
��� �������
	�� �����	���������
	 ����� ���
�������� ���

Ca2+  �!��"#"#$%�&$(' ��)�����*� �
	 �&$%�+$,���-$

.�/10325476�892:6�;<;1=>6@?A=
∗1 BDC 6125;<4E?A?GFH892JIK/L4L?A?A= 2 BDM /K2N=O;<F�PQ6<RS6@?O0@F 2 6@/L0UTD=O4E2JVE67FW?GFHXY4�Z&6@/1F 1

1 []\G^J_�`Oab\Gced+fNahg!iS\<jGfNklgm`nc3_Nab\ o:_Sp�qEf�\ rJd+`tsu\ awvxiS\<y�\ sb_Sp�z _+`t{�g9|E}�y~g�f�ahdNo�gm`OrNg���pS�
�~���
�Qy<\ s�_Sp�j �
2 []\G^J_�`Oab\Gced+fNahg!iS\<|7\ g~z g�{S\ _Sp�qEf�\ rNd�`Os5\ awvxiS\�y<\ s�_Sp�r�\ _!�~_�f!��d+fJgD�~�
pm�
�~���
�Qy<\ s�_Sp�j �
� c3_�\GzG�7�Kf�i�`OdN_Q|1`>_�o:oJ\ _�z \ ∗ ���+`>_�o:oJ\ _+�1im\O}G��f+\G^�\O} \ a:���!_+`>o�d�z�z g�|1`n��fNd�z�z \���c���`n��fNd�z�z \ �@�+\ g�z g�{S\ _S}���f+\G^�\O}�\ a:� � f�`l\ o:g���_Naw_�z i
g �
dNo:_Naw_�z i
g��@��\ g~z g
{m\ _S}G�
f�\G^+\O}�\ a:�~y<\ d+`¡^�_Jg~z g�[1d:{
_�fJg �@i�d�{
_�fJg��1iS\O}���f�\G^+\O}�\ a:�
∗ �<gm`n`td:s:^+g~f�im\GfJ{!_��Na5¢Jgm`

£¥¤x¦7§L¨
© ªK§

«e¬��®m¯1°²±�³�´¶µE·¹¸@º�»:ºm¼�½²¾�¿�ÀtÁÃÂÄÀ Åhº�»�¾~À º¶Á�¾
º
»�À�»�Æ�º�Á~º
Ç�ÈJÀtÁ~ÉÊÅ5½ÌË�ÍÎ¼ÃÂ�¼¶½¡É�º�¼~Ï�¼�ÀtÂ ¼<Æ�ÀOÂÄÀ È�Ð�Ë�ÅWÅhË<½�Í�¼�Â
Ñ º
»N¾~½�ÀtÒSÈJÀ Ë�ÁÓÈ�º�¾�¿�Á�À�Ô�Õ~º
»Q¼<Á Ñ ¼<Á�¼�Â Ð~»�À�»9ÍÖº
È�¿~Ë Ñ Ë�Â Ë�É7À�º
»�×ÙØ�¿~º�»:º�¼<ÂÄÂ ËmÚÛÆ�Ë�È�¿¹È�¿~ºÜÒ�¿~º�Á~Ë�Í9º�Á�¼
ÀOÁSÏ~º�»�ÈJÀ�É�¼SÈ�º Ñ È�Ë�Æ�ºÊÒ�½Ìº�¾~À »�º�Â Ð ÍÖË Ñ º¶Â º Ñ ¼�Á Ñ Ï�ÀO½¡È�Õ�¼�Â�º+Ý�Ò�º�½�ÀOÍ9º�ÁSÈ�»�È�Ë�Æ�ºÓÒ�º¶½nÅhË�½bÍÖº ÑßÞÄàÓá�ÞOâÄÞtã
ä�åxæ Õ�¾�¿
º�Ý�Ò�º¶½wÀtÍÖº¶ÁSÈ�»YÍ9¼
Ð�½¡º�»+Õ�Â È9ÀOÁ-º�¼�»�À�º�½uçLÅw¼~»:È�º�½uçE¼�Á Ñ »�¼~ÈJÀ »:Å²Ð�ÀOÁ~É ¼�Ò�Ò�½ÌË�Ý<ÀtÍ9¼~ÈJÀ Ë�Á~»�Ë�ÅeÈ�¿~º�ÀO½ ÞOàßè+Þ>é�êbä
ëKè+Þnè+ä
¾�Ë�Õ�ÁSÈ�º¶½�Ò�¼¶½¡È�»
×xì#Ò�½ÌË�Í�À�»�ÀtÁ~É�¼<Ò�Ò�½ÌË�¼¶¾~¿�À�»�½¡º¶Ò�½Ìº
»�º�ÁSÈ�º Ñ Æ�Ð¹È�¿~º�»�È�Õ Ñ ÐÓË�ÅxÆ�À�Ë�Â Ë�É7À�¾�¼�ÂLÒ�¿~º¶Á~Ë�ÍÖº¶Á�¼Ü¼~»D¼
¾�Ë�ÂOÂ ºm¾�ÈJÀ Ë�ÁÜË�Å�ÀtÁSÈ�º�½²¼�¾�ÈJÀ Ï~º�º�ÁSÈJÀ ÈJÀ º�»DÈ�¿�½ÌË�Õ~É7¿�Ò�½ÌË7¾
º
»�»Q¾�¼�Â�¾~Õ�ÂÄÀ7ºmÔ�Õ�ÀOÒ�Ò�º Ñ Ú�À È�¿-»:È�Ë7¾�¿�¼~»:ÈJÀ�¾�»:º¶Í9¼�ÁSÈJÀ�¾
»
×
Ø�¿~º�»:º¹º�Ý�Ò�Â Ë7À È ÅhË�½�Í�¼�Â<É�½ÌË7Õ�Á Ñ » Ñ º
Ï~º¶Â Ë�Ò�º Ñ ÀOÁ-È�¿~ºYÈ�¿~º�Ë�½nÐÓË�Å3¾
Ë�Á�¾~Õ�½b½¡º¶Á�¾�Ð�ÀtÁ-¾
Ë�Í�Ò�ÕSÈ�º¶½W»N¾SÀ�º�Á�¾
º�ç
¼�¾�¾�Ë�Õ�ÁSÈ!ÅhË�½&È�¿~ºÜÁ~Ë�È�¾�Ë�ÁSÈJÀtÁ�Õ~Ë7Õ~»
ç�Á~Ë�½ Ñ À�»�¾�½¡º
È�º�ç&Á�¼SÈ�Õ�½Ìº�Ë�ÅxÍ�¼�ÁSÐ�Ò�¿~º�Á~Ë�ÍÖº¶Á�¼<çLº¶Á:í5ËSÐ�Á�À�¾
º
¾�Ë�Í¹Ò�Ë�»�À ÈJÀ�Ë7Á�¼<ÂEÒ�½ÌË�Ò�º¶½¡ÈJÀ º�»�¼�Á Ñ ¼�ÂOÂ ËSÚ%ÅhË�½W»�ÀtÍ�Õ�Â�¼SÈJÀ�Ë7Á~»�È�¿�¼~ÈQ¿�¼~Ï~ºÓÆ�º�º�Á Ñ º¶ÍÖË�Á~»�È�½²¼SÈ�º Ñ È�Ë�Æ�º
¾�Ë�¿~º¶½¡º¶ÁSÈ!Ú�À È�¿ Ñ ¼~È:¼ÊÀtÁ ÂGÀ È�º�½²¼SÈ�Õ�½Ìº�×
îKï~ð+³�ñ ò�ð
·ÓóÓË�ÈJÀ Ï�¼~È�º Ñ Æ�Ð�È�¿~ºÊÁ~º
º Ñ È�ËÃ¼ Ñ�Ñ ½Ìº
»�»�»:Ë�Í9º�¼~»�Ò�ºm¾+È�»DË�Å3È�¿~ºYÅ5Õ�Á�¾�ÈJÀ Ë�Á�ÀtÁ~ÉÊË�ÅxÁ~º¶Õ�½Ì¼<Â
»�Ð�Á�¼<Ò~»:º�»�ç1ÚôºÜ¿�¼SÏ~º Ñ º
Ï~º¶Â Ë�Ò�º Ñ Ë�Á~º�»+Õ�¾�¿�Í9Ë Ñ º¶Â<ÅhË�½�È�¿~º�¾�¼~»�º�Ë�ÅeÈ�¿~º ã+õ�â ö~÷Ãä<øWù�ú�âOû »:Ð�Á�¼�Ò~»:º�×�ü�Õ�½
»�È�Ë�¾~¿�¼�»�ÈJÀ�¾ÓÍÖË Ñ º�Â1¿�¼~»ÖÆ�º
º¶Á Ñ ½²¼�ÚQÁ�Å5½ÌË7Íý¼Êþ~ÀtÁ~º�ÈJÀ�¾ÓÍÖË Ñ º�Â1Æ�¼�»:º Ñ Ë�Á-ü�ÿ��7» Ñ º�Ï~º¶Â Ë�Ò�º Ñ ÀOÁÃÂGÀ È�º�½²¼SÈ�Õ�½Ìº�×
��Ý�Ò�º¶½wÀtÍÖº¶ÁSÈ�»Y¿�¼SÏ~º�¾
Ë�ÁSÇ]½bÍÖº Ñ È�¿~º-¾�Ë�¿~º¶½¡º¶Á�¾
º�Ë�ÅeÈ�¿~ºYÈwÚÙË�ÍÖË Ñ º�Â »
×xüYÕ�½�ÍÖË Ñ º�Â<Ë�Ï~º¶½Ì¾
Ë�ÍÖº�»D»:Ë�ÍÖº
ÂGÀtÍ�À È:¼SÈJÀ�Ë�Á~»DË�ÅeÈ�¿~ºÜþ�ÀOÁ~º
ÈJÀ�¾�Ë�Á~º�¼�Á Ñ ç�È�ËÊË�Õ�½�þ¶Á~ËmÚQÂ º Ñ É�º�ç�½¡º¶Ò�½Ìº�»:º¶ÁSÈ�»�È�¿~ºYÇ@½¡»:ÈÖÒ¶½¡Ë�¾�º�»:»Q¾�¼�Â�¾�Õ�ÂGÀ]Æ�¼�»:º Ñ
ÍÖË Ñ º�Â�Ë�ÅÙ¼ÃÒ¶½¡º�»�Ð�Á�¼<ÒSÈJÀ�¾�È�º�½bÍ�ÀtÁ�¼�Â>×��(ºÓ¿�¼SÏ~º-ÀtÍ�Ò¶½¡Ë�Ï~º Ñ È�¿~º�º�Ý�Ò¶½¡º�»:»+À Ï~º¶Á~º
»�»QË�ÅeÈ�¿~ºÃÍÖË Ñ º�Âtç1º�×GÉ1×DÆ�Ð
º�Í¹Æ�º Ñ�Ñ ÀtÁ~ÉÃºm¼~»�ÐÜ¾
Ë7ÁSÈ�½ÌË�Â »DË�Å3º�Â º�Í9º�ÁSÈD¾
Ë7Á�¾
º¶ÁSÈ�½Ì¼~ÈJÀ Ë�ÁÓÈJÀOÍ9º�¾
Ë7Õ�½Ì»:º�×ôì�»:º¶Á~»�À ÈJÀ Ï�À ÈwÐÜ¼�Á�¼<Â Ð~»+À »9¿�¼~»�Æ�º�º�Á
Ò�º¶½¡ÅhË�½�Í9º Ñ ÅhË�½�È�¿~ºÊÆ�¼~»�À�¾�¼<Á Ñ º¶Á�¿�¼�Á�¾
º Ñ ÍÖË Ñ º�Â�ÚQÀ È�¿ ½¡º�»+Õ�Â È�»DÈ�¿�¼~ÈÖÍ�¼�Ð�¿~º�ÂOÒÜ¾~Â�¼¶½wÀ Å²Ð�È�¿~º Ñ Ð�Á�¼<Í�À�¾�»
Ë�ÅeÏ~º�»�¾~À�¾�Â º�»Ö¼<Á Ñ ½Ìº�¼¶¾+ÈJÀ�Ë�Á�½²¼SÈ�º�»
×

