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A(&,'),�+*',1&.
>*&�.�/(.2*&*-(2(&'.
B)	*&,�*',1&.
��'),(&'.�1���',1&.
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A(&,'),�+*',1&.,/.*./,-&,�+*&'.)(-��*'1).1�.&,')1-(&.�1���',1&.,&.�,�()/(.�*&�/+*�(/.	�'.,/.�,��+��'.'1.��*&',�3;.�(.
(D*2,&(�.)(�*',1&/0,�/.	('
((&.�(&,'),�+*',1&.�1'(&',*�.*&�./1,�.*&�.�*&�/+*�(.�)1�()',(/.'1.�(�(�1�.*.21�(�.
'0*'.�)(�,+'/.�(&,'),�+*',1&.�1'(&',*�.*'.*.�*&�/+*�(.�(�(�;.A(&,'),�+*',1&.�1'(&',*�4.*&+,��*)3./1,�.�*),*	�(/4.*&�.
�03/,+*�.�*&�/+*�(.*''),	�'(/.
()(.2(*/�)(�.*'./'��3./,'(/.
,'0,&.�)	*&4./�	�)	*&4.*&�.�1)(/'(�.(&�,)1&2(&'/.,&.
'0(.7
3&&/.?*��/.
*'()/0(�.,&.C*�',21)(4.E*)3�*&�.,&.*./(),(/.1�./'��,(/.	('
((&.5FFG.*&�.HI5J;.A*'*.�)12.
'0(/(./'��,(/.
()(.�/(�.'1.�(�(�1�.*./'*',/',+*�.21�(�.�1).�(&,'),�+*',1&.�1'(&',*�.�/,&-.*./�	/('.1�.'0(./*2��(/.
K�.= 5GGL;.�0(.)(2*,&,&-.2(*/�)(2(&'/.K�.= 5MIL.
()(.�/(�.'1.�*�,�*'(.'0(.21�(�;.�1,�.21,/'�)(4./1,�.)(/�,N
)*',1&4.*&�.'1'*�./1,�.&,')1-(&.
()(.'0(.	(/'.�)(�,+'1)/.1�.�(&,'),�+*',1&.�1'(&',*�.K=H*�O.= I;PML4.*&�.'0(.21�(�.

*/.�*�,�*'(�.	3.)(-)(//,&-.1	/()�(�.�/;.�)(�,+'(�.�*��(/;.@�).)(/��'/./�--(/'.'0*'./1,�.�(&,'),�+*',1&.�1'(&',*�.
+*&.	(.21�(�(�./�++(//����3.�/,&-.'0(/(.'0)((.�*)*2('()/4.*&�.'0*'.'0,/.21�(�.�()�1)2/.
(��.*+)1//.*.�*),('3.1�.
&*'�)*�.*&�.�(�(�1�(�.�*&�.�/(/;.�0,/.21�(�.�)1�,�(/.*.�)*2(
1)Q.�1).�)(�,+',&-.&,')1-(&.�3&*2,+/.,&.�*)3,&-.
�*&�.�/(.+1&'(D'/;.�(.*�/1.1�'�,&(.*��)1*+0(/.'1.�(�(�1�.*��)1�),*'(.�*&�/+*�(N/+*�(.�)1D,(/.�1).'0(.Q(3.21�(�.
,&��'/4.,&+���,&-./1,�.21,/'�)(4.)(/�,)*',1&4.*&�./1,�.&,')1-(&;...
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�0(. *++(�()*',1&. 1�. *'21/�0(),+. &,')1-(&. K�L. �D*',1&. '1. ��*&'N.
*�*,�*	�(. )(*+',�(. �1)2/.	3. 0�2*&. *+',�,'3. 0*/.21',�*'(�. /'��,(/. 1�.
)(-,1&*�.�.�*'(.*&�.')*&/�1)'.K8,'1�/(Q.('.*�;4.5FFRL;.�0()(.,/.�*)',+��*).
,&'()(/'.,&.�(&,'),�+*',1&4.*&.*&*()1	,+.2,+)1	,*�.�)1+(//.'0*'.)(�()/(/.
'0,/.�)1+(//.	3.+1&�()',&-.)(*+',�(.�.,&'1.�.-*/(/S.01
(�()4.'0,/.�)1+(//.
,/.�,��+��'.'1.��*&',�34.(/�(+,*��3.*'.�*)-(./+*�(/.K�(,'�,&-().('.*�;4.HIIHL;.
%&.*&.*&*�3/,/.1�.5T.�*)-(.
*'()/0(�/.,&.'0(.&1)'0(*/'()&.B&,'(�.�'*'(/4.
�(&,'),�+*',1&.
*/.(/',2*'(�. '1.	(.'0(. �*)-(/'.)(2*,&,&-.�. �1//.1&+(.
Q&1
&.,&��'4.1�'��'.*&�./'1)*-(.'()2/.
()(.+1&/,�()(�4.*++1�&',&-.�1).
PJU.1�.'1'*�./'1)*-(.*&�.�1//.1&.*�()*-(.K8*&.C)((2(&.('.*�;4.HIIHL;.
�0,�(.)(-,1&*�.2*//.	*�*&+(/./�+0.*/.'0(/(.*)(.0(�����.,&.��*&',�3,&-.'0(.
,2�1)'*&+(. 1�. �*&�/+*�(. �(&,'),�+*',1&4. '0(3. �)1�,�(. &1. �)(�,+',�(.
�1
().1).*//(//2(&'.1�./�*',*�.�*),*',1&.,&.'0(.�)1+(//;.

=(-,1&*�N/+*�(.�(&,'),�+*',1&.21�(�/.�*)3.,&.'0(,).�)(�,+',�(.-1*�/4.

,'0./12(.�1+�/(�.1&.�(�,+',&-.2(+0*&,/',+.�)1+(//(/.1�.'0(.&,')1-(&.
+3+�(4. *&�. 1'0()/. ,&'(&�(�. �1). )(-,1&*�. �*&�/+*�(.2*&*-(2(&'4.
,'0.
�*)-(. �,��()(&+(/. ,&.21�(�. *�-1),'02/. *&�. �*'*. ,&��'/. KC13(). ('. *�;4.
HIITL;.�0,�(.2(+0*&,/',+.21�(�/.�1+�/.1&.01
.�(&,'),�+*',1&.,&'()*+'/.

,'0. 2,+)1	,*�. �)1+(//(/. *&�. /1,�. �*)*2('()/4. )(-,1&*�. 2*&*-(2(&'.
21�(�/.'3�,+*��3.�1+�/.1&.��*&',�3,&-.'0(.(&�,)1&2(&'*�.+1&�,',1&/.,&.

0,+0.�(&,'),�+*',1&.,/.(D�(+'(�.'1.1++�);.B)	*&.(+1/3/'(2/.*&�.�*&�N
/+*�(/. �1/(. *. -)(*'. +0*��(&-(. �1). '0(/(. 21�(�/;. �0(. +12��(D,'3. 1�.
,&�)*/')�+'�)(4./,'(.�,/'�)	*&+(4.0�2*&.	(0*�,1)4.*&�.0,-0�3.�)*-2(&'(�.
�*&�. 1
&()/0,�. ,&.�)	*&. *)(*/. +12��,+*'(/.�*)*2('(),�*',1&. 1�.	1'0.
2(+0*&,/',+.*&�.(2�,),+*�.�(&,'),�+*',1&.21�(�/;.

E��',N/+*�(./'��,(/./01
.'0*'. �*&�/+*�(.�(&,'),�+*',1&.�1'(&',*�. ,/.
�),�(&. 	3. �1+*�N/+*�(. /,'(. +0*)*+'(),/',+/. )*'0(). '0*&. �*&�/+*�(N/+*�(.
�*+'1)/. K=�//(��. ('. *�;4. HI5FL;. E1�(�/. '0*'. ��*&',�3. '0(/(. �&()N/+*�(.


 :1))(/�1&�,&-.*�'01);.
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K�;.�&�)(&3L;...
5. 6)(/(&'.<��)(//�.�(
.�1)Q.:,'3.A(�*)'2(&'.1�.6*)Q/.*&�.=(+)(*',1&4.5HPJ.M'0.<�(&�(4.�(
.�1)Q4.��.5IIHF4.B�<;.

:1&'(&'/.�,/'/.*�*,�*	�(.*'.�+,(&+(A,)(+'.

91�)&*�.1�.�&�,)1&2(&'*�.E*&*-(2(&'.
journal homepage: www.elsevier.com/locate/jenvman 
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-(1+0(2,+*�. �),�()/4. '0(&4. *)(. +),',+*�. '1. �)(�,+',&-. �*)-(N/+*�(. &('.
�(&,'),�+*',1&.��D(/.'0*'.2*''().*'.'0(./�*',*�./+*�(.1�.+*'+02(&'/;.<.
)(+(&'./'��3.
*/.*	�(.'1.�/(./')(*2.&,')1-(&.*&�.�01/�01)�/.+1&+(&N
')*',1&/4.+0*&&(�.+0*)*+'(),/',+/4.+*'+02(&'.�*&�.+1�()4.*&�.'(2�()*'�)(.
*/.�,&(*).�)(�,+'1)/.1�.�(&,'),�+*',1&.�1'(&',*�.*'.*.)(-,1&*�.K>5II.Q2L.
/+*�(.K�1)1�.('.*�;4.HI5FL;.�1
(�()4.'0(/(.�*),*	�(/.)(��,)(.-)(*'.(��1)'.
'1.1	'*,&4.*&�.+*&&1'.�)(�,+'./�	N+*'+02(&'.01'/�1'.�1+*',1&/;.

A(&,'),�+*',1&.,/.*.�,��+��'.�)1+(//.'1.2(*/�)(.�,)(+'�34.*&�.2('0N
1�1�1-,+*�. +0*��(&-(/. 0*�(. ,&0,	,'(�. ,'/. (/',2*',1&. *'. (+1/3/'(2.*&�.
�*&�/+*�(./+*�(/.K7)1��2*&.('.*�;4.HIITL;.+�������)*'(/.1�.�(&,'),�+*',1&.
*)(.�*)',+��*)�3.0*)�.'1.2(*/�)(.*&�.,&'(-)*'(4.*/.'0(3.+*&.)*&-(.-)(*'�3.
	*/(�. 1&.�3&*2,+.�),�(). +1&�,',1&/;.</. *. )(/��'4.2*&3. /'��,(/. �1+�/.
,&/'(*�. 1&. �1'(&',*�. )*'(.2(*/�)(2(&'/. ,&. 
-� ����� �*	1)*'1)3. *//*3/4.

0()(. *&1D,+. +1&�,',1&/. *&�. +*)	1&. *&�. &,')*'(. /�	/')*'(/. +*&. 	(.
+1&')1��(�;.A(&,'),�+*',1&.�1'(&',*�.*//*3/.��*&',�3.'0(.2*D,2�2.	,1N
�1-,+*�. +*�*+,'3.1�. /1,�/. �1).�(&,'),�+*',1&4. *&�.0*�(.	((&.*���,(�. ,&.
�*&�/+*�(N/+*�(./'��,(/.1�. �1)(/'(�4.*-),+��'�)*�.*&�.�)	*&. �*&�/+*�(/.
KC(''(�.*&�.7)1��2*&4.HI5HS.C)��*&�.('.*�;4.HIITS.7)1��2*&.*&�.:)*
N
�1)�4.HIIPL;.

