
�

���������
	���������������������������  "!�!#	��$�&%��'�(�������)�������
* +-,/. 010�0123* 465�798;: 465�<)=?>@+BACACD)<E8;F * 465�798;: 465�<)=G4HD

* IJF98;D)D)<)K9L 0

+B>�>M<NL�KC: 8;KO5QP 8R8;S T UVI�D)WX5�<NI�KC>

UJACY#<)K9L THZ1Z\[

�^]`_baEc
dfebg�hiaEjkjlanm`okprqtsuokv�gwc�gwprxwg�gzyN{r|nd�okaEpr}z~&o�sugzpEd�o�hi�Gdfebg#}$d�|�dfg��n|�c�ol|^�bjkg�|^prsGd�ebg�� dfol�tgE�b�n|�c�ol|^�bjlg^�)q^ol�^gMdfergwolc`a^c�sugwc
|�prsR}$d�|�dfg�m`ebg�d�ebgwc'dfebgz��|�c�gMjkolpbgz|^cz�upra^pbjlokprgz|�c��b|�{bdfa^pra^��a^{r}aEc`pba^pu��|�{bdfa^pra^��a^{r}z]
� |N�?���w�����V���w�����
� �(�?�E� ��� �"�n�^�)� ��� }folp � ���
 �¡(¢¤£�¥z¦§¡�¨ ]

©�ª�«nª�¬#n«n®°¯¤«E±�²l¬ ]
³ p � |E�´d�ebg#}$d�|nd�g��µ|^cfo�|��rjkg�o�}
��] ³ p � ���´dferg#}¶d�|ndfg��n|^cfo�|��bjlgMol}`��]
· ¯¹¸�¬ºn«n®°¯¤«^±w²k¬ ]
³ p � |E�´d�ebg�� dfol�tgE�b�n|�c�ol|^�bjlgMo�}
��] ³ p � ���´d�ebg�� d�ok��gE�b�n|�c�ol|^�bjkg�o�}
��]
»
®f¼^¬w® ]
³ h�m´g�sugwpba^dfgM½X|^prsG¾"dfa¿��g�dfebg�jl|^cfqEgz}$d�|�prs�}f��|�jljkg�}¶d´}f{b�r}�x�c�olÀud�}�a^p�dferg��n|�c�ol|^�bjlg
dfer|�d´auxwxw{bcÁolp�dfebgMsuokv(gzcfgzprx�g
gzyN{r|�dfola^p��ud�ebgwpÂd�ebg ¡rÃnÄ&ÅNÃ a�h&dfebg#sbo�v�gwc�gwprxwg�gzyN{r|�dfola^pÂol}
qEok�EgwpÂ�N��½ÇÆÈ¾�]
³ p � |E�´d�ebg�a^c�sugzco�} � � � �^�&Æ � � � �µ�Á�9�^]
³ p � ���d�ebg�a^c�sugzco�} � � � ���&Æ � �RÆÉ���Á�J�b]
Ê ¯¹Ë�¬�«�®ºÌn®�Ë�ÌnË�Í�²Î¯¹Ë(¬�«n®)Ï ]
Ð suokv�gwc�gwprxwg�gzyN{r|�dfola^p�o�}�}�|�o�sMdfa'�(g�jlolpbgz|^c�okhbgz|^x�e�a^h)dfebg}¶d�|ndfg�}ÁÑzÑwÑwÒfÓ �)� ��ÒbÓ �)� ��ÒuÓ � ÒbÓ � �&�µÒbÓ � ���EÒ�ÑwÑzÑz|�ÀrÀ�g�|�c�okpbq
okpÂd�ebg�gzyN{r|�dfola^pR|�c�gMÀrcfg�}$gzpEd`jlokprgz|�c�jl�^]�Ô�dfebgzcfm`o�}fgMokd'o�}dfgwc���gzs ¨&¡�¨�Õ�¢§¦¤¨&ÅNÖbÃ ]
³ p � |E����w����|�prsÂ�)��������|�c�g���a^dfeRjlokpbg�|�c
d�gwc���}z]�×
e){r}dfebg�g�yN{r|nd�okaEpr}
ol}'jkolpbgz|^cz]
³ p � �(�'�^� ��� |�p�s6�n�^�u� � |^cfg��(a�d�eØjkolpbg�|�c�]'×
eN{�}`dferg¿gzyN{r|�dfola^p;o�}�jlolpbgz|^c`ÙÚpra�dfgºm´gºsuaGpba^d�g�Ûb|^�tolpbg�d�ebg#d�gwc��
}$olp � ���´|E}dfebo�}`gwÛ)Àrcfg�}f}fokaEp�sua)g�}`pba�d'xwa^pNd�|^okpR|�}¶d�|ndfg��n|^cfo�|��bjlg^]
Ü�Ý ªÞÌ�Ë(Ì�¸�Ì Ý)ß Ì�®�Ë(ÌnË�Í$« Ý ª�ÌnË�Ìn¸�Ì Ý)ß Ï ]
³ h
|;sbo�v�gwc�gwprxwg�gzyN{r|nd�okaEp�xwa^pNd�|^okp�}MdfebgR� dfol��g^���n|�c�o�|��bjlg�g�ÛuÀbjlolxwo�d�jk�Øolp�dfebg�g�yN{r|nd�okaEp��àdfergwpÈmgtc�g�higzc�dfaRokd¿|^}�|�p
pba^pb�Þ|^{udfaEpba^��a^{�}sbo�v�gwc�gwprxwg�gzyN{r|�dfola^p�]�Ô�dfergwc�m`ol}fg�o�d'o�}`xw|^jkjlgzs Öb£�¥z¡(¨�¡(á1¡(£�â ]
³ p � |E�´d�ebg#}f{b�r}�x�c�okÀud`o�}`��]�×
ebol}�|�ÀbÀ(gz|^c�}olp�d�ebg�gzyN{r|�dfola^pR|^}
�����&����]Á×
e){r}dfebg�g�yN{r|nd�okaEp�o�}
pba^pb�Þ|^{udfaEpba^��a^{�}w]
³ p � ���d�ebg#}f{b�r}�x�c�okÀud`o�}
��]Á×
ebo�}'|�ÀbÀ(gz|^c�}olpÂdfebg�g�yE{�|ndfola^pR|^}`}folp � ���°]Á×
e){r}d�ebg�gzyN{r|�dfola^pÂol}'pba^pu��|�{bdfa^pra^��a^{r}z]

