XXYPHA ONS NMOBUTENEA.ACTPOHOMUU
] '
I
_ﬂ

OAPBMH U 3BOMIOLIMA BCENEHHOW  CTEPEO®OTOTPADUA ACTPOHOMUWYECKMX OFBEKTOB
3ATMEHME 22 MIONA 2009 TONA  HABMIOAEHWS CEPEEPMCTBIX OBNAKOB
13 3AMEYAHWIA OTHOCMTENLHO CBOMCTB MYNLCAPOB ~ BOCTIOMMHAHMS OB ACTPO®ECTE
HABMIOOATENAM TYMAHHbIX OBBEKTOR:MIONb




(%
) %
F . T
0 ! o+ 1 .
.+ - /0.12/345% 61%-787%9%2,0,:; %219/34.%734-12/<.
- 3 oA D

# :
2reD ‘_J,@'--mm

i'u

WWw. astrﬂhumy ru

J% aenl Ee Mm Ee;Hn Tl bl

http:/felementy.ru

' n
#E# "' %
$& " %
, i : S -
. + ) 12 =
—%/>8/ %734 /2/<13’7 @%A9 2.B%2,0,:.C 2

% 9
[;*l<=1 $6
( %%

6 % E$6 %%%%
' %

F3,:,227A %G-/34-72349/ %
F-<A%% (  $ (

%*794/-3?7.B%37B4C%
%

%
%
=@AAB,CCSOGXTSG2EIYCSGREPOIEXASRE Yo




\'" % # $

56 " || & L

I'H% B& $HE () I+ SR+ (- &
(,"+,0+-1 14" 2#°0"*+, 3/, * "4 +- * & ||

B T e A L L o M L
(- #1-3) 4,9 /) 1-)"HU&" )+t

14" H- " BN o X 10 )R

B, 1"+ 8)+. < * $ 10,(*"H(* =# H#$ & ||
Mk % 4 10R (" -#-9-3- &+*L 4G 61"+

2- 4%, @@ * $/,&+ + WA) 9T +)(*- || P #$ #%
19" B #,1-" 10-/- CF" 4" 1o +-" - 414"

B, 1I"+*" & +.+"B+"l #- " D (- < I4)

E- -#, "3- &6 !" +,:, - - 6,1,/+-3- 1-9"0"C $
+H & F@! 1- &#'1*0+-1) &O0"I"+* 2GH4 *
10-7/" :"0"6 &# #0,+) ,',(C" :"0"6 +'9- 5*"
#0,+.  3-D&#-+-7 16 2:"1, J)+ * ||

JA3,/"54 K,™ &#)1*& +, "00%-0% L*.$ X 01 230
"t 8)+. 10-9"C* 1- +%0-" +#" "4+ "3-

0,7-+,! "++- 4+, "OO*-0** L*$ 2+, || 4 01 2 ,
&-#'-:+-1 1-9"0"C"4 I-C+- 9/ +9 /) "
1- +-" 6,'I"+*" +*9- 5"7 10-/- C*" +-#"* +
) ) ’ | 0,
L"0*(-&-7 #* #)5* M"l* N 0,7-+" 3-0-/, || 4) 1 3516 ##%
O,+A,7 # +#" "+*" -(-- ¥ *+.& " -&"( 475 1 # "
?-+%" #(0-"#$ 6/"%# +, F *+)' | C+"™ D +, 7 8 9 2 4
%"+'0, +-7 *+** D 1-:* + P !*+)' K, "™ 1)' || N"0A+"" *6-90,C"+*" #-"/*+$" & #"9" 0"+'3"+-&#(*" SR
"k 8)+. 9)/"- 10-"3.' 1- (& 0** Q*A-3- * *+T0,(0,#+." +,9 ["+*$ *+"0"#+-3- -O\"(', # (-# (XA
" " . g At " * +6"+.A -9#'0&,-0*7 B'-' -9\"(" 10"/#.& $" # -9-7
-(+, 3" 1-+-" 6,1+ 6,&"05"4$ +, 6,A-/ #O4+" -9 (- &/-0-/, 10-$C'++# +#(- (- # -
?-+%, & :@! GH N R-##** 2;,S [ ,(#, +$ 'HS: #&"-&.A " U3-"V" +6.& ' -9 (-8,7,+D , T, B,
T,6, 6,'I"+*$ [-#'*3+" -(- - P2+ 3"EO*-0% 33, +'#(,$ [-& +- 9"#T-0!"++,$ #0)()0, &*/+, +, V(-7
* 3" Q,ICH(# +,4 N* " 1" " #&-7 9*"7 || (-7 -+,9., (-3/, &60# N#""++-7 ##,&$ & #3-@ !0/
. . QuoX 4 oy "t (- @10/ " +,6,/ 29 ,(,8,7,+D, T, +6.&,"
D <F D UTO"! E,& -&*: 8"&*',+ ;")-I*L.7 DL e IV KB ) & R &0+, 8,7!.+D
['$" 10-#&"V"+*$ (/'1*( -+ 1" 9-™ PF LT, N 40, +A J#-8*A *6)"+* 8714D, T,
,&-0#(*A 0,9-" 1- #0-+-I** UTO0" E,&-&*: 0#1- 3"#$ & ) '0,T*"-&7 -9 #* #1"(0, Z I+,(-
+30.C/"+ 1" $I* 227R * R-##** E-""+.1* -9,(, 8,7,+D, T, +A-/$'#$ -"+ [,"(- - +# *H&M -
N e oo 1 e A LI (O BN ][R & HR
6+,(,!*,(,/"1*7 2RIU; RILW XI 4 E-:"+.1* )& IHS * 1 .9 [M A% 9 (| & -1%H( -l
30,!-1x * K*L-LI* |, ???R * RI; ?-6, || [%1,6-+"  E- O"+3"+-&H(* [++] 1-C+  #)F -
C)0+, *#-& R-##** X-#(&. J. 5+l 10%#)'#'&** | #&"OAL##*&+-7 "0+-7 1.0. #*/$V) & %"+'0"
Y:"+.! #'(0™,0" W"+'0, +-3- #-&", ,('*t)?c+-7 3, ,(('*(* (--0,% & #& -"0"/ ( 0,#1- " 3,"#$
" ! "o ppkn o &+)0* -9, 87.,+D, T, FC'1-(,6,+  O*)+-
N#"#- 6+-3-  #'0-+-1-D3"-/"6*:"#(-3- -9V"#'&, || * H0%0) VAT I&FC " 1--(-& &"V'"H'&, * *6 )"+* -
2NISZ4 10* I; , # P 3 9"##!"++.7 "+ (*&+-7 3,,(*(* (-0, 1*™ ~+"03*7 * +,30 "8,
0"/,(%** C)0+, , =M"1'$ * N#" "++ $> &-/-0-/ -9,(, 8,7,+D, T, L,( #*,' *##"/-&, "x
E-6/0,&$" 9%$0, * C","I ") 6/-0-&$ * 9, 87.+D, T, $&$' #97 O++ HN
& 0_..;# 3./-3 ...*$; ’ T-01*0-&,+*$ 3, ,(*( ;, N7 #./* +30"& &"V"# &, '(
- (- T [ &"*( - -30,+%*&,"™ 9.#0.7 O-# ,(*&+.A 3, ( (o
#*I$V*A &+)'0* +*A :"0+.A /.0 ! L-1,(-&,

' [<=<H#SH(M(# @.
rl--ll--ll--lI--II--II--II--II--II--II--II--II--II--II--II--II--II--II--II--II--II--II--II--II--II--II--II:—
T 6/"H#S#-('$90$ @ P 3-/, & #"0** =|#'0-9*9 *-" (,> 21#'0-L14 :
R"/,('-0 * *6/," A 2 _ D =S, ,(*(,>* : D =I#0-3, ,(*(,>4
E K*6,7+"0 -9 -C(* A. a N 0",(%** C)0+,, B..C6 *8 D EAF E
: bD 0"/, (%** cdef a 20"6"0&+.7 D de  @a ‘g g 4 .
E R##. (, C)0+,, =I#0-+-I*$/ $ &#"A +"9"#+.7 () 0"0>D " e hP E
: N"9D#,7'. ) _D E
* E GH.1J.GIIK .




1 L,>320B%?I-5,-%%;-&-#* #0-+-1"*4

]) 1 3I
) 7
A3 )

23:10UT

22:10 UT
.. 21: "‘“Tzomur ki

Umbral shadow

Penumbral shadow

L e 6
& %*$ 6,1"+S

P .,&3)#, @ j3-,

*6-90,C"+*" 8)+. #/" ,++-"

&@ 1- &H#'FO+-1) &O"I"+* 28 1,(#*, +) T.6) 6, 1"+*$4
10-A-CI"™H*" #-+"4:3- *6):"+*$ &- &O"I$ 61"+ $
M0"6 6"14) I-#T"0) /- * 1-#" -'0,C"+*$ -' 8)+. 21 #5'9
-9 ['FA YR.&,S O ML % HO"+R O, g
MU* o 240, * & MUY - B)+. H-+"+T7 H&™
10-5"/5*7 :"0"6 6"1+) [I-#T'0) 9. [-#* %"+ 0,
B"14+-7 "+* [-C'+ 10" -I¥ #$ 1-/ )3 -1 '+ @k N- &0"1$
+9 ["H7 61" &-0. +" 6 TH#*0-& * )3-&
10"-1"+*$ 9- 5" " Fk]'-"# )*5* 10, (* g+
1,0, "+ (( * &H#)" '046* "0"6 I-#T'O )
A"+ A 1 A" 6-90,CHF 6 1o+ +A
L,"0%, -& (-9#)C/,"-7 #,'" & I"#$
M3+7232.%  734-IN.8.2.%  [+I>.2/97:% - 81:54740%

>1+042/P[% Q?3+,-.<,247=% ?/4/-OB=% ?7?% /2.% 149,-H0A=%
19,:.1.97;4% R7230% 13+,R2/P/% +/.3?7% 92,3/:2,120@%
+:72,4% 3% [-P72.1,3?/B% H.825; % G/:11,220B% .<.% 3+,?4%
3/:2,12/P/%.8:11,2.A=%+-/R,0R.B%1,-,8%74</3N,-1%S,< 1%
% [4-TH,220B% /4% TI120=% 3/0,-H7:% +/0+.3.% </:,?1:A-2IP [%
?.3:/-107=%/8/27=%9/0A2/P/%+7-7=%<,4727%.%IP:,?.3R/%P787 %
U4/4% Q?3+,-.<,24% >0:% 90+/:2,2% 3%+/<IV5;%
3+,24-13?/+.1,3?2/1B% T7++7-741-0% 4,:,3?2/+7% WX,-R,:5Y%

*Z % [ D %\ D C% .% ]9-2/P/% /+4.1,3?/P 1%
4,,3?1+7% *» D% _ D\ D C=% 13472/9:220@% 9%
/>3,-974/-..%°/760,6:/36al171/3%*bc % % %)D D %

_ C%27%7?727-3?2/<%/34-19,%T7%G7:5<7 %

1,.B173% 9% 734-/2/<.1,3?.,% ?747:/P.% 92,3,2/% 390R,% ! %
92,3/:2,120@% +:72,4=% .% Q4/% 1.3:/% 2,+-,-092/% -734,%
G-.<,-2/%?7THO7A%R,347A%Q?8/+:72,47%9%39/,<%/->.47B<%
09.H,2..% +,-./0.1,3?.% +-/@/0.4% <,H0I% 39/,B% 89,80/B% .%
S,<:,B% % 9%Q4/% 9-,<A% 1734.12/% +,-,?-097,4% 89,802/,%
.8:11,2.,% *47?.,.% +:72,40% 278097;4% 4-728.420<.C % F%Q0
9-<A% 2,8271.4,:527A% O0/:A% 89,802/P/% 39,47% 32717:7%
+-/2.8097,4% +:72,421;% 74</3N,-1=% 7%874,<% 9/89-7V7,4 3A%
9% /4?-O40B% ?/3</3 % F%-,81:5474,% 9%2d<% +/A9:A;43A%G.
+/P:/V,2.A% 74</3N,-20@% P78/9=% ?/4/-0,% .2/P07% 107,48%
87-,P.34-.-/9745% 27% S,<:, % €7?.<% 3+/3/>/<% 9% #%PDI%
9%74</3N,-,% 903/?/4,<+,-741-21B% P78/9/B% +:72,406
P.P7247% *WP/-A1,P/% f+.4,-7TYC% [g% &#!% >0:.%
[>27-1H,20%9/0A20,%+7-0=%7%9% &6<%h%<,472% .%G3W2
IP:,-/07 %

K/2,12/=% WP/-A1.,% f+.4,-OY% 2,% 3:.R?/<% +,-3+,74.920%
9%+:72,%+/.3?/9%7?/3<.1,3?/B%H.82. %i:A%Q4/P/%?I0T%, %
+/0@/0A4% ?7<,2.340,% 4,:7% 8,<2/P/% 4.+7% 3% +-.,<:,</B%
4,<+,-741-/B% +/9,-@2/34.% % 74</3N,-O% a2/P..%
734-/2/<0% 270,;43A=% 14/% IH,% 9%3:,01;V,<% 0,3A4.:.4.. %
9%74</3N,-,% @/4A% >0% /02/B6091@% 47?.@% +:72,4% >I014%

27B0,20% </:,?1:0%
?2.3:/-107=% 9/00% %
+-/134BR.@% /-P72.1,3?2.@%
3/,0.2,2.B%

j027?/% 80,35% 9/82.?7,4%

9+/:2,% /1,9.027A%
+-/>1,<7 % 14,+,25%
I<,25R,2.A%  39,4/9/P/%
+A12T%  +-1+1-K.I27:527%
2970-741% 142/R 2.A%
:.2,820@% 78<,-19%

874<,97,V,.B% +:72,40% %
874<,97,</B% 89,800 % 13:.%
0.7<,4-% +:72,40% -79,2%
/02/B% 0,3A4/B% 0.7<,4-7%
89,800% *47?/9/%
3//142/R,2.,.%
P,/<,4-.1,3?2.@%
+7-7<,4-19% f+.4,-7% %
1:2k7C=% [27% +,-,?-/,4%
10.2% +-/k,24% 89,802/P/%
3947% G:72,47% 8,<20@%
P7>7-.4/9% 1<,25R.4%
9.0.<l;% A-?/345% 89,800%
9-/0,% 1/:2k7% ,V,% 9%34/%
-78% 3:7>,,=%93,P/% :.R5% 27%
3/41,% 0/:;% +-/k,247 %
LO2,% 31V,3491;V7A%
N/4/<,4-.1,3?7A% %
3+,24-132/+.1,3?7TA% 7++7-7T41-7% 7?7?% 278,<2/PI=% 47?% %
?13<.1,3?/P/%>78.-1972.A% 3?/-,,%93,P/% 2,% 3</H,4% 3/>-745%
2N/-<7k.;% /% 3/3479,% 74</3N,-% 93d% ,V,% 2,% /4?-040@%
Q78/8,<,:5%*,0.2349,227A% .89,3427A% 27% 3,P/02AR2.B¥26%
92,3/:2,127A% +:72,47% +-.>:.8.4,:52/% 8,<2/P/% -78<,-7 %
3:.R?/<%P/-A17=%14/>0%+-,4,20/9745%27%Q4/%8972.,C %
GI?7% 07H,% 2,% A32/=% >10,4% :.% Q4/% +/% 3.:7<% P.PT#3?/<
?13<.1,3?2/<1% 4,:,3?/+1% .<,2.% iH,B<37% mQ>>7=% 87+I3?%
?14/-IP/%27<,1,2%27% %P/0 %U2-.?%G7::,%.%,P/%7?/;P.%.8%
K727-3?/P/1% 734-IN.8.1,3?/P/% .234.4147% +/:7P7;4=% 14P%
>10,4 % M33:,0/974,:.% 3</0,:.-/97:.% +-/k,33%
3+,?24-/32/+.1,3?/P/% 727:.87% 74</3N,-% 4-728.420@% +:72,4%
3%+/</V5;%27R,P/%,34,349,22/P/%3+142.27%h%TI20 %e2,=%
12.% 90+/:2.:.% 3+,?4-7:520B% 727:.8% 3/:2,12/P/% 39,47= %
14-TH,22/P/% [4% +/9,-@2/34.% TI20% 9/%9-,<A% 17342/P/%
122/P/% 874<,2.A% %79PI347% &%P/07 % U4/% .8:11,2%
+%+14.% ?% T12,% +-/R:/% 1,-,8% 8,<2|;% 74</3N,-1% .% +/4/<1%
.8<,2.:/% 39/;% 3+,?4-7:521;% 34-1?41-1 % F%@/0,% 727:.8 7%
.3+723?.<%11,20<%107:/35%9+/:2,% 270,H2/% 90OA9.45% 9%
3+,?4-7:520,% +/0+.3.% </:,?:A-2/P/% ?.3:/-107=% /8/27 =%
9/0A2/P/% +7-7=% <,4727% .% IP:,?.3:/P/% P787 % M=% ¥4/ 37
97H2/,=% 1,4?/345% Q4.@% +/0+.3,B% 87<,42/% +-,903.:7%
/H.07,<0,% -81:54740=% +/:11,220,% 27% /32/9,%
4,/-,4.1,3?.@%901.3:,2.B%*/3/>,22/%0:A%<,4727C % G/Q4/<I1%
G7::,%.% ,P/%3/794/-0% +/:7TP7;4=% 14/% 7++7-741-1%4,:,3/[+7%
.<,2.% iH,B<37% mQ>>7% 9+/:2,% </H2/% >10,4% 2734-/.45% 27
QNN,?4.920B% 727:.8% 74</3N,-2/P/% 3/34797%92,3/:2,120 @%
+:72,4%8,<2/P/%4.+7 %
n94/-.4,420B%3+,K.7:.34%9%Q4/B%/>:734.%iH/97227%e.2A44.%
.8%:/20/23?/P/%m2.9,-3.4,43?/P/%?/::,0H7%9%7?/<<,247 -..%?%
34745,%.3+723?2.@%7?/::,P%07H,%0/+134.:7=%14/% 9%+ 282 7%
4772/, %3+/3/>,2%.%2,0792/%/4- </24.-/97220B%K/3<.1,3 ?.B%
4,:,3?/+% .<,2.% 07>>:7 % G-7907=% 9%Q4/B% 39A8.% 2,.28%%
+/94/-.45=% 14/% +/.3?.% Q?8/8,<,:5% 93d% ,V,% 2,% 19,2135%
13+,@/< % j027?/% 2,0792/% ?% 2.<% +/07?:;1.:3A% 2/9,BR.B%
?/3<.1,3?.B% 4,.,3?/+% =% 87+IV,220B% 3% <0O37%
K7279,-7% %<7-47% 202,R2,P/% P/07 % 2% [327V,2%
1-,89017B2/% 119349.4,:520<% N/4/<,4-I<=% +/89/:A;V.<%
143:,H.9745%4-728.420,%+:72,40%2,>/:5R.@%-78<,-/9 % G-.%
1<,-,22/<% 9,8,2..% ?% </<,241% 87+I3?7% 4,:,3?+7% <,2. %
mQ>>7%WK,+:,-Y%3</H,4%/403?745%@/4A%>0%/02|920418%:7
-, 7:52/%+/@/H1;%27%S,<:; %
j347,43A%0/>79.45%4,@2.1,3?.,%0,47:. %S,<27A%74</3N-7%
+-/+13?7,4%.8%7?/3</37%/42;05%2,%:;>0,%Q:,?4-/<7P2.420,%

$




8BI12.A% *27+-.<,-=% [27% Q?-72.-1,4% +/14.% 9,35%
1:54-7TN./:,4=%-,24P,2% .% P7<<76:11.C %j027?/%/27%/42047%
0:A%9/:2%3%0:.27<.%/4%! %0/%+-.<,-2/% %272/<,4- /9%h%
Q4/% 9,35% 9.0.<OB% 3+,74-% 3% +-..,P7;V.<.% [1734?7<.%
1:54-7TN./:,47% % >:.H2,P/% .2N-7?-732/P/% 0.7+78/27 % F 3%
Q4.% .8:11,2.A% -733,.97;43A% 27% N:1?417kK.A@% +:/42/34.%
74</3N,-20@% P78/9=% -78<,-0% ?/4/-0@% <2/P/?-742/%
134147;4%0:.27<%.@%9/:2 % e7?/B%4.+%-733,A2.A% 27888%%
-Q:,,93?.< %F%+,-9/<%+-.>..H,2..9%,P/%.24,23.92/345% *..=%
90-7TH7A35% N/-<7:52/=% QNN,?4.92/,% 3,1,2.,C% />-742/%

3+,?24-7:52/<%  727:.8,%  811,2.A%  8,<,+/0/>20@%
4-728.420@% +:72,4=% [>-7V7;V.@3A% 9/?-1P% 89,80% 9%3 7.
19%39,4/90@%:,4%/4%]/:2K7 % G-.%Q4/<%0,:1%3.:52/%+M,4=%
3% 37<.9% 89,800% /?7THI43A% ?-7320<.% ?7-.27<.%
3+,?24-7:52/P/% ?:7337%a% *4/P07% Q?-72.-1;V.B% QNN,?4%
4-728.42/B% +:72,40% 0/34.P2,4% <7?3.<I<7=% 14/% +/89/4%
P1,%900,:.45% 3.P27:0% 74</3N,-20@% P78/9C % G7:.,%%
?0::,P.% 149,-HO07;4=% 14/% 9% Q4/<% 3:117,% 3.P27:0% </H#&/
>10,4% 87-,P.34-.-/9745% IH,% +/3:,% 27>:;0,2.A% 0970k74 .6
4-.0k74.%+:72,420@%4-728.4/9 %

