dfYW]d]hUhYX!]b!h\Y!aUhf]l!d\UgY!WfmghU`![fU]bg*!!!1!

S,,10T!

L\Y!aUhf]l!d\UgY!WfmghU`![fU]bg!]b!h\Y!U``cm!ZcfaYX!

Ufh]W`Y!/-!UfY!Yei]UlYX!WfmghU`g!k]h\!Ub!UjYfU[Y![fU]b!g]nY!

cZ!-1,!&a!cf!`Ygg(!]b!k\]W\!h\Y!WfmghU`!ghfiWhifY!h\YfYcZ!

g\ci`X!dfYZYfUV`m!VY!ZUWY)WYbhYfYX!WiV]W!%?<<&*!!BZ!h\Y!-,!

UjYfU[Y![fU]b!g]nY!YlWYYXg!-1,!&a(!]h!XYhYf]cfUhYg!h\Y!

aYW\Ub]WU`!dfcdYfh]Yg!UbX!fYXiWYg!h\Y!Wcffcg]cb!fYg]ghUbWY*!!

L\Y!UjYfU[Y![fU]b!g]nY!g\ci`X!acfY!dfYZYfUV`m!VY!-,,!&a!cf!

`Ygg!UbX!acfY!dfYZYfUV`m!1,!&a!cf!`Ygg*!!!

S,,11T!-1!

Bh!]g!Wcbg]XYfYX!h\Uh!h\Y!U``cm!ZcfaYX!Ufh]W`Y!/-!

Yl\]V]hg!Vch\!YlWY``Ybh!aYW\Ub]WU`!dfcdYfh]Yg!UbX!\][\!

Wcffcg]cb!fYg]ghUbWY!VYWUigY!]h!aU]b`m!WcbhU]bg!ZUWY)

WYbhYfYX!WiV]W!WfmghU`g(!k\]W\!\UjY!U!_]bX!cZ!W`cgY)dUW_YX!

ghfiWhifY*!!Bh!g\ci`X!VY!bchYX!h\Uh!h\Y!dfYgYbh!]bjYbh]cb!.,!

XcYg!bch!XYbm!h\Y!dcgg]V]`]hm!h\Uh!gcaY!cZ!h\Y!aUhf]l!d\UgY!

WfmghU`![fU]bg!\UjY!U!g]ad`Y!WiV]W!%K<&!ghfiWhifY*!!!

S,,12T!

L\Y!UjYfU[Y!g]nY!cZ!h\Y!X]gdYfgYX`m!dfYW]d]hUhYX!

i`hfUZ]bY!dUfh]W`Yg!]g!-,,!ba!cf!`Ygg*!!Bh!g\ci`X!dfYZYfUV`m!.1!



!

)!.1!)

VY!-,!ba!cf!acfY!UbX!-,,!ba!cf!`Ygg(!UbX!acfY!dfYZYfUV`m!.,!

ba!cf!acfY!UbX!4,!ba!cf!`Ygg*!!BZ!h\Y!UjYfU[Y!g]nY!cZ!h\Y!

i`hfUZ]bY!dUfh]W`Yg!]g!`Ygg!h\Ub!-,!ba!cf!acfY!h\Ub!-,,!ba(!

]h!XcYg!bch!Wcbhf]VihY!hc!]adfcj]b[!h\Y!aYW\Ub]WU`!

dfcdYfh]Yg*!!K]bWY!h\Y!UjYfU[Y!g]nY!cZ!h\Y!i`hfUZ]bY!1!

dUfh]W`Yg!hYbXg!hc!VYWcaY!gaU``Yf!Ug!h\Y!Wcc`]b[!fUhY!]b!

h\Y!dgYiXc)gc`ih]cb!\YUh!hfYUhaYbh!VYWcaYg!`Uf[Yf(!h\Y!

UjYfU[Y!g]nY!cZ!h\Y!i`hfUZ]bY!dUfh]W`Yg!g\ci`X!dfYZYfUV`m!

VY!Wcbhfc``YX!Vm!Wcbhfc``]b[!h\Y!Wcc`]b[!fUhY*!!!

S,,13T!-,!

%Fc`X]b[!UbX!K]bhYf]b[!KhYd&!

HbY!aYUbg!cZ!cVhU]b]b[!Ub!U``cm!ZcfaYX!Ufh]W`Y!k]h\cih!

dYfZcfa]b[!h\Y!UVcjY)XYgWf]VYX!UXX]h]jY!aUbiZUWhif]b[!ghYd!

]g!dYfZcfa]b[!U!ac`X]b[!UbX!g]bhYf]b[!ghYd*!!Bb!h\]g!ac`X]b[!

UbX!g]bhYf]b[!ghYd!K1(!Ub!U``cm!ZcfaYX!Ufh]W`Y!/.!]g!ZcfaYX!-1!

Zfca!h\Y!U``cm!dckXYf!.,!dfYdUfYX!]b!h\Y!Uhca]nUh]cb!ghYd!

K.*!!L\Y!U``cm!ZcfaYX!Ufh]W`Y!/.!cVhU]bYX!]b!h\Y!ghYd!K1!]g!

U`gc!Ubch\Yf!YaVcX]aYbh!cZ!h\Y!U``cm!Ufh]W`Y!UWWcfX]b[!hc!

h\Y!dfYgYbh!]bjYbh]cb*!!Lc!YbgifY!h\Uh!h\Y!U``cm!ZcfaYX!

Ufh]W`Y!/.!]g!W`cgY)dUW_YX(!\ch!]gcghUh]W!dfYgg]b[!%ABI&!.,!

g\ci`X!dfYZYfUV`m!VY!igYX!Ug!U!dckXYf!aYhU``if[m!dfcWYgg*!!!

S,,14T!

L\Y!g]bhYf]b[!hYadYfUhifY!aUm!VY!h\Y!gUaY!Ug!h\Uh!]b!

h\Y!dgYiXc)gc`ih]cb!\YUh!hfYUhaYbh!ghYd!K0*!!FcfY!

gdYW]Z]WU``m(!]h!g\ci`X!dfYZYfUV`m!fUb[Y!Zfca!-(,,,!hc!.1!



!

)!.2!)

-.1,(<(!acfY!dfYZYfUV`m!-,1,!hc!-.,,(<(!UbX!YjYb!acfY!

dfYZYfUV`m!-(-,,!hc!-(-4,(<*!!K]a]`Uf`m!hc!h\Y!WUgY!k]h\!h\Y!

dgYiXc)gc`ih]cb!\YUh!hfYUhaYbh!ghYd!K0(!h\Y!ac`XYX!VcXm!

g\ci`X!dfYZYfUV`m!VY!\Y`X!Uh!U!hYadYfUhifY!k]h\]b!giW\!U!

fUb[Y!Zcf!,*-!hc!-,,!\cifg!UbX!h\Yb!fUd]X`m!Wcc`YX!%Y*[*(!1!

U]f)Wcc`YX!cf!kUhYf)Wcc`YX&*!!!

S,,15T!

<cbhfc``]b[!h\Y!dfYgg!dfYggifY(!h\Y!g]bhYf]b[!

hYadYfUhifY!UbX!h\Y!\c`X]b[!XifUh]cb!gc!Ug!hc!UW\]YjY!U!

dcfcg]hm!cZ!-,$!cf!`Ygg!UbX!Wcbhfc``]b[!h\Y!Wcc`]b[!fUhY!-,!

UZhYf!h\Y!g]bhYf]b[!%]b!dUfh]Wi`Uf(!k]h\]b!U!hYadYfUhifY!

fUb[Y!Zfca!5,,!hc!4,,(<&!Ug!UVcjY!U``ckg!h\Y!cVhU]bYX!U``cm!

ZcfaYX!Ufh]W`Y!/.!hc!\UjY!U!a]WfcghfiWhifY!]b!k\]W\!

bUbcgWU`Y!i`hfUZ]bY!dUfh]W`Yg!UfY!X]gdYfgYX`m!dfYW]d]hUhYX!

]b!h\Y!aUhf]l!d\UgY!WfmghU`![fU]bg*!!!-1!

S,,2,T!

L\]g!ghYd!K1!]g!U!ghYd!gi]hUV`Y!Zcf!aUbiZUWhif]b[!U!

ZcfaYX!Ufh]W`Y!k]h\!U!fY`Uh]jY`m!g]ad`Y!g\UdY*!!9`gc(!h\Y!

ghYd!K1!\Ug!h\Y!UXjUbhU[Y!h\Uh!]h!Wcbhf]VihYg!hc!Wcgh!

fYXiWh]cb!Ug!]h!\Ug!\][\Yf!aUgg!dfcXiWh]j]hm!h\Ub!h\Y!.,!

