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1 %$%s%H%m%@%/%7%g%s

1.1 K\8&5f$NL\E*

KL3$F;Bg3X$G$O!"KL3$F;L>4s;T$K@_CV$7$?KLBg1.6m%T%j%+K>1s6@$KEk:\$9$k$?$a$NOG

@14QB,MQBg5$MI$i$.Jd=~8w3X7O$r3+H/$7$F$$$k!#Jd=~8w3X7O$H$O!"Bg5$MI$i$.$K$h$C$FMp

$l$?E7BN$N8w$NGHLL$r!"85$N@5$7$$GHLL$KD>$9%7%9%F%`$G$"$k!#=>Mh$NE7J8MQJd=~8w3X7O

$r;H$C$?OG@1$N4QB,$G$O!"4QB,BP>]$N6aK5$KGHLL;2>HMQ$NE@8;(91@1!"1R@1) $,I,MW$H$J

$k$?$a!"8B$i$l$?;~4|$K$7$+4QB,$r9T$&$3$H$,$G$-$J$$$,!"K\Jd=~8w3X7O$G$OOG@1K\BN$r

GHLL$N;2>H8w8;$H$9$k$3$H$G!"$3$NLdBj$r2r>C$9$k$3$H$r8!F$$7$F$$$k!#$^$?=>Mh7?$N

Jd=~8w3X7O$G$O!"Jd@5;kLn%5%$%:$,OG@1;kD>7B$h$j$b69$$LdBj$,$"$k!#$=$3$GOG@1%5%$

%:$N;kLn(50") $rJd=~$9$k$?$a$K!"9-;kLn$JJd=~8w3X7O%7%9%F%`$G$"$kCOI=LLJd=~8w3X7O

(GLAO) !"$b$7$/$OJ#?tAXGHLL6&LrJd=~8w3X7O(MCAO) $N9=@.$r8!F$$7$F$$$k!#$3$N8!

F$$N$?$a$K$O!"L>4s;T>e6u$NBg5$MI$i$.$NM-8z9bEY$rD4$Y$kI,MW$,$"$k!#$=$3$GK\8&5f$G

$O!"MASS-DIMM(Multi-Aperture Scintillation Sensor with Di�er ential Image Motion
Monitor; Kornilov et al. 2007) $r;H$C$F!"E7J8Bf>e6u$NBg5$MI$i$.$N9bEYJ,I[$rB,Dj$7

$?!#

1.2 Bg5$MI$i$.Jd=~8w3X7O

Jd=~8w3X7O$O!"CO5e$NBg5$MI$i$.$K$h$kGHLL$NMp$l$r%j%"%k%?%$%`$GJd@5$7!"6u4VJ,2r

G=$N8~>e$r<B8=$9$k%7%9%F%`$G$"$k!#$3$N8w3X7O$O!"GHLL%;%s%5!"2DJQ7A6@!"@)8f%7%9%F

%`$N3 $D$NMWAG$G<g$K@.$jN)$C$F$$$k!#GHLL%;%s%5$O!"GHLL$N79$-$d6JN($rB,Dj$9$k$3$H

$,$G$-$k!#B,Dj$7$?%G!<%?$O@)8f%7%9%F%`$KAw$i$l!"GHLL%;%s%5$GB,Dj$7$?GHLL$N>pJs$+

$i2DJQ7A6@$KM?$($k?.9f$r7W;;$9$k!#$=$7$FBg5$MI$i$.$r%-%c%s%;%k$9$k$h$&$J7A$K2DJQ

7A6@$rJQ7A$5$;$F!"Bg5$MI$i$.$N1F6A$rJd@5$9$k!#$3$N9TDx$rBg5$MI$i$.$N;~Dj?t$h$j$b

Aa$/9T$&$3$H$G!"%j%"%k%?%$%`$GBg5$MI$i$.$N1F6A$rJd@5$7B3$1$k$3$H$,$G$-$k!#

E7J8Bf$NE57?E*$J%7!<%$%s%0$r1.8"!"Bg5$MI$i$.AX$NM-8z9bEY$r1km $H2>Dj$9$k$H!"=>

Mh$NE7J8MQJd=~8w3X7O$NJd@5;kLn%5%$%:$OLs3.5"$H$J$k!#$3$l$OOG@1;kD>7B$h$j$b69$$$N

$G!"=>Mh7?$NJd=~8w3X7O$G$OOG@1A4BN$rJd@5$9$k$3$H$,$G$-$J$$!#$3$NLdBj$r2r7h$9$k$?

$a$K!"COI=LLJd=~8w3X7O(GLAO) !"J#?tAXGHLL6&LrJd=~8w3X7O(MCAO) $H$$$&9-;kLn$J

Jd=~8w3X7O%7%9%F%`$,B8:_$9$k!#GLAO $O!"@\COAX$NBg5$MI$i$.$N$_$rJd@5$9$kJd=~8w3X

7O$G$"$k!#Dc$$AX$G$NGHLL$NMp$l$O9-$$3QEYHO0OFb$G0lDj$H$_$J$;$k$N$G!"Hs>o$K9-$$;k

Ln$NJd@5$,2DG=$G$"$k!#COI=LL$d7zJ*$K$h$kK`;$$GMpN.$,H/@8$9$k$?$a!"Bg5$MI$i$.$NBg

ItJ,$OCOI=LL$K=8Cf$7$F$$$k!#$h$C$F@\COAX$NMI$i$.$,6/$$%5%$%H$G$O!"$3$N9=@.$G==J,

$JJ,2rG=$N8~>e$,4|BT$G$-$k!#0lJ}MCAO $O!"J#?t$N9bEY$NBg5$MI$i$.$rJ,N%$7$FB,Dj

$7!"$=$l$>$l$N9bEY$KBP1~$7$?J#?t$N2DJQ7A6@$r;H$C$F9-$$;kLn$G$NGHLL$NJd=~$r9T$&!#

$h$C$FJ#?t$N9bEY$GBg5$MI$i$.$,Bg$-$$;~$K!"$3$N%7%9%F%`$NMxMQ$,4|BT$G$-$k!#$7$+$7

2DJQ7A6@$rJ#?t;H$&$?$a!"GLAO $h$j$bAuCV$,Bg5,LO$K$J$k2DG=@-$,$"$k!#!!
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?^ 1.1: Jd=~8w3X7O$N35G0?^[R. Davies and M. Kasper., 2012]

?^ 1.2: (:8 )GLAO $N35G0? (̂1&)MCAO $N35G0? [̂R. Davies and M. Kasper., 2012]
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1.3 %T%j%+K>1s6@

%T%j%+K>1s6@$O!"<g6@8}7B$,1.6m$N2D;k/ @V30K>1s6@$G$"$k!#<g$KOG@14QB,$rL\E*$H$7

$?K>1s6@$G$"$j!"B@M[7OOG@14QB,MQ$N8w3XK>1s6@$H$7$F$O@$3&:GBg5i$G$"$k!#I=1.1$KK>

1s6@$N<g$J;EMM$r<($9!#

I= 1.1: %T%j%+K>1s6@$N<g$J;EMM

7A<0 %j%C%A!<%/%l%A%"%s

>GE@%b!<%I %+%;%0%l%s>GE@1 $D!"%J%9%_%9>GE@2 $D

M-8z8}7B 1600 mm
9g@.>GE@5wN%19237.7 mm (F/12.0)

?^ 1.3: %T%j%+K>1s6@
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%T%j%+K>1s6@$N%+%;%0%l%s>GE@$K$O!"KL3$F;Bg3XBg3X1!M}3X8&5f1!OG@11'Ch%0%k!<%W

$K$h$C$F3+H/$5$l$?%9%Z%/%H%k;#A|AuCV!"MSI(Mulit-Spectral Imager)[Watanabe et al.,
2012]$,Ek:\$5$l$F$$$k!# MSI $N<g$J;EMM$rI=1.2$K5-=R$9$k!#MSI $N%+%a%i$G$"$kC9200-
13(IM>>%[%H%K%/%9) $O!"EM-CCD(Electron Multiplying CCD : EM-CCD) $rMQ$$$F$$$k!#

$3$NCCD $H1U>=2DJQ%U%#%k%?!<(Liquid Crystal Tunable Filter : LCTF) $rMQ$$$k$3$H

$G!"2D;k6a@V@~30GHD90h$K$*$$$FB?GHD9$N69BS0h%9%Z%/%H%k%$%a!<%8$rC;;~4V$G8zN($h$/

;#A|$9$k$3$H$,$G$-$k!#

I= 1.2: MSI $N<g$J;EMM[Watanabe et al.]

GHD90h 360{1050 nm
;kLn3Q

{ %N!<%^%k%b!<%I 3.3'� 3.3' (0.389"/pixel)
{ 9b2rA|EY%b!<%I 56'� 56' (0.110"/pixel)
1U>=2DJQ%U%#%k%?!<

{VIS 400{720 nm!" � � � 10 nm(@ 650 nm)
{SNIR 650{1100 nm!" � � � 10 nm(@ 900 nm)
69BS0h%U%#%k%?!<360,365,370,380 ,390 nm (�� =10 nm)
9-BS0h%U%#%k%?!<B,V,Rc,lc
CCD %+%a%i C9100-13 (IM>>%[%H%K%/%9)
%"%l%$%5%$%: 512� 512 pixel
%T%/%;%k%5%$%: 16� 16 � m
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1.4 %5%$%(%s%9%1!<%9

KL3$F;Bg3X$G3+H/Cf$NOG@14QB,MQBg5$MI$i$.Jd=~8w3X7O$O!">W$K$J$C$?LZ@1$N;kD>7B(Ls

47") $rJd=~$G$-$k$[$I$N9-$$Jd@5;kLn$r;}$D!#$3$N$h$&$J9-;kLn$JJd=~8w3X7O$G4|BT$5$l

$k%5%$%(%s%9%1!<%9$H$7$F!"LZ@1Bg5$$NBPN.%W%m%;%9$,$"$k!#

2D;k8w$G8+$kLZ@1I=LL$K$O!"@VF;$KJ?9T$J?t==$NBS(%P%s%I) $,Av$C$F$$$k!#$3$l$i$N%P

%s%I$O@VF;$KJ?9T$J6/$$Iw$K$h$C$F6h@Z$i$l$F$*$j!"9b$$%"%k%Y%I$N%P%s%I$O%>!<%s!"Dc

$$%"%k%Y%I$N%P%s%I$O%Y%k%H$H8F$P$l$F$$$k!#LZ@1$NFn0^10 !k$+$iFn0^ 20 !k$K$"$k%Y%k

%H$OFn@VF;%Y%k%H(SEB) $H$$$$!"2D;kGHD9$G%"%k%Y%I$,JQ2=$9$k!#$3$NSEB A4BN$G%"%k

%Y%I$,9b$/$J$k8=>]$OSEBF $H8F$P$l$F$*$j!"$3$N;~SEB $ONY@\$7$F$$$k%>!<%s$H6hJL

$G$-$J$$$[$IC82=$9$k!#SEBF $OHs>o$KC;$/!"?t$+7n8e$K$O5^7c$KG;2=$7$F85$N%Y%k%H$K

La$k8=>](SEBD) $,5/$-$k!# SEB $O1{14 G/$N4V$=$N>uBV$rJ]$A!"SEBF $X$O2{4 $+7n$G

0\9T$9$k!#SEBF $O1{3 G/;}B3$9$k$,!"$=$N8e SEBD $,5/$-$F 2{3 $+7n$G%Y%k%H$,==J,$K

H/C#$9$k!#SEB$N%"%k%Y%IJQ2=$N860x$O!"1@$H>eAX%X%$%:$N9=B$$d@-<A$NJQ2=$,860x$G$"

$k$H9M$($i$l$F$$$k$,!"$=$N<~4|@-$N2DG=@-$d3FCJ3,$G$N%@%$%J%_%/%9$N860x$J$I$OL@$i

$+$K$J$C$F$$$J$$!#

?^ 1.4: (a)%"%k%Y%I$NDc$$SEB$,$_$i$l$k!# (B) 40A4$KSEBF$,H/C#$7$?MM;R$,$_$i$l$k!#

SEBn $HSEBs$O!"SEBF Cf$G$b%"%k%Y%IJQ2=$,5/$3$j$K$/$$NN0h$G$"$k!#[Peres-Hoyos
et al.]
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:G6a$G$O2009G/ 077n$+$i SEBF $X$NH/C#$,;O$^$j!"2009G/ 117n$KSEBF $X$N0\9T$,

40N;$7$?$3$H$,3NG'$5$l$F$$$k!#$=$N8eLs1 G/4VSEBF $N$^$^$G$"$j!"2010G/ 117n$+$i

SEBD $,5/$-$?!#$3$N;~%O%C%V%k1'ChK>1s6@$r;H$C$?SEBF $N4QB,$,@h9T8&5f$G9T$o$l$F

$$$k!#[Peres-Hoyos et al., 2011]$3$N4QB,$G$O!"� 225nm!" � 350nm!" � 500nm!" � 600nm!"

� 890nm$NGHD9BS$r;H$$!"LZ@1$N0[$J$k9bEY$r8+$F$$$k!#?^1.4 $O� 225nm$H� 350nm
$NGHD90h$G4QB,$7$?7k2L$G$"$k!#� 350nm$NGHD90h$O!"B>$NGHD90h$N4QB,7k2L$HHf$Y$k$H

Hs>o$KBg$-$J%"%k%Y%I$NJQ2=$,8+$i$l$k!#$7$+$72010G/ 047n$+$iLZ@1$O9g$K$J$j!"40A4

$KSEBF $KH/C#$9$k$^$G$N>\:Y$JJQ2=$O3NG'$G$-$J$+$C$?!#$b$7SEBF $KH/C#$9$k$^$G

$N%"%k%Y%IJQ2=$r!"B?GHD9$G;~4VJ,2rG=$N9b$$%b%K%?%j%s%04QB,$r9T$&$3$H$,$G$-$l$P!"

SEBF $X$N0\9T4|4V$G$N1tD>J}8~$NIwB.$r5a$a$k$3$H$,$G$-$k!#SEBF $N3FCJ3,$G$N1tD>

J}8~$NN3;R$NF0$-$rL@$i$+$K$9$k$3$H$O!"LZ@1$NBPN.%W%m%;%9$NM}2r$r?<$a$k%9%F%C%W$H

$J$k!#

?^ 1.5: (a)� 225nm$N%"%k%Y%IJQ2=(b) � 350nm$N%"%k%Y%IJQ2=(=D<4:%"%k%Y%I!"2#<4:LZ

@10^EY)[Peres-Hoyos et al.]

E7J8Bf$G$NE57?E*$J%7!<%$%s%0CM$OLs1.8"(@ 650nm)$G$"$k!#$3$l$OLZ@1$N0^EYJ}8~$K

49;;$9$k$HLs4.3!k$G$"$k!#$7$+$7SEB$NHO0O$OLs10!k$J$N$G!"8=>u$G$O==J,$J6u4VJ,2r

G=$rF@$k$3$H$,$G$-$J$$!#$=$3$GJd=~8w3X7O$G6u4VJ,2rG=$r!"LZ@1$N?eJ?5wN%$N1200km
$KAjEv$9$k0.4"$^$G8~>e$5$;$k$3$H$G!"SEB $N4QB,$K==J,$J2rA|EY$r4|BT$G$-$k!#
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2 MASS-DIMM $K$h$kBg5$>qMp$NBg$-$5$NB,Dj86M}

2.1 %7!<%$%s%0$H%7%s%A%l!<%7%g%s

CO>eK>1s6@$G4QB,$r9T$&$H!"4QB,E7BN$N@1A|$,$\$d$1$k!#$=$l$OBg5$MI$i$.$K$h$jE7BN$+

$i$N8w$NGHLL$,Mp$l$F$7$^$&$+$i$G$"$k!#$3$N@1A|$N$\$d$1$rDjNL2=$7$?$b$N$,%7!<%$%s%0

$G$"$j!"@1A|$N51EYJ,I[$NFWHM [arcsec]$GI=$9!#$3$N%7!<%$%s%0$O!"Fried parameter(r0)
$H$$$&%Q%i%a!<%?$KCV$-49$($k$3$H$,$G$-$k!#Fried parameter $O!"GHLL$,J?LL$G$"$k$H

$_$J$;$k6u4V$N%5%$%:$G$"$j!"Bg5$$N%7!<%$%s%0(� 0) $Or0 $H� $NHf$GI=$9$3$H$,$G$-$k!#

� 0 = 0 :98
�
r0

(2.1)

K>1s6@$NM}A[E*$J3QEYJ,2rG=$O!"4QB,GHD9� $HK>1s6@$N8}7BD $NHf� �
D $GI=$9$3$H$,$G

$-$k!#K>1s6@$N8}7B$rBg$-$/$9$l$PJ,2rG=$,9b$/$J$k$,!"<B:]$Or0 $N%5%$%:$G8}7BD $O

F,BG$A$H$J$j!"%7!<%$%s%0$[$I$NJ,2rG=$7$+F@$k$3$H$,$G$-$J$$!#

%7%s%A%l!<%7%g%s$H$O!"Bg5$MI$i$.$,C;;~4V$GJQ2=$9$k$3$H$K$h$C$F5/$3$k!"$"$k6u4V

Fb$NE7BN$N8wNL$NJQ2=$G$"$k!#0lHLE*$K$O!"@1$,$^$?$?$$$F8+$($k$3$H$r;X$9!#

2.2 Bg5$%Q%i%a!<%?

FCDj$NBg5$$NAX$G$NMpN.6/EY$O!"C2
n (6~@^N(9=B$4X?t) $GI=$5$l$k!#C2

n $NC10L$Om� 2=3

$G$"$k!#$3$NMpN.6/EY$O5(@a!"7n!"$5$i$K$OJ,C10L$GBg$-$5$,JQ2=$9$k!#%8%'%C%H5$N.$,

5/$3$k9bEY(� 10km) $h$j$b9b$$9bEY$G$O!"MpN.6/EY$,>.$5$/$J$j10� 18m� 2=3 $@$H$$$o$l