+-/+/-K/27:527% 1,49,-4/B% 34,+,2.% 0:.20% 9/:20% 39,47 % & ()* +
*4/127A% 879.3.</345% 2,3?/:52/% 3:/H2,,C % G/Q4/<I% ?IH0% %
?/-14719/:2/19/P1%  1173427%  3/:2,12/P/%  .8:11,2.A% — 3" ‘a
-733,.97;43A%9%8,<2/<%9/80IR2/<%>733,B2,%<2/P/%3.:52, % _
0:.22/9/:2/90@% N/4/2/9 % M8687% Q4/PI% 2,>% 27<% 27Hhe8 | ') '+
P/:1>0<%h% ,34,349,22/=% ?/P07% <O% 2,% 3</4-.<% 27% |/;2k
G/%4/B%H,%+-.1.2,%S,<:A%+-,0347,4%/?-7TR,22/B% 9%P+D, % + + %
4127%+-.%27>:;0,2..%.8%7?/3</37 % %
% Y 24P,2/93?.B% 3+142.2% Lnln% s %
a 1.0 ] [>27-IH.:% .24,-,320B% />t,24% [gu%
o e 1% 9>:.8.% 07:,2/B% 39,-@<733.92/B%
w F 3 1,-2/B% 00-/B=% ?/4/-OB%
2 gs0 = 24,-+-4.-143A% ?27?% ?/3<.1,32.B%
2 u ] V+-8-72v% *v  vC% 6% 39.0,4,:5349/%
= 04f 3 <IV2/B% Q2,-P,4.1,3?/B% 93+OR?.% 9%
& " 1 1,-2/B% 00-,=% +-/.3R,0R,B% >/;,,% %
0.2 — <.:.7-0/9% :,4% 27870 % U4/% +,-9/,%
c ] [>27-1H,2.,% [>t,247% 47?.@% 903/2.@%
e : 25 Q2,-P.B %%
A . . . . G-% .811,2.% P:I>/?/P/% 3,9,-2/P/%
r ] />8/-7% s % *s %g %u %
oal i N C% 0%  [>27-IH,2/% %
x u ] +/4AH,220@% -,24P,2/93?.@%
= 06[F - .34/12.219 % j0.2% .8% .34/12.?/9=% [gu%
= y 1 1=%  3/9+707,4% 3%  <733.92/B%
S 0.4 - Q::.+4.1,3?/B% P7:7?4.2/B% 27% % W% ™ %
o ook ] F% 31><.::.<,4-/9/B% />:734.% 3+,24-7%
“E B 12% 3:7>0B=% 7% 9% -70./0.7+78/2,% 6% Q4/%
0.0k ] 2/<+7?420B% />t,24=% 3/9+707;V.B% 3%
0.5 1.0 1.5 2.0 25  7724.920<%P7:7?4.1,3?.<% A0-/<% * X"C %
Wavelength (umj n94/-0% -7>140% 903?78097:4%
% +-,0+//H,2.=% 14/% O09/B27A% 34-1?41-7% +-/4AH,22/P/%
(] #1"(0, +." 1-11%* -#+-&+. A ## &SV*A 6"1+- 7 -,24P,2/932/P/% .34/12.27% 39A8727% 2% 3/% 3?/+,2.<%
JIHT'0. 21 )+ &S0, 10% +,9 [ -3- P7:774.7=% 7% A9:A,43A% /4-TH,2.,<% 34-1241-0% -70./0H /8% 6%
)++-3- 6,1"+*$ P &3, @ j3-/,4l L] #0,&+"+*" #1"(0, -81:5474%  [>-742/P[%  K/<+4/2/93?2/P/%  -733,A2.A%
#-+"+-3- *6)"+*$  10-5'5"3- 1- (#™ +7 "0 "6 -:A4.9.3432.@% Q:,24-12/9=% [>-78/979R.@3A% +-.% </N2/ <%
SI-HT"0) MU * * -0,C"++-3- - 8)+. 2 % & ' ( 4~ 98-09,%P7:7?4.2.=%27%N/4/27 @%-,:.?4/9/P/%.8:11,2.A%
#1"(0, 1"1" +-3- #&™, 8)+. 2 " ( 41°'-"# #1"(0, U4/% [4?2-04.% 07,4% 9/8</H2/345% 27>:,0745% A9:,2.A=%
S0,CMHH-3- 2 MULF - N3 #R™, #,9- #&'V, V'3- ?/4/-0,% +-1.8/R:.=% ?/P07% F3,:,227A% >0:7%/1,25% </:/0 7 %
+HE V) 2- 400" L H 8)+. 27 #1°(0 1- ) +0,+™ >t,24% +111.% 47?/% 3+kN.1,3?2/,% 278972.% 6%
-7 C" 30)11-74 ?1"(0 ~"('0-1,3+*+-3- *6 ):"+*$ ?-+%, -,24P,2/93?.B% v+-.8-7?v% 6% .8687% 4/P/=% 14/% O.NNE&20OB
10-5"/5"3- :"0"6 ,'I-#T"0) M"I* * -0,C"++-3- -' 8 )+ .34/12.7%-,24P,2/937/P/%.8:11,2.A%/347 ,43A%+/3:,%4/ P/=%727?%
#--&"#&)" #1"(0) (--0.7 1-C+-1-)* 10* + 9 [ 8:11,2.% /4% 98-097% +-,2-74.:/35=% 4? % 9-<A% H.82.%
2*6D6, 10""-& 7?-+"+-7 ##"L.4 10-A-C/"+*$ M" * 1- -,24P,2/93?/P/% .8:11,2.A% 27% +/-A0?.% >/:5R,=% 1,<% 0:/4%
#H- "l () 210 1M1 +-3- #&™, 8)+. #-- &"H#HE&)" >/:,,% 2.82/1734/420@% 9/:2 % K/<+4/2/937/,% 9-,<A% H.82.%
#1'(0) (--0.7 -C+- 1-)* 10* 108! +9 /'+ * 0:A%-,:A4.9.3432.@%Q:,?4-12/9%3%y%z% %27%-7324M %z%
M"L**6 (-#1-#, 6-90,C"+*"*6 -9#)C/,"I-7 #',"* & I"#$ % 3/3479:A4% [211% % <2% 1,4=% +QA4/<I% 47?/B%
% -,24P,2/932.B% [3474/?6v+-.8-72v% /4% I<,-R,B% P.P72428%
M33:,0/974,:.%.8%P-1++0%G7::,%727:.8.-/97:.%3/:2,12 OB% P7:7?4.2.% >10,4% 27>::07453A% ?77% +-/4AH,220B% .34/2%%
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p/:;5R/IP/%  F8-097 %  FO4A2147A%  N/-<7%  [>t,?47=%
+-134.-T;,VTA3AY% 27% = % <.:..127% 39,4/90@% :,4% */?/:/% 9%

" %?+3C=%3//49,43491,4%N/-<,%-70./0H,47=%7%2,%372+%

%




P7:724.2=% 2/41-TA% [H.07,</% 01H27% >045% 3N.-.1,32/B% 0"

73+-,0.:,2.A% Q2,-P..% 9% -,24P,2,% 477H % 3//49,43491, 4%

24,-+-47K.% -24P 21932IPI% +-.8-777 % F>.8.% K24 7% b '

"24P2/0370PI%  V+-8777v  21@I0.43A%  4/1120B% o

5206341323'?9_23/05% 1 S/ 00-0 5 Ut 4112 296 3i0r70Ta 0  GI2/90<%07220<%80 807%p 4 5P BB,5+2-7320B%39 P
' ' ' 34/12.° 9% 3/89,80..% |-/27C% 87%+/3:,02..% % :,4%1<,25R.:735 % 9%

% 0 ?2/BY :7?4.2/B=9 9 %P: 9
<733.92/B%Q::.+4.1,3?/B% P7:7?4.?/B=%9.0.</B% 27% P:I2.@% 39/.@%-78<,-T@% +-.<,-21% 27% {=% .% +-.1.20% Q4/P/%Q%

? 0, - 0,
[+4.1,37.@%.8/>-7H.2.AQ@ % 2/2k7%+/2A420 %%

p,4,:5P,B8,%6%7?-7320B%39,-@P.P724=%<733.927A%8%907 6
%-78%>/:,,%4AH,:7A=%1,<%]/:2k, %p,4,:5P,B8,%27@/0.43A%

-7801972.,% 89,800=% .% ,,% -78<,-0% </P14% 19,:.1.97453A% 9%
3/42.% -78% +/% 3-792,2.;% 3/% 39/.<% +,-9/2717:520<%
8271,2.,<% 13:.% p,4,:.5P,B8,% -73+/:/H.45% 9% k,24-%
1:2,12/B% 3.34,<0=% 4/% ,,% ?-7B% >10,4% 0/34.P745% [->&%
f+.4,-7 % e7?.,%89,800% 9% +-/k,33,% Q9/:;k..% 07:,,% </P  14%
98-097;43A% ?7?% 39,-@2/90,=% ...=% ?7?% 9/8</H20B%BI=%
+-1.3@/0.4% ?/::7+3% 89,800% 3% />-78/972.,<% 1,-2/B% 00-0%
>,8%</V2/B%93+0OR?. %

2,>7=%.%347:7%+,-9/B%89,80/B=%1%"?/4/-/B%.8<,-,2%04-%*9%
" %P/01%+/%/+4.1,3?.<%07220<%/2%3/3479:A:% | #C%M%+/%
3,B%0,25% Q4/4%39,-@P.P724% A9:A,43A% ,0.2349,22/B06BS%
?141-TA% 27% 32.<?7@% ?/3<.1,3?/P/% 4,:,3?/+7% 07>>:7%027%
?7?%0.3?=%7%2,%7?7?%4/1,120B%/>t,?4 %%
M24,-N,-/<,4-.1,3?.%  27>:;02.A=%  +-/9/0.9R.,3A%

oy -72,,=% >0:.% R.-/?/+/:/320<.=% .% +/Q4/<1% 27>:,07,<0,%

i N B &+ *6-90,C"+** 1-(,6,+, +"9- 5,$ -9 # & .8<,2,2.A% 9% -70.13,% 6% 9,V5% +/2A427A% .% +-,03?78I,<7%
#'&"0+-1 3)9-(-! -96-0" m P*4+* %&™-1 *6-9 0,C"+. >/:5R/,% 9:.A2.,% 27% -,81:5474% /?78097:.% 3+,?4-7:520, %
0"+'3"+-&#(*" [, ++." m (0#+.7 %&™ D *6-90, C"+*" 1- .2..% P787=% 3/0,-H7V,P/3A% 9% /[?-IH7;V,B% />/:/1?,=% 7%
0,/*-/,++.! 2nbopqrd Z1*:"#(*" /,++." 1- ? - +-&# -H 47?H,% +/P:/V,2.,.% +0O:. % FOO,:.45% 2,+-,-0920B% 3+,?4-%
3)9-(-!) -96-0) 2stss4 D 1-(,6,+. 9".I* C"'.I* * >0:/% +-1>:,<74.12/ % M% +/Q4/<1% 27>:;07,<0,% 97-.7k..%
-0,4C"&.I* (1 26-90,C"+*$  O,/*/++" D 0.7<,4-7% 9% 0.7+78/2,% 0:.2% 9/:2% /4% /+4.1,3?.@% 0/% 9%
rusumvmguuwec | -1%:"#(*" D stss O, [*,++." D .2/P07%+-,90R7:.% { %%

sHwm xyz nbopqr4 L/90,% .33:,0/972.A% /32/9720% 27% 07220@=% 3/>-7220@% 3%
% .3+/:58/972.,<% M2N-7?-732/P/% +-/34-72349,22/P/%

U4/4% +-.8-7?% -733278097,4% 27<% /% 93+OR?,% 1,-2/B%®B-, 24 N -/<,4-7% 9% p,-2:.% *}' %~ %} ° =%

214/-7A% IH,% 07920<% 0792/% 877?/21.:735 % U4/% /827 1L BE+4/% 1~1C % M24,-N,-/<,4-% +-,03479:A,4% 3/>/B% ?/234-17k.;% .8%
2,4%2,/>@10.</34.%.3?745%1,-20,%00-0%2,+/3-,0349,22/%9%  4.@% 60:B</90@% * % <C% 4.:32/+/19=% T>I4TV.@% 9%
</<,24%.@%3IV,349/972.Aq%/2.9%/3479:A;4%+/3:,%3,>A%/25% 3-,02,<% 0.7+78/2,% .2N-7?-7320@% 9/:2% a7?3.<7:527A%
<2/P/% 1:.7 % U4/% +,-90B% -,24P,2/93?.B% +-.8-7?7=% ?/ADB% 57879424 -N,-/<,4-7%6%# %<=% 14/% 27%0:.2,% 9/:20%B%4?<%
27>:;,07,43A% 9% /4314349.,% -70./0H,47=% 4 ,% +/3:,% ,P%% +/89/:A,4% +/111.45% -78-,R,2..% 9% 1% 3,7120% OIP. %
31,82/9,2.A% +-/R:/% [1,25% <2/P/% 9-,<,2. % n34-12/<0% p,4,:5P,B8,%/?-IH,2%+-/4AH,22/B%/>/:/1?/B=%3/34/AV,  B%.8%
27>:,07:.% -72,,% +-/4AH,22/,% -,24P,2/93?/,% .8:11,2., % +0:.% % P787=% +/Q4/<|% .8<,-,2.,% 0.7<,4-7% 874-102,2/ %
+/0/>2/P/% +-/.3@/HO0,2.A=% 2/% 4/:5?2/% /4% P7:7?4.2% 3% GIQ4/I<I% % >0:% .3+/:58/972% .2N-7?-7320B% 0.7+78/2=% B%
-70./.8:11,2.<%  27% >/5R.@% <73R47>7T@=%  14/% 2/4/-IPI%QA4AT%/>/:/127%+-18-7127 %

+/0-781<,97,4% +-/0/:H7;V.B3A%
+-/k,33% 93+OR?.% .% 9% 2734/AV,,9
9-<A% F% 3:117,% [gu% !'%
[>27-1H,2% 4/:5?/% 4/1,120B%
-70./.34/12.?7=% ?/4/-OB% 3/9+707,4%
3% <733.92/B% Q::.+4.1,3?/B%
P7:7?4.2/1B%9%/+4.1,3?.,%0.7+78/2, %
G/:11,220B% -,81:5474% 3/807,4%
+-,k,0,24 % 4.% 2,>/% 9%
-,24P,2/93?.@% :117@% 0/:H2/% >045
+-134/% 13,A2/% 47?.<.% [3474?7<.6
+-.8-727<.%%*/k,2?.%07;4%9,:.1.21%
9% % />t,?4/9% 27% ?970-7420B¢
P-7013C% 9% 4/<% 3:117,=%,3:.% 98-09
1,-20@% 00-% A9:A:.35% />0120<
A9:,2.,<% 9% -722,B% F3,:,22/B % L 1
alV2/345% 98-097% 9% 1,-2/B% 00-, Size of Star
IP-1<27=% Q?9.97:,2427% +-.<,-2/%
<IV2/34.% 98-09/9% <.:1.7-07% [ |
39,-@2/90@% 89,80 % M% 93A% Size of Earth’s Orbit
Q2,-P.A% 3>-73097,43A% 9

[?2-IH7;V,,% +-134-72349/=% +-.% 3 ] .
Q4/<% +.-,< VTA% % 27P-,97A% P78 %[ IEESIEERsl CUER@ g . R
07H,% +/3:,% 4/P/I=% ?7?% 93+OR -

SRS LV VY Atmosphere of Betelgeuse HST - FOC
Q2,-P..% /4% 98-097% 1,-2/B% 00-Ofl:Te:I:¥% By -1 Kol -To N Y, TV VR TN [ 1- 00 W o 11119 (o1 7 Y .87
2.2107% 2,% .31,87,4 % F% 3.:1% Q4/P/=%

QNN,?4% 14% 477@% 98-09/9% </H2/% 27>Z;0745% % 1,-,8%D M. 6-90,C"+*" J™ 3"76" 9.- 1"0&.! 10$!.!

<.:.7-00%:,4 %L7+-.<,-=%0:A%>/:,,%107:,220@%/>t,?4  /9=% *6-90,C"+*"l 6&"6/. *#( 1,$ *6-90,C"+*" ?-+%, | T,
+-.% %wW% =%K/<+4/2/93?/,%9-,<A%/340972.A%IH,%H847,4% Z0*-+, D (0,#+.7 #&"0A3*3,+' +, O##-$+* & P # &"-&A "
0/% #%<:-0%:,4 S MM* 26-90,C+*" u t  2{d Ds

S &+011 ! " %% mud o | 2sHs g4 rusu * bsud %

27% ?/2,12/B% 3470..% H.82.% 89,800=% 7?/P07% +-/.3@/0.4%

p,4,:5P,B8,% 9@/0.4% 9% 0,3A47?1% 37<0@% A-?.@% 89,80WR7R,



L71.27A%3% "1%P/07%0.7<,4-%p,4,:5P,B8,%.8<,2.:3A%% %
7,% 0/% 9,:.1.20% " % 7,% e, % 89,807% I<,25R.:735% %
-78<,-7T@%27% %+-/k,24/9 %U4/%/82717,4=%14/%-7083B00%
3H7:3A% /4% [->.40% f+.4,-7% 0/% /->.40% F,2,-O % G-.% Q4/%
9.0.<7A%A-?/345%89,800%I<,25R.:735%2,8271.4,:52/ %

50 C T T T T T

sspE¥ m$ -
8 . ]
£ r i 1

50F &4
50 i-4 1%;
L [ b ]
g 45 7]
5 C ]
- L3 3 8B g 8 51
o 40 FZ < Z O 0 o o “3~

[m < o O - © N~ o
B ES & & 88 8 8 81
Fo— - - NN ™~ ™ o™ A1

35r ]

30LC 1 L L 1 L

2.449 2.450 2.451 2.452 2.453 2.454 2.455

Julian Day (x10°)
D G ) * ) +(,- ) &

L10)) (% .0 ( 26-90,C"+" m { H

4
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*+/23?7.B%:1220B% 8/20% VK7PIAV%*  C% 9% 3-,01% 9-,88A% 9%
+19,-@2/345% TI20%  S7+:72.-/9722/,%  34/:?2/9,2.,.%
+-1.8/R:/% 9% & % +/% X-.29.11% * % <3?C% 2,07:,?/% /4%
H2/PI% +/:;37% 3+142.27=% 3//>V7,4% "Mn% vL/9/34.v% 3/%
330:?2/B%27%A+/23?/,%7Q-/?/3<.1,3?/,%7P,24349/%- , %%
S7%93+0R?/B%.%/>:7?7<.%+0:.%/4%34/:?2/9,2.A%27>:;0Pb
2,3?/:5?/% [>3,-974/-B% % <2/H,349/% 734-/2/</96
>.4,:,B %F%07:52,BR,<%I1,20,%3</P14%.811.45=%7?7?%0,4%
v87H.9745v%3:,0%/4%I107-7 %%

S/20%<733/B% ="%4/220% 1+7:% 9% 2/12/B% />:734.% 27%B%.
34/-12,% TI120=% 2,07:,?/% /4% ,,% ;H2/P/% +/:;37% *27% 6<%
P-7013,%;H2/B% R.-/40% .% & 6<%P-7013,%9/34/12/B%0/:BOC %
141:22/9,2.,% +-1.8/R:/% 27% 3?/-134.% [?/:/% % 403A1%

?.:/<,4-19% 9% 173% +/0% /1,25% 2,>/:5R.<% IP:/<% 6% +/14.%
+7-7:,:52/% +/9,-@2/34. % L7.11R.,.% 13:/9.A% 0:A%
27>:,0,2.A%Q4/P/%3/>04.A%>0:.%I%H.4,:,B%n8..=%n93%:..%
9L/9/B%S,:720.. %%
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K/3<.1,3?2.B% 7++7-74%VK7PIAv=%27897220B%9%1,345336%
.8% 0-,92,B% :,P,200=% ?/4/-7A% 3/R:7% 27% S,<:;% 3% 2,>B%.
:122/B% 34/:. kO=% 90R,:% 27% /?/:/:1221;% [->.41% 9% [?4A> -,%
#% P/O7 %1% +/</V5;% 091@% /40,:.9R.@3A% /4% 2,P/% <7@%
8/20/9% VK7PIAV% .8117:% P-79.47k./220,% 72/<7:..% 27% P,=%
3/3479.:% ,,% 4/121;% 4/+/P-7N.1,3?1;% ?7-41=% .33:,0/97 %
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+-.4/:A-20,%7?-74,-0=%7?107%2.?/P07%2,%87P:A0097,4%K/=%
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def 3
)+

%

%

8)+, -' poz ~--##,7, “d e  poz
%
€b_% +,-,07:% +,-90,% *3% </<,247% 90@/07% 27% /?/:1:1221; %
[->41% 1% .;:AC% .8/>-7TH,2.A% :122/B% +/9,-@2/34. % i9, %
?7<,-0%8/207%>0:.%97:;1,20%! %.;2A %%
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+/</V5;%€b_%11,20,%>1014%.3?745%27%TI12,%<.2,-7:0% 0A%
34-/.4,:53497% >10IV.@% :1220@% >78=% 3/3479A4% +/0-/520

4-,@<,-20,% ?7-40% +/9,-@2/34.% T120=% 9% 4/<% 1.3:,% .% 9%

1:54-7N./:,4/9/<%0.7+78/2, %%

€sb_~~% >10,4% 1,40-,% <,3Ak7% 3/>.-745% 07220,% /% TI2,=%
+/3:,% 1,PI% /4+-79.43A% 9% -7B/2% [02/P/% .8% +/:;3/9% ?%
<7:1.811,22/<1% ?-74,-1=% ?/4/-OB% +/34/A22/% 27@/0.43A % 9%
42.% n++7-74% 47?H%  3/>-4%  2N/-<7k;% /%
<.2,-7:/P.1,3?2/<% 3/3479,% +/9,-@2/34.% +:72,40=% 9%
17342/34.%4,@%,,%11734?/9=%?/4/-0,%2.?/P07%2,%/3938%
3/:2,120<%39,4/< %%

S7+730% 9/00% 27% TI12,=% ,3:.% /2.% 47<% ,345=% 8271%:52/
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G/14.% 27% 37</<% ?-7;% ]/:2,12/B% 3.34,<0=% 9% 4,<20@%
P:1>.27@% ?/3</37=% <1.43A% +/% 39/,B% /->.4,% P.P7248?7A
+72,47% m-72=% 3/34/AVTA% P:7920<% /[>-78/<% .8%
P78/1>-782/P/% .%H.0?/P/%9/0/-/07 %j27%/?14727%<,4729/B%
00<?/B=% 3?-097;V,B% ?7?.,6:.>/% 0,47:.% ,,% 74</3N,-O %
T.R5% 9% k,24-,% m-727% +-,0+/:/H.4,:52/% ,345% 49,-0/,%
?27<,221,% AO-/ % U41% 07:,?1;% +:72,41% [?-IH7;4% 1% +/14 %
7>3/:;42/%1,-20@%?/:,k%.% #%3+142.?2/9 %%

L7% 2,>/39/0,% S,<:.% :;0.% 3% 0-,92.@% 9-,<,2%
9.0,.% % +:72,4% a,-?1-.B=% F,2,-1=% a7-3=% f+.4,-% .%
1741-2 % L7>:,0,2.A% 2,9//-1H,220<% P:78/<% 2,% +/89/:A: %
-78:.1.45% 2.% [/347:520,% +:72,40=% 2.% 0,47:..% 27% .@%
+/9,-@2/34A@ %%

%
TR5% 3% .8/>,42.<% 4,,3?2/+7% 107:/35%
-78P:A0,45% 27R.@% 3/3,0B% +/% ]:2,12/B% 3.34,<%
+/+/0-1>2,,% % />27-1H.45% 2/90,% +:72,40 % G,-90<% >0:%
/4?7-04% m-72 % j>27-1H,2.,% Q4/B% +:72,40% >O:/% [P-/<20%6
3/>04.,<=% ?/4/-1,% </H2/% 3-792.45% 3% [4?-04.,<% n<,-.? .%
.1.% 3% +,-90<.% +/:,47<.% :;0,B% 9% ?/3</3 % F% 1,345% 2/8%
+:72,40% >0:% 07H,% 278972% @.<.1,3?.B% Q:,<,24 % K7?% 2.%
34-722/=% 2/% m-72% >0:% /[>27-1H,2% 3:117B2/=% 9% @/0,%
3.34,<74.1,3?/P/% 27>:;0,2.A% 89,80 % m-72% ,% 3,05<7A%/%
107:,22/34.% /4% ]/:2k7% +:72,47 % j2% 9@/0.4% 9% 1,49,-?1%
+:72,46P.P724/9=%27 @/0AV.@3A%9/%92,R2,B%1734.%]/22B%
3.34,<0% m-72% 09.H,43A% 9/?-IP% ]/:2k7% +/% /->.4,=%
-73+[:/H,22/B% +-.<,-2/% +/3,-,0.2,% <,HOI% /->.47<.%
3/3,02.@%+:72,4%,%]741-27=%27 @/0AV,P/3A%>:.H,% ?92KI=%
%L, +4127 %%
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2,9/I-1H,220<% P:78/< % IP/% </H2/% 19.0,45% 3% >/:5R.<% +-IN,33./27:520@% <I807724/9% 9% +-/N,33./27:520@%
4-10/<% .%:.R5%9%9.0,% ?-/R,12/B% 89,80/1?.=% 2/% 270/%24% 734-12/</9 %%

82745% <,34/=% P0,% /2% 27 @/0.43A% 9% 07220B% </<,24PBiA% F% 3701% 9/% 09/-,% 39/,P/% 0/<7% F..5A<% X,-R,:5%
14/>0% +/:11R,% -78P:A0,45% m-72=% 4->1,43A% +/% ?-7B%B  13472/9.:% .<%H,% 37<.<%.8P/4/9:,220B%4,:,3?/+% .% 872RA%
<% >.2/?5=% 7% :1R% ,% 4,,3?/[+% 3% 6?-7420<%  .33:,0/972.,<% 89,802/P/% 2,>7 % mH,% 3,05</B% P/0% 9,:%2%
19,:.1,2.,<=% 4/P07% >10,4% 9/8</H2/% 19.0,45% 2,% +-/34/ % 39/.%27>:;,0,2.A %M% Q4/%2,%>0:/%+-78020<% :;>/+04348/%
39,4:1;% 4/1?1=% 7% <7:,25?.B% 0.3? % M8687% 47?/B% 332 X,-R,:5% +/3479.:% +,-,0% 3/>/B% P-720./821;% 870711% ,%
27>:,0,2.B%m-72%>0:%/4?-04%:.R5%097%9,?7%27870;3439%0 272,34.%27%7?7-41%2,>7%93,%89,800%],9,-2/P/%+/:IR7-A % %
3/93,<% 2,0792/% +/% 3-792,2.;% 3% >/:,,% >:.8?.<.% ?% S,<: ,.% <7-47% #& % PI07% /2% .8117:%-73+/:/H,2.,%39,4.:% 9% -7R,%
+:72,47<.=%7?/4/-0,% @/-IR/%9.0.20%2,9//-IH,220<%P:78 /<% 3/89,80.A%e,:5k7 %j027% .8%89,80% 9% +-,0,:7@% Q4/PT8A27%

