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'�3�<	R�/}�*'�?,_�'ZT
->'*Q*;�t Hn'VO
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)XL}[	'QP�/2<,KCL=/ö<>L�[�/0Q@nI?ÁJ*'�/ul,)R'9bI'>[	Q*;�W}'9bnQ�?KU=LÁ)>3²1ÁK9_ft^P�?=/�OMrsb_1B;�P�/�U�T
J*;�t J�?KU,_ft{[�?Á)X/�_feÁJ*;�tvR*Q�?ÁK4)X'4K*;=3�R�LÁ-01=L,_*+C/0)þL�R*)R'VO�?,_feÁJVr·O LKUÁQ�?Á-0LKO
R�LÁK.?Á-0?Á)�eg<,)R;}[�/0J*)2?KO L=<,J�L=1ÁJVrþ/>R*Q*'*JQ�*'QRVr ?=<,)RQ�LKO�/0)RQ*'*'�3�)2?ÁKíKC?ÁK�1
L=<,J�L=1=/ 1=<>/�b Ã,?=<,)RQ�LKO�/0)RQ*'Q�)Ã�_	/�nî'*){L�[	J�? 'n)2?^n6/|O�/0)XL}[�L,_	LKW}'4+�$²SþJ�?
-0?ÁK9_ft^P�?=/0)X<�+I1 )XLKO 3�P*)XLÅ1�R�LÁKC?Á-0?ÁJ*'�/|R*Q*'VU=LÁQ�?qX�LÁ)X<	P�/0)zO
'*K*Q�L=<,K.L�R�?�T
O
'*K*Q�LKO�/0)RQ�?�O�/0Q4'Z[	'�?ÁJ*J�LKW,L!K*Q*;�W�?43�1ÁQ�/�O�/0J*J�?�+ñ-0?�[�/0Q@nîK.?!Q�?�[	'�LÁ'*JZT
)X/0QVcB/0Q�LKO�/0)RQ�?43fR�<>/21�[�L}[�?,_feÁJ�L=<,)�eO1!)X/�b.J�L,_	LKW}'*'Ä±�²s¬ñ' )>$ÁR�$Å\Ä1=<>/�W�[�?
1ÁJ�L=<�+.)X<�+�R�L�R*Q�?=1ÁK*'�3ÄK.LÁ)XLÁQVrþ/�)X/�O '9_�' '*JVr·O <	R�L=<>LKU=LKO ;�P*'*)�rþ1=?�T
t%)kJ�/2<>L=1=/0QV~I/0J�<,)X1=L '*J�<,)RQ*;�O�/0J*)XL=1 ' 1,_�'C+.J*'�/GLÁK*Q*;@nI?Kt HI/}� <,Q�/	T
[�rdJ�?dR�LÁK.?Á-0?ÁJ*'�/�R*Q*'VU=LÁQ�?�X�LK~n'VUÁK*'Ä[�/�_	/0J*'4+�K*Q*;�W,L=143äQ�/�cÅQ�?ÁKQ�*'4+�3
Q�?=<><>LKW-_	?=<>L=1=?ÁJ*'�/>P�?=<>L=1ñJ�?¼R*;�J*K*)0?,b��Ä7jM¨�%3�Ã,<,;@b²?�+�Ã '�Ã,1,_	?,nîJ�?�+�Ã
K.LKOIR�LÁJ�/0J*)2?!)RQ�L�R�L=<�cB/0Q*J�L�� -0?�[�/0Q@nîK*'$\�$�Sþ)�O�/0)R'VO )0?ÁK9n6/ULKU=HnJ�L=<,)�e
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K9_	?=<><,'QP�/2<,K*'9bU'_J�L=1Krsb�Q�?Á-�[�/�_	L=1 ?=<,)RQ�LKO�/0)RQ*'*'�$,�P?�R*Q*'VO�/0Q�3�U=?Á-0L=1Krþ/
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JVr <�'�<,KCLKOMr·O
' KCL=LÁQF[	'*J�?Á)0?KO
' J�/�U=/2<,JVrsbÇLKU�È�/0K*)XL=143	'\1OK9_	?=<><,'QP�/	T
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L=<,J�L=1=L���R*Q�/	[V_	?KW�?=/�O�LKW,LO;�P�/�UÁJ�LKW,L�R�L=<>LKUÁ'4+�$�Í L�P�/0)X<�+í1Kr Q�?Á->'*)�e J�?�T
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R*Q*'�LKU=HI/0J*'4+ K J�?KU,_ft{[�?Á)X/�_feÁJ�L�� ?=<,)RQ�LÁJ�LKO
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J�L��\)�/�b.J4'QP�/2<,KCL���Q�?KU=LÁ)X/
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Ú Û!ÜÄÝ¨ÞÂÜ�ß^àCáCß

g T <,)RQ�LÁJ�LKO
'QP�/2<,K*'Q�Ç;�J*'�1=/0Q�<>?,_feÁJVr|�g'*J�<,)RQ*;�O�/0J*) g��
g=$âg T <,)RQ�LÁJ�LKO
'QP�/2<,K*'9�Ç;�J*'�1=/0Q�<>?,_ $U$_$U$U$_$U$U$U$_$U$U$U$ ãÊä
g=$Òk ¤j<,)RQ�L���<,)X1=L6;�J*'�1=/0Q�<>?,_	?I$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$ ãÊä

g=$Òk.$âg SuU=HI/2/B;=<,)RQ�L���<,)X1=L!'*J�<,)RQ*;�O�/0J*)0? $U$U$U$_$U$U$U$ ãÊä
g=$Òk.$Òk ¤j<,)RQ�L���<,)X1=L!)RQ*;�UKr ;�J*'�1=/0Q�<>?,_	? $_$U$U$U$_$U$U$U$ ãÊå

g=$æj ¤�W-_	LKO�/0Q*JVrþ/P<,'�<,)X/�OMr '*J�<,)RQ*;�O�/0J*)0? $U$_$U$U$U$_$U$U$U$ ç�è
g=$æjC$âg �
?Á-�[�/�_	/0J*JVrþ/BK*Q*;�W}' $U$U$U$_$U$U$_$U$U$U$_$U$U$U$ ç�è
g=$æjC$Òk DG'*K*Q�L=<,K.L�RZTaO
'*K*Q�LKO�/0)RQ $_$U$U$_$U$U$U$_$U$U$U$ ç	ç
g=$æjC$æj SþK*;�_*+.Q*JVr|��O
'*K*Q�LKO�/0)RQ $U$_$U$U$_$U$U$U$_$U$U$U$ ç�ä
g=$æjC$éÓ ¤j<,)RQ�L���<,)X1=L!;�Q�L=1ÁJ4+ $U$U$U$_$U$U$_$U$U$U$_$U$U$U$ ç	ê

g=$éÓ FPL}[�W,LÁ)XL=1ÁK.?I'*J�<,)RQ*;�O�/0J*)0?!KgJ�?KU,_fts[�/0J*'4+ZO $U$_$U$U$U$ ë�ç
g=$éÓ4$âg �
/�W};�_�'*Q�L=1ÁKC?I;�J*'�1=/0Q�<>?,_	? $_$U$U$_$U$U$U$_$U$U$U$ ë�ç
g=$éÓ4$Òk Ô_LÁK*;²<,'*Q�L=1ÁK.?6)XQ4;�UKr $U$U$_$U$U$_$U$U$U$_$U$U$U$ ë	ä
g=$éÓ4$æj ¤j<,)2?ÁJ�L=1ÁK.?6'*J�<,)RQ*;�O�/0J*)0?î1qO�/0Q*'Z[	'�?ÁJ�/ $U$U$U$ ë�ê
g=$éÓ4$éÓ FBQ�L=1=/0Q*KC?qW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L=<,)R' J*'*)X/}� $U$_$U$U$U$ ë	å

k T^RQR�?ÁQ�?Á)R;�Q�?6)XL�P*J�LKW,L61ÁQ�/�O�/0J*'g'dP�?=<,)XLÁ)�r Ó9g
k.$âg ìP?=<,)XLÁ)RJ�L�T�1ÁQ�/�O�/0J*J�?�+ ?�RQR�?ÁQ�?Á)R;�Q�? $U$U$_$U$U$U$_$U$U$U$ í�ç
k.$Òk S·R*Q�/	[�/�_	/0J*'�/�R�L�R*Q�?=1ÁK*'�P�?=<>L=1 $U$_$U$U$_$U$U$U$_$U$U$U$ í	í

j S·R*Q�/	[�/�_	/0J*'�/£~n'*Q�LÁ)�r Ó�¢
jC$âg 5�[�/>+ O�/0)XL}[�?!$U$U$U$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$ í}å
jC$Òk �"/	[	;�KQ�*'4+ -0/0J*'*)RJ�LKW,L6Q�?=<><,)XL2+.J*'4+gJ�?qO�/0Q*'Z[	'�?ÁJ $U$U$U$ í}î
jC$æj Dk/2<,)XLI-0/0J*'*)2?6J�?61=/0Q*)R'*KC?,_feÁJ�LKO K*Q*;�W,/ $U$U$U$_$U$U$U$ ï	ç
jC$éÓ 5P<	R*Q�?=1,_	/0J*'�/B-0/0J*'*)RJ�LKW,L6Q�?=<><,)XL2+.J*'4+ñ-0?6Q�/�cÅQ�?ÁKQ�*'Vt $ ï�ë
jC$Ò� 9�J*;�)R'�/P)RQ*;�UKr $U$U$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$ ï6í
jC$æ° Ì cB/�O�/0Q*'Z[�r FPL,_*+.Q*J�L�� 'ËÃ	tsnîJ�L��)Ã -01=/0-�[�r $U$_$U$U$U$ ï6í
jC$Å¢ #{r|P*'�<�_	/0J*'�/�1Á'Z[	'VOMrsb O�/2<,) $U$U$_$U$U$_$U$U$U$_$U$U$U$ ï�ä
jC$æ§ Dk/0)XL}[	'*K.?6J*?KU,_fts[�/0J*'Q� $U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$ ä�ã

ð



jC$æi ñ ;�Q*J�?,_ÇJ�?KU,_ft{[�/0J*'Q� $U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$ ä�ç
jC$âg�� ñ ;�Q*J�?,_ÇJ�?KU,_ft{[�/0J*'Q� $U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$ ä	ë
jC$âgKg SuUÁQ�?KU=LÁ)RKC?Ânî;�Q*J�?,_	?6J�?KU,_ft{[�/0J*'Q� $_$U$U$U$_$U$U$U$_$U$ ä�í

jC$âgKg=$âg � '*Q�LÁ)2?¨R�LIFPL,_*+.Q*J�L��ñ-01=/0-�[�/=$�#('Z[	'VOMrþ/�O�/2<,)2? ä�ê
jC$âgKg=$Òk � '*Q�LÁ)0?`R�LkFPL,_*+.Q*J�L�� -01=/0-�[�/=$��"/�cÅQ�?ÁKQ�*'4+�3

1=<	R�LKO�LKW�?Á)X/�_feÁJVrþ/P1=/�_�'9P*'*JVr $U$U$U$_$U$U$U$_$U$ ä	å
jC$âgKg=$æj¶� '*Q�LÁ)0?qR�L�Ã	tsnîJ�L��)Ã -01=/0-�[�/=$�#('Z[	'VOMrþ/hO�/2<,)0? ê�è
jC$âgKg=$éÓò� '*Q�LÁ)0?|R�LhÃ	t|nîJ�L��)ÃU-01=/0-�[�/=$��"/�cÅQ�?ÁKQ�*'4+�321=<	R�L�T

O�LKW�?Á)X/�_feÁJVrþ/P1=/�_�'QP*'4JVr $U$U$_$U$U$U$_$U$U$U$_$U$ ê�ã

Ó S·R*Q�/	[�/�_	/0J*'�/P?Á->'VO
;�)0?6-0/�O
J�LKW,L>R*Q�/	[�O�/0)0? ¢,j
Ó4$âg T%->'VO
;�)n'óO�/2<,)XL�tzW�?IJ�?IK*Q*;�W,/ $U$U$_$U$U$U$_$U$U$U$_$U$ ê6í
Ó4$Òk S·R*Q�/	[�/�_	/0J*'�/ö?Á->'VO
;�)2?B'!-0/0J*'*)RJ�LKW,LBQ�?=<,<,)XLª+.J*'4+6<>1=/0)R'9_ ê�ä
Ó4$æj �P?Á'9_�;�PV~n'�/P;=<�_	L=1Á'4+ñJ�?KU,_ft{[�/0J*'Q� $_$U$U$U$_$U$U$U$_$U$ ê	ê
Ó4$éÓ FPL�R*Q�?=1ÁK*' LÁ)X<	PVÑ0)XL=1�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LIK*Q*;�W�? $U$U$_$U$ ê�å

Ó4$éÓ4$âg FPL�R*Q�?=1ÁK.?I-0?!LK~n'VUÁK*; K.L,_Q_�'VO�?��*'*'í$_$U$U$U$_$U$ ê�î
Ó4$éÓ4$Òk FPL�R*Q�?=1ÁK.?I-0?6J�?ÁK9_	LÁJ*J�L=<,)�e�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� L=<,' å	è
Ó4$éÓ4$æj FPL�R*Q�?=1ÁK.?I-0?!LÁK*;�_*+.Q*JVr|��O"'*K*Q�LKO�/0)RQ $U$U$_$U$ å�ç

Ó4$Ò� #�_�'4+.J*'�/U<,;�)XL�P*J�L�� ?KU=/0Q*Q*?��*'*' $U$U$_$U$U$U$_$U$U$U$_$U$ å�í
Ó4$æ° #{r|P*'�<�_	/0J*'�/U?Á->'VO
;�)0?qR*Q�/	[�O�/0)0?6'dO�/2<,)2?�tzW�? $U$U$_$U$ å�ï
Ó4$Å¢ 5BJ�<,)RQ*;�KQ�*'4+�R�LIJ�?KU,_fts[�/0J*'Vt FPL,_*+.Q*J�L�� -01=/0-�[�r $_$U$ å	å
Ó4$æ§ SuUÁQ�?KU=LÁ)RKC?Ânî;�Q*J�?,_	?6J�?KU,_ft{[�/0J*'Q� $_$U$U$U$_$U$U$U$_$U$ î	ë
Ó4$æi 5BJ�<,)RQ*;�KQ�*'4+�R�LIJ�?KU,_fts[�/0J*'4+ZO 7�L,_�JQ��? $U$_$U$U$U$_$U$ î	ä
Ó4$âg�� SuUÁQ�?KU=LÁ)RKC?Ânî;�Q*J�?,_	?6J�?KU,_ft{[�/0J*'Q� $_$U$U$U$_$U$U$U$_$U$¼ãÊè	è
Ó4$âgKg #('Z[	'VOMrþ/PK.L=LÁQ@[	'*J�?Á)�r¹��/0J*)RQ�? 7�L,_�JQ��? $U$_$U$U$U$_$U$¼ãÊè	è
Ó4$âg�k SuU=HI?�+ñ<Êb²/�O�?!1Kr|P*'�<�_	/0J*'4+ñ?Á->'VO
;�)2?qR�LO7�L,_�JQ�*; $U$_$U$¼ãÊè�í

� S·R*Q�/	[�/�_	/0J*'�/|R�L�R*Q�?=1ÁK*'>P�?=<>L=1 '¨[�L,_fW,LÁ)�r»O�/2<,)0?ÅJ�?KU,_ft{[�/0J*'4+
R�L�O�/0)XL}[	; YB'*JQW,/0Q�? g��@¢
�.$âg SuU=Hn'Q��R*Q*'*JQ�*'QR L�R*Q*/	[�/�_	/0J*'4+�[�L,_fW,LÁ)�r $U$_$U$U$U$_$U$¼ãÊè	å
�.$Òk FBQ*'*JQ�*'QR Q�?=1ÁJVrsbñ1Krþ<>LÁ) $U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$¼ãÊè	å
�.$æj �P?Á'9_�;�PV~n'�/P;=<�_	L=1Á'4+ñJ�?KU,_ft{[�/0J*'Q� $_$U$U$U$_$U$U$U$_$U$¼ãÊè	î
�.$éÓ #{r|P*'�<�_	/0J*'�/hR�L�R*Q�?=1ÁK*'�P�?=<>L=1n$U$U$U$_$U$U$U$_$U$U$U$_$U$¼ã	ã�ç
�.$Ò� ¿(;�)XL�P*J�?�+g?KU=/0Q*Q�?��*'C+ ' '*-}O�/0J�/0J*'�/BJ�?ÁK9_	LÁJ�?6)RQ*;�UKr $¼ã	ãÊë

�.$Ò�.$âg FPL�R*Q�?=1ÁK.?I-0?!<,;�)XL�P*J*;�t ?KU=/0Q*Q�?��*'Vt $U$U$U$_$U$¼ã	ã�í
�.$Ò�.$Òk FPL�R*Q�?=1ÁK.?I-0?6'*-}O�/0J�/0J*'�/PJ�?ÁK9_	LÁJ�?I)RQ*;�UKr $_$U$¼ã	ãÊä

�.$æ° #{r|P*'�<�_	/0J*'�/�[�L,_fW,LÁ)�r $U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$¼ã	ãÊî
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�.$Å¢ �P?KU,_ft{[�/0J*'�/B-01KÑ0-�[�R�?ÁQ YB'*JVW,/0Q�?�$_$U$U$_$U$U$U$_$U$U$U$¼ã	ãÊî
�.$Å¢�$âg 5BJ�<,)RQ*;�KQ�*'4+#[V_*+ÅJ�?KU,_fts[�/0J*'9��-01KÑ0-�[ÂR�?ÁQUYB'*JZT

W,/0Q�? $U$U$U$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ã�ç�è
�.$Å¢�$Òk SuUÁQ�?KU=LÁ)RKC?Ânî;�Q*J�?,_	?6J�?KU,_ft{[�/0J*'Q� $U$U$_$U$U$U$¼ã�ç�ã

° S·R*Q�/	[�/�_	/0J*'�/z~n'*Q�LÁ)�r�O�/2<,)2?�J�?KU,_ft{[�/0J*'4+�O�/0)XL}[�LKO FP/21���L=1=?�g�kF¢
°C$âg 5�[�/>+ O�/0)XL}[�?!$U$U$U$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ã�ç�å
°C$Òk #{r|P*'�<�_	/0J*'�/h~n'*Q�LÁ)�r $U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ãÊë	è
°C$æj FPLÁQ +@[�LÁK J�?KU,_ft{[�/0J*'4+¼R�?ÁQ FP/21���L=1=? $U$_$U$U$U$_$U$U$U$¼ãÊë�í
°C$éÓ SuUÁQ�?KU=LÁ)RK.?IQ�/0->;�_feR)0?Á)XL=16J�?KU,_ft{[�/0J*'Q� $_$U$U$U$_$U$U$U$¼ãÊë�ê

¢ S·R*Q�/	[�/�_	/0J*'�/£~n'*Q�LÁ)�röR*;�J*K*)0?�O�/0)XL�[�LKOEV�?,_feÁKCLÁ)R)0? g�Ó9g
¢�$âg S·R*'�<>?ÁJ*'�/£O�/0)XL�[�? $_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ã�í�ç
¢�$Òk �"?KU=L�P*'�/£cBLÁQVO
;�_fr $U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ã�í}ë
¢�$æj #{r|P*'�<�_	/0J*'�/�1Á'Z[	'VOMrsb O�/2<,) $U$U$_$U$U$_$U$U$U$_$U$U$U$¼ã�í�ê
¢�$éÓ 5BJ�<,)RQ*;�KQ�*'4+ R�L6J�?KU,_ft{[�/0J*'VtÐR�?ÁQÇV�?,_feÁKCLÁ)R)0? $_$U$U$U$¼ã�ï�è
¢�$Ò� SuUÁQ�?KU=LÁ)RK.?¨nî;�Q*J�?,_	?IJ�?KU,_ft{[�/0J*'Q� $U$U$_$U$U$U$_$U$U$U$¼ã�ï�ã

§ S·R*Q�/	[�/�_	/0J*'�/ Q�?Á->J�L=<,)R'�~nK.?,_g1ÁQ�/�O�/0J*'
UT0 −UTC

<^R�LKO�L�T
H>eKt J�?KU,_ft{[�/0J*'Q�gJ�?qR�?=<><>?,nîJ�LKO '*J�<,)RQ*;�O�/0J*)X/ g��K�
§C$âg FP?=<><>?,nîJVr|�g'*J�<,)RQ*;�O�/0J*) $_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ã�ï�ä
§C$Òk S·R*Q�/	[�/�_	/0J*'�/�R�L�R*Q�?=1ÁK*'�P�?=<>L=16<�R�LKO�L=H>eKt

R�?=<><>?,nîJ�LKW,LI'*J�<,)RQ*;�O�/0J*)0? $_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ãÊä	è
§C$æj @P?Á)0?,_	LKW <�_�;@n�U!1ÁQ�/�O�/0J*' 7þ7þ7{� $_$U$U$_$U$U$U$_$U$U$U$¼ãÊä�ã
§C$éÓ Dk/0)XL}[��6$é�6$:FP?=1,_	L=1=?I1Kr|P*'�<�_	/0J*'4+¼R�L�R*Q�?=1ÁK*'�P�?=<>L=1 $U$¼ãÊä�ç
§C$Ò� ¤j<,)RQ�L���<,)X1=Ls[V_*+ Q�/�W}'�<})XQ*?��*'*'£R*Q�L�b²L�nq[�/0J*'Q�B-01KÑ0-�[pP�/	T

Q�/0-£O�/0Q*'Z[	'�?ÁJ $U$U$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ãÊä�ï
§C$æ° ¤j<,)0?ÁJ�L=1ÁK.?qR�?=<><>?,nîJ�LKW,LI'*J�<,)RQ*;�O�/0J*)0?

1qO�/0Q*'Z[	'�?ÁJ $U$U$U$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ãÊä	å
§C$Å¢ �P?KU,_ft{[�/0J*'4+�R*Q�L�b²L�nq[�/0J*'Q� -01KÑ0-�[ ' '9bñLKUÁQ�?KU=LÁ)RK.? $U$¼ãÊä	å

i S·R*Q�/	[�/�_	/0J*'�/BKCL=LÁQF[	'*J�?Á)pR*;�J*K*)XL=16'Ç1ÁQ�/�O�/0J*'dO�/0)XL}[�LKOS±�²s¬�g�¢,j
iC$âg #�1=/	[�/0J*'�/ $_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ã�ê6í
iC$Òk @BQ�?Á)RK*'�/P<>1=/	[�/0J*'4+ñL�±�²s¬ $U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ã�ê	ï
iC$æj 9 /2L}[	'*J�?KO
'QP�/2<,K.?�+ñ<,)0?ÁJQ�*'4+ 7�F£U=9¥¤ $U$_$U$U$U$_$U$U$U$¼ã�ê�å
iC$éÓ ¯x©®÷£­!�xTacBLÁQVO�?Á)�[�?ÁJ*JVrsbx[V_*+zb.Q�?ÁJ�/0J*'4+h±�²s¬FTÀ'*-}O�/0Q�/0J*'Q��ã�ê�å
iC$Ò� S·R*Q�/	[�/�_	/0J*'�/
K.L=LÁQ@[	'*J�?Á)�<	R4;�)XJ4'*KC?·R�L·U=LÁQ*)XL=1Kr·O�l�cB/	T

O�/0Q*'Z[�?KO $U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$¼ãÊå�ã
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iC$æ° S·R*Q�/	[�/�_	/0J*'�/�K.L=LÁQF[	'*J�?Á){O�/2<,)2? '�R�L�R*Q�?=1ÁK*'�P�?=<,L=1|R*Q*'ZT
/�O
J*'*KC?G$_$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$¼ãÊå�í

iC$Å¢ FBQ*'VO�/0Qñ1Kr|P*'�<�_	/0J*'4+OKCL=LÁQF[	'*J�?Á)P'ñ1ÁQ�/�O�/0J*'¼R�L�±�²s¬FT
'*-}O�/0Q�/0J*'4+ZO $_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$¼ãÊå	å

iC$æ§ FBQ*'9_	L�nI/0J*'4+ $U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$¼ãÊî�ï

g�� FpwÎ7�T�?=<,)RQ�LKO�/0)RQ*'4+ k��Zg
g��C$âg #�1=/	[�/0J*'�/ $U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$�ç�è�ç

g��C$âg=$âg @BQ�?Á)RK.?�+ '�<,)XLÁQ*'4+gFpwÎ7 $U$U$_$U$U$U$_$U$U$U$_$U$�ç�è�ç
g��C$âg=$Òk 7�L=1ÁQ�/�O�/0J*JVrþ/Å-0?�[�?�P*'ÇFpwÎ7�T�?=<,)RQ�LKO�/0)RQ*'*' $_$U$�ç�è�ï

g��C$ÒkEFpwÎ7 KC?ÁKg;²<,)RQ�L���<,)X1=L>[V_*+ Q�/�W}'�<,)RQ�?��*'*' '*-0LKUÁQ�?,nI/0J*'Q� ç�è�ê
g��C$Òk.$âg FBQ*'*JQ�*'QR Q�?KU=LÁ)�r FpwÎ7 $U$U$_$U$U$U$_$U$U$U$_$U$�ç�è�ê
g��C$Òk.$Òk Sö<,J�L=1ÁJVrþ/MR�?ÁQ�?KO�/0)RQVrí'#b ?ÁQ�?ÁK*)X/0Q*'�<,)R'*K*'�FpwÎ7�T

O�?Á)RQ*'Q� $U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$�ç�ãÊè
g��C$æjm�P?KU,_fts[�/0J*'4+ 'dR�/0Q�1Á'QP*J�?�+ñLKUÁQ�?KU=LÁ)RK.?I<,J*'VO
KCL=1 $U$_$U$�ç�ã�ç

g��C$æjC$âg 5BJ�<,)RQ*;�O�/0J*)�r $U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$�ç�ã�ç
g��C$æjC$Òk Sö<>LKU=/0J*J�L=<,)R' Q�?KU=LÁ)�r <BFpwÎ7�TÀ'*-0LKUÁQ�?,n6/0J*'4+ZO
' $�ç�ãÊä
g��C$æjC$æj Dk/0)XL}[	'*KC?IJ�?KU,_ft{[�/0J*'Q� $U$U$_$U$U$U$_$U$U$U$_$U$�ç	ç�ã
g��C$æjC$éÓ FBQ�/	[�1=?ÁQ*'*)X/�_feÁJ�?�+ LKUÁQ�?KU=LÁ)RKC?I<,J*'VO
K.L=16$U$U$_$U$�ç	ç�ë
g��C$æjC$Ò� S·R*Q�/	[�/�_	/0J*'�/IR*Q�+ZO�LÁ;�W,L,_feÁJVrsb K.L=LÁQF[	'*J�?Á)('hU,_	/2<�T

K.?!LKU�È�/0K*)XL=1nJ�?�O�?Á)RQ*'Q��/ $U$_$U$U$U$_$U$U$U$_$U$�ç	ç	ï
g��C$éÓ T <,)RQ�LKO�/0)RQ*'QP�/2<,KC?�+ Q�/	[	;�KQ�*'4+gFpwÎ7�TÀJ�?KU,_ftu[�/0J*'Q� $_$U$�ç	ç�î

g��C$éÓ4$âg S·R*Q�/	[�/�_	/0J*'�/Ml,K�1=?Á)XLÁQ*'�?,_feÁJVrsb KCL=LÁQF[	'*J�?Á)�LKU�È$T
/0K*)XL=1í$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$�ç	ç�î

g��C$éÓ4$ÒkdT <,)RQ�LKO�/0)RQ*'4+ñ-01=/0-�[ $_$U$U$U$_$U$U$U$_$U$U$U$_$U$�ç�ë	ë
g��C$éÓ4$æj T <,)RQ�LKO�/0)RQ*'4+�[�1Á'9nî;.Hn'9b²<�+gLKU�È�/0K*)XL=1 $U$U$_$U$�ç6í�ç

gKgkFPL,_�;�P�/0J*'�/oR�?ÁQ�?KO�/0)RQ�L=1ELÁQ*'�/0J*)0?��*'*'ùw�/�O4_�' '*-��Ä7jM¨� J�?�T
U,_ft{[�/0J*'Q� k,Ó�¢
gKg=$âg cúD�ûVL�E h!^�ik] $U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$�ç6í}å
gKg=$ÒkEDk/�nq[	;�J�?ÁQ�L�[	J�?�+ <�_�;@n�U=?��Ä7jM¨�ùX;©«ª£¬Q\ $U$_$U$U$U$_$U$�ç	ï�è
gKg=$æj 5B-}O�/0Q�+C/�OMrþ/P1=/�_�'QP*'*JVr $U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$�ç	ï	ç
gKg=$éÓ DkL�[�/�_feI-0?�[�/0Q@nîK*' $_$U$U$U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$�ç	ï6í
gKg=$Ò�EDk/0)XL�[�r¦R�L,_�;�P�/0J*'4+ñL���/0J�LÁKg?=<,)RQ�LÁJ�LKO
'QP�/2<,K*'9b 'dW,/2L�T

[�/0->'QP�/2<,K*'9b R�?ÁQ�?KO�/0)RQ�L=1 $U$_$U$U$U$_$U$U$U$_$U$U$U$_$U$�ç	ï	ê
gKg=$æ°m�P/2LKU�b²L}[	'VO�L=/CR*Q�LKW}Q�?KOMO
J�L=/\LKU=/2<	R�/}P�/0J*'�/=$·Ô_LÁQVO�?Á)�r

[�?ÁJ*JVrsb�$�#�LÁ-}O�L�nîJ�L=<,)R'dR�?ÁK./0)2?�Àz¿·¿{¾zü $U$_$U$U$U$_$U$�ç	ï�î
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gKg=$Å¢E5BJ�<,)RQ*;�KQ�*'4+gLKUÁQ�?KU=LÁ)RK*' <>/2?ÁJ�<>?6J�?KU,_ft{[�/0J*'Q� $_$U$U$U$�ç�ä�ã
gKg=$Å¢�$âgþw�?KW}Q*;�->KC?¨[�?ÁJ*JVrsb $_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç�ä�ã
gKg=$Å¢�$Òkú÷Â±£¬ycB?��9_frÅ34[�L�R�L,_�J4'*)X/�_feÁJVrþ/ócB?��9_VrB3IR*Q�L�T

U,_	/�OMr <�[�L�R�L,_�J*'*)X/�_feÁJ�L�� <>/0K*;�JZ[�L�� $U$_$U$U$U$�ç�ä	ë
gKg=$Å¢�$æjdFPL�[�W,LÁ)XL=1ÁK.?>cB?��9_	L=1�ÿ��������0$��
	�� $_$U$U$U$_$U$U$U$�ç�ä�ï
gKg=$Å¢�$éÓ FPL�[�W,LÁ)XL=1ÁK.?>cB?��9_	?
����� $U$_$U$U$_$U$U$U$_$U$U$U$�ç�ä�ï
gKg=$Å¢�$Ò� SuUÁQ�?KU=LÁ)RKC?E$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç�ä	ä
gKg=$Å¢�$æ° MU'�?KW}J�LÁ-�LK~n'VU=LÁK�3>K.LÁQ*Q�/0KQ�*'4+��������Vÿ�$������03������������>$������Iç�ä�ê
gKg=$Å¢�$Å¢¶Ô_?��9_fr�T�¬�­�¬Q¬�$� x¾"! 'Â¬�²$#��K�K�K��÷6$é­�Àu²s¬%���&�����(')�

÷£­�Àz¬*�+��¯hg=3V¯^Ón$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç�ä�ê
gKg=$Å¢�$æ§ Sþ)�R*Q�?=1ÁKC?IQ�/0->;�_VeR)0?Á)XL=1 $U$_$U$U$_$U$U$U$_$U$U$U$�ç�ä	î

gKg=$æ§ FPL,_�;�P�/0J*'�/kF_S^w '*-kLKUÁQ�?KU=LÁ)RK*'ö�Ä7jM¨��T�<>/2<><,'*' -0?S�
+.J�1=?ÁQ +dk��K�Ki>W,L}[�? $_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç�ä	î
gKg=$æ§C$âg FPL,_�;�P�/0J*'�/#[�?ÁJ*JVrsb $U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç�ä	î
gKg=$æ§C$Òk FPL�[�W,LÁ)XL=1ÁK.?p[�?ÁJ*JVrsbñ$U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç	ê�è
gKg=$æ§C$æj SuUÁQ�?KU=LÁ)RKC?p[�?ÁJ*JVrsb $U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç	ê	ç

g�kv�
?KU=LÁ)0?6<ÅK.?Á)2?,_	LKW,LKO»½£ÿ���������')�(� kF¢��
g�k.$âgESuU=Hn'�/B<>1=/	[�/0J*'4+gL>R*Q�L=/0K*)X/h½£ÿ���������')�(��$_$U$U$U$_$U$U$U$�ç	ê�ä

g�k.$âg=$âg 7('�<,)X/�O�?6K.?Á)2?,_	LKW,L=1>½£ÿ���������')�(�ö',!.-�'�/�� $U$U$U$�ç	ê	ê
g�k.$âg=$Òkd#�b L}[	J�L�� KC?Á)0?,_	LKW $_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç�å	è
g�k.$âg=$æj SuU=LÁ->J�?�P�/0J*'4+ ' Q�?Á-}O�/0Q*J�L=<,)R' ?=<,)RQ�LKO�/0)RQ*'QP�/	T

<,K*'9b R�?ÁQ�?KO�/0)RQ�L=1 $_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç�å	è
g�k.$âg=$éÓ #�?ÁQ*'�?��*'�LÁJ*J�L�TÀKCL=1=?ÁQ*'�?��*'�LÁJ4JVrþ/![�?ÁJ*JVrþ/�'BKCLÁQZT

Q�/�_*+��*'*' $U$_$U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç�å	ë
g�k.$âg=$Ò� FBQ�/2LKUÁQ�?Á-0L=1=?ÁJ*'�/P?=<,)RQ�LKO�/0)RQ*'QP�/2<,K*'9b�[�?ÁJ*JVrsb $�ç�å�í
g�k.$âg=$æ°�Ô_LÁ)XLKO�/0)RQ*'QP�/2<,K*'�/O<,'�<,)X/�OMr K.?Á)2?,_	LKW,L=10!1-�'�/��

'ó½£ÿ���������')�(� $U$U$U$_$U$U$U$_$U$U$_$U$U$U$_$U$U$U$�ç�å�ê
g�k.$Òkm�"?KU=LÁ)0?6<�¾�¬Q¿]©Ê© 1=/0Q�<,'�/}� K.?Á)0?,_	LKW�?>½£ÿ���������')�(� $_$U$U$U$�ç�å	å

g�k.$Òk.$âg FBQ�LKW}Q�?KOMOMr¹P*)X/0J*'4+ K.?Á)2?,_	LKW�? $_$U$U$U$_$U$U$U$�ç�å	î
g�k.$Òk.$Òk FBQ�LKW}Q�?KOMO�?ILÁ)�U=LÁQ�?I-01=/0-�[ $_$U$U$_$U$U$U$_$U$U$U$�ç�î	ä
g�k.$Òk.$æjdFBQ�LKW}Q�?KOMO�?ÄQ�?=<	R*Q�/	[�/�_	/0J*'4+ -01=/0-�[UK.?Á)2?,_	LKW�?|½£ÿ��ZT������')�(�þJ�?6J�/�U=/2<,J�L�� <�cB/0Q�/ $U$U$_$U$U$U$_$U$U$U$�ç�î�ê
g�k.$Òk.$éÓ FPL=<,)RQ�L=/0J*'�/�[	'�?KW}Q�?KOMOMr 9 /0QQ�V~¨R*Q*;�JVW�?����
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g=$âg T <,)RQ�LÁJ�LKO
'QP�/2<,K*'Q�Ç;�J*'�1=/0Q�<>?,_

@#_	?=<><,'QP�/2<,K*'�/_<>L=1ÁQ�/�O�/0J*JVrþ/U?=<,)RQ�LKO�/0)RQ*'QP�/2<,K*'�/U'*J�<,)RQ*;�O�/0J*)�r ô �
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O�/0J*)�rÅ3X;=<,)2?ÁJ�L=1,_	/0J*JQrö/ 1%K*Q*;�R*JVrsb_LKU=<>/0Q�1=?Á)XLÁQ*'4+�b�'¨R*Q�/	[	J�?Á->J�?�P�/0JZT
JVrþ/�[V_*+gQ�/�~I/0J*'4+g-0?�[�?�PCcÅ;�JZ[�?KO�/0J*)0?,_feÁJ�L�� ?=<,)RQ�LKO�/0)RQ*'*'�R�LîL�R*Q�/	T
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-01=/0-�[ä3	'9b <>LKU=<,)X1=/0J*JVrsb¼[�1Á'9nI/0J*'Q�Ç'�R�?ÁQ�?,_Q_	?ÁK.<>L=14$�Ss[	J*?ÁKCL>[V_*+gQ�/	T
~I/0J*'4+`R*Q*'*K9_	?�[	JVrsbk-0?�[�?�P )XL�P*J�LKW,L KC?ÁQ*)XLKW}Q�?KcÅ'4Q�L=1=?ÁJ*'4+G)�/0Q4Q*'*)XL�T
Q*'*' 'yR*Q*'�1�+.->K*' )XL�P�/0K /�Ñ¼R�L=1=/0Q@b.J�L=<,)R' KyR*Q*'*J4+.)XL��»O�L}[�/�_�'yW,/2LÁ'ZT
[�? <�cBLÁQVO
'*Q�L=1=?,_	?=<�egLKUK~n'*Q*J�?�+íLKU,_	?=<,)�e ?=<,)RQ�LÁJ�LKO�L�TaW,/2L}[�/0->'QP�/2<,K*'9b
L�R*Q�/	[�/�_	/0J*'Q��3ÄL=<,J�L=1=L�� K.LÁ)XLÁQ�L�� <�_�;@nî'9_�'ÏO�?=<><>L=1Krþ/íJ�?KU,_ft{[�/0J*'4+�3
R*Q�L=1=L}[	'VOMrþ/ 1hR�L,_	/21Krsb!;=<�_	L=1Á'4+�b�$�Mh_*+!)2?ÁK*'9b!J�?KU,_ft{[�/0J*'Q�OJ�/2LKU�b²L�T
[	'VOMr¶UKrs_�' ?=<,)RQ�LÁJ�LKO
'QP�/2<,K*'�/ '*J�<,)RQ*;�O�/0J*)�rÅ3�K.LÁ)XLÁQVrþ/ <>L=1KO�/2HI?,_*'
UKr 16<>/�U=/�cÅ;�J*KQ�*'�LÁJ�?,_feÁJVrþ/P1=LÁ-}O�L�nîJ�L=<,)R'�U=L,_feK~n'*J�<,)X1=?nK9_	?=<><,'QP�/	T
<,K*'9bî'*J�<,)RQ*;�O�/0J*)XL=14$*V�?ÁK*'�/ '*J�<,)RQ*;�O
/0J*)�r¹UKrs_�'ñ<>LÁ-�[�?ÁJVr '�R�L,_�;�P*'ZT
_�'íJ*?Á-01=?ÁJ*'�/I;�J*'�1=/0Q�<>?,_feÁJVrsb ?=<,)RQ�LÁJ�LKO
'QP�/2<,K*'9b '*J�<,)RQ*;�O�/0J*)XL=143�<>L�T
K*Q�?=HI/0J*J�LÂ�O?=<,)RQ�LÁJ�LKO
'QP�/2<,K*'Q� ;�J*'�1=/0Q�<>?,_ËX�TI¤£\�$
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MONQP�NRM SUTWV
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W,LÁQ*'*-0LÁJ*)0?,_feÁJVrþ/UK.L=LÁQF[	'*J�?Á)�r <>1=/0)R'9_	?43$W,/2LKW}Q�?KcÅ'QP�/2<,K*'�/�KCL=LÁQF[	'*J�?�T
)�r¶O�/2<,)0?ÇJ�?KU,_ft{[�/0J*'4+í'�R�L�R*Q�?=1ÁK*;íQ�?KU=L�P*'9bÄP*?=<>L=1ËX�Q*'�<�$�g=$âg�\�$»5BJZT
<,)RQ*;�O�/0J*)î<>L=<,)XLÁ'*)!'*-p_	LKO�?ÁJ�L��\?=<,)RQ�LÁJ�LKO
'QP�/2<,K.L�� )RQ*;�UKrÅ3�'VO�/�t HI/}�
1=LÁ-}O�L�nîJ�L=<,)�e�R*L=1=LÁQ�?�P*'�1=?Á)�e=<�+ 1=LÁK*Q*;�W�[�1Á;@b 1Á-0?Á'VO
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_*+.Q*JVrsb L=<,/}�y��W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� 'E1=/0Q*)R'*K.?,_feÁJ�L���3IW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�T
W,LÅ'!1=/0Q*)R'*K.?,_feÁJ�LKW,L Q�?Á-�[�/�_fÑ0J*JVrsbnK*Q*;�W,L=143=LÁ)X<	P�/0)RJVrsb¨R*Q*'�<	R�L=<>LKU,_	/	T
J*'Q�î' <,'�<,)X/�OMr ;�Q�L=1ÁJ�/}��$@¤j<,)0?ÁJ�L=1ÁKC?�L=<>/}�O1£R9_	L=<,KCL=<,)R'�cÅ'*->'QP�/2<,K.LKW,L
W,LÁQ*'*-0LÁJ*)0?¦X�;�Q�L=1=/0J*J�L��SR�L=1=/0Q@b.J�L=<,)R'S�»W,/2LÁ'Z[�?�\I' 1 1=/0Q*)R'*K.?,_feÁJ�L��
R9_	L=<,K.L=<,)R'¶X�LÁ)X1=/2<,J�?�+�_�'*J*'4+V\¼R*Q�LÁ'*-01=L}[	'*)X<�+ <ÄR�LKO�L=H>eKt <,'�<,)X/�OMr
;�Q�L=1ÁJ�/}�g' Q�/�W};�_�'*Q�L=1=L�P*JVrsb 1Á'*J*)XL=14$
hQikj(l0m�npo�l�qrnpm�l�ltspuFv+wyx{z�n\|�}~l�q�o�v�z��p�\vp|pn+z�l�q�����l�u>l�jOvp|pnpm�l��BuF���&q�uFvp|gl���)m�l(x��R���������)�����
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¤�W-_frÎR�L=1=LÁQ�LÁ)0?Ç)RQ*;�UKr LÁKCL,_	L )XL�� '`[	Q*;�W,L�� L=<,' LÁ)X<	P*'*)�rþ1=?Kt%)X<�+
R�L#[�1Á;�O K*Q*;�W�?KOÄ�n1=/0Q*)R'*KC?,_feÁJ�LKO";n'�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKO
;Á$.#�/0Q4)X'4KC?,_fe�T
JVr|�IK*Q*;�W�<>L=/	[	'*J�/0J6<sW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L��6L=<�eKt '6<�_�;@nî'*)·[V_*+nLÁ)X<	PVÑ0)XL=1
;�W-_	L=1î1î1=/0Q*)R'*KC?,_feÁJ�L��dR9_	L=<,KCL=<,)R'���W,LÁQ*'*-0LÁJ*)0?,_feÁJVr|�ÇK*Q*;�WP<>L=/	[	'*J�/0J
<61=/0Q*)R'*KC?,_feÁJ�L��GL=<�eKt '`R�LgJ�/�O
; LÁ)X<	P*'*)�rþ1=?Kt%)X<�+\;�WÊ_fr 1�W,LÁQ*'*-0LÁJZT
)0?,_feÁJ�L�� R9_	L=<,K.L=<,)R'�$�7 J*'9nîJ�/}�¼P�?=<,)�eKt '*J*<,)RQ*;�O�/0J*)2?434;�K*Q�/}R9_	/0J*J�L��
J�?n)RQ�/�b�_�;�P�/21=LKO L=<,J�L=1=?ÁJ*'*'ñ< )RQ�/�O"+ 1Á'*J*)0?KO
'�3*<�_*;@n6?=Hn'VO
'�[V_*+ Q�/	T
W};�_�'*Q�L=1=?ÁJ*'4+�3 <,K*Q�/}R9_	/0JùW,LÁQ*'*-0LÁJ*)0?,_feÁJVr|� Q�?Á-�[�/�_fÑ0J4JVr|� K*Q*;�WSX®g�\�3
R*Q�/	[	J�?Á->J�?�P�/0J*JVr|�h[V_*+P'*-}O�/0Q�/0J*'4+hW,LÁQ*'*-0LÁJ*)0?,_feÁJVrsbP;�W-_	L=14$�#�/0Q@b.J4+�+
P�?=<,)�e\'*J�<,)RQ*;�O�/0J*)0?í1ÁQ�?=HI?=/0)X<�+ 1=LÁK*Q*;�WO1=/0Q*)R'*KC?,_feÁJ�L�� L=<,' ' J*/2<�Ñ0)
?,_�'Z[�?�[	;¼X�kF\'W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,L K*Q*;�W�?B< LÁ)X<	PVÑ0)RJVr·O
'qR*Q*'�<	R�L=<>LKU,_	/0J*'ZT
+ZO
'�3�? )2?ÁK9nI/61Á'9_�K*;yX j@\{<Â_	?KW,/0Q�?KO
'�3�1 K.LÁ)XLÁQVrsb J�?ñ<>1=LÁ'9bC��?�RQcB?,b
_	/�nî'*)�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�?�+ L=<�e '*J�<,)RQ*;�O�/0J*)0?4$��P?¼l,)XL���L=<,'�3¥R�/0QQR�/0JZ[	'ZT
K*;�_*+.Q*J�L K\J�/}� ;�K*Q�/}R9_	/0J�? ?=<,)RQ�LÁJ�LKO"'QP�/2<,KC?�+Ç)RQ*;�U=?�XÉÓ�\�3�<�_�;@n6?=HI?�+
[V_*+ñ1Á'*->'*Q�L=1=?ÁJ*'4+ñLKU�È�/0K*)2?nJ�?KU,_fts[�/0J*'4+�$
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# <�_�;�P�?=/u_	LKO�?ÁJ�L��6K.LÁJ�<,)RQ*;�KQ�*'*'O)RQ*;�UKr¡XÎ<�O $²Q*'�<�$Vg=$âg�\�3�_�'*J*'4+61Á'ZT
->'*Q�L=1=?ÁJ*'4+ <�R�LKO�L=H>eKt R*Q*'*-}OMr J�?�R*Q*?=1,_*+C/0)X<�+ 1�[�L,_fe�R�L,_	L��vW,LÁQ*'ZT
-0LÁJ*)0?,_feÁJ�L��ÇL=<,'�3*J�?!L}[	J�LKO K.LÁJQ��/BKCLÁ)XLÁQ�L��gJ�?,b²L�[	'*)X<�+ñK.LÁQ�LKUÁKC?ILÁK*;FT
_*+.Q*J�LKW,L�O
'*K*Q�LKO�/0)RQ�?�X��F\�<þ<>/0)RK.L��!J*'*)X/}��3 ?ÅJ�?z[	Q*;�W,LKO��_L=<>1=/0)R'*)X/�_fe
[V_*+ L=<>1=/2HI/0J*'4+�R�L,_*+O->Q�/0J*'4+�R*Q*'ñJ�L�P*JVrsb J�?KU,_ft{[�/0J*'4+�b�$4TI¤ 'VO�/2/0)
R*Q*'�<	R�L=<>LKU,_	/0J*'4+£[V_*+ Ã})XLÁJ*K4'9b�Ã¼O
'*K*Q�LKO�/0)RQ*'9P�/2<,K*'9bpR�L=1=LÁQ�LÁ)XL=1%)RQ*;FT
UKr 1=LÁK*Q*;�WULKU=/0'9b L=<>/}��3¥P*)XL J�/2LKU�b²L�[	'VO�L�R*Q*'í)XL�P*J�LKO J�?=1=/	[�/0J*'*'í/�Ñ
J�?IJ�?KU,_fts[�?=/�OMr|�gLKU�È�/0K*)>$
�P?#W,LÁQ*'*-0LÁJ*)2?,_feÁJ*;�t L=<�e J�?�[�/0) 1=/0Q4)X'4KC?,_feÁJVr|�IQ�?Á-�[�/�_fÑ0J*JVr|�IK*Q*;�W

X °@\�3.?,_�'Z[�?�[�?PKCLÁ)XLÁQ�LKW,L�<,J�?KU�n6/0J�?P;�Q�L=1ÁJ�/�O 3�<�_�;@n6?=Hn'VO`[V_*+6KCLÁJ*)RQ�L�T
_*+�R�L,_	L�n6/0J*'4+!?,_�'Z[�?�[�rSR*Q*' '*-}O�/0Q�/0J*'*' -0/0J*'*)RJVrsbîQ�?=<><,)XL2+.J*'Q� '9_�'
1Krþ<>LÁ)>$Z�P?ÁK9_	LÁJ¼W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� L=<,' L�R*Q�/	[�/�_*+C/0)X<�+O<^R�LKO�L=H>eKt <	R�/	T
�*'�?,_feÁJ�LKW,LíJ�?ÁK9_	?�[	J�LKW,L�;�Q�L=1ÁJ4+öXº¢K\�$
Mh_*+ KCLÁJ*)RQ�L,_*+ -0?G;=<,)XL��QP*'�1=L�T
<,)�eKt�R�L ?Á->'VO
;�)R;í)XL�P*JVrþ/OTI¤ <,J�?KU�nI?Kt%)X<�+�R�L=1=/0Q*'*)X/�_feÁJ�L��G)RQ*;�U=L��
X §@\%<qO
'*K*Q�LKO�/0)RQ�LKO 3�<,K*Q�/}R9_*+C/�O�L��G<IJ*'9nîJ�/}�ÄP�?=<,)�eKt '�J�?=1=L�[	'VO
L��
R*Q*' ?Á->'VO
;�)0?,_feÁJVrsb ' )RQ*'�?ÁJVW};�_*+��*'�LÁJ*JVrsb '*-}O�/0Q�/0J*'4+�b J�?\;�[�?,_VÑ0JZT
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J�/n<�R�/�~I?43$R*Q*'*1=/2<,)R'í/�W,LO1�R�LÁQ +@[�LÁK '\1O<,;�O�/0Q*K*'�R*Q*'�<,)R;�R*'*)�e K J�?�T
U,_ft{[�/0J*'4+ZO $ FPL�[�W,LÁ)XL=1ÁK.?B'*J�<,)RQ*;�O�/0J*)0?hR*Q�LÁ'*-01=L}[	'*)X<�+!1�<�_	/	[	;�t HI/�O
R�LÁQ +@[	K./K¸

• R*Q�LÁ'*-01=L�[	'4)�<�+ñQ�/�W};�_�'*Q�L=1ÁKC?I'*J�<,)RQ*;�O�/0J*)0?��
• L�R*Q�/	[�/�_*+C/0)X<�+ ' '�<	R*Q�?=1,_*+C/0)X<�+dO�/2<,)XLI-0/0J*'*)2?6J�?IK*Q*;�W,/(�
• L�R*Q�/	[�/�_*+C/0)X<�+ KCL,_Q_*'VO�?��*'�LÁJ*J�?�+ñLK~n'VUÁK.?��
• R*Q�LÁ'*-01=L�[	'4)�<�+�cBLÁK*;=<,'*Q�L=1ÁK.?!)RQ*;�UKr¯�
• '*J�<,)RQ*;�O�/0J*)n;=<,)2?ÁJ�?=1,_�'�1=?=/0)X<�+g1qO�/0Q*'Z[	'�?ÁJ�/(�
• [�/�_	?=/0)X<�+£R*Q�L=1=/0Q*K.?zW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L=<,)R'_J*'*)X/}�n1^R�L,_	/�->Q�/0J*'4+�)RQ*;FTUKrÅ$
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f���f
M_L J�?�P�?,_	? J�?KU,_ft{[�/0J*'Q�B;�J*'�1=/0Q�<>?,_feÁJVr|�B'*J�<,)RQ*;�O�/0J*)�[�L,_QnI/0J£UKr )�e
R*Q*'�1=/	[�/0J 16)0?ÁK.L=/�<>L=<,)XL2+.J*'�/=3VP*)XLKUKr#¸

• /�W,LoW,LÁQ*'*-0LÁJ*)0?,_feÁJ�?�+ ' 1=/0Q*)R'*K.?,_feÁJ�?�+EL=<,' <,)2?,_�' 1Á-0?Á'VO
J�L`R�/0QZT
R�/0JZ[	'*K*;�_*+.Q*JVr¯�

• W,LÁQ*'*-0LÁJ*)2?,_feÁJ�?�+nL=<�eB<,)0?,_	?�R�?ÁQ�?,_Q_	/�_feÁJ�L��>R9_	L=<,KCL=<,)R'�W,LÁQ*'*-0LÁJ*)0?��
• L=<�e J�?ÁK9_	?�[	J�LKW,LG;�Q�L=1ÁJ4+ <,)0?,_	?�R�?ÁQ�?,_Q_	/�_feÁJ�L��SW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L��
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• 1=/0Q*)R'*KC?,_feÁJ�?�+gL=<�eO<,)2?,_	?O1=/0Q*)R'*K.?,_feÁJ�L���3	)>$�/=$�LÁJ�?>[�L,_QnîJ�?�UKr )�e
R�?ÁQ�?,_Q_	/�_feÁJ�?61=/0K*)XLÁQ*; <,'9_fr )>+�nI/2<,)R'óO�/2<,)2?IJ�?KU,_fts[�/0J*'4+®�

• L=<�eI?,_�'Z[�?�[	J�LKW,L_;�Q�L=1ÁJ4+ <,)0?,_	?¨R�/0QQR�/0JZ[	'*K*;�_*+.Q*J�?61=/0Q*)R'*K.?,_feÁJ�L��
L=<,' '*J�<,)RQ*;�O�/0J*)2?4$
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�j'�<�$ g=$æiZ¸j@ R*Q�L���/	[�;�Q�/ Q�/�W};�_�'*Q�L=1ÁK*' '*J�<,)RQ*;�O�/0J*)0?4$ÄV�L�P*K*' TU3�#%3
7 '*-0LKUÁQ�?,nI?Kt%)hR�L,_	L�nI/0J*'�/#R�L�[fÈ�/�O
JVrsb 1Á'*J4)�L=1IJ�?IJ�L�nîKC?,b '*J�<,)RQ*;FT
O�/0J*)0?4$

�"/�W};�_�'*Q�L=1ÁK*;!'*J�<,)RQ*;�O�/0J*)0?n;�[�LKUÁJ�/2/Å1=<>/�W,Lh[�/�_	?Á)�en<zR�LKO�L=H>eKt J�?�T
K9_	?�[	J�LKW,LI;�Q�L=1ÁJ4+ 'dR*Q�LÁ'*-01=L}[	'*)�e!1!<�_	/	[	;�t HI/�O»R�LÁQ +@[	K./=$
g=$49 LÁQ*'*-0LÁJ*)0?,_feÁJ�?�+ñL=<�e!'*J�<,)RQ*;�O�/0J*)0?!;=<,)2?ÁJ�?=1,_�'�1=?=/0)X<�+ R�L!J�?�R*Q�?=1�T
_	/0J*'VtU3MR�?ÁQ�?,_Q_	/�_feÁJ�LKO
;�_�'*J*'*' Tz� X�Q*'�<�$xg=$æi@\�$WV�L�P*K*' TU3(#%3Ä7
'*-0LKUÁQ�?,nI?Kt%)sR�L,_	L�n6/0J*'*/�R�L�[fÈ�/�O
JVrsbB1Á'*J*)XL=1{J�?{J*L�nîK.?,bB'*J�<,)RQ*;FT
O�/0J*)0?4$j@PLÁJ�/}� L=<,'mR*Q*'Sl})�LKOþ[�L,_QnI/0J�R*Q�L=/0K*)R'*Q�L=1=?Á)�e=<�+ J�?kL}[QT
J*;\'*-îJ�L�nI/0K�3+R*;=<,)�e43»J�?�R*Q*'VO�/0Q�3 l,)XL�UÁ;�[�/0) J�L�nîKC? TU$)�P?óW,LÁQ*'ZT
-0LÁJ*)0?,_feÁJ*;�t L=<�eÅ'*J�<,)RQ*;�O�/0J*)0?B;²<,)0?ÁJ�?=1,_�'�1=?=/0)X<�+nJ�?ÁK9_	?�[	J�L��6;�Q�L�T
1=/0JVe4$�FPL=<,K.L,_feÁK*;E'*J�<,)RQ*;�O�/0J*)kJ�/íLÁ)RQ�/�W};�_�'*Q�L=1=?ÁJ�3()XL 1 LKU=HI/�O
<�_�;�P�?=/qR*;�-}r QVÑ0K�;�Q�L=1ÁJ4+�O�L�nI/0)O<�O�/2<,)R'*)�e=<�+í1�R*Q�?=1=L '9_�'G1,_	/21=L4$
7ÏR�LKO�L=H>eKt 1Á'*J*)2? T�� 1=1Á'*JQP*'�1=?�+Ç'9_�'í1Krþ1Á'*JQP*'�1=?�+ /�W,L�� <�_	/	T
[	;=/0)_;²<,)0?ÁJ�L=1Á'*)�eqR*;�-}r Q�/0KÇ;�Q�L=1ÁJ4+ J�?6<>/0Q�/	[	'*J�/h~nK.?,_frÅ$

k.$9�P?ÁK9_	?�[	J�L�� ;�Q�L=1=/0JVeí<�_	/�W}K.?�R�LÁK.?�P*'�1=?Kt%) 1íJ*?�R*Q�?=1,_	/0J*'*'�34R�/0QZT
R�/0JZ[	'*K*;�_*+.Q*J�LKOSW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� L=<,'�3	J�/_<,J*'VO�?�+ /�W,L!<�L=<,'�$��"<�T
_�'öR*;�-}r Q�/0K ;�Q�L=1ÁJ4+¹UÁ;�[�/0) <�O�/2HI?Á)�e=<�+ 1 Q�?Á->JVrþ/ <,)XLÁQ�LÁJVrÅ3þ)XL
l,)XL ;�K.?Á-}rþ1=?=/0) J�? )XL43|P*)XLEL=<�e ;�Q�L=1ÁJ4+ 'ÏW,LÁQ*'*-0LÁJ*)0?,_feÁJ�?�+ L=<�e
'*J�<,)RQ*;�O�/0J*)0? J�/Â_	/�n6?Á)!1 L�[	J�L���R9_	L=<,K.L=<,)R'�X�J�/IK.LKOIR9_	?ÁJ�?ÁQ*JVr^\�$
5P<	R*Q�?=1,_	/0J4'�/ [�/�_�?=/0)�<�+�[�1Á;�O"+yW,LÁQ*'*-0LÁJ*)2?,_VeÁJVr·O
' K.LÁQ*Q�/0KQ�*'�LÁJZT
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JVr·O
' 1Á'*J*)0?KO
'�3�Q�?=<	R�L,_	L�nI/0J*JVr·O
'OJ�?UL�[	J�LKOk'*- K.LÁJQ��L=1�J�?ÁK9_	?�[QT
J�LKW,L ;�Q�L=1ÁJ4+�$�S·R�/0Q�?��*'4+�l,)2?·R*Q�L}[�L,_QnI?=/0)X<�+x[�Lþ)X/�b�R�LÁQ�3}R�LÁK.?ö<�O�/	T
HI/0J*'�/]R*;�-}r QVeÁK.?{J�/{UÁ;�[�/0)|R*Q�/21Kr·~I?Á)�e^�C$Òk{�#�C$æjs[�/�_	/0J*'4+B;�Q�L=1ÁJ4+�$

jC$�7(J*'VO�?Kt%) J�?ÁK9_	?�[	J�L�� ;�Q�L=1=/0JVe43uR�L=1=LÁQ�?�P*'�1=?Kt%) /�W,LEJ*?Ïg�§K� ◦ 3ö'
1ÁJ�L=1Ke J�?ÁK9_�?�[�rþ1=?Kt%)EJ�?�W,LÁQ*'*-0LÁJ*)0?,_feÁJ*;�t L=<�e4$��"<�_�'ùR*;�-}r Q�/0K
<�O�/2<,)R'*)X<�+I1B<,)XLÁQ�LÁJ*;Á3=)XL�l,)XL#R�LÁK.?Á-}rþ1=?=/0)>3�P*)XLBL=<�eÅ;�Q�L=1ÁJ4+_J�?ÁK9_	L�T
J�/0J�? K¨W,LÁQ*'*-0LÁJ*)2?,_feÁJ�L��nL=<,'n'*J�<})XQ4;�O�/0J*)2?4$Á5P<	R*Q�?=1,_	/0J*'�/�[�/�_	?=/0)�T
<�+I1=/0Q*)R'*KC?,_feÁJVr·O
'IKCLÁQ*Q�/0KQ�*'�LÁJ*JVr·O
'!1Á'*J*)0?KO
'�3=Q�?=<	R�L,_	L�nI/0J*JVr{T
O
' J�?UKCLÁJQ��/ J�?ÁK9_	?�[	J�LKW,LU;�Q�L=1ÁJ4+�3.'¼R�L}[fÈ�/�O
JVr·O 1Á'*J*)XLKO T8��R*Q*'
l,)XLKO <�O�LÁ)RQ +.)>3�J�? <,K.L,_feÁK.L�[�/�_	/0J*'Q��<�O
/2<,)R'9_	<�+CR*;�-}r Q�/0K�$�FPL,_	L�T
1Á'*J�?P<�O�/2HI/0J*'4+Â_�'4K�1Á'Z[	'*Q*;²/0)X<�+>R�L�[fÈ�/�O
JVr·O�1Á'*J*)XLKOkTU3KR�L,_	L=1Á'ZT
J�? ;=<,)RQ�?ÁJ4+C/0)X<�+ K.LÁQ*Q�/0KQ�*'�LÁJ*JVr·O
' 1Á'*J*)0?KO
' ;�Q�L=1ÁJ4+�$jS·R*/0Q�?��*'4+
R�L=1Á)XLÁQ�+C/0)X<�+�[�L!)X/�b¼R�LÁQ�3VR�LÁK.?îLÁ)RK9_	LÁJ*/0J*'4+ R*;�-}r QVeÁK.?�R�L=<�_	/hR�/	T
Q�/0K9_	?�[	K*' J�/hUÁ;}[	;�)¨R*Q�/21Kr·~I?Á)�e��C$æjh[�/�_	/0J*'4+ ;�Q�L=1ÁJ4+�$
�{rþ1=?Kt%)_<�_�;�P�?Á'�3VP*)XL>R�L=<�_	/�R�/0Q�1=L���R�/0Q�/0K9_	?�[	K*'�R*;�-}r Q�/0K ;�Q�L=1�T
J4+ <,K*Q�L=/0)X<�+g-0?îL�R*Q�?=1=L���$�#¹l,)XLKO <�_*;�P�?=/pR�L}[fÈ�/�O
JVr·O 1Á'*J*)XLKO T
R*;�-}r Q�/0K 1Kr·W,LÁJ4+Zt%) J�?\<>/0Q�/	[	'*J*;Á3!R*Q*'vl,)XLKO 1=/	[	;�)Ç<	P�/0) LKU=LÁQ�L�T
)2?KOoR�L}[fÈ�/�O
J�LKW,LP1Á'*J*)0?4$Zw�?Á)X/�OoR�L�[VÈ�/�O
JVr|�O1Á'*J*)BT J�?hR�L,_	L=1Á'*J*;
P*'�<�_	? LKU=LÁQ�LÁ)XL=1gLÁ)X1=L}[�+.) J�?Á-0?�[Î3äLÁ)�P�/�W,L¼R*;�-}r Q�/0Kk;�Q�L=1ÁJ4+í<,J�L=1=?
;��Z[�/0) 1 <,)XLÁQ�LÁJ*;Á$�FPL=<�_	/¼l,)XLKW,L43�[�/}��<,)X1Á;�+ 1=/0Q*)R'*K.?,_feÁJVr·O
'kKCLÁQZT
Q�/0KQ�*'�LÁJ*JVr·O
'E1Á'*J*)0?KO
'�3
J�?,b²L}[�+CHn'VO
'�<�+ J�?íK.LÁJQ��/g;�Q�L=1ÁJ4+�3IR*;FT
-}r Q�/0KÇ1ÁJ�L=1Ke61Kr·W,LÁJ4+C/0)X<�+ J�?6<>/0Q�/	[	'*J*;Á$

Ó4$ Mh_*+ R*Q*'�1=/	[�/0J*'4+ñ1=/0Q*)R'*K.?,_feÁJ�L�� L=<,' '*J�<,)RQ*;�O�/0J*)2?!1!1=/0Q*)R'*K.?,_fe�T
J�L=/hR�L,_	L�n6/0J*'�/£R�L=1=/0Q*J�/�O 1=/0Q@b.JVtzt�P�?=<,)�eî'*J�<})XQ4;�O�/0J*)2?îJ�?�iK� ◦ �
1I)0?ÁKCLKOvR�L,_	L�nI/0J*'*'�W,LÁQ*'*-0LÁJ*)2?,_feÁJ�?�+ L=<�eIQ�?=<	R�L,_	L�nî'*)X<�+¼R�?ÁQ�?,_9T
_	/�_feÁJ�LuR*Q +ZO�L��n#þ7%$RFBQ*'pl,)XLKOóR*;�-}r Q�/0KU;�Q�L=1ÁJ4+PLKUKr|P*J�LþJ�/{UÁ;}[�/0)
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JVr·O
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1Á'*J*)2?KO
'�# ' 7%$�5#b <�_	/	[	;²/0) 1ÁQ�?=HI?Á)�e L}[	J�L=1ÁQ�/�O�/0J*J�L 1 Q�?Á->JVrþ/
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JVr·O 1Á'*J*)XLKO TU3	J�?�R�L,_	L=1Á'*J*; K.LÁQZT
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;�)XL=143�? )2?ÁK9nI/�R*Q�L�T
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/}P�?Kt%)ö1ÁQ�/�O"+£R*Q*L�b²L�nq[�/0J*'4+U<>1=/	T
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T <,)RQ�LÁJ�LKO
'QP�/2<,K*'�/ L�R*Q�/	[�/�_	/0J*'4+ÏR*Q�+ZOIr|b 1=L=<Êb L�nq[�/0J*'Q� -01KÑ0-�[ '
#�<>/�O
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J�LKW,L ;=<,)RQ�L���<,)X1=?Å'!/�W,L )X/�b@T
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'QP�/2<,K*'9b J�?KU,_fts[�/0J*'4+�b�$sÍ L}[ <,)0?ÁJZ[�?ÁQ*)XL=1
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'�R�L_)X/�_	/21Á'Z[�/0J*'VtU3.?_)0?ÁK9n6/ <�_�'QP�/0J*'4+O-01KÑ0-�[	JVrsb�P�?=<>L=1n<
L=<,J�L=1ÁJVr·O
'�$
7('*J9b.Q�LÁJ�LKO�/0)RQ�ìÂ¢�T�g��^R�/0Q�/2<})XQ*L=/0J6J�?Å-01KÑ0-�[	JVrþ/·P�?=<�r '!<,'*J9b.Q�LÁJ*'ZT

->'*Q�L=1=?ÁJî<öL=<,J�L=1ÁJVr·O
'�P�?=<>?KO
'�P�?=<,)XLÁ)XL���R4+.)�ehO�/�W�?KW,/0QQ��$=5BJZ[	'*K.?Á)�LÁQ
J�?>R�/0Q�/	[	J�/}�dR�?ÁJ�/�_�'�R�LÁKC?Á-}rþ1=?=/0)U)XL�P*J�L=/B-01KÑ0-�[	J�L=/�1ÁQ�/�O"+�$
@PLKOMO
;�)2?Á)XLÁQ <,'VW}J�?,_	L=1\1ÁQ�/�O�/0J*'yR�LÁ-01=L,_*+C/0)óR�L}[�?=1=?Á)�eó_ftzU=L�� '*-�T

UÁQ�?ÁJ*JVr|��<,'VW}J�?,_UJ�?uP�?=<,)XLÁ)XLKO�/0Q�3ª1ÁK9_ft^P�/0J*JVr|�U1þQ�/�nî'VO�/j'*-}O�/0Q�/0J*'4+
'*J*)X/0Q�1=?,_	L=1 1ÁQ�/�O�/0J*'�3�' '*-}O
/0Q�+.)�e Q�?=<�b²L�nq[�/0J*'�/ñ<,'VW}J�?,_	L=1 LÁ)RJ�L=<,'ZT
)X/�_feÁJ�L 1=/	[	;.Hn'9b L=<,J�L=1ÁJVrsb`P�?=<>L=1�ìqg	T�¢,§C$�# K.LKOMO
;�)2?Á)XLÁQ�/ <�O�LÁJ*)R'ZT
Q�L=1=?ÁJ¼[�?Á)�P*'*KÇ<,'VW}J�?,_	L=161ÁQ�/�O�/0J*'¼[V_*+ -01KÑ0-�[	JVrsbg1Á)XLÁQ*'QP*JVrsb¼P�?=<>L=14$
5P<,)XL�P*J*'*KmU=/2<	R�/0Q�/�U=L��*J�LKW,LCR*'*)0?ÁJ*'4+»jK�\1=L,_feR)óR�L=<,)XL2+.J*J�LKW,Lí)XLÁKC?

LKU=/2<	R�/}P*'�1=?=/0)xR*'*)0?ÁJ*'�/�O�Q*;�UÁ'Z[	'�/21Kr|�!<,)2?ÁJZ[�?ÁQ*)%'!-01KÑ0-�[	JVrþ/·P�?=<�rEJ�?
1ÁQ�/�O"+ LÁ)RK9_ft^P�/0J*'4+ l�_	/0K*)RQ�L=<>/0)R'�$
# <>1�+.->'!<sR*Q�/0K*Q�?=HI/0J*'�/�O�R�/0Q�/	[	?�P6<,'VW}J�?,_�L=1 )XL�P*J�LKW,LÅ1ÁQ�/�O
/0J*'>P�/	T

Q�/0-6)X/�_	/21Á'Z[�/0J*'�/î1gJ�?=<,)XL2+CHI/2/î1ÁQ�/�O"+í1 _	?KU=LÁQ�?Á)XLÁQ*'*'k?=<})XQ*LKO�/0)RQ*'*'
�P5PT 5 7�F£U=9¥¤ <�_�'QP�/0J*'�/ Q*;�UÁ'Z[	'�/21Krsb�P�?=<>L=1CR4Q�LÁ'*-01=L�[	'*)X<�+�P�/0Q�/0-
Q�?�[	'�L=<,)0?ÁJQ�*'Vt ²ÅÄ{ü J�?íJ�/2<,;.HI/}�»P�?=<,)XLÁ)X/óÓFiKiK° K�9¥��$WSö<>LKU=L=/ 1ÁJ*'ZT
O�?ÁJ*'�/_;�[�/�_	/0J�L�R*Q*'VO�/0J�/0J*'Vt <>L=1ÁQ�/�O�/0J*J�L�� Q�/�W}'�<,)RQ*'*Q*;�t HI/}�í?�RQR�?�T
Q�?Á)R;�QVr 'G;�[�LKU=<,)X1Á;í/�Ñ�l,K.<	R9_�;=?Á)2?��*'*'�R*Q*'`R*Q�L=1=/	[�/0J*'*'k?=<,)RQ�LÁJ�LKO
'ZT
P�/2<,K*'9b J�?KU,_ft{[�/0J*'Q� 1=Lí1ÁQ�/�O�+o_	/0)RJ�/}� ?=<,)RQ�LKO�/0)RQ*'QP�/2<,KCL��yR*Q�?ÁK*)R'ZT
K*'�$j7�/0K*;�JZ[	JVrþ/ñ'VOIR*;�_fe=<�r LÁ)Ç-01KÑ0-�[	JVrsb ' <,Q�/	[	J*'9bËP�?=<>L=1CR�/0Q�/	[�?�T
t%)X<�+kJ�? ?=<,)RQ�LÁJ�LKO
'QP�/2<,K*;�t R9_	L=HI?�[	K*;�_	?KU=LÁQ�?Á)XLÁQ*'*' ?=<,)RQ�LKO�/0)RQ*'*'�3
W�[�/O'�<	R�L,_feÁ-,;�t%)�<�+`R*Q*'ËR*Q�LÁ'*->1=L�[�<,)X1=/OJ�?KU,_ft{[�/0J*'Q� 1 <>L=LÁ)X1=/0)X<,)X1Á'*'
<#R*Q�LKW}Q�?KOMO�L�� R*Q�?ÁK*)R'*K*'�$

k.$Òk S·R*Q�/	[�/�_	/0J*'�/�R�L�R*Q�?=1ÁK*'�P�?=<>L=1

#{r|R�L,_�J4+�+B?=<,)RQ�LÁJ�LKO
'QP�/2<}K*'�/jJ�?KU,_ft{[�/0J*'4+�3>J�?KU,_ft{[�?Á)X/�_fe Q*/�W}'�<,)RQ*'ZT
Q*;=/0)%1#~nK.?,_	/Ä-01KÑ0-�[	JVrsbUQ�?KU=L�P*'9bpP�?=<>L=1�O�LKO�/0J*)�R*Q�L�b²L�nq[�/0J*'C+U-01=/0-�T
[�r�P�/0Q�/0- J*'*)�e\KCL=LÁQF[	'*J�?Á)RJ�L�� <>/0)RK*'�$
FBQ*' LKUÁQ�?KU=LÁ)RK./ Q�/0->;�_feª)0?Á)XL=1

´·µ;µ
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J�?KU,_ft{[�/0J*'Q�gJ�/2LKU�b²L}[	'VO�LI'VO�/0)�eI'�<,)R'*J*J�L=/hO�/2<,)RJ�L=/B-01KÑ0-�[	J�L=/�1ÁQ�/�O"+
Sλ

1P)XLÁ)�n6/^O�LKO�/0J*) J�?KU,_ft{[�/0J*'Q��3 K.LÁ)XLÁQ�L=/xR�L,_�;�P*'VO 3./2<�_�'OK
T
R*Q*'ZT

U=?=1Á'VO»R�L�R*Q�?=1ÁK*;
u
Q�?KU=L�P*'9b�P�?=<>L=19¸

Sλ = T + u
$

7�_	/	[�L=1=?Á)X/�_feÁJ�L43²Q�/�~I/0J*'�/%-0?�[�?�P*' <>1=L}[	'*)X<�+!K )XLKO
;Á3�P*)XLKUKr 1_L}[	'*J
'6)XLÁ)xn6/·cÅ'*->'QP�/2<,K*'Q��O�LKO�/0J*) 1ÁQ�/�O
/0J*'6'VO�/0)�e K.?ÁKqR�LÁKC?Á-0?ÁJ*'4+ÂP�?=<>L=1
T
3�)0?ÁK ' '�<,)R'*J*J*L=/�-01KÑ0-�[	J�L=/�1ÁQ�/�O"+

Sλ
3*)XLKW-[	?

u = Sλ − T
$

�B'9nI/|R*Q*'�1=L}[	'*)X<�+ÂR*Q*'VO�/0Q6L�R*Q�/	[�/�_	/0J*'4+ÂR�L�R4Q�?=1ÁK*'
u
Q�?KU=L�P*'9bpP�?�T

<>L=14$�5P<Êb L}[	JVrþ/h[�?ÁJ*JVrþ/pR�L,_�;�P�?Kt%)X<�+Ç<�_	/	[	;�t Hn'VO LKUÁQ�?Á-0LKO $��P?�P*?,_	L
O
'*J*;�)�r -01KÑ0-�[	J�LKW,L 1ÁQ�/�O�/0J*' -0?�R*;=<,K.?=/0)Ç<	PVÑ0)dP�?=<,)XLÁ)XLKO�/0Q�?43»? J�?�P�?�T
_	L�U,_�'9nI?��V~I/}�yO
'*J*;�)�r <,Q�/	[	J�/�W,L\1ÁQ�/�O�/0J*' <	PVÑ0) L=<})2?ÁJ�?=1,_�'�1=?=/0)>3�'
J�?d[	'�<	R9_	/2/ 1Krþ<>1=/}P*'�1=?=/0)X<�+GQ�?Á->J�L=<,)�e

∆
3�1Kr Q�?,nI/0J*J�?�+G1 /	[	'*J*'9��?,b

<,Q�/	[	J�/�W,L61ÁQ�/�O�/0J*'�$

FB;=<,)�ek1`O�LKO�/0J*) -01KÑ0-�[	J�LKW,LG1ÁQ�/�O�/0J*'
SH = 14h12m

P�?=<,)XLÁ)XLKO�/0Q
-0?�R*;=<,KC?=/0)X<�+�3»?g1�O�LKO�/0J*)O<,Q�/	[	J�/�W,Lg1ÁQ�/�O�/0J*'

m = 21h26m
LÁJGL=<,)2?�T

J�?=1,_�'�1=?=/0)X<�+�3VR*Q*'ól,)XLKOEJ�?¨[	'�<�R9_	/2/hP�?=<,)XLÁ)XLKO�/0Q�?61Krþ<>1=/0)R'9_	?=<�e6Q�?Á-�T
J�L=<,)�e

∆ = 37s.229
$

5P<,)R'*J*J�L=/þ-01KÑ0-�[	J�L=/ö1ÁQ�/�O"+
Sλ

1�O�LKO�/0J*)
m
R�L,_�;�P*'VOÄR�LÅ'*-01=/2<,)RJ�L��

cBLÁQVO
;@_	/K¸
Sλ = M +µM +S0 + λ

3�W�[�/
M

�69�Q*'*J�1Á'QP�<,KCL=/Å<,Q�/	[	J�/2/
<>L,_�J�/}P*J�L=/Ä1ÁQ�/�O"+�3

µ
�BK.LKl�c�cÅ'Q�*'�/0J*)xR�/0Q�/�b²L}[�? LÁ)ö<,Q�/	[	J�/�W,L 1ÁQ�/�O�/0J4'

M
K -01KÑ0-�[	J�LKO
;

S
3
S0

�ñ-01KÑ0-�[�J�L=/n1ÁQ�/�O"+ 1 9�Q*'*J�1Á'QP�<,K*;�t�R�L,_�J�L�PVe43
λ
��[�L,_fW,LÁ)0?�O�/2<,)0?ÇJ�?KU,_fts[�/0J*'4+ X

µ
'
S0

1Kr·UÁ'*Q�?Kt%)X<�+�'*- T <,)RQ�L�T
J�LKO
'QP�/2<,K.LKW,LÂ�'n6/�W,L}[	J*'*K.?43�R*Q*'QPVÑ�O

µ
�qR�L=<,)XL�+.J*J�?�+ 1=/�_�'QP*'*J�?43C?

S0<�_	/	[	;=/0)>UÁQ�?Á)�eIJ�?¨[�?Á)R; J�?KU,_ft{[�/0J*'4+V\�$

9�Q*'*J�1Á'9P�<,KCL=/U<,Q�/	[	J�/2/�<>L,_�J�/}P*J�L=/U1ÁQ�/�O"+
M

LÁ)�_�'QP�?=/0)X<�+¼_	/0)XLKO LÁ)
O�/2<,)RJ�LKW,L�<,Q�/	[	J�/�W,L�<>L,_�J�/}P*J�LKW,L�1ÁQ�/�O�/0J*'

m
1n7�?ÁJ*K*)�T�FP/0)X/0QVUÁ;�QVW,/{J�?

Ó`P�?=<>?9¸
m Æ M Ç 2hl Ç 1hd Ç 1hs

3�-�[�/2<�e
2hl

�o[�L,_fW,LÁ)0? 7�?ÁJ*K*)�T
FP/0)X/0QVUÁ;�QVW�?�X�1���/�_frsbóP�?=<>?,bV\�3

1hd
�gL}[	'*J�P�?=<�[�/0K*Q�/0)RJ�LKW,L 1ÁQ�/�O�/0J*'

'
1hs

��L}[	'*JdP�?=<�_	/0)RJ�/�W,L61ÁQ�/�O�/0J*'�$

V�?ÁK*'VO LKUÁQ�?Á-0LKO 3
M Æ 21h26m

�
4h00m Æ 17h26m

$�FBQ�LÁ'*-01=/	[fÑ�O
[�?,_	/2/>R4Q�L=<,)�rþ/!1Kr|P*'�<�_	/0J*'4+�3�P*)XLKUKrùR*L,_�;�P*'*)�eñJ�/2LKU�b²L�[	'VO�L=/n-,J�?�P�/	T
J*'�/

Sλ
¸
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M Æ 17h26m00s.000
µM Æ 2m51s.831
S0 Æ 18h42m34s.373
S Æ 12h11m26s.204

�O9�Q*'*J�1Á'QP�<,K.L=/P-01KÑ0-�[	J�L=/�1ÁQ�/�O"+
λ Æ 2h 01m10s.

¢K¢�g
Sλ Æ 14h12m36s.

i@¢�� ��O�/2<,)RJ�L=/P-01KÑ0-�[	J*L=/�1ÁQ�/�O"+

FPLÁKC?Á-0?ÁJ*'�/�->1KÑ0-�[	JVrsbUQ�?KU=L�P*'9b£P�?=<>L=1
T
1zl,)XLÁ)·nI/sO�LKO�/0J*)

m
O�L�nqT

J�LP-0?�R*'�<>?Á)�eUK.?ÁK
T = SH +∆+µ∆

3�W�[�/
µ∆

�¨R�L�R*Q�?=1ÁK.?�->?pR�/0Q�/21=L}[
1=/�_�'QP*'*JVr

∆
'*-#~nKC?,_fr <,Q�/	[	J�/�W,Ln1ÁQ�/�O�/0J*'ñ1>~nK.?,_�;î-01KÑ0-�[	J�LKW,Ln1ÁQ�/	T

O�/0J*'�$

SH Æ 14h12m00s.
�K�K�

∆ Æ 37s.
kKk�i

µ∆ Æ 0s.
g��Fk

T Æ 14h12m37s.
jKjZg

SþK.LÁJQP�?Á)X/�_feÁJ�LuR�L,_�;�P�?=/�O '�<�b²L}[	J*;�t�R�L�R*Q�?=1ÁK*;�P�?=<>L=1%1^~nK.?,_	/(-01KÑ0-�[QT
J�LKW,L61ÁQ�/�O�/0J*'

u = Sλ − T = −0s.356
$

¤ KC?Á-0?ÁJ*JVr·O LKUÁQ�?Á-0LKO�R�L�R4Q�?=1ÁKC?�Q�?KU=L�P4'9b!-01KÑ0-�[	JVrsb�P�?=<>L=1UL�R*Q�/	[�/	T
_*+C/0)X<�+�[V_*+ K.?,nq[�LKW,L\1=/}P�/0Q�?\J�?KU,_ft{[�/0J*'Q� ' '�<	R�L,_feÁ->;²/0)X<�+yR*Q*' '9b
LKUÁQ�?KU=LÁ)RK./=$
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jC$âg 5�[�/>+ O�/0)XL�[�?

FB;²<,)�e%1·R*;�J*K*)X/�<�~n'*Q�LÁ)XL��
ϕ
1xO�LKO�/0J*)sR*L{-01KÑ0-�[	J�LKO
;B1ÁQ�/�O�/0J*'

S =
T +U

3�W�[�/
T
T!R�LÁK.?Á-0?ÁJ*'4+!Q�?KU=L�P�/�W,L#b.Q�LÁJ�LKO�/0)RQ�?43

U
T"/�W,L£R�L�R*Q�?=1ÁK.?43

R*Q�LÁ'*-01=/	[�/0J�L_J�?KU,_fts[�/0J*'�/ -01=/0-�[�r
σ
< 1Á'Z[	'VOMr·O
'ñK.L=LÁQF[	'*J�?Á)0?KO
'

α
3

δ
$�5B-qR�?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,K.LKW,L )RQ�/0;�W,L,_feÁJ*'*KC?

Pzσ
X�Q4'�<�$)jC$âg�\{1�[�?ÁJ*J�LKO

<�_�;�P�?=/P'VO�/2/�O|¸

cos z = sinϕ sin δ + cosϕ cos δ cos t, Ï ëWÐæã+Ñ
sin z sinA = cos δ sin t, Ï ëWÐ.ç\Ñ

sin z cosA = − sin δ cosϕ+ cos δ sinϕ cos t, Ï ëWÐ ë)ÑW�[�/
z
'
A
T -0/0J*'*)RJ�L=/nQ�?=<><,)XLª+.J*'�/I'í?Á->'VO
;�)!-01=/0-�[�r

σ
1¼O�LKO�/0J*)

S
3

t
T(/�Ñ�P�?=<>L=1=L�� ;�W,L,_Î3

t = T − α+ U. Ï ëWÐ í�Ñ

�j'�<�$CjC$âgK¸*FP?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,K*'Q� )RQ�/0;�W,L,_feÁJ*'*K

FBQ*' '*-01=/2<,)RJVrsbîJ�?¨O�LKO�/0J*)
S
1Á'Z[	'VOMrsbîK.L=LÁQF[	'*J�?Á)0?,b

α
'
δ
'*-}O�/	T

Q�/0J*J�LKO
;n-0/0J*'*)RJ�LKO
;IQ�?=<><,)XLª+.J*'Vt
z
cBLÁQVO
;�_fr�X jC$âg�\�T�X jC$éÓ�\'R�LÁ-01=L,_*+Zt%)

1Kr|P*'�<�_�'*)�e�~n'*Q�LÁ)R;¼O�/2<,)0?6J�?KU,_ft{[�/0J*'4+
ϕ
$

�
?=<><�O�LÁ)RQ*'VO 3�K.?ÁK J�?�[�L�R*Q�LÁ'*-01=L�[	'*)�e '*-}O�/0Q�/0J*'4+k-0/0J*'*)RJ�LKW,L Q�?=<�T
<,)XL2+.J*'4+

z
3�P*)XLKUKr <>L�R*;�)X<,)X1Á;�t Hn'�/�l,)R'VOd'*-}O�/0Q�/0J*'4+ZO LK~n'VUÁK*' -0/	T

J*'*)RJ�LKW,LUQ�?=<><,)XL2+.J*'4+
∆z

3ZO�LKO�/0J*)2?�'*-}O�/0Q�/0J*'4+
∆T

'�R�L�R*Q�?=1ÁK*'�b.Q�L�T
J�LKO�/0)RQ�?

∆U
J�?Á'VO�/0JVeK~n'VO LKUÁQ�?Á-0LKO '�<,K.?Á->'9_�'oUKr Q�/0->;�_feª)0?Á)>$�7{P4'ZT

)0?�+k1Á'Z[	'VOMrþ/OKCL=LÁQF[	'*J�?Á)�rd-01=/0-�[�r
α
'
δ
1=/�_*'QP*'*J�?KO
'�R�L=<,)XLª+.J*JVr{T

O
'�3FR*Q�L}[	'Vc�cB/0Q�/0JQ�*'*'*Q*;=/�O�cBLÁQVO
;�_fr¡X jC$âg�\�'CX jC$éÓ�\�'î-0?KO�/0J*'QO 1BJ*'9b
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[	'Vc�cB/0Q�/0JQ�*'�?,_fr
dz

3
dϕ

3
dt
3
dU

3�K.LÁJ�/}P*JVr·O
'ÄR*Q*'*Q�?=HI/0J*'4+ZO
'
∆z

3
∆ϕ

3
∆t

'
∆U

¸

sin z∆z = (− sin δ cosϕ+ cos δ sinϕ cos t)∆ϕ+ cosϕ cos δ sin t∆t,Ï ëWÐ.ï\Ñ
∆t = ∆T + ∆U. Ï ëWÐ ä)Ñ¿ ;�PVÑ0)XLKOÏX jC$ÒkF\('oX jC$æj@\�LÁ)X<�t{[�?>R�L,_�;�P�?=/�O|¸

∆ϕ =
∆z

cosA
− (∆T + ∆U) cosϕ tgA. Ï ëWÐ.ê\Ñ

5B-`cBLÁQVO
;�_fr X jC$Å¢K\O<�_	/	[	;=/0)>3·P*)XLvR*Q*' J�?KU,_ft{[�/0J*'4+�b 1�O�/0Q*'Z[	'*?ÁJ�/
X
A = 0◦ '9_�' A = 180◦ \�LK~n'VUÁK.?�L�R*Q�/	[�/�_	/0J*'4+�~n'*Q�LÁ)�r ∆ϕ

J�/%-0?=1Á'ZT
<,'*)nLÁ)_<,;�OMOMr LK~n'VU=LÁK

∆T + ∆U
3�?6L�R*Q�/	[�/�_*+C/0)X<�+ )XL,_feÁK.L6LK~n'VUÁKC?�T

O
' '*-}O�/0Q�/0J*'4+ -0/0J*'*)RJ�LKW,L Q�?=<><,)XL2+.J*'4+
∆z

$"FPL=<,K.L,_feÁK*;kK.LKl�c�cÅ'Q�*'ZT
/0J*)hR*Q*'

∆z
1>cBLÁQVO
;�_	/qX jC$Å¢K\�R*Q*'

A = 0◦ '9_�' A = 180◦ R*Q*'*J*'VO�?=/0)
K )XLKO
;on6/�O
'*J*'VO�?,_feÁJ�L=/ñ->J�?�P�/0J*'�/=3MOMr�R*Q*'9b L}[	'VO KE1Krþ1=L}[	;Á3IP*)XL
[V_*+6J�?Á'VU=L,_feK~I/�W,LB'�<,K9_ft^P�/0J*'4+!1,_�'4+.J*'4+!LK~n'VU=LÁK

∆T +∆U
3
∆z

'*-�T
O�/0Q�/0J*'4+ -0/0J*'*)RJVrsbñQ�?=<><,)XL2+.J*'Q� <#��/�_feKt¡R�L,_�;�P�/0J*'4+ ~n'*Q�LÁ)�rÏO�/2<,)0?
_�;�PV~I/�1=<>/�W,L>R*Q�LÁ'*-01=L}[	'*)�e!1�O�/0Q4'Z[	'�?ÁJ�/=$
SuU=LÁ->J�?�P�?�+#P�/0Q*/0-

z0
-0/0J*'*)RJ�L=/WQ*?=<><,)XLª+.J*'�/�1uO�/0Q*'Z[	'�?ÁJ�/=3ª1Kr|R*'V~I/�O

'*-01=/2<,)RJVrþ/�<>L=LÁ)RJ�LK~I/0J*'4+$¸

z0 = ϕ− δ − 1=/0Q�b.JC+�+ñK*;�_feKO
'*J�?��*'4+ KótzW}; LÁ)_-0/0J*'*)0?�� Ï ëWÐ å)Ñ
z0 = δ − ϕ − 1=/0Q�b.J4+�+ K*;�_feKO
'*J�?��*'4+ KÇ<>/21=/0Q*; LÁ)_-0/0J*'*)0?��

Ï ëWÐ î)Ñ
z0 = 180◦ − (ϕ+ δ) − J*'9nîJ4+�+ K*;�_feKO
'*J�?��*'4+�$ Ï ëWÐæãÊè)Ñ7�_	/	[�L=1=?Á)X/�_feÁJ�L43C/2<�_�'�R�LnQ�/0->;�_feR)0?Á)0?KO '*-}O�/0Q�/0J*'Q� R�L,_�;�P�/0JVr -,J�?�P�/	T

J*'4+
z0
3Ä)XL <CR�LKO�L=H>eKt cBLÁQVO
;�_úX jC$æ§@\¨TdX jC$âg��@\�O�L�nîJ�L 1Kr·P4'�<�_�'*)�e

~n'*Q�LÁ)R;¼O�/2<,)0?6J�?KU,_ft{[�/0J*'4+�$

jC$Òk �"/	[	;�KQ�*'4+ -0/0J*'*)RJ�LKW,L6Q�?=<><,)XL2+.J*'4+gJ�?qO�/0Q*'Z[	'�?ÁJ

FBQ*'íL�R*Q�/	[�/�_	/0J*'*'�~n'*Q�LÁ)�r -01KÑ0-�[�r J�?KU,_fts[�?Kt%)X<�+ÇJ�/n1¼O�/0Q*'Z[	'�?ÁJ�/=3
?nJ�?nJ�/0KCLÁ)XLÁQ�LKO Q�?=<><,)XL2+.J*'*'ÇLÁ)�J�/�W,L4$*#{rÄ+C<,J*'VO 3*K.?ÁK�O�L�nîJ�Ln1Kr|P*'�<�T
_�'*)�e -0/0J*'*)RJ�L=/\Q�?=<><,)XL2+.J*'�/�1ËO�/0Q*'Z[	'�?ÁJ�/

z0
3�/2<�_�' '*-}O�/0Q +C/0)X<�+ -0/	T

J*'*)RJ�L=/!Q�?=<,<,)XLª+.J*'�/
z
1KU,_�'*->'oO�/0Q*'Z[	'�?ÁJ�?4$»7ùl,)XL��`��/�_feKtU3�<Ê[�/�_	?=1g1

cBLÁQVO
;�_	/�X jC$âg�\(-0?KO�/0J*;
cos t = 1 − 2 sin2 t

2

3QR�L,_�;�P*'VO

cos z = sinϕ sin δ + cosϕ cos δ − 2 cosϕ cos δ sin2 t

2
. Ï ëWÐæã	ã+Ñ

´·µ ð ´



�j'�<�$�jC$Òk�¸V�B?KU,_fts[�/0J*'4+ 1KU,_�'*->'Ç1=/0Q@b.J�/}� K*;�_feKO
'*J�?��*'*'

SuU=LÁ->J�?�P*'VOmP�/0Q�/0-
r
Q�/	[	;�KQ�*'Vt J�?KU,_fts[�Ñ0J*J�LKW,L6-0/0J*'*)RJ�LKW,LîQ�?=<><,)XL�T

+.J*'4+
z
K O�/0Q*'Z[	'�LÁJ�?,_VeÁJ�LKO
;6-0/0J*'*)RJ�LKO
;!Q�?=<><,)XL2+.J*'Vt

z0
$4# )XLKO <�_�;FT

P�?=/=3RK.LKW-[�?{-01=/0-�[�? J�?KU,_ft{[�?=/0)X<�+U1KU,_�'*->'n1=/0Q@b.J�/}�_K*;�_feKO
'*J�?��*'*' X�Q*'�<�$
jC$ÒkF\�3R/�Ñ�J*?KU,_fts[�Ñ0J*J�L=/W-0/0J*'*)RJ�L=/�Q�?=<><,)XL2+.J*'�/

z
U=L,_feK~I/{O�/0Q*'Z[	'�LÁJ�?,_Ve�T

J�LKW,LIQ�?=<><,)XL2+.J*'4+
z0
$�FPLKl,)XLKO
;Á3VR�L,_	?KW�?�+

r = z − z0, Ï ëWÐæã�ç\Ñ
'*-£cBLÁQVO
;�_frÎX jC$âgKg�\W'QO�/2/�O

cos(r + z0) = cos(ϕ− δ) − 2 cosϕ cos δ sin2 t

2
Ï ëWÐæãÊë)Ñ

'9_�'

cos r cos z0 − sin r sin z0 = cos z0 − 2 cosϕ cos δ sin2 t

2
. Ï ëWÐæã�í�Ñ

�"?Á-�[�/�_�'�1!LKU=/�P�?=<,)R' ;�Q�?=1ÁJ�/0J*'4+ÄX jC$âg�Ó�\WJ�?
sin z0

3QR�L,_�;�P*'VO|¸

cos r ctgz0 − sin r = ctgz0 − 2 cosϕ cos δ

sin z0

sin2 t

2
. Ï ëWÐæã�ï\Ñ

�"?Á-	_	L�nî'VO
sin r

'
cos r

1gQ +@[�rÅ3+R*Q�/0J�/�UÁQ�/�W�?�+CP9_	/0J�?KO
'�3�J�?�P*'*J�?�+í<
P�/0)X1KÑ0Q*)XLKW,L>R�LÁQ +@[	K.?9¸

sin r = r − r3

6
, Ï ëWÐæãÊä)Ñ

cos r = 1 − r2

2
. Ï ëWÐæã�ê\Ñ

´xÆ
õÖ´



7 ;�PVÑ0)XLKOÏX jC$âg�°@\W'�X jC$âg�¢K\W'*-�X jC$âg��F\WJ�?,b²L�[	'VO

r = ρ− r2ctgz0

2
+
r3

6
, Ï ëWÐæãÊå)Ñ

ρ = λ sin2 t

2
, Ï ëWÐæãÊî)Ñ

λ =
2 cosϕ cos δ

sin z0

. Ï ëWÐ.ç�è)Ñ

�j'�<�$CjC$æjZ¸Q�P?KU,_ft{[�/0J*'4+ñ1KU,_�'*->' J*'9nîJ�/}�gK*;�_feKO
'*J�?��4'*'

¤ Q�?=1ÁJ�/0J*'�/�X jC$âg�§@\�<>L=LÁ)X1=/0)X<,)X1Á;=/0)öJ�?KU,_ft{[�/0J*'Vt -01KÑ0-�[!1KU,_�'*-,'I1=/0Q@b@T
J�/}� K*;�_feKO
'*J�?��*'*'�$f�P/0)RQ*;}[	J�LqR�LÁKC?Á-0?Á)�e43QP*)XLÂ[V_*+ñQ�/	[	;�KQ�*'*'*'

r = z0 − z Ï ëWÐ.ç�ã+Ñ
R*Q*'ÇJ�?KU,_ft{[�/0J*'4+�bg1KU,_�'*->'ÇJ*'9nîJ�/}�ÇK*;�_feKO
'*J�?��*'*'ËX�Q*'�<�$$jC$æj@\�1KO�/2<,)XL
X jC$âg�§@\]O�L�nîJ�L>R�L,_�;�P*'*)�e!?ÁJ�?,_	LKW}'QP*J�L=/Å;�Q�?=1ÁJ�/0J*'�/

r = ρ+ r2ctgz0

2
+
r3

6
. Ï ëWÐ.ç	ç\Ñ

Sþ)�O�/0)R'VO 3�P*)XLh[V_*+îQ�/�~I/0J*'4+!;�Q�?=1ÁJ�/0J*'Q��X jC$âg�§@\
'�X jC$ÒkKkF\�LÁ)RJ�L=<,'*)X/�_fe�T
J�LE'�<,KCLKO�L�� Q�/	[	;�KQ�*'*'

r
O�L�nîJ�L 1EK.?�P�/2<,)X1=/ '�<,K.LKO�L��¡~n'*Q�LÁ)�r

ϕ1Á-,+.)�e /�ÑhR*Q*'VU,_�'9nI/0J*J�L=/�->J�?�P�/0J*'�/
ϕ0

X�<P)XL�P*J�L=<,)�eKt�[�L
1′ \�3�<hR�LKO�L�T

H>eKt K.LÁ)XLÁQ�LKW,LpR�L¨cBLÁQVO
;�_	?KO¦X jC$æ§@\4T·X jC$âg��@\
Q�?=<><	P*'*)2?Á)�eÂR*Q*'VU,_�'9n>Ñ0JZT
J�L=/�->J�?�P�/0J*'�/

z0 = ζ0
$�#�1Á'Z[	;dO�?,_	L=<,)R' 1=/�_�'QP*'*JVr

r
O�L�nîJ�L6Q�/�~I?Á)�e

;�Q�?=1ÁJ�/0J*'4+oX jC$âg�§@\('ËX jC$ÒkKkF\{O�/0)XL�[�LKOE'*)X/0Q�?��*'*'�$�#{r Q�?,nI?�+ñ;�W-_fr
r
3
ρ

´xÆ�ôø´



'
λ
1P;�WÊ_	L=1Krsb6<>/0K*;�JZ[�?,b�3.<ö)XL�P*J�L=<,)�eKtS[�LhP9_	/0J�L=1P)RQ�/0)�e=/�W,L£R�LÁQ +@[	K.?

O�?,_	L=<,)R'g'VO�/2/�O

r = ρ± ρ2 ctgζ0

412530
+ ρ3

ctg2ζ0 + 1
3

2 · 2062652
. Ï ëWÐ.ç�ë)Ñ

wf[�/2<�e

ρ = λ sin2 t

2
, Ï ëWÐ.ç6í�Ñ

λ = 412530
cosϕ0 cos δ

sin ζ0
, Ï ëWÐ.ç	ï\Ñ

ϕ0
TIR*Q*'*J4+.)XL=/ ->J�?�P�/0J*'�/#~n'*Q�LÁ)�rÅ3

ζ0
TIR*Q*'QU,_�'9nqÑ0J*J�L=/ ->J�?�P�/0J*'�/#O�/	T

Q*'Z[	'�LÁJ�?,_feÁJ�LKW,L�-0/0J*'*)RJ�LKW,LkQ�?=<><,)XL2+.J*'4+�3�1Kr|P*'�<�_	/0J*J�LKW,L`R�L�cBLÁQQO
;FT
_	?KOÏX jC$æ§@\MTzX jC$âg��@\(<#R*Q*'*J4+.)�r·OE->J�?�P�/0J*'�/�Om~n'*Q�LÁ)�r

ϕ0
¸

ζ0 = ϕ0 − δ
T(1=/0Q@b.J4+�+ñK*;�_feKO
'*J�?��*'4+ KótzW}; LÁ)_-0/0J*'*)0?��

ζ0 = 180◦ − (ϕ0 + δ)
TWJ*'9nîJ4+�+ K*;�_feKO
'*J�?��*'4+�$

#`cBLÁQVO
;�_�/�X jC$Òk�j@\�->J�?ÁK ′′+′′ U=/0QVÑ0)X<�+�R*Q*'�J�?KU,_fts[�/0J*'4+�bB1KU,_�'*->'UJ*'9nqT
J�/}�GK*;�_feKO
'*J�?��*'*'�3ä?g->J�?ÁK ′′−′′ R*Q*'GJ�?KU,_ft{[�/0J*'4+�bí1KU,_�'*->'k1=/0Q�b.J�/}�
K*;�_feKO
'*J�?��*'*'�$·w�?KO�/0)R'VO 3]P*)XL )RQ�/0)R'Q�¦P9_	/0JþX jC$Òk�j@\6<�_	/	[	;=/0)oR*Q*'*J*'ZT
O�?Á)�eö1=L{1ÁJ*'VO�?ÁJ*'�/j)�L,_VeÁKCL{1ö)X/�bB<�_�;�P�?�+�b�3XK.LKW�[�?öJ�?KU,_ft{[�/0J*'4+Å-01=/0-�[�r
R*Q�LÁ'*-01=L}[	'9_�'�<�e!1qP�?=<>L=1Krsb ;�WÊ_	?,b

t ≥ 1h
$

jC$æj Dk/2<,)XL6-0/0J*'*)0?6J�?!1=/0Q*)R'*K.?,_feÁJ�LKO K*Q*;�W,/

Dk/2<,)XLP-0/0J*'*)0?�T!l,)XLP)2?ÁK.L��OLÁ)X<	PVÑ0)Å1=/0Q*)R'*KC?,_feÁJ�LKW,LÅK*Q*;�W�?43FR*Q*'OK.LÁ)XL�T
Q�LKO )RQ*;�U=? J�?�R*Q�?=1,_	/0J�? )XL�P*J�L 1 -0/0J*'*)>$"FBQ�?ÁK*)R'QP�/2<,K*' J�/21=LÁ-}O�L�nîJ�L
[�LKUÁ'*)�e=<�+�3'P*)XLKUKrdJ*;�_	/21=L=/�[�/�_	/0J*'�/ K4Q*;�W�? <>L=LÁ)X1=/0)X<,)X1=L=1=?,_	LÇ-0/0J*'*)R;Á$
# <,'9_�;>l,)XLKW,L�LKU=<,)XL2+.)X/�_fe=<,)X1=?P'*-}O�/0Q +C/�O�L=/{<·R�LKO�L=H>eKt�O
'*K*Q�L=<,K.L�R�?�T
O
'*K*Q�LKO�/0)RQ�?B-0/0J*'*)RJ�L=/{Q�?=<><,)XL2+.J*'�/ LKU�È�/0K*)0?£UÁ;�[�/0)Å<>L}[�/0Q�nI?Á)�ePLK~n'VU�T
K*;¼O�/2<,)0?6-0/0J*'*)0?4$
Mh_*+GL�R*Q�/	[�/�_	/0J*'4+ÄO�/2<,)2? -0/0J*'*)0?Ç'k'�<,)R'*J*J�LKW,LÇ-0/0J*'*)RJ�LKW,L Q�?=<><,)XL�T

+.J*'4+ÂR*Q�LÁ'*-01=L}[�+.)%'*-}O�/0Q�/0J*'4+U-0/0J*'*)RJ�LKW,L Q�?=<><,)XLª+.J*'4+ILKU�È�/0K4)2? 1^[�1Á;@b
R�L,_	L�nI/0J*'4+�b '*J�<,)RQ*;�O�/0J*)2?9¸�Ã}K*Q*;�W'_	/21=LfÃ X�@�Y¨\�'�Ã}K*Q*;�W!R*Q�?=1=LfÃ X�@PFÂ\�$
SuU=LÁ->J�?�P�?�+dR�L,_�;�P*'�1K~n'�/2<�+ LÁ)X<	PVÑ0)�r�P�/0Q�/0- X

L
\þ'vX

R
\þ<>L=LÁ)X1=/0)X<,)X1=/0JZT

J�L43Z[V_*+ O�/2<,)2?I-0/0J*'*)2?
Mz

'VO�/2/�O

Mz =
1

2
[(L) + (R) − 360◦]. Ï ëWÐ.ç�ä)Ñ

@P?ÁK <�_	/	[	;=/0)\'*- <�b²/�OMrÅ3MR*Q*'�1=/	[�/0J*J�L�� J�?�Q*'�<�$�jC$éÓ43![V_*+ -0/0J*'*)RJ�LKW,L
Q�?=<><,)XL2+.J*'4+�3(<>1=LKU=L}[	J�LKW,LGLÁ)\LK~n'VUÁK*'mO�/2<,)2?�-0/0J*'*)0?43j)X/}R�/0QVe`O�L�nîJ�L

´xÆ;ýÇ´



-0?�R*'�<>?Á)�e9¸

z = (L) −Mz =
1

2
[(L) − (R) + 360◦]. Ï ëWÐ.ç	ê\Ñ

�j'�<�$CjC$éÓ9¸*Dk/2<,)XL6-0/0J*'*)0?

jC$éÓ 5P<	R*Q*?=1,_	/0J*'�/P-0/0J*'*)RJ�LKW,LIQ�?=<><,)XLª+.J*'4+ñ-0?6Q�/�cÅQ�?ÁKQ�*'Vt

@P?ÁKE'*-01=/2<,)RJ�L43MR*Q�/�_	LKO4_	/0J*'�/ <>1=/0)2?G1G?Á)�O�L=<�cB/0Q�/Cw�/�O4_�'¡X�Q�/�cÅQ�?ÁKZT
�*'4+V\#R*Q*'�1=L}[	'*)ñK )XLKO
;Á3)P*)XLóR�L,_�;�P�/0J*J�L=/O'*-îJ�?KU,_ft{[�/0J*'Q� -0/0J*'*)RJ�L=/
Q�?=<><,)XL2+.J*'�/

z
LÁKC?Á-}rþ1=?=/0)X<�+�O�/0JVeK~I/n'�<,)R'*J*J*J�LKW,L -0/0J*'*)RJ�LKW,L Q�?=<><,)XL�T

+.J*'4+
z′ 3*)XL!/2<,)�e

z′ = z + ρ, Ï ëWÐ.ç�å)Ñ
W�[�/�1=/�_�'QP*'*J�?IQ�/�cÅQ�?ÁKQ�*'*'

ρ
1Kr|P*'�<�_*+C/0)X<�+�R�LqcBLÁQVO
;�_	/

lg ρ = µ+ lg tgz + λγ + B. Ï ëWÐ.ç�î)Ñ
#�b²L�[�+CHn'�/W1·R*Q�?=1Á;�tËP�?=<,)�eul,)XL��hcBLÁQVO
;�_frk1=/�_�'QP*'*JVr

µ
3
λ
3
γ
3
B
R*Q4'ZT

1=L}[�+.)X<�+ 1ÄÃ,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKO��'n6/�W,L}[	J*'*K./�ÃX$ FBQ*'�l,)XLKO 1=/�_�'QP*'*JVr
µ
'
λ
+C1,_*+Zt%)X<�+dcÅ;�J*KQ�*'4+ZO
' J�?KU,_ft{[�Ñ0J*J�LKW,LI-0/0J*'*)RJ�LKW,L6Q�?=<><,)XL2+.J*'4+

z
3�1=/�_�'QP*'*J�?

γ
T]cÅ;�J*KQ�*'�/}�Ç)X/�OIR�/0Q�?Á)R;�QVr

t◦
3	1Kr Q�?,nI/0J*J�L�� 1�W}Q�?�[	;FT

<>?,bÇYP/�_fe=<,'C+�3�?î1=/�_�'QP*'*J�?
B
TscÅ;�J*KQ�*'�/}� ?Á)�O�L=<�cB/0Q*J�LKW,L>[�?=1,_	/0J*'4+�3

1Kr Q�?,nI/0J*J�LKW,L\1ÄO
'9_Q_�'VO�/0)RQ�?,b Q*)R;�)XJ*LKW,L�<,)XL,_fU=?4$�w�J�?�P�/0J*'4+
γ
'
B[�?Kt%)X<�+g16/	[	'*J*'Q��?,b¼P�/0)X1KÑ0Q*)XLKW,Ln->J�?ÁK.?>_	LKW�?ÁQ*'Vc�O�?IQ�/�cÅQ�?ÁKQ�*'*'�$�7�?�T

O�?ÇQ�/�cÅQ�?ÁKQ�*'4+
ρ
3�1Kr|P*'�<�_	/0J*J�?�+`R�L�cBLÁQVO
;�_	/�X jC$Òk�i@\�3+R�L,_�;�P�?=/0)X<�+k1

<>/0K*;�JZ[�?,b�[	;�W}'�$

´xÆ�2Ö´



jC$Ò� 9�J*;�)R'�/P)XQ4;�UKr

T <,)RQ�LÁJ�LKO
'QP�/2<,K.?�+!)RQ*;�U=?UJ�/%+C1,_*+C/0)X<�+O?KU=<>L,_ft%)RJ�L�)X1KÑ0QF[�r·O )X/�_	LKO 3
R�LKl,)XLKO
;oR�L}[ 1,_�'4+.J*'�/�O <,'Z_fr ),+�n6/2<,)R' LKU�È�/0K*)R'�1 ' LÁK*;�_4+.Q )RQ*;�UKr
R*Q�L=1Á'�<>?Kt%)>3W1Kr -}rþ1=?�+ '*-}W}'VUSXÉW}J*;�)R'�/�\I)RQ*;�UKrÅ$ S·P�/21Á'Z[	J�L43�P*)XLkJ�?Á'ZT
U=L,_feK~I/2/dW}J*;�)R'�/óUÁ;�[�/0) ; )RQ*;�UKr 1`W,LÁQ*'*->LÁJ*)2?,_feÁJ�LKOþR�L,_	L�n6/0J*'*'�3�?
J�?Á'VO�/0JVeK~I/2/|T�1U1=/0Q4)X'4KC?,_feÁJ�LKO $CSuUKr|P*J�L�<	P*'*)0?Kt%)>3�P*)XLP-0?=1Á'�<,'VO�L=<,)�e
LK~n'VUÁK*' -0/0J*'*)RJ�LKW,L_Q�?=<><,)XL2+.J*'4+ LÁ)hW}J*;�)R'4+O)RQ*;�UKr 1Kr Q�?,n6?=/0)X<�+�cBLÁQZT
O
;�_	L��

x = a sin z
3�R*Q*'QPVÑ�O¦R�L=<,)XL2+.J*J�?�+�W}J*;�)R'4+

a
L�R*Q�/	[�/�_*+C/0)X<�+ '*-

O�/0Q*'Z[	'�?ÁJ*JVrsb J�?KU,_fts[�/0J*'Q�g-01KÑ0-�[ J�?IQ�?Á-	_�'QP*JVrsbg1Krþ<>LÁ)0?,b�$
ìB)XLKUKr L=<>1=LKU=L�[	'*)�eGLÁ)�1,_�'4+.J4'4+mW}J*;�)R'4+EL�R*Q�/	[�/�_*+C/�O
;�t ~n'*Q�LÁ)R;Á3

<�_	/	[	;=/0) 1Krþ1=L}[	'*)�e /�Ñí'*-\J�?KU,_fts[�/0J*'4+�[�1Á;@b -01KÑ0-�[ä3þL}[	J�? '*-íK.LÁ)XL�T
QVrsbgJ�?KU,_fts[	?=/0)�<�+ 1KU,_�'*->' J*'9nîJ�/}�ÇK*;�_feKO
'*J�?��*'*'�3�?>[	Q*;�W�?�+¼TÄ1KU,_�'ZT
->'Ç1=/0Q@b.J�/}� K*;�_feKO
'*J�?��*'*'dR*Q*'VO�/0Q*J*L6J�?6L}[	'*J�?ÁK.L=1Kr|b 1Krþ<>LÁ)0?,b�$V�
?Á-�T
J�L=<,)�eI1Krþ<>LÁ)PJ�/z[�L,_QnîJ�?pR*Q�/21Kr·~I?Á)�e

5◦ − 10◦ $.M_/}�*<,)X1Á'*)X/�_feÁJ�L434LKU=L�T
->J�?�P�?�+>P�/0Q�/0-

ϕN
'
ϕS

->J�?�P�/0J*'4+�~n'*Q�LÁ)>3FR�L,_�;�P�/0J*JVrþ/%<þ;�PVÑ0)XLKOoW}J*;FT
)R'4+U'*-�J�?KU,_fts[�/0J*'C+�-01KÑ0-�[!KI<>/21=/0Q*;P'IK>tzW};�LÁ)ö-0/0J*'*)0?Å<>L=LÁ)X1=/0)X<,)X1=/0JZT
J�L43*'*-£cBLÁQVO
;�_ËX jC$æ§@\W'�X jC$âg��@\W'VO�/2/�O

ϕN = 180◦ − (zN + a sin zN + δN) = ϕ− a sin zN ; Ï ëWÐ ë	è)Ñ
ϕS = zS + a sin zS + δS = ϕ+ a sin zS.V�?ÁKgK.?ÁK

zN ≈ zS
3*)XL6'*-�X jC$æjK�@\�R�L,_�;�P�?=/�O

ϕ =
1

2
(ϕS + ϕN). Ï ëWÐ ë�ã+Ñ

S·P�/21Á'Z[	J�L43�P*)XL^l,)XL%->J�?�P�/0J*'�/{~n'*Q�LÁ)�rËUÁ;}[�/0)uU=L,_	/2/(<>1=LKU=L}[	J�L{LÁ)þLK~n'ZT
U=LÁKöW}J*;�)R'4+�3uP�/�O U,_�'9nI/GK J*;�_Vt Q�?Á->J�L=<}),e -0/0J*'*)RJVrsb Q�?=<><,)XL2+.J*'Q�
zN − zS

$	5P<Êb²L�[�+g'*-�1Kr·~I/2<,K.?Á-0?ÁJ*J�LKW,L43Q��/�_	/2<>L=LKUÁQ�?Á->J�L!L�R*Q�/	[�/�_	/0J*'�/
~n'*Q�LÁ)�rSR*Q�LÁ'*-01=L}[	'*)�e_'*- J�?KU,_ft{[�/0J*'Q� FPL,_*+.Q*J�L�� -01=/0-�[�r 1KU,_�'*->'ñ/�Ñ
J*'9nîJ�/}��K*;�_feKO
'*J�?��*'*'U'�'*-WJ�?KU,_ft{[�/0J*'Q�¼Ã	tsnîJ�L��)ÃI-01=/0-�[�rÅ3ªK*;�_feKO
'ZT
J*'*Q*;�t HI/}�6K�tzW};_LÁ)%-0/0J*'*)2?4$ # K.?�P�/2<,)X1=/utsnOJQr|b_-01KÑ0-�[�[V_*+>~n'*Q�LÁ)�r
FP/0)X/0QVUÁ;�QVW�?qO�L�nîJ�L>UÁQ�?Á)�eI-01KÑ0-�[�r <>L!<,K9_	LÁJ*/0J*'4+ZO
' LÁ)

20◦ [�L 40◦ $

jC$æ° Ì cB/�O�/0Q*'Z[�r FPL,_*+.Q*J*L�� 'ËÃ	t|nîJ�L��)Ã -01=/0-�[�r

Mh_*+ )XLKW,L�P*)XLKUKr 1 -0?�[�?ÁJ*JVr|�ÄO
LKO�/0J*)î1ÁQ�/�O�/0J*'\J�?=1=/2<,)R'\)RQ*;�UÁ; J�?
J�/�U=/2<,J�L=/ö<>1=/0)R'9_	L43²J�/2LKU�b²L}[	'VO�LB'VO�/0)�eBLÁ)RJ�L=<�+CHn'�/2<�+IK�l,)XLKO
;>O�LKO�/0JZT
)R;G1ÁQ�/�O�/0J*' /�W,L -0/0J*'*)RJ�L=/ Q�?=<><,)XL2+.J*'�/ ' ?Á->'VO
;�)>$�V�?KU,_�'Q��?Ç1Krþ<>LÁ)ñ'

´xÆÖµ
´



?Á->'VO
;�)XL=1O<>1=/0)R'9_Î3�<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'9b Q�?Á-�_�'QP*JVr·OSO�LKO�/0J*)2?KO 1ÁQ�/�O�/	T
J*'�3�J�?Á-�rö1=?=/0)X<�+ l�cB/�O�/0Q*'Z[�L��ól,)XLKW,L6<>1=/0)R'9_	?4$
Ì cB/�O�/0Q*'Z[�?UFPL,_*+.Q*J�L�� -01=/0-�[�r¦O�L�nI/0)£UKr )�epR�L,_�;�P�/0J�?UJ�?¨O�LKO�/0J*)

s
R�L6-01KÑ0-�[	J�LKO
; 1ÁQ�/�O�/0J*' <#R�LKO�L=H>eKt <�_	/	[	;�t Hn'9b cBLÁQVO
;�_+¸

z = 90◦ − (ϕ+ f), Ï ëWÐ ë�ç\Ñ
tga = tgy sec(ϕ+ f), Ï ëWÐ ë	ë)Ñ

W�[�/
f = (90◦ − δ) cos t, y = (90◦ − δ) sin t, Ï ëWÐ ë�í�Ñ

t = s− α,

α
3
δ
TIl,K�1=?Á)XLÁQ*'*?,_feÁJVrþ/ K.L=LÁQF[	'*J�?Á)�r FPL,_*+.Q*J�L��O-01=/0-�[�rÅ3

ϕ
TI~n'*Q�LÁ)0?

O�/2<,)0?6J�?KU,_ft{[�/0J*'4+�$
�P?CR*Q�?ÁK*)R'*K./�l�cB/�O�/0Q*'Z[�r FPL,_*+.Q*J�L�� -01=/0-�[�r R�L,_�;�P�?Kt%)Ç<¼R�LKO�L�T

H>eKt )0?KU,_�'Q�Vr Ã>#{rþ<>LÁ)�r ' ?Á->'VO
;�)�r FPL,_*+.Q4J�L��)ÃX3·R*;�U,_�'*K*;²/�O
L�� 1
Ã,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKOþ�'nI/�W,L�[	J*'*K./�ÃX$"#òl,)XL�� )0?KU,_�'Q��/�[V_*+Ë~n'*Q�LÁ) LÁ)
35◦ [�L 84◦ P�/0Q�/0-UKC?,nq[�rþ/ 20m

[�?Kt%)X<�+Ç->J�?�P�/0J*'4+
f
'\?Á->'VO
;�)�r FPL�T

_*+.Q*J�L��
a
3(LÁ)X<	P*'*)2?ÁJ*JQrö/ LÁ)í)XL�P*K*' 7�/21=/0Q�?4$(# )X/�bE<�_�;�P�?�+�b�3�K.LKW�[�?

-01KÑ0-�[	J�L=/61ÁQ�/�O"+
s
[�?ÁJ�L 1�_	/21=L���P�?=<,)R'í)2?KU,_�'Q�VrÅ3�FPL,_*+.Q4J�?�+ ->1=/0-�[�?

J�?,b²L�[	'*)X<�+ K -0?�R�?�[	; LÁ)�O�/0Q*'Z[	'�?ÁJ�? 'Ë[V_*+�R�L,_�;�P�/0J*'4+ /�Ññ?=<,)RQ�LÁJ�L�T
O
'QP�/2<,K.LKW,L ?Á->'VO
;�)2?¹X�<	P*'*)2?=/�O�LKW,L LÁ)k)XL�P*K*'ötzW�?�\î<�_	/	[	;=/0) )0?KU,_�'QPZT
J�L=/_->J�?�P�/0J*'�/

a
1Kr|P�/2<,)�eO'*-

180◦ $¥�"<�_�'CnI/_-01KÑ0-�[	J�L=/n1ÁQ�/�O"+ [�?ÁJ�L 1
R*Q�?=1=L���P�?=<,)R'í)0?KU,_�'Q�VrÅ3�)XL FPL,_*+.Q*J�?�+ J�?,b L}[	'*)X<�+ Kí1=L=<,)XLÁK*; LÁ)�O�/	T
Q*'Z[	'�?ÁJ�?43	'ó[V_*+�R�L,_�;�P�/0J*'4+Ç/�Ñ_?=<,)RQ�LÁJ*LKO
'QP�/2<,KCLKW,Lî?Á->'VO
;�)0? <�_	/	[	;=/0)
->J�?�P�/0J*'�/

a
R*Q*'QU=?=1Á'*)�e6K

180◦ $
w�/0J*'*)RJ�L=/6Q�?=<><,)XL2+.J*'�/îFPL,_*+.Q*J�L��`R�Lg1Á-,+.)XLKO
; '*-6)2?KU,_�'9�Vr -,J�?�P�/	T

J*'Vt
f
'k'*-01=/2<,)RJ�L��k<6)XL�P*J�L=<,)�eKtÎ[�L

1′ ~n'*Q�LÁ)X/ ϕ 1Kr|P*'�<�_*+C/0)X<�+ÄR�L
cBLÁQVO
;�_	/ X jC$æjFkF\�$ Ì cB/�O�/0Q*'Z[�?�Ã	t|nîJ�L��)ÃG-01=/0-�[�r 1KU,_�'*->'\/�ÑI1=/0Q@b.J�/}�
K*;�_feKO
'*J�?��*'*'gQ�?=<><	P*'*)�rþ1=?=/0)X<�+ R�LqcBLÁQVO
;�_	?KO|¸

z = z0 + ∆z0

(

∆t

10

)2

, Ï ëWÐ ë�ï\Ñ

A = 360◦ − ∆A0

(

∆t

10

)

, Ï ëWÐ ë	ä)Ñ
W�[�/

∆t
TW'*J*)X/0Q�1=?,_Ç1ÁQ�/�O�/0J*' 1�O
'*J*;�)0?,b�[�L6'dR�L=<�_	/PK*;�_feKO
'*J�?��*'*'�3

z0 = ϕ− δ, Ï ëWÐ ë�ê\Ñ
´xÆ;ÆÇ´



∆z0 = 11250 sin 1′′ cosϕ cos δ

sin(ϕ− δ)
, Ï ëWÐ ë	å)Ñ

∆A0 = 2◦.5
cos δ

sin (ϕ− δ)
. Ï ëWÐ ë	î)Ñ

FPL}[Vb²L�[�+CHn'�/�-01KÑ0-�[�rG1Kr·UÁ'*Q�?Kt%)X<�+ '*-j<	R*'�<,K.?pÃ27(Q�/	[	J*'�/�O�/2<,)0? -01KÑ0-�[!Ã�3
R*;�U,_�'*K*;=/�O�LKW,Lþ1hÃ,T <,)RQ�LÁJ*LKO
'QP�/2<,KCLKOd�'nI/�W,L}[	J*'*KC/�Ã»$XSuUKr|P*J�L J�?KU,_ftuT
[�/0J*'�/�Ã	t|nîJ�L��)Ã -01=/0-�[�r J�?�P*'*J�?=/0)X<�+ ' -0?ÁK.?ÁJQP*'�1=?=/0)X<�+�R*Q*'VU,_�'*->'ZT
)X/�_feÁJ�Ln-0?

20m
LÁ)ÂO�LKO�/0J*)0?_K*;�_feKO
'*J�?��*'*'�$�# <,Q�/	[	J�/�OÄ3�[V_*+ -01KÑ0-�[ <>L

<,K9_	LÁJ�/0J*'�/�O LÁ)
20◦ [�L 40◦ 1gK.?�P�/2<,)X1=/�l�cB/�O�/0Q*'Z[frÎO�L�nîJ�L R�L,_feÁ-0L�T

1=?Á)�e=<�+ñ<�_	/	[	;�t Hn'VO
' [�?ÁJ*JVr·O
'
#(Q�/�O"+

z A

20m
[�L6K*;�_feKO
'*J�?��*'*'

z0 + 14′ 351◦

10m
[�L6K*;�_feKO
'*J�?��*'*'

z0 + 4′ 355◦.5@B;�_feKO
'*J�?��*'4+
z0 0◦

10m
R�L=<�_	/PK*;�_feKO
'*J�?��*'*'

z0 + 4′ 4◦.5
20m

R�L=<�_	/PK*;�_feKO
'*J�?��*'*'
z0 + 14′ 9◦

jC$Å¢ #{r|P*'�<�_	/0J*'�/U1Á'Z[	'VOMrsb¼O�/2<,)

#('Z[	'VOMrþ/#O�/2<,)0?>°K§F�P-01KÑ0-�[gJ�?¨O�LKO�/0J*)�r '9bO1=/0Q�b.J*'ZbOK*;�_feKO
'*J*?��*'Q�
1Å9�Q4'*J�1Á'QP�/|R*;�U,_�'*K*;�t%)X<�+I1�Ã,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKOÄ�'nI/�W,L}[	J*'*KC/�ÃX$ªMh_*+
U,_�'*-�R�L,_ft <,JVrsb -01KÑ0-�[ LÁJ*'v[�?Kt%)X<�+ <g'*J*)X/0Q�1=?,_	LKO 1kL}[	J*' <,;�)RK*'�3(?
[V_*+OL=<,)0?,_feÁJVrsbî-01KÑ0-�[¼T�<u[	/2<�+.)R'�<,;�)XL�P*JVr·O '*J*)X/0Q�1=?,_	LKO $.FPL=<,K.L,_feÁK*;
)0?KU,_�'QP*JVrþ/O-,J�?�P�/0J*'4+G1Á'Z[	'VOMrsb`O�/2<,)gLÁ)RJ�L=<�+.)X<�+kKËO�LKO�/0J*)0?KO 1=/0Q�b@T
J�/}� K*;�_feKO
'*J�?��*'*' -01KÑ0-�[ J�?í9�Q*'*J�1Á'QP�<,K.LKOþO�/0Q*'Z[	'�?ÁJ�/=3"?ÁQVW};�O�/0J*)�r
)0?KU,_�'Q��3Ä)>$:/=$�K.?,_	/0JZ[�?ÁQ*JVrþ/�[�?Á)�rB3�[�?Kt%)X<�+ 1 1Á'Z[�/C[�Q�LKUÁJVrsbSP*'*<>/�_Î$
MUQ�LKUÁJ�?�+¨P�?=<,)�e#[�?Á)�r <þ)XL�P*J�L=<,)�eKtS[�Lh�C$æ�F� -01KÑ0-�[	JQr|b6<,;�)XLÁK <>L=LÁ)X1=/0)�T
<,)X1Á;=/0) 1Kr Q�?,nI/0J*J�LKO
;Ç1�[�L,_*+�b\<,;�)XLÁKÄR*Q�LKO�/�nî;�)RK*;

α − S0
3�W-[�/

α
T

R*Q*'VU,_�'9n>Ñ0J*J�L=/dX�<I)XL�P*J�L=<,)�eKt�[�L
1m
\^R*Q +ZO�L=/!1=L=<Êb²L�nq[�/0J*'�/I-01=/0-�[�r

X�<�_	/	[�L=1=?Á)X/�_feÁJ�L43Á'6-01KÑ0-�[	J�L=/ö1ÁQ�/�O"+_K*;�_feKO
'*J�?��*'*'!1B9�Q*'*J�1Á'QP�/�\�3²?
S0T»-01KÑ0-�[	J�L=/{1ÁQ�/�O"+�3 <>L=LÁ)X1=/0)X<>1Á;�t HI/2/

0h
1=<>/�O
'*Q*J�LKW,LB1ÁQ�/�O�/0J*'�$�w�J�?�P�/	T

J*'4+
S0

[V_*+íK.?,n�[	L��GKC?,_	/0JZ[�?ÁQ*J*L���[�?Á)�rÎW,L}[�?g)0?ÁK9n6/�R*;�U,_�'*K*;�t%)X<�+
1 Ã,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKOy�'nI/�W,L}[	J*'*KC/�ÃX$.V�?ÁK�3�J�?�R*Q*'VO�/0Q�3�R*Q*'ñ1Kr|P*'�<�_	/	T
J*'*'n1Á'Z[	'VO�LKW,L^O�/2<,)2? FPL,_*+.Q*J�L��_-01=/0-�[�r 1%J�L�PVe <^g��öJ�?pg�°{'Vt%J4+�g�iK§K�
W�$*'*-�Ã,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKW,L��'nI/�W,L}[	J*'*KC?fÃ 'VO�/2/�O|¸

´xÆ
ÕÖ´



α = 2h11m δ = 89◦10′
5£t%JVe g��.$éÓ

33s.41 08′′.03g�k�j T�g��
g�°C$éÓ

34s.64 07′′.93

S0 = 17h33m δ = 89◦10′08′′.03 S0 = 17h37m δ = 89◦10′07′′.93
α = 2h11m33s.41 α = 2h11m34s.64

Ì )0?!<,'*)R;=?��*'4+g'9_Q_ft <,)RQ*'*Q*;=/0)X<�+gQ*'�<�$æjC$Ò��¸

�j'�<�$CjC$Ò��¸*@d1Kr|P*'�<�_	/0J*'Vt 1Á'Z[	'VOMrsb O�/2<,)>$

�P?6Q4'�<,;�J*KC/�L�[	J�LI' )XL>nI/Å+C1,_	/0J*'�/�X�1=/0Q@b.J4+�+ñK*;�_feKO
'*J�?��*'4+ñFPL,_*+.QZT
J�L��k1 9�Q4'*J�1Á'QP�/�\ <>L=LÁ)RJ�/2<>/0J�LgK.?ÁKk<>Ld~nKC?,_	L��`W}Q*'*J�1Á'QP�<,K.LKW,Lñ-01KÑ0-�[QT
J�LKW,L 1ÁQ�/�O�/0J*'�X�1=/0Q@b.J4+�+Â~nK.?,_	?�\�3�)0?ÁKn'I<>L#~nK.?,_	L��_KC?,_	/0JZ[�?ÁQ*JVrsb�[�?Á)
X�J*'9nîJ4+�+�~nK.?,_	?�\�$
w�?�[�?�P�? '*J*)X/0QQR�L,_*'*Q�L=1=?ÁJ*'4+ 1Á'Z[	'VOMrsbkK.L=LÁQ@[	'*J�?Á)gJ�?�O�LKO�/0J*)gJ�?�T

U,_ft{[�/0J*'4+
Sλ

R�L�O�/2<,)RJ�LKO
; -01KÑ0-�[	J�LKO
; 1ÁQ�/�O�/0J*'¹R*;�J*K*)0? <C[�L,_fW,L�T
)XL��

λ
<>1=L}[	'*)X<�+EK ;²<,)0?ÁJ�L=1,_	/0J*'Vt '*J*)X/0QQR�L,_*+��*'�LÁJ*J�LKW,LoO
J�L�nî'*)X/�_*+

n
3"Q�?=1ÁJ�LKW,Ld[�L,_	/ -01KÑ0-�[	JVrsb <,;�)XLÁK�34R*Q�LÁ)X/0KV~I/}� < O�LKO�/0J*)0? 1=/0Q�b.J�/}�

K*;�_feKO
'*J�?��*'*'
S = α

[�LoO�LKO�/0J*)2?�J�?KU,_fts[�/0J*'4+
S Ò�Ó = Sλ − λ

R�L
W}Q*'*J�1Á'QP�<,K.LKO
; -01KÑ0-�[	J�LKO
; 1ÁQ�/�O�/0J*'�¸

n =
[S Ò�Ó − α]h

24h
. Ï ëWÐ í}è)Ñ

FBQ*'VO�/0QÂ©�$Á#{r|P*'�<�_�'*)�e 1Á'Z[	'VO�L=/sO�/2<,)XL FPL,_*+.Q*J�L��n-01=/0-�[�r�g��ö'Vt%J4+
g�iK§K��W�$ä1

16h35m20s.265
R�LdO�/2<,)RJ�LKO
;\-01KÑ0-�[	J�LKO
;í1ÁQ�/�O�/0J*'`Y�/0J*'*JZT

W}Q�?�[�?dX
λ = 2h01m10s.771

\�$
#�<>/6J�/2LKU�b²L}[	'VOMrþ/Â[�?ÁJ*JVrþ/6'*-óÃ,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKW,L��'nI/�W,L�[	J*'*K.?fÃ

R*Q*'�1=/	[�/0JVr 1Kr·~I/B'dR�LÁK.?Á-0?ÁJVr J�?6Q*'�<�$�jC$Ò�.$
#{r|P*'�<�_�'VOdO�LKO�/0J*)(J�?KU,_ft{[�/0J*'4+zR�L·W}Q*'*J�1Á'QP�<,K.LKO
;%-01KÑ0-�[	J�LKO
; 1ÁQ�/	T

O�/0J*'�¸

´xÆÉ×Ø´



Sλ 16h35m20s.265
3

λ 2h01m10s.771
3

S Ò�Ó Æ 14h34m09s.494
$

S·P�/21Á'Z[	J�L439P*)XL!LÁ)¨O�LKO�/0J*)0?61=/0Q@b.J�/}� K*;�_feKO"'*J�?��*'*'

α = 2h11m

[�LqO�LKO�/0J*)2?nJ�?KU,_fts[�/0J*'4+
S Ò�Ó

R*Q�LK~Â_	L
S Ò�Ó − α = 12h23m = 12h.383,

R�LKl,)XLKO
;

n =
12h.383

24
= 0.516.

YP'*J�/}�*J�?�+g'*J*)X/0QQR�L,_*+��*'C+Ç1Á'Z[	'VOMrsb�O�/2<,)IL=<,;.HI/2<,)X1,_*+C/0)X<�+Ç<�_	/	[	;FT
t Hn'VOELKUÁQ�?Á-0LKO|¸
α Æ 12h11m + [33s.41 + 0.516(34s.64 − 33s.41)] Æ 12h11m34s.045

3
δ Æ 89◦10′ + [08′′.03 + 0.516(07′′.93 − 0.803)] Æ 89◦10′07′′.98

$
Mh_*+Å1Kr|P*'�<�_	/0J*'4+Å1Á'Z[	'VOMrsb K.L=LÁQF[	'*J�?Á)(-01KÑ0-�[ä3�[Q_*+ KCLÁ)XLÁQVrsb 1hÃ,T <,)�T

Q�LÁJ�LKO
'QP�/2<,K.LKOv�'nI/�W,L�[	J*'*K./�Ã 1Á'Z[	'VOMrþ/�O�/2<})2?p[�?ÁJQr <x[�/2<�+.)R'�<,;�)XL�PZT
JVr·Og'*J*)X/0Q�1=?,_	LKO 3,'*J*)X/0QQR�L,_*+��*'�LÁJ*JVr|�hO
J�L�nî'*)X/�_fe L�R*Q�/	[�/�_*+C/0)X<�+#P�/	T
Q�/0- '*J*)X/0Q�1=?,_ 1ÁQ�/�O�/0J*'�3^R*Q�LÁ)X/0KV~n'Q� LÁ)�O�LKO�/0J*)0? J�?KU,_fts[�/0J*'4+ÏR�L
9�Q*'*J�1Á'QP*;v[�LyO�LKO�/0J*)0? 1=/0Q@b.J�/}� K*;�_feKO
'*J�?��*'*' -01=/0-�[�rÅ3�[�?ÁJ*J�LKW,L 1
)0?KU,_�'Q��/=$ Ì )XLÁ) '*J*)X/0Q�1=?,_ 1ÁQ�/�O�/0J*'G1 LKU=HI/�O <�_�;�P�?=/O<>L=<,)XLÁ'*)ñ'*-���/	T
_	LKW,L P4'�<�_	?g-01KÑ0-�[	JVrsb�<,;�)XLÁK

d
'GJ�/0K.LÁ)XLÁQ�L���[�L,_�'G-01KÑ0-�[	JVrsbí<,;�)XLÁK�3

;=<,)0?ÁJ�?=1,_�'�1=?=/�O�L���R�L}[�LKUÁJ�LP)XLKO
;Á3 K.?ÁK�l,)XLpUKrs_	L�<-[�/�_	?ÁJ�L�1£R*Q�/	[�r{[	;FT
HI/�O»R*Q*'VO�/0Q�/=$
FBQ*'VO�/0Q�k.$ #{r|P*'�<�_*'*)�e 1Á'�[	'VO�L=/ËO�/2<,)XLE-01=/0-�[�r

βUMi
XÉ÷hjK°K�»R�L

TU$é��$Å\P1
20h00m09s.544

R�L�O�/2<,)RJ�LKO
;G-01KÑ0-�[	J�LKO
; 1ÁQ�/�O�/0J*'»kF³,j <>/0JZT
),+ZUÁQ +�g�iK§Kj>W,L}[�?61qY�/0J*'*JVW}Q�?�[�/�X

λ = 2h01m10s.771
\�$

S·R*Q�/	[�/�_�'VO 1ÁJ�?�P�?,_	/MO�LKO�/0J*)(J�?KU,_ft{[�/0J*'4+zR�L·W}Q*'*J�1Á'QP�<,K.LKO
;%-01KÑ0-�[QT
J�LKO
; 1ÁQ�/�O�/0J*'
Sλ 20h00m09s.544

3
λ 2h01m10s.771

3
S Ò�Ó Æ 17h58m58s.773

5B-�Ã,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKW,Lq�'n6/�W,L}[	J*'*K.?fÃ\'VO�/2/�O|¸

´xÆ
ÙÖ´



α δ?=1KW�$fkF¢�$Å¢
14h50m43s.196 74◦13′43′′.05T«�C$Å¢�gKg T�g=$æ§�Ó

<>/0J*)>$�°C$Å¢
42s.485 41′′.21Mh_*+!1Kr|P*'�<�_�/0J*'4+!'*J*)X/0QQR�L,_*+��*'�LÁJ*J�LKW,LhO
J�L�nî'*)X/�_*+>R�L=<,)RQ�LÁ'VO <Êb²/	T

O
;

�P?6L=<,J�L=1=?ÁJ*'*'dl,)XL�� <Êb²/�OMr

n =
1

10

[

6 +
17h59m − 14h51m

24h

]

= 0.613.

V�/}R�/0QVe�< R�LKO�L=H>eKt _�'*J�/}�*J�L��E'*J*)X/0QQR�L,_*+��*'*' 1Kr|P*'�<�_*+C/�O 1Á'Z[	'ZT
OMrþ/BKCL=LÁQF[	'*J�?Á)�r#¸

α = 14h50m43s.196 − 0.711 × 0.613 = 14h50m42s.760,

δ = 74◦13′43′′.05 − 1′′.84 × 0.613 = 74◦13′41′′.92.
ìP?=<,)RJVr·O <�_�;�P�?=/�O Q�?=<><�O�LÁ)RQ�/0J*J�L�� )XL,_feÁK.LóP*)XLÇ-0?�[�?�P*' +C1,_*+C/0)X<�+

-0?�[�?�P�?!L�R*Q�/	[�/�_	/0J*'4+ñ1Á'Z[	'VO�LKW,LqO�/2<,)2?6-01=/0-�[�r 1�O�LKO�/0J*)n/�Ñ�1=/0Q@b.J�/}�
K*;�_feKO
'*J�?��*'*'�$
FBQ*'VO�/0QSjC$(#{r|P*'�<�_�'*)�e 1Á'Z[	'VO�L=/�O�/2<,)XLk-01=/0-�[�r

αLyr
XÉ÷£Ó@��jÄR�L

TU$é��$Å\ 1�O�LKO
/0J*) /�ÑG1=/0Q@b.J�/}� K*;�_feKO
'*J�?��*'*'�g��F³�g�° 'Vt%JC+ùg�iK§K�vW�$þ1
Y�/0J*'*JVW}Q�?�[�/�X

λ = 2h01m10s.771
\�$

S·P�/21Á'Z[	J�L43�P*)XL#O�LKO�/0J*)öJ*?KU,_fts[�/0J*'4+hR�L#W}Q*'4J�1Á'QP�<,KCLKO
;P-01KÑ0-�[	J�LKO
;
1ÁQ�/�O�/0J*'

S Ò�Ó = α−λ
1=<>/�W�[�?£UÁ;�[�/0)ÅLÁ)X<,)XLª+.)�eULÁ) J�?�P�?,_feÁJ�LKW,LB)0?KU,_�'QPZT

J�LKW,LI->J�?�P�/0J*'4+ñJ�?61=/�_�'QP*'*J*;

d+
24h − [α− (α− λ)]

24
,

W�[�/
d
T!��/�_	L=/xP*'�<�_	LU-01KÑ0-�[	JVrsbî<,;�)XLÁK�3�;=<,)2?ÁJ�?=1,_�'�1=?=/�O�L=/{)0?ÁK�nI/=3 KC?ÁK

l,)XLp[	/�_	?,_	L=<�en1Kr·~I/=$CFPLKl,)XLKO
;>[V_*+î'*J*)X/0QQR�L,_*+��*'�LÁJ*J�LKW,L¨O
J�L�nî'*)X/�_*+

´xÆ ð ´



R*Q*'
λ = 2h01m10s.771

R�L,_�;�P�?=/�O

n =
1

10
[d+ 0.916].

