

;�;u-0;m7 om |_; t�-m|�l |_;ou� o= l;-v�u;l;m|Ĺ

� u;-vv;vvl;m|

	-mb;Ѵ ��0�ķ �-|ub1h 
u-v;u

�o�;l0;u ƒƏķ ƑƏƑƐ

�0v|u-1|

�m ƐƖƔƕķ 
;�;u-0;m7 7;Ѵb�;u;7 - r-r;u ঞ|Ѵ;7 ľ�m |_; t�-m|�lŊ|_;ou� o= l;-v�u;Ŋ

l;m|Ŀ -| |_; �oѴv|om !;v;-u1_ "�lrovb�l bm �ubv|oѴ |o vh;|1_ - 1olrѴ;ঞom o= �om �;�Ŋ

l-mmĽv l;-v�u;l;m| v1_;l; �b|_o�| 1oѴѴ-rv;ķ �vbm] omѴ� �mb|-u� t�-m|�l 7�m-lb1v

-m7 �;ѴѴŊloঞ�-|;7 v|-ঞvঞ1-Ѵ -vv�lrঞomv -0o�| l-1uov1orb1 t�-m|�l v�v|;lvĺ 
;�Ŋ

;u-0;m7Ľv r-r;u _-v 0;;m u;1o]mb�;7 -v -m ;-uѴ� 1om|ub0�ঞom |o t�-m|�l l;-v�u;l;m|ķ

-mঞ1br-ঞm] 1;u|-bm -vr;1|v o= 7;1o_;u;m1;ĺ ��u r-r;u u;-vv;vv;v |_; r_�vb1-Ѵ -m7 r_bѴoŊ

vor_b1-Ѵ 1om|;m| o= 
;�;u-0;m7Ľv 1om|ub0�ঞomķ 7;|-bѴbm] |_; |;1_mb1-Ѵ v|;rv -v �;ѴѴ -v

b|v o�;u-ѴѴ r_bѴovor_b1-Ѵ loঞ�-ঞomv -m7 1omv;t�;m1;vĺ "�ll-ub�bm] o�u u;v�Ѵ|vķ 
;�Ŋ

;u-0;m7 bm|;uru;|;7 1oѴѴ-rv; -v - rovbঞ�bv| -vv�lrঞom bm t�-m|�l l;1_-mb1v Ѵ;-7bm]

|o - v|ub1| 7bvঞm1ঞom 0;|�;;m |_; �mbm|;uru;|;7 =oul-Ѵbvl o= �mb|-u� ;�oѴ�ঞom bm t�-mŊ

|�l l;1_-mb1v -m7 |_; 1Ѵ-vvb1-ѴѴ� bm|;uru;|;7 o0v;u�-ঞom-Ѵ Ѵ-m]�-]; 7;v1ub0bm] rov|Ŋ

l;-v�u;l;m| o�|1ol;vĺ $_�vķ 
;�;u-0;m7 |ooh _bv |_; moŊ1oѴѴ-rv; 1olrѴ;ঞom o= |_;

�om �;�l-mml;-v�u;l;m| v1_;l; |o v_o�v |_; 7bvr;mv-0bѴb|� o= |_; rovbঞ�bv| -vv�lrŊ

ঞomķ Ѵ;-7bm] |_; �-� |o - u;-Ѵbvঞ1 bm|;uru;|-ঞom o= t�-m|�l |_;ou�ĺ ); mo|;ķ _o�;�;uķ

|_-| |_;u; -u; v�0v|-mঞ-Ѵ ruo0Ѵ;lv �b|_ _bv -11o�m| o= l;-v�u;l;m| |_-| 0ubm] bm|o t�;vŊ

ঞom b|v �b-0bѴb|� -v - Ѵ;]bঞl-|; =obѴ |o |_; ou|_o7o� �b;�ĺ ); =�u|_;u -u]�; |_-| _bv 7bvŊ

v-ঞv=-1ঞom �b|_ |_; �om �;�l-mm l;-v�u;l;m| v1_;l; bv bm7b1-ঞ�; o= ;-uѴ� �b;�v om

|_;ou;ঞ1-Ѵ rѴ�u-Ѵbvlĺ

Ɛ �m|uo7�1ঞom

�-�Ѵ 
;�;u-0;m7 bv 0;v| hmo�m =ou _bv �ouh bm ];m;u-Ѵ r_bѴovor_� o= v1b;m1;ķ -m7 bm r-uঞ1�Ѵ-uķ

�v_;ubm] bm - lo�;l;m| |_-| vo�]_| |o 7bvl-m|Ѵ; r�urou|;7 7o]l-v o= ];m;u-Ѵ r_bѴovor_�

o= v1b;m1; |_-| u;l-bm;7 =uol |_; ঞl; o= |_; Ѵo]b1-Ѵ rovbঞ�bv|vĺ �o�;�;uķ Ѵom] 0;=ou; _bv
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l;|_o7oѴo]b1-Ѵ rѴ�u-Ѵbvl bm �]-bmv| �;|_o7 -m7 _bv Ѵ-|;u �ouh ;�;u o11�uu;7 |o _blķ 
;�;uŊ

-0;m7 r�uv�;7 - 1-u;;u -v - r_bѴovor_;u o= r_�vb1vķ - r_bѴovor_;u o= t�-m|�l l;1_-mb1v bm

r-uঞ1�Ѵ-uĺ �| bv |_bv ;-uѴ� v|-]; bm 
;�;u-0;m7Ľv 1-u;;u �b|_ �_b1_ �; -u; o11�rb;7 _;u;ĺ

); 1-m uo�]_Ѵ� 7bvঞm]�bv_ |_u;; r_-v;v bm 
;�;u-0;m7Ľv ;-uѴ� ru;o11�r-ঞom �b|_ t�-mŊ

|�l l;1_-mb1vĹ - Cuv| r_-v; ŐƐƖƓѵŊƐƖƔƐő 7�ubm] _bv v|�7b;vĸƐ - v;1om7 r_-v; ŐƐƖƔƑŊƐƖƔƕőķ

�;u� l�1_ bmY�;m1;7 0� �-uѴ �orr;uƑĸ -m7ķ Cm-ѴѴ�ķ - |_bu7 r_-v; ŐƐƖƔѶŊƐƖѵƒķ ƐƖѵѶŊƐƖѵƖő

r�uv�bm] -m -�|omolo�v u;-7bm] o= �o_uĽv 1om|ub0�ঞomv |o t�-m|�l l;1_-mb1v -m7 b|v r_bŊ

Ѵovor_�ĺƒ �| |_; ;m7 o= |_; v;1om7 r_-v;ķ 
;�;u-0;m7 �-v - Ѵ;1|�u;u -| |_; &mb�;uvb|� o=

�ubv|oѴķ �_;u; _bv 1oѴѴ;-]�; "|;r_-m �क़um;u -m7 r_�vb1bv| �-�ub1; �u�1; �;u; |-vh;7 �b|_

ou]-mb�bm] |_; �bm|_ "�lrovb�l o= |_; �oѴv|om !;v;-u1_ "o1b;|� bm ƐƖƔƕĺ 
;�;u-0;m7 �-v

_;-�bѴ� bm�oѴ�;7 �b|_ |_; rѴ-mmbm] -m7 ou]-mb�-ঞom o= |_; 1om=;u;m1;ķ -m7 b| Ѵ;7 |o |_; r�0Ŋ

Ѵb1-ঞom o= �_-| �o�Ѵ7 0; _bv omѴ� |;1_mb1-Ѵ 1om|ub0�ঞom |o r_�vb1v -v v�1_ bm _bv 1om=;u;m1;

r-r;u ;mঞ|Ѵ;7 ľ�m |_; t�-m|�l |_;ou� o= l;-v�u;l;m|ĺĿƓ )b|_bm |_bv r-r;uķ 
;�;u-0;m7

1omv|u�1|v - mo�;Ѵ |_;ou� o= t�-m|�l l;-v�u;l;m| |_-| -mঞ1br-|;v l-m� b7;-v =uol 1omŊ

|;lrou-u� 7;1o_;u;m1; |_;ou� -m7 �v;v |_bv -rruo-1_ |o u;f;1| v;;lbm]Ѵ� rovbঞ�bv| 1Ѵ-blv

-0o�| t�-m|�l |_;ou� l-7; 0� v;�;u-Ѵ r_�vb1bv|v bm�oѴ�;7 bm |_; oub]bm-Ѵ 7;�;Ѵorl;m| o= |_;

|_;ou�ĺ )_bѴ; |_bv |;1_mb1-Ѵ r-r;u _-v 0;;m -1hmo�Ѵ;7];7 bm _bv|oub1-Ѵ v1_oѴ-uv_br Ő�-ll;u

ŐƐƖƕƓķ rĺ ƓƖƐőĸ �;_u- ŐƑƏƐƑķ rrĺ ƑƕŋƖőő -m7 r_�vb1-Ѵ u;v;-u1_ Ő,;_ ŐƐƖѶƖķ rĺ ѶƐőĸ ��Ѵ;�- ;| -Ѵĺ

ŐƑƏƏƐķ rĺ ƑƑѵőőķ b| _-v mo| 0;;m -11o�m|;7 =ou bm 
;�;u-0;m7 v1_oѴ-uv_brķ �mঞѴ mo�ĺ

$_; r�urov; o= o�u r-r;u bv |o CѴѴ |_; ]-r -m7 1Ѵ-ub=� |_; |u-mvbঞom bm 
;�;u-0;m7Ľv |_bmhbm]

-uo�m7 ƐƖƔƕ -v b| bv l-7; 1Ѵ;-u bm |_bv �ouhĺ ); |u-1; |_; _bv|oub1-Ѵ 7;|-bѴv o= _bv |_;ou� o=

l;-v�u;l;m|ķ u;1omv|u�1| b|v =oul-Ѵl-m;��;uvķ -m7 7;lomv|u-|; |_-| bm b|ķ om; Cm7v mo| omѴ�

-m o0f;1ঞom |o ou|_o7o� t�-m|�l |_;ou� -m7 |_; rovbঞ�bv| ruo]u-lķ 0�| -Ѵvo ;-uѴ� vb]mv o=

|_;ou;ঞ1-Ѵ rѴ�u-Ѵbvlķ - 1omঞm�;7 7;=;mv; o= l;|_o7oѴo]b1-Ѵ u;-Ѵbvlķ -m7 o|_;u bm]u;7b;m|v

|_-| �o�Ѵ7 v;u�; -v blrou|-m| v|;rrbm] v|om;v bm |_; 7;�;Ѵorl;m| o= _bv r_bѴovor_�ĺ

); ruo1;;7 -v =oѴѴo�vĹ �m ";1ঞom Ƒķ �; o�|Ѵbm; |_; u;1;b�;7 �b;� o= ou|_o7o� t�-m|�l

l;1_-mb1v -v b| �-v �m7;uv|oo7 bm ƐƖƔƕ -m7 b|v r�urou|;7 1omm;1ঞom |o rovbঞ�bvl �vbm] |_;

=oul-Ѵbvl 7�; |o �om �;�l-mmĺ ); mo|; |_-|ķ �_bѴ; b| bv 7�0bo�v |_-| v�1_ - �b;� =oul;7 -
Ɛ�= |_; Cuv| r_-v;ķ mo| l�1_ ;�b7;m1; bv -�-bѴ-0Ѵ;ĸ v;; 
;�;u-0;m7 ŐƑƏƐѵő -m7 1oll;m|-u� bm ��0� ŐƑƏƐѵő
Ƒ";; ;ĺ]ĺ 
;�;u-0;m7 ŐƑƏƐƔ-ķ rĺ ƒƓőĸ 
;�;u-0;m7 ŐƑƏƐƔ0ķ rĺ ƐƑőĺ
ƒ";;��0� ŐƑƏƑƐő =ou - u;�b;� -m7 -vv;vvl;m| o= |_bv r_-v; bm |_; 1om|;�| o= 
;�;u-0;m7Ľv ];m;u-Ѵ 1om1;rঞom

o= r_bѴovor_�ĸ 1=ĺ -Ѵvo �-m "|ub;m ŐƑƏƐƖő =ou vblbѴ-u 1om1Ѵ�vbomvĺ
Ɠ$_; r-r;u �-v r�0Ѵbv_;7 bm �m]Ѵbv_ -v 
;�;u-0;m7 ƐƖƔƕ-ĸ - v_ou|;u �;uvbomķ ;�1Ѵ�7bm] |_; r_bѴovor_b1-Ѵ

7bv1�vvbomķ �-v r�0Ѵbv_;7 bm �;ul-m -v 
;�;u-0;m7 ƐƖƔƕ0 bm ,;b|v1_ub[ =ࣟu �_�vbhĺ
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Ѵ;]bঞl-|; ou|_o7o��ķ b| �-v �m;t�b�o1-ѴѴ� |_; |-u];| o= r_bѴovor_b1-Ѵ -m-Ѵ�vbv -m7 rѴ-�;7 -m

blrou|-m| uoѴ; bm -1|�-Ѵ v1b;mঞC1 ru-1ঞ1;ĺ �m ";1ঞom ƒķ �; u;1omv|u�1| 
;�;u-0;m7Ľv mo�;Ѵ

-11o�m| o= t�-m|�l l;-v�u;l;m| bm �_b1_ -ѴѴ ruo1;vv;v -u; 7;v1ub0;7 0� �mb|-u� ;�oѴ�ঞom

Őbĺ;ĺ |_;u; bv mo 1oѴѴ-rv;őķ -m7 v�v|;l l-1uov1orb1b|� bv -11o�m|;7 =ou bm |;ulv o= o0v;u�;u

b]mou-m1;ĺ ); |_;m 1Ѵ-ub=� �_-| _; |ooh |o 0; b|v v1b;mঞC1 l;ub|vķ -m7 -vv;vv |_; ;�|;m| |o

�_b1_ b| ruo�b7;v - �b-0Ѵ; -Ѵ|;um-ঞ�; |o |_; �om �;�l-mm v1_;l;ĺ �m ";1ঞom Ɠķ �; |_;m

v;; _o� 
;�;u-0;m7 �ঞѴb�;v |_bv -11o�m| o= l;-v�u;l;m| |o Ѵ-�m1_ - rubm1brѴ;7 o0f;1ঞom

-]-bmv| |_; 1Ѵ-vvb1-Ѵņt�-m|�l 7bvঞm1ঞom bm |_; ou|_o7o� -11o�m| o= t�-m|�l |_;ou� -m7

|_; 1Ѵov;Ѵ� u;Ѵ-|;7 rovbঞ�bv| o0v;u�-ঞom-Ѵņ|_;ou;ঞ1-Ѵ 7bvঞm1ঞomĺ ); 7bv1�vv _o� |_bv m;�

-11o�m| or;mv |_; 7oou =ou u;-Ѵbv| bm|;uru;|-ঞomv o= t�-m|�l |_;ou�ķ -m7 =ou;v_-7o�v _bv

Ѵ-|;u �ouh om |_;ou;ঞ1-Ѵ rѴ�u-Ѵbvlĺ ��u 1om1Ѵ�vbomv -u; v�ll-ub�;7 bm ";1ঞom Ɣĺ

Ƒ $_; !;1;b�;7 (b;�

ƑĺƐ �ovbঞ�bvl bm t�-m|�l l;1_-mb1v


;�;u-0;m7Ľv ;m]-];l;m| �b|_ |_; t�-m|�l |_;ou� o= l;-v�u;l;m| bv ;l0;77;7 bm |_; u;Ŋ

1;b�;7 �b;� |_-| |_; �क़মm];mŊ�or;m_-];m v1_ooѴ o= r_�vb1bv|v 7;�;Ѵor;7 t�-m|�l l;Ŋ

1_-mb1v bm u;l-uh-0Ѵ; 1om1ou7-m1; �b|_ |_; r_bѴovor_� o= rovbঞ�bvlĺ �Ѵ|_o�]_ |_bv r�uŊ

rou|;7 -vvo1b-ঞom �b|_ rovbঞ�bvl bv lbvѴ;-7bm]ķ -v �; �bѴѴ v;;ķ |_bv �-v - robm| o= -]u;;Ŋ

l;m| 0;|�;;m v;Ѵ=Ŋ7;1Ѵ-u;7 =o;v o= rovbঞ�bvlķ Ѵbh; �-uѴ �orr;uķ -m7 =ub;m7v o= rovbঞ�bvlķ

Ѵbh; �_bѴbrr 
u-mhĺ

�v - Cuv| -rruo�bl-ঞomķ rovbঞ�bvl _;u; 7;mo|;v |_; ruof;1| -blbm] |o ]b�; -m -11o�m| o=

v1b;mঞC1 hmo�Ѵ;7]; -v 0;v| ;�;lrѴbC;7 0� �o]b1-Ѵ �lrbub1bvlĹ 1ollbমm] |o -m ;lrbub1bv|

-11o�m| o= v1b;m1; u;f;1ঞm] |u-mv1;m7;m|-ѴŊb7;-Ѵbv| -11o�m|v bm�oѴ�bm] |_; v�m|_;1ࢼ - ruboubķ

�_bѴ; -| |_; v-l; 7;�;Ѵorbm] - momŊ;lrbub1bv| -11o�m| o= l-|_;l-ঞ1v -]-bmv| ;-uѴb;u ;lrbubŊ

1bv|vķ Ѵbh; ��l; ou �bѴѴĺƔ

�v |_; 7;�;Ѵorl;m| o= lo7;um r_�vb1v �-v ruor;ѴѴ;7 0� bm;�|ub1-0Ѵ� 1ol0bmbm] r_�vb1v

-m7 l-|_;l-ঞ1vķ |_; 1_-ѴѴ;m]; |o rovbঞ�bvl �-v |o 7u-� - Őu;Ѵb-0Ѵ;ő 7bvঞm1ঞom 0;|�;;m |_;

;lrbub1-Ѵ -m7 momŊ;lrbub1-Ѵ 1olrom;m|v o= r_�vb1-Ѵ |_;oub;vķ v�1_ |_-| omѴ� |_; =oul;u _-7
Ɣ�| bv blrou|-m| |o u;l;l0;u |_-| |_; 1om1;r| 7;mo|;7 0� |_; �;ul-m ;�ru;vvbom ľ)bvv;mv1_-[Ŀ -m7 ľ�bvŊ

v;mv1_-[Ѵb1_; �uh;mm|mbvĿ bv mo| Ѵblb|;7 |o |_; m-|�u-Ѵ v1b;m1;vķ 0�| bm1Ѵ�7;v _�l-mbঞ;v -m7 =oul-Ѵ v1b;m1;vķ
|ooĺ
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r_�vb1-Ѵ l;-mbm]ĺ $_bv 7bvঞm1ঞomķ vol; �o]b1-Ѵ �lrbub1bv|v |_o�]_|ķ 1o�Ѵ7 omѴ� 0; v;|Ŋ�r 0�

1Ѵ;-uѴ� 7bvঞm]�bv_bm] 0;|�;;m -m-Ѵ�ঞ1 -m7 v�m|_;ঞ1 v;m|;m1;v bm |_; Ѵ-m]�-]; o= v1b;mঞC1

|_;oub;vĺ $_bvķ bm |�umķ m;;7v |o 0; v�rrѴ;l;m|;7 0� -m -11o�m| o= _o� ;-1_ |_;ou;ঞ1-Ѵ

v;m|;m1; 1-m ;b|_;u 0; v_o�m |o 0; -m-Ѵ�ঞ1 ou b|v r_�vb1-Ѵ 1om|;m| 0; u;7�1;7 |o v�m|_;ঞ1

om;v ou 0; ;Ѵblbm-|;7 -Ѵ|o];|_;uĺ Ő�;| ľrovbঞ�bvlĿ 7;mo|; |_bv lou; vr;1bC1 |-vh =ou |_;

u;l-bm7;u o= |_; r-r;uĺő


uol - 1om|;lrou-u� �-m|-]; robm|ķ |_; -7;t�-1� om |_; u;1;b�;7 �b;� bv _b]_Ѵ� 7�0bo�vķ