.%.89,3420%:;0A<%IH,%2,3?/:5?/%403A1,:,4.B % +/?787:735% X,-R,:;% 34-722/B% ,% 9<,34/% A-?/B% 4/1?.% b

% <, 7% 9.0% 2,>/:5R/P/% 0.3?7=% +/Q4/<I% 9% 02,92.?,%
!/ . )+ 27>:,0,2.B% /2% 30,:7:% 47?1;% 87+.35 % W2,/>012/P/% 9.07%6 ,%
% .>/%89,807=%/?-1H,227A%41<722/345;=%:.>/%?/<,47Y %

F% 72P:.B3?/<% ?I-1-42/<% P/-/0?,% p74%9,1,-% % <7-47%& % %

P/07% 9007:3A% 4.@.<=% +-/8-7120B% 9,3,22.B% 9/801 @®:8%84
27341+.9R7A% 2/15% /> N7:7% >045% 4,<2/B% .% >,8/>:712/Bb6
K/P07%0,25%IP73%.%270%S,<:,B%-73+7@21:/35%89,802/8%6
>.4,:5%734-/2/<..%F..5A<% X,-R,:5=% ?7?%/>012/=% 872 A:%
<,34/% 1% 39/,P/% 37</0,:52/P/% 4,:,3?/+7 % G-..52I19R.B% ?%
[?1:A-1% 1,:/9,7% 2,% 827:=% 14/% .<,22/% Q4/B% 2/15;% ,<1%
+-,034/.4% ?7-0.27:52/% -73R.-.45% +-,0,:0% ]/:2,12/B%
3.34,<0%.%4,<%2793,P07%9+.3745%39/,%.<A%9%.3M%.; %
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G,-9/2717:52/%X,-R,:5%+/31.47:%93,% H,=% 14/% Q4/%
2/<,47=% % 1,<% 93?/-,% Y% +/3:7:% 3//>V,2.,% 9% K/-/:,93?/,%
I5V,349/%,%p-.4723?1;%n?70,<.;% 2712 %i97%<,3Ak7%3+34A%
+/3:,% /42-04.A% X,-R,:A% +,4,->1-P3?2.B% 7770,<.7% n20-, B%
T,23,:5%901.3:.:%+7-7<,4-0%I/->.40%Q4/PI%2,> 32/P/%4:7=%
+/27879R.,=% 14/% /2/% 9-7V7,43A% 9/?-1P% /:2K7% +/% 2HP%b
-70.13%7/4/-IP1%9% "%-78%+-,90R7,4%-70.13%/->.40%S;:. %
17<1,% 10.9.4,:52/,% 3/34/A:/% 9% 4I<=% 14/% 2,>32/,% 4,. /=%
142-04/,% X,-R,:,.<=% .<,:/% 2-IP/91:% /->.41=% @7-7?24,-2 ;%
.32::1.4,:52/% 0:A% +:72,4% % ?/<,40% 09.HI43A% +/% 3.:52%
904A2140<% +7-7>/:7< % |47:/% A32/=% 14/% X,-R,::% 107:/3 5%
L. [>27-1H.45% V,% [021=% 3,05<1:% +:72,41=% 7% ]/:2,127A%
i Lo L, 7 0 3.34,<7=% P-72.k0% ?/4/-IB% 0/% 3.@% +/-% +-/9/0.:.35% +/%
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°6. 42.B% +-/N 33, /27-520B% <I807724% F.-SA<U 1:,2/<% T/20/232/P% KI-1,932IP[% [>V,3497% % +/:11.:%

X,-R,:5% 27% H.825% 87-7>74097:% +-+07972.,<% <I80?.=% 34’+’250f’ o ?4/'3% .ﬁ?le'o?’i/P/% '.20'9".3 '4’47? F2/95%§, 0
P-IBY627%372- +2.% YP/>1,%9%<, 342/<%/-2,34- %% 20FE:%0,%69% 4?'02” \%2,>,32/, /‘(’,4"/0A’X’;R"5 A’207 8907 X /°+'?254/B /".X;,/' P7%9%
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INgerraRt AR Tl KRl A >/, Y%+HO0@/0AV, %278972.,=%+-,0:/H,22/ % 9% P/0%/47-O 4.A%
9']'. 7< % 07'97'."%’ ’?/2k _40':'%' 7% '2/1 % "'+_/'9/0 % 87% +:72,40% 2,<,k?.<% 734-/2/</<% M/P722/<% p/0,% ,% m-72=%
D702 068980 % . O 06 9 349 3% 2. <0 <-TOR B 5749 4% % +-/01H.:1% W3,< B2/,% 0~ 9/Y%-.<32.@% >/PI9 % 9%
N:,23720-% % 3,34-7% K7-1- 27%+<IP7- % <1% 9/% 93,<% %6 9% 2,.728?;,253@3)?4 :g%/’A'Z% “T3+H,220@% 9/% 92R2,B% 1734.%
8PI4I9: 2. %.234-1<.2419=0%.969%/>-T>/42. %2750 2.8 ~%.%69% 12 Oj4")-c'>4 % M-T27% F-.0./% 27-5 1% X.-R.-A %
0/<7TR2.@%0,:7@ % K7-1:.27% >O:7% +,9.k,B% .% 90341+7: 7% 0 o o e Tl e o
oK AT@Ss AT D15y AT 1027350 Taaole oy KI15% XI-PY% W=%6 37<Y SLSRIBY :i>.4,5% 734-12/<..=%
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RO 18-0) YEEN< o HEL) 27 $@ #& % P/01% 278271.:% +-.09/-20<% 734-12/</<=% 7% ,PI% 3481%
AB 31 C D 4’1.$ 20/ &)$ C% F4.-/3' 6349 % +-1% 2.@% 32 THIA=% K7-1:.21% ,% +/</N2.?/<% +-.09/-2/P/% 734-12/<7 % M<% >0O: /%
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0 0 el 197 (53970 670 NI24/9% 34,-.2P/9% e7?% [47-04.% m-727% +-.9,:/% ?%
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+:H.: % 2717:/% -7>14,% +-IN,33./127:52/P/% 734-/2/<7 % 39A8720% 3% 37<.<% m-72/< % U4/% </P:.% >045=% 27+-.R/%% ,
K/-/:5% 900,:.:% 3-,03497% 0:A% +/34-/B?.% />3,-974/-.% 9% 3+142.?. % L/% 727:.8% 09.H,2.A% .89,3420@% 3+142.?/9%187%
171=% ?% 87+701% /4% T/20/27=% 2,+/07:?1% /4% 39/,P/% +/?787:=% 14/% 2.% /0.2% .8% 2.@% 2,% </P% >045% 4,<%%>,320

F.208/-3?/P/% 87<?7 % S7% +/3:,01;V..% % :,4% X,-R,:5% 4,:1<=%"7/4/-/,%874<.:/%39,4%89,800 %G-,0+/:/H,2.,.%/ %A4/<=%
30,:7:% 9% Q4/B% [>3,-974/-.% V,% <2/H,349/% 2/90@% 14/% Q4/% </P:.% >045% % 2/90@% 3+142.?/9% 3% /02/BBA/-/2
27>:,0,2.B=% ?/4/-0,% +-.2,3:.% ,<I% 3:791% ?-1+2,BR,P/% m-727% .% ,V,% =% 4/H,% 2,.89,3420@=% ,% 3% 0-IP/B=%27P/=
734-[2/<7627>:;074,:A% 9% .34/-.. % F3,% .234-1<,240% 0: A% -7920@% -7334/A2.A@% /4% +:72,40% 07% +-.4/<% V,% %
.811,2.A%2/12/P/%2,>7%,%>/:,,%3/42.%<,47::.1,3?.@%8,-?7:% -713+/:/H,220@% 34-/P/% 27% [02/B% +-A</B=% 90OP:A0,:/%
0:A% 4,:,3?/+/19% ,% /2% .8P/A419.:% 3/>349,22/-112/=% % ,#% 3/9,-R,22/%2,9,-IA420< %%
4,:.,32/+0%>0:.%27.>/:,,%7?-1+20<.%.%37<0<.%:11R.<.%. 8% "R,2.,9%Q4/B%87P70?.%27+-7R.97:/35%+/%727:/P..%
31V,349/979R.@%9%41%Q+/@1 %% 3% O0-IP/IB% +:72,4/B6P.P724/<% ,% ]741-2/<=% [?-I1H,220<%

% R.-1?.<%?/:5k/< %j34797:/35%0/+134.45=% 14/% 9/?-IP% m727%

* 71 <,;43A% % 18?.@% ?/:,k=% +-.1,<% 2734/:5?/% 4,<20@=%94.8H%

14:1.,% /4% A-?/P/% ?/:5k7% ]741-27=% 27>:,07,</P/% 27%
+-14AH,2..% 2,% /02/P/% 34/:,4.A=% .@% 0/%
3.@% +-% 2,% 10797:/35% -78P:A0,45% 9%
4,:,3?/+ % K/PO7% m-72% +-/@/0.:% 27% N/2,%
07:,7/B% 89,800=%,P/% ?/:5k7% .% +,-,7-0:.%
.0IV.B%/4%2,,%39,4 %

K/:5k7% >0:.% 2789720% +,-90<.%
>[?97<.% P-,1,3?/P/% 7:N79.47% 9% +/-A0?,%
107:,2.A% /4% +:72,40% ,% n:5N7=% p,47=%
X7<<7=% i,:547=% U+3.:12% F2,R2,% ,%
U+3.:/2% ,% -73+/:/H,2/% 9% % 403 % ?<% /4%
k,24-7% m-727 %j2/% :.>/% >/:,,.% </V2/,=%
1,<% 0-IP.,% ?/:5k7=% :.>/% 3/3479:A;V.,.%

,PI% P:0>0% -73+/:/H,20% >:.H,% 0-IP% ?%
0-IPI=% +/3?/:5?1% /2/% [3:7>.:/[% 39,4%
89,800%27%" {=%7%9214-,22.,%7/:5k7%,%2,%
>[1,,%1,<%27% {%i7:52,BR.,.=% >/:,,%
4V74,:520,% 27>:,0,2.A% +/?787:.=% 14/%
m-72%-73+/:7P7,4% 3.34,</B% .8% % ?/:,k %
F.0.</=% ?/:5k7% m-727% 3/34/A4% .8%
<2/H,3497% /40,520@% <7:0@% 4, %
-78<,-1<%2,%>/:,,% , % ?<=%+/3?/:5?1%2.%

102/% .8% 2.@% 2,% +,-,?-0O:/% 39,4% 89,800%
+/:2/1345;=%7%:.R5%/3:7>.:/% P/=%+-.1,<%

9% -782/B% 34,+,2.% 27% -7820@% 11734?7@%
?k% F% [4:.1.,% /4% 39,4.0@% 7/ k%
1741-27% ?/:5k7% m-727% /1,25% 4,<20,% ,%
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M-727%270%/39,V,220<%+/:IR7-.,<%/27%+/14.%/0.272/97 A%  9:@-=%7%477H %0-IP.,%/>-78/972. A=%27+/<.2TV.,% 4% 14/%
9% -78:.120@% -TBI27@% ,% /4% +/:37% 0/% Q297417 % Fa>-| @/-/RI% 89,3420% 9% 74</3N-7@% O-IP.@% +:72,46P.P7249
3/3479:A4% 93,PI% R5% CE% */4% , &% O0/% , E]C% U4/op 27F--% +7-7::,.520,% Q?974/-1%  +/A37% -78.120@%
1>341A4,:5349/% 347:1% % [02.<% .8% 3;-+-.8/9=% 2/4/-0 BY%  'A42?/9=% 39.0,4,:5349LV..% /% R.-/42/B% k.-?I:Ak.%
+-,+102,3% 11,20<% WF/AOH,-6 Y% 9/% 9-<A% .33:0/972.8% ' +</3N.-0%%




9-7V,2.A% m-727% 2,%

Belinda ~ 3/P:731:43A% 3% />V,B% 27-4.2/B%
\. ¢ 0/82.22/92.A%  +724% 8%
Rosalind Epsilon Ring NCGRll|  O/+:72.42/P1o%/>:727=9693,% 1734.9%

214/-1PI% 9-TV'T-.35% 9% /02/<% Y
4<% H% 27+79:2.% 9/2-1P%
1/:2K7 % [347,43A%
- O+HTPTA5=%  141%  H%
3N/-<-/979RTA3AY%  +72,47%
m-72% 34/:221:735% 3% 27?.<641%
0-P<%  0/9/:52/% ?-1+20<%
2,>.320<% 4,:/<=% 9% -, 81:5474,%
LPI% % 135% 9-7V,2.A% 3.:52/%
142:12.:735% 14%
+-912717:52/PI% 27+-79:2.A=%
CTTM  07% 477% % /347:735% 9% Q4/<%
72/<7:52/<%+:1H,2.. %
mMY>/:5R.23497%+:72,4%
Poia 135% 9-TV,2.A% -73+/:H,27%
+14.9% 9-4.27:52/=% 41% 345%
Desdemona W , 4,20, 21A20% 2% +132/34.%
- it [5.40% +72,40% F-7V7A35%
9/7-1P% 9,-4.27:52/B% [3.=% [2.%
V% Yo+,-.09.P7:43A%+/%7-IP19%, %
+1%309/,B%/->.4,%9/2-1P%]/:2K7 %
€77B% 4.4+% 9-7V,2.A% 3/807,4%
Uranus - July 28, 1997 TS e T loky  H.314/121:9% 3<,21% 02A% % 2/1.%
PRCY7-36a * November 20, 1997 « ST Scl OPO H14.% 27% 93,8% +/9,-@2/34.%

) ) . +:72,40% 87% 37;1,2.,<%
E. Karkoschka (University of Arizona Lunar & Planetary Lab) and NASA - +1-A-20@% />:734.B=% PO % .86

* Juliet

% 87%2772:127%/3.%+:72,40%3<,27%39,4:0@% .%4,<20 @ W9%/

~'-30,T** YO+, - ""#(-1, =»,99 > 6-90,C"+*" # #7 +-/.3@/0.4%-,H, %G/:A-20B%0,25%.%+/:A-27A%2/15%0:8H=%?%
cc X +-.<,-1=% 27% +/:37@% S,<:.% +/% +/:P/07 % L7% m-72,% 93,%

% 1>341.4% .271, % |P/% /35% 9-7V,2.A% 2,% +,-+,20.?1:A-27A =% 7%

L7% 32.<?,% m-727=% 30,:722/<% 7?/3<.1,3?.<% +/14.% +7-7::,:527A% +:/3?/34.% [->.40=% 3% IP:/<% 27?:127%
4,:,32/+/<% Wo7>>:Y% 9% "'&% P/01=% 9.020% 39,4:/,% +A%2% <,HOI% 2.<.% :.R5% 9% &E=% 14/% +-.9/0.4% ?% Kk,:/<I% -A0I%
141,4:.90,% +/1/30% 27% +:72,4,% 39.0,4,:5349;V.,% /% 2,/>0120@% A9:,2.B=% ?/.@% 2,% >097,4% 2.% 27% /02/BBOO-IP/
8271.4,:52/B% 7?4.9.87K..% 74</3N,-20@% +-/k,33/9% 3% 4@%  +:72,4,% j02/% .8% 2.@% ,% .3?7:;1.4,:52/% 34-7227A% .%
+-=% ?7?% 87% % :,4% 0/% Q4/P/% 794/<74.1,3?7TA% 3472k A% 89017B2/%+-.110:.97A%?7-4.27%3<,20%9-,<,2%P/07 %
WF/AOH,-6 Y=%+-/:,47A%9>:.8.%m-727=%+,-,07:7%32.<?=%27% %

?/4]-0@%74</3N,-7%90P:A0,:7%3/9,-R,22/%/02/-102/B=% ?7?% 1,.9,-2/, %+ IR 7., Y9/6%%6%%%6%%%%6%%%%6%%%X/0%  7-.,9%6H2/,%+/:IR
>104/%/27%279,12/%87<,-:7 %e7?/,%W/H.9:,2.,Y%</H,49%>045% S.<2. %312k 341A2. Y%Ye %Yo %6%6%% " =%6%Y6% "Bl Tk BAURLMb
39ABT2/%3/%3<,2/B%9-,<,2%P/07%27%m-72, %% F,3,22,,%-792/0,2349. %% %%% " 1=%6%%%% #% [STBR/02349.%

%

5LM93 T,42,,%3/:2K,34/A2.,%%%%%%%%%%% " =%%%I80BBKI4A?2.,%
j3,22,,%-792/0,2349.,%%%%%%%% " =%%%%% "9%8482HK),2349.,%
%

%

j0.2%1/>/-14%9/2-1P%]/:2k7%m-72%3/9,-R7,4%87%& %
8,<20@% P07 % S7% Q4/% 9-,<A% 27% 2,<% +-/.3@/0.4% 3:@%9% 9
1,40-,@% 3,8/2/9% ,% 9,320=% :47=% /32.% % 8.<0=%
965 +-10/:H.4,:52/345% 27THO/P/% .8% 2/4/-0@% -7927% +/14.% %
8,<2/<I% P/Ol % F% W-78P7-Y% :42P/% 3,8/27% 9% 3,9,-2/<%
+:IR7-..% mM-727% 2,+-,-0920B% 0,25% 0:.43A% >/,.% %
8,<20@% :,4 % F3,% Q4/% 9- <A% ;H2/,% +/:IR7-.,.% +/P-1H,2/% 9%
3+:IR21:%4,<2/41%,% 47<% \W8.<7Y =% 2/4/-1:%</H2/% 2789 B8 %
+:A-2/B%2/15; %F%9,3,22.B%.%/3,22.B%+,-./00=%2/P0%m-72%
+19,-214% 2% J/:2KI% 2,% +/:;:3/<=% 7% Q?974/-/<=% 27% 93,B%
1088 +:72,4,%+-1.3@/0A4% H,314/120 %9/3@/00%.%872740%IK7%
Pl = 3%+,-./0/<%9% #%173/9% %<.214 %i7:,,=%+%<,- %3<,\2.A%
to Sun +172,40%90/:5%/->.40% 2% />:734.2% 3//49,43491;V,B%8.<% 9%
Voyager2 39,2/<%  +:R7-.=%  Q?34-<7:520%  I3:/9.A%
2007 139,V,22/34.% 27341+7;4% 92/95=% 2/% 4,+,-5% IH,% +/34/A2/%
Rings edge-on to Sun /39,V,220<% 3472/9.43A% :H2/,% +:IR7-.=% 7% 3,9,-2/.%
B +/P-IH7,43A%>/:,%1,<%27% %8,<20@%:,4% 9% @/:/02CBWi
% +1:A-2/B%2/1. %%

Rings of Uranus

S-/ YO0,+, 0,&"+ j 6"+! 3-/! 6-90,C"+*" # #7' , %
| 049,
% 5; 7! %%
G/% 27>:;0,2.A<% 3% S,<:.% +,-./0% 9-7V,2.A% m-727% 9/?-IP % o /o ) o 5 oh 7970 o - DEO o
39/.B% /3.9% /+-0.-.45% >O:/% 2.9/8</H2/ % U4/% 107:/35% 110.45% /% 9214-,22,<% 34-/,2..% m-727% 9/8</H2/% :.R5% +/ %

2 0 +- 27<0 0 +: 0 7% [+-.0.: 27939
30,745% - R5% +-.% +-/:.4.% 9>:.8.% +:72,40% 93 % 4/P/% 6 ?/139,220<% +-.827?7< % a7337% +:72,40% >0:7% /+-,0,:,27%3%

WF/AOH,-76 Y %FOA32.:/35=%14/%/>/-/4%9/2-IP%]3.%8%Z,4% HV5% -731,4/9=% [32/97220@% 27% 734-12/<.1,32.@%

1% m-727% #% 173/9% % <.214 % G/H7-IB=% 37<7A% >-5RTAV%. . 12AQ% 87% P-79.47k[220<% 9/80,8349.,<=% ?/4]-I, %
BTP TP T2 ORI 152 962 ISOL2] 2Tt 70r 0. B 1278097.4%6mM-729627%391.%3+142.2. 60/4ATs+6/>L <IVBG% %
0TV 2 AU 3141 TR 2T 212 2704 270 BB AT 34596 SO0 -78% >/5R.% 27R.B% S,<.=% <7337% ,P/% :.R5% 9% % -78%
o e o b T o ity *+9ORT 4%8,<21; 9% UAI% 86879 4IPI=9% 14/%3- 02AA% 4343%
00.H,2..9%mM-727%9/2-IP%]/:2k7%3/9,-R, 22/%/3/>,22/ %,  %/2%  1-/21% =#%P 3<1=964/%345% 1145% >/-5R,=% 1 <% I%H0B %
274.43A% 90/:5% 39/,B% /->.40=% +.- 9/-71.97A35% 3% >/AV6 207,00 +/42/34.% 4.+.120% 0:A% 93,@% 1,40-@% +72,46
>/2=06 +0/>2/% 211571 % €72.% [3/>,22134.% 09.H,2.A% % g'Pzgj’/gf;ﬁfmmv'@%*'*'<'V’349'22’%'8%:'P?'@%@'ﬁy'@%

5<, 0%

$




The Interior of Uranus

N+)0"++" #O-"4 Y0,+, 6-90,C"+*"
d c f " %
%% %
11.47,43A=% 14/% 9% 37</<% Kk,24-% m-727%
-73+/:/H,2/% ?7<,22/,% A0-1=% 3:/H,22/,% P:7920<% />-78/ <%

.8%/?.3:/9% ?-,<2.A %i.7<,4-% A0-7%9% = %-787%>/:5R,98,B%
27R,B% S,<:. % F/?-IP% 2,P/% ,% [>/:11?7% .8% 3<,3.% 9/02/F
507% % ?7<,220@% +/-/0 % IV,% 90R,% 3:,01,4% P:/>7:520B%
1?,72% H.0?/P/% 9/0/-107=% 7% 874,<% ,% /1,25% </V27A%
74</3N,-7 % G/%0-IP/B%</0,:.%+-,0+/:7P7,43A=%14/%1%M27%
.% 9/93,% 2,4% ?7<,22/P/% A0-7 % F% 47?/<% 3:117,% m-72%2%
90P:A0,45% ?7?% /P-/<20B% R7-% .8% 32,P/9/B%
3/34/AV.B% .8% 3<,3.% H.0?/34.% .% :507=% /?147220B% RB8KO
1>1:11?/B %
%

+ K 3
%
121:5% 2.% ?/-/141?% >0:% +-/<,HI4/?% 9-,<,2.=% /49,0,220B %
WF/AOH,-16 Y%27%.33:,0/972.,%m-727=%3;-+-.80%+-/34/ %2,%
33A?7:. % j3/>,22/% +/-78.4,:520<.% +/?787:.35% 11,20< %
07220,% /% ,P/% <7P2.4/3N,-, % IV,% >0=% 9,05% m-72=% PoAt}%
907?7879%39/;%.37?:;1.4,:52/345=%/>879,:3A%3-781%1,4G5<A%
<7P2.420<.% +/:;37<.% ,% O09I<A% P:7920<.% .% 09I<A%
94/-134,+,220<. %

@ Copyright Calvin J. Hamilton

14-1?41-7% <7P2.420@% +/:,B% 1%
-71820@% +:72,4% 9% Kk,:/<% 3@/027A% ,%
3.1/90,% :2.% 90@/0A4% .8% [02/P/%
<TP2.42/P[% +/:;37=% [P.>7;4% +:72,41% 27%
[+-,0,:,22/<%-7334/A2..%.%9@/0A4%9%?2,,%
27% 0-IP/I<% <7P2.42/<% +/:;3,% e7?.<%
[>-78/<=% +:72,47% 877?:;1,27% 9% 39/,P/%
-/07% <7P2.420B% ?/?12% F.0% ,P/%
2,3.<<,4-1,2=% +/3?/:5?1% 3/:2,120B%
9,4,-% h% +/34/A22/% .0IV.B% /4% ]/:2k7%
+/41?% 87-AH,220@% 1734.k=%,% 347:?.97A35%
3%  <7P2.4/3N,-/B=%  .3?7H7,4% ,=%
W3079:.97AY% 3/% 34/-120=% [>-7V,22/B% ?%
1/:2k1=% .=% 904AP.97A% 27% /1,25% >/:5R/,%
-7334/A2.,% 3% +-14.9/+/:/H2/B% 34/-/20=%
[>-781,4% 47?% 278097,<OB% <7P2.420B%
@9/34=% .:.% R:,BN % m% S,<:..=% 27+-.<,-=%
47?2/B% 2,9.0.<OB% R:,BN% 4A2,43A% 27% %
<2% ?<%  j41A% H%  <,HOI%
<7P2.4/3N,-7<.% -78:120@% +:72,4%
?737,43A% P:7920<% [>-78/<%
P./<,4-13?2.@% -78<,-9=%  ?/4/-0,%
/+-,0,:A;43A%  -782kB% 9% 3..%
*27+-AH,22/34.C%<7P2.420@%+/:,B %