�



� ±�´¶�ñt³¶ð��Ä±�´¶ð�·9Ø�¿~º Ñ º
Ï~º�Â Ë�Ò�º Ñ Í9Ë Ñ º¶ÂLÒ�Ë7ÀtÁSÈ�»�È�ËÊ»+Ò�ºm¾SÀ Ç�¾ÊÒ�½Ìº
»:Ð�Á�¼�ÒSÈJÀ�¾ÓÍÖºm¾~¿�¼<Á�À »�ÍÖ»�×�Ø�¿~º�»:º¹¾
¼<Á�Æ�º
Å5Õ�½nÈ�¿~º¶½3¼<Á�¼�Â Ð~»:º Ñ ç�ÅhË�½ÙÀOÁ~»:È:¼�Á�¾
ºÊÆ
Ð¹»�È�Õ Ñ Ð�ÀtÁ~ÉÊÈ�¿~ºÊÒ�½Ìº
»:Ð�Á�¼�ÒSÈJÀ�¾ÜÆ�º�¿�¼~Ï�À Ë�Õ�½ÙÕ�Á Ñ º�½x½¡º¶Ò�ºm¼SÈ�º Ñ
¼�¾�ÈJÀ Ï�¼~ÈJÀ Ë�Á~»�×���Õ�½¡È�¿~º�½ ÍÖË Ñ º�Â »�¾
¼<ÁÃÆ�º Ñ º�»�À�É7Á~º Ñ ÅhË�½eË�È�¿~º�½xÆ�½²¼�ÀtÁ¹º¶Â º¶ÍÖº¶ÁSÈ�»DÚ�À È�¿�ÀtÁ�È�¿~º�»N¼�Í9º
Å5½Ì¼<ÍÖº�ÚÙË<½�þ�×�Ø�¼�þ�ÀOÁ~ÉÃ¼ Ñ Ï�¼�ÁSÈ:¼�É�º�Ë�ÅeÈ�¿~º¹¾�Ë�Í�Ò�Ë�»�À ÈJÀ Ë�Á�¼<ÂGÀ ÈwÐÓË�ÅWË�Õ�½e¼�Ò�Ò¶½¡Ë�¼�¾�¿<çLË�Á~º�¾
¼<ÁÓ¼�»:»�º�Í¹Æ�Â º-¼
ÍÖË�½Ìº Ñ º
È:¼�ÀtÂ º Ñ Á~º�Õ�½²¼�ÂLÍ9Ë Ñ º¶Ât×��>Á�È�¿~ºÊÂ Ë�Á~ÉÜÈ�º¶½�Í-ç�ÚÙº-¼¶½¡ºÓÀtÁSÈ�º¶½¡º�»�È�º Ñ çKÀtÁ�Ò�¼¶½¡ÈJÀ�¾�Õ�Â ¼¶½uç ÀOÁÜ¼ Ñ�Ñ ½Ìº�»:»�ÀtÁ~É
ÍÖË Ñ º�Â »DË�ÅW»�Ð�Á�¼<ÒSÈJÀ�¾ÜÒ�Â ¼�»�ÈJÀ�¾SÀ ÈwÐ�ç À>×Gº�×�¼¶¾+ÈJÀ Ï�À ÈwÐ Ñ º¶Ò�º�Á Ñ º¶ÁSÈ�¾~¿�¼<Á~É�ºÊÍÖºm¾~¿�¼<Á�À »�ÍÖ»�çLÚQ¿�À�¾�¿Ü¼�½ÌºYÈ�¿~ºÜÆ�¼�»:º�»
Ë�ÅxÍÖº¶ÍÖË<½nÐÜ¼�Á Ñ Â ºm¼¶½�Á�ÀtÁ~É Ò¶½¡Ë�¾�º�»:»�º
»�×
óÓË�½Ìº�Ë�Á�È�¿~º�¾
Ë�Í�Ò�ÕSÈ�º¶½W»�¾~À�º�Á�¾
º�»+À Ñ º�ç1ÚôºÜÒ�Â ¼<Á�È�ËÃÅhË7ÂOÂ ËmÚ�»�Ë�ÍÖº Ñ Àt½¡ºm¾�ÈJÀ Ë�Á~»DÅhË�½ÙÀtÍ�Ò¶½¡Ë�Ï�ÀtÁ~ÉÜÈ�¿~º
Õ�Á Ñ º�½bÂ Ð�ÀOÁ~É ¾�Ë�Í�Ò�ÕSÈ:¼~ÈJÀ Ë�Á�¼<ÂLÍÖË Ñ º¶Â�¼�Á Ñ È�¿~ºÜÂÄÀOÁ~É�Õ�À�»�ÈJÀ�¾ÓÒ�½�ÀtÍ�À ÈJÀ Ï~º�»9À È9Ò�½ÌË�Ï�À Ñ º�»�¼~»D»�Õ~É�É�º�»�È�º Ñ Æ�Ð-È�¿~º
º�Ý�Ò�º¶½wÀtÍÖº¶ÁSÈ�»Q¾�¼�½b½�À º Ñ Ë7ÕSÈ+ç1º�×�ÉL×�Æ
ÐÊÀtÁSÈ�½¡Ë Ñ Õ�¾SÀtÁ~É�¼�Á~Ë�ÈJÀ Ë�Á-Ë¶Å���»�Ò�¼SÈJÀ�¼�Â
	9Â Ë7¾�¼�ÂÄÀ È�Ð�×

� ©xª���9¨��������
���������� "!�#%$'&)(+*,!.-�$0/1(+-%$0*�23!�#%$'-%$546$0&8769%:;$0�<!�7>=�#%�8 6#@?A!�#%��7>�% 6#%9%�@!.!�$�/B#%�%76&876 6��$�*.#C(>*D9���7E-%�%/0$�-F(
#G�% 6$H(>:;76�%�<!�7>=I����=J7>��:K(+!��876�L�8�M!�#%$'NC$0&8-M7>=O��$0�%�,76P%��7>&�76 >Q>2��,$0RG�%���,���% S!�#%$'��!��8&��8T1(+!���76�K7>=
:K(+!�#�$0:K(+!��8/1(>&U:K7E-%$0&8���% H!�7"-%$0*,/0�,��PV$W!�#%$W/076:;9%&8$5XY-@Q@�%(>:K�8/0*D7>=�!�#�$ZP���76&876 6��/0(>&V9%��7E/0$�*�*�$�*�(+�%-
*[!���:\�%&)(+!����% \�%$�]^/076&8&)(>PV76��(_!���7>�%*.(>:;76�% SP���76&876 6��*[!�*�2@9%#<QE*��8/0�8*,!�*`(>�%-M/�76:K9���!�$���*,/0�8$0�<!��8*,!�*Za � 2[b_ced
fD#%$ZP%�%�8&�-%�8�% gP%&87@/BhG*�7>=I�%$0����(>&i*[Q@*[!�$�:K*`(>��$'!�#%$'�%$0����76�%*�2C]�#%��/B#j(>��$W*,9U$�/0�)(+&���T�$0-Y$��%h_(>�,Q>7>!��8/
P%�876&�7> 6��/0(>&U/�$0&8&�*�(>P%&8$�!�7"/07>:K:g���%��/0(+!�$�]��k!�#M$1(+/B#l7>!�#%$0��(+!�#%�8 6#%&kQL*,9U$�/0�)(+&���T�$0-Y/�76�<!B(>/5!`*,�8!�$0*
/0(>&�&8$0-M*,QE�C(>9�*�$0*�d�mn�M 6$��%$0��(>&o2%$0(>/B#l��$0�%�,76�j/�76�%*,��*,!�*�7>=p(S*,76:L(_!���/'/�$0&8&��%&�(>��PV7@-@Q62%76�M]�#%�8/B#l(
4+(>�,�)(>P%&8$��G�%:gPV$0��7>=�!�#%�8�M$0&�7>�% <(+!�$0-M*,!����%/5!��%�,$0*�/1(>&8&�$0-Y-�$0�%-%�,�8!�$0*�/076�<46$��� 6$H(>�%-Y=J�,76:q]�#%�8/B#l(
&876�% "*��8�% 6&�$�*,!��,�%/�!��%��$Z/1(+&�&�$�-M(_X@76�F$0:;$0�� >$0*02CP���(>�%/B#����% "���M*,$�46$���(>&r*[Q@�%(>9�!��8/'!�$0�,:K�8�C(>&8*0dpfD#%$
*[Q@�%(>9�!��8/'!�$0�,:K�8�C(>&8*.7>=�!�#%$'!���(>�%*,:K�k!�!��8�% g�%$��%��7>�tsu!�#%$W9%�,$0*,QE�C(+9�!��8/Z$�&�$�:K$��G!Bv.*�$0��-j*,�� 6�C(+&�*DP<Q
�,$0&�$0(>*��8�% "/B#%$0:;��/0(>&w:;76&�$�/0�%&8$0*ZsJ�%$0�%�,7>!���(>�%*,:K�k!�!�$���*�vx!�7S!�#%$W-%$��%-%�,�8!��8/�9C(>�[!�7>=I!�#%$W��$�/0$0�k4E���% 
�%$��%��7>�tsJ9U76*[!�*[Q@�%(>9�!��8/'!�$0�,:yv�a{z+ced

fD#%$Z*,QE�C(+9%*�$�*�(>�,$�!�#%$W9%&�(>/0$�*�7+=I=J�%��/�!��876�C(>&|/076�<!B(+/�!�*�PV$�!n]x$0$��}�%$0����76�%*�2C]�#%$0�,$W!�#%$
�8��=J76��:K(+!���76�y�8*D*,!�76��$�-l(>��-M!���(>��*�:;�8!�!�$0-Y=J��7>:q76�%$'!�7K(+�%7>!�#�$0���%$0����76�wdx~EQE�C(+9�!��8/W!���(>��*�:;��*�*,��76�
�8*�(;/�76:K9�&�$5Xy9%��7E/0$�*�*��%7>!�/�76:K9�&�$�!�$0&kQL�%��-%$0�,*,!�7E7E-w�O�,���%�D/0������$��<!�hG�%7�]�&�$�-% 6$W/07>�%/0$����%�8�% 
*[Q@�%(>9�!��8/'!���(+�%*�:;��*,*���7>�Y���M�%$0����76�C(+&i�%$�!n]x76��hG*`7>=I!�#%$WP%��(+���Y��*�/�76:K9%(>��(>P�&�$�!�7K(S9%��T0T0&8$W���
]�#%�8/B#j:;76*[!D7>=r!�#%$'9���$0/�$0*�(>�,$�*,!���&�&U:K�8*�*,���% +�Ha
�>ced����%���,$0�<!�hG�%7�]�&�$0-� 6$W76�Y*,QE�C(>9�*�$0*���*DP%(>*�$�-F7>�
!�#%$Z(>�C(>&kQ@*,��*D7>=O("&���:;�8!�$0-K�E��:gPU$���7>=O$�X@9U$�����:;$0�<!�(>&w*,QE�C(+9�!��8/Z:;7E-%$0&8*02�]�#%�8/B#F]x$0�,$H/B#�76*�$��j=J76�
!�#%$0�8�D$5X@9U$����8:K$��G!�(>&r(>/�/0$0*,*��8P%��&8�8!nQ6d

���%$Z(>*,9U$�/�!�7>=r!�#�$'*,QE�C(>9�!���/'!���(>�%*,:K�8*�*��876�y/�76�%/0$����%*D!�#%$'���<467>&846$�:K$��<!`7+=I/0(>&�/����%:���7>�%*.���
!�#%$W9%��$�*,QE�C(>9�!���/W!�$���:;���C(>&U/076�<!���76&i7>=�!���(>�%*,:K�k!�!�$��.��$�&�$0(>*�$+2%]�#%��/B#M].(+*�#<QE9V7>!�#%$�*��8T0$0-j:L(+�GQ
Q>$1(>�,*�(> >7K(+�%-j:;76�,$���$�/0$0�<!�&8QM-%$�:K76��*,!���(+!�$�-�a��_ced�fD#%$Z�%$0�%�,7>!���(>�%*,:K�k!�!�$��.��$�&�$0(>*�$W��*D:;$0-��)(+!�$0-

b



P<QM$5X@7E/0�k!�76*,��*D7>=I*,QE�C(>9@!���/'4>$0*�/���/�&�$0*\s *,:L(+&�&|$�&�$�:K$��G!�*D/076�<!�(>���%�8�% S!�#%$W�%$��%��7+!���(+�%*�:;�8!,!�$0�,*Bv
&87@/0(+!�$�-j(_!D!�#%$W9%�,$0*,QE�C(+9�!��8/H*,7+?n/0(>&�&8$0-M(>/5!��84>$'T076��$La � ced�fD#%$W$0&�$�/�!�����/0(>&w*,�� 6�C(+&�*Zse(+/�!��876�
9V7>!�$��<!��)(+&�*Bv.(+�����k4E���% S(_!D!�#%$W*,QE�C(+9�!��8/W!�$0�,:K�8�C(>&w�8�%-%�%/�$�!�#%$W769V$0�%�8�% "7>=�!�#%$

Ca2+
/B#C(>���%$0&8*0d

fD#%$W!���(>�%*,��$0�<!�$�&�$�4+(+!���76�M7>=�!�#�$Z�8�<!�$0�,�C(>&
Ca2+

/�76�%/�$0�<!���(+!��876�M���Y!�#%$W9%�,$0*[Q@�%(>9�!��8/Z!�$0�,:K�8�C(>&
!����� > 6$0�,*D*,QE�C(>9�!���/'46$�*�/���/0&8$W$5X@7@/��8!�76*��8*02C(>��-j#%$��%/0$W!�#�$Z��$0�%�,7>!���(>�%*�:;�8!,!�$��D��$0&8$1(>*,$
sJ/1(>&8/0����:"?o!����8 6 6$���$0-E?n��$�&�$0(>*�$�#<Q@9V7>!�#%$0*,��*Bv�dxmn�<!�$0��$�*,!����% 6&kQ62C/B#%$�:K�8/1(>&|:K$�*�*�$��% 6$���*\s ���<!���(>/�$0&�&8�%&)(+�Bv
(>��-j:;7@-��%&)(+!�76��*'s $5XE!���(>/�$0&�&8�%&)(+�Bv��,$0 6��&)(+!�$�!�#%$W��$�&)(+!���76��*�#%�89YPU$5!n]�$�$0�}(+/�!��876�M9U7+!�$0�<!��)(>&|(>�%-
�,$0&�$0(>*�$W�8�j(S*[Q@�%(>9�!��8/'!�$0�,:K�8�C(>&e2E]�#%�8/B#j�8*�(>&�*,7;(>&8!�$0��$�-MPGQY!�#%$W��$�9U$0(+!�$�-l(>/5!��k4@�k!nQ6d��`&�&U!�#%$0*,$
!�#%���% >*�:K(>h+$�!�#%$W9%�,$0*,QE�C(+9�!��8/Z!�$0��:;���%(>&w(ShG���%-M7>=I/07>:K9%�@!B(+!���76�C(+&|�%�%�k!12�]�#���/B#F/B#C(>�% 6$�*`�k!�*
76�@!�9%��!�PC(+*�$0-j76�M�8!�*D9%��$54@�876�%*�(>/5!��84E�k!nQY(>�%-M76�� 676���� S:K7E-%�%&�(+!��876�wd

mA!D:\�%*,!DPV$��%7+!�$0-y!�#C(+!.!�#%$
Ca2+

*��� >�C(>&�*�]�$���$'�%�%(>/0/�$0*�*,��P%&8$�!�7S-�����$�/�!�:K$0(>*��%�,$0:;$0�<!�*D��9
!�7;=J$5]^Q6$0(>��*�(> >7%d�fD#%$07>��$�!���/0(>&r(>�%-M=J�%�%/5!���7>�C(>&|*[!��%-���$0*�#C(146$W*,�% 6 6$�*,!�$�-j!�#C(+!�/1(>&8/0�8�%:q(+/�!�*�76�
9%�,$0*[Q@�%(>9�!��8/Z4>$0*,/0��/�&�$�*`P<QM(S&�7E/1(+&w#G�% 6$Z(>�%-M*�#�76�,![?n&��k46$�-F$�&�$54>(_!���7>�Y7>=O�k!�*D/�76�%/0$��<!���(_!���7>�wdfD#%$
&87@/0(>&��k!nQL(+�%-j��(>9%�8-%�8!nQL7>=I!�#%$W/076��/0$0�<!���(+!���76�Y4+(>����(+!��876�y�,$0�%-%$���!�#%$W*,!��%-�QY7>=�!�#���*�9%#%$��%76:;$0�%76�
�%7+!�(+9%9%��76(>/B#C(>P%&8$�]��8!�#M!�#%$W/076�<4>$0�<!��876�C(>&r:;��/0�,76*�/�769%�8/���:K(> 6�8�% H!�$0/B#%�%�8RG�%$0*�d��`:K76�� "!�#%$
:;$�!�#%7@-�*�$��<4@�8*�(> >$0-M!�7"7�46$0�,/076:;$W!�#%�8*D&���:;�8!�(+!��876�%*�2<76�%$'46$��,QY=J�����8!�=J��&|��*D!�#%$'*�7+?A/1(>&8&�$�-F�,$�4>$0��*,$
(>9�9%��7<(+/B#w2C���Y]�#%�8/B#