0o|_ =uol -m _bv|oub1-Ѵ -m7 - r_bѴovor_b1-Ѵ r;uvr;1ঞ�;Ĺ 
buv|ķ |_; r_�vb1bv|v -vvo1b-|;7 �b|_

|_; �क़মm];mŊ�or;m_-];m v1_ooѴ 7b7 mo| v_-u; - 1ollom r_bѴovor_b1-Ѵ �b;� o= t�-m|�l

|_;ou� mouķ lou; ];m;u-ѴѴ�ķ o= r_�vb1vĸ -m7ķ v;1om7ķ |_; rovbঞomv 7;vb]m-|;7 -v ľrovbঞ�bvlĿ

�;u; -hbm |o - r-|1_�ouh o= t�b|; 7b@;u;m| �b;�v Ő�;ѴѴ;u ƑƏƏƐőĺ $_; -rr-u;m| bl-]; o= t�-mŊ

|�l |_;ou� -v -m bmv|-m1; o= rovbঞ�bvl bm ru-1ঞ1; bv |_;u;=ou; vol;|_bm] o= - 1-ub1-|�u; o= -

l�1_ lou; bm|ub1-|; v|ou�ĺ

�u-mঞm] |_-| �; 1-mmo| |-h; ;b|_;u 
u-mh ou �orr;u -v 7bvbm|;u;v|;7 bm|;uru;|;uv o= |_;

r_bѴovor_� o= t�-m|�l r_�vb1bv|vķ b| bv -Ѵvo |u�; |_-| |_; �;u� v-l; r_�vb1bv|v |-Ѵh;7 -| ঞl;v

-v b= |_;� �_;u; ;m7ouvbm] ou -| Ѵ;-v| u;Ѵ�bm] om rovbঞ�bv| ]o-Ѵvĺ �;ѴѴ;u ŐƑƏƏƐķ rrĺ ƔƔŋƔƕő

|-h;v vol; bmv|-m1;v o= |_;v; |o 0; rov| _o1 1om1;r|�-Ѵ f�vঞC1-ঞomv o= u;v�Ѵ|v -1_b;�;7 0�

v1b;mঞC1 |_;oub�bm]Ō-lo�;�_b1_ 
;�;u-0;m7�o�Ѵ7 ;�;m|�-ѴѴ� u;�;uv;Ŋ;m]bm;;u |o u;1o�;u

|_; oub]bm-Ѵ r_�vb1-Ѵ -u]�l;m|�_b1_ ]�b7;7 |_; |_;oub�bm] o= �o_u bm r-uঞ1�Ѵ-uĺ �m |_bv u;vr;1|


-�; ;| -Ѵĺ ŐƑƏƑƐķ rĺ ƑƕѶő -u]�; |_-| �o_u -m7 |_; �o]b1-Ѵ �lrbub1bv|v ľ7b7 mo| -Ѵ�-�v v_-u; |_;

v-l; ru;lbv;vķ |_o�]_ |_;bu 1om1Ѵ�vbom v;;lŒ;7œ |o 1obm1b7;Ŀĺ �m v_ou|ķ |_; -rr;-u-m1; o= -

rovbঞ�bvঞ1 1omv;mv�v -lom] r_�vb1bv|v bv mo| vo l�1_ -m bm7b1-ঞom o= ];m�bm; rovbঞ�bvঞ1

1ollb|l;m|v 0� r_�vb1bv|vķ 0�| u-|_;u - vou| o= 1ollom Ѵ-m]�-]; o= f�vঞC1-ঞom 7;;l;7

r;ulbvvb0Ѵ; Őb= mo| Ѵb|;u-ѴѴ� 1ouu;1|ő 0� |_; 1oll�mb|�ĺ

�m7 �;|ķ |o �m7;uv|-m7 
;�;u-0;m7Ľv r_bѴovor_b1-Ѵ |-u];| bm _bv 1om|ub0�ঞom |o |_; �oѴŊ

v|om "�lrovb�lķ bm |_bv r-r;u �; _-�; |o |-h; |_; u;1;b�;7 �b;� =ou ]u-m|;7ĺ �-uѴ �orr;u

v�ll-ub�;7 b| -v =oѴѴo�vĹ

$o7-� |_; �b;� o= r_�vb1-Ѵ v1b;m1; =o�m7;7 0� �vb-m7;uķ �-u7bm-Ѵ �;ѴѴ-ulbmoķ -m7

�bv_or �;uh;Ѵ;�ķ _-v �om |_; 0-�Ѵ; �b|_o�| -mo|_;u v_o| 0;bm] Cu;7ĺ )b|_o�|

-m� =�u|_;u 7;0-|; o�;u |_; r_bѴovor_b1-Ѵ bvv�;ķ �b|_o�| ruo7�1bm] -m� m;� -u]�Ŋ

l;m|ķ |_; bmv|u�l;m|-Ѵbv| �b;� Ő-v � v_-ѴѴ 1-ѴѴ b|ő _-v 0;1ol; -m -11;r|;7 7o]l-ĺ

�| l-� �;ѴѴ mo� 0; 1-ѴѴ;7 |_; ļoL1b-Ѵ �b;�Ľ o= r_�vb1-Ѵ |_;ou� vbm1; b| bv -11;r|;7
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0� lov| o= o�u Ѵ;-7bm] |_;oubv|v o= r_�vb1v Ő-Ѵ|_o�]_ m;b|_;u 0� �bmv|;bm mou 0�

"1_uक़7bm];uőĺ �m7 b| _-v 0;1ol; r-u| o= |_; 1�uu;m| |;-1_bm] o= r_�vb1vĺ Ő�orr;u

ƐƖƔѵķ rĺ ƒѵƏő

$_; l-bm robm| bm_;ub|;7 =uol �orr;uĽv rb1|�u;ķ �_b1_ 
;�;u-0;m7 ŐƑƏƐƔ-ő -m7 
;�;uŊ

-0;m7 ŐƑƏƐƔ0ő �o�Ѵ7 7u-� omķ bv |_; rb1|�u; o= |_; r_�vb1bv|vĽ 1oll�mb|� -v �b1ঞlv o= rovŊ

bঞ�bvlķ - r_bѴovor_b1-Ѵ ru;f�7b1; bmvঞѴѴ;7 Cuv| -m7 =ou;lov| 0� |_; l-bm oub]bm-|ouv o= |_;

m;� t�-m|�l |_;ou�ĺ

$_; �b;� |-u];|;7 0� 
;�;u-0;m7 bv |�oŊ=oѴ7Ĺ $_; Cuv| r-u| 1omvbv|v bm - v|ub1| v;r-u-ঞom

0;|�;;m |_; ;lrbub1-Ѵ -m7 |_; |_;ou;ঞ1-Ѵ 1olrom;m|v bm t�-m|�l |_;ou�ĺ $_bv �-v 1_b;Y�

;m-0Ѵ;7 0� |_; 7;l-m7 =ou ;Ѵblbm-ঞom o= �mo0v;u�-0Ѵ; t�-mঞঞ;vķ - ]o-Ѵ v�0v1ub0;7 |o 0�

l-m� r_�vb1bv|v o= |_; �क़মm];mŊ�or;m_-];m v1_ooѴѵķ -m7 �_b1_ 0;1-l; 1-momb1-Ѵ bm |_;

Cuv| l-|ub�Ŋl;1_-mb1-Ѵ =oul�Ѵ-ঞom ]b�;m 0� �;bv;m0;u] bm _bv &l7;�|�m] r-r;u ƐƖѶƔķ 1�vŊ

|ol-ubѴ� v;;m -v |_; 0;]bmmbm] o= |_; m;� |_;ou� o= t�-m|�l l;1_-mb1vĺ �;bv;m0;u] ŐƐƖѶƔķ

rĺ ѶƕƖő or;mv 0� ruo]u-ll-ঞ1-ѴѴ� v|-ঞm] - rubm1brѲ; o= o0v;u�-0bѲb|� -v =oѴѴo�vĹ ľ$_; ru;v;m|

r-r;u v;;hv |o ;v|-0Ѵbv_ - 0-vbv =ou |_;ou;ঞ1-Ѵ t�-m|�l l;1_-mb1v =o�m7;7 ;�1Ѵ�vb�;Ѵ� �rom

u;Ѵ-ঞomv_brv 0;|�;;m t�-mঞঞ;v �_b1_ bm rubm1brѴ; -u; o0v;u�-0Ѵ;ĺĿ

$_bv l-h;v b| rovvb0Ѵ; |o bvoѴ-|; -m o0v;u�-ࢼom-Ѳ Ѳ-m]�-]; |_-| bv ;�_-�v|;7 0� |_; ;b];mŊ

�-Ѵ�;v o= �;ulbঞ-m or;u-|ouv Ő�b;�;7 -v Ѵ-0;Ѵv om l;-v�ubm] 7;�b1;vő -m7 v|-|;l;m|v -0o�|

�_b1_ 7;|;1|ouv ļ1Ѵb1h;7Ľ bm �-ubo�v ;�r;ubl;m|v Ő-v �;ѴѴ -v |_;bu -]]u;]-|; v|-ঞvঞ1vőĺ $_;

ľu;Ѵ-ঞomv_brv 0;|�;;m t�-mঞঞ;vĿķ om |_; o|_;u _-m7ķ 1omvঞ|�|; |_; |_;ou;ঞ1-Ѵ 1olrom;m|ĺ

�Ѵ|_o�]_ �;bv;m0;u]Ľv l-|ub�Ŋl;1_-mb1-Ѵ =oul�Ѵ-ঞom voom ]-�; �-� |o "1_uक़7bm];uĽv �-�;Ŋ

l;1_-mb1-Ѵ =oul�Ѵ-ঞomķ |_; 7bvঞm1ঞom u;l-bm;7 bm|-1|ķ |_; |_;ou;1ࢼ-Ѳ Ѳ-m]�-]; o=  � �-v

mo� ]b�;m 0� �bѴ0;u| vr-1;vķ v|-|; �;1|ouvķ �;ulbঞ-m or;u-|ouvķ ;|1ĺķ bĺ;ĺ |_; l-|_;l-ঞ1-Ѵ

l-1_bm;u�ĺ

$_; v;1om7 r-u| o= |_; �b;� 
;�;u-0;m7 |-u];|v bv - v|ub1| v;r-u-ঞom 0;|�;;m 1Ѵ-vvb1-Ѵ

-m7 t�-m|�l 7;v1ubrঞomķ -v -7�-m1;7 rubl-ubѴ� 0� �o_uĺ �v 
;�;u-0;m7 �m7;uv|oo7 �o_u

7�ubm] |_bv ঞl;ķ |_; o0v;u�-ঞom-Ѵ Ѵ-m]�-]; o=  � 1-m omѴ� 0; bm|;uru;|;7 1Ѵ-vvb1-ѴѴ�ĺ $_bv

ļbm7bvr;mv-0bѴb|� o= 1Ѵ-vvb1-Ѵ 1om1;r|vĽķ -v |_; 7o1|ubm; _-v 0;;m 1-ѴѴ;7ķ bv ru;7b1-|;7 om |_;
ѵ�v 
-�; ;| -Ѵĺ ŐƑƏƑƐķ rĺ ƑѵƓő mo|;Ĺ

�uo�m7 |_-| ঞl; ŒƐƖƑƕœķ b| �-v ];m;u-ѴѴ� -vv�l;7 |_-| �mo0v;u�-0Ѵ; t�-mঞঞ;v v_o�Ѵ7 0; ;ѴblbŊ
m-|;7 =uol r_�vb1vķ - �b;� -7�o1-|;7 0� �-�Ѵbķ �oum -m7 �ou7-mķ -m7 |_-| �bmv|;bm Œbm ƐƖƏƔœķ �m7;u
|_; bmY�;m1; o= �umv| �-1_ķ _-7 0;;m v�11;vv=�Ѵ bm _bv -�;lr| |o l;;| |_bv 7;l-m7 0� Cuv| u;Ŋ
f;1ঞm] �;�|omĽv moঞom o= -0voѴ�|; vbl�Ѵ|-m;b|� -m7 |_;m �;�|omĽv -0voѴ�|; vr-1; -m7 ঞl;ĺ
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Ő-ѴѴ;];7ő =-1| |_-| ľo�u bm|;uru;|-ঞom o= |_; ;�r;ubl;m|-Ѵ l-|;ub-Ѵ u;v|v ;vv;mঞ-ѴѴ� �rom |_;

1Ѵ-vvb1-Ѵ 1om1;r|vĿ Ő�o_u ƐƖƑѶķ rĺ ƔѶƏőĺ �m o|_;u �ou7vķ |_; r_�vb1-Ѵ 1om|;m| o= t�-m|�l

l;1_-mb1vķ bmvo=-u b| bv ruo�b7;7 0� |_; o0v;u�-ঞom-Ѵ Ѵ-m]�-];ķ bv 1Ѵ-vvb1-Ѵ 0� m;1;vvb|�ĺ �uķ

|o r-u-r_u-v; �-m|ķ |_; =oulv o= o�u v;mvb0Ѵ; bm|�bঞom -u; l;7b-|;7 0� 1Ѵ-vvb1-Ѵ 1om1;r|v

ŐѴbh; vr-1;ķ ঞl;ķ lol;m|�l -m7 ;m;u]�őĺƕ �= t�-m|�l r_;mol;m- ;�bv|ķ �; 1-m omѴ� hmo�

|_;l -v l;7b-|;7 0� 1Ѵ-vvb1-Ѵ 1om1;r|vĺ $_bv Ѵ;-7v �o_u |o 1om1Ѵ�7; |_-|ķ vbm1; �; _-�;

mo lo7; o= �m7;uv|-m7bm] o|_;u |_-m 1Ѵ-vvb1-Ѵb|�ķ |_; |_;ou;ঞ1-Ѵ 1om1;r|v o=  � -u; mo|

-1|�-ѴѴ� 1om1;r|v -| -ѴѴķ 0�| omѴ� ruo�b7; - ľv�l0oѴb1 v1_;l;Ŀ �o_u ŐƐƖƓƖķ rĺ ƑƐƐőĹ u-|_;u

|_-m ruo�b7bm] 1om1;r|v �_b1_ u;ru;v;m| |_; t�-m|�l �ouѴ7ķ ľŒ|œ_; ;mঞu; =oul-ѴbvlĿķ bĺ;ĺ |_;

|_;ou;ঞ1-Ѵ Ѵ-m]�-]; o=  �ķ ľbv |o 0; 1omvb7;u;7 -v - |ooѴ =ou 7;ub�bm] ru;7b1ঞomv o= 7;Cmb|;

-m7 v|-ঞvঞ1-Ѵ 1_-u-1|;u ŒĻœĺ $_;v; v�l0oѴv |_;lv;Ѵ�;v ŒĻœ -u; mo| v�v1;rঞ0Ѵ; |o rb1|oub-Ѵ

bm|;uru;|-ঞomĿ �o_u ŐƐƖƓѶķ rĺ ƒƐƓőĺ

$_; 1omf�m1ঞom o= 0o|_ r-u|v -v �;ѴѴ -v |_; vr;1bC1 �-� |_; 1Ѵ-vvb1-ѴŊt�-m|�l 7bvঞm1ঞom

bv l-rr;7 om |o |_; o0v;u�-ঞom-ѴŊ|_;ou;ঞ1-Ѵ 7bvঞm1ঞom bm |_bv rb1|�u; Ѵ;7 
;�;u-0;m7 |o |_;

1om1Ѵ�vbom |_-| |_; oub]bm-|ouv u;-ѴѴ� _-7 0-h;7 rovbঞ�bvl bm|o t�-m|�l l;1_-mb1vĺ


;�;u-0;m7Ľv ]o-Ѵ bm _bv 1om|ub0�ঞom |o |_; �oѴv|om "�lrovb�l �-v |o bm�;vঞ]-|; _o�

|_; rovbঞ�bv| |u;-|l;m| o=  � _-7 0;;m 1o7bC;7 bm|o |_; v|-m7-u7 =oul�Ѵ-ঞom o= t�-m|�l

l;1_-mb1v ]b�;m 0� �om �;�l-mmķ bm r-uঞ1�Ѵ-u b|v |u;-|l;m| o= t�-m|�l l;-v�u;l;m| Őv;;

|_; m;�| v�0v;1ঞomőķ -m7 _o� b| 1o�Ѵ7 0; ;�1bv;7 =uol b| Ő";1ঞom ƒőĺ

ƑĺƑ $_; �om �;�l-mm "1_;l;

�m _bv ƐƖƔƕ 1om=;u;m1; r-r;uķ 
;�;u-0;m7 o@;uv Cuv| �_-| _; |-h;v |o 0; - =-b|_=�Ѵ u;1omŊ

v|u�1ঞom o= |_; |u-7bঞom-Ѵ �om �;�l-mm v1_;l; =ou t�-m|�ll;-v�u;l;m|ķ -m7 |_;m o@;uv

_bv o�m -Ѵ|;um-ঞ�; |_-| _; |-h;v |o 0; v�r;ubouĺ �;| �v vh;|1_ Cuv| �o_m �om �;�l-mmĽv

v1_;l;ķ �_b1_ bm ƐƖƔƕ �-v Ő-m7ķ |o - 7;]u;;ķ vঞѴѴ bvő |_; v|-m7-u7 -11o�m| o= t�-m|�l l;-Ŋ

v�u;l;m|ĺ

�11ou7bm] |o 
;�;u-0;m7ķ �om �;�l-mmĽv |u;-|l;m| o= t�-m|�l l;-v�u;l;m| ;m1o7;v

|_; rovbঞ�bv| �b;� 0� bm|uo7�1bm] - v|ub1| v;r-u-ঞom 0;|�;;m |_; |_;ou;ঞ1-Ѵ Ѵ-m]�-]; o=

t�-m|�l v|-|;vķ 7;v1ub0bm] |_; ;�oѴ�ঞom o= |_; t�-m|�l v�v|;lķ -m7 |_; o0v;u�-ঞom-Ѵ Ѵ-mŊ

]�-]; o= l;-v�u;l;m| o�|1ol;vķ 7;v1ub0bm] rov|Ŋl;-v�u;l;m| ruo1;vv;v bm 1Ѵ-vvb1-Ѵ |;ulvĺ
ƕ";; ;ĺ]ĺ �-bv;u ŐƐƖƖƑőķ �_;�-ѴѴ;� ŐƐƖƖƓőķ -m7 ��@-uo ŐƑƏƐƏő =ou �;oŊ�-mঞ-m bm|;uru;|-ঞomv o= �o_uĽv

r_bѴovor_�ĺ

ѵ

daniel
Draft under review - Please do not cite without permission. 
Contact daniel.kuby@uni-konstanz.de, feedback welcome! 