L/% 9/4% 1% m-727% <7P2.4/3N,-7%
3/9,-R,22/%12.?7:527=% +-.1,<% 3-781% +/%
091<%/>34/A4,:53497< %a7:/%4/P/=%14/%,,%/35%/1,25%3%
*27% EC%/4?2:12,27%/4%/3.%9-7V,2.A% +.72,40=% ,,%R22,%
3/9+707,4% 3%Kk,24-1<%+:72,40=% 7% 309.214% /4% 2,P/#42%34
27% %-70.137% m-727 % e7?.<%/>-78/<=% 34-,:?7% ?/<HPB27%
m-72,%>10,4%1?7809745%2,%27%3,9,-=%7%27%<7P2:4208%+
-73+/:/H,220B%+-.<,-2/%27%! E%R.-/40%*27%S,<:,%27%B%
R.-/4,% 27@/0A43A% K727-3?..% [34-197=% i,:.=% %.72@7B=%
].02,BC % G-.% Q4/<% 27+-AH,22/345% <7P2.42/P/% +/:A% 27%
m-72,%3.:52/%97-5.-1,43A=%.8<,2AA35%/4%-7B/27% ?% 1% 9%

% -78% K-/<% 4/PI=% 27% +724% .<,43A% V% %
8271.4,:520,% <7P2.420,% 72/<7:..% h% 39/,P/% -107% <,2,, %

W?7R.Y=86:520,% <7P2.420,% +/:;37=% 14/% ,V,% >/'5R,% 13:/H2A,4%

?7-4.21%34-/,2.A%<7P2.4/3N,-O %

Ud/% 34-722/,% -73+/:/H,2..% <7P2.42/P/% +/:A%
m-727% 9% 3/1,472.% 3% /1,25% 3.:520<% 27?:/2/<% [3.%
9-7V,2.A% 37</B% +:72,40% +-.9/0.4% ?% 4/<I=% 14/% @9/34%
<7P2.4/3N,-O=%  +-/AAP.97;V.B3A% /4% +:72,40% 9%
27+-79:,2..% 92,R2.@% P-72.k% ]/:2,12/B% 3.34,<0=% <,,4 %
9.0% 0:.22/P/% RA4/+/-7 % F-7V,2.,% 9<,34,% 3% +:72,4/B% ,, %
<7P2.42/PI% +I:A=% 3.:52/% 277?:/12,22/P/% ?% /3.% 9-7V,2.86
m-727=% 877?-11.97,4% <7P2.420,% 3.:/90,% :.2..% 90/:5%
<7P2.4/3N,-2/P/%@9/347=%?77%2.4.%9214-.%?72747 %

M8<,-,2.A%3/%3472k..% WF/AOH,-6 Y%+/?787:.=%14/%
904A2140B% +/0% 0,B349.<% 3/:2,12/P/% 9,4-7% @9/34%
<7P2.4/3N,-0% m-727% +-/4AP.97,43A% 2,% <,2,,% 1,<% 27%%
<:2% ?<% +/% 27+-79:,2.;% ?% /->.4,% 3:,0l;V,B% +:72,40%
1:2,12/B% 3.34,<0% ,% L,+4127 % 13:.% >0% <0% />:707:.%
W<7P2.420<% 8-,2.,<Y=% 4/% >,8% 4-107% 3</P:.% >0% 2745%%
47?1B% P.P7243?.B% />t,?4% 27% 2/12/1<% 2,>,% +-/34/%
2,9/I-IH,220<%P:78/<=%4,<%>/:,,%14/%/2%>0:%>0%-784<%
+/14.%9%+/:/9.21%T120 %%
%
L 5
%
K7?% 2.% +,17:52/=% 2/=% +/% 93,B% 9.0.</34.=% 9% />/8%/<
>10IV,<%/>%m-72,%.%,P/%3+142.?27 @%9-A0%:.%3472,/3428%
14/6:.>/% 31V,349,22/% 2/9/, % 1?/-,,% 93,P/=% />27-IH.4  3A%
V,%2,3?/:5?/% 3+142.?/9%,% <7:,25?.@% .%3.:52/%107:,220 @%
14% +:72,40 % n% 9/4% 27% 2/90B% +/:,4% ?% m-721% 9% >9%17BRI
+7-1% 34/:,4.B% 270,A453A% 9-A0% :.% +-.@/0.43A% ,% -789%
+-/.8/B0,4% ?77?/,64/% 110/% 9% 4,@2.?,% ?/3<.1,3?.@% +/4/9=%
?14/-1,% +189/:.4% :,474,:520<% 7++7-747<% +,-,<,V7453A %
P/-780/% >034-,=% 1,<% 3,B173 % i,:/% 9% 4/<=% 14/% :.R%% 9
3,-,0.2% ,}}% 9,77% 92/95% 3:/H.43A% 4/% >:7P/+-.A42/,%
-73+/:/H,2.,.% +:72,4=% +-.% ?/4/-I<% 3472k.A=% 87+IV,227 A% 3%
S,<:..% ?% m-721=% 3</H,4% +/:11.45% +/% +14.% WP-79.47KA2/%
+/00,-H?1Y%/4%f+.4,-7%.%]741-27 %e/:5?2/%4/P07=%279;2/,=%
.%3/34/.43A%4-,45,%/4?-04.,%37</B%47.2349,22/B% .8%2;4%
1:2,12/B%3.34,<0%,%+/3:,%4,@=%14/%>0:.%30,:720%94W.%
% 9,27@% 734-/2/</<% X,-R,:,<% .% ?/3<.1,3?.<% -/>/4/<%
WF/AOH,-/<Y %
%

+ .9

%




h ) g %% %

% 1/3,02.B% 3% 2.<% 3+142.2% ,% m<>-.Q:5=% +/% -78<,-1%
M-72% /?-1H,2% 3.34,</B% 3+142.2/9=%/->.40%>/:5R.23497%.8%  *-7?74.1,32.% 47?/B% H,=% 2/% +/9,-@2/345% ,P/% 909/,% %26
2/4/-0@% +/14.% 3/9+707;4% 3% +:/32/345:% Q?974/-7% + A0 %  127%/4-TH7,4%:.R5% {%39,47 %]2%2/3.4%.<A%8./PI=%2/P/%
€772.<%/>-78/<=%3+142.2.%m-727%09.HI43A%2,%9%+:/8%3P/%  Ol@7%.8%4/B%H,%+/Q<0O%G/+7 %%

[->.40% *?77% Q4/% +-/.3@/0.4% 3/% 3+142.27<.% 93,@% @IP. %

+72,4C=% 7% +/14.% +-+20.21:A-2/% ,B % U4/% 12.77:5208
3:117B%9%]/:2,12/B%3.34,<, %%

1,B173% .89,342/% #% 3+142.2/9% m-727=% % 27.>/:,,% ?-BO@%
142-040% IH,% 0792/=% +-90,% % .8% 2.@% />27-IH..% 37<%
X,-R,:5%9% #&#%P/01=%3+134A% %:,4%+/3:,%/4?-04. A%8rBe%

IV,% % 3+142.27% >0:% W27B0,20Y% 9% & % P/0I%
+-13+,97;V.<% :.9,-+1:532.<% +.9/97-/<% m.;5A</<%

T733,:/<% % 9007,V.<3A% >-4723?2.<% :>.4,,<%
734-12/<. . %F.?24/-.723?/B%Q+@. %%

G-.<,174,:52/=% 14/% :.R5% 3% 2.<% /02.<% .8% 93,@% .89,042%
P-7HO72% T.9,-+1:A% +/H,7:7% 934-4.453A% ?/-/:,97%
F.?4/-.A=% +-.>09R7A% 9% P/-/0% 9% 4/<% H,% P/01% 27%. [R-04
2-1+2,BR.@% 0/?/9 % K/PO7% T733,:% +/A9.:3A% 9% 09,-A@=%
+-79.4,:52 K7%+/14.%+/:/9.20%<.-7=%27-IR.9%7/-/:,93  ?.B%
+-/4?21:=% +/02A:735% 3% ?-,3:7% % +/R:7% 27934-,11=% B
90-78..7% P:I>/17BR,% 197H,2.% 2% ,P/% 873:IP7<% 9%
734-121<.. %%

L72/2,k=% 9% " &% P/0I% 7<,-.27232.B% 734-12/<% iH,-7-0%
K/B+,-%27R,:%37<OB%<7:,25?.B%.8%+A4.%P:7920 @% 3%
M24,-,32/=% 14/% +,-9//4?2-0974,.% +-90@% 1,40-,@%
3+142.2/9%2,%07:.%.<%278972.B % U4/%30,:7:%9%},%%302%
F.:5A<7% X,-R,:A=% iH/2% X,-R,:5=% ?/4/-OB% .% 37<% A9:A8%
102.<%.8%9.02,BR.@%734-/2/</9%<.-7 %%

IP/% +-,0:/H,2.% >0:/% +-2A41=% % 278972.A%
3+142.2/19%347:.%39/,P/%-/07%72P:.B3?.<%-,972R,<%872078%
<,HOI27-/02/P/% 734-12/<.1,32/P/% 3//>V,3497% +-.82745 %
+-,0:/H,22/,% 9% 39/,% 9-,<A% F..5A</<% X,-R,:,<% .<A%
72P:.B3?/PI% ?/-1:A% X,-P7% 9% ?71,349,% 278972.A% 2/%B
+7240% F% 27-R,2..% 734-/2/<.1,3?2/B% 4-70.k..=% YI90*N € #,1.7 "1+.7 %6 9- 5*A #1)'+*(-& N*/ #
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134797:735% 347>.:52/% 4,+:/B % p:.H,% ?% +/:102;% 27% 2,3%
+/A9.:.35%-9720,%7?11,90,%/>:7?7 %9,4,-% P27:%.@% IpH
87+707=% 9/8-7347:7% .% 3.:7% 9,4-7=% ?% +/>,-,H5;% % 347:/
+-.>.9745%>/:5R.,%9/:20 %

G/3:,% +/:102A% 9,4,-% 0/34.P% /4<,4?.% 9% % < 3=% 3%97<X%
0/% &%< 3 %e7?/B%3.:520B%9,4,-%2717:%32/3.45%/=92%6?% %
1737<%]/:2k,%>0:/%+/:2/1345;%/4?-04/%0:A%27>:,0,2.A %%
F% % +/% <,342/<1% 9-,<,2.% >0:% 87N.?3.-/972% +,-90B %
?1247?4%:122/P[%0.3?7%3%3/:2,120< % %F,4,-%I3.:.:3/9P27:%
27% >,-,P% >/:5R.,.% 9/:20 % p:.H,% ?% +/:2/B% N78,% 9,4,-%
2,<2/P/% 34.@=% />:7?7% [347:.35% 270% P/-.8/24/<% 9% ;P/6
87+702/B% 1734.% 2,>7 % F3,% >0:.% 9% +-,09?IR,2..% +/:2f8
N780=% 3IV,349,22/% 1+7:7% [39,V,22/345% <,342/34.=%
?787:/35=% 14/% 4,<2,,4=% INVIV,2.A% >0:.=% +-.<,-2/=% ?P3
9,1,-/<=% ?/P07% 87@/0.4% 1/:2k, % L/% 2,>/% ,V,.% >0:/%

'0-()9

PL1>0<=% 7% 2,% 4,<2/63.2.<=% ?7?% Q4/% </H 4% >045%%+,-,0

87?74/< %j+A45% +/02A:3A% 9,4,-=% 347:/% @/:102/=% 3/120,%
:11.% IH,% 2,% P-,:.% *+-7?4.1,3?.% 93,% 27>:,074,:.% /0,: %
9,4-19?.C % e,<+,-741-7% 1+7:7% 27% 09,270k745% P-7013/%% 27%
2,>,% /347:3A% 18?.B% 3,-+.?% ]/:2k7 % G,-,0% +/:2/B% N78/B%
3/<T:3A% 72,</<,4-=% +/Q4/<1% /% 07:52,BR.@% 90@/0?7@%
9,4-7%I1%273%,345%4/:5?/%+-,0+/:/H,2.A %%

FI4% 0/% +/:2/P/% 874<,2.A% [347:.35% 31.47220,% 3,?1200%
197=%1/0.2=% ,% 93+0@2I:.% 1,4?.% p,B:.=% >034-/% +,-,2786%
4,2 %+/%7?-7;%:122/P/%0.3?7=%2717:735%+/:27A%N787 %%
WS74<,2.,% A% v934-,4.:.v% 9% /?1:A-,% N/AIT++7-T47=% ?@B%
>0:%+-.?-,+:,2%7?%4,:,/>1,74.91%6%2,+/94/-.</,%%8-,:  .V,1%
1:.97%/4%3/:2,12/B%?/-120%>0:.%9.020%a,-?|-.B=%F,2, -7%




9%6]741-2 %]+-797%A%19.0,:%09,%89,800%K734/-%.%G2B=%7% 27>:;0,2.A<%6%>0:/%A32/=%.%13:/9.A%0:A%27>::0,2.BUD. %
+14.9% 9% +-14.9/+/:/H2/B% 34/-12,% /4% 11:2k7% 9.02,:735 %  +/14.9% +-,2-7320<. % LI/% 4/:52/% +/14.=% +/4/<1% 14/% 0,2%
K7+,::7% m0.9.4,52/=% 14/% +/31734:.9.:/35% 19.0,45% 9007:3A%H7-2.<=%.9%7?%9, 1,-1%2717:%+/02.<7453A%A4B672
34/:52/%1>t,24/9%27%2,>, % F%  6/<%P/01%A%19.0,:%%?/% %

1-13%

%

N-#A-I$V,$ 8)+, * ')l + 10"/ 6,1"+*"I PD-3- ,&3)
~' EQ-"( =L-#1-# & K&*C"+++>

#,

L.?2/P07%2,%87>101%Q4/P/%874<,2.A %34-1AV.B3A%3,-,340B%
47.2349,220B% 41<72=% -7349/-A;V..3A% 9% 2d<% R7P.% .%
-78P/9/-0% -,0?.@% 2/120@% +-/@/H.@=% .% 270% 93,<% Q4.<=%
3:/92/% :,H7TV7AY% 27% </-,% 41<727=% 4d<2/6-/8/97A% TI127%063
18?.<%A-?.<%3,-+/<%/39,Vd22/B%1734. %

%

%

E-+$T,6,6,'1"+*$ D-3- &3)#, @ j3 ~'- =q gu >

Gl:27TA% N787% +-I0/H7:735% % <2% % 3,7=% 2/=% +/%
3-792,2.;% 3% +-,0001V.<=% Q4/% 874<,2.,% +/?787:/135%/1,25%
0:.220<Y%6%-733?78097,4%/0.2%.8%27>:,074,:,B %%
147:1%4,<2/=%?7?%9%3I<,-?.=%270%P/:/9/B%4,<2/6N./4/9/,%
2,>/[=%+:792/%+,-, @/0AV,,%32717:7%9%/-72H,90B=%T7%<949%
>:,02/6H,:40B% 270% P/-.8/24/<% k9,4 % % G/3:,% +,-9/P/%
13</4-7% <,342/34.% 98P:A0% 93,@% 27>:;074,:,B% 134-,<.: 3A%
27%]/:2k,=% 2/% 9<,34/%+-.9012/P/%Vv3:,+AV,P/% R7-7v%83,:% o
7>3/:;42/% 1,-20B% :1220B% 0.3?=% />-7<:,220B% -972/B% °

%
i#+,3T,6,6,1"+*¢ ~'- EO-"( =L-#!-# & K&*C" +65>

3o 34165 312.1208% FIIOIB % MY FA20% >O-% mM0.9.4,:52/% 9OP:A0.4% TI27% 9/% 9-<A% 17342/B% 4,2,9/B%
8.020%6: 11 06/2 96470236 7340/-Ac 3502 . 0606 ’ N780% :122/P/% 874<,2.A %13:.%279,34.% 27% 2,d% >.2/?:5%
G/ 7 U= 214006, %6+ - 9T A6 081 TA oMU 0/A%02/0508280s  H:32H% Y +/3</4-45% 27% [39,Vd221:% J/:2k,<% 17345%
>-.11.72419], % 21:5KI=%877/21 :735%+:2TA%NT87=% %+-90,0 ~  122/B% +/9,-@2/34.2% *7% 3% 4112,,% 27% 41% 173459/%4
119,96 :2K7% 139.4..% :T20R7NA %o G- 0<.40% /43.21-% 27@10.43A%9%8,<2/B% +/:14,2.C=%4/% >10,4%3:/H2/% 82526 9%

3750.9% 4.2.29% V. <.2147% 6% 9% 93.9% 12-73. /3506 |- 7oH & 2.B% 14/62.5105% 2,/>012/,% S74/% 47% 17345=% 14/% IH.%
87772905 0% 273972 9% 1 - 89 47100 < 214% 11 96 2011% 3 /Hge  HP-18.735% /% 45<19% 8,<2IB% 4,2.2% +-THT,4% -/BI974/6
39787 A5 L AN BT . ’ 2.7320<% 4132:0<% 39.4/<=% [?-TR.97:V.<% 1d-2/6>:0.%
G/,8077%0/</B%>0:7%27+/:2,27%9+,174:,2.A<.%/% +/94/- 2/% :1220,%+,B87H.969%2,+-.90120,%k9,47 %

+ HAI<% 110.% 874<.2A=% % <O% 19/8.:.% 3% 3/>/B% Plos F32/-% 27>:5R7TA% N787% 874<,2.A% +-IR:7 % S,<2TA% 4,2%

1734.k1% ,% 9% NI4/P-TN.A@ % 87+.3A@% % 27>:0,2A@=@nd] S/ c-900 3714.730% 36 H122/8M0 0374% 3% 17 9%
+10,:.453A% Q4.<% 3/% 39/.<.% 2/ P7<.=% /3479R.<.3A% 9% - >AV.3A% </-% 4I<727% a0% 1347:0,% .% 31734:.90,%

. ; 3/>-7:% 4,:,321+=% ?/4-OB% 87% 9-<A% 3td<?.% I3+,%
+1:/3,%17342/B%N780 W) (  H'L+0+6 *1 =, % o ; ,
w ’ ) ( ° +/2-0453A% 4/:340<% 3:/,<% -/30=% .% /[4+79.:.35% 27%
873:1H,220B%/400@ %],8/2%/@/40%27%874<,2.A% &SHPI07%
. *— . _ =
;]1 , *=, E1.0,+ -F 1=:1 >0 %872-04 %
% < + ? 1) +4

K/21.:/35% 6/,% 79PI347=% .% :1227A% 4,25% +/?.21:7% +5,0%
S,<.% TI27% <.2/97:7% 3/,0.2.9R,,3A% 4/1?.% 18:/9% .%

:1227k.B=% 2/=% 2,% 3/>.-7TA35% 079745% 734-/2/<7<% 9-,<2
0:A% /400@7=% 134-,<.:735% ?% +-/4.9/+/:/H2/B% 4/1?,% 3B%

FO%</H,4,%27B4.%0-IP.,%N/4/P-7N..% .%72.<7k..%874<,2.B%
&6/P/%PI07%27%.24,-2,4%34-72.K7T@% 734-/?:1>7% W} Y%
Y%+-1,247%WK/3</3%9%i9.H,2..Y %

o o
[>.40%6%2%-+:2/:12.; %L7%+INT2.,%]/:2K,=%S,<:A%.%T127% % b _— %
+-.PI419..% 734-12/<7<%87<,174,:520B%+/07-1?% 6% 17342/,% %

122/,% 874<,2.,.=% 3% 27.>/:5R,B% N78/B% -792/B% & % j2P% . _
0/-H2/%>0:/% 2717453A% 6/PI%79PI347%9% %173701e0% | 1_+IO+6 K,BAL &) >
+1%</32/932/<1%9- <,2. % X 0:)'00@

F% 0,25% 877:1.4,52/P/% 9% &6/<% PIOI% 874<2.A%  H'l +0+6 *1 =, (& +%>YZ[ "@

</3?/93?7A% +/PI07=% 27?/2k=% -R..7% 2% <R745%  *3+k.7:52/9%0:A%HI-27:7%WL,>/39/0YC
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%

PA", &*[*I-#%* 6,'I"+*$ 6-90,C"+*" # #,7',
) “dsb Hsb@ Hsb@

%
% .;:A% "% P/07% +-/.8/B0,4% +/:2/,% 3/:2,12/,%
874<,2.,=% @7-7?4,-.81;,V,,.3A% 27.>/:5R,B%

+-/0/:H.4,:52/345;% +/:2/B% N780% 9% 202,R2,<% 34/:,4.. %
j2/% A9:A,43A% +/94/-,2.,<% 1,-,8% 37-/3% * &% :,4% % 02,BC%
+1:2/P1% 3/:2,12/P/% 874<,2.A% % .;:A% " % P/07 % G/:/ 37%
+/:2/B% N780% Q4/P/% 874<,2.A% +-/@/0.:7% +/% 9/07<% el@/P
12,727%.%34-727<%',24-7:52/B%.%fH2/B%n<,-.?. %

G/:2/345;% 87?-040B% TI12/B% 0.37% ]/:2k7% 9% "%
P/01% 3</P14% 27>:,0745% H.4,:.% fP/6F/34/12/B% n8..=% 7%%
*133..% % JLX% <7?3.<7:527A% N787% 874<,2.A% 0/34.P2,4%
121:1% = %*27%;P,%G-.</-5A%.%;P,%e70H.?.34727C %

Gla5% :122/B% 4,2.% +/% S,<;% 2712,43A%
+-.>:..8.4,:52/% 1,-,8% 173% +/3:,% P-.29.13?/B% +/:12/1. % %
i A=%7%.<,22/%9%  1%S\%27%87+702/<%+/>,-,H5,%M2069%
87:.9,% % G/3?/:5?1% T127% 9% Q4/4% 9-,<A% 27@/0. 43A%
121:1%39/,P/%+,-.P,A=%"?/4/-OB% .<,,4%<,34/% %.;:A%9% %
S\=% 4/% 9.0.<0,% -78<,-0% :122/P/% 0.3?7% .=% ,34,349,220%
:122/B% 4,2.% 27% +/9,-@2/34.% S,<:.%>:.8?.% ?% 27.>/:5R.< %
1.7<,4-%4,2,9/B%1734.%IH,%+-.%9341+:,2..%27%+/9,-@2/345%
S,<.%3/3479:A,4% %°?.:/<,4-19 %%

F%2717:,% +14.%4,25% >034-/% 09.H,43A% 27% 9/34/?=% 7%{:2

+,-90<% >/:5R.<% P/-/0/<% 27% ,,.% +l4.% >10,4% ~ % 3%
273,:2.<% % <.:u.27% 1,:/9,?7% S0,35% 903/47%

874<.9R,P/3A% ]/:2k7% 3/3479.4% 93,P/% !E% 270% 3,9,-/6
9/34/120<% P/-.8/24/<=% 7% +-/0/:H.4,:52/345% +/:2/B% N7 80%

0/34.P2,4% :.R5% +/:/19.20% <7?3.<7:52/B% .:.% 1% <.2140% %
3,7120 %

ILO0LV.<% ?2-14+20<% 273,:,220<% +I12?4/<=%
+H+707;V.<% 9% +:/31% +/:2/PI% 874<,2.A=% >I0,4% =&6
<.:1./1220B% P/-10% } =% ?/4/-OB% +-/P-18.43A% 9% :122 1;%
4,25%27% 1% % % % 3% <7?3.<7:52/B% N78/B% 9% !\%S
1/:2k,% 9% Q4/% 9-,<A% >10,4% 27@/0.453A% 27% 903/4,% 0®&% 27
P/-.8/24/< % G-/BOA%# %7?.:/<,4-19%+/%k,24-7:52/B%:. 2..%
874<,2.A%87%!"%3,?120=%4,25%87<,0:.4%37?/-/1345% O%&8. =%