�u] � |N�ÂãuebanmJd�er|nd'Ó(���JäN� �\å ol}`|�}fa^jl{udfola^pÂa�h�dfebg#sbo�v�gwc�gwprxwg�gzyN{r|�dfola^p
Ó � �&�ÆH��Ó � � Ó �)� �`�JærÒ

m`ergwc�g�ä�|�prs å |�c�g�xwa^pr}$d�|^pNd�}z]
� �(��_&olprs�dfebg#}fa^jl{ud�okaEp�a^h�d�ebg#suokv(gzcfgzprx�g�gzyN{r|�dfola^p

��ç ��� ÆÈ�n��ç � ��ç^� � �JærÒ � � ÓR�9���Á�Xè)Òu� � ÓÂ�VéN�Á�C��ébÑ

 �¡(¢¤£�¥z¦§¡�¨
� |N��_rcfaE�êdferg�ÀbcfaEÀ�aN}$g�s?mg�er|µ�^g

Ó � ���`�Jä � � � ��� �\å Ò
Ó � �JäN� ��å Ò

Ó��)� � �Jä � �ÂÆÉ��� �\å Ñ



�

ãu{b�r}$dfokdf{ud�okpbqGdfebg�}$g�g�ÛuÀbc�gz}�}fokaEpr}okpNdfatd�ebg����Mã?a^h�d�ebg#suokv(gzcfgzprx�g�g�yE{�|ndfola^pÂmg�er|µ�^g
Ó�� ��� ÆÈ�nÓ�� � Ó��)� � �Jä � � � ��� �\å ÆH� � äE� �\å � � ä � ��ÆÉ��� �\å Ò

� � äN�ÂÆÈ��äN� � äN��� � � ä¿Æ�äu� � � å ÆÈ� å���å ��Ò
�JærÒ
������ã�]r×
e){r}'Ó����JäN� ��å ol}�|t}fa^jl{ud�okaEp�a^h�d�ebg#suokv(gzcfgzprx�g�gzyN{r|�dfola^p�]