Mh_*+ ;=<�_	L=1Á'4+ J�?K~I/�W,L�R*Q*'VO�/0Q�? '*-`Ã,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKW,L��'nI/�W,L�[QT
J*'*K.?fÃ\J�?,b L}[	'VO
'Vt%JVe

α δ¢�$âg
18h36m17s.725 38◦45′54′′.19

0s.150 3′′.03g�¢�$æ�
17s.875 57′′.22'Ç<,)RQ�LÁ'VO <>L=L=1=/0)X<,)X1Á;�t Hn;�t <Êb /�O
;�¸

# Q�/0->;�_feR)0?Á)X/PJ�?,b²L�[	'VO

n =
1

10
[8 + 0.916] = 0.892.

#('Z[	'VOMrþ/hO�/2<,)0?qR�L,_�;�P*'VO <#R�LKO�L=H>eKtÏ_�'*J�/}�*J�L�� '*J*)X/0QQR�L,_*+��*'*'
α Æ 18h36m17s.725 + 0s.150 × 0.892 Æ 18h36m17s.859

3
δ Æ 38◦45′54′′.19 + 3′′.03 × 0.892 Æ 38◦45′56′′.89.

´uÕ;õÖ´



jC$æ§ Dk/0)XL}[	'*K.?IJ�?KU,_fts[�/0J*'Q�

g=$�Sþ)RQ�/�W};�_�'*Q�L=1=?Á)�eI'*J�<,)RQ*;�O�/0J*)n<�R�LKO�L=H>eKt J�?ÁK9_	?�[	J�LKW,Ln;�Q�L=1ÁJ4+�$
k.$Q¤j<,)2?ÁJ�L=1Á'*)�e6'4J�<,)RQ*;�O�/0J*)I1�O�/0Q*'Z[	'�?ÁJ�$
jC$ 7(J4+.)�ekJ�?ÁK9_	?�[	J�L�� ;�Q�L=1=/0JVe43j;=<,)2?ÁJ�L=1Á'*)�e ?,_�'Z[�?�[	JVr|� ;�Q�L=1=/0JVek'
1Krþ1=/2<,)R' /�W,L�R*;�-}r QVÑ0K J�? <>/0Q�/	[	'*J*;Á$
#úR*Q*L���/2<><>/ J�?KU,_fts[	/0J*'Q� ?,_�'ZT
[�?�[	JVr|� ;�Q�L=1=/0JVeI)RQ�LKW�?Á)�e6J�/�_feÁ-,+�$
Ó4$�FBQ�L=1=/0Q*'*)�eqW,LÁQ*'*-0LÁJ*)2?,_VeÁJ�L=<,)�e6J*'*)X/}��$
�.$�FPL,_feÁ->;�+C<�e�l�cB/�O�/0Q*'Z[�?KO
'�3*J�?=1=/2<,)R' )RQ*;�UÁ; J�?6J*;@nîJ*;�t -01=/0-�[	;Á$

�j'�<�$�jC$æ°Z¸�w�1=/0-�[�?!1>R�L,_	/B->Q�/0J*'4+ñ'*J�<,)RQ*;�O�/0J*)0?

T%->'VO
;�)0?,_feÁJVr·O 1Á'*J*)XLKO 1=1=/2<,)R' -01=/0-�[	;�1óUÁ'�<><>/0K*)XLÁQ�$�DG'*K*Q�LKO�/0)�T
Q�/0J*JVr·O\1Á'*J*)XLKO 1=/0Q*)R'*K.?,_feÁJ�LKW,L{K*Q*;�W�?^R�L}[�1=/2<,)R'_-01=/0-�[	;PKÂ��/0J*)RQ�?,_fe�T
J�L�� J*'*)R'�X�Q*'�<�$æjC$æ°@\�$
°C$�#¹R�L,_�L�nI/0J*'4+�boÃ,@£��¤ 9ÄYh�
#þSpÃG'yÃ,@£��¤ 9GF£��T #þSpÃG<Ê[�/�_	?Á)�e�R�L
P�/0)�r Q�/ J�?=1=/	[�/0J*'4+O<,Q�/	[	J�/}� J*'*)R' J�?_-01=/0-�[	;�O
'*K*Q�LKO�/0)RQ�/0J*JVr·O 1Á'*JZT
)XLKO 1=/0Q*)R'*K.?,_feÁJ�LKW,LñK*Q*;�W�?4$äDkLKO�/0J*)OKC?,nq[�LKW,LñJ�?=1=/	[�/0J4'4+�LÁ)�O�/}P�?Á)�e
R�Lhb.Q�LÁJ�LKO�/0)RQ*;6<{)XL�P*J�L=<,)�eKt¦[�LUL�[	J�LKW,LP;�[�?ÁQ�?¼X

0s.5
\�$.@P?,nq[�L=/{J�?=1=/	T

[�/0J*'�/!<>L�R*Q�L=1=L�nq[�?Á)�eñLÁ)X<	PVÑ0)0?KO
'Ä© 'Ä©-©�O
'*K*Q�L=<,K.L�R�?�TaO
'*K*Q�LKO�/0)RQ�? '
?,_�'Z[�?�[	J�LKW,LI;�Q�L=1ÁJ4+�$¥w�1=/0-�[	;ñ1�UÁ'�<><>/0K*)XLÁQ�/�;}[�/0Q�nî'�1=?Á)�e61ÁQ�?=HI/0J*'�/�O
'*J�<,)RQ*;�O�/0J*)0?�R�L6?Á->'VO
;�)R;Á$
¢�$�Mh_*+ ;�PVÑ0)2?OQ�/�cÅQ�?ÁKQ�*'*' J�/2LKU�b²L}[	'VO�Lî'*-}O�/0Q*'*)�eO)X/�OIR�/0Q�?Á)R;�Q*; 1=LÁ-�T
[	;@b²?î1=LÁ-	_	/B'*J�<,)RQ*;�O�/0J*)2?6'Ç?Á)�O�L=<�cB/0Q*J�L=/�[�?=1,_	/0J*'�/=$

´uÕºôø´



jC$æi ñ ;�Q*J�?,_ÇJ�?KU,_Vts[�/0J*'Q�

w�1=/0-�[�?
αUMi

�P?KU,_ft{[�?Á)X/�_fe 5BJ�<,)RQ*;�O�/0J*) gKg�k�g���Ó
M_?Á)0?6J�?KU,_ft{[�/0J*'4+ #%$&#%$�#('*),+.-0/21 Í Q�LÁJ�LKO�/0)RQ jF�K�K�
g�³�kn<>/0J*),+ZUÁQ +�g�iK§Kj>W�$
t = 11◦.8

�
P = 763.7 @£��¤ 9�Yh�
#þS

g k j Ó
Í Q*LÁJ�LKO�/0)RQ ¤ Q�L=1=/0JVe DG'*K*Q�L=<,KCL�RVr{TaO
'*K4Q�LKO�/0)RQVr

_9TºR © ©-©

g
19h10m25s + 7.0

gKg=$æ��T«jK�C$Òk
30◦10′0 ÔÖÕ 4′23′′

26′′ 210◦10′1 ÔÖÕ 0′35′′

36′′

k
19h15m35s + 5.0

g��C$æ°�T«jK�C$æ�
30◦10′0 ÔÖÕ 3′19′′

21′′ 210◦10′0 ÔÖÕ 4′32′′

36′′

j
19h19m25s + 7.0

g��C$æi�T«jK�C$Òk
30◦10′0 ÔÖÕ 2′32′′

32′′ 210◦10′0 ÔÖÕ 3′47′′

48′′

Ó
19h22m15s + 5.0

g��C$æi�T«jK�C$Òk
30◦10′0 ÔÖÕ 1′55′′

54′′ 210◦10′0 ÔÖÕ 3′10′′

12′′

@£��¤ 9�F£��T #þS

g
19h27m15s + 6.5

g��C$æi�T«jK�C$Òk
329◦40′0 ÔÖÕ 4′07′′

08′′ 149◦40′1 ÔÖÕ 0′20′′

22′′

k
19h31m20s + 4.5

g��C$Å¢�T«jK�C$Òk
329◦40′0 ÔÖÕ 4′55′′

56′′ 149◦40′1 ÔÖÕ 1′11′′

13′′

j
19h35m30s + 4.0

g��C$æi�T«jK�C$Òk
329◦40′1 ÔÖÕ 0′48′′

50′′ 149◦40′1 ÔÖÕ 2′01′′

04′′

Ó
19h39m10s + 5.0

gKg=$æ��T«jK�C$Ò�
329◦40′1 ÔÖÕ 1′30′′

32′′ 149◦40′1 ÔÖÕ 2′48′′

50′′

´uÕÉýÇ´



jC$âg�� ñ ;�Q*J�?,_ÇJ�?KU,_ft{[�/0J*'Q�

w�1=/0-�[�?
αLyr

�B?KU,_fts[�?Á)X/�_fe 5BJ�<,)RQ*;�O�/0J*) gKg�k�g���Ó
M_?Á)0?6J�?KU,_ft{[�/0J*'4+ #%$&#%$	#('*)>+.-0/21 Í Q�LÁJ�LKO�/0)RQ jF�K�K�
g�³�kn<>/0J*),+ZUÁQ�+�g�iK§Kj>W�$
t = 11◦.8

�
P = 763.7 @£��¤ 9�Yh�
#þS

g k j Ó
Í Q�LÁJ�LKO�/0)RQ ¤ Q�L=1=/0JVe DG'*K*Q�L=<,K.L�RVr{TaO
'*K*Q�LKO�/0)RQVr

_9TºR © ©Ê©

g
18h23m40s + 4.5

g��C$æ��T®k�§C$æ�
21◦10′0 ÔÖÕ 1′54′′

56′′ 201◦10′0 ÔÖÕ 3′13′′

12′′

k
18h29m10s + 5.0

g��C$Ò��T®k�§C$Ò�
21◦00′1 ÔÖÕ 3′28′′

31′′ 201◦00′1 ÔÖÕ 4′44′′

48′′

j
18h33m45s + 3.5

g��C$æ§�T®k�iC$Òk
21◦00′1 ÔÖÕ 2′22′′

25′′ 201◦00′1 ÔÖÕ 3′41′′

43′′

Ó
18h37m45s + 6.75

g��C$Ò��T®k�iC$é�
21◦00′1 ÔÖÕ 2′31′′

35′′ 201◦00′1 ÔÖÕ 3′53′′

51′′

@£��¤ 9�F£��T #þS

g
18h43m20s + 6.0

g��C$Ò��T®k�iC$Òk
338◦40′1 ÔÖÕ 0′07′′

08′′ 158◦40′1 ÔÖÕ 1′26′′

26′′

k
18h47m35s + 4.5

g��C$æ°�T®k�iC$æ°
338◦40′0 ÔÖÕ 2′04′′

01′′ 158◦40′1 ÔÖÕ 3′20′′

21′′

j
18h51m10s + 4.5

g��C$Ò��T®k�iC$Ò�
338◦30′1 ÔÖÕ 3′19′′

21′′ 158◦30′1 ÔÖÕ 4′41′′

43′′

Ó
18h54m40s + 6.5

gKg=$æ��T«jK�C$æ�
338◦30′0 ÔÖÕ 3′54′′

56′′ 158◦30′1 ÔÖÕ 0′14′′

14′′

´uÕ¶2Ö´



jC$âgKg SuUÁQ�?KU=LÁ)RK.?¨nî;�Q*J�?,_	?IJ�?KU,_fts[�/0J4'Q�

gn<,)XL,_fU=/}��$�FP/0Q�/21=/2<,)R' ;}[�?ÁQVrÐb.Q�LÁJ�LKO�/0)RQ�? 1 <>/0K*;�JZ[�r '\1Kr|P*'�<�_�'*)�e
O�LKO�/0J*)�r J�?=1=/	[�/0J*'4+ <,Q�/	[	J�/}� J*'*)R' J�?6-01=/0-�[	;
T1
3
T2
3
T3
3
T4
R*Q*'Ç@�Y¼�

T1
3
T2
3
T3
3
T4
R*Q*'Ç@PF6$

kÄ<,)XL,_fU=/}��$ª#{r|P*'�<�_*'*)�euR�L�R*Q�?=1ÁK*'Å-0?þ;�Q�L=1=/0JVe�X�J�?ÁK9_	LÁJP?,_�'Z[�?�[�r`O
'*K*Q�L=<,K.L�R�L=1�T
O
'*K*Q�LKO�/0)RQ�L=1�\�R�L�cBLÁQVO
;�_	/

∆R′′ = ±[(
_ Ç R ) −m]

τ ′′

2
, Ï ëWÐ í,ã+Ñ

W�[�/
m
T(<,)0?ÁQV~I/2/�[�/�_	/0J*'�/�?,_�'Z[�?�[	J�LKW,Ln;�Q�L=1ÁJ4+�3

τ
2

T���/0J�?>R�L,_�;�[�/�_	/0J*'4+ñ?,_�'Z[�?�[	J�LKW,LI;�Q�L=1ÁJ4+�$
w�J�?ÁK½× Ç ×�<>L=LÁ)X1=/0)X<,)X1Á;=/0)ÂR�L,_	L�nI/0J*'Vt J*;�_*+ñ;�Q�L=1ÁJ4+ñ<�_	/21=?43
w�J�?ÁK½×�T�×P<>L=LÁ)X1=/0)X<,)X1Á;=/0)¨R�L,_	L�nI/0J*'Vt J*;�_*+ ;�Q�L=1ÁJ4+g<	R*Q�?=1=?4$
jÄ'£Óþ<,)XL,_fU��VrÅ$ª#{r|P*'�<�_�'*)�eöLÁ)X<	P�/0)�r`R�L·O
'*K*Q�L=<,K.L�R�?KO!TaO
'*K*Q�LKO�/0)RQ�?KOÄ3
;=<,Q�/	[	J4+�+g->J�?�P�/0J*'4+ O4_	?�[�~I/�W,Ln'Ç<,)2?ÁQV~I/�W,Lq~n)RQ*'9b²L=14$
�í<,)XL,_fU=/}��$W#{r|P*'�<�_�'*)�e LÁ)X<	PVÑ0)�r O
'*K*Q�L=<,K.L�R�L=143j<>1=LKU=L}[	JVrþ/ÇLÁ)�l,KC<�T
��/0J*)RQ*'�<,'*)X/0)0?6' J�?ÁK9_	LÁJ�?!?,_�'Z[	?�[�rÅ3VR*L�cBLÁQVO
;�_	?KO

L′ =
I + II

2
+ ∆R; R′ =

I + II

2
+ ∆R Ï ëWÐ í�ç\Ñ

Sþ)X<	PVÑ0)0?KO
L′ ' R′ R*Q*'QR*'�<>?Á)�e�W}Q�?�[	;=<�rÅ3�<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'�/¼R*LÁKC?Á-0?�T

J*'4+ZO�©sO
'*K*Q�L=<,K.L�R�?4$

´uÕ
µ
´



�"/0->;�_feª)2?Á)�r LKUÁQ�?KU=LÁ)RK*' nî;�Q*J�?,_	?IJ�?KU,_fts[�/0J*'9��X
αUMi

\
@£��¤ 9�Yh�
#þS

Ti ∆R
© ©Ê©

L′
g

19h10m28s.50 1′′.44 30◦14′24′′.5 210◦15′35′′.5 30◦15′01′′.44k
19h15m37s.50 0′′.72 30◦13′20′′.0 210◦14′34′′.0 30◦13′57′′.72j
19h19m38s.50 1′′.32 30◦12′32′′.0 210◦13′47′′.5 30◦13′11′′.07Ó
19h22m17s.50 1′′.32 30◦11′54′′.5 210◦13′11′′.0 30◦12′34′′.07@£��¤ 9�F£��T #þS

Ti ∆R
© ©Ê©

R′
g

19h27m18s.25 1′′.32 329◦44′07′′.5 149◦45′21′′.0 329◦44′45′′.57k
19h31m22s.25 1′′.08 329◦44′55′′.5 149◦46′12′′.0 329◦45′34′′.83j
19h35m32s.00 1′′.32 329◦45′49′′.0 149◦47′02′′.5 329◦46′27′′.07Ó
19h39m12s.50 1′′.81 329◦46′31′′.0 149◦47′49′′.0 329◦47′11′′.81

7(Q�/	[	J*'Q�dO�LKO�/0J*)UJ�?KU,_fts[�/0J*'Q��¸
T0 = 19h24m50s.500

$
FPL�R*Q�?=1ÁK.?¨b.Q�LÁJ�LKO�/0)RQ�?9¸

u = 1m21s.715
$

7(Q�/	[	J*'Q�dO�LKO�/0J*)pR�L6-01=/0-�[	J�LKO
; 1ÁQ�/�O�/0J*'�¸
Sλ = 19h26m12s.215

$

´uÕÉÆÇ´



�"/0->;�_feª)0?Á)�r LKUÁQ�?KU=LÁ)RK*' nî;�Q*J�?,_	?6J�?KU,_ft{[�/0J*'Q�oX
αLyr

\
@£��¤ 9�Yh�
#þS

Ti ∆R
© ©-©

L′
g

18h23m42s.25 −2′′.41 21◦11′55′′.00 201◦13′12′′.50 21◦12′31′′.34k
18h29m12s.50 −1′′.20 21◦08′29′′.50 201◦09′46′′.00 21◦09′06′′.55j
18h33m46s.75 0′′.00 21◦07′23′′.50 201◦08′42′′.00 21◦08′02′′.75Ó
18h37m48s.25 −0′′.60 21◦07′33′′.00 201◦08′52′′.00 21◦08′11′′.90@£��¤ 9íF£��T #þS

Ti ∆R
© ©-©

R′
g

18h43m23s.00 −0′′.36 338◦45′07′′.50 158◦46′26′′.00 338◦45′46′′.39k
18h47m37s.25 0′′.24 338◦42′02′′.50 158◦43′20′′.50 338◦42′41′′.73j
18h51m12s.25 0′′.00 338◦38′20′′.00 158◦39′42′′.00 338◦39′01′′.00Ó
18h54m43s.25 1′′.20 338◦33′55′′.00 158◦35′14′′.00 338◦34′35′′.70

7(Q�/	[	J*'Q�óO�LKO�/0J*)UJ�?KU,_ft{[�/0J*'Q��¸
T0 = 18h39m12s.750

$
FPL�R*Q�?=1ÁKC?Âb.Q�LÁJ�LKO�/0)RQ�?9¸

u = 1m21s.755
$

7(Q�/	[	J*'Q�óO�LKO�/0J*)pR�L6-01=/0-�[�J�LKO
;ñ1ÁQ�/�O�/0J*'�¸
Sλ = 18h40m34s.505

$

´uÕ;ÕÖ´



�¡NRMOMONRM ØÙb(]�^W[gf¿ª�^ÚÀ@^\��°�]�c�^W_B£W`(Xp£�¤WX�NÜÛFb�¤�b�ed�UXÝe�X\Z)[gf
Sλ Æ 19h26m12s.215
λ Æ 2h01m10s.771
S Æ 17h25m01s.444
α Æ 2h15m

S − α Æ 15h10m = 15h.167

n Æ S−α
24

= 0.632

αUMi<>/0J*)>$âg=$Òk
2h15m31s.18 89◦11′05′′.39

X�'*-PTU$é��\
k.$âg

32s.71 05′′.67

δ Æ 89◦11′05′′.39 + 0.632(5.67 − 5.39) Æ 89◦11′05′′.57
α Æ 2h15m31s.18 + 0.632(32.71 − 31.18) Æ 2h15m32s.147
U Æ Æ 1m21s.715

α− U Æ Æ 2h14m10s.432
12 + α− U Æ Æ 14h14m10s.432

´uÕ ×Ø´



�¡NRMOMONQP ØÙb(]�^W[gfÝª�^%À@^\��°�]�c�^W_¿£W`�X�£�¤�X�N�¢"X
ÞÜ]Of�¥Oß�b�°�àá`�Z)ª�^�ed^�¦�f�[aXâ��ÁO«c��UX@`�Xâ��b�ã�b�c��
z1 Æ 30◦15′01′′.44 µ Æ g=$Å¢,°�ÓF� λγ Æ T®kF¢�$æ§
z8 Æ 30◦12′48′′.19 lg tgz Æ iC$Å¢,°F�K� B Æ k�g=$âg
z Æ 30◦13′54′′.82

g=$Ò�Kk�iF� T«°C$Å¢
t Æ 11◦.8

T�¢
P Æ 763.7 lg ρ Æ g=$Ò�Kk�§K§

ρ Æ 33′′.80

ϕ0 Æ 59◦56′ cosϕ0 Æ �C$Ò���Zg��K�K§
δ Æ 89◦11′05′′.57 cos δ Æ �C$æ�Zg�Ó@kKkF¢,�

ϕ0 + δ Æ 149◦07′05.57
ζ0 Æ 180◦ − (ϕ0 + δ) Æ 30◦52′54′′.43

sin ζ0 Æ �C$Ò��g�jFk�°@¢ λ = 412530cosϕ0 cos δ
sin ζ0

= 5729.08

ctgζ0 Æ g=$æ°@¢�k��K§Ki ctgζ0
412530

= 4.053254 · 10−6

ctg2ζ0 + 1
3

2 · 2062652
= 3.6775136 · 10−11

�
?=<	P�/0)RJVrþ/£cBLÁQVO
;�_frÎXÉ~n'*Q�LÁ)0?qR�L6FPL,_*+.Q*J�L�� -01=/0-�[�/�\6¸

t = T − (12 + α− U);

λ = 412530
cosϕ0 cos δ

sin ζ0
;

ρ = λ sin2 t

2
;

r = ρ+ ρ2 ctgζ0

412530
+ ρ3

ctg2ζ0 + 1
3

2 · 2062652
;

(L) =
1

4

∑

i

Li; (R) =
1

4

∑

i

Ri;

L = L′ + r; R = R′ − r;

Mz =
1

2
[(L) + (R) − 360◦].

´uÕ;ÙÖ´



ä�åæ ç èé êë ç êì ç í îï å ð î ñ îéò íë î óôõ êôö ê÷øùú ûú üý þÿ� � �� ÷ � þÿ� � �ÿ � ÷ �� � 	 
 � � 	 

T 19h10m28s.50 19h15m37s.50 19h19m28s.50 19h22m17s.50 19h27m18s.25 19h31m22s.25 19h35m32s.00 19h39m12s.50

12h + α− U 14h14m10s.432

t 4h56m18s.068 5h01m27s.068 5h05m18s.068 5h08m07s.068 5h13m07s.818 5h17m11s.818 5h21m21s.568 5h25m02s.068

sin2 t
2

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

λ

� � � � � ��

ρ

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

r 34′56′′.42 35′59′′.61 36′47′′.10 37′21′′.99 38′24′′.35 39′15′′.17 40′07′′.39 40′53′′.64

L′, R′ 30◦15′01′′.44 30◦13′57′′.72 30◦13′11′′.07 30◦12′34′′.07 329◦44′45′′.57 329◦45′34′′.83 329◦46′27′′.07 329◦47′11′′.83

L, R 30◦49′57′′.86 30◦49′57′′.33 30◦49′58′′.17 30◦49′56′′.06 329◦06′21′′.22 329◦06′19′′.68 329◦06′19′′.68 329◦06′18′′.19

(L), (R) 30◦49′57′′.36 329◦06′19′′.69

Mz −1′51′′.48

(L) −Mz 30◦51′48′′.84

refr 33′′.80

z 30◦52′22′′.64

δ 89◦11′05′′.57

z + δ 120◦03′28′′.21

ϕ 59◦56′31′′.79

´uÕ ð´



�¡NRMOMON � ØÙb(]�^W[gf¿ª�^������ c�^W_��»£W`�X�£�¤�X�N�ÛFb®¤�b�ed�UX¯e�X\Z)[gf
Sλ Æ 18h40m34s.505
λ Æ 2h01m10s.771

S Æ 16h39m23s.734
α Æ 18h36m

S − α Æ 22h03m = 22h.050

?=1KW�$,kF¢�$æ§
18h36m23s.383 38◦45′76′′.74k�g�� g�k�§9X�5B-PTU$é��$Å\

<>/0J*)>$^°C$æ§
23s.118 78′′.02

n =
1

10
[4 +

(S − α)h

24h
] =

1

10
[4 + 0.918] = 0.492;

δ Æ 38◦45′76′′.74 + 1′′.28 × 0.492 Æ 38◦46′17′′.37;
α Æ 18h36m23s.333 − 0.215 × 0.492 Æ 18h36m23s.227;
U Æ Æ 1m21s.755;

α− U Æ Æ 18h35m01s.472.

´^×ÖõÖ´



�¡NRMOMONµ´ ØÙb(]�^W[gf8ª�^������ c�^W_��Ú£W`�X�£�¤�X�N�¢"X
ÞÜ]Of�¥Oß�b�°�àk`�Z)ª�^\ed^�¦�f�[aX
��ÁO«c��UX8`�X
��b�ã�b�c��
�"/�cÅQ�?ÁKQ�*'4+

z1 Æ 21◦12′31′′.34 µ Æ g=$Ò¢,°�Ó9g λγ Æ T®kF¢�$æ§
z8 Æ 21◦25′24′′.30 lg tgz Æ iC$Ò��iZg�j B Æ k�g=$âg
z Æ 21◦18′57′′.82

g=$æjF�K�,Ó T«°C$Å¢
t Æ 11◦.8

T�¢
P Æ 763.7 lg ρ Æ g=$æjF�,Ó�¢

ρ Æ 22′′.63

ϕ0 Æ 59◦56′ cosϕ0 Æ �C$Ò���Zg��K�K§
δ Æ 38◦46′17′′.37 cos δ Æ �C$Å¢K¢,iK°F���
ζ0 Æ 21◦09′42′′.63

sin ζ0 Æ �C$æjK°Zg��K��j λ = 412530cosϕ0 cos δ
sin ζ0

= 446363.8

ctgζ0 Æ k.$Ò��§KjFk�° ctgζ0
412530

= 0.626198 · 10−5.

�"?=<	P�/0)RJVrþ/hcBLÁQVO
;�_frÎXÉ~n'*Q�LÁ)0?qR�L�tsnîJ�L��g-01=/0-�[�/�\6¸

t = T − (α− U); λ = 412530
cosϕ0 cos δ

sinζ0
; ρ = λ sin2 t

2
;

r = ρ− ρ2 ctgζ0

412530
+ ρ3

ctg2ζ0 + 1
3

2 · 2062652
;

(L) =
1

4

∑

i

Li; (R) =
1

4

∑

i

Ri;

L = L′ − r; R = R′ + r;

Mz =
1

2
[(L) + (R) − 360◦].

´^× ôø´



ä�åæ ç èé êë ç êì ç í îï å ð î ��� ë î óôõ êôö ê÷øùú ûú üý þÿ� � �� ÷ � þÿ� � �ÿ � ÷ �� � 	 
 � � 	 

T 18h23m42s.25 18h29m12s.50 18h33m46s.75 18h37m48s.25 18h43m23s.00 18h47m37s.25 18h51m12s.25 18h54m43s.25

α− U 18h35m01s.472

t −11m19s.222 −5m48s.972 −1m14s.722 2m46s.778 8m21s.528 12m35s.778 16m10s.778 19m41s.778

sin2 t
2

0.60982 · 10−3 0.16100 · 10−3 0.7381 · 10−5 0.3677 · 10−4 0.33252 · 10−3 0.75501 · 10−3 0.12455 · 10−2 0.18453 · 10−2

λ


 
� 	� 	 � �

ρ 272′′.20 71′′.86 3′′.29 16′′.41 148′′.42 337′′.01 555′′.93 823′′.69

r 271′′.74 71′′.83 3′′.29 16′′.41 148′′.29 336′′.30 553′′.99 819′′.44

L′, R′ 21◦12′31′′.34 21◦09′06′′.55 21◦08′02′′.75 21◦08′11′′.90 338◦45′46′′.39 338◦42′41′′.73 338◦39′01′′.00 338◦34′35′′.70

L, R 21◦07′59′′.60 21◦07′54′′.71 21◦07′59′′.46 21◦07′55′′.49 338◦48′14′′.67 338◦48′18′′.03 338◦48′15′′.00 338◦48′15′′.14

(L), (R) 21◦07′57′′.31 338◦48′15′′.72

Mz −1′53′′.48

(L) −Mz 21◦09′50′′.79

rfr 22′′.55

(L) −Mz + rfr 21◦10′13′′.34

δ 38◦46′17′′.37

ϕ 59◦56′30′′.71

´^×
ýÇ´
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Ó4$âg T%->'VO
;�)n'óO�/2<,)XL�tzW�?IJ�?IK*Q*;�W,/

T%->'VO
;�)XLKOGLKU�È�/0K*)2?zR*Q*'!J�?KU,_ft{[�/0J*'*'6<sR*;�J*K*)2?
C
J�?Á-}rþ1=?=/0)X<�+n;�W,L,_Î3

_	/�nI?=Hn'Q� 1vR9_	L=<,K.L=<,)R'ÏW,LÁQ*'*-0LÁJ*)0?43Ä-0?ÁK9_ft^P�/0J*JVr|�öO�/�nq[	;mR9_	L=<,K.L�T
<,)�eKtÎO�/0Q*'Z[	'�?ÁJ�?�O�/2<,)0? '�R9_	L=<,K.L=<,)�eKtU3$R*Q�L�b²L}[�+CHI/}��P�/0Q�/0-_J�?�R*Q�?=1�T
_	/0J*'�/BJ�?!LKU�È�/0K*)>$
T%->'VO
;�)�J�?Á-}rþ1=?=/0)X<�+E?=<,)RQ�LÁJ�LKO
'QP�/2<,K*'VO 3j/2<�_�' LÁJ LÁ)X<	P*'*)�rþ1=?=/0)X<�+

LÁ)Ä)XL�P*K*'ÂtzW�?
S
1{J�?�R*Q�?=1,_	/0J*'*'�J�?ö-0?�R�?�[ä$XT <,)RQ�LÁJ�LKO
'QP*/2<,K*'Q�n?Á->'VO
;�)

�j'�<�$�Ó4$âgK¸*T <,)RQ�LÁJ�LKO
'QP�/2<,K*'Q�Ç?Á->'VO
;�)

'*-}O�/0J4+C/0)X<�+!LÁ)
0◦ [�L 360◦ X�Q4'�<�$éÓ4$âg�\�$ T%->'VO
;�)ÅJ�?Á-}rþ1=?=/0)X<�+�W,/2L}[�/0->'QP�/	T

<,K*'VO 3�/2<�_�' LÁJ LÁ)�<�P*'*)�rþ1=?=/0)�<�+kLÁ)ñ)XL�P*K*' <>/21=/0Q�?
N

1ÇJ�?�R*Q�?=1,_	/0J*'*'
J�?I1=L=<,)XLÁK�$*9 /2L}[�/0->'QP�/2<,K*'Q�g?Á->'VO
;�)U)0?ÁK9n6/ '*-}O�/0J4+C/0)X<�+ñLÁ)

0◦ [�L 360◦
X�Q*'�<�$éÓ4$ÒkF\�$�SuU=LÁ->J�?�P�?�+ÂP�/0Q�/0-

AS
'
AN

<>L=LÁ)X1=/0)X<,)X1=/0J*J�LB?=<,)RQ�LÁJ�LKO
'QP�/	T
<,K*'Q� 'óW,/2L}[�/0->'QP�/2<,K*'Q�Ç?Á->'VO
;�)�rÅ3�'VO�/2/�OEL�P�/21Á'�[	J*;�t <>1�+.-}e9¸

AS = AN + 180◦. Ï í�Ðæã+Ñ
#¡[�?,_feÁJ�/}�V~I/�O 3�L�R*;=<,K.?�+í'*JZ[�/0K.<

S
R*Q*'kLKU=LÁ->J�?�P�/0J*'*'G?Á->'VO
;�)0?43 OMr

UÁ;}[�/�O <	P*'*)0?Á)�e!1=<>/�?Á->'VO
;�)�r ?=<,)RQ�LÁJ�LKO
'QP�/2<,K*'VO
'�$
T%->'VO
;�)2?,_feÁJVrþ/ö'*-}O�/0Q�/0J*'4+n'�<	R�L,_feÁ->;�t%)X<�+!1Å)RQ*'�?ÁJVW};�_*+��*'*' ô $ @BQ�L�T

O�/6)XLKW,L43�->J�?ÁJ*'�/!?Á->'VO
;�)2?ñJ�?�R*Q�?=1,_	/0J*'4+\<>R*;�J*K*)0?
C

J�?g;}[�?,_	/0J*JVr|�
h ��¦R©R®�  ½ ¯�·Rò2�R©ªò �{­	�s¢�´s¥\´}³R¦X��¥��x·X�s R©ªò ³R´�·X´Ê���s R©ªò ´}³R´}¦R R£�� ½ �s´s¥��x¡s©RïR��¾�°R©��³ª¯2 R°R¢�´}¹� R®
­	��¾�¢� R´,¾�¢�©Ä³ª¯2¢��s­n³R´,¾�¢�¦R´}�s R©ªòÄ¾�©X¾�¢��s­	£ ¾�­	���þ R£���¢�¦R�x¯ ½ ´�·��} R©R°0´}¹ª±0¹°0´}¢�´}¦R£��Å©ª¡s­	�s¦>ò���¢�¾Ýò ¯ ½ ·X£"«.

¦R©�©ª¡s¹}��¾�¢� R´��Å¥X·X©R R�þ¾�¢�´}¦R´} R£í´s¥� R´ ½ ´ ¢�¦R�x¯ ½ ´�·���� R©R°0®I¥X·X©R R£ ¥�¦ª¯ ½ ©�� ¾�¢�´}¦R´} g¹}£ÎïR©X¾�·Xò���¢�¾ÛòÁ«ä��¦R©R®�  ½ ¯�·Rò2�R©RòÁ±»³R¦R��¥X·X´Ê���s R R®�òg¹

ûÊ�2ûxý ½ « ½ ´�·R·X®� 2¥Á¾�°R©R­�®�¾�¢�¦R´} R´}­	´}­í��«	�� R�x·R·X©ª¯>¾�´}­�±4ò2¹�·Rò2�s¢�¾Ýò_´,¾� R´}¹} R£Î­\­	�s¢�´��
¥�´}­ ¾�´�¡�¥�®� R©ªò%´,³R´}¦R R£�� ½ �s´s¥��x¡s©RïR��¾�°R©�� ¾��s¢��-�²«

´^×Çµ
´



�j'�<�$óÓ4$Òk�¸*9 /2L�[�/0->'QP�/2<,K*'Q�Ç?Á->'VO
;�)

�j'�<�$�Ó4$æjZ¸*Dk/2<,)XL�tzW�?IJ�?�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKO K*Q*;�W,/B'*J�<,)RQ*;�O�/0J*)2?

J�/}R�L}[�1Á'9nîJVr|��R*Q�/	[�O�/0)�R�LÁ-01=L,_*+C/0)�-0?KcÅ'*K.<,'*Q�L=1=?Á)�eþJ�?�R*Q�?=1,_�/0J*'�/�O�/	T
Q*'Z[	'�?ÁJ�?43�R*Q�L�b L}[�+CHI/�W,L�P�/0Q�/0- )XL�P*K*;

C
$�Ô_?ÁK*)R'QP�/2<,K*'�l,)XLB<>1=L}[	'*)X<�+nK

;=<,)2?ÁJ�L=1,_	/0J*'Vt J�? W,LÁQ*'*-0LÁJ*)2?,_feÁJ�LKO K*Q*;�W,/6;�J*'�1=/0Q�<,?,_feÁJ�LKW,Lñ'*J�<,)RQ*;FT
O�/0J*)0? )0?ÁK J�?Á-}rþ1=?=/�O�LKW,LyO�/2<,)0?»tzW�?

MS
3 )XL /2<,)�e )0?ÁKCLKW,L LÁ)X<	PVÑ0)0?43

K.LÁ)XLÁQVr|�Ç<>L=LÁ)X1=/0)X<,)X1Á;=/0)nJ�?�R*Q�?=1,_	/0J*'Vt J�?�tzW>X�Q*'�<�$éÓ4$æj@\�$�FBQ*'ól,)XLKO

MS = R−A, Ï í�Ð.ç\Ñ
W�[�/

R
T�LÁ)X<	PVÑ0)�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LíK*Q*;�W�?�R*Q*'EJ�?=1=/	[�/0J*'*' )RQ*;�UKr J�?

R*Q�/	[�O�/0)>3²?Á->'VO
;�)
A
KCLÁ)XLÁQ�LKW,L '*-01=/2<,)X/0J�$C7yR*Q�?ÁK*)R'QP�/2<,K.L��î)XL�P*K*'!->Q�/	T

J*'4+k;}[�LKUÁJ�L 'VO�/0)�eCO�/2<,)XL�tzW�?ÇJ�? K*Q*;�W,/ K.?ÁKyO�L�nîJ�L�O�/0JVeK~n'VO $)�P?
O
J�LKW}'9b '*J�<,)RQ*;�O�/0J*)2?,b l,)XLKW,L�O�L�nîJ�LÂ[�LKUÁ'*)�e=<�+¼R*;�)�Ñ�O 1ÁQ�?=HI/0J*'4+ W,L�T
Q*'*-0LÁJ*)0?,_feÁJ�LKW,LÇK*Q*;�W�?�[�L )X/�bÄR�LÁQ�3)R�LÁK.? <î-0?�[�?ÁJ*J�L�� )XL�P*J�L=<,)�eKt J�/
UÁ;�[�/0)n1Kr|R�L,_�J4+.)�e=<�+ñQ�?=1=/0J�<,)X1=L

R = A
$

´^×
ÆÇ´



Ó4$Òk S·R*Q�/	[�/�_	/0J*'�/P?Á->'VO
;�)0?6' -0/0J*'*)RJ�LKW,L6Q�?=<><,)XL2+.J*'4+g<>1=/0)R'9_

�j'�<�$�Ó4$éÓ9¸*FP?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,K*'Q� )RQ�/0;�W,L,_feÁJ*'*K

# L=<,J�L=1=/uO�/0)XL}[�?BL�R*Q�/	[	/�_	/0J*'4+I?Á->'VO
;�)0?B->/�O
J�LKW,L#R*Q�/	[�O�/0)0?�_	/�nî'*)
<�_	/	[	;�t HI?�+g'Z[�/>+$¸	Q�?Á->J�L=<,)�eq[�1Á;@b LÁ)X<	PVÑ0)XL=1�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,L6K*Q*;�W�?
Q�?=1ÁJ�? Q�?Á->J�L=<,)R' ?Á->'VO
;�)XL=1�[�1Á;@b�J�?�R*Q�?=1,_	/0J*'Q��$)�"<�_�' ?Á->'VO
;�) L}[	J�L�T
W,L '*- J*'9bk'*-01=/2<,)X/0J�3�)XL�_	/�W}K.L 1Kr|P*'�<�_*+C/0)X<�+ ' ?Á->'VO
;�)Ç1Á)XLÁQ�LKW,L J�?�T
R*Q�?=1,_	/0J*'4+�$+�"<,)X/2<,)X1=/0J*J�L 1gK.?�P�/2<,)X1=/!)0?ÁK.LKW,Lg?Á->'VO
;�)2?�TÀQ�/}R�/0Q�?g1Á-,+.)�e
?Á->'VO
;�) J�/�U=/2<,J�LKW,L <>1=/0)R'9_	?4$�M_/}��<,)X1Á'*)X/�_feÁJ�L43+R*;²<,)�eÇJ�?ó~n'*Q�LÁ)X/

ϕ
1

O�LKO�/0J*)
T
R�L6-01KÑ0-�[	J�LKO
;�b.Q�LÁJ�LKO�/0)RQ*; <�R�L�R*Q�?=1ÁK.L��

U
'*-01=/2<,)RJVr 1Á'ZT

[	'VOMrþ/nK.L=LÁQ@[�'*J�?Á)�r
α
'
δ
<>1=/0)R'9_	?

σ
$�5B-¨R�?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,K.LKW,L )RQ�/	T

;�W,L,_feÁJ*'*K.?
Pzσ

X�Q*'�<�$éÓ4$éÓ�\('VO
/2/�O

sin z sinA = sin t cos δ, Ï í�Ð ë)Ñ
sin z cosA = − cosϕ sin δ + sinϕ cos δ cos t, Ï í�Ð í�Ñ

W�[�/
t = T + U − α. Ï í�Ð.ï\Ñ

5B-£cBLÁQVO
;�_ËXÉÓ4$æj@\W'oXÉÓ4$éÓ�\(J�?,b²L}[	'VO

tgA =
sin t cos δ

− cosϕ sin δ + sinϕ cos δ cos t
. Ï í�Ð ä)Ñ

#�1=/	[�+ñLKU=LÁ->J�?�P�/0J*'4+
m = ctgδ secϕ, Ï í�Ð.ê\Ñ
n = ctgδtgϕ, Ï í�Ð å)Ñ

R�/0Q�/}R*'V~I/�O»cBLÁQVO
;�_�;�XÉÓ4$æ°@\�<�_	/	[	;�t Hn'VO LKUÁQ�?Á-0LKO

tgA = − m sin t

1 − n cos t
. Ï í�Ð î)Ñ

´^×ÖÕÖ´



7 R*LKO�L=H>eKt l,)XL��þcBLÁQVO
;�_fr 1Kr·P4'�<�_*+C/0)X<�+ ?Á->'VO
;�) <>1=/0)R'9_	?4$�ìP/0)�T
1=/0Q*)�e43	16KCLÁ)XLÁQ�L�� J�?,b²L�[	'*)X<�+ <>1=/0)R'9_	L43Q_	/�W}K.L6;²<,)0?ÁJ�?=1,_�'�1=?=/0)X<�+ <�R�L�T
O�L=H>eKt¡R*Q�?=1Á'9_	?6->J�?ÁK.L=143�<�_	/	[	;�t HI/�W,LI'*-£cBLÁQVO
;�_ËXÉÓ4$æj@\W'�XÉÓ4$éÓ�\6¸

sign[sinA] = sign[sin t], Ï í�ÐæãÊè)Ñ
sign[cosA] = sign[−1 + n cos t]. Ï í�Ðæã	ã+Ñ

FPL=<�_	/n)�LKW,LOKC?ÁKí?Á->'VO
;�)O<>1=/0)R'9_	? J�?��Z[�/0J�3�/�W,L -0/0J*'*)RJ�L=/IQ*?=<><,)XLª+.J*'�/
O�L�nîJ�L61Kr|P*'�<�_�'*)�eqR�L�cBLÁQVO
;�_	/

sin z =
cos δ sin t

sinA
. Ï í�Ðæã�ç\Ñ

Ó4$æj �P?Á'9_�;�PQ~n'�/P;=<�_	L=1Á'4+ñJ�?KU,_ft{[�/0J*'Q�

#{rÄ+C<,J*'VO�)X/}R�/0QVe43�R*Q*'IK.?ÁK*'9b_;=<�_	L=1Á'4+�bnLK~n'VUÁK*'61 J�?KU,_Vts[�Ñ0J*J�LKO�O�L�T
O�/0J*)X/

∆T
3�1�R�L�R*Q�?=1ÁK./ÂP�?=<>L=1

∆U
'í1�~n'*Q�LÁ)X/

∆ϕ
[�?Kt%)!J�?Á'VO�/0JVe�T

~n;�t LK~n'VUÁK*;O1IL�R*Q�/	[�/�_*+C/�O�LKO ?Á->'VO
;�)X/=$.Mh_*+�l,)XLKW,L¨R�/0Q�/}R*'V~I/�O Q�?�T
1=/0J�<,)X1=LóXÉÓ4$æ°@\(16<�_	/	[	;�t HI/�OE1Á'Z[�/K¸

sin t ctgA + tgδ cosϕ− sinϕ cos t = 0. Ï í�ÐæãÊë)Ñ
7]P*'*)0?�+

α
'
δ
)XL�P*JVr·O
'�3�R*Q�L}[	'Vc�cB/0Q�/0JQ�*'*Q*;=/�OÎXÉÓ4$âg�j@\uR�L�R�/0Q�/�O�/0JZT

JVr·O
t
3
ϕ
'
A
$�w�?KO�/0J4+�+¼[	'Vc�cB/0Q�/0JQ�*'�?,_fr K.LÁJ�/}P*JVr·O
'óR*Q*'*Q�?=HI/0J*'ZT

+ZO
'�3�J�?,b²L}[	'VO

− sin t

sin2A
∆A + (cos tctgA + sinϕ sin t)∆t −

− (tgδ sinϕ+ cosϕ cos t)∆ϕ = 0, Ï í�Ðæã�í�Ñ
LÁ)RK*;�[�?

∆A =
(cos tctgA + sinϕ sin t) sin2 A

sin t
∆t−

− (tgδ sinϕ+ cosϕ cos t) sin2 A

sin t
∆ϕ. Ï í�Ðæã�ï\Ñ

5B-�R�?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,K.LKW,L6)RQ�/0;�W,L,_feÁJ*'4KC?
Pzσ

'VO�/2/�O

cos q = cos t cosA+ sin t sinA sinϕ, Ï í�ÐæãÊä)Ñ
cos z = sinϕ sin δ + cosϕ cos δ cos t. Ï í�Ðæã�ê\Ñ

´^×;×Ø´



7 ;�PVÑ0)XLKO Q�?=1=/0J�<,)X1óXÉÓ4$âg�°@\�3+XÉÓ4$âg�¢K\�3+XÉÓ4$æj@\W'�XÉÓ4$Ò�F\W'*-�XÉÓ4$âg��F\�R�L,_�;�P*?=/�O

∆A =
cos q cos δ

sin z
(∆T + ∆U) − ctgz sin A∆ϕ. Ï í�ÐæãÊå)Ñ

5B-£l,)XL��dcBLÁQVO
;�_fr 1Á'Z[	J�L439P*)XL!LK~n'VUÁK.?
∆T + ∆U

J�?Á'VO�/0JVeK~n'VO LKU�T
Q�?Á-0LKO <,K.?,n6/0)X<�+�J�?%L�R*Q�/	[�/�_	/0J*'*'_?Á->'VO
;�)2?43X/2<�_�'_J�?KU,_fts[�?Á)�e{<>1=/0)R'9_	L
1KU,_�'*->'�l�_	LÁJVW�?��*'Q�ËX

q = 90◦ \Ä'9_�' /2<�_�' J�?KU,_ft{[�?Á)�e!-01KÑ0-�[�rÅ3�<,K9_	LÁJ�/	T
J*'4+6K.LÁ)XLÁQVrsb�U,_�'*->K*'OK

90◦ $.#E<>1=LKt L�P�/0Q�/	[�e43�LK~n'VUÁK.?�1h~n'*Q�LÁ)X/
∆ϕLÁK.?,nI/0)UJ�?Á'VO�/0JVeK~I/2/B1=LÁ-�[�/}��<,)X1Á'�/PJ�?6?Á->'VO
;�)>3	/2<�_�'Ç<>1=/0)R'9_	LIJ�?KU,_ftuT

[�?=/0)X<�+�_�'VU=L�1�O�/0Q*'Z[	'�?ÁJ�/`X
A = 0◦ '9_�'

A = 180◦ \�3!_�'VU=Lí1KU,_�'*->'
W,LÁQ*'*-0LÁJ*)0?43*K.LKW-[�?

z
U,_�'*->K.L6K

90◦ $
FP/0Q�/}P*'�<�_	/0J*JVr·Og;=<�_	L=1Á'4+ZO�b²LÁQ�LK~IL ;�[�L=1,_	/0)X1=LÁQ +C/0)�FPL,_*+.Q*J�?�+ -01=/0-�T

[�?434KCLÁ)XLÁQ�?�+¼U,_�'*->K.?6K�R�L,_ft <,;O' [�?,nI/P1ql�_	LÁJVW�?��*'4+�b J�/	[�?,_	/0K.LI;}[�?�T
_*+C/0)X<�+ LÁ)hO�/0Q*'Z[	'�?ÁJ�?4$C@BQ�LKO�/ )XLKW,L43@[V_*+OL�R*Q�/	[�/�_	/0J*'4+O?Á->'VO
;�)0?n-0/�O!T
J�LKW,L»R*Q�/	[�O
/0)2?�O�L�nîJ�L J*?KU,_fts[�?Á)�e 7�L,_�JQ��/SX�;�)RQ�LKO '9_�' 1=/}P�/0Q�LKO 3
J�?�U=L,_feK~n'9b -0/0J*'*)RJVrsb Q�?=<><,)XL2+.J*'4+�bV\�$þ# l,)XLKO <�_�;�P�?=/ KCLKl�c�cÅ'Q�*'ZT
/0J*)ÂR*Q*'

∆ϕ
UÁ;�[�/0)¨U,_�'*-0LÁK K J*;�_ftU3	?6K.LKl�c�cÅ'Q�*'�/0J*)¨R*Q*'

∆T + ∆UT6J�?Á'VO�/0JVeK~n'Q��${7�_	/	[�;²/0)>3 L�[	J�?ÁK.L43 LÁ)�O�/0)R'*)�e43{P*)XL ?Á->'VO
;�) -0/�O
J�LKW,L
R*Q�/	[�O�/0)0? '*-�J*?KU,_fts[�/0J*'Q� FPL,_*+.Q*J�L��¹R�L,_�;�P�?=/0)X<�+ )XL�P*J�/2/=3sP�/�O '*-
J�?KU,_ft{[�/0J*'Q� 7�L,_�JQ��?4$

Ó4$éÓ FPL�R*Q�?=1ÁK*' LÁ)X<	PVÑ0)XL=1�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LIK*Q*;�W�?

Sþ)X<	PVÑ0)�r W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LkK*Q*;�W�?43(<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'�/ J�?=1=/	[�/0J4'Vt
)RQ*;�UKr J�?ÂR*Q�/	[�O�/0)P'9_�'ñ<>1=/0)R'9_	L439UÁ;�[�/�O LKU=LÁ->J�?�P�?Á)�e_<,'VO�1=L,_	?KO
'ñ@�Y
'�@PF 1 -0?=1Á'�<,'VO�L=<,)R'GLÁ)î)XLKW,L43�R*L,_�;�P�/0JVrù_�'�LÁJ*'�1¼R�L,_	L�nI/0J*'*'í'4JZT
<,)RQ*;�O�/0J*)0?8×�@£��¤ 9CYh�
#þS6×Å'9_�'»×�@£��¤ 9\F£��T #þS6×�$ Ì )R'gLÁ)X<	PVÑ0)�r 1Kr{T
P*'�<�_*+Zt%)X<�+�R�LqcBLÁQVO
;�_	?KO

@�Y
=

1

2
(
T Ç � );

@PF
=

1

2

X�T Ç �·\ , Ï í�ÐæãÊî)Ñ
W�[�/�P�/0Q�/0-ÅT '�� LKU=LÁ->J�?�P�/0JVr LÁ)X<	PVÑ0)�r L�[	J�LÁ'VOMÑ0J*JQr|b�O
'*K*Q�L=<,K.L�R�L=1�T
O
'*K*Q�LKO�/0)RQ�L=1oW,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LGK*Q*;�W�?4$�# LÁ)X<	PVÑ0)�r @�Y ' @PF63�b²L�T
),+ LÁJ*'ñ'g<>1=LKU=L}[	JVr LÁ)ULK~n'VUÁK*' l,K.<	��/0J*)RQ*'�<,'*)X/0)0?!?,_�'Z[�?�[�r¦W,LÁQ*'*-0LÁJZT
)0?,_feÁJ�LKW,LIK*Q*;�W�?43*J�/2LKU�b²L}[	'VO�L61=1=/2<,)R'Ç/2H>ÑBJ�/0K.LÁ)XLÁQVrþ/�R�L�R*Q�?=1ÁK*'

´^×ÖÙÖ´



�j'�<�$óÓ4$Ò��¸�S·R*Q�/	[�/�_	/0J*'�/BKCL,_Q_�'VO�?��*'*'

´�Nµ´�NRM À@^Wª(]¡f(`�¥Of¼£�f*^ �gb�TW¥OY�¥O^��O��b�edf�ß�b�b
@PL,_Q_�'VO�?��*'�/}� J�?Á-}rþ1=?=/0)X<�+ LÁ)	_�'QP*'�/Å;�W-_	?¨O�/�nq[	;OL=<�eKt )RQ*;�UKr

OC
'

W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� L=<�eKt '*J�<,)RQ*;�O�/0J*)0?
AB

LÁ)
90◦ X�Q*'�<�$fÓ4$Ò�F\�$

�j'�<�$�Ó4$æ°Z¸*@dL�R*Q�/	[�/�_	/0J*'Vt K.L,_Q_�'VO�?��*'*'

FPL,_�;�P*'VO�cBLÁQVO
;�_fr�[V_*+!1Kr|P*'�<�_	/0J*'4+qR�L�R*Q�?=1=LÁKOLÁ)X<	PVÑ0)0?pW,LÁQ*'*-0LÁJZT
)0?,_feÁJ�LKW,LUK*Q*;�W�?_-0?n1,_�'4+.J*'�/ÅLK~n'VUÁK*' KCL,_Q_�'VO
?��*'*'�$Z�P?_Q*'�<�$9Ó4$æ°�[	;�W�?
zL

T_1=/0Q*)R'*K.?,_Î3�KCLÁ)XLÁQVr|� L�R*'�<�rþ1=?=/0) J�?GJ�/�U=/2<,J�L�� <�cB/0Q�/ L=<�eG)RQ*;FT
UKr R*Q*' LÁ)X<,;�)X<,)X1Á'*' KCL,_Q_�'VO�?��4'*'�3 ?

z′N
TqO�?,_fr|� K*Q*;�W�3ÄK.LÁ)XLÁQVr|�

L�R*'�<�rþ1=?=/0)6L=<�eî)RQ*;�UKr¡R*Q*' J�?,_�'QP*'*' KCL,_Q_�'QO�?��*'*'
c
$�FBQ*'CcÅ'*K.<,'*Q�L�T

1=?ÁJ*J�LKO -0/0J*'*)RJ�LKO Q�?=<><,)XL2+.J*'*'
z
[�1=/\)XL�P*K*'

σ′ ' σ
3{_	/�nI?=Hn'�/\J�?

L}[	J�LKO ?,_feKO
;�K.?ÁJ*)0?ÁQ�?Á)X/{J�?B;�WÊ_	L=1=LKOGQ�?=<><,)XL2+.J*'*'
c
3²'VO�/�t%)Å?Á->'VO
;�)�rÅ3

´^× ð ´



Q�?Á-	_�'QP�?Kt Hn'�/2<�+ J�?!1=/�_�'QP*'*J4;

∆c =
@�Y − L, Ï í�Ð.ç�è)Ñ

W�[�/sP�/0Q�/0- @�Y LKU=LÁ->J�?�P�/0JILÁ)X<	PVÑ0)^W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,L K4Q*;�W�?43ÁLÁ),+ZW,L=H>Ñ0JZT
JVr|�ÇK.L,_Q_�'VO�?��*'�LÁJ*J�L��ÇLK~n'VUÁK.L���3	?�P�/0Q�/0-

L
T�LÁ)X<	PVÑ0)>3�<>1=LKU=L}[	JVr|�ÇLÁ)

J�/�Ñ=$
5B-B)RQ�/0;�W,L,_feÁJ*'*KC?

σ′σz
'VO�/2/�O

sin c

sin ∆c
=

sin z

1
, Ï í�Ð.ç�ã+Ñ

LÁ)RK*;}[�?!1=1Á'Z[	;¼O�?,_	L=<,)R'
c
'

∆c
R�L,_�;�P�?=/�O

∆c = c csc z. Ï í�Ð.ç	ç\Ñ
�"<�_�' R�L=1=/0Q*J*;�)�e_'*J�<,)RQ*;�O�/0J*)�J�?

180◦ 1=LÁK*Q*;�W%1=/0Q*)R'*K.?,_feÁJ�L�� L=<,'�3C)XL
K.L,_Q_�'VO�?��*'�LÁJ*J�?�+íLK~n'VUÁK.?

c
UÁ;�[	/0) 'VO�/0)�e R*Q�LÁ)R'�1=L�R�L,_	L�nîJVr|��->J�?ÁK�$

FPLKl,)XLKO
;Á3�LKU=LÁ->J�?�P�?�+�P�/0Q�/0-
R

'�<	R*Q�?=1,_	/0J*JVr|�í-0?gLK~n'VUÁK*;ÇK.L,_Q_�'VO�?�T
�*'*'gLÁ)X<	PVÑ0)ÂW,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,L_K*Q*;�W�?I1¨R�L,_	L�nI/0J*'*'*×�K*Q*;�WzR*Q�?=1=L�×�3C-0?�T
R*'V~I/�O '�<,K.LKOMrþ/hcBLÁQVO
;�_fr 1!LÁK.LÁJQP�?Á)X/�_feÁJ�LKO 1Á'Z[�/

L =
@�Y − c csc z, Ï í�Ð.ç�ë)Ñ

R =
@PF

+ c csc z Ï í�Ð.ç6í�Ñ
5B-£l,)R'9bg1Kr Q�?,nI/0J*'Q� 1Á'Z[	J�L43QP*)XLqR�L,_�;=<,;�OMO�?!LÁ)X<	PVÑ0)XL=1

1

2
(L+R) =

@�Y Ç @PF
2<>1=LKU=L}[	J�?nLÁ)�LK~n'VUÁK*' K.L,_Q_�'VO�?��*'*'�$4FPLKl})�LKO";�R*Q*'gL�R*Q�/	[�/�_�/0J*'*'ñ?Á->'ZT

O
;�)XL=1þ'*-}O�/0Q�/0J*'4+�R*Q�LÁ'*-01=L}[�+.)][�1=?,nq[�r#¸21·R�L,_	L�nI/0J*'4+�bÅ'4J�<,)RQ*;�O�/0J*)2?×�@£��¤ 9�Yh�
#þS6×B'½×�@£��¤ 9�F£��T #þS6×�$
´�Nµ´�NQP À@^Wª(]Of(`�¥Of¼£�f*c�f�¥���^Wc�c�^WZ)[gÁ�¦�^�]�b�£�^Wc�[gf���ÁOc�^W_I^WZ)b
# 'Z[�/2?,_feÁJ�LKO '*J�<,)RQ*;�O�/0J*)X/�1=/0Q*)R'*K.?,_feÁJ�?�+ L=<�e6J�?�R*Q�?=1,_	/0J�?I1I-0/0J*'*)>3
?îL�R*)R'QP�/2<,K.?�+ L=<�e!)RQ*;�UKr L�R*'�<�rþ1=?=/0)I1=/0Q*)R'*K.?,_

zσL
$��"<�_�'CW,LÁQ*'*-0LÁJZT

)0?,_feÁJ�?�+ L=<�e\J�?ÁK9_	LÁJ�/0J�?\J�?\;�W,L,_
b
3�)XL�L�R*)R'QP�/2<,K.?�+ L=<�eíL�R*'�<�rþ1=?=/0)

U=L,_feK~IL��OK*Q*;�W
z′σ

@�Y!$Qwf[�/2<�epP�/0Q�/0- @�Y LKU=LÁ->J�?�P�/0J LÁ)X<	PVÑ0)hW,LÁQ*'*-0LÁJZT
)0?,_feÁJ�LKW,LñK*Q*;�W�?43äLÁ),+ZW,L=HI/0J*JVr|�GLK~n'VUÁK.L��GJ�?ÁKZ_	LÁJ�?dW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L��
L=<,'�3�?qP�/0Q�/0-

L
T(LÁ)X<	PVÑ0)>3�<>1=LKU=L�[	JVr|� LÁ)_J�/�Ñ=$�FBQ*'ól,)XLKO

L =
@�Y

+ ∆b, Ï í�Ð.ç	ï\Ñ
´uÙ;õÖ´



�j'�<�$óÓ4$Å¢�¸Q�P?ÁK9_	LÁJ*J�L=<,)�e!1=/0Q*)R'*K.?,_feÁJ�L�� L=<,'

W�[�/
∆b

T�R�L�R*Q�?=1ÁK.? LÁ)X<	PVÑ0)2?4$Å5B-vR*Q +ZO�LÁ;�W,L,_feÁJVrsb )RQ�/0;�W,L,_feÁJ*'*K.L=1
zσz′ 'Ç@�Y

σL
'VO�/2/�O

sin z · ctgb = ctge, Ï í�Ð.ç�ä)Ñ
cos z · ctg∆b = ctge, Ï í�Ð.ç	ê\Ñ

LÁ)RK*;�[�?

sin z · ctgb = cos z · ctg∆b Ï í�Ð.ç�å)Ñ
#�1Á'Z[	; O�?,_	L=<,)R' 1=/�_�'QP*'*J

b
'

∆b
'*-�XÉÓ4$Òk�§@\�R�L,_�;�P�?=/�O

∆b = b ctgz. Ï í�Ð.ç�î)Ñ
#yP�?=<,)RJ�L=<,)R'�3@R*Q*'!J�?=1=/	[�/0J*'*'6J�?B-0/�O
J�L��qR*Q�/	[�O�/0)>X

z = 90◦ \ ∆b = 0
$

�P?ÁK9_	LÁJ*J*L=<,)�ezW,LÁQ*'*-0LÁJ*)2?,_VeÁJ�L��nL=<,'_'*J�<,)RQ*;�O�/0J*)0? '*-}O�/0Q +C/0)X<�+_<�R�L�T
O�L=H>eKt J�?ÁK9_	?�[	J�LKW,L ;�Q�L=1ÁJ4+�$»S )X<	PVÑ0)�rþR�L J�?ÁK9_�?�[	J�LKO
;Ç;�Q�L=1ÁJVt�[�/	T
_	?Kt%)>3	J�?,b L}[�+C<�e 1=<�Ñ_1ÁQ�/�O"+�R�LÁ-0?�[	' '*J�<,)RQ*;�O�/0J*)0?O'CWÊ_*+@[�+ 1î)XLKO J�?�T
R*Q�?=1,_	/0J*'*'�3*K*;�[�?6J�?�R*Q�?=1,_	/0J LKU�È�/0K*)R'�1
�"?=<><�O�LÁ)RQ*'VO¶R*Q�?=1Á'9_	L 1Kr|P*'�<�_	/0J*'4+ J*?ÁK9_	LÁJ*J�L=<,)R'

b
$(5B- Q*'�<�${Ó4$æ§

<�_	/	[	;=/0)>3�P*)XL
∆b < 0

$ä7�_	/	[�L=1=?Á)X/�_feÁJ�L43$R*Q*?=1Kr·�\K.LÁJ�/}�\;�Q�L=1ÁJ4+�R*Q*'ZT
R�L}[	J4+.)>$Fwf[�/2<�ezO�LKW};�)·R*Q�/	[�<,)0?=1Á'*)�e=<�+�[�1=? <�_�;�P�?�+$¸�J*;�_fe ;�Q�L=1ÁJ4+�<�_	/21=?
' J*;�_fe6;�Q�L=1ÁJ4+ñ<	R*Q�?=1=?

i1 = [m− (
_ Ç R )] < 0, i2 = [(

_ Ç R ) −m] < 0.

´uÙºôø´



�j'*<�$�Ó4$æ§Z¸�7('*)R;²?��*'4+
∆b < 0

$

# )XLKO <�_�;�P�?=/=3 K.LKW-[�?
∆b > 0

3|UÁ;�[�/0)oR*Q*'QR�L�[	J4+.)o_	/21Kr|� K.LÁJ�/}�
;�Q�L=1ÁJ4+�$�wf[�/2<�eþ)0?ÁK9nI/j1=LÁ-}O�L�nîJVrC[�1=/j?ÁJ�?,_	LKW}'QP*JVrþ/�<,'*)R;=?��*'*'�X�Q4'�<�$éÓ4$æi@\

i1 = [m− (
_ Ç R )] > 0, i2 = [(

_ Ç R ) −m] > 0.

�j'*<�$�Ó4$æiZ¸�7('*)R;²?��*'4+
∆b > 0

$

#úR*Q*'�1=/	[�/0J*JVrsbocBLÁQVO
;�_	?,b
i1
3
i2
T J�?ÁK9_	LÁJ*J�L=<,)�e L=<,' ;�Q�L=1ÁJ4+�3

mTþ<,)0?ÁQV~I/2/Â[�/�_	/0J*'�/n;�Q�L=1ÁJ4+�3$_Î3ÁR�Tö<>L=LÁ)X1=/0)X<,)X1=/0J*J�L�_	/21Kr|�\'�R*Q�?=1Kr|�
LÁ)X<	PVÑ0)�röR*;�-}r QVeÁK.?4$
Dk/�nq[	; L=<�eKt ;�Q�L=1ÁJ4+ñ'�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L��ÇL=<�eKt '*J�<,)RQ*;�O�/0J*)0?!'VO�/	T

/0)X<�+ñJ�/0K.LÁ)XLÁQVr|� ;�W,L,_Î3*KCLÁ)XLÁQVr|� J�?Á-}rþ1=?=/0)X<�+ñJ*;�_fe�TºR*;�J*K*)XLKOE;�Q�L=1ÁJ4+�$
Mh_*+!/�W,LP'�<,K9_ft^P�/0J*'4+¨[�/�_	?Kt%)�R�/0Q�/0K9_	?�[	K*;I;�Q�L=1ÁJ4+�$.FPLKl,)XLKO
;I'�<,)R'*JZT
JVr|� J�?ÁK9_	LÁJ 1Kr|P*'�<�_*+C/0)X<�+�R�LqcBLÁQVO
;�_	/

b =
i1 + i2

2

τ

2
, Ï í�Ð ë	è)Ñ

W�[�/
τ
T���/0J�?¨[�/�_	/0J*'4+ J�?ÁK9_	?�[	J*LKW,LI;�Q�L=1ÁJ4+�$

´�Nµ´�N � À@^Wª(]Of(`�¥Of¼£�f*^W¥OY���°�]�c��±_yedb�¥&]�^\e�X\[d]
FBQ*'61Krþ<>LÁKCLÁ)XL�P*JVrsbU'*-}O�/0Q�/0J*'4+�bI?Á->'VO
;�)0?Å'�<	R�L,_feÁ->;=/0)X<�+6LÁK*;�_*+.Q*JVr|�
O
'*K*Q�LKO�/0)RQ�$RSþK*;�_*+.Q*JVr|�hO
'*K*Q�LKO�/0)RQ�T�l,)XL )XL�P*JVr|�P;�W-_	LKO�/0Q*JVr|��R*Q*'ZT

´uÙÉýÇ´



U=LÁQ�3@R�LÁ-01=L,_4+Zt Hn'Q�î'*-}O�/0Q�+.)�e�;�W-_	L=1Krþ/{Q�?=<><,)XL2+.J*'4+�O�/�nq[	;ILKU�È�/0K*)0?�T
O
'�3�J�?,b²L�[�+CHn'VO"'�<�+ 1�R*L,_	/ñ->Q�/0J*'4+ )RQ*;�UKrÅ$�V�?ÁK*'�/ '*-}O�/0Q�/0J*'4+�R*Q�L�T
'*-01=L}[�+.)X<�+�R�L=<,Q�/	[�<})�1=LKO J�?=1=/	[�/0J*'4+EJ�? LKU�È�/0K*)�r ��/0J*)RQ�?,_feÁJ�L�� J*'ZT
)R'G'9_�' L}[	J�L��G'*-!J4'*)X/}��UÁ'�<><>/0K*)XLÁQ�?4$ �P?=1=/	[�/0J*'�/qR*Q�LÁ'*-01=L}[	'*)X<�+�R*;FT
)X/�O 1ÁQ�?=HI/0J*'4+OL��*'VcÅQ�L=1=?ÁJ*J�LKW,LÂU=?ÁQ�?KU=?ÁJ�?ULÁK*;�_*+.Q*J�LKW,L¨O
'*K*Q�LKO�/0)RQ�?4$
#(Q�?=HI/0J*'�/£U=?ÁQ�?KU=?ÁJ�?616<,)XLÁQ�LÁJ*;ñ1=LÁ->Q�?=<,)0?ÁJ*'4+g/�W,L6LÁ)X<	PVÑ0)XL=161Kr -}rþ1=?�T
/0)�R�/0Q�/�O�/2HI/0J*'�/6Q�?KU=L�P�/}��J*'*)R'�3ÎJ�?Á-}rþ1=?=/�O�L=/6Q�?KU=L�P*'VO¦b L}[�LKO $�Mh_*+
'�<,K9_ft^P�/0J*'4+`OMÑ0Q*)X1=LKW,L�b²L}[�?�O
'*K*Q�LKO�/0)RQ�/0J*J�LKW,L 1Á'*J*)0?�O
'*K*Q�LKO�/0)RQ�?
J�?=1=/	[�/0J*'�/gJ�?GLKU�È�/0K*) 1=<>/�W�[�?íJ*;@nîJ�LÄR*Q�LÁ'*-01=L}[	'*)�eG1íJ�?�R*Q�?=1,_	/0J*'*'
Q�?KU=L�P�/�W,Lqb²L}[�?4$�SþK*;�_*+.Q*JVr|��O
'4K*Q�LKO�/0)RQ ;=<,)RQ�L=/0J )0?ÁK�3�P*)XL�R�L,_�J�LKO
;
LKU=LÁQ�LÁ)R;#U=?ÁQ�?KU=?ÁJ�?ö<>L=LÁ)X1=/0)X<,)X1Á;=/0)|R�/0Q�/�O�/2HI/0J*'�/jQ�?KU=L�P�/}��J*'*)R'�Q�L=1ÁJ�L
J�?6L}[	'*Jg->;�U=/}�dW}Q�/�UKÑ0J*K*'�$9�B;�O�/0Q�?��*'4+ ->;�U���L=161=LÁ->Q�?=<,)0?=/0)_1I<,)XLÁQ�LÁJ*;
Q�?KU=L�P�/�W,L b L}[�?43 R*Q*'Ël,)XLKOÏ��/0J*)RQ�?,_feÁJ�LKO
;í->;�U��*;í;=<�_	L=1ÁJ�LóR*Q*'QR*'�<�r{T
1=?Kt%)U->J�?�P�/0J*'�/�g��C$

�j'�<X$�Ó4$âg��Z¸Q�P?=1=/	[�/0J*'�/BQ�?KU=L�P�/}�gJ*'*)R' J�?I-01=/0-�[	;

�P?þQ*'�<�$�Ó4$âg��|R�LÁK.?Á-0?ÁJ�LöJ�?=1=/	[�/0J*'�/jQ�?KU=L�P�/}�PJ*'*)R'�X�1Kr·UÁQ�?ÁJ�?þ)2?öJ*'*)�e
UÁ'�<><>/0K*)XLÁQ�?43ÎK.LÁ)XLÁQ�?�+ÄU=L,_	/2/6;�[�?,_	/0J�? LÁ)¼U=?ÁQ�?KU=?ÁJ�?�O
'*K*Q�LKO
/0)XQ*?�\%J�?
-01=/0-�[	;Á3²J�?,b²L�[�+CHn;�t <�+I1KU,_�'*->'�W,LÁQ*'*-0LÁJ*)0?4$K¤�W-_	L=1=L=/þQ�?=<><,)XL2+.J*'�/{->1=/0-�T
[�r LÁ)xR9_	L=<,K.L=<,)R'�3=-0?�[�?=1=?=/�O�L��Â��/0J*)RQ�?,_feÁJVr·Oí->;�U���LKOÄW}Q�/�UKÑ0J*K*'�3XQ�?=1�T
J�L

(M−10)R± b
2
R
3�W�[�/s��/�_	?�+pP�?=<,)�e

M
Q�?=1ÁJ�? J�LKO�/0Q*;hU,_�'9n6?��V~n/�W,L

K Q�?KU=L�P�/}� J*'*)R' ->;�U���?�W}Q�/�UKÑ0J*K*'�3�?d[	Q�LKUÁJ�?�+oP�?=<,)�eóTÅLÁ)X<	PVÑ0)�U=?ÁQ�?�T
U=?ÁJ�?�XÉU=?ÁQ�?KU=?ÁJ Q�?Á-�[�/�_	/0J J�?dg��K�qP�?=<,)X/}��3	)RQ�/0)R'Q� ->J�?ÁK 1

M
3	)XLî/2<,)�e

)�rþ<�+�P*JVrþ/z[�L,_�'�3C<	P*'*)�rþ1=?Kt%)X<�+�R*Q*'VU,_�'*->'*)X/�_feÁJ�L�\�3
R
TI��/0J�?_LKU=LÁQ�LÁ)2?

U=?ÁQ�?KU=?ÁJ�?6LÁK*;�_*+.Q*J�LKW,L�O
'*K*Q�LKO�/0)RQ�?43
b
TW;�WÊ_	L=1=L=/BQ�?=<><,)XL2+.J*'�/pO�/�nq[	;

J*'*),+ZO
'�UÁ'�<><>/0K*)XLÁQ�?4$
S·P�/21Á'Z[	J�L43$P*)XL '*-}O�/0Q�+C/�O�L=/>O
'*K*Q�LKO�/0)RQ�LKO ;�W-_	L=1=L=/I<�O�/2HI/0J*'�/6LÁ)
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J�?�R*Q�?=1,_	/0J*'4+í-0?�[�?=1=?=/�O
LKW,L���/0J*)RQ�?,_feÁJVr·O ->;�U���LKO¡W}Q�/�UKÑ0J*K*'GQ�?=1ÁJ�L�T
<,'9_feÁJ�L>R�L2+C1,_	/0J*'Vt '�<,K*;=<><,)X1=/0J*J�L��ÇK.L,_Q_�'VO�?��*'*'�$*FPLKl,)XLKO
;O;�PVÑ0)ÂR�L�T
K.?Á-0?ÁJ*'Q�ÇLÁK*;�_*+.Q*J�LKW,LqO
'*K*Q�LKO�/0)RQ�?Â[�?KÑ0)_J�?KOE1=/�_�'QP*'*JVr

L =
@�Y

+ (M − 10)R csc z − b

2
R csc z, Ï í�Ð ë�ã+Ñ

R =
@PF − (M − 10)R csc z +

b

2
R csc z, Ï í�Ð ë�ç\Ñ

W�[�/
z
T!-0/0J*'*)RJ�L=/�Q�?=<><,)XLª+.J*'�/GJ�?KU,_ft{[�?=/�O�LKW,L <>1=/0)R'9_	?4$%SuUÁQ�?=HI?=/�O

1ÁJ*'VO�?ÁJ*'�/=3�P*)XL�[V_*+\'*J�<,)RQ*;�O�/0J*)XL=1dcÅ'*QVOMr Ã)Ä¸�Oº8�®�&�"!fÃ,1 cBLÁQVO
;�_	?,b
XÉÓ4$æjZg�\B'ÏXÉÓ4$æjFkF\P1Á)XLÁQVrþ/ P9_	/0JVr <�_	/	[	;=/0)\1Á-,+.)�e�<¼R*Q�LÁ)R'�1=L�R*L,_	L�nîJVr{T
O
'Ç->J�?ÁKC?KO
'�$�V�?ÁK*'VO LKUÁQ�?Á-0LKO 3	'�<,)R'*J*JVrþ/_LÁ)X<	PVÑ0)�rÐW,LÁQ*'*-0LÁJ*)2?,_feÁJ�LKW,L
K*Q*;�W�?

L
'
R
R�L,_�;�P�?Kt%)X<�+pR*;�)�Ñ�O\KCLÁQ*Q�/0KQ�*'*'nJ�?KU,_ft{[�/0J*JVrsbULÁ)X<	PVÑ0)XL=1

@�Yd' @PFd-0?îLK~n'VUÁK*' K.L,_Q_�'VO�?��*'*'Ç'ÇJ*?ÁK9_	LÁJ�?�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L��ÇL=<,'
'*J�<,)RQ*;�O�/0J*)0?43*?_)0?ÁK9nI/ -0?n'�<	R�L,_feÁ-0L=1=?ÁJ*'�/ÅLÁK*;�_*+.Q*J�LKW,L¨O
'*K*Q�LKO�/0)RQ�?4$
Ì )0?6K.LÁQ*Q�/0KQ�*'4+ñL=<,;.HI/2<,)X1,_*+C/0)X<�+ R�L�cBLÁQVO
;�_	?KO

L =
@�Y − c csc z − b ctgz + (M − 10)R csc z − b

2
R csc z, Ï í�Ð ë	ë)Ñ

R =
@PF

+ c csc z − b ctgz − (M − 10)R csc z +
b

2
R csc z. Ï í�Ð ë�í�Ñ

Sþ)�O�/0)R'VO 3�P*)XLoR*Q*' J�?KU,_fts[�/0J*'4+�b 7�L,_�JQ��? LÁK*;�_*+.Q*JVr|��O
'*K*Q�LKO�/0)RQ
J�/P'�<	R�L,_feÁ->;=/0)X<�+�$�#¹l,)XLKO <�_�;�P�?=/hR*L=<�_	/	[	J*'�/�[�1=?!<�_	?KW�?=/�OMrþ/P1�cBLÁQZT
O
;�_	?,b`XÉÓ4$éjKj@\W'�XÉÓ4$æj�Ó�\(L�R*;=<,KC?Kt%)X<�+�$

Ó4$Ò� #�_�'4+.J*'�/U<,;�)XL�P*J�L��Ç?KU=/0Q*Q�?��*'*'

@B?ÁK '*-01=/2<})XJ*L43�+C1,_	/0J*'�/_<,;�)XL�P*J�L��\?KU=/0Q*Q�?��*'*'�R*Q�L2+C1,_*+C/0)X<�+ 1O<�O�/	T
HI/0J*'*'�J�?KU,_fts[�?=/�O�LKW}Lþ'*-0LKUÁQ�?,n6/0J4'4+P<>1=/0)R'9_	?

σ′ LÁ)þ/�W,L·[�/}�*<,)X1Á'*)X/�_fe�T
J�LKW,L>R�L,_	L�nI/0J*'4+

σ
R�L¨[�;�W,/hU=L,_feK~ILKW,LnK*Q*;�W�?

σ′E
J�?!1=/�_�'QP*'*J*;

σσ′ = 0′′.32 cosϕ sinσE. Ï í�Ð ë�ï\Ñ
5B-n1Kr|P*'�<�_	/0J*'Q��R�L¼cBLÁQVO
;�_	/�XÉÓ4$æi@\·OMr�R�L,_�;�P�?=/�O ?Á->'VO
;�)

A
'�<,)R'*JZT

J�LKW,L£R�L,_	L�n6/0J*'4+6<>1=/0)R'9_	?
σ
3.?�'*-}O�/0Q�/0J*'4+!<xR�LKO
L=H>eKt¹W,LÁQ*'*-0LÁJ*)0?,_fe�T

J�LKW,LIK*Q*;�W�?¨[�?Kt%)UJ�?KOE?Á->'VO
;�)I<�O�/2H>Ñ0J*J�LKW,LI<>1=/0)R'9_	?
A′ $

5B-B)RQ�/0;�W,L,_feÁJ*'*KC?
σzσ′ 'VO�/2/�O

sin(A′ −A)

sinσσ′ =
sin zσE

sin z
, Ï í�Ð ë	ä)Ñ
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�j'�<�$�Ó4$âgKgK¸�7(;�)XL�P*J�?�+ñ?KU=/0Q*Q�?��*'4+

LÁ)RK*;�[�?!1=1Á'Z[	;¼O
?,_	L=<,)R'
A′ −A

'
σσ′ J�?,b²L�[	'VO

A′ −A = σσ′sin zσE

sin z
. Ï í�Ð ë�ê\Ñ

5B-B)RQ�/0;�W,L,_feÁJ*'*K.?
σzE

R�L,_�;�P�?=/�O

sin zσE

sin 90◦ =
sin(270◦ −A)

sinσE
, Ï í�Ð ë	å)Ñ

LÁ)RK*;�[�?!<�_	/	[	;=/0)

sin zσE = − cosA

sinσE
. Ï í�Ð ë	î)Ñ

FPL}[�<,)2?=1,_*+�+ÄXÉÓ4$æjF�F\W'�XÉÓ4$æjKi@\(1dXÉÓ4$æj@¢K\�3*'VO�/2/�O

A′ = A− 0′′.32 cosϕ csc z cosA. Ï í�Ð í}è)Ñ
Ì )0?>cBLÁQVO
;�_	?_;�P*'*)�rþ1=?=/0)pl�c�cB/0K*)U<,;�)XL�P*J�L��g?KU=/0Q*Q�?��*'*'¼R*Q*'ñQ�/	[	;�KZT
�*'*'Ç1Kr|P*'�<�_	/0J*JVrsbñ?Á->'VO
;�)XL=16K J�?KU,_ft{[�/0J*JVr·O $

Ó4$æ° #{r|P*'�<�_	/0J4'�/U?Á->'VO
;�)0?qR*Q�/	[�O�/0)2?I'óO�/2<,)0?�tzW�?

#�1=/	[�Ñ�OE<�_	/	[	;�t Hn'�/�LKU=LÁ->J�?�P�/0J*'4+ÄX�Q*'�<�$fÓ4$âg�kF\6¸
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�j'�<�$�Ó4$âg�k�¸�Sþ)X<	P�/0)�rÏW,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LIK*Q*;�W�?

L
3
R
T(LÁ)X<	PVÑ0)�r¡W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LIK*Q*;�W�?qR*Q*'ÇJ�?=1=/	[�/0J*'*'gJ�?�R*Q�/	[QT

O�/0)>3�'�<	R*Q�?=1,_	/0J*JVrþ/Ç-0?kJ�?ÁK9_	LÁJ*J�L=<,)�eoW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� L=<,' '*J�<,)RQ*;FT
O�/0J*)0?g'k;�P*'*)�rþ1=?Kt Hn'�/qR�LÁKC?Á-0?ÁJ*'C+�LÁK*;�_*+.Q*J�LKW,LóO
'4K*Q�LKO�/0)RQ�?oX�/2<�_�'
LÁJg'�<	R�L,_feÁ-0L=1=?,_	<�+V\
L′ 3 R′ TW)XL¨n6/�R*Q*' J�?=1=/	[�/0J*'*'gJ�?!<>1=/0)R'9_	L��
a
Tj'�<,KCLKOMr|� ?Á->'VO
;�)n-0/�O
J�LKW,L>R*Q�/	[fO�/0)2?��

AL
3
AR

TU?Á->'QO
;�)�r <>1=/0)R'9_	?43j<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'�/dO�LKO�/0J*)2?KO J�?=1=/	T
[�/0J*'4+\1�R�L,_�L�nI/0J*'4+�b,×�@£��¤ 9vYh�
#þS6×6'I×�@£��¤ 9 F£��T #þS6×!<>L=LÁ)X1=/0)�T
<,)X1=/0J*J�L��
c
TjK.L,_Q_�'VO�?��*'4+ '*J�<,)RQ*;�O�/0J*)0?��

MS
T�O�/2<,)XL�tzW�?IJ�?6K*Q*;�W,/=$

FPL%Q�/0->;�_feª)2?Á)0?KO J�?=1=/	[�/0J*'4+�)RQ*;�UKr J�?^R*Q�/	[�O�/0)þ'VO�/2/�O\<�_	/	[	;�t Hn'*/
;�Q�?=1ÁJ�/0J*'4+$¸

L− c = MS + a, Ï í�Ð í,ã+Ñ
R± 180◦ + c = MS + a, Ï í�Ð í�ç\Ñ

LÁ)RK*;}[�?qR�L,_�;�P�?=/�O

a =
L+ [R± 180◦]

2
−MS, Ï í�Ð í}ë)Ñ

c =
L− [R± 180◦]

2
. Ï í�Ð í	í�Ñ
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w�J�?�P�/0J*'�/ KCL,_Q_�'VO�?��*'*'�3Å1Kr|P*'�<�_	/0J*J�L=/»R�L¹cBLÁQVO
;�_	/ÏXÉÓ4$éÓKÓ�\�3�UÁ;�[�/�O
LKU=LÁ->J�?�P�?Á)�e

c1
' J�?Á-}rþ1=?Á)�eg×�K.L,_Q_�'VO�?��*'�/}�dR�L>R*Q�/	[�O�/0)R;O×�$

T%J�?,_	LKW}'QP*J*L43}R�LþQ�/0->;�_feª)0?Á)2?KOgJ�?KU,_fts[�/0J*'4+ <>1=/0)R'9_	?430-0?�R*'V~I/�OÇ<�_	/	T
[	;�t Hn'�/B;�Q�?=1ÁJ�/0J*'4+$¸

L′ − c csc zL = MS +AL − 0′′.32 cosϕ csc zL cosAL, Ï í�Ð í�ï\Ñ
[R′ ± 180◦]+ c csc zR = MS +AR − 0′′.32 cosϕ csc zR cosAR, Ï í�Ð í}ä)Ñ
W�[�/

zL
'
zR

T
-0/0J*'*)RJVrþ/ÅQ�?=<><,)XL2+.J*'4+ <>1=/0)R'9_	?434<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'�/�O�L�T
O�/0J*)0?KO J�?=1=/	[�/0J*'4+ 1¼R�L,_	L�nI/0J*'4+�b,×�@£��¤ 9ËYh�
#þS6×I'B×�@£��¤ 9 F£��TuT
#þS6×�$
FP/0Q�/}R*'V~I/�O ;�Q�?=1ÁJ�/0J*'4+ÄXÉÓ4$éÓ@�F\W'�XÉÓ4$éÓF°@\(161Á'Z[�/

ML − c csc zL + 0′′.32 cosϕ csc zL cosAL = MS, Ï í�Ð í�ê\Ñ
MR + c csc zR + 0′′.32 cosϕ csc zR cosAR = MS, Ï í�Ð í}å)Ñ

W�[�/�1=1=/	[�/0JVr LKU=LÁ->J�?�P�/0J*'4+

ML = L′ −AL; MR = R′ ± 180◦ −AR. Ï í�Ð í}î)Ñ
S·P�/21Á'Z[	J�L43KP*)XL�1=/�_�'QP*'*JVr

ML
'
MR

R*Q�/	[�<,)0?=1,_*+Zt%)Å<>LKU=L��î->J�?�P�/0J*'4+
O�/2<,)0?�tzW�? J�?ñK*Q*;�W,/=3�R�L,_�;�P�/0J*JVrþ/>R�Lñ'*-}O�/0Q�/0J*'4+ZO 1�[�1Á;@bCR�L,_	L�nI/	T
J*'4+�bñ'*J�<,)RQ*;�O�/0J*)0?�XÉU=/0-Å;�PVÑ0)2?6K.L,_Q_�'VO�?��*'*'g'Ç?KU=/0Q*Q�?��*'*'$\�$
5B-B;�Q�?=1ÁJ�/0J*'Q��XÉÓ4$éÓ�¢K\W'�XÉÓ4$éÓF§@\jJ�?,b L}[	'VO

c =
ML −MR

p
+

0′′.64q′ cosϕ

p
, Ï í�Ð.ï�è)Ñ

W�[�/
p = csc zL + csc zR, Ï í�Ð.ï�ã+Ñ

2q′ = csc zL cosAL − csc zR cosAR. Ï í�Ð.ï	ç\Ñ
w�J�?�P�/0J*'�/ KCL,_Q_�'VO�?��*'*'�3Å1Kr|P*'�<�_	/0J*J�L=/»R�L¹cBLÁQVO
;�_	/ÏXÉÓ4$Ò���@\�3�UÁ;�[�/�O
LKU=LÁ->J�?�P�?Á)�e

c2
' J�?Á-}rþ1=?Á)�e ×�K.L,_Q_�'VO�?��*'�/}��R�L <>1=/0)R'9_�;O×�$|w�J�?�P�/0J*'4+

c1
'
c2
3�KC?ÁK�R*Q�?=1Á'9_�L43�J�/I<>L=1�R�?�[�?Kt%)î'*-�TÀ-0?ñ<�_�;�P�?��*JVrsb\LK~n'VU=LÁK\'*-�T

O�/0Q�/0J*'Q��$ÄFBQ*'�b²LÁQ�LK~I/�O <>L=<,)XL2+.J*'*' '*J�<,)RQ*;�O�/0J*)2? '9b Q�?Á->J�L=<,)�e J�/
R*Q�/21Kr·~I?=/0)g;�[�1=L=/0J*J�L�� )XL�P*J�L=<,)R' '*-�O�/0Q�/0J*'4+ <�R�LKO�L=H>eKt W,LÁQ*'*-0LÁJZT
)0?,_feÁJ�LKW,LñK*Q*;�W�?4$äFBQ*'*J*'VO�?�+ -0? LÁKCLÁJQP�?Á)X/�_feÁJ�L=/I->J�?�P�/0J*'�/!KCL,_Q_*'VO�?�T
�*'*'Ç1=/�_�'QP*'*J*;

c =
1

2
(c1 + c2), Ï í�Ð.ï�ë)Ñ
´uÙ ×Ø´



'*-B;�Q�?=1ÁJ�/0J*'Q��XÉÓ4$éÓ�¢K\W'oXÉÓ4$éÓF§@\M[V_*+�O�/2<,)0?�tzW�?>R�L,_�;�P�?=/�O

MS =
ML +MR

2
− qc+ 0′′.16p′ cosϕ, Ï í�Ð.ï6í�Ñ

W�[�/
p′ = csc zL cosAL + csc zR cosAR Ï í�Ð.ï	ï\Ñ

2q = csc zL − csc zR. Ï í�Ð.ï�ä)Ñ
5P<,K.LKOMr|� ?Á->'VO
;�)�-0/�O
J�LKW,LoR*Q�/	[�O�/0)0?�O�L�nîJ�LG)X/}R�/0QVe�R�L,_*;�P*'*)�eËR�L
cBLÁQVO
;�_	/�XÉÓ4$éÓKÓ�\�R*Q*' ;�P�/0)X/�XÉÓ4$Ò�,Ó�\�$
FPL,_�;�P�/0J*JVrþ/�cBLÁQVO
;�_frþ[�?Kt%)g<,)RQ�LKW,L=/îQ�/�~I/0J*'�/î-0?�[�?�P*' LKUÇL�R*Q�/	T

[�/�_	/0J*'*' ?Á->'VO
;�)0?k-0/�O
J�LKW,LÄR*Q�/	[�O�/0)2?�'SO�/2<,)0?otzW�?�J�?GK*Q*;�W,/=$��
?=<�T
<�O�LÁ)RQ*'VOm[�1=?�P�?=<,)RJVrsb <�_�;�P�?�+�3�[V_*+ KCLÁ)XLÁQVrsból,)R'�cBLÁQVO";�_fr�O�L�nîJ�L
J�/2<,K.L,_feÁK.L6;�R*Q�L=<,)R'*)�e4$
g=$»FBQ*' J�?KU,_Vts[�/0J*'4+�b�FPL,_*+.Q*J�L�� -01=/0-�[�r <¨[�L=<,)2?Á)XL�P*J�L��Ä[V_*+�J�?=<

)XL�P*J�L=<,)�eKt¡O�L�nîJ�LpR*Q*'*J4+.)�e
cosAL = cosAR = −1

$*5B-Å1Kr Q�?,nI/0J*'Q�
XÉÓ4$Ò�KkF\j'oXÉÓ4$Ò��°UJ�?,b L}[	'VO

q′ = −q � p′ = −p $�FPLKl,)XLKO
; 1KO�/2<,)XL�XÉÓ4$Ò���@\j'
XÉÓ4$Ò�,Ó�\W'VO�/2/�O|¸

c =
ML −MR

p
− 0′′.64q cosϕ

p
, Ï í�Ð.ï	ê\Ñ

MS =
ML +MR

2
− qc− 0′′.16p cosϕ. Ï í�Ð.ï�å)Ñ

k.$�FBQ*'ÇJ�?KU,_ft{[�/0J*'4+�b 7�L,_�JQ��?óX�LKUKr|P*J�Lî1KU,_�'*->'óR�/0Q�1=LKW,L!1=/0Q*)R'*K.?�T
_	?�\uO�L�nîJ�L�R�L,_	L�nî'*)�e

cosAL = cosAR = 0
$�#Ðl,)XLKO <�_�;�P�?=/n'VO�/2/�O

q′ = 0
�
p′ = 0

$ Ô_LÁQVO
;�_fr XÉÓ4$Ò���@\ '»XÉÓ4$Ò�,Ó�\|R*Q*'�LKUÁQ�/0)0?Kt%)!)X/}R�/0QVe <�_	/	T
[	;�t Hn'Q� 1Á'Z[ ¸

c =
ML −MR

p
, Ï í�Ð.ï�î)Ñ

MS =
ML +MR

2
− qc. Ï í�Ð ä	è)Ñ

Ó4$Å¢ 5BJ�<,)RQ*;�KQ�*'4+�R�LIJ�?KU,_fts[�/0J*'Qt FPL,_*+.Q*J�L�� -01=/0-�[�r

�P?KU,_ft{[�/0J*'4+ 1Kr|R�L,_�J4+Zt%)X<�+Ç1=Lî1ÁQ�/�O"+ 1=/}P�/0Q*J*'9bg'9_�' ;�)RQ�/0J*J*'9bÇ<,;FT
O�/0Q�/0K�3�K.LKW�[�?oO�L�nîJ�L�J�?KU,_ft{[�?Á)�eG'mR*Q�/	[�O�/0) ' FPL,_*+.Q*J*;�t -01=/0-�[	;Á$
Mh_*+ J�?KU,_ft{[�/0J*'Q� <�_	/	[	;²/0)�¸
g=$�Sþ)RQ�/�W};�_�'*Q*L=1=?Á),en'*J�<,)RQ*;�O�/0J*)>$
k.$�¤j<,)0?ÁJ�L=1Á'*)�eg'4J�<,)RQ*;�O�/0J*) 1�O�/0Q*'Z[	'�?ÁJ�X;R�Lg<�OMrþ<�_�;\1Kr|R�L,_�J4+C/�O�L��
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�j'�<�$óÓ4$âg�jZ¸Q�P?=1=/	[�/0J*'�/BQ�?KU=L�P�/}�gJ*'*)R' J�?qR*Q�/	[fO�/0)

Q�?KU=LÁ)�rùl,)XLÁ)�R*;�J*K*)îJ�/ILKU2+.-0?Á)X/�_	/0J�3�L}[	J�?ÁK.L¼U,_�'*-0L=<,)�e O�/2<,)0?¼tzW�?OJ�?
K*Q*;�W,/PK J*;�_ft LKU,_	/�W�P�?=/0)UJ�?=1=/	[�/0J*'�/B)RQ*;�UKr J�?6FPL,_*+.Q*J*;�t -01=/0-�[	;Q\�$
jC$�FBQ�L=1=/0Q*'*)�eqW,LÁQ*'*-0LÁJ*)2?,_VeÁJ�L=<,)�e6J*'*)X/}��$
Ó4$ä#{r·UÁQ�?Á)�egL�[	J*; '*-6J*'*)X/}�`UÁ'�<><>/0K*)XLÁQ�? LÁK*;�_*+.Q*J�LKW,L�O
'*K*Q�LKO�/0)RQ�?g1
K.?�P�/2<,)X1=/jQ�?KU=L�P�/}�P'�;=<,)2?ÁJ�L=1Á'*)�e{/�ÑW1uR�L,_	L�nI/0J*'*'�3�R*Q*'�K.LÁ)XLÁQ�LKOdR�LÁK.?�T
-0?ÁJ*'�/hO
'*K*Q�LKO�/0)RQ�?

M
<>L=<,)0?=1,_*+C/0)I1=/�_�'QP*'*J*;Á3QR*Q*'VU,_�'*->'*)X/�_feÁJ�L6Q�?=1�T

J*;�tòg��C$æj
�.$@�P?=1=/2<,)R'!)RQ*;�UÁ;IJ�?�R*Q�/	[�O�/0) )2?ÁK�3FP*)XLKUKrE'*-0LKUÁQ�?,nI/0J*'4+>R4Q�/	[�O�/0)2?B'
Q�?KU=L�P�/}�ñJ4'*)R' <>L=1KO�/2<,)R'9_�'�<�e4$fw�?ÁK*Q�/}R*'*)�eI<,)XL�R�LÁQ*JVr|� 1Á'*J*)pW,LÁQ*'*-0LÁJZT
)0?,_feÁJ�LKW,L K*Q*;�W�?4$
VWQ*;�UÁ;`R�L\?Á->'VO
;�)R;kJ�/¼R�/0Q�/�O�/2HI?Á)�e4$
7(J4+.)�e�R�LÁK.?�T
-0?ÁJ*'4+ËO
'*K*Q�L=<,K.L�R�L=1�TaO
'*K*Q�LKO�/0)RQ�L=1 T '»�¶W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,L K*Q*;�W�?4$
�"?KU=L�P*'VOyb²L}[�LKO LÁK*;�_*+.Q*J�LKW,L>O
'*K*Q�LKO�/0)RQ�?ÂR*Q�LÁ'*-01=/2<,)R'�R4+.)�eIJ�?=1=/	[�/	T
J*'Q� J�?qR*Q�/	[�O�/0)¼X�Q*'�<�$fÓ4$âg�j@\
°C$��P?=1=/2<,)R'�)RQ*;�UÁ; J�?gFPL,_*+.Q*J*;�t -01=/0-�[	; )0?ÁK�3�P*)XL�UKr '*-0LKUÁQ�?,n6/0J*'�/
-01=/0-�[�r¶UKrs_	LÇ1ó��/0J*)RQ�/�R�L,_*+�->Q�/0J*'4+GJ�? Q�?KU=L�P�/}�kJ*'*)R'�$4w�?ÁK*Q�/}R*'*)�e
<,)XL�R�LÁQ*JVr|�!1Á'*J*)^W,LÁQ*'*-0LÁJ*)2?,_feÁJ�LKW,L K*Q*;�W�?z[V_*+_'*-}U=/�nI?ÁJ*'4+_1ÁQ�?=HI/0J*'4+
'*J�<,)RQ*;�O�/0J*)0?î1=LÁK*Q*;�W 1=/0Q*)R'*KC?,_feÁJ*L��ÇL=<,'�$
¢�$²7(J4+.)�eÅLÁ)X<	PVÑ0)�r J�?ÁK9_	?�[	J�LKW,L%;�Q�L=1ÁJ4+�3�J�?,b²L}[�+C<�e�R�LÁ-0?�[	'nJ�/�W,L%'>WÊ_*+@T
[�+ñ16)R; <,)XLÁQ�LÁJ*;Á3�K*;�[�?6J�?�R*Q�?=1,_	/0J LKU�È�/0K*)R'�14$
§C$�7(J4+.)�eOLÁ)X<	PQÑ0),r¡O
'*K*Q�L=<,K.L�R�L=1�TaO
'*K*Q�LKO�/0)RQ�L=16T 'C�¹W,LÁQ*'*-0LÁJ*)0?,_fe�T
J�LKW,LIK*Q*;�W�?4$
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�j'�<�$óÓ4$âg�Ó9¸Q�P?=1=/	[�/0J*'�/BQ�?KU=L�P�/}�gJ*'*)R' J�?!FPL,_*+.Q*J4;�t -01=/0-�[	;

iC$�7�[�/�_	?Á)�eî)RQ*' J�?=1=/	[�/0J*'4+gQ�?KU=L�P�/}�ÇJ*'*)R'\LÁK*;�_*+.Q*J�LKW,L�O
'*K*Q�LKO�/0)RQ�?
J�?öFPL,_*+.Q*J*;�t -01=/0-�[	;�X�Q*'�<�$�Ó4$âg�Ó�\�$2@P?,nq[�L=/jJ�?=1=/	[�/0J*'*/W<>L�R*Q�L=1=L�nq[�?Á)�e
LÁ)X<	PVÑ0)XLKOvb.Q�LÁJ�LKO�/0)RQ�?!<Å)XL�P*J�L=<,)�eKtÏ[�L��C$Ò�_;�[�?ÁQ�?dX �C$ÒkK�n<�$Å\�$
g��C$�7�[�/�_	?Á)�e>R�/0Q�/0K9_	?�[	K*; ;�Q�L=1ÁJ4+ 'Ç<,J4+.)�e!/�W,L6LÁ)X<	PVÑ0)�rÅ$
gKg=$�Sþ)RK*Q�/}R*'*)�e6<,)XL�R�LÁQ*JVr|�Ç1Á'*J*)¨W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LIK*Q*;�W�?4$
g�k.$�7�[�/�_�?Á),e!/2H>Ñ�L}[	J�L6J�?=1=/	[�/0J*'�/PJ�?!FPL,_*+.Q*J*;�t -01=/0-�[	;Á$�Mh_4+dl,)XLKW,L
R�L=1Á)XLÁQ*'*)�eI-0?�[�?ÁJ*'4+¼R*;�J*K*)XL=1�°�T�gKg=$
g�jC$�FPL=1Á)XLÁQ*'*)�eIJ�?=1=/	[�/0J*'�/BJ�?>R*Q�/	[�O�/0) X�<�O $QR*;�J*K*)��F\�$
w�?�[�?ÁJ*'4+�R*;�J*K*)XL=1���T�g�jn1Kr|R�L,_�J*'*)�eÂ[�1=?,nq[�r 1>R�L,_	L�nI/0J*'4+�b '*J�<,)RQ*;FT
O�/0J*)0?Ú×�@£��¤ 9�Yh�
#þS6×P'½×�@£��¤ 9�F£��T #þS6×�$
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#%$ íë &é ë & '�é (ö êë ç ó ñ îéò íë î óôõ êôö å

)*+ * ��, ø ü+- ./- � � � 	0 � �1ú 23 +4 5 � 5ù - / ü 5 6 7 ü, + / 3 2ø ü+ � � � � � 
 τ
2

= 1′′.5748 * .ù9 : *+ øù; ÷ � ÷ � ÷ú +- 1 ø< = þÿ� � �� ÷ � = > / 5 ü 5 2ø + / 	 � � �

R = 155′′.19� .? ø@ + � / 5< ø ü; � 5/ú 1 5 ü+ *ù; üý 6@ / 3 0 �@ 3ù - / üý 6 > / 5 ü 5 2ø + / � / 5< ø ü; 4 5, ù ø 8 *@ ù 5 ü ü 5, +;A �%B 	 � C 2ú @ / 5 2ø + / 4 ø / ø@ ù * :@ úD

= 325◦20′1

E F

1′55′′

55′′

� �
� 	 
 �� �
� 	 
 �� / ø : 2ø + G

= 145◦20′1

E F

1′30′′

31′′

� �
� 	 	 �� �
� 	 � �� �
� 	 
 �þ �

1 = 325◦26′42′′.75 M ′ − 10 = 0.343ùH � � � � �

= 181◦30′0

E F

1′15′′

16′′

� �
� � � � 19h25m10s + 7.0 ùH � � �� �
� 	 � 
 25m35s + 8.0 b1L = −0′′.55

αUMi 4 H � � � G

= 1◦30′0

E F

1′05′′

03′′

� �
� 	 	 
 27m45s + 3.8 4 H �� � �

i1 = −1.1

þ �′
1 = 181◦31′09′′.75 M ′ − 10 = 0.312 T1L = 19h26m13s.133 i2 = 0.4 b = i1+i2

2
τ
2ùH � � � �

= 181◦30′0

E F

1′48′′

47′′

� �
� 	 � � 19h35m45s + 6.0 ùH � � � �� �
� 	� � 36m15s + 8.0

αUMi 4 H � � � � G

= 1◦30′0

E F

1′32′′

33′′

� �
� 
 � � 37m55s + 9.5 4 H � � 	 b2L = −0′′.24

i1 = 0.6

þ �′
2 = 181◦31′40′′.00 M ′ − 10 = 0.385 T2L = 19h36m42s.250 i2 = −0.9D

= 325◦20′1

E F

1′50′′

51′′

� �
� 	 � �� �
� 	 � �� / ø : 2ø + G

= 145◦20′1

E F
1′28′′

28′′

� �
� 	� �� �
� 	 � �� �
� 	 � �þ �

1 = 325◦26′39′′.25 M ′ − 10 = 0.357
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#%$ íë &é ë & '�é (ö êë ç ó ñ îéò íë î óôõ êôö å I ð í îö îé � êë ç ê J

) *+ * ��, ø ü+- ./- � � � 	0 � �1ú 23 +4 5 � 5ù - / ü 5 6 7 ü, + / 3 2ø ü+ � � � � � 
 τ
2

= 1′′.5748 * .ù9 : *+ øù; ÷ � ÷ � ÷ú +- 1 ø< = þÿ� � �ÿ � ÷ � = > / 5 ü 5 2ø + / 	 � � �

R = 155′′.19� .? ø@ + � / 5< ø ü; � 5/ú 1 5 ü+ *ù; üý 6@ / 3 0 �@ 3ù - / üý 6 > / 5 ü 5 2ø + / � / 5< ø ü; 4 5, ù ø 8 *@ ù 5 ü ü 5, +;A �%B 	 � C 2ú @ / 5 2ø + / 4 ø / ø@ ù * :@ úD

= 145◦30′0

E F

3′59′′

60′′

� �
� � � �� �
� 	 � �� / ø : 2ø + G

= 325◦30′0

E F

3′51′′

50′′

� �
� � � �� �
� � � �� �
� 	 � �þ �

1 = 145◦33′55′′.00 M ′ − 10 = 0.297ùH � � � � �

= 1◦40′0

E F

2′16′′

14′′

� �
� � � � 19h00m55s + 5.0 ùH � 
� �� �
� � � � 01m35s + 7.0 b1R = −7′′.24

αUMi 4 H �� � � G

= 181◦40′0

E F

1′59′′

59′′

� �
� � � � 03m00s + 3.0 4 H � � �

i1 = −4.7

þ �′
1 = 1◦42′07′′.00 M ′ − 10 = 0.229 T1R = 19h01m52s.500 i2 = −4.5ùH � 
� � �

= 1◦40′0

E F

3′55′′

54′′

� �
� � � � 19h11m25s + 7.0 ùH � � � �� �
� � �� 12m15s + 8.0

αUMi 4 H � � � G

= 181◦40′0

E F

3′36′′

35′′

� �
� � � � 13m10s + 5.0 4 H �� � � b2R = −6′′.61

i1 = −4.3

þ �′
2 = 1◦43′45′′.00 M ′ − 10 = 0.275 T2R = 19h12m19s.999 i2 = −4.1D

= 145◦30′0

E F

4′02′′

02′′

� �
� � � �� �
� � � �� / ø : 2ø + G

= 325◦30′0

E F

3′54′′

53′′

� �
� � � �� �
� 	 � �� �
� � � �þ �

2 = 145◦33′57′′.75 M ′ − 10 = 0.293
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Ó4$æ§ SuUÁQ�?KU=LÁ)RK.?Ânî;�Q*J�?,_	?6J�?KU,_ft{[�/0J*'Q�

g�<,)XL,_fU=/}��$	#{r|P*'�<�_�'*)�e�R�LÁK.?Á-0?ÁJ*'4+ ;�Q�L=1ÁJ4+$¸
i1 = m− (

_ Ç R ), /2<�_�' J*;�_fe6;�Q�L=1ÁJ4+g<�_	/21=?43
i1 = (

_ Ç R ) −m,
/2<�_�' J*;�_fe6;�Q�L=1ÁJ4+g<	R*Q�?=1=?4$

�I<,)XL,_fU=/}��$	#{r|P*'�<�_�'*)�e�R�LÁK.?Á-0?ÁJ*'4+ ;�Q�L=1ÁJ4+$¸
i2 = m− (

_ Ç R ), /2<�_�' J*;�_fe6;�Q�L=1ÁJ4+g<�_	/21=?43
i2 = (

_ Ç R ) −m,
/2<�_�' J*;�_fe6;�Q�L=1ÁJ4+g<	R*Q�?=1=?4$

° <,)XL,_fU=/}��$
#{r|P*'�<�_�'*)�e\J�?ÁK9_	LÁJ*J�L=<,)�e�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� L=<,' '*J�<,)RQ*;FT
O�/0J*)0?
b = i1+i2

2
τ
2
,
W�[�/

τ
T���/0J�?¨[	/�_	/0J*'4+ J�?ÁK9_	?�[	J�LKW,LI;�Q�L=1ÁJ4+�$

V�?ÁK�R�L,_�;�P�?Kt%)_1=/�_�'QP*'*JVr
b1L

3
b2L

3
b1R

3
b2R

$
kî<,)XL,_fU=/}��$�#{r|P*'�<�_�'*)�e�R�LÁK.?Á-0?ÁJ*'4+�O
'*K*Q�L=<,K.L�R�L=1�TaO
'*K*Q�LKO�/0)RQ�L=1îT '
� 'ÇLKUÁQ�?Á-0L=1=?Á)�e6<,Q�/	[	J*'�/

@�Y
=

T Ç �
2

;
@PF

=

T Ç �
2

.

XÉW}Q�?�[	;=<�r¡U=/0Q*;�)X<�+ R�LqO
'*K*Q�L=<,KCL�R*; T�\
j <,)XL,_fU=/}��$�#{r|P*'�<�_�'*)�e <,Q�/	[	J4'�/\-,J�?�P�/0J*'4+EJ�?=1=/	[�/0J*'Q� LÁK*;�_*+.Q*J�LKW,L
O
'*K*Q�LKO�/0)RQ�?4$
Ó6<,)XL,_fU=/}��$�#{r|P*'�<�_�'*)�e!<}Q�/	[	J*'�/£O�LKO�/0J*)�r J�?=1=/	[�/0J*'4+ Q�?KU=L�P*/}�ñJ*'*)R'
J�?!FPL,_*+.Q*J*;�t -01=/0-�[	;Á$
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� .K *- ,L ø 2 * 5 ./ * . 5+ @ ú / ø 1 3ù; + *+ 5< ü * .ù9 :ø üú - * 1ú 2 3 + *4 5 � 5ù - / ü 5 6 1< ø 1 :ø � U = 56s.355 5+ �� � � � � � � � 	0 �M ÷øùú ûú üý þ � þ � N4 5, 5 .< ý ûú , ù ø üú -OH � OH � OH � OH ��

TiL P TiR 19h26m13s.333 19h36m42s.250 19h01m52s.500 19h12m19s.999

71Q � ü� 2 5 2ø ü+ ý ü * .ù9 :ø üú - � 5ù - / ü 5 6�

TL,R 19h31m27s.791 19h07m06s.250 TL = T1L+T2L

2
; TR = T1R+T2R

2	

z 30◦12′.98 30◦17′.90

71 �R� � � z = 90◦ − (ϕ+ f)

fú ü+ ø /4 5ùú / 3 ø + , - 4 5 TL + Uú TR + U


csc z

� � � � � � � � � � � ��

ctgz

� � � � � � � � � � � 
�

p

	 � � � � � p = csc zL + csc zR�

q

�
� � � �� q = 1
2
(csc zL − csc zR)� þ �′

i

P þ �′
i 181◦31′09′′.75 181◦31′40′′.00 1◦42′07′′.00 1◦43′45′′.00

71Q � ü� 5+ , û S+ ý 0 5/ �@ / 3 0 * :ù -� 5ù - / ü 5 6 1< ø 1 :ý�

(M ′ − 10)R csc z 96′′.21 118′′.72 70′′.44 84′′.59 (M ′ − 10) Bú 1Q � ü� R B Tø ü * 5 . 5/ 5+ *. * / * . * ü * 5@ 3ù - / ü 50 5 2ú @ / 5 2ø + / *� �

∆b −0′′.94 −0′′.41 −12′′.38 −11′′.31 ∆b = b · ctgz� �

L′
i

P R′
i 181◦32′45′′.02 181◦33′38′′.02 1◦40′44′′.18 1◦42′09′′.10 L′

i =
þ �′

i + (M ′ − 10)R csc z + ∆b
R′

i =
þ �′

i + (M ′ − 10)R csc z + ∆b� �

S UV 19h20m14s.875 S UV = 1
2
(TL + TR) + U� 	

α 2h16m02s.519
7 ü+ ø /4 5ù - Tú - 4 5 �R� � � ü * S� 


δ 89◦11′13′′.59

7 ü+ ø /4 5ù - Tú - 4 5 �R� � � ü * S� �

Ti + U 19h27m09s.688 19h37m38s.605 19h02m48s.855 19h13m16s.354� � −α −2h16m02s.519� �

ti 17h11m07s.169 17h21m36s.086 16h46m46s.336 16h57m13s.835 ti = Ti + U − α� �

sin ti B �
� � � � 	 
 � B �
� � � � � � � B �
� � 
 � 	� � B �
� � � � � � �� �

cos ti B �
� � � � � � � B �
� � � � �� � B �
� 	 � 
 � � � B �
� � � � 
 ��� �

m

�
� � �� 	 	 � m = ctgδ secϕ P secϕ = 1.996522
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M ÷øùú ûú üý þ � þ � N4 5, 5 .< ý ûú , ù ø üú -OH � OH � OH � OH �� �

n

�
� � � 
 � � � � n = ctgδtgϕ P tgϕ = 1.728034� �

tgAi

�
� � � � � 
 �� �
� � � �� � � � �
� � �� � � � � �
� � � � � � � � tgAi = − m sin ti
1−n cos ti� 	

AiL

W AiR 181◦34′40′′.30 181◦35′36′′.86 1◦31′44′′.16 1◦33′07′′.40

�1ú 23 + ý *, + / 5 ü 5 2ú ûø, @ ú ø� 


L′
i

W R′
i 181◦32′45′′.02 181◦33′38′′.31 1◦40′44′′.18 1◦42′09′′.10� �

MiL

W MiR −1′55′.28 −1′58′′.55 +9′00′′.02 9′01′′.70 MiL = L′
i −AiL

W MiR = R′
i −AiR��

ML

W MR −1′56′′.91 9′00′′.86 ML = 1
2
(M1L +M2L) W MR = 1

2
(M1R +M2R)� � þ �

i

W þ �

i 325◦26′42′′.75 325◦26′39′′.25 145◦33′55′′.00 145◦33′57′′.75

71Q � ü� 5+ , û S+ ý 0 5/ � @ / 3 0 * :ù - 4 / ø : 2ø + *��

(M − 10)R 53′′.23 55′′.40 46′′.09 45′′.57

71Q � ü�� �

Li

W Ri 325◦27′35′′.98 325◦27′34′′.65 145◦33′08′′.91 145◦33′12′′.28 Li =

þ �
i + (M − 10)R;

Ri =

þ �
i − (M − 10)R	 �

L W R 325◦27′35′′.32 145◦33′10′′.60 L = 1
2
(L1 + L2); R = 1

2
(R1 +R2)	 �

c1 −2′47′′.64 c1 = L−(R±180◦)
2	 �

c2 −2′45′′.72 c2 = ML−MR

p
− 0′′.64 q cos ϕ

p	 	

c −2′46′′.68 ∆c = −1′′.92 c = 1
2
(c1 + c2); ∆c = c1 − c2	 


MS 3′32′′.12 MS = ML+MR

2
− qc− 0′′.16p cosϕ	 �

a 325◦26′50′′.84 a = L+[R±180◦]
2

−MS´ ðÆÇ´



Ó4$æi 5BJ�<,)RQ*;�KQ�*'4+�R�LIJ�?KU,_fts[�/0J*'C+ZO 7�L,_�JQ��?

�P?KU,_ft{[�/0J*'4+ <�_	/	[	;=/0)�R*Q�LÁ'*-01=L}[	'*)�e ;�)RQ�LKO '9_�' 1=/}P�/0Q�LKO 3öKCLKW�[�?
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l,K*Q�?ÁJ�LKO '*-�_�'�<,)0?�UÁ;�O�?KW}'�$
Mh_*+ñJ*?KU,_fts[�/0J*'Q� <�_	/	[	;=/0)�¸
g=$�Sþ)RQ�/�W};�_�'*Q�L=1=?Á)�eI'*J�<,)RQ*;�O�/0J*)>$
k.$�¤j<,)0?ÁJ�L=1Á'*)�e%'*J*<,)RQ*;�O�/0J*){1xO�/0Q*'Z[	'�?ÁJ¼X;R�L%<�OMrþ<�_�;P1Kr|R�L,_�J4+C/�O�L��

Q�?KU=LÁ)�r�l,)XLÁ)�R*;�J*K*)BJ�/%LKUª+.-0?Á)X/�_	/0J�3�L�[�J�?ÁKCL£R*Q*' LKUÁQ�?KU=LÁ)RKC/xl,)XL_LKU=/2<�T
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;�)XL=1I7�L,_�JQ��?�\�$
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O
'*K*Q�LKO�/0)RQ�?61Ú×�[�/2<�+.)RK*;O×�X�Q*'�<�$fÓ4$âg��F\�$

�j'�<�$óÓ4$âg���¸9¤j<,)2?ÁJ�L=1ÁK.?�UÁ'�<><>/0K*)XLÁQ�?!1óÃ6[�/2<�+.)RK*;�Ã
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Ó4$âg�°@\�$]w�?ÁK4Q�/}R*'*)�e <,)XL�R�LÁQ*JVr|� 1Á'*J*)ÄW,LÁQ*'*-0LÁJ*)2?,_feÁJ�LKW,LGK*Q*;�W�?4$(DG'*KZT
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'
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J�LKW,LIK*Q*;�W�?4$
g��C$�7�[�/�_	?Á)�e¨R�/0Q�/0K9_	?�[	K*;OJ�?ÁK9_	?�[	J�LKW,Ln;�Q�L=1ÁJ4+ ' <,J4+.)�e!/�W,LILÁ)�<�PVÑ0)�rB$
gKg=$�Sþ)RK*Q�/}R*'*)�e6<,)XL�R�LÁQ*JVr|�Ç1Á'*J*)¨W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LIK*Q*;�W�?4$
g�k.$47�[�/�_	?Á)�eU/2H>Ñ L}[	J�L�J�?=1=/	[�/0J*'�/%J�?I7�L,_�JQ��/=$²Mh_*+�l,)XLKW,LhR�L=1Á)XLÁQ*'*)�e
-0?�[�?ÁJ*'4+¼R*;�J*K*)XL=1�°�T�gKg=$
g�jC$�FPL=1Á)XLÁQ*'*)�eIJ�?=1=/	[�/0J*'�/BJ�?>R*Q�/	[�O�/0) X�<�O $QR*;�J*K*)��F\�$
w�?�[�?ÁJ*'4+�R*;�J*K*)XL=1���T�g�jn1Kr|R�L,_�J*'*)�eÂ[�1=?,nq[�r 1>R�L,_	L�nI/0J*'4+�b '*J�<,)RQ*;FT
O�/0J*)0?Ú×�@£��¤ 9�Yh�
#þS6×P'½×�@£��¤ 9�F£��T #þS6×�$
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#%$ íë &é ë & '�é (ö êë ç ó IZ ô ç[ $ ï ð î \ îé ë] $ J

) *+ * � 	, ø ü+- ./- � � � 	0 � �1ú 23 +4 5 N 5ù ü T3 7 ü, + / 3 2ø ü+ � � � � � 
 τ
2

= 1′′.5748 * .ù9 : *+ øù; ÷ � ÷ � ÷ú +- 1 ø< = þÿ� � �� ÷ � = >/ 5 ü 5 2ø + / 	 � � �� .? ø@ + 8 *@ ù * : ü 5 6 > / 5 ü 5 2ø + / � 5/ú 1 5 ü+ *ù; üý 6@ / 3 0 � / 5< ø ü; 4 5, ù ø 8 *@ ù 5 ü ü 5, +;3 / 5< ø ü; 4 ø / ø@ ù * :@ú�

= 325◦20′1

E F

1′39′′

41′′� / ø : 2ø + G

= 145◦20′1

E F

1′19′′

18′′þ �

1 = 325◦26′29′′.25ùH � �
� � 13h26m30s + 7.0

�

= 36◦20′0

E F
1′10′′

08′′

ùH � � � �N 5ù ü Tø 4 H � � � � 13h28m50s + 3.5

G

= 216◦20′0

E F
0′56′′

57′′

4 H �� � b1L = −5.27

i1 = 2.2 T1L = 13h27m42s.62

þ �′
1 = 36◦21′02′′.75 i2 = −8.9ùH � �
� 
 13h32m55s + 5.5

�

= 38◦00′1
E F

0′07′′

08′′

ùH � �
� �N 5ù ü Tø 4 H � � 	 13h35m15s + 3.5

G
= 218◦00′0

E F
4′56′′

54′′

4 H � � � � b2L = −1.26

i1 = −5.3 T2L = 13h34m07s.25

þ �′
2 = 38◦05′01′′.25 i2 = 3.7�

= 325◦20′1

E F
1′39′′

39′′� / ø : 2ø + G
= 145◦20′1

E F

1′20′′

20′′þ �
2 = 325◦26′29′′.50= þÿ� � �ÿ � ÷ � =� .? ø@ + 8 *@ ù * : ü 5 6 >/ 5 ü 5 2ø + / � 5/ú 1 5 ü+ *ù; üý 6@ / 3 0 � / 5< ø ü; 4 5, ù ø 8 *@ ù 5 ü ü 5, +;3 / 5< ø ü; 4 ø / ø@ ù * :@ ú�

= 145◦30′0

E F

3′49′′

48′′� / ø : 2ø + G

= 325◦30′0

E F

3′35′′

34′′þ �

1 = 145◦33′41′′.50ùH �� 
 13h48m05s + 7.5

�

= 222◦10′1

E F

1′19′′

19′′

ùH � � � �N 5ù ü Tø 4 H � � � � 13h50m25s + 7.5

G

= 42◦10′1

E F

0′60′′

58′′

4 H �� � b1R = −0′′.55

i1 = 8.7 T1R = 13h49m18s.75

þ �′
1 = 222◦16′09′′.00 i2 = −9.4ùH � � � 	 13h54m40s + 6.5

�

= 224◦00′0

E F

0′01′′

00′′

ùH � � �N 5ù ü Tø 4 H � � � 13h57m00s + 8.5

G

= 43◦50′1

E F

4′41′′

38′′

4 H � �� � b2R = 1′′.18

i1 = −9.8 T1R = 13h55m53s.75

þ �′
2 = 223◦59′50′′.00 i2 = 11.3�

= 145◦30′0

E F

3′45′′

46′′� / ø : 2ø + G

= 325◦30′0

E F

3′35′′

33′′þ �

2 = 145◦33′39′′.75
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Ó4$âg�� SuUÁQ�?KU=LÁ)RK.?¨nî;�Q*J�?,_	?IJ�?KU,_fts[�/0J4'Q�

gP<,)XL,_fU=/}��$�#{r|P*'�<�_�'*)�eqR�LÁKC?Á-0?ÁJ*'4+ ;�Q�L=1ÁJ4+$¸
i1 = m− (

_ Ç R ), /2<�_�' J*;�_fe6;�Q�L=1ÁJ4+ñ<�_	/21=?43
i1 = (

_ Ç R ) −m,
/2<�_�' J*;�_fe6;�Q�L=1ÁJ4+ñ<	R*Q�?=1=?4$

Ó6<,)XL,_fU=/}��$�#{r|P*'�<�_�'*)�eqR�LÁKC?Á-0?ÁJ*'4+ ;�Q�L=1ÁJ4+$¸
i2 = m− (

_ Ç R ), /2<�_�' J*;�_fe6;�Q�L=1ÁJ4+ñ<�_	/21=?43
i2 = (

_ Ç R ) −m,
/2<�_�' J*;�_fe6;�Q�L=1ÁJ4+ñ<	R*Q�?=1=?4$

� <,)XL,_fU=/}��$"#{r|P*'�<�_�'*)�e\J�?ÁK9_	LÁJ*J�L=<,)�e�W,LÁQ*'*-0LÁJ*)2?,_feÁJ�L�� L=<,' '*J�<,)RQ*;FT
O�/0J*)0?
b = i1+i2

2
τ
2
,
W�[�/

τ
T���/0J�?¨[�/�_	/0J*'4+ J�?ÁK9_	?�[	J�LKW,Ln;�Q�L=1ÁJ4+�$

FPL,_�;�P*'*)�e6J�?ÁK9_	LÁJ*J�L=<,)R'
b1L

3
b2L

3
b1R

3
b2R

$
kG<,)XL,_fU=/}��$(#{r|P*'�<�_�'*)�eËO�LKO�/0J*)�r K.LÁJ*)0?ÁK*)XL=1`_�'VOMU=? 7�L,_�JQ��? <ÇJ4'ZT
)�eKt '9_�' J*'*),+ZO
' UÁ'�<><>/0K*)XLÁQ�?U' J�?��*)R' '9bO<,Q�/	[	J*'4+î->J�?�P�/0J*'4+�$4VÎ?ÁK*'QO
<	R�L=<>LKU=LKO»R�L,_�;�P*'*)�e�O�LKO�/0J*)�r

T1L, T2L, T1R, T1R

R*Q�L�b²L�nq[�/0J*'4+d��/0J*)RQ�? 7�L,_�JQ��?�P�/0Q�/0-_J*'*)�e '9_�'í<>/0Q�/	[	'*J*;óUÁ'�<><>/0K*)XL�T
Q�?4$

jI<,)XL,_fU=/}��$�#{r|P*'�<�_�'*)�e!LÁ)X<	PVÑ0)�r

@�Y
=

1

2
(
T Ç � );

@PF
=

1

2
(
T Ç � )

XÉW}Q�?�[	;=<�rÏUÁQ�?Á)�eqR�LqO
'*K*Q�L=<,K.L�R*;ñT�\
V�?ÁK*'VO <	R�L=<>LKU=LKOúR*L,_�;�P*'*)�ekLÁ)X<	PVÑ0)�r @�Y

1,
@�Y

2,
@PF

1,
@PF

2
T

[V_*+¼R*Q�/	[�O�/0)0?
@�Y ′

1,
@�Y ′

2,
@PF ′

1,
@PF ′

2

TI[V_*+ 7�L,_�JQ��?4$

Ó4$âgKg #('Z[	'VOMrþ/PK.L=LÁQF[	'*J�?Á)�rö��/0J*)RQ�? 7�L,_�JQ�*?

#¡Ã,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKO��'nI/�W,L�[	J*'*K./�Ã	l,K�1=?Á)XLÁQ*'�?,_feÁJVrþ/þK.L=LÁQ@[	'*J�?Á)�r
α
'
δ
��/0J*)RQ�?Ç7�L,_�JQ��?�[�?Kt%)X<�+ J�?

0h
-0/�O
J�LKW,L 1ÁQ�/�O�/0J*'íJ�? K.?,nq[�r|�

[�/0JVezW,L}[�?4$�FPLKO
'VO�L{K.L=LÁQ@[	'*J*?Á)ö-�[�/2<�e^nI/{R*Q*'�1=L}[�+.)X<�+pP�?=<>L=1Krþ/�'*-}O�/	T
J�/0J*'4+ñ<,K9_	LÁJ�/0J*'4+ 'dP�?=<>L=1Krþ/B'*-}O�/0J�/0J*'4+ ;�Q�?=1ÁJ�/0J*'4+ñ1ÁQ�/�O
/0J*'

ϑ(E)
3
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<�R�LKO�L=H>eKt K.LÁ)XLÁQ�LKW,LËP�?=<>L=1Krþ/í'*-}O�/0J�/0J*'4+SR*Q +ZO�LKW,L 1=L=<Êb²L�nq[�/0J*'4+
ϑ(α)

1Kr|P*'�<�_*+Zt%)X<�+�R�LqcBLÁQVO
;�_	/

ϑ(α) = 9s.856 − ϑ(E). Ï í�Ð ä�ã+Ñ
SuU=LÁ->J�?�P*'VOÄP�/0Q�/0-

S
W}Q*'*J�1Á'QP�<,K.L=/ö-01KÑ0-�[	J�L=/ö1ÁQ�/�O"+�3²<>L=LÁ)X1=/0)X<>1Á;�t HI/2/

O�LKO�/0J*)R;ÅJ�?KU,_fts[�/0J*'4+_7�L,_�JQ��?4$XT%QVW};�O�/0J*)XLKO '*J*)X/0QQR�L,_�'*Q�L=1=?ÁJ*'4+PK.L�T
LÁQF[	'*J�?Á)_J�?�O�LKO�/0J*)

S
+C1,_*+C/0)X<�+g1=/�_�'QP*'*J�?

M∗ = S − S0 − ν(S − S0) + ∆T, Ï í�Ð ä�ç\Ñ
W�[�/
S = T + U − λ

3
T
��O�LKO�/0J*)kJ�?KU,_ft{[�/0J*'4+SR�L Q�?KU=L�P�/�O
; -01KÑ0-�[	J�LKO
;mb.Q�LÁJ�LKO�/0)RQ*; <

R�L�R*Q�?=1ÁK.L��
U
3

λ
TM[�L,_fW,LÁ)0?qO�/2<,)0?6J�?KU,_ft{[�/0J*'4+®�

S0
� -01KÑ0-�[	J�L=/j1ÁQ�/�O"+ J�?

0h
1=<>/�O
'*Q*J�LKW,L 1ÁQ�/�O�/0J*'�X;R*Q*'�1=L}[	'*)X<�+Å1hÃ,T <,)�T

Q�LÁJ�LKO
'QP�/2<,K.LKO��'n6/�W,L}[	J*'*K./�Ã+\��
ν = 0.0027304336

��O
J�L�nî'*)X/�_feyR�/0Q�/21=L�[�? -01KÑ0-�[	J�LKW,LE1ÁQ�/�O�/0J*' 1
<,Q�/	[	J�/2/(�
∆T

�^R�L�R*Q�?=1ÁKC?430<MR�LKO�L=H>eKt KCLÁ)XLÁQ�L��P1=<>/�O
'*Q*J�L=/W1ÁQ�/�O"+�R�/0Q�/21=L}[	'*)X<�+
16-0/�O
J�L=/P1ÁQ�/�O"+�$
Ì K.<,)RQ�?�R�L,_�'*Q�L=1=?ÁJ*J�L=/Å->J�?�P�/0J*'�/

∆T
J�?n)X/0K*;.Hn'Q�dW,L}[dR*Q*'�1=L}[	'*)X<�+

1oÃ,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKOö�'nI/�W,L}[	J*'*KC/�ÃX$�FPL=<�_	/�g�iK§K°¼W,L}[�?ñLÁJ�LñLKU=LÁ->J�?�T
P�?=/0)X<�+ñ)0?KOEK.?ÁK

∆T (A)
$

5BJ*)X/}R�L,_�'*Q*L=1=?ÁJ*'�/uR*Q +ZO�LKW,LP1=L=<Êb²L�nq[�/0J*'4+>��/0J*)RQ�?_7�L,_�JQ��?B1Kr|R�L,_9T
J4+C/0)X<�+�R�LqcBLÁQVO
;�_	/

αM∗ = α0 +M∗h[ϑ′
0 +

M∗h

48
(ϑ0 − ϑ1)]. Ï í�Ð ä	ë)Ñ

#¦l,)XL���cBLÁQVO
;�_	/K¸
M∗h �O->J�?�P�/0J*'�/=3	1Kr|P*'�<�_�/0J*J�L=/£R�L�cBLÁQVO
;�_	/�XÉÓ4$æ°FkF\�3*1qP�?=<>?,b®�
ϑ0
3
ϑ1

�dP�?=<>L=1Krþ/n'*-}O�/0J�/0J*'4+ ;�Q�?=1ÁJ�/0J*'4+\1ÁQ�/�O�/0J*'\J�? J�?�P�?,_	L )X/0K*;FT
Hn'9b 'Ç<�_	/	[	;�t Hn'9bñ<,;�)XLÁK�$

ϑ′
0 = 9s.856 − ϑ0;

α
��R*Q�+ZO�L=/P1=L=<�b²L�nq[�/0J*'�/BJ�?6J�?�P�?,_	L!<};�)�LÁK�$
5BJ*)X/0QQR�L,_�'4Q�L=1=?ÁJ*'�/Ç<,K9_	LÁJ�/0J*'4+v��/0J*)RQ�? 7�L,_�JQ��?GL=<,;.HI/2<,)X1,_*+C/0)X<�+

R�L!?ÁJ�?,_	LKW}'QP*J�L���cBLÁQVO
;�_	/

δM∗ = δ0 +M∗h[ϑ0 +
M∗h

48
(ϑ1 − ϑ0)], Ï í�Ð ä�í�Ñ
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W�[�/
ϑ0
3
ϑ1

�yP�?=<>L=1Krþ/ '*-}O�/0J�/0J*'4+ <,K9_	LÁJ�/0J*'4+EJ�? J�?�P�?,_	Lk)X/0K*;.Hn'9b
<,;�)XLÁK 'Ç<�_	/	[	;�t Hn'9bñ<,;�)XLÁK��
δ
T(<,K9_	LÁJ�/0J*'�/PJ�?6J*?�P�?,_	L6<,;�)XLÁK

FBQ*'VO�/0Q�$�S·R*Q�/	[�/�_�'*)�e 1Á'Z[	'VOMrþ/ K.L=LÁQF[	'*J�?Á)�r 7�L,_�JQ��?ök,Ó 'Vt%J4+
g�iK§ZgÄW,L}[�? 1vY�/0J*'*JVW}Q�?�[�/�X

λ = 2h01m10s.771
\�3 <>L=LÁ)X1=/0)X<,)X1Á;�t Hn'�/

R�LÁK.?Á-0?ÁJ*'Vt -01KÑ0-�[	J�LKW,LËb.Q�LÁJ�LKO�/0)RQ�?
T = 7h19m26s.5

<�R�L�R*Q�?=1ÁK.L��
U = −32s.004

$
5B-�Ã,T <,)RQ�LÁJ�LKO
'QP�/2<,KCLKW,Lq�'nI/�W,L�[	J*'*K.?fÃ J�?�g�iK§Zg£W,L}[Ç'VO�/2/�O|¸
5£t%JVe P�?=<>L=1Krþ/

'*-}O�/0J�/0J*'4+
;�Q�?=1ÁJ�/0J*'4+
1ÁQ�/�O�/0J*'

k,Ó
α0 = 6h10m26s.19 ϑ0 = −0s.536kK�
α1 = 6h14m35s.56 ϑ1 = −0s.532

5£t%JVe P�?=<>L=1Krþ/
'*-}O�/0J�/0J*'4+
<,K9_	LÁJ�/0J*'4+

k,Ó
δ0 = 23◦25′06′′.2 ϑ0 = −2′′.59kK�
δ1 = 23◦23′51′′.6 ϑ1 = −3′′.62

S0 = 18h08m14s.266

#{r|P*'�<�_	/0J*'�/P'*J*)X/0QQR�L,_*+��*'�LÁJ*J�LKW,LqO
J�L�nî'*)X/�_*+
M∗h ¸

T 7h19m26s.5
U

T
32s.004

Sλ 7h18m54s.496
λ 2h01m10s.771
S 5h17m43s.725
S0 18h08m14s.266

S − S0 11h09m29s.459
ν(S − S0)

T
1m49s.679

M 11h07m39s.780
∆T 51s

M∗ 11h08m30s.780
M∗h 11h

$âg�Ó@k

´�ôØõÉýÇ´



#('Z[	'VO�L=/£R*Q +ZO�L=/�1=L=<Êb²L�nq[�/0J*'�/
ϑ′

0 Æ 9s.856 − ϑ0 = 9s.856 + 0s.536 = 10s.392
ϑ0 − ϑ1 Æ −0s.536 + 0s.532 = −0s.004

αM∗ − α0 Æ 11.142[10s.392 − 11.142
48

× 0s.004] =Æ 11.142 × 10s.391 = 115s.78 = 1m55s.78
αM∗ Æ 6h10m26s.19 + 1m55s.78 = 6h12m21s.97#('Z[	'VO�L=/�<,K9_	LÁJ�/0J*'�/

ϑ1 − ϑ0 Æ −3′′.62 + 2′′.59 = −1′′.03
δM∗ − δ0 Æ 11.142[−2′′.59 − 11.142

48
× 1′′.03] =Æ −11.142 × 2′′.83 = −31′′.52

δM∗ Æ 23◦25′06′′.2 − 31′′.5 = 23◦24′34′′.7

w�?KO�/}P�?ÁJ*'�/=$�FBQ*' 1Kr|R�L,_�J*/0J*'*' ?Á->'VO
;�)0?,_feÁJVrsbgQ�?KU=LÁ)_KCL=LÁQF[	'*J�?Á)�r
7�L,_�JQ��?pO�L�nîJ�LP'*J*)X/0QQR�L,_�'*Q�L=1=?Á)�ehR�L¼Ã,T <,)RQ�LÁJ�LKO
'QP�/2<}KCLKO
;q�'n6/�W,L}[QT
J*'*K*;�ÃíJ�?�O�LKO�/0J*)�r

S1 = T1L + U − λ, S4 = T2R + U − λ.

¿�R�LKO�L=H>eKt l,)R'9b K.L=LÁQF[	'*J�?Á) _�'*J�/}�*J�L�� '*J*)X/0QQR�L,_*+��*'�/}�ËR�LC~nK.?,_	/
O�/2<,)RJ�LKW,LI-01KÑ0-�[	J�LKW,L!1ÁQ�/�O�/0J*'�R�L,_*;�P�?Kt%)_K.L=LÁQ@[	'*J�?Á)�r J�?�O�LKO�/0J*)�r

S2 = T2L + U − λ, S3 = T1R + U − λ

R�L�cBLÁQVO
;�_	?KO

α2 = α1 +
T2L − T1L

T2R − T1L

(α4 − α1); Ï í�Ð ä�ï\Ñ

δ2 = δ1 +
T2L − T1L

T2R − T1L

(δ4 − δ1);

α3 = α1 +
T1R − T1L

T2R − T1L

(α4 − α1); Ï í�Ð ä	ä)Ñ

δ3 = δ1 +
T1R − T1L

T2R − T1L

(δ4 − δ1).
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Ó4$âg�k
SuU=HI

?�+
<Êb/�O�?!

1Kr|P*'�<�_	/0J*'4+ñ
?Á->'VO
;�)0?q

R�L
7�L,_�JQ�*;

^L ø 2 * < ý ûú , ù ø üú - * 1ú 23 + *4 5 N 5ù ü T3 �M ÷øùú ûú üý þ � þ � N4 5, 5 .< ý ûú , ù ø üú -OH � OH � OH � OH ��

TiL P TiR 13h27m42s.62 13h34m07s.25 13h49m18s.75 13h55m53s.75

71Q � ü� 2 5 2ø ü+ ý4 / 5L 5Q :ø üú -Tø ü+ / * N 5ù ü T * ûø / ø 1 .ú , , ø@ + 5/�

U 1m10s.421 1m10s.421 1m10s.421 1m10s.421

� 54 / *< @ *L / 5 ü 5 2ø + / * ü *, / ø : üú 62 5 2ø ü+ ü * .ù9 :ø üú -	

Si 13h28m53s.041 13h35m17s.671 13h50m29s.171 13h57m04s.171 Si = Ti + U


αi 11h23m43s.67 11h23m44s.63 11h23m46s.90 11h23m47s.88

÷ú :ú 2 ý ø @ 5 5/ :ú ü *+ ý Tø ü+ / * N 5ù ü T *�

δi 3◦54′34′′.5 3◦54′28′′.4 3◦54′13′′.9 3◦54′07′′.6 ü * 2 5 2ø ü+ ý ü * .ù9 :ø üú 6�

ti 2h05m09s.371 2h11m33s.041 2h26m42s.271 2h33m16s.291 ti = Si − αi�

sin ti

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

cos ti

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

mi

� � � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � � 
 mi = ctgδi secϕ

W secϕ = 1.996522� �

ni

� � � �� � 
 	 � � � � � � � 
 � � � 	 � � � � � � � 	 	 	 � � ni = ctgδitgϕ

W tgϕ = 1.728034� �

tgAi

�
� � 	� � 
 � �
� �� 	 � � � �
� � � 
 � � � �
� � � � 
 � � tgAi = − mi sin ti
1−ni cos ti� �

Ai 36◦21′44′′.20 38◦05′46′′.95 42◦08′42′′.55 43◦52′22′′.58

�1ú 23 + ý *, + / 5 ü 5 2ú ûø, @ ú ø � ÷ ý . 5/ûø + < ø / +ú 4 5 _ 5/ 23ù * 2 A � � C B A � � C� 	

sinAi

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


cos δi

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

sin zi

�
� � � 	 � 
 
 �
� � �� � 	 � �
� � � � �� � �
� � � � � � � sinzi = sin ti

sinAi
cos δi� �

zi 60◦55′′ 60◦24′′ 60◦38′′ 60◦12′′� �

zL

W zR 61◦09′.5 62◦55′.0 zL = 1
2
(z1L + z2L); zR = 1

2
(z1R + z2R)� �

csc zL

W csc zR

� � � 
 � � � � � � 	 �� �

p

� � � � 
� p = csc zL + csc zR� �

q

� � � � � � q = 1
2
(csc zL − csc zR)

´�
ôØõ
µ
´



^L ø 2 * < ý ûú , ù ø üú - * 1ú 23 + *4 5 N 5ù ü T3 A4 / 5 : 5ù Q ø üú ø C �M ÷øùú ûú üý þ � þ � N4 5, 5 .< ý ûú , ù ø üú -OH � OH � OH � OH �� � þ �′
i

W þ �′
i 36◦21′02′′.75 38◦05′01′′.25 222◦16′09′′.00 223◦59′50′′.00

71Q � ü� 5+ , û S+ ý 0 5/ú 1 5 ü+ *ù; ü 50 5@ / 3 0 *4 /ú ü * .ù9 :ø üú ú N 5ù ü T *� �

bi −5′′.27 −1′′.26 −0′′.55 1′′.18

71Q � ü�� 	

∆bi −2′′.93 −0′′.68 −0′′.28 0′′.60 ∆bi = bictgzi� 


L′
i

W R′
i 36◦20′59′′.82 38◦05′00′′.57 222◦16′08′′.72 223◦59′50′′.60 L′

i =

þ �′ + ∆bi; R′
i =

þ �′ + ∆bi� �

Ai 36◦21′44′′.20 38◦05′46′′.95 42◦08′42′′.55 43◦52′22′′.58 4 ø / ø4 ú , *+;��

MiL

W MiR −44′′.38 −46′′.38 7′26′′.17 7′28′′.02 MiL = L′
i −AiL; MiR = R′

i −AiR� �

ML

W MR −45′′.38 7′27′′.10�� þ �

i

W þ �

i 325◦26′29′′.25 325◦26′29′′.50 145◦33′41′′.50 145◦33′39′′.75

71Q � ü� 5+ , û S+ ý 0 5/ú 1 5 ü+ *ù; ü 50 5@ / 3 0 *4 /ú ü *< ø :ø üú ú ü *4 / ø : 2ø +� �

L P R 325◦26′29′′.38 145◦33′40′′.63 L = 1
2
(1 + 2); R = 1

2
(1 + 2)	 �

c1 −3′35′′.62 c1 = L−(R±180◦)
2	 �

c2 −3′37′′.44 c2 = ML−MR

p	 �

c −3′36′′.53 ∆c = 1′′.82 c = 1
2
(c1 + c2); ∆c = c1 − c2	 	

MS 3′22′.85 MS = ML+MR

2
− qc	 


a 325◦26′42′′.16 a = L+[R±180◦]
2

−MS

´#
ôØõÉÆÇ´
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�.$âg SuU=Hn'Q��R*Q*'*JQ�*'QRÇL�R*Q�/	[�/�_	/0J*'4+�[�L,_fW,LÁ)�r

FB;=<,)�eÇL}[	J�LKO
; 'G)XLKO
;�nI/�cÅ'*->'QP�/2<,KCLKO
;�O�LKO�/0J*)R;\1ÁQ�/�O�/0J*'�<>L=LÁ)�T
1=/0)X<,)X1Á;=/0)�O�LKO�/0J*)

S
->1KÑ0-�[	J�LKW,LU1ÁQ�/�O�/0J*'O1U9�Q*'4J�1Á'QP�/%'

Sλ
�¨O�LKO�/0J*)

O�/2<,)RJ�LKW,L_-01KÑ0-�[	J�LKW,LI1ÁQ�/�O�/0J*'�$*#Sl,)XLKO <�_�;�P�?=/�[V_*+�[�L,_fW,LÁ)�r
λ
O�/2<,)0?

