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Ú¹óGÜ�Ý³ÞGß�Ü�á@Û§Ü�ßJå\ãtå#"�ó¹å\ñâàÃÝ�òLúsÞGß�ú$��Û§îËÝ³ÞGß ðGß�Ü�àÃ÷Ùß�ð ÞGß�áZàÃã³äGÞGß�Ü�àâúCð¹åÁÝ�å�å�Ü�ß�õ§Ü�ß�ã³ã�àâÛ§æ å\æ¹å§ñÂò�ã³àÃã
å\æGðjÝ³ÞGß6ú�Û§á@ä¹å§Ü�àÃã³Û§æZÝ³Û>Ý³ÞGßVàÃæ	Ý³ß�Ü�æ¹åÁÝ³àâÛ§æ¹å\ñ�ÞGß�á@àâã³äGÞGß�Ü�àÃúVã�óGæGã³ä�Û\Ý;æ�óGáhø�ß�Ü�ã4îïÜ�Û§á Ý³ÞGß9þ�óGæGã�ä�Û\Ý
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EGFIHKJLH7MONQP�RTSUHWVYXIZIVL[4\BP]Z^XI_a`9H�JLVcbdNeJYHWNf_-H�NeVYXIJLHg\BhiVL\BMONeJjNBk�P�RTS^RTPmln\BZoPLFIH
H7ZpP�R�JYHrqsRtVYug\UhvP�FsH � XsZxwyE�FIHzJLH7M�H7SUNQZ{k�Hz\Bh/P�FIH|JLH7MONQPLRTS!H-VYXsZ{VY[9\eP}ZpXI_|`4H�J�V*M�R�H�V
R�Z~[{NeJ�P�Rtk7XsMONeJ�R�ZgP�FIHah�NBk�P�P�F{NQP*P�FsH7l�JLH7[IJLH�VYH�ZpP�\BZIHa\UhP�FsHaM�\UZI�BH�V�P*P�R�_-HaVYH�JLR�H�V
\Bh�VY\BMONeJ}NBk�PLRTS�RTP�lgR�Z{q�Rtk7H�V}N7SUNQR�MONe`IM�HBwyE�FpX{V7�
JYH�MONQPLRTS!HzVYXIZ{VY[4\BP�Z^Xs_|`9H7J�V�[IJY\�S�Rtq�H
PLFIH�h�\BXIZIq{NQPLR�\UZj\BhNzk�\UZ!P�R�Z^Xs\UXIV�q{N�P�N|VYH7P�h�\BJ�JLH�VYH�NeJ�k�F�\BZcP�FIH}VY\UMONeJ�k�l�k7M�H#NQZ{q
RTP�V�M�\BZI�e��P�H7JL_�SUNQJLRON�P�R�\UZIV7w4b�RtV&q�H��IZsH�qc`pl
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Kanzelhöhe Solar Observatory
Austria

Skalnaté Pleso Observatory
Slovak Republic

daily sunspot drawings

'�(*) ����� �,+ þ�àÃÝ³ß�ã�Û§î�Ý³ÞGß4Ý�ô;Û6Û§øGã³ß�Ü�÷§åÁÝ³Û§Ü�àâß�ãx�£ñâß�î«Ý�ä¹å\æGß�ñ + þ�	aÿ ö_Ü�àâõ§Þ	Ý2ä¹å\æGß�ñ + û>þGÿ��Äå§æGð@å6ã�å\á@äGñâß
ã³óGæGã�ä�Û\ÝWðGÜ³å�ôWàÃæGõcÝ�å��§ß�æ�î«Ü�Û§á&û9þGÿ �£á@àâðGðGñâßVä¹å\æGß�ñ����

- FsH�JLH � RtV&P�FsH#ZpXI_|`4H�J&\Uh�\U`IVLH7JYSUH�q�VLXsZ{VY[9\eP*�UJY\UXI[IV7� � P�FsH#Z^Xs_|`9H7J&\UhvVY[9\eP�V
NeZIq��-RtV&NQZj\B`{VYH�J�SUNQPL\UJ�l^�$JYH�MON�P�H�q]k7\UJYJLH�k�P�R�\BZjh�NBk�P�\UJ���P�FsH}q�H7P�NeR�MtV�qsH7[9H7Z{qsR�Zs�z\UZ
P�FsHaNek�PLX4NeMxVYH7H�R�ZI�rk7\BZ{qsRTPLR�\UZIV��sPLFIH}R�ZIV�P�JLXs_-H�Z!P�X{VYH�q�NeZIqcP�FsH}\B`{VYH�J�S!H�J � w
� Z k�\UZpPLJ�NeVYP}PL\�PLFIH-JYH�MON�P�RTS!H-VLXsZ{VY[9\ePiZ^XI_a`9H�JLV7�
P�FIHrFIH�_rRtVL[sFIH7JLRtk � XIZIVL[4\BP