Ca2+
�%��/1(> 6�8�% "��*D�8�%-%�%/�$0-F���Y!�#%$W9%�,$0*[Q@�%(>9�!��8/W$0&�$�:K$��<!1d�fD#%$Z�%�%/0(> 6���� 

:;$�!�#%7@-M�8�%-%�%/�$0*�*�9C(+!��)(>&8&8Q;#%76:;76 6$��%$07>�%*
Ca2+

$0&8$�4+(+!��876�w2%�8:K9�&8QE���% Z!�#C(_!`:;$1(+*��%�,���% g!�#%$

Ca2+ � ��76��$�*�/0$��<!�����-%��/0(+!�76�� 6�84>$0*�(>�M���%-���/1(_!���7>�y7>=�!�#%$W��$0(>& Ca2+
*�$��%*�$�-lP<QY!�#�$W4>$0*,/0��/�&�$�*0d

fD#%�8*�$5X@9U$����8:K$��G!�(>&i:;$�!�#�7@-Y#C(+*�PV$0$��}(>9�9%&��8$0-y!�7S!�#%$W*,!���-�QM7>=�!�#%$W&)(+�� 6$�*[QE�C(>9%*,$\7>=�!�#%$
(>��-%�8!�76�,QK!���(+/�!�7>=�!�#%$W/0$��<!���(+&i�%$0�[4676�%*�*,QE*[!�$0:F23/1(>&8&�$�-Y/1(>&kQGXY7>=���$0&8-wd	�j76�,$07�46$��023�8!�#C(+*DPU$�$0�
9V76*�*,��P%&8$�!�7"P%�%�8&�-F(S:K�8�%��:K(>&3hG���%$5!��8/':K7E-%$0&U=J76�.!�#%$W9%�,7@/�$0*,*`7>=�!�#�$

Ca2+
!����8 6 6$0�,$0-Y46$�*�/���/0&8$

�,$0&�$0(>*�$+d
��&�*,7%2%76��$Z/0(>�F����=J$��D&�7E/1(>&
Ca2+

*��� >�C(>&|]�(146$�=J7>��: ]�#%�8/B#j�8*D/076:;9C(+!���P%&8$`]��8!�#F!�#%$
$�X�9V$0�,��:;$0�<!B(+&i-C(+!B(S76�Y!�#%$'!���:;$'/07>�%��*,$H(+�%-l(+:K9%&8�8!��%-%$�7+=O�,$0&�$0(>*�$ a��@2�_cod

�j7>*,!�7>=�!�#%$W:;7@-%$�&�*.!���$1(_!����� g!�#%$W/1(+&�/0�8�%: !����8 6 6$0�,$0-M��$�&�$0(>*�$'�8*�*���$0*�9%��$�*�$0�<!`*�76:;$
:;$�!�#%7@-�76&�76 >��/1(+&U&8��:;�8!B(_!���7>�%*0drfD#%$�*�$Z:K7E-%$0&8*02C(+�%-F(>:K7>�% S!�#%$�:q!�#%$W/0(>&8Q<XM7>=��`$�&�-M:;7@-%$�&o2@�%*�$
-%���|$���$��G!��)(>&|$0RG�C(+!���76�%*D!�7;-�$0*�/����8PU$'!�#�$W!���:;$�/07>�%��*,$H7>=�a

Ca2+
ce2%!�#%$

Ca2+
/�76�%/0$��<!���(_!���7>�

s
mole× liter−1

v��8�G!�$0��(>/�!����% S]��8!�#Y!�#%$W*,QE�C(+9�!��8/W4>$0*,/0��/�&�$�*0dfD#%��*�(>9�9%��7<(+/B#j�8:K9%&8��$�*x!�#%(+!
a
Ca2+

cr�8*D/076�<!��8�G�%76�%*�2%]�#%��&8$'�8!D�8*D/0&�$0(>��&kQy�%7+!Za��+ced
�C76�D$5X�(>:;9%&8$>2�]��k!�#F(
Ca2+

/�76�%/�$0�<!���(+!��876�
7>= ���

µM
���F(S4676&8�%:K$�7>= ���

nm3
!�#%$0�,$Z�8*�(;*,���% >&�$�=J�,$0$W��76�|d����%7>!�#%$0�D/�76:;:K76�F(>*,*��%:;9�!���76�

�8*.!�#C(+!�!�#%$WP%���%-����% S7>=�!�#�$
Ca2+

!�7S!�#%$W��$�&�$0(>*�$W*�$��%*�7>�`7>=�!�#�$W4>$0*,/0��/�&�$W-%7E$0*��%7>!�(��|$�/�!�!�#%$
a
Ca2+

cr/�76�%/0$��<!���(_!���7>� a��+ced���&8*�7S!�#%�8*�(>*�*,�%:K9@!���7>�Y��*D�%7>!�9%�,769V$0��&kQY(>-�$0RG�C(+!�$>�/076��*���-�$0���8�% S!�#C(_!
!�#%$'-%��:;$0��*���7>�%*.7>=r!�#�$�46$0*,/0�8/0&�$W-%��(>:;$�!�$���*.��(>�% 6$����y!�#�$'���<!�$��,4+(>& � ��?[b6b

nm
2%���M(\4>76&���:K$�7+= ���

nm3
!�#�$0��$W/�76�%&�-MPV$'=J$�]

Ca2+
�876�%*�2C(>�%-M]�#%$0�F*�7>:K$W7>=�!�#%$�: P%�8�%-Y!�7S!�#%$'4>$0*�/���/�&�$Z*�$0��*�76�,*02

!�#%$W�E��:gPU$���7>=O/0(>&�/����%: ��76��*D/076�%&8-M/B#C(>�% 6$W*,�%P%*,!�(>�<!���(>&�&kQ6d�mn�Y!�#%$�*�$Z/1(>*,$0*�23!�#%$W�%*�$Z7>=O(

z



*[!�7E/B#C(>*,!���/Z(>9%9���7<(>/B#j(>9%9V$1(+��*D!�7"PV$Z:\�%/B#j:;76�,$W(>9%9%�,769%����(+!�$+d
fD#%$Z-%$5!�$0�,:K�8�%��*[!��8/'(>�%-Y!�#�$Z*[!�7E/B#C(>*[!���/Z(>9�9%��7<(+/B#l(>�,$�!�#%$W:K(>���y=J7>��:K(>&��8*�:;*x!�7

:K(+!�#�$0:K(+!��8/1(>&8&8Q"-%$�*�/0�,��PV$'!�#%$'!��8:K$�$�467>&���!���76�M7>=O(S/B#%$0:;��/0(>&i*,QE*,!�$0: ]�#%�8/B#j�8*D*�9C(_!��)(+&�&8Q
#%7>:K76 >$0�%$�76�%*0dmn�M!�#%$'NC�,*,!`(>9%9���7<(>/B#|2%!�#%$'!��8:K$�$�467>&���!���76�Y7>=I!�#%$W(14>$0��(+ 6$H:;76&8$0/0��&)(>�
9V769%�%&�(+!��876�%*.7+=I!�#%$W/B#%$0:;��/0(>&w*�9V$0/���$�*`9%�,$0*,$0�<!��8�F(" >�846$��F4>76&���:K$W(>�,$'-%$0*,/0�,��PV$0-lP<QM(S*[Q@*[!�$�:
7>=I/07>�%9%&�$�-w2%NC�,*,!�76��-�$0��-%� �U$0�,$0�<!���(>&|$�RG�C(+!��876�%*�2ChE��7 ]��l(>*���$0(>/�!���76�M��(_!�$0*�$�RE�%(+!��876�%*0d�fD#�$
*,$0/07>�%-}(>9�9%��7<(+/B#j:g��*,!�PU$'�@!���&8��T�$0-y]�#%$��j!�#�$ � �%/�!��C(+!��876�M���Y!�#�$Z:;76&8$0/0��&)(>�x9U769��%&)(+!���76�L&�$�4>$0&8*
(>�,$W��:;9U76�[!B(>�<!02@=J76�D$�X%(+:K9%&8$�]�#%$0�M!�#�$Z�G�%:\PU$���*�9U$��D�%�%�8!D4>76&���:K$'7>=�!�#�$Z:;76&8$0/0��&)(>�x*�9V$0/0�8$0*
�8�G4>76&84>$0-j(>��$W*,:L(>&8&odImn�F!�#%$W*,!�7E/B#C(>*[!��8/H(+9%9%��76(>/B#w2%!�#�$Z*[QE*,!�$�: ��*D-%$�*�/�����PV$0-FP<QY!�#%$W*,7+?n/0(>&�&8$0-
�n:L(>*[!�$��D$0RG�C(+!���76�@��2�]�#%�8/B#j�%*,�C(>&8&8Qy�8*D���<!���(>/�!�(>P%&8$>d�� *,!�7@/B#%(>*,!���/'*��8:g�%&�(+!��876�Y(>&8 676���k!�#%: #C(+*
PV$0$��l9%�,769U7>*�$0-F��� a ��� ci!�7"7 4>$0�,/076:;$'!�#%$�*�$Z-%� � /0��&8!��8$0*�d

��$0/�$0�<!�&kQ623*,!�7@/B#C(+*,!��8/�!�$�/B#%�%��RG�%$�*�#C(14>$HPV$0$��l(>&8*�7"(>-�769�!�$�-j�8�M/076:;9%��!�$0��*�/���$0��/0$'!�7
:;7@-�$0&wRG�C(>�<!��8!B(_!��84>$Z(>*�9V$0/5!�*�7>=I���<!�$���(>/5!��84>$W*,QE*,!�$0:;*�]��k!�#%�8�Y/076�%/��%���,$0�%/5QM!�#%$�76�,Q>d
��76��/0�%�,��$0��/�QM!�#%$�76�,QY(>��:;*�!�7":;7@-�$0&|!�#%$WPU$�#C(14@�876�%��(>�%-Y!�#%$W*,!��,�%/�!��%��$Z7>=I*,QE*,!�$0:;*`/�76:;9U76*,$0-
7>=O(>��!�76�%76:;76�%*D/�76:;9%��!B(_!���7>�C(>&|$��<!��8!���$�*02�]�#%�8/B#j-@Q@�%(>:K�8/1(>&8&8QK���<!�$���(>/5!�76�%$']��8!�#F(>�%7>!�#%$0��2
9V76*�*,��P%&kQy�,$0/07>��NC 6�%�,���% S!�#%$W*,QE*,!�$0: �8!�*�$0&k= d��.!�!�#%$WPV$0 6�8�%�%�8�% %2�*[!�7E/B#C(>*[!���/W:;7@-�$0&�*�#C(146$ZPU$�$0�
�%*,$0-F!�7"*,!��%-�QM9V$0�,=J7>��:K(>�%/0$��_!��8:K$`��$�&)(+!�$0-F9%��769V$0�[!��8$0*02�$>d{ %dra � � cod�fD#�$Z*[!��,76�% K(>�C(>&876 6��$�*
PV$�!n]x$0$��}/076��/0�%�,��$0�<!�(>�%-F&��k4@�8�% g*[Q@*[!�$�:K*�2%�n/0$�&�&�*.(>*�/076:;9%��!�(+!��876�@�\a � b_co2C#%(>*D=J76*,!�$0��$�-F!�#%$
-%$546$�&�769%:;$0�<!`7>=p~EQE*,!�$�:K*����876&�7> >Q}a � z�2 � �>co2�(;*[QE*,!�$�:K�8/Z(>9%9%�,7<(>/B#M!�7"&��k4@�8�% g*[Q@*[!�$�: :K7E-%$0&8���% �d
�D/�/076�,-%���% "!�7S!�#%��*D:;$�!�(>9%#%76��2%/0$�&�&8*02%:;76&�$�/0�%&8$0*�(>��-FP���76&876 6��/0(>&%�[(>/5!��84>$5��/076:;9U7>�%$0�<!�*�2C�od{$>d
!�#%76*�$Z/1(+9C(>P%&8$'7>=O$�X@#%��P%�k!��8�% "(SPU$�#C(14@�876�%��2C(>��$Z(>*,*��8:K�8&)(+!�$0-L!�7;/�76:;9%��!�$���9%��7E/0$�*�*�$�*02C!�#�$
/�76:K9���!B(+!���76�%(>&|�%���8!�*�7>=O(S/076��/0�%�,��$0�<!`*�7>=u!n]�(>�,$Z*[QE*,!�$�:jd�fD#%$��w2CP%��7>&�76 6�8/1(>&V���<!�$0��(+/�!��876�
/�76���,$0*�9V76�%-�*�!�7;9���7E/0$0*,*`/�76:;:g�%�%�8/1(+!���76�wd��xQY/�76:K:\�%�%��/0(+!��8�% %2E9%��7E/0$�*�*,$0*�:K(1Qy$�X�/B#%(>�% 6$
�8��=J76��:K(+!���76�y7>�D*,QE�%/B#%�,76�%��*,$Z!�#%$0:;*�$�&84>$0*023�ed�$+dp!�#%$5QY���<!�$���(>/5!�76�%$�]��8!�#l(+�%7>!�#�$0�0d
�I���C(>&8&8Q>2�(
P%�876&�7> 6��/0(>&U$�X@9U$�����:;$0�<!02C76�DP%��7>&�76 6�8/1(>&V(>/5!��k4@�k!nQy�8�F >$0�%$���(>&e2%#C(>*D!�#�$0�j("-�����$�/�!�/07>����$�*�9V76�%-%$��%/0$
�8�G!�7"/076:;9%��!�(+!��876�wdpfD#C(_!`�8*02%P���76&876 6��/0(>&39%��7E/0$�*�*,$0*�/0(>�F�%7>!�76�%&kQyPV$W*���:\�%&)(+!�$0-YP<QY�8�F*,��&8��/07
$�X�9V$0�,��:;$0�<!�*�23P%��!�(>&8*�7"�8!D�8*�9U76*,*��8P%&�$�!�7;=J7>��:K(>&�&kQ"��$1(+*�76�j(>PV76��!D!�#�$0���D/�76:;9%��!B(_!���7>�C(>&|:;7E-%$0&8*
(>��-j�8��=J$0�D9%�,769V$0�,!���$�*D7>=O�8�<!�$0�,$0*[!1d	����7E/0$0*,*`/0(>&�/��%&��w(>��$W(g=J76�,:L(>&8��*,: !�7K-�$0*�/����8PU$W*���/B#l:;7@-%$�&�*��
*[Q@*[!�$�:K*`(>��$W/�76:K9V76*,�8!��876�C(>&8&8QS-�$0*�/����8PU$�-l���y!�$0�,:K*�7>=I*��%�k!B(>P�&�$W(>P%*[!���(>/�!���76�%*D7+=I!�#%$0�8�
/�76:K9V76�%$��<!`PV$0#%(�4E�876�%�0d�~E$�46$���(>&r9%�,7@/�$0*,*`/0(>&�/��%&��V]�#%76*�$�� 7>9U$���(+!�76��* �'(>�,$W76���8$0�<!�$�-F!�7
-%$�*�/�����P����% "-%���|$���$0�<!`(>*,9U$�/�!�*�7>=IP%��7>&�76 6�8/1(>&3�8�G!�$0��(>/�!���76�w2�#C(146$ZPU$�$0�F9%��769V76*,$0-F$>d{ %dra � ��
 � _cod
~@7>:K$'7>=I!�#%$�*�$W/1(+&�/0��&��w#C(14>$HPV$0$��j$�RE����9%9V$0-M]��8!�#F*[!�7E/B#C(>*[!���/W*,$0:K(>�<!���/�*����Y76�,-%$0�D!�7"*[!��%-�QY!�#%$
RG�C(>�<!��8!B(_!��84>$W$�467>&���!���76�%*D7+=O*[Q@*[!�$�:K*�2V$+d� �dra ��� 2 � ��
Gb � ced�fD#%��*�(>9%9���7<(>/B#FPV$0�%$5N%!�*�=J��76:
/�76��,�% <(_!����� "!�#%$Z(>P%*[!���(+/�!�(>�%-F/07>:K9V76*��k!��876�C(>&U(>&� >$0P%��(>��/�:;7E-%$0&8*02@!�#%$W9U7>*�*��8P%��&8�8!nQK7>=I9%��$�/0��*,$0&kQ
-%$�*�/�����PV$W!�#%$����.*,$0:K(>�<!���/�*�(>�%-M=J76��:K(>&�&kQ"��$0(>*�76�����% ;(>PV76��!�!�#�$0:F2C(>�%-Y!�#�$ZRG�C(+�G!��8!�(+!��k46$