� �(��_rcfaE� a^{rc'|�pr}fm´gzcdfa�Àr|^c$d � �(�m´g��)pbanmJd�er|nd`d�ebg�q^gzpbgwc�|�jà}fa^jl{udfola^pÂo�}`q^ol�^gzp��)�
��ç¿�VäNÓ �\å Ñ

_rcfaE�êdferg�okpuhiaEcf��|�dfola^pÂokpÂdferg#yE{rgz}$dfola^pÂm´g�er|µ�Eg
���`�Vä ��å �"èuÒ

� � é¿�Vé^ä ��å �C��ébÑ
³ d`hiaEjkjlanm'}dfe�|nd

ä��Vé å �
	�Ñ
×
erg#}$aEjk{ud�okaEp�a^h�d�ebg#suokv(gzcfgzprx�g�g�yE{�|ndfola^pÂo�}dfebgzcfgwhia^c�g

��ç¿�Vé�Ó � 	�Ñ
éb]'ã)a^jl�^gMd�ebg�hia^jljkanm`olpbq�suokv(gzcfgzprx�g�g�yE{�|ndfola^p�}dfa�a^�ud�|�olp;}$aEjk{ud�okaEpr}
olp���x�jlaE}fgzs?hia^c���r]
� |N�?�E� ��� Æ �� �^���"�uÒ$���'���n]
� �(� � o¹���Á�n|�jl{r|nd�gMdfebg�gwÛ)Àrcfg�}f}fokaEp ����� � � �u� ��� é � ]���� �"!`ãuebanmJd�er|nd

���#� � � �)� � � é � �Ç� �%$'& é
�)( � & é

�*( � � ÑzÑwÑ � & é
�)( �,+

Ñ

� oko¹���'gwp�x�g#}fa^jl�^g�dfebg#suokv�gwc�gwprxwg�gzyN{r|nd�okaEp�Ó � �"�nÓ �)� � � é �é ÒQÓ � �ÇæbÑ.-)]
 �¡(¢¤£�¥z¦§¡�¨ ]
×
ebg#}fa^jl{udfola^p�dfa�d�ebg�gzyN{r|�dfola^p

Ó��G�VäNÓ(�)� �Á�\å � ���
ol}

Ó � �Vä � Ó � �0/ ��#� � å �21 �uä �)� � Ñ
� |N�?�E� ��� Æ �� �^�?�9�uÒu�3���4�n]65Á{ud`d�ebo�}�g�yE{�|ndfola^pRolpRdfebg¿q^gwprgwc�|�jàhiaEcf� �N�R}f{b�r}$dfokdf{ud�okpbq?�87��RÆO�^]
×
ebgwpRd�ebg

g�yN{r|nd�okaEp��(gzxwa^��gz}
�^�tÆ �� �E�)� � �Ç�uÒu�u� � ���n]:9�g�er|µ�Eg
ät� �

� Ò
å � ���Á�"�uÑ

×
e){r}d�ebg#}fa^jl{udfola^pÂol}

� � � & �
�*( � � � �<; ���� � � & �

�=( �)� � Ò m`ergwc�gM� � o�}
d�ebg�okpro�d�ol|^j�x�aEprsuokdfola^p�]lÒ
� & �

�*( � �3� � � ; ���� � & �
�=( �)� � Ò

� & �
�*( � � � � � � � $*> ��@? � Æ\��� ÆÉ�

+
Ò



é

� |^}d�ebg�dfgzcf� okpr}fo�sugMdfebg#}f{b����|ndfola^p;}fokqEp�o�}`|�q^gza^��g�d�cfo�x�ÀbcfaEq^c�gz}�}$ola^p?m`o�d�e���� ��|�prs���� �� �°]

