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@¯�²kM�%'\;032J�I5?=&C¢s(1J�&SE/-/6H.1.T&+4¤<�.T.1&S-�.T67032�E�&)(1&)6H?=.^I/-W?=&S(�D�-/-><�25*,&�Q�\R-�&S6H-/67JR&)-�.T?=<�(1]@&S-���&S(T&S67-NUV<�032�I/-N~J�&S-A&S(1h)67&)47&S-¦MH	ñ*�DF4H47JR&)*,&)67-/&)- n[&)(1G/&)-xU _I/(�G/6H&w8N032><�4H4¤<�I5.1E/(T&S6H?1I/-/J�6H*£8;?167*g*,]�<�-><@4zU�\R4HJR&S-5G/&� _<�2/&)(1I/-/J�&S-L<�-/JR&)-/\R*g*,&)-�Ms«¦I/(fY[&S.T032/(1&)67E/I/-5J¨G/&)(�DF]�I/.T?167]�n�67(1G�G567& 4H67-/&S<�(1&I�¨&S4H47&)-/JR47&)6P~032�I/-5J^<�-5JR&S.T&)?=h¥?XM��pI/(�Ez&S6/G/&)-,8;?=6H*,*g476H:/:�&)-®I5-/G�67-�G/&)(�� _<�2/&ZQ�\R-�.T?=<�(1]@&S-,¢�6H-/.10325- _I/(1I5-/JR&S-.T:/67&)47&)-x-/6H032W?=476H-/&X<@(1&l¢���&S]W?=&w&S6H-/&wop\R4H47&@M%'&S(p8�?=67*g*g]@<@-><�4>n�67(TGAJ�&S.T?1(1&)03]�?SMz%'67&'D�I/.1E/(T&S6P?=I/-/JgG/&).F8;032><�474H.Zn�67(TG+G/I/(1032x&SEz&S-/&J�¨&S4§~4H&S-¨E�&).1032/(T67&SEz&S-¦M�v|<@-9]�<�-/-�hS&)67JR&)-��yG><�.1.®E�&)6s��&S(1-/<�032/4 _<@.1.16HJRI/-/JAG/&)(K�l( _I5*,*fI5-/Jxh@M=YFMyG/6H&o�&S.T\R-><�-5h)U�(1&)��I/&S-/h)&S-�-><@2/&Sh)IÿI/-WQ�&S( _<@-/G/&S(B?|E547&S6HE�&)-þ­ ¯L�@²kMZ{ _\R2/&)(1&¨vx\;G/&S- .T67-/G Ez&S6l&S6H-/&S**,<�uN67*,<�4H&S- %'I5(1032/*g&S.T.1&S(�Q�\R-C0X<5M�û�0)* &)(1.T?p<@EA¯s];{ph}<�I/.1E5(1&S6P?=I/-5JR.TU _<�2567J/M5%'&S(�jl(1\R�@?=&S6H4�G5&S(¢s-/&)(1JR6H&}G/&S.F8N:/(1<�032/.16HJR-><�4H.�476H&SJ�?�6H*�¡>(1&)��I/&S-/h)E�&)(1&)67032|E567.�¯s];{�h@M%'67&Ajl&S\�*,&¥?=(16H&+G/&S.���\R]�<�4P?=(=<@]�?1&S.�(1&)G/I/h)67&S(B?�.T67032L.1\R*g6H?g<�INU'G/6H&A&)67-/&).,&)-W?=.1:5(1&S0325&S-/G/&)-6H-/2/\R*g\RJR&)-/&S-�o�\R2/(T&S.�I/-5G�n�6H(1G�G/I/(T032LG567&CÞ'I/&)(1.10325-/6H?T?=.TU�I5-/]W?=67\�-7MfiONQP;RTm®Q�\R474H.T? _<�-/G/6HJ#E�&�~.B?=6H*,*^?SM

�
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Fossa
    piriformis

Glottis

Velum

Lippen
Zungen-
 rücken

Fossa
    piriformis

Glottis

Velum

Lippen
Zungen-
 rücken

» ¼d¼d½r¾V¿aÀdÁyÂ�ÃbÄTS�Ä�Æ %'&)?=<�674H476H&S(T?1&#DF-5.167032W?|G/&S.#8;?=6H*,*g]�<�-><�4H. \R2/-/&¨�F<@.1&S-52y_\R2/4H&9-><�032ÿ&S6H-/&S(U \R*,:5I5?=&)(T?=\�*,\RJ�(=<�:/2567&��5<�I5U�JR&)-/\R*g*,&)- QR\R-|8;?1\R(Tt+&¥?�<�4kMy­üûNOS²rMVXWYVZW\[]W ^`_badc�eCfbg
higkjClmebl�npoQlkqsrOtba�uvrTg�awl�nxfm_yq�usz�_]eb{Fc!j]l}|Kg
fCq
¡ _I/(pG/&S-�¡�<�4H4b&S67-5&S(F6H-/2/\R*g\RJR&)-/&S-xo _\R2/(1&®*,6P?p.1032><�4H472><@(T?=&)-~� _<�-/G5&S-|n�&S(TG/&S-�67* ¡>\R4HJR&S-5G/&S-G/67&+<@];I5.T?=6H.1032/&)-�¡>&)47G/JR4H&S6H032;I5-/JR&S-�25&S(1J�&S47&)6H?1&)?XM�%'67& &)67-/G567*g&S-/.T67\R-><@47&�8N032><�4H4¤<�I/.TE/(1&)6H?1I/-/J
<�-G/&S(Z8;?=&)4747&�N+n�6H(1G�G5I/(1032 G5&S- _I/Ez&S(eG/&S-AÞ'I/&)(1.T032/-/6H?T?
MfiONQP;RTmsJR&S*g6H?T?=&)4H?=&)- 8;032><�474HG/(1I503] ò iONQP;RTmI/-/G�G/67& _I5E�&)(JM�iONQPARTmF67-W?=&)JR(16H&S(T?1&�8N032><@4747.T032/-/&)4747&@��G/&)-98;032><�474P�>I/.T.��di�NQP;RTm¥��E�&).1032/(T67&SEz&S-¦MdY�&S6��&S(1-/<�032/4 _<@.1.16HJRI/-/JC&)67-/&)(^jl47&)67032/.B?=( _\R*fI/-/JC%'6H&�Y[&¥n[&)JRI/-/JAn�67(1G�G/I/(T0329�p&)n�?1\R-/.^j}&).1&)?1h#i�476§~-/&X<�(T67.T67&S(B?=&wjl47&)67032�I/-/J�G/&)(X	ñ*g:/I/4H.1&)(12><�4P?=I/-5J�m