�



(>�%(>&8QE*��8*D9%��7�4E��-�$0-FPGQM*[!�7E/B#C(>*[!���/'*,$0:K(>�<!��8/0*0d��OX@$0/���!B(>P�&�$Z��:;9%&�$�:K$��G!�(+!��876�%*�7>=�!�#%$W/1(+&�/0��&��i(>��-
(>�%(>&8QE*��8*.!�7E76&�*.(>��$W9%�,7 4E�8-%$0-wd

mn�M!�#%�8*D/076�<!�$5XE!123:;7>!��k4>(_!�$0-YP<QF(>-�-%��$�*�*��8�% "*�76:;$Z(>*�9V$0/5!�*�7>=�!�#%$'=J�%�%/5!��876�%���� S7>=O��$0�%��(>&
*[Q@�%(>9%*�$�*023]�$Z#C(146$Z-%$546$0&8769V$0-j("*[!�7E/B#C(>*[!���/W:;7@-�$0&w7>=�!�#�$Z/0(>&�/����%:�!��,�� 6 6$���$�-F�,$0&8$1(>*,$'���Y!�#%$
/0(>&8Q<XM7>=��`$�&�-M*,QE�C(+9%*�$+dD���%�.]x76��hY*[!B(>�[!�*D=J��76:q(S-%$�!�$0��:;������*,!���/�:;7E-%$0&w9���$0*,$0�<!�$�-l�8� a��_ce2%=J��76:
]�#%�8/B#F]x$Z#C(146$Z-%$0�,�846$�-l(S*,�%�8!�(>P%&�$'*[!�7E/B#C(>*[!���/W:;7@-�$0&odOfD#%��*D#C(+*�*,�%P%*,$0RG�%$0�<!�&8QFPU$�$0�
=J76�,:L(+&���*,$0-YP<QY:;$1(>��*�7+=p(S��$�9%��$�*�$��G!�(+!��876�FPC(>*�$�-l76� ���k?A/1(>&8/0�%&8�%*'a�b6b_ce2%���Y]�#%�8/B#F!�#%$WPU$�#C(14E��76�%�
7>=

Ca2+
(>�%-M46$�*�/���/0&8$0*�#C(>*�PV$0$0�F-%$�*�/0�,��PV$0-j(>�%-F/076:;9V76*�$�-F!�7"=J7>��: !�#%$W*,QE�C(>9@!���/'!�$0��:;���%(>&od

�j7E-%$�&i-%$�4>$0&�7>9%:K$��<!�#C(+*DPU$��%$�N%!�$0-F=J��76:q!�#%$Z(>PV7 4>$W:K$��G!���76��$0-Y=J$1(+!��%��$�*02C&8��h>$':;7E-%�%&)(+�
-%$�*��8 6�w23(>P%*[!���(>/�!���$�9%��$�*�$��G!�(+!��876�F7>=I!�#%$W/076:;9V76�%$0�<!�=J�%�%/5!��876�%���� "(>�%-M*,!�7@/B#C(+*,!��8/
�8�G!�$0�,9%��$5!B(+!���76�M7>=�!�#%$W*[Q@*[!�$�: -�QE�C(>:;��/0*�d�fD#%$0�|2V�8�M*���&8��/�7g$5X@9V$0���8:K$��<!�*�#C(146$ZPU$�$0�j/1(>�,����$�-M76��!
P<QM:;$1(>�%*D7+=I!�#%$W*,!�7E/B#C(>*[!��8/ ��� ?n/1(+&�/0��&��%*.*,��:g��&)(+!�76�D~ ��� � a�b>z+ce2�]�#%�8/B#j�,$09%�,$0*�$��<!�*�7>�%$W7>=I!�#%$
:;76*,!�/�76:;9%&�$5!�$W(>�%-F$5X@9%�,$0*,*��84>$\*,��:g�%&�(+!��876�L$��<4@�8��76��:K$��G!�=J76�D*[!�7E/B#C(>*[!���/W/0(>&�/��%&��U/0�%�,��$0�<!�&8Q
(14+(>��&�(>P%&8$>d���P�!�(>����$0-M��$�*��%&k!�*�(>��$W/�76#%$0�,$0�<!�]��8!�#Y!�#%76*�$'=J�,76: !�#%$W-%$�!�$0��:;������*,!���/�:;7E-%$0&8*D(>�%-
]��k!�#F7>!�#%$���*����Y&8�8!�$0��(_!��%�,$>d
�j7>��$07�4>$0�02C!�#%$W$5X@9%��$�*�*,�846$��%$0*,*'7>=�!�#%$W:;7@-%$�&w#C(>*�(>&8&�7�]x$0-Y�%*�!�7
$0(>*��8&8Qy:;7E-%�%&)(_!�$�/0(>&�/����%: ].(14>$0*02V#%$�&�9%�8�% "�%*D!�7"��-%$��<!��8=uQL*�76:;$'/0�,�8!���/1(+&|9V76���<!�*�7>=�!�#�$Z:;7E-%$0&
(>��-F!�#%$W9C(>�,!�*�7>=I!�#%$W7�46$0��(>&�&|9%��7E/0$�*�*�!�#C(+!�*,$0$�: !�7;9%&)(1QY(S:;76��$'�,$0&8$�4+(>�<!���76&8$>d ��$5Q676��-j!�#�$
$�X�9V$0�,��:;$0�<!�*�#%$���$Z��$�9U76�[!�$�-w2C76�%��(>9�9%��7<(+/B#l(>9�9U$0(>��*D!�7"PV$W���<!�$���$0*[!��8�% %2%�8�M!�#%$W&�76�� g!�$0�,:j2@=J76�
!�#%$W-%$�4>$0&�7>9%:K$��<!�7>=I:;76��$�/�76:;9%��$�#%$0�%*,�84>$H*[!�7E/B#C(>*,!���/W:;7@-%$�&�*.7+=O*[Q@�%(>9�!��8/'=J�%�%/�!���76�����% %d
�j7>��$07�4>$0�02C!�#%$W$5X@9U$����8:K$��G!�*`/0(>���,��$�-F7>��!�*�7"= (>�D#C(146$ZPV$0$0�F 6�k46$0�F���<!�$0��$�*,!����% "����*��� >#G!�*�(>PV76��!
!�#%$W&����� 6�%��*[!��8/�:;$0/B#C(>����*�:;*.!�#%(+!�/076�%&8-M�%*�$5=J�%&�&kQy$5XE!�$0�%-F!�#%$W$5X@9%�,$0*,*��84>$0�%$�*�*�7+=I!�#%$W/1(>&8/0�%&8�%*0d

fD#%$Z:;7@-%$�&i(>�%-M�k!�*D-%$546$0&8769%:;$0�<!�(>��$'-%$�*�/�����PV$0-F���Y!�#%$W�%$5XE!`*�$0/5!��876� ��$�*��%&k!�*�(>�%-
���8*�/��%*�*,��76�w2C]�#%$���$']x$\(>&8*�7S�,$09V76�,!�76�M*�7>:K$W7>=�!�#%$W$�X�9V$0�,��:;$0�<!�*�-%7>�%$>d	�I$���*,9U$�/�!��k46$�*�7>=�!�#%$
(>9�9%��7<(+/B#l(>�,$W-%��*,/0�%*,*�$0-j���j��76�%/�&��%*,��76��*0d

���3¦|���A§<¦%©������
	¡¦�ª��x¦7¦�	8���
� $W#C(146$H(>9%9%&8��$0-F(S*,!�7@/B#%(>*,!���/Z(>9%9%�,7<(>/B#w2CP%(>*�$�-j76�Y!�#%$Z(>&� 67>���8!�#%:����<!��,7@-%��/0$0-M�8� a ��� ce2�!�7
-%$�*�/�����PV$W!�#%$'/0(>&�/����%:�!����8 6 6$���$0-M�,$0&�$0(>*�$W:;$0/B#C(+�%��*,:K*D*[!��%-%�8$0-F���y!�#%$W:K7E-%$0&|*,QE*,!�$0: 7>=�!�#%$
*[Q@�%(>9%*�$H/1(>&kQ<XY7>=��`$0&8-wd����%�D*,!�(>�,!����% "9V76���<!.]�(>*�!�#%$'=J76&8&�7�]����� g9%#%$��%76:;$0�%76&876 6�8/1(>&VhG���%$5!���/
:;7@-�$0&o2@-%$0*,/0�,��PV$0-l�8� a�� cod�$0*,/0�8/0&�$�*�(>��$W(>/5!��k4>(_!�$0-Y!�#%��76�� 6#l(S9%�,7@/�$0*,*`7>=�N%4>$H/0(>&�/����%:�P%����-%���% 
*[!�$09�*�(>��-j$546$0�<!��C(>&�&kQY��$�&�$0(>*�$�-F]��k!�#F(S 6�84>$0�FhE�8�%$�!���/'��(+!�$'/�76�%*,!�(>�<!1d�fD#%��*D9���7E/0$0*,*`�8*
-%$5!�$���:;���%$�-jP<QM(S/07E769V$0��(+!��k4@�k!nQL= (>/5!�76�

b
d�$0*,/0�8/0&�$�*�(>��$'�,$09%�,$0*�$��<!�$0-}(>*

V
2%!�#�$Z�8�<!���(+/0$0&8&��%&�(>�

/0(>&�/����%:q(>*
Ca2+

i

2%!�#%$W��$0&8$1(>*,$0-M46$�*�/0�8/0&8$0*`(>*
T
(>�%-Y!�#%$WhE�8�%$�!���/'��(+!�$W/07>�%*,!�(>�<!`�,$0&�(+!��k46$�!�7

4>$0*�/���/�&�$Z��$0&8$1(>*,$'��*
γ = 6000 s−1

d�fD#%$W4+(>&��%$�*D7>=�!�#%$W7>!�#%$0��/07>�%*,!�(>�<!�*�7>=I!�#%$W:K7E-%$�&w(>�,$

kon = 9× 107 M−1s−1
2
koff = 9500 s−1

(>��-
b = 0.25

�

�



Ca
2+

i + V

5kon
−−−→

←−−−−

koff b0

V
Ca2+

i
+ Ca

2+

i

4kon
−−−→

←−−−−−

2koff b1

V
2Ca2+

i
+ Ca

2+

i

3kon
−−−→

←−−−−−

3koff b2

V
3Ca2+

i

V
3Ca2+

i
+ Ca

2+

i

2kon
−−−→

←−−−−−

4koff b3

V
4Ca2+

i
+ Ca

2+

i

kon
−−→

←−−−−−

5koffb4

V
5Ca2+

i

γ
−→ T

fD#%$Z9C(>��(>:;$�!�$���*D7>=�!�#�$ZhG�8�%$�!���/':;7@-%$�&|]x$0��$Z/07>:K9%�@!�$0-FP<QM(gN%!�!����% "7>=�!�#�$Z$�X@9U$�����:;$0�<!�(>&
-C(_!B(�d�fD#%$�*�$Z#C(>-FPU$�$0�F76P�!�(>���%$�-YP<QM:K$0(>�%*D7>=I$0&8$�4+(+!��8�% \!�#%$W���<!���(>/0$�&�&���&)(>��9%��$�*,QE�C(>9@!���/Ka

Ca2+
c

�8�j(S/�76�<!���7>&�&�$�-w2%#%7>:K$� 6$0�%$�76�%*�(>�%-F*,!�$09@?A&��8h>$':K(>�%�%$��Wa��_ced