� Xs_|`9H7J�V�b�.�NeZ{qgb�/ - H7JLHiZI\eP�k�\U_-[sR�M�H�q�\BZ~NzJLH7�UXIMONQJ�`4NeVLRtV&`!ljPLFIH � XIZIVL[4\BP
� ZIqsH1032�NQP�N54 H7ZpPLH�J�� �� 264 � ��VYH�H74 Xs�UZI\BZx� ���^�98;:�< NeZsM�\U_-_rH�M�=�>@?BADCt�FE �U�¹
^� `4H7�
h�\BJLH ����� E^w � \UMONeJ�NBk�PLRTS�RTP�lz\�k7k7XIJLVvZI\eP�VYl^_-_-H�P�JLRtk�NeM�MTl - RTP�F-JYH�MONQPLR�\UZrPL\�P�FIH&VY\UMONQJ
H$G!X4NQPL\UJ7�v_-\BJLH�\�S!H7J|P�FIHjZI\BJYP�FsH�JYZnNeZIq�VY\UX�P�FsH�JLZ FIH7_-RtVY[IFIH7JLHcPLH�Z{q P�\WH7S!\BMTS!H
VYH�[4NQJ�N�P�H�MTl ��HBw��swt��H�Z!P�\UZpX{k7k7RI=1>�?BADC�� �����U�J: EAH�_r_-H�JK=�>I?BADCt�@E �U� Ep�@E �B�^� � NQZ{q
JLH7h�H�JYH�ZIk7H�V*P�FsH�JLH7R�Z � w�2�XIH|P�\cP�FsHrVYH�[4NQJ�N�P�R�\UZWR�Z!P�\jZI\UJ�P�FsH�JLZ NQZ{qWVY\UX�P�FsH�JLZ Nek��
P�RTS^RTPml!�Q\�S!H7JLMONQ[I[IR�Zs��H�L4H�k�P�V - FIRtk�FzNeJLH \B`sP�NQR�ZIH�q - FsH�Z - H�V�PLX{q�l}P�FIH - FI\UM�HGqsRtVYu9�
k�NQZ�`9HaN�SU\URtqsH�qyw{E�FsH�VYHih�NBk�P�V - H7JLH}P�FsHi_r\BP�RTSBNQPLR�\UZ�h�\BJ&[IJYH�[4NQJLR�Zs�cNrk�NQP�NeM�\U�BXIH
h�JY\U_ q{NQR�MTlaVYXsZ{VY[9\ePqsJ�N - R�ZI�!VA[IJL\�S�Rtq�H�q#`pl�P�FIHNMiNeZFO7H�M�F�P\UFIH � \BMONeJRQ*`{VYH�J�SUNQPL\UJ�l
�SM � Q � �FH�X{V�PLJLRON��IhD\UJ�P�FsH�P�R�_rH}VL[{NeZ ���98^��� E �B�U� �¢EAH7_-_-H7J�=1>T?BADCt�UE �U� E � wFV�\ - �
H7SUH�J��eP�FsH�M � Qoq{NQP�N�VYH7P/qsRtqzZI\eP�V�P�H�NBq�R�MTlzk7\�S!H7JP�FsH�\�S!H�J�NeM�Ms[9H�JYR�\�qz`IX�P���E 89W \Uh
P�FsHaq{NeR�MTljSBNeM�XsH�V - H7JLH#_-RtVLVYR�ZI�g�¢qsXsHiPL\«`4Neq - H�NQPLFIH7J*k�\UZ{q�RTP�R�\BZ{V � wUXR0pP�J�NBk�PLR�ZI�
VYXIZ{VY[4\BP�qsJ�N - R�Zs�!V�hDJL\B_ NQZI\BPLFIH7J�\B`{VYH�J�SUNQPL\UJ�l - \BXIMtqcR�Z{k�JLH�NBVYH�PLFIH�q{N�P�Nak�\�S!H7JY�
Ne�BH}NQZ{q
�^_-\BJLH�\�S!H7J��!H�ZIF{NeZIk7H�PLFIH*VYP�NQPLRtVYPLRtk�NQM9VLR��BZIR��Ik�NeZIk7HBwZYGl�`\[NQu]=1>^?BADC
��E �B��
p�
[IJYH�VYH�Z!P�H�qf�sJ�V�P|JLH�VYXsMTP�Va\UZ N�_-H�JY�UH�qfq{N�P�NgVYH7P|h�JY\U__M � Q NQZ{qfPLFIH � ueNeM�Z4N�PF[H
` M�H�VY\aQ*`{VYH7JYSUN�P�\BJYl�� �J` Q � � � M�\�SUNQubY�H�[sXI`sM�RtkBw�c{\BJvP�FsH&PLR�_-H&VL[{NeZ �	��8B8��4�	��8�� RTP
- NeV�VYFI\ - Z�PLF4N�P&PLFIHiq{N�P�Nzk7\�S!H7J�Ne�BHik7\UXsMtq�`9H}R�Z{k7JYH�NeVLH�q�h�JY\U_ 8���W ��R�Z{k�M�X{qsR�Zs�
\UZsMTldM � Q�qINQP�N � XI[WP�\ �Be�W hD\UJIM � Q�NeZIq �Z` Q�qINQP�N]PL\U�UH�P�FsH�J�w � Z \UJLqsH7J}P�\
[9H7JLh�\BJL_ M�\BZI�e��P�H7JL_ V�PLX{qsR�H�V?\UZy�QHUw��swt��Zs\UJYPLFs�$VL\BXsPLFrNeV�l�_-_-H�P�J�l�h�H�NQP�XsJLH�V�� - H�NQR�_
P�\-[IJY\�qsXIk7HaNQZgH%0^PLH�Z{q�H�qgNQZ{q�R�_r[IJL\�S!H�q�k�N�P�NeM�\B�UXsH]��`{NBVYH�q�\BZfM � Q NeZIq �Z` Q
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qINQP�N � R�Z{k�M�X{q�R�ZI�#FIH7_-RtVY[IFsH�JLRtk�VYXIZIVY[9\BP/Z^XI_a`9H�JLVvh�\BJ/PLFIH�PLR�_-H�VY[4NQZ ���¹
���� E �B��
 w
EGFIRtV - \UXIMtq�k�\�S!H7J�NQM�_-\!V�P e H�Z!P�R�JLH}VY\UMONeJ&k�lsk7M�H�V7w
� ZnP�FIH~h�\BM�M�\ - R�ZI� - HWqsH�VLk�JLR�`9HKP�FsHWk7\B_-[IR�MON�P�R�\BZ \Uh}PLFIHWq{N�P�NfhDJL\U_ M � Q