�'��,(/.1�.�(&,'),�+*',1&.�1'(&',*�.,&.*�1&-.)�)*�.'1.�)	*&.-)*�,(&'/.
0*�(.�(21&/')*'(�.'0*'.�)	*&.+1&�,',1&/.�1.&1'.&(+(//*),�3.�(*�.'1.�1
.
�(&,'),�+*',1&.�1'(&',*�/.)(�*',�(.'1.)�)*�./('',&-/.
,'0.21)(.*	�&�*&'.
1)-*&,+.2*''().*&�./1,�.
*'().�)(+�)/1)/.�1).�(&,'),�+*',1&.K�*�/0.('.*�;4.
HIIML;.�1
(�()4.21�(�,&-.�(&,'),�+*',1&.*+)1//. )�)*�. '1.�)	*&. �*&�N
/+*�(/.,/.+12��,+*'(�.	3.'0(./�*',*��3.�*'+03.�,/'),	�',1&.1�.0,-0.�(&,N
'),�+*',1&.)*'(/.
,'0,&./2*��.*)(*/4.,;(;4.01'/�1'/4.*&�.*+)1//./01)'.',2(.
/+*�(/4.,;(;4.01'.212(&'/.K7)1��2*&.('.*�;4.HIIF4.HI5HS.E+:�*,&.('.*�;4.
HIIPS.8,�1&.('.*�;4.HI5IL;.%&'(-)*'(�.*+)1//.'0(.�*&�/+*�(.'0(/(.�,/+)('(.
01'./�1'/.*&�.01'.212(&'/.+�2��*',�(�3.+*&.*++1�&'. �1).*.0,-0.�)1N
�1)',1&.1�.�(&,'),�+*',1&.*+',�,'3.,&.2*&3.(+1/3/'(2.'3�(/;.:12�*)(�.

,'0.)�)*�.*)(*/4.�)	*&.*)(*/.+*&.0*�(.�&,��(.�(&,'),�+*',1&.01'/�1'/.
*//1+,*'(�. 
,'0. +1&+(&')*'(�. &,')1-(&. /1�)+(/. K(;-;4. /(�',+. /3/'(2/4.
�(*Q3. /(
()/L.1).
,'0.(&-,&(()(�. /')�+'�)(/. /�+0.*/.+1&/')�+'(�.
('N
�*&�/.1)./'1)2
*'().+1&')1�.2(*/�)(/.K�:EL.'0*'.�*+,�,'*'(.,&'()*+',1&.
	('
((&.&,')1-(&. /1�)+(/. *&�.
('. /1,�/.
,'0.0,-0.�(&,'),�+*',1&.�1N
'(&',*�. KC(''(�. *&�. 7)1��2*&4. HI5HS. 7)1��2*&. *&�. :)*
�1)�4. HIIPS.
E+60,��,�/.*&�.�*�'()4.HI5MS.=1/(&�
(,-.('.*�;4.HI55S.�0�.('.*�;4.HIIML;.

@&(.*��)1*+0.'1.*��)(//,&-.'0(.+12��(D,'3.1�.��*&',�3,&-.�(&,'),N
�+*',1&.�1'(&',*�.*+)1//.)�)*�.'1.�)	*&.-)*�,(&'/.
,'0,&.0('()1-(&(1�/.
�*&�/+*�(/.,/.'1.�/(./'*',/',+*�.21�(�/.'1.0,-0�,-0'.'0(.21/'.,&��(&',*�.
�*),*	�(/.
,'0,&.*.�0(&12(&1�1-,+*�.21�(�,&-.�)*2(
1)Q;.6)1D,(/.+*&.
'0(&. 	(. �(�(�1�(�. �1). (/',2*',&-. '0(. �),&+,�*�. �),�()/. ,&. �*)',+��*).
(+1/3/'(2/. *&�. �*&�/+*�(/;. �'��,(/. 0*�(. /01
&. '0*'. �(&,'),�+*',1&.
+1))(�*'(/.
,'0./1,�.21,/'�)(.*&�.1)-*&,+.2*''().K7)1��2*&.*&�.:)*
N
�1)�4.HIIPS.E+60,��,�/.*&�.�*�'()4.HI5ML4.3('.�(
./'��,(/.0*�(.*&*�3�(�.
'0(.�)(�,+',�(.�1
().1�.'0(/(.�*),*	�(/.K1).1'0()/L.'1.,�(&',�3.Q(3.*)(*/.
1�.�(&,'),�+*',1&.�1'(&',*�;.�2�,),+*�.21�(�/.1�.�(&,'),�+*',1&.K<&�()N
/1&.('.*�;4.HI5MS.?�1),&/Q3.('.*�;4.HIIJL.0*�(.�1+�/(�.�),2*),�3.1&./1,�.
21,/'�)(.*/.*.�),�,&-.�*+'1)4.*//�2,&-.'0*'.0,-0.�(�(�/.1�./1,�.21,/'�)(.
*&�.1)-*&,+.2*''().K�@EL.+1N1++�).
,'0,&.�*)',+��*).�*&�/+*�(.�1&(/;.
�0(/(.*//�2�',1&/.*)(.)(,&�1)+(�.	3./'��,(/.'0*'./01
./1,�/.
,'0.0,-0.
21,/'�)(. +1&'(&'. '1. 0*�(. 0,-0. �@E. ��(. '1. '0(. �)121',1&. 1�. ��*&'.
-)1
'0.*&�./�1
.)*'(/.1�.1)-*&,+.2*''().�(+12�1/,',1&.,&.
('./1,�/.K6(,.
('. *�;4. HI5IL;. =(+(&'. /'��,(/. 0*�(. �/(�. '1�1-)*�03. '1. )(�)(/(&'. '0(.
/�*',*�.�,/'),	�',1&.1�.	1'0. /1,�.21,/'�)(. *&�.�@E4.*/.	1'0.+1))(�*'(.
/,-&,�+*&'�3.
,'0.'())*,&.�*),*	�(/.K<&�()/1&.('.*�;4.HI5MS.C,(-().('.*�;4.
HI5FS. ?�1),&/Q3. ('. *�;4. HIIJL;. ��2*&. 21�,�+*',1&. 1�. '0(. &*'�)*�.
�)*,&*-(.�)*2(
1)Q.*&�./1,�.�)1�()',(/.2*3.2*Q(.,'.�,��+��'.'1.,�(&',�3.
,&+,�(&'/.1�.0,-0./1,�.21,/'�)(.*&�.�@E4.*&�.'0,/.*��,',1&*�.+12��(D,'3.
/01���.	(.'*Q(&.,&'1.+1&/,�()*',1&.,&.21�(�,&-.(��1)'/;.

%&.'0,/.)(/(*)+04.
(.+12�,�(�.�*'*.�)12.2��',��(./'��,(/.1�.�(&,'),N
�+*',1&.�1'(&',*�.,&.'0(.C*�',21)(4.EA.B�<.2(')1�1�,'*&.*)(*.'1.*//(//.
'0(.�/(.1�./1,�4.03�)1�1-,+4.*&�.1'0().�*&�/+*�(.�)1�()',(/.'1.�(�(�1�.*.
�)(�,+',�(.'11�.�1).�*&�/+*�(N/+*�(.21�(�,&-.1�.�(&,'),�+*',1&.�1'(&',*�;.
@�). 1	O(+',�(/. 
()(. '1. 5L. *//(//. 01
. �(&,'),�+*',1&. �1'(&',*�. *&�.
*//1+,*'(�./1,�.�*),*	�(/.�*)3.*+)1//./1,�.�(�'0/.*&�.�*&�.�/(/.
,'0,&.*.

)(-,1&S.KHL.��*&',�3.+1&')1�/.1&.�(&,'),�+*',1&.�1'(&',*�.*&�. '0(,). ,&N
'()*+',1&/.*+)1//.�)	*&4./�	�)	*&4.*&�.�1)(/'(�. �*&�/+*�(/S.KPL.*//(//.

0('0().*.�&,�()/*�.�(&,'),�+*',1&.21�(�.,/.*��)1�),*'(.�1).'0,/.)*&-(.1�.
�*&�.�/(. '3�(/S.*&�.JL.�,/+�//.01
. '0(/(.+1&')1�/. +1���.	(. �,&Q(�. '1.
-(1-)*�0,+.'11�/.'0*'.�)1�,�(.�)1D,(/.�1).'0(.�,/'),	�',1&.1�.'0(/(.�*),N
*	�(/.*+)1//.'0(.�*&�/+*�(;.
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�(.�',�,�(�.��	�,/0(�.KC(''(�.*&�.7)1��2*&4.HI5HS.7,�'.('.*�;4.HI5IS.
7)1��2*&.('.*�;4.HIIHS.7)1��2*&.*&�.:)*
�1)�4.HIIPS.�*�(.*&�.7)1��N
2*&4.HIITS.�*)),/1&.('.*�;4.HI5HS.�*'()/.('.*�;4.HI5JL.*&�.�&��	�,/0(�.
K/*2��(�. ,&.HI5JL.�*'*.�)12.'0(.C*�',21)(.�+1/3/'(2.KC��L./'��34.*.
+12�1&(&'.1�.'0(.B;�;.�*',1&*�.�+,(&+(.?1�&�*',1&.��&�(�.�1&-N'()2.
(+1�1-,+*�.)(/(*)+0.K>��=L.&('
1)Q;.E1/'./'��,(/.
()(.+*)),(�.1�'. ,&.
'0(.7
3&&/.?*��/.
*'()/0(�S.*.2*,&./'��3./,'(.�1).C��.'0*'.,&+���(/.*.
2,D. 1�. �)	*&. *&�. /�	�)	*&. K�RMUL. *&�. �1)(/'(�. K�HIUL. �*&�. *&�.
&�2()1�/. /'1)2
*'(). +1&')1�. 2(*/�)(/. K�:EL. '3�,+*�. 1�. '0(.
2,�N<'�*&',+.6,(�21&'.)(-,1&.1�.'0(.B;�;.KA10(&34.5FFFL;.�0(/(./'��,(/.
,&+���(�./,'(/.
,'0.*.)*&-(.1�.�)	*&.�(�(�1�2(&'.�(&/,'3.K�)	*&4./�	N
�)	*&4.(D�)	*&L4. �*&�. +1�().K�1)(/'.�()/�/.0()	*+(1�/L4.
('�*&�. '3�(.
K�1)(/'(�.�()/�/.�:EL4./')(*2.)(/'1)*',1&.*��)1*+0(/4.*&�.1'0().�*+'1)/;.
�()(4. 1�). 1	O(+',�(.
*/. '1. /(*)+0. �1). /')1&-. /'*',/',+*�. )(�*',1&/0,�/.
*+)1//.'0,/.�,�()/,'3.1�.�)	*&./,'(/;.