$F$$$k!#C2
n $r;H$C$F!"<!$N<0$rDj5A$9$k!#

?^ 2.1: C2
n %W%m%U%!%$%k(=D<4:9bEY[km]!"2#<4 :C2

n [m� 2=3]) [K. Robert., 2000]
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J =
Z

path
C2

n (z)dz (2.2)

path $O!"4QB,E7BN$N8w$,DL2a$7$?Bg5$$NEAGE7PO)$G$"$k!#%7!<%$%s%0(@1A|$NBg$-$5) $O

J $GI=$9$3$H$,$G$-$k!#

r � 5=3
0 = 0 :423(

2�
�

2
J ) (2.3)

2.3 MASS

Jd=~8w3X7O%7%9%F%`$N@-G=$r8+@Q$b$k$?$a$K$O!"%5%$%H$N9bEY$4$H$NBg5$MI$i$.$N>pJs

$,I,MW$G$"$k!#FC$K%j%"%k%?%$%`$JBg5$%Q%i%a!<%?$O!"%7%9%F%`$r$h$j8z2LE*$K$9$k!#Bg

5$MI$i$.$rB,Dj$9$kJ}K!$H$7$F$O!"5$5e$r;H$C$?D4::$dSCIDAR $J$I$,$"$k!# SCIDAR
$H$O8}7B$,1 #m0J>e$NK>1s6@$r;HMQ$7$F!"2 =E@1$r4QB,$7$FBg5$MI$i$.$rB,Dj$9$kJ}K!$G

$"$k!#$3$l$i$NJ}K!$O9bEYJ,2rG=$N9b$$B,Dj$r9T$&$3$H$,$G$-$k$,!"4QB,>r7o$K@)8B$,$+

$+$k$N$G!"5$5e$dSCIDAR $O;~4VJ,2rG=$N9b$$B,Dj$r9T$&$3$H$,Fq$7$$!#$=$3$G%j%"%k

%?%$%`$GBg5$MI$i$.$NB,Dj$r9T$&AuCV$,!"V.Kornilov et al. 2003 $K$h$C$F3+H/$5$l$?!#$3

$N3+H/$5$l$?MASS $OAjBPE*$JE7BN$N%7%s%A%l!<%7%g%s$NJQ2=$+$i!"Bg5$MI$i$.$rB,Dj

$9$kAuCV$G$"$k!#1tD>J}8~$NJ,2rG=$OSCIDAR $HHf$Y$k$HHs>o$K>.$5$$$,!"L@$k$$1 $D

$N91@1$r;H$&$3$H$G%b%K%?%j%s%04QB,$,2DG=$H$J$k!#?^2.2$N$h$&$K!"MASS $OBg5$MI$i

$.$N9bEY$K1~$8$F!"%7%s%A%l!<%7%g%s$N6u4V%9%1!<%k$,Bg$-$/$J$k$3$H$rMxMQ$7$F$$$k!#

0J2<$G$O!"0[$J$k%"%Q!<%A%c!<$r;H$C$?%7%s%A%l!<%7%g%sM}O@$r@bL@$9$k!#
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?^ 2.2: Bg5$MI$i$.$N9b$5$K$h$k6u4V%9%1!<%k$NJQ2=
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MpN.G^<A$NI8=`E*$JGHLL$NEAGEM}O@$O!"<e$$@]F06a;w(Rytov 6a;w) $K4p$E$$$F$$$k!#GH

$NAjBP?6I}$r � $H$9$k$H!"K>1s6@$NF7Fb$N8w6/EYI $NJ,I[$O!"<!$N$h$&$KI=$9$3$H$,$G

$-$k!#

I = I 0exp(2� ) (2.4)

Rytov 6a;w$O� << 1 $N;~$KM-8z$G$"$k!#8w6/EY$N<+A3BP?t$NJ,;6$G$"$k%7%s%A%l!<%7%g

%s;X?t$O<!$N$h$&$KM?$($i$l$k!#

&R2I � h (lnI � h lnI i )2i (2.5)

$3$N6/EYJ,;6(%7%s%A%l!<%7%g%s;X?t) $O!"6~@^N(9=B$4X?tC2
n $H=E$_4X?tQ $N@Q$r9bEY

$G@QJ,$7$?<0$HEy$7$$!#<!$N<0$G$O!"E7D:3Q
 $G$NB,Dj$r9MN8$9$k$?$a$K!"9bEYh $NBe$o

$j$K z = hsec
 $H$7$F$$$k!#

&R2I =
Z Zmax

0
dzQ(z)C2

n (z) (2.6)

@QJ,$OK>1s6@$N3+8}(z=0) $+$i!"MpN.AX$^$G$N:GBg5wN%Zmaz $NHO0O$G<B9T$5$l$k!#=E$_

4X?t Q $OMpN.%9%Z%/%H%k$H%U%l%M%k2s@^$N2 $D$N9`$N@Q$r!"6u4V<~GH?t$G@QJ,$7$?$b$N$G

$"$k!#

Q(z) = 9 :62� � 2
Z 1

0
df f � 8=3sin 2(��zf 2)A(f ) (2.7)

<02.7$NA(f) $O%"%Q!<%A%c!<%U%#%k%?!<$G$"$k!#W(x,y) $r%"%Q!<%A%c!<$NF)2a4X?t!"fW (x; y)
$r W(x,y) $N%U!<%j%(JQ49$r$7$?7A$H$9$k!#fW(x; y) = 0 $K$J$k$h$&@55,2=$7!"6u4V<~GH

?tLL f = ( f x ; f y) $r6K:BI8$KD>$9!#$=$N7k2LA(f) $N0lHL<0$O<!<0$GI=$5$l$k!#

A(f ) = (2 � )� 1
Z 2�

0
d� j fW (f; � )j2 (2.8)

<!$K%7%s%A%l!<%7%g%s$r!"2 $D$N%"%Q!<%A%c!<W1!" W2 $GF1;~$K4QB,$7$?$H$9$k!#:9J,

%7%s%A%l!<%7%g%s;X?t &R2
d $O!"2 $D$N%U%i%C%/%9$NHf$N<+A3BP?t$NJ,;6$H$7$FDj5A$5$l$k!#

&R2d = h(ln
I 1

I 2
� h ln

I 1

I 2
i )2i (2.9)

<02.9$K<02.4$rBeF~$9$k$3$H$G!"&R2
d = 4h(� 1 � � 2)2i $r5a$a$k$3$H$,$G$-$k!#� 1(x)� � 2(x)

$N%U!<%j%(JQ49$O!"%"%Q!<%A%c!<%U%#%k%?!<$N$_$,0[$J$k%U!<%j%(JQ49$N:9J,$H$7$F7W;;

$5$l$k!#$h$C$FfW (f x ; f y) $OfW1(f x ; f y) � fW2(f x ; f y) $N:9$H$7$FI=$9$3$H$,$G$-$k!#2 $D

$N%"%Q!<%A%c!<W1!" W2 $GF1;~$K4QB,$7$?;~$N%"%Q!<%A%c!<%U%#%k%?!<$O<!$N$h$&$K$J

$k!#

Ad(f ) = (2 � )� 1
Z 2�

0
d� j fW1(f; � ) � fW2(f; � )j2 (2.10)

2 $D$N%"%Q!<%A%c!<$N7A>u$r!"F1?41_$G4D>u$N%"%Q!<%A%c!<$H$9$k(?^ 2.3)!#d $r301_$N

D>7B!"&Ed $rFb1_$ND>7B$H$9$k$H!"%"%Q!<%A%c!<%U%#%k%?!<Ad(f ) $O<!$N$h$&$KI=$5$l$k!#

fW1(f ) =
1

1 � &E2
[
2J1(�df )

�df
� &E2

2J1(�df )
�df

]2 (2.11)
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fW2(f ) =
2J1(&E�df )

&E�df
(2.12)

Ad(f ) = (1 � &E2)2[
2J1(�df )

�df
� &E2

2J1(&E�df )
&E�df

]2 (2.13)

$3$3$GJ1 $O%Y%C%;%k4X?t$G$"$k!#?^2.3$r8+$k$H!"$"$k9bEY$G=E$_4X?t$,Dj>o$K$J$C$F

$$$k$3$H$,$o$+$k!#$3$l$O?2̂.4$NDL$j!"=E$_4X?t$O9bEY$,JQ2=$7$F$bBg$-$/JQ2=$9$k$N

$ODc<~GH@.J,$N$_$@$+$i$G$"$k!#%"%Q!<%A%c!<%U%#%k%?!<$,%P%s%I%Q%9%U%#%k%?!<$N7A$r

<h$C$F$*$j!"$3$l$O%7%s%A%l!<%7%g%s$N6u4V%9%1!<%k$G$"$k%U%l%M%kH>7B
p

�z $HF1DxEY$G

$"$k!#Nc$($P&K=500nm,z=1km $N;~%U%l%M%kH>7B$O2.2cm$G$"$j!"?^ 2.3$G$Od=4cm $N

=E$_4X?t$,z=1km $+$iDj?t$K$J$C$F$$$k$3$H$,$o$+$k!#$D$^$j0[$J$kD>7B$N%"%Q!<%A%c!<

$NAH$_9g$o$;$G$=$l$>$l$N6/EY$NAj4X$r<h$k$3$H$G!"MI$i$.$N9bEY$r<1JL$9$k$3$H$,$G$-

$k [A.Tokovinin., 2002]!#

?^ 2.3: F1?41_%"%Q!<%A%c!<$N;~$N:9J,%7%s%A%l!<%7%g%s;X?t$N=E$_4X?t!#&E=0.5d !"&K

=500nm!# (=D<4:=E$_4X?t[1010m� 1=3]!"2#<4 :9bEY[km]) <B@~:d=4cm !"GK@~:d=8cm !"E@

@~:d=16cm [A.Tokovinin., 2002]
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?^ 2.4: :9J,%7%s%A%l!<%7%g%s;X?t$N=E$_4X?t$O3 $D$N9`$N@QJ,$G@.$jN)$C$F$$$k!# %Q

%o!<%9%Z%/%H%k$N9`f 8=3!"%U%l%M%k%U%!%/%?!<$N9`sin 2(��zf 2)!"%"%Q!<%A%c!<%U%#%k%?!<

A(f) <B@~:f 8=3 $Hsin 2(��zf 2) $N@Q(z=4km) E@@~:f 8=3 $Hsin 2(��zf 2) $N@Q(z=6km) GK

@~:4cm$H2cm$N%"%Q!<%A%c!<%U%#%k%?!<Ad(f ) [A.Tokovinin., 2002]

<!$K<B:]$K;HMQ$9$kMASS$N86M}$K$D$$$FM}O@E*$K@bL@$9$k!#MpN.M}O@$G$O<02.5$N$h

$&$K!"%7%s%A%l!<%7%g%s;X?t$OBP?t$NJ,;6<0$GI=$5$l$k$,!"<B:]$NB,Dj$G$OB,Dj$5$l$?%+

%&%s%HCM$,0 $G$"$C$?$j!"Dj>o$J8w$G$5$($b%+%&%s%HCM$,JQF0$9$k$N$G!"MASS $N7W;;$G

<B:]$K;HMQ$9$k%7%s%A%l!<%7%g%s;X?t$O<!$N<0$GI=$5$l$k!#

s2
A = h� I 2

A i =hI A i 2 (2.14)

I A $O%"%Q!<%A%c!<A $rDL$7$F<u$1<h$C$?=V4VE*$J8wNL$G$"$j!"� I A $OI A $NJQ2=NL$G$"

$k!#$^$?!":9J,%7%s%A%l!<%7%g%s;X?t$b<!$N$h$&$KI=$5$l$k!#

s2
AB = h(

� I A

hI A i
�

� I B

hI B i
)2i (2.15)

s2
A $Hs2

AB $O!"C2
n (z) $HAj4X@-$,$"$k$N$G

s2
k =

Z
Wk(z)C2

n (z)dz (2.16)

$HI=$9!#k $O%"%Q!<%A%c!<!"$^$?$O2 $D$N%"%Q!<%A%c!<$NAH$_9g$o$;$r<($9!#(2.16) <0$N=E

$_4X?tWk(z) $O!"k $4$H$N9bEYH?1~$rI=$7$F$$$k!#<e$$%3%k%b%4%m%UMpN.$G$O!"=E$_4X?t

$O%"%Q!=%A%c!<$N7A>u$dB,Dj$5$l$?8w$N%9%Z%/%H%k$N$_$K0MB8$9$k!#%"%Q!<%A%c!<$,DA

$HDB $N:9J,%7%s%A%l!<%7%g%s;X?t$O!"1=DB < jf j < 1=DA $N%7%s%A%l!<%7%g%s$N%P%s

%I%Q%96u4V%U%#%k%?!<$NLr3d$r$7$F$$$k0lJ}$G!"%"%Q!<%A%c!<DA $N%7%s%A%l!<%7%g%s;X

?t$O jf j < 1=DA $N%7%s%A%l!<%7%g%s$N%m!<%Q%9%U%#%k%?$NLr3d$r$7$F$$$k!#=>$C$F!"1_

7A$N%"%Q!<%A%c!<$r;H$C$?MASS $O!"%3%k%b%4%m%UMpN.$NCf4V%9%1!<%k$K46EY$,$"$k!#

2 $D$N0[$J$k%"%Q!<%A%c!<$N:9J,%7%s%A%l!<%7%g%s;X?t$G$O!"FbB&$N%"%Q!<%A%c!<$,%U

%l%M%kH>7B$G$"$k
p

�z $h$j$bBg$-$/$J$k;~!"=E$_4X?t$OEAHB5wN%z > zAB = D 2
AB =� $G
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$[$H$s$I0MB8$7$J$$(DAB = ( DA + DB =2))!#$3$l$OB,Dj$5$l$?:9J,%7%s%A%l!<%7%g%s;X

?t$+$iD>@\MpN.@QJ,$r5a$a$k$3$H$r0UL#$9$k!#$=$N0lJ}$G%7%s%A%l!<%7%g%s;X?t$G$O!"=E

$_4X?t$O>.$5$$EAHB5wN%(z << D 2=� ) $N;~$Oz5=6 $K!"Bg$-$$EAHB5wN%(z >> D 2=� ) $G

$Oz2 $KHfNc$9$k!#DL>o$N%7%s%A%l!<%7%g%s;X?t$G$O9b$$9bEY$N<e$$MpN.$H!"Dc$$9bEY$N

6/$$MpN.$r6hJL$9$k$3$H$,$G$-$J$$$N$G!":9J,%7%s%A%l!<%7%g%s;X?t$r;H$&$3$H$G9bEY$4

$H$K6hJL$9$k$3$H$,$G$-$k!#

MASS$K$O4 $D$N%"%Q!<%A%c!<$,$"$k$N$G!"7W108D$Nsk $rB,Dj$9$k!#$3$NB,Dj$7$?sk

$H0.5!" 1!" 2!" 4!" 8!" 16km $N6 $D$NAX$K9g$o$;$?MpN.AX%b%G%k$G%U%#%C%F%#%s%0$r$9$k$3

$H$G!"9bEY$4$H$NC2
n $r7W;;$9$k!#<!$N<0$O!"MpN.%W%m%U%!%$%k$N4pK\$H$J$k<0$G$"$k!#

?^ 2.5: :8 )4 $D$N%"%Q!<%A%c!<A !" B!" C!" D $N=E$_4X?tWk (z)!#%"%Q!<%A%c!<A !" B!" C!"

D $ND>7B$O$=$l$>$l1.9!" 3.2!" 5.6!" 8cm$G$"$k!#(1&)4 $D$N%"%Q!<%A%c!<$N:9J,$N=E$_4X

?t Wk(z)!# [V.Kornilov et al., 2007]

s = W J (2.17)

J i =
Z

ithlayer
C2

n (hi )dh (2.18)

s $O%7%s%A%l!<%7%g%s;X?t$N%Y%/%H%k$G$"$k!#$^$?W $O10!_ 6$N=E$_9TNs$G!"J $OMpN.%W

%m%U%!%$%k$N6$D$NMWAG$G@.$jN)$C$F$$$k%Y%/%H%k$G$"$k!#hi $O=g$K!"0:5; 1; 2; 4; 8; 16km $G

$"$k!#[V:Kornilovetal:; 2007]
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2.4 DIMM

I8=`E*$J DIMM $O!"2 $D$NN%$l$?3+8}$G1 $D$N@1$+$iF@$i$l$k2 $D$N@1A|$r4QB,$9$k!#

$=$7$F2 $D$N@1A|$NAjBPE*$J=E?4MI$i$.$+$i!"%7!<%$%s%0$K49;;$9$k$3$H$,$G$-$k!#$3

$3$G2 $D$N3+8}$N8}7B4VJ}8~$KJ?9T$JJ}8~$rLongnitudal J}8~!"$=$l$KD>9T$9$kJ}8~$r

TransverseJ}8~$H$7$F!"%7!<%$%s%0$O$3$N2 $D$NJ}8~$4$H$K5a$a$k(?^ 2.6)!#A|$NAjBPMI

$i$.$+$i%7!<%$%s%0$r7W;;$7$F$$$k$N$G!"K>1s6@$N%H%i%C%-%s%0%(%i!<$dIw$J$I$K$h$k%V

%l$KBP$9$k46EY$,Hs>o$K>.$5$$!#$h$C$FHs>o$K<BMQE*$J%7!<%$%s%0%b%K%?!<$G$"$k$H8@$(

$k!#

0J2<$G$O!"DIMM $GF@$i$l$k2 $D$N@1A|$NAjBPMI$i$.$H%7!<%$%s%0$N4X78<0$rM}O@E*$K

?^ 2.6: DIMM $N35N,?^

@bL@$9$k!#

E7BN$+$iJ|<M$5$l$?8w@~$OCO5e$KFO$/$^$G$OJ?LLGH$G$"$k!#$7$+$7CO5eBg5$$rDL2a$9$k

$H!"Bg5$$N>qMp$N1F6A$r<u$1$FGHLL$,Mp$l$F$7$^$&!#$3$NGHLL$NGH7A$rz(x,y) $H$9$k$H!"

GHLL0LAj8m:9� (x,y) $r;H$C$F<!$N4X78<0$rI=$9$3$H$,$G$-$k!#

z(x; y) =
�
2�

� (x; y) (2.19)

8w@~$N?J$`J}8~$HGHLL$O?bD>$J$N$G!"x J}8~$NE~C#3QEY$NJQF0$r� $H$*$/$H!"