NQZ{q �Z` Q q�J�N - R�ZI�UV&h�\UJ�P�FsHiPLR�_-HiVY[4NeZ ���¹
���� E �B��
 wUc{XsJYPLFIH�JY_-\UJYH#NBV�NbG!X4NeM�RTP�l
k�FIH�k�u-\Uh=PLFIH�qsH7JLRTS!H�qcFIH7_-RtVY[IFIH7JLRtk�qINQP�N - H�[IJLH�VYH�ZpP&N#JLH��BJLH�V�VYR�\BZ�NeZ4NQMTlsVYRtV&NQZ{q
k�\U_-[{NeJLRtVY\BZKPL\cP�FsHzR�Z!P�H�JYZ4N�P�R�\UZ{NeM�FIH7_-RtVY[IFIH7JLRtk|VYXsZ{VY[9\eP}ZpXI_|`4H�J�V�h�JL\B_ ��� 274
hD\UJ�PLFIH�P�R�_-H}VY[4NQZ �	�^� E � E �U��
 w

�y3 ���I8����46A<��
	p8��A;=<�

cIJL\B_ q{NQR�MTl�VYXIZIVL[4\BP&q�J�N - R�ZI�UV&[sJL\�S^RtqsH�qj`plKM � Q NeZIq �J` Q���k7hmwFc?R��UXsJLH ��� - H
H%0^P�J�NBk�P�H�qjhD\UJ&H�NBk�F�\B`{VYH�J�SUNQPL\UJ�lcP�FsHiZs\UJ�P�FIH7JLZKNQZ{q�VY\BXsP�FsH�JYZ�JLH7MONQP�RTSUHaVYXsZ{VY[9\eP
ZpXI_|`4H�J��vb�.�� /������ NQZ{q b�.�� /������ �vJYH�VY[9H�k�PLRTS!H�MTlUw �J` Q qsJ�N - R�ZI�!V - H�JYHjP�NeuBH�Z
hD\UJvPLFIH&H�ZpPLR�JLH�P�R�_-H&VL[{NeZ �	��
��� E �U�¹
 ��h�JL\B_ �	�^��� \BZ]qINQP�N - H�JYH&P�NeuBH�Z-h�JL\B_ PLFIH
� P�NeJ�N��xH�VYZ4N Q*`{VYH�J�SUNQPL\UJ�l � w�2�J�N - R�Zs�!V�h�JL\B_ M � Q - H�JYH}X{V�Ne`sM�HihDJL\B_ ���^� Ea\BZ :
`4H�h�\BJLH*PLF4N�PGP�R�_-H�k�FIJY\U_-\UVY[IFIH7JLRtk�h�H�NQPLXIJLH�V - H�JYH�R�ZIqsRtk�N�P�H�qc\UZ]P�FIH�qsJ�N - R�Zs�!V&NeV
- H�M�M - FIRtk�F�R�ZsFIR�`sRTP�H�qcP�FIH�JLH7M�RONe`IM�H}H10^PLJ�Nek�P�R�\BZ�\Bh�VYXIZIVL[4\BP�Z^XI_a`9H�JLV7w
� Xs`{VYH$G!XIH7ZpP�MTlgPLFIHz\B`sP�NQR�ZIH�qWq{NeR�MTl��mJ�N -�� FsH�_-RtVY[IFsH�JYRtk � XIZ{VY[4\BP � Xs_|`9H7J�V