�0(.C��.�(&,'),�+*',1&.�1'(&',*�.�*'*/('.K7)1��2*&4.HI5TL.+1&'*,&/.
JTM.1	/()�*',1&/.1�.�(&,'),�+*',1&.�1'(&',*�.KA�<L.*&�.*./('.1�.*&+,��*)3.
�*),*	�(/.,&+���,&-./1,�.&,')*'(.K�@PL4.*221&,�2.K��JL4.'1'*�.&,')1-(&.
K'1'*�.�L4.2,+)1	,*�.)(/�,)*',1&.K)(/�,)*',1&L4.�1'(&',*�.&('.�.2,&()*�,N
�*',1&. K�2,&L4. �1'(&',*�. &('. &,'),�+*',1&. K�&,'L4. /1,�. 1)-*&,+. 2*''().
K�@EL4.*&�./1,�.21,/'�)(.KE1,/'�)(L4.*�1&-.
,'0.2('*�*'*./�+0.*/.�*&�.
�/(.+1&'(D'.*&�./*2��,&-.�(�'0;.A*'*.+*2(.�)12.TT.�)	*&4.5IF./�	�)N
	*&4.*&�.RR. �1)(/'(�. /,'(/. K?,-;.5L;.�0()(.
()(.PGR./0*��1
4.MG.2,�N.
�(�'04.*&�.PR.�((�./*2��(/.K)(�)(/(&'(�.	3.I–5I.+24.5I–RI.+24.*&�.
RI+ +24.)(/�(+',�(�3L;.

�'�' �����
-A	�����������������	�B������

�0(.�*'*.
()(.�)/'./')*',�(�.'1.(�*��*'(.'0(.�*),*',1&.,&.A�<.
,'0.
�*&�.�/(.K�)	*&4./�	�)	*&4.*&�.�1)(/'(�L.*&�./*2��,&-.�(�'0.K/0*��1
4.
2,�N�(�'04. *&�.�((�L4. */.�(/+),	(�. *	1�(;.�(. '(/'(�. '0(.�,��()(&+(/.
	('
((&. �*&�. �/(/. *&�. 	('
((&. /*2��,&-. �(�'0/. �/,&-. <�@8<. *&�.
��Q(3.�*,)
,/(.+12�*),/1&/;.�(./�22*),�(�.'0(.�,/'),	�',1&/.,&.'()2/.
1�.2(*&.*&�./'*&�*)�.�(�,*',1&.1�.�*),*	�(/.*+)1//.'0(.�)	*&4./�	�)	*&4.
*&�.�1)(/'(�.�*&�.�/(/;.

�(.+12�,�(�./1,�.*&�.(&�,)1&2(&'*�.�*),*	�(/.�1).'0(./0*��1
.�(�'0.
/*2��(/4. *&�. (D+���(�.1	/()�*',1&/.
,'0.2,//,&-.�*��(/. �1).*&3.�)(N
�,+'1).�*),*	�(/.K&.= P5HL;.�(.�/(�.�),&+,�*�.+12�1&(&'.*&*�3/,/.K6:<L.
'1.)(��+(.'0(.�,2(&/,1&*�,'3.1�.'0(.�*'*.*&�.�,/�*�,�(./*�,(&'.�*''()&/;.
�*2��(.�1,&'/.
()(.*�/1.��1''(�.*+)1//.*.�*&�.�/(.-)*�,(&'.'1.�,/�*�,�(.
'0(.)(�*',1&/0,�.	('
((&.�*&�.�/(.+1&'(D'.*&�.'0(.�),&+,�*�.+12�1&(&'/;.
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�(./��,'.'0(./0*��1
.�(�'0.KI–5I.+2L.�*'*.,&'1.'
1.-)1��/.�1).21�(�.
�(�(�1�2(&'. *&�. +)1//N�*�,�*',1&;. �*2��(�. �*'*. 
()(. '*Q(&. *'. PM.
�,/+)('(. �1+*',1&/;.�,&+(.�*'*.
()(.'*Q(&.*'./12(. �1+*',1&/.*'./(�()*�.
�1,&'/.,&.',2(4.
(.�/(�.HM.1�.'0(/(.�1+*',1&/.�1).21�(�.�(�(�1�2(&'.K�.
= 5GGL.*&�.5I.�1).+)1//N�*�,�*',1&.K�.= 5MIL;.<.+1))(�*',1&.'*	�(.
*/.
�(�(�1�(�. '1.�(21&/')*'(. /,-&,�+*&'. )(�*',1&/0,�/.	('
((&.�)(�,+'1).
�*),*	�(/.*&�.A�<4.*&�.'1./01
.
0,+0.�)(�,+'1).�*),*	�(/.
()(.0,-0�3.
+1))(�*'(�.
,'0.(*+0.1'0();.:1))(�*',1&/.
()(.'(/'(�.�/,&-.*./,-&,�+*&+(.
�(�(�.1�.�.< I;IM;.�(.*�/1.+0(+Q(�.'0(.�,/'),	�',1&/.1�.�)(�,+'1).*&�.
)(/�1&/(.�*),*	�(/.'1.*//(//.
0('0().'0(3.
()(.&1)2*��3.�,/'),	�'(�S.,�.
'0(3.
()(.&1'4.
(.+01/(.'1.�1-N')*&/�1)2.'0(.�*),*	�(/;.�0(.�*),*	�(/.
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'0*'.
()(.�1-N')*&/�1)2(�.�),1).'1.21�(�./(�(+',1&.*&�.�*�,�*',1&.
()(.
A�<4.'1'*�.�4.*&�.)(/�,)*',1&;.

�(.�/(�.'0,/.,&�1)2*',1&.'1./(�(+'.*./('.1�.�)(�,+'1).�*),*	�(/.
,'0.

0,+0.'1.21�(�.A�<.*&�.�/(�.�,&(*).)(-)(//,1&.'1.+12�*)(.*./('.1�.&,&(.
+*&�,�*'(.21�(�/.'0*'.,&+���(�.�,��()(&'.+12	,&*',1&/.1�.2*,&.(��(+'/.
*&�. '0(,). ,&'()*+',1&/;. E1�(�. /(�(+',1&. �/(�. '0(. <Q*,Q(. ,&�1)2*',1&.
+),'(),1&.K<%:L4.
,'0.	(''().21�(�/.0*�,&-.�1
().<%:./+1)(/;.�0(.	(/'.
21�(�/. K�((2(�. (��,�*�(&'.
0()(. Δ<%:.≤ HL.
()(. '0(&. '(/'(�. �1).
2��',+1��,&(*),'3.�/,&-.'0(.�*),*&+(.,&�*',1&.�*+'1).K8%?L;.E1�(�/.
,'0.
8%?/.1�.*	1�(.5I.'0*'./�--(/'(�.0,-0.+1��,&(*),'3.*21&-.�)(�,+'1).�*)N
,*	�(/.
()(.(D+���(�.�)12.'0(./(�(+',1&.�)1+(//.K��'&().('.*�;4.HIIJL4.
*&�. '0(.	(/'.21�(�.
*/. +01/(&;. ?1��1
,&-. '0(. /(�(+',1&.1�. *.	(/'N�'.
21�(�.1�.�(&,'),�+*',1&.�1'(&',*�4.
(.'(/'(�.,'/.�()�1)2*&+(.�/,&-.'0(.
+)1//N�*�,�*',1&.�*'*/(';.��*��*',1&.1�.21�(�.�)(�,+',�(.+*�*+,'3.
*/.
�('()2,&(�.	*/(�.1&.�,&(*).)(-)(//,1&.	('
((&.1	/()�(�.�/;.�)(�,+'(�.
�*��(/.K6,&̃(,)1.('.*�;4.HIIGL;.E1�(�.,&'()*+',1&.'()2/.
()(.*�/1.,&+���(�.
'1.�&�()/'*&�.01
.,&�,�,��*�.�*),*	�(/.�),�(.A�<.
0,�(.01��,&-.1'0().
�*),*	�(/.+1&/'*&';.<��.*&*�3/(/.
()(.+1&��+'(�.,&.'0(./'*',/',+*�./1�'N

*)(.�)1-)*2.=.K=.:1)(.�(*24.HI5RL;.
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A�<.�(+)(*/(�./,-&,�+*&'�3.
,'0.�(�'0.K?,-;.HL.	*/(�.1&.*&.<�@8<.
'(/'.K?H4JPI.= 5T;HHS.�.< I;II5L;.6*,)
,/(.+12�*),/1&/./01
(�.'0*'.'0(.
�,��()(&+(/. 	('
((&. /0*��1
. KI–5I. +2L. *&�. 2,�N�(�'0. K5I–RI. +2L.
/*2��(/.
()(. /,-&,�+*&'. KA�<�,��. = FM5. &-W-. /1,�W0)S. :%FM. = KJTJ4.
5JPGLS.�.< I;II5L4.*&�.�,��()(&+(/.	('
((&./0*��1
.KI–5I.+2L.*&�.�((�.
KRI–5II.+2L./*2��(/.
()(./,-&,�+*&'.KA�<�,��.= FGP.&-W-./1,�W0)S.:%FM.
= KPFI4.5MRRLS.�.< I;II5LS.'0()(.
*/.&1./,-&,�+*&'.�,��()(&+(.	('
((&.
2,�N�(�'0.K5I–RI.+2L.*&�.�((�.KRI–5II.+2L./*2��(/.KA�<�,��.= PH.&-W.
-./1,�W0)S.:%FM.= K−TGF4.RMPLS.�.= I;FFL;.�1',&-.'0(.1	/()�(�.A�<.�*��(/.

()(./,-&,�+*&'�3.0,-0().,&.'0(.'1�.5I.+2.1�./1,�/4.
(.�1+�/(�.21�(�.
�(�(�1�2(&'.1&.'0,/./�	/('.1�./1,�.�(�'0;.�'*',/',+*�.*&*�3/,/.)(�(*�(�.
'0()(.
()(.&1./,-&,�+*&'.�,��()(&+(/.,&.�(&,'),�+*',1&.�1'(&',*�.	('
((&.
�)	*&4. /�	�)	*&.1). �1)(/'(�. /,'(/. K<�@8<.?H4HJF. = I;GGHS.�.= I;JH4.
?,-;.PL;.