� (x; y) = �
@
@x

z(x; y) = �
�
2�

@
@x

� (x; y) (2.20)

$H$J$k!#$h$C$F� $N6&J,;6$O0J2<$N$h$&$KDj5A$G$-$k!#

B � (�; � ) = h� (x; y); � (x + �; y + � )i (2.21)

(� ,� ) $O(x,y) $+$i$N$:$lNL$G$"$k!#$^$?0LAj8m:9$N6&J,;6B � (�; � ) $bDj5A$9$k!#

B � (�; � ) = h� (x; y); � (x + �; y + � )i (2.22)
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(2.21) <0$H(2.22) <0$+$i!"<!$N4X78<0$rF3=P$9$k$3$H$,$G$-$k!#

B � (�; � ) = �
� 2

4� 2

@2

@�2
B � (�; � ) (2.23)

$3$3$G0LAj9=B$4X?tD � (r ) $rF3F~$9$k!#0LAj9=B$4X?tD � (r ) $O!"Bg5$$N>qMp$GFL1z$K$J$C

$?GHLL$N9=B$$rDjNLE*$KI=$9J*M}NL$G$"$j!"0J2<$N$h$&$KDj5A$5$l$F$$$k!#

D � = hj� (x + r ) � � (x )j2i (2.24)

� (x ) $Ox $G$N0LAj$N$:$lNL$G$"$k!#$3$l$O!"K>1s6@$N3+8}LL>e$G5wN%r N%$l$?2 E@$N0LAj

$N:9$N#2>hJ?6Q$H$J$C$F$$$k!#r = ( �; � ) $GI=$7$?D � (�; � ) $O!"6&J,;6$N<0$rMQ$$$F0J2<

?^ 2.7: GHLL$N0LAj:9

$N$h$&$KI=$9$3$H$,$G$-$k!#

D � (�; � ) = 2[ B � (0; 0) � B � (�; � )] (2.25)

$3$l$K (2.23) <0$rBeF~$7$F

B � (�; � ) =
� 2

8� 2

@2

@�2
D � (�; � ) (2.26)

$H$J$k!#Kolmogorov MpN.M}O@$N6I=jE*EyJ}@-$N2>Dj$K$h$j!"0LAj9=B$4X?tD � (�; � ) $O<!

$N$h$&$KM?$($i$l$k!#

D � (�; � ) = 6 :88(
r
r0

)
5
3 (2.27)

$3$3$Gr =
p

� 2 + � 2 $G$"$j!" r0 $OFried parameter $G$"$k!#(2.27) <0$r (2.26) <0$rBeF~

$9$k$H!"

B � (�; � ) = 0 :087� 2r � 5=3
0

@2

@�2
[� 2 + � 2]5=6

= 0 :145� 2r � 5=3
0 [(� 2 + � 2)� 1=6 �

1
3

� 2(� 2 + � 2)� 7=6] (2.28)
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� = 0 $H$9$k$H!"Longitudinal J}8~$N6&J,;6$N<0$O!"� = d $N4X?t$H$7$F0J2<$N<0$GI=$5

$l$k!#

B l (d) = B � (d;0) = 0 :097(
�
r0

)
5
3 (

�
d

)
1
3 (2.29)

� = 0 $H$9$k$H!"TransverseJ}8~$N6&J,;6$N<0$O!"� = d $N4X?t$H$7$F0J2<$N<0$GI=$5

$l$k!#

B t (d) = B � (0; d) = 0 :145(
�
r0

)
5
3 (

�
d

)
1
3 (2.30)

$3$N$h$&$KTransverseJ}8~$N6&J,;6$O!"Longitudinal J}8~$N6&J,;6$h$jLs 1.5G\Bg$-$$CM

$H$J$k!#$^$?$I$A$i$b8}7B4V5wN%d $N-1/3 >h$G8:?j$9$k!#$3$l$OBorgnino et al. (1978)
$K$h$C$F<B83E*$K3N$+$a$i$l$F$$$k!#$3$l$i$N<0$K=>$&$H!"8}7B4V5wN%d $r 0 $K6a$E$1$k

$HB � $,H/;6$7$F$7$^$&$3$H$K$J$k!#$7$+$7<B:]d = 0 $G$NCM$O!"3+8}$NJ?6Q$G@)8B$5$l

$k$N$GH/;6$O$7$J$$!#d = 0 $G$NCM$OFried(1965, 1975)$HTatarski (1971) $K$h$C$F<!$N

$h$&$KM?$($i$l$k!#

B l (0) = B t (0) = B � (0; 0) = 0 :179(
�
r0

)
5
3 (

�
D

)
1
3 (2.31)

D $OK>1s6@$N8}7B$G$"$k!#

0J>e$N$3$H$+$i!"B,Dj$5$l$?@1A|=E?4$NAjBPE*$JMI$i$.$NJ,;6$O0J2<$N<0$GI=$5$l$k!#

� 2
l (d) = 2[ B l (0) � B l (d)] (2.32)

� 2
t (d) = 2[ B t (0) � B t (d)] (2.33)

d � D $N;~!" Longitudinal J}8~$NJ,;6 � 2
l (d) $O

� 2
l (d) = 2 � 2r

� 5
3

0 [0:179D � 1
3 � 0:0968d� 1

3 ] (2.34)

d � D $N;~!" TransverseJ}8~$NJ,;6 � 2
t (d) $O

� 2
t (d) = 2 � 2r

� 5
3

0 [0:179D � 1
3 � 0:145d� 1

3 ] (2.35)

0J>e(2.34)<0$H(2.35)<0$+$i!" Longitudinal !" TransverseJ}8~$=$l$>$l$NFried parameter
r0 $,5a$^$k!# [M.Sarazin and F. Roddier., 1990]

$7$+$7<B:]$KDIMM $GB,Dj$5$l$k$N$O!"=E?4$G$O$J$/GHLL$NRMS $,:G>.$G$"$k0LCV!"

Z-tilt(Zernike tilt) $G$"$k!#=E?4$HZ-tilt $N8m:9$O>.$5$$$,!"L5;k$9$k$3$H$O$G$-$J$$!#

$h$C$FZ-tilt $r9MN8$7$Fr0 $N7W;;$r9T$&I,MW$,$"$k!#Conan et al. (2000)$K$h$C$F<!$N

<0$,5a$a$i$l$?!#

� 2
l (d) = 0 :340� 2r

� 5
3

0 [D � 1
3 � 0:570d� 1

3 � 0:040d� 7
3 ] (2.36)

� 2
t (d) = 0 :340� 2r

� 5
3

0 [D � 1
3 � 0:855d� 1

3 � 0:030d� 7
3 ] (2.37)
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4QB,BP>]$NE7BN$N9bEY$,Dc$/$J$k$[$I!"E7BN$+$i$N8w$,$h$jB?$/$NBg5$$N>qMp$N1F6A$r

<u$1$k$?$a!"FWHM $NCM$,Bg$-$/$J$k!#$3$N$?$aBg5$MI$i$.$NBg$-$5$r<($9;XI8$H$7$F

%7!<%$%s%0$r5a$a$k>l9g$O!">o$KE7D:$K4QB,E7BN$,$"$k$H2>Dj$7$F!"E7D:3QJd@5$r9T$&!#

�
0

0 = ( cos
 )� 3=5� 0 (2.38)


 $OE7D:3Q$G$"$k!#0J>e$N<0$rMQ$$$k$3$H$G!"DIMM $GF@$?@1A|$N=E?4MI$i$.(� 2
l ; � 2

t ) $+

$i!"%7!<%$%s%0$r5a$a$k$3$H$,$G$-$k!#

2.5 MASS-DIMM

MASS-DIMM $OV.Kornilov ;a$i$K$h$C$F3+H/$5$l$?AuCV$G$"$k(?^ 2.8)!#6aG/$G$O!"B?

$/$NK>1s6@%W%m%8%'%/%H$N%5%$%H%F%9%H$dJd=~8w3X7O$N@-G=$N8+@Q$b$j$N$?$a$K;HMQ$5$l

$F$$$k!#MASS$O9bEY0.5km$+$i 16km$N>qMp$N1F6A$r<u$1$?%7!<%$%s%0$rB,Dj$7!"$^$?

DIMM $,B,Dj$7$?%7!<%$%s%0$OE7BN$N8w$,DL2a$9$kA4Bg5$$N>qMp$N@QJ,CM$G$"$k!#$h$C$F

(2.2) <0$r;H$C$F!"9bEY0.5km$^$G$N@\COAX(Ground-Layer) $N>qMp6/EY$r5a$a$k$3$H$,$G

$-$k!#

JGL = JDIMM � JMASS (2.39)

$^$?<02.39$N<0$r;H$$!"DIMM %7!<%$%s%0$HMASS %7!<%$%s%0$+$iD>@\GL %7!<%$%s%0

$rB,Dj$9$k$3$H$,$G$-$k!#

&EGL = ( &E5=3
DIMM � &E5=3

MASS )3=5 (2.40)

8:;;$r9b$$@:EY$G9T$&$?$a$K$O!"MASS $HDIMM $GB,Dj$9$k8w$,F1$8Bg5$$rDL2a$9$kI,

MW$,$"$k!#=>$C$FF1$88wO)$r;H$&$?$a$K!"2 $D$NAuCV$r9gBN$7$F;HMQ$9$k!#$3$N$h$&$KDc

$$MpN.AX$N>qMp$b5a$a$k$3$H$,$G$-$k$N$G!"MASS-DIMM $NM%0L@-$OL@$i$+$G$"$k!#

?^ 2.8: MASS-DIMM $N304Q
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3 %O!<%I%&%'%"

MASS-DIMM $G$O!">GE@5wN%$,2800-3000mm$NK>1s6@$N;HMQ$,?d>)$5$l$F$$$k!#:#2s

$OL>4s;T$+$iCelestron C11$H!"$3$NK>1s6@$rEk:\2DG=$J@VF;57$G$"$k9b66@=:n=jEM-200
Temma2$r<ZMQ$7$?!#$^$?DIMM $NB,Dj$KI,MW$JCCD %+%a%i$O!"9qN)E7J8Bf$+$iAVT
<R$NProsilica GE-680$r<ZMQ$7$F;HMQ$7$F$$$k!#K\>O$G$O!"B,Dj$K;HMQ$9$k%O!<%I%&%'%"

$H%=%U%H%&%'%"$N>\:Y$K$D$$$F=R$Y$k!#

3.1 MASS $N8w3X7O

MASS $N8w3XG[CV$O?^3.1$K<($5$l$F$$$k!#K>1s6@$N3+8}$+$iF~$C$F$-$?E7BN$N8w$O!"

%U%!%V%j!<%l%s%:(FL) $H>GE@%"%Q!<%A%c!<(FA) $HDL2a$7$F!"<M=PF7LL$KF3F~$7$F$$$k

Segment mirror(PSU) $H$$$&%_%i!<$KH?<M$9$k!#PSU $O4 $D$NF1?41_>u$N%"%Q!<%A%c!<

$,!" 4 J}8~$K$=$l$>$l79$$$F$$$k4D>u$N%_%i!<%7%9%F%`$G$"$k(?^ 3.2)!#$=$l$>$l$N%"%Q!<

%A%c!<$NL>>N$O>.$5$$J}$+$iA !" B!" C!" D $H$7$F$$$k!#PSU$G4 J}8~$KJ,3d$5$l$?8w@~

$ORA{RD $G:FH?<M$7!"BP1~$7$?8wEE;RA}G\4I(PMT) A{D $KF~<M$9$k!#PSU $N$=$l$>

$l$N%"%Q!<%A%c!<$O!"8_$$$KBP$7$FLs8 !k79$$$F$$$k!#$h$C$FRA $+$i RD $^$G$OLs30 !k

$N79$-$,$"$k!#

MASS $N%"%Q!<%A%c!<A{D $NF~<MF7A|$NBg$-$5$O!"K>1s6@$H%l%s%:%7%9%F%`$N8w3XG\

N(78?t k $K0MB8$9$k!#Nc$($P8}7B28cm!" F/10 $NK>1s6@$H>GE@5wN%-100mm!" +75mm $N

%U%!%V%j!<%l%s%:%7%9%F%`$G$O!"G\N(78?tk = 16:0 $H$J$k!#$3$N;~$NMASS $NPSU$ND>

7B$H$=$l$KBP1~$9$kF~<MF7A|$NBg$-$5$rI=3.1$K5-:\$9$k!# k $O%U%!%V%j!<%l%s%:$N>GE@

5wN%$rJQ$($k$3$H$G!"$=$N8w3X7O$KE,$7$??tCM$KD4@0$9$k$3$H$,$G$-$k!#

I= 3.1: PSU$ND>7B!"<M=PF7A|$ND>7B

Aperture PSU $ND>7B[mm] F~<MF7A|$ND>7B[mm]

A 1.27 20.3
B 2.16 34.6
C 3.86 61.8
D 5.41 86.6
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?^ 3.1: (>e)MASS-DIMM $r2#$+$i8+$?;~$NMASS $N8w3XG[CV!#(2<)MASS-DIMM $r>e

$+$i8+$?;~$NMASS $N8w3XG[CV!#LF - !!%U%!%V%j!<%l%s%:!"FP{ >GE@LL!"FA{ >GE@%"%Q!<

%A%c!<!"ExP{ <M=PF7LL!"RA,RB,RC,RD{re-imaging mirror !" PMT A,B,C,D{ 8wEE;RA}G\

4I [V.Kornilov et al., 2007]

?^ 3.2: Segment mirror [V.Kornilov et al., 2007]
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3.2 DIMM $N8w3X7O

DIMM $N8w3XG[CV$O?^3.1 $K<($7$F$$$k!#MASS $O<M=PF7LL$GPSU $KH?<M$7$?8w$r

MxMQ$7$F$$$k$,!"DIMM $ODM1,DM2 $KH?<M$7$?8w@~$rMR $GCCD $KF~<M$7$F$$$k!#

DM1,DM2 $OPSU$HHf$Y$FD>7B$,Bg$-$$$,!"DM1!" DM2,PSU$NA0LL$K$"$k%^%9%/(ME04D)
$NBg$-$5$G@)8B$5$l$k!#$h$C$F<B:]$K6@$H$7$F;H$o$l$kD>7B$O%^%9%/$N%5%$%:5.5mm$K

0MB8$9$k!#k=16.0 $N;~!"F~<MF7A|$ND>7B$O88mm$G$"$k!#$^$?2 $D$N%^%9%/$N8}7B4V5w

N%$O12.1mm$G$"$j!"F~<MF7LL$G$O194mm$KBP1~$9$k!#

?^ 3.3: MASS-DIMM $r>e$+$i8+$?;~$NDIMM $N8w3XG[CV!#LF { %U%!%V%j!<%l%s%:!"FP{
>GE@LL!"FA{ >GE@%"%Q!<%A%c!<!"ExP{ <M=PF7LL!"DM1!" DM2{DIMM re-imaging mirror !"

MR{ @^$jJV$7%_%i!<!"PMT A-D{ 8wEE;RA}G\4I

?^ 3.4: (:8 )DM1 !" DM2!" PSU (1&) %_%i!<A0LL$K%^%9%/$rCV$$$?MM;R
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3.3 MASS-DIMM $N8w3X7O

$3$3$G$O!"MASS-DIMM 8w3X7O$N>\:Y$K$D$$$F=R$Y$k!#MASS-DIMM $r9=@.$9$kItIJ

$H$=$l$KBP1~$9$kHV9f$r!"I=3.2$K5-:\$9$k!# MASS-DIMM $NA4BN?^$r?3̂.5$H?^3.6$K

<($9!#

?^ 3.5: MASS-DIMM $NB&LL[V.Korinilov et al.,2007]
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?^ 3.6: MASS-DIMM $NCGLL?[̂V.Korinilov et al.,2007]
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I= 3.2: ItIJL>$HBP1~$9$kHV9f

HV9f ItIJL>

ME01A Device base
ME01B Box cover
ME01C Main beam
ME01D Bottom tie
ME01E Optics bench
ME01F Segmentator cover
ME01G CCD camera interface

ME02 Fabry lens unit
ME02A Mount ring
ME02B Fabry lens tube
ME02C Positive lens holder
ME02D Negative lens holder
ME02E Locking nut
ME02F Fixing nut
ME02G Fixing nut

ME03A Eyepiece socket
ME03B Viewer tube
ME03C Viewer socket
ME03D Locking nut
ME03E Viewer cup

ME04A PSU support
ME04B DIMM mirror plates
ME04C MASS segmentator holder
ME04D Aperture mask
ME04E PSU locking plate
ME04F Pupil control tool
ME04G Pupil control tool

HV9f ItIJL>

ME05A Support
ME05B Mirror holder
ME05C Clamping cramp
ME05D Illuminators plate
ME05E Right axis
ME05F Knob axis
ME05G Swithing knob
ME05I Bushing nut
ME05J Left axis
ME05K switch spring

ME06A Field aperture
ME06B Aperture support
ME06C Central blind
ME06D Folding mirror support
ME06E Spring cover plate

ME07A MASS mirrors socket
ME07B Mirrors cover plater
ME07C PMTs side blind

ME08A PMT house
ME08B Detectors cover
ME08C PMT separator
ME08D Shutter blade
ME08H Shutter cramp
ME08F Shutter lever
ME08G Shutter axis
ME08H Electronics frame
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%U%!%V%j!<%l%s%:$O!"K>1s6@$N>GE@LL$h$j$bA0$K0LCV$7$F$$$k!#$3$l$O#1Kg$NFL%l%s%:

$H#1Kg$N1z%l%s%:$rAH$_9g$o$;$?#2Kg$N%l%s%:%7%9%F%`$G$"$k(?^ 3.7)!#%l%s%:4V$N5wN%$r

JQ$($k$3$H$G!"K>1s6@$HMASS-DIMM $r9g$o$;$?A4BN$N8w3X7O$NM-8z>GE@5wN%$,JQ2=$9

$k (?^ 3.8)!#ME02C $OFL%l%s%:$N%[%k%@!<$G$"$j!"ME02D $O1z%l%s%:$N%[%k%@!<$G$"$k!#

ME02D $r ME02C $KBP$7$F8w<4>e$KF0$+$9$3$H$G!"9g7W>GE@5wN%$rJQ2=$5$;$k!#ME02F
$HME02G $O%l%s%:%[%k%@!<$r%m%C%/$9$k$?$a$K;H$o$l$k!#

?^ 3.7: %U%!%V%j!<%l%s%:[V.Korinilov et al.,2007]

?^ 3.8: #2Kg$N%l%s%:$N4V3Vd $KBP$9$k9g7W>GE@5wN%$NJQ2=(FL%l%s%:$N>GE@5wN%+75mm !"

1z%l%s%:$N>GE@5wN%-100mm) [V.Korinilov et al.,2007]
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ME01E $OOptical bench $G$"$k(?^ 3.9)!#$3$3$K$O3 $D$N=EMW$J%f%K%C%H$,$"$k!#1 $D

L\$OMASS$Nre-imaging mirrors RA!" RB!" RC!" RD $G$"$k!#2 $DL\$,%U%j%C%W%_%i!<$G

$"$k VM $G$"$k!#$3$l$O%"%$%T!<%9$G4QB,E7BN$,;kLnFb$KF~$C$F$k$N$r3NG'$9$k$?$a$K!"