J�?KU,_ft{[�/0J*'4+ 'VO�/2/�O
λ = Sλ − S. Ï ï�Ðæã+Ñ

#¦cBLÁQVO
;�_	/�X��.$âg�\
Sλ = T + U, Ï ï�Ð.ç\Ñ

W�[�/
T
��R�LÁK.?Á-0?ÁJ*'�/PQ�?KU=L�P�/�W,LÂb.Q�LÁJ�LKO�/0)RQ�?43

U
�O/�W,L>R�L�R*Q�?=1ÁKC?4$

5B-�cBLÁQVO
;�_þX��.$âg�\I'ùX��.$ÒkF\I<�_	/	[	;=/0)>3]P*)XL`[V_*+ 1Kr|P*'�<�_	/0J*'4+v[�L,_fW,L�T
)�r J*;@nîJ�L Q�/�~n'*)�eÄ[�1=/ -0?�[�?�P*'�¸�L�R*Q�/	[�/�_�'*)�eËO�LKO
/0J*)

S
R�LË~nK.?,_	/

W}Q*'*J�1Á'QP�<,K.LKW,L -01KÑ0-�[	J�LKW,L 1ÁQ�/�O�/0J*' ' J�?��*)R'�R*L�R*Q�?=1ÁK*;
U
O�/2<,)RJVrsb

P�?=<>L=14$CFP/0Q�1=?�+!'*-#l})X'ZbO-0?�[�?�P Q�/�~I?=/0)X<�+O<^R�LKO�L=H>eKt¹R*Q*'VÑ�O�?UQ�?�[	'�L�T
<,'VW}J�?,_	L=1!)XL�P*J�LKW,Lî1ÁQ�/�O�/0J*'�3	?î1Á)�LÁQ*?�+¼T{R�L=<,Q*/	[�<,)X1=LKO ?=<,)RQ�LÁJ�LKO
'QP�/	T
<,K*'9b�J�?KU,_fts[�/0J*'Q��$²Ss[	J*'VO '*-�J�?Á'VU=L,_	/2/�Q�?=<	R*Q�L=<,)RQ�?ÁJVÑ0J*JVrsbpO�/0)XL}[�L=1
L�R*Q�/	[�/�_	/0J*'4+�R�L�R*Q�?=1ÁK*'`P�?=<>L=1g'*-îJ�?KU,_Vts[�/0J*'Q��+C1,_*+C/0)X<�+`O�/0)XL}[ <>L�T
LÁ)X1=/0)X<,)X1=/0J*JVrsbñ1Krþ<>LÁ)>3QR*Q�/	[V_	L�nI/0J*JVr|�d�6$gfI$:YB'*JVW,/0Q�LKO ô $
�.$Òk FBQ*'*JQ�*'QR Q�?=1ÁJVrsbñ1Krþ<>LÁ)

FBQ�/	[fR�L,_	L�nî'VO 3 P*)XLd[�1=/O-01=/0-�[�r <îK.L=LÁQF[	'*J�?Á)2?KO
'
α1

3
δ1

'
α2

3
δ2O�L�nîJ�LíJ�?KU,_ft{[�?Á)�eíJ�?GL}[	'*J�?ÁKCL=1=LKO -0/0J*'*)RJ�LKO Q�?=<><,)XLª+.J*'*'

z
1`O�L�T

O�/0J*)�r
T1

'
T2
R�LnQ�?KU=L�P�/�O
;qb.Q�LÁJ�LKO�/0)RQ*;Á$*5B-Å<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'9b�R�?�T

Q�?,_Q_	?ÁK*)R'QP�/2<,K*'9b )RQ�/0;�W,L,_feÁJ*'*K.L=1óX�Q*'�<�$æ�.$âg�\('VO�/2/�O

cos z = sinϕ sin δ1 + cosϕ cos t1 cos δ1, Ï ï�Ð ë)Ñ
cos z = sinϕ sin δ2 + cosϕ cos t2 cos δ2, Ï ï�Ð í�Ñ

W�[�/
ϕ
T�~n'*Q�LÁ)2?qO�/2<,)0?6J�?KU,_ft{[�/0J*'4+ÄX�<	P4'*)2?=/0)X<�+g'4-01=/2<,)RJ�L��$\��

t1 = T1 + U − α1, Ï ï�Ð.ï\Ñh �
©R°0´�·X®6�ih"°0´}¹�·X�s¹}©Rï_÷
©R  ½ �s¦ º�û 
 ý>ù��Ýû � û 
 ¿ä�ä¦ª¯>¾x¾�°R©��U®�¾�¢�¦R´} R´}­�± ½ �s´s¥��x¡s©X¾�¢ö©°0®�¦R¢�´ ½ ¦R®�¨�±�ïª·X�s 2�§°0´}¦R¦R��¾�³R´} ª¥��s R¢ 

�s¢��s¦R¼�¯2¦ ½ ¾�°0´��_��� º�û � ú}ú>¿À«C�Î°0´} RïR©ª·I¹Uû 
 �}ü
½ « ��¦R¢�©ª·R·X�s¦R©��X¾�°ª¯��G®�°0®�¥��s­	©��j±²¹Bû 
	� ú ½ «�����°0®�¥��s­	©�� �}�s R�s¦R®�·��} R´ ½ ´{¸�¢s®�¼}®0«²�û 
	� ù��Ýû 
�
 ü ½�½ «Ã¦R®�¼}´}¢s®�·B¹þ
"¯�·X°0´}¹,¾�°0´�� ´}¼,¾��s¦R¹}®�¢�´}¦X©R©²±�¾Äû 
�
 ý ½ «R��³R¦R´,¨
��¾x¾�´}¦ ��°0®��¥��s­	©R©Ä�,�s R�s¦R®�·��} R´ ½ ´�¸�¢s®�¼}®�©�³R¦R´,¨
��¾x¾�´}¦ÄôU´}¦X¾�°0´�� �
©R°0´�·X®��s¹,¾�°0´��Ä®�°0®�¥��s­	©R©²«0�û 
	� ý ½ «�³R¦R��¥X·�´-�þ©ª·P¾�³R´,¾�´}¼ ´}³R¦R��¥��x·X�s R©ªò ³X´}³R¦R®�¹}°R©ÅïR®�¾�´}¹ ©ª¡j R®�¼�·���¥��s R©�� ¥�¹�¯}�¡s¹kjx¡�¥Å R®�¦R®�¹} R£�� ¹}£ä¾�´}¢s®��Á±R°0´}¢�´}¦R£+� ³R´�·R¯2ïR©R·Å R®�¡s¹}®� R©R�ml�­	�s¢�´s¥Å³R®�¦Å÷
©R  ½ �s¦R® l�«

´�ôØõ;ÙÖ´



�j'�<�$C�.$âgK¸�FP?ÁQ�?,_Q_	?ÁK4)X'9P�/2<,K*'Q� )RQ�/0;�W,L,_feÁJ*'*K

t2 = T2 + U − α2, Ï ï�Ð ä)Ñ
U
��R�L�R*Q�?=1ÁK.?¨b.Q�LÁJ�LKO�/0)RQ�?4$
5B-P1Kr Q�?,nI/0J*'Q�oX��.$æj@\W'�X��.$éÓ�\WJ�?,b²L�[	'VO ;�Q�?=1ÁJ�/0J*'�/

sinϕ sin δ1 + cosϕ cos δ1 cos t1 = sinϕ sin δ2 + cosϕ cos δ2 cos t2,Ï ï�Ð.ê\ÑQ�/�~I?�+íK.LÁ)XLÁQ�L=/�O�L�nîJ�L R�L,_�;�P*'*)�e '�<,KCLKO
;�t�R�L�R*Q�?=1ÁK*;
U
$äFBQ*'k)XLKO

[�L�R*;=<,KC?=/0)X<�+�R*Q�/	[fR�L,_	L�nI/0J*'�/=3@P*)XL�-0?�'*J*)X/0Q�1=?,_ 1ÁQ�/�O�/0J*'�O�/�nq[	;IJ�?�T
U,_ft{[�/0J*'4+ZO
' [�1Á;@b -01KÑ0-�[�R�L�R*Q�?=1ÁKC?¨b.Q�LÁJ�LKO�/0)RQ�?

U
J�/hO�/0J4+C/0)X<�+�$

�.$æj �P?Á'9_�;�PQ~n'�/P;=<�_	L=1Á'4+ñJ�?KU,_ft{[�/0J*'Q�

#{rÄ+C<,J*'VO 3�K.?ÁKíJ*;@nîJ�L�R*Q�LÁ'*-01=L�[	'*)�e J�?KU,_ft{[�/0J*'4+�3¥P*)XLKUKr LK~n'VUÁK*'
O�LKO�/0J*)XL=1�Q�/�W}'�<,)RQ�?��*'*'

∆T1
'

∆T2
R*Q�L�b²L�nq[�/0J*'4+!-01KÑ0-�[ P�/0Q�/0- L}[	'*J

'I)XLÁ)xnI/þ?,_feKO
;�K.?ÁJ*)0?ÁQ�?Á)>3Á? )2?ÁK9nI/ LK~n'VUÁKC?
∆ϕ

R*Q*'*J4+.)XLKW,L ->J�?�P�/0J*'4+
~n'*Q�LÁ)�r J�?Á'VO�/0JVeK~n'VOkLKUÁQ�?Á-0LKOk<,K.?Á-0?,_�'�<�e�J�?�L�R*Q�/	[�/�_	/0J*'*'�R�L�R*Q�?=1�T
K*'SP�?=<>L=1

U
$ 7 l,)XL�����/�_feKtU3W<	P*'*)0?�+ KCL=LÁQF[	'*J�?Á)�r ->1KÑ0-�[ -0?=1=/	[�LKO�L

)XL�P*JVr·O
'�3+R*Q�L}[	'Vc�cB/0Q�/0JQ�*'*Q*;²/�O 1Kr Q�?,nI/0J*'4+»X��.$æj@\%'SX��.$éÓ�\^R�L
ϕ
3
t1'

t2
$Vw�?KO�/0J4+�+�[	'Vc�cB/0Q�/0JQ�*'�?,_fr K.LÁJ�/}P*JVr·O
' R*Q*'4Q�?=HI/0J*'4+ZO
'�39R�L,_�;FT

P*'VO

(cosϕ sin δ1 − sinϕ cos δ1 cos t1)∆ϕ− cosϕ cos δ1 sin t1∆t1 =

= (cosϕ sin δ2 − sinϕ cos δ2 cos t2)∆ϕ− cosϕ cos δ2 sin t2∆t2.Ï ï�Ð å)Ñ
´#ôØõ ð ´



5B-�R�?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,KCLKW,LI)RQ�/0;�W,L,_feÁJ*'*K.?dX�Q*'�<�$$�.$âg�\W'VO�/2/�O

− sin z cosA = sin δ cosϕ− cos δ sinϕ cos t, Ï ï�Ð î)Ñ
sin z cosA = cos δ sin t. Ï ï�ÐæãÊè)Ñ

@BQ�LKO�/B)XLKW,L434'*-�X��.$Ò�F\W'�X��.$æ°@\(<�_	/	[	;=/0)�¸

∆t1 = ∆T1 + ∆U, Ï ï�Ðæã	ã+Ñ
∆t2 = ∆T2 + ∆U, Ï ï�Ðæã�ç\Ñ

W�[�/
∆U

� LK~n'VUÁK.?öL�R*Q*/	[�/�_	/0J*'4+#R�L�R*Q�?=1ÁK*'£P�?=<>L=14$ª5B-jQ�?=1=/0J�<,)X1=?hX��.$æ§@\
R*Q*' ;�PVÑ0)X/�X��.$æi@\�T�X��.$âg�kF\�R�L,_�;�P�?=/�O|¸

(cosA1 − cosA2)∆ϕ+ (sinA1 − sinA2) cosϕ∆U =

= (sinA2∆T2 − sinA1∆T1) cosϕ, Ï ï�ÐæãÊë)Ñ
LÁ)RK*;�[�?

∆U =
sinA2∆T2 − sinA1∆T1

sinA1 − sinA2

+
cosA2 − cosA1

sinA1 − sinA2

secϕ∆ϕ. Ï ï�Ðæã�í�Ñ
5B- l,)XL��vcBLÁQVO
;�_fr 1Á'Z[	J�L43'P*)XL\LK~n'VUÁK.?

∆U
UÁ;�[�/0)óO
'*J*'VO�?,_feÁJ�?43

/2<�_�'Ç1Kr|R�L,_�J4+C/0)X<�+ñ;=<�_	L=1Á'�/

A1 = 360◦ −A2. Ï ï�Ðæã�ï\Ñ
FBQ*' l,)XLKO LK~n'VUÁK.?

∆U
J�/ -0?=1Á'�<,'*)ULÁ)

∆ϕ
'ñL�R*Q�/	[�/�_*+C/0)X<�+ 1Kr Q�?,n6/	T

J*'�/�O

∆U = −1

2
(∆T1 + ∆T2). Ï ï�ÐæãÊä)Ñ

�P/2LKU�b²L�[	'VO�LPLÁ)�O�/0)R'*)�e43FP*)XLPJ�?,_	L�n6/0J*JVrþ/ö;=<�_	L=1Á'4+
A1 = 360◦ −A2

'
z1 = z2

R*Q*'�1=L}[�+.)BKO)XLKO
;Á3�P*)XLU<,K9_	LÁJ�/0J*'4+>[�1Á;@b!-01KÑ0-�[�[�L,_QnîJVrSUKr )�e
L}[	'*J�?ÁK.L=1Kr·O
'�$�M_/}��<,)X1Á'*)X/�_feÁJ�L43ä'*-î<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'9bÄR�?ÁQ�?,_Q_	?ÁK*)R'ZT
P�/2<,K*'9b )RQ�/0;�W,L,_feÁJ*'*KCL=1I'VO�/2/�O

cos δ1 sin t1 = sin z1 sinA1, Ï ï�Ðæã�ê\Ñ
cos δ2 sin t2 = sin z2 sinA2. Ï ï�ÐæãÊå)Ñ

V�?ÁKgK.?ÁK '*-B;=<�_	L=1Á'4+`X��.$âg��F\(<�_	/	[	;=/0)nQ�?=1=/0J�<,)X1=L

t1 = 360◦ − t2, Ï ï�ÐæãÊî)Ñ
´�ô;ôØõÖ´



)XL43*Q�?Á-�[�/�_�'�1óX��.$âg�¢K\WJ�?dX��.$âg�§@\�3*J�?,b²L}[	'VO

cos δ1

cos δ2

=
sinA1

sin(360◦ −A1)
· sin t2

sin(360◦ − t2)
= 1, Ï ï�Ð.ç�è)Ñ

LÁ)RK*;�[�?qR�L,_�;�P�?=/�O
δ1 = δ2. Ï ï�Ð.ç�ã+Ñ

FPL,_�;�P�/0J*JVrþ/í;=<�_	L=1Á'4+�[V_*+ J�?Á'9_�;�PV~n'9b J�?KU,_ft{[�/0J*'Q� J�?ËR*Q�?ÁK*)R'*KC/
Q�/2?,_�'*-0L=1=?Á)�e 1=/2<�eKO�? )RQ*;}[	J�L43�R�L=<,K.L,_feÁK*;P+.Q*K*'9bU-01KÑ0-�[ä3ÁK.LÁ)XLÁQVrþ/Ä'VO�/	T
_�'¦UKr Q�?=1ÁJVrþ/\<,K9_	LÁJ�/0J*'4+ J�/íL�P�/0JVeËO
J*LKW,L4$�FPLKl,)XLKO
;»R*Q*'9b L}[	'*)X<�+
R�L}[�UÁ'*Q�?Á)�e6-01KÑ0-�[fr <#R*Q*'VU,_�'*->'*)X/�_feÁJ�L6Q�?=1ÁJVr·O
' <,K9_	LÁJ�/0J*'4+ZO
'�$
#{rþ1=L}[�r#¸
g=$�Mh_*+ L�R*Q�/	[�/�_	/0J*'4+�R�L�R*Q�?=1ÁK*'�b.Q�LÁJ�LKO�/0)RQ�?¹X�L�R*Q�/	[�/�_	/0J*'4+�O�/2<,)�T
J�LKW,LP-01KÑ0-�[	J�LKW,L_1ÁQ*/�O�/0J*'$\"J�/2LKU�b²L}[	'VO�L�J�?KU,_ft{[�?Á)�ehR4Q�L�b²L�nq[�/0J*'�/
[�1Á;@b -01KÑ0-�[_<IR*Q*'VU,_�'*->'*)X/�_feÁJ*LþQ�?=1ÁJVr·O
'B<,K9_	LÁJ�/0J*'4+ZO
'£P�/0Q�/0-�L}[	'*J
' )XLÁ)vnI/ ?,_feKO
;�KC?ÁJ*)0?ÁQ�?Á) 1 1=L=<,)XL�P*J�L�� ' -0?�R�?�[	J�L�� <,)XLÁQ�LÁJ�?,b
J�/�U=?4$

k.$*V�?ÁKgK.?ÁK
∆T1

'
∆T2

1�cBLÁQQO
;�_	/�X��.$âg�°@\(/2<,)�e!<�_�;�P�?��*JVrþ/�LK~n'VUÁK*'
Q�/�W}'�<,)RQ�?��*'*'dO�LKO�/0J*)XL=1¨R*Q�L�b²L�nq[�/0J*'4+ -01KÑ0-�[�P�/0Q�/0-PL}[	'*J ?,_feKO
;FT
K.?ÁJ*)0?ÁQ�?Á)>3()XL`[V_*+ ;.1=/�_�'QP�/0J*'4+ )XL�P*J�L=<,)R' <�_	/	[	;²/0)`R*Q�LÁ'*->1=L�[	'*)�e
J�?KU,_ft{[�/0J*'4+ J�?íJ�/2<,K.L,_feÁK*'9b ?,_feKO
;�K.?ÁJ*)2?ÁQ�?Á)0?,b�3")XL�/2<,)�eíJ�?\J�/	T
<,K.L,_feÁK*'9boW,LÁQ*'*-0LÁJ*)0?,_feÁJVrsbGJ*'*),+�b�3'R�L=<�_	/�P�/�W,LdR*Q*'�1=L�[	'4),eÇ'9bGK
L}[	J�LKO
;_K*Q*;�W};61Krþ<>LÁ)�rÅ3 1Kr|P*'�<�_*+�+!<,Q�/	[	J*'Q��O�LKO�/0J*) '*-{1=<>/�b>R*Q�L�T
b²L�nq[�/0J*'Q�dP�/0Q�/0-£W,LÁQ*'*-0LÁJ*)0?,_feÁJVrþ/BJ*'*)R'�$

Mh_*+ËR*Q�LÁ'*-01=L}[�<,)X1=?íJ�?KU,_ft{[�/0J*'Q�vR�L�[�LKUÁQ�?ÁJQr <	R�/}�*'�?,_feÁJVrþ/�R�?ÁQVr
-01KÑ0-�[�X;R�?ÁQVr YB'*JVW,/0Q�?�\ö'�<>L=<,)0?=1,_	/0JVr '9b�l	cB/�O�/0Q*'Z[�rÅ$Î#Ðl,)R'9b�l�cB/	T
O�/0Q*'Z[�?,b ;�K.?Á-}rþ1=?Kt%)X<�+$¸

g=$
N
TjJ�LKO�/0Q�R�?ÁQVr¯�

k.$
S
TW<,Q�/	[	J�/2/B1ÁQ�/�O"+ J�?KU,_ft{[�/0J*'4+O-01KÑ0-�[óR�?ÁQVrúX�J�?KU,_Vts[�/0J*'4+OK.?,nqT

[�L��g-01=/0-�[�rÏR4Q�LÁ'*-01=L�[	'*)X<�+g1�O
LKO�/0J*)�r
S ± 2.m5

\��
jC$
z
T	-0/0J*'*)RJ�L=/jQ�?=<><})�L2+.J*'�/=3ª<>L=LÁ)X1=/0)X<,)X1Á;�t HI/2/�?,_feKO
;�K.?ÁJ*)2?ÁQ�?Á)R; <,Q�/	[QT

J�/}�dW,LÁQ*'*-0LÁJ*)2?,_feÁJ�L�� _�'*J*'*' '*J�<,)RQ*;�O�/0J*)0?��
Ó4$
AW , AE

T(?Á->'VO
;�)�r -0?�R�?�[	J�L��Ç' 1=L=<,)XL�P*J�L��Ç-01KÑ0-�[\1�O�LKO�/0J*)�r '9b
R*Q�L�b²L�nq[�/0J*'4+�P�/0Q�/0-PLKU=Hn'Q�gK*Q*;�WÅ1Krþ<>LÁ)�rÅ$

´#ô;ô;ôø´



�.$éÓ #{r|P*'�<�_	/0J*'�/hR�L�R*Q�?=1ÁK*'�P�?=<>L=1

#m[�?,_feÁJ�/}�V~I/�OvUÁ;�[�/�O <,J�?KU�nI?Á)�en'*JZ[�/0K.<>?KO
'on '�­¹Xpn ����� '�­.�(����\
1=<>/s[�?ÁJ*JVrþ/|[V_*+n-01KÑ0-�[ä3FR�/0Q�/2<>/0K.?Kt Hn'9b_K*Q*;�WÄQ�?=1ÁJVrsbI1Krþ<>LÁ) <>L=LÁ)X1=/0)�T
<,)X1=/0J*J�Lþ1 -0?�R�?�[	J�L��B'�1=L=<,)XL�P*J�L���P�?=<,),+�bÅJ�/�U=?4$�w�?�R*'V~I/�O <�_	/	[	;�t Hn'*/
1Kr Q�?,nI/0J*'4+�[V_*+ P�?=<>L=1Krsb ;�W-_	L=19¸

tW = TW + U − αW , Ï ï�Ð.ç	ç\Ñ
tE = αE − (TE + U). Ï ï�Ð.ç�ë)Ñ

#{r|P*'*)0?�+`X��.$Òk�j@\W'*-�X��.$ÒkKkF\�39R�L,_�;�P�?=/�O

tW − tE = TW + TE − (αW + αE) + 2U, Ï ï�Ð.ç6í�Ñ
LÁ)RK*;}[�?

U =
1

2
(αW + αE) − 1

2
(TW + TE) +

1

2
(tW − tE). Ï ï�Ð.ç	ï\Ñ

#�1(�	[�Ñ�OELKU=LÁ->J�?�P�/0J*'4+$¸

α =
1

2
(αW + αE); δ =

1

2
(δW + δE); Ï ï�Ð.ç�ä)Ñ

t =
1

2
(tW + tE); r =

1

2
(tW − tE), Ï ï�Ð.ç	ê\Ñ

ε =
1

2
(δW − δE); β =

1

2
(αE − αW ). Ï ï�Ð.ç�å)Ñ

7 ;�PVÑ0)XLKOËl,)R'9bOLKU=LÁ->J�?�P�/0J*'Q��R�/0Q�/}R*'V~I/�OSX��.$ÒkK�F\"1U<�_	/	[	;�t HI/�O 1Á'Z[�/K¸

U = α− 1

2
(TW + TE) + r. Ï ï�Ð ç�î)Ñ

S·P�/21Á'Z[	J�L43]P*)XL
r = 0

R*Q*'
δW = δE

$ Ì )2? 1=/�_�'QP*'*J�? J*?Á-}rþ1=?=/0)�<�+
R*Q*'�1=/	[�/0J*'�/�O $4SþJ�?_1=LÁ->J*'*K.?=/0)B'*-�TÀ-0?_Q�?Á-	_�'QP*'4+O<,K9_	LÁJ�/0J*'Q� -01KÑ0-�[�R�?�T
QVrÅ$�FPL,_�;�P*'VO�cBLÁQVO
;�_�;Â[V_*+!/�Ñ%1Kr|P*'�<�_	/0J*'4+�$²Mh_*+�l,)XLKW,LhR�/0Q�/}R*'Q~I/�O
L=<,J�L=1ÁJ�L=/î;�Q�?=1ÁJ�/0J*'�/CX��.$Å¢K\zR*Q*'*JQ�*'QR�? Q�?=1ÁJVrsbG1Krþ<>LÁ)g1Ç<�_	/	[	;�t HI/�O
1Á'Z[�/K¸

sinϕ sin δE + cosϕ cos δE cos tE = sinϕ sin δW + cosϕ cos δW cos tW .Ï ï�Ð ë	è)ÑFBQ�L=1=/	[�+ J�/2LKU�b²L}[	'VOMrþ/�R*Q�/2LKUÁQ�?Á-0L=1=?ÁJ*'4+�3*'VO�/2/�O

2 sinϕ cos δ sin ε+ cosϕ(cos δW cos tW − cos δE cos tE) = 0. Ï ï�Ð.ë�ã+Ñ
´�ô;ôÇýÇ´



5B-BQ�?=1=/0J�<,)X1dX��.$Òk�°@\�T�X��.$Òk�§@\�R�L,_�;�P�?=/�O

tW = t+ r; tE = t− r; Ï ï�Ð ë�ç\Ñ
δW = δ + ε; δE = δ − ε. Ï ï�Ð ë	ë)Ñ

FPL}[�<,)2?ÁJ�L=1ÁK.?dX��.$æjFkF\�3 X��.$æjKj@\W1óX��.$æjZg�\�[�?KÑ0)

sinϕ cos δ sin ε−
− cosϕ(cos δ cos ε sin t sin r + sin δ sin ε cos t cos r) = 0 Ï ï�Ð ë�í�Ñ

'9_�'
tgϕtgε

sin t
− sin r − tgδtgε

tgt
cos r = 0. Ï ï�Ð ë�ï\Ñ

FB;=<,)�e
tgδtgε

tgt
= tgm, Ï ï�Ð ë	ä)Ñ

)XLKW�[�?6'*-�X��.$æjF�F\�R�L,_�;�P�?=/�O

tgϕtgε

sin t
cosm = sin r cosm+ cos r sinm = sin(r +m). Ï ï�Ð ë�ê\Ñ

Sþ)X<�t{[�?43VR*L,_	?KW�?�+
tgϕtgε

sin t
cosm = sinn, Ï ï�Ð ë	å)Ñ

J�?��Z[�Ñ�O
sinn = sin(r +m). Ï ï�Ð ë	î)Ñ

V�/}R�/0QVeÂ[V_*+ '�<,K.LKO�L��Ç1=/�_�'QP*'*JVr 'VO�/2/�O

r = n−m. Ï ï�Ð í}è)Ñ
V�?ÁK*'VOGLKUÁQ�?Á-0LKO 3 1=/�_�'QP*'*J�?�R*Q*'�1=/	[�/0J*'4+

r
1Kr|P*'�<�_*+C/0)X<�+qR�LhcBLÁQVO
;FT

_	/CX��.$éÓF�@\�3+W�[�/î1=<	R�LKO�LKW�?Á)X/�_feÁJVrþ/qR�?ÁQ�?KO�/0)RQVr
m

'
n
L�R*Q�/	[�/�_*+Zt%)X<�+

;�Q�?=1ÁJ�/0J*'4+ZO
'�X��.$æjK°@\W'�X��.$æjK§@\�$

�.$Ò� ¿(;�)XL�P*J�?�+g?KU=/0Q*Q�?��*'4+ ' '*-}O�/0J�/0J*'�/PJ�?ÁKZ_	LÁJ�?6)RQ*;�UKr

#�cBLÁQVO
;�_�;ËX��.$Òk�i@\s[V_*+\1Kr|P*'�<�_	/0J*'4+CR�L�R4Q�?=1ÁK*'�P�?=<>L=1 J*;@nîJ�Lñ1=1=/	T
<,)R' /2H>ÑÄR�L�R*Q�?=1ÁK*'�3 ;�P*'*)�rþ1=?Kt Hn'�/í+C1,_	/0J*'4+ <,;�)XL�P*J�L�� ?KU=/0Q4Q�?��*'*'
'�'*-}O�/0J�/0J*'�/IJ�?ÁK9_	LÁJ�? )RQ*;�UKr�R*Q4'ÄR�/0Q�/21=L�[�/n'*J�<,)RQ*;�O�/0J*)2?g<IL�[	J�LKW,L
?Á->'VO
;�)0? J�?`[	Q*;�W,L���$�FPL=<,K.L,_feÁK*; LKU=/Cl,)R'�R*Q*'QP*'*JVr <>1�+.-0?ÁJVr <Ç'*-�T
O�/0J�/0J*'�/�OE1Á'Z[	'VO�LKW,L6-0/0J*'*)RJ�LKW,L6Q�?=<><,)XL2+.J*'4+g-01KÑ0-�[ä3fR�L,_�;�P*'VO <,J�?�P�?�T
_	?xcBLÁQVO
;�_�;Á3X<>1�+.-}rþ1=?Kt Hn;�tvR*Q�L}[�L,_Qnî'*)X/�_feÁJ�L=<,)�e

∆T
R*Q�L�b²L�nq[�/0J*'4+

´#ô;ô32Ö´



-01KÑ0-�[�L��£[	;�W}'
∆z

1=/0Q*)R'*K.?,_	?4$Á7`l,)XL��Â��/�_feKtË[V_*+£R�?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,K.LKW,L
)RQ�/0;�W,L,_feÁJ*'*K.?

Pzσ
X�Q*'�<�$Ò�.$âg�\(J�?�R*'V~I/�O <�_	/	[	;�t Hn'�/�1Kr Q�?,nI/0J*'4+$¸

cos z = sinϕ sin δ + cosϕ cos δ cos t, Ï ï�Ð í,ã+Ñ
sin z sinA = cos δ sin t, Ï ï�Ð í�ç\Ñ

W�[�/
t = T + U − α. Ï ï�Ð í}ë)Ñ

FBQ�L}[	'Vc�cB/0Q�/0JQ�*'*Q*;=/�OSX��.$éÓ9g�\'R�L
z
'
T
3�<	P*'*)0?�+!1=<>/%L=<,)0?,_feÁJVrþ/xR�?ÁQ�?�T

O�/0)RQVr¹R�L=<,)XL2+.J*JVr·O
'�3*'g-0?KO�/0J*'VOy[	'Vc�cB/0Q�/0JQ�*'�?,_fr
dz

'
dT

KCLÁJ�/}PZT
JVr·O
'�R*Q*'*Q�?=HI/0J*'4+ZO
'

∆z
'

∆T
¸

− sin z∆z = − cosϕ cos δ sin t∆T. Ï ï�Ð í	í�Ñ
7 ;�PVÑ0)XLKOÏX��.$éÓ@kF\W'VO�/2/�O

sin z∆z = cosϕ sin z sinA∆T, Ï ï�Ð í�ï\Ñ
LÁ)RK*;}[�?¨[V_*+ñ'*J*)X/0Q�/2<,;�t HI/}�gJ�?=<B1=/�_�'QP*'*JVr

∆T
R�L,_�;�P�?=/�O|¸

∆T =
∆z

cosϕ sinA
. Ï ï�Ð í}ä)Ñ

q N q NRM À@^Wª(]Of(`�¥Of¼£�f*Z)YO[g^Wã�c�Yr� f�T�X�](]Of�ß�bs�
5B-01=/2<,)RJ�L43{P*)XL <,;�)XL�P*J�?�+ ?KU=/0Q*Q�?��*'4+ LÁ)RK9_	LÁJ4+C/0)G'�<,)R'*J*J�L=/ÄO�/2<,)XL

<>1=/0)R'9_	?
σ
J�?61=/�_�'QP*'*J*;

σσ′ = 0.′′32 cosϕ sinσE Ï ï�Ð í�ê\Ñ
1�[�L,_feqU=L,_feK~ILKW,LnK*Q*;�W�?

σE
R�L6J�?�R*Q�?=1,_	/0J*'Vt Kg)XL�P*KC/P1=L=<,)XLÁKC?4$

�P? Q*'�<�$4�.$Òk '*-0LKUÁQ�?,nI/0JVrúR*L,_	L�nI/0J*'4+�3ä<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'�/îJ�?KU,_ftuT
[�/0J*'Vt -01KÑ0-�[ 1n-0?�R�?�[	J�L��ñ'g1=L=<,)XL�P*J�L�� R�L,_	L=1Á'*J�?,bOJ�/�U=/2<,J�L��ñ<�cB/0QVrÅ$
FBQ*'»l,)XLKO

σ
�G'�<,)R'*J*J�L=/ R�L,_	L�nI/0J*'�/ -01KÑ0-�[ä3

σ′ �`R�L,_	L�n6/0J*'4+�3"<�O�/	T
H>Ñ0J*JVrþ/î?KU=/0Q*Q�?��*'�/}��3Î?

σ′′ ��R*Q�L=/0KQ�*'*'oR�L,_	L�nI/0J*'Q� σ′ J�?Ç<>L=LÁ)X1=/0)�T
<,)X1Á;�t Hn'�/O1=/0Q*)R'*K.?,_frÅ3ä)0?ÁK�P*)XL '*-}O�/0J�/0J*'4+�-0/0J*'*)RJ�LKW,L Q�?=<><,)XL2+.J*'4+�3
LKUÁ;=<�_	L=1,_	/0J*JVrþ/ ?KU=/0Q*Q�?��4'�/}��3�Q�?=1ÁJVrm[	;�W�?KO

σσ′′ $*S·P�/21Á'Z[	J�L43�P*)XLÂl,)R'
'*-}O�/0J�/0J*'4+ O�L�nîJ�L>R*Q�/	[�<,)0?=1Á'*)�e!1!1Á'�[�/

∆z = z − z′, Ï ï�Ð í}å)Ñ
W�[�/

z
�U'�<,)R'*J*J�L=/ö-0/0J*'*)RJ�L=/öQ�?=<><,)XL2+.J*'�/=3 ?

z′ �U-0/0J*'*)RJ�L=/öQ�?=<><,)XL2+.J*'�/=3
'�<,K.?,n>Ñ0J*J�L=/G?KU=/0Q*Q�?��*'�/}��$(M£_*+ -0?�R�?�[	J�L�� -01=/0-�[�r

∆z > 0
3þ?Ë[V_*+

´�ô;ôâµ
´



1=L=<,)XL�P*J�L��
∆z < 0

$Ä7]P*'*)2?�+»R*Q +ZO�LÁ;�W,L,_feÁJVr|� )RQ�/0;�W,L,_feÁJ*'*K
σσ′′σ′

R9_	L=<,K*'VO 3*'VO�/2/�O

∆z = z − z′ = σσ′ cos zσσ′ = 0.′′32 cosϕ sinσE cos zσσ′. Ï ï�Ð í}î)Ñ
5B-B)RQ�/0;�W,L,_feÁJ*'*K.?

zσE
J�?,b²L}[	'VO

sinσE cos zσE = cos zE sinσz − sin zE cosσz cosσzE. Ï ï�Ð.ï�è)Ñ
V�?ÁKgK.?ÁK

zE = 90◦ ' σzE = 90◦ +A
3*)�L

sinσE cos zσE = cos z sinA. Ï ï�Ð.ï�ã+Ñ
FPLKl,)XLKO
;

∆z = 0.′′32 cosϕ cos z sinA. Ï ï�Ð.ï	ç\Ñ
7 ;�PVÑ0)XLKOÏX��.$Ò�KkF\(1KO�/2<,)XL�cBLÁQVO
;�_frÎX��.$éÓF°@\�R�L,_�;�P�?=/�O

∆T = 0.′′32 cos z = 0.s021 cos z. Ï ï�Ð.ï�ë)Ñ
T%J�?,_	LKW}'QP*J*L43*'*-£R*Q +ZO�LÁ;�W,L,_feÁJ�LKW,LI)RQ�/0;�W,L,_VeÁJ*'*KC?

σσ′′σ′ <�_	/	[	;²/0)

z − z′ = −∆z = σσ′ sinσ′′σσ′ Ï ï�Ð.ï6í�Ñ
'9_�'

∆z = 0.′′32 cosϕ sinσE cos zσE. Ï ï�Ð.ï	ï\Ñ
5B-P<�cB/0Q*'QP�/2<,K.LKW,L6)RQ�/0;�W,L,_feÁJ*'*KC?

σzE
'VO�/2/�O

sinσE cos zσE = cos z sinA. Ï ï�Ð.ï�ä)Ñ
5B- 1Kr Q�?,nI/0J*'Q�ÏX��.$Ò�K�F\�3ÇX��.$Ò�,°@\P'ÏX��.$éÓF°@\U1ÁJ�L=1Ke�R�L,_�;�P�?=/0)X<�+vcBLÁQVO
;�_	?
X��.$Ò��j@\�$

�j'�<�$C�.$Òk�¸�7(;�)XL�P*J�?�+ñ?KU=/0Q*Q�?��*'4+

´#ô;ôÇÆÇ´



�P/0)RQ*;�[	J�L6;�U=/	[	'*)�e=<�+ñ16)XLKO 39P*)XL6' 1I-0?�R�?�[	J�L�� ' 1!1=L=<,)XL�P*J�L���P�?�T
<,),+�bîJ�/�U=?U<�O�/2H>Ñ0J*J�?�+!?KU=/0Q4Q�?��*'�/}�O-01=/0-�[�?�[�L=<,)R'VW}J�/0)BJ�?KU,_ft{[�Ñ0J*J�LKW,L
-0/0J*'*)RJ�LKW,L Q�?=<><,)XL2+.J*'4+CR�LÁ-	n6/=3$P�/�O 1 )XLKO <�_�;�P�?=/=3�/2<�_�'�UKr ?KU=/0Q*Q�?�T
�*'*'OJ�/ <,;.HI/2<,)X1=L=1=?,_	L4$*7�_	/	[�L=1=?Á)X/�_feÁJ�L43²J�?KU,_fts[�Ñ0J*JQrö/^O�LKO�/0J*)�r

TW'
TE

<�_	/	[	;²/0) ;�O�/0JVeK~n'*)�eíJ�?G1=/�_�'9P*'*J*;
∆T

3
-0?�[�?=1=?=/�O
;�t cBLÁQVO
;FT
_	L���X��.$Ò��j@\�$jFPLKl,)XLKO
;E<dR�L�R*Q�?=1ÁK.L�� -0? ?KU=/0Q*Q�?��*'Vt cBLÁQVO
;�_	?SX��.$Òk�i@\
R*Q*'*J*'VO�?=/0)_<�_	/	[	;�t Hn'Q�Ç1Á'Z[

U = α− 1

2
(TW + TE) + r + δα, Ï ï�Ð.ï	ê\Ñ

W�[�/
δα = 0.s021 cos z. Ï ï�Ð.ï�å)Ñ

q N q NQP À@^Wª(]Of(`�¥Of¼£�f*b�£&e�X\c�X\c�b�X c�f�¥���^Wc�f¿[d]�YOTW�
FBQ�?ÁK*)R'*KC?óR�LÁK.?Á-}rþ1=?=/0)>3)P*)XLÇ;=<,)2?ÁJ�L=1,_	/0J*J*L=/ -0/0J*'*)RJ�L=/OQ�?=<><,)XL2+.J*'�/

)RQ*;�UKrS[V_*+ J�?KU,_fts[�/0J*'4+�R�/0Q�1=L�� -01=/0-�[�r¹R�?ÁQVr YB'*JVW,/0Q�?n'*-}O�/0J4+C/0)X<�+
R*Q*'�R�L=1=LÁQ�LÁ)X/_'*J�<,)RQ*;�O�/0J*)0?g1�R�L,_	L�n6/0J*'�/h[V_*+ J�?KU,_fts[�/0J*'4+ 1Á)XLÁQ�L��
-01=/0-�[�rÅ$ Ì )R' '*-}O�/0J�/0J*'4+ScÅ'*K.<,'*Q*;�t%)X<�+ )0?,_feÁK.LÁ)R)XL=1=<,K*'VO ;�Q�L=1ÁJ�/�O 3
K.LÁ)XLÁQVr|�`nqÑ2<,)RK.LÇ<,K*Q�/}R9_*+C/0)X<�+ <�W,LÁQ*'*-0LÁJ*)2?,_feÁJ�L��kL=<�eKt )RQ*;�UKrÅ$'�"/	T
W}'�<,)RQ*'*Q*;=/�OMrþ/�;�Q�L=1ÁJ�/�O '*-}O�/0J�/0J*'4+ -0/0J*'*)RJ�LKW,L Q�?=<><,)XL2+.J*'4+ )RQ*;�UKr
1Kr|P*'�<�_*+Zt%)X<�+ R�L�cBLÁQVO
;�_	/

∆z = ∆i
τ

2
, Ï ï�Ð.ï�î)Ñ

W�[�/
τ
T¥��/0J�?s[�/�_	/0J*'4+B)0?,_feÁKCLÁ)R)XL=1=<,K.LKW,Lþ;�Q�L=1ÁJ4+�3X?þJ�?ÁK9_	LÁJ*J�L=<,)�e{;�Q�L=1�T

J4+ñ1Kr|P*'�<�_*+C/0)X<�+�R�LqcBLÁQVO
;�_	/

∆i = ±[(
_

+
R
)W − (

_
+
R
)E]. Ï ï�Ð ä	è)Ñ

#yl,)XLKOk1Kr Q�?,nI/0J*'*'>P�/0Q�/0-|_ Ç R!LKU=LÁ->J�?�P�/0JVrE<,;�OMOMrELÁ)X<	PVÑ0)XL=1�_	/21=L�T
W,LI'óR*Q�?=1=LKW,LIK.LÁJQ��L=1qR*;�-}r QVeÁK.?!;�Q�L=1ÁJ4+�[V_*+ñ-0?�R�?�[	J�L�� ' 1=L=<,)XL�P*J�L��
-01=/0-�[�rÅ$CFB;=<,)�eÂR�/0Q�1=L�� 1pR�?ÁQ�/%J�?KU,_fts[�?=/0)X<�+!-0?�R�?�[	J�?�+î-01=/0-�[�?43.K.LÁ)XL�T
Q�?�+dR*Q�L�b L}[	'*)�O�?,_fr|� K*Q*;�W

z = zW
1�O�LKO�/0J*)

TW
$�FPL=<�_	/ÂR�L=1=LÁQ�LÁ)0?

'*J�<,)RQ*;�O�/0J*)0?P)RQ*;�U=?P-0?��VOMÑ0)zR�L,_	L�nI/0J*'�/
zE

$ FB;=<,)�e£R*Q�L�b²L�nq[�/0J*'�/{1=L�T
<,)XL�P*J�L��Ç-01=/0-�[�r¡P�/0Q�/0-PK*Q*;�W

z = zE
R*Q�LÁ'*-0L��Z[�Ñ0)61�O�LKO�/0J*)

TE
$*Mh_*+

Q�/	[	;�KQ�*'*'�l,)XLKW,L�O�LKO�/0J*)0?îK K*Q4;�W};
z = zW

O�LKO�/0J*)
TE

J�?�[�Lî'�<	R*Q�?�T
1Á'*)�eíLÁ)RQ*'Q��?Á)X/�_feÁJ�L��yR�L�R*Q�?=1ÁK.L��

∆T
3
/2<�_�'

∆z = zE − zW < 0
'

R�L,_	L�nî'*)X/�_feÁJ�L���R�L�R*Q�?=1ÁK.L�� 1pR*Q�LÁ)R'�1=L�R�L,_	L�nîJ�LKO <�_�;�P�?=/qX�Q*'�<�$V�.$æj@\�$

´�ô;ôØÕÖ´



�j'�<�$C�.$æjZ¸*FPLÁQ�+@[�LÁKgJ�?KU,_fts[�/0J*'Q�tn T]­

�j'�<�$C�.$éÓ9¸*FPLÁQ�+@[�LÁKgJ�?KU,_fts[�/0J*'Q�d­ËTun
T%J�?,_	LKW}'QP*J�L43�R*;=<,)�exR�/0Q�1=L���-01=/0-�[�L��_1uR�?ÁQ�/WJ�?KU,_ft{[�?=/0)X<�+B1=L=<,)XL�PZT

J�?�+U-01=/0-�[�?43�K.LÁ)XLÁQ�?�+pR*Q�L�b²L�[	'*)%?,_feKO
;�K.?ÁJ*)0?ÁQ�?Á)
z = zE

1#O�LKO�/0J*)
TE

$
FPL=<�_	/�R�L=1=LÁQ�LÁ)0?U'*J�<,)RQ*;�O�/0J*)0?_)RQ*;�U=?ÂR*Q*'VO�/0)£R�L,_	L�nI/0J*'�/

zW
3C?_1Á)XL�T

Q�?�+í-01=/0-�[�?dR�/0Q�/2<>/}PVÑ0) K*Q*;�W
z = zW

1dO�LKO�/0J*)
TW

$�Mh_*+íQ�/	[	;�KQ�*'*'
l,)XLKW,L O�LKO�/0J*)0? K�?,_feKO
;�KC?ÁJ*)0?ÁQ�?Á)R;

z = zE
O�LKO�/0J*)

TW
<�_	/	[	;²/0)î'�<�T

R*Q�?=1Á'*)�e�R�L,_	L�nî'*)X/�_feÁJ�L��óR�L�R*Q�?=1ÁK.L��
∆T

3�/2<�_�'
∆z = zE − zW > 0' LÁ)RQ*'Q��?Á)X/�_feÁJ�L��¦R�L�R*Q�?=1ÁK.L���3Ä/2<�_�'

∆z < 0
X�Q*'�<�$x�.$éÓ�\�w�J�?�P�/0J*'�/

R�L�R*Q�?=1ÁK*'
∆T

1ÇK.?,nq[�LKO '*-îQ�?=<><�O�LÁ)RQ�/0J*JVrsbG<�_�;�P�?=/¼O�L�nîJ�LdR�L,_*;FT
P*'*)�eG< R�LKO�L=H>eKt cBLÁQVO
;�_fr X��.$éÓF°@\�$�M_/}��<,)X1Á'*)X/�_feÁJ�L43IR�L}[�<,)0?=1,_*+�+ 1
J�/�Ñ�1Kr Q�?,nI/0J*'�/�X��.$Ò��i@\W' ;�P*'*)�rþ1=?�+ ;²<�_	L=1Á'�/�X��.$âg��F\�39R�L,_�;�P�?=/�O

∆T s =
∆iτ ′′

30 cosϕ sinAW

. Ï ï�Ð ä�ã+Ñ
#�1=L}[�+�R�L�R*Q�?=1ÁK*;

∆T s
1gL�[	J�Lñ'*-!<�_	?KW�?=/�OMrsb

TW
'9_�'

TE
cBLÁQVO
;�_fr

X��.$Ò�F¢K\�3�J�?,b²L}[	'VO 1Kr Q�?,n6/0J*'�/¨[Q_*+�R�L�R*Q�?=1ÁK*'Äb.Q�LÁJ�LKO�/0)RQ�?g1 LÁK.LÁJQP�?�T

´#ô;ôÖ×Ø´



�j'�<�$Ë�.$Ò��¸$�"?Á-	_�'QP*JVrþ/ÂR�L,_	L�n6/0J*'4+gJ*;�_*+Ç;�Q�L=1ÁJ4+ LÁ)RJ�L=<,'*)X/�_feÁJ�L LKU�È$T
/0K*)R'�1=?I'*J�<,)RQ*;�O�/0J*)0?

)X/�_feÁJ�LKOE1Á'Z[�/K¸

U = α− 1

2
(TW + TE) + r + δα+ δU, Ï ï�Ð ä�ç\Ñ

W�[�/
δU

T�R�L�R*Q�?=1ÁK.?I-0?6'*-}O�/0J�/0J*'�/PJ�?ÁK9_	LÁJ*J�L=<,)R' )RQ*;�UKrÅ3

δU = ∆i ks cscAW , Ï ï�Ð ä	ë)Ñ
ks =

τ ′′ secϕ

60
. Ï ï�Ð ä�í�Ñ

ìB)XLKUKr 1Krþ1=/2<,)R'SR*Q�?=1Á'9_	L ->J�?ÁKCL=1�R*Q*' 1Kr|P*'�<�_	/0J*'*'
∆i

R�LËcBLÁQZT
O
;�_	/�X��.$æ°F�F\�3äQ�?=<><�O�LÁ)RQ*'VO <,'*)R;=?��*'VtU3�'*-0LKUÁQ�?,n>Ñ0J*J*;�t J�?ÇQ*'�<�$Ò�.$æjC$�#
)XLKO <�_�;�P�?=/=3�KCLKW�[�?

∆z < 0
3$R*Q�?=1Kr|� K.LÁJ�/}� ;�Q�L=1ÁJ4+dR�L=<�_	/ÂR�L=1=LÁQ�LÁ)0?

'*J�<,)RQ*;�O�/0J*)0?íLÁK.?,n6/0)X<�+ 1Kr·~I/�_	/21=LKW,L4$�FBQ*'»l,)XLKO¡[V_*+ 1Kr|P*'�<�_	/0J*'4+
R�L�R*Q�?=1ÁK*'

∆T s
R�L�cBLÁQVO
;�_	/�X��.$æ°Zg�\W'VO�/2/�OÏX�Q*'�<�$$�.$Ò�F\6¸

• ∆i = (
_

+
R
)W − (

_
+
R
)E < 0

3�/2<�_�'�<,)0?ÁQV~I/2/p[�/�_	/0J*'�/n;�Q�L=1ÁJ4+
J�?,b L}[	'*)X<�+g<	R*Q�?=1=?43*)XL!/2<,)�e6)0?KO 3*K*;�[�?6J�?�R*Q�?=1,_	/0J LKU�È�/0K*)R'�1��

• ∆i = (
_

+
R
)E − (

_
+
R
)W < 0

3ä/2<�_�' J*;�_fe ;�Q�L=1ÁJ4+G<	R*Q�?=1=?43Î)XL
/2<,)�e6)2?KO 3*K*;}[�?6J�?�R*Q�?=1,_	/0J LKU�È�/0K*)R'�14$
Ì )XL|nI/MR*Q�?=1Á'9_	L <>L�b.Q�?ÁJ4+C/0)X<�+Å'£R*Q4'�1=<>/�b^[	Q*;�W}'9bÅ<,'*)R;=?��*'4+�b�3ª'*-0LKU�T

Q�?,n>Ñ0J*JVrsb�J�? Q*'�<�$@�.$æj{'��.$éÓ4$�¤zP*'*)�rþ1=?�+U)XL43,P*)XL ->J�?ÁK>R�L�R*Q�?=1ÁK*'
δU

1
cBLÁQVO
;�_	/�X��.$æ°FkF\IR*Q�LÁ)R'�1=L�R�L,_	L�n6/0J ->J�?ÁK*;�R�L�R*Q�?=1ÁK*'

∆T s
3ZR�L,_�;�P�?=/�O 3

P*)XL!1=/�_�'QP*'*J*?
∆i

1Kr|P*'�<�_*+C/0)X<�+�R�LqcBLÁQVO
;�_	/

∆i = ±[(
_

+
R
)W − (

_
+
R
)E], Ï ï�Ð ä�ï\Ñ

´�ô;ôØÙÖ´



W�[�/(->J*?ÁKwv Ç ×{U=/0Q�/0)X<�+P1{)XLKO <�_�;�P�?=/�/2<�_�'_LKU�È�/0K*)R'�1ö)RQ*;�UKr J*?�R*Q�?=1,_	/0J
1 <,)XLÁQ�LÁJ*; J4;�_*+ ;�Q�L=1ÁJ4+�3 ? ->J�?ÁKxvaT�×�3 /2<�_�' LKU�È�/0K*)R'�1 J�?�R*Q�?=1,_	/0J 1
<,)XLÁQ�LÁJ*;ñ<,)0?ÁQV~I/�W,LÂ[�/�_	/0J*'4+ ;�Q�L=1ÁJ4+�$

�.$æ° #{r|P*'�<�_	/0J4'�/�[�L,_fW,LÁ)�r

SuUÁQ�?KU=LÁ)RK.?îQ�/0-,;�_feR)0?Á)XL=1�R*Q4'VÑ�O�?îQ�?�[	'�L=<,'VW}J�?,_	L=1�R�LÁ-01=L,_*+C/0)qR�L,_�;FT
P*'*)�ed[V_*+�O�LKO�/0J*)0?

S
R�LC~nK.?,_	/¼W}Q*'*J�1Á'QP�<,K.LKW,L -01=/0-�[	J�LKW,L 1ÁQ�/�O�/0J4'

L�R�LÁQ*JVr|�óO�LKO�/0J*)
T
R�L6Q�?KU=L�P*'VO�P�?=<>?KO LKU=<>/0Q�1=?Á)XLÁQ*'*'�$�FPL=<,)R;�_�'*Q*;�+

LÁ)X<,;�)X<,)X1Á'�/zb L}[�?UQ�?KU=L�P*'9bqP�?=<>L=143ZO�L�nîJ�LU1Kr|P*'�<�_�'*)�eÂO�/2<,)RJ�L=/%-01=/0-�[QT
J�L=/�1ÁQ*/�O"+

Sλ = T + U, Ï ï�Ð ä	ä)Ñ
W�[�/�P�/0Q�/0-

U
LKU=LÁ->J�?�P�/0J�?¨R�L�R*Q�?=1ÁKC?439R�L,_�;�P�/0J4J�?�+¼R*;�)X/�OEL=<,Q�/	[	J�/0J*'4+

R�L�R*Q�?=1=LÁK
uk

R�L6J�?KU,_ft{[�/0J*'4+ZO -01=/0-�[�R�?ÁQÇYB'*JVW,/0Q�?43

U =
1

n

n
∑

k=1

uk. Ï ï�Ð ä�ê\Ñ
7�_	/	[�L=1=?Á)X/�_feÁJ�L43,J�?KU,_fts[�Ñ0J*J�L=/
->J�?�P�/0J*'�/4[�L,_fW,LÁ)�r�)X/}R�/0QVe|O�L�nîJ�L 1Kr{T
P*'�<�_�'*)�eqR�L�cBLÁQVO
;�_	/

λ y{z"| = Sλ − S. Ï ï�Ð ä	å)Ñ
Sþ)	_�'QP*'�/6J�?KU,_ft{[�Ñ0J*J�L��C[�L,_fW,LÁ)�r LÁ)�R*Q*'*J4+.)XLKW,L�[V_4+�[�?ÁJ*J�LKW,L O�/2<,)0?
l,)0?,_	LÁJ*J�LKW,L6->J�?�P�/0J*'4+

λ }
∆λ = λ } − λ y{z"| Ï ï�Ð ä	î)Ñ

J�?Á-}rþ1=?=/0)X<�+o_�'QP*J�L�� Q�?Á->J�L=<,)�eKtU$ Ì )0?\1=/�_�'QP*'*J�? +C1,_*+C/0)X<�+ <,'�<,)X/�O�?�T
)R'QP�/2<,K.L�� LK~n'VUÁK.L��gJ�?KU,_ft{[�?Á)X/�_*+�$

�.$Å¢ �P?KU,_ft{[�/0J*'�/Å-01KÑ0-�[CR�?ÁQ YB'*JVW,/0Q�?

�"?KU=LÁ)0?#R�LBL�R*Q�/	[�/�_	/0J*'Vt�R�L�R*Q�?=1ÁK*'qP�?=<>L=1z[�L,_fW,LÁ)�rE<>L=<,)XLÁ'*) '*-ö<�_	/	T
[	;�t Hn'9b l,)0?�R�L=19¸
©�$(FBQ*'VÑ�O Q�?�[	'�L=<,'VW}J�?,_	L=1�X;R�L,_�;�P�/0J*'�/ J�?�O�LKO�/0J*)�W}Q*'*J�1Á'QP�<,K.LKW,L

-01KÑ0-�[	J�LKW,L!1ÁQ*/�O�/0J*'
S
LÁ)X<	P�/0)2?

T
R�LIQ�?KU=L�P*'VO»P�?=<>?KO LKU=<>/0Q*1=?Á)�LÁQ4'*'��

©-©�$é�P?KU,_fts[�/0J4'�/P->1KÑ0-�[CR�?ÁQ YB'*JVW,/0Q�?dX °�T�g��¨R�?ÁQ$\��
©-©Ê©�$�SuUÁQ�?KU=LÁ)RKC?Ânî;�Q*J�?,_	?6J�?KU,_ft{[�/0J*'Q���
©«ª_$»#{r|P*'�<�_	/0J4'�/�R�L�R*Q�?=1ÁK*'ÄP�?=<>L=1�R�LñKC?,nq[�L��ÄR�?ÁQ�/6'`R�L,_�;�P�/0J*'�/

LÁK.LÁJQP�?Á)X/�_feÁJ�LKW,LIQ�/0->;�_feR)0?Á)0?4$

´#ô;ô ð ´



q N�~�NRM �@c�Z)[d]�YO¥Oß�b�°I¤)��°Bc�f�T\���¹¤�X\c�b�_,£W`r��£�¤gª�f\]��@b�c�¦pX�]Of
Mh_*+�R*Q�LÁ'*-01=L}[�<,)X1=?þ?=<,)RQ�LÁJ�LKO
'QP�/2<,K*'9b J�?KU,_ft{[�/0J*'Q�BJ�/2LKU�b²L�[	'QO�Lþ1Kr{T
R�L,_�J*'*)�e6<�_	/	[	;�t Hn;�t�R�L=<�_	/	[�L=1=?Á)X/�_feÁJ�L=<,)�e6L�R�/0Q�?��*'Q��¸

• Sþ)RQ�/�W};�_�'*Q�L=1=?Á)�eÄ'*J�<,)RQ*;�O�/0J*)>$ª@P?�P�/2<,)X1=L Q�/�W};�_�'*Q�L=1ÁK*'�R*Q�L=1=/0Q*'*)�e
)2?,_feÁK.LÁ)R)XL=1=<,K*'VO ;�Q�L=1ÁJ�/�O $�# Q�?Á->JVrsbí?Á->'QO
;�)2?,b ;@b²L�[oR*;�-}r QVeÁK.?
J�/#[�L,_QnI/0JdUKr )�e�U=L,_feK~I/hk�T«jp[�/�_	/0J*'Q��$

• ¤j<,)2?ÁJ�L=1Á'*)�eO'*J�<,)RQ*;�O�/0J*)î1�R9_	L=<,K.L=<,)R'�O�/0Q*'Z[	'�?ÁJ�?�X�)XL�P*J�L=<,)�e
1′ \

R�L!FPL,_*+.Q*J�L�� -01=/0-�[�/P'9_�'dR�L6?Á->'VO
;�)R;¼R*Q�/	[�O�/0)0?4$

• FBQ�L=1=/0Q*'*)�eqW,LÁQ*'*-0LÁJ*)2?,_feÁJ�L=<,)�eIJ*'*)X/}��$

• #{r|R�L,_�J*'*)�eîJ�?KU,_ft{[�/0J*'4+d°�T�g��>R�?ÁQ YB'*JVW,/0Q�?4$f�P?KU,_fts[�/0J*'�/PK.?,nqT
[�L��¦R�?ÁQVr R*Q�L=1=/2<,)R' <CR�LKO�L=H>eKt L�R*'�<>?ÁJ*J*L�� J*'Zn6/�R�L=<�_	/	[�L=1=?�T
)X/�_feÁJ�L=<,)R' [�/}��<,)X1Á'Q��¸
g=$41yR�L,_	L�nI/0J*'*' '*J�<,)RQ*;�O�/0J*)0?�vx@£��¤ 9�Yh�
#þS6×í;=<,)2?ÁJ�L=1Á'*)�e J�?
1=/0Q*)R'*K.?,_feÁJ�LKO K*Q*;�W,/%-0/0J*'*)RJ�L=/%Q�?=<><,)XLª+.J*'�/=3@[�?ÁJ*J�L=/ 1pl�cB/�O�/	T
Q*'Z[�/=$

k.$C;=<,)2?ÁJ�L=1Á'*)�e%?Á->'VO
;�) )XL��U-01=/0-�[�r 1xR�?ÁQ�/=3ªK.LÁ)XLÁQ�?�+BJ�?KU,_ft{[�?=/0)X<�+
R�/0Q�1=L���$

jC$C-0?ÁK*Q�/}R*'*)�e6)0?,_feÁK.LÁ)R)XL=1=<,K*'Q� ;�Q�L=1=/0JVeI'Ç1Krþ1=/2<,)R'Ç/�W,L>R*;�-}r QVÑ0K
J�?\<>/0Q�/	[	'*J4;=$
#�L\1ÁQ�/�O"+GJ�?KU,_fts[�/0J*'4+`R�?ÁQVr )0?,_feÁK.LÁ)R)XL=1=<,K*'Q�
;�Q�L=1=/0JVeI)RQ�LKW�?Á)�eIJ�/�_feÁ-,+�$
w�?KO�/}P�?ÁJ*'�/K¸�R*;�J4K*)�ròg�\�3�kF\�3�j@\ J4;@nOJ*L 1Kr|R�L,_�J*'*)�eO-0?¼j�T®��O
'ZT
J*;�)>[�L�l�cB/�O�/0Q*'Z[	J�LKW,LO->J�?�P�/0J*'4+yX�<,Q�/	[�J�/�W,L¼O�LKO�/0J*)0?îJ�?KU,_ftuT
[�/0J*'4+ -01KÑ0-�[�R�?ÁQVr^\

S
$

Ó4$ZR*Q*'ÂR�L2+C1,_	/0J*'*'_-01=/0-�[�r 1^R�L,_	/(->Q�/0J*'4+U<}J4+.)�ezR�LÁK.?Á-0?ÁJ*'4+�)0?,_fe�T
K.LÁ)R)XL=1=<,KCLKW,L ;�Q�L=1ÁJ4+ '¡O
'*K*Q�LKO�/0)RQ�/0J*JQruO 1Á'*J*)XLKO W,LÁQ*'*-0LÁJZT
)0?,_feÁJ�LKW,LIK*Q*;�W�?qR*Q*'�1=/2<,)R' -01=/0-�[	;ñ1qUÁ'�<><>/0K*)XLÁQ�$

�.$C;�[�/0Q@nî'�1=?�+ -01=/0-�[�;vO
'*K*Q�LKO�/0)RQ�/0J*JVr·O 1Á'*J*)XLKO�W,LÁQ*'*-0LÁJ*)0?,_fe�T
J�LKW,L K*Q*;�W�? 1yUÁ'�<><>/0K*)XLÁQ�/=3Ä-0?=<>/}PVeËR�L�b.Q�LÁJ�LKO�/0)RQ*; < )XL�P*J�L�T
<,)�eKtÎ�C$Òk6;�[�?ÁQ�?

(0s.1)
O�LKO�/0J*)�rÐR*Q�L�b²L�nq[�/0J*'4+ -01=/0-�[�rÐP�/0Q�/0-

K.?,nq[	;�tdJ*'*)�eÄX�Q*'�<�$)�.$é°@\�$�FPL=<,KCL,_feÁK*;Ç-01=/0-�[�?¼R�/0Q�/2<>/0KC?=/0)îJ4'ZT
)R'\<�'*J*)X/0Q�1=?,_	LKO

15 − 25s
3�1�nî;�Q*J�?,_	/UJ�?KU,_ft{[�/0J*'Q� ;�[�?KÑ0)X<�+

-0?�R*'�<�rþ1=?Á)�eg)XL,_feÁKCL <,/0K*;�JZ[�rÅ$)ìP?=<�r '�O
'*J*;�)�r LKUª+.-0?Á)X/�_feÁJ�L
[�L,_QnîJVröUKr )�e6-0?�R*'�<>?ÁJQr¹[V_*+¼R�/0Q�1=L��g'dR�L=<�_	/	[	J�/}� J*'*)R'�$

´�ôÇý
õÖ´



�j'�<�$��.$æ°Z¸*FP?ÁQVr -01=/0-�[ YB'*JVW,/0Q�?61>R�L,_	/P->Q�/0J*'4+ñ'*J*<,)RQ*;�O�/0J*)2?

°C$�R�L=<�_	/>R*Q�L�b²L�nq[�/0J*'4+ -01=/0-�[�rþP�/0Q�/0-I1=<>/IJ*'*)R'�->?�R*'�<>?Á)�e R�LÁK.?�T
-0?ÁJ*'�/P)0?,_feÁKCLÁ)R)XL=1=<,K.LKW,LI;�Q�L=1ÁJ4+�$

¢�$.;²<,)0?ÁJ�L=1Á'*)�eñ?Á->'VO
;�) 1Á)XLÁQ�L��\-01=/0-�[�r 1¼R�?ÁQ�/=$�V�?,_feÁKCLÁ)R)XL=1=<,K*'9�
;�Q�L=1=/0JVe6J�/B)RQ�LKW�?Á)�e4$

§C$.J�?KU,_fts[�/0J*'�/P1Á)XLÁQ�L��Ç-01=/0-�[fr¡R*Q�L=1=/2<,)R'Ç)0?ÁKdnI/=3�K.?ÁKÇ'dR�/0Q�1=L��
X;R*;�J*K*)�rúÓ�T«§@\�$»7�_	/	[	;²/0)�R�LKO
J*'*)�e43�P*)XLg1Á)XLÁQ�?�+ -01=/0-�[�?g1 R�?ÁQ�/
R�Lª+C1,_*+C/0)X<�+ 1G)XLKO¶O�/2<,)X/�R�L,_*+E->Q�/0J*'4+�3WK*;�[�?k;�~Â_	?oR�/0Q�1=?�+�3
'�[�1Á'9nI/0)X<�+61hR*Q�LÁ)R'�1=L�R�L,_	L�nîJ�LKOGJ�?�R*Q�?=1,_	/0J*'*'�$ FPLKl,)XLKO
;I-0?�T
R*'�<�e61pnî;�Q*J�?,_	/�O�LKO�/0J*)XL=1pR*Q�L�b²L�nq[�/0J*'4+ 1Á)XLÁQ�L��ñ-01=/0-�[�r¦P�/	T
Q�/0-BJ*'*)R' <�_	/	[	;²/0)h[�/�_	?Á)�e!<,J*'*->;ñ1=1=/0Q@b�$

iC$CLÁ)RK*Q�/}R*'*)�e6)0?,_feÁKCLÁ)R)XL=1=<,K*'Q�g;�Q�L=1=/0JVe4$
�P?yl,)XLKO J�?KU,_ft{[�/0J*'�/\L}[	J�L���R�?ÁQVr -0?ÁK.?ÁJQP*'�1=?=/0)X<�+�$ DkL�nîJ�L
R*Q*'�<,)R;�R*'*)�e!K J�?KU,_ft{[�/0J*'Vt <�_	/	[	;�t HI/}�dR�?ÁQVrÅ$

w�?KO�/}P�?ÁJ*'�/K¸ /2<�_�' J�?KU,_ft{[�?Á)X/�_fe!J�/�;²<	R�/2/0)6LÁ)�O�/0)R'*)�e�O�LKO�/0J*)¨R*Q�L�T
b²L�nq[�/0J*'4+ËP�/0Q�/0-gK.?ÁK*;�tuTÀJ*'VUÁ;�[�eíJ*'*)�e43
)XLG1�nî;�Q*J�?,_	/gJ�?KU,_fts[�/0J*'9�
<,)0?=1Á'*)X<�+�P�/0Q*)0?�'îJ�?KU,_fts[�/0J*'�/öJ�?pl,)XL��OJ*'*)R'�[	Q*;�W,L��O-01=/0-�[�r 1#[�?,_fe�T
J�/}�V~I/�O J�/P'�<	R*L,_feÁ->;²/0)X<�+�$

q N�~�NQP SUT�]¡f�TW^W[g¥Of�� Y&]�c�f���f¿c�f�T\���Î¤�X\c�b�_
g�\U#{r|P*'�<�_*+C/0)X<�+ ->J�?�P�/0J*'4+o_ Ç RË[�L\'vR�L=<�_	/ñJ�?KU,_ft{[�/0J*'Q��$jSuUÁQ�?�T
->;�t%)í<,Q�/	[	J*'�/ 'mR�L,_�;�P�?Kt%)vX
_ Ç R$\ W '¡X
_ Ç R$\ E $]w�?Á)X/�O 1Kr|P*'�<�_*+Zt%)
1=/�_�'QP*'*J*;

∆i
R�L�cBLÁQVO
;�_�/

∆i = ±[
X
_ Ç R$\ W − X
_ Ç R$\ E]. Ï ï�Ð.ê�è)Ñ
´#ôÇý�ôø´



w�J�?ÁKI1Kr·UÁ'*Q�?=/0)X<�+U1 <>L=LÁ)X1=/0)X<,)X1Á'*'6<{R*Q�?=1Á'9_	LKOvX��.$æ°F�F\�3�<,'VO�1=L,_�'QP�/2<,K*'
R*Q�/	[�<,)0?=1,_	/0J*JVr·O J�?6Q*'�<�$$�.$Å¢�$

�j'�<�$��.$Å¢�¸*FBQ�?=1Á'9_	L6L�R*Q�/	[�/�_	/0J*'4+ ->J�?ÁK.?!1�cBLÁQVO
;�_	/Â�.$Å¢,�

kF\BFP/0Q�/21=L}[�+.)g;�[�?ÁQVr 1 <>/0K*;�JZ[�r 'ËR�L,_�;�P�?Kt%)�[V_*+kK.?,nq[�L�� J*'*)R'
1=/�_�'QP*'*JVr

1

2
(TW + TE)i;

1

2
(TW − TE)i. Ï ï�Ð.ê�ã+Ñ

j@\�#{r|P*'�<�_*+Zt%)I<,Q�/	[	J*'�/P->J�?�P�/0J*'4+ O�LKO�/0J*)XL=1

TW =
1

n

n
∑

i=1

T iW ; TE =
1

n

n
∑

i=1

T iE. Ï ï�Ð.ê	ç\Ñ
Ó�\ #{r|P*'�<�_*+Zt%) <,Q�/	[	J*'�/6->J�?�P�/0J*'4+CR�L,_�;²<,;�OMO 'ÄR�L,_�;�Q�?Á->J�L=<,)X/}�oO�L�T
O�/0J*)XL=1

A1 =
1

n

n
∑

i=1

1

2
(TW + TE)i; A2 =

1

n

n
∑

i=1

1

2
(TW − TE)i. Ï ï�Ð.ê�ë)Ñ

�F\ Sö<,;.HI/2<,)X1,_*+Zt%)nK.LÁJ*)RQ�L,_fe!1Kr|P*'�<�_	/0J*'Q��¸

1

2
(TW + TE) = A1;

1

2
(TW − TE) = A2. Ï ï�Ð.ê6í�Ñ

´�ôÇý;ýÇ´



#%$ íë &é ë & '�é (ö êë ç ó ð & í � çë� ê í &� * / * 
 	 �

Z0 = 24◦01
′

S = 20h56m.4 AE = 251◦13
′

(2m.4) AW = 103◦20
′

(3m.9)� / 5< ø ü; 8ú +ú > / 5 ü 5 2ø + / T i
E

� / 5< ø ü; 8ú +ú > / 5 ü 5 2ø + / T i
W

1
2
(TW + TE) 1

2
(TW − TE)� �� 	 B � 
� � � � � 	 B � � � ��

20h52m25s + 6.6 20h52m28s.30

�

20h59m35s + 8.2 20h59m39s.10 20h56m03s.700 3m35s.400�

45 + 2.2 46s.10

�

20s + 4.3 22s.15 04s.125 18s.025	

00 + 3.5 01s.75

	

05 + 3.5 06s.75 04.s250 02s.500


15 + 7.3 18s.65




50 + 0.4 50s.20 04.s425 2m45s.775�

35 + 0.5 35s.25

�

30 + 8.2 34s.10 04.s675 29s.425�

50 + 4.6 52s.30

�

15 + 5.4 17s.70 05.s000 12s.700�

05 + 6.5 08s.25

�

00 + 4.8 02s.40 05.s325 1m57s.075�

20 + 9.8 24s.92

�
45 + 2.3 46s.15 05.s525 40s.625�

20h54m40s + 3.4 20h54m41.s70

�
20h57m25s + 9.5 20h57m29s.75 20h56m05s.575 24s.025� � � � B � 
� � � � � � B � � � �

(ù +4 )E TE (ù +4 )W TW A1 A2� � � � � � 20h53m35s.244
� � 
� � � 20h58m34s.256 20h56m04s.750 2m29s.506

∆i = 2.30 W 1
2
(TW + TE) = 20h56m04s.750 W 1

2
(TW − TE) = 2m29s.506

´#
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� '�� &ò è� ê [ & î ' í & ' îï� ç ð & í � çë� ê í &� ÷øùú ûú üý α P β P δ P ε< ý ûú , ù - 9 + , - 4 / ø :< * /ú + øù; ü 5�� ÷øùú ûú üý 8 5 2ø / *4 * / �ú ü0 ø / * N4 5, 5 .< ý ûú , ù ø üú -
 	 � � 
 
 	

. . .


 
�

�

δ 57◦58
′

11
′′

.99 37◦47
′

16
′′

.87 . . . 36◦23
′

43
′′

.67 δ = 1
2
(δW + δE)�

ε −1◦05
′

24
′′

.78 −37
′

24
′′

.03 . . . 51
′

39
′′

.18 ε = 1
2
(δW − δE)	

β 3h07m32.s701 3h46m22.s585 . . . 3h36m34.s365 β = 1
2
(αW − αE)


A2 2m29.s506 −1m57.s861 . . . 3m03.s378 A2 = 1
2
(TW − TE)ú 1Q � ü��

t 3h10m02.s207 3h44m24.s724 . . . 3h39m37.s743 t = β +A2�

tg δ 1.598468 0.775344 . . . 0.737140�

tg ε −0.0190301 −0.0108798 . . . 0.0150264�

tg t 1.091658 1.488323 . . . 1.423237�

tgm −0.0278650 −0.00566784 . . . 0.00778264 tgm = tg δ tg ε

tg t� �

m′′ −5746
′′

.083 −1169
′′

.064 . . . 1605
′′

.25� �

cosm 0.9996120 0.9999839 . . . 0.9999697� �

tgϕ 1.728030 ϕ = 59◦56
′

32
′′

.5� 	

sin t 0.737385 0.830041 . . . 0.818222� 


sinn −0.0445790 −0.0226499 . . . 0.0317337 sinn = tg ε tg ϕ

sin t
cosm� �

n′′ −9198
′′

.128 −4672
′′

.271 . . . 6546
′′

.656

´�
ôÇýÖµ
´



� .K *- ,L ø 2 * 5 ./ * . 5+ @ ú 4 * / �ú ü0 ø / * � � / 5 : 5ù Q ø üú ø �� ÷øùú ûú üý 8 5 2ø / *4 * / �ú ü0 ø / * N4 5, 5 .< ý ûú , ù ø üú -
 	 � � 
 
 	

. . .


 
�

� �

rs −230.s136 −233.s547 . . . 329.s427 rs = (n
′′ −m

′′

)/15� �

∆i 2.30 4.10 . . . 4.10 ú 1Q � ü�

� �

secϕ 1.996519 ϕ = 59◦56
′

32
′′

.5� � τ ′′

2
1

′′

.434 Tø ü *4 5ù 3 :øù ø üú - + *ù; @ 5+ + 5< , @ 50 5 3 / 5< ü-

� �

ks 0.095409 ks = τ
′′

sec ϕ

60
; secϕ = 1/996519� �

AW 103◦20
′

81◦58
′

. . . 83◦08
′ 71� _ø 2ø /ú :

� �

cscAW 1.027701 1.009910 . . . 1.007224� 	

δu 0.s255 0.s395 . . . 0.s394 δu = ks∆i cscAW� 


z 24◦01
′

41◦16
′

. . . 41◦46
′ 71� _ø 2ø /ú :

� �

cos z 0.913427 0.751648 . . . 0.745864��

δα 0.s019 0.s015 . . . 0.s015 δα = 0.s021 cos z� �

δu + δα 0.s244 0.s410 . . . 0.s409

´#
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� .K *- ,L ø 2 * 5 ./ * . 5+ @ ú 4 * / �ú ü0 ø / * � � / 5 : 5ù Q ø üú ø �� ÷øùú ûú üý 8 5 2ø / *4 * / �ú ü0 ø / * N4 5, 5 .< ý ûú , ù ø üú -
 	 � � 
 
 	

. . .


 
�

��

A1 20h56m04.s750 21h04m43.s383 . . . 21h36m52.s961 A1 = 1
2
(TW + TE)

71Q � ü�� �

α 21h00m46.s564 21h09m28.s546 . . . 21h32m14.s967 α = 1
2
(αW + αE)

� ÷�

	 �

uk 51.s922 52.s026 . . . 51.s842 uk = α−A1 + r + δu + δα

	 


U 51.s938 U = 1
n
Σuk(X)	 �

T 20h46m47.s515

�4 5/ üý 6 2 5 2ø ü+4 /ú ø 2 * / * :ú 5, ú 0 ü *ù *

	�

Sλ 20h47m39.s453 Sλ = T + U	 �

S 18h46m28.s856
� /ú ü<ú û, @ 5ø < / ø 2- < 2 5 2ø ü+ �

	�

λobs 2h01m10.s597 λobs = Sλ

B �	 �

λ0 2h01m10.s771
 �

∆λ 0.s174 ∆λ = λ0 − λobs
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ôÇý
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°C$âg 5�[�/>+ O�/0)XL�[�?
FB;=<,)�e�[�1=/ -01=/0-�[�r < KCL=LÁQF[	'*J�?Á)0?KO
'

α1
3
δ1

'
α2

3
δ2

J�?KU,_fts[�?Kt%)�T
<�+�J�? L}[	'*J�?ÁK.L=1=LKO -0/0J*'*)RJ�LKO Q�?=<><,)XLª+.J*'*'

z
1óO�LKO�/0J*)�r

T1
'
T2

R�L
Q�?KU=L�P�/�O
;Äb.Q�LÁJ�LKO�/0)RQ*;Á$�5B- R�?ÁQ*?,_Q_	?ÁK*)R'QP�/2<,KCLKW,L\)RQ�/0;�W,L,_feÁJ4'*KC?�[V_*+
K.?,nq[�L��g-01=/0-�[�rÎX�Q*'�<�$�°C$âg�\W'VO�/2/�O

�j'�<�$C°C$âgK¸*FP?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,K*'Q� )RQ�/0;�W,L,_feÁJ*'*K

cos z = sinϕ sin δ1 + cosϕ cos δ1 cos t1, Ï äWÐæã+Ñ
cos z = sinϕ sin δ2 + cosϕ cos δ2 cos t2. Ï äWÐ.ç\Ñ#¦l,)R'9bg1Kr Q�?,nI/0J*'4+�b$¸

ϕ
TW'�<}KCLKO�?�+ ~n'*Q�LÁ)0?qO�/2<,)2?IJ�?KU,_fts[�/0J*'4+®�

t1
3
t2
T!P�?=<>L=1Krþ/%;�W-_fr LKU=/0'9b6-01KÑ0-�[ñ1pO�LKO�/0J*) '9bqR*Q�L�b²L�nq[�/0J*'4+qP�/0Q�/0-

K*Q*;�W Q�?=1ÁJVrsb 1Krö<,LÁ)�¸

t1 = T1 + U − α1, Ï äWÐ ë)Ñ

t2 = T2 + U − α2, Ï äWÐ í�Ñ

U
T�'*-01=/2<,)RJ�?�+dR�L�R*Q�?=1ÁKC?qb.Q�LÁJ�LKO�/0)RQ�?4$�5B-_1Kr Q�?,nI/0J*'Q�ËX °C$âg�\Ä'yX °C$ÒkF\

R�L,_�;�P�?=/�O ;�Q�?=1ÁJ�/0J*'�/

sinϕ sin δ1 + cosϕ cos δ1 cos t1 = sinϕ sin δ2 + cosϕ cos δ2 cos t2,Ï äWÐ.ï\ÑQ�/�~I?�+ KCLÁ)XLÁQ�L=/=3QO�L�nîJ�L¨R�L,_�;�P*'*)�e�~n'*Q�LÁ)R;
ϕ
XÉO�/0)XL�[ FP/21���L=1=? ô \�$

h ôU©��,®�©ª·G��®�¾�©ª·��}�s¹}©Rïí

�s¹}�R´}¹íº�û 
 ý>ü��Ýû � ú,ù,¿{�%¹}´}�s R R£+�\¢�´}³R´ ½ ¦R®�¨ º ½ �s R�s¦R®�·ª�­	®6�R´}¦Á¿À±�³ª¯2¢��s¸���¾�¢�¹}�s X R©R°²±R¯2ïR�s R£+�²«Á��®�¡s¦R®�¼}´}¢s®�·B­	�s¢�´s¥Å´}³R¦R��¥��x·X�s R©ªò ½ �s´ ½ ¦R®�¨
©2�ïR��¾�°0´�� ¸�©R¦R´}¢�£"±R³R´�·R¯ªïR©R¹}¸�©�� ³R¦R©R­	�s R�s R©R�W¹ ½ �s´x¥��x¡�©R©²«

´�ôÇý
ÙÖ´



#{rÄ+C<,J*'VO 3�KC?ÁK J*;@nîJ�LqR*Q�LÁ'*-01=L}[	'*)�e6J�?KU,_ft{[�/0J*'4+�3VP*)XLKUKr LK~n'VUÁK*'
O�LKO�/0J*)XL=1�Q�/�W}'�<,)RQ�?��*'*'

∆T1
'

∆T2
R*Q�L�b²L�nq[�/0J*'4+!-01KÑ0-�[ P�/0Q�/0- L}[	'*J

' )XLÁ)dnI/ñ?,_feKO
;�K.?ÁJ*)0?ÁQ�?Á)>3"? )0?ÁK9nI/ñLK~n'VUÁK.?
∆U

R�L�R*Q�?=1ÁK*'Ëb.Q�LÁJ�L�T
O�/0)RQ�? J�?Á'VO�/0JVeK~n'VO LKUÁQ*?Á-0LKO <,K.?Á-0?,_�'�<�e J�? LK~n'VUÁKC/íL�R*Q�/	[�/�_	/0J*'4+
~n'*Q�LÁ)�r

∆ϕ
$ÎMh_*+ol,)XLKW,L43�<	P*'*)0?�+kK.L=LÁQF[	'*J�?Á)�rd-01KÑ0-�[vR�L=<,)XL2+.J*JVr·O
'

1=/�_�'QP*'*J�?KO
'�3�R*Q�L}[	'Vc�cB/0Q�/0JQ�*'*Q*;=/�O 1Kr Q�?,n6/0J*'4+oX °C$âg�\Ä'vX °C$ÒkF\sR�L
ϕ
3

t1
'
t2
$	#{r|R�L,_�J*'�1¨[	'Vc�cB/0Q�/0JQ�*'*Q�L=1=?ÁJ4'�/P' -0?KO�/0J*'�1Â[	'Vc�cB/0Q�/0JQ�*'�?�T

_fr K.LÁJ�/}P*JVr·O
'�R*Q*'*Q�?=HI/0J*'4+ZO
'�3QR�L,_�;�P*'VO

(cosϕ sin δ1 − sinϕ cos δ1 cos t1)∆ϕ− cosϕ cos δ1 sin t1∆t1 =

= (cosϕ sin δ2 − sinϕ cos δ2 cos t2)∆ϕ− cosϕ cos δ2 sin t2∆t2. Ï äWÐ ä)Ñ5B-�R�?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,K.LKW,L6)RQ�/0;�W,L,_feÁJ*'4KC?
Pzδ

X�Q*'�<�$�°C$âg�\W'VO�/2/�O

− sin z cosA = sin δ cosϕ− cos δ sinϕ cos t, Ï äWÐ.ê\Ñ
sin z sinA = cos δ sin t. Ï äWÐ å)Ñ

@BQ�LKO�/B)XLKW,L43*'*-�X °C$æj@\W'�X °C$éÓ�\(<�_	/	[	;=/0)

∆t1 = ∆T1 + ∆U, Ï äWÐ î)Ñ
∆t2 = ∆T2 + ∆U. Ï äWÐæãÊè)Ñ

5B-BQ�?=1=/0J�<,)X1=?óX °C$æ°@\�R*Q*' ;�P�/0)X/�X °C$Å¢K\MT^X °C$âg��@\�R�L,_�;�P�?=/�O

(cosA1 − cosA2)∆ϕ+ (sinA1 − sinA2) cosϕ∆U =

= (sinA2∆T2 − sinA1∆T1) cosϕ, Ï äWÐæã	ã+Ñ
LÁ)RK*;�[�?

∆ϕ =
cosϕ(sinA2∆T2 − sinA1∆T1)

cosA1 − cosA2

+

+
cosϕ(sinA2 − sinA1)

cosA1 − cosA2

∆U. Ï äWÐæã�ç\Ñ
5B-£cBLÁQVO
;�_frÎX °C$âg�kF\(<�_	/	[	;=/0)03VP*)XL>R*Q*'Ç1Kr|R�L,_�J�/0J*'*' ;=<�_	L=1Á'4+

A1 = 180◦ −A2 Ï äWÐæãÊë)Ñ
1,_�'4+.J*'�/

∆U
J�?kLK~n'VUÁK*; L�R*Q�/	[�/�_	/0J*'4+»~n'*Q�LÁ)�r

∆ϕ
;²<,)RQ�?ÁJC+C/0)�<�+�$

@BQ�LKO�/%)XLKW,L43K[�/}��<,)X1Á'�/ LK~n'QU=LÁK
∆T1

'
∆T2

)X/�OËO�/0JVeK~I/=3FP�/�OËU,_�'9n6/
K�O�/0Q*'Z[	'�?ÁJ*;ÇJ�?KU,_ft{[�?Kt%)X<�+ LKU=/n-01=/0-�[�rÅ$äSs[	J�?ÁK.L 1KU,_�'*->'ÄO�/0Q*'�[	'�?�T
J�?\1Krþ<>LÁ)�r -01KÑ0-�[mO�/0J4+Zt%)X<�+ L�P�/0JVe�O�/	[V_�/0J*J�L43�1\<,'9_*;oP�/�W,L J�/�_feÁ-,+
<�[�L=<,)2?Á)XL�P*J�L�� )XL�P*J�L=<,)�eKt L�R*Q�/	[�/�_�'*)�e�O�LKO�/0J*)�r '9b�R*Q�L�b²L�nq[�/0J*'4+

´#ôÇý ð ´



P�/0Q�/0-�W,LÁQ*'*-0LÁJ*)0?,_feÁJ*;�t J*'*)�eÇ'*J�<,)RQ*;�O�/0J4)2?4$�FPLKl,)XLKO
;���/�_	/2<>L=LKUÁQ�?Á-�T
J�L J�?KU,_ft{[�?Á)�e -01KÑ0-�[�r 1 -0LÁJ�/

15◦ ≤ z ≤ 60◦ R*Q*' ;�[�?,_	/0J*'*' LÁ)
O�/0Q*'Z[	'�?ÁJ�?61>R*Q�/	[�/�_	?,b

6◦ ÷ 40◦ R�L!?Á->'VO
;�)R;Á$
Mh_*+ËR*Q�LÁ'*-01=L�[�<,)X1=?íJ�?KU,_ft{[�/0J*'Q�vR�L}[�LKUÁQ�?ÁJVr <	R�/}�*'�?,_feÁJVrþ/�R�?ÁQVr

-01KÑ0-�[�X;R�?ÁQVr FP/21���L=1=?�\�'_<>L=<,)0?=1,_	/0JVr 'Zb£l�cB/�O�/0Q*'Z[�rÅ$X#`l�cB/�O�/0Q*'Z[�?,b
;�K.?Á-}rþ1=?Kt%)X<�+$¸
N
TjJ�LKO�/0QdR�?ÁQVrÅ3*J�?Á-01=?ÁJ*'4+ -01KÑ0-�[ ' '9b -01KÑ0-�[	JVrþ/�1=/�_�'QP*'*JVr¯�

SN
'
SS

T·O�LKO�/0J4),r¡R*Q�L�b L�nq[�/0J*'4+Ç<>/21=/0Q*J�L�� '�tsnîJ�L�� -01KÑ0-�[ÄP�/0Q�/0-
R�/0Q�1Á;�t�W,LÁQ*'*-0LÁJ*)0?,_feÁJ*;�t J*'*)�e��
z
T(LKU=HI/2/Å-0/0J*'*)RJ�L=/PQ�?=<><,)XL2+.J*'�/�[�1Á;@bñ->1KÑ0-�[k�

AN
'
AS

T�?Á->'VO
;�)�r LKU=/0'9b -01KÑ0-�[\1�O�LKO�/0J*)_'9b R*Q�L�b²L�nq[�/0J*'4+¼P�/0Q�/0-
K*Q*;�W Q�?=1ÁJVrsb 1Krö<,LÁ)0$

°C$Òk #{r|P*'�<�_	/0J*'�/p~n'*Q�LÁ)�r

@P?ÁK�UKrs_	L 1Kr +C<}J�/0J�L 1Kr·~I/=3I[V_*+mR�L,_�;�P�/0J*'4+�~n'*Q�LÁ)�r O
/2<,)2? J�?�T
U,_ft{[�/0J*'4+mR�LvO�/0)XL}[	; FP/21���L=1=? J�?KU,_ft{[�?Kt%)GJ*? L}[	J�L�� 1Krþ<>LÁ)X/C[�1=/
-01=/0-�[�r 1KU,_�'*->'CO�/0Q*'Z[	'�?ÁJ�?43�L�[�J*;gKCtzW};Á3Q[	Q*;�W};�t K <>/21=/0Q*;gLÁ)I-0/0J*'ZT
)0?4$�SuU=LÁ->J�?�P*'VOmP�/0Q�/0-

TS
'
TN

O�LKO�/0J*)�rÏR*Q�L�b L�nq[�/0J*'4+ P�/0Q�/0-pW,LÁQ*'ZT
-0LÁJ*)0?,_feÁJ*;�t J*'*)�en'*J�<,)RQ*;�O�/0J*)2?I<>L=LÁ)X1=/0)X<,)X1=/0J*J�L>t|nîJ�L�� 'g<>/21=/0Q*J�L��
-01=/0-�[�r <jKCL=LÁQF[	'*J�?Á)0?KO
'

αS
3
δS

'
αN

3
δN

$XFP/0Q�/}R*'V~I/�O )X/}R�/0QVe%L=<,J�L=1�T
J�L=/Å;�Q�?=1ÁJ�/0J*'�/#R*Q*'*JQ�*'QR�?nQ�?=1ÁJVrsb 1Krþ<>LÁ)�X °C$Ò�F\W< ;�PVÑ0)XLKO 1=1=/	[�Ñ0J*JVrsb
LKU=LÁ->J�?�P�/0J*'Q��¸

sinϕ sin δN + cosϕ cos δN cos tN = sinϕ sin δS + cosϕ cos δS cos tS.Ï äWÐæã�í�Ñ#¦l,)XLKOE;�Q�?=1ÁJ�/0J*'*' [V_*+¼P�?=<>L=1Krsb ;�W-_	L=1
tS

'
tN

'VO�/2/�O

tS = TS + U − αS = TS − (αS − U), Ï äWÐæã�ï\Ñ
tN = TN + U − αN = TN − (αN − U). Ï äWÐæãÊä)Ñ

5B-B;�Q�?=1ÁJ�/0J*'4+ÄX °C$âg�Ó�\�R�L,_�;�P�?=/�O

tgϕ =
cos δS cos tS − cos δN cos tN

sin δN − sin δS

. Ï äWÐæã�ê\Ñ
#�1=/	[�Ñ�OELKU=LÁ->J�?�P�/0J*'4+

D =
1

sin δN − sin δS
, Ï äWÐæãÊå)Ñ

dS = D cos δS; dN = D cos δN . Ï äWÐæãÊî)Ñ
´�ô32;õÖ´



7�;�PVÑ0)XLKOCl,)R'9b�LKU=LÁ->J�?�P�/0J*'Q�UL=<,J�L=1ÁJ*;�t�cBLÁQVO
;�_�;�X °C$âg�¢K\�O�/0)XL}[�?{FP/21�T
��L=1=?>R�/0Q�/}R*'V~I/�OE161Á'Z[�/

tgϕ = dS cos tS − dN cos tN . Ï äWÐ.ç�è)Ñ
FBQ�?ÁK*)R'*K.?�R�LÁKC?Á-}rþ1=?=/0)>3fP*)XL�R*Q*'CR�/0Q�/21=L}[�/U'*J�<,)RQ*;�O�/0J*)0? <UL�[	J�LKW,L

?Á->'VO
;�)0?kJ�?�[	Q*;�W,L���R�/0Q�1=LÁJ�?�P�?,_feÁJ�L�;²<,)0?ÁJ�L=1,_	/0J*J�L=/Ç-0/0J*'*)RJ�L=/ Q�?=<�T
<,)XL2+.J*'�/U)RQ*;�UKr '*-}O�/0J4+C/0)X<�+�$ Ì )R' '*-}O�/0J*/0J*'4+dcÅ'*K.<,'*Q*;�t%)X<�+Ç<£R�LKO�L�T
H>eKt )0?,_feÁK.LÁ)R)XL=1=<,KCLKW,L!;�Q�L=1ÁJ4+�3�K.LÁ)XLÁQVr|��nI/2<,)RK.L <,K*Q�/}R9_*+C/0)X<�+ <ÂW,L�T
Q*'*-0LÁJ*)0?,_feÁJ�L�� L=<	eKt 1ÁQ�?=HI/0J*'4+G)RQ*;�UKrÅ$�5B-}O�/0J�/0J*'�/ -0/0J*'*)RJ�LKW,L Q�?=<�T
<,)XL2+.J*'4+gJ�?61=/�_�'QP*'*J*;

∆z = ∆i
τ

2
, Ï äWÐ.ç�ã+Ñ

W�[�/
τ
Tz��/0J�? [�/�_	/0J*'4+�)0?,_feÁKCLÁ)R)XL=1=<,K.LKW,L ;�Q�L=1ÁJ4+�3»?

∆i
T%'*-}O�/0J�/0J*'�/

J�?ÁK9_	LÁJ*J�L=<,)R'I;�Q�L=1ÁJ4+�3Á1Kr Q�?,n6/0J*J�L=/Ä1x[�/�_	/0J*'4+�bU;�Q�L=1ÁJ4+�3=1Kr -0L=1=/0)ö-0?�T
[�/0Q@nîK*; '9_�' L�R�/0Q�/�nI/0J*'�/hO�LKO�/0J*)0?6J�?KU,_ft{[�/0J*'4+ -01=/0-�[�r¡R�L!<,Q�?=1ÁJ�/	T
J*'Vt <�O�LKO�/0J*)XLKO /�W,L�R*Q�L�b L�nq[�/0J*'4+mP�/0Q�/0-�R�/0Q�1=LÁJ�?�P�?,_feÁJ�L -0?�[�?ÁJZT
JVr|�îK*Q*;�Wþ1Krþ<>LÁ)�rÅ$�FPL,_�;�P*'VOk?ÁJ�?,_�'*)R'QP�/2<,K*;�t <>1�+.-}epO�/�nq[	;¨R�L�R*Q�?=1�T
K.L��nJ�?KU,_ft{[�Ñ0J*J�LKW,L^O�LKO�/0J*)2?

∆T
'n->J�?�P�/0J*'�/�O\'*-}O�/0J�/0J*'4+�-0/0J*'*)RJ�LKW,L

Q�?=<><,)XL2+.J*'4+
∆z

$�Mh_*+Cl,)XLKW,L¼R*Q*'VO�/0J*'*)X/�_feÁJ�L K�R�?ÁQ�?,_9_	?ÁK*)R'QP�/2<,KCLKO
;
)RQ�/0;�W,L,_feÁJ*'*K*;

Pzσ
X�Q*'�<�$æ°C$âg�\(1Kr|R*'V~I/�OE<�_	/	[	;�t Hn'�/�1Kr Q�?,nI/0J*'4+

cos z = sinϕ sin δ + cosϕ cos δ cos t, Ï äWÐ.ç	ç\Ñ
sin z sinA = cos δ sin t, Ï äWÐ.ç�ë)Ñ

t = T + U − α. Ï äWÐ.ç6í�ÑFBQ�L}[	'Vc�cB/0Q�/0JQ�*'*Q*;²/�OSX °C$ÒkKkF\'R�L
z
'
T
3 <	P*'*)0?�+!1=<>/%L=<,)2?,_feÁJVrþ/uR�?ÁQ�?�T

O�/0)RQVr�R�L=<,)XL2+.J*JVr·O
'�$!w�?KO�/0J4+�+�[	'Vc�cB/0Q�/0JQ�*'�?,_fr K.LÁJ�/}P*JVr·O
'`R*Q*'ZT
Q�?=HI/0J*'4+ZO
'�3*'VO�/2/�O

sin z∆z = cosϕ cos δ sin t∆T. Ï äWÐ.ç	ï\Ñ
7 ;�PVÑ0)XLKOÏX °C$Òk�j@\�R�L,_�;�P�?=/�O

sin z∆z = cosϕ sin z sinA∆T, Ï äWÐ.ç�ä)Ñ�Á)RK*;�[�?¨[V_*+ '*J*)X/0Q�/2<,;�t HI/}� J�?=<B1=/�_�'QP*'*JVr
∆T

J�?,b L}[	'VO|¸

∆T =
∆z

cosϕ sinA
. Ï äWÐ.ç	ê\Ñ

�(;�[�/�O 1=1=L�[	'*)�eËR�L�R*Q�?=1ÁK*;
∆T

1vO�LKO�/0J*)�r J�?KU,_ft{[�/0J*'4+ <>/21=/0Q*J�L��
-01=/0-�[�rÅ$�#¦l,)XLKO <�_�;�P�?=/=3VR�L}[�<,)0?=1,_*+�+`X °C$Òk�g�\(1óX °C$ækF¢K\�3QR�L,_�;�P�?=/�O|¸

∆TN =
∆i

cosϕ sinAN

· τ
2
. Ï äWÐ.ç�å)Ñ

´#ô32ºôø´



w�J�?ÁK»l,)XL��»R�L�R*Q�?=1ÁK*' L�R*Q�/	[�/�_*+C/0)X<�+ ->J*?ÁKCLKO '*-}O�/0J�/0J*'4+ J�?ÁK9_	LÁJ*J�L�T
<,)R' ;�Q�L=1ÁJ4+

∆i
$'�P? Q*'�<�$!°C$Òk P�/0Q�/0-

TS
'
TN

LKU=LÁ->J�?�P�/0JVrÎO�LKO�/0J*)�r
R*Q�L�b²L�nq[�/0J*'4+ -01KÑ0-�[CP�/0Q�/0-P?,_feKO
;�K.?ÁJ*)0?ÁQ�?Á)�r

z = zS
'
z = zN

$
#E)XLKO <�_�;�P�?=/ K.LKW�[�?ULKU=/%-01=/0-�[�r J�?KU,_ft{[�?Kt%)X<�+6K -0?�R*?�[	;îLÁ)�O�/0Q*'ZT

[	'�?ÁJ�?43�R�L�R*Q�?=1ÁK.?
∆TN > 0

3ä/2<�_�'
∆z = zS − zN > 0

'
∆TN < 0

3
/2<�_�'

∆z < 0
$+�"<�_�'kLKU=/I-01=/0-�[�r J�?KU,_ft{[�?Kt%)X<�+ KG1=L=<,)XLÁK*;\LÁ)�O�/0Q*'ZT

[	'�?ÁJ�?43j)�LoR�L�R*Q�?=1ÁK.?
∆TN < 0

3(/2<�_�'
∆z > 0

'
∆TN > 0

3(/2<�_�'
∆z < 0

$
Mh_*+ R�L,_�;�P�/0J4'4+ R*Q�?=1Á'9_	?61Kr|P*'�<�_	/0J*'4+ñJ�?ÁK9_	LÁJ*J�L=<,)R'

∆i
Q�?=<><�O�LÁ)�T

Q*'VO <,'*)R;=?��*'VtU3 '*-0LKUÁQ�?,n6/0J*J*;�t J�? Q*'�<,;�J*K./ ' <>L=LÁ)X1=/0)X<,)X1Á;�t Hn;�t
∆z > 0

$*S·P�/21Á'Z[	J�L43@P*)XLhR*Q*'�R�/0Q�/�b²L�[�/ LÁ)B?Á->'VO
;�)2?pt|nîJ�L��î-01=/0-�[�r K
?Á->'VO
;�)R;Ç<>/21=/0Q*J�L���R*Q�?=1Kr|� K.LÁJ�/}�\)0?,_feÁK.LÁ)R)XL=1=<,KCLKW,LO;�Q�L=1ÁJ4+ËX�<>L=1�R�?�T
[�?Kt Hn'Q�n<�J�?�R*Q�?=1,_	/0J*'�/�O\LKU�È�/0K*)R'�1=?%)XQ4;�UKrz\�[�L,_Qn6/0JÂR*Q*'QR�L�[	J4+.)�e=<�+
X�Q*'�<�$�°C$æj@\�$
5B-}O�/0J�/0J*'�/PJ�?ÁK9_	LÁJ4J�L=<,)R'�UÁ;}[�/�O 1Kr|P*'�<�_*+.)�eqR�L�cBLÁQVO
;�_	/

∆i = ±[
X
_ Ç R�\ S − X
_ Ç R$\ N ], Ï äWÐ.ç�î)Ñ

W�[�/xP�/0Q�/0-u_ '�R LKU=LÁ->J*?�P�/0JVr <>L=LÁ)X1=/0)X<,)X1=/0J*J�L�LÁ)X<	PVÑ0)�r�_�/21=LKW,LP'�R*Q�?�T
1=LKW,LnKCLÁJQ��L=1>R*;�-}r QVeÁK.?!;�Q*L=1ÁJ4+�$
#`cBLÁQVO
;�_	/�X °C$Òk�i@\�<�_	/	[	;²/0)þ1Á-,+.)�e{->J�?ÁK ×��(×M[V_*+£R�L,_	L�nI/0J*'4+Å;�Q�L=1ÁJ4+�3

'*-0LKUÁQ�?,nI/0J*J�LKW,LþJ�?{Q*'�<�$,°C$Òkþ<�_	/21=?43ª'U->J�?ÁK Ã Ç Ã6[V_*+�R�L,_	L�n6/0J*'4+�3�R�LÁK.?�T-0?ÁJ*J�LKW,L <	R*Q�?=1=?4$»FBQ�L=<�O�?Á)RQ*'*1=?�+�?ÁJ�?,_	LKW}'QP*JVr·O LKUÁQ�?Á-0LKO 1=<>/OL=<,)2?=1�T
~n'�/2<�+ <,'*)R;²?��4'*'�'í;�P*'*)�rþ1=?�+�3�P*)XL¼R*Q*'íJ�?KU,_ft{[�/0J*'*'íLKU=/0'9bÇ-01KÑ0-�[GK
1=L=<,)XLÁK*; LÁ)¨O�/0Q*'Z[	'�?ÁJ*?

sinAN < 0
3QR*Q*'9b²L}[	'VOEKÇLKU=HI/�O
;�R*Q�?=1Á'9_�;�¸

w�J�?ÁKúÃ Ç Ã,1ËcBLÁQVO
;�_	/»X °C$Òk�i@\qU=/0Q�/0)X<�+ 1 )XLKO <�_�;�P�?=/=3�KCLKW�[�? J4;�_fe
;�Q�L=1ÁJ4+ J�?�R*Q�?=1,_	/0J 1!<,)XLÁQ�LÁJ*; LKU�È�/0K*)R'�1=?n)RQ*;�UKr¯�

�j'�<�$»°C$Òk�¸��P?KU,_ft{[�/0J*'4+ K�-0?�R�?�[	;ËX�<�_	/21=?�\{'íK�1=L=<,)XLÁK*;yX�<	R*Q�?=1=?�\{LÁ)
O�/0Q*'Z[	'�?ÁJ�?

´�ô32ÉýÇ´



�j'�<�$�°C$æjZ¸$�"?Á-	_�'QP*JVrþ/ÂR�L,_	L�nI/0J*'4+ J*;�_*+Ç;�Q�L=1ÁJ4+ LÁ)RJ�L=<,'*)X/�_feÁJ�L LKU�È$T
/0K*)R'�1=?

w�J�?ÁK@×��(×Ä1zcBLÁQVO
;�_	/�X °C$Òk�i@\�U=/0Q�/0)X<�+U1%)XLKO\<�_�;�P�?=/=3XK.LKW-[�?%1 <,)XLÁQ�LÁJ*;
LKU�È�/0K*)R'�1=?I)RQ*;�UKr J�?�R*Q�?=1,_	/0J�LI<,)2?ÁQV~I/2/�[�/�_	/0J*'�/P;�Q�L=1ÁJ4+�$

7�1�+�nI/�Og)X/}R�/0QVe·R�L�R*Q�?=1ÁK*;
∆TN

<IR�L�R*Q�?=1ÁK.L��
∆ϕ

32K.LÁ)XLÁQ*;�t J*;@nîJ�L
R*Q*'VU=?=1Á'*)�eIK ->J�?�P�/0J*'Vt�~n'*Q�LÁ)�rÅ3QR�L,_�;�P�/0J*J�LKO
;�R�LqcBLÁQVO
;�_	/�X °C$Òk��@\�$
Mh_*+#l,)XLKW,L|R*Q�L}[	'Vc�cB/0Q�/0JQ�*'*Q*;=/�O�X °C$Òk��@\fR�L

ϕ
'
TN

32<	P*'*)0?�+B1=<,/WL=<,)0?,_fe�T
JVrþ/¨R�/0Q�/�O�/0J*JVrþ/ÂR�L=<,)XL2+.J*JVr·O
'�$+w�?KO�/0J4+�+d[	'Vc�cB/0Q�/0JQ�*'�?,_fr K.LÁJ�/}PZT
JVr·O
'dR*Q*'*Q�?=HI/0J*'C+ZO
'�3�J�?,b²L}[	'VO

∆ϕ

cos2 ϕ
= dN sin tN∆TN . Ï äWÐ ë	è)Ñ

Sþ)X<�t{[�?!<Å;�PVÑ0)XLKO¡X °C$âg�i@\W'VO�/2/�O

∆ϕ = D cos δN sin tN cos2 ϕ∆TN . Ï äWÐ ë�ã+Ñ
5B-�R�?ÁQ�?,_Q_	?ÁK*)R'QP�/2<,K.LKW,L6)RQ�/0;�W,L,_feÁJ*'4KC?

Pzσ
X�<�O $�Q*'�<�$�°C$âg�\(<�_	/	[�;²/0)

sin tN cos δN = sin z sinAN , Ï äWÐ ë�ç\Ñ
FPLKl,)XLKO
; <Å;�PVÑ0)XLKO¡X °C$Òk�§@\W'*-�X °C$æjFkF\�R�L,_�;�P�?=/�O

∆ϕ = D∆i
τ

2
sin z cosϕ. Ï äWÐ ë	ë)Ñ

Ì )R;�cBLÁQVO
;�_�;�O�L�nîJ�L�;�R*Q�L=<,)R'*)�ep[V_*+O<�_�;�P�?�+�3CK.LKW-[�?ULKU=/ -01=/0-�[�r J�?�T
U,_ft{[�?Kt%)X<�+EJ�? L�[	'*J�?ÁK.L=1=LKOd;�W-_	L=1=LKO ;�[�?,_	/0J*'*' LÁ)oO�/0Q*'Z[	'�?ÁJ*?43()XL
/2<,)�e

AS = 180◦ −AN . Ï äWÐ ë�í�Ñ
Sþ)�O�/0)R'VO 3�P*)XLdl,)XLg)RQ�/�U=L=1=?ÁJ4'�/!1Kr )X/0K.?=/0)O'*-qR*Q*'*JQ�*'QR�?ñJ�?Á'9_�;�PV~n'9b
;=<�_	L=1Á'Q�¼[V_*+ J�?KU,_ft{[�/0J*'4+�R�?ÁQgFP/21���L=1=?_'�P*)XL¨R�?ÁQVr -01KÑ0-�[ FP/21���L=1=?

´#ô32¶2Ö´



<>L=<,)0?=1,_	/0JVr <�<>LKU,_ft{[�/0J*'�/�Oml,)XLKW,L!;=<�_	L=1Á'4+�$�FPLKl})�LKO";ñ'*-£R�?ÁQ�?,_Q_	?ÁKZT
)R'QP�/2<,K.LKW,L6)RQ�/0;�W,L,_feÁJ*'*K.?

Pzσ
'VO�/2/�O

sin δN = sinϕ cos z + cosϕ sin z cosAS, Ï äWÐ ë�ï\Ñ
sin δS = sinϕ cos z − cosϕ sin z cosAS. Ï äWÐ ë	ä)Ñ#{r|P*'*)0?�+`X °C$æjK°@\W'*-�X °C$æjF�F\(<Å;�PVÑ0)XLKO¡X °C$âg�§@\jJ�?,b L}[	'VO|¸

sin δN − sin δS =
1

D
= 2 cosϕ sin z cosAS. Ï äWÐ ë�ê\Ñ

FPL}[�<,)0?=1,_*+�+ ->J�?�P�/0J*'�/
D
3
<�_	/	[	;�t HI/2/g'*-oX °C$æj@¢K\�3"1�X °C$æjKj@\�3'[V_*+yR�L�T

R*Q�?=1ÁK*'
∆ϕ

'VO�/2/�OELÁK.LÁJQP�?Á)X/�_feÁJ�L9¸

∆ϕ = ∆i
τ

4
secAS. Ï äWÐ ë	å)Ñ

V�?ÁK*'VO LKUÁQ�?Á-0LKO 3RK_->J�?�P�/0J*'Vtm~n'*Q�LÁ)�r
ϕ
3�R�L,_�;�P�/0J*J�LKO
;�R�L^cBLÁQVO
;FT

_	/�X °C$Òk��@\�3�J*;@nîJ�L�R*Q*'VU=?=1Á'*)�e�R�L�R*Q�?=1ÁK*;
∆ϕ

3ÎLKUÁ;²<�_	L=1,_	/0J*J*;�t '*-}O�/	T
J�/0J*'�/�O\J�?ÁK9_	LÁJ�?%)XQ4;�UKrB$=#�/�_�'QP*'*J�?

∆i
1Kr|P*'�<�_*+C/0)X<�+ÂR�LzR�LÁK.?Á-0?ÁJ*'4+ZO

)0?,_feÁK.LÁ)R)XL=1=<,KCLKW,LI;�Q�L=1ÁJ4+ñ<#R�LKO�L=H>eKtÐcBLÁQVO
;�_frÎX °C$Òk�i@\�$

°C$æj FPLÁQ +@[�LÁK J�?KU,_fts[�/0J*'4+�R�?ÁQÇFP/21���L=1=?

g=$�#{r|R*'�<>?Á)�e '*-{l�cB/�O�/0Q*'Z[qR�?ÁQnFB/21���L=1=?{J�LKO�/0QÂR�?ÁQVrÅ3RJ�?Á-01=?ÁJ*'4+�LKU=/	T
'9b -01KÑ0-�[ä3�LKU=HI/2/B-0/0J*'*)RJ�L=/PQ�?=<><,)XL2+.J*'�/

z
3	?Á->'QO
;�)�r J�?KU,_ft{[�/0J*'4+

AS'
AN

3²?Å)0?ÁK9nI/uO�LKO�/0J*)�rvR*Q�L�b²L�nq[�/0J*'4+
sS

'
sN

-01KÑ0-�[�P�/0Q�/0-·R�/0Q�1Á;�t
W,LÁQ*'*-0LÁJ*)0?,_feÁJ*;�t J*'*)�e6'*J�<,)RQ*;�O�/0J*)2?4$
k.$ÎFBQ�LÁ'*-01=/2<,)R'GQ�/�W};�_�'*Q�L=1ÁK*; '*J�<,)RQ*;�O�/0J*)2?g'G;=<,)2?ÁJ�L=1Á'*)�e /�W,Lñ)XL�P*J�L
1qO�/0Q*'Z[	'�?ÁJ�/=$
jC$�FBQ�L=1=/0Q*'*)�eqW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L=<,)�e6J*'*)X/}��$
Ó4$�#{rþ<,)2?=1Á'*)�e )RQ*;�UÁ;�R�L -0/0J*'*)RJ�LKO
; Q�?=<><,)XL2+.J*'Vt '�?Á->'VO
;�)R;�R�/0Q�1=L��
-01=/0-�[�rvR�?ÁQVrÅ$Á5BJ�<,)RQ*;�O�/0J*)xR�L=<,)2?=1Á'*)�e 1�R�L,_	L�n6/0J*'*/�vx@£��¤ 9�Yh�
#þS6×�$
�.$�7(K*Q�/}R*'*)�e <O)RQ*;�U=L�� )0?,_feÁK.LÁ)R)XL=1=<,K*'Q� ;�Q�L=1=/0JVe4$�#{rþ1=/2<,)R' /�W,L�R*;FT
-}r QVÑ0K J�?6<>/0Q�/	[	'*J*;Á$
°C$	FPL=<�_	/pR�L2+C1,_	/0J*'4+ 1�R�L,_	/�->Q�/0J*'4+g-01=/0-�[�rÐO
'*K*Q�LKO�/0)RQ�/0J*JVr·O 1Á'*JZT
)XLKO W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,L K*Q*;�W�?SR*Q*'�1=/2<,)R' -01=/0-�[	; 1�UÁ'�<><>/0K*)XLÁQ X�Q*'�<�$
°C$éÓ�\�$P7�[�/�_	?Á)�e LÁ)X<	PVÑ0)�O�LKO�/0J*)2?�R*Q�L�b²L�nq[�/0J*'4+ -01=/0-�[�r P�/0Q�/0-yR�/0QZT
1Á;�tEJ*'*)�e>X�)XL�P*J�L=<,)�e��C$Òkö;�[�?ÁQ�?�\�'I<,J4+.)�ezR�LÁK.?Á-0?ÁJ*'4+�)2?,_feÁK.LÁ)R)XL=1=<,K.LKW,L
;�Q�L=1ÁJ4+�$�7(J�L=1=?óR*Q*'�1=/2<,)R' -01=/0-�[	;k1CUÁ'�<><>/0K*)XLÁQ�3�<-[�/�_	?Á)�e LÁ)X<	PVÑ0)dO�L�T
O�/0J*)0?�R*Q�L�b²L�nq[�/0J*'4+dP�/0Q�/0-_1Á)XLÁQ*;�t J*'*)�e43�<,J4+.)�e�R�LÁK.?Á-0?ÁJ*'4+Ç;�Q�L=1ÁJ4+
' )>$Z[ä$
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�j'�<�$C°C$éÓ9¸*FBQ�L�b L�nq[�/0J*'�/B-01=/0-�[�r 1qR�L,_	/B->Q�/0J*'4+ñ'VW,<,)RQ*;�O�/0J*)0?

¢�$�Sþ)RK*Q�/}R*'*)�eI-0?,nî'VO
J�L�� 1Á'*J*)¨W,LÁQ*'*-0LÁJ*)0?,_feÁJ�LKW,LnK*Q*;�W�?6'�3*J�/£O�/0J4+�+
;=<,)2?ÁJ�L=1ÁK*; )RQ*;�UKr R�L\-0/0J*'*)RJ�LKO
;kQ�?=<><,)XLª+.J*'VtU3";²<,)0?ÁJ�L=1Á'*)�eí'*J�<,)RQ*;FT
O�/0J*)�R*L�?Á->'VO
;�)R;61Á)XLÁQ�L��!-01=/0-�[�rÅ$.V�?,_feÁK.LÁ)R)XL=1=<,K*'Q�!;�Q�L=1=/0JVeB)RQ�LKW�?Á)�e
J�/�_feÁ-,+�$
§C$RFPL=<�_	/]R�Lª+C1,_	/0J4'4+�1xR*L,_	/(->Q�/0J*'4+�1Á)XLÁQ�L���-01=/0-�[�rËR�?ÁQQr�R*Q�LÁ'*-01=/2<,)R'
)X/�nI/�[�/}��<,)X1Á'4+�3VP*)XL6'Ç1qR*;�J*K*)X/p°C$
w�?KO�/}P�?ÁJ*'�/K¸41ILÁ)�_�'QP4'�/PLÁ)pR�?ÁQgYB'*JVW,/0Q�?ILKU=/Å-01=/0-�[�r 1¨R�?ÁQ�?,b FP/21�T

��L=1=?�R*Q�L�b²L�[�+.)¼R�L,_	/!->Q�/0J*'4+í)RQ*;�UKrd1 L�[	J�LKO J*?�R*Q�?=1,_	/0J*'*'�$äFPLKl,)XL�T
O
;�[V_*+ LKU=/0'9bñ-01KÑ0-�[\-0?�R*'�<,' 1qnî;�Q*J�?,_	/�J�?KU,_fts[�/0J*'4+ R*Q�LÁ'*-01=L}[�+.)X<�+
<>1=/0Q@b.;ñ1ÁJ*'*-Á$
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#%$ íë &é ë & '�é (ö êë çò ð & í ñ êõ ] îõ &

) *+ * � � 	, ø ü+ � � � � 	0 5 : * 8 5 2ø /4 * / ý �� 	

8 * .ù9 : *+ øù; ÷ � ÷ �÷ú +- 1 ø< 7 ü, + / 3 2ø ü+ � � � � � 
 P > / 5 ü 5 2ø + / 	 � � �

Nø< ø / ü *- 1< ø 1 : * z = 29◦47′.9

�Q ü *- 1< ø 1 : *

AN = 148◦12′ SN =
19h51m.6 (2m.2)

AS = 30◦41′ SS = 20h09m.7 (3m.3)

� > / 5 ü 5 2ø + / �+ , û S+ ý 3 / 5< ü- (ù �4 )n

> / 5 ü 5 2ø + / �+ , û S+ ý 3 / 5< ü- (ù �4 )s ∆i� � 	 
 � � � � � � �

�

19h48m55s + 5.5 57s.75

� �� � B � � � � � 
 � � � 20h08m35s + 10.5 40s.25
� � � � B � � � � � � �� � � � �� B B B B B B B B B	

49m55s + 4.5

� �� � � � �� �%B � � � � � 
 � � � 09m35s + 9.0
	 � � � � � � � � B � � � � � � �� � � � �


50m25s + 2.5

�� � � � � �� �%B � � � � � 
 � � � 10m05s + 6.5

�� � � � � � � � B � � � � � � �� � � � ��

50m55s + 2.5

�� � � � � �� �%B � � � � � 
 � � � 10m35s + 6.5

	� � � � � � � � B � � � � � � �� � � � ��

51m25s + 2.5

�� � � � � �� � B � � � � � 
 � � � 11m05s + 5.5

� �� � � � � � � B � � � � � � �� � � � ��

51m55s + 2.5

�� � � � � �� �%B � � � � � 
 � � � 11m35s + 4.5

	 �� � � � � � � B � � � � � � �� � � � ��

52m25s + 0.5

� � � � � � �� �%B � � � � � 
 � � � 12m05s + 2.5

�� � � � � � � � B � � � � � � �� 	 � � 	�

19h52m55s + 1.5

� � � � � � �� �%B � � � � � 
 � � � 12m35s + 1.5

	 � � � � � � � � B � � � � � � �� 
 � � 
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�j'�<�$�°C$Ò��¸*FBQ�?=1Á'9_	L61Kr·U=LÁQ�?I->J�?ÁK.?!1�cBLÁQVO
;�_	/�X °C$Òk�i@\

°C$éÓ SuUÁQ�?KU=LÁ)RK.?nQ�/0->;�_feª)2?Á)XL=16J�?KU,_ft{[�/0J*'Q�

g=$�SuUÁQ�?KU=LÁ)2?Á)�eÂnî;�Q*J�?,_ÇJ�?KU,_ft{[�/0J*'Q��¸
7()XL,_fU��Vr�gB'óÓ¨T�R�/0Q�/21=/2<,)R' ;�[�?ÁQVr 16<>/0K*;�JZ[�r¯�
¿()XL,_fU��Vr¡jn'�°ÂT�R�L=<	P*'*)0?Á),e6->J�?�P�/0J*'4+

(
_ Ç R )S '

(
_ Ç R )N �¿()XL,_fU=/}�yi T 1Kr|P*'�<�_�'*)�ed[V_*+GK.?,nq[�L��kJ*'*)R' 1=/�_�'QP4'*JVr

∆i
R�L�cBLÁQZT

O
;�_	/yX °C$Òk�i@\�$sw�J�?ÁK 1Kr·UÁQ�?Á)�e 1 <>L=LÁ)X1=/0)X<,)X1Á'*' <óR*Q�?=1Á'9_	LKO 3jK.LÁ)XLÁQ�L=/
<,'VO�1=L,_�'QP�/2<,K*'dR�LÁK.?Á-0?ÁJ�L6J�?IQ*'�<�$�°C$Ò�.$
k.$�#{r|P*'�<�_�'*)�e 1Á'Z[	'VOMrþ/(K.L=LÁQF[	'*J�?Á)�r

αN
3
δN

'
αS

3
δS

-01KÑ0-�[nJ�? <,Q�/	[QT
J*'Q�óO�LKO�/0J*)U'9b J�?KU,_ft{[�/0J*'4+�$
jC$�#{r|P*'�<�_�'*)�e <_<>/�OMeKt ->J�?ÁK.?KO
'í1=/�_*'QP*'*JVr�R�L=<,)XL2+.J*JVrþ/p[V_*+ LKU=/0'9b
-01KÑ0-�[�R�?ÁQVr

D =
1

sin δN − sin δS
;

dS = D cos δS; dN = D cos δN .Ó4$�FBQ�L�[�L,_Qnî'*)�e 1Kr|P*'�<�_	/0J*'4+�~n'*Q�LÁ)�r�R�L K.?,nq[�L��\J4'*)R'�3¥R�L,_feÁ->;Á+C<�e
Q�?=<	P�/0)RJ�L��Ç<Êb /�O�L���$
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#('Z[	'VOIrö/£O�/2<,)2?
jK°K�QXÉ÷Â\
?=1KW�$�kF¢�$Å¢

14h50m43s.196−711 74◦13′43′′.05−184<>/0J*)>$�°C$Å¢
14h50m42s.485 74◦13′41′′.21

n = 1
10

[6 + 17h59m−14h51m

24
] = 0.613

αN = 14h50m43s.196 − 0s.711 · 0.613 = 14h50m42s.760
δN = 74◦13′43′′.05 − 1′′.84 · 0.613 = 74◦13′41′′.92

ÓF°Zg@Xº¬Q\
?=1KW�$

27.9 18h58m20s.106−178 32◦39′69′′.72137<>/0J*)>$
6.9 18h58m19s.928 32◦39′71′′.09

n = 1
10

[6 − 18h58m−17h59m

24
] = 0.596

αS = 18h58m20s.106 − 0s.178 · 0.596 = 18h58m20s.000
δS = 32◦39′69′′.72 − 1′′.37 · 0.596 = 32◦40′10′′.92

´�ô32;ÙÖ´



� ' í & ' îï� & ë & '�é (ö êë ç ó ð & í ñ êõ ] îõ &
αS = 18h58m20s.106 δS = 32◦40′10′′.54 αN = 14h50m42s.760 δN = 74◦13′41′′.92

D = 2.366535 τ
4

secAS = 0′′.834 dS = 1.992143 dN = 0.643235÷øùú ûú üý � B- üú +; � B- üú +; 	 B- üú +; 
B- üú +; � B- üú +; N4 5, 5 .< ý ûú , ù ø üú -

TS 20h08m40s.25 20h09m39s.75 20h10m08s.25 20h10m38s.25 . . . 20h12m35s.75

71Q � ü�

αS − U 18h56m59s.456

tS 1h11m40s.794 1h12m40s.294 1h13m08s.794 1h13m38s.794 . . . 1h15m36s.294 tS = TS − (αS − U)

TN 19h48m57s.75 19h49m57s.25 19h50m26s.25 19h50m56s.25 . . . 19h52m55s.75

71Q � ü�

αN − U 14h49m22s.216

tN 4h59m35s.534 5h00m35s.034 5h01m04s.034 5h01m34s.034 . . . 5h03m33s.534 tN = TN − (αN − U)

cos tS

�
� � � � 
� �� �
� � � � � 
� � �
� � 
 � 
 � � � �
� � 
� � � � � . . .

�
� � 
� � �� 


cos tN

�
� �� � � 	 � � �
� � �� 	 � � 	 �
� � � 
 	 � � � �
� � � � � � � � . . .

�
� � 
 	 �� � �

tgϕ

� � � � �� � � � � � � �� 	 � � � � � �� � � � � � � �� 
 � . . .

� � � � �� � � � tgϕ0 = dS cos tS − dN cos tN
ϕ0 59◦56′26′′.17 27′′.14 28′′.18 27′′.63 . . . 26′′.07

∆i

� � � � � � � � � � � � . . .

� � 
 71Q � ü�

∆ϕ 6′′.67 6′′.67 6′′.67 6′′.76 . . . 7′′.01 ∆ϕ = ∆i τ
4

secAS

ϕ 59◦56′32′′.84 33′′.81 34′′.85 34′′.39 . . . 33′′.08 ϕ = ϕ0 + ∆ϕ

ϕ UV 59◦56′33′.86 ϕ UV = 1
n

∑

ϕ

ϕ− ϕ UV −1′′.02 −0′′.05 +0′′.99 +0′′.53 . . . −0′′.78
∑

(ϕ− ϕ UV )2 
� � 	� 


σϕ ±0′′.30 σϕ =
√

∑

(ϕ−ϕ �� )2
n(n−1)
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¢�$âg S·R*'�<>?ÁJ*'�/hO�/0)XL}[�?

�"<�_�'�R*Q�LÁJ�?KU,_ft{[�?Á)�e¨[�1=/�-01=/0-�[�rÅ3�L�[	J*; K�tzW};Á3�?>[	Q*;�W};�t K <>/21=/0Q*;
LÁ)_-0/0J*'4)2?!1!1=/0Q@b.J�/}�gK*;�_feKO
'*J�?��*'*'�3*)XL�O�L�nîJ�LI-0?�R*'�<>?Á)�e

zS = ϕ− δS, Ï ê�Ðæã+Ñ
zN = δN − ϕ, Ï ê�Ð.ç\Ñ

W�[�/
zS
3
δS

T%-0/0J*'*)RJ�L=/OQ�?=<><,)XL2+.J*'�/ ' <,K9_	LÁJ�/0J*'�/�[V_*+�-01=/0-�[�rÅ3»K*;�_fe�T
O
'*J*'*Q*;�t HI/}�gKótzW}; LÁ)U-0/0J*'*)2?43�?

zN
3
δN

T(?ÁJ�?,_	LKW}'QP*JVrþ/P1=/�_�'QP*'*JVr
[V_*+!-01=/0-�[�rÅ3�K*;�_feKO
'*J*'*Q*;�t HI/}�OK <>/21=/0Q*;!LÁ)Å-0/0J*'*)0?4$.5B- 1Kr Q�?,nI/0J*'Q�
Xº¢�$âg�\W'�Xº¢�$ÒkF\�R�L,_�;�P�?=/�O

ϕ =
1

2
(δS + δN) +

1

2
(zS − zN). Ï ê�Ð ë)Ñ

�"<�_�' <>/21=/0Q*J�?�+ -01=/0-�[�? J�?KU,_fts[�?=/0)X<�+ 1 J*'9nîJ�/}� K*;�_feKO
'4J�?��*'*'�3þ)XL
'VO�/2/�O

zN = 180◦ − (ϕ+ δN). Ï ê�Ð í�Ñ
5B-P1Kr Q�?,nI/0J*'Q�oXº¢�$âg�\W'�Xº¢�$éÓ�\WJ�?,b²L�[	'VO

ϕ = 90◦ +
1

2
(δS − δN) +

1

2
(zS − zN). Ï ê�Ð.ï\Ñ

Dk/0)XL}[ñL�R*Q�/	[	/�_	/0J*'4+�~n'*Q�LÁ)�rÅ3�L=<,J�L=1=?ÁJ*JVr|�OJ�?�'�<	R�L,_feÁ-0L=1=?ÁJ*'*'�cBLÁQZT
O
;�_öXº¢�$æj@\B'¹Xº¢�$Ò�F\�3»J�?Á-}rþ1=?=/0)X<�+ËO�/0)XL}[�LKO V�?,_feÁK.LÁ)R)2? ô $!Í ?ÁQ�?ÁK*)X/0Q*J�L��
L=<>LKU=/0J*J�L=<,)�eKt�l,)XLKW,L#O�/0)XL}[�?%+C1,_*+C/0)X<�+_)XL43�P*)XL '*-}O�/0Q�/0J*'Vt�R�L}[V_	/�nI?Á)
J�/Å-0/0J*'*)RJVrþ/BQ�?=<><,)XL2+.J*'4+

zS
'
zN

3�?nJ�/}R�L=<,Q�/	[�<,)X1=/0J*J�Ln'9b Q*?Á->J�L=<,)�e4$
Ì )XL�[�L=<,)R'VW�?=/0)X<�+ -0? <	PVÑ0)EJ�?KU,_ft{[�/0J*'4+ <	R�/}�*'�?,_feÁJ�L�R�L}[�LKUÁQ�?ÁJ*JVrsb
-01KÑ0-�[�X;R�?ÁQîV�?,_feÁKCLÁ)R)0?�\�$@w�1KÑ0-�[�r 1�R�?ÁQ�?,bIV�?,_feÁKCLÁ)R)0?�R�L�[�LKUÁQ�?ÁJVr )0?ÁK�3
P*)XL_Q�?Á->J�L=<,)�e

zS − zN
LÁKC?Á-}rþ1=?=/0)X<�+�O�/0JVeK~I/x[	'�?KO�/0)RQ�?ÂR�L,_*+O->Q�/0J*'4+

)RQ*;�UKrÅ$ Ì )XLyR�LÁ-01=L,_*+C/0)k'*-}O�/0Q�+.)�e Q�?Á->J�L=<,)�e -0/0J*'*)RJVrsb Q�?=<><,)XL2+.J*'Q�
LÁK*;�_*+.Q*JVr·OvO
'*K*Q�LKO�/0)RQ�LKO 3 J�/�R*Q*'VU=/�W�?�+!K LÁ)X<	P�/0)0?KO 1=/0Q*)R'*K.?,_feÁJ�LKW,L
K*Q*;�W�?4$�¤ K.?Á-0?ÁJ*J�L=/ÅLKU=<,)XL2+.)X/�_fe=<,)X1=Lh[�/�_	?=/0)�<�R�L=<>LKUIV�?,_feÁKCLÁ)R)0?_L}[	J*'VO
'*- <>?KOMrsbk)XL�P*JVrsboO�/0)XL�[�L=1 L�R*Q�/	[�/�_	/0J*'C+�~n'*Q�LÁ)�r 1 K9_	?=<><,'QP�/2<,K.L��
?=<,)RQ�LKO�/0)RQ*'*'�$öSþJ +C1,_*+�_	<�+ L=<,J�L=1ÁJVr·O O�/0)XL}[�LKO 1 Q�?KU=LÁ)X/íDk/�nq[	;FT
J�?ÁQ�L}[	J�L�� <�_�;@n�UKrö~n'*Q�LÁ)�r ' Dk/�nq[	;�J�?ÁQ�L}[	J�L��g<�_�;@n�UKr�[�1Á'9n6/0J*'4+
R�L,_ft <>?4$
h 

¦R��¥X·X´Ê���s {¥�®�¢�¾�°R©R­O®�¾�¢�¦R´} R´}­	´}­ 
(«�¶�´}¦R¦R�s¼}´�¯{¹ û � ý>ú ½ «:±�³R¦R®�°R¢�©RïR��¾�°R©Å¦R®�¡��¦R®�¼}´}¢s®� î®�­	�s¦R©R°0®� X¾�°R©R­ ½ �s´s¥��x¡s©X¾�¢�´}­G�j«��²®�·��}°0´}¢�¢�´}­ ºØ%j«¢¡¤£¦¥ /¨§¦©ª© ¿�¹îû 
 � � ½ «	© R®�¡s¹}®�  � ½ ´ ©R­	�s R�s­�«
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�j'�<�$�¢�$øgK¸V�"?KU=L�P*'Q� b²L�[CO
'*K*Q�LKO�/0)RQ�?

¢�$Òk �"?KU=L�P*'�/£cBLÁQVO
;�_fr

Mh_*+OL�R*Q�/	[�/�_	/0J4'4+�~n'*Q�LÁ)�rSR�LÂO�/0)XL�[�;OV�?,_feÁK.LÁ)R)0?UJ�/2LKU�b²L�[	'VO�LU1Kr{T
Q�?Á->'*)�e·R�L,_�;�Q�?Á->J�L=<,)�eþ-0/0J*'*)RJVrsb Q�?=<><,)XLª+.J*'Q� 1

2
(zS−zN)

321,b²L}[�+CHn;�t 1
cBLÁQVO
;�_fröXº¢�$æj@\Î'dXº¢�$Ò�F\�3�P�/0Q�/0- LÁ)X<	P�/0)�r»O
'*K*Q�LKO�/0)RQ�?43Á? )2?ÁK9nI/Ä;�P�/2<,)�e
1,_�'4+.J*'�/ñQ�/�cÅQ�?ÁKQ�4'*' ' J�?ÁK9_	LÁJ*J�L=<,)R' J�?\<-[�/�_	?ÁJ*JVrþ/ñLÁ)X<	PVÑ0)�rÅ$
FBQ*'
J�?KU,_ft{[�/0J*'4+�bB'*J�<,)RQ*;�O�/0J*)þ1Krþ<,)0?=1,_*+C/0)X<�+B)XL�P*J�L{1xO�/0Q*'Z[	'�?ÁJ�3RL}[	J�?ÁK.L
[V_*+#R�L=1Kr·~I/0J*'4+ )XL�P*J�L=<,)R'hR*Q�LÁ'4-01=L�[�+.)�'*-}O�/0Q�/0J*'4+ÅJ�/�)XL,_feÁKCL J�?·��/0JZT
)RQ�?,_feÁJ�L���3�J�L 'IJ�?�U=LÁKCL=1=L��_J*'*)>+�b�$=FPLKl,)XLKO
;U1�cBLÁQVO
;�_frË[V_4+n1Kr|P*'�<�T
_	/0J*'4+�~n'*Q�LÁ)�r J�/2LKU�b²L}[	'VO�LU1=1=/2<,)R' /2H>Ñ%)2?ÁKOJ�?Á-}rþ1=?=/�O
;�t¹R�L�R*Q�?=1ÁK*;
-0?nK*Q*'�1Á'*->J*;�R�?ÁQ�?,_Q_	/�_�'�3.;�P*'*)�rþ1=?Kt Hn;�t Q�/	[	;�KQ�*'Vt -0/0J*'4)XJ*LKW,LnQ�?=<�T
<,)XL2+.J*'4+ <�U=LÁKCL=1KrsbGJ*'*)X/}� J�?C��/0J*)RQ�?,_feÁJ*;�tU$"@PLÁQ�LKUÁK.? LÁK*;�_*+.Q*J�LKW,L
O
'*K*Q�LKO�/0)RQ�?#[�L,_QnîJ�?£UKr )�ehR�L=1KÑ0Q*J*;�)0?P)2?ÁK*'VO LKUÁQ�?Á-0LKO 3FP*)XLKUKr J�/}R�L�T
[�1Á'9nîJVrþ/ J*'*)R' <,)2?,_�' 1=/0Q*)R'*K.?,_feÁJVr·O
'�3�?CUÁ'�<><>/0K*)XLÁQyR�/0Q�/�O�/2HI?,_	<�+
UKrÅ3�'*-}O�/0Q +�+ -0/0J*'*)RJVrþ/íQ�?=<><,)XL2+.J*'4+ 1�[�L,_fe 1=/0Q*)R'*K.?,_	?4$ÄFBQ�/	[VR�L,_	L�T
nî'VO 3�P*)XL Q�?KU=L�P*'Q�Âb²L}[�O
'*K*Q�LKO�/0)RQ�?¨X�1ÁQ�?=HI/0J*'�/|U=?ÁQ�?KU=?ÁJ�? 1 <,)XLÁQ�LÁJ*;
1=LÁ->Q�?=<,)0?ÁJ*'4+OL��*'VcÅQ�L=1ÁK*'$\�<>L=LÁ)X1=/0)X<,)X1Á;=/0)£R�/0Q�/�O�/2HI/0J*'VtöUÁ'*<><>/0K*)XLÁQ�?
R�L6J�?�R*Q�?=1,_	/0J*'Vt 1=LÁ->Q�?=<,)2?ÁJ*'4+ -0/0J*'*)RJ�LKW,L6Q�?=<><,)XL2+.J*'4+`X�Q*'�<�$¥¢�$âg�\�$
#�1=/	[�/�OE<�_	/	[	;�t Hn'�/�LKU=LÁ->J*?�P�/0J*'4+$¸

τ
T���/0J�?Â[�/�_	/0J*'4+gV�?,_feÁKCLÁ)R)XL=1=<,K.LKW,Ln;�Q�L=1ÁJ4+®�

i
TWJ�?ÁK9_	LÁJ*J�L=<,)�e6L=<,'Ç;�Q�L=1ÁJC+�3	1Kr Q�?,n6/0J*J�?�+ 1Â[�/�_	/0J*'4+�b ;�Q�L=1ÁJ4+®�

R
T���/0J�?!L}[	J�LKW,L6LKU=LÁQ�LÁ)0?6LÁK*;�_*+.Q*J�LKW,LqO
'*K*Q�LKO�/0)RQ�?��

M
T(LÁ)X<	PVÑ0)¨O
'*K*Q�LKO�/0)RQ�?61qO�LKO�/0J*)UK*;�_feKO
'*J�?��*'*'��
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m
TÅLÁ)X<	PVÑ0)óO
'*K*Q�LKO�/0)RQ�?43�'>L=LÁ)X1=/0)�<})�1Á;�t Hn'9�yR�/0Q�/2<>/}P�/0J*'Vt -01=/0-�[�L��

U=LÁK.L=1=L��gJ*'*)R'��
m0

T»LÁ)X<	PVÑ0)�O
'*K*Q�LKO�/0)RQ�?43=<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'Q�!J*;�_Ve�TaR4;�J*K*)R;>W}Q�/�UKÑ0J*K*'
X�LKUKr|P*J�L

m0 = 10
\��

z0
TÅLÁ)X<	P�/0) 1=/0Q*)R'*K.?,_feÁJ�LKW,LÇK*Q*;�W�?43�<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'Q� J*;�_fe�TºR*;�J*K*)R;

W}Q�/�UKÑ0J*K*'
m0

�
ρ
TW1,_�'4+.J*'�/PQ�/�cÅQ�?ÁKQ�*'*'�$
�P?kQ*'�<�$·¢�$Òkí'�<	R�L,_feÁ->;�t%)X<�+ <�_	/	[	;�t Hn'�/ LKU=LÁ->J�?�P�/0J*'4+$¸

PZ
T¨O�/	T

Q*'Z[	'�?ÁJ�3
P
ThR�L,_ft <�3

Z
T�-0/0J*'*)>$Ä7]R9_	LK~nJ�L��»_�'*J*'�/}��R�LÁKC?Á->?ÁJmR*;�)�e

-01=/0-�[�r
E(α, δ)

3FR*Q�/0QVrþ1Á'�<,)XL��qT'R*Q�L=/0KQ�*'4+>R�L�[	1Á'9nîJ�L��!J*'*)R'�UÁ'�<><>/0KZT
)XLÁQ�?\J�?íJ�/�U=/2<,J*;�t <�cB/0Q*;Á$(Sþ)RQ�/0->K*'

kN
'
kS

R*Q�/	[�<,)0?=1,_*+Zt%)\<>LKU=L��
R�L�R*Q�?=1ÁK*' ->? K*Q*'�1Á'*->J*;�R�?ÁQ�?,_Q_	/�_�'�$(5B- Q*'�<,;�J*K.? 1Á'Z[	J�L43]P*)XL /2<�_�'
LKU=/B-01=/0-�[�r J�?KU,_ft{[�?Kt%)X<�+ 1!1=/0Q@b.J�/}� K*;�_feKO
'*J�?��*'*'�3�)XL

MSR = mSR+ kS, Ï ê�Ð ä)Ñ

�j'�<�$�¢�$Òk�¸*@ )X/2LÁQ*'*'óO�/0)XL}[�?!V�?,_feÁK.LÁ)R)2?
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MNR = mNR− kN . Ï ê�Ð.ê\Ñ
�"<�_�'�nI/ö<>/21=/0Q*J�?�+n->1=/0-�[�?BJ�?KU,_fts[�?=/0)X<�+I1ÅJ*'9nîJ�/}�6K*;�_feKO
'*J�?��*'*'�3=)XL

MNR = mNR+ kN . Ï ê�Ð å)Ñ
Mh_*+ L�R*Q�/	[�/�_	/0J*'4+ 1=/�_�'QP4'*JVr

kS
'*-�R*Q +ZO�LÁ;�W,L,_�J�LKW,Lí)RQ�/0;�W,L,_feÁJ*'*K.?