6)(�,+'1).�*),*	�(/’ 2(*&/.*&�./'*&�*)�.�(�,*',1&/.*)(./�22*),�(�.
,&.�*	�(.H4.*�1&-.
,'0.<�@8<.'(/'.�N�*��(/.'1.,&�,+*'(.�,��()(&+(/.	(N
'
((&.�*&�.�/(.+*'(-1),(/.�1).(*+0.�*),*	�(;.8*),*	�(/.
,'0./,-&,�+*&'.
�,��()(&+(/. *+)1//. �*&�. �/(/.
()(.�@P4.��J4. '1'*�.�4. �@E4. *&�. /1,�.
21,/'�)(;. =(/�,)*',1&4. �. 2,&()*�,�*',1&4. *&�. �. &,'),�+*',1&. �(21&N
/')*'(�.&1./,-&,�+*&'.�,��()(&+(/.	('
((&.�*&�.�/(/;.
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?1).,&,',*�.�*'*.(D��1)*',1&4.
(.�,/�*�,�(�.'0(.)(�*',1&/0,�/.	('
((&.
�)(�,+'1). �*),*	�(/. '0)1�-0. 6:<. K�*	�(. P. *&�. ?,-;. J4. &.= P5HLS. '0(.
*&*�3/,/. 3,(��(�. &,&(. �,&(*). +12	,&*',1&/. K,;(;4. '0(.�),&+,�*�. +12�1N
&(&'/L;.�0(.�)/'.'
1.+12�1&(&'/4.6:5.*&�.6:H4.'1-('0().(D��*,&.MJU.1�.
'0(.�*),*',1&.KPMU.*&�.5FU4.)(/�(+',�(�3L.,&.(&�,)1&2(&'*�.�*),*	�(/.
*+)1//.'0(./*2��(/;.?*+'1)./+1)(/.�1).'0(.�*),*	�(/.,&+���(�.,&.'0(.6:<.
,&�,+*'(�.'0*'.��J4.'1'*�.�4.*&�./1,�.21,/'�)(.
()(.21/'.0,-0�3.+1))(N
�*'(�.
,'0.6:<.*D,/.5;.�('.&,'),�+*',1&.*&�.&('.�.2,&()*�,�*',1&.
()(.
'0(.21/'.0,-0�3.+1))(�*'(�.�*),*	�(/.
,'0.6:<.*D,/.H.K�*	�(.PL;.�*2��(.
�1,&'/.
()(.*�/1.��1''(�.*�1&-.*.�*&�.�/(.-)*�,(&'.K�1)(/'(�4.)(/'1)(�4.
/�	�)	*&4.�)	*&4.*&�.(D�)	*&L.K?,-;.JL;.�0(.�1)(/'(�./,'(/.
()(.+��/'()(�.
*�1&-.'0(.6:5.*D,/4.
0,�(.'0(./�	�)	*&./,'(/.*�,-&(�.21)(.+�1/(�3.
,'0.
'0(. 6:H. *D,/4. /�--(/',&-. '0(. A�<. �*��(/. 
()(. �),�(&. 	3. �,��()(&'.

�*),*	�(/.�1).'0(/(.�*&�.�/(.'3�(/4.(�(&.'01�-0.�,��()(&+(/.,&.A�<.*+)1//.
�*&�.�/(/.
()(. &1'. /'*',/',+*��3. /,-&,�+*&'. K?,-;. PL;.�0,/. /�--(/'/. +1N.
�,2,'*',1&. 1�.�(&,'),�+*',1&. 1). '0*'.�,��()(&'.�),�()/. *)(.�)(�*�(&'. ,&.
�)	*&4./�	�)	*&4.*&�.�1)(/'(�.�*&�.�/(.'3�(/;.
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:1))(�*',1&.*&*�3/,/.1�.'0(./1,�.+0*)*+'(),/',+/./01
(�.'0*'.A�<.
*/.
�1/,',�(�3.+1))(�*'(�.
,'0./1,�.21,/'�)(4./1,�.1)-*&,+.2*''()4.'1'*�.�4.*&�.
/1,�.)(/�,)*',1&.K�*	�(.5L;.�0(.+*&�,�*'(.21�(�/.
()(.�(�(�1�(�.�/,&-.
'0(/(. �1�). �*),*	�(/. *&�. '0(,). ,&'()*+',1&/4. 
,'0. '0(. )(/�1&/(. �*'*.
+12�),/,&-. '0(. /0*��1
. �(�'0. K<5I. +2L. 1	/()�*',1&/. �(/,-&*'(�. �1).
21�(�.�(�(�1�2(&'.K&.= 5GGL;.@�.'0(.+*&�,�*'(.21�(�/4.'0)((.21�(�/.
0*�.Δ<%:.�*��(/.
,'0,&.H.K=*&Q/.54.H4.*&�.PS.�*	�(.JL;.�0(.'1�.)*&Q(�.
21�(�.�,��()(�.�)12.'0(.=*&Q.H.*&�.P.21�(�/.	3.1&(.*��,',1&*�.'()24.
/1,�.1)-*&,+.2*''()S.'0(.=*&Q.H.21�(�.12,''(�.'0(.,&'()*+',1&.'()2.	(N
'
((&.)(/�,)*',1&.*&�.'1'*�.�.�)(/(&'.,&.'0(.=*&Q.5.*&�.P.21�(�/;.�,&+(.
'0(.�,��()(&+(/. ,&.<%:.	('
((&. '0(. '0)((. '1�. )*&Q(�.21�(�/.
()(. /1.
/2*��4.,&�,+*',&-.'0*'.)('*,&,&-.'0(.(D')*.'()2.)(/��'(�.,&.&1./�	/'*&',*�.
,2�)1�(2(&'.,&.'0(.21�(�4.
(.+01/(.'1.�)1+((�.
,'0.'0(./,2��(/'.21�(�.
K)*&Q(�.�HL;.�0(.(��*',1&.�1).21�(�.)*&Q.�H.K?J45TF.= HH;IHS.�.< I;II5L.
,/.	(�1
�.
log(DEA) = 2.82 + 6.68
Moisture + 0.12∗log(Resp) + 1.14
log(TotalN)

− 1.77∗log(Moisture)
log(TotalN)
K5L.

E1�(�.�*�,�*',1&. �1).'0,/./(�(+'(�.21�(�.
*/.�()�1)2(�.�/,&-.'0(.
21�(�.�*�,�*',1&. /*2��(/. K&.= 5MIL;.=(-)(//,1&.1�.1	/()�(�.�/;.�)(N
�,+'(�.A�<.�*��(/.3,(��(�.*&.=H.�*��(.1�.I;PT4.
,'0.'0(.�,&(*).21�(�.
0*�,&-.*&.,&'()+(�'.1�.5;TJ.*&�./�1�(.1�.I;RJM.K?,-;.ML;.
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C(+*�/(.'0(.'0)((.'1�N)*&Q(�.21�(�/.,&+���(�.'0(.,&'()*+',1&/.	(N
'
((&.'1'*�.�.*&�./1,�.21,/'�)(4.
(.(D��1)(�.'0(.�*)*2('()./�*+(.1�./1,�.
21,/'�)(.*&�.)(/�,)*',1&.*'.�*)3,&-.�(�(�/.1�.'1'*�.�;.<�'01�-0.1�).'1�.
21�(�.12,''(�.'0(.,&'()*+',1&.	('
((&.'1'*�.�.*&�.)(/�,)*',1&4.
(.*�/1.

*&'(�.'1.(D��1)(.'0(.�*)*2('()./�*+(.1�./1,�.21,/'�)(.*&�.'1'*�.�.*'.
�*)3,&-.�(�(�/.1�.)(/�,)*',1&;.
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.
�(�(�/. 1�. '1'*�.�4. )(/�,)*',1&. 0*/. 2�+0. �(//. (��(+'. 1&. A�<4. *&�. /1,�.
21,/'�)(.,/.'0(.Q(3.�),�().1�.A�<.�&�().�1
.�.+1&�,',1&/;.�1
(�()4.*/.
'1'*�.�.,&+)(*/(/4.)(/�,)*',1&.0*/.*&.,&+)(*/,&-.(��(+'4.
,'0.0,-0.)(/�,N
)*',1&. )*'(/.�),�,&-. ,&+)(*/(�. A�<. �1). *. -,�(&. /1,�.21,/'�)(. �(�(�. *'.
0,-0().�(�(�/.1�.�;.:12�(&/*'1)3.')*�(1��/.	('
((&.)(/�,)*',1&.*&�./1,�.
21,/'�)(.*)(.*2��,�(�.*'.0,-0.�(�(�/.1�.'1'*�.�;.<'.�1
.'1'*�.�.*&�.�1
.
21,/'�)(. �(�(�4.A�<.,/.,&/(&/,',�(.'1.�*),*',1&.,&./1,�.)(/�,)*',1&4.*&�.
A�<.�(�(�/.*)(.*�
*3/.�1
;.�1
(�()4.*'.0,-0.'1'*�.�4.21�()*'(.A�<.+*&.
	(.*+0,(�(�.(�(&.*'.�1
./1,�.21,/'�)(.�(�(�/;.%&.'0,/.+*/(4.0,-0.)(/�,)*N
',1&.�*��(/.+12�(&/*'(.�1).�1
./1,�.21,/'�)(.K*&�.�,+(.�()/*L;.

�0(. )(�*',1&/0,�. 	('
((&. /1,�. 21,/'�)(. *&�. '1'*�. �. *'. �*)3,&-.
)(/�,)*',1&.)*'(/.,/.+12��(DS.�&�,Q(.'0(.��1'/.*'.�*)3,&-.�(�(�/.1�.'1'*�.�4.
'0(.)(�*',1&/0,�.	('
((&./1,�.21,/'�)(.*&�.'1'*�.�.)(2*,&/./,2,�*).*+)1//.
�,��()(&'.�(�(�/.1�.)(/�,)*',1&4.
,'0.�,��()(&+(/.,&.'0(.2*-&,'��(.1�.A�<.
K0,-0().)(/�,)*',1&.)*'(/.3,(��.0,-0().A�<.*+)1//.*��.'0)((.��1'/L;.<'.�1
.
�(�(�/.1�./1,�.21,/'�)(4.A�<.,&+)(*/(/./�	/'*&',*��3.
,'0.,&+)(*/,&-.'1'*�.
�;.�1
(�()4.*'.0,-0().�(�(�/.1�./1,�.21,/'�)(4.'0,/.�*''()&.+0*&-(/4.*&�.
A�<. *+'�*��3. �(+)(*/(/. 
,'0. ,&+)(*/(�. '1'*�. �4. '0(. '�)&,&-. �1,&'.
1++�)),&-.*'.*)1�&�.I;G./1,�.21,/'�)(;.

�� ����
�����


�(.�(21&/')*'(.*.&1�(�.*��)1*+0.'1.�(&,'),�+*',1&.21�(�,&-.�/,&-.*.

����
�� 8*),*',1&.,&.A�<.K�(&,'),�+*',1&.�1'(&',*�L.
,'0.�(�'0;.��Q(3.�*,)
,/(.
+12�*),/1&/./01
.'0*'.'0()(.,/.&1./,-&,�+*&'.�,��()(&+(.	('
((&.5INRI.+2.*&�.
RI–5II.+2.�(�'0/.K�.= I;FFJL4.	�'.'0(.�,��()(&+(/.*)(./'*',/',+*��3./,-&,�+*&'.
	('
((&.IN5I.+2.*&�.5I–RI.+2.*&�.	('
((&.IN5I.+2.*&�.RI–5II.+2.K�.<
I;II5.�1).	1'0.+1&')*/'/L;.