$_bv v;r-u-ঞom bv v;1�u;7 0� rov|�Ѵ-ঞm] - v;r-u-|;ķ momŊ�mb|-u� ruo1;vv hmo�m -v |_; 1oѴŊ

Ѵ-rv; o= |_; �-�; =�m1ঞom �_b1_ bm |�um -ѴѴo�v =ou - 1Ѵ-vvb1-Ѵ 7;v1ubrঞom o= l;-v�u;l;m|

o�|1ol;vĺ �;|Ľv v;; _o� 
;�;u-0;m7 �m7;uv|-m7v �om �;�l-mm bm lou; 7;|-bѴĺ

�m |_; �om �;�l-mm l;-v�u;l;m| v1_;l;ķ -m bm7b�b7�-Ѵ v�v|;lѶ S bv u;ru;v;m|;7 0�
- �mb| �;1|ou om vol; �bѴ0;u| vr-1; |φ〉 ∈ HS Ő;t�b�-Ѵ;m|Ѵ�ķ |_; 7;mvb|� or;u-|ou ρS =

|φ〉〈φ|őĺ �m o0v;u�-0Ѵ; ruor;u|� o= S bv u;ru;v;m|;7 -v - v;Ѵ=Ŋ-7fobm| or;u-|ou Ô omHS �b|_

- u;-Ѵ vr;1|u�l o= ;b];m�-Ѵ�;v sp(Ô) = {λi}ĺ 
ou o�u r�urov;vķ �; m;;7 omѴ� 1omvb7;u |_;
1-v; �_;u; ;-1_ λi bv momŊ7;];m;u-|;ķ bĺ;ĺ _-v omѴ� om; ;b];m�;1|ou |φi〉 ouķ ;t�b�-Ѵ;m|Ѵ�ķ
7;mvb|� or;u-|ou ρφi = |φi〉〈φi|ĺ
� 7;�b1;M |_-| l;-v�u;v Ô bv u;ru;v;m|;7 0� - r_�vb1-Ѵ v�v|;l om - �bѴ0;u| vr-1;HM

�b|_ om; l-1uov1orb1-ѴѴ� 7bvঞm1| v|-|; |Mi〉 =ou ;-1_ λi ∈ sp(Ô) Ő;t�b�-Ѵ;m|Ѵ�ķ ρMi =

|Mi〉〈Mi|őĸ |_-| bvķ {|Mi〉} =oulv - 0-vbv o= |_; u;Ѵ;�-m| v�0vr-1; o= HM m;;7;7 =ou |_;

bm|;u-1ঞomv bm t�;vঞomĺ $_; _�l-m o0v;u�;u l-� 7bv1;um �b|_ |_; m-h;7 ;�; �_b1_ o= |_;v;

v|-|;v |_; l;-v�ubm] 7;�b1; o11�rb;vķ -m7 b| bv bm |_bv �-� |_-| |_; v|-|; o= |_; l;-v�ubm] 7;Ŋ

�b1; ;m-0Ѵ;v |_; o0v;u�;u |o hmo� |_; l;-v�u;l;m| o�|1ol;ĺ $_�vķ 7bu;1| v;mv;Ŋr;u1;rঞom

l-� r�urou|;7Ѵ� 0; 1omm;1|;7 �r �b|_ l;-v�u;l;m| o�|1ol;vĺ

)_;m - l;-v�u;l;m| o= Ô om S |-h;v rѴ-1;ķ b=M _-v -m bmbঞ-Ѵ Őr�u;ő v|-|; |ψ〉 Ő;t�b�-Ŋ
Ѵ;m|Ѵ� ρM = |ψ〉〈ψ|őķ |_;m |_; ;t�-ঞomv o= loঞom -u; v�rrov;7 |o ;�oѴ�; |_; fobm| v�v|;l
S + M 0� vol; �-lbѴ|omb-m Ĥ �b-Ĺ

|φψ〉 → e−itĤ/·h|φψ〉 =
∑

i

〈φ|φi〉|φiMi〉 := |φ′ψ′〉. ŐƐő

�= 1o�uv;ķ Cm-Ѵ v|-|;v o= |_bv =oul -u; mo| |_; omѴ��-� - fobm| v�v|;l 1o�Ѵ7 ;�oѴ�;ĺ !-|_;uķ

b| bv |_; 1-v; |_-| =ou |_; ;�oѴ�ঞom o= |_; fobm| v�v|;l |o 0; 1-ѴѴ;7 - ļl;-v�u;l;m|ķĽ |_bv

1om7bঞom l�v| 0; v-ঞvC;7ĺ

�;�|ķ - momŊ�mb|-u� 1oѴѴ-rv; ruo1;vv bv r�urou|;7 |o o11�u �_b1_ ruof;1|v |_; fobm| v�vŊ

|;l om|o - r-uঞ1�Ѵ-u ;b];mv|-|; |φiMi〉�b|_ ruo0-0bѴb|� 〈φ′ψ′|Πi|φ′ψ′〉 = |〈φ|φi〉|2 �_;u;
Πi := |φiMi〉〈φiMi| bv - ruof;1ঞom om|o |_; ;b];mvr-1; o= |_; ;b];m�-Ѵ�; λi =ou Ôĺ $_bv

ruo0-0bѴb|� -vvb]ml;m| bv |_; �oum u�Ѵ;ķ -m7 vbm1; |_; 1oѴѴ;1ঞom {Πi} =oulv - ruof;1ঞomŊ
�-Ѵ�;7 l;-v�u;ķ |_; ruo0-0bѴbঞ;v l-� ;t�b�-Ѵ;m|Ѵ� 0; ;�ru;vv;7 -v |u(ρ′

SMΠi)ĺ $_bv 1oѴѴ-rv;

ruo1;vv �boѴ-|;v |_; ;t�-ঞomv o= loঞomķ -m7 7;|;ulbm;v - 7;Cmb|; Ővbm]Ѵ;ő o0v;u�;7 l;-Ŋ

v�u;l;m| o�|1ol;ĺ �o�;�;uķ |_; l;|-r_�vb1-Ѵ 1omvb7;u-ঞomv -v |o f�v| _o� |_bv 1oѴѴ-rv;
Ѷ$_-| bv |o v-�ķ - v�v|;l bm - r�u; v|-|;ĺ
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o11�uv -u; buu;Ѵ;�-m| |o |_; u;1;b�;7 �b;�ĸ b| bv - =�m7-l;m|-ѴѴ� �mhmo�-0Ѵ; ruo1;vvķ �;| m;1Ŋ

;vv-u� |o Ѵbmh |_; |_;ou;ঞ1-Ѵ Ѵ-m]�-]; o= t�-m|�l v|-|;v �b|_ |_; o0v;u�-0Ѵ; Ѵ-m]�-]; o=

7;|;1|ou 1Ѵb1hv -m7 l;-v�u;l;m| o�|1ol;vĺ


;�;u-0;m7 o@;uv -77bঞom-Ѵ 1Ѵ-ubC1-ঞom om �_-| _; |-h;v |_; v-Ѵb;m| =;-|�u;v o= |_; �om

�;�l-mm v1_;l; |o 0;Ĺ _; 7bvঞm]�bv_;v 0;|�;;m - 1olrѲ;|;l;-v�u;l;m| �_;u; |_; u;v�Ѵ|

λi bv hmo�mķ =uol -m bm1olrѲ;|;l;-v�u;l;m|�_;u; - 1oѴѴ-rv; _-v o11�uu;7ķ 0�| |_; o�|1ol;

bv �mhmo�mĺ )_bѴ; |_; r_�vb1-Ѵ v|-|; o= -@-buv bv |_; v-l; bm 0o|_ vb|�-ঞomvķ o�u hmo�Ѵ;7];

o= b| bv 7b@;u;m|ķ -m7 _;m1; _o� �; u;ru;v;m| o�u hmo�Ѵ;7]; bm |_; |�o 1-v;v 7b@;uv -v �;ѴѴĺ

��u b]mou-m1; o= |_; l;-v�u;l;m| o�|1ol; -@;1|v _o� �; 7;v1ub0; |_; ;�oѴ�ঞom o= |_;

fobm| v�v|;lĺ "r;1bC1-ѴѴ�ķ �vbm] 7;mvb|� or;u-|ouv =uol mo� omķ |_; v|-|; ru;v1ubrঞomv �v;7

0� |_; o0v;u�;u |o u;ru;v;m| |_; v�v|;l -[;u l;-v�u;l;m| -u; ]b�;m 0�Ĺ

�m1olrѴ;|; �;-v�u;l;m| ρS ⊗ ρM →
∑

i

|〈φ|φi〉|2ρφi ⊗ ρMi

�olrѴ;|; �;-v�u;l;m| ρS ⊗ ρM → ρφi ⊗ ρMi.

ŐƑő

�11ou7bm] |o 
;�;u-0;m7ķ bm1olrѴ;|; l;-v�u;l;m|v 1olr;Ѵ �v |o |u;-| |_; v|-|; o= -

v�v|;l -[;u l;-v�u;l;m| -v - 1Ѳ-vvb1-Ѳ lb�|�u; o= ;b];mv|-|;vķ u-|_;u |_-m |_; t�-m|�l v�Ŋ

r;urovbঞom 0;=ou; |_;l;-v�u;l;m|ĺ $_bv bmvb]_| |_-| |_; v|-ঞvঞ1-Ѵ =;-|�u;v o= rov|Ŋ1oѴѴ-rv;

t�-m|�l v|-|;v l-� 0; �m7;uv|oo7 -v =;-|�u;v o= |_; o0v;u�;uĽv 7;v1ubrࢼom o= |_; v�v|;l 7�;

|o |_;bu b]mou-m1;ķ -m7 mo| - =;-|�u; o= |_; v�v|;l b|v;Ѵ=ķ loঞ�-|;v |_; -Ѵ|;um-ঞ�; |_;ou� o=

t�-m|�l l;-v�u;l;m| �_b1_ _; 1omv|u�1|vĺ

"�ll-ub�bm] |_; �om �;�l-mm v1_;l; bm 
;�;u-0;m7Ľv |;ulvķ - t�-m|�l o0v;u�;u 7;Ŋ

v1ub0;v |_; v|-|; ;�oѴ�ঞom o= |_; l;-v�u;7 v�v|;l =ou - 1olrѴ;|; l;-v�u;l;m| -vĹ

ρS ⊗ ρM︸ ︷︷ ︸
�mbࢼ-Ѳ "|-|;

→
∑

i,j

〈φ|φi〉〈φj|φ〉|φiMi〉〈φjMj|
︸ ︷︷ ︸

&mb|-u� ��oѲࢼ�om

→
∑

i

|〈φ|φi〉|2|φiMi〉〈φiMi|
︸ ︷︷ ︸

�oѲѲ-rv; Ŏ�m1olrѲ;|; �;-v�u;l;m|ŏ

→ ρφi ⊗ ρMi︸ ︷︷ ︸
�olrѲ;|; �;-v�u;l;m|

Őƒő

�;u;ķ |_; lb�bm] ruo0-0bѴbঞ;v -[;u 1oѴѴ-rv; -u; v�0f;1ঞ�;ĸƖ |_;u; bv -Ѵu;-7� - 7;Cmb|; Ő�mŊ
Ɩ�omm;1ঞm] �b|_ 	;Ѵ "-m|o ŐƑƏƑƑőķ |_; �oѴv|om "�lrovb�l o11�uu;7 7�ubm] - r;ubo7 bm �_b1_ 
;�;u-0;m7Ľv

uoѴ; �b|_ �orr;u -v |_; v�lr-|_;ঞ1 r�rbѴ �-v 0;]bmmbm] |o v_o� |_; Cuv| 1u-1hĺ $_bv bv l-7; -rr-u;m| bm _bv
1om|ub0�ঞom bm �_b1_ _; 7;=;m7v - v�0f;1ঞ�; -11o�m| o= ruo0-0bѴbঞ;v 7bu;1|Ѵ� orrovbm] |_; ruor;mvbঞ;v �b;�
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hmo�mő o�|1ol;ĺ $u-mvbঞombm] |o - 1olrѴ;|; l;-v�u;l;m| bv _;m1; f�v| - l-�;u o= u;-7bm]

o@ |_; o�|1ol; o= -m bm1olrѴ;|; l;-v�u;l;m| Ő�_b1_ -u; |-h;m |o _-�; -Ѵu;-7� 0;;m o0Ŋ

f;1ঞ�;Ѵ� 7;|;ulbm;7 0� 1oѴѴ-rv;őĺ �[;u 1oѴѴ-rv;ķ |_; ;�oѴ�ঞom o= |_; l;-v�ubm] 7;�b1; bv

7;v1ub0;7 1Ѳ-vvb1-ѲѲ� -v - v�v|;l �_ov; u;Ѵ;�-m| o0v;u�-0Ѵ;v -ѴѴ _-�; 7;Cmb|;ķ 7;|;ulbm;7

�-Ѵ�;vĺ

ƒ 
;�;u-0;m7Ľv $_;ou� o= �;-v�u;l;m|

ƒĺƐ 
;�;u-0;m7Ľv "1_;l;


;�;u-0;m7 |ooh bvv�; �b|_ |_; Ő-rr-u;m|Ѵ�ő ou|_o7o� bm|;uru;|-ঞom o= t�-m|�l |_;ou�ķ r-uŊ

ঞ1�Ѵ-uѴ� �b|_ u;vr;1| |o b|v u;Ѵb-m1; om - 7bvঞm1ঞom 0;|�;;m 1Ѵ-vvb1-Ѵ -m7 t�-m|�l Ѵ;�;Ѵv

o= -m-Ѵ�vbv -m7 |_;bu v�0v;t�;m| r-uঞঞombm] bm|o o0v;u�-ঞom-Ѵ -m7 |_;ou;ঞ1-Ѵ =u-]l;m|vĺ

�v �; v_-ѴѴ v;;ķ |_bv �-v ঞ;7 |o _bv 0uo-7;u 7bvv-ঞv=-1ঞom �b|_ |_; rovbঞ�bv| ruo]u-l lou;

];m;u-ѴѴ�ķ �_b1_ _;-�bѴ� bmY�;m1;7 |_bv ou|_o7o��ĺ

�ou; 1om1u;|;Ѵ�ķ 
;�;u-0;m7 o0f;1|v |o |_; 1o];m1� o= |_; �om �;�l-mm v1_;l; om

v;�;u-Ѵ ]uo�m7vĺ 
buv|ķ b| bv �mv-ঞv=-1|oubѴ� vbѴ;m| -0o�| _o� om; 1omm;1|v 7bu;1|Ѵ� o0v;u�-0Ѵ;

=;-|�u;v o= - l-1uov1orb1 l;-v�ubm] 7;�b1; |o |_; t�-m|�l =oul-Ѵbvlĸ |_; 1oѴѴ-rv; ruo1;vv

bv m;1;vv-ubѴ� vol;|_bm] -0o�| �_b1_ om; 1-m _-�; mo 7bu;1| hmo�Ѵ;7];ĺ �ou;o�;uķ vbm1;

1oѴѴ-rv; ruof;1|v - v|-|; om|o - v�0vr-1;ķ b| bv - =�m7-l;m|-ѴѴ� buu;�;uvb0Ѵ; ruo1;vv |_-| vol;Ŋ

�_-| -mol-Ѵo�vѴ� orrov;v |_; u;�;uvb0bѴb|� o= �mb|-u� ;�oѴ�ঞomĺ �= 1o�uv;ķ b| �-v�;ѴѴŊhmo�m

|_-| buu;�;uvb0Ѵ; ruo1;vv;v -rr;-u bm 1Ѵ-vvb1-Ѵ l;1_-mb1v Ő�_b1_ bv -Ѵvo ]o�;um;7 0� u;�;uvb0Ѵ;

7�m-lb1vő -v �;ѴѴ �_;m om; 1omvb7;uv |_; ;�oѴ�ঞom o= v|-ঞvঞ1-Ѵ ;mv;l0Ѵ;vķ 0�| bm |_; 1Ѵ-vvbŊ

1-Ѵ 1-v;ķ om; _-v 1olr;ѴѴbm] ;�rѴ-m-ঞomv =ou _o� |_bv buu;�;uvb0bѴb|� ;l;u];vķ ;ĺ]ĺ 0� -rr;-Ѵ

o= �orr;uķ �;| bv vঞѴѴ 1olr;ѴѴ;7 |o 1b|; �orr;uĽv ruor;mvbঞ;v -11o�m| bm _bv 0b0Ѵbo]u-r_� Őu;=ĺ ƐѶ o= 
;�;u-0;m7
ƐƖƔƕ-őķ 7;vrb|; m;�;u 1bঞm] b| bm |_; l-bm |;�|ĺ �m7 bm - Ѵ;�;u v;m| v_ou|� 0;=ou; |_; �oѴv|om !;v;-u1_ "�lroŊ
vb�l �; u;-7Ĺ

Œ+œo�u u;�bvbom o= |_; �v�-Ѵ bm|;uru;|ĺ o= ruo0-0bѴb|� bv m;�|u-Ѳ |o�-u7v |_; -0o�; ruo0Ѳ;l Œbĺ;ĺ _-v |_;
;Ѵ;1|uom 7;Cmb|; lol;m|�l -m7 7;Cmb|; rovbঞom -| |_; v-l; ঞl;ĵœ �_b1_ � |_bmh bv |_; 1;m|u-Ѵ
ruo0Ѵ;l o= -m� bm|;uru;|-ঞom o=  �ķ -m7 �_b1_ _-v Ѵ;7 |o |_; ľt�-m|�lŊl;vvĿĺ �;m1; � l�v|
v-� |_-|ķ -Ѵ|_o�]_ �o�u r-r;u bv lov| blrou|-m| =ou ruo0-0bѴb|� -v �;ѴѴ -v =ou |_; bm|;uru;|-ঞom o=
|_; 1Ѵ-vvb1-Ѵ v|-ঞvঞ1-Ѵ 7bv1brѴbm;vķ b| 7o;v mo| 1om|-bm -m� 1om|ub0�ঞom |o�-u7v |_; l-bm ruo0Ѵ;l
o= t�-m|�lŊl;1_-mb1vķ l;mঞom;7 -0o�;ĺ �u b= b| 7o;vķ |_bv 1om|ub0�ঞom 1Ѵ;-uѴ� 1om|u-7b1|v |_;
�;�l-mm ruoo= �_b1_ bv mo| 1_-m];7 0� bm|uo7�1bm] |_; ruor;mvb|�Ŋbm|;uru;|-ঞom bmv|;-7 o= |_;
�v�-Ѵ bm|;uru;|-ঞom bm |;ulv o= u;Ѵ-ঞ�; =u;t�;m1b;v Ő�_b1_ �om �;�l-mm �v;vőĺ Ő
;�;u-0;m7 |o
�orr;uķ Ƒƕ �-u1_ ƐƖƔƕķ rĺ ƒķ u;ruo7�1;7 bm 
;�;u-0;m7 ƑƏƑƏķ rĺ ƑƔƓő

";; -Ѵvo �oѴѴo7;Ѵ ŐƑƏƐѵő =ou -m ;�|;mvb�; -m-Ѵ�vbv o= 
;�;u-0;m7Ľv u;Ѵ-ঞom |o �orr;u -m7 _bv v1_ooѴĺ
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|o �oѴ|�l-mmĽv �Ŋ|_;ou;l �_b1_ �-v |_o�]_| |o ;�rѴ-bm _o� buu;�;uvb0Ѵ; l-1uov1orb1 7�Ŋ

m-lb1v 1-m ;l;u]; =uol u;�;uvb0Ѵ; lb1uov1orb1 ruo1;vv;vĺ�o�;�;uķ om; 1-mmo| -m-Ѵo]o�vѴ�

;�rѴ-bm -�-� |_; buu;�;uvb0bѴb|� |_-| -ubv;v bm |_; t�-m|�l 1-v; 7�; |o 1oѴѴ-rv;ĺ $-hbm] |_bv

v|u-|;]� =uol 1Ѵ-vvb1-Ѵ v|-ঞvঞ1-Ѵ r_�vb1v -v bmvrbu-ঞomķ 
;�;u-0;m7 ŐƐƖƔƕ-ő 1om1Ѵ�7;7 |_-|

ľ|_; Œ�om �;�l-mm v1_;l;œ bv 1ouu;1|ķ 0�| bm1olrѴ;|;ĺ )_-| bv olb�;7 bv |_; =-1| |_-|M bv

- l-1uov1orb1 v�v|;l -m7 |_-| Œ|_; o0v;u�;uœ 1-mmo| 7bv1;um |_; Cm;u ruor;uঞ;v o=MĿ Őrĺ

ƐƑѵőĺ


;�;u-0;m7Ľv rubl-u� ]o-Ѵķ |_;mķ �-v |o 7;�;Ѵor -m -Ѵ|;um-ঞ�; |_;ou� o= t�-m|�ll;-v�u;Ŋ

l;m|Ō- 1olrѴ;ঞom o= |_; �om�;�l-mm v1_;l;Ō|_-|l-� 0; =�ѴѴ� �m7;uv|oo7 �vbm] �mb|-u�

t�-m|�l 7�m-lb1v Őbĺ;ĺ mo 1oѴѴ-rv;ő -m7 �;ѴѴŊloঞ�-|;7 v|-ঞvঞ1-Ѵ -vv�lrঞomv -0o�| l-1uoŊ

v1orb1 t�-m|�l v�v|;lvĺ $_bv m;� |_;ou� 7o;v mo| -bl ;�rѴ-bm �_� vbm]Ѵ; 7;Cmb|; l;-Ŋ

v�u;l;m| o�|1ol;v -u; o0v;u�;7 -m7 _;m1; bv mo| -m -�;lr|;7 u;voѴ�ঞom |o |_; lo7;um

l;-v�u;l;m| ruo0Ѵ;l -v v�1_ĺ !-|_;uķ |_; �m7;u7;|;ulbm-ঞom o= l;-v�u;l;m| o�|1ol;v