WcaV]bUh]cb!cZ!h\Y!UVcjY)XYgWf]VYX!UXX]h]jY!aUbiZUWhif]b[!

ghYd!K/!UbX!dgYiXc)gc`ih]cb!\YUh!hfYUhaYbh!ghYdg!K0*!!!

S,,2-T!

SIfcXiWhg!?cfaYX!cZ!9``cm!9fh]W`YT!

?B@*!.!g\ckg!Ub!YlUad`Y!cZ!U!dfcXiWh!ZcfaYX!cZ!Ub!U``cm!.1!



!

)!.3!)

Ufh]W`Y!UWWcfX]b[!hc!h\Y!]bjYbh]cb(!UbX!]g!U!d\chc[fUd\!cZ!

Ub!]adY``Yf!cZ!U!Z`i]X!aUW\]bY*!!K]bWY!U!dfcXiWh!UWWcfX]b[!

hc!h\Y!]bjYbh]cb!]g!aUbiZUWhifYX!Vm!Ub!UXX]h]jY!

aUbiZUWhif]b[!aYh\cX(!]h!]g!dcgg]V`Y!hc!YUg]`m!Zcfa!Ub!

cV^YWh!k]h\!U!Wcad`]WUhYX!g\UdY!Ug!g\ckb!]b!?B@*!.*!!1!

?ifh\YfacfY(!h\Y!]adY``Yf!ZcfaYX!cZ!h\Y!U``cm!Ufh]W`Y!

UWWcfX]b[!hc!h\Y!]bjYbh]cb!\Ug!Vch\!YlWY``Ybh!aYW\Ub]WU`!

W\UfUWhYf]gh]Wg!UbX!\][\!Wcffcg]cb!fYg]ghUbWY7!h\YfYZcfY(!

]h!]g!g][b]Z]WUbh`m!XifUV`Y!YjYb!]b!gYjYfY!cdYfUh]b[!

Ybj]fcbaYbhg*!!9!dfcXiWh!cZ!h\Y!]bjYbh]cb!WUb!]bW`iXY!d]d]b[!-,!

dUfhg!UbX!Xf]``]b[!dUfhg!YhW*!]b!UXX]h]cb!hc!]adY``Yfg*!!!

S,,2.T!

S?`i]X!FUW\]bY!AUj]b[!IfcXiWhT!

?B@*!/!g\ckg!Ub!YlUad`Y!cZ!U!Z`i]X!aUW\]bY!\Uj]b[!U!

dfcXiWh!UWWcfX]b[!hc!h\Y!]bjYbh]cb(!UbX!]g!U!gW\YaUh]W!-1!

XfUk]b[!]``ighfUh]b[!U!Wfcgg)gYWh]cbU`!j]Yk!cZ!U!

WYbhf]Zi[U`!WcadfYggcf!]bhc!k\]W\!h\Y!]adY``Yf!%gYY!?B@*!.&!

UWWcfX]b[!hc!h\Y!]bjYbh]cb!]g!]bWcfdcfUhYX*!!L\Y!igY!cZ!h\Y!

]adY``Yf!cZ!h\Y!]bjYbh]cb(!k\]W\!]g!g][b]Z]WUbh`m!XifUV`Y!

YjYb!]b!gYjYfY!cdYfUh]b[!Ybj]fcbaYbhg(!k]``!Wcbhf]VihY!hc!.,!

h\Y!]adfcjYX!`cb[)hYfa!fY`]UV]`]hm!cZ!h\Y!WYbhf]Zi[U`!

WcadfYggcf*!!!

!

);%03/)5!

S,,2/T!.1!



!

)!.4!)

AYfY]bUZhYf(!h\Y!]bjYbh]cb!k]``!VY!XYgWf]VYX!acfY!

gdYW]Z]WU``m!Vm!g\ck]b[!YldYf]aYbhU`!YlUad`Yg*!!AckYjYf(!h\Y!

]bjYbh]cb!]g!bch!`]a]hYX!hc!h\cgY!YldYf]aYbhU`!YlUad`Yg*!!!

S,,20T!

S>ldYf]aYbh!-T!1!

%IfYdUfUh]cb!cZ!9``cm!IckXYfg!I-!hc!I5&!

L\Y!fUk!aUhYf]U`!a]l]b[!UbX!aY`h]b[!ghYd!kUg!WcbXiWhYX(!

]b!k\]W\!fUk!aUhYf]U`g!kYfY!a]lYX!gc!Ug!hc!\UjY!bca]bU`!

Wcadcg]h]cb!g\ckb!]b!LUV`Y!-!UbX!aY`hYX!k]h\!U!\][\!

ZfYeiYbWm!aY`h]b[!ZifbUWY!hc!Zcfa!U!ac`hYb!aYhU`*!!L\Yb(!h\Y!-,!

Uhca]n]b[!ghYd!kUg!WcbXiWhYX!ig]b[!h\Y![Ug!Uhca]n]b[!

hYW\b]eiY!hc!Zcfa!Ub!U``cm!dckXYf!Zfca!h\Y!ac`hYb!aYhU`*!!

KiVgYeiYbh`m(!h\Y!cVhU]bYX!U``cm!dckXYf!kUg!g]YjYX!]bhc!U!

dUfh]W`Y!X]UaYhYf!fUb[Y!Zfca!.,!hc!01!qa*!!L\ig(!U``cm!

dckXYfg!I-!hc!I5!kYfY!dfYdUfYX*!!L\Yb(!h\Y!dUfh]W`Y!g]nY!-1!

X]ghf]Vih]cbg!cZ!h\Y!U``cm!dckXYfg!I-!hc!I5!kYfY!aYUgifYX!

Vm!aYUbg!cZ!U!`UgYf!X]ZZfUWh]cb!dUfh]W`Y!g]nY!X]ghf]Vih]cb!

aYUgif]b[!UddUfUhig*!!L\Y!fYgi`h!]bX]WUhYg!h\Uh!h\Y!UjYfU[Y!

dUfh]W`Y!X]UaYhYf!cZ!YUW\!dckXYf!kUg!Uddfcl]aUhY`m!/,!qa*!!!

.,!



!

)!.5!)

S,,21T!

TABLE 1  Nominal composition of alloy powders P1 to P9 (unit: atomic %).   

3LLOX!
POVEFQ!

4O! 4Q! 6F! 9J! =J! 8O! =B! 9C! 7G! AQ! @!

;*! +/'1! *0'2! *0'2! +/'0! 1'2! *'1! - - - - - 

;+! +/',! *0'.! *0'.! +/',! 1'1! *'1! *'1! - - - - 

;,! +/')! *0',! *0',! +/')! 1'0! *'0! ,')! - - - - 

;-! +/',! *0'.! *0'.! +/',! 1'1! *'1! - *'1! - - - 

;.! +/',! *0'.! *0'.! +/',! 1'1! *'1! )'2! )'2! - - - 

;/! +.'.! *0')! *0')! +.'.! 1',! *'0! - .')! - - - 

;0! +/')! *0'0! *0'.! +.')! 1',! ,'2! - - *'/! - - 

;1! +/'2! *0'.! *0'0! +.'*! 1',! +'2! - - - *'/! - 

;2! +/')! *0'1! *0'.! +/')! 1'0! +'*! - - - - *'2!

^-_ QT EIJRM * QTLQKIYMX the element was not intentionally included.   

!

S,,22T!1!

9g!g\ckb!]b!LUV`Y!-(!h\Y!U``cm!dckXYf!I-!]g!U!

WcbjYbh]cbU`!A>9!dckXYf!k\]W\!XcYg!bch!WcbhU]b!Ubm!Y`YaYbh!

k]h\!U!`Uf[Yf!Uhca]W!fUX]ig!%LU(!GV(!AZ(!Rf(!cf!Q&!UbX!

dfYdUfYX!Ug!U!fYZYfYbWY!gUad`Y!Zcf!h\Y!dfYgYbh!]bjYbh]cb*!!

>UW\!cZ!h\Y!U``cm!dckXYfg!I.!hc!I1!UbX!h\Y!U``cm!dckXYfg!I3!-,!

hc!I5!]g!Ub!A>9!dckXYf!Ug!Ub!U``cm!Ufh]W`Y!UWWcfX]b[!hc!Ub!

YaVcX]aYbh!cZ!h\Y!]bjYbh]cb*!!L\Y!U``cm!dckXYf!I2!ZU]`g!hc!

aYYh!h\Y!gdYW]Z]WUh]cbg!cZ!h\Y!]bjYbh]cb!%k]h\!Ub!YlWYgg]jY!