hDJL\U_ M � Q|�Ab�. � /������ ��NQZ{q �Z` Qa��b . � /!����� �AJYH�VY[9H�k�PLRTS!H�MTlU��NQJLH«_-H7JL�BH�q VLH7[4N��
J�NQP�H7MTlfh�\BJ|H�Nek�F FsH�_-RtVY[sFIH�JYHUw � h�qINQP�N�hDJL\U_ `9\eP�F \B`{VYH�J�SUN�P�\UJYR�H�VzNeJYH�N�SBNeR�MONe`sM�H
VYR�_-[sMTlcP�FsH#_-H�NQZ�SUNQM�XIH#RtV*k�NeMtk�XIMONQPLH�qf�SX@GpX{NQP�R�\BZ E � \BPLFIH�J - RtVYH|N�SBNeR�MONQ`IM�Haq{N�P�N
hDJL\U_ P�FsH#JYH�VY[9H�k�PLRTS!Hi\U`{VYH7JYSUN�P�\BJYl�NeJLH}P�NQuUH7Z � X^G!X4NQPLR�\UZ � NQZ{q 
p� w Q*XsP�\Uh?P�FsRtV
PLFIH|JYH�MONQPLRTS!H|h�J�NBk�PLR�\UZ~\Bh/PLFIH|Zs\UJ�P�FIH7JLZ NeZIq~VY\UXsPLFIH7JLZWk�\U_-[4\UZIH7ZpP��#" NeZIq%$B�
RtV
k�NeMtk7XsMONQPLH�qyw � h�ZIH�RTPLFIH7J M � Q Zs\UJ �Z` Q qsJ�N - R�Zs�!V«NQJLHgN�SBNeR�MONQ`IM�H�PLFIH�qINQP�N NQJLH
M�R�ZsH�NeJYMTljR�ZpPLH�JY[9\UMON�P�H�q�NehOP�H7J�P�FsH}_-H7JL�BR�ZI�r[sJL\^k7H�VLV7w

" � $�� ��b .�� /�������� b .�� /����&��(' ��b �)�&��� b �����v� � E �
" � $*� b�.�� /������

b*����� � �!�

" � $�� b�.�� /������
b+����� , � 
^�

EGFIHa�sZ4NQMAFIH�_rRtVL[sFIH7JLRtk � XsZ{VY[9\eP � Xs_|`9H7J��9b . � -&.0/�1(.324/ NQZ{q~b /5� -&.0/�16.724/ � - NeV
PLFIH�Z \B`sP�NeR�ZIH�q `!l _|XsMTP�R�[IMTl^R�ZI� P�FIHWZI\BJYP�FsH�JYZ NeZIq�VY\UX�P�FsH�JLZ h�J�NBk�PLR�\UZIV - RTPLF
PLFIH qsH7�IZsRTP�RTS!H � Z!P�H�JYZ4N�P�R�\UZ{NeM � XIZ{VY[4\BP � XI_|`4H�J7�&b�8���\Bh#P�FsH q{N7l!w�9 RTPLF P�FsRtV
[sJL\�k�H�q�XIJLH - HjH�ZIVLXsJLH]P�F{NQPzP�FsH�q�H�JYRTS!H�q FIH7_-RtVY[IFIH7JLRtk � XsZ{VY[9\eP � XI_|`4H�J�VrNQJLH
Zs\UJL_«NeM�RDO�H�q - RTPLF JYH�VY[9H�k�P|PL\~PLFIH � ZpPLH�JLZ{NQPLR�\UZ4NQM � XsZ{VY[9\eP � Xs_|`9H7J�V7�?h�XsM��IM�M�R�ZI�
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� Ö¹Ò�� )�� + þ�óGá@ájå\Ü�òJÛÙîaÝ³ÞGßZÜ�ß�õ§Ü�ß�ã�ã³àâÛ§æ.å\æ¹å§ñÂò�ã³àÃã9Û§î4Ý³ÞGßZû9þGÿ��Ùþ�	aÿ&å\æGðLþ  %'eÞGß�áZàÃã³äGÞGß�Ü�àâú
þ�óGæGã³ä�Û\Ý��ËóGáhø�ß�Ü�ã6ç�è§èÙì�ë�ì§í§í\é����;ÞGßVå§æ¹å\ñÃò�ã³àâãwô<å\ã4ä�ß�Ü�î«Û§Ü�áZß�ðtî«ÛÙÜwÝ³ÞGßVð¹å\àâñÂò}�
	����ÙÝ³ÞGß6áZÛ§æ	Ý³ÞGñÂò
áZß�å§æ*������å\æGðcÝ³ÞGß<ã³á@Û�Û\Ý³ÞGß�ðcáZÛ§æÙÝ³ÞGñÃòhá@ß�å\æ�������ÄæGÛ§Ü�Ý³ÞGß�Ü�æ�������å\æGð@ã�ÛÙó�Ý³ÞGß�Ü�æ���þ��2þ�óGæGã�ä�Û\Ý
�ËóGáhø�ß�Ü�ãY����ß4ñÃàâã�Ý�Ý³ÞGßaú�Ü�Û§ã³ã�ö�ú�Û§Ü�Ü�ß�ñÅåÁÝ³àâÛ§æ>ú�Û�ß��@ú�àâß�æÙÝ³ã2å\æGðhÝ³ÞGß4ã�ñâÛ§ä�ßaä¹å§Ü³å\á@ß�Ý³ß�Ü�Û§ø�Ý�å§àÃæGß�ðhî«Ü�ÛÙá
Ý³ÞGß�ñâàâæGß�å\Ü;ñâß�å\ã�Ý�ö�ã�"�ó¹å\Ü�ß�ã��GÝ<ôWàÃÝ³Þ�åcã�Ý�å\æGð¹å§Ü�ð�ß�Ü�Ü�Û§Ü��

Y�H7�UJYH�VLVYR�\UZ �=R�ZsH�NQJ\c?RTP
H�Z4NQMTlsVYRtV VYM�\U[9H
��� � w ���U� � w �U�U����� w �B� E
��� � w ���U� � w �U�U����� w �B� E
��� � w ���^� � w �^� E ��� w �B�_�
� � � w ���^� � w �U� E ��� w �B�_�
��/�� � w ���^� � w �^��8���� w �B� E
�Z/�� � w ���^� � w �U�^����� w �B� E

P�FsHiJYH�MON�P�R�\UZ

" ��b�8 � $!��b�8=��b . � -&.0/�1(.72 / � b /5� -&.0/�1(.72 / � b�8 , � �U�

"y3 # 	4�>%$D8;

H*V&N GpX4NQM�RTPmlck�FIH�k�u-\Uh=PLFIH�qsH�JYRTS!H�qcFIH�_rRtVL[sFIH7JLRtk�VLXsZ{VY[9\eP�ZpXI_|`4H�JLV - H}_]NeqsH}N
JLH7�UJLH�VLVLR�\BZjNeZ4NQMTlsVYRtV - RTP�Fck7\BJLJLH�VY[9\UZIqsR�Zs�zqINQP�Nih�JY\U_ ��� 274 h�\BJ PLFIH�\�S!H7JLMONQ[I[IR�Zs�
[9H7JLR�\�q ����� E � E �B��
 wBcIJL\B_ E�NQ`IM�H � RTPvk�NQZ|`9H�VYFs\ - Z#P�F4N�P?P�FIHGVLM�\B[9H�q�H�JYRTS!H�q#h�JL\B_
N-M�R�ZsH�NeJ*M�H�NBV�PL�$V G!X4NQJLH�V&��P�P�\-PLFIHaq{N�P�N«NBV - H�M�M�NeV�PLFIHak�JL\!VLV���k�\UJYJLH�MON�P�R�\BZKk7\^H'&z�
k7R�H7ZpP�V�NeJYH*S!H7JYl«k7M�\UVYH*P�\ � wJc�R��BXIJLH7E#VYFI\ - V�P�FsH�VLk�N�PLP�H7J `4H7P - H�H7ZjqsH7JLRTS!H�qcq{NQR�MTl
FIH7_-RtVY[IFIH7JLRtk � XsZ{VY[9\eP � Xs_|`9H7J�V�h�JY\U_ M � Q!( �Z` Q qsJ�N - R�Zs�!V7�9b .�� -&.0/�16.724/ NQZ{q
b /5� -&.0/�1(.72 / �/NeZIq�k7\BJLJYH�VY[9\BZ{qsR�Zs� � ZpP�H7JLZ{NQP�R�\BZ4NQM � XsZ{VY[9\eP � Xs_|`9H7J�Vz[sJL\�S�RtqsH�q
`pl PLFIH �� 264*��b�.�� .*)
+-,�NeZIq b�/5� .*)�+-,?� h�\UJ«PLFIHK[9H7JLR�\�q ����� E � E �B��
 ��PL\U[o[4NQZs�
H�MtV � w{EGFIHi_-RtqsqsM�H#NeZIqj`9\BPYP�\B_ [{NeZsH�MtV�R�Zfc�R��BXIJYH5E|VLFs\ - V�P�FsH#q�H�[4H�Z{q�H�ZIk7H}`4H7�
P - H�H�Z-_-\BZpP�FsMTlrNeZ{qz_-\UZ!P�FIMTlzVY_-\p\BP�FsH�qzFIH7_-RtVY[IFsH�JLRtk � XIZ{VY[4\BP � XI_|`4H�J�Vh�JL\B_
M � Q.( �J` Q NeZIq ��� 274~qINQP�N^��JLH�VY[4H�k�PLRTS!H7MTl!w�EGFIH�VLk�NQPLPLH�Jx[IM�\eP�V=k�M�H�NQJLMTl�JLH7SUH�NQMBP�F{NQP
ZI\gV�l�VYPLH�_]N�P�Rtkzq�RDL9H�JYH�ZIk7HrH10^RtVYP�V}`9H�P - H�H�ZWPLFIH-qsH7JLRTS!H�q NeZ{q~P�FIH � ZpP�H7JLZ{NQP�R�\BZ4NQM
FIH7_-RtVY[IFIH7JLRtk � XsZ{VY[9\eP � Xs_|`9H7J�V7w�X�0^PLJLH7_-Hr\BXsP�M�R�H7J�V#NBV}\U`IVLH7JYSUH�qWh�\BJi_-\UZ!P�FsMTl
FIH7_-RtVY[IFIH7JLRtk � XIZIVL[4\BP � XI_|`4H�JLV*��R�Z{qsRtk�NQPLH�q«NBV/k7JL\UVLVLH�V/R�ZrP�FsH&_-RtqsqsM�H&[{NeZIH7MtV/R�Z
c�R��BXIJYH5E � NQJLHiqsXsH�P�\«NaM�\ - q{N�P�Nzk7\�S!H�J�Ne�BH - RTP�F0/ �	� \B`{VYH�J�S�R�ZI�-qIN�lsV�hD\UJ�PLFIH
k7\BJLJLH�VY[9\UZIqsR�Zs�-_r\UZpPLFxwZc{\BJ�P�FIH�H�Z!P�R�JLH�PLR�_-H}VY[4NeZ � �	��
���� E �U��
p� \UZsMTlfE � \UXsP�\Uh