0;1ol;v -m -uঞ=-1| o= |_; v|-ঞvঞ1-Ѵ -vv�lrঞomv -0o�| l-1uov1orb1 v�v|;lv |_-| -];m|v

�v; �_;m u;ru;v;mঞm] |_;lĺ �m |_bv �-�ķ 
;�;u-0;m7 -rr-u;m|Ѵ� m;;7v omѴ� |o -11o�m| =ou

bm1olrѴ;|; l;-v�u;l;m| ruo1;vv;v �vbm] �mb|-u� 7�m-lb1vĺ

$_; 1u�1b-Ѵ 7;|-bѴ =ou 
;�;u-0;m7 bv _o� om; 7;Cm;v l-1uov1orb1b|� =ou l;-v�u;l;m|

7;�b1;vķ - moঞom |_-| _; =o�m7 �-v -Ѵu;-7� blrѴb1b| bm |_; �om �;�l-mm v1_;l; -m��-�ĺ

�; 1om|;m7v |_-| l-1uov1orb1b|� bv - =;-|�u; o= -m o0v;u�;uĽv 7;v1ubrঞom o= - v�v|;lĸ b| bv

mo| - =;-|�u; o= |_; v�v|;l b|v;Ѵ=ĺ �m r-uঞ1�Ѵ-uķ l-1uov1orb1b|� 1_-u-1|;ub�;v -m o0v;u�;uĽv

b]mou-m1; -0o�| - v�v|;lĺ �m |_; =-1; o= |_bv b]mou-m1;ķ |_; o0v;u�;u Ѵov;v -ѴѴ _or; o= -m

;�-1| lb1uor_�vb1-Ѵ 7;v1ubrঞom o= ;�;m|v Ő�_;u;0� |_; 7;|;ulbm-ঞom o=�_b1_l;-v�u;l;m|

o�|1ol;�bѴѴ o0|-bm 0;1ol;v blrovvb0Ѵ;őķ 0�| l-� Ѵ;�;u-]; |_;bu b]mou-m1; |o bm|uo7�1; �;ѴѴŊ

loঞ�-|;7 v|-ঞvঞ1-Ѵ -vv�lrঞomv |o l-h; -rruo�bl-ঞomv |_-| -ѴѴo� =ou - v|-ঞvঞ1-Ѵ -11o�m|

o= l;-v�u;l;m|ĺ


ou 
;�;u-0;m7ķ b= - v�v|;lX bv l-1uov1orb1 Őu;Ѵ-ঞ�; |o vol; o0v;u�;u �_o bv l;-v�ubm]

- r-uঞ1�Ѵ-u o0v;u�-0Ѵ;őķ |_bv l;-mv |_-|Ĺ

Ő�ő )b|_ u;vr;1| |o |_; o0v;u�-0Ѵ; �m7;u 1omvb7;u-ঞomķ |_; u;Ѵ-ঞ�; r_-v;v 0;|�;;m 1olŊ

rom;m|v o= X bm |_; ;b];m0-vbv o= |_; o0v;u�-0Ѵ; �-mbv_ķ �_;m1; |_;u; bv mo bm|;u=;uŊ

;m1; 0;|�;;m |_;lĺƐƏ

ƐƏ�o|;ķ |_bv 1om7bঞom om l-1uov1orb1b|� _-v mo 0;-ubm] om |_; m�l0;u o= 7;]u;;v o= =u;;7ol bm t�;vঞomĹ
l-m�Ŋ0o7� v�v|;lv v�1_ -v v�r;u1om7�1ঞm] t�-m|�l bm|;u=;u;m1; 7;�b1;v Ő" &�	vő �boѴ-|; -vv�lrঞom Ő�ő
�b|_ u;vr;1| |o |_; o0v;u�;uv �_o v|�7� |_;l Ő1=ĺ !�� ;| -Ѵĺ ƑƏƑƏő -m7 -u; |_;u;=ou; mo| ļl-1uov1orb1Ľ bm |_;
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Ő�ő $_; o0v;u�;u 1-mmo| 7bvঞm]�bv_ -ѴѴ o= |_;lb1uoŊv|-|;v o=X ķ omѴ� 1;u|-bm 1o-uv;Ŋ]u-bm;7
l-1uoŊv|-|;vķ 0�| |_;� -u; �-uu-m|;7 bm v�rrovbm] |_-| -ѴѴ lb1uoŊv|-|;v -vvo1b-|;7 �b|_

- ]b�;m l-1uoŊv|-|; -u; ;t�-ѴѴ� ruo0-0Ѵ;ĺ

$_; Ѵ-�;u robm| =oulv �_-| 
;�;u-0;m7 |;ulv |_; ľrubm1brѴ; o= ;t�bruo0-0bѴb|�ĺĿ �; mo|;vĹ

$_bv -vv�lrঞomķ �_b1_ vo =-u _-v omѴ� 0;;m �v;7 bm 1omm;�bom �b|_ t�-m|�l

v|-ঞvঞ1vķ bv -m bm7bvr;mv-0Ѵ; r-u| o= -m� 1olrѴ;|; |_;ou� o= l;-v�u;l;m|ĺ �v

orrov;7 |o 1Ѵ-vvb1-Ѵ |_;ou� o= l;-v�u;l;m| |_; t�-m|�l |_;ou� o= l;-v�u;l;m|

bv ;vv;mঞ-ѴѴ� - v|-ঞvঞ1-Ѵ |_;ou�ķ bĺ;ĺ b| bv - |_;ou� �_b1_ �v;vķ -r-u| =uol |_; ;t�-Ŋ

ঞomv o= loঞomķ -Ѵvo =�u|_;u v|-ঞvঞ1-Ѵ -vv�lrঞomvĺ Ő
;�;u-0;m7 ƐƖƔƕ-ķ rĺ ƐƑѵő

�| v_o�Ѵ7 0; v|u;vv;7 |_-| 
;�;u-0;m7 |ooh |_;v; -vv�lrঞomv |o 0; blrѴb1b| -m7 m-|�Ŋ

u-Ѵ =;-|�u;v o= l-1uov1orb1 v�v|;lv -v |_;� _-7 -Ѵu;-7� 0;;m 7;v1ub0;7 0� o|_;u ruolbm;m|

r_�vb1bv|vķ =ou bmv|-m1;ķ 0� �ou7-m ŐƐƖƓƖő -m7 ��7�b] ŐƐƖƔƒőĺ $_bv bv l-7; ;�rѴb1b| bm -m ;-uѴb;u

�mr�0Ѵbv_;7 7u-[ĺƐƐ �m7;;7ķ -v �o_l �ub|;v bm _bv |;�|0ooh Ő�_b1_ 
;�;u-0;m7 -Ѵvo 1b|;vőķ

7;lomv|u-ঞm] |_; ;�bv|;m1; o= 7;v|u�1ঞ�; bm|;u=;u;m1; o= |_; u;t�bvb|; vou| bv ľ- 1u�1b-Ѵ ruo0Ŋ

Ѵ;l |_-| -ubv;v bm |_; 7;lomv|u-ঞom o= |_; Ѵo]b1-Ѵ v;Ѵ=Ŋ1omvbv|;m1� o= |_; t�-m|�l |_;ou� o=

l;-v�u;l;m|Ŀ Ő�o_l ƐƖƔƐķ rĺ ѵƏƏőĺ $_;u; bv -Ѵvo - ƐƖƔƓ r-r;u 0� �-m �-lr;m �_b1_ �;u�

;�rѴb1b|Ѵ� -7or|v vblbѴ-u rubm1brѴ; bm -m -�;lr| |o 7;ub�; l-1uov1orb1 buu;�;uvb0bѴb|� =ou t�-mŊ

|�l ruo1;vv;v 0� �m7;uv|-m7bm] l-1uov1orb1b|� bm |;ulv o= �-mbv_bm] bm|;u=;u;m1; |;ulv -v

bm Ő�ő -m7 v�rrovbm] o0v;u�-ঞom-Ѵ bm7bvঞm]�bv_-0bѴb|� o�;u ļr_-v; 1;ѴѴvĽ -vvo1b-|;7 �b|_ |_;

or;u-ঞom-ѴѴ� 7bvঞm]�bv_-0Ѵ; ;b];mvr-1;vķ u;v;l0Ѵbm] Ő�őĺƐƑ

�o� v_o�Ѵ7 �; 1-1_; o�| |_;v; -vv�lrঞomv =oul-ѴѴ�ĵ 
;�;u-0;m7 bv �m=ou|�m-|;Ѵ� mo|

|o|-ѴѴ� ;�rѴb1b| _;u; bm _bv r-r;uĺ �o�;�;uķ �; l-� |u� |o CѴѴ bm |_; ]-rv -m7 o@;u - uo�]_

u;1omv|u�1ঞom o= �_-| _; _-7 bm lbm7ĺƐƒ

�omvb7;uķ -v 
;�;u-0;m7 7b7ķ f�v| |_; |�oŊ7bl;mvbom-Ѵ 1-v;ĺ �;| Ô 0; |_; l;-v�u;7 o0Ŋ

v;u�-0Ѵ; =ou - v�v|;l S �b|_ ;b];mv|-|;v {|φ1〉, |φ2〉}ĺ �;|M 0; |_; v�v|;l |_-| l;-v�u;v

Ô =ou S -m7 v�rrov; |_-| |_; bmbঞ-Ѵ v|-|;v o= S -m7M -u; ρS -m7 ρMķ u;vr;1ঞ�;Ѵ� Ő�b|_

|Mi〉 1o�rѴbm] |o |φi〉 =ou 0o|_ iőĺ 
�u|_;uķ Ѵ;| α1 = 〈φ|φ1〉 -m7 α2 = 〈φ|φ2〉ĺ $_;m |_;
�mb|-u� ;�oѴ�ঞom o= |_; fobm| v�v|;l bv

u;t�bvb|; v;mv;ĺ
ƐƐ";; �-�Ѵ 
;�;u-0;m7ķ ľ�m |_; t�-m|�lŊ|_;ou� o= l;-v�u;l;m|Ŀķ �m7-|;7 |�r;v1ubr|ķ �
 ƏѶŊƒƒŊƑƓķ �;u0;u|


;b]Ѵ r-r;uvķ &mb�;uvb|� �u1_b�;ķ &mb�;uvb|� o= �bmm;vo|- Őu;=;u;m1;7 bm 
;�;u-0;m7 ƑƏƑƏķ ƑƔƓķ =m ƐƐőĺ
ƐƑ";; -Ѵvo �-m �-lr;m ŐƐƖѶѶőķ �_;u; |_; l-1uov1orb1b|� -vv�lrঞom bv -rrѴb;7 |o t�-m|�l l;-v�u;l;m|ĺ
Ɛƒ); |_-mh �ov &Lmh =ou v;�;u-Ѵ 1Ѵ-ub=�bm] u;l-uhv -m7 v�]];vঞomv �b|_ |_bv u;1omv|u�1ঞomĺ
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|φψ〉 → |φ′ψ′〉 = α1|φ1M1〉 + α2|φ2M2〉 ŐƓő

�m7 |_; ;�r;1|-ঞom �-Ѵ�; o= Ô bvĹ

〈Ô〉 =|α1|2〈φ1M1|Ô|φ1M1〉 + α1α2〈φ2M2|Ô|φ1M1〉

+ α2α1〈φ1M1|Ô|φ2M2〉 + |α2|2〈φ2M2|Ô|φ2M2〉

=|α1|2〈φ1M1|Ô|φ1M1〉 + (α1α2 + α2α1)〈φ1M1|Ô|φ2M2〉 + |α2|2〈φ2M2|Ô|φ2M2〉.

ŐƔő

)_-| bv Ѵ;[ o�| o= |_; �om �;�l-mm v1_;l; bv |_-|M bv l-1uov1orb1ĺ �= |-h;m v;ubo�vѴ�ķ

|_bv ;�r;1|-ঞom �-Ѵ�; l-� 0; =�u|_;u vblrѴbC;7 bm |_; =oѴѴo�bm] �-�ĺ �m; l-� ;�ru;vvαk =

ckeiθk =ou vol; u;-Ѵ �-Ѵ�; 0 ≤ ck ≤ 1 -m7 vol; u;-Ѵ r_-v; θk ∈ [0, 2π]ĺ �m |_; |�oŊ

7bl;mvbom-Ѵ 1-v; �m7;u 1omvb7;u-ঞomķ 
;�;u-0;m7 vol;�_-| vh;|1_bѴ� |-h;v 1om7bঞom Ő�ő

om l-1uov1orb1b|�Ō|_-| u;Ѵ-ঞ�; r_-v;v �-mbv_Ō|o l;-m θ1 − θ2 ( πĺ "bm1; r_-v;v Ѵb; om

- 1bu1Ѵ; -m7 vo _-�; mo l;-mbm]=�Ѵ -0voѴ�|; l-]mb|�7;ķ |_bv bv blru;1bv;ĺ �o�;�;uķ �; l-�

bm|;uru;| |_bv |o bmv|;-7 l;-m |_-| θ1 − θ2 ≈ 0 Őouķ ;t�b�-Ѵ;m|Ѵ�ķ |_-| θ1 − θ2 ≈ 2πőĸ |_-| bvķ

|_; u;Ѵ-ঞ�; r_-v; bv -v =-u -�-� =uol π -v rovvb0Ѵ;ĺ �m |_bv u;-7bm]ķ om; l-� ;-vbѴ� 1olr�|;Ĺ

α1α2 + α2α1 = c1c2 1ov(θ1 − θ2) ≈ c1c2 1ov(0) = 0. Őѵő

�;m1;ķ �_;m |_; l-1uov1orb1b|� -vv�lrঞom Ő�ő bv l;| 0�Mķ om; _-v |_-|

〈Ô〉 ≈ |α1|2〈φ1M1|Ô|φ1M1〉 + |α2|2〈φ2M2|Ô|φ2M2〉. Őƕő

�o�ķ b= �; 1omvb7;u |_; rov|Ŋ1oѴѴ-rv; lb�;7 v|-|; =uol |_; bm1olrѴ;|; l;-v�u;l;m|

v|-]; bm |_; �om �;�l-mm v1_;l;ķ �; v;; |_-| |_; ;�r;1|-ঞomŊ�-Ѵ�; bv |_; v-l;ĺ "r;1bCŊ

1-ѴѴ�ķ -[;u 1oѴѴ-rv; 0�| 0;=ou; |_; l;-v�u;l;m| o�|1ol; bv u;�;-Ѵ;7ķ |_; v|-|; ru;v1ubrঞom

bvĹ

ρSM = |α1|2ρφ1 ⊗ ρM1 + |α2|2ρφ2 ⊗ ρM2 ŐѶő
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=uol�_b1_ bv 1Ѵ;-u |_-| |_; ;�r;1|-ঞom �-Ѵ�; o= Ô�bѴѴ 0; |_; v-l; -v Őƕőĺ 
;�;u-0;m7 ŐƐƖƔƕ-ķ

rĺ ƐƑƕő =�u|_;u ;�|;m7v |_bv 0� moঞm] |_-| |_bv ru;v;u�-ঞom o= ;�r;1|-ঞom �-Ѵ�;v bv ;mv�u;7

-Ѵvo =ou -ѴѴ o0v;u�-0Ѵ;v �_b1_ 1oll�|; �b|_ Ôķ -m7 vo |_;u; bv - m-|�u-Ѵ v;mv; bm �_b1_ 1olŊ

l�ঞm] o0v;u�-0Ѵ;v -ѴѴo� =ou ļ1Ѵ-vvb1-ѴѴ� 1olr-ঞ0Ѵ;Ľ l;-v�u;l;m|vĺ $_bv 1Ѵ-bl bv ruolo|;7

|o �_-| 
;�;u-0;m7 1-ѴѴv |_; ļo0v;u�;u rubm1brѲ;Ľ �_b1_ v|-|;v |_-| -m o0v;u�;u 1-mmo| 7bv1;um

1olrѴ;l;m|-ub|�ĸ b= |_; o0v;u�;u 1-m l;-v�u; o0v;u�-0Ѵ; Ô1 �b|_ - l-1uov1orb1 7;�b1;Mķ

|_;� 1-m omѴ� -Ѵvo l;-v�u; -mo|_;u o0v;u�-0Ѵ; Ô2 b= Ô1 -m7 Ô2 1oll�|;ĺ �; 1Ѵ-blv |_-| |_bv

;�rѴ-bmv |_; -0v;m1; o= 1olrѴ;l;m|-ub|� -| |_; 1Ѵ-vvb1-Ѵ Ѵ;�;Ѵ Ő|_-| bvķ =ou l-1uov1orb1 l;-Ŋ

v�u;l;m| 7;�b1;v bm|;u-1ঞm] �b|_ t�-m|�l v�v|;lvő 7bu;1|Ѵ� bm |;ulv o= t�-m|�l |_;ou�ĺ �

lou; 7;|-bѴ;7 -11o�m| o= - vblbѴ-u r;uvr;1ঞ�; bv =o�m7 bm �-m �-lr;m ŐƐƖƔƓőĺ

)_;m -vv�lrঞom Ő�ő bv -Ѵvo v-ঞvC;7 0� |_; l;-v�ubm] 7;�b1;Mķ |_; o0v;u�;u 1-m mo

Ѵom];u 7bvঞm]�bv_ -| -ѴѴ 0;|�;;m |_; �mb|-u� ;�oѴ�ঞom v|-|; ru;v1ubrঞom -m7 |_; bm1olŊ

rѴ;|; l;-v�u;l;m| 7;v1ubrঞomĺ �;m1;ķ 
;�;u-0;m7 1Ѵ-blv |_-|ķ om1; om; |-h;v bm|o -11o�m|

l-1uov1orb1b|�ķ |_;� 1-m v�0vঞ|�|; |_; bm1olrѴ;|; l;-v�u;l;m| ru;v1ubrঞom =ou |_; |_-|

o0|-bm;7 0� �mb|-u� ;�oѴ�ঞomĺ 
;�;u-0;m7 ŐƐƖƔƕ-ő r�|v |_bv -v =oѴѴo�vĹ

Ļ|_; -vv;uঞom |_-| Œ;b];mv|-|;v o=Mœ -u; l-1uov1orb1-ѴѴ� 7bvঞm]�bv_-0Ѵ;ķ blŊ

rѴb;vķ |o];|_;u �b|_ |_; rubm1brѴ; o= ;t�bruo0-0bѴb|�ķ |_-|ķ =ou -ѲѲ ru-11ࢼ-Ѳ r�urov;vķ

Œ|_; �mb|-u� ;�oѴ�ঞom 7;v1ubrঞomœ -m7 Œ|_; bm1olrѴ;|; l;-v�u;l;m| 7;v1ubrঞomœ

�b;Ѵ7 |_; v-l; u;v�Ѵ|v �b|_ u;vr;1| |o |_; ruor;uঞ;v o= S ĺ Ő
;�;u-0;m7 ƐƖƔƕ-ķ
ƐƑѵķ o�u ;lr_-vbvő

); v;; _;u; |_-| 
;�;u-0;m7 bm�oh;v |_; ļ=ou -ѴѴ ru-1ঞ1-Ѵ r�urov;vĽ Ő
���ő 1Ѵ-�v; -v -

l;-mv =ou -vv;uঞm] |_-|ķ 0;1-�v; o= |_; o0v;u�;uĽv b]mou-m1; -0o�| |_; lb1uoŊv|-|; o= |_;

l;-v�ubm] 7;�b1;ķ |_; v|-|; ru;v1ubrঞom o0|-bm;7 =uol �mb|-u� ;�oѴ�ঞom -m7 |_-| o0|-bm;7

=uol bm1olrѴ;|;l;-v�u;l;m| _-�; |_; v-l; u;ru;v;m|-ঞom-Ѵ 1-r-1b|� -m7l-� |_�v 0; �v;7

bm|;u1_-m];-0Ѵ�ĺ �m7;;7ķ �; -]-bm Cm7 -]u;;l;m| �b|_ �-m �-lr;m �_o �ub|;v ľŒ|œ_; ;�r;1Ŋ

|-ঞom �-Ѵ�; o= - l-1uov1orb1 t�-mঞ|� bm - r�u; t�-m|�l v|-|; 1-m 0; =o�m7 -v |_; -�;u-];

o= |_-| t�-mঞ|� o�;u - 1;u|-bm 1Ѵ-vvb1-Ѵ ;mv;l0Ѵ;Ŀ Ő�-m �-lr;m ƐƖƔƓķ rrĺ ѵƐƑŋƒőĺ

&m=ou|�m-|;Ѵ�ķ 
;�;u-0;m7 7o;v mo| vr;ѴѴ o�| _o� |_; rubm1brѴ; o= ;t�bruo0-0bѴb|� Ő�ő bv

l;-m| |o 0; blrѴ;l;m|;7 =oul-ѴѴ�ķ 0�| bm �-m �-lr;mĽv 7bvঞm1| |_o�]_ r-u-ѴѴ;Ѵ -m-Ѵ�vbv o=

l-1uov1orb1 ruo1;vv;vķ _; u;l-uhv |_-|

$_; =-1| |_-| |_bv r-uঞ1�Ѵ-u -�;u-]bm] ruo1;vv Ѵ;-7v |o -]u;;l;m| �b|_ o0v;u�-Ŋ
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ঞomv _-v vঞѴѴ |o 0; ;�rѴ-bm;7ĸ -m7 =ou |_bv ;�rѴ-m-ঞom |_; -u]�l;m| o= u-m7olѴ�

�-u�bm] |;ulv 1-m1;ѴѴbm] ;-1_ o|_;u bv -]-bm ;vv;mঞ-Ѵĺ �m r-uঞ1�Ѵ-u b| _-v |o 0; -vŊ

v�l;7 |_-| |_;u; bv mo ];m;u-Ѵ |u;m7 -lom] |_; 1o;L1b;m|vĺ Ő�-m �-lr;m ƐƖƔƓķ

rĺ ѵƐƔő

$o v�ll-ub�;ķ 
;�;u-0;m7Ľv |_;ou� o= l;-v�u;l;m| -lo�m|v |o |_; u;-Ѵb�-ঞom |_-| |_;

u;Ѵ-ঞom 0;|�;;m o0v;u�;uv -m7 l-1uov1orb1 l;-v�u;l;m| 7;�b1;v bm1Ѵ�7;v lou; 7-|- |_-m

bv |�rb1-ѴѴ� -rru;1b-|;7ķ -m7 |_-| |_bv 7-|- l-� 0; Ѵ;�;u-];7 |o -11ollo7-|; - v|-ঞvঞ1-Ѵ

-11o�m| o= t�-m|�l l;-v�u;l;m| |_-| _-v mo 1oѴѴ-rv;ĺ "r;1bC1-ѴѴ�ķ b= - l;-v�ubm] 7;�b1; bv

l-1uov1orb1ķ |_;m b|v v|-|; �mb|-ubѴ� ;�oѴ�;v |o om; �_ov; v|-ঞvঞ1v �;u� �;ѴѴ -rruo�bl-|;

|_; bm1olrѴ;|; l;-v�u;l;m| 7;v1ubrঞom 7bu;1|Ѵ�ĺ �;m1;ķ |_; v|-ঞvঞ1v o= |_; �om �;�l-mm

v1_;l; l-� 0; r�urou|;7Ѵ� u;ruo7�1;7 �b|_o�| 1oѴѴ-rv; |_uo�]_ ou7bm-u� �mb|-u� ;�oѴ�ঞomĺ

$_; 1u�1b-Ѵ 1Ѵ-bl bv |_-| |_; ruo0-0bѴbঞ;v -vvb]m;7 |o ρMi 0� |_; �oum u�Ѵ; =oѴѴo�bm] �mbŊ

|-u� ;�oѴ�ঞom �bѴѴ 0; -rruo�bl-|;7 0� |_; ;mv;l0Ѵ; v|-ঞvঞ1v ]b�;m 0� |_; bm1olrѴ;|; l;-Ŋ

v�u;l;m| ru;v1ubrঞomĺ �= 
;�;u-0;m7 bv ub]_|ķ |_bv ;�rѴ-bmv �_� |_; �om �;�l-mm v1_;l;

u;ruo7�1;v o0v;u�;7 v|-ঞvঞ1v Ő;�;m b= b| bvķ =ou 
;�;u-0;m7ķ �uom]őĺ �| bv |u�; |_-| om; 1-mmo|

bm=;u - vbm]Ѵ; l;-v�u;l;m| o�|1ol; =uol -m bm1olrѴ;|; l;-v�u;l;m|Ō-m7 vo _bv l;-v�u;Ŋ

l;m| v1_;l; 7o;v mo| voѴ�; |_; l;-v�u;l;m| ruo0Ѵ;l -v v�1_Ō0�| vbm1; |_; o0v;u�;u bv

u;t�bu;7 |o |u;-| |_; l-1uov1orb1 l;-v�u;l;m| 7;�b1; -v |_o�]_ b| bv bm - v|-ঞvঞ1-Ѵ lb�|�u;ķ

|_bv bv �mv�urubvbm]ĺ $_; l;-v�u;l;m| ruo0Ѵ;l bv |_�v 7;Y-|;7 0;1-�v; |_;u; bv - m;1;vv-u�

;rbv|;lb1 Ѵblb|-ঞom =uol 0;bm] -0Ѵ; |o ru;7b1| - 1olrѴ;|; l;-v�u;l;m| 7�; |o |_; blrov;7

v|-ঞvঞ1-Ѵ -vv�lrঞomvĺ �lrou|-m|Ѵ�ķ _o�;�;uķ |_;u; bv mo 1oѴѴ-rv; ruo1;vv m;;7;7 |o o0|-bm

v�1_ -m -11o�m| o= l;-v�u;l;m|ĺ

ƒĺƑ �;ub|v -m7 (b-0bѴb|�

$_; |_;ou� o= l;-v�u;l;m| 
;�;u-0;m7 bm|uo7�1;7 �-v 1Ѵ;-uѴ� mo| bm|;m7;7 |o 0; - v;ubo�v

1-m7b7-|; =ou o�;u|�umbm] -1|�-Ѵ v1b;mঞC1 ru-1ঞ1;ĸ _; ru;v;m|;7 b| bm omѴ� om; r-r;uķ r�0Ŋ

Ѵbv_;7 bm - 1om=;u;m1; ruo1;;7bm]vķ -m7 �o�Ѵ7 m;�;u �ub|; -0o�| b| -]-bmĺ �m7;;7ķ _; v-�v -v

l�1_ _blv;Ѵ=Ĺ ľ�v - v-ঞv=-1|ou� -11o�m| o= |_; 1Ѵ-vvb1-Ѵ Ѵ;�;Ѵ bm |;ulv o=  � bv vঞѴѴ lbvvŊ

bm]ķ l� v�]];vঞomv �bѴѴ _-�; |o 0; vol;�_-| vh;|1_� Ō 0�| |_;� l-� vঞѴѴ 0; �v;=�Ѵķ -| Ѵ;-v|

-v -m bm7b1-ঞom o= _o� - lou; v-ঞv=-1|ou� |_;ou� o= l;-v�u;l;m| l-� 0; 0�bѴ| �rĿ Ő
;�;uŊ

-0;m7 ƐƖƔƕ-ķ rĺ ƐƑƐőĺ �o�;�;uķ b| bv vঞѴѴ �-Ѵ�-0Ѵ; |o v;; �_� _; |_o�]_| _bv ruoo= o= rubm1brѴ;
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7;lomv|u-ঞom�-v 7b-Ѵ;1ঞ1-ѴѴ� �-Ѵ�-0Ѵ; |o |_; v|�7� o= |_; =o�m7-ঞomv o= t�-m|�ll;1_-mŊ

b1vĺ $_;u; -u; |�o -�;m�;v |o r�uv�;ķ |_; Cuv| 0;bm] �_-| 
;�;u-0;m7 _blv;Ѵ= |ooh |o 0; |_;

v1b;mঞC1 l;ub|v o= _bv �ouhķ |_; v;1om7 0;bm] -m bm7;r;m7;m| -rru-bv-Ѵ o= |_; �b-0bѴb|� o= _bv

ruorov-Ѵĺ

�m |_; Cuv| 7bu;1ঞomķ 
;�;u-0;m7 Ѵbv|v =o�u u;-vomv �_� _bv |_;ou� o= l;-v�u;l;m| Ő-vŊ

v�lbm] b| bv 1o];m|ő bv |o 0; ru;=;u-0Ѵ; |o |_; �om �;�l-mm v1_;l;ĹƐƓ

Ɛĺ �| -ѴѴo�v om; |o ;�rѴ-bm -�-� 1oѴѴ-rv; -v - ]-r bm -m bm1olrѴ;|; |_;ou� Ő�olrѴ;|;m;vvőĺ

Ƒĺ �ѴѴ ruo1;vv;v -u; 7;v1ub0;7 0� |_; ;t�-ঞomv o= loঞom Ő&mb|�őĺ

ƒĺ &mf�vঞC;7 v|;rv bm |_; �om �;�l-mm v1_;l; Őm-l;Ѵ�ķ |_; olbvvbom o= 1;u|-bm bm|;u=;uŊ

;m1; |;ulv 7�ubm] l;-v�u;l;m|ő -u; ruo�b7;7 - u-ঞom-Ѵ loঞ�-ঞom �b- |_; v|-ঞvঞ1-Ѵ

-vv�lrঞomv |_-| 7;v1ub0; |_; o0v;u�;uĽv u;Ѵ-ঞom |o |_; v�v|;l Ő��rѴ-m-|ou� 1Ѵov�u;őĺ

Ɠĺ $_; ļ1Ѵ-vvb1-ѴĽ Ѵ;�;Ѵ o= -m-Ѵ�vbv l-� 0; v�0v�l;7 ;mঞu;Ѵ� bm|o |_; v|ub1|Ѵ� t�-m|�l Ѵ;�;Ѵ

Ő!;7�1ঞomőĺ

�b�;m |_-| |_;v; vou|v o= =;-|�u;v -u; �-Ѵ�;7 bm v1b;mঞC1 ru-1ঞ1;ķ |_;u; bv u;-vom-0Ѵ;

]uo�m7v �rom �_b1_ -11;rঞm] |_; mo�;Ѵ |_;ou� o= l;-v�u;l;m| �o�Ѵ7 0; - ruo]u;vvb�;

lo�;ĺ ); |_�v v;; �_� _; |_o�]_| |_bv |_;ou� o= l;-v�u;l;m| 1o�Ѵ7 v;u�; -v - Ѵ;]bঞl-|;

=obѴ =ou |_; �om �;�l-mm v1_;l;ĺ

)b|_ u;]-u7 |o |_; �b-0bѴb|� o= 
;�;u-0;m7Ľv ruorov-Ѵķ |_;u; -u; v;�;u-Ѵ |_bm]v |o v-�ĺ $_;

Cuv| ruo0Ѵ;l bv |_-| l-m� =;-|�u;v o= |_; -rruo-1_ -u; l;u;Ѵ� vh;|1_;7ķ -m7 vo CѴѴbm] |_;l

bm ru;1bv;Ѵ� -v �; _-�; |ub;7 |o 7o _;u; bm|uo7�1;v 1_-ѴѴ;m];vĺ �| bv mo| 1Ѵ;-uķ =ou bmv|-m1;ķ

�_;|_;u 
;�;u-0;m7 bm|;m7;7 |o 1Ѵ-bl |_-| |_; rubm1brѴ; o= ;t�bruo0-0bѴb|� Ő�ő 1olr;Ѵv |_;

o0v;u�;u |o |u;-| |_; l;-v�ubm] 7;�b1; -v |_o�]_ b|v bmbঞ-Ѵ v|-|; bv - lb�|�u;ĺ $_;u; bv u;-vom

|o 0;Ѵb;�; |_bv bv mo| - |;m-0Ѵ; rovbঞom |o _oѴ7 Ő=ou -m� ļ=�m7-l;m|-ѴĽ 7;v1ubrঞom o= |_; l;-Ŋ

v�ubm] 7;�b1;Ľv lb1uoŊv|-|; v_o�Ѵ7 ru;v�l-0Ѵ� 0; r�u;őķ �;| b= b| bv ]b�;m �rķ |_; -11o�m| bv

=oul-ѴѴ� bm1o_;u;m|ķ 0;1-�v; |_; bm1olrѴ;|; l;-v�u;l;m| ru;v1ubrঞom bv 1;u|-bmѴ� - lb�;7

v|-|;ķ 0�| �mb|-u� ;�oѴ�ঞom |-h;v r�u; v|-|;v |o r�u; v|-|;vĺ �ou;o�;uķ ;�;m b= |_; -vv�lrŊ

ঞom |_-| |_; l;-v�u;l;m| 7;�b1; 0;]bmv bm - lb�;7 v|-|; bv �_-| 
;�;u-0;m7 bm|;m7;7 bm _bv

uo�]_ vh;|1_ķ u;v�Ѵ|v =uol 1om|;lrou-u� 7;1o_;u;m1; |_;ou� bѴѴ�v|u-|; |_-| b| bv momŊ|ub�b-Ѵ
ƐƓ$_; ]b�;m Ѵ-0;Ѵv -u; o�u o�m |;ulbmoѴo]�ĺ

ƐƔ

daniel
Draft under review - Please do not cite without permission. 
Contact daniel.kuby@uni-konstanz.de, feedback welcome! 



|o v_o� |_-| |_; u;t�bvb|; vou| o= �mb|-u� ;�oѴ�ঞom 1-m -1|�-ѴѴ� o11�uķ Ѵ;| -Ѵom; |_-| |_;� -u;

vol;_o� |�rb1-Ѵĺ

�ou; 0uo-7Ѵ�ķ |_; rubm1brѴ; o= ;t�bruo0-0bѴb|� bv m;�;u =oul-ѴѴ� -uঞ1�Ѵ-|;7 �b|_ -m� ru;1bŊ

vbomĺ �| bv l;u;Ѵ� ];v|�u;7 -| -v �-uu-mঞm] |_; 
��� v�0vঞ|�ঞom o= |_; bm1olrѴ;|; ru;v1ubrŊ

ঞom =ou |_; �mb|-u� ;�oѴ�ঞom ru;v1ubrঞomĺ ��| �b|_o�| l-hbm] |_bv rubm1brѴ; ru;1bv;ķ |_; omѴ�

-�-bѴ-0Ѵ; 1om1Ѵ�vbom bv |_-| |_; ;�r;1|-ࢼom �-Ѳ�; o= |_; u;Ѵ;�-m| o0v;u�-0Ѵ; bv ru;v;u�;7 0�

|_bv v�0vঞ|�ঞomķ 0�| �_b1_ v-�v mo|_bm] -0o�| |_; r-uঞ1�Ѵ-u v|-ঞvঞ1v o= �-ubo�v l;-v�u;Ŋ

l;m| o�|1ol;v �_b1_ m;;7 mo| 0; ru;v;u�;7ĺ 
;�;u-0;m7 l-� _-�; _-7 bm lbm7 vol; vou|

o= v�r;uŊv;Ѵ;1ঞom ruo1;7�u; om �b-0Ѵ; v|-|; 7;v1ubrঞomv |o |_ov; �_b1_ bm1Ѵ�7; -ѴѴ rovvb0Ѵ;

r_-v;v om |_;lb1uoŊv|-|;v -vvo1b-|;7 �b|_ l-1uoŊv|-|;v v�1_ |_-| |_;bu u;v�Ѵঞm] 1uovvŊ|;ulv

-ѴѴ 1-m1;Ѵķ 0�| |_bv bv l;u;Ѵ� vr;1�Ѵ-ঞomĺ $_bv ]-r �o�Ѵ7 m;;7 |o 0; CѴѴ;7 bm =ou |_; |_;ou� |o

0; |u�Ѵ� =;-vb0Ѵ;ĺ $_;u; l-� ;�;m ;�bv| 1-v;v bm �_b1_ |_; rubm1brѴ; o= ;t�bruo0-0bѴb|� Ő�ő bv

v-ঞvC;7ķ 0�| |_; bm|;u=;u;m1; -1uovv l-1uov1orb1-ѴѴ� 7bvঞm]�bv_-0Ѵ; v|-|;v 7o;v mo| �-mbv_ķ

�_;m1; |_; bm1olrѴ;|; l;-v�u;l;m| 7;v1ubrঞom �o�Ѵ7 0; �m-0Ѵ; |o u;1o�;u -ѴѴ o= |_; o�|Ŋ

1ol; ruo0-0bѴbঞ;v -v bv bm|;m7;7ĸ �;ѴѴ ŐƐƖƖƏķ rĺ ƒѶő u-bv;7 v�1_ - 1om1;um bm u;vromv; |o �-m

�-lr;mĽv -11o�m| �_b1_ 1Ѵov;Ѵ� u;v;l0Ѵ;v 
;�;u-0;m7Ľvĺ �;m1;ķ b| bv �m1Ѵ;-u �_;|_;u ou mo|

|_; 
��� 1Ѵ-�v; bv ;�;m v-ঞvC;7ĺ

�77bঞom-ѴѴ�ķ |_; 7;Y-ঞom o= |_; l;-v�u;l;m| ruo0Ѵ;l bv b|v;Ѵ= vol;�_-| v�vrb1bo�vĺ


;�;u-0;m7 v;;lv |o 1Ѵ-bl |_-| |_; 7;|;ulbm-ঞom o= bm7b�b7�-Ѵ o�|1ol;v bv mo| vol;|_bm]

-0o�| �_b1_ -m o0v;u�;u 1-m _-�; hmo�Ѵ;7]; 0;1-�v; |_;� -u; |u;-ঞm] |_; l;-v�ubm] 7;Ŋ

�b1; v|-ঞvঞ1-ѴѴ�ĺ $_bv bv -m-Ѵo]o�v |o |_; ;�rѴ-m-ঞom -v |o �_� 1Ѵ-vvb1-Ѵ v|-ঞvঞ1-Ѵ l;1_-mb1v

7bv-ѴѴo�v hmo�Ѵ;7]; o= |_; lb1uoŊv|-|; o= -m ;mv;l0Ѵ; v�v|;lĺ �o�;�;uķ |_; vou| o= �m7;uŊ

7;|;ulbm-ঞom bm |_; |�o 1-v;v v_o�Ѵ7 mo| 0; 1omY-|;7Ĺ b= om; 1o�Ѵ7 ]b�; - =�ѴѴŊ0Ѵoo7;7 u;Ŋ

-Ѵbv| bm|;uru;|-ঞom o= Őou ;�|;mvbom |oő t�-m|�l |_;ou� |_-| bv 1olr-ঞ0Ѵ; �b|_ |_; v|-ঞvঞ1-Ѵ

�;uvbom 7;v1ub0;7 0� 
;�;u-0;m7ķ |_;m b| �o�Ѵ7 m;;7 |o 0; -0Ѵ; |o ;�rѴ-bm vbm]Ѵ; o�|1ol;vĺ

�Ѵ-vvb1-Ѵ �-lbѴ|omb-m l;1_-mb1v bv -0Ѵ; |o 7o |_bv Őbm rubm1brѴ;ő =ou |_; lb1uoŊv|-|; o= -m ;mŊ

v;l0Ѵ; bm 1Ѵ-vvb1-Ѵ v|-ঞvঞ1-Ѵ l;1_-mb1vķ 0�| |_; 1-ѴѴ =ou - u;-Ѵbv| bm|;uru;|-ঞom o= t�-m|�l

|_;ou� l-� 0; �m7;ulbm;7 0� |_; l;-v�u;l;m| ruo0Ѵ;l om1; lou;ĺ

�;�;u|_;Ѵ;vvķ �_bѴ; |_; |;1_mb1-Ѵ �b-0bѴb|� o= 
;�;u-0;m7Ľv -rruo-1_l-� 0; r�| bm|o t�;vŊ

ঞomķ |_;u; -u; vblbѴ-u -Ѵ|;um-ঞ�;v om o@;uŌv�1_ -v 1om|;lrou-u� 7;1o_;u;m1; |_;ou�Ō|_-|

v;;l |o -rruo-1_ l;-v�u;l;m| -v b| 0;-uv om |_; bm|;uru;|-ঞom o= t�-m|�l l;1_-mb1v �b|_

|_; v-l; bm|;m7;7 vrbub| -m7 r;u_-rv lou; |;1_mb1-Ѵ ru;1bvbomĺ "oķ �b|_ |_-| bm lbm7ķ �; mo�
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;�rѴou; f�v| _o� 
;�;u-0;m7 _or;7 v�1_ -m -11o�m| o= t�-m|�l l;-v�u;l;m| 1o�Ѵ7 -vvbv|

_bv o0f;1ঞom |o |_; 1Ѵ-vvb1-Ѵņt�-m|�l 7bvঞm1ঞom -m7 |_; rovbঞ�bv| ruo]u-l lou; 0uo-7Ѵ�ĺƐƔ

Ɠ �_bѴovor_b1-Ѵ 1omv;t�;m1;v

�m |_; ru;�bo�v ";1ঞomķ �; 7;|-bѴ;7 _o� 
;�;u-0;m7 o@;uv -m bm7bu;1| -�-1h om rovbঞ�bvlĹ

0;1-�v; 1oѴѴ-rv; bvķ bm 
;�;u-0;m7Ľv �b;�ķ loঞ�-|;7 0� rovbঞ�bvlķ - 1ubঞ1bvl o= 1oѴѴ-rv; 1-m

bm7bu;1|Ѵ� 1om|ub0�|; |o - 1ubঞ1bvl o= rovbঞ�bvlĺ +;| _bv -u]�l;m|v -]-bmv| 1oѴѴ-rv; ruo1;;7

om r�u;Ѵ� v1b;mঞC1 -m7 mo| r_bѴovor_b1-Ѵ ]uo�m7vĺ �v �; _-�; v;;mķ 
;�;u-0;m7 mo�_;u;

-rr;-Ѵv |o r_bѴovor_b1-Ѵ -u]�l;m|v Ő;b|_;u -v m;1;vv-u� ou v�L1b;m| ]uo�m7vő |o -�-1h |_;

ruof;1ঞom rov|�Ѵ-|;ĺ "blbѴ-uѴ�ķ 
;�;u-0;m7 7;=;m7v _bv o�m l;-v�u;l;m| v1_;l; om b|v v1bŊ

;mঞC1 l;ub|v -m7 |_�v _-v |o �b|_v|-m7 v1b;mঞC1 v1u�ঞm�ĺ

�m |_bv ";1ঞomķ �; v�b|1_ |o - r_bѴovor_b1-Ѵ r;uvr;1ঞ�; bm ou7;u |o bm�;vঞ]-|; |_; bmŊ

|;urѴ-� 0;|�;;m |_; bm7bu;1| -�-1h om rovbঞ�bvlķ 
;�;u-0;m7Ľv l;-v�u;l;m| v1_;l;ķ -m7

_bv r_bѴovor_b1-Ѵ -blv ruor;uĺ �;1-�v; |_; r_bѴovor_b1-Ѵ �rv_o|v o= _bv v1b;mঞC1 7bv1�vvbom

-u; Ѵbv|;7 bm u-rb7 v�11;vvbom bm |_; 1om1Ѵ�vbom o= _bv r-r;uķ �; �bѴѴ 7bv;m|-m]Ѵ; |_;l bm |_;

=oѴѴo�bm] v�0v;1ঞomvĺ

ƓĺƐ $_;ou� -m7 o0v;u�-ঞom

�m |_; 1om1Ѵ�vbom o= _bv r-r;u 
;�;u-0;m7 0ub;Y� u;1-ѴѴv |_; 7bvঞm1ঞom 0;|�;;m |_;ou� -m7

o0v;u�-ঞom �_b1_ �; -vvo1b-|;7 �b|_ rovbঞ�bvl bm ";1ঞom ƑĹ

)b|_bm 1;u|-bm v1_ooѴv o= r_bѴovor_� b| �-vķ -m7 vঞѴѴ bvķ =-v_bom-0Ѵ; |o 7bvঞm]�bv_

|_; Ѵ;�;Ѵ o= ;�;u�Ŋ7-� ;�r;ub;m1; Őou |_; Ľo0v;u�-ঞomŊѴ-m]�-];Ľķ ou |_; ļ;�;u�7-�Ŋ

Ѵ-m]�-];Ľő =uol |_; |_;ou;ঞ1-Ѵ Ѵ;�;Ѵķ -m7 |o -vv�l; |_-| |_; |u-mvbঞom =uol |_;

Cuv| Ѵ;�;Ѵ |o |_; v;1om7 Ѵ;�;Ѵ bv |o|-ѴѴ� 7b@;u;m| =uol |u-mvbঞomv 0;|�;;m r-u|v o=

;b|_;u |_; Cuv|ķ ou |_; v;1om7 Ѵ;�;Ѵĺ Ő
;�;u-0;m7 ƐƖƔƕ-ķ rĺ ƐƑƖő

�; |_;m _b]_Ѵb]_|v |_; hbmv_br 0;|�;;m rovbঞ�bvl -m7 |_; �-� bm �_b1_ |_; �om�;�l-mm

l;-v�u;l;m| v1_;l; u;Ѵ-|;v |_; o0v;u�-ঞom-Ѵ -m7 |_;ou;ঞ1-Ѵ Ѵ-m]�-]; bm t�-m|�ll;1_-mŊ

b1vĺ )_bѴ; �; -Ѵu;-7� u;�b;�;7 bm ";1ঞom Ƒ |_; 1Ѵ-bl |_-| rovbঞ�bvl bmY�;m1;7 t�-m|�l
ƐƔ$_; u;-7;u �_o bv =�ѴѴ� 7bvv-ঞvC;7 �b|_ 
;�;u-0;m7Ľv -11o�m| o= l;-v�u;l;m| l-� 1om1;b�-0Ѵ� v�0vঞ|�|;

bm |_;bu =-�o�ub|; �;uvbom o= 7;1o_;u;m1; |_;ou� bm �_-| =oѴѴo�vĹ |_; r_bѴovor_b1-Ѵ �rv_o| �bѴѴ 0; |_; v-l;ĺ
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l;1_-mb1vķ _;u; 
;�;u-0;m7 bm|uo7�1;v |_; 1om�;uv; blrѴb1-|�u;ķ |_-| t�-m|�l l;1_-mb1v

lb]_| 0; bm|;uru;|;7 -v - �bm7b1-ঞom o= rovbঞ�bvlķ ]b�bm] rovbঞ�bvl - v1b;mঞC1 0-1hbm]Ĺ

$_bv �b;� bv - ];m;u-Ѵb�-ঞom o= |_; ļou|_o7o�Ľ �b;� -0o�| |_; u;Ѵ-ঞom 0;|�;;m

1Ѵ-vvb1-Ѵ l;1_-mb1v -m7 �-m7 b| l-� |_;u;=ou; 0; 1-ѴѴ;7 Ľv1b;mঞC1Ľĺ ��| |_bv omѴ�

v_o�v |_-| mo�-7-�v v1b;mঞv|v -u; 1ollbমm] - lbv|-h; �_b1_ vo =-u r_bѴovoŊ

r_;uv Őmo|-0Ѵ� rovbঞ�bvঞ1ķ ou ļv1b;mঞC1Ľ om;vő _-7 |_; rub�bѴ;]; |o 1ollb| -Ѵom;ĺ

Ő
;�;u-0;m7 ƐƖƔƕ-ķ rĺ ƐƑƖő

�| 0;1ol;v -rr-u;m| |_-| 
;�;u-0;m7Ľv |-h;v _bv m;� |_;ou� o= t�-m|�l l;-v�u;l;m| |o

_-�; |�o -blv bm |_bv u;vr;1|Ĺ ��1bvbm] -m7 v�11;vv=�ѴѴ� u;rѴ-1bm] |_; 1oѴѴ-rv; ruo1;vv v_o�v

|_-| |_; oub]bm-Ѵ �om �;�l-mm l;-v�u;l;m| v1_;l; bv mo| - m;1;vv-u� r-u| o= t�-m|�l l;Ŋ

1_-mb1v -m7ķ |_;u;=ou;ķ |_-| b| 1-mmo| 0; �v;7 bm lou; ];m;u-Ѵ v1b;m1;Ŋ0o�m7;7 bm7bvr;mv-0bѴŊ

b|� -u]�l;m|v bm r_bѴovor_�ĺ �om�;uv;Ѵ�ķ _; |-h;v |_; 1ouu;1|m;vv o= _bv o�m l;-v�u;l;m|

v1_;l; |o 0; o= r_bѴovor_b1-Ѵ blrou|Ĺ

Œ$_; m;� |_;ou� o= l;-v�u;l;m|œ v�]];v|v |_-|ķ t�b|; bm ];m;u-Ѵķ |_; ;�;u�7-�

Ѳ;�;Ѳ bv r-u| o= |_; |_;ou;1ࢼ-Ѳ Ѳ;�;Ѳ u-|_;u |_-m vol;|_bm] 1olrѴ;|;Ѵ� v;Ѵ=Ŋ1om|-bm;7

-m7 bm7;r;m7;m|ĸ -m7 |_bv v�]];vঞom 1-m 0; �ouh;7 o�| bm 7;|-bѴ -m7 Ѵ;-7v |o -

lou; v-ঞv=-1|ou� -11o�m| o= |_; u;Ѵ-ঞom 0;|�;;m |_;ou� -m7 ;�r;ub;m1; |_-m bv

|_; -11o�m| ]b�;m 0� �-um-rķ �;lr;Ѵ -m7 |_;bu =oѴѴo�;uv om |_; om; vb7;ķ -m7

vol; 1om|;lrou-u� �ubঞv_ r_bѴovor_;uv om |_; o|_;uĺ Ő
;�;u-0;m7 ƐƖƔƕ-ķ ƐƑƖķ

o�u ;lr_-vbvő

�m |_; v-l; r;ubo7ķ 
;�;u-0;m7 �o�Ѵ7 bm7;;7 ]o -0o�| |o =oul�Ѵ-|; v�1_ -m -11o�m| bm

_bv Ѵ-m7l-uh -uঞ1Ѵ; ľ�m -�;lr| -| - u;-Ѵbvঞ1 bm|;uru;|-ঞom o= ;�r;ub;m1;Ŀ ŐƐƖƔѶőķ v�ll-ub�Ŋ

bm] |_; |_;ou� o= o0v;u�-ঞom v;m|;m1;v _; 7;�;Ѵor;7 bm 
;�;u-0;m7 ŐƐƖƔƐőĺ �m |_; -uঞ1Ѵ; _;

7;=;m7v _bv ru-]l-1ࢼ |_;ou� o= o0v;u�-ࢼom v;m|;m1;vķ �_b1_ bv 0;v| ;�;lrѴbC;7 |_uo�]_ ļ|_;

7;|;1|ou lo7;Ѵ o= o0v;u�-ঞomĽĹ -v =-u -v o0v;u�-ঞom bv 1om1;um;7ķ _�l-m o0v;u�;uv -u; 7;Ŋ

|;1|ouvķ bĺ;ĺ l;-v�ubm] bmv|u�l;m|v Ő��0� ƑƏƐѶķ 1=ĺőĺ ��v| -v - |_;ulol;|;u 7bvrѴ-�v - 1_-m];

bm u;vromv; |o b|v v�uuo�m7bm]vķ vo o0v;u�-ঞom v;m|;m1;v -u; |o 0; lo7;Ѵ;7 -v 0;_-�bou-Ѵ

7bvrovbঞomv o= _�l-m o0v;u�;uv |o u;-1| bm - 1;u|-bm �-� |o ;�;m|v bm |_;bu v�uuo�m7bm]vĺƐѵ

Ɛѵ
;�;u-0;m7 bv mo| -Ѵom; bm ruorovbm] - ru-]l-ঞ1 -11o�m|Ĺ 
ou ;�-lrѴ;ķ )bѴ=ub7 ";ѴѴ-uvĽv ru-]l-ঞ1 -11o�m|
v_-u;v l-m� vblbѴ-ubঞ;v -m7 �o�Ѵ7 ;�;m|�-ѴѴ� 0; -7or|;7 0� �-v �-m 
u--vv;mĺ �mo|_;u ru-]l-ঞ1 -11o�m| 1-m
0; =o�m7 bm ��;u;�Ľv -11o�m| o= o0v;u�;uv bm |_; u;Ѵ-ঞ�; v|-|; =oul-Ѵbvl 7;Cm;7 bm _bv Ѵom] |_;vbv 7;=;m7;7
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�m7ķ f�v| Ѵbh; - l;-v�ubm] bmv|u�l;m| _-v |o 0; 1-Ѳb0u-|;7 bm ou7;u |o 0; - u;Ѵb-0Ѵ; 7;|;1|ouķ vo

- _�l-m o0v;u�;u _-v |o 0; |u-bm;7 |o u;-1| -rruorub-|;Ѵ� |o vol; m;� vঞl�Ѵ�v |o 0;1ol; -

u;Ѵb-0Ѵ; o0v;u�;uĺ $_; ľruo0Ѵ;lĿ o= o0v;u�-ঞom v;m|;m1;v bv u;7�1;7 |o - ruo0Ѵ;l o= ruor;u

|u-bmbm] o= o0v;u�;uvĺ �u�1b-ѴѴ�ķ -| |_bv Ѵ;�;Ѵ o= -m-Ѵ�vbv o0v;u�-ঞom v;m|;m1;v _-�; mo ŐbmŊ

|ubmvb1ő bm|;uru;|-ঞomĹ f�v| Ѵbh; |_; ;�r-mvbom o= l;u1�u� |;ѴѴv �v mo|_bm] -0o�| |_; 1om1;r|

o= |;lr;u-|�u; -v v�1_ķ vo |_; ��;u-m1; o= -m o0v;u�-ঞom v;m|;m1; |;ѴѴv �v mo|_bm] -0o�|

�_-| bv -1|�-ѴѴ� 0;bm] o0v;u�;7ĺ

�o� 7o �; hmo� �_-| - |_;ulol;|;u -1|�-ѴѴ� l;-v�u;vķ bĺ;ĺ |;lr;u-|�u;ĵ $_-| bvķ _o�

7o �; -uub�; -| -m bm|;uru;|-ঞom o= |_; 0;_-�bou o= - l;-v�ubm] bmv|u�l;m| |_-| bm=oulv

�v -0o�| |_; �ouѴ7ĵ 
;�;u-0;m7 |-h;v |_; Ѵ;vvom =uol |_; 7;|;1|ou lo7;Ѵ o= o0v;u�-ঞom

|o 0; |_-| mo|_bm] bm |_; bmv|u�l;m| ou bm |_; ruo1;vv o= 7;|;1ঞom l;7b-|;v |_bv 1omm;1Ŋ

ঞomĺ �mv|;-7ķ |_; ru-]l-ঞ1 |_;ou� o= o0v;u�-ঞom bv v�rrѴ;l;m|;7 �b|_ - 1om|;�|�-Ѳ |_;ou�

o= l;-mbm] v|-ঞm] |_-|

|_; bm|;uru;|-ঞom o= -m o0v;u�-ঞomŊѴ-m]�-]; bv 7;|;ulbm;7 0� |_; |_;oub;v�_b1_

�; �v; |o ;�rѴ-bm �_-| �; o0v;u�;ķ -m7 b| 1_-m];v -v voom -v |_ov; |_;oub;v

1_-m];ĺ Ő
;�;u-0;m7 ƐƖƔѶķ rĺ ƐѵƒőƐƕ

��l-m o0v;u�;uv 7o mo| omѴ� ��;u o0v;u�-ঞom v;m|;m1;vķ 0�| Őbm|;uru;|;7ő o0v;u�-ঞom

v|-|;l;m|vĺ �m7 |_bv bm|;uru;|-ঞomķ |_; 1om|;�|�-Ѵ |_;ou� -u]�;vķ bv v�rrѴb;7 0� |_; |_;ou�

Őou |_;oub;vő ]o�;umbm] |_; o0v;u�-ঞom-Ѵ �o1-0�Ѵ-u�ĺ �m�;uঞm] |_; rovbঞ�bv| �b;� |_-| |_;

r_�vb1-Ѵ 1om|;m| o= |_;ou;ঞ1-Ѵ v|-|;l;m|v bv ]b�;m 0� o0v;u�-ঞom v|-|;l;m|vķ |_; 1om|;�|�-Ѵ

|_;ou� 1Ѵ-blv |_-| |_; r_�vb1-Ѵ 1om|;m| o= o0v;u�-ঞom v|-|;l;m|v bv ]b�;m 0� o�u 0;v| |_;Ŋ

ou�Ĺ $_; r_�vb1-Ѵ 1om|;m| o= |_; u;-7bm] ľƓ◦ �Ŀ om |_; v1-Ѵ; o= |_; |_;ulol;|;u bv ]b�;m 0�

v|-ঞvঞ1-Ѵ |_;ulo7�m-lb1vĺƐѶ

$_bv Cm-ѴѴ� Ѵ;-7v |o ľ- u;-Ѵbvঞ1 bm|;uru;|-ঞom o= ;�r;ub;m1;Ŀĺ �v 
;�;u-0;m7 r�|v b|Ĺ

bm ƐƖƔƕ |o ruolo|; - u;-Ѵbvঞ1 bm|;uru;|-ঞom o= t�-m|�l |_;ou�Ĺ ľĻv�v|;lv �_b1_ u;ru;v;m| o0v;u�;uvĻ1-m
0; 1om1;b�;7 -v -�|ol-ঞ1-ѴѴ� =�m1ঞombm] l-1_bm;v Őv;u�ol;1_-mbvlvő rovv;vvbm] u;1ou7bm] 7;�b1;v Ől;lou�ő
-m7 �_b1_ -u; 1-r-0Ѵ; o= u;vrom7bm] |o |_;bu ;m�buoml;m|ĿŐ��;u;� ƑƏƐƑķ rĺ ƕƕőĺ
Ɛƕ
;�;u-0;m7Ľv Ѵ-0;Ѵv |_bv ruorovbঞom -v ľ|_;vbv �Ŀĺ $_; |;ul ľ1om|;�|�-Ѵ |_;ou� o= l;-mbm]Ŀ -rr;-uv bm Ő
;�Ŋ

;u-0;m7 ƐƖѵƏő |o 7;mo|; |_; b7;- |_-| ľ|_; l;-mbm] o= o�u �ou7v bv - =�m1ঞom o= |_; Ő|_;ou;ঞ1-Ѵő 1om|;�| bm
�_b1_ |_;� o11�uĿĸ -m7 bv �v;7 bm 
;�;u-0;m7 ŐƐƖѵƑő |o 7;mo|; |_; b7;- |_-| ľ|_; l;-mbm] o= - |;ul bv mo| -m
bm|ubmvb1 ruor;u|� o= b|ķ 0�| bv 7;r;m7;m| �rom |_; �-� bm �_b1_ |_; |;ul _-v 0;;m bm1ourou-|;7 bm|o - |_;ou�Ŀĺ
�u;v|om ŐƐƖƖƕķ rrĺ ƑƔŋƒƏő -m7 �0;u_;bl ŐƑƏƏѵķ rrĺ ƔѶŋѵƒő _-�; �-ubo�vѴ� -u]�;7 _o� ļ|_;vbv �Ľ -m7 |_; ļ1omŊ
|;�|�-Ѵ |_;ou� o= l;-mbm]Ľ -u; u;Ѵ-|;7ĺ "bm1; |_;v; 7;|-bѴv 7o mo| u;-ѴѴ� l-�;u |o o�u 7bv1�vvbomķ � ;t�-|; |_;l
_;u;ĺ
ƐѶ$_bv bv - l�1_ v|uom];u 1Ѵ-bl |_-m |_; �v�-Ѵ ļ|_;ou�ŊѴ-7;m;vvĽ o= o0v;u�-ঞomĹ -v 
;�;u-0;m7 r�|v b|ķ -1Ŋ

1ou7bm] |o |_; 1om|;�|�-Ѵ |_;ou� ľŒѴœo]b1-ѴѴ� vr;-hbm]ķ -ѴѴ Œbĺ;ĺ ;�;u�7-�Ŋ;�r;ub;m1; -m7 |_;ou;ঞ1-Ѵœ |;ulv -u;
ļ|_;ou;ঞ1-ѴĽĿ Ő
;�;u-0;m7 ƐƖƔѶķ ƐѵƓĺ =m Ƒƒőĺ
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�11ou7bm] |o Œ|_; 1om|;�|�-Ѵ |_;ou� o= l;-mbm]œķ �; l�v| 7bvঞm]�bv_ 0;|�;;m

-rr;-u-m1;v Őbĺ;ĺ r_;mol;m-ő -m7 |_; |_bm]v -rr;-ubm] Ő|_; |_bm]v u;=;uu;7 |o 0�

|_; o0v;u�-ঞom-Ѵ v;m|;m1;v bm - 1;u|-bm bm|;uru;|-ঞomőĺ $_bv 7bvঞm1ঞom bv 1_-uŊ

-1|;ubvঞ1 o= u;-Ѵbvlĺ Ő
;�;u-0;m7 ƐƖƔѶķ rĺ ƐѵƓő

�l-]bm; |_; =oѴѴo�bm] vb|�-ঞomĹ � �;ѴѴŊ|u-bm;7 r_�vb1bv| ��;uv ľ� v;; -m -Ѵr_-Ŋr-uঞ1Ѵ;

|u-1h bm |_; 1Ѵo�7 1_-l0;uĿ bm |_; -rruorub-|; vb|�-ঞomĺ �11ou7bm] |o |_; ru-]l-ঞ1 |_;ou�

o= o0v;u�-ঞomķ �; 1-mķ -| lov|ķ bm=;u |_-| |_;u; bv - r_;mol;momƐƖķ bĺ;ĺ vol;|_bm] ľ-rr;-uvĿ

|o _;u |_-| 1-�v-ѴѴ� ruolr|v _;u |o _-�; |_bv 0;_-�bou-Ѵ 7bvrovbঞomĸ |_bv |;ѴѴv �v mo|_bm] -0o�|

�_-| bv 0;bm] o0v;u�;7ķ 0�|ķ -| lov|ķ vol;|_bm] -0o�| |_; r_�vb1bv|ķ bĺ;ĺ |_-| v_; bv - u;Ѵb-0Ѵ;

7;|;1|ouĺ �o�;�;uķ om1; |_bv o0v;u�-ঞom v;m|;m1; bv bm|;uru;|;7 0� |_; |_;ou� ]o�;umbm] |_;

|;ul ľ-Ѵr_-Ŋr-uঞ1Ѵ;Ŀ |o �b;Ѵ7 -m o0v;u�-ঞom v|-|;l;m|ķ |_; 1om|;�|�-Ѵ |_;ou� o=l;-mbm] |;ѴѴv

�v |_-| |_; �;ѴѴŊ|u-bm;7 r_�vb1bv| bv 7bu;1|Ѵ� -m7 momŊbm=;u;mঞ-ѴѴ� u;=;uubm] |o -Ѵr_-Ŋr-uঞ1Ѵ;vķ

bĺ;ĺ ľ|_; |_bm]v -rr;-ubm]ĿĺƑƏ ); v;; |_-| |_; 1om|;�|�-Ѵ |_;ou� o= l;-mbm] -blv -| f�vঞ=�bm]

- v;l-m1ࢼ u;-Ѵbvlķ bĺ;ĺ |_; |_;vbv |_-| |_;ou;ঞ1-Ѵ |;ulv u;=;uĺ

); �bѴѴ mo� v;; _o� |_bv m;� -11o�m| o= |_; u;Ѵ-ঞomv_br 0;|�;;m |_;ou;ঞ1-Ѵ -m7 o0Ŋ

v;u�-ঞom v|-|;l;m|v bv �v;7 0� 
;�;u-0;m7 |o f�vঞ=� - u;-Ѵbvঞ1 bm|;uru;|-ঞom o= t�-m|�l

|_;ou�ĺ

ƓĺƑ !;-Ѵbvl

�m |_; 1om1Ѵ�vbom |o _bv r-r;uķ -[;u ruorovbm] _bv mo�;Ѵ -11o�m| o= t�-m|�l l;-v�u;l;m|ķ


;�;u-0;m7 mo|;v |_-| b| l-h;v �-� =ou ľ- u;-Ѵbvঞ1 bm|;uru;|-ঞom o= |_; =oul-Ѵbvl o=  �Ŀ

Ő
;�;u-0;m7 ƐƖƔƕ-ķ rĺ ƐƑƖőĺ $_; Cuv| �-� o= u;-7bm] _bv 1Ѵ-bl bv |o Ѵooh -| �_-| |_bv 1Ѵ-bl

�o�Ѵ7 _-�;l;-m| �_;m �b;�;7 bm b|v _bv|oub1-Ѵ 1om|;�|Ĺ bm |_; ƐƖƔƏĽvķ 7bv1�vvbomv o= ļu;-ѴbvlĽ

bm r_bѴovor_� o= v1b;m1; �;u; vঞѴѴ =o1�v;7 om |_; vou| o= v;l-m1ࢼ u;-Ѵbvl |_-| �-v |_; |-u];|

o= |_; rovbঞ�bv| ruo]u-lķ m-l;Ѵ�ķ u;-Ѵbvl -0o�| |_;ou;ঞ1-Ѵ ;mঞঞ;v Őbĺ;ĺ |_; ;�|;m| |o �_b1_

|_;ou;ঞ1-Ѵ |;ulv _-�; v;l-mঞ1 1om|;m| ou u;=;uőĺ !;1-ѴѴbm] |_; u;v�Ѵ| o= _bv 1om|;�|�-Ѵ |_;ou�

o= l;-mbm]ķ |_bv bv v�u;Ѵ� |_; vou| o= u;-Ѵbvl 
;�;u-0;m7 �-v v�]];vঞm] 1o�Ѵ7 0; l-7; �b-0Ѵ;

om _bv -11o�m| o= t�-m|�l l;-v�u;l;m|ķ -m7 |_bv bv ;-v� |o v;;ĺ

!;l;l0;u |_-|ķ =ou 
;�;u-0;m7ķ |_; u;-vom =ou |_; bm|uo7�1ঞom o= 1oѴѴ-rv; bm|o t�-m|�l

l;-v�u;l;m| �-v |_; u;v�Ѵ| o= rovbঞ�bvl -v -11;m|�-|;7 0� �o_uĽv bm7bvr;mv-0bѴb|� |_;vbvĹ
ƐƖ�m rv�1_oѴo]b1-Ѵ |;ulvĹ |_; ruo�bl-Ѵ vঞl�Ѵ�vĺ
ƑƏ�m rv�1_oѴo]b1-Ѵ |;ulvĹ |_; 7bv|-Ѵ vঞl�Ѵ�vĺ
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�= �; �-m| |o �m7;uv|-m7 �_� Œ|_; ruof;1ঞom rov|�Ѵ-|; bv bm|uo7�1;7œ �; l�v|

u;l;l0;u |_-| |_; 1�uu;m| bm|;uru;|-ঞom o= t�-m|�lŊl;1_-mb1v 1om|-bmv |_; =oѴŊ

Ѵo�bm] r_bѴovor_b1-Ѵ |_;vbvĹ  � bv - |ooѴ =ou ruo7�1bm] ru;7b1ঞomv u-|_;u |_-m -

|_;ou� =ou 7;v1ub0bm] |_; �ouѴ7ķ �_;u;-v 1Ѵ-vvb1-Ѵ |;ulv _-�; 7bu;1| =-1|�-Ѵ u;=;uŊ

;m1;ĺ $_bv |_;vbv blrѴb;vķ o= 1o�uv;ķ |_-| |_; 1Ѵ-vvb1-Ѵ Ѵ;�;Ѵ -m7 |_; t�-m|�l Ѵ;�;Ѵ

-u; ;mঞu;Ѵ� 7bvঞm1| -m7 |_-| |_; |u-mvbঞom =uol |_; om; |o |_; o|_;u 1-mmo| 0;

=�u|_;u -m-Ѵ�v;7ĺ Ő
;�;u-0;m7 ƐƖƔƕ-ķ rĺ ƐƑƖő

�m |_; m;� |_;ou� o= l;-v�u;l;m|ķ 1Ѵ-blv l-7; -0o�| l-1uov1orb1 v�v|;lv |_-| �;u;

ru;�bo�vѴ� �b;�;7 -v - |_; ļo0v;u�-ঞom-ѴĽ =u-]l;m| o= t�-m|�l |_;ou�Ōv|-|;l;m|v -0o�|

l;-v�u;l;m| o�|1ol;v -m7 vo =ou|_Ō-u; u;7�1;7 |o lou; =�m7-l;m|-Ѵ 1Ѵ-blv -0o�| t�-mŊ

|�l v|-|;vĺ $_-| bvķ |_; o0v;u�-ঞom-Ѵ Ѵ-m]�-]; bv v�0v�l;7 ;mঞu;Ѵ� �b|_bm |_; |_;ou;ঞ1-Ѵ

Ѵ-m]�-];ĺ �v v�1_ķ b= -m� r-u| o= |_; |_;ou� bv |o _-�; v;l-mঞ1 1om|;m| �_-|vo;�;uķ b| l�v|

0; |_; 1-v; |_-| |_; |_;ou;ঞ1-Ѵ Ѵ-m]�-]; ]uo�m7v |_bv v;l-mঞ1 1om|;m|ķ �_;u;0� v;l-mঞ1

u;-Ѵbvl o0|-bmvĹ

�o� o�u -m-Ѵ�vbvķ b= b| bv 1ouu;1|ķ v_o�v |_-| |_; 1Ѵ-vvb1-Ѵ Ѵ;�;Ѵ 1-mmo| 0; u;]-u7;7

-v vol;|_bm] �_b1_ bv |o|-ѴѴ� 7bvঞm1| =uol |_; t�-m|�l Ѵ;�;Ѵĸ b| bv u-|_;u - Őr-uŊ

ঞ1�Ѵ-uő r-u| o= |_-| Ѵ;�;Ѵĺ �;m1;ķ |_; r_bѴovor_b1-Ѵ |_;vbvķ u;=;uu;7 |o bm |_; Ѵ-v|

r-u-]u-r_ķƑƐ l�v| 0; u;�bv;7 -m7 u;rѴ-1;7 0� - u;-Ѵbvঞ1 bm|;uru;|-ঞom o= |_; =ouŊ

l-Ѵbvl o=  �ĺ Ő
;�;u-0;m7 ƐƖƔƕ-ķ rĺ ƐƑƖő

�m Ő
;�;u-0;m7 ƐƖƔѶőķ _; vr;ѴѴv |_bv 1Ѵ-bl o�| bm 7;|-bѴĹ

�rrѴ�bm] Œ|_; 1om|;�|�-Ѵ |_;ou� o= l;-mbm] |o |_; 1-v; o= t�-m|�l l;1_-mŊ

b1vœķ �; l-� v-� |_-| b= t�-m|�l l;1_-mb1v bv 1ouu;1|ķ |_;m �; l�v| bm|;uru;|

-ѴѴ r_�vb1-Ѵ l-]mb|�7;vķ 1Ѵ-vvb1-Ѵ l-]mb|�7;v bm1Ѵ�7;7ķ -v ;Ѵ;l;m|v o= - ubm] o=

momŊ1oll�ঞm] ;mঞঞ;vĺ $_bv l;-mv |_-| ;�;m |_; =-lbѴb-u ruor;uঞ;v o= o0f;1|vķ

v�1_ -v |_;bu rovbঞomķ |_;bu lol;m|�lķ |_;bu 1oѴo�uķ ;|1ĺķ l�v| 0; bm|;uru;|;7 -v

�;ulbঞ-m ;mঞঞ;v mo| -ѴѴ o= �_b1_ 1oll�|;ĺ �o� |_;u; bv mo ru-11ࢼ-Ѳ m;;7 |o

u;=oul�Ѵ-|; |_; Ѵ-m]�-]; 0� l;-mv o= �_b1_ �; 7;v1ub0; o�u ;�r;ubl;m|v ou |o

1_-m]; b|v 1_-u-1|;ubvঞ1 -v |_; ;uuouķ 1ollb�;7 om |_; l-1uov1orb1 Ѵ;�;Ѵķ 0� |_;

b7;mঞC1-ঞom o= |_; �;ulbঞ-m ;mঞঞ;v o= t�-m|�l l;1_-mb1v -m7 |_; 1Ѵ-vvb1-Ѵ
ƑƐ�=ĺ |_; ru;�bo�v t�o|-ঞomĺ
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ruor;uঞ;vķ 1-m 0; v_o�m |o 0; m;]Ѵb]b0Ѵ;ĺ ��| -Ѵ|_o�]_ |_; vl-ѲѲm;vv o= |_; ;uuou

-ѴѴo�v �v |o 1omঞm�; |_; �v; o= |_; 1Ѵ-vvb1-Ѵ ru-1ঞ1;v -m7 o= |_; 1Ѵ-vvb1-Ѵ ļ=oulv

o= r;u1;rঞomĽ om |_; l-1uov1orb1 Ѵ;�;Ѵķ |_; ;�bv|;m1; o= |_; ;uuou =ou0b7v �v |o u;Ŋ

]-u7 |_bv -v -m bm7b1-ঞom o= |_; r;uvbv|;m1; o= |_; 1Ѵ-vvb1-Ѵ bm|;uru;|-ࢼom o= |_ov;

=oulvĺ Ő
;�;u-0;m7 ƐƖƔѶķ rĺ ƐѵƑő

$_; lou; mo|-0Ѵ; 1omv;t�;m1; o= o�u -m-Ѵ�vbvķ |_;mķ bv |_-| 
;�;u-0;m7Ľv l;-v�u;l;m|

v1_;l; bv |_; -m-Ѵo]�; bm r_�vb1v |o _bv 1om|;�|�-Ѵ |_;ou� o= l;-mbm] bm r_bѴovor_�ĺƑƑ

$_; v;1om7 t�;vঞom o= bm|;u;v| bvĹ |o �_-| ;�|;m| 1-m �; bm|;uru;| 
;�;u-0;m7Ľv |_;ou�

o= t�-m|�l l;-v�u;l;m| -v o@;ubm] -m -�;m�; =ou - u;-Ѵbvঞ1 bm|;uru;|-ঞom o= t�-m|�l |_;Ŋ

ou� �_;u; �; -u; mo� 1om1;um;7 �b|_ u;-Ѵbvl t�- v1b;mঞC1 u;-Ѵbvlĺ $_bv bv v�u;Ѵ� mo| |_;

t�;vঞom 
;�;u-0;m7 _-7 bm lbm7 -| |_; ঞl; =ou _;ķ Ѵbh; _bv =;ѴѴo� ;lrbub1bv|vķ �o�Ѵ7 _-�;

7bvlbvv;7 1om|;lrou-u� moঞomv o= v1b;mঞC1 u;-Ѵbvlĺ �| bv m;�;u|_;Ѵ;vv -m bm|ub]�bm] Őb= _bvŊ

|oub1-ѴѴ� -m-1_uombvঞ1ő t�;vঞom |o 1omvb7;uĺ ); Cm7 |_-| |_; -mv�;u bm |_bv 1-v; 7;r;m7v

om _o� =�m7-l;m|-Ѵ om; |-h;v |_; m;� |_;ou� o= l;-v�u;l;m| |o 0;ĺ

�m |_; om; _-m7ķ b= om; v�rrov;v |_-| 
;�;u-0;m7Ľv m;� |_;ou� o= t�-m|�ll;-v�u;l;m|

bv |_; Cm-Ѵ �ou7 om |_; l-�;uķ b| bv _-u7 |o v;; _o� b| 1o�Ѵ7 -7lb| - u;-Ѵbv| bm|;uru;|-ঞom

om -m� 1om|;m7bm] -11o�m| o= v1b;mঞC1 u;-Ѵbvlĺ $_; l-bm u;-vom =ou |_bv bv |_-| b| u;Ѵb;v vo

_;-�bѴ� om |_; o0v;u�;uĽv b]mou-m1; ruo_b0bঞm] |_;bu 1olrѴ;|; hmo�Ѵ;7]; o= lb1uoŊv|-|;vķ -v

�;ѴѴ -v om |_;bu rub�bѴ;];7 ;rbv|;lb1 v|-|�v |_-| ;m-0Ѵ;v |_;l |o �v; v|-ঞvঞ1-Ѵ -vv�lrঞomv

|o lo7;Ѵ |_;bu b]mou-m1;ĺ �= mo v|ou� bv ruo�b7;7 -v |o _o� |_bv b]mou-m1; lb]_| 0; u;l;7b;7ķ

ou _o� |_;lb1uoŊv|-|; ;�oѴ�ঞom �b;Ѵ7bm] 1oѴѴ-rv;ŊѴbh; r_;mol;m- bv rovvb0Ѵ;ķ |_; 1omঞm];m|

;rbv|;lb1 Ѵblb|-ঞomv o= |_; o0v;u�;u �o�Ѵ7 -rr;-u |o ruo_b0b| om; =uol -@ou7bm] |_; |_;ou� -

u;-Ѵbv| bm|;uru;|-ঞom bm |_; lo7;um v;mv;ĺ �ou;o�;uķ vbm1; l-1uov1orb1b|� bv b|v;Ѵ= o0v;u�;uŊ

7;r;m7;m|ķ 7b@;u;m| o0v;u�;uv �bѴѴ 7bv-]u;; -0o�| �_-| vou|v o= v�v|;lv -u; l-1uov1orb1ķ
ƑƑ$_bv l-� v�]];v| - voѴ�ঞom |o 
;�;u-0;m7Ľv r���Ѵbm] 1Ѵ-blķ �_b1_ vঞѴѴ 0;vঞuv v1_oѴ-uvķ l-7; bm |_; 1om|;�|

o= |_; Ѵ-|;u 7;0-|; -0o�| bm1oll;mv�u-0bѴb|� -m7 |_;ou� 1_-m]; �b|_ "l-u|ķ ";ѴѴ-uv -m7 ��|m-lĹ

�m _bv r-r;u �uo=;vvou ��|m-l 1u;-|;v |_; blru;vvbom |_-| � -l l-bmѴ� bm|;u;v|;7 bm l;-mbm]v -m7
|_-| � -l ;-];u |o Cm7 1_-m]; �_;u; o|_;uv v;; v|-0bѴb|�ĺ $_bv bv mo| voĺ �v =-u -v � -l 1om1;um;7
;�;m |_; lov| 7;|-bѴ;7 1om�;uv-ঞomv -0o�| l;-mbm]v 0;Ѵom] bm |_; ]ovvbr 1oѴ�lmv -m7 _-�; mo
rѴ-1; bm |_; |_;ou� o= hmo�Ѵ;7];ĺ

)_bѴ; |_; 1Ѵ-bl bv mo| =u;; o= _�r;u0oѴ;ķ |_; voѴ�ঞom |o |_; r���Ѵ; bv 
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;�;u-0;m7Ľv r_bѴovor_�ĺ

	�ubm] |_bv v�lrovb�lķ _; ru;v;m|;7�_-|�o�Ѵ7 0; _bv omѴ� |;1_mb1-Ѵ 1om|ub0�ঞom |o r_�vb1v

-v v�1_ķ m-l;Ѵ�ķ -m ;�|;m7;7 |_;ou� o= t�-m|�l l;-v�u;l;m| |_-| vo�]_| |o ;Ѵblbm-|; 1oѴŊ

Ѵ-rv; ruo1;vv;v -m7 ru;v;u�; �mb|-u� 7�m-lb1vĺ $_; l-bm v|u-|;]� =ou |_bv -11o�m| o= l;-Ŋ

v�u;l;m| �-v |o u;-Ѵb�; |_-| l-1uov1orb1 l;-v�ubm] 7;�b1;v _-�; 1;u|-bm =;-|�u;v |_-|ķ om

|_; om; _-m7ķ ruo_b0b| |_; o0v;u�;u =uol _-�bm] |o|-Ѵ hmo�Ѵ;7]; o= |_;bu lb1uoŊv|-|;v -m7ķ

om |_; o|_;uķ �-uu-m| |_; o0v;u�;u |o �v; 1;u|-bm 1o-uv;Ŋ]u-bm;7 v|-ঞvঞ1-Ѵ -vv�lrঞomv |_-|

-ѴѴo� |_; _�ro|_;ঞ1-Ѵ ļ1oѴѴ-rv;7Ľ lb�;7 t�-m|�l v|-|; o= |_; �om �;�l-mm l;-v�u;l;m|

v1_;l; |o 0; �;u� �;ѴѴ -rruo�bl-|;7 0� �mb|-u� ;�oѴ�ঞom -Ѵom;ĺ

$_; ru;1bv; =oul-Ѵ 7;|-bѴv �m7;u�ubঞm] |_bv -11o�m| o= t�-m|�ll;-v�u;l;m| u;l-bm -lŊ

0b]�o�v -m7 �;u; mo| vr;ѴѴ;7 o�| 0� 
;�;u-0;m7 bm ]u;-| 7;|-bѴĺ $_;u; bm7;;7 -rr;-u |o 0;

v;�;u-Ѵ ruo0Ѵ;lv |_-| v�1_ -m -11o�m| o= l;-v�u;l;m| �o�Ѵ7 =-1; b= om; �-m|;7 |o l-h;

b| 1olrѴ;|;Ѵ� ub]ouo�vĺ �ov| mo|-0Ѵ�ķ |_; r�urou|;7 -11o�m| u;Ѵb;v _;-�bѴ� om -m o0v;u�;uŊ

7;r;m7;m| moঞom o= l-1uov1orb1b|�ķ -v �;ѴѴ -v |_; �v; o= - ļ=ou -ѴѴ ru-1ঞ1-Ѵ r�urov;vĽ 1Ѵ-�v;

|_-|ķ |o];|_;uķ Ѵblb| b|v �ঞѴb|� -v - ļ=�m7-l;m|-ѴĽ -11o�m| o= |_; �ouѴ7ĺ �;�;u|_;Ѵ;vvķ 
;�Ŋ

;u-0;m7Ľv bm|;u;v| �-v mo| bm |_; ;v|-0Ѵbv_l;m| o= - mo�;Ѵ |_;ou� o= l;-v�u;l;m| r;u v;ĺ

!-|_;uķ _; ruorov;7 _bv -11o�m| -v - v1b;mঞC1 -Ѵ|;um-ঞ�; |_-| �o�Ѵ7 ;mѴb�;m 7bv1�vvbomv

�b|_bm |_; r_�vb1v 1oll�mb|� -0o�| _o� |o bm|;uru;| t�-m|�l |_;ou� 0� loঞ�-ঞm] bm|;uŊ

ru;|-ঞ�; v|u-|;]b;v |_-| _-7 0;;m 7bv-ѴѴo�;7 0� |_; -rr-u;m| ru;�-bѴbm] ou|_o7o��ĺ

��| �_� 7b7 
;�;u-0;m7 �bv_ |o 7o |_bvĵ $_; rubl-u� -mv�;u Ѵb;v bm _bv r;u1;rঞom o= ouŊ

|_o7o� t�-m|�l |_;ou� -v bmঞl-|;Ѵ� |;|_;u;7 |o |_; rovbঞ�bv| =u-l;�ouh bm |_; r_bѴovor_�

o= v1b;m1;ĺ �m |_; Ő_bv|oub1-ѴѴ� bm-11�u-|;ķ 0�| m;�;u|_;Ѵ;vv 7olbm-m|ő u;1;b�;7 �b;�ķ |_; v;rŊ
ƑƓ�-�Ѵ 
;�;u-0;m7ķ ľ�m |_; t�-m|�l |_;ou� o= l;-v�u;l;m|ĺĿ �m7-|;7 l-m�v1ubr|ķ �
 ƏѶŊƒƒŊƑѵķ �;u0;u|


;b]Ѵ r-r;uvķ &mb�;uvb|� �u1_b�;ķ &mb�;uvb|� o= �bmm;vo|- Őu;=;u;m1;7 bm 
;�;u-0;m7 ƑƏƑƏķ ƑƔƓķ =m ƐƐőĺ
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-u-ঞom 0;|�;;m 1Ѵ-vvb1-Ѵ -m7 t�-m|�l 7ol-bmv bm ou|_o7o� t�-m|�l |_;ou� �-v -| om1; -m

bmv|-m1; o= rovbঞ�bvl bm ru-1ঞ1; Őbmvo=-u -v b| ;l0o7b;7 - =oul o= o0v;u�-ঞom-Ѵņ|_;ou;ঞ1-Ѵ

7bvঞm1ঞom 0� 1-ѴѴbm] ļ1Ѵ-vvb1-ѴĽ |;ulv ļo0v;u�-ঞom-ѴĽ -m7 t�-m|�l |;ulv ļ|_;ou;ঞ1-ѴĽőķ -m7

-Ѵvo - vou| o= v1b;mঞC1 f�vঞC1-ঞom =ou rovbঞ�bvl Őbmvo=-u -v b| ruo�b7;7 -rr-u;m|Ѵ� 1olr;ѴѴbm]

v�rrou| =ou |_; 1Ѵ-bl |_-| rovbঞ�bv| v1b;m1; 1o�Ѵ7 0; v�11;vv=�Ѵőĺ 
;�;u-0;m7 7;mb;7 |_; rovŊ

bঞ�bv| =u-l;�ouh om r_bѴovor_b1-Ѵ ]uo�m7vķ -m7 vo�]_| |o -�-1h b| 7bu;1|Ѵ� -| |_; Ѵ;�;Ѵ o= b|v

blrѴ;l;m|-ঞom bm v1b;mঞC1 ru-1ঞ1; �b- t�-m|�l l;1_-mb1vĺ $o 7o |_bvķ _; -bl;7 |o v_o�

|_-| t�-m|�l |_;ou� 1o�Ѵ7 0; 0;�;u -11o�m|;7 =ouŌ-m7 0;�;u bm|;uru;|;7Ō�b|_o�| u;Ѵ�bm]

om 1oѴѴ-rv;ķ ou |_; r-uঞঞombm] bm_;u;m| bm |_; ou|_o7o� �b;� bm|o 1Ѵ-vvb1-Ѵņo0v;u�-ঞom -m7

t�-m|�lņ|_;ou;ঞ1-Ѵ |;ulvĺ

�m ;�1bvbm] 1oѴѴ-rv; =uol t�-m|�l |_;ou�ķ 
;�;u-0;m7 v;;l |o or;m |_; 7oou =ou - m;�

bm|;uru;ঞ�; v|u-|;]b;v |_-| _; _or;v 1o�Ѵ7 ;m-0Ѵ; |_; 7;�;Ѵorl;m| o= =�ѴѴŊ0Ѵoo7;7 Őv;l-mŊ

ঞ1-ѴѴ�ő u;-Ѵbv| bm|;uru;|-ঞomv o= t�-m|�l |_;ou�ĺ �m |_bvķ �; Cm7 ;-uѴ� vb]mv o= _bv �b;�v |_-|

u;-Ѵbvl bv o= |_;ou;ঞ1-Ѵ -m7 l;|_o7oѴo]b1-Ѵ blrou|-m1; bm v1b;mঞC1 ru-1ঞ1;ĺ ); -Ѵvo b7;mŊ

ঞ=� ;-uѴ� vb]mv o= |_;ou;ঞ1-Ѵ rѴ�u-Ѵbvl bm _bv |_;ou� o= l;-v�u;l;m|ķ bm7b1-ঞm] - _bv|oub1-Ѵ

f�m1|�u; bm _bv r_bѴovor_b1-Ѵ |_bmhbm]ĺ

!;=;u;m1;v

��Ѵ;�-ķ �;mm-uo -m7 �bou]bo �-ubvb ŐƑƏƏƐőĺ 
o�m7-ࢼomv -m7 �m|;uru;|-ࢼom o=  �-m|�l �;ň

1_-mb1vث �m |_; �b]_| o= - �ub1ࢼ-Ѳň�bv|oub1-Ѳ �m-Ѳ�vbv o= |_; �uo0Ѳ;lv -m7 o= - "�m|_;vbv o= |_;

!;v�Ѳ|vĺ )ouѴ7 "1b;mঞC1ĺ

�;ѴѴķ �o_m ŐƐƖƖƏőĺ ľ�]-bmv| ļl;-v�u;l;m|ĽĿĺ �mĹ ƒĺѶķ rrĺ ƒƒŋƓƐĺ 	��Ĺ 10.1088/2058-7058/3/

8/26ĺ

�;ѴѴ;uķ�-u- ŐƑƏƏƐőĺ �-m|�l	b-Ѳo]�;ث $_;�-hbm] o= - !;�oѲࢼ�omĺ &mb�;uvb|� o= �_b1-]o �u;vvĺ

�o_lķ 	-�b7 ŐƐƖƔƐőĺ  �-m|�l $_;ou�ĺ �;� +ouhĹ �u;mঞ1;Ŋ�-ѴѴĺ

�o_uķ �b;Ѵv ŐƐƖƑѶőĺ ľ$_; �-m|�l�ov|�Ѵ-|; -m7 |_; !;1;m|	;�;Ѵorl;m| o= �|olb1 $_;ou�ƐĿĺ

�mĹ �-|�u; ƐƑƐĺƒƏƔƏķ rrĺ ƔѶƏŋƔƖƏĺ 	��Ĺ 10.1038/121580a0ĺ

Ō ŐƐƖƓѶőĺ ľ�m |_; �oঞomv o= �-�v-Ѵb|� -m7 �olrѴ;l;m|-ub|�Ŀĺ �mĹ 	b-Ѳ;11ࢼ- ƑĺƒņƓķ rrĺ ƒƐƑŋ

ƒƐƖĺ
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�o_uķ �b;Ѵv ŐƐƖƓƖőĺ ľ	bv1�vvbom �b|_ �bmv|;bm om �rbv|;loѴo]b1-Ѵ �uo0Ѵ;lv bm �|olb1 �_�vb1vĿĺ

�mĹ $_; �b0u-u� o= �b�bm] �_bѲovor_;uvĶ (oѲ�l; Ɠĸ �Ѳ0;u| �bmv|;bmث �_bѲovor_;uň"1b;mࢼv|ĺ �7ĺ 0�

�-�Ѵ �u|_�u "1_bѴrrĺ �r;m �o�u|ķ rrĺ ƐƖƖŋƑƓƐĺ

�_;�-ѴѴ;�ķ �-|_;ubm; ŐƐƖƖƓőĺ ľ�b;Ѵv �o_uĽv )ou7v -m7 |_; �|Ѵ-mঞv o= �-mঞ-mbvlĿĺ �mĹ �b;Ѳv

�o_u -m7 �om|;lrou-u� �_bѲovor_�ĺ �7ĺ 0� !o0;u| "ĺ �o_;mķ �-m 
-�;ķ -m7 �;mu� �ĺ 
oѴv;ĺ

(oѴĺ ƐƔƒĺ 	ou7u;1_|Ĺ "rubm];u �;|_;uѴ-m7vķ rrĺ ƒƒŋƔƔĺ

�oѴѴo7;Ѵķ �-�;o ŐƑƏƐѵőĺ ľ)-v 
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�b77 -m7 �-�_;� �uo�mķ rrĺ ƑƕŋƔѵĺ
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rrĺ ƒƏƖŋƒƐƕĺ 	��Ĺ 10.1016/j.shpsb.2010.04.003ĺ
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Ѵ-�bo ŐƑƏƑƑőĺ ľ�;�om7 �;|_o7Ĺ $_; 	b-|ub0; 0;|�;;m 
;�;u-0;m7 -m7 �orr;u

o�;u |_; 
o�m7-ঞomv o=  �-m|�l �;1_-mb1vĿĺ �mĹ |_bv bvv�;ĺ
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;�;u-0;m7ķ �-�Ѵ �ĺ ŐƐƖƔƐőĺ ľ,�u $_;oub; 7;u �-vbvv࢜|�;Ŀĺ 	bvv;u|-ঞom ��u �uѴ-m]�m] 7;u 	ohŊ

|ou]u-7;v -m 7;u r_bѴovor_bv1_;m 
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Ō ŐƐƖƔƕ-őĺ ľ�m |_;  �-m|�lŊ$_;ou� o= �;-v�u;l;m|Ŀĺ �mĹ �0v;u�-ࢼom -m7 �m|;uru;|-ࢼomث �

"�lrovb�l o= �_bѲovor_;uv -m7 �_�vb1bv|vĶ �uo1;;7bm]v o= |_; �bm|_ "�lrovb�l o= |_; �oѲv|om

!;v;-u1_ "o1b;|�ĺ �7ĺ 0� "ĺ �क़um;u -m7�ĺ �ĺ �ĺ �u�1;ĺ �om7om -m7 �;� +ouhĹ ���;u�ou|_v

"1b;mঞC1 ��0ĺķ rrĺ ƐƑƐŋƐƒƏĺ

Ō ŐƐƖƔƕ0őĺ ľ,�u  �-m|;m|_;oub; 7;u �;vv�m]Ŀĺ �mĹ ,;b|v1_ub[ =ࣟu �_�vbh ƐƓѶĺƔķ rrĺ ƔƔƐŋƔƔƖĺ

Ō ŐƐƖƔѶőĺ ľ�m ��;lr| -| - !;-Ѵbvঞ1 �m|;uru;|-ঞom o= ��r;ub;m1;Ŀĺ �mĹ �uo1;;7bm]v o= |_; �ubvň

|o|;Ѳb-m "o1b;|� ƔѶķ rrĺ ƐƓƒŋƐƕƏĺ 	��Ĺ 10.2307/4544593ĺ

Ō ŐƐƖѵƏőĺ ľ�-�;umv o= 	bv1o�;u�Ŀĺ �mĹ $_; �_bѲovor_b1-Ѳ !;�b;� ѵƖĺƑķ rrĺ ƑƓƕŋƑƔƑĺ

Ō ŐƐƖѵƑőĺ ľ��rѴ-m-ঞomķ !;7�1ঞomķ -m7 �lrbub1bvlĿĺ �mĹ "1b;mࢼC1 ��rѲ-m-ࢼomĶ "r-1;Ķ -m7 $bl;ĺ

�7ĺ 0� �;u0;u| 
;b]Ѵ -m7 �uo�;u �-��;ѴѴĺ (oѴĺ ƒĺ �bmm;vo|- "|�7b;v bm |_; �_bѴovor_� o=

"1b;m1;ĺ �bmm;-roѴbvĹ &mb�;uvb|� o= �bmm;vo|- �u;vvķ rrĺ ƑѶŋƖƕĺ
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;�;u-0;m7ķ �-�Ѵ �ĺ ŐƑƏƐƔ-őĺ ľ	;|;ulbmbvl -m7  �-m|�l �;1_-mb1v ŐƐƖƔƓőĿĺ �mĹ �_�vb1v -m7

�_bѲovor_�ĺ �7ĺ 0� "|;=-mo �-�;b -m7 �ov;r_ �]-vvbĺ �-l0ub7];ķ &�ĸ �;� +ouhķ �+Ĺ �-lŊ

0ub7]; &mb�;uvb|� �u;vvķ rrĺ ƑƔŋƓƔĺ

Ō ŐƑƏƐƔ0őĺ ľ�_�vb1v -m7 �m|oѴo]� ŐƐƖƔƓőĿĺ �mĹ �_�vb1v -m7 �_bѲovor_�ĺ �7ĺ 0� "|;=-mo �-�;b

-m7 �ov;r_ �]-vvbĺ �-l0ub7];ķ &�ĸ �;� +ouhķ �+Ĺ �-l0ub7]; &mb�;uvb|� �u;vvķ rrĺ ƖŋƑƓĺ

Ō ŐƑƏƐѵőĺ ľ$_; �om1;r| o= �m|;ѴѴb]b0bѴb|� bm �o7;um �_�vb1v ŐƐƖƓѶőĿĺ $u-mvĺ 0� 	-mb;Ѵ ��0�

-m7 �ub1 �0;u_;blĺ �mĹ "|�7b;v bm �bv|ou� -m7 �_bѲovor_� o= "1b;m1; �-u| � Ɣƕķ rrĺ ѵƓŋѵѵĺ

	��Ĺ 10.1016/j.shpsa.2015.11.016ĺ

Ō ŐƑƏƑƏőĺ 
;�;u-0;m7Ļv 
oul-ࢼ�; +;-uvĸ (oѲ�l; Ǝĸ 
;�;u-0;m7 -m7 �orr;uث �ouu;vrom7;m1;v

-m7 &mr�0Ѳbv_;7 �-r;uvĺ �7ĺ 0� �-�;o �oѴѴo7;Ѵ -m7 �ub1 �0;u_;blĺ (b;mm- �bu1Ѵ; �mvঞ|�|;

�b0u-u�ĺ (b;mm-Ŋ�;uѴbmŊ�ুmv|;uĹ "rubm];uĺ

�;bv;m0;u]ķ)ĺ ŐƐƖѶƔőĺ ľ0࡞;u t�-m|;m|_;ou;ঞv1_;&l7;�|�m] hbm;l-ঞv1_;u �m7l;1_-mbvŊ

1_;u �;�b;_�m];mĿĺ �mĹ�ub]bm-Ѳ "1b;mࢼC1 �-r;uv)bvv;mv1_-[Ѳb1_;�ub]bm-Ѳ-u0;b|;mķ rrĺ ƒѶƑŋ

ƒƖѵĺ 	��Ĺ 10.1007/978-3-642-61659-4_26ĺ

�-ll;uķ �-� ŐƐƖƕƓőĺ $_; �_bѲovor_� o=  �-m|�l �;1_-mb1v ث $_; �m|;uru;|-ࢼomv o=  �-m|�l

�;1_-mb1v bm �bv|oub1-Ѳ �;uvr;1ࢼ�;ĺ �)bѴ;�Ŋ�m|;uv1b;m1; ��0Ѵb1-ঞomvĺ �;� +ouh Œ�ĺ-ĺœĹ )bŊ

Ѵ;�ĺ

�ou7-mķ �ĺ ŐƐƖƓƖőĺ ľ�m |_; �uo1;vv o= �;-v�u;l;m| bm  �-m|�l �;1_-mb1vĿĺ �mĹ �_bѲovor_� o=

"1b;m1;ĺ 	��Ĺ 10.1086/287049ĺ

�-bv;uķ 	-�b7 ŐƐƖƖƑőĺ ľ�ou; !oo|v o= �olrѴ;l;m|-ub|�Ĺ �-mঞ-m �vr;1|v -m7 �mY�;m1;vĿĺ �mĹ

"|�7b;v bm �bv|ou� -m7 �_bѲovor_� o= "1b;m1; �-u| � ƑƒĺƑķ rrĺ ƑƐƒŋƑƒƖĺ 	��Ĺ 10.1016/0039-

3681(92)90033-3ĺ

��0�ķ 	-mb;Ѵ ŐƑƏƐѵőĺ ľ
;�;u-0;m7Ľv Ľ$_; �om1;r| o= �m|;ѴѴb]b0bѴb|� bm �o7;um �_�vb1vĽ ŐƐƖƓѶőĿĺ
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