GV!WcbhYbh&!UbX!]g!dfYdUfYX!Ug!U!WcadUfUh]jY!YlUad`Y*!!!

S,,23T!-1!

S>ldYf]aYbh!.T!



!

)!/,!)

%?UVf]WUh]cb!cZ!9``cm!?cfaYX!9fh]W`Yg!?9-!hc!?95&!

>UW\!cZ!h\Y!U``cm!dckXYfg!I-!hc!I5!dfYdUfYX!]b!

>ldYf]aYbh!-!kUg!giV^YWhYX!hc!KEF!UWWcfX]b[!hc!h\Y!UXX]h]jY!

aUbiZUWhif]b[!ghYd!K/!XYgWf]VYX!UVcjY!ig]b[!Ub!UXX]h]jY!

aUbiZUWhif]b[!XYj]WY!%U!dfcXiWh!cZ!>HK!@aVA(!acXY`6!>HKBGL!1!

F.5,&!hc!Zcfa!Ub!U``cm!9F!Ufh]W`Y!%U!df]gaUh]W!Ufh]W`Y(!.1!

aa!]b!`Yb[h\!)!.1!aa!]b!k]Xh\!)!3,!aa!]b!\Y][\h(!h\Y!\Y][\h!

X]fYWh]cb!kUg!h\Y!X]fYWh]cb!cZ!Vi]`X]b[&*!!L\Y!h\]W_bYgg!\!

cZ!h\Y!U``cm!dckXYf!VYX!kUg!gYh!Uh!,*,0!aa(!UbX!h\Y!cihdih!

dckYf!I(!h\Y!gWUbb]b[!gdYYX!K(!UbX!h\Y!gWUbb]b[!]bhYfjU`!E!-,!

cZ!h\Y!`UgYf!VYUa!kYfY!Wcbhfc``YX!giW\!h\Uh!h\Y!jc`iaY!

YbYf[m!XYbg]hm!>!kci`X!ZU``!k]h\]b!h\Y!fUb[Y!cZ!0,!hc!-,,!

C+aa/*!!9`gc(!]b!cfXYf!hc!Y`]a]bUhY!h\Y!]bZ`iYbWY!cZ!h\Y!9f!

[Ug!Z`ck!W]fWi`Uh]b[!]b!h\Y!g\UdY)ZcfaUh]cb!UfYU(!h\Y!U``cm!

dckXYf!VYX!kUg!fchUhYX!`UmYf!Vm!`UmYf!]b)d`UbY!Uh!Ub!Ub[`Y!-1!

cZ!UVcih!23(*!!!

S,,24T!

9ZhYf!h\Y!hU_]b[!cih!giVghYd(!h\Y!dgYiXc)gc`ih]cb!\YUh!

hfYUhaYbh!ghYd!kUg!dYfZcfaYX!Zcf!h\Y!U``cm!9F!Ufh]W`Yg(!

k\YfY]b!h\Y!U``cm!9F!Ufh]W`Yg!kYfY!\Y`X!Uh!--4,(<!Zcf!/!.,!

\cifg!]b!h\Y!Uhacgd\Yf]W!U]f!UbX!h\Yb!fUd]X`m!Wcc`YX(!gc!Ug!

hc!dfcXiWY!U``cm!ZcfaYX!Ufh]W`Yg!?9-!hc!?95*!!Bb!h\Y!fUd]X!

Wcc`]b[!dfcWYgg(!h\Y!U``cm!9F!Ufh]W`Yg!\YUhYX!kYfY!Wcc`YX!

ig]b[!Ub!U]f)Wcc`]b[!aYh\cX!%Uh!Ub!UjYfU[Y!Wcc`]b[!fUhY!cZ!

Uddfcl]aUhY`m!-,!(<+g!Uh!U!hYadYfUhifY!Zfca!5,,!hc!4,,(<&*!!!.1!



!

)!/-!)

S,,25T!

S>ldYf]aYbh!/T!

%F]WfcghfiWhifY!HVgYfjUh]cb!cZ!9``cm!9F!9fh]W`Yg&!

9!hYgh!gdYW]aYb!Zcf!a]WfcghfiWhifY!cVgYfjUh]cb!kUg!

gUad`YX!Zfca!YUW\!cZ!h\Y!U``cm!9F!Ufh]W`Yg!ZUVf]WUhYX!]b!1!

>ldYf]aYbh!.(!UbX!giV^YWhYX!hc!a]WfcghfiWhifY!cVgYfjUh]cb!

Vm!Ub!Y`YWhfcb!VUW_gWUhhYf!X]ZZfUWh]cb!%>;K=&!aYh\cX!ig]b[!

U!gWUbb]b[!Y`YWhfcb!a]WfcgWcdY!%K>F&*!!!

S,,3,T!

?B@*!0!]g!Ub!]bjYfgY!dc`Y!Z][ifY!aUd!g\ck]b[!Ub!YlUad`Y!-,!

cZ!h\Y!a]WfcghfiWhifY!cZ!h\Y!U``cm!9F!Ufh]W`Y!ZcfaYX!Zfca!

h\Y!U``cm!dckXYf!I.(!j]YkYX!Zfca!U!X]fYWh]cb!dYfdYbX]Wi`Uf!

hc!h\Y!Vi]`X]b[!X]fYWh]cb*!!AYfY]b(!Ubm!VcibXUfm!k]h\!U!

a]gcf]YbhUh]cb!cZ!/(!cf!acfY!VYhkYYb!h\Y!hkc!UX^UWYbh!

WfmghU`g!]b!Ub!]bjYfgY!dc`Y!Z][ifY!aUd!%BI?!aUd&!]g!^iX[YX!-1!

Ug!U!WfmghU`!VcibXUfm*!!9g!g\ckb!]b!?B@*!0(!h\Y!U``cm!9F!

Ufh]W`Y!cZ!h\Y!]bjYbh]cb!\Ug!bc!hfUWYg!cZ!h\Y!U``cm!dckXYf(!

k\]W\!]g!h\Y!ghUfh]b[!aUhYf]U`!cZ!h\Y!UXX]h]jY!

aUbiZUWhif]b[(!hc!VY!ZcibX!%]*Y*(!Uh!`YUgh!]h!XcYg!bch!\UjY!

U!g]bhYfYX!ghfiWhifY&(!UbX!]h!]g!cVgYfjYX!hc!\UjY!U!.,!

a]WfcghfiWhifY!h\Uh!Vf]gh`Yg!k]h\!bUffck!Wc`iabUf!WfmghU`!

[fU]bg!%Y*[*(!k]h\!Ub!UjYfU[Y!k]Xh\!cZ!1,!&a!cf!`Ygg&!

giVghUbh]U``m!U`cb[!h\Y!X]fYWh]cb!cZ!Vi]`X]b[!cZ!h\Y!U``cm!

9F!Ufh]W`Y*!!KiW\!U!ghfiWhifY!]g!W\UfUWhYf]gh]W!cZ!`cWU`!

aY`h]b[!UbX!fUd]X!gc`]X]Z]WUh]cb*!!!.1!



!

)!/.!)

S,,3-T!

Bh!kUg!gYdUfUhY`m!WcbZ]faYX!h\Uh!h\Y!ch\Yf!U``cm!9F!

Ufh]W`Yg!U`gc!\UX!U!g]a]`Uf!a]WfcghfiWhifY*!!!

S,,3.T!

%F]WfcghfiWhifY!HVgYfjUh]cb!cZ!9``cm!?cfaYX!9fh]W`Yg!1!

?9-!hc!?95&!

9!hYgh!gdYW]aYb!Zcf!a]WfcghfiWhifY!cVgYfjUh]cb!kUg!

gUad`YX!Zfca!YUW\!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9-!hc!?95!

ZUVf]WUhYX!]b!>ldYf]aYbh!.!UbX!giV^YWhYX!hc!a]WfcghfiWhifY!

cVgYfjUh]cb!UbX!UggYggaYbh!ig]b[!Ub!K>F(!U!gWUbb]b[!-,!

hfUbga]gg]cb!Y`YWhfcb!a]WfcgWcdY+YbYf[m)X]gdYfg]jY!P)fUm!

UbU`mnYf!%KL>F)>=P&(!UbX!Ub!P)fUm!X]ZZfUWhcaYhYf!%PJ=&*!!!

S,,3/T!

?B@*!19!]g!Ub!]bjYfgY!dc`Y!Z][ifY!aUd!g\ck]b[!Ub!