��	 � & �
�)( � � �3�`Æ%	N�àÑ

� anmÇmg�er|µ�^g
� � � �

� �N� � �uÒ

� �
� � � �bÑ

×
e){r}d�ebg#}fa^jl{udfola^pÂol}

�^����	 � & �
�)( � & �

� �ÆÈ� ( Ñ
� �(� � o¹�

� � ����� � � �)� � � é � Ò
�Ç� �)� � � é � � �)� � � é � � ÑwÑzÑf� � � é �)� � � � � � é � Ò
�Ç� � > � � � � é � � � � � é � � ÑzÑwÑ � � �u� � � é �)� � � � ��� � é � ? Ò
�Ç� �%$@& é

�)( � & é
�)( � � ÑwÑzÑ � & é

�)( �u� � � & é
�)( �,+

Ñ

� a�d�gtdfer|�dMd�ebg�dfgzcf��olpr}folsbg�dfebg��bc�|^x �Eg�d�}�o�}�|?qEgwa^��gwdfc�olxºÀbc�a^q^c�gz}�}fokaEp;m`o�d�e�� ��� � |�prs	������ ] ³ dz� }
}${b� ol}`é�
 > � � ? � ÆÉ��n]Á×
e){r}

� �Jé � � ��� & é �)( � ÆÉ���Ñ
� oko¹�

äº�"�uÒ
å � ���Á� é �

é Ò
Ó ���ÇæbÑ.-uÑ

×
eN{�}dfebg#}fa^jl{udfola^pÂo�}

Ó(��� � �E� � � �� � � 1 �9� � � �^� �u� � é �é Ò
�"� �u� � � �

é
� 1 � � � � �^� �)� � é � Ò

�"� �u� � � � � � é �
�
Æ\� � Ò

�"� �u� � � é � ÆH� � Ò
�Çé � ÆÈ� �)� � Ñ

	r]��´a^pr}fo�sugwc�dfebg�ÀbcfaE�bjlgw� a�hà��ausugwjljkolpbq¿dfebg�pN{r�¿�(gwc�a^h�a�h�x�ebo�x �^gzpr}�olp��;c����;c�}´×
m´gzgzsu��� }�h¤|^cf�R]:��|Ex�etmgwg �¿d�ebg
hia^jljkanm`olpbq�|^x�dfol�)o�d�okg�}
a)xzx�{bc�~
� ×
erg�pN{r�¿�(gwc`a�h�x�ebo�x �^gzpr}okprxwcfg�|^}fgz}´dfercfaE{bq^eÂpr|nd�{bc�|�jàq^c�anm
dfe��)�Ø�zæ��G]� Ð hic�|^x�dfola^p����´�ba^h�d�ebg#x�ebo�x �^gwp�}|^cfg��)oljkjlgzs��)�GhiaµÛugz}z]



	
� Ð xwa^pr}$d�|^pNd
p){b�º��gzc`a�h�x�ebo�x �^gwp�}|^cfg�xwa^p)�^gzc$d�gzsGolpNdfa�x�ebo�x �^gzp�Àbolgz}z]

� |N� 9�c�o�d�g#suanm`pÂ|�� ¡�ÃnÄ gzyN{r|�dfola^p�dfer|�d�sug���pbgz}
d�ebo�}`Àbc�a^�bjlgw�R]
� �(� 9�c�o�d�gºsuanm`p��rhia^c���|�jljk�E�bdferg¿suokv(gzcfgzprx�gºgzyN{r|nd�okaEpÂdfer|�dMsug�}fxwcfol��g�}`d�ebg¿|��(an�^g#}�x�gzpr|�c�olar]���g��rpbg Ör¢¤¢ �n|�c�o�|��bjlgz}

|^prs�g�ÛuÀbj�|�olpÂ�Ea^{bcd�gwc���}z]
 �¡(¢¤£�¥z¦§¡�¨
� |N� � �´er|�pbqEg�okp

x�ebo�x �^gwp�p){b�¿�(gwc�}	� � � pbg�d
q^c�anm
dfe
� Æ � x�ebo�x �^gzpr} �)okjljkg�s