���������
	����������	������������������������

fD#%$Z9%�,$�4E��76��*�$�RG�C(+!��876�%*�#C(146$WPV$0$��j!���(>�%*[=J76��:;$0-MP<QY��!���&��8*��8�% \!�#�$Z�,$0&�(+!��876�%*�#���9yPV$�!n]x$0$��l!�#%$
*[!�7E/B#C(>*,!���/W��(_!�$W/076��*,!B(+�G!�*Hs

c
v�(+�%-M-%$�!�$0��:;������*,!���/���(+!�$W/�76�%*,!�(>�<!�*Hs

k
v'a b+�+cod
�C76�D�,$1(>/5!���7>�%*D7>=

!�#%$'NC��*[!`7>��-%$��02
c = k

d	�37>�D��$1(+/�!��876�%*D7>=I*�$�/076��-l76�,-%$0��2�!�#%$W�,$0&)(_!���7>�%*�#%�89YPU$�/076:;$0*

c = k/(NA× V )
2E]�#%$0�,$

NA
��$�9%��$�*�$��G!�*�!�#%$ �r4676 <(+-%��7��{*��G�%:gPV$0��(>�%-

V
!�#%$�4676&8�%:;$�7>=r!�#%$

�,$1(>/5!���7>�wd
�`$��%/0$+2V�8�M76��-%$��D!�7"-%$�!�$0�,:K�8�%$�!�#%$'4+(>&8�%$0*D7>=�!�#�$Z*[!�7E/B#C(>*[!���/W��(+!�$W/07>�%*,!�(>�<!�*02%]x$
�%$�$0-F!�7"$0*[!���:K(+!�$�!�#%$'4+(>&���$'7>=

V
dx~@9C(+!��)(>&8&8Q62G!�#�$Z/0(>&8Q<Xy7>=���$0&8-j�8*D76�� <(+�%��T�$0-F(>*�(\� 9C(>��(>&�&8$0& �

(>�,��(>�� 6$0:;$0�<!�7>=O("&�(>�� >$'(>����(1QY7>=O(>/�!��846$WT�76�%$0*�23��(>�% >���% g=J�,76: z � � !�7;(>&�:;76*,! � ��� a b>�_cod��D/5!��k46$
T�76�%$0*�23$1(>/B#j/076�<!B(+���%�8�% S�%9Y!�7 ��� 46$�*�/0�8/0&8$0*02V(>�,$'/0&8�%*,!�$0��$�-j�8�M 6��76��9%*�7>=p(+PU76�@! ��� 7>=I!�#%$0:F2C���
(g467>&��%:;$�#C(14E���% "(g-��)(>:;$�!�$0�.7>=I(>&8:K7>*,! �

µ
:jd��(>/B#j(>/5!���7>�y9U7+!�$0�<!��)(>&|(>/�!��84+(+!�$�*D(>&8&U!�#�$W(>/�!��846$

T�76�%$0*�d.~E�%/B#l9C(+�,!��8/0�%&�(>��:;76�,9%#%7+?o=J�%�%/�!���76�%(>&|76�, <(>�%�8T1(+!���76�L7>=I!�#%��*D*[QE�C(>9%*,$H#C(+*`(+&�&�7�]x$0-M�%*D!�7
:;7@-�$0&i(S*���P%�%�%�k!�7>=I!�#%$W9%��$�*,QE�C(>9@!���/W$�&�$0:;$0�<!02%/076��*���*[!��8�% "7>=p(S/�&��%*[!�$0�D7+= ��� (>/5!��k46$'T07>�%$>2C$0(>/B#
/�76�<!B(>�8�%���% � � 4>$0*�/���/�&�$0*�2C���F(g4676&8�%:;$'7>= � d � ���

−15 liter
d�� �k!�#Y!�#%�8*.4676&8�%:;$'$0*,!���:K(+!�$+2�]x$

#C(14>$H76P@!B(>�8�%$0-Y!�#�$W=J7>&�&�7�]��8�% \4+(>&���$0*.=J76�.!�#%$W*,!�7E/B#C(>*[!��8/Z/�76�%*[!B(>�<!�*��

con = 9× 107 / (6.02× 1023
× 0.5× 10−15) s−1 ! 0.3 s−1

2
coff = 9500 s−1

2
γ = 6000 s−1

(>��-
b = 0.25

2%(>�%-Y!�#%$�=J7>&�&�7�]��8�% \�G�%:gPV$0�,*�7>=
Ca2+

�876�%*��z ��� 2�z ����� (>��- � ����� 2@/076�,��$0*,9U7>�%-%���� 
!�7S:K76&�(>�/076��/0$0�<!���(+!���76�%*�a

Ca2+
cw7>= � 2 ��� (>��-Fb �

µ
� d@fD#%$'$0RG�C(_!���7>�%*�7>=r!�#%$�*,!�7@/B#%(>*,!���/�:;7@-�$0&

(>�,$Ks �%7>!�$'!�#C(+!02C(>/�/076�,-%���% S!�7ja��_ce2%]�$W�,$09%�,$0*�$��<!�46$�*�/���/0&8$'=J�%*��876�F(>*D!�#%$W9%�,7@-%��/�!��876�Y7>=�!�#%$
�,$0&�$0(>*�$�-F4>$0*,/0��/�&�$

T
2C(>P%*[!���(+/�!��8�% %2�=J7>�D*���:;9%&8��/0�k!nQ62G=J��76:�!�#%$Z(>/5!��C(+&iRE�%(>�<!��8!���$�*D���<4676&k46$�-j�8�M!�#%$

NC�%(>&i*,!�$09l7+=I!�#%$W��$0&8$1(>*,$'9%��7E/0$�*�*�v5�

Ca
2+

i + V

5con
−−−→

←−−−−

coffb0

V
Ca2+

i
+ Ca

2+

i

4con
−−−→

←−−−−

2coffb1

V
2Ca2+

i
+ Ca

2+

i

3con
−−−→

←−−−−

3coff b2

V
3Ca2+

i
+ Ca

2+

i

V
3Ca2+

i
+ Ca

2+

i

2con
−−−→

←−−−−

4coffb3

V
4Ca2+

i
+ Ca

2+

i

con
−−→

←−−−−

5coff b4

V
5Ca2+

i

γ
−→ T

�



� $W#C(146$Z9U$��,=J76�,:K$�-j(S*,$0���8$0*�7>=I*���:\�%&)(+!���76��*x]�#%�8/B#j/�76��NC�,:K$�-M!�#%$W��$�*��%&k!�*�76P�!�(>���%$�-Y]��8!�#Y!�#%$
-%$5!�$���:;���%�8*,!��8/�:;7@-%$�&o�p#��� 6#M*�$��%*��k!��k4@�k!nQy7>=�46$�*�/���/0&8$0*�!�7"/1(+&�/0�8�%:q/�76�%/�$0�<!���(+!��876�%*Za�� cod	�j7>��$07�4>$0�02
]�#%�8&�$'*,$�46$���(>&r7>!�#%$0��*[Q@�%(>9%*�$�*��,$0RG�%���,$Z("/0(>&�/����%:�/07>�%/0$��G!���(+!���76�F���Y!�#%$W��(>�% >$'7>= � ��� ? z ���

µ
�

=J76�.!����8 6 6$0�,���% g4>$0*,/0��/�&�$W��$�&�$0(>*�$�*Ha � ce2C�8!D�8*DhG�%7�]��j!�#%(+!�!�#%$W&�7E/1(+&|/1(+&�/0�8�%:�/076�%/�$0�<!���(+!��876�F/1(>�FPU$
:g��/B#j&87 ]x$0�D!�#C(>� �����

µ
� ���Y!�#�$Z/0(>&8Q<Xy7>=���$0&�- a��_ced��'�����,$0*,�%&8!�*`(+&�*�7S/�76��NC�,:q!�#���*D��$�*��%&k!12CP<Q

*,#%7�]����% "!�#C(_!�/076�%/�$0�<!���(+!��876�%*�(>*�&�7�]^(>* � 2 ��� (>��-}b �
µ
� (>�,$W(>P%&�$�!�7"-%$09%&8$�!�$W!�#%$W��$�&�$1(+*�(>P%&8$

9V7@7>&w���F(g=J$�]^:K�8&�&��8*�$�/076�%-�*0dOmn�M!�#�$W=J7>&�&�7�]��8�% \]x$W]��8&�&w�,$09V76�,!�(S*�(>:K9�&�$'7>=I76�%�D�,$0*���&8!�*�d���(+/B#
76��$Z/�76�%*,��*,!�*�7>=I!�#%��$�$H9���/�!��%��$�*���$09V76�[!����� g!�#%$'!��8:K$�/076�%�,*�$Z7>=

Ca2+
2%!�#%$W&�76 <(+���8!�#%:;��/�*�/1(+&�$'7>=

�k!12�]�#%�8/B#j*,#%7�]�*`�8�<!�$0�,:K$�-%�)(_!�$�*[!B(+!�$0*�7>=O/0(>&�/����%:�P%�8�%-%���� %2C(>�%-F(S=J7@/��%*D76�M46$�*�/0�8/0&8$H(+/�!��k4+(+!��876�
s��������	�@v�(>��-j�,$0&�$0(>*�$;s�
�v52C��$�*�9V$0/5!��84>$0&kQ6d	�O�� >�%��$ � *�#�7 ]�*�*��8:g�%&�(+!��876�y��$�*��%&k!�*D=J76�.!�#%$'=J76&�&87 ]��8�% 
9C(+��(>:;$�!�$0��*��

V = 100 � Ca2+ ! �������
� con = 0.3 � coff = 9500 � γ = 6000 � b = 0.25

d�mA!�/0(>�MPU$
76P�*�$0�[46$�-l!�#C(_!D!�#%$W9V7@76&|7>=I4>$0*,/0��/�&�$�*`�8*  �

%
-�$09%&8$�!�$�-F]��k!�#%�8�Fz

ms
2C/�76#%$���$0�<!�&8Qy!�7"!�#%$

$�X�9V$0�,��:;$0�<!B(+&wNC�%-%�8�% 6*Wa��_cod

�O�8 6�%�,$ � �L~E!�$�9@?n&8��h+$L/1(+&�/0�8�%: �%�%/0(> 6���� s  ! � ��� �
�.( ! �������

�
�

on
! � d�z

�
�

off
! �<� � �

� γ ! � �����
�P ! � d b6�6v�d

�O�8 6�%�,$;b@� �t(14>$5?n&8��h+$S/1(>&8/0����: �%�%/0(> 6�8�% s  ! ��� � �
�.( ! �������

�
�

on
! � d z

�
�

off
! �<� � �

� γ ! � �����
�P ! � d b6�6v�d

� �� ��� 	 �  � ����	 ��� ��� ����������� ���

fD#%$Z$5X@9V$0�,��:;$0�<!�*�(>�%-F:;7@-%$�&�*.7>�
Ca2+

���%/1(> >���% Fa��_cr*�#%7�]x$0-l("#��� 6#M*�$��%*��k!��k4@�k!nQy7>=�46$�*�/���/0&8$
�,$0&�$0(>*�$W�8�F�,$0*,9U76��*�$W!�7;(S�%�%�8=J7>��:q$�&�$54>(_!���7>�Y7>=.a

Ca2+
cw���Y!�#%$W��(>�% 6$ ���

µ
� d�mA!�]�(>*��%7>!�/�&�$1(+�

]�#%$5!�#%$���4>$0�[QM*�#%76�[!Ha
Ca2+

ci$0&8$�4+(+!��876�%*�(>�,$'*�� � /���$0�<!�!�7"����-%�%/0$Z(S��$�&�$0(>*�$W*��8:K�8&)(>�!�7S!�#C(+!
�8�%-%�%/�$0-F-%�%���8�% ;(>�j(>/�!���76�Y9V7>!�$��<!��)(+&od�� ��$�/0$��G!�$�X�9V$0�,��:;$0�<!B(+&w]�76�,h a�b � cr#C(>*�(+-%-%��$�*�*,$0-l!�#%��*

�



�8*�*���$>d
� *�9C(+!��)(>&8&8Q;�%�%�k=J76��:q(>�%-M46$��,QM��(+9%��-%&kQL-�$0/1(1QE���� la
Ca2+

ci!���(>��*���$��<!12C76P�!�(>����$0-MP<Q
Ca2+

�%��/1(> 6�8�% "���Y!�#�$Z9���$0*,$0�%/�$\7>=O(>-%-�$0-
Ca2+

P%� �U$0��*�2%].(+*`�8�%-%�%/�$0-F���Y!�#%$W9%�,$0*[Q@�%(>9�!��8/W$0&�$�:K$��<!
7>=O("/1(>&kQGXy7>=��`$0&8-j*[QE�C(>9%*,$>d�fD#%��*�*�#�76�,![?n&��k46$�-Y$0&�$54+(+!��876�M7>=O/0(>&�/����%:�/07>�%/0$��G!���(+!���76�F#C(>*�PV$0$��
�,$�46$0(>&�$�-j!�7;PV$Z(>P%&8$�!�7S!��,�� 6 6$���46$�*�/���/0&8$W��$0&8$1(>*,$>d�� $Z#%(�4>$H�8�<!���7E-%�%/�$0-M���M76����:;7E-%$0&|(;*,��:;9%&�$
:;$0/B#C(+�%��*,: 7>=I/1(>&8/0����:q$5XE!����%*,��76�F��!��8&��8T0$0-L���F(S9%��$54@�876�%*,&8QY-%$546$�&�769V$0-F:K7E-%$�&�a b �_co23(+-C(>9�!����% 
!�#%$W��(+!�$Z/�76�%*[!B(>�<!�*�!�7S=J�%&kNC&�&U76�%�D�%$�$0-%*��

Ca
2+

i + P

c1
−→

←−
c2

CaP
c3
−→ Ca2+

o

]�#%$���$
Ca2+

o

��*.!�#%$W$5XE!��,�%-%$0-j/1(>&8/0�8�%:j2
P
��*�(+�j(+P%*,!���(>/5!���7>�F7+=p("9%�%:;9%���� S:K$�/B#C(>�%�8*�:F2

c1 = 8 s−1
2
c2 = 25 s−1

(>��-
c3 = 10000 s−1

d � $W#C(146$Z76P�!�(>���%$�-F("*,��:g��&)(+!�$0-Y/1(+&�/0�8�%: ]�(146$
&�(>*,!����% "(>PV76��! �

ms
(>�%-M]��8!�#F(S#C(>&k=I]��8-�!�# � d �

ms
2C/076��=J7>��:;���% g!�7"!�#%$W$5X@9V$0���8:K$��<!B(>&

�,$0RG�%���,$0:;$0�<!�*Ha�b � ced��'�Y!�#%$W&�$�=u!�*,��-%$W7>=��O�8 6�%��$'b@2C�8!D/0(>�FPU$W*�$�$0�j(;/0(>&�/����%: ]�(�4>$\&�(>*,!����% 
(>PV76��! �

ms
]��8!�#j(S#C(>&k=�]��8-�!�#F7>=O(>PV76��! � d �

ms
(>�%-F("9U$0(>hK4+(>&8�%$'7>=�(+PU76�@! ������� 2

/�76���,$0*�9V76�%-����% "!�7;(S9U$0(>hy/0(>&�/����%: /076�%/�$0�<!���(+!��876�M7>=pb �
µ
� dCmn�M!�#%$W���8 6#<!�*��8-%$'7>=�!�#%$W*�(+:K$