Saros 136

14/=% 4,<% 2,% <,2,,=% +-,90R7,4% 3?/-/345% 891?7% 9%8886 7%
07H,% 2,3?/:5?/% 90R,% 3?/-/134.% .3?13349,22/P/% 3+142.71%
S, <. %

M20.B3?2.B% P/-I0%Z %*=%<.::./[2/9%H.4,;,BC%
13472,43A%27% %7?.:/<,4-19%7?%3,9,-1%/4%Kk,24-7:52/B¥2..=%
2/%07H,%27% Q4/<%-7334/A2..%]/:2k,%874<.43A%27% %"% =%
14/% 93,P/% 27% "% % <,25R,=% 1,<% <7?3.<7:527A%
+-/0/:H.4,:52/345% 9% k,24-,% :.2.. % F% % S\%4,25% | H,%
09.H,43A% +/% %k, 24-7:52/B% M20..=% P0,%/27%-734A2117 D6+
27% 1%34-720 %M8687%<7:/B%903/40%]/:2k7% 270% P48
.% ?-.9.820% +/9,-@2/34.% S,<:.=% 4,25% 27% Q4/<% 1173424.%
90P:A0.4% 10:.2,220<% Q::.+3/<% 3% >/:5R/B% /35;% /?/:/%

% ?.:/1<,4-19=% 14/% 9% =% -78% +-,90R7,4% <7:I;% /35%
Q::.+37 % %o.-.27%+/:/30%+/:2/B%N780%80,35%0/34.P7,4%%
?.:1<,4-19=%7%37?/-/1345%4,2.%+707,4%0/%! &%$ %%

F% P/-I07T@% « % .% * % +-/0/:H.4,:52/345%
+/:2/P/%874<,2.A%3/3479.4%!%<.2140% %3,?120 %L 7989/?,%
90/:5% k,24-7:52/B% :.2..% 874<,2.A% 4,--.4/-.A% M20..%
3IH7,43A% 9% 67.:/<,4-/90B% ?/-.0/-=% :,H7V.B% <,HO0I%
L,+7:/<%.%p72P:70,R %TI227A%4,25%0/34.P7,4%Q4/B%134.%
9% &% S\=%7%874,<%90@/0.4%27%4,--.4/-.;.% pl472D BTk
R.-.27%+/:130%+/:2/P/%874<,2.A%0/34.P7,4% %?../<, 4-7=%
7% 3?/-/1345% 4,2.% 32.H7,43A% 0/% % $ =% +/Q4/<I%
+-/0/:H.4,:52/345% <77?3.<7:52/B% N780% +-,90R7,4% %
2140 % G/3:,% +-/@/H0,2.A% plad727% 4,25% 92/95% +/3,V74%
0.;=% 7% 874,<% 90@/0.4% 27% 4,--.4/-.;% K.47A% 6% PBPO2/
34-720% 874<,2.A% "% P/07 % X-72.kl1% M20.A6K.47B% 4925
TI20% +,-,3,1,4% 9% % S\% +-.% 3?2/-/34.% &% $ % .%
+-/0/:H.4,:52/34.%+/:2IB%N780% % % % %*903/47%]/ :2k7%
6% &EC%fH27A% 17345%4,2.9%870,2,4% 3,9,-21;% P-72.ki¢®pb6




+-,H0,=% 1,<%
G/02,>,32/B %%

1?12174,:52/%

G/% K.47,% :1227A% 4,25% 2712,4% +145% 1,-,8% k,24-%
=% P:7920B% P/-/0% ?/4/-/B% s % * 1%
<.:n27% H.4,:,BC% 874<.43A% 27% %

+-/9.2k..% ~ D

1,49,-40B% +/% 9,.1.2,% P/-/0%

<.1219%1,:/9,7C% [3472,43A% 27% % ?.:/<,4-/19% ?% ;Pl % /4%
k,24-7:52/B% :.2..% e,<% 2,% <,2,,=% +-/0/:H.4,:52/345%
874<,2.A%80,35%0/34.P2,4% % % % %+-.93,-,0.2,%8%,2.A%
9%  #% S\ % FO3/47% ]/:2k7% +-.% QA4/<% 3/3479.4% IH,%~86F %
R.-.27%+/:130% %7?.:/<,4-7%3/%37?/-1345;%4,2.% %$ %

% *1"% <.:1./27% 1,:/19,7C% 93472,4% 27% +| 4%
4,2.%9% %7?.:/<,4-7%7?%;P1%/4%K,24-7:52/B%:.2..%.%8%.43A%
1#% S\ % F% K,24-,% +/:/30% <7?23.<2Z7A%
+-/0/:H.4,:52/345%+/:2/B%N780%3/3479.4% % % % %

R,349..% +/%
?1:5<.27k..=% ?/P07% 4,25% +-.>:.8.43A% ?% 37</<1% ?-1+2£1%
?.47B3?/<1% P/-/01% %.72@7B=% 273,:,2.,% ?/4/-IP/% 0/34.P,4%
+14.% "%<.::./12/9%1,:/9,? %’,24-%P/-/07%-73+/:/H,2
?.:0<,4-19% ?% 3,9,-1% /4% k,24-7:52/B%
+-/0/:H.4,:52/345% 874<,2.A% 80,35% >10,4% -/92/% % <.2| 4%

XI-10% [
27% % % "% % 9%

M=% 27?/2,k=%

90B4.%

27% 4,--4/-;%

19,:.1.43A%0/% &% ?.:/<,4-19=% 7% 37?/-1345%4,2.%1+70,4% 0/%

%% %% Q4/P/% </<,247% :1227A% 4,25% +-/>,H7:7% +45%

% % %9% 1% %
KATA% 6% Z % *"#%

K.47:% 0/34.P2,4%
1:2K, %S0,35%9%
PI-824/<% %
%9% %
12.2% +/Q4/<I%

29%27% %3,?120%<,25R,=%1,<%9%Kk,24-,% +/:/30 %],-,027% $ %

874<,2.A% 9% %072@7,% 27341+.4% 9%
P/-/0=% 4,25% TI20% /3479.4% +/870.% 93;% ?/24.2,247:52%
17345%K.47A=%90B0A% 27%+-/34/-O%e.@/P/%/?,727949%6 F/34

K.47B37?/<%</-, %%%
G/3:.%

>/:5R/B%6%" $
% #% % j34-91% % $ $6

]7<OB% >:.8?.B% ?% k,24-7:52/B% :.2
% % %+/:2/P/%874<,2.A%+-.%3,-
S\ %]4/: k7% *+/2..%e/?.1=%/3479R7TA3A% 27%3,9,-,=% 3<H,4%
0/9/:5349/97453A% 4/:5?/% <7?3.<7:52/B% N78/B%
% * % :1227A% 4,25 %
#% S\% +-.% <7?3.<7:52/B% 0:.4,:52/34.%
+/:2/P1%874<,2.A% % % % %.% % %! % =%3//49,4322/ %
1,-,0.27% 874<,2.A% 0:A% 93,B% S,<:.% 27341+.4% 9%
I "% S\% 9% 4/1?,% 3% ?//-0.2747<.% &% "% 3,9,-2/B%
E% #"% % 9/34/12/B% 0/:P/40 % S0,35=% />9%82

*+/23?.,% 134-/97% } % % %
27?-1,4% 9%

R.-140% .%

P/9/-A=%WO0/%TI20%>10,4%-1?/B%+/0745Y %

Total S

i

#% S\% 9% Q4/<% </-% </H2/% >10,4%
27>:,0745% IH,% 4/:5?/% 173420,% N780=% 7% +/:2/,% 874<%.

19.0A4%H.4,:.%;H20 @%A+/237?.@%/34-/9/19=%.8%?/4/-O0N@QEB/
%S0,35% +/:2/,%874<,2.,%+-/0:.43

% +/9,8,4% >/:5R,% 93,
=% /2% +/:11.4%Kk,:0@6 % %%
,0.2,%874<,2.A%9% 1%

- 01:20UT |
- 05m12s

%

G-/0/:H.4,:52/345% +/:2/P/%

E) )++-7 "+* 1- "00*-0%* L* $ 6-90,C"+*" #
) ‘dsb Hsb@ Hsb@

874<,2.A%
<7?3.<7:52/B=%3/3479.9% % %!"% %+-.%903/4,%]/:2kP6270%

"% S\ % G/?.2199964Q4/4

0:.2/B%# %?.:/<,4-19=%7%07:,,%,B%+-,034/.4%+-,/0/
V% # % ?.:/<,4-/19=% 14/>0% 3/3?/:582145% 3% +/9,-@2/3 4.%
S,<t. %L/%94/-7TA%+/:/9.27%+14.% P/-780/%<,2,,%.24,-,
4 ? % +-/:,P7,4% +/% >,8>- H20<% +-/34/-7<% e.@/P/% /?,72=% .%

4,25%+/?-097,4%4/:5?/%2,>/:5R.,%74/::0 %G/14.%1,-,8 %173%

*90% 11% S\C% +/3:,% <7?3.<7:52/B% N780% :1227A% 4,25%
0/34.P2,4%a7-R7:/190@%/34-/19/9 %S0,35%+-/0/:H.4,:52/
+/:2IP/% 874<,2.A% 3/3479.4% %
#E% .%R.-.2,%+/:/30%6% %?.:/<,4-7 %]?/-/1345%09.H, 2.A%
4,2.% +-.% Q4/<%19,:.1.43A% 0/% &% $
87?-1,4% 1/:2k,% 27% [34-197@% x
0:.4,:52/345%+/:2/B%N780%%2,%+-,903.4% % % &% %%
134-19% ~$ %
879,-R7;V.<%I11734?/<%3IR.=%"?/4/-OB%I9.0.4%874<.9R,, 3A%

%S\%+-.9%6903/4,%02,92/P/%39,4.: 7%270%
+-/0/:H.4,:52/345%
874<,2.A%3/3479.4%!% %!"% =%7%9%K,24-,%:.2..=%DB% %
?.:1<,4-T@%?%;P1%6%!% % &% %%o.-.27%+/:/30%+/ ZIR780%
2,%+-,903.4%% &%7?.:/<,4-19=%7%3?/-/1345%19,:.1.43A8% %

e.@/1?,723?.B%

P-7013/9%

j3479RI;3A% 17345% +14.%

34-,<.4,:52/%10:.2A453A=%4/12/%47?H,%?7?%.%+-.% 9@ b
27% +/9,-@2/345% S,<:.=% 4/:5?/% 3% 4/12/345;% 0/% 27/>4/% F%

1,45%

327=%

345%
% 1&% % +-.%903/4,% RK7%

% F% ! % S\%I27%
=% P0,% <7?73.<7:52A%
>10,4%

+:2/P1%

1227A% 4,25% >10,4%
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F. Espenak & J. Anderson

200 400 600 Kilometers

#,7,

?12k,% Kk,24-7:52/B% :.2..% 874<,2.A=% 3</H,4% 27>:;0745%
1?12172..% 37</P/% +-10/:H.4,:52/P/% +/:2/P/% 3/:2,12/P 1%
874<,2.A% %9,?7% 27%87@/0,%]/:2k7 % % G145% 0:.22/B%b
?.:1<,4-19%:1227A%4,25%+->,H.4%93,P/%87%!%1737%< . 204=%
+/?-09%+-.%Q4/<%% # {%+/9,-@2/34.%S,<:. %
F/% 9-<A% 874<,2.A% ]/:2k,% >10,4% 27@/0.453A%
3/89,80..% "7?7=%1% ,P/% P-72.k0% 3% 3/89,80.,<% p:.82,&/ % F%
879.3.</34.%/4%+12?47%27>:,0,2.A=%27% +/4,<2,9R,<% 2>,=%
+<.</% 1,-2/P/% 0.3?7=% [?-IH,22/P/% ?/3<74/B% ?/-/2/B= %
2,9/I-1H,220<% P:78/<% </H2/% >10,4% 19.0,45% 4-.% ..%
1,40-,%+:72,40%.%<2/H,349/%A-?.@%89,80 %G-,03479:,20/%
9.0,% 2,>7% 9/% 9-,<A% +/:2/P/% 874<,2.A% % .;:A%
</H,4%0745%-.312/?=%+/?78097;V.B%2,>,32l;%+/:I3N,-|
1%8\=%27>:;07,<1;%.8%;H2/P/%K.47A %

17<7A% A-?7A% .% 27.>/:,,% 87<,427A% +:72,47% 6% Q4/=%
?/2,12/=% F,2,-7 % 1,% >:,3?% 27% 9-,<A% 874<,2.A% 3/3478% 6
1" =% 7%-73+/:/H,27% m4-,22AA% 89,807% 9% 3/89,80..% k7%

olar Eclipse of 2009 Jul 22

"% P07%
%9%

27% IP:/9/<% -7334/A2..% &% ?%
87+701% /4% 1/:2k7 % a,-?1-.B%

*wh 6 C% 47?H,% A9:A43A%
LP?2.<% 1>t,24/<% 0:A%
27>:;0,2.B%9/%9-,<A%+/:2/B%

N780 %p034-7A%+:72,47%>10,4%
9.027% 9% "E% ?% 9/34/?1% /4%
1:2k7%  a7-3%  90P:A0.4%
8271.4,52/% 3:7>,% *w%

J C=% .% 27@/0.43A% 9% &E% ?%
87+701% /4% F,2,-0% .% 9% &% ?%
87+701% /4%]/:2k7 %1V,% /027%
+:72,47=% 27@/0AV7A3A% 9/%
9-,<A% +/:2/P/% 874<,2.A% 270%
P/-.8/24/<% % *741-2C=%
[>:707,4% >:,32/1<% J % %
-73+/:/H,27% 9% "E% ?% 9/34/?1%
14%]/:2k7% 9% 3/89,80..% T597 %

L/% 1741-2% 27@/0.43A%
3.R?/<% 2.82/% 270%
P/-.8124/<=% +/Q4/<I% 39,4%

87-,9/P/% ?/:5k7% 2,% +/89/:.4%%
19.0,45% ,P/% 2,9//-1H,220<%
P:78/<=% @/4A% +-<,2,2..%
>2/?7:A%  +I</H,4% 27B4.%
[?1:5kI97221;% +:72,41% 9%
+/:,%8-,2.A%.234-1<,247 %%
i7221,% +1:21,%
874<,2.,.% 6% -,0?7A%
9/8</H2/345% -78P:A0,45% 27%

1,42,<% 2,>,% 8.<2.,% 89,800 % j?/:/% 874<.9R,PI3A% )/:2k 7%

</H2/%>10,4%27B4.%G/::1?3%* w%J C%.%K734/-%* w9 L%

3472,4%

.8% 3/89,80.A% p:.82,k/9=% 7% 47?H,% G-/k./2% .8% 3/89,88%
a7:/PI%G37%* w%J 1&C=%-73+/:/H,220,%9%"E% ?%3989% |E%

PI-8I24/<% 6% &E% *+/14.% 9% 8,2.4,C% %.-27% +/:/30% ~703.9:1%.%69% E9%?%;PI%6):2k7=%3//49,4349,22/ %%
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PA"*R(KT &* +"9, &- &O0"$ 1- +-3- #- +"1+-3- 6,'1"+*$
@@*$@ 3-/, 6-90,C'+*"s r'y _ h 1% % %
% 9

i-IP.,% A-?.,% 89,800% 27@/0A43A% ,V,% ;H2,,% .:.% i 022%
87+702,,% /4% 1/:2K7 % U4/% ].-.13% .8% 3/89,80.A% p/:5R/P [% IS 0% 01
G37%*w%6 C=%p,4,:5P,B8,%.8%3/89,80.A%j-./27%* %I C=%
*.P,:5% .8% 3/89,80.A% j-./27% * W% J C% .% n:50,>7-72% .8% 1"#$ % %!
3/89,80.A%e,:5k7%* wo%J &#C %lV,%/027%89,807%6%K7P%6,8% 3
3/89,80.A%F/82.1,P/%* w%J &C%6%/407:,27%27% & %760 4 %
87+701%/4%]/:2k7=%7%",P1:%.8%3/89,80.A%T597%* WHBI66%27% 404 04

L E% 2% 9/34/21 % 14/>0% -78P:A0,45% Q4.% 89,800=% ZBIR/% 240 0% # 15 x
<.2.<I<% 1.34/,% +-18-712/,% 2,>/% >,8% />:72/9% 9/% 9-<A % ¢

—~Mars

Taurus
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b 3 3 B 71
+ 4 7 71 %$ %
(. ( Vvuu =% ?/41-OB% </H2/% 3?771745% +/% 1 g + *
33012% D D (~ "# 7% 3% *
9 ' s *k
I o : ,
(. % = &k G0 2% ’
") L. + 8'+ 'S ,
*9-,<A%93,<.-2/,C% <9% 2 =
1"
1"#$ % %!
% % :
> & %
> > .,
2 % L
? %+(#)
1"#$ % %! @ *
& "% (#) * A
& %!l %
&% 1+(#) , 19.0,2.A% /% 4/<=%  ( + %
- % % <,;43A% 9% HI-27:,% WL,>/39/0Y% *% #% 87% &% P/0=% 345%7
% % 2/4/-OB% <IH2/=% 274-.<,=% 80,35%
n * & # %%
n *
9 # &(1,6KA (+)
1 ’ # N)&O-Y %2--)()'6 [\[
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270%7?/4/-0<%-7>/47%9,:735%/?/:1% %:,4%9%3/4-102.1349,%3%

%
* .8074,:5349/<% vG-/39,V,2.,v % m1,>2.?% vn34-/2/<.A6 v%
M > N M 4 D& H O H PJ 900,-H7:%>/:,,%0,3A4?7%+,-,.8072.B %%
é IN-,<% G79:/9.1% A9:A,43A% /02.<%
* - "l'ﬂ - .8%-78-7>/41.?/9%2/9/B%7?/2k,+k..%
M H P . & ' 734-/2/<.1,3?IPI%  [>-78/972.A=%
- ?141-7A% +-.2A:7% +-.% ,P/% 11734..%

: +-.2k +.7:52/%0-1P/B%9.0 % K/P076
glafdel, (el ULIN 10, 0% 6@% P/0/9% 00% 9,27=%
734-20<A%  32-.%  >0:7%
<74,<74.1,37IB% P,JP-TN.B=% 2/%
H3%  -78-75142.%  2/9/B%

22K, +K.% 734-12/<A% 9% R?)-.%
-733<74-.97:735% 3% 4/12.% 8-.2.A%
<-19/88-,21,32.@% +-/>1.< % 14/%

4721% F3,:227A=% 2721.% <,341% 9%
2B% 872.<7,4%  1,/9,1,349/1%
N34-IN.8.27% % 2/3</:IP.A% 6% 27./:,.% 24.- 320% 0,4A< % %
8272/<349/% 3% 2.<.% -73R.-A,4% .@% 2-IP/8/-% 0/% <73RATH
F3.:.22/B %%
F% " 9%P/01%+-.%11734. %IN- <7%
G79:/9.17%9%n?70.<..%2712%>0:%
3/8072% 27112/6+/+1:A-20B%
HI-27:% vS,<:A% % F3,.227Av=%
2/41-0B% 2717:% 90@/0.45% 9% " §
PIOI % ...1-27:% >O:% /32/972% +/9
2K74.9% 2-1+2,BR.@%
734-12/</9% % 734-12/<.1,32/B%
/5V,349.22/34.% 27R,B% 34-720%
0:A%- R,2 A%I7H20@%3/k.7:52/6

?1:541-20@% +/>,<%
'!,'_l.... ’ e, +-[+7P7200%27%903/?/<%27112/<9
uUT0" E,& _&;: 8'&*+ € [-(-0 1",3-3%"#(*A +)( 1-/92,% 0/34.H,2.B% <.-/9/B% .%
A&+ T &  R##™ 1o 10-9")  5(- +-3- 14,1,349,22/B% 271?.% 9% />:734.%
HO-+-14"H(-3- -00,6-&,+*$4 (/"1 R-#H#TH(-7 (e 33:,0972.A% S,<i.% % K/3</37=% 271?% /% S,<;;% %
HUHE A +)( R-HPTH(-T (I (H-+ & (> *x | B ?13</2794.?, % IN-,<% G79:/9.1% 9% 27R.% 4-1020,% 0:A%
WH- (_&#(_3_ X"C/)+,0-/+-7 ’(’/"!** *+T-01,"%6, %p** 734-/2/<.1,3?.@%H|-27Z/9%9-,<,27=%+/6+-,H2,<|=%7?4. 92/%
6,# )C"++.7 0,9-'+*( () ')o' R-##** 6,# )C"++.7 0 ’9_.+*( -7>147,4% 270% 90 @/0/<% WS,<:.% .% F3,:,22/BY % %* 6
IR H(-3- (F¥346, 45 R M+ 2-6, 1%, M 7 6 ( C%
R-##** "+ 7-6, C)0+, .8 R~ * X-#(&. n ]N,-7% 271120@% .24,-,3/9% >.A-7% 6% +-/>,<0%
H1"%*, *6%0-&,++-3- [HH"0' | Yo*++-3- Y:"+-3- #-&", 10* 734-12/<.1,3?/PI% [>-78/972.A=% 4,32/% 39A87220,% 3%
XSEY "+ #6/++3- & 1" @ ] 3, YI"+-3- #&" , :.29.07k.,B% 734-/2/<.1,3?/B% > 8P-7</42/34.% %
XHEH(3 1 4"0G  BIHET 3 8rd O 0 9/8-/H0,2.,<% Ol@/92/34.% [>V,3497% 27% [32/9.% 07220@%
C)O+,, EO0"6**)!, RI: =M"I$ * N#""++$> 2-/*+ *6 3/9-,<,22/B%271?. %%
#-6/," "7 * Q"##I"++.7 0)(-&-1*" 0",(%** # P 3/, 1- F% />V,<% +,-,12,% ,P/% +I>..?7k.B% *?2.P.=% >-/R;-O=%
+H-BV™ &O"MSA NSOVl HLH(" &#'A 0,6+--90,6+.A +-IP-7<<20,% 34745.=%
1)9 *(Y%*7 o* $0Y 9-" PF +16&y+*7 2# F 3 1- +,#'-$V"" <,4/0.1,3?.,% -78-7>/4?.C% >/Z,,%
20"S4 U E 8'8"+ +30C/ I $IF 229R * R# fter %278972.B % % % % % % 78-7>/47220,%
E-"+.1* 6+,(,I* ,(,/"*7 2RIU; RILW X4 E-" +.1* <%11,>2.2.9%0:A%+/% 734-/12/<..=% 7%
30,1, 1% * K*¥L-1I* |; 222R * RI; ?-6, C)O+, *# & 47?7H,% 27112/6+/+I:A-20,% %
R X8 0432.% ?22.P.% .80797.35% 9%
.8074,:53497@% VFO3R7A% R?/:7v=%
B - ] -10.:3A% % .;:A% "! % PI07% 9% Vi-IN7v=%  vG-/39,V,2.v%  F/4%

4/:5?2/% 2,?/14/-0,% .8% 2.@ % ve9/A%
F3,:,227Av=% vS9,8020,% 3?78?.v=%
vL,/>0?2/9,220,%  +-.7:;1,2.A%

12IP[% 734-12/<7v=%Vvn34-/2/<.A% /4%
N%0/%v=%VK/3</2794.?27%/4%n%0/%*v=%

P/-10,%i2,+-/+,4-193?, % F% " %P/01%3%/4:.1.,<%87?2/ 21..%
N.8.2/6<74,<74.1,32.B% N7?1:54,4% a/3?/93?/P/% P/-/03?  IP/%
+,07PIP.1,32/P/% .234.4147% *40,:,2..% N.8.2.C=% +/I11 .9%
+-79/% +-,+/07972.A% N.8.2.2% <74,<74.2.% Y% 734-12/<.. % F%
" % P/0I% 87V.4.:% 2720.0743?1:% 0.33,-47k..% *?720.07 4%
+07P/IP.1,32.@% 2717% +% <,410.2.% +-,+/07972.A% vn34-/N.8.27% R?/:52.2Iv=%
734-12/<..C %F% " %P/01%9%NnGL%]]| %87V.4.:%0/24/-3 ?1;% VUSLK/2.-EVTA% F3,:,227Av=%
0.33,-47k.:.% % 347:% +,-90<% 9% 27R,B% 34-72,% 0/?4/-1<% va,4/0.27% +-,+/07972.A% 734-/2/<..v=% Vvj32/97% />11,2. A%
+07P/P.1,32.@% 2717% +/% +-/>:,<7<% 734-12/<.1,3?/PI% 734-12/<.V %%