����
�� 8*),*',1&.,&.A�<.K�(&,'),�+*',1&.�1'(&',*�L.
,'0.�*&�.�/(;.�0()(.
()(.
&1./,-&,�+*&'.�,��()(&+(/.	('
((&.�*&�.�/(.'3�(/.K?H4HJF.= I;GGH4.�.= I;JHL;.
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+12�)(0(&/,�(.�*'*/('.*+)1//.�)	*&4./�	�)	*&4.*&�.)�)*�.�*&�.�/(/4.*&�.
/01
.'0*'.A�<.,/.&1'./,-&,�+*&'�3.�,��()(&'.*+)1//.�*&�.�/(/;.�0(.�),�()/.
1�.A�<.'0*'.(2()-(�.,&.1�).21�(�.K21,/'�)(4.)(/�,)*',1&4.*&�.'1'*�.�L.
�,��()(�.	('
((&.�*&�.�/(/4./�--(/',&-.'0*'.�,��()(&'.�*+'1)/.�,2,'.A�<.
*+)1//. '0(. �*&�. �/(. '3�(/;. �')1&-. �),�(). ,&'()*+',1&/. 	('
((&. '0(.

�)(�,+'1).�*),*	�(/.)(�(*�.+1N�,2,'*',1&.1�.A�<4.*&�./01
.�1+*�.�*),*',1&.
,&./1,�.�*)*2('()/.'1.	(./')1&-.�),�()/.
0,+0.2�/'.	(.+1&/,�()(�.
,'0,&.
�*&�.�/(.+1&'(D';.

0'�' D���
��������
�����C�������A��
����	�

�(.(D�(+'(�.�(&,'),�+*',1&.�1'(&',*�. '1.	(.0,-0(/'. ,&. '0(./0*��1
.
/*2��(/4.��(.'1.*.0,-0().�,Q(�,011�.1�.2,+)1	,*�.*+',�,'3.&(*).'0(./1,�.
/�)�*+(;.�0(.1	/()�(�.')(&�.,&.A�<.
,'0.�(�'0.2*'+0(/.1�).(D�(+'*',1&/.
*&�.*-)((/.
,'0.2*&3.�)(�,1�/./'��,(/.
0,+0.�(21&/')*'(.�(+)(*/,&-.
�(&,'),�+*',1&.+*�*+,'3.
,'0.�(�'0.KC(''(�.*&�.7)1��2*&4.HI5HS.C)3(.
('.*�;4.HII5S.6;E;.7)1��2*&.*&�.:)*
�1)�4.HIIPS.9(��()/1&.('.*�;4.HI5IS.
>�1.('.*�;4.5FFGS.6*)Q,&.*&�.E(,/,&-()4.5FGFS.�*--*).('.*�;4.HI5PL;.@�).
�1+�/.1&./�)�*+(.�)1+(//(/.,/.*��)1�),*'(.�1).�)	*&.�*&�/+*�(/4.
0()(.
'0()(.,/.-)(*'.,&'()(/'.,&.+*�'�),&-.*&�.�)1+(//,&-./'1)2
*'()./�)�*+(.
)�&1��;.�1
(�()4.,'.,/.,2�1)'*&'.'1.&1'(.'0*'.*+',�,'3.*'.�(�'0.K21)(.'0*&.
5I.+2.�((�L.+*&.	(./,-&,�+*&'.KE1)/(.('.*�;4.HI5JL.*&�. ,/.(/�(+,*��3.
,2�1)'*&'. �1). �)1+(//,&-. 1�. &,')*'(. 21�,&-. ,&. /0*��1
. -)1�&�
*'().
K71��.('.*�;4.HII5S.8,�1&.*&�.�,��4.HIIJL;.�0,/.12,//,1&.,&.1�).�*&�/+*�(.
21�(�./01���.	(.(D��1)(�.��)'0();.

�0()(.
()(.&1./,-&,�+*&'.�,��()(&+(/. ,&.A�<.	('
((&.�)	*&4./�	N
�)	*&.*&�.�1)(/'(�./,'(/;.A�(.'1.*�'()(�.�)	*&.03�)1�1-3.K�*�/0.('.*�;4.
HIIML4.+0*&-,&-.&�'),(&'.(D�1)'.�*'0
*3/.K�*�/0*�.*&�.C(�'4.HI5HL4.*&�.
*. “�,/',&+'.�)	*&. 	,1-(1+0(2,/')3” K�*3(. ('. *�;4. HIITL4.
(. (D�(+'(�.
�)	*&.(&�,)1&2(&'/. '1.	(.�11)�3./�,'(�. �1).&�'),(&'.��'*Q(.*&�.�)1N
+(//,&-;.�1
(�()4.�(&,'),�+*',1&.�1'(&',*�.0*/.	((&./01
&.'1.1++�).*'.
0,-0.)*'(/.,&.�)	*&.(&�,)1&2(&'/.K7),22.('.*�;4.HIIMS.7)1��2*&.*&�.
:)*
�1)�4.HIIPS.%&
11�.('.*�;4.HIIML;.7)1��2*&.*&�.:)*
�1)�.XHIIPY.

�����
�

:1))(�*',1&.2*'),D.K).�*��(/L.*21&-.�(&,'),�+*',1&.�1'(&',*�.*&�./(�(+'.-)1�&�
*'().*&�./1,�.�03/,1+0(2,+*�.+0*)*+'(),/',+/;.�,-&,�+*&'.+1))(�*',1&/.K�.< I;IML.	*/(�.
1&.6(*)/1&’/.+1))(�*',1&.+1(��+,(&'.*)(./01
&.,&.	1��;.A�<.,/.�(&,'),�+*',1&.�1'(&',*�.K&-W-./1,�W0)L4.�@P.,/./1,�.&,')*'(.�(�(�.Kμ-.�W-.�)3./1,�L4.��J.,/./1,�.*221&,�2.
Kμ-.�W-.�)3./1,�L4.'1'*�.�.,/.'1'*�./1,�.&,')1-(&.Kμ-.�W-.�)3./1,�L4.=(/�,)*',1&.,/./1,�.)(/�,)*',1&.)*'(.Kμ-.:W-W�L4.�2,&.,/.�1'(&',*�.&('.�.2,&()*�,�*',1&.Kμ-.�W-W�L4.�&,'.,/.
�1'(&',*�.&('.�.&,'),�+*',1&.Kμ-.�W-W�L4.�@E.,/./1,�.1)-*&,+.2*''().K-W-L4.*&�.E1,/'�)(.,/./1,�.21,/'�)(.+1&'(&'.K-W-L;.8*),*	�(/.
,'0.*&.*/'(),/Q.
()(.,&+���(�.*/.
�)(�,+'1)/.,&.'0(.A�<.21�(�./(�(+',1&.�)1+(//;...

7)1�&�
*'(). �1,�.
A�<.K&-W-.
/1,�W0)L.

�@P.Kμ-.
�W-.�)3.
/1,�L.

��J.Kμ-.�W.
-.�)3./1,�L.

%&,',*�.�1'*�.�.

.Kμ-.�W-.�)3.
/1,�L.

�1,�.=(/�,)*',1&
.
Kμ-.:W-W�L.

61'(&',*�.�('.�.
E,&()*�,�*',1&.Kμ-.�W.
-W�L.

61'(&',*�.�('.�.
�,'),�+*',1&.Kμ-.�W.
-W�L.

�1,�.1)-*&,+.
2*''()
.K-W.
-L.

�1,�.
21,/'�)(
.
K-W-L.

A�<. 5.........
�@P. I;PPF. 5........
��J. �����
 −I;IRH. 5.......
�1'*��
. �����
 ���� 
 �����
 5......
=(/�,)*',1&
. ����!
 I;H5R. ����!
 �����
 5.....
�2,&. ¡�����
 I;5FI. ¡����"
 ¡�����
 ¡�����
 5....
�&,'. −I;I5R. I;5PR. I;IIG. I;IFI. −I;5IH. ���!�
 5...
�@E
. ��� !
 I;IRG. I;5FM. I;HIM. I;HJG. −I;IJF. −I;5PH. 5..
E1,/'�)(
. �����
 I;ITH. �����
 ���� 
 ����!
 ¡���� 
 −I;HIT. ����"
 5..

�����
�

��22*)3.1�.2(*&.*&�./'*&�*)�.�(�,*',1&.1�.�)(�,+'1).�*),*	�(/.,&.�)	*&.K�.= JTL4./�	�)	*&.K�.= 5JJL4.*&�.�1)(/'(�.K�.= GTL./0*��1
./*2��(/;.<�@8<.�N�*��(/.*)(.
*�/1./01
&4.
,'0./'*',/',+*��3./,-&,�+*&'.�*),*	�(/.K�.< I;IML.	1��;..

8*),*	�(*. B)	*&. ��	�)	*&. ?1)(/'(�. <�@8<.�N�*��(.
E(*&. �A. E(*&. �A. E(*&. �A.

�@P. P;FI. J;R5. P;IP. M;PM. 5;GI. H;GT. �����

��J. 5;5J. 5;HM. H;5J. H;MR. R;HG. 5H;GJ. <�����

�1'*��. M;IJ. M;5J. M;5G. M;JP. F;IG. 5P;IM. �����

=(/�,)*',1&. 5IM;RH. 5GH;IR. T5;HI. 5PP;HP. TM;IR. 5TP;5R. I;H5H.
�2,&. I;HR. I;MI. I;5P. I;FH. −I;IG. 5;JT. I;5MT.
�&,'. I;HM. I;JF. I;5G. I;GH. I;5T. I;PT. I;RHF.
�@E. I;IT. I;IJ. I;PI. I;H5. I;P5. I;HT. <�����

E1,/'�)(. I;HM. I;IG. I;P5. I;55. I;JH. I;5G. <�����


* �@P.,/./1,�.&,')*'(.�(�(�.K�-.�W-.�)3./1,�L4.��J.,/./1,�.*221&,�2.K�-.�W-.�)3./1,�L4.'1'*�.�.,/.'1'*�./1,�.&,')1-(&.K�-.�W-.�)3./1,�L4.=(/�,)*',1&.,/./1,�.)(/�,)*',1&.)*'(.

K�-.:W-W�L4.�2,&.,/.�1'(&',*�.&('.�.2,&()*�,�*',1&.K�-.�W-W�L4.�&,'.,/.�1'(&',*�.&('.�.&,'),�+*',1&.K�-.�W-W�L4.�@E.,/./1,�.1)-*&,+.2*''().K-W-L4.*&�.E1,/'�)(.,/./1,�.
21,/'�)(.+1&'(&'.K-W-L;..

�����
�

>1*�,&-/.*&�.+1))(�*',1&.+1(��+,(&'/.�1).'0(.�)/'.'
1.�),&+,�*�.+12�1&(&'/.K6:5.
*&�.6:HL.�1).*��./0*��1
./*2��(/.K&.= P5HL;...

6:5. 6:H.
8*),*	�(*. >1*�,&-. :1))(�*',1&.

+1(��+,(&'.
>1*�,&-. :1))(�*',1&.