�)��hiaµÛugz} � Æ � x�ebo�x �^gwp�}xwa^p)�^gzc$d�gzs
dfa�Àbolgz} �

� �(� ��g�d����|^prs��� � ����g�d�ebg�p){b�¿�(gwc`a^h x�erolx �Egwpr}a^p�dferg�h¤|�c�� okpRmgwg �)}��C|^prs��VÆ\��c�gz}fÀ�g�x°dfol�^gzjk�E]��g�d��G�(g�dfebg�prg�d'q^c�anm
dfe�c�|�dfgE] ��g�d��È�(g�dferg�hic�|Ex°dfola^pÂa�h�x�ebo�x �^gzpr}´dfer|�d�|�c�g �)oljkjlgzs��)�GhiaµÛugz}z]��g�d�� ��g�d�ebg�p){b�¿�(gwc�a�h&x�erolx �Egwpr}´dfe�|nd�|�c�g�x�aEpN�Egwcfdfg�sGolpEd�a�Àbokg�}w]
×
ergwp

�  Æ��  � � �����  � � Æ ���  � � Æ��;Ò� ���� � � � �¿Æ � ���� � �´Æ��;Ñ
×
erg#yE{rgz}$dfola^pR}¶d�|ndfg�}dfer|�d����VærÑk�E]�×
eN{�}

���� � �^Ñl�`Æ �&���� � �Æ��ØÑ
-u] �;{bpbo�x�olÀr|^j'}$aEjko�s1m
|^}$dfg � �6ã'9Ç�º��|µ�1x�aEpNd�|�olp1{bÀbdfaÈé^æ�� 	Næ � a�h�aEcfqN|�pbo�xG��|nd�gwc�ol|^jl}º�)�È��|^}�}w]1×
ebg�}$gÂa^c�qE|^pbo�x
m|E}¶d�gz}�}$ebaE{bj�sR��gºcfgz�tan�Egzs�hic�a^� dfebg �6ã'9Q�(g�hia^c�g�d�ebg �6ã 9Qol}�sugwjlok�Egwc�gzsÂd�a?|�j�|�prs ��jkj }$okdfgE]�Ô�pbg#m
|µ�?d�a?sua
dfebo�}`o�}
dfa��bola^jla^qEolxz|�jljk��aµÛuo�suo�}$gMdferg�a^c�qE|�prolx�hic�|Ex°d�okaEp�]
×
ebg���|nÛuol�¿{b� }$À(gzxwo!��xMaµÛuo�sb|nd�okaEp�c�|nd�g � ebc � � �olpR|��bokaEcfg�|^x�dfa^co�}`q^ol�^gzp?�)�Gd�ebg�hia^c��¿{bj�|