/>-78/972.A%9%3-,02.@%|1,>20@%879,0,2.A@ %% K71,349,220<% +/</\V2.2/<% 0:A% +—,+/07974,:,B% 271?.% /%
F% ""% P/OI% 2717:% 39/:% ?27-5-1% 3% 3/8072.A% 2,>,% % A9:A,43A% 1,49,-47A% ?2.P7% +/% 0.07?4.?,% 734-/2
734-12/<.1,32IPI% ?-H?7=% PO0,% .% /4-7>74097:% /[32/90%  V&/-A% .% +-7?4.27% [>11,2.A% 734-12/<..v % F% 39/.% # %4%
<,410.1,3?/P/%<734,-3497 %S0,35%H,%>0:7%-78-7>/472% 6@% IN-<% G79:/9.1% T,9.472% +-/0/:H7,4% 7?4.92/% -7>/4TA5= %
P/0.127A% 11,527A% +-IP-7<<7=% .=% 277/2,k=% +/A9.:7389%A% 872.<7A35% +-/39,4.4,:53?/B% 0,A4,:52/345;% 9% />.734.%

34745%794/-/<%11,>2.27%0:A%R?/:52.2/9%27R,B%34-720% 734-21<.. %% .
IN-,<% G79:/9.1% 31.47,4% 39/.<.% 11.4,A<% +/N,33//9 % > 5 9 JK3' . (. "
PN% Fl-2k/976F,:5A<.2/97=% al% L7>/?/97=% nF% »wL ) 3
G,-OR?.27 % a.@7.% I19P,25,9.1% L7>/2/9% >0:% ?/P0764/% - )3

794/-I<% +,-9/B% <,4/0.2.% +-+07972.A% 734-12/<.=% % 7 %%%% 4 %
/<O, _/BY 04 |N- <9 . =04 +-/0/-H.99 -0 ®

732/_4;/40?(%%8@347.A)|N <%G79:/9.1=%+-/0/:H.9%27174 1:% Q1R10:) MG6 0 D1 " +IS D60+ )

G-774.1,3?7A%0,A4,:52/345% IN-,<7% G79:/9.17%2717:735 %9% C* "-(l 1;6 éo"gc A ?1 :1661’;-|_’+AA(? "

734-12/<.1,32/<% 2-IH?, % pl-,% % :,4% % IN-,<% G79:/9. 1% g‘D(,:Jr . ,(.6"_ s e

+-+/0797:% 9% </32/932/B% R?/: % % =% 7% 477H.% 9% @ O =% R, .):6=, 6,

R2/:7@ % U4/4% [+O4% - P% 9% /32/91% .0,.% 3/8072.A% 11792% 2 #1- 6.8.+.1"0% . ##7" d 4




%

1,:9,1,3?2/,% 8-,2.,% >.2/?1:A-2/=% [2/% +-.3+/3/>:,2/% ?%
K,2?,%-7334/A2.A%0/%+-,0<,47%.%,P/%N/-<O%+/%2,>/:R.<%
14:.1.A<% 9% .8/>-7TH,2.A@=% ?/4/-0,% +/:117;4% +-790B% .%
1, 90B% P:78 %134,349,22/=% .<,22/% 47?/,% 34,-,/3?/+.1, 3?/,%
8-,2.,%0:A%1,:/9,27%27.>/:,,%+-.9012/%.%10/>2/ %j02  7?/%
?2% 734-/2/<..% Q4/% .<,,4% 9,35<7% /407:,22/,% /42IR,2.,.% 6%
>0,% 2,>,320,% />t,2740% 107:,20% 2734/:5?/=% 14/% 2.% /%
?27?/<% 34,-,/9/3+-.A4.% 2,% </H,4% >045% % -,1.=% O07H,%

>/:5R.,% >.2/?1:A-20,% 4,:,3?/+0% +/89/:A;4% ?/<N/-42,, %
27>:,0745% .% +/903.45% 119349.4,:52/345% .% -78-,R7;VI, %
3+/3/>2/345%P:787=%2/%2,%07;4%34,-,/QNN,?47 %%

M% 93,% H,% 34,-,/.8/>-7TH,2.A% 734-/2/<.1,3?.@% />1,?4/9 %

+/:11.45%9/8</H2/+%%

%

"733</4-.<% -78:.120,% 3+/3/>0% +-13</4-7%
34,-,/.8/>-7TH,2 =

.B %M@%0/3474/12/%

<2/PI% %

>/:5R.2349/% .8%

2.@% +-.<,2.<0% 9%
0/<7TR2,<%
.3+/:58/972.. %%
L79,-2/,=% <2/P.,%

+/<2A4% 0,437 %
34,-,/3?/+0% 6%
309/,220,%
3:7B0/3?/+0=% 9%

2.@% ?7HOOB% P:78% 9.0.4% % .8/>-7H,2.,% 39/,P/% 3:7BO 841,
2,>/'5R1;% +/:/H.4,:521;% :.281 % e7?/B% 3+/3/>% 27.>/, %
10/>,2% % +-134=% 4/:5?/% +-.0,43A% .8P/479:9745% +7-O%
3:7B0/9%.%3+,k.7:520,%-7</1?.%0:A%2.@ %i7%.%34,-,73+0%
0:A%3:7B0/9%%0792/%IH,%2,%934-,17;43A%9%-+-/07 HRAAH , %
+-.0,43A% 0,:745% 37</<I% F% 34,,/3?2/+% </H2/%
-733<74-.9745% .% 27+,1747220,% 27% >I<7P,% 34,-,/+7-0=%
4'5?/% 2,/>@/0.</% />3+,1.45% .@% 2/-<7:521;%
/39,V,22/345% e7?/B% 34,-/3?1+% </H2/% .8P/4/9.45%
37</34/A4,:52/% .8% ?7-4127% % +7-0% :.28% 3% N/?1320<%
-7334/A2..<% [?:11% % 3<% F<,34/% 34,-,/13?/+/9% </  H2/%
.3+/:58/9745% .% 8,-?7:520,% 3.34,<0% 4.+7% +,-.3?/+/9% ...%
+-.8<0%6%/2.%+/89/:A;4%/>@/0.453A% >,8%:.28% .% O/ B¥I%
10/>2/%-733<74-.9745%7?-1+20,%.8/>-7TH,2.A=%27+,1747220,%
27%>I<7P, %%

F4/-IB% 97-724% 6% .3+/:58/972.,.% +-/,?4/-19% %
+/:A-.87k.1220@% /1?/9 % e7?/B% 3+/3/>% +-.<,2A,43A% 9%
221474-7T@ % G-% Q4/<% 27% Q?-72% +-/,k.-1,43A% 097%
.8/>-TH,2.A% /40,:520<.% +-/,?4/-7<.=% 27% 7?7HO0/<% .8%
?141-0@% 13472/9:,2% +/:A-.87k.[220B% N.:54-=% /3.%
+/:A-87k.% ?/4/-0@% +,-+,20.?1:A-20 % M8/>-7H,2.,%
-733<74-.97,43A% 4/H,% 1,-,8% +/:A-.87k.[220,% /1?.=% /3 %
+/:A-.87K..% /1?/9% 47?H,% 987.<2/% +,-+,20.?1:A-20% .%
+7-7::,:520%/3A<%N.:54-/9%+-/,?4/-7%6%4/P07%?7HOOBYT 8%
19.0.4% 4/:5?/% v39/v% .8/>-7H,2.,=% O0-IP/,% H,% >10,4%
+-7?4.1,3?.% +/:2/345;% +/P7R,2/% N.:54-/< % U4/4% 3+/3/ >%
/>,3+,1.97,4=% +/H7:1B=% 27..I1R,,% ?71,349/=% [027?/% P
0/<7R2.@% 13:/9.A@% 9/3+-/.89,34.% Q41% 3@,<I% 0/3474/1
3:/H2/ %%

e-,4B% 97-724% 6% .3+/:58/972..% k9,420@% /1?/9%
4/2.-197220@% .8/>-7H,2.B% 6% 727P:.N/9=%.<,22/% +/% 4/K2%
+-.2k.+1% 134-/,20% 0,43?.,.% 34,-,/?2.P. % j1?.% */>012/ %
?-732/68,:,20,C%4/H,%2IH20=%/0277/%.8/>-7TH,2.,%,0.2 /,%.%
PI% </H2/% 27+,174745% 27% >I<7P,% ...% -733<74-.9745%@7
Q?-72,% </2.4/-7 % K% 3/H7:,2.;=% +-.% Q4/<% 3+/3/>,% 2,%
107,43A% +/:2/345;% +/079.45% 94/-/,% .8/>-7TH,2.,.% 0:A%
?7THO/P/% P:787%
k9,4/+,-,0717% 3.:52/% 34-707,4 % G/Q4/<1% 47?/B% 3+/3/>% 2,%
-,?2/<,201,43A% 0:A% .8/>-7TH,2.B=% 3/0,-H7V.@% /1,25%
?/24-73420,%.:.%A-?/%/?-7TR,220,%0,47:. %

%

Y% ?7-4.2?7% 3:.,P?7% 09/.43A% 7% .

L7% Q?-72,% </2.4/-7% 34,-/.8/>-7TH,2.,.% </H,4% >045%
3N/-<.-1972/% % 1,-,0/972.,<% ?70-/9 % F% Q4/<% 3:117,%
47?H,% 4->1;43A% 3+,k.7:520,% 11?.68749/-0=%
3.2@-/12.8.-/197220,% 3% </2.4/-1<% Y% +/+,-<,22/%
+/?78097;V.,% .8/>-7H,2.,% 0:A% :,9/P/% .% +-79/P/% P:787 %
L,?/4/-0,%9.0,/?7-40% ?/<+:,24/97:.35%47?.<.%/1?7<.=  %2/%
R.-1?/P/%-73+-134-72,2.A%Q47%4,@2/:/P.A%2,%+/:11.:7 %
M=% 27?/2 k=% +/3:,02.B% 97-.724=% 2,% 4-,>I;V.B% 2.?77R
[>1-10/972.A% .% +/89/:A;V.B% -733<74-.9745% .8/>-7H,2. A%
?27?% 27% Q?-72,=% 47?% .% 27% >I<7P,% j2% 877?:;17,43A% 9%
+,-,2-,342/<% -733<74-.972.% 7?7-4.2/?% 34,-/+7-O0% F%
+/0P/4/9:,22IB%34,-,/+7-,%?7-4.2?7=%+-,0278271,227A %0:A%
L9/PI%  P:787=% -73+/:7P7,43A% +-79,=% 0:A% +-79/P/=%
3//49,4349,22/=% :,9,, % i:A% -733<74-.972.A% 47?/B% +7- 0%
2I1H2/% 39,34.% P:787% 47?=% ?7?% >104/% -733<74-.97, 43/
>:.87.B% +-,0<,4=% 0:A% />:,P1,2.A% </H2/% .% 27% 37</<%. %%
3</4-,45% 27% +7: k=% -73+/:/H,220B% +-.<,-2/% +/3,-,0.2 %
<,HOI%P:787<.%.%34,-,/+7-/B %G/3:,%4/P/=%?77%.8/>H,2.A%
34,-,/1+7-0%-7809/A43A=% 2I1H2/% 0/>.453A% 39,0,2.A% 3-,2.@%
.8/>-7TH,2.B% .% 3N/?13.-/197453A% 27% 2.@ % IV,% 10/>2,,%
-733<74-9745% 47?..% 34,-/[+7-0% 1,-8% 2,>/:5RI;%
+-A</IP/:521;%<73?1=%90-,8722|;%9%4,<2/B%>I<7P,=%-8<,-%
149,-34.A% 0/:H,2% >045% % 2,<2/P/% % <,25R,% -78<,-7% ? TBI®
?7-4.2?2.% 9% 34,-,/+7-, % U4/4% 3+/3/>% 4-,>1,4% 2,?/4/-/ B%
4-2.-/9?.% .% 908097,4% 1347:/345% P:78=% 9+-/1,<=% 2,%
3:..R?/<% 3.:521;% .% 2,% 9-,021;% +-.% I<,-,22/<% 9-,<,2.%

-7>/40 % K-/<,% 4/P/=% [P-72.1.97,43A% -78-,R,2.,% 32.<? /9=%
47?% ?7?% 3:..R?/<% >/:5R/B% IP:/9/B% -78<,-% N/4/P-7N.B%
+-.9/0.4% ?% 3:.R?/<% 3.:52/<1% 27+-AH,2.;% P:78% +-.%
3/9<V,2.%  8/>-7TH,2.A% pl:5R.2349/%  32.<?/9=%
+-.9,0,220@% 9% Q4/B% 34745,=%-7331.4720% .<,22/% O2ADH47
3+/3/>7%+-13</4-7 %

%

>012/%  34,-,/132.<?%  0,.7;4=% 32.<7A% />1,?4%
102/9-,<,22/% 3% 091@% 4/1,7=% -782,3,220@% 27% 2,?/4/%
-7334/A2.,.=% 278097,</,% >78.3/<% 2% /[+-,0,:A,43A%
-7334/A2.,<% 0/% [>t,?247% 3t,<?.% .% 90>.-7,43A% />012/%
47?/B=% 14/>0% IP/:% 3@/H0,2.A% /+4.1,3?.@% /3,B% *IB¥S/
34,-,/>78.3C% 3/3479:A:% % /?/:1% % P-7013/9% 6% +-.% Q4/<
9/3+-.A4.,%34,-,/?7-4.22.%27.>/,,% ?/<N/-42] % G/:11 .45%
A7?2.<% 3+/3/>/<% 34,-,/32.<?.% </H2/% 4/:5?/% 32.<7A%
27.>[:,,% >:.8?.,% ?% 27<% />t,740% 6% 3,-,>-.340,% />:7?7 =%
<,4,/-0% .% .@% 3:,00=% 2/% .% 0:A% Q4.@% />t,?4/9% +/2ZBA%
>78.3% +/-A0?7% 2,3?/:52.@% ?.:/<,4-19% L/% IH,% 0:A%
34,-,/3t,<?.% TI20% -7334/A2.,.% <,HOI% 27>:;,074,:A<.%
0/:H2/% >045% 3-792.</%3%0.7<,4-I<% S,<:.=%.% 07H,% 9% %4
3:117,%IP:/9/B%34,-,/>78.3%*314/127A%:.>- 7K. AC%3/34 79.4%9%
d1IR,<% 3:117,% 1145% >/:,% % P-70137 % % K% 4/<I% H,%
102/9-,<,227A% 3t,<?7% 3% >/:5R.<% >78.3/<% 39A8727% 3%%
3,-5,820<.% [-P72.87k./[220<.% % 4,@2.1,3?.<.%
4-102/34A<.=% +/Q4/<I1% A% /3472/9:;35% 27% >/:,,.% +-/34/<%%
3+/3/>, %%

%

%

%

A% +/11,2.A% 734-/2/<.1,3?.@% 34,-/32.<?/9% </H2/%
9/3+/:58/97453A% 4,<=% 14/% >/:5R.2349/% +:72,4% 9-7V7;88A=%

%/%TI27%3:,F’?7%+/9/—71.97,43A%>:7P/07—A%:.>—7k.A<%’f%#= %

P-7013/9% +/% 0/:P/4,% 9% ?7HOI;% 34/-12IC% ,% Q4/P/% 994:2
0/3474/12/%0:A%+/:11,2.A%34,-,/+7- %%

%




L7.>/:,,% +-134/% +/:11.45% 34,-,/.8/>-TH,2.A%
9-TVT,V.@3A% +:72,4=% .<;V.@% ?7?.64/% @7-7?4,-20,%
0,47:% 27% 0.3?,.% *3:=% ?/2,12/=% 97R,% />/-10/972..%
+/89/:A,4% +/:11745% 0/3474/12/% ?71,349,220,% 32.<?.%
+:72,4C% 6% -,7:52/% Q4.<% 13:/9.A<% 10/9:,49/-A;4% a7-3%.%
f+.4,- % i:A% +/:11,2.A% 34,-,/+7-0% 0/3474/12/=% 14/>0%
+:72,47% <,HOI% </<,247<.% 3t,</?% +/9,-21:735% 27% IP/:%
121:/% 6 %P-7013/9 %S27A%+,-./0%9-7V,2.A%+:72,40=%P?/%
901.3:.45% 9-,<,22/B% .24,-97:% <,HO0I% 32.<?7<.% 6% 0:A%
a7-37%/2%3/3479.4%/?/:1% 6 =%7%0:A%f+.4,-7%6%/7% 6
%<.214 %F+-/1,<=%0,47:.%27%a7-3,%1734/%+-7?4.1,3%2,%

<,2A;43A% 0,25% /4/% 02A% % </H2/% .3+/:58/9745% +7-0%

32.<?/9=% +/:11,220,% 9% -7820,% 02. % i:A% f+.4,-7% Q4/%
2,9/8</H2/=%47?%?7?%,P/%/>:7120B%+/?-/9%/1,25%.8<%P%%
%

A% TI20% ?7-4.27% 27<2/P/% 3:/H2,% 6% /02/9-,<,22/%
<,2A,43A%2,%4/:5?/%/39,V,22/345%0,47:,B%+/9,-@2/34. =%2/%
% 1P:0% :.>-7K..% +/% [>,.<% [3A<% 7% 477?H,% IP:/9/B% -78%)
0.3?7 %%

%

%

e-102,,%93,P/%+/0/>-745%/39,V,22/345% T120%6%4,-<.274/-%
0/:H,2% +-/@/0.45% 34-/P/% +/% /02.<% .% 4,<% H,% />t,?47 2%
+/9,-@2/34.%TI120%6%N787%+-.%Q4/<%>10,4%/4:.17453A3431%
1>-7k.=% +/Q4/<1% :I1R,% +:72.-/9745% 27>:;0,2.A% 3%

+/<IV5;%Q:,?4-1220@%74:73/9%TI120=%27+-.<,- % %) %
% % G/0/>-745% 477.,% </<,240=%07% ,V,% +-.% +/0 @XD&%

8271,2.A@%:.>-7Kk..%0/9/:52/%3:/H2/ %%

%

32.<7,</P/% 2,>,32/P/% 4,:7 % U4/% 8271.4=% 14/% 0:A% +Z%

27.>/:,% 7?71,349,227A% 34,-,/3t,<?7% 9/8</H27=% 7?/P07%

S,<:A%27@/0.43A% 9% +:/3?/34.% Q?974/-7%+:72,40 %i: K20V

3.417k. A% 32/97% 2,3?/:5?/% 3:/H2,,% 6% ?-/<,% 3:117A% 3t<?.%

1>1.@%7?70-/19%+-.%21:,9/B%:.>-7k..%+/%R.-/4,%*4 , % 9% Q4/<%
317,=% ?7?% % 0:A% +:72,4=% 9.0.<OB% +/9/-/4%
+-1.3@/0.4% 90/:5% Q?974/-7C% 9/8</H,2% 97-.724% 3t,<?.%9%
</<,240=% ?/P07% :.>-7K..% +/% R.-/14,% +-14.9/+/:/H20% +/ %
27+-79:,2.; % F% Q4/<% 3:117,% 27% 34,-,/+7-,% .8/>-7TH,2. %

TI20%</H,4%>045%3.:52/%+/9,-214/%6%9+:/45%0/%" BI3/F %

L,3?2/:5?2/% 1+-/34.45% 870711% </H2/=% 32.<7A% 9>:.8.%%

</<,24/9% +[:2[12.B% 6% 9% Q4/<% 3:117,% 2,>/5R..%

2,3/149,4349.A% 9% /39,V,22/34.% [>t,?4/9% 3472/9A43A%
2,87<,420%.%2IH2/%+/0/>-745%4/:5?/%:.>-7K.; %

%

%L/% 2IH2/% 11,345=% 14/% +-% .8<,2,2.% 27+-79:2.A%

/39,V,2.A%9.0%TI120%.8<,2A,43A%0/9/:52/%3.:52/=%+/Q4<1%

2,H,:74,:52/% 9% 34,-,/+7-,% .3+/:58/9745% 32.<?.=%/0.2 % .8%

?/4]-0@% 30,:72% % 0/% +/:2/:12.A=% 7% 0-IP/B% 6% % +/34/% S

9+/:12,% 0/+134.</=% ,3:.% 4/:5?2/% 27% /02/<% .8% 32.<?/9%

87<,4,2% 4,-<.274/-% 6% 27% >/:,,% +/9,-214/<% ?% 27<% ?-Pp

0.377 % G/:2/:12.,% +-,0/3479:A,4% ,V,% [021% 9/8</H2/34 5%

0:A% +/:11,2.A% 34,-,/32.<?/19% % ,% 8.</B=% ?/P07% TI27%

27@/0.43A% 903/?/% 270% P/-.8/24/<=% </H2/% 30,:745% 097%

32.<?7%87%2/15%,%9,1,-/1<% .%14-I<=% 3% .24,-97:/<% /Ph %

173/9 % G-7907=% IP:/97A% 9,:.1.27% 34,-/>78.37% 9% Q4

3:117,% />012/% 2,% +-,90R7,4% % P-70137% .% 34,-,/QNN,?%

[?278097,43A%3:7>/%90-7H,220< %

%

i:A% +/:11,2.A% 34,-,/.8/>-7TH,2.B% </H2/% .3+/:58/9745% Y%

3/>349,220,% 09.H,2.A% />t,24/9% 27% N/2,% 89,802/P/% 2,%%

*734,-1.00=% ?/<,40C% ..% 9-7V,2..% 2,>7% [42/3.4,:52/%

8,<20@%+-,0<,4/9%6% +-.% Q4/<=%+-7907=%2,% 107343 XGH/ .