>GE@LLA0$KCV$+$l$F$$$k!#3 $DL\$O>GE@LL%f%K%C%HFA $G$"$k!#>GE@LL$N%"%Q!<%A%c!<FA
$O!"9J$j$NLr3d$r2L$?$7$F$$$k!#M>J,$J%9%+%$$N8w$d%3%^<}:9$r8:$i$9$?$a$K!"FA $rF3

F~$9$k$3$H$G;kLn$r@)8B$7$F$$$k!#FA $OLs4 IC3Q$ND>7B$G$"$k!#

?^ 3.9: Optical bench [V.Korinilov et al.,2007]

ME03(Viewer) $O!"ME03A(%"%$%T!<%9%=%1%C%H) $HME03B(viewer tube)!" ME03C $G

9=@.$5$l$F$$$k(?^ 3.10)!#%"%$%T!<%9%=%1%C%H$O11
4 %$%s%A(%"%a%j%+%s%5%$%:) $N5,3J$G

$"$k!#4QB,BP>]@1$r8+$D$1$k$?$a$K!"12{15mm $N>GE@5wN%$r;}$D%"%$%T!<%9$,?d>)$5$l

$k!#

?^ 3.10: Viewer [V.Korinilov et al.,2007]
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ME04(Optical plate) $O!"MASS $N%_%i!<$G$"$kPSU $H!"2 Kg$NDIMM %_%i!<DM1!"

DM2 $N%"%i%$%a%s%H$r0BDj$5$;$k$?$a$N%W%l!<%H$G$"$k(?^ 3.11)!# PSU$OME04C $N%[

%k%@!<$G%m%C%/$5$l$F$$$k!#$^$?DM1!" DM2 $N%m%C%/$OME04B $N%[%k%@!<$G%m%C%/$5$l

$F$$$k!#ME04D $O<M=PF7LL$N%^%9%/$G$"$j!"$3$N%^%9%/$r79$+$;$k$3$H$G!"Optical plate
$N%_%i!<$r8w<4$KBP$7$FD4@0$9$k$3$H$,$G$-$k!#

?^ 3.11: Optical plate [V.Korinilov et al.,2007]

EE5$%b%8%e!<%k$G$"$kME08 $O!"MASS 8!=P4o$G$"$kPMT $H$=$NEE5$7O$G9=@.$5$l$F

$$$k(?^ 3.11)!# ME08A $K$O!"4 $D$NPMT $H5!3#<0%7%c%C%?!<$,4^$^$l$F$$$k!#PMT $O

IM>>%[%H%K%/%9$NR7400$r;HMQ$7$F$$$k!#5!3#<0%7%c%C%?!<$O#2Kg$NE4$N?O$H%[!<%k$G9=

@.$5$l$F$*$j!" ME08G(%7%c%C%?!<%N%V) $G%7%c%C%?!<$r3+JD$9$k$3$H$,$G$-$k(?^ 3.13)!#
PMT $rD>@\8w$+$iKI$0$?$a$K!"B,Dj0J30$G$O%7%c%C%?!<$O>o$KJD$a$F$*$+$J$1$l$P$J$i

$J$$!#

?^ 3.12: Electronics module [V.Korinilov et al.,2007]
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?^ 3.13: %^%K%e%"%k%7%c%C%?!<

3.4 %"%i%$%a%s%H

MASS-DIMM $NAH$_N)$F9)Dx;~$K!"$[$H$s$I$N8w3X%"%i%$%a%s%H$O9T$o$l$F$$$k!#$7

$+$7MASS-DIMM $rK>1s6@$K<h$jIU$1$k;~$K!"$$$/$D$+$N%"%i%$%a%s%H$r9T$&I,MW$,$"

$k!#$3$3$G$O!"B,DjA0$K9T$C$?%"%i%$%a%s%H$NJ}K!$r@bL@$9$k!#

3.4.1 MASS 8w3X7O$N%"%i%$%a%s%H

PSU$N8w<4$KBP$9$k79$-$H2sE><4$ND4@0$r9T$&!#$3$N:n6H$OK>1s6@$K<h$jIU$1$:$K9T$&!#

;O$a$KME08(EE5$%b%8%e!<%k) $r MASS-DIMM $+$i30$9!#<!$KME01B(%5%$%I%+%P!<) $H

ME01F(Dl$N%+%P!<)!" FL( %U%!%V%j!<%l%s%:) $r30$9 (?^ 3.14)!#%S!<%`$rFA $KD>@\F~<M

$7$F!"MASS $Nre-imaging mirror RA !" RB!" RC!" RD $K%S!<%`$,Ev$?$C$F$$$k$+3NG'$9

$k!#Ev$?$C$F$$$J$$>l9g$O!"ME04(Optical plate) $NME04C $N2 $D$N0z$-%M%8!"1 $D$N2!

$7%M%8$r;H$C$F!"re-imaging mirror $K%S!<%`$,Ev$?$k$h$&$KPSU$N79$-$H2sE><4$rD4@0

$9$k(?^ 3.11)!#PSU$N4 $D$N%"%Q!<%A%c!<$NCf$G%"%Q!<%A%c!<D $,:G$bBg$-$$$N$G!"RD
$K$O:G$bCm0U$7$J$1$l$P$J$i$J$$!#

3.4.2 DIMM 8w3X7O$N%"%i%$%a%s%H

$3$N%"%i%$%a%s%H$NA0$K!"ME06C $r30$7$F$*$/!#MASS-DIMM $rK>1s6@$K<h$jIU$1

$F!"K>1s6@$rL@$k$$8w8;$X8~$1$F$*$/!#ME04(Optical plate) $N4 $D$N0z$-%M%8!"4 $D$N2!

$7%M%8$r;H$C$F!"DIMM $N%_%i!<DM1!" DM2 $N79$-$rD4@0$9$k$3$H$,$G$-$k(?^ 3.11)!#
$3$l$i$N%M%8$GCCD %U%l!<%`$K<L$C$F$$$k2 $D$N%$%a!<%8$rCf1{$K;}$C$F$/$k!#$=$7$F

2 $D$N%$%a!<%8$r$"$kDxEYN%$9$h$&$K!"CCD %U%l!<%`$KBP$7$F?eJ??bD>$K$J$k$h$&$KD4@0

$9$k(?^ 3.15)!#
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?^ 3.14: ME01B$r30$7$?MM;R

?^ 3.15: DIMM %"%i%$%a%s%H
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3.4.3 %U%!%V%j!<%l%s%:$N%"%i%$%a%s%H

FL( %U%!%V%j!<%l%s%:) $N%U%)!<%+%7%s%0$r9T$&!#$3$N9TDx$OK>1s6@$K<h$jIU$1$F9T$&!#K>

1s6@$r;vA0$KL58B1s$K$9$k!#MASS-DIMM $+$i ME01B(%5%$%I%+%P!<) $HME01E(Optical
bench)!" ME04(Optical plate) $r<h$j30$7$F!"Be$o$j$Kpupil control unit $r<h$jIU$1$k

(?^ 3.16)!#$3$l$O%^%9%/$rDL$7$FF~<MF7$N%$%a!<%8$r8+$k$3$H$,$G$-$k!#K>1s6@$rGr$$JI

$K8~$1$F!"K>1s6@$N3+8}7BA4BN$r>H$i$9$h$&$K$9$k!#ME01A $N2!$7%M%8$GMASS-DIMM
$r79$1$F!"F~<MF7A|$,%^%9%/$N%[!<%k$KBP$7$F6QEy$K$J$k$h$&$K$9$k!#K>1s6@$N3+8}7B$K!"

%U%i%C%H$GITF)L@$J$b$N(Dj5,$J$I ) $rCV$/!#pupil control unit $rDL$7$F$3$NJ*BN$N%$%a!<

%8$r4Q;!$9$k!#FL $,@5$7$/%U%)!<%+%7%s%0$5$l$F$$$J$1$l$P!"$3$N%$%a!<%8$,%\%1$F8+

$($k!#$h$C$F%$%a!<%8$,%7%c!<%W$K$J$k$h$&$K!"FL $rD4@0$9$k

?^ 3.16: Pupil control unit [V.Korinilov et al.,2007]
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3.4.4 %7%9%F%`$NG\N(78?t

0J>e$N%"%i%$%a%s%H$r9T$C$?8e!":G8e$KG\N(78?tk $NB,Dj$r9T$&!#$3$NB,Dj$OFL $N%"%i

%$%a%s%H$NB3$-$H$J$k!#pupil control unit $NME04H $r<h$j30$7$F!" CL2(%l%s%:) $K6/$$

8w$rEv$F$k$H!"K>1s6@$N3+8}ItJ,$KME04D $N%^%9%/$N%$%a!<%8$,Ej<M$5$l$k(?^ 3.17)!#
$=$N%$%a!<%8$ND>7B$r%N%.%9$GB,Dj$9$k!#$^$?$3$N;~$K!"%$%a!<%8$N%(%C%8ItJ,$,$1$i$l

$F$$$J$$$3$H$r3NG'$9$k!#G\N(78?t$OB,Dj$5$l$?%5%$%:$+$i7W;;$9$k$3$H$,$G$-$k!#

?^ 3.17: <M=PF7A|

3.5 K\B,Dj$G$NJQ99E@

:#2s$NB,Dj$G;HMQ$9$kMASS-DIMM $O!"9qN)E7J8Bf%O%o%$4QB,=j$,=jM-$7$F$$$kMASS-
DIMM MD26( @=B$HV9f) $r<ZMQ$7$F$$$k!#$3$NMD26 $O!"Meade LX-200K>1s6@$HSBIG
<R$NCCD %+%a%i$G$"$kST-2000$N;HMQ$rA0Ds$H$7$F@):n$5$l$F$$$k!#$7$+$7B,Dj$G$O

Celestron C11K>1s6@$HProsilica <R$NCCD %+%a%i$G$"$kGE-680 $r;HMQ$9$k$?$a$K!"

MD26 $N$$$/$D$+$NItIJ$r<h$jBX$($?!#JQ99$7$?ItIJ$N@=?^$OIUO?A $K5-:\$9$k!#

MD26 $NCCD %$%s%?!<%U%'!<%9(ME01G) $O!"SBIG <R$NST-2000$N;EMM$rA0Ds$H$7

$?@_7W$G$"$k!#:#2s$NB,Dj$G;HMQ$9$kGE-680$OC %^%&%s%H$J$N$G!"C %^%&%s%HMQ$N%$%s

%?!<%U%'!<%9(ME01G) $r:n@.$7$?(?^ 6.3)!#$=$7$FCCD %+%a%i$rE,@Z$J0LCV$G;_$a$k

$?$a$N;_$aNX(ME01H) $r:n@.$7$?(?^ 6.4)!# Meade<R$NK>1s6@$HCelestron<R$NK>1s6@

$N%^%&%s%HIt$NBg$-$5$,0[$J$k$N$G!"MD26 $N%^%&%s%H%j%s%0(ME02A) $rJQ99$7$?(?^

6.1)!#$3$N;~%^%&%s%H%j%s%0(ME02A) $N%M%8$N0LCV$r4V0c$($F@_7W$7$?$?$a!"MD26 $K

@\B3$5$;$k$3$H$,$G$-$J$+$C$?$N$G!"MASS-DIMM K\BN$H%^%&%s%H%j%s%0(ME02A) $r%"

%@%W%?!<$G7R$2$F$$$k(?^ 6.2)!#
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3.6 K>1s6@

�Celestron C11

?^ 3.18: Celestron C11

I= 3.3: K>1s6@$N;EMM

8}7B 280mm (11%$%s%A)
8}7BHf F/10
>GE@5wN%2800mm
%5%$%: D9$5Ls600mm!"307BLs 320mm
=E$5 Ls12kg

$3$NCelestron C11K>1s6@$O!"MASS-DIMM $KBP$7$F:GE,$J8w3X%Q%i%a!<%?$r;}$DK>

1s6@$N1 $D$H$7$F5s$2$i$l$F$$$k[V.Kornilov et al. 2007]!#
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3.7 @VF;57

� 9b66@=:n=jEM-200 Temma2

?^ 3.19: EM-200 Temma2

I= 3.4: @VF;57$N;EMM

7A<0 2 <4%b!<%?!<FbB"!"%I%$%D<0@VF;57

@V7PHyF0, @V0^HyF0 %9%F%C%T%s%0%b!<%?!<$K$h$kEEF06nF0

Ek:\<ANL Ls16kg
K\BN<ANL Ls15.5kg (%P%i%s%9%&%(%$%HJL)
EE8;EE05 Dj3JDC24V
<+F0F3F~ %Q%=%3%s$r@\B3$9$k$3$H$K$h$j2DG=

I= 3.4$G5-:\$5$l$F$$$kDL$j!" EM-200 Temma2$OM>M5$r;}$C$FC11$rEk:\$9$k$3$H$,

2DG=$G$"$k!#:#2s$NB,Dj$K$*$1$k$3$N@VF;57$NMxE@$H$7$F!"PC $NE7J8MQ%=%U%H%&%'%"$r

MxMQ$7$F@VF;57$r@)8f$G$-$k$3$H$,5s$2$i$l$k!#DIMM $NB,Dj$G$O!"CCD $N%=%U%H%&%'

%"$r;HMQ$7$F%j%"%k%?%$%`$G;kLnFb$NMM;R$r3NG'$9$k$3$H$,$G$-$k!#B,Dj$G$OHs>o$K69$$

;kLn$r;H$&$?$a!"?tJ,$G4QB,BP>]$N91@1$,2hLL$+$i0\F0$7$F$7$^$&!#$=$3$G%=%U%H%&%'%"

$+$i@VF;57$r@)8f$7$F!"?tJ,$K1 EY91@1$r;kLn$NCf?4$KF~$l$k$3$H$G8zN($h$/B,Dj$r9T$&

$3$H$,2DG=$H$J$k!#:#2s$NB,Dj$G$O!"%"%9%H%m%"!<%D<R$NE7J8MQ%=%U%H%&%'%"!"%9%F%i%J

%S%2!<%?!<Ver.9 $r;HMQ$7$?!#

35



3.8 CCD %+%a%i

�Prosilica GE-680

?^ 3.20: Prosilica GE-680(Allied Vision Technologies CanadaInc. $h$j )

I= 3.5: CCD %+%a%i$N;EMM

M-8z2hAG?t 480(H) � 640(W)
%;%s%5!<%5%$%: 1/3 %$%s%A

%;%k%5%$%: 7.4� m
%l%s%:%^%&%s%H C
A/D 12bit
O*=P;~4V 25� s-60s
:GBg%U%l!<%`%l!<%H205fps
%W%j%"%s%W%2%$%s0dB-24dB
=ENL 169g
%5%$%: 39mm(=D) !" 51mm(2#)!" 80mm(D9$5)
%$%s%?!<%U%'!<%9Gigabit Ethernet

DIMM $NB,Dj$r9T$&$?$a$K!"9b$$%U%l!<%`%l!<%H$+$D==J,$KC;$$O*=P;~4V$G;#A|$G$-$k

CCD %+%a%i$,I,MW$H$J$k!#$3$N%+%a%i$N:G>.O*=P;~4V$O25� s$G$"$k!#$^$?PC $+$iHs>o

$KN%$l$?$H$3$m$GB,Dj$r9T$&$?$a!"MFNL$NBg$-$$2hA|%G!<%?$r9bB.$GE>Aw$G$-$kGigabit
Ethernet $ODIMM B,Dj$GBg$-$JMxE@$G$"$k!#

0J2<$G$OCCD %+%a%i$NFI=P$7%N%$%:!"%2%$%s!"K>1s6@$KAuCe$7$?$H$-$N%T%/%;%k%9%1!<

%k$NB,Dj$K$D$$$F5-:\$7$F$$$k!#$3$l$i$N%Q%i%a!<%?$O!"8e=R$G5-:\$9$kDIMM %7!<%$

%s%0$N7W;;$N$?$a$KI,MW$H$J$k!#%U%l!<%`$NB,8w!"1 <!=hM}$K$O!"E7J82hA|%G!<%?2r@O%=

%U%H%&%'%"NOAO/IRAF $rMQ$$$?!#
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?^ 3.21: CCD$N46EY6J@~(Allied Vision Technologies Canada Inc. $h$j )

3.8.1 FI=P$7%N%$%:

FI$_=P$7%N%$%:$H$O!"CCD $KC_@Q$7$?EE2Y$rFI$_=P$9$H$-$KH/@8$9$k%i%s%@%`%N%$%:

$G$"$k!#FI$_=P$7%N%$%:$O!"2 Kg$N%P%$%"%9%U%l!<%`$+$i5a$a$k$3$H$,$G$-$k!#

Read noise[ADU] =
� B 1 � B 2p

2
(3.1)

<0(3.1) $r;H$$!" CCD $NFI$_=P$7%N%$%:[ADU] $rB,Dj$7$?!#

DIMM $NB,Dj$G;HMQ$7$?%W%j%"%s%W%2%$%s(12dB,16dB,18dB,20dB,24dB)$H!"Hf3S$N

$?$a$K0dB ;~$NFI$_=P$7%N%$%:$rB,Dj$7$?!#0E<<$G%P%$%"%9%U%l!<%`$r<hF@$7!"$=$NFb2
Kg$N%U%l!<%`$N:9$N%U%l!<%`%+%&%s%H$NI8=`JP:9� B 1 � B 2 $r5a$a$k!#$3$3$G$N%P%$%"%9%U

%l!<%`$O!"CCD $N:G>.@QJ,;~4V$G$"$k2.5� s$G<hF@$7$F$$$k!#7k2L$OI=3.6$K5-:\$7$F$$

$k!#

I= 3.6: B,Dj$7$?FI$_=P$7%N%$%:[ADU]

%W%j%"%s%W%2%$%s[dB] � B 1 � B 2 Read noise[ADU]

0 10.03� 0.02 7.090� 0.013
12 35.59� 0.10 25.17� 0.07
16 51.70� 0.19 36.56� 0.13
18 62.04� 0.18 43.87� 0.13
20 74.27� 0.22 52.52� 0.15
24 113.5� 0.4 80.24� 0.29
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3.8.2 %2%$%s(A/D JQ4978?t)

CCD $N%2%$%s$H$O!"CCD $KC_@Q$5$l$?EE2YNL$rAD JQ49$r9T$&:]$N!"EE2YNL$H=PNO?.