EPC
'VO�/2/�OvR�L�cBLÁQVO
;�_	/BKCL=<,'*J*;=<>L=19¸

cos(90◦ − δ) = cos f cos(90◦ − (δ + kS)), Ï ê�Ð î)Ñ
W�[�/^P�/0Q�/0-

f
LKU=LÁ->J�?�P�/0J�L�Q�?=<><,)XL2+.J*'�/�U=LÁKCL=1=L��îJ*'*)R' LÁ)���/0J*)RQ�?,_feÁJ�L���$

5B-£l,)XLKW,L6Q�?=1=/0J�<,)X1=?IJ�?,b²L�[	'VO|¸

sin δ =

(

1 − 2 sin2 f

2

)

sin(δ + kS). Ï ê�ÐæãÊè)Ñ
FBQ�/2LKUÁQ�?Á->;=/�Oml})�L!1Kr Q�?,nI/0J*'�/K¸

2 sin2 f

2
sin(δ + kS) = sin(δ + kS) − sin δ = 2 cos

(

δ +
kS

2

)

sin
kS

2
.

Ï ê�Ðæã	ã+ÑFBQ�/0J�/�UÁQ�/�W�?�+ 1=/�_�'QP*'*J�?KO
'
kS

' kS

2

R�L!<,Q�?=1ÁJ�/0J*'Vt <
δ
R�L,_�;�P*'VO

sin2 f

2
tg δ = sin

kS

2
, Ï ê�Ðæã�ç\Ñ

LÁ)RK*;�[�?¨[V_*+ '*J*)X/0Q�/2<,;�t HI/}� J�?=<B1=/�_�'QP*'*JVr
kS

J�?,b L}[	'VO

kS =
f2

2
sin 1′′ tg δ. Ï ê�ÐæãÊë)Ñ

DkL�nîJ�L#R�LÁKC?Á-0?Á)�e43KP*)XL£l,)0?�nI/xcBLÁQVO
;�_	?P<�_�;@nî'*) '>[V_*+6L�R*Q�/	[�/�_	/0J*'4+
R�L�R*Q�?=1=LÁK

kN
$

w�?�R*'V~I/�O )X/}R�/0QVe 1Kr Q�?,n6/0J*'4+ [V_*+Ç-0/0J*'*)RJVrsb Q�?=<><,)XL2+.J*'Q�Ät|nîJ�L��
'Ç<>/21=/0Q*J�L��g-01KÑ0-�[ä3�J�?KU,_ft{[�/0J*JVrsb J�?

j
Tº�óU=LÁK.L=1=L��gJ*'*)R'

z
(j)
S = z0 + (m

(j)
S −m0)R+ iS

τ

2
+ ρS + k

(j)
S , Ï ê�Ðæã�í�Ñ

z
(j)
N = z0 + (m

(j)
N −m0)R+ iN

τ

2
+ ρN + k

(j)
N , Ï ê�Ðæã�ï\Ñ

j = 1, 2, ..., n.
¤j<,Q�/	[	J4+�+ KC?,nq[�L=/_'*-n1Kr Q�?,nI/0J*'Q�vXº¢�$âg�Ó�\ '�Xº¢�$øg��F\·R*L 1=<>/�O J*'*),+ZO

X�1ÁK9_ft^P�?�+���/0J*)RQ�?,_feÁJ*;�t�\!' 1Kr|P*'*)0?�+ <,Q�/	[	J*'�/í->J�?�P�/0J*'4+
zS

'
zN

3
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R�L,_�;�P*'VO 1 LÁK.LÁJQP�?Á)X/�_feÁJ�LKO 1Á'Z[�/�cBLÁQVO
;�_�;�[V_*+�1Kr|P*'�<�_	/0J*'4+�R�L,_�;FT
Q�?Á->J�L=<,)R' -0/0J*'*)RJVrsbñQ�?=<><,)XL2+.J*'Q�

1

2
(zS − zN) = (MS −MN)

R

2
+
τ

4
(iS − iN) + ∆ρ+ k. Ï ê�ÐæãÊä)Ñ

#Ïl,)XL���cBLÁQVO
;�_	/_LKU=HI?�+�R�L�R*Q�?=1ÁKC?î-0?OK*Q*'�1Á'*-,J*;dR�?ÁQ�?,_Q_	/�_�' 1Kr|P*'�<�T
_*+C/0)X<�+g<�_	/	[	;�t Hn'VO LKUÁQ�?Á-0LKO|¸

k =
1

2
(kS ± kN) = FStgδS ± FNtgδN, Ï ê�Ðæã�ê\Ñ

FS =
sin 1′′

4(n+ 1)

n
∑

j=1

F 2
j ; FN =

sin 1′′

4(n+ 1)

n
∑

j=1

f2
j , Ï ê�ÐæãÊå)Ñ

W�[�/#P*/0Q�/0-
FS

'
FN

LKU=LÁ->J�?�P�/0JVr Q�?=<><,)XLª+.J*'4+¼U=LÁK.L=1Kr|bîJ*'*)X/}�gLÁ)h��/0JZT
)RQ�?,_feÁJ�L��g16<�_�;�P�?=/BJ�?KU,_ft{[�/0J*'4+¼tsnîJ�L��ñ' <>/21=/0Q*J�L��ñ-01KÑ0-�[ <>L=LÁ)X1=/0)�T
<,)X1=/0J*J�L4$��"?=<><,)XLª+.J*'4+�U=LÁK.L=1Krsb6J*'*)X/}� LÁ)���/0J*)RQ�?,_�J�L�� <	P*'*)2?Kt%)X<�+î'*-�T
1=/2<,)RJVr·O
'�$²#vcBLÁQVO
;�_	?,b Xº¢�$âg��F\»'óXº¢�$âg�¢K\äJ*'9nîJ*'Q�6->J�?ÁK!<>L=LÁ)X1=/0)X<,)X1Á;²/0)
<�_�;�P�?Kt J�?KU,_ft{[�/0J*'4+ñ<>/21=/0Q4J�L�� -01=/0-�[�r 16J*'9nîJ�/}�gK*;�_feKO
'*J�?��*'*'�$
FPL,_�;�P*'VO )X/}R�/0QVeG1Kr Q�?,nI/0J*'�/¼[V_*+ 1Kr|P*'�<�_	/0J*'4+ Q�/�cÅQ�?ÁKQ�*'�LÁJ*J�L��

R�L�R*Q�?=1ÁK*'

∆ρ =
1

2
(ρS − ρN) Ï ê�ÐæãÊî)Ñ

1�cBLÁQVO
;�_	/ Xº¢�$âg�°@\�$ Ì )2?�R�L�R*Q�?=1ÁK.?î;�P*'*)�rþ1=?=/0)IQ�?Á-	_�'QP*'�/UQ�/�cÅQ�?ÁKQ�*'*'
R*Q*' J�?KU,_fts[�/0J*'4'ËtsnîJ�L�� ' <>/21=/0Q*J�L�� -01KÑ0-�[ ' +C1,_4+C/0)�<�+�cÅ;�J*KQ�*'�/}�
Q�?Á->J�L=<,)R' -0/0J*'*)RJVrsbñQ�?=<><,)XL2+.J*'Q��$

∆z = (MS −MN)R. Ï ê�Ð.ç�è)Ñ
w�/0J*'*)RJVrþ/�Q�?=<><,)XLª+.J4'4+¦R*Q*' J�?KU,_ft{[�/0J*'4+�b -01KÑ0-�[¡R�L»O�/0)XL�[�; V�?,_fe�T
K.LÁ)R)0?\J�/ R*Q�/21Kr·~I?Kt%)

60◦ 3"?\'9b Q�?Á->J�L=<})X'
∆z

J�/ R*Q�/21Kr·~I?Kt%)
50′ $

FPLKl,)XLKO
;¼[V_*+Ç1Kr|P*'�<�_	/0J*'4+dR�L�R*Q�?=1ÁK*'
∆ρ

O�L�nîJ�L�R*Q�/0J�/�UÁQ�/}PVeî-0?=1Á'ZT
<,'VO�L=<,)�eKt Q�/�cÅQ�?ÁKQ�*'*' LÁ)_)X/�OIR�/0Q�?Á)R;�QVr ' [�?=1,_	/0J*'4+g1=LÁ-�[	;@b²?!' 1=L=<�T
R�L,_feÁ-0L=1=?Á)�e=<�+�R*Q*'VU,_�'9n>Ñ0J*J�L���cBLÁQVO
;�_	L��d[V_*+ 1Kr|P*'�<�_	/0J*'4+ <,Q�/	[	J�/}�
Q�/�cÅQ�?ÁKQ�*'*'

ρ = 58′′.3 tgz0. Ï ê�Ð.ç�ã+Ñ
5B-£l,)XL��ócBLÁQVO
;�_fröR�L,_�;�P�?=/�O 3QR*Q�L}[	'Vc�cB/0Q�/0JQ�*'*Q�L=1=?=1dXº¢�$Òk�g�\�R�L

z
3

ρS − ρN =
58′′.3∆z

cos2 z0

sin1′′. Ï ê�Ð.ç	ç\Ñ
FPL}[�<,)0?=1,_*+�+�l,)XL6->J�?�P�/0J4'�/�1óXº¢�$âg�i@\�R*Q*' ;�P�/0)X/�Xº¢�$Òk��@\�34'VO�/2/�O
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∆ρ′′ =
58′′.3

2 · 206265′′
(MS −MN)R′′

cos2 z0

= 2.826 · 10−4(MS −MN)
R′′

2
sec2 z0. Ï ê�Ð.ç�ë)Ñ

#�b²L}[�+CHI?�+ 1»cBLÁQVO
;�_�;ùXº¢�$âg�°@\�R�L�R4Q�?=1ÁKC? -0? ;�Q�L=1=/0JVe τ
4
(iS − iN);�P*'*)�rþ1=?=/0) '*-}O�/0J�/0J*'�/îJ�?ÁK9_	LÁJ�? )RQ*;�UKrÎR*Q*'kJ�?KU,_ft{[�/0J*'*'�tsnîJ�L��k'

<>/21=/0Q*J�L�� ->1KÑ0-�[ä$�#�/�_�'QP*'*J�?
iS − iN

1Kr|P*'�<�_*+C/0)X<�+ R�L�cBLÁQVO
;�_	/

iS − iN = ±[(
_ Ç R )S − (

_ Ç R )N ], Ï ê�Ð.ç6í�Ñ
R*Q*'QPVÑ�O ->J�?ÁKov®R9_ft <p×P1Kr·UÁ'*Q�?=/0)X<�+ /2<�_�'�¸
?�\�LKU�È�/0K*)R'�1 '*J�<,)RQ*;�O�/0J*)0?PJ�?�R*Q�?=1,_	/0J!1B<,)XLÁQ�LÁJ*;¨O4_	?�[�~I/�W,Lz[�/�_	/0J*'C+
;�Q�L=1ÁJ4+�3�?!LÁ)X<	PVÑ0)�r¡O
'*K*Q�LKO�/0)RQ�?!1=LÁ->Q�?=<,)0?Kt%)I<B;.1=/�_�'QP�/0J*'�/�OE-0/0J*'*)�T
J�LKW,LIQ�?=<><,)XL2+.J*'4+®�
U�\(LKU�È�/0K*)R'�1n'*J�<,)RQ*;�O�/0J*)0?6J�?�R*Q�?=1,_	/0Jg1I<,)XLÁQ�LÁJ*; <,)0?ÁQV~I/�W,LÂ[�/�_	/0J*'C+
;�Q�L=1ÁJ4+�3 ?�LÁ)X<	PVÑ0)�rmO
'*K*Q�L=<,KCL�R�?B;�UKrþ1=?Kt%) <þ;.1=/�_�'QP�/0J*'�/�OG-0/0J*'*)RJ�LKW,L
Q�?=<><,)XL2+.J*'4+�$
#ËcBLÁQVO
;�_	/£Xº¢�$Òk,Ó�\�->J�?ÁK«v�O
'*J*;=<p×|R�/0Q�/	[6K�1=?�[	Q�?Á)RJ�L��n<,KCLKUÁK.L��>U=/0QVÑ0)X<�+
16)X/�bñ<�_�;�P�?�+�b�3	K.LKW�[�?9¸
1�\(LKU�È�/0K*)R'�1n'*J�<,)RQ*;�O�/0J*)0?6J�?�R*Q�?=1,_	/0Jg1I<,)XLÁQ�LÁJ*; <,)0?ÁQV~I/�W,LÂ[�/�_	/0J*'C+
;�Q�L=1ÁJ4+�3�?!LÁ)X<	PVÑ0)�r¡O
'*K*Q�LKO�/0)RQ�?!1=LÁ->Q�?=<,)0?Kt%)I<B;.1=/�_�'QP�/0J*'�/�OE-0/0J*'*)�T
J�LKW,LIQ�?=<><,)XL2+.J*'4+®�
W�\"LKU�È�/0K*)R'�1B'*J�<,)RQ*;�O�/0J*)0?�J�?�R*Q�?=1,_	/0Jî1�<,)XLÁQ�LÁJ*;>O4_	?�[�~I/�W,L�[�/�_	/0J*'C+
;�Q�L=1ÁJ4+�3=?ÅLÁ)X<	PVÑ0)�r�O"'*K*Q�LKO�/0)RQ�? ;�UKrþ1=?Kt%){<Ä;.1=/�_�'QP�/0J4'�/�Oí-0/0J*'*)RJ�LKW,L
Q�?=<><,)XL2+.J*'4+�$

¢�$æj #{r|P*'�<�_	/0J4'�/U1Á'Z[	'VOMrsb O�/2<,)

#('Z[	'VOIrö/þK.LÁQF[	'*J�?Á)�rE-01KÑ0-�[ä3='�<	R�L,_feÁ->;�t Hn'9b²<�+61#R*Q�LKW}Q�?KOMO�/öV�?,_fe�T
K.LÁ)R)2?43 LKUKr|P*J�L 1þÃ,T <,)RQ�LÁJ�LKO
'QP�/2<,K.LKO �'nI/�W,L}[	J*'*K./�ÃdJ�/yR*;�U,_�'*K*;FT
t%)X<�+�$ FPLKl,)XLKO
; '9b¹R�L,_�;�P�?Kt%) J�/ '*J*)X/0QQR�L,_�'*Q�L=1=?ÁJ*'�/�O 3ö?mR�L=<,Q�/	[QT
<,)X1=LKOk1Kr|P*'�<�_	/0J*'Q�î<·R�LKO�L=H>eKt Q�/	[	;�KQ�*'�LÁJ*JVrsb61=/�_�'QP*'*J�$�#�g�i�ÓF§�W,L�T
[	;�5�V�T Tz� 7þ7þ7{��1Kr|R*;=<,)R'9_¬vx@P?Á)2?,_�LKWug�iK°@¢ -01KÑ0-�[qR*Q�LKW}Q�?KOMOMr <	R�L�T
<>LKU=? V�?,_feÁK.LÁ)R)0?îJ�?�l	R�L�b.;`g�iF����W,L�[�?�×�3�1îKCLÁ)XLÁQ�LKO�R*Q*'�1=L}[�+.)X<�+ <,Q�/	[QT
J*'�/hO�/2<,)0?6-01KÑ0-�[ J�?6Q�?=1ÁJ�L}[�/0J�<,)X1Á'�/BK.?Á)2?,_	LKW�? g�iF���C$æ�_'Ç<>LKU=<,)X1=/0J*JVrþ/
[�1Á'9nI/0J*'4+dR�LO<,K9_	LÁJ�/0J*'Vt

µ′ $�FP/0Q*/21=L�[\K.L=LÁQF[	'*J�?Á)6J�?�_ftzUÁ;�t�l	R�L�b.;
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B
[�/�_	?=/0)X<�+ R�LqcBLÁQVO
;�_	?KO|¸

αB = α1950.0 + (B − 1950.0)AnV ar, Ï ê�Ð.ç	ï\Ñ
δB = δ1950.0 + (B− 1950.0)AnV ar+

(B − 1950.0)2

200
SecV ar, Ï ê�Ð.ç�ä)Ñ

W�[�/
α1950.0

3
δ1950.0

T�<,Q�/	[	J*'�/{KCL=LÁQF[	'*J�?Á)�rÅ3 1Á-,+.)�rþ/%'*-öKC?Á)0?,_	LKW�?43 ?BKCL�T
l�c�cÅ'Q�*'�/0J*)�r

AnV ar
XÉ¾d�������(� ª"���6ÿ�����ÿ��(��\ '

SecV ar
Xº¬���'\�������#ª"���6ÿÒT����ÿ��(��\Ä;�P*'*)�rþ1=?Kt%)I'*-}O�/0J�/0J*'�/UK.L=LÁQF[	'*J�?Á)I-0?O<	PVÑ0)qR*Q�/}��/2<><,'*' ' <>LKU�T

<,)X1=/0J*JVrsb»[�1Á'9nI/0J*'Q��${�P?�P*'*J�?�+ <�g�iK§K°�W,L}[�? <,Q�/	[	J*'�/�O�/2<,)0? -01=/0-�[
1Kr|P*'�<�_*+Zt%)X<�+ñJ�?!<>/0Q�/	[	'*J*; )X/0K*;.HI/�W,Lqtx_�'�?ÁJ�<,KCLKW,LqW,L}[�?4$
#{r|P*'�<�_	/0J*'�/ 1Á'Z[	'VO�LKW,LG<,K9_	LÁJ�/0J4'4+�3(<>L=LÁ)X1=/0)X<,)X1Á;�t HI/�W,L`O�LKO�/0J*)R;

J�?KU,_ft{[�/0J*'4+�3QR*Q�LÁ'*-01=L}[	'*)X<�+ R�L�cBLÁQVO
;�_	/

δvis = δB + (A+A′)a′ + (B +B′)b′ + Cc′ +Dd′ + µ′τ, Ï ê�Ð.ç	ê\Ñ
W�[�/

(A+A′)a′+(B+B′)b′ TÎ;�P�/0)^R*Q�/}��/2<><,'*'6'¨[�L,_fW,L�R�/0Q*'�L}[	'QP�/2<,K.L��
J*;�)0?��*'*'I-0?x[	Q�LKUÁJ*;�t�P�?=<,)�e#W,L}[�?43

Cc′+Dd′ T�;�PVÑ0)xW,L}[	'QP*J�L��I?KUKU=/0Q�?�T
�*'*'�3

µ′τ
T�<>LKU=<,)X1=/0J*J�LKW,Lh[�1Á'9nI/0J*'4+�3

τ
T![	Q�LKUÁJ�?�+�P�?=<,)�e¨tx_�'�?ÁJ�<,K.LKW,L

W,L}[�?OLÁ)Â[�?Á)�r J�?KU,_fts[�/0J*'4+¼[�LO<>/0Q�/	[	'*JVr )X/0K*;.HI/�W,L�tx_�'�?ÁJ�<,K.LKW,L�W,L�T
[�?4$�#Ðl,)XL���nI/>cBLÁQVO
;�_	/

a′ 3 b′ 3 c′ 3 d′ TþQ�/	[	;�K9�*'�LÁJ*JVrþ/>R�L=<,)XL2+.J*JVrþ/=3
-0?=1Á'�<�+CHn'�/�LÁ)n<,Q�/	[	J*'9b�O�/2<,)_-01KÑ0-�[ ¸

a′ = cosαB; b′ = − sinαB;

c′ = tgε cos δB − sin δB sinαB; d′ = sin δB cosαB, Ï ê�Ð.ç�å)ÑW�[�/
ε
T�J�?ÁK9_	LÁJ�l,K9_�'QR*)R'*K*' KCl,K�1=?Á)XLÁQ*;ñJ�?î<>/0Q�/	[	'*J*;g)X/0K*;.HI/�W,L�W,L}[�?

X;R*;�U,_�'*K*;=/0)X<�+n1qÃ,T <})XQ*LÁJ�LKO
'QP�/2<,KCLKO��'n6/�W,L}[	J*'*K./�Ã+\�$,�
/	[	;�KQ�*'�LÁJ*JVrþ/
R�L=<,)XL2+.J*JVrþ/

a′ 3 b′ 3 c′ 3 d′ 3j?G)0?ÁK9n6/Ç<,K9_	LÁJ�/0J*'4+ -01KÑ0-�[�R�?ÁQ
δSB

'
δNB1Kr|P*'�<�_*+Zt%)X<�+�[V_*+ñK.?,nq[�LKW,L>W,L�[�?>R�L6<	R�/}�*'�?,_feÁJ�L��dR*Q�LKW}Q�?KOMO�/=$

�
/	[	;�KQ�*'�LÁJ*JQrö/61=/�_�'QP*'*JVr
A + A′ 3 B + B′ 3 C 3 D 3�-0?=1Á'�<�+CHn'�/!LÁ)

[�?Á)�r J�?KU,_ft{[�/0J*'4+�3�?O)2?ÁKZn6/n1=/�_�'QP*'*J*;
τ
'*J*)X/0QQR�L,_�'*Q*;�t%)�R�L�Ã,T <,)�T

Q�LÁJ�LKO
'QP�/2<,K.LKO
;Ä�'nI/�W,L}[	J*'*K*;�Ã�R�L ?ÁQVW};�O�/0J*)R;mÃ}-01KÑ0-�[	J�L=/O1ÁQ�/�O"+�Ã <
'*J*)X/0QQR�L,_*+��*'�LÁJ*JVr·O�O
J�L�nî'*)X/�_	/�O

n =
[Sλ − λ]h

24h
, Ï ê�Ð.ç�î)Ñ

W�[�/
Sλ

T{<,Q�/	[	J*'Q�`O�LKO�/0J*)!J�?KU,_fts[�/0J*'4+ -01KÑ0-�[oR�?ÁQVr V�?,_feÁKCLÁ)R)0?43
λ
T

[�L,_fW,LÁ)0?qO�/2<,)0?4$
# <>L=LÁ)X1=/0)X<,)X1Á'*' <�cBLÁQVO
;�_	?KO
'�Xº¢�$æj@\%'�Xº¢�$Ò�F\zO�L�nîJ�L <,K.?Á-0?Á)�e43+P*)XL

'�<,K.LKO�?�+ ~n'*Q�LÁ)0?!1=<>/�W�[�?6L�R*Q�/	[�/�_*+C/0)X<�+g1Kr Q�?,n6/0J*'*/�O

ϕ = δ +
1

2
(zS − zN). Ï ê�Ð ë	è)Ñ
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# <�_�;�P�?=/£[�1Á;@b 1=/0Q@b.J*'9bgK*;�_feKO
'*J�?��*'Q� ->J�?�P�/0J*'�/
δ
1Kr|P*'�<�_*+C/0)X<�+dR�L

cBLÁQVO
;�_	?KO|¸

δ = δ0 + ∆δ0, Ï ê�Ð ë�ã+Ñ
W�[�/

δ0 =
1

2
(δ

(S)
B + δ

(N)
B ); Ï ê�Ð ë�ç\Ñ

∆δ0 = (A+A′)a′
0 + (B +B′)b′

0 + Cc′
0 +Dd′

0 + τµ′
0. Ï ê�Ð ë	ë)Ñ

a′
0 =

1

2
(a′

S + a′
N); b′

0 =
1

2
(b′
S + b′

N);

c′
0 =

1

2
(c′
S + c′

N); d′
0 =

1

2
(d′
S + d′

N); Ï ê�Ð ë�í�Ñ

µ′
0 =

1

2
(µ′

S + µ′
N).

�"<�_�'�nI/Ç<>/21=/0Q*J�?�+ -01=/0-�[�?ÄR�?ÁQVr J�?KU,_ft{[�?=/0)X<�+ 1�J*'9nîJ�/}� K*;�_feKO
'ZT
J�?��*'*'vX;R�LÁQ�+@[	K.L=1Kr|� J�LKO�/0Q )0?ÁK*'9bÇ-01KÑ0-�[�R�Livx@P?Á)2?,_	LKW};Äg�iK°@¢I-01KÑ0-�[�×
O�/0JVeK~I/�g��K�K�@\�3	)�LO1,b²L�[�+CHI?�+Ç1�cBLÁQVO
;�_�;�Xº¢�$æjK�@\Ä1=/�_�'QP*'*J�?

δ
1Kr|P*'�<6T

_*+C/0)X<�+g)X/}R�/0QVe>R�L6'*JVr·O�cBLÁQVO
;�_	?KO|¸

δ = δ0 + ∆δ, Ï ê�Ð ë�ï\Ñ
W�[�/

δ0 = 90◦ +
1

2
(δ

(S)
B − δ

(N)
B ), Ï ê�Ð ë	ä)Ñ

∆δ = (A+A′)a′
0 + (B +B′)b′

0 + Cc′
0 +Dd′

0 + τµ′
0. Ï ê�Ð ë�ê\Ñ

a′
0 =

1

2
(a′

S − a′
N); b′

0 =
1

2
(b′
S − b′

N);

c′
0 =

1

2
(c′
S − c′

N); d′
0 =

1

2
(d′
S − d′

N); Ï ê�Ð ë	å)Ñ
µ′

0 =
1

2
(µ′

S − µ′
N).

´#ôâµ ð ´



¢�$éÓ 5BJ�<,)RQ*;�KQ�*'4+�R�LIJ�?KU,_fts[�/0J*'QtÐR�?ÁQ V�?,_feÁK.LÁ)R)0?

g=$�Sþ)RQ�/�W};�_�'*Q�L=1=?Á)�eI'*J�<,)RQ*;�O�/0J*)_' ;=<,)2?ÁJ�L=1Á'*)�e!/�W,Ln)XL�P*J�L!1qO�/0Q*'Z[	'ZT
?ÁJ�/óX�LK~n'VUÁK.?ñ1g?Á->'VO
;�)X/

3′ <I;�PVÑ0)XLKO K.L,_Q_�'VO�?��*'*'�3+O�/2<,)XLñ-0/0J*'*)0?¼T
0◦0′ \�$
k.$CFPL=1=/0Q*J*;�)�eUKCLÁQ�LKUÁK*;!LÁK*;�_*+.Q*J�LKW,LÂO
'*K*Q�LKO�/0)RQ�?_1U)2?ÁK.L=/zR�L,_	L�n6/	T

J*'�/=3�P*)XLKUKr R�L}[�1Á'9nîJ�?�+ J*'*)�e�O
'*K*Q�LKO�/0)RQ�?`UKrs_	?oW,LÁQ*'*-0LÁJ*)2?,_feÁJ�L���$
9 LÁQ*'*-0LÁJ*)0?,_feÁJ�L=<,)�e#R*Q�L=1=/0Q*'*)�e�R�LÅFPL,_*+.Q*J�L��6-01=/0-�[�/=$²#{rÄ+C<,J*'*)�e43 1=LÁ-�T
Q�?=<,)0?=/0)Ä'Z_�'�;�UKrþ1=?=/0)�-0/0J*'*)RJ�L=/jQ�?=<><,)XL2+.J*'�/(1þJ�?�R*Q�?=1,_	/0J*'*'PQ�?KU=L�P�/�W,L
b²L}[�?!LÁK*;�_*+.Q*J�LKW,L�O
'*K*Q*LKO�/0)RQ�?4$
jC$F¤j<,)0?ÁJ�L=1Á'*)�eP)RQ*;�UÁ;nJ�?PLÁ)X<	PVÑ0)

z0
T�<,Q�/	[	J�/2/ö-0/0J*'*)RJ�L=/öQ�?=<><,)XL2+.J*'�/

R�?ÁQVrÅ$
Ó4$Q¤j<,)0?ÁJ�L=1Á'*)�e6)RQ*;�UÁ;�R�L6?Á->'VO
;�)R; J�?6LÁ)X<	PVÑ0)

0◦ '9_�' 180◦ <>L=LÁ)X1=/0)�T
<,)X1=/0J*J�L¨[V_*+ tsnîJ�L��g'Ç<>/21=/0Q*J�L��g-01KÑ0-�[ä$
�.$�7(K*Q�/}R*'*)�eI< )RQ*;�U=L��g)0?,_feÁK.LÁ)R)XL=1=<,K*'Q�g;�Q�L=1=/0JVe4341Krþ1=/2<,)R' /�W,LÂR*;FT

-}r QVÑ0K J�?6<>/0Q�/	[	'*J*;Á$�7�[�/�_	?Á)�e!LÁ)X<	PVÑ0)�r ;�Q�L=1ÁJ4+�$
°C$�FPL=<�_	/xR�L2+C1,_	/0J*'4+6-01=/0-�[�r 1£R�L,_	/{->Q�/0J*'4+6)RQ*;�UKr J�?=1=/2<,)R'OJ�?PJ�/�Ñ

J*'*)�ehO
'*K*Q�LKO�/0)RQ�?�1P)XLU1ÁQ�/�O"+�3 K.LKW�[�?�LÁJ�?£R�/0Q�/2<>/0KC?=/0)Å1=/0Q*)R'*K.?,_feÁJVrþ/
J*'*)R'�$	FBQ*' K.?,nq[�LKO )2?ÁK.LKOEJ�?=1=/	[�/0J*'*'�R*Q�LÁ'*-01=L}[	'*)�eîLÁ)X<	PVÑ0)nLÁK*;�_*+.QZT
J�LKW,L£O
'*K*Q�LKO�/0)RQ�?4$���nîJVrþ/{-01KÑ0-�[�r LKUKr|P*J�LPJ�?KU,_ft{[�?Kt%)X<�+6J�?PJ*'*),+�b
g=3�k.3@Ó43�°C3Z¢�3 ?�<,/21=/0Q*JVrþ/·T»J�?PJ*'*),+�b�k.3�jC3@Ó43��.3�°�X�/2<�_�'O1P'*J�<,)RQ*;�O�/0J*)X/
<>/�OMeî1=/0Q*)R'*KC?,_feÁJVrsbgJ*'*)X/}�$\�$��"<�_�'�n6/�K.L,_�'QP�/2<,)X1=LîJ*'*)X/}� Q�?=1ÁJ�Lq[�/	T
1�+.)R'�3�)XL¼tsnîJVrþ/_-01KÑ0-�[�r J�?KU,_ft{[�?Kt%)X<�+ÇJ�? J*'*)>+�b�g=3�k.3�Ó43��.3�°C3�§C3�iC3
?6<>/21=/0Q*JVrþ/#TjJ�?6J*'*),+�bók.3fjC3VÓ43$�.3f°C3$¢�3f§�X�Q*'�<�$¥¢�$æj@\�$
¢�$�FPL=<�_	/ÂR*Q�L�b²L�nq[�/0J*'4+Ç-01=/0-�[�L���1=<>/�bÇJ*'*)X/}�í<,J*'VO�?Kt%)�R�LÁK.?Á-0?ÁJ*'4+

;�Q�L=1ÁJ4+�$
§C$��P/ LÁ)RK*Q�/}R9_*+�+ )0?,_feÁK.LÁ)R)XL=1=<,K*'Q� ;�Q�L=1=/0JVe43zR�L=1=LÁQ�?�P*'�1=?Kt%) '4JZT

<,)RQ*;�O�/0J*)_J�?
180◦ 1=LÁK*Q*;�WÅ1=/0Q*)R'*K.?,_feÁJ�L�� L=<,'�$

iC$²FPL=<�_	/·R�Lª+C1,_	/0J*'4+n1#R�L,_	/þ1Á)XLÁQ�L��6-01=/0-�[�r»R�?ÁQVry[�/�_	?Kt%)%LÁ)X<	PVÑ0)�r
;�Q�L=1ÁJ4+�$
g��C$�FBQ�L=1=L}[�+.)_J�?KU,_ft{[�/0J*'4+ 1Á)XLÁQ�L�� -01=/0-�[�röR�?ÁQVr )2?ÁK n6/=34K.?ÁKól,)XL

L�R*'�<>?ÁJ�L61qR*;�J*K*)X/p°C$
gKg=$�FPL=<�_	/£R*Q�L�b²L�nq[�/0J*'4+ñ1Á)XLÁQ�L��g-01=/0-�[�r¦[�/�_	?Kt%)_LÁ)X<	PVÑ0)n;�Q�L=1ÁJ4+�$
FBQ*'VO�/0QÇLKcBLÁQVO4_	/0J*'C+�nî;�Q*J�?,_	?6J�?KU,_ft{[�/0J*'Q��R*Q*'9_	?KW�?=/0)X<�+�$
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�j'�<�$�¢�$æjZ¸V�P?KU,_ft{[�/0J*'4+ -01=/0-�[\VÎ?,_VeÁKCLÁ)R)0?

¢�$Ò� SuUÁQ�?KU=LÁ)RK.?Ânî;�Q*J�?,_	?6J�?KU,_ft{[�/0J*'Q�

g=$»#{r|P*'�<�_�'*)�e <,Q�/	[	J*'�/î->J�?�P�/0J*'4+GLÁ)X<�Ñ0)XL=1dO
'*K*Q�LKO�/0)RQ�?
MS

'
MN

3
? )0?ÁK9nI/G1=/�_�'QP*'*J*; R

2
(MS − MN)

3·W�[�/
R
T���/0J�? L�[	J�LKW,L LKU=LÁQ�LÁ)2?

LÁK*;�_*+.Q*J�LKW,L�O
'4K*Q�LKO�/0)RQ�?dXÉl,)2?,_	LÁJ*J*L=/P->J�?�P�/0J*'*/�\�$
k.$ #{r|P*'�<�_�'*)�eU<,;�OMOMr LÁ)X<	PVÑ0)XL=1P;�Q�L=1ÁJ4+¨_ Ç Rq[�LP'�R�L=<�_	/{J�?KU,_ft{[�/	TJ*'4+ñK.?,nq[�L�� -01=/0-�[�rÅ3	LKUÁQ�?Á-0L=1=?Á)�e6<,Q�/	[	J*'�/P'óR�L,_�;�P*'*)�e6)2?ÁK*'VO LKUÁQ�?�T

-0LKO ->J�?�P�/0J*'4+
(
_ Ç R )S '

(
_ Ç R )N $	#{r|P*'�<�_�'*)�eqR�L�R*Q�?=1ÁK*; -0?I;�Q�L=1=/0JVe

(iS−iN)τ
4

3�W�[�/
τ
T$��/0J�?s[�/�_	/0J*'4+Å)0?,_feÁKCLÁ)R)XL=1=<,K.LKW,Lþ;�Q�L=1ÁJ4+�$R#�/�_�'QP*'*J�?

iS − iN
1Kr|P*'�<�_*+C/0)X<�+�R�LhcBLÁQVO
;�_	/@Xº¢�$Òk,Ó�\�1U<>L=LÁ)X1=/0)X<,)X1Á'*' <uR*Q�?=1Á'9_	LKO

L�R*Q�/	[�/�_	/0J*'4+ ->J�?ÁK.?6J�?6<,)RQog�Ó�¢�$
jC$	#{r|P*'�<�_�'*)�e6Q�/�cÅQ�?ÁKQ�*'�LÁJ*J*;�t�R�L�R*Q�?=1ÁK*;�R�LqcBLÁQVO
;�_	/

∆ρ = 2.826 · 10−4(MS −MN)
R

2
sec2 z.

Ó4$�FPL�'*-01=/2<,)RJVr·O Q�?=<><,)XL2+.J*'4+ZO
Fj

'
fj
U=LÁK.L=1Krsb J*'*)X/}� LÁ)C��/0JZT

)RQ�?,_feÁJ�L��ÇL�R*Q*/	[�/�_�'*)�e!1=/�_�'QP*'*JVr

FS =
1

825060(n+ 1)

n
∑

j=1

F 2
j , FN =

1

825060(n+ 1)

n
∑

j=1

f2
j ,

W�[�/
n
TPK.L,_�'QP�/2<,)X1=LíJ*'*)X/}��3
J*?íKCLÁ)XLÁQVrsb <-[�/�_	?ÁJVr LÁ)X<	PVÑ0)�r O
'*K*Q�L�T

O�/0)RQ�?4$
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�.$	#{r|P*'�<�_�'*)�eî1=/�_�'QP*'*J*; 1
2
(zS − zN)

R�LqcBLÁQVO
;�_	/

1

2
(zS−zN) = (MS−MN)

R

2
+
τ

4
(iS− iN)+∆ρ+(FStgδS ±FNtgδN).

w�J�?ÁK­v�O
'*J*;=<p×xU=/0QVÑ0)X<�+61Å)XLKOG<�_�;�P�?=/=3²K.LKW-[�?B<>/21=/0Q*J�?�+n->1=/0-�[�?BJ�?KU,_ftuT
[�?=/0)X<�+g1IJ*'9nîJ�/}� K4;�_feKO
'*J�?��*'*'�$
FBQ�L�[�L,_Qnî'*)�e6LKUÁQ�?KU=LÁ)RK*;Á39R�L,_feÁ->;Á+C<�e!<>1=L�[	J�L��g)2?KU,_�'Q��/}��¸

V�?KU,_�'Q��?61Kr|P*'�<�_	/0J*'4+ ~n'*Q�LÁ)�röR�LqO�/0)XL�[	; V�?,_feÁKCLÁ)R)0?

���x·X©RïR©R R£ � ù�ýk£ � ù��"£ � ù�� ôU�s¢�´s¥Å¹}£ÎïR©X¾�·X�s R©ªò
ûÊ�,ð0û � ú � « 
 ü ûÊ�,ð0û � ú � « 
 ü ûÊ�,ð0û � ú � « 
 ü

SS 19h36m.0 20h00m.9 20h44m.9
�"¡I� «X ²«

SN 19h32m.4 19h48m.2 20h29m.3
Sλ 19h34m.20 19h54m.55 20h37m.10
λ 2h01m.18 2h01m.18 2h01m.18

Sλ − λ 17h33m.02 17h53m.37 18h35m.92

n 0.731 0.745 0.775 n = (Sλ−λ)h

24h

τ −0.2913 −0.2913 −0.2912
�
 R¢��s¦R³R´�·X©R¦ª¯,�s¢�¾Ýò

A+A′ −12.447 −12.446 −12.444
³R´ ���î R®W¥�®�¢�¯

B +B′ −2.130 −2.130 −2.131
 R®�¼�·���¥��s R©ªò

C 18.675 18.676 18.677
¾"©R R¢��s¦R³R´�·Rò2�R©2�

D −0.372 −2.367 −2.358
´} R R£Î­
­	 X´-�þ©R¢��x·X�s­

n
µ′

0(µ0
′) −0.7445 0.0230 −0.1225



´�·R¯>¾�¯2­	­	£ ©ª·X©
a′

0(a0
′) 0.39954 0.47916 0.63279

³R´�·R¯2¦R®�¡s R´,¾�¢�©
b′
0(b0

′
) 0.91668 0.87728 0.77356

¦R��¥X¯2°R�R©R´} R R£�� ¹}���
c′
0(c0

′) 0.99628 0.96278 0.88628
·X©RïR©R ²«r®W´,¦R­�¯�·X£

d′
0(d0

′
) 0.34012 0.40732 0.54805

º � «Nü�ý0¿�©ª·�©nº � «Nü 
 ¿À«
δ0 59◦54′31′′.49 60◦08′36′′.57 60◦13′51′′.90

º � «Nü}ù,¿�©ª·X©_º � «Nü��,¿
∆δ(∆δ) 11′′.09 9′′.18 5′′.77

º � «Nü}ü,¿�©ª·X©_º � «Nü � ¿
δ 59◦54′42′′.58 60◦08′45′′.75 60◦13′57′′.67 δ = δ0 + ∆δ

1
2
(zS − zN) 1′49′′.88 −12′13′′.75 −17′24′′.45

�"¡I� «X ²«
ϕ 59◦56′32′′.46 59◦56′32′′.00 59◦56′33′′.22 ϕ = δ + 1

2
(zS − zN)

ϕ ¯±°³² 59◦56′32′′.56
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#%$ íë &é ë & '�é (ö êë ç ó ´ ñ & í & µ &é¶ � îï ï & ·¸ &

¹º» º ¼½ ¾ ¼ ¿ÀÁÂ »Ã ÄÆÅÃ ¼ÇÈÉ Ê ËÌ º ÍÂ À » ÅÎÏ ÁÂ » ¼ ¼Ð ¼ÑÒÓ º ÄÕÔ ÖÌ º» Á Ô× ØÚÙ ØÚÙ ØÆÛ » Ã ÜÁÝ τ

2
= 1′′.434 R = 155′′.19ÞÁÝ Á ÅÂ ºÃ ÜÝ Á Ü Ì º ¼ß ½È à

4m.0

á âÕãÂ ºÃ ÜÝ Á Ü Ì º ¼ß ÇÈ à
5m.3

á

δN = 70◦13′.3 SN = 19h48m.2 z0 = 10◦05′.1 δS = 50◦03′.2 SS = 20h00m.9
tgδN = 2.781 FN = 0′′.07 sec2 z0 = 1.032 tgδS = 1.194 FS = 0′′.12äÅ ËÝ ÁÂ × ÓÛ » Û åÛæ Å ËÏ Á » Å äÅ ËÝ ÁÂ × ÓÛ » Û åÛæ Å ËÏ Á » Å½ Ç Ù Ñèç È É Ù ½ ¿ ¼ Ù Ðç È ß ÙÈÐ

15.055

¼

5.525 R

2
(MS −MN) = −736′′.92É

.040

Ð

.550 τ

4
(iS − iN) = 3′′.05Ò

.010

Ò

.500 ∆ρ = −0′′.21ß

.015

ß

.530 FStgδS = 0′′.14½

.040

½
.550 FNtgδN = 0′′.19¿

.022

È
.530 1

2
(zS − zN) = −733′′.75 = −12′13′′.75È

.025
Ç

.549½ Ç Ù Ñèç È É Ù ß ¿ ¼ Ù Ñç È ß Ù ß
iN = 152.55 MN = 15.030 iS = 156.8 MS = 5.533
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§C$âg FP?=<><>?,nîJVr|� '*J�<,)RQ*;�O�/0J*)

�
?Á-01Á'*)R'�/sO�/0)XL}[�L=1xR*Q�?ÁK*)R'QP�/2<,KCL��n?=<,)RQ�LÁJ�LKO
'*'n1%)X/}P�/0J*'�/�J�/2<,KCL,_fe�T
K*'9bÇ<,)XL,_	/0)R'Q�\<	R�L=<>LKU=<,)X1=L=1=?,_	L�R�Lª+C1,_	/0J*'Vt Q +@[�? ?=<,)RQ�LKO�/0)RQ*'QP�/2<,K*'9b
'*J�<,)RQ*;�O�/0J*)XL=1434<,)0?=1K~n'9bOK9_	?=<><,'QP�/2<,K*'VO
'�$�SþJ*' '�<	R�L,_feÁ-0L=1=?,_�'�<�ep[V_*+
L�R*Q�/	[�/�_	/0J*'4+n?KU=<>L,_ft%)RJVrsb_'¨[	'Vc�cB/0Q�/0JQ�*'�?,_feÁJVrsb_K.L=LÁQ@[	'*J�?Á)%'!<>LKU�T
<,)X1=/0J*JVrsb¨[�1Á'9nI/0J*'Q�î-01=/0-�[ä3�)RQ*'VW,LÁJ�LKO
/0)XQ4'QP�/2<,K*'9bqR�?ÁQ�?,_Q_	?ÁK.<>L=143@R�?�T
Q�?KO�/0)RQ�L=1 LÁQVUÁ'*)�U=L,_feK~n'9b '¹O�?,_frsbSR9_	?ÁJ�/0)>3ÄJ�/0KCLÁ)XLÁQVrsb ?=<,)RQ�LÁJ�L�T
O
'QP�/2<,K*'9bËR�L=<,)XLª+.J*JVrsb�3IR�?ÁQ�?KO�/0)RQ�L=1íLÁQ*'�/0J*)R'*Q�L=1ÁK*'EL=<,'E1ÁQ�?=HI/0J*'4+
w�/�O4_�'�3¥[V_*+�cBLÁQVO
'*Q�L=1=?ÁJ*'4+�~nK.?,_fr #�<>/�O
'*Q*J�LKW,L 1ÁQ�/�O�/0J4'�3Î<>1�+.-0?ÁJZT
J�L�� <U1ÁQ�?=HI/0J*'�/�O�w�/�O4_�'�$�5BJ�<,)RQ*;�O�/0J*)�r '*-}O�/0J4+�_�'�<�e43�<>L=1=/0QV~I/0J�<,)�T
1=L=1=?,_�'�<�e439R�Lª+C1,_*+�_�'�<�e�U=L,_	/2/B)XL�P*JVrþ/�<,'�<,)X/�OMr Q�/�W}'�<,)RQ�?��*'*'�$
7�R�L2+C1,_	/0J*'�/�OgKCLKOIRVeKt%)X/0Q�L=1Ä'PFpwÎ7�T�;=<,)RQ�L���<,)X1{?=1Á)XLKO�?Á)R'*->'*Q�L=1=?,_9T

<�+í<>?KO¹R*Q�L���/2<><IJ�?KU,_ft{[�/0J*'Q��'�'9b\LKUÁQ�?KU=LÁ)RK*'�� J�/0'*-}O�/0J*JVr·O L=<,)0?�T
1=?,_	L=<�eñL}[	J�L9¸�K9_	?=<><,'QP�/2<,K*'Q�`R*Q*'*JQ�*'QRGLÁQ4'�/0J*)R'*Q�L=1ÁK*'�R�L�[�?=1,_*+Zt HI/	T
W,L U=L,_feK~n'*J�<,)X1=?ñ?=<,)RQ�LKO�/0)RQ*'QP�/2<,K*'9b\'*J�<,)RQ*;�O�/0J*)XL=1g1�W,LÁQ*'*-0LÁJ*)0?,_fe�T
J�L�� <,'�<,)X/�O�/PKCL=LÁQF[	'*J�?Á)U'Ç<>1�+.-0?ÁJ*JVrþ/�<ÅJ*'VOmO�/0)XL}[�r LKUÁQ�?KU=LÁ)RK*'gJ�?�T
U,_ft{[�/0J*'Q��$²Sþ)�O�/0)R'VO 3�P*)XL )2?ÁK*'�/Ä<>L=1ÁQ�/�O�/0J*JVrþ/|O�/0)XL}[�r KC?ÁKnQ�?�[	'�L=?=<�T
)RQ�LKO�/0)RQ*'QP�/2<,K*'�/�J�?KU,_ft{[�/0J*'4+ñ<>LO<>1=/0Q@b@[V_�'*J*J�L���U=?Á-0L����¼�Ä7jM¨��TÀJ�?�T
U,_ft{[�/0J*'4+p�U'�<	R�L,_feÁ->;�t%) K9_�?=<><,'QP�/2<,K*;�töO�/0)XL}[	'*K*;nL�R*Q�/	[�/�_	/0J*'Q�6KCL�T
LÁQF[	'*J�?Á)_Q�?�[	'�LÁ'�<,)XL�P*J*'*K.L=14$
7(Q�/	[	' L=<,J�L=1ÁJVrsb K9_	?=<><,'QP�/2<,K*'9b ?=<,)RQ�LKO�/0)RQ*'QP�/2<,K*'9b '*J�<,)RQ*;�O�/0JZT

)XL=143 Q�?KU=LÁ)0?Kt Hn'9b 1¦W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� <,'�<,)X/�O�/ K.L=LÁQF[	'*J�?Á)>3�O�L�nîJ�L
J�?Á-01=?Á)�e!<�_	/	[	;�t Hn'�/K¸fR�?=<><>?,nîJVr|�Ç'*J�<,)RQ*;�O�/0J*)>3�O�/0Q*'Z[	'�?ÁJ*JVr|�ÇK*Q*;�W�3
1=/0Q*)R'*K.?,_feÁJVr|�gK*Q*;�W�3�-0/0J*'*)�TÀ)X/�_	/2<,K.L�R ' [	Q�$
FP?=<><>?,nîJVr|�n'*J�<,)RQ*;�O�/0J*)ÂX¶���(�â�â�ì!(���#R*Q�L�b L�nq[�/0J*'�/=3,cÅQ�?ÁJQ��$Å\��B?=<,)�T

Q�LKO�/0)RQ*'QP�/2<,K*'Q�k'*J�<,)RQ*;�O�/0J*)>3�<�_�;@n6?=Hn'Q�Ä[V_*+GL�R*Q�/	[�/�_	/0J*'4+`O�LKO�/0JZT
)XL=1»R*Q�L�b²L�n�[	/0J*'4+ J�/�U=/2<,JVrsb <>1=/0)R'9_ÏP�/0Q�/0-ÄR9_	L=<,KCL=<,)�e J�/0KCLÁ)XLÁQ�LKW,L
1=/0Q*)R'*K.?,_	?�R4Q*' '9b 1Á'Z[	'VO�LKO <,;�)XL�P*J�LKO�[�1Á'9n6/0J*'*'�$�FP?=<><>?,nîJVr|� '4JZT
<,)RQ*;�O�/0J*)�X�FP5Â\n'*-0LKUÁQ�/0)�Ñ0J 'mR�L=<,)RQ�L=/0J 1�g�°K§Ki`W,L}[	;�[�?Á)X<,K*'VO ?=<,)�T
Q�LÁJ�LKO�LKO 3$R*Q�LKcB/2<><>LÁQ�LKO @PL�R�/0JVW�?KW,/0J�<,K.LKW,LO;�J*'�1=/0Q�<,'*)X/0)2?ÇS|_	/6@BQ*'ZT
<,)R'�?ÁJ�<>/0J�LKO��4Ñ�O�/0Q�LKO $.SuUKr|P*J�LPFP5 ;=<,)2?ÁJ*?=1,_�'�1=?=/0)X<�+IJ�?�L�R�LÁQVr )0?ÁK�3
P*)XLKUKrÎR9_	L=<,KCL=<,)�e43�L�R4'�<�rþ1=?=/�O�?�+k/�W,L 1Á'*->'*Q*J�L���_�'*J*'�/}��3�<>L=1�R�?�[�?,_	?
<^R9_	L=<,KCL=<,)�eKt¡O�/0Q*'Z[	'�?ÁJ�?£�!1¨l,)XLKO <�_�;�P�?=/#O�L�nîJ�L_L�R*Q�/	[	/�_*+.)�e¨R*Q +@T
OMrþ/þ1=L=<Êb L�nq[�/0J*'4+_'61ÁQ�/�O"+�$=5BJ�LKW-[�? '*J�<})XQ4;�O�/0J*) ;=<,)2?ÁJ�?=1,_�'�1=?=/0)X<�+I1
R�/0Q�1=LKO 1=/0Q*)R'*KC?,_	/��q[V_*+gL�R*Q�/	[	/�_	/0J*'4+ñ<,K9_	LÁJ�/0J*'Q� -01KÑ0-�[ 'ó~n'*Q�LÁ)�r
O�/2<,)0?6J�?KU,_ft{[�/0J*'4+�$
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7()0?��*'�LÁJ�?ÁQ*JVr|�PFP5E'VO�/2/0)(?=<,)RQ�LÁJ�LKO
'QP�/2<,K*;�t )RQ*;�UÁ;>XÖ[	'�?KO
/0)XQBLKU�È$T
/0K*)R'�1=?qg���T®k��B<�O 3@cBLÁK*;²<,J�L=/{Q�?=<><,)XL2+.J*'�/#k.$æ��T®k.$Ò��O]\�3@W,LÁQ*'*-0LÁJ*)0?,_feÁJ*;�t
L=<�e{1ÁQ�?=HI/0J*'4+�XÖ[V_�'*J�?£g=$æ�{T!g=$Ò�|O]\�32KCLÁ)XLÁQ�?�+BL�R*'*Q�?=/0)X<�+BJ�?xO�?=<><,'�1ÁJVrþ/
cÅ;�JZ[�?KO�/0J*)�r X�Q*'�<�$M§C$âg�\�$
#¶cBLÁKC?,_feÁJ�L��yR9_	L=<,K.L=<,)R'ELKU�È�/0K*)R'�1=? Q�?=<�T
R�L,_	?KW�?=/0)X<�+6LÁK4;�_*+.Q*JVr|��O
'*K*Q�LKO�/0)RQî<ö<>/0)RK.L�� 1=/0Q*)R'*K.?,_feÁJVrsbn'�W,LÁQ*'ZT
-0LÁJ*)0?,_feÁJVrsb\J*'*)X/}��$ÎDkLKO�/0J*)�rùR�/0Q�/2<>/}P�/0J*'4+ '*-0LKUÁQ�?,n6/0J*'�/�O -01=/0-�[�r
<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'9bkJ*'*)X/}�ycÅ'*KC<,'4Q*;�t%)X<�+ <�R�LKO�L=H>eKt Q�/�W}'�<,)RQ*'4Q*;�tuT
HI/�W,L�;=<,)RQ�L���<,)X1=?4$�M_L_<>/0Q�/	[	'*JVrS�z©«� 1=/0KC?�Q�/�W}'�<,)RQ�?��*'4+�R*Q�LÁ'*-01=L}[	'ZT
_	?=<�e�O�/0)XL�[�LKOòÃ	W-_	?Á-�TÀ;@b²LfÃX3»)XL /2<,)�eÇJ�?KU,_ft{[�?Á)X/�_feócÅ'*KC<,'*Q�L=1=?,_yW-_	?�T
-0LKOÎcB?ÁK*)�R�/0Q�/2<>/}P�/0J*'4+ '�3j<�_�;�~I?�+EHI/�_VP*K*'»b.Q�LÁJ�LKO�/0)RQ�?G' <	P*'*)2?�+
<>/0K*;�JZ[�rÅ3	LÁ)�O�/}P�?,_Ç<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'Q�óO�LKO�/0J*)_1ÁQ�/�O�/0J*'�$
7 <>/0Q�/	[	'*JVrÐ�z©«�d1=/0K.?CX�<hR�L2+C1,_	/0J*'�/�OSl�_	/0K*)RQ*'QP�/2<,)X1=?�\ Q�/�W}'�<,)RQ�?�T

�*'4+»R*Q�LÁ'*-01=L}[	'9_	?=<�ek<�R�LKO�L=H>eKt K9_	?=1Á'V~n'�3�J�?�KCLÁ)XLÁQ*;�t J�?KU,_ft{[�?�T
)X/�_fe J�?,nî'VO�?,_ 1 <>L=LÁ)X1=/0)X<,)X1Á;�t Hn'Q�yO�LKO�/0J*)>$�FBQ4' 1Á'*->;²?,_feÁJVrsbGJ�?�T
U,_ft{[�/0J*'4+�b�[�L,_fW,L=/ 1ÁQ�/�O"+ '�<	R�L,_feÁ-0L=1=?,_	<�+ Q�/�W}'�<})XQ4'*Q*;�t Hn'Q�ÐO
'*KZT
Q�LKO�/0)RQ�3þ'*-0LKUÁQ�/0)�Ñ0J*JVr|� 1 KCLÁJQ��/`�z©«� 1=/0KC? J�/�O�/}�*K*'VO O�/�b²?ÁJ*'*K.LKO
TU$@�"/}R�<>L,_fe�[�LKO $ V�?ÁK.L���O
'*K*Q�LKO�/0)RQqR�LÁ-01=L,_*+C/0)#cÅ'*K.<,'*Q�L=1=?Á)�e£O�LKO�/0JZT
)�r 1ÁQ�/�O�/0J*'q[V_*+IJ�/0KCLÁ)XLÁQVrsb>R�L,_	L�n6/0J*'Q�!J*'*)R'�O
'*K*Q�LKO�/0)RQ�?43�[�1Á'9nî;FT
HI/}��<�+ 1ÄR�L,_	/ ->Q�/0J*'4+ ?=<,)RQ�LÁJ�LKO
'QP�/2<,K.L��E)RQ*;�UKrÅ$M¤ b²LÁQ�LK~n'9bvO
'*KZT

�j'�<�$�§C$âgK¸�S·R*)R'QP�/2<,K.?�+ñ<�b²/�O�?qR�?=<><>?,nîJ�LKW,LI'*J�<,)RQ*;�O�/0J*)0?

´#ôÇÆÉ×Ø´



Q�LKO�/0)RQ�L=1{b L}[�L=1Krþ/jLK~n'VUÁK*'BJ�/MR*Q�/21Kr·~I?Kt%)s�C$æ�K�Fk�T«�C$é�K�Kj�LKU=LÁQ�LÁ)0?þ1Á'*JZT
)0?43²?Å)XL�P*J�L=<,)�ePLÁ)X<	PVÑ0)0?P<>L=<,)2?=1,_*+C/0) J�/2<,K.L,_feÁK.L�[�/2<�+.)�rsb6<>/0K*;�JZ[�rv[	;FT
W}'�$
5�[�/>+¨R�?=<><>?,nîJ�LKW,LÅ'*J�<,)RQ*;�O�/0J*)0?�[�L=<,)2?Á)XL�P*J�L#R*Q�L=<,)0?B'!-0?ÁK9_ft^P�?=/0)�T

<�+\1 <�_	/	[	;�t HI/�O $�T <,)RQ�LÁJ�LKO
'QP�/2<}KC?�+ )RQ*;�U=?ñ<n<>/0)RK.L��íJ*'*)X/}��3�Q�?=<	R�L�T
_	L�nI/0J*J�L�� 1ócBLÁK.?,_feÁJ�L��oR9_	L=<,KCL=<,)R' LKU�È�/0K*)R'�1=?43ä<,K*Q�/}R9_	/0J�?Ç<�W,LÁQ*'ZT
-0LÁJ*)0?,_feÁJ�L��ÇL=<�eKt '*J�<,)RQ*;�O�/0J*)0?!)0?ÁK�3VP*)XLKUKr 1Á'*->'*Q*J*?�+¼_�'*J*'4+ñ)RQ*;�UKr
UKrs_	?!1=<>/�W�[�?qR�/0QQR�/0JZ[	'*K*;�_*+.Q*J�?!K L=<,'�$�V�LKW�[�?>R*Q*' 1ÁQ�?=HI/0J*'*'g)RQ*;�UKr
R*Q�L}[�L,_QnI/0J*'�/P1Á'*->'*Q*J�L���_�'*J*'*'óUÁ;�[�/0)nL�R*'�<�rþ1=?Á)�eIJ�?6J�/�U=/2<,J�L�� <�cB/	T
Q�/�U=L,_feK~IL���K*Q*;�W�3ä? 1=/0Q*)R'*KC?,_feÁJ*?�+íJ*'*)�e LÁK*;�_*+.Q*J�LKW,LdO
'*K*Q�LKO�/0)RQ�?43
R*Q�L�b²L�[�+CHI?�+�P�/0Q�/0-¨��/0J*)RQ�<>/0)RK*'�3�UÁ;�[�/0)�Ã}J�?,b²L}[	'*)�e=<�+�Ã 1�R9_	L=<,KCL=<,)R'
l,)XLKW,LgK4Q*;�W�?4$�7�_	/	[�L=1=?Á)X/�_feÁJ�L43�O�LKO�/0J*)�R�/0Q�/2<>/}P�/0J*'4+\'*-0LKUÁQ�?,n6/0J*'�/�O
-01=/0-�[�r�l,)XL��!J*'*)R'6'�UÁ;�[�/0)zO�LKO�/0J*)XLKO�R�/0Q�/2<>/}P�/0J*'4+n<>1=/0)R'9_	LKO�[�?ÁJ*J�L�T
W,L 1=/0Q*)R'*KC?,_feÁJ�LKW,LÄK*Q*;�W�?4$��"<�_�'�FP5E;=<,)0?ÁJ�L=1,_	/0JP)XL�P*J�Lþ1·O�/0Q*'Z[	'�?ÁJ�/
'
b²LÁQ�LK~ILILÁ)RQ�/�W};�_�'*Q�L=1=?ÁJ�34)XL61Á'*->'*Q*J�?�+�_�'*J*'4+ )RQ*;�UKröUÁ;�[�/0)UQ�?=<	R�L,_	?�T
W�?Á)�e=<�+g1qR9_	L=<,K.L=<,)R'ÇJ�/�U=/2<,J�LKW,LqO�/0Q*'Z[	'�?ÁJ�?Â��l,)XL¨[�?KÑ0)n1=LÁ-}O�L�nîJ�L=<,)�e
L�R*Q�/	[�/�_�'*)�eqO�LKO�/0J*)pR*Q�L,b²L�nq[�/0J4'4+ -01=/0-�[�L��dR9_	L=<,KCL=<,)R'óO�/0Q*'Z[	'�?ÁJ�?4$

�j'�<�$C§C$Òk�¸*FP?=<><>?,nîJVr|� '*J�<,)RQ*;�O�/0J*)I<�_	LKO�?ÁJ�L��g)RQ*;�U=L��

´�ôÇÆ
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#\<�_�;@n�U=?,bÅ1ÁQ�/�O�/0J*'�30L=<,J�L=1ÁJ�L��Å-0?�[�?�P�/}�BK.LÁ)XLÁQVrsb%+C1,_*+C/0)X<�+#cBLÁQVO
'ZT
Q�L=1=?ÁJ*'�/M~nKC?,_frG#�<>/�O
'*Q*J�LKW,Lþ1ÁQ�/�O�/0J*'�X�Q�?Á->J*L=<,)R'p~nK.?,_

UT0−UTC \'*-P?=<,)RQ�LÁJ�LKO"'QP�/2<,K*'9b J�?KU,_ft{[�/0J*'Q��39R*Q*'VO�/0J4+�_�'�<�eqO�/0JVeK~n'�/Å'*J�<,)RQ*;FT
O�/0J*)�r�R�/0Q�/0J�L=<,J�LKW,Lg)R'QR�? <>_	LKO�?ÁJ�L���)RQ*;�U=L���3)W,LÁQ*'4-0LÁJ*)2?,_feÁJVrþ/îL=<,'
K.LÁ)XLÁQVrsbqR�/0Q�/0K9_	?�[�rþ1=?Kt%)X<�+>R*Q*'OJ�?KU,_ft{[�/0J*'*'îK.?,n�[	L��î-01=/0-�[�rùX�Q*'�<�$
§C$ÒkF\�$
FBQ*'*JQ�4'QR*'�?,_feÁJ�LÇ1=?,nîJVr·Oöl,)0?�R�LKO 1 <>L=1=/0QV~I/0J�<,)X1=L=1=?ÁJ*'*'GJ�?KU,_ftuT

[�/0J*'Q� 1_?=<,)RQ�L=L�R*)R'QP�/2<,KCL�� <�_�;@n�U=/Å1ÁQ�/�O�/0J*'î+C1Á'9_	<�+OQ�?Á->Q�?KU=LÁ)0?ÁJ*JVr|�
1vg�iKjK§CW,L�[	;oR*;�_�K.L=1=<,K*'VO ?=<,)RQ�LÁJ�LKO�LKOþ�6$é�6$"FP?=1,_	L=1Kr·OþcBLÁ)XLKl�_	/0KZT
)RQ*'QP�/2<,K*'Q�¼O�/0)XL}[ Q�/�W}'�<,)RQ�?��*'*' -01=/0-�[	JVrsb�R*Q�L�b L�nq[�/0J*'Q��3 KCLÁ)XLÁQVr|� 1
[�?,_feÁJ�/}�V~I/�O R�L=<,)XL2+.J*J�Lö<>L=1=/0QV~I/0J�<,)X1=L=1=?,_	<�+ <>?KO
'VOd�6$é�6$:FP?=1,_	L=1Kr·OÄ3
?!)0?ÁK9n6/U#%$ Ì $æ�(Q�?ÁJZ[	)XLKO '*-�9�T 5�� X�Dk9¥¤þ3�DkL=<,K�1=?�\�' TU$:TU$gfÅ-0/21Kr·O
'*-P5BQ*K*;�)X<,KCLKW,L!LÁ)�[�/�_	/0J*'4+g#{�P5P5ÂÔnV]�W56$
7�/0)RK.? J*'*)X/}� LÁK*;�_*+.Q*J�LKW,L�O
'*K*Q�LKO�/0)RQ�?CUKrs_	? -0?KO�/0J*/0J�? -0/0Q*K.?,_fe�T

J�L��BQ�/�~>Ñ0)RK.L���X�?ÁJ�?,_	LKW,LKOg<>/0)RK*'BJ*'*)X/}�$\�321 KCLÁ)XLÁQ�L��Å-0/0Q*KC?,_feÁJVrþ/�~n)RQ*'ZT
b.'yP�/0Q�/	[�L=1=?,_�'�<�e\<�R*Q�LÁ->Q�?�P*JVr·O
' ;�P�?=<,)RK.?KO
'¹XÊÃ,HI/�_*+ZO
')Ã�\P<OJ�/0K.L�T
)XLÁQVr·O�R�L=<,)XL2+.J*JVr·O¦~I?KW,LKO $$�
/�~>Ñ0)RK.?OQ�?=<	R�L,_	?KW�?,_	?=<�e 1¼cBLÁK.?,_feÁJ�L��
R9_	L=<,K.L=<,)R' '*J�<,)RQ*;�O
/0J*)2?dR�L}[ ;�W-_	LKO

450 Kk1Á'*->'*Q*J�L��`_�'*J*'*'�3 ~n)RQ*'ZT
b.'6LÁQ*'�/0J*)R'*Q�L=1=?ÁJVrËR�?ÁQ�?,_Q_	/�_feÁJ�LzR9_	L=<,K.L=<,)R'qO�/0Q*'Z[	'�?ÁJ�?4$��{rs_	?�R*Q*'ZT
O�/0J�/0J�?�[�1Á;@b.KC?ÁJ�?,_feÁJ�?�+6<Êb /�O�?PQ�/�W}'�<,)RQ�?��*'*'îJ�?hcBLÁ)XLKl�_	/0K*)RQ*'QP�/2<,K*'9b
;�O
J�L�nî'*)X/�_*+�b�XºÔ Ì ¤£\6¸Ä'*-0LKUÁQ�?,nI/0J*'�/\-01=/0-�[�rÅ3{R*Q�L�b L}[�+CHI/}� 1ËR�L,_	/
->Q�/0J*'4+�3,cBLÁ)XLKO�/0)RQ*'*Q�L=1=?,_	L=<�e{J�?^W}Q�?ÁJ*'Q��/(-0/0Q*K.?,_feÁJ�LKW,L{'ÂR*Q�LÁ->Q�?�P*J�L�T
W,L6;�P�?=<,)RK.L=1!Q�/�~>Ñ0)RK*'�$�@PLKW-[�?61=/�_�'QP*'*JVrÏcBLÁ)XLÁ)XLÁKC?!LÁ)nLKU=LÁ'9b ;�P�?=<,)�T
K.L=1nQ�/�~>Ñ0)RK*'ñ<,Q�?=1ÁJ*'�1=?,_�'�<�e4341Kr Q�?KU=?Á)�rþ1=?,_	<�+�_	LKW}'QP�/2<,K*'Q�ñ'VOIR*;�_Ve=<�T
O�LKO�/0J*)

Ti
$�w�1=/0-�[	; J�?KU,_ft{[�?,_�' J�?\J�/2<,K.L,_feÁK*'9b HI/�_*+�b`[�L\'»R�L=<�_	/

O�/0Q*'Z[	'�?ÁJ�?43IR*Q*'ml,)XLKO Q�/�W}'�<,)RQ*'*Q*;�t HI/2/ ;=<,)RQ�L���<,)X1=L�cÅ'*K.<,'*Q�L=1=?,_	L
<>/0Q*'Vt�O�LKO�/0J*)XL=1Å1ÁQ�/�O�/0J*'

Ti, 1, ..., n
3KR�LÅK.LÁ)XLÁQVr·OÄR*Q�LÁ'*-01=L}[	'9_�'!Q�/	T

[	;�KQ�*'Vt J�?�O�/0Q*'Z[	'�?ÁJ <#R�L,_�;�P�/0J*'�/�OmO
LKO�/0J*)2?
T0
$

7]R�L=<>LKUxcBLÁ)XLKl�_	/0K*)RQ*'QP�/2<,K.L��_Q�/�W}'�<,)RQ�?��*'*'pR*Q�L�b L�nq[�/0J*'Q��-01KÑ0-�[I-0?�T
O�/0)RJ�L�R�L=1Krþ<,'9_\)XL�P*J�L=<,)�e L�R*Q�/	[	/�_	/0J*'4+dR�L�R*Q�?=1=LÁK�P�?=<>L=1O<�_�;@n�U=?KO
'
1ÁQ�/�O�/0J*'!'�R*Q�?ÁK*)R'QP�/2<,K*'OL=<>1=LKU=L�[	'9_îJ�?KU,_ft{[�/0J*'4+IJ�?�R�?=<><>?,nîJ�LKOk'*JZT
<,)RQ*;�O�/0J*)X/þLÁ)%1,_�'4+.J*'4+h_�'QP*J�L��6LK~n'VUÁK*'nJ�?KU,_ft{[�?Á)X/�_*+�$=V�L�P*J�L=<,)�e L}[QT
J�LKW,L!L�R*Q�/	[�/�_	/0J*'4+ R*Q +ZO�LKW,L!1=L=<�b²L�nq[�/0J*'4+ -01=/0-�[�r J�?�U=L,_feK~ILKOE<,)2?�T
�*'�LÁJ�?ÁQ*J�LKO\'*J�<,)RQ*;�O�/0J*)X/þ<ÄQ�/�W}'*<,)RQ*'*Q*;�t Hn'VOÄO
'*K*Q�LKO�/0)RQ�LKO\<>L=<,)2?=1�T
_*+�_	? ±(0, 015 − 0.20)

<�$ 3W?G)XL�P*J�L=<,)�ekL}[	J�L��mR�L�R*Q�?=1ÁK*'�P�?=<>L=1ocBL�T
)XLKl�_	/0K*)RQ*'QP�/2<,K*'VO»O�/0)XL�[�LKO 3CL�R*Q�/	[�/�_fÑ0J*J�L�� J�?¨O�?,_	LKO '*J�<,)RQ*;�O�/0J4)�/=3
<>L=<,)0?=1,_*+C/0)ILÁK.L,_	L ±0, 005

<�$
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§C$Òk S·R*Q�/	[�/�_	/0J*'�/�R�L�R*Q�?=1ÁK*'�P�?=<>L=1!<#R�LKO�L=H>eKt
R�?=<><>?,nîJ�LKW,LI'*J�<,)RQ*;�O�/0J*)0?

�(;�[�/�O�W,L=1=LÁQ*'*)�e%L J�?KU,_ft{[�/0J*'4+�b�3�1Kr|R�L,_�J�/0J*JVrsbPJ�?zR�/0Q�/0K9_	?�[frö1=?�T
t HI/�O�<�+�R�?=<><>?,nîJ�LKO '*J�<,)RQ*;�O�/0J4)�/qX�Q*'�<�$æ§C$ÒkF\�3�R*Q�/	[	J*?Á->J�?�P�/0J*J�LKOo[V_*+
L�R*Q�/	[�/�_	/0J*'4+ñ1ÁQ�/�O�/0J*'dR�L!J�?KU,_ft{[�/0J*'4+ZO�R*Q�L�b L�nq[�/0J*'Q� -01=/0-�[CP�/0Q�/0-
O�/0Q*'Z[	'�?ÁJËO�/2<,)0?ÇJ�?KU,_fts[	/0J*'4+�$ÎMh_*+kLKUÁQ�?KU=LÁ)RK*'kJ�?KU,_fts[�/0J*'Q�k' 1Kr{T
P*'�<�_	/0J*'4+öR�L�R*Q�?=1ÁK*'ÏP�?=<>L=1 '�<	R�L,_feÁ->;./�O '*-01=/2<,)RJ*;�t cBLÁQVO
;�_�;�[V_*+
L�R*Q�/	[�/�_	/0J*'4+ -01=/0-�[	J�LKW,L!1ÁQ�/�O�/0J*'

S = T + u = α+ t, Ï åWÐæã+Ñ
W�[�/

T
�¨O�LKO�/0J*)Å1ÁQ�/�O�/0J*'�R*Q�L�b L�nq[�/0J*'4+6'*-0LKUÁQ�?,nI/0J*'4+6-01=/0-�[�r�P�/0Q�/0-

J*'*)�e6LÁK*;�_*+.Q*J�LKW,LqO
'*K*Q�LKO�/0)RQ�?n'*J�<,)RQ*;�O�/0J*)0?43	LÁ)�O�/}P�/0J*JVr|� R�LIQ�?KU=L�T
P*'VOSP�?=<,?KO 3

u
� R�L�R*Q�?=1ÁK.?�l,)R'9bóP�?=<>L=143

t
� P�?=<>L=1=L�� ;�W,L,_ -01=/0-�[�rÅ3

α��R*Q�+ZO�L=/P1=L=<�b²L�nq[�/0J*'�/B-01=/0-�[�rÅ3	1Á-,+.)XL=/P'*-�L�R�LÁQ*J*LKW,LIK.?Á)2?,_	LKW�?4$
#¦O�LKO�/0J*)_1=/0Q@b.J�/}� '9_�'gJ*'9nîJ�/}�gK*;�_feKO
'*J�?��*'*'g-01=/0-�[�rÎX�)>$:/=$�1qO�L�T

O�/0J*)£R*Q�L�b²L�nq[�/0J*'4+î-01=/0-�[�r¦P�/0Q�/0- '�<,)R'*J*JVr|��O�/0Q*'Z[	'�?ÁJ$\j/�Ñ�P�?=<>L=1=L��
;�W,L,_

t = 0
'�3 <�_	/	[�L=1=?Á)X/�_feÁJ�L43Ä'�<,K.LKO
;�t R�L�R*Q�?=1ÁK*;�P�?=<>L=1»O�L�nOJ*L

J�?��*)R'dR�LqcBLÁQVO
;�_	/
u = α− T. Ï åWÐ.ç\Ñ

ìB)XLKUKr 1=L=<	R�L,_feÁ-0L=1=?Á)�e=<�+�l,)XL�� R*Q�L=<,)XL���cBLÁQVO
;�_	L��ñJ*;@nîJ�L_;²<,)0?ÁJ�L�T
1Á'*)�exR�?=<><>?,nîJVr|�_'*J�<,)RQ*;�O�/0J*)þ)XL�P*J�L 1^O�/0Q*'Z[	'�?ÁJ�/=3�P*)XL^R*Q�?ÁK*)R'QP�/2<,K*'
J�/21=LÁ-}O�L�nîJ�LsX�# Q�/2?,_feÁJ�LKO <�_�;�P�?=/U<�R�LKO�L=H>eKtÐR�?=<><>?,nîJ�LKW,LI'*J�<,)RQ*;FT
O�/0J*)0?�R�L,_�;�P�?Kt%)�O�LKO�/0J*)dR*Q�L�b L�nq[�/0J*'4+ -01=/0-�[�r

T
P�/0Q�/0-oÃ}'*J�<,)RQ*;FT

O�/0J*)0?,_feÁJVr|�)Ã�O�/0Q*'Z[	'�?ÁJ�3 LÁ)�_�'QP�?Kt Hn'Q��<�+6LÁ)Å'�<,)R'*J*J�LKW,LhO�LKO�/0J*)0?
T0J�? J�/0K.LÁ)XLÁQ*;�td1=/�_�'QP*'*J*;

∆T
3�1=LÁ->J*'*K.?Kt Hn;�túR�L�R*Q*'QP*'*J�/I1,_�'4+.J*'4+

J�?IQ�/0->;�_feª)2?Á)�r J�?KU,_ft{[�/0J*'Q�gQ�+@[�?!LK~n'VU=LÁK�¸

• W,LÁQ*'*-0LÁJ*)2?,_feÁJ�?�+OL=<�en'*J�<,)RQ*;�O�/0J*)0?IJ�/�_	/�nî'*)�)XL�P*J�LI1ÂR9_	L=<,KCL=<})X'
R�/0Q�1=LKW,Lí1=/0Q*)R'*K.?,_	?43
?í;}[�?,_	/0J�?�LÁ) J�/�W,L\J�?íJ�/0K.LÁ)XLÁQVr|� ;�W,L,_

a
3

J�?Á-}rþ1=?=/�OMr|� ?Á->'VO
;�)XLKOE'*J�<,)RQ*;�O�/0J*)0?��
• W,LÁQ*'*-0LÁJ*)2?,_feÁJ�?�+ L=<�e '*J�<,)RQ*;�O�/0J*)0? J�/�R�?ÁQ�?,_Q_	/�_feÁJ�?ËR9_	L=<,KCL=<})X'
W,LÁQ*'*-0LÁJ*)2?43Ä? J�?ÁK9_	LÁJ�/0J�?yR�L LÁ)RJ�LK~I/0J*'Vt K J�/}� J�? J�/0KCLÁ)XLÁQVr|�
;�W,L,_

i
3�J�?Á-}rþ1=?=/�OMr|�gJ*?ÁK9_	LÁJ�LKO�W,LÁQ*'*-0LÁJ*)2?,_feÁJ�L�� L=<,'��

• 1Á'*->'*Q*J�?�+p_�'*J*'4+_J�/|R�/0QQR�/0JZ[	'*K*;�_*+.Q*J�?ÅKqW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L��6L=<,'6J�?
J�/0KCLÁ)XLÁQ*;�t 1=/�_�'QP*'*J*;

c
3�J�?Á-}rþ1=?=/�O
;�t K.L,_Q_�'VO�?��*'�/}��$
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7 ;�P�/0)XLKO l,)R'9b LK~n'QU=LÁK LÁQ*'�/0J*)0?��*'*'�R�?=<><>?,nîJ�LKW,L '*J�<,)RQ*;�O�/0J*)0?
1KO�/2<,)XLqcBLÁQVO
;�_frÎX §C$ÒkF\W'VO�/2/�O

u = α− (T0 + aA+ iI + cC), Ï åWÐ ë)Ñ
W�[�/

A = sin z sec δ
3
I = cos z sec δ

3
C = sec δ

$
Ô_LÁQVO
;�_	?�X §C$æj@\ J�?Á-}rþ1=?=/0)X<�+�cBLÁQVO
;�_	L��\Dk?���/0Q�?�R�LO'VO�/0J*' J�/�O�/}�ZT

K.LKW,L ?=<,)RQ�LÁJ�LKO�?ñV
$:Dk?���/0Q�?C3�1�R�/0Q�1Krþ/¨R�L,_�;�P*'*1K~I/�W,L /�Ñ=$�FPL}[	Q�LKUÁJVr|�
1Krþ1=L}[�cBLÁQVO
;�_frvO�L�nîJ�L%J�?��*)R'61^_ftzU=LKO ;�P�/�UÁJ*'*K./sR�LzR*Q�?ÁK*)R'QP�/2<,K.L��
?=<,)RQ�LÁJ�LKO
'*'�$
Ô_LÁQVO
;�_	?\Dk?���/0Q�? '�<	R�L,_feÁ->;=/0)X<�+`[V_*+ L�R*Q�/	[�/�_	/0J*'4+`R*Q�+ZOMrsb 1=L=<�T

b²L�nq[�/0J*'Q� -01KÑ0-�[E' 1ÁQ�/�O�/0J*' K.?ÁK J�?CU=L,_feK~n'9boR�?=<><,?,nOJQr|bk'*J�<,)RQ*;FT
O�/0J*)0?,b�3C)0?ÁK ' J�?¨O�?,_frsb�3�R�/0Q�/0K9_	?�[�rþ1=?Kt Hn'9b²<�+î1=Ln1ÁQ�/�O"+îJ�?KU,_ft{[�/	T
J*'4+ K.?,nq[�L��\-01=/0-�[�rÅ$�#¡R�L=<�_	/	[	J�/�O <�_�;�P�?=/61,_�'4+.J*'�/nKCL,_Q_�'VO�?��*'�LÁJZT
J�L��kLK~n'VUÁK*'G'�<,K9_ft^P�?=/0)X<�+�3ä)0?ÁKkK.?ÁK`R*Q*' 1Kr|P*'�<�_	/0J*'*'k<,Q�/	[	J*'9b`O�L�T
O�/0J*)XL=1�R*Q�L�b²L�nq[�/0J*'4+U'*-0LKUÁQ�?,n6/0J4'4+_-01=/0-�[�r»P�/0Q�/0-ÄJ*'*)R'!LÁK*;�_*+.Q*J�LKW,L
O
'*K*Q�LKO�/0)RQ�?¨[�L!'�R�L=<�_	/hR�/0Q�/0K9_	?�[	K*'�W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� L=<,' <>L=LÁ)X1=/0)�T
<,)X1Á;�t Hn'�/BKCL,_Q_�'VO�?��*'�LÁJ*JVrþ/#R�L�R*Q�?=1ÁK*' 1,b²L�[�+.)n1qcBLÁQVO
;�_�; Dk?���/0Q�?
<#R*Q�LÁ)R'�1=L�R�L,_	L�nîJVr·O
'ñ->J�?ÁK.?KO
' 'Ç1Á-0?Á'VO
J�LIK.LKOIR�/0J�<,'*Q*;�t%)X<�+�$

§C$æj @P?Á)0?,_	LKW <�_�;@n�U!1ÁQ�/�O�/0J*' 7þ7þ7{�

Mh_*+�R�L,_�;�P�/0J*'4+¼~nK.?,_fr #�<>/�O
'*Q*J�LKW,LI1ÁQ�/�O�/0J*' '*- J�?KU,_fts[�/0J*'Q� J�?
R�?=<><>?,nîJ�LKOÇ'*J�<,)RQ*;�O�/0J*)X/�1{<>L=LÁ)X1=/0)X<,)X1Á'*'_<�cBLÁQVO
;�_	L��UDk?���/0Q�?öJ�/2LKU�T
b²L�[	'VO�L 'VO�/0)�eñL�R�LÁQ*JVr|�\KC?Á)0?,_	LKWhR*Q�+ZOMrsb 1=L=<�b²L�nq[�/0J*'Q�íJ�?KU,_ft{[�?=/	T
OMrsb -01=/0-�[ä$%# R*Q*'*JQ�*'QR�/=3þ)0?ÁK*'VO KC?Á)0?,_	LKW,LKO O�L�nI/0) <�_�;@nî'*)�ev_ftuT
U=L���cÅ;�J�[�?KO�/0J*)2?,_feÁJVr|� KC?Á)0?,_	LKW�3�R*Q*'*J4+.)�r|� 1 K.?�P�/2<,)X1=/ <,)2?ÁJZ[�?ÁQZT
)0?G1�)XL�'9_�'E'*J�L=/ 1ÁQ�/�O"+�34� ³îíhjC3U³îí£Ó43U³îíp� 'v[	Q�$WV�/�O J�/óO�/0J�/2/=3
1y��/�_*+�b Q�/�W};�_*+.Q*J�LKW,L L�R*Q�/	[�/�_	/0J*'4+ #�<>/�O
'*Q*J�LKW,L 1ÁQ�/�O�/0J*'þX�Q�?Á->J�L�T
<,)R'ó~nK.?,_

UT0 −UTC
\(1IQ�?KO
K.?,b�[�/>+.)X/�_feÁJ�L=<,)R'\7�_�;@n�UKr 1ÁQ�/�O�/0J*'

7þ7þ7{�CUKrs_	Lþ<>L�P*)X/0J�L·��/�_	/2<>L=LKUÁQ�?Á->JVr·O <>L=<,)2?=1Á'*)�eö<	R�/}�*'�?,_�'*->'*Q�L=1=?ÁJZT
JVr|� <	R*'�<>LÁK -01=/0-�[ä3|R�L,_�;�P*'�1K~n'Q� J�?Á-01=?ÁJ*'�/�Ã,@P?Á)0?,_	LKW <�_�;@n�U 1ÁQ�/	T
O�/0J*' 7þ7þ7{�zÃËX�@B7Ä#·\�$ Ì )XLÁ)GKC?Á)0?,_	LKW�3�<>L�[�/0Q@nI?=Hn'Q� 1Krþ<>LÁK.LÁ)XL�P*JVrþ/
R*Q +ZOMrþ/I1=L=<Êb L�nq[�/0J*'4+Ç-01KÑ0-�[ä3�UKrs_í<>LÁ-�[�?ÁJí1Cg�i@¢�gÂW,L�[	; <>LÁ)RQ*;�[	J*'*K.?�T
O
' FB;�_�KCL=1=<,K.L�� LKU=<>/0Q�1=?Á)XLÁQ*'*'»R�L�[ Q*;�KCL=1=L}[�<,)X1=LKO��6$é�6$:FP?=1,_	L=1=?\'
'�<	R�L,_feÁ-0L=1=?,_	<�+ 1=<>/�O
' <�_�;@n�U=?KO
' 7�L=1=/0)X<,K.LKW,L 7�LKt%-0?4$�@P?Á)2?,_	LKW <>L�T
[�/0Q@n6?,_ +.Q*K*'�/ -01KÑ0-�[�rú[�LÄ¢�Tº� -01KÑ0-�[	J�L�� 1=/�_�'QP*'*JVrÅ3�<	R�/0K*)RQ�?,_feÁJVrsb
K9_	?=<><>L=1!LÁ)I#�[�L!DE$
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V�?ÁK\KC?ÁKí@P7Ä# <>LÁ-�[�?=1=?,_	<�+ó[V_*+CcBLÁ)XLKl�_	/0K*)RQ*'QP�/2<,K*'9b J�?KU,_ft{[�/0J*'Q�
J�?uR�?=<><>?,nîJ�LKO '*J�<,)RQ*;�O�/0J*)X/�<j-0/0Q*K.?,_feÁJ�L��U1Á'*->'*Q*J�L���Q�/�~>Ñ0)RKCL���3�UKrs_
R*Q�LÁ'*-01=/	[�Ñ0J )XHI?Á)X/�_feÁJVr|� LÁ)�U=LÁQ -01KÑ0-�[ä3!P*)XLKUKr '�<,K9_ft^P*'*)�eCR�L�R�?�[�?�T
J*'�/ 1 <	R*'�<>LÁK +.Q*K*'9b 1Á'*->;=?,_feÁJ�L�T [�1=L��*JVrsb -01=/0-�[ä$�Ss[	J�L=1ÁQ�/�O�/0J*J�L=/
R*Q�L�b²L�nq[�/0J*'�/z[�1Á;@b '9_�'gJ�/2<,K.L,_feÁK*'9b '*-0LKUÁQ�?,nI/0J*'Q�ñ-01KÑ0-�[óP�/0Q�/0-BHI/	T
_�' 1Á'*->'*Q*J�L�� Q�/�~>Ñ0)RK*'SO�LKW-_	Lk<,;.HI/2<,)X1=/0J*J�L '�<,K.?Á->'*)�e Q�/0->;�_feª)2?Á)��
'VO�/0J*J�L�R�LKl,)XLKO
; '»UKrs_	?�R*Q�LÁ'*-01=/	[�/0J�?\)XHI?Á)X/�_feÁJ�?�+k+.Q*K.L=<,)RJ�?�+ <>/	T
_	/0KQ�*'4+ -01KÑ0-�[�R*Q*' <>L=<,)0?=1,_	/0J*'*' K.?Á)2?,_	LKW�? @P7Ä#%$^�"?KU=L�P*'Q� <	R*'�<>LÁK
[V_*+_J�?KU,_Vts[�/0J*'Q�I<>L=<,)2?=1,_4+C/0)�<�+nJ�?#U=?Á-0/þ@B7Ä# )0?ÁK*'VO�LKUÁQ�?Á-0LKO 3,P*)XLKUKr
O�/�nq[	; J�?KU,_ft{[�/0J*'4+ZO
'U-01KÑ0-�[ÂbC1=?Á)0?,_	L%1ÁQ�/�O�/0J*'�[V_*+BKCLÁJ*)RQ�L,_*+P<>L=<,)XL�T
+.J*'4+O'*J�<,)RQ*;�O�/0J*)0?439R*Q�LÁ'*-01=L}[�<,)X1=?nJ�/2LKU�b²L�[	'VOMrsbî-0?�R*'*<>/}�g1Ânî;�Q*J�?,_
J�?KU,_ft{[�/0J*'Q�g' ;=<,)2?ÁJ�L=1ÁK4' <�_	/	[	;�t HI/�W,LI-0/0J*'*)RJ�LKW,LIQ�?=<><,)XLª+.J*'4+�$
FBQ�L���/	[	;�Q�? 1Kr|P*'�<�_	/0J*'4+ 1Á'Z[	'VOMrsb�O�/2<,)�-01=/0-�[ < '�<	R�L,_feÁ-0L=1=?ÁJ*'ZT

/�O KC?Á)0?,_	LKW�? @B7Ä# +C1,_*+C/0)X<�+ <,)0?ÁJZ[�?ÁQ*)RJ�L���$þ#�L 1ÁQ�/�O"+�R*Q�L=1=/	[�/0J*'4+
_	/0)RJ�/}�I?=<,)RQ�LKO�/0)RQ*'QP�/2<,K.L��¨R*Q�?ÁK*)R'*K*'61Á'Z[	'VOMrþ/sO�/2<,)0? -01KÑ0-�[ä3�J�/2LKU�b²L�T
[	'VOMrþ/¨[V_*+�LKUÁQ�?KU=LÁ)RK*'�J�?KU,_ftu[�/0J*'Q��3Î1Kr|R�L,_�J�/0J*JVrsb\J�?�R�?=<><>?,nîJ�LKO
'*J�<,)RQ*;�O�/0J*)X/=3�1Kr|P*'�<�_*+Zt%)X<�+�R*Q�/}R�L}[�?=1=?Á)X/�_	/�O�[V_*+ÇJ*;@nîJ�LKW,LO<	R*'�<,KC?
-01KÑ0-�[ 'dR�/0Q�/	[�?Kt%)X<�+ñ<,)R;�[�/0J*)0?KO»[Q_*+�[�?,_feÁJ�/}�V~I/}�gQ�?KU=LÁ)�rÅ$

§C$éÓ Dk/0)XL�[��6$é�6$:FP?=1,_	L=1=?n1Kr|P*'�<�_	/0J*'4+ R�L�R*Q�?=1ÁK4'dP�?=<>L=1

�P?KU,_fts[�/0J*'�/�R*Q�L�b L�nq[�/0J*'4+ -01=/0-�[�r P�/0Q�/0-mÃ	O�/0Q*'Z[	'�?ÁJ)Ã '*J�<,)RQ*;FT
O�/0J*)0?�[�?KÑ0) J�/2<,K.L,_feÁK.LP->J�?�P�/0J*'Q��O�LKO�/0J*)XL=1P1ÁQ�/�O�/0J*'

Ti
3²K.LKW�[�?P'*-0LKU�T

Q�?,nI/0J*'�/6-01=/0-�[�r�R�L=L�P�/0Q�/	[	J�L¼R�/0Q�/2<>/0K.?=/0) J�/}R�L}[�1Á'9nîJVrþ/IJ*'*)R'kLÁK*;FT
_*+.Q*J�LKW,L`O
'*K*Q�LKO�/0)RQ�?�X;R*Q*' 1Á'*->;=?,_feÁJVrsb J�?KU,_fts[�/0J*'4+�bV\U'9_�' HI/�_�'
1Á'*->'*Q*J�L�� Q�/�~>Ñ0)RK*'¹X;R*Q*' J�?KU,_fts[�/0J*'4+�b�cBLÁ)XLKl�_	/0K*)RQ*'QP�/2<,K*'9bV\�$
DkL�T
O�/0J*)�r

Ti
R�LÅJ*'*),+ZOG;=<,Q�/	[	J4+Zt%)X<�+I'qR�L,_�;�P�?=/0)X<�+nJ�/0K.LÁ)XLÁQVr|�!<,Q�/	[	J*'Q�

O�LKO�/0J*)
T ï Óñð $ Ì )XLÁ)�O�LKO�/0J*)ÅLÁ)�_�'QP�?=/0)X<�+îLÁ)Å'�<,)R'*J*J�LKW,LpO�LKO�/0J*)0?

T0
J�?

->J�?�P�/0J*'�/%<,;�OMO�?ÁQ*J�L�� LK~n'QUÁK*'�3�1Kr -01=?ÁJ*J�L��îJ�?,_�'QP*'�/�Ok?Á->'VO
;�)2?P'OJ�?�T
K9_	LÁJ*J�L=<,)R'óW,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� L=<,'�3	?I)2?ÁK9nI/P1,_�'4+.J*'�/�OEK.L,_Q_�'VO�?��*'*'�$
#{r·~I/�UKrs_	Lþ<,K.?Á-0?ÁJ�L43�P*)XL·R*Q*'PJ�?KU,_ft{[�/0J*'4+�b J�?·O�?,_	LKO�R�?=<><>?,nîJ�LKO

'*J�<,)RQ*;�O�/0J*)X/Å<^R�/0Q�/0K9_	?�[	K.L��¼W,LÁQ*'*-0LÁJ*)0?,_feÁJ�L�� L=<,'ñ1=L_1ÁQ�/�O"+!J�?KU,_ftuT
[�/0J*'4+BK.?,nq[�L���-01=/0-�[fr 1,_�'4+.J*'�/(K.L,_Q_�'VO�?��*'*'

c
'�<,K9_ft^P�?=/0)X<�+�$X@BQ�LKO�/

)XLKW,L43XJ�?ÁK9_	LÁJ*J�L=<,)�e�W,LÁQ4'*-0LÁJ*)2?,_feÁJ�L��nL=<,'
i
L�R*Q�/	[�/�_*+C/0)X<�+U'*-ÄLÁ)X<	PVÑ0)XL=1

J�?ÁK9_	?�[	J�LKW,L�X;R�L}[�1=/2<,J�LKW,L�\Ä;�Q�L=1ÁJ4+g)2?ÁK9nI/pR*Q*' J�?KU,_ft{[�/0J*'*' K.?,nq[�L��
-01=/0-�[�rÅ3X'n<>L=LÁ)X1=/0)X<,)X1Á;�t Hn'�/]R�L�R*Q�?=1ÁK*'n1=1=L}[�+.)X<�+U1%->J�?�P�/0J*'4+PJ�?KU,_ftuT
[�/0J*JVrsb�O�LKO�/0J*)XL=1

T ï Óñð $RFPL,_�;�P�?=/�O '�<	R*Q�?=1,_	/0J*JVrþ/]O
LKO�/0J*)�rk1ÁQ�/�O�/0J*'
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T
′ $
V�?ÁK*'VO LKUÁQ�?Á-0LKO 3�cBLÁQVO";�_�; Dk?���/0Q�?`O�L�nîJ�LÄR�/0Q�/}R*'�<>?Á)�ek1kL�P�/0JVe

R*Q�L=<,)XLKO 1Á'Z[�/K¸

u = αi − (T
′

i + aAi), Ï åWÐ í�Ñ
W�[�/

a
�!?Á-,'VO
;�)£R�?=<><>?,nîJ�LKW,LU'*J�<,)RQ*;�O�/0J*)0?434?

Ai = sin zi sec δi
�6?Á->'ZT

O
;�)0?,_feÁJVr|� K.LKl�c�cÅ'Q�*'�/0J*)>cBLÁQVO
;�_fr Dk?���/0Q�?4$
FPL,_�;�P�?=/�O ;�Q�?=1ÁJ�/0J*'�/=3
1\K.LÁ)XLÁQ�LKO <>L}[�/0Q@n6?Á)X<�+o[�1=?\J�/0'*-01=/2<,)RJVrsb

�ÄR�L�R*Q�?=1ÁK.?CP�?=<>L=1
u
' ?Á->'VO
;�)

a
$4�"/�~I/0J*'�/ )2?ÁK.LKW,L ;�Q�?=1ÁJ�/0J*'4+�O�/	T

)XL}[�LKOdJ�?Á'VO�/0JQeK~n'9b K�1=?�[	Q�?Á)XL=1GJ�/�R*Q�/	[�<,)0?=1,_*+C/0)GL=<>LKU=LKW,L�)RQ*;�[�?Ä�
J�?KU,_ft{[�/0J*'�/ J�/2<,K.L,_feÁK*'9b -01KÑ0-�[¹R�LÁ-01=L,_*+C/0)`R�L,_�;�P*'*)�e '*-�UKrþ)XL�P*J4;�t
<,'�<,)X/�O
;ñ;�Q�?=1ÁJ�/0J*'Q��3�K.LÁ)XLÁQ�?�+¼R*Q�L=<,)�r·O ;=<,Q�/	[	J�/0J*'�/�OmR*Q*'�1=L�[	'*)X<�+gK
J�LÁQVO�?,_feÁJ�LKO
;G1Á'Z[	;Á$4�
/�~I/0J*'*/ñ<,'�<,)X/�OMrÎ[�?KÑ0) ->J�?�P�/0J*'4+`[	1Á;@b '�<,KCL�T
OMrsb J�/0'*-01=/2<,)RJVrsb�$
w�?KO�/0)R'VO 32L}[	J�?ÁK.L43}P*)XLö)0?ÁK.L���?,_fW,LÁQ*'*)�OóUKrs_hUKr`R*Q*'VO�/0J*'VOóU=/0-j1=<�+@T

K*'9bOLKW}Q�?ÁJ*'QP�/0J*'Q� 1U)XLKO <�_�;�P�?=/=3C/2<�_�'¼UKr 1=<>/ ;�Q�?=1ÁJ�/0J*'4+�3C1,b L}[�+CHn'�/
1G'*-}UKr )XL�P*J*;�t <,'�<})�/�O";=3j'VO�/�_�' L}[	'*J�?ÁKCL=1Kr|� 1=/2<g' L�R*Q�/	[�/�_*+C/�OMrþ/
cÅ'*->'QP�/2<,K*'�/�R�?ÁQ�?KO�/0)RQVrÐ�óR�L�R*Q�?=1ÁK.?¼P�?=<>L=1ñ'�?Á->'VO
;�) '*J�<,)RQ*;�O�/0J*)0?
�î<>L�b.Q�?ÁJ4+�_�'�<�e�UKr J�/0'*-}O�/0J*JVr·O
'g1n)X/}P�/0J*'�/B1=/}P�/0Q�?_J�?KU,_ft{[�/0J*'Q��$*#
Q�/2?,_feÁJ�LKOE<�_�;�P�?=/hl,)XL6J�/P)0?ÁK�$
#�L�TºR�/0Q�1Krsb�3�-01KÑ0-�[�rÅ3�J�?KU,_fts[�?Kt Hn'�/2<�+ J�? Q�?Á->JVrsb -0/0J*'*)RJVrsb\Q�?=<�T

<,)XL2+.J*'4+�b�3
LKU,_	?�[�?Kt%)gQ�?Á->J�L�� <,K.LÁQ�L=<,)�eKt R*Q�L�b L�nq[�/0J*'4+oP�/0Q�/0-OJ*'*)R'
LÁK*;�_*+.Q*J�LKW,L�O
'*K*Q�LKO�/0)RQ�?43='�R�LKl,)XLKO
;nLK~n'VUÁK.?ÅQ�/�W}'�<,)RQ�?��*'*'�O�LKO�/0J4)2?
Ti
R*Q�L�R�LÁQQ�*'�LÁJ�?,_feÁJ�?

sec δi
$

#�L�T�1Á)XLÁQVrsb�3�?Á->'VO
;�)Å'*J�<,)RQ*;�O�/0J4)2?�J�/%<>L�b.Q�?ÁJ4+C/0)X<�+�R�L=<,)XL2+.J*JVr·O 1=L
1ÁQ�/�O"+PJ�?KU,_fts[�/0J*'9�h�PLÁJ¨O�L�n6/0)·O�L�n6/0) '*-}O�/0J4+.)�e=<�+�J�/�_�'*J�/}�*JVr·O\LKU�T
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`Pacb dfehgji�glk	m;g

d n=glo;gjiXm	k;gp`hq�r?sutjvli�vhexw	o;vhy{zXvhtjvxehgl|Q}�~h��z;m��l}�w	�Q��glk;� e��j|Pn�r
w�z;�h}��l}��	m;� i�ehg�t�z;vh~h}�zX��k;�2g�k;}he�m;t�}��	m;v�k	k;�2g�njw	�8��k	m	|Qvheh�2g�njm;nj��gjr
� � �
�:�{�2�2�����j��vp} � glo	m	|Q}�k;nj|P}���njm;nj��g � }x���� ¡�6��¢¤£�¥;¦h¢§�¨£h©�ªU«�ª¤£h¬	ª¤¬	­
 8®Q©�«�¯±°²��m³o;vhn=njm	´;nj|Q}��³�;µ·¶4�¹¸º�2�»�
�hzXvh~h}�zX��k;}��¼k;}he�m;t�}��	m	v�k	k;}���njw	�8�½r
k	m	|Qvheh}��¾njm;nj��g � }8��aA¿À}��=o;}h~h}����2eh}hg � �2g¹t�zX}he�k;� � vh~�o;}��lv � i;z	�ÁehvhglkPr
k;vhtjv�w	o	m � glk;glk�m���njm;nj��g � � v�w	o;gji�g=zXglk	m�� � g½nj��v�w;v�zXv½Â�glk	m��uw;v�o;}�r
iXm;vhnjm;tÃk;}�zX} � njw;gl�	m;}�zX��k;��sÄ��k;}he�m;t�}��	m;v�k	k;��s;�:njw	�8��k	m	|Pvhe¼v�|Q}��l}�z;m;n=�
Å o;gl�leh� Å }�´	k;vÆw;v�zXgl�=k;� � mÇeÆo;}��jz;m Å k;��sÈvh~�zX}hnj�j�8s Å g=zXvhehg Å g½nj|Pv�´Äi�gjr
�Q��g=zX��k;vhnj��mÉ���½}�|	m�sÆ|P}�|���o;}�k;njw;v�o	�=�hnj��o;v�m	��g=zX�hnj��ehv��h���8o	m	� � �h}��½}�|�Â�g
k;}hy{z;mÊeh}�ÂÄk;vhg{w	o	m � glk;glk	m;g�ehv � k;vhtÃm�sËvh~�zX}hnj�j�8sÌn=vhe�o;g � glk	k;v�´pk;}�r
�8|	mÉ�Xe Å }hnj��k;vhnj��mËeÍ}hnj��o;v � gl��o	m	mÁmÎtjg½vli�gl�=m	mÉa
¶4njk;vhe�k;v�´³�l}�i�} Å gl´¹}hnj��o;v � gl��o	m	m³�Pe�z	�Pgl��n��Iw;vhnj��o;vhglk	m;gTm³w;vli	i�glo8ÂÍr

|Q}Èk	g½~hg½njk;v�´É�Ï}Ðtjg½vli�gl�=m	mÎÑ¾�lg � k;v�´Ênjm;nj��g � v���n Å gl�l}�a:�¹}Ènj���Ò|Qg��j��m�s
k;}±�8|Îk;}�s0v½iXm	��n��Áv�w	o;gji�g=zXglk	m;gÓn=e��Q�=m � g=ÂÍiX�Èk;g½~hg½njk;v�´ÎmÎ�lg � k;v�´ÎnjmPr
nj��g � } � mÉ��w;}�o;} � gl��o	m	�=�hg � v�´Ônpw;v � vh���h� w	}�o;} � gl��o;vhe»v�o	m;glk	�½}��	m	m
Õ g � z;mÉaÀÖ�gl��v½i��×�:�{�2�Øn=gl´ Å }hnÐ�hnjw;g½y·k;vpw	o	m � glk��P�¼��n���i;z	��o;g½y�gjr
k	m��Çehn=g=sÇ�j��m�sÇ��o;g=sÐ�l}�i�} Å a
dxk;}hnj��v±�P��gl´{t�zX}hehgÙo;g Å �¼w	v�´Pi�gl�4vÚo;g½y�glk	m	mÆ|�zX}hn=njm Å g½nj|Qv�´·�l}�i�} Å m

v�w	o;gji�g=zXglk	m��Ó|Qvhv�o.iXm	k;}�� � g½nj�l}ºmÍe�o;g � glk	mÉa�dfv��Ú�.Â�gÒk	}�w	o;v��j�8Â�glk	m	m
� k;vhtÃm�s¹nj��v�zXgl��m	´·�j�½}¼�l}�i�} Å }¼o;g½y�}hgl��n��¹w	�8��g � v�w	��m Å g½nj|	m�s¹k;}h~�zX��i�gjr
k	m	´��lehgl�Ãi�m�z;mu�fv�z;k	�;}ËnÛw;v � vh���h� }hnj��o;v�k;v � m Å g½nj|	m�sxm	k;nj��o	� � glkPr
��vhe����l}�|	m�sÜ|Q}�|Ý�8k	m;ehglo;n=}�zX�I����g½v½i�v�z;m	���I��w;}hn=n=}�ÂÄk;�2gÊm	k;nj��o	� � glkPr
���Þmp�=aßwÉaÉ�§m;nj��g � �à�:�{�2�Ôm;njw;v�zX���=�Q�¼�Ûo;}�iXm;vhnjm;tÃk;}�zX�IaAáÀnÃz;mâv�w	��mPr
Å g½nj|	m;gÇk;}h~�zX�fi�glk	m��ãehg½nj� � }Ì��o	�½i�vhg � |	m»m»��o;g½~��Q�¼�Ëv�w	o;gji�g=zXglk	k;��s
�=k;}�k	m	´ÌmÌk;}heh�Ò|Pvhe��X��v²o;g½y�glk	m;g{��v�´ËÂ�gÆ�l}�i�} Å mpnÓw;v � vh���h�ä�:�{�2�
w;v�z;k;vhnj���h�å}he���v � }���m	�=m	o;vheh}�k;vÆmÇn=ehvliXm	��n��²�l} Å }hnj���Q�åz;m;y��Æ|Ðk;}�ÂÍ}�r
��m;�æv½iXk;v�´Î|	k;v�w	|	mÉaÉ�ÜiXo	�Qtjv�´Ìnj��v�o;v�k;�I�Ag½nÃz;mÁi;z	�¾o;g½y�glk	m��¾�l}�i�} Å m
��o;}�iXm	�	m;v�k	k;� � v�w	��m Å g½nj|	m �ç� gl��v½i�v � k	�.Â�glk¾z;m;y��Ín=} � �Ò´¾w	o;vhnj��v�´
��g½vli�v�z;m	�=�0}hnj��o;v�k;v � m Å g½nj|	m	´Ä}�zX� � }�k;}�s{m Å }hnj�³�h��v¹èI�8k	|	�	m;v�k	m	o;vheh}�r
k	m;g{�Ï�{�2�Ôvh~hg½njw;g Å m;eh}hgl��n��¾�;g=zX� � o.�.i�v � ehn=g½ehv�� � v½ÂÄk;��sÇ��g=sQk	m Å gjr
nj|	m�s·njo;gji�nj��e³e � }hn=y·�l}h~h}�s{nj��o;}�k;�um·i�}�Â�g2ehn=g½tjv � m	o;}�aháÀnÃz;mÛ}hnj��o;v�r
� gl��o	m;nj�¹nÚ�8k	m;ehglo;n=}�zXv � �l}he�m;njm	�Iz;m;y��Æv��I�Pnjk	v�´Ðw;vhtjvli��I�.��vÆ�hnjw;g½yÆr
k;vhgÌm;njw;v�zX���lvheh}�k	m;gÊ�:�{�2� i;z	�¡o	g½y�glk	m�����v�´ÜÂÍgÌ�l}�i�} Å mé�l}he�m;njm	�
v�� � k;v½Â�g½nj��eh}Êè³}�|	��v�o;vhe��À|P}�|u��g=sQk	m Å g½nj|�m�sA�T�½}�|umÉ�À�l} Å }hnj���Q�Æ�¨w;v�r
z;m	��m Å g½nj|	m�sAaÉêÉ}�|É�;i�vhnj���8w	k;vhnj���Ðnjm;nj��g � �à�:�{�2� � v½Â�gl�Û~h�Ò��� � tÃk;v�r

ë ]-^�ì ë



ehglk	k;v�vhtÃo;}�k	m Å glk;}ãv�o;t�}�k;} � métjvhnj�½iX}�o;nj��ehglk	k;v�´Ýe�zX}hnj��mí�fî ¸ m�z;m
¿Àvhn=njm	mÉ�fmé�l}�|	m;gÊnÃz;� Å }�mék;g½vliXk;v�|	o;}���k;v�m � g=z;m � g½nj��v�n=v�nj��v�o;v�k;�
�fî ¸ÆaÏï³o;v � gÆ��vhtjv���o;}�iXm;vhnÃm;tÃk;}�zð�Am��jz;� Å }hg � �Ò´Ênjw	�8��k	m�|P} � mpv Å glk;�
nÃzX}h~h�Ò´É��mÆzX�º~hv�´Æo;}�iXm;v�zX�º~�m	��g=zX�¼~hgl�§��o	�½i�} � v½Â�gl�2n=vh~�o;}����¼�hnj��o;v�´Pr
nj��ehv��Qw;v½iX}he�z	�P�º��g½g�njm;tÃk;}�zX�Ük;}he�m;t�}��	m;v�k	k;��sÄnjw	�8��k	m	|Qvhe�eÆo;}�iXm	�hn=g
k;g½nj|Qv�zX��|	m�sÇ|	mPzXv � gl��o;vhe�a
ï³o;v � gÈ��vhtjv���eh}�ÂÄk;vËw;v�k	m � }������ Å ��vÌ|Qvhv�o.iXm	k;}���� � g½nj�l}��Àv�w�o;gji�gjr

z	�Pg � �2g¼w;vhnjo;gji�nj��ehv � �:�{�2�umÐv�w	��m Å g½nj|	m�sÛk;}h~�zX�fi�glk	m	´É�8nj��o;vhtjv{tjv�r
ehv�o.�A�8nj�8���Óo;}��=k;�2g¼èIm	�=m Å g½nj|	m;gºehg=z;m Å m	k	�³a�ñ{g=zXv¹e¹��v � � Å ��vÓeÓv�w	��mPr
Å g½nj|	m�sÁk	}h~�zX��i�glk	m��8sÇk;}�w	o;}he�zXglk	m;gÓ�l}�i�}hgl��n��Îv���ehg½njk;v�´Áz;m	k	m;gl´É�A}Äe
njw	�8��k	m	|Qvheh��s � gl��v½i�}�s²ÑÈk;v�o � }�zX�h�ò|Î�hnÃzXvhe�k;v�´Ëw;vhehglo.sQk;vhnj��mËv���k;v�r
njm � vhnj��mÉa�¶2w	��m Å g½nj|	m � m � gl��vli�} � mÄv�w	o;gji�g=z	�P�¼��n��Û}hnj��o;v�k;v � m Å g½nj|	m;g
y·m	o;v��l}Ðmpi�v�zXtjv��l}��Év���k;vhn��P�·m;g½n��p|âv���ehg½njk;v�´pz;m	k	m	mÉ�ð}Ðo;}�iXm;v � gl��v�r
i�} � mÈÑÄtjg½v½i�gl�=m Å g½nj|	m;g³y·m	o;v��l}·mÐi�v�zXtjv��l}��	v���k;vhn��P�·m;g½n��Ð|Çk;v�o � }�z;m
|Û�Ãz	z;m	w;n=v�mPiX�·v���k;vhnjm � vhnj��mÉa0¿À}��=k;vhnj��m � g=ÂÍiX�Æ}hnj��o;v�k;v � m Å g½nj|	m � mÍm
tjg½vli�gl�=m Å g½nj|	m � mÛ|Pvhv�o0iXm	k;}��l} � mÉ�0k;}��l�2eh}hg � �2g2�8|�zXv�k;glk	m�� � m²v���ehg½n=}��
v�w	o;gji�g=z	�P�¼�Ètjg½v�mPiÊÑË�j|;e�m	w;v���glk	�	m;}�z;k	�Q�Øw;vhehglo8sQk;vhnj���¾njm�zX�æ�=�8Â�gjr
nj��mÉaA�.g½v�mPiË�Pe�z	�Pgl��n��Áw	o;gji � gl��v � m	�=� Å glk	m��ÎèIm	�=m Å g½nj|Qv�´Ìtjg½v½i�gl�=m	mÎm
m � g½gl�Ë~hv�zX�hy�vhgÐ�=k;} Å glk	m;gÁeÊtjg½vli�gl�=m	mÉ�¨tjg½vhèIm	�=m	|Qgh�Àk;g½~hg½njk;v�´ � g=s0}�r
k	m	|Qg{mÎi�}�Â�g{eÈ}hnj��o;v � gl��o	m	mÉ��k;g·tjvhehv�o.�Áv � k;v½ÂÍg½nÃ��ehgÓw	o	m	|�zX}�iXk;��s
w	o	m�zXv½ÂÍglk	m	´É���l}�|	m�sÐ|¾w	o	m � glo	���	|Q}�|¾w;v�m;nj|¾w;v�zXgl�=k;��sÐm;nj|Qv�w;}hg � ��sAa
d njm�z;�Ýnj|Q}��l}�k	k;vhtjvçeh�2y�gh�2tjvhehv�o	m	���çvu��v � � Å ��vçk;vheh�2gâo;}�iXm;v�r

� gl��vli��I�¨�l}�|	m;gÁ|Q}�|��:�{�2�¼�¨w;v�z;k;vhnj���h� eh�Ò��g½njk	m�z;mç��o;}�iXm	�	m;v�k	k;�2g
�
v�w	��m Å g½nj|	m;g��4}hnj��o;v � gl��o	m Å g½nj|	m;g{mÊtjg½vli�gl�=m Å g½nj|	m;g{k;}h~�zX�fi�glk	m��A�Ak;}
k;}hy×e��lt�z	�.ió�	k	g=zX���j�AaA¶2w	��m Å g½nj|	m;g � gl��v½i��Üi�vÍnÃm�sÐw;v�oÁn=v½sQo;}�k��P�¼�{m
~��½iX�8�Án=v½sQo;}�k��Q���pn=ehvh� eh}�ÂÄk;vhnj����aõô³o;}he�m�zX��k;g½gÈtjvhehv�o	m	���ÎvËe��l}�m � r
k;v � i�v�w;v�z;k;glk	m	mÎvh~hv�m�s � gl��v½i�vhe�a

`Pa÷ö ï³o;}���|	m;g¹n=ehgji�glk	m��ÇvÈ���� 

dék;}hnj��v½�P��gl´ÁtNzX}hehgIm	�jzXv½ÂÍglk	m;g � }���glo	m;}�zX}·w	o;gji�nj�l}he�zXglk;v�k;}�w	o	mPr
� glo;g2} � glo	m	|Q}�k;nj|Qv�´Ínjm;nj��g � �Ü���� ��hk;v�o;}��jz;m Å m��Û���� ÆmÍ�Xµ·¶4�¹¸¼�2�
ehg½n=� � }ãk;gl�=k;} Å m	��g=zX��k;�I��møm	�jzXv½Â�glk	k;�Ò´Ý}�zXtjv�o	m	� � nÌk;g½~hv�zX�hy·m � m
� vliXm;èIm	|P}��	m�� � m � v±Â�gl�{~h�Ò����w	o	m � glk;glkÁ|Ánjm;nj��g � gÆ�;µ·¶4�¹¸¼�2�¼a
ù �l}�|É�¨njm;nj��g � }����� ãn=vhnj��v�m	�Ìm	�Ç��o;g=s»n=g½t � glk	��vhe���|Qvhn � m Å g½nj|Pvhtjv��

�8w	o;}he�z	�P�º��g½tjv�mÁw;v�zX���lvheh}���g=zX�hnj|Qvhtjv�a
úÓû�ü�ýºþ;ÿ��jü��0þ��âü�����ý��
	�� w	o;gji�nÃ�½}he�z	�Pgl�Ûn=vh~hv�´Ìn=v��lehgl�ÃiXm;g{m	��ö
�Äk;}�r
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¿Wm;n�aÌ`Pacb����fv��lehgl�ÃiXm;gÓnjw	�8��k	m	|QvheÐ���� 

e�m;t�}��	m;v�k	k;��sÐnjw	�8��k	m	|Qvhe��;o;}�� � g½��glk	k;��sÈk;}Íy�g½nj��mÁ|	o	�Qtjvheh��sÐv�o;~�mPr
�l}�spk;}�|�zXv�k;v � 55◦ k;}Áeh�2n=v���g²ö�q0ö�qhqÐ| � k;}�i�w;vhehglo8sQk;vhnj���h� Õ g � z;mÉ�
Å ��vºn=vhv���ehgl��nj��e��hgl�2w;glo	m;v½iX�¹vh~�o;}h��glk	m��Íbhb Å }hn=vhe���� � m	k	�8�=��o;}he�k;v � �
w;v�zXvhe�m	k;gÒ�lehgl�ÃiXk;��s�nj�8��v�|Î��o	m;n�a.`Pacb���a0êÉ}�|Q}��{|Qv�k;èIm;tÃ�8o;}��	m��·njw	�8��k	mPr
|Qvhe²vh~hg½njw;g Å m;eh}h�¼��vliXk;vhe�o;g � glk	k	�Q�æe�mPiXm � vhnj���Äm	�ÓzX�º~hv�´Î��v Å |	mÌk;}
w;vhehglo.sQk;vhnj��m Õ g � z;mÁ|Q}�| � m	k	m � � �uÅ gl���Òo;g=sÇnjw	�8��k	m	|Qvhe�a
�¹}È~hv�o	���Çk;}he�m;t�}��	m;v�k�k;vhtjvÄnjw	�8��k	m	|Q}Èo;}�� � g½��glk;�Þ}���v � k;�Ò´Ìnj�l}�kPr

i�}�o	� Å }hnj��v����I�§o;}�iXm;v�w;glo;gji�}�� Å m	|É�feh� Å m;nÃz;m	��g=zX��k;vhgÌ�hnj��o;v�´;nj��ehv��Ò}
�l}�|�Â�g²ehnjw;v � vht�}���g=zX��k;vhgÛvh~hv�o	�½i�vheh}�k	m;g�ÑÌ|Qv�o	o;gl|	��m	o	�Q�º�·m;gÍi�e�m;t�}�r
��g=z;mÔmån=v�z;k;g Å k;�2g�~h}��l}�o;glmÉa2ï¹}�ÂÍi��Ò´Ônjw	�8��k	m	|åm	�jz;� Å }hgl�»njm;tÃk;}�zð�
w;v��lehv�z	�P�º�·m	´Èk;}h~�zX��i�}���g=zX�Ôo;}hnjw	v��=k;}�����g½tjvÆmÇv�w	o;gji�g=z;m	���{o;}hn=nj��v�r
�Qk	m;g���w;n=g½e�i�vli�}�zX��k;vhnj���8�³i�vÊk;g½tjv�aTêÉglo � m	k»w;n=g½e�i�vli�}�zX��k;vhnj���âv���o;}�r
Â�}hgl��è³}�|	��m;nj|Q}�Â�glk	m��¾m;nj��m	k	k;vhtjvÄo;}hn=nj��v½�Qk	m��Çi�vÄnjw	�8��k	m	|P}²e²nÃm�z;�
�l}�|	m�s�w	o	m Å m	kÉ�.|P}�|Äehn=g½tNi�}¹nj�Q��g½nj��e��Q�º�·m;g¼vhy·m;~�|	m Å }hn=vhe¹w	o	m;g � k	mPr
|Q}��
t�zX}he�k;}��Ów	o	m Å m	k;}8�óm�vhy·m;~�|	m Å }hn=vhe�njw	�8��k	m	|Q}�ah¿¨}hn=n=g=�Qk	m;g2njm;tÃk;}�r
zX}ÆeÓm;v�k;vhn=è³glo;g¼m²��o;v�w;vhn=è³glo;gh�Q}Ó�l}�|�ÂÍgÚ�;g=zX�Ò´²o8�.i²iXo	�QtÃm�sÛw	o	m Å m	k
�l}�|�Â�g¹m;nj|Q}�Â�}h�¼�{m�� � glo8�Pg � vhg³o;}hn=nj��v½�Qk	m;gha
� }hnj��v��½}¹~hv�o	��vhehvhtjvI�l}�|	��vhehvhtjv³tjglk;glo;}���v�o;}³n=vhnj�l}he�z	�Pgl�·b±qP�÷ö��IÖ��Ï�Éa

�¹}ºvhnjk;vhehg��j��v�´ Å }hnj��v����»è³v�o � m	o	�Q�¼��n��³i�ehg�k;g½nj�Q�·m;g Å }hnj��v�����m	�jz;�0r
Å glk	m��Ènjw	�8��k	m	|Q}���bÍ��b��
���Ëb±qP�÷ö���� b�� �!���"�.ö0�TÖ��Ï�Çm#�ðöÐ��b�ö�q$�Ìb±qP�÷ö��� b�öhö �8�&%hq.�ÒÖ��Ï�Éað�§m;tÃk;}�zpk;}²k;g½nj�Q�·m�s Å }hnj��v��l}�s � v½iX�½z;m	o	�0gl��n��Ë�l}�|
k;}��l�2eh}hg � � � w;n=g½e�i�vhnÃz;� Å }�´	k;� � |Pvli�v � �äm('*)!+Æa¨�¨r6|Pvlií����v Å k;�Ò´É�,.- ¯0/=ª¤©�¯��Äm � g½gl� Å }hnj��v����íb±qP�÷ö���Ö��Ï�ømÝw	o;gjiXk;}��=k;} Å glkéi;z	�Ü��v Å k;vhtjv
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w;v��=m	�	m;v�k	m	o;vheh}�k	m��A�Ï}3'*)!+4r6|Qvli��
tÃo	�Q~h�Ò´É�4/=£h¦ - ©�¯·¦�/�576	ª¤©�ªU«�ªc£h¬��4m � g½gl�
Å }hnj��v����Íbh� q0ö��2Ö��Ï�ÆmÆw	o;gjiXk;}��=k;} Å glk¹i;z��¹w;v��=m	�	m;v�k	m	o;vheh}�k	m��¹n � glk;��r
y�gl´p��v Å k;vhnj���h�Æa�ñ{eh}È|Qv½i�}Ðehehgji�glk;�íi;z	�Ë��vhtjv�� Å ��vh~h� � v½ÂÄk;vÈ~h��zXv
vhtÃo;}�k	m Å m;eh}����Ëm;njw;v�zX���lvheh}�k	m;gÇ~hv�zXg½gÈ��v Å k;vhtjvË|Pvli�}ptÃo;}�ÂÍi�}�k;nj|	m � m
w;v���o;g½~�m	��g=z	� � mÉaQï¹vli��Ük;g½nj�8�¹eÆn=g½~hg�njm;tÃk;}����8o	�Ûnjw	�8��k	m	|P}ÆmÐe�o;g � glkPr
k;�2g � gl��|	mÉ� w;v��lehv�z	�P�º�·m;gÈw	o	m;g � k	m	|	��v�w	o;gji�g=z	�Q���Ìe�o;g � ��o;}hnjw	o;v�r
nj��o;}�k;glk	m��¾njm;tÃk;}�zX}�mÎeh� Å m;nÃz	�Q���Ûw;njg½e�i�v½i�}�zX��k;vhnj����a
ô¹v � m � vÍ|Pvli�vheÄnjw	�8��k	m	|Pvheh�Ò´Ìnjm;tÃk;}�zÌ�½}�|�Â�g � v½iX�½z;m	o	�0gl��n��Ák;}he�mPr

t�}��	m;v�k	k;� � n=vhvh~h��glk	m;g � i;z;m	k;v�´Êb���qhqÆ~�m	�Ón Å }hnj��v���v�´3��q{�Ï�ÉaP�¹}he�mPr
t�}��	m;v�k	k;vhgÓn=vhvh~h��glk	m;gÆe�|�zX� Å }hgl�·}�zX� � }�k;}�s²ÑÐvh~h�·�Q�àm	k	è³v�o � }��	m;�
vÎn=vhnj��v½�Qk	m	mãn=v��lehgl�ÃiXm��ã���� ��óm	k;è³v�o � }��	m;�×vÎnjvhnj��v±�Qk	m	m�m;v�k;vhn=è³gjr
o;��m�tÃo��Q~h�4g��=è³g � glo	mPi���ehn=g=sÆnjw	�8��k	m	|Pvhe�njm;nj��g � �I��}¼�½}�|�Â�gf��v Å k;�2g
�=è³g � glo	mPi��ÔmÁw;v�w	o;}he�|	� Å }hn=vhe·i;z	�²i�}�k	k;vhtjvÍnjw	�8��k	m	|Q}�a8:9�; <�=�>@?BA*C�þ���ü�����ý��
	�� ���� xn=vhnj��v�m	�Ám	�È|Qv�k	��o;v�zX��k;v�´�nj�l}�k	�	m	m
mÎn=gl��mËnj�l}�k	�	m	´ÎnÃzXg=ÂÍglk	m��Aa Õ }�i�} Å }��8w	o;}he�z	�P�º��g½tjvÍn=g½t � glk	�½}{Ñ²|Qv�kPr
��o;v�zX�Ò�l}2n=vhnj��v±�Qk	m;g � njm;nÃ��g � �³�½v���nÃzXg=ÂÄm;eh}�k	m;g¨k;}he�m;t�}��	m;v�k	k;��s�njw	�8�½r
k	m	|Qvhe¼m{�l}htÃo	�8�=|P}¼k;}º~hv�o	�4�=è³g � glo	mPiXk;vhtjv¼vh~hg½njw;g Å glk	m��Aa0¶4~�k;vhe�zXglk	m;g
~hv�o	��vheh��sÐ�=è³g � glo	mPiÌvh~h� Å k;vÍeh�Òw;v�z;k��Pgl��n��Çv½iXm	kÁo	}��¹eÛnj�8��|	mÉaDÓûE>BF�G±û!=
<��H�I>BF0ü��0þ���ü�����ý��
	�� ���� �v½sPeh}����2eh}hgl�fehn=��w	o	m;g � k	�Q��}�wPr
w;}�o;}����8o	��a����� 0r6w	o	m	g � k	m	|¡njvhnj��v�m	�Êm��Îehn=glk;}�w	o;}he�zXglk	k;v�´ç}�k	��glk	k;�I�
e�s0v½iXk;vhtjv¹��o;}�|	�l}³r�w;vli�njm;nj��g � �I�Qv���ehgl��nj��ehglk	k;v�´²�l}Ów	o	m;g � njm;tÃk;}�zX}Óm
g½tjv³w	o;g½vh~�o;}��lvheh}�k	m;g4|²e�mPi;�h�0w	o	m;tjvliXk;v � �Æi;z	�Ív��	m;èIo;vhe�|	mÉ�.}�k;}�zXvhtjv�r
�	m;èIo;vhehvhtjv¼w	o;g½vh~�o;}��lvheh}���g=z	�A��|Qv�o	o;g=z	�Q��v�o;}ºm�eh� Å m;nÃz;m	��g=zX��k;vhtjv � v�r
iX�±z	�Aa.ï¹v�o	o;g=z	�Q��v�oÄw	o;gji�nÃ�½}he�z	�Pgl��m	�4n=g½~½�Ínjw;gl�	m;}�z;m	�=m	o;vheh}�k	k;�Ò´Äeh�fr
Å m;nÃz;m	��g=zX��k;�Ò´ � v½iX�½zX���Ïeh� Å m;nÃz	�P�º�·m	´p|Pv�o	o;g=zXvhtÃo;} �T� �ònjw	�8��k	m	|Qv�r
ehvhtjvÆnjm;tÃk;}�zX}ÆmÐg½tjvÓo;glw�z;m	|	mÉ�Ptjglk;glo	m	o	�hg � v�´²w	o	m;g � k	m	|Qv � aQ�¹}{vhnjk;v�r
eh}�k	m	m³|Qv�o	o;g=zXvhtÃo;} �T� �Êw	o	m;g � k�m	|Óv�w	o	gji�g=z	�Pgl��e�o;g � glk	k;v�´³nNi�e�m;t � g=ÂÍr
iX� � gl��|Pv�´pnjw	�8��k	m	|QvhehvhtjvÐnjm;tÃk;}�zX}²mÊg½tjv²o;glw�z;m	|Qv�´É�A�l}�|	m � vh~�o;}��lv �
v�w	o;gji�g=z	�Pgl��n��Áe�o;g � �Ðo;}hnjw	o;vhnj��o;}�k;glk	m��¾njm;tÃk;}�zX}ÍmÉ�Xn=vhv���ehgl��nj��ehglk	k;v��
w;n=g½e�i�vli�}�zX��k;vhnj����a
ù i�g=�Êv�w	o;gji�g=zXglk	mP�p|Pvhv�o0iXm	k;}�� � g½nj�½}¾w	v¾m	�lehg½nj��k;� � i�}�zX��k;vhnj�=� �

i�vÈnjw	�8��k	m	|Qvhe²w	o;vhnj�½}B�Ag½nÃz;mÌm	�lehg½nj��k;�Þo;}hn=nj��v±�Qk	m��¾i�vÍi�e��.sËnjw	�8��k	mPr
|Qvhe�����vÌw;v�z;v±Â�glk	m;gÈk;}h~�zX�fi�}���g=z	�xzXg=ÂÄm	�Ák;}Ìv�|	o	�.ÂÄk;vhnj��mãÑÊz;m�k	m	m
w;glo;g½n=g Å glk	m��ui�e��.sÜn=è³gloÝnË�;glk	��o;} � møe�è³}��lvheh��s��;glk	��o;}�sÜ}�k	��glk	k
njw	�8��k	m	|Qvhe�m·n§o;}�iXm	�hn=} � mÉ��o;}he�k;� � mÆm	� � glo;glk	k;� � i�}�zX��k;vhnj�j� � a�ô³o	m
k;}�z;m Å m	m���o;gl���hg½tjv�njw	�8��k	m	|Q}ºÑÓehv�� � v½ÂÄk;vhg�w;v�zXv½Â�glk	m;g�k;}h~�zX�fi�}���g=z	�
n=ehvliXm	��n��È|Ði�e�� � ��v Å |Q} � �	vliXk	�²m	�I|Qv���v�o;��s � v½ÂÄk;v·m;nj|�zX� Å m	����|Q}�|
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�l}hehgji�v � vÛzXg=Â�}h�·�Q�ài�}�z;gl|PvÈv��Íw;vhehglo.sQk;vhnj��m Õ g � z;mÉa:dåo;g½}�zX��k;vhnÃ��m
�j�l}Ìn�s0g � }Ëk;}�o	�Qy�}hgl��n��x��g � � Å ��v Å }hn=� w	o	m;g � k	m	|Q}Îk;gÈnjm	k�sQo;v�k	m	�=mPr
o;vheh}�k;�çn=v³y·|P}�zXv�´Ûe�o;g � glk	mÈ���� �a�J§��v��Pe�z	�Pgl��n��Ít�zX}he�k;v�´�w	o	m Å m	k;v�´
��vhtjv�� Å ��vÐm	� � glo;glk	k;vhg·o	}hn=nj��v±�Qk	m;g{i�vÇnÃw	�8��k	m	|P}â��w;n=g½e�i�v½i�}�zX��k	vhnj���8�
ehg½n=� � }Ánj�Q��g½nÃ��ehglk�k;vã�-iXg½n��Q��|	m�|	m�zXv � gl��o;vhe8�ºv��jz;m Å }hgl��n��xv��Èo;g½}�zX��r
k;v�´Ëi�}�zX��k;vhnj��mÉað¶2w	o;gji�g=z;m	���Èw;v�w	o;}he�|	� Å }hn=vheÈw	o	m;g � k	m	|Q} � v½ÂÄk;vÈn
w;v � vh���h�ík;}h~�zX�fi�glk	m�� Å gl��ehglo	��vhtjvÍnjw	�8��k	m	|Q}�aK g=zX�Îw	o;}�|	��m Å g½nj|Qv�´�o;}h~hv����I�ów	o;gji�nj�l}he�zXglk	k;v�´ãe¾i�}�k	k;v�´�t�zX}hehgÍÑ
m	�=� Å m	�����Q|Q}�|Èw;vÓm	� � glo;glk	k;� � w;n=g½e�i�vli�}�zX��k;vhnj�j� � i�v Å gl���Òo;g=sÄnÃw	�8�½r
k	m	|Qvheâv�w	o;gji�g=z	�Pg½�¼��n���|Qvhv�o0iXm	k;}���� � g½nj�½}Êmuw;v�w	o;}he�|Q} Å }hn=vhepw	o	mPr
g � k	m	|Q}�a¼¿¨}h~hv��l}��l}�|�zX� Å }hgl��n��íeÜeh�Òw;v�z;k;glk	m	mÞm	� � glo;glk�m	´òw;n=g½e�i�v�r
i�}�zX��k;vhnj��gl´»i�v Å gl���Òo;g=sunjw	�8��k	m	|Qvhe��Ùeh� Å m;nÃzXglk	m	m�|Qvhv�o.iXm	k;}��p�j��m�s
njw	�8��k	m	|Qvheçw;v�~hv�o	��vheh� � �=è³g � glo	mPi�} � k;} � v � glk	�ãk;}h~�zX�fi�glk	m��ém
v�w	o;gji�g=zXglk	m	mÇw;v��j��m � iX}�k	k;� � |Qvhv�o0iXm	k;}�� � g½nj�l}�m¾w	v�w	o;}he�|	m Å }hn=vhe
w	o	m;g � k	m	|Q}�a

`Pa&� �.g½v½iXm	k	} � m Å g½nj|P}��Ðnj�½}�k	�	m��Î�fô¹~h�4L
�.g½v½iXm	k;} � m Å g½nÃ|P}��unj�l}�k	�	m��Ü�fô¹~h�4L ~h��zX}xehehgji�glk;}xexo;g=ÂÄm � w;v�r

nj��v½�Qk	k;v�´Ûo;}h~hv����ue¹ö�qhq�%�tjv½iX��a0dã|Q} Å g½nj��ehgÒw	o	m;g � k	m	|P}�m;njw;v�zX���=�hgl��n��M ¦ON�¦�PQ�:¯��P£h¬»�¹��R ��o	m	n�aÀ`Pa÷ö0��aSJ§��vÎw	o;gl�	m	�=m;v�k	k;�Ò´xi�e��.s Å }hnj��v���k;�Ò´
w	o	m;g � k	m	|É��njw;vhn=vh~�k;�Ò´Æw	o;v�m	�lehv½iXm	���Úm	� � glo;glk	m��Ii;z	�Óehn=g=sÓnjw	�8��k	m	|Pvhe
e�w;v�zXgÒ�jo;glk	m��A�h|Q}�|Ínjm;nj��g � �Ü���� ����l}�|ÍmÍnjm;nj��g � �ç�;µ·¶4�¹¸¼�2�¼ahô³o	mPr
g � k	m	|�o;}h~hv��l}hgl�Ç|Q}�|ãn²njm;nj��g � v�´ç���� ��õ�l}�|�m�n²�;µ·¶4�¹¸¼�2�¼�õm � g½gl�
ö�q²|P}�k;}�zXvhe�aÉêÉv Å k;vhnj���ÐeÇnj�l}���m Å g½nj|Pv � o;g=ÂÄm � gÆÑT� �T� eÐw�zX}�k;g·mQ�
�T� w;vÛeh�2n=v���gha
d |P} Å g½nj��ehg�}�k	��glk	k;� �:�{�2�Wr#nj�½}�k	�	m	måm;nÃw;v�zX���=�0gl��n�� MVU  W'YX	£�Zh¯[ ª¤¬	­²èIm	o � � M ¦ON�¦�P U ¦�NQª¤­h¦�«�ª¤£h¬Ê 8®Q©�«�¯±° ��o	m;n�a `Pa&�.��a\J§��vÈehn=glw;vhtjvliXk;}��

i�e��.s Å }hnj��v���k;}��Ë}�k	��glk	k;}��Avhnjk;}h��glk	k;}��Înjw;gl�	m;}�zX��k;� � |Qv�k	�hnjk;� � w;v�r
|	o;�Ò��m;g � i;z	�Ë�l}h�·m	���àv��Ä}�� � vhn=è³glo	k;��sËvhn=}�iX|Qvhe�aÏ¿¨}h~hv Å m;gÆw;v�zXvhn=�
Å }hnj��v��7��b���% �±r�bO%0ö�qÄÖ��Ï�»�]��b��4m�b�öQb��±r�b�ö�% �ÍÖ��A�u�]�ðö0��a:Ö�}hn=n=}^�Pa_�Í|;t�a
¸¼k	��glk	k;} � v½Â�gl�Æo;}h~hv��l}�����w	o	mÁ��g � w;glo;}����8o;gÓv�� −50◦ '¡i�v

+73◦ '¼a
`Pa"� [a`bUdcfe r#è³v�o � }��Ói�}�k	k;��s²i;z	�ÈsQo;}�k;glk	m��Ë���� 0r6m	� � glo;glk	m�´
ñÓz	�Î�l}�w	m;njmËi�}�k	k;��sÁm	� � glo;glk	m	´p�:�{�2�Ôm;njw;v�zX���=�hgl��n��Ë��gl|Qnj��vheh�Ò´

è³v�o � }�� [a`bUdcfe � [ ¯0/j¯½ªgN0¯ - ` ¬.P�¯ , ¯½¬.P	¦h¬0« c ��/hX	¦h¬	­h¯���a
ë ]-^2i ë



¿Wm;n�aË`Pa÷ö@�;ô³o	m;g � k	m	| M ¦�N�¦�P3�:¯��P£h¬Ì�¹�jR

¿Wm;n�aÌ`Pa&���	¸¼k	��glk	k;} MVU  3'YX	£�Zh¯ [ ª¤¬	­

ë ]-^2k ë



µÓ�º~h}��ém	k;è³v�o � }��	m��A�Ò�l}�w	m;n=}�k	k;}��Ýeçè³v�o � }���g [a`bUdcfe �4~��½i��»��v
k;}h~�zX�fi�}���g=zX��k;�2g§i�}�k	k;�2gh��k;}he�m;t�}��	m;v�k	k;}��Æm	k;è³v�o � }��	m��{m�z;m � gl��g½v�r
i�}�k	k;�2gh�8n=vhnj��v�m	�³m	�2i�e��.s Å }hnj��gl´ÛÑ·�l}htjv�zXvhe�|P}¹mÛi�}�k	k;��sAa Õ }htjv�zXvhehv�|
n=vhnj��v�m	�Ðm	�Änj��o;v�|âi;z;m	k;v�´l�hq¾njm � ehv�zXvhe�aóï¹}�ÂÍi�}��Ênj��o;v�|Q}Áw;vli�g=zXglk;}
k;}¹i�ehg Å }hnj��mÈi;z;m	k	v�´#%hqÓmÁö�qÆnjm � ehv�zXvhe{n=vhv���ehgl��nj��ehglk	k;v�a�dfv·e���v�o;v�´
Å }hnj��mÉ��njw	o;}heh}��§w	m;y·�8��n��Ük;}��leh}�k	m���w;}�o;} � gl��o;vhe��§}�eãw;glo;ehv�´�Ñum�s
�=k;} Å glk	m���eËnj��o;vhtjvË�l}�i�}�k	k;v � è³v�o � }���gha¨�§w	m;n=v�|�i�}�k	k;��sA� |Qv���v�o;�2g
� vhtÃ�8�Ê~h�Ò����v�w	m;n=}�k;� ex�l}htjv�zXvhe�|QgËè³}�´�zX}m/Ák;}h~�zX�fi�glk	m�� � m�w	o;gji	r
nj�l}he�zXglkuepô³o	m�zXv½ÂÍglk	m	mÜbx�
nj��oÉa�b±`�%.��a�ô¹vhnÃzXgÇ�l}htjv�zXvhe�|Q}Ìk;} Å m	k;}hgl�½r
n��xn=vh~hnj��ehglk	k;vË~�zXv�|âi�}�k	k;��sA�õnj��o	�8|	���8o;}Ë|Qv���v�o;vhtjv¾w	o;gji�nj�½}he�zXglk;}Îe
ô³o	m�zXv½Â�glk	m	mÌöÇ�
nj��oÉaðb±`V�h��a
ï¹}�|¾mÐzX�º~h�2gºi�}�k	k;�2g³eÍè³v�o � }���g [a`bUdcfe �	è³}�´�zÁk;}he�m;t�}��	m;v�k	k;��s

n=vhvh~h��glk	m	´Ó��v½ÂÍg§n=vhnj��v�m	�2m	�Ù�l}htjv�zXvhe�|Q}4m{n=} � m�s�i�}�k	k;��sAa�ô¹v�z	�³�l}htjv�r
zXvhe�|Q}Íe [a`bUdcfe r#è³}�´�zXgÓnIk;}he�m;t�}��	m;v�k	k;� � mÁn=vhvh~h��glk	m�� � m¾w	m;y·�8��n��
e·��v � ÂÍgIè³v�o � }���gh� Å ��v�m¾e [a`bUdcfe r#è³}�´�zXg³n�k;}h~�zX�fi�glk	m�� � mâ�
ô³o	mPr
zXv½Â�glk	m;g$��k;}Ínj��oÉaðb±`��.��a
�¹}he�m;t�}��	m;v�k	k	}��xm	k;è³v�o � }��	m��xw	o;gji�nj�l}he�z	�Pgl�Ám	�Ðn=g½~½��k;}h~hv�o�i�}�kPr

k;��sÍvh~Óv�o;~�m	��g4m²n=vhnj��v±�Qk	m	mÈv��Ãi�g=zX��k;vhtjv¹njw	�8��k	m	|Q}�aPêÉ}�|Û|Q}�|²njw	�8��k	mPr
|	m²w;glo	m;vliXm Å g½nj|	m²��o;}�k;nÃz;m	o	�Q�¼��i�}�k	k;�2gºvÆn=ehv�m�sÛv�o;~�m	�l}�sÍmÛiXm;}htÃk;v�r
nj��m Å g½nj|	m;g�i�}�k	k;�2gh����v�eÍvliXk;v � è³}�´�zXg � vhtÃ�8�{ehnj��o;g Å }����hn��Èk;g½nj|Pv�zX��r
|Qv�k;}he�m;t�}��	m;v�k	k;��s{n=vhvh~h��glk	m	´�v��ºvliXk;vhtjvInjw	�8��k	m	|Q}�Ñ¹k;}�o;}��jz;m Å k;�2g
� v � glk	���Ôe�o;g � glk	mÉa��§��o	�8|	���8o;}Ä~�zXv�|Q}{i�}�k	k;��s [a`bUdcfe r#è³}�´�zX}Ín³k;}�r
e�m;t�}��	m;v�k	k;v�´»m	k;è³v�o � }��	m;gl´uw	o;gji�nj�l}he�zXglk;}âeâô³o	m�zXv½ÂÍglk	m�mn�ç�
nj��oÉa
b±`h`.��a