NC >�%��$+2%!�#%$W��$�&�$0(>*�$W7>=I76�%$'46$�*�/���/0&8$W/1(>�FPU$W76P�*�$0�[46$�-wd.��7>�%*��8-%$0�,���% S!�#%(+!`(S]�#�76&�$'9%�,$0*[Q@�%(>9�!��8/
$�&�$0:;$0�<!�/1(+�jPV$':L(+-%$'7>=O(>PU7>��! � � 7>=p7>�%�D*��8:g�%&)(_!�$0-Y/�&��%*[!�$���*02%!�#%��*��8:K9%&8��$�*x!�#%(+!�(S*����� 6&�$
(>/5!��876�M9U7>!�$0�<!���(>&o2�(>�%-F(>/�/076�,-%���% >&8QY(S*,���% 6&8$'/1(>&8/0�8�%:�]�(146$+2U�8*�(>P%&�$�!�7"��$0&8$1(>*,$Z("*,�� 6���8NC/0(>�<!
(>:;76�%�<!�7>=�46$�*�/���/0&8$0*�dxfD#%�8*���*�(>&8*�7"(>&876�% g!�#�$Z&8���%$'7+=I!�#%$W$5X@9U$����8:K$��G!�(>&|NC��-%���% >*Ha��@2��2[b � cod

� ����� ����� �������
�	�
mn�F76��-�$0�D!�7"9%�,7 4E�8-%$Z(" >��(>*,9j7>=�!�#�$Z*[QE�C(>9%*,$Z=J76�,:L(+&|:;7@-%$�&�*DPC(+*�$0-F76� ���k?n/0(>&�/��%&���*02@]x$WP%���8$ � Q
*,h>$�!�/B#}*�7>:K$W7>=I�8!�*D9C(>�,!�*0d�fD#%$Z&)(+�% 6�C(> >$�:K7E-%$�&�*D���<!�$0��(+/�!��876�M(>*�9C(>�8��*D7>=I����9%��! �_76��!�9���!
(>/5!��876�%*D7�46$���!�#%$W*�(>:;$'/076:;:g�%����/1(_!���7>�y/B#C(>�%��$0&xs�
	� ����>v5dfD#%$0*,$g(+!�76:;��/�(+/�!��876�%*D/0(>�jPV$
/�76:K9V76*,$0-F���F(S*�$0RG�%$��%/0$ys��������>vD76�D���F(>&k!�$����C(+!��84>$�/B#%76�8/0$0*\s�
	��� ��
��@vD*,7L(+*�!�7S=J76��:q(
9%�,7@/�$0*,*gs������! #"�"�" v5d	����7E/0$�*�*�$�*�/0(>�j�,�%�F���M9C(>��(>&�&8$0&Os$�%���'&)(����+v5d��O�� 6����$WzS��$�9U76�[!�*�*�7>:K$
$�X�/�$0�,9�!�*�=J��76: 76�%��:K7E-%$�&odOmn���8!���(>&�&kQ62@(S/076:;:L(+�%-Y*�$5!�*�!�#%$W-%�%��(+!��876�M7>=�!�#%$W*��8:g�%&�(+!��876� sJ#%$0�,$

0.005s
v52G!�#%$��Y*�76:;$�7+=i!�#%$�*[!�7E/B#C(>*[!���/`9C(>��(>:K$5!�$���*D(>�,$�-%$5NC�%$�-wdx��76:K:\�%�%��/0(+!��876�;/B#C(>�%��$0&�*�/1(>�

PV$Ks -�QE�C(>:;��/0(>&�&kQ�v�/0�,$1(+!�$0-jPGQy:K$0(>�%*�7>=�!�#%$+*-,�.Y/076:;:K(>�%-M(>�%-F#C(146$H(>*,*�7E/0�)(_!�$0-F(S*,!�7@/B#%(>*,!���/
��(+!�$KsJ!�#%��*�(+�%-F!�#%$W/0�%�,��$��G!�RG�C(>�<!��8!��8$0*D7>=O��$0(>/�!�(>�<!�*�-%$�!�$0�,:K�8�%$�!�#%$W9%�,76PC(>P���&��k!nQL7+=p(S��$0(>/�!���76�
�n#C(>9%9V$0�%�8�% +��!�#%�,76�% 6#Y!�#�$Z/B#%(>�%�%$�&uv5dx���%$W/1(+&�/0�8�%:���76� s/� �0���+vD/0(>�F���<!�$���(>/5!D]��8!�#F(S46$�*�/0�8/0&8$
s$1%���+vD7 4>$0�D!�#�$Z/B#%(>�%�%$�&213� �;]��k!�#M��(+!�$4���5*-67 98�"/6 sJPU$5Q676�%-jPU$����% ;(>P�&�$�!�7"-%7"7>!�#%$0�D!�#%���% >*Bv5d
��=u!�$0�D!�#%��*D/�76:K:\�%�%��/0(+!��876�w23� �����S-%�8*�(>9�9U$0(>��*ZsJ�8!�PV$0/07>:K$�*�!�#%$W�G�%&�&w9���7E/0$0*,*:���+vD(>�%-;1'���
PV$0/�76:K$�*<1-=>� �0���E2C]�#%�8/B#j�,$09%�,$0*,$0�<!�*�!�#%$WP%�8�%-%���� ;7+=I!�#%$'!n]�7%dfD#%�8*D��$0(>&��8*�$0*�("*�$�/076��-l76�,-%$0�
�,$1(>/5!���7>�wd
�O���,*,!�76�,-%$0�D�,$1(>/5!��876�%*�(>��$':;7E-%$0&8$0-F(>*D���<!�$0��(+/�!��876�%*.]��k!�#F(;*,���% >&�$�-%��:K:\QL:K7>&�$0/��%&�$
sJ*�7K(>*��%7>!D!�7;(>&k!�$��D*,!�7E/B#C(>*[!��8/Z-@Q@�%(>:K�8/0*�v5d
�C76�D����*,!B(+�%/0$+2-1-=>� �0���S/1(>�Y!�#�$0�F$0�8!�#%$0��(>/�/0$�9�!





7>!�#%$0��/0(>&�/����%: P%���%-����% 6*�76�D-%$0 >��(>-C(_!�$WPC(>/Bhy!�7K(+�F���EPV76�%��-j46$�*�/���/0&8$WPGQM/�76:;:g�%�%�8/1(+!����% \]��k!�#
!�#%$W-%�%:;:\Q���1>=-� �0���g!�#%�,76�% 6#��	13� �Cd���1>=-� �0���S��$�*,!�7>��$0* � �0� �g(>�%-F�8!�*,$0&k= d

�����
	�������
	������
����	��������! #"

�
�!�$��%'&� �()"*�+ 
�
�!��,-(-�.��/! 
�
�!�$��%10!02 �(43
5! !�!�.���768,96:,)6:,;6:,

&�	'<-���'�!=���%�&
 �>?��@��'&

���BADC:( �!%-E������GF�ADC
%��HE��2/����GF�AIC
���!�
%��HE
���JF�ADC

�.AICK( LM�����GFN�
O
���PADC

��O2���PADCQ(��2%RLM,2�����PFS�.ADC
%1�TLU�
/����PFS��O�/����BADC

V!�
O
���PADCW($E',!�����GF�AW���PADCYXZV!��O
���BADC�C

<�A[��&!\>]��&2�C:(
�2%4�2	2����^
=13
�!���!�����GF
��07�-_�(#��&!
�@�	�&`Aba!��%�0$���PADCYXca!��%�0�<�AI��&2#d-"1C!C
	2�
��	eADC

%1�TLU�
%����.F�ADC

��f�&g":%�0�<�A�"1C
��f�&g"��!�!�4%�0���ADC
��f�&g"��!�4%�0��GADC
��f�&g":%�0YAhV!��O2���PADCeXZV!��O1/����PADCGX:�!�!�bC

�O�� 6����$'z���fD#�$H/0(>&8Q<XM7>=��`$�&�-j~ ��� � /�7@-%$+d

~@7"= (>��2%76�%$W/1(+�j$0(>*��8&8QK��$1(+&���*,$'#%7�]^!�#%$W*,QE*,!�$0: #C(>*�PV$0$��l-%$�*�/0�,��PV$0-FP<QY*�9V$0/��8=uQE���% "*,��:;9%&�$
(+!�76:;��/�PV$0#C(14E��7>�%��*�2CPC(>*��8/1(>&8&8QK/076�,��$�*�9V76�%-%�8�% S!�7"/B#%$0:;��/0(>&i��$0(>/�!���76��*02C(>��-F!�#%$0�F/076:;9V76*��8�% 
!�#%$0: !�76 6$�!�#%$0��d�fD#%$Z9C(>��(+:K$5!����8/�9%�,7@/�$0*�*<.'� � * �ji�k * � �K(>&8&�7�]�*.�%*D!�7"*,�%�8!�(>P%&8QL:K7E-%�%&�(+!�$`!�#%$
/0(>&�/����%:�].(146$+d���=u!�$��`(S*[!�7E/B#C(>*,!���/W-%$�&)(1Q62C�k=I�k!�*D9C(+��(>:;$�!�$0�D��*D9V76*,�8!��k46$�!�#%$0�F�8!��,$09%&8��/1(_!�$0*  �
/�769%��$�*�7>=O�k!�*,$0&8= 2E]��8!�#F!�#%$W9C(>��(+:K$5!�$0�D-�$0/0�,$1(>*,$0-w2V(>��-  � 9C(+��(>&8&�$0&U/0769���$0*D7+=�� �0���E237>!�#%$0�[]���*,$Z�k!
-%�8$0*�d�fD#���*���$0(>&��8*�$0*�(+�F$�X@9U76��$0�<!���(>&i 6��7�]D!�#w2%]�#%��/B#F/1(+�jPV$'/076�<!���76&8&�$0-M�8�F�k!�*D��(>9%��-��8!nQL(>�%-
RG�C(>�<!��8!nQMP<Qy!�#�$Z-�$0&)(1QY��(+!�$W(+�%-F!�#%$W9C(>��(>:K$5!�$��0d
�O�8�C(>&�&kQ62<!�#�$Z�8�%�8!��)(>&V*,!�(+!�$W/0(>�jPV$W9U7>9%�%&)(_!�$0-
*,9U$�/0�8=uQE�8�% "#%7�] :L(+�GQL:K7>&�$0/��%&�$�*.7>=O$1(>/B#F*�9V$0/���$Z(>��$'9���$0*,$0�<!"sJ76�%$�]�(146$>2 ����� � 9%�%:;9%���% 
:;76&�$�/0�%&8$0*�2 ����� 46$�*�/���/0&8$0*�(>�%-M!�#�$Z��$0$0-�$0-l-��%:K:HQy:;76&�$�/0�%&8$0*Bv�d�fD#%$H~ ��� � 9%��7E-%�%/�$0*D!�#�$
-�QE�C(+:K�8/0*���$�9U76�[!�$�-F�8�Y!�#%$'NC 6����$0*�d

l �3� ��� � ����� � ���-� ��� � ����Dm�������	nm	� � �
�C76�DPV7>!�#M:;7@-�$0&�*ZsJ*,!�$09@?A&���h+$W(>�%-M].(14>$5?n&8��h+$Z/0(>&�/����%:Lv52G]x$H9V$0�[=J76��:;$0-F(S9C(>��(>:K$5!�$��.4>(+���)(_!���7>�
*[!��%-�Q sJ*�$��%*��k!��84E�k!nQY(>�C(+&8QE*��8*Bv5d�fD#�$H*,$0�%*,�8!��k4E�8!nQY(+�C(>&8QE*,��*D��*�(S*[!B(>�%-%(>��-F9%��7E/0$�-%�%�,$Z�8�M:K7E-%$0&8���% 
(>��-j�8*D9U$��,=J76�,:K$�-M]��k!�#Y!�#�$H(+��:q7+=O$54>(+&��C(+!����% g!�#%$W��76P��%*,!��%$0*,*`7>=�!�#�$Z:;7E-%$0&e2��od{$>dp!�#%$
!�76&�$���(>�%/�$W7>=I!�#%$W��$�&�$1(+*�$'9%�,7@/�$0*�*�!�7"9C(+��(>:;$�!�$0�.4+(>����(+!��876�w2@(>�%-M!�7"��-�$0�<!��k=uQ62%�k=p(>�<Q>2C/0���k!��8/1(>&
9C(+��(>:;$�!�$0��*�d���$W#C(146$Z�����F*,��:g��&)(+!���76�%*�=J76�D-%���|$���$0�<!�4+(>&���$0*�7>=�!�#%$W�G�%:gPV$0�D7>=I46$�*�/0�8/0&8$0*
sJ��$�=J$���$��%/0$W4+(>&��%$ � ��� 2%7>!�#%$0�.4+(>&8�%$0*�� ��� 23� � 23b ��� (>��-l� ��� v52@!�#%$W�G�%:gPV$0��7>=�/1(+&�/0�8�%:q�876�%*

Ca2+

sJ��$�=J$���$��%/0$W4+(>&��%$�*�z ��� 2Cz ����� (>�%- ����� � 2%7>!�#%$0�.4+(>&8�%$0*�� � b ����� 2 �  ��� � 2Cb+� ����� v�2�!�#%$W*[!�7E/B#C(>*,!���/
/�7@$ � /���$��G!�*

con

sJ��$�=J$���$��%/0$W4+(>&��%$ � d z�2�7>!�#%$��.4+(>&��%$+� � d � 2 � d b@2 � d{�;(>�%- � d �6v52
coff

sJ��$�=J$���$��%/0$
4+(>&8�%$ �<� ��� 2%7>!�#�$0�D4+(>&��%$�*0���6� ��� 2 �6� ��� 2 � � � ��� (>�%- � z6� ��� v�2

b
s �,$�=J$���$0��/0$W4>(+&��%$ � d b6�@2�7>!�#%$��

4+(>&8�%$0*�� � d � 2 � d bE2 � d�z;(+�%- � d��Gv.(+�%-
γ
s �,$�=J$���$0��/0$W4>(+&��%$ ��� ��� 2%7>!�#%$0�.4+(>&8�%$0*��xb ����� 2@� ����� 2  �����

�



�O�8 6�%�,$Z�@� �O(>��(>:;$�!�$��D4>(+���)(_!���7>�w�OP ! � d{�js *[!�$09E?n&��8h>$'/0(>*�$1v5d
(>��- ��� ����� v�d���%$W7>=I!�#%$W��$�*��%&k!�*�7>=�!�#%�8*�(>�C(>&kQ@*,��*D�8*.!�#C(+!D!�#%$'=J76�,]�(>�,-j/�7@$ � /���$��G!

con

*�$�$0:;*D!�7
#C(14>$\("/0�,�8!��8/1(>&U��76&8$>�p#��� 6#%$��.4+(>&��%$�*�7>=I!�#%��*D/�7@$ � /0��$��<!`/�76���,$0*,9U76��-F!�7K(S= (>*[!�$0�D�,$0&8$1(>*,$>2C���Y!�#%$
*[!�$09E?n&��8h>$W/1(+*�$>23(+�%-F!�7;("*[]��8!�/B#j=J��7>:q�%7+?A��$�&�$1(+*�$�!�7;("/076��*���*[!�$��G!��,$0&�$0(>*�$+2C���Y!�#�$W]�(146$�?n&��8h>$
/0(>*�$+d�����$W!�7"&)(>/Bhy7+=O*,9C(>/0$+2V("*,$0&8$0/�!���76�M7>=O(>�C(+&8QE*��8*D��$0*,�%&8!�*���*D��$�9U7>�,!�$�-jPV$0&87�]Wd

�O�8 6�%�,$'�%� �O(>��(>:;$�!�$��.4+(>����(+!��876�w�O/
on

! � d �Ms *[!�$09E?n&��8h>$'/0(>*�$1v5d
�C76�.!�#%$W*,!�$�9@?n&8��h+$'/1(>*,$>2 �O�� >�%��$��K(>�%-j�g��$�9U7>�,!����%��*�=J7>�

con = 0.5
(>�%-

b = 0.4
2

�,$0*�9V$0/5!��k46$0&kQ6d�mn� �I�� 6�%�,$��S]�$Z76P%*,$0�[46$H("#��� 6#M����/0��$0(>*�$W7>=�!�#�$Z�,$0&8$1(>*,$Z��(+!�$+2%]�#%��&8$���� �O�8 6�%�,$W�
]x$H7>P%*�$��,46$H("&�7�]�$���(>�%-F:K7>��$'�%�%�k=J76��:���$�&�$0(>*�$W��(_!�$>2CPV7>!�#F/�76:;9C(>��$�-Y!�7"!�#%$'�,$�=J$0�,$0�%/�$\/0(>*�$
s �O�� 6����$ � v�d�� *,��:;9%&�$�4+(>����(+!��876�Y7>=�!�#%$�*�$W/07E$ � /0�8$0�<!�*�/B#C(>�� 6$0*�!�#%$W-�QE�C(+:K�8/0*D7>=�!�#%$W�,$0&�$0(>*�$
9%�,7@/�$0*,*�$0*`���F(>�M�%�%9���$0-���/�!�(>P%&8$':L(>���%$0��2C9%��7E-%�%/����% "���Y7>�%$W/1(>*,$\(g4+(>����(>P%&8$'(>�%-M-%$�/0��$0(>*��8�% 
��(+!�$W7>=I��$�&�$1(+*�$Ks *,$0$'!�#%$W/B#C(+�% 6$Z���y!�#�$Z*,&�769V$'7>=I!�#%$W/0���,46$Z���YPV$�!n]x$0$�� � (>�%- � 2 �

ms
2

�O�8 6�%�,$'�Gv.(>�%-F���y!�#%$W7>!�#%$���/1(>*,$\(S*,!�(+!��876�C(>�[Qy��(+!�$'7>=I��$�&�$0(>*�$+d�fD#���*�hG���%-M7>=I$5X@9V$0���8:K$��<!�*�(>��$
7>=I���<!�$0��$�*,!�]�#%$��}(>-%-���$0*,*��8�% ;!�#%$W9%��7>P%&�$�:q7>=�!�#%$'4+(>�,�)(+!���76�%*����Y!�#%$W�,$0&�$0(>*�$'��(+!�$+2C76�%$W7>=�!�#%$
*[!���&8&w76P%*,/0�%�,$W9%#%$0��76:K$��C(S]�#%��/B#F#C(146$ZPU$�$0�F76P%*,$0�,4>$0- (+PU76�@!D46$0*,/0�8/0&�$W�,$0&�$0(>*�$+dfD#%$0*,$
4+(>�,�)(+!���76�%*x#C(146$ZPU$�$0�F$5X@9%&�(>���%$�-YP<Qy!�#%$W�,$0/0�,�%�8!�:K$��<!�7>=��%$�] 46$0*,/0�8/0&�$�*�]��k!�#%�8�y!�#%$'*�(>:;$W(>/�!��846$
T�76�%$Z76�DP<QM(S-%� �U$0�,$0�<!�*�$0��*��8!��84E�8!nQK!�7;/1(>&8/0�8�%: �876�%*D7>=�!�#�$W4>$0*,/0��/�&�$ZPU$�&�76�� 6���% H!�7"*�(>:;$W/0&8�%*,!�$0�0d
���%��hG���%-M7>=O(>�C(+&8QE*��8*D:K�8 6#<!D 6�84>$W*�76:;$'/076�<!�����P���!��876�%*.!�7S!�#%$W-%$0PC(_!�$W76�M!�#%$W���<!�$0��9���$�!�(+!��876�Y7>=
!�#%$0*,$H/�76�<!���7�4>$0��*,�)(>&r$�X�9V$0�,��:;$0�<!B(+&w-C(+!�(Fa��@2��2[b � cod

�C76�.!�#%$'].(146$�?n&8��h>$W/0(>*�$+2 �I�� 6�%�,$ � (>�%- �g��$09V76�[!`�,�%�%*D=J76�
con = 0.1

(+�%-
con = 0.5

2
�,$0*�9V$0/5!��k46$0&kQ6d�mA!���*D�8�G!�$0�,$0*,!����% S!�#C(+!���� �O�8 6�%��$ � ��7K�,$0&�$0(>*�$Z(>9�9U$0(>��*�2�]�#%$0�,$1(>*���� �O�8 6�%�,$ �"(
*,�� 6�%�kNC/1(+�G!��,$0&8$1(>*,$LsJ�%9M!�7 g46$0*,/0�8/0&�$Z��� �

ms
v�/1(+�jPV$W76P%*�$��,4>$0-wd�fD#%$0*,$H!n]x7K-�� �U$0��$��<!

���



PV$0#C(14E��7>�%��*�(>�,$Z7>P�!B(>�8�%$0-Y]��k!�#Y!�#%$W*�(>:K$;sJ*�#C(+9U$+2C9U$0(>hL4+(>&���$W(>�%-F-%�%��(_!���7>�3vx/1(+&�/0�8�%: ]�(146$+d
��$0�%/�$Z!�#%$W*�(>:;$'46$0�[QM*�#%7>�,!�&��k46$�-F/0(>&�/����%:�].(14>$H/0(>�jPV$W�%7>!�$��%76�% 6#F76��2%76�M!�#%$W/07>�G!���(>�[Q62
$546$0�j!�7E7S:g�%/B#M=J76�D���%-��%/0�8�% S46$0*,/0�8/0&�$W�,$0&�$0(>*�$+dfD#%��*���*D/�$0�[!B(>�8�%&8QL(;*,�� 6���8NC/0(+!��k46$�NC��-%���% >*�=J7>�
!�#%$W���<!�$���9%�,$�!B(_!���7>�F7+=O�,$0/0$��<!�$�X�9V$0�,��:;$0�<!B(+&w��$�*��%&k!�*02C�8�Y]�#%��/B#F:K7>*,!�7>=�!�#%$Z(+!,!�$��G!���76�M#C(+*�PV$0$��
-%�8��$�/�!�$�-w2%*,7"= (+�02�7>�%&8Q;!�7g!�#%$���*,*��%$'7+=I/0(>&�/����%: /�76�%/0$��<!���(_!���7>�M4+(>�,�)(+!���76�ja�b � ced�� :K7E-%�%&�(+!��876�L7+=
!�#%��*�/07E$ � /���$0�<!�:;�� 6#<!DPV$'76�%$W7>=�!�#%$']�(1QM���Y]�#%��/B#M!�#�$Z*[QE�C(>9%*,$H/0(>�j*[!�76�,$W����=J76�,:L(_!���7>�w2
�8�%/0�,$1(>*,���% "76�D�,$0-%�%/����% "!�#�$W4>$0*,/0��/�&�$W��$�&�$0(>*�$W��(_!�$0*Hs (>�%-M�%&8!���:K(+!�$�&8Q;�8!�:;�� >#G!.PU$'�,$0&�$54+(>�<!�=J7>�
:;$0:;76�,Qy(>�%-F&�$0(>���%�8�% Gv�d

�I�� 6�%�,$ � � �O(+��(>:;$�!�$0�.4+(>����(+!��876�w�I/
on

! � d � sJ]�(146$�?n&��8h>$W/1(+*�$�v�d

�I�� 6�%�,$ �@� �O(+��(>:;$�!�$0�.4+(>����(+!��876�w�I/
on

! � d �MsJ]�(146$�?n&��8h>$W/1(+*�$�v�d

� ���xª��e��¦�	8����¦
fD#%$Z9%�,$0*�$��<!�$0-l��$0*,�%&8!�*�(>��$W$��%/076����(> 6�8�% ;(>PV76��!D!�#�$W4+(>&8��-%�k!nQ;7>=I!�#%$W*,!�7@/B#C(+*,!��8/Z(>9%9%�,7<(>/B#F���
*[!��%-�QE�8�% ;!�#%$W*,QE�C(>9@!���/W9%�,7@/�$0*,*�$0*�2V]�#���/B#F/076�%*,��*[!�7>=p:K(>�<Qy-%�8*�/���$�!�$5?A&���h+$'$�4>$0�<!�*�(>�%-M���<467>&846$
(>�,��(1QE*`7+=I4>$0*�/���/�&�$0*�(>��-j#G�%�%-���$0-�*`7>=O-%� �U$0�,$0�<!�:;76&�$�/0�%&8$0*0d	�j(>�<QY7>=�!�#%$�*�$Z:K76&8$0/��%&�$�*.#C(146$
�,76&�$�*��8�y!�#%$W9%�,7@/�$0*,*`7>=I*,QE�C(+9�!��8/W!���(>��*�:;��*�*,��76�y]�#���/B#F*,!��8&�&|(>��$W�%7>!D=J��&�&8QK�%�%-�$0��*[!�7E7@- a � cod�� $
#C(14>$H*[!��%-%�8$0-j(S9C(>�,!�7+=�!�#%$W9%��7E/0$�*�*HsJ!�#%$W��$�&�$1(+*�$�v�P<QM�%*,���% S-%(+!B(S7>=O(S*���:;9%&8�8NC$�-y$5X@9V$0���8:K$��<!B(>&
:;7@-�$0&o2@���Y]�#%�8/B#F!�#%$W/076�%/�$0�<!���(+!��876�F7>=

Ca2+
]�(>*�/07>�G!���76&8&�$�-j(+�%-M#%76:;76 6$0��$076�%*�2C*�7"!�#C(_!D!�#%$

�8*�*���$Z7+=p*�9%(+!���(>&|&87@/0(>&��k!nQK/0(>�FPU$W�%7>!�/�76�%*,��-%$���$0-|dxfD#%$W/��%���,$0�<!�:;7E-%$0&w/0(>�MPU$W$�X@!�$0�%-�$0-
!�#%��76�� 6#j*,$�4>$0��(+&�-�����$�/�!���76�%*�d
�C76�D���%*[!B(>��/0$>2@!�#%$W�%*,$H7>=O(S*��8�% 6&�$'���%�8=J76�,:�]x$0&8&k?A:K� X�$�-Y/0&8�%*,!�$0��7>=
�,$0&�$0(>*�(+P%&�$�4>$0*�/���/�&�$0*���*D/�76���,$0/5!�]�#�$0�j!�#%$W9%��7E/0$�*�*���*�*[!��%-%�8$0-M���M*,#%76�,!��8�G!�$0�[4>(+&w7>=�!���:;$>d � #%$0�
$546$0�<!�*`!B(+h>$Z9%&)(>/�$'-%�%�,���% "&�7>�% +?n&�(>*,!����% H�%$0����(>&r(>/5!��k4@�k!nQ62%:;76�,$�-%$�!�(>��&8*D76�Y46$�*�/0�8/0&8$Z!���( � /BhG���% 

� �



(>��-j/�&��%*[!�$0��/�76:K9%(>�,!���:;$0�<!B(>&8��*�(+!��876�K*,#%76�%&8-MPU$W���<!���7E-%�%/0$�-wd	�j76�,$07�46$��023!�#%$'4>$0*�/���/�&�$W��$�&�$1(+*�$W��*
�,$0 6�%&�(+!�$�-MPGQM:K(>�<Qy�8�<!���(+/0$0&8&��%&�(>��*,�� 6�%(>&w9C(+!�#<].(1QE*02C]�#%�8/B#j�8� � �%$��%/0$W!�#%$W�G�%:gPV$0��(>��-M!�#%$
*,9U$�$0-Y7>=r�,$0/0�,�%�8!�:K$��<!�7>=i!�#%$��,$0&8$1(>*,$5?n/�76:;9U$5!�$0�<!x46$0*,/0�8/0&�$�*'a�b +ced���:gPU$�-%-%�8�% H!�#%$0*,$�9%��7E/0$�*�*,$0*D���
!�#%$W:K7E-%$0&|:K�8 6#<!D*�#%$�-j=J�%�[!�#%$���&��� >#G!.76�Y!�#%$']�(�QE*�!�#%$W�%$��,4>76�%*�*,QE*,!�$0: 9%��7E/0$�*�*,$0*`(>�%-F*,!�7>��$0*
�8��=J76��:K(+!���76�wdImn�M76��-%$��D!�7"*��%9�9U76�[!�!�#%$�*�$>2V(>��-j7>!�#%$0�,*02C-%$546$�&�769%:;$0�<!�*�!�#%$W�%�%-%$���&8QE�8�% S9%��7E/0$�*�*
/0(>&�/��%&��%*D:;�� >#G!.PU$W$5XE!�$0�%-%$�-w23!�7E7%d~@�%�,$0&kQ62%!�#�$Z9���76P%&8$0: 7>=O$�X@9%��$�*�*��8�% L&87@/0(>&��k!nQ62@(>&��,$1(>-@Q
(>-�-%��$�*�*�$�-}P<QY*�$546$���(>&r/1(+&�/0��&��o2@/076��&�-MPU$'4+(>&8�C(>P%&kQy(>-�-%��$�*�*�$�-j]��k!�#%�8�j(S*[!�7E/B#C(>*,!���/'4E��$5]�9U76�8�<!1d