YlUad`Y!cZ!h\Y!a]WfcghfiWhifY!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y!-1!

?9.(!ZcfaYX!Zfca!h\Y!U``cm!dckXYf!I.(!j]YkYX!Zfca!U!

X]fYWh]cb!dYfdYbX]Wi`Uf!hc!h\Y!Vi]`X]b[!X]fYWh]cb*!!?B@*!1;!

]g!Ub!]bjYfgY!dc`Y!Z][ifY!aUd!g\ck]b[!Ub!YlUad`Y!cZ!h\Y!

a]WfcghfiWhifY!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y!?9.(!ZcfaYX!Zfca!

h\Y!U``cm!dckXYf!I.(!j]YkYX!Zfca!h\Y!Vi]`X]b[!X]fYWh]cb*!!!.,!

S,,30T!

9g!g\ckb!]b!?B@*!19!UbX!?B@*!1;(!h\Y!U``cm!ZcfaYX!

Ufh]W`Y!?9.!UWWcfX]b[!hc!h\Y!]bjYbh]cb!\Ug!U!aUhf]l!d\UgY!

ghfiWhifY!]bW`iX]b[!Yei]UlYX!WfmghU`g!k]h\!Ub!UjYfU[Y!

WfmghU`![fU]b!g]nY!cZ!-1,!&a!cf!`Ygg*!!9`gc(!h\Y!aUhf]l!.1!



!

)!//!)

d\UgY!ghfiWhifY!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y!UWWcfX]b[!hc!

h\Y!]bjYbh]cb!%h\Y!aUhf]l!d\UgY!ghfiWhifY!cZ!Ub!U``cm!

ZcfaYX!Ufh]W`Y!cVhU]bYX!Vm!dYfZcfa]b[!h\Y!dgYiXc)gc`ih]cb!

\YUh!hfYUhaYbh!cb!Ub!U``cm!9F!Ufh]W`Y&!\Ug!aUhf]l!d\UgY!

WfmghU`![fU]bg!h\Uh!UfY!g][b]Z]WUbh`m!X]ZZYfYbh!]b!g\UdY!1!

UbX!g]nY!Zfca!h\cgY!g\ckb!]b!?B@*!0(!]bX]WUh]b[!h\Uh!]h!]g!

U!ghfiWhifY!h\Uh!\Ug!ibXYf[cbY!fYWfmghU``]nUh]cb!XiY!hc!h\Y!

dgYiXc)gc`ih]cb!\YUh!hfYUhaYbh*!!!

S,,31T!

PJ=!aYUgifYaYbhg!fYjYU`YX!h\Uh!h\Y!aUhf]l!d\UgY!WfmghU`!-,!

[fU]bg!kYfY!aU]b`m!ZUWY)WYbhYfYX!WiV]W!%?<<&!WfmghU`g*!!

FYUbk\]`Y(!g]bWY!]h!]g!X]ZZ]Wi`h!hc!Wcad`YhY`m!

X]ZZYfYbh]UhY!?<<!WfmghU`g!Zfca!g]ad`Y!WiV]W!%K<&!WfmghU`g!

VUgYX!cb!h\Y!PJ=!aYUgifYaYbh!fYgi`hg(!]h!WUbbch!VY!

WcbW`iXYX!h\Uh!bcbY!cZ!h\Y!aUhf]l!d\UgY!WfmghU`![fU]bg!UfY!-1!

K<!WfmghU`g*!!9`gc(!YlWYdh!Zcf!h\Y!U``cm!ZcfaYX!Ufh]W`Y!?92(!

ZcfaYX!Zfca!h\Y!U``cm!dckXYf!I2(!bc!X]ZZfUWh]cb!dYU_!cZ!Ub!

]bhYfaYhU``]W!WcadcibX!dfYW]d]hUh]cb!d\UgY!kUg!XYhYWhYX*!!

L\]g!gi[[Yghg!h\Uh!]Z!Ubm!dfYW]d]hUh]cb!d\UgY!]g!dfYgYbh(!

]hg!g]nY!]g!YlhfYaY`m!gaU``*!!!.,!

S,,32T!

Bb!WcbhfUgh(!k]h\!h\Y!U``cm!ZcfaYX!Ufh]W`Y!?92(!ZcfaYX!

Zfca!h\Y!U``cm!dckXYf!I2(!h\Y!X]ZZfUWh]cb!dYU_!cZ!Ub!

]bhYfaYhU``]W!WcadcibX!d\UgY(!k\]W\!kUg!h\ci[\h!hc!VY!G]/GV(!

kUg!XYhYWhYX*!!L\]g!]g!Uhhf]VihUV`Y!hc!h\Y!ZUWh!h\Uh!h\Y!.1!



!

)!/0!)

U``cm!dckXYf!I2!]g!Ub!U``cm!dckXYf!k]h\!Ub!YlWYgg]jY!GV!

WcbhYbh*!!!

S,,33T!

?B@*!2!]g!U!\][\)Ub[`Y!Ubbi`Uf!XUf_)Z]Y`X!]aU[Y!%A99=?!

]aU[Y&!k]h\!Y`YaYbhU`!aUdg!UbX!Ub!Y`YWhfcb!X]ZZfUWh]cb!1!

dUhhYfb!cZ!i`hfUZ]bY!dUfh]W`Yg!ig]b[!KL>F)>=P(!g\ck]b[!Ub!

YlUad`Y!cZ!h\Y!a]WfcghfiWhifY!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y!

?91(!ZcfaYX!Zfca!h\Y!U``cm!dckXYf!I1*!!9g!g\ckb!]b!?B@*!2(!

h\Y!A99=?!]aU[Y!UbX!h\Y!Y`YaYbhU`!aUdg!]bX]WUhY!

dfYW]d]hUh]cb!cZ!i`hfUZ]bY!dUfh]W`Yg!k]h\!Ub!UjYfU[Y!g]nY!-,!

cZ!-,,!ba!cf!`Ygg*!!L\Y!Y`YWhfcb!X]ZZfUWh]cb!dUhhYfb!cZ!

i`hfUZ]bY!dUfh]W`Yg!]bX]WUhYg!h\Uh!h\Y!i`hfUZ]bY!dUfh]W`Yg!

UfY!WfmghU``]bY!dUfh]W`Yg*!!9`gc(!h\Y!Y`YaYbhU`!aUdg!

]bX]WUhY!h\Uh!G]!UbX!L]!Wcbgh]hiYbhg!UfY!acfY!WcbWYbhfUhYX!

]b!h\Y!i`hfUZ]bY!dUfh]W`Yg!h\Ub!]b!h\Y!aUhf]l!d\UgY*!!!-1!

S,,34T!

?B@*!3!]g!Ub!A99=?!]aU[Y!g\ck]b[!Ub!YlUad`Y!cZ!h\Y!

a]WfcghfiWhifY!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y!?90(!ZcfaYX!Zfca!

h\Y!U``cm!dckXYf!I0*!!Bb!?B@*!3(!g]a]`Uf`m!hc!h\Y!WUgY!cZ!

?B@*!2(!h\Y!]aU[Y!]bX]WUhYg!dfYW]d]hUh]cb!cZ!i`hfUZ]bY!.,!

dUfh]W`Yg!k]h\!Ub!UjYfU[Y!g]nY!cZ!-,,!ba!cf!`Ygg*!!9`gc(!

eiUbh]hUh]jY!UbU`mg]g!kUg!dYfZcfaYX!cb!h\Y!fY[]cbg!-!hc!2!

]b!h\Y!fYWhUb[i`Uf!ZfUaYg!%fY[]cbg!-!hc!06!i`hfUZ]bY!

dUfh]W`Y(!fY[]cbg!1!UbX!26!aUhf]l!d\UgY!WfmghU`&!Zcf!h\Y!

eiUbh]h]Yg!cZ!h\Y!Wcbgh]hiYbh!Y`YaYbhg!cZ!h\Y!U``cm!ZcfaYX!.1!



!

)!/1!)

Ufh]W`Y!?90*!!L\Y!fYgi`hg!UfY!g\ckb!]b!LUV`Y!.*!!!

S,,35T!

TABLE 2  Quantitative analysis results of constituent elements of alloy formed article in 

regions 1 to 6 in FIG. 7 (unit: atomic %).   

! 4O! 4Q! 6F! 9J! =J! 8O! 9C!

<FHJON!*! ,*')! *+',! *.'/! *1',! *)'/! ,',! 1')!

<FHJON!+! +2'.! *+'/! */'-! *0'2! 2'1! ,'0! 1'+!