ë ]oiqp ë



`Par� ¶2w	o;gji�g=z;glk	m;gº|Qvhv�o0iXm	k;}��¹njw	�8��k	m	|Q}·w;vÆ~hv�o	��vheh� � �=è³g � glo	mPi�} �

¿À}hn=n � v���o	m � �l}�i�} Å �Ieh� Å m;nÃzXglk	m��I|Qvhv�o.iXm	k;}���njw	�8��k	m	|Q}Úw;v4~hv�o	��vheh� �
�=è³g � glo	mPi�} � a

s v�o	��vheh�2g¹�=è³g � glo	mPi����

ô¹}�o;} � gl��o ¶2w	m;n=}�k	m;g
toe

J§w;v±s0}
WN

�¹gji�g=z	�
e

J§|Qnj�;glk	��o	m;njm	��gl�Ív�o;~�m����
A

1

2

ï¹eh}�iXo;}���k;�Ò´¾|Pv�o;glk;��m	�¹~hv�zX�hy�gl´¾w;v�z;�hvhnjmÎv�o;~�m	���
Ω0

ñ{v�zXtjv��l}Íehvhn�s0vli;�P��g½tjvÍ�8�jzX}
w�zXvhnj|Qvhnj��mËv�o;~�m	���Ôk;}Íe�o;g � �Ç�jw;v½sQm

i0
�¹}�|�zXv�k;glk	m;g¹v�o;~�m	���Ôk;}Íe�o;g � �Ç�jw;v½sQm

ω
¸¼o;tÃ� � glk	�{w;glo	m;tjg=�

M0
�§o;gjiXk��8�¾}�k;v � }�z;m��Èk;}Ík;} Å }�zXvÍ�jw;v½sQm

∆n
¶2��|�zXv�k;glk	m;g³�=k;} Å glk	m��Çnjo;gjiXk;g½tjv{i�e�m�ÂÍglk	m��

Ω̇
�§|Qv�o;vhnj���Ím	� � glk;glk	m��²i�v�zXtjv����
ehvhn�s.vli;�P��g½tjv��8�jzX}Ûw�zXvhnj|Qvhnj��mËv�o;~�m	���

IDOT
�§|Qv�o;vhnj���Ím	� � glk;glk	m��Ðk;}�|�zXv�k;glk	m��Çv�o;~�m	���

Cuc
¸ � w�z;m	���½i�}Í|;eh}�iXo;}����8o	k;v�´Áw;v�w	o;}he�|	m
}�o;tÃ� � glk	�l}Ûy·m	o;v����

Cus
¸ � w�z;m	���½i�}Ûnjm	k;è³}��=k;v�´Îw;v�w	o;}he�|	m
}�o;tÃ� � glk	�l}Ûy·m	o;v����

Crc
¸ � w�z;m	���½i�}Í|;eh}�iXo;}����8o	k;v�´Áw;v�w	o;}he�|	m
o;}�iXm	�hn=}Äv�o;~�m	���

Crs
¸ � w�z;m	���½i�}Ûnjm	k;è³}��=k;v�´Îw;v�w	o;}he�|	m
o;}�iXm	�hn=}Äv�o;~�m	���

Cic
¸ � w�z;m	���½i�}Í|;eh}�iXo;}����8o	k;v�´Áw;v�w	o;}he�|	m
k;}�|�zXv�k;glk	m��Çv�o;~�m	���

Cis
¸ � w�z;m	���½i�}Ûnjm	k;è³}��=k;v�´Îw;v�w	o;}he�|	m
k;}�|�zXv�k;glk	m��Çv�o;~�m	���

ë ]oi6] ë



�¹}h~�zX��i�}���g=zX��k;�2gºi�}�k	k;�2g��
ñ{}�k	k;�2g ¶2w	m;n=}�k	m;g

P
ô¹n=g½e�i�vli�}�zX��k;vhnj���·i�vÍnjw	�8��k	m	|P}

tobs
Ö�v � glk	�Æk;}h~�zX�fi�glk	m��

t �8kPi�} � glk	�½}�zX��k	�4g³w;vhnj��v±�Qk	k	�4g��
ô¹vhnj��v½�Qk	k;}�� Õ k;} Å glk	m;g ¶2w	m;n=}�k	m;g

µ 3.986004418 ∗ 1014 � 3 )!/ 2 �.g½v��;glk	��o	m Å g½nj|Q}��
tÃo;}he�m	�l}��	m;v�k	k;}��
w;vhnj��v½�Qk	k;}��

Ω̇e 7.2921151467 ∗ 10−5 o;}�i\)�n L�tNzXvheh}��Ðnj|Pv�o;vhnj���
e�o;}h��glk	m�� Õ g � z;m

c 299792458.0 � )�n �§|Qv�o;vhnj���Ûn=ehgl�l}
¸ÚzXtjv�o	m	� � eh� Å m;nÃzXglk	m��Ð|Qvhv�o.iXm	k;}��7�
bhaA�§o;gjiXk;g½gIi�e�m�Â�glk	m;gÄ��o;}�i\)�n±�

n0 =

√

µ

A3
. uov�w&xzy

öQa;Ö�v � glk	�Æm	�jz;� Å glk	m��¾njm;tÃk;}�zX}Ûnjw	�8��k	m	|Qv �

tem = tobs − P

c
. uov�w|{
y

�Pa±d§o;g � ��v��fk;} Å }�zX}2�jw	v±sQm²���=k;} Å glk	m;gW~hglo�}l��n��ºw;v � v½iX�½zX�~%hq�� �hqhqV)�öQ�
��vÄg½nj�����Ag½nÃz;mÌ~hv�zX�hy�g��hq0ö
�0qhqÍn�����vÄm	�Ók;g½tjvÄeh� Å m	�l}hgl��n��T%hq�� �hqhqÍn��A}
g½nÃz;m � glk;�hy�gºrY�hq0ö
�0qhq·n��;��v·i�vh~h}he�z	�Pgl��n��#%hq�� �hqhq�n±�

t = tem − toe. uov�w���y��a ù njw	o;}he�zXglk	k;vhgÓnÃo;gjiXk;g½gIi�e�m�ÂÍglk	m;g

n = n0 + ∆n. uov�w��0y�QaA�§o;gjiXk��8�¾}�k;v � }�z;m��

M = M0 + nt. uov�w|�
y
ë ]oi]� ë



%Pa�J§|Pnj�;glk	��o	m Å g½nÃ|P}��È}�k;v � }�z;m��Ì��k;}�s.vliXm	��n��Èm	���8o;}he�k;glk	m��²ï¹glw�zXgjr
o;} � gl��vli�v � m	��glo;}��	m	´A�

M = E − e sinE. uov�w���y�8a ù nj��m	k	k;}��Ç}�k;v � }�z;m��

tg
ν

2
=

√

1 + e

1 − e
tg

E

2
, uov�w|�
y

t�i�g¹�QtNzX� ν
2

m E
2

w	o	m	k;}�i;zXg=Â�}��{v½iXk	v�´ Å gl��ehglo	��mÁw;v�z;k;vhtjv·�Qt�zX} 2π
a

�Pa;¸¼o;tÃ� � glk	�·y·m	o	v����

φ = ν + ω. uov�w���y
`Pa;ô¹v�w	o;}he�|	mÁ}�o;tÃ� � glk	�l}Íy·m	o;v����I�	o;}�iXm	�0n=}ÍmÁk;}�|�zXv�k;}B�

δu = Cus sin 2φ+ Cuc cos 2φ, uov�w�v�y
δr = Crs sin 2φ+ Crc cos 2φ, u�vOwrxI��y
δi = Cis sin 2φ+ Cic cos 2φ. uov�wrx
xzy

b±qPa ù njw	o;}he�zXglk	k;�2g·�=k;} Å glk	m��Ì}�o;tÃ� � glk	�l}Ðy·m	o	v����I�Ao;}�iXm	�hn=}Ðmpk;}�r
|�zXv�k;glk	m����

u = φ+ δu, uov�w&xz{
y
r = a(1 − e cosE) + δr, uov�w&xI��y
i = i0 + δi+ IDOTt. uov�w&x��0y

bhbha	ï¹vhv�o.iXm	k;}����Ônjw	�8��k	m	|Q}ÄeÛv�o;~�m	�l}�zX��k;v�´¾w�zXvhnj|Qvhnj��m��

Xorb = r cosu, u�v�w&xz�
y
Y orb = r sinu. uov�w&xI��y

b�öQa ù njw	o;}he�zXglk	k;}��²i�v�zXtjv��½}Íehvhn�s0v½i;�P��g½tjv��8�jzX}

Ω = Ω0 + (Ω̇ − Ω̇e)t− Ω̇etoe. uov�w&xz�
y
ë ]oi�_ ë



bO�Pa;ô¹v�zXv½ÂÍglk	m;g³eÍ�lg � k;v�´Ánjm;nj��g � gÓ|Qvhv�o0iXm	k;}��7�

X = Xorb cos Ω − Y orb cos i sin Ω, uov�w&xI��y
Y = Xorb sin Ω + Y orb cos i cos Ω, uov�w&xIv�y

Z = Y orb sin i. uov�w|{E��y
`Pa&% ¶2w	o;gji�g=zXglk	m;g³|Qvhv�o.iXm	k;}�� � g½nj�½}�mÁw;v�w	o;}he�|	m Å }hn=vheÍw	o	m;g � k	m�|P}

ô³�0nj���âe � v � glk	��� ti, i ∈ [1, 4]
w	o;vhehgji�glk;� k	}h~�zX��i�glk	m���w;n=g½e�i�v�r

i�}�zX��k;vhnj��gl´
P 0
i

i�v Å gl���Òo;g=sÊnjw	�8��k	m	|Qvhe�a d§k;g½n��xe P 0
i

|Qv�o	o;gl|	�	m	mx�l}
w;v�w	o;}he�|	m

∆tsi
Å }hn=vheÍnjw	�8��k	m	|Pvhe��;w;v�z;� Å m � �

Pi = P 0
i + c∆tsi , i ∈ [1, 4] . uov�w|{Oxzy

¶4~hv��=k;} Å }�� Å glo;gl� ε = c∆t
w;v�w	o;}he�|	��w;n=g½e�i�v½i�}�zX��k;vhnj��m¡�l}�n Å gl�

��vhtjv�� Å ��v Å }hn=� k;}hy�g½tjvpw	o	m;g � k	m	|Q}â��o;g½~��Q�¼�Ëw;v�w	o;}he�|	� ∆t
w;vxv��½r

k;vhy�glk	m;� |çy·|Q}�zXg¾e�o;g � glk	mÜ���� ��À�l}�w	m;y�g � vhnjk;vhe�k;�2gÇ�8o;}he�k;glk	m��
k;}hy�gl´¾�l}�i�} Å m��

(P1 + ε)2 = (X1 −X)2 + (Y1 − Y )2 + (Z1 − Z)2, uov�w|{
{
y
(P2 + ε)2 = (X2 −X)2 + (Y2 − Y )2 + (Z2 − Z)2, uov�w|{E��y
(P3 + ε)2 = (X3 −X)2 + (Y3 − Y )2 + (Z3 − Z)2, uov�w|{��0y
(P4 + ε)2 = (X4 −X)2 + (Y4 − Y )2 + (Z4 − Z)2. uov�w|{
�
yJ§�½}Ënjm;nj��g � }Îm	� Å gl���Òo;g=sâk;g=z;m	k;gl´	k;��sx�8o;}he�k;glk	m	´ãn=vli�glo8ÂÄm	� Å gjr

���Òo;g³k;glm	�lehg½nj��k;��s��
X,Y, Z

rÙ|Qvhv�o0iXm	k;}����Ýw	�8k	|	�½}Ím
∆t

rWw;v�w	o;}he�|	�
Å }hn=vhe·w	o�m;g � k	m	|P}�a�ï¹vhv�o0iXm	k;}���� (Xi, Yi, Zi), i ∈ [1, 4]

eh� Å m;n�z	�P�¼�½r
n��Çw;vÍ�=è³g � glo	mPi�} � njw	�8��k	m	|Qvhe�a
Ö�v±ÂÄk;vÊw;v�|Q}��l}������ Å ��vxeâ��v � nÃz;� Å }hgh�T|Pvht�i�} ∆t = 0

�Ài�vhnj�l}���v Å r
k;vËw	o;v�k;}h~�zX�fi�}����Î��v�zX��|Qv��Ënjw	�8��k	m	|Q}�a�J§�l}Ëm	k;è³v�o � }��	m���eË|Qv�k;g Å r
k;v � m	��vhtjg2i�}hgl�¼i�eh}¹w;v�zXv±Â�glk	m���w	�8k	|	�l}Ók;}h~�zX��i�glk	m	´É�.vliXk;v¹m	�¼|Qv���v�r
o;��s�v���~�o;}hn=�2eh}hgl��n���ehe�mPiX��g½tjvÊv Å g½e�mPiXk;v�´�k;glo;g½}�zX��k;vhnj��mÉa � gl��ehgloPr
���Ò´çnjw	�8��k	m	|�vh~hg½njw;g Å m;eh}hgl�Ëehv�� � v½ÂÄk;vhnj���Êv�w	o;gji�g=zXglk	m��ãk;g¾��v�zX��|Qv
m;nj|Qv � ��sË|Qvhv�o.iXm	k;}�� X,Y, Z �:k	vÐmÊw;v�w	o;}he�|	� ∆t Å }hn=vheÈw	o	m;g � k	m	|P}v���k;vhnjm	��g=zX��k;vÍy·|P}�zX�Þ���� ^�Ùªc°Í¯ha
df� Å m	�½}��Ëw;vhnÃzXgji�vheh}���g=zX��k;vÈw;glo;ehvhg·�8o;}he�k;glk	m;g�m	��e���v�o;vhtjvÈmÊ�=aJióac�

� v½ÂÄk;v�w	o	m;ehg½nj��mÎeh�Òo;}�Â�glk	m��Ê��`Pa÷öhö0���ó��`Pa÷ö��.���ð��`Pa÷ö
�8���ð��`Pa÷ö��0�Ù|Îe�mPiX���
ë ]oi�ì ë



X∆X1 + Y∆Y1 + Z∆Z1 = A1 − ε∆P1, uov�w|{E��y
X∆X2 + Y∆Y2 + Z∆Z2 = A2 − ε∆P2, uov�w|{
�
y
X∆X3 + Y∆Y3 + Z∆Z3 = A3 − ε∆P3, uov�w|{E��y

t�i�g

∆Pi = Pi+1 − Pi, i ∈ [1, 3], uov�w|{Ev�y
σPi = Pi+1 + Pi, i ∈ [1, 3], uov�w��
��y

∆Xi = Xi+1 −Xi, i ∈ [1, 3], uov�w���xzy
σXi = Xi+1 +Xi, i ∈ [1, 3], uov�w���{
y
∆Yi = Yi+1 − Yi, i ∈ [1, 3], uov�w��
��y
σYi = Yi+1 + Yi, i ∈ [1, 3], uov�w��h�0y

∆Zi = Zi+1 − Zi, i ∈ [1, 3], uov�w����
y
σZi = Zi+1 + Zi, i ∈ [1, 3], uov�w��
��y

uov�w����
y

Ai = (∆XiσXi + ∆YiσYi + ∆ZiσZi − ∆PiσPi)/2, i ∈ [1, 3] .uov�w��
��y
ô¹v�zX���=���Pn=�2w	o;}he�m�zXv � ï³o;} � glo;}��=o;}��=o;g½y·m � �8o;}he�k;glk	mP�Í��`Pa÷ö�%.���0��`Pa÷ö �h���

��`Pa÷ö��.�ðv���k;vhnjm	��g=zX��k;vIehg=z	m Å m	k X,Y, Z ��e�|�zX� Å m;e�è³v�o � }�zX��k;v Å zXglk;�I�w	o;v�w;v�o	�	m;v�k;}�zX��k;�2g
ε
�Xe�o;g½y�glk	m;g��

X =
D1

D
+ ε

d1

D
, uov�w��
v�y

Y =
D2

D
+ ε

d2

D
, uov�w�����y

Z =
D3

D
+ ε

d3

D
, uov�w��
xzy

t�i�g
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D = det





∆X1 ∆Y1 ∆Z1

∆X2 ∆Y2 ∆Z2

∆X3 ∆Y3 ∆Z3



 , uov�w��0{
y

D1 = det





∆A1 ∆Y1 ∆Z1

∆A2 ∆Y2 ∆Z2

∆A3 ∆Y3 ∆Z3



 , uov�w�����y

D2 = det





∆X1 ∆A1 ∆Z1

∆X2 ∆A2 ∆Z2

∆X3 ∆A3 ∆Z3



 , uov�w��
�0y

D3 = det





∆X1 ∆Y1 ∆A1

∆X2 ∆Y2 ∆A2

∆X3 ∆Y3 ∆A3



 , uov�w��0�
y

d1 = det





−∆P1 ∆Y1 ∆Z1

−∆P2 ∆Y2 ∆Z2

−∆P3 ∆Y3 ∆Z3



 , uov�w�����y

d2 = det





∆X1 −∆P1 ∆Z1

∆X2 −∆P2 ∆Z2

∆X3 −∆P3 ∆Z3



 , uov�w��0�
y

d3 = det





∆X1 ∆Y1 −∆P1

∆X2 ∆Y2 −∆P2

∆X3 ∆Y3 −∆P3



 . uov�w�����y
�éw;v � vh���h�Þvh~hv��=k;} Å glk	m	´

X
′

=
D1

D
, Y

′

=
D2

D
, Z

′

=
D3

D
, uov�w���v�y

ax =
d1

D
, ay =

d2

D
, az =

d3

D
, uov�w|�E��y

k;}hy�g³o;g½y�glk	m;g³w	o;gji�nj�½}he�m � eÛe�mPi�g��

X = X
′

+ εax, Y = Y
′

+ εay, Z = Z
′

+ εaz. uov�w|�Oxzy
ô¹v½i�nj�l}he�z	�8�p�j��vÇo;g½y�glk	m;gÍeÈzX�º~hvhg�m	��m;n�s0v½iXk;��sÌ�8o;}he�k;glk	m	´���k;}�r

w	o	m � gloÉ�;e Å gl��ehglo	��vhg���� � �Ôw	v�z;� Å m � |;eh}�iXo;}���k;vhg³�8o;}he�k;glk	m;gÓe�mPi�}
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a4ε
2 + 2b4ε+ c4 = 0, uov�w|�
{
y

t�i�g

a4 = 1 − a2
x − a2

y − a2
z, uov�w|�E��y

b4 = P4 + ∆X
′

4ax + ∆Y
′

4ay + ∆Z
′

4az, uov�w|���0y
c4 = −∆X

′2
4 − ∆Y

′2
4 − ∆Z

′2
4 + P 2

4 , uov�w|�
�
y

∆X
′

4 = X4 −X ′, ∆Y
′

4 = Y4 − Y
′

, ∆Z
′

4 = Z4 − Z
′

. uov�w|�E��y
¿Àg½y�glk	m;g¹�j��vhtjv�|;eh}�iXo;}���k;vhtjv��8o;}he�k;glk	m��Ðm � g½gl�{e�mPi

ε1,2 = −b4

a4

±
√

b24 − a4c4

a4

. uov�w|�
�
y
¶�iXk;v·m	�³�j��m�sÐo;g½y�glk	m	´Çm � g½gl�Ók;glw	o;}he�i�v�w;vli�vh~�k;vhg��=k;} Å glk	m;g³mÁv��½r

~�o;}hn=�2eh}hgl��n��Aa�d§��v�o;vhgÌ�=k;} Å glk	m;gÌm;njw;v�z;���=�0gl��n��çi;z	��w;v�z;� Å glk	m���w;v�r
w	o;}he�|	m Å }hn=vhe ∆t = ε

c

m¹m;nj|Qv � ��sI|Qvhv�o0iXm	k;}��fw	�8k	|	�l} X,Y, Z e4njm;nj��gjr
� g ` � [�� ahï³o	m	��glo	m;g � i;z	�·v�w	o;gji�g=zXglk	m��Óm;nj��m	k	k;vhtjv�o;g½y�glk	m��Æk;}Itjg½v�r
iXm	k;} � m Å g½nj|Qv�´�nj�½}�k	�	m	m��fô¹~h�4L �Pe�z	�Pgl��n����

∆t ∈ [−0.0005, 0.0005]�
n=gl|	�8kPi��¼��a
ñ{}�zXg½gÇw	o;g½vh~�o;}��=�hg � i�gl|Q}�o	��vheh� |Qvhv�o.iXm	k;}����

X,Y, Z
eâtjg½vli�gl�=mPr

Å g½nj|	m;g·eÐnÃm;nj��g � g��Ý�¹ 0r����²w	o	mÊnÃzXgjiX�Q�º�·m�sÁ�=k;} Å glk	m��8sËèI�8kPi�} � glkPr
�l}�zX��k;��sÐw;vhnj��v±�Qk	k;��s��
ô¹vhnj��v±�Qk	k;}�� Õ k;} Å glk	m;g ¶2w	m;n=}�k	m;g

a 6378137.0 � s v�zX�hy�}��Èw;v�z;�0vhnj�Ä��z;m	w;n=v�mPi�}��Ý�¹ 0r����
b 6356752.0 � Ö�}�zX}��Èw;v�z;�hvhn=�Û�Ãz;m	w;n=v�mPi�}��Ý�¹ 0r����

ô¹}�o;} � gl��o;�Ý��o;}�k;njè³v�o � }��	m	m��

e2 =
a2 − b2

a2
, uov�w|�E��y

e
′2

=
a2 − b2

b2
. uov�w|�Ev�y
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¶2w	o;gji�g=z;m � ��glw;glo;�·i�v�zXtjv����²mÎy·m	o;v������

λ = arctg
Y

X
, uov�w��
��y

φ = arctg
Z + e

′2
b sin3 Θ

√
X2 + Y2 − e2a cos3 Θ

, uov�w���xzy
tNi�g

Θ = arctg
a

b

Z
√

X2 + Y2
uov�w���{
y

`Pa_� ô³o	m � glo¹eh� Å m;nÃzXglk	m���|Qvhv�o0iXm	k;}��§m¹e�o;g � glk	m³w;v¼���� 0r6m	� � glo;glk	m�� �

ô³o	m;ehgji�g � w	o�m � glo�o;}hn Å gl�½}Î|Qvhv�o0iXm	k;}�� � g½nj�½}Îm�w;v�w	o;}he�|	m Å }hn=vhe
w	o	m;g � k	m	|Q}Ðk;} � v � glk	�²e�o;g � glk	m»bhb��r�����"� �Îb±qPa qV�8a÷ö�qhq�%Äw;v¾e�o;g � glk	k	v�´
y·|Q}�zXgp���� ��Wªc°Û¯���m�z;måbO�����pk;gji�g=z	�øb�ö�`0öhö��pn=gl|	�8kPi�}8�{w;v��ã���� 0r
njw	�8��k	m	|Q} � �É���P�É�Æb±qP�É�{bO�P�:�³ö �8a��¹}h~�zX�fi�glk	m��¾w	o;vhehvliXm�z;m;n=�²eÛo;} � r
|Q}�sI}hnÃ��o	v � gl��o	m Å g½nj|Pv�´³w	o;}�|	��m	|	m¹e�zX}h~hv�o;}���v�o	m	m¹}hnj��o;v � gl��o	m	m{�fô¹~�r
�4L2a

��<�ü=ÿ��
� �0û�û�;��½þ�	�<�� ü�9�� ��	;þ�� <��*� 	�<Íýºûjý��
	�� 	�<�¡
>BAa�O�
	;þB?
�¹}h~�zX��i�}���g=zX��k;�2gºi�}�k	k;�2g³w;vÛnjw	�8��k	m	|	�Î�����
ñ{}�k	k;�2g Õ k;} Å glk�m;g

P
öQb�ö�%V�!�7��öQa÷ö
%0ö

tobs
bhb������V��)ÈbO������¢�¯½¯�ZÌb�ö�`0öhö��{©�¯0/
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s v�o	��vheh�2g¹�=è³g � glo	mPi��ånjw	�8��k	m	|Q}Ð�����
ô¹}�o;} � gl��o Õ k;} Å glk	m;g

toe
b�ö�`�%hqhqPa q

WN
bO�����Pa q

e
qPa qhqh`�%����Pb±`�qPb��
�hq �

A
1

2

�Qb����Pa&%0ö��V�!���0`�%
Ω0

öQa_�
����� �hq�%V��`����
i0

qPa `V�!�0q����0q ��q0ö ��`
ω

öQa&%�%0öhö����hq
� ��� %
M0

r�bha_�
�h`0ö ���Qb±ö���%��
∆n

�Pa&�������V�
�h`�%PbhbO��¯jr!qhq�`
Ω̇

r��8a&%���%hq��������h`h`hq�¯jr!qhq�`
IDOT

bha&%V�
��%���b0� ��qV��ö�¯jr!qPb�b
Cuc

r��8acbO���h`��hqh`höQb�����¯jr!qhq�%
Cus

`Pa q0öhö�% ���Pb±qhö��V��¯Ãr!qhq�%
Crc

öQb0��a÷öQbO�V���
Crs

r�bO� �Qa&%��V���
Cic

r�bha&��%0ö�%��V�Qb��0`0ö���¯jr!qhq �
Cis

rb�Qa÷öQb��
�0q�%��Pb!�
� �½r!qhq��
¿Àg½y�glk	m;g��
bhaA�§o;gjiXk;g½g�i�e�m�Â�glk	m;gÄ��o;}�i\)�n±�

n0 =
√

µ
A3

= 0.0001458581.

öQa;Ö�v � glk	�Æm	�jz;� Å glk	m��¾njm;tÃk;}�zX}Ín=vÛnjw	�8��k	m	|Q}

tem = tobs − P
c

= 129225.0 − 0.070941 = 129224.929059.

�Pa½d§o;g � �Iv��§k;} Å }�zX}2�jw;v½sQm²���=k;} Å glk	m;gÙ~hglo�}l��n���w;v � vliX�±zX�£%hq�� �hqhqV)�öQ�
��v²g½nj������g½nÃz;mÌ~hv�zX�hy�g��hq0ö
�0qhqÍn��X��vÄm	�Ók;g½tjvÄeh� Å m	�½}hgl��n��¤%hq�� �hqhqÍn��A}
g½nÃz;m � glk;�hy�g�r¥�hq0ö
�0qhq�n��	��v·i�vh~h}he�z	�Pgl��n��3%hq�� �hqhq·n±�

t = tem − toe = −375.070941.

��a ù njw	o;}he�zXglk	k;vhg¹njo;gjiXk;g½gIi�e�m�Â�glk	m;g
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n = n0 + ∆n = 0.0001458620.

�QaA�§o;gjiXk��8�¾}�k;v � }�z;m��

M = M0 + nt = −1.8439837267.

%Pa¦J§|Qnj�;glk	��o	m Å g½nj|Q}��Ð}�k;v � }�z;m��Ì��k;}�s0v½iXm	��n��Èm����8o;}he�k;glk	m��Èï¹glw�zXgjr
o;} � gl��v½i�v � m	��glo;}��	m	´A�

E = −1.8532400252.

�8a ù nj��m	k	k;}��¾}�k;v � }�z;m��

ν = −1.8624840568.

�Pa;¸¼o;tÃ� � glk	�·y·m	o;v����

φ = ν + ω = 0.7997489867.

`Pa;ô¹v�w	o;}he�|	mÁ}�o;tÃ� � glk	�½}Íy·m	o;v����I�	o;}�iXm	�hn=}Ûm¾k;}�|�zXv�k;}B�

δu = Cus sin 2φ+ Cuc cos 2φ = 9.22366e− 006,

δr = Crs sin 2φ+ Crc cos 2φ = −141.779201926,

δi = Cis sin 2φ+ Cic cos 2φ = −4.679e− 008.

b±qPa ù nÃw	o;}he�zXglk	k;�2g·�=k;} Å glk	m��Ì}�o;tÃ� � glk	�½}Èy·m	o;v����I�Ïo;}�iXm	�hn=}Ðmpk;}�r
|�zXv�k;glk	m����

u = φ+ δu = 0.7997582103,

r = a(1 − e cosE) + δr = 26631040.8523,

i = i0 + δi+ IDOTt = 0.9740339972.

bhbha;ï¹vhv�o0iXm	k;}����ånjw	�8��k	m	|Q}ÄeÍv�o;~�m	�½}�zX��k;v�´¾w�zXvhnj|Qvhnj��m
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Xorb = r cosu = 18558643.4313,

Y orb = r sinu = 19099452.6327.

b�öQa ù njw	o;}he�zXglk	k;}��²i�v�zXtjv��½}Íehvhn�s0v½i;�P��g½tjv��8�jzX}

Ω = Ω0 + (Ω̇ − Ω̇e)t− Ω̇etoe = −5.8815735513.

bO�Pa	ô¹v�zXv±Â�glk	m;g¹e��lg � k;v�´Înjm;nj��g � g¹|Qvhv�o0iXm	k;}��

X = Xorb cos Ω − Y orb cos i sin Ω = 21277632.227,

Y = Xorb sin Ω + Y orb cos i cos Ω = 2624628.197,

Z = Y orb sin i = 15798292.012.

b0��a�ï¹vhv�o.iXm	k;}����×njw	�8��k	m	|Qvhe��{b±qP�W�{bO�P�W�³ö �3§ o;}hn=n Å m	���2eh}h�¼��n��
}�k;}�zXvhtÃm Å k;v²���Pa

¨ 9�;¦���O�©>.�
	;þ¦���0û�û�;��½þ�	�<��×þ¤9;û�9�;V<�=
�0þ¾ÿ@<�ü=û!=H9�;;þ¦��ýj	;þ�� <�9;û{ÿ��
��ª¬«
;¦��ý ü�9�� ��	;þ�� <�ý
ù n�s0v½iXk	�4gIi�}�k	k;�2g��
­ ª

Xi Yi Zi P 0
i�®� b öQb�ö ���
%��0öQa÷ö�ö � ö�%0ö
� %0ö��Pacb±` � b�� ��`��0ö�`0öQa�qPb�ö öQb�ö�%V�!�7��öQa ö�%0ö

�{b±q ö b0��bO��%hqhqPbha q�qh` r������hq�%����Pa&%�%�� öQbhb0���V�
� �Pa¯� ��� öQb0�0q�%�%Pb±qPa ö�q0ö
�{bO� � %����hqh`��7�8a&����� öhö�q�%���� �V�8a&��%�� bO�0ö�`0ö�� ��%Pa"� � � öhöQb±`��V��ö
��a�`Pb!�
�³ö � � bO��%�%V����ö�%Pa&� ��� ` �
�V�hö�qh`Pa&�0ö8b öQbO��� %h`Pb±qPa&����q ö�q��0ö�%h`hq �Qa"� ���
­ ª

∆tsi�®� b r��8acb±`�%V�
��%���qhqPb!��¯jr!qhq��
�{b±q ö �Pa&%����0ö �
�hq0ö
�Pb�ö�¯Ãr!qhq �
�{bO� � �8a&%hq�%V�
� �QbO��qh`Pb½¯Ãr!qhq �
�³ö � � �Qa_�
�Pbhb±q��0ö������h`�¯Ãr!qhq �
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¿¨g½y�glk	m;g��
bha;ï¹v�o	o;gl|	�	m��Ðw;n=g½e�i�v½i�}�z;��k;vhnj��gl´Á�l}Íw;v�w	o;}he�|	� Å }hn=vheÍnjw	�8��k	m	|QvheB�
ª

Pib öQb�ö
�V���h`�%Pa `���`
ö öQb0� �0ö
�0`0öQacb±q��
� öhöhöQbO% �hö�`Pa"� ���
� ö�q������0q��V�8a÷ö����
öQaXdf� Å m;nÃzXglk	m;gÆehnjw;v � vht�}���g=zX��k;��sÐnj� �T� mÁo;}��=k;vhnj��gl´��
ª

∆Pi ∆Xi ∆Yi ∆Zib bO��% ��` �Qacbhb0� r��8b0��bO%��Pbha öQbO� r�b±qPb������PbO%Pa"��%hq ����� %0ö���%Pa"�7�
�
ö �
���0q��V�8a&���0ö r���������q ���Pa"%�%�% ö�` ��`���b�ö�%Pa&�hö�� r��
� �höQb±`0öQacb0�hq
� r�bO�V��ö
���.ö8acb±` � ��ö���%V����`Pa&����� r�b�ö��QbO�0öhö��Pa&�
��� �hq �
�V���
��acb±`��
ª

σPi σXi σYi σZib �.ö�%V�
�����h`Pa qh`�� � �
��bO��%����Pa ö���% r°�0`hq�%hq�%hqPa¯� %�% ��%h`��.ö����0qPa"�h`h`
ö � ��%��0`hq0öQbhar����` ö�q �QbO%h`�� �Pa"� �hö b0�V���0ö �!�0`Pa ö�q0ö ����� ��%h`hq���a&�
���
� � �hq�%hq�%PbO%Pa_����� ö�qhq�� ��%V�!��a öhö�q �PbO%hq���%��7�8a¤bO��% ��� %��h`0ö�%�%Pa `�qV�
�PaXdf� Å m;nÃz;m	���B�
Ai = (∆XiσXi + ∆YiσYi + ∆ZiσZi − ∆PiσPi)/2.

ª
Aib r�%V���
�hqh`�� � ����ö����Pa"�PbO%

ö r�bO%��0ö�%���� �
���7�!%�%hqPa"� �
�
� ���.ö��
�0q0ö�`V���
��%PbO�Pa"%V��ö
��aXdf� Å m;nÃz;m	���B�
D = det





∆X1 ∆Y1 ∆Z1

∆X2 ∆Y2 ∆Z2

∆X3 ∆Y3 ∆Z3



 = −1.68750626538 × 1021.

�QaXdf� Å m;nÃz;m	���B�
D1 = det





∆A1 ∆Y1 ∆Z1

∆A2 ∆Y2 ∆Z2

∆A3 ∆Y3 ∆Z3



 = −4.67184278242 × 1027,

D2 = det





∆X1 ∆A1 ∆Z1

∆X2 ∆A2 ∆Z2

∆X3 ∆A3 ∆Z3



 = −2.72853445601 × 1027,
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D3 = det





∆X1 ∆Y1 ∆A1

∆X2 ∆Y2 ∆A2

∆X3 ∆Y3 ∆A3



 = −9.28576309188 × 1027.

%PaXdf� Å m;nÃz;m	���B�
d1 = det





−∆P1 ∆Y1 ∆Z1

−∆P2 ∆Y2 ∆Z2

−∆P3 ∆Y3 ∆Z3



 = −1.45500250602 × 1020,

d2 = det





∆X1 −∆P1 ∆Z1

∆X2 −∆P2 ∆Z2

∆X3 −∆P3 ∆Z3



 = −5.92005055079 × 1019,

d3 = det





∆X1 ∆Y1 −∆P1

∆X2 ∆Y2 −∆P2

∆X3 ∆Y3 −∆P3



 = −2.47917137068 × 1020.

�8aXdf� Å m;nÃz;m	���B�
X

′

= D1

D
= 2768489.148,

Y
′

= D2

D
= 1616903.304,

Z
′

= D3

D
= 5502653.994.�PaXdf� Å m;nÃz;m	���B�

ax = d1

D
= 0.0862220506023,

ay = d2

D
= 0.0350816507908,

az = d3

D
= 0.146913313544.`PaXdf� Å m;nÃz;m	���B�

∆X
′

4 = X4 −X ′ = 10899237.7292,

∆Y
′

4 = Y4 − Y
′

= 7928306.01696,

∆Z
′

4 = Z4 − Z
′

= 15844256.5554.b±qPa.df� Å m;nÃz;m����³|Pvh�=è³èIm	�	m;glk	���ç|;eh}�iXo;}���k;vhtjvI�8o;}he�k;glk	m��Æi;z	����r#tjv
njw	�8��k	m	|Q}B�
a4 = 1 − a2

x − a2
y − a2

z = 0.969751514071,

b4 = P4 + ∆X
′

4ax + ∆Y
′

4ay + ∆Z
′

4az = 24389712.2095,
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c4 = −∆X
′2
4 − ∆Y

′2
4 − ∆Z

′2
4 + P 2

4 = 1784089710472.375.bhbhaXdf� Å m;nÃz;m	���B�
ε1 = − b4

a4

+
√
b2
4
−a4c4
a4

= −36601.2691246,

ε2 = − b4
a4

−
√
b2
4
−a4c4
a4

= −50264350.7905,

∆t1 = ε1
c

= −0.000122, ∆t2 = ε2
c

= −0.167663,

�¹}hy�g � �Ä|	o	m	��glo	m;��� −0.0005 < ∆t < 0.0005
�li�vhe�zXgl��ehv�o8�Pgl�

∆t1
�

w;vh�j��v � �Èw	o	m	k	m � }hg � ε = ε1.b�öQaXdf� Å m;nÃz;m	���B�
X = X

′

+ εax = 2765333.312,

Y = Y
′

+ εay = 1615619.271,

Z = Z
′

+ εaz = 5497276.781
a

bO�PaXdf� Å m;nÃz;m	���Ûw;}�o;} � gl��o;�Ý��o;}�k;n=è³v�o � }��	m	mÁ|Qvhv�o0iXm	k;}��7�

e2 = a2−b2
a2

= 0.0066944782,

e
′2

= a2−b2
b2

= 0.0067395963.

b0��aA¶2w	o;gji�g=z;m	���{i�v�zXtjv������

λ = arctgY
X

= 30◦17
′

42.704
′′

= 2h1m10.847s.

b��QaXdf� Å m;nÃz;m	���B�

Θ = arctg aZ

b
√

X2+Y2
= 1.044730497.

bO%PaA¶2w	o;gji�g=z;m	���Íy·m	o;v������

φ = arctg Z+e
′2

b sin3 Θ√
X2+Y2−e2a cos3 Θ

= 59◦56
′

31.696′′.
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`Pa&� ô³o	m�z;v±Â�glk	m��

ô³o	m�zXv½ÂÍglk	m;gÊbha§�§��o	�8|	���8o;}x�=}htjv�zXvhe�|P} [a`bUdcfe r#è³}�´�zX}xnÇk;}h~�zX�fi�gjr
k	m�� � mÉa ô¹}�o;} � gl��o;� ¶2w	m;n=}�k	m;g[a`bUdcfe²±�cS[   `I³´U bhaXdfglo;njm��¾è³v�o � }��½}�a)H�¶µI� c öQaXêÙm	w [a`bUdcfe r#è³}�´�zX}�a

�Pa ù njw;v�zX���=�0g � �2gÓnjw��8��k�m	|	m
�
ehv�� � v±ÂÄk;�2g³eh}�o	m;}�k	�����
w	�0nj��vhg¹w;v�zXg¹mPz;m£·h��¸�r����� · [ ¸·r§�;µ·¶4�¹¸¼�2�
·!¹º¸·r¥¹�ª_�P¯0P��
�;µ·¶4�¹¸¼�2�*»³���� 	�N�

����¹ bha;�¹}��leh}�k	m;g¹w	o;vhtÃo;} �T� �) [*¼�U¾½ µ �
tjglk;glo;}���v�o;}{i�}�k	k;vhtjvÍè³}�´�zX}8��a)�Ra+�� c öQa ù � �Çv�o;t�}�k	m	�l}���m	m
�
}he���v�o;}{i�}�k	k;vhtjvÍè³}�´�zX}8��a�PaXd§o;g � �¾n=v��Ãi�}�k	m��Çè³}�´�zX}' ³ ¹m¹ cSU � �§��o;v�|	mÎnI|Pv �T� glk	�l}�o	m�� � m¹m+ [�¿dcS[ÀU +j¹ c ù � � � }�o	|Qglo;}¹m+ [�¿dcS[ÁUd¼ ¹ ½YcS[ �¹v � glo � }�o	|Pglo	}³a½   cS[Â±�cS[ ù � �Ðk;}h~�zX�fi�}���g=z	�)�+º� cSU 'Ãµ )·v�o;t�}�k	m	�l}��	m	m[�c '*Ä )��¶µI� c �¹v � glo¾w	o	m�} � k	m	|Q}��) ±�cS[ ��m	wÁw	o	m�} � k	m	|P}��;ehglo;njm��Çô{¶+ U �ÅÄ )��¶µI� c �¹v � glo¾mÁ��m	wÎ}�k	��glk	k;�+º�Ù� [a³Ye ô³o	m;~�z;m�Â�}lk	k;�2g³|Qvhv�o0iXm	k;}����

� ³   ` � `I³´U®e µ$Æ � }�o	|Pglo;}Á���Ý�¹ ^���8�
+ U � cSUdU +�� df�2n=v��½}ÍmÎn � g½��glk	m;g

|Îehvhnj��v�|	�ÈmÁ|În=g½ehglo	�Ð}�k	��glk	k;�
v���k;vhnjm	��g=zX��k;v � }�o	|Qglo;}��+ ±�c � cSU ���ÃÇ bhaXdfv�z;k;vhehv�´Îè³}�|	��v�oÇi;z	�^��b�)��ðöQa� +�'È�É��b!)�ö öQa � m;nÃzXvÛnjw	�8��k	m	|Pvhe��;k;}�|Pv���v�o;�2g
o;}hnjw	o;vhnj��o;}�k��P�¼��n��Èi�}�k	k;�2g¹�=k;} Å glk	m��
��q�m�z;mÁw	�hnj��v�´Ënjm � ehv�zÇÑ
i�}�k	k;�2g¹�=k;} Å glk	m��
o;}hnjw	o;vhnj��o;}�k��P�¼��n��Çk;}Ûehn=gÓnjw��8��k�m	|	mA��a
�PaA�§w	m;n=v�|Ák;v � glo;vheÍnjw	�8��k	m	|Qvhe
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ô³o	m�zXv±Â�glk	m;gÇb¾aõ�§��o	�8|	���8o;}¾�l}htjv�zXvhe�|Q} [a`bUdcfe r#è³}�´�zX}¾n·k;}h~�zX�4r
i�glk	m�� � mÉaó�
ô³o;vli�v�z	ÂÍglk	m;g��

ô¹}�o;} � gl��o;� ¶2w	m;n=}�k	m;g
Ä ) bha � m;nÃzXvÍ��m	w;vheÍk;}h~�zX�fi�glk	m	´Éa

�¶µI� c   ³´� öQaXêÙm	w;�Ôk;}h~�zX�fi�glk	m	´��³a½   c¬[Â± r¥��bh���ðö@�	m	� � glo;glk	m��Ðw;vÛè³}��lg
k;} Å }hnj��v��l}�s#��b³m¤�ðö@Ê
rË'¼b��	w;n=g½e�i�vli�}�zX��k;vhnj��mÁw;vÌ'*)!+4r6|QvliX�
k;} Å }hnj��v��l}�s#��b³m¤�ðö@Ê
r§�4bh�;�fö@�	w;n=g½e�i�vli�}�zX��k;vhnj��mÁw;vÍ�¨r6|PvliX�
k;} Å }hnj��v��l}�s#��b³m¤�ðö@Ê
r¥R·bh��R¹ö@�	m	� � glo;glk	m��Ðw;vÍ�=è³è³gl|	���
ñ{v�w�zXglo;} Å }hnj��v��½}�sÐk;}���b³m¤�ðöQa
áõiXm	k	m	�;�åm	� � glo;glk�m	´��
rÙm	� � glo;glk	m��Çè³}��l�øÑÈe�w;v�z;k;��sÇ��m	|�zX}�s�Ê
rÙw;n=g½e�i�vli�}�zX��k;vhnj��mÇÑÈe � gl��o;}�s�Ê
rTi�v�w�zXgloÇÑ²eÛtjglo	�;}�s`bU � cS[Â± +j� ù k	��glo;eh}�z � g=ÂÍiX�²k;}h~�zX�fi�glk	m�� � mÉ�
eÛn=gl|	�8kPi�}�s

� ` ¹ cÉ³´� bhaXd§o;g � �Çw;glo;ehv�´¾�l}�w	m;njm
k;}h~�zX��i�glk	m	´ÁeÍè³}�´�zða�Â`b[  �� ³a½   öQa;î |P}�zX}Íe�o;g � glk	m
�6���� 3�æy·|Q}�zX}Íe�o;g � glk	mÌ���� �Ê
��� ³ �ày·|P}�zX}Íe�o;g � glk	m ¼ �È'2�

� ` ¹ cÉ³´� d§o;g � �Çw;vhnÃz;gjiXk;gl´Á�l}�w	m;njm
k;}h~�zX��i�glk	m	´ÁeÍè³}�´�z�\+³ �� ³a½  

� c +º�Ý  c ' ³´U RÓ  � m;nÃzXv·i�vh~h}he�zXglk	k;��sÐn=gl|	�8kPió�
n$%{�Qk;e�aðb±`��hq�t�a

Ä ³*�  @+�� c �\� ` � c   ¶4~h��g½g Å m;nÃzXvÛnjw	�8��k	m	|Qvhe��
� Å }hnj��ehvheh}hehy·m�sÇe�k;}h~�zX��i�glk	m��8s

� [�U )�Ä ³´�~³a½   bha;� [�U ��k;v � gloÁnjw	�8��k	m	|Q}8��a
öQa � m;nÃzXvÍk;}h~�zX��i�glk	m	´¾|Q}�ÂÍi�vhtjv·��m	w;}cSU R ³´� Ç c +jR cS[ ô³�0nj�l}��¾nj��o;v�|Q}��
njm � ehv�zÎ|Qv�k	�;}Í�l}htjv�zXvhe�|Q}
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ô³o	m�zXv½Â�glk	m;gÍöÎaó�§��o	�8|	���8o;}Ç~�zXv�|Q}Ûi�}�k	k;��s [a`bUdcfe r#è³}�´�zX}ÐnÆk;}�r
~�zX�fi�glk	m�� � mÉa
�¹}��leh}�k	m;g¹�l}�w	m;njm ¶2w	m;n=}�k	m;gc , £@/�X�)h Q¦�« bha�J§w;v½s.}Ík	}h~�zX��i�glk	m��
£ - c Nh¯½¬0« � ¢¤¦h­ �
tjvli��?ö{�	m;èIo;�¼��� � g½n��Q�É�Pi�glk;���

Å }hn=�I� � m	k��8���I�;n=gl|	�8kPi��¼��a
öQa t zX}htI�jw;v½sQmÍ q Í � ³´¿ � Í b Í �	n=~hv�´Áw	m	�l}�k	m��A�ÍoÎ b Í �	è�zX}htIn=vh~h�Ò��m��Aa�Pa � m;nÃzXvÛnjw	�8��k	m	|Qvhe��Xw	glo;gji�}hehy·m�sÇnjm	tÃk;}�z
k;}·i�}�k	k	�Q�ò�jw;v±sQ��a��a;ô¹glo;g Å m;nÃzXglk	m;gÓ� [�U Ñ²~hv�o	��vheh��s
k;v � glo;vheÍnjw	�8��k	m�|Pvhe�a�Qa;ô¹v�w	o;}he�|Q} Å }hn=vheÍw	o	m�} � k	m	|Q}
��k;g½vh~½�Q�l}���g=zX��k;}8�³ ¥;©�¯ - N�¦�«�ª¤£h¬	© ñ{}�k	k;}��Ð�l}�w	m;n=�Íw;vhe���v�o.�Pgl��n��²i;z	�
|Q}�ÂÍi�vhtjv�m	�¹njw	�8��k	m	|Qvhe��;w;glo;g Å m;nÃzXglk	k;��s
eÍw;v�zXg c , £7/hX�)h Q¦�«��
bha ù � � glo;glk	k;}��Çehg=z;m Å m	k;}�a
öQa ù kPiXm	|Q}���v�oÎ¢¤£h©�©4£�Ï ¢¤£7/�Z�a
�Pa;Ö�vh�·k;vhnj���Ínjm;tÃk;}�zX}B�Í b Í � � m	k	m � }�zX��k;v{i�v�w	�hnj��m � }���ÊÍ � Í �	vh~hg½njw;g Å m;eh}h�º��}��Èw	o�m;g � zXg � vhg
n=vhv���k;vhy�glk	m;gd/jm;tÃk;}�z4)�y·� � ÊÍ ` Í � � }�|Qnjm � }�zX��k;v{i�v�w	�hnj��m � }���ÊÍ q Í ��k;glm	�lehg½nj��k;}Ím�z;mÁk;g¹m � g½gl�Æ�=k;} Å glk	m��Aa
dfn=gÓ��o	mÎehg=z;m Å m	k;�Ýw;vhe���v�o.�P�¼��n��²i;z	�
|Q}�ÂÍi�vhtjv���m	w;}Ík;}h~�zX�fi�glk	m��A�;e���v�´¾ÂÍg
w;vhnÃzXgji�vheh}���g=zX��k;vhnj��mÉ�	|Q}�|ÁmÎe��l}htjv�zXvhe�|Pgha
dønÃz;� Å }hgÆg½nÃz	mÎ|Qv�z;m Å g½nj��ehvÍ��m	w;vhe
k;}h~�zX�fi�glk	m	´Á~hv�zX�hy�g��Q�	��vÍ�l}�w	m;n=�
w;glo;glk;vhnjm	��n��Çk;}ÛnÃzXgjiX�Q�º�·�Q�ànj��o;v�|	�
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ô³o	m�zXv±Â�glk	m;g��ÎaÉ�§��o	�8|	���8o;}È�l}htjv�zXvhe�|P} [a`bUdcfe r#è³}�´�zX}ÈnÓk;}he�m;t�}�r
�	m;v�k	k;v�´¾m	k;è³v�o � }��	m;gl´��6�º�� 	��a

ô¹}�o;} � gl��o;� ¶2w	m;n=}�k	m;g[a`bUdcfeÐ±�cS[   `I³´U ) bhaXdfglo;njm��¾è³v�o � }��l} [a`bUdcfe a�¶µI� c �
vh~½�Q�l}���g=zX��k;�Ò´A� öQaXêÙm	wÁè³}�´�zX}
� U ÑÄk;}he�m;t�}��	m;v�k	k;�2g�i�}�k	k;�2g��

����¹ ) [*¼�U¾½ µÑ) b¹�¹}��leh}�k	m;g¹w	o;vhtÃo;} �¨� �R�+�� c �
vh~±�Q�l}���g=zX��k;�Ò´A� �
tjglk;glo;}���v�o;}{i�}�k�k;vhtjvÍè³}�´�zX}8��a
öQa ù � �Çv�o;t�}�k	m	�l}��	m	m
�
}he���v�o;}{i�}�k	k;vhtjvÍè³}�´�zX}8��a�PaXd§o;g � �Çn=v��Ãi�}�k	m��¾è³}�´�zX}' ³ ¹m¹ cSU � �§��o;v�|	mÎnI|Qv �T� glk	�l}�o	m�� � m`I³´U +j�Ï�ÃÇd+ ù v�k;vhn=è³glo	k;�2g³w;}�o;} � gl��o;�
}�zX� � }�k;}�s0}Á�]+�q�r°+��.�`I³´UÑ½Yc �\+ ù v�k;vhn=è³glo	k;�2g³w;}�o;} � gl��o;�
}�zX� � }�k;}�s0}Á� ½ q�r ½ �.�R c �7�\+4r ¼ �È'��¦+�qP�"+Æbh�&�4�Ò� ô¹}�o;} � gl��o;�Ô}�zX� � }�k;}�s0}
i;z	�Ðw;glo;g½n Å }l�l}Ûe�o;g � glk	m
eÍy·|P}�z;� ¼ �È'��
bha�+�qP��+Æb��;w	v�z;m	k;v � m;}�zX��k;�2g
|Qvh�=è³èIm	�	m;glk	���Ia
öQa¦�çÑÈ�jw;v½s0} ¼ �È'��
e�o;g � �Ðn³k	} Å }�zX}�k;gji�g=z;m
��w;v�z;k;v Å �Ín³nj�Q~h~hv����
k;}Íehvhnj|	o;g½n=glk;�hg��
eÍn=gl|	�8kPi�}�sAa
�PaB� ÑÈ�jw;v½s.} ¼ �È'
��k;v � glo¾k;gji�g=z;mÁk;} Å m	k;}��%{�Qk;eh}�o8�pb±`��hq�tjvli�}8�

� c +º�Ý  c ' ³´U RÓ  ¿À}��=k	m	�;} � g=ÂÍiX�Èe�o;g � glk;g � ¼ �È'
mÎe�o;g � glk;g � ���� ��;n�acSU R ³´� Ç c +jR cS[ ô¹vhnÃzXgjiXk��8�Ð�l}�w	m;n=�Û�l}htjv�zXvhe�|Q}

�
vh~½�Q�l}���g=zX��k;�Ò´A�
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ô³o	m�zXv½Â�glk	m;g��Ìaó�§��o	�8|	���8o;}Ç~�zXv�|Q}Ûi�}�k	k;��s [a`bUdcfe r#è³}�´�zX}ÐnÆk;}�r
e�m;t�}��	m;v�k	k;v�´¾m	k;è³v�o � }��	m;gl´��6���� 	��a

�§��o;v�|Q} �fv½i�glo.Â�}�k	m;g¹nj��o;v�|	m
�§��o;v�|P} ­ b bha;�¹v � gloÁnjw	�8��k	m	|P}Î�
� [jU �
�
� [�U ) öQa�J§w;v±s0}Î�
e�o;g � �Ðn=vhvh~h��glk	m��;���c � ³ 'YÇÓ) r§tjvliÂÊ
  ± 'Y� ¿ � r � g½n��Q��Ê

rTi�glk;�BÊ
r Å }hn=��Ê
r � m	k	�8����Ê
r§n=gl|	�8kPi���Ê�Pa;ô¹v�w	o;}he�|P} Å }hn=vheÍnjw	�8��k	m	|Q}�a��a Í v½i Å }hn=vheÍnjw	�8��k	m	|Q}�a�QaA�§|Pv�o;vhnj���·s.vli�} Å }hn=vhe

�§��o;v�|P} ­ ö bha `I³ R c � ` ©�©I6	¯Ó£�ÏÔRI¦�«�¦ c , X	¯±°Í¯ - ª¤¯½©��
Ñ � gl��|Q}�k;}he�m;t�}��	m;v�k	k;vhtjv�n=vhvh~h��glk	m��
öQa
Crs

rÙ} � w�z;m	���½i�}Ûnjm	k	�hn=v�mPi�}�zX��k;v�´
w;v�w	o;}he�|	mÁo;}�iXm��0n=}Ûv�o;~�m	��� ��°²�
�Pa

∆n
r§v���|�zXv�k;glk	m;g³�=k;} Å glk	m��

njo;gjiXk;g½tjv·i�e�m�Â�glk	m��â��o;}�i\)�n½�
��a
M0

rÙnjo;gjiXk��8�¾}�k;v � }�z;m��
k;}Ík;} Å }�zXvÍ�jw;v±sQmó��o;}�i:�

�§��o;v�|P} ­ � bha
Cuc

r§} � w�z;m	���½i�}�|Pvhnjm	k	�hn=v�mPi�}�zX��k;v�´
w;v�w	o;}he�|	mÎ}�o;tÃ� � glk��½}Íy·m	o;v���� ��o;}�iÏ��a
öQa
e
r§�j|Qnj�;glk	��o	m;njm	��gl�Ív�o;~�m	���Ia�Pa

Cus
rÙ} � w�z;m	���½i�}Ûnjm	k	�hn=v�mPi�}�zX��k;v�´

w;v�w	o;}he�|	mÎ}�o;tÃ� � glk��½}Íy·m	o;v���� ��o;}�iÏ��a
��a
A

1

2

rÙ|	eh}�iXo;}���k;�Ò´Á|Qv�o;glk;�
m	�Ó~hv�zX�hy�gl´Çw;v�z;�0vhnÃmËv�o;~�m	��� � � 1

2

�
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ô³o	m�zXv±Â�glk	m;gÕ��aT�§��o	�8|	���8o;}Ê~�zXv�|Q}Ái�}�k	k;��s [a`bUdcfe r#è³}�´�zX}ÌnÈk;}�r
e�m;t�}��	m;v�k	k;v�´¾m	k;è³v�o � }��	m;gl´��6���� 	��aõ�
ô³o;vli�v�z	Â�glk	m;g��

�§��o;v�|Q} �fvli�glo8Â�}�k	m;g¹nj��o;v�|	m
�§��o;v�|Q} ­ � bha

Toe
rÙ�jw;v±s0}��;k;}�|Pv���v�o	�Q�åi�}h�¼��n��

�=è³g � glo	mPiXk;�2gIi�}�k	k;�2gÄ�
n=gl|	�8kPi��à���� 0r6k;gji�g=z;mA��a
öQa
Cic

r§} � w�z;m	���li�}Í|Qvhnjm	k	�0n=v�mPiX}�zX��k;v�´
w;v�w	o;}he�|	m¾k;}�|�zXv�k;glk	m��Çv�o;~�m	��� ��o;}�i:��a
�Pa

Ω0
rTi�v�zXtjv��l}Íehvhn�s.vli;�P��g½tjv��8�jzX}

w�zXvhnj|Qvhnj��mËv�o;~�m	���Ýk;}Ûe�o;g � �Ç�Ãw;v±sQm���o;}�i:��a��a
Cis

r§} � w�z;m	���½i�}ÛnÃm	k	�0n=v�mPi�}�zX��k;v�´
w;v�w	o;}he�|	m¾o;}�iXm	�0nj}Äv�o;~�m	��� ��o;}�i:�

�§��o;v�|Q} ­ � bha
i0
rÙk;}�|�zXv�k;glk	m;g¹v�o;~�m	���

k;}Ûe�o;g � �Ð�jw;v½sQmã��o;}�i:��a
öQa
Crc

r§} � w�z	m	���½i�}Í|Qvhnjm	k	�0n=v�mQi�}�zX��k;v�´
w;v�w	o;}he�|	m¾o;}�iXm	�0nj}Äv�o;~�m	��� � � ��a�Pa
ω0

rÙ}�o;tÃ� � glk	�{w;glo	m;tjg=�Ê��o;}�i:��a��a
Ω̇
r§nj|Qv�o;vhnj���Ím	� � glk;glk	m��²i�v�zXtjv����

ehvhn�s.vli;�P��g½tjv��8�jzX}
w�zXvhnj|Qvhnj��mËv�o;~�m	��� ��o;}�i\)�n±�

�§��o;v�|Q} ­ % bha
IDOT

r§nj|Qv�o;vhnj���Ím	� � glk;glk	m��
k;}�|�zXv�k;glk	m��Çv�o;~�m	��� ��o;}�i\)�n±��a
öQaPñ{v�wÉa	m	k;è³v�o � }��	m��Aa�PaB� U ÑÄk;v � glo¾k;gji�g=z;mp���� 
i;z	�Ç�jw;v±sQmÎ�=è³g � glo	mPióa��aPi�v�wÉa	m	k;è³v�o � }��	m��

�§��o;v�|Q} ­ � bhaXêÉv Å k;vhnj���Ív�w	o;gji�g=zXglk	m��Ð|Qvhv�o.iXm�k;}��
njw	�8��k	m	|Q}Ë� � ��a
öQaA�fvhnj��v½�Qk	m;gÆnjm;nj��g � njw	�8��k	m	|Q}�a�Pa¦�:­�PÐÑÈe�o;g � �ÐtÃo	�8w	w;vhehv�´Á�=}�i�glo8ÂÄ|	m��
n±��a��a `I³ R$'æ� ` ©�©I6	¯Ó£�Ï:RI¦�«�¦���'f¢¤£@/zZ	�

�§��o;v�|Q} ­ � bhaXd§o;g � �Ðw;glo;gji�} Å mÁn=vhvh~h��glk	m��
�
n=gl|	�8kPi��åk;gji�g=z;mÌ���� 	��a
öQa;ô³�hnj��v�a
�Pa;ô³�hnj��v�a��a;ô³�hnj��v
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b±qPacb dfehgji�glk	m;g

dø`hq�r?sÐtjvli�}�s ÍzÍ ehgl|Q}·k;} Å }�zXvhn=��}�|	��m;e�k;vhg³vhnjk;}h��glk	m;gIw	o;}�|	��m Å gjr
nj|	muehn=g=s�v�w	��m Å g½nj|	m�sã}hnj��o;v�k;v � m Å g½nj|	m�s�m	k;nj��o	� � glk	��vheÌw	o	m	k	�	m	w	mPr
}�zX��k;vÊk;vheh� � muw	o	m;~hv�o;} � m�i;z	��o;g½tÃm;nj��o;}��	m	mçm	�jz;� Å glk	m��ãÑ�w	o	m;~hv�r
o;} � mÌnÓ�l}�o.�.i�vhehv�´pn=e��Q�l�h� �
ô Õ �2�fÑ#/�X	¦ - ­h¯�/=£�6 , ¢¤¯0P�P	¯�NQªé/=¯½©��ê'*'YRÓ��a
�¹g½vhnjw;v�o	m � �2gÊm�s�i�vhnj��v�m	k;nj��eh}��2}�m � glk	k;v���w	o;vhnj��v��l}»o;g½tÃm;nj��o;}��	m	m
m	�lvh~�o;}�Â�glk	m	´�muehv�� � v±ÂÄk;vhnj��� � tÃk;vhehglk	k;vhtjvÌehehvli�}Ìm	�lvh~�o;}�Â�glk	m	´ue
|Qv � w;�h�¼��glo·i;z	��w	vhnÃzXgjiX�Q�º��gl´Ävh~�o;}h~hv���|	mÉ�0y·m	o;v�|	m	´Ûnjw;gl|	��o;}�zX��k;�Ò´
mãiXm	k;} � m Å g½nj|	m	´�iXm;}�w;}��lv�kÉ��z;m	k;gl´	k;vhnj���Êmunj�½}h~�m�zX��k;vhnj���Ìs.}�o;}�|	��gjr
o	m;nj��m	|É�õm�sâk;g½n=v � k;glk	k;�2gÄw	o;glm � �Q��g½nj��eh}Áw;glo;gji�è³v���v�w�zX}hnj��m	k	|Q} � m
mÐè³v���v�� � k;v½ÂÄm	��g=z	� � mÉ�Qw	o	m;ehg=z	mÐ|Ð~h�2nj��o;v � �ÍmÐy·m	o;v Å }�´;y�g � ��o;}hn�r
w	o;vhnj��o;}�k;glk	m;� �j��m�s»w	o	m;~hv�o;vheâeÊ|Q} Å g½nj��ehg¾�0nj��o;v�´;nj��eÊi	z	�uv�w	��m Å gjr
nj|	m�sâ}hnj��o;v�k;v � m Å g½nj|	m�sÊk;}h~�zX�fi�glk	m	´Éa�¶4njk;vhe�k	�4gÛk	gji�vhnj�½}���|	mâÑÌeh�fr
n=v�|Q}���nj��v�m � vhnj����mÜk;g½~hv�zX�hy·m;gÁz;m	k;gl´	k;�2gËo;}�� � glo;� ô Õ �¼afêÉg � k;g
� glk;g½gh�	ô Õ �ønj�l}�z;mÁ�0njw;g½y·k	vÍw	o	m � glk��Q���hn��¾eÛn=} � �ÒsÈo;}��=k;vhvh~�o;}��=k;��s
vh~�zX}hnj�j�8s¾i�g=�Q��g=zX��k;vhnj��mËÑÇw	o;v � �2y{zXglk	k;vhnj��mÉ� � gjiXm	�	m	k;gh�ÏeÈ~h�Ò�����AmÉ�
|Qv�k;g Å k;vÚÂ�gh��eºn=} � ��sÓo;}��=k;��sÆvh~�zX}hnj�j�8sÆk;}±�8|	mÆÑ³e�~�m;v�zXvhtÃm�mÉ��sQm � m	mÉ�
èIm	�=m	|Qgh�;e�|Pvhn � m Å g½nj|	m�sÐm;n=nÃzXgji�vheh}�k	m��8sAa�dfvhnj��o;g½~hvheh}�k	k;vhnj���Ínj��m � �0r
z;m	o	�hgl�¹�8k	m	|P}�zX��k;�Ò´Ðw	o;vhtÃo	g½n=nºe·n=vhehglo;y�glk;nj��ehvheh}�k	m	mÐô Õ ��mÈ��g=sQk;v�r
zXvhtÃm	mÐm�s²m	�ltjv���vhe�zXglk	m��A��}{�l}�|�Â�g�w;v��lehv�z	�Pgl�Ænjk	m�Â�}�����nj��v�m � vhnÃ���{�l}
n Å gl� � }hn=n=vhehvhtjv�w	o;v�m	�lehvli�nj��eh}�a

ë�ìVí2ë í2ë ú´; <���� <!?Ëþ;ü��·û�;;þB?#D�îÔï
ô³o	m;~hv�o;�un��l}�o8�.i�vhehv�´Ín=e��Q�l�h�¡�Pe�m�z;m;n=�¹vliXk	m � m	�2eh}�ÂÄk;gl´;y·m�s¹i�v�r

nj��m�Â�glk	m	´�~��8o	k;vhtjvÎo	}��le�m	��m�� � m	|	o;vh�ÃzXgl|���o	v�k	m	|	m�ehvËe���v�o;v�´�w;v�zXv�r
e�m	k;g eje ehgl|Q}�a�J§��mÁ�hnj��o;v�´;nj��eh}ÄèIm	|Pnjm	o	�Q�¼�·m	�lvh~�o;}�Â�glk	m;g³mÁw;v��lehv�r
z	�P�¼�Òn=v½sQo;}�k��Q���Úg½tjv4e4�	m;èIo;vhehv � è³v�o � }���gWk;}2o;}��jz;m Å k;��s³n=vhe�o;g � glkPr
k;��s¾k;vhnjm	��g=z	�8sÎm	k;è³v�o � }��	m	mÉa�ô³o	m;~hv�o;�Þn¹�l}�o8�.i�vhehv�´Ìn=e��Q�l�h� ~h��z;m
m	�lvh~�o;gl��glk;� s v�´PzXv � ���Ôª¤¢¤¢¤¦ - P ½ £±®Q¢¤¯��ómÄ� � m	��v � �6�º¯½£ - ­h¯ c a. P°ÍªU«zX��õe
b±`�%h`³tjvliX�^ð ö
�!ñ?��ð ö���ñ�e$+��

&
� ½ ¯½¢¤¢��:¦�¥;©W|Q}�|²�ÃzXgl|	��o;v�k	k;�Ò´È}�k;}�zXvht�w;}�r

� �Q��mâk	} � }htÃk	m	��k;��sË|Qv�zX���;}�sAaðdÞ|Q} Å g½nj��ehg��0nj��o;v�´;nj��eh}Çw;} � �Q��mxv�k	m
i�v�z	ÂÄk;�×~h��z;mãsQo;}�k	m	���Ê~�m	���×m�k;è³v�o � }��	m	mÉ�Àvh~hg½njw;g Å m;eh}����pn Å m	���fr
eh}�k	m;gh�A�l}�w	m;n=�Ðmâv Å m;nj��|	�Á� Å g½gl|Éaó¶�iXk;}�|QvÐehnj|Pv�o;gh�A�.ÂÍg�eÌb±`V��qÈtjvliX���
eh���Pnjk	m�zXvhn=��� Å ��vÌw	o;gji;zXv½Â�glk	k;�Ò´ãw	o	m;~hv�o��Pe�z	�Pgl��n���w	o;g½ehvhn�s0v½iXk;� �
�hnj��o;v�´;nj��ehv � i;z��Ço;g½tÃm;nj��o;}��	m	mÁm	�lvh~�o;}�Â�glk	m	´Éa
dín=} � v � vh~h��g � e�mPi�g·ô Õ � � v½Â�gl�Û~h�Ò���²w	o;gji�nj�l}he�zXglkÌ|P}�|Ìk;}h~hv�o
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� Å g½gl|�Ñ»w	m	|Qn=g=zXgl´É�fnjw;vhn=vh~�k;��s��±zX}he�z;m;eh}������ÃzXgl|	��o;v � }htÃk	m	��k;vhgËm	�Ãr
z;� Å glk	m;gh�õk;}�|Q}�w�z;m;eh}����Îm	k;è³v�o � }��	m;� vÎw;v���v�|Qg²|;eh}�k	��vheËeÎ|Q}�ÂÍi�v �
v��Ãi�g=zX��k;v � w	m	|Pnjg=zXg¼mÄvh~hg½njw;g Å m;eh}����³w;vhnÃzXgji�vheh}���g=zX��k;vhgÚn Å m	���2eh}�k	m;g
�j��v�´Çm	k;è³v�o � }��	m	mÉa ù �=k;} Å }�zX��k;v{�½}�|	m;gIn=vhehv�|	�8w	k;vhnj��m¾w	m	|Qn=g=zXgl´¾~h�fr
z;mÊo;g½}�z;m	�lvheh}�k;�òeÇe�mPi�g{z;m	k;gl´	k;��sÌô Õ �åm � }���o	m Å k;��sA�Ïw;vhnÃzXgjiXk	m;g
w;vÈnj�8��mÊw	o;gji�nj�l}he�z	�P�¼�Än=vh~hv�´Ìk;}h~hv�oËz;m	k;gl´	k;��sAað¶4njk;vhe�k;� �é� v � glkPr
��v � e¹m	�lvh~�o;gl��glk	m	mÈô Õ �»�Pe�z	�Pgl��n��Ûw	o	m	k	�	m	wÐn Å m	���2eh}�k	m��Ím	k;è³v�o � }�r
�	m	mÉ��i;z	� Å g½tjv�m;njw;v�zX���lvheh}�k;}Ínjw;gl�	m;èIm Å g½nj|Q}��Ánj��o	�8|	���8o;}Ûw	m	|Qn=g=zXgl´Éa
ô¹glo;eh�2g§i�gl´;nj��e��Q�º�·m;g2ô Õ ��~h��z;m�w	o;vli�g � v�k;nj��o	m	o;vheh}�k;�ue·b±`V��q�t�a

eÍi�e��.sËeh}�o	m;}�k	�l}�s��Xz;m	k;gl´	k;�Ò´Ìô Õ �Ôm	�·`�%Ä�ÃzXg � glk	��vheÄm � }���o	m Å k;�Ò´
ÑÕ���3�Í�ÃzXg � glk	��vhe�a�J§��vÛw	v�zXv±ÂÄm�zXv�k;} Å }�zXvÛ~��8o	k;v � �Èo;}��le�m	��m;�ào;}��Ãr
o;}h~hv���v�|¾o;}��=k;vhvh~�o;}��=k;��sÇeh}�o	m;}�k	��vhe��0nj��o;v�´;nj��eh}ÍmÁ��g=sQk;v�zXvhtÃm	´Áw	o;v�r
m	�lehvli�nj��eh}»ô Õ �¼�Òy·m	o;v Å }�´;y�g � �çnjw;gl|	��o	�¡w	o	m � glk;glk	m	´ø�j��m�sÜ�l} � gjr
Å }���g=zX��k;��s�w	o	m;~hv�o;vhe�a¥L¼ÂÍgÊeÜb±`V�!�ãtjvliX��~h�Òz;}�eh�Òw	�Q��glk;}ãw;glo;eh}��
w	o;v � �2y{zXglk	k;}��¡êfdWr6|Q} � glo;}�k;}ãvhnjk;vhehgpô Õ � o;}�� � glo;v � ö���%xséöhö�q
w	m	|Qn=g=zXgl´Éa � glo;gl�Ètjv½i»w;v½�Pe�m�zX}hn=�Ë|P} � glo;}Îo;}�� � glo;v � �Qb�ö¾sQ�0ö�qP��}Ìe
k;}hnj��v½�P��g½g²e�o;g � �Ìi�}�Â�g � }���o	m	�;� nÍo;}�� � glo;} � m�~hv�zXg½g �0qhqhqÐs��0qhqhq
w	m	|Qn=g=zXgl´¾�Pe�z	�P�¼��n��¾y·m	o;v�|Qv�o;}hnjw	o;vhnj��o;}�k;glk	k;� � mÁmÁw	o	m;eh� Å k;� � mÉa
��n=} � vhtjvÓk;} Å }�zX}{�jo	�éw	o	m � glk;glk	m��²ô Õ ��~h��z;mÐv�� � g Å glk;�Ük;g½vhnjw;v�r

o	m � �2gxi�vhnj��v�m	k;nj��eh}¡�j��m�sÔw	o	m;~hv�o;vhe�a¼d w;glo;e��Q� v Å glo;gji��¡�j��v¡eh�fr
n=v�|Q}��å|;eh}�k	��vheh}��å�=è³è³gl|	��m;e�k;vhnj������njw;vhn=vh~�k;vhnÃ���Üô Õ � �½zX}he�z;m;eh}����
w;v Å ��mpehg½n=�Äw;v���v�|Ìè³v���v�k;vhe�aAï¹eh}�k	��vheh}��¾�=è³è³gl|	��m;e�k;vhnj���Ðn=vhe�o;g � glkPr
k;��sÈw	o	m;~hv�o;vheÓi�vhnj��m;t�}hgl�{` �±r!`V�

%
aQñÓz	�Ðnjo;}he�k;glk	m�� � v½ÂÄk;v�nÃ|P}��l}������

Å ��v¹|;eh}�k	��vheh}��Í�=è³è³gl|	��m;e�k;vhnj���Æ|Q} Å g½nj��ehglk	k;��sÛè³v���v � }���glo	m;}�zXvhe¹n=v�r
nj�l}he�z	�Pgl�ò��rb�

%
�Iè³v���v�� � k;v½ÂÄm	��g=zXgl´ÞÑäb±q�r�ö�q

%
a Õ } � g Å }���g=zX��k;� �

n=ehv�´;nj��ehv � ô Õ �í�Pe�z��Pgl��n��Ìz;m	k;gl´	k;vhnj���Ðs0}�o;}�|	��glo	m;nj��m	|ÊÑÎeh��s.vliXk;v�´
njm;tÃk;}�zÍw	o.� � v�w	o;v�w;v�o	�	m;v�k;}�zXglk·|Qv�z;m Å g½nj��e��Ów;vhtNzXvh��glk	k;��sÆè³v���v�k;vhe
e�w�zXv����Êi�v�w	o;gji�g=zX}�ehv�� � v½ÂÄk;vhnj��m�k;}�|Qv�w�zXglk	m��çexw	m	|Pnjg=zX}�sAaÒ�fv Å gjr
�l}�k	m;gÐeh�2n=v�|Qv�´�|;eh}�k	��vhehv�´ã�=è³è³gl|	��m;e�k;vhnj��mÉ�õz;m	k;gl´	k;vhnj��mãmãk	m	�=|	m�s
y·� � vheÆô Õ �çvh~hg½njw;g Å m;eh}hgl�³~hv�z;�hy�v�´ÍiXm	k;} � m Å g½nj|	m	´ÄiXm;}�w;}��lv�kp�
ehv��Ãr
� v½ÂÄk;vhnj���ÐèIm�|Pnjm	o;vheh}����Èk;}ÐvliXk;v � m	�lvh~�o;}�Â�glk	m	mpmÊv Å glk;�Ä�Qo	|	m;gh�Ïm
v Å glk;�4nÃzX}h~h�2g§vh~�óÉgl|	���¼���±}2�l}�|�ÂÍgWm	� � glo.�Q���¼è³v���v � gl��o	m Å g½nj|	m;gÙehg=z;mPr
Å m	k;�ònÓeh�4njv�|Pv�´Ë��v Å k;vhnj���h�ÆaAï �j��v � �¾k;}�i�vÄw	o	m;~h}he�m	���ÄmÌy·m	o;v�|	m	´
njw;gl|	��o;}�zX��k;�Ò´ÌiXm;}�w;}��lv�kÉ�:n=vhe�o;g � glk	k;�2g�ô Õ �Þo;}h~hv��l}h�¼�Äv��Ä�½zX����o;}�r
èIm;v�zXgl��vhehv�´Ði�vÍm	k;èIo;}�|	o;}hnjk;v�´Îvh~�zX}hnj��mÎnjw;gl|	��o;}�a
df}�ÂÄk;gl´;y·m � i�vhnj��v�m	k;nj��ehv � ô Õ � �Pe�z	�Pgl��n��éehv�� � v±ÂÄk;vhnj��� � tÃk;v�r

ehglk	k;vhtjv²ehehv½i�}Ä�	m;èIo;vhehvhtjv²m	�lvh~�o;}�Â�glk	m��ÎeÈ|Qv � w;�h�¼��gloÁi;z	�Ëg½tjv²w;v�r
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nÃzXgjiX�Q�º��gl´¾vh~�o;}h~hv���|	mÐmÇm	k	��glo	w	o	gl�½}��	m	mÉa	áÀnÃz	m¾w	o	m	k��Q���Íehv·e�k	m � }�r
k	m;g¹k	m	�=|PvhgÓ�jk;glo;tjv�w;v���o;g½~�zXglk	m;gh�;k;g½~hv�zX�hy·m;g³o;}�� � glo;�I�Xtjg½v � gl��o	m Å gjr
nj|	�Q� nj�l}h~�m�zX��k;vhnj�����Ak;}�i�g=ÂÄk;vhnj���²mÎi�v�zXtjvhehg Å k;vhnj���²�j��m�sËw	o	m;~hv�o;vhe��
nj�l}�k;vhe�m	��n��Ëw;v�k��Q��k;� � ��w;v Å g � �Áv�k	mÌ�l}�|p~h�2nj��o;vÈ�l} � glk	mPz;mÌw	o;}�|	��mPr
Å g½nj|	mÜehn=gÎo;}�k;g½gËnj�Q��g½nj��ehvheh}hehy·m;gÎnjo;gji�nj��eh}�o;g½tÃm;nj��o;}��	m	m¡m	�lvh~�o;}�r
Â�glk	m	´ÉaQÖ�v½ÂÄk;vÆnÚ�Qehglo;glk	k;vhnj���h�ånj|Q}��l}������ Å ��v{ô Õ ��eÓ�=k;} Å m	��g=zX��k;v�´
nj��glw;glk	m²m	� � glk	m�z;m � m	o²�l}Æw;vhnÃzXgjiXk	m;g4i�eh}Ii�g½n��Q��m�zXgl��m��A�QmÈ�j��v��³w	o;v�r
�;g½n=nIw	o;v½i�v�z	Â�}hgl��n��Ð�½iXm;e�m	��g=zX��k;vÍ~h�2nj��o;� � mÁ��g � w;} � mÉa
¸ºnj��o;v�k;v � �ãvliXk	m � mÓm	�Ùw;glo;eh��s³v��;glk	m�z;mÓw;v���glk	�	m;}�zX��k;�2gÙehv�� � v±ÂÍr

k;vhnj��mÜô Õ �Øi;z	�uw;v�z;� Å glk	m��çeh�2n=v�|Qv�|Q} Å g½nj��ehglk	k;��s»m	�lvh~�o;}�Â�glk	m	´¡n
�;g=zX�h�×k;}±� Å k;��sâm;n=nÃzXgji�vheh}�k	m	´ÉaõáÀ��gÈexb±`V�
�ÁtjvliX�ân=v���o	�liXk	m	|	mãµÓ}�r
~hv�o;}���v�o	m	mÔo;g½}�|	��m;e�k;vhtjvãi�e�m�Â�glk	m��ä� M ¯=«Î� - £ , 6	¢¤©�ª¤£h¬ô�:¦�¥Ï£ - ¦�«�£ - ®¡ÑM �Ã�ó�¨e��fî ¸Ôw	o	m;nj���8w	m�z;mÐ|Èo;g½}�z;m	�l}��	m	m²w	o;vhtÃo;} �T� �¡n=v��Ãi�}�k	m��²eh�fr
n=v�|Qv�|Q} Å g½nj��ehglk	k;��s¡ô Õ �Wr6|Q} � gloé~hv�zX�hy�vhtjv�è³v�o � }��l}xi;z	��|Pvhn � m Å gjr
nj|Qv�´Æk;}he�m;t�}��	m	m¹mÆ|Qvhn � m Å g½nj|Qv�´{n
óÉg � |	mÉa=ñÓz	�³��vhtjv Å ��vh~h��w	o;vh~��liXm	���
m	k	��glo;g½nÁ}hnj��o;v�k;v � vheâ|¡ô Õ �¼�We M �Ã�Ô~h��zX}xn=v��Ãi�}�k;}ò·�ô³�8��g½y�g½nj��e��0r
�º��}���ô Õ �Wr6|Q} � glo;}.¸ç�õ� - ¦ON0¯½¢¤¢¤ª¤¬	­~'*'YR 'f¦0°Í¯ - ¦� 8®Q©�«�¯±°²���¨w;glo;eh}��»e
n=ehvhg � o;vli�gha�J§�l}Æ|P} � glo;}Æ~h��zX}Æw	o;gjiXk;}��=k;} Å glk;}¹i;z	�²�j|Pnjw;glo	m � glk;}�zX��r
k;��s·k;}h~�zX�fi�glk	m	´Ûe³o;}��jz;m Å k;��sÍvh~hn=glo	eh}���v�o�m��8sÍnÒ�;g=zX�h��i�g � v�k;nj��o;}�r
�	m	mxehv�� � v½ÂÄk;vhnj��gl´âô Õ �¼aÉô¹glo;ehvhg�w	o	m � glk;glk	m;gÍô Õ �òe¾}hnj��o;v�k;v � m	m
n=vhnj��v½�8zXvhn=�ÛeÐb±`V���{tjvliX���	�j��vÍ~h��z;mÇk;}h~�zX��i�glk	mP�ÌLºo;}�k;}·k;}�%Pbjr#n � ��gjr
zXg½nj|Qv�w;gÈ�8k	m;ehglo;njm	��gl�l}p¸¼o	m	�lv�k;�×n=v���o	�½iXk	m	|Q} � m M �Ã� M a M ¦h¬	¯½©�ªé/zZxm½ ¢¤£�6BZh¯öð ö�%�ñ?a
d ¿¨vhn=njm	mãw;glo;eh� � �=k;} Å m	��g=zX��k;� � }hnj��o;v�k;v � m Å g½nj|	m � m;n=nÃz;gji�vheh}�r

k	m;g � n�m;njw;v�zX���lvheh}�k	m;g � ô Õ � � v½ÂÄk;v¡n Å m	�l}����¡m	�=� Å glk	m;g�|Qv � gl���
�.}�z	zXg=�¾n¹w;v � vh���h�ò|Pvhn � m Å g½nj|	m�sÎ}�w	w;}��l}���vhe�÷=dfg½t�}�r�b7÷��
nj�½}�o	�Ðb��{i�gjr
|Q}h~�o.��b±`����Ët�aU�ImÅ÷=dfg½t�}�r�ö.÷��?öQbÛi�gl|Q}h~�o.��b±`����Ët�aU��a ¸¼w	w;}�o;}����8o;}�� o;}��Ãr
o;}h~hv��l}�k	k;}�� ù k;nj��m	���8��v � |Qvhn � m Å g½nj|	m�sIm;n=nÃzXgji�vheh}�k	m	´Óe2n=v���o	�½iXk	m Å gjr
nj��ehg2nfo.�.i�v � v���g Å g½nj��ehglk	k;��sÆm��l}�o	�Q~hg=ÂÄk;��sÆ� Å glk;��sA�hvhnjk;vheh�2eh}�zX}hn=�
k;}Ðv���g Å g½nj��ehglk	k;��sÌô Õ �ío;}�� � glo;v � � �
%Äsø�Qb�öÄw	m	|Qn=g=zXgl´ÊmÊw;v��lehv�z;mPr
zX}Ðw	o;vhehg½nj��mÌi�gl�l}�zX��k;�2gÍn
óÉg � |	mÊ|Qv � gl���æ�.}�z	zXg=�Ìn·m;nj|�z;� Å m	��g=zX��k;v
~�z;m	�=|	m�sÐo;}hn=nj��v±�Qk	m	´ã� � glk;g½gÍb±qÍqhqhq·| � ��a
ô¹v½i�}he�z	�P�º��g½gÁ~hv�zX�hy·m	k;nj��ehvâw;glo;eh��s»o;}h~hv��pe�vh~�zX}hnj��m¡}hnj��o;v�k;v�r

� m	mæk;}Ývhnjk;vhehguô Õ �Wr6k;}h~�zX��i�glk	m	´æ~h��zXvøw;vhn=e��P��glk;vÝè³v���v � gl��o	m	m
k;g½~hg½njk;��s¾vh~�óÉgl|	��vheÍmËn=e��Q�l}�k	k;� � n¹k;g½�ào;}��Ãz;m Å k;� � }hnj��o;vhèIm	�=m Å gjr
nj|	m � �l}�i�} Å } � aSJf��vËvh~�óÏ�Pnjk��Pgl��n���njo;}he�k	m	��g=zX��k;v�´�w	o;vhnj��v���v�´ãm��=èºr
è³gl|	��m;e�k;vhnj���h�×m;njw;v�z;���lvheh}�k	m��xô Õ �Þi;z	�âm	� � glo	glk	m��xn=ehgl��vheh��sÊw;v�r
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��v�|Qvhep~�zX}htjvli�}�o.�âz;m	k;gl´	k;vhnj��mãs.}�o;}�|���glo�m;nj��m	|»m»eh�2n=v�|Qv�´ Å �Qehnj��e�mPr
��g=zX��k;vhnj��mÎ�j��m�sÇw	o	m;~hv�o;vhe�a
¸ºnj��o;v � gl��o	m Å g½nÃ|	m;g�w	o	m � glk;glk	m��Äô Õ �ç��o;g½~hvheh}�z;mÈ~hv�zXg½gºnÃzXv½ÂÄk;��s

� gl��vli�vheÚvh~�o;}h~hv���|	mÓm	k;è³v�o � }��	m	mÉ�±w;v�z;� Å }hg � v�´Æm	�§njk	m � |Qvhe�a�ô¹glo;eh�2g
}hnj��o;v � gl��o	m Å g½nj|	m;g¹o;}h~hv����Ô~h��z;mÁw;vhn=e��P��glk;�Ôm	� � glo;glk	m�� � w;v�zXv±Â�gjr
k	m	´�|;eh}��l}�o;vheÁ|Q}�|�k;}�m;~hv�zXg½g²eh}�ÂÄk;��sâvh~�óÉgl|	��vheÐi;z	�â�0nj�l}�k;vhe�zXglk	m��
n=e��Q�=mãv�w	��m Å g½nj|	m�sâm�o;}�iXm;v�m	k	��glo;è³glo;v � gl��o	m Å g½nj|	m�sÊ|Qvhv�o.iXm	k;}���k;��s
njm;nj��g � ��i;z	�Ì}h~hn=v�zX�¼��m	�l}��	m	mp|Q}��l}�zXvhtjvhe²�lehgl�Ãióa:ô¹v Å ��mÊvliXk;vhe�o;g � glkPr
k;v{w;v½�Pe�m�z;m;n=�·o;}h~hv����Üw;v·}hnj��o;v � gl��o	m	mÇnjw	�8��k	m	|Qvhe�~hv�zX�hy·m�sÄw�zX}�k;gl�
�fv�z;k;g Å k;v�´Ænjm;nj��g � �Ia�df�2~hv�oÓ�l}�i�} Å v�w	o;gji�g=z	�8zXn��³��g � � Å ��v2z;m	k;gl´	k;�2g
o;}�� � glo;�ãw;glo;eh��sÆô Õ ��~h��z;m·v Å glk;�¼k;g½~hv�zX�hy·m � mÉ���j��v�vhtÃo;}�k	m Å m;eh}�zXv
w;v�zXg¼�=o;glk	m��Í��g=zXg½nj|Pv�w;}Óm:�Qn=vhv���ehgl��nj��ehglk	k;v��.|�zX}hn=nÚo;g½y�}hg � ��s��l}�i�} Å a
d k;}hnj��v±�P��g½gpe�o;g � ��njm	���h}��	m��¡m	� � glk	m�zX}hn=�ãeãn=e��Q�=mÝnÌ~h�2nj��o;� �

o;}��le�m	��m;g � ��g=sQk	m	|	måô Õ �¼�Ò��g=sQk;v�zXvhtÃm�mÝm	�ltjv���vhe�zXglk	m��Üw	o	m;~hv�o;vhe»m
�=k;} Å m	��g=zX��k;� � �½i�g½y�g½e�zXglk	m;g � m�sAaÒô¹v±�Pe�m�z;m;n=� � }���o	m	�;� ~hv�zX�hy·m�s
o;}�� � glo;vhe���w	o	m	g � k	m	|	mÉ��njvhnj��v±�P�·m;gfm	�f~hv�zX�hy�vhtjv4|Qv�z;m Å g½nj��eh}ºv��Ãi�g=zX��r
k;��sIô Õ �Wr � }���o	m	�É�ln � v�k	��m	o;vheh}�k	k;��sºk;}2vh~h��gl´Iw�zX}���è³v�o � gha!J§��vÒw;v��Ãr
ehv�z;m�zXvºw	o;}�|	��m Å g½nj|	m�w;v�z;k;vhnj���h���l} � glk	m	���Iehn=g�m	k;�2g2njo;gji�nj��eh}�m � gjr
��vli��Ôo;g½y�glk	m��Ç}hnj��o;v � gl��o	m Å g½nj|	m�sÇmÎè³v���v � gl��o	m Å g½nj|	m�sÐ�l}�i�} Å �;n=e��.r
�l}�k	k;��s¾nIk;}h~�zX�fi�glk	m�� � m¾o;}��jz;m Å k;��sÇ|Qvhn � m Å g½nj|	m�s¾vh~�ó:gl|	��vhe�a

ë�ìVí2ë íúù ï�û!=E;¦��ý��
	�	�ª¶�ûGO< �0<�ÿQþ3D�îÔïf«°<�ü��j;;ûjý��
�j;;þ;þ
³ njk;vhe�k;v�´Ðw	o;vh~�zXg � v�´Çnjvhe�o;g � glk	k;v�´Ðk;}��lg � k;v�´¾v�w���m Å g½nj|Pv�´¾}hnj��o;v�r

� gl��o	m	m��Pe�z	�Pgl��n��xo;}hn=y·m	o;glk	m;gÈèI�8kPi�} � glk	�l}�zX��k;��sxnjm;nj��g � |Qvhv�o0iXmPr
k;}��=���l}�i�}�k	k;��sÆeh�2n=v�|Qv���v Å k;� � m·|Q}��l}�zXvht�} � mÆ�lehgl�Ãió��k;}�~hv�zXg½g�nÃzX}h~h�2g
�lehgl�Ãi��Ia�J§��vun=e��Q�l}�k;vçnpk;g½vh~±s0vliXm � vhnj���h� |Pvhv�o0iXm	k;}���k;vhtjv�mÔè³v���v�r
� gl��o	m Å g½nj|QvhtjvÁvh~hg½njw;g Å glk	m��pk;}Ák;vhehv � �8o;vhe�k;gÛ�;g=zXvhtjvÇo8�.i�}ÁèI�8kPi�}�r
� glk	�l}�zX��k;��sÎmÊw	o	m	|�zX}�iXk;��sË�l}�i�} Å a:�¹g½vh~½s.vliXm � vÈn=v��Ãi�}�k	m;g��8k	m;ehgloPr
n=}�zX��k;��sâeh�2n=v�|Qv���v Å k;��sp|Q}��½}�zXvhtjvheÐw;v�zXv±Â�glk	m	´É�ðn=vh~hnj��ehglk	k	�ÒsËi�e�mPr
Â�glk	m	´É�4~�zXg½nj|Q}umÔ�;ehgl�½}»�lehgl�ÃiÞw;vçehn=g � �Ük;g½~���i�vÝb��±r�ö�q��lehgl�ÃiXk;v�´
ehg=z;m Å m	k;� vh~h�·m � vh~�óÉg � v � i�vÁn=v���glk � m�z	z;m;v�k;vheÇ�lehgl�ÃióaõêÉ}�|	m;gÛ|Q}�r
�l}�zXvhtÃm�k;}hnj��v½�Q��g=zX��k;v�k;g½vh~½s0v½iXm � � i;z	�»o;g½y�glk	m��uy·m	o;v�|Pvhtjvâ|�o	�Qt�}
n=} � ��sâo;}��=k;vhvh~�o;}��=k;��sx�l}�i�} Å |P}�|ãeËvh~�zX}hnj��mã}hnj��o;v�k;v � m	mÉ�ó�½}�|�mãe
w	o	m	|�zX}�iXk;��sÐo;}h~hv��½}�sÈmÁm;n=nÃzXgji�vheh}�k	m��8sAa
df}�ÂÄk;v�´ø�l}�i�} Å gl´ø�Pe�z	�Pgl��n��øm	�=� Å glk	m;gx|	m	k;g � }���m	|	mÝméiXm	k;} � m	|	m

��g=zé�fv�z;k;g Å k;v�´unjm;nj��g � �Ia ù k;nj��o	� � glk	��� nÇô Õ �Wr6o;g½tÃm;nj��o;}��	m;gl´u}�|Pr
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��m;e�k;v¾m��=è³è³gl|	��m;e�k;v¾m;njw;v�zX���=�Q�¼��n��pi	z	�Êm;n=nÃzXgji�vheh}�k	m��Ìi�e�m�Â�glk	m	´
o;}��jz;m Å k;��sÛ��g=zÎ�fv�z;k;g Å k;v�´Ènjm;nj��g � �à�
~hv�zX�hy·m;gÚw�zX}�k;gl���Üm²m�s²nÃw	�8�½r
k	m	|	mÉ� � }�zX�2g»w�zX}�k;gl���I��}hnj��glo;v�mPi��I�º|Pv � gl���¼��aIdf}�ÂÄk;� � i�vhnj��v�m	kPr
nj��ehv � ô Õ �ÞeÐ�j��v � nÃz;� Å }hg·�Pe�z	�Pgl��n��p~hv�zX�hy�v�´ÎiXm	k;} � m Å g½nj|	m	´ÌiXm;}�r
w;}��lv�kâ�Qo�|Pvhnj��gl´�v½iXk;vhe�o;g � glk	k;vÐk;}h~�zX�fi�}hg � ��spvh~�óÉgl|	��vhe��É}Çm � glk	k;v�½r��·�lehgl�ÃiXk;��s¾ehg=z	m Å m	kÉa
¸¼|	���0}�zX��k;v�´ívhnj�l}hgl��n��Ý�l}�i�} Å }�n=e��Q�=mío;}��jz;m Å k;��sÝ|Qvhv�o0iXm	k;}���k;��s

njm;nj��g � w	�8��g � v�w	��m Å g½nj|	m�suk;}h~�zX�fi�glk	m	´çk;}�è³v�k;gÎ�lehgl�Ãiévh~�óÉgl|	��vhe��
�l}�i�}h�º�·m�sÊ�j���Ênjm;nj��g � �ËrÚk;}�w	o	m � gloÉ�Ék;}h~�zX��i�glk	m	´â|;eh}��l}�o;vhe��ðv�w	o;gjr
i�g=z	�P�º�·m�sIo;}�iXm;v�m	k	��glo;è³glo;v � gl��o	m Å g½nj|	�Q�unjm;nj��g � �I|Pvhv�o0iXm	k;}��=�±m�z;mÉ�
k;}�w	o	m � gloÉ�Àk;}h~�zX�fi�glk	m	´»��g=zé�fv�z;k;g Å k;v�´çnjm;nj��g � �I�Tv�w	o;gji�g=z	�P�º�·m�s
iXm	k;} � m Å g½nj|	�Q� njm;nj��g � ��v���n Å gl�½}��¨mPz;mçk;}h~�zX�fi�glk	m	´unjw	�8��k	m	|QvhexnjmPr
nj��g � � ���� ä��m�z;måzX�º~hv�´ÝiXo	�Qtjv�´A�²i;z	�Ýw	o	m;e��Q�=|	mÞk;}he�m;t�}��	m;v�k	k;��s
njm;nj��g � |ÎèI�8kPi�} � glk	�l}�zX��k;� � |Pvhv�o0iXm	k;}���k;� � njm;nj��g � } � a
¸ºnj��o;v � gl��o	m Å g½nj|	m;g � gl��v½i�� Å }hnj��vÜm;nÃw;v�zX���=�Q�¼��n��Þe¡�lehgl�ÃiXk;v�r#}hn�r

��o;v�k;v � m Å g½nj|	m�sÁmÊ}hnj��o;vhèIm	�=m Å g½nÃ|	m�sÌm;n=nÃzXgji�vheh}�k�m��8sAa:ô Õ �Wr6m	k;nj��o	�0r
� glk	���Ýw;v��lehv�z	�P�¼�·�=è³è³gl|	��m;e�k;vÍo;g½y�}������½}�|	m;g³�l}�i�} Å m��
rÏw;v�m;nj|É��v���v½ÂÍi�g½nj��e�zXglk	m;gÙmÆm;njnÃzXgji�vheh}�k	m;g§o;}��jz;m Å k;��sÓ}hnj��o;vhèIm	�=mPr

Å g½nj|	m�s{vh~�óÉgl|	��vhe¼k;}Ivhnjk;vhehgÒ}hnj��o;v � gl��o	m Å g½nj|	m�sÆmÍè³v���v � gl��o	m Å g½nj|	m�s
ô Õ �Wr6k;}h~�zX�fi�glk	m	´â��k;}�w	o	m � gloÉ��t�} �T� }�r#ehnjw�zXg½nj|Qvhe��Qk;vheh��sÄm¾n=ehglo.sQk;v�r
eh��s;��Ê
rAeh�2n=v�|Qv���v Å k;�2gWm	� � glo;glk	m���w;}�o;}�z	zX}�|Qn=vheÒ�lehgl�Ãió�½|P}�z;m;~�o;vhe�|Q}2y·|Q}�r

zX�Ôo;}hn=nj��v½�Qk	m	´�Ê
róm;n=nÃzXgji�vheh}�k	m��Æi�ehv�´	k;��s{mÍ|	o;}���k;��s{�lehgl�Ãió�h�lehgl�ÃiÈn=v³njw	�8��k	m	|Q} � mÉ�

Å ��v»iX}hgl��|	o;}�´	k;g�eh}�ÂÄk;�Ò´ � }���glo	m;}�zÝi;z	�Ôv��;glk;v�| � }hn=nâmÝiXo	�QtÃm�s
w;}�o;} � gl��o;vhe·k;g½~hg½njk;��sÇvh~�óÉgl|	��vheBÊ
rIm;n=nÃzXgji�vheh}�k	m��ãn=vhnj�l}heh}Ìm�|	m	k;g � }���m	|	m�o;}hn=n=g=�Qk	k;��s�m»y�}�o;vheh��s

�lehgl�ÃiXk;��sÌnj|Pv�w�zXglk	m�´É�É}hn=n=v��	m;}��	m	´É�:w;v���v�|Qvhe��Am;nÃzXgji�vheh}�k	m��Ë|	m	k;g � }�r
��m	|	mÎ�.}�zX}�|	��m	|	mÎe��;g=zXv � Ê
r§y·m	o;v�|Qv � }hn=y·�½}h~�k;�2gIm;n=nÃzXgji�vheh}�k	m��Ðw;glo;g � glk	k;vhnj��m¾�lehgl�ÃiÂÊ
rÆk;}��lg � k;vhgÎvh~hg½njw;g Å glk	m;gÁo;}��=k;vhvh~�o;}��=k;��s»|Qvhn � m Å g½nj|	m�sç}hnj��o;v�k;v�r

� m Å g½nj|	m�sÐw	o;vhgl|	��vhe�a
ñ{vhnj�½}���v Å k;vÐ~�z;m	�=|	m � mÊ|â}hnj��o;v � gl��o	m	mp�Pe�z	�P�¼��n�� � k;vhtÃm;g·�l}�i�} Å m

tjg½vli�gl�=m	mÉ�ºtjg½v½iXm	k;} � m	|	mÉ�Úk;}he�m;t�}��	m	mÉ�¼|Qvhn � m Å g½nj|	m�sím;n=nÃzXgji�vheh}�k	m	´Éa
ô Õ �Wr6m	k;nj��o	� � glk	���òvh~hg½njw;g Å m;eh}h�¼�Íeh�2n=v�|Qv���v Å k;�2g·v�w	o;gji�g=zXglk	m��¾|Pv�r
v�o0iXm	k;}��¹o;}��jz;m Å k;��sÈvh~�óÉgl|	��vheÆm ù � Õ n¼�;g=zX�h�åo;g½y�glk	m��Ä�l}�i�} Å tjg½v�r
iXm	k;} � m	|	mÉ�½m;n=nÃzXgjiXvheh}�k	m	´ÆtÃo;}he�m	�½}��	m;v�k	k;vhtjvÒw;v�z	� Õ g � z;m¹mÓ�=aJióa�df}�ÂÍr
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k;vhg�}hnj��o;v � gl��o	m Å g½nj|Qvhgºw	o	m�zXv±Â�glk	m;gºe{|Qvhn � m Å g½nj|	m�sÄm;n=nÃzXgji�vheh}�k	m��8s
Ñ²�lehgl�ÃiXk;�2gIi�}�� Å m	|	mÎnjm;nj��g � v�o	m;glk	�l}��	m	mÁ|Qvhn � m Å g½nj|	m�s¾}�w	w;}�o;}���vhe�a
ï¹}�ÂÍi�}��um	�Ìw;glo;g Å m;nÃzXglk	k;��sç�l}�i�} Å ��mÜk;gÌw	o	m;ehgji�glk	k;��s�e�w;glo;gjr

Å m;nÃzXglk	m	mA�Æm � g½gl�Ën=ehvh� njw;gl�	m;èIm	|	�ãmu��o;g½~��0gl�Ái;z	�ão;g½y�glk	m���n=vhv��½r
ehgl��nj��e��Q�º�·m�s�m	k;nj��o	� � glk	��vheÈ����g=zXg½nj|Qv�w;vhe¹m²ô Õ �2��� � gl��vliXm	|Äk;}h~�zX�4r
i�glk	m	´xm�vh~�o;}h~hv���|	mâk;}h~�zX�fi�glk	m	´Éað¿À}hn=n � v���o	m � e�k;} Å }�zXgÍ��gÄvhn=vh~hglkPr
k;vhnj��mÛ}hnj��o;v � gl��o	m Å g½nÃ|	m�s{o;}h~hv��¼n�ô Õ �¼��|Qv���v�o;�2g��Pe�z	�P�¼��n���vh~h�·m � m
i;z	�Çehn=g=sÇ�l}�i�} Å a

b±qPa÷ö ô Õ �é|P}�|¾�0nj��o;v�´;nj��ehv·i;z	�Ço;g½tÃm;nj��o;}��	m	mÁm	�lvh~�o;}�Â�glk	m	´

ë�ìVíúù@í2ë D´;;þ�	�ü;þ�9ö;V<�¡�û���ªnD�îÔï
¿À}hn=n � v���o	m � w	o	vhnj��gl´;y·m	´Îeh}�o	m;}�k	�ÓÑÛz;m	k;gl´	k;�Ò´Îô Õ �æ��o	m;n�aðb±qPacb���a

ô¹glo;eh�2g��j|	�lg � w�z	�Qo;�uô Õ ��w	o;gji�nj�½}he�z	�8z;m�n=vh~hv�´·|	o	m;nj�l}�z	zÍ|	o;g � k	m��A�
k;}Äw;vhehglo8sQk;vhnj���Ä|Qv���v�o;vhtjvÄk;}�k;g½n=glkËm	�lv�z;m	o	�Q�º�·m	´Ì��v�k	|	m	´ÌnÃzXv�´ÎiXmPr
v�|QnjmPi�}�|	o;g � k	m��ò�·qPacb � m	|	o;v�k;}8��a�ô¹vhehglo.s�m	�lv�z	�Q��v�o;}�k;}�k;g½n=glk;� e
v�w	o;gji�g=zXglk	k;v�´Èw;vhnÃzXgji�vheh}���g=zX��k;vhnj��mÐ��v�k	|	m;gºw	o;vhehv½i;�P�·m;gºw;v�zXvhnj|	m²Ñ
�ÃzXgl|	��o;vli��IaVJÙzXgl|	��o;vli��»n=vhgjiXm	k;glk;�ã�½}�|	m � vh~�o;}��lv � � Å ��v�n=v��Ãi�}h�¼�4k;}
w;vhehglo.sQk;vhnj��mÓ|	o	m;nj�½}�z	zX}4w;vhe���v�o.�P�º�·�Q�ºn��Û�
nÙy�}htjv � e4v½iXm�kÓw	m	|Qn=g=zX�8�
n=gl���Û�ÃzXgl|	��o;vli�vhe�a

¿Wm;n�axb±qPacb��A�§��o	�8|	���8o;}Íw	m	|Pn=g=zXgl´Îô Õ �
Ö�}���o	m Å k;�Ò´Çô Õ �¡w;v·nj�8��mÇw	o;gji�nj�½}he�z	�Pgl�Æn=vh~hv�´Ðk;}h~hv�oÈz;m	k;gl´	k;��sA�

o;}��Ãi�g=zXglk;��sÐnj��v�wPr6|Q}�k;}�zX} � mÕ§×m	�lv�z	�Q��v�o;} � mÉa	¿¨}��=� � g½gl��n��A�	m	�ltjv��l}he�r
z;m;eh}h�¼��n�� � }���o	m Å k;�2gâô Õ � k;gpk;}h~hv�o;v � z;m	k;gl´	k;��sA��}�k;}�gjiXm	k;v �
|	o	m;nj�l}�z	zXgh�ðk;}Ç|Qv���v�o;v � w;vÈi�vhnj�½}���v Å k;v¾nÃzXv½ÂÄk;v�´x��g=sQk;v�zXvhtÃm	mxè³v�oPr
� m	o	�hgl��n��ò÷Ãw;v�zXvhn=}��l}���÷¡nj��o	�8|	���8o;}p�ÃzXgl|	��o;v½i�vhe��
è³}����³mÅ÷je�w;g Å }����fr
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¿Wm;n�axb±qPa÷ö@�	Ö�}���o	m Å k;�Ò´Îô Õ �øeÛnj~hv�o	|Pg

eh}h�¼��n���÷Ínj��v�wPr6|P}�k;}�zX�Iaóô¹vhnÃzXg²m	�ltjv���vhe�zXglk	m��âô Õ � � v�k	��m	o	�hgl��n��xk;}
v��Ãi�g=zX��k	�Q�ãw;vli;zXv½ÂÄ|	�·��o	m;n�a0b±qPa÷ö0�Xm¹vhnjk;}h��}hgl��n��º�8w	o;}he�z	�P�º��gl´¹�ÃzXgl|Pr
��o;v�k	m	|Qv�´É��vh~hg½njw;g Å m;eh}h�º��gl´Üw	o;v��;g½n=n=� k;}�|Qv�w�zXglk	m��¡è³v���vh�ÃzXgl|	��o;v�r
k;vhe��;n Å m	���2eh}�k	m��Ðm	k;è³v�o � }��	m	mÁm¾w	oÉa
¿¨}h~hv��l}Íô Õ �éo;}��Ãi�g=z	�Pgl��n��Çk;}ÛnÃzXgjiX�Q�º�·m;gÓ�j�l}�w;���
bha;�fv��Ãi�}�k	m;g¹�l}�o.�.i�}�a
¶4njk;vhe�k;� � w	o;v��;g½n=n=v � �fvh~hg½njw;g Å m;eh}h�º�·m � m;njw;v�zX���lvheh}�k	m;gpô Õ �
eÐ|P} Å g½nj��ehgÍè³v���v�w	o	m;g � k	m	|Q}��A�Pe�z	�Pgl��n��pè³v���vh�ÃzXgl|	��o;v�k	k;}��p� � m;n�r
njm��éeãw;v�z;�8w	o;vhehvliXk	m	|P}�sA��vh~�o;}��lvheh}�k	m	gÊn=ehvh~hvliXk;��sÜ�ÃzXgl|	��o;v�k	vhe
��mÛi��ÒoA�Àw;vli²i�gl´;nj��e�m;g � �ÃzXgl|	��o;v � }htÃk	m	��k;vhtjv¹m	�jz;� Å glk	m��AaQ�¹}�m;~hv�r
zXg½g Å }hnj��vpm;njw;v�zX���=�hg � �Ò´uw;v�z;�8w	o;vhehvliXk	m	|ãÑx|	o;g � k	m	´ãÑxw;vhtNzXv�r
��}hgl��è³v���v�k;�ín¹�jk;glo;tÃm;gl´Ëv��Ðbha¤bIi�v �Ä�ld¼��tjglk;glo	m	o	���ÁvliXk	�Ðw;}�o	�
�ÃzXgl|	��o;v�kPÑhi��Òo;}Ô�
n=vhv���ehgl��nj��e��0gl��iXm;}�w;}��lv�k	�çi;z;m	kåehv�z;kW�hqhqhq�¸4r
bhb±qhqhq�¸³��aPï¹eh}�k	���é~hv�zX�hy�gl´È�jk;glo;tÃm	mÐw	o;v�m	�lehvli;�Q�Ók;g½nj|Qv�zX��|Qv{w;}�o
�ÃzXgl|	��o;v�kPÑhi��Òo;}�a

öQaP�¹}�|Pv�w�zXglk	m;g³�l}�o.�.i�}
¶4~�o;}��lvheh}hehy�g½n��âeÎo;gl�=�±zX�±�l}���gÐè³v���vh�=è³è³gl|	�l}Ëw;}�o;� o;gl|Qv � ~�m	k	mPr
o	�Q�¼��n��Û�l}Æe�o;g � ��w	o	m � glo	k;vÄb±qhq � m	|	o;vhn=gl|	�8kQió�8w;vh�j��v � �{i;z	�Ûk;}�r
|Pv�w�zXglk	m����l}�o8�.i�}4k;}4v½iXm	k¹m	�Ù�ÃzXgl|	��o;vli�vheÚe2|P}�ÂÍi�v � w	m	|Qn=g=zXgº���=a�gha
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k;}ÛvliXk	�Çè³}��=�	�fw;v½i�}hgl��n��Çk;}�w	o.�8ÂÍglk	m;g²��k;}�w	o.�8Â�glk	m;g¹sQo;}�k	glk	m��;��a
dxo;gl�=�±zX�±�½}���g�vh~�o;}��lvheh}hehy·m;g½n��Ón=ehvh~hvliXk;�2gf�ÃzXgl|	��o;v�k;�»nj|Q}�w�z;m;eh}�r
�¼��n���eÎ�l}�o8�.i�vheh�2gÈw;}�|Qgl���Øw;vliu�j��m � �ÃzXgl|	��o;v½i�v � a ï¹v�z;m Å g½nj��ehv
k;}�|Qv�w�zXglk	k;��sp�ÃzXgl|	��o;v�k;vhe��-i��ÒoA�¼�=}he�m;njm	�Çv�� � k;vhtÃm�spè³}�|	��v�o;vhe
ÑÄv��Ævhn=vh~hglk	k;vhnj��gl´¾nj��o	�8|	���8o;�åô Õ �¼�	e�o;g � glk	mÇk;}�|Qv�w�zXglk	m��Ê�
�j|Qn�r
w;v��=m	�	m	m��fmÇiXoÉa

�Pa�ô¹glo;glk;vhn��l}�o.�.i�}�a
�hzX}he�k;�Ò´ � v � glk	�4e�m	�lvh~�o;gl��glk	m	m�ô Õ �xr�Ñ³w;glo;glk;vhn§�l}�o8�.i�vhe�e�i�v�zX�
nj��v�zX~��;vhe��IvhtÃo;}�k	m Å glk	k;��sònÃ��v�wQr#|Q}�k;}�zX} � mÉ���l}Ýn Å gl�¡m	� � glk;glk	m��
k;}�w	o.�8Â�glk	m	´Ìk;}²�8w	o;}he�z	�P�º�·m�sÎ�ÃzXgl|	��o;vli�}�s#§ è³}��l}�sAaXñÓz	�Ë�j��v�r
tjvÊk;}x�ÃzXgl|	��o;v½ió�Wn=vhn=gjiXk	m	´¡n¾��g � �¨k;}â|Qv���v�o;�Ò´çw;v½i�}heh}�zXvhn=�Êk;}�r
w	o.�8Â�glk	m;g�sQo;}�k;glk	m��A��w;vli�}hgl��n��È~hv�zX�hy�g½g�k;}�w	o.�8Â�glk	m;gIw;glo;glk;vhnj}�a
Õ }�o.�.i�vheh�Ò´Ûw;}�|Pgl�ºw;glo;g � g½��}hgl��n��·w;vliÈ�j��v��I�ÃzXgl|	��o;v½ióa�ñ{}�zXg½gh�hk;}�r
w	o.�8Â�glk	m;g�njk	m � }hgl��n��²n¼w;glo;ehvhtjvÆ�ÃzXgl|	��o;vli�}��Qk;}·e���v�o;v�´Èw;vli�}hgl��n��
k;}�w	o.�8Â�glk	m;gÄsQo;}�k;glk	m��A� }Ák;}Î��o;gl��m	´xr�Ñpk;}�w�o8�8Â�glk	m;g²w;glo;glk;vhnj}�a
Öxk;vhtjv�|	o;}���k;vhg�w;vhe���v�o;glk	m;gÍ�j��vhtjv¾�	m	|�zX}Çw	o	m;ehvliXm	�È|x��v � ��� Å ��v
ehn=gÄ�l}�o.�.i�vheh�2gÄw;}�|Pgl���×¶Wñ{�{¶Údf¿ÙáÀÖ�áÀ�¹�{¶ w;glo;gji�e�m;t�}h�¼��n��Êm	�
w	m	|Qn=g=z	�²eÓw	m	|Qn=g=zX�{e�i�v�zX�Ænj��v�zX~��;vhe�aQô¹vhnÃzXgjiXk��8�²nj��o;v�|Q}��QeÆ|Qv���v�r
o	�Q�æw;glo;glk;vhn��Q��n��Î�l}�o.�.i�vheh�2gÆw;}�|Pgl���ÔÑÇvhnjvh~hglk	k;}��A���l}�|Ëk;}��l�2eh}�r
g � �Ò´peh��s0v½iXk;v�´Ìo;g½tÃm;nj��oç�
©�¯ - ª¤¦h¢ - ¯½­hª¤©�«�¯ - ��a Õ }�o.�.i�vheh�2g·w;}�|Qgl���àe
k;g � w;vhnÃzXgji�vheh}���g=zX��k;v�w;glo;g � g½��}h�¼��n��Çe�i�v�zX�Ûnj��o;v�|	mÎ|Î�hnjm�z;m	��gjr
zX�òeh��s.vliXk;vhtjv��8�jzX}Î�
£h¬Qr°/hX	ª , ¦0° , ¢¤ªgý;¯ - �fmÎe�k;g � w	o;g½vh~�o;}��=�Q�¼��n��
eÆeh��s0v½iXk;vhg¼k;}�w	o.�8Â�glk	m;gh�8w	o;v�w;v�o	�	m;v�k;}�zX��k;vhg¼ehg=z;m Å m	k;g¼�l}�o.�.i�v�r
ehvhtjv·w;}�|Pgl�l}�a

��a ù � � glo;glk	m	g¹�l}�o.�.i�}�a
ô¹vhnÃzXgjiXk	m�´��j�½}�w�eÎ�	m	|�zXgÈo;}h~hv����Øô Õ �àr�Ñpm	� � glo;glk	m;gÐnÃm;tÃk;}�zX}��
w	o;g½vh~�o;}��lvheh}�k	m	gIg½tjv·e{k;gl|Qv���v�o;vhg Å m;nÃzXv��Pw	o;v�w;v�o	�	m;v�k;}�zX��k;vhg�ehgjr
z;m Å m	k;gâ�l}�o8�.i�vhehvhtjv»w;}�|Qgl�l}çe»|Q}�ÂÍi�v � w	m	|Qn=g=zXghaÚdf�Òw;v�z;k��Pgl��n��
�j�l}{w	o;v��;gjiX�8o;}·}�k;}�zXvhtjv�r6�	m;èIo;vheh� � w	o;g½vh~�o	}��lvheh}���g=zXg � �
¸ K ôÍ��e
}�k;tNzXv½�Q�l� Å k;v�´²z;m	��glo;}����8o;g�¦h¬	¦h¢¤£h­�r°P	ª¤­hªU«�¦h¢�/=£h¬7Nh¯ - «�¯ - ÑH+jR$'2���Q|Qv�r
��v�o;�Ò´Ìw;glo;g½ehvliXm	�Û}�k;}�zXvhtjvheh�Ò´Ënjm;tÃk;}�zu�
eh��s0v½iXk;vhgÆk;}�w	o8�8Â�glk	m;g��
e Å m;nÃzXglk	k;vhgp�=k;} Å glk	m;ghaÒd �l}he�m;njm � vhnj��mÝv���o;}��=o.�.iXk;vhnj��mÔ¸ K ô
�hnj�l}�k;}he�z;m;eh}hgl��n��ån=vhv���k;vhy�glk	m;g � g=ÂÍiX� � }�|Qnjm � }�zX��k;v¡ehv�� � v½ÂÍr
k;� � Å m;nÃzXv � k;}�|Qv�w�zXglk	k;��sÔ�ÃzXgl|	��o;v�k;vhe�e�|Q}�ÂÍi�v � w	m	|Pn=g=zXg�m
� }�|Qnjm � }�zX��k;� � Å m;nÃzXv � �4n=vhv���ehgl��nj��e��Q�º�·m � o;}��=o8�.iXk;vhnj��måw	o;v�r
�;g½n=n=v�o;}�a
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; <�� �H�b;;þ;ü��·þ��0þ#D�îÔïf«?ýj<��j;;þ�ü
êÙm	w � }���o	m	�;�
�§�Q��g½nj��e��0gl� � k;v±Â�g½nj��ehvÒeh}�o	m;}�k	��vheÒe�k	�8��o;glk	k;g½tjvÒ�hnj��o;v�´;nj��eh}Úô Õ �Wr

� }���o	m	�¾mÎnjw;vhn=vh~hvheÛn Å m	���2eh}�k	m��Ðm	k;è³v�o � }��	m	mÉa
d �l}he�m;njm � vhnj��mÔv���v�o	m;glk	�½}��	m	mÝô Õ � v���k;vhnjm	��g=zX��k;v�w;}�i�}h�º��g½tjv

w;v���v�|Q}Íè³v���v�k;vhe � }���o	m	�;�Ýw;vliXo;}��Ãi�g=z	�P�¼��n��Çk;}B�
r � }���o	m	�;��n2w	o8� � v�´Û�l}hn=ehgl��|Pv�´Ì�]Ï - £h¬0«§ª¤¢¤¢é6;°Íª¤¬	¦�«�¯0P��f§ n=ehgl��w;}�i�}hgl�

k;}4���Iw�zXvhnj|Qvhnj���¼ô Õ �¼�±k;}Ú|Qv���v�o	�Q�»k;}�k;g½n=glk;���ÃzXgl|	��o;v½i��âÑI�j��vÚ~hv�zXg½g
o;}hnjw	o;vhnj��o;}�k;glk	k;�Ò´Îeh}�o	m;}�k	�{ô Õ ��Ê
r � }���o	m	�;�àn{vh~�o;}���k;v�´p�l}hn=ehgl��|Qv�´u��¥;¦�/�Z0r#©�ªéP	¯Íª¤¢¤¢é6;°Íª¤¬	¦�«�¯0P��*§ n=ehgl�

w;}�i�}hgl�Ík;}Ðvh~�o;}���k	�Q�Æ�:n=ehvh~hvliXk	�Q� v��Ä�ÃzXgl|	��o;vli�vheÐnj��v�o;v�k	�Î|	o	m;nj�l}�z�r
zX}¹ÑÍ�j��v{�=k;} Å m	��g=zX��k;v{~hv�zXg½g�nÃzXv½ÂÄk;�Ò´ÇeÆm	�ltjv���vhe�zXglk	m	mÉ�P~hv�zXg½g¼|P} Å gjr
nj��ehglk	k;�Ò´ÁmÇi�v�o;vhtjv�´Áeh}�o	m	}�k	�·ô Õ �¼a
ô¹vç|Qv�z;m Å g½nj��e��ømå�hnj��o;v�´;nj��e��Ôè³}��¡�
tÃo	�8w	wÞ�ÃzXgl|	��o;vli�vhe8� � }���o	mPr

�;� �l}�|�ÂÍg²njm�zX��k;vÎo;}��jz;m Å }h�¼��n��Aa�ï¹v�z;m Å g½nj��ehvËè³}��²eh}�o;��m	o	�hgl��n��xv��
vliXk;v�´�i�v Å gl���Òo;g=sA�¨nj�Q��g½nj��e��Q�¼�Ëeh}�o	m;}�k	���×ô Õ �ØnÈe�m	o	���0}�zX��k;� � m
è³}��l} � mÉ��nÈèIm	|Qn=}��	m;gl´�w;v���glk	�	m;}�zX}��]¹��Ù����� nÈ}�k	��m;~�zX� � m	k;tjvheh� � m
�ÃzXgl|	��o;vli�} � mÉa�df}�o	m;}�k	��vheÆnj��o	�8|	���8o;�Ýô Õ �¡v Å glk;� � k;vhtjvÓmÐw;vhnj��v½�QkPr
k;v�o;}��=o;}h~h}����2eh}h�¼��n��Èk;vheh�2gha
dån=vhv���ehgl��nj��m	mpnjvÈnjw;vhn=vh~hv � v�o;t�}�k	m	�l}��	m	mËn Å m	���2eh}�k	m��Îô Õ �Ýw;v½i	r

o;}��Ãi�g=z	�P�¼��n��Çk;}B�
r:w;v�z;k;v�|Q}�iXo;vheh�2g � }���o	m	�;�ø�]Ï26�¢¤¢�Ï - ¦0°Í¯*'*'YRÓ����nj��o	�8|	���8o;}º|Qv���v�o;��s

eÍvh~h�·m�s Å glo	�l}�sÇv�w	m;n=}�k;}Ûeh�2y�g�Ê
r � }���o	m	�;�»nfw;v�|P}�iXo;vheh� � w;glo;glk;vhn=v � �]Ï - ¦0°Í¯f« - ¦h¬	©IÏ-¯ - '´'YRÓ����|Qv���v�r

o;�2g�o;}���i�g=zXglk;�ék;}Ói�ehg�o;}he�k;�2g�vh~�zX}hnj��m��Pv½iXk;}Æm	��k�m�s²m;njw;v�zX���=�hgl��n��
|Q}�|�è³v���v�w	o	m;g � k	m	|�i;z	���j|Pnjw;v�k	m	o;vheh}�k	m��A��}Ìe���v�o;}��Êi;z	��n Å m	���2eh}�r
k	m���m	�lvh~�o;}�Â�glk	m��A��|Qv���v�o;vhg � tÃk;vhehglk	k;vËw;glo;g½~�o;}hn=�2eh}hgl��n���epk;g½gÐm	�
w;glo;ehv�´¾w;vhnÃzXg¹�l}hehglo;y�glk	m��Ð�j|Pnjw;v��=m	�	m�m�Ê
r � }���o	m	�;�Ün Å glo;g½n=nj��o;v Å k;v�´²o;}��lehglo	��|Qv�´p�
ª¤¬.«�¯ - ¢¤ª¤¬	¯��¨o;}��=k;��sÄeh}�o	mPr

}�k	��vhe�mÇiXo	�QtÃm;gha
däw;vhnÃzXgjiXk;g½gÈe�o;g � �âm	k	��glk;njm;e�k;vËehgjiX�8��n��xo;}��=o;}h~hv���|	m�k;vheh��sâ��mPr

w;vhe � }���o	m	�É�Qk;}�w	o	m � gloÉ� � }���o	m	�Ðn¼}�|	��m;e�k;� � mÈw	m	|Qn=g=z	� � mÉ�P|Qv���v�o;�2g
� vhtÃ�8��~h�Ò���4vhn=vh~hglk	k;v2�=è³è³gl|	��m;e�k;� � mÓw	o	mÓo;g½y�glk	m	m¹k;gl|Qv���v�o;��sI}hnj�½r
o;v�k;v � m Å g½nj|	m�sÐ�l}�i�} Å a
�¹}�m;~hv�zXg½g Å }hnj��v4e2}hnj��o;v�k;v � m	m³m	njw;v�zX���=�Q�¼��n��Iw;v�z;k;v�|Q}�iXo;vheh�2g � }��½r

o	m	�;�I��s0v��=�Ói;z	�{k;gl|Qv���v�o;��s{m;n=nÃzXgji�vheh}�k	m	´É����o;g½~��Q�º�·m�s{v Å glk;�I~h�2nj�½r
o;vhtjv²n Å m	���2eh}�k	m��Îm	k;è³v�o � }��	m	mÉ�Ï~hv�z;g½g{w;v�zXgl�=k;� � }���o	m	�;�ònÆw;v�|Q}�i	r
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o;vheh� � w;glo;glk;vhn=v � a·��.g½v � gl��o	m Å g½nj|�m;g ¸Íw;}�o;} � gl��o;�Ôô Õ �Wr � }���o	m	�Éa
déw;glo;e��Q�àv Å glo	gji��Í|Ák�m � v���k;vhn��Q��n��Ç|Pv�z;m Å g½nj��ehvÛ�ÃzXg � glk	��vhe�r#w�m	|Pr

n=g=zXgl´�w;vËnj��o;v�|Q} � mãnj��v�zX~��;} � �
v�k	m � vhtÃ�8�Ço;}��jz;m Å }����hn��;�Im�o;}�� � gjr
o;�Ôw	m	|Qn=g=zXgl´ã�
v�k	mÁ�l}�|�Â�g � vhtÃ�8�Æo;}��jz;m Å }����hn��¾e�i�v�zX�Ínj��o;v�|ÁmÎe�i�v�zX�
nj��v�zX~��;vhe8��a��fe��Q�l}�k	k;�Ò´ÆnÙ�j��m � mÆw;}�o;} � gl��o;} � m¹o;}�� � gloÆè³v���v Å �Qehnj��e�mPr
��g=zX��k;v�´øvh~�zX}hnj��mém;njw;v�zX���=�hgl��n���i;z	�Üv�w	o;gji�g=zXglk	m��¡v Å glk;��eh}�ÂÄk;vhtjv
i;z	��}hnj��o;v�k;v � m Å g½nj|	m�sç�l}�i�} Å w;}�o;} � gl��o;}ÊÑ»�QtNzXvhehvhtjvxw;v�z	�ç�=o;glk	m��
��g=zXg½nj|Qv�w;}��	|Qv���v�o;vhgI�l}he�m;njm	�{k;gI��v�zX��|Pv�v��Óz;m	k;gl´	k;��sÈo;}�� � glo;vhe�è³v�r
��v�w	o	m;g � k	m	|Q}��	k;vÍmÎv��{è³v�|	�0njk;vhtjvÍo;}hn=nj��v½�Qk	m��Ç��g=zXg½nj|Pv�w;}�a
ï¹} Å g½nj��ehvÍô Õ �é|P}�|Áè³v���v�w	o	m;g � k	m	|P}�a
¶4njk;vhe�k;v�´Ôs0}�o;}�|	��glo	m;nj��m	|Pv�´Þô Õ �¼�Ú|Qv���v�o	�Q� �8|Q}��l�2eh}h�¼�ue�w;gloPr

e��Q�Þv Å glo;gji����Q�Pe�z	�Pgl��n��È|;eh}�k	��vheh}��È�=è³è³gl|	��m;e�k	vhnj���Á�êÿ c Ñ�576	¦h¬.«z6;°
¯�� /=ª¤¯½¬./j®	�*§ n=vhv���k;vhy�glk	m;g3·�w;v�´ � }�k	k;��s4¸²w	o	m;~hv�o;v � |;eh}�k	��vhe²|pvh~�r
��g � ��|Qv�z;m Å g½nj��e��Íw;}�i�}h�º�·m�sÍk;}Æg½tjv¹w;vhehglo8sQk;vhnj����a � g � ~�z;m�ÂÍg¼�j��v��
w;}�o;} � gl��oÍ|Áb±qhq %

�h��g � |Q} Å g½nj��ehglk	k;g½g2w	o	m;~hv�oÉa Õ i�g½n=�Óg½nj���¹vliXk;}³��v�kPr
|Qvhnj���ÇÑ Å �Qehnj��e�m	��g=zX��k;vhnj���Îô Õ �à�l}he�m;njm	�¾v��Äi;z;m	k;� ehv�z;k;� w;}�i�}h�4r
��g½tjvÐm	�jz;� Å glk	m��A�ðmâw;}�o;} � gl��oQÿ c �8|P}��l�2eh}hgl��n��Ëi;z	� � }�|Qnjm � }�zX��k;v�r
tjvp�=k;} Å glk	m�� Å �Qehnj��e�m	��g=zX��k;vhnj��mÉaTô¹vh�j��v � ��~hv�zXg½gÇeh}�ÂÄk;v�´�s0}�o;}�|	��gjr
o	m;nj��m	|Qv�´Ë�Pe�z	�Pgl��n��Ënjw;gl|	��o;}�zX��k;}�� Å �Qehnj��e�m	��g=zX��k;vhnj���Èô Õ �éÑÐ��vÛÂ�g
n=} � vhgfn=vhv���k;vhy�glk	m;gTi;z	�¹|Q}�ÂÍi�v�´³i;z;m	k;��ehv�z;k;�Ia�¶4~h� Å k;v¼v�k;}4w	o	m;ehv�r
iXm	��n��{z;m;~hv³eIe�mPi�g2�l}h~�z;m	�;�I��z;m;~hvIe³e�mPi�g2tÃo;}hèIm	|Q}Û��o	m;n�a	b±qPa&�.��a � �Qe�r
nj��e�m	��g=zX��k;vhnj����ô Õ ��v�w	o;gji�g=z	�Pgl��n��Æn=ehv�´;nj��eh} � m�nj} � vhtjv¼w;v�z;�8w	o;vhehvli	r
k	m	|Q}�� o;}�� � glo;v � m�n=ehv�´;nj��eh} � mã�ÃzXgl|	��o;v½i�vheã�
eÌnÃz;� Å }hgÇô Õ � nÄw	o.�.r
� v�´��l}hn=ehgl��|Qv�´A���hv���o;}�Â�}���g=zX��k;� � m{s0}�o;}�|	��glo	m;nj��m	|P} � m�w;vhehglo.sQk;vhnj��m
ô Õ �émÇiXoÉa
df}�ÂÄk;v�´Ç|Q} Å g½nj��ehglk	k;v�´Çs0}�o;}�|	��glo	m;nj��m	|Qv�´Áô Õ �¡�Pe�z	�Pgl��n��Çg � |Qvhnj���

w	m	|Qn=g=zXgl´x�]Ï26	¢¤¢4¢f¯½¢¤¢4/=¦ , ¦�/=ªU«�®	�TÑ � }�|Qnjm � }�zX��k;vhgº|Qv�z;m Å g½nj��ehv·�l}�o.�.i�vhe��
�½i�glo.ÂÄm;eh}hg � ��sÈe·|P}�ÂÍi�v � w	m	|Pn=g=zXgh�	}��l}�|�Â�g³n=e��Q�l}�k	k;�Ò´ÎnI�j��m � w;}�r
o;} � gl��o³Ñ4iXm	k;} � m Å g½nj|	m	´³iXm;}�w;}��lv�kÆô Õ �¼a�J§�l}2s0}�o;}�|	��glo	m;nj��m	|P}Úv�w	o;gjr
i�g=z	�Pgl��n��²m � }���glo	m;}�zXv � w;v�z;�8w	o;vhehv½i;k	m	|P}��QmÈo;}�� � glo;v � w	m	|Qn=g=zXgl´É�Pm
iXo	�QtÃm � mÁw;}�o;} � gl��o;} � mÉa
�§�Q��g½nj��ehglk	k	�Q�ío;v�zX�·w	o	m¾o;}h~hv���g³nIô Õ �Üm;tÃo;}hgl�Ænj|Qv�o;vhnj���Ín Å m	���fr

eh}�k	m���m	k;è³v�o � }��	m	m�mun=e��Q�l}�k	k;�2gÁnÐ�j��m � w;}�o;} � gl��o;v � s0}�o;}�|	��glo	mPr
nj��m	|	mÉa.�¹}�m;~hv�zXg½g4eh}�ÂÄk;v�´��Pe�z	�Pgl��n��Û�=è³è³gl|	��m;e�k;vhnÃ���³w;glo;glk;vhn=}³�l}�o.�.r
i�}Í�ê'È� c §Á/hX	¦ - ­h¯�« - ¦h¬	©©Ï-¯ - ¯�� /=ª¤¯½¬./j®	�ÉÑIi�v�z	�Ów;glo;glk;vhnjm � vhtjvºk;}º|Q}�ÂÛr
i�v � y�}htjg2m	�2w	m	|Pn=g=z	�ÍeIw	m	|Qn=g=zX�³�l}�o8�.i�}�� Å ��v�s.}�o;}�|	��glo	m	�=�hgl��w;v���glo	m

ë �?]�] ë



¿Wm;n�a b±qPa&���Æô³o	m � glo tÃo;}hèIm	|Qvheínjw;gl|	��o;}�zX��k;v�´ Å �Qehnj��e�m	��g=zX��k;vhnj��m
ô Õ �ønIw	o.� � v�´ÁmÎvh~�o;}���k;v�´¾�l}hn=ehgl��|Qv�´

�l}�o.�.i�}Èk;}È|Q}�ÂÍi�v � y�}htjgÆw;glo;glk;vhn=}�aXñÓz	�Ë}hnj��o;v�k;v � m Å g½nj|	m�sÎk;}h~�zX�4r
i�glk	m	´Ç�j��v·eh}�ÂÄk;v��8w;vhnj|Qv�zX��|	�Äw	o	mÐk	m	�=|Qv�´Ç�=è³è³gl|	��m;e�k;vhnj��mÇm;nj|P}�Â�}�r
gl��n��Èm	�lvh~�o;}�ÂÍglk	m;gh�P�Ä�lehgl�ÃiÎw;v½�Pe�z	�P�¼��n���·±sPehvhnj���û¸Íe·k;}�w	o;}he�zXglk	m��8s
w;glo;glk;vhn=}��l}�o.�.i�vhe�a

b±qPa&� �¹}h~�zX�fi�glk	m��Ðm¾w;glo;e�m Å k;}��Çvh~�o;}h~hv���|Q}Ínjk	m � |Qvhe

ë�ìVí��Ví2ë � 	;ü��j;���ý��
	���ª
df}�ÂÄk;gl´;y�gl´»w;v�zXv½ÂÄm	��g=zX��k;v�´»vhn=vh~hglk	k;vhnj���h� ô Õ � �Pe�z	�Pgl��n��»ehv��Ãr

� v½ÂÄk;vhnj��� � tÃk;vhehglk	k;vhtjv�w	v�z;� Å glk	m���m	�lvh~�o;}�ÂÍglk	m��¼k;}h~�zX��i�}hg � ��sºvh~�óAr
gl|	��vhe�e»e�mPiXgh�fw	o	m;tjv½iXk;v � i;z���i�}�zX��k;gl´;y�gl´é|Qv � w;�h�¼��glo	k;v�´évh~�o;}�r
~hv���|	mÉa¨�fgl´ Å }hnÄ�.Â�gÈ��o	�½iXk;vËw	o;gji�nj�l}he�m	���Ìehg½n=�Ái;z;m	��g=zX��k;�Ò´ãmã��o	�0r
i�vhg � |	m	´xw	o;v��;g½n=nÄn
óÉg � |	m�k;g½~hg½njk;��sâvh~�óÉgl|	��vhe¾k;}Îè³v���v�w�zX}hnj��m	k	|	mÉ�
w	o;v½�Pe�zXglk	m;gÇmçnj�Qy·|	��w�zX}hnj��m	k;v�|É�¨m	� � glo;glk	m;gÇ|Qvhv�o.iXm	k;}��Ëvh~�óÉgl|	��vhe
k;}ânjw;gl�	m;}�zX��k;��s�m	� � glo	m	��g=zX��k;��s � }hy·m	k;}�sA�Teh� Å m;nÃz;m	��g=zX��k	�Q� vh~�r
o;}h~hv���|	�Èw	v�z;� Å glk	k;��sÇo;gl�=�½zX���l}���vheÍk;}h~�zX�fi�glk	m	´Éa
�fvhe�o;g � glk	k;�Ò´um	k;nj��o	� � glk	�Ëi;z	�u}hnj��o;v � gl��o	m Å g½nj|	m�s»k;}h~�zX�fi�glk	m	´

�Pe�z	�Pgl��n��ÐgjiXm	k;� � |Pv � w�zXgl|Qn=v � �Pn=vhnj��v½�P�·m � m	�º��g=zXg½nj|Qv�w;}Ç��|P}�|Ðw	o;}�r
e�m�zXv��¨}he���v � }���m	�=m	o;vheh}�k	k;vhtjv8���Àô Õ �Wr6|P} � glo	� mu|Pv � w;�h�¼��glo;}�aÀô Õ �Wr
|Q} � glo;}uw	o;gji�nj�l}he�z	�Pgl�un=vh~hv�´å|Qv � w;}�|	��k;�Ò´åw	o	m;~hv�o:�Ún=vhnj��v½�P�·m	´ím	�

ë �?]�� ë



êÉ}h~�z;m	�;}ub±qPacb��¶L�tNzXvheh�2gÎo;}�� � glo;� w;v�z	�u�=o;glk	mP�çm��Qt�zXvheh�2gÁo;}�� � gjr
o;� w	m	|Pn=g=zXgl´uo;}��jz;m Å k;��s»eh}�o	m;}�k	��vheâô Õ �Wr6��g=zXg½nj|Qv�w;vhe�a � Ñãè³v�|	�hn
��g=zXg½nj|Qv�w;}�� � ÊA ÛÑ � }hn=y·�l}h~��:÷0) � | �

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

1536 × 1024 1024 × 1024 3056 × 3056 4096 × 4096

�/�"!�#%$�&0),+.-
9 × 9 24 × 24 12 × 12 9 × 9

�21�34$�56#%+,#
13.82 × 9.22 24.58 × 24.58 36.67 × 36.67 36.86 × 36.86


879�.:<;
95.0′ × 63.3′ 169′ × 169′ 252′ × 252′ 253′ × 253′

= 79�.:?>,��@�; �.:<A.���(B�C"DFE�G ��:<�����HB�C"DFE�G >�:<��;��HB�C"D�E�G ��:IA����(B�C"DFE�G

87J��:K�

47.5′ × 31.7′ 84.5′ × 84.5′ 126′ × 126′ 127′ × 127′

= 79�.:<@�����@���; ��:K��;��(B�C"DFE�G >�:<��;��HB�C"DFE�G @�:?>�A�;0B�C"D�E�G ��:<��;��(B�C"DFE�G

87J��:<;

31.7′ × 21.1′ 56.3′ × 56.3′ 84.0′ × 84.0′ 84.5′ × 84.5′

= 79�.:L����A�;.� ��:K@����(B�C"DFE�G ��:<�����HB�C"DFE�G ��:<��;��HB�C"D�E�G ��:<@����(B�C"DFE�G

87M@�:K�

23.8′ × 15.8′ 42.2′ × 42.2′ 63.0′ × 63.0′ 63.5′ × 63.5′

= 79�.:L�����.��� ��:K��@��(B�C"DFE�G @�:?>�A�;0B�C"DFE�G ��:<@����0B�C"D�E�G �.:<��@��(B�C"DFE�G

87M��:K�

15.8′ × 10.6′ 28.2′ × 28.2′ 42.0′ × 42.0′ 42.2′ × 42.2′

= 79�.:K������A�;�; ��:K�����(B�C"DFE�G ��:<��;��HB�C"DFE�G �.:<��@�;0B�C"D�E�G �.:<�.���(B�C"DFE�G

87M;�:K�

9.50′ × 6.33′ 16.9′ × 16.9′ 25.2′ × 25.2′ 25.3′ × 25.3′

= 79�.:K��>,��@�; ��:K�FA��NB�C"DFE�G �.:<�����HB�C"DFE�G �.:?>F��;0B�C"D�E�G �.:<��A��NB�C"DFE�G

87J���.:K�

4.75′ × 3.17′ 8.45′ × 8.45′ 12.6′ × 12.6′ 12.7′ × 12.7′

= 79�.:K��@�����@�� ��:O�"���(B�C"DFE�G �.:?>F��;0B�C"DFE�G �.:<@P>�A(B�C"D�E�G �.:L�����(B�C"DFE�G

ô Õ �Wr � }���o	m	�;�I�l�8w	o;}he�z	�P�º��gl´³�ÃzXgl|	��o;v�k	m	|	mÉ�l�l}���ehv�o;}��½njm;nj��g � ��v½s8zX}�r
ÂÍi�glk	m��ÐmÁw	o;v Å m�sÐk;g½vh~½s0v½iXm � ��sÈ|Qv � w;v�k;glk	�=a
êÉg=zXg½nj|Qv�wÁi;z	�Îo;g½y�glk	m��Áv�w	o;gji�g=zXglk	k;��sÎ}hnj��o;v � gl��o	m Å g½nj|	m�sÁ�l}�i�} Å

i�v�z	Â�glkÍn=vhv���ehgl��nj��ehvheh}����I�j��m � �l}�i�} Å } � ��m�z;mÉ��k;}hvh~hv�o;v��=���l}�i�} Å mÛeh�fr
~�m	o;}h�¼��n��Ûn4� Å gl��v � ehv�� � v½ÂÄk;vhnj��gl´�i�}�k	k;vhtjv¹��g=zXg½nj|Qv�w;}¹m²ô Õ �2��a8ô¹}�r
o;} � gl��o;� ��g=zXg½nj|Qv�w;vheã�-iXm;} � gl��oãvh~�óÉgl|	��m;eh}��óè³v�|	�0njk;vhg²o;}hn=nj��v±�Qk	m;g��
mçô Õ � ��o;}�� � glouw	m	|Qn=g=zXgl´É�¨o;}�� � gloçô Õ �2�{v�w	o;gji�g=z	�P�¼�Ëo;}��=o;g½y�}h�4r
�·�Q�énjw;vhn=vh~�k;vhnj���³ô Õ �Wr6m	k;nj��o	� � glk	��vhe��hw	o;v�k	m	�;}h�º�·�Q�Ünjw;vhn=vh~�k;vhnj���
��w	o;gji�g=zX��k	�Q�Ô�lehgl�ÃiXk	�Q�Þehg=z;m Å m	k	�Û�l}·e�o;g � �²�j|Qnjw;v��=m	�	m	mA����w;v���glk	�	mPr
}�zX��k	�Q�Þ��v Å k;vhnj���Ív�w	o;gji�g=zXglk	m��È|Qvhv�o.iXm	k	}��{vh~�óÉgl|	��vhe����QtNzXvhehvhgIw;v�zXg
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�=o;glk	m��Ð��g=zXg½nj|Pv�w;}�a
ô³o	m � glo;�ã��vhtjv���|Q}�|	m � m·ehv�� � v±ÂÄk;vhnj�j� � m·vh~�zX}�i�}h�¼��k;}�m;~hv�zXg½g§o;}hn�r

w	o;vhnj��o;}�k;glk	k;�2g³n=vhe�o;g � glk	k;�2g³ô Õ �ée�n=v Å gl�½}�k	m	m¾n�o;}��jz;m Å k;� � mÁeh}�r
o	m;}�k	�l} � mø��g=zXg½nj|Qv�w;vhe���w	o	m;ehgji�glk;� e��l}h~�zða�b±qPacbhaYL�tNzXvhehv�´øo;}�� � glo
w;v�z	�é�=o;glk	m��Ôv�w	o;gji�g=z	�Pgl��n��Ýè³v�|	�hnjk;� � o	}hn=nj��v±�Qk	m;g � ��g=zXg½nj|Qv�w;}um
z;m	k;gl´	k;� � mâo;}�� � glo;} � mxô Õ �¼�Éo;}��=o;g½y�}h�º��}��Ìnjw;vhn=vh~�k;vhnj���Áv�w	o;gji�gjr
z	�Pgl��n��Ì�Qt�zXvheh� � mpo;}�� � glo;} � mpw	m	|Qn=g=z	�Aaðêðv Å k	vhnj���Çv�w	o;gji�g=zXglk	m��Î|Pv�r
v�o0iXm	k;}��Í�lehgl�ÃiÊw;vÈô Õ �Wr#njk	m � |Q} � n=vhnj�l}he�z	�Pgl�Ûw	o	m � glo	k;vÈqPa qPb¹ÑÁqPa q0ö
w	m	|Qn=g=z	�A�ð�=a�ghaÉ�½}�|�Â�gÛv�w	o;gji�g=z	�Pgl��n��Ê�Qt�zXvheh� � mâo;}�� � glo;} � mâw	m	|Qn=g=z	�Aa
d �l}h~�z;m	�;g�w;v�|Q}��l}�k;� �QtNzXvheh�2g�o;}�� � glo;� w;v�z	�Ý�=o;glk	m��Ýmí�QtNzXvheh�2g
o;}�� � glo;�»w	m	|Pn=g=zXgl´Ío;}��jz;m Å k;��s�eh}�o	m;}�k	��vheIô Õ �Wr6��g=zXg½nj|Qv�w;vhe�a ù �2k;g0}
e�mPiXk;v�� Å ��vÛ�Qehg=z;m Å glk	m;gÆè³v�|	�hnjk;vhtjvÄo;}hnjnj��v±�Qk	m��Á��g=zXg½nj|Qv�w;}Äe N o;}��
w	o	m;ehvliXm	�4|��±z	� Å y�glk	m;�Üe