+1(��+,(&'.
�@P. −I;5I. −I;5R. I;5M. I;5F.
��J. −I;MP. −I;GG. −I;5F. −I;HP.
�1'*��. −I;MP. −I;GG. −I;IG. −I;5I.
=(/�,)*',1&. −I;PP. −I;MJ. −I;IG. −I;5I.
�2,&. I;PJ. I;MR. −I;MM. −I;TR.
�&,'. I;5T. I;HR. −I;TG. −I;GJ.
�@E. −I;5H. −I;5F. −I;HF. −I;PT.
E1,/'�)(. −I;J5. −I;TF. −I;HR. −I;PP.
�,-(&�*��(. H;RR. 5;JF.
U.8*),*&+(.

(D��*,&(�.
PJ;TMU. 5G;TTU..

* �@P.,/./1,�.&,')*'(.�(�(�.K�-.�W-.�)3./1,�L4.��J.,/./1,�.*221&,�2.K�-.�W-.�)3.
/1,�L4.'1'*�.�.,/.'1'*�./1,�.&,')1-(&.K�-.�W-.�)3./1,�L4.=(/�,)*',1&.,/./1,�.)(/�,)*',1&.
)*'(. K�-.:W-W�L4.�2,&. ,/.�1'(&',*�. &('.�.2,&()*�,�*',1&. K�-.�W-W�L4.�&,'. ,/.
�1'(&',*�.&('.�.&,'),�+*',1&.K�-.�W-W�L4.�@E.,/./1,�.1)-*&,+.2*''().K-W-L4.*&�.
E1,/'�)(.,/./1,�.21,/'�)(.+1&'(&'.K-W-L;..
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)(�1)'(�. 0,-0().�*),*	,�,'3. ,&.�(&,'),�+*',1&.�1'(&',*�. ,&.�)	*&.*)(*/.
+12�*)(�.'1.)�)*�.*)(*/4.
0,+0.,/.�1-,+*�.-,�(&.'0(.0('()1-(&(1�/.&*'�)(.
1�.�)	*&.�*&�/+*�(/;.�1
(�()4.�1).1�).�*'*/('4.�*),*	,�,'3.,&.�(&,'),�N
+*',1&. �1'(&',*�. 
*/. 0,-0(). ,&. �1)(/'(�. *&�. /�	�)	*&. �*&�. �/(/. */.
+12�*)(�.'1.�)	*&.K?,-;.PL;.�,&+(./1,�.21,/'�)(4.)(/�,)*',1&4.*&�.'1'*�.�.
(2()-(�.*/.'0(.21/'.,2�1)'*&'.�)(�,+'1)/.1�.�(&,'),�+*',1&.�1'(&',*�4.

(.*�/1.(D*2,&(�.�,��()(&+(/.,&.'0(/(.'0)((.�*),*	�(/.	('
((&.'0(.'0)((.
�*&�.�/(.+�*//,�+*',1&/;.�1,�.21,/'�)(.*&�.'1'*�.�./01
(�./'*',/',+*��3.
/,-&,�+*&'.�,��()(&+(/.	('
((&.�*&�.�/(/.K�*	�(.HL;.�0(/(.)(/��'/./�--(/'.
'0*'.
0,�(.1&(.�(&,'),�+*',1&.21�(�.,/.*���,+*	�(.'1.*��.�*&�.�/(/4.'0(.
2(+0*&,/2/. �1).21�(�,&-. /1,�.21,/'�)(. *&�. '1'*�.�. /01���.�*)3;.�(.

/�--(/'.*��)1�),*'(.��'�)(.21�(�,&-.�,)(+',1&/.	(�1
;.
%'./01���.	(.&1'(�.'0*'.�(&,'),�+*',1&.�1'(&',*�.�1(/.&1'.&(+(//*),�3.

)(�(+'.'0(.*+'�*�.�(&,'),�+*',1&.)*'(/.1++�)),&-.,&.'0(.�(��;.A(&,'),�N
+*',1&.�1'(&',*�.*&�.)*'(.0*�(.	((&./01
&.'1.+1))(�*'(.
(��.K7)1��2*&.
*&�.�,(�O(4.5FGFL4.	�'.*. �*+Q.1�.*&1D,+.+1&�,',1&/4.+*)	1&./1�)+(4.1).
*�*,�*	�(.&,')*'(.+*&.�(*�.'1.�1+*',1&/.
,'0.0,-0.�(&,'),�+*',1&.�1'(&',*�.
	�'.�1
.*+'�*�.)*'(;.�0()(.,/.*.+�(*).&((�.�1).*&*�3/,/.1�.)(�*',1&/0,�/.
	('
((&.*+'�*�.*&�.�1'(&',*�.�(&,'),�+*',1&.)*'(/.,&.�)	*&.*)(*/.*&�W1).
�(21&/')*',1&. '0*'. 2(*/�)(2(&'/. 1�. �(&,'),�+*',1&. �1'(&',*�. *)(.
2(+0*&,/',+*��3.�)(�,+',�(. ,&. (+1/3/'(2.*&�. �*&�/+*�(N/+*�(.&,')1-(&.
2*//.	*�*&+(/.K7)1��2*&.('.*�;4.HIITL;.

����
 �� 6:<. K�),&+,�*�. +12�1&(&'. *&*�3/,/L. �1).
*��. �(&,'),�+*',1&. �1'(&',*�. /*2��(/;. ?1)(/'(�.
/,'(/.
()(. +��/'()(�. *�1&-. '0(. 6:5. *D,/4.
0,�(.
/�	�)	*&./,'(/.*�,-&(�.21)(.+�1/(�3.
,'0.'0(.6:H.
*D,/4. /�--(/',&-. '0*'. A�<. 
*/. +1&')1��(�. 	3.
�,��()(&'. �*),*	�(/. ,&. �,��()(&'. *)(*/;. A�<. ,/.
�(&,'),�+*',1&. �1'(&',*�. K&-W-W0)L4. �@P. ,/. /1,�.
&,')*'(. �(�(�/. Kμ-. �W-. �)3. /1,�L4. ��J. ,/. /1,�.
*221&,�2.Kμ-.�W-.�)3./1,�L4.'1'*�.�.,/.'1'*�./1,�.
&,')1-(&. Kμ-. �W-. �)3. /1,�L4. =(/�,)*',1&. ,/. /1,�.
)(/�,)*',1&.)*'(.Kμ-.:W-W�L4.�2,&.,/.�1'(&',*�.&('.
�.2,&()*�,�*',1&.Kμ-.�W-W�L4.�&,'.,/.�1'(&',*�.&('.
�. &,'),�+*',1&. Kμ-.�W-W�L4.�@E. ,/. /1,�. 1)-*&,+.
2*''().K-W-L4.*&�.E1,/'�)(.,/./1,�.21,/'�)(.+1&N
'(&'.K-W-L;...

�����
�

E1�(�./(�(+',1&.+),'(),*.�/(�.,&.)*&Q,&-.�,&(*).)(-)(//,1&.21�(�/.�)(�,+',&-.'0(.�(&,'),�+*',1&.�1'(&',*�.KA�<L.1�./*2��(�./,'(/.K�.= 5GGL;.�0(.	(/'.21�(�.K)*&Q.= 5L.
0*�.'0(.�1
(/'.<%:+.�*��(.*&�.'0(.0,-0(/'.<Q*,Q(.
(,-0';.�0()(.
()(.'(&.+*&�,�*'(.21�(�/4.,&+���,&-.*.&���.21�(�.
,'0.,&'()+(�'.1&�3.K21�(�.)*&Q.= 5IL;.E1�(�/.
)*&Q(�.54.H4.*&�.P.
()(.�((2(�.(��*��3./�,'*	�(4.-,�(&.'0*'.Δ<%:+.<H;..

A�<.21�(�.)*&Q,&-/. :1(��+,(&'.(/',2*'(/.K
,'0./'*&�*)�.())1)L*.

=*&Q. ��. <%:+. Δ<%:+. <Q*,Q(.

(,-0'.

:�2;.

(,-0'.

E1,/'�)(. =(/�;. �1'*�.�. �@E. E1,/'�)(�.
=(/�.

E1,/'�)(�.
�1'*��.

=(/�;�.
�1'*��.

5. T. TIH;MR. I. I;PT. I;PT. F;RH.± H;PT. I;I5.±
I;5M.

5;5F.±
I;P5.

−5;H.±
I;T..

−H;MF.± I;FH. I;IM.± I;IF.

H. J. TIP;5F. I;TH. I;HT. I;TH. T;TG.± 5;F5. I;5H.±
I;IF.

5;5J.±
I;HM...

−5;RR.± I;RF..

P. M. TIJ;JR. 5;F. I;5J. I;RM. R;JM.± H;IG. I.± I;5T. 5.± I;P... −H;5F.± I;F5. I;IF.± I;IF.
J. M. TIM;HP. H;TT. I;IF. I;GM. R;RR.± P;MT. I;H.± I;HJ. 5;55.±

I;HR..
−I;P5.± I;GT. −5;TG.± I;GJ..

M. P. TIT;5R. P;T. I;IT. I;F5. H;FT.± I;FT. I;5P.±
I;IF.

I;TJ.±
I;5H.....

T. T. TIT;HJ. P;TR. I;IT. I;FT. F;T5.± P;FM. I;5P.±
I;HM.

I;F5.±
I;PP..

−I;MG.± I;F. −H;5.± I;FH. I;5.± I;5.

R. J. TIR;5R. J;T. I;IJ. 5. T;MT.± P;MJ. I;PM.±
I;HP.

I;TH.±
I;5H..

−I;GR.± I;GH...

G. P. TPT;M. PP;FP. I. 5. 5I;HG.±
P;RM.

I;TH.±
I;HJ...

−5;PM.± I;GG...

F. H. TPT;RJ. PJ;5R. I. 5. J;RR.± I;FR. I;HG.±
I;IF......

5I. I. R5R;PF. 55J;GP. I. 5.........
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<&�()/1&4.�;=;4.7)1��2*&4.6;E;4.�*�'()4.E;�;4.HI5M;.B/,&-.*./1,�.'1�1-)*�0,+.,&�(D.'1.

�,/'),	�'(.�(&,'),�+*',1&.��D(/.*+)1//.*.&1)'0(*/'()&.0(*�
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9;.�3�)1�;.MHH4.5HP–5PJ;.0''�/�WW�1,;1)-W5I;5I5TWO;O03�)1�;HI5J;5H;IJP;.
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JT.KHIL4.5IFIF–5IF5R;.0''�/�WW�1,;1)-W5I;5IH5W(/PI5JIF�;.