<FHJON!,! +,'2! +'0! /'*! -+'-! *2'-! )'1! *'2!

<FHJON!-! +.')! +'2! 0',! --'+! */'-! )'/! +'/!

<FHJON!.! +/'/! *1')! *0'2! +-'-! /'.! *')! *'2!

<FHJON!/! +0'+! */',! *1'.! +/'.! /'1! *'+! *'1!

!1!

S,,4,T!

?B@*!3!UbX!LUV`Y!.!]bX]WUhY!h\Uh!h\Y!i`hfUZ]bY!

dUfh]W`Yg!]b!h\Y!fY[]cbg!-!UbX!.!UfY!WfmghU``]bY!dUfh]W`Yg!

]b!k\]W\!Ub!Y`YaYbh!k]h\!U!`Uf[Yf!Uhca]W!fUX]ig!%\YfY(!h\Y!

GV!WcadcbYbh&!]g!acfY!WcbWYbhfUhYX!h\Ub!]b!h\Y!aUhf]l!d\UgY!-,!

WfmghU`g!%h\Y!fY[]cbg!1!UbX!2&*!!L\Ym!U`gc!]bX]WUhY!h\Uh!h\Y!

i`hfUZ]bY!dUfh]W`Yg!]b!h\Y!fY[]cbg!/!UbX!0!UfY!WfmghU``]bY!

dUfh]W`Yg!]b!h\Uh!h\Y!G]!WcadcbYbh!UbX!h\Y!L]!WcadcbYbh!UfY!

acfY!WcbWYbhfUhYX!h\Ub!]b!h\Y!aUhf]l!d\UgY!WfmghU`g!%h\Y!

fY[]cbg!1!UbX!2&*!!!-1!

S,,4-T!

Bh!kUg!gYdUfUhY`m!WcbZ]faYX!h\Uh!h\Y!ch\Yf!U``cm!ZcfaYX!

Ufh]W`Yg!U`gc!\UX!U!g]a]`Uf!a]WfcghfiWhifY*!!!

S,,4.T!



!

)!/2!)

S>ldYf]aYbh!0T!

%FYUgifYaYbh!cZ!aYW\Ub]WU`!dfcdYfh]Yg!UbX!Wcffcg]cb!

fYg]ghUbWY!cZ!U``cm!ZcfaYX!Ufh]W`Yg!?9-!hc!?92&!!

9!hYgh!gdYW]aYb!Zcf!hYbg]`Y!hYgh!%X]UaYhYf!cZ!h\Y!

dUfU``Y`!dcfh]cb6!0!aa(!`Yb[h\!cZ!h\Y!dUfU``Y`!dcfh]cb6!.,!1!

aa&!kUg!gUad`YX!Zfca!YUW\!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9-!

hc!?95!ZUVf]WUhYX!]b!>ldYf]aYbh!.*!!L\Y!hYgh!gdYW]aYbg!cZ!

h\Y!U``cm!ZcfaYX!Ufh]W`Yg!kYfY!hU_Yb!gc!h\Uh!h\Y!

`cb[]hiX]bU`!X]fYWh]cb!cZ!h\Y!hYgh!gdYW]aYb!aUhW\YX!h\Y!

Vi]`X]b[!X]fYWh]cb!%UXX]h]jY!aUbiZUWhif]b[!X]fYWh]cb&*!!!-,!

S,,4/T!

Mg]b[!U!aUhYf]U`!ib]jYfgU`!hYgh]b[!aUW\]bY(!h\Y!fcca)

hYadYfUhifY!hYbg]`Y!hYgh!kUg!WcbXiWhYX!Zcf!YUW\!hYgh!

gdYW]aYb!]b!UWWcfXUbWY!k]h\!CBK!R!..0-!Uh!U!fUhY!cZ!ghfU]b!

cZ!1)-,)1!g)-(!UbX!h\Y!hYbg]`Y!ghfYb[h\!kUg!aYUgifYX*!!?fca!1!-1!

aYUgifYaYbhg!cZ!h\Y!hYbg]`Y!hYgh(!h\Y!aUl]aia!jU`iY!UbX!h\Y!

a]b]aia!jU`iY!kYfY!YlW`iXYX(!UbX!h\Y!UjYfU[Y!jU`iY!cZ!h\Y!

fYaU]b]b[!/!aYUgifYaYbhg!kUg!cVhU]bYX*!!Lc!YjU`iUhY!h\Y!

hYbg]`Y!ghfYb[h\(!h\Y!jU`iY!cZ!`Ygg!h\Ub!-.,,!FIU!kUg!

^iX[YX!hc!VY!#?U]`YX#(!h\Y!jU`iY!cZ!-.,,!FIU!cf!acfY!kUg!.,!

^iX[YX!hc!VY!#IUggYX#(!UbX!h\Y!jU`iY!cZ!-2,,!FIU!cf!acfY!

kUg!^iX[YX!hc!VY!#>lWY``Ybh#*!!L\Y!fYgi`hg!UfY!g\ckb!]b!

LUV`Y!/*!!!

S,,40T!

9`gc(!Wcffcg]cb!fYg]ghUbWY!kUg!aYUgifYX!Zcf!YUW\!cZ!h\Y!.1!



!

)!/3!)

U``cm!ZcfaYX!Ufh]W`Yg!ZUVf]WUhYX!]b!>ldYf]aYbh!.*!!9!hYgh!

gdYW]aYb!%-,!aa!]b!`Yb[h\!)!-,!aa!]b!k]Xh\!)!/!aa!]b!

h\]W_bYgg&!kUg!gUad`YX!Zfca!YUW\!cZ!h\Y!U``cm!ZcfaYX!

Ufh]W`Yg!UbX!]aaYfgYX!]b!1$!Vc]`]b[!gi`Zif]W!UW]X!Uh!/31!D!

Zcf!04!\cifg!hc!aYUgifY!h\Y!Wcffcg]cb!fUhY!%h\Y!aUgg!1!

XYWfYaYbh!dYf!ib]h!UfYU!UbX!ib]h!h]aY&!]b!UWWcfXUbWY!k]h\!

CBK!@!,15-6!.,-.*!!Lc!YjU`iUhY!h\Y!Wcffcg]cb!fYg]ghUbWY(!h\Y!

Wcffcg]cb!fUhY!cZ!,*5![+a.+\!cf!acfY!kUg!^iX[YX!hc!VY!

o?U]`YXp( h\Y!Wcffcg]cb!fUhY!cZ!`Ygg!h\Ub!,*5![+a.+\!kUg!

^iX[YX!hc!VY!oIUggYXp( UbX h\Y!Wcffcg]cb!fUhY!cZ!`Ygg!h\Ub!-,!

,*1![+a.+\!kUg!^iX[YX!hc!VY!o>lWY``Ybhp*  L\Y fYgi`hg UfY 

g\ckb!]b!LUV`Y!/*!!!

S,,41T!

TABLE 3  Measurement results of mechanical property and corrosion resistance of 

alloy formed articles FA1 to FA6.  #-1!

3LLOX!
GOQMFE!
BQSJDLF!

3LLOX!
POVEFQ!

8FDIBNJDBL!PQOPFQSX! 4OQQORJON!QFRJRSBNDF!

=FNRJLF!RSQFNHSI!
%8;B&!

5UBLTBSJON!
4OQQORJON!QBSF! !

GOQ!-1!I!JMMFQRJON!
%H(M+(I&!

5UBLTBSJON!

63*! ;*! *-*-! ;BRRFE! )'01! ;BRRFE!

63+! ;+! *-,2! ;BRRFE! )')1! 5WDFLLFNS!

63,! ;,! *.1+! ;BRRFE! )'-1! 5WDFLLFNS!

63-! ;-! *.)-! ;BRRFE! )'*+! 5WDFLLFNS!

63.! ;.! *-.+! ;BRRFE! )'*)! 5WDFLLFNS!

63/! ;/! *.2.! ;BRRFE! )'2/! 6BJLFE!

!

S,,42T!

9g!g\ckb!]b!LUV`Y!/(!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.!hc!



!

)!/4!)

?91(!ZcfaYX!cZ!h\Y!U``cm!dckXYfg!I.!hc!I1!UWWcfX]b[!hc!h\Y!

]bjYbh]cb(!YUW\!Yl\]V]hg!U!hYbg]`Y!ghfYb[h\!cZ!-.,,!FIU!cf!

acfY*!!Bb!ch\Yf!kcfXg(!]h!]g!XYacbghfUhYX!h\Uh!h\Ym!\UjY!Ub!