N
o;}��fo;}��=o;g½y�}h�º��gl´·njw;vhn=vh~�k;vhnj��m�m���v Å r

k;vhnj��mâv�w	o;gji�g=zXglk	m��Ë|Qvhv�o0iXm	k;}��²vh~�óÉgl|	��vhe���k;vÇe
N2 o;}��·� � glk;�hy�}hgl�

w;v�zXgÁ�=o;glk	m��um	k;nj��o	� � glk	�l}�mÉ�ÙnÃzXgji�vheh}���g=zX��k;v��Tg½tjvxw	o;v�m	�=ehv½iXm	��g=zX��r
k;vhnj����a
s v�zX�hy·m	k;nj��ehv¡o;}h~hv��unj���li�glk	��vhe�r#}hnj��o;v�k;v � vheø�fô¹~h�4L eÜô³�½z;|Pvhe�r

nj|Qv�´âvh~hn=glo;eh}���v�o	m	mpw	o;v�m	�lehvliXm�zXvhn=�Ðk;}²i�ehv�´	k;v � |Qv�o;v���|Qvhè³v�|	�hnjk;v �
}hnj��o;vhtÃo;}hè³gÌ�
¸ºï�ñÍ��aSJ§��v��Ðm	k;nj��o	� � glk	�¾~h��zãnj|Pv�k;nj��o	�8m	o;vheh}�k�m�m	�Ãr
tjv���vhe�zXglkpe#��q�r#g�tjvli��íi;z	�Ìè³v���vhtÃo;}hèIm Å g½nj|	m�sËk;}h~�zX�fi�glk	m	´Ìw;glo;eh��s
m;nj|	�hn=nj��ehglk	k;��sÁnjw	�8��k	m	|Qvhe Õ g � z;mÁmÁw	o;gji�nj�l}he�z	�Pgl��n=vh~hv�´Ði�eh}ÍmPi�glkPr
��m Å k;��s Å gl��o;�Òo;g=s8z;m	k	�lvheh��sxo;g½èIo;}�|	��v�o;}ËnÍiXm;} � gl��o;} � m¡b±qhq �T� m
è³v�|	�hnjk;� � mÝo;}hn=nj��v±�Qk	m�� � mÁ�8b±q �T� k;}»vh~h��gl´ � v�k	��m	o;vhe�|Qgha2êÉg=zXgjr
nj|Qv�w;� vh~hg½njw;g Å m;eh}h�¼��eh�2n=v�|QvhgÊ|Q} Å g½nj��ehv�m	�lvh~�o;}�ÂÍglk	m	´¡i;z	�év Å glk;�
~hv�zX�hy�vhtjv·w;v�z	�²ÑÄw	o	m � glo	k;v %{s#%ÍtÃo;}�iX�hn=vhe�a
d b±`h`0öãtjv½iX�¡k;}çvliXk;v � m	���j��m�sø��g=zXg½nj|Qv�w;vheu~h�Òz;}u�hnj�l}�k;vhe�zXglk;}

v���g Å g½nj��ehglk	k;}���ô Õ �Wr6|P} � glo;}��hm	�ltjv���vhe�zXglk	k;}���e ù k;nj��m	���8��gÚ|Pvhn � m Å gjr
nj|	m�s�m;n=nÃzXgji�vheh}�k	m	´¹¿:¸º��n¨m;njw;v�zX���lvheh}�k	m;g � ô Õ �Ùr � }���o	m��;� `  @R³qPb��
+Æ�
n=v��Ãi�}�k	k;v�´ËeÛzXglk	m�k;tÃo;}�i�nj|Pv � �¹ô{¶ ÷0JÙzXgl|	��o;v�kÂ÷�a�ï¹} � glo;}Û~h��zX}Ûo;}�r
~hv Å m � �j|	�=g � w�z	�Qo;v � |Pvhn � m Å g½nj|QvhtjvÐw	o;vhgl|	�l}m÷j¿Àg½t�}��½}�r#¸ºnj��o;v¦÷�� ù ï ù
¿:¸º�ämÎ�.¸¼¶å¿:¸º�{���;e¾b±`h`hq·tjvliX�Èv�k;}�m;njw;v�zX���lvheh}�zX}hn=��k;}Ûï³m;n�zXvhehv½i	r
nj|Qv�´»tjv�o	k;v�´�nj�½}�k	�	m	m»�.¸¼¶ ¿:¸º� i;z	���j|Pnjw;glo	m � glk	�l}�zX��k;��s�k;}h~�zX�4r
i�glk	m	´È�lehgl�Ãi¾mÈ��g=zÎ�fv�z;k;g Å k;v�´Ðnjm;nj��g � �æ�
e�|�zX� Å }��Ð�fv�z;k	�;g���a�dÔb±`h`0ö
tjvliX��eÌn=e��Q�=mun²w	o;gl|	o;}h��glk	m;g � o;}h~hv��¾w;vËw	o;vhgl|	���É÷j¿¨g½t�}��l}�r#¸ºnj��o;v¦÷
|Q} � glo;}Ð~h��zX}Èw;glo;gji�}�k;}ÐeÇô³�½z;|Pvhe�|	�Q� vh~hn=glo;eh}���v�o	m;�æi;z	�Ìv���o;}h~hv��½r
|	m � gl��vliXm	|Ì}hnÃ��o	v � gl��o	m Å g½nj|	m�sÁmÌè³v���v � gl��o	m Å g½nj|	m�s¾m;n=nÃzXgji�vheh}�k	m	´
n¹ô Õ �¼aX¿¨}�� � glo � }���o	m	�;�íeÍw	m	|Qn=g=z	�8sÇÑ^�hö�q·s¤���hqP�;o;}�� � gloÁw	m	|Qn=g=z	�
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¿Wm;n�aÍb±qPa"�B��ñ{ehv�´	k;v�´�|Pv�o;v���|Qvhè³v�|	�hnjk;�Ò´Ä}hnj��o;vhtÃo;}hè �
¸ºï�ñÍ��n§i�v�w;v�z�r
k	m	��g=zX��k;� � ��g=zXg½nj|Pv�w;v � i;z	�Ðk;}h~�zX��i�glk	m	´ ù � Õ a

ÑébO�âs¡ö
� � | � aÙô¹v�zXgË�=o;glk	m���¸ºï�ñ nË�j��v�´ � }���o	m	�;gl´Ün=vhnj�l}he�z	�8zXv�V�Ìsn%V�Ì�QtNzXvheh��s � m	k	�8�=� Å ��vxw;v��lehv�z	�8zXvâw	o;v�m	�lehvliXm	���ÊiXm;è³è³glo;glkPr
�	m;}�zX��k;�2gÛk;}h~�zX�fi�glk	m��Ê|Q}�|�}hnj��o;v � gl��o	m Å g½nj|	m;gh�ó�l}�|�m�è³v���v � gl��o	mPr
Å g½nj|	m;gh�Pnj��o;vhtjvÓw	o	m;e��Q�l�2eh}��Äm�sÛ|Ðeh�2n=v�|Pv���v Å k;� � v�w;v�o	k;� � �lehgl�Ãi�} �
e¾��v�´ÊÂÍgÍw�zXvh��}�iX|Qgh�Éeh�Òw;v�z;k��Q���¾o;}��jz;m Å k;�2gÛm;n=nÃzXgji�vheh}�k	m��ÊnÍ�j��m �
m	k;nj��o	� � glk	��v � a
déb±`h`V�ºtjv½iX�·¸ºnj��o;v�k;v � m Å g½nj|	m � m	k;nj��m	���8��v � �fô¹~h�4LÝ~h��zX}I�l}�|	�8wPr

zXglk;}ºk;vheh}��{ô Õ �Wr6|Q} � glo;}¹ ��¨r��¼w	o;v�m	�lehvli�nj��eh}I} � glo	m	|Q}�k;nj|Pv�´�èIm	o � �
 Q¦h¬0«�¦ ½ ¦ - ¥;¦ - ¦ ` ¬	©�« - 6;°Í¯½¬0«À� - £�6 , �6  ½¥` �¹�ÏnTô Õ � � }���o	m	�;gl´ ¿ + � bO%hqhq
èIm	o � � ¿ £7P	¦�Z�aËJ§��v�w;v��lehv�z;m�zXv�nj�Q��g½nÃ��ehglk�k;v��±z;� Å y·m	����|P} Å g½nj��ehv
k;}h~�zX�fi�glk	m	´ímÞo;}hn=y·m	o	m	���Üehv�� � v½ÂÄk;vhnj��mím	k;nj��o	� � glk	�l}�aºÖ�}���o	m	�;}
o;}�� � glo;v � b±q0ö�qÌséb����hqpw	m	|Qn=g=zXgl´�n¾o;}�� � glo;v � w	m	|Qn=g=z	�ç`psu` � | �
vh~hg½njw;g Å m;eh}hgl�Áw	o	m � glo	k	vÌ�½}�|QvhgÈÂÍgÈw;v�zXgÐ�=o;glk	m��ø�]���Ës£%�%Î�Qt�zXvheh��s
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� m	k	�8�h����|Q}�|�mÍw	o;gji��fiX�Q��}��Æ|Q} � glo;}���k;vIn�o;}��=o	g½y�glk	m;g � e¹ö±r�öQar�4o;}��l}
z;� Å y�g·�?öQa&%�÷0)�w	m	|Qn=g=zX�8��� Å ��vÆeh}�ÂÄk;v¹w	o	m²k;}h~�zX�fi�glk	m��8sÛn4|Pv�o;v���|Qvhè³v�r
|	�hnjk;� � mÈ��g=zXg½nj|Qv�w;} � mÉa0ñÓz	�Û�j��vhtjvÓm	k;nj��o	� � glk	�½}Ð����g=zXg½nj|Qv�w#»åô Õ �2�
w;v�z;k;}��Äy·m	o	m	k;}·èI�8k	|	�	m	mÐo;}hn=n=g=�Qk	m��²��v Å |	mÐk;}Æw;v�zXvhe�m	k;g � }�|Pnjm � �0r
� }»� � �WÇd¹��³o;}he�k;}ãbhar�Îw	m	|Pn=g=z	��epèIm�zX����o;}�s ½ � ± m�öQar�Îw	m	|Qn=g=z	�
i;z	�ÄèIm�zX����o;} [ a Õ k;} Å m	��g=zX��k;vÓz;� Å y�g½gº|Q} Å g½nj��ehv � }���o	m	�;�I�P}Ó�½}�|�Â�g
k;}�z;m Å m;g � g=s0}�k	m Å g½nj|Pvhtjv��=}���ehv�o	}ãw;v��lehv�z	�Pgl�xw	v�z;� Å }����ã|Q} Å g½nj��ehglkPr
k;�2gÚnjk	m � |	m�i�}�Â�g4n2|Qv�o;v���|	m � mÄ�j|Qnjw;v��=m	�	m�� � mÉaQdfnj��o;vhglk	k;}������8o;g=zX�
nºè³v���v � gl��o	m Å g½nj|	m � mÇèIm�zX�±��o;} � mÇvh~hg½njw;g Å m;eh}hgl�¹ehv�� � v±ÂÄk;vhnj���Æw;v�z�r
k;v��;glk	k;��suè³v���v � gl��o	m Å g½nj|	m�sum;n=nÃzXgji�vheh}�k�m	´Éa§�¹}�z;m Å m;gÎk;}xm	k;nj��o	�0r
� glk	��gÚvh~�óÉgl|	��m;e�k;v�´Ûw	o	m	� � �¡w;v��=ehv�z	�Pgl�Iw;v�z;� Å }����Ónjk	m � |	m²njw;gl|	��o;vhe
i�vhnj�l}���v Å k;v��Qo	|	m�sÇ�lehgl�Ãióa

ë�ìVí��Víúù ¨ ü=û�¡!�
	�	;û�ü��·þö; <�¡�û!��ªÜüûD�îÔïf«#þ.G±û�¡�; <RQÅ�
	;þB?Qýºþ
¶2�	m;èIo;vhe�|P}�m	�lvh~�o;}�Â�glk	m	´Éa
ô³o;g½vh~�o;}��lvheh}�k	m;gÆ�l}�o.�.i�vheh��sÎw;}�|Pgl��vhe²e²|P}�ÂÍi�v � w	m	|Qn=g=zXg�e²k;gl|Qv�r

��v�o;vhg Å m;nÃzXv��§w	o;v�w;v�o	��m;v�k;}�zX��k;vhgÎ�=k;} Å glk	m;� �j��vhtjv��l}�o.�.i�vhehvhtjv�w;}�r
|Qgl�l}��Tw	o	m	�lehvliXm	��n��A�Ù|Q}�|ç�.Â�gÎ~h��zXvxnj|Q}��l}�k;v��Wn¾w	v � vh���h� }�k;}�zXvhtjv�r
�	m;èIo;vhehvhtjvËw	o;g½vh~�o;}��lvheh}���g=z	�Ü�]+jR$'2��a¨�¹gÇe�i�}heh}��Pn=�pep��g=sQk	m Å g½nj|	m;g
i�gl�l}�z;mç�j��vhtjvÊw	o;v��;g½n=n=}��¨o;}hn=n � v���o	m � ��gÁ}hnÃw;gl|	���I�¨|Pv���v�o;�2gÇm � g½�¼�
�=k;} Å glk	m;gIi;z	�Èi�}�zX��k;gl´;y�gl´Á}hnj��o;v � gl��o	m Å g½nj|Pv�´ÁmÎè³v���v � gl��o	m Å g½nj|Pv�´
vh~�o;}h~hv���|	mÉa¼df}�ÂÄk;v�v�� � gl��m	���çz;m	k;gl´	k;vhnj���¡�j��vhtjv�w	o;g½vh~�o	}��lvheh}�k	m��A�
o;}he�k;vÓ|P}�|Èm²z;m	k;gl´	k;vhnj���Æw	o;v��;g½n=n=}{k;}�|Qv�w�zXglk	m��Û�l}�o8�.i�vhe�a�df��s0vliXk;vhg
k;}�w	o.�8Â�glk	m;gh�¨w	o;v�w;v�o	�	m;v�k;}�zX��k;vhg¾�=k;} Å glk	m;� �l}�o.�.i�vheh��s»w;}�|Qgl��vheÊm
w	o;g½vh~�o;}��=�hg � vhg¹e Å m;nÃzXvhehv�´Á|Qv½ið� � v±Â�gl�·~h�Ò���Ím	� � glk	glk;vÛ�l}Ûn Å gl�·m;n�r
w;v�zX���lvheh}�k	m��Èo;}��=k;��sÇ|Qvh�=è³èIm	�	m;glk	��vheÍ�0njm�zXglk	mP�Áeh��s0vliXk;vhtjv��8�jzX}�a
ñÓz	�²~hv�zX�hy·m	k;nj��eh}Æ�l}�i�} Å v�w	��m � }�zX��k;� � �Pe�z	�Pgl��n��Èeh}�o	m;}�k	�=�8|Pvht�i�}

� }�|Qnjm � }�zX��k;vÌehv�� � v½ÂÄk;v � � Å m;nÃz;�¡�
v�w	o;gji�g=z	�Pg � v � �xo;}��jo8�.iXk;vhnj���h�
w	o;v��;g½n=n=v�o;}8�Tn=vhv���ehgl��nj��e��hgl� � }�|Qnjm � }�zX��k;vÆehv�� � v½ÂÄk;}��Ûehg=z;m Å m	k;}Ó�l}�r
o.�.i�vhehvhtjvÒw;}�|Pgl�l}Ó�]Ï26	¢¤¢ ¢f¯½¢¤¢ /=¦ , ¦�/=ªU«!®	��a��¹}�w	o	m � gloÉ� � }�|Qnjm � }�zX��k;vhg Å m;n�r
zXvÓi;z	�ÌbO%�r6o;}��=o.�.iXk;vhtjv{w	o;v��;g½n=n=v�o;}¾��k;}�m;~hv�zXg½g Å }hnj��v·m;njw;v�zX���j�0g � vhtjv
eÆn=vhe�o;g � glk	k;��sÄ}hnj��o;v�k;v � m Å g½nj|	mPs²ô Õ �2��Ñ�% ����� �Qa8áÀnÃz;m � }�|Qnjm � }�zX��r
k;vhgÓ�=k;} Å glk	m;gÓ�l}�o.�.i�vhehvhtjvÛw;}�|Qgl�½}�§ b���qÛqhqhqÛ¯h�X��vÛ|Q}�ÂÍi�v�´ËgjiXm	k	m	�	g
}�k;}�zXvhtjv�r6�	m;èIo;vhehvhtÃvÁw	o;g½vh~�o;}��lvheh}���g=z	�ç�]+jR ¼ ÑÊ¦h¬	¦h¢¤£h­�r°P	ª¤­hªU«�¦h¢Ã6	¬	ªU«Ã�
n=vhv���ehgl��nj��e��hgl�·�jk;} Å glk	m;gÛb���qhqhqhq�)�% ����� ���äöQa÷ö�`�¯!)!+jR ¼
�¹}�i�v²m � gl���ÈeÈe�mPiX��� Å ��vÈeh~�z;m	�=mÌk;}hn=�2��glk	m��Îw	m	|Qn=g=zXgl´Ìk;} Å m	k;}hgl�
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ehn=gÆÂ�g{w	o;v½�Pe�z	�Q���hn��Ëk;g=z;m	k;gl´	k;vhnj���²w	o	m;~hv�o;}���|Qv���v�o	�Q�äk;g½vh~½s0v½iXm � v
m;n=nÃzXgji�vheh}����ÄmË� Å m	���2eh}����Ûi;z	�Ávh~hg½njw;g Å glk	m��Îeh�2n=v�|Qv�´Ë��v Å k;vhnj��mËm	�Ãr
� glo;glk	m	´Éa
ï¹vh�=è³èIm	�	m	glk	�����hnjm�zXglk	m��{i�v�z	ÂÄk;�ç~h�Ò���³n=vht�zX}hn=vheh}�k;�çn2y·� � } � m

ô Õ �¼�Àe Å }hnj��k;vhnj��mÉ�ÀnÈy·� � v � n Å m	���2eh}�k	m��A��|Pv���v�o;�Ò´ãw;v±�Pe�z	�Pgl��n��ãe
w	o;v��;g½n=n=gÎv��	m;èIo;vhe�|	m�njm;tÃk;}�zX}ç���l}�o8�.iXvhehvhtjvâw;}�|Qgl�l}8��af¶4~h� Å k;vÊ�=k;}�r
Å glk	m;gÆy·� � }Û�8|P}��l�2eh}hgl��n��ÎeÄe�mPi�g Å m;nÃzX}²�ÃzXgl|	��o;v�k;vhe��Xm;nj|Q}�Â�}h�º�·m�s
njm;tÃk;}�z¾eÆw	o;v��;g½n=n=gIn Å m	���2eh}�k	m��Aa	dçs0v�o;vhy·m�s²ô Õ �¡v�k;v{n=vhnj�½}he�z	�Pgl���
rÚb±q�¯ha
¶2��k;vhy�glk	m;g � }�|Qnjm � }�zX��k;vhtjvã�=k;} Å glk	m��Ü�l}�o.�.i�vhehvhtjv�w;}�|Qgl�l}

M
|

y·� � �ºn Å m	���2eh}�k	m�� N s0}�o;}�|	��glo	m	�=�hgl�§iXm�k;} � m Å g½nj|	m	´IiXm;}�w;}��lv�k¹ô Õ �¼�
ehv�� � v½ÂÄk;vhnj���ºv½iXk;vhe�o;g � glk	k	vhtjvÚk;}h~�zX��i�glk	m��³�Qo	|	m�sÆm�nÃzX}h~h��sÆvh~�óÉgl|Pr
��vhe�a d }hnj��o;v�k;v � m	m�w	o	m	k��Q��vÎm	� � glo8�Q���¾iXm	k;} � m Å g½nj|	m	´xiXm;}�w;}��lv�kãe
�lehgl�ÃiXk;��sÛehg=z;m Å m	k;}�sAa ù � � glk;glk	m;gÚ~�zXg½nj|P}¹eÛb±qhqIo;}��Ún=vhv���ehgl��nj��e��0gl�d�
�lehgl�ÃiXk;� � ehg=z;m Å m	k;} � �0}IiXm;}�w;}��lv�k M/N = 100000 e/10 e = 10 000n=vhv���ehgl��nj��e��hgl�Ðb±q·�lehgl�ÃiXk;� � ehg=z;m Å m	k;} � a
�Â` �� 0r#è³v�o � }��Æ�l}�w	m;njmÎm	�lvh~�o;}�Â�glk	m	´Éa
ô¹vhnÃzXgÇv��	m;èIo;vhe�|	m»njk	m � |Q}pw;vhnÃzXgji�vheh}���g=zX��k;vhnj��� Å m;n=g=zð�Àn=vhv���ehgl�½r

nj��e��Q�º�·m�sÐnjm;tÃk;}�zX} � e·w	m	|Qn=g=z	�8sA�;�l}�w�m;n=�2eh}hgl��n��Ðe�w	} � �Q����|Qv � w;�h�4r
��glo;}{m�z;mÐk;}{k;vhnjm	��g=zX�{m	k;è³v�o � }��	m	mÇe{v�w	o;gji�g=zXglk	k;v � è³v�o � }���gha;�fv�r
tNzX}hy�glk	m;gTv2è³v�o � }���gT�l}�w	m;njmIi�}�k;��s � ¢¤¯��PªR¥;¢¤¯ ` °Í¦h­h¯�� - ¦h¬	© , £ - «À 8®Q©�«�¯±°
~h��zXvÚw	o	m	k��Q��vºÖ�g=ÂÍiX�8k;}�o;vliXk;� � }hnj��o;v�k;v � m Å g½nj|	m � n=vh�¼�lv � i;z	�Óvh~�r
zXg½t Å glk	m��Íw	o;v��;gjiX�8oÈvh~ � glk;}Ii�}�k	k;� � m²m²m;njw;v�zX���lvheh}�k	m��Ío;}��jz;m Å k;��s
i�}�k	k;��sA�.w;v�z;� Å glk	k	�Òs�k;}³o;}��=k;��sÍm	k;nj��o	� � glk	�l}�sÛe³o;}��=k;��sÛvh~�zX}hnj�j�8s
}hnj��o;v�k;v � m	mÉa	¿¨}��=o;}h~hv���|Q}��j��vhtjvÍè³v�o � }��½}�~h��zX}�k;} Å }��l}ÍeÇb±`V��`·tjvliX���
}³e·b±`��0ö¼k;}³�.glk;glo;}�zX��k;v�´Í}hn=n=} � ~�zXg½g2Ö�¸¼��~h��z;mÍw	o	m	kP�Q���çvhnjk;vhe�k;�2g
n=vhtNzX}hy�glk	m��Ðw;v�k;g � ��a�Â` �� 0r#è³v�o � }��Iw	o;gjiXw	v�zX}ht�}hgl�Iv�w	o;gji�g=zXglk	k;�2gÚw	o;}he�m�zX}¹�l}�w	m;njmÄi�}�kPr
k;��sA�A|Qv���v�o;� � vh~½�Q�l}���g=zX��k;vÛi�v�z�Â²k	v²w	o;gji�y�g½nj��ehvheh}����Äm�sÎv�w	m;n=}�k	m;g
���l}�|âk;}��l�2eh}hg � �Ò´Ê�l}htjv�zXvhehv�| �Â` �� 0r#è³}�´�zX}8�¼n·m;njw;v�zX���lvheh}�k	m;g � njw;gjr
�	m;}�zX��k;vÓo;}��=o;}h~hv��l}�k	k;vhtjv³�Q�l�Ò|Q}�a ù �=k;} Å }�zX��k;vÆè³v�o � }��ºi�}�k�k;��sÄ~h��z
v�o	m;glk	��m	o;vheh}�kÈk;}Æ�l}�w	m;njmÐk;} � }htÃk	m	��k;��sÍzXglk	�½}�sA�Pv���n=�fi�}Æk;g½nj|Pv�zX��|Qv
njw;gl�	m;èIm Å g½nj|	m�s���o;g½~hvheh}�k	m	´É�Ùe Å }hnj��k;vhnj��mÉ�§�l}htjv�zXvhehv�|ui�v�z	Â�glkÜn=v�r
i�glo.ÂÍ}����Ç�;g=zXvhg Å m;nÃzXvÁ�l}�w	m;n=gl´âi;z	m	k;v�´�ö����hqÇ~h}�´	�Ê�õ��%¾nj��o;v�|�w;v¤�hq
~h}�´	�h���	w;vhnÃzXg Å g½tjv�mPiX�8�·�l}�w	m;njmÇi�}�k	k;��sAa
Õ }htjv�zXvhehv�| �Â` �� 0r#è³}�´�zX}³w	o;gji�nj�½}he�z	�Pgl�In=vh~hv�´ÄvliXk	�·m�z;mÛk;g½nj|Pv�zX��|Qv
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�l}�w	m;n=gl´²i;z;m	k;v�´#��%Ænj��o;v�|Çe�+³ .' `©` |Pvli�ghaPï¹}�ÂÍi�}��ö�hq�r#~h}�´	��k;}��Änj��o;v�r
|Q}»n=vli�glo8ÂÄm	��|�zX� Å g½ehvhgÊnÃzXvhehvÝ�õ��~h}�´	�=�Òe�|�zX� Å }��¡w	o;vh~hg=zX�¼���f�=k;}�|
o;}hehglk;nj��eh}·eÍ`�r6´Çw;v��=m	�	m	mÉ��w	o;vh~hg=zÁeÐb±q�r6´É�8i�}�zXg½gºÑÛ�=k;} Å glk	m;gI|�zX� Å gjr
ehvhtjvÐnÃzXvheh}ÈmÊ|Pv �T� glk	�½}�o	m	´É�Ïv��ji�g=zXglk	k;�Ò´Êv��Ä|�zX� Å g½ehvhtjvÐnÃzXvheh}ÐnÃzXgjr
y�g � �ê)h��að�¹}h~hv�ox|�zX� Å g½eh��spnÃzXvhe��ðo;}he�k;vÇ|P}�|âm�è³v�o � }���vheÐi�}�k	k;��sA�
w;vhnj��v½�Qk	k;vÍi�v�w;v�z;k��Pgl��n��ÁmÎo;}hn=y·m	o.�Pgl��n��AaAÖxm	k	m � }�zX��k;�Ò´Îk;}h~hv�oÎm�kPr
è³v�o � }��	m	m�i;z	��v�w	m;n=}�k	m�� �Â` �� 0r#è³v�o � }��½}pô Õ �Wr#njk	m � |Pvhepn=vli�glo.ÂÄm	�%·w;}�o;} � gl��o;vheÁ�
nj��o;v�|É�;|�zX� Å g½eh��sÐnÃzXvhe8���
SRT�U4V,W.XZY []\ ^`_�a�b]c�d]c�e�fhgHd�f]_jiRc�b�b�klema4c�n�olp�c�b�krqMstT"[6S]^�ul_�vFwlc�f6eyx
z T"[,VtT"{|Y~}��,\ ^�d�olpP�R_|��o�f]_�q|qM�]c��,iR_�wMa�b]c�d]e�b�o�oZiRc�b�b�k4�
�.� {	T�S Y �,\ ^�v]c�a�wle�v�b]_4pPf6��wlc4p�p�o.qRc���o4a4_���v]cP�le�b.o.�	�
�.� {	T�Sl}�YM�,�.�,�,\ ^��]_��,o�d]e,p�f.qR_�n�o��lp�e��Re��`q�p�f]_��R���]e�iRc�b�b�k4����p�b�o�w,�]c6�
�.� {	T�S��mY����F�4�4\ ^��]_��,o�d]e,p�f.qR_�n�o��lp�e��Re��`q�p�f�v]_��]e�iRc�b�b�k4����p�b�o�w4�]c6�
X �.� _�a�b]c�d]c�e�fZ�]_�b]e��|o�b�ul_�v�wlc�f.o.q,bFk4��p�f�v]_��9slT"[6S]^�a4c.�,_��]_�q,�6c

��b]_mb6e`�]_�b]e��9a4c�n�olp�o`i��,o�b]_��9�,��p�f�v]_��hg�b]e�iR_4p�f]c� .¡4o]erp�f�v]_���o
a4c�n]_��,b.�. 4flp"�rn�v]_���e��RcPw4ot� x

ñ{vÐnj��o;v�|	m cSU R ehnj�l}he�z	�Pgl��n��Ëw	o;v�m	�lehv�zX��k;vhg Å m;nÃzXvÇnj��o;v�|ç�
eÈ��v �
Å m;nÃzXg2nj��o;v�|	mÛn�|Qv �T� glk	�½}�o	m�� � m ' ³ ¹m¹ cSU �����hn=vli�glo.ÂÍ}h�·m;g§i�v�w;v�z�r
k	m	��g=zX��k	�Q�òm	k;è³v�o � }��	m;�òv·i�}�k	k;��sA�;k;}�w	o	m � gloÉ�;k;}��leh}�k�m;gÓvh~hn=glo;eh}�r
��v�o	m	mÉ�Xm	k;nj��o	� � glk	�l}��Aô Õ �Wr6|Q} � glo;�I�;w;}�o;} � gl��o;�å��g=zXg½nj|Qv�w;}ÄmÎ|Q} � gjr
o;�I��iX}����Ümåe�o;g � �ék;}h~�zX�fi�glk	m��A�2|Qvhv�o0iXm	k;}���� vh~hn=glo;eh}���v�o	m	mÉ�Òm � �
k;}h~�zX�fi�}���g=z	�A�	�hnÃzXvhe�m��Çk;}h~�zX�fi�glk	m��Aa
ô³o	m � gloÁ�l}�|Qvhtjv �Â` �� 0r6�l}htjv�zXvhe�|Q}Íw	o	m;ehgji�glk¾k	m�Â�g��

SRT�U4V,W.X Y [¢\
z T"[,VtT"{ Y }��9\
�.� {	T�S Y �M\
�.� {	T�Sl} Y }�£.�,�9\
�.� {	T�S�� Y }������9\
¤ zR¥ X,¦�[ Y¨§�V6©�ª6«.©6¬ § \
[,X,W.X4S.¦,¤FV�Y­§ ��®�� §
T � SF[�¯�°,U,X�Y­§±S z TP²MSF[t^��³§
¤ z S�X.¯.´4X�¯,Y­§�T xµShxH².¶R«.©�·6¸%§
��� [,Xl^�¤ z S�Y­§±�����F�t^��F�t^�����[6�R}/¹º}P�h¹µ£R}/xµ�.���»§¼\`²�U,[�SF[ � ¯�[M¤�srX.{,V4¤�S�°4¯,X
z,½ X.¯6¤ Yr¾,�¿xµ�.�,�.�,�����.�����.����X.¾4������\
z S.¦ � W.X Yr¾	}/xµ�������������.�����.����X.¾4���.�r\
X.{,V.[	T�U4XZYr¾	}/xµ�������������.�����.����X.¾4���.�r\`X.{,V4¤�S�°4¯,X¢T � S�X,¦,¤ �.� S
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¦�¦ � ^P[,X�U4V.Y¢^�£hxµ�.�,�����.�����.�����.��X�¾,�����|\Z¦�¦ � [,X�U4VJT �|� X�².¯,X�X4SZ¦
{,VtT"{6S ½ Yr¾4Àhxµ���������.�����.�����.��X�¾,�����|\`VtT"{,X,WjÁÂT � [�Ã�T � U	T�¦�¯6¤ � S
Ä VtT"{6S ½ Yr¾4Àhxµ���������.�����.�����.��X�¾,�����|\`VtT"{,X,W`Ã,XtTP².Ã�[�T � UÅT�¦�¯6¤ � S
{ z T ��� T � ².Y }j\mÃ6¤F¯	T ½ ¤ � [ � W z T ��� T � ²Zs � ¦�[6¤F¯
Ä4z T ��� T � ².Y }j\j´4X.¯�[	T�¦ � W z T ��� T � ²|s � ¦�[6¤F¯
X�² � T � Yr¾4�hxÆ�,�������.�����.�����.��X�¾,�����|\`X,W.X,¦�[�¯6¤ � SmV�X.¯ ��� °
s4¤.¦ � W�W.X � Y|¾,�¿xº}�}������.�����.�����.��X�¾,�����|\`s4¤.¦ � W|W.X � ².[�Ã�T � U�U
� V.[ � T � Yr¾	}/xº}��������.�����.�����.��X�¾,�����|\ � V�X.¯�[�°4¯,X � T � U4X.[,X.¯ZU�U
¦ z W � ¦ ® Y }�£�À9\ z W � ¦ ®|��� °�s4¤F¯ � T�S�V,W �.Ä
¦�Á4Ã	T"[,X Y �6À.�M\�Á4Ã	T"[,X ��� °�s4¤F¯ � T�S�V,W �.Ä
V�X � X4SF[ � W�Y ^4}����r\ ����� [6¤ ��� °�s4¤F¯��6^ z.� S�X
��� [ � U � {rY ��£�£.�,£r\|S � [�°4¯ � [	T�¤ � W.X�´4X,W
S z SF[ � ´4X.¯�Y�§±S z stT"[6S�X�{�[`´R©�ª6«4¬FÇ�ÈÉ}/xµ�»§Ê\|S z TP²rstT"[6S`X.{�[,X � SRT�¤ � Sj´4X.¯
stT�W�[,X.¯ Y¨§Æ´ § \|¤�V.[	T�¦ � WZstT�W�[,X.¯ ��� U4X
X �.�

êÉg � k;vhehv�´Ç��v�|É�	w�zXvhnj|Qvhg¹w;v�zXgha
ô³o	mÇo;}h~hv���g³nIô Õ �Wr!nÃk	m � |P} � m¾vh~±�Q�=}���g=z;��k;v�k;}�i�v·� Å m	���2eh}����Ívhn=v�r

~hglk	k;vhnj��mËw	o	m;~hv�o;}Û|P}�|Ìnjo;gji�nj��eh}Äo;g½tÃm;nj��o;}��	m	mËm	�lvh~�o;}�Â�glk	m	´ÉaAdf}�ÂÍr
k;gl´;y·m � mÈm	�ºk	m�sÛ�Pe�z	�P�¼��n��È�l}�|Èk;}��l�2eh}hg � �Ò´È��g � k;vhehv�´È��v�|ÈmÐk;g½vli	r
k;v�o;vliXk;vhnj��� Å �Qehnj��e�m	��g=zX��k;vhnj��mÎw	m	|Qn=g=zXgl´Áw;vÍw;v�zX�Æa
êÉg � k;vhehv�´Ó��v�|Ð�
v�kÆÂ�g§��glw�zXvhehv�´{y·� � ô Õ �2�ÏÑI�j��v¼�l}�o.�.i�vheh�2gfw;}�|Qgjr

���I��n=v��Ãi�}heh}hg � �2g§e4|Q}�ÂÛiXv � w	m	|Qn=g=zXgÙi�}�Â�gÙw	o	m{v���nj�8��nj��e�m	m{�l}hn=ehgl��|	m
�l}�n Å gl�Ú��glw�zXvheh��s¹|Pv�zXg½~h}�k	m	´{o;g½y�gl��|	m{|	o	m;nj�½}�z	zX}ºw;v�z;�8w	o;vhehvliXk	m	|P}�a� g � eh�2y�gÓ��g � w;glo;}����8o;}��;��g � ~hv�zX�hy�g¹w;}�oË�ÃzXgl|	��o;v�kPÑhi��Òo;}²vh~�o;}��=�0r
gl��n��Ûe¹��g=zXgÚ|	o	m;nj�l}�z	zX}¹�l}ÓgjiXm	k	m	�	�Íe�o;g � glk	mÉ�hmÄw	o	mÄk;}�z;m Å m	mÄk;}�w	o.�.r
Â�glk	m��xk;}Ëv½iXk;v�´�m	�Èè³}��Èv�k	mãnj|Q}�w�z;m;eh}h�¼��n���eÎ�l}�o8�.i�vheh�2g²w;}�|Qgl���Ia
¶ Å g½e�mPiXk;v�� Å g � i;z;m	k	k;g½gË�j|Qnjw;v��=m	�	m��A�§��g � ~hv�zX�hy�gÁ��glw�zXvhehv�´¡y·� �
ô Õ �¼aVLÔ|Q}�ÂÍi�vhtjv³w	m	|Qn=g=z	�Ûn=vh~hnj��ehglk	k;�2g¼�jk;} Å glk	m��Í��glw�zXvhehvhtjv¹y·� � }��
�l}he�m;n��P�·m;gÆv��ÓzXv�|P}�zX��k;v�´Ánj��o	�8|	���8o;�å|	o	m;nj�l}�z	zX}�a
ñÓz	�Æ��vhtjv Å ��vh~h�»v��ji�g=z;m	������glw�zXvhehv�´�y·� � v��¼è³v���vh�=è³è³gl|	�l}³e�w	o;v�r

�;g½n=n=gÛ�j|Qnjw;v�k	m	o;vheh}�k	m��A�Ïi�g=zX}h�¼��n��pnjk	m � |	mxn·w;v�z;k;vhnj���h� �l}�|	o;�Ò��� �
vh~�óÉgl|	��m;ehv � �
v���n=��i�}Û��glo � m	k3§ ��g � k;vhehv�´Á��v�|A��ayË g=zX}���g=zX��k;v�� Å ��v�r
~h� �j|Pnjw;v��=m	�	m��Ônjk	m � |Qvheç��g � k;vhehvhtjv»��v�|Q}�~h��zX}u�l}�|Qv�´ÔÂ�gh�2|Q}�|åm
�j|Qnjw;v��=m	�	m��Ávh~�óÉgl|���vhe{m;n=nÃzXgji�vheh}�k	m��Aa�dø�j��v � nÃz;� Å }hg¹k;gl�Æk;g½vh~±s0vliXmPr
� vhnj��mÎeh�Òw;v�z;k;glk	m��Èi�vhehv�zX��k;vÍnÃzXv½ÂÄk;��sÇw	o;v��;gjiX�8oÁ� Å gl�l}Än � g½��glk	m��
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��¥;ª¤¦h©��¹m�w;glo;g½n Å gl�½}Ì��g � k;vhehvhtjvË��v�|Q}pk	}ËiXo	�QtjvhgÇe�o;g � ���j|Qnjw;v��=m	�	m	mÉa
� � g½��glk	m;gÎÑ��j��v»k;gl|Qv���v�o;}��¡m;nj|	�hn=nj��ehglk	k;}��®·½i�vh~h}he�|Q}.¸�e��l}�o.�.i�v�r
eh�Ò´xw;}�|Qgl�Äi;z	�Ê�½z;� Å y�glk	m��Êo;}h~hv Å m�sÌs0}�o;}�|	��glo	m;nj��m	|�ô Õ �¼a�¶2k;}¾k;g
�l}he�m;njm	��v����j|Qnjw;v��=m	�	m	mÓmÓv�w	o;gji�g=z	�Pgl��n���z;m;~hvÒw;v2njk	m � |P} � ��g � k;vhehvhtjv
��v�|Q}·n � m	k	m � }�zX��k;v{ehv�� � v±ÂÄk;v�´Ð�j|Qnjw;v��=m	�	m;gl´É�Pz;m;~hv{w;v{k;g½nj|Pv�zX��|	m �
njk	m � |Q} � nÎo;}��=k;� � mé�j|Qnjw;v��=m	�	m�� � mÉa§µÓ�º~hv�´Ünjk	m � v�|ÜnÎ�l}�|	o;�Ò��� �
vh~�óÉgl|	��m;ehv � § �j��vÐnj� �T� }È��g � k;vhehvhtjvÄ��v�|Q}ÈmÊn � g½��glk	m��AaÏáÀnÃz;mâvh~�óAr
gl|	�³njk	m � }hgl��n��Än4��v�´ÄÂÍg¼�j|Qnjw;v��=m	�	m;gl´É�Qk;gl�Ik;g½vh~½s.vliXm � vhnj��m²o;}��Ãi�g=zX��r
k;vÌv�w	o;gji�g=z	�Q���Ìvh~h}Ìè³}�|	��v�o;}���nj� �T� }�����g � k;vhehv�´ã��v�|n» n � g½��glk	m;g��
w	o;vhnj��vÛeh� Å m	�l}hgl��n��Çm	�¹njk	m � |Q}Ûvh~�óÉgl|	�½}�a
df}�ÂÄk;� � è³}�|	��v�o;v � ��e�z;m��P�º�·m � k;}¼|P} Å g½nj��ehvºô Õ �Wr6m	�lvh~�o;}�ÂÍglk	m	´É�

�Pe�z	�Pgl��n��¡k;g½vliXk;v�o;v½i;k;vhnj��� Å �Qehnj��e�m	��g=zX��k;vhnj��mÝô Õ � w;v�w;v�zX�Æ�Ùo;}��Ãr
k;}��Æ|;eh}�k	��vheh}��{�=è³è³gl|	��m;e�k;vhnj���I�Æo;}��=k;��s{w	m	|Pn=g=z;gl´Éa@J§��v��hv�w��Q���ºÂÍgh�
�l}he�m;njm	�·v��ÆzXv�|Q}�zX��k;v�´Ánj��o	�8|	���8o;�åw;v�z;�8w	o;vhehvliXk	m	|P}�mÁ|Q} Å g½nj��eh}Íw;v�r
ehglo.sQk;vhnj��mÉ��k;}º|Qv���v�o	�Q��w;}�i�}hgl�2�l}hn=ehgl��|Q}�a�ô¹v � m � vºn=vh~hnj��ehglk	k;vºk;g½vli	r
k;v�o;vliXk;vhnj��muô Õ � k;}p|Q} Å g½nj��ehvpm	�lvh~�o;}�Â�glk	m	´ue�z	m��P�¼�Ëvhn=vh~hglk	k;vhnj��m
v�w	��m Å g½nj|	m�sÝnjm;nj��g � �4è³v�o � m	o	�Q�º�·m�sém	�lvh~�o;}�Â�glk	m;gha4dÙz;m��Pgl�»måv�wPr
��m	|Q}Ê��g=zXg½nj|Qv�w;}��Àm�i�g½è³gl|	��� èIm�zX�±��o;vheÊm»w;v�|	o;vhe�k;��s�nj��gl|Qv�z � }��½r
o	m	�É� tÃo.�Q�l�Ëm�z;m�w;��z;m	k	|	mãk;}Îk	m�sAa ô¹vh�j��v � �Êk;g½vh~±s0vliXm � vÁm	� � glo	m	���
nj� �T� }�o	k;�Ò´u�=è³è³gl|	�Ì�j��m�s�è³}�|	��v�o;vhepm»� Å g½nj���âg½tjvÌw	o	mÀ·�v Å m;nj��|Qg ¸
njk	m � |Qvhe�a�ñÓz	�u�j��vhtjvpi�g=zX}h�¼��n��»njk	m � |	mÐ·�wPzXvhnj|PvhtjvÊw;v�z	�4¸±�T��vxg½nj���
k;gl|Qv���v�o;vhtjvÇvh~�óÉgl|	�l}Çn·�l}hehgji�v � vÐo;}he�k;v � glo	k;v�´Ì�Qo	|Pvhnj���h�Øw;vÐw;v�zX�Æa
ô³o	m·o;}he�k;v � glo	k;v�´Æ�l}hn=ehgl��|Pg�|Q}�ÂÍi�vhtjv¼w	m	|Qn=g=z	�Æo;g½}�|	�	m��È�
ehnÃzXgji�nj��e�m;g
eh�2y�glw;glo;g Å m;nÃzXglk	k;��sÆè³}�|	��v�o;vhe8�õ~��½i�gl�Úo;}��=k;v�´É� Å ��v�w;v��lehv�z;m	�¼v�w	o;gjr
i�g=z;m	����|Qvh�=è³èIm	�	m;glk	��� Å �Qehnj��e�m	��g=zX��k;vhnj��mÇi;z	�Ð|Q}�ÂÍi�vhtjv·w	m	|Pnjg=z	�¾e
v��Ãi�g=zX��k;vhnj��mÉaPdç|Q} Å g½nj��ehgºw�zXvhnj|QvhtjvÓw;v�z	�Ûm;nÃw;v�zX���=�0gl��n��Ûz;m;~hvÓo;}he�k;v�r
� glo	k;vÚvhn=ehg½��glk	k	�2´Ó�j|	o;}�kÉ�±z;m;~hvÚnj� � glo;g Å k;vhgÙk;g½~hv�a�ô¹vhn�zXgjiXk;g½g§w	o;gji	r
w;v Å ��m	��g=zX��k;g½gh��w;vhnj|Qv�zX��|	�³w;vºnjw;gl|	��o;}�zX��k;� � s0}�o;}�|	��glo	m;nj��m	|Q} � ~�z;mPr
Â�gÛ|â�0nÃzXvhe�m�� � k;}h~�zX��i�glk	m�´É� Å g � zX�º~hv�´âm;nj|	�hn=nj��ehglk	k;�Ò´ã�j|	o;}�kÉ�ó}
·�w�zXvhnj|Qvhg2w;v�zXg ¸Inj�Q��g½nj��ehglk	k;v³�l}he�m;nÃm	��v��4i;z;m	k;�çehv�z;k;�»w;}�i�}h�º��g½tjv
m	�jz;� Å glk	m��Aa
ñ{g½è³gl|	���åô Õ �Wr6m	�lvh~�o;}�Â�glk	m	´Éa
�f} � � � m¹v Å g½e�mPiXk;� � m�i�g½è³gl|	�l} � m¹ô Õ �Wr � }���o	m	�I�Pe�z	�P�¼��n��I�l}�|¹k;}�r

�l�2eh}hg � �2gÁ|Qvhn � gl��m Å g½nj|	m;g¾Ñãw�zXv±sQm;gÎw	m	|Qn=g=z;mÉ�Ùnj��v�zX~��;�I�W|�zX}hnj��glo;�
�
tÃo	�8w	w;�Ýw	m	|Qn=g=zXgl´A��aXdé�l}he�m;njm � vhnj��mÎv��Æ��vhtjv��	e·|P}�|	�Q�ònj��v�o;v�k	�Ènjm;t�r
k;}�zX��e¼w	m	|Qn=g=z	�8sÐ�
nj��v�zX~��;}�sA��|�zX}hnj��glo;}�s;�óv��jz;m Å }h�¼��n��Æv��Únjo;gjiXk�m�sÆw;v
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� }���o	m	�;g·�=k;} Å glk	m	´É�:m�sËw	v½iXo;}��Ãi�g=z	�P�¼�Äk;} Å glo	k;�2g¾��m�z;mps0v�zXvliXk;�2g����
~hg=zX�2g³�
tjv�o8� Å m	g��ómÍn=glo;�2g¹����glw�zX�2g���ahô¹vº|Pv�z;m Å g½nj��e��¹i�g½è³gl|	��vhe�v�w	o;gjr
i�g=z	�P�¼�¹|Q} Å g½nj��ehv{ô Õ �¼�Qm�sÈn=v�o	�²�
­ - ¦�P	¯���a Õ k;} Å m	��g=zX��k;vhg�|Qv�z;m Å g½nj��ehv
�l}�|	m�sÈi�g½è³gl|	��vhe�k;g¹��v�zX��|QvÍe�m	�=�0}�zX��k;v�w;v�o	��m	�{|P}�o	��m	k	|	���;k;v�mÎe�z;mPr
�Pgl�³k;}Æ��v Å k;vhnj���{}hnj��o;v � gl��o	m	mÈmÐè³v���v � gl��o	m	mÈk;}h~�zX�fi�}hg � ��sÛvh~�óÉgl|Pr
��vhe³e³nÃz;� Å }hg4w;v�w;}�i�}�k	m��·m��lvh~�o;}�ÂÍglk	m��·vh~�óÉgl|	�l}�k;}³w�zXv½sQm;g2w	m	|Pn=g=z;mÉa
ï¹}�|·�.Â�gÒtjvhehv�o	m�zXvhn=��eh�2y�gh�±i;z	�Æw;v�z;� Å glk	m��Æk;glm;nj|Q}�Â�glk	k;��sÆm	�lvh~�r

o;}�Â�glk	m	´øeh}�ÂÄk	�Q� o;v�zX��m;tÃo;}hgl���=è³è³gl|���m	e�k;vhnj����w;glo;glk;vhn=}ã�l}�o.�.i�}
�ê'È� c ��a¨ô³o	m�k	m	�=|Qv�´u�jè³è³gl|	��m;e�k;vhnj��mçvh~�óÉgl|	���Øm � g½�¼�l·±sPehvhnj���û¸Êe
k;}�w	o;}he�zXglk	m	mxw;glo;glk;vhn=}Á�l}�o.�.i�}�� Å ��vÁw	o	m;ehvliXm	�ÇeÁm	��vhtjgÛ|�vhy·m;~�|Q} �
}hnj��o;v � gl��o	m Å g½nj|Qv�´¹o;gjiX�8|	��m	mÉa��fvhe�o;g � glk	k;�2gTô Õ �Ìw	o;}�|	��m Å g½nj|	mÓn=ehv�r
~hvliXk;�ãv��2e�mPiXm � vhtjv4w	o;v½�Pe�zXglk	m��Ó�Ã��vhtjvÚ�=è³è³gl|	�½}{�
~hv�zXg½gfv Å g½e�mPiXk;vÚv�k
nj|Q}��l�2eh}hgl��n��Áw	o	mÌo;}h~hv���g{n � }�zX� � mÌ�j|PnÃw;v��=m	�	m�� � mA���Ïk;v²w	o	mp}hnj��o;v�r
� gl��o	m Å g½nj|Qv�´Ëvh~�o;}h~hv���|Qg³k;}h~�zX��i�glk	m	´Ág½tjvÍk;}�i�vÍm;n=nÃzXgji�vheh}����ÛmÁ� Å mPr
���2eh}�����a
df}�ÂÄk	�Q�ío;v�zX�{i;z	�Ð|Q} Å g½nj��eh}Íô Õ �Wr#njk	m � |Qvhe�m;tÃo;}h�¼�Ó|Pvhn � m Å g½nj|	m	g

Å }hnj��m	�;�I�¨n=v��Ãi�}h�º�·m;gÇè³}�k	��v � k;�2gÐm	�lvh~�o;}�Â�glk	m��A� Å }hnj��vpk;g½v��jz;m Å mPr
� �2guv���m	�lvh~�o	}�ÂÍglk	m	´òo;g½}�zX��k;��sÞvh~�óÉgl|	��vheÜm�z;màm;nj|Q}�Â�}h�º�·m;g�m�s
eânÃz;� Å }hg¾k;}�zXv½ÂÍglk	m��Aa¨�¹}�m;~hv�zXg½gÈ�Qo	|Pvâ�j��vÊw;vliX��ehglo8ÂÍi�}h�¼�Înjk	m � |	m
��g � k;vhehvhtjvÍ��v�|Q}��Xn¹�l}�|	o;�Ò��� � vh~�óÉgl|	��m;ehv � �	k;}Û|Qv���v�o;��s¾k;g³i�v�z	ÂÄk;v
~h�Ò���ãk�m	|P}�|	m�s�m	�lvh~�o;}�Â�glk	m	´Éa*Jfè³è³gl|	��ehv��Ãi�gl´;nj��e�m��¡|Qvhn � m Å g½nj|	m�s
Å }hnj��m	�¾�l}he�m;njm	�·v��Óm�sÐ�jk;glo;tÃm	m��
ehg=z;m Å m	k;}�njm;tÃk;}�zX}8���Qi;z;m	k;�Ôehv�z;k;�I�
k;}�w	o;}he�zXglk	m��É·��½i�}�o;}.¸±a�df}�ÂÄk;vhgÈnÃzXgji�nj��e�m;gÐ�j��vhtjvÌvh~hnj��v½�Q��g=zX�hnj��eh}Ár
k;g½vh~½s.vliXm � v{i�g=zX}����Ík;g½nj|Pv�z;��|PvÛnjk	m � |QvheÍmÎ��g � k;vhehvhtjv·��v�|P}��	mÎw�zXvhn�r
|Qvhtjv¾w	v�z	�A�ðw;vhnj|Qv�zX��|	�p|Q}�ÂÍi��Ò´xnjk	m � v�|�eÁv��Ãi�g=zX��k;vhnj��mxw;vli�ehglo8Â�glk
mÛy·� � } � n Å m	���2eh}�k	m��A�0mÛe�z;m��Qk	m;�Ü|Qvhn � m Å g½nj|	m�s Å }hnj��m	�Éa ù njw;v�zX���lv�r
eh}�k	m;g§nÃw;gl�	m;}�zX��k;��s³w	o;v��;gjiX�8oÆvhnjo;gjiXk;glk	m��A�±m;nj|�zX� Å }h�º�·m�s³e�z;m��Qk	m	g
|Qvhn � m Å g½nj|	m�s Å }hnj��m	�xm � m	k	m � m	�=m	o	�Q�º�·m�spy·� � �äô Õ �¼�Éw;v��=ehv�z	�Pgl�
w;v�z;� Å m	���4njo;gjiXk	m;g � }���o	m	�;�â��g � k;vhehvhtjvÒ��v�|Q}Òm¹|Pvh�=è³èIm	�	m	glk	��vhe Å �Qe�r
nj��e�m	��g=zX��k;vhnj��mÇ|P}�ÂÍi�vhtjvÆw	m	|Qn=g=z	�Äi;z	�È~hv�zXg½gº|P} Å g½nj��ehglk	k;v�´Çv Å m;nj��|	m
njk	m � |Qvhe�a
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d¡k;}hnj��v½�P��g½gIe�o;g � �ÍiXehv�´	k;v�´Ð|Qv�o;v���|Pvhè³v�|��0njk;�Ò´Ç}hnj��o;vhtÃo;}hèòw;v�z;k;v�r
nj���h��}he���v � }���m	�=m	o;vheh}�kÆm � v±Â�gl�Òo;}h~hv��l}����Úw;v¼�l}�o;}�k;g½gfn=vhnj�½}he�zXglk	k;v�´
w	o;vhtÃo;} �T� gh�Òvh~hg½njw;g Å m	eh}h�º��gl´øw;vhnÃzXgji�vheh}���g=zX��k;vhgâk;}hehgji�glk�m;gâ��g=zXgjr
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nj|Qv�w;}ÛeÍ�=}�i�}�k	k	�Q�àvh~�zX}hnj���Ík;g½~h}�mÎeh�Òw;v�z;k;glk	m;g¹n=glo	m	´Înjk	m � |Qvhe�a
ù eÇ}he���v � }���m Å g½nj|Qv � �ÏmâeÈo	� Å k;v � o;g=ÂÄm � gÆi�v�z	ÂÄk;�à~h�2���Ðeh�Òw;v�r

zXglk;�ÔnÃzXgjiX�Q�º�·m;gÓv�w;glo;}��	m	m��
• Õ }h~�zX}htjvhe�o;g � glk	k;v�� k;g � glk;g½g Å g � �l}Êw;v�z Å }hn=}Ëi�vpk;} Å }�zX}Ên
óÉg � r
|	mÉ�½i�v�z	ÂÄk;}4~h�Ò���Úe�|�zX� Å glk;}4ô Õ �Wr6|P} � glo;}2m{e�|�zX� Å glk;vÚv½s8zX}�ÂÍi�gjr
k	m;g�|Q} � glo;��i�v{��o;g½~��hg � v�´È��g � w;glo;}����8o;�Ia�êÉg � w;glo;}����8o;}Æ|Q} � glo;�
i�v�z	ÂÄk;}Ínj�½}h~�m�z;m	�=m	o;vheh}����hn��Èi�v�k;} Å }�z;}Ík;}h~�zX�fi�glk	m	´Éa

• ¶4~±�Q�l}���g=zX��k;v�i�v�z	ÂÄk;�Þ~h�Ò���²eh�Òw;v�z;k;glk;�å|Q}�z;m;~�o;vhehv Å k;�2gÆnjk	m � r
|	mÆ��g � k;vhehvhtjv2��v�|P}4mÆw�zXvhnj|Qvhtjv4w;v�z	�Ä�
nj� � glo;g Å k;vhtjvÚk;g½~h}Úehg Å glo;v �
z;m;~hvÐ�8��o;v � ��aõ�§k	m � |	mÊ��g � k;vhehvhtjvÈ��v�|Q}Ðk;g½vh~½s.vliXm � vÐeh�Òw;v�z;k��Q���
nÎ��v�´�Â�gÌ�j|Qnjw;v��=m	�	m;gl´É� Å ��v�mÜo;}h~hv Å m;gËnjk	m � |	m¡k;}h~�zX��i�}hg � ��s
vh~�óÉgl|	��vhe�aPêÉg½v�o;gl��m Å g½nj|	mÐehv�� � v±Â�glkÈw;glo;glo	}hn Å gl�¹��g � k;vhehvhtjvÓ��v�|P}
i;z	�uzX�º~hv�´Ü�j|Qnjw;v��=m	�	m	mÉ��g½nÃz;még½nj����njk	m � |	ménÎo;}��=k;� � mé�j|Qnjw;v�r
�=m	�	m�� � mÉ�ðk;v¾�j��vÇ|	o;}�´	k;gÍk;g=Â�g=zX}���g=zX��k;}��Ëmâk;gl��v Å k;}��Ìw	o;v��;gjiX�0r
o;}�aAñÓz	�Ìnjk	m � |QvheÇnj� � glo;g Å k;vhtjvÈk;g½~h}Èk;}�i�vÐk;}hehg½nj��mÊm	k	nj��o	� � glk	�
eÜvh~�zX}hnj����k;g½~h}��¼ehg Å glo;v � w	o;v���m;ehv�w;v�zXv½ÂÄk	�Q� �l}�|Q}����Þ�fv�z;k	�;}��
}x�8��o;v � exw	o;v���m;ehv�w;v�zXv½ÂÄk	�Q� ehvhn�s0vliX�¡�fv�z;k	�;}��Weh�2~�o;}����â� Å }�r
nj��v�|�n � m	k	m � }�zX��k	� � tÃo;}�iXm;glk	��v � �Qo	|Qvhnj��m�k;g½~h}Îm � m	k	m � }�zX��r
k;� � |Pv�z	m Å g½nj��ehv � �Qo	|	m�s��lehgl�Ãió�.w;v�w;}�i�}h�º�·m�s·e³|Q}�iXoÉaP�§� � glo;g Å r
k;vhg2k;g½~hvºk;}�i�v³njk	m � }����InÒvhnj�½}�k;vhe�zXglk	k;� �Ê� g=s.}�k	m	� � v �ÊÅ }hn=vhehvhtjv
ehgji�glk	m��A��m	k;} Å gÒk;g½ehv�� � v±ÂÄk;v�~��li�gl�¼m;nj|�zX� Å m	���Ie�z;m��Qk	m;g2m	�lvh~�o;}�r
ÂÍglk	m	´¾�lehgl�Ãióa
d o	� Å k	v � o;g=ÂÄm � gpi�}�zX��k;gl´;y�}��Üw;vhnÃzXgji�vheh}���g=zX��k;vhnj���ãi�gl´;nj��e�m	´

k;}h~�zX�fi�}���g=z	�È�½}�|Qvheh}B�
• �¹}�´	��m�|Qvhv�o0iXm	k;}���� vh~�óÉgl|	�l}Ák;}h~�zX�fi�glk	m	´¡��w;vÎ|Q}��l}�zXvht�} � �ð�=è³gjr
� glo	mPi�} � �;~h}��l} � i�}�k	k;��sÐmÁ�=aßwÉaU��a

• �¹}hehg½nj��m���g=zXg½nj|Pv�w»eÌ�l}�i�}�k	k��Q� vh~�zX}hnj���Ëk;g½~h}�� m;njw;v�zX���=�����hnj�½}�r
k;vhehv Å k;�2g³|	o	�QtÃmÁm	k;nj��o	� � glk	�l}�a

• df�2~�o;}����¹��w;v½i�vh~�o;}����Ò�j|Qnjw;glo	m � glk	�½}�zX��k	� � w	�8��g � ��k;g½vh~½s.vliXm � �Q��j|Pnjw;v��=m	��m;�ÆafJ§|Pnjw	v��=m	�	m��Ìi�v�z	ÂÄk;}Ç~h�Ò���Ç�l}�|Pvheh}�� Å ��vh~h�ævh~�óÉgl|	�
m;n=nÃzXgji�vheh}�k	m��Í~h��zÈnjk��Q�InÒs.v�o;vhy·m � v���k;vhy�glk	m;g � njm;tÃk;}�zX}³|²y·�0r
� ��� Å g � ~hv�zX�hy�gh�8��g � z;� Å y�gh�Qk;v·~hgl�ºw;glo;gji�glo.ÂÄ|	mÉa;¶�iXk;vhe�o;g � glkPr
k;vÆk;}�i�vÆw;v��l}h~hv���m	���hn��²vÆ��v � � Å ��vh~h�éeÆw;v�zXgº�=o;glk	m��²~h��zXv¹i�vhnj�l}�r
��v Å k;vhgÄ|Pv�z;m Å g½nj��ehvÎv�w;v�o	k;��sÊ�lehgl�Ãió�õw	o	m;tjvliXk;��spi;z	�x}hnj��o;v � gl�½r
o	m Å g½nj|Pv�´Áo;gjiX�8|	�	m	mÎnjk	m � |Qvhe�a

ë �q�q� ë



• df�Òw;v�z;k	m	����n=glo	m;� njk	m � |QvheÜ��k;g � glk;�hy�gÁ��o;g=s;��k;}h~�zX�fi�}hg � vhtjv
vh~�óÉgl|	�l}³i;z	�Ûm;nj|�zX� Å glk	m��²ehv�� � v½ÂÄk;��sÍw;v�w;}�i�}�k	m	´È|Qvhn � m Å g½nj|	m�s
z;� Å gl´É��i;z	�Ë�Qehglo;glk	k;vhtjvÈv�w	o;gji�g=zXglk	m��Î|Pvhv�o0iXm	k;}��ÛmÊ~�zXg½nj|P}Ðvh~�óAr
gl|	�l}��;v��;glk	|	mÁ��v Å k;vhnj��mÁk;}h~�zX�fi�glk	m	´Éa

ë�ìVí��VíÎÍ D´;¦���O=
<
;;þ��H�I>BF 	�<!?Îû�¡�;V<�¡�û���� <²ü�	;þ�ýj�0û!=
¶4~�o;}h~hv���|Q}»m	�lvh~�o;}�Â�glk	m	´Ý�lehgl�ÃiÞmøiXo	�QtÃm�søvh~�óÉgl|	��vhe»k;}unjk	m � |Pg

��o	m;n�aób±qPar�0�Ùk;} Å m	k;}hgl��n��¾n³w	o;gji�eh}�o	m	��g=zX��k;v�´Áv Å m;nj��|	mËnjk	m � |Qvhe·Ñ²m;n�r
|�zX� Å glk	m�����g � k;vhehvhtjv���v�|P}ÒmÆeh�Òo;}he�k	m	eh}�k	m���w;v�z	�InTm	njw;v�zX���lvheh}�k	m;g �
|Qvh�=è³èIm	�	m;glk	��vhe Å �Qehnj��e�m	��g=zX��k;vhnj��mÁw	m	|Qn=g=zXgl´Éa
ù � � glo;glk�k;�Ò´·njm;tÃk;}�z vij eÚ|Q}�ÂÍi�v � w	m	|Qn=g=zXg � }���o	m	�;� (i, j) � v±ÂÄk;vw	o;gji�nj�l}he�m	���ÛeÛe�mPi�g

vij = dij + kij · (uij + fij) + sij, u]xI��w&xzy
t�i�g

dij
Ñ²��g � k;vhehv�´Ç��v�|ÎeÍw	m	|Qn=g=zXg (i, j)

�
kij
ÑÄ|Pvh�=è³èIm	�	m;glk	� Å �Qehnj��e�m	��g=zX��k;vhnj��mÎw	m	|Qn=g=z	�A�

uij
ÑÈnjm;tÃk;}�zÎv��·vh~�óÉgl|	�½}·k;}h~�zX�fi�glk	m��A�

fij
Ñ²njm;tÃk;}�zËv��·è³v�k;}�k;g½~h}��

sij
ÑÈnj� �T� }�o	k;�Ò´Îy·� � a

�¹}Êw;glo;ehv � �j�l}�w;gÁk;g½vh~½s.vliXm � vâeh�fi�g=z;m����Êm	nj��m	k	k;�Ò´¡nj� �T� }�o	k;�Ò´
njm;tÃk;}�zÎvh~�óÉgl|	�l}·mÁè³v�k;}�k;g½~h}

(uij + fij)
aQñÓz	�Ð|Q}�ÂÍi�vhtjv·w	m	|Qn=g=z	�

dijv�w	o;gji�g=z	�Pgl��n��·m	�2njk	m � |Qvhe���g � k;vhehvhtjvº��v�|P}�� kij m	�2njk	m � |Qvhe ÷Ãw�zXvhnj|Qv�r
tjvÚw;v�z	��÷�a�î � � k;vhnjm	�4nÃz;� Å }�´	k;�Ò´Æs.}�o;}�|	��gloÐ��k;vÚk;g�nÙt�}±�hn=n=vheh� � o;}hn�r
w	o;gji�g=zXglk	m;g �ÐÏ ��a ô³o	mãk;g½vh~±s0vliXm � vhnj��m�eh�Òw;v�z;k��Pgl��n��xi�v�w	v�z;k	m	��g=zX��k;v
� }���g � }���m Å g½nj|Q}��¡èIm�zX����o;}��	m��¡m	�lvh~�o;}�Â�glk	m	´Éa2�§�Q��g½nj��e��0gl� � k;v±Â�gjr
nj��ehv � gl��vli�vhe�èIm�zX����o;}��	m	m�i	z	��o;}��=k;��s�nÃz;� Å }hg½e��Ù|Qv���v�o;�2gËw;v��lehv�r
z	�P�¼�·�½z;� Å y·m	���Äe�mPiËm	�lvh~�o;}�Â�glk	m��Aa;�¹}�i�vÍ��v�zX��|QvÍk;g¹�l}h~h�2eh}������ Å ��v
w	o;}�|	��m Å g½nj|	mÄzX�º~h}���èIm�zX�±��o;}��	m��Ím;nj|Q}�ÂÍ}hgl��njm;tÃk;}�zÈe¹m	�lvh~�o;}�Â�glk	m	m
m � v±Â�gl�¼nj�Q��g½nj��ehglk	k;v³w;vhe�z;m��Q���Ik;}Im	� � glo.�Pg � �2g2|Qvhv�o.iXm	k;}����umÛè³v�r
��v � gl��o	m Å g½nj|	m;gÓehg=z;m Å m	k;�Ôvh~�óÉgl|	��vhe�k;}h~�zX�fi�glk	m	´Éa
ô¹vhnÃzXgÚw	o;gji�eh}�o	m	��g=zX��k;v�´²vh~�o;}h~hv���|	mÛk;}Ónjk	m � |P}�sÁ��o	m;n�a�b±qPa&%.��vhnj�½}�r

�¼��n��Ím	�lvh~�o;}�Â�glk	m���o;}��jz;m Å k;��sÛvh~�ó:gl|	��vhe��0w;v�w	}hehy·m�sÍe³w;v�zXgÚ�=o;glk	m��
m	k;nj��o	� � glk	�l}��Òk;}�zXv½ÂÍglk	k	�4gpk;}»è³v�køk;g½~h}�a t v�køk;g½~h} � v½ÂÍgl��~h�Ò���
k;glo;}he�k;v � glo	k;� � �8v�k � glk��Pgl��n��²e{�l}he�m;njm � vhnj��m¾v��³�lglk	m	��k;vhtjvÆo;}hn=nj��v�r
�Qk	m��çk;}h~�zX�fi�}hg � v�´�vh~�zX}hnj��m¡k;g½~h}��Ùv��Êk;}�z;m Å m��umÜ~�z;m	�lvhnj��m¡µ¹�8k;�
mxiXo	�QtÃm�sÊ�Qo	|	m�s�vh~�óÉgl|���vhe�aðï³o;v � gÄ��vhtjv��óm	�=vh~�o;}�ÂÍglk	m��âv��j�Ptjvh��glk;�

ë �q��_ ë



¿Wm;n�axb±qPar�@� t o;}ht � glk	�{m;n�s0v½iXk;vhtjvÍô Õ �Ùr6m	�=vh~�o;}�ÂÍglk	m��

¿Wm;n�a b±qPa&%�� t o;}ht � glk	�Êô Õ �Wr#m��lvh~�o;}�ÂÍglk	m��»w;vhnÃzXgË� Å gl�l}���g � k;vhehvhtjv
��v�|Q}ÍmÁw�zXvhnÃ|Pvhtjv�w;v�z	�

y·� � } � mÛn Å m	���2eh}�k	m��A�0|;eh}�k	��vheh}�k	m��A�hk	}�z;m Å m;g � è³v�k;vheh��s·vh~�óÉgl|	��vhe��
|Qv���v�o;�2gÈk;gÐe�mPiXk;�Ø|Q}�|É� k;}�w	o	m � gloÉ� v��ji�g=zX��k;�2g²�lehgl�Ãi��I� k;vÌe�k;vhn��Q�
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¿Wm;n�a b±qPa_�7���Ïm;nj��vhtÃo;} �T� }éo;}hnjw	o;gji�g=zXglk	m��Þ�=k;} Å glk	m	´änjm;tÃk;}�zXvheéw;v
w	m	|Qn=g=z	� �

i�v�w;v�z;k	m	��g=zX��k;�Ò´�k;glo;}he�k;v � glo�k;vÁo;}hnjw	o;gji�g=zXglk	k;�Ò´�w;v � }���o	m	�;gÄw;v�r
��v�|Ám	�jz;� Å glk	m��Aa
êÉg � k;g � glk;g½gh�Àw;glo;gji�k;} Å }�zXv � eh�fi�g=zXglk	m���vh~�óÉgl|	��vhepk;}ânjk	m � |Pg

m � g½gl�¾n � �2nÃz»v��;glk	m	���Ënjo;gjiXk	m	´��8o;vhehglk;�Ëè³v�k;}Îm�nj� �T� }�o	k;�Ò´ãy·� �
m	�lvh~�o;}�Â�glk	m��AaÚñÓz	�í~hv�zX�hy·m	k;nj��eh}é}hnj��o;v�k;v � m Å g½nj|�m�sÞnjk	m � |Qvheé�j��v
� v½ÂÄk;v¡n�i�g=zX}������Úw;vhnj��o;v�m;eÜtÃm;nj��vhtÃo;} �T� �Ýo;}hnjw	o;gji�g=z;glk	m��íehg=z;m Å m	k
njm;tÃk;}�zXvheÄeÛw	m	|Qn=g=z	�8s���o	m;n�aób±qPa_�h��� � }�|Qnjm � � � tÃm;nj��vhtÃo;} �T� �Ýs0v�o;vhy�v
n=vhv���ehgl��nj��e��hgl�2k	}�m;~hv�zXg½g§ehglo;v½�Q��k;v � �I�jk;} Å glk	m;�uè³v�k;}4k;g½~h}���}4w;vÚy·mPr
o	m	k;g2tÃm;nj��vhtÃo;} �T� �»eh~�z;m	�=m � }�|Qnjm � � � } � v±ÂÄk;vºv��;glk	m	���Inj� �T� }�o	k;�Ò´
y·� � m	�lvh~�o;}�ÂÍglk	m��Aaó¶4~h� Å k	vÈw	o	m	k��Q��vÐo;}h~hv��½}����Ðn{m	�=vh~�o;}�ÂÍglk	m�� � mÉ�
� }�|Qnjm � }�zX��k;�Ò´{njm;tÃk;}�z·|Qv���v�o;��sÓeÚ��o	m{o;}��l}Úw	o;g½eh�2y�}hgl�2nj� �T� }�o	k;�Ò´
y·� � m	�lvh~�o;}�Â�glk	m��Aa

ë�ìVí��VíÒÑ ¨ 9�;¦���O�I>.�
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df�fi�g=zXglk	m;gãm	�lvh~�o;}�Â�glk	m	´òvh~�óÉgl|	��vhe�k;}Ünjk	m � |Qg»eh�Òw;v�z;k��Pgl��n��ín
� Å gl��v � èI�8k	|	�	m	m�o;}hnjn=g=�Qk	m��»��v Å |	mí�
�À£hª¤¬0«Ð  ,.- ¯½¦�P � 6	¬./Ã«�ª¤£h¬:�T��  � �
Ñ�i�e�� � glo	k;vhtjvâo;}hnjw	o;gji�g=zXglk	m��uehg=z;m Å m	k;� njm;tÃk;}�zX}xexm	�lvh~�o;}�Â�glk	m	m
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¿Wm;n�a�b±qPa"��� t �8k	|	�	mP�¾o;}hn=n=g=�Qk	m��Ç��v Å |	m

��v Å g Å k;vhtjvËvh~�óÉgl|	�½}ã��o	m;n�a§b±qPa&�.��a ��  � v�w	o;gji�g=z	�Pgl��n��ãeËw;glo;e��Q� v Å gjr
o;gji��âv�w	��m Å g½nj|Qv�´�njm;nj��g � v�´çmçw;}�o	} � gl��o;} � mu��g=zXg½nj|Qv�w;}��¨k;vÊk;}âk;g½g
e�z;m��P�¼���½}�|�Â�gÆ��v Å k;vhnj���²è³v�|	�0njm	o;vhe�|	mÌmÌ�ºnj��m	o;vhe�|	mÉ����v Å k;vhnj���ÈtÃmPr
iXm	o;vheh}�k	m��¡ehv�e�o;g � �¡n
óÉg � |	mÉ�fk;}�z;m Å m;gËi�v�w;v�z;k	m	��g=zX��k;��sÜv�w	��m Å gjr
nj|	m�sÇi�gl�½}�zXgl´Ëw;vÄs0vliX�¾z;� Å gl´ÎiXv²w	o	m;g � k	m	|Q}Ì�
èIm�zX����o;�I��w;v�|	o;vhe�k;vhg
nj��gl|�zXv � }���o	m	�;�xmÓ�=aJióaU���±}�� � vhn=è³glo	k;�2gW�0nÃzXvhe�m��Ik;}h~�zX��i�glk	m	´Éa±dâtÃo	�0r
~hv � w	o	m;~�z;m�Â�glk	m	m¾��  � v�w	m;n=�2eh}hgl��n��Ðt�}��hn=njm;}�k;v�´É�	o;g½}�zX��k;}��²|Q}�o	��mPr
k;} � v±Â�gl�Ónjm�zX��k;v�v��jz;m Å }����hn��Aa�¶4njk;vhe�k;� � w;}�o;} � gl��o;v � �8s.}�o;}�|���glo�mPr
�=�Q�º�·m � ��  � �:�Pe�z	�Pgl��n��âw;v�z;k;}��Êy·m	o	m	k;}¾k;}¾w;v�zXvhe�m	k;g � }�|Qnjm � � � }
� � 6	¢¤¢��ÔªéPP«zX¾¦�«*Ç¹¦h¢éÏÂ¹�¦
�Pªc°�6;°Ør � �WÇd¹���a�J§��v��Æw;}�o;} � gl��oÈs.}�o;}�|	��gjr
o	m	�=�hgl�·w��Q��k;vÍo;}hn=n=g=�Qk	m��A�;o;}�� � gloÁm	�lvh~�o;}�Â�glk	m��Ð��v Å g Å k	vhtjvÍvh~�óÉgl|	�½}
k;} � }���o	m	�;ghaf�ÙzXgjiX�hgl�Êv�� � gl��m	����� Å ��vâo;}�� � gloçw��Q��k;}�o;}hn=njg=�Qk	m��çk;g
�l}he�m;njm	�Æv��¹�Qo	|Qvhnj��mÁvh~�óÉgl|	�l}��8s.v��j�²w	o	m¾e�m	�=�0}�z;m	�=}��	m	mÁô Õ �Wr#njk	m � |Q}
o;}�� � glo;�Ým	�lvh~�o;}�ÂÍglk�m	´Á�lehgl�ÃiË|Q}�ÂÄ�8��n��Ðo;}��=k;� � mÉa
d �=}he�m;njm � vhnj��muv��Î��  � eh�2~�m	o;}hgl��n���k;gl|Qv���v�o;}���v�|	o;g½nj��k;vhnj���pehv�r

|	o	�QtÙw	m	|Qn=g=z	�A�hn=vhv���ehgl��nj��e��Q�º��g½tjvº�;glk	��o	�¹m	�lvh~�o;}�ÂÍglk	m��Ó�lehgl�Ãi���m�z;m
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m	k;vhtjvÛvh~�óÉgl|	�l}��;ehv�|	o	�Qt���v Å |	mÁz;v�|P}�zX��k;vhtjv � }�|Qnjm � � � }�a t v�kÎk;g½~h}Ûe
v�|	o;g½nj��k;vhnj��mÁvh~�óÉgl|	�½}·v�w	o;gji�g=z	�Pgl��n��Ðw;v·�=k;} Å glk	m�� � njm;tÃk;}�zXvhe·k;}·w;gjr
o	m;è³glo	m	mÍ�j��v�´Ûeh�Òo;gl�l}�k�k;v�´Ívh~�zX}hnj��mÉ��w;vhnÃzXg Å g½tjvº�=k;} Å glk	m;g2è³v�k;}�eh�fr
Å m	�l}hgl��n��Ûm	�ºehn=g=sÛnjm;tÃk;}�zXvhe��Qè³v�o � m	o	�Q�º�·m�sÍm	�lvh~�o;}�Â�glk	m;gha�¶2��o	m	�;}�r
��g=zX��k;�2g²njm;tÃk;}�zX� vh~�k	�±z	�P�¼��n��A�õ��g � n=} � � � i�}�zX��k;gl´;y·m;gÄeh� Å m;nÃzXgjr
k	m��²m	�l~h}he�z	�P�¼��n��Èv��Ævhy·m;~hv�|É�Pn=e��Q�l}�k	k;��sÐn�y·� � } � mÐk;}·w;glo	m;è³glo	m	m
m	�lvh~�o;}�Â�glk	m��Aa;ï¹v�k	|	o;gl��k;��s � gl��v½i�vhe�v�w	o;gji�g=zXglk	m��²zXv�|Q}�zX��k;vhtjv�è³v�r
k;} � k;vhtjv��Pv�k	mÇ�l}he�m;n��Q�{v��¹o;g½y�}hg � v�´È�l}�i�} Å mÉa��¹}�w	o	m � gloÉ�.i;z	�Èv�w	o;gjr
i�g=zXglk	m��x|Qvhv�o.iXm	k;}��¾njw	�8��k	m	|Qvhep~hv�zX�hy·m�sâw�zX}�k;gl�¾m�z;mã�lehgl�Ãió��njw	o;v�r
gl�	m	o;vheh}�k	k;��s�k;}xm	�lvh~�o;}�Â�glk	m��ut�}�zX}�|	��m	|É�Tk;g½vh~½s.vliXm � vâ� Å m	���2eh}����
|	o	m;e�m	�=k	���;k;}�|�zXv�kÎè³v�k;}Íeh~�z;m	�=mÎvh~�óÉgl|	�l}�m;n=nÃzXgji�vheh}�k	m��Aa
ô¹v�z;� Å glk	k	vhgj·�eh�Òo;gl�l}�k	k;vhg ¸Òm	�lvh~�o;}�Â�glk	m;g¨m;njw;v�zX���=�0gl��n��ºi;z	�Iv�w	o;gjr

i�g=zXglk	m��Ð|Qvhv�o.iXm	k;}��ÆmÎ~�zXg½nj|Q}Ûvh~�óÉgl|	��vhe�a
ô³o;vh��g�ehn=g½tjvÜv�w	o;gji�g=z	�Pgl��n��í�lehgl�ÃiXk;}��íehg=z;m Å m	k;}B�ºnj� �T� m	o	�Q�¼��n��

njm;tÃk;}�zX� ehvâehn=g=s�w	m	|Qn=g=z	�8sA�Wè³v�o � m	o	�Q�º�·m�sãm	�lvh~�o;}�Â�glk	m;gh�Àmçnj� � r
� } I w;glo;g½n Å m	���2eh}hgl��n��ÇeÍ�lehgl�ÃiXk	�Q�àehg=z;m Å m	k	� m w;vÛè³v�o � �±zXg

m = −2.5
¢¤­
I + C, u]xI��w|{
y

t�i�g
C

§Ýk;gl|Qv���v�o;}���|Pv�k;nÃ�½}�k	�l}��±vh~h��}��¼i;z	�³ehn=g=sI�lehgl��iÓi�}�k	k;vhtjv4njk	m � r
|Q}���v�w	o;gji�g=zXglk	m;gÌ|Qv���v�o;v�´éw	o;v�m	�lehvliXm	��n��énËm;njw;v�zX���lvheh}�k	m;g � �lehgl�Ãi
�j��vhtjvÛÂÍg{njk	m � |Q}ÈnÓm	�lehg½nj��k;� � mÌ�lehgl�ÃiXk;� � mÌehg=z;m Å m	k;} � mÉa�J§��v��Íeh}�r
o	m;}�k	�4w;v��lehv�z	�Pgl�¼v Å glk;�º~h�2nj��o;v�w;v�z	� Å }����¼i�vhnj�l}���v Å k;vº��v Å k;�2g�m	� � gjr
o;glk	m��Ó�lehgl�ÃiXk;��sÆehg=z;m Å m	k·ehn=g=sÓvh~�óÉgl|	��vhe¼njk	m � |Q}���s.v��j�Óo;}��=o;}h~hv��l}�k;�
mÎ~hv�zXg½g³o;}hèIm	k	m	o;vheh}�k	k;�2g � gl��vli��Ýo;g½y�glk	m��Ð�l}�i�} Å mÉa
df� Å m;nÃzXglk	m	gxw	o.� � v��Qtjv�zX��k;��sÜ|Pvhv�o0iXm	k;}�� e �Èµ vh~�óÉgl|	��vhe»njk	m � r

|Q}{�Pe�z	�Pgl��n��Ç~hv�zXg½gInÃzXv½ÂÄk;v�´Ð�l}�i�} Å gl´Éa8ñÆm;nj|	o;gl��k;vhnj���·m	�lvh~�o;}�ÂÍglk	mP�A�
v�w	o;gji�g=z	�Pg � }��âo;}�� � glo;v � w	m	|Qn=g=z	�Ü�
eË}hnj��o;v�k;v � m	m Å }h��gÄm;njw;v�zX���=�0r
�¼��n��çw	m	|Pn=g=z;mév��x`Êi�v�ö � � | � ���Wk;gËw;v��lehv�z	�Pgl�xnjo;}��=�çv�w	o;gji�g=z;m	���
��v Å |	� � }�|Qnjm � � � }ç��  � /â��v Å k;vhnj���h� z;� Å y�gh� Å g � w;v�zXvhe�m	k;}uo;}��Ãr
� glo;}Ðw	m	|Qn=g=z	�AaÔJ§��vhtjvÈ�Pe�k;vÇk;gji�vhnj�l}���v Å k;vÈi;z	�pn=vhe�o;g � glk	k;vhtjvÈ�8o;vhe�r
k��·}hnj��o;v � gl��o	m Å g½nj|	m�s{o;}h~hv��=a�ô¹vh�j��v � �³i;z	�·v�w	o;gji�g=zXglk	m��Æ|Pvhv�o0iXm	k;}��
m;njw;v�zX���=�Q�¼��n�� � gl��vli��I�±� Å m	���2eh}h�º�·m;gÙo;}hnÃw	o;gji�g=zXglk	m;g§w;v���v�|Q}4|;eh}�kPr
��vheÓv��Ivh~�óÉgl|	�l}³w;v¹n=vhn=gjiXk	m � w	m�|Pn=g=z	� � a8�¹}�m;~hv�zXg½g4w	o;vhnj��� � m Å }hnj��v
m;njw;v�zX���=�hg � � � �Pe�z	�Pgl��n�� � gl��v½ip�;glk	��o;v�mPi�vhe��Avhnjk;vheh}�k	k;�Ò´Ëk;}Èv�w	o;gjr
i�g=zXglk	m	mT·��;glk	��o;}��=�8Â�g½nj��m ¸Im	�lvh~�o;}�Â�glk	m��Aahô³�hnj���

i
rðk;v � gloÍnj��v�zX~��;}

w	m	|Qn=g=z	�Çm	�lvh~�o;}�Â�glk	m��m·�eh�Òo;gl�l}�k	k;vhtjv.¸�vh~�óÉgl|	�½}��
j
Ñ²k;v � gloÁnj��o;v�|	mÉ�

Uij
rW�=k;} Å glk	m;g¹njm;tÃk;}�zX}Íe�w	m	|Qn=g=zXgha;ï¹vhv�o.iXm	k;}����ø�;glk	��o;}�m	�lvh~�o;}�ÂÍgjr

ë �q�
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k	m��
X
�
Y
�
eÍw	m	|Qn=g=z	�8s;��eh� Å m;nÃz	�P�¼��n��¾w;vÍè³v�o � �±zX} � �

X =

∑

i

∑

j Uij · i
∑

i

∑

j Uij
, u]xI��w���y

Y =

∑

i

∑

j Uij · j
∑

i

∑

j Uij
u]xI��w��0y

�¹g½nj|Pv�zX��|Qvu~hv�zXg½gâ��v Å k;�2gxm	� � glo;glk	m��é|Pvhv�o0iXm	k;}���vh~hg½njw	g Å m;eh}h�¼�
� gl��vli��Þ}�w	w	o;v�|Qnjm � }��	m	mÌm	�lvh~�o;}�Â�glk	m	´Ì}�k;}�z;m	��m Å g½nj|	m � mÌèI�8k	|	�	m��.r
� mÉa � }h��g¹ehn=g½tjvÍ��  � w	o;gji�nj�l}he�z	�P�¼�·o;}hnjw	o;gji�g=zXglk	m	g � �.}±�hn=n=}

G(r, a, b) = a · exp

(

− r2

2 · b2

)

, u]xI��w|�
y
t�i�g

r
Ñ�o;}hn=nÃ��v½�Qk	m;g�v����;glk	��o;}»m	�lvh~�o;}�Â�glk	m��A�

a
�
b
Ñçw;}�o;} � gl��o;�I�

v�w	o;gji�g=z	�P�º�·m;g¹e�mPiËèI�8k	|	�	m	mã��o	m;n�aðb±qPa `.��a

¿Wm;n�axb±qPa `��	Ö�v½i�g=zX�Á��b±qPar�0�ÙèI�8k	|	�	m	mÎo;}hn=n=g=�Qk	m��Ç��v Å |	m���b±qPa&�.�
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¿À}hnjw	o;vhnj��o;}�k;glk;�â�½}�|�Â�gTèI�8k	|	�	m��IµÓv�o;glk	�;}³�
nÃz;� Å }�´ c = 1
Ñ¼èI�8k	|Pr

�	m��Çï¹vhy·mA�

L(r, a, b, c) =
a

1 + (r2/b2)c
, u]xI��w���y

èI�8k	|	�	m��ÇµÓ}�w�zX}hn=}

P (r, a, b) = a · exp (−|r|/b) u]xI��w|�
y
m � k;vhtÃm;g�iXo	�QtÃm;gha

b±qPa"� ¸ºnj��o;v � gl��o	m Å g½nj|Q}��Ço;gjiX�8|	�	m��¾ô Õ �Wr6k;}h~�zX�4i�glk	m	´

ë�ìVíÎÍ�í2ë ¨ 9�;¦���O�I>.�
	;þ¦��Ô��V=
<��·û�;;þ�<!>BF 	�ª¶þ¤�0û�û�;��½þ�	�<�� û�¡4Ó
�
� �·û!=
ñ{}�zX��k;gl´;y�}��Êo;}h~hv��½}Áw	o;v�m	�lehv½i;m	��n��xw;vË|�zX}hn=njm Å g½nj|Qv�´�n�s0g � gÐ}hnj�½r

o;v � gl��o	m Å g½nj|Qv�´Óo;gjiX�8|	�	m	mÆnjk	m � |Pvhe��±eÚn=vhehglo;y�glk;nj��ehgWo;}��=o;}h~hv��l}�k	k;v�´
i;z	�Ûè³v���vhtÃo;}hèIm Å g½nj|Qv�´²}hnj��o;v � gl��o	m	mTð"%!ñ?a.ô Õ �ãi�}h�¼����v�zX��|Qv¹k;gl|Qv���v�r
o;�2gÁi�v�w;v�z;k	m	��g=zX��k;�2gÌehv�� � v½ÂÄk;vhnj��mÉ�§vh~�zXg½t Å }h�º�·m;gÎo;g½y�glk	m;gË�j��v�´
�l}�i�} Å mÁm�z;mÁw;v��lehv�z	�P�º�·m;g³o;g½y�}����Íg½g¹��v Å k;g½gha
� � �2nÃzÊ}hnj��o;v � gl��o	m Å g½nj|Qv�´Ìo;gjiX�8|	�	m	mp�l}�|�zX� Å }hgl��n��Ëe²��v � � Å ��vh~h�

�hnj�½}�k;vhe�m	���Ûn=vhv���ehgl��nj��e�m;g � g=ÂÍiX�È�j|;eh}���v�o	m;}�zX��k;� � m¾|Qvhv�o0iXm	k;}��½} � m
k;}h~�zX�fi�}hg � ��sË�lehgl�Ãi�mâm	� � glo;glk	k;� � mÊw	o8� � v��Qtjv�zX��k;� � mÊ|Qvhv�o0iXm	k;}�r
�l} � m X � Y �j��m�sÇÂ�gÓ�lehgl�Ãipk;}Äô Õ �Wr#njk	m � |Qgha	ñÓz	�Ç��vhtjv Å ��vh~h�åw;v�z;�0r
Å m	���·è³v�o � �±zX�I�Pw	o;g½vh~�o;}��=�Q�º�·m;g�v½iXk	mÐ|Qvhv�o0iXm	k;}����øeÓiXo	�QtÃm;gh�Pk	�.ÂÍr
k;� �lehgl�Ãi�� n¾m	�lehg½nj��k;� � m¡�j|;eh}���v�o	m;}�zX��k;� � mç|Qvhv�o0iXm	k;}��½} � mÉ�¨w	o.�.r
� � � ehvhn�s0v½ÂÍi�glk	m;g � α

månj|�zXv�k;glk	m;g � δ
�2�=a�ghaÒk	�.ÂÄk;� tNzXvh~h}�zX��k;�2g

|Q}��½}�zXvhtÃm¾v�w;v�o	k;��s²�lehgl�Ãióa;�¹}�m;~hv�zXg½g���v Å k;�Ò´Án=vhe�o;g � glk	k;�Ò´Ç|Q}��l}�zXvhtÇ¹ª ,., ¦ - /=£h©õk;gftjvliXm	��n��Ii;z	�¹�j��v�´Æ�;g=z;mÉ�±w;vhnj|Pv�zX��|	�³v�kÆn=vli�glo8ÂÄm	�Òv Å glk;�
� }�zXvÆ�lehgl�ÃiÁeÆw;v�zXg��=o;glk	m��Äw	o;}�|	��m Å g½nj|	mÈzX�º~hvhtjvÓ��g=zXg½nj|Pv�w;}�a;�ÙzXgjiX�0r
�º�·m	´²w;vÓ��v Å k;vhnj��mÈ|Q}��½}�zXvht´�À®@/�X	£�r�öÓvh~hg½njw;g Å m;eh}hgl�¼i�vhnj�½}���v Å k;vhg¼|Qv�r
z;m Å g½nj��ehvÄ�lehgl�Ãió�Ag½nÃz;mÌw;v�zXgÆ�=o;glk	m��Á��g=zXg½nj|Qv�w;}Äk;g � glk;�hy�g Å gl��ehglo	��m
|;eh}�iXo;}���k;vhtjvºtÃo;}�iX�hn=}�a�ñÓz	� � glk;�hy·m�s¹w;v�zXgl´·m;njw;v�zX���=�Q�¼��n��·~hv�zX�hy·m;g
|Q}��½}�zXvhtÃmÇ��k;}�w	o	m � glo:� ¼   U�³�½ ����n=vli�glo8Â�}h�·m;gfk;}4i�eh}¼w;v�o8�.i;|P}�~hv�zX��r
y�g³�lehgl�Ãió�;k;vÛn�sQ�½i�y�gl´Á��v Å k;vhnj���h�Æa
ô³o;v��;g½n=n¨}hnj��o;v � gl��o	m Å g½nj|Qv�´¹o;gjiX�8|	�	m	m¹n=vhnj��v�m	�fm	�Tk;g½nj|Qv�zX��|	m�sI�j�l}�r

w;vhe�a
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df�2~hv�oÎv�w;v�o	k;��sÐ�lehgl�Ãi
d§k;} Å }�zXgÓm	�Ó|Q}��l}�zXvht�}Ûv�w;v�o	k;��sÇ�lehgl�ÃiÊeh�2~�m	o;}h�¼��n��Ç�lehgl�Ãi��I��|Qv���v�r

o;�2g·i�v�z	ÂÄk;�æw	o	m;nj�8��nj��ehvheh}����¾k;}¾njk��Q��v�´xw�zXvh��}�iX|QgÍk;g½~h}�aAñÓz	�pk;}�r
y�g½tjvI|Qv�o;v���|Pvhè³v�|	�hnjk;vhtjv³m	k;nj��o	� � glk	�½}¹k;g½vh~½s.vliXm � v�´ÍmÍi�vhnj�l}���v Å k;v�´
�Pe�z	�Pgl��n��øm	k;è³v�o � }��	m��ém	�â|Q}��½}�zXvht�}n��®@/�X	£�r�öQa4�¹g½vh~±s0vliXm � m � glk	k;v
�j��v��Ú|Q}��½}�z;vht���w;vhnj|Qv�zX��|	�Ó��v Å k;vhnj����m	� � glo;glk	m	´·k;}�¸ºï�ñÞn�ô Õ �ãnjo;}he�r
k	m � }³n2��v Å k;vhnj���h�Å��®@/hX	£�r�ö�m²nj�Q��g½nj��ehglk	k;vIz;� Å y�g4��v Å k;vhnj��mÍiXo	�QtÃm�s
~hv�zX�hy·m�sÆ|Q}��½}�z;vhtjvhe�a�ñ{vhnj�l}���v Å glkÍv�kÍw;vI��v�´�w	o	m Å m	k;gh� Å ��v�w	o	mÛ~hv�zX��r
y�v � w;v�zXgÒ�=o;glk	m���¸ºï�ñòeIk;g � ehn=g½tNi�} � k;vhtjv��lehgl�Ãió�0n=vli�glo.ÂÍ}h�·m�s0n���e
|Q}��l}�zXvhtjgË��®@/hX	£�r�öQ� Å ��v�vh~hg½njw;g Å m;eh}hgl�Òk;}�i�g=ÂÄk	�Q��}hnj��o;v � gl��o	m Å g½nj|	�Q�
o;gjiX�8|	�	m;�Æa
ñÓz	�Ìw	o	m � glo;}Ðk;}Ðo	m;n�a¨b±qPacb±q²w	o	m;ehgji�glkânjk	m � v�|âvh~�zX}hnj��mâo;}hn=n=g=�QkPr

k;��s�nj|Qv�w�zXglk	m	´
χ
m
h
ô¹glo;n=g=�A�À}Ìk;}Ìo	m;n�afb±qPacbhbÈn=vhv���ehgl��nj��e��Q�º�·m	´

� Å �8��� � glk;�hy·m	´A�TèIo	}ht � glk	�³|Q}��½}�zXvht�}���®@/hX	£�r�öQ�Pe�m	�=�h}�z;m	�=m	o;vheh}�k	k;�Ò´
w	o;vhtÃo;} �T� v�´T'f¦ - «�¯½©´P.6T'fª¤¯½¢�)h 7Z8®T'YX	¦ - «la

¿Wm;n�a¾b±qPacb±q����§k	m � v�|Ðvh~�zX}hnj��m²o;}hn=n=g=�Qk	k;��s²nj|Qv�w�zXglk	m	´ χ m h ô¹glo;n=g=�
df� Å m;nÃzXglk	m;gÕ÷ÃmPi�g½}�zX��k;��sÈ|Qvhv�o.iXm	k;}��B÷Êv�w;v�o	k;��sÐ�lehgl�Ãi
J§|;eh}���v�o	m;}�zX��k;�2gâ|Pvhv�o0iXm	k;}���� v�w;v�o	k;��sé�lehgl�ÃiÞw;glo;g½n Å m	���2eh}h�¼�½r

n��Êk;}¾�jw;v±sQ�pk;}h~�zX�fi�glk	m	´xn�� Å gl��v � n=vh~hnj��ehglk	k;��sËi�e�m�Â�glk	m	´â�lehgl�Ãióa
ñÓz	�{�j��m�s{�lehgl�ÃiÄeh� Å m;nÃz	�P�¼��n��{m�s^÷ÃmPi�g½}�zX��k;�2g7÷²w	o.� � v��Qtjv�zX��k;�2g�|Pv�r
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¿Wm;n�aÎb±qPacbhb���¶4~�zX}hnj���Æo;}hn=n=g=�Qk	k;��sÈnj|Qv�w�zXglk	m	´
χ
m
h
ô¹glo;n=g=�Äw;v¹i�}�kPr

k;� � |Q}��l}�zXvht�}��À®@/�X	£�r�ö
v�o0iXm	k;}����

ξ
m
η
eÁw	o;vhgl|	�	m	m�k;}Ëè³v�|Q}�zX��k	�Q� w�zXvhnj|Qvhnj���Ë��g=zXg½nÃ|Pv�w;}

w;vÇnÃzXgjiX�Q�º�·m � è³v�o � �±zX} � �:eÐ|Qv���v�o;��s α0
�
δ0

§ w	o;gji�eh}�o	m	��g=zX��k;�2g
���hnj�½}�k;vhehv Å k;�2g��À|Qvhv�o0iXm	k;}����¡�;glk	��o;}Ónjk	m � |P}²���;glk	��o;}�zX��k;vhtjv¹w	m	|Qn=gjr
z	�

Xc
�
Yc
���

ξ =
cos δ · sin (α− α0)

sin δ · sin δ0 + cos δ · cos δ0 · cos (α− α0)
, u]xI��w���y

η =
sin δ · cos δ0 − cos δ · sin δ0 · cos (α− α0)

sin δ · sin δ0 + cos δ · cos δ0 · cos (α− α0)
. u]xI��w�v�y

ô¹vhnj|Qv�zX��|	�¼m;nj��m	k	k;�2gW|Qvhv�o.iXm	k;}����â�	glk	��o;}4njk	m � |P}Òm	�lehg½nj��k;�âz;m;y��
w	o	m;~�z;m	�=m	��g=zX��k;vÆ����v Å k;vhnj���Úk;}hehgji�glk	m�����g=zXg½nj|Pv�w;}4w;v4|Qvhv�o0iXm	k;}��½} � e
�l}�i�}�k	k	�Q�ívh~�zX}hnj���Æk;g½~h}Æk;gji�vhnj�l}���v Å k;}8���Qk;g½vh~½s.vliXm � v{e�k;} Å }�zXgº�8��v Å r
k	m	���Í|Qvhv�o.iXm	k	}����

α0
�
δ0
�;glk	��o;}Ûnjk	m � |Q}�a

¶2w	o;gji�g=zXglk	m;g³w;}�o;} � gl��o;vhe�o;gjiX�8|	�	m;v�k	k;v�´ � vli�g=z;m
�ãw;v � vh���h�Á÷ÃmPi�g½}�zX��k;��s�÷È|Pvhv�o0iXm	k;}��

ξ
�
η
mÍm	� � glo;glk	k;��s{k;} � }��½r

o	m	�;g
X
�
Y
w	o;v�m	�lehvliXm	��n��¹v���v±ÂÍi�g½nj��e�zXglk	m;gW�lehgl�Ãi·v�w;v�o	k;vhtjv2|Q}��l}�zXvht�}

nÓvh~�óÉgl|	�l} � mËnjk	m � |Q}�a	ñ{}�zXg½gÆ�j��mÌv���v±ÂÍi�g½nj��e�zXglk	k;�2g¹�lehgl�Ãi��íw	o	m � gjr
k��P�¼��n��Æi;z	��v�w	o;gji�g=zXglk	mP�{w;}�o;} � gl��o;vhe�o;gji;�8|	�	m;v�k	k;v�´ � v½i�g=z;m:ah�¹}�mPr
~hv�zXg½g Å }hnj��v�m;njw;v�zX���=�0gl��n��·|�zX}hn=njm Å g½nj|	m	´ � gl��vliÄy�g½nj��mÍw;vhnj��v½�Qk	k;��sA�
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�=a�gha;n=vhv���k;vhy�glk	m��

ξi = A+B ·Xi + C · Yi, u]xI��w&xI��y
ηi = D + E ·Xi + F · Yi, u]xI��w&x
xzy

tNi�g�k;glm	�lehg½nj��k;� � m�w;}�o;} � gl��o;} � m{�Pe�z	�P�¼��n�� A � B � C � D � E � F ��m	kPri�gl|Qn
i
v��=k;} Å }hgl�Çk;v � glo�v���v½ÂÍi�g½nj��e�zXglk	k;v�´�v�w;v�o	k;v�´��lehgl��i��Ia ù �l~h�fr

��v Å k;}��Ánjm;nj��g � }Ä�8o;}he�k;glk	m	´���w	o	mÌ|Qv�z;m Å g½nj��ehg{v�w;v�o	k;��s¾�lehgl�ÃiÊ~hv�zX��r
y�g3�.�Óo;g½y�}hgl��n��A�À|P}�|»w	o;}he�m�zXv�� � gl��vli�v � k;}�m � glk;�hy·m�s�|;eh}�iXo;}���vhe�a� g � ~hv�zX�hy�gºv�w;v�o	k;��sÄ�lehgl�ÃiÁnºeh�2n=v�|Qv���v Å k;� � mÈ|Pvhv�o0iXm	k;}��l} � mÉ�Q��g �
k;}�i�g=ÂÄk;g½g³v�w	o;gji�g=z	�P�¼��n��Ðw;vhnj��v½�Qk	k;�2gÆnjk	m � |Q} A � B � C � D � E � F añÓz	�p�8��v Å k;glk	m��â�j|;eh}���v�o	m;}�zX��k;��sp|Qvhv�o0iXm	k;}��È�;glk	��o;}¾njk	m � |Q} αc �
δc
w;v·è³v�o � �±zX} � ��b±qPacb±q.���Ï��b±qPacbhb��Tnºw;v�z;� Å glk	k;� � m A � B � C � D � E � Feh� Å m;nÃz	�Pg � ξc

�
ηc
�Éw;vli�nj�½}he�m;e¾e¾�j��m�è³v�o � �½zX� e � g½nj��v Xi

�
Yi
|Qvhv�oPr

iXm	k;}����
Xc

�
Yc
�;glk	��o;}Î���;glk	��o;}�zX��k;vhtjv�w	m	|Qn=g=z	�;��njk	m � |Q}�aLº��v Å k;glk	k;�2gx�j|;eh}���v�o	m;}�zX��k;�2gÊ|Qvhv�o.iXm	k;}���� �;glk	��o;}unjk	m � |Q}ueh�fr

Å m;nÃz	�P�¼��n��¾w;vÍè³v�o � �±zX} � �
tg(αc − α0) =

ξc · sec δ0

1 − ηc · tgδ0

, u]xI��w&xz{
y

tgδc · sec(αc − α0) =
η + tgδ0

1 − η · tgδ0

. u]xI��w&xI��y
ô¹v�z;� Å glk	k;�2g αc � δc w;vli�nj�½}he�z	�P�¼��n��{e�è³v�o � �½zX�Ý��b±qPa&�.������b±qPa `.�Ée � gjr

nj��v
α0
�
δ0
��w;vhnÃzXg Å g½tjvº�l}�k;vhehv�eh� Å m;nÃz	�P�¼��n�� ξ � η i;z	�·v�w;v�o	k;��sÆ�lehgl�ÃimÄe�k;vheh�¹v�w	o;gjiXg=z	�P�¼��n���w;}�o;} � gl��o;�uo;gjiX�8|	�	m;v�k	k;v�´ � vli�g=z;m A � B � C �

D
�
E
�
F
a

Ö�v½i�g=zX�ây�g½nj��muw;vhnj��v±�Qk	k;��s»� Å m	���2eh}hgl�Ì��v�zX��|Qvâtjg½v � gl��o	m Å g½nj|	m;g
w;}�o;} � gl��o;�íô Õ �Wr#njk	m � |Q}p�
v�o	m;glk	�l}��	m;�Æ��n�i�e�m	t�� � }hn=y·�½}h~��Xk;g½v�o	��vhtjv�r
k;}�zX��k;vhnj����vhn=gl´A�ów	o	m·o;gjiX�8|	�	m	m�|�mPi�g½}�zX��k;v�´·�l}�k;tjglk	�	m;}�zX��k;v�´{w�zXvhn�r
|Qvhnj��mÉajñÓz	��� Å gl�l}2m;nj|Q}�Â�glk	m	´¹v�w	��m	|	m Å }hnj��vÒw	o	m � glk��P�¼�f~hv�zXg½gTnÃzXv±ÂÍr
k;�2gh�	k;g=z;m	k;gl´	k;�2g � vli�g=z;mÉ�;n=vli�glo.ÂÍ}h�·m;g$�P�Éb�ö{mÎ~hv�zXg½g³w;vhnj��v±�Qk	k;��sAa
d×nÃz;� Å }hgËô Õ � �½}�|	m	g � v½i�g=z;muw	o;gjiXw;v Å ��m	��g=zX��k;g½gÁ�l} � glk	m	���â� � w	mPr
o	m Å g½nj|	m � mx��w;v�z;� Å glk	k;� � m¾m	�I|Q}�z;m;~�o;vhehv Å k;��s²m;n=nÃzXgji�vheh}�k	m	´A�W|P}�oPr
�l} � mpvh~hvh~h��glk	k;v�´ÁiXm;nj��v�o;njm	mÉ�:vh~�óÉgjiXm	k��P�º��gl´Ë|P}�|pehv�� � v½Â²k	�4g{v�wPr
��m Å g½nj|	m;g�m;nj|Q}�ÂÍglk	m����
}h~hglo	o;}��	m	mÉ�Ïk;g½n=vhv���ehgl��nj��e�m;gÍv�w	��m Å g½nj|Qv�´âvhnjm
��g=zXg½nj|Qv�w;}È�;glk	��o	�Ënjk�m � |P}��Ak;}�|�zXv�kÊô Õ �å|âv�w	��m Å g½nj|Pv�´Êvhnjmpmp�=aßwÉaU���
�l}�|�muehv�� � v½ÂÄk;�2gÐtjg½v � gl��o	m Å g½nj|	m;gÈm;nj|P}�Â�glk	m���ô Õ �¼aÙ¶4nÃk;vheh}�k	m;g �
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i;z	�Æ�½}�|Qvhtjvºw;vli;s.vli�}º�Pe�z	�Pgl��n��·è³}�|	��v�oÍnj�l}h~�m�zX��k;vhnj��mÉ��ÂÍg½nj��|Qv�´ÍèIm	|Pr
n=}��	m	mÊnjm;nj��g � �òô Õ �*»¼��g=zXg½nj|Pv�wÉ�Aw;}�o;} � gl��o;�Þ|Qv���v�o;v�´Ìk;g � glk��P�¼��n��
v��¼njk	m � |P}�|Ûnjk	m � |	�·e���g Å glk	m;gfi;z;m	��g=zX��k;vhtjv�e�o;g � glk	mÁ�
eIv��jz;m Å m;g4v��
}hnj��o;vhè³v���vhtÃo;}hèIm	mÉ�;t�i�g³|Q}�ÂÍi��Ò´Ánjk	m � v�|¾��o;g½~��hgl�{w;vli;s0v½i�}¤÷jn�k	�±z	��÷
mÎv�w	o;gji�g=zXglk	m��Çehn=g=sÐw;}�o;} � gl��o;vhe·o;gjiX�8|	�	m	mÎ�l}�k	vhehv8��a
df� Å m;nÃzXglk	m;gÓ|Qvhv�o.i;m	k;}��·v�w	o;gji�g=z	�Pg � ��sÐ�lehgl�ÃiLº��v Å k	m;eIw;vhnj��v½�Qk	k;�2g A,B,C,D,E, F o;gjiX�8|	�	m;v�k	k;v�´ � vli�g=z;mÉ��w;v

è³v�o � �±zX} � ��b±qPacb±q.�ómÎ��b±qPacbhb�����k;}�s0v½i;�Q�º�l}�k;tjglk	�	m;}�zX��k;�2gÒ|Pvhv�o0iXm	k;}����
ξ
m
η
i;z	�Ëehn=g=sËv�w	o;gji�g=z	�Pg � ��sÎvh~�óÉgl|	��vheÄw;v²m�sÎm	� � glo;glk	k;� � X,Y aô¹vhnÃzXgÁ�j��vhtjvâm�sãm;nj|Pv � �2gÁ�j|;eh}���v�o	m;}�zX��k;�2g¾|Qvhv�o0iXm	k;}���� eh� Å m;nÃz	�.r

�¼��n��Çw;vÛè³v�o � �±zX} � �

tg(α− αc) =
ξ · sec δc

1 − η · tgδc

, u]xI��w&x��0y

tgδ · sec(α− αc) =
η + tgδc

1 − η · tgδc

. u]xI��w&xz�
y
¶2w	m;n=}�k	k	}��én�s0g � }»eh� Å m;nÃzXglk	m	´øo;g½}�z;m	�lvheh}�k;}�e�e�mPi�gÊw	o;vhtÃo;} �T� �

o;}h~hv����È|Qv���v�o;��sÐw	o;vhnÃzXgjiXm � k;}{i�e��.sÇ��m	w	m Å k;��sÐ�l}�i�} Å }�sAa

ë�ìVíÎÍ�íúù Õ ü��j;;ûjý��
�j;;þB?¤G�=��EG!�
¶�iXk;}Óm	�¼eh}�ÂÄk;gl´;y·m�sÍ�l}�i�} Å n=vhe�o	g � glk	k;v�´²k;}��lg � k;v�´È}hnj��o;v � gl��o	m	m§ o;}hnjw	o;vhnj��o;}�k;glk	m;gÎèI�8kPi�} � glk	�l}�zX��k;��s�|Qvhv�o0iXm	k;}���k;��s»njm;nj��g � k;}

nÃzX}h~h�2g¼vh~�óÉgl|	���I�.nÃzX}h~h�2g¼�lehgl�Ãi��IaBJ§�½}¹�l}�i�} Å }Ów	o;gji;w;v�zX}ht�}hgl�ºw�zX}�k;v�r
� glo	k	�Q� n
óÉg � |	�Çm	�l~�o;}�k	k;v�´pvh~�zX}hnj��mÌk;g½~h}���|Q}�ÂÍi�}��Áw�zXvh��}�iX|Q}²njk	mPr
� }hgl��n��Ik;g½~hv�zX�hy·m � m³n=glo	m�� � mÆe2o;}��=k;��sIèIm�zX����o;}�sA�½w;vhnÃzXg Å g½tjv2v�w	o;gjr
i�g=z	�P�¼��n��Ç|Pvhv�o0iXm	k;}����ÝmÎ~�zXg½nj|Îehn=g=sÐ�lehgl�ÃiÌk	}Ûnjk	m � |Q}�sAa
êÉ}�|Q}��¾o;}h~hv��l}Íi�v�z	ÂÄk;}²eh�Òw;v�z;k��Q���hn��Ák;}²m	k;nj��o	� � glk	�l}�sËn³i�vhehv�zX��r

k;vÆ~hv�zX�hy·m � w;v�zXg � �=o	glk	m��A�Qk;g � glk	g½g�qPa&�I|;eh}�iXo;}���k;��sÛtÃo;}�iX�0n=}��hi;z	�
��vhtjv�� Å ��vh~h� vh~hg½njw;g Å m	����i�vhnj�½}���v Å k;vhg�|Qv�z;m Å g½nj��ehvéeh�2n=v�|Pv���v Å k;��s
v�w;v�o	k;��sÐ�lehgl�ÃiËm	�³|P}��l}�zXvht�}���®@/hX	£ÈöQa
J§|Qnjw;v��=m	�	m��Ônjk	m � |Qvhe�eh�2~�m	o;}hgl��n��Ýnâ� Å gl��v � vhnÃzX}h~�zXglk	m��Ýè³v���v�r

� gl��o	m Å g½nj|	m � mâèIm�zX����o;} � mÊ�½}�|	m � vh~�o;}��lv � � Å ��vh~h�ävh~hg½njw;g Å m	���Ç|Q}�r
Å g½nj��ehglk	k;�2gh�±k;g§w;glo;gji�glo.Â�}�k	k;�2gÙm	�lvh~�o;}�Â�glk	m��³njo;}he�k	m	��g=zX��k;v4�Qo	|	m�s
��`�r�bhbÚ�le�aQehg=z;m Å m	k;�¼�¨v�w;v�o	k;��sÍ�lehgl�Ãió�8m²|P} Å g½nj��ehglk	k;�2g¼m	�lvh~�o;}�Â�glk	m��
nÃzX}h~h��sÄvh~�óÉgl|	��vhe�a.ô³o	m²k;}�z;m Å m	mÈv Å glk;�¹�Qo	|	m�sÛ�lehgl�Ãi¾eÓw;v�zXgÚ�=o;glk	m��A�
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eh�Òw;v�z;k��Pgl��n��Ói�v�w;v�z;k	m	��g=zX��k;vIn=glo	m��·njk	m � |QvheIn�|Qv�o;v���|	m � mÍ�j|Qnjw;v��=mPr
�	m�� � mÉ� Å ��v�w;v��lehv�z	�Pgl�¼nj�Q��g½nj��ehglk	k;v��Qehg=z;m Å m	���ºiXm	k;} � m Å g½nÃ|	m	´·iXm;}�r
w;}��lv�kÌk;}h~�z;��i�}hg � ��sÇ�lehgl�ÃióaÏô¹vhnj|Qv�zX��|	�ÁgjiXm	k;vhe�o;g � glk	k;vÄk	}Ènjk	m � |Qg
o;g½tÃm;nj��o	m	o	�hgl��n��Ìv��Áb±qhqhq�i�v^��qhqhqÛ�lehgl�Ãiâk;}²|;eh}�iXo;}���k;�Ò´ptÃo;}�iX�hn��Ïn=gjr
o;�hgl�=k	�Q�øw	o;vh~�zXg � ��n=v��Ãi�}hgl�Iè³v�kÄ|Pvhn � m Å g½nj|	m�s Å }hnj��m	�É�.o;g½tÃm;nj��o	m	o	�0r
g � ��s � }���o	m	�;gl´�mã�jk;} Å m	��g=zX��k;vÎm;nj|Q}�ÂÍ}h�º�·m�sâm	�lvh~�o	}�ÂÍglk	m��â�lehgl�Ãi
eÌnÃz;� Å }hgÐw;v�w;}�i�}�k	m���m�s�k;}Ìm	�=vh~�o;}�ÂÍglk	m;gha¬J§��vpehgji�gl�¾|»~hv�zX�hy�v � �
Å m;nÃz;�ÌnÃz;� Å }�´	k;��sÊeh�2~�o;vhn=vheÐw	o	mÊm	� � glo;glk	m��8sp|Qvhv�o0iXm	k;}��²mâ~�zXg½nj|P}
�lehgl�ÃióaXô¹vh�j��v � �Ð|Qv�z;m Å g½nj��ehvÄnjk	m � |QvheÄeÛn=glo	m	m¾i�v�z	ÂÄk;vÛ~h�Ò���·i�vhnj�l}�r
��v Å k;v�~hv�zX�hy·m � �
eºzX�º~hv � nÃz;� Å }hgÒk;g � glk;�hy�gf��o;g=s;�Éi;z	�Æ��vhtjv�� Å ��vh~h�
m � gl���Çehv�� � v½ÂÄk;vhnj���Ðw	o;vh}�k;}�z;m	�=m	o;vheh}����Çeh�2~�o;vhn=�àmâm;nj|�zX� Å m	���Çm�s
w	o	mÎeh�2ehvli�g¹njo;gjiXk	m�sÐw;v�zXv±Â�glk	m	´¾mÎè³v���v � gl��o	m Å g½nj|	m�sÇehg=z;m Å m	kÉa
ñÓz	�Ëv�w	o;gji�g=zXglk	m	´Ë|Qvhv�o.iXm	k;}����lehgl�Ãiâm;njw;v�zX���=�Q�¼��n��Ìehn=g{njk	m � |	mÊe

w;v�zXvhn=}�s
V
m
R
�.i;z��Äw;v�z;� Å glk	m��Ä|Qvhv�o0iXm	k;}��¹v Å glk;�¹�Qo	|	m�sÄ�lehgl�Ãi���w	gjr

o;g½�j|Qnjw;v�k	m	o;vheh}�k	k;��sÐe
V
m
R
�Wm;njw;v�zX���=�Q�¼��n��Çk;}h~�zX�fi�glk	m��Èe�èIm�zX��r

��o;g
B
a.�¹}h~�zX��i�glk�m��Íe¹èIm�zX����o;g

I
e³k;}hy�g � nÃz;� Å }hgÚk;glw	o	m;tjvliXk;�ui;z	�

}hnj��o;v � gl��o	m	m¹m	�Ãr6�l}4~hv�zX�hy�v�´IsQo;v � }���m Å g½nj|Pv�´Ó}h~hglo	o;}��	m	mÉ�lk;v2m;njw	v�zX��r
�=�Q�¼��n��Üi;z	�éw;v�z;� Å glk	m��é�lehgl�ÃiXk;��sÝehg=z;m Å m	kÔeu�j��v�´Ôw;v�zXvhn=gha2ï¹}�ÂÍr
i��Ò´�njk	m � v�|¡vh~�o;}h~h}����2eh}hgl��n���m	kPiXm;e�mPiX�0}�zX��k	vÊi�vâw;v�z;� Å glk	m��uw	o.�.r
� ��sxehvhn�s0v½ÂÍglk�m	´ α � nj|�zXv�k;glk	m	´ δ mãm	k;nj��o	� � glk	�l}�zX��k;��sx�lehgl�ÃiXk;��sehg=z;m Å m	k Minst

a Õ k;} Å m	��g=zX��k;vhg Å m;nÃzXv¾k;}h~�zX�fi�glk	m	´â|Q}�ÂÍi�v�´â�lehgl�Ãi��
w;v��lehv�z	�Pgl�Í�Qehglo;glk	k;vÈv�w	o;gji�g=z	�Q���²m	� � glo8�Pg � �4g{ehg=z;m Å m	k;�I�Ïv���~�o;}�|Qv�r
eh�2eh}����pi�g½è³gl|	��� �
eh�2~�o;vhn=�¼���Wv��;glk	m;eh}����âo;g½}�zX��k	�Q� m	kPiXm;e�mPiX�h}�zX��r
k	�Q� vhy·m;~�|	�»m	� � glo	glk	m	´ÉaÒ� iXo	�Qtjv�´Ünj��v�o;v�k;�I�§�j��v���o;g½~��0gl�Ê�=k;} Å mPr
��g=zX��k;vhtjvÁe�o;g � glk	mÊi;z��âk;}h~�zX�fi�glk	m	´É�ðw	o	m Å g � k;}h~�zX��i�glk	m	´�eÇs.v�o;v�r
y·m;gTk	v Å mÉa½ô³o;v��;gjiX�8o;}2vh~�o;}h~hv���|	m³ô Õ �Wr#njk	m � |Pvhe2e�|�zX� Å }hgl�Ùk;g½nj|Qv�zX��r
|QvÛ�j�l}�w;vhe�a
ô³o;vhtÃo;} �T� } [�c R ¼ 'È�4a
ô³o;gji�eh}�o	m	��g=zX��k;}��Þvh~�o;}h~hv���|P}énjk	m � |Qvhe��Ie�|�zX� Å }��Þo;gjiX�8|	�	m	� �l}

��g � k;vhehv�´I��v�|¹m³w�zXvhnj|QvhgWw;v�zXgh�leh�Òw;v�z;k��Pgl��n���w	o;vhtÃo;} �T� v�´ [�c R ¼ 'È�4a
ñÓz	�xi�}�k	k;v�´��l}�i�} Å m»v Å glk;�peh}�ÂÄk;}Ë|Q} Å g½nj��ehglk	k;}��ãv Å m;nj��|Q}pnjk	m � r

|Qvhe�a½êÙo;g½~hvheh}�k	m��ºeh�2n=v�|Pv�´³��v Å k;vhnj��m¹v�w	o;gji�g=zXglk	m��º|Pvhv�o0iXm	k;}��§m¹~�zXg½n�r
|Q}Ð�lehgl�Ãi�k;g�w;v��lehv�z	�P�¼�Äm;njw;v�zX���lvheh}����Ðnj�½}�kPi�}�o	��k;�2gh�Éehnj��o;vhglk	k;�2gÍe
w	o	m�zX}ht�}hg � �Ò´�|uô Õ �Wr6|Q} � glo;gÐw;}�|Qgl�Îw	o;vhtÃo;} �T� w	o;v��;gjiX�8o;�×o;gjiX�8|Pr
�	m	mæ�l}ø��g � k;vhehv�´à��v�|æmæw�zXvhnj|Qvhguw;v�zXgh��w;vhnj|Pv�zX��|	�Þ�j��vø�½i�eh}�m;eh}�r
gl�ÊmÜ~hgl�Î��vhtjv�eh�2n=v�|	�Q� ehglo;v½�Q��k;vhnj����vhy·m;~hv�|ÉaÙô³o	m¡w	o	m � m	��m;e�k;v �
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eh� Å m	�l}�k	m	m�gji;m	k	m Å k;vhtjvânjk	m � |Q}Ê��g � k;vhehvhtjvp��v�|Q}Êm	�Ávh~�o;}h~h}����2eh}hgjr
� vhtjvÌnjk	m � |Q}Ìk;} � g½nj��gÇnÃz;� Å }�´	k;��sãehnjw�zXg½nj|Qvhe»�
y·� � � |Pvhn � m Å g½nj|	m	g
Å }hnj��m	�;�¼�²vh~�o;}��=�Q�¼��n�� · Å glo	k;�2gÌi��Òo;�û¸±��e�|Qv���v�o;�2gÊw	o;vheh}�z;m;eh}hgl�½r
n�� Å }hnj���Ëo;g½}�zX��k;vhtjvÎm	�lvh~�o;}�Â�glk	m��Aa ô¹vhnj|Pv�zX��|	�â�lehgl�Ãi � k;vhtjv�� ehglo;v�r
�Q��k;vhnj���Ç�l}�|	m�sn·�w	o;vheh}�zXvhe.¸Äi�vhnj�½}���v Å k;vÇehg=z;m	|Q}�aó¶4n=vh~hglk	k;vÇe�o;gjiXk;v��
g½nÃz;måvliXm	kÔnjk	m � v�|Ô��g � k;vhehvhtjvã��v�|Q}»m;njw;v�zX���=�hgl��n��éi;z	�øvh~�o;}h~hv���|	m
ehn=g=s{njk	m � |Qvhe�n=glo	m	mÉa � ��vh~h��m	�l~hg=Â�}����º�l}�|	m�s{vhy·m;~hv�|É��k	�.ÂÄk;�unjo;gji	r
k	m;gÈ� � gjiXm;}�k	k;�2g�� � }���o	m	�;�å��g � k;vhehvhtjvÍ��v�|Q}Ûm � }���o	m	�;}�r§|P}�o	�l}�i�gjr
è³gl|	��k;��sÓw	m	|Pn=g=zXgl´·ô Õ �¼��|Qv���v�o;}��ÓeÚi�}�zX��k;gl´;y�g � m;njw;v�zX���=�hgl��n��{w	o	m
}�k;}�z;m	�lg{|Q} Å g½nj��eh}²w;v�z;� Å glk	k;��sÎo;gl�=�½zX���l}���vhe�að�fv��Ãi�}�k	m;g{�l}�|	m�s � }��½r
o	m	��eh�2w	v�z;k��Pgl��n���ehnjw;v � vht�}���g=zX��k;v�´�w	o;vhtÃo;} �T� v�´�w	o;vhtÃo;} �T� v�´lR$'
�]P	¦ - Z /�6 -z- ¯½¬0«Ã��a¼¸¼k;}�zXvhtÃm Å k	}��øw	o;v��;gjiX�8o;}uw	o;vli�g=zX�2eh}hgl��n��ømånâm	kPr
iXm;e�mPiX�h}�zX��k;� � mÁnjk	m � |Q} � m¾w�zXvhnj|Pvhtjv·w;v�z	�â�
nj� � glo;g Å k;vhtjv�k;g½~h}8����k;}
|Qv���v�o;��sÓvhnjk;vhe�k;� � m;nj|Q}�ÂÍ}h�º�·m � è³}�|	��v�o;v � �Pe�z	�P�¼��n��Ó��o;gl|	mÆ�lehgl�Ãi
��w	o;vhtÃo;} �T� } �:� r×Ö;¦�«´ý;¯½¢éP���a
ô³o;vhtÃo;} �T� }�R c � c 'È�4a
¶2w	o;gji�g=zXglk�m;g � }���o	m Å k;��s¾|Pvhv�o0iXm	k;}�� X � Y mË�lehgl�ÃiXk;��sÎehg=z;m Å m	k

Minst
a

ô³o;vhtÃo;} �T� }�vh~�o;}h~hv���|	møw;v�z;� Å glk	k;��sénjk	m � |Qvhe»e�|�zX� Å }hgl��e»n=g½~½�
nÃzXgjiX�Q�º�·m;gÓ�j�l}�w;���
rWw;vhnÃzXgji�vheh}���g=zX��k;vhg¹eh�fi�g=zXglk	m;g³m	�lvh~�o;}�Â�glk	m	´¾�lehgl�ÃiËk;} � }���o	m	�;g�Ê
r�v�w	o;gji�g=zXglk	m;gËzXv�|Q}�zX��k;vhtjv�è³v�k;} � }���o	m	�;� ehv��jzXgpm	�lvh~�o;}�Â�glk	m��

�lehgl�Ãi���Ê
r¹}�k;}�z;m	�Çè³v�o � �×m	�lvh~�o;}�ÂÍglk	mP�A�Àm;nj|�zX� Å glk	m;gÇ�l}hehgji�v � vÌzXv½ÂÄk;��s

njm;tÃk;}�zXvheBÊ
rÙv�w	o;gji�g=zXglk	m;g � }���o	m Å k;��sÐ|Qvhv�o.iXm	k;}�� X � Y m¾�Qo	|Qvhnj��mÎ�lehgl�ÃiÂÊ
rX� Å gl�f�=è³è³gl|	��vhe4nj�Q~�w	m	|Qn=g=zX��k;v�´¹k;g½vliXk;v�o;v½iXk;vhnÃ��m:�l�8o;}he�k;glk	m��I~�zXg½n�r

|Q}���iXm;nj��v�o;nÃm	mÎmÇiXoÉaúÊ
rW�l}�w	m;n=�Ûw	v�z;� Å glk	k;��sÇo;gl�=�½zX���l}���vheÛeÛv��Ãi�g=zX��k;�Ò´Áè³}�´�zða
ô³o	m � gloÎè³}�´�zX}²n³o;gl�=�±zX�±�½}��l} � mÎw	o;vhtÃo;} �T� �ôR c � c 'È�ä�

X
�
Y
rfe

w	m	|Qn=g=z	�8sA�
M

rÙm	k;nj��o	� � glk��½}�zX��k;}��Çn³�hnÃzXvhe�k;� � q�r6w	�8k	|	��v � ���

��� { Ä U

} ���.�¿xµ£�£l} £l}P�¿xµÀ��.� �Øxµ�F�
� ��À�£hxÆ�,��� �����hxÆ�,�.� �Øxµ���
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� �,À.�¿xÆ�,��� £��F�ØxÆ�,�.� �ØxÆ���
� }���À�£hxµ�.��� �,�.�¿xµ�l}�� £hxº}P�
£ }��.�,�hxº}P�,� �.�t}/xÆ���,� £hxµ£F�
� ���.�¿xÆ�,�.� �,�l}/xº}���À £hxÆ�,�
� �,���hxµ���.� £F�6Àhxµ�.��� £hxµÀ��
� ���hxµ����� �����¿xÆ�,�l} �hxº}��
À Àl}��hxµ£���À £.�t}/xÆ�,�.� �hxº}��
}�� }�}P�t}/xÒ�6À�£ ���.�¿xµÀ���À �hxº}�À
}�} £��F�ØxÆ�,À�À �,��ÀhxÆ���Å} �hxÆ���
}�� �.���¿xÆ�t}�� ���6£hxÆ�,�F� �hxÒ�4�
}P� ��£l}/xµ���F� �l}P�¿xµÀF�6� �hxº}�£
}�� �,£.�¿xµ���l} }��6£hxÆ�t}P� �hxµ£�À
}�£ }�}P�t}/xÆ���t} �����hxµ��£F� �hxÒ�6À
}�� ���,Àhxº}��.� �����hxµ�.�,À �hxµ���
}P� ���,�hxµ���.� £l}��hxµÀ�£�� �hxµ£.�
}P� À.�,�hxµÀl}�À �4���¿xÆ�,À�À �hxµ���
}�À À.���Øxº}���� �4�,�hxº}P�,� �hxµ���
��� }�}P���¿xº}�}P� }P���¿xÆ�,�.� �hxÆ�,À
�l} À����hxÆ�t}�} �,�.�¿xÆ�,�F� �hxµÀ��
��� }P�,�hxÒ�6��À �6£.�¿xº}P�,� �hxÆ���
�.� ���t}/xÆ�,��� £����hxÒ�6�.� �¿xº}�£
�F� }��6£��hxÒ�4�,£ �6��£hxÆ�,�.� �¿xº}��
��£ £.�,£hxÆ���4� �6���hxµ�.�,� �¿xº}��

x�x�x�x�x�x�x.x�x�x.x�x�x.x�x�x�x.x�x�x.x�x�x.x�x�x.x�x�x.x�x�x.x

ô³o;vhtÃo;} �T� }H+³ �� [�³ �
}hnj��o;v � gl��o	m Å g½nj|P}��Ðo;gjiX�8|	�	m��;��a
ñÓz	�Á}hnj��o;v � gl��o	m Å g½nj|Pv�´Îo;gjiX�8|	�	m	mÎm	� � glo;glk	k;��s X � Y k	�.ÂÄk;}�i�v�r

w;v�z;k	m	��g=zX��k;}��·m�k;è³v�o � }��	m��A�0|Qv���v�o	�Q�ém � g½gl�ºn � �2nÃzÈn=tÃo��8w	w	m	o;vheh}����
eÍe�mPi�gÓè³}�´�zX}Íe�s.vliXk;��s²i�}�k	k;��sâ�
è³}�´�zTR�+��\+³��a

Ù p��]_�i,b�kRe�iRc�b�b�kle�i�����c4p�f�v]_�wle�f�v.o�d]e,p��]_���_���v]c���_�f.��o Ú]Û�ÜR^.p�b�o�w4�6_�qÝ¹

Þ�ßlà�á Ç.â�ã ^�oFw,�rq,�]_�i,b]_.�,_�ulc��.�Rc�u4v]c.��wle�b�f]c��]c�f]c��R_.�,c�[ Ä ¦�Ã6¤]^��
ª ^�oFw,�rq,�]_�i,b]_.�,_�ulc��.�Rcjv]e�a�ä.�]�Ff]c�f6_�qJpPb�o�w4�]cj{hg Ä g�U
à ^�oFw,�rq.k4�]_�i,b]_.�,_�ulc��.�Rcjv]e�a�ä.�]�Ff]c�f]_�qZq,f]_�v]_��|o�f]e�v]c���o�o
¸ ^�oFw,�rq.k4�]_�i,b]_.�,_�ulc��.�Rcjv]e�a�ä.�]�Ff]c�f]_�q¢p�b�o�w4�]cj¯ � g � X,¦³gHU
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�.�,��Àl}P� ^�iRc�f6cmb]c����. ,iRe�b.o��­�æå�å�ç�ç�è�è	�
�l}��6��� ^maFqReFaFi,b]_�e�q,v]e�w,��éF�lp�n]_�a�o.��o�oyg�ê�ê.ç�ç6Ü�Ü
�����hxµ£ ^�n�v.��wl_�e�qR_4p��]_��,iRe�b.o]e��]e�b�f�v]c9p�b�o�w4�]c%g�d6c4p"këgìw4o�b�ä�fFk
£.�t}�� ^rp��.�]_�b]e�b�o]e��]e�b�f�v]c9p�b�o�w4�]c%gí�Fv]c�i,älp"këg0w,o�b�ä�f�k
£����hx ^`é�u�uRe���f�o.q,b]c��|i��,o�b]c�qR_��,b�k|u4o.�]�Ff�v]c�qMÈFî
£hx ^�f]e�w,n]e�v]c�f�ä�v6c�qR_�aFi,ä��]c�q��Fv]c�i,älp�c��Zï]e��]�6p�o.�

}������hx ^�iRc�q.�Re�b�o]e�qR_�aFi,ä��6c�q|wl��c�v]c��hg�}�������wl��c�v9Y9�,£��jw�wMv�fJp�f
dàn=vhv���ehgl��nj��e�m	m�n��l}�i�}�k	k;v�´âm	k;è³v�o � }��	m;gl´�eh�Òw;v�z	k��P�¼��n��ÊnÃzXgjiX�0r

�º�·m;g¹v�w;glo;}��	m	m��
rÙn Å m	���2eh}�k	m;g¹o;gl�=�±zX�±�l}���vhe X � Y � M w	o;gji��fiX�Q��gl´¾w	o;vhtÃo;} �T� ��Ê
rÓeh�2~hv�o	|P}Êm	�¾|P}��l}�zXvht�}��À®@/�X	£�r�öâv�w;v�o	k;��s��lehgl�Ãiçi;z	�uvh~�o;}h~hv���|	m

i�}�k	k;vhtjvÍnjk	m � |Q}BÊ
rÍ}he���v � }���m Å g½nj|PvhgÊv���v½ÂÍi�g½nj��e�zXglk	m;g Å }hnj��mÔv�w;v�o	k;��s¡�lehgl�ÃiånÌm;n�r

w;v�zX���lvheh}�k	m;g � w	o	m;~�z;m	�jm	��g=zX��k;��sã�
nÓ��v Å k;vhnj���h� qPar�ÛtÃo;}�iX�hn=}8�Ò|Qvhv�oPr
iXm	k;}��{�;glk	��o;}Ûnjk	m � |Q}BÊ
rÍw	o;gji�eh}�o	m	��g=zX��k;}��Ü}hnj��o;v � gl��o	m Å g½nj|Q}��Üo;gjiX�8|	�	m��énjk	m � |Q} � gl��v�r

i�v � %{w;vhnj��v±�Qk	k;��sA�	�8��v Å k;glk	m;g¹�j|;eh}���v�o	m	}�zX��k;��sÈ|Qvhv�o.iXm	k;}��Ó�;glk	��o;}
njk	m � |Q}BÊ
r¹�8��v Å k;glk	m;gÁw	o;gji�eh}�o	m	��g=zX��k;��s�w;}�o	} � gl��o;vheânjk	m � |Q}��We���v�o	m Å k;}��

vh~�o;}h~hv���|Q}²n¹� Å gl��v � ehn=g=sÁ�=è³è³gl|	��vhep�
v���~�o;}�|Pvhe�|Q}Ûw�zXv±sQm�sÎv�w;v�o	k;��s
�lehgl�Ãió�2iXm;è³è³glo;glk	�	m;}�zX��k	}��Ýo;g½èIo;}�|	�	m��A�2iXm;è³è³glo;glk	�	m;}�zX��k;}��Ô�j|Qn�r
��m	k	|	�	m��ÇmÁ�=aJióaU��a
ô³o	m � gloào;}h~hv Å g½tjvø�j�l}�w;}Ývh~�o;}h~hv���|	m���|Qv�o	o;gl|	��m	o;vhe�|Q}øm;n�s0v½iXk;��s

i�}�k	k;��s¾w;vÛo;gl�=�±zX�±�½}��l} � vh~�o;}h~hv���|	mÎv�w;v�o	k;��s¾�lehgl�Ãiu���hnj�½}�k;vhehv Å k;�2g
|Qvhv�o.iXm	k;}����âmÓè³v�|	�hnjk;vhgWo;}hn=nj��v½�Qk	m;g§vh~�óÉgl|	��m;eh}�m	�lehg½nj��k;�xk;gl��v Å k;v8��Ê
w;}�o;} � gl��o;�Ô}hnj��o;v � gl��o	m Å g½nj|Qv�´Áo;gjiX�8|	�	m	m�Ê;k;g½e��Q�=|	mÎv�w;v�o	k;��sÐ�lehgl�Ãió�
� | � �
¤FðR«.©�ª�·]¸ Þ ¬FÇ�È � ¸ Þ © �,��Àl}P� [t¬�îl© ��}�� � sR¬�ñ.©mÈ]¸�îl© ª��
¦4Ç�ª�ª4© à�Þ ©�òZã,ª,¸�îl© à ©�È Þ ©�ª¿¹ ¯ � �r�l}/xµ��� � X,¦ £.� �¿x
¦4Ç�ª�ª4© à�Þ ©�òZã6Ç à ¸,ñrñ.©�È�ó Þ�á ÇFã Þ�á © Þ ©,ñ.©,« à Ç�ô6©M^ �l}�}P�t}�Àhxµ��î4õ�î

¯]©Fö.¶Rñ Þ «ZÇFã�¸,« Þ ª4Ç�îl© Þ ªR¬ à ª4©�ò�¶ à�Þ ¬FÇ�ÈØ¹
â�â�â�â�â�â�â�â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â

ª4©Fã6©�ª4©�È à ©|« Þ ¸�ª6«�È�¶�î4ð]©�ª�^ �,�
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«.Ç,ñ�¶ Þ ¬FÇ�È «4¬Pó�îl¸j{ �hxµ���.�jî4õ�î
«.Ç,ñ�¶ Þ ¬FÇ�È «4¬Pó�îl¸ Ä �hxµ�F�6£�î4õ�î

« à ¸,ñ.©mã6¸ à�Þ Ç�ª`ð ß { }/xµ�����l}�}��
« à ¸,ñ.©mã6¸ à�Þ Ç�ª`ð ß Ä �hxµÀ�À�À�À��F�

Ç�ô Þ ¬ à ¸,ñjã�ª4¸�îl© à ©�È Þ ©�ªm{ �hxµ��î4õ�î
Ç�ô Þ ¬ à ¸,ñjã�ª4¸�îl© à ©�È Þ ©�ª Ä �hxµ��î4õ�î

Þ ¶4ª�È�¸�È�óRñ.© {É^�÷`¯ � �hxµ�l}�ó4ª4¸�ò
¸�ò�òR¬ Þ ¬FÇ�ÈM¸�È�óRñ.©j{É^ Ä �,�hxµ���	ø

¯]©,«4¬�ò�¶]¸,ñ�«`ÇFã9ª4©Fã6©�ª4©�È à ©|« Þ ¸�ª6«ù�Æî4õ�îÅ�%¹
â�â�â�â�â�â�â�â�â.â�â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â