9f$NJQ4978?t$G$"$k(e� /ADU) !#%2%$%sG[e� /ADU] $N;~!" I[e� ] $+$i V[ADU] $,5a$^$k!#

V = GI (3.2)

FI$_=P$7%N%$%:$K$h$kJ,;6CM$r� r
2 $H$9$k$H!"%+%&%s%H$NJ,;6CM$r� I

2 $O!"<!$N4X78<0$G

I=$9$3$H$,$G$-$k!#

� I
2 = I + � r

2 (3.3)

<0(3.3) $K<0(3.2) $rBeF~$9$k$H

� V
2 =

V
G

+ � r
2 (3.4)

=>$C$F%+%&%s%H$HJ,;6CM$N1 <!J}Dx<0$N79$-$+$i!" CCD $N%2%$%s$r5a$a$k$3$H$,$G$-$k!#

0J2<$K>\:Y$JB,DjJ}K!$r<($9!#

FI$_=P$7%N%$%:$NB,Dj;~$HF1$8$/!"DIMM $NB,Dj$G;HMQ$7$?%W%j%"%s%W%2%$%s$H0dB
;~$N%2%$%s$NB,Dj$r9T$C$?!#B,Dj$K$O0BDj$7$?8w8;$,I,MW$J$N$G!"0BDj2=EE8;$r;H$C$F

10mA $N0BDj$7$?EEN.$rN.$7$?LED $r;HMQ$7$?!#LED $N8w$r6Q0l$+$D8:8w$9$k$?$a$K!"

LED $HCCD $N4V$K$O?^$N$h$&$K3H;6HD$H%H%l!<%7%s%0%Z!<%Q!<$r64$s$@!#$^$?CCD $N

O*=P;~4V$rJQ$($F;#A|$9$k$3$H$G!"%U%i%C%H%U%l!<%`$N%+%&%s%HCM$rJQ$($F$$$k!#%P%$%"

%9%U%l!<%`$r<hF@$7$F!"B,8w$NA0$K%U%i%C%H%U%l!<%`$+$i8:;;$7$F$$$k!#40pixel� 40pixel
$NNN0h$r$H$j!"$=$NCf$GJ,;6$H%+%&%s%H$r7W;;$7$F$$$k!#2#<4$K%+%&%s%H!"=D<4$KJ,;6$r

$H$j!" 1 <!4X?t$G%U%#%C%F%#%s%0$7$?!#$3$N1 <!4X?t$N@ZJR$O!"J,;6CM$,FI$_=P$7%N%$%:

$N#2>h$KAjEv$9$k$N$G!"A09`$GB,Dj$7$?FI$_=P$7%N%$%:$rb $NCM$KM=$aBeF~$7$F$$$k!#$=

$N79$-$N5U?t$+$i%2%$%s$r5a$a$?!#

I= 3.7: B,Dj$7$?%2%$%s[e� /ADU]

%W%j%"%s%W%2%$%s[dB] Gain[e� /ADU]

0 2.517� 0.059
12 0.5839� 0.0155
16 0.3196� 0.0103
18 0.2567� 0.0113
20 0.1835� 0.0072
24 0.09890� 0.00615

38



 0

 200

 400

 600

 800

 1000

 1200

 1400

 1600

 1800

 0  500  1000  1500  2000  2500  3000  3500  4000

si
gm

a2  [A
D

U
2 ]

count [ADU]

f(x)=0.380127*x+7.08981**2
measurement

?^ 3.22: %W%j%"%s%W%2%$%s0dB $N%2%$%s[e� /ADU] ( 2#<4:%+%&%s%H[ADU] !#=D<4:J,;6

[sigma2])

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 0  500  1000  1500  2000  2500  3000  3500  4000

si
gm

a2  [A
D

U
2 ]

count [ADU]

f(x)=1.47807*x+25.1651**2
measurement

?^ 3.23: %W%j%"%s%W%2%$%s12dB $N%2%$%s[e� /ADU] ( 2#<4:%+%&%s%H[ADU] !#=D<4:J,;6

[sigma2])
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 2000

 4000

 6000

 8000

 10000

 12000

 14000

 0  500  1000  1500  2000  2500  3000  3500  4000

si
gm

a2  [A
D

U
2 ]

count [ADU]

f(x)=2.63111*x+36.5574**2
measurement

?^ 3.24: %W%j%"%s%W%2%$%s16dB $N%2%$%s[e� /ADU] ( 2#<4:%+%&%s%H[ADU] !#=D<4:J,;6

[sigma2])

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 16000
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measurement

?^ 3.25: %W%j%"%s%W%2%$%s18dB $N%2%$%s[e� /ADU] ( 2#<4:%+%&%s%H[ADU] !#=D<4:J,;6

[sigma2])
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f(x)=4.38702*x+52.5154**2
measurement

?^ 3.26: %W%j%"%s%W%2%$%s20dB $N%2%$%s[e� /ADU] ( 2#<4:%+%&%s%H[ADU] !#=D<4:J,;6

[sigma2])
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f(x)=10.0795*x+80.2425**2
measurement

?^ 3.27: %W%j%"%s%W%2%$%s24dB $N%2%$%s[e� /ADU] ( 2#<4:%+%&%s%H[ADU] !#=D<4:J,;6

[sigma2])
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%W%j%"%s%W%2%$%s$,Bg$-$/$J$l$P$J$k$[$I!"FC$K24[dB]$G$O!"%+%&%s%HCM$,1500[ADU]
0J2<$G$NJ,;6CM$,Hs>o$KBg$-$$!#%2%$%s$,Bg$-$$$HFI$_=P$7%N%$%:[ADU] $N1F6A$,Bg$-

$/$J$k$,!"B,Dj$7$?J,;6CM$OFI$_=P$7%N%$%:$NLs5 G\$NBg$-$5$G$"$k!#$h$C$FFI$_=P$7%N

%$%:$G$O!"$3$NJ,;6CM$NBg$-$5$N@bL@$,$D$+$J$$!#B>$K$OCCD $N46EY%`%i$d!"&CCM$N@_

Dj$J$I$,9M$($i$l$k$,!"8=>u$G$O860x$rFCDj$G$-$F$$$J$$!#

%W%j%"%s%W%2%$%s$NC10L$O[dB] $J$N$G!"gain[dB] = 20log10(y=x) $HI=$9$3$H$,$G$-$k

(x $OF~NO!"y $O=PNO)!#y=x $OA}I}N($G$"$j!" CCD $N%2%$%s[e� =ADU ] $N5U?t$HBP1~$9$k!#

B,Dj$7$?%2%$%s$NCM$r%0%i%U$K%W%m%C%H$7$F!"$3$N4X?t$r;H$C$F%U%#%C%F%#%s%0$r9T$C$?

(?^ 3.28)!#%U%#%C%F%#%s%0$N7k2L!"4X?t$Ogain[dB] = 18:2015log10(2:51927=Gain) $H$J$C

$?!#$3$N7k2L$OdB $N8x<0$H;w$?$h$&$J7A$r<h$k$?$a!"B,Dj$5$l$?%2%$%s$NCM$OBg$-$/4V

0c$C$F$$$J$$$3$H$,J,$+$C$?!#$h$C$FDIMM $N%7!<%$%s%0$N7W;;$G$O!"B,Dj$7$?%2%$%s

$NCM$r$=$N$^$^;HMQ$7$F$$$k!#
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?^ 3.28: B,Dj$7$?%2%$%s$N%U%#%C%F%#%s%07k2L(2#<4:%W%j%"%s%W%2%$%s[dB]!#=D<4:%2%$%s

[e� =ADU ])
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3.8.3 %T%/%;%k%9%1!<%k

2013G/ 117n 05F|$K!" Celestron C11K>1s6@$KMASS-DIMM $r<h$jIU$1$?;~$NCCD
%+%a%i$N%T%/%;%k%9%1!<%k$r!"2=E@1$rMQ$$$FB,Dj$7$?!#B,Dj$KMQ$$$?2=E@1$O!"$O$/$A$g

$&:B$N%"%k%S%l%*$G$"$k!#%"%k%S%l%*$O!"V Ey5i$, 3 Ey$H5 Ey$N2 $D$NE7BN$+$i@.$jN)$C

$F$*$j!"E7BN4V$N5wN%$O34.49[arcsec](2012G/) $G$"$k(http://ad.usno.navy.mil/wds/) !#

?^ 3.29: ;#A|$7$?%"%k%S%l%*$N%$%a!<%8

0.5ms$NO*=P;~4V$G!"%"%k%S%l%*$r;#A|$7$?(?^ 3.29)!#IRAF $G100Kg$N%$%a!<%8$r2C;;

$7$F!"imexam%?%9%/$G2 $D$N@1$N=E?4$r;;=P$7$?!#$=$7$F%"%k%S%l%*$NE7BN5wN%[arcsec]
$r5a$a$?=E?44V5wN%$G3d$k$3$H$G!"%T%/%;%k%9%1!<%k[arcsec/pixel] $r;;=P$7$?!#7W;;$N

7k2L!"%T%/%;%k%9%1!<%k$N%5%$%:$O0.658[arcsec/pixel]$G$"$C$?!#8e=R$NDIMM $N%7!<

%$%s%0$N7W;;$G$O!"$3$N%T%/%;%k%9%1!<%k$NCM$r;HMQ$7$?!#
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3.9 %=%U%H%&%'%"

3.9.1 Turbina version 2.06

MASS $N@)8f$HB,Dj$K$O!"Kornilov ;a$i$,3+H/$7$? Turbina $r;HMQ$7$?!#MASS AuCV

$N%3%s%H%m!<%k!"%G!<%?$N<hF@!"$=$7$F%G!<%?2r@O$r9T$&!#MASS $N%G!<%?$O1 J,4V$r 1
%;%C%H$H$7$F07$&!#PMT $NO*=P;~4V$O?tms$G!"O*=P$N4V$K?tIC$N%Y!<%9%?%$%`$r@_$1$F

$$$k!#

MASS $GB,Dj$r9T$&=g=x$H$7$F$O!"$^$:;O$a$KInitialization(Tool menu-Initialization)
$r9T$&!#$3$l$O!"Turbina $rN)$A>e$2$k$?$S$K9T$o$J$/$F$O$J$i$J$$I,?\$N:n6H$G$"$k!#

<!$K@1$N$J$$NN0h$KK>1s6@$r8~$1$F!"%P%C%/%0%i%&%s%I$NB,Dj$r9T$&(Measurements-
Background)!#$=$N8eB,DjBP>]$NE7BN$rF3F~$7!"BP>]E7BN$r@1$N%j%9%H$+$iA*Br$9$k(File-
Show star)!#BP>]$,F3F~$G$-$F$$$k$+%U%i%C%/%9$N3NG'$r$7$?8e$K(Measurements-Flux
estimation)!" MASS $NB,Dj$r3+;O$9$k(Measurements-Run measurement)!#

3.9.2 VimbaViewer !! version 1.2

AVT <R$NVimbaViewer $O!"DIMM B,DjMQCCD $G$"$kProsilica GE-680$N@)8f%=%U%H

%&%'%"$G$"$k!#$3$N%=%U%H%&%'%"$G!"CCD $NO*=P;~4V!"FPS!"%W%j%"%s%W%2%$%s!"bit ?t!"

%T%/%;%kNN0h$rJQ$($k$3$H$,=PMh$k!#DIMM $NB,Dj$O!"5 J,4V$r 1 %;%C%H$H$9$k!#10[fps]
$GO"B3;#A|$r$7$F$$$k$N$G!"1 %;%C%H$"$?$j3000Kg$N2hA|%G!<%?$r07$&!#;#A|$7$?%$%a!<

%8%G!<%?$Obin %U%!%$%k$G=PNO$5$l$k!#4QB,$N=*N;8e!"bin %U%!%$%k$r1 %;%C%H$4$H$K$^

$H$a$FFITS %-%e!<%V$KJQ49$9$k!#

3.9.3 %9%F%i%J%S%2!<%?!<version 9

:#2s$NB,Dj$G;HMQ$7$?@VF;57!"9b66@=:n=jEM-200 Temma2$O!";THN$NE7J8%=%U%H$H@\

B3$9$k$3$H$G%3%s%H%m!<%k$9$k$3$H$,$G$-$k!#$=$N$?$a$K;HMQ$7$?E7J8%=%U%H%&%'%"$,!"

%9%F%i%J%S%2!<%?version 9$G$"$k!#$3$N%=%U%H%&%'%"$G@VF;57$NDIHx%9%T!<%I$NJQ99(91

@1DIHx$N%N!<%^%k%9%T!<%I%b!<%I!"%O%$%9%T!<%I%b!<%I)!"@V7B@V0^J}8~$N0\F0!"$=$7$F

<+F0F3F~$r9T$&$3$H$,$G$-$k!#Celestron C11$N>GE@5wN%$O2800mm$HD9$/!"@VF;57$O%,

%$%I$r9T$C$F$$$J$$$N$G!"10J,$[$I7P$D$H;kLn$+$i4QB,E7BN$,$$$J$/$J$C$F$7$^$&!#$7$+

$7 CCD $N%$%a!<%8$r;H$C$F;kLnFb$NMM;R$r%j%"%k%?%$%`$G3NG'$9$k$3$H$,$G$-$k$N$G!"

;~!9%9%F%i%J%S%2!<%?$G@VF;57$rF0$+$7!";kLnCf?4$K4QB,E7BN$rF~$lD>$7$F$$$k!#

3.10 %G!<%?Aw?.<u?.$NN.$l

B,Dj$G$O!"?^3.30$N$h$&$K%1!<%V%k$r@\B3$7$F$$$k!#B,Dj5!4o$O20Fb$K$"$kPC $H%G!<

%?$N$d$j$H$j$r9T$&!#MASS-DIMM $N%G!<%?Aw<u?.$ORS485%1!<%V%k$G9T$o$l$k!#CCD
$NGigabit Ethernet $O!"%O%V$r;H$C$FCf7Q$7$F$$$k!#$^$?@VF;57$N%7%j%"%k%G!<%?$r;THN

$N%G%P%$%9%5!<%P(NPORT) $G%$!<%5%M%C%HJQ49$7$F!"%M%C%H%o!<%/$r2p$7$F%9%F%i%J%S

%2!<%?$H%G!<%?$NAw<u?.$r9T$C$F$$$k!#
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?^ 3.30: 5!:`$NG[@~?^

3.11 DIMM $N%G!<%?=hM}

MASS$H$O0c$$!"DIMM $N%7!<%$%s%0$N7W;;$OB,Dj8e$K$^$H$a$F9T$C$?!#MASS$N%G!<

%?$O1 %;%C%H1 J,4V$J$N$G!"DIMM $N%7!<%$%s%0$b1 %;%C%H1 J,4V!"7W600Kg$N2hA|%G!<

%?$r;H$C$F7W;;$7$?!#

=E?4$N7W;;$O!"x <4#y<4$KJ,$1$F9T$C$?!##x<4$N=E?4$O<!$N$h$&$KDj5A$5$l$k!#

xG = I � 1
tot

Z
xI (x; y)dxdy (3.5)

$3$3$GI tot $O%T%/%;%k6/EY$N9g7W$G$"$k!#:#2s$NDIMM $N=E?47W;;$G$O!"Windowing $N

J}K!$r;H$C$?!#Windowing $O!"@1A|$NCf?4$+$i$"$kDxEY$NHO0O$N%&%#%s%I%&$r@_Dj$7!"$=

$NHO0OFb$G=E?47W;;$r9T$&J}K!$G$"$k!#Windowing $N@1A|$NCf?4$H$O!"@1A|$N%T!<%/CM

$Nx,y :BI8$G$"$k!#Windowing $G$N=E?4$O<!$N$h$&$K7W;;$9$k!#

xw =

P
window x ij I ijP

window I ij
(3.6)

DIMM $N7W;;$G$Owindow $O;M3Q7A$N7A$r$H$C$F$$$k!#$3$N=E?47W;;$G$O!"window Fb$N

%N%$%:$N1F6A$G=E?4%(%i!<$,5/$-$k!#$3$N%N%$%:J,;6$NCM$O!"A|$NAjBPE*$J=E?4MI$i$.$N

J,;6$G$"$k (2.34) <0!" (2.35) <0$K2C$o$j!"B,Dj$7$?%7!<%$%s%0$NCM$,0-$/$J$C$F$7$^$&!#

$=$3$G$3$N%N%$%:J,;6$r8+@Q$b$j!"=E?4MI$i$.$NJ,;6$+$i8:;;$9$k$3$H$G@53N$J%7!<%$%s

%0$NCM$r7W;;$9$k!#

� c =
1
I 2

0

X

i;j

(x i;j � cx )2(R2 + I i;j =G) (3.7)

R $OFI$_=P$7%N%$%:[ADU] $G!"G $OCCD $N%2%$%s[e� /ADU] $G$"$k!#$^$?cx $O=E?4$N

0LCV$G$"$j!"I 0 $Owindow Fb$N%T%/%;%k6/EY$N9g7W$G$"$k!#
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?^ 3.31: DIMM $N%$%a!<%8!#@V$$;M3Q7A$,window!#=E?47W;;$G$O20pixel� 20pixel $NHO

0O$r<h$C$F$$$k!#

3.12 B,Dj>l=j

KL3$F;Bg3XBg3X1!M}3X8&5f1!ImB0E7J8Bf$N:BI8$OEl7P142.5!k!"KL0^ 44.4!k!"I89b$O3$

H4151m$G$"$k!#MASS-DIMM $NB,Dj>l=j$O!"$3$NE7J8Bf$N2 3,$N%F%i%9$G$"$k!#7zJ*

$NJI$GH/@8$9$kMpN.$N1F6A$r8:$i$9$?$a!"%F%i%9$NCf1{$GB,Dj$r9T$C$?!#

?^ 3.32: 5!:`$rE83+$7$?MM;R
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4 B,Dj7k2L

2013G/ 097n$+$i 2014G/ 027n$K$+$1$F!"$[$\ 1 $+7n$*$-$KLs10F|4V$NB,Dj$r9T$C$?!#

B,Dj$r9T$C$?F|$H!"B,Dj$K@.8y$7$?F|$r7n$4$H$GI=4.1$K7G$2$k!#$3$3$G$NB,Dj$K@.8y$7

$?F|$H$O!"MASS $HDIMM $NN>J}$NB,Dj%G!<%?$r1 2s$G$bF@$i$l$?F|$N$3$H$r;X$9!#

I= 4.1: 2013G/B,Dj7k2L

B,Dj4|4V B,Dj@.8yF| B,DjF|?t @.8yF|?t

2013
09/13{09/22 17,18,19,20,21,22 11F|4V 6 F|

10/15{10/25 16,17,18,19,21,22,23 11F|4V 7 F|

11/05{11/15 05,11,13,15 11F|4V 4 F|

12/09{12/17 16 9 F|4V 1 F|

2014
02/03{12/12 04,05,07,08,12 10F|4V 5 F|

A452F|Cf 23Lk$NB,Dj$K@.8y$7$?!#K\>O$G$O!"$=$N7k2L$rJs9p$9$k!#$J$*A4BN$N$^$H$a

$H9M;!$O<!>O$G9T$&!#

7k2L$G$O%0%i%U$,=D$K2 $DJB$s$@%0%i%U$H!"%0%i%U$,=D$K3 $DJB$s$@%0%i%U$r5-:\$7$F

$$$k!#1 $DL\$N%0%i%U$K$D$$$F@bL@$9$k!#>e$N%0%i%U$OBg5$>qMp9bEY%W%m%U%!%$%k$G$"$j!"

$3$l$OC2
n $N;~4VJQF0$r%W%m%C%H$7$?$b$N$G$"$k!#6$D$N9bEY$G%W%m%C%H$7$F$$$F!"@D?'$,

0.5 -R!"@V?'$, 1 -R, NP?'$, 2km, 2+?'$, 4km, Em?'$, 8km, $=$7$F?e?'$,16km $NC2
n $G$"

$k!#2<$N%0%i%U$OB,Dj$7$?%7!<%$%s%0$N;~4VJQF0$G$"$k!#Em@~$,MASS$GB,Dj$7$?MASS
%7!<%$%s%0!"NP@~$,DIMM $GB,Dj$7$?DIMM %7!<%$%s%0!"$=$7$F@D@~$,(2.39) <0$K$h$C

$F5a$a$i$l$? GL %7!<%$%s%0$rI=$7$F$$$k!#

2 $DL\$N%0%i%U$O!"B,Dj$7$?%7!<%$%s%0$N%R%9%H%0%i%`$G$"$k!#>e$N%0%i%U$ODIMM %7!<

%$%s%0!"??$sCf$N%0%i%U$OMASS %7!<%$%s%0!"2<$N%0%i%U$OGL %7!<%$%s%0$N%R%9%H%0%i

%`$G$"$k!#%0%i%U$N1&>e$K$O!"%7!<%$%s%0$NCf1{CM$HJ?6QCM$r5-:\$7$F$$$k!#%0%i%U$K2
$D$N%T!<%/$,$"$k>l9g$O!"%7!<%$%s%0$r9b$$CM$HDc$$CM$N2 $D$KJ,$1$F!"$=$l$>$l$GCf1{

CM$HJ?6QCM$r5a$a$F$$$k!#
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4.1 2013 G/ 09 7n17 F|

20 ;~ 43J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 23 ;~ 50J,$+$i$.$g$7$c:B%+%Z%i

(;kEy5i 0.08Ey) $r;2>H@1$K$7$?!#18 ;~$+$i 21 ;~ 30J,$^$G2w@2$@$C$?$,!"23 ;~ 30J,$^

$G1@$,DL2a$7$F$$$?!#$=$N8e1@$NDL2a$H2w@2$r2?EY$+7+$jJV$7$F$$$k!#00 ;~$K$O$"$?$j$,

40A4$K1@$K1#$l$F$7$^$$!"@2$l$k8+9~$_$,$J$+$C$?$N$G4QB,$r=*N;$7$?!#

I= 4.2: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 3 :10 � 0:37 3:05
MASS 1:93 � 0:43 1:90

GL 1:90 � 0:40 1:98

I= 4.3: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 3:02 � 10� 13 � 6:38 � 10� 14 3:00� 10� 13

8 6:46 � 10� 14 � 6:96 � 10� 14 3:97� 10� 14

4 1:72 � 10� 13 � 1:49 � 10� 13 1:26� 10� 13

2 9:72 � 10� 13 � 5:64 � 10� 13 9:26� 10� 13

1 1:59 � 10� 13 � 2:51 � 10� 13 7:02� 10� 14

0.5 2:11 � 10� 13 � 2:55 � 10� 13 8:96� 10� 14
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?^ 4.1: (>e)2013G/ 09 7n 17 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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?^ 4.2: 2013G/097n17F|$N%7!<%$%s%0%R%9%H%0%i%`(=D<4:IQEY!"2#<4:%7!<%$%s%0[arcsec])
(>e)DIMM %7!<%$%s%0(Cf)MASS %7!<%$%s%0(2<)GL %7!<%$%s%0
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4.2 2013 G/ 09 7n18 F|

21 ;~ 42J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 23 ;~ 29J,$+$i$.$g$7$c:B%+%Z%i

(;kEy5i 0.08Ey) $r;2>H@1$K$7$?!#M<J}$+$i1@$,B?$/!"20 ;~$4$m$K10J,$[$I1+$,9_$C$F$$

$?!#21 ;~$+$i@2$l;O$a$?$N$G4QB,$r3+;O$7$?$,!"21 ;~ 40J,$+$i8|$$1@$KJ$$o$l$?$N$G4Q

B,$rCf;_$7$?!# 23 ;~$+$i>/$7$N;~4V2w@2$K$J$C$?$N$G30J,4QB,$r9T$C$?!#02 ;~ 30J,$+$i

$o$:$+$K@2$l;O$a$F4QB,E7BN$,;kG'$G$-$?$N$G!"1@$NDL2a$,B?$+$C$?$,4QB,$r:F3+$7$?!#

I= 4.4: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 2 :27 � 0:36 2:24
MASS 1:73 � 0:51 1:54

GL 0:87 � 0:28 0:98

I= 4.5: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 1:20 � 10� 13 � 2:86 � 10� 14 1:20� 10� 13

8 3:76 � 10� 14 � 4:06 � 10� 14 2:37� 10� 14

4 1:12 � 10� 13 � 7:13 � 10� 14 1:04� 10� 13

2 5:10 � 10� 13 � 2:64 � 10� 13 5:58� 10� 13

1 6:56 � 10� 14 � 7:20 � 10� 14 2:48� 10� 14

0.5 7:95 � 10� 13 � 7:08 � 10� 13 7:20� 10� 13
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@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.3 2013 G/ 09 7n19 F|

18 ;~ 41J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey) $r;2>H@1$K$7$?!#18 ;~ 30J,$+$i%G

%M%V$,8+$($F$$$?$N$G4QB,$r3+;O$7$?$,!"1@$NDL2a$,B?$+$C$?!#21 ;~$+$i8|$$1@$KJ$$o$l

$F!"4QB,E7BN$,3NG'$G$-$J$+$C$?$N$G4QB,$r@Z$j>e$2$?!#

I= 4.6: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 2 :44 � 0:33 2:47
MASS 0:79 � 0:12 0:76

GL 2:00 � 0:12 1:97

I= 4.7: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 9:97 � 10� 14 � 2:55 � 10� 14 8:95� 10� 14

8 2:23 � 10� 14 � 2:24 � 10� 14 1:54� 10� 14

4 1:23 � 10� 13 � 7:20 � 10� 14 8:54� 10� 14

2 1:48 � 10� 13 � 6:72 � 10� 14 1:42� 10� 13

1 2:09 � 10� 14 � 3:09 � 10� 14 5:86� 10� 15

0.5 3:11 � 10� 14 � 2:76 � 10� 14 2:55� 10� 14
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@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.4 2013 G/ 09 7n20 F|

04 ;~ 18J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$?!#M<J}$+$i$"$?$j$,

8|$$1@$KJ$$o$l$F$$$F!"4QB,$,$G$-$J$+$C$?!#23 ;~$+$i?t 10J,$[$I1+$,9_$C$F$$$?!#04
;~$+$i@2$l;O$a$?$N$G!"4QB,$r3+;O$7$?!#04 ;~ 45J,$4$m$^$G4QB,$G$-$?$,!"1@$NDL2a$O

B?$+$C$?!#

I= 4.8: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 3 :33 � 0:05 3:31
MASS 1:26 � 0:30 1:26

GL 2:67 � 0:00 2:67

I= 4.9: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 2:67 � 10� 14 � 5:35 � 10� 14 2:45� 10� 21

8 2:44 � 10� 16 � 6:91 � 10� 16 1:64� 10� 22

4 6:07 � 10� 14 � 1:22 � 10� 13 2:17� 10� 21

2 1:14 � 10� 13 � 2:42 � 10� 13 1:86� 10� 21

1 1:62 � 10� 14 � 2:54 � 10� 14 3:80� 10� 16

0.5 7:11 � 10� 15 � 8:93 � 10� 15 4:11� 10� 15
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?^ 4.7: (>e)2013G/ 09 7n 20 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.5 2013 G/ 09 7n21 F|

18 ;~ 47J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 0 ;~ 02J,$+$i$.$g$7$c:B%+%Z%i

(;kEy5i 0.08Ey) $r;2>H@1$K$7$?!#18 ;~$+$i 21 ;~$^$GGv$$1@$KJ$$o$l$F$$$?$,!"%b%K%?!<

$9$k$K$O==J,$J8wNL$G$"$C$?$?$aB,Dj$r9T$C$?!#$=$N8e1@$,$J$/$J$j2w@2$K$J$C$?$,!"01
;~ 30J,:"$+$iHs>o$K8|$$1@$KJ$$o$l$?$N$GB,Dj$rCf;_$7$?!#02 ;~ 30J,$+$i 03 ;~:"$^$G

1@$,IQHK$KDL2a$7$F$$$?$,6O$+$KBP>]E7BN$,8+$($F$$$?$N$G!"1@$N7d4V$rA@$C$FB,Dj$rB3

$1$?!#

I= 4.10: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 1 :41 � 0:15 1:31
2:10 � 0:27 2:09

MASS 0:75 � 0:18 0:72
GL 1:32 � 0:31 1:25

I= 4.11: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 8:38 � 10� 14 � 1:82 � 10� 14 8:00� 10� 14

8 1:38 � 10� 14 � 1:64 � 10� 14 8:20� 10� 15

4 5:70 � 10� 14 � 4:88 � 10� 14 4:28� 10� 14

2 1:86 � 10� 13 � 1:12 � 10� 13 1:65� 10� 13

1 2:87 � 10� 14 � 4:79 � 10� 14 5:07� 10� 15

0.5 1:47 � 10� 14 � 2:43 � 10� 14 2:35� 10� 16
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?^ 4.9: (>e)2013G/ 09 7n 21 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.6 2013 G/ 09 7n22 F|

18 ;~ 20J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 00 ;~ 28J,$+$i$.$g$7$c:B%+%Z%i

(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$OM<J}$+$i1@$,>/$J$/2w@2$G$"$C$?!#$7$+

$700 ;~$+$i%,%9$,H/@8$7$?!#%,%9$OGv$/4QB,E7BN$,;kG'$G$-$?$?$a4QB,$O2DG=$G$"$C$?

$,!"K>1s6@$,7kO*$GG($l$F$7$^$&$?$a4QB,$rCf;_$7$?!#04 ;~$4$m$K$o$:$+$K%,%9$,$H$l$?

$N$G!"10J,$[$I4QB,$r9T$C$?!#

I= 4.12: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 1 :17 � 0:13 1:19
2:11 � 0:45 2:06

MASS 0:51 � 0:10 0:49
1:02 � 0:19 0:98

GL 1:41 � 0:52 1:32

I= 4.13: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 1:10 � 10� 13 � 5:26 � 10� 14 1:07� 10� 13

8 6:53 � 10� 14 � 6:16 � 10� 14 4:65� 10� 14

4 1:11 � 10� 13 � 1:51 � 10� 13 3:85� 10� 14

2 3:09 � 10� 14 � 3:94 � 10� 14 1:69� 10� 14

1 4:64 � 10� 15 � 1:86 � 10� 14 1:05� 10� 18

0.5 8:28 � 10� 14 � 1:17 � 10� 13 3:38� 10� 14
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?^ 4.11: (>e)2013G/ 09 7n 22 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.7 2013 G/ 10 7n16 F|

03 ;~ 19J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$O$[$H

$s$I4QB,$r9T$($J$+$C$?!#M<J}$+$i1+$,9_$C$F$$$?!#3 ;~ 20J,$+$i1@$,$H$l$F2w@2$K$J$C

$?$N$G!"04 ;~2a$.$^$G4QB,$r9T$C$?!#

I= 4.14: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 1 :86 � 0:18 1:90
MASS 1:13 � 0:04 1:12

GL 1:06 � 0:11 1:09

I= 4.15: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 1:89 � 10� 13 � 4:87 � 10� 15 1:88� 10� 13

8 5:11 � 10� 14 � 3:00 � 10� 14 6:67� 10� 14

4 5:60 � 10� 14 � 5:74 � 10� 14 3:34� 10� 14

2 4:06 � 10� 13 � 3:54 � 10� 14 3:87� 10� 13

1 4:81 � 10� 14 � 5:82 � 10� 14 7:40� 10� 15

0.5 9:37 � 10� 15 � 1:02 � 10� 14 7:84� 10� 15
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?^ 4.13: (>e)2013G/ 10 7n 16 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.8 2013 G/ 10 7n17 F|

03 ;~ 58J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$OM<J}

:"$K$O>/$7@2$l$F$$$?$,!"@VF;57$NEE8;%1!<%V%k$,CG@~$7$F$7$^$$=$M}$K;~4V$rMW$7$?!#

$=$N8e1@$,8|$/4QB,E7BN$,3NG'$G$-$J$+$C$?$,!"04 ;~$+$i2w@2$K$J$C$?$N$G!"GvL@$^$G4Q

B,$r9T$&$3$H$,$G$-$?!#

I= 4.16: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 2 :00 � 0:32 2:02
MASS 1:01 � 0:42 0:87

GL 1:50 � 0:23 1:56

I= 4.17: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 5:82 � 10� 14 � 1:33 � 10� 14 5:40� 10� 14

8 6:21 � 10� 15 � 1:54 � 10� 14 6:88� 10� 22

4 1:64 � 10� 14 � 1:86 � 10� 14 8:25� 10� 15

2 2:05 � 10� 13 � 8:05 � 10� 14 1:98� 10� 13

1 4:78 � 10� 14 � 3:95 � 10� 14 4:04� 10� 14

0.5 3:99 � 10� 13 � 4:71 � 10� 13 1:49� 10� 13
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?^ 4.15: (>e)2013G/ 10 7n 17 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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71



4.9 2013 G/ 10 7n18 F|

19 ;~ 34J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 23 ;~ 26J,$+$i$.$g$7$c:B%+%Z%i

(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$O$h$/@2$l$F$$$?$?$a!"D9;~4V$N4QB,$r9T

$&$3$H$,$G$-$?!#M<J}$+$i01 ;~ 30J,$^$G1@$N$J$$2w@2$G$"$C$?$,!"$=$N8eD+$^$G%,%9$,

H/@8$7$F$$$k!#$=$l$[$IG;$$%,%9$G$O$J$+$C$?$N$G4QB,$OB3$1$F$$$k$,!"%,%9$,G;$/$J$k

;~4V$O4QB,$r0l;~CfCG$7$F$$$k!#

I= 4.18: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 1 :80 � 0:40 1:74
MASS 0:72 � 0:28 0:65

GL 1:59 � 0:43 1:54

I= 4.19: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 4:80 � 10� 14 � 1:62 � 10� 14 4:36� 10� 14

8 8:08 � 10� 18 � 8:63 � 10� 17 3:19� 10� 22

4 1:22 � 10� 15 � 4:34 � 10� 15 4:97� 10� 22

2 3:14 � 10� 14 � 3:62 � 10� 14 2:22� 10� 14

1 1:06 � 10� 14 � 1:73 � 10� 14 4:17� 10� 15

0.5 2:69 � 10� 13 � 2:62 � 10� 13 1:72� 10� 13
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?^ 4.17: (>e)2013G/ 10 7n 18 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.10 2013 G/ 10 7n19 F|

19 ;~ 35J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 22 ;~ 57J,$+$i$.$g$7$c:B%+%Z%i

(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$OFC$KBg$-$J1@$O$J$/!"0BDj$7$F%G!<%?$,$H

$l$?!#$7$+$700 ;~ 00J,$+$iG;$$%,%9$,H/@8$7$?$N$G!"4QB,$r0l;~Cf;_$7$?!#01 ;~$+$i%,

%9$,Gv$/$J$C$?$N$G4QB,$r:F3+$7$?$,!"03 ;~$+$i:F$SG;$/$J$j!"4QB,E7BN$,8+$($J$/$J$C

$?$N$G4QB,$r=*N;$7$?!#

I= 4.20: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 1 :65 � 0:33 1:59
MASS 0:66 � 0:23 0:62

GL 1:47 � 0:34 1:37

I= 4.21: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 4:34 � 10� 14 � 1:41 � 10� 14 4:26� 10� 14

8 1:54 � 10� 16 � 9:22 � 10� 16 4:64� 10� 22

4 3:29 � 10� 15 � 9:02 � 10� 15 7:03� 10� 22

2 1:64 � 10� 14 � 2:02 � 10� 14 1:24� 10� 14

1 2:99 � 10� 14 � 6:74 � 10� 14 9:06� 10� 15

0.5 2:11 � 10� 13 � 1:53 � 10� 13 1:69� 10� 13
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?^ 4.19: (>e)2013G/ 10 7n 19 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.11 2013 G/ 10 7n21 F|

01 ;~ 09J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$O$[$H

$s$I4QB,$r9T$($J$+$C$?!#M<J}$+$i00 ;~2a$.$^$G$O8|$$1@$GJ$$o$l$F$$$?!#$=$N8e1@$,

$[$\$J$/$J$j2w@2$K$J$C$?$N$G4QB,$r3+;O$7$?$,!"02 ;~$+$i4QB,E7BN$,1@$K40A4$K1#$l$F

$7$^$C$?!#

I= 4.22: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 3 :16 � 0:43 3:17
MASS 3:11 � 0:25 3:05

GL 1:57 � 0:86 1:57

I= 4.23: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 9:93 � 10� 14 � 2:63 � 10� 14 1:00� 10� 13