ô�õ iY����Mlm�� ø�� òH� P ikKNM KRm
G/&S(�&S6H-/G/6H*,&)-/.16H\R-><�4H&S- 4H67-/&S<�(16H.167&)(T?1&S-Cjl47&)67032�I/-/J�G/&)(Fvx<�.1.T&S-/&)(12><�4P?=I/-5J

i ô Mlm\� ó ô�õ �M ø��wô�õ � � ikKNM ±Wm
ikjl47&S6H032�I/-/J,KNM ±Wm[I/-/GAG/&S(�«¦I/.B?3<�-5G/.1JR4H&S6H032;I5-/J

ò ø��¥÷�ô ikKNMü¯�m
E�&).1032/(T67&SEz&S-¦M���I/(�4H67-/&S<�(1&'D�E/2 _<�-5JR67JR]@&S6P?=&S-+Q�\R-xG5&S-C]�47&S6H-/&S-+�>I5]�?1I/67&)(1&)-/G/&S-#j}( _\R�R&)-C%'67032W?=&
ô �[8;032><�474P�>I/.T.��©I5-/G 8N032><@4747G5(1I/03] ò n[&)(1G/&)-©E�&)( _I/03]�.T67032W?=6HJ�?XM ô�õ 6H.T?,G/67&C]�\�-/.T?=<�-W?=&#G/I5(1032N~.1032/-/6P?1?147670325&F%'6H032�?1&�I5-/G � G/67&F8N032><@4747J�&S.1032Wn�6H-/G/67J�]�&S6P?XMNqsI/-/]W?=&�E�&)hS&S6H032/-/&)-+G/67&p:><�(B?=67&)474H&�DFEN~47&S6P?=I/-5J'-><�032�G/&)(�«¦&S6P?bR��RJR&).T?1(1670325&S-/&pjl( _\R��&S-fn�&S(1G5&S-g-><�032�G/&S( ý (B?=.1]@\N\�(1G/6H-><@?=&CN�<@E/JR&S4H&S6P?=&)?SM
O ï
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jl47&)67032�I/-/J�&S-|KNM ±�I/-5G#KNMü¯�] _\R-/-/&)-|hSI

i ò Mlm�� � ô�õ��¥÷[ø�� � � irKNM ûRm
]@\R*fE/6H-/67&)(T?}n�&S(1G5&S-�Md`b&S6H?1&)?w*,<�-�-;I5-�jl47&S6H032�I/-/J|KNM K+-><�032¨G/&S* ý (B?�N�I/-/G�jl47&)67032�I/-/JxKNM û-/<�032 G/&S( «¦&S6H? <�E©I/-5G".1&)?1h)?C6H-/&S6H-><�-/G/&)(,&)67-��e.1\�&)(12 _<@4H? *,<�-�U _I/( &S6H-/&|h)&S6P?=476H032�]@\R-/.T?=<�-W?=&Þ'I/&)(1.T032/-/6H?T?=.BU�I/-/]W?=6H\R-~MfiON�mZG/67&p�¨&SE5.T?=&)(1.T032/&�{�\�(1-/JR4H&S6H032;I5-/J

òH� ��ó iYM � ��Mlm òH� ���s�;÷ _ò ø ï�� irKNM�
Wm
8N6H&FJR4H&S67032W?[E/67.[<�I5UyG/&)-+¬d&)(1*}M � ��M ø}������������ G/&S([&S67-5G/67*g&S-/.T67\R-/<�47&)-#�¨&S4H47&S-5JR47&)67032�I/-/JwU _I/(25\R*,\�JR&S-/&wÞ'I/&)(1.T032/-/6H?T?=.BU�I/-/]W?=6H\R-/&S-¦M�%'6H&l%l<�(T.T?=&)474HI/-/Jf-><@032xh)&S6H?1476H032/&S(�¡>\RI5(167&)(T?1(=<�-/.BU�\R(1*,<@?16P~\�-�iY�å67.B?�G/67&}¡>\RI/(T67&)(T?=(1<�-/.BU�\R(1*g67&)(T?=&�G/&S.F8N032><@4747G5(1I/03]@&S.3m� � �@ó iYM � ��Mlm\� ��ó�� ÷ � ø ï irKNM È m