��� { Ä { Ä

� ��À.�,�hxº}P� �,�l}��ØxµÀ.� ^��hxµ��� ^��hxº}��
£ �.�,���hxµ�.� }��6£��hxÒ�6� �hxº}�� �hxµ�.�
� ^����.�,Àhxº}P£ ��ÀF�6£hxÆ�t} �hxÆ�,� ^��hxµ��À
À }P�,�.�¿xº}�� }�À��hxµ��� ^��hxº}�� ^��hxº}�}
}�� �,��À.�¿xÒ�6£ �,À��hxº}P� �hxµ�.� ^��hxº}��
}�£ �,���l}/xµÀ.� }��F�6ÀhxÆ�,À �hxÆ�,À ^��hxº}��
��� }��.�,�hxº}�� �t}�À.�¿xÆ�t} �hxµ�.� �hxº}�£
�,� ^�£��F�Øxµ�.� ^���£.���ëxµ��� �hxº}P� ^��hxµ�.�
�t} ^�£�À�À�Àhxµ�.� �����¿xÆ��� �hxº}�� ^��hxµ�F�
��� ^P�6�.�,�hxÆ�.� ^������¿xÆ�,� ^��hxµ��� �hxµ���
��� ^P�6�.�t}/xº}P£ ��ÀhxÆ�,£ ^��hxµ��� ^��hxµ��À
��� }P�t}��hxÆ�t} ^����hxÆ��� �hxµ��� �hxº}�£
��� ^���À��.�¿xº}P� }����hxµÀ�� �hxµ�F� ^��hxº}�}
�6� ^��,À���Àhxµ��� �,�l}�ÀhxÆ��� ^��hxº}P� ^��hxÆ���
�4� ^��,�hxµ��£ ^����6�.�hxÆ��� �hxº}�� �hxµ�.�
��� ^��,Àl}��hxº}�� }����hxµ�.� ^��hxµ�.� �hxº}�£
�6£ �4�,�F�ØxÆ�t} �.�,��£hxµÀ�� ^��hxÆ�t} ^��hxº}�}
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�4� }P���,Àhxµ�.� }��l}/xµ£.� ^��hxÒ�6� �hxµ��À
£�� ^�£.�����¿xÒ�6� ^��.�����¿xº}�£ �hxµ��� �hxµ�.�
£.� }��6À.�¿xµ£�� ^P�4�t}úxº}�À �hxº}�� �hxµ�.�
�l} �F�4�¿xÆ��� ^P���ØxµÀl} �hxº}P� �hxº}��
�.� ^���À�À��hxµ��� ^��F�6�yxº}�} ^��hxµ�.� ^��hxµ���
�t} }P�.�¿xµ��� �l}�À��yxµ��À �hxº}�� �hxº}P�
��� ^��l}���£hxÆ��� ^�£.�t}úxº}P� �hxµ�.� ^��hxµ�.�
��� }P���hxÆ�,� }�À��hxµ��� �hxµ��£ �hxµ��£
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eÍi�}�k	k;v � w	o	mPr
� glo;gWr:��q.����w	o;}hehv � glo	k;vÚo;}hn=n � }���o	m;eh}����¼k;g½e��Q�=|	m·v�w;v�o	k;��s¹�lehgl�ÃiÍ|Q}�|
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nI|Pvhv�o0iXm	k;}��l} � m¾m	�¹|Q}��l}�zXvht�}��À®@/�X	£�r�ö@�

û�û ü ý þ ÿ�� ����� ��ÿ�� ������� �ºü
	�

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

�

�������
� ����� ��!"! !#�%$ ��&"� '(��& ���)��!"* !�$ + + ��*
� *-,.*/��*"*"' */��'#�0,��1��&�+' �����"' +�&"!/�2$3�4�"�"�/�2+"� '5'#�6!"!/�)����� !�$7�8�5�������"! *� ���2$�� ��&�� �2��* !"�
���2�"� '(��&(�%� ��&���& !�$7��* &/�2�"� *-,.*/��*"*
� */�9��*-,��1��&"!� !/�9�%�7��*"&"!/���"& +���$ ��'#�4'5'�� */�)��'"' !�$:'��(�%� �9�%+ *-,.*/��*"*"'-,.*/��*"!;,��1��&#�! !/��!
�<��*�$��/�9��& ��$3�1�2�"+ '5'"'5!�� ��!"*�� !�$7�8�=��'/��!�$ * */��*"*"! */��*"'-,��1��&�$� !/�2+�' �"'�$ �2�"$ ��'#�1�9�%$ '5'"*5'"&/��*"*
� !"�5!"&0��!/��'"* *$ !/��&"* $�'"'/����� !
��&/��'�� '5'"*5!"&/���"!#�4!�$ &='"&/��&�� *+ �/�9��' �"�/��'#�>+"�"$ �2��* '(�%$:'�+ ��*"!�+ !�$:'#�?!"�/�2��* * */��*#�"�0,.*/��*��(,.'/��*"'& �/�9��� &#��'/��!�$ !��3�1�2+3�4'5'"' */��!�$"� !�$ +0���1��&"' *-,.*/��*"*"!-,.*/��*��(,��1��&
���* �/�9��&(�"�%�3�1�)��& �"*�+ ��&#�4'5'��7�"�1��*�$�� !�$7�"�?!�$ ��&"� * */��*#��*-,.*/��*
�7,��1��&"&�"�@�/�2�"� !"'
����&"* $��"&/�2��� '(��&5!"�/�9��'#�4!�$7��& !/�9�%� *��' �/�)��+ '��"� �2�3�@����!/�2$�* '(�%+:'�� ��*
��$ !�$ *0���/���"& *�%� �/�9��! '"!#�1��*"' �#�%+ ��&
� '(�%+:'�+ �9��!�� !�$7��'0��*/�9�%$ *�8� �/��!"& $�!�$ ���"� �8��!/�2$�' '5'#�5��*/�)����� !"�5!#�?!"�/�2�"� *��! �/�)��&(�"�%$3�1�2+"+ �"'"�/���"! '5'��:'
���9�"�%$ !�$7��'A��� ��*"! * */��*#�8�(,.*/��*
�7,.'/��*����� �/���"' +"+�&/�9�%$ '"*"*/���"& '5'#�6!"'/�)���%$ !"�5!
�7�%+ ��*
� *�%$ �/��!�+ �"+�'/��'"' !#��*/��&"! '(��&(��*/�)�"��+ !�$ $0��&/��&#�4*�%+ �/���"' &�+��/��&"' ��+"� �)��* '5'"'5'
���2��*#�4!�$ �0������*�+ *��& �/���"' &������9��' ��+��/�9�%� '5'"' $ �2�"+�! !�$ �A��'/�2��* *'"* �/�2$�&(�"�%$"$ �9��' �%�"� �2�"� '5'��:'�� ��&
��$ !"�5!#�=��!/��'�+ *
ë ��_qk ë



'#�@�/��&"* &"�"'/�2�3�@$�*�$ �2��* '5'"';���/��&"!"& !�$7���(��&/��*�� *'"' �/�2+"$ �%��*/�)���>��!�$ �9�8� '(�%$0��&/�2+���� !�$ !5'"!/��!�$ *'�� $ �9��! �"+3�1�2$�� !"*"�/�)��' '(��&;��*/�2��*"! !�$ $5�"+ ��*"& *'
� $ �9��*(�8��!"'/�)��$ ��*"!/�2�"� '5'
�:!�� ��*"�"� !�$ '5!
����!�+ *'"! $ �9��* !�+�!/�2$�! ���"�/���
� '5'"*;��!/�2$3��! !�$ !5!"!/��*#�4*'"� �/��&"! +"+�*/�9�%� +��
���2+3�4'5'#�?!"*/�2+�*�$ !�$:'��7�"�1���"& * */��*"*�� */��*
�7,.'/�2�"+'�$ $ ��*�+ '��"� �2��� �"+�!/�2+�' '(�%+5'"'/��&�$�& !�$ '5'#�1�)��* *'�+ $ �9�%$ '"*/��!"! ��&"'/�2$"+ '(�%$(��!/��!�$"� !"�5!��:!"'/�2+�& *'"& $ �2��� '"�"!/�)��� �"'"'/��!
� '(�%+=��'/�2$"$�! !�$7��'=��&/�2$"+ *��* $ �2��' $�*"'/�2�"� '"'�+ �)�"� '5'"*=!"'/�2+"+3�4!"�5!"!=��'/�2$�� * */��*"*"�;,.*/��*"';,��1��&"'�3�>$ �2��� &�+ �2�"+ �"*�$ ���
� '(�%$=��&/�9�%��� !�$7�"�6!�$ ����$ * */��*"*"!;,.*/��*#�=,��1��&"���' $ �2�"� �"$"+ �)��& !#�%$ ��'
� '(��& &/��'
��' !�$ + �/�2��* *�"� $ �9��' �3�"�1��!�+ ��'
����*"' '(�%+0��$ ��&��"$ !�$ � '/��'�� *B,.*/��*"*#�4*/��*"�;,.'/�9�"���� $ �2��& �3�"�1��!
� !#�%$ �2$3�4'(�%+0��$ �2$��"& !�$ + �/�2$"+ *B,.*/��*"*"';,.*/��*��(,��1�2+�&

dxw;glo;ehv � nj��v�zX~��;g§�l}h~�z;m	�;�Q§åw;v�o.�.iX|Qvheh�2´Æk;v � gloÆ�lehgl�Ãi��I��ehv¼e���v�r
o;v � §Ým	� � glo;glk	k;}���m	k;nj��o	� � glk	�l}�zX��k;}��Í�
n¨w	o;v�m	�lehv�zX��k;� � q�r6w	�8k	|	��v � �
�lehgl�ÃiXk;}��¾ehg=z;m Å m	k;}��;eÍ��o;gl���hg � m Å gl��ehglo	��v � § w	o.� � v��Qtjv�zX��k;�2g³|Pv�r
v�o0iXm	k;}����

X
�
Y
�lehgl�Ãi��ãk;} � }���o�m	�;gh�±i�}�zXg½gÃ§òeh� Å m	nÃzXglk	k;�2gÒ�j|;eh}���v�r

o	m;}�zX��k;�2gI|Pvhv�o0iXm	k;}����Ý�lehgl�Ãi��IaXêÙo	m¾w;vhnÃzXgjiXk	m�sÇnj��v�zX~��;}·Ñ²�j��v�o;}��Ãr
k;vhnj��m � g=ÂÍiX�Çm	� � glo;glk	k;� � mËmÌ|Q}��l}�zXv±ÂÄk;� � mÎ�=k;} Å glk	mP� � mpw	o.� � ��s
ehvhn�s0v±ÂÍi�glk	m	´É�Wnj|�zXv�k;glk	m	´¡m¡�lehgl�ÃiXk	�Òsçehg=z;m Å m	kui;z	�u�lehgl�Ãió�Wm � g½�4r
�·m�s0n��¾eÍ|Q}��l}�zXvhtjg$�À®@/�X	£�r�öQa
¶2w	o;gji�g=zXglk	m;gÇnjo;gjiXk	m�sã�=k;} Å glk	m	´»|Pvhv�o0iXm	k;}��Ám»o;gjiX�8�	m	o;vheh}�k	k;��s

è³v���v � gl��o	m Å g½nj|	m�sÇehg=z;m Å m	kÎehn=g=sÐ�lehgl�Ãi���w	o;vhtÃo;} �T� }H+ U +j��µÓ  `  	��a
ô¹vhnÃzXgjiXk	m	´Ë�j�½}�wÎo;}h~hv����Ýr§}�k;}�z;m	�¹w;v�z;� Å glk	k;��sÐi�}�k	k;��sA��vh~�óÉgjiXmPr

k;glk	m;g�o;gl�=�±zX�±�½}���vheÜvh~�o;}h~hv���|	mím	kPiXm;e�mPiX�h}�zX��k;��sånjk	m � |Pvhe��¼eh�2ehvli
njo;gjiXk	m�sÜ��|Q}��½}�zXv½ÂÄk;��s;�I�=k;} Å glk	m	´ã|Pvhv�o0iXm	k;}��=� o;gjiX�8|	�	m���è³v���v � gl�½r
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|	m�|�|Q}�ÂÍi�v � �»njk	m � |	�»e�v��Ãi�g=zX��k;vhnj��m¡w	vxm � g½�º�·m � n����lehgl�Ãi�} � n
m	�lehg½nj��k;v�´Îè³v���v � gl��o	m;gl´Éa
�§o;gjiXk	m;gÁ�=k;} Å glk	m��»|Qvhv�o.iXm	k;}��Ëmçm�suvhy·m;~�|	muw;v�z;� Å }hg � vh~�óÉgjiXmPr

k;glk	m;g � o;gl�=�±zX�±�l}���vhe�m	kPiXm;e�mPiX�0}�zX��k;��sÈm	� � glo;glk	m	´¾w;vÍn=vhn=gjiXk	m � w;gjr
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e���v�o;v � ÑÇm�sËè³v�o � }�zX��k;�2g·vhy·m;~�|�mÉ�Ïe²��o;gl���hg � r��=k;} Å glk	m��Îw	o.� � ��s
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ë�ìVíÎÍ�í�� Õ ü��j;;ûjý��
�j;;þB?��O=�þ%Q � C�þ¦þ�üE?Îû�¡4Ó
�
����û!=
�¹}h~�zX��i�glk	m��Æm	�lehg½nj��k;��sÆi�e�m�ÂÄ�Q�·m�s0n���vh~�óÉgl|	��vhe��
}hnj��glo;v�mPi�vhe���|Pv�r

� gl�h��k;} Å m	k;}h�¼��n��InTv�w	o;gji�g=zXglk	m��ºw	o;gji�eh}�o	m	��g=zX��k	�Òs·���0nj�l}�k;vhehv Å k;��s;�
|Qvhv�o0iXm	k;}��§m	�l~�o;}�k	k;��sIvh~�óÉgl|	��vhe�a=�¹}�m;~hv�zXg½g¨o;}hnjw	o;vhnj��o;}�k;glk	k;�Ò´Ónjw;v�r
n=vh~ÆrTw;v�m;nj|Çk	�.ÂÄk;vhtjv·vh~�óÉgl|	�½}{m¾g½tjv·�=è³g � glo	mPiÁk;}�n=}�´	��g³Ö�g=ÂÍiX�8k;}�r
o;vliXk;vhtjvp}hnÃ��o	v�k;v � m Å g½nj|PvhtjvÌn=vh�¼�l}�� K glk	��o;} � }�zX��s�w�zX}�k;gl���]¹�ª¤¬	£ -
�Ù¢¤¦h¬	¯=«�'f¯½¬0«�¯ - rÃX.«N« , �_)�)�¢*¢*¢³a"/�Ï-¦�a"X	¦ - N�¦ - P:a�¯0P.6�)�ª¤¦�6�)�° , /�a"X0«�°Í¢��Jfè³g � glo	mPi���vh~�óÉgl|	��vhefi�}�k;�pi;z	�I|Q}�ÂÍi�vhtjvÒm	�Wk	m�sIv��jiXg=zX��k;v4e4e�mPi�g
�l}h~�z;m	�;�I�ðeÇ|Qv���v�o;v�´âk;}Çw	o;gji�nj��v½�P�·m;g·i�}���� n·m	k	��glo;eh}�zXv � bÍm�z;ml�
iXk;gl´·w	o	m;ehgji�glk;�ã|Pvhv�o0iXm	k;}����Ý��w	o.� � �2gÒehvhn�s.v½ÂÍi�glk	m��Óm�nj|�zXv�k;glk	m��;���
}��½}�|�Â�g�i�v�w;v�z;k	m	��g=zX��k;}��Ðm	k;è³v�o � }��	m��Aa
¸ºnj��o;v � gl��o	m Å g½nj|	m;gÍk;}h~�zX�fi�glk	m��Ì}hnj��glo;v�mPi�vheÇeh�Òw;v�z;k��P�¼��n��ÊeÐ��gjr

Å glk	m;gÊehn=g½tjv�w;glo	m;vli�}�e�mPiXm � vhnj��mø�j��m�sÜvh~�óÉgl|	��vhe�k;g½~hv�zX�hy·m � mÜn=gjr
o	m�� � mÉ��k;g½nj|Pv�zX��|Qvunjk	m � |Qvheue���g Å glk	m;gâk;v Å mÉa s v�zX�hy�g½gâe�k	m � }�k	m;g
�li�g=z	�Pgl��n��Çvh~�óÉgl|	�½} � ��n=~�z;m�Â�}h�º�·m � n��Ðn Õ g � zXgl´É�;}·�½}�|�Â�gI|Pv � gl�l} � �
w	o;gji�nj�l}he�z	�P�º�·m � vhn=vh~h�Ò´Óm	k	��glo;g½nTm³i;z	�¹}hnj��o;v � gl��o	m	mÉ�±m³i;z	�³k;g½~hg½n�r
k;v�´ � g=s.}�k	m	|	mÉ�	mÇi;z	�Ç}hnj��o;vhèIm	�=m	|	mÉa
�§w;gl�	m;èIm	|P}Êk;}h~�z;��i�glk	m	´»|Qv � gl�Ë�l}�|�zX� Å }hgl��n���eÊ��v � � Å ��vpÂ�g=zX}�r

��g=zX��k;vÊehg½nj��mun
óÉg � |	��|P}�| � v½ÂÄk;v Å }h��gÇmuep��g Å glk	m;g¾ehn=gl´»k;}h~�zX�4r
i�}���g=zX��k;v�´Çk;v Å mÉ�	w;vhnj|Qv�zX��|	�È�j��mÎvh~�óÉgl|	���Ý~h�2nj��o;v � glk��P�¼��n��A�;e�k	m�s
mPiX�8�Ä~��8o	k;�2g·w	o;v��;g½n=nj�³�Ïe�z	�P�º�·m;g{mpk;}ÛiXm	k;} � m	|	�Á|Qv � gl���×��k;g½tÃo;}�r
e�m	�l}��	m;v�k	k;�2g��=è³è³gl|	���¼���QmÈk;}{nj��o	�8|	���8o	�Û�.iXo;}��Ptjv�zXvheh�I�.sPehvhnj�l}Æ|Pv�r
� gl���Ia.df}�ÂÍglkÛw	o;}he�m�zX��k;�Ò´Ûw;vli�~hv�oÄ�j|Qnjw;v��=m	�	m	mÛi;z	����vhtjv�� Å ��vh~h�çm	�Ãr
~hg=Â�}����Áw;glo;glk;}hn=�2��glk	m��xeÎm	�lvh~�o;}�Â�glk	m	mx�.iXo;}Ëm�w;v�z;� Å m	��� � }�|PnjmPr
� }�zX��k;v�m	k;è³v�o � }���m;e�k;vhg³m	�lvh~�o;}�ÂÍglk	m;g¹vhnj�l}�zX��k;��s Å }hnj��gl´Á|Qv � gl���Ia
¶4~�o;}h~hv���|P}Ëk;}h~�zX�fi�glk	m	´»k	} Å m	k;}hgl��n���nÈw	o;gji�eh}�o	m	��g=zX��k;v�´ô· Å m;nj�½r

|	m ¸·njk	m � |Qvhe�a ù �ºw;v�z;� Å glk	k;��s²m	�=vh~�o;}�ÂÍglk	m	´Ðeh� Å m	�l}hgl��n��Ä��g � k;vhehv�´
��v�|í�
vhnjo;gjiXk;glk	k;�Ò´çw;vxn=glo	m	m�njk	m � |Pvhe8��aTô³o;v�m	�lehvliXm	��n��»|Qv�o	o;gl|	�	m��
m	�lvh~�o;}�Â�glk	m��¾n³w;v � vh���h�Þ|Qvh�=è³èIm	�	m;glk	��vhe Å �Qehnj��e�m	��g=zX��k;vhnj��mÎw	m	|Pr
n=g=zXgl´Éa
ô¹vhnÃzXg��j��m�sÄw	o;v��;gjiX�8oÈk;} Å m	k;}hgl��n��²n=vh~hnj��ehglk	k;v{}hnj��o;v � gl��o	m Å g½nj|Q}��

vh~�o;}h~hv���|Q}énjk	m � |Pvhe�a��¹g½vh~½s.vliXm � vÜeh��iXg=z;m	���ém	�lvh~�o;}�Â�glk	m��å�lehgl�Ãió�
v�w	o;gji�g=z;m	���Ì�8o;vhehglk;�pè³v�k;}Ìk;g½~h}peÊv�|	o;g½nj��k;vhnj��m»|Q}�ÂÍi�v�´��lehgl�Ãi��×m
v�w	o;gji�g=z;m	��� � }���o	m Å k;�2gÁ|Qvhv�o0iXm	k;}���� X

�
Y
�j��m�s»�lehgl�Ãióaf¶�iXk;vhe�o;gjr
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� glk	k;v2v�w	o	gji�g=z	�P�¼��n���m�s�v���k;vhnjm	��g=zX��k;�2gT�lehgl�ÃiXk;�2gÙehg=z;m Å m	k;���
nÀw	o;v�r
m	�lehv�zX��k;� � k	�±zX��r6w	�8k	|	��v � ��aPô³o	mÐ�j��v � }�k;}�z;m	�=m	o	�hgl��n��Èè³v�o � }Óm	�lvh~�r
o;}�Â�glk	m	´��lehgl�Ãió� }hnjm �T� gl��o	m�� � v½Â�gl�Ç�8|Q}��l�2eh}����Îk;}Ëk;}�z;m Å m;gÐ~�z;m	�Ãr
|Qvhtjv�÷jn=vhn=gji�}¦÷²m�z;m�k;}���v�� Å ��v�m	�lvh~�o;}�Â�glk	m;g�m;nj|Q}�ÂÍglk;vºw;v�w;}hehy�gl´·k;}
k;g½tjvË|Qvhn � m Å g½nj|Qv�´ Å }hnj��m	�;gl´ÉaT¶�iXk;vhe�o;g � glk	k;vÎm	kPi�gl|Pnjm	o��0gl��n���ehglo;v�r
�Q��k;vhnj���¼vhy·m;~�|	m²�
g½nÃz;mÆm	�lvh~�o;}�Â�glk	m;gWw;v�w;}�i�}hgl�fk;}4w�zXv½sQm;gÙw	m	|Pn=g=zX�¼��a·�ôIzXv½sQm;g ¸��lehgl�Ãi��Ýk;gIm;njw;v�zX���=�Q�¼��n��Ðw	o	mÁ}hnj��o;v � gl��o	m Å g½nj|Qv�´¾o;gjiX�8|Pr
�	m	mÎnjk	m � |Qvhe�a

¿Wm;n�a b±qPacb�ö@� �¹g½t�}���m;e�k;vhg m	�lvh~�o;}�Â�glk	m;g |Pv � gl��� '*)�ö�qhq�� ÿ¼ö
�]¹�¦�/�X.X	£h¢�K±�Òq��7)�q �Qa q0öQa ö�qhq �

¶2w	o;gji�g=zXglk�m;gÆ|Qvhv�o0iXm	k;}��·�.iXo;}Ä|Pv � gl���åw	o;gji�nj�l}he�z	�Pgl�Ûv��Ãi�g=zX��k	�Q�
nÃzXv½ÂÄk	�Q� �l}�i�} Å �hafï¹v � gl�l}�k;}h~�zX�fi�}hgl��n��çk;gpeãe�mPi�gË��v Å g Å k;vhtjv�m;n�r
��v Å k	m	|Q}��Ò|Q}�|É�Òk;}�w	o	m � gloÉ�Ò}hnj��glo;v�mPió�2}»m � g½gl�ãnÃzXv½ÂÄk	�Q� è³v���v � gl�½r
o	m Å g½nj|	�Q� è³v�o � ���X�l}he�m;n��P�·�Q�äv���w�zXv���k;vhnj��mÌmÎsQm � m Å g½nj|Qvhtjv²n=vhnj�l}�r
eh}uehg½��g½nj��eh}utjv�zXvheh� |Pv � gl���I�Òv��ãe��l}�m � k;vhtjv»w;v�zXv½Â�glk	m��Ü|Pv � gl���I�
�fv�z;k	�;}ÛmËk;}h~�zX��i�}���g=z	�A�Xv���k;}�z;m Å m��Áe�o;}h��glk	m��¾m¾i;ÂÍgl��vhe�a�d Å }hnj�½r
k;vhnj��mÉ�.|Pv � gl�l}�'*)�ö�qhq���ÿ¼öÛ�]¹�¦�/�X.X	£h¢�K±�¨~h��zX}Ón=v�o	m;glk	��m	o;vheh}�k;}�i�vhnj�½}�r
��v Å k;v�eh�2tjvliXk;vÓi;z	�Ð}hnj��o;v � gl��o	m Å g½nj|	m�s²k;}h~�zX��i�glk	m	´ÉaX¶ Å glk;�·eh}�ÂÄk;v
w	o;}he�m�zX��k;vxv�w	o;gji�g=z;m	���â|Qvhv�o0iXm	k;}���� �.iXo;}x|Qv � gl���I�Tw;vxehv�� � v½ÂÄk;v�r
nj��m²m;nj|�zX� Å m	���Óehn=g¼è³}�|	��v�o;�I�.e�z;m��P�º�·m;gÚk;}¹e�mPiXm � vhg4m	�lvh~�o;}�ÂÍglk	m;g
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¿Wm;n�aãb±qPacbO���Ï�Ùs0g � }Änj��o	�8|	���8o;�Þ|Pv � gl���ÔmÌvh~���gl|Q}�k	m;gÆg½gÆn=v�z;k;g Å k;� �
ehgl��o;v �

Ñ�mÝk;glo;}he�k;v � glo	k	�Q� �Qo	|Pvhnj���utjv�zXvheh� |Pv � gl���I��mÝk;glo;}he�k;v � glo	k	�Q�
vhn=ehg½��glk	k;vhnj���x�fv�z;k	�;g � ��muk;}�z;m Å m;gÐi;Â�gl��vhe�aW�ÙzXv½ÂÄk;vhnj���Ê�j��v�´»�l}�r
i�} Å m»e�mPiXk;}Ìm»w;vÌw	o	m;ehgji�glk	k;v � ��njk	m � |	�Ü��o	m;n�afb±qPacb�ö0��� m�w;vÊn�s0g � g
��o	m;n�aðb±qPacbO�.�Wm	�ÓnÃ�½}�����mÎÖçaML�a�Ö�}�o;vheh} ] a
ô¹vhnÃzXg·v�w	o;gji�g=z;glk	m�� � }���o	m Å k;��s¾|Pvhv�o0iXm	k;}�� X � Y mpv���k;vhnÃm	��g=zX��r

k;��sÐ�lehgl�ÃiXk;��s¾ehg=z;m Å m	k m eh�Òw;v�z;kP�Pgl��n��¾}hnj��o;v � gl��o	m Å g½nj|Q}��Ðo;gjiX�8|Pr
�	m���njk	m � |P}��¨e�|�zX� Å }h�º��}���k;g½nj|Pv�z;��|Pvâ�j�l}�w;vhe�a ù �¾v�w;v�o	k;vhtjvp|Q}��½}�r
zXvht�}(��®@/�X	£�r�öçeh�2~�m	o;}h�¼��n��Ôehn=g��lehgl�Ãi�� eçk;gl|Qv���v�o;v�´ív�|	o;g½nj��k;vhnj��m
njk	m � |Q}ç�
vh~�zX}hnj���Ëi�v�z	ÂÄk;}pw	o;g½eh�2y�}����Ìo;}�� � glounjk	m � |P}��Àw;vhnj|Qv�zX��|	�
k;glm	�lehg½nj��k;}Ó��v Å k;}��Û�hnj�½}�k;vhe�|Q}Ó��g=zXg½nj|Pv�w;}8��a0ñ{}�zXg½gÚw	o;v�m	�lehvliXm	��n��Ä}he�r
��v � }���m Å g½nj|QvhgWv���v±ÂÍi�g½nj��e�zXglk	m;gT�lehgl��i{|Q}��l}�zXvht�}´��®@/�X	£�r�ö2n=v2�lehgl��i�} � m
njk	m � |Q}�a
ô¹vâ�j��m � v���v½ÂÍi�g½nj��e�zXglk	k;� � �lehgl�Ãi�} � v�w	o;gji�g=z	�P�¼��n���w;}�o;} � gl��o;�

��w;vhnj��v½�Qk	k;�2g��Änjk	m � |Q}ãméw	o;v�m	�lehv½iXm	��n��Üeh� Å m;nÃzXglk	m;gÊ�j|;eh}���v�o	m;}�zX��r
k;��sÊ|Qvhv�o.iXm	k;}��Ðehn=g=sÊ�lehgl�Ãi»njk	m � |Q}���w	o;vhtÃo;} �T� }#+³ �� [a³ ��aõô³o	m � gjr
k��Pgl��n��xm	��glo;}��	m��Ìi;z	�â�8��v Å k;glk	m��â|Qvhv�o.iXm	k;}��Ð�;glk	��o;}Înjk	m � |Q}Ám�w;}�r
o;} � gl��o;vhe�njk	m � |Q}��fv���~�o;}�|Qvheh�2eh}h�¼��n��çv�w;v�o	k;�2gË�lehgl�Ãi�� nÌ~hv�zX�hy·mPr
� mÜvhy·m;~�|Q} � mÉaWï¹vhv�o.i;m	k;}���� v�w;v�o	k;��su�lehgl�Ãiø�l}�|�Â�gÌeh� Å m;nÃz	�P�¼��n��
NPO �P&,1�' O :RQ :TSVU�!"UXW,$�-º+XU,$�-º'�1#Y4-
ZP'��[UÐ#%1"\6$�3]U +�1�#%$"Z�:_^�-
ZP&,1#`l:.'�$�-
Z�`XU,+l5R�����P>�:aú:R@���:1bí>
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êÉ}h~�z;m	�;}Èb±qPa÷ö@��¿Àgl�=�±zX�±�½}����Ôvh~�o;}h~hv���|	mÇvliXk;v�´Çm	�³n=glo	m	´¾k;}h~�zX��i�glk	m�´
|Qv � gl���¾'*)�ö�qhq��3ÿ¼öÐqPb·�Qk;eh}�o8�âö�qhq �²tjvli�}â�È¹�� ¿ q��7ÿÚq0ö�q�Ê ³ ¥;©=a ���BÊ
®h¯½¦ - ö�qhq �0�
ced"f�g�hjilkmg�n�o/ilhjp qer

(O − C) cos δ DEC (O − C)

01 27.658803 2h58m22.890s −0.19
′′

+57◦42
′

18.06
′′

0.18
′′

01 27.661593 2h58m22.691s −0.11
′′

+57◦42
′

30.34
′′

0.03
′′

01 27.664003 2h58m22.540s 0.12
′′

+57◦42
′

41.01
′′ −0.02

′′

01 27.667123 2h58m22.273s −0.14
′′

+57◦42
′

55.09
′′

0.17
′′

01 27.669903 2h58m22.084s 0.02
′′

+57◦43
′

07.37
′′

0.08
′′

01 27.672663 2h58m21.875s 0.00
′′

+57◦43
′

19.86
′′

0.29
′′

01 27.675443 2h58m21.646s −0.16
′′

+57◦43
′

32.44
′′

0.50
′′

01 27.680843 2h58m21.177s −0.67
′′

+57◦43
′

56.32
′′

0.36
′′s/t�umv�w�u8uyx�zj{|w�}�~�����v�u�w����"�

01 27.668797 2h58m22.1472s −0.141
′′ ± 0.084 +57◦43

′

02.562
′′

0.199
′′ ± 0.062s/t�umv�w�����z�����~���}�z�v�w�z��mz|w�}�~�����v�u�w������

σα cos δ = 0.238s σδ = 0.176
′′

n�w;v�z;� Å glk	k;� � mÇw;vhnj��v½�Qk	k;� � mÁnjk	m � |Q}·mÁv�w	o;gji�g=z	�P�¼��n��Èm�sÈw;v�w	o;}he�r
|	mÉ�h|Qv���v�o;�2g2w;v��lehv�z	�P�¼�ºv��;glk	m�������v Å k;vhnj���Io;gjiX�8|	�	m	mÉaQ¶�iXk;vhe�o;g � glkPr
k;vÄv�w	o;gjiXg=z	�P�¼��n��ÇmË�j|;eh}���v�o	m;}�zX��k;�2g¹|Qvhv�o0iXm	k;}����Ô�.iXo;}Û|Qv � gl���Ôk;}
njk	m � |Qgha
Õ }�|�zX� Å m	��g=zX��k;�Ò´ò�j�l}�wàvh~�o;}h~hv���|	mÔÑÝvh~�óÉgjiXm	k;glk	m;g�o;gl�=�±zX�±�½}���vhe

vh~�o;}h~hv���|	mpo;}��=k;��sÌnjk	m � |QvheÐeÐ�l}h~�z;m	�	���Ïw	o;gjiXk;}��=k;} Å glk	k	�Q�äi;z	�Ëk;gjr
~hglk;v�r � ¯=s0}�k	m Å g½nj|PvhtjvË}�k;}�z;m	�l}pnÈw;v � vh���h� njw;gl�	m;}�z;��k;vhtjvÌw	o;vhtÃo;} � r
k;vhtjvÁw;}�|Qgl�l}~·�Jfô{¶º�j¸���w	o	m � gloâÑÌ�½}h~�zðaTb±qPa÷ö0�ºm�eh�Òw;v�z;k;glk	m;g²�j��vhtjv
}�k;}�z;m	�l}�a
ô³o;vhtÃo;} �T� k;�Ò´pw;}�|Qgl��÷0J§w;vhn ÷�o;}��=o;}h~hv��l}�kâeÐ�.¸º¶æ¿:¸º� i;z	�Ì�=è³gjr

� glo	mPiXk;vhtjv²vh~hg½njw;g Å glk	m��¾k;}h~�zX��i�glk�m	´Ì��g=zx�fv�z;k;g Å k;v�´pnjm	nj��g � �òmÌm
}�k;}�z;m	�l}²k;}h~�zX�fi�}���g=zX��k;��sÐi�}�k	k;��sã�
e�|�zX� Å }��Ánjo;gji�nj��eh}Ðe�m	�=�h}�z;m	�l}�r
�	m	mÁk;}h~�zX�fi�}hg � v�´¾vh~�zX}hnj��mÁk;g½~h}��;e�m	�=�h}�z;m	�l}��	m	mËv�o;~�m	�ÆmÁw	oÉaU��a
¿Àgl�=�±zX�±�l}����äv�w	o;gji�g=zXglk�m��Ë|Pvhv�o0iXm	k;}��Ì�
nÓi�vhnj�½}���v Å k;vÐ��v Å k;v�´Êe�o;gjr

� glk	k;v�´Ûw	o�m;e��Q�=|Pv�´A�ÀvliXk;vhtjvImÛ��vhtjvIÂ�gÚvh~�óÉgl|	�l}Iw;v³o;}��=k;� � njk	m � |Q} �
k;}Çw	o;v��=�8Â�glk	m	mx|Q}�|Qvhtjv�r6��vÐm	k	��glo;eh}�zX}¾e�o;g � glk	mÉ�:w	o;gji�nj�½}he�zXglk	k;�2gÛe
nj�l}�kPi�}�o	��k;v � è³v�o � }���g�¹��È'åe�k;vhn��Q��n��ÌeÈw	o	vhtÃo;} �T� �Q÷0J§w;vhn ÷��ÏnÆw;v�r
� vh���h�ø|Qv���v�o;v�´Ènjo;}he�k	m;eh}h�¼��m	� � glo;glk	k;�2g¼mÈ�=è³g � glo	mPiXk;�2gº|Qvhv�o0iXmPr
k;}��=��v�w	o;gji�g=z	�P�¼��njo;gjiXk	m;gÆw;v�w	o;}he�|	mÁ|Ì�=è³g � glo	mPiXk;� � w;v�zXv½ÂÍglk	m�� �
mÎnjo;gjiXk;gl|;eh}�iXo;}���m Å g½nj|	m;gÓvhy·m;~�|	mÁ�j��m�sÇw;v�w	o;}hehv�|:a
êÉ}�|É��o;gl�=�±zX�±�l}����»vh~�o;}h~hv���|	m·vliXk;v�´{m	��n=glo	m	´¾�
vliXk;v�´{k;v Å mA�ðk;}h~�zX�4r

i�glk	m	´Ý|Qv � gl��� '*)�ö�qhq��nÿ¼öé�]¹�¦�/�X.X	£h¢�K±�²w;v�|Q}��l�2eh}h�¼�=� Å ��vunjo	gjiXk	m;g
w;v�w	o;}he�|	mÄ|È�=è³g � glo	mPiXk;� � �=k;} Å glk	m�� � |Qvhv�o.iXm	k;}���k;g½ehg=z;m	|	mÉ�8e¹w	o;gjr
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i�g=zX}�sÇvhy·m;~hv�|¾k;}h~�zX�fi�glk	m	´Éa	Ö�v±ÂÄk;v�v�� � gl��m	����� Å ��vÛnjo;gjiXk	m;gÓvhy·m;~�r
|	m¡vliXk;vhtjvxk;}h~�zX�fi�glk	m��»w;v�vh~hglm � |Qvhv�o0iXm	k;}��½} � �

0.24′′ m 0.18′′ ��e
nÃz;� Å }hg¼m;njw;v�zX���lvheh}�k	mP�Ûô Õ �çe¹k;g½nj|Qv�zX��|Pv¹o;}�� � glk;�hy�gh� Å g � vhy·m;~�|	m
m	� � glo;glk	m	´Î|Qvhv�o.iXm	k;}��·|Qv � gl�·k;}²�j��v � ÂÍgÓm	k;nj��o	� � glk	��g{nÓè³v���v�w�zX}�r
nj��m	k	|Q} � mÉ�Xv�k	m¾o;gjiX|PvÍ~h��z;m¾z;� Å y�g 1′′ a
�¹}h~�zX��i�glk	m��Þeø��g Å glk	m;g�i;z;m���g=z;��k;vhtjvÝe�o;g � glk	màw;v��lehv�z	�P�¼�Üeh�fr

�Pe�m	���ãm	k	��glo;g½njk;�2gâvhn=vh~hglk	k;vhnj��møe�i�e�m�Â�glk	m	mé|Qv � gl���I� Å ��v � v½Â�gl�
nÃz;�.ÂÄm	��� � }���glo	m;}�zXv � i;z	�»m;n=nÃzXgji�vheh}�k	m	´»iXm	k;} � m Å g½nj|	m�s»m�}hnj��o;v�r
èIm	�=m Å g½nj|	m�sÐ�Pe�zXglk	m	´ÎeÛ�j��m�sÇvh~�óÉgl|	�½}�sAa
ô³o	m;ehgji�glk	k;�2gÆw	o	m � glo;�ík;}h~�zX��i�glk	m	´ËnÆ|Qv�o;v���|Qvhè³v�|	�0njk	� � ô Õ �Wr

��g=zXg½nj|Qv�w;v � k;gÈm;n Å glo	w;�2eh}h�¼�Îehn=g=s�ehv�� � v±ÂÄk;vhnj��gl´�m;n=nÃzXgji�vheh}�k	m	´»n
�l}�|	m � mÁm	k;nj��o	� � glk	�l} � mÉa
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bhbhacb ¢¤£¦¥y§¦¨�©<ª:«­¬

¿¨}�iXm;v�m	k	��glo;è³glo;v � gl��o�m��øn=vçn=ehglo.s.i;z;m	k	k;� � må~h}��l} � m �
¿��Wñ s �4e
}�k;tNzXv½�Q�l� Å k;v�´³z;m	��glo;}����8o;g ± � ½¥` Ñ ± ¯ - ®��:£h¬	­ ½ ¦h©�¯½¢¤ª¤¬	¯ ` ¬0«�¯ - Ï-¯ - £0°Í¯=«�¯ - �
�Pe�z	�Pgl��n��ÝvliXk;v�´Ým	�xn=} � ��sé��v Å k;��sÜk;}h~�zX��i�}���g=zX��k;��s � gl��vliXm	|Éa4d
k;}hnj��v½�P��g½gxe�o;g � � � gl��vlií¿��Wñ s �l}�k	m � }hgl��eu}hnj��o;v � gl��o	m	mÔvhn=vh~hvhg
� g½nj��v��4w;vhnj|Qv�zX��|	�Ôv�kåw;v��lehv�z	�Pgl�»k;gl�l}he�m;njm � � � njw;vhn=vh~hv � w;vhnj��o;v�r
m	���âk;g½~hg½njk��Q� njm;nj��g � �»v���n Å gl�l}�� ` ' [�� ���¨�lg � k	�Q� njm;nj��g � �»v���n Å gl�l}
� ` � [�� �¼mxv�w	o;gji�g=z	�Q���Çm�sÊe��l}�m � k	�Q� v�o	m;glk	�l}��	m;�ÆaÉ¿¨g½tÃ�±z��Qo	k;�2gÛk;}�r
~�zX�fi�glk	m���o;}�iXm;v�m;nj��v Å k	k	m	|Qvhe��lk;g½vh~±s0vliXm � �2gÀi;z	��w;vhnj��o;vhglk	m��Ik;g½~hg½n�r
k;v�´ønjm;nj��g � � v���n Å gl�l}�k;} � m�z	z;m;n=gl|	�8kPiXk;v � �8o;vhe�k;gp��v Å k;vhnj��mÉ�§i�v�r
nj�l}he�z	�P�¼�Ò�½}�|�Â�g§eh}�ÂÄk	�Q�u}hnj��o;vhèIm	�=m Å g½nj|	�Q�çm	k;è³v�o � }��	m;�ãi;z	�¹m	�=�0r
Å glk	m��Ie�k	g½t�}�zX}�|	��m Å g½nj|	m�sºo;}�iXm;v�m;nj��v Å k	m	|Qvhe�a½Ö�gl��vliÆ¿��Wñ s n=vhe � g½nj�½r
k;vÈn¹zX}��lglo	k;v�´ËzXv�|P}��	m;gl´ ù � Õ mÌµ¹�8k;�I�Ï}²�½}�|�Â�g{nÆw;v � vh���h�änÃw	�8�½r
k	m	|Qvheh��sÊnjm;nj��g � R ³´[�`  Ëm����� .)��;µ·¶4�¹¸¼�2�òw;v��lehv�z	�Pgl�Èw;vhnj��o;v�m	���
k;} � m�z	z;m � gl��o;vhehv � �8o;vhe�k;gÁ��v Å k;vhnj��m��lg � k	�Q� njm;nj��g � �»v���n Å gl�l}��Ùe
|Qv���v�o;v�´âm	�=� Å }h�¼��n��p�Pe�zXglk	m��A�ðw	o;v�m;n�s0v½i;�P�·m;gÛk;} Õ g � zXghaód§�l}�m � k;}��
v�o	m;glk	�l}��	m��¾k;g½~hg½njk;v�´ÎmË�lg � k;v�´Ënjm;nj��g � v���n Å gl�l}��Xw;}�o;} � gl��o	m	�=�0g � }��
nÙw;v � vh���h�»w��Q��m·w;}�o;} � gl��o;vheÚv�o	m;glk	�l}��	m	m Õ g � z;mÇ�
ô{¶ Õ ����w;v��lehv�z	�Pgl�
m	�=� Å }����Ói�e�m�Â�glk	m;g¼w;v�zX�ºn=vhe{eÆ��g=zXg Õ g � z;mÉ�Qw;v�z;� Å }����Æm	k;è³v�o � }��	m;�
vuk;glo;}he�k;v � glo	k;vhnj��mÔe�o;}h��glk	m	´ Õ g � z;mÉ�4}u�½}�|PÂÍgxvuw	o;gl�;g½n=njm;v�k	k;v�r
k	�8�l}��	m;v�k	k;v � i�e�m�Â�glk	m	mÁvhnjmÎe�o;}h��glk	m�� Õ g � z;mÉa
ô³o	m	k	�	m	w²i�gl´;nj��e�m��Äw	o;vhnj��gl´;y�g½tjvÆo;}�iXm;v�m	k	��glo;è³glo;v � gl��o;}Æw	o;vhnj�IÑ

g½nj���Çi�ehgÈ}�k	��glk	k;�I�óo;}��=k	g½n�}lk	k;��sxk;}Ák;gl|Qv���v�o;vhgÄo;}hn=nj��v½�Qk	m;g � g=ÂÍiX�
n=vh~hv�´��
v��Ûn=v���glk � gl��o;vheÍiXv²k;g½nj|Qv�zX��|	m�sÁ���2n�� Å |	m�zXv � gl��o;vhe8����m	� � gjr
o.�Pgl��n��Ðo;}��=k	vhnj��� � v � glk	��vheÆw	o	m�s0vli�}�v½iXk;vhtjv{njm;tÃk;}�zX}·k;}{o;}��jz;m Å k;�2g
}�k	��glk	k;� ���l}�i�glo.ÂÄ|P}

τ
��aTô¹vli�vh~�k;�2g¾m	k	nj��o	� � glk	��� e�w;glo;eh�2gÇw;v½�Pe�mPr

z;m;n=�Ûe�k;} Å }�zXg���q�r?sÐtjv½i�vhe eje ehgl|Q}�a
ï¹}�|Ów	o;}he�m�zXv���v�k	mÓm;njw;v�zX���lvheh}�z;m;n=�Òi;z	�³k;}h~�zX�fi�glk	m��I|Pv � w	}�|	��k;��s

o;}�iXm;v�m;nj��v Å k	m	|Qvhe���m�sÁo;}��=o;g½y�}h�º��}��¾njw;vhn=vh~�k;vhnj���È~h��zX} � k;vhtjvÄeh�fr
y�gIvliXm	k;v Å k;��sÄo;}�iXm;v���g=zXg½nj|Pv�w;vhe�a�dfn�}�Â�g¼i;z	�²k;}h~�zX�fi�glk	m	´ � k;vhtÃm�s
o;}�iXm;v�m;nj��v Å k	m	|Qvheâ��o;g½~hvheh}�zXvhn=�xnj�Q��g½nj��ehglk	k;v�~V®v�zX�hy�}���o	}��=o;g½y�}h�4r
��}���njw;vhn=vh~�k;vhnj����aÀô³o;vhnj��gl´;y·m	´unjw;vhn=vh~Ì�Qehg=z;m Å m	���po;}��=o;g½y�}h�º�·�Q�
njw;vhn=vh~�k;vhnj���Çm	k	��glo;è³glo;v � gl��o;}Çw	o	mxn=v½sQo;}�k;glk	m	m Å }hnj��v����æw	o	m	k	m � }�r
g � vhtjvÄnjm;tÃk;}�zX}ÛÑÇ�Qehg=z;m Å m	���È~h}��=����o	}hn=nj��v±�Qk	m;g � g=ÂÍiX�¾}�k	��glk	k;} � mA��a
¶�iXk;}�|Qvºk;}I�j��v � w	�8��mÍehv��=k	m	|P}h�¼�ÚvhtÃo;}�k	m Å glk	m��A��n=e��Q�l}�k	k;�2g4nf��g=sQk	mPr
Å g½nj|Qv�´Äk;g½ehv�� � v½ÂÄk;vhnj���h�én=v��Ãi�}�k	m���w	o;v��=�8Â�glk	k;��sÍè³}��lvhnj�l}h~�m�zX��k;��s
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¿Wm;n�aØbhbhacb����¹}��	m;v�k;}�zX��k;}���¿��Wñ s n=gl����÷jïÓdf¸ Õ ¸º¿j÷!�Ù�fehgl�jzXvhgh� Õ gjr
zXglk Å �8|É� s }�´Pi�}�o;�

z;m	k	m	´Üw;glo;gji�} Å afd b±`�% �âtjvliX�çe»�2�2�f¿×~h��zX}�w	o;gji;zXv½ÂÍglk;}xmPi�g=��v
n=v��Ãi�}�k	m	mËo;}�iXm;v�m	k	��glo;è³glo;v � gl��o;}Ûn³w	o	m � glk;glk	m;g � k;gl�l}he�m;njm � ��s¾tjgjr
��glo;vliXm	k;vhe¹m²njm;nj��g � o;g½tÃm;nj��o;}��	m	mÈnjm;tÃk;}�z;} ð¤bhb
ñ?a.ô³o	m	k��Q���2gºnjm;tÃk;}�zX�
�l}�w	m;n=�2eh}h�¼��n��Ók;} � }htÃk	m	��k;�2gÙzXglk	���ø�
eÚk;}hnj��v½�P��g½g�e�o;g � ��Ñ�Â�g½nj��|	m;g
� }htÃk	m	��k;�2g¹i;m;nj|	mA���A|Qv���v�o;�2gÆ�l}���g � n=vhe � g½nj��k;v²vh~�o;}h~h}����2eh}h�¼��n��Çk;}
|Qv�o	o;g=z	�Q��v�o;gha ù iXg=�Á~h��zX}Äe�w;glo;eh�2gÓw	o	m � glk;glk;}Ûk;}Ûw	o;}�|	��m	|PgÆeÎb±`�%V�
tjvliX�»eã�fî ¸ÆaWÖ�gl��vli¡w;v�z;� Å m�z¡k;}��leh}�k	m	gÁo;}�iXm;v�m	k	��glo;è³glo;v � gl��o	m	m
n=vÈn=ehglo.s.i;z;m	k	k;� � mp~h}��l} � m��
¿��Wñ s ��aÏêÉg=sQk	m Å g½nj|	mÌ�j��v²o;}�iXm;v�m	k	��gloPr
è³glo;v � gl��o	m��ÇnIo;}��Ãi�g=zX��k;v�´Á�l}�w	m;n=�h�ònjm;tÃk;}�zX}�a
ô³o;vhehgji�glk	m	gI¿��Wñ s r6k;}h~�zX��iXglk	m	´Ð��o;g½~��0gl�¹o;g½y�glk	m��È~hv�zX�hy�vhtjvÆ|Qv�r

z;m Å g½nj��eh}Ä��g=sQk	m Å g½nj|	m�sÎmÌv�o;t�}�k	m	�l}��	m;v�k	k;��s¾�l}�i�} Å aA�¹}Ä|Q}�ÂÍi�v�´Ë}�kPr
��glk	k;g4i�v�z	ÂÄk;}Ænj��v½�Q���{njm;nj��g � }Æo	g½tÃm;nj��o;}��	m	mÉ�QeÓ|Pv���v�o	�Q�Ôe�s0vli;�Q�¹eh�fr
n=v�|Qv���v Å k;�2g�nj�l}�kPi�}�o	��� Å }hnj��v����I�Ïnjm	k�sQo;v�k	m	�=m	o;vheh}�k	k;�2g � g=ÂÍiX�Án=v�r
~hv�´Éa�dfnÃzXgji�nj��e�m;g�vhtÃo;v � k;��s�i;z;m	k{~h}��������2n�� Å m·|	m�zXv � gl��o;vhe8�:�ÃzXg � glkPr
����¿��Wñ s n=gl��mÓk;}�s.vli;�Q��n��A��|Q}�|Ów	o;}he�m�z;v��±e2o;}��jz;m Å k;��s³tjvhnj�½i�}�o;nj��eh}�s
mÇw	o	m	k;}�i;zXg=Â�}��¹o;}��jz;m Å k;� � v�o;t�}�k	m	�l}��	m�� � a	dÜk;}hy�gl´Çnj��o;}�k	g³�l}�|	m;g
o;}h~hv���� ehgjiX�8��n���eÁo;} � |Q}�sÊw	o;vhgl|	�l}ÎïÓdf¸ Õ ¸º¿ ��o	m;n�a¤bhbhacb����:i;z	�xvhnj�0r
��g½nj��e�zXglk	m��Á|Pv���v�o;vhtjv²eÇ�f}�k	|	�½r#ô¹gl��glo;~��8o;tjg{~h��zÊv���|	o;�Ò� ù k;nj��m	���8�
w	o	m	|�zX}�iXk;v�´Î}hnj��o;v�k;v � m	mÁ¿¨vhn=njm�´;nj|Pv�´Î}�|P}�i�g � m	m¾k;}±�8|Éa
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bhbha÷ö Ö�g=ÂÍiX�8k;}�o;vliXk;}��ÐnÃz;�.Â²~h}Û¿��Wñ s � `�±  	�
ô¹v � glo;gIo;}��le�m	��m��Ç¿��Wñ s m¾�Qehg=z;m Å glk	m��È|Qv�z;m Å g½nj��eh}�� Å }hnj��k	m	|Qvhe

k;}h~�zX�fi�glk	m	´Óehv��=k	m	|�zX}2k;g½vh~±s0vliXm � vhnj���4eÚv�o;t�}�k	m	�l}��	m	mÉ�½|Qvhv�o0iXm	k	m	o	�0r
�º��gl´ � g=ÂÍiX�8k;}�o;vliXk;�2g§�hnjm�z;m��{e¼�j��v�´�vh~�zX}hnj��mÉa�¿¨}�k;g½g§|Qvhv�o0iXm	k;}��	m��
ehg=zX}hn=�Ð¿��Wñ s r#tÃo	�8w	w;v�´âeÇ�.vli	i�}�o0i�g�mÊ|Qvhv�o0iXm	k;}���v�o;v � ~h��zX}Ç�¹�jk	njm
df}�kPi�glk;~hglo;t{�
v�k;}{Â�gI~h��zX}·m	k	m	�	m;}���v�o;v � n=v��Ãi�}�k	m�� `�±  	�Ùm¾Ö�g=ÂÍiX�0r
k;}�o;vliXk;v�´ÓnÃz;�.Â²~hv�´Æe�o;}h��glk	m�� Õ g � z;mÈ�
Ö���d Õ ��}�k;tNzða `bcS[  	���±|Qv���v�o;}��
i;z	�ân=ehv�m�spk	�.ÂÍiãm;njw;v�zX���lvheh}�zX}��ðe Å }hnj��k;vhnj��mÉ�õ¿��Wñ s r6k;}h~�zX�fi�glk	m��Aa
¶�iXk;}�|QvÚ|Æ|Qv�k	�	�¹`hq�r?s¹tjvli�vheÚnj�½}�zXv4�Pnjk;v�� Å ��v¼Ö�g=ÂÍiX�8k;}�o;v½iXk;}��³nÃz;�.ÂÍr
~h}Ðe�o;}h��glk	m�� Õ g � z;mç� `bcS[  	�Úk;gÍnjw	o;}he�z	�Pgl��n��Ên·|Qvhv�o0iXm	k;}��	m;gl´âehn=g=s
� gl��vli�vhe¼k;}h~�zX�fi�glk	m	´É��|Qv���v�o;�2gÒv�k;}ºm;njw;v�zX���j�0gl�{��w;v � m � vº¿��Wñ s �j��v
���� ��2zX}��lglo	k;}��Ýz;v�|P}��	m��Ýµ¹�8k;� m ù � Õ mÔiXoÉaU��a¼d b±`h`��utjv½iX�é|Pv�r
� m;n=njm;gl´Þw	o	mòÖ�g=ÂÍiX�8k;}�o;vliXk;v�´í¸ºn=n=v��	m;}��	m	mà�.g½vli�gl�=m	m×� ` +¼�¹�Á~h�fr
zXv�o;g½y�glk;v»n=v��Ãi�}���� � g=ÂÍiX�8k;}�o;vliXk	�Q� nÃz;�.Â²~����Ò|Qv���v�o;}��é~h� e��j�8zX}
k;}»n=g½~½�¡|Pvhv�o0iXm	k;}��	m;� ¿��Wñ s k;}h~�zX��i�glk�m	´Éa4¶2o;t�}�k	m	�l}��	m��¡k;} Å }�zX}
n=ehvh�Üi�g=�Q��g=zX��k;vhnj���ÓeÄb±`h`h`³tjvliX��mÄw;v�z;� Å m�zX}Ók;}��leh}�k	m;g ` ¬0«�¯ - ¬	¦�«�ª¤£h¬	¦h¢± � ½¥`  Q¯ - NQªé/=¯ÕÏ-£ - ��¯½£@P	¯½©N®Ê¦h¬.PQ+º©�« - £0°Í¯=« - ®ç� `�±  	��a�dävh~h��gl´�nÃzXv±ÂÍr
k;vhnj��mÊv�k;}Èv½sPeh}����2eh}hgl�Ío;}h~hv����Á~hv�zXg½g��0qÄ� Å o;g=ÂÍi�glk	m	´peÌbO�²nj��o;}�k;}�s
��o	m;n�acbhbha÷ö0��aAdån=vhnj�l}he `�±  Áe�s.vli;�Q�Ûv�|Pv�zXvÛ��o	mPiX�;}���mpnj�½}�k	�	m	´É��k;}h~�zX�4r
i�glk	m��é|Pv���v�o;��séw;glo;gji�}h�¼��n��øk;}u|Qv�o	o;g=z	�Q��v�o;�Ia4¿Àgl�=�±zX�±�½}���� w;vhnÃzXg
|Qv�o	o;g=z	�Q�	m;v�k	k;v�´»vh~�o;}h~hv���|	m�w;vhnj���8w;}h�¼�Ák;}ËsQo;}�k;glk	m;g¾ep~h}��l� i�}�kPr
k;��sAa ù ���j��m�sp~h}���v�k	mÊnj�½}�k;vhe��Q��n��Îi�vhnj���8w	k;�äehn=g � w	v�zX���lvheh}���g=z	� � a
d nÃ��o��8|	���8o	� `�±  xe�s0v½iXm	�ÎöQb²�;glk	��oã}�k;}�z;m	�l}¾i�}�k	k;��s¡�
njo;gjiXmã|Qv���v�r
o;��s²w;vhnj��v½�Qk	k;�2gIm¾}hn=n=v��	m	m	o;vheh}�k	k;�2g��;glk	��o;�¼����m;njw;v�zX���=�Q�º�·m	´¾�j��m
k;}h~�zX�fi�glk	m��¹i;z	�Æw;v�z;� Å glk	m��{w	v�w	o;}hehv�|�|�|Qvhv�o0iXm	k;}��l} � o	}�iXm;v�m;nj��v Å r
k	m	|Qvhe�mÁnj�l}�k	�	m	´ÁmÁô{¶ Õ aA¶4njk;vheh�2eh}��Pn=��k;}�o.�.i�}�sÇô{¶ Õ ��w	o;gji�vhnj�½}he�r
z	�Pg � ��sÇy�g½nj���h�òw;vhnÃ��v½�Qk	k;� � mÎ}�k;}�z;m	��m Å g½nj|	m � mÁ�;glk	��o;} � m�� ¼   U�³
Ñ¡dfvhglk�k;v�r � v�o;nj|P}��Üvh~hn=glo;eh}���v�o	mP�Ý�fî ¸Æ�Ú�¹  � ' Ñ��.vli	i�}�o.i�vhehnj|	m	´
�;glk	��o{|Qvhn � m Å g½nj|	m�s¹w;v�zXgl��vhe�� ½Y¿ �çÑ t gji�glo;}�zX��k;vhgf}htjglk	��nj��ehv¼tjg½v½i�gjr
�=m	m²mÄ|Q}�o	��vhtÃo;}hèIm	mÉ�8�.glo � }�k	m��A� ` +j+éÑ ù ô³¸Æ�� Q� ½Y¼ ÑÛ�fô¹~h�4L2�7+ ¼  
Ñ·��¯½£h©I/=ª¤¯½¬./=¯a+j6	©�« - ¦h¢¤ª¤¦8���0|Qvhv�o0iXm	k;}���v�oÛeh�2ehvliXm	�¼vh~h��g½gÒo;g½y�glk	m;gfi;z	�
ô{¶ Õ �]X0«N« , �_)�)�­hªé6�¥Éa�­h¯½£7P:a"6	¬	ª÷r6¥Ï£h¬	¬:a"P	¯!)�NQ¢R¥;ª�) `�±  0rÃ+j'*)�ª¤¬.P	¯��Aa"X0«�°Í¢���a
¶�iXk;v�´Ûm	�ÚèI�8k	|	�	m	´ `�±  {�Pe�z	�Pgl��n��Ûv�o;t�}�k	m	�l}��	mP��k;}h~�zX�fi�}���g=zX��k;��s

w	o;vhtÃo;} �T� �W|Qv���v�o;�2gËw	o;vhehv½i;�Q��n��ui;z	�ço;g½y�glk	m��ço;}��jz;m Å k;��s��l}�i�} Å a
ù sÆv�w	m;n=}�k	m;g � v½ÂÄk;v¼w;v�z;� Å m	���ºk;}ºn=}�´	��gËX.«N« , �_)�)�ªgNQ©I/�/�a�­h©IÏ2/�a�¬	¦h©N¦�a�­h£�N.)8a
¶4nj�½}�k;vhe�m � n��Û~hv�zXg½g¼w;vliXo;vh~�k;v¹k;}Ów	o;vhtÃo;} �T� }�sA�.k;}�w	o;}he�zXglk	k;��sÍk;}
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¿Wm;n�axbhbha÷ö@�;Öxm	o	vheh}��Çn=gl���Û¿��Wñ s

v�w	o;gji�g=zXglk	m;gÄô{¶ Õ a:ñÓz	�po;g½y�glk	m��â�j��v�´��l}�i�} Å m�w	o;vhehvli;�Q��n��xnjw;gl��mPr
}�zX��k;�2g4k;}h~�zX�fi�}���g=zX��k;�2g4n=g½n=njm	mÉa8�¹} Å m	k;}���n³b±`����³tjvli�}³�l}�|	m � mÄn=g½n�r
njm�� � m��Pe�z	�8z;m	n=��g=ÂÍglk;gji�g=zX��k;�2gËö
��r Å }hn=vheh�2gÎn=glo	m�m¡w;vâw	o;vhtÃo;} �T� g`b[a`  0r°+ � ` ¬0«�¯ - ¬	¦�«�ª¤£h¬	¦h¢ [ ¦�P	ª¤£ ` ¬0«�¯ - Ï-¯ - £0°Í¯=« - ªé/Ë @6 - Nh¯l®Qª¤¬	­�� `b[a`  	���¨|Qv�r
��v�o;}��Ëw;v��ÃiXk;g½gh��eÌb±`h`��Ètjv½iX���:n � glk	m�zX}hn=�Ðw	o;vhtÃo;} �T� v�´ Udc�³  0r°+ � U ¦�r
«�ª¤£h¬	¦h¢ c ¦ - «zX ³ - ª¤¯½¬P«�¦�«�ª¤£h¬u Q¯ - NQªé/=¯h� Udc�³  	��aT� b±`h`V�¾tjvli�}Ë| Udc�³  0r°+
w	o	m;~h}he�m�z;m;n=��vliXk;vhe�o;g � glk	k;�2g¾k;}h~�zX�fi�glk	m��»w;vâw	o;vhtÃo;} �T� g�' ³´[�c r+ � U +³ @+ 'f£h¬P«�ª¤¬76	£�6	© ³ ¥;©�¯ - N�¦�«�ª¤£h¬	©Ä£�Ï4«zX	¯ [ £�«�¦�«�ª¤£h¬ç£�Ï4«zX	¯ c ¦ - «zX:�' ³´[�c �Änp�;g=zX�h� w;v�z;� Å glk	m��éô{¶ Õ k;}�i�e��.sÜk;gl�l}he�m;njm � v�´Ýn=gl�j�8sém
w;vhnÃzXgjiX�Q�º��g½tjvÐnjo;}he�k;glk	m��Ìw;v�z;� Å glk	k;��sÌo;gl�=�½zX���l}���vhe�aðdÞk;}hnj��v½�P��g½g
e�o;g � �Û�?ö�qhqh`4tjv½i:� `�±  ³g=ÂÍglk;gjiXg=zX��k;v4w�o;vhehv½iXm	�§i�ehg§njw;gl�	m;}�zX��k;�2gftjg½v�r
i�gl�=m Å g½nj|	m;gÍk;}h~�zX��i�}���g=zX��k;�2g·w	o;vhtÃo;} �T� �íÑ `�±  0r [ bÍm `�±  0r [ ���:|Qv�r
��v�o;�2g¹n�k;} Å }�zX}Äö�qhq0ö{tjvli�}·�l} � glk	m�z;mÁn=vh~hv�´¾w�o;vhtÃo;} �T� � ' ³´[�c r°+ÞmUdc�³  0r°+ n=vhv���ehgl��nj��ehglk	k;v�a�däk;}h~�zX�fi�glk	m��8sx� Å }hnj��e��Q�¼�=� |P}�|�w	o;}he�mPr
zXv��Pv����Ii�v��Ænj�l}�k	�	m	´Éa Õ } � gl��m � � Å ��v·eÆk;} Å }�zXg��hq�r?sÄtjv½i�vhe eje ehgl|Q}��
|QvhtNi�} � }hn=n=vheh�2gI}hnj��o;v � gl��o	m Å g½nj|	m;gI¿��Wñ s r6k;}h~�zX�fi�glk	m��Ä��v�zX��|Qv{k;}�r
Å m	k;}�z;m;n=���Xe�k;}h~�zX�fi�glk	m��8sÐ� Å }hnj��ehvheh}�zXvÛv����{i�v ��nj�l}�k	�	m	´Éa
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bhbha&� ù � � glo.�Pg � �2gÓehg=z;m Å m	k;�

¿¨gl�=�½zX���l}���v � vh~�o;}h~hv���|	mÛ�=}�w	m;n=gl´²njm;tÃk;}�zXvhe³k;}³|Pv�o	o;g=z	�Q��v�o;g2�Pe�z	�.r
�¼��n���e�o;g � glk	k;}��x�l}�i�glo.ÂÄ|Q} τ w	o	m�s0vli�}pehv�z;k;vhehvhtjvÎèIo;v�k	�½}Ëk;}Ëo;}��Ãr
z;m Å k;�2g¹}�k	��glk	k;�Ým	k	��glo;è³glo;v � gl��o;}�m Å }hnj��v��l}Ím	k	��glo;è³glo;glk	�	m	mÉaXdfn=g
w;vhnÃzXgjiX�Q�º�·m;gÆi�}�k	k;�2gÇ�
ô{¶ Õ �Ï|Pvhv�o0iXm	k;}����ànj�l}�k	�	m	´ÊmÊo	}�iXm;v�m;nj��v Å r
k	m	|Qvhe8�fv�w	o;gji�g=z	�P�¼��n��Ðm	�Ó�j��m�sÇk;}h~�zX�fi�}lk	k;��sÐehg=z;m Å m	kÉa
¶2w	m;y�g � |	o;}���|QvÈw	o;v��;gjiX�8o	�Îw;v�z;� Å glk	m��Ì�j��m�spehg=z;m Å m	kÉaXñÓz	�Ì�j��v�r

¿Wm;n�a�bhbha&�����Ùs0g � }Ío;}�iXm;v�m	k	��glo;è³glo;v � gl��o;}
tjv¡o;}hn=n � v���o	m � nÃz;� Å }�´Þi�e��.sP�ÃzXg � glk	��k;vhtjvÜm	k	��glo;è³glo;v � gl��o;}�aºáÀnj���
i�eh}Ëo;}�iXm;v���g=zXg½nj|Qv�w;}�� k;}�s0v½i;�P�·m�s0n���k;}p~hv�zX�hy�v � o;}hn=nj��v½�Qk	m	mãiXo	�Qt
v��ÍiXo	�Qt�}��ÉvliXk;vhe�o;g � glk	k;vÈk;}h~�zX�fi�}h�º�·m�sÎo;}�iXm;v�m;nj��v Å k	m	|âk;} Å }hnj��v�r
��g
ω = 2πf

��o	m;n�acbhbha&�.��aW¶4~hv��=k;} Å }�� Å glo;gl� ~r1
m
~r2

n=vhv���ehgl��nj��ehglk	k;v
o;}�iXm	�hn=�fr#ehgl|	��v�o;�å}�k	��glk	kÉ�Pi;z	�Çehgl|	��v�o;}Û~h}��l�Ým � g½g � �

~b = ~r2 − ~r1. u]x
x
w&xzyáÀnÃz;mÜvh~hv��=k;} Å m	��� Å glo;gl� ~s gjiXm	k	m Å k;�Ò´¡ehgl|	��v�o¡eâk;}�w	o;}he�zXglk	m	m�k;}�r
~�zX�fi�}hg � vhtjv·m;nj��v Å k	m	|Q}ÛnIm	�lehg½nj��k;� � mÎ|Qvhv�o0iXm	k;}��l} � mÉ�	��v

~b · ~s = −cτg, u]x
x
w|{
y
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t�i�g
c
ÑÈnj|Qv�o;vhnj���Ûn=ehgl�l}��

τg
ÑÈtjg½v � gl��o	m Å g½nj|Q}��È�l}�i�glo8ÂÄ|Q}Ínjm;tÃk;}�zX}�a

ô¹vhnÃzXgf�l}hehglo;y�glk	m��¹k;}h~�zX�fi�glk	m	´Æk;vhnjm	��g=z;m·m	k;è³v�o � }��	m	m·nÙ|P}�ÂÍi�v�r
tjv¼w	�8k	|	�l}I¿��Wñ s w;glo;g½ehv��j�Q��n��{e¼�;glk	��o�vh~�o;}h~hv���|	mÉ��t�i�gÒeh�Òw;v�z;kP�Pgl��n��
|Qv�o	o;g=z	�Q�	m;v�k	k;�Ò´Î}�k;}�z;m	���;eh� Å m;nÃz	�Pgl��n��¾} � w�z;m	���li�}ÍmÎè³}��l} Φ0

e��l}�r
m � k;v�´Î|Qv�o	o;g=z	�Q�	m;v�k	k;v�´ËèI�8k	|	�	m	mÌnjm;tÃk;}�zXvhe·i;z	�¾|Q}�ÂÍi�v�´Áw;}�o;�í}�kPr
��glk	kÉa t }��lvheh�2gIm	� � glo;glk	m�� φ(ωi, tj)

i;z	�Èo;}��jz;m Å k;��s Å }hnj��v���k;��sÐ|Q}�r
k;}�zXvhe

ωi
m � v � glk	��vheÚe�o;g � glk	m tj m;njw;v�zX���=�Q�¼��n��A� Å ��vh~h��v��;glk	m	���Ú��o	mw;}�o;} � gl��o;}�ÑÇè³}��=���I÷ , X	¦h©�¯7÷½� φ0 = φ(ω0, t0)

�AtÃo	�8w�w;vhe��Q�æ�l}�i�glo8ÂÄ|	�
�I÷j­ - £�6 , P	¯½¢¤¦±®\÷½�

τgr = ∂φ
∂ω

m Å }hnj��v����Ám	k	��glo;è³glo;glk	�	m	mç�I÷ , X	¦h©N¯HP	¯½¢¤¦±®
- ¦�«�¯7÷½� ˙τpd = ∂φ

∂t
� gl��vli�v � k;}�m � glk;�hy·m�sÈ|;eh}�iXo;}���vheB�

φ(ωi, tj) = φ0 +
∂φ

∂ω
(ωi − ω0) +

∂φ

∂t
(tj − t0). u]x
x
w���y

áÀnÃz;mâè³}��l}Ð~h��zX}²m	� � glo;glk;}Ûi;z	�¾i�e��.sÎs0v�o;vhy�v²o;}��=k;g½n=glk	k;��s Å }hnj��v��
� Å ��v�eh�Òw;v�z;k��Pgl��n��»i;z	��n�z;� Å }��¡nj�l}�kPi�}�o	��k;��s Å }hnj��v�� X �õ�Pa"���:�Ï�A�
m
S
�?öQa÷öÍ�:�Ï�A�N������vÄw	o	mÁi�vhnj�l}���v Å k;v�´Ë��v Å k;vhnj��mÌk;}h~�zX�fi�glk	m	´É��njm;nj��gjr

� }��hnÃzXvhe�k;��sÇ�8o;}he�k;glk	m	´É�	|Q}�|Áw	o;}he�m�zXv���o;g½y�}hgl��n��Ç~hgl�Iw	o;vh~�zXg � a ù �
��o;g=s�v��;glk	m;eh}hg � suw;}�o;} � gl��o;vheÜ�

φ0
�
τgr
�
τ̇pd
�{i;z	��vh~�o;}h~hv���|	mÜnÎ�;gjr

zX�h� w;v�z;� Å glk	m��ãô{¶ Õ mãiXo	�QtÃm�s�w;}�o;} � gl��o;vheËm;njw;v�zX���=�hgl��n��ã��v�zX��|Qv
tÃo	�8w	w;vheh}��Ð�l}�i�glo.ÂÄ|Q} ] a
d �j���¡tÃo	�8w	w;vhe��Q� �l}�i�glo.ÂÄ|	��e�s0vliXm	��g½��gÌmÜ�l}�i�glo.ÂÄ|P}ãnÃm;tÃk;}�zX}��

eh�Ò�leh}�k	k;}��Ýw	o;v½s0v±ÂÍi�glk�m;g � njm;tÃk;}�zX} Å glo;gl��njo;gjiX�Ým����l}�o.�8Â�glk	k;��s
Å }hnj��m	�Á��m;v�k	vhn=è³glo	k;}��Æ�l}�i�glo.ÂÄ|Q}8��a � ��vh~h�ã�hnj��o;}�k	m	���Ie�z;m��Qk	m;g�m;v�k;v�r
n=è³glo;�I�:k;}h~�zX��i�glk�m��Ëw	o;vhehv½i;�Q��n��Ìk;}²i�e��.s Å }hnj��v��l}�s»� ν1

�
ν2
���:|Q}�ÂÛr

i�}��Äm	�º|Qv���v�o;��sÄk;} � k;vhtjv{~hv�zX�hy�g Å }hnj��v����øn=vh~hnj��ehglk	k;��sÄ|Qv�zXg½~h}�k	m	´
w�zX}�� � � νp =

√

ρc2r0
π

≈ 8.98
√
ρ
�Ï�Éa Õ i�g½n=�

ρ
ÑIw�zXv���k;vhnj�����ÃzXgl|	��o;v�k;vhe

eÍo;}hn Å gl��g¹k;}Í|	�Q~�m Å g½nj|	m	´ � gl��oÉ� c Ñ²nj|Pv�o;vhnj���Ûn=ehgl�l}�� r0
ÑÄ|�zX}hn=njm Å gjr

nj|	m	´¾o;}�iXm	�hnI�ÃzXgl|	��o;v�k;}�aQñÓz	�È�lg � k;v�´Çm;v�k;vhn=è³glo;� νp ≈ 9
Ö��Ï�É�Qi;z	�

� g=ÂÄw�zX}�k;gl��k;v�´énjo;gji��
νp ≈ 900

|;�Ï�ém¡i;z	� � g=ÂÄ�lehgl�ÃiXk;v�´énjo;gji��
νp ≈ 28

|;�Ï�Éa	êÉ}�|	m � vh~�o;}��lv � �.i;z	�Èo;}h~hv Å m�s²¿��Wñ s Å }hnj��v��Ð�?öQa÷öÆ�:�A�
m �Pa"�²�:�Ï�A�

ν1,2 � νp
aÏáÀnÃz;mpk;glm;nj|P}�Â�glk	k;}��Ám;v�k;vhn=è³glo;v�´ÊtÃo	�8w	w;vheh}��

�l}�i�glo.ÂÄ|P}Æo;}he�k;}
τ
�P��v¹i;z	�Ûi�e��.s Å }hnj��v��²� ν1

�
ν2
�Tnjw	o;}hehgji;z;m;eh�øn=vhv��½r

k;vhy�glk	m��
τν1 = τ +

q

ν2
1

, u]x
x
w��0y
N at$�&,#¯UX`JB.° &1±.),),1�'���²Z'�&,$�#%$"`X`,��²`!���\6$�&�³N+��,B�1#ZP&,��³ �P$"Z<ZP1�1#´�-
ZP1�²_ZP$�3]µ�-
Z"'�1�5WXZP1I¶�Z�� '�$�3]UXWXUX`,��'#·jWXU4- 3]².$"Z�-8²�)41IU�!�#%$�&,$"`XU1².#¹¸2�"!"·­'I° &1±.),),$�5 -º1�-
ZP1�²_º $"YU�! �»W,��-
ZP1#Z�`X·½¼Ð+���`,�"341�'�:
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τν2 = τ +
q

ν2
2

, u]x
x
w|�
y
t�i�g

q = cr0Ie

2π

�
Ie
ÑÛw;v�z;k;vhgI|Qv�z;m Å g½nj��ehv��ÃzXgl|	��o;v�k;vhe�k;}�gjiXm	k	m	�	�²w�zXv�r

��}�iXmÁe�i�v�zX�·z;� Å }Í�=o;glk	m��Aa ù nj|�zX� Å }��Ðm	�³�8o;}he�k;glk	m	´���bhbha"�8�Ùm���bhbhar�0�
ehg=z;m Å m	k	� q �	k;}�s.vliXm � �

τ = τν2
ν2

2

ν2
2 − ν2

1

− τν1
ν2

1

ν2
2 − ν2

1

. u]x
x
w���y
êÉ}�|	m � vh~�o;}��lv � �.k;glm;nj|Q}�ÂÍglk	k;}��ÛtÃo	�8w	w;vheh}��Í�l}�i�glo.ÂÄ|P}³zXg½tÃ|PvÓeh� Å m;n�r
z	�Pgl��n��Aa§¶�iXk;}�|QvpeÊ~h}��=��k;}h~�zX�fi�glk	m	´��l}�w	m;n=�2eh}h�¼��n����=k;} Å glk	m�� τν1 �
τν2

mÁm;v�k;vhn=è³glo	k;}��Çw;v�w	o;}he�|Q}·i;z	� e r6w;v�zXvhn=� q
ν2

1

aÏ�fvhv���ehgl��nj��e��Q�º��}��
|Qv�o	o;gl|	�	m��Ðw	o;v�m	�lehvliXm	��n��Çw	o	mÎvh~�o;}h~hv���|Qg³k	}h~�zX��i�glk	m	´Éa

bhbha"� Ö�vli�g=zX���l}�i�glo.ÂÄ|	m

¶4~�o;}h~hv���|P}{¿��Ùñ s r#k	}h~�zX��i�glk	m	´Çn=vhnj��v�m	�Æm	�¼i�e��.sÐ�j�l}�w;vhe�a	�¹}·w;gloPr
ehv � �j�½}�w;gÎeh� Å m;nÃz	�P�¼��n��»o;}��=k;vhnj��mÁ÷ ³ r�'�÷ä��k;}h~�zX�fi�}lk	k;}��»ehg=z;m Å mPr
k;}�÷ ³ ¥;©�¯ - N�¦�«z6;°¤÷ � m	k	�hnÐw	o;gjiXeh� Å m;nÃzXglk	k;}��Å÷0'f¦h¢é/�6	¢¤¦�«z6	°T÷½��a¨d |P}�r
Å g½nj��ehgÚk	}h~�zX��i�glk	k;v�´Û�=}�i�glo8ÂÄ|	mÛm;njw;v�zX���=�0gl��n��Äehg=z;m Å m�k;} τgr �.}Óe³|P}�rÅ g½nj��ehgÁw	o;gji�eh� Å m;n�zXglk	k;v�´»Ñ τg aT�¹}xe���v�o;v � �j�l}�w;gÇi;z	��k;gl|Pv���v�o;vhtjv
eh�2~�o;}�k	k;vhtjv � k;v½Â�g½nj��eh}��8��v Å k��Pg � �ÒsÐw;}�o	} � gl��o;vheÍnj��o;v�m	��n�� � }���o	mPr
�;}Ó�hnÃzXvhe�k;��sÛ�8o;}he�k;glk	m	´É�8w;vhnÃzXg Å g½tjv¹w	o;vhehv½iXm	��n��Û�8o;}he�k	m;eh}�k	m;gÚo;}��Ãr
k;vhnj��gl´Ð÷ ³ r�'�÷øk;}�vhnjk;vhehgËeh�2~�o;}�k	k;v�´çw;}�o;} � gl��o	m Å g½nj|Pv�´ � vli�g=z;m(/
w;v � vh���h� � gl��vli�}�k;}�m � glk;�hy·m�sÈ|;eh}�iXo;}���vhe�m�z;mÎg½tjv � vliXm;èIm	|Q}��	m	´Éa
êÉ}�|	m � vh~�o;}��lv � �2k;}çw;glo;ehv � �j�l}�w;g�k;g½vh~±s0vliXm � v�n � }�|PnÃm � }�zX��k;v

ehv�� � v½ÂÄk;v�´¾��v Å k;vhnj���h�àeh� Å m;nÃz;m	���Ûo;}hn Å gl��k;�2g¹�l}�i�glo8ÂÄ|	mÇi;z	�Ç|Q}�ÂÍr
i�vhtjv�k;}h~�zX�fi�glk	m���k;}�vhnjk;vhehgpw	o	m	k��Q��v�´ � vli�g=z;møe�o;}h��glk	m�� Õ g � z;m
mÝi�e�m�Â�glk	m��Ýg½g�w;v�v�o;~�m	��gh�2w	o	m�z;m;e�k;vhtjvçmåk;glw	o	m�z;m;e�k;vhtjvçn � g½��gjr
k	m��í��g=zXg½nj|Qv�w;vhe��º��g½v�o	m	mòw	o;gl�;g½n=njm	mæmòk	�8�½}��	m	màmà�=aJióaId k;}hnj��v½�.r
��g½g·e�o;g � � � vli�g=zX�Èeh� Å m;nÃzXglk	m��Î�l}�i�glo8ÂÄ|	mpv�w	o;gji�g=zXglk;}Ènj�l}�kPi�}�o	�l}�r
� mÌÖ�g=ÂÍiX�8k;}�o;vliXk;v�´ËnÃz;�.Â²~h�òe�o;}h��glk	m�� Õ g � z;mÉa�J§��v��Í�j�½}�wÌe²n=vhv��½r
ehgl��nj��e�m	mÜnÁ��o;}�iXm	�	m�� � mé}hnj��o;v � gl��o	m	m � v½ÂÄk;vxk;}��leh}����xo;gjiX�8|	�	m;gl´
¿��Wñ s r6k;}h~�zX�fi�glk	m	´Éa
�fvhe�o;g � glk	k;}��È��v Å k;vhnj���Ím	� � glo;glk	m��ÇtÃo	�8w	w;vhehv�´¾�l}�i�glo8ÂÄ|	mÁn=vhnj�l}he�r

z	�Pgl�¹e{njo;gjiXk;g � ∼ 10−11 nÚm�z;mÌb±qÓw	|Qn��P} Å }hnj��v����Üm	k	��glo;è³glo;glk	�	m	m²Ñ
∼ 10−15 nO)�n�aóô¹vh�j��v � �Ë��v Å k;vhnj���Áeh� Å m;nÃzXglk	m��p�l}�i�glo.ÂÄ|	m�����v Å k;vhnj���
� vli�g=z;mék;}h~�zX�fi�glk	m	´A�{i�v�z	ÂÄk;}�~h�Ò���ãk;gÌsQ�.Â�g�bpw	|Pn»�
e�z;m	k;gl´	k;v�´
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� glo;g ∼ 0.3 �T� ��adÔmPi�g½}�zX��k;v � nÃz;� Å }hg¾� Õ g � z	�Îk;glw;vli�e�m�ÂÄk;}����j�Ptjv���glk	m��Îk;gl�=�A|Qvhv�oPr
iXm	k;}����å��g=zXg½nj|Pv�w	vheÛmÎm;nj��v Å k	m	|PvheÛm	�lehg½nj��k;�í��v Å k;v��X}�� � vhn=è³glo;}Äv��½r
nj�8��nj��e��hgl�l� Å }hn=�Ünjm	k�sQo;v�k	m	�lvheh}�k;�¡��v Å k;vÓmÄ�=aßwÉaU�Àtjg½v � gl��o	m Å g½nj|P}����l}�r
i�glo.ÂÄ|P}�eh�Òo;}�Â�}�zX}hn=�º~h�uè³v�o � �½zXv�´Á��bhbha÷ö0��a�dxi�gl´;nj��e�m	��g=zX��k;vhnj��mÍ�j��v
k;gÆ�½}�|ÉaÏdf�Òo;}�Â�glk	m;gÐ��bhbha÷ö0��v�w	o;gji�g=z	�Pgl�Ûtjg½v � gl��o	m Å g½nj|	�Q�à�l}�i�glo8ÂÄ|	�
eÛv���nj�8��nj��e�m;gÓ�=è³è³gl|	��vhe ³ � ³ mp��êÒ¶³��|Qv���v�o;� � mÁk	g=zX���j�Çw	o;glk;g½~�o;gjr
t�}�����a
d n=vhv���ehgl��nj��e�m	møn=v�nÃ�½}�kPi�}�o	�l} � méÖ���d Õ � v½iXg=zX���l}�i�glo.ÂÄ|	méeh�fr

Å m;nÃz	�Pgl��n���e¾o;} � |P}�sâvh~h��gl´x��g½v�o	m	m�v���k;vhnjm	��g=zX��k;vhnj��mÉ�õnÛm;njw;v�zX���lv�r
eh}�k	m;g � v�w	o;gji�g=zXglk	m��¹~h}�o	m	�;glk	��o	m Å g½nj|Qv�´Æm{tjg½v��;glk	��o	m Å g½nj|Pv�´Ænjm;nj��g �
v���n Å gl�l}�a�¿¨gl|Qv � glkPi�vheh}�k	k;vhgãÖ�g=ÂÍiX�8k;}�o;vliXk;v�´ònÃz;�.Â²~hv�´àe�o;}h��glk	m��
Õ g � z;mâ� `bcS[  	�Ù}�k;}�z;m	��m Å g½nj|QvhgIeh�Òo;}�Â�glk	m;gÚi;z	�Èe�o;g � glk	k;v�´È�l}�i�glo.ÂÍr
|	m

τ
eãtjg½v��;glk	��o	m Å g½nj|Qv�´énjm;nÃ��g � gp|Qvhv�o.iXm	k;}��=�Ùw;v�z;� Å glk	k;v�´Üw;v�k;}�r

~�zX�fi�glk	m�� � k;}{i�e��.sÇo;}�iXm;v���g=zXg½nj|Qv�w;}�sA�	m � g½gl�{e�mPilð ö���ñ �

τ =
τgrav − ~b·~s

c
(1 − 2UE

c2
− <~V 2

E>

2c2
− ~VE ~w2

c2
) − 1

c2
(~b · ~VE)(1 + (~VE·~s)

2c
)

1 + 1
c
(~s · (~VE + ~w2))

,

u]x
x
w|�
y
t�i�g

τ = t2 − t1
ÑÄe�o;g � glk	k;}��²�l}�i�glo.ÂÄ|Q}�� τgrav ÑÄtÃo;}he�m	�l}��	m;v�k	k;}��²�l}�ri�glo.ÂÄ|P}Ê�I÷j�=è³è³gl|	�²î }�w	m	o;v¦÷ó���

c
ÑÎnj|Qv�o;vhnj���Çn=ehgl�½}�� ~b ÑÎtjg½v��	glk	��o	mPrÅ g½nj|	m	´²ehgl|	��v�oÄ~h}��l�å�

~s
Ñ·ehgl|	��v�oÄ~h}�o	m	�;glk	��o	m Å g½nj|	m�s�|Qvhv�o.iXm	k;}��ºk;}�r

~�zX�fi�}hg � vhtjv¹o;}�iXm;v�m;nj��v Å k	m	|Q}�� ~VE Ñ�ehgl|	��v�oÐ~h}�o	m	�	glk	��o	m Å g½nj|Pv�´Ènj|Pv�ro;vhnj��m Õ g � z;mÉ� ~w2
Ñuehgl|	��v�oétjg½v��;glk	��o	m Å g½nj|Qv�´énj|Qv�o;vhnj��m ÷je���v�o;vhtjv¦÷

o;}�iXm;v���g=zXg½nj|Qv�w;}��
UE = GMs

Rs

ÑÐtÃo;}he�m	�l}��	m;v�k	k;�Ò´Áw;v���glk	�	m;}�zâ�fv�z;k	�;}
eÍtjg½v��;glk	��o;g Õ g � z;mx�Ms

�
Rs

Ñ²n=vhv���ehgl��nj��ehglk	k;v�� � }hn=n=}�m¾o	}hn=nj��v±�Qk	m;g
v��I�fv�z;k	�;}¼i�vItjg½v��;glk	��o;}8��a�áÀnÃz;mÛeI�j��v�´Ûè³v�o � �½zXg2v���~�o;vhnjm	���³ehnjg4nÃzX}�r
t�}hg � �2gh�±� Å m	���2eh}h�º�·m;g��=è³è³gl|����ç¶ÚêÒ¶ãmÛ��êÒ¶³�±��vºvhnj�½}�k;gl��n��Ó��v�zX��|Qv
tjg½v � gl��o	m Å g½nj|Q}��Ð�l}�i�glo.ÂÄ|Q}ÛeÍe�mPi�g²��bhbha÷ö0��a
¶�iXk;}�|QvÆmÐ�j�l}·ehg=z;m Å m	k;}Æk;g¼�Pe�z	�Pgl��n��Èv�|Qv�k Å }���g=zX��k;v�´ÉaPd�o;g½}�zX��k;v�r

nj��mËe�|Q} Å g½nj��ehg � v½i�g=z;m¾m;njw;v�zX���=�hgl��n��Áehg=z;m Å m	k;}

τc = τ + ∆τatm + ∆τclock, u]x
x
w���y
e�|Qv���v�o��Q� i�vh~h}he�z	�P�¼��n��ég½��gÊ�=è³è³gl|	��� ÷je�zX}�ÂÄk;v�´:÷í|Qv � w;v�k;glk	���
��o;v�w;vhn=è³glo	k;v�´��l}�i�glo8ÂÄ|	m�m�o;}��=k	m	�;}ºs0v½i�} Å }hn=vhe�k;}�w	�8k	|	�l}�s·¿��Wñ s a
ù � glk	k;vâi;z	���j��v�´éehg=z;m Å m	k;� eh�Òw;v�z;k��Pgl��n���w	o	m;~�z;mPÂ�}lk	k;vhgËo;}hehglkPr
nj��ehv
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τgr ≈ τc = τ + ∆τatm + ∆τclock. u]x
x
w�v�yêÉglw;glo;� � v½ÂÄk;vÍn=è³v�o � m	o;vheh}�����o;}��=k;vhnj��mËe�mPiX}

τgr − τc = (O − C). u]x
x
w&xI��y
du��g½v�o	m	m � gl��vli�vheÓvh~�o;}h~hv���|	mÛk;}h~�zX�fi�glk	m	´²ehn=gÚw;}�o;} � gl��o;�I�8vh~�o	}��=�0r
�º�·m;gÛehgl|	��v�o¡��bhbhacb±q.���Ïi�v�z	ÂÄk;� ~h�Ò���Q÷ � }�zX� � mxehg=z;m Å m	k;} � m:÷�a ¶�i	r
k;}�|QvÇk;}²i�g=zXgÛex��bhbhacb±q.�4k;gÍehn=gT÷ � }�zX�2gÍehg=z;m Å m	k;�$÷�i�gl´;nj��e�m	��g=zX��k	v
� }�zX�2gha0ô³o;v�m;n�s0vliXm	�³�j��v¹w;v���v � ��� Å ��v ∆τclock

ÑÓi�vhnj�l}���v Å k;vÓ~hv�zX�hy�}��
ehg=z;m Å m	k;}��;|Qv���v�o;}��¾n=vhnj�l}he�z	�Pgl��w	o;}�|	��m Å g½nj|	mËehg½n=�Äehgl|	��v�o (O − C)

a
êÉ}�| Å ��v � v½ÂÄk;v��l}�w�m;n=}����B�

τgr − τc = (O − C) = −∆τatm − ∆τclock + ∆τ, u]x
x
w&x
xzy
t�i�g�ehgl|	��v�o

∆τ
ÑÍ|Q}�|Èo;}��º��v·nÃzX}ht�}hg � vhgh�8|Qv���v�o;vhg�vh~�o;}��lvheh}�k;v � }�zX�fr

� mÇw;v�w	o;}he�|Q} � mÉ�P�l}he�m�/Ã�P�·m � mÁv��Æk;gl��v Å k	vhnj��mÁ}�w	o	m;v�o	k;��sÈ�=k;} Å glk	m	´
ô{¶ Õ �	|Qvhv�o.iXm	k;}��{nj�½}�k	�	m	´:�;|Pvhv�o0iXm	k;}��{w;v�zX�ºn=}�mÁ�=aßwÉa
ô³o	m�eh�2ehvli�gÛè³v�o � �±zX� τgr

e�o;g � glk	k;}��Ì�l}�i�glo8ÂÄ|Q}��Éw	o;v�m	�lehv½iXm � }��
|Qv�o	o;g=z	�Q��v�o;v � �óeÁw	o;gji�g=zX}�sÊ��v Å k;vhnj��mÉ�õeh�Òo;}�Â�}hgl��n��ÊeÎy·|Q}�zXgÄ|Qvhv�oPr
iXm	k;}���k;vhtjvÌe�o;g � glk	m~�¥�4a ù k	��glo;eh}�z»|Qvhv�o0iXm	k;}���k;vhtjvÌe�o;g � glk	m ∆TT� v½ÂÄk;vpw	o	m;ehg½nj��mu|çm	k���glo	eh}�z;��eây·|Q}�zXg3�È'2� nÇw;v � ���h� w	o;vhnj��v�´
è³v�o � �½zX�

∆TCG =
∆TT

1 − LG
, u]x
x
w&xz{
y

t�i�g
LG = 6.969290134 · 10−10. u]x
x
w&xI��ydåo;gl�=�±zX�±�½}���g·�l}�|Pvhtjv²w;vli;s0v½i�}Äi;z;m�k;}Ð~h}��l�

b
eh� Å m;nÃz��Pgl��n��Ëk;g�eÐnjmPr

nj��g � g2�d' [  ���}¼e4iXo	�Qtjv�´Æ|Pvhv�o0iXm	k;}���k;v�´{njm;nj��g � gh��n=e��Q�l}�k	k;v�´{m � glk	k;v
nÒ¿��Wñ s r � gl��vli�v � a.¶4~hv��=k;} Å m � |Qvhv�o0iXm	k;}����çnj�l}�k	�	m	´Ûe³�j��v�´Ûnjm;nj��g � g
�
n=vhtNzX}hn=vheh}�k	k;v�´Än=vÓy·|Q}�zXv�´²e�o;g � glk�mö�¥���À|P}�|<¾ â�´6W z T a � ��vh~h�çw;glo;gl´Pr
��mÁ|Înjm;nj��g � g¹|Pvhv�o0iXm	k;}��=�;n=vht�zX}hn=vheh}�k	k;v�´Án³njm;nj��g � v�´Ëe�o;g � glk	m¤�È'2�
m�o;gl|Qv � glkPi�vheh}�k	k;v�´ço;gl�lv�zX�¼�	m�� � m ` + ¼ m `b¼ �¹�{�Ùk	�.ÂÄk;vx|Pvhv�o0iXmPr
k;}����×¿��Wñ s r#nj�½}�k	�	m	´É��w;v�z;� Å }h�º�·m;g½n��ãepo;gl�=�½zX���l}���gÇ�8o;}he�k	m;eh}�k	m��A�
w	o	m;ehg½nj��mâ|xnjm;nj��g � gÈ�d' [  Ë|P}�|�¾ âF[4¦.²�Y ¾ â�´4W z T�\ �"}F^�W,âF²l� að¶�iXk;}�|PvÇ~h�fr
zXvÇw	o	m	k��Q��v¾o;g½y�glk	m;g·i;z	�pw;vli	i�glo.ÂÍ}�k	mP�Ên=vhe � g½nj��m � vhnj��mxn=vÁnj�l}�o;�fr
� m¡o;gl�=�±zX�±�½}��l} � mÜw	o	méeh�2ehvli�gËk;vhehv�´¡�lg � k;v�´énjm;nj��g � � |Qvhv�o.iXm	k;}��` � [�� ö�qhqhq4k;gfw;glo;g½eh� Å m;nÃz	�Q���º|Qvhv�o0iXm	k;}�����nj�l}�k	�	m	´�eºnjm;nj��g � ���È'2�{a
êÉ}�|	m � vh~�o;}��lv � �Wy·|Q}�zX} ` � [�� ö�qhqhqÊk;gËn=vhv���ehgl��nj��e��0gl�Êo;gl�lv�z;�¼�	m�� �` + ¼ m `b¼ �³�{a

ë �q��1 ë



bhbhar� Ö�gl��v½i�� w;v�z;� Å glk	m��uv��;glk;v�|�}hnj��o;v�k;v � m Å g½nj|	m�s»m�tjg½v½i�gl�=m Å gjr
nj|	m�sÇw;}�o;} � gl��o;vhe

�¹}·e���v�o;v � �j�½}�w;g³vh~�o;}h~hv���|	m²i;z	�È|Q}�ÂÍi�vhtjv{k	}h~�zX��i�glk	m��Äo;}��=k;vhnj���
m	� � glo;glk	k;v�´Äm²eh� Å m;nÃzXglk	k;v�´²�l}�i�glo.ÂÄ|	mÄw	o;gji�nj�l}he�z	�Pgl��n��ÄeÓe�mPi�gÚo;}��Ãr
zXv½ÂÍglk	m��Çw;v � }�zX� � w;}�o;} � gl��o;} � ÑÈw;v�w	o;}he�|Q} � |Îw	o	m	k��Q��� � �jk;} Å gjr
k	m�� � w;}�o;} � gl��o;vhe pi � vli�g=z;m��

O − C =
N

∑

i

∂τc

∂pi
∆pi, u]x
x
w&x��0y

w	o	m Å g �xÅ m;nÃzXv¹w;}�o;} � gl��o;vhe N � v½ÂÍgl�º~h�Ò���³o;}��jz;m Å k;� � e³�l}he�m;njm � v�r
nj��mËv��Æ|Pv�k	|	o;gl��k;v�´¾�l}�i�} Å mÉa
�¹}I��o;gl���hg � �Ã�½}�w;g4eh�Òw;v�z;k��Pgl��n���v��;glk	m;eh}�k	m;gÒw;}�o;} � gl��o;vhe � vli�g=z;mÉa

¿Àg½y�glk	m;gÒnjm;nj��g � �u�hnÃzXvhe�k;��s{�8o;}he�k;glk	m	´Á��bhbhacb0�8�:i�}hgl�Úw;v�w	o	}he�|	m ∆pi|ãw;}�o;} � gl��o;} � �ó|Qv���v�o;�2g²k;}hnÄm	k	��glo;g½nj�Q�¼�=aÀd k	}hy�g � nÃz;� Å }hgÐ�j��m � m
w;}�o;} � gl��o;} � mÇ�Pe�z	�P�¼��n��¾ô{¶ Õ �

• |Qvhv�o0iXm	k;}����Ôw;v�zX�ºn=}
xp
�
yp
�

• o;}��=k;vhnj��� UT1 − UTC
�

• k	�8�l}��	m��¾e{i�v�zXtjv���g³mÁk;}�|�zXv�k;g ∆ψ
�
∆ε

a
däeh�Òo;}�ÂÍglk	m;gÍi;z	�xe�o;g � glk	k;v�´��l}�i�glo8ÂÄ|	mé��bhbha_�h��v�k	mãe�s0v½i;�Q�¾|Q}�|

w;}�o;} � gl��o;�I�	n=e��Q�l�2eh}h�º�·m;gÆ�d' [  ²m ` � [  ��	w;vhnj|Qv�zX��|	�Èehgl|	��v�oÁ~h}��l�
~b
�XèIm;tÃ�8o	m	o	�Q�º�·m�´ËeÁ��bhbha_�h���	m � g½gl�{nÃzXgjiX�Q�º�·m	´În � �*/Ãz �

~b = PNUXY ~b′, u]x
x
w&xz�
y
t�i�g ~b′ r�ehgl|	��v�o²~h}��l�¡e$/jm;nj��g � g ` � [  ��.m;njw	o;}he�z;|	k	k;�Ò´²k	�.ÂÄk;� � mÄw;v�r
w	o;}he�|Q} � mÍ�l}³�=è³è³gl|	������gl|	��v�k	m Å g½nj|Qvhtjvºi�e�m�Â�glk	m��A�h��ehglo0i�v���g=zX��k;vhtjv
mãw;v�zX�ºnjk;vhtjvËw	o	m�z;m	ehvhe���v�|Qg½}�k	m Å g½nj|	m�sxm»}�� � vhn=è³glo	k;��sxk;}htÃo	�8�lv�|Éa
ô¹glo;g Å m;nÃz;m � � }���o	m	�;�I�We�s0vli;�P�·m;gËex�j��vx�8o;}he�k;glk	m;g�� P r � }���o	m	�;}
w	o;gl�;g½n=njm	mÉ�

N
r � }���o	m	�	}²k	�8�l}��	m	mÉ� U r � }���o	m	�	}Èe�o;}h��glk	m��Áehv�|	o	�Qt

z
r#vhnjmÈeÓ�lg � k;v�´Ènjm;nj��g � g¼|Pvhv�o0iXm	k;}��=� X � Y r � }���o	m��;�ée�o;}h��glk	mP�Ûehv�r
|	o	�Qt

x
r³m

y
r#vhn=gl´ÉaW¶4n=�

x
�l}�i�}�k;}pk;}�w	o;}he�zXglk	m;g � m	�Ð�;glk	��o;} Õ g � z;m

|��Ïo	m	k;e�m Å nj|Qv � � � glo	mPiXm;}�k	���ðvhn=� y r4zXg=ÂÄm	�Èk;}Î`hqÇtÃo;}�iX�hn=vhe¾|�ehv�rnj��v�|	�âv��Ðvhnjm � � glo	mPiXm;}�k s }�k;t�zX}�i�g½yÄ���ðvhn=�
z
�l}�i�}�k;}Áw;v�zXv½Â�glk	m;g �

nj�l}�kPi�}�o	��k;vhtjvÍw;v�zX�ºn=}�k;}Û�jw;v½sQ�pb±`hq��Pa qPa
Ö�}���o	m	�;��w	o;gl�;g½n=njm	m²m²k	�8�l}��	m	m²�l}he�m;n��Q�¹v��Iw;}�o;} � gl��o;vhe�� � gji	zXglkPr

k;v � glk��P�º�·m�s.n���eIk;g½~hg½njk;v�´Ûnjm;nj��g � g4|Qvhv�o.iXm	k;}��=�h} � }���o�m	�;� U �X � Y
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r¼v��Ðw;}�o;} � gl��o;vhe�� � gji;zXglk	k	v � glk��P�º�·m�s.n��âe¾�lg � k;v�´�njm;nj��g � gÄ|Qvhv�oPr
iXm	k;}��=a ù � glk	k;v�w	o;gjiXnj�½}he�zXglk	m;gpe�o;}h��glk	m�� Õ g � z;ménËw;v � vh���h� k;}�r
~hv�o;} � gji;zXglk	k;v � glk��P�º�·m�s0n��ân=vËe�o;g � glk;g � w;}�o;} � gl��o;vhe¾w	o	m;ehg=zXv¾|
��v � ��� Å ��vÆk;g½~hg½njk;}��ÛmÈ�lg � k;}��²njm;nj��g � �Ü|Pvhv�o0iXm	k;}��¹n=e��Q�l�2eh}h�¼��n�� Å gjr
o;gl�ö�Ð�Qt�zXvhe��ð}¾k;g Å glo	gl� � m	k	m � }�zX��k;�Ò´âk;}h~hv�oxm	�ö�Ç�QtNzXvhe�a�¶�iXk;}�|Qv
e²w;vhnÃzXgjiXk	m;gÐb±qÛzXgl�ÄeÈn=e��Q�=mânÆw;vheh�2y�glk	m;g � ��v Å k;vhnj��mpk;}h~�zX�fi�glk	m	´
w	o	m;y{zXvhn=�xehehg½nj��m�e � vli�g=zX�âeh�2n=v�|Pv Å }hnj��v���k;�2gÎeh}�o	m;}���m	m¡dfn=g � m	oPr
k;vhtjvÄe�o;g � glk	mËmË|Qvhv�o.iXm	k;}���w;v�zX�ºn=}�a��¹gl|Qv���v�o;�2gÆm	�{�j��m�sÎt�}�o � v�k	m	|
��o;}�k;n=è³v�o � m	o	�Q�¼��n���e¼i�v�zXtjv�w;glo	m;vliXm Å g½nj|	m;g2eh}�o	m;}��	m	m�k	�8�l}��	m	mÉa0êÉ}�r
|	m � vh~�o;}��lv � �±w	o;glm � �Q��g½nj��ehv4w	o;gji�nj�l}he�zXglk	m�� Å glo;gl� � gji;zXglk	k;v � glk��.r
�º�·m;g½n��¾w;}�o;} � gl��o;�í~h��zXvÛ�8��o;} Å glk;vÛmÉ�A~hv�zXg½gÓ��vhtjv��;w	o	m;ehg=zXvÄ|¾i�e��0r
n � �2nÃzXglk	k;vhnj��m¡i;z	��v�w	o;gji�g=zXglk	m��çk;gl|Qv���v�o;��s�èIm	�=m Å g½nj|	m�sÜ�=è³è³gl|Pr
��vhe�aÏdÔk;}hnj��v±�P��g½g·e�o;g � �¾o;}��=o;}h~hv��½}�k;}Äk;vheh}��Á|Qv�k	�;glw	�	m��Áw	o;gji�nj�l}he�r
zXglk	m��Ðe�o;}h��glk	m�� Õ g � z;m Å glo;gl�d�·�QtNzX}���|Pv���v�o;}��²w;v�|P}�v�|Qv�k Å }���g=zX��k;v
k;g2ehvhy{zX}�eIw	o;}�|	��m	|	�{vh~�o;}h~hv���|	m·k;}h~�zX�fi�glk	m	´Éa�ñ{gl�l}�zX��k;vhg�o;}hn=n � v��½r
o;glk	m;g�ehn=g=sÌw��Q��m � }���o	m	�pmxe�s0vli;�P�·m�speÐk�m�sÌ�QtNzXvheÐw	o	m;ehgji�glk;v��Ïk;}�r
w	o	m � gloÉ�;e�|	k	m;tjg ð"%�ñ?a

áÀnÃz;mx}�w	o	m;v�o	k;�2g��=k;} Å glk	m��pô{¶ Õ �Ïw	�Q~�z;m	|	�0g � �2g `bcS[  ��:�l}�i�}�k;�æn
vhy·m;~�|Q} � mÉ�h��v¹v�k	m²e�k;g½nj�8�In=ehv�´Äe�|�zX}�iÐe³o;}��=k	m	�	� � g=ÂÍiX�{k;}h~�zX�fi�glkPr
k;v�´�mãeh� Å m;nÃzXglk	k;v�´�ehg=z;m Å m	k;v�´ τ a ô¹vh�j��v � ��� ehehvli;�xn=vhv���ehgl��nj��e��Q�4r�·m;g¼w	o;v�m	�lehvliXk;�2g�e � }���o	m	�	�Í�hnÃzXvhe�k;��sÄ�8o;}he�k;glk	m	´É� � v±ÂÄk;vÓeh� Å m;n�r
z;m	���Ìn=vhv���ehgl��nj��e��Q�º�·m;g²w;v�w	o;}he�|	mã|�w	o	m	k��Q��� � �=k;} Å glk	m�� � ô{¶ Õ n
w;v � vh���h�ØvliXk;vhtjv¾m	�Íw	o	m � glk��Pg � ��sËi;z	�âvh~�o;}h~hv���|	mx¿��Wñ s k;}h~�zX�4r
i�glk	m	´ � gl��vli�vhe�a�¶4~h� Å k;�Ò´ � gl��vliãk;}�m � glk;�hy·m�sp|;eh}�iXo;}���vheÐi;z	�xvh~�r
o;}h~hv���|	m�¿��Wñ s k;}h~�zX��i�glk	m	´ãk;gÐw;vli;s0vliXm	�=a¨d§m	k;v�´»��v � �â�Pe�z	�P�¼��n��
m	k;nj��o	� � glk	�l}�zX��k;�2g2vhy·m;~�|	mÉ��eh�Ò�leh}�k	k;�2g�k;g½nj�l}h~�m�zX��k;vhnj���h�çs0v½i�}�ehv�r
i�v�o;vliXk;��s{nj�l}�kPi�}�o	��vhe

∆τclock
mÍe�zX}�ÂÄk;v�´{|Qv � w;v�k;glk	������o;v�w;vhn=è³glo;�

∆τatm
a�J§��m²ehg=z;m Å m	k;��e¹��g Å glk	m;gºö
��r Å }hn=vhehv�´Ûn=glo	m	mÄk;g¼vhnj�l}h�¼��n��Íw;v�r

nj��v½�Qk	k;� � mÉ��w;vh�j��v � �ÜnÃ�½}�kPi�}�o	��k;�Ò´ÝÖ��¹ï i;z	�¡m�sév��;glk	m;eh}�k	m��¡k;g
tjvliXm	��n��AaWñÓz	�çv��;glk	m;eh}�k	m��uw;}�o;} � gl��o;vhe��T|Pv���v�o;�2gËvhnj�½}h�¼��n��çk;g½nj�l}�r
~�m�zX��k;� � mÉ�8~h��z;m²o;}��=o;}h~hv��½}�k;�Ünjw;gl��m;}�zX��k;�2g � gl��vli��ò��o;}��=k;vhe�mPiXk;v�r
nj��m�vh~h� Å k;vhtjvÇÖ��¹ïÆ�2rÚn=g½t � glk	��m	o;vheh}�k	k;�Ò´âÖ��¹ïÍ�ðèIm�zX�±��o�ï³}�z � }�r
k;}���m	k;è³v�o � }��	m;v�k	k;�Ò´{èIm�zX����oÉ��njo;gjiXk;gl|;eh}�iXo;}���m Å g½nj|Q}��Ó|Qv�z	zXv�|Q}��	m��ð&�Oñ?�oð¤bO�Oñ?a
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bhbha&% �¹g½vh~±s0vliXm � vhgIw	o;vhtÃo;} �T� k;vhgIvh~hg½njw;g Å glk	m;gha t v�o � }����éi�}�k	k;��sAa
dfv�� � v±ÂÄk;vhnj��m¾w;}�|Pgl�l} ³ '*'Y+j¹

df�2y�gâ~h��z;méw	o	m;ehgji�glk;� ��g½v�o;gl��m Å g½nj|	m;gÊvhnjk;vheh� w	v�z;� Å glk	m��Ük;g½vh~�r
s0v½iXm � v�´ém	k;è³v�o � }��	m	mä��|Qvhv�o0iXm	k;}���� nj�l}�k	�	m	´É��m;nj��v Å k	m	|Qvhe��Òô{¶ Õ �
m	�Ð¿��Wñ s r6k;}h~�zX��i�glk	m�´Éa¿L³njk;vpe�mPiXk;v�� Å ��vÌ�j��vÌ��o	�½i�v�} � |Q}����l}�i�} Å }��
|Qv���v�o;}��Än4w	o	m;g � zXg � v�´²nj|Qv�o;vhnj���h�Ôo;g½y�}hgl��n��Í��v�zX��|Pv¹w	o	mÈm;njw;v�zX���lv�r
eh}�k	m	mQJ�dfÖ mânjw	gl�	m;}�z;m	�=m	o;vheh}�k	k;��sÌw	o;vhtÃo;} � k;��sÎw;}�|Qgl��vhe�aó�§�Q��gjr
nj��e��Q�¼�Èk;g½nj|Qv�zX��|QvÇo;}��jz;m Å k;��spw	o;vhtÃo;} �T� k;��sËw;}�|Qgl��vhe��:w	o;gjiXk;}��=k;}�r
Å glk	k;��sºi;z	�Ivh~�o;}h~hv���|	mÓ¿��Wñ s r6k;}h~�zX�fi�glk	m	´É�lk;} � m³m;njw;v�zX���=�0gl��n��³w;}�r
|Qgl� ³ '*'Y+j¹çaQô³o;g=ÂÍi�g Å g � w	o	m;nj���8w	m	���{|Ðv�w	m;nj}�k	m;�Ôw	o;vhtÃo;} �T� k;vhtjv
w;}�|Qgl�½}���nÃzXgjiX�hgl�ºnj|Q}��l}����Ik;g½nj|Qv�zX��|QvInÃzXvheIvh~�m;njw;v�zX���=�hg � ��sÓi�}�k	k;��sAa
�¹glw;vhnjo;gjiXnj��ehglk	k;� � o;gl�=�±zX�±�½}���v � vh~�o;}h~hv���|	m³¿��Wñ s r#n=g½n=njm	mÓk;}Ò|Qv�oPr

o;g=z	�Q��v�o;g{�Pe�z	�Pgl��n��Ìè³}�´�zÊeÐè³v�o � }���g{Ö�ï$�PaXñÓz	�Áw;vhnÃzXgjiX�Q�º��gl´pvh~�r
o;}h~hv���|	mâg½tjv��Ï|Q}�|Êw	o;}he�m�zXv��:w;glo;g½ehvli;�Q�²eÇè³v�o � }�� U �¹ Ìn·w;v � vh���h�
w	o;vhtÃo;} �T� �Å¹ ¿ � U �¹ �a�¯��P¯ha t }�´�z U �¹ Ðn=vhnj��v�m	�·m	�³�l}htjv�zXvhe�|Q}Íe�mPi�}

��� [ � T �9� ²4SZs4¤F¯.U � [rs.¯6¤�U ��� [ �,z.� S�Xr�.� � X,¦��,�F{,X,â�´]�.�F�
¤FðR«.©�ª�·]©�òZò4©,ñ.¸ ß «Z¸�È4òrª4¸ Þ ©,«9¬PÈ à ¸�ª�ò�À4�»gHîlÇ�òR¬�ãl¬F©Fò9©�ª�ª4Ç�ª6«9¬PÈ à ¸�ª�ò�À4À

�l}Í|Qv���v�o;� � nÃzXgjiX�hgl�·�=}�w	m;n=�Äe�mPi�}

s4¤F¯�[4W.X ½�� �6À.�,£.���,�hxµ���4�,�.��^��,À�£�£��.���hxÆ�������.� ^P�6�.���4�,�hxÆ�������.� �4½ X,W xµ���������
Ã � ¯�[�¯ � ¤ £��.�,£F���6�hxÆ��À����.� �����.�,���.�¿xÒ�4À.�,�.��^��.�,�.�,��À��¿xµ���4�,�.�`X]Á�° � �hxµ��À�£����
��Ä,� W.X4S�����}������F�6���hxÆ���l}��.� ��£��.�����ØxÒ�4�F�6�.� ���.�����,���hxµ�R}P�,�.� �4½ X,W xµ£��.�,���
[	TP²4¤.¦,¤ � ¦¢}��6À�����£F�Øxµ�.£.�,�.��^P�4�����,À.���hxµÀ.£����.��^����,�.�,£F�	}/xÆ�������.� �4½ X,W xµ���������
® ¤ ® X�X ^�£�£F�4�������¿xµ�.�l}��.��^�����£F�6£.�.�¿xÆ��£����.� �.�������,£l}/xµÀ.�����.� �4½ X,W xµ£��.�,���
Á6X.[�[ ½ X,W�Wm�6�.�,£�£.�,ÀhxÆ��À�£��.� À.�t}P���,£hxµ���,���.� �4�,�l}�����ÀhxÆ��£�£��.� �4½ X,W xµ���������

Õ i�g½n=�Ìw;glo;eh�Ò´»nj��v�zX~hgl�ãÑâk;}��leh}�k	mP�ãnj�l}�k	�	m	´É�À��o	m»w;vhn�zXgjiX�Q�º�·m�s
n=vli�glo8Â�}��¼tjg½v��;glk	��o	m Å g½nj|�m;gÒ|Qvhv�o.iXm	k;}����Ia�ôI�Q���Ò´{Ñ¹��m	w � v�k	��m	o;vhe�|	m
�
}��=m � �8�l}�zX��k;}���m�z;m��j|;eh}���v�o	m;}�zX��k;}��;���Ty�g½nj��v�´»Ñ�n � g½��glk	m;g¾��v Å |	m
v���n Å }l�l}Ûv���k;vhnjm	��g=zX��k;vÛè³}��lvhehvhtjv��;glk	��o;}Û}�k���glk�k;�Ia
Õ }���g � mPi�}l�·njw	m;n=v�|Îk;}h~�zX�fi�}hg � ��s²m;nj��v Å k	m	|PvheB�
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b!�!��bjr!q���� b!� � � ���Pa&� ��%PbO� � rY� ��q ��a&%PbO%�%��hq
bO� � ��»û�
%h` bO� � � ���Qa&�V�8b��Qb½` �
% � � öQbha q �Qbhbhb½q
bO%Pbhb!»���� � bO% bO� ��bha q�%��.ö
�h` ��� b�ö �7�8a `hqh`hqh`�q
ö��PbO�V»�q��0` ö�� ö�q ����a&� ��% ��`�� � bO� �0`Pa ` �hö�%�%�q
öhö
� ��r�b�ö�� öhö � % bO�Pa÷ö��Pb±`V�!% r�b�ö % �Qbha÷ö ���
���hq
�V'Y��bO� ö�q ��� �V�8a q����7����� �Qb b±` b�öQa&%�%0ö�%h`�q
b!�!�0`V»�qh`�% b!� �Qb �0öQa&�PbO� � �!� ` �h` qPa_��ö�� �Qb±q a
dÝw;glo;ehv � nj��v�zX~��;gÆm;nj��v Å k	m	|	mÉ�AehvÄe���v�o;v � �;��o;gl���hg � � Å gl��e�}lo	��v � Ñ

w	o.� � vhgÍehvhn�s0v±ÂÍi�glk	m	gÁ�
e Å }hn=}�sA� � m	k	�8�l}�sA�Én=gl|	�8kPi�}�s;���ÉeÐw��Q��v � �:y�gjr
nj��v � �;n=gji�� � v � ÑÈnj|�z;v�k;glk	m;g²�
tÃo;}�iX�0n=�I� � m	k	�8���I�Xn=gl|	�8kPi��¼��a
Õ }���g � mPiX�8�{�l}�w	m;njmËe�mPi�}

z.����� ¯ Ä U4X � T�¦lT �.� ��À�£�£�¾.�4�,�Z�����.�9��£r�.��}P�r�,� �6Àyxµ�������������.�����
^�À�Àl}P�t}P���hxµ���,�l}��R}���� xµ����£��.� ^�£.���6£���£hxÆ���.�,À.���.���.��� xµ���.�,���|� T
xµ�������.� xµ��������� xµ��������� xµ��������� ^P�ØxÆ�,À.�������.���4��£�À.���F�4� �hx

xµ��� xÆ� xµ��� xµ� xµ��� xµ� xµ��� xµ�
xµ��������� xµ�l}�£��l} xµ��������� xµ��������� xÆ��������� xµ���������
^4}/xÆ�,��� }�Àhxµ����� À��.�¿xº}���� }��l}�£hxµÀ���� £.�hxº}���� �Å}/xÆ���6�|�r�

xµ��Àl}P���Å}P��£�£�� xµ���.���,£ xµ���.�t}P�,�l}P£��l} xµ���F�4�,� �
^�À�Àl}P�t}P���hxµ���,�l}��R}���� xµ���.�,�F� ^�£.���6£���£hxÆ���.�,À.���.���.��� xµ�.�,À�À.�r� T

½ w;glo;ehv�´ãnj��o;v�|QgÈ�8|Q}��l}�k;}Ì~h}��l}ã�-i�ehgÈnj�l}�k	�	m	mÉ��g0}Èv�w	o;gji�g=z	�P�º�·m;g����
k;}h~�zX�fi�}hg � �Ò´»m;nj��v Å k	m	|É� � v � glk	�Ëk;}h~�zX�fi�glk	m���Ñãtjvlió� � g½n��Q�É� Å m;n�r
zXv�� Å }hn�� � m	k	�8�l}Èmpn=gl|	�8kPi�}�a:dínÃzXgjiX�Q�º��gl´pnj��o;v�|Qg{mPiX�8�Ûk;}h~�zX�fi�glkPr
k;}���tÃo	�8w	w;vheh}��x�l}�i�glo.ÂÄ|P}�� Å }hnj��v��½}Ëm	k	��glo;è³glo;glk	�	m	m�m�m�s�vhy·m;~�|	mÉa
êÙo;gl�����Ènj��o;v�|Q}Ínjk	m	�=�ÛÑ � gl��g½v�w;}�o;} � gl��o;�à����g � w;glo;}����8o;}�eÍtÃo;}�iX�hn=}�sK g=zX�hnjm��A� i�}he�zXglk	m;gÇeÊtjgl|	��v�w;}hnÃ|P}�z	�8sA�¨e�zX}�ÂÄk;vhnj���pehv��ÃiX�.s0}8��a Õ } Å }�r
nj���Q��vh~hv�o	�½i�vheh}�k	m;gTi;z	�Óm�sÓv�w	o;gji�g=zXglk	m��³zXv � }hgl��n��²�
}¼k	}¼k;gl|Qv���v�o;��s
nj�l}�k	�	m��8spv�k;v²mÊk;g·o;g � v�k	��m	o	�hgl��n��;���ÉeÈ�l}�|Pv � nÃz;� Å }hg��=k;} Å glk	m�� � gjr
��g½v�w;}�o;} � gl��o;vhe��l} � glk��P�¼��n��¾k;}�r!`h`h`{i;z	�¾��g � w;glo;}����8o;�åmÁiX}he�zXglk	m��
mÝk;}�r!`h`h`hqhqxi;z	�ée�zX}�ÂÄk;vhnj��mÉa2d i�}�k	k;v � nÃz;� Å }hg�nÃz;gjiX�0gl�ãnpw;v � v�r
���h� w	o;vhtÃo;} �T� �Ó¹ c � cÃ³ aß¯��P¯Ç�l} � glk	m	���Ìk;}Ìw	o;}he�i�v�w;v½i�vh~�k;�2gÊ�-i�v�r
nj�l}���v Å k;vxn=vhv���ehgl��n=e�m���|Q}�zXglkPi�}�o	k;v � �ãn=gl�lv�k	��i;z	�ãi�}�k�k;v�´ � g½nj��k;v�r
nj��mA��aP�¹g½vh~½s0v½iXm � v�� Å ��vh~h� U �¹ 0r#è³}�´�zX�¡k;}�s.vliXm�z;m;n=�{eÆvliXk;v�´ÄiXm	o;gl|Pr
��v�o	m	mÜnÁw	o;vhtÃo;} �T� v�´º¹ c � c�³ a�¯��P¯hafêÉvht�i�}�¹ c � c qPa�¯��P¯Ëw	o	m¡�l}�w	�hn�r
|Qg¼n=} � }Óv�w	o;gji�g=z;m	� U �¹ 0r#è³}�´�zX�I�8e¹|Qv���v�o;��s�w	o;v�w	�Q��glk;� � gl��g½v½i�}�kPr
k;�2g�mxeh�fi�}hnj�Ûi	z	�p|Q}�ÂÍi�vhtjvÐè³}�´�zX}Çnjw	m;n=v�|�nj�l}�k	�	m	´É�Ïi;z	�Ì|Qv���v�o;��s
k;gl� � gl��g½vli�}�k	k;��sA�.w;vhnÃzXg Å g½tjvÓw	o;gji;zXv½ÂÄm	�³ehehg½nj��mÛi�}�k	k;�2g2i;z	�Û|Q}�ÂÍr
i�v�´�nj�l}�k	�	m	mÍe�v��Ãi�g=zX��k;vhnj��mÉa�ñÓz	�Æehehvli�} � gl��g½vli�}�k	k;��s¹k;}�i�vºk;}h~�o;}����
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nj��o;v�|	�Äe�mPi�}��7�AaÒ�7�7� �7�7�7�Aa|�7�7�ö�7�AaÒ�7�7�7�A�	t�i�gºw;glo;ehvhg Å m�zXv¹ÑÍ��g � w;glo;}�r
���8o;}��Xe���v�o;vhg�ÑÍi�}he�zXglk	m;g¹eÛtjgl|	��v�w;}hnj|Q}�z	�8sÇm¾��o;gl���hgIÑÈe�zX}�ÂÄk;vhnÃ����a
ô¹}�|Qgl�ç¶º�2�f¸ºÖ n=vhnj��v�m	��m	�xk;g½nj|Qv�zX��|	m�søv��ji�g=zX��k;��séw	o;vhtÃo;} �T� �

�l}�w	�hnj|P}hg � ��s¡nËw;v � vh���h� w;}�|Pgl��k;vhtjv�è³}�´�zX}�aWñ{}�k	k;�Ò´Üw;}�|Pgl�âw	o;v�r
tÃo;} �T� eh�Òw;v�z;k��Pgl�»i�ehg�vhnjk;vhe�k;�2g�èI�8k	|	�	m�m���w�o;gji�eh� Å m;nÃzXglk	m;g��l}�r
i�glo.ÂÄ|	muk;}Êvhnjk;vhehgÇw	o	m	k��Q����s � vli�g=zXgl´»muv��;glk	m;eh}�k	m;gÇw;v�w	o;}hehv�|»|
m;nj|Qv � � � ehg=z;m Å m	k;} � a±ô¹}�|Qgl� ³ '*'Y+j¹ w;v��lehv�z	�Pgl�Òeh�2~�m	o;}���� � vli�g=z;mÉ�
eÆn=vhv���ehgl��nj��e�m	mÈnÚ|Qv���v�o;� � mÈ~��li�gl�³w�o;v�m	�lehv½iXm	���hn��Ûw	o;gji�eh� Å m;nÃzXglk	m;g
�l}�i�glo.ÂÄ|	mÉa2d w;}�|Qgl��gÊo;g½}�z;m	�lvheh}�k;vãk;g½nj|Qv�zX��|Qv»}�zXtjv�o	m	� � vhe�v��;glk	mPr
eh}�k	m��Îk;glm	�lehg½nj��k;��sÎw;}�o;} � gl��o;vheB�AÖ��¹ïÍ� � gl��vliânjo;gjiXk;gl|;eh}�iXo;}���m Å gjr
nj|Qv�´Î|Qv�z	zXv�|P}��	m	m��
Ö��fï¹ï{���;èIm�zX�±��oËï¹}�z � }�k;}�a;ï¹}�ÂÍi��Ò´¾m	�¹o;g½}�z;mPr
�lvheh}�k	k;��s � gl��vli�vhe³w	o	m � glk��Pgl��n��Ûe¹n=vhv���ehgl��nj��e�m	m²n4g½tjv¹njw;gl�	m;èIm	|Pv�´Éa
ñÓz	�¡w;v�z;� Å glk	mP�Üv��;glk;v�|Ýdfn=g � m	o	k;vhtjv�e�o	g � glk	møeão;} � |Q}�s¡njo;v Å k;v�´
nÃz;�.Â²~h�òô{¶ Õ v�w	o;}he�i�}�k;vÛw	o	m � glk;glk	m;g{Ö��¹ïÍ���l}�|Ë|P}�|Ëk;}h~�zX�fi�glk	m��
ehgjiX�8��n��²ehn=g½tjvÆvliXm	k Å }hn4mÐg½nj���{vhnjk	vheh}�k	m��Ûw;v�zX}ht�}������ Å ��v{ehn=gºv��;glk	mPr
eh}hg � �2gÍehg=z;m Å m	k;�æk;gÍm	� � glk��P�¼��n��pk;}¾�j��v � m	k	��glo;eh}�zXgÍe�o;g � glk	mÉaÉd
��v2Â�g§e�o;g � �A�½w	o	mÓw;v�z;� Å glk	m	m{v��;glk	v�|Æehn=g=sIw��Q��m{ô{¶ Õ w;vºö
��r Å }hn=vheh� �
k;}h~�zX�fi�glk	m�� � �Qk	�.ÂÄk;vÆ� Å m	���2eh}������ Å ��v·n=vhnj��v½�Qk	m;g³}�� � vhn=è³glo;�ÜmÐw;v�r
ehgji�glk	m;g Å }hn=vhe � vhtÃ�8� � glk��Q���hn��ËnÃz;� Å }�´	k;� � vh~�o;}��lv � e�k	�8��o	mpnj�8��v�|
����vâg½nj���pw	o;gji�nj�½}he�z	�P�¼�Ìn=vh~hv�´unj��v½s0}hnj��m Å g½nj|	m	´�w	o	v��;g½n=n±��aTô¹vÊ�j��m �
w	o	m Å m	k;} � i;z	�»w;v�z;� Å glk	m��uv��;glk;v�|uw;vâ�½}�|	m � n=glo	m�� � k;}h~�zX��i�glk	m�´
~hv�zX�hy�g�w;vli;s.vliXm	�¼èIm�zX����oÍï¹}�z � }�k;}�a�ï³o;v � g���vhtjv���m	k	��glo;g½njk;v�´��l}�i�}�r
Å gl´¾�Pe�z	�Pgl��n��Çw;v�z;� Å glk	m;gÓv��;glk;v�|¾|Qvhv�o.iXm	k;}��Æw;v�zX�ºn=}�mËdfn=g � m	o	k;vhtjv
e�o;g � glk	mÌn{e�k	�8��o	m;nj�8��v Å k;� � o;}��=o;g½y�glk	m;g � a;ñÓz	�Áo;g½y�glk	m��Î�j��v�´p�l}�r
i�} Å mÎeÍw;}�|Qgl��g³w	o;vhtÃo;} �T� ³ '*'Y+j¹ ~h��zÎo;g½}�z;m	�lvheh}�kÁÖ��fï¹ïÍa

bhbha_� ù k;nj��o	�8|	�	m��Ávh~�o;}h~hv���|	mÁn=g½}�k;n=}Ík;}h~�z;��i�glk	m	´

¶4~�o;}h~hv���|Q}Ûn=g½}�k;n=}Äk;}h~�zX�fi�glk	m	´Îw	o;gjiXw;v�zX}ht�}hgl�{k;gl|Pv���v�o	�Q�àw;vhnÃzXgjr
i�vheh}���g=zX��k;vhnj���{w;vli�tjv���vhe�|	mÐè³}�´�zXvheÓi;z	�²m�s²w;vhnÃzXgjiX�Q�º��gl´Çvh~�o;}h~hv��½r
|	m�nÛw;v � vh���h�Øw;}�|Qgl�½} ³ '*'Y+j¹çaÀ¶4~h��}��Ên�s.g � }Ëvh~�o;}h~hv���|	mxk;}h~�zX�4r
i�glk	m	´Áw;v�|Q}��l}�k;}Ík;}�o	m;n�aðbhbha"��a
ë ë í�Â
í2ë î¦<��ê;���GO� <Õ�0<�	�	�ª¶þ
ñ{}�k	k;�2gÎi;z	�Üv�w;glo;}���m;e�k;v�´évh~�o;}h~hv���|	mék;}h~�zX�fi�glk	m	´ � vhtÃ�8��~h�Ò���

�l}htÃo	�.Â�glk;� n»vliXk;vhtjvém	�»��o;g=sÞn=glo;ehglo;vheøÖ�g=ÂÍiX�8k;}�o;vliXk;v�´æ¿��Wñ s
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¿Wm;n�axbhbha"�B� s zXv�|Qr!n�s0g � }Ûvh~�o;}h~hv���|	mÐi�}�k	k;��s

�Ùz;�.Â²~h�âk;}2n=}�´	��g�X0«N« , �_)�)�ªgNQ©I/�/�a�­h©IÏ2/�a�¬	¦h©�¦�a�­h£ON.) ,.- £@P.6./Ã«�©�r°P	¦�«�¦7)!P	¦�«�¦�a"X0«�°Í¢�a
ñÓz	�pvh~�o;}h~hv���|	mÊm;njw;v�zX���=�Q�¼��n��ân=glo	m	mÉ�ðeh�Òw;v�z;k;glk	k;�2g�w;vÈi�e�� � w	o;v�r
tÃo;} �T� } � `�±  0r [ bh� `�±  0r [ ���Q|Q}�ÂÛiX}��Äm	�º|Qv���v�o;��sÄw	o;vhehv½iXm	��n��²g=ÂÍglk;gjr
i�g=zX��k;v��
vh~h� Å k;v���eÌw;v�k;gji�g=zX��k	m	|ãm Å gl��ehglo;t½��aT�f} � mãk;}h~�zX��i�}���g=zX��r
k;�2g�i�}�k	k;�2gÝ�
tÃo	�8w	w;vheh�2gã�l}�i�glo8ÂÄ|	mòmò�=aJióaU�¾w	o;gji�nj�l}he�z	�P�¼�¡n=vh~hv�´
è³}�´�zX�Ýe�mPi�} Ä�Ä U�U�U ��� S�S.â�´]�.�F�ØxÒó�ö]Ã �QtNiXg�µjµÞÑÛtjv½ió�8i�ehg��	m;èIo;�I�.¹m¹m¹
Ñ � g½n��Q�É�ó��o	mxzX}���m	k;nj|	m;g²~��8|;eh�I�ÂR�R Ñ Å m;nÃzXv � g½n��Q�;}��:i�ehgÄ�	m;èIo	�³�
 	 ÊÑÊmPi�glk	��m;èIm	|Q}���v�o»k;}h~�zX�fi�}���g=zX��k;v�´�w	o;vhtÃo;} �T� �I� e + i	z	� `�±  0r[ bh� e�c i;z	� `�±  0r [ ��� ± qhq��IÑ Å gl��e�}lo	�l}��Íehglo;njm��Ûn4|Qv�o	o;g=z	�Q��v�o;}�aQêÉ}�|É�
è³}�´�zð�Wn=vli�glo8Â�}h�·m	´çk;}h~�zX�fi�glk	m��»�l}çb��Ëi�gl|Q}h~�o.��ö�qhq��âtjvli�}��W~��li�gl�
k;}��l�2eh}����hn�� �.� � X,¦l}�£F{ � â�´]�����ØxÒó�ö a Õ }htÃo	�8�=|Q}uw	o;v�m	�=ehv½iXm	��n��øvh~h� Å k;� �
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njw;vhn=vh~hv �uÅ glo;gl�dÏ�« , r#n=glo;ehgloÉa

ë ë í�Â
íúù Ä �ÆÅ­ÇÂ<��.>�ªÉÈË�½û�9;ûE>B	;þ¦�H�©>BF 	�ª¶�(ÇÂ<��B>BªÉÈY9�;;û�¡E>.��ýjªåü �½û�9;û
>B«	;þ��H�I>BF 	;û��Ìü��
� � 	��½û��
ô¹vhnÃzXgÁo;}��l}�o8sQm;eh}��	m	mui�}�k	k;�2gÎeÊi�ehv�m Å k;v � e�mPi�gËn=v½sQo;}�k��P�¼��n���e

è³}�´�zXgIq���R c '¼b��Û�
è³v�o � }��d¹ ¿ �.��a8ô¹}�|Pgl�Æ¶º�2�f¸ºÖ m;njw;v�zX���=�0gl�¹eÆ|Q}�r
Å g½nj��ehgfe�s.vliXk;vhtjv¼è³v�o � }��l} U �¹ 0r#è³v�o � }��=a�ô³glo;g½ehv½i{m	�fè³v�o � }��½}a¹ ¿ �
eÄè³v�o � }�� U �¹ Çw	o;v�m	�lehvliXm	��n��În¹w;v � vh���h�Þw	o;vhtÃo;} �T� �ô¹ ¿ � U �¹ �öQa
dÔo;gl�=�±zX�±�l}���g{w;v�z;� Å }hgl��n��Á��gl|Qnj��vheh�Ò´pè³}�´�zâq���R c '¼b����P¦�a�¬	­h©=a � }hnj��v
� gl��g½v�w;}�o;} � gl��o;��e U �¹ 0r#è³}�´�zX}4i;z	�¹k;gl|Qv���v�o;��sÓnj�½}�k	�	m	´·v���nj�8��nj��e��0r
�¼�Ûmpw	o	mp|Qv�o	o;g=z	�Q�	m;v�k	k;v�´pvh~�o;}h~hv���|PgÆ�l} � glk��P�¼��n��Ëv���o	m	�;}���g=zX��k;�fr
� m Å m;nÃzX} � m»�-r!`h`h`�i;z	�Î}�� � vhn=è³glo	k;vhtjvÍi�}he�zXglk�m��ÁmÌ��g � w;glo;}����8o;�I��m
r!`h`h`hqhqÆi;z	�Áe�zX}�ÂÄk;vhnj��mA��a � ��vh~h�Ô�l} � glk	m	���Û�j��mÌehg=z;m Å m	k;�å~hv�zXg½g¹o;gjr
}�z;m;nj��m Å k;� � mpw;}�o;} � gl��o;} � mÉ��m;njw;v�zX���=�hgl��n��Ìw	o;vhtÃo;} �¨� }È°Í¯=«�¯½£�a�Jf�l}
w	o;vhtÃo;} �T� }Ieh�2ehv½iXm	�ºnjw	m;n=v�|�÷Ãw	o;vh~�zXg � k;��s�÷Çnj�l}�k	�	m	´ÄmÛ�l}�w	o;}hy·m;eh}�r
gl��w	o	m;~�z;m	�=m	��g=zX��k;�2gW�=k;} Å glk	m�� � gl��g½v�w;}�o;} � gl��o;vhefi;z	�I|Q}�ÂÍi�v�´Ónj�l}�kPr
�	m	mÐm	kPiXm;e�mPiX�h}�zX��k;v�a;¶4~h� Å k;v¹i;z	�Ûi�}he�zXglk	m��ÄnÃzXgjiX�0gl�¹m;njw;v�zX���lvheh}����
�=k;} Å glk	m;gÇe�b±qhqhqã�
tjgl|	��v�w;}hnj|Q}�zXgl´A��� m�i;z	��e�zX}�ÂÄk;vhnj��mn��q�ÊÈa Õ k;} Å gjr
k	m��»��g � w;glo;}����8o;� nÃzXgjiX�hgl�Êeh�2~�m	o;}����âm;n�s.vli;�um	�Îtjg½vhtÃo;}hèIm Å g½nj|Qvhtjv
w;v�zXv½ÂÍglk	m��pnj�l}�k	�	m	m�mx|Q}�zXglkPi�}�o	k;vhtjv¾n=gl�lv�k;}�aðô¹vhnÃzXgÛ|Qv�o	o;gl|	��m	o;vhe�r
|	m � gl��g½v�w;}�o;} � gl��o;vheÒè³}�´�z{e4e�mPi�gfq��Pb�öQb��Qa�¬	­�©Ïi�v�z	Â�glkÓ~h�Ò���2�l}�w	m;n=}�k
eÍw;vli	iXm	o;gl|	��v�o	m;�òe�mPi�} ¦¿¹8Ë ��� [ � Ë.���.�.�]Ë��.�t}P�l}�£1Ë
ñÓz	�¡vh~�o;}h~hv���|	m¡k;g½vh~±s0vliXm � v��l}�|�ÂÍgÌ�l}htÃo	�8�=m	���ã��gl|	�Q�·m;gÊè³}�´�zX�

vh~¹}�� � vhn=è³glo	k;v�´Äk;}htÃo	�8�=|Qgh�8v¹|Q}�o	��m	o	�Q�º��gl´²èI�8k	|��	m	m²m²}�w	o	m;v�o	k;�2g
�=k;} Å glk	m��Çw;}�o;} � gl��o;vhe�v�o	m;glk	�½}��	m	m Õ g � z;mÉa
ñ{}�k	k;�2g¹vh~Í}�� � vhn=è³glo	k;v�´Ák;}htÃo	�8�=|Qg¹k;}�s0v½i;�Q��n��Çk;}Ûn=}�´	��g

á�Þ�Þ ôØ¹�\�\�îR¸�ª6«»x á óØx Þ ¶_Ìt¬F©�Èëx�¸ à x�¸ Þ \XÍ�·]ñ�ðt¬�\ � [�U]â � W�W4\ at }�´�z ´6W z T�â��������¿x�¸ Þ î nÃzXgjiX�0gl�Iw;glo;glm � glk;vheh}����¹e ´6W z T������.�¿xµ¸ Þ î m²�l}�w	mPr
n=}����Ûe·iXm	o;gl|	��v�o	m;�
¦¿¹8Ë.¤.¦�¦ � U6��â��1Ë � [.U6â � W.W
ñ{}�k	k;�2g¹v�|P}�o	��m	o	�Q�º��gl´ÁèI�8k	|	�	m	mÎk;}�s0v½i;�Q��n��Çk;}Ûn=}�´	��g

á�Þ�Þ ôØ¹�\�\�îR¸�ª6«»x á óØx Þ ¶_Ìt¬F©�Èëx�¸ à x�¸ Þ \XÍ.© à îXÌ,ã	}�\�´6W z T�\.�.���.�,\ at }�´�z ß �����.�¿xÒ·Fî6ã	}Pâ.ª nÃzXgjiX�hgl�Ûw;glo;glm � glk;vheh}����²e ´6W z T������.�hxÒ·�îÂ} mp�l}�w	mPr
n=}����Ûe·iXm	o;gl|	��v�o	m;�
¦¿¹8Ë.¤.¦�¦ � U6��â��1Ë�´�UÂ}Pâ � W.W
¸¼w	o	m;v�o	k	�4g³�=k;} Å glk	m��Çô{¶ Õ k;}�s0v½i;�Q��n��Çk;}Ûn=}�´	��g
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á�Þ�Þ ôØ¹�\�\ á ôt¬�©�ª6«»x�Ç�ðR«�ô�î xÒã,ª4\4¬F©�ª4«.\�©.Ç�ô]\.©�Ç�ô à �F�4â���£�\ at }�´�zË¯½£ , /lq���a q��·nÃzXgjiX�0gl�{w;glo;glm � glk;vheh}����ÍeÛ¯½£ , a q��{mÁ�l}�w	m;n=}����Äe·i;mPr
o;gl|	��v�o	m;�
¦¿¹8Ë.¤.¦�¦ � U]��â.�XËFX.V.Ã,X�U aÂ÷jî }�w	|	�\÷Êè³}�´�zX}ÛnÃzXgjiX�hgl�·�li�}�z;m	����a
d§o;g � �Üv���e�o;g � glk	møÖ�g=ÂÍiX�8k;}�o;vliXk;}��¡nÃz;�.Â²~h}»e�o;}h��glk	m�� Õ g � z;m

i�vh~h}he�z	�Pgl�Úi�v�w;v�z;k	m	��g=zX��k	�Q�øn=gl|	�8kPiX��a�¶4~h� Å k;v¹�j�l}Ón=gl|	�8kPi�}ÓehehvliXm	�½r
n��Ðz;m;~hvÇb³m;�Úz	�A�	z	m;~hv¾bI�Qk;eh}�o.�Aa�êÉvhtNi�}·w;glo;eh�2g³k;g½nj|Qv�zX��|QvÍ|Qv�zXv�k;v�|
è³}�´�zX}Íô{¶ Õ eh�2t�z	�.i;�Q�{�l}�|��

ñ{}��½} ¹ M R e µ ¼ �4bjr ¼ �È'
ö�qhq � b�ö ö � ���V�
�Pb qPa q ���Pb!��q qPa&���V��ö���% r!qPa&%�%hq0ö�qPb±q
ö�qhq � b�ö ö�� ���V�
�0ö qPa q � ��q0ö
� qPa&����%�%h`V� r!qPa&%�%hqV��` �
�
ö�qhq � b�ö ö�` ���V�
��� qPa q ����� ��` qPa&��� ������� r!qPa&%�%Pbhb±qV�
%
ö�qhq � b�ö �hq ���V�
��� qPa q �
� �hqPb qPa&�����0`�%�� r!qPa&%�%Pbhb0���7�
ö�qhq � b�ö �Pb ���V�
� � qPa q ���V��qPb qPa&�����.ö�qPb r!qPa&%�%PbhbO�V���
ö�qhq�% b b ���V�
��% qPa q �hö�%Pbhb qPa&�����V��q�� qPa&�����V�
����%
ö�qhq�% b ö ���V�
�V� qPa q �QbO%V��� qPa&��������� % qPa&����� �
��� �
ö�qhq�% b � ���V�
��� qPa q ��q�� ��� qPa&�����Pb±qh` qPa&�����hq���%�%
ö�qhq�% b � ���V�
�h` qPa q ��qhq�%�� qPa&���0ö ��`h` qPa&���V�
�h`��hq
ï¹}�|Îe�mPiXk;v��;�=k;} Å glk	m��Çw;v�w	o;}hehv�| ¼ �4bjr ¼ �È'Ýnj|Q} Å |Qv � m	� � glk��P�¼��n��

k;}ébÊn=gl|	�8kPiX��a2ô¹vhnj|Qv�zX��|	�¡�=k;} Å glk	m��éô{¶ Õ i;z	�¡|P}�ÂÍi�vhtjv � v � glk	�½}
k;}h~�zX�fi�glk	m	´Óeh� Å m;nÃz	�P�¼��n��¹nWw;v � vh���h�ãm	k	��glo	w	v�z	�Q�	m	mÉ�±��v4w;vli�vh~�k;�2g
nj|Q} Å |	mËn=v��Ãi�}h�¼�·v�w	o;gji�g=zXglk	k��Q�òw	o;vh~�zXg � ��a
bÚ�Qk;eh}�o8�²ö�qhqh`¹tjv½i�}¹w;vÓo;g½y�glk	m;� `bcS[  Í|Ènj�8��|Q} � ~h��zX}³i�vh~h}he�zXglk;}

i�v�w;v�z;k	m	��g=zX��k;}��Ën=gl|	�8kPiX}�aðdín=e��Q�=mân·�j��m � �Ïo.�.i�}�w	o	m;v�o	k;��sÎ�=k;} Å gjr
k	m	´Îô{¶ Õ ÷Ãk;}Ûnj���Ò|Qg7÷�ö�qhq��·mÌö�qhqh`�tjvli�vheÍeh�2tNz	�.iXm	�{�l}�|��
ö�qhq�� b�ö ö�� �
� �0ö�� r!qPa qhqPb±q��V� qPacb0��b!�
�Pb r!qPar��`hq��Pb±q��
ö�qhq�� b�ö ö�` �
� �0ö�` r!qPa qhq ���hq0ö qPacb0� �Pb0� � r!qPar��`hq�%�%V��`
ö�qhq�� b�ö �hq �
� ���hq r!qPa qhqh`�%���� qPacb0����b±`V� r!qPar��`PbhbO%Pb±ö
ö�qhq�� b�ö �Pb �
� ���Pb r!qPa qPbO���V� � qPacb0�V�Qbhb±q r!qPar��`PbO��%0ö!�
ö�qhqh` b b �
� ���0ö r!qPa qPb!��qPbO� qPacb0� %0ö
�0q qPa"�0qV�8bO��� �
ö�qhqh` b ö �
� ����� r!qPa q0ö�q�� �Pb qPacb0�7�����
� qPa"�0q ��`h`hqQb
ö�qhqh` b � �
� ����� r!qPa q0ö��0ö�%0ö qPacb0�0`hq��0ö qPa"�0q�� %�����%
ö�qhqh` b � �
� ��� � r!qPa q0ö�� ����q qPacb���qV�8bO� qPa"�0q�������%��
ô³o	mËvh~�o;}h~hv���|Qg¹k;}h~�zX�fi�glk	m	´Îeh~�z;m	�=m¾i�}����åo;}��=o;�2eh}ÛeÄehg=z;m Å m	k;}�s¼ �4bjr ¼ �È' ��|P}�|Ìw	o;}he�m�zXv�� ±5

nj�8��v�|Êv��·i�}����Þo;}��=o;�2eh}8�fi;z	�Î�hnjw;g½yÆr
k;v�´Îm	k	��glo	w;v�z	�Q�	m	mËw	o	m�s0v½iXm	��n��În=v��Ãi�}heh}����Äè³}�´�zX�Þ}�w	o	m;v�o	k;��sÇ�=k;}�r
Å glk	m	´ã�=è³g � glo	mPiue�o	� Å k	�Q�ÆaÀêÉ}�|É�ók;}�w	o	m � gloÉ�ði;z	��eh�2y�gl�8|P}��l}�k	k;vhtjv

ë ��1�ì ë



w;glo;g=s0v½i�}ºn2ö�qhq��Útjv½i�}¼|Ûö�qhqh`Útjv½iX���.÷Ãw	o;}he�m�zX��k;�Ò´:÷²è³}�´�zÍ}�w	o	m;v�o	k;��s
�=k;} Å glk	m	´Îô{¶ Õ w	o	m � gl�·e�mPi
ö�qhq�� b�ö ö�� �
� �0ö�� r!qPa qhqPb±q��V� qPacb0��b!�
�Pb r!qPar��`hq��Pb±q �
ö�qhq�� b�ö ö�` �
� �0ö�` r!qPa qhq ���hq0ö qPacb0� �Pb0� � r!qPar��`hq�%�%V��`
ö�qhq�� b�ö �hq �
� ���hq r!qPa qhqh`�%���� qPacb0����b±`V� r!qPar��`PbhbO%Pb�ö
ö�qhq�� b�ö �Pb �
� ���Pb r!qPa qPbO���V� � qPacb0�V�Qbhb±q r!qPar��`PbO��%0ö
�
ö�qhqh` b b �
� ���0ö r!qPa qPb!��qPbO� qPacb0� %0ö
�0q r!qPar��`0ö��Pb����
ö�qhqh` b ö �
� ����� r!qPa q0ö�q�� �Pb qPacb0�7�����
� r!qPar��`��0qhqh`h`
ö�qhqh` b � �
� ����� r!qPa q0ö��0ö�%0ö qPacb0�0`hq��0ö r!qPar��` ���Pb��
�
ö�qhqh` b � �
� ��� � r!qPa q0ö�� ����q qPacb���qV�8bO� r!qPar��`�%�%PbO�0ö

ë ë í�Â
í�� DÓû
�O��û��·û!=
� <ÎÇÂ<��B>�û!=IÏÑÐ/Ò¯Ó¦Ô í Ô�ÕÖÔ
däè³}�´�zX}�sxe�mPi�}Ëª¤¬ , 6P«la «©�8«·n=vli�glo.ÂÄm	��n��âm	k;è³v�o � }��	m��xvËeh�2~hv�o;gÄ��v�´
m�z;mãm	k;v�´»v�w	�	m	m�eËo;gjiX�8|	�	m��8s�v��;glk	m;eh}�k	m��AaÀd w�o	m � glo;gÈk	m�Â�gÄi;z	�
w	o;vhtÃo;} �T� �ÅPP«�¦�6;qPa�¯��P¯³m;njw;v�zX���=�0gl��n��Áè³}�´�z
¬PÈ�ô�¶ Þ ��âF·Øx Þ ¾ Þ
à ¹8Ë�Ç à.à ¸�îR��â.�XË�ò Þ ¸�¶4�hx�© ¾ ©Ø×¢¬PÈ�ô�¶ Þ ��â�·Øx Þ ¾ Þ
déw	o	m � glo;g³k	m�Â�gIi;z	�Ðw	o;vhtÃo;} �T� � , ¬:a�¯��P¯¹m;njw;v�zX���=�hgl��n��Áè³}�´�z
¬PÈ�ô�¶ Þ }�â��hx Þ ¾ Þ
à ¹8Ë�Ç à.à ¸�îR��â.�XË�ô.ÈØx�© ¾ ©Ø×¢¬PÈ�ô�¶ Þ }�â.�hx Þ ¾ Þ
d�w	o	m � glo;g4k	m�Â�gÒi;z	��w	o;vhtÃo;} �T� �ç©�«�¦�«�ª¤£h¬:a�¯��P¯4m;njw;v�zX���=�hgl��n��Äè³}�´�z

ª¤¬ , 6P«�öQa «©�8«
à ¹8Ë�Ç à.à ¸�îR��â.�XË,« Þ ¸ Þ ¬FÇ�Èëx�© ¾ ©�×�¬PÈ�ô�¶ Þ �hx Þ ¾ Þ
d�w	o	m � glo;g�k	m�ÂÍg§i;z	�{w	o;vhtÃo;} �T� �»­h¯½£0°Í¯=«la�¯��P¯fm;njw;v�zX���=�hgl��n���è³}�´�z

ª¤¬ , 6P«��Pa «©�8«
à ¹8Ë�Ç à.à ¸�îR��â.�XË�ó6©�Ç�îR© Þ xµ© ¾ ©Ø×�¬PÈ�ô�¶ Þ �¿x Þ ¾ Þ
dæw	o	m � glo;g²k	m�Â�gÍi;z	�xw	o;vhtÃo;} �T� �®Z7NQ¢R¥;ª�a�¯��P¯Èm;njw;v�zX���=�hgl��n���è³}�´�z

ª¤¬ , 6P«��Pa «©�8«
à ¹8Ë�Ç à.à ¸�îR��â.�XË�õ.·Rñ�ðl¬%x�© ¾ ©Ø×¢¬PÈ�ô�¶ Þ �¿x Þ ¾ Þ
ô¹vliXo;vh~�k;}��¾m	k;è³v�o � }��	m��Îvh~²m;njw;v�zX���=�hg � ��sÎw	o;vhtÃo;} �T� }�sÇmÊv²eh�fr

~hv�o;g4v�w	�	m	´�i;z	�Íè³}�´�zXvhe³ª¤¬ , 6P«la «©�8«§n=v½i�glo.ÂÄm	��n��Íe³o	�8|Qvhehvli�nj��ehg4w;v�zX��r
�lvheh}���g=z	�Î¶º�2�f¸ºÖ %Pa÷öQa
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�O��û��·û!=
� <ÎÇÂ<��B>B<ÚÙ�Û/Ô
¶4~�o;}h~hv���|Q}ÒvliXk;v�´Æö
��r Å }hn=vhehv�´³n=glo	m	m¹w	o;gji�nj�l}he�z	�Pgl�fw;vhnÃzXgji�vheh}���g=zX��r

k	�Q�òo;}h~hv����²w��Q��mÎw	o;vhtÃo;} �T� �
g=s0gjr#è³}�´�zXvhe8��a;ô¹vh�j��v � �È¥;¦�«�r#è³}�´�zÇi;z	�
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vh~�o;}h~hv���|	mÁeh�2tNz	�.iXm	�{�l}�|��
à Ç�ô ßJà ¹8Ë�ò4¸ Þ ¸_Ë.���.�.�]Ë��.�t}P�l}�£1Ë.�.�l}��l}�£yxÒÈ�ó]« à ¶4ª�ª4©�È Þ xÒÈ�ó]«
à Ç�ô ßJà ¹8Ë�ò4¸ Þ ¸_Ë.���.�.�]Ë��.�t}P�l}�£1Ë�õ�·]ñ�ðt¬%xµÇ�ô Þ õ�·Rñ�ðt¬%x�Ç�ô Þ
à ¹8Ë�Ç à�à ¸�îR�.â��XËFò Þ ¸�¶6�hxµ© ¾ ©Ø×¢¬"È�ô�¶ Þ ��âF·Øx Þ ¾ Þ
à ¹8Ë�Ç à�à ¸�îR�.â��XË�ô�ÈØxµ© ¾ ©Ø×�¬PÈ�ô�¶ Þ }�â��hx Þ ¾ Þ
à ¹8Ë�Ç à�à ¸�îR�.â��XË�« Þ ¸ Þ ¬FÇ�ÈØx�© ¾ ©�×�¬PÈ�ô�¶ Þ �hx Þ ¾ Þ
à ¹8Ë�Ç à�à ¸�îR�.â��XË�ó]©�ÇPîl© Þ x�© ¾ ©�×�¬PÈ�ô�¶ Þ �¿x Þ ¾ Þ
à ¹8Ë�Ç à�à ¸�îR�.â��XË�õ�·Rñ�ðt¬%xµ© ¾ ©Ø×¢¬"È�ô�¶ Þ �¿x Þ ¾ Þ
�§w;glo;eh}4e2o;}h~hv Å �Q��iXm	o;gl|	��o	m;��w;}�|Qgl�½}¼¶º�2�f¸ºÖ |Qv�w	m	o	�0gl��n�� U �¹ 0r

è³}�´�zö/�i�}�k	k;� � mÛmÄè³}�´�z ¿û± � ½¥` a ³ �¥�4�0w;vhnÃzXg Å g½tjv³k;} Å m	k;}hgl��n��Ín=vh~�r
nj��ehglk	k;vºvh~�o;}h~hv���|P}�a�¿¨}��jz;m Å k;�2gfw;}�o;} � gl��o;��i;z	�Óo;gjiX�8|	�	m;v�k	k;��sÆeh�fr
Å m;nÃzXglk	m	´Á�l}�i�}h�¼��n��¾nIw;v � vh���h�Þè³}�´�zXvheÛe�mPi�}Íª¤¬ , 6P«la «©�8«la
ô³o	mÁk;g½vh~±s0vliXm � vhnj��mÎeÍ¥;¦�«�r#è³}�´�z¾i�vh~h}he�z	�P�¼��n��¾nÃ��o	v�|	mÎ|Qv�w	m	o;vheh}�r

k	m��Êè³}�´�zX}¾�=è³g � glo	mPié��m	�Ãr6�l}Áehehgji�glk	m��Îi�v�w;v�z;k	m	��g=zX��k;v�´xn=gl|	�8kPiX�º�
m{|Qv�w	m	o;vheh}�k	m��Óè³}�´�zX}¼¥ - ¯½¦�ZQ©=a - ¯½©=a��¹}�w	o	m � gloÉ�½i;z	�Æn=glo	m	mÍö�`2i�gl|Q}h~�o.�
ö�qhq���tjvli�}�¥;¦�«�r#è³}�´�zË~��li�gl�·eh�2t�z	�.iXgl�����l}�|��
à Ç�ô ßJà ¹8Ë�ò4¸ Þ ¸_Ë.���.�.�]Ë��.�t}P����À1Ë.�.�l}�����ÀyxÒÈ�ó]« à ¶4ª�ª4©�È Þ xÒÈ�ó]«
à Ç�ô ßJà ¹8Ë�ò4¸ Þ ¸_Ë.���.�.�]Ë��.�t}P����À1Ë�õ�·]ñ�ðt¬%xµÇ�ô Þ õ�·Rñ�ðt¬%x�Ç�ô Þ
à Ç�ô ßJà ¹8Ë�ò4¸ Þ ¸_Ë.���.�.�]Ë��.�t}P����À1Ë�ð4ª,©�¸�õR«»xÆª4©�«�ð4ª4©�¸�õ]«³xÆª4©,«
à ¹8Ë�Ç à�à ¸�îR�.â��XËFò Þ ¸�¶6�hxµ© ¾ ©Ø×¢¬"È�ô�¶ Þ ��âF·Øx Þ ¾ Þ
à Ç�ô ßJà ¹8Ë�ò4¸ Þ ¸_Ë.���.�.�]Ë��.�t}P����À1Ë�©�ô á ©�î xìò4¸ Þ ©�ô á ©�î xÆò4¸ Þ
à ¹8Ë�Ç à�à ¸�îR�.â��XË�ô�ÈØxµ© ¾ ©Ø×�¬PÈ�ô�¶ Þ }�â��hx Þ ¾ Þ
à ¹8Ë�Ç à�à ¸�îR�.â��XË�« Þ ¸ Þ ¬FÇ�ÈØx�© ¾ ©�×�¬PÈ�ô�¶ Þ �hx Þ ¾ Þ
à ¹8Ë�Ç à�à ¸�îR�.â��XË�ó]©�ÇPîl© Þ x�© ¾ ©�×�¬PÈ�ô�¶ Þ �¿x Þ ¾ Þ
à ¹8Ë�Ç à�à ¸�îR�.â��XË�õ�·Rñ�ðt¬%xµ© ¾ ©Ø×¢¬"È�ô�¶ Þ �¿x Þ ¾ Þ
ò4©,ñjð4ª4©�¸�õR«³xÆª,©,«t }�´�zÛ¯ , X	¯±°Ça"P	¦�« |Pv�w	m	o	�hgl��n��·e¼o;}h~hv Å �Q�uiXm	o;gl|	��v�o	m;�çw;vhnÃzXg�o;}h~hv�r

���éw	o;vhtÃo;} �T� �ÉRû�\+ ¼ qPa cfe�c �Qw;vhnj|Pv�zX��|	�Ä�j�l}{w	o;vhtÃo;} �T� }Õ÷Ãw;v{� � v�z�r
Å }�k	m;�H÷¡n=v��Ãi�}hgl�Ëvh~h� Å k;�Ò´�o.�.i�}�w	o	m;v�o	k;��s��=k;} Å glk	m	´»ô{¶ Õ n²o;}��Ãr
o;�2ehv � eÄehg=z;m Å m	k;}�s ¼ �4bjr ¼ �È'øk;}ÛtÃo;}�k	m	�;g{ö�qhq���mÌö�qhqh`Ítjvli�vhe�a;ô¹v�r
nÃzXgjiXk��8�Ænj��o;v Å |Q}¼k	�.ÂÄk;}Úm	�Ãr6�l}¼��vhtjv�� Å ��vÚ¥ - ¯½¦�ZQ©=a - ¯½© w;vhnÃzXgfvh~�o;}h~hv���|	m
i�}�k	k;v�´Án=glo	m	mÎnÃzXgjiX�0gl�{�½i�}�z;m	����a
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e�|�zX� Å glk	k;�2gÊeã¥;¦�«�r#è³}�´�zð��~��liX�8��w;vhnÃzXgji�vheh}���g=zX��k;vãvh~�o;}h~hv��l}�k;�I�f}
o;gl�=�±zX�±�l}���� �l}�w	m;n=}�k;� euè³}�´�zX� n�  c  	 �a"Ra+�� mò Q� ¼ qhqhq U a c�³ �� �a
d è³}�´�zX¯Î Q� ¼ qhqhq U k;g½vh~½s.vliXm � vË�l} � glk	m���� Udc�³  âk;}Ìk;v � gloãn=glo	m	m
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gl��n���n=vhvh~h��glk	m;gÐvÌw;glo;g½e��lehg½y·m;eh}�k	m	m�k;}h~�zX�fi�glk	m	´Éa¶J§��vÊehv��=k	m	|Q}hgl�
m	�Ãr6�l}Ë��vhtjv�� Å ��vÎk;}ËvliXk;v�´�m	�²nj�½}�k	�	m	´�m	�Ãr6�l}Ë��g=sQk	m Å g½nj|	m�s�w	o;vh~�zXg �
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d»o;gl�=�±zX�±�l}���g¼vh~�o;}h~hv���|	mÛw	o;vhtÃo;} �T� }³eh�fi�}hgl��è³}�´�zX�ø  c  	 �a"Ra+Ã�ãm
è³}�´�z�nWo;}hn=y·m	o;glk	m;g � c�³ �� �a ù � �¹è³}�´�zX}Ú�l}�i�}hgl��n��Æe¼n=vhv���ehgl��nj��e�m	m{n
n=vhtNzX}hy�glk	m�� � mÉa�ñÓz	�{¿��Wñ s r6�;glk	��o;}¹�fô¹~h�4L¡m � �Æè³}�´�zX}Ó Q� ¼ qhqhqhq U �
t�i�g U rÙk;v � gloÁehglo;njm	mÉat }�´�z·  c  	 �a"R�+��Ën=vli�glo8ÂÄm	�§w;v�w	o;}he�|	m³|¹}�w	o	m;v�o	k;� � v��;glk	|P} � ô{¶ Õ aJ§��v���è³}�´�z{v Å glk;�Òw;v�zXgl�lglkIi;z	�I|Qv�k	��o;v�z	�Io;gl�=�±z;���l}���vhe�a Õ k;} Å glk	m��Iw;v�r
w	o;}hehv�|�|Í}�w	o	m;v�o	k;� � �=k;} Å glk	m�� � �¹áÎi�v�z	ÂÄk;�u~h�Ò���InÃz;m;y·|Pv � ~hv�zX��r
y·m;g Ï ñÓz	�Ç|Qvhv�o0iXm	k;}��{w;v�zX�ºn=}��=k;} Å glk	m��Ðw;v�w	o;}hehv�|¾k;gIi�v�z	ÂÄk;�Ýw	o;gjr
eh�2y�}����Æw;v·}h~hn=v�zX�¼��k;v�´Ðehg=z;m Å m	k;g³qPa_� � m�z	z;m;n=gl|	�8kPi��¡iX�QtÃmÉa Í v��j�Èe
k;gl|Qv���v�o;��s³nÃz;� Å }��8sA��w	o	m � }�zXv �ÁÅ m;nÃzXg§nj�l}�k	�	m	´{e2|Pv�k	|	o;gl��k;v�´Ón=glo	m	m
w;v�w	o;}he�|Q} � v½Â�gl�Ieh�Ò´	��mÄmÄ�l}Æ�j��v���w	o;gji�g=zða8ô³o;g½eh�2y�glk	m;g¹bha q � m�z	z;mPr
n=gl|	�8kPi��×iX�QtÃmçw	o;}�|���m Å g½nj|	m�v½iXk;v��=k;} Å k;vÊ�8|Q}��l�2eh}hgl�Ìk;}Êw	o;vh~�zXg � �
nºv½iXk;v�´Èm�z;mÐk;g½nj|Qv�zX��|	m � mÐnj�½}�k	�	m�� � mÉ�P|Qv���v�o;�2gºk;g½vh~½s.vliXm � vÆ�hnj��o;}�r
k��Q���Áe�o	� Å k	�Q�Æa�¶4~h� Å k;vÇ�j��vÁn=e��Q�l}�k;vÎn���g � � Å ��vÇo;g½}�zX��k;}��pvhy·m;~�|P}
k;}h~�zX�fi�glk	m	´Èk;}·vliXk;v�´Ðm�z;mÐk	g½nj|Pv�zX��|	m�s²nj�l}�k	�	m��8s²w	o;g½eh�2y�}hgl�¹nj�l}�kPr
i�}�o	��k	�Q�¡}�w	o	m;v�o�k	�Q�¡vhy·m;~�|	�³k;}h~�zX�fi�glk	m	´É��eh� Å m;nÃz	�Pg � �Q�ui;z	�Ów	o	mPr
� glk;glk	m�� � gl��v½i�}·k;}�m � glk;�hy·m�sÈ|;eh}�iXo;}���vhe�a;dø�j��v � nÃz;� Å }hg¹k;}Í�j|	o;}�k
w	o	mÓo;}h~hv���gWw	o;vhtÃo;} �T� � ¿û± � ½¥` a cfe�c eh�fi�}hgl��n��³n=vhvh~h��glk	m;gWvh~Úvhy·m;~�r
|Qg¼i;z	�Ä|Qv�k	|	o;gl��k;vhtjvÆk;}h~�zX�fi�glk	m��ÄmÈk;}��leh}�k	m;g�~h}��l�I�Qk;}{|Qv���v�o;v�´Ð�j��v
k;}h~�zX�fi�glk	m;gf~h�Òz;v¼w;v�z;� Å glk;v�a�ï¹}�|{w	o;}he�mPzXv��.÷Ãw	o;vh~�zXg � k	}���÷Änj�½}�k	�	m��
w	o;v½�Pe�z	�Pgl��n��Ènjo;}��=�Ûi	z	�²k;g½nj|Qv�zX��|	m�sÈ~h}����Pw;vh�j��v � �Û�hnj�½}�k;vhe�m	���·g½g�k;g
n=vhnj�l}he�z	�Pgl�·vhn=vh~hvhtjv·��o	�½i�}�a � ��vh~h�øm;njw	o;}he�m	���Ínjm	���h}��	m;�Æ�	k;g½vh~±s0vliXmPr
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� vÌepè³}�´�zXg ¿û± � ½¥` a ³ �¥�äm	� � glk	m	���Ì�=k;} Å glk	m;gÇ}�w	o	m;v�o	k;v�´»vhy·m;~�|	m
�
eÓnj��v�o;v�k	�Í�Qehg=z;m Å glk	m��;� i;z	�·i�}�k	k;v�´Ènj�l}�k	�	m	mÉa t }�´�zÁ  c  	 �a"Ra+��uv��½r
w	o;}he�z	�Q���Ie K glk	��o·i�}�k	k;��s `�±  Æk;gÒk	�.ÂÄk;v�ah�¹}�w	o	m � gloÉ��i;z	�·n=glo	m	m²ö��
i�gl|Q}h~�o.�Ëö�qhq��Ítjvli�}Ä~h��z;mËn�i�g=zX}�k;�ínÃzXgjiX�Q�º�·m;gÆm	� � glk;glk	m��Áe²è³}�´�z;g¿û± � ½¥` a ³ �¥�4a ù n�s0vliXk;�Ò´Ëè³}�´�zÎm � g½gl�{e�mPi
X4¤�Vë¹ Ä X4SrSF[ � [	T�¤ � ¦,¤�¤F¯ � T �.� [�X4Sh¹ � ¤

� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ª à ñ.Ç à õ�ÇFã�ã]«.© Þ ¹ }��������hxµ��� �ìî�ø1ø��]�
� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ª à ñ.Ç à õ9ª4¸ Þ © ¹ �hxµ�l} �ìî�ø1ø��]�
� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ªØÌR© ÞrÞ ª4Ç�ôØxHò4©,ñ.¸ ß ¹ }/xµ��� �ìî�ø1ø��]�
� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ª Þ ª4Ç�ôØx(ó4ª4¸�òR¬F©�È Þ «»¹ �hxµ�l} �ìî�ø1ø��]�
� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ªZÈ�¶ Þ ¸ Þ ¬FÇ�ÈØ¹ }/xµ��� � ¸�ª à «.© à ø1øF�]�
� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ª|X4¤�Vë¹ }/xµ��� � ¸�ª à «.© à ø1øF�]�
� ¤hx�SF[ � [	T�¤ � S � ¦,¤ � SF[ � â�X,¦ZX4â�X,¦`Ã6â�X,¦ Á6X.[ ¦�W,â�¤ ¦�W,âl}
Á6X.[�[ ½ X,W.W �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}��
U � [,X.¯ � �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}�� }/x �hxµ���.�������
S�´4X.[4W,¤�X �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}�� }/x �hxµ���.�������
½ X,W.X � ¦�Ã ® �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}�� }/x �hxµ���.�������
dís.vli�gÍvh~�o;}h~hv���|	mâ~h��zXvÇvh~�k;}�o	�.Â�glk;v�� Å ��vÐk;}h~�zX��i�glk	mP�Ìk;}Çnj�l}�kPr

�	m��8sÉÆ c � cSU 'YÇ ¿ mø  ±�c �Ã� ³´c m � g½�¼�Ê~hv�zX�hy·m;gÁvhy·m;~�|	mÉaÙd n=e��.r
�=m�nÍ�j��m � i	z	�Ê|Q}�ÂÍi�v�´xnj�½}�k	��m	m�~h��zX}Èi�vh~h}he�zXglk;}Èi�v�w;v�z;k	m	��g=zX��k;}��
}�w	o	m;v�o	k;}��Óvhy·m;~�|Q}ºeIöÚn � a�ï³o;v � g§��vhtjv���~h��zXvºvh~�k;}�o	�.Â�glk;v�� Å ��v¼o;}��Ãr
k;vhnj���Îè³}��Íi;z	�âk;}h~�zX��i�glk	m	´�n=vËnj�l}�k	�	m;gl´�Æ c � cSU 'YÇ ¿ njm;nj��g � }���mPr
Å g½nj|	m(÷jy·� � g=zX}¦÷�aÉô¹vli�vh~�k;�Ò´x�=è³è³gl|	�Èw	o;v½�Pe�z	�Q��n��Ê|Q}�|xv���|�zXv�k;glk	m;g
o;}��=k;vhnj��mÁè³}�� � g=ÂÍiX�Íi�e�� � �Èehv½i�v�o;vliXk;� � mÇnj�½}�kPi�}�o��½} � m¾v��Óz;m	k;gl´Pr
k;v�´Ô�l}he�m;njm � vhnj��mÉa � ��vh~h� �0nj��o;}�k	m	����vhy·m;~�|	���4eh�Ò�l�2eh}hg � �Q� �j��m �
�=è³è³gl|	��v � �§ehehv½i;�Q�Êk;glk	�±zXg½e��Q� iXm;njw;glo;njm;� iXm	k;} � m Å g½nj|Qv�´ � vli�g=z;m
èIm�zX�±��o;}¾ï³}�z � }�k;}²i;z	�Ìw;glo;ehv�´pw	o;v�m	�lehv½iXk;v�´Êo;}��=k;vhnj��mÊs0vli�} Å }hn=vhe
� ¦�W,âl} e·è³}�´�zXg ¿û± � ½¥` a ³ �¥����a8ñÓz	�Íi�}�k	k;v�´Ðn=glo	m	mÐw	o	m	k	m � }hgl��n��Ä�=k;}�r
Å glk	m;g 0.00001
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� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ª à ñ.Ç à õ9ª4¸ Þ © ¹ �hxµ�l} �Æî�ø1ø��]�
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� ô4ªR¬FÇ�ªR¬�ò]¬�«�ô9ã6Ç�ªØÌR© Þ|Þ ª4Ç�ôØxHò4©,ñ.¸ ß ¹ }/xµ��� �ìî�ø1ø��]�
� ô4ªR¬FÇ�ªR¬�ò]¬�«�ô9ã6Ç�ª Þ ª4Ç�ôëx0ó4ª4¸�òR¬F©�È Þ «³¹ �hxµ�l} �ìî�ø1ø��]�
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U � [,X.¯ � �hxÆ����� �hxµ���|�hxµ���r�hxµ���|�hxµ��� �hxº}��
Á6X.[�[ ½ X,W�W �hxÆ����� �hxµ���|�hxµ���r�hxµ���|�hxµ��� �hxº}�� }úx �hxµ�����������
½ X,W.X � ¦�Ã ® �hxÆ����� �hxµ���|�hxµ���r�hxµ���|�hxµ��� �hxº}�� }úx �hxµ���������l}
S�´4X.[4W,¤�X �hxÆ����� �hxµ���|�hxµ���r�hxµ���|�hxµ��� �hxº}�� }úx �hxµ�����������

t }�´�zue�mPi�}x Q� ¼ qhqhqhq U a c�³ �� Ên=v½i�glo.ÂÄm	�Îv�|Qv�k Å }���g=zX��k;�2gÈ�=k;} Å glk	m��
ô{¶ Õ �
}�w	o	m;v�o	k;vhgÓ�=k;} Å glk	m;gÆw�zX�ºn¹w;v�w	o;}he�|Q}��Xw;v�z;� Å glk	k;}��ÁeÄo;gl�=�½zX��r
�l}���gpv��;glk	m;eh}�k	m��;��aËJ§��v��xè³}�´�z¡i�v�z	Â�glkÜ~h�Ò����v���w	o;}he�zXglkÜe K glk	��o
i�}�k	k;��s `�±  �aPô¹glo;gjiÐv���w	o;}he�|Pv�´²nÃzXgjiX�hgl�³�l} � glk	m	���ÆeÓ|Q}�ÂÍi�v�´²nj��o;v Å r
|Qg�÷ Udc�³  \÷Îk;}ÆmPi�glk	��m;èIm	|Q}���v�o²i�}�k	k;v�´Çn=glo	m	mÉa�d�k;}hnj��v±�P��g½g�e�o;g � �
mPi�glk	��m;èIm	|Q}���vhe{n=vhnj��v�m	�¹m	���¹njm � ehv�zXvhe��8k;}�w	o	m � glo [ bO���V�ºÑ [ bºm�z;m[ �Ë��w;vÛk;}��leh}�k	m;�àw	o;vhtÃo;} �T� �¼�§mËw;v�o.�.iX|Pvheh�Ò´Î��o;g=sQ�=k;} Å k;�Ò´Ëk;v � glo
n=glo	m	mui;z	��|P}�ÂÍi�v�´uw	o;vhtÃo;} �T� �Ia ù i�glk	��m;èIm	|Q}���v�o � v±ÂÄk;vÊk;}�´	��m�e
� ³ �Úr#è³}�´�zXgÄi;z	�âi�}�k	k;v�´»n=glo�m	mÝ����m	w;}Êq��Pb�öQb����P¦�a"� ³ �¹���õv�w	m;n=}�k	k;v �
o;}�k;g½gha
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vÍw	o;gji�nj�l}he�zXglk	k;v � o;g½y�glk	m	mÉa
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è³}�´�zËn=g½n=njm	mÎ�l}ö�Æ�Qk;eh}�o8��� ��À ¥��,� ��£F{ � â�´]�.�F�Øx�ó,ö at }�´�zÜn=v½sQo;}�k��Pg � epiXm	o;gl|���v�o�m;� e�mPi�} ¦¿¹8Ë ��� [ � Ë������.À aÙ�§|Q} Å m;eh}hg �
i�}�k	k;�2g¹vh~Í}�� � vhn=è³glo	k;v�´Ák;}htÃo	�8�=|QgÓn¹n=}�´	�l}
á�Þ�Þ ôØ¹�\�\Pîl¸�ª4«³x á óØx Þ ¶ùÌ	¬F©�ÈØx�¸ à x�¸ Þ \XÍ�·Rñ�ðl¬F\ � [.U]â � W�W,\ at }�´�z ´6W z T�â�������Àyx�¸ Þ î w;glo;glm � glk;vheh�2eh}hg � e ´6W z T�������Àyx�¸ Þ î m²�l}�w	m;n=�2eh}�r
g � e·iXm	o	gl|	��v�o	m;�
¦¿¹8Ë.¤.¦�¦ � U]��â.�XË � [.U]â � W�W a
�§|P} Å m;eh}hg � è³}�´�zÎn³|Q}�o	��m	o	�Q�º��gl´ÁèI�8k	|	�	m;gl´Îw;vÛ}�iXo	g½nj�

á�Þ�Þ ôØ¹�\�\Pîl¸�ª4«³x á óØx Þ ¶ùÌ	¬F©�ÈØx�¸ à x�¸ Þ \XÍ�© à î1Ì4ã	}�\�´6W z T�\������.À,\ at }�´�z ß ������ÀhxÒ·�î6ãt}�â.ª w;glo;glm � glk;vheh�2eh}hg � e ´6W z T������.ÀhxÒ·Fîú} mÆ�l}�w	m;n=�2eh}hg �
e{iXm	o;gl|	��v�o	m;� ¦¿¹8Ë.¤.¦�¦ � U]��â.�XË�´.UÂ}�â � W�W
�ãn=}�´	�½}Iô¹}�o	m�Â�nj|Qv�´Ívh~hn=glo;eh}���v�o	m	m�nj|P} Å m;eh}hg � è³}�´�zÛnÒ}�w	o	m;v�o	k;�fr

� m��=k;} Å glk�m�� � mçô{¶ Õ á�Þ.Þ ôØ¹�\�\ á ôt¬�©�ª6«»x�Ç�ð]«�ô�îÝxìã,ª,\6¬F©Fª6«.\.©�Ç�ô6\�©�Ç�ô à ���6â��.£,\ at }�´�zÛ¯½£ , /lq���a qh`¼w;glo;glm � glk;vheh�2eh}hg � eI¯½£ , a qh`ÚmÍ�l}�w	m;n=�2eh}hg � e¼iXm	o;gl|Pr
��v�o	m;� ¦¿¹8Ë.¤.¦�¦ � U]��â.�XËFX.V.Ã,XFU a4÷jî }�w	|	�\÷Ëè³}�´�zX}Æ�½i�}�z	�Pg � a.ñ{vh~h}he�z	�Pg � e
k;} Å }�zXv�w;vhnÃzXgjiXk	m;g���nj��o;v�|Ám	�¹è³}�´�zX}Û¯½£ , /=q���a q��Pa
ë ë í � íúù DÓû
�O��û��·û!=
� <^�0<�	�	�ª¶þ
¿¨}��l}�o.sQm;e�m	o;vheh}����Íè³}�´�zËn=g½n=njm	mËe{iXm	o;gl|	��v�o	m;�Æa;ô¹v�z;� Å }hg � è³}�´�z
��À1ú,¸�È6��£ ¾ ¸�âF·6�.�F� ��eÛè³v�o � }���gd¹ ¿ �Pa;ô³o;vhtÃo	} �T� v�´¹ ¿ � U �¹ �öQa�¯��P¯Ww;glo;g½ehv½iXm � g½tjv¼e U �¹ 0r#è³v�o � }��=alñÓz	�Ó�j��vhtjvÚeÚ|Qv � }�kPi	r

k;v�´ønj��o;v�|QgÊk;}h~�m�o;}hg � |Pv � }�kPiX���fe�vh~h��g � e�mPi�gÊeh�2tNz	�.i;�P�·�Q� |P}�|¹ ¿ � U �¹ �öQa�¯��P¯p� ù � �Q¹ ¿ ��r#è³}�´�zX}8��aÀd k;}hy�g � |Qv�k	|	o;gl��k;v � nÃz;� Å }hg
�j��v
¦¿¹8Ë ��� [ � Ë.���.��ÀXË�U ® � � ²4S��yx�© ¾ ©Z��À1ú,¸�È6��£ ¾ ¸.â�·6�����Øx
d o;gl�=�±zX�±�l}���gÊm	�ÊvliXk;vhtjvãè³}�´�zX} � � w;v�z;� Å }hg � i�eh}B�fn=vh~hnj��ehglk	k;vU �¹ 0r#è³}�´�zäqh`hqPb±q ���P¦�a�¬	­h©Îmæ¢¤£h­�r#è³}�´�zäqh`hqPb±q ���P¦�a�¢¤£h­�aºdfv�� � v½ÂÄk;v���e

�j��m�s U �¹ 0r#è³}�´�zX}�sºw	o;v�w	�Q��glk;� � gl��g½v½i�}�k	k;�2gha�ñÓz	��m;njw	o;}he�zXglk	m��I�Ã��v�r
tjv � �Ý�l}�w	�0nj|Q}hg � w	o;vhtÃo;} �T� �Ì¹ c � c�³ a�¯��P¯h�	o;}hnjw;v�zXv½ÂÍglk	k	�Q�òe
¦¿¹8Ë ��� [ � Ë.���.��À a¼¶2k;}�eh�fi�}�}l�»n=vhvh~h��glk	m;gh� Å ��vui;z	�Ôn=g½n=njm	mÐ�»�Qk;eh}�o.�
k;gl� � gl��g½v½i�}�k	k;��sÍi	z	�Ðnj�l}�k	�	m	mÕ� c  �� �Â³´[ R·�PmÐw	o;gji;zX}ht�}hgl�¹k;} � m�s
ehehg½nj��m�e�o	� Å k	�Q�Æaóñ{}�k	k;�2g � v±ÂÄk;vÎe��j�Q����÷Ãm	�Ètjv�zXvheh�$÷��õ��vÌg½nj���Ëw;v�r
i�vh~�o;}����xw;vli;s.vli;�P�·m;gËw;vli � g½nj��k;vhnj����mÜe�o;g � �çtjvli�}�a¶� c  �� �Â³´[ R
k;}�s0vliXm	��n��Ìo8�.i�v � n�vliXk;v�m � glk	k;� � k;}hn=g=z¦}lk	k;� � w	�8k	|	��v � e¾Ö�}hn=n=}�r
Å �hn=gl��n=gh�8�fî ¸Æ��n=g½ehgloÍdfvhnj��v Å k;vhtjv�w;vh~hglo	g=ÂÈ���Aa�L Å m	���2eh}��{e�o;g � �Ætjv�r
i�}�� � v±ÂÄk;vÁw	o;gjiXw;v�zX}ht�}������ Å ��vÎ��g � w;glo;}����8o;}Ëv�|Pv�zXv 0 ◦ ' �
eÎo;g½}�zX��r
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k;vhnj��m�njo;gjiXk;g½nj�8��v Å k;}��º�Ì�Qk;eh}�o.�çö�qhqh`Êtjvli�}âexv�|�o;g½nj��k;vhnj�=�8sçdfg½nj�½r
è³v�o0i�} −4 ◦ '2��a�ñ{}he�zXglk	m;g2w;v�o8�.iX|Q}Íb±qhqhqItjgl|	��v�w;}hnj|Q}�zXgl´É�0e�zX}�ÂÄk;vhnj�����qÍw	o;v��;glk	��vhe�a³Ë g=zX}h�º�·m;g¹ehehg½nj��mË��v Å k;�2g³i�}�k	k;�2g � vhtÃ�8��ehvhnjw;v�zX��r
�lvheh}����hn��Ðehv�� � v½ÂÄk;vhnj�j� � mÉ�P|Pv���v�o;�2g�w	o;gji�vhnj�l}he�z	�P�¼�Ænjw;gl�	m;}�z;m	�=m	o;v�r
eh}�k	k;�2g ù k	��glo	k;gl�½r6o;g½nj�8o;n=�I�2k;v»v�w;�Ò��w;v�|P}��l�2eh}hgl�=� Å ��v�w	o	m;~�z;m	�=mPr
��g=zX��k;�2gÎi�}�k	k;�2gh�fvhnjk;vheh}�k	k;�2gÌk;}��=k;}�k	m	m � g½nj�½}�møe�o;g � glk	métjvli�}��
w;v��lehv�z	�P�¼�²w;v�z;� Å }����Ðo;gl�=�±zX�±�½}����æk;g�sQ�.Â�gh� Å g � w;v�z;� Å glk	k;�2gÛn·w;v�r
� vh���h�åm	nj��m	k	k;��s � gl��g½vli�}�k	k;��sAa ÷jô³o	m;tNzX}hy�glk	m;g7÷Î|ÁehehvliX�Íi�}�k�k;��s
eh�2tNz	�.iXm	�·nÃzXgjiX�Q�º�·m � vh~�o;}��lv � �û/û/û/û/û/û/û/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û
V,ª4Ç�ó4ª4¸�îrU]© Þ ©�Ç
â�â�â�â�â�â�â.â�â�â.â�â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â.â�â�â�â.â�â�â.â�â�â.â�â�â.â�â�â

È�óR«�ãl¬�ñ.©�Y4��À.�l}���£�{ � x � ²4S

S Þ ¸ Þ ¬FÇ�ÈØÌ	¬ Þ�á Ç�¶ Þ îl© Þ ©.Ç�ò4¸ Þ ¸­¹�¹
}/x Á6X4SF[,s4¤F¯ �

V,W.X � S�XJT � VF°4[r[,X�U,V�X.¯ � [�°4¯�Xyg�V.¯,X4S�S�°4¯,Xyg ��� U4V|s4¤F¯ZÁ6X4SF[,s4¤F¯ � ¹�¹
û/û/û/û/û/û/û/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û
ñÓz	�Çehehv½i�} � gl��g½v�w	}�o;} � gl��o;vhe·k;}h~�m	o;}hg � nj��o;v�|	���û/û/û/û/û/û/û/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û
^P�Øxµ�����¢}P�l}��hxµ�����Z�,�hxµ�.���
û/û/û/û/û/û/û/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/ûÖû/û/û/ûÖû/û/û/ûÖû/û/û
dæo;gl�=�±zX�±�½}���g²w;v�z;� Å }hg � è³}�´�zX� nÄo;}hnjy·m	o;glk	m;g � a�£�6P«laõô¹glo;glm � glk;v�r
eh�2eh}hg � m�séeéa�¬	­h©=aÚ�fv��Ãi�}hg � e ¦¿¹8Ë ��� [ � Ë������.À w;}�w	|	�éqh`hqPb±q �Q�fw;vhnÃzXg
Å g½tjvÛw;glo;glk;vhnjm � eÄk;g0}Æn=vhv���ehgl��n=e��Q�º�·m;g{è³}�´�zX� ��a�¢¤£h­Ûmãaß¬	­h©���a t }�´�z
��À1ú,¸�È6��£ ¾ ¸.âF·4���F� � v½ÂÄk;vx�½i�}�z;m	����aÒ�fv��Ãi�}hg � e�w;}�w	|Pgpqh`hqPb±q �âè³}�´�zX�
Z7NQ¢R¥;ª�a�£ , «la�ñÓz	�àn=g½n=njm	mØqh`hqPb±q �Qa�¬	­�©Êeø|Qv���v�o;v�´æ� Å }hnj��e��Q�¼�W�Ünj�l}�kPr
�	m	´p� ¿�³´¿dcSc �@��  ¼�¿d¼û½ �0öQ�V� c  �� �Â³´[ R·� � c �¥�ÈÆ c �\����¹m+�� cS[ +Æ�
� ` � ³ ' ³´U 'âm U µÃ+j� c  �ö�q.����Z7NQ¢R¥;ª�a�£ , «À~��½i�gl�2eh�2t�z��.i�gl���¼nÃzXgjiX�Q�º�·m �
vh~�o;}��lv � �
X4¤�Vë¹ Ä X4SrSF[ � [	T�¤ � ¦,¤�¤F¯ � T �.� [�X4Sh¹ � ¤

� ô4ªR¬FÇ�ªR¬�ò]¬�«�ô9ã6Ç�ª à ñ.Ç à õ�ÇFã�ã]«.© Þ ¹ }��������hxµ��� �Æî�ø1ø��]�
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� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ª à ñ.Ç à õ9ª4¸ Þ © ¹ �hxµ�l} �ìî�ø1ø��]�
� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ªØÌR© ÞrÞ ª4Ç�ôØxHò4©,ñ.¸ ß ¹ }/xµ��� �ìî�ø1ø��]�
� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ª Þ ª4Ç�ôØx(ó4ª4¸�òR¬F©�È Þ «»¹ �hxµ�l} �ìî�ø1ø��]�
� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ªZÈ�¶ Þ ¸ Þ ¬FÇ�ÈØ¹ }/xµ��� � ¸�ª à «.© à ø1øF�]�
� ô4ªR¬FÇ�ªR¬�òR¬�«�ô9ã4Ç�ª|X4¤�Vë¹ }/xµ��� � ¸�ª à «.© à ø1øF�]�
� ¤hx�SF[ � [	T�¤ � S � ¦,¤ � SF[ � â�X,¦ZX4â�X,¦`Ã6â�X,¦ Á6X.[ ¦�W,â�¤ ¦�W,âl}
Á6X.[�[ ½ X,W.W �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}��
® ¤ ® X�X �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}�� }/x �hxµ���.�������
[6S�° ® ° z ��� �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}�� }/x �hxµ���.�������
Á6X4SF[,s4¤F¯ � �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}�� }/x �hxµ���.�������
U � [,X.¯ � �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}�� }/x �hxµ���.�������
[	TP²4¤.¦,¤ � ¦ �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}�� }/x �hxµ���.�������
��Ä,� W.X4S��.� �hxµ����� �hxµ���r�hxµ���|�hxµ���|�hxµ��� �hxº}�� }/x �hxµ���.�������
ñ{}�k	k;�2gWv�w;glo;}��	m	m³w	o;vli�g=zX�2eh}h�¼��n��ºw	o	mÓvh~�o;}h~hv���|Qg¨|Q}�ÂÍi�v�´¹¿��Wñ s r

n=g½n=njm	mÉa
ô¹v½i�tjv���vhe�|Q}2è³}�´�zXvheÚª¤¬ , 6P«la «©�8« vhnj�Q��g½nj��e�z	�Pgl��n��¹gjiXm	k;v½ÂÍi��Ia ù sIm	�Ãr

� glk;glk	m;gpv��=k;} Å }hgl�xm	� � glk;glk	m;g � vli�g=zXgl´É�§m;njw;v�zX���j�0g � ��s�w	o	møvh~�o;}�r
~hv���|Qg¹njg½n=njm	´É�;mÁe��l}�|Qv � nÃz;� Å }hg¹k;g½vh~½s0v½iXm � v{z;m;~hv·k;} Å m	k;}�����k;vheh�Ò´
o.�.ió�4z;m;~hv¡n=vhehglo;y�}�����w;glo;g½vh~�o;}h~hv���|	�ønj�l}�o;vhtjv��Ú�l}�|í|P}�|ík;}±� Å k	�Q�
�;glk	k;vhnj���Áw	o;gji�nj�l}he�z	�P�¼�Çv½iXk;v�o	v½iXk;�2gÄeÁw�zX}�k;gÛ�hnÃzXvhe�m	´�w;v�z;� Å glk	m��
o.�.i��åô{¶ Õ �;w;vh�j��v � �È�Ãi�g½n=� � �Ýk;gÓ~��½i�g � m�sÇw	v½iXo;vh~�k;vÍv�w	m;n=�2eh}�����a
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ô¹glo;gjiÐ��g � �8|Q}�|²�l}�w	�0nj|Q}����·è³}�´PzÇe{vh~h�·�Q�Ývh~�o;}h~hv���|	���8m � g½gl�³n � �2nÃz
vh~�o;}h~hv��l}����Ëg½tjvÌv��Ãi�g=zX��k;vËeÌ��g½nj��vhehv � o;g=ÂÄm � ghaðñÓz	���j��vhtjvÌè³v�o � mPr
o	�hg � njw;gl�	m;}�zX��k;�Ò´xaß¥	¦�«�r!è³}�´Pzða
© à�á Ç|ÇFã�ã
à ñ�«
ò4©,ñ|« Þ ¸ Þ ¬�î
ò4©,ñ|«.Ç�ª Þ ¬�î
ò4©,ñ|« Þ ¸ à ¸ Þ
ò4©,ñ�ð]¸,« Þ ¬�î
ò4©,ñ�ð]¸ Þlà�á
ò4©,ñmòR¬ à�Þ ¬FÇ
ò4©,ñ�îl© Þ ©�Ç�ª
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ò4©,ñjð4ª4©�¸�õR«³xìª4©,«
à Ç�ô ß|á ¹8Ë6¬F©�ª6«_Ë�ò4¸ Þ ¸1Ë������.ÀXË.�.À��l}P��£XË���À��R}���£yxÒÈ�ó]« à ¶4ª�ª4©�È Þ xÒÈ�ó]«
à Ç�ô ß|á ¹8Ë6¬F©�ª6«_Ë�ò4¸ Þ ¸1Ë������.ÀXË.�.À��l}P��£XË�õ�·Rñ�ðt¬%xµÇ�ô Þ õ�·Rñ�ðt¬%x�Ç�ô Þ
á ¹8Ë6¬F©�ª6«_Ë.Ç à�à ¸�îR��â.�XË�ò Þ ¸�¶4�hx�© ¾ ©Ø×¢¬PÈ�ô�¶ Þ ��â�·Øx Þ ¾ Þ
á ¹8Ë6¬F©�ª6«_Ë.Ç à�à ¸�îR��â.�XË�ô.ÈØx�© ¾ ©Ø×¢¬PÈ�ô�¶ Þ }�â.�hx Þ ¾ Þ
á ¹8Ë6¬F©�ª6«_Ë.Ç à�à ¸�îR��â.�XË,« Þ ¸ Þ ¬FÇ�Èëx�© ¾ ©�×�¬PÈ�ô�¶ Þ �hx Þ ¾ Þ
á ¹8Ë6¬F©�ª6«_Ë.Ç à�à ¸�îR��â.�XË�ó6©�Ç�îR© Þ xµ© ¾ ©Ø×�¬PÈ�ô�¶ Þ �¿x Þ ¾ Þ
á ¹8Ë6¬F©�ª6«_Ë.Ç à�à ¸�îR��â.�XË�õ.·Rñ�ðl¬%x�© ¾ ©Ø×¢¬PÈ�ô�¶ Þ �¿x Þ ¾ Þ
ô¹vhnÃzXgÓg½tjvÍ�l}�w	�hnj|P}Än � v���o	m � è³}�´�zâ  c  	 �a"Ra+��4aAdék�} � w	o	m;~h}he�m�zX}hn=�
k;vheh}��unj��o;v�|Q}�a�� � v���o	m � k;}xe���v�o;v�´É�W��o;gl��m	´É� Å gl��e�}lo	���Ò´É�Ù}x�l}�|�Â�g
w;vhnÃzXgjiXk	m	´ÇmÇw	o;gjiXw;vhnÃzXgjiXk�m	´¾nj��v�zX~��;�Ia;dÜnj��v�zX~��;}�sÇöÓm3�¹ÑÛ�8|�zXv�k;gjr
k	m��ãeh� Å m;nÃzXglk	k;��s��=k;} Å glk	m	´»|Qvhv�o0iXm	k;}��Áw;v�zX�ºn=}pv��Á}�w	o	m;v�o	k;��sA�Àe
Å gl��e�}lo	��v � ÑÍ}�k;}�zXvhtÃm Å k;}��Ûehg=z;m Å m	k;}³i;z	� ¼ �4bjr ¼ �È'¼�QeÆw	o;gjiXw;vhnÃzXgji	r
k;g � ÑI|Qv�z;m Å g½nj��ehv¼w;glo;g½e��lehg½y�glk	k;��s³k;}h~�zX�fi�glk	m	´É��e¼w;vhnÃzXgjiXk;g � Ñ χ2 a
áÀnÃz;m��8|�zXv�k;glk	m��{eh� Å m;nÃzXglk	k;��sÆw;}�o;} � gl��o;vheºv��¼}�w	o	m;v�o	k;��sÓk;g2~hv�zX��r
y�g2qPa qhqhq��hqhqP��|Qv�z;m Å g½nj��ehv�w;glo;g½e��lehg½y�glk	k	�ÒsÓk;gÒ~hv�zX�hy�g2q��
eº|	o;}�´	k;g �
nÃz;� Å }hg�k;g½nj|Qv�zX��|QvÐeÈw	o;gji�g=zX}�s¾i�g½n��Q��m��Úm χ2 k;g�njm�zX��k;vÐv��=z;m Å }hgl��n��
v���bh����vân=g½n=njm;� � v½ÂÄk;vÊe�|�zX� Å }����peâvh~h�·�Q� vh~�o;}h~hv���|	��aTdØk;}hy�g �
nÃz;� Å }hgÓnj��o;v�|P}Ím � g½gl�{e�mPi
£F�4�����¿xµ�����,£l} �hxµ��������À��M^��hxµ�������l}�� �hxµ���������.�t} x�x�x � �hxµ�.�,�.�
�fg½n=njm��Ó�½i�} Å k;}��A� � v½ÂÄk;v¼e�|�zX� Å }����¼e¼vh~h�·�Q�çvh~�o;}h~hv���|	��ah¶4~�k;vhe�z	�Pg �
vhnjk;vhe�k;v�´�aß¥;¦�«�r#è³}�´�zð�:i�vh~h}he�z	�8�âeÁk;g½tjvÎnj��o;v�|	m�m	�Äk;}hy�g½tjv¾��g½nj��vhehv�r
tjvÐè³}�´�zX}�a�LÀi�}�z	�Pg � è³}�´�zx© , 6;qhqhq���aß¯½£ , ©=aAô¹vhnÃzXg·�l}�w	�hnj|P}Çvhnjk;vhe�k;vhtjv
w;}�|Qgl��k;vhtjvÍè³}�´�zX}Ûv�kÎ~��½i�gl�·n=v��Ãi�}�kÁ�l}�k;vhehv�a Õ }���g � �l} � glk��Pg � �jk;} Å gjr
k	m��Èô{¶ Õ �Pm � g½�º�·m;g½n��²e{k;}hy�g � o.�.i�gh�Pk;}{��gh�P|Pv���v�o;�2g�g½nj����e{k;vhehv �
¯½£ , ©�r#è³}�´�zXgha.ô¹vhnÃzXg Å g½tjvÓv���w	o;}he�z	�Pg � k;}hyäo.�.iÇeÓvh~�o;}h~hv���|	��e `bcS[  �a
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b�öQacb ¶4~h�·m;g¹n=ehgji�glk	m��Çv�w	o;vhgl|	��g$Ç¹ª ,., ¦ - /=£h©
d»b±`��h`�tjv½iX��áÀe�o;v�w;gl´;nÃ|PvhgT|Pvhn � m Å g½nj|QvhgÙ}htjglk	��nj��ehv¹� c  @+³�:vhnj�Q��g½nj�½r

e�m�zXv¹�l}�w	�hnj|È|Pvhn � m Å g½nj|PvhtjvÓ}�w	w;}�o;}��l}$Ç ` �Ù�\+ [ ' ³  Á�]Ç ` ­�XÄ� - ¯0/=ª¤©�ª¤£h¬
�\+ [ ¦h¢¤¢¤¦
��' ³ ¢¤¢¤¯0/Ã«�ª¤¬	­Ç Q¦�«�¯½¢¤¢¤ªU«�¯¹ÑÐnjw	�8��k	m	|Îi;z��Án=~hv�o;}Äeh�2n=v�|Qv���v Å k;��s
w;}�o;}�z	zX}�|Qn=vhe8�ÆnÐ�;g=zX�h� w;v�z;� Å glk	m���w;v�zXv½ÂÍglk	m	´:�¨n=vh~hnj��ehglk	k;��s�i�e�mPr
Â�glk	m	´�m�w;}�o;}�z	zX}�|Qn=vhe��lehgl�ÃiÄk;} � m�z	z;m;n=gl|	�8kPiXk;v � �8o;vhe�k;gÒ��v Å k;vhnj��mÉa
ï¹vhn � m Å g½nj|	m	´x}�w	w;}�o;}��²w	o;v�o;}h~hv��l}�zâk;}¾v�o;~�m	��g �V� � g½n��Q�;g½e��ðeÇ��g Å gjr
k	m;g¹|Qv���v�o;��sÇv�kÎeh�Òw;v�z;k��8zË}hnj��o;v � gl��o	m Å g½nj|	m;g¹mËè³v���v � gl��o	m Å g½nj|	m	g
m	� � glo;glk	m��Ð�lehgl�ÃiËw;vÍ�l}�i�}�k	k;v�´¾w	o;vhtÃo;} �T� gha
¶4~�o;}h~hv���|P}Î�j��m�s�k;}h~�zX�fi�glk	m	´É�õw;vliXo;vh~�k;vËv�w	m;n=}�k	k;}���elð ö��Oñ?�õw	o	mPr

ehg=zX}I|²n=v��Ãi�}�k	m;�¡i�e��.s�|Q}��½}�zXvhtjvheB��Ç¹ª ,., ¦ - /=£h©=�8n=vli�glo.ÂÍ}h��g½tjv�m	k;è³v�oPr
� }��	m;� v»bhbO�âöQbO�p�lehgl�Ãi�}�s»nÐ��v Å k;vhnj���h� v�w	o;gji�g=zXglk	m��ãw;v�zXv½ÂÍglk	m	´É�
tjvliXm Å k;��s²n=vh~hnj��ehglk	k;��sÛi�e�m�ÂÍglk	m	´ÈmÇw;}�o;}�z	z;}�|Pn=vhe{k;}{�8o;vhe�k;g·b � nNi
� � m�z	z;m;n=gl|	�8kPi�}ºiX�QtÃmA���hmÍ|Q}��l}�zXvht�}û��®@/�X	£��.n=vli�glo.ÂÍ}h��g½tjvº�.Â�g4n=eh�2y�g
b � m�z	z;m;v�k;}��lehgl�Ãió�Xn³��v Å k;vhnj���h�òm	� � glo;glk	m��Ð��g=sÐÂ�g¹w;}�o;} � gl��o;vhe{i�v
ö�� � n�ióaTd �½}h~�zðafb�öQacbÐw	o	m;ehgji�glk;� njo;}he�k�m	��g=zX��k;�2gÐs.}�o;}�|	��glo	m;nÃ��m�|	m
�j��m�sÇ|Q}��l}�zXvhtjvhe�a

êÉ}h~�z;m	�;} b�öQacb�� �§o;}he�k	m���g=z;��k;�2g s.}�o;}�|	��glo	m;nj��m	|�m |Q}��½}�zXvhtjvheÇ¹ª ,., ¦ - /=£h©2mT��®@/hX	£
� }��8}8��z�� � i�����g��Ñk���� o]d"k����s/������u8�T}���}���}8��z��Ñ} �! q#" �! q#"s/t�umv�w����%$9x�z'&.}|w�}�~���� v�u�w���( )�*�*+)�,.-�/ )�*�*+)�,.-�/0 ���Ñ��z21�3
u419v )�)%{5-6)%{ )879/�{2:�:9-; t�umv�um��<.w�}%�=1�3
u419v�w�}%�>3
um����?���w�}

12.4m 11.5m; z���w�z@�8}
7.3m A 9m 10.5ms/t�umv�w���uB��z@?�w�z����%���x�z���z'C�u�w���( DE)ä�F� v G A -�/��F� v�mz.~�����3
u�w�w�HI&jv�3.��C�u�w���( DE)¯�F�ãvKJ d6�x�}%t�}8����}%�+�mz@3 )ä�F� vL¯z@��z.�Tu4�%t����

0.002m 0.06m − 0.10m

¿¨gl�=�½zX���l}����I�Xw;v�z;� Å glk	k;�2gÓeÛw	o;vhgl|	��g$Ç¹ª ,., ¦ - /=£h©=��v�w	�Q~�z;m	|Qvheh}�k;�íe
w;g Å }���k;v � mÎ�ÃzXgl|	��o;v�k	k;v � e�mPi�gha
ô¹g Å }���k;}��¡ehglo;njm��Àð ö��Oñ��l}�k	m � }hgl�çbO%���v � vhexi�v�|	� � glk	�l}��	m	mÉ��v�w	mPr

n=�2eh}h�º�·m�sân=vli�glo.ÂÍ}�k	m;gÛ|Pv�k;g Å k;��sxehglo;njm	´QÇ¹ª ,., ¦ - /=£h©Óm£��®@/�X	£��ós0}�r
o;}�|	��glo	m;nj��m	|	mçnjw	�8��k	m	|Q}��¨o;gjiX�8|	�	m;v�k	k;�2g¾w	o;v��;gjiX�8o;�I�¨}p�½}�|PÂÍgÇw;gjr
Å }���k	�Q�àehglo;njm;�ò|Q}��½}�zXvht�}�Ç¹ª ,., ¦ - /=£h©=aAdÜi�}�zX��k;gl´;y�g �u� �å~��½i�g � m;n�r
w;v�zX���lvheh}����pn=n=��z;|	mçk;}Ê�j��m � }���glo	m;}�zX�I��m;njw;v�zX���=������o;g=s0nj���8w;glk Å }�r
���Q�Ønj��o	�8|	���8o	�Ên=n=��z;|	m:að�¹}�w	o	m � gloÉ�:n=gl|	�	m��ãbha÷öQa&�Èv��=k;} Å }hgl�Ä��o;gl��m	´
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w;}�o;}htÃo;}hèäe���v�o;v�´Át�zX}heh�Ýw;glo;ehvhtjv·��v � }�aJÙzXgl|	��o;v�k	k;}���ehglo;njm��Ín=vhnj��v�m	��m	�Úy�g½nj��mÛ|Pv � w;}�|	�½r�iXm;nÃ|Pvhe��0n=vh~�o;}�kPr
k;��speÊb!�½r6´Ê��v � ð ö��Oñ?aðdåi�v�w;v�z;k;glk	m;g�|âw;g Å }���k;v�´âehglo;njm	mâ|P}��l}�zXvhtjvhe
�ÃzXgl|	��o;v�k	k;}��Ëehglo;njm��Ëe�|�zX� Å }hgl�Íw	o	m�zXv½ÂÍglk	m;gÓi;z	�¾i�ehv�´	k;��sÁmp|	o;}��½r
k;��sÌ�lehgl�Ãió�:|	o;vhn=n�r6mPi�glk���m	èIm	|P}��	m;�ØmÌi�v�w;v�z;k	m	��g=zX��k;�2g�è³}�´�zX�I�Én=v�r
i�glo.ÂÍ}h�·m;g·w	o;v � g=ÂÄ�8��v Å k;�2g�nj�l}�iXm	mâw;v�z;� Å glk	m��p}hnj��o;v � gl��o	m Å g½nj|	m�s
i�}�k	k;��sAaºï¹}��½}�zXvht�Ç¹ª ,., ¦ - /=£h©Ìo;}�� � g½��glkòeÜ~h}��lg�}hnj��o;v�k;v � m Å g½nj|	m�s
i�}�k	k;��sò'YRÓ å�6�§��o;}hn=~��8o;t½���§méeh�Òw	�Q��glk¡k;}�|Qv � w;}�|	�½r�iXm;nj|Qgpe���gl|Pr
nj��vhehv � �]+³ .' `I` ��è³v�o � }���gha
ñÓz	�Îo;}h~hv����òn{�ÃzXgl|	��o;v�k	k;v�´Êehglo;njm;gl´Ì|Q}��½}�zXvhtjvhe²~h��zXvÈeh�Òw	�Q��glk;v

njw;gl�	m;}�zX��k;vhgTm	�Ãi�}�k	m;gWk;}2|Qv � w;}�|	�½r�iXm;nj|Qgh�½k;}��l�2eh}hg � vhg¥'f¯½¢¤¯½©�«�ª¤¦¼ö�qhqhqPaJ§��v���iXm;nj|·n=vli�glo.ÂÄm	��i�}�k	k;�2g§|Q}��l}�zXvhtjvhe�Ç¹ª ,., ¦ - /=£h© ` ¬ , 6P«�'f¦�«�¦h¢¤£h­�6	¯h�Ç¹ª ,., ¦ - /=£h©Çmô��®@/hX	£çe � g½nj��gân=vunjw;gl�	m;}�zX��k;� � w	o;vhtÃo;} �T� k;� � vh~hg½n�r
w;g Å glk	m;g � �W�=k;} Å m	��g=zX��k;v�vh~�zXg½t Å }h�º�·m � m;njw;v�zX���lvheh}�k�m;gÌ|Q}��l}�zXvhtjvhe�a
ô³o;vhtÃo;} �T� k;vhgãvh~hg½njw;g Å glk	m;gão;}hn=n Å m	�l}�k;vék;}Üo;}h~hv����ÔeÜk;g½nj|Qv�zX��|	m�s
o;}��=k;��s¾ehglo;nÃm��8sË¶º� ¹�ªé/ - £h©�£�Ï�«*�Ôª¤¬.P	£O¢4©=a
�§�Q��g½nj��e��hgl�Òm	k;è³v�o � }��	m;v�k	k;�Ò´Ów;v�o	�½}�zÆ|Qvhn � m Å g½nj|Qv�´ � m;n=njm	m�Ç¹ª , r

, ¦ - /=£h© ] �l|Qv���v�o;�Ò´¹w;vli	i�glo.ÂÄm;eh}hgl��n���áÀe�o;v�w;gl´;nj|	m � |Qvhn � m Å g½nj|	m � }htjgjr
k	��nj��ehv � � c  @+³��aPï³o;v � g¼vhnjk;vhe�k;��sÍo;gl�=�±zX�±�l}���vhe � m;n=njm	mÉ�Qn=}�´	�¹njv½i�gloPr
ÂÄm	�²n=n=��z;|	mâk;}Çn=} � �2gÍeh}�ÂÄk;�2g·mÊ��gl|	�Q�·m;gÍw	�Q~�z	m	|P}��	m	mÉ�:w;v�z;� Å glkPr
k;�2gfw;v � }���glo	m;}�zX} � |Q}��l}�zXvhtjvhejÇ¹ª ,., ¦ - /j£h©ÀmH��®@/hX	£���}¼�l}�|�ÂÍgfk;}±� Å k;v�r
w;v�w	�±z	�Qo	k	�Q� Å }hnj����a

ë
ù@í2ë í2ë ï�þ;ü��H��ýj<�� <��H<!>�û!��û!=�M:ÏMÒ Ò¦ÛÖå�ó â ç¹þ ìIN óKO â
ô¹v�zXv½Â�glk	m���mÈn=vh~hnj��ehglk	k;�2g2i�e�m�Â�glk	m��Í�=ehgl�ÃiÇeÓ|Q}��l}�zXvht�}�sHÇ¹ª ,., ¦ - r/=£h©²m ��®@/hX	£ãw	o	m;ehvli;�Q��n��Üe�èI�8kPi�} � glk	�l}�zX��k;v�´énjm;nj��g � g ` ' [  å� ` ¬Qr

«�¯ - ¬	¦�«�ª¤£h¬	¦h¢Ë'f¯½¢¤¯½©�«�ª¤¦h¢ [ ¯0Ï-¯ - ¯½¬./=¯Á 8®Q©�«�¯±°²���õo;g½}�z;m	�lvheh}�k	k;v�´ãeËk;}hnj��v½�.r
��g½gÊe�o;g � �ÜnÌw;v � vh���h� |Q}��½}�zXvht�}�e�k;g½t�}�zX}�|	��m Å g½nj|	m�s¡o;}�iXm;v�m;nj��v Å r
k	m	|Qvhe ` ' [�� � ` ¬0«�¯ - ¬	¦�«�ª¤£h¬	¦h¢Â'f¯½¢¤¯½©�«�ª¤¦h¢ [ ¯0Ï-¯ - ¯½¬./=¯ � - ¦0°Í¯���a�dfnÃzXgji�nj��e�m;g
��vhtjv�� Å ��v{e�k;g½t�}�zX}�|	��m Å g½nj|	m;g¼m;nj��v Å k	m	|	mâ��|;eh}��l}�o;�¼�T~h��z;m²k;gji�vhnj���8wPr
k;�Þw	o.� � v � �Çk;}h~�zX��i�glk	m;�àk;}²}�w	w;}�o;}���g�Ç¹ª ,., ¦ - /=£h©·���l}²m;nj|�zX� Å glk	mPr
g � �V'Ôö �
�.����w	o	m;y{zXvhn=��m;njw;v�zX���lvheh}����Ík;g½nj|Qv�zX��|QvÍw	o.� � ��sÐmÁ|Qvhn=ehglkPr
k;��s � gl��vli�vhe�� Å ��vh~h�æn=e��Q�l}����Çw	o;gji�eh}�o	m	��g=zX��k	�Q�Ønjm;nÃ��g � �Ì|Q}��l}�zXvht�}Ç¹ª ,., ¦ - /=£h©:/ ` ' [�� ð"��ñ?a��ÙzXgjiX�hgl�Òv�� � gl��m	����� Å ��vÒi�vhnj��m;tÃk	�8�l}��³��v Å k;vhnj���
w	o	m;e��Q�=|	m�vhn=gl´x|Qvhv�o0iXm	k;}��Ðnjm;nj��g � � v���n Å gl�l}¾|P}��l}�zXvht�}#Ç¹ª ,., ¦ - /=£h©¹|
NQPKR'R DTSIC�C�UWV R�XZY :�[\V R [\]P:�[\V4U�:_^,G C�`	aOD,DbU X ] Y V±C P aOD,DbU X ] Y V : PKRZc G
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vhn�� � ` ' [�� v��;glk	m;eh}hgl��n���ehg=z;m Å m	k;v�´¡qPa&% � n�i�w;vxehn=g � ��o;g � �QtNzX} �
w;vhehv�o;v��l}xméehg=z;m Å m	k;v�´éqPa÷ö�� � nNi\)�tjvliéw;v�ehn=g � ��o;g � |Qv � w;v�k;glk	�½} �
ehgl|	��v�o;}Ívhnj�l}���v Å k;vhtjvÍe��l}�m � k;vhtjvÍe�o;}h��glk	m��Äi�e��.s¾njm;nj��g � v���n Å gl�l}�a
ñ{vÄw;v�zXgl�l}²njw	�8��k	m	|Q}ÌÇ¹ª ,., ¦ - /=£h©¼w	o;}�|	��m	|Q}Äw;vhnj��o;vhglk	m��Î}hnj��o;v � gl�½r

o	m Å g½nj|	m�s�|Q}��½}�zXvhtjvhe�w;v�zXv½Â�glk	m	´Ümén=vh~hnj��ehglk	k;��sui�e�m�Â�glk	m	´Ü�lehgl�Ãi
w	o	m	k	�	m	w	m;}�zX��k	vÜvhnjk	vheh�4eh}�z;}hn=��k;}ed�fFgih\j	fFkml6n6o�p@j v�w	o#qjiBq=zBqlk	m	mÞnjmPr
nj�mq � �åv���n Å ql�½}ÍmË~h}��=m	o;vsrh}�zX}hn=��k;}Û�hnj�l}�k;vsr�zBqlk	m	mÎw;v�zXv½Â
qlk	m	´Ánjo#qji	r
k#ql´��j|#rh}���v�o	m;}�zX��k;v�´�w�zXvhnj|Qvhnj��mé��w;vhnÃzBq²m;nj|�zX� Å qlk	m��âm	�tr�o;}h�uqlk	m��
Õ q � z;mÈk��8�½}��	m;v�k	k;��s Å zBqlk;vsr8�¨mÈw�zXvhnj|Qvhnj��mÇ�Ã|�z;m	w	��m	|	m5vX¶�iXk;}Óm	�º��v�r
Å ql|çw#qlo#q½nwq Å qlk	m��u�j��m�s»w�zXvhnj|Qvhnj�mql´»i�}sql�pnjo#qjiXk;�º� ��v Å |	�xrsq½nwqlk	k#qjr
tjv¾o;}sr�k;vli8qlk;nj�mr�m��A�ó|Qv���v�o;}��ânÃz;�.ÂÄm	�Ðk	�±zX��r6w	�8k	|	��v � rÎv���n Å ql�mqÄw	o.�.r
� vhtjvyrhvhn�s.v½ÂÍi8qlk	m��zvÈJ§��mçi8rsqÎw�zXvhnj|Qvhnj��m¡k#qÎ�{r�z	�P�¼��n��çm	k#qlo	�	m;}�zX��r
k;v·k#qlw;vli8r�m�ÂÄk;� � mÉ��} � qji;zBqlk	k;v·w#qlo#q � q½��}h�¼��n��|rhnÃzBqji�nj�mr�m#q�z;�8k	k;v�r
n=v�z;k#q Å k;v�´�m�w�z;}�k#ql��k;v�´�w	o#ql�#q½n=njm	m5v¨ñÓz	�u��vhtjv Å ��vh~h� �l}hèIm	|Pnjm	o;v�r
rh}����Ònjm;nj�mq � �Iv���n Å ql�l}¹�
n�i8q=zX}�����q}qTm	k#qlo	�	m;}�zX��k;v�´����lk#q½vh~½s.vliXm � vÒv�w	o#qjr
i8q=z;m	���²k#ql|Pv���v�o	�Q�ài�}����

E
�Ak;}È|Qv���v�o	�Q� ·��l} � v�o;v��=m	���.¸Èw;v�zXv½Âuqlk	m#q

èI�8kPi�} � qlk	�l}�zX��k;��sÐw�zXvhnj|Qvhnj�mql´É�XmÎn³�j��vhtjv � v � qlk	�l}��0nj�l}�k;vsr�m	���Ûvhnjm
k#q½~sq½njk;v�´Înjm;nj�mq � �í|Qvhv�o.iXm	k;}��wv8~Ý�mqlo � m	k;v�zXvhtÃm	mÁ|�zX}hn=njm Å q½nj|Qv�´Ì}hnj�½r
o;v � ql��o	m	m¾�jw;v½s0} E v�w	o#qji8q=z	�8zX}·o;}sr�k;v½iBqlk;nj�mr�m#qImÁ�j|#rh}���v�oÇ|P}��l}�zXvht�}
��k;}�w	o	m � qloÉ� M ö�qhqhq.��v�ô³o#q½vh~�o;}��lvsrh}�k	m#qÊ|Qvhv�o0iXm	k;}�� � q=ÂÍiX�¡njm;nj�mq � }�r
� mÝo;}��=k;��sÜo;}sr�k;v½i8qlk	nj�mr�m	´

E1
m
E2

rh�Òo;}�Â�}sql��n���r�w;v�w	o;}sr�|P}�s¡|
w;v�zXv½Âuqlk	m�� � ��rsql�Ãió�zrh�Ò��rh}�k	k;��sÁk;}�|Qv�w�zBqlk	m#q � i8ql´;nj�mr�m��Áw	o#ql�#q½n=njm	m
� q=ÂÍiX�Ëi8r�� � ���j��m � mxi�}��l} � m5vSJ§��v��¾w	o;v��#q½njnÄ�l}sr�m;njm	�Áv��Çw	o	m	k��Q��v�´
iXm	k;} � m Å q½nj|Qv�´x�mq½v�o	m	mxw	o#ql�#q½n=njm	m�mxw;v�z;� Å }sq � v�´x� � w	m	o	m Å q½nj|	m�w;v�r
nj��v½�Qk	k;v�´Ìw	o#ql�#q½n=njm	mpmÁiXo	�QtÃm�sÁ|Pv�k;nj�l}�k	�Í�mq½v�o	m	m5v�~ånwr��Q�=mÊnÓw	o	m	k��.r
��m#q � ` ' [  ��zr²|Qv���v�o;v�´Ìv�o	m#qlk	�½}��	m��Ávhnwql´Ì�l}hèIm	|Qnjm	o;vsrh}�k;}²o;}��ÆmÌk;}�r
rhnwq½t�i�}��.njo#qjiXk��8�Û�j|#rh}���v�o	m;}�zX��k;}���w�zXvhnj|Qvhnj���Óm²�j|�z;m	w	��m	|Q}Ów;v��mqlo.�8z;m
nwrhvsqºèI�8kPi�} � qlk	�l}�zX��k;vsq¼�=k;} Å qlk	m#q¼|Q}�|Ðvhnjk;vsrh�Ünjm;nj�mq � �Üv���n Å ql�½}�vQô¹v
�j��v�´Çw	o	m Å m	k#q³v���w;}�i�}sql�Ók#q½vh~½s0v½iXm � vhnj����r·�8|Q}��l}�k	m	mÁ�jw;v½sQmÁnjm;nj�mq � �
|Q}��l}�zXvht�}���s.v��j�·k	�±z;��r#w��8k	|	��v���n Å ql�½}Iw	o.� � ��surhvhn�s0v±ÂÍi8qlk	m	´�|P}��l}�zXvht�}` ' [�� è³v�o � }�zX��k;v·~�z;m	�lv�|Ç|Çw;v�zXv±Âuqlk	m;�ÝiXm	k;} � m Å q½nj|Qvhtjv{o;}sr�k;vli8qlkPr
nj�mr�m��Ç�jw;v±sQm M ö�qhqhq{v
ô³o	m·n=v�w;vhnj�l}sr�zBqlk	m	m{|Q}��½}�zXvhtjvsraÇ¹ª ,., ¦ - /=£h© mH��®@/hX	£j/Ù|�zX}hn=njm Å q½nj|	mPr

� mÈ}hnj��o;v � ql��o	m Å q½nj|	m � m²|Q}��½}�zXvht�} � m²nÃzBqjiX�sql�¹w	o�m	k��Q����rhv�r�k	m � }�k	m#q
nÃzBqjiX�Q�º�·m#q¹vh~hnj��v±�Q�mq=zX�hnj�mrh}�v
� v½i;k;v�´ínj��v�o;v�k;�I� � v½ÂÄk;vçn Å m	�l}������ Å ��vç|Q}��½}�zXvhtÃmôÇ¹ª ,., ¦ - /=£h©Ám��®@/�X	£2�{r�z	�P�¼��n��Iw#qlo#rh� � m³y·m	o;v�|Qv � }hn=y·�½}h~�k;� � m�o#q½}�z;m	�l}��	m�� � m ` ' [  
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r¹v�w	��m Å q½nj|Qv � iXm;}�w;}��lv�k#qh�0n�iXo	�Qtjv�´Änj��v�o;v�k;�I�0m�s � v½ÂÄk;v³o;}hn=n � }���o�mPr
rh}����Î|Q}�|ão;}hn=y·m	o#qlk	m#q²mã�½z;� Å yuqlk	m#qÐnjm;nj�mq � � �:¿ � M ö�qhqhqÁn²n=v½sQo;}�r
k#qlk	m#q � t�zXvh~h}�zX��k;v�´âv�o	m#qlk	�½}��	m	mx�j��v�´�njm;nj�mq � �I�ðk;vÁ~sql�Í�lv�k;}�zX��k;��s
njm;nj�mq � }���m Å q½nj|	m�sÍvhy·m;~hv�|5v��¹v³nÃzBqjiX�sql��q½�uq2o;}��Òw;v½i Å qlo�|	k	�8����� Å ��vIm
|Q}��½}�zXvht*Ç¹ª ,., ¦ - /=£h©=�.m²|Q}��½}�zXvht*�À®@/�X	£Æw	o	m#r��Q�l}�k;�¡k#qÚ|Ènjm;nj�mq � q �:¿ �Q�
}Í|Înjm	nj�mq � q ` ' [�� v
êÉv��uè³}�|	�=� Å ��v¡w;v�zXv½Â
qlk	m��Ý��rsql�Ãià|Q}��½}�zXvhtjvsr � m�/=njm	mÁÇ¹ª ,., ¦ - /=£h©

w	o	m#rsqji8qlk;��rÎnjm;nj�mq � q ` ' [  ��õv��=k;} Å }sql�=� Å ��vËv�k�m�k#qlw	o;v���m#rhv�o#q Å m#rh�
w;vºv���k;vhyuqlk	m;�u|·n=vsr�o#q � qlk	k;v�´�r�k#q½t�}�zX}�|	��m Å q½nj|Qv�´{o;}�iXm;vhnjm;nj�mq � qf|Qv�r
v�o0iXm	k;}��wvQñÓz	�Ðn=vh~hnj�mrsqlk	k;��sÄi8r�m�Âuqlk	m	´¾�j��vÍv��=k	} Å }sql�=� Å ��vÍv�k	mÇw;v�|Q}�r
�l��rh}h�¼�Ç�Qt�zXvsrh��q²nj|Pv�o;vhnj��mã��rsql�Ãi»w;vËv���k;vhyuqlk	m;�×|�z;� Å yuql´�k;}Ìnwqjr
tjvliXk��Py·k	m	´Çi8qlk;��o#q½}�z;m	�l}��	m	mÁm	k#qlo	�	m;}�zX��k;v�´Ánjm;nj�mq � �åv���n Å ql�½}Î���wv�qsv
k#q�r�o;}h��}h�º�uql´;n��Èw;vÍv���k;vhyuqlk	m;�Þ|Á�½i�}�zBqlk	k;� � t�}�z;}�|	��m	|P} � ��v
êÉ}�|Ó|P}�|Æw;}�o;}�z	zX}�|Qn=�ã��rsql�Ãi�w	v�z;� Å qlk;�ãm;nj|�zX� Å m	�mq=zX��k;v�rÚw	o;v��#q½n=nwq

vh~�o;}h~hv���|	mÇi�}�k	k;��sÇ|Qvhn � m Å q½nj|QvhtjvÄ}�w	w;}�o;}��l}��;k	}�w	o;}sr�zBqlk	m��Çk;}Û�wrsql�Ãr
i��I��w	o#qji�nj�½}sr�zBqlk	k;��qÒw	o8� � � � rhvhn�s.v½ÂÍi8qlk	m#q � mÛnj|�zXv�k#qlk	m#q � k;}³�jw;v�r
sQ�»|Q}��½}�zXvht�}

T0 = J1991.25
�¨�{r�z	�P�¼��n��çnj��o;vhtjv�~h}�o	m	�#qlk	��o	m Å q½nj|	mPr

� m5v�~ w	o#qji�yuq½nj�mr��Q�º�·m�sç}hnj��o;v � ql��o	m Å q½nj|	m�sç|Q}��½}�zXvht�}�suk#q½v�w	o#qji8qjr
zBqlk	k;vhnj������rh�Ò��rh}�k	k;}��uw;}�o;}�z	zX}�|	��m Å q½nj|	m � n � q½�uqlk	m#q � �Ww	o;v�k	m	|Q}�zX}
rÛv�|Qv�k Å }��mq=zX��k;��q³|Qvhv�o0iXm	k;}����Ô��rsql�ÃiË|Q}��½}�zXvht�}�v
~ ��v�r�o#q � �ã|Q}�|�n=vh~hnj�mrsqlk	k;��qÐi8r�m�Âuqlk	m�����rsql��ió�Tw;v�z;� Å qlk	k;��q¾m	�

k;}���q � k;��suk;}h~�zX�fi8qlk	m	´É�T��o;}�iXm	�	m;v�k	k;v�v�w	o#qji8q=z	�8z;m;n=��k;}xo;}��=k;vhnj��m
�jw;v½sâv��¾ö�q²i�v¤��qÐzBql�=�ðn=vh~hnj�mrsqlk	k;��q�i8r�m�Âuqlk	m��Ì|P}��l}�zXvht�}#Ç¹ª ,., ¦ - /=£h©
v�w	o#qji8q=zBqlk;�øk;}
r�o#q � qlk	k;v � ~h}��=m;nwq�rhnwq½tjvur�k#q½nj|Qv�zX��|Qv·zBql�wv:·��¹}���q � r
k;��q ¸un=vh~hnj�mrsqlk	k;��qpi8r�m�Âuqlk	m���i�}h�¼�ãnjo#qjiXk#q}qâ�=k;} Å qlk	m�qÊi8r�m�Âuqlk	m��
��rsql�Ãi��æ�l}Çw#qlo	m;vlixk#q½nj|Pv�zX��|Qv²i8ql|P}�ió�:}¾n=vh~hnj�mrsqlk	k;��q{i8r�m�Âuqlk	m��Ì|Q}�r
�l}�zXvht�}#Ç¹ª ,., ¦ - /j£h© � v½ÂÄk;vÐk;}���rh}����¾w;v Å ��m � tÃk;vsrsqlk	k;� � m5v Õ i8q½n=�¾k#ql�
k	m	|Q}�|PvhtjvÆw	o;v���m#rhv�o#q Å m��Íi�v{�mq=s²w;v�oÉ�Qw;v�|Q} � �ém � q}q � i8q=zXv·nºo;}sr�k;v�r
� qlo	k;v2i8r�m�ÂÄ�Q�uql´;n��¹��rsql�Ãi�v�´É��w;v¼|	o;}�´	k#ql´ � qlo#qh��vliXm	k;v Å k;v�´5vh¶�iXk;}�|Qv
� k;vhtjv�r�mPiXm � ��s·vliXm	k;v Å k;��s{��rsql�ÃiÛ�{r�z	�P�¼��n��urIo#q½}�zX��k;vhnj��m{i8rhv�´	k;�fr
� mãm�i8r�m�Âuqlk	m#q²|Pv � w	v�k#qlk	�¾m�z;m�è³v���v��#qlk	��o;}Ái8rhv�´	k;v�´���rsql�Ãi�� � v�r
Âuql�4~h�Ò����r¼�=k;} Å m	�mq=zX��k;v�´ � qlo#q§k#qlo;}sr�k;v � qlo	k;� � v=ñÓz	�¹�½}�|	m�sÓvh~�ó5ql|Pr
��vsr � v±Âuql�fk;}h~�zX�fi�}����hn��I�=k;} Å m	�mq=zX��k;vsqWo;}��=k;vht�zX}hnjm#q � q=ÂÍiX��·�k;}���q � r
k;� � m ¸�m ·�|Qvhn � m Å q½nj|	m � m ¸�n=vh~hnj�mrsqlk	k	� � m¡iBr�m�Â
qlk	m�� � mÉ�Ù|Qv���v�o;��q
k#q=zX���j�¡w	o	m	w	m;n=}����»nÃz;� Å }�´	k;� � vhy·m;~�|Q} � m�z;møo;}��jk;vhnj�=� � m � q=ÂÍiX�
èI�8kPi�} � qlk	�l}�zX��k;� � mÎnjm;nj�mq � } � m5v
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ë
ù@í2ë íúù � þ�û
�0	;û���� <���<!>�û!�
~æw	o;v��#q}�w�wq|rh�Òw;v�z#�#q��������;}h~�zX����}��mq=zX�i�;v�´xw��;vht��;} �T� ���;}Î}�w	w;}m�

�;}��mqt�#�jw;v�zX���lvsrh}�zB���mÇ¹ª ,., ¦ - /=£h© ` ¬ , 6P«�'f¦�«�¦h¢¤£h­�6	¯p�]Ç ` '2��Ñ�~��.v��B�;v�´
|Q}��l}�zXvs� � �#�w�K��� Ç¹ª ,., ¦ - /=£h©wv2¶����=v��8q��8Â�}�z��jw��#�=v�|é��rsql�����évh~�ó5ql|{�
��vsrã�fv�z#��q Å �;v�´��K�#�j�mq � �I���=vs�j�l}sri�#rhy����»w;v��B�;vh~i�	�Q� �;}h~�zX����}��mq=zX�m�
�	�Q� w��;vs���;} �T� �ivÈJ§��v��â|Q}��l}�zXvs�¾w��#qK�8�j�l}sr�z	�{ql�y�=vh~hv�´¡|Pv � w���z	�Q���	�
�;}���q � �;������}i���;���Û}s�j�b�;v � ql�b��� Å q}�j|Pvs�jv��È}s�j�b�;vhè��	�w� Å q}�j|Pvs�jv��.}i�;}�|{�
�mq��;}����#q½vh~}�0v}�B� � �����;z	�Ìè³vi� � �±z#���;vsrh}i����� �¡rh�Òw;v�z#�#q������ �;}±� Å �;v�´
w��;vs���;} �T� ��v
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; <�ý��
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;;û!=

ï¹}�Â
��}��Á�l}�w��#�=�p�����;è³vi� � }������Îv²��rsql���8q��Ò|Q}��½}�zXvs��}öÇ ` 'Ôw��#qK�8rh}m�
�.�{ql�m�����;v � q��;v � v�êÉ}¼Â
q��	� � q��;}������¢�j�b�;vs�jv��=v}�£�;}i�#q��;}�rIè����;}�zX�i�;v �
|Q}��l}�zXvs�Kqh��w;vh�j��v � �E�;v � q��;}���rsql���²w;v�|P}��l}�zXvs�Ã��Ç¹ª ,., ¦ - /=£h©	�=vsr�w;}m��}h�¼�
��Ç ` '�v;ñÓz	�¤�;}�� � q½�uq������¥�B�	�£�����¦��}i���;���ÎvÄ��rsql���8q{�l}�w��#�=�§�8q=z#�	�m���
�;}Úw;v�z	�zv0¶2w��#�=}i���#q�rs�wqw�����Òw;v�zBql´{|Q}��l}�zXvs��}aÇ¹ª ,., ¦ - /=£h© � v½Â¨�;v©�;}�´	�b�
rÍôª����zXv±Âuq������3+«r3ð­¬¯®�ñ�v
¶©�K�;vsri�;��q²}s�j�b�;v � ql�b��� Å q}�j|��#q§��}i���;��qh�=�=v}�8q��.Â�}h���#q}����rÁ|P}��l}�zXvm�

��}F��Ç¹ª ,., ¦ - /=£h©ª�m��®@/hX�£��=�=vs�j��v±�Q�|�	�Íw;v�zXv½Âuq����	´É�5�=vh~s�j�mrsq����;��� �8ri�{�
Âuq����	´��¹�b���#�jvi�;v � ql�b��� Å q}�j|�����w;}i�;}�z	zX}�|£�=vsr2��rsql���=vOÇ¹ª ,., ¦ - /=£h©ÉÑ¼w#q��{�
rh�Ò´¨r � ���#q4|P}��l}�zXvs���T�=v}�8q��.Â�}h���	´§���{�B�#ri�{�X�h}�zX�i�;��q�rh���=v�|Qv���v Å �;��q
w;}i�;}�z	zX}�|£�=� ���=vh~s�j�mrsq����;��q¥�8ri��Âuq������°�;z	�±rs�wqw����rsql���ó�	r�|�zX� Å q��{�
�;���¦r
�;}h~�zX����}��mq=zX�i�	�Q�íw��;vs���;} �T� �iv
�§�½}i�{��}i�	�b�;}��Ë}s�j�b�;v � ql�b��� Å q}�j|P}�� � v��8q=zX�¨�;z��pv��B���;v Å �;v�´p��rsql�����

�4� � v$ð ö��Oñ?�©�wql|	�����²¬sv÷ö£v&�.�Äw��#qK�Xw;v�zX}s��}sql�ãw��.� � v�z#���#ql´��;vsq��8ri��Âuq����#q
��rsql����� v��b�;vs�K�	�mq=zX�i�;v�~h}i���	�#q��	�b�;}ç�fv�z#�#q Å �;v�´��K�#�j�mq � ��v�ô¹vh�j��v � �
�;z	�Ëv�w��#�=}i�����Îw;v�zXv±Âuq������¤� �8ri��Âuq������Î��rsql�����³�;}|�#ql|Qv���vi�	�Q� �jw;vm�
�Q�

T0
�#�jw;v�zX���=�Q�¼�m���¤�ÃzBqK�X�Q�º���#qÓyuq}�j����w;}i�;} � ql�b�;vsrB�

• ~h}i���	�#q��	�b��� Å q}�j|��#q{|Qvhvi�T�B���;}����´�	}�w��;}sr�zBq������¤�;}Ä��rsql���X�ÐÑÇw��.�µ�
� vsq¢rhvs�\�0v±Â
�8q����#q α ���j|�zXvi�#q����#q

δ
ÊzrÄ|Q}��l}�zXvs�KqEqK�B�����	�;�´�	� � qK�

�#q������¾�Ã�m�{��rsq=z#� Å ���ÇÑ|���	}m�X�T�=�¶�¤���t�8q}���Q�b� Å �;��qª��v�z#��Ê
• �jv}�B� Å �;�Ò´·w;}i�;}�z	zX}�|£� π �4r�|Q}��l}�zXvs�Kq·qK�B�����	�;}¸�	� � q��#q������¹Ñ � �\��Ñ�£��zXvsrh}�� � ��z	z#�#�wql|	�I�{�X}8��Ê5����vs�j�l}���v Å �;v�´p��v Å �;vs�j���h� � v±Â¨�;v²w;vm�
zX}s��}������ Å ��v 1000π−1 ��}sql�¢�;}s�K�j��v±�£���#qª��v���rsql�����erÍw;}i�#�wql|Q}F��Ê
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• �=vh~s�j�mrsq����;��q��8ri��Âuq������ µα cos δ
�
µδ
rÚ�£�NzXvsrh��� � ��z	z#�#�wql|	�I�{��}F�

�l}Û�Úz#�;}i�#�j|���´¹�jv}�ã� � �+�\)m�jv}�:��Ê
• z;� Å q}rh}��¦�j|Qvi�;vs�j���Î��| � )m�±��v
µ¹� Å q}rh��q¢�j|Pvi�	vs�j�b�Êvh~h� Å �;v²w;v�z;� Å }h�¼�F���¹�	�¢�jw#ql|	�b�;vs�j|Qv�w�� Å q}�j|����

�;}h~�zX���8q����	´5vðï �=v±Â�}�zBq����;�Æ�2�;}Á~hvi�	���Ì}�w	w;}i�;}��½}Ç�l}�|��#q
�	� � q��#q������
�#q|rsq=z#�#�=��vÀ¶©�j�l}srhy��#q}���x}s�j�b�;v � ql�b��� Å q}�j|��#q²w;}i�;} � ql�b�;�I�ó�l}�|º�;}��l���
rh}sq � ��ql·�w��Q����}s�j�b�;v � ql�b��� Å q}�j|����»w;}i�;} � ql�b�;vsr.¸±�Tv�w��#qK�8q=z	�8z#�#�=�y�	�
}i�;}�z#�	�l}º�;}h~�zX���8q����	´��jw	�8�b���	|Q}£Ç ` �Ù�\+ [ ' ³  »����}i�;� w;v Å �b���;z	�
rs�wqw�Ð��rsql���Ì|Q}��l}�zXvs��}Á�9¬s¬!��® ���0��v
ñÓz	��~hv�zX�hy����#�j�mrh}p��rsql���ó�¼r�|�zX� Å }��°��}�ÂuqÇ|Qv � w;vi�#q��	���×|��;}��b�;���

�K�#�j�mq � � � v��8q=zX�xw��Q�b�Üw;}i�;} � ql�b�;vsrxv�|Q}��l}�zX}s�=�ºr�w;v�z#�#qË}m�8ql|#rh}��b�;v�´5v
¶��B�;}�|Qv©�;z	���#q}�Ã|Pv�zX��|����¹������� Å ��rsql�����½}�|Q}����j�½}i�{��}i�	�b�;}�� � v}�8q=zX�½�#q
��}sql�½��vs�j�l}���v Å �;v��0vi�;vhyuq}�jvIw����;~�z#��Âuq������·|§�;}h~�zX���8q������ � vµ~�q��;v½�Q�}�
�;v��8�j��v��8rhv�´��;��qÚ��rsql���X�³�.�·|Pv���vi�;���Íè³v���v��#q��	�b�²v�w��#�=��rh}sql��|����#r��Q�
�b�;}sql|	��vi���;�e�;}��#q½~sq}�K�;v�´��=èªq��#qh��rh�Ò��rh}i���	�Q�Þvi�;~i�	�l}�zX�i�;� � �8ri��Â
qK�
���#q � |Qv � w;vi�#q��	��v��b�;vs�K�	�mq=zX�i�;vçvh~h�uq}�jv��#q��	�b�;} � }s�w�Fv�ñÓz	�ø�l}�|����·�}s�j�b�;v � ql�b��� Å q}�j|����»�8rhv�´��;���4¸¾�j�l}i�{��}i�	�b�;}�� � v}�8q=zX���b�#q½~��sql�°rsrsqK�
�8q������t��v�w;v�z#���	�mq=zX�i�;���Èw;}i�;} � ql�b�;vsr�� Å ��vh~h����vh~i�	���s���Èz;� Å yuq}�jv
�=vm�
�NzX}s�K�������;}h~�zX���8q������ � �5vm~x~hv�zX�hy����#�j�mrsq��Ãz;� Å }sq}r©�0vi�;vhyuq}q§� � w������{�
Å q}�j|Qvsqt�=vsr�w;}m�8q����#q²~h��zXvÁw;v�z;� Å q��;vÁw	�8�mq � r�|�zX� Å q������âv��B�;vs�jv¤��z#�
�8r��µ� Å zBq��;vsr��.�µ��}Ëê5ql´�zXvi�;}�r¤�;}��jzXv½Âuq������°rh}i���;}�������~h}i���	�#q��	�b���{�
Å q}�j|Qvs�jvu�;}�w��;}sr�zBq������|�;}Í��rsql���X�Èw;v
�j�mqlw#q���� � ri�#q � q����5v#~��#q}�j|Qv�zX�m�
|����º�=v��b���I�º�Ãz;� Å }sq}r �»�j��vs�jvËv�|P}��l}�zXvs�=� �#qK��vs�j�l}���v Å �;v�vðñÓz	���l}�|����
��rsql���Ý~h��zX}�w���� � q��#q��;}�|£qlw�zBq��;vsrs�j|Q}�� � v��8q=zX��vi�;~i�	�l}�zX�i�;vs�jv¡�8ri�{�
Âuq������Ûè³v���v��#q��	�b�;}²�����;vs�6��}Ó~h}��w���	�Q�º��}��{���
�;}��;}���q � �;������}i���;���;��v
êÉ}�|��#q��#q½yuq���������}i�;�¿rÐôª����zXv½Â
q������ �8rhv�´��;���¹�Ê|��;}��b�;�����K�#�j�mq �
��ð ö��Oñ?�	��v � ¬¯À.��v
ñÓz	���;}h~sÁ���� �Ê|Q}��l}�zBÁs�KÁ � Ç¹ª ,., ¦ - /=£h©��#�KÂ#Á�zX���=�sql�m���Ôy·|Q}�zX}±ri�#qK�

� q����Å�¥� �õ�:¯ -z- ¯½©�« - ª¤¦h¢��Ùªc°Í¯��Î�4� � v�ð ö��Oñ?���wql|	�����Ã¬sv÷ö£v&�.��v§ô�Á�zBÁ½Âuq������
��rsql���e�Ä�����wÁh~s�j�mrsq����;��q��8ri��Âuq���������}i�;� �;}»Á��B�	��Áh~h�·�Q� �KÂ#Á¯�Q�
T0 = J 1991.25

���#q�Â	�8�l}����¨�³èI�I�{��} � q��	�l}�zX�i�#Á�´Á�KÂ#Á¯�TÁ�´ Ï ��v
~ ` ' [   � Á½Â¨�#Á¨rh�2~i�;}����§� �#�KÂ#Á�zX����Ásrh}����²�j|#rh}��mÁi���;}�zX�i�;��qÓ|£ÁsÁi�{�

�B���;}����eÂ��8� � ÁsqErsÁs�\�TÁ±Â
�8q����#q α � �j|�zBÁi�#q����#q
δ
v:��Áh~s�j�mrsq����;��qª�8ri�{�

Âuq������Ð��rsql���Î�{r�z	�P�¼�m�����j|£Ái�#Ás�j�j� � �¹�	� � q��#q������¥���Ç|£ÁsÁi�T�B���;}��7�
µα =

dα

dt
, µδ =

dδ

dt
. u]xz{Ow&xzy

ô�Á³�b�;}m�B�	�����É�µrh�Ò��rh}i���#Á�´Û�}�8Áh~s�j�mrsÁ � �#�KÂ#Á�zX����Ásrh}i���P�u�t�K�;}sri�#q����P�
�
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µδ
�µr � q}�j�mÁ�rsq=z#� Å ���;� µα ���KÂ#Á�zX���=�Q�¼���#Ái� � ���#Ásrh}i���	�Q�Ü|²~sÁ�zX�hyuÁ � �

|��	�£�Ã�¥rsq=z#� Å ���	� µα∗

�
µα∗ ≡ µα cos δ, u]xz{Ow|{
y|£Á��mÁi�;}��¢�uÂ����#rsqK�8q��;}��
r³�ÃzBql|	�b�#Ái���#Á�´:�s�
r�Â#q Å }��b�#Á�´
rsq��#�K���I�{|Q}��½}m�

zBÁs�KÁsr�vAï Â���� � q��	���2rÐ�j�b����Áh~sÁ��w�	} Å q������I�¹Â#Á�z#�#Ásqu�wÁh~s�j�mrsq����#ÁsqE�8ri�{�
Âuq����#q³��rsql�����erh�·�;}�ÂÍ}sql�m���ÇèªÁi� � �±zBÁ�´

µ =
√

µ2
α∗ + µ2

δ, u]xz{Ow���y
}�Â#Á��w�	���#Ái���;�Ò´Ä�£�KÁ�z

θ
�wÁh~s�j�mrsq����#Ás�KÁ¸�8ri��Â
q�������ÁiÂ��#qK�8q=z	�{ql�m���ÍèªÁi�{�

� �½zX} � �

µα∗ = µ sin θ, µδ = µ cos θ. u]xz{Ow��0y
¶2� � ql�b� � � Å �mÁªr�z��	�mq��;}����I�#q � Á½Â¨�#Á�rs�j�b�#ql�b�	�����;}iÂ��#�=}i���#q�Ñ µα cos δ��z#�º��}�Âuq

µ cos δ
�Ær Â#Ás�ÃzBqK�B�#q � �Ãz;� Å }sq��wÁh~s�j�mrsq����#Ásqt�8ri��Âuq����#q|Â#Á

�j|�zBÁi�#q����;�³Áh~sÁ��w�;} Å }h�¼� Å q��#ql� µ′ v
�§�½}i�{��}i�	�b�;��q¦Áhy��;~�|��±r�Â#Á�zBÁ±Âuq������xÂ#Á�Â��8� � Á � �ºrsÁs���TÁ½Â
�8q����;�

�l}�|�Âuq�Â����#rsqK�8q��;� |Ô~sÁ�zX�hyuÁ � ��|��	�£�Ã� � �#Á±Â¨�	�mq=zBq � cos δ
�
σα∗ ≡

σα cos δ
vÀêÉ}�|�� � Áh~i�;}��wÁ � �%Â#Á�z#�;}��ºÁhy��;~�|Q} Â#Á�zBÁ½Âuq������x��rsql����� rh���

�;}�Â�}sql�m���ÇèªÁi� � �±zBÁ�´

σ =
√

σ2
α∗ + σ2

δ , u]xz{Ow|�
yÂ���� Å q � σα∗

�#q¥� � q}ql�¤�K�#�j�mq � }��b� Å q}�j|£Ás�KÁ �µÁ���}�Â#Á��j|�zBÁi��q����;�EvÀ�¹}m�
Â���� � q��É��q0}Ì�w�;} Å q����#q�Â���� δ = 80◦ �wÁs�Ã�½}sr�z	�{ql�¡�;z	��~sÁ�zX�hy����#�j�mrh}
��rsql����Á�|£Á�zBÁ¦¬ � �+�ó�Br��mÁ§ri�#q � �Ð|Q}�| σα �8Ás�j�b�#��}sql�H% � �\�=v
¸��;}�zBÁs��� Å �#Á�� Å q��#ql� σµ∗

α
≡ σµα

cos δ
Â��#qK�8�j�½}sr�z	�{ql�m���¤Áhy��;~�|Q}
�wÁh~m�

�j�mrsq����#Ás�KÁE�8ri��Âuq������A�;}urh�·�;}�Â
q����#q��;z	�¥Â#Á�z#�#Á�´�Áhy��;~�|����wÁh~s�j�mrsq��{�
�#Ás�KÁ¢�8ri��Âuq������¥Â�������� � }sql�¢ri�{�

σµ =
√

σ2
µ∗

α
+ σ2

µδ
. u]xz{Ow���y

~���rsql���B�;���Ä|Q}��l}�zBÁs��}F�
Â��.� � Ásq�rsÁs�\�µÁ½Â
�8q����#q��¦�j|PzBÁi�#q����#q��b�;}m�#�{�
���#Ái���#Á�Â����#rsÁ��;�Q�m���¢rºyuq}�j�b�{�8q}���Q�mq���� Å �#Á�´u�K�#�j�mq � qh�mÂ���� Å q � Â��8� � Ásq
rsÁs�\�TÁ±Â
�8q����#q{Ñ¹q½�uqu��rsÁ¦ri�#q � q����;����qK�B�����	�;}F�A�:�wv�qsv α �	� � q��8�{ql�m���
r Å }s�=}F�A� � ���	�8�l}F�¾�»�wql|	�I�{��}F�±ri�#q � q����É�À} δ r¡���;}m�X�s�=}F�A� � ���	�8�½}F����wql|	�I�{��}F�¦�X�£���5vAáÆ�j�mq}�j�mrsq����#Á����½}�|Q}��¾�l}iÂ��#�=�t�#ql�}�BÁh~i�;}
�;z	�¹�wÁsri�#qK�
� q����;���Çrh� Å �#�ÃzBq����	´5v§ô³�Q~�z#�	|Q}������ç|Q}��l}�zBÁs�KÁsrmÇ¹ª ,., ¦ - /=£h©t�ò��®@/�X	£
Â��#qK�8�j�l}sr�z	�8zX}��{�8q½}�zX�i�	�Q�ÈrsÁ�� � Á±Â¨�#Ás�j���t�;z	�Ê�s�j�l}i�#Ásr�zBq������¡�#ÁsrsÁs�KÁ
�j�l}i�{��}i�	�l}�v s ��zBÁ§�#q½yuq��#Á
�#�KÂ#Á�zX����Ásrh}����¨���;}m�X�s�=�e�¹���|�8q}���Q�b� Å �	�©q
�8Á�z#�¤�;z	� rs�wqw�Á|£ÁsÁi�T�B���;}��
�;}¨�#q½~sq}�K�#Á�´��=èªq��#qh�A}§�;z	�¹�j�½}i�{��}i���m�	�·�
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Áhy��;~sÁ�|É�BÂ;}i�;}�z	zX}�|£�wÁsrt���KÁ}�B� Å �;���¤�wÁh~s�j�mrsq����;���¦�8ri��Â
q����	´ÁÑ � ��z��
z#�#�wql|	�I�{���Ä�X�£���5v
ê5q � �#q � q��#q}qh�>�;z	�xÁh~�zBq}� Å q������º�{�8q��	�b�;è��	|Q}������ÇÂ����;~�z#�	�w�	�mq=zX�m�

�;��q�Â��.� � ��q�rsÁs���TÁ½Â
�8q������¥� �j|�zBÁi��q������|��}h�¼�m���t�;z	�Ç|Q}�Â
�8Ás�KÁ
Áh~�óz�
ql|	�l}ª�¨r³yuq}�j�b�{�8q}���Q�mq���� Å �#Á�´t�K�#�j�mq � qsvP¶��B�;}�|£Áªr��wr��Q�w�¨�4~sÁ�zBq}q·���	���
|£Á�´¡�mÁ Å �#Ás�j���h� Â��#qK�8�j�l}sr�zBq��������j�b���±��}i���;���Çr�|Q}��½}�zBÁs�Kqã��Â��.� � Ásq
rsÁs�\�µÁ½Â
�8q����#qÐÑ¡�8Á��wÁ������º�8Á�zBql´Ç�wql|	�I�{��� ri�#q � q����É�¼�j|�zBÁi�#q����#q¥�8Á
�8q}���Q�mÁ�´��8Á�z#�Ê�£�NzBÁsrsÁ�´��wql|	�I�{���¼�½�#qu�ÃzBqK�X�sql�¨�#�KÂ#Á�zX����Ásrh}����Ð�j�b�Ê|£Ám�
Ái�T�B���;}���� ��Â#Á�z	�^Ç$�P��Çd�8��r
rh� Å �#�Ãz#�	�mq=zX�i�;���Ç�=}m��} Å }F�zv
¸¸�j�b�#Á � ql�b��� Å q}�Ã|��#q¨Â;}i�;} � ql�b�;�I�ð|Q}�|y���#�	�£���#q¨�;}h~�zX���8q����;��q§rsqK�

z#� Å ���;�I�K��}i�;�yrÒ|Q}��½}�zBÁs�Kq	�%�8Ás�j�½}��mÁ Å �;� �¾Å �#�ÃzBÁ � �8q}���Q�b� Å �;���I���;è��É�
Å �mÁh~h���	�l~sq=Â�}�����Áhy��;~sÁ�|¥Á�|��	�£�NzBq������§�;z	�|�=} � �·�Ä�mÁ Å �;���trsq=z#� Å ���5v
~É�#ql�=�±zX�±�½}��mq � q��#q}qÐ�mÁ Å �;��q¥��}i���;��q � Ás�Ã�8� �wÁ}�8q��.Â�}������#q}�j|{Á�zX��|£Á
�#ql�w�;} Å }h�����t�8q}���Q�b� Å �;���¾�w�;}�|£Ásr§r�|{Ái���#qsv

ë
ù@í2ë íÎÍ � <
;;þ�<�ü;þ;û�	�	Xû�«°�0û!=
<
;;þ�<
ü;þ;û�	�	�ª¶�d�O<�	�	�ª¶�³þ��0û�;�;¦�I>@?Bü;þ;þ
ôª�#Á��#qK�X�I�	}�Â#Ás�j�b�#Ásq����P��Á�|{Ái� Å }��mq=zX�i��Á�´�rsq��#�K���³|Q}��½}�zBÁs��}ËÇ¹ª ,., ¦ - /=£h©

�l}�|�zX� Å }�zX}s�=��r�ÁiÂ��#qK�8q=zBq������¾�	�|�;}h~�zX���8q����	´¾Â#ÁiÂ��;}srsÁ�|ã|¾�#ql|£Á��mÁm�
�;� � �;} Å }�zX�i�;� � �w�;} Å q������ � vQ�¹}iÂ���� � q��É�i�;z	�
�;} Å }�zX�i�#Ás�KÁ³�w�;} Å q������
�j|�zBÁi�#q������

δ0
ÁiÂ��#qK�8q=z	�8zX}s�=��Â#ÁiÂ��;}sr�|P}

∆δ
vb~��wq}�KÁ � ql�mÁ��8Á � �;}i� � q��;�m�

y����Ð|#rh}m�B�;}��mÁsr
Á��#q����#rh}�z#�#�=���w�;} Å q������¦Â��Q�b�¤Â#q��#q � q����;�����
a1 = ∆α∗ ≡ ∆α cos δ, a2 = ∆δ,

a3 = π,

a4 = µα∗
≡ µα cos δ, a5 = µδ. u]xz{Ow|�
y

~Ô|{Ái�	�mql|£�j�mq � ql�mÁ}��}¨�;}i� � q��;�hy����¾|#rh}m�B�;}��mÁsrt���;èªÁi� � }����P� Á²|Q}m�
Å q}�j�mrsq·Á��#q��	|��¢�#q��	��rsq}�j�b�;��� aj �wÁ��8q��8Â¨�	�m���¢r¼|{Ásrh}i���;}����#Ái���#Á�´ � }��}����	�#q��³�ÃzBq � q��	�l} � �

cii = σ2
i , cij = ρijσiσj, i, j = 1, ..., 5, u]xz{Ow���y

�6�8q
σi

ÑÊ�j�l}i�{��}i�	�b�;}���Áhy��;~�|P}±Á��#q����#rh}sq � Ás�KÁ¾Â;}i�;} � ql�b�;}��Ò} ρij Ñ|£Áh�=è³è��	���#q��	���å|£Ái���#q=z	�Q�����5v
~å|P}��l}�zBÁs�Kq��;z	�Ë|£Áh�=è³è��	���#q��	�mÁsrÈ|{Ái���#q=z	�Q�������#�KÂ#Á�zX���=�sql�m�����ÃzBqK�

�X�Q�º��}��¦�\�Tq � }§Áh~sÁ��w�;} Å q����	´��
ρδα∗ = ρ21, ρπα∗ = ρ31, ρπδ = ρ32, ρµα∗

α∗ = ρ41, ... , ρ
µδ

µα∗
= ρ54.u]xz{Ow�v�y
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J§�½}¨Â#Ás�ÃzBqK�8Ásrh}��mq=zX�i�#Ás�j���t�KÁsÁ��Frsql�m�j�mr��sql�Í�b�#ql�£�KÁ�zX�i�#Á�´ Å }s�j�b�Ë|{Ái�{�
�#q=z	�Q���#Ái���#Á�´ � }��b���	�;�I�z�;}s�KÂ#Á�zBÁ½Â
q����#Á�´ ����Âuq���zX}sri�#Á�´¤�B�;}s�KÁi�;}�z#�
r�Â#Ás�j�b�#Á Å �#Á � Â#Ái�.�µ�X|£q�����z#�»rsq��I�£�#ql´ Å }s�j�b�»r�Â#Ái�8�µ�X|£q�Â#Áp|£Á�zBÁi�{�
|Q} � ��v
~ Â#q Å }��b�#Á�´�rsq��#�����Ü|Q}��l}�zBÁs��}mÇ¹ª ,., ¦ - /=£h©¨Â����#rsÁ}�B�	�m���ç�mÁ�zX��|£Á�¬¯À

|£Áh�=è³è��	���#q��	�mÁsrÄ|£Ái���#q=z	�Q�������K�#qK�B� Â��Q�b�Ì}s�j�b�#Á � ql�b��� Å q}�j|�����Â;}i�;}m�
� ql�b�#Ásr��ÌrÁ�mÁ¹ri�#q � �p|P}�|°rÎ�ÃzBql|	�b�#Ái���#Á�´ºrsq��#�K���°Â����#rsqK�8q��°Â#Á�z#�	�2´
�;}h~sÁi�Ó|{Áh�=è³è��	���#q��	�mÁsrÚ|{Ái���#q=z	�Q�����É�Fr�|�zX� Å }����ÃzBÁ½Â¨�;��q��Ãz;� Å }i���;z	�
�8rsÁ�´��;�����ø|��;}��b�;�����K�#�j�mq � v�ï�Ái���#q=z	�Q�������#q}Áh~}�µÁ��B� � � �;z	�ÊÂ��;}m�
ri��zX�i�#Á�´�Á��#q��	|��y�j�½}i�{�X}i�	�b�;����Áhy��;~sÁ�|¡Â�����Â#q��#q}rsÁ��8q�|{ÁsÁi�T�B���;}��|�
Á��B�#Á�´Î�KÂ#Á}�£�¤�;}��B�	�£�Ã�Q� �4� � v#�ÃzBqK�X�Q�º�·�Q�«�wql|	���;�³��v
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<�	;þ��d<�ü��j;;ûjý��
�j;;þ;ÿ��jü��0þ¦þ��0<�	�	�ª¶þ
�¹}m�È}s�j�b�#Á � ql�b��� Å q}�j|�� � �u��}i���;� � �Í|Q}��½}�zBÁs�KÁsr�Ç¹ª ,., ¦ - /=£h©��ö��®@/�X	£

ÁiÂ��#qK�8q=zBq��;���ÃzBqK�X�Q�º���#qtÂ��#q}Áh~i�;}���Ásrh}i���P���=Â#q��#qw�TÁ������	�²�j|#rh}��mÁi���{�
}�zX�i�#Á�´»�K�#�j�mq � � |£ÁsÁi�T�B���;}���rÊ�j|�z#��Â	�b� Å q}�j|	�Q� �»�	�¾�j|#rh}��mÁi���;}�zX�m�
�#Á�´y�K�#�j�mq � ��r���}�zX}�|	�b� Å q}�j|	�Q�Æ�É}Ç�½}�|�Âuq
Â#q��#q}rsÁ��¡��}i���;���¡���KÂ#Á¯�£�
T0

� M ¬¯®s®{¬sv÷ö��Î�õ�¥���½�;}¥Â��#Ái�	��rsÁ�zX�i�	�Q�Ø��Â#Á¯�Q�
T
v Í Á��=�Ì�j�b����z#�¡Â#Ám�

�8Áh~i�;��qtÂ��#q}Áh~i�;}���Ásrh}i�����yÁh~s�j�.Â
��}h�¼�m���°rsÁ � ��Ás�����x|����#��}F�y�ã� Å q½~m�
���	|Q}F�A�	Á��B�;}�|£Á¡r¡�Ãz;� Å }sq¾|P}��l}�zBÁs�KÁsr � �#�w�K���ºÇ¹ª ,., ¦ - /=£h©
Ái���±� � q½�¼�
�KÂ#ql���;è�� Å q}�j|��#q�Ás�wÁh~sq����#Ás�j�b�5v
~Ê�j|�z#��Â	�b� Å q}�j|����I|£ÁsÁi�T�B���;}��½}F��}s�j�b�#Á � ql�b��� Å q}�j|��#q	Â;}i�;} � ql�b�;��Áh~sÁm�

�w�;} Å }h�¼�m���Æ|Q}�| λ � β � π � µλ∗

�
µβ
��}i�;}�zBÁs��� Å �#Á¸r¸��}�zX}�|	�b� Å q}�j|£Á�´u�K�#�j�mqK�

� q4|£ÁsÁi�T�B���;}��ÚÑ l � b � π � µl∗ � µb v Õ �8q}�=���0|Q}�|tÁh~h� Å �#Á�� µλ∗ ≡ µλ cosβ
�

µl∗ ≡ µl cos b
v ù �{�8ql|£��·FÀB¸�Á��w�;} Å }sql�=� Å �mÁ���}i���;��q�Á��b�#Ás���Q�m���Û|²�KÂ#Á}�µq

|Q}��l}�zBÁs��}
T0
v

ôª�#q}Áh~i�;}���Ásrh}i���#qË|£ÁsÁi�µ�B���;}����	�p�j|#rh}��mÁi���;}�z;�i�#Á�´��K�#�j�mq � � rã�j|{�
z#��Â	�b� Å q}�j|	�Q�³Â��#Ái�	��rsÁ}�#�	�m���¦Â#Á
�ÃzBqK�X�Q�º��� � èªÁi� � �½zX} � �





cosβ cosλ
cosβ sinλ
sinβ



 =
[
k





cos δ cosα
cos δ sinα
sin δ



 , u]xz{Ow&xI��y
�6�8q

[
k =





1 0
0 cos ε sin ε
0 − sin ε cos ε



 =





1 0 0
0 0.9174820621 0.3977771559
0 −0.3977771559 0.9174820621



 ,

u]xz{Ow&x
xzy
ë ��i�ì ë



¦
ε = 23◦26′21.448′′ = 23.4392911111◦ Ñ�Â��������Q�mÁsq2�w�;} Å q����#q·�;}�|�zBÁm�

�;}Û�j|�z#��Â	�b�	|��Á|Î�j|#rh}��mÁi�	�|�;}Û�KÂ#Á}�Q� M öiÀsÀsÀ{v
~ �K�#�j�mq � q ` ' [  é�w�;} Å q������Ý|£ÁsÁi�T�B���;}��±��}�zX}�|	�b� Å q}�j|{Ás�KÁ»Â#Á�zX�¸�=}

ÁiÂ��#qK�8q=zBq��;�Ý|Q}�|

αG = 192.85948◦,

δL = +27.12825◦, u]xz{Ow&xz{
y
}§�;}��w�#Ás�j��� � q=Â
�X�¥rsÁs�\�µÁ��;�P��� � �8�jzBÁ � ��}�zX}�|	�b� Å q}�j|£Ás�KÁÛ�j|#rh}��mÁi�;}§�
�	�±zX�m�ZÂ	�I�	|	�mÁ � �8Á�zB�KÁ��

lΩ = 32.93192◦. u]xz{Ow&xI��y
Õ �;} Å q������Ì�9¬�ö£vÍ¬�ö0�Æ�Ê�9¬�ö£vÍ¬O�.�Æ�;}F�TÁ}�;�Q�m���|rEÂ�Á�z#�#Á � �wÁs�NzX}s�K���¥��Â��#qK�����
�X�Q��� � �9¬¯®�%sÀ½�\vU�2ÁiÂ��#qK�8q=zBq����#q � Â#Á�zBÁ±Âuq���������}�zX}�|	�b� Å q}�j|£Á�´¢�K�#�j�mq � �
|£ÁsÁi�µ�B���;}��¦�Í�mÁ Å �#Ás�j���h�Æ�ó|£Á��mÁi�;}����8Ás�j�b�#��}�zX}s�=�¹r¹ÁiÂ	�b� Å q}�j|£Á � �B�;}m�
Â;}���Ái�#qsvð��r��Q�l� � q=Â
�X�¹��}�zX}�|	�b� Å q}�j|�� � ���Ê�j|#rh}��mÁi���;}�zX�i�;� � �Ì|£ÁsÁi�{�
�B���;}��l} � �Á�l}m��}sql�m����rh�·�;}�Âuq����#q �





cos b cos l
cos b sin l
sin b



 =
[ −1
G





cos δ cosα
cos δ sinα
sin δ



 , u]xz{Ow&x��0y
�6�8q

[
G =





−0.0548755604 0.4941094279 −0.8676661490
−0.8734370902 −0.4448296300 −0.1980763734
−0.4838350155 0.7469822445 0.4559837762



 .

u]xz{Ow&xz�
yt Ái� � �½zX�y�;z	��rh� Å �#�ÃzBq��������wÁh~s�j�mrsq����;�����8ri��Âuq����	´ � Á½Â¨�#Á©�;}�´	�b�
Â	�8�mq � �B�;è³èªq��#q��	�����#Ásrh}i�����¡rh�·�;}�Âuq����	´��9¬�ö£vÍ¬¯À.�©�¡�9¬�ö£vÍ¬0�8�½Â#Á�ri�#qK�
� q����5v.JÙzBq � q��	��� � }��b���	�Ê�9¬�ö£vÍ¬s¬��Æ�Ê�9¬�ö£vÍ¬��0�ÆÂ����Ð�j�mÁ � � Å �	�l}h�¼�m���¨Â#Ám�
�j�mÁ½�£���;� � �5v Õ �;} Å q������·�ÃzBq � q��	�mÁsrI�j�b��� � }��b���	�¢��}i�;�±�;}IèI�I�{��} � q��{�
�l}�zX�i�	�Q�à�KÂ#Á}�Q� M öiÀsÀsÀ{v
Ö°Á½Â¨�#Á��#�KÂ#Á�zX����Ásrh}������»�m�	}m�B�	���#Ái���;�Ò´»�KÂ#Ás�wÁh~�rh� Å �#�ÃzBq����P�x��}m�

zX}�|	�b� Å q}�j|������wÁh~s�j�mrsq����;���t�8ri��Âuq����	´ Å q��#ql� � }��b���	�	�|Â#ÁsrsÁi�#Á��½}B�
(

µl∗

µb

)

=

(

cosϕ sinϕ
− sinϕ cosϕ

)(

µα∗

µδ

)

, u]xz{Ow&xI��y
���8q}�=�

ϕ
Ñ��£�KÁ�zÉ�	Â#Á��¡|£Á��mÁi�;� � �	�¥��}i���#Á�´ç�mÁ Å |��Ç�#q½~sq}�K�#Á�´Ç�=èªq��;�

ri�{�B�;� Â#Á�zX�¸�¾�.}�zX}�|	�b�	|����ÇÂ#Á�zX�¸� � ���;}�vYJ§�mÁ��Ì�£�KÁ�z � Á½Âuql�p~h�Ò���
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�;}�´{�8q��¤�ªÂ�Á � Áh���h�³�Ãz#qK�X�Q�º�����¾èªÁi� � �½z �
sinϕ =

cos δG cos(l− lΩ)

cos δ
,

cosϕ =
cos b sin δG − sin b cos δG sin(l− lΩ)

cos δ
. u]xz{Ow&xz�
y

ôª�#Ás�j�mql´;y��#qÚèªÁi� � �±zX��Â#q��#q}� Å ql�½}ª�#q½~sq}�K�;����|£ÁsÁi�T�B���;}�����rsql����� α�
δ
�Ð�KÂ#Á}�£�

T0
�;}�Â��#Ái�	��rsÁ�z;�i�	�Q� ��Â#Á¯�Q�

T
rh�©�Nz	�µ�;�Q� �ÃzBqK�X�Q�º��� �

Áh~i�;}���Á � �
α = α0 + (T − T0)µα∗0 sec δ0,

δ = δ0 + (T − T0)µδ0. u]xz{Ow&xI��y
Öy�#Á½Â¨�	�mq=zX�

sec δ0
rsrsqK�8q����;z	�Ó|£Á � Â#q��#�=}������ � �#Á½Â¨�	�mq=z	� cos δ0

�FrF�µÁm�
�;�P�uq}�KÁ±Â#ÁÇÁiÂ��#qK�8q=zBq����;� r

µα∗0
vº���#qK�B�#ql|#rh}m�B�;}��b� Å �;��qyÁhy��;~�|��

Â��#q}Áh~i�;}���Ásrh}i���;���Ê|£ÁsÁi�µ�B���;}�� � Ás�Ã�8�¾~h�Ò���¹rh� Å �#�ÃzBq��;�È�§Â#Á � Áh���h�
èªÁi� � �½z

σ2
α∗ = [σ2

α∗ + 2tρµα∗

α∗ σα∗σµα∗ + t2σ2
µα∗

]0,

σ2
δ = [σ2

δ + 2tρµδ

δ σδσµδ
+ t2σ2

µδ
]0. u]xz{Ow&xIv�y

�6�8q
t = T − T0

Ñ��;}��w�#Ás�j���Ê�KÂ#Á}�A�À}�rs�wq�rsq=z#� Å ���;�Îr�Â��;}srsÁ�´ Å }s�j�b�
Á��b�#Ás���Q�m���¾|Î�KÂ#Á}�Tq

T0
v

áÆ�Ãz#�¡rs�KÂ#Á � ���	����� Å �mÁ|rtÂ��#Á��#q}�w�wq��8ri��Â
q������Á��rsql�����«r¨Â��#Ás�j�b�;}i�{�
�j�mrsqu�	� � q����P�¼�m���¡q}qu�;}s�w�j�mÁ½�£���#q¨Á��Ç��Á�z#�	�;}¥���wÁh~s�j�mrsq����#Ásq¢�8ri��ÂuqK�
���#qh���mÁt�j�l}i�#Ásri�	�m���¾�{�K�;� � � Å �mÁ � Á��8q=zX�Ì�9¬�ö£vÍ¬O�.���#q¢Á Å q��;�§�TÁi�#Áhy�}t�
è��	�w� Å q}�j|£Á�´u�mÁ Å |��u�w��q������zv Í Á��=�º�;}��w�#Ás�j���¡Â#Á¡Á��b�#Áhyuq����;� |u�mÁ Å �
�#Á�´ � Á��8q=z#�¡Áh~h� Å �#Á|Á Å q��;� � }�zX}��z�#Á¥rs�wqK�6�½}�|��¡rt�#ql|{Á��mÁi�;��� �Ãz;� Å }m�
�I�A�#Ás�wÁh~sq����#ÁE�;z��Ð��rsql���ó�	~�z#�	�=|����È|�Â#Á�zX�¸�=} � ��z#���;}�~sÁ�zX�hy����|ri�#qK�
� q����;���EÂ#q����#Á���}F�A�sÁi�;} � Á±Âuql�Ú~h�Ò�����w�;} Å � � Á�´5vhô�Áh�j�mÁ � �Ó�I�;}sri�#q������
�9¬�ö£vÍ¬O�.�Æ�#q��ÃzBqK�X�sql���#�KÂ#Á�zX����Ásrh}�����rEÂ��#Ás���;} �T� }F�A�IÂ��#qK�B�;}��w�;} Å q����;���
�;z	�u�I���#rsq��#�=}�zX�i�#Ás�KÁyÂ���� � q��#q������zvfê5q � �#q � q��#q}qh��r�~sÁ�zX�hy����#�j�mrsq
�Ãz;� Å }sq}r¤�¾r¹Á��#q��#Á Å �;����rh� Å �#�ÃzBq������I�����â�mÁ Å �#Ás�j���¹riÂ#Á�z#�#q
�8Ás�j�l}m�
�mÁ Å �;}�v
�§�b�#Ás�KÁsq�Â��#q}Áh~i�;}���Ásrh}i���#q�Â;}i�;} � ql�b�#Ásr��Æ|£Ásrh}i���;}����#Ái���;��� � }��b���	�

rs�j�b�#Ásq��#Á�r¦Â��#Ás���;} �T� � 'f¯½¢¤¯½©�«�ª¤¦ÎöiÀsÀsÀ{v ù ���6�l}¤Á��b�#Ás�K�	�mq=zX�i�#Á�´y�ÃzBÁ±Â
�
�#Ás�j�b�Ê�j�b���¹Â��#q}Áh~i�;}���Ásrh}i���	´�+³ .' `I` 'YR�� [�³ ¹¡��¬È��ð ö���ñ?�z�wql|	�����Êö£vÍ¬s¬��
�wÁ��8q��.Â¨�	�¾�mql|£�j���ÉÂ��#Ás���;} �T� ���;}Á�Q�l�Ò|Q}F� � £ - « - ¦h¬°�n'¼�=�#q½}�z#�	�=�Q�©�
�����Ç�j�mÁ��·}�zB�KÁi���	� � v

ë ��iq1 ë



ë
ù@í2ë ímÜ è û��·ûjý��
�j;;þ;ÿ��jü��0þ¦�fü=þ;ü��H�Nýjª�� <���<!>�û!��û!= ìIN óKO â þ�M:ÏMÒ Ò¦ÛÖå�ó â ç
t Á��mÁ � ql�b��� Å q}�j|��#q¾�	� � q��#q������¶�;}ÊÁs�K�#Ásri�#Á � ���#�j�b�	� � q��	�mqx�KÂ	�8�}�

���	|Q} Ç ` �Ù�\+ [ ' ³  ºrh�·Â#Á�z#���8z#�#�=�yrÊy����#Á�|{Á�´±Â#Á�zBÁs�wqsvT¿Æql�=�±zX�±�l}����
�j�b���¾�	� � q��#q����	´É�¼Áh~sÁ��w�;} Å q����;��qÇ|Q}�| HP

�ÆÂ�����rsqK�8q��;� r�Â#Á�zBq#Çd����v
~e�8ÁiÂ#Á�z#�#q����#qh�2Â#Á Å �b���;z	��rs�wqw�p��rsql����|Q}��l}�zBÁs��}#��®@/�X	£��4rÇ�mÁ �øÅ �#�W�
zBq
�Ê��rsql���QÇ¹ª ,., ¦ - /=£h©=�É|£Á��mÁi�;��qu� � q½�¼�m����r#��®@/hX	£8�¼~h��zX}�rh�·Â#Á�z#�#qK�
�;}¥�8r��µ�Q�#rsql�b�;}��âèªÁ��mÁ � ql�b�����u�4�wÁsÁ��mrsql�m�j�mrsq����#Á¤rsq=z#� Å ���;� VT

�
BT�·Â#Á�z	��Ç$�0öQ�4Ç$���8��v:ê5Á Å �#Ás�j���¥ÁiÂ��#qK�8q=zBq������ HP

�wÁs�j�l}sr�z	�{ql�
0.0004mÑ

0.007m
�Ï�;z	�Ë��rsql���

2 − 12m
���É}Ð�mÁ Å �#Ás�j���¦Á��B�#Ás�KÁ|�	� � q��#q������ÁÑ¹Á��

0.003m
�8Á

0.05m
v�ñÓz	�·~sÁ�zX�hy����#�j�mrh}º��rsql���öÇ¹ª ,., ¦ - /=£h©¨�b��Â�� Å �#Ásq2�w�;}m�

Å q����#q�Áhy��;~�|�� HP
Ñ±Á�|{Á�zBÁ

0.0015m
�§}º���{�B�#ri�{�X�h}�zX�i�#Á�´�Áhy��;~�|��

Á��B�#Ás�KÁt�	� � q��#q������¾Ñ 0.011m
v:ê5Á Å �#Ás�j���ÈèªÁ��mÁ � ql�b��� Å q}�j|£Á�´��K�#�j�mq � ���®@/hX	£¥�wÁs�Ã�½}sr�z	�{ql�§Á�|{Á�zBÁ

0.012m
�;z	�Î��rsql���p�£� Å q 9m

��Á�|£Á�zBÁ
0.06m�;z	�Ç~sÁ�zBq}q��ÃzX}h~h���Ð��rsql���=v

t Á��mÁ � ql�b��� Å q}�j|��#q¨�K�#�j�mq � � HP
�
VT

�
BT

ÑË�j�mÁ����#�j�b�	� � q��	�l}�zX�m�
�;��q��K�#�j�mq � �I����Ái���ª�#q��wÁsriÂ;}m��}h�¼���	Áh~h�uq�Â��������Q�mÁ�´��K�#�Ã�Fq � Á�´IñÓÂuÁi�{�
�wÁi�;}�v	�Ç�#�KÂ#Á�zX����Ásrh}i���#q � �w�;} Å q����P�Ä��rsql���B�#Á�´¥rsq=z#� Å ���;� VJ Â#Á{y·|Q}m�zBq4ñÓÂuÁi�#�wÁi�;}��tÂ#Á�|P}��l}��mq=z	�Í�#rsql�l}

(B−V )J
�;z	�ö�sÀsÀsÀ��j�l}i�{��}i�	�b�;���

��rsql���Ê�t�µÁi�#Áhy�� � �»èªÁ��mÁ � ql�b��� Å q}�j|�� � �¾��}i���;� � �»r¡�K�#�j�mq � q BT
�

VT
~h��z#�±Â#Á�z;� Å q��;� �ÃzBqK�X�Q�º���#qÇ� � Â������ Å q}�j|��#qÐz#���#ql´��;��q��wÁsÁ��b�#Ám�

yuq������A��Â���� � q���� � ��q³|¦�B�;}iÂ;}���Ái�	� −0.2 < (B − V )T < 1.8
�

VJ = VT − 0.090(B − V )T , u]xz{Ow|{E��y
(B − V )J = 0.850(B − V )T . u]xz{Ow|{Oxzy

ê5Á Å �#Ás�j�����j�b����Â��#q}Áh~i�;}���Ásrh}i���	´�r¾�K�#qK�B�#q � z;� Å yuqh� Å q � 0.015m�;z	�
VJ

�
0.05m

�;z	�
(B − V )J

v¶J§�b�xÂ��#q}Áh~i�;}���Ásrh}i������Â���� � q���� � �
|Ü��rsql����} � � Å ql´¡�#rsql���#q �#�j|Q}�Â
q�� � q=ÂÄ��rsql���B�;� � Â#Ás�NzBÁh�uq����#q � ���
�#���#Ái�����	�Q�¼�Ì�l}sri�#�K� � Ás�j���yÁ��Ì|�zX}s�w�=}y�wrsql�b� � Ás�j�b�5v t Ái� � �±zX� rsÁsÁh~m�
�uqª�#qªÂ���� � q���� � �Ý|¾��rsql����} � |�zX}s�w�=}�¹ç�£��}�Â
qªq}�Ãz#�¤���¥Â#Á�|Q}��l}��mq=zX�
�#rsql�l}

(B − V )T < 1.8m
v

t Ái� � }�zX�i�	�©q½Áhy��;~�|��§rsq=z#� Å ��� VJ � (B−V )J
rh�·�;}�Â�}h�¼�m����èªÁi�{�

� �±zX} � �

σVJ
=

√

1.09σ2
VT

+ 0.09σ2
BT
, u]xz{Ow|{
{
y

σ(B−V )J
≈ G ·

√

σ2
VT

+ σ2
BT
, u]xz{Ow|{E��y
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�6�8q � �#Á±Â¨�	�mq=zX� G Â�������� � }sql�Ð�w�;} Å q������yÁ���À{v_�F®t�8Á À{vQ®V�|rÁ�l}sri�#�K�{�
� Ás�j�b�¹Á��EÂ#Á�|P}��l}��mq=z	�Ð�#rsql�l}���rsql������v
ñÓz	�å�}�8Áh~s�j�mrh}��#�KÂ#Á�zX����Ásrh}i�����Ãr�Ás�K�#Ásri��Á � |P}��l}�zBÁs�Kq£Ç¹ª ,., ¦ - /=£h©
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B õ-/W6���% ' ��� & )+1�/W�� �%J6+� & # & õ & )+1�/ .$(�&0. #�)� �) & î & %J)�� & % K�& � &�% 1+���4/

ò.��1�%J6��Fõ)( .wó�&$' %9/56+��� & ò-?+1�/ <  ô	ôI& �� D��S&+' � K  �ñx�*)� ªî ÿ õ2 �6+�+1+)�/ '  (
ò. ö�& % '4(�& ��%J)�� ( )�� &�( �*6+1�%3 *)+1+1¤ò�ò. '  Fõ2��� ó|÷�øÒù�ù#úiû�üwýsþ3!�� õ & # ó ��� 1 &
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%Kò.� & �] Fõ2 iò ' 1 ö�& %Kò.� & %J1�% '4&}ô	ÿ ò.���*�x#21+)� 'pb

x = −
2 cos b sin l

2
√

1 + cos b cos l
2

,

y = − sin b
√

1 + cos b cos l
2

, l ∈ [−π,+π]. �;�]�����e���
L # & %�(
l ñ b D �] Fõ2 iò ' 1 ö�& %Kò+1 & ò.���*�x#21+)� 'mÿ ñ (sÿ �� �5& )+) ÿG&�( �� 4#21� *)� , ñ46+�+10/ö�&}ô #��Fõ2�J� 'bó l %Wõ & # óx&$' 6+�+1 (�& % ' 1 ( #21� *6� . �*) [−π,+π] �
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¯5��º ¯��#�P²�� Ë0´H^!­0��º;­0®2¯-²��;Ë�´
¯�Ã5º ¯��#�P²�Ã ´H^ ­�Ã5º;­0®2¯-²�Ã;´
\2ºM�2¯��#�P² ¯�ÃM³2­���ö5­�Ã�³�¯���³�¯5��´
ç�ºM��Ä ���MÎ)²�¯�ÃM³5¯��g9;­ ÃM³2­��0³�¯0�)µ ­ ÃM³2­��M´g9��2Ò

���5�ýÊ �Mó5±M� ���p�#�5�ÞÆM�2ç5��è�¢
���5��� ���0� �5�

² %�õ�1 ô	ÿs, � ' 1 ô 6���% ' ���*1 ' (u6+��� & ò-?+1+1 .$(�&0. # ÷�øÒù�ù#úiû�üwýsþ³( �] Fõ2 iò ' 10/
ö�& %Kò.� & %J1�% '4&}ôI& ò.���*�P#21+)+ ' ñ ' �C)� ô ) & �sî , �$#21 ô �C6 & � &�(�& % ' 1G`Kò (  ' �4/
�+1� Fõ)(*) ÿG& ò.���*�P#21+)� 'mÿ ñ�6+�+1 (�& # & )+) ÿG&�( ò. '  Fõ2��� & ñ ( �] Fõ2 iò ' 1 ö�& %Kò+1 &�!
@³' � ô � � )��5%i# & õ2 ' (W6�� K �*� ô¼ó õ2 ô

b = arcsin(sin δ cos i− cos δ sin i sin(α− Ω)),

l = arctg
sin δ sin i + cos δ cos i sin(α− Ω)

cos δ cos(α− Ω)
+ L0. �;�]�����J´J�

L # & %�( b
α ñ δ D `Kò (  ' �*�+1� Fõ)(*) ÿG& ò.���*�P#21+)� 'mÿ �
i = 62◦52′18.295′′ D )� iò�õ2�*)��] Fõ2 iò ' 1 ö�& %Kò0���J��`Kò (  ' �*�� �
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