����� � ¨ ���xª �3¦
�������
	�������
��������������� �"!$#�%���&'�(�
� �*),+.-���/ 0��1+32546%7�
� ��4,),+ �(�8925:<; 0')=�>����#@?9�(�A%��B?DC�0��E���A�GF�F�H>�
I>��J3254,4KLCK�(%M250'4N25+(�O����� PQ25��+(��0�R�%S� ?@T
�U�1+.R�R7���@� �"!$#�L�1:WV / &U25&')=�1+3254�L��4,4YX�)=�14=�1��TZ�(-���[D\@�10']Z#

�^V 0'),+ ����0_I�`�`�I>�
a>��b��E�>)=��	E�c����0'),+ �dXL)=�14=�1��T�e@%7�14=�E	�/ 4N250_&��df�4=�1;32546CK��0��'V��E	�&'),���E��e@-���/ 0��1; )=�14=�1��T

g �h&'&'VY#ji�ik[*[*[A� 4=�G250'+(��0G�l�10'�^i5	U�325+ +(��4mi1	E�1/ 0����E�"ik; )=��4=�1��T(i5�'/ V VZ�10'&"i>�G`
n*+(�E/ 0�� � Vo�
p'qr�
s ��J 0��1&���	U�(��0_%t�3f�/ +(� ��4vu(+ ����0_�w�3R��1+321�wCK�3-����(��0w�w�8�
�E��; / 0'�dCw#3?9�(�x:y���'&w),:WVZ�10'&U25+h&w0��E	E��+^&

21�>�125+(	E�E�w),+.�'T
+(�U25V(����0��E���G250�	��.pz0��1:{:<T|V��1),+^&��5pK�
)=��[De�25+(�}[*�325&�0���:d25),+(�w&��~;Z�x� �1+(���8L��4,4
?9)=���'/(�xb_�E�wI�`�`��>�3a�I��>#�I�`�ac�
I�` s �

�>�A�8/(	�]���0�b���� ��/ 4,4,:d25+ +7��%t�3�
	��h[9250'&'�W?*��#(b���4=�G21�U�x�5p�-���/ 0��1&'0U25+(�':W),&'&���0��G�8�r+OJ 0��1:�%7�14=�E	�/ 4=�E�
&��~-_��&B[��10']>�9e���+}�B+h&'0��
�>/(	�&')=�1+O&��yL��4,4,/ 4N250�25+(�}%7�14=�E	�/ 4N250w-���/ 0�����	�)=��+(	E��� ���>),&��E�|;^T�XLT
0'+(��Rh�<�
b��1;Z��0'&��*R����Z�>25+O�_)=����� #@��4=�����
)=��0*e@�*	G21� ��:W)=	�C�0��E�U��I�`�` s #,�GF��G�
I s�s �

�>�A�^/(�>�(�5p�?��# ?9�(�A�'T
+325V &')=	x���E��	�)=	�4=�A	�T>	�4=��� ��+ +^/3254�b_���^)=��[��5p�-_��/ 0����U	�)=��+(	E��I�`�` s �3I��
#���`�Fc�
� s �
�
�
�A�
	�� +(��������+^; / 0'����0�b<�>-_���(��0���#(�r+^&'0U21	E��4,4,/ 4N250_	G254=	�),/ :�� ��V���+(� ��+(	E�A�5p�&'0U25+(�':W),&'&���0_0���4=�G21���x0U25&��E�

25&�2�p�21�'&*	E��+h&'0U254���Th25+ V(�����(-�25&'/ 0���I�`�`�`>� s �>#�H�H�Fc�
H�F�a>�
H>�A�
	�� +(��������+^; / 0'����0�b<�>-_���(��0���#(C�0��E�'T
+325V &')=	A	G254=	�),/ :�25+(�.	E�1+h&'0��146�5p����E��	�)=	�4=��p�/(�')=�1+Y�8�/ 0'0���+^&

� V ),+ )=�1+O),+.-���/ 0��1; )=�14=�1��T.I�`�`��>�Y�G�>#�I����c�
I�� s �
F>��%7��),+ 0���+ ]���+MLR(�(X9�10��'&�R^f�f~�3�>25]^:d25+ +7X�#3?9�(�x�_�
�>��]^),+>er�_/>�>4=��Ther�A25&'��C�0'),�G�A�Y�E	�&'/ 0����3�6�^	G254

0��1/ &��E�*0����
)=�'),&��E�o#�&'�(�A�'V321	E�A25+(�O&'),:y�A� ��V���+(� ��+(	E�<�5pK&'�(��92y�'),��+3254op��10*V �321�')=	x&'0U25+(�':W),&'&���0
0���4=�G21����25&*&'�(�x0U25&w	G254,T^�}�5p�����4=�o�(?9�(�AR��1/ 0'+3254��5p�C��^T
��)=�14=�1��T��3),+}V 0��E���G�

�G`>��f�),4,4=�E�'V )=�x��?x#(���(21	�&��'&��
	��321��&')=	A�'),:�/ 4N25&')=�1+��5p�	E�1/ V 4=�E�.	��(��:W)=	G25460��G21	�&')=�1+(�c�3?9�(�xR��1/ 0'+3254K�5p
C��hT>�')=	G254K��(��:W)=��&'0'T��GF����
�3H>��#�I�a s `c�
I�a��>���

�����x��),4,4=��&��1+OR(#(��L�1:WV����'),&')=�1+3254���V V 0���21	U�.&��yCK��0�p��10':d25+(	E�<%7�
� ��4,4,),+ �(�8925:<; 0')=�>����#9925:<; 0')=�>���
� + ),����0���),&rT}C�0��E���A�GF�F��>�

�GI>�xb��������|�<�3�^�325V ),0��d�w#8L��4,4,/ 4N250��_;(�'&'0U21	�&')=�1+(�G#�L��4,4=��21�_L�1:WV / &U25&')=�1+Y�3-�25&'/ 0���I�`�`�I>� s �GF>#�a s a>�
�Ga>�x��),&U25+(�y��#3�^T
�'&���:y��X�)=�14=�1��TZ#@2�; 0')=�$p��G����0'�
)=��[A�8�
	�)=��+(	E��I�`�`�I>�3I�F�� ��������`�!$#,�G����Ic�8�G��� s �
� s ��921���':d25+O%t� ��0']
),+.��� ���GT
4=�xJL�3�A25&U25��),0')6J9� �625/>�Z��+^; / 0'����0��~�8�^&��1]��E���#8�^T
��&���:�X�)=�14=�1��T�e

�r+^&���0'+325&')=�1+3254�b_�E���G250�	��725+(�.��������4=�1V :y��+^&G�3?9�(�A-���&'�(��0'4N25+(� �G#9�^V 0'),+ ����0_I�`�`��
�
�G�>�x-�25�h21�"25]^)Y%t� � +325:W)K���(%7),Th25+(����� ��),&U25+(�y��# XL)=�5er	G254=	�/ 4,/(�G#�),&��w	E�1+(	E��V &�25+(�|:y�14=�E	�/ 4N250

),+h&���0U21	�&')=�1+Y�Zf���+(�1:y�A�B+>p��10':d25&')=	E�<�GF�F�F>�Y�G`>#,�Ga�ac�8� s a>�

� b



�G�>�xC�0')N25:W)K��(b_�����������3�^�325V ),0��y�w���^),4,����0':d25+ +.P # ��V V 4,)=	G25&')=�1+��5p�2~�'&��
	��321��&')=	x+325:y�$e�V321���'),+ �
	G254=	�/ 4,/(�w&��~0���V 0��E����+^&U25&')=�1+M25+(�.�'),:�/ 4N25&')=�1+��5pK:y�14=�E	�/ 4N250wV 0��
	E�E�����E�c� ?9�(�E�10���&')=	G254�L�1:WV / &���0
�
	�)=��+(	E��I�`�` s �3a�I��>#,� s �"�8�G���
�

�c�
�xb��������|�<� C�25+ ),+32y���3�^),4,����0':d25+.P �39250�� ��4,4,)����8�^�325V ),0��d�w#(XL)=��25:�; )=��+^&��G#��_+.25;(�'&'0U21	�&')=�1+}p��10
; )=�14=�1��)=	G254�	E�1:WV3250'&���:y��+^&��G�3?9�(�E�10���&')=	G254�L�1:WV / &���0��
	�)=��+(	E�<I�`�` s �8a�I��>#,� s �"�8�G���
�

�GH>��9250�� ��4,4,)6��#(XL0U25+(�A	G254=	�/ 4,)ve�),+^&���0U21	�&')=�1+(���5pK; )=�14=�1��)=	G254�:y��:�; 0U25+(�E�G�8�r+OC�0��
	E�E�E�>),+ �����5p
L�1:WV / &U25&')=�1+3254�%���&'�(�^� �w),+��^T
��&���:y�wXL)=�14=�1��T��(�@�>),&��E�};hT � ),+(	E��+h& � �3�
	��321	U�h&���0 � �3�^V 0'),+ ����0
I�`�` s #�I����G�
I�H�`>�

�GF>�xC�0')N25:W)K�#8�^&��
	��321��&')=	
π
er	G254=	�/ 4,/(�G�3?9�(��L�1:WV / &���0�R��1/ 0'+3254KI�`�` s �3a�� ����!$#����1Hc�
��H�F>�

I�`>�x�Y�E	E	G2WCK�(C�0')N25:W)�����_/325��4,)N2yCK�(b�������)ZX��(��25/(�(25+ +32���3L���'&U25+^&'),+Mf~# � �'&��
	��321�'&')=	xV 0��
	E�E���
254,����; 0U2y25V V 0���21	��7&��y�'),:</ 4N25&')=�1+7�5p�25/ &��10��G21	�&'),���A4,T
:WV �(�^	�T
&��x0��E	�0'/ ),&':y��+h&G�Z�
�B% � �Y��?*� � -�#
?Y0U25+(�G�3�5pK&'�(�A�U�^	�)=��&BTdp��10*:y�^� ��4,4,),+ ��25+(�O�'),:�/ 4N25&')=�1+7),+h&���0'+325&')=�1+3254�I�`�` s �3H�` � s !$#�I��1ac�
I�H�H>�

I>����9254=� ��0�%t�3f�),4,:y�10��<���(�_),4,4=�'&��1+OR(#(%��
� ��4,4,),+ �y&'�(�x�r+��(/(��+(	E�<�5p�b_�x�BC �1+}&'�(�A��b�� �^),��+3254,4,),+ �
CK25&'�^[L2GT � ��),+ �W&'�(�<�^&��^	U�321�'&')=	AC�0��
	E�E���w�_4,����; 0U2WC��@C8���3?60U25+(�U21	�&')=�1+(�_�1+ML�1:WV / &U25&')=�1+3254
�^T
��&���:�X�)=�14=�1��T � ���@I�`�`��>�(�6-_X9� s I�a�`>#,�"�
I�a>�

I�I>�x%.),4,+(��0wb<#3L�1:W:�/ + )=	G25&'),+ �O25+(�}%��1; ),4=�<�^T
��&���:y�G#�?9�(�
π
e 9254=	�/ 4,/(�G��925:<; 0')=�>��� � + ),����0��'),&rT

C�0��E���A�GF�F�F>�
I�a>�xC�� ),4,4,),V(�����39250�� ��4,4,)6��#3� 	E�10'0��E	�&_25;(��&'0U21	�&�:d21	�� ),+(�Ap��10*&'�(�x��&��^	U�321�'&')=	xV )ver	G254=	�/ 4,/(�G�8�r+

C�0��
	E�E�E�>),+ �����5p�X�)=�
	E�1+(	�/ 0���` s �3�@-_?�*���(��4=�����^)=��0G�8I�`�` s �
I s �x��)=��0'�G��]}�_%t#(�^&��^	U]
�G#L�^&��^	U�321�'&')=	x]
),+(��&')=	A�'),:�/ 4N25&')=�1+(���5p�; )=�^	U�(��:W)=	G254��'T>�'&���:{[*),&'��f�),4,4=�E��V )=�

254,���10'),&'� :O�3XL)=�1),+>p��10':d25&')=	E�_I�`�`�I>�Y�GH># s �1`c� s H>���
I��>���
	�� +(��������+^; / 0'����0�b<�>J(�10��'T
&'�(�A�B�~# ?9�(�A	G254v�>T|�5p�����4=�o�8L��4,4Y?9)=���'/(��b��E�wI�`�`��>�3a�I��>#�a>���"�
a�a��
�
I��>�xX9�14,4,:d25+ +.R����8�>25]^:d25+ +7X�#3L�1+^&'0��14��5p��'T
+325V &')=	A�'&'0���+ ��&'�725+(�}&'),:W),+ �d;hT�&'�(�x0���4=�G21���$er�'),&��

Ca2+�'),��+3254�� -�25&'/ 0��A-_��/ 0����U	�)=��+(	E�<I�`�`��>�3H># s I��c� s a s �
I��
�x���E�'&��$�
�(�x��� %M25),+(��+���J9�8�
�	� +(�c[w�']
)Y?*R(#8�^T
+h&'�(�E�')=�_�5pK:y�
� ��4=�9p��10���� 	�),&U25; 4=�x:y��:�; 0U25+(���

�'T
+325V &')=	�&'0U25+(�':W)=���')=�1+725+(�O+(��/ 0��1:y�^�>/ 4N25&')=�1+7/(�'),+ ��2~	E�1:W:y�1+.]
),+(��&')=	�p��10':�/ 4N25&')=�1+Y�8?9�(�
R��1/ 0'+32546�5p@L�1:WV / &U25&')=�1+3254K-���/ 0�����	�)=��+(	E�y�GF�F s �6��#,�GF��c�
I�a>���

I�H>�x-_���(��0*�w# � 	E�1:WV3250')=���1+O;Z��&r[��E��+7�$�>�
	�T^&')=	�	E�1+h&'0��146:y�E	��325+ )=�':y��),+}21�>0���+3254Y	U� 0��1:d2�
y+.	E��4,4=��25+(�
2���4,/ &U25:d25&���0'��)=	<��T^+325V(����� C��(/ ����0����_0�	��}e@��/ 0_RdC��^T
�')=�14KI�`�`��>� s ��a>#�I��>�"�
I���H>�

� z