YlWY``Ybh!aYW\Ub]WU`!dfcdYfhm!WcadUfUV`Y!hc!cf!VYhhYf!h\Ub!

h\Uh!cZ!h\Y!WcbjYbh]cbU`!U``cm!ZcfaYX!Ufh]W`Y!?9-(!k\]W\!1!

gYfjYg!Ug!U!fYZYfYbWY!gUad`Y*!!JY[UfX]b[!Wcffcg]cb!

fYg]ghUbWY(!g]bWY!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.!hc!?91!

UWWcfX]b[!hc!h\Y!]bjYbh]cb!YUW\!Yl\]V]hg!U!Wcffcg]cb!fUhY!

cZ!`Ygg!h\Ub!,*1![+a.+\(!]h!]g!XYacbghfUhYX!h\Uh!h\Ym!\UjY!

VYhhYf!Wcffcg]cb!fYg]ghUbWY!h\Ub!h\Uh!cZ!h\Y!U``cm!ZcfaYX!-,!

Ufh]W`Y!?9-!Ug!h\Y!fYZYfYbWY!gUad`Y*!!Bb!WcbhfUgh(!h\Y!

Wcffcg]cb!fYg]ghUbWY!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y!?92(!Ug!

h\Y!WcadUfUh]jY!YlUad`Y(!]g!^iX[YX!hc!VY!o?U]`YXp(!U`h\ci[\!

]hg!aYW\Ub]WU`!dfcdYfhm!]g!YlWY``Ybh*!!!

S,,43T!-1!

S>ldYf]aYbh!1T!

%FYUgifYaYbh!cZ!FYW\Ub]WU`!IfcdYfh]Yg!UbX!<cffcg]cb!

JYg]ghUbWY!cZ!9``cm!?cfaYX!9fh]W`Yg!?93!hc!?95&!

9!hYgh!gdYW]aYb!%-,!aa!]b!`Yb[h\!)!-,!aa!]b!k]Xh\!)!/!

aa!]b!h\]W_bYgg&!kUg!gUad`YX!Zfca!YUW\!cZ!h\Y!U``cm!ZcfaYX!.,!

Ufh]W`Yg!?9-!UbX!?93!hc!?95!ZUVf]WUhYX!]b!>ldYf]aYbh!.!hc!

aYUgifY!h\Y!aYW\Ub]WU`!dfcdYfh]Yg!UbX!Wcffcg]cb!fYg]ghUbWY!

cZ!YUW\!U``cm!ZcfaYX!Ufh]W`Y*!!AYfY(!Ug!U!fYdfYgYbhUh]jY!

aYW\Ub]WU`!dfcdYfhm(!N]W_Yfg!\UfXbYgg!kUg!aYUgifYX!Uh!hYb!

dc]bhg!ig]b[!U!N]W_Yfg!\UfXbYgg!hYghYf!%U!dfcXiWh!cZ!.1!



!

)!/5!)

K\]aUXni!<cfdcfUh]cb(!a]Wfc!N]W_Yfg!\UfXbYgg!hYghYf(!acXY`6!

AFN&(!UbX!h\Y!UjYfU[Y!cZ!h\Y!Y][\h!jU`iYg!WU`Wi`UhYX!UZhYf!

YlW`iX]b[!h\Y!aUl]aia!UbX!a]b]aia!jU`iYg!kUg!igYX!Ug!h\Y!

N]W_Yfg!\UfXbYgg!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y*!!JY[UfX]b[!h\Y!

YjU`iUh]cb!cZ!N]W_Yfg!\UfXbYgg(!Ubm!\UfXbYgg!cZ!`Ygg!h\Ub!1!

/4,!Aj!kUg!^iX[YX!hc!VY!o?U]`YXp( Ubm \UfXbYgg cZ /4, Aj cf!

acfY!kUg!^iX[YX!hc!VY!oIUggYXp( UbX Ubm \UfXbYgg cZ 1,, Aj 

cf!acfY!kUg!^iX[YX!hc!VY!o>lWY``Ybhp*  L\Y fYgi`hg UfY g\ckb 

]b!LUV`Y!0*!!!

S,,44T!-,!

9`gc(!VUgYX!cb!h\Y!cVhU]bYX!UjYfU[Y!jU`iY!cZ!N]W_Yfg!

\UfXbYgg(!h\Y!hYbg]`Y!ghfYb[h\!cZ!YUW\!U``cm!ZcfaYX!Ufh]W`Y!

kUg!WU`Wi`UhYX!ig]b[!h\Y!Zc``ck]b[!Uddfcl]aUhY!WcbjYfg]cb!

Zcfai`U6!hYbg]`Y!ghfYb[h\!%ib]h6!FIU&!8!/*-.!)!N]W_Yfg!

\UfXbYgg!%ib]h6!Aj&!'!-2*!!L\Y!fYgi`hg!UfY!g\ckb!]b!LUV`Y!0*!!!-1!

S,,45T!

L\Y!Wcffcg]cb!fYg]ghUbWY!cZ!YUW\!U``cm!ZcfaYX!Ufh]W`Y!

kUg!aYUgifYX!Ug!Zc``ckg*!!>UW\!hYgh!gdYW]aYb!kUg!]aaYfgYX!]b!

1$!Vc]`]b[!gi`Zif]W!UW]X!Uh!/31!D!Zcf!2!\cifg!hc!aYUgifY!

h\Y!Wcffcg]cb!fUhY!%h\Y!aUgg!XYWfYaYbh!dYf!ib]h!UfYU!UbX!.,!

ib]h!h]aY&!]b!UWWcfXUbWY!k]h\!CBK!@!,15-6!.,-.*!!JY[UfX]b[!

h\Y!YjU`iUh]cb!cZ!Wcffcg]cb!fYg]ghUbWY(!g]a]`Uf`m!hc!h\Y!

WUgY!cZ!>ldYf]aYbh!0(!Ubm!Wcffcg]cb!fUhY!cZ!,*5![+a.+\!cf!

acfY!kUg!^iX[YX!hc!VY!o?U]`YXp( Ubm Wcffcg]cb fUhY cZ `Ygg 

h\Ub!,*5![+a.+\!kUg!^iX[YX!hc!VY!oIUggYXp( UbX Ubm Wcffcg]cb .1!



!

)!0,!)

fUhY!cZ!`Ygg!h\Ub!,*1![+a.+\!kUg!^iX[YX!hc!VY!o>lWY``Ybhp*  

L\Y!fYgi`hg!UfY!g\ckb!]b!LUV`Y!0*!!!

S,,5,T!

TABLE 4  Measurement results of mechanical properties and corrosion resistance of 

alloy formed articles FA1 and FA7 to FA9.  #1!

3LLOX!
GOQMFE!
BQSJDLF!

3LLOX!
POVEFQ!

8FDIBNJDBL!PQOPFQSJFR! 4OQQORJON!QFRJRSBNDF!

>JDKFQR!
IBQENFRR!

%7U&!
5UBLTBSJON!

4ONUFQSFE!
SFNRJLF!RSQFNHSI!

%8;B&!

4OQQORJON!QBSF! !
GOQ!/!I!JMMFQRJON!

%H(M+(I&!
5UBLTBSJON!

63*! ;*! -.,! ;BRRFE! - )'0)! ;BRRFE!

630! ;0! .*,! 5WDFLLFNS! */*0! )'/0! ;BRRFE!

631! ;1! .-1! 5WDFLLFNS! *0+/! )'/.! ;BRRFE!

632! ;2! .11! 5WDFLLFNS! *1.*! )'1*! ;BRRFE!

!

S,,5-T!

9g!g\ckb!]b!?B@*!0(!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?93!hc!

?95(!ZcfaYX!Zfca!h\Y!U``cm!dckXYfg!I3!hc!I5!UWWcfX]b[!hc!

h\Y!]bjYbh]cb(!YUW\!Yl\]V]hg!U!N]W_Yfg!\UfXbYgg!cZ!1,,!Aj!-,!

cf!acfY*!!Bb!ch\Yf!kcfXg(!]h!]g!WcbZ]faYX!h\Uh!h\Ym!\UjY!

VYhhYf!aYW\Ub]WU`!dfcdYfh]Yg!h\Ub!h\cgY!cZ!h\Y!WcbjYbh]cbU`!

U``cm!ZcfaYX!Ufh]W`Y!?9-!Ug!h\Y!fYZYfYbWY!gUad`Y*!!FcfYcjYf(!

fY[UfX]b[!Wcffcg]cb!fYg]ghUbWY(!g]bWY!h\Y!U``cm!ZcfaYX!