4 _<�.1.B?�&S(1<�2/-/&)-���G><�.T.�G/67& ¢�6HJR&S-Wn�&S(B?=& � ø i��F� � m ÷ G/67&).1&)(�%'6H��&S(1&)-W?=6¤<@47JR4H&S67032�I/-5J/�a<�I/.�G/&)-/&S-.T67032AG/67&}o�&S.T\R-><�-5h)U�(1&)��I/&S-/h)&S- � � ø¡�w¢ � � �RK�£ irKNM ð m
G5&S.x8;?=6H*,*g]�<�-><�4H.S�eG/67&|.1\RJR&)-><�-/-W?1&S-é¡>\R(T*�<@-�?TU�(1&)�;I5&S-/h)&S-���&)(1JR&)E�&)-���-/67032W?+Q�\R-ÿG5&S(AÞ'I/&S(î~.T032/-/6P?1?=.BU�I/-/]W?=6H\R-^.T&S4HE/.T?S��.T\R-/G/&)(1-wQR\R-®G/&S(y47\�JW<�(16P?=2/*g67&)(T?1&S-}Þ'I/&)(1.10325-/6H?T?=.TU�I5-/]W?=67\�-f<�E/2 _<�-/JR&)-�M
%'67&�jl47&S6H032�I/-/JR&)-�KNM KxI/-/G�K;M ûx.B?=&)2/&S-�67-¨DF-><@47\RJR6H&�hSI�G/&)-�¡�&)47G/J�47&S6H032�I/-/JR&)-9&S6H-/&S(wQR&)(B~4HI/.T?147\R.T&S-A&S4H&S]W?=(T67.10325&S-
`b&S6P?=I/-5J/M�{�6H&S(1Ez&S6�n�6H(1G ò *g6H?�G5&S(�8N:><�-5-;I5-/J 67G5&S-W?=6¥¤>hS6H&S(T?�I5-/G~�#*g6H?G5&S*�8;?1(1\R*AM/%'6H&'�e<�(167<�E/47&)- ¦ � ø ô�õ ��M I/-5G § � ø Mp� ô�õ���÷ irKNM��Wm

&)-W?=.1:5(1&S0325&S-|G5&S(
	ñ-/G5I/]W?=6HQ;6P? _<@?1.1G/6H032�?1&lE�&)hS6H&S2�I/-/JR.Bn[&)67.T&lG/&S(Z�}<�:><@hS6H? _<@?=.TG/67032W?1&�MN%l<�.Z&S-W?1.1:/(T&¥~0325&S-/G/&®67-�¤/-/6H?1&S.16H*�<@47&'`b&)6H?=I5-/JR.1.T&SJR*g&S-W?p67.B?�67-CDFE5E�MzKNMü¯gG/<�(1JR&).T?1&S474P?XM
L’ dx

C’ dx

» ¼a¼�½V¾r¿aÀaÁaÂ�ÃbÄ©¨yÄ�Æ ¢s(1.1<@?=h).1032><�4P?=E/6H47GC&S6H-/&S.�6H-�¤>-/6P?=&S.T67*,<�47&)-�QR&)(14HI/.T?147\R.T&S-xop\R25(1&S4H&S*g&S-W?=&).SM
ORO



É5ÊÌË'ÍVÎ�ÏsÐ�Ñ5Ò1ÍHÓ|Ô/Î3Õ�Ö�×¦Õ=Ø�ÙBÐW×¦Õ�ÚNÔ�Û�ÓzÜrÍVÚ�ÝVXWYVZW�VZW ª«g�{Clbr�r!c¬lmq�tCeyj}{ClQa­oQlmqsrOtba�uv®Flmfm_°¯±uwl²uwlme´³
uwc�hµhµ¶·_�em_krTa	ñ*
8;?167*g*,]�<�-><@4NJR6HE5?s&).e&)67-/&�o�&S6H2/&ZQR\�-���&)(14HI/.T?1*,&)032><�-/6H.1*g&S-�MW%'6H&[n�67032W?167JR.B?=&S-g.16H-/G�Q;67.1]@\R.1&op&)67E/I/-5J�<�-xG5&S-¸� _<�-/G/&)-xI5-/G�� _<@(1*g&S47&)6H?1I/-/J/Mv	ñ-AG5&S*�6H* 47&¥?=h¥?=&S-CD�E/.1032/-56H?1?p&)67-/JR&¥U _I/2/(B?=&S-&S47&)]W?=(16H.1032/&)-+¢s(1.1<@?=h).1032><�4P?=E/6H47G�i�DFE/E¦M/KNMü¯�ms] _\R-/-/&)- ��&S(14HI/.T?1&FG/I5(1032 h)I/. _<@?1hS4H67032/&¹� 6HG/&S(T.T? _<�-/G/&(1&X<@4767.T67&)(T?}n[&)(1G/&)-ÿi�Q;JR4kMaDFE5E�MsKNM ûRm�M�%'&)(K	ñ*g:�&)G><�-/h)G/67032W?=&�º�.T67-/G�Q;6H.1]�\�.1&���&)(147I5.T?=& <�-�G/&S-� _<�-/G/&)-�G/&).#8;?167*g*,]�<�-/<�47. h)I/JR&)\R(1G/-5&)?XM�%'&S(CD�G/*,6P?1?=<�-/hSG567032W?=&¼»�n�67(TGÿG5&S(C��&S(14HI/.T?x<�INUj}(TI/-/G#QR\�-¼� _<�(T*,&)47&)6H?=I5-/J hSI5JR&S\R(TG/-/&¥?,­§O È ²kMb¢s6H-#n[&)6H?=&)(1&)(}��&)(14HI/.T?1*,&)032><�-/6H.1*fI/.)��G/6H&f-/67032W?.1032><�4H472><@(T?=&)-7� _<@-/G/&���n�67(TGLG5I/(1032"¢s6H-5U _I/JR&)-L&)67-/&).�`yo U ~î8N&S(T67&S-5(1&S.T\R-><�-5hS]�(1&)67.1&).+<�4H.,qd<�(=<@4P~47&S4H.1032><@4H?=I5-/J¨h)Ii§ � I/-/G½» � Ez&S( _I/03]�.167032W?167J�?SMZ%'67&).1&)(�¢���&S]W? n�67(T]W? .16H032�QR\�( <�4H47&S* <@I5U}G/&S-&S(1.B?=&)-�¡>\R(T*�<�-W?1&S-Ç<�I/.)��G/&S(+h)Iÿ2 _\�2/&S(T&S-ÿ¡�(T&S��I/&)-/hS&)-�QR&)(1.10325\RE�&)-ÿn�6H(1G�M¾	ñ- G/67&).1&S* DFEN~
L’ dx R’ dx