QNN,?4% />t,<2/34.% />1,?47% 6% >10,4% 87<,42/% 4/:5?/% [%

>/:,% >:.82/,% +/:/H,2.,.% 27% N/2,% 89,80% .:.=% 27+-/4.9 =%

107:,2.,%/42/3.4,:52/%8,<20 @%+-,0<,4/9 %M<,22/%47?% >0:%

+:11,2% 32.</?% +-/@/H0,2.A% F,2,-0% +/% 0.3?1% ]/:2k7% 6%

190=%]/:2k,%90P:A0.4%3/9,-R,22/%+:/3?.<"%%

%

% M24,-,320B% />t,<20B% QNN,?4% </H2/% +/:11.45=% 32.<7A%
3+142.2.% f+.4,-7=% 2/% >10,4% 0/9/:52/% 4-102/% />,3+,1. 45%
0/34/9,-2/345% 47?.@% 32.<?/9% 6% 9,05% >034-,,% 93,P12% ?
+-79.:/=%309.P7453A%>1014% 3+142.?.=%>:.H7BR.,% ?%2%,=%
7%2,%7?%27<=%7?7?% @/4,:/35%>0 %G-.0,43A%+/0>.-7280=
?IP07%>/:,,%107:,220,% 3+142.?.9% 09.H143A% +/0% 2,>/:5R .<%
IP:/<% 90/:5% :117% 8-,2.A=% .:.% +-/34/% 2,% 97?:,1745% 970?%
v2,+/0@/0AV. v%3+142.?. %%

%

%
IV, %
34,-,/+7-0% TI20% *07% .% +:72,4C% 6% 2,/>@/0.</=% 14/>0%97R,<%

102/% 97H2/,% 13:/9..% +/11,2.A% ?71,349,22/B%

27>:,074,:5% 27@/0.:3A% 9% +:/3?/34.% 9.0.</P/% +/9/-147 %

%

13:.9% +/0@/0AV7A% +7-7% 32.<?/9%30,:727%*.:.% +/0/>-727% 9%
N/4I7-@.9,C=% </H2/% +-.341+745% ?% 3>/-?,.%
34,-,/+7-0 %i:A% Q4/P/% </H2/% 9/3+/:58/97453A% >,3+:742/B%

TI20%



+-/P-7<</B% ~ % c % )$ %

* - $ C=% ?141-7A% +/89/:A,4%

3?/--,24.-19745% .% 90-/92A45% 32.<?.% .% +/0P/4/9.45% .@ 0:A%

5>IPI% 97-.7247% +-/13</4-7 % G-/P-7<<7% 0/9/:52/% :,P?7 % 9%

139/,2..=% 2/% 0:A% +/2.<72.A% 314.% /+,-7k.B% +-/0,:7,<% %

-7>141% 9% />012/<% P-7N.1,3?/<% -,07?4/-,=% 27+-.<,-=% P
% e % K% 4/<I1% H,=% ,3:.% 32.<?.% +/:11,20% 9%

-7820@%13:/9.A@=% +-,097-.4,:52I;% % +/0P/2?1% .8/>-7H,2.B%
9%P-7N.1,3?/<%-,07?4/-,%0,:745%I10/>2,, %
%

%

L7.>/:,,% 3:/H27% [>-7>/4?7% 32.<?/9% T120=% 47?% ?7?% 92.
0,:7;43A% 3% >/:5R.<% .24,-97:/<=% 1734/% +/:PI07% ..%
>[5R,=% 9% -7820@% 13:/9.A@=% 7%

.2/P07% .% 27% -7820@% .234-1<,247 ¢
?2-1<,% 4/PI=% .8/>-7TH,2.A% TI20%
279,-2A?7% % >I014% .<,45% -7820H
-78<,-% .%/-.,247K.; % 733</4-.<%
.<,22/%47?/B%3:117B %

12717:7% % I>7% 32.<?7% 2,/>@/0.</%
+-.9,34.% ?% /02/<I% -78<,-1 % i:A%
Q4/PI% :P1,% 93,P/% .8<,-.45%
.234-1<,24/<% v:.2,B?7v% 0.7<,4-0%%
0.3?/9% .% 27B4.% .@% /42/R,2.,=
874,<% 1<,25R.45% >/:5R,,%
.8/>-7TH,2.,% 9% 3//49,4349..% 3%
27B0,220<% 7?/QNN.k.,24/< % U41%
[+,-7K.;% 9% :;>/<% 3:117,% :11R,%

30,:745% 2,% Vv27% P:78/?v=%
[-.,24.-IA35%  27%  -,81:54740%
8<,-2.B=% 47?% ?7?%  O7H,

2,>[:5R7A% /R.>?7% 9% <73R47>%
>10,4% 3.:52/% <,R745% 9/3+-.A4.;%
34,-,/.8/>-TH,2.A % i7:,,%
.8/>-TH,2.A% 2IH2/% -78<,34.45% 27%
140,:520@% 3:/A@% .% 3/9<,34.45
.8/>-TH,2.A% 0.3?2/9=% 27?:12AA%
10.2% /42/3.4,:52/% 0-1P/P/ % T,P1,%
93,P/% Q4/% 30,:745=% 13472/9.9
+-18-712/345%9,-@2,P/%3:/A%9% { %
G-% Q4/<% >10,4% 87<,42/=% 14
0,47:.% 27% +/9,-@2/34.% 2,%
3/9+707;4=% /2.% 309.2140% *14/% .
07,4% 34,-,/QNN,?4C% 2/% 309.P% Q4.
0/:H,2% >045% P/-.8/247:520<=%
+/Q4/<1% 2,/>@/0.</% +/9,-2145%
@/:34% 6% .234-1<,24/<% v:.2,B?7vY
+-19/0.<% :2.;=% 3/,0.2A;VI;%
?7?1,64/% % @7-7?4,-20,% 0,47:.%
1>1.@% .8/>-7H,2.B=% +/3:,% Q4/P/% 99
<,2;%%Vv.8/>-7TH,2.,%6%+/9,-2145% @/:34%6%+-/.89/:52/6>10,4%
3-781%+/03479:,2/%2I1H2/,%8271,2.,%IP:7%+/9/-/47 %e, +,-5%
9/89-7V7,<% 2,+-18-712/345% 9,-@2,P/% 3:/A% 27% {% 6%
1347:/135% +/07?/--,?-.-19745% A-?/345=% ?/24-734% .% k9,%%
32.<?/9q% 3-792.9745% .@% 10/>2,,% 93,P/% 97:;17A 907?:; 1A%
9.0.</345%9,-@2,P/%3:/A %

>7% .8/>-7TH,2.A% </H2/% 3/@-72.45% 9% -7820,% N7B:0% .%
1212174,:521;%3>/-?1%+7-0%+-/0/:H.45%9%+-/P-7<<,%~ %

%.732/P1=%

* % )$ % 6% /27% +/89/:.4% /1,25% :,P?/% .% >034-/%
+/0P/4/9.45%34,-,/+7-1%:;>/P/%4.+7 %

A%  +/11,2.A% 34,-/+7-O0=% +-,0278271,22/B% 0:A%
V+,-,?-,342/PIV% +-13</4-7% 9% P-7N.1,3?/<% -,07?4/-,% 3 :/.%
309.P7;43A% % P/-.8/247:52/=% A47?=% 14/>0% 3:97% >O0:/%
.8/>-7TH,2.,.% 0:A% +-79/P/% P:787=% :.R2..% 1734.% 3:/,9%
[>-,87;43A=% 14/>0% />7% .8/>-TH,2.A% >0O:% 2/-<7:52/%
9.020=% 90+/:2A,43A% [?/2174,527A% ?/--,?k.A% 1,4?/34=%
?[24-7347% % k9,4/9/B% 2730V,22/34. % F% -,81:5474,%
+/:11.43A%34,- [+ 7-7=%+/0/>27A%+/?787220<%%27%-.3¥2@ %
G/OP/4/9?7% 34,-,/.8/>-TH,2.A=% +-,0278271,22/P/% 0:A%
-733<74-972.A% 1,-8% ?-732/68,:,20,% /1?.=% 2,3?/:5?2/ %
3:/H2,, % FO-792.972.,% 32.<?/9% 90+/:2A,43A% 47?% H,=% ™
[+.372/% 90R,=% 32.<?.% 3/@-72A;43A% 9% /40,:520@% N7Bt/ @
e,+,-5% 2,/>@/0.</% /4-,07?4.-/19745% ?7HO0/,% .8/>-7H,2. Y%
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-73?7:,220@% 89,80 % ]@/0349/% 41<722/34.% j-.127% %
41<722/34.% T,>,05% 9+,-90,% >0:/% +/0<,1,2/% iH/2/<%
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27P-,972.,<%9/80IR20@% <733%3,9,-2/P/% +/1IR7-.A%S,<: .%
9% Q4/%9-,<A=%9%39A8.%3%4,<=%14/%80,35%273% 37 4H0R.
903/?/P[%+/:1H,2.A%]/:2k7%9%9,-@2,B%7?1:5<.27K..r%%

+ 2 %

S7% % P/0% <2/;}% +/34-/2% 47?H,% P-7N.?% A-?/34.%
3,-,>-.340@% />:7?/9% +/% 02A< % "733<74-.97A% Q4/4% PV
</H2/% 30,:745% .24,-,320,% 909/00 % a7B3?.,%3,-,>-.340 %
[>:7?27% .<,;4% % .% % ?:7330% A-?/34. % *-?/345% .;253?%R.%
.:53?2.@%/>:7?/9%9/8-7347,4 % S0,35% .<,;43A% %+.?27%*%

Y% ! #C% +A4.>7:520@% /[>:7?/9% % [/0.2% +.?7% * #C%
1,40-,@>7::520@% />:7?/19% F% % 27>:;0,2.A@% A-?/345%
[>:7?/19% 0/34.P7:7% 1% >7::/19=% % -78% 6% % >7::7=% % -G%7 %
>7:: %%

13:.% 3-792.45% Q4/4% P-7N.?% 3% 4,<=% ?7?% .8<,2A:73598%M/-
3,-,>-.340@% />:7?/9% 4/% 9.02/=% 14/% 9% /32/92/<% A-73%4
1>:7?219% % .% % >7::7% >097,4% +-.% N:,-,=% 14/% 9% />V,<%
87?/2/<,-2I=% .3@/0A% .8% 37</B% 34-1?41-0% Q4/P/% 4.+7%
[>:7?19 % j43;07% .% 904,?7,4=% 14/% 9% <7,=% ?/P07% +/f&R27R
27>:;0,2.A<% 1% P/07=% +-,/>:707:% N:,-=% A-?/345%
3,-,>-.340@% />:7?/9% <7:7 % e7?H,% 87<,1,2/=% 14/% 9%02,%%
?IP07%27>:;07:.35%/>.7?7%A-?/34.%!=% %.% %>7::/99852,%
10.2%4.+%/>:7?/9=%7% =%!%.%>/:5R, %M37?:;1,2.,% 3/34X,4%
27>:;0,2..%  #=% ?/P07% 27>:,07:.35% :.R5% +/:/130%
-,8?/11,-1,220,=% 2/% A-?/345% [>:7?/9% 0/34.P7:7% % >7:/9 %

L/% +-.% Q4/<% /2.% .<,:.% 2,/>0120B% /-72H,90B% /44,2/? %
M24,-,32/=% 14/% Q4/% 2,% +,-90B% 3:117B% 27>:;0,2.A% 4@
3,-,>-.340@% />:7?/9 % G,-90B% -78% />:7?7% 3% 2,/>0120<%
[-72H,90<% /44,2?/<% A% 27>:07:% # % P07 % F%
.4,-741-,% +/0/>20@% /+.372.B% A% 2,% 934-,17: % *% 87<,4%
14/% +-.% Q4.@% 091@% 27>:;0,2.A@% />:7?7% 27 @/0.:.35%92.8
270% P/-.8/24/< % el/% ,345% :11.% 39,47% +-/@/0.:.% 1,-,8%
2.H2.,=% +:/420,=% 9/8</H2/% 3.:.52/% 87+0:,220,% 3:/.%
74</3N,-O % U4.<% .% />tA32A,43A% /-72H,90B% /44,2/?%
1>:7?19 %%

3. . '

3 L + %

F-,<A% +/A9:,2.A% .% .31,82/9,2.A% 3,-,>-.340@% />:7?/9% 9%

1% P/OI% >0:/% 9,35<7% -782//>-7820<% L7+-.<,-=%
+-/0/:H.4,:52/345% 9.0.</34.% 3,->-.340@% [>:7?/9%
27-73477% 3% <7A% +/% .;5% F% /32/92/<=% +/A9:,2.,%
3,-,>-.340@% />:7?/9% 3% <7A% +/% .;:5% >0:/% 9% +-,0,:7 @%/
11% <.2%0/% 1% %<.2% M31,82/9,2.,% +-/.3@/0.: /% 9%
-7820,%<,3Ak0%9%-782/,%9-,<A % F%<7,%/>:7?7% .31,8%:/4%
11 %<.2%0/% 1 %<.2=%9%.;2,%/4% '%0/%'! =%9%.;:;,%
14% 1% 0/% 1% e7?2.<% [>-78/<=% 3-,02AA%
+-/0/:H.4,:52/345% 27>:,0,2.A% 3,-,>-.340@% />:7?/9% 9%
-7820,% <,3Ak0% -78:.127 % U4/% = % <.2140% 9% <7,=%%&#
<.2140%9%.;2,=% ! =# % 9% .;:;, %10.2349,22/,%27>:;02 .. %
3,24A>-A%+-/0/:H7:/35% %<.214 %%

k) 3).&7 3

3 (. + 2
f.8.1,3?7A%3IV2/345%3I<,-,?%877?:;17,43A%9%4/<=%14/%%,%
87@/07%]/:2k7%.:.%+,-,0%,P/%9/3@/0/<=%+/9,-@2/345%S %
27@/0.43A% 9% 4,2.=% 2/% 2,?/4/-1,% 9-,<A% +/:117,4% 3P4=
-733,A220B% 4<% 3:/A<.% 74</3N,-O=% ?14/-0,%

-73+/:/H,20%270%P/-.8/24/<%<,347%27>:;0,2.A=%.%7?/4/ -O,%
\V,%/39,V7;43A% +-A<0<.% 3/:2,120<.%:117<. % 1,<% 2.H,%
+/0% P/-.8/24% [+13?7,43A% ]/:2k,=% 4,<% 90OR,% 9% 74</3NI%
+/02.<7,43A%4,25%8S,<:.=%.%4,<%<,25R7A% 17345% 74</3D%
/39,V7,43A% +-A<O<.% 3/:2,120<.% :117<.% K/..1,349/%
-733,A22/P/% 39,47=% O/@/0AV,P/% 0/% +/9,-@2/34.% S,<:%
1<,25R7,43A=%47?%?7?%/2%+/341+7,4%/4%93,%>/.,,9290%6 .%
>/:,,% -78-,H,220@% 3:/,9% 74</3N,-O % G-.% +/P-IH,2..%
1:2k7% 27% &% 271.27,43A% 734-/2/<.1,3?7A% 2/15% G/%
?2.H20<% .34/12.27<=% 17V, % 93,P/% 3,->-.340,% />:7?7%
27>:,07;43A% +-.% +/P-1H,2..% 1/:2k7% 27% 6 <% m1.4097 A%
74</3N,-21;% -,N-7?k.;=% +-,0+/:7P7,43A% 9/8</H20<%

7%
+/0% P/-.8/24% 0/% "= < % F% 4/% H,% 9-,<A% 31.47,43A%%+186
+/P-1H,2..%]/:2k7%27%IP/:%<,25R,% <=%3,-,>-.340,%/> :7?7%
87<,4.45% /1,25% 3:/H2/=% 47?% ?7?% 2,>/% ,V,% 39,4:/, %%
a2/;% [4<,17:/35% 9-<A% +/A9:2.A% .% .31,82/9,2.A%
3,-,>-.340@%/>:7?/9 %i7:,,%+/%3:,0l;V,B%N/-<I:, %%

% %wD < J” C%<D %<D %™J
%

% 6% IP/:% +/P-1H,2.A% ]/:2k7% 27% /+-,0,:d220B% </<,2 4%
9-,<,2.=%%
'6P,/P-7N.1,3?7A% R.-/47% <,347% 27>:;0,2.A% 3,->-.340 @%
[>:7219=%%
™6%  3?:/2,2.%  ]/:2k7%
"69-<A% /4% </<.247% 87@/07% 1:2k7% O0/% </<,247%
27>50,2.A% 3,->-.340@% />:7?/9% 9% IP:/9/B% <,-,=%%
6173/9/B%IP/:%]/:2k7%9%</<,24%87@/07%)]/:2k7 %I|P/%H2/%
/+-,0,:.45% +/% N/-<I;, % D % wW*D % "S5 >% 6% % '% %% ™C %%
s % ‘% % D % ™0%%
F% Q4/B% N/-<I:,%114,27% 3-,02AA% -,N-7?k.A% 9% P/-.8/246 .%
IP:/9/B% 0.7<,4-% 1:2k7 %%
7331.4097:/35% IP:/9/,% +/P-IH,2.,% ]/:2k7% 27% </<,240 %
+/A9:,2.A%.%.31,82/9,2.A%3,-,>-.340@%/>:7?/9 %%
%

%'« %™=%P0,%%

27%  27>:07<l;% 0741=%%

%
i7220B%P-7N.?%0,</234-.-1,4=%14/%9%3,24A>-,%.%9%3 X%
9% <7,% .31,82/9,2.,% 3,-,>-.340@% />:7?/9% +-/.3@/0.:/% 0/%
2.H2,B% 7?1:5<.27k..% 1/:2k7% F% .;:,% 9% /32/92/<%
.31,82/9,2.,% [>:7?19% +-1.3@/0.:/% +/3:% 2.H2,B%
?1:5<.27k..%1/:2k7 % F% .;2,% ?7-4.27% 3<,R7227TA % F.0.< =%
14/%3,-,>-.340,%/>:7?7%+/A9:A:.35%+-.9%8271,2. A@%IH9/P/%
+/P-1H,2.A%]/:2k7% /4% = % 0/% =1#%*3-,02,,%8271,2. ,%87%
P/0% &=& <«C % M31,87:.% 3,-,>-.340,% />:7?7% +-.% 8271 R@%
IP:/9/P/% +/P-1H,2.A% /4% != #% 0/% #= "% *3-,02,,% 8272.,%
<«C %%

%

M24,-,32/=% 14/% 93,% +/A9:,2.A% 3,->-.340@% /[>:7?/9%
+-/.8/R:.%+-.%+/P-IH,2..96]/:2k7%+/0%P/-.8/24%>/:,,% 1,<%
27% < %M31,8:.%H,%3,-,>-.340,%/>:7?7%.8% !%27>:,0,2B% 9%
9/35<.% 3:117A@=% ?/P07% IP:/9/,% +/P-IH,2.,% 1/:2k7%
3/3479:A:1% /4% 1= #% 0/% = <% % 27>:,0,2.A% 9% .;2,% .% 9%
5, % 1345% :.% 80,35% ?7?7A64/% 877?/2/<,-2/1345% ...% Q4%
+-134/%3:117B2/345r%j02/82712/P/%/49,47%27% Q4/4%9/8%1%
273%2,4=%47?%7?7?%07220,%87%/0.2%P/0 %%




%

G/% Q4.<% P-7TN.?7<% </H2/% +-/3:,0.45=% 14/% .8<,2,2.,.%
<7?3.<7:52/B% 903/40% 9% -7820,% 02.% +-/.3@/0.4%
2,/0.27?/19/ %  M2/PO7%  [27%  /347,43A%  +/34/A22/B %%
a,2A%87.24,-,3/97:/%+/A9:,2.,%3,-,>-.340@% />:7?/9%9  2,%
8/20% 4-70.k./22/B% 9.0.</34.=% 7% .<,22/% 4,% 3:117.=% #07%
3,-,>-.340,% /[>:7?7% [>27-IH.97;43A% 9% 8,2.4,% .% 07H,%

+,-,@/0A4% 87% 2,P/% F% % P/0I% 47?.@% +/A9:,2.B%
3,-,>-.340@% />:7?/9% 2,% 87N.?3.-/972/ % S74/% 9% %
P/01% .8% % 27>:;0,2.B% 9% % 3,-,>-.340,% />:7?7% .<,:.%
72/<7:52/,% -73+/:/H,2..% 270% P/-.8/24/<% % -787%
0/@/0.:.%0/%8,2.47%.% %-787%+,-,@/0.:.%87%2,P/ %F%
87N.?3.-/972/% % .24,-,320@% 3:117A% #% [>:7?27%
0/@/0.:.%0/%8,2.47=% " "%/>:7?7%0/@/0.:.%0/% & <% 20%
P/-.8/24/1< % n% % A% 27>:;07:% 12.27:52/,% A9:,2., %
[>:71?27%2,%4/:5?/%0/@/0.:.%0/%8,2.47=%2/%+,-,97:.97: .%

PI% 27% Kk,:0@% <« % L.1,P/% +/0/>2/P/% A% 0/% 3.@% +/-% 2,%

27>507: % L731,4% 4/PI=% 14/% Q4/% >0:% 93,647?.%
3,-,>-.340,% /[>:7?7=% 7% 2,% +,-.340,=% A% 19,-,2=% 47 24?7
2% 3/93<% 2% [3:7>A% >.,3?% 89,80 %%
i:A% 4/P/=% 14/>0% 3,-,>-.340,% />:7?7% 27>:,07:.35% 9%
8,2.4,% % +,-,@/0.:.% 87% 2,P/I=% 2IH20% /+-,0,:,220,%
13:/9.A % 1/:2k,% O/:H2/% +/P-18.453A% 27% /1,25% <7:1;%
P:1>.21% " "% /[>:7?7% 0/@/0.:.% 0/% & <% +-.% +/P-IH,2. .%
1:2k7% 27% =% #<% #% [>:7?7% 0/34.P:.% 8,2.47% +-.%
+/P-1H,2..%]/:2k7%27% =#<% %/>:7?7%0/34.P:.% 8,2.47%

+-.% +/P-1H,2..9% ]/:2k7% 27% &=# <=% +,-,97:...% 87% 8,2.4 % 27%

<% +-.% P:1>.2,% +/P-IH,2..% ]/:2k7% = <% +,-,97:... % 87%
8,2.4% 27% <% +-.% +/P-IH,2..% ]/:2k7% = <% L7>:,0,2. A%
%+/?78097;4=%14/%+-.%I<,25R,2..%+/P-IH,2.A%]/:  2k7%

9/8-7347,4%.@%903/47 %M%93,647?.%27>:;,0,2.A%3,-,340@%
[>:7?19% 9% 8,2.4,% .% 87% 2.<% +-/.3@/0.:.% +-.% 3-792.4,52/%
>/:.5R.@%IP:/90@%+/P-IH,2. A@%)]/:2k7 %%




) %

*,P.34- -IA%78.<140%7?-7B2.@%4/1,?%3,-,>-.340@%/>:7P=%A%
+-,0+/:7TP7:% 90A9.45% 2,?/4/-0,% 87?/2/<,-2/134.% .@%
-713+/:/H,2.A% 27% 3I<,-,12/<% 3,P<,24,% 9% 879.3.</34.% | 4%
9-,<,2.%.%0740%27>:;0,2.A % G/% +/:11,20<% 07220<% >0:. %
+/34-/,20%P-7N.?.%.8<,2,2.A%78.<147%9%4,1,2.,%2/1.%.%87%
P/0 %%

F.0.<=% 14/% <7?3.<7:521;% 3-,02;;% +-/4AH,22/345% +/%
78.<141% 3,->-340,% />:7?7% .<,.% 9% ..2% * =«C%
j40,:52/% +/% 0747<% 900,:.:.35% 39/,B% +-/4AH,22/345;%
[>7?7=% 27>:;,079R.,3A% #% *&<«C% % % * «C% L7%
P-7N.?,% <7?3.<7:52/B% +-/4AH,22/34.% 3,->-.340@%
[>:7?219% @I-/IRI% 87<,4,2% +.?% 3% 09I<A% 9,-R.27<.% +/%
+-14AH,22/34.% 3,-,>-.340@% />:7?/9% +/% 78.<|41% 3% ?/2k%
<7A% +/% 2717:1% A %%
F%4,1,2.,%3,8/27%27>:;0,2.B% 3% <7A%+/%.;:5%>0:% 875226
309.P%-73+/:/H,2.A%3,-,>-.340@%/>:7?/9%/4%4/1?.%8TH7%?%
4/17?,%9/34/?7 %9%<7,%/4% <%0/% —%9%.;2,%/49%60(% <=%9%
359% /4% ! % 0/% <% e7?.<% [>-78/<% <7?3.<7:52/,%
107:,2.,% 3,-,>-.340@% />:7?/9% 87% 4/1?1% 87+707% 9% 32/%
P7%>0:/% <—%7%87%4/1?1%9/34/?7%9% 34/-121% ;R PA69P %
-73+/:/H,2.A% 3,-,>-.340@% />:7?/9% 3% <7A% +/% .;:5% </H2%
[>tA32.45%>/:,,%0:.4,:520<.%27>:,0,2.A<.%.;:A%*0/%! 6 %
173/9% 14-7C % L/% 27% Q4/% 47?H,% </P:.% +/9:.A45% /33422
+/P-IH,2.A% 1/:2k7% +/0% P/-.8/24 % F% .;2,6.;:,=% >.H,% ?%
02;%:,42,P/%3/:2k,34/A2.A=%4-7,?4/- A%+/P-IH,2. A%]/  :2k7%
>/:,,% +/:IP7TA=% 9% <7,% .% /3/>,22/% 9% 3,24A>-,% +/P-1H,20
1:2k7%+-1.3@/0.4%+/%>/:,,%7?-14/B%4-7,?4/-.. %%

?
%
S7% 6 !%P/00%<2/B%>0:% 3/>-72%>/:5R/B%N7?74.1,32B%
<74,-.7:% +/% 27>:,0,2.;% 3,-,>-.340@% />:7?/9% 9% + m97%
mo0<I-43?/B% -,3+1>..2.% *P,/P-7N.1,3?7A% R.-/47% ="&< =%
P,/P-7TN.1,3?7A% O/:P/47% = «C% F% 6 % P/0I%
+-/9/0.:..35% 3.2/+4.1,3?..% 27>:;0,2.A% 3,-,>-.340@%
[>:7219 %F% 19%P/01%?%2.<%0/>79.:.35%.8<,-,2.A%78.<l47=%
903/40%3,-,>-.340@%/>:7?/9%270%P/-.8/24/<%.%901.32.,%
IP:/9/P/% +/P-1H,2.A% 1/:2k7% +/0% P/-.8/24 % F% % .% %
P/01%+-/9/0.:/35%N/4/P-7N.-/972.,%3,-,>-.340@%/>:7? 19 %%
G/09/0A% .4/P.% 27>:;0,2.A% 3,-,>-.340@% />:7?/9% 87% 6
1% P/00=% </H2/% [/4<,4.45=% 14/% 90A9.:.35% 3:,0;}V.,%
8772/2/<,-2/34. %%