¯21 �4�m�����$�
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'�(*) ����� "�+ ��Û§ä!�§áZàâðGðGñÃß<å\æGðcø�Û\Ý�Ý³Û§áFä¹å§æGß�ñâã2ã³ÞGÛ�ô�Ý³ÞGß;ð¹å\àâñÂò��§áZÛ§æÙÝ³ÞGñÃòhå\æGðcáZÛ§æÙÝ³ÞGñÃò>ã³á@Û�Û\Ý³ÞGß�ð
ÞGß�á@àâã�äGÞGß�Ü�àâú<þ�óGæGã�ä�Û\Ý �ËóGáhø�ß�Ü�ã��\Ü�ß�ã³ä�ß�ú�Ý³àÂ÷	ß�ñÃò���'4Ü�Û§ã³ã�ß�ãy�£áZàÃðGðGñâß4ä¹å\æGß�ñ§��àâæGðGàÃú�åÁÝ³ß;á@Û§æ	Ý³ÞGã�ôWàÂÝ³Þ
åcð¹åÁÝ�åhú�Û�÷Ùß�Ü³å\õ§ß � ç��cð¹å�ò�ãY�

8 E � _-\BZpP�FIV�k7\BZpP�NQR�Z / ��� \B`{VYH�J�S�R�Zs�cq{N7lsVa� ��� _r\UZpPLF{V - RTP�F / ��� \U`IVYH�JYS^R�ZI�
qIN�lsV � - RTP�FzNeZ#\�S!H7J�NQM�M�q{N�P�N&k7\�SUH�J�Ne�UH�\Uh �¹
;W weEGF^X{V7��RTPk�NQZa`4H R�ZIhDH�JYJLH�qiPLF4NQPAPLFIH
q�H�JLRTSUH�q FIH�_rRtVL[sFIH7JLRtk � XsZ{VY[9\eP � XI_|`4H�J�V}S!H7JYl - H�M�M�JLH�ZIqsH7J#P�FsH � ZpP�H7JLZ{NQP�R�\BZ4NQM
\BZIH�V7w
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linear interpolation

'�(*) ������� + ��Û§äCä¹å\æGß�ñ + õÙå\ä ñÃàâæGß�å\Ü�ñÃò�àâæÙÝ³ß�Ü�ä�Û§ñÅåÁÝ³ß�ð|�£ã³ÞGÛ�ôWæCî«Û§ÜËæGÛ§Ü�Ý³ÞGß�Ü�æ ÞGß�á@àâã³äGÞGß�Ü�àÃú>ã�óGæGã³ä�Û\Ý
æ�óGáhø�ß�Ü�ã����§á@àâðGðGñâß �\ø�Û\Ý�Ý³Û§áFä¹å\æGß�ñ + õÙå\ä@Û§î�æGÛ§Ü�Ý³ÞGß�Ü�æ �Áã³Û§ó�Ý³ÞGß�Ü�æ@ÞGß�á@àâã�äGÞGß�Ü�àâú;ã³óGæGã�ä�Û\Ý2æ�óGáhø�ß�Ü�ã
�¹ñâñâß�ð�óGã�àâæGõ��6Ü�ß�ß�æ	ô<àâúsÞ¾ã³óGæGã�ä�Û\ÝËå\Ü�ß�åcð¹åÁÝ�å��

V�\ - H�S!H�J7��`pl«k�NeMtk�XIMON�P�R�ZI�aP�FsH�M�H�Zs�BPLFc\UhAk�\UZ!P�R�Z^Xs\UXIVLMTl«_-RtVLVYR�ZI�|q{N7lsV - H��BH7P
N}[9H�NeuaSUNeM�XsH�\Bh ��� qIN�l�V : \UZIMTl|P - \|NeJYH�M�\BZI�UH7J/PLF4NQZ �7� qIN�lsV*� ��� NeZIq ��� qIN�lsV �!:
VY\U_-HaVL_«NeM�M�H�J*\UZIH�V�NeJYH - H7M�M�`9H7M�\ - �7� q{N7lsV7w
E�FsRtV�M�\UZI�]�pNe[KRtV�q�XIHaPL\cJYH�[{NeR�J�V
\UZ]M � Q R�Z{V�PLJLXI_rH�ZpP*NeZ{q�`IXsR�MtqsR�Zs� - FsRtk�F - H�JYH#[4H�JYh�\UJY_-H�qjh�JL\B_ E e ���UXIZs� ���Be9e
XIZ!P�R�M ��� � 2*H�k�� ���9eBe NeV - H�M�M}NBVcVLR�_rR�MONeJcJYH�[4NQR�J�V�N�P �Z` Qdq�XIJYR�ZI� E � � � H7[s� �	�9eBe
XIZ!P�R�M E � � 2�H�k�� ���Be9e wsE�FsH�JYH�h�\BJLHB� - H}F{N�S!HiNeZ�\�SUH�JYMONe[�R�ZjP�R�_-H�\Bh ��� qIN�lsV - FIH�JYH
ZIH7RTP�FIH7J|qINQP�Njh�JY\U_ M � Q�Zs\UJ#h�JL\B_ �Z` Q NeJYHcN�SUNQR�MONe`sM�HUw �xR�ZIH�NeJ#R�Z!P�H�JY[9\BMONQP�R�\BZ
\�SUH�J&P�FsRtV�R�Z!P�H�J�SUNQMARtV�X{VYH7M�H�VLV*VYR�Z{k�HiP�FsH#R�ZpP�H7JYSBNeMAk7\�SUH�JLV*VYH7SUH�J�NQM?VY\BMONeJ�JL\eP�N�P�R�\UZIV
�¢VYH�H7c�R��BXIJYH � �vP�\U[j[4NQZIH�M � w

E�FpX{V7� - HiF4N7S!H�P�\-�sM�MxP�FsRtV&R�ZpPLH�JYSBNeM - RTPLFgH%0^PLH�JLZ{NeM=q{N�P�N|PLF4N�P�NQJLHi[sJL\�S�RtqsH�q
VYH�[4NQJ�N�P�H�MTlKhD\UJ�PLFIHzZI\BJYPLFIH�JYZ NeZIq VY\UX�P�FIH7JLZWVY\UMONeJ�FIH7_-RtVY[IFIH7JLHBw � R�ZIk7HrVYXIZIVL[4\BP
qsJ�N - R�Zs�!V�h�\UJ�PLFIRtV?PLR�_-H�VY[4NQZ-NQJLHGZI\BPH�NeVYR�MTlzN�SUNQR�MONe`sM�H�h�JY\U_ \BPLFIH�J�\U`IVYH�JYSBNQPL\UJLR�H�V

:	� �4�m�����$�
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- H*qsH�k�RtqsH�q-P�\#XIVYH*q{NQP�N}h�JY\U_ VYXIZIVL[4\BP�NQJLH�NeV�����JLH7H�Z - Rtk�F � P�F4N�P�NeJYH*VLH7[4NQJ�NQPLH�MTl
�BRTS!H�ZohD\UJc`4\BP�FoFsH�_-RtVY[IFsH�JYH�V7wTH�VjVYXI`IV�P�RTP�X�P�R�\BZoPLFIH~Zs\UJ�P�F (QVY\UXsPLFoJ�NQP�R�\ h�JY\U_
VYXIZIVY[9\BP NQJLH�NeVvh�\BJP�FIH&VL[4H�k�R��{kGP�R�_-H&VY[4NQZrRtV/_|XsMTP�R�[sM�R�H�q - RTP�FrP�FIH � ZpP�H7JLZ{NQP�R�\BZ4NQM
� XIZ{VY[4\BP � XI_|`4H�J&� " � $�������� �ib 8 � �
	��� � wpEGFIH�JLH�VYXIMTP/\Uh4P�FsRtVv[IJY\�k�H�qsXsJLH�RtV�VYFI\ - Z
R�Z c?R��UXIJYH � w

V�H7JLH�P�FIH]G!XIH�VYPLR�\UZ NQJLRtVYH�V - F!l P�\fH10^PLJ�Nek�P«R�Z�N - NBV�P�H7h�XsM�_]NQZIZsH�J-FIH�_rRT�
VY[IFsH�JYRtk~VYXsZ{VY[9\ePjZpXI_|`4H�JLV]hDJL\B_ qsJ�N - R�Zs�!V«P�\ V�PLX{q�l M�\BZI�B�¢P�H7JL_ Zs\UJYPLFs�$VL\BXsPLF
NeVYl^_-_-H�P�JLR�H�V]NQZ{qoZs\BP]P�NQuUH~VYXIZIVL[4\BPjNeJLH�NBV]R�Z{V�P�H�NBq��WE=H�_-_rH�J =�> ?BADC���E �B� E �
VYFI\ - H�q P�F4N�PaPLFIH«JLH7MONQPLR�\UZ{VYFsR�[ `4H7P - H�H7Z VYXIZ{VY[4\BPrNQJLH�NBV|NQZ{q JLH�MON�P�RTSUHjVYXsZ{VY[9\eP
ZpXI_|`4H�J�V RtV�h�NeJGh�JY\U_ `4H�R�Zs�z\UZIH���PL\B�$\BZIH - RTP�F�VYR��UZsR��{k�NeZpP&q�RDL9H7JLH�ZIk7H�V�H�VY[4H�k7RONQM�MTl
q�XIJLR�Zs� PLFIH _]N�0^R�_|XI_ [IF{NBVYHf\BhaP�FsH VY\BMONeJgk�lsk�M�HUw���\BJLH�\�S!H7J�� ` H7PYP�NeXsH�JKNQZ{q
� J�NQZ{q�P]� ������8B� V�PLJLH�VLVYH�q~P�F4N�PiP�FsH-JLH7M�RONe`sM�H«_-H�NeVLXsJLH7_-H�Z!P}\Bh�VYXIZIVY[9\BPaNQJLH�NeViRtV
Zs\BP�NQZgH�NBV�lcP�NeVYu�NeZIq�JYH�VYXIMTP�V&_-R��BFpP*q�RDL9H7J�`!lgNQZg\BJ�qsH7J�\Bh�_]NQ�UZIRTPLX{q�H#q�XIH}P�\
q�RDL9H�JYH�Z!P�P�H�k�FIZsR GpXIH�V&NQZ{qcR�Z{V�PLJLXI_rH�ZpP�VGXIVYH�qywZcI\UJ&NzVYFs\UJYPGP�R�_rH}VY[4NQZx�sM�R�uBH}FIH7JLH
PL\��IM�M\UXsJ#qINQP�Nc�pNQ[x�
P�FIH�VYHrh¢Nek�P�ViNeJYHrZsH��UM�R��BR�`IM�H-`sXsPih�\BJ}_-Rtq^��NeZIq M�\BZI�e��P�H7JL_
R�Z!S!H�V�PLR��pNQPLR�\UZIV�\Bh�VY\UMONQJ�NBk�PLRTS�RTP�l]P�FsH�VYH}_rR��UFpP�[4\!VYH}[sJL\B`IM�H�_-V�w

�=3 �i;96?@ $�>��C�;96 �{6?<��r>=8 $D;x;��

� Z]k7\UZ!P�J�NBV�P�P�\iPLFIH*JYH�MON�P�RTS!H*VYXIZ{VY[4\BP Z^Xs_|`9H7J�V7�UPLFIH*FsH�_-RtVY[sFIH�JYRtk�VYXIZ{VY[4\BP Z^Xs_r�
`4H�J�V#NeJYH«Zs\BP#[IJY\�S�Rtq�H�q \UZ N�JYH��BXIMONeJ#`{NBVYRtV7w V�H7_-RtVY[IFsH�JLRtk � XIZIVY[9\BP � Xs_|`9H7J�V7�
R�Z�NeqIq�RTP�R�\UZ P�\KP�FsH]FIRtV�P�\BJLRtk�NQM � XIZIVL[4\BP � XI_|`4H�JLV#P�F{NQPzqsH�V�k�JLR�`4HcPLFIH�Nek�P�RTS^RTPml
\BhxPLFIH - FI\BM�H � XIZx�^[sJL\�S^RtqsH�R�_-[9\BJYP�NeZpPGR�Zsh�\UJY_]NQPLR�\UZ]\UZcVL\BMONeJ�Nek�PLRTS�RTPmlcNeZIqjNeMtVY\
�BRTS!H}ZsH�k�H�VLV�NeJYlck7\BZ{V�P�J�NeR�ZpP�V�\UZ�q^l�Z{Ne_-\|PLFIH�\BJLR�H�V�w
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