8 1:70 � 10� 14 � 1:72 � 10� 14 1:19� 10� 14

4 1:68 � 10� 13 � 4:32 � 10� 14 1:73� 10� 13

2 9:12 � 10� 13 � 1:63 � 10� 13 9:71� 10� 13

1 7:37 � 10� 13 � 2:06 � 10� 13 7:57� 10� 13

0.5 2:53 � 10� 12 � 5:73 � 10� 13 2:40� 10� 12
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?^ 4.21: (>e)2013G/ 10 7n 21 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.12 2013 G/ 10 7n22 F|

18 ;~ 26J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 21 ;~ 38J,$+$i$.$g$7$c:B%+%Z%i

(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#M<J}$+$i%,%9$,H/@8$7$F$$$?$,!"E7D:IU6a$K$O1F6A

$O>/$J$$$H9M$(4QB,$r3+;O$7$?!#$3$NLk$O1@$NDL2a$O$[$H$s$I$J$+$C$?$,!"7k6I%,%9$O0l

HUCfH/@8$7$F$$$?!#03;~$+$i$O4QB,E7BN$,8+$($J$/$J$C$F$7$^$&$[$I!"%,%9$,G;$/$J$C$?!#

I= 4.24: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 3 :87 � 1:16 3:70
MASS 1:84 � 0:51 1:84

5:24 � 0:62 5:38
GL 2:34 � 0:66 2:38

I= 4.25: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 7:79 � 10� 14 � 2:47 � 10� 14 6:99� 10� 14

8 5:37 � 10� 15 � 1:01 � 10� 14 2:29� 10� 21

4 5:41 � 10� 14 � 5:49 � 10� 14 3:79� 10� 14

2 3:16 � 10� 13 � 2:93 � 10� 13 1:90� 10� 13

1 5:43 � 10� 13 � 5:38 � 10� 13 3:46� 10� 13

0.5 3:89 � 10� 12 � 3:69 � 10� 12 1:69� 10� 12
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?^ 4.23: (>e)2013G/ 10 7n 22 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.13 2013 G/ 10 7n23 F|

21 ;~ 40J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 23 ;~ 26J,$+$i$.$g$7$c:B%+%Z%i

(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$b107n22F|$HF1$8$/!"M<J}$+$i%,%9$,H/

@8$7$F$$$?!#A0F|$h$j$bG;$/4QB,5!4o$N7kO*$,Cx$7$+$C$?$N$G!"4QB,$r9T$o$J$+$C$?!#21
;~ 30J,$+$i%,%9$,Gv$/$J$C$?$N$G!"4QB,$r3+;O$7$?$,23 ;~$+$i:F$S%,%9$,G;$/$J$C$?!#

I= 4.26: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 1 :47 � 0:12 1:46
MASS 0:56 � 0:08 0:55

GL 1:31 � 0:13 1:30

I= 4.27: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 7:95 � 10� 14 � 1:51 � 10� 14 7:56� 10� 14

8 2:07 � 10� 14 � 2:68 � 10� 14 6:75� 10� 15

4 6:01 � 10� 15 � 7:01 � 10� 15 2:32� 10� 15

2 2:50 � 10� 14 � 2:27 � 10� 14 2:12� 10� 14

1 1:32 � 10� 14 � 1:85 � 10� 14 7:59� 10� 15

0.5 4:27 � 10� 14 � 2:32 � 10� 14 4:60� 10� 14

84



0.25

0.5

1

2

4

8

16

A
lti

tu
de

 [k
m

]

10
-1

2  m
-2

/3

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

21:00 21:30 22:00 22:30 23:00 23:30 00:00 00:30 01:00

se
ei

ng
 [a

rc
se

c]

 JST

10
-1

2  m
-2

/3

DIMM Seeing
MASS Seeing

GL Seeing

?^ 4.25: (>e)2013G/ 10 7n 23 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.14 2013 G/ 11 7n05 F|

20 ;~ 26J,$+$i$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 22 ;~ 16J,$+$i$.$g$7$c:B%+%Z%i

(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#18 ;~$4$m$O@2$l$F$$$?$N$G!"%T%/%;%k%9%1!<%k$N

B,Dj$N$?$a%"%k%S%l%*$r;#A|$7$F$$$?!#$=$N8e$o$:$+$@$,%,%9$,H/@8$7$?!#$3$NF|$O$[$H

$s$I%G!<%?$r$H$l$F$$$J$$!#1@$bDL2a$7$F$*$j!"1@$,>/$J$/4QB,E7BN$,8+$($k;~$K4QB,$r

9T$C$F$$$k!#

I= 4.28: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 1 :91 � 0:44 1:79
MASS 1:25 � 0:34 1:33

GL 1:31 � 0:38 1:16

I= 4.29: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 5:79 � 10� 14 � 3:58 � 10� 14 5:11� 10� 14

8 2:45 � 10� 14 � 3:21 � 10� 14 7:60� 10� 15

4 3:34 � 10� 14 � 3:93 � 10� 14 1:95� 10� 14

2 1:39 � 10� 13 � 1:03 � 10� 13 1:20� 10� 13

1 7:20 � 10� 14 � 6:04 � 10� 14 5:71� 10� 14

0.5 5:60 � 10� 13 � 3:26 � 10� 13 4:95� 10� 13
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?^ 4.27: (>e)2013G/ 11 7n 05 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.15 2013 G/ 11 7n11 F|

02 ;~ 06J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#M<J}$+$i8|$$

1@$GJ$$o$l$F$$$F!"21 ;~$+$i$O1+$,9_$j;O$a$?!#01 ;~ 30J,$+$i@2$l;O$a$?$N$G4QB,$r3+

;O$7$?!#;~4V$,7P$D$K$D$l$F1@$NDL2a$,>/$J$/$J$j!"$=$N8eGvL@$^$G2w@2$G$"$C$?!#

I= 4.30: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 2 :04 � 0:48 2:08
3:82 � 0:36 3:84

MASS 1:23 � 0:33 1:15
2:99 � 0:31 3:05

GL 1:43 � 0:44 1:41

I= 4.31: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 1:42 � 10� 13 � 4:03 � 10� 14 1:39� 10� 13

8 1:95 � 10� 14 � 2:13 � 10� 14 1:46� 10� 14

4 2:52 � 10� 13 � 1:64 � 10� 13 2:00� 10� 13

2 8:38 � 10� 13 � 5:33 � 10� 13 5:55� 10� 13

1 2:85 � 10� 13 � 4:87 � 10� 13 4:41� 10� 14

0.5 4:81 � 10� 13 � 7:29 � 10� 13 9:29� 10� 14
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?^ 4.29: (>e)2013G/ 11 7n 11 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.16 2013 G/ 11 7n13 F|

03 ;~ 03J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$O$[$H

$s$I4QB,$r9T$($F$$$J$$!#M<J}$+$i1@$,$+$+$C$F$*$j!"A0H>Lk$O4QB,E7BN$,$_$i$l$J$+$C

$?!#02 ;~ 30J,$4$m$+$i@2$l;O$a$?$,!"$o$:$+$K1@$,DL2a$7$F$$$?!#

I= 4.32: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 2 :51 � 0:15 2:50
MASS 0:92 � 0:11 0:90

GL 2:21 � 0:22 2:18

I= 4.33: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 6:57 � 10� 14 � 1:04 � 10� 14 6:72� 10� 14

8 8:97 � 10� 15 � 1:25 � 10� 14 4:21� 10� 15

4 5:90 � 10� 14 � 1:23 � 10� 14 5:30� 10� 14

2 1:32 � 10� 13 � 2:73 � 10� 14 1:34� 10� 13

1 4:93 � 10� 14 � 3:61 � 10� 14 4:13� 10� 14

0.5 2:55 � 10� 13 � 6:78 � 10� 14 2:27� 10� 13
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?^ 4.31: (>e)2013G/ 11 7n 13 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.17 2013 G/ 11 7n15 F|

05 ;~ 30J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$b$[$H

$s$I4QB,$r9T$($F$$$J$$!#1@$,>/$J$/$J$j;O$a$?$N$OGvL@$,;O$^$C$F$+$i$@$C$?$,!"4QB,

$r3+;O$7$F%G!<%?$r$H$C$F$$$k!#

I= 4.34: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 1 :91 � 0:21 1:94
MASS 1:00 � 0:17 1:01

GL 1:38 � 0:08 1:35

I= 4.35: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 6:06 � 10� 14 � 2:47 � 10� 15 6:06� 10� 14

8 2:12 � 10� 14 � 1:07 � 10� 14 1:97� 10� 14

4 1:89 � 10� 14 � 1:34 � 10� 14 1:56� 10� 14

2 9:63 � 10� 14 � 1:69 � 10� 14 9:01� 10� 14

1 8:54 � 10� 17 � 7:12 � 10� 17 6:24� 10� 17

0.5 3:17 � 10� 13 � 1:15 � 10� 13 3:38� 10� 13
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?^ 4.33: (>e)2013G/ 11 7n 15 F|$NBg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.18 2013 G/ 12 7n16 F|

18 ;~ 57J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#127n$N4QB,$O

9 F|4V9T$C$?$,!"@2$l$?$N$O$o$:$+1 F|$@$C$?!#A0H>Lk$O1@$NDL2a$,B?$/!"9g4V$rA@$C$F

4QB,$rB3$1$?!#00 ;~$r2a$.$k$H!"1@$,>/$J$/$J$j0BDj$7$F%G!<%?$r<h$l$k$h$&$K$J$C$?!#

I= 4.36: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 2 :65 � 0:28 2:63
MASS 2:42 � 0:31 2:37

GL 0:91 � 0:37 0:94

I= 4.37: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 1:23 � 10� 13 � 1:94 � 10� 14 1:30� 10� 13

8 6:41 � 10� 14 � 4:04 � 10� 14 5:61� 10� 14

4 4:22 � 10� 13 � 1:22 � 10� 13 4:59� 10� 13

2 8:79 � 10� 13 � 2:63 � 10� 13 8:29� 10� 13

1 3:04 � 10� 13 � 2:76 � 10� 13 1:82� 10� 13

0.5 1:19 � 10� 12 � 4:44 � 10� 13 1:29� 10� 12

99



0.25

0.5

1

2

4

8

16

A
lti

tu
de

 [k
m

]

10
-1

2  m
-2

/3

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

 4.5

 5

18:00 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00

se
ei

ng
 [a

rc
se

c]

 JST

10
-1

2  m
-2

/3

DIMM Seeing
MASS Seeing

GL Seeing

?^ 4.35: (>e)2013 G/ 12 7n 16 F|Bg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.19 2014 G/ 02 7n04 F|

22 ;~ 25J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey)!" 00 ;~ 58J,$+$i$7$7:B%l%0%k%9(;k
Ey5i 1.4Ey)!"$=$7$F 02 ;~ 52J,$+$i$&$7$+$$:B%"!<%/%H%%%k%9(;kEy5i -0.04Ey) $r;2>H@1

$K$7$F$$$k!#$3$NF|$OM<J}$+$iGvL@3+;O$^$G!"1@$NDL2a$,$J$/2w@2$G$"$C$?!#

I= 4.38: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 2 :42 � 0:53 2:39
MASS 1:17 � 0:37 1:06

GL 1:84 � 0:70 1:83

I= 4.39: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 9:70 � 10� 14 � 2:86 � 10� 14 9:28� 10� 14

8 4:55 � 10� 14 � 3:00 � 10� 14 4:73� 10� 14

4 1:08 � 10� 13 � 8:18 � 10� 14 1:10� 10� 13

2 5:25 � 10� 13 � 3:42 � 10� 13 4:10� 10� 13

1 4:99 � 10� 14 � 1:42 � 10� 13 7:55� 10� 16

0.5 4:71 � 10� 14 � 7:15 � 10� 14 1:43� 10� 14
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?^ 4.37: (>e)2014 G/ 02 7n 04 F|Bg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.20 2014 G/ 02 7n05 F|

20 ;~ 24J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#M<J}$+$i1@$N

DL2a$,B?$/B,Dj$,:$Fq$G$"$C$?$,!"20 ;~$4$m$+$i1@$NNL$,>/$J$/$J$j;2>H@1$,;kG'$G$-$k

$h$&$K$J$C$?$N$GB,Dj$r3+;O$7$?!#$7$+$71 ;~4V8e$K$OG;$$1@$,JU$j$rJ$$$!"$=$N8e$OB,

Dj$r9T$&$3$H$,$G$-$J$+$C$?!#

I= 4.40: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 3 :16 � 0:61 3:16
MASS 2:35 � 0:32 2:42

GL 1:50 � 0:39 1:55

I= 4.41: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 1:01 � 10� 13 � 1:22 � 10� 14 9:89� 10� 14

8 4:95 � 10� 14 � 3:83 � 10� 14 4:88� 10� 14

4 3:63 � 10� 13 � 9:60 � 10� 14 3:54� 10� 13

2 9:94 � 10� 13 � 2:88 � 10� 13 1:03� 10� 12

1 2:09 � 10� 13 � 1:99 � 10� 13 1:48� 10� 13

0.5 9:90 � 10� 13 � 4:38 � 10� 13 1:06� 10� 12
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?^ 4.39: (>e)2014 G/ 02 7n 05 F|Bg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.21 2014 G/ 02 7n07 F|

01 ;~ 34J,$+$i$&$7$+$$:B%"!<%/%H%%%k%9(;kEy5i -0.04Ey) $r;2>H@1$K$7$F$$$k!#1 ;~$4

$m$+$i2w@2$K$J$j!"GvL@3+;O;~$^$G1@$NDL2a$,$[$\8+$i$l$J$+$C$?!#

I= 4.42: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 3 :66 � 0:38 3:58
MASS 1:77 � 0:37 1:75

GL 2:96 � 0:40 2:91

I= 4.43: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 1:09 � 10� 13 � 2:54 � 10� 14 1:04� 10� 13

8 4:53 � 10� 14 � 2:53 � 10� 14 4:46� 10� 14

4 5:75 � 10� 14 � 3:64 � 10� 14 5:73� 10� 14

2 4:04 � 10� 13 � 1:11 � 10� 13 3:94� 10� 13

1 2:81 � 10� 13 � 1:61 � 10� 13 2:88� 10� 13

0.5 7:70 � 10� 13 � 4:66 � 10� 13 6:72� 10� 13
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?^ 4.41: (>e)2014 G/ 02 7n 07 F|Bg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.22 2014 G/ 02 7n08 F|

18 ;~ 53J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey) $r;2>H@1$K$7$F$$$k!#M<J}$+$iGv$$

1@$,>o$KDL2a$7$F$$$?!#23 ;~$+$i$O1@$,G;$/$J$C$?$N$G!"B,Dj$rCf;_$7$?!#

I= 4.44: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 4 :39 � 0:86 4:25
MASS 2:65 � 0:38 2:64

GL 3:08 � 1:09 2:95

I= 4.45: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 5:45 � 10� 14 � 1:25 � 10� 14 5:54� 10� 14

8 3:99 � 10� 14 � 3:96 � 10� 14 2:95� 10� 14

4 1:33 � 10� 13 � 6:02 � 10� 14 1:22� 10� 13

2 1:42 � 10� 13 � 8:54 � 10� 14 1:38� 10� 13

1 7:81 � 10� 14 � 1:20 � 10� 13 1:43� 10� 14

0.5 2:87 � 10� 12 � 7:03 � 10� 13 2:76� 10� 12
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?^ 4.43: (>e)2014 G/ 02 7n 08 F|Bg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.23 2014 G/ 02 7n12 F|

22 ;~ 13 J,$+$i$.$g$7$c:B%+%Z%i(;kEy5i 0.08Ey)!"$=$7$F 03 ;~ 33 J,$+$i$&$7$+$$:B

%"!<%/%H%%%k%9(;kEy5i -0.04Ey) $r;2>H@1$K$7$F$$$k!#$3$NF|$OM<J}$+$iGv$$1@$,>o$KDL

2a$7$F$$$?!#00 ;~$4$m$+$i1@$,Hs>o$KG;$/$J$j!"B,Dj$r0l;~CfCG$7$?!#04 ;~$+$iJ$$C$F

$$$?G;$$1@$,$J$/$J$C$?$N$G!"GvL@3+;O;~$^$GB,Dj$r:F3+$7$?!#

I= 4.46: %7!<%$%s%0$NJ?6QCM$HCf1{CM

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

DIMM 1 :81 � 0:29 1:80
MASS 1:13 � 0:27 1:12

GL 1:24 � 0:27 1:28

I= 4.47: C2
n $NJ?6QCM$HCf1{CM

9bEY[km] J?6QCM[m� 2
3 ] Cf1{CM[m� 2

3 ]

16 8:94 � 10� 14 � 3:09 � 10� 14 8:17� 10� 14

8 6:15 � 10� 14 � 4:87 � 10� 14 6:22� 10� 14

4 7:72 � 10� 14 � 8:26 � 10� 14 3:90� 10� 14

2 6:94 � 10� 14 � 6:21 � 10� 14 5:94� 10� 14

1 7:64 � 10� 14 � 6:87 � 10� 14 6:54� 10� 14

0.5 3:82 � 10� 13 � 2:58 � 10� 13 3:34� 10� 13
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?^ 4.45: (>e)2014 G/ 02 7n 12 F|Bg5$>qMp9bEY%W%m%U%!%$%k(=D<4:9bEY[km], 2#<4:JST
@D:0.5-R!"@V:1-R, NP:2km,2+:4km,Em:8km,?e:16km) (2<) %7!<%$%s%0$N;~4VJQF0(=D<4:See-
ing[arcsec],2#<4:JST Em@~:MASS %7!<%$%s%0, NP@~:DIMM %7!<%$%s%0, @D@~:GL %7!<%$

%s%0)
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4.24 MASS %G!<%?$N:F=hM}

BgBN$NB,DjF|$G$O!"1@$NDL2a$,B?$/8+$i$l$?!#1@$,DL2a$9$k$H@1$+$i$N8w$,=V;~$K8:8w

$5$l$k$N$G!"%7%s%A%l!<%7%g%s$rB,Dj$9$kMASS $N%G!<%?$KBg$-$J1F6A$rM?$($F$$$k2D

G=@-$,$"$k!#$h$C$FMASS $NB,Dj$5$l$?%+%&%s%HCM$KogCM$r@_Dj$7$F!"1@$K$h$k1F6A$r

6KNOM^$($?!#
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?^ 4.47: 097n21F|$K MASS $GB,Dj$5$l$?%+%&%s%HCM[ADU] $N;~4VJQF0(=D<4:%+%&%s%H

CM[ADU] !"2#<4 :JST)

?^ 4.47$N@V@~$O097n21F|$KB,Dj$5$l$? MASS$N%+%&%s%HCM$N;~4VJQF0$rI=$7$F$$$k!#

%+%&%s%HCM$O%"%Q!<%A%c!<A{D $NB,Dj$5$l$?%U%i%C%/%9$NCM$r9g7W$7$?!#$3$NF|$O!"18
;~$+$i 00 ;~$^$G$O$/$A$g$&:B%G%M%V(;kEy5i 1.25Ey)!" 00 ;~$+$i$.$g$7$c:B%+%Z%i(;kEy

5i 0.08Ey) $r;2>H@1$H$7$F$$$k$N$G!"00 ;~JU$j$G%+%&%s%HCM$,Bg$-$/JQ2=$7$F$$$k!#$^$?