"$#&%(' � )�* g�ÛuÀ,+ Æ.-$/0$132
� �54 g�ÛuÀ 
¹Æ76&8:90$1 � Ò

m`ebgwc�g )�* > ebc � � ? |�prs 4 � Æ���|^cfg'xwa^pr}$d�|^pEd�}w�<;�=Mol}�dfebg�|^x°d�ok�n|�dfola^p�gwprgwc�q^�¿a^h�dfebg�q^c�anm
dfe�Àbc�a)xwgz}�} � ��>�?µ��a^j¹�°�N|�prs@�ACB o�}
dfebgEDMol�b�r}`hicfgzgMgzpbgwc�q^�Gx�e�|�pbqEgM{rÀ�aEpÂÀrcfa^dfgwolpRsugwpr|�df{bc�|nd�okaEp � ��> ?n�taEj���]
³ p � �µ�Mdfebg�hiaEjkjlanm`olpbq;Àr|�c�|���gwdfgwc��n|^jk{bg�}�mgwc�gtg�}¶d�ok��|�dfgzs�~ ) * � 	rÑ æ^éN�7F\�zæHG�ebc � � � 4 � 	�Ñ èEèJI7F\�zæHGLKn��; = �-MIrÑ NHIb�=��>�?µ��a^j¹� @�A B ��-�é)è)Ñ.-MI:��>�?µ��a^j���O9�PNrÑ ér��	Néb�=��>�?µ��a^jQ?JRM]
� �µ� ��]'��okm
|�c�} �µ|��TSoVUw{ �EaMW$x^� �È]�SoXUz{ �^aYW$x�|�p�s?ã�] ��g�sb|3�Eanm`olx�U^]���æ^ær�^]ZR�okpbgwdfo�x���ausugzj�hiaEc�d�ebg�Àbc�a)xwgz}�}Áa^h�|�gzcfaE�bolx
�bola)sbgwq^c�|^sr|ndfola^pÂa�h�aEcfqN|�pbo�x�hic�|Ex°dfola^pRa^h �º{bpbo�x�olÀr|�j�}$aEjko�sÂm|E}¶d�g^]\[ ¯¤Ì^](®fÌ`_�¬ ß�ß «�Ë(¼ [ ¯¤Ì ß^aµß ª�¬�¸ ßcb Ë d�¯¹Ë�¬�¬�®°¯¹Ë d �fe�g�~
�ih@-`ju�^æE�b]
� |N� 5�jka^d
dfebg�hi{bp�x°dfola^p "$#&%L' |E}`|¿hi{rprx°d�okaEpÂa^h�d�gw��À�gzc�|�df{bc�g�an�^gzc�d�ebg�c�|�pbqEg��Nè3-Ek	l � R#��kÉéN��æb]
� �(��_&olprs�dfebg��n|^jk{bg�a^h:l � d�a�a^pbg�sug�x�ol��|^jàÀbj�|^x�gµ�´dfer|�d'��|nÛuok��o�}$g�}dfebg��n|^jk{bg�a^h " #&%L' ]
 �¡(¢¤£�¥z¦§¡�¨ ]
� |N� ��gwc�g^� }
�¿�G��|^Àbjkg#xwausugMhia^c`�(a�dfeRÀr|^c$d�}
a�h&dfebo�}'yN{bg�}¶d�okaEpÂ|^prsGd�ebgc�rqE{bcfg�okd'q^gzpbgwc�|nd�gzsà]mPn�o<oHp�q�r<q<s s tvuxwzyY{}|<o ~i�<�5��|<�H�P�<��o�w�yH�z��w��Yw���{�o����J�z�H�5�H���J� yH���M�Y����yH��om�q �3u(s �vu(s<t y���yP�H� �������M�Y���H����o`w�{�oH��yY�<����ovum ~i�<� �����`�����<��o���y |M��o��<�P���H��yH�	w�yH����w��Yw��<��oP�H�z�J��yH���J�Y����yH��ovumm���oH�z�`��o��<��o��H�<���J���M�M�mw��Yw�yH��� ��¡z¢MoH�<{v~�rM£ ¤�¥Z~L¦}¢J��� �Y¥§~�¨i©Hª�¢YoH�H{v~�rH« ��¥Z~L¦z¢`���<� �f¬

m���oH�z�`��o��<��o§�Y�M���J��yY� �z�



-
¡ � � � u s�� q o���¬ª � � � u � � t o��<�&¬£ ¤ � ��� t3u�� t�¨�o��&¬« � � �����<�vu�� t o��&¬¦ � ���vu	��¨ � ��¨�¬
m�� ¡<¦ � ~i� ��{}|<�H�P�<��o��H�<���J���M�M�
{}|<�H�3~ w��Yw�yH��
(����q ���3u u��Hq s�
 |<y��o<|��J��������oiw�{�oM��yY�<�<��o���
�����yY�z��w��Yw���{�o������z�<�5�H�z�J��yH���J�Y����yH��o�����
��|<y��o�|Y�z����o������M�Y���J��� ���M����� �Y� ��y<|�
 ��oH�<���Y�Yy�|��z�f¬
m�� ¡<¦ � ~i� � �5�z�J�<��oH��oY� ���MyH��o��<��oP�H� �z�J���M�Y��u �<��oM� �M��|Y��o��<��oPo��Y��yH���M�M�P�����z�`������u
o��H� � ���z�J� �&~ w��Yw�yH��
(��� ¬�Y��|Y��oZ~^o��H��
 ��� ¬

Temperature

0.08

320

0.06

0.04

310

0.02

300290280

_&okqE{bc�gt�E~�_�olq^{rcfgMhia^c'yN{bg�}¶d�okaEp � -no¹�}$eranm`okpbqtd�ebg���|nÛuok�º{b� }fÀ�g�x�oX��x�aµÛuolsr|ndfola^p�c�|�dfg�|^}`|ºhi{bp�x°dfola^p;a^h�d�gw��À�gzc�|�df{bc�g^]
� �(� lJ�Çé^æYhrÑ h � R��°]