Ufh]W`Yg!?93!hc!?95!UWWcfX]b[!hc!h\Y!]bjYbh]cb!YUW\!Yl\]V]h!-1!

U!Wcffcg]cb!fUhY!cZ!`Ygg!h\Ub!,*5![+a.+\(!]h!]g!WcbZ]faYX!

h\Uh!h\Ym!\UjY!Wcffcg]cb!fYg]ghUbWY!WcadUfUV`Y!hc!h\Uh!cZ!

h\Y!U``cm!ZcfaYX!Ufh]W`Y!?9-!Ug!h\Y!fYZYfYbWY!gUad`Y*!!!

S,,5.T!



!

)!0-!)

S>ldYf]aYbh!2T!

%?UVf]WUh]cb!cZ!9``cm!?cfaYX!9fh]W`Yg!?9.O(!?90O!UbX!

?91O&!

9b!U``cm!9F!Ufh]W`Y!%U!df]gaUh]W!Ufh]W`Y(!.1!aa!]b!

`Yb[h\!)!.1!aa!]b!k]Xh\!)!3,!aa!]b!\Y][\h(!h\Y!\Y][\h!1!

X]fYWh]cb!kUg!h\Y!X]fYWh]cb!cZ!Vi]`X]b[&!kUg!ZcfaYX!Zfca!

YUW\!cZ!h\Y!U``cm!dckXYfg!I.(!I0!UbX!I1!dfYdUfYX!]b!

>ldYf]aYbh!-!]b!h\Y!gUaY!aUbbYf!Ug!>ldYf]aYbh!.*!!L\Y!

cVhU]bYX!U``cm!9F!Ufh]W`Yg!kYfY!giV^YWhYX!hc!dgYiXc)

gc`ih]cb!\YUh!hfYUhaYbh!%\Y`X!Uh!--4,(<!Zcf!/!\cifg!]b!h\Y!-,!

U]f(!h\Yb!kUhYf!Wcc`YX(!h\Y!Wcc`]b[!fUhY!]b!h\Y!hYadYfUhifY!

fUb[Y!Zfca!5,,!hc!4,,(<!kUg!UVcih!-,,!(<+g&!hc!ZUVf]WUhY!

U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!?90O!UbX!?91O*!!L\]g!YldYf]aYbh!

kUg!WcbXiWhYX!hc!ghiXm!h\Y!]bZ`iYbWY!cZ!h\Y!aYh\cX!cZ!fUd]X!

Wcc`]b[!%Wcc`]b[!fUhY&!]b!h\Y!dgYiXc)gc`ih]cb!\YUh!-1!

hfYUhaYbh*!!!

S,,5/T!

S>ldYf]aYbh!3T!

%F]WfcghfiWhifY!HVgYfjUh]cb!cZ!9``cm!?cfaYX!9fh]W`Yg!

?9.O(!?90O!UbX!?91O&!.,!

9!hYgh!gdYW]aYb!Zcf!a]WfcghfiWhifY!cVgYfjUh]cb!kUg!

gUad`YX!Zfca!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!?90O!UbX!?91O!

ZUVf]WUhYX!]b!>ldYf]aYbh!2(!UbX!giV^YWhYX!hc!a]WfcghfiWhifY!

cVgYfjUh]cb!UbX!YjU`iUh]cb!ig]b[!Ub!K>F!UbX!Ub!KL>F)>=P*!!!

S,,50T!.1!



!

)!0.!)

?B@*!4!]g!Ub!]bjYfgY!dc`Y!Z][ifY!aUd!g\ck]b[!Ub!YlUad`Y!

cZ!h\Y!a]WfcghfiWhifY!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y!?9.O(!

ZcfaYX!Zfca!h\Y!U``cm!dckXYf!I.(!j]YkYX!Zfca!U!X]fYWh]cb!

dYfdYbX]Wi`Uf!hc!h\Y!Vi]`X]b[!X]fYWh]cb*!!9g!g\ckb!]b!?B@*!4(!

h\Y!aUhf]l!d\UgY!ghfiWhifY!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Y!1!

UWWcfX]b[!hc!h\Y!]bjYbh]cb!]bW`iXYg!aUhf]l!d\UgY!WfmghU`!

[fU]bg!k]h\!U!gaU``Yf!UjYfU[Y!g]nY!h\Ub!h\Uh!]b!?B@*!19*!!

L\]g!]g!Uhhf]VihUV`Y!hc!h\Y!ZUWh!h\Uh!h\Y!Wcc`]b[!fUhY!]b!

h\Y!dgYiXc)gc`ih]cb!\YUh!hfYUhaYbh!ghYd!kUg!ZUghYf!h\Ub!]b!

>ldYf]aYbh!.*!!!-,!

S,,51T!

AYfY(!fY[UfX]b[!h\Y!X]gdYfgYX!dfYW]d]hUh]cb!

ghfYb[h\Yb]b[!cZ!U!aYhU`!aUhYf]U`(!]h!]g!_bckb!h\Uh!h\Y!

aYW\Ub]WU`!ghfYb[h\!%Y*[*(!m]Y`X!ghfYgg&!cZ!h\Y!aYhU`!

aUhYf]U`!]bWfYUgYg!]b!dfcdcfh]cb!hc!-+.!dckYf!cZ!h\Y!-1!

dfcXiWh!cZ!oh\Y fUX]ig cZ U dfYW]d]hUhYp UbX oh\Y jc`iaY 

fUh]c!cZ!h\Y!dfYW]d]hUhY!hc!h\Y!aUhf]l!d\UgY!WfmghU`!

[fU]bgp*  L\YfYZcfY( VYWUigY!h\Y!UjYfU[Y!g]nY!cZ!h\Y!aUhf]l!

d\UgY!WfmghU`![fU]bg!jUf]YX!XiY!hc!h\Y!Wcc`]b[!fUhY(!h\Y!

]bjYbhcfg!YlUa]bYX!h\Y!UjYfU[Y!g]nY!cZ!h\Y!i`hfUZ]bY!.,!

dUfh]W`Yg!dfYW]d]hUhYX!]b!h\Y!aUhf]l!d\UgY!WfmghU`g!UbX!

oh\Y dfcXiWh cZ h\Y fUX]ig cZ U dfYW]d]hUhY UbX h\Y jc`iaY 

fUh]c!cZ!h\Y!dfYW]d]hUhY!hc!h\Y!aUhf]l!d\UgY!WfmghU`!

[fU]bgp*!!!

S,,52T!.1!



!

)!0/!)

oL\Y!jc`iaY!fUh]c!cZ!h\Y!dfYW]d]hUhY!hc!h\Y!aUhf]l!

d\UgY WfmghU` [fU]bgp kUg!XYhYfa]bYX!Vm!dYfZcfa]b[!]aU[Y!

UbU`mg]g!cb!YUW\!cZ!h\Y!cVhU]bYX!Y`YWhfcb!a]WfcgWcdY!

cVgYfjUh]cb!]aU[Yg!ig]b[!Ub!]aU[Y!UbU`mg]g!gcZhkUfY!dfc[fUa!

%BaU[YC(!h\Y!diV`]W)XcaU]b!]aU[Y!dfcWYgg]b[!gcZhkUfY!1!

XYjY`cdYX!Uh!h\Y!GUh]cbU`!Bbgh]hihY!cZ!AYU`h\!%GBA&!]b!

M*K*9*&!hc!aYUgifY!h\Y!UjYfU[Y!dUfh]W`Y!g]nY!cZ!h\Y!

dfYW]d]hUhY!%i`hfUZ]bY!dUfh]W`Yg&!UbX!h\Y!UfYU!fUh]c!cZ!h\Y!

dfYW]d]hUhY!%i`hfUZ]bY!dUfh]W`Yg&!UbX!Vm!WcbjYfh]b[!h\Ya!

]bhc!U!jc`iaY!fUh]c*!!L\Y!fYgi`hg!UfY!g\ckb!]b!LUV`Y!1*!!?cf!-,!

WcadUf]gcb(!LUV`Y!1!U`gc!g\ckg!h\Y!fYgi`hg!Zcf!h\Y!U``cm!

ZcfaYX!Ufh]W`Yg!?9.(!?90!UbX!?91!ZUVf]WUhYX!ibXYf!h\Y!

WcbX]h]cbg!cZ!>ldYf]aYbh!.*!!!

S,,53T!

TABLE 5  Results of microstructure observation for alloy formed articles FA2W, FA2, -1!

FA4W, FA4, FA5W, and FA5.   

3LLOX!
GOQMFE!
BQSJDLF!

3LLOX!
POVEFQ!

3UFQBHF!PBQSJDLF!RJYF!OG!
TLSQBGJNF!PBQSJDLFR!

%NM&!

>OLTMF!QBSJO!OG!TLSQBGJNF!
PBQSJDLFR!

%UOLTMF!$&!

Z3UFQBHF!QBEJTR!OG!

TLSQBGJNF!PBQSJDLFR[!)!
ZUOLTMF!QBSJO!OG!TLSQBGJNF!
PBQSJDLFR!SO!MBSQJW!PIBRF!

DQXRSBL!HQBJNR[!
%NM&!

63+?!
;+!

+)! -)! -!

63+! 0)! +/! 2!

63-?!
;-!

+)! -)! -!

63-! 0)! +/! 2!

63.?!
;.!

+)! -)! -!

63.! 0)! +/! 2!

!



!

)!00!)

S,,54T!

9g!g\ckb!]b!LUV`Y!1(!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!

?90O!UbX!?91O(!ZUVf]WUhYX!]b!>ldYf]aYbh!2(!YUW\!WcbhU]bg!

i`hfUZ]bY!dUfh]W`Yg!k]h\!U!gaU``Yf!UjYfU[Y!dUfh]W`Y!g]nY!

UbX!U!\][\Yf!dfYW]d]hUh]cb!fUh]c!h\Ub!h\cgY!cZ!?9.(!?90!UbX!1!

?91(!ZUVf]WUhYX!]b!>ldYf]aYbh!.(!fYgdYWh]jY`m*!!9g!U!fYgi`h(!

'h\Y!dfcXiWh!cZ!h\Y!fUX]ig!cZ!U!dfYW]d]hUhY!UbX!h\Y!jc`iaY!

fUh]c!cZ!h\Y!dfYW]d]hUhY!hc!h\Y!aUhf]l!d\UgY WfmghU` [fU]bgp 

]g!0!ba!Zcf!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!?90O!UbX!?91O!

UbX!5!ba!Zcf!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.(!?90!UbX!?91*!!!-,!

S,,55T!

Bh!]g!gU]X!h\Uh!'h\Y!dfcXiWh!cZ!h\Y!fUX]ig!cZ!U!

dfYW]d]hUhY!UbX!h\Y!jc`iaY!fUh]c!cZ!h\Y!dfYW]d]hUhY!hc!h\Y!

aUhf]l!d\UgY WfmghU` [fU]bgp g\ci`X dfYZYfUV`m VY -2 ba!cf!

`Ygg!]b!hYfag!cZ!XiWh]`]hm!UbX!h\Uh!]Z!h\Y!dfcXiWh!YlWYYXg!-1!

-2!ba(!]h!XfUgh]WU``m!fYXiWYg!h\Y!XiWh]`]hm!cZ!h\Y!Ufh]W`Y*!!

K]bWY!h\Y!jU`iY!cZ!h\Y!dfcXiWh!]g!-2!ba!cf!`Ygg!Zcf!U``!cZ!

h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!?90O!UbX!?91O(!ZUVf]WUhYX!

]b!>ldYf]aYbh!2(!UbX!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.(!?90!UbX!

?91(!ZUVf]WUhYX!]b!>ldYf]aYbh!.(!h\YgY!U``cm!ZcfaYX!.,!

Ufh]W`Yg!UfY!U``!YldYWhYX!hc!Yl\]V]h![ccX!XiWh]`]hm*!!!

S,-,,T!

S>ldYf]aYbh!4T!

%FYUgifYaYbh!cZ!aYW\Ub]WU`!dfcdYfh]Yg!UbX!Wcffcg]cb!

fYg]ghUbWY!cZ!U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!?90O!UbX!?91O&!!.1!



!

)!01!)

L\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!?90O!UbX!?91O!

ZUVf]WUhYX!]b!>ldYf]aYbh!2!kYfY!giV^YWhYX!hc!aYUgifYaYbhg!

UbX!YjU`iUh]cb!cZ!h\Y!aYW\Ub]WU`!dfcdYfh]Yg!UbX!Wcffcg]cb!

fYg]ghUbWY!]b!U!g]a]`Uf!kUm!]b!>ldYf]aYbh!0*!!L\Y!fYgi`hg!

UfY!g\ckb!]b!LUV`Y!2*!!!1!

S,-,-T!

TABLE 6  Measurement results of mechanical property and corrosion resistance of 

alloy formed articles FA2W, FA4W, and FA5W.  #

3LLOX!
GOQMFE!
BQSJDLF!

3LLOX!
POVEFQ!

8FDIBNJDBL!PQOPFQSX! 4OQQORJON!QFRJRSBNDF!

=FNRJLF!RSQFNHSI!
%8;B&!

5UBLTBSJON!
4OQQORJON!QBSF! !

GOQ!-1!I!JMMFQRJON!
%H(M+(I&!

5UBLTBSJON!

63+?! ;+! *,2,! ;BRRFE! )'*)! 5WDFLLFNS!

63-?! ;-! *-..! ;BRRFE! )'*/! 5WDFLLFNS!

63.?! ;.! *-).! ;BRRFE! )'*,! 5WDFLLFNS!

!

S,-,.T!-,!

9g!g\ckb!]b!LUV`Y!2(!YUW\!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!

?9.O(!?90O!UbX!?91O!Yl\]V]hg!U!hYbg]`Y!ghfYb[h\!cZ!-.,,!FIU!

cf!acfY(!h\ig!VY]b[!jYf]Z]YX!h\Uh!h\Ym!\UjY!Ub!YlWY``Ybh!

aYW\Ub]WU`!dfcdYfhm*!!Bb!UXX]h]cb(!fY[UfX]b[!Wcffcg]cb!

fYg]ghUbWY(!U``!cZ!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!?90O!UbX!-1!

?91O!Yl\]V]h!U!Wcffcg]cb!fUhY!cZ!`Ygg!h\Ub!,*1![+a.+\(!h\ig!

VY]b[!jYf]Z]YX!h\Uh!h\Ym!\UjY!Ub!YlWY``Ybh!Wcffcg]cb!

fYg]ghUbWY*!!!

S,-,/T!

AYfY(!k\]`Y!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!?90O!UbX!.,!



!

)!02!)

?91O!Yl\]V]h!`ckYf!hYbg]`Y!ghfYb[h\!%gYY!LUV`Y!/&!XiY!hc!

h\Y]f!g`][\h`m!gaU``Yf!jU`iYg!cZ!'h\Y!dfcXiWh!cZ!h\Y!fUX]ig!

cZ!U!dfYW]d]hUhY!UbX!h\Y!jc`iaY!fUh]c!cZ!h\Y!dfYW]d]hUhY!hc!

h\Y!aUhf]l!d\UgY WfmghU` [fU]bgp %gYY LUV`Y 1& h\Ub h\Y 

U``cm!ZcfaYX!Ufh]W`Yg!?9.(!?90!UbX!?91!ZUVf]WUhYX!]b!1!

>ldYf]aYbh!.(!h\Y!U``cm!ZcfaYX!Ufh]W`Yg!?9.O(!?90O!UbX!?91O!

UfY!YldYWhYX!hc!Yl\]V]h!VYhhYf!XiWh]`]hm!]bghYUX*!!!

S,-,0T!

9g!\Ug!VYYb!XYgWf]VYX!UVcjY(!]h!\Ug!VYYb!XYacbghfUhYX!

h\Uh!UWWcfX]b[!hc!h\Y!dfYgYbh!]bjYbh]cb(!h\YfY!WUb!VY!-,!

dfcj]XYX!Ub!U``cm!Ufh]W`Y!h\Uh!Yl\]V]hg!YjYb!VYhhYf!

aYW\Ub]WU`!dfcdYfh]Yg!UbX+cf!YjYb!\][\Yf!Wcffcg]cb!

fYg]ghUbWY!h\Ub!WcbjYbh]cbU`!A>9!Ufh]W`Yg!k]h\cih!

gUWf]Z]W]b[!h\Y!UhhfUWh]jY!dfcdYfh]Yg!cZ!WcbjYbh]cbU`!A>9g(!

U!dfcXiWh!ZcfaYX!cZ!h\Y!Ufh]W`Y(!UbX!U!Z`i]X!aUW\]bY!\Uj]b[!-1!

h\Y!dfcXiWh*!!!

S,-,1T!

L\Y!UVcjY)XYgWf]VYX!YaVcX]aYbhg!UbX!YldYf]aYbhU`!

YlUad`Yg!\UjY!VYYb!gdYW]Z]WU``m![]jYb!]b!cfXYf!hc!\Y`d!k]h\!
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