6%%0],-,>-.340,%/>:7?7%27>:,07:.35%9%/32/92/<%3%<7 Al
3,24A>-5%3%+.7/<%9%.;2,6.;:, %%
6%%¢-?/345%3,-,>-.340@%/>:7?/9%879.3.4%/4%

</-N/:/P.1,3?/B%N/-<O %L7.<,2,,%A-?.%/>:7?7%4.+7%N:
6%.@%A-?/345%3/3479:A,4% 6 %>7::7 %]:117.%27>:;0,2%
3,-,>-.340@%/>:7?/9%A-?/34.% 6 %>7::/9%3/9+707;4%3%
>/:5R.<%7?/:.1,349/<%27>:;,07,<0@%9%4,1,2.,%2/1.%
</-N/:/P.1,3?.@%N/-<%.%.@%>034-0<%.8<,2,2.,< %%
6%%L7.>/:,,%A-?/%90-7H,22/,%.8<,2,2.,%N/-<%
3,-,>-.340@%/>:7?/9%+-/.3@/0.4%9%.;2, %%
6%%),-,>-.340,%/>:727%4 . +7%N:,-%17V,%27>:,07;43A%9%
<7, %%
6%%i:.4,:52/345%27>:;0,2.B%3,-,>-.340@%/>:7?/9%
9/8-7347,4%3%<7A%+/%.::5 %%
6%%mP:/9/,%+/P-IH,2.,%27%2717:/%27>:;0,2.A%3,-,>-.3 40@%
[>:7?/9%9%3-,02,<%87%P/0%3/3479.:/%6&=& $=%27%"?/2,k
27>::0,2.A%6%#= § %a.2.<7:52/,%IP:/9/,%+/P-IH,2.,%
1:2k7%+-.%27>:;0,2..%3,-,>-.340@%/>:7?/9%3/3479.:/
1= #8§=%<773.<7:52/,%6% #= "< %%
6%%F%<7,%3,-,>-.340,%/>:7?7%.31,87;4%0/%2.H2,B%
?1:5<.27Kk..%]/:2k7=%9%.;:,%+/3:,%7?1:5<.27k.. %%
6%%]-,0.9%27>:;0,2.B% 6 !%P/07%+-,/>:707,4%
</-N/:/P.1,3?7A%N/-<7%/>:7?/9%6%+/:130 %%
6%%F%.;2,6.;:,%27>:,07;43A%27.>/:,,%+-/4AH,220,%+/%
78.<141%3,-,>-.340,%/>:7?7 %%
6%%)],-,>-.340,%/>:7?7=%27>:;07,<0,%9%.;:,%/>:707;4%
>/:5R,B%7?/24-7342/345; %%
%
a2/;% 27>:;07:.35% .24,-,320,% +/A9:,2.A% 3,-,>-.340@%
[>:7?/9% 9% 8,2.4,% .% 3:117.% +,-,@/07% />:7?/9% 87% 8,2% %
-787% A% 27>:07% 3,->-.340,% />7?7% 2,/>012/P/%
[-72H,9/P/% 144,227 %%
F%4/%H,%9-,<A%2,+/2A420<%+/?7%/347,43A%>/:5R7A%7P82
9% 7?/:.1,349,%3,-,>-.340@% />:7?/9%87% 6 %P/00% .%87%
1% P/I0% L,4% 4/12/P/% [>tA32,2.A% A-?/% 90-7H,22/<1%
.8<,2,2.;%N/-<%9%.;:,%.%/3/>,22/%.;2,% 1%P/07 %e7 ?H,=%
+-,03479:AA% N7?4.1,3?.,%07220,%87% 1% P/0% +/% 90361.%
78.<141=% A% 2,% -,R.:3A% 30,:745% />/32/97220,% 909/00 %
11.47;=% 14/% +/?7%2,%-73+/:7P7;%0/3474/120<% ?/:.1,38/<%
07220@%+/%Q4.<%9/+-/37< %T4/>0%30,:745%P:1>/?.,%00%%
2IH2/% -73+/:7TP745% N7?4.1,3?.<% <74,-.7:/1<% +/% ?-7B2,B%
<,-,%87% % P/07 % G/Q4/<1=% -7>/41% +/% 0722/<1% 27+-79;%
+-,0+/:7P7;%+-/0/:H.45 %%

%

-%

%6

H1+0 &UO: 1' -29%0()-< ! (& ' /00

g h gz T
K-1- +*" +- - #'0"90*#'.A -9 ,(,A € & C)0+," =" 9-#&-/>
e<6,@ <3/ c @O@Q@F

"$




‘kg&n %

%

|
j32/920<.% 734-/2/1<.1,3?.<.% 3/>04.A<.% <,3Ak7%
A9:A;43A % % 79PI347% 6% +/:14,2,9/,% :122/,% 874<,2.,=%%
79PI347%6%<7?3.<1<%0,B349.A%<,4,/-2/P[% +/4/?7%G -BO=%

% 79PI1347% 6% f+.4,-% 9% +-/4.9/34/A2..% 3% ]/:2k,<=% #%
79PI347% 6% 3/,0.2,2.,% a,-?1-.A% .% ]741-27=% #% 79PI13%4 6%
L,+412%9%+-/4.9/34/A2..%3%]/:2k,<=% %79PI347%6%62AAY%
Q:/2P7k. A% a,-?I-.A %]/:2k,% 09.H,43A% +/% 3/89,80.;% 7 ?7%
0/% % 79PI347=% 7% 874,<% +,-,@/0.4% 9% 3/89,80.,% T%97%
1347,43A% 9% 2,<% 0/% ?/2k7% <,3AK7 % ]?:/2,2.,.% 02,92/P/%
39,4.:7=%+/%3-792,2.;%3%+,-90<.%09I<A%:,42.<.%<,3AK/<.%
1<,25R7,43A% 3% ?7H00<% 02,<% 93,% >034-,, % K7?% 3:,0346.
477H,% >034-/% I<,25R7,43A% +-10/:H.4,:52/345% 02A % 3%%
173/9% "% <.214% 9% 2717:,% <,3Ak7% 0/% !% 173/9% % €@™Mbo
?/2K1% /+.3097,</P/% +,-./107% *>/:,,=% 1,<% 27% % 1737C\94.%
07220,% 3+-79,0:.90% . K + + =% PO0,%
+/:10,227A%903/47%]/:2k7%87%<,3Ak%I<,25R.43A%3% %0 %
P-7013/9 %i:A%27>:;0,2.B%]/:2k7% 79P134% 6%/0.2% % .8%Q@%
> 7P/+-.A420@% <,3AK,9% 9% 3,9,-2/<% +/IR7-.% S,<i. %
LIH2/%:.R5%93,P07%+/<2.45%/%>,8/+732/34.%0:A%8-,2 %+-.%
27> :0,2.A@% 9% 4,:,32/+% ..% >.2/2:5=% .%." 44

% + 8

79PI34/93?/<|%2 >1%9%3/89,80..%]?/-+./27%*>:.8%n247-,37C%

+-.9%09/8-7347;V,B%N78,% =## %F%+,-90B%0,25%<,3AK7P22%
39,4.:/%+,-,BO,4%9%3/89,80.,%S<,,2/3k7%.%+-/>I0,4%9 %2,<%
1?21:1% 314/? % S74,<=% 0/% +/:12/1.% % 79PI1347=% :1220B%%%
>10,4% +-/1,P745% +/% 3/89,80.;% ]4-,:5k7=% PO0,% 2/12/,%
39,4.:/% 13+,4% 19,:.1.45% N78I% 0/% ="8& % F% 3/89,80..%
K/8,-IP7% TI27% +-/>10,4% 09/,% 314/?=% 9341+.9% 9% N781%
+/:2[112.A% 14-I1<% % 79PI347% U4/% 14-/% >10,4%
21:5<.27K.[220<%9%4/<%/42/R,2..=%14/%+-1.8/B0,4%94/ -/,%
:1122/,% 874<,2.,% 87% <,3Ak=% 14/% 37</% +/% 3,>,% 0/34 4%
-,0?/,%3/1,472.,%+/3:,0/974,:520@%:1220@%874<,2.B % K7?%
9%<,3AK%27870=%TI27%+-/B0,4%:.R5%1,-,8%8,<2:%+/;25=%
4, % 874<,2.,% 92/95% >10,4% +/:14,2,90< % e,<% 2,% <,2,,=%
13:/9.A%9.0.</34.%79P134/937?/P/%874<,2.A%>I014%2,37:5?/%
> 7P/+-.A42, =%1,<%I%.;:532/P/=%7%+-/B0,4%:1220B%B?%IH,%
1,-,8% 3,9,-20B% ?-7B% +/:14,2. % L7% [9-/+,B3?/B% 1734.%
*133..% -78:.120,% N780% 874<,2.A% >1014% 27>:;:07453A% 2%

87@/0,% TI20=% 7% 9% S7+702/B% 19-/+,=% nN-.?,% .% fH2/B%

n<,-.2,% A9:,2.,% </H2/% >10,4% 27>:;,0745% +/:2/345; %
L717:/% 874<,2.A% +-.0,43A% 27% % 1737% </3?/93?/P/% B
9-,<,2.% %79PI347=%7%877?/21.43A%/2/% IH,% +-.% 87@2Q)%0
a7?3.<7:52/,%+/P-IH,2.,%:122/P/%0.3?7%9%+/:14,25%S, <.%
*N787C%3/3479.4% = =% .%+-.0,43A%,34,349,220<%/#<¥827%
3,-021% 874<2A% F% 23?/:5?2.@% P-70137@% :9,%
874<.9R,PI3A% 2,>,32/P/% 4,:7% >1014% 27 @/0.453A% f+.4,-% .%
L,+412=% 7% 37</% 2/12/,% 39,4.:/% -73+/:/H.43A% 9% 37</B%
3,-,0.2,% 3/89,80.A% K/8,-/P7 % i:A% 2,9//-IH,22/P/% P:7  87%
>10,4% 87<,42/% +/4,<2,2..% ;H2/P/% ?-7TA% G-<,2,2.,%
k.N-/9/B%N/4/7++7-741-O%+/89/:.4%90A9.45%>/:,,%1,4? .. %
P-72.k0% N78% 874<,2.A % S7?/21.9% Q4/% 2,>,32/,% R/I=2/V%
134-,<.43A%7?%3/89,80.;%F/0/:,A=%9% ?/4/-1<%+-/>10,4%#%.% &%
79P1347=% +-,097-.4,:52/% +-/BOA% 3,9,-2,,% f+.4,-7% .%
L,+4127 % F% 3/89,80.,% "O>% /27% 9/B0,4% IH,% +-.% N78,%%
3>:..8.9R.35% 3% m-72/<% S7% 4-1,% 314/?% 2/12/,% 39,4.:/%
1<,25R.4% N781% 0/% =#% .% +-.>:.8.43A% ?% P-72.k,% 3/89.8%
j927% % 79PI1347% *9% 0,25% <7?3.<I<7% G,-3,.0C % IV,% B%
09/,%314/?%27%+14.%/?7H,43A%e,:,k=%.%9/BOA%998Q4806310
:1220B% +/:10.3?% +/?-/,4% 89,802/,% 3?/+:,2.,% G:,A00 % L/%
9.0.</345% Q4/P/% A9:,2.A% >10,4% >:7P/+-A427% :.R5% 9%
9/34/12/B%1734.%34-720 %....4,..%I9-/1+,B3?/B%1734.%B3..%

% ]LX% 3</P14% 27>:;0745% T121% IH,% 27% 2,?/4/-/<%107:,2.%

14% G:,A0 % F% 14-,22.,% 1730% % 79PI347% 47;V.B% <,3AlH +
N78% = % +-/B0,4% 3,9,-2,% a7-37=% +/3:,% O/:P/P/%
+,-,-097% 3>:.H,2.B% 3% +:72,47<. % F% Q4/4% H,% 0,25% PR7
+,-,80,4% 9% 3/89,80.,% p:.82,k/9=% 7% ?% 14-1% &% 79PWB4Z.%
N78,% = &%4,32/%3>:.8.43A%3%F,2,-/B %U4/%.81<.4,:52%+/%
?-73/4,%2,>,32/,%8-,:.V,% 34/.4% +/3</4-,45=%+-/32I19R  .35%
87%2,3?/:5?/%173/9%0/%9/3@/07%]/:2k7 % "%.% %78PWTI27%
>10,4%27@/0.453A%9%3/89,80..% 7?7%9%37<0@%<7: Q@807
% 79P1347% +,-,B0,4% 9% 3/89,80.,% T597=% P0,% .% +-N78%0
2/9/:12.A% -A0/<% 3/% 89,80/B% ,PI: % K% 9,1,-1% % 79PI37%
</:/0/B% <,3Ak% *fw% =#C% IH,% </H2/% /403?745% 9% :117@%
87@/0AV,P/% 1/:2k7=% 7% ?-I1<,% 2,PI% 1% PI/-.8/247% >1014%
27@[0.453A% a,-?I-.B% .% ]741-2% F% +/3:,01;V.,% 02.=%
1<,25R7A%37?:/12,2.,=%2/%19,:.1.97A% N781=%2/12/,%39,4.:/%
3/9,-R.4% +14,R,349.,% +/% 3/89,80.;%1,90=% 7% 9,1,-<% %
79PI347% +-.% N78,% = 1% >10,4% 27>:;07453A% ;H2,,% ]+.?%
1,-,.8% 314?.% IH,% +-.% N78,% =!% -734IV.B% 3,-+% TI20%
+,-,3,1,4% P-72.kl% 3/89,80.A% F,3/9=% .% 097% 02A% >10,4%
09.P7453A% ?% 3/89,80.;% ]?/-+.127 % F,1,-I<% #% 79PI34%
:1220B% +/:10.3?% >10,4% 27>:;07453A% >:.8% n247-,37=% 2%8%
3:,0,V.B% 9,1,-% 9% 9.0,% :,P?/P/% /97:7% 2712,4% +45% b
3/89,80.,% S<,,2/3K7 % j3474/?% <,3Ak7% ,34,349,220B%
3+142.7% S,<.% +-/9,0,4% 9% 3/89,80..% ]4-,:5k7=% P0,% .%
877?/21.4% 39/B% +145% +/% 79P134/93?/<1% 2,>1% +-.% N788866

>:.8%P-72.k0%%3%3/89,80.,<%K/8,-/P7 %a,-?I-.B%9,3598Ak%

<,,4% 9,1,-2;;% 9.0.</345=% 2/% 2,9//-IH,220<% P:78/<%
27>:,07,43A%4/:52/%27%;P,%34-720=%+/3?/:5?1%9%3 20 @%.%
3-,02.@%R.-/[47@%87@/0.4%+-7?4.1,3?.%9<,34,%3%]/:2k %%
TIPI347%+:72,47%<7?3.<7:52/%3>:.8.43A% 3% " ,PI:/<=%/BOA%

9% +/:1P-7013,% 3,9,-2,, % % 79PI347% a,-?1-.B% +,-,B0, 4% 9%
3/89,80.,% i,90% .% /3472,43A% 9% 2,<% 0/% °/2k7% <,3AK7=%
0/34.P219% 9,1,-2,B% Q:/2P7k.% % 79PI347% F,2,-7%
27>:,07,43A%+/%14-7<=%.<,A%+-/0/:H.4,:52/345%9.0.</  34.%
9% 3-,02.@% R.-/47@% 097% 3% +/:/9.2/B% 1737% 9,35% <,3Ak %
G:72,47%+,-,<,V7,43A%+/%3/89,80.;%p:.82,k/9=% %79P 1347%
+,-,@/0A% 9% 3/89,80.,% 7?7 % % F% +,-91;% +/:/9.21% 02A%

Y TI27002712.4% 39/B% +1459% +10 > TPI07-A% 903/2/B% A-2I34.9% *61=8& C% 9/8</H20% 27>1,0,%

F,2,-0%2,9//-IH,220<%P:78/< %a7-3%*] C%>/5RI;%173 45%
<,3Ak7% 09.H,43A% +/% 3/89,80.;% e,:5k7=% 27179% +145%
3,9,-2,,% X.70=% 7% % 79PI347% +,-,@/0.4% 9% 3/89,80.,%
p:.82,k/9 %L7>:;07,43A%/2%/?/:/% %173/9%9%2717:,%<,3AK7%
% >/:,,% % 173/9% 9% ?/2k,% /+.3097,</P/% +,-./07 % F.0.< OB%
PI% 0.7<,4-% 3/3479:A,4% [?[:/% % 3,?120% OIP.=% +/Q4/%b

4,:,3?2/+.1,3?.,.% 27>:,0,2.A% 2,% +-.2,314% 3?/:5?/62.>| 05%
3,-5,82/P/% -,81:54747% f+.4,-% *6=&C% 9341+7,4% 9%
+/4.9/34/1A2.% 3% 1:2k<% 9% 3,-,0.2,% <3AK7% %

27>:07,43A% 93;% 2/15=% ?1:5<.2.-1A% 27% 903/4,% 091@%
0,3A4?/9%P-7013/9%9%3-,02. @%R.-/47@ %]741-2%*] @8B2KI%
+,-9/B% 0,2700% <,3AK7% 872721.97,4% 9,1,-2;;% 9.0.</345 %
j2% 09.H,43A% +/% 3/89,80.;% T597=% 2% 2/2kI% <,3Ak7% B/3A%
3/89,80.A%i,90 %mM-72%*] C%09.H,43A% +/%3/89,80.;% &% .%
</H,4% >045% 27B0,2% O07H,% 2,9//-IH,220<% P:78/<% 9%
>,8:1220,% 2/1.% 94/-/B% +/:/9.20% <,3AK7 % L,+412% *J& C %
9,35%<,3Ak%27@/0.43A%>:.8%89,800%<;%K/8,-/P7 %L TD745%
37<0,% 07:,2.,% +:72,40% </H2/% 9% >.2/2:5% .:.% 4,:,32/+=%
+-.<,2.9%0:A%+/.3?/9%89,8020,%7?7-40%.8%KL %87%A 756
P07 %]7</B% A-?/B% ?/<,4/B% <,3AK7% AQ:A,43A%* "%¢C=%
2041-TA% +,-,<,V'7,43A% +/% 3/89,80.,% F/O/: A % 27% <, 4%
-731,420B% >:,32% [?2/:/% " =% % 9.027% 93;% 2/15=% +/QMxI
79PI134% </H2/%2789745% 37<0<% >:7P/+-. A420<%+,-./0/<%A%%
27>:,0,2.B% 2,>,32/B% 34-722.kO % +-2.<.% 734,-.07<% 3 %
0/3474/12/% >:7P/+-.A420<.% 13:/9.A<.% 0:A% 27>:,0,2.B%
>1014%£2/27=%F,347% .%a,:5+/<,27 %F%>:,3?,%/2.%+-, 9CBA4%
"=% % >I014% 0/341+20% 07H,% >.2/2:A<% G,-97A% .8% 2.@%
09.H,43A% +/% 3/89,80..% ‘O>=% 94/-7TA% +/% 3/89,80.:%
p:.82,kI9% % 7?7=% 7% a,5+/<,27% -73+//H..735% 9%
3/89,80..% K.47 % X:7920<% <,4,1-20<% +/4/2/<% <,3AK7=%
>,813:/92/=% A9:A;43A% G,-3,.00=% 2/% +-.% ,P/% <7?23.<I<%
TI27% 9% N78,% +/3:02B% 149-4% >04% <R745%
27>502A<% 9%  94/-B%  +/9.2% 2/1.% M8%
0/:P/+,-10.1,32.@% +,-<,220@% 89,80=% 0/341+20@% 0:A%
27>:0,2.B% 9% >.2/2:5=% % 79PI347% <7?3.<I<% >:,3?7%
[H.07,43A% 1% b% * % * =" C % &% 79P1347% 6% |% b%C6" 9%
79P1347%6%I1%b% ¢ %* =" C%.% &%79PI347%698GIHETIN %
1% 0-IP.@% +,-,<,220@% 89,807@% +-.9,0,20% 9% />/>V,22/B%
47>1.K,% KL % j+,-74.92/% 6% 27% %.* $6

C %%932/P/%2,>7%.%I3+ R20@%27>:,0,2.83%
NO APHGIIK 24, (,+ @ #0 -9-C(*4
& (1,6KA" (+)

ll%




! ) : ?) -< 3INKIo*. * (Y +<1&

e -

! ) $ $
# $ ) )
% & : o 9
' $ 4
&' : " 9 113211G " , 9%
# () *) + $ ) 11H /"? < 33
$ -%& $ ) , 9 EIKLKLMNNAOF IK AO!"/
, 9 "
o 4 $ 9 1P/
" : : % 4 "o
" '$ ' 9 3C1H/
) ) ! o )
0 ( 4 ) )
123 % %4 %, % $ 9 ' ' ' GAO 4 '$
% y %', )y 4 )
5 65 %4 % % : ) ) ) "o
)y "7 4 $ 9 ) %4’ : "
' 4 "8 9 & D QNR GS1A31 (
% $ $ .9 1T . 8
0 1A3 )
AG : c*
$ $ & ) &
9 & 9 " 1A11A 1A1 "L &%4
4 $ &' ' & 1A3 "@ )
) 4 %4 $ A $$ 3 %
$ ) ) & $
#) % %4 . > ' %
)y $ ) s % &% $ %
$ & ", ' $ " ; , $
4 & : : %
4 ) % o $ $
o) ; " " )
< 0 4 " QNR1G P UGG!$
4 %$ ' 9 $
% % GAl ! ) 1A1
$ 2 = $ "t 1 ?* $
2 $ 4 % , 9
> $ ) GA1 $ " 7
# 8 18 4 %
0 $ )4 %
?2.$ ) 4 4 V1 ?
4 ' 4 % & "9,
9 $ 5 6
$ ) % 3 % $
@ 4 ) $ 9 $ w4 $
$ 2
4 ) & 4 D $
) : 4 " 4 7 &
8 4 1 " 4 B
4 $ ) 4 4 ") )
A $ ) ) )
A5 )6 )
@ 2 $$ 9 ?
) & % $ w 9 $ )
) 1A3 4 % ) 5 & 6" 8
A & $ $ ) %
& : 1 4 C
# ) $ XYZ -A1$ | I$
B ' "8 $
9 " ( ) %
) & % : 4 C
") ) $ $ ! # ) KIS 1A3!$
c# . " (
9 % 9 4 5 6 % Cc7
y " 4 $ C
4 %4 9 4 & > : $ QNR 1010U31! %
4 D9 9 12 1 " " $
@ 4 ) 4
& 2 "( ) , C
9 9 E F$ # $ 2 %4 "8 )$
) A ") ) "
, % & %
: ) % % % "> % )
) "<& ' % % % & ) $ ) 5
&%'s & 6"
E F H <1:/ JGO-0 (. -)%!"06/ " (O(+(

2 9 9 5 6" &0 O)&E )-0fNa? W2/)< 7 j 8kl cm %




4
)
+ =
1J

7

AeB

IE

A

P

(e}

2

DD

D

C

C

By

A

A

%@

+

+

N

@

6

%%
i

1
55
%EE
55
fz
ia
g
II
55
%EE
55
55
55
+, ii
*# Ei
-/1 :
N
$O*3
# E
yl !’ #
*iD&
/1 Y:C
ll+9
+- *VI7
Ci *90.
1#(-
I -
$.)("!|
R
/ 9
?%:;
L)l)gD:6
6,
Q/a;g
41\
A "0#.9
_i:)*\
.
+-i | &.74
- | | IO
0 "@ 1I
" dega
* ‘ \\ 9_
4 | Z O’
_!s 1 ae "
: 1(7 e;°62+
12*05(&; zd_ a I
2t 0$6++ |
-, 1/Q) /’& *
+, #ié ?Jg( 1
| ’ EgziLOD?
+-).Q/l*# +/(§-3% |’+/
I "II*
]-l I-}.i )L<J" -&
) ;+
A 2 L-
+, !*_& C
, I#.
+* I& a
&(:-*'*’#
...T# _
/&IT&
&'.D
) ##
*08:
30)11A
T _! -
iic;% 1
(e,;;/l |
8#2, ; \
/1 g (’ 4
% ; H#
E%&, | .5
S?r
ii)g* 6$ é
é" $ 4
0$$ $+
is&
£ "%
;'$"6
90
:

n
a

c

&

"0
J,:

7

%

"y
3

&

U

3




%