NP@~$O%G%M%V$N%(%"%^%9$+$iM=B,$5$l$k%+%&%s%HCM$N8:>/N($r!"@D@~$O%+%Z%i$N%(%"%^%9

$+$iM=B,$5$l$k%+%&%s%HCM$N8:>/N($G$"$k(y2 <4)!#18 ;~ 40J,$+$i 20 ;~ 20J,$^$G!"$^$?

02 ;~ 30J,$+$i 03 ;~$^$G$NB,Dj$5$l$?%+%&%s%HCM$OM=B,$5$l$k%+%&%s%HCM$h$j$b>.$5$/!"

1@$NDL2a$,B?$$$3$H$,$o$+$k!#21 ;~$+$i 01 ;~ 10J,$^$G$O1@$NDL2a$O$[$H$s$I8+$i$l$J$$

$,!"Ls 10J,$NEy4V3V$G%+%&%s%HCM$,Bg$-$/Mn$A9~$s$G$$$k!#$3$l$OK>1s6@$N7kO*$K$h$k

8:8w$G$"$k!#7kO*$7$?>l9g$O%I%i%$%d!<$N29Iw$G7kO*$rM^$($?!#

;2>H@1$GEy5i$O0[$J$k$N$G!"$=$NF|$N;2>H@1$4$H$KogCM$r@_Dj$7$?!#ogCM$N@_Dj$K$O!"

MASS $GB,Dj$5$l$?%+%&%s%HCM$N%R%9%H%0%i%`$r;HMQ$7$?!#?^4.48$O097n21F|$KB,Dj

$5$l$?;2>H@1$,%G%M%V$N;~$N%+%&%s%HCM$N%R%9%H%0%i%`$r!"?^4.49$O;2>H@1$,%+%Z%i$N

;~$N%+%&%s%HCM$N%R%9%H%0%i%`$rI=$7$F$$$k!#2 $D$N?^$K6&DL$7$F%R%9%H%0%i%`$N1&B&$K
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Bg$-$/%T!<%/$NN)$C$?J,I[$,8+$i$l!"$=$NJ,I[$N:8B&$+$i?~Ln$,9-$,$C$F$$$k!#$3$N:8B&

$N?~Ln$O1@$K$h$k8:8w$dK>1s6@$N7kO*$K$h$k1F6A$@$H9M$($i$l$k!#
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?^ 4.48: 097n 21 F|$KB,Dj$5$l$?%+%&%s%HCM[ADU] $N%R%9%H%0%i%`(;2>H@1$O%G%M%V!!

18:47{23:54) (=D<4:IQEY!"2#<4:%+%&%s%HCM[ADU])
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?^ 4.49: 097n 21 F|$KB,Dj$5$l$?%+%&%s%HCM[ADU] $N%R%9%H%0%i%`(;2>H@1$O%+%Z%i!!

24:02{26:59) (=D<4:IQEY!"2#<4:%+%&%s%HCM[ADU])
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ogCM$N@_Dj$K$O!"$3$N1&B&$NJ,I[$KCeL\$7$?!#$^$:%T!<%/$+$i1&B&$N?~Ln$^$G$HF1$84V

3V$r%T!<%/$+$i:8B&$K$H$j!"$=$N%T!<%/$rCf?4$H$7$?:8B&$+$i1&B&$^$G$NHO0O$GI8=`JP:9

&R$r7W;;$9$k!#$=$7$F%T!<%/$+$i:8B&$K4 &R0LCV$7$F$$$k%+%&%s%HCM$rogCM$H$7$?!#DL>o

@55,J,I[$O 3 &R$G99.7 !s$rF@$k$,!"%7!<%$%s%0$NJQF0$N$?$a$K$3$NJ,I[$,@55,J,I[$H$O

8B$i$:!"$^$?%T!<%/$N:8B&$H1&B&$GBP>N$G$"$k$+$I$&$+$b$o$+$i$J$$!#$^$?ogCM$r9b$/$9

$l$P$9$k$[$I MASS $NB,Dj7k2L$ONI$/$J$k$N$G!"Bg$-$/8+@Q$b$C$F4 &R$K$7$?!#$^$?87

L)$K%(%"%^%9$K$h$kBg5$$N8:8w$b$"$k$,!"1@$d7kO*$K$h$k8:8w$NJ}$,Hs>o$KBg$-$/E7D:IU

6a$N91@1$rB,DjBP>]$H$7$F$$$k$N$G!"$3$NogCM$N@_Dj$G$OL5;k$7$F$$$k!#

097n21F|$G$O%G%M%V$G968[ADU]!"%+%Z%i$G2313[ADU] $rogCM$H$7$?!#I=4.48$K$O!"

:F=hM}$7$?MASS %7!<%$%s%0$NCM$,5-:\$5$l$F$$$k!#%7!<%$%s%0$NCM$O;2>H@1$4$H$K$7

$F$$$k!#ogCM$h$j$b9b$$%+%&%s%HCM$GB,Dj$5$l$?%7!<%$%s%0$ONI$$!"ogCM$h$j$bDc$$%+%&

%s%HCM$,4^$^$l$F$$$k%7!<%$%s%0$O0-$$$HI=8=$9$k!#I=$+$i$O!"%G%M%V$H%+%Z%i$NN>J}$G

L@$i$+$J%7!<%$%s%0$NJ?6QCM$N2~A1$,8+$i$l$k$N$G!"1@$J$I$K$h$k8:8w$OMASS $NB,Dj

7k2L$KBg$-$J1F6A$rM?$($F$$$k$3$H$,L@$i$+$K$J$C$?!#

I= 4.48: 097n21F|$N:F=hM}8e$NMASS %7!<%$%s%0!!(ogCM$h$j$b9b$$%+%&%s%HCM$GB,Dj

$5$l$?%7!<%$%s%0$ONI$$!"ogCM$h$j$bDc$$%+%&%s%HCM$,4^$^$l$F$$$k%7!<%$%s%0$O0-$$$H

$9$k!#)

%7!<%$%s%0 J?6QCM[arcsec] Cf1{CM[arcsec]

%G%M%V(NI$$) 0:69 � 0:15 0:68
%G%M%V(0-$$) 0:96 � 0:50 0:88
%+%Z%i(NI$$) 0:80 � 0:17 0:79
%+%Z%i(0-$$) 1:46 � 0:76 1:35

$^$?:F=hM}$9$kA0$NMpN.%W%m%U%!%$%k$H:F=hM}$7$?8e$NMpN.%W%m%U%!%$%k$O?^4.50$H

?^ 4.51$G8+$i$l$k!#N>?^$rHf3S$9$k$H!"FC$K9bEY0.5km $G8+$i$l$kFMH/E*$JMpN.6/EY$N

A}Bg$,L5$/$J$C$F$$$k$3$H$,J,$+$k!#
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4.25 MASS-DIMM B,Dj$N$^$H$a

K\8&5f$G$O!"MASS-DIMM $r;H$C$FE7J8Bf>e6u$NBg5$>qMp9bEY%W%m%U%!%$%k$NB,Dj$r

9T$C$?!#$=$N7k2L2013G/ 097n{2014 G/ 027n$N4QB,$G!"7W23F|$N%G!<%?$r<hF@$9$k$3$H

$,$G$-$?!#I= 4.49$KB,Dj$7$?MASS %7!<%$%s%0!"DIMM %7!<%$%s%0!"GL %7!<%$%s%0$N

A4%G!<%?$NCf1{CM$r5-:\$9$k!#$^$?F|$4$H$N%7!<%$%s%0$N;~4VJQF0$N%0%i%U$r?^4.52$K

5-:\$9$k!#

I= 4.49: A4%7!<%$%s%0%G!<%?$NCf1{CM["]

Cf1{CM["]

DIMM %7!<%$%s%02.13
MASS %7!<%$%s%01.12
GL %7!<%$%s%0 1.54
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GL Seeing

?^ 4.52: F|$4$H$N%7!<%$%s%0$N;~4VJQF0(=D<4:%7!<%$%s%0[arcsec]!"2#<4 :7n/ F| )

E7J8Bf$G$O2010G/$K142s$NDIMM $K$h$k%7!<%$%s%0B,Dj$,9T$o$l$F$$$k!#$=$N;~$N

7k2L$O!"Median=1.77"$G$"$C$?!#$=$N2a5n%G!<%?$H:#2s$NB,Dj7k2L$rHf3S$9$k$H!":#2s

$NB,Dj$GF@$i$l$?%7!<%$%s%0$OBg$-$/8+@Q$b$i$l$?!#GL %7!<%$%s%0$NMedian $O1.54"$G

$"$j!" (2.2) <0$+$i DIMM %7!<%$%s%0$H$NMpN.6/EY$NHf$,JGL =JDIMM � 0.52$G$"$k$3$H

$,5a$a$i$l$k!#$h$C$F:#2s$NB,Dj$G$O!"E7J8Bf>e6u$NBg5$MI$i$.$N52% $,@\COAX$K=8Cf

$7$F$*$j!" GL $NJd@5$@$1$G2.13!I$+$i 1.12!I$^$G$N%7!<%$%s%0$N2~A1$,4|BT$G$-$k!#
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?^ 4.53: F|$4$H$N%7!<%$%s%0%R%9%H%0%i%`(=D<4:IQEY!"2#<4:%7!<%$%s%0[arcsec])
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<!$N%0%i%U(?^ 4.54) $O!"B,Dj$7$? C2
n $N1 F|$4$H$NCf1{CM$r!"9bEY$4$H$K%W%m%C%H$7

$?$b$N$G$"$k!#$^$??4̂.54$NF|$4$H$NC2
n $NCf1{CM$r5a$a!"I=4.50$K<($7!"I= 4.50$HI=

4.49$N7k2L$+$i!"9bEY$4$H$NBg5$MI$i$.$NHfN($rI=4.51$K$^$H$a$?!#@\COAX$KA4Bg5$MI

$i$.$NH>J,$,=8Cf$7$F$$$k7k2L$H$3$N7k2L$+$i!"9bEY0.5km$OE7J8Bf>e6u$NA4Bg5$MI$i$.

$N17% $r!"9bEY 2km $, 16% $r@j$a$F$$$k$3$H$,L@$i$+$K$J$C$?!#

0.25

0.5

1

2

4

8

16

13/09/01 13/10/01 13/11/01 13/12/01 14/01/01 14/02/0114/03/01

A
lti

tu
de

 [k
m

]

Year/Mouth/Day

10
-1

2  m
1/

3

?^ 4.54: F|$4$H$NBg5$>qMp9bEY%W%m%U%!%$%k$NJQF0(=D<4:9bEY[km]!"2#<4 :7n/ F| )

I= 4.50: A4B,DjF|$NC2
n $NCf1{CM[m� 2=3]

9bEY[km] Cf1{CM[m� 2=3]

16 8:17� 10� 14

8 1:54� 10� 14

4 4:28� 10� 14

2 1:65� 10� 13

1 2:48� 10� 14

0.5 1:72� 10� 13
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I= 4.51: 9bEY$4$H$NBg5$MI$i$.$NHfN(

9bEY[km] Bg5$MI$i$.$NHfN(

GL-16 1.00
16 0.78
8 0.01
4 0.04
2 0.16
1 0.02
0.5 0.17
GL 0.52

GL $NBg5$MI$i$.$N097n$+$i 027n$NJ?6QE*$J4sM?$O52% $G$"$C$?$,!"GL Bg5$MI$i$.

$N4sM?$r7n$4$H$K%W%m%C%H$7$F$_$k$HHs>o$K4sM?$,JQF0$7$F$$$k$3$H$,L@$i$+$K$J$C$?(?^

4.55)!# GL $N4sM?$,3 3d$r@Z$C$F$$$kF|$b$"$j!"$3$N?^$+$iGL $NJd@5$N$_$G$O$[$H$s$I
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?^ 4.55: 7n$4$H$NGL Bg5$MI$i$.$N4sM?$NJQF0(=D<4:A4Bg5$MI$i$.Cf$NGL Bg5$MI$i$.$N

HfN(!"2#<4:G// 7n) 7n$4$H$N%G!<%?E@$,>/$J$$$N$G@VE@$OJ?6Q!"%(%i!<%P!<$O:GBg:G>.$G

I=$7$F$$$k!#

2~A1$5$l$J$$F|$b$"$k$3$H$,$o$+$C$?!#
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5 $^$H$a!&:#8e$N2]Bj

:#2s$NB,Dj$G$O3+H/Cf$NJd=~8w3X7O$N9=@.$N8!F$$N$?$a$K!"2013G/ 09$+$i 2014G/ 02
7n$K$+$1$FMASS-DIMM $NB,Dj$r9T$C$?!#$=$N7k2L09{02 7n$NJ?6QE*$JBg5$>qMp9bEY%W

%m%U%!%$%k$+$i!"E7J8Bf>e6u$NA4Bg5$MI$i$.$N52% $,COI=LLIU6a$K!"17% $,9bEY0.5km
$K!" 16% $,9bEY2km $K=8Cf$7$F$$$k$3$H$,J,$+$j!"9bEY$4$H$NE57?E*$JBg5$MI$i$.$N3d

9g$r5a$a$k$3$H$,$G$-$?!#$^$?GL Bg5$MI$i$.$O7n$4$H$GBg$-$/JQF0$7$F$*$j!"GL $NJd

@5$N$_$G$O%7!<%$%s%0$,$[$\2~A1$G$-$J$$F|$b$"$k$3$H$,L@$i$+$K$J$C$?!#0J>e$N$3$H$+

$iJd@5;kLn50 !I$K$o$?$C$F2D;k8w0.5&Lm $G0.4 !I$N%7!<%$%s%0$N2~A1$rL\I8$H$9$k3+H/

Cf$NJd=~8w3X7O$N9=@.$O!"GL $NBg5$MI$i$.$NJd@5$KHf=E$r$+$1$?MCAO $,E,@Z$@$H9M

$($i$l$k!#

:#8e$N2]Bj$H$7$F$O037n0J9_$b4QB,$r9T$$!":G=*E*$K$O:#2s$NB,Dj%G!<%?$r4^$a$?1
G/J,$N%G!<%?$r;H$C$F!"E57?E*$JL>4s$NBg5$>qMp9bEY%W%m%U%!%$%k$r5a$a$?$$!#$=$N%W%m

%U%!%$%k$O>-Mh$NJd=~8w3X7O$N@-G=$N8+@Q$b$j$K$*$$$F=EMW$J%Q%i%a!<%?$K$J$k!#$=$7$F

Jd=~8w3X7O$N@-G=$N8!F$$KCe<j$7$?$$$H9M$($F$$$k!#
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6 IUO?A

K\8&5f$KEv$?$C$F!"JQ99$7$?MASS-DIMM $NItIJ$N@=?^$r$3$3$K5-:\$9$k!#

?^ 6.1: Mount ring (ME02A)

?^ 6.2: ME02A $N%"%@%W%?!<
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?^ 6.3: C-mount Camera interface (ME01G)

?^ 6.4: Retainer ring (ME01H)

127



<U<-

;XF36541$G$"$kEOIt=E==@h@8$K$O!"%5%$%(%s%9%1!<%9$r9M$($k$K$"$?$C$F:)@ZCzG+$K;X

F3$7$F2<$5$$$^$7$?!#

EOJU@?FCG$=u65$K$O!"BgJQ6=L#?<$$8&5f%F!<%^$rM?$($FD:$-$^$7$?!#$^$?B,Dj$N=`Hw$d

B,Dj$K$D$-$"$C$FD:$$$?$j!"Kh=5$N%_!<%F%#%s%0$G$O8&5f$KBP$9$k%"%I%P%$%9$rB?$/D:$-

$^$7$?!#;d$,$3$&$7$FB46HO@J8$r=q$->e$2$k$3$H$,$G$-$?$N$O!"EOJU@h@8$N$*$+$2$G$9!#

K\Ev$K$"$j$,$H$&$4$6$$$^$7$?!#

9qN)E7J8Bf%O%o%$4QB,=j$NBg20??;a$K$O!"K\8&5f$G;HMQ$7$?AuCV$N<jG[$GBgJQ$*@$OC$K

$J$j$^$7$?!#$^$?%<%_$d%_!<%F%#%s%0$G!"B?$/$N8&5f$KBP$9$k%"%I%P%$%9$rD:$-$^$7$?!#

L>4s;TN)E7J8Bf$N?&0w$NJ}!9$K$O!"4QB,4|4VCf$N@83h$K$*$$$FB?Bg$J$4;Y1g$rD:$-$^$7

$?!#$^$?;d$,L>4s$KIT:_Cf$N4V!"Be$o$j$K4QB,>l=j$N@c$+$-$r$7$FD:$-$^$7$?!#

4QB,AH$N3'MM$K$O!"4QB,AuCV$N;H$$J}$d2r@O<jK!$J$IB?$/$N5;=Q$r65$($FD:$-$^$7$?!#

$5$i$K$OE7J8Bf$N@c$+$-$^$GBgJQ$*@$OC$K$J$j$^$7$?!#

OG@11'Ch%0%k!<%WC5::4QB,%f%K%C%H$N3'MM$K$O!"%;%_%J!<$rDL$8$FB?$/$N%"%I%P%$%9$r

D:$-$^$7$?!#%;%_%J!<$G$N3hH/$J5DO@$G!"B?$/$N;I7c$H<(:6$rF@$k$3$H$,$G$-$^$7$?!#

OG@11'Ch%0%k!<%W$K=jB0$9$k650w!"8&5f0w!"@hGZ!"F14|!"Hk=q$NJ}!9$K$O!"$3$N1 G/$N

8&5f@83h$r;Y$($FD:$-$^$7$?!#

K\8&5f$r?J$a$k$K$"$?$j$4;Y1g$rD:$$$?3'MM$K!"$3$N>l$r<Z$j$F46<U$N0U$rI=$5$;$FD:

$-$^$9!#
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