C,(-()4.�;4.<)&1��4.9;4.=*'0O(&/4.�;4.�0,'(4.E;4.C1/+04.A;4.<��(&4.6;4.HI5F;.=(�)(/(&',&-.
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91�)&*�.1�.'0(.<2(),+*&.�*'().=(/1�)+(/.<//1+,*',1&.MM;.0''�/�WW�1,;1)-W5I;5555W.
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�1'(&',*�.*&�.)(�*'(�./1,�.�)1�()',(/.,&.+)(*'(�4.)(/'1)(�4.*&�.�*,)(�.&*'�)*�;.
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MG–RI;.0''�/�WW�1,;1)-W5I;H5PJWO(�HII5;PI5MGD;.
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C,1�;.C,1+0(2;.R.KTL4.PGF–PFJ;.0''�/�WW�1,;1)-W5I;5I5TWIIPGNIR5RKRMLFIIMMNP;.
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��*&','3.�/,&-.)1*�N(&0*&+(�.�*&�.+1�().�*'*;.9;.�3�)1�;.�&-;.5J.KJL4.PJT–PM5;.
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*+',�,'3�.<.+*/(./'��3.1�.�(&,'),�()/;.7(1�()2*.55F.K5–HL4.PP–MP;.0''�/�WW�1,;1)-W.
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KHIIPLII5XIP5M�AC�=B=YH;I;:@SH;.
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:1�1/,214.E;?;4.HIIH;.�1,�.&,')1-(&.+3+�(.�)1+(//(/.,&.�)	*&.),�*),*&.�1&(/;.�&�,)1&;.
�+,;.�(+0&1�;.PT.KH5L4.JMJR–JMMH;.0''�/�WW�1,;1)-W5I;5IH5W(/IHITJF�;.

7)1��2*&4.6('().E;4.C�''()	*+0NC*0�4.�;4.?��
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/�*',*��3.*&�.'(2�1)*��3.(D��,+,'.�0(&12(&*.K01'/�1'/.*&�.01'.212(&'/L.,&.
�(&,'),�+*',1&.21�(�/;.C,1-(1+0(2,/')3.FP.K5–HL4.JF–RR;.0''�/�WW�1,;1)-W5I;5IIRW.
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�1).2(*/�),&-.�(&,'),�+*',1&�.A,�()/(.*��)1*+0(/.'1.*.�,��+��'.�)1	�(2;.�+1�;.<���;.
5T.KTL4.HIF5–H5HH;.0''�/�WW�1,;1)-W5I;5GFIW5IM5NIRT5KHIITLI5TXHIF5�.
E?EAA<YH;I;:@SH;.

7)1��2*&4.6;E;4.:)*
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�*�(4.=;>;4.7)1��2*&4.6;E;4.HIIT;.:0�1),�(.(��(+'/.1&.&,')1-(&.�3&*2,+/.,&.�1)(/'(�.*&�.
/�	�)	*&./')(*2.�(	),/.�*2/;.9;.�&�,)1&;.��*�;.PM.KTL4.HJHM–HJPH;.0''�/�WW�1,;1)-W.
5I;H5PJWO(�HIIT;I5TJ;.

�*)),/1&4.E;A;4.7)1��2*&4.6;E;4.E*3()4.6;E;4.�*�/0*�4.�;�;4.HI5H;.E,+)1	,*�.	,12*//.*&�.
*+',�,'3.,&.-(121)�0,+.�(*'�)(/.,&.�1)(/'(�.*&�.�)	*&.)(/'1)(�.*&�.�(-)*�(�./')(*2/;.
�+1�;.�&-;.PG.K5L4.5–5I;.0''�/�WW�1,;1)-W5I;5I5TWO;(+1�(&-;HI55;IF;II5;.
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,'0.
�*&�.�/(.,&.F.2,�
(/'()&.0(*�
*'()./')(*2/;.9;.�1)'0.<2;.C(&'01�;.�1+;.HJ.KHL4.
HHR–HJM;.0''�/�WW�1,;1)-W5I;5GFFWIJNIPH;5;.

9(��()/1&4.<;4.@’A),/+1��4.E;4.E*&�*4.<;4.:�,&'1&4.�;4.9(��()/1&4.<;4.E+E,��*&4.�;4.HI5I;.
B)	*&,�*',1&.(��(+'/.1&.
*'()/0(�.03�)1�1-3.*&�.,&N/')(*2.�)1+(//(/.,&.'0(./1�'0()&.
B&,'(�.�'*'(/;.�*'().H.KPL4.TIM–TJG;.

�*�/0*�4.�;�;4.C(�'4.�;�;4.HI5H;.�0(.�)	*&.
*'()/0(�.+1&',&��2�.��1��,&-./�*',*�.*&�.
'(2�1)*�.�,2(&/,1&/;.B)	*&.�+1/3/';.5M.KHL4.JIF–JPM;.0''�/�WW�1,;1)-W5I;5IIRW.
/55HMHNI5HNIHHTNR;.

�*3(4.9;6;4.7)1��2*&4.6;E;4.7),224.�;C;4.C*Q()4.>;<;4.61�3*'4.=;8;4.HIIT;.<.�,/',&+'.
�)	*&.	,1-(1+0(2,/')3�.�)(&�/.�+1�;.��1�;.H5.KJL4.5FH–5FF;.0''�/�WW�1,;1)-W.
5I;5I5TWO;')((;HIIM;5H;IIT;.

�1)1�4.<;=;4.�1(4.7;C;4.HIHI;.6*''()&/.1�.�(&,'),�+*',1&.�1'(&',*�.,&.',�*�.�)(/0
*'().
�1)(/'(�.
('�*&�/;.�/'�*);.:1*/'.JP.KHL4.PHF–PJT;.0''�/�WW�1,;1)-W5I;5IIRW/5HHPRN.
I5FNIITTPNT;.

�1)1�4.<;=;4.�1(4.7;C;4.<0&4.:;4.HI5F;.:1&')1�/.1�.'0(./�*',*�.�*),*	,�,'3.1�.�(&,'),�+*',1&.
�1'(&',*�.,&.&1&',�*�.�11���*,&/.1�.'0(.:0(/*�(*Q(.C*3.
*'()/0(�4.B�<;.7(1�()2*.
PPG4.5JHF;.0''�/�WW�1,;1)-W5I;5I5TWO;-(1�()2*;HI5G;55;I5M;.

��'&()4.E;4.�*+0'/0(,24.:;4.�('()4.9;4.HIIJ;.<���,(�.>,&(*).=(-)(//,1&.E1�(�/4.�1�)'0.(�;.
E+7)*
N�,��.���+*',1&;.

>(��1)�4.�;�;4.>*�'�4.>;�;4.8,�1&4.6;7;4.�'(��*4.9;:;4.HI5R;.%2�*+'.1�./(*/1&*�.+0*&-(/.,&.
/')(*2.2('*	1�,/2.1&.&,')*'(.+1&+(&')*',1&/.,&.*&.�)	*&./')(*2;.C,1-(1+0(2,/')3.
5PP.KPL4.P5R–PP5;.0''�/�WW�1,;1)-W5I;5IIRW/5IMPPNI5RNIPPTNR;.

>�14.9;4.�,��2*&4.=;�;4.�0,'(4.=;�;4.C*��4.6;=;4.5FFG;.8*),*',1&.,&.�(&,'),�+*',1&.*+',�,'3.

,'0./1,�.�(�'0.�&�().�*/'�)(;.�1,�.C,1�;.C,1+0(2;.PI.KRL4.GFR–FIP;.0''�/�WW�1,;1)-W.
5I;5I5TW�IIPGNIR5RKFRLIIHITN ;.

E+:�*,&4.E;�;4.C13()4.�;�;4.A(&'4.:;>;4.7()-(�4.�;�;4.7),224.�;C;4.7)1��2*&4.6;E;4.
�*)'4.�;:;4.�*)�(34.9;�;4.910&/'1&4.:;<;4.E*31)-*4.�;4.E+A1
(��4.�;�;4.6,&*34.7;4.
HIIP;.C,1-(1+0(2,+*�.01'./�1'/.*&�.01'.212(&'/.*'.'0(.,&'()�*+(.1�.'())(/'),*�.*&�.
*��*',+.(+1/3/'(2/;.�+1/3/'(2/.T.KJL4.PI5–P5H;.0''�/�WW�1,;1)-W5I;5IIRW/5IIH5N.
IIPNI5T5NF;.

E+60,��,�/4.>;4.�*�'()4.E;�;4.HI5M;.�3�)1�1-,+.+1&�,',1&/.�),�(.�(&,'),�+*',1&.*&�.
-)((&01�/(.-*/.(2,//,1&/.,&./'1)2
*'().�('(&',1&.	*/,&/;.�+1�;.�&-;.GM4.TR–RM;.
0''�/�WW�1,;1)-W5I;5I5TWO;(+1�(&-;HI5M;5I;I5G;.

E1)/(4.9;>;4.�()&()4.�;?;4.7,��,&4.:;6;4.711�*�(4.:;>;4.C*,�(34.�;�;4.E+7�,)(4.�;9;4.
7)1��2*&4.6;E;4.HI5J;.�(*)+0,&-.�1).	,1-(1+0(2,+*�.01'./�1'/.,&.'0)((.�,2(&/,1&/�.
�1,�.:.*&�.�.+3+�,&-.,&.03�)1�(�1�1-,+./('',&-/.,&.*.&1)'0()&.0*)�
11�.�1)(/';.
9;.7(1�03/;.=(/;�.C,1-(1/+,(&+(/.55F.KGL4.HI5P97IIHMGF;.0''�/�WW�1,;1)-W5I;5IIHW.
HI5P97IIHMGF;.

�*�(*�4.�;<;4.=1+14.:;<;4.A(	(&�1)'4.�;9;4.<&�()/1&4.�;=;4.�1�2(,/'()4.�;>;4.�*�'()4.E;�;4.
�0*��(,-04.9;6;4.HI5F;.E('*-(&12,+.*&*�3/,/.)(�(*�/.�,/',&+'.�*''()&/.1�.
�(&,'),�+*',1&.-(&(.*	�&�*&+(.*+)1//./1,�.21,/'�)(4.&,')*'(.-)*�,(&'/;.�&�,)1&;.
E,+)1	,1�;.H5.KJL4.5HMM–5HTT;.0''�/�WW�1,;1)-W5I;5555W5JTHNHFHI;5JMGR;.

6*�*+,&N>,�*)	(4.:;4.:*2*)()14.>;4.�*��,&4.�;4.91&(/4.:;E;4.:*'*�*&4.9;4.HIHI;.
A(&,'),�+*',1&.)*'(/.,&.�*Q(./(�,2(&'/.1�.21�&'*,&/.*��(+'(�.	3.0,-0.*'21/�0(),+.
&,')1-(&.�(�1/,',1&;.�+,;.=(�;.5I.KPIIPL.0''�/�WW�1,;1)-W5I;5IPGW/J5MFGNIHIN.
MFRMFN
;.

6*)Q,&4.�;C;4.E(,/,&-()4.9;9;4.5FGF;.A(&,'),�+*',1&.	(�1
.'0(.+)1�.)11',&-.�1&(.*/.
,&��(&+(�.	3./�)�*+(.',��*-(;.9;.�&�,)1&;.��*�;.5G.K5L4.5H–5T;.0''�/�WW�1,;1)-W.
5I;H5PJWO(�5FGF;IIJRHJHMII5GIII5IIIHD;.