G’ dxC’ dx

» ¼d¼d½r¾V¿aÀdÁyÂ
Ã�ÄT¿�ÄVÆ ¢�(T.=<@?1hS.T032><�4H?1E/674HG"&S6H-/&S.+6H-�¤>-/6P?=&S.T67*,<�47&)-�o�\R2/(T&S4H&S*g&S-W?=&).+I/-W?=&S(CY�&S( _I503]W~.167032W?167JRI/-5J�Q�\R-C��&S(14HI/.T?1&S-x<�I5Usj}(TI/-/G+Q;67.1]@\R.1&)(Fo�&S6HE/I/-/J�I/-5G�� _<�(T*,&)47&)6H?=I5-/J/M
Abstrahlung
an den Lippen

2P

UU1

P1

Glottis

2

ZStimmkanal

» ¼d¼d½r¾V¿aÀdÁyÂ�Ã�ÄTÀ�Ä�Æ �'6H&S(1:z\R4H*,\;G/&S4H4�G5&S.�8;?=6H*,*g]�<�-><�4H.SMN%'67&l]@\R*,:547&¥uN&)-|¢s67-5JW<�-/JR.TJR( _\��R&S-��5G/&S(8N032><�4H47G/(TI/03]~�kÁ�I/-/G
G5&S.w8N032><@474H�/I/.1.9Â]Áp] _\R-5-/&S- _I/Ez&S('&)67-/&K�l&)?1?1&S-/*,<@?1(16Pu��zG/67&®G/&S-�8�?=67*g*�~]@<@-><�4�E�&).1032/(T&S6HE5?X�;*,6P?�G/&S-,&S-W?=.T:/(1&)032/&S-5G/&S-ADFI/.TJW<�-/J�.1JR( _\R�R&S-Ã� ÷ I5-/G�Â ÷ Q�&S(1]�- _I5:5Uc?[n�&S(TG/&S-�M
.1032/-/6P?1?en�67(TG,&)67-/&p*#_\�JR476H032/&ZQ;67&S(T:�\�4H?=25&S\R(T&)?=6H.1032/&�Y[&).1032/(T&S67E5I/-/JCi�DFE/E�MNKNM�
WmsG/&S.e��\R]�<�4H?1(=<�]W?1&S.67*�¡>(1&S��I/&)-/hSEz&S(T&S6H032LG><@(1JR&).T?=&)474P?XMy��\R-�G/&)(�%l<�(1.B?=&S4H47I/-5J|G/&).�67-�¤>-56H?=&).16H*�<�4H&S-¨op\�2/(14H&S6H?1I/-/JR.î~.1&SJ�*,&)-�?1&S.�JR&)4¤<�-5J�?^*,<�-�h)I�&S6H-/&S(f\@Uc?fJR&)E/(=<�I5032�?1&S-Lvx\;G/&S4H476H&S(1I5-/J|G/&).g8;?=6H*,*g]�<�-><�4H.giVh@M=YFM­ KN�=ûN�SO È �=±5O��±
R±5�;
Wû�²¤m¥ís%'6H&A«¦&S(T47&SJ�I/-/J�67-L8N&)JR*,&)-W?=&A*,6P?�2/\R*g\RJR&)-/&S* Þ'I/&)(1.T032/-/6H?T?X�sG/6H&C.167032*,6P?�{�6H4HU�&'.T\RJR&S-/<�-/-W?=&)(Ä�l&¥?1?=&)-/*,<@?=(T67hS&)-CE�&).1032/(T&S67Ez&S-x4¤<�.T.1&)-�M¡ _I/(f&S6H-�67-v¤>-/6H?1&S.T67*,<�47&).^o�\R2/(T47&S6P?=I/-5JR.1.T&SJR*g&S-W?fJ�674H?wU _I/(fG5&S-�]�\R*g:/4H&¥uN&S-�8N032/<�474HG/(1I/03]­�I/-/GAG/&S-A]�\R*g:/4H&¥uN&S-|8N032><�4H4H�>I5.1.pÂ -><�032|¡�4¤<@-><�JW<�-
­§O È ²

GpÂ ø�� �­Å[G�N I/-/G GÄ� ø�� Â¼ÆsGZN irKNMPO ï m

O�K



É5Ê ÉNÊÌÏsÐRÑ5ÒTÍ7Ó|Ô/Î=Ò'Ö¦ÜVÍ!"#",Ó@Ø@Ý>Ø%$7Ò
*g6H?
Å ø i�» � ó7Ç �C§ � m�I5-/G~Æ ø i�º � ó�Ç �C¦ � m�M�%'&S(�8N032><@4747G5(1I/03]¸� I/-/G|8N032><�4H4H�>I/.T.pÂþ&S(TU _I54747&)-G567&®j}4H&S6H032;I5-/JR&S-

G ÷ �G�N ÷ � Æ�Åv� ø ï I/-5G G ÷ ÂG�N ÷ � Æ�ÅÈÂ ø ï�� ikK;MHORO�m
%'6H&}` _\R.1I/-5JR&S-AG/&S(p%'6P�¦&)(1&S-W?16¤<�4HJR47&)67032�I/-/JR&)-+.16H-/G� ø M9ÁN&¥uN:aiOÉ·N¦m ó�Ê ÁN&�u5:ai � É·N¦m ikK;MHO�K�mÂ ø M ÷ &¥uN:aiOÉ·N¦m ó�Ê ÷ &�u5:ai � É·N¦m ikK;MHO�±Rm
*g6H?ZG/&S*£D�I/.1E/(T&S6P?=I/-/J�.1]�\;&�Ëgh)67&S-W?1&S-É ø iYÆ]Å5mwÌÍ ø iYÎ ó 6TÏ�m ikK;MHOX¯Wm
I5-/G�G/&S-�	ñ-W?=&)JR(=<@?167\R-5.1]�\�-/.T?=<�-W?=&S-�M9ÁÐP±M ÷ P Ê ÁÑP Ê ÷ �dG/67&,G/I/(T032Lop<�-/G5E�&)G/67-/J�I/-/JR&)-�E�&).T?=6H*,*®?n�&S(TG/&S-¦M�`b6H&SJR&)-L<@47.�¢s67-5JW<�-/JR.TJR( _\��R&S-�G/6H&C8N:><�-5-;I5-/J­�kÁfI5-/G�G/&S(,8;?1(1\R* Â]Á^I/-/G�<�4H.�DFI/.î~JR<�-/JR.TJR( _\R��&S-`� ÷ I/-/GÒÂ ÷ <�-��5.1\g&S(1J�67E5?�.T67032AG><�.�j}4H&S6H032;I5-/JR.1.Bt;.T?=&)*�­§O È ²Ó ��ÁÂ�ÁAÔ øÖÕ Ó � ÷Â ÷ Ô *,6P? Õ ø Ó 0S\�.12aiOÉ�×Vm Ø õ .16H-/2yiOÉ�×VmØ � Áõ .T67-/2biOÉ�×Vm 0)\R.12ai�ÉÙ×Vm Ô � ikK;MHO�û�m
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� < P · E�JsC R E�JLP�JLP³h f PDFIH : E >D> JLP5E�P >�l nVE :
f C�EGF W J�E : R J : ¶ < B <�w J > JLBDB < A w �LA g Je[�E :K: J :mlmR JsB jXUX:R JLBvE :ÜR J : M/E w AKC <?> E UX: J :�f JLBDJsE > P�JLB�OKB U�f�> J : M >Á@U BDA :Kg P f=< P�E�P < A�\ g JsPDO <�:�:
> [�E�B R b ntP�P U C�CGJ :
\ U C g J :KR J5�=B <?g J : JLB�C @< A > JLB > [�JsB R J : Þ

@BA E�J W?UX: PDEGP > J :�> P�E :KRÃR EGJ5JLE : �LJLC : J : ¶ < B <�w J > JLB*\ @AKB R EGJ SVUXWY< C�J³JsE : JsPNM/OKBDJsFIHKJLB�PDC
@BA E�J j JLBDH < C > J : PDE�FIH R EGJ5¶ < B <�w J > JsB j JLB�PDFIHKEGJ R J : JLB(M/OKBDJsFIHKJLB��LA�JLE :K<�:KR JsBDC
9;: R J : \ U C g J :KR J : S JsBDPDA�FIHKJ : [�A�B R J R JLBÃ\�BDJsE�Jk¶ < B <�w J > JsB R JLB8M S �FEHGJILK �LA ½ l ½X½�¾XÀg Js[ @< H�C > b 9;: h fKf EGC R A :�g ^KbM� P�E :KR R EGJ ~�@<�:Kg J : P WY< CGE�JLB�A :Kg P�O < B <�w J > JsB R JLB j E�JsB SVUXWY< C�J ��NPO»�/l

�RQSO»�/l��RT/OG�/l��VUWOG� JLE : JLP�M/OKB�JLFIHKJsBDP < A�\ g J > B <�g J : 	 b�� EGJYX } h	FIHKP�JTP > JLCGC >�R EGJ 4 JLP <�wô> P WY< C�EGJLB�A :Kgg J g J : @A f JLB R J w 2 Js\�JLB�J : �sPDOKB�JLFIHKJsB R=< B l�< A�\ R JsB[Z } hNFIHKPDJQE�P >	R=< P³M WY< CGE�JLB�A :Kg P j JsBDH @< C >": EGP R JLB
´TA :KR H @U HKC�JTE w S JsBDH @< C >": E�P��LAKB 4 JsP <�wQ> P WY< CGE�JsBDA :KgÉ< A�\ g J > B <�g J : b�� < JsP�PDEGFIH A w JLE :�S JsB }
\ < HKBDJ : H <?:KR JLC >�lVR=< P R E�JÃJsE : �sJLC : J : · JsE > \�J : P > JLB l�R E�J PDE�FIH < AKP R JLB ~ ¶x¹ } h :=< CGº�PDJTJLB g J f J :ml
A :=<�f H @<�:Kg E gÉf J < B f JsE > J >�l EGP >vR E�JTM >"<�:KR=< B R=<�f [xJLEGFIH�A :Kg R JLB\AÉJLB > JT\ @AKB R J :^] Js[xJLEGC�E g J :rSVU?}W?< C�JLE :Kg J > B <?g J : b ntP*E�P > �LAÃJsB W J :K: J :ml=R=< P�P R E�JNJLE : �LJLC : J :uSVUXWY< CGJ R AKBDFIH < AKP�A :�> JLB�PDFIHKEGJ R CGE�FIHKJ~x@<?:Kg J : PDFIH @<?> �LA :�g J : JsB g J f J : b�� E�JsPDJ CGE�J g J : �s[�EGPDFIHKJ : `�� A :KR J > [ < Å `�� @A f JsB R JLB SVU?}W?< C > B <�W�> C @<�:Kg J R JLP 2 Js\�JsBDJ : �LP�OKBDJsFIHKJLB�P b�� E�J : E�FIH > CGE : J < BDJ ~�@<�:Kg J : P WY< CGE�JLB�A :Kg JsB g E f�> J f J : \ < CGC�P
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"r#&%�'�()(*'s+-,ut3,*1v2 JLC <?> E j JLB��=JLHKCGJLB R JLBt� U B w�<�:�> PDFIH @<?> �LA :�g5< AKPqP�º :�> HKJ > E�PDFIH�J :�SVUXWY< C�J :�w E >�R JLB
4 BDA :KR \�BDJsÄ
AKJ : � ¾�½X½ Æ �

A :
> JLB�PDFIHKEGJ R CGE�FIHKJ�AÉJLB > JQ\ @A�B R EGJ j E�JsB SVUXWY< CGJ b�� E�J SVUXWY< CGJ ��N�OG�/l��RT/OG��l��VUWOG� C�EGJ g J : J > [ <#f JLE wS JsBDH @< C >": E�P ½ l À?^ R JsB ~�@<�:�g J : P WY< C�EGJLBDA :Kg ´TA :KR H @U HKC�JÃ�sAKB 4 JsP <�wQ> C @<?:Kg J l [ @< HKBDJ :KR�R=< P �RQSO»�
w E > ½ l ^�� \ < P >�f JsE w : JLA > B < CGJ : AÉJLB > CGE�J g?> b
h f�f E�C R A :Kg ^�b Å ½ �LJLE g�> \ @AKB�JLE : J : M/OKB�JLFIHKJsB R E�J Z U JsÚi�LEGJ :�> J : �LAKBÃM W?< C�E�JsBDA :�g�w E >�R JLB

Z U P�E : AKP f=< PDEGP Ë h fKf E�C R A :Kg ^Kbä¾ × b
� JsBxZ U JsÚi�LEGJ :�>�l�R JLB R E�J j E�JsB > JNZ UXw O UX: J :�> J R JLB�M >Á@U B�A :Kg P }fK< PDEGP f JLP�FIHKBDJsE f�>Ll E�P >�f JsE R BDJsE jXUX:Ãj E�JsB SVUXWY< C�J : E : @wNf JLB�JLE : P > E wvw A :Kg b � JLE R J : : E�J R BDE g JLB�J :
Z U JsÚi�LEGJ :�> J : R JLBÃJLE : �LJsC : J : SVU�W?< C�JÊEGP >ÃW JsE : JLE :KR JLA > E g JLB#��BDJ :KR �sA JsB W J :K: J : b � @AKB R J :/}
P�JLC f J : M/OKB�JLFIHKJsB�PDE :KRkR E�JintB g J fK: EGPDPDJ R BDJsE�JsBô´ JLPDP�BDJsE�HKJ :ml�R EGJ <�: A :
> JLB�PDFIHKEGJ R CGE�FIHKJ : � <?g J :< A�\ g J :�UXwvw J : [�A�B R J :ml E : h f�f E�C R A :Kg ^Kb ÅXÅ < A/\ g J > B <�g J : b*� EGJ ¶ < B <�w J > JsBuC�EGJs\�JLB : \ @AKB R EGJR BDJLE(´TJLP�PDA :�g J : W�U�: PDEGP > J :�> JxAÉJLB > J b�� E�J ~�@<�:Kg J : P WY< CGE�JLB�A :Kg J : PDJsFIHKP j JsBDP�FIHKE�J R J : JsBTM/OKBDJ }
FIH�JLB�P�E :KR E : h fKf E�C R A :Kg ^Kb Å ¾ R=< B g JLP > JLCGC > b ´ <�: JLB W J :K:�>LlxR=< PDP\y [�E�JÃ�sA JsB�[ < B > J : y�JLE : Jg A > J wN:�> JLBDP�FIHKJLE R A :Kg �s[�EGPDFIHKJ :8w8@<�:K: CGE�FIHKJ : A :KR [�JsE f CGE�FIHKJ : ��JsP > PDOKB�JLFIHKJsB :Ý< A�\ 4 BDA :�R R JLB
4 JLP <�wô> C @<�:Kg J : P W?< C�E�JsBDA :�g8g J > B U p�J : [�JsB R J :rW?<?:K: bq� EGJ : E�FIH > CGE : J < BDJ ~x@<?:Kg J : P WY< C�EGJLB�A :Kg8R JLBj JLB�PDFIHKEGJ R J : J :�SVUXWY< C�JvJLE : JLP�M/O�BDJLFIH�JLBDP�EGP >�l [�E�J f JsBDJLE > P f JLE w JsBDP > J : M/O�BDJLFIH�JLB�\�JLP >"g JsP > JLC�C >
[�A�B R J l \ @A�B R E�J j JsBDP�FIHKE�J R J : J :8SVUXWY< CGJ : E�FIH > JLE : HKJLE > CGE�FIH b
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~-��+-,��W�v,�1 h :=< C»º�PDJ�EGP U CGE�JLB > g JLP�OKB U FIHKJ : JLB l	g JLH < C > J : JLB SVUXWY< CGJÉJsE : JsPÝM/OKB�JLFIHKJsBDP b
h	A�\ g J > B <�g J : PDE :KRÃR E�J5Z U JsÚi�LEGJ :�> J :TR JLB�Z U PDE : A�PDP >�@U BDA :Kg P fK< PDEGP b
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hNA�\ g J > B <?g J : PDE :KR R E�JÝntB g J fK: EGPDP�J j JLB�PDFIHKEGJ R J : JLBTh	A�\ :=< H w JsPDE > �LA :Kg J :�l*R E�J w E >#j JLB�PDFIHKEGJ }R J : J : M�º w�f�U C�J :Ãg J W J :K: �sJLEGFIH : J > PDE :�R b
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w�w JsE : J :kj�U C�CGP >Á@<?:KR E g J : @w�f JsB f CGE�F W8R JLBQM WY< C�EGJLB�A :Kg P�O < B <?w J > JLBN�LAkJLB�H < C > J :ml E�P > E :ÝR J :

h fKf EGC R A :Kg J : ^�b Å � f E�P ^Kbä¾�½ R JsB jXU CGC�J�M <Y> � R JsBV¶ < B <�w J > JsB R=< B g JLP > JLCGC > b?� E�JsPDJsBtA :�> JLB > JsE�C > PDE�FIH
E :ÝR E�J w8@<�:K: C�E�FIH�J : Ë h fKf E�C R A :Kg ^�b Å � f EGP ^Kb Å � × A :KR [�JsE f CGE�FIHKJ : M�OKBDJsFIHKJLB Ë h fKf E�C R A :Kg ^Kb Å `f E�P ^Kbä¾�½ × b h	A/\ R JsBdZ } h	FIHKP�JQP�E :KRÃR EGJ j JLB�PDFIHKEGJ R J : J : M/OKBDJsFIHKJLB < A�\ g J > B <�g J : b
��JLEGC Ë¡<�× R JLBÉh fKf EGC R A :Kg J : �LJLE g�>Y] Js[xJLE�CGP R EGJ ~�@<�:�g J : P WY< C�EGJLBDA :KgüR JsB ´TA :KR H @U H�C�J E wS JLBDH @< C >D: E�Pv�LAKB 4 JLP <�wô> C @<�:Kg J : P W?< C�E�JsBDA :�gÈË������W�����u�l���������W�����l�/�l�G× A :KR R E�J 4 JsP <�wQ> C @<?:Kg J : P WY<Y}

C�E�JsBDA :�g Ë������W�����l�u�l�G× b ��JsE�C Ë¡f¸×NR JLB	h fKf EGC R A :�g J : J :�> H @< C >(R EGJ�Z U JsÚi�LEGJ :�> J : R JLB j EGJLB(Z UXw O U?}: J :�> J :8R JsB�Z U PDE : AKP�P >�@U BDA :�g P f=< PDE�P b� JLE R J :TwÊ@<�:�: C�EGFIHKJ : M/OKBDJsFIHKJLB : E�P >NR E�J w E >D> CGJLB�J 4 JsP <�wô> C @<�:�g J : P WY< C�EGJLBDA :Kg Å l ½X¾ \ @AKB R J :SVUXWY< C ��NPO»�/l Å l ÅXÅ�\ @AKB �VQSO»� A :KR Å l Å � \ @AKB �RT/OG� A :�Ru�RUWO»� b�� < P w E >D> C�JsBDJ S JsBDH @< C >": EGP R JLB ~ @<�:Kg J : P }W?< C�E�JsBDA :�g�R JLB�´TA :KR H @U H�C�JV�LAKB 4 JLP <�wô> C @<�:Kg J : P W?< C�E�JsBDA :�g5Ë������W�����u�l���������W�����l�/�l�G× EGP > \ @AKB ��N�OG� A :KR�RQSO»�#:=< HKJs�LA : JLA > B < C l [ @< HKB�J :KR �RUWO»� JLE : J-PDFIH�[ < FIHKJ�A :KR��VT�O»��w E > ½ l À?^ JLE : J < AKP g JLOKB @<�g�> JLBDJS JLBDC @<�:Kg JsBDA :�goR JLBx´TA :KR H @U HKCGJNE wÛS JLB g C�JsE�FIH��LA�B 4 JLP <�wô> C @<�:Kg J R JLPxM > E wiwvWY<�:=< C�P < A�\Õ[�JsE�P�J : b� JLE R J : [xJLE f C�EGFIHKJ : M/OKBDJsFIHKJLB : C�E�J g�>�R E�J w E >D> C�JsBDJ 4 JsP <�wQ> C @<?:Kg J : P WY< C�EGJLB�A :Kg �LA R J : A :�> JsB }
PDFIHKEGJ R CGE�FIHKJ :#SVUXWY< C�J :�w E > J > [ < ½ l � yTÅ l ½ R JLA > C�EGFIH#A :�> JsB R JLB R JLB w8@<�:K: C�E�FIH�J : ��JLP > P�OKBDJsFIHKJLB bÆ E�JsByE�P >�R=< P S JsBDH @< C >": EGP R JLB ~�@<�:Kg J : P WY< CGE�JsBDA :Kg�R JsBq´TA :KR H @U H�C�J��LAKB 4 JsP <�wQ> C @<?:Kg J : P WY< C�EGJLB�A :Kg
J f J : \ < CGC�P f JLE w��RT/OG��w E > ½ l À�À f JLP UX:KR JsBDP < AKP g JLOKB @<�g�> b � JLE ��N�OG� CGE�J g?> JLE : J-C�JsE�FIH > J S JLB�PDFIHKEGJ }f A :Kg�R JsP S JLBDH @< C >D: E�P�PDJLP*�sAÃJLE : JLB j JsBDP >Á@< B W
> J : M WY< C�EGJLB�A :Kg-R JsB�´TA :KR H @U HKC�J³E w{S JsB g CGJLEGFIHu�LAKB
4 JsP <�wô> C @<�:�g J j�U B b �RUWO»� A :KR �RQ�OG� P�E :KR�:=< HKJs�LA : JLA > B < C b nVP�[�A�B R J < CGP UQW JLE :Ãg JLP�FIHKC�JsFIH > PDP�O�J }
�LEGµKPDFIHKJsBx��BDJ :KR�f JL� @A g C�EGFIH R JLP S JLB�H @< C >D: E�P�PDJsP j�UX: ´TA :KR H @U HKC�J��LA�B 4 JLP <�wô> C @<�:Kg J�\�JLP >Dg JLP > JsC�C > b� EGJ 4 JLP <�wô> C @<�:Kg J : P W?< C�E�JsBDA :�gNR JsB w8@<�:K: CGE�FIHKJ : ��JLP > PDOKB�JLFIHKJsBxJsB g E f�> A JsB > J��s[�E�P�FIHKJ : ½ l ��À
A :KR Å l ��À�b h	AKP R J : h fKf E�C R A :Kg J : ^Kb Å � f E�P ^Kb Å � WY<�:K: \ U C g J :KR J · A U B RK: A :Kg jXU B g J :KU�wvw J :
[�JsB R J : Þ � E�J w @<�:K: CGE�FIHKJ : M/OKB�JLFIHKJsB � A :KR � JsB�\ < H�BDJ : g J g J : @A f JLB R JsB w E >D> C�JsBDJ : M WY< C�EGJLB�A :Kg
JLE : J g B @U �XJsBDJ 4 JLP <�wô> C @<�:Kg J : P WY< CGE�JsBDA :Kg�l [ @< HKB�J :KRTR E�JsPDJ f JLE�M/OKB�JLFIHKJsB ¾ l À l � A :KR Å ½ B�JLC <Y> E jW CGJLE : EGP > b M/OKB�JLFIHKJsBQÅ l ^ l ` A :KR � CGE�J g J : E w ´TE >�> JsCG\�JLC R b� < P S JLBDH @< C >D: E�P R JLB ~�@<�:Kg J : P WY< CGE�JLB�A :Kg R JsBT´TA :KR H @U HKC�JÝ�sAKB 4 JsP <�wQ> C @<?:Kg J : P WY< C�EGJLB�A :KgË������W�����/�l���������W���u�l�u�l�G× JLB g E f/> P U [ U HKC=\ @AKB R EGJ wÊ@<?:K: C�EGFIHKJ :�< C�P < AKFIH�\ @AKB R EGJ�[xJLE f C�E�FIH�J : M/OKB�JLFIHKJsBW JLE : J :T< AKP g JLO�B @<�g�> J : ��B�J :KR b¸� E�J³Z U JsÚi�LEGJ :�> J : �sAKB�Z U PDE : AKP�P >�@U BDA :�g P f=< PDE�P R JsB wÊ@<�:�: C�EGFIHKJ :
M/OKBDJsFIHKJLB�C < PDPDJ : J f J : \ < CGC�P W JsE : J5��J :KR J : �oJLB W J :�: J : b� JLE R J : [xJLE f C�E�FIH�J : M/O�BDJLFIH�JLB : �sJLE g J : JLE : J�B�JLC <?> E j5W CGJLE : J 4 JLP <�wô> C @<�:Kg J : P WY< CGE�JsBDA :Kg M/OKB�J }
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