6(,4.�;4.�,&4.:;N�;4.�0�4.<;N ;4.�*&-4.>;4.>�14.E;4.>,4.C;4.�01�4.:;4.HI5I;.E*��,&-./1,�.
1)-*&,+.2*''().�/,&-.'0(.'1�1-)*�0,+.
('&(//.,&�(D�.<.+12�*)*',�(./'��3.	*/(�.1&.
�,��()(&'.�1
N�,)(+',1&.*�-1),'02/.*&�.Q),-,&-.2('01�/;.�+1�;.%&�,+*';.5I.KPL4.
T5I–T5F;.0''�/�WW�1,;1)-W5I;5I5TWO;(+1�,&�;HIIF;5I;IIM;.

6,&̃(,)14.7;4.6()(�2*&4.�;4.7�()/+02*&4.9;6;4.6*)�(�14.9;E;4.HIIG;.�1
.'1.(�*��*'(.
21�(�/�.@	/()�(�.�/;.�)(�,+'(�.1).�)(�,+'(�.�/;.1	/()�(��.�+1�;.E1�(�;.H5T.KPL4.
P5T–PHH;.0''�/�WW�1,;1)-W5I;5I5TWO;(+1�21�(�;HIIG;IM;IIT;.

=.:1)(.�(*24.HI5R;.=�.<.>*&-�*-(.*&�.�&�,)1&2(&'.�1).�'*',/',+*�.:12��',&-;.=.
?1�&�*',1&.�1).�'*',/',+*�.:12��',&-4.8,(&&*4.<�/'),*;.0''�/�WW


;=N�)1O(+';1)-;..

=*,+04.9;�;4.61''()4.:;�;4.C0*-*
*',4.A;4.HIIH;.%&'()*&&�*�.�*),*	,�,'3.,&.-�1	*�./1,�.
)(/�,)*',1&4.5FGI–FJ;.7�1	*�.:0*&-(.C,1�;.G.KGL4.GII–G5H;.0''�/�WW�1,;1)-W5I;5IJTW.
O;5PTMNHJGT;HIIH;IIM55;D;.

=(,+0/'(,&4.E;4.=(34.<;4.?)(,	*�()4.<;4.�(&0�&(&4.9;4.8*�(&',&,4.=;4.C*&�*4.9;4.:*/*�/4.6;4.
:0(&-4.�;4.7)!&�
(,-4.9;E;4.%)�,&(4.9;4.91��)(4.=;4.>*
4.C;�;4.>1�/'*�4.A;4.E,-�,(''*4.?;4.
@(+0(�4.�;4.@�)+,�*�4.9;NE;4.6()(,)*4.9;�;4.6()(//1'',4.<;4.61&',4.?;4.�*Q,)4.A;4.HIIP;.
E1�(�,&-.'(2�1)*�.*&�.�*)-(N/+*�(./�*',*�.�*),*	,�,'3.1�./1,�.)(/�,)*',1&.�)12./1,�.

*'().*�*,�*	,�,'34.'(2�()*'�)(.*&�.�(-('*',1&.�)1��+',�,'3.,&�,+(/;.7�1	*�.
C,1-(1+0(2;.:3+�(/.5R.KJL4.55IJ;.0''�/�WW�1,;1)-W5I;5IHFWHIIP7CIIHIPM;.

=1/(&�
(,-4.C;=;4.�2,'04.9;<;4.C*(+Q4.E;>;4.9*��(́4.6;=;4.HI55;.E1&,'1),&-.&,')1-(&.
�1*�,&-.*&�.)('(&',1&.,&.*&.�)	*&./'1)2
*'().�('(&',1&.�1&�;.9;.�&�,)1&;.��*�;.JI.
KHL4.MFG–TIF;.0''�/�WW�1,;1)-W5I;H5PJWO(�HI5I;IPII;.
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=�//(��4.E;4.?���1)�4.=;4.E�)�034.�;4.>*&(4.:;4.�*)�(34.9;4.A*&',&4.A;4.<��*)(�4.?;4.
�(/'�()1�(4.9;4.�(*-�(4.<;4.�*)
(��4.E;4.<�2*),14.<;4.HI5F;.=(�*',�(.,2�1)'*&+(.1�.
�*&�/+*�(.�()/�/.�1+*�.
('�*&�.+0*)*+'(),/',+/.�1).(/',2*',&-.
('�*&�.�(&,'),�+*',1&.
�1'(&',*�;.�('�*&�/.PF.K5L4.5HR–5PR;.0''�/�WW�1,;1)-W5I;5IIRW/5P5MRNI5GN5IRGNT;.

�*--*)4.�;4.90*4.�;4.A(/�,��(4.9;4.C1�*&4.�;�;4.>�14.9;4.7,�')*�4.A;>;4.�,24.A;N7;4.�*2*&4.E;4.
�,��2*&4.=;�;4.HI5P;.A(&,'),�+*',1&.*&�.�H@��H.�)1��+',1&.,&.'(2�()*'(.
-)*//�*&�/�.6)1+(//(/4.2(*/�)(2(&'/4.21�(��,&-.*&�.2,',-*',&-.&(-*',�(.,2�*+'/;.
�+,;.�1'*�.�&�,)1&;.JTM4.5RP–5FM;.0''�/�WW�1,;1)-W5I;5I5TWO;/+,'1'(&�;HI5H;55;IMI;.

�(,'�,&-()4.�;6;4.�'3�(/4.=;8;4.C13()4.�;�;4.<�(D*&�()4.=;C;4.C,��(&4.7;4.�1
*)'04.=;�;4.
E*3()4.C;4.C)((2(&4.�;.�*&4.HIIH;.�,')1-(&.)('(&',1&.,&.),�()/�.E1�(�.�(�(�1�2(&'.
*&�.*���,+*',1&.'1.
*'()/0(�/.,&.'0(.&1)'0(*/'()&;.B;�;<;.,���
��#
�������MR–MG.K5L4.
5FF–HPR;.0''�/�WW�1,;1)-W5I;5IHPW<�5I5MRJMTHFRFJ;.

�'(�0*&4.�;<;4.�&�)(&34.�;<;4.HI5T;.�(,-0',&-.&,')1-(&.*&�.�01/�01)�/.�,D(�.�1���'*&'.
�1*�/.'1.)(�)(/(&'.)�&1��.*&�.	���(),&-.�,Q(�,011�/;.9<�=<.91�)&*�.1�.'0(.<2(),+*&.
�*'().=(/1�)+(/.<//1+,*',1&.MH.KHL4.PPT–PJF;.0''�/�WW�1,;1)-W5I;5555W5RMHN.
5TGG;5HPFI;.

8*�(14.:;4.E1,&4.�;E;<;4.HIII;.8*),*	�(./1�)+(.*)(*.21�(��,&-.,&.�)	*&,�,&-.
*'()/0(�/;.
9;.�3�)1�;.HHG.K5–HL4.TG–G5;.0''�/�WW�1,;1)-W5I;5I5TW�IIHHN5TFJKIILII5MPNI;.

8,�1&4.6;4.<��*&4.:;4.C�)&/4.A;4.A��*�4.�;6;4.7�)
,+Q4.�;4.%&*2�*)4.�;4.>1
)*&+(4.=;4.
@Q*34.9;4.�+1''4.A;4.�(	(/'3(&4.�;4.HI5I;.�1'./�1'/.*&�.01'.212(&'/.,&.),�*),*&.�1&(/�.
61'(&',*�.�1).,2�)1�(�.
*'().��*�,'3.2*&*-(2(&';.9<�=<.91�)&*�.1�.'0(.<2(),+*&.

�*'().=(/1�)+(/.<//1+,*',1&.JT.KHL4.HRG–HFG;.0''�/�WW�1,;1)-W5I;5555WO;5RMHN.
5TGG;HI5I;IIJHI;D;.

8,�1&4.6;7;?;4.�,��4.<;=;4.HIIJ;.>*&�/+*�(.+1&')1�/.1&.&,')*'(.)(21�*�.,&./')(*2.),�*),*&.
�1&(/;.�*'().=(/1�);.=(/;.JI.KPL4.�IPHI5;.0''�/�WW�1,;1)-W5I;5IHFW.
HIIP�=IIHJRP;.

8,'1�/(Q4.6;E;4.<	()4.9;A;4.�1
*)'04.=;�;4.>,Q(&/4.7;�;4.E*'/1&4.6;<;4.�+0,&��()4.A;�;4.
�+0�(/,&-()4.�;�;4.�,�2*&4.A;7;4.5FFR;.��2*&.*�'()*',1&.1�.'0(.-�1	*�.&,')1-(&.
+3+�(�.�1�)+(/.*&�.+1&/(��(&+(/;.�+1�;.<���;.R.KPL4.RPR–RMI;.0''�/�WW�1,;1)-W.
5I;5GFIW5IM5NIRT5K5FFRLIIRXIRPR��<@�7�YH;I;:@SH;.

�*�/04.:;9;4.=134.<;�;4.?(2,&(��*4.9;�;4.:1'',&-0*24.6;A;4.7)1��2*&4.6;E;4.E1)-*&4.=;6;4.
HIIM;.�0(.�)	*&./')(*2./3&�)12(�.:�))(&'.Q&1
�(�-(.*&�.'0(./(*)+0.�1).*.+�)(;.
9;.�1)'0.<2;.C(&'01�;.�1+;.HJ.KPL4.RIT–RHP;.0''�/�WW�1,;1)-W5I;5GFFWIJNIHG;5;.

�*&-4.9;4.�&�)(&34.�;<;4.�1
*Q4.A;9;4.HIIG;.E(+0*&,/',+./,2��*',1&.1�.')((.(��(+'/.,&.*&.
�)	*&.
*'().	*�*&+(.21�(�;.9<�=<.91�)&*�.1�.'0(.<2(),+*&.�*'().=(/1�)+(/.
<//1+,*',1&.JJ.K5L4.RM–GM;.0''�/�WW�1,;1)-W5I;5555WO;5RMHN5TGG;HIIR;II5PF;D;.

�*'()/4.�;4.E1)/(4.9;4.C(''(�4.�;4.7)1��2*&4.6;4.HI5J;.A,��()(&',*�.+*)	1&.*&�.&,')1-(&.
+1&')1�/.1�.�(&,'),�+*',1&.,&.),�*),*&.�1&(/.*&�./')(*2/.*�1&-.*&.�)	*&.'1.(D�)	*&.
-)*�,(&';.9;.�&�,)1&;.��*�;.JP.KPL.0''�/�WW�1,;1)-W5I;H5PJWO(�HI5P;5H;IMIJ;.

�0�4.�;N ;4.A,��*)�4.�;A;4.7),224.�;C;4.HIIM;.B)	*&.&,')1-(&.	,1-(1+0(2,/')3�.�'*'�/.
*&�.�)1+(//(/.,&.-)((&.)('(&',1&.	*/,&/;.C,1-(1+0(2,/')3.R5.KHL4.5RR–5FT;.0''�/�WW.
�1,;1)-W5I;5IIRW/5IMPPNIIMNITGPNR;.


'���
A#���
���	'���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������


